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NTPEJUCJIOBUE

B mocnepHue ropbt IMpeTeprienit 3aMeTHble W3MEHEHWA Teopus v IpaKTUKa
WHXEeHEePHO-TeONe3NIECKNX, UHKEHEPHO-TEONOIMYECKUX W APYTUX MHIEHEepHbIX
w3bicKaHWit. TTosBUAUMCH HOBBE METORBI U METOAMKY, PUGODPH M 060Dy AOBaHMUE,
06HOBUAUCH HOPMATUBHEE NOKYMEHTHI.

Bmecre ¢ TeM, B OCTeAHMe TORBl HAGNIONAETCA U ONPeAieNeRHEIR HpopMany-
OHHBI 33CTOV — OYeHb CHU3UNOCh KONUYECTBO U3RAHNA TEXHUYECKON NUTEPATY-
Db, B 0COGEHHOCTH MO CIELUAanbHbIM MHKEHEPHBIM BONPOCAM.

B cBA3n ¢ aTMM, B pepnaraeMoM cpaBOMHUKE MPEACTABAEHO KPATKOE W3N0-
WeHne OCHOBHbIX CBEAEHU! O PA3NAUYHEIX COBP HBIX VH PHBIX U3bICKAHU-
AX ANIA WIMPOKOTO CMEKTPA Lenel NpaK TUIECKON AeATENLHOCTY,

B cBA3N C OTPaHVYEHHLIM 06EMOM CIIPAaBOYHMKA B HEM HALINW CBOE OTpaMe-
Hue He BCe BONMPOCH UHXEHEPHBIX W3BICKAHWHA, a NulIb Hanbonee BOCTpe6OBaH-
Hble MPaKTHKOR, ORHAKO, C 11eNbl0 KOMIEHCAUUM, B CIIPABOMHMKE NPUBOANTCA 06-
LIMPHETHA CITUCOK IXTEPATY Db, B TOM YUC/E HOPMATUBHOW, B KOTOPOW MOXHO HaUTh
Gonee MoppoBHLIe CBEAEHUA IO MHTEPECYIONMM BOIIPOCAM.

CrpaBOMHWK COREPKWT CNEAYIONIUE PA3nenb:

1. MMxeHepHO-Teope3necKne UIbICKaHUA.

2. HHXeHepHO-Te0Nnoruueckue u3biCKaHu#.

3. MHXeHepHO-TMAPONIOTMMECKNE U3LICKAHNA,

4. VIHXeHepHO-TMAPONOrMYECKMEe MIBICKAHWA DeXuMa u BanaHca nopsem-

HBIX BOA.
. MI3picKaHWA TPYHTOBBIX CTPOUTENLHEX MaTepUanoe.
6. Teopusnyeckue, TMAPOXMMUNECKUE, PAAUOTUADONOIUYECKUE U APYTHe
BWABL UCCNIEA0BAHWM,

B KOHIle KHUTM TPUBOAUTCA CITMCOK TUTEPATYPEL KO BCEM Pa3penaM.

CripaBOMHMK CHaGKeH GONbLIMM KONUMECTBOM CIPABOYHBIX TAbAWL, rPaduKoB
W PUCYHKOB. B HEM U3N0XEHbB! U TPOUTUPOBAHET OCHOBHbIE NTONOKEHWUA AEHCTBY-
101MX HOPMATUBHLIX AOKYMEHTOB.

Pa3pen 1 HamwcaH p-poM TexH. Hayk, npod. A.T. KywmuHbiM u p-POM TeXH.
HayK, npod. B. M. KywmuHsim, paspen 2 — wHK. M.M. Muxaiinossim, KaHpa. TexH.
Hayk, fou. 3.A. Tapwumarosvim, nix. A.A. Ilfeznosvim, paspenst 3 u 4 — WHXK.
M.M. Muxaiinogbim w wxix. M.B. Hosocensyesbim, paspen 5 — p-poM TeXH. Hayk,
nipod. JI.P. Maunanom, wix. M.B. Hogocenvyesvim, wix. M.M. Muxaiinossim u mHx.
AJL MaunsHom, paspen 6 — p-poM Hayk, npod. A.B. Tonxauessim, k. HA. Cxna-
PuHoll w XK. M. M. Muxaiinogsim.
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Pazpen 1. THIKEHEPHO-TEOXE3SUYECKUE
M3bICKAHHUA

I'nasa 1.1. TOCYJJAPCTBEHHAA TEOAE3HYECKAA CETb

1.1.1. Teonesuueckye ceTH, UX HasHaueHHe, Kiaccu(uKalus

Teode3uuecKoll cemvl0 Ha3LIBAOT CUCTEMY 3aKPEMJEHHbHIX Ha 3eMHO
TIOBEPXHOCTK TEOMETPUYECKM CBA3AHHBIX MEXAY COBOM TOMEK, IONOXKEHWe KOTO-
PHIX ONPENeNeHo B MPUHATON CUCTEME KOOPAMHAT U BHICOT. [eonesuyeckue CeTm
TOAPa3fenanT Ha Inobanbrete, MOKPLBaIME TOBEPXHOCTL BCE 3eMau; Hauuo-
HanbHbe (FOCYAapCTBEHHbIE), CO3AaBaeMble Ha TEPPUTOPUM NARHOMW CTPAHM; CETU
CPYIIeHUR, TeOfIe3UeCKOe CheMOYHOR 060CHOBaNHME (MIA TOMOrpadUYecKux Che-
MOK); clenanbubie (MecTHele) reopesuveckue ceTi. IIpu MOCTPOEHUM Feopesu-
JecKux ceTeit co6M1043eTCs MPUHLMIT IEPeXoaa oT 061ero K YaCTHOMY U CUCTEMa-
TUYECKUN KOHTPONb BCEX BUROB PaboT.

TnobansHan reone3nveckas ceTb CO3NAETCA METOAAMU KOCMUMECKON reope-
34K IO MaTepuanaMm HabnloAeHUH UCKYCCTBEHHELX CIYTHUKOB 3eMnu (MC3). Ilo-
NOMEeHUe YHKTOB ONPEAENALTCA B FEOLEHTPUYLCKON CUCTEME TTPAMOYTONbHEIX
KOOPAMHAT C HAYAIOM B |EHTPE Macc 3eMnu, och Z COBMaAALT C 0ChI0 BPAIEHUA
3eMnu, mnockocTs XZ — ¢ MIOCKOCTbI0 HAYaNbHOTO MepUAHUaKa, ocb 0Y pomonua-
eT CUCTEMY A0 MpaBoii. [nobanbHylo reofe3nveckylo CeTb UCIIONBL3YIOT ANA pe-
LWEHUA HAYYHBIX U HAYYHO-TEXHUUECKUX 3aAad eone3uu, re0Pu3nuKiu, acTpoHo-
MWW W APYTUX HayK, HAPUMED ANA YTOMHEeHUA QyHAAMEeHTanbHbIX Feofe3nyec-
KUX TIOCTOAHHBIX, U3Y4eHUA QUTYPH U CPaBUTALKOHHOTO MONA 3eMnw, onpepe-
JIeHUs TlepeMenieHuA u nedopMaunu NUTOCHEPHBIX TINT 3eMHOM KOPBL U T. M.
InobansHas reope3udeckas ceTh A0NKHA HENPEPLHIBHO COBEPIIEHCTBOBATLCA NTY-
TeM MOBbIEHUA TOYHOCTU ONPENENIEHUA KOOPAKHAT ee NYHKTOB, YTO Heobxopn-
Mo ana 6onee 3¢ GexTUBHOrO pelleHus 'rpanuuuonnbtx W HOBbIX HayYHLIX PO~
6neM reope3un u 4PYrux Hayk.

HayuoHansHar 2e0de3udecKan cemb MORPa3NENALTCA KA TOCYAAPCTBEHKYIO
TINaHOBYI0, KUBEIUPHYW (BLICOTHYI0) U rpaBuMeTpUdecKyio ceTv. focynapcTeen-
Hasa reopesunyeckan cets (ITC) COCTOUT U3 MYHKTOB, B3aUMHOE TIaHOBOE TONIONKe-
HWE KOTODLIX OMPEeRenAT ¢ HaWBLICIEN TOMHOCTBIO, AOCTUrHYTON B MacCOBBIX
U3MEePEHUAX, BEICOTHl IYHKTOB 3TOM CETW, OCOBEHHO B rOPax, ONpeaenAloT ¢ MeHb-
e TOYHOCTbIO.
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Pasaen 1. UHXEHEPHO-reoAe3N4eckne N3bICKaHUs

TocydapcmseHnAA HUBENUPHAR CeMb COREPHUT NYHKTHI, BLICOTH KOTODHIX
0 IIHOCKTENBHO MIOBEPXHOCTU KBa3UTeouAa OMPeneNA0T C HauBbICed TOYHOCTHIO,
11IHOBOR TIOIO}EHUE STUX MYHKTOB ONPEAENAIOT NPUOANIKERHO.

TocydapcmseHHAR 2pasumMempu4ecKan cemb uMeeT MYHKTH, Ka KOTOPHIX
1 HAUBBHICLIEHA TOYHOCTHIO ONMPEAeNAoT YCKOPEHUEe CUNBL TAMECTH, IIAHOBOE U
WICOTHOE TION0KEHUE 3TUX MYHKTOB ONPEAENA0T ¢ TpeOye MOl TOUHROCTHI.

locyRapcTBenHLe reofe3ndeckue CeTU HeOGXOAUMBL ANA PAcNPOCTPAHEHUA
J\VHO% CUCTEMBI KOOPAMHAT U BLICOT HA TEPPUTOPUK CTPAHEL, IeTANbHOTO U3yye-
uns GUrypH U IPaBUTALUOHHOTO MONA JEMNK U UX USMEHEHU BO BDEMEHW, BH-
NONKEHUA TOTOrpahuuecKUX CbeMOK B €MHOM CUCTEME KOODAUHAT U BLICOT, Ha-
JWKHOTO KOHTPONA KayecTBa Tomorpato-reopesmyeckux pabor, pemIeHus Hayy-
11hIX M TEXHUMECKUX 3a7,a¥ HADOAHOTO X03AWCTBa.

CneyuanvHble (Mecmuble) 2eode3uvecKue cemu Co3nawT B Tex CAyvasx,
KOI\a pAR PeNleHuA MOCTaBAEHHBX 3ajay Ha AAHHOM YJacTKe HYWHO MMeTb
IIYIKTHI, B3aUMHOE PACTIONOXEHUe KOTOPHIX B IU1aHe u IO BEICOTE OINPEAENeHo C
11AUBBICHIENA TOMHOCTbI0. CUCTEMY KOODAUHAT B TaKUX CeTAX 06bIYHO MOA6UpainT
rax, 9TO65 PEAYKUMOHHKbIE TONPABKK 32 IEPeXOA OT UMEPEHHBIX BEIUYUH K UX
1IPOEKLUAM Ha MECTHYI0 MOBEPXHOCTb OTHOCUMOCTHU OBIIM MUHUManbHuMU. Ta-
KUC CETU CTPOAT, HallpuMep, B CEACMOAKTUBHBIX PETMOHAX A NPOTHO3UPOBA-
11Nl 3eMIETPACERUIA, IPU CTPOUTENLCTBE KPYITHLIX COOPYIMERUN U T. M.

1.1.2. Heobxoauman MJIOTHOCTb M TOYHOCTh MOCTPOEHHA
ToCyAapCTBEHHOM reofie3Myeckoil ceTn

Jns peweHuna OpHOIW U3 OCHOBHBIX 3afay Fe0fe3uk, CBA3AHHON C AeTANbHBIM
11 tyYeHUeM QUIYPbl 3eMIiK, KOHKPETHO — IOBEPXHOCTHU KBA3UTEOUA], enecoot-
|%11HO MMeTb CRIONIHYI0 aCTPOHOMO-TEOAE3UdEeCKY0 CeTb Ha BCeW TepPUTOPUK
¢ IPAHBL, TIPUNEM, B TOPHBIX PAilOHAX, BCIEACTBUE GONEe CHOMHOTO IPABUMETDHU-
1eCKOr0 TIONA U 6onee CROMHOW NMOBEPXHOCTU KBR3UTEOUA, ACTPOHOMO-Te0Ae3u-
“IeCKdR CeTh JOMMHA 6HITh BoNee NNOTHOM.

JIns apTorpabupoBaHUA TEPPUTOPUK CTPAHLL INOTHOCTb MYHKTOB 3aBUCUT OT
. niTaba CbeMKK U MeTOROB CO3NAHUA TEONE3UIECKOTO CheMOYHOT0 060CHOBaRUA.
1101I0WUM, YTO Teopesudeckas cetd 1-4-T0 KNaccOB COCTOMT U3 PaBHOCTOPOHHMUX
1)CYCONBHUKOB C [JIUHAMU CTOPOK Sy, Sy, S3, S;, TAG MHAGKCH 1,2, 3, 4 COOTBETCTBYIOT
nnacey cetn. Teopesuveckasn ceTs 1-ro knacca (puc. 1.1) COCTOUT U3 PaBHOCTOPOH-
11X rpeyronbHukos ABC w BCD co cropoHamu s;. CeTb 2-T0 Knacca, OCTPOEHHAA B
HiNe HCTABOK-NYHKTOB B LEHTDH! TPEYTONLHUKOR 1-T0 Knacca, COCTOMT U3 PaBHO-
ClopoItKUX Tpeyronbkukos A12, A23, 2C3 u T.p., CTOPOHB KOTOPHIX
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CnpaBO4HUK COBPEMEHHOMO U3LICKATeAs

5, =5, /2sin60°=s, /+/3=0,577s.
TIyHKTH 3-TO Knacca, HaXOAAUMECA B
UEHTPaX TPeyrojbHUKOB 2-ro Knacca,

WMeI0T CTOPOHMl §3 =S /s/i=$1/3 =,
=0,3335; aHanorUYHO 5, = s3/J_ =

=0,192s, . Ilpuuss s, = = 22,5 xM, mo-
nyamm s, = 0,577-22,5 =13,0 um; 55 =
=0333-225=75xm; 5, = 0,192-225 = =
4,3 XM.
Puc. 1.1. CeTb Tpranryasuun JBonycTvM, 9TO KAXKABIA MYHKT 06-
CNYMUBAET Y4acCTOK, OTPAHUEHHBIN
OKPYHOCTbIO C PAANYCOM T, PAaBHBIM NONOBUHE PACCTOAHUA S MEMAY NYHKTaMU,
T. e. 1= 5/2. Inomank P 3T0r0 Kpyra pasHa

P =mr? =ns?/4 = 0,785% (1.1)
OTxyna
s=2\/%=1,13\/}7=~/}_’. (1.2)

Tlo Gopmyne (1.1) MOKHO BHIUCAUTS TIOWAAB, 06CAYKUBACMYIO ORHUM MY HK-
Tom. IOACTaBNAR BHITUC/IEHHbIE 3HAYCHNUA Sy, Sy, 53, S, HAXOMUM Py = 0,785-22,5% =
= 3974 xn%; P, =0,785-13,02 = 132,7 k% P = 0,785-7,5% = 44,2 xu%; P, =0,785-4,32 =
= 14,5 xM%, rpe Py, Py, P, P, — mnomany, 06C/yKuBaeMas ORRUM NYHKTOM 1, 2, 3,
4-I'0 KNaccoB COOTBETCTBEHHO,

B peanbHyIX yCNoBUAX TPEYTONLHUKW MOPYT OTAMMNATHCA OT PABHOCTOPOHHMX,
HO B CPefiHeM ANLA GONLIION TEPPUTOPUN NONYYEHHEe BbIle COOTHOWEHUA MEXAY
CTOPOHAMU AOMKHE IPUMEPHO COBNIONATHCA.

TIpn BHIMONKHEHWN ITUX COOTHONIEHW! CpefiHee IMCNC n; MYHKTOB i Knacca Ha
Tnonaau P MOXHO OTipeAenuTh o Gopmynam

ny =P/Py;ny = P[Py =nying=P/Py=ny - ny;
n,=P/P,-ny-n,-n,. (1.3)

Hanpumep, ans ygacrka 200 km X 200 KM = 40000 ¥MZ umeeM n, =101; n, =
=200; ny = 604; n, = 1854 NyHKTOB 1, 2, 3, 4-FO KNACCOB COOTBETCTBEHHO. Uncno
NYHKTOB BCex knaccos N = ny +n, + n3 +n, = 2759,
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Pazaea 1. NHxeHepHo-reoaesuyeckme U3bickaHus

JUnst penrerua HayuHbx npo6nem reone- P
i (netanbHoe usyveHue GULypst 3eMan u
"¢ 'PDABUTAUOHHOTO NONA) ACTPOHOMO-Te0-

I IMYECKYI0 CeTb, KaK OTMEYanoch, HYKHO

1 IBaTh C HAWBBICLIEH TOTHOCTBIO, AOCTU-

1IYTOW [IPU MAacCOBBIX u3MepeHuax. llpu kap-

rorpaMpoBaHUN TEPPUTOPUM CTPAHEI, Bbi-

WWORHAEMOW TMo3TamHo B Macmrabax A s 8

1 100 000-1:50 000, 1:25000-1:10 000,

1.4000-1:2000 (KaprorpagupoBanue xa-  PWC. 1.2. Cxema pacnonoxenus
uiew CTpaHB! B Macurrabe 1:100 000 3apep- 04K P CoemouHOro 06ocHoBaHMA
WeHO B KOMLe 50-x TOA0B, B Macwrabe W MYHKTOBA U B onopHoi reopesu-
1:2%000 — B 80-X ropax) rocypapcTBeHHaA deckon cet
I0jie31deckas CeTh MO TOYHOCTW AOMKHA

ahecrievuBarh Tomorpagudeckylo chemky Haubonee KpynHoro macmra6a, T. e
macmraba 1:2000.

Teope3nyeckoit OCHOBO PAA CO3aHWUA TOTIOKAPT CAYKAT TOYKN P CHEMOYHOTO
0OHCHOBAHUA, KOOPAMHATE! KOTOPHIX OMPEAENAIOT OTHOCUTENLHO BnuManX IyH-
wion, HarpuMep A, B, rocypapcTBeHHoM reofieandeckon cerv (puc. 1.2). Ommbxa
i, OIPERENEHUA KOODAMHAT TOMKM P v onmbka my ee HaHeceHuA Ha TOTOKApTy
e JONKHBL TIPEBBINATL TPAadUIecKy TOYHOCTb TOTOKAPTH, XapaKTepusyeMmyio
< pejiHelt KBappaTuieckod owubkon m < 0,2 MM. Mcnonb3ys NPUHLMTT PaBHLIX
LNUHHUH, HAXORUM

m, =my =(m/V2)M, (1.4)

e M — 3HamMeHarens MacuITa6a TonorpahuIeckon kapTht (GoTonnara).
Koopanrarst Touku K, onopHoit anst chbeMoqHOro xona KP, nonmkHsl 6BITh onpe-

tHCHBL C OLIMEKOR My He Gonee M,/2, @ KOOPAWHATEL TIYHKTA A, UCKOAHOTO AR

OnEAENAEMBIX KOOPAMHAT TOMKW K, ¢ oumbkol m,, He 6onee my/2, T. e.

Mg SM/2;my =my/2 =my/4. (1.5)

|IpuruMan my = mp, ANA OMpepenernA cpepHel KBARPATUYECKONH ontubxu mg
AR CTOPOHEL S = AB MeXAy CMEMHBIMU NYHKTAMWU TOCYAAPCTBEHHOM reopesu-
1o ceTv ¢ yaetTom dopmyn (1.5) v (1.4) umeem

mg =mAJ'2'5(mpﬁ)/4=(mM)/4.



CHPOBO"IHMK COBPEMEHHOIO U3bICKATEAR

Tlo aToit Gopmyne npu m = 0,2 MM MONYIUM

M 10 000 5000 2000 1000

ms, M 0,50 . 0,25 0,10 0,05

1.1.3. OcHoBHBIE MeTOABI TOCTPOEHHA
rOCYAapCTBEHHOM [e0Ae3nIeckoil CeTH

OCHOBHLIMW METOAAMM CO3MAHUA TOCYAAPCTBEHHOM I'EOAE3UIECKON CeTU ABNA-
WOTCA TPUAHTYNALNA, NONUFOHOMETPUR, TPUNATEPALIUA U CITYTHUKOBLIE KOOPAUHAT-
Hble orpefienieNuA. Br6op KOHKPETHOrO MeTOAA OMpPeAeNseTCA YCIOBUAMN MECTHO-
cTH, Tpe6yeMOVt TOMHOCTBIO U IKOHOMUYECKOM 3 (HEKTUBHOCTbIO.

Tpuanzynayua. Cunraior, 1O Meron TPUAHT'YNAUWMY TIPEANOXEH B 1614 I,
Cxennnycom. Ha KOMaHAHbIX BHICOTAX YCTAHABAWBAWT IeOMI€3UYECKUE MYHKTHI,
COEAUHAA KOTODblE, OAYYAIOT TPEYTONLHUKM (pUc. 1.3). B CeTu TPeyronbHuKoB
V3BECTHBIMU ABJIRIOTCA KOOPAMHATH! MIYHKTa A, 6a3uc 8 U AMPEKLMOHHBIN Yron o
CTOPOHbI AB Mnu XoopavHaTH NyHKTOB A M B. Ha NyHKTaxX TpUaHTYNALUM B Tpey-
FONbHUKAX U3MEPAIT FOPUIOHTANbHbIE YrAbl. BEIMUCAUB AUPEKUUOHHBIE YINLL U
ANMVMHLL CTOPOH TPEYTONbHUKOB, ONPEAeNAIOT KOOPAUHATL! BCEX IYHKTOB CETH.

CeTb TPUAHTYNALMU MOXET COCTORTb U3 PAAOB TPEYTONbHUKOB, CUCTEMbL PA-
AOB WY CIUIONIHOW CETY TPEYTONLHUKOB, INEeMEHTaMU CeTU MOTYT BBITb Tpeyrons-
HUKW, reofie3ndeckue YeThpeXyroNbHuK1 1 neHTpanbrbte cucremer: CDEF — reo-
Ae3nvecKkuit yeTrpexyronbiuk, ABDFHA — 1eHTpanbHasA CUCTeMa C MYyHKTOM C
BHYTPW Hee.

Ionuzonomempua. Ha MeCTHOCTV CTPOAT Peopie3uveckue MYHKTH, KOTOpHle
COEAMHAIOT MEXAY COBOV ORMHOMHEIM XOAOM UM CUCTEMOV XOQ0B, B KOTOPBIX U3Me-

PAIOT ANUHBL CTOPOH S;, COEAUHAIOMME MIYHKTE, U
JA £ HaIyHKTaX — yribl nosopora B;. Koneunste nyx-
XThl TIOMMCOHOMETPUN ABAAIOTCA ONOPHBIMU, U Ha
HUX U3MepAT NPUMBIYHBIE Yrabl By u B, Mexay
TBEPALIMU ¥ OTPEAENAEMBIMU CTOPOHAMU, ANA
TBEPALIX CTOPOH W3BECTHb AUPEKLMOHHbIE YIAbI
WU a3UMYTBL. B KPYTIHBIX TOPOAAX, B 3a7eCEHHON
MECTHOCTW 1 T. T. METOR, IOJIUTOHOMETPUY MOXKET
6uiTh 6onee 3 deXTUBHEIM, TaK KaK TpebyeT MeHee
BbICOKMX [e0fIe3UYeCKNX 3HAKOB, C KOTOPbIX HYK-
HO 06ecrevuTs BUAMMOCTb Ha FOPa3sfo MeHbliee

g

H

Puc. 1.3. Cxema TpuaHrynauum
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Pasaer 1. WkeHepHO-reope3nyeckne usbicKaHus

‘INCII0 MYHKTOB, YeM B TPUAHTYNALMU W TPUNATepauun (B CpefiKeM Ha MOCTPOVIKY
11K0B IpUXOAUTCA 50-60% BCEX 3aTPaT, UX CTOUMOCTb BO3pacTaeT NPUMEpPHO Npo-
110PUMOHANBHO KBAADPATy yBENUYEHUA BHICOT). HepocTaTkamMn onMroHoMeTpum 1o
{ )ABHEHUIO C TPUAHTYNALUEN ABAAIOTCA: MEHBIUAA XECTKOCTL FeOMETPUECKOTO 0~
tPOEHUSA, MEHbIlIee YUC/I0 YCNOBHBIX YPABHEHMW, CNabblit KOHTPONL NONEBLIX U3Me-
enuit, obecrieyeHne Y3Ko MONOCH MECTHOCTH.

Tpunamepayus, xax ¥ TPUAHTYAAUUA, COCTOUT U3 LETIOYKU TPEYTONbHUKOB,
I'C0Re3U4ECKUX MeTHPEXYTONbHUKOB, LEHTPANbHBIX CUCTEM, CIUIONIHBIX CceTed
TPQYTONLHUKOB, B KOTOPHIX U3MEPAIOT ANMHL CTOPOH. McxonHsMY B TpUnarepa-
HK RBAAKTCA KOOPAUHATLL OAHOTO MU HECKONDKUX TYHKTOB, & TAKXE AUPEKUU-
OHHME YIAB OJHOW WAV HECKONbKUX CTOpoH. CoBeplIEHCTBOBAHME M MOBLINIE-
liue TOYHOCTU CBETO- W PajuOAaNnbHOMEPOB YBEAUYUBAET PONb TpUNATepauuu,
0cOBEHHO B MHKEHEPHO-Teoe3ueckux paborax.

TIpn co3pannu rocyAapcTBEHHBIX ceTelt 1 U 2-T0 KNACCOB METOR TPUaTepaLuu
e IPUMEHAIOT, TaK KaK: 1) KOHTPOJb U3MEPEHMA CTOPOH WU OTCYTCTBYET, WM
o1eRrb cnab (B TpeyronbHUKax TPUNATepauuu YCI0BHEIE YPaBHEHUA OTCYTCTBYIOT, B
1'C0f@3UMeCKUX YeThIPEXYTONLHUKAX U LEHTPAbHLIX CUCTEMAX BO3HUKAET TONbKO
110 ONHOMY YCI0BHOMY YP@BHEHWI0); 2) B TEXHUKO-3KOHOMUYECKOM OTHOWIEHUU TPYU-
NaTepauMA o CPaBHEHMIO ¢ TPUAHTYNALMei TpebyeT 6oMbIIMX TPAHCIIOPTHLIX pac-
+0/\0B, 6ONBLIMY WITAT GPUTaAbl, TaK KaK ANA UIMEPEHVA MMHUI HYXKHO HA COCEAHUX
1'YRKT3X YCTAHABANBATbL OTPAXATENU U C IEPEEe3NI0M CO CBETOAaNbHOMEDOM Ha ADY-
0% MIYHKT HYMHO NEPeBO3UTh pabouux C OTpaXaTeNsAMW HA ApYrue NYHKTHI;
i) TOHOCTb Nlepeayu a3sUMyTOB B PAAAX M CETAX TPUZaTepaluu HUXe, YeM B Tpu-
AHPYIALUM TIPU COU3MEPRHUN TOMHOCTYM NMHEMHBIX W YINIOBLIX U3MEPEHWI; 4) MO~
110 PeMHbIY CABUT B TPUNATEPALUN B HECKONLKO a3 60bllie TPOA0ALHOTO, YTO NPU-
NOJIUT K HEOAVHAKOBO TOUHOCTY ONPEAENEHUR KOOPAUHAT X N Y.

JluneliHo-y2nossie 2eode3unecKue cemu. B 3TuX MOCTPOEHUAX USMEDRIOT
yITIBL M CTOPOHbI TPEYTONLHUKOB, HA HEKOTOPHIX TUHUAX ANA OPUEHTUPOBAHUA
onpepensoT a3umyTht Jlannaca. JIMHeHO-yrNoBLe CETU CO3RAIOT ANA AOCTUXE-
11MA MAKCUMaNbHOW TOYHOCTU OMPefeNleHNA KOOPAUHAT NTYHKTOB, HO OHW Tpe-
0YVI0T Topaspo 60AbLIIMX 3aTPAT, YeM TPUAHTYAALUA MAU TpunaTepauus. Jaa
JWCTUKEHUA Hanbonpurero 3¢pdexTa YIaoBbLIX U IMHERHHIX UIMEPEHUN neneco-
00Pa3no, yTobsl My/p = m,/s, TAe M, — CPeAHAA KBaApaTUIeCKan ommbxa ume-
|'CRUR Hampasnenus; P = 206 265”; my/s — OTHOCUTeNbHAA CPEAHAR KBAApPATU-
'neckas onmbra u3MepeHUA AN CTOPOH, IPUYEM My U M AOTKHbI ONPEAENATb-
O3t TIO HEeBA3KAM — CBOGOJHEIM YIEHAM YCNOBHLIX YPABHEHUIA.

Kom6uruposannbie zeode3uecKue cemu co3panwT Ha MECTHOCTU C CUIBHO
PAINUYAOIMMUCA YCROBUAMM, KOTAQ MO TEXHUKO-IKOHOMUMECKUM MOKA3aTENAM
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CI’IpCIBO"IHMK COBPEMEHHOIO U3bICKATEAS

nenecoobpasHo Ha OHOM YYaCTKe CO3AaBaTh, HaMPUMED, TPUAHTYRALMIO, @ Ha
COCeAIHUX — MONNUTOHOMETPUIO UAW TPUNATePALNIO.

Onop cemu u3 acmp HecKux ny €037a10T Npu Tomorpacdu-
Jeckux chemkax macutaga 1:100 000 v Menvye, MYHKTH 3TOW CETW pacrnonarainT
Ha paccToARUM 80-100 kM. [ina nepexopa K reope3nyecKuM UIMPOTAM Y AONTOTaM
B aCTPOHOMMYECKME KOOPAMHATH BBOAAT MOMpPAaBKMW 33 YKNOHEHUA OTBECHHIX -
HWi, Onpepensembie B NEepPBOM MPUGNWKEHUW MO NAHHBIM TPaBUMETPUIecKoi
CbeMKM. ITOT MeToZ NMPUMEHANCA B Hallelt cTpaHe 6ojee 40 neT Hasap Mpw CheM-
Kax macmraéa 1:100 000 B ropHbIX PanoHax CeBepo-BOCTOKA W CpepHent Asum,
ceiiyac TaM NOCTPOEHa BHICOKOTOYHAA Te0fle3UTeCKan CeTb,

HAunamuveckan mpuanzynAyuAa npepnoxeHa B 1920 r. ¢uHCKuM reopesuc-
Tom Bacans. CyTs ee CBOAUTCA K CUHXPOHHOMY Hab7110 i€ HVIO TTOABUMHBIX BLICO-
KUX 1ened my, my,..., M, (BO3AYNIHLUA Wap, CAMONET W T. I.) C U3BECTHHIX A, B 1
onpepenaemux C, D nynkros (puc. 1.4)

Ilo KoopAvHaTaM MYHKTOB A, B 1 U3MEPEHHBIM Ha 3TUX NYHKTaX TOPU3OHTaND-
HHIM YI7IaM METOAOM TIPAMOT 3aCeYKM OTPeqienaioT KOOPAMHATLL TOMeK My, My,...,
M, IO KOTOPBIM, UCTIONb3YA TOPU3OHTANbHEIE YTTIH, U3MeperHble Ha NyHkTax C v D),
METOJOM 06PATHOM 3aceyXy ONpeAenAnT KOOPAVHATE! 3TUX MYHKTOB. B 40-X ropax
3TVUM METOAOM ObinK CoepvHeHs! Yepe3 ocTpos Kput espomefickue u adpuxanckue
TPUAHTYNALMK U Yepe3 TPonvs Ckareppax — AaTCKUE 1 HOPBEXCKUe.

CnymHxuxossle Memodvt co30anun 2zeode3utecKux cemeii COCTOAT W3 reo-
MEeTPUYeCKWUX W AMHaMUieckuX. B reomerpuyecxom merope MC3 ucnonbayoT xax
BLICOKYIO BUMPHYIO Lienb, B AuHaMnueckom — YMC3 ABnAeTCA HOCUTENEM KOOPAK-
HaT. B reomeTpudeckoM meTofe criyTHuku dotorpadupylor Ha doHe ONMOPHHIX
3Be3J, YTO [TO3BO/IRET OMPEAENUTb HAMPABNEHUA CO CTAHLUM CIEeXEHWR Ha CnyT-
HuKu, PoTorpaduposanue HeCKONbKUX Nonoxeruit MC3 ¢ pByX u 6onee UCXORHBIX
W HECKOJNIbKUX OMpeieNReMbiX IYHKTOB NMOIBONRET MOAYIUTL KOOPAVHATE! Onipefie-

NAGMBIX MYHKTOB. JTY Xe 3apady peuwawT nyTeMm

m, W3MEPeHUA PacCTORHMA A0 CyTHUKOB. Co3panue

’ Ay ¢  HaBuragMoHHBX cucreM (B Poccun — Inorace u B

N CIIA — Navstar), cocToAmuX He MeHee yeM u3 18

) YC3, nossonser B N0607 MOMEHT B N1060W YacTv

L 3eMnu ompeAenATs reoleHTpUYeCKUe KOOPAMHATHL

X, Y,Z, c 6onee BHICOXOM TOUHOCTDIO, Y€M UCTIONL3Y-

A . ©Man paHee aMepuUKaHCKas HABUTaLMOHHasA CUCTe-

"\”""‘ ma Transit, koTopas NO3BONAAET OTIPEAENATb KOOP-
mmHatH X, Y, Z, ¢ omm6xou 3-5M.

Puc. 1.4. Cxema Al yec- Pad pUA CO CBEPXANUHHOU

KOW TPHAHTYNALMUN 6asoii (PCIB). Coc-rowr %3 papnorenecxornos A u B
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Pasaen 1. UnxeHepHo-reoaesnyeckne M3bICKaHUS

(puc. 1.5), ycTaHOBJEHHBIX Ha PACCTOAHUN
1) — 6a3ut urTepdepomerpa. Paguorenec-
KOl CUHXPOHHO MIPUHWUMAIOT B CAHTUMET-
POBOM [MaNa3soHe M3NYYEHWA OBHOTO W
TOr0 e XBasapa K — BHeranakTuiecxoro
panuoucToyHmnka. 06paboTka 3aMMCaHHbIX
P3RMOCUTHANIOB NO3BONACT ONPEACNNTS  pyc, 1.5, (xeMa M3MEPEHUS METONOM
BPEMEHHYI0 3aRePHKY MOMEHTOB T PUXO-  nnynnoGazucHON MHTepdepomeTpru
1a GPOHTA PanMOBONHM K PaANOTeNecKoNy

A OTHOCUTENbHO B, a Taxke 4acTory wHTepdepeHuun f. Pa3HOCTL paccTOAHMIA OT
PajMOTelIeCKOMNOB A0 KBa3apa HA MOMEHT HabnioaeHna As = TV, TJie U — CKOPOCTb
PaCIIPOCTPAHEHWA PANOBONH.

B pe3synbrarte cOBMECTHOM 06paboTKv MHOTOMMCICHHBIX 3HA4eHWI T U f HaXopAT:
Pa3HOCTH FeOLEHTPUYECKMX KOOPAMHAT KOHYOB 6a3bt paguonHTepdepoMeTpa, Mo Ko-
TOPLIM OMPEACNANT AAMHY D 1 yTon 6, KOOPAMHATH PafVOUCTONHMKA U TTONI0Ca 3eM-
JM; MPHOBEHHYI0 CKOPOCTb BpAllleHUs 3eMIN; 31eMEeHTH MPELeCCUM U HYTALUK; UC-
TWUHHOE ’PUHBUUYCKO® BDEMA MOMEHTOB OTIpefieNIeHNA T U f U APYTUe apaMeTphL.

MeTop PCIIB no3sonser onpeaensts 6a3bl ANUHOM B HECKOIBLKO THCAY KUO-
MeTpoB ¢ owubxon B 1~3 cM, HanpasneHue 6a3 0,001”, XoopAMHATHL MOMOCA
3eman — 3-5 cM, KOOPAMHATH HabnonaeMbx KBasapos — 0,001”. C TaKoit xe
TOMYHOCTHIO ONMPeAeNsloT BapuauuW CYTOMHOrO BPAmEHWS 3eMau, MapaMeTphl
TIpeneccun u Hyrauuu,

Jina metopa PCIB Heo6XOAMMBl PaAMOTENECKOMB! C AHTEHHAaMU AUaMeTpoM
20-60 M, TpUHNMAIOWME N3NYYEHWNE B CAHTUMETPOBOM AUAIla30He, aTOMHbIE FeHe-
PaTopH YacTOTH €O CTabunbHoCTI0 10713-1071%, BupeomarnmTodoHs ans 3amuen
nropManmun 06beMoM Nopsapxa 10° epnmL, KaTasiork K8a3apos C YIIOBLIMH Pas-
mepamu He Gonee 0,001, MalMHHOe 1 MaTemaTnieckoe obecneyenue. [Ipu ymeHrs-
NIeHUU ANMHBL 6a3 A0 HECKONBKMX COT KUIOMETPOB BO3MOXHO UCTIONb3OBaHUE
TIepefiBUKHBIX PAAMOTENECKOTIOB ¢ aHT@HRaMu 3,3-5,0 M, paboTalowmx B nape ¢
607bUM MU 60-METPOBLIMU PAAUOTENECKONIAMMU.

1.1.4. TocypapcrBenHas reofieswgeckas cets. Ilporpamma

®, H. Kpacosckoro. Ocuosubie mosioxenus 1954—1961 rr.
®.H. Kpacosckuii paspabotan GyHnamMeHTanbHy NporpaMMy NOCTPOEHNA ro-
CyAapcTBEHHOM Tpuanrynauuun 8 CCCP, xoTopas 6rna ony6aukosana 8 1928 T.
B 1939 r. oHa Hauna oTpaxeHue B OCHOBHLIX TONOXEHUAX O MOCTPOEHUN ONOPHOW
reopeanyeckoit cetn CCCP. CornacHo 3Tov porpamMme rocyAapCTBeHHAA TPUAHTY:
JALNMA CO3AABaNACh 1O MPUHLMIY NepexoAa oT obmero K vacTHoMmy (puc. 1.6),
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.

12

Puc. 1.6> Cxema ®.H. Kpacosckoro rocypnapcTaeRHon TpuaHrynauu:
1— nyHKT Jlannaca; 2 — NpOMEXyTOHHbIA aCTPONYHKT; 3 — 6asnc

COCTOAJ1a U3 PALOB TPUAKTYNALUM (2CTPOHOMO-Te0fle3nyeckoi cetn) 1-ro knacca
AAMRON 200-250 KM, MPOKNaANBaeMbX TPUMEPHO BAONb apajeneit u Mepuan-
aHOB; OCHOBHBIX PAAOB TPUARTYAALUYU 2-TO Knacca Anvron 100-120 xM; 3amon-
HA0LEN CeTn 2-To K1acca, CeTu 3-ro XAacca u ofpenenfeMbx 3ace¥Kamm nyHk-
TOB 4-T'0 Knacca.

Ha mepeceyenuax papos 1-ro knacca onpenensin AAMHY U a3UMYT BbIXOOHBIX
CMOPOH TPUAHTYAALMM, [INMHEL BHXOAHLIX CTOPOR HAXOAMAM MyTEM NOCTPOEHUR
6a3nCHLIX CeTe, B KOTOPHIX M3MEPANU BCe YIB! U 6a3uc (MPOBONOKAMM) ANUKHOR
6-8 KM; yTIB POTMB 6a3uca AOTKHBI GbITh He MeHee 36°, Basuck uaMepsanm ¢
OTHOCWTENbHOM CPepHe KBaapaTnIeckoi oumbxon He 6onee 1:500 000, a pAMAK
CTOPOH Onpepensnu ¢ omunbrow He 6onee 1:300 000.

Ha voHNax BLIXOAHLIX CTOPOH — TYHKTax Jlamnaca 1 — onpepenanu acTpoHo-
MUJecKue IIMPOTSL @, AONTOTHL A U a3UMYTbI O.. B KaXAOM 3BeHE TPUAKHTYAALMM 1-r0
Knacca (3BEHOM Ha3blBQWT 4acTh TPUAHrynAuum 1-ro Knacca MeXAY COCeAHUMM
BLIXOIKLIMM CTOPOHAMM) KpoMe myrkToB Jlannaca yepes 70-100 KM ycTanaBnusa-
2V TIPOMEKYTOIHBIE aCTPOHOMUYECKME TYHKTH 2, KA KOTOPLIX U3MEPATN @ U A.
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Pazaea 1. UnxeHepHo-reoaesnyeckue U3biCKaHUs

B 1932 r. HaYanu BHIMONHATH OGLLYI0 PPABUMETPUIECKYIO CHEMKY TEPPUTOPUM
CCCP. IpasumeTpuyeckue u3MepeRus MO CreNUanbHOW MporpaMMe CTanu BHUTON-
HATD TIPU CO3RAHUM ACTPOHOMO-TEOAe3NTecKoin ceTn. COBMECTHOE UCTONb30BaHVE
Te0Ae3UIecKux, aCTPOHOMUYECKUX U 'PaBUMETPUYECKUX U3MEPERUt TO3BONAET BbI-
YUCAUTD ACTPOHOMO-Te0fie3ndeckue YKIOHEeHUA OTBECHBIX NUHWIA, AeTaNbHO U3y-
YUTb GOPMY 3eMnU M MaTeMaTudecku CTPOro peaynMpoBaTh pe3ynbraThl Feofesu-
JeCcKUX U3MepeHuit ¢ OBEPXHACTM 3eMu Ha [IOBEPXHOCTL pedepery-3Nnuncouaa.

Kawpbtit monurod 1-ro xnacca Aenuics Ha JeThipe YacTu OCHOBHLIMU pARa-
MU 2-To Knacca (cM. puc. 1.6), B nepeceyeRuu paaos cTpounacs 6asucHas 3 ceTbh
ANR ONpeneneHus BLIXOAHOW CTOPOHMI, Ha KOHLAX KOTOPO# pazMemany yHKTH
Jlannaca Ans onpenenenus @, A, o.

Tomorpagmyeckue cheMxy B Macurradax 1:5000, 1: 2000 Ans YAOBNETBOPEHUA
NIOTpe6HOCTeN Pa3nUYHBIX 0Tpacieit HapoaHoro xosaiicrea CCCP mpusenu 8 Koxune
40-X IT. K HEO6XOAUMOCTN YBENUIUTb TNOTHOCTD W TOYHOCTb TOCYAAPCTBEHHLIX
reopesndeckux cetei. IIpoexT HOBOW MPOrpaMMsl 611 omy6amKoBan Ans 06Cyk-
nexms B 1948 r. B 1954 r. 6b1n yTBepXAeHB «OCHOBHbIE TONOKEHUA 0 TOCYAAp-
CTBEHHOW reopesuveckovt cetn CCCP» (cokpamenxo — Tlonoxerus 1954 r.).
B 1961 r. B Tlonomenna 1954 r. BHECEHH U3MEHEHUR W JIONONIHEHUA B CBA3U C
NIPUMEHERVNEM BLICOKOTOMHLIX CBETO- W PapuoAanLHoMepos. JencTBY0Wan B Ha-
CTOALee BPeMs TMporpamMma u3noXeHa B 0CHOBHBIX NMonoxenuax 1954-1961 rr.,
Ha ee oCHoBe B 1966 r. usnana MHCTPYKUMA 0 NMOCTPOEHUM TOCYAAPCTBEHHOW
reope3uyeckoit cern CCCP.

061uM B HOBOW M CTAPOW NPOrPaMMax ABAAETCA COONIOAEHME TPUHLMTIA Te-
pexopa oT obujero x yacTHoMy. JocyaapcTBenHan reopesuyeckas cets (ITC) Poc-
CUW ABAAETCA TNABHOW Feoe3Meckon ocHOBOW Tomorpauyeckux c»eMox Bcex
MacwTabos, AONKHA YAOBNETBOPATb TPEBOBAHWAM HAPOAHOTO X03ANCTBA M 060p0-
Hbl CTPaRHl NpU PELIeRUN COOTBETCTBYIOLINX HAYIHBX U UHKEHEPHO-TeXHUYeC-
kux 3apayv. ITC co3paerca MeTopaMu TPUAHTYAALMM, TIONUFOHOMETPUY, TpUaTe-
PaLum ¥ UX CONETaHUAMM, TO3BONAIOMMU TIPU POUMK PAaBHbIX YCAOBUAX 0bectie-
YMBaTh Tpe6yeMyio TOUHOCTD U HAMGONBUIYI0 IKOHOMUYECKYI0 IPHERTUBHOCTD.

TTC moppa3snenawT Ha ceT 1, 2, 3 u 4-ro Knaccos. ACTPOROMO-Teoe3udeckasn
cerh (AT'C) 1 Knacca co3paeTcA NONUTOHAMU AJIMHOM OKONO 800 KM, AAMHA 3BEHA
200 XM, UCTIONb3YETCA ANA HAYYHBIX UCCNIEROBARUM IO U3YYerni0 GOPMBL u pasMe-
POB 3eMnu, ee BHENIHEro rpaBUTaLUOHHOTO TONA W AJIA PaCTPOCTPAHE HUA efIMHON
CUCTeMBbI KOODAVHAT Ha BCY0 TEPPUTOPUIO CTPaHBL, Teope3nyeckue ceTu 2-ro Knac-
Ca ABAANTCA OCHOBOW ANA CO3AAHUA CETeN 3-T0 U 4-F0 KNACCOB.

AcmpoHomo-zeode3suneckas cemnb. CxeMa noctpoerus AIC o OCHOBHEIM MO~
nowenuam 1954-1961 rr. mpusepeHa Ha pucynke 1.7. B tabnuye 1 npusenenst
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CﬂpGBOHHMK COBPEMEHHOIrO U3bICKaTeAs

Puc. 1.7. Cxema NOCTPOEHUA AaCTPOHOMO-Te0Ae3UYeCKOH CeTH
no OCHOBHbIM NONOXeHUAM 1954-1961 rr.:
1 — cTopoHa noauroHoMeTpum 1-ro knacca;
2 — CTOpPOHa TpuUaHrynauuu 1-ro knacca

OCHOBHbIe XapakTepucTuku ITC, mocTpoeHHbIX 10 OCHOBKLIM ONOXEHUAM 1939 I. n
1o OCHOBHLIM NONOXKeHUAM 1954-1961 rr. Tunosoit GUrypown 3BeHbeB TPUAHTYNA-
UMM 1-FO KNACCA ABAACTCA TPEYTONBHUK, GAM3KWI PaBHOCTOPOHHEMY, MOTYT TaKKe
WCI0/1b30BaThCA KOMGUHALWY TPEYTONLHUKOB, TEOAEe3UIEeCKUX ETHPEXYTONLHUKOB
W LeHTPaNbHEIX CUCTeM. B oTRensHuix palioHax, rae 3TO llenecoo6pa3Ho, MOryT
CTPOUTBCA CTUIONIHbIE CETU TPUAHTYAAUMU 1-TO KNACCA U 3BEHbA MONUTOROMETPUU
1-T0 KNacca, KOTOpble AOJLKHBL BbITh BHITAHYTHIMU (MaKCUManbHOe YRaleHue IyHK-
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PasaeA 1. ViHxeHepHO-reoaesnieckme U3bICKaHWs

TOB OT 3aMbiKalolieit — He Gonee 20 KM, YIAIB MEXKAY OTAENLHBIMU CTODOHAMU U
3aMblkawmen — He Gonee 20°), conepxars He Gonee 10 CTOPOH pAvHOM 20-25 KM
¥ uMeTb Yepes 10 cropok GasucHsie CTOPOHEL U NYHKTH Jlannaca.

Ha nepeceyenuu pAAOB CBETORANLHOMEPAMM U3MEPANT 6a3UCHBIE CTOPOHDI C
OTHOCUTENbHOR omunbKoit He Gonee 1:400 000. 06a KOHLA 6A3UCHEIX CTOPOH ABNA-
loTcA nyHkramu Jlannaca, Ha KOTOpLIX ONpeRensioT ¢, A, o Mcnonsaya ypasnenune
Jlannaca, onpenensioT reope3uyeckue a3uMyTh A, KOTOphIE IO3BONAIOT OPUEHTH-
posath ATC, KORTPONMpPOBATL PE3YNbTATHl IEOAL3NYECKUX UIMEPEHUI NyTeM Om-
pezieneruA CBOGORHOTO WiIEHa a3UMYTaNbHOTO YCIOBHOTO YpaBHEHUA W CpaBHe-
HUA ero C NOMYCTUMBIM 3HaYeHWeM M B UTOre — TOBHIAOT ToYHOCTh ATC. Ilo
BCEM pPAnaM BLINONHAWOT AaCTPOHOMO-TpaBUMeTpUYecKoe HuBenuposanue. Kpome
TOTO, BLZACNIAIOT OCHOBHbIE PAABL 1-T0 KNACca, Ha KOTOPHIX ACTPOHOMUYECKUE TTYH-
KTl pacronaraior 6onee 4acTo — yepes 40-50 KM — W BOKPYT HUX BhUTONHAOT
ocoboe rpaBUMETpUYECKOe CIyIEHUe.

Koopauuarst AIC Poccuu BEIYMCNAIOT B E4UHON CUCTEME KOOPAMHAT 1642 T C
MCXOAHLIM TIYHKTOM B LieHTpe Kpyraoro 3ana Ilynkosckoi o6cepsaropuu.

Teodesuveckue cemu 2-20 Knacca B OCHOBHOM ABNANTCA CIUIOWIHOW CETbIO
TPeYrONLHUKOB, 3aNONHAWNX nonuronst ATC 1-ro xnacca. BasucHyie CTOpOHM
pa3MemaloT paBHOMEpHO He Gonee YeM Yepes 25 TPeYTONbHUKOB, OfHA U3 Gaauc-
HBIX CTOPOH AO/KHA GHTb MPUMEPHO B CepefuHe NONUroHa 1-ro Kuacca, Ha KOH-
11aX 3TO¥ CTOPOHLL OMpenenAloT NyHkTH Jlannaca. [Ipu sk0HOMUYECKOR Lenecoot-
Pa3HOCTH CeTU 2-T'0 KNAcCa MOTYT CO3AABATHCA NONUTOHOMETPUYECKUMU XO/laMu,
06pa3ylomuMn CUIOWHYI0 CeTh 3aMKHYTHIX TONUTOKOB ¢ pABHOMEPHLIM pacnono-
XEHWEM NYHKTOB BHYTPW TOAWroHa 1-ro xnacca. BosMoxHo xoMGueupoBaHuMe
TPUAHTYNALUU Y TONUTOHOMETPUU.

CxXeMbl ceTe?t TONUrOHOMETPUM M KOMGUHUPOBAHHBIX CETER TPUAHTYIALUM U
TIONMrOHOMETPUY pa3paGaThiBAIOTCA OTAGNLHO ANA KAKAOTO PAViOHA C YIETOM Feo-
rpaty, 3a1€CeHHOCTY, penbeda MeCTHOCTH U T, . OPU3OHTaNbHbIE YIIE U ATU-
HEl CTOPOH B MONUTOHOMETPUM 2-TO KJAcca HeOGXOAUMO W3MEPATb CO CpepHen
KBazipaTMyeckow ourmbkoit He Gonee 1” (M0 HEBA3KAM 3aMKHYTHX NOJIUFOHOB)
u 1:250 000 cooTBeTcTBEHHO, MeTop TpUnaTepanuv ans CO3MaHuA ceTei 1w 2-ro
KNAcCOB HE TPUMEHAETCA.

Cornacro nccneposanvam K.JI. Ilposoposa TOMHOCTh Nepepayu asumyTra u
ATMHBI CTOPOHM B GOJlee TeOMeTpUYecky KeCcTKOW CIUIONIHONW CeTH U3 PaBHOCTO-
POHEUX TPEYTONbHUKOB MOBLIIIACTCA IPUMEPHO B TPU Pasa IO CPABHEHUIO C TPH-
AHTYNANUOHHEIM PARoM. IloaTomy AI'C 1-ro xnacca MeHee TOMHa, YeM Onupaomm-
eCA Ha Hee CIUIOWHble CETM 2-TO Knacca: MPUMepHas OTHOCWTENbHas ommbxa
cToporbt B cnabom Mecre B ATC 1-ro knacca pasHa 1:150 000, a B ceTAx 2-ro
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CnpaBoYHMK COBPEMEHHOMo U3bICKATeAn

Knacca — 1:200 000; CPeAHAR KBafpPAaTUYECKas OLMOKA B3AUMHOTO IONOKEHUR
CMEXHbIX MyHKTOB pasHa 0,15 M — 8 AI'C 1-ro xnacca u 0,06 M — B ceTsx 2—4-T0
Knaccos (cM. Tabn. 1).

YpaBRUBaHUe ceTelt 2-T0 KNacca BRYTPU TONUIOKOB 1-10 KNacca, NpuxnMae-
MbIX 3@ UCXOAHBIE, NDUBOAUT X pedopMaunu ceteit 2-ro knacca. Haubonee 3a-
METHO MUCKAWAIOTCA YIAB KA MYHKTaxX 2-ro knacca 86ausu ALC 1 knacca (nonpas-
Kn B YTAH, NONYyYaeMble U3 YPaBHUBAHUA, AOCTUTAT 5-77, T. e, 3HAYUTENLHO
MpeBHIIAloT OWUEKU YrNoBbIX U3MepeHuit). Mckaxerue yrnos u pedopManmus
CeTu N0 Mepe yAaneKUs OT NYHKTOB 1-r0 Knacca GLICTPO YMERBIIAKTCA,

Teode3suvecxue cemu 3 u 4-20 xnaccos. CeTv 3 1 4-ro Xnaccos CrywawT A0
TpefyeMoii NOTROCTH CeTU 2-TO K/ACCa, OHW MOTYT CO3AABATBCA METOAAMM TPUaK-
CYNAI UM, IONUTOROMETPUN W TPWaTepauvu. BeiéupaloT TOT MeTOA, KOTOPI NpU
o6ecrmeyerun TpebyeMoi TOYHOCTM faeT HaMGONbLIIYI0 3KOHOMUYECKYI0 3ddeKTHs-
ROCTb. XapaKTepUCTUKA ITUX ceTeil MpuBepera B Tabauue 1. [Ipu ucrons3osanuu
METOAa TIONUTOHOMETPUN MEXKAY Y3OBBHIMU U UCXORKLIMU TIYRKTaMU AONyCKaeTcA
He Gonee gBYX TOYEK NOBOPOTA.

TIpu pacCTORKUMN ME@XRY XOAaMU MeHee 4 KM B CeTH 3-T0 Knacca u MeHee 3 kM
B CeTW 4-TC KNACCa UX HEOBXOAUMO CBA3IBATL MeXAY COGOM, T. €. MpOKafbBaTL
MeXAY HUMM XOn.

Ha Bcex nyskTax [TC 1-4-ro K1accoB yCTaHABNUBAIOT ABA OPUEHMUPHDLIX NYHK-
ma (OPIT) ¢ mon3eMKbIMU LeHTpaMu, paccToskus o OPIT 0,5-1,0 kM (B necy ke
menee 250 m). OPII pOTKHBI GbITH BURKBE B TEOAONUT, YCTAKOBNEHRbUA Ha LITATUBE
Hay, LIeHTPOM 3HaKa. 3a OAUH U3 OPUEHTUPHLIX NYHKTOB MOXKHO NPUHMMATh XOPOLIO
BUAUMBIN C 3MIV Fe0ae3NeCKUi IYHKT UNW MECTHBIN [IPeAMET (KPECT KOJLOKOMb-
HY, WNTUAb 6aNIHU U T. T1.) PU €F0 PACCTOAHMM O AAHHOTO NYHKTA CeTY He Gonee
3 kM. OPII Heo6xXopMMbL A A3UMYTanbROM NMPUBA3KU MOCNEAYIOMNX reofesunyec-
KMX NOCTPOEHUH (TONUTOROMETPUM 1 1 2-T0 Pa3PAROB, TEONOAWUTHEIX XOA0B U T. IL.).

BricoTe Bcex nYRKTOB ITC onpenenaoT METORaMMU reOMETpUIECKOTO (B pas-
HUHHBIX U BCXONMIIERKEIX PAaii0HAX) W TPUTOHOMETPUYECKOTO HUBENNDOBAHMUR.
B cpeareM TOYHOCTb U3MepEHUs YTNOB nocTpoerkoit ITC oxasanach Bllle, ycTa-
‘HOBJIEKHOM OCHOBHBIMU MONOKEHUsMU 1954-1961 rr.: 0,657; 0,75”; 1,1”; 1,5 8
ceTax 1, 2, 3, 4-TO Knaccos COOTBETCTBEHHO. CpepHAs KBajpaTU¥eckaa omubka
onpeneneHva asumyros Jlannaca, ONYYeRKas B pe3ynbraTe ypaBHUBAHNA GROKOB
ATC, pasHa 1,17, T. e. TPUMepHO B ABa pa3a Gonblie NpenycMOTPeHHO! OCROBHEI-
MM onoXeRuaMu 1954-1961 rr.

B yenom ITC Poccuu o TOYHOCTU ofecrieyuBaeT KapTorpagupoBarue CTpaksl
BO BCex Macuwtabax BINOTb A0 1:2000 w MO3BOAAET PENIaTh KAYYHbE U UHKERep-
HO-TEXHUYECKUE 33a[aYM HapOJHOro XO3AKCTBA CTpaHbl. [JanbReillliee coBepller-
cTBOBaHMe AT'C MOXeT 6HTb CBeEeHO K clefyomeMmy. CoBMeCTHOE ypaBHWBaRUE
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Pazaen 1. UxeHepHO-reoaesnyeckme U3biCKaHus

ceTn 1 1 2-ro KNaccos ¢ UCITONb30BaKUEM BCEX U3MEPERKEIX RallpaBleH U, a3uMy-
TOB Ha NyHKTax Jlannaca, 6a3sucHbIX UIU BLIXOAKLIX CTOPOK C Y4ETOM UX BECOB W
ONpeneneHneM NoNpaBoK B RENMOCPEACTBEHRO U3MEPERHbe BeINIUHE, IIPU 3TOM
6YAYT yCTpaHeHH 3HauWTenbHbie AedopMannm ceTu 2-ro xnacca s6nausu ArC
1-r0 Knacca v MoBHIIEHA TOYHOCTb ONpefeNeRus KOOpANKAT BCeX MyHKTos, Ha
ClepyloueM 3Tane NpefyCMOTPERO MocTpoeHue QyHAAMERTaNbHOW reopesnyec-
xoi cetn (®I'C) ¢ pavmeamu cTOpoR 2000-3000 KM C CaRTUMETpPOBOW u Gonee
BLICOKOW TOYHOCTHIO U3MEPERUA ITUX CTOPOR. Kamabtit mynkt ®I'C nonxer crath
o6cepBaTopueit UNK CTaLMONAPHONU HYHAAMEHTANLHOM FeOie3nIecKol CTaHImel,
Ha KOTOpO MEePUOAUMECKY IO ONpefeNieHHOoM MpOTpaMMe NOKEH BLHITONHATLCA
KOMIUIEKC TOYHEMWIUX U3MEPERUNA: CTIYTHUKOBLE — [JA ONpEAENEeRUA TeONeHRT-
PUYECKUX KOOPAMHAT; ACTPOHOMUYECKUE — LA HAXOMAEHWSA LIUPOT, AONrOT, a3u-
MYTOB; TpaBUMETPUYECKUE — ANIA MONYYEHUS YCKOPEHUA CWAbL TSKECTU U T. .
BoicoTsr Bcex nyrkToB OI'C nenecooGpasHo ONMpeneiuTh U3 HUBENMPOBAKUSA 1-ro
Knacca. CoBMeCTHan 06paboTia MePeYUCTIERKbIX Y, BOSMOKKO, ADYTUX U3MEpeHUit
MO3BOAUT ONPEASNUTb C BHICOKOM TOYHOCTBIO KOODAUKATH! TYRKTOB ®I'C Ra paHKEIN
MOMEHT BpEMEHM W UCTTONb30BATD UX B KAYECTBE UCXOAHBIX TPU TOCTPOCRUM CUCTE-
Mbl OTOPHBIX MYHKTOB Ha TEDPPUTOPUM CTPAKBL U, KPOME TOTO, AR BHICOKOTOWROTO
onpenenenua xoopauxar ¥C3, uto B cBOW0 0vependb MO3BONUT MOBHICUTH TOYHOCTD
aBTOROMHOTO ONPeJieNeRUst KOOPAMHAT TOYEK 3eMHOI MOBEPXHOCTU U3 Habnope-
Rwit KC3.

1.1.5. Tlporpamma aBTOHOMHEIX MeTOZ0B
CIyTHUKOBBIX KOODJMHATHLIX ONpefeNeHuit

Pazpa6orannee depepanvroit cnym6oit reopnesuu u kaprorpaguu Poccuu
KOHIENUMA X MpOrpaMMa mepexona TONorpago-reone3uuecKoro npou3BoOACTBa
Ha aBTOHOMKHIE METOAbt CTYTHUKOBLIX KOOPAMHATHLIX ONPEAeNeHU U3N0KERDI
B pa6ote E. A. Xanxosckoro, I'. B. lembarosa, B. U. 3y6uncxoro, 1. JI. Maka-
perko, I'. A. lIbskoBa «0 KOHENUK ¥ porpaMMe epexona Tonorpado-reope-
3UYeCKOTO NMPOU3BOACTBA Ha ABTOHOMHBIE METOAB! CIYTHUKOBBIX KOODAWHATHLIX
onpepenexuit» (Teoneans v xaprorpagus, 1998, N2 5). Tpapnunoxrbie reofeanyec-
‘Kue MeToabl OCHOBAHBI HA NOCNEe[0BaTENbHOM paBBMTMM reofe3vuveckux ceTei ny-
TEM YIII0BLIX X NMKREWRLIX U3MepeHUH, Tpebyloniux Ans obecrievyeHns PAMON BURK-
MOCTW MeXAY CMeWHBIMU NYRKTaMU NOCTPOIKU IeOAe3UYeCKUX 3RAKOB, COODPYXKe-
RUe KOTOpHIX MoTpeGoBano oxono 80% CpencTs, 3aTpadeHHBIX Ka CO3AaHue cyuje-
CTBYIOLMX ONOPHDIX CETEN,

Tocynapcrsennan reopesnyeckan cers (ITC), co3paBaBLIafCs B TeYERNE MHOTUX
AECATUNETU! KaK epuKan cucreMa ans reppuropun CCCP, umeet okono 164 Thicsy
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CI'IPGBOHHMK COBPEMEHHOIO U3LICKATeA

3aKPeTUIeHHBIX Ha MECTHOCTU NYHKTOB 1 W 2-T0 XNACCOB aCTPOHOMO-Te0Ae3UIeCcKoit
cern (AIC).

PacrpocTparerue euHON CUCTeMbl BHICOT Ma BCIO TeppuTOpuio crpar CHI
OCYLECTBAACTCA MYTEM CO3AAHMA TOCYAAPCTBEHHOW HuBenwpHoit cetn (FHC),
T. €. HUBENNPHHIX ceTeRt 11 2-r0 KNaccos (rNaBHAA BHCOTHAA OCHOBA) U 3aMoN-
HAOWMX ceTeit 3 n 4-ro Xxnaccos.

B cucTeMmy rocynapCTBEHHOTO T€ORE3NYECKOTO 06eCTIeueHNA BXOANT TaKxe
rocyaapcTBeHHas GhyHpamMeHTanbHas rpaBuMeTpuyeckas ceTb (I'®IC), rocypap-
CTBEHHas PpaBUMETpUYECKas CeTb 1-T0 Knacca w CeThb aCTpOHOMO-TPaBUMETPN-
Yeckoro Husennposaius (ATH).

06ecrieunsan MHOTME PaKTUIECKME TTOTPEOHOCTH, CYIWECTBYION{Ue Ha3eMHble
reppesuyeckune METOAL! IO TOYHOCTH, OIEPATUBHOCTH, IKOHOMUYECKO 3pdeKTns-
HOCTW He COOTBETCTBYIOT HEKOTOPLIM BaXHbIM COBDEMEHHBIM TPeGOBaHUAM HayKn
W MPaKTUKYW, HATPUMEp, MPU U3YYEeHNN TeORNHAMUYECKUX TTPOLECCOB.

Tlo cpaBHEHWI0 C TPAAMUUMOHHBEIMYU CiyTHUKOBLIe MeTonst TTIOHACC/CP5 ume-
10T CnefylonMe peuMynecTea:

~ nepepava € BHICOKOW OMEPATUBHOCTLIO U TOYHOCTHIO KOOPAWNHAT MPaKTH-

JecKun Ha nio6ble PacCTOANMS;

- Treofe3snyeckue MyHKTH MOXHO Pacronararh B 6naronpuATHbIX QS uX CO-
XDaHHOCTM MECTax, TaK Kax He HY)HO ofecrieynsath B3aUMHYI0 BUAMMOCTD
MeWAY MyHKTaMu W, CNefoBaTeNbHO, CTPOUTh AOPOTOCTOALME TeOAe3nvec-
Kune 3HaKu;

— TpOCTOTA ¥ BHICOKUM YPOBEHL aBTOMATM3aUMUM PadoT;

- TOHWXeHue Tpe6oBaHMiA K INMOTHOCTU UCXOJHOW PeOAC3NYECKON OCHOBH,

Peanusauna CNyTHUKOBLIX TEXHONOIWIA NpeAyCMATPUBAET NOCTPOSHUE CREAY-
10INX TeOAe3INYECKNX CeTel: .

1) dyHpamMeNTanbHan aCTPOHOMO-TeONe3UYeCkKasn ceTs (PATC) — Bbicuree 3pe-
HO KOOPAMHATHOrO o6ecrevenns; oOHa ROMKHA obecreumBaTh OnepaTus-
HOe BOCTpOM3BefeHmne 061e3eMHO reOeHTPUYECKON CUCTEMBI KOODAK-
HaT, CTabunbHOCTb CUCTEMBI KOOPAMHAT BO BPEMEHM, METPONOTMYECKoe
obecneyeHmne BHICOKOTOYHBIX KOCMUYECKUX CPEACTB U3MEPERUR;
BLICOKOTOYHas reofie3nyeckas cets (BI'C), obecneunsawoman pacnpoctpa-
HeHMe Ha BCI0 TePPUTOPMIO CTPaHB! 0611e3eMHON PeOLEHTPUYECKOR CucTe-
Mbl XOODAMHAT U ONpezeNeHne TOYHHX NapaMeTpoB B3aUMHOI'O OPUEHTH-
poBaHus 06ne3eMHOM W pedepeHNHOIM CuCTeM KOOPAMHAT;

3) cnyTHUKOBHe reopesnyeckue cetn 1-ro xnacca (CrC-1).

3TH TPM Knacca ceTe CTPOro CBA3AaHb! Mexpy coboit: GATC asnneTcs onopoi
ana BT'C, a BLC — ana CTC-1.

2

4

20



Pasaer 1. UHxeHepHO-reoaeanIeckie U3biCKaHUs

IIpu nocrpoernn ®ATC, BI'C n CI'C-1 npepycmMaTpuBaeTca NpUBA3KA CYLLECTBY-
1oweit ITC K BHCWIEMY KIACCY CYTHUKOBLIX CeTeR, T. e. cywecTsyiowas ITC 6yner
CeTbIO CTYWEHNS.

Myuxrst PATC pacmonaraloTcs Ha paccTosHum 800-1000 XM, ux yucno —
50+70, 10-15 MYHKTOB AOMKHEL BBITH MOCTORHHO AEACTBYIOWMMY, @ OCTaNbHble —
TlepeonpeaenaTbCA PPYNNAMu Yepe3 POMEXYTKU BPeMeHN, 3aBUCANIUe OT TeORM-
HaMUYeCKo# akTMBHOCTU pernoHta.

TIpocTpaHCTBEHHOE TIONOXKEeHNe NYHKTOB GAT'C ompepenseTca B obuweseMHon
CUCTeMe KOOPAMHAT C OLIMGKON MONOKEHUA YHKTOB OTHOCUTENLHO LleHTpa Mace
e 6onee (2-3)10"8 R, rae R — papuyc 3emau, oumbKa B3auMHOro MONOKEHUA
nynkros GATC we 6onee 2 cM B mnaxe u 3 cm no BylcoTe. [ns obecreyerns 3Toi
TOMHOCTU HE06XOAMMO MCMONbB30BATh BECh KOMIUNEKC CYWECTBYIOLNX KOCMUYeC-
KMX U3MepeHuit (Na3epHulX, PAAMOUHTEPHEPOMETPUYECKUX U APYTUX).

BIC ABNAeTCA CMCTEMOM MyHKTOB C paccTosrnem D = 150-300 kM Mexpy
HWUMMU, KOTOPLIE OTIPEAENANTCA OTHOCUTEAbKLIMM METOAIMU KOCMUYECKO reofie-
3UM €O CPepHelt KBafpaTuecKoit ournbron He Gonee 3 MM + 5. 1078 D gna mnaso-
BBIX KOOPAUHAT M 5 MM + 7- 1078 D — pnsa re0Ae3UYECKMX BHICOT.

CI'C-1 COCTOAT M3 CUCTEMbI 1ETKOJIOCTYNIHEIX NIYRKTOB € MNOTHOCTbIO, A0CTa-
TOYHOM ANA MCIONb3OBAHUA NMOTPROUTENAMN BCEBO3MONHBIX CIYTHUKOBHIX OT-
pesienenuit. CI'C-1 onpepensioTCA OTHOCUTENbHBIMU METOAAMU KOCMUYECKOA reo-
31K CO CPERHNMMU KBaAPaTUYECKMMU outubKamu: 3 MM + 1077 D B rinare n 5 Mm +
+2-1078 D 1o reope3nyeckoit BHICOTE ANA PEORMHAMUNECKM AKTUBHLIX PETUOHOB 1
5 MM +2-1077 D B nnare u /MM + 3-10°7 D 1o BHCOTE ANA OCTAAbEBIX PEIUOHOB.
Cpepriee paccroanmne mexay nyxxramMu CTC-1 pasHo 25 -35 kM. B 3koHOMMYeckn
PasBuTHIX patoHax myxkTs CI'C-1 B 3aBMCUMOCTHM OT TpefoBaHuit noTpebutenei
MOTYT UMeTb 6ONBUIYIO TLOTHOCT.

TlocTosHHO AeicTByOWMe TIYHKTH PATC B OCHOBHOM CO3AAIOTCA Ha base Aei-
CTBYIOUJUX TYHKTOB CMYTHMKOBLIX (KOCMUYECKMX) HABMIOREHWIA, aCTPOHOMUYECKUX
06cepsaTopuit, IyHKTOB CAYKOH Bpalierns 3eMan, paanonHTephepoMeTpuyecKux
KOMIULEKCOB CO CBepXaalbHvumn 6azamu «Keasapy, mporpammul «flensra» u ap. Ha
nynxTax GATC mpeaycMATpPUBAIOT ABE MPOrpaMMbl HabnioAeHWI: IIOCTOAHNbIE Ha-
6monenus criyTHukoBbix cuctem [JIOHACC v GPS (BKNI0YAR U MeXAYHAPORHbIE TPO-
TpaMMb1) M HAbNIOAEHVA APYTUX CTIeLMann3upPOBaHKbIX CITYTHUKOB U KOCMUYECKUX
061eKTOB COPNIACKO MEXBEAOMCTBEHHMLM nporpaMmanm noctpcerua GATC. Ha mymx-
Tax GATC LONKHEL BLITIONHATLCA a6CONIOTHHE PPABUMETPUYECKUE OTIPEAieNIHNA.

Buinonxexue nnanupyembix Koxyenuueit MeponpuaTuii No3sonuT:

1) MOBLICUTH TOYHOCTb W OMEPATUBHOCTb TEOAE3WMECKNX Onpepenexuit Ha

OAVH-ABA NOPAAKA;
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2

-

TOBLICUTL YPOBEHb aBTOMaTu3auuu pabor B Tomorpadoreopesnueckom
TIPON3BOACTBE;

3) BHEAPUTL HOBLIE TOMHBIE U OMepaTWBHBIE METOAL! PeOAe3nIeckoro obec-
TieyeRuA a3poGoToToNorpadnIeckux U APYTux CHEMOK, CTYTHUKOBLIX Me-
TOJ0B TOVHOTO HWBEIUPOBARWSA; :

4) aBTOMaTU3UPOBATh PabOTH MO YCTAHOBNEHUIO TPAHML] 3EMEJIbHBIX YYacT-
XOB;

5) WMCKNOYWUTb CTPOUTE/IBCTEO HAPYKKBIX TEONE3UYLCKNX 3HAKOB;

6) DPa3MeCTUTb TeOfe3nYecKue NYRKTH B YAOGHNIX ANA NOTPeB6UTENR MecTax;

7) BHEAPUTb METOAH! CMYTHUKOBOTO HMBEAMPOBAHUA BMECTO reoMeTphyec-
KOTO HUBEUPOBAHNA 3 U 4-T0 KNACCOB;

8) obecmevnTs M3yyerue feopMaumit 3eMHOW KOPH, ABASIOWMXCA Npep-
BECTHMUKAMMU 3eM/IETPACEHWNA Y APYTUX OMACHbIX TPUPOAHLIX ABNEHUH;

9) co3paTh CUCTEMY MOCTOAHHBLIX HAGMOZIERUIA 32 IMHAMMKOW YpoBHe# Mo-
peit Ha YPOBEHHHIX MOCTaX W TPOFHO3a UX COCTOAHUA;

10) obecneyuts reopesuyeckoe 060cHOBaHMe KapTorpagupoBaHua CTPaHbl U
CO3/jaHMe reOnH(bOPMALNOHHLIX CUCTEM;

11) ycraHoBuT» Ha TeppuTopun CHI BEICOKOTOVHYO €AMHYO Teofe3nYecKy0
CUCTEMY KOOPRMHAT U IOAREP)KWBATh €€ HA YPOBHE COBPEMEHHMX W Nepc-
MeKTUBHLIX Tpe6OoBaHUH IKOHOMWUKY, HAYKN U 0GOPOHBI CTPaHBL.

Cnepyer 3aMeTUTb, YTO CYTHUKOBLIE TEXIIONOTUW HE BCETAA MOXHO MCTIONb-
30BaTb MPK pelIeHWK TPaRNIMOHHEIX TEOIe3UYECKMUX 3a/iay, HallpuMep, HeicCTa-
TOYHA OTHOCUTE/IbHAA TOMHOCTh ONPefieleHN Ha KOPOTKUX PacCTOANMAX, OTpa-
HWYEHO UCTIONb30BaHue GPS-MaTOR0B B TOMHOW MHMKEHEPHOI reofiesun, nponecc
NPUBA3KM OPUEHTUPHDBIX TIYHKTOB, JIErKO PelraeMblit B TPAANLUOHHOW TEXHONOrUY,
CTaHOBUTCA JOBOILHO CIOKHAIM W ROPOrUM, OCOGEHHO B 3aKDPHITOW MECTHOCTH,
B CIYTHUKOBOI TEXHONOTMU, TaK KaK O6BEM CMYTHUKOBLIX OTPEAENEHUR B 3TOM
chyyae Bo3pacTaer 6onee vyeM B nsa pasa (nawos H. [., Maxapenko H. JI. 0 xon-
Lenum Mepexosa Tonorpago-recfe3nyeckoro NPOU3BOACTBA HA aBTOHOMHbIE Me-
TOAbl CMYTHUKOBLIX KOOPAWMHATHLIX OTpefenenuil. — Teopesus u xaprorpapus,
1998, Ne 3).

CNOXHO, 3 UHOTAA M HEBO3MOXHO UCTIONbL30BaTh GPS B 3aKpBITOW U mONy3ak-
DEITOW MECTHOCTYU M3-3a IKPRHUPOBAHUA CIYTHUKOBBIX CATHAJI0B, YTO PUBOANT
X HeO6XORUMOCTYU ROTIONHUTENbHON NPUBA3KU 06BEKTOB 0GLIYHLIMU METONAMMU,
KpoMe 0TMedeHHEIX UMEOTCA M ipyrue Hepocrarku GPS-MeTon08, KoTOpHIE MpN-
BOJAT K HEOOXOANMOCTH HAPAAY CO CIYTHUKOBLIMU UCNO/IB30BATh U TPARULUOH-
Hble TEXHONOTMY BHITONHEHNA Feofie3ndeckux pabor.
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1.1.6. Tocynapcreennas usenupHas cerb. KiaccHduKauyua u ocHoBHhe
XapaKTepHCTHKY HMBEJIMPHBIX ceTell

TocynapcTBeHHas HUBEAWPHAA CeTb CTPOUTCA IO NpuHUuMy or obuwero
yacTHOMY, fenutca Ha I, II, III u IV knaccu, ABAAETCA T/1aBHOW BRICOTHOW OCHO-
BOW TOmOrpaguyeckux cheMok Bcex MacurTabos u reosesuveckux pabor, ssinon-
HSAEMBIX AN YAOBNETBOPEHUA NMOTPeGHOCTEW HAPOJHOTO XO3AWCTBA, HAyKM W
060POHBL CTPAHHI.

Husenupnbie cetu I v II K1aCCOB CO3AAI0OT €AUHYIO CUCTEMY BLICOT Ha TEpPPUTO-
PUK CTpaHbl, UX UCTOMB3YIOT A PelIeHWUA HAYYHBIX 3ajayu: U3yYeHUA BepTUKab-
HBIX ABVWXEHWI 3eMHOW MOBEPXHOCTW U WCCNEef0BaHUA GU3NYeCKOW [OBEPXHOCTU
3eMAw, onpefeneHus pasHOCTY BLICOT IOBEPXHOCTE! MOPeit ¥ OKeaHoB W T. M.

Husenuprste cetu III v IV kxnaccos co3narT ANA BHITONHEHUA TONOTpaguyec-
KMX CHEMOK 1 PelIeHns MHKEHepHO-Teope3uyeckux 3apad. Ocobo cnepyet ot™e-
‘TWTb BLHICOKOTOMHBIE HUBEANDHLIE CETW HAa FEOAMHAMUNECKUX U TEXHOTE@HHBIX NTo-
JINTOHAX, CO3/aBaEMbiX I N3YIEHMA COBPEMEHHBIX ABWKEHUIA 38MHOMN KOPBI, TIO-
WCKA MPe/JBECTHUKOB 3eM/IeTPACEHUIA N T. .

CpenHme KBappaTHIECKMe OLIMGKY HUBENMPOBAHMA OTIPEACAIOT N0 GOPMynaM

s 1ed o 1 52

’

4n=r 4ZL<L

0

rhe d = hy, = hog,, TRe Ry, M Rg, — NpeBbUUEHUS TO CEXUUAM B NPAMOM W
06paTHOM XOAAX, MM; I — [IMHA CEKLUM, KM; § — HAKOIUIeHue pasHocTen Y.d Ha
yyacTke (nuHum), MM; L — AAnHa yyactka (auxun), kM, L > 100 kM. Xapaxrepuc-
TUKU TOYHOCTYU W Pa3Mephi IONMIOHOB PUBENEHH B Tabnue 2.

TlepuMeTpbl HUBEMPHbIX TTOJMIOHOB I KNacca B POPOfiaX 3aBUCAT OT oyepTa-
HWUA TOPOACKOI TEPPUTOPUN.

Yepes 25 1neT, a B ceiCMOAKTUBHBIX paioHax yepe3 15 n1eT, HUBENUDPYWOT To-
BTOPHO BCe nMHWM I Knacca n yepes 35 u 25 cooTseTcTBerHo — II Knacca.

Ha nurusax I, IT, III u IV xnaccos 3aknapbiBaloT BeKoBbie, GyHAAMEHTaNnbHbIE,
TPYHTOBbIE, CKa/IbHbIE, CTEHHbIE U BpEMEHHbIe penepsl.

BekoBrie perepbl 06ecrieyMBaT MPOAOMKUTENBHYI0 COXPAHHOCTb I7ABHOMW
BLICOTHOW OCHOBBL, TO3BONAIOT U3Y4aTh BEPTUKANbHLIE JBUKEHUA 3€MHOW KOPH 1
xone6aHus ypoBHEeW Mopeii M OKeaHOB, UMW 3aKPENANAIOT MeCTa NepeceyeHuit m-
HWit HUBeNMpoBaHus I knacca. dyHpaMeHTa/bHEIE peniephl 3aKNaAbiBaIOT Ha TUHU-
Ax Husennposaiua I u II xnaccos He pexe yeM yepe3 60 KM (B CERCMOAKTUBHBIX
paitoHax — Jepe3 40 KM), Ha Y3710BLIX TOYKAX, B6IN3U MOPCKUX, PEMHBIX W 03€ PHBIX
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Tabnuya 2
Knacc HusenuposaHns
XapaktepucTuka

| il n v
MpeaentHas cpeaxss kKBaapaTuyeckas
owwbka: cny4anHas 1, Mm/km 08 2,0 5,0 10,0
CucremaTuieckas o, MM/KM 0,08 0,20 - -
Lonyctumas Hesaska f, MM,
B NONUIOHAX U NO NMHUAM, L sVL 1oL 20VL
L-8xm

FlepUMeTphl HUBENMPHBIX NONUIOHOB, KM

1) o6xuThIe paiioHb! 1200 400 60-150 20-60
2) ManooGXUTbIe panioHbl 2000 1000 100-300 25-80
3) noi [ bIE r€0,
Yeckue NOMUroHb! 40 20 - B
4) 3aCTpOEHHasn TeppUTOpVA ropoaa 50 25 8
5) He3acTpoeHHan TeppuUTopyA ropoga 80 40 12

YPOBEHHBIX MocTax. B 50-150 M 0T hyHAaMEeHTaNbHOrO penepa 3axnapblBaloT pe-
Tep-CIYyTHUK.

TpyHTOBbIE, CKanbHbE U CTEHHbIE PeNephl UCTIONB3YIT ANA 3aKPETIEHUA HU-
senupubix cetedt I, I, I u IV knaccos. BpemenHbie penepht (COXPaHAWTCA He-
CKONbKO N1eT) CIYKAT BLICOTHOW OCHOBOM ANA TOMOrpaduIecknx CheMok, UX BKmo-
YaloT B X0A0Bbe NMHKUKM Kusenuposarua I, ¥, IIT u IV xnaccos.

MeCcTonono)exue peNlepos OMO3HAWT Ha TOMOXaprax Macurraba 100 000-
1:25 000 1 KpyTHee W Ha a3POCHUMKAX, UX NPUNATAIOT K MATEpUanam HUBEIUPO-
BaHWA, MO KapTe ONpeAenAlT Teojesndeckue KOOPAMHATHL pemepa (C ournbkon
0,25"). Koopaunarst GyHAaMeHTanbHHX pPenepoB ONMpeAenaloT Ieoje3uveckumu
MeTORaMM ¢ oIn6Kow He Gonee 1 M.

[InA mepexoja K cucTeMe HOPMaNbHEIX BLICOT M3MEPEHHbIE IIPEBLIIEHUR MeX-
ny penepamu I u IT knaccos, a Taxe HuBenuposanua III knacca B ropax ucmpas-
NAIOT NOMpaBKaMn ’

1 h
8y =—(Va~V8)Hn+—(3-V)p-
Tm Ym

TAE Y — NMPUOMMKEHHOE 3HAYEHWe HOPManbHOTO. YCKOPEHUA CUABL TAKECTH, Ha
reppuropum CHI ¥y, = 9,8 M/c?; ¥, Y3 — HOPManbHbe YCKOPEHNA CUIL TAKECTH Ha
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PasaeA 1. ViHxeHepHo-reoaesnyeckne U3bickaHus

OTCYETHOM 3NAUNCOMAe Ha penepax A u B; (g - ¥), H,, — CDefiRee U3 aHOManbHoi
CUIBL TAXECTU M a6COMOTHEIX BLICOT Ha penepax A u B; h — usMeperHoe mpessi-
lleHne Mexay penepaMu A u B.

HuBenupHete CeTM B ropojax, HaCENEHHHIX MYHKTaX W Ha MPOMBIINEHHHIX
un0ManKax HOMKHBL 06ecrieyuBaTh Bce MOTPEGHOCTM FOPOACKOrO XO3RWCTBA U
CTPOUTENHCTBA, MPEBLINIEHUA MEXAY HauGonee ypaneHHbIMn perepaMu Huse-
NNPHO¥ CETW TOPOAA ROMKHBL OHTHL UIBECTHM € OLIMGKON He Gonee 30 MM.

1.1.7. Husequposanue I kiacca

Cxema nocrpoenua. Husenupraa cets I knacca cocTOUT n3 3aMKHYTHIX MTOMU-
roxos nepumerpoM 1200~2000 kM, XOAbt IPOKNAABIBAIOT TTO XENE3HbIM, LIOCCe -
HBIM U TPYHTOBBIM IOPOTaM, B TPYAHOROCTYMHEIX paltloHaXx — Mo Geperam pex,
TPOIAM, 3UMHUKAM; HOTKHBL 6bITh CBA3AHM C OCHOBHEIMM MOPCKUMU U PEYHBIMW
ROJ/{OMEPHBIMU YCTaHOBKAMW, HUBENUPHBIE XOMb I Knacca MPOKNAALIBAIOT B MpA-
MOM W 06paTHOM HaNpaBAEHUAX ORHOBPEMEHHO MO ABYM NMapaM KocTbuned, 06pa-
3yI0NUX NMPaBYW W NEBYI0 NMHUW HUBENWUDOBAHMA, NPAMOW M OGDATHBIA XOHM
MPOKN2ABIBAIOT IO OXHOM U TO¥ e Tpacce y4acTKaMu, COCTOANMMMU U3 HECKOMb-
KUX CMEXHBIX CEKLMil 061men ANMHOM 25-30 KM, KaK ITPaBUNo, B pasHbie TONOBUHA
IHA W IO BO3MOXKOCTH C YETHBIM YUCNIOM CTAHLINI B KOKJOW CEKLUN,

Ha6nioneHnA BHTONHAOT TONbKO NIPU GNACOMPUATHLIX YCIOBUAX BUAUMOCTH,
MPU OTYETAUBLIX U CTIOKOMUHAIX N306PaXEHNAX LITPUXOB PeeK.

Tpu6opst. Ins HNBeNUPOBAHMA I Xnacca WUCMONB3YIOT WITPUXOBBIE PEMKU C
VHBAPHOW MONOCOW U BHCOKOTOMHbIE HUBENUPHI, UMEIINE 3PUTENLHYI0 TPYOY C
yBenuderuneM He Mexee 40%, KOHTaKTHLIA UMAUNAPUYECKUA YPOBEKD C LIEHOM pe-
NEeHUR He MeHee 12" Ha 2 MM W KOMIIEHCATOP € OLMGKON CaMOYCTAHOBKN TMHUK
BU3NPOBaHUA He 6onee 0,2”, ONTUYLCKUA MMKDOMETp C LeHo! penelua 0,05 MM.
W3 coBpeMeHHEIX BHICOKOTOYHBIX HUBENUPOB HauGoNee NPUroAHb! HUBENUDLL TUITA
H-05, Ni002, Ni 004.

MeTtopura nusennposanua. Husenuposanue I xnacca BHITONHAOT METOLOM
COBMEIleHUA C HaUBBICUIEH TOYHOCTBIO U C BO3MOXHO TIONHBIM UCKMOYEHUEM CUC-
TeMaTUYeCKUX ouM60XK. JInHa BUUPHOro ny4a — A0 50 M, HepaBEHCTBO PACCTOR~
HWIA OT HUBENVPa A0 Peek Ha CTaHuun — He 6onee 0,5 M, HaKOMNEHUE B CEXINM —
no 1 M, BHICOTA BU3NDHOTO Ny4Ya Haj NMOYBOW — He MeHee 0,8 M: Npu anuHe
BM3NDHOrO Nyya 25 M M MEHbIIE BLICOTA BUIUPHOTO NIY¥a MOXET GHITh YMEeHblUIeHa
1o 0,5 M. TlocneposaTensHOCTh HabMOJEHWH Ha CTAKL UM B TIPAMOM Xope (TpaBas u
NeBan IMHUW) HAa HEVETHOW CTaHUMM no cxeMe: 3y—I-II;-3,; Ha JeTHOW CTaH-
uun — Iy-34-3,-I1; 8 06paTHOM Xojie Ha HeweTHyIX cTarumax — y-3,-3,-11y:
Ra veTHrX — 3g~TIy-Iy-3y.
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KonTtponk n ponycku. Ha Xaxpoi cTakuuy BEIMUCARIOT:

1) npessuwenus hy 0 OCHOBKOI U /i, MO AONONHUTENILHON LIKANaM Peek npa-
BOV U NeBOV MKMy; PasnocTn A = (hy - ho) < 0,5 mm;

2) pacxoxpenue MeXpy NpeBbIeHUeM 3apHeit Naphl KOCTHINCH AAKHON CTaK-
LUV ¥ MPEBHIIEHNeM NepepHet Naphl KOCTbUIe! MpeAbAYlen CTaHuMM Ke FOMKHO
npessiIaTh 0,7 MM;

3) N0 KaX ROt cexuum (MEXAY CMENHBIMU PENepaMu B XOJIe) U YHACTKY (MeX-
Ay DYHAAMeHTaNbHEIMM PenepaMu B X0fie) BEIMUCARIOT NONaPHO CYMMBL peBLILIe-
wuit [hyl,, mo npasoit cropoxe u [Ry],, no nesowt TUEUAM TPAMOTO, [halogp. M
[A)ogp. 0OPATHOTO XOR0B, PACXOKACHUA MPEBLILIEHMIA PABOT ¥ 1EBOR MHUY He
6Gonee (2/1) MM Ipu uMcne 1 cTaruMi Ka 1 kM 7o 15 u (3JI) MM mpu n > 15,
a Tawke [hcp,]np. = ((hgl+( h}l])np./z " [hcp.]oﬁp. == ([hgl+( h}l])oﬁp./zr pacxoxpe-
HUA M@XJAY CPeARVUMU NPeBLILIEHUAMU NIPAMOTO U 06PATHOTO XOROB He AOMKHBI
TPEBLILATS 3 MM Ji (L — pnura xoga B XM) pun <15 n 4 MM «/Z —npun>15.

1.1.8. Husesmpoanne II xnacca

CxeMa nocrpoenmna. Xopst Husenuposanua II xnacca onupaioTca Ha penepst
HuBenuposanusa I xnacca, 06pa3yioT MONUTOHL! ¢ TepuMeTpoMm 400-1000 km. B pait-
OHax, He UMUK X008 Husenuposanua I knacca, ’usenuprylo ceTs II xnacca
CTPOAT CAMOCTOATENBHO C TaKUM Xe nepumerpoM. Xogbl Husenuposanua II knacca
MPOKNAAbIBAIT MO YAYYUIEHHBIM NYTAM COOGIEHUH, a IPU UX OTCYTCTBUM — MO
6eperaM Mopeit, 60NbIIMX PEK, IO TPOITAM M 3UMHUKAM, UX CBA3LIBAIOT C MOPCKUMU N
PEMHBIMU BOROMEDHBIMU YCTAHOBKAMMU.

Husenuprste xozt I Knacca mpoxknaabiBaloT No OAHOI Mape XOCThiNEN! B Npa-
MOM 1 06paTHOM HAMPABIEHUAX CMEXHBLIMU CEXIUAMM, KaK Y IPU HUBEAVPOBAHUM
Iknacca.

Tpu6opst. IpUMEHANT WITPUXOBLIE PEAKU C UHBAPHOIW MONOCOA U BLICOKO-
TOVHBIE HUBENMDHLL C TEMU ke TpeGoBaHuAMY, uTo u Ana I knacca. U3 coBpemen-
HBIX BHICOKOTOYHBIX YPOBEHHbIX HUBEAUPOB Haubonee mpurogsm H-05, H1, H2,
HA, Ni004 u ruBeaupht ¢ komnercaropamu HC-2, Ni1, Nioo2, Nioo7.

Meropnka HusBenuposanua. Husenuposanve II knacca BLIONHAIT METO-
DOM COBMemenua. YpasHerHOe NPeBHIIeRue B X0fe IMHON 1 XM ONpeaensT co
cpenHeit KBappaTudeckoi caydanHoi oumbroit He Gonee 0,8 MM, a peBLINIEHUE
Ha craruun — 0,3 MM. HopMansHas JauHa Bu3supHoro nyya — 65 M, a npu ysenu-
YeHWUW 3pUTeNkHOM TPYOL He MeHee 44™ — po 75 M. HepaBeHCTBO PaccTOAHMIA OT
HUBE/NUPA RO PeeK Ha CTaHnyuu — o 1 M, HaKOMNeHue B cekuuu — He Gonee 2 M.
BbicoTa BM3MPHOTO Ny¥a Haj NMoysoit — He MmeHee 0,5 M. Tlpu AnuKe BU3NPHOTO
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nyva 50 M M MeHee BLICOTAa BU3UPHOTO Nyua MOXeT ObiTh yMeHblreHa Ao 0,3 M.
flocnenoBaTeNbROCTL HabMoAeHU Ha CTaHLMU B TTPAMOM W 0OPATHOM XOAaX Ha
1IUIeTHBIX U MeTHBIX CTARNUAX TaKaA Xe, KaK 1 mpu Husenmuposaruu I knacca.

Kourponb n ponyck. Ha xaxpoin ctannun d = (hg - hg) 0,7 mm, Tae hy, h!7 —
1CBBINIERUA, BHINUCACHHbE IO OTCYETaM N0 OCHOBHLIM U AOMONRUTE/NLHAIM LIKa-
naM, ina mpaMoro n 06paTHOTO XOA0B NO KAKAOH CEKLMU U IO YIACTKY BLIYUCAR-
wr [h],, Tpamoro u [h],s,, 06paTHOTro X0R0B. PacxoxpeHue 3TUX CYMM He JONKKO
npenstarh (571), rae L — Anuea Xopa B KM, Ipy CpenHeM Yucne n CTavimi Ha 1 xm
xopa 0 15w (6JL) MM — mpun > 15,

1.1.9. Hugenuporanue Il xnacca

Cxema nocrpoerua. Xonb! Huenuposarua Il knacca npoxnanssaoT BHYTPU
ninsronos iusenuposanua Iu II knaccos Tax, 4ToGbt pa3nenuTh KaXasIi TONUTOH
11 1nieed Ha 6-9 MONUTOHOB MepuMeTpoM Meree 150 KM B 06XuTHIX u 300 KM B
mnoobiuTbx paitonax. Husenupnrte xoabt III knacca mpoKnazpiealoT No 0AKOW
HAPC KOCTHUIE! B MPAMOM W 0GPATHOM HAMpaBAEHUAX U KEJaTeNbHO C YETHHIM
THCHOM 11 CTAMIWIA B KQXKAO! CEKL UM, METON HUBEIMPOBAHNA 3aBUCUT OT IPUMEHA-
CHLIA IMeRMPoB 1 peek. TIpu ucnonb3oBaRMM HUBEAMPOB € ONTUYECKUM MUKPO-
METPOM I IITPHUXORMX DEEK TTPUMEHAIOT METO, COBMELIEHUHA, IIPU UCTIONb30BaHUN
JPYIUK ITRBCARPON OTCHETH! IO peitkaM RenaioT no cpepHeit HuTu. Peliku ycranas-
HHROT HO YDOBITIO,

1Ipn6opst. Mcnonb3yloT TOUHE YpoBeHHble Huseanpsl H-3, H-31T u pasHo-
HeHHe UM M HUBENUPHE ¢ KoMnteRcaTopamu H-3K, H-3KJT, Ni007, Ni-B3. [lpumens-
Wil IyCTOPOHHME TPEXMETPOBBIE WAIeYHEle PEHKU C CARTUMETPOBLIMU ReNeHUA-
11011 NITPUXOBHIE ORHOCTOPOHHME C MHBAPHON NMONOCOH Unu Ge3 Kee ¢ geseHus-
noepe 0,5 oM.

Mctopuka HabnopeHui. YpaBHeHHOe MPEBLIUEHWE B XOAe AAMHON 1 KM
QHPEEINeY €O CPeAHeR KBaAPaTUYECKO! cydaitioi ownbKoi He 6onee 1,6 MM, a
HPCERBINEIM WA CTaHun — 0,65 MM. HopManbHas aMHa BU3MPHOTO lyHa pas-
Ha /% M, 0 UpM YBENUYEHUW 3PUTeNbHON TPYOb He MeHee 35% — pmo 100 M.
HepaueRCTBO PACCTOARMMA OT HuBENUpa A0 peek — He Bonee 2 M, a HaKomnexue
1 eei0Mun — 5 M. BulcoTa BU3UPHOTO NyYa Haj MOYBOi -— He meree 0,3 M. Haénio-
11Dl Ha CTHLMU B TIPAMOM ¥ 06DaTHOM X0RaX BHTONHAIOT N0 cxeme: 3o-My-I-

Yy /MR WITPUXOBBIX peeK u 3y-ITy—IIy~3y — ANA IWaLIeYHEIX PeeK (MHAGKCH «I»
1 03HAYA0T YEPHYIO U KPACHYIO CTOPOHBI PEEK).

KorTpony n ponycku. Ha kaxpoit craryuu syryuenswt d = hy — hy (unn d

M1, hy) 1 pasHOCTb BHICOT peeK, KOTOPhe He AO/KHBI NPeBbUIaTh 1,5 MM npu
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Habniofilenuun croco6oM CoBMeNieHu! M 3 MM — NpU OTCYeTaxX MO AWEYHbIM
pevixam. Burauenswor [h],, npamoro u [h]yg, 06paTHOrO X008, PasHOCTbL CYMM

PEBHULIERMI B IPAMOM M OGDATHOM X0AaX He AOMKHa 6biTh Bonee (10+/1) M.

1.1.10. HuBenuposauue IV kiacca

CxeMa mocrpoeHuA. Xoant nusenvposanua IV xnacca npoxnanbtsaioT B oa-
HOM HampaBlleHMM BHYTPU NONUIOHOB HMBEAMPOBAHMUA CTAPLIMX KIIACCOB C OINO-
poit Ha perneptt I-1IT knaccos unu Ha y3nosee penepst IV knacca.

Tpu6opet. Mcrons3yioT HUBeNUpE! ¢ yposHem H3, HB, Ni-030 u nuBenupsl ¢
xomnencaropamu H-3K, HC3, HC4, 5, 6. ITo yxaszannio ®CTUK PO MoxHO ucnonb3o-
BaTh U APYTME TUIE HUBENUDOB. Peltku IPUMEHAIOT ABYCTOPOHHUE TPEXMETPOBLIE
NAWEYHBIE, ¢ CANTUMETPOBLIMU AeNIEHUAMM, UX YCTAHABAUBAIOT IO YPOBHIO.

Mertoauka HusenuposaHuA. HopManbHas AnAMHA BU3MPHOrO Nyya paBHA
100 M, a I(PU YBEANYEAUN 3PUTENbHON TPYEH He MeHee 30¥ — po 150 M. Hepa-
BEHCTBO PaCCTOAHWI OT HUBENMUDA 0 PeeK Ha CTAaHLUMM — 5 M, a UX HaKoIulenue
B cekuum — 10 M. BbicoTa BMIMPHOro ny¥a Haj MouBOW -— He MeHee 0,2 M.
Habnionenua Ha CTaHUMM BEIONHAIOT NO cxeme: 3q—My-IT-3,.

Konrpons u ponycku, Ha kanpoit craryum d = (hy — hy) <5 mM. Hesasku f;,
X008, ONPAIOIUMXCA Ha Penepbl CTapLIMX KNACCOB, HE AOMKHb! IPEBLIATS (20+/L).

L.L11. Texunueckoe nuBesmpoBakye

CxeMa nocrpoeHUA. Xoibl TEXHUIECKOTO HUBEAUPOBAHUA IPOKIAbIBAIOT OT-
NeNbHBIMU IMHUAMU M@XAY PerepaMu CTapluMX KNaccoB rOCYARPCTBEHHOW HUBE-
JIMPHOW CeTH 3aMKHYTBLIMW MONUTOHAMM M CUCTEMAMM C Y3NOBLIMU Touxkamu. Ha
OTAENbHEIX NNOWAAKAX, He 0BeCeyeHHbIX penepaMu CTapuiny KNaccos, AONycKa-
10T CAMOCTOATENLHYIO CETh TEXHUYECKOTO HUBENUPOBAHUA B BUAE 3aMKHYTHIX IO-
MroHos. HuBenupHbe Xopbt NPOKNAALIBAIT B OZHOM HAPaBNEHUN.

Mpubopst. Ycnonb3yloT Te e, YTO U NPU HuBeanposanuu IV xnacca.

MeTtoauka HuBennposanusa. llporpaMma HabnIOAEHMI HA CTAHLMV TaKaR e,
9TO M mpW Husennposarnuu IV xnacca. Ecnn MCIONb3yioT 0AHOCTOPOHKME PeWtKy,
TO Ha6NIOAEHMA HA CTAHLMM BLIONHAKT NPU ABYX FOpU3OnTax npubopa. Hop-
ManbHan ANMHA BUSMPHOIO Jiyya 150 M, @ P YBEAMYEHUYN 3PUTENLHON TPYEbt —
He Mexee 25% — po 200 M. Habnoperus Ha CTaHUMM BHITONKAIOT TaK e, KaK U
npu nusenuposaruu IV knacca.

Konrpons u gonycku. Ha xaxpont cranumu d = (hy — hy) £ 10 MM,

HeBA3KM f; XOAO0B, OMUPAIOLNXCA HA DENEpPHl CTapUIMX KAACCOB, M HEBA3KM

noanroros Wy =[hepl=([hy] + (hgl)/2 ne nonxust npessimats (504/L).
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T'nasa 1.2. CTYI[EHME TEOIE3MYECKOH CETH

1.2.1. Knacentuxauus n XapakTepucTnKa reofe3uyeckoil ceTM CryleHus

B HacToRwee BpeMs HanGonee 3HEKTUBHLIM METOOM CO3AAHVA TEORE3UYECKON
CeTY, BKNI04aA U PeOAle3NYECKUe CETU CTYIEHUR, ABNAETCA METOZ, CBA3IAHHEIN CO CIYT-
HUKOBbIMM Texronoruamu (IJIOHACC, GPS). Onnako 3TOT MeTop TpeGyeT Hanuuus
TIPUeMHON aMNapaTyphl, BHICOKAA CTOMMOCTb KOTODOW IPETATCTBYET LIMPOKOMY ee
MCNONb30BaHNI0. [I03TOMY HapARY € BEICOKO3QHEKTUBHBIMU CIYTHUKOBLIMU TEXHOTIO-
TUAMU UCIIONIL3YIOT U TPAAULUOHHBIE METOADL, Cnenye'r 3aMeTUTD, UTO IIPYU BHIITONHE-
HUM Feofe3u4eCcKuX paboT B 3aKphITbIX OMEIEHMAX U B CTECHEHHbIX YCIOBUAX, KOT-
na HabniopeHMe CO3BE3ANA CIYTHUKOB HEBO3MOXHO UAM 3aTPYAHUTENbHO, TPAAULM-
OMIIHIC METOAb ABNAIOTCA eIMHCTBEHHO BO3MOWHBLIMU ANA pEIeHMA MHOTMX 3ajay.
OCTAHOBUMCA ha TPAAMLMOHHLIX METOAAX CTYIEHUA TeO/Ie3UeCKOi ceTH NofpobHee.

leopesnyueckue ceTi CrylerUa CTPOAT METOAaMU TPUAHTYIALUN U NIONIUTOHO-
METPUM AR CTYEHUA FOCYAAPCTBEHHOW reofie3nyeckon CeTi A0 NNOTHOCTH, He-
06XOAMMOM ANA CO3AAHMA CHEMOYHOTO 060CHOBAHMA CHEMOK KPYIIHOTO MacTaba.
Tpuanrynaumio 1 v 2-ro paspaAaoB pasBUBAOT B OTKPHITOW M TOPHOW MECTHOCTH.
Tam, vpe Tpuanrynaumnio 1 n 2-ro paspaacs BLITONHUTL MO YCIOBUAM MECTHOCTU
HEROIMOKHO WM HelenecoobpasHo, Pa3BUBAIOT NONUFOHOMETPUYECKYIO CeTb
4 ro nacca, 1 n 2-ro paspapos. Heo6xopnmo 0TMETUTD, YTO IONMUTOHOMETPUR 4-T0
ILICCA JUiN KPYITHOMACIITABHBIX CHEMOK IO CPABHEHMIO C FOCYAAPCTBEHHOM Bbl-
ILOJNIACTCA C IOHWKEHHO! TOYHOCTbIO.

XapaKTepuCTUKA TPMaHTYNAUMM 1 U 2-TO Pa3psAa U IONUTOHOMETPUM 4-T0 KNac-
©a, 1 1 2-ro pa3spAKoB NpUBEJEHa B Tabnuue 3.

TIpn cO3naHUM IIONUTOHOMETPUM BHIIONHAIOT BECh KOMIIIEKC OCHOBHBIX T'eo-
\C3MYEeCKMX paboT: YINOBbIE U NNHENHbe U3MEPEHNA, HUBENMPOBaHMe. YTibl Ha
1IYHKTAX MONIUTOHOMETPUN U3MEPAIOT CIOCOGOM OTACNBLHOTO YINA MAM KPYTOBLIX
1IPUEMOB ONTUYECKUMYU TeORONUTaMM Tura. T1, T2, T5 ¢ TOUHOCTHIO HEHTPUPOBA-
1ma 1 MM. BLICOTH Ha BCe MYHKTH! NOUTOHOMETPUY NIEPEAAIOTCA HUBENUPOBAHM-
em IV xnacca unu Texandeckum. JIMHUM U3MEPAIOT HENOCPEACTBERHO: CBETOAANb-
110MepaMM, NOABECHLIMU MEPHbIMU NPUGOPaMU UM KOCBEHHO — ANUHBI CTOPOH
XOAA BBIMUCAAIOT IO BCIIOMOTATeNbHBIM BENIUMUHAM.

1.2.2. Tpuanryasuus 1 u 2-ro paspajgos

MCXORHBIMU IYHKTAMM IR PA3BUTUA TPUAHTYAALMN 1-T0 paspafa CAYAT MyH-
1Tl TOCYAAPCTBEHHOM reofie3udeckoit ceT 1~4-Tro KNaccos, a TPUAHTYAALMY 2-TO
PAIPARA — NYHKTH TOCYAAPCTBEHHOW TE0Ae3UHECKO! CETU U NYHKTH TPUANTY-
JAIUWA M IONUTOHOMETPUM 1-T0 paspsapa.
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CﬂpClBO‘-IHVIK COBPEMEHHOTO U3bICKATEeAS

Kapbtit TyHKT TpMaHrynaumu 1 v 2-ro paspana OnpeaenaioT U3 TpeyroabHu-
KOB, B KOTOPHIX M3MEPAIT BCE YIABL. 3aCeYKAMU He MeHee YeM C TpeX U3MePEHHbIX
HamnpaBNeHN| ONPeAenaIoT TONbKO MeCTHbe NPeIMETH, HeZOCTYTIHbIE ANA HabnI0-
neHus. lIpuMepHble CXeMbl TOCTPOEHUA TPUAHTYAALMM 1 1 2-T0 paspAnoB Npuse-
DeHbl Ha pUCyHke 1.8,

Puc. 1.8. Cxembl TpU@Hrynauum 1 u 2-ro pa3pasos:
@ — CNAOWHAR CETb TPUAHTYAALMM; 6 — LENOYKa TPeyroNbHUKOB
¥ 3aCeYKa; 8 — BCTaBKa

CnnomrHan ceTs TPUAHTYNAUMM AOTKHA OTIMPAaThCA HE MeHee yeM Ha Tpu e
XORHEIX TEOA3NYECKUX TYHKTA U HE MEHEE YeM Ha JjBé UCXOAHbIe CTOPOHH. Tpu-
AHrynAUMA 1 v 2-ro paspanoB HOMKHA YAOBNETBOPATH TPEGOBAHNAM, PUBENCH-
HbIM B Tabave 3. '

VIR B TpUAHTYRAUMK 1 U 2-TO PA3PAROB N3MEPAIOT COCOGOM KPYTOBEIX MPU-
eMOB 1 coc060M 0TaenbHOTO yrna Teoponuramu T1, T2, T5 u APYruMu, UM paBHO-
TOYHLIMM (Tabn, 4).

Ecnu NpreMs! He YROBNETBOPAKT YCTAHOBNEHHLIM JONYCKAM, TO UX TIOBTOPA-
0T Ha TeX Xe YCTaHoBKaxX auMba. TeORONUT, yCTaHOBNEHHbI HA IITaTUBE, LEHTPU-
PYIOT Hap, LEHTPOM NYHKTA C TOYHOCTHIO He HMKE 2 MM, BHICOTHYI NPMBA3KY
LeHTPOB TPUAHTYNALMM 1 U 2-T0 Pa3PAAOB BHITONHAKT HuBenuposarueM IV knac-
€a NN TeXHUYECKUM HUBEIMPOBAHNEM.
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Pazaen 1. VHKeHepHO-reoaeanieckme U3bICKaHus

Tabnuya 3

XapakTepucTuka

Tpuanrynauus

MonuroHomeTpua

1-% pasp.

2-4 pasp.

4-i Knace

1-71 paap.

2-/ pasp.

[innHa CTOpoHS! (KM)

5,0

3.0

HauBonbluan

2,0

0,8

0.35

HaumeHblaa

0,25

0,12

0,08

CcpeaHnA pacyeTHan

0,50

0,30

0,20

MuH1ManeHLIA yron (rpapyc):
B CNMOLWHOM CETN

20

CBA3YIOWMI B LenouKe Tpe-
YrONLRUKOB

30

30

BO BCTaBKe

30

20

Y1CAIO TPEYronbHUKOB MeXay
MCXoaHbIMYM NYHKTAMK U CTOPO-
Hamw, He Gonee

MuvHuManeHan gnuHa MCXORHOM
CTOPOHbI, KM

MpepensHas anuna xofa (km):
OTAeNbHOMO

MeXay UCXOQHOM 1 Y3NOBOH
TouKamu

MEXAY Y3M10BBIMI TOMKaMM

MpeaenbHbid nepumeTp nonu-
roHa, kM

MpeaenkHoe Y1cno CTOpoH
B x0fe, He Bonee

Cpeansn kpappaTudeckan
owvBka uamepenust yTna (no
HEBA3KAM B TPOYroNbHUKAX,
xopax, nonuroHax), He Gonee

10"

107

MpeaenbHas gonyctumas He-
BA3Ka B TPEYrONbHUKE UNK B
X0Ae, NoAUroHe (7 — Yucno
yrnos B xone)

20"

s Jn

107 Jn

20" Vn

OrHocuTensHas ownbka ne-
XOAHOI (GA3IUCHOM) CTOPOHBI
n xode

1:50 000

1:20 000

1:25000

1:10 000

1:5000

OTHOCUTENbHARA OWWBKa onpe-
[DeneHns AnHbI CTOPOHbI B
Haubonee cnabom mecTe,

He Gonee

1:20 000

1:10 000
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CI‘IPOBOHHMK COBPEMEHHOrO U3bICKATEAs

Tabnuya 4
TeogonuTbl

MokasaTenu T1unemy | T2vemypasHo-| T5u emy pas-
paBHOT. TOUHblE HOTOYHbIE

4k 1pa3s. | 2pa3. | 1pa3. | 2pas.

Yucno npuemMos:

TPUaHIynauns 3 2 4 3
NONNUroHOMeTpUA 4 2 2 3 2

PacxoxueHue Mexay pesynbTaTamu Ha-

A Ha oe Hanp 8 ., ” o " ,
Hauane v KoHUe Nonynpuema: TpuaHrynsi- 6 8 8 02 02

Lus, NONUroOHOMETpua

Kone6aHua aHaueHui HanpaeneHui, npu-
BE/IEHHDBIX K OBLLEMY HyfI0, B OTAENBHBIX

p 7] YrnoB, NOMNyt D 5" 8" 8” 0,2 0,2
¥3 PA3HBIX NPUEMOB: TPKAHIYNAUMSA, NOMM-
TONOMeTpUA

1.2.3. Tlonuronomerpus

ITonuzonomempuell Ha3bBaOT METOA OMPEAENeHUA NMONOKEHUA Teofes’undec-
KUX MYHKTOB MyTeM NOCTPOCHUA HA MECTHOCTU IONUTOHOMETPUYECKOTO X0Aa (10-
MAHOW NTMHUM) MAW CUCTEMB! XOA0B (MOAUTOHOMETPUYECKAA CeTb), B KOTOPLIX U3-
‘MePAIOT BCE YINLI U CTOPOHEL. [IONUrOHOMETPUYECKUE XORH OMUPATCA HA UCXOR-
HbIe, GoNlee BLICOKOTO KNACCA, IYHKTH M MMHUM, OHU MOTYT 6bITH PA3OMKHYTHIMU U
3aMKHyTHIMU. Ecim xop mo dopMe 61M30K K NPAMOR NMHUM, TO €r0 HA3LIBAOT
BLITAHYTHIM, B TIPOTUBROM Clly4ae — W30rHYTHM. CTPEeMATCA NPOKIIAALIBATD BLITA-
HYTHE XORbl ¢ NPUMEPHO ONMHAKOBLIMU CTOPOHAMM, KOTOpHIE ABARIOTCA ONTH-
ManbHbLIMM TT0 06beMy NoneBktx pa6oT, 06pa6oTKe U Ol eHKe TOYHOCTH.

B nONUroHOMeTpUYECKO#! CETU UMEIOTCA Y3/10BHE TOUKH, B KOTOPHIX CXOAATCA
He MeHee TPeX XOAOB, 3aMKHYTHIe W DAa30OMKHYTble NMOAWUIOHbI. OTAENbHBIA XOp
MeXAY ABYMA Y3NOBLIMU UM MEXAY Y3NOBOM U WUCXOAHOM TOMKAMW HA3HBAWT
38eHoM. CB060OHAA Cemb MONUTOHOMETPUW OMUPAETCA TOJNLKO HA WMCXORHBIA
TYHKT M AUPEKLKOHHBIA YrON UCXORHOT0 Hanpasexua. Ecnu ceTs uMeeT Gonbioe
IUCN0 UCXOQHBEX AAHHLIX, TO €€ Ha3blBAIOT HECBOBOOHOU.

Ecnu Mexny mMyHKTaMu ABYX MapajnenbHbIX XOROB ORHOTO Pa3pAana MeHblIe
0,5 M, TO MX COEAUHAT MEepeMbLIYKaMu TOTO Ke Pa3paja. IT0 HeobXoAUMO ANR
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Pasaen 1. VimxeHepHo-reopeamyeckme U3bICKaHUs

TIOBLILIEHUR XECTKOCTU Y ORHOPOAHOCTU NIONUTOHOMeTpUYecKoit cetu. llop opHo-
POQHOCTEI CETU MOHWUMAIOT PABEHCTBO OMMGOK BIAUMHOTO MONOKEHUR BAUKAN-
LIMX NYHKTOB BO BCEX HANPABNEHUAX.

Tlo MeToay CO3pAHUA MONUTOHOMETPUIO Pa3AeNfOT Ha CBETOAANbHOMEDHYI,
TpPaBepPCHYI0 (CTOPOHB U3MEPAIT NMOABECHHIMU MEPHLIMU PUGOpPaMu), KOPOTHO-
633UCHY0, CTBOPHO-KOPOTKOBA3UCHYI0 U MAPaANNAKTUYECKYI0.

JIna usmepeHus yenos 8 NONU20HOMemMpul 06BIYHO NIPUMEHRAIOT TPEXLITATUB-
HYX CUCTEMY C KOMIUIEKTOM BU3UPHBIX MAPOX, UMEIOIUX CTRHAADTHbIE OACTABKY,
B3aUMo3aMeHAeMble C MOACTABKAMU TeononuToB. IIpu nsMeperuu yrnos Ha y3no-
BbIX TOUKAX HEOBXOAUMO 4—6 WITaTWBOB. TOMHOCTb LEHTPUPOBAHUA TEOROANTA U
BU3UPHbIX LieNen A0NKHA OBITh 1 MM, 372 TOUHOCTb 06eCNeYUBALTCA ONITUYECKUMU
LIeHTPUPAMU, KOTOPLIMU CHABKEHb COBDEMEHHbIE TEORONUTHI,

Bonee 6LCTpoe eHTPUPOBAHUE BLINOAHAIT B TAKOW NOCNEAOBATENbHOCTHU:
1) ycTaHaBAWBaIOT WTATUB C TEOAONNUTOM Ha FNa3 Haj LIEHTPOM NYHKTa, BAABAU-
BAOT HOXKY WITaTUBA B IPYHT; 2) NOABEMHLIMK BUHTAMU HAaBOART NepeKpecTue
HWTER ONTUYECKOTO LIEHTPUPA HA L)eHTD NMYHKTA; 3) TONLKO U3MEHEHUEM ANUHLI
HOXEeK LITaTUBA NPUBOAAT MY3bIPE KPYIAO0IO WA LUNUHADULECKOTO YPOBHA B
HYNb-TYHKT; 4) TOYHO TOPU3OHTUPYIOT TEOAONUT MOABEMHBIMU BUHTAMU, HECOB-
MeleHue NepeKPecTUR CETKYU ¢ LIeHTPOM NYHKTA YCTPAHAT NepeMenieRueM nog-
CTaBKU NpuGOpa; 5) NPOBEPAIOT OCTUPOBKY ONTUYECKOrO LEHTPUPa U TOYHOCThL
LeHTPUPOBKYU NNOBOPOTOM TPUBOPA BOKDYT BEPTUKANLHOM ocu Ha 180°.

Ha y3110BbIX TOYKAX YINbl U3MEDPAIOT METOAOM KPYTOBLIX IPUEMOB, @ HA TYHKTAX
C ABYMA HanpaBleHUAMU — CNOCOGOM U3MEPEHUA OTAENbHOrO yraa. Metopuka us-
MepeHUA YIII0B TaKas e, KaK U B TPUaHTyARuuM. KonuyecTso NpUeMoB U HEKOTO-
Phl@ XapaKTEPUCTUKM YTTIOBLIX U3MEDEHWN PUBEAEH! B Tabnuue 4. Cpepyue 3ua-
YeHWs YT10B B NOAUTOHOMETPUM 1 U 2-T0 PA3PAAOB OKPYIAAIT RO LENbIX CEKYHA.

Mocne 3aBepilleHUA TMONEBLIX PAGOT MPOBEPAIT BO BTOPYX PYKY NoOnese
JKYPHANLT, KOHTPOAMPYIOT KAYECTBO NMOJEBLIX U3MEPERUI Y BHIBOPAT CPEAHME 3HA-
JeHUA HampaBJeHUi Wi YriloB Ha KAXAOM NYHKTE, NOACYUTHIBAIOT HEBA3KU 3aMK-

HYTHIX U Pa30MKHYTbIX XON0B, KOTOPHIE HE AOIKHb! NIPEBLILIATS BEAUYMHEL Zmﬂx/ﬁ,
tre mp — ycranosnenHas MHCTpyKIuen CPeNHAR KBafipaTHieckas owmeKa uame-
DEHUs yria B MOAUTOHOMETPUM AAKHOTO Pa3pAAA; N — UUCNO Yrios B xope. Kax

VUCKMOYEHUE MOXET GBITb JONYLEHa HeBA3KA A0 Z,SmBﬁ.

Ha UCcXopHHX NYHKTaX U3MEPEHHbIA MEeXAY ABYMA TBEPALIMU HaNPaBNEHUAMU
Yron He RONKEH OTNAUYATLCA OT PA3HOCTU AUPEKLMOHHLIX YIOB ITUX Hampasne-
HWit Gonee yeM Ha 2,5mp.

CpenH1010 KBapaTUYecKy0 OLIUGKY UIMEPEHUA YIIa IO HEeBA3KAM MONUTOHOB
BHYUCARIOT IO GopMyne
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CnpaBoYHUK COBPEMEHHOrO U3bICKATEAN

~ 1[f;32 ]
K el
TAE 7 — 4YUCNO NONUTOHOB (XOA0B); N — YUCRO YINOB B OTAABHHIX MOAUIOHAX
(xopax); fy — HeBAIKM NOMUTOKOB (x0A0B). TIpu 7 < (2 - 3) BHIMUCAATH Mg Heyene-
€006pa3Ko, Tak KaK B 3TOM CNydae oHa 6yAeT uMeTb Malyio AOCTOBEPHOCTb.

JInxennble U3MEPENNA B MOANT puu 1 n 2-ro paspapos. llapan-
naxkTh TONUT TPUA. INUHLL CTOPOH B MONUrOHOMETpUY 1-ro paspa-~
A2 U3MEPAIOT € OTHOCUTENbHOM NOTPEIIHOCTHI0 He 6onee 1:10 000 ManKMMu TONOT-
padueckuMu CBETORANLHOMEDAMYU MU TTOABECKEIMU MEPHEIMU ipuGopaMu.

TloABECHBIMU MEDHEIMU NPUGOPaMU IMKEUM U3MEPAIOT HEMOCPeACTBERHO My-
TEM MHOTOKPAaTHOTO OTROMEHWA IPOBONOKU UMW NapannakTUyeckuM CocoGom,
WCMONb3YA AMVHY MEPHOTG TPUGOPA KaK MOCTOAHKEIN NapannakTudeckui 6asuce.

B monuroroMeTpuu 2-ro pa3spana CTOPOXbI U3MEPAIT C OTHOCUTENbROM OnImG-
Kot He Gonee 1:5000, pa3pelraeTc] MPUMEHATb ONTUMECKUE AANLHOMEDY!, HAanpu-
mep Pepra-002, obecreyusaiomue 3aiaHHY10 TOYHOCTb.

TlapannakTuyeckui CNOCO6 U3MEPeHWs NWHWi, MOBHILIAMWUA MPOU3IBOAU-
TeNLHOCTh TPYAA N0 CPABHEHUIO €O CNOCOGOM HEMOCPeACTBEHHOTO MHOTOKPATHO-
IO OTROXEHWUA MepROro Mpu6opa, 3aKNI0NaeTCA B MOCTPOEHUM Ga3UCHON ceTu B
BUAie MaPAINAKTUYECKOTO 3BEHA C OCTPBIMU YIRaMu, TPOTUBOENKALNMU KOPOTKO-
My 6asucy (puc. 1.9).

6

(2% )
(e s ——e|
. ¥ 1
Puc. 1.9. Cxemt napannaxtuyecknx 38eHLe8 NOMUIOHOMETPUM:

@ — 38€HO TPeyronbHOM GOpMbI; 6 — 3BEHO C CUMMETPUUHLIM PACTIONOMEHUEM
6a3nca OTHOCUTENLHO ONpefenAemMol CTOPOHLI; 8 — 3BeHO poMBUYecKoi GopMbI;
2 — CNIOXHOE 3BEHO TPEYTONbRON POpPMBI; O — CNOKHOE 3BEHO NApaNNaKTUeCKo

nONMTOHOMETPUM
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Pasaea 1. VHxeHepHO-recaesnyeckne nsbicKaHus

PaccTosHVe OnMpeAenAioT TPUrOHOMETPUYECKUM NYTeM IO TOYHO U3MEpPeHHO-
My ManoMy 6a3ucy u nexaieMy MpoTWUB HEro OCTPOMY NapaniakTU4ecKoMy yriy
W IO U3MEPEHHOMY C MeHbllIe#! TOYHOCTbI0 MPUGA3UCHOMY YINY, KOTOPLIR NONyYa-
eTCA NPU nepeceveruu 6asnca ¢ onpeAenfeMon AMHUEN.

B ropoackux ycnoBMAX M Ha CTPOUTENbHLIX MNOWAAKAX B KavecTse Gasuca
yAOGHO MPUMERATh ABYXMETPOBbIE TOPU3OHTANAbHLIE XKE3Nbl, U3TOTABAUBAEMbIE
3 UHBAPHOTO MPyTa AMAMETPOM 8-12 MM, 3aKNIOMEHHOrO B Al0panesyio Tpy6y
JwmaMeTpoM 35-40 MM. Basucom ABRAETCA PacCTOARUE MeXAY BU3UPHBIMU MapKa-
MW, YKPETIEHHBLIMU Ha KOHIIAX UHBAPHOTO NPyTa. InA YCTaHOBKM Xe3ana B FOPU3OH-
TaIbHOE MONOXKEHNe UCTIONb3YIOT KPYTALii YPOBEHD, 8 B MEPNEeHAVKYNAPHOE K U3-
MepPAEMO IMHUN — ONTUYECKUA BUIUD.

PaccMOTpUM pa3snuyYKbie POPMLL MAPanNaKTUYECKNX IBEHbEB.

1. 3seno mpeyzonvHoll popmul (puc. 1.9, a). [To Teopeme cunycos

sin(Q+v)

. . s=b—: .
sing

" Tpuv=90°, sin(@+Vv) ~ cosp =1, sinp=; 5. b. ns=lnb-lng,
) ¢

’

2 2 2
m, m m, .- . n
I B L T PR
s b ®
2. 38€HO ¢ CUMMEMPUYHbIM Pacnono)erueM 6a3uca OMHOCUMeNbHO onpede-
naemoti cmopoHst (puc. 1.9, 6). B npAMOYTronbLHOM TpeyronbRuke

2
$=éctg$, &Z= ﬂz.'- & .
2 72 s b [}

3. 3seMo pombuveckol Gopmul ¢ acummempuvHbiM 6azucom (puc. 1.9, 8).
B 3ToM cnyvae

b+2y( . @ +4 @, +4,
$=5+8§,= ct +ci
1 t5, 2 kg 2 tg >
i
_b .o Lo ob @
SI_ECtQT‘Asy: sz_zctg?~Asy,

rae As, = Y?/sy — BenuuuHa HecuMMeTpuu 6a3uca. 3Haverue
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2
s b HE)
4. 38eH0 pombuueckoli opMbl C CUMMEMPUUHBIM 6A3UCOM — MaCTHBIA CNy-

yai 3BeHa poMGuecKoit GopMbl C aCMMMETPUIHEIM 6asucom, KoTpay = A, = A, =0,
B 3TOM CNydae

O gL o g 2
S=8) +5 p=—| clg—=+ctg—= |
1+52 2( g 2 g 2 }
2
m Y _(mY, 1fme
s b 2@y |
5. Cnoxwnoe 38eHo mpeyzonbHoll opmbt (puc. 1.9, 2). Tlo Teopeme CUHYCOB ¢
yueToM TpeyronsHuxa ¢ 6asucom b nonyyaem

s=BSin(,V+¢2)=éct o sin(.v+q>2).
sing, 2 2  sing,

Tpu v = 90°
b . ¢
5y = —ctg-—=ctgg,.
1=3 92 90,

TIpn m@, = me, = me n m, = 0 umeen

m, m, Y B2 s
—_— = — pu—— + —_—
s p A\B® B

6. CnoxHoe 38eH0, u306pa)eHHoe Ha pucykKe 1.9, 0, TPUBORT K dopMynam

1
1

5= B(ctge, +ctge; )= bctg(p—z‘(ctgtpz +ctgps)

nu
b 1 1 2b(1 1
s=——| — At — = — —+— |
g 992 1903 ) 01{ 2 @3
2
3HaueHue
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Paszaen 1. ViHxeHepHO-reoaesnieckme n3biCKaHus

, Teb(1 1YF . (2b ).,
m=|—| —+— || m§, +| — +
gle o 103

YuuTHBag §; =S5, =—, HAXORUM
2 2 2
m=s| o Mo T
s 2 2 2 |
01 492 4g3

2\,
og

b 2B
Tak xak ¢q =§, @, = Q3 =?,T0 TpU my, =m, umeem

(m_] my Y (B2, s
s p )l »?® 8B

TlapannaxTuyeckue yriasl HEO6XORUMO UIMEPATD C BEICOKOA TOUHOCTbIO M, =
-mg = 1" reoponutamu Tuna T2. [ns ocnabienus BIMAHUA JJIUHKO- ¥ KOPOTKO-
LIEPMOAMYECKUX OLIMGOX AenieHuit NuMba YLl Ha BU3UDHbIe MAPKY Xe3na Lene-
c006pasHo U3MepATh Ha 3apaHee BHIGPaHHLIE yacTh IMMBa, TRe onnbKy B feneru-
AX MUHMMANBHBI, Ha 3TOM e y4acTKe numba HYKHO U3MepATb NapainakTudeckue
YTIIB Y IPY KOMTIAPUPOBANNM JKE3NA Ha TIONEeBOM KOMNAPATope.

1.2.4. Cnioco6 GesaMaroHaspHbIX YETHIPEXYrOJbHUKOB

3ToT cnocob ypober mpu pasBUTUM reoAe3nuecKon
€eTU MO MPOe3naM M NPOCEKAM, A TAKKe NPU CO3RAHUM
CTPOUTENbHOM ceTKu, B yeThipexyronbuvike 6e3 puaro-
Hanelt He06XOAUMO U3MEDPUTD }BE CTOPOHLL U BCE YT
‘reToipexyronpiuka. Ha pucynke 1.10 B yeTmpex-
YI'ONlbHWKE W3MEpeHbl CTOPOHML @ M b, HyxHO ompene-
/T CTOPOHM ¢  d. Yepes TOUKY B NpoBefieM TMHWIO
1:[, napannenshyio AD, a yepe3 TouKy E — nunuio EF,
napannensuyio AB.

Hcnonb3ya TeopeMy CMHYCOB, UMeeM

Puc. 1.10. Yetbipex-
YronbHuK
6e3 guaroHanei
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CrpaBo4HUK COBPEMEHHOTO WU3LICKATEAS

c=DE+EC=asmA +bsm(C+D) _ as1nA+lf:sm(C+D);
sinD sinD sinD

deAF+ D= b?mC + asm‘(A+D) _ bsinC +cfsm(A +D)' (1.6)
sinD sinD sinD

B CNOXHBIX CeTAX Heob6A3aTenNbHO W3MEPATb CTOPOHB! B KAWJOM YeThipexy-
FONBHUKE, UX MOXHO OMpPEAEAUTh U3 BHIYUCNERWUN NO MONYYEHHHIM (OpPMYynam.
TIpu paBHOTOMHLIX YTNIOBBLIX U3MEPEHUAX CPEAiHUE KBapaTuyeckue ommbku cro-
POH OMpeAensioT o popMynam, NONYYeHKHIM ¢ yyeToM GopMyn (1.6), n hopmyns
CpepHent KBaapaTU4ecKoi ommbxu Gyrknum:

2

mg

””2

mg ={mZsin? A+mf sin? (C+D)+

{2 cos? A+ cos?(C+ D)+

+[bcos(C+D)~CeosDF }}sin'z D;
2
mg =4 mgsin?C +m2sin? (A + D)+ B

2
{a?cos? (A+ D)+ bPcos? C+

+[acos(4+D)-dcos DF }}sin'2 D.

JIns MPAMOYrONbHOr0 eTHIPEXYrONbHUKA C NPEeABAPUTENLHO YPABHEHHHIMU
yrnamu

2
m
me =m +bd—2; md =m} +ac—-, :
p” p” :
Jna xBappara .
2 2 2 2 2
me_mg Myomy _my
P v i ey v X
¢ a p dc ¥

B Lemu NpAMOYTONbHEIX YETHPEXYTONbHUKOB, YPABHEHHHIX 33 ycnosus ¢gu-
T'YP, B KOTOPOW U3MEpeHbl CTOPOHH a u b,

38



Pasaea 1. NHxeHepHO-reoaesnyeckme U3bICKaHNS

2 n
zﬂ;;

m ¥ _(mg ¥, nmp
c a p’Z

1.2.5. Cpemounas reoseanteckas cetb (cheMouHoe 06ocHOBaHHE)

ChbeMOYHYI0 reofe3suyeckylo CeTb CO3AAT ANA CTYNEHUA Teofe3nyecKoit
NNAHOBOW W BHICOTHOM OCHOBM! [0 MAOTHOCTH, OGECNeYUBAIOLIEH BLIONHEHUE
Tonorpaguyeckoii cbemku. Ee pasBuBaIOT OT NYHKTOB TOCYAAPCTBERHLIX reosie-
3UYeCKUX CeTel, PeOfle3UYEeCKUX CeTel CryWeHus 1 U 2-ro pa3papos u TeXHM-
YeCKOTO HUBEJUPOBAHUA MYTEM NOCTPOEHUA CHEMOYHBIX TPUAHTYAALUOHHBIX
ceTed, TEONOJIUTHLIX U MEH3YNbHBIX XOA0B, NPAMBIX, 06PAaTHHX U KOMOUHUPO-
BAHHBIX 3aCeveK; ONMpeAenAiloT, Xak NPaBUNO, MONOXKEHUe TOYeK B NNaHe U IO
BHICOTE.

Tipepenbrbie omMbKM TIONOKEHUA TIYHKTOB TIIAHOBOW CHEMOUHOW CETH, BKIIO-
Yas W MNaHOBble OMO3HAKM, HA OTKPLITOW MECTHOCTU Y Ha 3aCTPOEHRHON TEPPUTO-
DUV He OMKHB peBbinrars 0,2 MM B MacwrTabe maka v 0,3 MM B MacuITabe rnana
Ha MeCTHOCTH, MOKPHITOW APEBECHOM U KYCTaPHUKOBOW PaCTUTENLHOCTbIO.

Teononutxsle XOAL (puc. 1.11) ¢ AONYCTUMBIMU OTHOCUTEAbHEIMU HEBA3KA-
mu 1/T-f,/[s), rpe f, — abconmoTran HeBA3KA B TEORONUTHOM xope; [s] — pavna
XOAa MeXAY UCXOJHLIMU MYHKTAMM, NPOKNAABBAIOT C cobnioperueM tpebosa-
HWii, IpUBEReHHbIX B Tabaune 5.

a B Ljenun KBajpaToB

A Tabnuya 5
ms =02 MM ms=0,3 MM
Macwrab _1_=; l=__1_ _1_=__1_ .1_=L l:L
T 3 T 2000 T 1000 T 2000 T 1000
AOHYCTMMhIe ANWHBI X0A408 MeX Oy UCXOAHBIMU NYRKTaMKu, KM
1:5000 6.0 4,0 20 6,0 30
1:2000 3,0 20 1,0 36 15
1:1000 1.8 1.2 06 1.5 1.5
1:500 09 0,6 03 - -
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CnpaBoYHUK COBPEMEHHOTO U3bICKATEAS

Puc. 1.11. CxeMbl TEORONNUTHbLIX XOR0B:  — ORUHOYHOrO;
6 — C OBHOM Y3N0BO# TOYKON; 8 — C HECKONbKWMM Y3NI0BbIMY TOUKAMK

Mexny y3nosbiMu TOYKAMU WU MEXAY Y3NOBBHIMU U UCXOMHLIMU TIYHKTAMU
TipeAenbHbie AONYCTUMbIE ANIMHB TEOACUTHBIX XOA0B A0TKHb GHITb HA 30% MeHb-
lIe MpuBEeAeHHbIX B Tabnuye 5.

JIMMHbLL CTOPOH B TEORONWTHLIX XOAAX He AOZKHBI OGHITb: Ha 3aCTPOEHHBIX
Tepputopuax 6onee 350 M u MeHee 20 M, Ha He3aCTPOEMHHX — 6onee 350 wu
Menee 40 M. JIoMyCKaeTCR MPONOKEHUE BUCAYNX XOAOB, TIMHEL KOTOPHIX HE AOTK-
H 6biTh Gonee: 350 n 500 M mpw cheMke B MacwrTabe 1:5000; 200 u 300 M —
B macwrabe 1:2000; 150 v 200 M — B macmrabe 1:1000 v 100 v 150 M —
B Macwrabe 1:500. IlepBoe YuCi0 MPUBEAEHO ANA 3ACTPOEHKBIX, & BTOPoe — ANA
He3aCTPOEHHHIX TEPPUTOPUA. IUCNO CTOPOH AOMKHO 6HITh He Gonee Tpex Ha 3a-
CTPOEHHOW TEPPUTOPUU U He Gonee JeTHpeX — Ha He3aCTPOEHHOW TEPPUTOPUU.
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Pasaen 1. VHXEHEpHO-TeOABINNECKNE N3bICKaHWS

Vr710Bbie HEBAIKW B TEOAONMTHBIX XOAIX He JOJKHH MpeBswath fj =+1'Vn,
e n — MUCTIO YINOB B Xofe. YIMbl U3MEPRIOTCA OfHUM ITONHBIM ITDUEMOM C
11ePeCTaHOBKOW MUMba MeXay monynpueMamu Ha 90°. Kone6aHws 3HaveHwit yr-
1108, TONYYEHHBIX U3 ABYX NONYTPUEMOB, He AOJKHBI IPeBbilaTh 457, Llentpupo-
BaHWE TEOJ0NINTOB BHIONIHACTCA ONTUMECKUM LleHTPUPOM WU OTBECOM C TOMHOC-
110 3 MM. IIpn cbemke B macurtabe 1:10 000 MOXHO YBEAWHUTD AOMYCTUMYIO
JUIMHY XOZ\0B B 2 Pa3a O CPaBHEHVIO C AARHEIMU TabNULEL 5 AA CHEMKM B MaclI-
Tabe 1:5000.

B OTKpPHITOW MECTHOCTU B3AMEH TEOAONUTHBIX XOJ0B ChEMOMHBIE CETU MOTYT
Pa3BUBATHCA METOAAMY TPUAHIYAALMM (PUC. 1.12), IOLAPHEIM COCOBOM, IPAMBIMU,
06paTHLIMU U KOMGUHUPOBAHHLIMYU 3aceuKaMu (puc. 1.13). MexXay UCXORHBIMU CTO-
poHaMu (ITyHKTaMW) pOMycKaeTcs MOCTPOeHWe Re 6onee 20 TPEYTONbHWKOB AN
chemKun B Macwrabe 1:5000, 17 — B Macurrabe 1:2000, 15 — B macurrabe 1:1000
u 10 — B Macurra6e 1:500.

Yrae n3MepaoT TEOAONWUTaMU He MeHee 30-CeKYHAHOW TOMHOCTV ABYMA
KPYTOBLIMU IPUEMAMU C TIEPECTAHOBKOW NMMbGa MeXay mpuemMamu Ha 90°. Pac-
XOXAEHUE NPUBEAEHHBIX K 0011eMy HYN10 ORHOUMEHHBX HANPAaBNEHWA U3 pas-

| 3 % ‘
J ; ;’ ;
z' TE >mﬁ e
8 - UexodnhG NYHKT
o - Ompodeansstis NYHKT

=== - Ucxadnap cTOpona
==z . Xedobam aunum

Puc. 1.12. Tunosble duryper TpUaHrynaLum:

a — reofe3nuYecKmit YeTbipexyroNbHUK; 6 — LeHTPanbHas CUCTeMa; 8 — Lenoyka
TPEYroNbHUKOB MEXAY ABYMS MCXORHLIMU CTOPOHAMK; 2 — LNOYKA TPeyroNbHUKOB
MeXZY MCXOIHOM CTOPOHOM U UCXORHbBIM NYHKTOM; O — UEN0YKa TpeyroNbHUKoB
MENAY ABYMA NCXOAHBIMU MYHKTAaMU; e — BCTaBKa B yron
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§
o o -d P 2
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‘s -1 - I
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~=A N Pad N
/;/ A >< -
1 // \ \\A
- ’
4 S -2

Puc. 1.13. CxeMbl ONpepeneHna KOOPAUHAT NYHKTa:
a-2 — NONAPHbIA CNOCO6; @ — NpAMan 3aceyKa;
e — o6parHas 3aceuka; ¥ — KOMGUHUPOBAHHAA Jaceyka

HBX MPUEMOB ROKHO OLITh He Gonee 457, HEBRA3KM B TPEYTONLHUKAX — He
6onee 1,5". ’

Onpenenexne ToueK NMPAMOI 3aCEYKOM BLIMONHAIOT HE MEHEe YeM C TPeX MyH-
KTOB OIIODHOW CETHW, TIPU 3TOM YTkl PN ONPEeAeNAeMOit TOYKe He NOJKHBI 6HITh
meHee 30° u 6onee 150°. O6paTHble 3aCYKW NPOU3BOART He MEHEE HeM IT0 YeThl-
PeM OTIOPHLIM IIYHKTaM, KOMGUHMPOBAHHLIE 3ACEYKN — C YYACTUEM He MeHee yeM
YeThIpeX NCXORHBIX MyHKTOB.

TIpu pa3enTHM CbeMOYHOW CETH IONAPHBIM COCOGOM 3NeKTPOHHHMY TaKCOMeT-
paMu ANMHBL TMHUA MOTTYCKAeTCR YBenuynBaTh a0 1000 M. CpeprAas KBappaTUYECKan
MOTPENIHOCTb U3MEPEHWUA FOPU3OHTANbHBIX YTTIOB HE OJUKHA NpeBLINIaTs 15”.

1.2.6. TeogonuTHuIl 1 TaXxeoMeTPHIECKHUl XOAbL.
Tlpamas ¥ ofpaTHas reofiesnvyecKye 3aAauy Ha NJOCKOCTH.
OnpenesieHHe KOOPAMHAT TOUEK TEOJOJMTHOTO X0Aa

Teodonumuuim xodom (cM. puc. 1.11) Ha3HBAIOT NOCTPOEHHYIO HA MECTHOCTH
Pa3OMKHYTYI0 UMY 3aMKHYTYIO JIOMAHY10 IMHWIO, B KOTOPOW W3MEPEHM BCE CTOPO-
HB X TOPUIOHTaNbHbIE YINB MEKAY HUMM, T.e. B OCHOBY TEOAONUTHOTO XOAa
TIONOXEH METOJ, IONIUTOHOMETPUU.

—
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Pasaen 1. UHxeHepHo-reoaesndeckune U3biCKaHus

TaxeomempuuecKum x0d0oM Ha3bIBAIOT TIOCTPOEHHYIO HA MECTHOCTU PA3OMKHY-
1Y10 V1K 3aMKHYTYI0 IOMaHy10 NMHWIO, B KOTOPOX W3MEpPEeHbLl Bce CTOPONbI, FOPU-
{OHTaNbLHbIE YINL MEXAY HUMU U BEDPTUKANbHBIE YTAIL C KAKAOW TOYKHU XOAa Ha
C MPXHBIE C HeW TOYKH.

[To n3MepeHHbIM CTOPOHAM M YrlaM ONPEfeNAIOT MPAMOYTONbHEE KOOPANHA-
111 BEPLIXH TEOAONUTHOTO WK TaXEOMETPUYECKOr0 X0A3a, a 0 U3MEPEHHLIM Bep-
\UKaNbHBIM YTNAM W ANUHAM CTOPOR — NPEBHIUEHUA MEXAY TOYKAMU TaXeoMeT-
|'MYECKOrO XOAQ, T. €. TEORONUTHLIM XOROM ONMPERENAT MNAHOBOE MONOXEHUe
HCOPLIMK XOAa, @ TAX@OMETPUYECKUM XOA0OM — NNAHOBOE W BLICOTHOE UX MONOXe-
nue. Ha pucynxe 1.14 usobpaxeHa 4acTb TEORONUTHOTO X0AA. [Ins Touku 1 koop-
JWMHATH

Xy =Xy + AXy =xg +d; COSQY ;
1= Xg 1 =Xg + 0 1

1.7
Y1=Yy +Ay; =yy +d; €050y, @)

}nn oL

Puc. 1.14. CxeMa pa3oMKHyTOro TEOA0NAUTHOMO X0Aa

dopmynst (1.7) pemraior npamyro 2eodesueckyro 3adady Ha MNOCKOCTH, B
HOTOPOR MPU M3IBECTHHIX MPAMOYTONbHHX KOOPAWUHATAX Xy, Yy, TOPUIOHTAILHOM
nponomeruu d u AMPEKIIMORHOM yIne a TpeGyeTca oNpefeNuTh KOOPAMKATHL Xy, ¥4
1oKn 1.

B ofiparHot 3ajaye O M3BECTHLIM KOOPAUHATAM Xy, ¥y, X,, Y, TOUEK 11 2 (pUC.
| I) Tpe6yeTca OMPEfeNnuTh AUPEKLMOHHEIN YTON OL U FOPU3OHTANIbHOE TTPONONKe-
wne d. Ha pucyrke 1.15 13 mpAMOYTONbROTO Tpeyronbkuka 122°
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CI'IpCIBO‘-IHMK COBPEMEHHOIO U3bICKATEASt

ay 2 Ay_¥2-n
tgoo=—=-*2—"2,
T S Xp — x1 (1.8)
\\ OTKYAA HaXOAAT AMPEXUMOHHHW yron o. lopu-
ax NS 30HTaNbHOE NMPONOKeHNe
o
d=al +a)% =
' 2

2

(x=%) +(v2-n) = (1.9)

=(x; —x; Jeosou+(y, — y; )sina.
Puc. 1.15. Pewenue o6patHoi

U3MepuB rOPU3OHTANbHEA yron B, Mex
334a4¥ Ha NIOCKOCTH P P yron By Mexay

UCXOJHOW W OnpefenfeMoit CTOPOHaMy, Ha pn-
cyHKe 1,14 uMeeM

oy =0y —(180° =Py )= 0y +fB, —180°, (1.10)

€C/M M3MepeHsl NieBbie TI0 HAMPaBNEeH IO TEOAONMTHOTO X0 YTAHL.
Ecnv nsmMepenst nipastie yrast By, By v T.A., T0, yuuTHEBaA By = 360° B, BMec-
To hopmynst (1.10) HaxoANM

oy =0y +360°~B; —180° =0y — Py +180°. (1.11)

CnepoBaTenbHo, AN ONMpefieNeHUA KOOPAMHAT TOYEX TEOAONUTHOIO XOAA He-
06X0AMMO HAUMHATD XOp, C OTIOPHOM TOMKY, UMEIOLLen KOODAHATH! Xp, Yy M B 37O
HavaJbHOW OMOPHOW TOMKE U3MEPUTb NPUMbIYHbLLL yron By n ﬁu MeXAY NMHuehn ¢
W3BECTHBIM AUPEKIVOHHEIM YITIOM W NUHWeH d; Xopa.

Pa30oMKHYTHIN TEORONUTHBIY X0A AOTKEH HAUUHATLCA M 3aKaHYMBATBCA Ha OTOP-
HbX TouXax H n K ¢ N3BECTHLIMM KOOPAMHATAMH, U Ha 3TUX TOMKAX MO/DKHBEL 6HTH
W3MEPEeHB! MPUMBIYHEIE YTbL By U B, MEXAY OTMOPHBIMU NMHUAMU C W3BECTHBIMU
AVPEKUMOHHLIMU YTNAaMU W TepBOi M MOCNefiHen NUHUAMM Xopa. Tonbko B 3ToM
CIydae NMeeTcA BOIMOXHOCTb He TONIbKO ONPeAeNnTb KOOPAMHATHL BCEX TOYEK Teo-
JONWTHOTO XOAa, HO ¥ MPOKOHTPONNPOBATH TPABUABHOCTb N3MEPEHNA YTNOB U CTO-
POH XOfid Y OLIEHNTh TOMHOCTb BHUTONHEHHON paboTsl. Eciv pa3oMKHYTH Teono-
TUTHBIA XOJ, UMEeT MCXOAHbIE JAHHble TONLKO C OAHOW CTOPOHBI (B Havane uau
KOHILe XOf\a), TO €r0 HA3LIBANT BUCAYUM MEOJONUMHBIM XOOOM.

TlnA KOHTPONA 1enecoo6pasHO B HavalnbHOW W KOHEMHOW OMOPHBIX TOYKAX
W3MepATH He MO0 OfHOMY, a MO ABa MPUMBIMHHX YINa, T. €. HE3aBUCUMO ABAKAbL
OTPEAENATL ANPEKLUOHHMBIA Yron cTopoH HI oT onopHo# nunun AH v omopHon
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PasaeA 1. VIHKEHEPHO-T@OAE3MHECKNE N3bICKaHNS

sunuu CH, a B KOHEHO OMOPHOW TOuKe ONpPeAenaTh AMPEKUMOHHbIE YTNb ONOP-
HblX MMHN KB v KJ v cpaBHUBATh ONYYEHHEI® U U3BECTHbIE UX 3HAYEHWA.

B 3aMKHyTOM TEOAONUTHOM XOfe (puc. 1.16) 06LIYHO U3MEDSIOT BHYTpEHHMUE
yrasl tonurona (By,..., B;) v mpumranste yraut By, Bg . Heabxopumocts npusasku
3aMKHYTOrO XOAa K ABYM TBEDALIM NUHUAM CBA3aHA C TEM, YTO NP OLUIMGOYHOM
OMO3HABaHWW, HaMpUMep MyHKTa A, AMPEXUMOHHbIM yron muun AH He Gyper
€OOTBETCTBOBATDH €r0 AeNCTBUTENLHOMY 3HAUEHUIO ¥ BeCh MOAUTOH ByzeT Hempa-
UMILHO OPUEHTVPOBAH OTHOCUTENLHO MPUHATOM CUCTEMbI KOOPAMHAT. [ToaToMy
ANA UCKIIOMEHNA TaKoW OIMEKU HeoB6XoAMMO fenarb MIPUBA3KY XOAA KaK MUHM-
MYM K ABYM OTIOPHEIM IMHUAM.

BHYTpU 3aMKHYTOTO XOfia MOXHO MPONOXUTL OUA2OHAMBHMII X00, onmupaio-
WWIACA Ha BePLWMHB OCHOBHOTO X042 (Ha puc. 1.16 xopn 6-8-9-2).

B pasomxyToM (puc. 1.14) n 3aMkuyTOM (puc. 1.16) TEORONUTHBIX XOAAX KPO-
Me HeOOXOAUMBIX ANA ONpeAeNeHUA KOOPAMHAT TOUEK XOAa U3MEDEHUW BLIMON-
HeHBl M36HITOUHBIE U3MEDEHUA: B DA3OMKHYTOM XOfe N3GHLITONHHIMU ABNAWTCA
NPUMBMHbIE YTAH B, By YTON B,_; ¥ CTOPOKa d,, @ B 3aMKHYTOM — VAN By, B; M
d,, 9TO MO3BONAET BLITONHUTDL YPaBHUBAHMNE W OLEHKY TOMHOCTY STUX XO0B.

H3BecTHO, uTO Kakpoe M3GHITOMHOE M3MEDeHWe NMPUBOAUT K YCNOBHOMY
YpaBHEHWIO, B DaCCMaTPUBAEMOM Cnydae MMeeM TpPU M3GHLITOMHBIX U3MEpeHus,
KOTOpHIE AlAI0T ORHO YCNOBHOE ypaBHeHWe GULYPH M YCIOBHbE ypaBHeHus abe-
LIMCC Y OPAMHAT.

Puc. 1.16. CxeMa 3aMKHYTOrO U 4UAroHaNbHOTO TEOAONNTHBIX XOR0B
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CﬂpOBO"IHMK COBPEMEHHOIo U3bICKATeAs

B TEOROAUTHOM XOpe YrIoBan HeBA3KA (CBOGOANLIA YneH yenosua duryp)
n n
f[} =ZBIIJM_ZB"IEOP’ (1.12)
1 1
n n
rpe ZB,M — CYMMa 3MepeHHbIX B TEONIOIUTHOM XOfie YI7IOB, a ZBmeop — ux
1 1

TeopeTUYecKan CyMma. B 3aMKHYTOM TEOMONUTHOM XOfe C N U3MEpEeHHbIMU yrNa-
MU, Kax U3BeCTHO U3 reOMeTpuu

n
> Breop =180°(n-2),
1

CneposarenbHo, B 3aMKHYTOM TEOONUTHOM Xozie

n
J3 = Busw —180°(n-2). (1.13)
1

B pa3soMKHyTOM TEORONWTHOM XOAE TEOPETHMECKAR CYMMa YINOB 3aBUCHT OT
PACIONOMKEHUA UCXOAHBIX CTOPON, U TIOITOMY LENEcoo6pasHo pa3OMKHYTHIA XOn
NPeBPATUTD B 3aMKHYTLIA TYTEM NPOACAKEHUA OTIOPHLIX TUHUW O UX Nepeceye-

HUA ¥ UCTIONb30BATb €T0 A7IA OTpefieneHua iBmeop- Ha pucynxe 1.14 pna uame-
PEHHBLX NEBHIX YINIOB UMeeM '
n
Zﬁmeop =Bo +By +B2 +-. +By.
B nony4yenHoM 3am(nyl-mM TOAUTOHE CYMMa yT708
180°—Bg +360°—B; +360°—B, +... +180° =B, +Preq =
=180°[(n+2)-2]=180°n,

TAe N — YWCAO0 U3MEepEeHHbIX YI70B, M3 3TOro BhipaeHua Haxopum

iBmeop =By +Py +Br+. B =
1.

=180°-2+180° 2(n-1)-180°n+B,,,; =180°n+ By,
T. €. B paCCMaTpuBaeMoM Cnyvae, YIUTHBAR '
Bass =180° —(04, — 04 ) =0t —0t, +180°,
nonyvyaem
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n
T3 =Y Busn + 0y — 0 —180°(n+1). (1.14)
1
Ha pucynxe 1.17

iﬁmwp =B +B; +B2 +... +Pp-
1

Puc. 1.17. Cxema pa3oMKHYTOr0 TEOAONMTHOTO XOAa

B monuroxe
Bo +By +Bo + - +Bpsy = 180°[(n+2) 2] =180°n.

Yuutnisan fB,,, = 360° - (a, - a,), HaxopuM

n
ZBmeop =PBo +By +Bz +-- +Br =180°n1—Bysy =180 (1 -2)+ot, ~ 0y,
1

f|3=i[3,,,,4+cx,‘-a,( -180°(n-2). (1.15)
1

Ecnu ommn6ku yraoBhIX U3IMEPEHWH HOCAT CRYYaWHbLIV XapaKTep u 3HAYeHus
mg, =mg =g, T0, ucnonp3ys popmyny (1.13) n gopmyny cpenren ksapparndec-
XOM OWMOKW HyHKUUK, UMeeM

don. fy =xmg~/r7, (1.16)
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CﬂpGBO‘-IHMK COBPEMEHHOro n3bickaTeAs

rae K — x03hdUuMEeHT mepexona OT CpefHeR XBajpaTMyeckoi ommbxu K mpe-
nenvrow. IIpu x =2, mg = 30”

don.fy = 1/n.

Ecnn paxTvyecxan fp, Bhrumcnenxas mo gopmynam (1.13)-(1.15), no monymo
MeHblIIe 0T fy, TO ee pacnp T C 06 paTHLIM MOPOBHY Ha BCE U3MEPeH-
HbIE YI7Ib, T. @, MOMpaBKa

fi
Vg, == (1.17)

Ecnn HeBAsKa fj He penuTca 6e3 oCcTarka Ha YUCIO N, TO HECKObKO Gonbumne
MOMpPaBKW BBORAT B YT/ILL C KOPOTKUMW CTOpOHaMw. B urore cymma mompasok
DOJIKHA PAaBHATLCA YITIOBOA HeBA3Ke fB C 0BPATHEIM 3HAKOM, T.€.

;Vu. =l

Tlocne sBepenusa B yran Bi TONpasoK Vﬂ. TNONYMAOT UCMpaBJIEeHHbIE YTINIBI,

KOTOPBIE UCTIONB3YIOT MPU BHYUC/IEHMM AUPEKLMOHHLIX YTI0B o dopmyie (1.10)
ANA nesbix ¥ no dopmyne (1.11) AnA Mpasbix U3IMEPEHKHIX YT10B. [Ipn 3TOM An-
PEKLUMOHHEIA YTON KOHEYHOW! OTOPHOW JIMHUM, BEIYUCAIEHHBIA MO TEOROIUTHOMY
XORY, M ero UCTUHHO® 3HAYeHMe NO/KHbI COBMAAATb. B 3aMKHYTOM Xope pupekun-
OHHBle YT/Il OMOPHBIX AKuit HA n HB (puc. 1.16) nocne BHYUCIEHUA TEORONUTHO-
IO XOA TaK}e AOJDKHBI COBNAAATD C X U3BECTHHIMN 3HaYeHuAMU. [locsie onpene-
JIeHUA AMPEKLMOHHBIX YTNOB BBIYUCAIT MPUPALIEHUA KOOPAUHAT

Ax =dcoso, Ay =dsino.

n n
BenencTeue oumGoK TP M3MEDEHUM YTII0B 1 CTOPOR Y Axgyy U Y A,y HE
1 1

n n
COBNAAAI0T C UX TEOPETMIECKMMMU SHATCHMAMU D AXigop W D A gy, T- €. He-
1 1

BA3KU IO OCAM KOOpAUHAT
n n n n
fe= zAxabw. _ZAXmeop.r fy = ZA.Vam. - ZAYmeop.
1 1 1 1
n n
Tinst ONPERENEHUR Y Aoy M 3 AY ey, MMEEM
1 1
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Pasaea 1. UHxeHepHO-reOAe3NHeCKME N3LICKOHNS

X; =Xy +AX 0 Y1 =Yy + A
X=X, 8% Yo=Y +4y,;
Xp =X +8%n; Yn =Ynp+ AV

CroxuB nesbie u ITpasble YacCTu NMONYYeHHHX Bhlpamenuﬁ, Haxopum

n n
Xn""n"’ZAxmeapJ Yn =.VR+ZAaneop.'
1 1

oTKyAa
n

n
zAxmeop. =Xp ~ Xu: szmeap. =Yn—Yn-
1 1

C yNeTOM NONYYeHHHX 3HAYeHUH
n n
fx =2Axauw, =(X,| =Xy )' fy =2Ay“w. _(,Vn ~ Y ) (1.18)
1 1

B 3aMKHYTOM TEONONUTHOM XOfie HayalbHaA W KOHEYHaA TOYKW COBNAAAl0T,
TO3TOMY X, = X, Y = ¥, @ BMECTO pOpMyn (1.18) umeem

n n
f =2Ax9w«.r fy =2AYau~4.'
1 1
Bcnepncreue HeBA3OK f,, f;, MOJIOXeHUe KOHEYHO! OTIOPHON TOYKY, IONYIEeHHO!

10 TEOAONIUTHOMY XOAY, He 6yAeT coBNapars ¢ MONOXKEHUEM OOPHON TOYKM, BEU-
UMHa 3TOT0 HECOBNAALHUA, HA3bIBAEMAR HeaA3KOl 8 nepumempe x0da,

N

n
OTHourenwe f; x mepuMeTpy xona 25 ,T. €.

St 1
Ss Ssf
1 1
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CﬂpGBOHHMK COBPEMEHHOTO U3bICKATEAs!

Ha3biBalT OMHOCUMeNbHOU HeBA3K0l 8 nepumempe xoda, OHa XapaKTepU3yeT Ka-
YeCTBO IMOJIEBbIX PaboT U He JOMKHA NPEBLINIATh YCTAHOBNEHHON Benuuuusl. [ipu
W3MEPEHNN ANWH CTOPOH NEHTON NN fanbHOMepHHIMU Hacankamu JJHT, JAP-100 u
JI0-3 npnt Re6NArOMPUATHLIX YCNOBUAX
1 1
—<—.
T 1500
TIpn 6NAarONPUATHLIX YCIOBUAX U3MEPEHUN OTHOCHTENIbHAR HEBA3KA MOXET
6b1Th 1:2000 M pae 1:3000.
B TaxeoMeTpuyeckoM XOA€e IPU U3MEPEHUU CTOPOH HUTAHLIM AaNbHOMEPOM

1.1
T 700
Ecnwn orHOCHTENbHAR OWKGKA AONYCTUMA, TO B NPUpAIIEHUA KOODAMHAT BBO-
BAT MONPaBKU

Vax, == {x Si Vay = ;:"j/ Si (1.19)
xS xs
1 1

CyMMEBL [TONTPABOK AOJKHAL GHTb PAaBHLI COOTBETCTBYIOIIMM HEBA3KAM TO OCAM
€ 06PATHEM 3HAKOM, T. €. :

ZVAX, =—fx, ZVAy, =-fy:
1 1

HcnpasnenHsie 3HaYeHnA NPUpPALIEnnit KOOPAMHAT UCTIONL3YIOT ANA ONMPene-
TIeHMA KOOPAMHAT TOMeK X0Aa o hopMynam

Xy =Xy + A Yy =Y+ AV

X=X+ A Yo =Yy +AY:

Xn =Xpy +AXn: Yo =Yg + AVp-

B pesynrrare X, ¥, B Da3OMKHYTOM W X, = X,, V, = ¥, B 3aMKHYTOM XOpax
ZOMNHBI COBNAAATH C UX NIBECTHBIMU ANA ONOPHLIX TOYEK 3HAUEHUAMM.

TIpuMep BHYMCNEHUA KOOPAMHAT YHKTOB Pa30MKHYTOrO TEOLONMTHOTO XOAa
npuBepek B Tabinue 6. CxeMa xofa nso6paxeHa Ha pucysxe 1.18.
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Pasaen 1. NMHxeHepHO-Teoae3nieckne U3LICKaHWs
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CI‘IpG BOYHUK COBPEMEHHOrO M3bICKATEAS

A nanru

Puc. 1.18. Cxema Te0A0NUTHOTO X043

1.2.7. BriuncsieHne 0TMETOK TOUYek TaxeoMeTpHYeCKOro xoa

Ecam PacCTORHUA Ds TaXeoOMEeTPUYECKOM X0Ae U3MEPANUN HUTAHLIM AANbHO-
MepOM, TO O MONAYYEHHBIM YIlaM HaKNOHA V U PacCTORHUAM D shiumcnsior npe-
BbIIEHUA

=%Dsin2v+i-l+f, (1.20)

rpe { — BbicoTa pubopa; [ — BLHICOTA BU3NPHOI Lenw; f — MOMpaBKa 3a KPUBUIHY
3eman u pedpaxunio. U3 mpamuix hpy. by, ipesbilennii onpenensoT cpeaee
3HayeHue, eCNU PacxoXaeHue Mexnpy h“p. He TMpeBbllaeT 4 CM Ha Kawabie 100 M
PaccToOsHUR MeXAY Toukamu. [IpuMep BBIMUCIEHUA OTMETOK TOYEK TaXxeoMeTpu-
JecKoro Xoaa MpuBefeH B Tabnuue 7.

BricoTHan HeBA3Ka

B pasomkuyTOoM X0ne
n
theap. =H,-H,,
1

rne Hx, H,‘ ~—— BbLICOTH! KOHEYHOTO U HAYaNbHOr0 OMOPHBIX ITYHKTOB X0na. C yyeTOoM
3TOro

he$h -
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Pasaea 1. UHxeHepHO-reopesnyeckne U3biCKaHus

Tabnuya 7
Touku x0aa Dm hepe M Vi, M N,cnp., M H, ™M )

[opoxXHbIi 155,24
1558 +3,74 +0,02 +3,76

1 159,00
178,5 -3,05 +0,02 -3,03

2 155,97
201,1 +2,77 +0,02 +2,79

3 158,76
144,7 +4,11 +0,01 +4,12

4 162,88
203,3 -1,94 +0,02 -1,92

5 160,96
147,6 -5,13 40,02 -5,11

Ly6im 155.65

n
P=1031,0M Y hp =0,50M
1

n
> Fmeop. =0.61M
1

fo=-011m

don. fh=0,0004Pm/~/n =0,0004-1031,0/v6 =0,17 1

B 3aMKHYTOM Xope H, = H, u
n
fo= thp.'
1
JlomycTuMan BeNMYMHA HEBR3KM (B METPAX) COrnacHo (6, c. 85]

don. f, £0,0004 B, //n,
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CﬂpOBOHHMK COBPEMEHHOro U3biCKATEeAR

rpe P, = LD — AIMHA TaXeOMETPUMECKOTO XOAA B M, N1 — MMCAO NPEBBIEHUi
B Xope.
Tlonpasku

th

Vi =

CyMMa NoMpaBoK A0NKHA GHITh paBHA HEBA3KE ¢ 0GPATHHM 3HaKoM. Mcnpas-
NeHHble MPEBLIEHUA UCTIONBIYIT A/IA ONPERENEHUR OTMETOK

Hy=H,+hy,
Hy=H,+hy,

H =H,+h,

B 3amknyroM xope H, = H,. B pe3ynbraTe BEIMUCIEHWi B Pa30OMKHYTOM Xozie
AOMKHa 6HTH IONYIeHa oTMeTKA H, KOHeYHO! OMOPHOW TOMKH, @ B 3AMKHYTOM —
OTMeTKa H, HaYanbHO ONOPHOM TOUKU.



Pasaen 1. UHxeHepHO-reoaeanieckne U3sickaHmns

I'nasa 1.3. TOIIOTPAOHYECKUE CHEMKH

1.3.1. OBmue cBepeHus o TonorpaduyecKux CheMKax

Tonorpatmyeckas cbhbeMka COCTOMT U3 KOMIUIEKCA MOJEBBIX U KaMepalbHbIX
paboT, BHUMONHAGMBIX ANIA CO3AAHUA TOTOrpahuyecKux KapT W Mnaxos. B nixe-
HEPHOW Teope3uu OGLIYHO BBLIMONHAIT CheMKM KpYMHBIX Macwrabos: 1:5000,
1:2000, 1:1000, 1:500. Ha Tonorpadguyecxux nnaxax u3o6paxaioT Bce NpeaMeTsl
1 penbed) MECTHOCTH, NOA3EMHBIE U HA3eMHble KOMMYHUKauuu. H3o6paxaemste Ha
IUlaHe TOYKW YCNI0BHO RENAT Ha TBeDAble W HeTBepanle. TeepALIMU ABAAIOTCA CTa-
GunbHble 06BEKTH C YETKUMU TPARULAMY (YTIIB 3AAHWH, TOCTPOSHHBIX U3 KMpIU-
ua, 6eToHa W APYTUX MPOYHEIX MaTepuanos u T. I.). HeTsepasle KONTYpHI He uMe-
10T YETKUX TPaHMU1, HapuMep, FPanuIa Neca, 1yra u T. m.

Ha ronorpaduueckux nnaxax u3o6paxaioT onopHble MNAHOBLIE U BHICOTHbIE
reofe3sudeckue NyRKTHI, TOMKU CbeMOMHOr0 0GOCHOBANMUS, C KOTOPLIX BHIMONHAIOT
cbeMKY. Ha crieuanvsupoBaHHbX aHax n306paxaloT He BCe 0GBEKTE MECTHOC-
TV, & B OCHOBHOM Te, KOTOPbI€ HEOGXORNMBL ANA PEIEHUA CIENUANBHBIX 33AaY.

ViMeeTcs Heckonbko BUOB CheMKu. [Ipu co3panum Tonorpaguyeckux xapT u
Tna’oe 6ONbIIMX TEPPUTOPUIA B OCHOBHOM UCTIONB3YIOT aspodoToTonorpaduyec-
KUe CheMKY, CYIIHOCTb KOTOPHIX CBORUTCA K GOTOTPAGUPOBARUI0 C CAMONETa WK
IpYroro HOCUTENR, BK/I0YAA M KOCMUYECKHe, YIaCTKOB MeCTHOCTY. B 3asucuMocTtu
0T MacuTaba co3zaBaeMOi KapThl UCTIONB3YIOT CIielallbHble aBTOMATU3UPOBAK-
Hble aspodoroannaparst (ADA) ¢ pasnuuHbiM HOKYCHLIM paccTOARMEM U doTOrpa-
(upoBarue BHIONHAIOT C Pa3ANYHBIX BHCOT, IPU 3TOM MOAYHAIOT NPUMEPHO IO~
PU3OHTANbHBIE CHUMKY, MACIITa6 KOTOPHX ONpeaensioT no popMyne (puc. 1.19):

I'je m — 3HaMeHaTeNb MacuiTaba ckuMKa; f — Qorycroe

paccTosHue xamep; H — BbicoTa poTorpagupoBaHus.
Kommnexc nponeccos (poTorpapupoanue MecTHOCTH, +

o7ieBkie reoAe3ndecKue u KamepanbHule OTOrpaMMeTpu- s

viecKue paboTs), O3BONAIOWMUMA IO CHUMKAM MECTHOCTY CO-

faBaTh TOMOTPaguyeckue kapThl, Ha3LBAWT Gomomonoe- H

paguueckoll cvemxol. B 3aBucuMocTn ot crnoco6os doro-

1'PadMpoOBaHUR MECTHOCTU UMEIOTCA CNeAylommue BURH Ho- < ry

TOTOMOrpahUIeCKOW CheMKU:

HA3eMHAA, UCTIONB3YIOMAR CHUMKUM MECTHOCTY, NIONYYEHHbIe Puc. 1.19.
($OTOTEOA0NUTOM C TOYEK 3eMHOV TNOBEPXHOCTY, ee Ha- K onpepenexmio
3b{BAIOT TAKXe (POTOTEOAONUTHON; mMacuraba cHuma
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CﬂpOBO“IHVIK COBPEMEHHOIO U3bICKATEAs

aspogomomonozpaguveckas, B KOTOPO# CHUMKM MECTHOCTU TIONYYAIOT C caMone-
Ta WIW iPYTOro HOCUTENA CheMOYHON alnapaTyphi;

KOMBUHUPOBAHHASA, TIPeACTaBAAIOWan coBo coyeTanne aspodoroTonorpapuyec-
KO U HaseMHOM oToTonorpaduueckoi CbeMoK; MeCTHOCTL GOTOrPadupyIoT
ABa¥(Abl; POTOTEORONUTOM C Ha3eMHbIX CTaHUMIA u aspodoToannaparoM ¢ ca-
MOJIETa; T Ha3eMHbIM CHUMKaM CTYLAIOT ONOPHYIO re0fie3UIeCcKyio CeTb, a 10
23poOTOCHUMKAM COCTABAAIT TONOKAPTY;

KOCMu4eckas, IPU KOTOPOV CHUMKu TIONYYAIOT C KOCMUYECKUX Kopabneit u uckyc-
CTBEHHbIX CIYTHUKOB.

CymecTeyloT ABa METOAA CO3AaHUA OPUTUMHANIOB KapT:

KOMGUHUDOBAHHBIL, B KOTOPOM ANA COCTABAEHWA KOHTYPHOW MAaCTW TONOKAPTHI
WCTNONB3YIOT OAUHOMHEIE CHUMKMY, & Penbed PUCYIOT IO pe3ynbTaTaM NONEBHX
U3MepeHuit;

cmepeomonozpaguveckuti, TOIBONAIOWMUA, UCTIONB3YA CBOWCTBA NTapEl CHUMKOB, B
KaMmepanbHBIX YCNO0BUAX NONYYaTh KOHTYPHYIO U DensedHyI0 JacTh TONoOKap-
ThL. ITOT METOA AAET BO3MOXHOCTh HE3aBUCUMO OT BPEMEHU U IOTOAHBIX YCN0-
BWii IETANBHO U3YaTh MECTHOCTb, BKNIOYAA U MaNIOAOCTYIIHYIO, IO CHUMKAM B
KaMepanbHEIX YCN0BUAX, MEXaHU3NPOBATh U aBTOMATU3UPOBATb BCe TIPOECCh
CO3[aHNA TONOKApT, 06ecneynBaeT BLICOKOE Ka4eCcTBO PU MUHUMANLHBIX 33T~
paTax Cui W CPeACTB U BCAEACTBUE ITOTO ABNAETCA OCHOBHBLIM METOAOM Kap-
TOrpahUpPOBaHUA, .
B cTepeoTonorpamveckoM MeTope TONOKAPTH CO3RAlOT YHWUBEPCAJLHBIM U

anddeperymupoBantLM criocobamu. YrusepcansHblli cnoco6 NO3BONACT TONHOC-

TbIO COCTABNATL TOTIOKAPTY Ha ofHoM mipubope. Juddeperyuposanmulii cnocob

pelaer 3Ty 3aAavdy Ha HecKonbkux NMpuBopax: Ha HOTOTPaHC(HOPMATOPE CHUMKYK

TPUBOAAT K 3a)aHHOMY MacwITaby u 0CBOGOMAAIOT OT UCKAKEHUM 3@ YTNLI HAKNOy

Ha CHUMKA ¥ penibed) MECTHOCTH, HA CTEPEOMETDE PUCYIOT pensed, Ha NPOeKTOPe

TIePEHOCAT KOKTYDH! U FOPUIOKTANM KA INAHIET U T. A,
06man TeXHONOTHYECKAR CXeMA CO3[aHUA TOOrpaduIeckux KapT no aspodo,

TOCHVMMKAM MECTHOCTM BKJIOYAET Cleayloummue NPoueccs:

- dororpaguposanue MeCTHOCTH W 06paBoTKY MaTepuanoB GOTOCHEMKY;

- reope3nyecKue NOneBble paGoTsl IO NPUBA3IKE CHUMKOB; N

- pewrndpupoBaKKe CHUMKOB, T.e. PAaCIO3HABAHUE U30BDAMEHHLIX TIpeme,
TOB MECTHOCTH W TIONYYEHNE UX HEOGXOAMMBIX XapaKTEPUCTHK; \

— ororpaMmeTpuIeckue paGoTr. .

B HacToslee BpeMAa WMUPOKOe NPUMEHEHWE WMET q:o-rorpammei‘pw{ecxue

CTaHUuy, KOTOPbIe o cTPOTUM hopMynam cTepeodoTOrpaMMeTpUU NIO3BONAIT 06-

pabaryiBarh UMGpPOBLE CHUMKM, TONYYEHHbE HEOCPEACTBEHHO LnbpPOBLIMU Ka-

MepaMu UIn TIONYYEeHHEIE C TIOMOLbI0 CKAHEPOB M3 OBLIYHLIX GOTOCHUMKOB.
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Pazaea 1. MHxeHepHO-recaeandeckue U3LICKaHMS

Tororpadmyeckne KapTsl ¥ MNAHb CPABHUTEABHO HEBONBUUX YIACTKOB MECT-
HOCTW TIONY4AIOT CleAyomuMm criocobamu.

TeodonumHas CbeMKd, KOTOPAsA COCTOMT W3 TONEBLIX YINOBLIX U NMHEWHBIX
W3MepeHU#, TI0 KOTOPLIM B KAMEPaNbHbIX YCNOBUAX ONPEAENAIOT TIONOKEHWE TIpef-
METOB MECTHOCTM OTHOCUTENAbHO BEPLIMH W CTOPOH TEOAONUTHOTO X0Aa, T. €. CO-
J[A10T KOHTYPHBIW IIAH MECTHOCTY, Ha KOTOPOM 1306pa¥aioT MpeAMeThl MeCTHOC-
1 (cuTyauuio) 6es penseda.

TaxeoMempuyecKkas CbeMKa — METOJ| CO3AANNA TOTOrpaduUIeCKUX TULAHOB MeCT-
HOCTY IO Pe3y/IbTaTaM YIIOBLIX X NIMHENHBIX U3MEPERUA HA MECTHOCTV OTHOCKTENb-
HO BEPIIMH U CTOPOH TaXeOMETPUYECKOTro xona. IIpu TaxeoMeTpuyeckoit cheMke nna-
HOBOE W BBICOTHOE ITOJI0)XEHUEe TOYEK B OCHOBHOM OTIPEAeNAI0T MeTOnOM NPOCTPaH-
CTBEHHBIX TIONAPHBIX KOOPAUHAT, T. €. TYTeM HaBeneHuA TIepeKpecTua HUTeH Ha Peit-
KY, MOCTABNEHHYIO HA OTPe/ieNeHHYI0 TOUKY, U U3MEPEHUA TOPU3OHTANbHLIX YTIOB C
BEDLIMHOW B TOYKE TAXCOMETPUYECKOTO XOAa OTHOCUTENEHO ONIOPHOM MMHUK (CTOPO-
HbI TAXEOMETPUYECKOTO XOAa), BEPTUKANBHEIX YT10B OTHOCUTENBHO FOPU3OHTANILHOM
I0CKOCTY, IPOXOAALIEH Yepe3 BEPLIUKY YT, U PACCTOAKUA A0 CHUMAEMOT TOUKM.

Men3ynbHas cbemka — CIOCO6 cO3paruUsA TOMOrpadUuecKUX KapT W NNAHOB B
TIONEBHX YCNOBUAX Ha MEH3yNe, COCTOAEH U3 LITATUBA, MOACTABKYU U TUIAHLIET],
nyTeM onpeAeNeHus MONOMEHUA W BHICOTH TOYKW NONAPHBIM MeTOAOM. M3Mepe-
HWA BHIONHAIOT KUIIPEreneM, COCTOALNM U3 3pUTENbHON TPYOHI, BEPTUKANLHOTO
Kpyra, CMOHTUPOBAHHBIX HA KONOHKE, KOTOPaR 3aKpelUleHa Ha JIuHewKe, CKOLIeH-
HBI/ Kpait KOTOPOW Napannene BU3UPHOM ocu Tpybbr. [lepexpecTue CeTKU HUTen
HABOAAT Ha OTIPefieNsieMylo TOUKY (PeitKy), IIPU ITOM CKOLIHHbI Kpan JMHeRkn
AOTKEH POXOAUTb Yepe3s n3obpaeHne Ha NAHWETe TOYKU CTOAHUA MEH3YNLI;
HUTAHBIM JaNbHOMEPOM UIMEPAIOT PACCTOARUE, IDUBOAAT €TI0 K TOPU3OHTANILHOMY
TIPONOKEHWIO W OTKNAALIBAIOT B MAacWITabe NMNaHa OT TOUKU-CTAHLUU Ha TIaHIeTe
110’ HaTPaBNEHNIO CKOLIEHHOrO KpaA NMHEWKU W TakuM 06pa3oM MONYIAIoT onpe-
nenAeMyl0 TOUKY Ha naxuere.

BbICOTE TOMEK HAXOAT NYTeM U3MepeHUA BEPTUKANLHOTO YIa, BLICOTbI pubopa
¥ BBICOTHI BU3UPHOM Lienu, Tio popmyne (1.20).

Husenuposarue nogsepxHocmu — oauH u3 cnoco6oB Tonorpaguyecxoit crem-
KW, TTPU KOTOPOM Ha MECTHOCTM TIO OTIpef\eNeHHOMY NTPABUIY PACIONaraloT TOUKK,
BLICOTbl KOTOPHIX OMPeAensioT FeoMeTpuIecknm Husenuposaruem. HanbGonbuee
NpaKTUIecKoe IPUMEHEHWe UMEeT METOA KBajpaTOB U METOj Marucrpanei c mo-
nepeyHsiMu Tpodunamu. Co3parue MnaHa Mo pe3ynbTaTaM HUBEAUPOBAHUA MO
KBaApaTaM HAYMHAIOT C Pa3buBKy B 3apaHHOM MacwTabe CeTkn KBapPaTOB, ¥ KaX-
A0 BHIMUCHLIBAIOT OKPYTAEHHYIO A0 CaHTUMeTpa Bhicoty. Cornacko abpucy Haxo-
CAT W BHMEPYUBAIOT B YCAOBHbIX 3HAKAX CUTYALMIO, @ 3aT€M NYTEM UHTEPTIONUPO-
BaHUA TOPU3OHTANAMU n306panaloT penved.
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CﬂpGBOHHMK COBPEMEHHOro U3LICKaTeAs

1.3.2. TeomoauTHAA cheMKa

TeORONUTHY0 CheMKY 06LIYHO MCIIONB3YIOT IIPY CO3RARUN KOHTYPHLIX [NAKOB
KeGOoNbNIMX YYacTKOB MECTHOCTY. TIoNoXeHe TOYeK OTHOCUTENBHO OMOPHbIX TO-
eK W CTOPOK B NONEBHIX YCNOBUAX OTIPeAeNAIOT HECKONILKUMMU CTTOCOBaMu, OCHOB-
HBIMW U3 KOTOPHX ABJAITCA CREAyoLme.

1. Croco6 nepreRAUKYNAPOB UCTIONB3YIOT ANIA CHEMKW TOUYEK, PACTIONOKEH-
HbIX Ha OTKPBITO! MECTHOCTH B6AU3YM CTOPOH TEOAONUTHOTO XOfa. Nk onpepene-
HUA TIONOXEHNA YTNI0B 3AARNA Ky, Ky, K3 AOCTATOUHO OMYCTUTb Ha TMKMI0 23 Teozio-
JIMTHOTO XOpa MEPNIeHAUKYNAPH U U3MEPUTb PacCTOAHA dy, d,, d; OT TBEpROi
TOYKM 2 IO IMHUN TEORONUTHOTO X0Aa A0 OCKOBAHUA NMEPIEHAUKYNAPOB W BANHbL
TepNEHAUKYIAPOB Py, Py, P3 (puc. 1.20). Ilpu mocTpoenuu mnava mo nuxuu 23
TEOONUTHOTO XOAa, TONOXKEHNe TOUEK KOTOPOr0 HaHECEHO Ha NnaH, B MacmTade
TNaHa OTKNARHBAKT OTpesku d;, d,, d;, T.e. MOAYYAOT MONOKEKUE OCHOBAHMIA
NepNeHAMKYNAPOB, B KOTOPHX BOCCTAHABAWBAIOT TIEPNEHAMKYAAPH U TIO HUM OT-
KNafpBa0T B MacuITabe NnaHa 3HaYEHNA Py, P, P3 ¥ TAKUM 06Da30M NONYYAIOT Ka
NNaHe TOMKM Ky, Kp, Ky YTNIOB 30aHNA. COERUHMB 3TU TOWKY, UMeeM u3o6paxexie
JBYX CTEH 3BaHus, U306payerne OCTaNLHBIX ABYX CTEH NMOAYYANT, NPOYEPTUB NU-
HWW, TTapajnensHble KoK W KiK,. TakuM 06pa3oM, Ha Mnaxe NonyvaeM NONOMeHUe
30aHUA. AHANOTUIHBIM CIOCOGOM MOXHO TMONYYUTL M306paXeHne Ha naxe u nﬁy-
TUX 06BEKTOB MECTHOCTH.

ITepneHAMKYAAPL U3MEPAIOT PYETKOW, a PAcCTORHWE OT TBEPAOW TOUKM 70
OCHOBAHMA NePIIEHANKYNAPA OTCYNTEIBAIOT IO CTAZILHOM NENTE, YN0KEHKOM B CTBO-
pe NMHUM 23 TEOR0NUTHOTO XOAa C NOMOLIbIO TEON0NIUTA, YCTAHOBNEHRHOTO Hap, TOY~
¥oit 2. llpu HeGonbLION ANUHe MePIeHANKYNAPOB (He 6onee 4, 6, 8 M pU cheMKak B
Macwrtagax 1:500, 1:1000, 1:2000) ux BOCCTaHABAWBAIOT «Ha rnas». Ilpn Gonbumx
IIMHAX TIePTIERAUKYNAPOB IPAMO YTOJ CTPOAT 3KepoM (puc. 1.21), M Anuubt mep-
TIeHAMKYNAPOB NPU OTMEEHHEIX MacIITabax MOXHO YBeAUYUTb Bo 20, 40, 60 M.

113 3KepoB pasNUYHLIX KOHCTPYKLUIA Haubonblllee PaCTPOCTPAHEHWE NOAYIMUI
ABYX3eDKanbHbA 3Kep. BHYTPU METaNNMYecKoro Xopryca 1 ¢ MpAMOYroNbHbIMU
OKOLKaMu 2, TOJ, KOTOPLIMU Ha BHYTPEHHUX CTOPOHAX YKPernners 3epkana 3 mop,
YII0M ¥ = 45° OTHOCUTENBHO ApPYT Apyra. Yepes oxomrko HabmiopaTenh CMOTPUTHA
BEXy, YCTaHOBNEHHY Ha TouKy N. [lepememasn 3xkep ro naunun MN, HaXOpAT TaKoe
TIONOXenue, Korpa OTPaXeHHoe OT ABYX 3epKan mo6pameHme BEXW HaJ ToyKoi K
6yzner coBmapaTh C HarpaBieHWeM Ha BEXY B TOUKe N, UTO 6YNeT COOTBETCTBOBATH
MONOXEHWI0 3Kepa B BeplnHe MpaMoro yrna NxK, sty seplmmHy vepe3 cepeanHy
PYUKMU 4, KPIOYOK 5 MPOEKTUPYIOT OTBECOM 6 Ha NIEHTY (3EMHY10 MOBEPXHOCTD).

Ha pucynxe 1.21, 6 yron

¥ =180° - (90° - o) - (90° — B) =t + B,
58



Pasaer 1. UkeHepHO-reoae3n4eckme U3biCKaHWs

ayron

€=20+ 2B =2(cc+B),

=2y

Tpn y = 45° ¢ =90° 1. e. NkK (cM. puc. 1.21, a)

pasex 90°.

2, Crioco6 NMHENHON 3aceuKu WCTONb3YIT ANK
CHEMKM TOYEX TiyTeM U3MEPERUA OTPEIKOB Sy, S, C TOYEK
awnb (puc. 1.22,a). Toukn a v b Ha nuHKK 12 TeORONUT-

3

HOTO XOAA BHOGUPAIOT TaK, YTOGL YTON 3aCeuKu IpU on- 2
penenexHon Touke K 6bin B npenenax 30-150°, oTpes-
Ku 5y, 5, He mpessimanu 50 M. Ha nnawe cravana nony- Puc. 1.20. Cnoca6

YawT TOUKU A n b, U3 3TUX TOMEK KaK U3 LIeHTPOB pagu-

nepneHanKynapos

ycamu §; U s, B MacrTabe nnana NPOBOAAT AYTH OKPYK-
HOCTe#, NlepeceeHe KOTOPHIX A3eT NONOKEHNe TouKN K Ha mnaxe.

3. Croco6 MONAPHBLIX KOOPANHAT ABNAETCA Haubonee UCTIONB3YeMBIM TipU
cheMKe ToueK. [IpuHuMan TOUKY TEORONUTHOTO xopa 1 33 momioc (puc. 1.22, 6), a
MKW 12 — 3a MONAPHYI OCb, TEORONUTOM, YCTAKOBNEHHLIM Haj, TOYKo! 1, op-
HMM TIONYTIPUEMOM U3MEDRIOT YToil [3; & NANbHOMEDOM, NeHTOV WIW PYNeTKO! —
0Tpe30K s;. B Tabnuie 8 mpusepeHsl MaKCUManbKbie PacCTOAKUA B crocobe mo-
NRPEHIX KOOPAUHAT NIPU BHTONHEKUN TEORONIUTHOW ChEMKY.

O6LIYHO C ORHOM BEPWIMHBI XOfA
CHUMAIOT HECKONILKO TOEK MeCTHOC-
™, B 3TOM Cly4ae nenecoo6pasHo
JMMO TEORONUTa OPUEHTUPOBATL MO
IMHUK X0za 12, pns yero BpameHueM
anupapbl COBMEWAIOT HyneBble pene-
HUA IMMBA U anupaps!, 3aTeM 3aKpen-
NAOT anupapy U OTKPEUIAKT BUHT
numba W BpameHueM nuMba BMeCTe ¢
anupanon MepexpecTue HUTeh CeTkn
HaBORAT Ha TOMKY 2. CnefioBaTenbHo,
TIPU HABEJLEHUM Ha TOUKY 2 TEON0NNT-
HOT'0 XOAA OTCYeT N0 FOPU3OHTANBHO-
My Kpyry 6ypeT paBeH HyMo W Iipu
HaBepeHWN Ha TOMKY I oTcuer Gyner
paBeH ONApPHOMY yry [3;.

Puc. 1.21. 3xep
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Puc. 1.22. CxeMbl CbeMKM KOHTYPOB CNOCOGAMMU: @ — NUHEAHON 3aceuku;
6 — NONAPHBIM; 8 — YINOBO 3aCEUKHM; 2 — CTBOPOB

Tabnuya 8
MeTon onpeneneHns paccTosHMs PaccTosHUS 1O KOHTYpOB, M
1 Macwtab cbemkm [ T TR

Mpy U3MEPEHUM HUTSHBIM AANBHOMEPOM

1:2000 100 150
1:1000 60 100
1:500 40 80
TPk U3IMEPEHUIM NEHTON UMK ONTUMECKUM AANbHOMBPOM

1:2000 250 300
1:1000 180 200
1:500 120 150

CbeMKy METOROM TONAPHBIX KOOPAWHAT MOXKHO BBIIONHATL HE TOMBKO C -roq'ex:
TEO[0NMTHOTO X073, HO 1 € 06O TouKy Ha ero cropoxe. Ha prcyke 1.22, 6 3To-
TOyKa 1/, RONyYeHHas NyTeM OTKNAAbIBAHUA paccToaHua d’ = 11° B npaMoM u
06paTHOM HampaBneHnAX.

4. Coco6 YINO0BOM 3aCeMKU MCTONL3YIOT TP CheMKE YAANEHHEX TPYRHOKO-
CTYNHBIX MECTHHX NpeAMeToB (TPYOb, LIMMAYM, aKTEHHH u T. 1.). Onpepensemas
TOYKAa NONyYaerca MyTeM NepeceyeHUA HamNpaBJeHuit M3 ABYX u Gonee TOYeK
TEOQOINTHOTO XOAA (ANA KOHTPONA — He MeHee YeM C TpeX HanpasneHuit). Yras
By n B, (pyuc. 1.22, B) M3MepAIOT TEOAONUTOM, TIPU 3TOM YTON Y ITPU OTIPERENEHHON
Touke T ROMMeH GHTh B pepenax 30-150° (Haunyvuras 3aceyka [pu y = 90°).
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Pasaen 1. UHxeHepHO-reopesnyeckme U3bICKaHws

Pac-
N¢ ToukM Yron CTOSKHUe,
M
Cranums |
Tys 0°00
1 66 17 53,4
2 127 15 55,3
3 18051 56,3
4 21232 40,7
5 197 11 44,9
Cranuws Il
F 0°00"
6 31513 | 47,4 -
A Aye 7 8111 | 387
. Puc. 1.23: AGpuc Te0p0nMTHOM CheMKu 8 201 14 29,6

| " 5, Cmoco6 cTBOPOB 06HIYHO NPUMEHAIT KPM BHYTPUKBAPTANbHOW CheMKe,
KOraa CbeMKa OCHOBHLIX KOHTYDOB BbINoZIHEHA. CTBOPOM MOXET GHITb JIMHUA, CO-
eAMHANAA ABE TBEPAbe TOMKM WM ABA TBEPANX KOHTYpa (puc. 1.22,r). Myrem
TMNHEUHBIX U3MEpeHUi Ha NMHUM CTBOpA MONYYaAT TOUKW B, {’, U3 KOTOPHIX n-
HeWHOW 3aceyKoRt (MM APYTMM COCOBOM) MONYYAKT CHUMAEMYO TOuKy. Kpome
CbEMKM BCeX TOMEK CUTYaUMM ANA YTOMHEHUR COCTABIEHHOIO NNaHa BHINONHAWT
o6Mepyt o hacapaM BCex CTpoeHu#, 3a6opaM u T. n. Ha mepexpecTkax npoespos
N3MepAIOT AMAroHanbHEe PACCTOAHUA MEXAY YrlaMy KBAPTanos M WUPUHY NPO-
e3108. KORTponbHbe pOMepbl AENAKT MeXAY CMOTPOBLIMU KONOALAMMU TOA3EM-
HBbIX Kommynnxauuﬁ, MavTaMu, cron6amu BO3AYUIHHIX JINKUA CBABU U T. IT,

+ TIpu TEORONUTHOW CheMKe 3aMONHAETCA AGPUC — CXEMATUYECKUW MEPTeX, Ha
KoTopoM 1306paXaloT BepUINHLL M CTBOPL! TEORONUTHOTO XOAR, CHATYIO C HUX CUTY-
A0, 3aMUCHBAIOT PE3YNbTAThl YTIOBLIX U NMHEWHBIX u3Meperni (puc. 1.23). A6-
PUC COCTABNAIOT HEMOCPEACTBEHHO BO BpeMA CheMku. IIpu cocraBneruu abpuca Ha
HECKONbKUX JIUCTAX AOJKHO OBHTh MEPEKPHITHE U306pAKEHUA, T. e. MOCTeRYoN Uik
NUCT RONWEH HAYMHATBCA C TOYEK, KOTOPHIMM 3aKOHWYMICA NMpepblaymui. AGpnc
ABNAETCA UCXORHLIM JOKYMEHTOM ANA COCTABNEHWA IIaHa TEONONUTHOW CHEMKM,
TI03TOMY €r0 HYMHO COCTABJIATh YeTKO, aKKYPATHO, YTOGHI IipU ero UCKONb30BAHNM
e 6bU10 pa3HOYTEHUH U HEONPeaeNeHHOCTe,

KamepanbHsie pa6orst
Ha nncre nnoTHOW 6yMaru ¢ iomowplo koopannarorpapa, nureviku ®. B. Jipo-
GullreBa UV APYTMM METOROM CTPOAT PAMOYTONLHY0 CETKY KBAApaTOs CO CTOPO-
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CnpasouHuK COBPEMEHHOIo U3bICKAaTeAs

Hamu 100 MM. HanGonee RoCTYMHEIM CIOCOBOM MOCTPOEHUA CETKM ABAAETCA NPO-
BeQienMe Yepe3 None IMCTa ABYX ANArOHanew, OT NepeceyeHus KOTOPHIX OTKNAfbI-
BAIOT OAMHAKOBHE OTPe3KN. COEAMHUB KOHLB! OTPE3KOB, NOAYHAIT PAMOYTONb-
HUK, Ha CTOPOHAX KOTOPOro OTKNAALIBAIT CTOPOHLI KBAAPATOB, IIPU 3TOM KBaApa-
TH! OJDKHB PACTIONAraThCs TaK, YTO6H Mocne ux ouudpoBku n3o6paxenme Teoxo-
JIUTHOTO XOAA W CHUMAEMOr0 Y4acTKa 6bU10 PUMEPHO B CEpeAnHe nucTa byMaru.
TIo KOOPAMHATAM HAKOCAT TOUKM TEORONUTHOTO XOA3, & 3aTeM (N0 AAHHLIM abpuca)
COCTABNIRIOT TIAK, UCTIONB3YA YCNOBHBIE 3HAKM ANA TUIAHOR JAHHOTO MacuITaba,

1.3.3. Taxeomerpuyeckas cheMKa

TaxeoMeTpnyeckas CbhbeMKa UCMONb3YeTCA NPU CO3[aHUM Tomorpabudeckux
TZIaHOB HeGONbUINX TePPUTOPUit B Macmrabax 1:500-1:5000, korpa mpumeHe-
HUe PYInX MeTop0B He3hGeKTNBHO, ee YacTO UCTIONB3YIOT ANA ChEMKN ONOCH
NMHENHBIX COOPYXeH!: TpY6ONpPOBOROB, ROPOT, KAHANOB U T. I. IIpu cheMKe B
macmrabe 1:500 NMHWUN B TAXEOMETPUUECKMX XOAAX MIMEDAIOT 1IeHTOM. .

IIpn TaxeoMeTpUYECKOi CheMKe OTIPENensioT NNaHOBOE U BLICOTHOE NONOKE-
HUe TOYeK MECTHOCTM OTHOCUTENBHO MYHKTOB Ch@MOYHOr0 060CHOBaHUA. [Inano-
BOE TIONI0XKEHME OIPEAENAIOT NONAPHBIM CTIOCOGOM, @ BLICOTHOE — TPUrOHOMETPH-
YeCKNM HMBENUPOBAHWEM, TIPU ITOM DACCTOAHUE NIMEPRIOT HUTAHLIM JaNbHOMe-
POM, TOPU3OHTaNIbHBIE YIJILl — OTHOCUTENLHO OMOPHBIX NMHUN, BEPTUKANLHBIE —
OTHOCUTENbHO FOPN30HTANBHOW MNOCKOCTH, BCE U3MEPEHMA BHITIONHAIT NPU OA-
HOW yCTaHOBKE Peliky, YTO YCKOPAET BHIIONHEHUe CheMku (TaXeoMeTpus B rlepe-
BOAEe — OBICTPLIE U3MEPEHNA).

PaccTosHMe OT TOYEK TaXeOMETPUYECKNX XOA0B (CHEMOTHIX CTAHIMA) KO RU-
KeTOB U PACCTOAHUA MEMAY NMUKETaMu He JOKHM MPEBLIUATh AOMYCKOB, TpUBE-
DeHHbIX B Tabnuue 9. .

TaxeoMeTPUYECKYI0 CHEMKY 11eneco06pa3Ho BLIMONHATD 3NEKTPOHHBIMUM WK
HOMOT'DaMMHBIMU TAXEOMETPaMu, TO3BONAIOWMUMN aBTOMATUYECKU TIONYYaTh Ipe-
BBILIEHWA U TOPU3OHTANbHBIE TPONONKEHNA,

TIpu cheMKe MPUBOP YCTaHABAMBAIOT HAZ) OMOPHOM TOYKON (TOMKOW ChEMOMHOIO
060CHOBaHUA), PUBOPAT €ro B paboyee NONOKEHNE, T. €. LEHTPUPYIOT, FOPU3OHTUPY-
10T, YCTAHABNNBAIOT 3PUTENBHYI0 TPYOY «IO TNa3y» u «Io peameTyy. JIumb opueHTu-
PYIOT 1O ORHOMN N3 CTOPOH TaXeOMETPNUIECKOTO X0pa (CHeMOTHOM CeTH), TPUMbIKaI0-
WA K PAHHOW CTaHUmun. PYyNeTkod uau PeRKOR u3MepaioT ¢ TOYHOCTHIO A0 0,01 M
BBICOTY IpMBOpa i. HameualoT MMKeTE, PaCCTOARMA MEXAY KOTOPHIMU AlA Pa3NuHbLIX
MaciTaboB He NOMKHBL NIPEBLILTIATL BENUYNH, IPUBEACHHBIX B Tabnuue 9. '

TIukeTst, MAN PeeYHble TOYKYN, ROMKHB PACMONAraThCA Ha X3PAKTEPHLIX TOY-
Kax pensega u CUTYauum, NX HYKHO BHIONUPATh TIWATENbHO, YTOGH! MUHUMANbHOE
KONNYECTBO NMUKETOB NMO3BONWAO BLITIONHUTL CEMKY CUTYyauuu u penveda Ha
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Tabnuya 9
N oe Makc joe
Macuras | Ceme | o ona we. | npaoopa 5o ponr | npasopa ao pon
' XOY MMKETAMU, M | NpK CHEMKS perb- | Npu CbEMKe KOHTY-
eda, m poe, M

1:5000 0.5 60 250 150
1,0 80 300 150
2,0 100 350 150
5.0 120 350 150
1:2000 0,5 40 200 100
1,0 40 250 100
20 50 250 100
1:1000 0,5 20 150 80
1,0 30 200 80
1:500 0,5 15 100 60
1.0 15 150 60

DaHHOM cTaHUMU. Peliky nmooyepeHO YCTaHABAMBAIOT Ha TIMKETSI, IO peiike pn
OJIHOM NONOKEHWUU BEPTUKANBLHOTO KPYTa ONPEAENAT AaNbHOMEPHOE PacCToR-
Hue D n 6epyT OTCYeTH MO FOPU3OHTAaNbHOMY W BEPTUKANLHOMY KpyTaMm (TIpu
kpyre IT v JI) n 3amMChiBAIOT NX B XYPHAN TAXeOMETPUYLCKO CheMku. TIpu name-
PEHUM BEPTUKANLHOTO YTNa NMepeKpecTne HUTEH CeTKN HABOAAT Ha OTMEYEHHYO
Ha pefike BLICOTY MPuBOpPa { MW HA BepX Pewkn. ECAu MUKET ABNAETCA TONBLKO
KOHTYPHOW TOYKOW, TO BEPTUKANbHbIA YTON HE U3MEPAIOT.

TIpn chbeMke PaBHUHHOM MECTHOCTY 11e1eC006Pa3HO OTMETKM TMKETOB ONpe-
DEeNATb METOAOM FeOMETPUYECKOTO HUBENUPOBAHUA, ANIA YEro Ha 3PUTENBHYIO TPY-
6y NPUKPENNAT YPOBEHB, TYTEM MOBEPKN M 10CTUPOBKW BUIUPHYIO OCh TPYEH
YCTaHaBAMBAKT NMapaj/ielbHO OCU LMIMHAPUYECKOTO YPOBHA. MHorpa papom ¢
TEOA0NUTOM JCTaHABAMBAIOT HUBENUD, TEOAONNTOM ONIPEAENAIOT NAHOBOE TI0N0-
EHUe IIUKETOB, a HUBEAUPOM — UX OTMETKM, TIPU 3TOM ONPeAENAIOT IOPU3OHT
npubopa (Huneenupa)

Mm=H,, +a.,
rpe H,,,. — OTMeTKa CTaHluK; @, — OTCYET IO PefiKe, yCTAHOBNEHHOM Ha CTaHLUMU.
B sTom cayyae
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CﬂpOBCNHMK COBPEMEHHOIo U3biCKaTeAs

He«Ill-a,

TAe @ — OTCYET N0 peiike, YCTAHOBNEHHOW HA MUKETe,
TIpeBbintenue A OMpenenAwT o AajibHOMEPHOMY PACCTOAHUIO U YITY HaKNOHA
V, UCTIONb3YA HopMyny

h=%Dsin2v+i—1=h’+i—1,

rie b’ = 0,50sin2v. OTMeTka nMukera
H=H,, +i-l+h =H,, +H,
rae Hop =Hgp +i-1.
Ha kampo# cTarnun HeoGXOMMMO ONpefenaTh MecTo HyAA (M0) BepTvKanbHo-
ro Xpyra. Ecnv MO 1e mpusenu K BenuuuHe, 61M3Ko1 K HYNIO, TO €ro OKPYINAT A0

LeBIX MMHYT W YTroN HakKNOHA ONPEAENAIOT O (POPMYNE, COOTBETCTBYIOWEN KOH-
CTpyKuuwm Teoponura. [ina reoponura 2T-30
v =J1-M0=M0-1I=05(I-I);M0=05(+1I).

BuiumcneHus nenecoofpasHo BHINONHATL HA MUKPOKANLKYNATOPE.

B rabnuue 10 npuBepeH xypHal TaXEOMETPUYECKOM CHEMKU.

CbeMKy ITUKETOB 11€71eCO06pa3Ho BLIMONHATL MO Mepe BO3PACTaHUA FOPU3OH-
TIbHEIX YT7I0B. AGPUC TaXeOMETPUYECKOM CheMKU (KDOKU) BEAYT ONHOBPEMEHHO C
XypHanoM. Ha abpuce (puc. 1.24) OKa3bIBAKOT MONOKEHUE CTAHIIMM, HATlpaBIEHKe
Ha MpefbAyLYIo U MOCNEAYIOWYI0 TOYKM TaXeOMeTPUYeCKOro Xoaa, MonoXeHue
BCEX NMUKETOB, NX 0603HAYAIOT TEMW e HOMEPaMK, YTO W B XKypHane. Curyanuio
“306paXaloT YCNOBHBIMW 3HaKaMu, penved — ropusoHTanaMu, Mexay Toukamu
CTpeNKaMy OKa3biBalOT NOHWKEeHUe penbeda u BOIMOKHOCTb UHTEPIIONUPOBAHNA
TOPU30HTANEN MEXKAY 3TUMU IIUKETAMM.

Tlocne oxoMyaHus paGoTH HA CTAHLUYM MPOBEPAIOT OPUEHTUPOBAHUE NUMGA
TEORONMTA, BUUPYA HA NMpPEAbIAYIYIO0 TOYKY XoAa. Ecnv orcyer oTauyaerca or
HayanbHOro 6ojnee yeM Ha 5’, CbeMKy Ha 3TOW CTaHLUM NlepeaebiBaloT. [Ina KOHT-
PONA HAa KAXAOW CTAHUUU ONPEAENRIOT HECKONbKO IIUKETOB Ha MONOCE CHEMKU ee
CMEXHOW CTaHnU.

TlocTpoenue nnaxa no pesynbraTaM TaxeOMETPUUECKOW CHEMKU HAYMHAIOT C
BbIYEPYUBAHUA KOOPAMHATHOM CETKU M HAHECEHUA IO KOOPAUHATAM TOYEK XOAa.
TIpaBunbHOCTL HaHECEHWUA TOYEK KOHTPONUPYIOT MO ANIMHAM CTOPOH MEXAY TOYKa-
MW, BHIPAKEHHBIMU B MACIITaGe [1aH3, OHU He ROJKHB OTIMYAThCA OT COOTBET-
CTBYIOWUX PACCTOAHUN Ha TU1aHe Gonee yeM Ha 0,2 MM.

Tlocne 3TOro C MOMOWBIO TPAHCNOPTUPA, MACITAGHOW JIMHENKU W LUPKYNA-
W3MEPUTeNA N[O AAHHLIM KYPHana HaHOCAT Ha NnaH MukeThl. HampaBnenws Ha
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PasaeA 1. MH)KeHepHo-reerswecme U3bICKAHUA

Tabnuya 10
Dara Teoponut 2T-30 Cranyua II. Buicota mpubopa
Habmopatenb ___ i=1,46 m. OTMeTKa CTaHUUU
H., =131,15 M. MO = +2°
OrtcueTsl no
Ortcuer Kpyram s s
no  |ropuaoH s |p= D -~ < o
Touka| pane- | rane- BSPC|© ~ 2 L + H
Hovepy. | wowy | 200 g Sintv, m R ¢
[ Il 2 [ n 2
o ¢ o - © - < x =4
Cr. 1 000 |Kpyrn
pas-
1 474 1731 (2 04 | 202 | 473 -1,68 13,00 -3,22 | 127,9 | sBunka
popor

2 118,7 | 56846 { 1 14 | -112 | 1187 | ~2,49 |3,00 | —4,03 | 127,1 | popora
3 977 | 63156 {2 17| -215| 97,5 | -3,83 |3.00 | -5,37 | 125,8 |penved
4 81,6 110317{ 0 10| -008 | 815 -0,19 | 3,00 | —1,73 | 129,4 |penbed,

ypes
5 | 1447 | 15911 |2 12| 210 | 1445 | -547 |300{ -7.01 | 124,1 | soaw

pexu

Cr.1 000

Puc. 1.24. ABpuc TaxeQMeTpUYECKO ChEMKM
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CnpaBO4HUK COBPEMEHHOMO U3bICKATEAs

TIAKETHI CO CTAHLIUM HAHOCAT IO TPAaHCOpTUpy. Hanmpumep, mpu CheMke o CTaHIMU
II OpueHTMpOBaHUE MMMOA BHITONHEHO N0 MKW II-], TPAaHCIOPTUD IPUKNALHIBAIT
LeHTPOM K TouKe II mnaua, a orcyeT 0°00" coBMemawT ¢ nuumnent II-I. Otnoxms
17°3r, nonyvaT HamnpasleHUe Ha NTUKET I, IO KOTOPOMY OTK/AALIBAIOT OT CTAHLMW
II ropu30HTaNbHOE MPONOXKEHWe 47,3 M B MacuTabe naaxa. AHAROTUHLIM 06pasom
HaHOCAT W fpyrue MUKeThl. JUIA YCKOPEHWA 1eNecoofpasHo CHayana HaHeCTu BCe
Hamnpas/eHWA, TOAMUCHIBAA Y KaXAOTO HOMEp MUKeTa, 3aTeM POuepTUTb Hampasle-
HWA U 10 HUM OTI0XUTh TOPU3OHTA/IbHbIE TPONOKEHUA B MacuITabe nnaxa. Panom ¢
TIONYYEHHHIMU TOYKAMU U3 XYpHaNa BHITUCHBAIOT OTMETKU ITUKeTOB. II0 OTMETKaM
CTaHLWA U TUKETOB TPOBOAAT FOPUIOHTANN C IPUHATHIM CEYEHUEM.

KonTypht v penbed Ha mnawe BLMEPYUBAIOT TYUILIO COMIACHO YCNOBHBIM 3HA-
kaM. Hap ceBepHOit paMKO# Aeal0T HAAMUCD, XaPAKTEPUIYIONIYI0 YHACTOK MECTHOC-
™ (ero Ha3sanue), Hanpumep, «Tonorpaduyeckuit Maar nocenka Jlyy, nocTpoex-
HBIA MO MaTepuanaMm TaxeoMeTPUYECKOM CheMKWy, Hajl IXKHON PaMKON MOAMUCHIBA-
10T YUCTIEHHDIA MAcuITa6, BHICOTY cevenus penbeda, pu HeOGXOAUMOCTU BLIYEPIU-
BAIOT IMHENHBIA MaclwTab n rpaduk 3aN0MeHuit.

ABTOMaTU3aLUA TaXEOMETPUYECKOM CHEeMKU CBA3AHA C ITOAB/IEHUEM 3/1eKTPOH-
HEIX TaxeoMeTpoB (3T). 3T ycTaHaBAUBAIOT HA CTAH1IMM, HA ITUKETAX CTABAT CleLu-
a/bHble BEUIKU C OTPAXATeNAMY, IPU HABEAEHUU Ha KOTODLIE aBTOMATUYeCKU OI-
PERENAIOT PACCTOAHWE, FOPU3OHTA/ILHYIA U BEPTUKabHbIA yrabl. MukpoIBM raxe-
OMeTpa Mo pe3ynsTaTaM U3MepeHuit BHYUCAAET IPUpPaleHNe KOOPAUHAT AX, Ay n
TpeBbIlleRue h ¢ yYeTOM BCEX [ONPABOK. Pe3y/nbTaTsi U3MEpeHW! MOTYT BBOAUT-
CA B CrenuanbHOe 3aMoMUHAoNlee YCTPOMCTBO (HaKomuTenb undopmanuu), u3
KOTOPOro uK(popMaLua nocrynaet Ha IBM, u 1o cnepmanbHoit mporpamMme BHION-
HAETCA OKOHUATeNkHas 06PaBoTKA Pe3yNLTaTOB U3MEDEHMit ¢ TIONYYeHUeM fa-
HBIX, HeOOXOAUMBIX ANIA TOCTPOEHUA UMGPOBOA MOAEIN MECTHOCTH WU TOTIOTPa-
¢uyeckoro nnana. Ipadguyeckoe nso6paxerue TonorpapuyecKoro naaHa Moxer
GLITb BBIMONHEHO rPadONOCTPOUTENIEM, COGRUHERHAIM ¢ IBM.

1.3.4. MenayabHas cbeMKa

JinA co3nanuA TOMOrpadhuUYecKoro faana MeCTHOCTY C TIOMOLbIO Meusynbnofa
CbeMKM UCTIONb3YIOT MEH3YAY U Kumpereis (puc. 1.25). Mensyny ycranasausaoT
HaJ CTAHLMeN, OPUEHTUDPYIOT U LLIEHTPUPYIOT, T. €. LeHTPUPOBOYHOM BUNKO U306-
Paxexue CTAHLMW Ha TUIAHNIETe W ee NIONIOKEHUE HA MECTHOCTU Pacrionaraioy Ha
OZ\HOW W TOW e OTBECHOW NUHUU. [IpY OPUEHTUPOBAHUM MIAHIIET TOBOPAIUBAIOT
TaK, YTOOL IMHUU MEXAY OTIOPHLIMU TOYKAMU Ha [/IAaHUIETE U UX TOPU3OHTaNbHEIE
TPOZIOKEHUA HA MECTHOCTY 6bUIu NapannenbHy Mexay co6ow (puc. 1.26).

JinA OpUeHTUPOBAHUA CKOLIEHHBIA KPai IMHEAKU KUNpereis NPUKNAAbIBaOT
K IMHWY ab Ha nnanileTe, MeH3yny NOBOPAuMBAIOT A0 COBMAAEHUA MEPEKPECTUA
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Puc. 1.25. YcTpoitcTBo
MEH3yNLl U Kunperens:
1— wrarus; 2 — noa-
CTaBKa; 3 — naadwer;
4 — Kkunperens;
5 — Byccons;
6 — LeHTPMPOBOYHAA
BuAKa; 7 — oTsec

Puc. 1.26. Cxema MeH3yNbHOMK

! CbeMKM

i
HuTen TpyO6bt Kumperena ¢ Toykon B Ha MecTHOCTY. [loce OpUEHTUPOBAHUA TPO-
BEPRIOT LEHTPUPOBKY NPUBOpa ¥ Py HEOGXORUMOCTH, OCOBEHHO NPU KPYITHOMAC-
wTd6HON CHEMKE, KOPPEKTUPYIOT L|eHTPUPOBKY.

‘TInanoBoe MONOMEHWUe TOMEK MECTHOCTM ONPEAE/AIOT MOAAPHHIM COCOGOM
rpaguyecku MyTeM HaBeZieHWA IePeKPeCTUA HUTEI 3pUTE/LHOI TPYObL KuIperens
Ha [IMKET, TP 3TOM CKONIEHHbIH Kpai NMMHe!Ku AO/KEeH COBMAAATb C U306 pameru-
€M CTaHIWU Ha Mnanniete, Onpenenus PacCTORHUE D HUTAHEIM AanbHOMEPOM, BH-
YUCAVB FOPU3OHTANBLHOE TPOIOKEHUE U OTI0KUB ero B Macurrabe IiaKa oT CTaH-
1IMU 10 HANPaBNEHUI0 CKOLWIEHHOTO KPas IUHEWKY, MONYYaT Ha NNaHIIeTe Nojo-
erue nukera. OnpenenvB NpeBLILIEHUE U, B UTOTE, OTMETKY IIUKETa IO METOANKE
TaXeoMeTPUYeckoi cheMKu, MOANMUCHIBAKT ee BEUYURY Y muKera. Takum croco-
60M NoNYyaloT Ha MA2HUIETe XapaKTePHble TOMKU CUTYAL U U Penbeda, YCI0BHbI-
MY 3HaKaMu U306 paXaIoT CUTYALIUIO, & FOPUIOHTANAMU — Denbed MECTHOCTH.

Kpone nonaproro cnoco6a npu onpefeieHuu NIaHOBOTO NONOXKERUA TO¥eK
TIPUMEHAIOT METOZ YTIOBHIX 3aceveK. IIpesbillenue h B 3TOM ciyuae ONpeRenAnT
no popmyne

h=dtgv+i-1+f,

67



CI‘lpGBOHHMK COBPEMEHHOMO 13biCKATeAs

rae d — COPU30HTaNbHOE MPOTIOKEHNE MEXAY CTaHIMe! U IUKETOM, U3MEDRIOT Ha
TaHWeTe 1 € yIeTOM MaclTaba NnaHa OnpefensioT ero 3Ha4YeHne Ha MeCTHOCTH;
v — yron Haknowa. IIpu 3TOM MOXHO HAaBOAUTb NEPEKPECTUE HUTEM Hemocpep-
CTBEHHO Ha TOMKY MECTHOCTH, T. €. BHIMONHATb CbeMKY 6€3 y4acTuA peiku, B 3TOM
cnyvae 1=0.

MeH3ynbHas CbeMKa C OAHOBDEMEHHOW CheMKOW CuTyauuu u penbeda B Ha-
CTOAWLEE BPEMA IPUMEHAETCA PEAKO, OOLIMHO ee UCMONb3YIOT ANA CheMKH penbeda
Ha TOTOBLIX KOHTYPHBIX NNAHaxX nnu GoTonnaHax (KOMGMHUpPOBAHHAR CHEMKA).

1.3.5. HusesupoBaxme noBepxXHOCTH

Toniorpahuyeckyio chbeMKy HeGONbIINX YIAaCTKOB PABHUHHOW MECTHOCTY C He-
GONBIWNM KONUYECTBOM KOHTYPOB IPU BHICOTE CeueHus penveda yepes 0,1; 0,25;
0,5 M BLUTONHANT HUBEIMPOBAHUEM NIOBEPXHOCTU MO KBAaApaTaM, MPAMOYTONbHYU-
KaM, XapaKTepHbIM TUHUAM penbeda n T. . OTMETKM NUKETOB BO BCeX Crocobax
OMpeaenAloT PeOMeTPUYECKUM HUBEAMPOBAHUEM, PA3AUNe COCTOUT B METOAE O-
PeneneHus MaHOBOTO MONOXEHUA TOYEK.

TIpu HUBEAUPOBAHUU 1O KBAAPaTaM TEOAONUTOM U MEPHLIM MPUGOPOM HA Mec-
THOCTY pa361BalT CETKY KBAAPATOB, B BEPLIMHAX KBAAPATOB 3a6UBAIOT KONBILKY.
CHavana cTpoAT KBaaparsl o cropoHamu 100, 200 unu 400 M, a saTeM NoayvawT
6onee Menkue KBajpaThl CO CTOPOHAMW 40 M Npu CbeMke B Macwrabe 1:2000,
20 M — Tipu chemye B Macmrade 1:1000 v 1:500. Tipu pas6uBke KBanparos BHINON-
HANT CbEMKY CUTyauuu. Peaynbratht cbemkn Gukcupywot B abpuce (puc. 1.27).

HuBenup ycTaHaBAMBAIOT TaK, YTOOL! C MEHbIIETO KOAWYeCTBA CTAHUUM Bbl-
TIONHUTD CHEMKY BCETO YYacTKa. YCTaHOBUB HUBENUP Ha cTaHuuu I, 6epyr oTcyer
N0 peWKe, NOCTABNEHHOW HA OMOPHOW BLICOTHOW TO4YKe (Hampumep Ha Pm I) u
BBHIYUCARIOT

I'll=Hpn+a,

rne Hpn — OTMETKa Pemnepa; a — OTCYET N0 Peltke, YCTaHOBEHHO ! Ha penepe.

Y HOMEpOB BEpLIMH KBAZPATOB BEIMUCHIBAIOT OTCYETHl MO PEVKaM, YCTaHOB-
JIeHHBIM Ha HUX, B a0pUCe WITPUXOBBIMU NMHUAMYU TTOKA3HIBAIOT, HA KaKue Beplu-
Hbl XBaADATOB BLITONHEHO HUBENUPOBAHUE C AAHHOW CTaHUuu. OTMETKU BepUIUH
KBAApaTOB BHYUCAAWT NO Gopmyne

H=IT—a, .

Tlono6xbIM 06pa30M BLIMONHAT HUBENUPOBAHUE U C APYTUX CTAHLMNNA € 064~
3arenbHbIM onpepenetuem [Tl Ha KaKAOW CTAHLMU MO OMOPHLIM BHICOTHBIM MYHK-
TaM Wiu CBA3YIOWUM TOUKaM. C KaXpoi Mocneayioueil CTaHuMu HUBENIUPYIOT He-
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Puc. 1.27. AGpUC HUBEAMPOBAHUA NOBEPXHOCTY NO KBAAPATaM
(cTpenkamn nokasaHo HanpasneHue CKaTos)

CKOZIBKO CBASYIOWNX TOYEK, IPU 3TOM (CM. puc. 1.27) a, + b, = a, + b;, pacxoxne-
HUE MEXAY 3TMMU CYMMaMu He I0JKHO MpessiaTs 10 MM.

IIpn KuBenupoBaHUK IO NapannenbHbLIM TMHUAM NPOKNAALBANT Napan-
7ieJIbHBe MarucTpaibHble XOAbl, YaCTO TMO XapaKTEPHLIM NUHUAM penveda, mo
06e CTODOHE! OT KAXAOTO X0Aa Pa36uBalOT MEPMeHAUKYNADHbIE NMHMM (Tome-
peuruku). Ilo XopaM W nomepeusuxam uepes 40 M mpu chemke B Macwrabe
1:2000 n 20 M — mpu cbeMKe B MacmiTagax 1:1000 u 1:500 3aKpennA0T NUKeTH
W CHUMAKT CUTYauui0. BLICOTH TMKETOB ONMPERRNAIOT FEOMETPUYECKUM HUBENU-
pOBaHUEM.

1.3.6. LutpoBrie n MaremMaTHyecKHe MOJEJH MECTHOCTH

B mocnenHve ropbl B CBA3U C NEPEXOAOM HA aBTOMAaTW3WPOBAHHLIE METOAB
MpPOEKTUPOBAHUA KPOME TOMOrpaduyeckux MNAHOB M KApT HA GyMaXHBIX HOCUTe-
JIAX WIUPOKO UCMOJB3YIOT LU(POBLIE Y MaTeMaTUyeCcknue MOAENU MECTHOCTH.

Iindposas Mopens MectHocTh (IIMM) — MHOXECTBO TOYEK C KOOPRUHATA-
MM X, Y, Z M Pa3NMYHBIMU KOROBLIMU 0603HAYEHUAMM ANIA ANTPOKCUMALUY penbeda
MECTHOCTY ¥ ADYTWX XapaKTepucTux. B 6onee oblieM cnyyae uCronb3yioT covera-
HWe uudPOBIX MOAenew, XapakTepuayomux cutyauuio, pensed, rupponoruyec-
KUe, MHXEeHePHO-Te0NI0TUYeCKUe, TEXHUKO-IKOHOMUYECKUe U ApYTUe NoKa3aTenu.

TIpu peweHun pasnu4HbIX 3afay Ha IBM uCmonb3ylOT MaTeMaTUYecKylo UH-
Teprnperaynio uMApoBLX MOAENEN, ee Ha3BIBAWT MATEMATUYECKOH MOAeEnbIo
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mecrHocTv (MMM). IIMM u MMM ucnonb3yioT KaK UCXORHYIO MHGOPMAUUIO Ipn
aBTOMATU3UPOBAHHOM MPOEKTUPOBAKUM, IPU ITOM 3aTPATH TPYAA W BpEMEHU CO-
KpallaloTCA B AECATKW Pa3 MO CPABHEHWIO C UCTONIb30BAHUEM ANA 3TUX Lienei
TOTIOrpaMyecKux Kapr.

IIpn undpoBOM MONENUPOBAHUU MECTHOCTU MOTYT WUCIONb30BATLCA PErynAp-
Hble, HeperynspHele u cratucTudeckue [IMM [19].

Perynapusie IMM COCTOAT U3 MHOXECTBA TOYEK C U3BECTHBIMU KOOPAUHA-
TaMW, pACMONOKEHHLIX B Y3NaX TeOMETPUUECKUX CETOK Pa3nuYHOU GopMul, Yame
B BURe CeTU XBappaTOB (puc. 1.28, @) WAM PaBHOCTOPOHHUX TPEYrONbHUKOB
(puc. 1.28, 6). Ucnonn3yloT Takxe [IMM Ha momepevHMKaX K MarucTpanbHOMy
xopy (puc. 1.28, 8).

Ecnv Ha paitoH paboT UMEIOTCA KpYMHOMAcCIITabHbBIE KAPThl M INAKM, TO CO3Aa-
tor [[MM B Bupe MaccuBa TOYEK, PACTIONOKEHHBIX Yepe3 ONpefieNeHH e UHTepBa-
NIkl Ha TOPUIOHTANAX, TyTeM MepPeMeleHUA BU3Upa AUrnrainiepa Mo FOPU3OHRTANM
(puc. 1.28, 2). LinA 3T0M e 11enu MOTYT UCTIO/b30BATLCA CTepeoOoTOrpamMmeTpuyec-
Kue Mpubopw!, KOPAA MACCUB TOYeK GOPMUPYIOT B POLECCE PUCOBKU TOPU3OHTaNEN.

Kpome TOTO, MCIONB3YIOT MACCUBB! UCXORHBIX TOMEK, PACIONIOMEHHEIX MO Xa-
PAKTEPHbIM TOUKAM penbega MecTHOCTU (puc. 1.28, 9), korna Mexpy napoit cocenHux
TOYEK BO3MOXHA IMHENHAA UHTEPNONALUA BLICOT.

Cratucruyeckue MM COCTOAT U3 MacCUBA UCXOAHHX TOYEK, MONYYEHHHX TTO
3aKOHaM CNYYaHOro pacnpeneneHns, 61M3KOro K paBROMEPHOMY, C UCTIONb30Ba-
HUeM HeNWHeWHOW WHTEPNONALMU BLICOT MOBEPXHOCTAMW BTOPOTO, TPETHETO U
7. Ai. OPARKA.

[udposoe n MaTeMaTUYeCKOE MORENNPOBAHUE CYNECTBEHHO U3MEHUNO METO~
B! M3BICKAHUA U TPOEKTUPOBAHUA CTPOUTENBHBIX O6BEKTOB,

1.3.7. Tonorpagmueckas cremka B macumrate 1:200

Heo6xopumocTb uMerh Tonorpaguueckue nnaxs macmraba 1:200 ceasaxa ¢
MNOTHOM FOPOACKOM 3aCTPOVKON B KPYIHBIX POPOAAX, C POEKTUPOBAHUEM 06BEK-
TOB Ha AeNCTBYIOWUX TPEATIPUATHUAX, C GONBIION HACHILEHHOCTbIO TOPOACKUX TEp-
PUTOPUT TOAIEMHHIMU KOMMYHUKALUAMMY, C TOTPEGHOCTAMU FOPOACKOro KafacTpa,
B CBA3W CO CTPOMTENLCTBOM W PEKOHCTPYKUUEH KPYIHHIX MPOMBILINEHHEIX pen-
TPUATUN U T. T .

Cornacro [4] «romorpatdmyeckas cbemia B Macurrage 1:200 BHINONHAETCA Ha
OTAENBHBIX YYacTKaX MPOMBILIZIEHHHIX PEAPUATUA U Ynul (Tpoe3noB, epexo-
N0B) POPOAOB C IYCTOM CETbI0 MOA3EMHBIX U Ha3eMHBIX COOPYKEHMIA, Ha yyacTKax
€O CTIOXHBIMU PUPORHBIMU Y TEXHONPUPORHLIMU ITpoueccamu u Ap. Texnuveckue
TPeGOBAHMUA K €€ BHUTONHEHUIO ROMIKHEL YCTAHABANBATLCA B 3afaHNYU 3aKa3uuKan.
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a 5
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Puc. 1.28. CxeMbl 1 pOBLIX MORENEH MECTHOCTY

B pa6ote [15] mokasano, yTo: «1) CKO nonomexns MyHKTOB MNaHOBOM Cbe-
MOYHOM CeTU OTHOCUTENILHO MYHKTOB TOCYRAPCTBEHHOW reOAe3UMECKOi ceTH u
reone3nyeckux CeTei CryNeRUA He AO/KHbI PEBLINIATh HA 3aCTPOEHHOM! TeppH-
TOPUU BENUMHMHEL.. 25 MM; 2) CKO ompenenerus BECOT IYHKTOB (TOYeEK) CHEMOY-
HOW TEOAe3UYECKOW CeTU OTHOCUTENLHO GNUKAMIINX pentepoB (MAPOK) OMOPHOR
BHICOTHOW CETU He NOMKHb NMPEeBHIIaTh B PaBHWUHHOA MECTHOCTM... 3,1 cM mpu
BLICOTe CeveHus penbeda 0,25 M; 3) CKO B3auMHOro NONoOKeHUA Ha NiaHe 3aK00p-
AVHUPOBAHHbIX TOYEK ¥ YINIOB KAUTaNbLHLIX 3RaHUM, PACTIONOKEHHBIX HA PacCcTo-
AHUU A0 50 M OBMH OT APYTOro, He AO/KHMI MpeBIIaTh... 50 MM; 4) CKO chemku
penveta OTHOCUTENBHO GAMKANINX TOYEK TeORe3UYecKOro 06 OCHOBAHUA TIPY Bbi-
cote cevyeHnA 0,25 M He JOJKHB MpPeBbllIaTh... 7,9 CM — TPU Yrnax HaknoHa
MEeCTHOCTU V 0 2°;... 10,4 cM — mpu... v oT 2 po 10°».

B 3Toit e paboTe OTMEYALTCR, YTO «CHEMOYHOE 060CHOBaHUE ANA TOTOrpagu-
JeCKOW CheMKV 3aCTPOEHHBIX TeppUTOpui Macuitaba 1:200 MOXeT CO3faBaTbCs
NyTeM NPONOKEHUR TEORONUTHBIX XOROB NpU My, = 24" (my — CKO nanpasnenua)
¥ C IOBBINIEHHBIM Tpe6OBaHUEM K TOYHOCTY U3MEpeRUR NUHuM (my/L) = 1/8500,
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KOTOphie ofecreunBaoTca MoGHM COBPEMEHHDbIM CBETOAANBHOMEDPOM WU 3N1€KT-
POHHLIM TaXeOMEeTpOM.

ﬂ}lﬂ onpeneneHuUs BLICOT TOYEX CbEMOMHOTO o6ocHoBaHMA PEKOMEHAYeTCA Uc-
NONb30BaTh TEXHUYECKOE HUBENUPOBAHUE.

1.3.8. ObroB/eHNe TOMOrPadMYeCKUX NJIAHOB

C TeyeHWeM BpeMEHW Ha MECTHOCTM NPOUCXOART Pa3NUYHOro POJa u3MeHe-
HUR, TOITOMY UHKEHEPHO-TONorpauyeckue u KajacTpoBble MNAHLL, CO3AAHHbIE B
rpapvyeckon, undpoBoit u Apyrux GopMax, Heo6XOAMMO OGHOBIATL ANA NPUBE-
AEHUA MX COLEPKAHUA B COOTBETCTBUE C CYECTBYIONIMM COCTORHUEM CUTYaLUM W
penbedya MECTHOCTH.

Ha yyacTax MeCTHOCTW NPU U3MEHEHUM CUTYaluu u penbeda Gonee yem Ha
35%, Tonorpaguyeckue CbeMK1 JOMKHEI IPONIBORUTLCA 3aHOBO [4].

Tlpu 06HOBNEHUYM TOMOTPaQUIECKUX NNAHOB U GAHKOB UHKEHEPHO-TeOpe3u-
YeCKUX AaHHbIX WCMONb3YIT rocyAapcTeHHble hoHps Pockaprorpaguu, rocy-
NApCTBEHHBIE TePPUTOPUANbHEIE (OHAb, MATEPUANB UHKEHEDHBIX W3BICKaHWiA
Tocctpos Poceuu w ppyrue ronorpado-reopesnyeckne Marepuanst (aspodoroc-
HVIMKU, OPUTMHANL! M KOTTUY TTNAHOB, NPOGUAU U T. I1.).

IIpv 06HOBNEHMM NNAHOB B KAaYeCTBE CHEMOMHOIO 06OCHOBAHWA WCMONB3YIOT
TYHKTb ONOPHOV reole3nIeckoi CeTH, TOYKN MOCTORHHOTO CHeMOYHOTO 060CHOBA-
HUA, YeTKUE KOHTYPbI, HUBENUPHBIE 3HAKM U TBEPAbIE KOHTYPHL, UMel0lne OTMETKU.

CbeMKy HOBLIX 06BEKTOB M U3MEHEHN! penbeda BENONHAIOT COrnacHo Tpe6o-
BaHMAM K Ha3eMHOW TONOrPauIecKom CheMKe CNEAYIOMUMYU METOAAMM:

- @smomMamusuposanHblll — n306paxeHne Ha OpUrMHanax ¢ NOMOWbIO Ipa-

¢onocTpouTenedi v NNOTTePOs MO NUGPOBON MOAENN MECTHOCTH;

- (omomexaHuveckull — WCTpaBAeHve NPO3PaYHON KOMUU CTAPOr0 MNAHA

N0 a3po(OTOCHNUMKAM, YBENUYEHHBIM A0 MacuTaba 3TOTO MNaHa; MOHTAX
MO3aWMHOTO OpUrMHana No GOTOKONMUAM C NNAHOB;

- MexanuyecKuil — HaHeceHwe W306paeHW!t Ha OPUTMHANKL C OMOWbIO

naxTorpata o KOOPAMHATHOW CEeTKE U OMOPHHIM MYHKTaM;

- onmuueckull — nepeHeceHUe u306paxeHn’t Ha OPUrMHANAX C NOMOLIbID

[POEKTOPOB W APYTUX ONTUIECKUX TPUGOpOB;
- epaguveckuil — KOMWUPOBAHME C MCXOJHOTO MaTepuana Ha OpPUrMHAN C
TOMONLIbIO MPO3PAYHEIX OCHOB UM CBETOBOTO CTONA. .

CpenHAR MOTPENIHOCTb HAHECEHWUR KOHTYPOB He AOJKHA 6uTh Gonee 0,5 MM

OTHOCWUTENBHO UX MONOKEHUA HA CXOAHBIX KapTOrpauyeckux MaTepuanax.
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T'nasa 1.4. TEOJE3WYECKHE PABOTHI B CTPOMTEJILCTBE

1.4.1. Bugpl u 3a1aun MHKEHEDHBIX M3BICKAHMI

TlpoexTnpOBaHMe M CTPOUTENBCTBO COOPYXEHWI BEIMONHAT Ha OCHOBE WH-
JEHEpPHBIX W3bICKAHWIA, B Pe3ynbTaTe KOTOPbIX U3Y4AlOT IKOHOMUYECKME U IIpU-
POAHbIE YCNOBUA PaliOHa CTPOUTENbCTBA, NPOTHO3NPYIOT B3aUMOACHCTBUE CTPON-
TENBHBIX 06BEKTOB C OKpYXKalollen CPefiow, 06OCHOBbIBAIOT UX UHKEHEPHYIO 3a-
WUTY 1 6e30MacHble YCNOBUSA KU3HN HAaceneHus [2].

H3bickanus fenaTca: 1) Ha npepBapuTenbHbE HA CTAAUN TEXHUKO-IKOHO-
Muveckoro o6ocHosanus (T30) unn TeXHuKo-3KOHOMMUYeckoro pacyeta (T3P);
2) Ha cTapuu mpoekTa; 3) Ha crapuu paboyen poxkyMeHTayuu. Kpome roro,
W3bICKAHWA JIeNIAT Ha IKOHOMUYECKME U TeXHUYECKKe. IKOHOMUYECKNE N3bIC-
KaHMA NPEJLIECTBYIOT TEXHWYECKUM, ONPEAENSI0T IKOHOMUYECKYI0 Lenecoob-
Pa3HOCTb CTPOUTENLCTBA COOPYKEHUR B AAHHOM MECTe C yIeToM obecrneyeHus
CHIpbEM, CTPOUTENLHEIMU MaTepuanamu, TpaHCOPTOM, 3HepTHew, paboyeii cu-
nov u T. m. Texsnueckue U3bICKAHNA JAI0T CBEIEHUA O MPUPOAHBIX YCIOBUAX
yyacTKa ANK MX y9eTa Npu NPOEKTUPOBAHMMU U CTPOUTENBCTBE.

OCHOBHBIE M3LICKAHWA, BLITONHAEMbBIE Ha BCEX TMITAX COOPYKEHUM, BKNIOYAIOT:
MHXeHePHO-Te0fle3nIeCkKue; NHIKEHePHO-TeONOrMYecKue U TMAPOTe0N0TnYecKue;
TUIPOMETE0PONIOTUYECKME, KIMMATUIECKNE, METEODONOTUYEeCKHE, TOYBEHHO-Te0-
60TaHNYECKME U Ap.

WrxenepHo-reone3nyeckue nskickaHuA 40T UHGOPMALNIO O CUTYauUu U peibe-
(e MECTHOCTM ¥ ABIAIOTCA OCHOBOW V1A MPOEKTUPOBAHUA W NIPOBEAEHUA APYTUX BU-
0B M3bICKaHWI. OHY COCTOAT W3 paboT Mo CO3RAHMIO0 TRORE3UYECKOr0 060CHOBAHMA 1
TOMOTpagyUyecKoi CheMKe yJacTKa CTPOWTENBCTBA, TPACCMPOBAHWIO NMHEMHBIX CO-
OpY)XeHWi, NpUBAIKe Te0NOrMyeckux BbIPaboToK, PMAPONOINYECKUX CTBOPOB U T. 1.

HWrxeHepHO-Teonormyeckue 1 ruaporeoaornyeckue n3LICKaHUA Aal0T UHPOPMa-
LMo 0 TeONOTMYECKOM CTPOEHUW YYacTKa paboT, IPOYHOCTM TPYHTOB, MOA3EMHBIX
BOAAX W T. Il., IO3BOJIRAIONIYIO OLEHUTb YCAOBUA CTPOUTENbCTBA. [MapoMeTeoponoru-
yeckue W3bICKaHUA AOT CBEJEHUA O PeKax W BOROEMax, MX TIyOUHaX, U3IMeHeHUU
YPOBHeElA BOAY], YKNOHAX, HAMPABAEHUAX U CKOPOCTAX TeYeHWUH, PacXoAax BOAM UT. .

TIpvt MHKEHEepHBIX UIBICKAHUAX BHIMONHAIOT TAKXKE FeOTEXHUYECKMit KOHTPOND
IR OLEHKU OMACHOCTU W PUCKA OT TPUPOAHBIX N TEXHOTEHHBIX IPOLECCOB, AAI0T
060CHOBaHWE UHKEHEPHOW 3aMUThI TEPPUTOPHUY, BLITONHAIOT KaAACTPOBLIE U APY-
TWe paboThl U UCCNER0BAHUA B NPOLeECCe CTPOUTENLCTBA, IKCINYATAUUN N NUKBHU-
Zaunu 06LeKToB.

TopspoK, METOAMKA W TOYHOCTb UHEHEPHBIX W3LICKAaHUW W3NOMEHH B
CTpOWTEeNbHLIX HOPMaxX W HpaBunax, Hanpumep B CHulle 11-02-96 n CIT 11-04-97.
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CnpaBoHHUK COBPEMEHHOTO M3biCKATEAR

1.4.2, Usbickanua MIOWAAHKIX COOPYHKEHMI

CocTaB MHKEHEPHBIX U3IBICKAHUW 3aBUCUT OT pa3Mepa coopyxerus. Ha xe-
GONbUIMX TIOWAAKAX BBUIONHANT UHXEHEPHO-Teope3udeckue, UHKEHepHO-Teo-
norudeckue, TMAPOMETEOPOIOrUIecK e U3bicKaiua. ina 60nbLMK NNOMAAKBX CO-
ODY)XERW KpOMe NepevucieRKHX BLIMONKAT U3LICKAHUR N0 UHKEHEDHBIM ce-
TAM, TPAHCIMOPTY, CTPOUTENbHBIM MaTepuanaM, NOYBEHHO-Te060TaHUYeCKUM, ca-
HWUTapHO-CUTMERUYECKUM (ANIA 3eMeJIbHO-X03ANCTBEHHOTO YCTPOWCTBA, 03eNeHe-
HWA TEPPUTOPUN), T. €. BHITIONIKAIOT BCE UHKEHEPHEIE U3LICKARA.

Tnomapxy Ana cTpOMTENbCTBA 10 BOIMOXHOCTU BLIGUPAIOT B MajiONepeceyveH-
HOW, ManoMpUrORHOW ANA CENbCKOTO XO3AWCTBA MECTHOCTU C 6NaroMpUATHLIMU
reoNormueckuMn U TURPOTeONOTUIECKUMU YCIOBUAMU. PasMepbi, KoRGUrypayua
W TIONOXEeHUe MAOWARKU ACIKHL COOTBETCTBOBATh PAa3MepaM MPOEKTUPYeMOro
COOPYMeHUA U KOMMYHUKaUUA C YYeTOM UX paclIupeHus, YROOHEIM CoeAuHeRueM
€ XeNe3HONOPONHBIMU Y ABTOAODOKHBIMU MArUCTPANAMU U T. T.

Jenarenbro, 4To6bt penibed NNOWARKU BBIN CIIOKONHBIM, C YKIOHAMK, oGeche-
IUBAOWMMU GHICTPLIA CTOK MOBEPXROCTHLIX BOJL, UTO6H PU BEPTUKANbLHON Nia-
HUMpoBKe ¢ yxnoxamu ot 0,003...0,005 po 0,06...0,08 He BO3HMKANO GOMBWQrO
o6beMa 3eMAARBIX PaboT. [PYHTH NNOWARKM ROTKHB! BEIEPKUBATH AaBNerue Ge3
YCTPOWCTBA BOPOTOCTOAWMUX HYHAAMERTOB, [PYHTOBHE BOAL ROTDKKBI GBITH HUKE
AHa TIOABANOB U Fafepei, MTaBOAKOBAA BOAA He J0JDKHA 3aTOTUIATD YYacTOK.

BHI60P Y9aCTKA HAYMHKAKT B KAMEPANLHAIX YCNOBUAX, IIyTEM CPABHEHUA BAPU-
AHTOB BHIGUPAIOT OMTUMANbHYO MNOWAAKY HIA I1071€BOr0 06CnepoBaHus, B Ipo-
Ljecce KOTOPOTO YTOYHAIT UKKEHEPHO-T@ON0rUYECKIEe U TURPOTeONoruYeckHe yc-
N0BUA, TIORXOAB K KENe3HBIM W LIOCCEHBIM ROPOTaM, BHIIYCKU KaHaNV 3N UORHBIX
KOJIeKTOPOB, ONPeAENAIOT PUMEPHLIe PACXOAB! IO OCBOERUIO II0WAAKY, COTAa-
COBLIBAIOT BO3MOXHOCTY OTBOAA TePPUTOPUU W PENIAIOT APYTUE BOTPOCH.

finA co3panmA MpoexTa IIOWARKY M YaCTh NPUneraiolliedt TEPPUTOPUU CHUMA-
10T B Maciuraée 1:2000 ¢ cevenveM penseda depes 1 m. [[ONONHUTENLHO IO UMEIO-
WUMCA TOTMOKApTaM COCTABAAKT CUTYaUMOHHHI NNaK B Macwrtabe 1:10 000-
1:25 000, Ha KOTOPbI} HAROCAT KOKTYPH MIOWAAROK [IPOMBININIEHHOTO npennpgﬁ-"
TWA, WUNOTO TNOCENKA, BORO3ABOPHEIX U OMUCTHHIX COOPYEHWW, PEKU, AOPOTH,
Kapbepbl, MeCTOPOXXAEHUA CTPOUTENbHEIX MaTepuanos, HaMeyaT NOAbe3pHble
nyTY U AP.

B 370 e BpeMA NPOU3IBOPAT KPYMHOMACMITAOHYI0 WHKEHepHO- reonoruyec-
Kyl0 ChbeMKy nomanku. ins cocrasneHus pabounx yepTemen MiomaaKy noa oc-
HOBHBIE COOPYXEHUA CHUMaioT B MacmTabe 1:5000-1:1000 ¢ cevenveM penbeda
yepe3 0,5 M. Ha 3To¥ Nnomapxe BHMONKANT eTaNbHEE UHKEHEDPHRO-TE0N0TUYeC-
K1e 1 TUAPOTe0NIoruYecKue U3bICKanus,
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Pasaen 1. UrxeHepHO-reoae3nyeckne U3bICKaHus

Ha crapuu u3bicKanui NOA MPOEKT 1enecoo6pasHO BHIMONKUTL a3pO0HOTOCH-
eMKy B macurrabe 1:7000-1:10 000 pns cO3paHvs MAaHa MOWARKU B MacumTate
1:2000 v KapTHt paitoHa CTPOUTENbCTBa B Macurrabe 1:10 000.

TIpu U3LICKAHURX TUIOWAAKU Ha CTaRUU paboveit AOKYMEHTALUU OCHOBHEE CO-
OPYXEeHUA, y4aCTOK [0/l W10 0CeNO0K, 3aCTPOEHHble TEPPUTOPUU C TYCTOW CETHIO
NOA3EMHBIX KOMMYRMKALMI CHUMAOT B macmrabe 1:1000-1:500 MeTopaMu reope-
3uM, HOTOrpaMMeTpUH, Tipu CNaGoM penbede — HUBENUPOBAHUEM NIOBEPXHOCTU TIO
KBaaparaM co cTopoHamu 20 U 30 M, ITpU 3TOM ROMKKbI GHITH OTIpEAeeHtt KOOPAU-
HATH YT0B KANUTANbHBIX 3AAHUA, Y3/10BHIe TOYKW KOMMYRUKAUY, TONYYeHbt OT-
MeTKM I10JI0B 3RaHNM, KONOALER, GPOBOX ROPOT U T. B.

1.4.3. Wsbickauua AJs JUHEHHBIX COOPYHeHUH

TIpn u3bICKAHUAX PNA NUHERHHLIX COOPYKEHUI OMpefensioT NAaHOBOE U BH-
COTHOE II0JI0EHUE MPAcchl — MPOAONBHON OCU TMHEAHOTO COOPYKEHUA, 3aKpen-
JIEHHO Ha MeCTHOCTM, TOTIOrPadUIecKoM IJiaHe, KapTe Wil Ha yudpoBon mogenu
MecTHOCTM. OCHOBHBIE 71MEHTH TPACCH: IIaH W MPORONbHE mpoduns. Tpacca
10 BO3MOXKHOCTU O/KHA GHTh NIPAMOZMHENHON W Ke MPEBLHWATh ROMYCTUMBL
YKNOK. Ha MECTHOCTU TPACcCy MPUXOAUTCA UCKPUBAATL ANA 06X0Aa MPENATCTBUMH,
YYaCTKOB € 607bUIMMU YKAOKAMU W HE6NArONPUATHBIX N0 Pe0JiOTUIECKUM U TUp-
POTe0NOrnYeckuM xapakrepucTukam, CenosaTenbHo, Tpacca COCTOMT U3 NIPAMBIX,
COEAMHEHHbIX MeXAY COBOW KPUBLIMW C Pa3nuuHLIMM paavycamu. IIPOROMbLHLIG
Tpod b TPACCH COCTOUT U3 IMKUA PA3HBIX YKIOHOB, CBA3AHHbIX BEPTUKANbHLIMU
kpusbiMu. HexoTopste Tpacchl (3neKTponepepay u T. I.) ABAAIOTCA NMpPOCTpaH-
CTBEHHBIMU NOMAHBIMU IMHUAMM (KPUBBIE HE TIPOEKTUDPYIOT).

JIuHeWHBle COOPYMEHUA MMET MHOro 061ero, NOITOMY 1enecoofpasHo Ha
nipuUMepe U3LICKAaHWH ORHOTO M3 HUX, HalpuMep aBTOMOGWUAbHOW moporu (A[N),
TI0Ka3aTh BCe 3Tamkt U3bICKarWi, Kommnexc paboT no sm6opy Tpacch ¢ yyeTom
NipeAbABAEMbIX TpeGOBaHUA HA3LIBAWT mpaccuposaxuem. Ha HavaibHOM 3Tame
BHIIONHA0T KaMepajnbHOe TPaCCUpPOBAHME HA XapTaX W 10 MaTepuanaM creymans-
HOW aspodorocseMun. [lonyyernylo Taxum 06pa3oM Tpaccy MEPEHOCAT W 3aKpen-
NS0T Ha MECTHOCTH, T, €. BHIIONKAT NONEB0E MPACCUPOBAHUE,

Kamepanbyoe TpaccMpoBaHue BLIONHAT OGLIMHO Ha kapTax B Macumrabe
1:25 000, 1:50 000. Ecnu Tpacca He moMewaeTca Ha OQHOM IUCTe KapTH, TO CHava-
na WCTIONb3YI0T KapTy Gonee Menxoro macmraba, Ha KOTOOW BENU3M NPAMOH,
COEAVHAIOWEN HAaso U KOHel TPAcChl, BIGUPAT OMOpPHBIE TOYKY, Yepe3 KOTo-
phie 06R3aTeNbHO AOKHA MPOATU popora. OTPe3KU MeXpy OMOPHLHIMU TOMKAMU
AOMKHb! TOMEWATLCA Ha KapTe 6oJlee KPYIIHOTO MacwTaba, Ha KOTOPOA W BHIION-
HAWT KaMepanbHoe TpacCcupoBaHue,
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CI'IpGBO‘-lHVlK COBPEMEHHOro M3bICKaTeAs

B paBHVHHOW MECTHOCTW MIPU YKI0HAX MeHbIe AONYCTUMBIX BHTONKRIOT «CB0-
600HOe» IPOEXTMPOBAHMeE, TIPU KOTOPOM HarnpaBlleHue U NONOXeHWe AOPOTH 3a-
BUCUT TOJIBKO OT €CTECTBEHHBIX U UCKYCCTBEHHBIX IPeNATCTBUNA.

B CXONMNEHHOM U rOPHO MECTROCTN KPYTUIHA CKAaTOB NPEBLIIIAET KONYCTU -
Mble YKJIOHH JOPOrW, N B TaKWX YCROBUAX TPaccy NMPOKAAAMBAIOT «HANPAXKEH-
MM X0O0M», T. €. OTBICKUBAIOT TaKUe ee HampaBNeHUA, KOTOPHE UMEWT mpe-
ReNbHO JOMYCTUMBIA YKIIOH, B pesynbraTe nonyyaoT U3BURUCTYIO TpACCY, KOTO-
PYI0 Ha OTAENbHBIX YYaCcTKaX CNPAMAAIOT, 3AMEHUB JIOMaHY0 IMHUIO Ha IPAMYI.
B ropHO¥ MecTHOCTU ANA o6ecieYerRus AOMYCTUMOTO YKI0HA TPACCY NPOKNapbIBa-
10T B BUJE CEPNAHTUH W TleTeNb.

Kpome penbeda Ha BHIGOP TPacCHl BAUAIOT reONOTUECKUE, IKONOTUYECKUE U
Apyrue ycnosus. [IoCTPOUB ¢ yYeTOM BCeX YCNOBUI TPACCY HA KapTe, OMPenensior
KOOPAMHATH YI710B MOBOPOTA, HAHOCAT MMUKETH, PAaCCYUTLIBAIOT CONPAralomue Kpu-
Bble, COCTABAAKWT MPOAOJBHMIA TIPOGUIL N0 OTMETKAM, ONPeAeNIEHHHM 10 TOpU-
30HTaNAM.

Ilonesoe rpaccupoBaNue HaYMHAT C PEKOTHOCLUUDPOBKM, TIPU KOTOPOU
W3YYAOT COCTORHWE T€0e3UTECKOT OCHOBY M NIONOCH TPACCHL. 3aTeM NePEHOCAT
KaMmepanbHH! IPOeKT B HATYPy. B mepsyio ovepenb METOROM NONAPHAEIX KOOPAU-
HaT, NUHEMHBIX 3aceveK W T. TI. OTIpefieNIAIOT W 3aKPEMIAIT Ha MECTHOCTU YIIH
TIOBOPOTA TPACCH, UCTIONB3YAR ANA 3TOFO MNAHOBLIE T€0e3UYeCKNe CeTU U TBEP-
ABe KORTYDH, UM Mec Ha KapTe 1 MeCTHOCTU B6NM3U Y08 NOBOPOTA.

Cnepyomuit 37Tan — nposelIMBaHUE NPAMONIUNEHHEIX YYaCTKOB MeX/y
yI7TaMyu IOBOPOTA TPACCH (BEXW yCTaHABNUBAOT Yepe3 100-150 m) u peTansHoe
ofcnenoBanue, B pesynbTaTe KOTOPOro YIUTHBAIOT BCe 0COOEHHOCTU MECTHOCTYH,
O KOTOPOW Gy/ieT POXOAUTH AOPOTE, U HAXOAAT ONTUMANLHIA BADUAHT TPACCHL.

Cnepyet o6paTuTh BHUMaHMe Ha RONTOBPEMEHHOE 3aKpenneHue yrioB NoBo-
POTa, YTO6BL OHV COXPAHUANCh 0 HaYaNa CTPOUTENLCTBA, KDOME TOTO, AONroBpe-
MEHHBIMU 3HAKaMW 32KDeIUIAT DA APYIMX TOMEK, TaKMX KaK MpuMbIKaHue ¥
CYWECTBYOIWNM OPOTaM, MeCTa NEPeXofa yepe3 NpemaTcTsue n aAp. Ha waxaywo
3aKpemIenHYI0 TOYKY COCTaBAAIT a6PUC C YKA3AHMEM €€ TMONOKEHUR OTHOCH-
TENBLHO 0TOBPEMEHHBIX MECTHBIX TPEAMETOB,

Cnepyromuit 37an — U3MepeHne yrnos noBOPOTa TPACCHl U PACCTORHUNK
MeXJy uX BeplIuHamMu. Yrnsl nosopora Tpacc 8, 6 (puc. 1.29) — ropusonrans-
Hble YPIH MeXAY CTaphIMU W HOBHIMU HAaNMPAaBREHWUAMU TPAcCh. 6 — mnpaBhil,
a 6" — nesblit yrAE NMOBOPOTA, UHAEKCOM { 0603HAYalT HOMeD BepuuHbl. Ha
pucynke 1.29, a

8, = 180° - B,; 6/, = 180° - B,.
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Pasaen 1. WHxeHepHO-reopesnyeckue U3bICKaHWS

a 8y, -~

Puc. 1.29. Cxema Tpaccel IMHERKOTO COOpyXeHUs (a)
¥ rNasHele TOUKU ¥ INeMeRTbl KpuBoi (6)

Yrax By, B, U3MEPAIOT TaK Ke, KaK U B TEORONUTHOM XOAe, CPEAHAR KBAADPaTU-
yecKas ouMOKa u3MepeHus yra He JOTKHA MpeBbiwars 0,5”.

PaccTosAHMA MeXAy BEPIIMHAMU TPACCH U3MEPAIT CTaNbHOW MEDPHOW JIEHTOW
WM DanbHOMEPOM C OTHOCUTENbHOW owunbxoii 1:2000. [lonpaBKyu 3a HAKNOH Mn-
HUW BBOJAT NPU YriaX HaknoHa v > 2°. Tpaccy ¢ n3MepeHHbLIMU PaCCTORHUAMU U
YTNaMu 1 MPUBR3AHHYI0 K NYHKTaM reofe3uyeckoi OCHOBH Ha3biBalT Marucrpa-
Nb10, €@ MOXHO DPACCMaTPUBATh KaK TEOAONUTHLIN XOZ, TO3BONANWUA OTIPENIeNATh
IMPEXMOHHBIE YT U KOOPAWUHATH BEPUIMH.

IIpu n3meperuu CTOPOH OT Hayana MaruCTPanu OTKNARHBAOT OTPEIKM M-
HO 100 M POPU30OHTaNILHOTO MPONOKEHUSA, KOHLb OTPE3KOB 3aKPENAAIOT MUKETa~
MW (Konmbrurek AnuHOM 15-25 cM 3a6MBAIOT BPOBEHb C 3eMieli, PAXOM 3abusaioT
CTOPOXOK ANUHON 40-50 cM, BHICTyIaoOmU A Hap 3eMnedt Ha 15-20 cM, Ha CTOPOX-
Ke TIOAMUCHBAT HOMEP MUKETHOM TOKU, HanpuMep ITK 15, 370 coOTBETCTBYET
paccToAruio 1500 M OT Hayana MarucTpanu).

KpoMe muKeTHBIX TOMEK Ha MarMCTPaau OTMeYalT XapaKTepHbIe TOYKU pefibe-
(2, KORTYPOB ¥ BepPUIMH YINI0B MOBOPOTA TPACCH, HAa3lbBaeMble MIOCOBLIMU, UX
MOJI0MEH e ONPEAeNAIT OT HNMKANLIMX TPEALAYIUX IMKETOB, HAPUMED, TOYKa
TIK 15 + 17,0 pacrionoxeHa Ha paccroanun 17,0 M no maructpanu or 11K 15. llpu
yrnax Haknora v > 2° K OTNOKEHHOMY PacCcTosHuI0 D npubasnaioT nonpasky
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CnpaBoMHMK COBPEMEHHOTO U3bICKATEAS

AD=2Dsin2?V.

Ha nmoBopOTaX TPACCH MEXTY NPAMONUHENHEIMU YIacTKaMu Pa3GUBAIOT COMPA-
raioljue KpUBLIE, Yalle BCEro AYTY OKPYMHOCTel, Papuyc 3axpyrnerus 3asucur ot
KaTeropuu aoporu. Mmeetca naTh xaTeropuit aBTOMOGUILHEIX JOPOT, PAAUYCH 3aK-
PYTREHuit ANR koTopbix pasHst 1000, 600, 400, 250, 125 M COOTBETCTBEHHO.

Ha pucynxe 1.29, 6 pyra okpyxHOCTM ABC ¢ HeHTPOM B TouKe 0 M paguycom R
BITUCAaHa B yron MOBOPOTA Tpacchl. KpuBbie M MpAMbIE KACAIOTCA B Touxe 4 —
Havane xpusoit (HK) u 8 Toxe C — xonne xpusoit (KK). Buccexrpuca 0B yrna
TiepecexaeT KpuByw B Touxe B — cepepune kpusoit (CK). Touxu HK, CK, KK nasui-
BAIOT 2NABHBIMU MOYKAMU Kpy2080U Kpugol. PaccTosHWe OT BepLIMHbL yrna po
TOYKY KacaHuA Ha3uBawT marzexcom (T), paccrosnune ABC MeXAy TOMKaMu Kaca-
HUA IO KPUBOI HA3LIBAIOT ANNKON KpuBOit (K) W pacCTORHME OT BEPUIMHE yTNa A0
CepefiMHbl KPUBOW HaswBAOT Guccexmpucoll (B); pasHocTs A = 2T - K HasbnBa0T
domepom (D). 3navenus T, K, B, D Ha3bBAIOT 2na8HbIMU IneMeHmamu (napamem-
pamu) Kpusoil, uX 3HaYeHWA 3aBUCAT OT papuyca R v yrna nosopora 6. Ha pucys-

xe 1.29,6
0
T=Rtgl - |
g(z)

K=nR[Teoo); (1.?1)

B=C°:E§ )'R ﬂ[”‘(g)‘l}

A=2T-K.

TIuKeTaKHOE HAMMEHOBAHME INABHLIX TOMEK KPUBOV BLIUCAAIOT MO GOPMYyNam
TIK(HK) = IIK(BY) - T; (1.22)
ITIK(KK) = [IK(HK) + K; )
IIK(CK) = IIK(HK) + K/2;
KOHTPONb: TIK(KK) =TIK(BY) + T~ [;
TTK(CK) = TK(KK) — X/2.
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Pasaea 1. UHxeHepHO-reoae3nyecke U3bICKaHUs

BrucaeHne MUKETAKHBIX HAUMEHOBAHUM M1aBHbIX TOYEK KPUBOW BHINONHA-
10T A0 CAHTUMETPOB.

Ha MeCTHOCTM MPM MAIBIX 3HAYEHUAX TAHTeHCa AnA Haxoxnerua HK w KK ot
BEPLIMHBL yrNa N0 06e CTOPOHB! MO TPacce OTKNAALIBAIOT TaHreHc kpuson T. CK
HaXOJAT, OTIIOXWB OT BEPLIMKLL YTAa 110 er0 GuccexTpuce Benuuuny 5. Iipu Gonb-
nrux Tanrencax HK u KK HaxopaT, OTNOXUB OT 6nvKaiUIMX K HUM IIMKETOB pac-
CTORHWA, paBHble pa3HOCTAM TUKETAKA BLHOCUMO B HATYPY TOYKU U GnMxaiie-
ro nukera. Hanpumep, ecant ITK(HK) = 7 + 24,17, To oT [IK7 OTKnapuBaoT mo
Tpacce 24,17 M u nonyJaior nonoxenue HK.

Otnoxue or BY snavenue T, monyyaior KK. 3Haa nuKeTaXHoe HauMeHOBaKue
TTK(KK), BHIUMCIIEHHOE TIO BTOPOW U yeTBepToi hopmynam (1.22), monoxenue cne-
AYIOLET0 MUKETa HAXOART, OTNOXUB 0T KK pasHOCTL MUKETAHOTO HAUMEHOBAHUA
cnepylonero nuketa v JIK(KK). Hanpumep, IIK(KK) = 9 + 37,42 m. JIK10 nonyvaor,
otnoxus ot KK otpesok d’ = 100,00 ~ 37,42 M = 62,58 M.

JIna monyyeHus cBefeHWit 0 penbee B MOMEPEYHOM TPAcce HaMpaBleHMU
CTPOAT MomepeuHble npobunu panHon 15-30 M. Ha Takux npodunsx Bnpaso n
BI€BO OT TPACCH HAMEMAIOT XapaKTePHHe TOYKU penbeda, a MPU UX OTCYTCTBUM
dukcupyioT Touku vepes 5-10 M. Tlomepevnbie MPOPUAU AOKHEL OTPaMaTh
0CO6eHHOCTH penbeda B MONOCE TPACCHl; PU yrnax HaknoHa 10° u Gonblre mome-
PpeuHble TPOPUIN CTPOAT Ha KaXAOM IIUKETE U INIOCOBLIX TOUKax. Bce cBepeHmua o
MUKeTaXe OTPAKAIOT B IUKETAKHOM HYPHATE.

Ha yyacTKax co CIOXHBLIMU Fe00rMYeckuMu YCIOBUAMY, B MeCTaxX Iepexoaa
yepe3 MPEeNATCTBUE, HA MNOWafKax NOA CTPOUTENLCTBO NIPUAOPOXKHBIX COOPYXe-
HUM U T. I, CO37310T nAaHy B Macwrabe 1:500, 1:1000.

CnenyiowmM 3TanoM U3bICKaHWIA ABNAETCA HUBENUPOBAHUE TPACCH, KOTOPOE B
PaBHUHHOW M BCXONMAEHHOW MECTHOCTU BHIIIONHAIT METOAO0M TeOMETPUYECKOT0
HUBeAUpOBaHUA. [Ipu GONbUIMX Yraax HAKI0HA UCTIONb3YIOT TPUTOHOMETPUYECKOE
HUBEJMPOBAHUE.

TeoMeTpuyecKoe HUBEAUPOBAHUE TPaCCH BLIMONHA OT HE3aBUCUMO fBe
Gpurapbl: MepBas HUBEAUPYET BCE TOYKU TPACCHl U PEriephl, a BTOPAR — TONLKO
KW10METPOBbIE TUKETH, BpeMeHHble U NOCTORHHBIE penephl. Kpome T0r0, 4TO6H
YpaBHATL 06beMbl pabot, BTOpoO# 6purafe MOryT MOPYYUTb HUBENUPOBAHUE ITO-
nepeyHukos. Ha Tpaccax ao 50 KM PeOMETPUYECKOE HUBEIUPOBAHUE BLITONHAET
OAHa 6purapa, KOTOPas MPOKNaAbIBAET MPAMOM U O6PATHAIA HUBENUPHBIE XOALL.
B npAMOM XOBe HWBENWPYIT BCE TOMKW, a B 0GPaTHOM — TONbKQ CBA3YOWMUE
TOYKM, PeNepbl, KNNOMETPOBbIE IIUKETHI.

Pacxoxpenue CyMMB TpeBLIEH Uit B ITPAMOM U 0GPATHOM HaNpaBNeHUAX UK
XOfaX He BOMKHO MPEeBbILIATD
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CI‘lpOBO"IHMK COBPEMEHHOIo U3bLICKATeAs

o= (Zhap, ~ Zhygy. ) <(50VI) mm,
rae L — pnuHa HUBENUPHOTO XOA3, KM.
. Ecnu HuBenupHLIM XOR AMMHON A0 16 KM NPUBA3IAH C 06€nX CTOPOH K OTIOPHLIM
BLHICOTHBHIM NMYHKTAM, TO MOBTOPHOE HUBENUDPOBAHUE MOXHO HE BBUTONHATD, MTPU
9TOM BbLICOTBI BCEX TOMEK ONPEnenfoT u3 OAUHOYHOr0 X043, a2 3HaYeHune

fo =Zh—(H, - H,)<(70JT) mm.

MocnenoBaTeNnbHOCTh MEPEMELICHNA HUBEAUPA U DeeK B OQUHOYHOM, HuBe-
NMPHOM XOfie IoKasara Ha pucynke 1.30. Hauunaiwot xop ¢ penepa (PII68). Orcue-

- ! g
Pty )4
N} n
Cmanuun] Paa— I IW 4 b
Pan , 4
00 J7 53 00
K O Nk NKEP37 1IK2 NK3

Puc. 1.30. CxeMa reoMeTpUYECKOTO HUBEANPOBAHNA TPACCh

TH N0 peitkaM BHMONMHAWT Mo cxeme 3, ~ II, - II, - 3, (oTcueTrt no 3apnei 3 u
nepenrei [T pedkaMm, UHAEKC «4» O3HAavaeT YEPHYIO CTOPORY PeWKH, a «K» —
KPacHy10). OTCYeTH 3aNUCHIBAIOT B HUBENUPKEIHA XypHan. Tipessimerus h, = 3, -
1, h, = 3, ~ I, Ke nonxHbt 0TAUYATHCA Gonee ueM Ha 10 MM, TIpu BLpepKUBAHUN
ROMYCKa OTpeRenaoT cpepHee npesbiwedme. IIpu UCTIONb30BaHUN ORHOCTOPOR-
Hel pefiki HUBeNNPOBAHUE BHIMIONHAKT NNPU 1BYX 'OPU3OHTAX HUBENUpa. B kave-
CTBE CBA3YIOLNX TOYEK OGLIMHO UCTIONb3YIOT TUKETHL.

TIpn KPYTHIX CKNOHAX PAcCTOAHUE OT HUBENUPA A0 PERKN IPUXORUTCA COKpa-
WaTh, ¥ B KaYECTBE CBA3YIOWUX TOUEK UCMIONL3YIOT UKCOBbIE MOYKU, OHU HE UMEIOT
MUKETANHOro 0603HAYEHUs, He YYACTBYIOT NPU NOCTPOEHUM MPOGUAA TPACCHI,
Touxun Tpaccht MEXAY CBA3YIOMNMYU TOUKAMU HAIbIBAIOT IPOMEKYTOUHBIMU, OTCHET
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Pasaer 1. VkxeHepHo-reoaesnyeckie M3bICKaHWs

TI0 peiike Ha IPOMEXYTOYHLIX TOYKaxX GepyT No uepHO# CTOPOHE I NPH OAHOM
rOpu30HTe MpuGopa nocne B3ATUA OTCUETOB NO PeNKaM Ha CBASYIOWMX TOUKAX.
TouKM Ha NONepeYHUKaX HUBENUPYIOT KaK TPOMEXYTOUHEIE,

KamepanbHan 06pa6oTka moneBbIx MaTepuanos

Kamepansiyto 06pa6oTky HauMHAKT C NPOBEPKU HONEBLIX KYPHANOB. 3aTeM
COCTaBNAKT 8e00MOCMU NPAMBIX U KPUBBIX, TIPU 3TOM BLHIIONHANT Clefylomue
ycnosua [19].

1. CyMma Y.P NPAMONUHENHHIX YMaCTKOB NIOC CyMMa 2K AAMH BCEX KPUBLIX
ROMXHA PaBHATbCA AnuKe Tpacckt ([IK(KT) ~ IK(HT)], T. e. pa3sHOCTH NIMKETAKHBIX
3HaVeHuW ee KOHLA n Hayana. Kpome toro, X.P + XK = Y.L - ¥/, rpe YL — cymma
PACCTOSHUI MEXAY YrAaMu noBopoTa, Y. J — CyMMa JOMEPOB.

2.2%T~ YK =YJ, roe XT - cyMMa TaHIeKCOB.

3. Pa3sHOCTb CYMMbl TTPABLIX U JIEBbIX YI7I0B NOBOPOTA AROJXKHA PABHATHCA
Pa3’HOCTU ZUPEKUUOHHBIX YII0B KOHEYHO! W HAYaNbHONW CTOPOH TPACCH, T. €.
26-36 =0, -0,

Tlo paHHbIM BEROMOCTM PAMBIX M KPUBLIX COCTABAAIOT MIAK TPACCHI B MacuITabe
1:2000-1:10000. BMecTO AMPEKUMOHHBIX YINOB M BAMH CTOPOH ANA HaHECEHWA
TPAcChi Ha MNAH MOXHO UCNIONIB30BATh KOOPAUHATEL Y08 OBOPOTA. Macurrab nna-
Ha 3aBUCUT OT ANMKHBI TPACChl ¥ CROKKOCTU CUTYaluu B ee nonoce. Ha nnane otme-
YaloT YIJ1bl TOBOPOTA TPACCHI, TMKETHLIE U MIOCOBbIE TOMKM, TNABHbIE TONKU KPYTo-
BbIX KDUBBIX U AP. [TOAMUCLIBAIOT ANUKY U OPUEHTUPOBKY IPAMLIX YIACTKOB TPACCH,
napaMeTpht KPYTOBLIX KPUBBLIX U IMKETaW MIaBHLIX TOYEK. YCNOBHHIMU 3HAKaMU IR
MN3HOB RAHHOTO MaclTaba 306 PaxaloT CUTYaLMIo B TIONOCE TPACCHL.

BbicOTBI TOWEK TPACCh! BLIYUCHAIT B HUBEAMPHOM XYPHale. BLIONHAWOT
NOCTPAHUYHBIH KOKTPONb: Ha KAXAO0W CTPaHMLe KYPHaNa OnpefenanT 2.3 Ha
3apRiolo peiiky, 217 — Ha Mmepeprioio peliky, >h — cpegHux npesbiuleRuit. Mpu
MPaBUIbHBIX BLIYUCTEHUAX Ha JAHKOM CTPaHuLe

0,5(X3-31I) =Xh.

TlocTparUyHbI KOHTPONL MOATBEPKAALT MPABUALHOCTb TONLKO BHIYUCTEHU
NPEBLINIERN MEXAY CBA3YIOWMUMU TOYKaMU U He BLIABIAAET OWMBOK OTCYETOB,
YCTaHOBKU Peex, HeKaueCTBEHHOTO Mpubopa u T. m.

Hesaaky f;, FMBENMPHOTO X0[4a ONPeAeNAIOT N0 ONYYeHROW paHee Gopmyne

fh = zhum - zhmeop. = 2hu:m, - (Hx - H,).
JlonycTuMoe 3HayeHne HeBA3KK
don. f, = (70JL) mm,
roe L — nnuna xopa, kM.

81



CI'IpGBO‘-IHMK COBPEMEHHOIO U3bICKATEeAR

Ecnu HeBA3IKA AONMYCTUMA, TO €€ PACTPERENAI0T C 0GPATHLIM 3HAKOM IOPOBHY
Ha BCe CpefHue MpeBbillenus. [lonpaBKu OMPefenfioT A0 LENbIX MWILUMETDOB,
NMO3TOMY B HEKOTOpble MPEBLIIEHWA BHOCAT NONPABKY, HECKONLKO Goiburyid
(06br4HO Ha 1 MM) ee 3HaYEHUR

rpe N — uucno craHuwii, nipu 3ToM Xv = —f,, Ilocne 3TOro MO MCIpaBAEHHEIM
NpeBLILEHNAM [TOCNEN0BATEIbHO, HAYMHAR C PeTlepa MW MapKy, ONIPenensioT oT-
MeTKu CBA3ylomuX ToYeK no Gopmynam

Hy =Hp, +h,,

Hy=H,+h,,

H =H,_,+h,
BbICOTH H; MPOMEXYTOUHMX TOMEK U TOVeK HA NMOMEepPevHUKAaX HaXopaT no
dopmyne
H;=Il-a,
rae
IM=Hy+a=Hg+b,

a, b — oTcyetsl o pevikaM, IOCTaBNEHHbIM HA TOUKM A ¥ B C M3BECTHBIMM OTMET-
xamu Hy v Hy, a; — 0TCYeT IO peiike, YCTAHOBNEHHO Ha POMEKYTOTHOW TOUKE 1.

MpononeHytit npoduns (puc. 1.31) aBTOROPOrM COCTABARIOT HAa MUIUMET-
poBo¥ fyMare B rOpU3OHTaNbHOM MaciuTabe 1:2000-1:10 000, BepTUKaNbHLIM Mac-
wra6 ofbiyHo B 10 pa3 KpymHee ropusoHTansHoro. I'padmyeckoe MocTpoeHne
Mpoduns ROTMONHAIOT PA3NNYHHMU AAHHBIMU, KOTOPLIE PAa3MelaloT B OTAENAbHBIX
rpadax, B COBOKYIHOCTN Ha3blBaeMIX cemkoil npouna. llocTpoerue npoponbHoO-
ro mpoduns aBTOROPOTM HAUMHAKT ¢ rpad 6 u 7: 8 rpade 7 mo muKeTaHOMY
XYPHANY COTNACHO NPUHATOMY TOPU3OHTANLHOMY MacwmTaby dukcupylor Bce mu-
KEeTHHIE 1 TNIOCOBLIE TOVKM; B Fpade 6 — MX OTMETKW U3 HUBEAMPHOTO XypHana
(4epHbie 0TMETKM), OKpyTAeHHsle no 0,01 M. B rpade 3 mosTopsior rpady 7, B rpa-
de 2 cocTaBNAOT MNaH TPACcChl, COCTaBNEHHbIN B IPUHATOM TOPU3OKTAILHOM Macl-
Tabe MO pesy/LTaTaM CbeMKM, 3aKPENNEeHHLIM B IUKETAXHOM KypHane. B cepegune
3TO% rpadsl IPAMOT NMHUEN TTOKA3LIBAKOT OCh AOPOTM, CTPENKAMMN B COOTBETCTBY-
10IMX MECTaX OTMeYaloT TOBOPOTH TPACCH. Pe3ynbraTsl reonornyeckmx uccneno-
BaHWit TPYHTOB OTMevaloT B rpade 1. BepxHAs NMHMR 3TOM rpadst ABAKETCA yC-
NOBHLIM TOPU3OHTOM, OT 3TOW IMHUM IO BOCCTAHOBNAEHHKBIM K Het NepeHAUKYNR-
pam, Ha3LIBAEMbIM 0pAUHAMAMU, OTKNAALIBAIOT B BEDTMKANLHOM MacluTale pasHo-
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Pasaen 1. VIHXeHepHO-reoae3nyeckue U3bicKaHUs
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CRpAaBOYHNK COBPEMEHHOTO U3bICKATEAR

CTM YepHaA OTMeTKa MUHYC YCAOBHB TOPU3OHT. OpAMHATHL ToveK nmpoduns He
LOMKHBL 6biTh Gonee 10-15 cM. IlonyyeHHble Ha OPAMHATAX TOYKU COELUHAIOT
NIOMaHO NMHUeN, ABNAIOWENCA TpodUneM TpaceHl.

* B rpade 8 um306paxaloT NpAMble YYaCTKU AOPOTU WU BYTaMM — 3aKPYTAEHUR,
BLUTYKAOCTb AYTM BBEPX 03HAYaeT MOBOPOT JIOPOTM BNPABO, @ BHU3 — BneBo. U3
KOHEYHbIX TOYEK YT ONYCKAWT NEPIEHAUKYNAPb Ha NUHUU ITUKETAKA, NX TTONOKe-
HWA ROJDKHBI COOTBETCTBOBATH MUKETAXHBIM HANMEHOBAHWAM HaYyana u KOHLa Kpu-
BOW. Y NepNeHAUKYAAPOB NMOAMUCHBAIOT PACCTOAHUA A0 6AWKAWLIMX TTUKETOB.
BHYTPU KaXKAOW KPUBOI BEIMUCHIBAIOT €€ 3eMeHTH. Ha NpAMbIX yyacTkax Tpaccsl
MOATMCHIBAIT UX AIMHL M PYMOLL. B rpade 9 KpymKamu fuameTpoMm 5 MM n306pa-
AT KUNOMETPOBbIe yKa3aTenu. IIpasyio NONOBUHY KPYKKOB 3aNnUBaIOT TylIbio. Y3
EHTpa KPYKKa OMYCKAIOT NEPIeHAUKYAAD Ha IMHUIO TUKeTaXKa,

B rpagax 4 u 5 0TMeyaloT MPOEKTHLIE YKNOHBI U OTMETKN. IIpodunb BLIYEpYU-
BAKT TYWbW: 0Cb AOporu B rpade 2, rpadul 4, 5 8, 9 U BCe HAAMUCU B HUX —
KPaCHBIM 1BETOM, OCTaJIbHbIE rpadst U HAATTUCU — JEDPHBEM UBETOM.

Tlpodnaun momepeyHUKOB BLIYEPYNBAIOT B OAHOM Macirabe, PaBHOM BepTH-
KanbHOMY MaclITaby MpoOAORLHOTO NPOGUNA.

Ha npoponbHblii npo¢unb HAHOCAT NPOEKTHYI0 (KpacHywo) AnKwio. [IpoexTHylo
(kpacuyio) otMeTxy H; onpezensiot no opmyne

H;=H;_, +5s4i,

rae H;_; — otMeTka Touku (i - 1), i = yKNOH, 5, — rOPU3OHTANbLHOE NPONOKEHNE
oTpe3ka (i - 1) - i. YknOH { He BOJKEH peBbILATh TPeAieNbHOro 3HaveHua. Kpome
TOTO, TPOEKTHAA NUHUA JONKHA TPOXOANTL Yepe3 HUKCUPOBAHHbIE TOUKY, HAMPU-
Mep TOJKM NPUMBIKAHUA K CYWECTBYIONUM COOPYMERUAM, YCTAHOBIEHHbIE pacye-
TaMn OTMETKU MOCTOBLIX NIEPEXOJI08, OTCTORHUSA OCU JOPOTU OT TIPOBOAOB BHICOKO-
BONBTHBIX JAWHMHA M T. . KpacHbie oTMeTkW, okpyraenuste ao 0,01 M, muuyT 8
rpade 4 ceTku Mpoduns Ha NPOACTKEHNAX COOTBETCTBYIOMUX opanHar. Ha ropu-
30HTAJIbHBIX YYACTKAX, | = 0, KpacHble OTMETKU MOAMUCHIBAIT TONLKO B HaYane U
KOHIle yJacTxa.

B rpage 5 NPOBORAT AMArOHANY, OKA3bIBAIOLIUE HATIPABNEHUE YKNOHA, BONU-
3W AMaroHanau B BuAe LPo6Y NMOANUCHIBAIOT YKNOH [B MPOMUANAX (%o) — THICAY-
HBIX BONAX { = tgv, 1%o = 0,1%] M AAUHY MPOEKTHOW IMHUM Ha JAHHOM YyJacTke.
Pa3HocTb MEXAY KPacHOW U yePHO OTMETKAMU TOYEK Ha ONiHOW OPAUHATE Ha3kBa-
10T pa6oven OTMETKOM, KOTOPAs MOKA3LIBALT BLICOTY HACKUA UNU PNYOUHY BBIEMKH,
WX MOANMCHIBAIOT Ha COOTBETCTBYIOWUX OPAMHATAX BHILIE NMPOEKTHOW NUHWUU IPU
HACBHIMU U HUKEe — NPU BLIEMKE.
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Pazaea 1. VHxeHepHoO-reoae3nyeckue U3bICKaHWs

IlepeceyeHue NUHUU TPOPUNA U I
P P QJ M 9;

NPOEKTHOW NUHUU NPOUCXOAUT B -
TOYKe HyneBbIx pabor. [Ina BuHOCA Y, M X —
9TOW TOYKW B HATYpy BHIYUCARIOT 7]

PAaccTOAHME X 0 Hee oT Gankanurero

nukera. Ha pucynxe 1.32 u3 nopo-
6UA TPEYTONLHUKOB UMEEM

I $
J— 57X N Puc. 1.32. K onpegenenuio Toukn
A Hynesbix pabot
x=—22_
nt+y:

PaccTORHWA OT TOYKU HYNEBHIX PaGOT B lenblX METPAX MOAMUCHBAIOT MO 06e
CTOPOHBI OT OPAMHATHL 3TO TOYKY, IPOYEPUEHHOM NYHKTUPOM CUHUM LIBETOM (CM.
puc. 1.31).

1.4.4. Jleranshas pasduBKa 3aKPYrJeHHUH.
BriHoc nuketoB Ha KpHBYIO

Kpome rnaBHbix TOeK KpUBOW ee 0603HavaOT PAAOM TOYEK, PACTIONOKEHHBIX
06LIYHO Yepe3 paBHbIe MPOMEXYTKU K = 20 M npu R 2 500, 10 M nipu R = (500 -
100) M, 5 M npu R < 100 M. [leTalibHY10 pa36UBKY 3aKPYTIEHUA MOKHO BLIOJIHUTS
PA3NMYHBIMU crioco6amu. PaccMOTPUM HEKOTOPLIE U3 HUX.

Cnoco6 npamoyzonbHyx KOOpAUHAM CBR3aH C ONpejeneHueM Ha Kpyrosoi
KPUBO# papuyca R TOYEK Ky, Ky, K3,... Yepe3 pasHble AYTU S. [Ipumem Kacarens-
KYI0 kK KPUBOW B TOYKe A 3a 0cb abcuuce, a iMHUI0 AQ, MEPNERANKYASPHYIO eR, 32
ocb opauHar. Ha pucynke 1.33 umeen

@ _360°
s 2mR’
OTKYAa
<P=i><180°- (1.24)
, R n i
, 3Hayenus

x; =Rsing, y; =R-Rcosp=R(1 —cos¢)=2Rsin2-(ZB:
X, =Rsin2p, y, =R—Rcos2¢=R(1-cos2¢)=2Rsin’¢q;  (1.25)
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CﬂpGBO‘-IHMK COBPEMEHHOro U3bLICKATeAs!

rx

A R - el

Puc. 1.33. Cnoco6 npAMOYronbHbIX KOOPANHAT

Ha MeCTHOCTU ANA ONPeieNeHUA TOUEK Ky, Ky,... OT TOMKM A IO HANPaBAEHUIO
a6CUMCCHL OTKNARMBAIOT Xy, X,,... W TIO IEPHIEHAUKYAAPAM K aBCIUCCe OTKNaTbIBa-
10T OPAMHATHL Yy, V... Pa36UBKY KpUBOI BeAyT OT Havana kpusoit (HK) u koxna
xpusow (KK) x cepepune. B aToM crocobe nonomenue Todex Ky, Ky,... NONY4a0T
He3aBUCUMO [IPYT OT ADYTa, MO3TOMY OWUOKK He BO3DACTAlOT MPU Mepexone OT
OJIHOY TOYKM K ADYTOM, UTO ABNAETCA JOCTOUHCTBOM COCO6a.

B rabnuuax gacTo BMecTo abcuuce AaT PasHOCTb «KpuBaA 6e3 abcumccsn,
B 3TOM cnyvae OT TOYKM A OTKNALBIBAIOT IO OCK aBCLUCC ARUHY KPUBOW W OTCTY-
MAKOT Ha3aA Ha BENNYUHY «KPUBaA 6e3 abCumncchi», T.e. B UTOTe NONYYAIOT 3Have-
HHUe Xy,... COCO6 NPAMOYroNbHLIX KOOPAWHAT 11€Neco06pasHo UCMonb3oBath Ha
OTKDLITOW POBHOW MECTHOCTYU.

Brinoc mukeTa Ha Kpusyw. [I0N0KUM, YTO HRYANO KPUBOW MMEET UKETaXKHOe
Haumenosanue ITK(HK) = IIKN + s,. Ilpu panuyce 3axpyrnexua R no dpopmynam
(1.24), (1.25) raxopum

0
@, =2tx=—; x;=Rsing; y, =2Rsin2%.
n

OTNOXWB 3HAYEHWA Xy, ¥, HAXOAUM Tlonoxenue IIKN + s, Ha Kpusow. )

Cnoco6 y2nos, unu nONApHsIl €NOCOD, 3aKNI0NALTCA B TOM, MTO W3 TOMKM A
(puc. 1.34) Ha OKPY)KHOCTU yepe3 PaBHbIE AYTU S MY KACATENbHOW U cexyujent
nMeeM yINbl, paBHbIE IONOBUHE LEHTPANBLHOTO yrna ¢. Ha pucynxe 1.34 xoppa

d=2Rsin2.
2
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Pazaen 1. MH)KeHepHo-reerawecme WN3bICKAHNS

oTKyAa

. d

sin?= 2 (1.26)
2 2R

YCTaHOBUB B TOUKE A TEOAONUT, COBMEWANT HYNb NuMBa ¢ HYNeM anupapsl,

BU3UPYIOT HA TOUKY M 4 OT Hampasnexnua AM BpanjeHneM anupansi OTKAARBBAT

9
yron ‘2‘ . 0TnoXuB no HanpasneHu10 BUSUPHOTO Nnyva OTPe30K d, TIonyvawT TOMKY

B xpuBoi, 3aTeM BpameHVWeM anupapbl OTKNARHBaKT yron ¢. COBMECTUB HAYano
NEHTH (DYNETKM) C TOIKOM B ¥ OTR0XUB Ha NeHTe 0TPe3oK d, IOBOPAYNBAKT ee 10
COBMAZIEHUA KOHUA OTpe3Ka d C BUINDHHIM NYYOM W MORYYAWT TOuKy C W T. A.
HepocraTox cnoco6a — pocT ournbok Mo Mepe YBENNYEHUA YUCNA TOYEK HA KpPu-
BO#. CrOCO6 MCIONBL3YIOT IPY Pa3buUBKE KPUBLIX HA HACHITM UM BEIEMKE U KOTAA
€noco6 KOOpAUHAT HEeYA06EH.

Cnoco6 npodomuenubix xopd (puc. 1.35). Touky B Ha KPuBOW Omnpepensior
NUHEeNHON 3acegKo u3 Toyex A u B', 0TKnazsiBan 3 TOMKU A NeHTO# X0pAy d u
PYNETKOM u3 Touku B’ oTpesok y. Touky B onpenensioT NyTeM OTKNAALIBAHUA TIO
ocu abeuucee xopab d. o Hanpasneruio AB (MpoponKeHue XOPALT) OTKNAALIBAIOT
xdpay d n nonyyawt Touky €. OTOXMB OT TOYKM B Xopay d u oT ' OTpe3oK K
nuUHeliHol 3aceukolt nonyuaom mouky Cwu T. 5. Y3 nopo6uuix Tpeyronbiukos 0BC
n BC'C umeem

Puc. 1.35. Cnoco6 npopon-

Puc. 1.34. Cnoco6 yrnos
KEHHbIX XOP/
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CI'IpGBO"IHMK COBPEMEHHOro U3biCKaTeAn

OTKyAa
I
R
Tak Kax B Tpeyronsuvxe AB'B yron B'AB paBeH /2, TO MOXHO CYUTaTh y = K/2.
3TOT CrOCO6 MPUMEHRIOT B MeCTaX, A€ HENb3A UCMONb3OBATh METOZ NPAMOY-
TONbHBIX KOOPANHAT. CleayeT 3aMeTUTD, YTO NIEPBYI0 TOUKY B Ha kpuBOR MOXKHO
OTIPeQeNUTL METOAOM IPAMOYTOLHAIX KOOPAUHAT, /IR YeT0 HYXHO 3HaTh YTol ¢,
KOTOPHI MOXHO ONpefenuTb o dpopmyne (1.26).

1.4.5. Tlepexogubie KpHBhIe

TlepexonHsie XpUBbIE MTO3BONRKT OT NPAMONWHENHEIX YYACTKOB C PAAUYCOM,
PaBHBIM 6ECKOHEYHOCTW, IOCTENEHHO, TUIABHO NIEPEXOANTb K KPYTOBLIM KPUBLIM €
papnycoM R. M3 pasnuyHbIX KPUBMX (Ky6uueckas mapa6ona, neMHuCKaTa u ap.)
Hanbonee ypo6HOW CUMTAaNT KA0Moudy (paduoudy), KOTOPas 61M3Ka K KPUBOW,
ONMUCHLIBAEMON ABVKYLIMMCR aBTOMOGUIIEM Ha AOPOXNHBIX 3aKPYTNEHUAX.

KnoToupHbie KpUBLIE ONPEAENAIOTCA YPABHEHUEM

p=4A%s,
THe s — PAcCTOSAHME T0 KAOTOWAE OT ee Havana Ao ONpeAenfeMon Touku; A —
napaMeTp KAOTOWAH, P — €€ PAaaUyC KPUBM3HLL IIpn s = 0 p = oo, C POCTOM § p
YMeHbLIaeTCR U IPK p = R, rie R — papnyc Kpyroso KPUBOWA, ANUHA KIOTONAHL S =
=L =AYR.

TlonoeHne TOMeK KNOTOWAbL MOXKHO ONpPeNeNINTb COCO6OM TIPAMOYTOMbHBIX
KOOPAMHAT, UCTIONb3YA 3aBUCUMOCTH [21]

L Lo L
Xp=Ly——le; Y=o, 1.27
n=ln 404%" 7" 647 3348 (1.27)
JInuny yyacTka KnoToups! L, onpepensior no gopmyne .
L,=nl,

1€ N — YUCNI0 UHTEePBaOB Pa3GUBKY (TOPAAKOBLIN HOMED TOUKMU).

[InA HaXOXAEeHUA TOYKM Ha KPUBOW MO KacaTenbHOM KNOTOMAB OT ee Havana
OTK/AfBIBAIOT 3HAYEHUE X,,, @ IO IEPIIEHAMKYNAPY K KacaTeNbHOM — V.

JInf BEIHOCA MUKETA HA KNOTOMAY NPU €ro PACCTOAHUM OT Hayana KNoTOUAb!
L, mo popmyne (1.27) ONPENENANT X, Yy N TIO UX 3HAUCHUAM BBIHOCAT NIMKET Ha
KnoToupy.
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PazaeA 1. UkxeHepHO-reopeanyeckme U3biCKaHmns

1.4.6. IlpoexTupoBanue Tpacchl TpyGONpOBOJOB

CKOPOCTL RBWKEHUA XMAKOCTH B TPYGe He NOMKHA GbITh GORbLIOH (GOnbuas
CKOPOCTb XUAKOCTU MOXET NPUBECTU K Pa3pyilieHNI0, Pa3MbIBY TPYOH) W He Caunul-
KOM Majo, Korga BO3MOXHO 3auleHne U3-3a BhIAfeHNA B 0CAAOK UN3, TECKa U T. 4.
B MeTannuyeckux Tpy6ax CkOPOCTb XKWAKOCTW AOMYCKAETCA A0 8 M/C, B Kepamu-
Jeckux — B ABa pa3a MeHblle. MuHUManbHaa CKOPOCTb KoneGneTca B rpepenax
0,7-1,5 M/c n Re 3aBUCUT OT MaTepuana Tpy6bl. MUHUManbHbI MPOAOILHBIA yron
CaMOTeYHOro Tpy60npoBoaa AoMXKeH 6uiTh He MeHee 0,7% AR Tpy6 Manoro pua-
MeTtpa u 0,5% — Ans Tpy6 60NLUIOrO AUaMeTpa W KOJIeKTOpOB.

Tny6uHa 3a10)eHUA TPy6ONpPOBOAA NOMKHA BbITH TaKOMW, YTOBL! M36ABUTH €X0 OT
Ype3MepHOro AaBNEHVA WIN BUGPALUN OT Pa3NUYHbIX UCTOYHUKOB Ha NOBEPXHOCTN
3eMV, B NIEPBYI0 0Yepeab TPAHCTIOPTA, Y He AOMYCKATb IPOMEP3aHUA TPY6ONpPOBO-
na. TIpn 3TOM HEOBXOAMMO VUM THIBATS IOAKIIONEHWE K TPYGONpOBOAY 06CnyKnBae-
MbIX 06beKT0B. Be3HanmopHble KaHaNU3aUUOHHbE CETU ROJKHBL PACNonaraThCs Ha
6€30TTaCHOM PaCCTOSHUV OT APYTUX KOMMYHUKAL WM, YTO6B PEMOHTHEIE WIN TIpodhu-
naTMIecKue paboTsl Ha OHOM U3 HMX He BEBOLWIV 13 CTPOS COCEHME.

TIpoeKT Tpacchl AOMKEH BBITH ONTUMAILHBIM € TEXHUYECKOM U 3KOHOMUYECKOT
TOYeK 3DEHWA: 06bEM U3BJIEYEHHOrO W3 BHIEMOK TPYHTAa AOMKEH PABHATLCA €0
06bEMY, YNOXKEHHOMY B HAChUTW, INY6UHA 3aKapKv TPY6OTIPOBOAA AO/KHA GbITh
MUHWMAILHO JONYCTUMOW, TPU 3TOM HEO6XOAUMO YIUTHIBAT YCNOBUA 3KCTINYaTa-
LUK COOPYKEHUR.

Tpaccy Tpy60onpoBoaa MPOEKTUPYIOT C YYETOM TPORONBLHOLO Npoduna Mect-
RocTn. 0c060e BHUMaKNe YAenA10T pasMelleH 0 CMOTPOBLIX KONOALUEB, UX pa3sMe-
WAOT B MECTaX NPUCOEANHEHUA HOBBIX TPY6, B TOYKAX U3MEHEHWA YKNOHA U Ha-
NpaBIeRNA TPACChl, MEXAY KONIORLAMU TPYGOIPOBO. AOIKEH BGEITH CTPOTO TIPAMO-
AvHeNHbM. [locTpoenne npoduns Tpy6ONPOBOAA RAYUHAKT C HAHECEHUA CMOTPO-
BbIX KONOAUEB, FOPU3OHTANBLHBIX PAacCTOAHW. OTMeTKY J10TKa MepBOro Konoaua
ONPeRenAIOT ¢ yYeTOM NOAKNIONEHUA K IPOEKTUPYEMOW MATUCTPay 06CnyKuBae-
MbIX €10 065eKTOB. YKNOHH AOMKHb COOTBETCTBOBATh HOPMaJIbHOW PaGoTe cucTe-
Mbl U MUHUMYMY 3aTpaT Ha ee coopyxeHve. Ha paBHUHHOW MECTHOCTY AOCTATON-
HO MMETb MMHUMAnNbHO AOMYCTUMbIA YKIOH, YTOBH He 3arny6nasTh MarucTpans u
He yBeNUYMBaTh IMy6UHY CMOTPOBLIX Konoaues. Ha penbedHbix yyacTxax HasHa-
YaloT MaKCUMabHBIE YKIIOHB! U COOPYKAKT NepenagHbie KONOALb.

OrMeTxy Hj,; n0TKa CleAY10NIET0 KONOANA OTIPEACARIOT IO dopmyne

Hy,y =Hi+id,

rpe h[, — OTMeTKa 7I0TKa NPEeAbIAYIIEro COCeNHEro KONOAua, i, — NPOEKTHBIR
VKON TPY6HY, d — POPU3OHTANbHOE PACCTOAHNE MEXAY KONOALAMU.
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CﬂpOBO‘iHMK COBPEMEHHOIO N3bICKATEAR

Ha pucyrke 1.36 npusesex pogunb CaMOTEYHOTO KAHANM3AUUOHHOTO TPY-
60MpoOBOAa, Ha KOTOPHIN HAHOCAT AAHHble 0 NepeceKaeMbX UM NpPEeNATCTBUAX,
TIPUBOAAT CBEACHMA O XapaKTepe PPYHTOB, YPOBHE MOA3EMHLIX BOJ, Pe3ybTaThl
IWADABAUMECKUX PACYETOB.
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Puc. 1.36.Mpodunb CaMOTRUHOrO KAHANW3ALMOHHOTO TpyBONpOBOAA

Tlpu CTPOWTENbCTBE HAMOPHLIX TPYGONPOBOAOB UX PAa3MELIAIOT OBLIYKO Ma-.
pannenbHo 3eMHOM MOBEPXHOCTH, TIpU ITOM TIMKETaX HA MPORONBHOM Mpodune
PaccuMTLIBAIOT He [0 FOPU3OHTanNY, a N0 TIOBEpPXHOCTH 3eMiu. Hanophste Tpy6o-
TPOBOABI GONBIIOTO MAMETPA M3-32 TEXHUYECKOW CROMHOCTU U3ruba Tpy6 mpo-
KNapuBawT 6e3 cobmofeRus MapaielbHOCTU 3eMHOM MOBEPXHOCTY, NIUKETAX B
3TOM Cy4ae CYUTAIOT 10 TOPU3OHTANMU.

1.4.7. Beprukanbuas NJIaHAPOBKA.
Onpepenenne 06beMoB 3eMaAHbIX pafoT

[inA pasMeleRns MHKEHEPHOIO COOPYMEHNA UCKYCCTBEHRO U3MERAIOT pe‘llh-
ed, TIPUBOJAT ero B NONOMeHWe, YAO6HOE ANA CTPOUTENLCTBA U IKCTIRYyaTauuu
BO3BOLUMOTO 06beKTa. CBA3aHHBIE C 3TUM PabOTHL HA3LIBAIOT BEPMUKAbHOL NAa-
HUPOBKOU, ee CTApaloTCA BHIIONHATb TaK, YTO6Ll MaKCUMANILHO COXPaHUThL ecTe-
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PazaeA 1. VHxeHepHO-reope3nHeckmne n3biCKaHms

CTBEHHbIA peibed) M He HAPYLINTh CROMUBLIYIOCA TEONOTUNECKYIO CTPYKTYDY, He
BLI3BAB Takue ABNEHMA, KaK TPOCafKa I'PYHTA, ONION3KY, 3a60NaYnBAKUE U T. M.

Tlpeo6pazoBanue penveda CBA3AHO C NepeMelleRUeM IPYHTa ANA CO3AaHUA
BBIEMOK, KOTNIOBAHOB, HackiNei, 1aM6 u Ap. Bo3RUKAIOT Takme paboTH MO MKKe-
HEpHOW MOATOTOBKE TEPPUTOPUMN K CTPOUTETILCTBY: YCTPOMCTBO APEHANa, TOAMOp-
HBIX CTEHOK, YKpennexrue OTKOCOB U T. TI.

TIpoeKT BepPTUKaNbHOW MNAHMPOBKU CO3AAIOT Ha KPYMHOMACWITAabHBIX TOMO-
rpapuyeckux NMnaHax yvacTka paboT. PuU3MYecKy MOBEPXKOCTh 3eMIU Mpwn
3TOM Ha3bIBAOT paxmuueckol, WA «4epHol» NMOBEPXHOCThIO. [opu3oHTaNnU U
OTMeTKY, U306paxanme penbed PuU3InvecKol MOBEPXHOCTH, TaKKe Ha3LIBAIOT
(baKTUeCKUMU, UM «YepHBIMU». B pesynbTaTe CO3AaHUA NpOEKTa MONYYAWT
NpOeKMHYI0, Wi «KPACHYIO», TI0BePXHOCTb. OTMETKM U FOPU3OHTANU 3TOW IO-
BEPXHOCTM Ha3BIBAOT NTPOEKTHBIMU (KPACHBIMM).

Co3fanue MpOEKTHOW MOBEPXHOCTU CBA3AHO C MepeMeleHueM 3eMIAHbIX
Macc. BenuuuHsl cpe3ku (BLHIEMKU) ¥ MOACHINKY (HACKIMN) ONpeAenaloT padoyu-
MU ommemkamu. Hachimn cOOTBETCTBYIOT MONOMUTENbHLE paboune OTMETKY,
a BhIeMKe — oTpwiarenbHsie. COBOKYMHOCTb TOYEK, AA KOTOPLIX pabouve oT-
METKY paBHbl HyMI0, HA3HBAWT NUHLUEL HYNe8bIX pabom, OHa ABNACTCA IPaHULER
YYaCTKOB C NONOXUTENbHLIMU U OTPULATENbHLIMWA PabouuMn oTMeTKaMu. Pas-
HOCTb 06beMOB HachiMen U BLIEMOK Ha3biBAKT 6anaHCOM 3eMArHBIX padom. [lpu
MIPOEKTUPOBAKUN CTPEMATCA, YTO6H 6anaHC 3eMNARBIX PaboT 6bn HyesbIM. 3TO
YCN0BUE 06LIYHO COTNACYETCA C YCNOBUEM MUHUMYMA 3eMAAHbIX pabom.

OopmnfiowumMu (NAGHUPYIOWUML) NOBEPXHOCTAMU MOTYT GBITh TIOCKOCTH,
KPUBONUHEMHbIE TOBEPXHOCTY Y NX codeTarus. IIpn BepTUKANbHON MNaHUPOBKe,
Kak MpaBuio, OTIPeAENAOT 06BeM 3eMAAHBIX pabom, T. €. BHYUCIRIOT 06BeM TpYH-
Ta B BHIEMKAaX M Hacwnax. [ina 6onee TOMHOrO onpefeneHwA TPyAo3aTpaT NMpu
BEPTUKANbHO! INNAHVPOBKE HAXONAT UEHTPH TAKECTW NMepeMellervA TPYHTa u
PacCTOAHMA, Ha KOTOpble OH JloMKeH 6biTh MepeMelleH. CBepeHuA 06 o6beMax
HachNei W BbIEMOK M ONMTUMANBLHBLIX NMYTAX NepeMenieHus IPYHTa U3 BHIEMOK B
HaChIMU [TOKa3LIBAIT HA KAPMOZPAMMAX 38 MASHBIX pabom.

Onpeueneune o6beMa KoTn0BaKa

KortnoBaH Heo6x0aMM AnA coopyxerua GyHpaMeHTa U MoA3eMHOM YacTu co-
OpyMeHus. B NpoeKTe YCTAHaBNUBAIOT Pa3Mephl W PACMONOKEHUE COOPYKEHUR,
WVPUHY @ v ANWHY b AHa KoTnoBaHa (a M b Heckonbko 6onblle COOTBETCTBYIO-
WUX pasmepos coopywenusn) (puc. 1.37). KpyTusHy oTkoca Kotnosana, aamb,
TPAHWER U T. . ONPEAENAIOT YKNOHOM [, paBHEIM OTHOWEHWIO NPEBLINICHUA K
TOPW30HTANIbHOMY TIPONOMERWIO, T. €. | = h/d = = tgv. KpoMe Toro, Ans 3ToM nenn
WCTIONb3YIOT K03 puyuenm omxoca m = d/h = 1/i =ctgv, v — yron raknoxa.
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CﬂpQBO'iHMK COBPEMEHHOIo U3bICKATeAs

B! [ —— 06beM KOTNO0BaHA ANA HEBONBUIMX COODY-
JXEHW! OMpenenaioT No NpuAMKENHO pop-
Mmyne

e O oy

8 Bet By (1.28)
/ 2

A rpe P, = ab — nnomany A¥a KOTNO0BaHA, P, =
a’b’ — nnowapb KOTNOBaHA Ha ypoBHe GuU3u-
A ecKo NoBEpXHOCTY, h, — CPEAHRA raybuHa
KOTN0BaHa, ONpenesfeMas no popMyne

Ry =hy + by + he+ hp)/4 = [(Hy - Hy) +

+(Hy - Hp)) + (Hy - Hp) + (Hy - Hp)l/4 =

=Hy =025 (Hy+Hg+ Hp+ Hp),

rAe Hy — OTMeTKa gHa KoTioBaHa; Hy, Hp Hy,
Puc. 1.37. Onpepenenne ofbema  Hj — BHICOTHI YI7I0B KOTIOBAHA HA YPOBHe
KOTNOBaHa (U3UYECKO TOBEPXHOCTU 3eMAU. ,

[inA 60NbUIMX KOTNOBAHOB W TIPW MOBLI-

WEeHHOW TOYHOCTW ONpefeNneHuUf 06beMa KOTNOBAH NEAAT HA YAaCTH, KAKAAA M3

KOTOPHIX 6nM3Ka K reoMeTpuyeckoi ¢purype, onpenenaioT o6beMbl 3TUX GUrYD,

CyMMa NMONYYeHHbIX 06bEMOB PaBHa 06beMy KOTA0BAHA. M3-3a 3HAYUTENBHLIX He-

POBHOCTE 3eMHOM MOBEPXHOCTYU Ha YMacTKe paboT MHOrAA BO3HUKAET HeoGXoan-

MOCTb CTPOUTDL BEPTUKANbLHBIE CEYEHUA KOTIOBAHA WU UCTONL30BATL UX ANA Gonee
TOYHOTO ONpeAenesua 06bema KoTnosana.

Onpeaenenne o6bema TpaHIen

B TpaHWen yxnaaxsanT KOMMyHuKaumu, Iny6una h tparuen onpepenserca
MPOEKTOM, WIUPUHA AHA TPaHIIeW 06LYHO Ha 0,4 M GOnbllle WUPUHLE YKNaRbIBAE-
MOV B Hee KOMMyHUKauuu. KpyTnana 60pTOB TpannIen 3aBUCUT OT YCTORYNBOCTH
IPYHTa U ONpenenfeTca Koddduuuentom orkoca m. [Ipu onpenenenuu obvema
BBIHOCUMOi 3eMIM TPAHIIE B 3aBUCUMOCTH OT COXKHOCTW penbeda Renar Ha
Y¥acTKU AAuHoM | = 50 — 100 M. Ha rpaHUIaX 3TUX YNaCTKOB CTPOAT MOMEpeYHbe
npoguan (cevenuna) (puc. 1.38).

Ormerxu H" nHa TpaHuleu OnpeAensioT MO NPOAONLHOMY NPOOUIIO TPACCHL.
TInomanu P, n Pp monepeunbix ceueruit 8 Toukax A u B onpepenaior no gopmynam
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Pasaen 1. UkxeHepHO-reoaesnyeckue U3bICKaHns

Py =05hy(by+by):
Py =0,5kg(by + b'p).
Yuurrisan
b’=b+2b'%b=b+2hm,
HaXOAMM
Py =hy(by+ hym);

Py = hg(bg + hym).
06bem ¥,z TpaHIe Ha yya-
cTke (6n0%e) AB ompepensior no
tdopmyne

Vs =%(PA +P5)AB. (1.29)

Puc. 1.38. Onpep obvema p

' Ins ompepenenus ob6vema
TpaHleyn ¢ 60Nee BLICOKON TOM-
HOCTHI0 Lenecoo6pasko uMets ceverus Py P,..., Pg depes Sonee, KopoTkue pac-
cTosnuA l. B aToM cayvae aneMeHT o6beMa

dV = Pdl,

n
v=[Pd. (1.30)
lo

UHTErpUPOBAHUE MOXHO BHIONIHUTb YUCNEHHEIM METOAOM, HCIONb3YA Te Wn
LpPYTMe GOPMYNLL YUCTEHHOTO MHTEIPUPOBAHUA. EC/IM Y37Ibl MHTErPUPOBAHUA pac-
MONAraloTcA NPOU3BOMBHO, T. €. UCTIONB3YIOT CEYEHUA B HaubOnee XapaKTepHLIX
MeCTax, ¥ PaCCTORRUA MEKNY ITUMU CENEHUAMU HEONMHAKOBL, TO ANA UMCEHHO-
O MHTETPUPOBAHUA MOXHO UCIONB30BATH GOPMYNILI:

Tparenuit

1 Yo (=% )+ 3 (e —Xo) + Y2 (Xs =X )+t

xn
jydx:E (1.31)
x0 +Yna (Xn _Xn-2)+yn (Xn _Xn—l)

wnn napa6on (n — yeTHoe)
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CPABO4HUK COBPEMEHHOTO U3LICKATEAS

xn 1 h/2
J yde=o (e = Xgi2 )(AVaia + Bi¥ i +CiYar ). (1.32)
X0 i=1

e

A=2-0; B=240Q,+1/0; G=2-1/0; q="2"%4,
Xoi ~Xzi-2
A;+ B+ (=6,
B dopmyne (1.32) i = n/2 — YUCNO Map UHTEPBANOB MEXAY Y3NaMu UHTErpU-
pOBaHUA.
Hcnonb3ya bopmyny (1.31), BMecto (1.30), Haxonum

3 B =) +P (b =b)+P(ls =l )+t
2 +Bg (b=l )+ B (b= ht)

Tpe l; — paccToAHMe OT HaYanLHO! TOYKU A0 TOMKM i, [, — paccTosHMe OT Havans-
HOW TOYKM 10 Hayana Tpaccsl (TpaHuleu); P; — nmnomaps ceyeHus B Toyke i.
TIpu ucnionb3osanuu Gopmynst (1.32) napabon umeem \

(1.33)

10 2
Vo ﬁ (i —loi—p M AiPoi-2 + Bi Py +CiBy; ), (1.34)
=1
rape

A=2-Q; B.=2+Q+1/Q; C=2-1/¢ Q=-Z %
bis~hi-2
A;+B +C;=6.
TIpu 0puMHAKOBOM PACCTORHUM MEXAY CeveHuaMu TpaccH Q; = 1,4;=C;=1,B;=4,
7. e. bopmynst (1.32), (1.34) 6yAYT coOBNanaTh C U3BeCTHOW popMynon Cumncona.
HMpumep. Onpepenuts 06beM TPaHIIE, ecnu NNOMARU CeveHni Py = 4,65 M2,
P =417 M2, P, =487 M, Py=584M, P, =395M,1g=0,1;=519m1,=9,13 M, I, =
11,17 m, [, = 19,55 M.
Tlo mpubnuenHoi dopmyne (1.29) umeem:
Vy =05 (Po+P)l, =05 (4,65 + 3,95) 19,55 = 84,1 1.
Mo popmyne (1.33) Haxopum:
V,=05[4.65 - 519 + 4,17 - 9,13 + 4,87 (11,17 - 5,19) +

+5,84 (19,55 - 9,13) + 3,95 (19,55 - 11,17)] = 92,6 .
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Pazaen 1. NHxeHepHO-reoae3nieckme U3bICKaHUs

Tlo gopmynam (1.34) nonyyaem:
Q= L -1 _ 9,13-5,19 ~0,7502:
L-l, 519-0

Ay = 1,2408; B, =4,0764; C, = 0,6828; A, + B, +C, = 6,0000.
A, = -2,1078; B, = 6,3513; , = 1,7566; 4, + B, + C, = 6,0001.

v =% [(9.13 - 0) (1,2408 - 4,65 + 4,0764 - 4,17 +

+0,6828 - 4,87) + (19,55 - 9,13) (-2,1078 - 4,87 +
+6,3513 - 5,84 +1,7566 - 3,95)] =983 M3,

JIns OueHKU TOYHOCTU MONYYEHHOTO MO GopMyne napabon pesynbrata uc-
TONb3YIOT NPUEAMKEHHYI0 POpMYNy
A=di=dn
15
rae Jp, Jyy — 3HageHs uHTerpana, MoAYYeHHOrO NPU MIare WHTETPUPOBAHUA g U
2 COOTBETCTBEHHO. B paccMarpusaemom npumepe Jy = V; = 98,3 M3, ipu yaBOEH-
HOM 1Iare UHTETPUPOBAHUA UMEEM

.

Q=472 22227700 _ 4 1493. A =0,8587; B = 4,0175;
L-l, 913-0

€ -1,1238; A + B+ C = 6,0000.
1,=V,= é [(19,55 - 0) (0,8587 - 4,65 + 4,0175 - 4,87 +

983-92,2
15

yro cocrasnser 0,5% oT enuuunnt V. Ilostomy 3nayenue V;, monyyentoe mo
¢opmyne napabon, MOXKHO CUUTATb ROCTATOUHO TOYHEIM.

Pacxoxpenue Mexny sHaueHuamu Vy - V3 = 14,2 M3, yto cocrasnser 15,65%
ot 0,5 (V; + Vy); pasrocts V, - Vy = =5,7 M3, ut0 cocrasnset 6,0% ot 0,5 (V, + V3).

+1,1238 - 3,95)] =912 M. A =047 M,
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CnpasoUrnK COBPEMEHHOrO U3bICKATeAS

CnepoBatensHo, 6onee TouHoe 3Havenme V;, onpepennemoe no gopmyne napadon
(c ourn6Kon 0kono 0,5%), MOKHO NONYYNTD IIPY TEX e UCXOAHHIX AAHHBIX, UTO U
no Gopmyne Tpaneynit. llozromy Ans 6onee TOUHOPO OnpeAeneHnA o6beMa TpaH-
n1em 1enecoo6pasHo MCnoNb30BaTh GopMyny (1.34), BHIMCNAA TIOWAAKN CEI@HNA
TpaHLUIen B Hanbonee XapaKTEPHEIX TOYKAX.

PaccMOTPEHHbIE METOAB! MOMHO MCTIONb30BATH ANIA BBIYUCIIEHNA 06BEMOB BbI-
@MOK I1PW CTPOUTENILCTBE KaHaNOB, aBTOMOGUNBHLIX U )Kene3HuX Aopor. IIpn cnox-
HOM KOHCTPYKUMM 3eMNIAHOTO NMONOTHA W U3MEHYUBOCTH penbedia MeCTHOCTN Ans
OTpenesieHuA MNOWAAN CeYEHUA UCTIONb3YIOT rpadudeckoe NOCTPOCHNE CeYeHWs,
3 heKTUBHO ANA ITOW NENn UCMONb3YIOT KOMITLIOTEPHL.

[ina onpepenexws o6beMa IpyHTa B JaMGe MOMHO WCMONb30BATh (HOPMYNH,
npuUMeHAeMbIe ANA ONpeeNieHUA 06beMa TpaHuIen.

1.4.8. Teopeanyeckue pa3duBounrie paGorsi

Ha nnomapxe 6yayiero CTpouTeNs5CTBA B NOATOTOBUTENBHBIA TIEPUOA BENOA-
MAIOT KOMIIEKC PaBOT N0 CO3AAHNIO NNIAHOBOW W BHICOTHOM Ie0Ae3NYeCKON OCHO-
BbI, T. €. 3aKPEIIeHHLIX Ha MECTHOCTM TOYEK C N3BECTHLIMU MNIAHOBLIMU KOOPAN-
HaTaMy 1 BLICOTAMMW, OHU GYAYT CAYKUTb MCXOAHBIMU TYHKTAMU ANA NepeHeceHns
TPOEKTA COOPYKEHWA B HATYPY M AIA BHIMONHEHUA UCTIONHUTENLHOM ChEMKN.

Crneayolwmnm ITanoM ABNATCA 2e0de3uyeckue pazbusku (Wi npocTo pasdus-
K1) — KOMINEKC KaMepanbHuIX U MONeBLX PabOT ANA ONpefiefIeHUst Ha MECTHOCTH
¢ Tpe6yeMoit TOYHOCTbIO MPOCTPAHCTBEHHOTO MOJOMEHUA TOMEK, 0CeW, TOCKO-
CTel BO3BOAVMOTO COOPYHEHUsA COMAcHo pabouum yepremam npoexra. Ilo rpa-
(uyeckomy, aHaNUTUYECKOMY W Tpado-aHANNTUYECKOMY IPOEKTY COOPYHEHNA
nyTeM Pa3buBOYHBIX paboOT 3TOT MPOEKT EPEHOCAT HA MECTHOCTD (B HATYDY).

Pa3buBKy coopymeHuit BLIMONHAKT B Tpu 3Tana. Ha nepBom sTame BHMONHA-
10T OCHOBXbIe Pa36uBOYHLIe paboTh. 0T MYHKTOB PEOAE3UYECKOR OCHOBE O AQH-
HBIM TIPUBA3KM Ha MECTHOCTW OMPeNeNAloT MONOMeHNe PRABHHX WAN OCHOBHLIX
Pa36MBOYHLIX OCEW U 3aKPETNAIT UX.

Ha BTopoM 3Tane, HaYMHaA ¢ BO3BeACHUS QYHAAMEHTA, BHMONHAKT AETANb-
HYI0 Pa3buBKy COOPYKEHWI: OT 3aKpenneHHbIX TOUeK PaBHLIX U OCHOBHLIX 0CeR
BLIHOCAT MPOAONbHEIE W MOMePedHbIe OCU OTACABHLIX CTPOUTENBLHEIX S7IeMEeHTOB
COOPYMEHUA, ONIPeAeNAT YPOBEHb NPOEKTHLIX BHICOT.

TpeTuit 3Tan CBA3aH C pa3bUBKON TEXHONOTMYECKMX oced 0GOPYAOBAHMA.
InaBHbie ocK, ontpepensiomue obuiee HONOMEHNE COOPYKEHNA N €70 OPUEHTMPOB-
Ky (TepBbiit 3Tan), MOTYT GLIT ONpeAeseH:t co CpepHeit KBappaTndeckon onmb-
Ko¥# 3-5 cM, a uHOTpa W rpy6ee, netanbHan pas3bueka (BTOPOM 3Tam) BHINONHA-
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PasaeA 1. VHxeHepHO-reope3nyeckue n3biCKaHus

eTCA CO CpepHen KBAApaTUYeCKOW OWMGKOM 2-3 MM W TOYHee, & pa3buBKy
TeXHONOrnYeckux oceit (TPeTU 3Tan) BHNONHAIOT C TOYHOCTBIO RO MUITIMMET-
P2 ¥ AECATHX [0 MWIINMETpa.

1.4.9. Buoc B HaTypy NPOEKTHLIX YIJIOB H AJHH JHHHI

Pa36uBouHble paboTbl CBOAATCA

K HAXOXAEHWIO HA MECTHOCTU TOYEK, A
OTpefeNANUX TeOMETPUI COOPY-
wenns. IInanosoe nonoxexwe TO-
YeK MOXHO OMpeAenuTb MoispHbIM
MeTOAOM, T.e. IyTeM NOCTPOEHUA Ha
MECTHOCTY OTHOCUTENIbHO UCXORHOM
CTOPOHBI TPOEKTHOTO HAMpPaBNeHnA
(yrna) n oTAOMeHMA Mo HeMy Mpo-
€KTHOrO PAacCTOAHUA OT UCXOAHOTO
MyHKTA.

ITPOEKTHLI YTrON CTPOAT OTHOCK-
TeNbHO M3BECTHOTO Hanpaslenus BA (puc. 1.39) W w3BecTHOW BepumHbl yrna B.
TeopoNUT YCTaHABIMBAT Haj TOUKOW B, IpuBOAAT €ro B paGoyee MoNOKeEHWE, T. €.
LEHTPUPYIOT, HMBEANPYIOT U T. . IlepexpecTne HUTe! 3puTeNbHOW TPYO! HABOAAT
Ha TOUKY A M 6epyT 0TCYET N0 TOPU3OHTANBHOMY KPYTY, K 3TOMY OTCYeTy Npubasns-
10T POEKTHBIM Yyron B u, OTKPenwB anwuaany, YCTaHABAMBAIOT BHIMWCIEHHBIR OT-
CyeT, PN 3TOM BU3UDHAA 0Ch TPYO6Ll yKa3biBaeT Hanpasnexue BC;, Ha MECTHOCTH
ukeupyioT TouKy C;. BLINONHWB aHanornyHele A€HCTBUA IpU APYTOM KpYTe, To-
Ny¥ai0T ToYKY C,. U3 nonoxenwi rovex C;, C, OnpenensioT cpepHee, T. €. TOUKy C,
W NONYYeHHbH yron ABC npuHnuMaloT 3a NpOeKTHLINA.

[InA MOCTPOEHWA MPOEKTHOTO YrNa ¢ NOBLIEHHO! TOYHOCTbI yron ABC u3-
MepAIT HECKONbKWUMU TIPUEMaMn U OlpepensioT ero 6onee TogHoe 3HaveHue fB'.
Uncno n mpneMoB MOXKHO OTIpeReanTh, MCXOAA M3 Cnepylomnx coobpamennit. Tak
KaK B’ = (By++ B, + ... + B,)/n. 0, nCONb3yA GOPMYNY CpenHe KBAAPATMYECKON

Puc. 1.39. MocTpoeHue npoexkTHOro yrna

OumMGKn GYRKIMK P mg =my =...=my =mg, HAXOAUH
2 2
N2 _ {2 2 2 nmg + _m
(m5) _(mBl +mg et +)/n2 = :g =
oTKyAa
2
n= "zﬁz' (1.35)
(mh)
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CI‘IpOBO‘-‘HMK COBPEMERROMO U3bICKATEAs

TAe Mg — HOMUHANbHAA AR LAHHOTO TEORONUTA CPEANAS KBAAPATUYECKas OLIME-
Ka u3MepeHns yrna; m’y — Tpebyeman CpeANAA KBajpaTMyeckas owmbka nocTpo-
enws yrna. Tax, AR NOCTPOEHUA yrna ¢ m'g = 5 reoponutom 2T15 (my = 15”) ero
HYKHO U3MEPUTb N = (15/5)2 =9 npuemMamu.

Onpepenwus ', HaxopAT NONPaBKY

AB=B-p,

KOTOPYI0 MCIONL3YIOT ANA YTOYHEHNA OCTPOeHuA yrna. Ha pucyHke 1.39 oTpe3ok
A
Al= ITB' (1.36)

KOTODBIV ITPY NONOMUTENBHOM 3HAYEHMMU OTKNARLIBAIOT OT ToukM C BIPaBO (ecnu
CMOTpeTb N0 NuxuK BC) B nepneHaukynapHoM BC HanpaBnenum u NONYyYawoT Toy-
Ky C’. Ipu oTpuuaTenbHOM 3HayeHuu Al ero oTxJagbBaloOT BNEBO OT ToUku C. Yron
ABC’ paBeH NPOEKTHOMY YINy [ € 3aAaHHOW TOMHOCTH0. [Ina KOHTpOnA yron ABC"
n3mepsioT. ECn namepeHHoe 3HaueHKe OTANYAETCA OT IPOEKTHOTO B Ha ponycTv-
MY10 BENWYUHY, TO M3MEDEHUA 3aKAaHYMBAKT. B MPOTMBHOM Cnyyae BHIONHAIOT
AOMONHWUTENbHBIE UIMEDPEHWA A YTOUHEHUA Pe3ynbTara.
CpenHas xBagparuueckan olmbka OTkNaAbIBaHUA OTPE3ka

m,
My =1—:"—. (1.37)

TIpn I = 150 M, mAP = 2" umeem m,; = 150 000 mm + 2”/206 265" = 1,5 mm.
C TaKo TOYHOCTHIO Al MOXHO OTNOXWUTb PYNETKOW UNM NUHEIKOM C MUANNUMETPO-
BLIMU fieNEHUAMM.

[ins BBIHOCR B HATYPY MPOEKTHOW JIMHUM (OTpe3ka) Lop. Heo6xopMMo OT
MCXORHOW TOMKYM B 33aHHOM HaNpaBNeHUW OTNOXUTb PACCTOAHUE, TOPU3OHTAND-
HO€ TIPONIOKEHUWe KOTOPOro PaBHO NPOEKTHOM BennuuHe. Iipn 3Tom Nonpasku 3a
HaxJIOH IMHUY, KOMITAPUPOBAKMWE, TEMIIEPATYPY BBOAAT HEMOCPEACTBEHHO B NpPO-
1ecce MOCTPOEHUA OTPE3Ka, YTO 3aTPyAHAET paboTy, 0CO6EHHO Ipu ee BLICOKON

ToyHOoCcTH. [T03TOMY, KaK M

Enp npu MOCTPOEHWM yria B

? , cnocofe peayxuum, oT Mc-

ude ] XopHOW Touku A (puc. 1.40)

- OTKNARHIBAIOT NPUEANKEH-

A B B hoe paccrosuue w saxpen-

Puc. 1.40. BboiHOC B HaTypy NPOEKTHOTO OTpe3ka Af0T T04KY B',
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Pasaen 1. NHerepHO-reoae3ndeckue U3biCKaHus

Paccroanmne AB’ ¢ Heo6XORMMOW TOUHOCTHIO W3MEPAIOT KOMMAPUPOBAHHBIMM
MepHBIMU IPu6opaMu MNN AANLHOMEPAMY C YYETOM BCeX NOMpPABOK, B UTOTE MONY-
YT L, Monpasky Al = I, =, OTKNAALBAIOT C COOTBETCTBYIOLIMM 3HAKOM OT
TouKu B, in KOHTpons orpe3ox AB U3MEPSAIOT U CPABHUBAOT ONYIEHHOE IHave-
HWe C TPOEKTHBIM.

1.4.10. Brsoc B HaTypy NMPOEKTHRIX OTMETOK,
JIMHUA ¥ TIIOCKOCTel

OTMETKM B IPOEKTE COOPYIKEHNA AIOT OT YPOBHA KYNCTOTO NONAY WU YCIOB-
HOTO YPOBHA, MO3ITOMY NPEABAPUTENBHO MX NEPEBLIMUCNAIOT B CUCTEMY BLICOT
VMCXOAHBIX perepoB. [inq BbIHOCA B HATYPY TOMKY € POEKTHOW 0TMeTHOW H,
HWBEUP YCTAHABAMBAIOT IPUMEPHO NOCEPeAUHEe MeXAY TOUKOW M PeNiepoM ¢ oT-
MeTKoM Hp,.

Ha pemepe w BHIHOCUMOW TOMKe ycTawasnusaloT peitxn (puc. 1.41). Tlo
OT¢4YeTy @ Ha YCTAHOBNEHHOW Ha pemepe peiixe n oTMeTKe Hp, penepa onpepe-
NfI0T FOPU30OHT Npubopa

I'll =Hp, +a.

f
W Puc. 1.41. BblHOC B HaTypy NPOEKTHOMH OTMETKM

: fina xoutpons Il nenecoo6pasio NONYYUTH NO APYrOMY UCXOAHOMY perepy.
Ha pucynxe 1.38 Ha onpepenseMow ToYKe 0TCHET

i

b =TI~ Hyp=Hpy +a - Hy, (1.38)

PeitKy Ha NPOEKTHO! TOMKEe NOAHUMAIOT WU OMYCKAIOT A0 TEX NOP, NOKA OT-
cuer Mo CpepHeik HUTM 3pUTenbHoW Tpy6bl HuBenupa ue Gypet paseH b, B atoT
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CanIBO‘lHMK COBPEMEHHOIo U3bICKATeAst

MOMEHT IATKA PeVKu 6YZIeT COBMNAAATh C IPOEKTHOM BLICOTOM. Ee oTMevaloT, 3a6u-
Bas KOJbIlIEK, IPOBOJIA YEPTY HA CTPOUTENILHOW KOHCTPYKIMM, U T. . INA KOHTPO-
7R BHINOJIHAIOT HVBEJINPOBAHNE, ONPEAeN AT HaKTUECKYIO OTMETKY BLIHOCUMOW
TOYKY W CPaBKUBAIOT €€ ¢ MPOEKTHOW. IIpn HeONYCTNMBIX PaCXOXAeHMAX paboTy
TIOBTOPAIOT.

Jins BHIHOCA OTMETOK HECKONbKMX TOMEK, HAXOAALIMXCA Ha OQHOW BepTu-
KaJbHOM IUIOCKOCTU (Ha CTeHe WIM KONOHHE), Ha Hel 0TMevaloT NPOoeKUuuio Bu-
3UPHOW OCW, T. €. 0T™MeyvaloT [T - ropu3oKRT npubopa. OT 3To! IMHUU OTKRAAIBA-
10T BBEPX WIM BKU3 COOTBETCTBEHHO 3HAYEHWA b; U OTMEMAIOT MPOEKTHbIE OT-
METKU TOYeK.

ToqHOCTb BHHOCA IPOEKTHO OTMETKM COrNACHO GOPMYIIE C Y4ETOM My OLN6-
K1 QUKCMPOBAHVUA NIpU M, = M,.

my, =y + 1 +mE +mG =mb, +2mE + 1. (1.39)

Pa36uBKa Ha MECTHOCTU NUHUM 33;AHHOTO YKNOHA

15 MOCTPOEHMA NMHMIA NPOEKTHHIX YKIOHOB MPUMEHAKT HUBENNPH, TEON0-
NWTHI, Ja3epHble NPUGOPbL. JIMHMM 33JaHHOrO YKNOHA C IIOMOLIBIO HUBEJIMPA N PeeK
BLUMONHAT ABYMA CIOCOGaMU: TOPU3OHTANBHEIM JIYIOM BU3MPOBAHMUA N JIYOM,
napasule/bHEIM BBIHOCUMOT B HAaTYPY IMHUM.

Croco6 ropu30HTNLHOTO NY4A UCTIONB3YIOT OGBIYHO PU BHIHOCE HA MECTHOC-
T He6onbuIoro yncna Tovex. Touxa A" 3akpennena (puc. 1.42, a) 1 HaXOAUTCA Ha
npoeKTHO BuicoTe HY. [0 33paHHOMY HAanpaBneHio OTKIAAMBAT PaCCTORHNA d
W OTMEYaIOT HA MECTHOCTU TOYKU 1, 2,..., 1N, KOTODHIE CIEAYET 3aTeM YCTAHOBUTb Ha
JMHWUY, IPOXOAAMEN uepes A, ¢ 33JaHHLIM YKI0HOM i. Husenup ycranaenusawot
B61M3u cepenuxyt orpeska ATBT v npusopar B paboyee nonoxexnwe, 6epyr ot-
CueT @, Mo peiike B Toyke A". 3aTeM peWky mepemelaloT B TOYKY 1 n ycTaHaBau-
BAIOT e, IepeMellas BBEPX-BHU3, YTOGLI OTCYET N0 peitke

a;=a,-1id.

TlonoxXenue YpoBHA NMATKN pelku GUKCUPYIOT KONBIIKOM 1. AHanOrmyHmM
06pa3om ONPenenAlT TOYKNU 2, 3,..., ANA KOTOPHIX a, = a, — 2id, a3 =a, - 3idn . p.
Iina Toukn Bag = a, - iD.

Ecnu Touxa AT He BHIHECceHa Ha MPOEKTHYIO JIMHWIO, TO PEHKY YCTAHABAUMBAIOT
Ha 61VKaMIYI0 TOYKY C N3BECTHOW BHCOTOW Hp,, GepyT OTCYET a U ompepenaior
Il = Hp, + 0., OTCHETH N0 PeViKe Ha TOWKaX 4, 1, 2,.., B BBIYNUCAAIOT MO hopMynam
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Puc. 1.42. Cxembl pa3busku NUHWIA 334aHHOTO YKNOHA
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CI'IPQBO‘-IHMK COBPEMEHHOro U3biCKaTeAsa

a,=IlT- Hy; oy ==TI1 - H; ....ag = Il - H, the H}, Hy, ..., H} - npoexTHie
OTMeTKV BLIHOCMMBIX B HATyPy TOMEK, IPW 3TOM OTMeTKa H} RO/KHA 6HITh 3apana, &
OTMeTKU APYTUX TOMeK HAXOJAT C yMeTOM YKNOHA { WU pacCToAnua d, T.e.
HY =H} +id;... H3=H} +iD .

TIpu GonbuIOM YMCHe BHHOCUMBLIX B HATYPY TOMEK U NPU HEOUHAKOBOM pac-
CTOAHUW MEXAY HUMU pa3bUBKY IMKMU 3aaHHOTO YKNOHA BHIIONIKAIOT HAKROH-
HLIM BU3UDHBIM ny4oM. Toukn A" n B" PBOnWHB RaXOAUTBCA B MPOEKTHOM
TIONOXEHMM, Ha BhicoTax HY, H,’;'. Ecnu paccrosnue AB xe mpesbiaeT 100-150 M,
TO HWUBENUDP YCTAHABAUBAOT ¥ OAKON U3 KPaHUX TOYEK, KampuMep y Touxu A
(puc. 1.42, 6), TaK, uTOGB OAMH TOABEMHEIN BUHT ObUI HampaBneH B TOMKY B.
H3MepsioT BbicoTy Tpu6opa i = BIT v Haxopat otcuer b" =i—(H} — H, ). Hasopar
Ha peliky B TOYKe B 1 BpallleKneM 31eBaLMOKHOTO WAV TIONBEMKEOT0 BUKTA YCTa-
HaBNUBAWT OTCYET b" o pefike, TP TOM BU3NPHAA OCb YCTAHABAMBALTCA Napan-
nenbHo nurun A"BY, 1 BO BCeX TOMKaX Mpu oTcveTe b” Mo peiike ypoBeHb MATKM
peiiku 6yneT coBmapaTh ¢ NMHUEN 3aAAHHOTO YKNOHA. B Touxax 1, 2,... 3a6usawT
KOMBIUIKM TaK, YTOGH! IO YCTAHOBNEHHLIM Ha HUX peitkaM 6xin otcuer b

TIpu MCTIONL30BAKUM TEOAONUTA ETO YCTAHABNAMBAIOT Haf, HAYanbHo TOUKOM ¢
TIPOEKTHOW OTMETKOM W M3MepAIT BhICOTY Tpubopa. Ha BeprukansHoM xpyre ¢
YEeTOM MecTa Hynis YCTaHABAMBAKT OTCYET, COOTBETCTBYIOWMIA TTPOEKTHOMY YKi0-
HY, T. €. V = arc tg i, Hanpumep, mpu i = 0,02 umeeM v = arc tg 0,02 = 1°0845”,
OTMETMB Ha peiike UIY BeXe BLICOTY NMPUBOPA, BEIMONKAIOT Te e AeHCTBUA, YTO U
TIPU UCTIONB30BAHUN HUBENUDA.

BLINOC B HATYPY NIPOEKTHOM MAOCKOCTH

Jins pas6uekuM B Harype TPOEKTHON TMOCKOCTH MOXKHO UCTIONB30BATD cneny)o-
wme MeTopst [21].

1. [IpuMenenue HuBeNNPa C TOPU3OHTaNbHOW BUSUPHON NNOCKOCTDIO

B 3TOM Cnyyae ONMpepensioT MPOEKTHEE OTMETKU PACTIONOKEHHAIX Ha TNOCKO-
CTV TOMEK TIO TPOEKTHOMY iy, TPORONLHOMY W iy, TIOTIEPEUHOMY YKNIOHAM TIPOEKT-
HOJ THOCKOCTW M N0 TPORONLHOMY dpy W TIOTEPEUHOMY dygp, TOPUIOHTANBHLIM
TIPONOKERUAM (puc. 1.43). l'lpoex'my)o o-me'n(y Toyku E (v no6oi Apyron 'ro‘nm)
MOXXHO OTpeAienuTsh Mo hopMyne

n_ggn ,: .
H}:‘ = HA +inp 'dnp +lnon 'dnon'

3HaK YKNOHA ONOXKUTENEN, eCIN OTMETKA TOMKW B GOnblile 0TMETKM TOYKM 4,
W oTpuuarenex, ecnu H, > Hy. Ompepenns HE, nanee paboty BHMOAKAIOT TaK Xe,
KaK TP BLIHOCE B HATYPY NPOEKTHLIX OTMETOK, T. €. BLIMUCAAIOT OTCYET
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Pasaen 1. Mn)KeHepHo-reerauqecxue MN3bICKAHUSA

—_ n n M
b=Hj +o-Hp A inp B
To peiike, YCTAHOBNEHHOW B cnp
Toyke E, mpu 3TOM ypomeRrb clron .
TIATKM PeNiKK naeT TONOKeHue £ Lnon

TIPOEKTHO OTMETKU Ha AAHHOMN
TIPOeKTHOW Tnockoctu. Takum
cnoco60M NONYvaoT MPOEKT-
Hble OTMeTKH Reo6Xoaumoro
yucna TOYeK Ha TPOEKTHOMU
TNOCKOCTU.

2. Hcnonb3oBaHue HuBe-  Puc. 1.43. BbiHOC B HaTypy NPOEKTHOI MNOCKOCTH
AUpa ¢ HAKNOHHOW BU3UPHON
TINOCKOCTLIO

" HuBenup ycTaHaBnuBaT Tak, YTOGH €ro BMIMPHAA MNOCKOCTh 6bna mapan-

NensHa 3afaKHOM TPOEKTHON TAOCKOCTU. IIpeABapUTEnhHO OOGBIMHBIM METOROM
BBIHOCAT Ha MECTHOCTU He MeHee MeTHpeX OCHOBHLIX TOMeK MPOeKTHO Mnocko-
ctn ABCD (pwc. 1.43), oTpefenAoliux KaNpasneRue ero TPOAOALKEIX W TToTiepey-
HbIX YKNOHOB. HuBenup ycTaHaBaMBamT TaK, YTOOH ABa €r0 MOALEMHLIX BUKTA
65inM HampasneHs Mo vHWM AB, a Tpetuit — no Hanpasnerwio AD. YcraHosuB
PEiiKM Ha JiBe TOYKMW C U3BECTHBIMU TIPOEKTHBIMU OTMETKAMM, AAI0IUMU HATIpaBe-
Hue TIPOONbROTO YKN0HA, BPAlleHMeM ABYX MOABEMKLIX BUHTOB, NapalnenbRbiX
JIMRMU TIPOONBHOrG YKNOHA, METOROM TPUGIMKEHUA A0GUBAIOTCA OfUHAKOBLIX
OTCMETOB IO ITUM peiikaM.

3aTeM BLICTAaBNAWT elje OAXY PeViKy Ka TPeTbI TOUKY, AAOWIYI0 C ONKOW U3
TIepBbIX 1BYX HaNpaBnenue NOMEePeYHOro YKIOH3, U, Bpawasa TpeTUin MOpbeMHbli
BUHT, A0OMBAIOTCA KA NMOCHEAHUX IBYX Peitkax OAMHAKOBOrO OTCYeTa. Y6enus-
LIUCh, NTO OTCYETH! Ha BCE TPU TOMKM OBMHAKOBBL, ANA KOKTPONA GepyT oTcyeT Ka
JeTBepTy0 TouKy. Ecniv otcuer b, Ra 3Ty TouKy 6yneT Taxoit Xe, Kak M Ha Tpexbl-
Aymue, TO YCTAHOBKA HUBENUPA OKOHYEHA, U TIONYIMBLIMACA OTCYeT b, 3amuchBa-
0T, B XypHan paséusku. Ha pa36usaemoii mnowaake ycTanHasnueaioT Heobxoam-
MOe KONWYECTBO KONBIMKOB. Ha KaXpablit U3 HNX YCTAKABNNBAIOT PEMKY W KONBILIEK
3abMBAIOT [0 TeX NOP, TOKA OTCYET N0 pelike He 6yneT paseH b,.

D

C

1.4.11. Tlepegaya OTMETOK Ha CTDPOHTEJIbHBIE IOPH3OHTHI

JIna mepepadm MPOEKTHLIX OTMETOK TOMYEK B KOTN0BAHE UMW HA BEPXHUX 3Ta-
ax 37aHUA ONMOPHbIE TOYKM HeoGXOAMMO UMeTb Ha 3TUX Xe TOpPU3OHTax. Jna
3TOM LeNn YCTAKaBAUBAOT BPEMEHHHIA Demlep, Hampumep B (puc. 1.44), ero
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CFIpOBO‘-lHMK COBPEMEHHOIO U3LICKATEAR

OTMETKY ONpepenawT oT

u /&T’ Penepa, PacroNOKEHHOro
(]

HAa NOBEPXHOCTU 3eMAU
ot ﬁ B6An3n  BO3BOAUMOIO
o6bekra. Pynerky nopse-
LINBAKT B BEPTUKANLHOM
TIONOXEHWY, ee HUMHMWI
KOHEl, ANA TaleHus pac-
li KaynBaKus, ROTPYXaloT B
" 0y €MKOCTD C BA3KOR KupKo-
N m a J Po CTbi0 (MaCnOM MNY BOROH,
CMELIaHHON C ONUIKaMK).
Mlocepepnne Mexpy pe-
TIEpOM W 3A3aHWeM ycTa-
HaBAMBAlOT HUBENMD Ha
Puc. 1.44. Cxema nepefjaun OTMETKM Ha 3TAXN 303HUA  HyKHeM TOPUIOHTE N 6e-
PYT OTCYETHI: @ — TIO pei-
Ke, YCTaHOBNEHHO} Ha pemepe, 7, — IO LIKane pyneTkn. Husenup nepeHocar Ha
BEPXHWIl FOPU3OHT U BepYT OTCYETH 7, — RO WIKANE PpYNeTKN U b — N0 HWBEIMp-
HO peviKe, ROCTaBAEHHON Ha BPEMEHHEIN pentep B, OTMETKY KOTOPOro BHYNCAANT
o opmyne (cM. puc. 1.44).

Hy=Hp,+a+r,-r,-b. (1.40)

A KOHTPONR Ha BEPXHEM M HWKHEM TOPU3OHTAX MU APYTUX BHICOTAX NPU-
60pa AenaloT 0TCYeTH U TOBTOPHO ORPEALNAIT

Pynemna
=

n,-; TES THT XA XU WS »7
(==

My HPD

Hp=Hp +d +1g -1y -b'. -

PasnocTs Hg — Hp He jonKHA [DeBHILIATL 6 MM.
AHanoOruyHLM cnoco6oM ONpeAensioT OTMETKY BPEMEHHOTO penepa B KOTAO0-
BaHe, B 3TOM Cayyae

Hy=Hp,+a-r,+1,-b, (1.41)

T. & U3MEHANTCA 3HAKU TPU T, UT.

1.4.12. Teonesnueckye paGoTsl Ha CTPOMTENBHON IUIOLIAfiKe

Ipaduyeckmii, aHanuTUYeCKMA WU TPado-aHANUTUYECKUI RPOEKT COOpYXHe-
HMA HEOGXOAUMO TIePeHeCTU B HATYpY, T. €. 3aKPeNMUTh Ha MECTHOCTU TOYKW, In-
HUW, IOCKOCTY, OTMEYeHHble B Tipoexre. Kak yxe oTMewyanocs, pa6ora BLINONHA-
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Pasaea 1. WHxeHepHO-reoaesnyeckne nsbickaHus

eTcA B Tpu ITana. CHavana oT RYHKTOB Me0fie3UYeCKOR OCHOBEI BLIHOCAT Ha MecCT-
HOCTb W 3aKPEMIAIOT KOHTYD COOPYIMEHURA, ITOT 3TAll HA3LIBAIOT OCHOBHBIMU PA3-
6usovHbIMUu pabomamus.

Cnepyowuii sTan — demansHas pas36usKa, PN KOTOPON ORPEAENAIOT Ha MeC-
THOCTU OTAENbHBIE KOHCTPYKTUBHELE 3N1EMEHTH M YACTU COOPYKEHWA B inaHe U No
BbICOTE. MICXOAHBIMU TipU AeTanbHON Pa3GUBKe ABRAIOTCA TOYKU N AMHUM KOHTYpa
06beKTa, MONYYEeHHBIE PN OCHOBHBIX Pa3BuBogHbIX paGorax. OCHOBHOE BHUMa-
HVe YJIeNACTCA BLICOKOW TOMHOCTN ONpe/ie/leHNA B3aUMHOTO TIONOKEHUA INEMEeH-
TOB COOpyenus. [locne 3aknaakn pyHAaMEHTa BLIONHANT Pa3GUBKY, CBAAHHbIE
C MOHTa¥OM CTPOWTENBHBIX KOHCTPYKLUWA M TEXHONOTWYECKoro 06opyaoBaHus,
TipN 3TOM HEOGXOAMMO OTMETUTD BLICOKYIO TOYHOCTb TINAHOBOTO W BLICOTHOTO NO-
NIOXKEHWUA XOHCTPYKLUM.

ITocne BEIMONHEHMA OMEPEAHOrO 3Tana CTPOUTENBHO-MOHTAXHEIX PaboT Bhl-
TIONHAOT KOHTPONLHYO UCTONHUTENBLHYIO CHEMKY, pe3yNbTaThl KOTOPOU ABAAIOTCA
OCHOBHBIM JOKYMEHTOM Tipu CAaye roTOBOro 06bEKTa 3aKa3yuky wau Tiepepave
€ro Apyroi OpraHu3alun Jas TPOACKKEHNA CTpouTenscrea. Kpome Toro, suinon-
HAIOT UCNONHWUTENLHYI0 CheMKY B Macurtabe 1:500 uan 1:1000 Bceit Teppuropun
CTPOUTENbCTBA. CbEMKY NOA3EMHBIX KOMMYHUKALWA BLITONHAIOT B IPOLiecce CTPo-
WTenbCTBa B OTKPHITBIX TPaHwesxX. [lo peaynbTaTaM UCTHONHNTENBHOM CHEMKM CO-
CTaBAAIOT UCTIONHUTENbHbI PeHEPANbHBIN [NAK 0GbeKTa.

Jina onpepenenus aeopMannit BO3BOANMOrO COOPYKEHNR MPeAYCMaTPUBAIOT
CriellManbHbIe Teofe3uyeckue HaboAe A, KOTOPble AOJKHBL BHIONHATLCA C Hava-
na CTPOUTENbCTBA W RPOAOKATECA HECKONLKO NET A0 cTaGunu3auum 06bekTa Ha-
Gnonermit. [IMKABL 3MEPEHMH € BLICOKOM TOMHOCTbIO BBINONHAIOT Yepe3 onpepe-
NIeHHbIe IPOMEXYTKN BpeMeHu. ECav pe3ynbTarsi TaKMX HaGN0AeHUA COOTBETCTBY-
10T PaCeTHHIM, TO 3T0 CBUAETENLCTBYET O BLICOKOM KadecTse TPOEKTa W eTo peanu-
3allMn B OTHOLIEHMM OCHOBAHWA M KOHCTPYKUMM dyHpameHTa. B npoTMeHOM cnyvae
PE3Y/IbTATH U3MEDPEHUIA TO3BONAIOT YCTAHOBUTL HPUUMHY AeOpMaLUit U RPUHATD
MEPBI K MX YCTPaHEHWI0, @ NO3Ke YOeANThCA B 3 PEKTUBHOCTU IPUHATHIX Mep.

l'lpoel('man AOKYMEHTanuAa

Bo3ssezienme moBGOTo COOPYKEHNA BHONHAIT [0 TIPOEKTY, B KOTOPbIiA BXOAAT
pasnuyHble rpaguueckne U TeKCToBble AOKYMEHTH. OCHOBHBIM ABIAETCA TeHe-
PaNbHBIA TNAaH (FEHTINAH), KOTOPHIA cOocTaBnfloT B Macurrabe 1:500-1:2000 wa
Tororpamueckoit ocHose (Tomorpaduueckom naxe) Toro xe macuiraba, Ha rex-
MNAHE NMOKa3biBAOT BCE TPOSKTUPYEMBIE TPOE3AL!, 3RaHUA U COOPYKEHNA C YKasa-
HVeM MX Ha3HayeHwA. [eHnnax CNoXHbIX 06eXTOB AONONKHAT CRELMaNbHbLIM Yep-
TEXOM, Ha KOTOPOM OTMEYAlT 'e0Ae3UyecKmue NYHKTLI Ha CTPOUTENLHOR NIOWaaKe,
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KOODAMHATH Y BHICOTHI BAXXHEWIINX TOYEK MPOEKTA, OMPeAe/ieHHHX B Pe3yibrare
aHaNMTUYECKOM TOArOTOBKYM MTPOEKTA.

Ha ocHoBaHuUM 3TuX JOKYMEHTOB COCTABNAIOT Pa36UBOYHEIE YePTEMN, He0b-
XOAUMBIE /IR TIEPEHECEHUA B HaTyPy OCHOBHBIX 0celt coopyxerua. Ha pasbusoyu-
HBIX YepTexax GUKCUPYIOT rOpU3IOKTANbKBIE YINbl U PACCTOARUA, Keo6XOoAUMble
ANA NepeHeceruA Ha MeCTHOCTb TOYeK, MKW, TNOCKOCTeN.

JleTanbRylo pa3bUBKY COOPYKERUN BHITONKAIT N0 PAGOYNM YepTeXaM, Ha
KOTOPHIX AaKbl KPYMHOMAcmTaGHble MUIaKbl U MPOGUAY BCEX YacTen COOpyKe-
HUA, BKN0YAA T1aHH GYHAAMEHTOB, C 0603HaYeHUEM CTPOUTENbHLIX OCe ¥ pac-
CTOAHWI MeXAY BUMU, CTPOUTENBHbIE OCW AENAT HA TPOAOMbHbIE U TONE@PEYHbIE.
Ha pucynke 1.45 cTpouTenbHbe OCY NOKa3aHbl TOKKMMW MUHUAMU. [IpoponbHbie
0cu 0603HAYa0T 3arnaBHHMU 6YKBAMM PYCCKOTO andasuTa, a NONepeyHsle —
apabcxumu umgpamu, CTpouTenbHbIe 0CK AEAAT Ha FNaBHble, OCKOBHMIE ¥ IPOME-
KyTOuHble, [na8HBIMU HA3BIBAIOT OCH, KOTOPLIE NENAT COOPYKEHUE Ha CUMMeT-
PWuHbIe YacTM (Ha puc. 1.45 310 ocu Bu 3).

OcnoBHEle (KpaiHue) ocu aaoT 06WUI KORTYp coopyenus (ocu A, B, 1, 5).
Bce ocranpHbie ocu, HaXOAAIMECA MEXAY OCHOBHBIMM, HA3bIBAYOT NPOMEMKYMOY-
HBIMU, UNU SHYMpeHHUMU. PacCTOARUA MeXAY OCAMM ROMKHbl YYUTHIBATD UC-
nonb30BaHUE B IPOLECCe BO3BEAEHUA, DEMOHTA W PEKOHCTPYKUUK YHUPUUNDO-
BaHHLIX CTPOUTENLHLIX KOHCTPYKIMA U ITOAEMHO-TPAHCTIOPTHLIX MEXaHW3MOB, N0~
3TOMY ITPU COCTABIEHUM NTPOEKTA PACCTOARUA MEXKLY CTPOUTENLHBIMU OCRMM Ha3Ka-
4awT KpaTHHM Mopynio M. Benuunna ocxosroro mopyna pasxa 100 mMm. Kpome
OCHOBHOPO UCMONbIYIOT YKPYMKeHHble Moaynu: 3M = 300 mMm, 10M = 1000 MM,
50M = 5000 Mm.

PasMmemenve cTpowu-
TENLHHX OCedl OTHOCUTENB-
HO KOKCTDYKTWBHMIX 31e-
MENTOB 37aHuA Ha3hBaOT
NpUBA3KOU CMPOUMENbHBIX
ocell, KOTOPY10 3afjalOT pac-
CTORHUEM OT CTPOUTENBHON
OCY 0 IPaHU WU OCH 3Nie-
MeHTa KOHCTPyKuun. Kpome
OTMEeYeHHOW NOKYMEeHTan N
WCTIONBIYIOT PAR APYTUX AO-
KymeHToB. leope3anueckue
paboTyl Ha CTPOMTENbHOWN
MAOIAAKE BLITOAKAOT Ha

Puc. 1.45, CxeMa CTpOMTENbHLIX OCeR
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OCHOBE NIPOEKTa IPOU3BOACTBA reofesnyeckux pa6ot (IIIIIP), KoTopHA ABRAETCA
4acTbi0 MpoeKTa mpouseoacTsa crpourenscrsa (IIIC). Ilpu cocrasnenun IITP
YYMTHIBAIOT KaNeHAapHbIe rPadmKu CTPOMTENbCTBA, Pa3paboTaHMble B MpOeKTe
oprarusauuu crpourenscrsa (110C).

TouHocTb pa3OMBOK M CTPOMTENBHEIE AOMYCKA

Ha nepsom 3Tame mpu pa36uBke OCKOBKLIX OCEW COOPYMERUSA AOMYCTUMbE
orMbKM 06bLIMHO OTIPEAENAIOT IO GopMyNe

Agey, = AM,

rae A — omubka onpeaenesuA Ha TnaKe KOOPAMHAT TOUKW WK ANUEEL nulun; M —
3HameHaTenb Macurrada miaMa. Iipu A = 0,2 MM 1A reHnaHa B Macurra6e 1:1000
uMeeM A, = 0,2 M. 3Hauenue A, XapaKTepusyeT OMYCTMMYO OLMEKY pa3bue-
KU TONbLKO OAHOIM TOYKU COOPYKeKUA, [TonoxeHne 0CTanNbHLUX TOYEK COOPYHERUA
OTHOCUTENBHO ADYT APYTa OTPEeNensioT B COOTBETCTBUM C AOMYCKAMU Ha JeTanb-
Hy'0 pa36uBKy.

TouHOCTb AieTaNbHON Pa3GUBKK COOPYKERUA 3aBUCUT OT XapaKTepa 34aKuA U
YCTaRaBIMBALTCA, CTPOUTENbHEIMU HOPMaMu ¥ ipasunamu (CHuIT). Hau6onee Bbi-
coKas TOYHOCTb TpebyeTca mpu pasbuBke Ans MOHTAXa METANIUMECKUX KOHCT-
PyKuwu# (cpegHue KBagpaTuyeckue omrubku nocTpoerus yraos — 10”, paccros-
Huit — 1:15000, BLICOT — 1 MM), ITU Xe mapaMeTpbl IPU BO3BEAEHUU MHOTO3TaX-
HBIX KMPIUYHBIX U MOHONUTHBIX XKene3o6eTORHLIX 3panuit — 307, 1:2000, 5 MM,
3emnaNbie COOPYXeRUA pa3béusawT ¢ owubkamu 607, 1:500 u 50 MM coOTBET-
CTBEHHO.

Cnepyer 3aMeTMTb, YTO HOMMHAJbHEIE 3HAYEHUA KAKOM-NM60 MPOEKTHOI Be-
NUYMHEL He ABAIOTCA A6COMIOTHO TOMMBIMM, UX 3a[a10T HaMMEHbIMM L M Haw-
Gonburum Ly, 3HATLHUAMM, YTO COOTBETCTBYET BepXHeMmy OF w wumuemy & mpe-
NeNbHEIM OTKNOHEHNAM OT HOMUKana ly:

Paznocts A = 8P - 8% HasmsaroT npoexmubim donyciom, OTKNOKERUA INEMEH-
TOB COOPYKEKUA OT POEKTHOTO HE OAUKAKOBO U3MEHAIOT GYRKUUOHANbHbIE (3KC-
TUIyaTayMoHHbIe) CBOMCTBA 06bekTa. [I03TOMY BBOAAT MOHATUE QY HKUUOHANLHIX
donycKos, KaWABIA U3 KOTOPHIX XapaKTepusyer HapylleHue MPOSKTHOrO MONONe-
HWA PaCcCMATPUBAEMOTO 3N1EMEHTa KOHCTPYKUMM. OCHOBHLIMU U3 HUX RBRAITCR:
OTKNOKHERWe OT MPAMONUKEHAROCTU (M3rub); 3a30p MEKAY MPUMLIKAIOWMMY 37e-
MEHTaMU; Be1MYMHA HeCOOCHOCTN CMEXHbIX 31eMERTOB; OTKNOHEHUE OCY TIeMER-
Ta OT POPU3OHTANN UNM BEPTUKANM W JID.

OTMeueHHble IOrPenrHOCTU YCTAKOBKU CTPOMTENbLHLIX KOKCTPYKUUM B IIPOEKT-
HOe MON0XeHne 3aBUCAT OT OMMOGOK: UTOTOBNEHUA KOKCTPYXUUiA; reofe3nyeckoi
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Pa3BbUBKN; OTKNOHEHW YCTAHOBKU KOHCTPYKIMM OT AaHHbIX paséusku n T. 1. Jna
yCTPaHeRUs OWMGOK pa3bUBKM HA KAaYeCTBO MONTaXa 00beKTa Bomyck Ha omwwmbku
Te0fe3NdeCKNX Pa3bUBOK MPUHAT B eThIpe pasa Menblue 06T CTPOUTENBHOTO
pomycka. CpeAHve KBappaTudeckue OMIMGKM reoaesuyeckux paboT Mpn CTPOUTENb-
CTBE 3[aHUA U COOPYXEHWH Pa3NUMHOM CNONKHOCTU NMPUBENEHH B NEAUCTBYIOWMUX
CTPOUTENbHHX HOpMax W mpasunax (CHull 11-02-96) v cBOpax mpasui MO WUHKe-
HEPHBIM N3BICKaHUAM g cTpountensersa (CHull 11-104-97).

Ecnu omm6KU YCTaHOBKU KOHCTPYKUMN B IPOEKTHOE MONOKEHUE UMEIOT CUC-
TeMaTUYeCKWUit XapakTep (HampuMep, pa3Mepbl OAHOTUIIHBIX KOHCTPYKLMA OTIU-
4alTCA OT HOMUHANBHLIX), TO PU MPOABMKEHUM MOHTAWHBIX PaBoT 3Ta ourmbxa,
HaKaIlIMBAACH, MOXET MPEBLICUT YCTAHOBNEHHbIA AOMYCK. JINA UCKIIOMEHUA 3TO-
IO ABJIEHUA MPOCKTUPOBILMKU AOJKHb PEAYCMOTPETh KOMITEHCANNIO STON OWIMG-
KM, HaMpUMep MyTeM yBeNUYEHUA OMOPHAIX NNOWAA0K, Ha KOTOPIE YCTaHaBAMBA-
10T CTPOUTENbHBIE KOHCTPYKIMN.

Ournbxa A; BHIHECEHHO Ha MECTHOCTD BENUYUHBL

A=li~1,
rpe [, |, — dakTHyeckoe M MpPOEKTHOE 3HAYEHWA OTKNAALIBAEMOW BENWMUHEL.
3HayeHue A; ONPeRENAIoT MPU CMENMANbHbIX KOHTPONLHHIX re0Ae3neckuX n3me-
PeHUAX. BenuymnHa fonycTMMOi OLIM6KM Pa3BUBKN B PALE CIY4aeB 3aBUCUT OT ee
HampasneHua. Tax, pu pa36ueKe COOPYKEHMI UX CMEIeHUE TI0 IMHUM 3aCTPOHKN
He TaK 3aMeTHO, Kak Mo MePNeHANKYAADPY K TMHUN dacanos.

1.4.13. Teogeanueckasn cerTh Ha CTPOUTEJEHON MIIOL{AKE

TIyHKTE! reope3vueckoin CeTM Ha CTPOUTENLHOM mnomanke UCTONb3YIOT ANR
TlepeHeceHMA Ha MECTHOCTh OCHOBHBIX 0Ceii COOPYKEHWS, IOITOMY MX Ha3bBAIOT
TIYHKTaMu pa36usouHoll 2e00e3unecKoll OCHOBbI, KOTOPbIe PU HEOBXOAUMOCTH UC-
TONb3YI0T AIA OCTPOEHUA JIOKANBHEIX PA36UBOMHBIX CETEN OTHENbHBIX 30aHUA U
coopyxeruit. [locne 3aBepureHMs CTPOUTENBCTBA 3TU NYHKTh ABAAIOTCA OCHOBOM
KPYMHOMACWITAGHBIX UCTONHUTENLHbIX CHMOK TIORTOTOBNEHHbIX X CRave 06bex-
708, MHOrJa MX MOXHO UCITIONL3OBATh B KAMECTBE IeOfeIUYeckodt OCHOBHL TP
Habnionexmnu 3a ocagkamu u feGopMaLNaAMU BO3IBEAEHHEIX 30aHNA U COOPYKEHNHA.
TIyHKTH reope3ndeckoro 060CHOBaHMA ANA M3HICKATeNbCKUX paboT 06bYHO He
MCTIONb3yIOT B KayecTBe Pa3GuBOuHOM OCHOBH, TaK KaK OHU He OTBevaloT Tpe6osa-
HWAM K Pa36UBOYHOM PeOAe3UYECKON CETU IO TOYHOCTH, IOTHOCTU U IONOKEHUIO
TYHKTOB.

TIpoeXT reonesndeckon paaﬁmaoquou OCHOBB! COCTABJIAIT COTJIACHO reHe-
PanbHOMY MNaHy, YTO6b P Pa3Mel}eHUN MYHKTOB PEONe3NYeCKOl CeTH YuecTb
MONOXeHUe CYLEeCTBYIONIMX U NPOEKTUPYEMBIX COOPYXEHWUN, A0POT, KOMMYHNU-
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Kaunit U 1. . TOYHOCTD YTNOBLIX, IMHEHHbIX N3MEPEHNA W MPEBbILIEHUA 3aBUCUT OT
XapaKTepa CTPOUTENLCTBA U cornacHo Tpebosanuam CHUIT 3.01.03-84 mpueenera B

Tabaune 11 [19].
Tabnuya 11

BenuuunHa cpenHel KBanpaTHeCcKo NOrpewHo-
CTM NOCTPOEHUS pa3bUBOYHON CeTU CTpONTENb-
XapakTtepuctuka obbekra HOW nAOWanKK

cTpouTenscrsa

onpeqenexue npe-
BbILEHUA
Ha 1 KM Xopa, MM

yrnoscie NyiHelHbIe
M3MepeHus, c [ uaMepeHua

MpeanpuaTia 1 rpynnbi 3aaHWi (COopy-
WEHWN) Ha ydacTkax nnoageio 6onee
1 kM?; OTAENLHO CTOSILME JqaHUS (co- 3 1/26 000 4
OpY»eHus) C Nnowaabio 3acTponku 60-
nee 100 Tobic.

MpeanpuaTus v rpynnbl 3naHmi (Goopy-
HEHWIA) Ha yqacTKax Nowanblo MeHee
1 km%; OTAENbHO CToAWME 30aHWA (Co- 5 1/10 000 6
OpYXeHWA) C NNoLabio 3aCTPONKK oT
10 no 100 Tsic. M’

OTAENLHO CTORWME 30aHUA (COOPYKEHUS!
€ MNOWEAbI0 3aCTPONky MeHee 10 Tbic, M7 10 1/5000 10
[OPOTU. UHXXEHEePHbIE CETW B Npeaenax

3aCTpanBaeMmblxX TepPUTOPUIA

Dlopor, UHxeHepHbIe CeTH BHE 3acTpau-
BaEMbIX TEPPUTOPUI; 3EMNSAHbIE COOPY- 10 1/2000 10
XKeHUsi, B TOM UUCne BepTMKanbHas nna-

HUpOBKa

TIpu cocTaBneHWUU MPOEKTa reoae3nuecKoit OCHOBL! Ha CTPOUTENbHON Iowmanke
TPeyCMaTPUBAIOT €€ MPUBA3KY K MYHKTaM POCYAApPCTBEHHOM reone3nyeckon ceTu.

B MWAMIJHOM M TPa¥naHCKOM CTPOMTENbCTBE Ha MECTHOCTU 3aKPemnAioT
KpacHble NMUHUU, KOOPANHATH BEPUIMH KOTOPHIX OGLIMHO ONpPEenenAlT myTeM
TPOXNAALBAHUA TIONNTOHOMETPUYECKUX XOA0B C MIPUBA3KOW K TOPOACKUM U To-
CYRaPCTBEHHBIM CETAM, @ BHICOTH — FeOMeTPUYECKMM HUBENUpOBaHneM. B npo-
ME(UINEHHOM CTPOMTENLCTBE TeOfe3N4ecKoit 0CHOBON ABNACTCA CTPOUTENLHAR
cerTka, o6pasyionmas Npu nepeceveHun XBanparh UAN MPAMOYrONLHUKN €O CTO-
poHamu 50, 100, 200 M.

BepmmHbt XBagpaToB MU TPAMOYTONLHUKOB 3aKPENAAIOT CTIeLMaNbHLIMU A0~
POBDEMEHHBIMU LleHTPaMU. JIMHUU CTDOUTENBHO CETKU CTPOAT MapannenbHo 0CAM
OCHOBHBIX MPOE3A0B U COOPYHEHUA TaK, YTOOH 06ecrmeynTs COXpaHHOCTb 6onb-
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LIMHCTBA NYHKTOB ITYTEM Pa3MeLIEHUA UX BHE 30HH 3eMIAHBIX paboT. Koopauna-
TH BEDUIMH CETKU ONPEAensioT B OGLIeroCynapcTBEHHOW CUCTEME U B CUCTeMe
CTPOMTENbHOM CETKY, B TIOCNERHEM CNyvae 0CH abCUMCC M OPAMHAT MApannenbHbi
JIMHMAM CETKM, @ HaYano KOOPAMHAT COBMEIAIOT C 10T0-3anafHbiM YIN0M CeTKM.
JIueuuM ceTkn KyMepyeT yepes 100 M.

Bribop criocoba cozpanus paséUBOMHON OCHOBL 3aBUCUT OT Pa3mMepoB y4acT-
¥a, 0C06eHHOCTe! MECTHOCTYW, XapaKTepa CTPOUTENLCTBA U TPe6GyeMOn TOMHOCTH.

1.4.14. BeprukasbHoe mpoeKTHpOBaHMe TOYEK

[Ipu pewleHWUn MHOTUX 3apad UHXEHEPHOW reope3un UCMONb3YT NPUGOPH
BepTUKanbHoro npoekruposanus (IIBII), 4TO CBA3AKO C YBENUYEHNEM ITAKHOCTH
MacCOBOW 3aCTPOWKM, CO3AaHMEM YHUKANBHLIX OOBEKTOB AREPHOW 3HEpreTukw,
CMeyMabHbIX TeXHONOTUYECKUX IMKUA v T. IT. TIpu 3TOM BO3pacTaloT TpeboBanua
K TOMHOCTM MHXKEHEDHO-TeOe3Udeckux PaboT, YCNOKHAIOTCA YCNOBUA U3Mepe-
Huit. TIpubOPH BEPTUKANbHOrO MPOEKTUPOBAHMA TI03BOAAIT Gonlee 3QQeKTuBHO
nepepaBaTh NNaHOBble KOOPAUHATHI BLILIE U HUKE NCXOAHON TOUKYM, KOHTPOANPP-
BaTb BEPTUKANLROCTb COOPYKEHUH U T. TN, .

TIBIT 06b14HO AENAT HA MeXaHWUeCKue W ONTUYecKue, B MexaHuYeckux npu-
60pax OTBECHAA IMHUA PEANU3YETCA CTPYHOI C IPY3OM AU CTEPXHEM. B mpamom
oTBece CTPYHa YCTaHABAUBAETCA B BEPTUKANILHOE NONOKEHUe OABENIEHHLIM TPy~
30M, TIOMEWEHHEIM B XUAKOCTL (MACno, BOAY C ONWIKaMu u Ap.). B obparHom
OTBECE HUKHUI KOHEL CTPYHI (TPOBONOKM) 3aKPEIIIAIOT, @ BEPXHUiA HATATUBAOT
IVMHAMOMETPOM, B BEPTUKIbHOE NONOMEHNE CTPYHA YCTAHABIUBAGTCA IPU TIOMO-
MU ABYX B3aUMHO NEPNEHAUKYNRPHLIX YPOBHEW. IIpUKpenNeHHblit K BePXHEMY
KOHLY NPOBONOKY MNABAIOLINA B MUAKOCTH TOTINABOK TAKKe YAEPKUBAET NPoBO-
7IOKY B OTBECHOM TONOXEHUN. TOYHOCTb MEXaHUYECKUX eHTPUPOB 3aBUCUT OT UX
KOHCTPYKUMM, CITOCO6A (UKCALUN OTCUETA U BHICOTH IPOEKTUPOBAHMA.

Hawm6onbilee pacnpocTpaHerue MONYYUIU ONTUMECKUE LEHTPUPDL, KOTOPhe
10 TOMHOCTY AENIAT HA TEXHUUECKUE, TOHHBIE W BBICOKOTOMHbIE. TEXHUMECKUE LeH-
TPUPH 0GLIYHO BCTPOEHLI B TEORONUTH, TAXEOMETPHI U AP., UX TOYHOCTb 1:5000-
1:10 000 npu paccroaruu 10-20 M. TouHble ¥ BLICOKOTOYHBIE JEHTPUPH ABNAIOTER
CaMOCTOATENbHLIMU IPUGOPaMu, IO CNOcoBy YCTAHOBKU BUUPHOM OCH B OTBECHOE
TIONOKEHME X AENAT HA YPOHEHMbIE W LIEHTPUPH € KOMIeNCAaTOPOM. OTHOCH-
TeNbHAA OWMOKa MPOEKTUPOBANMA TOMKM TOYHBIMU LeHTPUpaMU pasya 1:30 000~
1:50 000 npu PaccTORHUK A0 150 M. KOMNeHCcaTOPH B TOMHBIX LEHTPUPAx No3Bo-
NAIOT YCTAHABIMBATL BUUPHYIO OCh C TOMHOCTbIO 17, ’

BbICOKOTOYHBIE IERTPUPHI TO3BONAWT YCTAHABNUBATL BUIMPHYIO OCb B OTBEC-
HOe NONoXeHue ¢ ourubKoN Mexee 17, UMEIOT 3PUTENbHYI0 TpYOY C yBENUYEeHUEM
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30-40* ¥ MO3BONAIT BHINONHATbL MPOEKTUPOBAKUME C OTHOCUTENLHOM OwuGKON
1:100 000 npwm paccroarun 250-500 M.

TIpn CTPOUTENBCTBE UHXKEHEPHLIX COOPYKEHUM U MOHTAXKE TEXHONOIUYeCKo-
ro 060pYAOBAHMA MIMPOKO UCTIONB3YIOT TOUHbIE U BHICOKOTOYHLIE Ieofe3nyeckue
LEHTPUPLL. KpoMe TOro, ONTMYECKOe NPOEKTUPOBAHUE MOXKHO BHITONHUTD CNOCO-
6OM OTBECHBIX NNIOCKOCTENM, B KOTOPOM BEPTUKanbHy0 JAMHMIO MONYYAlOT TyTeM
niepeceyeHUA ABYX NPUMEPHO B3aUMHO NEPNEHAUKYNAPHbIX BEDPTUKANbHBIX TUIOC-
KOCTeil, TONYYEHHHX TEORONUTAMU.

B CCCP usrorasnusanu ontuyeckue yeHtpupst O-1, «3enur OLII», «Hagup
OL{IT», KOTOPbIE [TO3BONAIOT BHITONHATL YEHTPUPOBAHUE C OTHOCUTENLHOW 0MInb-
ko 1:100 000 mpu paccroaruu po 250 M. [Ipeyu3nOKHbIN ONTUYECKUN LIERTPUD
PZL (6. TAP) mo cBOeMy Ha3HayeHuio M 061acTM MPUMEHEHUs COOTBETCTBYET
oTevecTBeRHOMY ueHTpupy OLII. PZL co3pan Ha 6ase Husenupa Ni-007 ¢ xom-
TIEHCaTOPOM, UMeeT B MOACTABKE ONTUYECKUH LEHTPUP ANA YCTAHOBKU HaA TOY-
KOW, TOPU3OHTANbHLIA KPYT ¢ LeHoW penexua 10, IlpoexTupoBanue Touek mo
BEpPTUKANU BLIMONHANT MO CNlelManbHOM NaneTke Npu ycTaHoBKax numba 0, 90,
180 u 270°. Kopnyc uunuappuveckont GopMbl MMeeT BXOQHOE OTBEPCTHE B €TI0
BEpXHeWn yacTy. Jlyun oT nNpepMeTa Yepe3s 06beKTUB NOMAAAT HA NPAMOYTONL-
HY'0 NPU3My, NOABELIEHHYI0 Ha HUTAX B BUAE MAATHUKA, KOTOPAA ABNACTCA KOM-
TIeHCaTOPOM YIrila HakNoHa 0CW BpaweHus mpubopa. 3aTem ny4uu yepes gonon-
HUTEJIBHYI0 NPU3MY HanMpPaBNAATCA B OKYNAD, U306paXerue NpeaMeToB — npsa-
Moe. Konebanua MaATHUKA FaCATCA BO3AYUINEIM ReMndepoM.

TopusonTuposaxue PZL BHNONHAOT MO KPYTAOMY YPOBHIO, TOYHAA YCTAHOB-
Ka BU3UPHOW OCW 3PUTENbHON TpyObl B OTBECHOE MONOXKEHUE BEINONHACTCR aB-
TOMAaTUYecku ¢ MOMOWbI0 KOMIEH ATOPa.

MocTpoenue orsecHon nuuuu IIBII BHNONHAKT cnepylomuM o6pazom. MBI
YCTaHABNAUBAIOT Hap MPOEKTUPYEMON TOUKOW Ha UCXONHOM ropu3onTe. Han 3Toit
TOYKOM B NIUTAX NePeKPHITHI BCEX 3TaXeW OCTaBNAT i€ “ONbline OTBEPCTHUA.
B oTBEPCTUM BEPXHETO NMEPEKPLITUA YKPEIUIAIOT HAKELHHY 10 Ha OPICTEeKNO0 Ma-
neTky (CeTKy B3aUMHO MEepPNeHAMKYNADHbIX JMHUA yepe3 5 MM DPa3MepoM He
MeHee 100 X 100 mM). [IBIT ycTaHaBAMBAIOT TaK, YTOOR HUTb CETKW 3PUTENLHOM
TPyl 6rina NapaniensHa NMKUAM NaneTku, 6epyr orcyet x’ no wkane X naner-
xu. lloBopaunsawoT npubop Ha 180°, 6epyT oTcHer X" W BHIMMCIAOT CpepHee
3Havenne X = 0,5 /X’ +x”/, aHanoruyHsIM 06pa3oM Haxopary = 0,5 /y’ +y”’/. Itn
W3MepPeHUA COCTABAAIT OAUN NPUeM. JINA NOBLIERUA TOYHOCTH BBINONHAOT OT
ABYX A0 NMATW NPUEMOB. B pe3ynbTare HAXORAT Xy Y, KOTODHE W OTKIAALIBAIOT
Ha ManeTKe ® HAXOAAT BEPTUKAILHYIO TPOEKLMIO NCKOQHON TOUKMU.
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1.4.15. Cnoco6s1 pasGusognsix paGor

Bb160p crioco6a TIONYYeHUA Ha MECTHOCTU NJ1AHOBOT0 NONOXEHUA TOMEK 3aBU-
CWUT OT BUp2 TeOfe3nNYecKoit CeTn Ha CTpOMTanHOﬁ nomanke, ocobeHHoCTe
MECTHOCTU ¥ BO3BOAUMOTO COODYKEHUA U APYTUX NIPUYNH. Peanu3anmns Toro uam
WHOTO CToco6a 3aKNI0YaeTcA B OCHOBHOM B NOCTPOEHUN Ha MeCTHOCTU 3aRaHHBIX
yrnos n ]JaCCTORHMﬁ. H)lﬂ KOHTPOJIA [ONIOKEHUA BHIHECEHHOW Ha MECTHOCTU TOY-~
KW e€ KOOPAMHATLI OMIPERENIAT JPYTUM HE3aBUCUMBIM crioco6omM. [lonesbie pas-
6UBOYHBIE N KOHTDPOJIbHbIE paﬁom BLITONHAWT IO paaﬁMBO‘lHMM epTexam, co-
CTaBNEHHBIM MO CITeUaNbHLIM pacdeTaM, B KOTOPLIX UCXORHBIMU CYXKAT KOOPAU-
HATH OITOPHLIX U MPOEKTHLIX TOMEK.

1. Croco6 NpAMOYroNbHLIX KOOPAUHAT

3TOT €roco6 06LIYKO NPUMEHAIOT B CIIyYaAX, KOTAA PeOne3UYECKON OCHOBOW
ABNAGTCA CTPOUTENLHAA CceTKa (puc. 1.46), ee Bepumubt 4, B, C, D 3akpennexsi Ha
MecTHOCTW. AnA BhIHOCA TOYKM K (TouKa coopyxenua) o nunumn AD oTxnapsea-
1oT oTpesok d; = ¥, -~ ¥, u Mo nepreRAMKYNAPHOMY AD HanpaBnexunio 0Tpe3ok
d, = X, - X,. JInA noCTPOernA 0TpPe3xos d, W d, TEORONMT YCTAHABAMBAIOT Hap,
TOMKOI A W NPUBOAAT ero B paboyee monoxerue. Ilepekpectue HUTeRN 3pUTeNs-
HOW TPYGH HABOAAT Ha TOMKY D n OT ToUKM A B cTBOpPE nuHumn AD, duxcupyemon
TEORONNTOM, OTKNAALIBAIOT FOPUIONTANEHOE IPONOXKERNE dy U IONYYAKT TOUKY P,
TeORONMT MePEHOCAT W YCTaHABNMBAIOT Haj TOMKOW P, MPUBORAT ero 8 pabouee
TOJIOXEHME, OTKNAABBAIOT NpAMoi yron APP’. Ilo rampasneruio PP* oT Touku P
OTKNARBIBAIOT TOPUIOHTALLHOE NPONOKEHME d,, NIONYYAIOT TOUKY K, 3aKpennsior ee.

CpepHAa KBappaTMyeckas ommGKa ONOKEHUA TOukM K BbipamaeTca GopMy-
non [2]
X 2
o mf =md, +m, + ™ acs

B¢ j ¢ P (1.42)

g + M+,

TRe My, mAy — CpefHue XBapparuvec-

K Kue onmbKM OTKNARBIBAHMA TIpUpanie-

a0° |42 HWA KOOPAMHAT; mp — CPeAHAR XBaji-

AC 3 s v '.L,#—v Y parnyeckas ownbxa NOCTPOEHUA yria
i

B TOuKe P; m,, m%, m% — cpemune
KBappaTuyeckue OMMGKM MCXOAHBIX

Puc. 1.46. Cnocob npAMOYronbHbIX
RaHHBX, LEHTPUPOBAHUR TEORONUTA W

KOOpAUHaT
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Pasaen 1. UkxeHepHO-reoae3nueckme U3bickaHms

durcayun Touku K coorsercTserHo. LlenTpupoBarue TeoponuTa u GuKCUpoBaxue
TOMKU OBLIMHO PaBHbI my =my=1MM. TIpu cTopoHe cTPOUTENLHON ceTkU 200 M 1
nonoxerun Touxn K B cepepure xsanpara (Ax = Ay = 100 M) ¥ IPU OTHOCUTEND-
HOM omrmbke oTxnapbiBaHMA Ax v Ay 1:10 000 nonyumm my, = my, = 100 000/

/10000 =10 Mm. IIpn my = 10"(E )Ax =10" - 100 000/206 265" =5 MM, My = 1 MM.
p

MTpunuman my,, = 10 MM, o popmyne (1.42) naxopum

m, =V107 +102 +52 + 102 + 12 4 12 =18 mn.
3nauenunsa mu n m¢ TIO MAJIOCTU MOXHO He YIUTHIBATD.

2. Crmoco6 monApHLIX KOOPAUHAT

3TOT cnoco6 NWPOKO NMPUMEHAETCA MPW pasbuBKe 3naHUA, COOPYHEHUA n
KOHCTPYKL M C TYHKTOB NONUTOHOMETPUYECKUX W TEOACIUTHLIX XOAO0B NIPU Ma-
NIOM PACCTOARWUN MEXAY UCXORHHIMU U BLIHOCUMBIMU NyHKTamMu. [Tonoxerue Tog-
ku: K Ha MecTHOCTW ONPERenAloT MyTEeM OTKNARbLIBAHWA OT TBEPAOW AuHUM AB
yrna B v no nony4eHHOMy Hanpasneknio AK FOPU3OHTANbHOIO MPONOKeHNa d.
Vron B = 0ty — Olyy, TRE Oy, Oty — AVPEKLMOHHbIE YIIb ANHUA AB n AK cootser-
cTBexHO. [opusoHTanbROe ponoxenme d onpeaensior no Gopmynam

d=,f(x,( -x, ¥ +(yg —yA)2 = AXCos 0.+ Aysino.

[ina xontpons (puc. 1.47) nonoxenne Toukn K MOXHO MOJYYNTb OT ONOPHOR
TOYKM B, OTNIOXMB OT TBEPAO MHMM BA yron B’ v 1o MONYYeHHOMY HanpasneHuio
POPU3OHTAILHOE MPONOKeHue d’.

> v

\
[ N L\g
! B

A

Puc. 1.47. Cnoco6 nonspHbIx KOOPAUHAT
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CnpaBouHMK COBPEMEHHOrO U3bLICKATEAS

CpenHas KBappaTuyeckas ommnbxa BHIHOCA Ha MECTHOCTb TOuKMU K onpepenser-
ca popmynon

2
m
My = [l +md +mj, +m} +[—E) a2
p
Hpum, =mg =1 MM, my/d =1/5000, d = 100 M, 1, = 10 MM,

my =10",my =("de )d =100 000/5000 = 20

umeeMm

m, = ,/102 +12 +1% +202 +(10” / 205265”)2100 0007 =23 mm.

13 MpUBEREHHEIX PACYETOB BUAHO, YTO YMEHblIEHWe OWWUBKU B MONOKEHUM
TOYKM K BO3MOXHO NPV CYLECTBEHHOM YMEHbIIEHUN OMBKN OTKNaALBAHUA TIPO-
©KTHOTO POPU3OHTA/ILHOTO IPONOKEHMA.

3. Crocob mpAMO yrnoBoiA 3aCeYKN

B 3Tom crocoBe monoxenve mpoekTHOW Touku K (puc. 1.48) ompepensioT
TyTeM OTKJaAHBaHUA B OMOPH.IX TOUKAX A U B OT 0MOpHO! IMHUN AB POEKTHBIX
yrnos B, u B,. Basucom b aBnAeTcA CTOPOHA pas6UBOYHON CETKU WM ero usmMe-
peHHoe 3Havenue, [IpoekTHble yrnbi B, U B, BHIYUCAAKT KaK Pa3HOCTb AUPEKLM-
ONHBIX YIJI0B CTOPOH, KOTOpHE ONpPEAeNAIOT U3 pewerus 06paTHON reofesnyec-
KO 33afayu Ha IJI0OCKOCTW N0 MPOEKTHLIM KOOPAMHATAM UCXOAHBLIX MYHKTOB W
onpenenfeMoit ToIKu.

[
A B
Puc. 1.48. Cnoco6 npsAMoit yrnoBoil 3aceuku
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Pasaen 1. UHxeHepHO-reoaesmueckne MabiCKaHUs

ToYHOCTb Pa36uBKM PaCcCMATPUBAEGMBIM CTIOCOBOM 3aBUCUT OT OMMOKM caMow
3aCEYKM, UCXOAHBIX AAHHBIX, EHTPUPOBAHUA TEOAOAUTA U BUSUPHOI Lenu, Guk-
cauuu ompenensaemMon TOYKU. 3HayeHue

m = md + Ml +mE +mj. (1.43)

CpenHAa KBappaTMyeckas omubKa

my = \Jml +ml.
m
m, =—b— s cos? t, +55 costay ; (L.44)

psiny
m © X
m, =—2_[sZsin? a, + s sin 0y .
psiny
C y4eTOM MONYNENHBIX BeAUTUH

My (2.2, b [sin? 2
my =— Sy +8; + sin® B, +sin“f,. 1.45
= Dsiny 1 +52 psinzy By B. (1.45)

i

B bopmynax (1.44), (1.45) my — cpepHas KBaipaTuyeckan owmbxa oTKNans-
BaHuA yrnos B, B,. Jna npubnuxenna pacyeTos, MPUHUMAA Sy = S, = S, BMECTO
(1.46) umeem

3Hayenue

g =—B_f7. (1.46)
psiny

Omwmn6Ka UCXORHBIX AAHHBIX TPUBOANT K [2]

sin® B, +sin’ ——s s 1.47
Myey = smy\/ By +sin® B, \/1+z (1.47)

Jins IPUBNMKEHHBIX PACYeTOB, NOAAras s, = S, = St

m
o =05 2 (1.48)

3HaueHua m, u M 06HHO ABNAIOTCA HEGONBUMMYU M UX MOKHO He YYWTH-
Bath. [loacrasnas 8 Gopmyny (1.43) 3sHaveHue my u my, u3 bopmyn (1.45) u
(1.47), naxopnm
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CnpOBOHHMK COBPEMEHHOro U3bICKATeAs!

m bZ .2 .2 2 2
mf:[ B +m23}sm Bl‘:sm B =( zn.lﬁz +m—“23}sf+s§)‘ (1.49)
psin“y r sin“y psin“y b

Tlpu s, =s, =5, Y=90°, I3 =512 +s§
m 2
m,%:[—”) b +mp. (1.50)
p

JInA BHACHEHUA TONHOCTM OTKNAABIBAHMUA YTAa B U3 GopMynst (1.50) umeem
2
mf%\/m,, ~ . (1.51)

TIpn b = 600 M, m, = 20 MM, m 45 = 10 MM 110 hopmyne (1.51) nonyyaem
- 206265 [? 162 =5,9”.
600000

[InA onpepeneruA BELHOCUMOWN TOYKY K C MOBBINIEHHOM TOYHOCTbIO NOCAE OTt-
penenerus Touku K Ha MeCTHOCTM Ha MYRKTaX A 1 B COOTBETCTBYIONUM YUCAOM
TIpUeMOB U3MepAIOT yranl B;, B,. U3MepatoT Takxe yron y Ha Touke K. Pacripepe-
NUB HEBA3KY B TpEYroNbHUKE NMOPOBRY Ha BCE TPU YINA, BHUUCAAIT X, Y, N0
topmynam koTanrencos (I0xra):

» = XactgBy +X5Ctgby +¥p—ya
.4 .

ctgB, + ctgB,
y, = YactoBe + yactoB + x5~ x4 (1.52)
X ctgp, +ctgB,
Bbtuncnenus no popmynam (1.52) yno6Ho BeCT! N0 cnepyomen cxeMe:
X4 Yai |XB 07
+1 ctgB,| |1 ctgB,
ctgpy +ctgB,
x){ yK

Uncaurens nepeoit GopMynst (1.52) MONYYAIOT, CKNARLIBAR PE3YNLTATH pele-
HWA OTpeenuTenen, a YUCAUTENS BTOPOA — NyTeM CKNanxBakUA NpOU3BeneHuit
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Pasaea 1. NHxeHepHO-reoaesnieckne U3bICKaHus

371eMEHTOB BePXHeN CTPOKU Ha HAXOAAWMUECA ITOR HUMU 3NeMeHTH HuxHed. Ecan
CMOTpeTh Ha NYHKT K, TO NYHKT A ROMKeH GbITb CNeBa, a NYHKT B — cripasa.

CpaBHUBAA NONYIEHHbIE KOOPANHATHI C UX TPOEKTHLIMU 3HATEHUAMM, OTtpene-
AAIOT TONPaBKY (PEAYKLUK), IO KOTOPLIM CMEwaloT (PEAYLMPYIOT) NpUBAMIKERHO
BbIHECEHHYI0 TOUKY K.

4, Crtoco6 06paTHO Yr10BOM 3aceUKH

Ha MeCTHOCTM HaXopAT NpUBANIKER-
Hoe nonomerue K’ BLIHOCUMON MpPOeKT-
How Touku K (puc. 1.49). Hap Toukoit K’
YCTaHABAUBAIOT TEOROAUT U C Tpebye-
MO TOWHOCTBIO M3MepAT yram By, B, 8 K
KaK MUHUMYM Ha TpW OMOpHbIE TOMKY C K P'e
M3BECTHBIMU KoopanHaTaMu. Ilo dopmy- 3
nam 06paTHON YINOBOI 3aCEYKYU BBIMUC-
NAT KOOPAUHATH TOWKM K' U CpaBHU- A’;, NP
BAKQT UX C TIPOEKTHBIMU 3HayeHuAMU. [o
PA3HOCTM KOOPAUHAT OTIpeNenaloT Bean-  Puc. 1.49. Cnocob o6patHoit yrnosoit
YMHB peAYKUUA AX, Ay UK YTN0BO# O 1 3aceuKm
QMHEAHDIA e 3NeMERTH! U CMEILAIOT TO-
Ky B TpoekTHOe nonomenue K. INA KOHTPONA Ha Touke K W3MEPAIOT yTAb U 1O
HUM BHIYUCASIOT KOOPAMHATHI TOMKW K M CPaBRUBAIOT MX C NMpOEKTHuMU. IIpn
HeJIONyCTUMBIX PACXOMACHUAX U3MEPEHUA TIOBTOPAIOT.

BriuncneHue KOOPANKAT TOYKU K MOMKHO BHIIONKUTD N0 popMynam [11]:

=D

X=X1+ 48X y=y; +4y,

_ Kqtgoi—Kp _ K3tgo—K,

Ax ; Ay = Axtgo; 1.53
1+tg0  1+tgla V= (1:53)

tgo = R4_K2;

Ky =Ky

Ky = (X, = x,)ctgPy + (v - ,)i
Ko = (V2 - yp)etghy - (x, - x);
Ky = (X3 = x;)ctgB, + (V3 - y1);
Ke= (3= y1)ctgB, - (6 - x);
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CI’IpQBO"IHMK COBPEMEHHOrO U3LICKATEAR

Butumcnenus 1o 3TuM GopMynam yaoGHO BHIONHATL 10 CREAYIOLEN CXeMe:

K, — K,
X1 Vi|Xe=X1 Yo~W1|Xs—X1 Y3—Viltga=—4—"2
K3 —Hq

_Iatgo—1,
X Yol -1 ctgBy| -1 ctgB, [T 1+tg%a

K3tgo—
X3 Yy X. . AXI=M
3 Y3 1 3 7
1+tg%L

Ky LA

Konrpons: Ax = Ax' Ay = Ax tga..

3HaYeHVA Ky, K3 TIONYYAIOT U3 PEIIEHUA ONDEAeNUTeNeH, a Ky, K, — NyTeM
CYMMUpPOBaHNA PE3YNbLTATOB YMHOKEHUR INEMEHTOB BEPXHeH CTPOKY Ha nexa-
Wue oA HUMYW 3NEMEHTHl HVKHEN CTPoku.

ToMHOCTb Pa3buBKu CIOCO6OM OBPATHO YrN0BOW 3aCEUKM 3aBUCKUT OT OLIME KM
3aCe9KU, UCXOAHBIX JAHHBIX, LeHTPUPOBAHUA TEOA0NNTA U BUINDHLIX Leel, Guk-
Cauuu BETHOCUMOW TOMKW W peAyuupoBanus. IIpu 60Ab1IOM paccTORHUU OT onpe-
ReNAEMOV A0 UCXOAHLIX TOYEK HanGonee CylecTBeHHbIMU 6YAYT BAUAHME olubOK
33CEYKW U UCXOAHBIX AAHHBIX.

Cpepxue KBappaTMuecKue ouMBKM KOODAMHAT TOMKK K MeToBoM 06paTHon
yrnosoii 3aceyku [11]:

m, =_2m% (x3 -x} )2 +(xd —x§)2; (1.54)

2 2
m, =223 -n) +(1-5) :

TAe My — CPEAHAS KBAAPaTMYeCKan OIUGKa UIMEPEHNA yTAa. ;
CpepHas KBappaTudeckas omvbKa NONOKEHs OPEAeNseMoM TOUKK

M=+ =22Jo 0] (1.55)

Ecny Ha nyuKTe K M3MEpAIYM HAMpasneHna crioco6oM KpYTOBLIX IPUEMOB, T0 .
m 2
M==E |c?+c%+03. (1.56)
2F
TAe My — CPENHAR KBAAPaTMIECKan OLIMEKA HANPABNEHNA.
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Pazaen 1. VHxeHepHO-reoae3nieckne n3biCKaR1s

Bxopamue B popmynst (1.54)-(1.56) nnomans F u CTOPOH! Gy, Gy, O3 UHBEDT-
HOTO (06palleKKOro) Tpeyronbuuka 1723’ usmepsior mo cxeme (puc. 1.50), Ha
KOTODO B TPOV3BONLHOM MaclITabe 1O HampasaeHWAM Ha MYHKTH 1, 2, 3 OTKna-
AHBAOT BEAVYMHM 7, = P/s;, TAe §; — DACCTORHME OT MyHKTa K A0 nywKTa i,
NoNy4aloT obpameH b Tpeyronsiux 1'2'3” co cTopoHaMu Gy, G, O3. Ecnu Touxn
1’, 2', 3" nexar Ha opHO NpAMOW, To mnomaas F =0, m, = my =M =0, T. e. nMeeM
HeoNpeAeneHHOCTb pelleHuA 06PaTHON YI10BO 3acevKn.

~* ot

~a3 y

Puc. 1.50. 3nemeHTbl MHBEPTHOrO TpeyronbHUKa

¢ Tipw By = 120°, B, = 240° v paccrosnuax K, =K, = K3 = s, (puc. 1.49)

M =456 mgSep
TAE My — B CeK. AYPH, S, — BKM, M — B MM.

[ins npuBNWKEHHLIX PacyeToB B [2] MPW ONPEAENEHMU BAUAHUA ONMBOK UC-
XOIHBIX JAHHBIX NpuBeAeHa GopMyna

m, S,
my =—Bx 2 f4+cost,
sint by,

D€ 1yp3 = My =M, = M3 — OMWNGKW B NONOKEHWU UCXOZHOTO IIYHKTA; ()53 = YIIY
123; T = B, + @yp3 — 180°%; by = by = by

Tipw 5, = 1400 M, by, = 2100 M, B, = 220°, @y, = 85°, My = 2, Myp3 = 5 MM
HaXoAUM
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CnpaBO4HIK COBPEMEHHOTO U3LICKATEAS

M=456-2 140=128 MM,

my —M,M +¢€08125° = 7,5 MM,

72100 M sin125°

m, =Jm§ +mf, = 14,8 MM.

5. Crocob AMHenHON 3aCeYKn

B 3TOM crioco6e MONOKERUE NPOEKTHON TOYKU K Ha MECTHOCTU GIPEAENANT B
nepeceyeHun MPOEKTHBIX PAacCTOARWIA d; U dy,
€ro NMPUMEHSIOT B OCHOBHOM ANA PasuBku ocewt
CTPOWTENbHLIX KOHCTPYKUWA Tipu d u d, Mexb-
we AuKHLL MepHore npubopa. OpHOW pyneTkoi
oT A OTKNaAHBAWT d,, @ PYNETKO! OT TOYKH B —
oTpe3ok d,. [lepeceyerue oTpeskos d, u d, (npn
COBMELERVUU HYNeil PyneTok ¢ Toukamu A u B)
naet onpepensemywo Touky K (puc. 1.51).

Cpennsas xsappaTvyeckas omnGKa my; nn-
HEeMHO 3aCe¥KU NPU OAUHAKOBOW TOYHOCTH OT-
KnapbtBanua oTpeskos d, u d, [2]

Puc. 1.51. NluneitHan 3acevxa

_my2
gy = (1.57)
siny
BenuunHra ouBoK UCXORHBIX AAHHBIX B IMHEMHOM 3aceuKe
1 |md+mh
My =———y[— 5
siny 2
Npum, =mg=my,
Myp
Myex =7+
siny
06man ommnbxa
1 2. 2
My =——1/2Mg + M. 1.58
"= ny B (1.58)

CpenHss KBappaTUyeckas omubKa OTKIaRHBaHUR oTpedka d =d, =d,
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Pasaer 1. VkeHepHO-reopesnyeckne UsbicKaHns

2 o102 2
my = ’M‘l;’*‘ﬂ. (1.59)

Mpuy=90° m, = 10MM, myp = 5 MM HAXORUM

’100—25
my = -——2— =6 MM

6. Crtoco6 mepeceyenuns creopos
B 3T0M CrocoGe Monomerne TOYKU K ONpeAensioT Npu Mepecevenuu CTOPoB
T,T] wT,T,.CTBOpH Ha MECTHOCTY 33A210T TOYKAMM UX TIEPECEYERMUA C ONOPHbI-

Mu croponamu. Tlonoxenue Todex T;, T, onpenensioT "OPU3OHTANLHEIMU TPONO-
JKeruamu d; v d, OT OMOPHOW TOYKM B MO OMOPHHIM NUKMAM BA u BC, a Touex

1), T, — d{, dj or omopreit Toukw E no nunmanm EF w ED. Cnocob nepecedenus

cTBOPOB (pUc. 1.52) 06LIYHO UCTIONL3YIOT ANA BHIHOCA B HATYPY TPYAHOAOCTYIIHBIX
{roYiex, KOTAa UCMIONBIOBANME APYTUX METOAOB 3ATPYAHEHO.

D Tidy Edl T/ ¥

d.
A T. dl B 2 TZ ¢
Puc. 1.52. Nepeceyenune cTBOpoB

TlpenmyiecTso 3Toro crocoba B ToM, uro creopsl I} Y w I, T, u Touky K

JIerko BOCCTAHOBUTD, YTO 0GecrneynBaeT OnepaTUBHLIN KORTPONb TOUKU Ks npo-
necce CTPOUTENbCTBE MPU MUHUMANLHOM o6beMe reope3uecKux paﬁo‘r.
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CnpaBoyHMK COBPEMEHHOrO M3bICKATeAs

Cpepxsa KBanpaTMuecKan omrmbxa M, nonoweHna Toukn K 3aBUCUT OT CPefiHuX
KBaipaTvyecKux ouM6oK m, u m, onpefesieHnA CTBOPOB N YIN Y, NIOJ KOTOPHIM 3T!

CTBOpH NepecexaioTca [19]
o2 +m2
_Nm
K siny

Opum, =m, =5MM,y=90° M, =7,1Mm.

7. Cnioco6 60KOBOrO HHBEJNMPOBAHUA

3TOT CMOCO6 4acToO NPUMEHANT
ANIA BHIHOCA OCet TPK JleTansHo! pas-
6WBKe W IIA YCTAHOBKU CTPOUTENbHBIX
KOHCTPYKIMA B MPOEKTHOE MOJOoNe-
Hue (puc. 1.53). Tlepecevenve K nun-

A bl Hun AB ¢ KOHCTpPYKLIMeii onpepenaioT
t g ciepyomum obpasom. Ot Touex A u B
A N O MepNeHAUKYAADPY K AB oTknapbisa-

10T OTpe3sKu | U OAYHAI0T TOYKU A" B
W nuHuio A’B’, napannensrywo AB. Hap
TOYKOWX A’ YCTAHaBNWBAYOT TEORONMT,
TIPUBOAAT ero B paboyuee NONOKEHUE U
TiepeKpecTUe HUTel HaBOAAT Ha TOUKY
B’. K XOHCTPyX1MHM B TOPU3OHTaNLHOM NONI0EHUY YCTAHAaBAUBAIOT PENKy U Iepe-
MeILaloT ee TaK, 4To6b! OTCHeT NO Het 6bin pasen I [laTka peliku pacT nonoxexve
Touku K. Tlopo6HbIM 06pasoM ONpepenaioT u Monoxexne Toukv K’

OcHOBHBIMH OLIMEKaMU 6OKOBOTO HUBENUPOBAHNA ABNAIOTCA [2]:

ourmbxa m,, pa36usxu NapannenLHoOro CTBOpa;

ournbka m, NEeHTPUPOBANUA TEOROAUTA M BUMPHOM Nenv B Toukax A’ u B;

OLMEKU YCTAHOBKU pevtxu m,;

onrnbKu OTCueTa IO pevike my.

061an cpenHsa kBappaTuueckas ournbxa

Puc. 1.53. bokoBoe HuBenupoBaHue

M =, + G+l +mZ, (1.60)

Opn M, =15 MM, m, =1 MM, my = 1,2 MM, Mg = 1,1 Mm;

m=y1,52+1,00 41,22 +1,

2,4 MM.
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Pazaea 1. ViHxeHepHO-recAeanieckune u3biCkaHus

1.4.16. T'eope3uueckue pa3duBouHble padoTH
NP BO3BeJEHUH 3[aHHUH U COOPYIKEHHi

1. Teope3uueckan MoATOTOBKA MPOEKTA

Jins BHHOCA H3 MECTHOCTb NTPOEKTA 3AaHUHA HeOBXOAMMO C HYKHOW TOYROC-
THX 3HAThb KOOPAMHATH €r0 OCHOBHBIX X3apAKTEPHIX TOYEK Ha MepecedeHuu
CTpOUTeNbHBIX OCelt. OMpefenenve ITUX KOOPAMHAT HaIWBAKT 2e00e3uveckol
nodzomosekoti npoekma. IIo reMnnaHy onpepenaloT rpaguyecku KOOPAMHATHL
ONHOW TOYKU 3AaHUA, HANpUMep A1, U AMPEKIMOKKELI YTON ero POAOALHON 0cu A
(puc. 1.54). Tlo pa6ounm yepTenaM HaXONAT 3HAYEHUA a U b Mexny OCHOBHLIMU
ocaMu. Tlocne 3TOro BHYMCAAKT KOOpAMHATH Tovek A5, B5, B1 o popmynam:

X=X +acosoy; Yys =Y, +asinoy;
Xps =Xy5+ b cos (o) = 90°); Vgs = Vs + b sin (o, - 90°);

s Xp, =Xy, + b cos (0t = 90°); Vg, = ¥y, + b sin (o, - 90°);

HOKTpORb: @ =\/(X,,s —Xp, )2 +(¥p, —Ys, )2 .

. x 1

Puc. 1.54. BbiHoC B HATypy OCHOBHbIX OCeW 3paHuA
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CnpasoYHNK COBPEMEHHOIO U3bICKATEAR

OnvcanKbIf cNoCco6 Ha3BIBAKWT 2pago-aHanUMUYeCcKUM, OH HaXoAuT Hanbonee
YacToe MpUMeHeHue.

Tlpw ananumuveckom cnocobe BCe DaHHbIE AJIA Pa36UBKN ONPEACNNIOT MYTEM
MaTeMaTMYeCcKnX BLIYMCICHMIA, PN 3TOM KOOPAMHATH CYIECTBYOINX COOPYKe-
HWI ONPERENAT MyTeM Feone3NdecKuUX U3MEPeHUH Ha MECTHOCTH, a Pa3Mep:l
371EMEHTOB [TPOEKTA NTONYYAKT U3 TEXHONOTMUECKUX PacyeTos. ITOT Crocob 06uy-
HO MPUMEHRAIOT NIPY PEKOHCTPYKLMM W PACIINPERVM NTPERTIPUATUN, B CTECHEHHbIX
YCNOBUAX 3aCTPOKN.

ECnv MpOeKT COOPYKERUA HE CBA3AH C CYL|ECTBYIOW UMW CTPOEHUAMM, TO MOXK-
HO VUCMONb30BATh 2paduyeckull cnoco6 NPoeKTUPOBAKUS, KOTAA BCe INEMEHTH Ofl-
penensioT rpaguyeckv mo TonorpaguYecKoMy IaHy, Ipu ITOM LenecoobpasHo
y4uTHBaTh AeOPMaNNI0 NAHOB, eC/IM OHA TipeshimaeT 0,2 MM i CTOPOHbLI KBAK-
paTta 100 MM. UYepe3 ompenenseMyio TGUKY j NPOYEPUUBAIOT NUHUN, TapajllesibHble
JIMHWAM CeTKW KBaApaToB. 3aMepsoT 0Tpeskun a n b 0T CeBEPHON N 10XKHOR CTOpoH
XBAAPATa A0 TOUKM jwna, by — or 3anapHo# n BOCTOMHOW CTOPOH, X(oopnuua‘rbl
TOVKN j onpenensioT o tbopmynaM, !

100
X =xo+a—a, Yi=Yo+

a,,
+b 1

a +b
r <

TZi€ Xq, Yo — KOOPAMHATE! 10T0-3aMafHOTO YTJla KBAAPATA KOOPAMHATHOM CETKW: ¢
He3aBucuMO OT UCITONIB3YEMOTO Cloco6a Bce PEOMETPUNECKME SNEMEHTH A0~
KHBI 6HITb CTPOTO YBRA3AHH MEKAY COBOW 1 C CYLIECTBYIOIMMM Ha TI0LIAAKE Kamu-
TaNbHBIMU 3AAHUAMMU 1 COOPYKEHUAMU. i
2. BLIHOC HA MECTHOCTb OCHOBHBIX 0CeH COOPYMEHUA

.

B nepsyio 0uepen PeNIaloT, KakuM CocoboM 1e1eco06pasHO BHHOCUTb TPOEKT
B Hatypy. [ins u306paxeHHOro Ha pucyHke 1,54 31anna yAOGHO MCINONL30OBaTh
MONAPHYIA croco6. [ipoekTHOE MONOXEeHne TOUKM A1 MOXKHO MONYYUTh, ONpPERe-
2MB Ha MECTHOCTW HAMpaBJleHVe U3 TOMKW 4 Ha Al, 1A Yero HYXHO OTNOXWTb OT
ONOPHOW NMHWKM 34 yron P,, v MO MONYYEHHOMY HaNpaBREHWIO OTAOKUTb IPPH-
30HTaNbHOE MPONOKEHNE dyy. 3aKpenns TOUKY Al, BHIHOCAT B HaTYpPy aHanorvy-
HBIM CITOCOBOM TOUKY A5, pu 3TOM MIMEPEHHOE paccTosnme A1 — A5 BONKHO ¢
BLICOKO TOMHOCTbI0 PABHATLCA €TI0 IIPOEKTHOM BennumHe a. IIpn Hebonbwmx, pas-
Mepax 3AaHuA ToYKy A5 NONyvaoT Ha MECTHOCTW MyTeM OTKRaAbiBaHWR or Al
TOPU3OHTANLHOTO MPONOMKEHWA A IO HANPABAEHNIO OCU A, KOTOPOE HAXOAAT, GTNOL
KWB OT TOYKK A1 yron

O =014 =0y
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Pazaer 1. VHxeHepHO-recaeanyeckvie M3biCKaHNS

JInA KOHTPONA Ha MECTHOCTM M3MEPRIOT Yron P,; v paccTorkwme dys. Pesyny-
TaTH M3MEPERUT CPAaBRUBAIOT C PaCYETHBIMK, KOTOPHIE ONPEAENAOT aHaNOTUIHO
Baz v dy.

TIpoexTHOE MONOXKEHWE B HAaType TOueK B, v B; HAXOAAT, NOCTPOMB C TOMOWbIO
TEOA0NUTA NPAMBIE YINIEL B MYRKTAX A; 1 A5 ¥ OTNOXMB NTPOEKTHOE PaccToAHwe b.
JInA KORTPONR U3MEPANT 0TPe30K B,-B;, KOTOPHIN A0/KEH PABHATBCA PACCTOA-

R0 a v auaroHanu A,-Bg, Bi-Ag, KOTOpPbIe 0MKHB PABHATHCA Ja? +12.

TeononuTOM 06A3aTeNbHO M3MEPSIOT YLABl IOCTPOSHHOTO Ha MECTHOCTY NMPA-
MOYTONLHMKA, OHU AOJKKEL OBITh NMPAMBIMM. KpoMe TOTO, ANR KOHTPONA MOXHO
WCMONb30BATh PACCTORHUA [0 OTIOPHEIX MYHKTOB U TOYEK C M3BECTHLIMW KOODPAU-
HaraMu. TIpu o6RapyxeHun mpessiuaommux aonycku CHuII oTknoHeHwh Keobxo-
JIMMO BHECTM UCTTPaBIeHMA.

PaBoTH MO BLHOCY TPOEKTA HA MECTHO CTb BLITONHAIT MO PA3BUBOYHOMY Yep-
TEXY, BXORALEMY B KOMITIEKT NPOEKTHOW AOKYMEHTALMM U COREPKALIEMY BCe
Pa3BuBOYHbIE U KOHTPONLHEIE XaPAKTEPUCTUKM.

3. 3aKpenneHne Ha MeCTHOCTU OCHOBHBIX ocent COOPYXEeHUA

Crpoutensibte ocn 4, B, 1, 5 (cM. puc. 1.54) 3aKpenna0T Ha MECTHOCTM LeHT-
PaMu, KOTOPHE PasMElAIOT BHE 30Hbl CTPOWTENbHBIX paboT Ha PacCTOARMM OT
3,@HUA He MeHee eTo MONYTOPHOW BLHICOTH.

LIeHTpB TONYYAIOT ¢ OMOWBIO TEOA0NNTA, ANIA YETO €0 YCTAHABAMBAOT Haj
TOYKOW A1 v LeRTPUPYIOT. IlepexpecTne CeTKN HuTelt BUIUPYIOT HA TOUKY Ag ¥ Ha
TIPOROJIKEHUM ITOrO HANTPaBNEHMA YCTAHABNUBAOT LEHTPh A;, A, ¥ AeNawT Map-
KWUPOBKY A; Ha CTeHe KanuTanbHoro 3nanus. Ilocne storo Tpy6y Teononnta noso-
paunBaoT Ha 180° u GuKCUPYIOT eHTPHl A,, A5. YCTAHOBKY LLEHTPOB BEITONHAIOT
Npu ABYX MONOKEHUAX BEPTUKANLHOTO Kpyra TeoAonuta. [lopo6Hsim 06pazoM ye-
TAHABAMBAIOT UEHTPHL 15, 1,, 13, 1,, 3aKpennsoumme nornepeunyo och 1. Avanorny-
HbIM 06pa3oM YCTAHABAUBAIOT JEHTPH Ha CTBOpax B, 5.

KoHcTpykums nexrpos, pexoMerpopantas CHulloM, mpepycMaTpusaer so3pa-
CTaHWe UX HAZEKHOCTY C YBENMYEHUEM BLICOTHI 3AaHUA U CPOKOB CTPOUTENBCTBA.

4. BLTHOC B HATYPY KOHTYPOB KOTNI0BaHa

[ins 3anoxerus GyHRAMEHTA M MOR3EMHON YaCTH 3AaHUR POIOT KOTAOBAH, ITPU
3tOM HYKHO 0603HAYNTh Ha MECTHOCTV TPAHMIB KOTNOBAKA Ha YDPOBHE €T0 JiHa U
TIOBEPXHOCTH 3eMAU. JINA 3TOTO OT BHHECEHHHX HA MECTHOCTb OCeli 3AaHMA OTKNaA-
IBBAKT BO BHENIHIOK CTOPORY 3, — WMPHHY Ma3yXu HA YPOBHE A KOTNOBAKA, U
OTpe3oK I, — LIMPURY 0TKOCA B MNaHe. 3Havyenue ly, 3aaeTCA NPOEKTOM, & Iy,
ONPENeNAKT B 3aBUCUMOCTH OT PIYOUHL KOTNOBAKA U KPYTHIHb! €T0 0TKOCOB. [Ipn
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CﬂpGBO‘-IHMK COBPEMERHOTO U3bICKATEAR

ORMHAKOBOM rAyOuHe h KOTNOBaHA NO BCEMY €r0 KOHTYPY LIMPUHA OTKOCOB NOCTO-
RHH3, U FOPU30HTaNbHOE IPONOXKeHUe L OT BepXHeit 6POBKM KOTNOBAHA A0 COOPY-
EHUA ONpeAensioT To hopMyne .
L =3+ lomy = lgu + hm =13, + B/, 4

TAe i, m — YKNOH U K03 duumerT 0TKOCA COOTBETCTBEHHO, . )
Ecnu rny6uxa KOTN0BaHA M3MEHAGTCA B CBA3U C PeNbedOM HOBEPXHOCTU 3em-)

MM, TO lym, ¥ L TaKOKE U3MEHAOTCA. .

5. Teope3nyeckue paboThl IPU COOPYKEHUU KOTAOBAHA

O06HYKO I'PYHT M3 KOTNOBAHA BHIHUMAIOT 3eMNEPOIHLIMU MaunHamu. Tlocne
nepBRYHON! pa3paboTku KOTNOBAHA HA ETO AHO MEPEHOCAT FAABHbIE OCK COOPY-
weruA. Tax Kax ¢ yCTaHOBNEHHBIX LEHTPOB (CM. puc. 1.54) 3TO caenarh HeBO3-
MOXHO, 0CO6eHHO Tipu 60NbIIOH TAY6UKHE KOTAOBAHA, TO C HOMOWbIO TEORONNTE
KONBIIKAMU UAW WITHIPAMU 3aKPENAAIOT RONONHUTENbHHE CTBOPHBIE TOYKW B
HenocpeACTBEHHOM 6n1n30cT OT 6poBOK KOTIOBaKA. EcAn AnA AeranbHoit pasd
6GMBKM 30aHUA COOPYMeEHa 06HOCKA, TO CTBOP 0CU puKcupyoT va obrocke. Tebd
AONMT YCTAHABAUBAIOT B paboyee NonoKerne Haj 3aKPeNeRHON y 6poBKu Tou:
KOW M HAaBOAAT MEPeKPecTUe HUTEN CeTKX 3PUTEeNbHOW TPYObl Ha OAHY U3 YAa-
NEeHHBIX CTBOPHBIX TOMEK AAHHON ocw. Ilocne 3atoro, onycTus Tpyody, o'rMewa)oﬁ'
KONbIIKAMK Ha AHE KOTI0BaHa NePeHeCeHHYIO TYAa OCh.

Tlono6HbM cnocO60M MEpPEHROCAT M 3aKPeNJIAIOT HA AHE KOTA0BaHA npymé
ocu. 0T 3TMX OCeRt Ha IHE KOTOBAHA YTOMHAIOT eF0 HUXKI0W 6posKy. llapanneny-
HO OCAM CTPOAT CETKY KBajPaTOB, BEPLIMHBLI KOTOPHX 3aKPENIAIOT KONLULUKIMW,
TlepefaioT ¢ NOBEPXHOCTN 3€MNM OTMETKY HA OAWK W3 KOMBIWKOB, KOTOPLIA UC-
TONb3YIOT KaK BPeMEHHbI! penep, APYIMe KONLILIKU YCTAHABNUBAKT HA NMPOSKT-
HY10 OTMETKY AHA KOTNOBAHA WNM MOANUCHIBAIOT HA HUX BENUYMHY Cpe3ku (mOA-
CHIKW®) TPYHTA,

3auncTKy AHA U OTKOCOB KOT/I0BAHA BLUTOJIHAIOT BPYYHYIO MU 6YNbAO3EPOM.
Tlocne 3aYNCTKU AENAT UCTIONKUTENbHYI0 CHEMKY AHA KOTNOBAaHA MO KBaApaTaM,
B pe3ynbTaTe KOTOPO# ONpPeRenfioT haKTueckue OTMETKN TOUEK, KOTOPhE CPaB-
HWBAIOT C IPOEKTHLIMU, N BEIONHAKT KOPPEKTUPOBKY.

6. Teope3ndeckne paboTst Ipu cOOPYHERUN GyHAaIMEHTA

Teopeantueckue paGoThl 3aBUCAT OT TMMa GYHAAMERTA M TAYOURLI KOTAOBAKA.
TIpu Herny6oKOM 3aN0MEeHUU GyHAAMEeNTa BROTb BepXHeil GPOBKM KOTNOBaHa Ma-
PUIENLHO OCK 3RAKRWA CTPOAT OBHOCKY, T. €. AOCKM UIW METIMYECKNe WITaHrU
YKPEeNIAT Ha CTONGAX Ha BLICOTE OKONO 1 M, HUBENMPOM O6HOCKY YCTAHABANBAIOT
cTporo ropusoxTansio. Haubonee yno6Ha cnnowrsas 06HOCKa, HO YacTO NpUMe-
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Pasaen 1. UnxeHEpHO-Feoae3nyeckne UsbiCKaHUs

HRWT CMBOPHYI0 06HOCKY, COCTOAWLYIO U3 OTAENLHEIX AEPEBAHHbIX WIKN METANANYEC-
KMX KCTDOMTENbHHIX CKaMeek» (puc. 1.55). Kaxqian napa CKaMeek, YCTaHOBNEHHbIX
Ha NPOTMBOMOJOKHBIX CTOPOHaX 3[aHWS, 3aKPENIAET HA MECTHOCTW TONLKO ORHY
CTPONTENBHYIO OCb, BMeCTo craMeek MOKHO UCTIONB30BATH CTONGUKM, TIPU STOM Tpe-
60BaHUA K NIAPAIENBHOCTU OCAM 31aHUA M POPUSOHTANLHOCTU Te Xe, YTO W ANA
CTNOUIHOW 06HOCKM.

Tlocne coopymerna 06HOCKW Ha Hee TEOJONUTOM NEPEHOCAT OCHOBHble OCH.
Hcnonb3aya 0CHOBHbIE OCH B KaYeCTBE UCXOAHBIX, CTPOAT Ha 0GHOCKE BCe APYTHE OCKH
COOPYXeHMA, AR Yer0 NPEABAapPUTENLHO Ha CMEeLManbHOM Pa3buBOUKOM uepTexe
NOKA3HBAIOT OCK COOPYEHUA U PACCTOAHMA MeAy HuMu. ONHY MPORONBHYIO U
OfHY NONEPEYHYI0 OCHOBHbBIE OCU IPUHUMAIOT 33 MCXORHLIE, OT HUX NO NPOTUBONO-
NOKHBIM CTOPOHAM 06HOCKM MHBApHOW NEHTOW WM CTAILHOW KOMITApUPOBaHHOM
PYNETKOM OTKNAAHBAIOT COTNACHO Pa36UBOYHOMY YEPTEXY MPOEKTHLIE PACCTOR-
HUA MeXAy ocAMM. KOHTpONeM ABNAETCA COBNAZEHME CYMM BCEX OTNOXEHHHIX
BAOMb AAHHOVW CTOPOKL 3A3HUA NPOEKTHHIX PACCTOAKUW MEXAY OCAMU C obmei
AIUHOI. B pesynbrate Ha 06HOCKe 0603HAYANT BCE OCK COOPYMeEHUs, 06pasyomue
oregylo pasbusouHyI cucmemy.

TIpu Tny60KOM 3an0Xernn GYHAAMEHTA MU CNOXHON KORGUIypauun o6HoC-
KY YCTaHaBAMBAOT B KOTNOBAHE BLONDb €0 HUXKHEW GPOBKM, DU 3TOM pasMephl
KOT0BaHa LOMKHLL GLITh yBeNUUeHbl, [Ins pyHAAMEHTA U3 MORONIMTHOTO Xene3o-
GeToHa Ha AHE KOTNOBAHA, UMEIOWEM OTMETKY, COOPYKAIOT ONanybKy, B KOTOPYIO
YCTaHABAUBAIOT aPMATYPy ¥ 3aNONHAIOT GeToHoM. Tlonoxenne onanybku B KOTNO-
BaHe ONMPefieNAIOT OT COOTBETCTBYIOWUX CTPOUTENbHLIX OCEH, ANA YETO CTPOUTEb-
HbIE OCM Ha MECTHOCTW 0603HAYaloT TOHKOW CTaNbHOW NPOBOTIOKOW AU NECKOH,
HaTAHYTOU MEKAY METKAMN NPOTUBONONOKHLIX CTOPOH 06HOCKM. HUTAHBIM OTBe-

Puc. 1.55. Cxema peTanbHoW pasGuekm yHaameHTa

127



CanBO"IHMK COBPEMEHHOIo M3bICKATeAs!

COM OCK TIPOEKTUPYIOT HAa AKO KOTNOBaHA W OT HWUX OTKAAALIBAIT NPOEKTHbIE
paccToanua po 6opTos omanybku. Ha omanybky nepeHOCAT MPOEKTHYIO OTMETKY
Bepxa QyHAaMeHTa, BEPTUKANbHOCTL GOPTOB 0nanybkn KOHTPONIMPYIOT OTBECOM.

CGopHrie GpyHAAMEHTH 3 OTOBLIX 6710K0B 06BIMHO ycTaHaBNUBAIOT Ge3 06-
HOCKY. BripOBHAB ¢ MOMOBIO HUBENIMPA OCHOBaH e, TEORONUTOM YCTaHaBAUBAIOT
MecTa YrnosbiXx QYHAAMEHTHbIX 6NOKOB M 6N0KOB HAa MepeceveHUAX oceit U B
TMPOMEXYTKAX MEXAY HUMMU He pexe deM yepe3 15-20 M. Ha sepxHioto mosepx-
HOCTb YCTAHOBJIEHHHIX 6710K0B TEPEHOCAT U MapKUPYIOT CTPOUTENBHbIE OCK, ANA
KOHTDOJA U3MEPAIOT PACCTORHUR MeXAY HUMM. Yepe3 MeTKM Ha KpaiHUX 6noxax
HaTATWBAIOT CTPYHY WAM NeCKY W OTKNAABIBAIOT BO/Lb ONYYEHHbIX TMHUA TTPO-
eKTHbIE PACCTOAHUA MEXAY PAAOBHIMU Gnokamn. UToObl HATAHYTaA CTPYHR He
Melana yknagke 61008, ee cMemanT MapansieNbHO OCH Ha HY)XKHOE PacCTORHMUe.

JIna cBaitHbIX GYHNAMEHTOB MECTO 3a6UBXV KA RO CBAW ONPEAENAIOT IPOMe-
POM BROAb OCU HYHAAMEHTa (€CNU CBaW PACTIONIONEHH PAAaMK). MecTononoxenue
CBaW, PACTIONOXEHHEIX BHE OCU QYHAAMENT], ONPENIENAIOT METONIOM MTEPTIEHANKY-
napos. [IpexsapuTensHo CTpONTENbHbIE OCU TPOEKTUPYIOT B KOTNIOBAH U 3aKpen-
NIR1OT KOJBUMKAMN WAIW HA CTPOUTENBHLIX CKameikax. [Tocne 3a6UBKU CBai Ha HUX
HUBE/IUPOM BLIHOCAT OTMETKY, IO KOTODHIM 3aTeM OrONOBKYM CBail cpesaor. [ina
ofecnevyeHnA PaBHOMEPHOI Harpy3ku Ha CBaW HAa UX OrONIOBKAX U3 MOHONUTHOTO
KenesobeToHa COOPYXAOT ONOPHYO IIUTY — POCTBEPK, AANA YEro 0T ocei HyH-
AaMeHTa pa3GuBalOT U CTPOAT ONanybky. IIPOEKTHYIO OTMETKY BepXa PocTBepka
BLIHOCAT Ha OManybky ot 6avxaiumnx penepos. llocne GeTOHUPOBAHUS TOPU3OH-
TabHOCTh OBEPXHOCTU (PYHAAMEHTA NPOBEPAIT HUBENUPOM. [INaroBYIO CheMKY
GYHAAMEHTa 0GBIYHO BLIMONHAIOT METOROM NEPNEHAUKYNADPOB OT CTPOUTENbLHBIX
ocel, KOTOphe IPe\BAPUTENLHO BLIHOCAT Ha BepX ¢pyHAaMeHTa. Bonee Tmarensuo
KOKTPONUPYIOT TNAHOBOE U BLICOTHOE TONOXEHUA aHKEPHEIX GONTOB W APYruX
JaKNafHbIX AeTanei, pasNUYHbIX BLICTYTIOB, TPOEMOB W T. I. Ilo pesynbraram nc-
TIONHUTENLHOW ChEMKY COCTABNAT UCONHUTENBHYI0 CXEMY, ABNAIONYIOCA OCHO-
BaHWeM A1A TpueMkn HYHAAMEHTa Y BLAAYU pa3pelleHUA Ha AaNbHeNNIe CTpON-
TeNbHbIe PaboTHI.

7. Teope3nueckue pa6oTsr Npu cTpoUTENHLCTBE
Ha3eMHOM YacTU 3faHUA

TIpU COOPYXEHUN KMDIUYHOTO 3[AHUA CHayana OT CTPOUTENbHHIX Oceit Ha
byHAaMeHTe CTPOAT KOHTYD BHENIHeW W BHYTpeHHel NOBEPXHOCTeN Hecymux
cTeH. B mpoyecce knapxu He pexe ABYX pa3 Ha 1 M BLICOTH NPOBEPAIOT FOPU30H-
TanbHOCTh PAROB KUPIIUYEH U HUTAHBIM OTBECOM — BEDPTUKANBHOCTb CTEHH, [JBep-
Hble U OKOHHbIE [POEMbI, IEPErOPOAKU U T. T. Pa3BUBaloT OT Ocei ReCYWMUX CTeH
PYneTKo.
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Pasaen 1. UHxeHepHO-reopesnieckne U3biCKaHUs

TopU30HTaNbHOCTb U BHICOTY HECYMUX CTeH Tepef YKNAfKoM NANT mepe-
KPHITUA TPOBEPAIOT HUBENAUPOM U I-06pa3ron pekont. Ilpu o6rapyxeruu or-
KNOHEHWW WX WCTPaBARIOT RYTEM WIMEHEHWA TONIUMB LeMEeHTHON CTAMKU.
Tlocne yKNamKu TUIUT NEPEKPHITUA OCU 3MaHUA BLIHOCAT HA YPOBEHb Cnepyio-
1Wero Taxa.

[IpW WCMONb30BAHUMN B KOHCTPYKLMK 3MaHUA KONOHH Ha MX (QYHAAMEHTH
[MepeHOCAT COOTBETCTBYIOLME CTPOUTENbHBIE OCU W 3aKPETNAIOT MX PUCKAMU
(puc. 1.56). Ha hyHAaMEHTH KONOHH TOMEIAIOT ONOPHbIe HalIMaky, YCTaHOBOY-
HBIE PUCKM, KOTOPHIE COBMENAIOT C OPUEHTUPHEIMU PUCKaMU HA QyHpamenTe. O1-
METKY iHa CTaKaHa OTPezeNnAioT FeOMETPUYECKUM HUBEIMPOBAHNEM.

J, 4
5

(3

Puc. 1.56. CxeMa OpPUEHTHUPHBIX U YCTAHOBOYHbBIX PUCOK
Ha (hyHAAMEHTE ¥ ONOPHbIX GaLiMaKax KONOHHI:
1 — OpHeHTUPHbIE PUCKK (yHAAMEHTHOTO BnoKa;
2 — YCTaHOBONHAA PUCKA; 3 — OPUEHTUPHbIE PUCKM ONOPHOrO BaiiMaKa;
4 — 0TBEPCTUE ANIA YCTAHOBKM KONOHHbI;
5 — onopHbIf 6alwMak (CTakaH); 6 — dyHaaMeHT

Tlepep MOHTa)XXOM KONOHH Ha HUX HAHOCAT PUCKU. YCTAaHOBOVHbIE PUCKU Map-
KUPYIOT C YeTbipeX CTOPOH KONIOHHbI Ha Pa3HbIX BHICOTaX. BEICOTHYIO PUCKY B Buze
YepThl HAHOCAT B HWKHEW YacTW KONOHHBl HA PACCTORAHUW He MeHee 100 MM OT
OCHOBAHUA, TAKYI0 e PUCKY MapPKUDYIOT B BEPXHEW ¥acTu kKonoHH. Konorny mop-
HWUMAIOT 32 BEPXHIOK YaCTb ¥ YCTaHABAMBAIOT B CTaKaH, HA IHO KOTOPOTO KAapyT
MeTaNANIeCKY10 MIACTURY, ee TONIUHY ONPefieNINi0T NYTeM reOMEeTPUECKOr0 H1-
BENINPOBAHUA C YIETOM YCTAHOBKU BCEX KONOHH HA OAHOM YPOBHE ITO BLICOTE.

C noMoubio A€PEBAHHBIX KNNHBEB WU CRRELUANLHON OCHACTKU KONOHHY Tepe-
MEWAIOT 0 COBMNAAEHUA YCTAHOBOYHBIX PUCOK HA HEW C OPUEHTUPHHIMU PUCKAMK
Ha crakaHe. IIpu BBICOKOM MONIOKEHUN PUCKU Ha KOJIOHHE ee NPOEKTUPYIOT HUTA-
HbIM oTBECOM. C OMOWIbIO pacyanoK KONOHHY YCTaHaBNWBAIOT B BEPTUKAnbHOE
ROJI0KEHUE, KOHTPONb BEPTUKANbHOCTU OCYWECTBAAIOT ABYMA TEONONUTAMM, YCTa-
HOBJIGHHBIMW TaK, ¥TO6b UX KONJIMMALMOHHBIE MNOCKOCTU Tepecexanuch Ha Ko-
JIOHHE NPUMEPHO Moz yraoM 90° (puc. 1.57). Ilocie 3TOro crakaH GeTOHMPYIOT.
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Cnpc BOYHUK COBPEMEHHOTO U3bICKATeAR

TIpW CTPOMTENbCTBE CHOPHBIX KPYMHONAHENbHbIX 3AAHUA Ha GYHAAMEHT B Npepe-
nax 30HBl MOHTaXa BLIHOCAT CTPOUTENbHbIE OcU. Ha atamax paséueky genaior ot
CTPOUTENbHBIX 0CEN 31EMEHTOB CTEH, IECTHUL W T. ., ANA YCTAHOBKU B NPOEKTHOR
MONIOMEHWE 3N1eMEHTOB KOHCTPYKLIMIA UCTTONL3YIOT TeNECKOMINECKUE OTKOCHI, YTIo-
PHI, pa3snuyHbie 3aXBaThl U T. M.

Puc. 1.57. Beisepka KONOHH N0 BepTUKaNW: 1 — OpPUEHTHPHAR pUCKa;
2 — BM3MPHbIA NYY; 3 — YCTAHOBOYHAR pUCKa

TIpu cTpouTenbcrBe cGOPHHX KPYMHOMAaHENbHLIX 3JAHWA HAa GYHAAMEHT B
npepenax 30Hbl MOHTaXa BLIHOCAT CTpOMTENbHbIe 0ck. Ha ataxax paséueky pena-
10T OT CTPOMTENbHBIX OCEW 3INEMEHTOB CTEH, NECTHWY W T. 1., ANA YCTAHOBKW B
TPOEKTHOE MONOKEHUE INEMEHTOB KOHCTPYKUMA UCIONb3YIOT Teneckonmdeckue
OTKOCHI, YTIOPbL, Pa3ANYHbIE 3aXBATH W T. II.

TIpu BO3BEAEHUM BLICOTHLIX 3[aHUI DYHAAMENT YCTAaHABAWBAIOT B BUAE MOHO-
JMTHOW IUIUTH HA BCIO MNOMAAb 3AAHWA. B IIUTY 3aKNapblBaioT MeTanmMyeckue
1LleHTPbI, B3AUMHOE ITONOKEHNE KOTOPHIX ONPEAENAIOT C BLICOKOW TOYHOCTHIO MyTeM
BKJIOMEHUA B OIOPHYIO T'EOE3UIECKYI0 CETb, OT MYHKTOB ITOM CETW ONPERENRIOT U
3aKPETIAIT MONOKEHWUE BCEX CTPOUTENBLHBIX 0Cei. Ha KamAbiil HOBBIA 3TaX MYHKTH!
OIIOpHO¥ CeTU NEPEHOCAT METO\OM BEPTUKANBLHOTO POEKTUPOBAHUA.
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1.4.17. Teopeangeckue paGoTsl MpH CTPOUTEJBCTBE
¥ 3KCILIYaTalyy MOA3EMHBIX KOMMYHUKAIMI

K nop3eMHbIM KOMMYHUKALNAM OTHOCAT [2]:

1) TpyGONMPOBOALI — CETU BOROMPOBOA], KAHANU3AUUM, Ta30CHAGKEHMS, Tem-
n0GUKauUK, BOLOTOKA W APYIUE COOPYKEHUA ANA TPAHCMOPTUPOBAHUA
Pa3nUMHOrO COREPKUMOrO IO TPyHam;

2) xabenbHble CeTW, mepepaloNue 3NeKTPO3IHEPruio, KOTOPLIE PasauvanT Mo
HaMPAXEHWO N HasHayeHn1o;

3) XOnNneKTOpbt — MOJ3eMHbIe COOPYKEHNA ceyeHneMm oT 1,8 no 3,0 M, B HUX
MPOKNAABIBAIOT TPYGONPOBOAK W Kabenu pasnudHOro HasHavyeHus.

HauBonee yacTo npu Npoxnapke MnoA3eMHLIX CETeW UCMONb3YIOT OTKPLITHIA CIio-

€06, KOrpa KOMMYHMKALMK YKNAALIBAIOT B TpaHllesx. PasbusoyHbie paGoTst 3aknova-
10TCA B BHIHOCE Ha MECTHOCTD OCU TPACCH, LLEHTPOB KONOALEB, YTI0B [IOBOPOTA U AP,

Ha BbIHOC TpacChl BHIAAIOT CHELUANBLHOE TeXHUYecKoe 3afanue. OCHOBHbIM

DNOKYMEHTOM ABNAETCR pasbugovHblll Yepmex, Ha KOTOPOM KPOMEe OCM TPacchl U
OCHOBHbIX €8 XapaKTepUCTWK (YIN0B, PACCTOAHWI) NOKA3LIBAIOT YHKTH reofem-
YeCKUX OMOPHBIX CeTeM, KpacHbIe NMHUM W CTaGUNbHBIE RONTOBPEMEHHbIE 3N1eMeH-
Thl CUTYaLUW, UCTIONb3YEMbe I8 HAXOMKAEHUR Ha MECTHOCTU MPOEKTHOTO [WONo-
WeHus Tpacchl. Havano u oHel Tpaccs!, yIabl [OBOPOTA W TOYKU BPE3KU NPUBA-
3(BAIOT K TPEM U G07nee OMOPHBIM TOYKAM (puc. 1.58), Mp 3TOM PACCTOSHUA He
AOMKHEL TPEBHIIATH ANMVHLL MEPHOrO Tipubopa.

Puc. 1.58. ®parMeHT pazbnBouHOro YepTexa pns BeiHOCA
8 HaTypy Tpacck TpyGonposopa
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HcXORHHM ANA COCTAaBNEHUA PAa36MBOYHOrO YepPTeXa ABNALTCA KPYMHOMAcu-
TabHbIM MNAH MECTHOCTV C HAHECeHHbIM HAa HEro MPOeKTOM Tpacchl. ECnn KoMMy-
HUKALUA NPOXOANT O HE3aCTPOEHHOW MECTHOCTU C MAJIbIM KONUMECTBOM HAZEX-
HEIX KOHTYPOB, TO 1A ONPEAENEHNA Ha MECTHOCTU IPOEKTHOTO MONOKEHUA Tpac-
Cbl TIPOKNAALIBAIOT TEOAONUTHLIA XOA.

BuiHoc mpaccst 8 HamMypy NpefycMaTpuBaeT OMpefeNeHue Ha MEeCTHOCTH
Hayana u KOHLA TPaccH, MOBOPOTHbIX TOMEK, KONOALEB W APYrux o6bekTos. Jns
ONpefAeneHuA Havana v KOHLa TPacCH UCTIONb3YIOT METOA MEePNeHAUKYARPOB U
JIMHEMHBIX 3aCe4eX, UCXORHBIMU MYHKTaMN CYXaT cTabWibHble M 4ETKO OMpene-
JIAEMbIe Ha MJIAHe M MEeCTHOCTM TOYKW. BbIHECEHHBe Ha MECTHOCTb 3/1eMEHThU
TPACCH 3aKPEINAIOT BpeMEeHHBIMU 3HaKaMuU.

Ha TeppuTopun ¢ HeGONbLIMM KONMYECTBOM KOHTYPOB ANA BLIHOCA TPacchl B
HaTypy NMPOKNAALIBAIOT TEOROANTHLIM X0, EF0 BEPLIMHLI HYXHO BHIGUPATh BavKe
K OXWAAEMBIM YT1aM NOBOPOTA Tpacchl, [Opu30HTanbHble PACCTORHNA MEXAY Bep-
1IMHAMU BLIHECEHHOW TPACCHl U3MEPAIOT MEepPHLIMWU NMPUGOpPaMu U Pe3ynbTaThl
CPaBHWBAIOT ¢ MPOEKTHLIMN 3HAUEHVAMMN. Pa3HOCTM He AOJKHBI TPEBLILIATb YCTa-
HOBJIEHHBIX ZONYCKOB, NPU HEAOMYCTUMBIX PAaCXOXAEHUAX CNEAYeT BHIACHUTb UX
TIPUMUHY W TTPpU He0GX0ANMOCTY Pastusky mepefenaTh. IIpu AOMYCTUMEIX PACXOX-
LEHUAX MPUCTYTAlT K pa3buBKe KONOALEB, ANA ME€Tro, 3aA2B TEOLONNUTOM CTBOD
NPAMONVHENHOr0 Y4acTKa, MEPHBIM NPUBOPOM OTKIAALIBAKT COOTBETCTBYOLINE
NpPOEKTHbIE paccTosHuA. TIpu pa36uBKe CaHNTAPHO-TEXHUIECKUX KOMMYHUKALMK
AOMYCKalOTCA NPOAOAbHBIE cABUIY A0 0,3-0,5 M, k nonepequmi CABUraM NMpeabaB-
NAI0T GoNee wecTkue TPeGOBAHMA, TAK KaK OHV MPUBOAAT K HAPYLIEHNIO IPAMONU-
HeHOCTY TPACCH, YTO OCNOXKHAET YKNAAKY TPYO.

Yanvt nosopoma mpaccst Ha MECTHOCTM 3aKPeUIAIOT METOAOM NepeceyeHus
CTBODOB. [[NA NONY4eHUA CTBOPA TOHKYIO NPOBOAOKY WAM NECKY HATATMBAIOT TaX,
4To6H OHa MPOXOAWIA Haj TOUKOW MOBOPOTA TPACCHL W 3aKPEMAAIOT CTBOPHBIMN
3HaKaMy 3a MpefenaMm MonoCH 3eMAAKbIX PaboT. IIpun 3eMnsHbLIX paboTax KoMbI-
1IeK B BEpLIMHE TPACChl BYAET YHUYTOKEN, M €TI0 NONOKEHNe HAXORAT Ha Nepece-
YeHUM BOCCTAHOBNEHHWX CTBOPOB. HanGonee 61arompuaTHLIM YraoM Mepeceve-
HUA CTBOPOB ABNAETCA NPAMOW, B M0BOM CIyuae YTON MeXAY CTBOPaMU He AOIKEH
GbITh MeHblIe 60°.

Jletansuylo pa36uBKy TpaHLIew W YKIaAKY TPY6 BLHIOMHAOT C ROMOWbIO 06-
Hocku (puc. 1.59), YCTaHOBNEHHOW Monepex TPaHlen Ha Bricote 0,4-0,8 M. 06-
HOCKW YCTAHaBAMBAKT BAOAb TPACCHl HaZ KAXALIM KONOALEM, HO He pexe ueM
vepe3 50-100 M. C moMowpio TEONONUTA, YCTAHOBAEHHOIO (L€HTPUPOBAHHOrO)
Haj, CTBOPHO TOYKOM, TPOAONLHYIO OCh TPACCH NMePeHocAT Ha T-06pasuyio BU3np-
Ky o6Hocku. Ilo BbICOTE BUSMDKY YCTAHABNMBAIOT HUBENUPOM, B UTOre NVHWA,

132



Pazaer 1. UmxeHepHo-recpeanHeckne U3bicKaHus

NMpoxXoAANas Yepes3 BEPX BCEX BU3NPOK, ' Cmauuonapnan
nomkHa 6biTh MapannenbHa OCKH TPACCHI. Susvpna
Kpome npoponbHoW ocu Ha 06HOCKe 3aKpen-
NIAIOT ROTIONHUTENbHBIE OCH, HAPUMEDP OCK X-13 BHZ4+3
6poBKM TpaHlIew, INPUHY AHA U T. TN,

Jflemanvhyro pasbusKy mpaHweu Bu-
TIONHAWT ANA TPOVIBOACTBA 3EMIAHEIX pa-
60T. Yepe3 10-20 M Ha MECTHOCTM KOJIbIIIKA- v
MW OTMEvaloT OCh W GPOBKW TpaHilew, ans
4ero MeXAy 0CeBLIMN MeTKaMW Ha BU3NPKAX
CMEeXHbIX 0GHOCOK HATATUBAT CTPYHY W OT-

BECOM, 3aKPeNNeHHEM Ha CTpYHe, POeKTN-

DYIOT NONIOXEHWE OCHU Ha 3eMJLI0 W 3aKPeNnA-

10T KOJBILIKOM, OT KOTOPOTO N0 06 CTOPOHb
PYNeTKO! OTKNAALIBAIOT NONOBUHY LIMPUHBI TpaHlien, DyGuHy BHEMKKM PPYHTa 13
TpaHlIen OnpefenAlOT TIEPEHOCHO! XOAOBOW BU3MPKOW, ee ANMHA paBHa BBICOTE
CTaIMOHaPHLIX BUINPOK Haz MPOEKTHON OTMETKOW AHA TpaHiueu. Ecan Bepx xozo-
BOW BU3NPKK YCTAHOBWTH Ha PAMON, COEAMHAIONIEN BEPX CTAMOHAPHEIX BUSUDOK,
TO ee OCHOBaHWe GyzeT COBNAAaTh C MPOEKTHOW OTMETKOW ZiHA TPAHLIEN,

Yrofhl He MOBPEAVTh OCHOBaHWe TpaKileW, Ha KOTOpoe BYAYT yKnapbearb
TPYOHL, 3KCKABATOP He AO/MKEH BBHIHUMATL I'PYHT A0 MPOEKTHOW OTMETKY, MOCKen-
HNe HeCKONbKO CAHTMMETPOB PPYHTA U3 TPaHIIeW BHIHUMANOT BPYYHYI0, YPOBEHD
JiHa KOHTPONUPYIOT IO XOA0BO BU3UPKE.

Tlocne 3ayuCTKM AHA TPAHLIEW BLHITONHAKWT Pa3busKy Konopues. Llentpst yr-
TI0BBIX KOJIOA1EB ONPEfeNAoT MyTeM NepeceueHns 0Cen CMexHbIX NPAMONNHEN-
HBIX Y4ACTKOB TPACChl, OTMEYEHHBIX CTPYHAMMW, HATAKYTHIMU MY OCEBLIMU MET-
KaMu CTalMOHAPHLIX MeTOK. TouKy MepeceyeHus CTPYH 0TBECOM NPOEKTUPYIOT Ha
AHO TpaHIewn, B 3TOW TOYKe 3a6UBAIOT WITHIPb-MaAK, FONOBKY KOTOPOTrO BLIHOCAT Ha
IPOEKTHYI0 OTMETKY OT 6nMxaiilrero penepa Husennpom. LITHpb-ManK oTMeuaer
LeHTD KONOALA M OTMETKY AHA €ro noTKa. YKNAAKY TPyO BLIMONHAIOT OOBIMHO
MOCe YCTAaHOBKMN KONIOALEB.

CaMoTeyntle TPYGOMPOBOAB! GONBIIOrO AMaMeTpa OBGLIMHO UMEWT Hebonblve
yKAoHb (0,0005-0,005). Jnf BEIHOCA TaKMX YKIOHOB B HATYpPy C OLIMGKOW MeHee
10% MpOeKTHEIE OTMETKY AHA I0TKA TPYGONPOBOAA (AHA TPYGB) HYKHO OMPENENATL
¢ oumbxon He Gonee HECKONBKUX MUIMMETPOB, YTO MOXHO 06ECTIeYnTh reoMeTpu-
JECKUM HWBEJIMPOBAHMEM YCTAHOBNEHHLIX yepe3 5-10 M Ha MPOEKTHHIX OTMeTKax
WITHpeN-MafKOB IV KONBIIIKOB € WIYPYTIaMu, BBUHYEHHEIMM B TOPUH. BricoTy ro-
JIOBKM LIYPYTa MOXHO U3MEHATH BBUHYMBAHWEM UM BHBUHIMBAHWEM ETO U3 TOPLA

-
o ——
——

Jcs mpewweu
<,

Puc. 1.59. 06Hocka
npu pasbueke TpaHwen
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Konbiuka. Jlo ypoBHR, OTMEYEHHOTO B TPaHILlIee NITHIPAMU-MAAKAMU WIN TONOBKAMU
WYPYNOB, YXNAAHBAIOT GETOH, Ha GETONNYIO MOBEPXKHOCTD YKNAALBAIOT TPYOH. Tle-
Pen, 3aCHUTKOM TpaHlIen TPyGONPOBOAR BLIIONHAIOT €10 UCTONHUTENLHYIO CHEMKY.

1.4.18. Teopesnyeckne MeTOAR! ONpefesieHHs AeOPMAIUil COOPYHeHMi
1. Bupst pehopmanmuin

B reopesuu nop TepMUHOM «aedopMaLUR» MOHUMAIOT U3MEHEHNE TONOKEHUR
06BEKTA OTHOCUTE/ILHO ero MepBOHaYanbLHOro COCTOANUA. [locTOANNOe naBnexne
Macchl COOPYXEHUR MPUBOAUT K YILAOTHEHWIO IPYHTA NOA HyHAAMEHTOM U BOIU3N
HET0 U BEPTUKAILHOMY CMEIIeHWIo, UM ocadxe, COOpymeHua. Kpome pasnenus
MACCH COOPYMEeHWUA 0CaAKa MOXET MPOUCKOAUTL OT U3MEHEHUA YPOBHA IDYHTO-
BbIX BOJ, KAPCTOBLIX, OMON3HEBLIX U CENCMUMECKUX ABNIEHUN, OT PABOTH TAKENLIX
MexaMu3MOoB  T. A. IIp¥ YIIOTHEHUU NOPUCTHIX W PHIXALIX TPYHTOB TIPOUCKOANT
6bIcTpas no BpeMenu Aedopmanus, HassBaeMaa npocadwol.

Ecnu rpynTH nop GYyHNaMEHTOM COODYHEHNA OKUMAIOTCA HEOAMHAKOBO UK
HaTPy3Ka Ha IPYNT Pa3NUYHaA, TO 0CafKa ABNARETCA HEPABHOMEDHOW U MPUBOAUT K
TOPU30HTANHEIM CMELEHUAM, CABUraM, NepeKocaM, nporubam, B pesynbrare no-
ABNAIOTCA TPEMUHKB U JaXE PasnOMBL.

CMeujeHue COOPYKEeHUH B TOPU3OHTANBHON MIOCKOCTU MOMET NPOUCXORUTD
BCNEACTBUE §0KOBOTO JaBNIEHUA TPYHTa, BOAbI, BETPA U T. I. BrlcOKMe CoOpyXerns
GaureHHoro ruma (Tenebauinu, ALIMOBHE TPYGH U T. I.) U3-33 HEPABHOMEDHOI'o
Harpesa CONHLEM, AaBNeHUA BETPa U MO APYTUM NMPUYMNHAM UCTILITHIBAIOT Kpyue-
Hue v u3eub.

[ina onpenenexua AeopMalmit B XapaKTEPHLIX TOUKAX COOPYKEHUR YCTAHAB-
NMBAIOT MAPKK ¥ MYTEM TeORe3UecKUX U3MEPEHUH HAXOAT U3MEHEHNe UX TTPo-
CTPaHCTBEHHOTO NONOXEHNA 33 BHOPAHHLIA NPOMENYTOK BDEMEHY, IIPU 3TOM Nep-
BBIM UKN re0Ae3uueckUX Habn1opeHUi A TPUHUMAIOT 38 HavanbHAlA.

A6conomHele, WAV NOAHbIE, 0CAAKU S MAPOX ONMPENENAIOT KaK Pa3HOCTb OTMe-
TOK, MONYYEHHHX OTHOCUTENLHO peNepa, PacNoNOKEHHOTO 3a BOPOHKO! 0CapoK
COOPYMEHUA M NPUHUMAEMOTO 32 HENOABUWMHEIW, B TEKYWMH MOMEHT BPEMeHW
(Hpex) W B Hadane Habmopennn (H,,,), 1. €. S = H,,, - H, .. Tono6xbM 06pasom
HaXOJAT 0CafKy MEXDY NPEALAYIIMM U NOCNEAYIOLUM HUKAaMU HabnoneHuH.

CpedHAR 0CaKa S, BCETO COOPYKEHUA UNU OTAENBHEIX €ro yacTei

n
Y

n

Sep

rpe S — 0capaxa OTAENbHBIX MapoK; n — KONU4ecTBO MapoK.
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Hapsay co cpenteit 0CanKo# OTMeYaloT HaNGONLLIYIO Sy ,, U HAUMEHBLIYIO Sy
ocapxu Mapox. HepagHomepHocms 0canku ONpeRensioT o pasHoCTH 0CanoK

A5,

rpe S, S;,; — OCajKW TOYeK B MKNax i v i+1.

Kpew, wnu HarnoH, COOPYEHWUR PaBeH PasHOCTM ocapok (S, — ;) ABYX
TOYEK BAONb BHODPAHHOW OCY MAN Ha MPOTUBONMONOKHLIX Kpasx 3panus. Haknon
BAOAb NPOAONLHON OCU HA3HBAIOT 306a0M, 3 BAOJb NONEPEYHON OCU — nepexo-
coM. Omrocumenbblll KpeH

iv1 =S~ S

K= (S~ S/l

rae Sy, S, — Ocafku B TouKax 1M 2, | — PacCTORHME MEMAY 3TMMU TOMKaMU.
Topu3oNTansHOe CMellerne

Ax = Xmex = Xuaw Iy = Ymex ~ Ynaw
TRE Xyay Yraw Xmexe Ymex — KOOPAVMHATH TOYEK B HauaNbHOM U TEKymeM LUknax
Habmoperun. AHaNOTMYHO BHIMUCARAIOT CMelleNue MeXAY MPepbAYIUM v Ioc-
NeAYIoWMUM UMKNaMU Habnioperuit.

KpyveHue paBHO U3MEHEHWIO YTNOBOTO NMONOXEHUR Paanyca TOMKU C Hava-
JIOM B 1]eHTpE UCCIeAYEMOT0 FOPU30HTANBHOTO ceqeHUA. Kpydenue OTHOCUTENBHO
BEPTUKANILHOW OCY B OCHOBHOM UMEIOT COOPYXEHNA 6aNIeHHOro TUna.

Cpednas cxopocms v, nedopMaluu paBHa OTHOLIEHUIO BEAUUNEL fedopMa-
L1 X IPOMENYTKY BPEMeHMU ¢, 32 KOTOPBIN 3Ta feopManua npoucxoput. Cpenxas
CKOPOCTD OCaAKU

Vep = (sj - s/t

TAe 5, S; — 0Capkv 33 BpeMa t MEXDY UMKNaMU T j.

Ecnv t paBHO IMCNY MECANEB, TO MONYIAIOT CPEAHEMECAYHYI0 CKOPOCTD, €CAU
t — YUCNI0 NIET, TO HAXOAAT CPEAHErOROBYI0 CKOPOCTb Aed)OPManu MW OCAAKH.

TleopManvu onpenenAioT ANs OUEHKN YCTOMYNBOCTU COOPYHEHUR, NPOBEPKU
TIPABUNBLHOCTU MPOEKTHHIX PACYETOB, BHIABIEHUA IPUIMH U 3aKOHOMEPHOCTEN Ins
MPOrHO3UPOBANUA AeOPMaLUI Y IPUHATUA Mep, OBecreyuBalowux HopMaabHoe
COCTOAHUE COOPYIEHUS.

JINR CROMMBIX U YHUKANLHMIX COOPYWEHWH Ha nnomapxe 6yaymero crpoun-
TENLCTBA U3Y4alOT BAUAKWE MPUPOAHHIX (AKTOPOB HA YETOWIUBOCTL IPYHTA, CO-
3)AI0T CUCTEMY OTIOPHBIX MYHKTOB W ONPERENRIOT UX cTabunbHocTs. Habnionenus
BLIONIHAIOT € HaYana BO3IBE\CHUA COODYHEHUA W NPOAC/KAIOT B TEYeHUE CTPOU-
TeNLCTBA, 3 B GONBUIMHCTBE CAYYAEB U B TEYEHWe BCEro NMepuoaa IKCIAyaTanuu.
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Hab6nionenus, BLNoNHAEMbIe Yepe3 ONpeneseHHbie TPOMEXYTKU BpeMeHy (1o ka-
NIeHAAPHOMY NNAaHY), HA3LBAKT CUCTNEMAMUYECKUMU.

TIpu pe3koM 3MeHeHun fe)OpMaLum BEIMONHAIOT CPOUHble Habmoperua. Tla-
pannensHo ¢ onpepenexnem aegopManuu BLINONHAIT cneyuanbHbie Habnioperns
33 U3MeHeHUeM COCTOAHWA TPYHTOB U NMOA3EMHLIX BOJ, TEMITEPATYDPHl TeNa coopy-
KEHUs, U3IMEHeHUEeM METEOYCNOBWIA U T. . YUUTHIBAIOT TaKKe U3MeHeHUe CTpOu-
TENbHOW Harpy3ku ¥ Harpy3ku OT YCTaHOBAEHHOT0 060pynoBaHUA.

JIns BLIMONHEHWA HabnlopeHUi COCTaBAAIOT CMELUANbHEIN MPOEKT, KOTOPHIN
COAEPKUT: TEXHUYECKOe 33ajlaHue Ha MpOU3BOACTBO PaboT; ofune cBepeHus o
COODPYXEeHWUU, TPUPOAHBIX YCNOBUAX; CXEMY OMOPHLIX MYHKTOB U MapOX; METOAUKY
HabMmopeHU! u ux 06paBoTku; pacyer TOMHOCTU U3MEPEHUI; KaneHAapHBIT U1K
(rpadvK) HabnoAEHUIA; COCTaB UCTIONHUTENIER; 06'beM PaBOTHI U CMETY.

2. TouHOCTb M MEePNOANYHOCTb Kabnoaexnn

B HOpMaTUBHLIX JOKYMEHTaX TOMHOCTb OIpefieNeHUR 0CafoK U FOPU30HTaNb-
HbIX CMeljeHUit BHPaXKaloT CpeaHei KBaApaTHueCKoR OMIMOKON. A MHOMUX MpaK-
TUYECKMX 331124 CPeAHIOl0 KBaApaTHuecKyw ounbky m, onpefenexus nedopma-
LMW MOXHO BHIYUCAUTS MO BopMyne [2]

my < 0,2 A9,

rae A® — BennuuHa neopManuu MeXay UMKNaMU U3MepeHUil.
CornacHo I'OCT 24846-81 nonmycTvMbie MOIPENIHOCTY ONPeAENEHUA 0CAAOK He
BOTKHET GbiTH Gonee:
1 MM — N8 VHUKAIbKLIX 3AaHWH, AAUTENbHOE BpeMA (6onee 50 net) Haxoas-
WUXCA B INCTIAYATAUUMY, @ TaK)Ke Ha CKanbHbIX TPYHTAX;
2 MM — IR 30aHUT ¥ COOPYXEHUR Ha MecuaHbIX, IMUHUCTHIX U APYTUX CHU-
MaeMbIX IpyHTax; :
5 MM — QIR 3[aHUR U COOPYKEHWN Ha HACHIMMBIX, TPOCAAOMHBIX U APYIUX
CUNBHO CHUMaAEMbIX QyHTaX;
10 MM — ANA 3eMAAHBIX-COOPYIEHUM.
Kpenst Tpy6, MAuT U T. TT. ONPEAENAIOT C TOUHOCTHI0 A0 0,0005 H, rae H — BbicOTa
COOPYHEHMS. '
IIpoMerxyTOK BpeMeHU MEXAY UUKNAMU UIMEPEHWt 3aBUCUT OT BUAA COOPYXKe-
HUW, CKOPOCTH U3MeHeHUs fedopManuu v Ap. B cTpouTensHyli nepuon cucTemary-
gecKue HaBMoAeHUs B CpeAHEM BHIONHAT 1-2 pa3a 8 KBapTal, B NEpUO] SKCTINYa-
Talun — 1-2 pa3sa B roa. Ipu cpouHEIX Ha6MOAEHNAX UX BLIONHAIOT A0 W NOCNe
BHIABJIEHUR (HaKTOPOB, PEIKO UIMEHANLNX OBBIIHEIN X0A nedopMayuu.
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3. Teope3nveckune 3xaku

.TlpaBunbHbIA BHIGOP KOHCTPYKUMM M MECT Pa3MelleHuA TeOAe3nNdeckux 3Ha-
KOB CYIeCTBEHHO BAUAET Ha Ka¥eCTBO pe3y/bTaToB HabnopeHui. Teonesnueckue
3HaKW ieNAT Ha:
ONOpHbIe, ABNAITCA UCXOARON OCHOBOW, OTHOCUTENLHO KOTOPOW OMpeAensioT
NONOKEHUE MAPOK; UX Pa3MeL|aloT ¥ 3aKperIAloT ¢ YCloBUeM CTabWIbHOC-
TV U JNUTENLHON COXPAHHOCTYU;

8CNIOMO2amenbHble, Yepe3 KOTophie NepefaloT XOOPAUHATL ¥ BHCOTH! OT ONOp-
HEIX 3HAKOB K e OPMaMOHHBIM;

dehopmayuokHble, NX 3aKPETUIIOT HAa UCCNEAYEMOM COOPYKEHUM, NepeMea-
ACb C HUM, OHU NOKA3bIBAIOT U3MEHEHUE €TO MTONIOKEHUA B IPOCTPAHCTBE.

JINR nnaHOBbIX OMOPHLIX 3HAXOB LIMPOKO MCMONB3YIT TpyGuaThle KOHCTPYK-
1juK; CTanbHaA Tpy6a Auamerpom 100-300 MM, KOTOPYIO 3arAY6AAIOT U 6ETOHUPYIOT
B I'DYHT He MeHee 1 M HWKe BepXHeii rpaHunbl TBePAbX KOPeHHBIX nopon. K Bepx-
HeMy KoHny ($naHny) Kpenar ronosky 3Haka. Boxpyr ocHOBHOM Tpy6hl MOMeWaioT
3aWNTHYI0 TPYGY, MPOCTPAHCTBO MEXAY HWUMM 3aMONHAKT GUTYMOM, 3 B BEpXHEN
YaCTH — NETKUM TeIIOU30NALUMOHHHIM MaTepuanoM, SHaK 3aKpHBalOT KPLIIIKOH.

Jins OMOPHLIX BICOMHMBIX PENEPOB TaKKe NMPUMEHAKT TpyGuaThie KOHCTPYK-
LUK, ANIA Y4eTa TeMnepaTypHyX AeGopMaLMit UCTIONL3YIOT ABE TPYObl: CTANbHYO U
L10PaNOMUHNEBY10, TAKOW pETep HA3LIBAKT GUMEMANAUNECKUM.

Ilpu onpepeneruu AedopManmit IPOMBILINEHHBIX ¥ IPAKAAHCKUX 3AAHUNA TTPU-
MEHAT CBaHble 3HaKU W pPenepsl ¢ NomepeyHsIM cevennem 180-250 MM.

Hedopmanuontbie 3HaKW AnA ONpeneneHuA TOPU3OHTANbHHX CMEMEeHnH —
3TO B OCHOBHOM BU3UDHLIE 1€, 3aKPeNNeHHEIe Ha COOPYKEHNAX UNU KA KPOHNI-
TeWHax, B MOy COOPYKEHUA — MeTalnnyeckue MAACTUHHL C HAHECEHHBIM Ha HUX
niepeKkpecTneM. BonbIMHCTBO 0CafOYHBIX penepoB UMET chepudeckue ronoBKY,
Ha KOTOpbie YCTaHaBAUBAIOT HUBENUDPHYIO peitKy. BO3MOXKHO 3akpennexue Ha co-
OpYKEeHWUW MOCTOAHHLIX LIKAJ, IPU ITOM He TPeOyeTCA peitka.

OropHyle 3HaKu pa3MeImaloT GIVKE K COOPYHEHNIO, HO BHE 30HBI BOBMOKHLIX
nedopManui. Yucno OmopHHIX 3HAKOB, He MeHee Tpex, AOIKHO obecreumsarb
B3AUMHBIA KOHTPONb 38 UX YCTOWYUBOCTHIO.

[MleopMaumoHHble 3HAaKW ANA ONPEAENEHUA TOPU3OHTANLHEIX CMELEHHM TIpo-
MBIUNIEHHBIX U TPapaHCKuUX 3aHUA pacronaraloT 0 NepUMeTpy He pexe, YeM
yepe3 15-20 M, Mo yraaMm U NO 06e CTOPOHb OCafOYHbIX WBOB. Ha muoTuHax
TMAPOY3NOB 3HaKW YCTaHaBAWUBAWT B ranepeax W MO BepXY IMIOTUHbI He MeHee
ABYX MapoK Ha cekuuio. Ha npnyansHuix U NOAMOPHLIX CTEHKAX periepbl pasmema-
0T uepe3s 30 M. BricoTHble 3HaKM (Mapxu) Ha 34AHUAX YCTaHaBAWUBAIOT MO yrnaMm,
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no nepuMeTpy 4epe3 10-15 M u mo obe CTOPOHbl AeOPMAUMOHHLIX WIBOB, Ha
KONOHHAX, B PUMBIKRHUU MPOAONBHBIX W TMOMEPEYHbIX CTEH, HA NPUYANbHEIX U
TIOANOPHLIX CTeHaX — vepe3 15-20 M. Ha AbIMOBLIX Tpy6aX, JOMEHHBIX Nevax,
6aWHAX U T, T, YCTAHABAUBAIOT HECKOJIbKO APYCOB fiehOPMALMOHHBIX 3HAKOB.

4. Habnlopexrua 3a ocanKaMu coopymeHwit

0canku COOpPYMENUA ONpenensioT reoMeTPUIECKUM U TPUrOHOMETPUYECKUM HU-
BENUPOBAHUEM, TUAPO- U MUKDOHUBENUPOBAHUEM, GOTO- U CTepeodOTOrpaMMeTpy-
yeckuM crocobamu. Haubonee mmpoKo uCnonb3yioT CNOco6 reoMETPUYECKOTO HU-
BENUpOBaHUA, 0613201 U BBICOKOW TOMHOCTHIO U GHICTPOTOM usMeperuit, TIpessi-
LIEHUA MEXNAY TOYKaMU Ha PaCCTOAHUM 5-10 M MOXHO ONPefieNATb C TOYHOCTbIO A0
0,05-0,1 MM, a Ha PaCCTOAHUN COTEH METPOB — C TOYHOCTHIO A0 0,5 MM.

IIpu onpepenexun 0cafok 6@TOHHLIX MNOTUH TMAPOY3NO0B MPUMEHAIOT HUBe-
nuposanue I u Il knaccoB co CpeAHUMM KBaBPATUYECKMMN ONIMGKAMU U3MEPeHUA
npesbinIeRuit Ha crakuuu 0,3 u 0,4 Mm. [Ipu onpenenesum 0CafoK MpOMBILINEHHBIX
W TPaMABAHCKUX 3haHWiA UCnonb3yioT HusenupoBarue II n III knaccos, cpepnue
KBajpaTMyeckue olMGKM MPeBLINIEHUHA HA CTAHLUN B 3TUX CNYaRX PaBHH 04 u
0,9 MM cOOTBETCTBEHHO. OTMeTKM AedOPMALMOHNEIX TOYEK (MapOoX) Ha BECh nepu-
op HabMOpReKuA OMpenensioT OTHOCUTENLHO UCXORHOTO OMOPHOTO pemepa, ANA
KOTODOTO YCNOBHO TIPUHMMAIOT OTMETKY, paBHyto 10,000 uau 100,000 M. IIpn us3-
MEepeHUAX BBICOKOW TOMHOCTY UCTIONB3YIOT TATENbHO OTHIOCTUPOBANMBIE BLICO-
KOTOMHbe HuBenupst Tuna H-05, wTpuxosbie MHBapHEIE UNU CIELUATIbHEIE Mal0-
rabaputHste peitku. Huenup ycranasamBalT CTPOro MOCEpPeAUHe MeXAY MapKa-
MM, OTCYeTH 6epyT Mo OCHOBHO M [OTIONHUTENLHON WKanaM. HusenupyloT npu
IBYX FOPU30HTax Mpubopa B MPAMOM M 06PaTHOM HANPABNEHUAX MPU LJMHE BU-
3UPHOTO Ny4a A0 25 M 1 ero BbHICOTe Haj NOYBOM MAN NONOM He MeHee 0,5 M, ipu
OTYETANBHIX U CTOKOWNHBIX N306paKeHNAX MTPUXOB Peitkn.

TlonyyeHHsle pe3ynbTaTH YPABHWBAIOT, OLEHUBAIOT HAKTUYECKY TOUHOCTh
OTMETOX, IO PAa3HOCTAM OTMETOK B JUKNAX CTPOAT PpauKu 0Cafok u T, M.

Crioco6 TPUrOKOMETPUYECKOro HUBENUPOBAHUA UCTIONbIYIOT MpPU Ompe-
JieNeNun 0CafoK Mapox, PacloNoKEHHBIX Ha 3HAYUTENbHO Pa3HbIX BHICOTAX (BbI-
COTHble 3aanus, 6aumu u T. n.). TouHocTs — mopapka 0,1 MM — BO3MOXHa Npu
KOPOTKUX (A0 100 M) PACCTORHUAX C IPUMEHEHUEM TeonoauTos Tvna T2 u cneum-
NbHOW METOAMKM M3IMEPEHUI 3eHUTHBIX PACCTOAHWHA C TOMHOCTHIO MOPAAKa 57,
PV OfHOOGPA3HON YCTaHOBKE TEORONNUTA BO BCEX LIMKIAX, CTPOTOH BEPTUKANBHO-
CTW peeK, MPU YCNOBUAX MUHMMAJILHOI'O BAUAHMA BEPTUKANLHOW pedpakuuu u
JPYIMX UCTOMHWUKOB OMWGOK, PACCTOAHUA OT Mpubopa A0 OMpenenfeMsiX TOueK
HYXHO U3MEPATh C TOMHOCTLIO 710 3-5 MM.
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TuapoRUBENMpoBaKue obecneunBaeT TOYHOCTb FEOMETPUIECKOTO HUBENU-
POBaHUA U MO3BOAAET CO3AABATH CTAlMOHAPHHIE ABTOMAaTU3UPOBAHHBIE CUCTEMBI C
AMCTaHUMOHHBEIM CEMOM MHpOpMauuu. CucTeMa IMEPOCTATUECKOTO HUBEANPO-
BAHUA MO3BONAET ABTOMATUYECKU C MOMOLLbIO 3NEKTPUMECKUX U OMTUKO-3NEKT-
POHMBIX JATYUKOB ONPefe/IATh UIMEHEHUEe YPOBHA MULKOCTU B cocynax. uapoam-
HaMuyecKoe HUBEAMPOBAHWE PACLIMPALT AUAMa30H U3MEPEHNI N YIPOaeT npo-
1lecc aBTOMaTM3auuu Habnoperui 3a ocapkamu. CucteMa no3BoONAET U3MEPATD CO
cpepKen KBafparnieckon ommbxon nopaaxa 0,1 MM,

Croco6 MUKPOKWUBENUPOBAKUA UCTION3YIOT PN ONPefieleHUU NpeBkIe-
HWA MEKAY TOUKaMU, PACMONOKEHHBIMU HA PacCToAHUN 1-1,5 M (M3yyeHue oca-
LOK W HakI0HOB 6anox, GpepM, TexHonornyeckoro o6opyaosanus). Hamepenus
BBLINONKAIT MUKPOHUBENNPOM.

doTo- u cTepeodoTorpaMMerpuyecKuit CIoco6LT 0CHOBAHM Ha GOTOCHEM-
Ke UCCneayeMoro o6bexta GoTOTEORONUTOM B HAUaNbHEIA U TIOCTIERYIOLUE UKL
W OnipefeneHnm pasHoCTN KOOPAMHAT TOMEK COOPYIKEHNA MO ITUM CHUMKAM.

Ilpn dororpaMmmerpuueckom crocobe nedhopmaumio onpenensiorT B ORHOM
TNOCKOCT (06BINHO B MIOCKOCTY CTEHb! 34aHUA), PU 3TOM HOTOTEOAONUT Lene-
c006pa3Ho YCTaHaBAWBATH TaK, YTOGH NMIOCKOCTb CHUMKA ObUla Mapaniensa cre-
He UCCNepyeMOT0 COOPYKEHNA. B pa3HBIX umknax pOTOTEORONUT HYKHO YCTaHaB-
JIUBaTb B OZIHOW U TOW Ke TOYKe NPU HEUIMEHHOM OPUERTUPOBaKUM KaMepyl. [ina
06paboTku peaynbTaToB HeO6XOAUMO 3HATL OTCTOAHME GOTOKAMEDPH OT 06beKTa N
(HOoKycHOe paccTosne 06bEKTUBA KaMepbL.

TIpu crepeodoTorpaMMeTpU4ecKoOM Crocobe onpeAenfioT POCTPAHCTBEH-
Hoe MosnoXeHue 06bexTa, T. €. aeGopManmnio ONpenensioT N0 TPEM KOOPANHATAM.
doTorpadpupoBatmue 06bEKTa B KAKAOM L{UKNE BEIMONHAIOT C OAHUX W TEX Ke ABYX
ToveK 6a3uca u3BeCTHON ANMKEL B peaynbTare nony4awT crepeonapy, No3eons0-
mYi0 CTPOUTb MOAENb 06EKTa U MYTEM U3MEPEHUA KOOPAMHAT TOYeK MOAENU on-
penenats Aegopmanmio. 06paboTky B 060ux cnocobax uenecoofpasHo BHIONHATL
Ha CTepeoKoMnaparope ¢ NOCNeAYOLUMU BHYUCIEKUAMU TIO CTPOTUM GOPMYnaMm
1a IBM. Cpepnas keapparuyeckasn ommbka onpepenenms aegopMauum 3TMMK CNo-
cobamu paBHa 1,0 MM 1 MeHee. ~

TIpu ucmonb3oBaHUN TeOMETPUYECKOTO HUBENMPOBAHUSA CPEAMION KBanpaTu-
YECKY10 ONIMOKY eAuHMIbl BeCa, 06HYHO UIMEPEHHOTO Ha CTAaHIMW NPEBbILIEHUS,
1enecoo6pa3Ho ONpPenenATh N0 HEBA3KAM 3AMKHYTHIX IOANTOHOB MO HOpMyNe

p= %[W%] (1.61)
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rae W, n — HeBA3Ka U YUCNO CTAHUMK B ionurore; N — uucio nonuroxos. Beca p
OTMETOK Y3710BLIX TOMEK U Mapku B Hawbonee cnaboMm MecTe HUBENUPHOW CETH
MOXHO BBHIMUCAUTL METOROM Tpubnwienun. Cpeanue KkeappaTuveckne owubxu
OnpezieNeHuA OTMETOK Y3N0BbIX TOUEK X MapKu B Haubonee cnabom MecTe BHIYUC-
NAIOT IO hopMyne

. 1.62
m N (1.62)

Ecnu OTMETKM Mapox OTpepeneHb HE3aBUCUMO HECKONbKO pa3s, TO CPEAHAR
KBajpaTHYeckan onubxa apuMETUIECKO! CPEAUKE U3 N ONPeseNeHuMA

=2 (1.63)

N
5. HabnioneHuA 32 rOpU30OHTANBLHBIMYN CMENIEHUAMY COOPYMEHUA

Topu30HTanbHEIE CMEIIERUA COOPYIKEHUA WIK UX 3NeMERTOB ONPeNeNAIT pas-
JIYHBIMU CITOCOGAMMU: NMHENHO-YITIOBLIM, CTBODHIM, CTepeodOTOrpaMMeTpruec-
KUM. MICIIONb3YI0T, KPOME TOTO, IPAMblE U 06PATHBIE OTBECHL.

JIuneHO-yINOBLEIE MOCTPOEHUA CO3JA0T B BUJE CTELMANbHBIX CeTel Tpu-
aHTYNIALMK U TPUNATEPALIUK, XOAO0B NONUTOHOMETPUU, KOMGUHUPOBAHKEIX CeTew,
YTNOBBIX U NUHEWHBIX 3acedex, CeTel U3 BLITAHYTHIX TPEYTONLHUKOB C U3MEPEeH-
RBIMU CTOPOHAMM W BHICOTaMU. YIIHl U3MEPSAIOT C BLICOKOMU TOUROCTBIO (0,5-2,07)
NPU KOPOTKUX CTOPOHAX, GONbLIOM KONUYECTBE CBA3EH. YPABHUBAHUE JIMHENHHO-
YTNIOBLIX CeTe! BHUMONHAIOT CTPOTUM COCOGOM. BeNUUMHEL CMelleRUit onpeens-
10T IO PA3HOCTAM KOOPAWHAT B PA3NUYHBIX LUKNAX.

CrBOpHbIe HAbNOAEHUA UCMONB3YIOT ANA ONpeAenerus aedopMalui mpa-
MONUHEWHHX COOpYHeHrnit. Hampasnenue cTBOpa MPUHUMANT 3a 0Ch abcuuce,
a HanpaBfeRue CMEeleHUW — 33 OCb OpAMHAT. Benuuuubt cMelmleHud paBHb
Pa3HOCTAM OPAMKAT (HECTBOPHOCTEN), OMIPEfleNieHHBIX B Pa3IMYHbIX uknax. He-
CTBOPHOCTb vallle ONPeAenAloT METONOM NMOABUKHON MapKu WM ManbX YINOR.
CTBOPHYIO NMHUIO 3a,a10T CTPYHHBIM U ONITUMECKUM METORAMM.

Hpu MeTofie TOABUMHOW MaPKU ONTUYECKUIA PUBOD YCTAHABNUBAIOT TaK, YTO-
G €r0 KONNMMAUMOHHAA TIOCKOCTh COBNaZiala Co CTBOPHOW AB (puc. 1.60, a). Mapxy
YCTaHaBAMBAKT B TOUKe C W 3aTeM ee NMepeMelaloT A0 COBNAZIeHUA OCU Mapku C
nuHuen AB (CTBOpa), 3TO MONOKERUE HUKCUPYIOT IO OTCYETHOMY YCTPOUCTBY Map-
M. Ecnn u3Becten oTCueT N, KOrAa 0Chb MapKu COBMaziana ¢ TOuKOH £, TO HeCTBOP-
HOCTb . = N, = Nyp i€ Nyp — OTCUET, KOIMA 0Ch MAPKM HAXOZWIACH Ha CTBOpE AB.

Tlpu Memode Manbix y2n08 HECTBOPHOCTL g, ONMPENENANT NYTEM U3MEpeHUA
YTNa 0L U PACCTORKMUA S, 3HaYeHUe g, = So/p.
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a [+
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[ o S
A ‘s

Puc. 1.60. Onpefienenine BeAnYMHbI HECTBOPHOCTEN METOAAMM:
NOABMXHOI Mapku (@), Manbix yrnos (6)

6. Ha6niopeHus 3a KpeHaMy, TPEMUHAMY, ORON3HAMMU

HauGonee npocTo kper ONpefeNAT C NOMONIbI0 OTBECA Win Npubopa Bep-
TMKAJIBHOTO MPOEKTUPOBAHUR, UX MPUMEHAIOT TPK BO3BEAEHUU GalIEHHHX CO-
OpPYIKEHW, KOTAa MOXHO BCTaTh Haj EHTPOM COOpYXenua. YacTo Ans onpene-
NeHUA KpeHa IPUMEHAIOT CITOCO6 BEPTUKaNbHOTO NPOEKTUPOBAHHUA. Teononut
YCTaHaBANBAKT Ha ABYX B3AUMHO MepIieH-
AVKYNADHBIX HaNpaBnenusx. JIuxenxy pac-
N0JIaraloT FOPU3OHTANbHO, ee HYJleBoe uin
Kawoe-nu60o Apyroe leNeHue COBMENAIOT C
meTko# M, (puc. 1.61). Teoponurom u3 mo-
nowenua I Npu BYX Kpyrax HaBORAT Ha BepX-

HIOI0 MeTKY M], RPOEKTUPYIOT Ka IMHEWKY 1
6epyT oTCueTH g M q%, Cpe;Hee U3 KOTO-

puix g; =0,5(gh +g} ). Taxwm ke meTogom co
cranyuu II onpepensoT q,. CyMMapHeri
KDER g, YUTHBAA NIEPIIEHAUKYIAPHOCTb §; ¥

0@ q= Jqf +¢? . Hanpasnesue kpexa ompe-
NensioT U3 BHPAKeHUA

q
tgo. = a1 '
q2 (3
. 9 >
rAe O — POPU30RTaNbHbIA YTON, OTCYUTHIBA- .
eMbIN IO YacoBOW CTpeJiKe OT OCH A, T. e, 0T 13
HanpaeJieHNUA BU3UPOBAHUA C NMEPBOW CTaH-
uu. Yron z Mexay ochio coopyKenua (xo- Puc. 1.61. Cxema onpepenenus
JIOHHBL) U BEDTUKANBHOW NTUHUER KpeHa KONOHHbI
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rpe h — Pa3sKoCTb BLICOT OCEBLIX METOK,

Ecnu Ha COOPYKEHWUN HeT MeTo, TO AN ONpPeAesIeHnA KPeHa UCTIONb3YIoT ero
pe6pa, win rpanu.

Crioco6 KoopAMHaT. Boxpyr COOPYXeRUA Ka PaccTORKuM, pasHoM 1,5-2 ero
BLICOTAM, IPOKNAALIBAIOT 3aMKHYTHIY MONUTOHOMETPUYECKUT XOf, B YCNOBHOW CH-
CTeMe BHYUCARIOT KOOPAUHATHL IO MYHKTOB. C 3TMX MYHKTOB MPAMOWU 3aCeuKOR
OTpPenenAT KOOPAMHATH BEPXHETO M HWKHETO MONOKeRu’ ocu (pebpa, rpanw)
coopyxerus. Ilo pa3KOCTAM KOOPAMKAT OMpepnensfioT COCTaBRAIME KPeHa Mo
0CAM KOODPAUHAT, NONHYK €r0 BEIMUWHKY U HaNpaBleHue KpeHa.

Ha6mopenna 3a TpelMHAMN CBOAATCA K NPUKPEIUVIBHUK K KOHCTPYKUMU
Momepex TPeWMHH B HauGonee WUMPOKOM €€ MeCTe Maska — IUTKU U3 TUICa,
anebacrpa u T. 1. [losiBNeHue Yepe3 HEKOTOPOe BPEMA TPELIMHLL HA MasiKe CBUAE-
TeNbCTBYET 06 AKTMBHOM DasBuTUu AedopMauuu, IIMPURY TPELMHL U3MEPAIOT
TUHEWRKOW WA CrienuanbHbIMu mpubopamu: AehopMOMETPaMy, WenemMepamy, us-
MePUTeNbHBIMU CKOGaMu. '

OXON3HU B 33BUCUMOCTY OT MX BUAA U aKTUBROCTYU HABNIOAAIOT reoaesnyec-
KUMMW METORAMW, KOTOPbIe TOAPA3AENSIOT Ha YeTbipe rpymns [2]:

oceBble (ORHOMEPHbIE), KOPAA CMelleHUe 3aXPEfUIeHHbIX Ha OMON3He TOoMeK
OfpPenenAlT OTHOCUTENLHO 3aAaHHOM IMHUU WK OCH;

mnaxosble (4BYXMEpHbIe) — MO U3MEHEHMIO NNAHOBLIX KOOPAWKAT 3aKperuleH-
HbIX Ha OITON3Ke TOYeX (OMON3HEBLIX TOHEK);

BLICOTHBIE — 10 U3MEHEHWIO BLICOT ONONIHEBLIX TOUEK;

MPOCTPaHCTBEHHble (TPeXxMepHbie) — MO U3MEHEHWIO TPEX KOOPAUHAT ONON3-
HeBbIX TOVeX,

Onon3Hesble METOAB! UCMONbB3YIOT NPU U3BECTHOM HAMPAaBNEHUM ABWKEHUA

OMON3KeN, UX OAPA3RENAIOT HA:

MEeTOJ PAaCCTOAHWW, KOTAA Yepe3 ONpeaeNeHHbe POMEKYTKU BDeMEHU u3Me-
PAKT PACCTORHUA IO MPAMOW MMKHUU MEXAY MYKKTaMu, YCTAHOBAEHHBIMU
BAOJb ABVKEHUA OTON3HA;

MeTOA CTBOPOB, YCTAHOBNEHHLIX B NEPNEHUKYIADHOM ABUKEHWIO OMON3HA
HamnpasileHuu, 1 TIePUORUYECKOMY U3MEPEHUI0 PACCTOAHUI OT CTBOPOB 10
OMON3HEBBIX TOMEK;

NyYeBOW MeTon ONpesencHus CMElL|eHUs ONMON3HEBLIX TOYEK [0 WIMEHEeRWIO
HanpaBieHnit BUSUPHOTO JIy¥a OTHOCUTENBHO ONOPHOW NIUHUY, Ha ORHOM
W3 IYHKTOB KOTOPOW YCTAHABAWBAIOT TEOAONUT.
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KpoMe Toro, mnaHosbie CMeWeHUs ONON3HEBLIX TOYEK ONMpeAeNAIoT MeTORa-
MU NPAMBIX YTIOBBIX W IMHEWHBIX 3aCeYeK, 06PaTHON 3acevKU, TOAUTOHOMETPUM
W ApyruMu crocofamu, BHICOTHbIE CMelleHWA OMON3HEBLIX TONEK ONMpepenfloT
MeTOJaMU FeOMEeTPUYECKOT0 W TPUTOHOMETPUYECKOTO HUBENupoBarus. IIpo-
CTPAHCTBEHHOE CMEeWleRUe OMON3HEBHX TOUEeK MOXHO ONpenenuTs ¢OTOT80110-
NUTROW CHEMKOM.

CMewenve OMON3HEBLX TOYEK ONPENeNAT OTHOCUTENbHO OMOPHLIX IIYHKTOB,
PACTIONOXEHHBIX BHE ONON3HEBOro yyacTka. HaGnoneHusa 3a OmON3HAMYW BLIMON-
HAIOT He pe)ke OJHOTO pa3a B roj. B 3aBMCUMOCTY OT CKOPOCTY ABWKEHUA OMON3HA
MEePUOAUYHOCTb HaBNIONEHWI MOXKET KODPEKTUPOBATLCA: BPEMs MeXJy Habmope-
HWAMU YMEHbIIAeTCA B IEPUOALI AKTUBU3ALMM OMON3HA U YBEINYUBACTCA B ITepu-
OABl yracaHus.

7.06paborKa v aHanu3 pe3ynbTaToB Habnogerun

PaccMOTpUM 3TOT BOMPOC Ha MpUMepe Golee PacPOCTPAHEHHOTO BUAa pa-
60T — Habnionenua 3a ocagkamu. Ilocie 3aBepWeHUs OMEPERHOTO LUKAA BM-
MONHAIOT OLIEHKY TOYHOCTY, UCNONB3YA hopmynst (1.61)-(1.63) wan dopmyny

(o]

'
14

rie 7 — 4MCNO M3BLITOYHBIX U3Meperuit, [pv?] HaXO@AT w3 ypasruBanua. Ipu
ypaBHUBaHUU Ha IBM oljenKa TOMHOCTW TPeAyCMOTPeHa NPOrpaMMoit.

Ilo pe3ynbraTaM ypaBHUBAHWA COCTABAAIOT BEA,OMOCTS OTMETOK MapOK, a IO UX
Pa3’HOCTAM OMPEAENA0T 0CaAKW, KOTOPHIE MOXKHO BHIYUCAUTH OTHOCUTENBHO Ha-
YanbHOr0 NUKNA UAY OTHOCUTEIbKO NPeALAYero.

Ecnu ToyHOCTD OMpepenenus 0Cajox COOTBETCTBYET CYWECTBYIOWMM AOMYC-
KaM, TO BLIMONHAIOT aHANU3 MONYYEHHLIX Pe3ynbTaToB. [in 1 JoNblied HArNARKOC-
TW UX PEACTaBAAIOT B rpaduyecxom suge (puc. 1.62, 1.63).

Kpome rpadukos, usobpakenHHx Ha pucynkax 1.62, 1.63, Ha Tonorpagu-
yeckoit ocKoBe Macuraba 1:500 unu 1:1000 CTPOAT MPOCTpPaKCTBERHbIE rpadu-
KW TaK Xe, KaK pucyloT penbed ropusonTanamu (puc. 1.64). Hcxopreimu cnyxar
0CaZiku Mapox M@XAY ABYMA LUKNAMU: TEKYWUM U HaJanbHbiM, TEKYIUUM U TTpe-
BHAYWUM U T. IT. [Ipu aranuse BLIABNAIOT HEPaBHOMEPHBIA XapakTep ocapok. Oco-
60e BHMMaHWe YAENAOT 3AAHUAM, TIOABEDPKEHHLIM GONbIIMM OCafkaM, 0COGEHHO
HepaBHOMEDHbIM, CBefeHUA 00 3TOM MTepenaloT B COOTBETCTBYIOWME OPTraKu3anuu
OIS TPUHATUA HE06XOANMBIX Mep.
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Puc. 1.64. MpocTpancTeeHHblit rpaduk 0cagok

PesynbTarsl HaBNOAEHUN KAKAOTO UK OTPAKANOT B KPATKON NIOACHUTEND-
HOW 3aITUcKe, KOTOPaA COAEPKUT: CXeMY XO0B U KPaTKOe ONuCaHue TeXHONOruu
W3MEepeHWii, Pe3yNbTaThl YPABHUBAHUA U OLLEHKM TOMHOCTH, BEAOMOCTU OTMETOK
W 0CafOK Mapok, rpamveckuit MaTepuan M KpaTkMi arRanu3 MONYYeHHHX pe-
3yNbTATOB.

TTocne OKOHYAHUR PAGOT COCTABAAIOT TEXHUILCKUIA OTET, KOTOPLI} ABAALT-
CA OCHOBHBIM AOKYMEHTOM BHITOJIHEHHLIX PaboT. B HeM copepmarcs Te we cse-
AEHWS, YTO U B MOACHUTENILHON 3aMTUCKe, HO 1O BCEM LLUKNAM C GoNee MOAPOBHbIM
aHann3oM n 06061a101MM BLIBOROM.

1.4.19. LindpoBoe JasepHoOe CkaHHPOBaHUE

B naseprom noxarope (J1JI), moMelleHHOM Ha caMoneTe, B KagecTse usnyyare-
MR UCTONL3YIOT MOAYPOBORHUKOBbIR Nasep, paboTalomMit B UMITYILCHOM Pexu-
me. IIpn ckaHMpPOBAHUM OMIPEAENAOT HAKNORHOE PACCTOAHYUE A0 TOYKU OTPAMEHUR
W HampasieHue 30HAUPYIOLETO 1yYa B CUCTEME KOOPAMHAT I0KaTopa [14].

DBina xam@oh NMRUN BU3UPOBAHUA (B 3aBUCUMOCTY oT Tuna JIT) mpu ckanupo-
BaHUN MOXET GHTb MONYYEHO RO MATU OTPAMEHWH HECKONbKUX KOMITOHEHTOB
06beKTa CHEMKM: OT INCTBb PACTUTENLHOCTH, TPOBOAOB 1 orop JI3II, kpomok 3pa-
HWiA, TBEPAOY MOBEPXHOCTY (KPBILIW 3RAHMIA, TOBEPXHOCTYU 3eMAN U T. TL.).

Tpacca nocurensa guxcupyerca 60pToBbiM pueMHukoM GPS, Coveranue mo-
NYYEeHHHIX AAHHBIX (TIOKa3aHuA GPS, Hak10HHas RaNLHOCTb A0 06bexTa U Hanpas-
JIeHMe Ha Hero) MO3BOAAET OMPENeNUTh KOOPAUHATH! 06beKTa,

Cnepyer 3aMeTuTD, YTO BCE OCHOBHBIE KOMIOHEHTHI Na3ePHOTO CKaHepa (Aanb-
HOMepHH# 610K, GPS, MRepuuanbHas cucTeMa) X0POLIO U3YYeHH U AKTUBHO IKC-
nyatupyoTcs. [IpuHLUMIMANbHO HOBOE KaYeCTBO 3aK/N104aeTCA B 06beANHeHUY
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CanBOHHMK COBPEMEHHOIO U3bICKATEAS

Ha3BaHHLIX KOMITOHEHTOB B €AMHOE 1|eJ10€, Ha3BAHHOEe Na3epPHLIM 10XaTOPOM, Ipu-
geM BCe UCTOYHUKK uHbopMayuu B JUJI comocTasuMsl no TouHocTv (15-20 cM B
a6ComMOTHLIX KOOpAMHaTax).

B xauecrse 0606mEHHOT0 MOHATUA MOCTaBAREMBIX NA3€DPHO-NOKALUOHHLIX
AQHHBIX Y3CTO UCTIONB3YIOT TEPMUH «a3epHO-NI0KALUOHHOE U306 paxKeHuen, KoTo~
PLift He COOTBETCTBYET TPaAMlMOHHOMY NMOHWMAaHWI0 3TOr0 TepMuna. Jlasepxo-
NIOKALMOHHOE U306PaXeHne — 3T0 MHOXECTBO Nla3ePHLIX TOYEK 3eMHOM OBEPX-
HOCTW WAW ADYroro 06beKTa, OT KOTOPHIX OTPA3nICK 30HANDYOINIA Na3ePHLIR
NyY, KaXAAR TaKa TOUKa ONpefeneHa NpOCTPAHCTBEHHLIMU KOOpAuHaTaMn X, Y, Z.
B COBOKYMHOCTY Na3ePHbIe TOYKM 06DPa3y0T HEKOTOPLIA 06pa3 HabnlofaeMoii cue-
HBL (B AUCTAHLMOHKOM 30HAMPOBAHKK B HauboNee oben PpopMe ClieHa — 06beKT
CHEMKU), KOTOPLIA U PUHATO HA3LIBATb Na3ePHO-NOKALUOHHBLIM N300paXeHneM,
Wnu «o6naxom».

CpaBHerue Ha3eMHOW TOMOrpaguueckol CbEMKU C JAHHBIMW Nla3epHO-NOoKa-
LMOHHOM ChEMKV NOKA3HBaeT, YTO IIOTHOCTb UKETOB ONPEAENAETCA MacIITaboM
Tonorpadvueckoi creMKN U XapaKTepoM 06bekTa, POU3BOAUTENBHOCTb CHEMOY-
HO/ GpuUraasl — HECKONbKO COTEH NUKETOB B AeHb, TOMHOCTb — NPUMEPHO 1 M.
TIpk Na3epHO-NIOKAUMOHHOM CheMKe uMeeM 3-5 Jla3epHbIX ToyeK Ha 1 M2 3eMHOl
TIOBEPXHOCTH, MPOU3BOANTENLHOCTb CKaHepa Ao 5070 THC, U3MEPEHUA B CeKYH-
Ay, TOYHOCTb —- 15-30 cM. Toukn nasepHbIX OTPaXeHui NOKPHIBANT KaK NOBEPX-
HOCTb 38MJU, TaK U BCE Ha3eMHble 0GBEKTH — KPOMKY 3haHWM, BOROEMEL, PacTu-
TENbHOCTb U Ap. Pacnpenenenve na3epHyIX TOYEK MO MOBEPXHOCTU CLEHBI UMeeT
CnyvaiHblil XapaxTep, TOTia Kax pu TONOTpaduyecKo CheMke MONOKEHNE TuKe-
Ta onpepenser ronorpad.

TIpeumymecrso JIJI MeTopa NO CPaBHEHUIO C TPAAULUOHHBIMU METOAAMU Ha-
3eMHOW ¥ BO3AYLIHOW CheMKu 0ueBnAHO. IIpumenenue JIJI, kak oTMeyaeTcs B [14],
MOHO YCOBHO PasfenuTh Ha AiBe GOnblIe TPYIUTLL.

1. «Obmeronorpaduieckue» npunoxenus, 8 koropbix JIJI pemawT 3agayv
TOTO MNYU MHOTO TPRANLUOHHOTO METOAA ChEMKW, HANPUMep CTepeoTONo-
rpaguyeckoro.

2. CrieyuanbKble MPUNOKEHUA, TO3BONRWOWIME TONYYAT NPUHIMTUANBHO HO-
Bbe Bupbl HbOPMaL UK.

Ha npakTuke 3Tv ABa BUAQ YaCTO HEOTAGNWMbL APYT OT APYra.

HaszemHbvle nazepHble CKaHepbl NOIBONAIT 06€CTEUNTS GONLIIYI0 MIOTHOCTD U
TOYHOCTDb Na3ePHHIX OTPaXeHuii. HazeMHoe na3epHoe CKaHMpPOBaHWe MOXET AB-
NATBCA AOMONHEHWEM BO3AYLIHOMY, KOPAA TpU INMOGanbHOA CheMKe TeppuTopun
BO3HUKAET HEOGXORUMOCTD B IOCTPOEHUU MOAened 06HEeKTOB, HeJOCTYIHLIX BO3-
AYUHOMY CKAHUPOBAHNIO.
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TlyreM Ha3eMHOIO NA3EPHOIO CKAHUPOBAHUA MOXHO BHITONHUTD CHEMKY BHYT-
P¥ MHIKEHEDHBIX COOPYIKEHWN, MONYYUTb XaPAKTEPUCTUKY HEKOTODHIX 06DBEKTOB,
Hanpumep NPOBUCAHWe NPOBOAOB UK TPYGONMPOBOAOB MeXAY ONOPaMM, onpene-
AUTH AMAMeTpHl TPY6 Ha 3CTakajax n T. N. HazemHoe nasepHoe CKaHwpoBaHue
MOXHO UCIONb30BATh ANR CHEMKU (AcafnoB M apXUTEKTYPHHIX NMAMATHUKOB, AN
MONYYeHUA AMCTAHUNOHHO 06beMHBIX HPOBLIX Mopenei pasauuHbix 06bexToB
W NpU MOBTOPHOM CKaHWMPOBAHMU Yepe3 ONpeneneHHLIN NIPOMEXYTOK BPEMEHN
onpenensts nedopMauno 3TuX 06HeKToB.

1.4.20. Hcnoab30Bakne (oTorpaMMeTpHIECKHX
¥ cTepeodloTOrpaMMeTPHYECKHX METO0B B aDPXHTEKTYPE U CTPOKTEJbCTBE

dororpaMmerpuyeckue MeToasl IQHEKTUBHO MPUMEHAIOT NpU APXUTEKTYP-
HBIX 0OMepax, MPOeKTUPOBaHNU, GUKCALUM U KOHTPONE MPOMENKYTOUHbIX 3TANoB
CTPOUTENBCTBA, CHeMKAX MOCTPOEHHBIX 3RAHNA U COOpYXeHuit [20].

Marepuanst Ha3eMHO# cTepeodoTOrpaMMeTPUIECKOW CHEMKM UCTIONb3YIOT ANA
MONYuEeHUA MNAHOB, Ipodunei, UndpoBoi UHMOPMAUKK 06 apXUTEKTYPHBIX Na-
MATHUKaX, 30aHUAX NPOV3BOACTBEHHBIX 0GBEKTOB U T. I. ITM XKe MEeTOA! PUMe-
HAKXT ANR OTIPeAeNieHUR PasNuyHbIX pedopManui, o6bema COOPYKEHUR, onyye-
HUR AOCTOBEPHOM UHGOPMalLUN 06 06beKTaX, HEAOCTYIHAIX AR HEMOCPeACTBEH-
HBIX M3MEepeHuit, TPK ompeaenelnu GakTuieckux rabapuTos CTPOUTENbHLIX AeTa-
1€/, OTKIOHEHUA UX NOBEPXHOCTE OT MNOCKOCTU U OT BEPTUKANBHOTO MONOKE-
Hus. [Ipn 3ToM obecmeyuBaeTCR MpaKTUMECKU ORUHAKOBAA TOMHOCTb MO TIOWaRU
tacapa 3ganus, NPOCTOTa U G€30NACHOCTD BHIONHEHUA PaboT.

ApXUTEXTYpHE 06MepH B HacToAllee BPEMA BLHINONHAIOT B OCHOBHOM (oTO-
IPaMMETPUYECKUM METOAOM, IPU 3TOM BLICOKOTOMHY0 MHPOpManmio 06 uccnenye-
MOM 06BEKTE MOXHO MONY4UTH B rpadnuecKoM (InaHbl, paspessl, ceyesus), Goro-
rpaduyecxom (GoTonnany, doTorpadpuu, hotronanopamei, HoTocxemu) unn yud-
posoM (uudposas Mopens oGbexrta) BUAAX.

HaseMHy10 cTepeodoTOrpaMmMeTpUuECKYI0 CHEMKY VPN APXMTEKTYPHBIX 06 Me-
pax u onpepenenuun AeopManui COOPYKEHUN 1eneco06pasHO BHINONHATL TaK,
yroGbt 6a3uc B porTorpadmposanus pacronaraics napanienbHo IIOCKOCTH daca-
na dororpadupyemoro oGbekra. Iipu 3TOM OTCTOAHUE (PACCTORKME OT TOUKM o-
rorpatupoeanus o o6vexra) ¥ = 58.

Koopaunarst KoHL0B 6a3zuca dpororpadupoBaHus u OMOPHLIX TOYEK Ha HoTo-
rpadvpyeMoM 06beKTe fOMKHBL ONPEAENATLCA B ©AUHON CUCTEME.

IIpu chbeMke COOPYXEHMI Ha Y3KMX ynunax NPUMEHRIOT KaK HOPManbHbLIRA
(6a3nc napannenex dacany 06beKTa), TaK U paBHOMEPHO OTKIIOHEHHbIE Cy4an
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CHEMKU U CEMKY C HaKNOKOM 0cl GoTOTeonoNUTa (IIPU CbEMKE BEICOKUX COOPY-~
KEeRnit).

KamepanbHan 06pa6oTka MaTepuanos GOTOrpaMMeTPUYECKON CHEMKM 3aKTI0-
JaeTCA B COCTABAEHUU (OTOMNAHOB MNOCKUX OGBLEKTOB MO CHUMKAM, TPeABapw-
TENbHO MPUBEAEHHBIM K 3aAaHHOMY MacTaby n OCBOBOKAEHHBIM OT UCKAKEHUI
32 HaKOH CHUMKA U penbeg choTorpadhnpoBaHHOrO 06EKTa Ipu moMowu GoTo-
TpaHC@OpMaTopa unu pu 06paboTKe CHUMKOB aHANUTUYECKUM METOROM O CTPO-
TUM (GOpMynaM, MO3BONANLMM TONYIATL WH(OPManio 06 uccnepyeMom o6bexTe
C BLICOKOW TOYHOCTBIO.

Onpepenenue pedopMaumit pa3anMyYHLIX 06BEKTOB B OCHOBHOM 6a3upyeTcs Ha
Ha3eMHOM CTepeod)OTOrpaMMeTPUYECKo CheMKe, ITOT METOR IPUMEHAIOT 1A ONl-
penenerus nedopMaluit TpYHTOB (NIPY COOPYWEHWUN MOANOPHBIX MNOTUK U AAME,
3eMeNbHOro MONOTHA ROPOT, 0CeAAHUU 3eMHO TIOBEPXHOCTU TPU paspaboTke mno-
NIe3HBIX UCKOMAeMBIX U T. ), IPU OMPEfeNnenut AUHAMUIECKOW U CTATUYECKOMN
neopManuU pa3nueHLx 06HeXTOB (OAKPAKOBLX 6aNoK, HeCYMMUK KOHCTPYKLUHA
MOCTOB, TOHHENEW, 30aHNR), U3YYEHUU COCTOAHUA 0GBEKTOB NMOJ BIUAHWEM pas-
AMYHLIX HATPY30K (3EeNe3HOAOPOKHOTO MYTU U OTIOP MOCTOB MPU MPOXOMKAEHWM
[0 HEMY COCTaBa, 3[aHUW W COOPYKEHW, MOCTPOEHHHIX Ha MOApPAGATHIBAEMBIX
TEPPUTOPURX, Pe3ePBYapOB ANA He(TW, BOAL B MPOLILCCE UX 3AMOIHEHUA), KDEHOB
BLICOTHBIX 3AaHNUH, ALIMOBHIX TPY6, onop JIAT n . 1.

Tlo cpaBHeHUIO € reofesnyeckumu (GoTOrpaMMeTpUIECcknit MeTop obecreyusaer
IIPU AOCTATOHOW TOMHOCTU ROCTOBEPHOCTD, ROKYMEHTANbHOCT, BHICOKYIO IPOU3BO-
AWTENbHOCTb M 3KOHOMUMHOCTb, 6@30MaCcHOCTb U3MEPEHUM GeCKOHTAKTHLIM NyTeM
6e3 0cTaHOBKM NMPOM3BOACTBEHHOre nponecca. IIpu 3TOM MOXKHO OMpPEeRenuTs pe-
(hopMauMnIo HEOrPaHWYEHHOTO KONMYECTBA TOYEK B OAUH MOMEHT BPEMEHHU.

doTOrpaMMeTpPUYECKUI CITOCOH ompenenelus ne¢OpMalmui OCHOBAH Ha UC-
MO0JIb30BAHUM CTEPEOKOMNApaTopa MAu APYroro npubopa, B NeBYI0 KACCETY KO-
TOPOTO YKNapblBalT GOTOCHUMOK, MONYYEHHKEIA B Havane HabnloneHun, a B npa-
BYI0 — CHWUMKM, TIONYYEHHBIE B JAHHOM uMkie, CHUMKU ODUEHTUPYIOT N0 KOOPAK-
HATHBIM METKAaM W BUHTAaMW IIPOAO/bHBIX U MOMEPeYHBIX NapaNNaKCOB U3MEPRIOT
cMemerus Ax; U Az; TOYeK MPABOro CHUMKA OTHOCUTENbHO NeBoro. JopusoHTanL-
Has AX, u BepTuKanbHan AZ; peopmanmum 06pexTa OMpenenanTca no GopMynam:

A%, =§Ax,~, Az, =§Az,»,
rae Y — oTCTOAHME HOTOTEONONNTA OT HabiofaeMoro 06bexTa; f — hokycHoe
paccrostine 06beKTUBA HOTOTEORONUTA.

148



Pazaen 1. VHKEHEpHO-TEOAS3NHECKUE UBLICKOHUS

TouHOCTb ONpeneneHus pedopMaumi no ITOMY CNOCO6Y B OCKOBHOM 3aBUCUT
OT ONIMGOK U3MEPeHUs AX; u Az, CpepHMe KBAappaTHYeckue MOrPEUIHOCTH:

Y Y
Myy, =?”’AX.' Myz, =?mM.

Mpu Mpx = 1 MM, mA,, = 0,01 MM, f = 195 MM, MaKCUMaNbHO AOMYCTUMOE
OTCTOAHUE

_____f_lrm 195MM=195
My, 0,01 MM
CrepeodoTorpaMMeTpMUECcKUin CIOCO6 NPUMEHAIOT MPU OMPEAeNeHun pe-
dopManui BRONb TpeX NPOCTPAHCTBEHHBIX ocen. Ha cTepeokommaparope usmeps-
10T TPORONBHBIH NAPANNAKC P; U X, U Z;, TOYEK, OTMEYEHHEIX Ha CHUMKAX TpenbIny-
meit U nocnepyomeit cremok. IIo pe3ynbraram 3TUX U3MEPEHUN OMPERENAIOT pe-
(bopManum COOpYKEHUA o popmynam [20]:

AX; =X, - xo_s(_-i‘l}

pl Po
8% ==Y, =B -2
b Po
AZ,=7,-Z,=B| A -2
P Po

rpe f - poxycHoe paccrosnne kamepsl, X;, ¥, Z, — X0OpAMHATH TeXymero uukna
nabmonenuit; Xy, Yo Zy — XOOpAMHATH HAYaNbHOTO UMKNA; B — 6asuc potorpa-
(npoBaHus, TapannenbHelit pacapy 3paHus.

CpepHue xBappaTuueckue morpewHocTy [20]:

2 2
e

Y [ (Y},
'"”=?J2(F)"’P'
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CnpaBOYHNK COBPEMEHHOTO U3bICKATEAR

Tpn ¥ =15M B=3M, f=195 M, m, =m, = 0,01 MM, m,, = 0,005 MM, x = 50 MM,
Z =30 MM MONYYUM My = 1,3 MM, Myy = 2,8 MM, My, = 1,2 MM,

[Ins MOBBIIEHUA TOMHOCTU OMpepeneHus AedopManuit UCMOAb3YIOT KOHT-
DONbHbIE TOUKY, KOOPAMHATL! KOTOPHIX OIPEAENAIOT N0 pe3yNbTaTaM Pe0ne3nyeckux
Habmopnerwit. IIpu TuaTebHOM BLINONHEHUU paboT OTHOCUTENbHEIE CpEAHNE KBAR-
paTvdeckue MOTPeNIHOCTM OMpefenexua pedopMaunii crepeodoTorpamMeTpuyec-
KM criocoBboM paBHyt 1:10 000-1:15 000 OT BERWUUYMHEL OTCTORHMUA.

TNpuMeHenne oTOrpaMmMeTPUN NPU CbeMKe TOHHeNen

TIpu cbeMKke ToxHeNe 06byHO NonyyaloT nonepeyxsie npodwnu. Haubonee
MPOCTO UX HAXORAT METOOM CBETOBOTO CBeveHus [18]. CreToBylo wenb ycTaHas-
JIMBAIOT BEPTUKAILHO W NEPNEHANKYLAPHO K ONTUYecKon ocn doToreoponura,
tororpadmpyoT. Ipodunu cevyenun monydyawt Ha GororpaHchopMarope. [na
MacwTaGupoBaHus UCTIONL3YIOT U306paxenue GAa3UCHOM PENKM, YCTAHOBAGHHON
Ha OCBETUTENe, PACCTOAHWE MEXAY MaDKAMU PEVKU N3BECTHO, HAa CHUMKE PacCcTos-
HME MeX7y U306paXeHUAMU MapOK W3MEDAIOT Ha CTepeoKoMmnapaTope, Paccroa-
HUA MEXAY AMAMETPALbHBIMU TOYKAaMU MPOQWLA TONYYAIOT C MOTPEUIHOCTHI0, He
npeBbinraronieit 1:500-1:1000 auamMeTpa TOHHenA.

1.4.21. Musxenepro-rugporpadguyeckue paborsi

HrkeHepHO-rupporpaduyeckue paGoTH Ha peKax, 03epax W BOROXPaHURU-
13X UMelT CRepytolue 3Tamnsl [4]:

- CO3NaHVe MNAHOBO-BBICOTHLIX Fe0fle3uIeCcKUX ceTew;

- Tororpaduyeckue CbeMku NpuBpexHon cyum;

~ DYCROBBIE ChEMKU;

— TIpOMepbl INyOuH;

— HWBENUPOBAHWE BORHOW MOBEPXHOCTY;

- rupporpaduyeckoe TpaneHne;

- obcnepoBanve NOABOAHBIX NPENATCTBUIA;

~ TpaccupoBaHWe CYAOBLIX XONOB U CbeMKA CTBOPHHIX TUIOWAROK.

TIpu BLIMONHEHUU PYCNOBLIX CHEMOX U HUBEIUPOBAHWA BOAHOW MOBEPXHOCTU
BLICOTHAA OMOPHAs CeTb 3aKPETUIACTCA PPYHTOBLIMU, CKALLHLIMU U CTEHHBIMU pe-
miepaMn He pexe 4yeM yepes 5 kM. Ha ydacTax NepexaTos u NOPOroB peK A0MOnN-
HWUTENBHO YCTAaHABAMBAWOT IO BA pertepa.
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BLICOTHAA OMOPHAA CeTh NPU PYCNOBHIX ChEMKAX U HUBEAMPOBAHWUM BOAHOW
MOBEPXHOCTU CO3AAETCR HuBenuposanuem III xnacca mpwm yxnoxe ot 0,00002 po
0,00006 (0T 2 po 6 cM Ha 1 kM peku), HuBenuposanueM IV knacca npu yknoxe
cebiure 0,00006 (cBrtfe 6 CM Ha 1 KM DEKU), TEXHUYECKUM HUBENUPOBAHMEM Ha
03epax U BOROXPaHUNUMAX,
TlpepenbHble MOTPENIHOCTU NONOXEHUA NMYHKTOB IUIAHOBOTO CHEMOYHOrO
060CHOBAHMA Nipu PYCAOBLIX CHEMKAX U NMPOMEPOB PYOMKR He AOJDKHEL IPEBLIIATh
0,6 MM B MacwTa6e nnaxa. Llnpura 6eperosoit MONOCH OT MEXEHROI 6poBKw, MoA-
nexaman cheMxe, ana Macurraba 1:2000-100 M, 1:5000-150 M, 1:10 000-200 M.
Paccrosnmua MeXpay rancaMu U IPOMEPHLIMU TOUKAMU B 3aBUCUMOCTY OT NOA-
poGHoCTel MpoMepos Tny6UKH M Macwraba nnaxa npusepexsr 8 Tabnuue 5.13 B
pabore [4].
TlonBopxbIA penbed u3obpaxaioT usobaTaMu (IMHUAMY, XapaKTe pU3YIOLUMU
rRy6uHy BORoeMa) unu ropusoHTanNAMMU, BricoTa cevenun penseda (B 3aBucumoc-
™ OT MacwTaba v cnoxuoctu penveda) 0,5 waun 1 M. Tancet npu npomepax rny6un
NPOKNAABIBAIOT MO GeperoBuiM CTBOPaM, HOTOrascaM M HaBUralUOKHLIM TPU6O-
pam MaaTHUKOBBLIM METONOM.
TInanosoe MOJNOXeHMe TOYEK NMpoMepa IAYOUH ONMpPenensioT CleayomuMu
MeTopaMu:
~ 6e3 MHCTPYMEHTAIbHLIX 32CEUEK BWKEHUR KaTepa Ha HeGO/IbIIUX Pexax u
BOJOEMax Npu ANUHE rancos Ao 200 M;

~ € VHCTPYMEHTalbHLIMU 3aceykaMu (IO CTBOPY M NMPAMBIMM 3acedKaMu C
Gepera opunM NpuGOPOM; OGPATHBIMU 3aCEYKAMVN ABYMA CEKCTAHTaMW; IO
CTBOPY 4 06paTHOM 3ace4Koi ORHUM CEKCTAHTOM);

- pa3bUBKOW B HAaType MPUMEPHBIX TOHEK MO pa3MeueHHOMy TPOCY Win

co nbpa;

~ C IPUMeHEHUeM PafvoredAe3ndeckux u CIyTHUKOBLIX TeOfeanyeckux cu-

cTeM Ha 6a3e aBTOMAaTWU3UPOBAHHAIX PURPOrPAQUUECKUX KOMITIEKCOB, BbI-
TIONHAWIINK BCE MHXEHEPHO-TMpporpapuyeckue padoTsl, BKMOYas CoO-
CTaBnexue paboyero Mraxuera,

CpepHAs NOTPELIHOCTh ONPEAENeHUA TUIAHOBOTO NONOXKEKUA TPOMEPHBIX TO-
JeK OTHOCUTENbHO GNUNKaWNIMX NMyHKTOB CheMOYHOIO 060CHOBAHUA NPU MMM eE-
HepHO-rupporpadhuyeckux paGorax Ha pexax, BHYTPEHHUX BOROEMaX M aKBaTOPU-
AX He AOJKHB NpeBbimath 1,5 MM B Macwtabe nnaxa.

[TpoMepsl Tny6UH BLIMONHAIT 3XONOTOM, PYYHBIM WM MEXaHWUYECKUM N0-
TOM, OTCYETHl TPOU3BOAAT C TOMHOCTLIO A0 He Mexee 0,1 M Npu raybuxe po 10m,
0,2 M — nipu rny6ute 10-20 M v 0,5 M — npu rny6uHe cerime 20 M.
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Komnnekc pa6ot mo BEICOTHOMY 060CHOBAKUIO TPOMEPOB PAYOUH COCTOUT U3:
YCTAHOBKMA W HUBEIWPOBAHWUA DPENepoB; YCTPOACTBA BOPNOMEPHHIX NOCTOB M Ha-
6n100IeHUA 32 YPOBHEM BOABI; MTHOBEHHOW WM OZHOAHEBHOW CBA3KW YPOBHEH
BOABL; HUBENUPOBAHUA N0 pabouMM YPOBHAM BOAH! (OAMHOYKLIe Xombt IV wnacca,
OMUpalowMecs Ka penepsl).

IIpn npoMepax rny6uH B NPUOGPENKHON 30Ke MOpe# MOrpelIHoCTh Mepefadu
TEOPETUYECKOT0 HYAA IAYGUK OT NOCTORHHOTO YPOBERHOTO NOCTA Ha BPEMEHHBIH
He 10/)KHa MpeBHIaTh 5 CM.

1.4.22. NuxenepHo-reoie3uyeckue W3BICKAHKA
B paifOHax PasBHTHA OIACHBIX NPHPOJHKIX
¥ TEXHONPAPOJHBIX NPOLECCOB

CornacHo [4] K onmacHbIM MPUPOAHBIM W TEXHONPUPOAKLIM NPOLECCAM OTHO-
CATCA CKNOHOBBIE MPOLECCH, KapcT, nepepaboTka HeperoB pex, Mopew, 03ep W
BOJIOXPAHUINI, OABUIKKA 3eMKO MOBEPXHOCTU B PaiiOHAX Pa3PHIBHBIX TEKTORN-
yecknx cMemernit (PTC), neopMannn (CMemerus, Haka0Hbt) 3eMHOM MIOBEPXHOC-
TW Ka MOApabaTbiBaeMbiX TEPPUTOPUAX (MPU MOA3EMKOM CTPOUTENBCTBE, OTKAUKE
NOA3eMHBIX BOA, HeITH, Fa3a U T, I1.) N NOATOMAAEMBIX TEPPUTOPHUH.

JInA UCCnenoBaKUA OMACKbIX TEPPUTOPUI M TEXHONMPUPOAHLIX MPOLECCOB CO-
30al0T Cienuanbree reoae3nyeckue CeTv, COCTOAIME U3 ONOPHLIX W pedopmain-
ORHBIX NMyHKTOB. OlleHKY WCCNeAYeMBIX MPOLECCOB BAHIMONKAIT MO pe3ynbraTam
TIepUoAnYeCcKux uamepenuﬁ, TIO3BONAOIWUM ONPEeNAT> USMEHERUEe KOODAUKAT n
BbICOT MYHKTOB.

Pe3ynbTaThl Habn0AEHUA 33 Pa3BUTUEM OMACKBIX MPUPOAKBIX W TEXHOMpPK-
POAKLIX MPOLECCOB HEOBXOAUMO 3aHOCUTD B reouHdopMannorKylo cuctemy (TUC)
MOCeNeRUi AN KPYMKLIX 06bexToB, feoneanyeckan vacts TYC Bumovaer: ceepe-
HUA 06 UMEIONIMXCA TONOTpadUYecknX U APYTUX MaTepuanax (IU1ax, a3po- u Koc-
MOCHUMKM, PE3YNLTaTH CTePeodOTOrPaMMETPUYECKUX U APYTUX BUAOB CHEMOK);
HaHeCeHHbIE Ha NNAK PParUUbl YYAaCTKA C OMACHBLIMU PUPOARLIMU NIPOLECCAMU;
CXeMy reofie3u4ecKmx ceTe!; CBElEHUR O Feoe3UIeCKMX 3HAKAX, 3aN0MEHKBIX Ka
06beKTe; Pe3yNbTaTH TEONE3NYECKNX U3MEPERNI, YDAaBRUBAHUA U OLEHKU TOYHO-
CTU CeTM; BaHK reoze3nyeckuX HNAHKbLIX U O CMEmEeHUU TeOfe3UYecKUX 3HAKOB;
aHaNUTUYECKUE MOAENW OTIACHBIX TPUPOAHBIX U TEXHONPUPORHLIX IPOLLECCOB, CO-
3AaBaeMbie O Pe3yNbTaTaM EPUOANIECKUX HABNIOHeRNH, ANA OLEHKN TPOLECCOB
W MX IPOrHO3a.
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1.4.23. Teopeangeckne paboTH, CBA3AHHBIE € NIEPEHOCOM
B HATYPY M NPHUBA3KO} FOPHBIX BHIPAGOTOK, re0Je3nYECKHX
¥ APYTHX TOYEK

CornacHo [4] neperecerue B HaTYPY M MPUBA3KY UHKEHEPHO-TEONOTNYECKUX
BHIPa6OTOK, Fe0dU3INIECKNX, PTMAPOTEOOTUYECKUX N APYTUX ToYeK Habmoaenuit
NPOU3BOAAT UHCTPYMEHTANbHO CO CPepKelt MOPPeNIKOCTIO Re Honee 1 MM B MaclI-
rabe Tonorpaduyeckoro nnaKa, MCMOAbL3yeMOro npu pa3paboTke POEKTHOW Ao-
KYMEHTalWK, OTHOCUTENLRO 6nMKaA MK IYHKTOB re0e3UYECKOi CETU UK TTpen-
METOB MECTHOCTH.

«JlonyckaeTca ans pa3paboTKM TPeRTPOSKTHON AOKYMEHTAalLUN NepeHecerne
B HaTypy BHPABOTOK (TOUEK) Ha HE3ACTPOEHHOM TEPPUTOPUM IMa30MEPHO CO Cpefi-
Hel MOrpenIHoCTbI0 Ke 6onee 5 My B MacluTabe nCmoNb3yeMoro InaKay [4].

CpepHAs MOrpenIHOCTh NMAAHOBO-BLICOTHOM NMPWUBA3KU MHKEHEDPHO-TEO0NOTH-
YeCcKUX BbPabOTOK M APYTUX TOYEK OTHOCUTENLHO 6AWKANMLINX MYHKTOB OTIOPHO
W CHEMOYHOW Ie0Ae3NYeCKUX CeTel fOMKHA COOTBETCTBOBAThL TPEHOBAHUAM, PU-
BeferHbIM B Tabnuue 5.14 B pabore [4] u, kone6nertcs B nnaxre ot 0,5 40 1,5 MM B
MacuTabe UCTONb3YeMOn KapTHt U 1o BhicoTe ot 0,1 A0 1,0 M.
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Tnapa 1.5. TEOJE3UYECKHE ITPUBOPbI

1.5.1. Knaccucukauus yraomeprsix npu6opos

Yrnosbie M3MePeHNA BLUTONHANT B Pa3NUYHBIX (U3NKO-TeOrpapuIeckux ye-
NOBUAX — OT 3aMONAPbA JO CYGTPONINKOB M TPONMKOB, B PAa3NANYHOE BPEMA TOAA,
TP TeMIepaType Bo3Ayxa oT MuHyc 20 po mmoc 50°C, mpu OTHOCUTENLHOW BRaX-
HOCTU A0 95%. I103TOMY YraoMepHEie NPUBOPET (TEOROMNTH) AOKHBL 6T PUCTIO-
co6neHbl K TpaHCMIOPTHPOBKe MOBGLIM BUAOM TPAHCMOPTA, 06ECTIeYnBATb BHICOKYIO
TOYHOCTb W POM3BOAUTENLHOCTb YI10BbIX UIMEPEHU B TPYAHBIX W AAUTENbHBIX N0
BDPEMEHW IKCTIEAMLIMOHHEIX YCI0BUAX; UMETb Manble rabapuTsl 1 Maccy, BHICOKYI0
HafeXHOCTb, OHW AOMKHbL GEITh YAOGHH U IPOCTH B 06PALIEHUM, OTCHETHbIE WIKAN
JIOIKHBL COOTBETCTBOBATH 3PUTENBHBIM BO3MOXHOCTAM IMa3a Habmoparens, KoKCT-
DYKUUA TEONONUTOB AONKHA O3BONATH BEINOJIHEHWE NIOBEPOK W 10CTUPOBOK B NONE-
BbIX YCNOBUAX.

TeoRoNUTH KnaccuGUUMPYIOT TIO Pa3HbIM NPU3HAKaM: MO 061acTu NpuMeHe-
HUA (reope3nyeckue, aCTPOHOMMYECKUE, MapKLIeAepCKUe Y AP.), IO GU3nueckon
npupoze HocuTena uidopManmmn (MexaHnyeckue, ONTUIECKNE, INEKTPOHHELE, KO-
AOBBIE W T. I.); IO KOHCTPYKLMMK OTCYETHOTO YCTPOMCTBA (TPOCTHIE, OBTOPUTENb-
Hble, C yDOBHEM TPW BEDPTUKANLHOM KPYTe, C KOMIIEHCATOPOM Y AP.), O TOYHOCTH.

Tlo TOMHOCTU TEOAONUTH AENATCA Ha: BHICOKOTOMHIE, TOYHBIE W TeXHUYEC-
Kue. BHICOKOTOYHbIE TEORONUTH MO3BOAAIOT B Na6OPaTOPHEIX YCNOBUAX n3Me-
PATb YTOJl OQHUM IPUEMOM CO CPeAHel KBajpaTuyeckon ommnbkoit m < 17, Tou-
HBle — ¢ 17 < m < 107, Texnuyeckue — ¢ m 2 10”. Cornacxo 'OCTy TeoponnTsl
oBo3HavawT 6yxBoit «T» 1 YUCIOM, COOTBETCTBYIOMUM CPENIHEN KBAAPaTHYECKOMR
ownbKe M3MEpeHUA Yrna OAHWUM IpueMoM B nabopatopHuix ycnosusx: TO5, T1,
T2(T2A), T5(T51T), T15K, T30, T60, 2T2, 2T5, 2T5K, 3T2KII, 3T2KA, 3T5KII. Byksa 4
0603HavaeT TEORONNT C aBTOKONNIMMALUORHLIM OKYIRPOM, K — C KOMIT@HCATOPOM,
I — tpyba umeer npamoe usobpamere. Linppamu 2 u 3 nepen «T» 0603HavawT
YRUpUUNPOBaHHbIE TeONONWTH rpynnbl 2T n 3T,

Teoponurst T05, T1, T2 uMel0T ABYCTOPOHHEE (MO AMAMETPAILHO NPOTUBOIMO-
JIOKHBIM IITPUXAM) OTCYUTbIBAHWE TO AuMGY, a Teogonutst T5, T15, T30, T60 —
opHocroponree. Bece Teogonursy, kpome T60, nmeror anextpoocsemenve. B T1, T2,
T5 u T15 onTwueckue LeHTPUPH BCTPOEHbl B anupaay, B8 T30 u T60 Bo3IMOXHO
ONTUYECKOE LEHTPUPOBAHUE Yepe3 NMONYI0 BePTUKANbRYIO OCb MPW MOMOWN 3pU-
TeNbHOU TPY6H.

Pa3zpaborka Teoponutos cepuvt 3T BHINIONKEHA C YIETOM ONTUMU3ALUM ONTU-
YeCKUX W KUHEMaTUYeCKUX CXeM TIPW YC0BUU MAaKCUManbHOM YHUUKANUK KOHCT-
pyKuuu y3nos u feraneit. B cepuu 3T wncnonb3oBan MORYNAbHLIA MPUHLMI, TIpU
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KOTOPOM KOHCTPYKLUA PACTafaeTcA Ka HeCKONILKO OTANbHBIX MOAYel (3puTens-
Han Tpy6a, BePTMKANbHAA OCb C TOPU3OHTANbHLIM KPYTOM, OTCYETHaA CUCTeMa
BEPTUKAILHOTO KPYTa, MUKPOMETP, KONOHHA C TCPU3OHTAIBHON OCbIO), KOTOPHE
MOXKHO COOVPATD, 0CTUPOBATD, 3aMEHATH PA3RENBHO.

1.5.2. OnTygeckue TEOXOMUTH

Ha pucynke 1.65 n3o6paxeHs 0CHOBHYE TNOC-
KOCTW ¥ ocu TeoponuTta. I'T, BB — cnepbt nnockocren
FOPU30OHTAaNbHOTO W BepTWKanbroro kpyros; LL, I,
I'l — 0Cb UMAMHAPWMECKOTO HAKNARHOTO YPOBHSA,
LMIMKAPUYECKOTO YPOBHA NMpW anupape ropusox-
TaNbHOTO W BEPTUKANBHOTO Kpyros; vv, hh, pp —
BEPTUKANbHAA OCb TEOJONWTA, OCb BpPAUlEHMA 3Pu-
TeNbHOM TPYOB M 0CY BPALEHNA MOJZBEMHEIX BUHTOB PRV N Y
COOTBETCTBEHHO; 2Z — BU3UPHAA OCb, NPOXOAMT Ye- |
pes3 NepeKpecTue CeTKW HUTeR W ONTUYECKUI LeHTp 1o »
ofbexTuBa.

TInockocTb PTOPU3OHTANBHOrO KPYTa U OCb Bpale-
HUA TPYOBl BOMKHBL GHITH MEPNEHAVKYAAPHBL K Bep-
TUXaNbHON 0CY TeoRonuTa. BuanpHas och Tpy6ht fon-
KHa GbITb TePNIEHAUKYNAPHA K OCH BPAWEHUA TPYObI.
Ocb BpalleRUA anupagbl M OCb BPAWEHUA TOPU30K-
TaNLHOTO KPyra BOJKHbL POXORUTL Yepe3 NeHTP Konbla Aenexui numba. Ipu
YINO0BbIX M3MEPEHUAX BEPTUKANbHAA OCb TEOAONUTA [OTKHA COBMAjATh ¢ OTBEC-
HOW IMHWeR B TOUKE €ro CTOAHWA. HapyleHna reomeTpUyecKoi CXeMut TeON0ANTa
NIPUBOAAT K OLIMGKAM B OTCYETAX WU B MTOTe — K OLIMGKaM B KOHEUHBIX pe3ynbTa-
Tax YII0BbIX U3MEPERMUIA.

B Te0ponuTe BOMKHL GbITh COTNACOBAHB TOYHOCTD U3TOTOBNEHUA 0CEBOV CUC-
TEMbl, TOYHOCTb HAaHECEHUR JeNEeRUM, TOYHOCTD BU3NPOBAKNA, TOYHOCTb WITOTOB-
TI@HMA ¥ KOMITOHOBKM Y3710B OTCYETHOT0 YCTPOUCTBA, TOYHOCTb M3TOTOBNERMA M-
JIMHAPUIECKUX YPOBREN, KOMIT@HCATOPOB U T. .

TopW30HTaNbHbIA U BEDPTUKALHEIA KDY ABAAIOTCR TNABHEIMK YAaCTAMU T€O-
BONUTA — YrI0MEPHOrO NMPUEOpa, MPU MOMOWMU KOTOPOTO W3MEPAIOT FOPU3OH-
TanbHble U BepTUKaNbHLIE Yrabl. Ha pucyHKe 1.66 MpuUBeAeHa CXeMa TEORONNTA.

B HacTosujee BpeMA POPU3OHTANbRBIA U BEPTUKANbHEIA KPYTW (NUMBH) u3ro-
TaBNUBAT U3 CTEKNA, HA CKOWEHHBIX KPaAX NUMBOB HaHeCeHH flenerua ot 0 ao
360°, uHTepBaN MEXBY KeNEeHNAMKU O6LIYHO paser 5, 10, 20, 30" unu 1° n Ra3mBa-
eTCA yeHoll deneHua numba. Hap ammboM MoMewaoT Bpamaiolllylocs BOKpPYT Bep-

-

Puc. 1.65.
TeomeTpuueckas cxema
BbICOKOTOYHOTO TEOA0NUTA
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Puc. 1.66. Cxema Teofonuta: 1 — CTEKAAHHBIA TOPU3OHTANbHBIA KPYT;
2 — CTeKNAHHbIA BEPTUKANbHBIA KPyr; 3 — anupana;
4 — 3puTenbHas Tpy6a; 5 — KONOHKA; 6 — UNANHAPUYECKUT YPOBEHD;
1 — OKynApHaA 4acTb OTCYETHOTO MUKPOCKONa;
8 — nopbeMHbIf BUHT; 9 — nopcTtaska; 10 — ronosxa wratusa;
11 — 3aKpenuTenbHblil BUHT

TUKANbHOW OCU BEPXHIOW YaCTh TEOAONUTA, COCTOAILYIO U3 ALUAAABE 3 U 3PUTENb-
HoW Tpy6ut 4 (puc. 1.66) [19]. Ilpn BpameHUn 3pUTENbHON TPYGLL BOKPYT ropu-
30HTaNLHOW ocu HH,, yCTaHOBNEHHO Ha NOACTaBKe (KONOKKe) 5, 0GpasyeTcs Bep-
TUKANLHAA MNOCKOCTb, KOTOPYIO HA3BIBAIOT KOANUMAYUOHHOL, OCU BpameHua zz;
anupansl u numba, HasbiBaeMble BEPTUKANLHOW OCbI0 MPUGOPA, AOILKHbLI COBNA-
natb. inA GUKCUPOBAHUA OTCUeTa MO NUMBY Ha anuuane uMeerTca uupexc. Jns
MOBHIIEHUA TOUHOCTU OTCYETa UCMOJIL3YIOT CNeUManbHble omcyemuble ycmpol-
cmaa. YrnomepHsie KPYTU 3aKPHIBAIOT METANIUIECKUMU KOXKYXAMU.
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BepTuKanbhylo 0OCb zz, TEORONUTa MPUBOAAT B OTBECHOE TIONOXEHME, a MNoc-
KOCTb NMMMBa — B TOPU3OHTANbHOE MOJNIOKEHUE N0 UMINHAPUIECKOMY YPOBHIO 6 ¢
MOMOWLI0 MOABEMHEIX BUHTOB 8.

3puTenbHan Tpyba KecTKo cKperieHa ¢ NMMBOM BEpPTMKANLHOrO KPyra u Bpa-
aeTcA BOKPYT ropu30HTansHow ocu HH,, ee moBopoT Ha 180° Ha3bIBAOT NEPEBO-
DOM TpY6bl Yepe3 3eHUT, IPU ITOM BEPTUKANbHEI KPYT, ECU CMOTPETH OT OKYNAPA,
OTHOCUTENbHO 3PUTENbHOM TPYGbl MOXET pacmonararsca cmpasa (Kpyr npaso [I)
nan cnesa (xpyr neeo JI).

Bpawalommecs JacTu TEOAOAUTA UMEIOT 3aKPeUTENbHbE U HABOAALIUE BUH-
TH, 3a8KpeNUTeNbHHIMU BUHTAMU QUKCUDYIOT COOTBETCTBYIOWYIO YaCTb B HEMOR-
BUKHOM ITONI0KEHUY, a KaBOAAMe — TMNABHO BPallalOT NPU TOMHOM HaBe#eHUN
nepeKpecTs HUTe Ha BUIUPHYIO Lienlb.

B KOMINexT TeoRONUTA BXOAAT WITATUB, GYCCONb W APYTHE NPUHAANIEKHOCTH.
Ha wtaTus (TpeHora ¢ MeTannuueckoi nnarhopMon) YCTAHABAUBAKT TEOACIUT,
KOTOPBIA XPEMNAT K MNaTdhopMe TPEHOTU C NOMOWbIO CTAaHOBOTO BUHTA 11, [lentpn-
POBaHMUe, T. €. YCTAHOBKY LEHTPA MMMB2 HA ORHOW OTBECHOW NIMHWU C BEPLIMHOW
W3MepAEMOTO YI7a, BHNONHAIOT C NOMOLbIO OTBECA METaNNUYecKoro (HWTD C 3a-
KpPeIIeHHbIM Ha OJHOM ee KOHue Tpy30M, BTOPOW KOHEl HWTM 3aKpennaiT Ha
BEPTUKANLHOM OCU TEOAOMUTA) WM ONTUYECKOro, ONTUYECKan 0Cb KOTOPOTO CO-
BIIajlaeT ¢ BEPTUKANBLHOW OChI0 TEORONUTA. BYCConb UCMONLIYIOT Al OPUEHTUPOB-
KM HYZeBOTr0 IMaMeTpa NUMBa N0 MarKUTHOMY MEPUAMaNY.

1.5.3. OcHoBHble yacTH reofie3uueckHx npuGopos
JIuM6b1 ¥ 3puTenbHbie TPY6LI TEOAONUTA

JIMMEBI ONTUYECKMX TEOAONUTOB U3TOTABANBAIT U3 ONTUYECKOI'O CTEKNA, OHU
ABJIAIOTCA CTEKNAHHLIMU AUCKAMK, HA OBEPXHOCTU KOTOPLIX MO OKPYKHOCTH ye-
pe3 3apaHHb uHTepsan (5, 10, 20° U T. A.) HAHOCAT Aenerus, CTEKNARHLIN NTUME
COOCHO KPEITUTCA K METANIUIECKOMY KPYTY, KOTOPbIN YCTaHABLMBAIOT Ha OCb Bpa-
WEHWA TEORONUTA (TOPU3OHTANbHLIM KPYT) MM Ha OCb BpameHuA Tpy6yl (BepTh-
KanbHbi Kpyr). MRGOPMauma 0 nenenuax numoa NepefaeTca ABYMA METOAAMMU.
B reoponutax tuna 0T-02 u Bunbg T-3 uaymue oT UCTOMHUKA CBETA JLyuYW MPOXO-
DAT ¥epe3 MM6 1 OTPAKAITCA OT ero BepXHei OBEPXHOCTH, TOKPLITON aManbra-
MoW. B Teoponurax tuma T05, T1, T2, TS5 cBeTOBbIe NYYU MPOCBEUMBAIOT NUME.
Tlocne MPOXOXKAEHUA Yepe3 MPOTUBONONIONKHMEE KOHLL fUaMeTpa CBETOBOW MOTOK
Hecer U306paXeHue NPOTUBONONOKHLIX MTPUXOB NMMBa, KOTOPOE Yepe3 ONTH-
YeCKYI0 CUCTEMY NOCTYNAET B ONMTUYECKUA MUKPOMET.

B BLICOKOTOMHLIX T@OAE3NECKUX CETAX TOPU3OHTALHbIE HAlPAaBNEHNA U3Me-
PAIOT  oumGron He Gonee 0,3-0,5”. 3Ta owmbKa ABNAETCA PE3YNLTATOM EMCTBUR
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MHOTUX (GaKTOpPOB, MO3TOMY OMMUGKW € MONOKEHUA WITPUXOB Ha NUMBE ROJIKHBL
6bITb B 2-3 pa3a MeHblle OIMGOK M3MEPeHWA HAMpPaBNEeHWN, T. €. B CPEIHEM € =
0,15”, He NpeBbillas NPeReNbHOro 3Havenwa € = 0,57, Ilpu papuyce r xonbua
Aenexuit nuMba NUHEMHOe CMemeHWe § WITPUXa OTHOCUTENBLHO ero PacueTHOro
TIONOXEHWA ONPeAenaioT no hopmyne

S=er/p”.

Tlpur =90 mm (TO5) & = 0,5 vaxoguM & = 0,5 - 90 MM/206 265" = 0,2 MKM.
CneposarenbHo, HaHECEHNE AeNeHWN TMMBa BEICOKOTOUHBIX TEORAONUTOB AOTKHO
BBITONHATLCA C HAaWBBICLIEH TOUHOCTBI0, AOCTUPHYTOW COBPEMEHHBIM NTpUGopoC-
TPOEHUEM.

3purenbHyte Tpy6rr (puc. 1.67, a) B reope3nueckux npnubopax UCnonb3yoT
LNA HaBELEHWA Ha MapKM M ApYTMe BU3MPHBIE LENW W BA OTCHMTHBAHWA MO
peitkaM. CoBpeMEeHHEe 3pUTeNbHE TPYEH ABNAIOTCA CIOMHIMU OTITUKO-MeXaHU-
YeCKUMM YCTPOMCTBAMM W KaK MUHWUMYM COCTOAT U3 06BEKTUBA, OKyNApa, hokycu-
pyomeR MMH3L K CETKM HUTeit. Kak npaswio, OHU paloT yBenudedHoe obparHoe
n3o6paxenme. OpHaKO N3roTaBNMBANT TPYGLI, Aal0mue TIPAMOe u306paxenue, ans

1.67. CxeMbi 3puTensHOi TpYGbI € BHYTPEHHUM OKYCUPOBaHNEM:
a — yCTpOICTBO; 6 — CeTKa HUTEM; 8 — XOA Nyyeit; 1 — 06beKTUB; 2 — ronoeka
OKYCUPYIOUEro YCTPOACTBA; 3 — OKYCUPYIOWAA MNH3a; 4 — UCTPaBUTENbHBIE
BUHTHI CETKW; 5 — CTEKNAHHAA NNACTUHKA CeTKN; 6 — OKynsap
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ero MeXay OKYAAPOM M 06BEKTMBOM TOMEWAIOT 06opaunBalomme CUCTEML, Gop-
MMpyIOLMe COBMECTHO C OKYNAPOM NPAMOE M306paKetue.

B reopeanyeckux npubopax B OCHOBHOM MCIONbL3YIOT TPYOH!, COCTOALME M3
MONOXKUTENLHOrO 06BeKTUBA ¢ GONBUIMM DOKYCHBIM PACCTORAHMEM U TIONOMKUTENb-
HOrO KOPOTKOGOKYCHOrO OKynapa. 06beKTMB CO3RAET NepeBepHyTOe YMEHbIIEH-
Hoe u3obpaxenue. Tak Kak BU3MPHAA Liend pacnonaraeTca oT 06beKTvBa Ha pac-
CTOAMMWY, 3HAYUTENLHO MIPEBbILIAlOWEM ABOWHOE HOKYCHOE PACCTORHMUE, TO U306-
paxeHue pacnonaraercs B6a3n 3apHero goxyca 06beKTUBA B TIOCKOCTH CETKN
HUTEIA, 3T0 n306paxenme BMecTe ¢ CETKOM HuTeil (puc. 1.67, 6) paccMaTpuBaeTcs
B OKYZIAD, KaK uepes nyny (puc. 1.67, 8).

B aCTpOHOMWYECKUX TEOAONUTAX UCMOAB3YIOT NOMAHbIe TPYOLl C OGPaTHLIM
n3o6paxernem. 06LIMHO NPUMEHSOT TPYEH ¢ BHyTpeHHel hOKycuposKoii. Hc-
MONb3YIOT TaKXKe W 3epKanbHO-INH30Bble TPYObl, Hanpumep 8 DKM-3. Inq Hesusy-
anbHLIX Ha6NIOREH Ut IPUMEHAIOT TPYOE! C GOTOINEKTPUIECKON, Na3ePHON, Tene-
BU3MOHHOM W APYTVMU CUCTEMAMN HAaBEAEHNA TPYOLL.

JInknio, MpOXORAIMYI0 Mepe3 3anHI0N IaBHYI0 TOYKY 06beKTHBA U Nepekpe-
CTUE CeTKU HUTei, Ha3hBaKT BuUIUPHOU 0Cbi0. TOYHOCTL BU3NPOBAHUA C MOMO-
WbI0 3pUTENLHON TPYOE! 3aBUCHT OT Paspellialomet Cunbl TpYGL, paspelalomeit
ciloco6rocTn rnasa HabnopaTens, KOMTPAcTa Lenu u HoHa, Ha KOTOPHIA OHa
NPOEKTUPYETCA, Kone6aruit M306paeHNA, IPO3PAYHOCTH ATMOCGEPH U T, TN,

Pa3spenraioment cnoco6HOCTHIO I1a3a HAIbIBAKT HAUMEHBIINA YTON (), TIPU KO-
TOPOM 61IM3KO PAcTIONOXKEHHbIE TOYKM elje BURHbI PasnentHo. B cpepteM cuntant
@ = 60", Pa3pelralonan cuna 3puTenbHo Tpy6sr

o =w/3l,

rpe I' — ysenuvenve Tpy6H. '
MIpu 61aroONPUATHBIX YCNOBUAX HAbMIONEHMA CPeRHAS KBaAPATUYECKAR ONING-
Ka BU3UPOBAHUA

mg=a/3=w/9r.

B rabnuue 12 AnA pa3snuuHbIX TEONIONNTOB NPUBEAEHE! 3HaYenns I, o, mg.

CeTka HUTeR TeopoNUTa OBLIYHO MMeeT fBe HAU3KMe NapaanensHbie HUTH —
6MCCeKTOD, YTNOBOE PACCTOAHME MEKAY HUTAMM Okono 35, TouHOCTh BU3UPOBa-
HMA HUCCEKTOPOM 3HAUMTENLHO BbIlle BU3NPOBAHNA ORHON HUTHI.

OKYNAPHLIA MUKpOMeTD. [I1A YMEHbUIEHUA BAMAHUA CAYYaWHBIX OMUGOK
BU3UPOBAHUA TPYOH BHCOKOTOMHLIX TEOAONNTOB NMEIOT OKYNADHBEIE MUKPOMETPH,
COCTOAIME M3 TOABMKHOTO BUCCEKTOPA CETKM HWTEM, CBA3AMHOTO C OTCYETHOW
urkano# Mukpometpa. Ilpu HabniofeHmMu GucceKTop He MeHee TPeX Pa3 HaBOJAT Ha
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Tabnuya 12
Mapka Teoacnura
Napametp

T05 ™ T2 T5 0T1-02M
Ysenuuerne Tpy6oi I, kpat 36,50;60 30;40 25 27 24,30
Paapewatowasi cuna tpy6si o, yrn.c | 1,7:1,211,0 | 2,0;1,5 24 2,2 2,52,0
CpepaHsn kBagpaTuyeckas owutka 0 4 . '
BU3UPOBAHUA Mg, YN.C 060,403 | 07.05 08 07 08,07

BU3UPHYIO LeNb U B Pe3ynbTarTe ONPeAenaioT Cpeiiee 3HaYeHNe € CMeleHus Bu-
3UPHOMR Lenu (CepepuHbl BUCCEKTOPA) OTHOCUTENHO HYMb-NIYHKTa Guccexropa.
Bripa3us € B YPA0BOW Mepe, ONpeaesAloT NONPABKY B OTCYeT o numby. Ipumere-
HUe OKYNAPHOrO MUKPOMeTpa B 1,5-2 pa3a yMeHbIIaeT BAUARUE CYYailHbIX OlIN-
60X BU3NPOBAHUA.

TlosepuTensHas Tpy6a. BLICOKOTOMHbIE TEOAONUTH UMEIOT TOBEPUTENLHYIO
Tpy6y C OKYNAPHBIM MUKPOMETPOM. OHa KDEMUTCA K IMOACTAaBKE TEOAONUTE, UC-
IONb3YeTCA ANA YIeTa KPYYEeHUA CTONUKA PeOAe3UYeCcKOoro CUrnana npu Habmnoae-
Huax. Ilepen HauanoM yrnosbiX U3MEPEHUN MOBEPUTENLHYI0 TPYOY HABOAAT Ha
PACNONOXEHHYI0 B 1-2 XM OT TYHKTa BU3UPHYIO LIeNb W 3aKPENTUTENbHEIM YCTPOl-
CTBOM ECTKO CKDEMNNAWT C NMOACTaBKOW! TeononuTa. IIo pasHOCTAM OTCYETOB IO
NIOBEPUTENBHO TPyHe BLIYUCIIAIOT TONPABKU B U3MEPERHbIE HAMPaBNEHUA U YIIbI
3a XpyueHue curiana. Ecnu kpyverue e 6onee 1” 3a 4-5 MURYT, TO TOBEPUTEND-
HYyl0 Tpy6y He MPUMEHAT.

doKyCMpOBaKMe 3PUTENBHON TPYOL MO3BONAET OTYETAUBO BUAETb M306pa-
WeHune HabnoaaeMbix MpeAMEeToB, ANA Yero B COBPEMEHKMX Npubopax uCnoisb-
3yl0T Goxycupyomylo nux3y 3 (cM. puc. 1.67, a), paclONOKEHHYI0 MeXAy
06beKTUBOM 1 W OKYAAPOM & (3puTenbHble TPYHLI C BHYTPEHHE! HOKYyCHpPOB-
KO MMEIOT MOCTOAHHYI0 ANUHY). 3puTenbHble TPY6hl ¢ BHEWIHeH HOKYCUpOB-
XOW, KOTAa pe3KocTb U306paMeHUs NOCTUrAeTCA NEepeMemerueM OKYNAPHON
acTH, T. e. U3MeHEHUEM JIUHbI TPYObI, KaX TPABUNC, B COBPEMERHLIX T€0fe3U-
YecKux npubopax He UCIONbL3IYIOT.

B oxynapHoit yacTu Tpy6s! pacronaraloT MNacTURY, Ha KOTOPoi usobpanera
cerka Ruteil (cM. puc. 1.67, 6), mpu GOXYCUPOBARUN IUIOCKOCTL U306pameHus
NpPeAMEeTOB MECTHOCTU JIOJKHA COBNafiaTh C IUIOCKOCTBIO CETKW HUTEW, TONBLKO B
ITOM CNyYae Pe3Ko BUAHHBI U CETKA HUTEW, U U306paeHUA TPEAMETOB MECTHOCTH,
M UMEeTCA BO3MONHOCTb YBEPEHHO HaBeCTH NePeKPECTUEe CETKU HUTER Ha BUIUD-
HYI0 LieNb.
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Xop nyuveit B 3puTenbHon Tpybe ¢ BHYTPeHHen (QOKYCUPOBKOW MOXasaK Ha
pucyHke 1.67, 8. CoBMecTHOe feiicTBue 061eXTUBA U HOKYCUPYOIIEi MUH3bL COOT-
BETCTBYET AMCTBUI0 OAHON IKBUBAIEHTHOM IMH3bL C GOKYCHBLIM PACCTOARUEM

__hf
f ah

rae f, f, — GoxycHue paccToArus o6bexTuBa M doxycupyomeR AnH3L, | —
PacCTOARUE MEMAY HUMU.

TloArOTOBKY 3PUTENBLHOM TPY6LI ANR HAGNIOACHUR BLITONKAIOT yTeM yC-
TaHOBKM TPYOH «ITO FMa3y» BpalleHUeM OKYNAPHOW TPYBGKU IIPU BU3MPOBAHUU
Ha CBET/bIN GOH A0 JETKOTO U306paXKeHNs CETKU HUTEN U YCTAHOBKU TPYE LT «I0
TpeAMeTy» nepememenueM okycupylomei k3L B Tpybe ¢ MOMOWBIO KpeMa-
nbepbl A0 MONYYEHUA MeTKOro uszobpawerus Habmopaemoro npepmera. Ilpu
3TOM, KaK 0TMEManoch, IUI0CKOCTb U306paenus npeAMeTa AOMKHA COBNAAATS C
MIOCKOCTbI0O CeTKU HuTeit. Hecosnaperne usofpamenus mpeaMera ¢ IUIOCKO-
CTBI0 CETKW HUTE HA3bIBAKT NAPAANAKCOM, €TO YCTPAHAWT Gonee TOMHOM ycTa-
HOBKO «IO IN1a3y» U «IIO MpeAMeTy». [Ipu 0TCYTCTBUM Napannaxca Hefonbuoe
nepeMemeRue rnasa HabnioparTena OTHOCUTENbHO OKYNApPA He BLI30BET CMelie-
HUA CeTKM HuTeil ¢ HabnoaaeMoro npeamera.

VeennuenuneM I” Tpy6bl Ha3LIBAKT OTHOLIEHNE YIAA 0, TOA KOTOPHM 306pae-
HUe NpefMeTa BUAHO B TPY6Y, K Yray B, MOR KOTOPLIM PEAMET BUAEH HEBOOPYKEH-

HBIM Ia30M (puc. 1,68, a), T. e.
—o/ -]
=%V

rne f, fy — doxycHue paccroarua f — o6bekTuBa, f; — OKynApa.

Puc. 1.68. Cxembl onpefeneHus ysenuyeHns 3putensHoin Tpy6Bel
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1.5.4. OceBrle cHCTeMH X YDPOBHE TEOAOJHTA

"/

ANMINNIRINS

N\ -

Puc. 1.69. Unnunppuyeckas
0Cb NONYKMHEMATMYECKOTO
TMNa C WapuKoBO# ONOpO
B Teopgonutax Tuna 0T-02:

1 — ocb anupapsl;
2 — BTYNKa anupaabl;
3 — WapMKONOAWHNHUKM

(onopa anuaapsl); 4 — numb;

5 — Begyuwnit NOACOK;
6 — nopcTaBKa

B TeononuTe OCHOBHOW ABNAETCA BEPTUKANb-
Has 0Cb, OTHOCUTENLHO KOTOPOW pa3sMemaioT Bce
Y3nbl TEORONUTA COTAACHO TeOMeTPUYECKON cXe-
Me. B cOBpeMEHHEIX BHICOKOTOMHBIX TEOAORUTAX
T05, T1, 0T-02M (VBK), Tounbix — 2T, 2T24, 2T5K,
2T2KIl, 3T2Kp, 3TSKII 1 TexHWYecKux TeORORUTax
T30, 2T30 MPUMEHAIOT UUANHAPUYeckue ocu. B ote-
YeCTBEHHBIX Teoponutax 0T-02 u TeoponanTax pup-
Mbl «BUnbA» BNEpBLIe MPUMEHEHA CaMOPeryanpy-
OWAACA CUCTEMA: B BEDXHEW KOHUYECKOW 4YacTn
UUANHAPUYECKON BTYNKM 2 YCTAHOBAEHH NOAWIMII-
HWKU 3 C TPeMA TOYKAMM CONMPUKOCHOBEHUA, a B
HWKHEN — Y3KUN TOAC TPEHUA CKOMbXEHUA MO
uunuHppy (puc. 1.69). Top pelicTenem Macch anu-
Rapbl ¥ COBCTBEHHONM MACChl LIapUKM CTPEMATCA
CKaTWUTbCA MO HAKROHHOM MNOCKOCTH, oxaamaa}y
€O BCEX CTOPOH OCb 1, He NO3BONAA eit KonebaTses
NPV BpAIEHWUM anMAaRH. [InR 06eCreenms BHCO-
KOW YCTOWYMBOCTU OCU MPU BPAMEHWUU ANUAAARBL

PasHOCTb AMa.MeTpOB UTAPUKOB HE RONKHA NPeBblmath 0,5 MKM.

B reoponurax Tuna DKM-3 npumMeHAI0T BEPTUKANBHYIO OCb C FOPU3OHTANBHBIM
pasHeceHueM NIapUKOBOM OMOPbl — Pa3HOCTb AMamMeTpos wapnkos AD < 0,2 MKM
(puc. 1.70). Takas KOHCTPYKUMA MOIBONAET YMEHBLIUTL BHICOTY NPUGOPA, nepeme-
CTUTDb NEHTP €ro TAXECTU BHU3 U B pe3ynbraTe — YBENAUYUTb YCTONYMBOCTD TLO-
ponuta. [Ipu 3Tom obecneunsaeTcsa cBOGOAHOE BpaneHe anupans BOXPYT ocu 1y

YMEHDUAETCR YYBCTBUTENBHOCTh CUCTEMB K UIMEPEHUAM TeMIlepaTyphl.

Puc. 1.70. BeptukansHasn ocs Teoponuta DKM-3

C pa3HeceHHo WapnKkoBoi onopoi: 1 — ock anupapel;
2 — WapMKONOAWUNHUK; 3 — NUMB; 4 — NoaCTaBKa



Pazaen 1. UxeHepHO-reoae3nyeckue nspiCKaHKs

YpOBHU UCTIONB3YIOT ANA YCTAHOBKM ANHUMA U AOCKOCTeN MEpNeRRUKYAAPHO
WM NapannensHo OTBECHOW AVMHWM. KpoMe TOTO, YPOBHW MOXHO WCNONB3OBATH
ANA U3MEPeHWA ManbX BEpPTUKANbHBLIX YLNOB. YpOBEHb COCTOMT W3 aMOYALL Ha-
NIONHEHHOM KMAKOCTBIO, ONPABHL ANA MPEAOXPAHEHNA AMITYAN U ANA €€ YCTAHOBKU
Ha npubope. YpoBHy GHBAIOT KPYTAble U NUAMHADUYecKUue. BRYTpPeHHAA nosepx-
HOCTb KPYTNOTO YPOBHA ABAAEGTCA CHEPUYECKON, Er0 OChIO Ha3bIBAWT papuyc che-
PMYECKON NTOBEPXHOCTY, NPOXORANIe Hepe3 HYAb-TIYHKT.

AMIIYAB! UMAMHAPUYECKUX YPOBHE N3TOTABANBAIOT U3 MOMMBAEHOBOTO CTEK-
13, KOTOPOE ABASETCA BONee TBEPALIM, UMEET MEHbLIYIO NIePOXOBATOCTh WIANGDO-
BAHHOM NMOBEPXHOCTH, HA BHYTPEHHeN MOBEPXHOCTU aMIyAbl MeHblle obpasyer-
CA TBEDAbIX HANETOB NEPEKUCHBIX COERMHEHWN. AMMynb BHCOKOW M CpepHed
TOMHOCTY 3aNONHAIOT 3TUAOBbIM HAPKO3HLIM 3(UPOM UAN €ro CMechio ¢ ITUNO-
BbIM PeKTU(GUUMPOBAHHBIM CIIMPTOM, aMIYNBl HU3KOW TOUHOCTU (T = 5-10") —
3TUNOBLIM COMPTOM. 3ANONHEHHYI0 TOPAYEN UAKOCTIO AMITYNY 3aNIAaUBAIOT, PN
OCTBIBAHUN XURKOCTU ee 06beM YMEHblUIaeTCA U MOABAALTCA MY3LIPeK ¢ Mapammn
KMAKOCTU. BHYTPEHH1010 IOBEPXHOCTL aMNynst MAUDYIOT Mo chepuyeckon mo-
BepXHOCTU. Ha aMmynsl HAHOCAT MTPUXY, OBLIYHO Yepe3 2 MM. CpenrIOI0 TOYKY
MEXAY UeHTPanbHMMMW IITPUXaMu Ha3bIBAWT HYNb-NyHKTOM. KacaTenbrywo
BHYTpEHHe! NOBEPXHOCTW aMITyAbl B HYNb-NIYHKTE HA3bIBAWOT OCbI0 YUAUHOPU-
4eCK020 YPOBHA.

Pannyc KpUBM3HLI I' aMITYNbI 3aBUCUT OT LEHb! AeNIeHUA T YPOBHA U PacCTOA-
HUA Al Mexay WITPUXaMu Ha aMIyne, ero ONMpeRensioT no popmyne

r=(p/T)Al
The P — B YIAOBLIX CEXYHAAX.

B reopesunyeckux mpu6opax UCIONb3YIOT aMIYAbl: NMAMHADUYECKUe Npo-
crete (ALM) ¢ T = 10-90” (puc. 1.71, a); xomnexncuposarnste (ALK) ¢ T = 4-407
(puc. 1.71, 6); perynupyemsie (ALP) (puc. 1.71, 8). Buyrpu amnynst AIJK nome-
MAT CTEKNAHHYIO MAN0YKy, KOTOPAA YMeHbIIAeT 06beM KWUAKOCTU U BENUUNHY
TeMIepaTypHbIX KoneGanuit AAMHBL My3bipbka. B voMue ammynst AIP umeercs
KaMepa, B KOTOPY1O PN HaKNOHe aMNY Nk epeMelllaeTCA JacTb My3bpbKa, Peryan-
Py Taxum 06pasom ero pauny.

3

- a = o -=V‘---
- w =
=== =

Puc. 1.71. Unaunppryecknis yposeHs ¢ amnynoi

8
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MWHWMAIbHEIR YroN HAKJIOHA YPOBHSA, NP KOTOPOM NPOUCXOAMT eNle 3aMeT-
HOE CMenjeHne Ny3blpbKa, Ha3kBAIOT YYBCIMBUMENLHOCMbIO YPOBHA, CIUTAIOT, YTO
ONa pasHa 0,17. IIpn paboTe B none ypoBeHb (4 TEOAONUT) HEOGXOAUMO 3amMILATD
OT COJIHEMHBIX JIyYeW, TaK KaK OAHOCTOPOHHee HarpeBaHue ammyisl MPUBOAUT K
CABWTY Ny3BIPbKA K MCTOMHUMKY Teria MHOTAA, HanpuMep, fis OABECHOTO Mapk-
1LIeWAePCKOTO TEORONUTE, UCTIONb3YIOT PeBePCUBHbIE AMNYJTBI, UMEIOIIE ORUKAKO-
BbIE LWIKAIB HA TPOTUBOMNONOKHbIX TOBEPXHOCTAX AMIYJIEL,

Hccneposanve ypoBReW BHNOAKAIOT ANS OTIPEAENEHUA UEHH! e/IeHVA T, YyB-
CTBUTENBHOCTY, KaYeCTBA U MPABUIILHOCTY WAU(POBKY BHYTPEHHER NOBEPXHOCTY.
Hau6onee TOMHO NCCNEAOBANME BLIMONKAIOT Ha IK3aMEHATOPE, COCTOALLEM U3 CTa-
HMHBI C YPOBHEM, TPEMA MOAbEMHbIMW BUHTAMU W TOPU3OHTAILHOM OCbIO, BOKDYT
KOTOPOW BpamaeTcs RNACTUHA, HA TUIACTMHY YCTAHABNUMBAKT UCCIEAYEMBUL YPO-
BeHb. HaKnOHsAA MNAaCTUHY C MOMOWBIO BLICOKOTOMHOTO BUHTA, MO MOKAIAHUAM
OTCYETHOTO AMCKE @;, GVIKCMPYIOT yron Hakmowa Y = (a, — a,)L, rae [L — nexa
BeNeRnA OTCYETHOrO AMcKa. OMpeneNus BeNMYMHY N MEePeMellenus Mysbipbka
YPOBHA [0 AENIEHUAM Ha aMIyNe, HAXOART IeHY AeNeHA YPOBHA no hopMyne

T=v/n=(a, - a)y/n. '

B noneBHIX YCNOBUAX LENY AeNleHUA YPOBHA HUBEIMPA ONPEAENAIOT IO peliKe:

NPY ABYX MONOXEHMAX MY3bIPbKa AENAlT OTCYeTH [ 1 [, o pevike. Ipu n3sect-
HOM PacCTOARWM S RO Pevikn

T=[( - L)/snlp,
rae p — B YrA0BLIX CEKYHAAX.

Ilexy Aenenvs ypoBHs NPy anupafe BePTUKANLHOTO YPOBHA MOXHO ONPeAeNuTh
N0 OTCYeTaM N0 BEPTUKANILHOMY KPYTY TIPU ABYX NOIOKEHWAX My3bIPbKA YPOBHA.

BrICOKOTOUKEIE MPUOOPHE UMEIOT 21aBHbI YPOBEHb, OTHOCAIMNCA K OCU Bpa-
1WeNUA TEONONUT], M YPOBEHb Y aAujaze BEPTMKANbHOrO Kpyra. InasHeh ypo-
BEHb UCMONL3YIOT ANA IPUBEIEHUA OCHOBHON OCM TEOlONUTA B OTBECHOE TONOKE-
HMe, @ TPV anupazae BepTUKaNbHOro Kpyra — AJA NPUBEIEKUA B TOPU3OHTANLHOE
MONOXEHUE HYNEBOrO AMAMETPA BEPTUKANILHOTO Kpyra.

Jins uccnenoBanwA TOMHBIX YPOBHEN NPUMeNAT cnocob npodeccopa A. C. Ba-
cwibeBa (MyNKOBCKUMA acCTPOHOM W Teofe3ucT). CocTaBafloT YPaBHEHUA MOrpel-
HocTel

Al=x+ (B - Boly +p + (t - tg)z -1’ (1.64)
B KOTOpHIX X — MOJNOXERNe NY3HpbKa YPOBHA B MOMEHNT f, w orcyeTe B NoO

3K3aMeHaropy; y = ¢/0,5T — K030dUUMEHT ans Mepesofa neHsl ¢’ penenns
3K3aMeHaTopa B MONYAENERUA YPOBHS; P — BIMAHUE HeCOBEPLIEHCTBA WIuGOBKN
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aMNynbl; z — CMeNjenve MY3HPbKa YPOBHA B EAMHULY
BPEMEHM BCNEACTBME U3MEHEHUA BHELIHUX YCNOBUA
(TeMneparypst u Ap.); I' — n3MepeRHOe 3HaYeHue nono-
KEHUA YPOBHA B MOMENT BpeMeHw f, u orcyere B, mo
3K3aMeNaTopy. UMCNo ypaBHERU PaBHO YMCIY U3Mepe-
Hwit ['. BepoATHeIMe 3HAYEHUA X, Y, P U Z ONPERENsIOT
W3 pelleHMs ypaBreHun tvna (1.64) mo Meropy Hau-
MeHbUIMX KBappaToB. Ilocne 3TOro 0TCYET [ MO YPOBHIO
onpepenaior no hopmyne

I=1+Al,

3xavenue Al Haxopat no Gopmyne (1.64) ¢ ucnonbsosa-
HUEeM BEPOATHEWWINX 3HaYeHuit X, ¥, p N Z.

YpoBeHb YCTaHABAUBAIOT B HY/lb-MYHKT C TOYHOCTHIO
0,2-0,37. Ina Gonee TOYHON YCTAHOBKM NY3bIPbKA B HYNb-
MYHKT NPUMEHAIOT KOHTaXTHblE ypoBHU (puc. 1.72, a).
H3o6paxenne KOHLOB Ny3bPbKa YPOBHA NEPepanwT B
none 3perus okynapa (puc. 1.72, 6) ¢ nOMOWbBIO CUCTEMBI
MpU3M, YCTAHOBNEHHOW Haf YPOBHEM. Ily3bipex YpoBHA
HaXOAMTCA B HYNb-NIYHKTE, KOTAA U306paXeHus KOKNOB

Puc. 1.72. KouTakr-
HbI? YPOHEHb:
a — CxeMa neicTeus
NPU3MEHHO CUCTe-
Mbl; 6 — u3o6paxe-
HUe KOHL08 Ny3bipbKa
UMNMHAPUYECKOTO
YPOBHA B none
3peHun oKynapa

My3bpbKa YPOBHA COBManaoT. TouHOCTb YCTAaHOBKM KORTAKTHBLIX yposneﬁ B RYNb-

NYHKTe B 4—5 pa3 Bblllle, YeM B OGLIYHLIX YPOBHAX.

Kpyrnpiit ypoBeH» NCTONL3YIOT ANA MPEABAPUTENILHON JCTAHOBKM OCHOBHOW
ocy npubopa B OTBECHOE NONOKEHMe, AMNYNa KPYINIOT0 YPOBHA ABIAETCA HaCThIO
chepyi (puc. 1.73), nOMeNjeHHOW B METANINYECKYIO OMPaBY, NPUKPETUIAEMYIO K
npubopy, UMEeTCR TPW MCTIPABUTENbHbIX BUHTA. HyJIb-IYHKTOM KPYINOTO YPOBHA
ABNIAETCA LEHTP KOHLNEHTPUYECKUX OXPYIKHOCTEW, HAHECEHHHX MM Ha MOBEpX-
HOCTb aMnynsl. OChlo KPYMIOTO YPOBHA HAa3bIBAIOT HOPMaJb K BHYTPEHHE NOBEPX-
HOCTM aMNyJbl B HYyNb-NyHKTE. llena peferua Kpyraoro ypoexa pasxa 5-20'.

%
%
%

Puc. 1.73. Kpymubiii yposeHs

2720 2
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1.5.5. BricokoTounsle TeomouTsI

BLICOKOTOYHbIE TEORONUTH UCRONBL3YIOT IIPU NOCTPOEHUU TOCYAAPCTBEHHBIX
reoaesudeckux certeit 1, 2, 3-ro K1accos, BLITONHEHUU UHXEHEPHO-Teofe3uyec-
KuX pa6oT 0c060 BHICOKOH TOUHOCTH, TPU PENIeHUM HAYYHHIX 33434 U T. I

CoBpEeMEHHHMMU BLICOKOTOMHBIMW TeoponuTaMu aeasiorca T05 u T1 (6.CCCP),
Theo-003(6.T7IP), T3, T4 («Bunbp Xep6pyrry, llseiinapus), KM-3 («Kepn», lseit-
napus), TPr («Ackanusy, 6. 3anannbiit Bepaun) u ap.

Teoponut T05 Bhimyckaer 30M3 LIHUUTAuK c 1969 r. CocTout u3 aByx
vacreil. BepxHAs YacTb COAEPKUT 3PUTEbHYI0 TPYOy, FOPU3OHTANbHYIO OCh U
BEPTUKANbHBEIA KPYT; HUWKHAA YaCTb — MOACTABKY C NOABEMHLIMU BUHTAMU,
TOPU3OHTANbHBIA KPYT, BEPTUKANLHYIO OCEBYI0 CUCTEMY, ANIUAAAY C KONOHKA-
MW, UMEIOIIUMU NarepH!, ONTUYECKYI0 OTCYETHYX CUCTEMY FOPU3OHTaNbHOTO
Kpyra. [Ipu nepeBo3ke UNU ANUTENbLHOM XPaHEHUN 06e YACTU MOXHO pa3benu-
HUTb U TOMECTUTD B Pa3Hble YIAKOBOUHbBIE ALINKHU.

Topu30HTaNbHaR 0Ch UMeeT CTanbHhle UUAUHAPUYECcKUe LandL, KOTOpHe 710-
ATCA Ha Narepbl HUKHEN YacTW TEONONNTa, 0AHA W3 Nlarep UMEeT UCTPaBUTENb-
HblE BUHTH AN YCTPaHEHUA HePaBEeHCTBA TOACTABOK, 3pUTeNbHaA Tpyba — neHT-
panbHas MPAMan aCTPOHOMUYECKAR C yBenuyeHueMm 62, 50, 37%, UMeeT OKYNRPHLIA
MWKPOMETp C yeHO Aenenus 17, [opU3OHTaNbHbIA KPYT MOXET epeMewjaTbCA AR
YCTaHOBKU HYXHOr0 oTcyeTa. OTCYETHAR CUCTEMA 0CHOBAHA HA COBMENIeHUU NPo-
TUBONONOXKHHEIX IITPUXOB AUMBA C TOMONILI0 MUKPOMETPA C ONTUYECKUMU KNUHBA-
Mu. Haumenbluee penenve xpyros — 10,

0TCYeT O OPUIOHTANLHOMY KPYTY (puC 1.74) COCTOUT U3 TPafyCoOB ¥ MURYT,
KPaTHLIX MATY, NKOC CPefiHee U3 ABYX
OTCYeTOB IO MMKpOMeTpy: 30°15° +
+(3723,8” + 3'24,3")/2 = = 30°18'24,0".

TeopoNUT UMeeT TPU YPOBHA: Ha-
KNAAHOW C 1|eHON peneHus T = 4", uu-
JNUHAPUYECKWIA TPU anujane ropusox-
TanbHOTO Kpyra € T = 6-7”, UMANHADU-
Yeckwit KOHTaKTHLIA NPU anupane sep-
TUKaNbHOTO Kpyra ¢ T = 10-12". Ilo 3a-
Kasy norpe6urens T05 ocHawaoT nose-
PUTENbHOMK TPYGOR ANA yUeTa KpyyeHUs
CUrHana.

Teoponut T1 U3roTaBNAUBAIOT CEPUM-
Puc. 1.74. Mone 3penus orcuetHoro MO € 1976 r., o crabxen OXynADRLM

MuKpockona TeoponuTa T05 MUKDOMETPOM C 1ieHOW Aenenus 17 ang
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Pasaea 1. NHxeHepHo-reoaesnyeckme U3bICKaHUs

TOYHOTO BUSUPOBAHUA Ha Lenb, U306~
paXKeHUe WKaNk MUKPOMETpa Nepena-
erca B Mone 3peHus Tpy6u. Mmeercs
HaKNaAHOW YPOBEHD C 1eHO! AeNneHus
T="5", ypoBeHb IPU aNUAAAe FOPU30H-
TanbHOrO Kpyra ¢ T = 7"  Npu anupa-
e BEpTUKaNbHOro Kpyra ¢ T =12".
3putenbHas Tpyba MpAMaR LeHT-
panbHaA aCTPOHOMUYECKAR C yBenuye-
HueM 30 1 40X, TepeBOAUTCA Yepes 3e-
HUT OKYNAPHOW wacTbio. 0TCYETH MO
FOPU3OHTaNLHOMY W BEPTUKANLHOMY
KpYraM BLIOJIHAIOTCA TaK Xe, KaK u B
T05. Ha pucynke 1.75 oTcueT paBeH
146°20" + (307,47 + 3'07,6”)/2 = Puc. 1.75. None 3pexus oTcueTHOro
=146°23'07,5”. Ha 6a3e T1 Bbimycka- MuKpockona Teoponuta T1
10T Moaudmrauuu npubopa T1A ¢ as-
TOKONNUMALUOHHON 3PUTENLHON TPYEOH.

1.5.6. Tounkle ¥ TexHUYeCKHe TEOZOJMTHI

ToynmMmu TeopoamTaMu seasiorca T5, TSK, 2T5K, T2, 2T2, 3T2KII, 3T2KA,
3T5KII. Teoponut T5 UMeeT OAHOCTOPOHHIOK CUCTEMY OTCYUTHIBAHUA TTPU TOMOLN
WIKANOBOTO MUKPOCKOMa. 3a OCHOBHOE NOnoXeHue B T5 MPUHAT BEPTUKANbHLIA
Kpyr cnpasa. YTON HaKNOHA V BHYUCARIOT O GOpMynaM

v =1 - MO = MO ~ JT - 180° = (II - /T - 180°)/2;
MO = (1/2)(1T + T - 180°),

rae I, J — oTcyeTH NO BEPTUKANbHOMY KPYry NPW ero MONOXEHWW Chpasa u
cnesa; MO — MecTo HyNR BepTUKanbHOro Kpyra. K oTcueram, Menbumm 90°, mpea-
BapuUTeNbHO MpubasnawT 360°. [lepen 0TCYETOM HEOGXOAUMO COBMEILATH KOHLBI
Ty3bIpbKA KOHTAKTHOTrO YPOBHA. TeoponuT T5 UCNOAB3YIOT ANA U3MEPEHUA YINI0B B
reofe3suyeckux MOCTPOEHUAX 1 W 2-TO Pa3papad, NpU BLIMONHEHUU UHXKEHEPHO-
reoAe3’udeckux Usbickanui. B 1977 r. Teoponutit TS u T5K 3ameHeHbt npuéopamMu
cepun 2T — 2T5, 2T5K. B Teoponurax 2T5, Kak U B ADYTUX TEOAONUTAX YHUOULU-
posanHo# cepuu 2T, 3a OCHOBHOE NPUHATO MOJOMKEHUE BEPTUKANBHOTG Kpyra
cnesa. InA BHIYUCNEHUA YII10B HAKI0HA UCTONb3YIOT QOPMYyNbI

v=JT- MO = M0 - Il = (I~ I)/2; MO = (I + IT)/2.



CanBOHHMK COBPEMEHHOro U3bICKATeA

B T5K uMeerca onTMYECKUA KOMIEHCa-
TOP, IPUHLMI AEACTBUS KOTOPOLO COCTOUT
B TOM, YTO ONTUYECKAaA JeTanb UNW Lenas
ONTUMECKan CUCTeMa3, 3aKpeNneHHas Ha
NPY)KWUHE UNU NPOBONOKAX, MO AEACTBUEM
co6CTBEHHOW MacCH 3aHUMaeT OTBECHOe
MOJI0KEHWE, KOMITEHCUPYR HETOYHOCTYU YC-
TaHOBKW TEORONUTA.

Teoponut T5K MOXHO UCMONb3OBATH
BMECTO HUBenupa. JIns mpuseseHus BU3ND-
HOW 0CW B FOPU3OHTaNLHOE MONOMEHWe Ha-
KJIOHOM TPYOBI MO OTCYETHOMY MUKPOCKOMY
YCTaHaBAUBAIOT OTCYeT, paBHuI MO. Bhicoty
npubopa U3MepAlOT A0 KPACHOW TOMKM B
nenTpe kpemanvepwl. Teoponur T2 umeer
ABYCTOPOHHEE OTCYMTbLIBAHWE MO KpyraMm. Ero wcmonbayioT B TpuaHrynauuu u
TONUTOHOMETPUU 3 U 4-TO KNacCos, a TAKKE AN YITIOBLIX U3MEPERUN B MpPuKNan-
HOW reonesvu, CHAT, C NPOU3BOACTBA B 1977 r. B3amer T2 ¢ 1976 r. BHIyCcKawT
Teoponut 2T2, KoTOpHIA UMeeT pBe MOAubUKauuu: 2T2A — ¢ aBTOKONNIMMANUOH-
HOW 3puTensiow Tpy6ow, 27211 — co 3puTensHOM TPYHOR MPAMOTrO U306PAKEHUR.

Tlone 3peHuA OTCYETHOTO MUKpOCKOMaA TeoponuTa 212 (puc. 1.76) uMeer Bepx-
Hee OKHO 1 — I'PapyCcH v O, HUMU AECATKU MUHYT, GOKOBOE 2 — IS OTCYUTLIBA-
HVA eAVRML MUHYT Y CEKYHA, EHTPanbKoe 3 — RIS COBMELEHUA MPOTUBOMONOK-
HBIX LITPUXOB YIIOMEPHOTO KPYTa; Ha pucyHKe 1.76 orcueT: 11°4326,9”.

TIpn ucnonb3oBaiuu T2 ANA BLIYUCNEHUA 3€HUTHBIX PACCTORHU UCTIONB3YIOT
bopmynst

Puc. 1.76. None 3penns MUKpockona
Teoponuta 212

z=J1-Mz=Mz-1T=(-IT+360°)/2; Mz = (1 +)/2.

TeXHWueCKUe TEORONUTH! TPAHA3HAYEHBI IS YTNIOBLIX U3MEPEHNIA IPY PO~
Knapke TEOMONUTHAIX U TAXEOMETPUYECKUX X008, B ChEMOUHLIX CETAX, IPU UH-
XEHEPHBIX, Fe0NIOrMYeCKUX M MMHEWHBIX U3LICKAHUAX, TPU NIepeHOCe MIPOEKTOB B
HaTypy, Mpu reonesuyeckoM ofecrneyeHun CTPOUTENBCTBA U T. M. TeXHUYeCKue
TEOAONUTH OBLIYHO UMEIOT Hefonbline pa3Mepbl U MACCY, TPOCTH B UCTIONbB30BA-
HUW, CHAaBXKEHH TPOCTERIIUM OTCHETHHIM MPUCNIOCOBNEHUEM — OJHOCTOPOHHU-
MY IITPUXOBLIMU W LIKANOBLIMWU MUKPOCKONIAaMU. TOT KNacc COCTOUT U3 OMTUYeC-
kux teoponutos T15, T30 (puc. 1.77) T60 (6.CCCP), Theo-020 (6.TAP), TE-D2
(6.BHP), reoponutst pupM: «Hunnon» (Anorus), «0rro dennens» (6.9PT), «du-
notexnukay (Uranus), «Bunbp Xep6pyrry» (Lseitnapua) u ap.
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Pasaen 1. UHxeHEpHO-reoae3vHeckye U3bICKAHWUS

Omcyem  no  20pu3OHMAALHOAMY
xpyzy 59°33°

Omcyem 1o 6epMUKATLHOAY KDYy
358°16°

Puc. 1.77. Teoponut T30: a. YerpoitcTao T-30:
1 — NOACTaBKa; 2, 3 — OKYNAPHBLIE KONbLIA OKYNRPA ¥ OTCHETHOTO MUKPOCKONa;
4 — BEPTUKANbHbIA Kpyr; 5 — 3puTenbHan Tpyba; 6 — BU3Wp; 7 — 3aKpenuTenbHbIA
BUHT TpyBbi; 8 — KpeManbepa; 9 — HaBOAAWMIA BUHT TPYOLI; 10 — WMNUHAPUYECKUT
ypoBeHb; 11, 12 — 3aKpennTenbHblil U HAaBOAAWMA BUHTLI anupaabl; 13 — 3akpenu-
TeNbHbIA BUHT NUMBA; 14 — NOABEMHBIN BUHT;
6. OnTuyeckan cxeMa T-30: 1 — ropu3oHTanbHblit Kpyr; 2, 3, 6, 13 — nnH3sy;
4,10, 14 — npu3aMbl; 5 — ncuTanpusma; 7 — OKYNAP OTCHETHOrO MUKPOCKONa;
8 — BepTuKanbHelih Kpyr; 9 — cetka; 11 — marosoe cTekno; 12 - 3epkano
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Puc. 1.78. Mone 3peHuA WKanosoro
MYKPOCKONA TEOMONUTOB C CEKTOPHON
OuMdpoBKOI BEpPTHKANLHOTO Kpyra

(T15K, 2T15, 215, 2T5K).

QTCYeTbI: N0 FOPUIOHTANBHOMY
Kpyry — 12°05,65°; no sepTUKanbHo-

My Kpyry — 2°34,64’

Teoponut T15 uMeeT 0AHOCTOPOHHIOW
CUCTEMY OTCYUTBIBAHWA MO KPyraM c me-
penaveil u306pakeHns MITPUXOB B TONe
3PEHMA OHOTO WIKANOBOTG MMKPOCKOMA
(puc. 1.78). MmMeeTcA BO3MOXHOCTD UCTTONb-
308anuA T15 MO TPEXWITATUBHOMY METOAY.
Ha 6ase T15 co3nan Teoponut T15K co 3pu-
TeNBHOW TPY6OM mpAMOro uaobpamenus u
KOMIIEHCaTOPOM NPU BEPTUKANbHOM Kpyre,
paboTaomeM B puanasode +3° (T15 v T15K
BbIycKanues ¢ 1973 mo 1981 r.).

Teoponurnt T30, 2T30 UMET OHOCTO-
POHHIOI0 OTCYETHYI0 CUCTEMY, OLleHKA A0IM
AeNleHMA KPyra BHLUTONHAETCA Ha I71a3 Mo
HeMonBUXHOMY uHAexcy. Ha pucynke 1.79
OTCYETH! N0 TOPU3OHTANIBHOMY KPYTY: 4 —
70°05%, 6 — 18°02,0°, 8 — 111°37,5"; o
BEPTUKANBHOMY: a — 358°46', 6 —
+1°36,5", 8 — ~0°42,5".

Puc. 1.79. Mone 3peHna 0TCHETHOrO YCTPOICTBA TEOA0AUTA:
a—T30; 6 — 2T30 nput NONOKMUTENLHOM YyrNe HAKNOHA;
8 — 2T30 npv OTPUUATENLHOM YINE HAKNOHA

15.7. 3JeKTpOHHKIE TEOTOHTHI

B HOBBIX BEICOKOTOYHBIX TEOA0UTAX, BLUTYCK KOTOPLIX HAVAT HECKONbKO NeT
Ha3ap, UCIONb3YEeTCA CUCTEMA OTCYETA C ONTUKO-31eKTPOHHBIM CKaHUPOBAHUEM,
N03BONAWAA aBTOMATU3UPOBATh NMPOLECC YINOBHX W3MEPEHUN WM MOBBLICUTH
npu6BOPHYI0 ToYHOCTS. K Takum mpubopaM oTHOCUTCA Teogonut T2000S dupMbt
«Bunbp Xep6pyrr» (IIseiinapus) [22]. 3puTenbHas Tpy6a B 3TOM TeOAONUTE
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Pasaen 1. UHxeHepHO-reoaesyieckue M3LICKQHUs

WMeeT mpAMoe uzobpaxenue u yeennuenne 26, 35, 43 n 59%. meeTca aBa pexu-
Ma paboTH: MPOCTOW — ANA BHICOKOTOYHLIX YIIOBBIX U3MEPEHMUIA, U ClepAmmnit —
Ans HabMmoneHA 33 TOABUKHOM uenblo. TOUHOCTb 0TCYETa MO Kpyram — 1, uan
0,1” — mo ycMoTpeRuio HabmopaTenA. OTCYETH BHIPAMAKTCA B Ipajycax wiam
ronax (1/400 qacTu oKpyKHOCTH).

Teononut uMeeT AUCINERHYI0 NTAHENb YIPaBNeHuA u perucrparop. Knasuuta-
MM 33A10T PeMuM PABOTHL TEOAONWTA, HA 3KPAH AMCIIEA BHIBOAATCA 3HAYEHUA
U3MEPEeHHbIX Yr08. PETUCTPATOP XPAHUT 3aMMCAHKYI0 uH(OpPMaumio, BeneT MaTe-
MaTU4ecKylo 06paboTKy pe3ynbTaTos UIMEpeH Uit COrnacHo 3afaHHo porpaMMe.
K perucrparopy MOXHO NMOAKMOYMTL KoMmbloTep, T2000S mpocT B o6pametuu,
HapexeH W obecreuyuBaeT BLICOKY TOUHOCTb U3MepeHuit (m = 0,57 6e3 yuera
BIMAKUA BHEIIHE cpepst).

1.5.8. Tupockonuyeckuit Teogoaur (rupoTeoqouT)

Tuporeoponut (puc. 1.80) NCHONBL3YIOT ANR ONpEAENEHNA UCTUHHBIX a3u-
MYTOB HampaBleHwii, B HeM yriomep-
HBII TPUGOP COBAMHEN € AAaTYMKOM Ha-
npaBneHUA Mepuauanos. B xavecTse
HaTyuKa O6LIYHO MCIONbB3YIOT MAATHM-
KOBBIA PMPOCKOTT, KOTOPLIA TaKXKe Ha3bl- E
BAIOT 'UPOKOMITACOM, YKa3aTeneM Mepu- |
anana, rupo6ycconslo. BuyTpu rupoxa- E
Mepbl 4 Ha TOHKO MeTanANyecKon nex- ;
TOYKe-TOPCUOHE 8 moaBenen YyBCTBU- 10- 2
TeNbHBIA 3neMeHT 5 rupockoma. Impo-
CKOIl — TpeX(a3HbliA aCUHXPOHHBIA ABU- [
raTenb, MUTaeTCA TOKOM TI0 ABYM NI€HTOY~ o o Y
HbIM TOKOTIPOBOAAM 2 ¥ TOPCHOHAM.

YyBCTBUTENbHEIH 3N€MEHT 5 TOoMe- g =
meH B KOPMyc rmpobnoka 7, KOTOpH =5
CKpemneH ¢ anupaaon yraoMepHOW vac- Vi
™. TIpn TpaHCOpTUpPOBKE MPN60OPa YyB- ¢
CTBUTENbHbIA 37IEMEHT M KOPMYC T'Mpo- T/
6noxa ckpennen apperupom 6. IIpn us- . #J
MepeNun HabnofaT B OKYNAP ABTOKON- 7
numaTopa 1 Ha anupape u3obpamenue
IITPUXOB €T0 WrKansl. CHHXPOHHO C ABM- f
HEHUEM N0 A3UMYTY YYBCTBUTENBHOrO

Puc. 1.80. lupoteoponut

171
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9NIeMEHTa C TIOMOWWbIO PEAYKTOPA 3 MOBOPAYNBALTCSA KOPMYC PUPO6IOKA, KOHLLL
TOKOMPOBOROB ¥ BEPXHWIA 32XUM JIEHTH, PN ITOM MCKIIOYAETCA 3aXPyyuBaHue
NIPU BBUKEHWU YYBCTBUTENBHOTO 3NeMeHTa. [INs MPOeKTUPOBAHUA Ha TOPU3IOH-
TanpHBA KPYr 10 TOMeK peBepcuu KoneGaHwuit YYBCTBUTENLHOTC 3/€MEHTA UC-
TIONBL3YI0T CUCTEMY, COCTOAIMYIO W3 ABTOKONNNMATODa 1 Ha anupape v 3epkana 11,
YXPENNEHHOTO Ha WITAHTe 9 YYBCTBUTEILHOTO J1EMEHTA.

B NPOTMBOMONIONHBIX TOYKAX PEBEPCMM RBUNEHWE YYBCTBUTENLHOTO 3ne-
MEHTa NMPEeKPamaeTcs, B MOMEHT OCTAHOBKW NPOM3BORAT OTCYETH! MO TOPU3OH-
TanbHOMY KPYTY Yepe3 BOMONHNTENbHbINA OKYAAP, IO OTCYETaM ONpeAeNsioT 3Ha-
venne N, COOTBETCTBYOMEE NONOKEHNIO ZUHAMUIECKOTO PAaBHOBECUA YYBCTBN-
TeNLHOTO 31€MEeHTa, P\ KOTOPOM IJlaBHaA OCh 'MPOCKONA COBMAAALT C III0CKO-
CTbI0 UCTMHHOTO Mepupuana. Ilocne 3Toro nepexpecTue HUTe# IpUTENLHON TPy-
6Ll HABOPAT Ha BU3MPHYIO LieNb, a3UMYT A HaPaBNEeHNA Ha KQTOPYIo ONpepens-
10T. 3HaYeHue

A=M-N+A,

rhe A - Mpu6opHaA MOMPaBKa PMPOTEOR0NNTAE, ONPEREIAEMAR 10 OPUEHTUPOBAH-
HOMY HaNlPaBNEeHWIO C U3BECTHEIM a3uMyToM 4, T. e. A=A - (M - N).

B reope3vyeckux MOCTPOERUAX HeOGXOZUMO MMETb AUPEKLMOHHBIE YINbl O,
KOTOPEIe ONPenensioT no Gopmyne

a=A-y+AA+3d,

rpe AA = (A + L)sing — nomnpasxa 3a NEPeXop OT aCTPOHOMUYECKOTO a3UMYTa K
reope3nveckomy (ypasHenue Jlannaca), A — acTpoHomuveckas, a L — reopesu-
JecKas foNrora, ¢ — WIMPOTa, Y — rayccoBO CONMMKEHWE MepuanaHos, § — rmo-
TIpaBKa 3a KPWBU3HY T'e0fie3WyeCKOoN JIMHUM Ha MIOCKOCTH B Mpoexuun faycca —
Kpiorepa, BrluncnseMas B CeTAX 3, 4-T0 KIACCOB MM HWXKe TIO TOYHOCTH MO Hop-
Myne

812 = =821 = ~f(Xz = %)V

rpe f=p”/2R? pna repputopum CHT MOXHO MPUHATS f = 0,00253; y,, =0,5(y; +Y,) —
CpepHee 3HaYeHne OPAMHATH MYHKTOB: C KOTOPOro BHMONKAIOT HabniofeHne n Ha~
6niopaemoro. 3HageHue y OTCYMTHIBAETCA, KAK YKE OTMEYAnoch, 0T OCEBOIO Mepn-
DBMaHa 30Hb CO 3HAKOM TUNIOC X BOCTOKY M CO 3HAKOM MUHYC — K 3anlapy OT Hero.
Ecnu X;, Yy, BHIpaXarTh B KWIOMETpax, TO § MONYMAlOT B YINOBHIX CexyHAax. Ilpn
onpeneneHUM . C TOYHOCThI0 30" M HWKe NOnpaBKu AA u 8 He BBOZAT.
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Pazaea 1. VIHXEHEPHO-Te0AS3UYECKUe U3bICKaHUS

1.5.9. Jlazepnsiit Teogonur

B 3TOM NpUbBOpe BU3UPHAA OCh BOCMPOM3BOAUTCA Y3KOHAMPABNEHHLIM MyY-
XOM cBeTa. JlazepHele TEOROANTH 1eNeco006Pa3HO MCTONb30BaTh ANA pa3buBo-
HbIX PaboT MpW CTPOUTENLCTBE ROPOT, MOCTOB, 33aHWA, COOPYMEHUA W T. M.
B oTevecTBeHHHX NadepHblX Teoponutax JIT-75 (ans Gonbumx paccroanmit), JIT-56
(ana pa36uBOuHbIX PabOT Ha CTPOWMIOMANKAXK), CO3RAHHLIX HA Ba3e nasepos JIT-75,
JIT-56, nanyvarenb nepexnagxBaeTCA B Jjarepax.

B HacToslee BpeMA B Halieh CTpaHe M 3a PYGeXOM BbIMYCKAIOT na3epHuie
Hacapky X TEOR0JIMTaM, TN 3TOM OCh CBETOBOTO MyvKa ROJKHA COBMAaAaTh C Bu-
3WPHOI 0CI0 3PUTENLHON TPYODL. JJOCTMIETCA 3TO C MOMOLIbI0 PU3M, HATIPABIA-
0IWUX MY4OX 71a3€PHOTO N3NYIEHWSA B OKyNAP TpYObI.

Puc. 1.81. NlazepHuiit Teoponut

B nasepxom Teoponure pupmur «0rTo dernensy ($PT) nasep 1 cMOHTMPOBAH
Ha TEORONMTE 2, TPW 3TOM NYY Na3epa BHIXOAMT NapajientHo BUINDHOW OCH.
JlazepHbie TEORONWTH BHMyCKaloT ¢upMbt Benuxobpurarnu, Benvrun, dpanunm,
Tlonbum M APYTMX CTPaH.

1.5.10. IIpuHuyn coBMeweHHOro OTCYeTa

JAnA MCKNIOMEHUA BIUAHNA SKCLEHTPUCMTETA OTCYeTH GepyT No AMameTpanb-
HO NPOTMBOMONOXHEIM WITpuXaM nuMba (rto I u I BepHbepaM) v U3 HMX HAXORAT
cpepHee 3HayeHwe, B ONTMYeCKNX TeOA0MTaX M306paXeHNe AnaMeTpanbHO Npo-
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CHPOBO"IHMK COBPEMEHHOTO U3bICKATeAs

7 TUBONONOXHBIX LITPUXOB @ M b numba mepepaeTca B
[ noNe 3peHUA ONTUYECKOro MUKpomeTpa (puc. 1.82).

7] IinA onpepenenua mo numby otcueta M, ceo6opHo oT
BAMAHUA 3KCLEHTPUCUTETA, HEOGXOAUMO HANTU 3Ha-

YEHWe «MNAALEro» IITPUXA 4, UBMEPUTL PACCTORHUE
ab MeXay u306paKeHUeM ANaMeTpaNbHO POTUBOTIO-
JOXHEIX WITPUXOB @ W b W MIONOBUHY 3TOTO PACcCTOR-
HUA, BHPAXEHHOIO B YrN0BOWA Mepe, MpUBaBuUTh K
3HAYEHWIO KMNAALIETrO» OTCYET, T. €.

M=a+ab/2.

Puc. 1.82. N3obparenne
ANameTpanbHo NpoTHBONO-
NOXRBIX WTPUXOB NMMBa

1.5.11. TloBepku 1 1OCTHPOBKY TEOAOJIHTOB

Iosepku TMO3BONAKT BLIABUTL OTKNOHEHWE B MPUGODE OT reOMETPUYECKUX
YCNOBUW M OMTUXO-MEXaHWUYecKux TpeGoBarvi, locmuposkoli Haubonee nonxo
YCTPaHAKT 3TV OTKAOHEHUA. HccnedosaHun ONMpeAensioT TOCTOARHbE Npuopa,
HeYCTPaHUMBIE OTKNOHEHVA JIA BBEJEHUA B DPe3yNbTAThl U3MEPEHWR COOTBET-
CTBYIOWMUX TIOMPABOK, TPABUABLHOCTb PABOT OTAENLHLIX Y3108 TEONONUTA, OUIUGKM
pvameTpoB nuMba u T. mi. [lo peaynbTaTaMm MCCIeOBAHUNA BEIABAAIOT IPUrOAHOCTb
TEOONUTA AJIA BLIMOJIHEHNA U3MEDEHUI JaHHOT0 KNACcCa TOYHOCTY.

06s3aTenbHLIMU TIOBEPKAMM HA KAWAOM MYHKTE Mepes HabMOAEHUAMMU ABNSA-
0TCA CRefyomme.

Hodvemubie u HaBoAAWUE BUHMD OOKHBI BPAYAMBCA NAABHO.

Bpawenue anudads! donxHo 6bImb NNABHBIM.

1. Ocb YunuHApU4ecko20 yposHa OOJKHA BbIMb NEpneHAUKYARDPHA K 8epmu-
KanwHoll ocu 8pawjeHus npubopa.

TIpeaBapuTEeNbHO MAOCKOCT, NMMBa PUBOAAT B POPU3OHTANBHOE TONOKEHUE
MO HEBLIBEPEHHOMY YPOBHIO, ANIA YErO MOBOPOTOM anWAaAN YCTaHaBAUBAIOT LU-
JVMHAPUNECKUI YpOBEHb NapajsiefbHO JIWMHUYM, COEAUHAWMEN ABA MOADEMHBIX
BUHTA, 4, Bpamas UX B TPOTUBOTIONOKHEIE CTOPOHbL, TPUBOAAT NY3LIPEK YPOBHA
B HYNb-IYHKT. 3aTeM anujafy MOBOPavYWBAlOT Ha 90° W BpaleRueM TpeTbero
BUHTA TIPUBOAAT MY3bIPEK YPOBHA B HYNb-NYHKT. IIpu 3TOM OCb LMAMHADUYECKO~
TO YPOBHA 3aHUMAET FOPU3OHTANLHOE NONOXKEHUe 2z, 06pa3ya ¢ 0CHIO BpameHus
vy npubopa yron B (puc. 1.83). K otcueTy no ropusoHTanbHOMY Kpyry npubas-
AT 180° W monyvyeHHoe 3HayeHWe NOBOPOTOM anupand YCTAHABAMBAIOT Ha
TOPU30HTANbHROM KpYre, T. €. NOBOPAYMBAKT anuaany Ha 180°. IIpu sTom och
LMAVEAPUYECKOTO YPOBHA, COXPAHAR C 0ChI0 BPAaWeHUA Yron 3, 3aHuMaer mono-
XeHWe 2’2’ M OTKNOHAETCA OT I'OPU3OHTANbHOTO NMONOXEHWUR Ha yron 2¢. Ha
pucytke 1.83, 20t + + 2B = 180°, a o + B = 90°, T.e. GuccekTpuca z’z” yrna 2o
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nepresAVKYNSpHA K Ocu Bpamexus npubopa. [loaToMy npu 10cTUpOBKe HE06X0-
IMMO Ha TONOBUHY AYTM OTKNOHEHWA NPUBECTY My3bIPEK YPOBHA K HYAb-NYHKTY
TPETbUM TIORABEMHbIM BUHTOM, 3 B HYJb-TYHKTE — WCTPABUTENbHBIMU BUKTAMU
YPOBHSA,

Puc. 1.83. K noBepKe 0CY UMAMHAPUYECKOTO YPOBHA TEOA0NMTE
(nepsoro ycnosus)

CnepyeT 3aMeTuUTh, YTO 0IIMGKA B OTCYETE O FOPU3OHTAILHOMY KDYTY U3-3a
HEBLIMOJHEHNA 3TOTO YCAOBUA, T. €, U3-33 HAKNOHA BEPTUKANbHON OCU TEOA0NU-
Ta, He UCKNIOYALTCA TTPU BHBOAE CPEAHET0 U3 Pe3yNbLTaTOB U3MEPEHUi IPU Xpy-
re mMpaBso U Kpyre neso.

2. TopusonmanwvHas Hums cemxu GoxHQ 6bImb nepneHOUKYAAPHA X sEpMU-
KanbHOU OCu 8paujeHus meodonuma.

BepTuxanbuyo och BpaweHUA TEOAONUTA TWATENbH( Y TAaHABAUBAIOT B OT-
BECHOE MTONOXKEHUe, TIOC/E YETo IeBHM KpaeM rOPU3OHTANLHON HUTYU HABOAAT Ha
TOuKy., Bpamas HaBOAAMMM BUHTOM, MeAJIeHHO BpamaloT Tpyby mo asumyTy.
Ecnv w3obpaxerue TOUKM HE CXOAUT C TOPU3OHTANBHON HUTW, TO YCAOBUE BhI-
TONHeHO. B TPOTWUBHOM Cnyyae CHUMAWT 3aWMTHHIA KOAMAYOK C OKYyNApHOI
YacT! Tpy6Hl, 0CNABNAIOT BUHTHI, KOTOPHIMU MIACTUHA CETKM HUTEN CKPeIUleHa ¢
XOpIYCOM TPYGH, W MOBOPAYUBAIOT CETKY TaX, YTOGLI NPU MepeMee v Tpy6L
TOPU30HTaNbHAR HUTb HE CXOQUNA C TOYKU. ITY Xe W0CTUPOBKY MONHO BBHITION-
HUTD, COBMEWAA BEPTUKANLHYIO HUTb CETKM C HUTLI 0TBECa, MOABELIEHHOTO B
10-15 M oT TeoponuTa.
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CnpaBoyHmK COBpPEMEHHOrO U3bICKATeAs

3. BusupHaa ocb 3pumendHoll mpy6bt domkHa 6btmb nepneHdUKYNAPHA K 20-
pusoHmanwHol ocu ee spaujeHus (Ha puc. 1.65 zzLhh).

IIpn B3auMHO-NEPNeHAMKYNADHOM NONOXEHUN 0Ced 2Z M hh mpu Bpamexun
TpPYGH 0Cbh ZZ 06pa3yeT NNOCKOCTh, KOTOPYIO Ha3MBaKT XKOAAUMAYUOHHOU. Ecnn
yron B Mexay 3TMMW OCAMM OTAUNAeTCA OT 90° Ha Yron ¢, Ha3blBaeMbli XOanu-
MayuOHHOU owubXol, TO NPy BpalleHuu TpyGhl 0cb Zz 06pasyeT ABE KOHUYECKUe
MOBEPXHOCTY, U NIPpU HaBeleHWM Ha TOYKy A BMecto oTcyeta M (puc. 1.84)
TIONYYUM OTCHET

M =M+c. (1.65)

Tlocne nepeBofa TPYGh Yepe3 3eHUT Yron B MeXAy BUIMPHON OCbIO W 0CbIO
BpAWeHNA TPYGbl COXPAHAETCA, TPU HaBEAEHUM IEPEKPECTUR HUTEN Ha TOUKY A
10 TOPU3OHTANLHOMY KDPYTY NONYYUM OTCHET

M,=M-cx180°. ‘ (1.66)
Cxnappisan nese u npaseie yactv Gopmyn (1.65) u (1.66), Haxonum

Myt My $180° T +11+180° (1.67)
2 2 .

M

CnenosarensHo, CpeiHee M3 OTCYETOB MO TOPUIOHTANLHOMY AUMOY mpw
xpyre npaso (II) u xpyre neso (JI), nocne u3aMeHeHUs cyMmmul Ha 180°, ceobop-
HO OT BAUAHUA KONIUMALUOHHON OUINGKU.

Brtuunran n3 gopmynst (1.65) cootsetcTBytomMe YacTv GopMynst (1.66), umeem

M, - M, +180° _ JT - IT +180° (1.68)
2 2 ’

Tlpu Gonee CTPOroM BhBOAE

c=

—IT+180°
POt 3 iy (1.69)

rpe Z — 3eHUTHOe paccroarue (Z =90° — v, v — yron HaxjoHa).

Ecnu xonnumanuorxas ommbxa ¢ npessimaer 2t, rae t — TOYHOCTD OTCYU-
THIBAHUA IO TOPU3OHTANLHOMY KPYTY, TO BEITONHAIOT I0CTUPOBKY, ANA Yero Ha
POPU30HTaNbHOM KPYre HaBOAAIMM BUHTOM anupajb YCTaHaBAWBAIOT OTCYET
M =M, + c. [Ipn 3TOM NepeKpecTue CeTku HUTew CONeT ¢ Touku A (cm. puc. 1.84).
CHAB KONMavOK C OKYNAPHOW acTu TPYGH M 0CNAGUB OLUH U3 BEDTUKANBHBIX
VCIPaBUTENbHEX BUHTOB, GOKOBBIMUA WCIPABUTENbHEIMU BUHTAMU IepeMemaloT
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NNACTUHY, HA KOTOPYIO HaHeCeHa CceTKa HuTew, o
COBMelleHUA MepeKpecTUs HUTe ¢ n3obpaxexu-
eM Touku A. [locne 10CTUPOBKU NOBEPKY NOBTOPA-
10T ¥ YOENAAIOTCA B BHINIONHEHUN YCNOBUA. 3aTeM
BUHTHI CETKU CNETKa 3aTATUBAIT W HAAELBAKT KON-
navoK.

IIpn z = 90° BeNMYUHA C MPAKTUIECKU HE BANA-
€T Ha Pa3sHOCTb HanmpaBneHWit, U3IMEPEHHHX npu
ORHOM NMONOXEHWUU KDPYTa, T. €. Ha PFOPU30OHTANbHLIA
yron. B ropHo# MecTHOCTU NTPU HaGnIOfeHuu mpu
OJIHOM TTONOXEHUU KPYTa KONNUMALMOHHAR OlubKa
MOXET UCKA3UTb TOPUIOHTANBHLIA YTON.

B Teoponurtax ¢ OAHOCTOPOHHEW CUCTEMOW OT-
cuutsiBanua (T15, T30) BHIONHAIOT ABE Mapht HaBe-
LIeHUA Ha TOYKY A: OCne MepBOro HaBefieH!A fena-
10T OTCYeTH! M; v M,, 3aTeM IMMG CMenmaloT npuMep-
HO Ha 90°, BU3upyioT TOUKy A u 6epyT oTcueTs M’y
nM,. 3navenue

A

n -

Dy S
M, ™M M,

Puc. 1.84. K nosepke
TPeTbero yCAoBUA

=0,25{ M, (M, £180°) |+ M; - (M; £180°)]}. (1.70)

.
4. Ocb spawerus mpy6bl O0NKHA Gbimb NEpneHOUKYNADHA K BEPMUKANbHOU

ocu spawerua meodonuma (Ha puc. 1.65 hhlwv)

IIpn BHIMONHEHUM 3TOTO YCNOBUA NPU OTBECHOM MOJOXKEHUM BEPTUKANBHOW
0CU TEOONUTA, YCTAHOBNEHHOM IO YPOBHIO TPU anUAafie 'OPU3OHTANbHOTO KPYTa,
BU3UPHas 0Cb TPYOLI IIPU BpalleHnn 0GpasyeT OTBECHOE NONOXEHNE KONAUMALM-
OHHOW MNOCKoCTH (Ha puc. 1.85 mnockocts OAa). Ecnu ycnosue He sbimonHaercs,

TO MpPU BpaweHuu TPyGHl BU3MPHAA OCh 06-
pasyeT HakNOKHYl0 muockocTs 0AQ, pH op-
HOM TIONOXEHUW BEPTUKAAbLHOrO Kpyra u
OAa, — ripu ppyroM. [Ins BHIMONHEHUA NO-
BEpPKU TEOAONUT YCTaHaBAUBAWT B 10-20 M
OT CTeHbI, [IEPEKPECTUE CETKU HUTeil mpu
Kpyre NpaBO HABOMAT Ha BLICOKO Pachono-
WEHHYI0 TOMKY A, 3aKpennfioT anupapy,
ONyYCKAIOT 3PUTENbHYI0 TPYGY MPUMEPHO A0

I'OPU30OHTANBLHOrO NMONOXEHUA U OTMevaloT  Puc. 1.85. K nosepke yetseproro

Ha CTEHE TOMKY 0y, Ha KOTODYIO IPOEKTUPY-

ycnosus
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eTCA NlepeKpecTue HuTei ceTku, 3arem Tpy6y NepeBOAAT Yepe3 3eHUT U TPU KpyTe
7€BO HABOAAT Ha TOYKY A, ONYCTUB TPYOY, MONYHAIOT ee MPoeKLnio . Ecnv roukmn
0,y ¥ O, COBNAAYT WIW OTPE30K 0,0, HE MPEBLIIIAeT WIUPUHY GUCCEKTOPA CETKU
(15-20"), To ycnosue BrmonteHo. IIpu HeBLITONHEHUN YCNOBUA 0CTUPOBKY BbI-
MONHAKT B CNELUANbHLIX MACTEPCKUX.

Cnepyet 3aMeT!TD, YTO CPEAHEe N3 OTCYETOB MO TOPU3OHTANLHOMY KPYTY Npu
I v J1 cBOBORHO OT BIUAHUA 3TOW OLIMEKM.

5. Komnencamop omcuemuotl cucmemsl 8epmuKanbHo20 Kpyaa 0onxeH obec-
NevUsamb HEUIMEHHOCMS OMCUema 1o SepmuKanbHOMY Kpy2y npu HaxnoHe ocu
BpaujeHus meodoaUMa Ha y2nsl 00 £3°.

TeoN0NUT YCTaHaBIUBAIOT Ha WITATUBE TaK, YTOOH OQMH U3 NOKBEMHLIX BUHTOB
6bin HanpasieH B CTOpOHY HabniopaeMow Touxu A. Ilocne NpuUBeReHMUs OCHOBHOM
ocv npuBopa B OTBECHOE MONOMEHWE HABOPAT Ha TONKY A ¥ BenalT OTCHeT a, no
BePTUKAILHOMY KDYTY. 3aTeM BpalleHUeM NOAEMHOTO BUHTA HaKNOHAIOT TEOAOAUT
BIIepen Ha 2-3 feNeHuA YPOBHA, CHOBa HABOJAT HA TOMKY A v GepyT oTcuer a, no
BEPTUKANLHOMY KPYTY. [0CNe 3TOr0 HAKNOHAIOT MPUBOP Ha 2—3 BENeRMA YPOBHA B
NPOTUBONONOXHYIO CTOPOHY, BU3UPYIOT Ha TouKy A v 6epyT oTcyer a5. Bee otcyerst
B NIpeAeNnax TOYHOCTH OTCYETa IO MUKPOMETDY BOTIKKE COBMNARATh, T. €. a; = d, = aj.
IIpw HeBLIMONHEHUY YCIIOBUA I0CTUPOBKY BHIONHAKT B CTIeLMaNbHO! MAaCTEPCKON.

6. BusupHas ocb onMu4ecK020 yeHmpupa G0/KHA co8Nadams ¢ 0ckio spauje-
HUA meodonuma.

Bepr Vi OCb Bpall TEOA0NNTA MPUBORAT B OTBECHOE TONONEHME,
TEONOJIT YCTaHABAMBAIOT Hajl TOYKOH MeCTHOCTH. IIpy BpauieHun anvpapst n3obpa-
EHUe TOYKM He ROIDKHO CMEIaThCA C LEHTPA ONITUYECKOTO JeHTPUpa Gonee yem Ha
0,5 papuyca Manow okpyxrocTu. [Tpu GonbireM cMelEHUN BLITONHAKT 10CTUPOBKY.

1.5.12. Viamepenue ropu3oHTaJIbHLIX YIJI0B

CHavana TeORONUT YCTAaHABANBAIOT B paboyee MONOXKEHHE, T. €. NPuBOP LeHT-
PMPYIOT Haj BEPUINHOW M3MEPAEMOT0 YT/1a, IPUBOAAT OCh BPAILEHUA TEORONUTA B
OTBECHOE TTON0XEHUE, YCTaHAaBNUBAIOT 3PUTENBHYI0 TPYOY M0 TNasy» u «NpepMe-
TY» U TOTOBAT OTCYETHBIN MUKDOCKOT ANA Habmopexui.

LleHTpUpOBaKMe BEIMONKAIOT NPY MOMOWN: HUTAHOTO OTBECA C TOYHOCTHIO
3-5 MM, ontuyeckoro nentpupa (T15, TS u gp.) wnu 3purensHoit Tpy6u (T30),
HanpaeleHHOW OHBEKTUBOM BHU3, C TOMHOCTHIO RO 0,5-1 mM. Hpubnaumennoe
LeHTPUPOBAHVE BHITIONHAIOT MepeMelleRueM 1ITaTUBa, a TOMHOe — IlepeMeme-
HWEM TEOA0NUTA MO FOPU3OHTANbHOU NNaThopMe LITATUBA NPU OTKPENEHHOM
CTaHOBOM BUHTE.
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YcTaHOBKA OCH BPALIEHUA TEOROANTA B OTBECHOE NONOXEHUE BLIONHAIOT Ny-
TeM [IPUBEAEHNA B HYILb-TIYHKT NY3bIPbKa UMAMHAPULECKOTO YPOBHA TORBEMHEIMU
BUHTaMW. B pesynsrate MpW BpalleHuu anupapbl Ny3npex yPOBHA He ROMKEH
OTK/IOHATBCA OT HyNb-TIYHKTA Gonee yeM Ha OHO AeNeHUe YPOBHA.

VcTaHOBKa 3pUTENbLHOM TPYGH! IO TNasy» W «Io NPERMETY» NO3BONALT YETKO
BWAETb LITPUXW CETKU HUTE W Habmopaemsin npepmer. llTpuxu numba u nkana
OTCYETHOT'O MUKPOCKOTIA TaKe BOJUKHBI UMETh YeTKOe U3o6paneHue.

H3aMepexue oTAenbHOTO yraa

HesaxpenneHHylo anupapy OTBOAAT BN€BO Ha 30~40° W 06PATHBIM BPAIEHN-
€M HaBOAST Ha BU3UDHYIO LieNb MEPBOTO HANpaBlAeHus TaK, 4Tobbl OHA 0Ka3anach
cripasa oT 6uccexTopa (B mone 3peHuA Tpy6ht); anvpapy 3akpennawot. Hasopamum
BUHTOM aJIMAAADL, TONLKO BBUHYUBAHMEM, GUCCEKTOD HABOAAT HA BUINPHYIO Lelb
v 6epyT OTCHET IO ONMTUYECKOMY MUKPOMETPY (EC/IU UMEETCA OKYAAPHLI MUKDO-
METp, TO TPWXEbI HABORAT €ro GUCCEKTOP Ha BUSUPHYIO Lenb W 6epyT OTCHeTH).
OTKpennAIoT anvpany v HaBORAT Ha 2-e HalpaBJleHWe TaK e, kak W Ha 1-e. Ha
3TOM 3aKAHYUBAIOT MONYTPUEM.

Tpyby nepeBopAT Yepe3 3eHWT, N0 YacoBO CTPe/iKe HABORAT Ha 2-e Hanpas-
7IeHVe, NPeABaPUTENLHO OTBERA aNVAARY BNeBO Ha 30-40°; HABOAAWIUM BUHTOM
6ucceNTOp HAaBORAT HA BUIUPHYIO Lenb U GepyT oTCYeT MO ONTUYECKOMY MUKPO-
metpy. [lo yacosoii cTpenke anvupapy noBOPavvBaloT Ha yrol, ROMONHAOWUA U3-
MepAeMbIil 0 360°, HaBOAAT Ha BUSUPHYIO Lienb 1-ro Hanpasnexusa, 6epyT oTcuer.
3axaHuMBAeTCR PUEM,

Cmoco6 Kpyrosuix npuemos — croco6 Crpyse

Crnoco6 Kpyrosuix NpueMoB 6bin npepnoxex B 1816 r. B. A. Crpyse v nonyuvn
LIMpOKoe MpUMeHEeHNe NOYTH Bo Beex cTpanax. B CHI wcnonb3yioT 8 reopesnyeckux
CeTAX 2-4-TO KNACCOB U CeTAX 6onee HU3KoW TouHoCTU. B CLIA ero ucmons3syior n
B CeTAX MepPBOro Kiacca.

B 3rom criocobe npu HenmopBWXHOM NuMGe anvaapy BpPawaT Mo XOAY Yaco-
BOV CTPeNKW W GWCCEKTOP CeTKU HuTeit TPYGbl MOCNeA0BATENbHO HAaBOAAT Ha
TiepBLIA, BTOPOW U T. A., HAa MOCNEAHWI W CHOBA Ha NMepBLIi (3aMbIKaHUe ropu-
30HTa) HabniopaeMbie MYHKTH, KAWABA Pas OTCYUTLIBAS MO POPU3OHTANLHOMY
KpYTy. B 3TOM COCTOMT NepBhiit MonynpueM. 3atem Tpy6y EePeBOART Yepe3 3eHUT
W, Bpamas anupany MPOTUB YacoBOi CTPEKY, HABORAT GUCCEKTOD Ha Te e MYHK-
Tbl, HO B 06PAaTHOW OCNER0BATENLHOCTU: HA TIEPBLIN, MOC/eAHWIA, PEATIOCNeRHUA
W T. A., BTOPOi, MepBIA; 3aKAHYWBAIOT BTOPOW MOJYNpPUEM ¥ NepBLIl pueM, co-
CTOAWMI U3 NIEPBOTO ¥ BTOPOTO MONYIIPUEMOB.

179



CI'IpGBO"IHMK COBPEMEHHOro U3bICKaTeAs

Mexay npuemamu M6 MEPeCcTaBNRIOT HA yTon
3 = (180°/m) +1, (1.71)

rAe m — YUCNO NPUEMOB, | — LieHa ieleHna numMba.

Hasepenne 6UCCEKTOpA CETKU HUTEW Ha BUIUPHYIO LeNd BLINONHANT TONBKO
BBUHYMBAHUEM HABOAAWIETO BUHTA anwpansl. Ilepen kaxpsiM nonynpuemom anu-
Aany BPAIlaloT 1o ee ABUKEHWIO B AAHHOM NONynpueme.

B pesynbraTsl M3MePEHHLIX HANPaBNeHUi BBOAAT NOTIPABKU 32 peH, HaKNOH
BEPTUKANLHOW OCU TEORONUTA (IPU YrnaXx HaknoOHA BU3UPHOTO nyya B 1° u
6onee) M MOMpaBKKM 33 KPYYeHUE 3HAKA — MO OTCYETAM MO OKYAAPHOMY MUKDO-
METPY NMOBEPUTENLHOR TPYOHL.

KonTponb yrnosbix U3MepeHWit: MO PaCXOMBEHMAM 3IHAYEHWW MEPBOrO Ha-
NpaBNEHUA B Hayajle ¥ KOHue MONyTNpuema (He3aMbiKanue ropu3oNTa), no Koneba-
HWO ABOMHOIM XonnumauuonHow owmbkun 2¢ = JI - IT + 180°, onpepenaemoin pin
KaXnporo HarpaBAeHus, U N0 PACXOXAEHUI0 MPUBEAECHHBIX K HY/MI0 3HAYEHUR OAHO-
WMEeHHBIX Hamnp Wi, ony bIX B Pa3HbIX NpueMax. B rpuanrynaumn 2-4-ro
KNaccos He3aMblKaHue rOPU3OHTA U KonebaHne HanMpaBiEeHWH B puemax He fON-
KHBL IPeBHIaTs 5, 6 v 8” ans T05; T1; 0T-02M u T2; xonebanune 2c-6, 8 n 12” ans
3TUX e TeOZONUTOB COOTBETCTBEHHO.

Ha nyskTax 2-ro xjacca HampasleHWA u3MepalT 12-15 KpyroBmMu npu-
eMaMW, Ha MYHKTax 3-ro kuacca — 9, Ha MYyHKTaX 4-ro Knacca — 6, a B CeTAX
MONWUIOHOMETPUMU 2, 3, 4-T0 Knaccos — 18, 12, 9 mpuemamu.

YpaBHUBaHUE HA CTAHUUM CBORUTCA K BLIYMCNEHWIO CPERHETO 3HAMEHWA MO
KaWpBOMY HampaBaeHWo u3 m npuemos. [Ipu 3TOM npepBapuTENbHO BCe U3MEpeH-
HbIe HaMpaBNeHWA MPUBOAAT K HAYaIbHOMY, IPUAAB €My 3HayeHue 0°00°00,00”.
Bec ypaBHEHHOro HanpaBneHus, T. €. YINa MeXAy AaHHBIM U HaYanbHbHIM Halpas-
NEHWAMM, P = M — YUCLY IPUEMOB NIMEPEHUHA. JINA OeHKN TOYHOCTI HaMpasie-
AU 06bIIHO MPUMEHAIOT NPUbnukennyo Gopmyny [lerepca

1,25 El\>|=k2_|v_|

S Jm(m-D n n

rae |L — CPepHAR KBajpaTuyeckas olubKa HanpasieHus, ONYIEHHOTO U3 ORHOTO
nipuema (CpepHAR KBapaTMYeCkas OMbKa eaHMub Beca); X|v| — cymma abeo-
JIOTHBIX BENIUMNH YKIOHEHUI U3MEPEHHBIX HAMTPABNEHUHA OT UX CPEAHUX IHAYEHMWIA,
BBIYUC/IEHHBIX 10 BCEM HANpaBNEHUAM; N, M — YUCIAO HampaBneKuh u Npuemos
COOTBETCTBEHHO. 3HaYeHMA k npu m = 6, 9, 12, 15 pasum 0,23; 0,15; 0,11; 0,08.
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CpeaHiolo KBaApaTMYECKY0 OWMEKY YPAaBHEHHOrO HarpasneHus (CPepHero 3 m
NPUEMOB) BHYUCARIOT N0 Gopmyne

m, = P"/;

TlocTonHCTBa Crioco6a KPYroBHX NPUEMOB: MPOCTOTA POTPAMMBI U3MEDEHN
Ha CTaHLMW; 3HAYUTENbHOE OCNABNEHME CUCTEMATUYECKUX OIMBOK AeNeHNA M-
6a; BLICOKaR 3G (pEKTUBHOCTD TPU XOPOLER BUAUMOCTY ITO BCEM HANPABNCHUAM.

HepocTaTku: cpaBHUTeNbHO 60NbLIAA TPOAOAKUTENLHOCTD TPUEMA, 0COBEHHO
nipu 6071bUIOM YUCTEe HAMPABAEHNN; TIOBLIIEHHbIE TPEOOBAHUSA K KaueCTBY reope-
3MYeCKNUX CUTHANOB; HEO6XOAUMOCTb MPUMEPHO OAMHAKOBOW BUAUMOCTH 1O BCeM
HampaBneHUAM; PasbusKa HampasAeHW! Ha TPYNIL MPU UX GONLUIOM ¥ucie Ha
NYHKTe; GoNee BLICOKAA TOTHOCTb HAYaNbHOTO HAMPABNCHNUA.

1.5.13. Mamepenne ropu3OHTAJBHBIX YTJIOB
TEXHWYECKUM TEO[0JMTOM

TeoponuT ycTaHaBNUBAKT B BEpUIMHE
yrna B (puc. 1.86) B pabouee nonoxenue.
3aKpennsT AUMO 1 BpamleHUEM anURARLl
repeKpecTue HUTeW CeTKW HaBOAAT Ha
TOYKY A U [0 rOPU3OHTANBHOMY KpYTY 6e-
PYT OTCYer a. 3aTem BpalljeHWUeM aluAanst
nepexpecTMe HUTeW CeTKU HABOAAT Ha
TOuKY C v 6epyT oTcyer ¢. Yron

B=c-a.
Ecnu orcyer ¢ menblre oTcYeTa 4, TO K Puc. 1.86. Cxema U3mepeHus ropi-
oTcyeTy ¢ mpubasnsioT 360°. OTcyeTs 3a- 30HTaLHOTO yTNa

MUCHIBANOT B XKypHan (Tabn. 18).

JInA KOHTPONA M MOBLIIEHUA TOYHOCTM 6ePYT ABa OTCYETA, BHUMONHAA ABA
HaBefeHUA Ha BU3UPHYI0 uenb. Bo BTopoM 0TCYeTe 3aMUCLIBAIOT TONLKO MUHYTH U
ceKyHabl. I3 ABYX 3HaueHW It OTCYETOB BHYUCAAIOT CPefHee 3HaUeHMe (3aMUCHBa-
OT MUHYTHL W CEKYHAH). BLIYMCNAIOT Yyron 8 mepsoM monynpueMe (B KypHane
81°05'00").

CnepoBaTenbHo, B ePBOM NMONYNpPUEMe MPU 3aKpenneHHoM MMmMEe BpameHu-
eM anupansl MepeKpecTue HUTEW CeTKU HAaBOAAT Ha OAWH U3 NYHKTOB, AENA0T
OTCYeT N0 TOPU3OHTANLHOMY KPYTY; BpamjeHUeM alupansl HaBOAAT Ha BTOPOR
MYHKT, feNaloT BTOPO# OTCET O FOPU3OHTaNLHOMY KPYTY. Bo BTOpOM NONYNpU-
eMe CHayana HaBOAAT Ha BTOPOW NYHKT, 3aTeM Ha MepBLI, Bpamas anupapy B
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Tabnuya 18
O6pasel XypHana U3MepeHuA ropu3oHTaNbHbLIX Yrnos

Moropa: nacmypHo, cnabbiid BeTep.

BuavmocTs: xopowas.

Dara: 15 niona 2001 r.

Hauano: 16 4. 17 M. Koxey;: 16 4. 25 M.

Mysir Orcvers Yron CpegHee
cTos- | HaBnio- KN Kn B nonynpue- | 3HaveHue
[y o Max yrna

° | " | " |cpemnee| ° ‘{7 |cpenvee
2 | 1 |sa| 130 1145 | 200 [ 4239} 4245~ | 8105700~
12100 42 | 00
81°04’52”
17100 Lopen 47 | 30| 00 04’ 45"
2 135 16| 30 1645 | 310 46| 30 4700 81°04’45

TPOTUBOTIONOXHOM NIEPBOMY MONYTIPUEMY HaNpaBneHuU. Ecnu ropuaoHTanbHe
Yron U3MepaKT OAHUM NPUEMOM, TO NOCAE 3aBEPIMEeHUA TIEePBOro MONYNpueMa
NUM6 TIepecTaBAAIOT Ha HECKOJIbKO PPARYCOB B ONITUHYECKUX TEORONUTAX C ORHO-
CTOPOHHEW CUCTEMOW OTCYeTa W TPUMEPHO Ha 90° B TEORONUTAX C METANNUYeC-
Kumu Kpyramu. [[sa monympuema COCTaBAAIOT noAHwil npuem. Pacxompenue
MeWAYy yrNaMu B NMONYNPUEMAX Ke AONKHO NpEBHIIATL ABOMKYI0 TOYHOCTb OT-
cyeTHOro yerpovicrea (8 T30 — 1).

[InA MOBLIMIEHUA TOYHOCTU KOHEMHOrO pe3ynbTaTa 4acTo Yyron W3MepAIOT He-
CKONbKUMMU MipueMamiu, [Ina ocnabnenus ownbox fenexui niumba yris B pasnuy-
HbIX TIpUeMax U3MepAIOT Ka PasNUMHLX YacTAX Aumba, MEXRY Tpuemamu numé
NIepecTaBAAOT Ka Yros, Onpeensemblit no popMyne (1.71), unu Ha yron

8 =180°/m,
TR M — YUCN0 NPUEMOB.

B nepBoM Npueme AMMO YCTAHABAMBAKT TaX, YTOOH NPU HABEAEHWUU Ha Mep-
BbIi, HaYaNbHbIW, TIYHKT OTCHET 6bi1 6AM30K K Kynio (HecKonpko Gonbure 0°), BO
BTOPOM TNPUEMe HayaNbHBA OTCYET JOMKEH GHTh 0Xono §, B TpeTbem 28 W T. p.
Hampumep, ipu u3Mepexuy yria YeTHpbMa pueMamu (m = 4) yron § = 45°.

Mnorpa B nepsoM MOAYTIPUEMe NMMME OPUEHTUDYIOT IO MarHUTHOMY MepuAna-'
HY (RJIA OMpeNieNeHUA CKAOHEHUA MarKUTHOW CTPeNIKM), ANA Yero Ha MuMbe yera-
HaBAUBAWT oTcyeT 0°00°00”, 3aKPEMNAT ANUBANY, OTKPEIAIOT IMME U BPawWAIOT
npu6op A0 COBMEIl|EHUA CeBEPHOIO KOKNa MArHUTHO CTPEAXY YCTAHOBNEHHOM Ha
TEORONUTE GYCCONM C HYNEBLIM ee feNneHUeM.
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1.5.14. Bauanye Ha M3MepeHHble FOPU3OHTAJbHbIE YrJIbl OUIMGOK
IleHTPUPOBAKKA TMPHOOPa M YCTAHOBKY BH3UDHBIX Leeil (Bex)

TeOROAMT YCTAHABAUBAIOT HaA TOMKOW B (puc. 1.87) ¢ omrmbxoi e, T. e. paxTu-
JeCKu OH YCTaHOBNEH Kaj TOYKOW B’. Benuuuny e v yron 6, pasHsuiit yray BB'A,
Ha3blBaKT NUHElIHbIM U Y2N08bIM 3neMeHmaMu yenmpuposku. [lposeps vepes B/
MKW B’A’, mapannenbHylo BA, BUAMM, NTO IIPU BU3UPOBAHUM U3 TOMKM B’ Ha
TOYKY A MONYYaeM OTCYeT Mo MUMOY OMMBOMHHM HA BENWMUHY C, Ha3blBaeMylo
nonpaskoil 3a yexmpuposxy. B Tpeyronbuuxe BB'A o Teopeme CHHYCOB UMeeM

sinc _e
sing s’
OTKYia, YMMTHIBAA MANOCTb YTNA C, HAXORUM

e
c=p;sm9. (1.72)

Puc. 1.87. IneMeHTbl UEHTPUPOBKM U peayKunu
1 BbI3bIBAEMbIE UMU NONPABKY

Ecnv BU3UPHAR Nenb YCTaHOBNEHA B TOKe A;, TO BCNEACTBUE ITOTO BOSHUKAET
nonpaska 3a pedyxyuio, BeAMMUHY e, ¥ 0, Ha3LIBAT NUHEUHBIMU U Y2N08bIMU
anemenmamu pedyxyuu. B 3TOM cnyvae BMecTo KampasneHus BA monyuaem
nanpasnerue BA,. B Tpeyronbxuke BAA, N0 Teopeme CHHYCOB C YYETOM ManocTH
YINa r HaXORUM

r=pe?lsin91. (1.73)
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BBUAY ManocTv BeNWMMHLL @ MOXHO CYuTaTh yron A,B’A pasnum yrny A,BA.
Torpa Hanpasnexue BA M3MEHWT CBOe 3HayeHWe Ha BENNYWHY, PaBHYO CyMmMme
TIONPABOK 33 LlEHTPUPOBKY U PEAYKLUIO, T. €. Ha BeMYNRY (C + 7).

TIpn BHNONHEHWUW BLICOKOTOMHBIX YINOBbIX U3MEDEHWA 3NEMEHTH e, 6 LeHT-
PUPOBKM U g4, 6, PEAYKLUU HAXORAT U3 CTELNaNbHBX ONpefieleHni rpadudeckum
WIN aHANMTUYECKMM METOAAMU, N 3HAYEHUA NMOMpABOK (C + I) BBOBAT B Kaxpoe
W3MepeHHOe HaIlpaBneHue.

ITTpn YrnosLIX NIMEPEHURX TEXHUYECKUMM TEORONIUTAMU CTPEMATCA MPUGOP M
BU3NPHY0 LeNb YCTAHABAWBATH TaK, YTO6L 3HAYEHWA € U I HEe MPEBLIANN TOYHOCTD
YITIOBLIX M3MEDeHWW. M3BECTHO, YTO OWMEKA LEHTPUPOBAHMA HUTAHBIM OTBECOM
PpaBHa 3-5 MM, onTuyeckum otBecom — 0,5-1,0 MM, ®opmyner (1.72), (1.73) noxa-
35(BAKOT, 4TO Npn 6 = 6, = 0, 180° ¢ =7 = 0, aipn © = 6, = 90°, 270° nonyyaem
MaKCUMaZbHbie [0 A6CONIOTHON BENMYNHE 3HAYeHNA

e [
Crax =P~/ Tmax =P_1" (1.74)
S S .

dopmynst (1.72)-(1.74) moxasbIBal0T, YTO 3HAYEHUA € M T BO3pacTaloT o6par-
HO NPONOPLMOHANBHO PACCTORHMIO S.

Tipne =e; =5 MM, 5 =100 M, T =3438” HAXOAUM Cpay = Tmax = 20,17/, TIPN TEX Xe
3HAYEHUAX €, e M § = 50 M Cpyy = T, = 0,34°. CneposarensHo, HeoBxommmo
CTPEMUTBCA, YTO6BI CTOPOHB M3MEPAEMBIX YI7IOB HE GBUIM KOPOTKUMM, IPU KOPOT-
KMX CTOPOHAX He06XOAMMO MOBLICUTb TOUHOCTL LIEHTPUPOBAHUA U YCTAHOBKN BU-
3UPHBIX MApOK (BexX) Ha Habniofaemoi Touxe.

1.5.15. Hcrounnku omubOK NPy YIJIOBLIX H3MEPEHHAX
H TOYHOCTh U3MEDEUHA FOPH3OHTAJILHOrO yria
TEXHUYECKUM TEOf0JHTOM

OumbKM YrnoBLIX M3MEPEHWA — ChyMalHble M CUCTEMATUYeCKME — BeNAT Ha
TPW TPYNIbI: JIMYHBlE, TPUGOPHbIE M U3-3a BINAHWA BHElIHeW cpepst. Hanbonee
TPYAHO YCTPAHWUTL CUCTEMATUYECKME OLUINGKW, TO3TOMY MX HEOBXOANMO TILATENb-
HO M3y4aTb W CBOAUTb K MMHMMYMY TyTeM BBEAEHWA MONMPABOK WK COOTBETCTBY-
10Ljed OPTraHn3aLuM U3MepeRNN. BnaHmne CnyyainHbix oumbok ocnabnawrt, yse-
JIMYMBARA YUCNO TIPUEMOB NIMEpeH U 40 OTIpeneneHHON BeNUYMHLI.

JInuxble OWIMEKN N3MePeHNI BOSHUKAIOT WU3-33 HECOBEPILEHCTBA CUCTEMBL Ha-
6mopnarens — npubop. K IMHEIM MOKHO OTHECTM CNyaitHEIe U CUCTEMATHYeCKNe
OLIMGKK BU3NPOBAHUA, CNYYaNHbIE OLIMGKU COBMELEHNA N306PaNEHN LITPUXOB
nuM6a M OTCYMTHIBAHWA MO LIKane ONMTUYECKOTO MMKPOMETDA; CUCTEMATUYECKMe
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0wn6KY 13-3a HEORMHAKOBOM OCBEWEHHOCTV UTPUXOB NuMba, ouInbKU 0TCYeTa MO
HaknagHOMY YPOBHIO, MO3BOJAIONEMY OTPeAeNATh NOMPaBKu B HaNmpaBleHuu 3a
HaK/10H BEPTMKAJILHOW OCW TEORONNTA.

Ilpu6opHbie OWMGKM BOZHUKAWT U3-33 HETOMHOTO U3TOTOBAEHMA Y3108 U
neTasnewt TEOAONNTA, OCTATOYHHIX MOTPENIHOCTEN er0 PETYAMPOBKY W 10CTUPOBKN
W T. . K pUGOPHBIM OTHOCAT OIUIMGKM U3-3a Pa3NIMIUA HOMMHANBHOW U paKTUvec-
KOW LieH BeNleHUW OKYNAPHOTO W OTCYETHOTO MMKDOMETPOB, ITOIPELIHOCTU XOja
GoKyCUpYIomen NMH3LL 3PUTENbHON TPYOGH, 3KCLEHTPUCUTET MUMGa M anupapsl,
OLIMOKN AMaMEeTPOB NNMGa, KONNMMMALMOHHble OLMOKMW, OWMOKU U3-3a HAKNOHA
0CM BpaljeHUA TpYHbl, BEPTUKANBHOW OCU TEORONNT, NMMGa, OLMEKM BCNERCTBUE
TeMIepaTypHLIX etopManuit Y3108 TEORONUTA U AD.

OwnbKn M3-3a BNMAHWA BHEIUHEM CPeAb ABNATCA Haubonee CylecTBeH-
HBIM MCTOYHMKOM CMCTEMATMYECKUX OMGOK MPHU YLNOBHX U3MEpPeHUAX. B nep-
BY10 OMepeab K HUM OTHOCAT ONMTUYECKY0 pedpaKumio, KOTOPas, ecnn He Mpu-
HATb Mep M0 ee YYeTy, IMMUTUPYeT RanbHenllee NOBLILIEHNe TOYHOCTU YTII0BHIX
W3MepeHnit. K 370 rpynme 0THOCAT OWMEKM U3-3a KpYYeHNA U THYTUA Te0Ae3u-
YeCKMX CUPHANOB M Bp. '

IIpu M3MepeHUM TOPU3OHTaNbHBIX YINIOB TEORONUTOM MPUGODHBIE OMMGKM
O6LIYHO UCKIIOHAIOT M3 KOHEWHOTO pesyisTaTa MyTeM UCMOJb30BAHUA CIIelnanb-
HOM MeTOaMKK, Hanmpumep, oumbkn, BO3HUKamMue BCAEACTBME KOMMALMORHON
oMbk, HemepreHANKYNAPHOCTY OCK BpaLeHUA TPYEbl K BePTMKaNbHON OCKH Bpa-
WeHUA TEONONITA NCKIIOYAIOTCA, €CIM ONTPEAENATh CPeAHEe U3 OTCYETOB MPU Kpy-
e N1€BO M NPaBO; BIUAHUE SKCLEHTPUCUTETA UCKNIOYAeTCA PU COBMELIEHUM TPO-
TUBOMONOXHBIX LITPUXOB NMMGA MM eCnu BHIYUCIATL CpepHee U3 OTCYETOB NO
RBYM BepHbepaM. OWMGKM LeHTPUPOBAHUA U YCTAHOBKW BUINPHBLIX Liefle!t MOXHO
CBECTU K MMHMMYMY NPU ROCTATOYHOM IUHE CTOPOH W TLATeNbHON YCTaHOBKON
npu6opa 1 BUSUPHBIX nenei. OUmbKu HaBeReHNA HA BU3VDHBIE LieNW NIPK yBenu-
YEHUM 3PUTENbHOM TPYOHl 20% He MpeBbINIAT 3-4"/, IPU U3MEPEHUN YTNOB TeX-
HUYECKMM TEORONIUTOM UMW MOXHO NpeHe6peyb.

Ham6onee cymecTBeHHON ABNAETCA OMUGKA OTCYMTHIBAHUA MO NMMOY, Beaun-
YMHa KOTOPO# My = t/2, rRe t — TOYHOCTB OTCYETHOTO yeTpoicTsa. Tak Kax yron 8
nonynpueMe B; = ¢ - a, T0 Ipu m, = m, = m,

ty2
my, = e =m0f=7f. (1.75)

Yron 8 npueme B = 05(B, + B,), rae B, n B, — 3Havenue yrnos, NONyIEHHHX B
NepBOM W BTOPOM Nonynpuemax. Ilpn Mg =mg, =mg ¢ yuerom (1.75) 3HaYeHve
CpepHet XBappaTMIecKon OlMBKu M3MEPERNA YIIa OBHVUM TPUEMOM
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mﬂ-— m|31+m|32 B"/E_E

a npefientHas oumbra
AB=3mg =%t=1,5t.

Pa3HOCTM ZiBYX 3KaYeHUt YINa, IONYYEHHEX B ONYIIPUEMAX,
AB=B, -

Cpenyas xBafpaTuyeckas oumbka 3Toit pasHOCTH Mpw Mg, = 1My, =1y ¢ yue-
ToM (1.75)

_ 2 2 _ -
Mag =+, + Mg, =mg, V2=t
Hpenenhno JONYCTUMOE PAaCXOXAeRWe MeXAy 3HaYeHVeM yria B MoAynpuemMax
App = ZmAB =2t

1.5.16. Uamepenue BepTHKAJBRBIX YIJoB.
TloBepka BepTHKaJbHOrO Kpyra

[InA n3MepeHVA BEPTWUKAJIbRLX YIJIOB UCMONb3YIOT BEPTUKANbLHLIN KPYT Teo-
[ONWTA, NUME BEPTUKANLHOTO KPYra KECTKO CKpelleH C TOPW3OHTaNbHOM OChI0
TPYOL! ¥ BpalllaeTCA BMECTe C Hell, IPW 3TOM aNnAafa BEPTUKAIbHOTO Kpyra ocTa-
€TCA HEMOLBWKHON. B HEXOTODHIX TEONONUTAX NPU ANUAAe BEPTUKANLHOTO KPyTa
MMeeTCA UMAMHAPUYECKNT YPOBEHD, aNWpiafa BMECTe ¢ YPOBHEM MOTYT BpaWaThCs
Ha He6OoMblINe YINbl YCTAHOBOMHLIM BUHTOM. Kpome Toro, uunneapudeckuii ypo-
BEHb MOXHO NepeMellaTb OTHOCUTENbHO aNNAAAL UCIPaBUTENLHHIMU BUHTAMU,

IIpn ropU30HTaNLHOM IONOXEHWW BUIUPHOW OCH U OCU LWIMHAPNYECKOTO
YPOBHA (TY3bIPEK YPOBHA B HyNb-NYHKTE) OTCYET N0 BEPTUKAILHOMY KPYTY A~
XeH 6biTh paBeH Hynio. [IpaKTMIECKM 3TO YCROBUE YACTO He BLITONHACTCA,

Mecmom Hyna (Mecmom 3eHuma) HasblBaloT OTCYET IO BEPTUKANBHOMY KpPY-
Ty NPU TOPU3OHTAJLHOM (BEPTUKANbHOM) NMONOKEHUU BUINPHOW OCU Tpy6bl w
TOJIOXEHWW NY3bIpbKa YPOBHA IIPU aNnWfiafe BEPTUKANBHOTO KPYra B HYMlb-IYHKTE.
Ha pucynxe 1.88 MO — yron Mexay ropu3oHTILHON MNOCKOCTBIO W HYJEBLHIM
[MaMETPOM BEPTUKANLHOTO Kpyra. [Ipu HaBeieHUN epeKpecTUs HUTeR CeTKN Ha
BEepX BELIKN A noCne NPUBEAEHUA NY3LIPbKA YPOBHA PV anwfiane BEPTUKANLHOro
KpyTa B KyNb-MYHKT NPU Kpyre npaso (KIT) mo BepTukansHoMy kpyry Gepyr oT-
cyer I, 8 3TOM CNyyae yron HaknoHa

v=1-Mo. (1.76)
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/opusonmanswan
nnocxocmes

Puc. 1.88. CxeMa M3MEpEHUA BEPTUKANbHBIX Y08

IIpn HaBepeHUM NEPEKPECTUA HUTEW CETKU Ha TY e TOMKY NP Kpyre NeBo
(KJI) n npnBeAeHNs Ny3bipbKa YPOBHA PH anupiafie BEPTUKANLHOTO KPYra B Hy/b-
TIYHKT HaX0AUM

v=MO-JI, (1.77)

rie 1 — oTcyeT Mo BepTUKaibHOMY Kpyry nipu KJL.
Pewran Bhipamenusa (1.76) u (1.77) orrocurensto MO u v, nonydaem

MO =(T+)/2, (1.78)
v=(I-/2.
Tpn suryncnenun v v MO no popmynam (1.76)-(1.78) k manbiM yrnam npubas-
naw0T 360°.
B Teoponure T30 oundpoBxa peneHut BEPTUKANbHOrO Xpyra AaHa MPOTHB

XOJia YacoBO CTPEJNIKH, U OTCYeT 6ePYT No OAHOM CTOPOHe Kpyra. [Ipn 3ToM Ana
onpenenenua v u M0 ucrnonb3yoT GopMynbl:

MO = (IT + /T £ 180°)/2; (1.79)
v=J1- M0 =MO~ I +180° = (/T - IT + 180°)/2.

Hanpumep, reoponntom T30 mpn HaBepeHNU Ha TOYKY NMONYYEHbl OTCYETH
JT=3°57", 1T = 176°05’. Ilo nepBoit u3 hopmyn (1.79) raxonum

MO =(3°57" +176°05" - 180°)/2 = 0°01’;

O BTOPHIM opMynam (1.79) nmeem:
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v =J1-M0=3°57" - 0°01" = 3°56; v = MO - [T+ 180° =
=0°01" - 176°05" + 180° = 3°56"; v = (/T - IT+ 180°)/2 =
= (3°57” - 176°05’ + 180°)/2 = 3°56".

B reoponurax 2T30, 2T15, T15K, TSK, 2T30Il, 2T5 ucnonb3oBaHa CeKTOPHaA
ouudpoBKa BEPTUKANBHOTO KPYra C YKa3aHUEM 3HAKOB «+» U «—», COOTBETCTBYI0-
WUX NOJIOKUTENbHBIM W OTPULATENLHBIM YIZIaM HaKlOHa. Bohiyucnervws MO u v
BLIMOJIHAIOT N0 GOpMynaM:

MO = (T +T)/2; v = (1 - )/2 =JT - MO = MO - II. (1.80)

IIpv U3MepeHWY BEPTUKANIbHbIX YIII0B NEPEXPECTUE HUTE! CETKWU WiV FOpu-
30HTaJILHYI0 HUTb CETKU BOIM3K NIEPEKPeCcTUA HAaBOAAT Ha TOYKY, Y3bIPEX YPOBHA
NP anupane BEPTUKaNbLHOrO XPyra NPUBOAAT B HY/b-TIYHKT, 6epyT orcuer JT, ecaun
BEPTUKANLHLIA KPYT OTHOCUTENLHO 3pUTeNbHOW TPYGbl Mpyu Habn0AeHNY €O CTO=
POHEl OKYZIAPa HAXOAWTCA CTIPaBa. 3arem TPYOY NMepeBORAT Yepe3s 3eHWUT U BLMOA-
HAIOT OMUCAHHble peicTBus, Gepyt oTcueT /1. Yron HaKNOHA vV B 3aBUCUMOCTHU OT
TWMA TEONRONINTA BHIYNCAIAIOT IO ORHOM u3 popmyn (1.76)-(1.80).

B Teoponure T30 HET YPOBHA PU anunane BepPTUKaNbHOTO Kpyra. JwivHapu-
YecKWit YPOBEHb NP aNWAaRe TOPUIOHTANLHOTO KPYra YCTAaHOBNEH TaK, MTO erg
ocb Mapajnensra KoIMMaLuoHHO TOCKOCT 3puTenbrow Tpy6si. Tlepen otcye;
TOM IO BEPTVKAZIBHOMY KDYTY My3bipeK YPOBHA NP annpapne TOPU3OHTANbHOTO
Xpyra NORBEMHLIMU BUHTAMW YCTAHABIAWBAIOT B HYJb-TTYHKT.

Tipn u3MepeRWV BEPTUKaZbHLIX YFNOB TEOAONUTAMY, VMEIOIVMY KOMNEHCa-
TOP, HY/IeBOW RUAMETP BEPTUKANBHOTO KPYyra YCTaHABNWBAETCA B TOPU3OHTANDL-
HO€ TOJIOXKeHWe aBTOMATWUJeCKW, v TMOCNEe HAaBENEeHUA MepexpecTvus HUTEW Ha
TOYKY NTPUMEDPHO Yepe3 Be CeKYHAB!, B TEYEHUE KOTOPHIX KOMITEHCATOP MPUHUMaeT
ycToduBOe Monoxenne, Gepyr orcver. Ilpu aToM Konebanus MO npn usMeperun
Pa3NMYHBIX YITIOB HAKJIOHA HAa RAHHOW CTAHI|UM He AOJKHBI MpeBbiaTh 2t —
ABOMHOV TOMHOCTY OTCUETHOTO YCTPOUCTBA.

Ilenecoo6pasno, yTo6xl MO BepTUKaNbHOro Kpyra 6110 PaBHO HyAWw UAK
6AU3KON X HYNO BEAUUNHE.

JIns moBepku 3TOro YcnoBUA ONpPeRenAoT MO U3 u3MepeHUi HeCKONbKUX Bep-
TUKanbHbxX yrnos nipu KT v KII. Eciv cpepree 3Haverve MO peBblIaeT ABORHYIO
TOMHOCTb OTCYETa (2t), TO BLUTONHAIOT 0CTUPOBKY: BPalleHWeM YCTAHOBOMHOTO
BUHTa YPOBHA [PY BEPTUKAILHOM KPYTe YCTAaHABNUBAIOT OTCYeT, paBHbiv MO. lipu
3TOM Ny3bIPEK YPOBHA, KOTOPHIA HaXOAMICA B HYNb-IYHKTE, COURET C HErO, ero
BO3BPAWAIOT B HYJIb-ITYHKT UCITPABATENbHLIMA BUHTAMU YPOBHA. Tlocne oTMeveH-
HHIX NleWCTBUN COBNIORAIOTCA BCE YCNOBUA, 3a/I0KEHHHE B OMPefeNieHuu MecTa
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HYNA: YCTAHOBUE BpalleHWeM 3PUTENBHOW TPYOH W BEPTUKANLHOIO KPYTa OTCYeT,
PaBHuIR M0, NPUBOAVM BU3NPHYIO OCb B 20pU30HMANbHOE NONOXKEHUE; YCTAHABNY-
BaeM omcyem, pasHblil HyNio, BPalleHueM YCTAHOBOYHOTO BUHTA YPOBHA; NIPUBO-
AVM KOTWPOBOMHBIMW BUHTaMW MYy3HPEK YPOBHA B HYNb-MYHKT, T. €. BLUTOJIHAEM
BCE YCNOBUA, onpefensomue M0.

KpoMe TOro, 10CTUPOBKY MOXHO BHIIONHUTbL NYTEM YCTAHOBKYU Ha BEPTUKADb-
HOM Kpyre OTCYeTa, PABHOrO Yy Hak/OHA V BPALlEHWeM YCTAHOBOWHOTO BUHTA
ypoBHA. [Ipu 3TOM MepeKpecTue HUTEN CEeTKW AOJKHO OCTAaBATLCA HA u3oGpaxe-
HWM TOYKW, TIPU HAaBEAEHWU HA KOTOPYIO OTpepeNfNu yron HaxioHa v. Ilocne
J0CTUPOBKM BLIMONHAIT KOHTPONbHOE onpeaenenue M0.

B TeoponnTax ¢ KOMIMEHCATOPOM Ans NMpusepenus MO x Benwdwe, 61u3Kon
HYJII0, UMEETCA 10CTUPOBOYHMIN BUKT: AnA T15K — B BRICTYME Ha KOpIyce MPHGo-
pa 1107, 06BEKTUBOM 3PUTENbHON TPYGH Npu ee monoxerwu K7; ana TSK — cnesa
0T 06BEKTUBA Ha KOJIOHKE BEPTUKANBLHOTO KpyTa npu KJ7.

) 1.5.17. Kparkue cBefileHHA 0 MeTOJaX M3MepEHHA PaCCTOAHMI
TPY TIOMOIIY 3JIEKTPOMATHATHBIX BOJIH

B HacroAilee BpeMA IMHUK U3MEPAIOT B 0CHOBHOM 3JIeKTPOHHBIMYU Npubopa-
MW — CBETO- W DafUORANbHOMEPAMH, 3AMEHVBLIMMU TPYAOEMKME M3MepeHVA
6a3ucHbIMY Tpu6opamu. IIpuHIUN u3MepeHUa PACCTORHWI aTUMYU pubopamu 3aK-
7I0YaeTCA B ONPeAeNeHUn BPEMEHW W CKOPOCTW PACNPOCTPaHEHUA 3NeXTPOMar-
HUTHBIX BONH (IMB) BRONb Tpacch usMepaeMoit nunuu. Paccrosnue D onpepena-
etca mo popmyne

D=vt/2+3, (1.81)

rae v, T — CKOPOCTb U BpeMs pacnpocTpaHerus IMB Bpons nunuv D B IPAMOM v
06paTHOM HanpaBJeHusx; & — NOCTOAHHAs NpMBOpHAA ronpaska. MHopMa-
W10 0 BpeMeHU T pacnipocTparerus IMB monyyalor ¢ moMowbio CBETO- ¥ Panuo-
RaZbHOMEpOB, @ CKOPOCThb

v=c/n (1.82)

ONpefeNAIOT M0 W3BECTHOM CKOPOCTH € CBETA B BaKyyMe u KohGuumeHTy npe-
NOMJIEHUA N, KOTOPHI/A HaXOAAT IO Pe3yibTaTaM MeTeOPONOTWECKUX W3Mepe-
HWit. B janbHOMEpax U3MepAIOT WX HEMOCPENCTBEHHO T, WK BENUYUHBL, QYHK-
MOHANBHO CBA3aHHbIE C T. CYyWHOCTh BCEX METOROB W3MEDPEHUA PacCTOAHWIA
COCTOWT B CPaBHEHUM OAHOTO W TOTO Xe, CBA3AHHOIO C 3NeKTPOMATHUTHBIM W3-
nyvyeHueM, pu3nvyeckoro napamerpa no u nocne nNpoxoxpenus IMB uamepaemon
TPaccH MPAMO ¥ 06paTHO. J[NA 3TOr0 Ha ORHOM KOHLe U3MepPAeMOW IMKUK yCTa-
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HaB/UBAIOT NePEfATINK ¥ MPUEMHNK, a HA APYTOM — oTpamaTtels. OAMH n TOT
e CUTHaJl OT NepefaTinKa HANpasAAeTCA MO ABYM NYTAM: HEMOCPEACTBEHHO B
NPUEMHUK W B HEro Xe yepe3 uiMepaeMmylo Tpaccy. Ilepsuiit MyTh Ha3bBAKT
ONMOPHBIM KAHANOM, WIX TPAKTOM, @ UAYMUIA O ITOMY MYTH CUIHan — ONMOPHBIM
cUrHanoM. Bropoi nyTb cO3jaeT AUCTAHLWOHHBIA (M3MePUTENbHEIA) Kawarn,
a TPUXOAALIMIA OT OTPaXKATENR CUTHAN HA3HBAIOT AUCTAHLUOHHBIM, UIN U3Mepn-
TeJIbHbIM, CUT'HANIOM. B TpUeMHUKe OTIOPHHI ¥ AUCTRHIMOHKbIW CUTHANB CpaB-
HWBAIOTCA 1O MapaMeTpy, BHOGOP KOTOPOro OMpeAenseT MeTOR U3MEDPEHUA pac-
CTOAHMA:

1) 8pemeHHOU, CBAIAHHLIA C UMIYNIbCHHM U3NIYYEHWEM U U3MeDeHUeM Bpe-

MEHW [IPOXOXACHUS UMIY/ILCOM U3MEPAEMO TPACChl IPAMO U 06PaTHO;

2) unmepepeHYUOHHLIL, UCTTONL3YIOWUA Pe3YNLTaTH UHTephepeHnnu
ONOPHO# M OTPAXXKEHHOWN BONH HENPEPLIBHOTO U3NY4eHNA 6e3 MORynaumu;
a308blil, B KOTOPOM UCTIONB3YIOT HENIPEPLIBHOE UM UMITYNLCHOE U3NyYe-
HUe ¢ MOAYNRLWUEN FaPMOHUYECKUM CUTHANOM WU HEMPEPLIBHOE U3nyye-
HUe 6e3 MOAYNALMM; U3MEDPAIOT PA3HOCTH a3 U3NYYaeMbIX U MPUHUMAe-
MBIX KONeGaHUA Ha MORYIMPYIOLEH WU Hecymeit yacToTe;

4) wacmommbill, B KOTOPOM PUMEHAKT HENPEPHIBHOE UM UMIYNbCHOE wac-

TOTHO-MOLYNMPOBAHKOE U3NYEHNE, W3MEPSIOT Pa3HOCTN MIHOBEHHMIX Ha;
CTOT, U3N1y4aeMbIX ¥ PUHUMAEMbIX KONle6aHuil.

Han6onee pacipocTpaHEHHEIM METOROM B TeONE3NU ABNAETCA (a3oBHIA, NO-
3BONAIOUUIA UIMEPATD PACCTOAHWNA OT AGCATKOB METPOB [0 IECATKOB (B papnopua-
Ma3oHe — RO COTEH) KMNOMeTpoB. IIpaKTUdeCcKn BO BCEX CBETO- U PAAUONANbHO-
Mepax ¥ B GONbLIMHCTBE PANOTEORE3NIECKUX CUCTEM MCONL3YIOT Ha30BbIA Me-
ToA. TI03TOMy paccMOTPUM 3TOT METOR MONPOGHee.

3

-~

1.5.18. ®azosuiii MeTox U3MepeHNHA PACCTOAHMIA
CBeToAaJbHOMEDbL # PaZHOAAILHOMEDE
TlepepaTunk U3nyyaeT rapMORUIECK e KoneGanus JacTOTH f, KOTOPbie IPpoXo-

paT Tpaccy D pno oTpaxarens u oGpaTHO ¥ MOCTYNAKT HAa MPUEMHUK CO CABUTOM
baz ¢ = 2m/t = 2nf - D/v. Tlopcrasnas 8 hopmyny (1.81) T = ¢/ 2nf, umeem

p=22 .5 (1.83)
2f on
W caBur da3 paseH
@ = 21N + A, (1.84)
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rpe N — nenoe yncno ¢a3osuix uuknos (A/2 — $as3oebA UUKN); AQ — pasHOCTb
(a3 or 0 po 27, n3mepsemMan hasoMeTpoM; N ONPEAENsIoT O pe3ysnbraTaM usMmepe-
RUA AN Ha BYX W1k HECKONbKMX QUKCUPOBAHHBIX yacToTax. IloacTaBnas ¢ u3
(1.84) B (1.83), HaXORUM OCHOBHOE ypaBHeHWe Ha30BON AaNbLHOMETPMK

2f 2n

rae A = v/2f — pavHA BONHL Mpw yacToTe f; AN = A@/2m — RpOGHAA YacTh
basosoro yukna (0 < AN < 1). Bxopamyio B (1.85) f HasbiBalT MacumrabHoi
(n3MEePUTENbHOI) YACTOTON.

Ecnu B panbHOMepe YacToTa KoneGanui MOXET H3MEHATLCA INABHO, TO UCTONb-
3YI0T TaKyl0 YacTOTY, IPU KOTOPOW Pa3HOCTb (a3 MeXAY MPUHATEHIM W OTNPABNEH-
HbIM CUT'HaNaMy TOYHO PaBHA LENOMY YUCNY Ga30BLIX UMKNOB. B 3TOM cayyae

p=l(N+ﬂ]+s=22"-(N+Am+a, (1.85)

=2 N+s, (1.86)
of

rae N HaxopAT U3 U3MepeHuit Ha ABYX MU HECKONbKMX YacTOTax.

Cornacno TOCTy 19223-82 8 Hame# CTpaHe B Ha3BAHUAX CBETORANbHOME-
poB nocne 6yxes C — CBETOAANbHOMED — MCIONbL3YOT UHAeKck: [ — reope-
anyeckue, T — Tomorpaduueckue, II — pns npuxnapHon reopesun. Iudps
nocne 6yxBeHHOro 0603HaveHMA YKa3bIBAOT AANbHOCTL AeWCTBUA Mpubopa.
Hanpumep, CT-5 — cBeToanLHOMEp TONOrpadudIeckuit, IMEPAIONA PacCToOA-
HUe [0 5 kM.

B cOBpEeMEHHBIX CBETOAA/ILHOMEDAX YMpaBlleHue, BEIYUCTIEHNE U KOHTPONbL
BBITONHAITCA MUKPONPOUECCOPOM MO 33JaHHON Nporpamme. M3mepenue pac-
CTORHWI TaKUM CBETORAZIbHOMEPOM COCTOUT B YCTAHOBKE Haj MYHKTaMU CBETO-
NanbHOMEpPa M OTpaXkaTend, HaBefEHUN CBETOAANbHOMEPA Ha OTpaXaTesnb U Ha-
KATMN KHOIKKM «IyCK», 3MepeHns BEIMONHAIOT B TeyeHHe HECKONbKUX CeKYHA.

B dazomom cetopansHomepe (puc. 1.89) cBETOBOW NMOTOK MPOXOAUT Yepes
MOAYNIATOD, YIPaBAAEMbIk HAPAXKEHNEM OT IeHepaTopa CTabuiLHO YacTOTH, Ha
BHIXOZe U3 MOAYNATOPA OH MORYNANPOBaH Ha aMIUIUTYAE C YACTOTOM, paBHOW yac-
TOTe reHeparopa. OnTuyeckas cucrema coGupaer CBETOBOW NMOTOK W HampaBnser
€ro Ha 0TPaXarerib, yCTaHOBNEHHMI Ha KOHIle U3MEPAEMON TUHUY, OT OTPAXATeNR
OH MOCTyNaeT Ha GOTONMPUEMHUK, B KOTOPOM CBETOBAA 3Heprua mpeoGpasyerca B
37NEeKTPUYECKYI0 U MOCNEe YCUNeHUA W TIPe0GPa30oBaHMA MOCTYIIaeT Ha Qa3omerp.
Ha nero e nocrynaer curHain oT reHepartopa, T. €. Ha $a3oMeTp NMOCTYMAloT NBa
CMTHana OAMHAKOBOW YACTOTH, HO DPA3NMYHOW (askl, pazHocTh (a3 3aBUCHT OT
DJIMHE U3MEPAEMOR NTUHUK,
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Hemauwun chema
nasep) dmpaxcamens
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Puc. 1.89. CxeMa ha3osoro ceeTopansHomepa

].lm\ KOHTPONA U NMOBLIEHUA TOYHOCTU B CBETORANbHOMEPAX UMeeTCA ONTU-
YecKas IMHUA KOPOTKOTO 3aMbIKAHWA, UCTIONb3YEeMan KaK KOHTPONbHOE PacCTOA-
Hue. [InMHa BOAHbI MacIITaGHOM YAaCTOTH TeKepaTopa 3HAYUTENLHO MeHblIEe U3Me-
PAEMOTO PACCTOAHMA, NI03TOMY pasHocTs (a3 ropaspo Gonbure 360°, a hasomerp
u3MepaeT BenMyury or 0 po 360°. Bo3HMKaOWYI0 HEONHO3HAYHOCTL, KaK yKe
OTMEYanoch, PelIaoT NyTeM U3MEPeHUA PACCTOAHUA Ha HECKONBKUX YacTOTax re-
HepaTopa cTabunbHOM yacToTsl. TOUHOCTh CBETORANLHOMEDOB 3aBUCUT OT CTAbUIIb-
HOCTU M BENUYMHBL MaclmTaGHOW JacTOThl TeHepaTopa, TOMHOCTM (a3on3Mepu-
TEeNLHOTO 610X, MOLHOCTY CBETOBOTO [IOTOKA Y APYTUX (aKTOPOB.

B papuopanbHOMepax B KayecTBe Hecynei YacTOTH UCTONb3YIOT 06bIYHO
3-CaKTUMETpPOBbIE 3TIeKTPOMATHUTHLIE BOJIHbL, & BMECTO UCTIONb3YEMOTO B CBETO-
AaNbHOMEpax NMacCUBHOTO OTPAXaTena — aKTUBHbIW oTBeTYMK. Ha KOHNAX u3Me-
PAEMOR NMHUN YCTAHABAMBAOT BEAYWYIO W BEOMYIO CTAHLUW, KOTOPhie YacTo
nenaioT B3aumo3ameHaeMbMu. IIpu n3mepernm obe cTaHMM paBoTAIOT KaK aKTUB-
Hble Pafn03NeKTPOHHbIE YCTPOMCTBA, PE3YNbTAT U3MEPEHUA NONYYAOT Ha BeRy-
mein craHumn. Ha 3Toit cTaHuumM paboTaoT ABa reHepaTopa 3NEKTPOMArHUTHBIX
kone6aHui — Hecymen vacrorst TMY,.

Ha Bepomoti cranuvu paGoTalnT Tpu reHeparopa — Hecymeit yacrots THY,,
mopynupyouedt vacrorsl TMY, u noprecyweit vacrotst TII4,. U3anyuaeMsie seny-
et craHumeil KoneGaHus Hecyuled 4acTOThl Wy; MOAYNUPOBAHH KoNebaHUAMY
MORYNUPYIOLEN YaCTOTH Wy;. BeAOMOW CTaHyMel n3nyJaoTca KonebaHus Hecy-
mewn JacTOTH Wy, MOAYNUPOBAHHEIE KONeGaHUAMU MOLYNUPYIOLIEH JACTOTH Wy,
M Kone6aHMAMN JaCTOTH! Wy, B CBOIO OYEPeRb MOAYIMPOBAHHEIE HUIKOYACTOTHDI-
MY KONIE6ARUAMU HACTOTH Q =Wy, — Wy,

CUrHanbl HU3KOM YaCTOTH MONYYANTCA B CMECUTENAX BEAYWEH M BEAOMOM
ctraHyui. PasHOCTh $a3 3TMX ABYX HM3KOYACTOTHHIX CMTHANOB, U3MEpPAEMan

192



Pasaea 1. UHKEHEPHO-reoAe3M4eCcKMe N3bICKAHUS

basomeTpom, paeT uHMOPMALUI0 06 U3MEPAGMOM PACCTORHMM. JINA paspeleHus
HeO\HO3HAYHOCTY UCTIONb3YIOT HECKONbLKO Pa3NUYHEIX MORYNUDYIOLMX JaCTOT.
OCHOBHEbIE IPEUMYIECTBA PAANOAANBHOMEDPA — BO3MOXHOCTb M3MEPATH 60Mb-
LI PACCTOSHUA M HE3AaBUCUMOCTb OT METEOPONOTUYEeCKUX ycnoBuit. Hepocrarka-
MM ABAAIOTCA: HEOBXOAMMOCTb PaBOTHI OAHOBPEMEHHO iBYX CTAHLNM; BO3MOXKHbIE
omwnbKU U3-32 OTPAKEHUA BONH OT MOACTUAAILIEN OBEPXHOCTU M OT 3AaHUA W
coopyxexnn; Gonbuian (2-3 cM) NOCTOAHHAA JACTh OTPEUIHOCTU U3MEPEHUA.

1.5.19. Knaccuthnkanus uusesnpos

HuBenvp nossonser onpepenuTh NpeBHIMIEHUA TOPU3OHTANBHEIM BUSUDHLIM
NYYOM, NO3TOMY KOKCTPYKUUA HWBENMpa AOMKHA 0BecrnedyuBaTh TOPU3OHTANDL-
HOCTb Ny4a BU3UPOBaHUA. OCHOBHLIMU ieTaNAMN HUBENUDA ABNAIOTCA: MOACTABKA
C MOABEMHEIMM BUHTAMW M Pa3MeljeHHble Ha anufiafiHod JacTH, umewen och
BpalleHUR, 3pUTeNbHAR TPYGa, AMNUHAPUYECKU YPOBEHb MNU KOMIIEHCATOP, KPYT-
NHIR ypOBEHb.

B 3aBUCUMOCTH OT METOA@ NPUBEACHUA BU3UPHOMN OCU B FOPU3OHTANBHOE TIONO-
)eHVe UMEIOTCR AiBA TUMA HUBEUPOB: C YPOBHEM IIPU 3pUTENBHON Tpy6e M KOMIeH-
CaTOpOM, O3BONAIOLIMM AaBTOMATUYECKWN IPUBOAUTD BUIUPHYIO OCh B TOPU3OHTaNb-
HOe NoNoXeHue.

Cornacuo I'OCT 10528-76 «Husenuper. O6mme TexHUIeCKUE YCNOBUAY BLITYC-
KaloT TpU TUNA HUBENUPOB: BLICOKOTOMHBIE, TOUHBIE U TeXHWUYECKWe. B Ha3maHun
HvBenvpa panoM ¢ 6yxsoit H uudpoit 06031HavaloT RoIycTUMYIO CpeHIOI0 KBaapa-
TUYECKYI0 OWMOKY U3MEDEHWA MpesbilieHWA Ha 1 KM ABOWHOIO HWUBENUPHOrO
xopna. Husenupet ¢ KOMIEHCATOPOM B Ha3BaHuu umeloT 6yksy K, a ¢ numbom — JI.
Bce coppeMeHHbie HMBEAUPH ¢ YPOBHAMW UMEIOT INeBALVNOHHEIE BUHTHI, ABNAIOT-
CA TNYXUMW, T. €. TpyGa HaTNyX0 CKpemneHa C UUAMHAPUYECKUM yposHeM. Huse-
NUPHL € KOMIIEHCATOPOM NO3BONAIOT YBEAMYUTL NIPOUIBORUTENBHOCT TPYAA NPH-
MepHO Ha 15-25%.

Komnencaropst knaccudmumpyior [1] no cnocoby xomnencayuu (C TORBVK-
HO¥ CeTKOM, C IOABUKHLIM O6HEKTUBOM, C TOBOPOTOM M CMELIEHMEM BUIUPHOTO
nyva); Mo cpedcmsaMm KoMneHcayuu (ONTUIECKUE, MEXaHUYeckue, ONTUKO-MeXa-
HUYecKue, XUAKOCTHBIE); N0 muny deMngepa (BOIAYLINbIE, MATHUTHMIE); 1O BUAY
TOAiBECKY (Ha MOAUIMITHUKAX, HA HUTRX, IPYKUHE) U Rp.

1.5.20. BricokoTouHble HUBEJHPBI
BLICOKOTOYKbIE HUBENUPHI UCIIONBL3YIOT AA HuBenuposarua I u II wnaccos,
TPU HUBENUPOBAHUU HA reopUHAMUYeCKUX NONUrOHAX W BLITONIHEHUWU HUBENUPO-
BaHWA B 0060 TOMHHIX UHXEHepHLIX pa60'rax. Cmey npeanmeuuﬁ onpeaenanT
193
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CO CpepHeR KBaApaTUYecKon ownbkon 0,5 MM Ha 1 KM ABOWMHOrO xopa. Bricoko-
TOVHbIE HUBENUPL JOJKHB UMETh 3PUTENBHYI0 TPYOY C yBENNYEHUEM He MeHee
40%, UMAMHADUYECKMI YPOBEHb C LEHOW AefeHUA He Gonee 10” Ha 2 MM wnu
KOMITEHCATOP C YYBCTBUTENbHOCTbIO 0,2-0,3", ONTUYECKU! MUKPOMETD € LeHOW
nenenns 0,05 MM, UCMOJIB3YIOT HUBENUPHble peviku PH-05, uMeowue uHBapHste
MOJIOCH! C OCHOBHOW U JONONHUTENLHON LIKANAMU C LLeHOW leNIeHNA 5 MM.

Bb1COKOTOYHLIN ypoBeHHbt# Husenup H-05 (puc. 1.90, @) ynoben B pado-
Te, U306payenne OTCUETHOW LIKanbl MMKPOMETPA M KOHLOB Ny3bipbKa YPOBHA
TlepefaeTcA B [ojle 3peHuA Tpy6Hl (puc. 1.90, 6), A1A NPEAOXPaHEHNA OT HEPaBHO-
MepHOTO HarpeBaHWA CONHEYHLIMW 1ydaMu 3puTeNbHaA Tpyfa MoMeleHa B Ten-
TIOM30NALUOHHBIA KOKYX.

Puc. 1.90. Husennp H-05 (a): 1 — 3pwutensHan Tpy6a
B TEPMOM3ONNPYIOLEM KOKYXE; 2 — KOHTAKTHLIA YpOBEHb;
3 — NOACTaBKa HUBENWMPA; 4 — YCTAHOBOYHbIN YPOBEHD;
(6): none 3penus TpyGu
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JIna ycTpaHeRuA yraa I UCTIONb3YWOT
ONTUYECKMI KAWH, BPAAWONINACA BOKPYT
BU3UPHOW OCM TPYOH W NMOMEIEHHEIH Me-
pen 06beXTMBOM. ONTUYECKMI MUKDPOMETD
WMeeT MAOCKOMApanaenbHylo MAACTUHY,
NIPU HaKNOHe KOTOPOW BUIUDPHEI NyY CMe-
1WwaeTCA MapannenbHo CBOEMY MepBOHa-
YanbHOMY HaMpaBieHWIo, HaKJIOH MAACTH-
Hbl QUKCUDYETCA MepeMemeHueM LIKanb,
u306paxeHne KOTOPOW MepefiaeTca 8 nane
3penus TpyGbl, OTCYET AEnaloT MO Kemo-
ABUXHOMY WHAEKCY.

Husenup Ni-002 (puc. 1.91, 1.92) Bol-
nycxaoT B [epMaHum, OH UMEET 3epKanbHHR

KOMIT@HCATOP U NPAMOE U306paMeHue B 3pn- Puc. 1.91. Husenup
TeNbHOW TpyGe. YyBCTBUTENbHEIM 3NEMeH- ¢ Komnencatopom Ni-002:
TOM KOMNEHCATOPa ABIAETCA ABYCTOPOHHER 1 — o6beKTu; 2 — 3epKanc
IWI0CKO® 3epKano, MoABeleHHoe B BuAe Ma- YCTaHOBOUHOTQ YPOBHS;
ATHWKA B CXOAAWLEMCA NYYKe Nyuewn, AeMm- 3 — oKynsp; 4 — NOACTaBKa
tdep — Boapywnbii. TloBOPOT 3epxana Ha HuBenAupa

180° BOKDYT BEpPTUKANbHOW OCY [O3BONAET

MCKMOYUTL BAMAHME OLINMGKM 32 HEAOKOMNIEHCALMIO B OTCYETAX N0 PerKe Ipu
ABYX TONOMEHUAX 3epKana. PokycupoBanve 3puTeIbHOR TPYOH OCYleCTBARET-
CA MepeMelleHneM 3epKala OTHOCUTENbHO ofbekTnBa Tpy6ul. CeTka Huteit co-
BMeleHa ¢ 00BeKTUBOM, YTO UCKIIOaeT oMKy 3a NepedOKYCUPOBKY TPYOHL U
ofiecrieymsaer cTabunbHOCTb YIAa i, PU BHIYCKe HuBenupa ¢ 3asopa i < 37,
H306pamene mkanst MUKPOMETpa ¥ aMIyJibl YCTAHOBOYHOTO YPOBHA NepesjaeT-
cA B HOKaNbHYIO NOCKOCTb OKYAAPa. Mi3Mepenne ponet neneHna perkn Buion-
HAETCA NMYyTeM NEepeMeleHua B BePTUKANLHOW IIOCKOCTU 06BEKTMBA C CETKOM
HUTEM W HarlyXxo CKPemneHHoh ¢ 06HeKTMBOM WIKaNnov MukpoMeTpa. Husennp
Ni-002 nmpw BLICOKOW TOYHOCTY [O3BONAET CYWeECTBEHHO MOBLICUTh IPOU3BOAU-
TENbHOCTH TPY/AA, 0CO6EHHO MPU MOTOPU30BAHHOM (C UCIONb30BAHMEM ABTOMA-
WV Hb) HUBENMPOBAHNK.

B HacTORllee BPEMA WM3TOTAaBAUBAIOTCA UMQPOBbIEe HUBEAMPH (Hampumep,
DL-101C/102c, dupma Tonkon, Anomusa) aaa vusenuposanua I n II knacca v ana-
JIOTUYHBIX IO TOMHOCTM PaBoT. B KOMINEKT BXOAAT WITPUXKOZKOBLIE peitkn, T03BO-
NAWIME BBTOMATUYECKU OMPENENATh PACCTORHUA U MPEBLIUIEHMA B UU(DPOBOM
BWAE, MOBLIAIT TPONIBOANTENLHOCTD TPYAA HA 50%.
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Puc. 1.92. OnTuyeckan cxema Hu8ennpa c komneHcaropom Ni-002:
1 — KNUHOOGPa3Hoe 3aWNTHOE CTEKNO; 2 — CETKA HUTel; 3 — obbekTus;

4 — 3epKano KoMneHcaTopa; 5 — nepeknouarens KoMneHcaropa; 6 — npusma
NOACBETKM; 7 — KECTKMA UHAEKC MUKPOMETPA; 8 — 06beKTHB; 9 — wKana onTuuec-
Koro MukpomeTpa; 10 — 3epkano; 11 — 3epKano yCTaHoBOUYHOrO YPOBHS;

12 —yCTaHOBOYHbIA YPOBEHL

1.5.21. Tounsle HUBeJMpPHI

TouHble HWBENMPHI UCTIONBL3YIOT ANA Husenuposanusa III w IV knaccos n
APYTUX paboT, B KOTOPHIX NpeBbilIeHUe Ha 1 KM IBOWHOrO X0Aa ONpefeNAeTca co
CpenHen KxBappaTUuecKoit omubkoi no 3 MMm. B XOMIinexT ToyHoro Husenupa H-3
BXOQAAT ABe LauleyHste peitxu Tvuna PH-3 (o FOCTy 11158-83) n wrarus IIP-120
(o TOCTy 11897-78).

Toyrbtit Husenup H-3 ¢ yposHeM (pnc. 1.93) ABNAGTCA IIYXUM HUBEIUPOM C
3BAZULMOKHBIM BUHTOM 3 M KOHTAKTHBIM YPOBHEM 2, W306paXeHWe KOHL 0B My3bipb-
Ka KOTOPOTO IEepeaeTCA B NONE 3PEHVA TPYObl. INEBAUUOHHLIA BUHT TpU Bpalle-
HUV [IOBOPAYMBALT BEPXHIOW YacTh Mpubopa Ha HeGonbluve Yribl BOKPYT TOPUIOH-
TAILHOW OCU. 3purenbHan Tpy6a 1 ¢ BHYTPeHHeN GOXYCUPOBKOW UMeeT yBenuye-
Hve 30x u pact o6parHoe nioGpakenve. [leHa neneHvs UUIMHAPUYECKOTO YPOB-
HA 15”/2 MM. BepxHAf yacTh HUBENUPA Yepe3 NUHeNKY 4 coenHeHa C 0Cblo Bpaiye-
HuA 5 1 MOXeT GbITh 3aKperneHa BUHTOM 6. [INA TOUHOTO HaBeleHNA Ha BUIUPHYIO
nenb (Peitky) MeeTcA HaBORALUIA BUHT. [INA PUGIVIKEHHOR YCTaHOBKY OCU Bpa-
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11eHUA HUBENUPA B OTBECHO® MONOoNKe-
HUe UCIIONL3YIOT KPYIAbIA YpoBeHb 7.
Ha pvcynke 1.94 mpusepieHo v306pa-

2

WeHue ronf 3pedva H-3.
Husenup Ni-007 ¢ xommexcaro-

poM (puc. 1.95) npennpuatua «Kapn
Ileitc Mena» (6. TIP) umeer dopmy
TIePUCKOITa, NCrONb3YeTCA ANA HUBe-
nuposanua 1L, IIT w IV xnaccos.
Veenudexue 3puTeNbHONR TPYOH —
31,5%, puamasoH paboTH KOMIIeHca-
Topa 10°, YYBCTBUTENBHOCTL KOM-
nexcaropa — 0,15”. Buaupubin nyy
(puc. 1.96) IpoXoauT Yepes 3amur-
Hoe CTeKJ0 1, IeHTanpusMy 2, 06bex-

Y
o~

!B 3. MeMpy cetkon Huren 7 v do- Puc. 1.93. Cxema Husenupa H-3

xycupylomeﬁ JIMH30# HAXOAUTCA KOM-
TIeHCaTop — MOABeLIeHHan B TOUKe 9

C3neBaUYNOHHbIM BUHTOM

Ha MEeTaJIMYeCKOW NEeHTOYKe-phiYare IPAMOYroNbHaA fpusMa 6. IIpu Haxnoxe
HUBENUMPa Ha Maiblit yron 0. < 10° BU3vpHas 0Ch aBTOMAaTUYECKV YCTAaHaBNUBALTCA
B TOPU3OHTA/ILHOE ITOJIOKEHUE C TOYHOCTHI0 OT 0,5 10 17 B 32BUCMMOCTY OT yrna

HaxnoHa npubopa. IleHTanpu3My UCTIONL3YIOT B
KayecTse ONTUYECKOTO MUKpoMeTpa. 0cTuposky
yrna i BHIONHAIOT BUHTAaMU CeTKu Huteit. Mpu
HuBenuposaxuu II knacca 8BUAY CPaBHUTENbHO
He6GonbwIOro yBenuueHus Tpy6 (31,5x) paccro-
AHWE OT HUBENUpA [0 PeeK PEKOMEHAYIOT He 60-
nee 35 m [22].

Hueennp H-3K (puc. 1.97) umeer sepxuion
TIOJIBYKHYI0 U HVKHIOK HEIIOABWKHYIO YacTH.
BepXHAR YacTh BKIIOYAET 3PUTENbRYIO TPY6Y
BHYTPeHHel QOKYCUPOBKO, HArNYXO COEAUHEH-
HYI0 C Kpyraow nopcraskoit. Hemopswxuas
4acTh UMeeT MOACTABKY C MOABEMHLIMU BUHTaMN
W IPYKUHHYIO TUIACTUHY C Pe3bOOBLIM OTBEDPCTH-
eM J\ns CTaHOBOTO BUHTA. 3pUTeNbHaA Tpy6a AacT
obpaTHoe n3obpaxenue ipenMeToB. ONTUKO-Me-
XaHWYECKUI KOMIIEHCATOp MaATHUKOBOTO TWUIA

B

e

Puc. 1.94. None 3peHun
Husenupa H-3:

1 — KOHTaKT U306 paxeHus
KOHLL0B NY3biPbKA YPOBHSA;
2 — OTCYUeT NO CpepHelt HUTU
cetkn — 1243 MM
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*
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o —

N 2

Puc. 1.95. Husenup c KoMneHca- Puc. 1.96. Ontnuyeckan cxema Husenupa Ni-007:
Topom Ni-007: 1 — 3awwnTHOE CTeKNO, 2 — NeHTanpu3Ma;
1 — obwexThs Tpy6bI; 314 — nuH3b 0BBEKTUBA; 5 — KOMNeHCaTop;
2 — ronoBKa OTCYETHOro 6 — NPAMOYroNbHAA NPU3Ma;
ycTpoiicTea; 3 — nogcraBka 7 — ceTKa HuTeit; 8 — oKynsp;
HUBeNUPA; 4 — OKynAp Tpy6el 9 — TO4Ka nogBeca Komnexcaropa

TOMeWeH B CXOAAWEMCR NYYKe Nyyen Mexay GoKycupylomei IMH30M U ceTron
HuTen.

Buaupustit nyy (puc. 1.97, 6) yepes 06bexTus 1 u GOKYCUPYIOWYIO IUH3Y 2
TIoMTafaeT Ha YYBCTBUTENbHbIA 3/1€MERT KOMITEHCATOpa — TOABWKRYIO NPUIMY 7,
MOABELIEHHYI0 HAa ABYX CKPEIMBAOLWNXCA CTalbHHX HUTAX 3, HENOABWXHYO
NPU3MY 6 KOMIIEHCATOPa, 3aTEM HA CETKY HUTeR 4 M B OKynAp 5. Konebanua
KOMITEHCATOPa racATCA BO3AYNIMBIM feMndepoM 8. Yron i 10CTUPYIT BUHTAMU
cerTku kureit. Husenup H-3K Brinyckaior ¢ numbom (H-3KJT) u 6es numba. Ot-
cyet no numby no 0,1°.

Husenup C3, ¢upmut Sokia (fnorus) umeeT 3puTenpuyo TPy6y mpaMoro
n3o6pa¥erus c yBenuyeHueM 22%. KoMneHcaTop MogBeLIeR Ha YeTHPexX HUTAX,
MMeeT AMana3soH paboThl +15', TOYHOCTb CAMOYCTAHOBKY) JIMHWUM BUSUPOBAHMA 0,5,
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Pazaer 1. UHxeHepHo-reocaesnyecikue nsbiCKaHus

Puc. 1.97. Huseaup H-3K: @ — 06wt Bua: 1 — ronoska okycupytowero ycrpoi-
CTBA; 2 — rONOBKA HABOAAILETO BUTHA; 3 — NOJBEMHbIA BUHT; 4 — OKYARD;
5 — 3epKano KPYMoro yposHa; 6 — UCNPABUTENLHBIN BUHT KPYFNOFO YPOBHA;
7 — KpYrblil ypoBeHb; 8 —— NO[CTaBKA; 6 — ONTUYECKAN CXeMa KOMNEHCATopa:
1 — 06beKTuB; 2 — GOKYCHPYIOLLARA 1MH3A; 3 — HUTU NOJBECKY;
4 — NnacTuHa CeTKW HUTEN; 5 — OKYNAP; 6 — HenofBIKHAA NPU3MA;
7 — nogseweHHan npuMa; 8 — ycnokoutens konebanui

emnpep — MaruuTHbiA. Ownbka Ha 1 XM ABOUHOrO xoga — 2,0 MM. Husenup
uMeeT HeGOMbLIME Pa3Mepbi, 3alMIIEH OT AOMKAA, CYy4aHOI'O NOMIaJaHUA BIArU U
NbUIM, MOXeT PaBoTarh B NMIOGLIX YCAOBMAX: 3amMujeH OT BuGpauuu, yaapos u
HeGnaronpuATHLIX YCLOBUI OKpykawomen cpegst. Hanuune cepuyeckoro oro-
7I0BKa LITaTUBA NO3BONAET JIETKO U BLICTPO YCTAHABAWBATL HUBENUD faXe Ha He-
POBHOW NOBEPXHOCTY. I[oCNe YCTAROBKM NO KPYINOMY YPOBHIO BHIMONHAIT U3Me-
perus. [Inf HaBefAeHUA Ka PeWKY HYXXHO NOBEPRYTb HUBENUP W RaBOJAWMM BUH-
TOM (MMETCA HaBOAAmME BUMTHL C 06enx CTOPOH) TOYHO HaBECTU HA PewKy.
MunuManbHoe paccTofHue hoxycupoBaHufa — 0,3 M. MMeeTCA rOpU3OHTaNLHbIA
KPYT C LleHo% genexua 1°.

1.5.22. Texunyeckue HMBEJUPHI

Texruyeckue HUBENUPH UCIIONB3YOT ANA HuBenuposanus IV xnacca n Ana
TEXHUYECKOTO HUBENUPOBAHUA.

Husenup H-10 u H-10JI ¢ yposrem (puc. 1.98) U3rOTOBAANCA C IapOBON
TIATOW W CTlelManbHbLIM WTaTUBoM noa wuopom HT(H-10). Husenup 2H-10]1 —
BTODaA MOZENb C YPOBHEM, SAUBALUOHHBIM BURTOM 1 NUMEOM Ha 06b14HO nop-
CTaBKe C NOABEMHLIMM BUHTaMN. 3puTenbHag Tpyba ¢ BHYTpeHHe oxycupos-
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KOl ¢ ysennuenueM 22% u o6par-
HLIM 1306 paXeHneM, NunInHgpuyec-
KWit ypOBEHb UMEeT LeHY AeNeHuA
45”/2 MM, neHa penenuA numba 1°,
CPEeRHAA KBajpaTMyeckas omubka
Ha 1 kM pBOVWHOro xopa 10 MM.
B xomnnext xusenupa 2H-10JI Bxo-
DAT MalleyHete peiku tuna PH-10 no
TOCTy 11158-83 n wrarus IIP-120 o
TOCTy 11897-78.

Hu phl ¢ P
H-10K)JI u 2H-10KJ.- H-10KJI
(puc. 1.99) uMelT nNOManyo 3pu-
TENbHY0 TPYOY C yBenndenuem 22%
Ge3 dokycupyonen TUH3H, ee HyH-
Kuun BhUTONHAET cBOGORHO nopse-
NIeHHaA MPAMOYTONbHaA MpPU3Ma.
KommercaTop MaATHUKOBOTO TN,
pemndep — Bo3pymnbin. Hemop-
BUXHAA 4aCTb KOMIIEHCATOpa — ABe
MIeHTaNPU3MBL, CKpenleHHble Mexay
€060 061UM OCHOBAHMEM, HATNYXO
YCTaHOBNEKE B KOpNyce Kusenupa. JIpu doxycuposanuu NpAMOYTONbHAA NPUIMa
NiepeMelaeTcA BBEPX U BHU3 IO CanaskaM BMecTe ¢ ieMndepoMm, Npu ITOM CoXpa-
HAGTCA HEU3IMEHHOCTb NONOKERUA BUIUPHON OCK W He HAPYWIAeTCA YCI0BUE KOM-
nexcanuu. KoMmercarop npoct, HapexeH n BOCTATOUHO YYBCTBUTENEH, YCTONYNB
¥ KonebaHuaAM TeMneparypsl v Bubpanuam. I0cTnposka yraa i BLINONHAETCA Nepe-
MeweHneM CeTKn HuTen. B xomnnekt Husenupa BXxopaT peiku PH-10 ¢ packpac-
XOW ANA NPAMOTO n3o6pamenna n mrratus LIP-120.

C 1988 r. KuBenup Buinyckator nog wudpom 2H-10KIT co cnepyowumu TexHu-
JeCKuMn HOBLIECTBAMM [1]: TUTOM KOMYX YMEHBLIEHHBIX pa3MepoB, HecKoHeuHaA
Tiepenaya HaBORAWErO BUHTA, apPeTuP W KHONKOTONKATEb KOMIIEHCaTopa, BU3Up
Ha KoXyxe, yRo6xoe OKHO A HaBNIOREHNA KPYTIOT0 YPOBHAMMU AP, MeTponoruyec-
Kue XapaKTePUCTUKHM 3TOTO HUBENUPA NPEBOCXOAAT COOTBETCTBYIOLINE XapaKTepuC-
Tuku H-10KT (nanpumep ana 2H-10K7T myy, =3,3, a pna H-10K1 — 8+9 mm).

Husenup ¢ xoMnencaropom Ni-025 sninyckaioT 8 fepmanuu. OnTuko-me-
XaHUYECKUN KOMIIEHCATOP MaATHUKOBOIO TUNA, YYBCTBUTENbHLIA 31€MEHT KOM-
MeHCaTopa — MOABELIeHHHE Ha MPYKUHHOM LIaDHUPE K XKECTKO CKpellleHHbe

Puc. 1.98. Huseanp H-10/1 (HT):
1 — waposas nATa; 2 — KOXyX;
3 — UMNMHAPUYECKWil YyPOBEHb;

4 - ofbeKTHB; 5 — 3pUTenbHan Tpyba;
6 — ronoska oKycHpylolero ycrpoicrea;
7 — KpbiWKa OKYNApHO A TpyGKM;

8 — okynAp; 9 — KpbilKa UCNpaBUTENb-
HbIX BUHTOB UUAUHAPUYECKOrO YPOBHA;
10 — 3NUBAYWNOHHBIA BUHT;

11 — ropu3oHTaNbHbIA NUMB
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MexXny co60w iBe NPU3MBL, feMndep — BO3AYIIHLINA.
3puTenbKan Tpy6a ¢ BRyTpeHHeW HoXycupoBKon u
NPAMBIM n306paxerueM. Husenup usrorasnusaior
C rOPU3OHTaNbHLIM KPYFOM 1 6€3 Hero, HauMeHbliee
nenenue xpyra 10°, TOYHOCTL OTCYeTa MO UHAEGKCY
1-2’. 10cTvpoBKa yraa I BHINONHAETCA mepemele-
HUEM CeTKW HUTeil. 3aKpemnTeNbHbA BUHT OTCYT-
CTBYeT, HABOAALMA BUKT C 6ECKOHEYHEIM IPUBOROM
NMeeT TONI0BKYU C JBYX CTOPOH. B KOMIneKT BXOBAT
nBe alieyHble Peitkn n pasaBuNHOK mTatue. lpn
yBenuyeHuu Tpy6t 25-28* Ni-025 CUMTal0T TOYHLIM
HUBEMPOM.

1.5.23. JlazepHbie nuBeJHpbI

JNasepnstit Husenup HJN-30 usroraenausaer
Ypanbckuit ONTHKO-MEXaHWYECKWit 3aBOR, MpenHa3-
HaueH AJA W3MEepPeHWA NMpeBbILIeHUN, NMOCTPOeHUA
TOPU3OHTaNbHOW U BEDTMKANBHOW NNOCKOCTER W
KOHTPOJIA TOYHOCTH BHICOTHOTO NONOXKEHNA KOHCT-
PYKIUMN NPK MHKEHEPHO-Teofe3nyeckux paborax B
crpoutenncrie. HJI-30 MOXHO ucnmonb3oBats mpwu
reone3’uyeckux Pa3GuBONHEX paGoTax, Npw BhLINON-
HEHMU CTPOUTEILHO-MOHTaMNBIX PaBoT: RMBENUPOBAHMM IO TOPU3OHTANM MTONOB,
MOTOJNKOB, NOCTPOEHUM OMOPHBIX W PA3METOVHLIX NWUHWA ANA YCTAHOBKW CTEH,
Neperoponok u T. i. Iipu6op n3nyuaeT KpacHLIN Na3epHLIA NY4 B ABYX B3aAUMHO
NepNeHANKYNAPHLX Ranpasneruax, Ognuu u3 nyuei, Bpamascs, ofpasyer nasep-
HYI0 NNIOCKOCTb, KOTOPAS MOXET GBITb TOPU3OHTANBHOM UNY BePTUKANbHOW, ADY-
TOit Ny NPOENUPYET BURUMYIO OPTOTOHANBLHYI0 TMHUIO.

CpennAas kBappaTuyeckad ommbKa U3MEPEHWA MPEBLIIEHNUA HA PacCTOAHMUU
15 M — 2 MM. JlansHocTs — 100 M ¢ mpueMHuKoM n 30 M — 6e3 mpuemHuka.
HwBenup KOMINEKTYeTCA ATEKTOPOM ANA GHICTPOro M TOYHOrO ONpeReNeHuA no-
NOXEHUA Na3ePHON NNOCKOCTU U CITEUAILHON HUBENUPHON PENKOTA.

Jlazepusiit nuBenup AS122 (Iseiuapua). HuBenup no3sonseT CTpOUTS ro-
PW3OHTa/bHBIE NNOCKOCTW W 33aAaBaTb HaKNOHHbIE NNOCKOCTY, uMeeT 100%-Hy0
Tbiie- ¥ BOJOHENPORUUAEMOCTb, BO3MOXHO 060pYAOBaHNE ANCTAHUMOHHLIM YIi-
paBneHueM, TOYHOCTb +10 MM Ha 100 M u +1,0 MM Ha 10 M. MmeeTca wupoxui
BHOOD PYYHHIX NMPUEMHUKOB W NMPUEMHUKOB M3NYUEHUS, YCTAHABNUBAEMBIX Ha
Manvust (6ynbn03ep, ckpenep u T. A.).

Puc. 1.99. Husenup
H-10KN: 1 — Koxyx;
2 — 3epKano;

3 — okynap;

4 — HaBOASWWIA BUHT;
5 — OKHO JNA OTCHETOB
N0 WKane ropu3oHTab-
HOFO Kpyra
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1.5.24. Husesupnsie peitku

Cornacro 'OCTy 11158-83 suimyckalor Tpu Tunia peex: PH-05, PH-3, PH-10.

PH-05 — WITPUX0Ban TPeXMETPOBAA Peitka C UHBAPHOW NONOCOM, HA KOTOPYIO
HaHeCeHE! OCHOBHAA W NOMONHUTENLHAA WKank ¢ penernamu 5 MM, HP-05 mpep-
Ha3HayeHH pnf HuBennposanua I v II knaccos v BBICOKOTOYHOTO HUBENNPOBAHNA
B IPUKNAAHOW reofie3nn, reofMHaMuKe U T. ML, MX MOXHO WCNONb3OBATb U NpW

Puc. 1.100. NpuxagnexHo-
(=21]

ANA reOMETPUYECKOro
HUBEAUPOBAHHA:
a — WKanosas pevika;
6 — 6awmaK; 8 — KoOCTbiNb

HuBenuposanum III knacca B KOMIUIEKTE C HUBe-
nnpoM N2, Ni-007 v mp., uMelomnuMn onTudeckne
MWKDOMETDHL.

PH-3, PH-10 — caHTUMeTpOBLIE, LIALIEYHbIE,
ABYCTOPOHHME, 3- N 4-MeTPOBbIE PeliKu, N3roTas-
JIMBaeMble U3 BHAEPKAHHOTO, TPONTUTAHHOTO Mac-
NOM XBOWHOTO HEpeBa, lieNbHble WU CKNapHbie.
PH-3 wvcrions3yoT npu Hveennposanun III v IV
knaccos ¢ Husenupamu H-3, H-3K v npyrumu pas-
HOTOUHBIMU UM HUBENIVNPAMU.

[Ina ¥wBennposanua I-IV xnaccos npumens-
10T, KaK TPaBUNO, LelbHble TPEXMETPOBLIE PEitKN.
Kot peex OXOBLIBAIOT, K XOPNYCY peiikn mpu-
KPemnAIT PYYK® W KPYrable YPOBHM C LIEHOM pe-
neHus 7+15" Ha 2 MM. IIpu reoMeTpnyeCcKoM Hu-

' BEeNWpPOBAHUN peium YCTAHABANBAWT HA Gaumakn

nan xocTsinm (puc. 1.100). OcHOBHBIE METPONO-
ruyeckue XapaKTEPUCTUKW HWBENAUPHHX peex
TpliBepeHE B Tabmmue 22 [1].

Tabnuya 22
Tun peex
XapakTepucTuka be

PH-05 PH-3 PH-10
OnvHa peiku, Mm 3000 3000 4000
[fonyctuman pasHocTb Mexay CpeaHen AnuHON MeTpa 0.15 08 15
napbi peek komnnexkTa, MM ' : k
Crpenka nporuba Ha BCK ARHY Perku, Mm He Gonee 3 6 10
[onNyCTUMOE OTKNOHEHUE OT HOMMHAMNBHOTO 3HAYEHNS £0,05 £0.20 05
[ANVKBI HAUMEHBILEro UHTepBana, MM
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1.5.25. HceneoBanya ¥ MoBepkH HUBEJIMPOB ¢ YPOBHAMY

Mceneposanna n MOBEPKM HUBENUPOB BHIONHAWT ANA ONPeeneHus UX Ipn-
TORHOCTY ANA POM3BOACTBA PaboT, ONPEREeNAoT METPONOTHYECKNe XapaKTepuc-
TUKYK ¥ ROBUBAIOTCA COBMORCHUA TEOMETPUIECKNX YCNOBUN [2],

Tlepen HayanoM paboT NPOBEPSIOT: KOMINEKTHOCTb IPNBOPA, ero YCTOHYNBOCTS,
MNaBHOCTb XONa HABORANMX, 3N€BALNOHHBIX, TOABEMHbIX BUHTOB, BAIEHNA BOKPYT
BEPTUKAIbHOW OCH, INABHOCTb NepeMemenya GOKYCUpyomeit IMK3bY, YNCTOTY ON-
TUKW, JeTKOCTh N306PaMEHUA CETKU HUTEW, KOHLOB MyY3bIpbKa YPOBHA U LITPUXOB
NIKaJIbt MMKDOMETPA. INeBALMOH HbIV BUHT YCTaHABANBAIOT B CpeAiHEe NONOMEHUE,

HcenepoBanua HuBenupa

1. Onpepenenue yBenUYeHUA 3PUTENLHOR TPYOL
1) no peiike ¢ ncronb3oBaHmeM GopMynbl

T =n/N,
TRe n — YNCNO NeNIEHNA, BUAUMOE HEBOODYKEHHbIM Pna3oM, B N jenernax, suan-
MbIX B TPYOY;
2) myTeM onpeneneHUA U3MEpNTENbHOM NYNOK AnaMeTpa D BXOZHOrO OT-
BEPCTUA U AnaMerpa d BHIXOAHOTO 3pavka, yBenuuenne
Ir=n/d.
2. OnpepieneHue yrna NonA 3peHns 3pUTeNLHOA Tpy6b
1) o pe’ike OnpenenAOT OTPE30K [, BUAMMBIA B IIONIE 3DEHNsA TPYOH [0 BEPTH-
KanbHOW HWTH, U U3MEPAIOT PAaCCTORHME S OT HWBEANDA O Pelikn, 3HaveHne

2w =Ip/s;

2) IO FOPU30HTANLHOMY KPYTY, ECM OH UMEEeTCs, AeNakT OTCHETH d 1 8 PN
HaBeAeHWM KpaAMn IO/ 3DEHNs Ha OOHY U Ty e TouKy. B aToM cnyyae

2w=a-s.
3. Onpepenenue ko3pdunnenra panbHoOMepa BLHITONHAOT IO GopMyne
C=(S-c)/L,
rpe S - pnuHa 6asnuca, ¢ — MOCTOAHHARA, yKasaHHas B nacnopre Husennpa, | —
OTpe30K IO pelike MeXAY BEPXHEW W HVXHEW NaNbHOMEPHLIMU HUTAMN.
4. OnMpesienexue UEHLT AeNEHUA YPOBHA
1) ra sx3aMenarope (cM. . 1.54) no GopMyne
(%2 -a )1
e

1=
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TAe a,, @, — OTCYETH IO BUHTY 3K3aMeHaTopa 10 Y oC/e NepeMenieHuA y3slpbKa
YPOBHA Ha n NeNneHnw, L — LeHa feleHUR 3K3aMeHaTopa;
2) IO pevike C UCITONb30BaHNEM (OPMYNLL

=20,
ns
TAe @y, @, — OTCYETH O PeWiKe 10 W NOCNe NepeMenieHUA MY3LIPbKa YPOBHA Ha n
nenenuit, S = (50 - 60 M) — paccTOAHNE OT HUBEANPA 0 PEHKN.

5. IloBepKa u 10CTUPOBKA UAUHADPUYECKOTO YPOBHA. 0cb YunuHdpuyecko-
20 yposHA JonxHa 6bimb nepneHOUKYNAPHA OCU BPAUEHUR HUBenupa. Brmonus-
©TCR KaK B TeononuTe. ECm HUBENUP MMeeT 31eBaNVOHHLI BUHT, TO NIOCAE [IOBO-
POTa HMBENUPA Ha 180° My3blpeK YPOBHA MEPEMENjAlOT Ha TIONOBUHY AYTH OTKAO0-
HEHUst 311eBallMOHHBIM BUHTOM, TaKoe NONOXEHNe 3N1€BaliMOHHOT0 BUHTA Ha3blBa-
10T HOpManbHbIM omcuemoM. [I0BepKy BHINONHAIOT B HECKONLKO NMPUEMOB, TIOKa
TIy3BIPeK YPOBHA He GYAET OTKNOHATBCA OT HYJIb-NYHKTA GOJIee YeM Ha OiHO Aene-
HUe NP N106OM TONOKEHUU YPOBHAR.

6. IloBepka 1 WCTMPOBKA CETKU HUTeW. BepTnKanbHas HUTb CETKU JOMKHA
GbITh TapannenbHa 0Ck BPAIEHWUA HUBENUPA, @ TOPUIOHTANbHAR — MEPNEeHAUKY-
nApHa 3TOR ocv. Och BPaleHUA HUBENUpPA NPUBOAAT B OTBECHOE NONOMEHMe.
OpvH KOHel, BEPTMKANbHOM HUTU COBMEWANOT C M306paxeHneM B Tpybe HUTH OT-
BeCa, IOABEWEHHOTO B 15-20 M OT HUBeAWPa B 3AMIEHHOM OT BeTpa MecTe. Ecan
BTOPO# KOHE HUTU CETKU OTXOAUT OT HUTH OTBeca 6onee yeM Ha 0,5 MM, TO CETKY
HUTe? MOBOPAuUBAKT A0 CMEWEHUR C HUTHIO OTBeCa. [Inf MPOBEPKW TOPU3OH-
TaNbHOW HUTU CETKU TPY6Y MNABHO MOBOPAYMBAIOT HABOAAIIMM BUHTOM O a3un-
MyTy. ECAM HUTb CETKM CXOAMT C BHIGPAHHOW TOYKM WIU BENEHUR PehKu, TO
CeTKY HUTEeR HYXHO 3aMeHUTb. ¥ CeTKM HUTER C KANHOBLIM BUCCEKTOPOM OCb
6uccekTOpa AONKHA HHITh NEPIIEHAUKYNAPHA BePTUKaNbHOW HUTH. [JIA ToBEPKM
3TOT0 YCIOBUA TOYHO YCTAHABANBAIOT MY3HPEK YPOBHA B HYJIb-NIYHKT, HABOAAT HA
XOpOLIO BUAUMYIO TOUKY, YAUIEHHYI0 OT HUBeANpa Ha 6—7 MeTPOB, TOPU3OHTANb-
HYI0 HUTb CeTku (TOuKy g, puc. 1.101) ¥ OTCYNTHBAKT 110 WKane ONTUYeCKOro
MMKPOMETpa — OTCYeT AOMKEH ObITh 61M3KMM K 50. 3aTeM HaBOJAT Ha BEIGPaHHYI0
TOYKY TOYKaMu 6, 8, 2 TOPU3OHTANbHOW HUTU ¥ 6uccerTopa n GepyT otcuers. Ecnm
[(a +6)/2] - [(8 +2)/2] > 2 nenenni, TO HYKHO IAMEHUTb CETKY HUTEN.

7. Hosepxa U OCTUPOBKA CAABHOTO YCAOBUA. JIpoeKyuu BUUPHOU Ocu mpy-
61 U OCU YUNUHOPUNECKQ20 YPOBHA HA 20PU30HMANBHYIO U OMBECHYIO NIOCKOCMU
donmHBl 6bImb napannenstel. Ilepyio YacTh NOBEPKY BLUTONHAKT IPU NONYYe-
HUUW HOBBIX HUBENNPOB Y Nlepes, KayanoM nonesbix pabot. HuBenup ycranasnuaa-
T B 50 M OT 3aKpennieHHOW Deiikn TaK, YTOOGH NMHUA, COEAMHALAA OCH
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Pasaen 1. VHxeHepHO-reoaesneckue U3bICKaHus

TOABEMHBIX BUHTOB 1 W 2, 6bina MepleHAuKy-
NIApHAa BU3NPHO OCY, a och BUHTA 3 pacnonara-
nach B 0TBECHOW mnockocTn. Och BpamweHns Hu-
BEAWpA TIaTeNbHO IPUBOJAT B OTBECHOE IONO-
WeHWe, My3HpeX YPOBHA YCTAaHABNMBAWOT B
HYNb-NYHKT, eNaloT 0TCYeT Mo peike. [InaBHbIM
BpalleHMeM BUHTOB 1 U 2 Ha 2-3 nonHbX 060po-
Ta B PasHbie CTOPOHLI AAIOT HMBENUDY 6OKOBLIE
HaKNOHBl B ONHY, 3aT€M B ADYTYI0 CTOPOHY, IpU
3TOM OTCYET MO pedke He JONMEH UIMEHUTBCA.
Ecnu B 06onx cnyvasx Ny3bipek YpOBHA OCTAeTCA
B HYNb-IYHKTE W1 NEPEMEIAETCA B OAHY CTOPO- Puc. 1.101. Uccneposarue
HY, TO YPOBEHb YCTAHOBNEH MPABUNLHO, €CIU Ke CeTKU HuTed

B pa3Hbie CTOpOHH Gonee yeM Ha 1-2 penenws

YPOBHA, TO NONOXKEHWe LUMNMHAPUYECKOrO YPOBHA WCNPABAAIOT €r0 GOKOBBLIMM
VCTIPaBUTENLHBIMU BUHTAMY.

Bropy10 YacTb NoBePKM BLUTONHAIOT ABOWHBIM HUBeanposannen, Ha paccro-
AHWUW 48 M BHIGUPAIOT HA POBHOW MECTHOCTY [iBE YCTOWYUBBIE TI0 BLICOTE TOUKY, Ha
KQTOpHle YCTaHABNUBAIOT MO YPOBHIO W 3aKPEMAAIOT Peitku 1 u 2, 4To6H mpn
BLUIONHEHUM NIOBEPKM OHU OCTABAANCh HemonBWHbIMU. HuBenanp ycradasnusa-
10T MPUMEPHO B CTBOPE PeeK Ha PAacCTORHWUM 7 M OT Pedku 1, MPUBORAT Ny3bipek
UMNUHAPUYECKOTO YPOBHR B HYNb-IYHKT, HABORAT Ha PeiKy 1 U BepyT oTcyeTH
301U 3 10 o6enM LIKanaM, 3aTeM HaBOPRAT Ha PeRKY 2 u 6epyT orcueTsl Iy, u Il '
(puc. 1.102). Ha cT. 2, pacmonoxeHHo# B CTBOPE peek Ha PacCTOAHWU 7 M OT
peitku 2, 6epyT orcueTr 3y, U 32, 3ateM Ilpy v Iy, Habnionenus Ha o6enx
CTaHUMAX COCTABAAIT OQUH NpueM. Onpenensior NpesLllieHUs

hy = 05(30, - oy + 30 - Mga);
Py =0.5(30, = lgg + 352 = Tga)-

Yron i onpepensior no popmyne

b=t .

i= p”.

C2(2,-Dy)
Tipu D, =7 M, D, =41 M, p” =206 265";

" =3(h, - hy),

rpe i — B YINOBbIX CeKYHAAX, (hy - h,) — B MM.
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Cnpc: BOYHMK COBPEMEHHOIO U3bICKATEAS

1 . 2
Cr2
302.3n2 pe- NeaNpa
3031 i o1 Mg,
-1 fe— 7m —
€ Ds=7m D,=41m

Puc. 1.102. Mosepka rnasHoro ycnosus Huseaupa

Ecnv B nepBoM npueme i < 10”, TO BHIMONKAIOT elle ABa NpUeMa, 3a OKOHYa-
TeNbHOe IPUHMMAIOT CPeiHee W3 TpeX 3HayeHnwit i”. Ecnu i > 107, T0 ero yMeHb-
AT, B 33BUCUMOCTN OT KOKCTPYKIWW HWBENWUPA, UCNPABUTENBHBIMU BUHTaMU
YPOBHA UNW UCTIPABUTENILHLIMU BUKTaMW CETKU HWUTEW, NIU TOBOPOTOM ONTHYEC-
KOO KN¥HA mepef 06beKTBOM TpY6Ll. B mepBOM cnyyae 3neBALUOHKLIM BUHTOM

el =3y, +0,20-107%" o 3apneii,

7"

TPYOH yCTaHABAMBAIOT OTCHET 3g, =3y, +

AanbHeit peitike U UCTIPABUTENbHHIMWU BURTAMW YPOBHA YCTAHABAMBAIOT €10 B KYJib-
NYHKT. BO BTOPOM W TpeTbeM CNyanX MePeKpecTue CETKM HUTER YCTaHaBNUBAOT
Ha OTCYeT 3'p, NCNPaBUTENBHBIMUA BUHTAMU CETKW WIW [OBOPOTOM ONTWMECKOTO
KNWMHa, PU 3TOM Ny3bIpeK YPOBHA AOMXEH HaXORWTLCA B Hynb-MyHkTe. Ilocne
WCTIPaBNleHNA i OKOHUATeNbHOE ero 3HayeHne ONpefienaoT TPeMA TPUeMaMu.
JINA TOMHBIX W TEXHMYECKVX HUBENWPOB MIOBEPKA INABHOIO YCIOBUA MOKET
GLITh BEUTONHEHA JBOWHLIM HUBENWpOBaHveM BIiepen. Ha poBHOW MECTROCTH Ha
paccToaruu 40-50 M B Toukax A W B 3abusaiot konsiurku. Husenup ycranasnu-
BAWT OKYNADOM Haj TOMKOW A, a Ha TOMKY B craBaT peiiky (puc. 1.103, a).
TIpMBOAAT Ny3bIpeX LUMIAWHADUUECKOTO YPOBHA B HYNb-IYHKT (B KOHTAKTHOM
YpOBHE COBMEIAIOT KOHIbI Y3LPbKA YPOBHA), U3MEPAIOT BLICOTY Mpubopa i; —
PACCTORHME NO OTBECHOW NUHUM OT KOTbIIIKA A0 CEPEAMHEl OKYNApa. JlenawT mo
peiike otcuet I Mo cpepreit Kurv B6Nu3n nepexpectua vureit. Ha pucyrke 1.103,a
nMeeM :

h=iy-({I-x).

MeHRIOT HUBENMP ¥ PEVKY MECTAMM U BLITONIHAIOT Te e AeicTBUA. [Iperiue-
Hue (puc. 1.103, 6)
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Pasaea 1. WkxeHepHO-reoaesmnyeckmne N3biCKaHUs

h=3-x-1,
TIpupaBHuBas NpaBHle YaCTU NONYYEHHHLIX HOPMYN B Pe3YNLTaTe HAXOAUM

2 2
T. €. BEIWYMHA OWMBKY X PaBHA PA3HOCTN MEXAY MONYCYMMOW OTCYETOB MO peit-
KaM W TONYCyMMO#t BuICOT Tpubopa. Ecu x Merblue YCTAKOBNEKHOW MKCTPYKLUeR
BENUUMHKE § (OBBIMHO 4 MM), TO YCNOBUE CYUTAETCA BHIMONKERHbM. Ecnn x = §, To
BLITONKAIOT IOCTUPOBKY, ANIA Yero BpallleKneM 37eBallMOKKOTO BUKTA Ka peike B
TOYKe A yCTaHaBnuBaoT oTcueT 3, =3 - x. Ily3vipek YPOBHA COMAET C HYNb-TIYHK-
Ta, U €0 MPUBOAAT B HYNb-NYHKT (BOCCTAHABIWMBAKT KOHTAKT KOHLOB NYy3bpbka

n

0
3
6 X [
3, |-—
i
8
h

V

Puc. 1.103. Cxema NoBEpKY MaBHOTO rEOMETPUYECKOTO
YCNoBUSA HuBenupa



CI'IPGBO‘-IHMK COBPEMEHHOIO U3bICKATEAS

YPOBHA) WUCTIPaBUTENbHEIMU BUHTaMU LMAWHADPUIECKOTO YPOBHR. JIna KoHTpORA
TIOBEPKY NOBTOPAIOT NIPU APYTUX rOPU3OHTaX pubopa.

8. loBepKa U 10CTUPOBKA KPYINoro yposHA. OCb KPYraoro ypoBHs AOMKHA
6bITh MapannenbHa 0CY BPAlleHUA HUBEANDA. YCTAHOBUB 3/1€BALNOHHBIA BUNT Ha
HOPMasbHBI OTCYET, C TIOMOWLIO BLIBEPEHHOTO LWIMHAPUIECKOTO YPOBHSA yCTa-
HaBAWBAIOT OCh BpalleHUA HUBENUpPa B 0TBECHOe NoNoKeHue, Ecnu my3sipex kpyr-
JI0T0 YPOBHA He B HY/b-TIYHKTE, TO €r0 NPUBOAAT B HY/Ib-TIYHKT UCTIPABUTENbHbI-
MU BUHTaMU KPYI7IOTO YPOBHA.

9. HecnepoBanue xopa hoxycupyomeit nunsst. lipu nsmerenun dhoxycu-
POBKM TPYOH! ee BU3WPHAR OCb ZIOJKHA COXPAHATL HeusMeHnHoe nonoxenve. Ha
pPOBHOW MECTHOCTW pa3GUBAIT OKPYKHOCTb PapuycoM 50 M W 3aKPemnAloT Ha
Hewt (3a6MBAIOT KOCTBUIN) TOUKYU 1, 2, 3, ..., 8 (puc. 1.104). ITu TOYKU HUBENUDY-
10T €O CTaHuun C — NPU ORMHAKOBOM PacCTOAHWW OT HUBENUpPA A0 peek, u o
CTaHLUM A — NpW pa3HbIX PaccTORHWAX. II0 Pa3HOCTW BLICOT ORHUX U TeX xe
TOMEK CYAAT O BIUAHUU QOKYCUPYIOWEN IMH3bL Ha TIONOKEHUE BUSUPHON OCU.

10. Hccneposanue pa6orbt mexakuiMa, Hak 1ero Im.

NeNbHYI0 NNACTUHKY, U ONpeAenexne UEHLL AeNIeRUA ONTUYEeCKOro MMK]JO-
MeTpa BLIMONHAOT B 1a60PATOPHLIX YCIOBUAX NOCAE TTONYYEHNA HOBOTO HUBEIN-
pa ¢ 3aBOfa, MoCNe PeMOHTa HWUBEIUPA W IepUOANYecKu pas B roa. B pesynsrare
TonyyaloT: 1) cpepHee 3HaueHne LeHbl AeNeHUs ONTUIECKOTO MUKPOMeTpa Ans
PAcCTOAHW U TeMnepaTyp, NPU KOTOPLIX GYAET BHIMONHATLCA HUBENUPOBaHYUE;
2) 3aBUCUMOCTb LIEHBI le/IeHUA OT PACCTOAHUSA RO PEWKU, OT UMEHEHUA TeMIle-
PATypHl BO3AYXa; 3) 3HAYEHUE LEeHBl NefIeHUR WKaNbl MUKPOMETpA TIPU PasHhIX
yINax HaKNoHa MIOCKOMAapanneibHOW MAACTUHKWU; 4) KayecTBO paboThi Mexa-
HU3Ma, HaKNOHAOWETO NMAOCKOMapaaleNnbHyo TMNAcTUHKY. [na uccneposanus
NIPUMEHAIOT NIKaNy U3 TOHKUX MTPUXOB C PACCTOAHUEM MEXAY OCAMU KOTOPHIX
0,5-0,7 mm. lIkany KoMnapupyloT Ha MUKPOCKOME CO CpeRHeW KBaAPaTUYECKON
onrmbkoit 5 MkM. JTonHOe uccneoBanue COCTOUT U3 WIECTWU TPUEMOB, B MPUeMe
Ha6mopaoT 5-9 NITPUXOB WIKaNLl B MPAMOM U OGpaTHOM Xopax. Y XOpOUMX
HUBENIUPOB OTKIOHEHWe CPefHUX 3HavyeHWit oT HoMuHanbroro 0,0500 MM, He
npessiuraer 0,0025 MM.

1.5.26. TloBepku ¥ 10CTHPOBKYM HUBEJMPOB C KOMIEHCATOPOM

1. Ocb KpYrnoro ypoBHA A0MKHA 6LITHL MapannenbHa 0CU BPAleHUA HU-
Benupa.

2. TOPU3OHTANbHAA HUTh CETKU ROIIKHA GbITH MEPHEHAUXYNADHA OCM
BpaweHua HUBenupa, 0Ge 3Tv NOBEPKW BLITIONHAKT TaK Ke, KaK U A HUBENH-
POB C yPOBHEM.
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Pazaen 1. UHxeHepHO-Teoae3nHeckne U3biCKaHus

3. HccnepoBsanue guanasona fei- A 2
CTBUA KOMMEHKCATOPA, T. €. YTNa HaKNo-

Ha HUBENWUPa, B Npefenax KoToporo pa-
6oTaeT ManTHUK KommeHcaropa. Ero on-
DefiensioT Ipu MOMOMU PeKU UM Kon-
AMMaTOpa ANA MPOROALHBIX £04 U GOKO-

Bbix 3, Haknoros kusenupa. lpensapu-
TENbHO MOBEPAIOT W IOCTUPYIOT KPYrAbit
ypoBeHb. [Ipu moMowu 3xk3amMeHaropa Ha-
KNOHAIOT HUBENUP B MPOAOABHOM U TO-
NIepeYHOM HanpaBneHuAX B 06e CTOPORH  C
OT HYNb-TIYHKTA YPOBHA RO MOMEHTA 3a-
BUCAHMA MAATHUKA KOMIT@HCcaTopa, onpe- Puc. 1.104. Cxema pa3melleHns
DennemMoro peskuM U3MeHeHWeM OTCde- HUBEAMPA U PEAIKM

TOB MO peitKe WX KONNUMATODY — CeTKa

HUTEN TPU HaKJIOHe HUBENUPA HAYUHALT NepemMewarben. 3HaTenus oy u 3 omnpe-
LenfioT o NOKa3aHUAM HIKanLl BUHTA IK3aMeHaTopa.

4. BU3MPHAA 0Cb 3PUTENBHON TPY6BT AOMKHA GBITL TOPU3OHTANBRON
nPU HaKNoHax KUBenUpa B npepenax paborsr xoMnexrcaropa. [[na xusenu-
DOB, ¥ KOTODHIX BbICOTA MpuBOpa paBHa PACCTOAHUIO OT KOJBINKA RO CEPEAUHb
OKYNAPA, NOBEPKY BLIMONHAIOT TAK e, KaK U IR HUBENUPOB C YPOBHEM (NOBEpKa
TNaBHOTO YCNOBUA).

Ins HMBENAMPOB ¢ MEPUCKOMUYECKOW TPYGOi MOBEPKY BLIMONHAWT CNEAYIO-
muM MeTopoM. HUBeAnp ycTaRaBNUBAOT TOMHO MOCEPERUHE MEXAY DeftkaMu Py u
P,. llaxe Npu Hanuuuu yria i 8 3TOM Clyyae NOAyYaeM npesbiureHue

h=ay-by=a,-by,

cBoBofHOE OT BAMAHUA OMIMGKU X. 3aTeM HUBEAMP YCTAHABAMBAWOT 3a TepenHen
petikoit P, 8 Touke C Ha paccToaHun Dy HauMeHbIIero Bu3nposanus, T. e. Dy = 2-3 M.
Ilenaior oTcyeT b’, Mo peiike, KOTOPHLA MpaKTUIECKU BYAeT Mano OTAUYATLCA OT
otcyera b, Npu TOPU3OHTaNbHOM MONOKEHUN BUIUPHOM! OCH, T. €. MOKHO CYUTATh
b, = b',. Ilo peiixe P, peABLYUCIEHHBI OTCYET

a,=b,+h.

Ecnu feicTBUTENbHEIN 0TCHeT 4, GyAeT paBeH 3HaueHUIo a, wnu [a’, - a,| <5,
rae 8 — RONYCK, YCTAHOBNEHHHIA HOPMATUBHEIMU BOKYMEHTaMU (OBBITHO & = 4-
5 MM), TO YCNOBUE BHINONHEHO. B MPOTMBHOM CAyYae BHIMONHAIOT 10CTUPOBKY
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CnpaBoYHKK COBPEMEHHOTO U3LICKATEAS

NyTeM IIEPEMELEHUA CETKU HUTEN ee BePTUKaNbHEIMU UCTIPABUTENIbHHIMU BUHTA-
MU TaK, ¥To6LL N0 pevike Py Gbin 0TCUET @,. [INA KOHTPONA MOBEPKY MOBTOPAIOT P
HOBbIX FOPU30HTAX TpUGoOpa.

1.5.27. HccaeoBanue ¥ KOMIApHPOBaHHe HUBEJUPHBIX peek

1. Heeneposanue xopobnerua perku. OCb WKanbl peikn BOMKHA GHITH
npAMOi. JIMHENKO! C MUNNUMETPOBLIMU AENIEHUAMU UMEPAIOT CTPENKY Mpornba
OTHOCWTEJIbHO HATAHYTOW CTPYHH BO B3AUMHO TMEPHEHAUKYNAPHLIX TIIOCKOCTAX
Kopryca peitku. JIna peex 6e3 MOANATHUKOB CTpenka nporuba e #AonxHa npe-
BHIWATL: 1 MM — ANA PeeK, UCTIONb3YEeMBIX TPU HUBEANPOBaHuu I knacca, 2 MM —
ana I knacca, 4 mm — ana I wnacca, 7 MM — pna IV xnacca u 15 MM — pna
TEXHWYECKOTO HMBENUPOBaHUA. ECn cTpenka Mporuba G6onblre yKasaHHbIX BeU-
MUH, TO PEMKY HeNb3A UCTIONb30BATb ANA PABOTH.

2. JIMHUA, COEAUKAIOMAA TOUKY B KpemneHma u TouKy C HeHTPUPOBAHUA
oTBeca, JOMKHA 6bITL MapannenbHa OCAM WIKan pee. Y peek, UCTIONb3YeMsX
ans ’usenuposanus [-IV knaccos u Ans BLICOKOTOYHOTO UHKEHEPHO-Teopesnyec-
KOTO HUBENMPOBAHMA, TOUKU B u € pacmonaraioTcs BGAM3N BEPXHETO M HWKHETO
KOHLOB peiku. Hccneposaiue napannenbHoOCT MHUN AB ocaMm uIkan petiku Bbl-
MOJIHAIT XOPOLIO BHIBEDEHHLIM TEOA0NUTOM IPU ABYX TONOKEHUAX Petiku: 1) peit-
Ka NMOBEPHYTA K TRORONNTY JIMLEBON U 2) — BOKOBOM FPaHAMMU,

3. Och KpYrnoro yposHa Ha peitke A0JKHA 6bIThb MapannensHa 0CAM
mxan peuxu. JloBepky n 10CTUPOBKY KPYITOTO YPOBHA BHITONHAWT [PU NOMOWN
OTBeca: TOYHO COBMEILAIOT OCTPUE OTBECA ¢ OCTPUEM ueHTpupa C, NCpasnuTens-
HbIMW BUHTaMW KPYTN0T0 YPOBHA TIPUBORAT €ro Ny3bIpeK B HYMb-TIYHKT.

4, TIaTKa pevtkn AOIKHA 6BITL MEePNeHAUKYNAPHA K 0CAM NIKaN Pewru;
Pa3HOCTb BBICOT UAEHTUYHBIX TOYEK Napbl PeeK AOMKHA 6BITh PABHA HYNIO.
B 5-6 M OT HMBeNMpa Ha WITHIPb ¢ Monycdepudeckoi CONOBKON MO OTBECY yCTa-
HaBAUBAKT peilky CHayana B CpPepHeil, a 3aTeM B WECTU TOYKAX MO KOHTYpY
TIATKYW, KQKAbIA pa3 Aenas OTCYeTh No 06euM lkanam peitku. He nsmeras mono-
JKEHMA HUBENNPA, YCTAHABAUBAWT Ha LITHPL BTOPYIO peiiky paGoveir maph, uc-
CJlIef0BAHUE BHIONHAIOT aHaNOTMYHO NePBOW peitke. BHONHAIOT He MeHee Tpex
TAKUX OMPepeneHnii, epes KAKALM OTIpefeNieHueM IMEHAIT TOPU3OHT Tpnbo-
pa. Tl0 nONyYeHHLIM pesynbTaTaM BHYNCAAIOT CPeAHee 3HAYEHNe NiepeKoca Kax-
L0 NIATKU U PA3HOCTD BHICOT ULEHTUVHBIX TOYEK Naphl peeK.

5. OnpepenexHue pasKOCTU BLICOT HYNeR Y€PHON U KPACHOW IIKan ma-
weyHbix peex. Ha paccroanuu 5o 10 M OT HUBenupa Ha NMPoyHo 3a6uTHit B
3eMI0 KOCTbUb YCTAHABAUBAIOT [0 BHIBEPEHHOMY YPOBHIO PENKY, OTCYUTHIBA-
10T TI0 YepHON W KPAacHOW ee CTOPOHAM. BuuuTas u3 oTcyera mno KpacHown cTo-
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Pazaea 1. UxeHepHO-reoae3nieckue UabickaHust

POHE OTCYeT MO YepHOW, HAXOAAT PA3HOCTb HYJeW KPACHOW M UepHOW WKan.
Taxkux ompepeneHwit penawT He MeHee Tpex, Mepefn KaWALM ompepenexueMm
W3MEeHAOT TOPU3OHT mpubopa. 3a OKOHYATeNbHHI pe3ynbTaT NMPUHWMAKT
cpepHee U3 BCeX onpepenerui.

6. TouHoe ompezeneHUe ANUHLI METPOBBLIX UHTEPBAJOB LIKAN U Bbl-
YUCNeHUe CPpeAHed AnuHbl paboyero MeTpa Mapsl WITPUXOBLIX peek. Om-
peaenexue BHIIONHAIOT HA KOMNApaTope A0 Hayana monesbix paboT. Peitku
VYKNAALBAKT TOPU30HTANBHO HA ABe OTOPH Mop aenexuamu 10 u 50. Ompepe-
NA0T AUHE METPOBHLIX UHTEPBANOB MeXAY OCAMWU nTpuxos 10-30, 30-50 mo-
NYAeLUMETPOB OCHOBHOM u 70-90, 90-110 nonyAeuUMETPOB AONIONHUTENBHO!
wkan peex. 110 3TMUM RaHHLIM BBIYUCAAKNT CPEAHION RAMHKY pabouyero merpa
peek v MONMPaBOMHbIN KOIPDULMEHT, HA KOTOPHI YMHOXAWT CpeiHee 3Have-
HWe U3MePeHHOTro MpesbileRus. CpeAHAR KBAaApaTMYECKas ournbka usMepex-
HOTO METpPOBOI'0 UHTEpBana UKBAPHOW Peixu Ha KoMMaparope paBHa 10 MKM.
B moneBHX YCNOBUAX M3MEPEHUA METPOBBIX WHTEPBANOB BLIMOMHAKT KOHT-
PONLHOW NMHENKOW He pexe OAHOTO pasa B MeCal,.

HlanteyHsle peitku KOMIAPUPYIOT KOHTPONBHOW NUHENKOW, {ANHA KGTOPOi
ROTKHA BHITL M3BECTHA ¢ TIpenensHoN ounbkoit xe 6onee 0,015 MM.

JonycTumMas pasHOCTb MeXAY CpeaHeli ANMHON MeTpa faphl peek KOMIUIeKTa
ans PH-05, PH-3, PH-10 pasHa 0,15; 0,8 v 1,5 MM COOTBETCTBEHHO.

7. MlosepKa NMPaBUNbLHOCTU HAHECEHUA AEUUMETPOBLIX ZENEHWUWH UIKAaN
peex. JenumeTpoBble NENEHUA U3MEPAIOT KOHTPONBHOW NuHeikoi. CnyvaiiHas
onrnbka geunMeTpoBbIX AeNneHUR He AoMKHA Mpesswars 0,1; 0,2; 0,5; 1,0 MM ana
rusenuposarus I, IL 11T, IV knaccos cOOTBETCTBEHHO.

1.5.28. HomorpammHsie TaxeomeTpsl

ITosiBIeHWe COBPEMEHHBIX HOMOTPAMMHLIX TPUGOPOB OCBOGOAUNO OT Heobxo-
IVMMOCTU BLIMUCAATL POPU3OHTANbHbIE NPONIOMEHUA W TIPEBHILIEHUA B MOJIEBbIX
YCNOBUAK, YTO MOBHICUIIO TIPOU3IBOAUTEIILHOCTb TPYAA PUMEDPHO B 2 pa3a u obner-
YUNO TPYA UCMONHUTENR. B HacToAuwee BpeMA UCMONb3OBAHUE COBPEMEHHOW Bbl-
MUCAUTENLHOM TEXHUKU W NEKTPOHHBIX TaXeOMETPOB He NOBJIMANO 3aMEeTHO Ha
NIMPOKOE TPUMEHEeHUe HOMOTPAMMHBIX TaXeoOMeTpPOB TpWU TaXeoMeTpUYecKown
CheMKe B CBA3IM C UX IKOHOMUIECKO 11e1eC006pa3HOCTLI0.

Hpes co3naHuA HOMOTPaMMBI, T. €. IEPEMEHHOr0 PacCTORHUA MeXRY HUTAMU
CeTKU, TIPUHAATI@NUT UTANbAHCKUM WHXeHepam PoHkaram w Ypbanu (1880 r.).
Bonee monxo 3ta upea ucnons3osana ®. fammepom (1896 r.). Texronoruveckoe
pelleHve, IO3BOAMBLIEE CEPUIAKO U3TOTABAMBATL HOMOTPAMMHKbIe Ipubopsl, 6bin0
nonyyeHo ¢upmoit K. Iletce, BrinycTuBLIe HOMOrpaMMHbIe TaxeoOMeTpht JlensTa
(1942 r.) w Jlenbra-020 (1948 r.) [1].
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CI‘IpGBO"IHVIK COBPEMEHHOIO U3bICKATEAS!

B HOMOTpaMMHOM TaxeoMeTpe POPU30OKTaNbHOE MONOKERWe S W IpeBbiure-
Kue h (puc. 1.105) onpenensior no Gopmynam

S=KJ, h=Kyl, (1.87)

rpe K, K, — xoapduumnentst (K, = 100, K = +10, £20, +100/; 1, I, — oTpesxu Ra
BEPTUKAIBHON peiike MeXpy OCHOBHOW KpuBOM (Ha puc. 1.105, a Touka 0 Ha BbicoTe
U = i:) N KPUBLIMW TOPNIOHTANBHLIX PONOKEHWH (Touna N) u NpeBhILIeHUit (TOY-
Ka M) coOTBeTCTBEHHO NPV HaBElleHUU Ha OCb PeiKU BEPTUKAIbHON HUTY CETKU.

Ha pucynxe 1.105

§=Dcosv, h=Dsinv. (1.88)

B tpeyronskukax JON u JOM no Teopeme CUHYCOB UMeeM

e I;sin[90°— (g, +v)] _Lcos(e 3v)

singg sing;
D_lhsil'l[90°—(x>‘.,l :tv)] _ lycos(eptv) (1.89)
B singy, - singy

Tne €, €, — NapannakTUdecKue yrabl fanbHoMepa v BLCOTOMEDa.

N,
a Z-—- Ky
E 3
&
s H
J v &
8
=
<
4 s
Puc. 1.105. NpuHumn onpep npe.t 7 ¥ FOPU30HTANbHBIX NPONOKEHUIA

N0 HOMOrpamme
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Pazaen 1. MHxeHepHo-reoaesnHeckne M3bICKaHUS

W3 dopmyn (1.87) c yuetom dopmyn (1.88), (1.89) Haxopum

S _Dcosv _cos(egtv)cosv  cosegcos’ v F sinveosvsingg
i & singg singg ’

Ks
(1.90)
_h_ Dsinv _cos(e, $v)sinv _ cose, sinvcosy F singy sin’ v
Lo singy, sing, ’

Ky

B HUTAHBIX NanbHOMEpax

f f

ctgeg =—; ctgep=-—,
Ps Pn

rpe f — BOKyCHOE PacCTOARWE, Dg, Py, — OTPE3KU Ha CETKE MeXAY OCHOBHOM OKPYXK-
HOCTBY0 U KPUBLIMU § U h cOOTBETCTBEHHO. C yueToM 3Tux bopmyn BMecTo (1.90)
nonyyaem

K= Loty Fsinvcosy;
s
P (1.91)
Ky =-Z-sinvcosv sin’v.
bn

Tlpunumasn K = 100, K}, = +10, +20, +100, Ha BepTUKANLHOM KPYTe OT OCHOBHOW
OKPYKHOCTW HaKOCAT KPUBHIE S W h, OTKAARBIBAA BENUYUHBL

_ feos?y _ fsinvcosv
bs K, tsinvcosv’ Ky +siny (1.92)
110 PajuyCy BePTUKANbHROTO KPYra MPU KaXOM 3HAYEHUU YIia HaKnoHa v,. 06mui
BUA HOMOT'DaMMBbl Ha BEPTUKANLHOM Kpyre W B MONe 3peHUA TPYObl pUBEAEH Ha
pucyHke 1.105, 6 n 1.105, 8; mone 3peKUA KOMOTPaMMKOTO TaXeOMETpPa NOKA3aHo
Ha pucyrke 1,106.

Homorpammubiii TaxeoMerp 2TaH ucmonb3yloT AlA OpepneneRus FOPU30H-
TANbHLIX NPONOKEHUA €O CpepHell XBappaTMyeckow oummbxoit m; = 0,15 M mpu
K =100; 0,20 m nipu K = 200 Ha 100 M pacCTOAHUA; NPEBLIIEHUA — € my < 3 CM Ha
100 M mpu K, = 10 » 6 cM mipu K}, = +20; yrast ¢ ourmbxamu He 6onee 8" — s
FOPU3OKTAaNBHEIX M 12" — BiA BepTUKaNbHbIX. TaxeoMeTp UMeeT pasfenbHbie Bep-
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CHpGBO‘-IHMK COBPEMEHHOro U3bICKATeAs

TUKANbHBIA U HOMOTPAMMRbIA Kpyru. Msro-
TOBNEH YHU(ULMPOBAHHO C TEORONUTOM
2T5K (yrnoMepHas 4acTb U OCU), UMEET KOM-
MeHCaTOp BEPTHKANLHOIO KPYra, UMeloTca
OTITUMECKWIA LHTPUDP U WUCTIpaBUTeNbHbIE
BUHTB! KOMITEHCATOPa ANA UCTipaBnerna MO B
TONIEBHIX YCNOBUAX. [INA GLICTPOPO OpUEHTH-
POBAaHMA Ha FOPW3OHTANIBHOM Kpyre NoMe-
njeH Kpyr-uckarens, Ecnm He nimepsior Bep-
TMKaNbHbE YTIbl, TO TOBOPOTOM PYKOATKM
TOj 3epPKanoM TMOACBETKW BEPXHAA YaCTb
NoNA 3peHuA 3alITopuBaeTcA. H3mepenus o

Puc. 1.106. Mone 3penns Homo- HOMOrpaMMe BbINoAHAT Npy KIL.
rPaMMHOFO TaxeomeTpa: Taxeomerp 2TaH suimyckaior co cronu-
1 - OCHOBHaA KpnBas; 2 — kpusas  KOM, TMPOMEXYTOUHbIA KPOHAITEWH TpuIoa-
FGPU3OHTANbHbIX annomeHmﬁ; HUMaeT TaxeoMeTp Haj TaHUIeTOM. B xom-
3, 4 — KpUBbIe NPEBbILEHU NpU TAeKT npubopa sxopar urrarvs II1I-160, nee
K,=-10nK,=-20 CK)NapHbIe peitku ¢ CAHTUMETPOBHIMU pene-

HUAMM, KPYTALIMU YPOBHAMM U BBIABUKHBI-
MU LIATKAMM, 6YCCONDb M KOMITNEKT MAcWITABHBIX INHeeK,

Taxeomerp lenvra 010 nsrorasnusawor 8 fepManuu ¢ 1969 r., nospHee —
Hanbra 010A « lantra 010B. HTo3sonAeT u3MepATh FOPU3OHTANbLHLIE NTPONOKEHNA
€ OTHOCUTeJIbHOM oumbKown 1/1000 v mipesbiuleHneM ¢ my, = 3~10 cM Ha 100 M no
HOMOTPaMMe, TUPU30HTANbHbIE W BRPTUKANbHbIE YIIbl ¢ m = 5-6". B nocnepHux
MORBeNAX NPUMEHEHH!: YAYYLIEHHaA 3puTeNbras Tpyba, ONTUYECKUN LeHTPUP, co-
OCHBIE BUHTHI, KOMIIEHCATOP IPU BEPTUKANLHOM KpYTe C ANANAa30HOM AeiCTBUA 3~
5’. B raxeomerpe Janbra 010B UCIonb3yI10T rPy6yio U TOUKYIO QOKYCUPOBKY, IPy-
60e v TOYHOe HaBepeHue 10 FOPU3OHTANLHOMY W BEPTUKANLHOMY HaTpaBleHNAM.
B KOMIIIEKT BXOAAT 2 CKNajHble YETHIPEXMETPOBbIe peitkn, cronuk Kapty, ucnons-
3yeMblit 1A COCTAaBNIeHMA TNAaHa HA KAKAOW CTAHLWUM B NONEBLIX YCNOBUAX Ha
Gymare wau TNacTMKe, HaKNAAHBAEMbIX Ha AUCK.

1.5.29. JnexrponHbie TaXeoMeTpb

INEKTPOHHbLI TaxeoMerp 0GbesuHAeT TEONONNT, CBETONANBHOMED W MUKDO-
3BM, Mo3B0NAET BHITONHATL YLIOBHE W NUHENHbe U3MEPEHUA W OCYLeCTBIATH
COBMeCTHYI0 06paoTKy pesynLTaToB 3TMX naMepeHwi. Kpome Toro, dymkumun
371eKTPOHHOTO TaxeoMeTpa MOKET BLIIONHATL PUGOD, MONYYAEMbIi TyTEM yCTa-
HOBKU Ha OTITUMECKWIA WM 37eKTPOHHBIR TEORONUT MaNorabapuTHOrO aBToMa-
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Pazaen 1. UKxeHepHO-TeoAe3uueckune 13bICKaHWS

TM3UPOBARHOrG TONOrPadhuuecKoro ceeTopanbHOMEpa (BO3MOMHOCTb TAKON yCTa~
HOBKV NTpellyCMOTPEHa Ha BCEX COBPEMEHHHIX ToTorpahuyeckux cBeTonanbHoMe-
pax), B 3TOM CNyJae perMcTpaluio Pe3ynsTaTos YTNOBLX U TUHEMHbIX U3MepeHH
BLITIONHAOT Pa3AebHo, 06paboTKy BLIMONKAIOT Ha BHewHen IBM.

dnexTponnsie TaxeoMerpH (3T) penat wa: 1) 3T ¢ sBU3yanbHEM OTCYETOM
yrnoe u 2) 3T c anexrporxnm orcyeroM (Total station — ywxusepcanbuble
CTaHUWU). B mepBoM cnyvae CHUMaeMble BU3YaNbHO OTCYETH IO LIKANOBOMY
MUKDOMETPY WIN ONITMYECKOMY MUKDOMETPY BBOAAT B NPOLECCODP PYIHEIM Ha-
60poM Ha knaBuaType, a BO BTOPOM YIMH B uudpoBOM BUAE BHBOAATCA HA
Tab1n0, JInHeHHbIe BENUYNHB BLIBOAATCA Ha Tadlo BO BCeX CyYanX.

ABTOMaTMYeCKOE CUWTHIBAHWE YTIJIOB BLINONHAEGTCA NyTEM UX INepeBoja B
371€KTPUYECKME CUTHANB! TIpU NOMOMM aHanoro-uudposrix MpeobpasosaTeneit
(AL). TIpuMeHAKT B 0CHOBXOM 1Ba BUAA ALl — KOAOBBLIA U MHKPEMEHTaNb-
HBTA (LNPOBOWA, AUTUTANBHLIN).

an KOAOBOM MeToAe numd ABNAETCA KOQOBBLIM QUCKOM C cucreMoi KOROBLIX
NOPOXeEK, 0BecreYnBaIOWMX CO3aKNe CUrHanos O u 1 B ABOMYHOM CUCTEMe UCUC-
JIEHVA WM CUTHANB! B ABOUYHO-AECATUYHEIX KOPAX, INKNUYECKUX W AD., & TaKKe
KOAbI ¢ U3GLITOYHOCTbIO (KOPPEKTUDYIOLME KOAL), TIO3BONAONME OOHAPYKUBATH
M MCTpaBnATh onmdku, Koposiit METOR ABNAETCR aGCONIOTHLIM, IPU KOTOPOM KaX-
AOMY HampaBNEeHWI0 OJHO3HAYHO COOTBETCTBYET OMpeAeNeHHAI KOAVNPOBAKHBIN
BLIXOAHOW CUPHal. JINA CYMTHIBAHMA MHGODMALUU C KOQOBLIX AUCKOB OOBLIYHO
MCTONB3Y10T HOTOINEKTPUYECKNI CIOCOS, TPU KOTOPOM AUCK TPOCBEYNBAIOT CBE-
TOBBIM NYYKOM, IOCTYMAOWMUM Ha QOTONIPUEMHOE YCTPOWCTBO, U B Pe3YNbTaTe HA
BHIXOAE MONYYAIOT KOMOUHALNM IIEKTPUYECKUX CUTHANO0B, COOTBETCTBYIOINUX OT-
PeneNeHHEM 3HAYeHUAM HANIPAaBNEHMUIA. 3aTeM INeKTPUYeCKue CUrHankt NoCTyna-
10T B NOTMMECKUE CXEMHl, U B WUTOTe U3MepAeMas BenuuuHa B uudposoM supe
BOCTPOU3BOAUTCA Ha Tadno.

B MHKPeMeHTanbHOM METOAE WCTIONb3YIOT WTPUXOBOH pacTp (CUCTEMy pa-
JVaJibHbIX WITPUXOB), KOTOPLIA Yepe3 OpUHAKOBbIe UHTepBanH (no 100 wrpuxos
Ha 1MM) HAaHOCAT HA BHEITHWUW KPait AnMda Unv anupans!. LTpuxu v paBHbe UM 10
TONWWKE UKTEPBaNbl CO3AAIT MOCNEAOBATENBHOCT, 3EMEHTOB «AA-HET», KOTO-
Dble Ha3BIBAIOT UHKpPeMeHTaMu. CYUTHIBAHME BHITIONHAIT TaKKe ONTUYECKUM Me-
TOROM, YUCNY NpOUIeAUINX UHKPEMEHTOB COOTBETCTBYET YUCJI0 CBETOBLIX UMITYNb-
COB, TOCTYNIMBIINX Ha CBETONPUEMHEWK, JINA yIeTa HaNpaBNeHUs BpPAmeHUa Kpyra
UCTIONL3YIOT ABa POTONIPUEMHUKA, BOCTPUHVMAIOLINX UMITYNIBCHbE CUTHANM, CABU-
nyThle Mo hase Ha 90°, YTO ROCTUTAETCA COOTBETCTBYIOWUM pasMenmeHueM GoTo-
IIPUEMHEUKOB OTHOCUTENLHO PACTPa WIN UCIONL30BAKNEM ABYX OANHAKOBLIX pac-
TPOB, CABUKYTHEIX OTHOCUTENBHO APYT APYTa Ha 1/4 UHKDeMeHTa.
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CI'IpQBO‘-IHMK COBPEMEHHOrO U3bICKATEAS

HHKpeMeHTaNbHbIA METOR ABNACTCA OTHOCUTENLHEIM, KOTODHIM U3MEPAIOT YIJIHL, &
KOROBLIM, KOTOPbIA ABNAETCA a6COMOTHBIM, — Hanpas/eHnA. [[N1A NOBLIEHNA TOUHO-
CTM NIPUMEHRAIOT CUCTEMB!, COREPaNue HECKONBKO PACIIONOMEHHBIX ONPEeReNeHHbIM
06pa30M OTHOCUTENLHO KpyTa Map (OTOAMOAOB, CUTHAJLL OT KOTOPHIX CABMHYTH IO
bas3e, coBMecTHas 06pa6oTka CUTHAJIOB aeT BEICOKOE YTI0BOE Pa3pelieHue.

Muxponpoueccopst B 3NeKTPORHLIX TaXEOMETPAX UCHIONb3YIOT AAA YTIpaBne-
HWA, KOHTPONA U BhYMcieHwnit. Ha Ta6no mo xoMaHnpe ¢ MynbTa ynpaBneHua npo-
1eccopa MOTYT BLIRABATLCA HAKNOHHBIE PACCTOAHUA, TOPUIOHTANbHLIE TPOJIOKE-
HWA, TOPU3OHTANbHbIE W BEPTUKANLHBIE YIVIbl, MPEBLIIEHUA U AP. B 21€KTPOHHEIX
TaxeoMeTpax NOCNEAHUX MOLIeNeN uMeI10TCA MUKPOIBM ¢ MaMATbIO M YCTPOACTBOM
BBOZA ¥ BHIBOJA NAHHMIX, C pErucTpauueit wHpopMaium B 3aNOMUHAIOIEM YCTPONl-
CTBE ¥ €e BLBOAOM Ha BHEUIHWUW HAKOMTUTENb.

ViMeeTcA BOIMOXHOCTb B COOTBETCTBUM C 3aNI0EHHLHIMW NPOTPaMMaMn B M0-
7IeBbIX YCI0BUAX PelaTh PAsnuYHbLle reope3ndeckue 3aadn, pesynbTaTsl MOTyT
BbIRABATLCA Ha Tab10, 3aNMCHIBATBLCA B MAMATb WAW MOTYT ObITb MepepaHsl Ha
TOAKIOYEHRBIHA K TPUGOPY BHELIHWIA HAKOTUTENb RHoPManuu.

BHEIIHWIt NI071eBOW HAKOMUTENb («37EKTPOHHEIA MONEBOM XYPHAN») XPAHUT
NOAYYEHHY!0 B Nofie uHPOPMaLIo pns Nocnepyolier 06paboTkn B KaMepanbHOM
BLIYUCUTENIBHOM LieHTDe. CNlefi0BaTeNnbHO, COBPEMEHHEIE 3NeKTPOHHLIE TaXeoMeT-
DH TO3BONAIOT CO3RABATh KOMIUIEKCHYIO CUCTEMY aBTOMAaTW3NPOBAHHOTO KapTor-
padupoBaHUA, COCTOAMYI0 U3 3NEKTPOHHOTO TaXeOMeTPa, NONEBOT0 HAaKOMUTENR
uHbopPManuy, cTamoraproit IBM n rpadonocTponrens.

3neKTPOHKAA TaxeoMeTpus [1] Mo3BONAET peLIaTh CleAyIomMe 3ahAaun:

1) crymeHve reope3suyeckoit CeTu MeTOAOM OIMTOROMETPUN;

2) w3MepeHue CTOPOH B Tpuiarepauny;

3) co3paHme NMNAHOBO-BLICOTHOTO 0G0CHOBAHMA;

4) TIpUBA3KA CRMMKOB;

5) Tonorpaduyeckas KPYyNHOMAaCWTaGHAA CbeMKA MECTHOCTH;

6) reopesnyeckne paboThi IPU UHKEHEPHO-TEOREINYECKUX NIBICKAHUAK;

7) reopesuyeckoe ofecneeHne MOHTaXHLIX PabOT MPU CTPOMTENLCTBE 3Aa-

HWI ¥ UHIKEHEPHBIX COOPYHERUN;

8) reopesnveckne paboTsl Ha CTPOMTENBHLIX IIONAAKAX

W MHOT'WE [pyTUe 3aAaun reone3’uu, 3eMeNbHOro u FOPORCKOro KARacTpa u T. M.

~

1.5.30. OregecrBenHble ¥ 3apybexHbie INEKTPOHHbIC TAXEOMETPbI

OTeyecTBEHHbI 3NMEKTPOHKLIN Taxeomerp Ta5 (puc. 1.107) asnderca co-
yeTaHweM urkanosoro Teoponura 2T5K co ceeTopansnomepom CT5 n Mukpo3BM.
To3BoNAeT U3MEPATH PACCTOAHMA A0 1 KM C OTpa)aTeneM M3 ORHOM NIPU3MBI
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Pasaen 1. MHxeHepHo-reoaesnyeckme N3bICKaHus

1 2,5 KM — u3 7 npu3M. ToyHOCTb 3MepeHua TR
FOPW30HTANBHOTO YTNa 57, BEPTUKANBLHOTO — i
10”, paccToarma — 20 MM. Teoponut wmeer 2 BFe=S
WKANOBOW OTCYETHBIA MAKPOCKOI ¥ KOMIEHCa-
TOP MAATHWUKOBOTO TUMa, MPUBOAALINE TIpH Ha-
KIOHE BU3NPHOM OCU OTCYETHBIA MHAEKC Bep-
TMKaNbHOTO KpyTa B UCXOAHOE Monoxerue, OT-
CYETHI C IMMBOB CHUMAIOT BU3yanbHO W BBOAAT
B BBIMMCAMTEND TIPK MOMOWM KNaBUATypHL. Pe-
3yNBTATH U3MEPEHUR PACCTOAHWW CBETORANB-
HOMEPOM BBORATCA B BLIMMCAWMTEND aBTOMATH-
yeckn. Ha uudposoe Tabno sriBopnTca ropu-
30HTaNbHOE IPONOXEHWE, NPEBLILIEHNE, Cpef-
Hee 3HaueHWe TOPU3OHTANbHOrO Yrna u3 AByX
NONYNPUEMOB, BEPTUKANbHLIA Yron ¢ YYeTOM
MeCTa 3eHUTa, Npupalienve NPAMOYTONbHBIX
KOOpAMHAT. Pe3ynbTaTht M3MePeHuit n BbYUC-
NeHn! MOTYT GBITh aBTOMATUYECKW BBEAEHH BO
BHELIHWI HAaKOTIMTENb AA NOCNenyollien obpa-
6oTkn Ha IBM.

3nexTpoHHbIN Teoponut 3TAS ypanscxo-
TO ONTUKO-MEXaHWYeCKOTO 3aBOA UCTIONB3YIOT
ANA BHIMONHERWA KPYMHOMACWITAabHBIX TOMOr-
padnueckux CbeMoK, MPu MHBEHTApU3ALMK 3eMeNd, COIRAHMM ¥ 0GHOBNEHMY 3e-
MeNbHOTO KAAacTpa n PelIeHnn 3anayd ¢ 3eMNe0TBOROM (BLIHOC NPOEKTA B HATYDPY),
M3MepeHue MONAPHBIX W MPAMOYTONbHbIX KOOPAWHAT, BHICOTHHX OTMETOK, NNOWa-
neit 3eMenbHbIX YYaCcTKOB. Pe3ynbTaThl M3MepeHNi MOTYT OBITh 3amMCaHbl Ha Kap-
Ty NAMATM Win TIepenaNl B NEpCOHaNbHbIA KoMmbloTep TMna IBM PC. Ilpubop
MOKET KOMI1€KTOBATbCA AOMONHUTENLHBIMWN PUHAANEKHOCTAMY U NTAKETOM TIPO-
rpaMM pns o6paboTku MONeBhIX usMepeHwit. CpenHAA KBappaTUyeckaA Morpeu-
HOCTb M3MepeHus POPU3OHTANbHBIX YINOB — 57, BEPTUKaNbHMX — 77, HaKNOK-
HBIX paccTofnuht — (5 + 3+ 1075 D) MM, pnamasoH n3MepeHnA paccToRRMA 2-2000
M, AMana3’ox paboThl KOMMEHcATopa — + 5/, CUCTEMaTHYeCKan MOTPElrHOCTh KOM-
1leHcauuu Ha 1’ He 6onee 3, yBennvenne tpy6ul 29%.

nexrpoHHb Taxeomerp Ta3 («AraT») uMeer B enMHOM KOHCTPYKUWUM
KOROBbIA TEORONNT, CBETOAANbHOMED M MUKPOIBM. Tlo3sonaeT n3amepaTs paccro-
AHMA 0T 0,5 M 0O 5 XM C TOYHOCTBIO 10 MM + 3MM/kM. TouHOCTb U3Mepenus ropu-
30HTANBbHBIX YTNOB 37, BEPTUKANBHBIX — 57, BeDPTUKANbHLIM KPYT MMEeT aBTOMaTU-

Puc. 1.107. BHewHuit Bug
Taxeometpa Ta5:
1 — noacraska;
2 — Knasuarypa;
3 — 3puTenbHan Tpy6a
€O CBETOAANbHOMEPOM
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Cl‘lpOBO‘-IH MK COBPEMEHHOIO U3LICKATEAS

YecKuit KoMneHcaTop. MukpodBM obecneyusaer ynpasiaexue mpuBopoM, KOHT-
PONb ONiepalluit U pellleHue Pa3NUIHEIX FeoAe3UIeCKUX 3a1ay, OTMEeYeHHBIX BbIlle.

TIpubop uMeer 4 pexuMa paboTH: PasfenbHLA, NOYaBTOMATUYECKUN, aBTO~
MaTWUYECKUH U CnexeHus (TpekuHT). IIpu pelreHuUn reope3eckux 3anay yauThi-
BANTCA MOMPABKU Ha KPUBU3HY 3eMnu u pedpaKumio, Ha pasHOBLICOTHOCTH lITa-
TWBa Npubopa u oTpaxkaTens u T. n. Yt MOTYT-BLIAABATHCA B FOHAX U PPapycax.
TaxeoMeTp uMeeT ONTUYECK UM LIeHTPUP U BO3MOXKHOCTDb BEIIONHATL U3MEPEHUA N0
TPEXWTATUBHON cucTeme. KMeeTca 3nekrpooGopynosarue Ans paboThl HOUbIO.
Wndopmanua MOXET GHITb 3aMUCAHA B HAKOTTUTENE, YTO NO3BOARET UCTIONb3OBATH
TIpu6op Kak OCHOBHOE 3BEHO aBTOMAaTU3UPOBAHHOIO KOMIUIEKCE, 3aBeplIaomero-
cA rpadonoCTpouTENEM.

3apy6edHbIe 3NEeKTPOHHBLIE TaxeoMeTPphl [1] M3roTaBAUBAKT pasnauyHhe
tdupmbi: GeoDat pupmbt «TeorpoHukce», Rec pupmbt «OnTon», SDR dupmbl «Cox-
Kua» u ap. Bonbliloe BHUMaHWe B 3TuX Npubopax yAENAETCA BO3MOXKHOCTU Mpo-
CTOW M NETKOU CHOPKU MOAYILHBIX 3NeKTPOHHLIX TaXEOMETPOB, NO3BONAIOWMX C
MaKCUManbHOU 3¢GEXTUBHOCTLI0 UCTIONb30BATL BHITYCKAEMble MPUBOpLI, CUHTE-
3UPYA UX Pa3NUYHbLIM 06Pa3oM B 3aBUCUMOCTU OT BUAA padoT.

JNeKTPOHHbIE TaXeOMETPHl Hepa3beMHOW KOHCTPYKUUM («yHUBepCanbHas
CTaHUUA») C 37IeKTPOHHLIM OTCYETOM YIOB U MOJHOW aBTOMaTU3anuent usmepe-
HWit Haubonee 11€71eC006pa3HBl B UHTETPAILHEIX CUCTEMAX aBTOMATUMECKOTO Kap-
Torpaduposanus. Bce npuGopst MEIOT KOAKCUAbHOE COBMEWEHWE TIPUEMHON U
Tiepenawmelt ONTMYECKO! CUCTEMEL faNLHOMEDPA U 3PUTE/LLHOM TPYGHL, KOMMIeHC a-
TOp BEPTUKaNLHOTO KPYra ANA YCTAHOBKU HYJIEBOrO AMaMETPa B TOPU3CHTANbHOE
TIONOXeHWe, 3NEKTPOHHBIA NATIUK YINIOB HAKNOHA IR aBTOMAaTUUECKOTO onipepe-
NIEHUA NIPEBLILIEHUA M TOPU3OHTANBLHOTO NPOJOKEHUA, PEXUM TPEKUHTa W T. TN
Kampbtit mpuGop, Kpome TOTO, UMEET CBOU OCOGEHHOCTH.

TeopumeTp 400 MO3BONAET U3MEPATL PACCTOAHME B CTAHAAPTHOM PEXUME C TOY-
HOCTBI0 (5 MM + 5 MM/KM), B PeXXUMe TTOBLILICHHON TOYHOCTU — (3 MM + 3 MM/KM),
B PEXMMeE TPEKUHTa C MAKCUMAILHOW CKOPOCTBIO MBWKEHUR OTPAMaTens 4 M/c —
£(10 MM + + 5 MM/KM). TOIHOCTD U3MEPEHUA YINOB 2” B CTAHRAPTHOM 1 17 B NOBHI-
LIEHHOW TOYHOCTH PexuMax. [[onoGHbIe XapaKTePUCTUKN UMEIOT W APYTHUE 3/IeKT-
poHHble TeoponuTsl. HosilecTsa, uMeomuecs B reopumerpe 400, CBOOATCA K Cne-
AyomuM,

1, CucTeMa 3NeKTPOHHOTO KOHTPONA YINOBLIX U3MEPEHMUIA, T03BONAMAN 6e3
NOTEPU TOYHOCTY paboTaTh TPU OBHOM KpYTe, YTO CTANO BOBMOXHLIM Gna-
ropapaA MONHOMY WCKNIOMEHWI0 3KCUEHTPUCUTETA U OMUGOK AeNeHMUi
NUMB3, aBTOMATUYECKON KOMIT@HCALUYM HAPYLIEHUA LUEHTPUPOBKY Tipubo-
pa B npouecce paboThl, aBTOMATUYECKOW! KOPPEKLUU KONNUMAUNOHHON
OWMBKM ¥ HAKNOHA OCY BpalleHUA TPYGbI.
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Pasaen 1. VHxeHepHO-reoae3nyeckne usbickanus

N

. ONeXTPOHHHIA YypOBEHb, NO3BONAIOMUI aBTOMATUYECKV HUBENWDPOBATh
npuGop 6e3 ero BpalleHUA BOKPYT BEPTUKaNLHON OCU.
MHOrOGYHKIMOHANbHBIA ANCTIIEN KA MUAKUX KPUCTANNAX C YETHIPLMA
CTPOYKAMM NO 16 PaspafoB B KAXKAOM C BOIMOKHOCTLIO 0TOGPAKATh Cpa-
3y 6onburon 06beM uHGOPMaLUK.

Tpeknaip — YCTPOWCTBO ANA «CAMOHABEAERUA» pPeeYHUKa, NO3BOAAI0-
njee eMy GbICTPO OTBICKATh NYY OT MPHUGOpa M YCTAHOBUTL HAa HETO OTpa-
KATeNb, CMOHTUPOBAHHbINA Ha peiike. YCTPOICTBO paeT Genbiit UBET, eCAU
PeeYHUK HAXOAUTCA B CTBODE, PU OTKIOHEHUU BNeBO — 3eN€HbIN, BIipa-
BO — KDPAaCHbIA.

Pa3rosopHoe ycTponcTso («X0HUKOM») DA OAHOCTOPOHHEW PEYeBON CBA3M
¢ peeyHukoM. Ha peitke CMOHTUDOBAH NTPUEMHMK, epeaada BEAETCR MO O~
TMyeckomy nyuy B MK-nuanasone,

Taxumar TC2000 umeeT BBHICOKYIO TOYHOCTb YrNosbiX, 0,57, U MMHERANBIX -—
+(2 MM + 2 MM/KM) U3MepeRUl. YToMepHas JacTb ABNAETCA 3IeKTPOHHLIM TEOR0-
nuroM Teomat T2000. Bbicokas TOMHOCTbL U3MEPEHUA Y108 0GECIeMMBACTCA OpU-
PMHANLHOW AUHAMUYECKOW CUCTEMOW ONTO3/EKTPORHOrO CKAHWPOBAHUA NPU €YU~
TBHIBAHUM C PacTpOBOTO Kpyra. IIpu KamAoM OTCYeTe UCMONb3YeTCA CKARUPOBAHUE
0 BCEMY KPYTY, YTO UCKMOYAeT OWMBKU ReneruA Kpyra (AumMba), CYUTHIBAKUE
AMAMETDPAIbHO NPOTUBOMNONOKHEIX WITPUXOB UCKILIOYALT OMIUGKY 33 IKCLERTPUCH-
TET, UCKIIOMABTCA TaKKe KONNUMALMOHKAA OWMbKa TOPU3OHTANLHOTO Kpyra 1 aB-
TOMaTMYECKU KOPPEKTUPYETCR OWMOKA WHAeKca BepTUKalbkore kpyra. Ilpudop
{I0/IHOCTBIO aBTOMATU3UPOBAN, K HEMY MOXET GbiTh NOAKNIOYEH BHEUIHUH KaKOMM -
Tenb uHpopManuu. ABNAETCA Ipene3UORHLIM TPUSOPON, KOTOPHIN MOXKHO UCTIONL:
30BaTh A1 Pa3NUYHBIX BHICOKOTOYHHIX UIMEPEHNTR,

JneKTpoHHbIi TaxeoMeTp cepuu JTM-500 xopriopayuv Nikon, Anorus, nme-
T NpsiMOe U306paxeH e 3puTenbHOM TpyGbi € yBenuuernem 33% (21% 41% ¢ pononku-
T/IbHLIMW OKYNAPAMU ), MMHUMAIbHOE PACCTOAHWE (POKYCUPOBKU 1,3 M Iipn Xopowewn
BULUMOCTW. TTO3BOAIACT M3MEDPATb PaccTostHue OT 5 o 100 M Ha pe(hnekTOpHYI0 Map-
1y, O 1100 M — Ha MUHU-TIpU3MY, 2700 M — Ha OZIHY NpU3My, 3600 M — Ha 3 pu3Mbt
14400 M — Ha 9 nipu3m. ToYHOCTb U3MEPEHUR PACcCTOANMUIA +(2 + 2D1076) My un
(4 + 2D107%) MM — B peXuMe TPEKUHTa, TOYHOCTD YITIOBBIX U3MEPeHUit 17, uMeeTcR
JKUBKOCTHO-3N€KTPUIECKUIA KOMIIEHCATODP C TOMHOCTbIO YCTaHOBKK +1”. OnTuyec-
KW LEHTPUP UMeeT yBeandeHue 3% u npsamoe usobpaxenune, Jucnnei — xupxo-
KpucTanauyeckuit (16 cuMBONOB, 4 CTPOKHM), Ha oGeux CTOPOKaX. IlamAT> —
5000 Toyex. Bce mopenu JTM-500 umetor 0Gopynosanue, u3nydalouee ABa Kore-
|)CHTHBIX KPACHLIX CBETOBLIX N1y4a, NOCTOAHHDIA K MEPUAOIUTA, KOTOPbIE NIO3BONS-
10T JIETKO U GBICTPO BLIHOCUTH TOUKYM B HaTypy OT 100 M OT NpuGopa ¢ TOYHOCTHIO
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CnpaBo4HUK COBPEMEHHOro U3bICKATeAR

6 cM Ha 100 M. Hndopmaima MoXeT nepenaBaThcA KaK Ha, TaK U U3 KOMIBIOTEpA C
MOMOIBIO CTARAAPTHOTO NPOrPaMMHOTO OBeCTIeMeRNA, MOXHO TaKKe MepenaBarb ¢
KOMINbIOTEpa Ha TaXeoMeTp CTUCOK CIelanbHbIX KONoB.
1.5.31. TlonaTie 0 rUAPOCTATHIECKOM
M I'H[PO/IMHAMUYIECKOM HHBEJIMPOBAHNN

B 0CHOBY YCTPOWCTBA TMAPOCTATUYECKUX HUBENWMPOB MONOKEHO CBOWCTBO
KUAKOCTU YCTaHABNUBATLCA B COOGMIA0NMXCA COCYAAX HA ONUHAKOBOM YPOBHeE.

Ipessimrerue h (puc. 1,108, a) mexpy Toukamu A u B, Ha KOTOpLIX YCTaHOBNE-
HEL COCYRBL

h=(dy-c;)-(dy —;)=K~(ca - 1), (1.93)

rpe K = (d, - d;, ) pnst paHHOM napht COCYAOB ABNACTCA MOCTOAHHON BEIMYKHON.
TloMeHAB COCYAbI MecTaMu (puc. 1.108, 6), Haxopum

h=dy —c; —(d; —c3)=(c; — ¢} )~ (d, —dy ) =(c; —¢1 ) - K. (1.94)
113 ONyJeHHHIX BhIpaXeHUi uMeeM
i,
h=z[(‘fz-f1)'(fz-fx)]5
. (1.95)
K=5[(‘-‘z —a)+ (e -¢)]

[TpeBrirene 1 MOXKO OTIpeAeNWTb 1O NepBoi u3 dopmyn (1.95) unu, vame,
nocne onpenenexvs K no sropoi hopmyne (1.95), mo gopmynam (1.93), (1.94).

OnnCcaNHbIf MIPUKHLVIT IONOXKEH B OCHOBY LINAKTOBOTO TeXHUIECKOT0 HUBENU-
pa (HIIT-1), B KOTOPOM COO6WAN0IWMECR COCYAL! BHIIONHERb! B BUAE CTEKAAHHBIX

T SE |t
7 /,.mu

Puc. 1.108. Cxema ruppoCcTaTuyeCcKoro HUBENUPOBAKHUA



Pazaer 1. UnxeHepHO-Teocae3nyeckme U3bICKQHUS

IJUNUHAPOB B MeTalaUueckoit onpase,
1 UUANKAPAX NNABAXT KONbLEBHE NO-
TMNABKYK C HAHECEHHBIMW Ha HUX KOMb-
uesbiMu puckamu. [lonoxenue nornas-
Ka OTHOCWTENbHO HApe3aHHOM Ha CTeK-
NAHHOM LMNUHADE LIKanbl OtpeRenAoT
Ha rna3. Cocynsl YCTaMaBnMBAWT Ha
TOUKU WM NOABELIWBAIOT HA CTEHHbIE
periepbl. CpenHAs KBappaTuueckas
oumnbka U3IMEPEHUA MpEBLILIEHUA RO
200 MM pasHa 0,5 MM,

B HOHTaKTHO-BU3YanbHLIX THA-
poCTaTUYECKUX HuBenupax (puc.
1.109) onmpepenslOT MOMERT KaCaHuA Puc. 1.109. KoHTaKTHO-BM3YyaNbHbIil
OCTPUEM W3IMEpPUTENbHOTO LITOKA 3 FUAPOCTATUYECKIH HUBENUP
YPOBHA KUIKOCTU.

B 3epkane 4 nipu BpalleHNU MUKPOMETPEHHOro BuNTa 1 HabmopaiwT cénuxe-
HWe 0CTpNeM NefCTBUTENLROTO W OTPAXKEHHOTO WToKa. OTCUNTHIBAIOT MO WIKane 2
MUKpPOMETpPEHHOTro BuHTa. Ha 3TOM NpuHLune oCHOBAMB! KOHCTPYK LN IMAPOCTa-
Tuveckux nusenupos YIC (Mopens 15), 6. CCCP, w MEVICCEPA, 6. TAP. B nux npu
npesblurenuAx 25-100 MM CPeANAA KBappaTWyeckas olMbra W3MepeHWA paBHa
0,01-0,02 Mm.

CraymoHapxbsle aBTOMaTM3UPOBAHHBIE CUCTEMBT C AUCTAHLUOHHBLIM
CcbeMOM MHPOPMaUUK UCMONb3YIOT ANs HabnlopeHUs 3a 0CAAKaMU COOpYHe-
HUN. B HUX MONOKEHME YPOBHA KUQKOCTU B COCYpax ONPEAeNAloT aBTOMaTUYEeCKU
C IOMOWBIO INEKTPUYECKUX UNU ONITUKO-3NEKTPOHHBIX AATIUKOB.

CucTeMa TMAPOAMHAMUYECKOTO HUBENWUDOBAHUA C MOPUIHEBLIM YCTPOWCTBOM
(CTAH-IY), cospannan B EpeBaHCKOM NMONUTEXHUYECKOM WHCTUTYTE, COCTOUT U3
€0061maNNUXCA MeXNY CO60N COCYAOB C MUAKOCTLIO, YCTAHABNWBAEMEIX B OTIpERe-
NAEMBIX TOYKAX, U MOPUINEBOro YCTponcTBa, B kampoM pabovem cocyne ycranos-
NEeH WUrONbYATHIN UITOK, CBA3ANHLIY NIPUBOAOM C 6NOKOM YPaBNEHNA U PETUCTpa-
uun (BYP). lIpu paBHOMepHOM ONYCKAHUK C TOMOWBIO 3NEKTPORBUTATENA NOPLIHA
BHU3 KWAKOCTb B paboumx cocypax paBHOMEPHO MOAHMMaeTcs. CrieynanbHbii
cyerunk B BYPe ompenenset repemellieHne MOPUIKA OT Havana ero ABUKEHUA A0
MOMEHTA KOHTAKTa UIOJIbYATOTO LITOKA C NOBEPXHOCTHIO NIOAHNMAIIENCA KURKO-
CTU B KaWAOM pabouem cocypne. CucTeMa BLITIONHACT U3MEPEHWUA CO CPENHEd KBap-
paTuyeckoit ourméxon 0,1 mm.




CnpOBOHHMK COBPEMEHHOro U3bICKATEAR

1.5.32. Muxponnseauposanue

MUKpOHWBENWPOBAHUE UCTIONB3YIOT IIPU MOHTAXE U BbIBEPKE TeXHONOTUIeC-
KOro 060pyAOBAHMA C BLICOKOW TOYHOCTBIO PH KOPOTKUX (900-1200 MM) paccTo-
AHVAX MEXAY TOMKaMu. MukpoHUBeNUp c mepeMenHoM 6a3oi (puc. 1.110) umeer

3 7
J /41 AE ‘I /Z Vi
8§ 7 16 & = f€) O 8

Puc. 1.110. Cxema MUKPOHUBENMpa

UUNUHAPUYECKWit yPOBEHD 1 € LeHo pefienua 2-10” ¥ monepevH:I yPoBeHD 2 ¢
neHow penenua 30-6”. B kopmyc HuBeAupa BXOAWT LITAaHTa 4 CO WITOK-OMOPOit 5,
32MUM LITAHPY BLITONHACTCR BUHTaMY 6. [Ty3LIpeK LUNMHAPUIECKOTO YPOBHA yC-
TAHaBAUBAIOT B HYAb-MYHKT MOABEMHbIM BUHTOM 7. [INA TePeNBUKEHUA MUKPOHU-
BeVpa Mo CCneayeMoit OBEPXHOCTY Ha KOHILAX 6a3bt UMEIOTCA PONMKY 8.

Tlpu w3mMepeRuv CHavana nepeMellleHWeM WTAHTW YCTAHABAMBAIOT OMOPHl HA
Toykax A v B (puc. 1.111), 3aTeM MOABLEMHEIM BUHTOM [IPUBOAAT NMY3bIPEK LMIMHA-
PWYECKOTO YPOBHA B HYNb-MYHKT W GepyT OTCYETH a MO lixane 3 WHAVKATOpa.
TosopauvsaloT MpuGop Ha 180°, IPUBOART My3bIPEK YPOBHA B HYNb-MYKKT 1 Be-
PYT OTCYET 8. YYUTHIBAR, YTO OTCYET [0 MHAUKATOPY YMEHbIUIALTCA C YBEANIERUEM
NITOK@, TPeBbIIEHUA

h=MO-a,h=b-M0,
OTKyRA
h=(b-a)/2,M0=(a+b)/2,
TAe M0 — MecTO HynA.

4
v Y I

A

Puc. 1.111. Cxembl onpepeneHus NpesblWeHUs:
a ~ B NPAMOM X0pe; 6 — 8 06paTHOM

MWKDOHUBEAIMPOM U3MEPRIOT TPEBLILIEHNA € OMIMOKOT Ha craryuu 0,01-0,02 MM
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Pazgen 2. UHIKEHEPHO-TEQJIOTUYECKUE
U3bICKAHUA

I'nasa 2.1. TIOJIEBBIE UCCJIEJOBAHUA I'PYHTOB

2.1.1. Hasnagenue u cOCTaB NOJIEBHIX ONBITHBIX pabor

JIns MPOEKTUPOBAHMA Pa3AUYHLIX COOPYIKEHUN U MKKEHEPHBIX PAaboT, OeHKU
VCTOWYMBOCT TEPPUTOPHIA M ANA ITPOTHO3A YTPOXKAEMOCTA Pa3BUTHA Teonorniec-
KUX TIPOLLECCOB W ABAEKUN BCerna Heo6XoaMMbl faHKbIE, XapaKTepusyowme buin-
4ecKue, BORHbIE 1 MEXaHWYECKUE CBOWCTBA TOPKEIX NOPOA U NapaMeTphl BOROHOC-
HbIX POPU3OHTOB. KX CPABRUTENbHO NIETKO MONYYAIOT NPU BLITONHEHUU COOTBET-
CTBYI01MX N1a6OPAaTOPHBIX UCCAEROBAHNTA 06Da3L0B (P0G, 0TOE PAHHEIX PN UEXKE-
HEPHO-Te0JIOTNYECKOM ChEMKE TEPPUTOPUH, ¥ TaBKLYM 06Pa3oM NPW BLINONKEHNU
pasBenoyuRbiX pa6oT. OpHaKo Na6OpPaTOPHEIE NCCNEAO0BAKUA OBLINHO BBITOAHAITCA
Ha 06pa3yax Manbix pasMepos, IONKYI0 COXPAHKOCTb €CTECTBEHHOTO CNOMERUA KO-
TOPLIX HUKOTAA Kellb3A FapaHTUPOBaTh. [I03TOMY NonyyaeMLie 1a60PaToOpHble AaH-
Hble, 0C0GEHHO AR 06OCKOBAKUSA TEXHUYECKOTO Y paGoYEro TPOEKTOR OTBETCTBEH-
HbIX COOPY)XEHMU, KEO6XOAMMO NPOBEPATb U YTOMHATD G0JIee HAREKHBIMU [IONEBLI-
Mu MeTopamu. Kpome TOro, BO MHOIMX cnyvasx oToGpaTh NMpoGhl FOPKEIX NOPOR
€CTECTBEHHOTO CNOXEeRUs BooGle 6bIBaET HEBO3MOXKHO. TaK, HaPUMeEp, COBPEMEH-
HbIMW TEXHUYECKVUMU CPEACTBAMMU HE IPEACTABNAETCA BO3MOKHLIM OTOGPATH TPOGLT
€CTECTBEHHOT'O CNOXEHUA W3 MATKUX CBA3SHBIX TNMKUCTHIX TOPOR HEYCTOMYMBOR
TeKy4ye? KOKCUCTEHNMM, U3 HECBA3KBIX MECYARO-TPABUAHbIX NOPOA PHIXIOTO CNo-
JKEHUSL, N3 BOROHOCKBIX NIECKOB-IUILIBYHOB, U3 TPEIIMHOBATLIX CKANbHBIX U CUIILHO
TPeL{MHOBATHIX NONYCKANIbHbIX TOPOA U HEKOTOPHIX APYTUX. Bce 370 BLI3bIBAET He-
06XOAMMOCTD BLINONKATb CHENUANBHBLIE NMOAEBHE UCCNEA0BAHUA TOPHBIX TOPOA 1
BOZOKOCKBIX POPU3OHTOB B YCIOBUAX UX €CTECTBEHHOTO 3alerakUA Ka OTILITHHIX
Y9aCTHax ¢ NOMOWIbIO KPYITHOMACIITAGHBIX TPUGOPOB M YCTAHOBOK.

CnepoBarenso, MoneBLe ONMBITRbIE PAGOTHI BLIMOAHAIOTCA C LeRbi0 NOnyye-
HUA 60Nee NOCTOBEPHBIX N HAAEX KHX AAKKBIX, XapaKTepU3yOLMX GU3uKo-Mexa-
HUYECKME CBOWCTBA FOPHBIX NOPOZ ¥ BOAHbIE CBOWCTBA BOLOHOCHBIX FOPU3OHTOB.
TONLKO Ha OCHOBE TAaKMX AAHHLIX MOXHO IPU MPOEKTUPOBAHNYU COOPYKEHNIA NIpU-
HUMaTb ONITUMAJIbKBIE U 3KOHOMUYECKW Haubonee BLITOAKbIE KKEHEDHbIE Pelue-
HUA M TaPAHTUPOBATL CTPOUTENLCTBO W YCTOWYNBOCT COOPYKEHUI OT BOIMOX
Hb{X Te0JIOTMYECKUX HEOKUAAHHOCTEN.

Heo6x0pMMOCTb B BLINOJIHERUM TONEBLIX OMLITHBIX PAGOT AMKTYETCA TaKKe N
TeM, YTO TONbKO B PE3YNLTATe UX BLINONHEHUA MOXKO NONYYNTh MHOIME NCXOARbIE
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CanBO‘-IHMK COBPEMEHHOTO U3bICKATEAR

DaHKbIe O CBOWCTBAX FOPHLIX NOPOA, BOROHOCHLIX FOPU3OHTOB % 06 YCIOBUAX NpO-
W3BOACTBA CTPOUTENLHBIX W FOPHBIX paboT. HanpuMep, KapexHsle paKHbie AR pac-
YeTa CBAMHBIX DYHRAMEHTOR, OLEHKN YCTOWIUBOCTK COOPYKEHUA HA CKANbHLIX U
OTHAaCTH MONYCKANBHLIX TOPHLIX MOPOAAX, AR NPOEKTUPOBAHWA NPOTUBOGWILTpA-
LIMOHHBIX 3aBeC U MHOIMX RPYIUX BUAOB UCKYCCTBEHHOTO YNYYLIEHUA CBOUCTR TOp-
HBIX NOPOR. K HUM OTHOCATCA paHHble 0 BOROOGUNLHOCTY BOROHOCHLIX FOPU3OHTOR,
YRENbHOM Ae6UTe CKBANUH, YAENLHOM BOAOIOITIOLEHUN TOPHLIX NOPOJ, 33BUCUMOC-
TU NPOYHOCTH ¥ AeHOPMUPYEMOCTN TOPHLIX TTOPOA OT UX HU3NYECKOrO COCTOAHUS,
3aBUCUMOCTU BOROIIPOHNIIAEMOCTY TOPHLIX TTOPOA OT CTENEHU UX TPELWWHOBATOCTH
W 3aKapCTOBAHHOCTYW  Ap. HakoHell, TONbKO € MOMOMBIO MONEBHIX ONMBITHLIX paboT
MOXHO BLIABNATDL BaXHbIe 3aKOHOMEPHOCTM, ONPeAensiomue Te UIK NHble U3MeHe-
HWA CBOMCTB FOPHAIX NOPOA MW Pa3BUTHE T@ONOTMIECKUX TTPOLECCOB.

TakuM 06pasom, MosieBble ONLITHLIE PAGOTHI ABNATCA BAKHERIIUM BUROM UH-~
XeHepPHBIX U3bICKAHUA. IlepeoneRnTh UX 3HaYeRUe NP PeNIeHUK Pa3INYHBIX R~
EHePHbIX 3aha4 KeBO3MOXKKO. OHY TTO3BONAIOT:

1) nonyyarth Haubonee HafeXHbe M ROCTOBEPHLIE KONUYECTBEHHbIE XapaKTe-
PUCTUKW CBOWCTB TOPHHIX NMOPOA ¥ BOROKOCHBIX FOPU3OHTOB B YCNOBUAX
€CTeCTBEHHOTO C/I0OMEHNA 1 3aJIeraHuRA;

2) uccnenoBaTh CBOWCTBA CNaBbiX, REYCTOWYUBLIX BOROHOCKBIX TODHBIX IO~
POA, M3yeHne KOTOPbIX APYT MU METOAAMU HEBO3ZMOXHO;

3) BLIABNATL BAXHbIE 3AKOHOMEPHOCTU U3MEHEKUN CBOWCTB TOPHHIX MIOPOR Y
Pa3BUTWA I'e0I0TUYECKNUX POLECCOB;

4) onpepenaTh UCXOAHME MapaMeTpH ANA NMPOEXTUPOBAHUA OPraHuU3auun
TPOU3BOACTBA OTAENLHLIX BUAOB CTPOUTEINbHLIX PaboT.

B mpakTuke nH}eHePHO-Tre00rNYeCKUX U3bICKAHUI NONEeBLIe ONBITHLIE Pabo-

TH Haufonee YacTo BHITONHAIOT ANA UCCIEROBAHUA:

1) HanpaBleHUA W CKOPOCTM RBWXKEHUA NMOR3eMHLIX BOA METOAAMM 3amycka
WMHAMKATOPOB, 31EKTPOMETPUUECKNM, 3APAKEHHOTO TeJla M Ap.;
BOA0OGUIIBHOCTY BOROHOCHBX TOPU3OHTOB ¥ peGUTa CKBAKUH, KONOALEB H
RPYTUX BOR03a6OPOB METOROM ONLITHBEIX OTKAYEK;

3) BOROMPOHWMIIAEMOCTU FOPHBIX NOPOJA METOROM ONBITHBIX OTKAYEX;

4) B3aUMOCBA3W MEXRY BOA03a6OPaMu ¥ BOROHOCHLIMW OPU3OHTAMU METO-
DBOM OTBLITHBIX OTKaueK;

5) BOROTPOHUIAEMOCTW FOPHLIX TOPOA METOAOM HANMBA B LIYPGLI ¥ CKBAKUKBL;

6) BOAONPORMUAEMOCTH, TPELUIUHOBATOCTH U 3aKapCTOBAHHOCTU TOPHLIX ITO-

POA METOZOM ONBLITHHIX HAarHeTaHWi;

CPaBHUTENLHO! CHUMAEMOCTU W AeDOPMAUNOHHEIX CBOWCTB TOPHLIX INO-

POR METOROM MPOBHLIX HArPY30K;

~
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Pasaea 2. UxeHepHO-reoormyeckme U3LICKaHUs

8) nehOpMalUOHHBIX CBOWUCTB FOPHHX NMOPOA B CKBAXMHAX C NIPUMEHEHUEM
NpeccuoMeTpa;
9) NpocapoYHOCTY 1€CCOBLIX MOPOJ, METOROM NTPOGHLIX HArpy30K;
10) conpoTuBNEHUA TOPHLIX TOPOA CABUTY NG METOAY TIOCKOTO CABUIa;
11) CONPOTMBINEHUA FOPHLIX TIOPOA CABUIY B CKBAMUHAX C JIPUMEHEHUEM N10-
NacTHLIX NpUBOpoB;

12) COMpOTMBNEHUA TOPHBIX TOPOA CABUI'Y METOAOM BHIAABIUBAHUA M Pa3pas-
NUBAHUA LEIUKOB FOPHBIX TTOPOR;

13) NNOTHOCTM M MIPOYHOCTY TOPHLIX TOPOA METOAOM CTaTUYECKOTO 30HAUPO-
BaHuA;

14) NNOTHOCTM ¥ NPOYHOCTH TOPHLIX TOPOA METOAOM AUHAMUYECKOTO 30HAM-
POBaHUR;

15) RaNpAXEHHOTO COCTOAHWA T[ODHLIX NMOPOA B YCNOBUAX €CTECTBEHHOTO 3a-
JleTaHUA METOROM pa3rpy3xu;

16) FOPHOTO AaBNEHUA B IOA3EMHBIX BHPAbOTKAX;

17) ycTOWYMBOCTY FOPHBIX TTOPOA B ONLITHLIX KOTI0BAHAX W FOPHbIX BLIpaboTKax;

18) cKOpOCTY BLIBETPUBAHUA FOPHLIX TOPOA HA ONHITHBIX TIOMARKAX;

19) napaMeTpOB, XapaKTepu3ywoLuX YCNOBUA 1leMeHTaL UK TOPHBIX NOPOR, Me-

TOAOM OMLITHOM 1leMeHTAL UK.

ITlepBLie yeTHIpe BUAA UCCTI@ROBAHUA TPOU3BOAATCA ANA XapPaKTEPUCTUKK BO-
NOHOCHBLIX TOPU3OHTOB, 30H M KOMIT/IEXCOB, BCE OCTaNbHble — ANA M3YYeHUA husu-
YeCKOro COCTOAHUA W OTIpeAe/IeHHbIX CBOMCTB TOPHHIX NOPOA. 3AMETUM, UTO HEKO-
TOpble BUAB Teopuauueckux paboT, MO CYWECTBY, TaKKe SABAANTCA MONEBHIMU
OTIEITHBIMM, LIUPOKO MPUMEHAEMBIMU NPU UHKEHEPHO-Te0N0TNYECKUX UCCTenoBa-
Huax. Hanpumep, onpenenex{ue mnoTHOCTH U BNaXHOCTU TOPHLIX TOPOA ANE PHLI-
MW MeTORaMM, UCCNenoBanne neh)OpMaUUOHHBIX CBOWCTB FOPHLIX JIOPOA CEHCMMU-
YeCKUMM M MMUXPOCEACMUYECKUMU MeTOpaMu M pp. IIpu penreHun TexX wnv MHHIX
KOHKPeTHbIX WHXEHEePHBIX 33Aau B 3aBUCUMOCTH OT OCOGEHHOCTe! Ieonornyec-
KX YCNOBUI MOTYT MPUMEHATHCA U APYTME, HOBbI@ BUALL IIONEBLIX ONMLITHAIX pa-
60T, BHEApPEHWEe KOTOPHIX HAano BCAYECKY TIOAREPHKUBATD.

M3 cxa3aHHOro Cnepyer, YTo 3HaYeHue N0JEBbIX OMBTHEIX PA6OT OTPOMHO, HO
%3 ITOTO COBEPNIEHHO He CefyeT AeNaTh BHBOA O TOM, YTO MOXHO NpeHe6peraTh
RaHHbIMU N1a60PATOPHBIX UCCNEROBAHMUM BU3UKO-MEXaHUYIECKMX CBOMCTB IOPHBIX
TIOPOA W YTO UX 3HAauYeHWe HEBENUKO JIPU pelIeHWM UHMXEeHepPHHIX 3apay. JlaHHbe
na6opaTOPHLIX UCCNeROBaHUN TaKie UMEIOT GONblI0e 3HAYeHUe HA BCEX CTapUAX
WHXeHEPHBIX U3bICKAHWH, Ha YTO Hamu o6pamanoch BHUMaHue paxee. Ilpu na6o-
PaTOPHBIX UCCNER0BAHUAX MOXHO JTONYYaTh MACCOBbIE OTIPEAeNeHUA CBOCTB rop-
HHX TIOPOA, MPUYEM CTOMMOCTb MX HECOMOCTABUMO Mana fno CpaBHEHWIO CO CTO-
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Cnpaso4HnK COBPEMEHHOIO U3bICKATEAS

WMOCTBIO BHTIONHEHWA TIONEBLIX ONMBITHLIX paboT. OcofeHHO GonblIOe 3HAYEHUE
NabopaTopHEIe NCCNIEN0BAHNA UMEIOT AR OLIEHKU CBOWCTB MATKUX (CBA3HLIX) TN~
HUCTEIX TIOPOJ U PEIXJIBIX (HECBAIHBIX) NECYaHHX U HECPABHEHHO MeHblllee — A
OLI@HKN CBOWCTB TBEPAHX (CKaNbHHIX) W MONYTBEPALIX (MONYCKAAbHbIX) MOPOA.
IIpn pannoHanbHOW OPraHW3aliuM NHKEHEPHEIX U3LICKAHUNA, OCOGEHHO Ha CTapnn
ReTanbHbIX UCCREA0BAHMIA IPU 060CHOBAHUM NIPOEKTOB OTBETCTBEHHLIX COOPYXe-
HWW, IONEBLIMU OMLITHHIMU PabOTaMu CNefyeT CONPOBOXAATL MaccoBbie nabopa-
TOPHEIE UCCNEl0BAHNA C 1|eN1bI0 UX NPOBEPKU N YTOYHEHUA.

2.1.2. Tlosioxenne MoJIeBLIX ONBITHBIX PaboT B 00u{eM KOMILIeKce
reoJIOTHYECKUX pafoT NMpH WHIKEHEpPHBIX W3BICKAHMAX

TloneBsie ONBITHbIE PAGOTHE HENb3A BEINONHATD N30/IMPOBAHHO OT APYTUX BUAOB
Teonormyeckux pa6or. Ux nonoxenne HarnaApHo 610 MOKA33HO Ha PUCYHKe 1.2, n3
KOTOPOT'O BURHO, YTO OHU ABIAIOTCA COCTABHOM YACTBIO CUCTEMbI MHIKEHEPHBIX M3bIC-
KaHni. Ecam MixeHepHO-TeoNnornyeckas CheMka, BrNoNHACMAA IPEUMYILLECTBERHO
Ha Ha4yaNbHEIX CTaAUAX U3BICKAHWM, N pa3BefoYHbIe PABOTHI, BHIONHAEMBIE Ha NOC-
NefyIomMX CTaAUAX, NO3BOAKIOT NONYYATh IPEACTABNEHNA 06 MHKEHEPHO-TeON0I -
YeCKNX YCNOBUAX TEPPUTOPUM WIN CTPOMTENLHOW NNOWARKMU CO CTENEHbIO fAeTalb-
HOCTM, COOTBETCTBYIOW|EN CTAUN N3LICKAHUM, TO MONEeBbie ONLITHbIE PABOTH AAT
BO3MOXHOCTb YTOYHATH 3TV TPEACTABNEHUA U aBaTh KONIMYECTBEHHYIO OLIEHKY OC-
HOBHLIX 371eMEHTOB UHKEHEPHO-Te010TMYECKNX YCIOBMUI, T. €. CBOWCTB POPHBIX MO~
POR, BOLOHOCHLIX TODPU3OHTOB, F€0JIOPUYECKNX IPOLECCOB W AP.

VcraHOBneHHbe CHEMKOW M PasBEKO! 3aKOHOMEPHOCTN HEOQHOPORHOCTN U
W3MeHYUBOCTM MHIKEHEPHO-Te0N0rMY eCKNX YCI0BUIA TePPUTOPUTA TOATBEPKAAIOT-
CR WM YTOYHRIOTCR MONEBLIMM OMBITHLIMWU paboramn. Takum o6pazoM mocnepasa-
Te/bHO MOBHIUAKTCA AOCTOBEPHOCTD W [IETANBHOCTb N3YEHNA NHKEHEPHO-T'e0/0-
TUYECKNX YCI0BUA PACCMAaTPUBAEMON TEPPUTOPUN.

OCcHOBHOW 06EM [TONEBLIX ONLITHLIX PAGOT BLITIONHAETCA Ha CTAANN BETaNbHBIX
WCCNENlOBAHUMA, T. €. IPU 0GOCHOBAHMM TEXHUYECKUX NPOEKTOB COOPYKEHUN. 3TM
PaboTH Kak 6l B MONHOM O6beMe CONPOBOKAAKT Pa3BefKy U MO3BONAIT AABATh
Haubonee HOCTOBEPHYIO U HAAGKHYIO OLEHKY NHIKEHEPHO-TEONOTUYECKUK YCAOBUN
CTPONTENLCTBA COOPYKEHW T, OMACHBIX reQNOrMYecKnX Nponeccos U . 4. MMenxo Ha
3TO/ CTaAUM TI0NIeBBIE ONMBITHEIE PAGOTH AOMKHB CAYKUTL CPEACTBOM ANR 060CHO~
BaHHOTO BLIGOPA PACYETHHIX NOKA3aTeNeN CBOMCTB FOPHLIX OPOA, BOROHOCHEIX T'0-
PU30HTOB 1 T. A. Ha CTaguAX PeKOTHOCHMPOBOYHBIX U MPEABAPUTENLHEIX UCCAEN0-
BaHUW 3TV PaBOTHi BHIMONHAIOTCS, KOPAA OHU HEO6XOMUMMBI ANA 6O7ee HafeXHOro
TEXHUKO-3KOHOMUYECKOTO 060CHOBAHNA BLIGOPA PAioHa PACNONOKEHUA NNepBOoNe-
PEAHOro 06beKTa CTPOUTENCTBA, BLIGOPA CTPOUTENbHOM INOWAAKM, TPACCH! JOPOTH,
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OCHOBHBIX NTADaMETPOB NPOEKTUPYEMBIX COOPYHEHWIA U T. A. B CpaBHUTENbHO 3Ha-
YUTENLHOM 06beMe OHM BLUTONHAKTCA TAKKE U HA CTAANU AOTIONHUTEALHEIX UCCre-
JOBaHWiA P paGoyeM MPOEKTUPOBAHMM, B 3TOT NEPUOA YTOUHAKT PacyeTHble mo-
Ka3aTenw, opraHu3annio TPON3BOACTBA CTPOUTENLHLIX PABOT W OLEHKY YCTONUMBOC-
TV cOOpYHeHnit. [I03TOMY OnbITHbE Pa6OTH HA ITOW CTAAMMU U3BICKAHWIA TPOAOILKA-
10TCH, HO YKe HEMOCPEACTBEHHO Ha YYaCTKaxX PAaclof0KEHNA ONpefieNeHHbIX COOpy-
JEHWH, B CTPOUTENbHBIX KOTNOBAHAX, NOA3EMHBIX BLIPaBOTKAX U T. A.

PanvonanbHoe coyeTanue MONeBbIX OMLITHLIX PAGOT ¢ APYTMMU BUAAMW reo-
noruyeckux pa6oT obecreyuBaeT KOMINEKCHOCTb MHKEHEPHBIX U3BICKAHWi U CO-
OTBETCTBEHHO MOJIHOE pellieHne NOCTaBAEHHEIX IePes HUMM 3aay.

2.1.3. Obume TpefoBaHuA K OpraHu3auuu
H TOCTaHOBKE TMOJIEBHIX ONEITHBIX pafoT

- Ilonesbie OMbITHBIE PABOTH HA3IBAIOTCA TaK TONABKO MOTOMY, YTO OHW BHION-
HAWTCA B NONEBLIX YCNOBUAX HA OMBITHLIX YYaCTKaX. BL6OP MeCT pacnonomexus
3TUX Y4aCTKOB 06OCHOBLIBAETCA C TOMOWBIO APYTUX BUAOB T€ONIOTUYECKUX PaboT.
B 3TOM COCTOMT B3aMMOCBA3b IONEBLIX ONLITHHIX N APYTUX T@ONOTUYECKUX PaboT.

- IIpu pannoHanbHOM OPraHN3aLumM N3bICKAHWIA ONeBLIe ONBITHbIE PABOTH B TOM
WAN NHOM 06beMe KOMKHLL CONPOBOXAATb APYTUE BUAbE T€0NI0TMYECKUX PaboT. K-
*EHEPHO-TEONOTMYECKAR CHEMKA, PAa3BefOYHbIE U APYTUE Teonorndeckue paboTu
NO3BONAIOT BHABNLATL 3aKOHOMEPHOCTU PACNPeAENEHNA HEOJHOPOAHOCTH U U3MEH~
YUBOCTU UHKEHEPHO-TEONOrMIECKUX YCNOBUW, T. €. pa3feNaTh PaCCMaTpUBaEMYI0
TEPPUTOPUIO UAU CTPOUTENBLHYI0 MNOWAAKY HA OTAENbHbIE YaCTU PasHOro popa,
TeONOTMYECKi Pa3pes Ha PasHOTO POJIA CIOW, TOPUOHTEL 1 30HE, & TaKXKe BOROHOC-
Hble TOPU30HTbI, FE0NIOrMYECKNe IPOLECCHl, ABNEHUA W T. A. [INR nanbHenmero uy-
JeHWUA U OLL€HKN KKAO BLACNEHHOM 37IeMEHTAPHON YaCTU CNOS, TOPU3OHTA U T. B.
BBLIONHAOTCA ClleluanbHble NONeBble OMLITHbIE PaGoTh. Ilpn onmpepenexrun Mect
PacmonoKeHNA ONLITHHX Y4aCTKOB HEOHXOAUMO PYKOBOACTBOBATLCA AUPEKLIMOHHO-
CThi0 U3MEHEHWIA CBOCTB POPHBIX MTOPOJ, BOROHOCHLIX FTOPU3OHTOB U T. ., @ TaKKe
RNAHOM (KOMIIOHOBXOM) PACMONOKEHUR POEKTUPYEMBIX COOPYHEHWIA.

{OnmbITHBIE PaBOTH MO3BOAAKT Hanbonee MONHO W TOYHO OLEHWBATh TUINY-
Hble, XapaKTepHble YCNO0BUR KaKA0N BHAGNEHHOM! YacT PacCMaTpUBaeMon Teppu-
TOPUN MAU CTPOUTENLHON MNOWAAKW, @ Ha CTAAUN AETaNbHBX UCCNeA0BAHUA —
Y4aCTKU PacMoNOMEHUR ONPeAeNeHHbIX COOPYHEHU. B 3TOM cnydae Heo6xoaun-
MO CTPEMUTBCA K TOMY, YTO6Ll MHTEPNONAALMA U IKCTPANONRUMA AARHBIX, NONY-
JEeHHHIX B peaynbraTe NPOBEJEHURA ONLITOB, NPOU3BOAWUAUCL HA CaMble Manme
PacCTOAHUA OT MECT PACHONOXEHWUS NPOEKTUPYeMBIX coopyxenui. llonesbie
ONBITHL IOZKHB! IPOBOAUTLCA TAK, YTOGB OHU 1aBaNN BOIMOKHOCTb UCCNEA0BAT
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W OLleHWBATb B MEPBYI0 Ouepenb HanGonee cnabbie FOPU3OHTH U CIIOU FOPHBIX

TIOPOA, B 30He BAUAHUA TIPOEKTUPYEMBIX COOPYKEHMN, T. €. Te, KOTOpbIe OTipepe-

NAOT YCTONYUBOCTH BCEW BhUleNeKallelk TONWN NOPOA, NPOEKTUPYEMOro Coopy-

KEeHUR UNU YYacTKa TEPPUTOPUN.

Bup omuITHEX paBoT ONpefenseTcs TeMU 3apaaMu, KOTOPLIe IPUXORUTCA pe-
1aTh B CBA3U C OLGHKOW YCTOWIUBOCTM T@PPUTOPUN NIPYU NPOEKTUPOBAHUMN KOHK-
PETHOTO COOPYXEHUA WU UHKeHepHBIX paboT. Tak Kak ropHsie nopoast 06napakT
HEKOTOPOW W3MEHYWUBOCTHIO COCTABa, COCTOAHWUA W CBOWCTB B NPOCTPAHCTBE,
Hefb3f PYKOBOACTBOBATLCA €AMHUUHLIMU UCTIHITAHUAMU (OMBITAMM), UX CHLEAYET
TIOBTOPATb B KONUYECTBAX, AOCTATOYHEIX AIA TIONYYEHUA AOCTOBEPHOW W HAREX-
HOW XapaKTepUCTUKU W ONEeHKM Nopop. IIpu u3yyeHun OTAENLHLIX NMPONECCOB U
ABNIEHWW OTIHITHBIE PabOTHI, KPOME TOTO, HARO MOBTOPAT B XapaKTePHbIE EPUORLI
pexuma ux passutua. TakoBr OCHOBHbe OBlMe Tpe6GOBaHMA K OpraHM3aLMu n
MOCTaHOBKE TI0ZIeBHIX OMBITHEIX PABOT. KpaTKO OHN CBOAATCA K CNEAYVIOWEMY.

1. Kapyiit IONEBOM ONMT CReYeT MPOBOANTS AR PelIeHMA OTpefieNIeHHOM KOH=
KpeTHOW 3afayu, CBA3AHHON C XapaKTEPUCTUKON W OLEHKOM yeToiunBoLTH
TEPPUTOPUIA, COOPYIKEHUA, OTpefieNIeHHBIX CBOWCTB OPHLIX TIOPOA, Bononoc—
HBIX TOPU30HTOB, YCTIOBUIA TPON3IBOACTBA CTPOUTE/ILHBIX U FOPHLIX pa6oT.

2. Buifop KaXAOro OMEITHOTO YYACTKa UAM PPYMITHL UX CLeAYeT IPONIBOAUTD TaK,
470651 NONYYATh XapaKTEPUCTUKY M OLEHKY Haubonee XapakTepHON, TUIUY-
HOM JacT UCCNEAyeMON TEPPUTOPUN MM CTPOUTENbHOW nnomanku. Ha cra-
AUV peTanbHLIX W JOTIONIHUTENbHbLIX UCCIe40BaHUA OMbITHEIE PaboThl HARo
BBLITONHATb Ha YYACTKAX HEMOCPEACTBEHHOTO PAaCIlONOMEHUA COOPYIKEHUM C
1eNbl0 N3YYeHUA OTIpefieNeHHOro C0fA, TOPU3OHTA WA 30HB! FOPHBIX MOPOA,
BOAOHOCHOTO TOPN30HTa U T.A.

3. Heo6XonuMo 3HaTh B AETAIAX T@ONOTMYECKUI Paspe3 — Te0Nornyeckoe CTpoe-
HWe KaXAOT0 OTILITHOIO yJacTka. [IpocTpaHCcTBeHHOe NONoKeKue, Fybury 3ane-
TaHWA ¥ MOWHOCTb KAWAOTO CIOA M TOPU3OHTA, KOTOPLIE HAMEYEHO UCCTIeR0BaTh
TIONEBLIMU METORAMM, HEOGXOAUMO YCTAHABANBATb TOYHO, UHCTPYMEHTANILHO.

4. Bwpbl ONBITHBX PaboT U METOAMKA UX MPOBEAEHWA AOIKHBEI MAKCUMAILHO NPU-
GNMKATHCA K YCNOBUAM PA3BUTHA MPOLECCOB U ABNERWIA (MORENMPOBATH UX), KAK
NPUPOAHEIX, TaK Y CBA3AHHBIX CO CTPOUTETILCTBOM COOPYIKEHUW, X YCNOBUAM pa-
6OTHI FOPHLIX TIOPOF, TIOL HATPY3KOM, PEMUMY U AMHAMUKE NTOA3EMHbIX BOR U T. A,

5. Ilonessle OMbITHEIE PAGOTH AOMKHEI COMPOBOKAATL APYTUE BUALL PEONOTrUYEC-
KUX PaboT, U B TOM IUC/IE MaccoBble J1aBopaTopHbie UCCNEROBAHUS, C 1eNbI0
TIPOBEPKY, YTOYHEHUA M KONUYECTBEHHOW OLlEHKW CBOWCTB TODHLIX MOPOA,
BONOHOCHLIX TOPU3OHTOB, AZIA pelleHUA APYTMX KOHKDETHBIX 3apay u Gonee
HaileXXHOro 060CHOBAHUA PACUeTHbIX OKA3aTenew.
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T'napa 2.2. UCIILITAHME BEPTUKAJIbHBIMHM CTATHYECKMMH
HATPY3KAMH (ITAMIIOM)

HccaenoBanre cpaBHUTEIBHOM CXUMaeMoCTH, AedOPMALMOHHKIX CBOHCTB
M TIPOCa/I0YHOCTH TOPHBIX TOPOA METOAOM NPOOHBIX CTAaTHIECKHX Harpysok

3T0 OAMH U3 AOCTATOYHO XOPOWIO aNPOGUPOBAHHBIX MHOTONETHEN MpaK TUKO!
METOR0B MONEBLIX UCIIMTaHUA TOPHHX MOpoA. CYMHOCTb ero COCTOMT B UCIILITA-
HWW TOpHBIX MOPOA B YCNOBUAX eCTECTBEHHOrO 3aneraHus NpOBHOM HAarpyskon,
TepefaBaeMoit Ha HUX yepe3 LITaMM, U Ha6MOAeHUAX 33 UX CKUMAEMOCTBIO UK
MPOCAAOYHOCTHI0. JlaHHbIe 3TUX HabM0AeHW TIO3BONAIOT OLleHUBATh AetopManu-
OHHBIE CBOMCTBA IOPHBIX TIOPOJ M BLIYUCAIATL MOKA3aTeNM, UX XapaKTepUsylomue,
CxeMbl TakUX UCTIHTAHUA TTOKA3aHbl Ha PUCYHKe 2.2.1, @ UX pe3ynbTaThl B BUAE
rpaduKoB 3aBUCUMOCTU OCAAKW WITAMIIA OT AEUCTBYIOWEW HAarpy3KU BO BpEMEHU
§ =f/(t) v ocapku MTaMNa OT AeACTBYIOWMX HArpy3ok S = f (P) — Ha pUcyH-
Kax 2.2.21 2.2.3.

\ + T+
5‘ jllll- -il]i -:.

= Doloddse

+
_{+
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+4/+‘]+ +\ +/+ +\+K\+\ +>+
L L A

Puc. 2.2.1. CxeMa yCTaHOBKY ANA UCNBLITAHUR FOPHLIX NOPOA B NOA3EMHON FOPHOI
BbIPaGOTKE NPOBHLIMU CTAaTUHECKUMU Harpy3KaMu:
1 — wramn (6eToHHbIA MAcCKB); 2 — ynop, Ha KOTOPbIA YNUpaTCA WTMPTL MHAKKA-
TOPOB; 3 — UHAMKATOp Y2COBOTO TUMA ANS U3MEPEHUA OCANKM WTaMNa;
4 — rugpaBnuyeckuit AOMKpaT; 5 — oNopHag NAnTa
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Puc. 2.2.2. [paduK 3aBUCUMOCTY OCAAKMA WTAMNA
OF gercTByIOUEN Harpy3Kku Bo BpemeHiu [S = f(t)]

Puc. 2.2.3. TpaduK 3aBMCMMOCTM OCAAKM WTamMna
OT geficTayioiyed Harpyaxu 8o apemenn [S=£(P)]:
1 — ¢asa npeobnagaloiyero pasBuTua ynaoT-
HeHWA NOpOAbl; 2 — a3a 3aMeTHOro PaiBuUTUA
CABWrOB, 3aMETHOrO Pa3pyWeHNA NOPOaLI;

3 — ¢a3a 3HauUTeNbHOro PasBUTUA CABUIOB —
NONHOrO pa3pyweHus NOpoas

S.mm

McnbiTarnA NPOGHBIMU CTATUYECKUMU HATPY3KaMU IPOU3BORAT IIPU UCCNEA0-
BaHMM NIOGHX TOPHBIX MOPOR — CKANbHEIX, HONYCKAIbHKX U 0COGEHHO 4acTo
Pa3H006PasHbIX MECYAHBIX U PIMHUCTHX — KaK HanGonee cuMaeMbX U IOPATAN-
BHIX TIPU BO3/IERCTBUM HA HUX HArPY3KW OT COOpYXeHuM. IMeeTca 04eHb MHOTO
TPUMEPOB UCTILITAHUI CKANBHEIX U [IONYCKaNbHbIX TOPHHX TOPOA 3TUM Memp,om

[naBHbIMM 3aa9aMU OMLITHEIX PA6OT ABNAIOTCA:

1) MCCNeROBAaHUE CPAaBHUTENBHOM CKUMaEMOCTU COPHBIX MOPOA Ha PasHBIX
Y9ACTKAX AW TY6UHAX; 3TH AaHHEIE MPEACTABARIOT UHTEPeC MPU UHKe-
HEPHO-Te0NOrIecKoi OLeHKe TePPUTOPUI, BHEOPE CTPOUTENBHLIX MNO-
WafoK, 060CHOBAHUM KOMIIOHOBKU COOPYKEHU! Ha BHIGPAHROM NNOmARKe
WK TNYGUKBL 3aN0XKEHUA QYHAAMEHTOB;
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2) ompepeneHue nokasarene AedoPMalOHHEIX CBOCTS F'OPHBIX IOPOR (MO-
nynb obuwen nedopmannu) AnA 060CHOBAHUA NPOEKTOB GYHAAMEHTOB CO-
OPY)KeHUi 1 o6ecrieNeHUA UX YCTONINBOCTH;

3) oueHKa MPoCcaj0MHOCTU NECCOBLIX OPOA MIPU 3aMAYMBAHMN WU MEP3NBIX
[IOPOA NPU OTTAUBAHUMU.

Y3 3TOro mepevyHA OCHOBHLIX 33AaY, pelllaeMbIX METOAOM MPOGHLIX CTaTUdec-
KUX HaTPY30K, BUAKO, ITO Takue Xe 3aaayi MOXHO PelIaTh C TOMOWIbI0, HANpUMeD,
KOMITPECCUOHHBIX UCTILITAHUA MECYaHBIX U MMUHUCTHIX TTOPOA B NaGOPaTOPHLIX
ycnosusx. OpHako B Na6OpaTOPHLIX YCNOBUAX WUCHHITHBAWTCA 06pasubl Manmx
pa3Mepos (mnowapbio 49-60 cM3, BhicoTOM 15-20 MM), TOTAQ KaK NP1 MONEeBhIX
OMbITaX UCMBITAHWA FOPHBIX NMOPOA MPOU3BOAAT LITAMNAMWU GONBUIMX Pa3MepoB
(nnomagsio 600-5 000 cM?) B YCIOBUAX €CTECTBEHHOrO 3a/leTaHNA — B MaCCUBe,
TONWE, CNOE U T. A. 3TO KPYMHOrabapUTHbIE OMEITH, O3BONAOWUE ONYIaTh He-
cpaBHeHHO 6onee JOCTOBEPHLIE U HAZ@KHLIE AAHHLEIE ITO CPaBHEHWO ¢ nabopaTop-
HyiMU, [T03TOMY pe3ynbTaTaMiu MONEBLIX ONMLITOB C€AYET AONONHATDL lRHHbIE Mac-
COBBIX 1a60PaTOPHBIX UCNBITAHUA NECYAHbIX X TNUHUCTBIX TIOPOA U VX KOHTPONN-
DPOBaTh, 0CO6EHHO NPU NPOEKTUPOBAHUU OTBETCTBEHHMIX COOPYXeHUW. Panuo-
HanbHOe COYeTaHue NaGOPaTOPHLIX ¥ MONEBLIX UCCNEAOBAHUN Aed)OPMAUNOHHBIX
CBOWCTB IECYAHHIX U TIMHMCTBHIX OPOA OGLIYHO MO3BONAET MONydaTh HauGonee
NPeACTaBUTENLHbIE, HAAGKHEIE U QOCTOBEPHbIE AAHHBIE ANR UX XAaPAKTEPUCTUKU U
OLeHKU. 3TO ewje pa3 yKaswBaeT Ha To, YTO He CNefyeT NPOTMBONOCTABAATD MOTe-
BblE OMBITHbIE PAGOTH NaGOPATOPHEIM, XOTS HEOGXOAMMO YEeTKO IPERCTABNSATD, 4TO
TP MHXEHEPHBIX U3bICKAHNAX, 0COGEHHO PN 06OCHOBAHUU TEXHUYECKUX W Da-
60YNX IPOEKTOB COOPYEHMUIA, UX 3HAYEHWUE TPYRHO MEPEOLeHNTD.

TIpn MPOEKTUPOBAHUU COOPYKEHWA HA CKaNbHBIX W MONYCKANBHBIX TOPHBIX
TOPOAAX NPOGHbIE CTATUYECKUE HATPY3KM ABNAIOTCA, IO CYINECTBY, eANHCTBEHHBIM
MEeTONOM UCCNEenoBaHU! UX fehOPMALUOHHIX CBOWCTB.

* JInA BHIMONHEHUA NPOGHLIX HArPY30K Re06X0RUMO UMETD cliefyiolee 060pyAo-
BaHue: IITaMIT, YCTAHOBKY ANA HArPYXEHUA WTAMNa, IPUEOPLI ANR U3MePeHUs ocap-
KMIUTaMna, 060pynoBaKue ans 0T60pa Hpo6 ropHLIX NOPOA, A0 IPOU3IBOACTBA PO6-
HOJ HArpys3ku 1 Ioche, XXYPHaJIB ANA 3alMcK HAaGNIOAEHUA U BLIYePIMBaHUA pabo-
unx rpadukoB. OmLITHBE HArPY3KW 0GLIYHO TPORONXKAIOTCA OT 5-8 fo 15-20 cyTok,
a MHorpa n 6onee, MO3TOMY pA 0GCNYHUBAOIIEro NEepCOHana A0MkKHA 6bITh 060-
PYROBaHA ManaTka Ui BarOHYMK C nonesoit naGopatopueit.

w IlITaMn ANR UCTIBITAHUR TOPHBIX MTOPOR POGHOI HAarpy3koi 06LIMHO NpencTae-
NAET CO60M METVINVYECKYIO, 6ETOHHYI0 UMW ene306eTOHHYI0 NUTY KBaAPaTHON
Wnu Kpyrnown ¢popmbl. TonluHa METaNIUIECKOTO ITAMIA 06LIYHO 40-50 MM, GeTOH-
HOTO W xene3o6erToHHoro — 100-200 MM. PaHbule CTaHAAPTHLIMUA CYUTAaNUCh
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WITAMIBl CNEAYIOMK Pa3MepoB: IPWU NTPOU3BOACTBE UCIHITAHWA B POPHLIX BbIPA-
6oTkax — nnomansio 5 000 cm? (xBa;paTHHM ceyenueM 70,7x70,7 CM, KpYTable
AMaMeTpoM 78,9 cM), B CKBAXMHAX — Mnomaabio 600 cM? (AuameTpom 27,7 cu).

B Hacrosmee Bpema [OCT pexOMeHAYeT NMPUMEHATh B FOPHBIX BHPAGOTKax
TPU UCIIBITAHUAX ITECYAHbIX W TAWMHUCTHIX ITOPOJ IVIOTHOTO COXEHWA XeCTKue
KpyTAble WTaMIB INOmaasio 2 500 cM? (AnameTpoM 56,2 CM), B IOPOAAX CpeAHei n
Manow MNOTHOCTH — MIOWAAbI0 5 000 cM?, @ B CKBAXMHAX, KaK U paHblie, BO BCex
caydasx — mnowansio 600 cM2. TOCT LOTMyCKaeT MPUMEHEHNEe ITaMITOB T10WALLI0
1000 cM? ITPU YCTIOBUU CO3AAHUA KECTKOM KONbLEBOH  NPUIPY3KI TOPHBLIX OPOA HA
nnomaau po 5 000 cMZ. Tlpurpyska ROZDKHA PABHATLCA MIPUPORHOMY AABIEHUIO HA
FOpHbIe MOPOAN Ha Tny6uHe 3al0XeHws WTamna. IIpu UCHBTaHMAX CWILHO W
HEPaBHOMEDHO CXWMAeMblX TOPHBIX NOPOAl HEORHOPOJHOTO CTPOeHUA (C Mpo-
CNOVKAaMM, IMH3aMU U T. 1) 11lenecoo6pasHo MPUMEHATD WITaMIbl GONbUIMX pa3Me-
poB — 5 000 cM?u 10 000 cM? (nuamerpom 112,6 c). TIpn UCTTHITAHUAX CKATBHBIX
W MONYCKaNbHbIX POPHEIX TOPOR OGLIYHO U3TOTOBNAIT GETOHHbIE UK Xene3obe-
TOHHBIE MOHONUTHI Ky6udeckon GopMbt pazmepom 100x100x100 cM.

Kawnptit WTaMI AOMKEH MMETb TOMHO 0603HAUEHHBIW LIEHTP B BUAE BLICTYTIA —
IWITHPA WIM THE3a AR LEHTPUPOBAHHOM| YCTAaHOBKM CTOWKK, TePeAaoNeit Harpys-
Ky Ha wTamn. JIns yRo6cTea MOAbEMA W YCTAHOBKM LITaMMa B Iypde uiin KoTnosaxe
KpaHOM UNKM NeGeRKO B HEM ROTKHB 6LITh CAENAHB CIEMANbHEIE TTETu.

HopmansHoe mponopumoHanbHoe yBeludeHne 0CagKu ¢ yBenudeHneM pasmepa
WITaMTOB HABIIOAAETCA TONBLKO TOrA3, KOIAa UX CeYeHue He MeHee 25-30 cM, T. e.
Tnomaps 600 cM2. ¥ WTaMNOB MEHbLIMX Pa3MepOB TIPOABAACTCA 3PHeKT nX BRas-
IWBaHMA, PUMEM TeM CUNbHee, YeM MeHblIe uX.pasMmep. CneposarensHo, pu
WCCNeNOBAHUAX CKUMAEMOCTU MECYAHbIX U PANHUCTHIX TIOPO HENb3A NPUMEHATh
MTaMIH oW ansio Mexee 600 cM2,

OCHOBHBIMU YaCTAMM YCTAHOBOK, 06€CTIEYNBAIONIMK BLITONHEHUE NPOBHBIX Ha-
TPY30K, ABNAIOTCA: CTOWKA, NIePenaionan Harpy3Ky HENocpencTBEHHO HAa WTAMIL;
LEHTPUPYI0OWEee YCTPONCTBO, O6eCceuBalonee AeHCTBUE HArPY3KU O BEPTUKANK;
nnarhpopMa i71A pasMen|eHnA Ipy3a Win TUAPaBANIECcKHue AOMKPATHL; yCTpoicTBa
ANA IPOU3BOACTBA HAGMIONEHNIA 3 0caaKoit wTaMna. HasHaveHue Bcex mepedwnc-
JIeHHBIX AeTaNein NoACHeHu He Tpebyer.

OTHOCUTENIBHO YCTPOMCTB DA U3MEPEHUR O0CARKM WITAMIIOB MPK NPOGHLIX Ha-
Tpy3Kax CNefyeT 3aMeTUTh Clefyomee. B HacToRNee BPEMA OCHOBHbIMK NPUGO-
PaMu 1R ITOW LieNu CIYKAT MHAUKATOPLl YaCOBOTO TUNA U Iiporubomepsi. Unpn-
KaTOpHl YacoBOrO TWMA XOPOIIO W3BECTHHI, TaK KaK LIMPOKO UCMONBL3YIOTCR U B
nabopaTopHO# IpaKTMKe ANA U3MepeHwit pedopMaluit TopHux ropop. TakuMu
WMHAMKATOPAMU MOXHO NPOU3BOANUTL U3MEPEHUA C TOMHOCTHIO A0 0,01- 0,005 MM,
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T. €. [OCTaTOMHOW NPU UCCNeRo- a
‘S)’”"' Lo
BaHUAX AehOPMANUOHHEIX 14l 5
CBOWCTB He TONLKO MECYaHhiX U 4 . R4
TIMHUCTHIX NOPOA, HO Takxe . £ ew e
CHaZbHBIX W TIONYCKANLHBIX. &% y:( [j (Y-l
TlpornGomepsl — 3T0 MPU60- 4L .8 ) T
PHl AN U3MEPEHUA NPOrn6oB — 2} /.45 5
TepeMeIeRHA OTRENbHbIX TOYSK
- 70 20 30 0 50 60 70 80 90Cu
KOHCTPYXUKM OTHOCUTENLKO He S mopons KacopaIma
KOTODOW HeMOABWXHOW NOBEpX- L nd)
HOCTH TTOA REWCTBUEM HArpy3Ku. 5 fnowads ,mmm
Cxema pa6oThl mporu6omepa mo- Saw
KazaHa Ha pucynxe 2.2.4. Ilpun ’5,. |J, =3
0
oCapKe WITaMna CTPyHa (CTanlb- 50 9ﬁif'$/
Haf NpPOBONOKA), MEPEKUHYTaR 4k
yepe3 6Gapa6aH, moBopauusaer 3 » B 3 [ o
penyxTop (3yb6uatsie Koneca), u ey 5 ")
CTpeJIKa yXa3hiBaeT 3Ha4YeHune, Ha 70 [ iy
KOTOpOe NPOM3OUIN0 NepeMele- ﬁro o -
Hue Wwramna. [Jena penenna Ha ¢ f%api%ﬁ%,ggq,fg &0

undep6nare npornbomepa paBHa
0,1 MM, @ OTCYET MOXHO TPOU3BO-
BuTL ¢ morpeumrsoctsio go 0,05
wnn paxe 0,02 mM. Takas TOY-
HOCTb BIIOJIHE JOCTATOYHA ANA
Mn3mepeHua fedopMalum npu Bhl-
NOTIHEHUM TIPOGHBIX Harpy3oK.
TlopARAOK MPOBEREHWA MPOGHLIX HArPY30K CBOAUTCA K cnepyiomemy. IIpu Bbi-
60pe MecTa pacroNOXeHUA OMLITHOTO YYacTKa Ha HaYanbHbIX CTaUAX UHKEHep-
HbIX U3LICKAHWI CIeAyeT CTPEMUTBCA UCCIE0BATh CXUMAEGMOCTh WK IPOCao-
HOCTb BCeX TWUITUYHBIX PA3HOCTe TOPHBLIX NOPOJ, Claraonux TEPPUTOPUI0 UAU
CTPOWTETIbHYIO NIOWAAKY, KOTOPLIE MOTYT CNYKUTh HENOCPEACTBEHHbLIM OCHOBA-
HWeM ANA QYHAAMEHTOB MPOEKTUPYEMHX COOpYXeHui. Ocoboe BHMUMaHwe Npu
3TOM YAENAT WCCIEA0BAHWMIO HOPOA CNABHIX, CUILHO W HEPABHOMEPHO CXUMae-
Mbix. Ha cTapuax neTanbHbX WCCefoBaHWiA, IPU 060CHOBARWN TEXHUIECKOrO U
pabouero NPOEKTOB KOHKPETHBIX COOPYKEHUA YIaCTKU UCCIER0BAHNA CXKUMAEMO-
CTW TOPHBIX NIOPOA Hapo PAcronarath B Npepenax 30HH MX BAMAHMA. TonbKo B
ITOM C1y¥ae MOXHO IONYYUTh PeanbHbie JAaHHbIe ANA PacyeTa OCHOBAHWA COOpY-

O 100 500 1000 2000  5000cm?
finouiads F
Puc. 2.2.4. Tpahuku 3aBMCMMOCTH OCAAKN

WTAaMMOB OT UX Pa3MepoB Npu AEACTBUM Ha HUX
Hai py3Ku: @ — necku; 6 — CyruHKn
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KEHUW Mo AedhopManuAM U, CnepoBaTeNbRO, BHIMOAHUTD OCHOBHOE Tpe6GosaHue
«CTPOUTENBHBIX HOPM U TPABUNY.

Tak KaK NMPOGHEIMU HAarpy3kamu HeoBGXOAUMO UCCNEA0BaTh CKUMAEMOCTb U
NPOCAaAOMHOCTb ONMpEAEeNeHHBIX PA3HOCTE! TOPHLIX MOPOA, CNAralolUX TONIIM,
CNI0W, 30K U T. A, TO IIPEKAE BCEro HEOGXOAUMO UMETb MONKLIE U TOUHbIE CBEAE-
HUA O T'e0NOrMYECcKOM pa3pe3e OMBLITHOrO yyacTka. Ecnu 8 HemocpepcTBEHHOW
6nu3ocTn oT Hero (B0 3-8 M) HET pa3BefOUHOR BHPAGOTKM (CKBAXUKEL mypda),
TO HEOGXOAMMO ee TPOWUTU C 1ebI0 MPOBEPKU UMEIOIUXCA AAHHEIX O NOCNEA08a-
TeNbHOCTW HANNACTOBAHUR OTNOMEHWUA Y TOUHOCTH MONOKEHUA TPAHML, B TeONO-
TUYECKOM paspese.

Ha onmmTHAIA YYaCTOK AOCTABAACTCA BCe REO6XOAUMOE 060pYAOBAHYE, U B TOM
YUCNe IPy3bl, eCNv MPUMEHASTCA YCTRHOBKA € 3arpy304HON nnargopMoit. B kave-
CTBE IPY308B MOIyYT 6T UCITONb30BAHB GETORHBIE 610KH, CTPOUTENbHBIR KMPIUY,
MeTannuyeckue OTAMBKU (YYWIKK) WU APYTOW MOAPYYHEIA Marepuan. OpHospe-
MEHHO ¢ TIOATOTOBKOW 060PYAOBAHUA K OMHTY NPOU3IBOAAT NPOXOAKY ONMBITHOrO
wypda, koTnoBaHa unu Gyperue ckBawuHbl. CeveHwe mypda unu KOTAOBAHA MO
IHY 1enecoo6pasro uMeTh He Meree 1,5x1,5 M uau 2,0X2,0 M B 3aBUCUMOCTU OT
TIPUMEHAEMOro pasmepa mramna. Iny6uHa mypda o6LIMHO OnpenenaerTcsa rnyéu-
HO 32J10KEHUA (YHRNAMERTOB COOPYXeruit. Ecnu B mpepenax akTMBHOW 30HbI
OCHOBaHUA QYHAAMEHTOB 3aN€raeT OQUH MOILHBIA OLHOPOAHLIA CNO OPOA, TO UX
UCTIBITAHWE BBIMONHAIOT TONBLKO Ha PAyGuHe 3anowenus ¢yHpamexTos. Ecau B
aKTUBHOM 30HE 3an€raeT HeCKOAbKO CAOEB WAW 30H NMOPOA C PA3NUHBIMU CBOW-
CTBAaMU, UCITHITAHUAM AOJKHBI [TOABEPraThCA BCE Hecymue cnou. CTEHKU OnbITHO-
ro mypda win KOTA0BaHa KeNaTenbHO KPEITUTb TEM UU UHLIM CIIOCOGOM BO u36e-
XaHue ux 06pyierns.

YcnbiTaRUA TOPHBIX NOPOA B CKBAXMHAX NPOU3BOAAT NPU UX 3a7eraHuu Ha
rnyéure 6onee 5-6 M WA HWXKe YPOBHA IPYHTOBLIX BoA. OGLIYHEIA AuaMeTp
6ypoBbiX CKBaXUKR 325 MM (12"), @ B KauecTBe CTOMKU ANA NePeAaun Rarpy3KuiHa
WITAMIT UCTIONB3YIOT KOROHRY TPY6 AnaMetpom 168 Mm (6") unu 219 mm (8").

B moa3eMHbIX BLIPAGOTKAxX (IITOALHAX, MITPEKAX, KECCOHAX) UCIIBITAHWAM TOA-
BEPTraloTCA Te Pa3HOCTU TOPHHX MOPOJ, KOTOPbIe NPEACTAaBAAIT RENOCPEACTBEH-
HBIA MHTEPEC B CBA3U C OLEHKOW YCTOMYUBOCTU NPOEKTUPYEMBIX COOPYKERWM,
TIpoxoaKy NOA3EMHEIX BEIPaBOTOK 06LIYHO OCYIECTBRAIGT IO NIAHY BLUTONHEHNUA
pa3sBefoyHbix pa6oT. [I03TOMY A ONMEITOB UCIIONB3YIOT YKE FOTOBHIE llI'l‘OJleM,
WITPEKU U T. A,

OmbITHBIE MIYPPLI, KOTOBAHL U CKBAXUHDL B IIECYAHLIX ¥ TIUHUCTHIX IOPOAAX
BHauvane MPOXOAAT He HA MOAHYI0 FAY6uHY, A 0CTAaBAAIOT Ha 3a60€ LenuK MomHoC-
Tbi0 20-30 CM, U3 KOTOPOTO OTEUPAIOT MOHONUTHL ANA BEHITONHEHUA TIONKOTO KOMIT-
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nexca nabopaTOPHBIX UCCNEAOBaHUM (GU3UKO-MEXaHUYECKUX CBOWCTB MOPOA, C
06A3aTeNbHLIM UCTIBITAHUEM UX Ha Kommpeccu. [locne oT60pa MOKONUTOB Wypd
WAN KOTNOBAH YIAY6NA0T A0 MPOEKTHOM OTMETKU W AHO MX TILATENbHO NNarupy-
10T [0 YPOBH0. B cKBaXMHaX 32601 TakKe BHPABHMBAKT GYPOBOI NOKKOR Unu
CrieuanbHLM HOXOM AR 3a4ucTku. Ecin B mopojax mnaruposxa AHa uypoda,
KOTNOBaHa U4 3a60A CKBAWMMHBL 3aTPYARWTENbHA, IPOU3BOAAT MOACHITKY CNOA
MENKO3ePHUCTOTO AN CPeAHEe3ePHUCTOr0 OZHOPOAHOTO MeCKa TONMHON He 6o-
nee 3-5 cm.

TIpn noaroToBKe OMLITHOW BHPaGOTKYU A UCTILITAHUIA TOPHBIX NOPO, Heo6X0-
VMO YACNATD 60NbIIOE BHUMAHNE COXPAREHUIO UX eCTECTBEHHOTO CIOXKERUR, TNOT-
HOCTY 4 BRaWKOCTH. C 3ToW Lenbio MpeaycMaTpUBAIoT Bce REO6X0AUMbIe Mephl Ans
3AIWUTH ONBLITHOM BHIPAGOTKM OT UCKYCCTBEHHOTO YBNAKHEHUA WA 3aTOMNEHUA,
BbICHIXAHUA U TPOMOPAKUBAHUA TOPOA UM MEXaHWUYECKOTO Pa3pyNIeHUA.

Ha TjaTenbHo BLIPOBHERHYIO MAOWAAKY AHA OMBITHOM BLHPaGOTKU YCTaHaB-
AMBAIOT NITAMN ¥ TPOU3BOAAT MOHTAX ONMHTHON ycTaroBKU. IlITaMn Heo6xoanMo
JCTaHABAWBATL B LEHTpE ONBITHOW BHIPAGOTKU INALIMA, OCTOPOXHO, NONHOM
NINOCKOCTbIO, He JOMYCKan MePeKoCoB, BMATUH U APYTUX HapPYWEHUH CNOMEHUA
nopop. llocne ycTaHOBKM MITaMma NPOBEPAIRT €ro FOPU3OHTaNBLHOCTh MO YPOB-
Hio. MORTaX yCTaHOBKY POU3IBOZAAT aKKYPATHO, 6€3 Pe3KUX AURAMUYECKUX BO3-
neiCTBUM Ha MOPOALL, TaKMM 06pa3s’oM, YTO6bl Harpy3ka NPUXoaunach TOYHO MO
LeHTPY MTaMNa U CTPOro BepTuKanbHo (mo orsecy). Ilo3TOMy mpW MOHTaxe
YCTaHOBKM 06pamanT 0co60e BRUMaHMe Ra MOHTaX U IGXCTBUE |EHTPUPYIOIUX
ycrpoicrs. [To OXOHYaHUM MOHTaXa YCTAHOBKU Ha HEMOABMKHLIX 6PYChAX Kpe-
NAT NPOrMGOMEpLl WX UHAMKATOPH YACOBOTO TUITA, CTPENKN KOTOPHIX CTABAT Ha
Hynesoe fenenue.

TIpn ipou3BoACTBE ONLITOB B 6YPOBLIX CKBAXUHAX KONOHHY TPY6 €O WITAMIIOM
OMYCKaloT CTPOro IO BEPTUKANU Yepe3 HaNpaBAAioIYio My(dTy Ha Oronoske 06-
capHbix Tpy6. LITaMnm ycraHasnuBaloT HUKe 6aNiMaka obcapHbX TPy He Gonee
yeM Ha 2-5 cM. Bea ycTaroBKa Ans UCTHTAHWA FOPHLIX TIOPOJ B CKBAXUHAX AOMK-
Ha GEITh ypaBROBELIEHA TPOTUBOBECOM,

TIpo6Hble Rarpy3ku NMPOU3BORAT CTYMEHAMM, IPUYEM KaXAaa MOCAeayiomasn
CTYNeRb HArPY3KW MPUKJIABIBAETCA TONBKO IOCAE CTAGUNU3ANUMK OCAAKU LITAMMTA
oT mpepbiayment. Crabunusanma ocaaku WTaMNa CYUTaeTCs JOCTUTHYTON, ecnu ee
NpUpallenue He mpesbilaeT 0,1 MM B TeYeHMe 1 4 Ha KPYITHOOGNOMOMHBIX M
NecyaHbIX MOPOAAX U 2 ¥ — Ha NI06kIX APYTUX opoaax. Kawaas cTymensb Harpysku
Ha NOPATNUBLIE PHIXNILe HECBA3HBIE MOPOALY, UMEIoLIUE HEIOCTATOURYIO TU10THOCTD,
PIUHUCTHIE, C HEYCTONYUBOM KOHCUCTERIMEN, AOTKHA PABHATLCA 0,25 krc/cM?, Ha
BCE OCTanbHbe — He MeHee 0,5 krc/cM?. TlepBan CTYTEHb HAFPY3KU OKHA BKIIIO-
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vaTb BEC UITaMIa W YCTAHOBKY, 8 B GYPOBHIX CKBAXWMHAX — TY YaCTb HAarpysku,
KOTOpas He ypaBHOBEUIEHa ITPOTUBOBECOM.

T'OCT pexoMeHAyeT BLHIMONHATS UCIILITAHWA C PEBAPUTENLHBIM YIUIOTHEHVEM
TIOPOJ HArpy3KOW, PaBHO! MPUPORHON Ha OTMETKE MOAOLIBLI LITAMITE, HO He MeHb-
weit, vem 0,5 krc/cm?. 3TO MPaBUNO 14€Neco06Pa3HO BHIONHATL TPU UCTHTAHNU
TIOpOp, Ha Iy6uHax 6onee 4-5 M; TIpn OBLINHLIX MyGUHAX 3aN10KeHUA DYHAAMEH-
TOB, PaBHLIX He Gonee 2,0-2,5 M, 0cO6eHHO B MECYAHBIX W MIMHUCTHIX OPOAAX,
HeT CMBICNa NPOU3BOAMTL NMpeBapUTe/lbHOE YIUIOTHEHUE TIOPOA, TeM Gonee, uTO
onexka nehopMalMOHHHX CBOWCTB IOPOA NPOU3BOAMTCA MO NPAMONMHENHOMY
YYACTKY KPUBOW, BLIPaXaiolei 3aBUCUMOCTb OCAAKM NITaMIa OT HArpy3Ku.

Ofuiee YMCIO CTYMEHEW HArpy3Ku 3aBUCUT OT MOAATIMBOCTH (CHUMAEMOCTH)
TIOpO7, W TIPEAIIoNaTaemMoil Harpy3ku OT coopyxeHua. KoxeuHan cTymexb Harpys-
KV RONKHA NPEBHIIATh POEKTUPYEMYI0 OT COOPYKeHus Ha 1-2 kre/cu. ITo TOCT
oblee YUCIo CTYNEHe ! AOMKHO OBITh He MeHee NATH. [Ipu uccnenoBamAx necya-
HBX W [NIMHUCTBIX NOPOA HEOBXOAUMO CTPEMWTBCA IONYYMTb NONHYI0 KPUBYIO
Pa3sBUTMA OCAAIKW LITAMIIA C 1le/Ibio BLIABJIEHWMA OCHOBHLIX (a3 AedopMaumu nopop
(cM. puc. 2.2.3). B aTuX ClyvanX KOHEYHAA CTYTIEHb HATPY3KU JONKHA NPEBLIATD
KPUTUYECKYI0 HaIpy3ky, NPU XOTOPO# KpuBas 3aBUCUMOCTU OCAfiKW OT HArpy3Ku
npuoBpeTaeT KPUBONUHE!HDIA XapaKTep, T. €. OCaAXa HAMMHAET Pa3BUBATLCA Gbl-
CTpee, YeM yBeNndeHue NPUKIafLBaeMOi Harpy3ku.

TIpn BHITONHEHMM MPOGHLIX HATPY30K C MOMOWbI0 TMAPABANMECKUX AOMKpa-
TOB HEOOXOAMMO CNEAMTH 33 MOCTOAHCTBOM 3aAAHHOTO [ABNEHWA M0 MOKa3aHMAM
Maromerpos. IIpu ocapike WTaMIla B IMAINHAPAX AOMKDPATOB HEM3OEKHO CHUKEHNE
JAB/IEHUA, TI03TOMY [JIA €0 MOAJIePKAHNA HEOGXOMUMO MPOUIBOAUTL MOAKAMKY
JOMKpATOB, HO JIyJllle TPUMEHATL aBTOMaTNYeCKoe yCTPOMCTBO ANs 3Toro. Ilape-
HUe aB/leHNA B IOMKDATax MOXET IIPOVNCXOANTD TalKe BCNIeACTBUE YTEYKMU Macla
TIPU MCTMPAHUU MAHXKETOB B UWIMHADAX, HAPYLWEHNA CAILHUKOBOTO YIUIOTHEHUA
BEHTUNE! W NPYTMX COeAVHEHWIt. YaenbHOoe naBneHue, CO3aBaeMoe TMipaBau-
YeCKUMM IOMKDaTaM¥, BLIMUCAAETCA N0 hopMyne:

g B

Flllm

rfie p; — yAeNbHOe AaBeHMe UITaMIa Ha TOPHble OPORH, KI'c/cM2; p, — Mokasa-
HWA MaxoMertpa, krc/cM?; Flg — TIomanb NMOPUIHA B NWIMHAPAX AOMKpaTa, cm2;
F,m — Tnowianp MTamma, cMé,

TIpn Kaxpow CTyMeHW NMpOGHOW Harpy3Ku HalMOAEHMA 3a OCAAKOW LITamIa
NMPOV3BOJAT: MPU WCIMBITAHUAX KPYMHOOOGJOMOMHBIX W IECYAHBIX NOpoJ vepe3
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Kawble 10 MUHYT, TIMHMCTEIX — vepe3 15 MMHYT B TeYeHue MepBoro Yaca u
COOTBETCTBEHHO Yepe3 20 v 30 MUHYT B TeyeHue BTOPOro yaca. B panvHeiwuieM B0
BCEX CAYYanX HaG10AeHUA IPOUIBOAAT Yepes Kau/bli Yac Ao crabunusaumu ocap-
KU mITaMIa.

Tlocne cTaBwim3anuu ocapkv LITaMNa OT MOCNEAHEeN CTYNeHU Harpy3ku npo-
M3BOZAT €I'0 PAasrpy3Ky TaKxe CTYEHAMM U BEAYT HabliopeHUA 3a YIpyroi oTAa-
yew, T. e. 06paTuMbIMu fedOPMALMAMM TOPHLIX TTOPOR, TOCe CHATUA KAKAOH CTY-
TeHW Harpysku. IIPOV3BONAT AEMOHMTaX YCTAHOBKW, & 3aTeM 0T6Op MOHONMTOB
TIOpOA M3-T0Z, WITaMMa ANA UCCIeROBAHMA UX CBOUCTB TOC/le TPOGHOM HATPY3KU.

Bce nabniopeHMA Tpu MPOU3BOACTBE MPOGHLIX HATPY30K 33HOCAT B KYPHAN
crenuanbHoW GOpPMEL, B KOTOPOM OTMEHAlT Takke BCe HablioaeHuA 3a COCTOA-
HVeM TOPHHEIX [TOPOJ, BOKPYT WITaMNa — MOABAEHVNEM TPeWUH, BaJIMKOB BHIIUpA-
HvA 1 ap. JXypHan poKyMeHTaluum ONLITOB COMPOBOMKAAIOT TEO/IOTUNECKUM paspe-
30M ONBLITHOrO YYACTKA W CXeMOW, u306paxalomen OMBITHYI0 YCTAHOBKY W Pacro-
JIOWEHVE ONbITHOTO WTaMMa.

_° TakoB MOPAROK POU3BOACTBA NPOGHLIX HATPY3OK C 11e/IbI0 MCCIIEROBAHMUA CHKU-
Méemocm W NeOPMAUOHHEIX CBOMCTB TOPHBIX TIOPOA. Pe3ynbTaTHl 3TMX MCCe-
RoBaunit M306paxaloT B BuAe rpaduKos 3aBucumoctedt S = £/ (t) (cm. puc. 2.2.2)
n$=f(P) (cM. puc. 2.2.3), a Mopyns o6mei AedopMauu rOPHLIX MOPOA BEYUCIA-
1oT To popmyne:

E=(1- Hz)Wd%,
rae Ey — mopyns oBumeit aehopmanum CopHsIx NOPoR, kre/cm?; w — koadduument
n_o:nepexmoﬁ nedopMaLMmM TOPHLIX TOPOA MO AAHHLIM UCILITAHMIE 06pasLoB B Na-
60paTOPHLIX YCAOBUAX WM NPUHUMAEMbiit paBHbiM 0,15 AR CKAILHBIX TIOPOR,
0,25 — pnA monycKanbHbix, 0,27 — ANA KPYMHOOGI0MOKYIX, 0,30 —AJ1A TIeCKOB 1
cymeceit, 0,35 — Ans CYTIMHKOB U 0,42 — ana tavr; W -— Gespasmepubii k03dbdu-
LIEHT, 3aBUCAIMIA OT GOPMLI U Pa3Mepa LITAMNA, IPUHUMAGMLIA paBHbIM 0,8; d —
JIMaMeTp lITaMna, cM; Ap —- Mpupamerue yAeNbHOW HArpy3Ku Ha WITaMI Ans
TPAMONMHEWNHOrO yvacTka rpadguka sasmucumoctu S = f (P); AS — npupamenve
0CaZikv LITaMIa, COOTBETCTBYOLEE MHTEPBANY NPUPAMEHUA HATPY3Ku AP, CM.

MccnenoBaHuA MHOTMX CIIELMANMCTOB MOKA3anu, YTO MOAYNbL obmeit pedop-
MaIMW Pa3HO0BPA3HBIX TECYAHO-TIMHUCTEIX TIOPOA IO Pe3y/LTaTam NPoBHLIX cTa-
TUYECKUX Harpy3ok 06b14HO Gonbuie Moayns obmeit aedopManyy, BEIMUCIEHHOro
O AAHHBIM KOMIPECCUOHHBIX MCrbiTanuit. [TonpaBouHbiit k03duLMeHT, umenye-
Mblii B IuTEpaType Yacto xoadduuuenrom U. A, Aruiuesa, 06b19HO Gonblle enu-
HMIB M 1A MHOIUX PasHOCTE! MIMHUCTHIX TIOPOA paBel ABYM. Ilpumeputie 3Ha-
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yeHuA moayns obwet aedopMalum i PasNUIHLIX FPYIIT M TUIOB FOPHLIX TOPOA
nipusepeHt! B «Kypce nHKeHepHoit NeTponorumny.

JInA U3yveHWUA MPOCafOMHOCTU NECCOBHIX NOPOA TPU 3aMauNBaHUN M MEP3NBIX
TOPOA TPU OTTaMBaKWUW TOPAAOK NMPOU3IBOACTBA MPOGHBLIX HATPY30K CNEAYIOMUHA.
TloproToBKa ONLITOB M HAYal0 MX MPOBEAEHUA TaKKe e, KaK U IIPU OBBIMHBIX UCITB-
TaHWAX TOPHBLIX TMOPOA, ONUCaHWMe KOTOPHIX NMpuBeneHo Bbiure. Ilocne ynnoTHerma
NIeCCOBBIX TOPOJ, B YCNOBUAX €CTECTBEHHOTO CROXEHUA W BNAWHOCTU TIEPBLIMU CTY-
TIeHAMM HArpy3kn (no 2-3 rc/cM?) X UCKYCCTBEHHO 3aMaYMBAIOT M HaBNIOAAIOT 32
PpasBuUTMEM TIPOCAZKK, T. €. 3HAYMTENbLHOM, JacTO KATaCTPOdUIeCKkn GHICTPOR U He-
paBHOMEPHO# ocapKow wramna. C 3Ton uenslo mocne cTabwinlaunm 0cafkm WTaMna
OT OZHO7 M3 CTYTIeHe! Harpyskn (paBHO ~2-3 Krc/cM?) UIypd AN KOTIOBAH 3anu-
BalOT BOROW, YPOBEHb KOTOPOW B IIpoliecce 3aMaunBaHNs NOPOL W POBENEHWUA OIbl-
Ta NOAAEDPHMBAIOT MOCTOAHHBIM. [INA MPenynpemAeHWA pa3MblBa NOPOZ BOKPYT
WITaMITa UX NPEABAPUTENLHO IOKPHIBAIOT C/10€M NTecka TONWMUHON 3~5 M.

Tpocanka B pa3nUYHLIX NECCOBLIX MOPOAAX Pa3BUBAETCA C PA3HOW CKODPOCTLIO,
HO 06bI4HO HeNpepHBHO, INABHO WIM CKAYKaMy IO Mepe UX mpomaunsaxua. Ilo-
3TOMY B MEpBHE HECKONbKO YacoB HabnIofeHua 3a PasBuUTMeM IIPOCAAKN TIPOU3BO-
DAT Yepe3 Kaxasle 20 MMHYT, a 3areMm, 0 Mepe 3aTyXaHus MPOCAnKK, — qeﬁea
Kaabl Yac no crabunansauumn nedopMaln 1eccoBbIX OPOA, T. €. A0 TOI0 MOMEH-
T3, Kor#a nedopMaums He 6yner npesbiwars 0,1 MM 33 2 4. i

TIpu uccnenoBarvAX NPOCAA0IHOCTYU MEP3ALIX NOPOA PV OTTanBaHUy noc-
ne crabunusauun ocapKu LITaMmIia OT ORHOW M3 CTyMeHed Harpysku (paBHOW
~2-3 Krc/cM?) TPOM3BORAT UCKYCCTBEHHOE IPOTanBaKue NOpoa. Jina 3700 B 0,4—
0,5 M OT LITAMITA YKe (PN IOATOTOBKeE ONLITA IPOGYPUBAIOT 5-8 CKBAMMUH, B KOTO-
PBIX YCTAHABAUBAIT KONOHKM-3MEEBUKU ANA UMPKYNALUM IO HUM TOpAYe BOAL
WM Iapa unv 3nexTpoHarpesateny. MCKyccTBEHHLIN TpOrpes FOPHEIX MOpPog Ipo-
W3BOAAT HEMpPEpHBHO M PaBHOMEPHO B TeUeHWe BCEro OMHLITA A0 CTabuansauuu
0CaAKu WTamma. M3Mepennsa ocagku WTamMna Npon3BOAAT B TOM e NOPADKE, 4TO U
TIPU MCCNeA0BaHNAX NPOCaBOYHOCTU NEeCCOBLIX NOPOA.

Tlocne crabunn3aynn aedopMayum ropHbIX MOPOA BCIEACTBUE PA3BUTUA TIPO-
CapOyYHbIX ABNEHWI MPORONKAIT NPOGHYI HATPY3KY WITaMIa ABYMA-TPEMsA CTY-
TIeHAMMW Harpy3Ku, KaK u Tpu obbryHoM ombite. TI0 3aBeplIeHnyu OCapKu UITAMIa OT
TocnenHeR CTYNEeHW Harpys3kyu ero pasrpyxaioT Takxe CTYNEHAMM U HabmopaioT
33 06paTMMbLIMU NedopMaLUAMU TOPHEIX IOPOJ, AEMOHTUPYIOT YCTAHOBKY U IpO-
W3BOAAT OT6Op Npo6 M3-nop WITAaMna AAA MCCNEA0BaHUA (U3UKO-MEXaHUYeCKUX
CBOWCTB FOPHBIX TOPOR, TIOCNE OIbiTa. Bce HabnoAeHNA PN BHIIONHEHUN OILITOB
3aMUCHIBAIOT B CIELMANbHBINA KYPHA, 8 OKOHYATeNbHbIE Pe3y/bTaThl M306paKaior
B BUzle rpaduKos.

238



Pazaen 2. VHieHepHO-TeoAorMHeckne U3bICKaHus

Tloxasarenem TPOCanoYHOCTN NMOPON ABNACTCA OTHOWEHUE NPOCAAKN ONBLITHO-
ro WTaMIa OT 3aMauuBaHua S"p K O0Capke TONbKO OT Harpysku Soc' T. €.

5
M=,
Sﬂt‘

9TOT noKasarenb AIA NECCOBLIX TOPOZ Pa3INYHEIX PaioHOB U3MEHACTCA OT 2 A0
18, 1A ABHO POCAAOMHBIX 1I€CCOBBIX NNOPOA OH 06HYHO Gonbure 5.

ONMTHBIX AGHHLIX O NPOCAAOYHOCTU MEP3/LIX NIOPOA IPU UCKYCCTBEHHOM OT-
TauBaHU¥ NOKa HaKOMNEeHo Mano. Ilpn oueHKe X MPOCAAOYHOCTY ONb3YIOTCA TeM
e ToKasareneM M, 4To M 1A NeCCOBHIX NOPOA, TONLKO
BENIMYMHA NPOCAZKN OTBITHOTO UITaMIla B 3TOM Cnyyae
CBA3aHa C MpOTanBaHWeM MepanbiX mopop. Omucanue
CBOWCTB NECCOBHIX W MEp3NBLIX NOPOA ¥ NMPUPOAH UX
TIPOCaNOYHOCTU MPUBEAEHO B COOTBETCTBYIOWUX pa3-
penax «Kypca uHxeHepHO# reonorum».

VicnbiTaHMA NeccoBrX W Mep3nbX FOPHBIX NOpPOA
MPOGHLIMU CTATMYECKUMM HArpys3kamum NO3BONAIOT,
KpOMe OlEeHKW CTemeHu UX NPOoCcafovHOCTH, Onpene-

NATb:

1) Mopynb obweit AeopMauMM NPU €CTECTBEH-

2

3

4

~

=

=

HOM COCTORHWM W BNaXHOCTH, UCIONb3YeMbli
LNA pacyeTta 0Cafok PyHAAMEHTOB;

Mopynb obmeit pedopmanun mopon mocne ux
3aMaYMBaHWA UNU OTTAMBAHWA, NCTIONb3YEMbIiA
I7A pacyera pocaaxu GyHNaMeHTos;

K03 OUUMEHT N3MEHUMBOCTM Ae(hOpPMALNUOH-
HBIX CBOWCTB MOPOA, TpeAcTaBnsiomuit co6on
OTHOWeHMe Moaynei obmen nedopmaunn mno-
POZ, eCTeCTBEHHOTO CNOXEHWA W BNAXHOCTM W
B BOAOHACHILEHHOM MW TanoM COCTOAHMAX,
WCTIONb3yeMbIit TIPU pacueTe KOHCTPYKUWiA 3pa-
HWA 1 COOPYXEHW! Ha HepaBHOMEpHLIE Mpo-
capxu;

HayanbHoe MMHUMAanbHOE JaBNeHue, IPU KoTo-
POM NIPOABAETCA NPOCAZKA NECCOBOW MOPOAL
MY 3aMauuBaHUN ¥ MEP3NON MOPOAH — NPU
oTTauBaHuu (puc. 2.2.5).

Puc. 2.2.5. Cxema
péiBoTel nporubomepa
DAS U3MEpEeHUA 0CaaKM
wramna npu NpobHbIX
CTaTUYeCKMX Harpy3Kax:
1 — uudpepbnar;

2 — 3ybyarble Koneca —
pepyxrop; 3 — 6apabaH;
4 — cTpyHa (cTanbHas
npoeonoka); 5 — npo-
TuBOBEC; 6 — WTamn
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Puc. 2.3.1, MpuHUnnMabHaR cxema
pabotbl npubopa 6okoeoro fasne-

1 — pabouas kamepa npeccuomMerpa;

3 — WAAHTK HAaNOpHbIe ANIA NOAAYY
BOflbI MY a3a 8 paboUyIo U NpUrpy-

CKBaMMHbI; [ — anvHa paboyeit
Kamepbl; r v d — paguyc U guametp
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Tnaea 2.3. HCIIBITAHUE NMPECCHOMETPOM

HWA — npeccuomeTpa:

2 — NpUrpy30UHblE Kameps!;

304HYI0 KAMEPHI; 4 — CTEHKA

CKBAMMKHBI

HccaepoBatye AeopMalHOHHBIX
CBOACTB TOPHBIX MOPOJ
B CKBa}MHAX ¢ NPUMeHeHHeM
HpPecCHOMETPOB

3TO OZVH M3 COBDEMEHHBIX W yXe O-
BOJILHO WIMPOKO TIPUMEHSEMBIX METORO0B
W3yYeHuA Ae}OPMALUORHBIX CBOWCTB rop-
HBIX MOpOA. CYIHOCTD ero Ta e, UTo 1 Me-
TOA@ WUCTILITAHWA TOPHBIX TTOPOA TIPOBHLIMM
CTaTMECKUMKU Harpy3kamu. OHa COCTOMT B
VCCNef0BaHNMM W3MeHeHuit Aedopmauun
TOPHHX TIOPOA, COCTABNAWWMUX CTEHKU
CKBaXXMH, IIPW BO3AENUCTBUN HA HUX BO3pac-
TAOWMX CTYTIEHEW HATPY3KU.

3T UCCNEROBaHWA TPON3BORAT C TIOMO-
mplo CrenuanbHoro mpubopa 6okosoro
DaBnenvs — TpeccUOMeTpa, MPeACTaBNAio-
Wero co60i UMAMHAP (Kamepy) ¢ 3MacTUY-
HEIMU cTenkamu (puc. 2.3.1). Ero ycrange-
NMBAIOT HA TOW WM MHOW INy6MHE B CKBa-
MHE W TIOZ} BO3AEHCTBUEM AABNEHMA HuJ-
KOCTH (TMAPaBANYECKUIA TPECCUOMETD) WK
rasa (MHeBMaTMYecKwi MpeccuoMerp), Ha-
THeTaeMBX B KaMepy, TTPOM3BOZAT YTINOT-
HEHWe FOPHBIX TIOPOJ, B CTEHKAX CKBaMMHBL
W ORHOBDEMEHHO OIPEReNAT 3HAYEHUs
AeACTBYIOWEro Aasnervs u pedpopmaumu
TOPHBIX TOPOA. II0 AAHHEIM U3MEPeHWH BB
UCTIAKT 3HaYerue Mopyna obmen pedop-
Mauuu 1o dopmyne:

- Ap "
Ey=(1+1)n A
rae 4 — Ko3b@PUUMEHT monmepevHoW fe-
(opmanmun ropHLIX Topoa. Cpepxee 3Have-



Pasaea 2. NHKEHOPHOTe0AOrMYECKUE U3ICKAHUS

HUe | KPYTIHOO6IOMOHEIX TTOPOA, pasHo 0,27, eckos v cymeceit — 0,30, CYyravK-
k0B — 0,35, rue — 0,42; 1) — HaManbHLIM PafuyC CKBaXWHbL, COOTBETCTBYIOLMIA
3HaYeHWAM p, u A2, Ha rpaduke 3aBucumoctu Ar = f (P) cm (puc. 2.3.2); Ap —
Tipupaulermne faBneRus Ha CTEHKN CKBAXMUHH B IPeAeax MPAMONIMHeWHOro yyacT-
a rpaduKa 3aBucuMocTn Ar = f (P) kre/cM?; Ar — TpUpamjeHue DaaMyca cKBaKu-
HHl BCIEACTBUE Ae(dOPMAlNy TOPHBIX TIOPOA MOA ACUCTBUEM Harpysku Ap, CM.

Ar.mM D
N |
- |
Apgpmm—mm——— i
| |
Py S b
" A [ I
' |
4 0 ! ll :p,frzc/av’
! Pu Pn Pmazx

" Puc. 2.3.2. Tpaduk 3aBUcuMOCTH fecopmaumit FopHLIX NOPOA OT AercCTByOWel
Harpy3Kku Npu NpecCHOMETPUYECKUX ucnuiTanuax: OA — pacwupeHue Kamepsl
NPeCCHOMETPa 10 CONPUKOCHOBEHUS CO CTAHKAMU CKBaXMHBI; AB — obMarke Hepos-
HocTedR PXHOCTN CTEHOK C 1; BC — ynnoTHeHne Nopoa NOA AeACTBNEM
66KoBOrO fasnenus (Gasa ynaotHeHus nopog); CD — 3aMeTHOe PasBUTHE CABUIOB B
nopoae ((pasa 3aMeTHOro paspyweHua Nopogsl); Arg Ar,, — npupawenus paguyca
NpeccuomeTpa 1 AasieHuns, COOTBETCTBYIOWUE NPEAeNY NPONOPUMOHANbHOCTH
Aedopmaumit ropHLIX NOPOA, OT AEHCTBYIOWLErO AaBNEHUS

+ Tax KaK B r'MApaBNIUYECKUX TIPECCUOMETPAX O TPUPAIEHNUY UX Pauyca v cooT-
BETCTBEHHO DajMyca CKBAMWUHEL CYAAT 1O M3MEHeHww obbeMa paboueit Kameph
TIpeccuoMeTpa, MOZyNb o6men gedopManum MOXHO BLIUCIATS TakKe To Gopmyne:

; Ey=(1+pA 22,
. AV
rae AV — nipupauienue obrema paGoueit kKamepsl TIpecCUOMeTpa BCNELCTBUE Aie-
¢opManmu TOPHLIX TOPOZ TOZ AevicTBueM Harpy3ku Ap, cm’; K — koaddunmen,
TOCTOAHHbIA ANA RAHHOTO MPECCUOMETPA, CM3.

MHOTOYMC/IEHHbIE COTIOCTABAEHWUA DE3YNbTAaTOB NIPECCUOMETPUIECKUX WCITbI-
TaHWi MIECYAHBIX U ITIMHUCTBIX TIOPOZ C Pe3ynbTaTaMu WX UCTIHITAHWI MPOGHBIMU
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CTaTMYECKMMM Harpy3KaMu MOKasann, YTO 3HAYEHWEe MOAYNA obwei nedopmanmn,
ompeqenseMoe N0 NMEPBOMY METOAY, BCEra MeHblle, yeM IO Bropomy. Iloatomy
TOCT 20276-74 pexoMeHAYeT YIUTHBATb KOPPEKTUPYIOWMIA KOIPIUNUEHT 1 BHI-
IUCIATbL MOAYAB 0bmen pedopmaumnnu no popMyne:
Ey =Ky 2,
Ar

rpe K — KoppekTupylomuit KoagduimnenT, onpepenseMsli o cneyuansHoi dop-
Myne Win O AaHHBIM NMapasUle/lbHEIX UCTILITAHWI TOPHBIX TOPOA MPOGHOM CTaTh-
YecKOM HarpysKou.

TIpn MPOEKTMPOBaHMM OCHOBAHUI U GYHAAMEHTOB 3AaHUA U COOPYXeHUH ITI-
IV xnaccoB 3ToT K03hOULMEHT ANA MIECYAHBIX ¥ TAMHUCTHIX TTOPOA MOMHO MPUHU-
MarTb: NPU UCTILITAHNUAX HA rnybune Mexblie 5 M paBHBIM 3,0; 0T 5 fio 10 M — 2,0;
oT 10 1o 20 M — 1,5. Tak KaK MpeccnoMeTp MOMHO YCTaHABAWBATb Ha pasHoM
rny6une, neOPMaUNOHHbIE CBOWCTBA FOPHLIX NOPOZA MOXHO WCCAEA0BATH IO BCe-
My TEONOTMYECKOMY Pa3pe3y, BCKPHITOMY CKBAWMHOW, T. €. KaMAblA CNOW, 30HY,
TO30HY U T. A.

IIpeccuoMeTpuYecKuit MeToA MPUMEHNM ZUIA UCCAeR0BAHUA Aed OPMALNOHHBX
CBOWCTB NH06HX TOPHBIX MOPOA: CKANLHLIX, NONYCKANbHBIX, PHIX/BIX HECBAIHBIX M
MATKMX CBA3HBIX, HO HauBoJee acTO ero NPUMEHKIOT MPU M3YYEHUU CBOWCTB
MeCYaHBIX ¥ FMHUCTEIX Ttopop. Ha rpaduke, Buipaxaiomem 3asucumocts Ar =f (p)
(eM. puc. 2.3.2), 06bIYHO BBIAENAIOTCA ABA YYACTKE, OTPAXAIOWME Pa3NIMYHLLE CTa-
Imn nedopMaumuu OpPHHIX MOPOA TOA BO3NEACTBMEM HA HUMX HArpysku. Ilepsuit
yuacTok BC COOTBETCTBYET CTaAMM WX YTUIOTHEHUA U MPAKTUYECKU BLIPAMAET Nu-
HEeWHY0 3aBUCUMOCTb iedopMalium OT Harpysku. Jlasnexue p, — Npepen NPonop-
LMOHANBHOCTU — ABJACTCA MPeAe/loM BO3MOXHOTO UCTIONb30BAHMA IMHEWHOM 3a-
BUCMMOCTH fledopManuu ropHelx nopop,. [lo mepBoMy Y4acTKy KPUBOIA M BLIYMCIA-
10T 3HaveHue Mopyna obwent pedopmaumu. Bropoit yyacrok CD xapakTepusyer
KPUBOJIMHEHHY10 3aBUCUMOCTb Pa3BUTMA AedOpPManUn TOPHLIX NOPOA U O3HAYaeT
Hayano u pa3sBUTME MX PaspylleHMA B 30He AeWCTBUA HArpysku. Jlasnenue p,.,
ABNACTCA MPEAENOM NPOYHOCTH TOPHBIX MOPOA.

B HacroAlee BpeMR M3BECTHO AOCTATOMHO MHOTO KOHCTPYKLMI TpeccuoMer-
pos. Wped 3toro mpu6opa u METOAMKA MCMLITAHMM TOPHHIX TOPOA B CKBAXMHAX
6binv MpeanoXeHbl B 1930 I. PyCCKMM MHKEHEePOM MyTeit coobmenua A. A. Kraro-
poebiM. B 1933 r. HeMenuxuit urkenep ¢. Kernep npepnoxun ase KOHCTPYKuMU
npubopa 6OKOBOrO AABNEHUA U TEOPETUYECKOR PellleHne AA ONPefeNneHn MORY-
nA o6wei aedopManuu IOPHLIX MOPOA, MO AAHHBIM UCTILITAHWA TaKMMK Iipubopa-
Mu. B 1957 1. dpanuysckuit urxerep JI. Menap 060CHOBan METORMKY MCCNEfO-
BaHuW fedOPMallMOHHLIX CBOWCTB TOPHHIX NMOPOJ B CKBAMMHAX W €O3han AN
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3TOr0 NpUBOp Gonee COBEPUIEHHOW KOHCTPYKLMM, KOTOPLI HA3BaN NPECCUOMET-
pom. B 1963 r. JI. Menap ocroBan ¢upMy «IIpeccuoMeTpy, BLINONHAWILYIO HCCNeR0-
BaHWA FOPHLIX IOPOA B CAMBIX Pa3NMVHBEIX cTpaHax Mupa. [lpeccuomerp JI. Menapa
TIONL3YETCA OYeHb LIMPOKOW U3BECTHOCTBIO (PHC. 2.3.3).

B Poccun HanBonee mInpoxo NPUMEHAOTCA IPECCMOMeTpbl KOHCTPyKunu [TH
«DyHLaMEHTIIPOEKT» YDaNbCKOTO TONUTEXHMIECKOTO MHCTUTYTA UM, C. M. Kupo-
Ba (puc. 2.3.4), BCETUHIEO (puc. 2.3.5), HUM ocHOBaHUi 1 MOA3EMHBIX COOPYHe-
Huit, THUUC Munrpancerpos, BHUMMOPTEO, BHUMruppotexumku uM. Beneneesa
(puc. 2.3.6). B paspafoTke COBPEMEHHBIX TEOPETUYECKUX OCHOB MPECCUOMET-
PUYECKOr0 METOAA W KOHCTPYKUuiA Tpubopos npuxuManu yuactue T. K. Bonpapux,
JI. T. Mapuynonsckuit, K. B. Pynnexeiit, M. X. Bpox-
wrreis, 10, T. Tpod 8, B. [I. My 8, B. T En-
naros, C. JI. Kopenesa, I'. Il. Kopyarus u ap.

Kaxpptit mpeccuoMeTp COCTOMT U3 COBCTBEHHO
TMpeccuoMeTpa — LMIMHAPA-KaMepHl, yCTaHaBAUBA-
eMOi HeNmoCPeACTBEHHO B CKBAXUHE, U3MEPUTEeNb-
HQW anmaparypyl, BKMOvawllei TexHuueckue ycr-
POMCTBA ANA MOAAYM A3BNEHUA (Harpysku) 8 pabo-
9yl KaMepy NMpeccuoMeTpa, u MPUGOPOB AAR M3Me-
peHuA naenenns v nedopMannii COPHHX NOPOA.
IlpeccuoMeTp U U3MEpUTENbHAA annapaTypa cBA3a-
HBL M@XAy 060 LNaHraMu, a HEKOTOPHE U3 HUX
eme n MEKTPUYECKUMU NPOBOAAMM.

B 3aBucumocTu OT cmocoba cospaHMA ycuani
(naBnexua) B paboueit kamepe mpeccuoMeTps Guiba-
10T TMAPABAMYECKOrD MNM TIHEBMATUMECKOTO Aei-
crBuA. IIpu 3ToM usMmepenus nedopmaynit rOpHLIX
TIOpOZ, POM3BOJAT NNGO MO M3MeHeHUW obbeMa pa-
6oveil Kamepsl, NM60 MO MIMEHEHWIO ee MaMeTpa

Puc. 2.3.3. Cxema npeccuometpa KOHCTpykuuu J1. Menapa:
' @ — u3mMepwuTenbHas annaparypa; 6 — npeccuomerp;
' 1 — ra3osbiit 6annoH; 2 — pepykTop; 3 — MaHomeTp;

' 4 — KPAH-TPOMHUK; 5 — M3MEPUTENbHLIA LUAUHAP ANA
U3MepeHus UIMEHeHHI obbema uaxocTh B paboyeit Kamepe
npeccuomerpa; 6 — 6adok; 7 — wnauru; 8 — paboyan
Kamepa; 9 — npurpy3o4Hble Kamepbl ANA NOAAEpIKaHUA
BOKpYr paboueit Kamepbl pasHOMEPHOr0 NONA HANPSAKEHMI
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Puc 2.3.4. Cxema npeccuomerna
KOHCTDYKUAM YPanbCKOro NOAMTEXHH-
yeckoro vHcTuTyTa M. C.M. Knposa
N-89: @ — u3mMeplTensHoR YCTPONCTBO;
6 — npeccioMeTp; 1 — aBTOMOGUNbI kI
Hacoc; 2 — MaHoMeTp; 3 — pesepsHas
SMKOCT; 4 — TpyBKa ANA U3MeneHUs
obvema padouedi kKamepsl; 5 — HapymHan
COeguHUTeNIHAA TpYOKa; 6 —- BHYTpeH-
HAA CORAUHKTENbHAR TpybKa; 7 — npu-
rpy304HbIe Kamep:; 8 — pabouas
Kamepa; ¢ — pe3uHosas 060104Ka;
10 -— CTHIKOBOW KOHYC ANA 3aWHNTH
050104KH OT pa3pbisa
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Puc. 2.3.5. (xema npeccuomeTpa
KoHCTpyKuuu BCETUHTED VII'I'I-21:,‘
a — u3MepuTeNLHas annaparypa;,
6 — npeccuometp; 1 — Gannow
CHATOr0 BO3/AyXa; 2 — peayKrop
AaBnenus; 3 — 610K ynpasneus,
BKIOYAI0WMA 3NeKTPUYeCKui yKasa-
Tenb fedhopMauuit U MaHoMeTp;
4 — nebepka; 5 — wramms;
6 — WNAHT BLICKOTO ABNCHUS;
7 — 3neKTpuyeckue NpoBOAa;
8 — NpUIpPy304HbIE KaMepbl;
9 — paboyas kamepa
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Puc. 2.3.6. Cxema npeccnomeTpa
mapkn LMW koHcTpykummn Uhctutyta
rUppoTeXHNKK UM. Bepeneesa:
1-—nopbemHuK; 2 — rugpasnunyec-
Kaf Maructpanb; 3 — uamepuTenbHas
CTaHUMR; 4 — pedOMOMETpSI;

5 — UMAKRHApHUYECKUe FruapaBanyec-
KWe WTamnbl

(papuyca) ¢ moMowmblo 3IneKTpuvec-
KUX AaTYUKOB, YCTAHABAUBAEMBIX
BHYTPU paboyen kamepsl. OT paTumn-
KOB IIO 3N1€KTPUYECKUM NPOBOAAM
TIPOM3BOAMTCA AUCTAHLMOHHAA Te-
pepayva M aBTOMATMYeCKAA 3amuch
AedopManui Ha JeHTOMHOM Ana-
rpamMe. TakuM o6pasoM, B 3aBuCk-
MOCTM OT ocobexHocTelt paboTsl
NPeCcCMOMeTpHl NIPUHATO TOApaspe-
NATh HA T'MAPABANYECKUE W TIHEBMO-
3NleKTpNgecKue.

TIpn NOATOTOBKE K MPECCUOMETPUYECKUM UCTILITAHUAM HEOBXOANMO AeTanbHO
WM3YYUTb re0NOrnYecKnit paspes Mo KauA0 ONMBLITHO! CKBAXUHE U TeONOTUMecKn
060CHOBATH BbIAENEHUE CI0€B, 30H WU NOA30H TOPHLIX TIOPOA, NOANENAWUNX UC-
NBITAaHUAM. Bhijenedve wHTepBanoB ANA UCMBITAHWA ROMKHO OCHOBBIBATHCA HA
TIONHOM yyeTe 0CO6EHHOCTe re00rMYecKOro pa3pe3a POPHLIX NOPOA, BCKPLITHIX
CKBAXMUHOW, PAYONHLL 3an0XeHNA GYHAAMEHTOB COOPYXEHWW W pacmpepenerua
HaNpAXeHn| B nX OCHOBaHNW. CIILITAHNAM NOANEXKAT TNaBHLIM 06Pa30M Te Cnon
¥ 30HMI FOPHBIX TIOPOR, KOTOPbIe NOMAAANT B 30HY BINAHUA COOPYHEHNA.

TIpeccnoMeTpnyeckum uCIbITaHMAM HanGonee YacTo NOABEPraloTCA PasHoo6-
pasHbie NecyaHsle W CIMHUCTHE TOPOAL, TIO3TOMY B COOTBETCTBUM C TeXHNYECKU-
MM JaHHBIMU TIPECCUOMETPOB AUAMETD CKBAXUH AOMKEH ObITb OT 76 B0 127 MM, T. €.
Ha 10-20 MM Gonbile, yeM BHELIHMIA AMaMeTp NPeccuoMeTpa, a rayéuKa Ao 15 M,
peako Gonee. BypeHue Hapo Mpou3BOAUTb criocobaMu, obecneyuBaoWMUMKU nON-
HY10 COXPAHHOCTb €CTeCTBEHHOTO CNOMEHMA U HU3NIECKOTO COCTOAHUA FOPHBIX
TIOPOA B CTEHKAX CKBaXUHH. Eciv B reonornyeckoM paspese npeobnapanot nopo-
Abl yCTOMYMBEIE, Gyperune CKBAXNH NPOU3BOPAT 6e3 06cagku M UCTIHTaHWe TOo-
POA NPOBORAT MOCNE OKOHYAHUA OYPeHUs, HaUMHAA C HUKHUX FOpU3oHTOB. Ecin
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CFIPOBO"IHIAK COBPEMEHHOro U3biCKareas

B Te0JIOTUYECKOM Paspe3e Mpeob6nafaT HEYCTOWIUBEIE NOPOAM, UX UCTIBITAKUE
TPOM3BOAAT B mpolecce Gypenus. B aToMm cayyae cksamuny 6YpaT ¢ o6canKoit
Tpy6aMu B0 HEO6XORUMON TAYOUHE, Ha KOTOPYIO OMYCKAIOT MpeccuoMeTp. 3aTeM
obcapHble TPYOH! NOARUMAIOT U TPOU3BOAAT 06XATUE OPOA B CTEHKAX CKBAWUHEL.
B Takoi nocneposaTenbHOCTU UCCAGAYIOT AeOPMAUUORHEE CBOWCTBA MOPOA B
Tponecce 6YPEHNA CKBaXUHBI.

HenpiTanua Kaxporo Cnos, 30HH W MOA30HN NOPOA MPOU3BOAAT BO3PACTalo-
WUMU CTYTIEHAMYM HArpy3ku nio 0,1-0,25 Kre/cM?, eCaiu OHU UMEIOT Manyo u Cpef-
HIO10 TULOTHOCTB, W O 0,5-1,0 Krc/cM? — npy MIOTKOM croxerwn. Kaxaas cry-
TIeHb AABNEHUA CO3AAETCA B TeYEHUEe 1-2 MUHYT U BLAEPKUBAETCA 0 YCIOBHON
crabunusayuu ged)opmaumu, T. e. KOCAa OHa He mpesbimwaer 0,1 MM 32 30 MUKYT ¥
TecyaHbIX MOPOA U 3a 14 — y IAMHUCTHX. Habmoperus 3a aehopManuamu npous-
BOART B MepBhle 15 MUHYT B meCyaHbIX MOPoAax u 30 MUHYT — B TAMHUCTHIX
COOTBETCTBEHHO Yepe3 Kawabte 5 U 10 MMRYT W BNOCNEACTBUW COOTBETCTBEHHO
yepe3 Kaxpabie 15 u 30 MURYT 0 YCIOBHOM CTabuaU3auuu gedopmauun.

TIpn onpeneneruu AABAEHUA Ha CTEHKU CKBAXWHBI PU paboTe C ruapaBau-
9ECKWM TPECCUOMETPOM PEKOMEHAYETCA K AARNEHNIO, U3MEPEHHOMY MaHOMETDOM,
A06aBNATL paBiieHue cTON6a BOAL OT YPOBHA MAHOMETpa A0 CepeanHsl paboven
KaMepH mpeccuoMeTpa. IIpu ycTanoBKe r'MApPaBNAMYECKOTO NPECCUMOMETPA Ha Tay-
6ure 6onee 10-15 M 3TOT CTOAG BOALI MOXET CO3AaTh 3HAYUTENLHOE AABNEHUE HA
CTEHKY CKBaXMWHEBY, KOTZA ellle HeBO3MOXHO U3MepuTh Aedopmanuio iopoa. B cna-
651X TOPOAAX 3TV AeopMaLiNU MOTYT GBITL 3HAYUTENbHLMU. [lo3TOMY rMApaBan-
JecKue MpeccMOMeTpH Hellenecoo6pasHo MPUMEHATD NPU UCTILITAHUAX MOPOA Ha
3HAYUTENbHEIX TNY6UHAX U 0COBEHHO B CNabbix, MOAATAUBLIX NOPOAAX.

[InA nonyyerus 60/1ee TOYHLIX AAHHBIX U3MEPEHW NIPECCUOMETDH! HeobXoam-
MO OTTpapywpOBaTh, TaK Kak AaBNeHue, Co3paBaeMoe B paboueit kamepe npubopa,
PACXOAYeETCA He TONBKO Ha 06XaTue POPHBIX OPOA, HO U Ha pedopmanuio npubo-
pa. Omucanue cnoco60B rpaayvpoBKM NPECcCUMOMETPOB NPUBOAUTCA B COOTBET-
CTBYOWUX PYKOBOACTBAX.

JloxyMeHTalmnA PecCMOMeTPUYECKUX UCTTBITARUA TOPHBIX TOPOA BLIMOJIHACT-
€A B XypHanax crneyuanbion GopMH. '



Pasaea 2. UrieHepHo-reorornieckme U3biCKaHmus

T'nasa 2.4. ACIILITAHHE HA CPE3

I/Icc.nezlonamae CONPOTHBJIEHHA TOPHLIX TIOPOA CABUTY
B CKBaXHHaX N0 MeTOAY BpallareJbHOro cpesa

B npupope 1MpOKo pacnpocTpaKeHbi Cnabble FOPHbIe TOPOALL, TAKME KaK MAT-
KMe IIIMHUCTBIE KEYCTONYUBOM KOHCUCTEHLNY, MENKO3EDHUCTHIE U TOHKO3EPHM-
CThle BOAOHOCHbIE MIECKU PEIXNIOTO CLOXEHUR, TOPDA, TYMYCMPOBAHHbIE U 3aTOP-~
(poBaHHble CNabble MecYaHble U IIMKUCTHIE, Wbl U ap. M3 Takux NOpoA TpYAHO,
a MHOTAA M HEBO3MOXHO 0To6paTh Mpo6hl AR NaBOpaTOPHEIX MCCNEROBAHMM CO-
TPOTUBIIEKRUA UX CABUIY, TaK Xe KaK W UCTIHITATh UX B OJIEBHIX YCLOBUAX B IPUG0-
Pax v yCTAHOBKAX MO METOAY MIOCKOro cABMra (cm. suiue). II03TOMy nccnepoa-
HWE COMPOTWBNEHUA WX CABUIY MPOM3BORAT TNABHLIM 06PAa3oM B CKBAXMUHAX C

HpUMeHeHWeM JIONacTHbX NPUGopoB.

3TOT Merop BmepBbie Gbil MPUMEHEH B
LlIsennu, 3aTem B KaHape w u3BecTeH Kax
meron Vane test, Temeph OH monywun pac-
npocTpaHerue BO MHOTUX cTparax. B Coser-
ckom Cow3e u B Poccum uccienoBa’ua co-
NPOTMBNERUA CABUIY CAaBLIX OTNOXERWit B
CKBaXMHAX C TPUMEHeHRUeM NONACTHEIX TipU-
60poB MONYYMAM LIMPOKOE PacnpoCTpaHe-
Hue. CymHOCTb 3TOTO METOAA COCTOUT B U3-
MEPEeHUU MaKCUMaNbHOTO KPYTALIETO MOMEH-
Td, HEOGXOAUMOTO A BpAlEHMA KPbinbYaT-
KM — MeTHIPeXNONacTHOTO Npu6opa, NOrpy-
XEHHOro (3afaBneHHOro) B NOPOAY, MO UU-
NUHApPUYECKO MOBEPXHOCTM (puc. 2.4.1).

Puc. 2.4.1. Cxema uccnepoBanus conporusne-
HUA CABUTY CRABLIX NOPOZ B CKAXMUHAX
C NpUMEHEHWUEM NONACTHOrO NpU6Opa:
1 — nonacTHbli Npubop — Kpbinbyarka;
2 — wraHru; 3 — obcapHblie TpyObi;

4 — CTaHuHa; 5 — W3MepuTENbLHOE YCTPOM-
cT80 Npu6Opa C NPUBOAOM ANS BpaleHUs
KPbINbYATKY; h — BLICOTA KPbLALYATKY;

d — BUamMeTp Kpbinbyarku

TRy




CnpasouHmK COBPEMEHHOrO U3bICKATeA

Tlo3TOMY €ro Ha3blBalOT METOAOM BPAWATENLHONO cpe3a. Ha pucyHke BUAHO, YTO
TPU BPALEHUN KPBbYATKY POUCKXORNT CPe3 OPOJ IO UMNMHAPUYECKOI NIOBEPX-
HOCTH BBICOTOR /i U AaMeTpoM d. COMPOTUBNEHNE CABUTY ITPY 3TOM PaBHO

T= _1‘{ “max
K
rpe 1 — CONpPOTMBNIEHWE TOPHEIX TOPOR CABMIY, KIC/CMZ My, — MaKCHMAnbHbIA
KPYTALMI MOMEHT, Krc - cM?; K —- MOCTOAMHAA KpKNbYaTKY (cM), 3aBUCAIan OT ee
BLICOTH U guarerpa.

_ dh 14 d )

2 ( 3h)

U3 37010 Cnepger, wTo o 3TOMy MEeTOAY YCTaHABAUBAIOT obljee CONpoTuBne-
Hue TOPOA CABUCY T, HO OH He MO3BONAET HAWTW DasfeNbHO COCTaBNANUE ero
BEAVYUHE! — JrON BHYTPEHHEro Tpexus @ u cuernerme C. COnpoTusnenue cusu-
Py MATKMX TAMHWCTBIX TMOPOA ONpENenseTca INaBHLIM 06pa3oM CUnamu Cuervie-
HWA, TaK KaK BHYTpeHHee TpeHMe B HWX OueHb Majo, a MeCYaHHX — TONbKO
BHYTPEHHWM TPEHUEM, TAK KaK CUB CLETVIEHNA B HUX TIPAKTUYECKU PaBHb HYIO.

Ha pucyHKe 2.4.2 BWHO, 4T 1O Mepe 110BOPOTa KPbUIbYATKW [PW BpamaTens-
HO# Cpe3e TIOCTENeHHO BO3PACTaeT KPYTALMIA MOMCHT U AOCTUTaeT MaKCUMansHOro

M, rwec-cm

Tmax

|V

#mazx

Y Menin ~Tonin

1 I L dat,
g 20 40 60 80 100

Puc. 2.4.2. Tpadvk n3meHeHNA KpyTsLiero MOMEHTa M B 3aBUCHMOCTH OT yrna NOBOpO-
Ta KPbIIbYATKU @ NPY MCCNEA0BAHUAX CONPOTMBAGHNA CABUTY FOPHbIX NOPOA B
CKBAMMHAX NONACTHBIM NPUGOPOM: MKp — KPYTAWMA MOMEHT, COOTBETCTBYIOWM i
npezeny NpoNopLUMOHANbHOCTK; M. — MaKCUMaNbHbIA KPYTALUI MOMEHT, COOTBET-
CTBYIOWWH CONPOTUBAEHNIO FOPHBIX NOPCA CABUFY B ECTECTBEHHOM CAOMEHUH, PABHbIA
M .. — MAHAMANLHLIA KPYTAWMHA MOMEHT, COOTBETCTBYIOWMI CONPOTUBALIINIO

FOPHLIX 110POM CABUTY B HAPYIIEHHOM CNOMEHUW, PABHBIA ~T
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Pazaen 2. VHXeHepHO reoAOryeckue UsbiCKaHUs

3HAYEHUA NPU MAKCUMANbHOM COMPOTUBNEHUM CABUTY NOPOJ €CTECTBEHHOTO CTO-
KeHuA. Korpa Mo UMAMHADPUEECKON NIOBEPXHOCTU Cpe3a, HalpuMep B PAUHUCTHIX
TIOPOAAX, CUMbI CLETNEHUA (CTPYKTYPHBIE CBA3M) BYAYT HapyLIEHs!, 3HAYEHUE XPY-
TAIETO MOMEHTa 6yaeT MUHUMANbHBIM. 3TO COOTBETCTBYCT MUHUMANbHOMY 3Kave-
HUIO COMPOTWBNEHUS NOPOA CABUTY, T. €. CABUT MPOU30WzeT Mo obpasosasuieica
UMAMHAPUYECKOW OBEPXHOCTU IIOPOJ, HAPYLUEHHOTO CNOXEHUA — MOBEPXHOCTU
ocnabnenus.

Jina TOro 4roGbl ONpefenuTh BAUAKWE HApYUENUA eCTECTBEHHOTO CNOMEHUA
W CTPYKTYPHLIX CBA3EW TMUHMUCTHIX MOPOA Ha WX (usuyecxoe cOCTOAHMUE W IPoY-
HOCTb, OL|EHWBAIOT WX YyBCTBUTENLHOCTb., Mepoii (MHAEKCOM) YyBCTBUTENBEOCTH
PAMHMCTBIX [TOPOA ABNAETCA OTHOLIEHME NPOMHOCTW IOPOAbI €CTECTBEHHOTO CNo-
EHUA K POYHOCTU TOM e NOPOA HAPYLIEHHOTO CNOMEHNA.

1F=M=_Mvw

.
Trin Mmi

rhe Jp — moasaTenb (UHAEKC) YYBCTBUTENLHOCTU TNMHUCTOR NOPORBL Tppe —
COMPOTUBNEHWE CABUTY IOPOAbI €CTECTBEHHOrO CNOMKEHMA; T,y — CONpPOTUBRE-
HWe CABUIY MOPOAR! HApYMIEHHOTO CHOXeRUA; M, .. W M, ., -— COOTBETCTByIOWME
3HaYeHWA KPYTALEr0 MOMEHTA.

Kax ormewawt K. Tepuaru w P. Tlek (1958 r.), y GONbLIMHCTBA TMUHKCTHIX
TIOPOA, 3Haverue lp HAXOAUTCA B MpeAieNax oT 2 A0 4, Y YYBCTBUTENLHBIX OPOA ~—
OT 4 10 8, y 0ueHb IYBCTBUTENBHLIX MMM 3TOT MOXA3areiih AOCTUraeT NECATKOB U
name corex epnurni. I'. K. Borpapux (1967 1.) pexoMeHAyeT ANA CUEHKU BAUAHUA
HapyNIEHUA eCTECTBEHHOTO CIOMEHMA ITIMHNUCTHIX TOPOA Ha U3MEHEHNE UX ITPCY -
HOCTY ONb30BATHCA BEAMYUHOM, 06DATHON YYBCTBUTENBHOCTH, T. €.

.

I.= Tmin
Trmax
rae I, — MOXa3aTeNb CTPYKTYPHON MPOIHOCTK NOPOAY; Tyyn U Tyax — CONFOTUB-
7eHne CABUTY — MPOYHOCTh MOPOALL COOTBETCTBEHHO HADYIIEHHOTO U eCTECTBEH
1HHOTO CNOMEHUA.
Tlo moxasarento CTPYKTYPHOM [TPOYHOCTU TAUHUCTLIE OPOALL MOAPA3NENAIOT-
€A Ha 4 rpymmb:
1) nuyTOXHO Manas (I, = 1);
2) nmskaa (I, =051);
3) cpepuaa (I, =0,20,5);
4) Bbicoxas (I, = 00,2).



CanBO‘-IHMK COBPEMEHHOTO U3bICKATEAS

Tipn BpalaTensHoOM cpe3e Ha Yrojt MOBOPOTA KPLUILYATKM @ MOKET BMATDH
nedopMaums (3aKpyumBaHmMe) LITAHT, 1 TeM Gonblle, yem Gonblle X AnmnHa. 9T0-
6b NCKIOYNTD BINARME ITOTO (BaKTOPa, BBOAAT MONPABKy Ad, YCTAHABIMBAEMYIO
rpapyvpoBKoit cHapspa. TIpu BLIMONHEHNN UCCIeR0BAHMIA CNabLIX IOPOR A0 Tiy-
61K 10-15 M 3Ta MOMpaBka Mana, ¥ NPy NONHOW UCIPaBHOCTY CHAPSAA €8 MOXKHO
He yMuTHBaTL. [I03TOMY MCCNEROBaHMe MOPOJ B CKBAKMHAX NOTIACTHLIM NPn6o-
POM 11eneco06pa3sHo BLUMONHATE A0 PAY6UHB 10-15 M.

B Poccun AnA TaKMX MCCNEA0BAHNMA Hanbonee LIMPOKO MPUMERAIOT npubopH
korcTpyvumn THUUC Munrparcerpos (puc. 2.4.3), TTIHA «dywpamenTnpoekT»
(puc. 2.4.4 ), KanMHMRCKOTO IONUTEXHUYECKOTO NHCTUTYTA (puc. 2.4.5) n ap.

Ha pucyrke 2.4.3 BMAKO, YTO Kawpbli Mpubop ANA BpalATeNbHOro Cpesa
TIOPOA B CKBAXMHAX COCTOMT U3 KPHIZIbYATKM, LITAHT ¥ U3MePUTENIbHO-BpallaTellb-
HOTO YCTPOMCTBA. B 6ONBUIMHCTBE KOHCTPYKLM#A NPUGOPOB uaMepwreano»Bpama-
TeJlbHO® YCTPONCTBO CMOHTUPOBAHO Ha CIIeLMabHOM WITATHBE.

HKccneposanns compoTMBNERMA TOPOA CABUTY N0 METORY Bpama'renmqro
cpe3a 1enecoo6pasro MPOBOAUTL B Mpouecce 6YPeRNA CKBAXMHEL. B 3ToM Cjy-
yae UCKII0aeTCA HeOGXOAMMOCTb YINTHIBATL BIMAHME TPEHUS LITAHT O TOPOABL
npu ux Bpamerun. OpHaKo OueKrb
cnabbie OTNIOKERUS, TAKUE KK UNLI,
TOp®, BOAOHACHIEHHbE TOPOAL,
MOXHO UCCNefoBaTh u 6e3 6yperns
ckBaxuH. IIpu uccnepoBarumn nopop
B CKBaXUKax ux 6ypexue uepenyior

Puc. 2.4.3. YcTanoBka pns uccne-
NOBAHUA CONPOTUBNEHUSA TOPHBIX
nopop cpsury YUIC-2 koHcTpyk-
uuu UHUNC MunTpanccrpos:
1 — KpbiNbYaTKa; 2 — CTEepKeHb,
HeCyWmil KpbinbyaTky;
3 — wraKrK; 4 — coeguHnTENb-
Hasn MydTa; 5 — neHTpupylowan
mydra; 6 — nopsecka;

7 — W3mMepuTenbHOE U Bpaa-
TenbHoOe YCTpoiCcTeo; 8 — wrarus
npudopa; 9 — TPOCOBLIE OTTRKKU
ANA LONONHUTENBHOTO Kpennexus

npubopa
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PazaeA 2. VIHeHepHO-reoAoruyeckmne U3bIcKaHus

Puc. 2.4.4. Ycranosxka CN-52

ANA UCNLITAHUA TOPHBIX MOPOA
Ha.CABUT B CKBAXWHAX, KOHCT-
pyKiuu [NH «Pynpament-
NpoeKkT»: 1 — Kpbinbyarka;
2 — wraHra; 3 — neHTpupyio-
wye MyhTbl; 4 — U3mMepuTensHoe
V BpawarensHoe yCTpoicTso;

5 — wrypsan; 6 — wrarus

Puc. 2.4.5. NonacTHo# npubop-KpbinbyaTka
KOHCTpyK1MN KanMHUHCKOO NOAMTEXHUYECKOro
MHCTUTYTa (Mapku CK-8): 1 — Kpbinbuatka;

2 — 3y6uaroe yCTPOACTBO ANA OTKNIOUEHUA
KpbINbYaTKW OT WTAHT NPY U3MEPEHUU TPEHUA
wTaHr 0 nopogy; 3 — wraHrk; 4 — pyKoATKa
C M3MEpHUTENbHbIM YCTPOACTBOM; 5 — VHAMKaTOp
4acoBOro TNa; 6 — NNacTuHa ynpyras; 7 — BUHT,
M3MEHAD WU YYBCTBUTENBHOCTL Npnbopa 8
3aBucumocTu ot ero nonoxenus (I, IL, I1I)
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CI'IpGBO'{HMK COBPEMEHHOFO U3bLICKATeAs

C OCTaHOBKaMW ANA UCTILITAHWUA NOPOJA KPbNbYATKOW. MccnepoBaRuA MPOBORAT
nnbo vepes pasHnle UHTepBandl No raybuxe (yepes 0,5; 1,0; 1,5 M), anbo Ha
ONpefeneHHbIX PAy6NHAX C LleNbl0 UCIBITAHUA OTAENbHLIX COEB, 30H U MOA30H
nopon.

TIpn nccnepoBaHuay IOPOR O METOAY BPAWATENLHOIQ Cpe3a, HaK W TIpy BH-
TONHEHWN N106LIX APYTUX ONBITHEIX PA6OT, HEO6XOAMMO UMETb TOYHOE [pefCTaBne-
HUe 0 Fe0NoTMYECKOM paspese uccnepyemoro ydacrka. IIpuctymas K ONbITHBIM pa-
6oTaMm, mipesBap HO yCT T, KaKue CNOW, 30HbI, MOA30OHBL M HA HKAKMX
INy6MHax GYRYT MCIILITHIBATLCA KPHALYATKON. B COOTBETCTBUM C 3TUM YCTaHABNM-
BAIOT HEOOXOMMMYIO AAMHY LITAKT W PAYOMHY OTYCKaHMA KPbINbYATHM. B 3aBUCKHMO-
CTV OT MPOYHOCTU TOPOR BHIGMPAIOT ¥ pa3Mep KPbUIb4YATHU. B cnabbix mopopax
(compoTuBnerue cpBUry Ao 0,5 Krc/cM?) o6LIMHO NIPUMEHAIOT KPBHIILYATKM AMa-
MeTpoM 75-100 MM. B 6onee npoyHbIX (CONpoTHMBREHME CABUIY A0 1,0 Krc/cM?)
TIPUMEHRKIOT KPLUNbYATKU fUaMeTpoM 55-65 MM. B mopopax ¢ conmpoTusneHueM
casury 6onee 1,0 kre/cM? PUMEHATD NONACTHEE IPUBOPHI Hellenecoo6pasHo.

B coOTBETCTBUM C BLIGPAHHBIM PA3MEDOM KPBIULLYATKN OTIPEAENRIOT U AUAMETD
ONBITHO! CKBAXMHLL, 6YyPeHUe KOTOpO# B HEYCTONIMBLIX NMOPOAAX NPOU3BOAAT C
KpemneHueM obcapHbMu Tpy6aMu, a B YCTOWUMBHX — 6e3 Hero. [lorpyxernve
KDBUIBYATKM HA 32607 CKBAXWUHDL B cNabble TOPOAH 06BIYHO IPOUCKXOANT NOA AER-
CTBMEM Beca WITaHr, a B Gonee MAOTHbIe MOPOALL ee 3anaBnuBaioT. Ilopogbt Ha
3a60€ CHBAKMHBL {OMKHLL HAXORUTLCA B €CTECTBEHROM CNOXEHUU U PU3NYECKOM
COCTOAHWM, T. €. He HaPYIWIEHHOM Npu 6ypenun. C 3TO Lenbl0 KPLINLYATKY Lene-
€006pa3Ho MOTPYKaTh B MOPORLl Ha rny6uHy He MeHee 0,3-0,5 M Huxe 3a6os
CKBaXMHM. JIpU MOTPY)KEHUN KPLUILYATKU LITAHTU HeO6XOANMO OpPUEHTUPOBATh
€TPOro MO 0TBECY, COOTBETCTBYIOMMUM 06Pa30M PacIonaraloT Ha NOBEPXHOCTU 3eM-
1M N3MEPUTENLHO-BpaIlaTeNnbHOoe YyCTPORCTBO. 3aMKCMPOBAB MTOKA3aHUA U3MEDH-
TENbHBIX YCTPOACTS, NPOU3BOAAT BpalleHUe KPHINBYATKU CO CKOPOCTbIO, PABHOM
0,1-0,2 rpapyc/cex. Takan cKopocTb 61M3Ka K CKOPOCTU WCTIHITAHMA NOPOA Ha
CABWT B NAGOPATOPHHIX YCIOBUAX IO METOANKE BLICTPOrO cABUTa.




Pazaen 2. UHXEHEpPHO-TeoAOrAHecKe U3bICKaHUS

~Tnasza 2.5. CTATHYECKOE ¥ JIWHAMHUUECKOE 30H/IFOBAHNE

HccnenoBanue NJOTHOCTH ¥ IPOYHGCTH FOPHBIX NOHOY
METOAAMU 30HAUPOBAHUA

B Hacrosmee BPEMA NIPU MHXKEHEPHBIX WM3BICKAHUAX LIMPOKOR TPUMEHeHue

NONYYMAN METOAb CTaTUYECHOTO W AMHAMUYECKOI'O 30HAVPOBAHYA. ITO O4ENb
TIPOCTHIE METOAB UCCNEA0BAHUY NPEMMYMECTBEHHO NECYaHbIX Y IMUHUCTLIX TO-
POA, AAKIKEe MIUPOKYIO MHGOPMAaUMI0 06 X TUIOTHOCTH, IPOUHOCTN. RedopMaLn
OHHBIX CBOWCTBAX 1 ORHOPOAHOCTH. KpOMeE TOro, € TOMOMBIO STUX METSJ0B MOKHO
YCTaHaBAMBATL U3MEHEHME Ie0NOrNYeCKOr0 Paspe3a Mo IybuHe, BLABNATD [IY-
OWHY 3a7eTaHNA N MOIHOCTb CNIABEIX CNI0EB ¥ 30H MNOTHBIX, NPOYHMIX 1 KOPEHHBIX
TIOpop, a TaKKe W3IMEHEeHWe CTENeHW YIIOTHEHUA U YIPOYHEHUA WCKYCCTBEHHO
OTCHIMTAHHBIX WM HAMBITHLIX TIOPOR BO BpeMeHU. MeTOAbl 30KAUPOBAHUS MOIBONA-
107, ONyaTh HEO6XOAMMbIE AGHHbIE NNA NPOEKTUPOBAHUA W OLEHKM YCIOBUIL
CTROMTENbCTBA CBANHBLIX (PYHAAMEHTOB, MITYHTOBLIX OTPAMAEHUA U APYTUX BUAOR
CTPONTENLbHBIX paboT.
) "' OMBITH COCTOAT B 3aaBIMBAHUM UNU 3aBUBAHAW B COPHblE MOPOALI 30HAA C
XOHUYECKMM HaKOHEeYHWKOM (PepKo rpyHTOHOca-npoboor6opunuka). llpn craru-
4eGKOM 30HAWPOBAHWN 30HJ 33AAB/IMBACTCA B NOPOAL, NPW AMHAMWLECKOM —
3abuBaetcs. [Io TeM COMPOTMBNEHUAN, KOTOPHE OKa3kIBAIOT FOPHLIE NICPORHL TPO-
HUKHOBEHWIO B HUX 30HAA, CYAAT 06 WX IIOTHOCTH, NPOYHOCTH Y ARYTUX CBOW-
ctnax. ECTecTBEHHO, YTO TaKuUe UCCNeN0BAHNA TOPHBIX OPOA HE ABNAOTCA A0CTa-
TOYHO TOYHBIMW, OHU JAIOT NpeABAPUTENbHELE, TIABHBIM 06Pa30M TpMEIIKeKHbIe
TpeACTaBneHus 06 X CBOMCTBAX. TIpU COYETAHWN METONOB 30HAHPOBEHWA C APY-
VMY BUAAMHU PEONIOTUYECKUX paboT pe3ynbTaTMBHOCTD UX, T. €. FOYHCCTE n AOCTO-
BEDHOCTb, 3HAYNTENLHO NOBBILANTCA.

Craruyeckoe u AUHAMUYECKOE 30HAWPABAHWUE — 310 NONEBLIE IKCTHECC-METO-
[Iibl, A7IR MHTEPIpETAlUN PE3YNLTAaTOB KOTOPLIX HA NPEABAPUTENbHEIX CTANMAX U3bIC-
KaHWA X HARo 06A3aTeNbHO COYeTaTh C Pa3BeAAYHbIMU PaBoTaMu — reoduanyec-
KUMW U TOPHO-6YDOBLIMY, @ Ha AETANLHLEX — WCNOJL30BaTh B KauecTie AOTOIHN-
TENbHbIX C 1eNbl0 MOBLIEHUA ALTAILHOCTU U3LICKAHUIA B LIENI0M W DEIIeRVA Crienu-
anbHLIX BOMPOCOB (HaNpUMep, NpU POEKTNPOBAKUM CBANHBIX QYHAAMERTOB W AD.).

TOCTst 20069-74 ¥ 19912-74 v «YKa3aHUA TIO 30HAUPOBAHUIO FOPHBIX TIOPOR LA
crpoutenscTsay (CH 448-72) peKOMEHAYIOT IPU UHKEHEPHBIX U3LICKAHVAX BJIA XOH-
KPETHBIX 3AAHUMA U COOPYHEHUA 30HAUPOBAHKE IPOU3BOAUTD B NPEACNAX HX KOHTY-
POB UM He Gonee YeM B 5 M OT HUX. [I1A NONYYEHUA CONOCTABUMBIX JAHABIX YacTb
TOYEK 30HAVPOBAHUA PEKOMEHAYETCA Pacrionararh Ha PacCTOAHUAX He fonee 5 M
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OT pa3BefiodHbIX BHPABOTOK, U3 KOTOPHIX MPOU3BOAAT OTEOP MOHONWTOB TOPHEIX
TOPOR ANA Na6OPATOPHLIX UCCIEAOBARMIA W BLIMONKAKT APYTUE MONEBblE UCCIEnO-!
BaHuA, [IpaKTuKa NOKA3bIBAET, YTO AAHHbBIE 30HANPOBAHUA HEOGXOAUMO PacCMaTpu-
BaTb COBMECTHO C JAHHBIMM, TONYYAEMbIMU TPU GYpPeHUU CKBAXKMH U IPOXOAKE
ropHyix BrpaboTok. 3roro TpeGylor TOCTe 20069-74 M 19912-74. Inybuny soHan-
POBAHUA OMpEAENAIOT, UCXOAS U3 HEOGXOAVUMOCTU UCCIEA0BAHUs ONPEfeNneHHo
TOMIUV FOPHBIX MOPOA KaK OCHOBAHUI 3AaHUi W coopyxenuil. [ipeaensHas rnybuta
30HAMPOBAHUR He A0/MKHA NpeBbiuath 20 M. 061aCTh MPUMEHEHUSA CTATUYECKOTO Y
IVHAMWYECKOro 30HAUPOBAHUA B 3aBUCUMOCTU OT BUAA U (U3NYECKOTO COCTORNUA
TOPHBIX NOPOA, PErNaMeHTUPYeTCS JAHHBIMY, IPUBEACHHLIMU B Tabnuue 2.5.1,

Tabnuya 2.5.1

O6nacTb NPUMEHEHNA CTaTU4YECKOro U oro ¥
no CH 448-72 .

Cnocob 3oHAMpoBaHUA

Bua U hU3MHeckoe COCTORHUE FOPHLIX NOPOA
CTaTU4ECKWi AUHaMUYECKUV; ,

MNecuanbie:
KPYnHO-, CpEAHE-, MENKO- U TOHKO3EPHUCTbIE HonyckaloTca s
BNAXKHLIE U MANOBNAXHbIE;

» it

KpynHoO-, cpeaHe- U Menko3epHUCTbie BOAOHOC-

Hble;

TOHKO3EPHUCTBIE MbINEBaThle BOAOHOCHBIE [onyckaetcs | He nonyckaercs*

[AUHUCTEIE (CYNECH, CYIMUHKIA U IMnHbI):

TBEPAOH, NONYTBePACH W TYFONNACTUYHOM KOHCU- [onyckatotca

CTeHUWM;

MAMKONMACTUYHON, TEKYHeNNacTUHHOM 1 Tekyuen .
onyckaeTcsa n

KOHCHCTERLMN Honyckaerc He nonycaercs

MecyaKbie U [MUHKACTBIE C COABPKAHEM KpYNHO- He ponyckaiorca

06rIoMOYHOro MaTepuana ones 25% | Gonee 40%

Mpu onpeneneHnu AMHaMUIECKON YCTOM-
MecuaHsle BOAOHOCHBIE uMBOCTU

He aonycxaercs* l Honycxaetcs

Bce 8rAab! ropHbIX NOPOA B MEPNOM COCTORHUM He ponyckaiotcs
CkarnbHble U nonyckanbHbie »
KpynHooBnomouHble »

* [onyckaetcs No cneuvansHo paspaboTaHHoN MEeTOAUKE NPW NPOBEAEHWN SKCNIEpUMEN-
Tanbreix pabor.
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TIpu CTaTWYecKOM 30HAMPOBAHUN OCHOBHBIMM NOKA3aTENSAMW CBOMCTB FOPHBIX
TOPOA, ABNAIOTCA:

a) oblee COMPOTUBNEHUE 30HAUPOBAHIO R gy ¥IC;

6) COMpOTMBNEHWE NOTPYKEHNIO KOHYCA Ry, KIC/CMP;

B) YAEbHO CONPOTMBAGHME TOTPYKERWO KORYCA Rip your wre/em?;

T) COMPOTWBNEHME TPEHUIO IO 6OKOBOV NOBEPXHOCT 30HAA R, Kkre/em?.

O6mee COMpoTMBNEHME TOPHLIX NMOPOR — 3TO TO CONPOTMBIEHUE, KOTOpOE
OHM OKa3HBAKT NPOHUKHOBEHWIO 30HAA. OHO PaBHO TOMY ycunwio (Kre), kotopoe
nepefaeTcs 30HAY I'MAPABIUYECKVUM JOMKPATOM Mau BecoM rpysa. IIpu ucnons-
30BaHUM COBPEMEHHBIX IMAPABANECKUX YCTaHOBOK OHO PaBHO

-&Eu( = pF .

IAe p — TOKa3aHue MaHOMeTpa, OTpaxalolee JiaBneHue 8 UUANHADE TMADAB-
nw{ecxoro AOMKpaTa, Kre/cM?; F, — mnowmaps NOPWHA TMAPABANIECKOTO AOM-
Kpara, cM?.

YacTb yCUIUM, PacXoayeMyix Ha BaBIUBaHMe 30HA], PACXOAYeTCA HA MPeoao-
feNne CUA TPEHUA MEXAY 30HAOM W MOPOAON. ECAM MCKMIOMUTL 3TV COMPOTHBNE-
HWUSA, IONYYUM COMPOTMBJIEHNE POPHBLIX NOPOA, OKa3blBaeMoe HenocpefCTBEHHO
{IPORUKHOBEHUIO KOHYCA, T. €. CONPOTUBNEHUE NIOTPYKEHWI0 KoNyca R,

' Reon =R06Lu _Rmp'

CospeMeHHbIe YCTaHOBKU ANA CTATUYECKOTO 30HAUPOBAHUA MO3BOARIOT NPO-
W3BOAUTDL U3MepeHne obmero CONMPOTUBNEHUA 30HAUPOBAHUIO MO NOKA3aAHUAM Ma~
HOMETPa, a CONMPOTUBIEHUA POHUKHOBEHWIO KOHYCA — IO MOKa3aHWUAM ANHAMO-
MeTpa U UHAUKATOPOB YacOBOro TWITA.

Yaenbroe conpoTuBneHue CTaTUMECKOMY 30HAUPOBAHUIO KOHYCOM PaBHO

RXON
Ry =—1H
¥R

’

rpe-Fy — nnomapb NONEPeYHOro CeYeHua KoHyca, cM2.
VaenvHoe conmpoTMBNEHUE — 3TO COMPOTUBIEHWE TOPHLIX NMOPOJ MPOHUKHO-
BEHUIO KOHYCa, PUXOASILECS HA eAUHMILY ero NONEepevHOro ceYeHus.
ConpoTMBnexNe FOPHLIX NOPOA TPEHUIO IO GOKOBOV NMOBEPXHOCTU 30HAA PABHO

Rmp =R06u( = Ron-
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CoBpemeHHbie KOHCTPYKIMU YCTAHOBOK JUIA CTATUMECKOTO 30HAMPOBAHUA NO-
3BONAIOT M3MEPATL G0 Obliee COMPOTUBIEHWE T'OPHEIX IOPOA U COMPOTUBEHUE
WX TTOrPYHEHWIO KOHyca, M60 COMPOTUBIEHUE MPOHUKHOBEHWIO KOHYCA U BENU-
YWHY TPeHUs N0 6OKOBO MOBEPXHOCTHU 30HAA.

1Ipu AMHaMUYECKOM 30HLUPOBAHWUW FOPHBIX TIOPOZ OCHOBHEIMU NOKa3aTensamMu
RBARIOTCA: .

a) noxasaTenb JUHAMUYECKOTO 30HAWPOBaHUR N;

6) rny6uHa MOrpymeHWA 30HAA OT ONMPEeAeNeHHOIo YUCIA YAApOB CTaHAApT-

HOT'O MOJI0Ta S (3TO YUC/IO0 YAAPOB MPUHATO HA3HBATh 3aJ10I'0M);

B) YCNOBHOE AMHaMWUYECKOe CONPOTMBEHUE TOPHEIX Mopon Rj, krc/cM? (ro
I'OCT 19912-74 o603Havaerca Dy T. €. HE TaK, KaK OHO 0603HaYaeTCcA MeX-
AYHAPORHBIMU UHAEKCAMU).

ITokasareneM AMHAMUYECKOTO 30HAMPOBAHUA NPUHATO Ha3bIBATb [ENCHHYIO
rny6uny. B Poccuu 3ra rny6uxa mpuxaTa pasHo# 10 cm. OTclofa MokasaTenb
TIMHaMUNECKOTO 30HAMPOBAHUA paBeH

10n
N=",
S
TAe N — YUCIO YAAPOB B 3a/0Te; S — INy6UHA MOrPyKEeHUs 30HAA OT NPUHATOO
YWcsla yAapos MOJIOTa B 3ajioTe.

Tlokasarenb AMHAMUYECKOTO 30HAMPOBAHMUA 3aBUCUT He TOJIbKO OT COMPOTUB-
NMEHUR, OKA3LIBAEMOTO I'OPHHMU MOPOLAMU MPOHWKHOBEHWIO 30HAA, KO W OT CUA
TPEHUR, Pa3BMBAIONIMXCA IO GOKOBOW MOBEPXHOCTU 30HAA IPU €TI0 MOTPYIKERUM, U
0T YBEe/MIEHNA ero Beca ¢ Iy6uroil. TloaTomy npn 06paboTke pe3ynbTaToB UCTH-
TaHW BBOAAT COOTBETCTBYIOLME TIONPaBKU Ha 6OKOBOE TPeHue MOPOA W Ha yBe-
NMyeHue Beca 30HAA. ITW MONPABKU NPUBOAATCA B METOAMYECKUX PYKOBOACTBAX.

OCHOBHbIM TIOKa3aTeNIeM CBOVCTB IOPHBIX MOPOF, PU AUHAMWUYECKOM 30HAUPO-
BaHUW CIMTALTCA YCAOBHOE AMHAMUYECKOE COMPOTUBEHMUE TOPHLIX NOPOA Ry. Tonb-
KO 3TOT noxasarens npepnaraerca I'OCT 19912-74 u «YkasaHUAMU NO 30HANPOBA-
HWIO TOPHLIX NOPOZ, Ans crpoutensersay (CH 448-72). Ero BiuMcnAioT o popmyne:

KII,9n

Ry=—t—,
rhe K — k030 duymneHT ANA yyera notepb IHEPrUv MPU YAAPE, ONpesenseMui
o creyuanbHon taénuue; 1T, — Ko3hPuuueHT Ana ydera BAUAHUA TPUMEHs e~
Moro 060pyA0BaHUA, ONPeAeNAeMHil MO CrenuansHoi Tabnuye; ¢ — Koabou-
LIMEHT AR ydeTa TPeHUA LMITAHT O FOPHble TOPOALL, OMpPeAeNAeMbIi 0 AAKHLIM
[BYX UCMILITAHW, B ORHOM W3 KOTOPHIX 30HAMPOBaHWe NPOU3BOAUTCA B IIPOLEC-
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ce GypeHus; n — YWCIO YAAPOB B 3anore; § — rnyb6uHa MOTPYMEHUA 30HAA OT
NPUHRTOrO YWUCA YAAPOB MOJOTA B 3A/10TE.

JIns cTaTMYeCKOro M IMHAMUYECKOro 30HAMPOBAHUA IPUMEHRIOT Pa3HOO6Pa3-
Hble ycTaHoBku U cranku. B Coserckom Colo3e IR CTaTMYeCKOro 30HAMPOBAHUA
Haubonee YacTo UCMONB30BANUCH YCTAHOBKK KOHCTpYKumu MK «PyrpamenTnpo-
exT» Mapku C-979, BawmHUHnpomcTpos mapku C-832 (puc. 2.5.2) u BCETHHTEO
Mapku CITK. 3BecTHb yCTAaHOBKN KOHCTPYKLMW W APYTUX OPTaHM3alnid.

VcTaHOBKA CTaTHeCKOTO 30HAMPOBaHUA C-979 (puc. 2.5.1) srnyckanack Moc-
KOBCKWM 3aBOAOM CTPOWTENbHHIX MamMH. OHa CMOHTMPOBAHA Ha [BYX ONHOOCHBIX
1accu: Ha MepBOM CaMa YCTAHOBKA, Ha BTOPOM — MaC/lOHACOCHaA cTaHums, Cama
YCTAHOBKA COCTOMT U3 CIeAYIoNUX OCHOBHLIX YacTeil:

1) 30Hpa, MPeACTaBARIONEro OGOV WITAHTY AnamMeTpoM 36/20 MM, BHYTpH
KOTOPOW MepemenaeTcA CTePHEeHb MaMeTpoM 18 MM ¢ KOHUYECKUM HaKo-
HEYHWUKOM B HWKHEW JacTu; AMaMerp OCHOBaHWA HAKOHEYHWKA 36 MM,
nnowans 10 cM? yron mpw Bepumye 60°; 3Ta KOHCTPYKLMA 30HAA TO3BO-
NAGT W3MEPATh Pa3fiefibHo obuee COMPOTMBIEHWE TOPHHX MOPOA CTaTh-
4EeCKOMY 30HAMPOBAHWIO M UX COMPOTMBIIEHME TIOCPYKEHMIO KOHyCa; Co-
TIPOTHBIIEHNE TOPHBIX TIOPOJ, TPEHWI0 IO G0KOBOM NOBEPXHOCTH 30HAA OT-
PefeNAeTCA MO0 PasHOCTH;
3a1aBJWBAIONETO YCTPOWCTBA, B CBOIO OYEPeAb COCTOAWErO U3 ABYX TPY6-
JaThIX HaNPaBAAOUUX CTOEK, COEAMHEHRHEIX BEPXHel 1 HUKHeW! Tpasepca-
MW, 1 FULPaBANIECKOTO ROMKpATa IPY30NOAbEMHOCTHIO 10 T, yXpeIeHHo-
TO Ha BepXHe{ TpaBepce W COENMHAIOWEroCA NJIAHTOM ¢ Mac10HACOCHOU
CTaHUue;

U3MePUTe/IbHOW annaparypbl, BKAOYAOMEN U3MEPUTENIbHYIO TONOBKY C
[MHaMOMETPOM 4YacOBOTO TWUMA, PACCYNTAHHBIM HAa MaKCUMaJlbHOe ycwine
5 TC, MaHOMETP W MEDPHYIO PeiiKy; MaHOMETPOM U3MepRIOT obijee compo-
TUBJIEHWE 30HAMPOBAHMIO, AMHAMOMETPOM — CONMPOTWBJIEHME MOTpyMe-
HUIO KOHYCA, PEVKO — MepeMenieHue 30HAA Pu ero 3afiaBMBaHhK;
PaMbl Ha OLHOOCHOM LIACCH, HA KOTOPOW CMOHTUPOBAHMB! BCR YCTaHOBKA W
[Ba KOMIUIEKTa BMHTOBBIX aHKEPHBIX CBaW; OAMH KOMIUIEKT WUCMONbL3YIOT
TIPW UCTILITAHWAX FOPHHIX TOPOJ, 3a/laBIMBaHUEM, BTOPO# TTOATOTAaBANBAIOT
LA 30HAMPOBAHUR HA Cllefyowei Touke.

Yeranoska C-832 koHcTpykuuu BamHKUKnpoMa cMOHTMpPOBaHa Ha aBToMObuUNe
TA3-63 wan 3WJT-157 (puc. 2.5.2). 30HL U iBe aHKepHbIE BUHTOBIE CBAW NOIPYHa-
10TCA B FOPHHIE TOPOAH I'MAPABANYECKUMU [OMKpPaTaMu. TuipaBnnyeckuit JoMK-
PaT VIR 3a4ABAVBAHUA 30HAA YCTAHOBJIEH Ha MauTe, MOJHUMAaloNeica B pabovee
MOJIOKEHWEe U3 TPAHCMOPTHOTO I'MAPABAWYECKUM YCTPOWUCTBOM. [luaMeTp mTaHr
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Puc. 2.5.1. YcranoBku
C-979 koHcTpykumnu MMA
«PyHNaMEHTNPORKTY ANst

npoOM3IBOACTBA CTATUYECKO-
T0 30HANPOBaHUA:

a — pabovee nonoxeHue;
6 —KOHUYECKUI HaKOHeY-
HUK; 8 — TpaHCnopTHOE
nonoMeHve yCTaHoBKMU (6e3
MacnoHacoCHO CTaHuuu);
1 — pama; 2 — maHometp;
3 — wnaKr; 4 — uamepu-
TesibHas roN0BKa C AUHAMO-
METPOM W MHANKATOPOM Ya-
COBOTO YMNa; 5 — ruapas-
NNYECKNt fOMKPaT;

6 — BepxHas TpaBepca;

7 — Hanpasnalouwme CToM-
KM; 8 — HWXHAS Tpasepca;
9 — wacck; 10 — BuHTOBbLIE
7 aHKepHble cBau; 11 — 30Hp;

12 — KOHHMYeCcKui Hako-
HeYHUK; 13 — BHYTPEHHUI
cTepxenb; 14 — HapyKHas
wWTaHra oHaa




PazaeA 2. UHeHEepHO-TeoAoMHecKUe U3bICKaHUs

Puc. 2.5.2. YetaHoska C-832 koHcTpykuvu bawHWWnpoma ans npoussopctea cratu-

4eCKOro 30HAUPOBAHUA (B TPAHCNOPTHOM NONOXEHWU): 1 — 30HA; 2 — nofbeMHas

MauTa; 3 — rMapaBAMYECKAn CUCTEMa; 4 — 3NeKTPooBOopYAOBaHUE; 5 — aHKepHasA
BUHTOBAA CBaA; 6 — ynopHas Tpasepca

30HA2 — 34 MM, NOWaAb OCHOBAHUA KOHMYECKOTO HaKoHeuHuka — 10 cM?, yron
Tipn BepuInHe KoHyca — 60°. KoHCTpyKuuA 30HAA NO3BONAET U3MEPATD PA3ZIeIbHO
CONMpOTUBNEHME TOPHLIX MOPOA NOTPYHEHUIO KOHYCA W CONMPOTUBIEHUE UX Tpe-
HWio o 60KOBO NMOBEPXHOCTH 30HAA. Bce M3Meperus MPouU3BOAATCA RATYMKAMM,
COEAMHEHHEIMU C CaMOMuIymuMu NpubopaMu INeXTpudecKuMu nposopamu. ln-
TaHWe U3MEePUTENBHOW CUCTEMBI OCYIECTBARETCA OT AKKYMYATOPa.

TIpu AMHAMUYECKOM 30HAMPOBAHMUM 30HA C KOHUYECKUM HaKOHeYHUKOM 3abu-
BAOT B TOpHbIE NOPOAB! YAAPaMM MONOTa. CTaHAaPTHAIN 30HA COCTOUT M3 WTaHT
AMaMEeTPOM 42 MM M KOHYCa C AMAMETPOM B OCHOBAHMM 74 MM W YT7IOM NIpU BEpIIN-
He 60°. Konyc Ha WTaHre HaBMHYMBAOT (MHBEHTApHMIA KOHyC) uan cBoGopHO
HaJIeBa10T U KPEeNAT WMUNLKOW (ChEMHEIA KOHYC), KOTOpas Npu NOAkEMe WTaHT
Cpe3aeTcs, U KORYC ocCTaeTca B riopope. Iorpyxenue KOHyca oCymecTBRAETCA
yaapaMu MONoTa Maccow 60 Kr, c6packiBaeMoro ¢ BHCOTH 80 CM.

TIpu MCNIBITaHWAX FOPHBIX NOPOA AMHAMWUYECKUM 30HAMPOBAHWEM, KaK U CTa-
TUYECKMM, IPUMEHAIOT pa3HooGpasHble YCTAHOBKK M cTanku. B CoseTckom Colose
ANIA TUX Leneit LIMPoKo UCONb30BANUCh YeTanoBxy YBII-15 wan YBII-15M Konct-
pykumn Mpponpoekra (puc. 2.5.3). KpoMe 3TMX NPUMEHSAIOT YCTAHOBKM C aBTOMa-
TUYECKUM YCTPOWCTBOM AJA PETMUCTPANUM YUCAA YAAPOB MONOTA U PAYOMHEI TO-
TpY)KeHuA 30HAa (KoHCcTpyKuuu HUMOIIC) u ans nopbema u cOpachiBaius MonoTa
(koHCTpYKumu Kvesrunpotpanca). ICTORNPOEKTOM CKOHCTPYUPOBAHA M MHOTMMM
OpraHu3anuAMM NPUMEHALTCA N1€TKaR flepeHOCHaR YCTaHOBKA AJIA AUHAMUYECKOTO
30HAMpoBanua. IIpn pa6oTe ¢ 3Ton yCTaHOBKOW NMOABEM u cOpackiBa¥mue MonoTa
OCYIWeCTBAAOTCA BpYuHyr0. HakoHen, B pape (nyvaes ois AMRAMUNECKOTO 30HAU-
POBAHWA YCMEWHO NPUMEHAOT GYPOBLIE CTAHKK ynaproro peicreus — YTB-50 u
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CanBOHHMK COBPEMEHHOIO N3bICKATEA:

Puc. 2.5.3. YeraHoeka YBI-18
KOHCTpyKUui [naponpoekta ans
NPOM3BOACTBA AUHAMUYECKOTO
30HAMPOBAHMUA: @ — YCTAHOBKA B
paboueM NONOXKeHUN; 6 — KOHU-
YeCcK1e HAKOHEUHWUKN NHBEHTap-
Hblil U CbEMHbIA; 8 — HaBeCHOe
YCTPOACTBO ANA NOABEMA U
c6packiBaHNA YAAPHOro MOAOTA;
1 — ypapHbiil MONOT; 2 — Kynauku
ANA 3aXBaTa 1 C6PaCcLIBAHNA MO-
N0Ta; 3 — HanpasnfoWan WraHra;
4 — Tpasepca gns noavema
monoTa; 5 — Mayra; 6 — Tpoc;
7 —nebepKka; 8 — psuratens,;
9 — pyuHan nebepka; 10 — pama;
11 — onopbi

BYKC-JIT'T, piist KOTOPBIX U3COTAaBAMBAIOT HAaBECHbIE PUCNIOCOBNEHUA ANA MOAbEMA
W c6pacbiBaHUA MONOTA ITPU 3a6uBXe 30HAA. '
Tpe6oBanus, npeppaBnsemsie FOCTamu 20069-81 u 19912-81 k ycTaHOBKAM
IR CTATUYECKOTO U FUHAMUYECKOr0 30HAUPOBAHUA, TPUBEAEH! B Tabnuyax 2.5.2
(a, 6). Kax BuAHO u3 aTUX Tabnui, ANA CTATUYECKOTO 30HAUPOBAHUA NPUMEHAWT
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Tabnuuya 2.5.2a

Tpe6GoBaHuA k yCTaHOBKaM ANA cTaTuveckoro soHanposanua (FOCT 20089-81)

Coctas 060pyf0BaHUS 1 €10 XapaKTepuUCTUKa

OcHoBHbiE NapameTpbl
obopynosaHus

HakoHeuHuk 3oHpa:
reomeTpiyeckas oopma

KoHyc ¢ yrnom npy seplumnte 60°

[MamMeTp OCHOBAHUA KOHYCa, MM 36

obpasytowas koHyca, MM 36
WraHra 3oHpa: 36

n[nameTp, Mm

DNvHa 3BeHa, MM 1000
Janaernvsarollee yCTponcTeo: 0.2-2

CKOPOCTb NOrpYXKEHNs 30HAa, M/MUH.
CKOPOCTb U3BMEYEHUA 30HAA, M/MUH.

He orpanuuusaercs

ycunve 3apasnueaHWs 30HAA, TC He menee 10
W3MepuTenbHoe YCTpOICTeo: 04-5

[Nana3oH U3MepAEMBIX YCUITUA NOR KOHYCOM, TC

AManNa3soH U3MEpREeMbIX YCUMWA Ha 30HA, B LiENoM 0,2-10

KNacc TOMHOCTU U3MepUTenbHbIX NpUBopos, T 0,6

Tabnuya 2.5.2, 6

Tpe6oBaHuA K ycTaHOBKaM AN AMHaMUYeCcKoro 3oHauposanun (FOCT 19912-81)

Coctas o6opyaosanus
 €ro xapaKTepucTuka

OcHOBHbIE NapamMeTps 060pyaoBaRUA
8 33BUCUMOCTY OT €10 THNa

Nerkoe | OcHoeHoe I Tsaxenoe

HaioHeuHuK 30HAa:
reomeTpuyeckan dopma

KoHyc ¢ yrnom npv eepimHe 60°

[MaMeTP OCHOBAHUA KOHYCa, MM 74
Wranra 3oHga: 42
avameTtp, MM
[LONMHa 38EHa, MM 1500
YnapHoe ycTpoicTBO:
macca monora, Kr %0 60 120
BbLICOTa NafeHUA MOMNOTa, CM 40 80 100
WamepuTensHoe yCTpONCTBO: 150.1

ueHa neneHus Wwkanel, CM
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CHPOBO*-IHMK COBPEeMEHHOro m3biCKaTeAasn

TP TMIT2 060PYA0BAHMA YCTAHOBOK, XaPAKTEPUIYIOMUXCA CLEAYIOUMU 3HAYEHN-
AMU KNHETUYECKO IHEPIMU MOTIOTA IPY Yape:

1) nerxoe, npumensemoe npu Ry menee 7 xre/cM?;

2) 0CHOBHOE, TpUMeEHsEMoe TIPU R, ot 7 po 175 kre/cM?;

3) TAKenoe, npumensemoe npy R, 6onee 175 kre/em?.

TIpw MOArOTOBKE K UCIIBITAHWAM COPHBIX TTOPOJ, CTATUHECKUM Y AUHAMUMECKUM
30HANPOBAHWEM NPOU3BOAAT MPOBEPKY UCIIPABHOCTH BCETO 06OPYROBAHMA M CO-
OTBETCTBME €r0 IPapgyMpOBOYHBLIM AaHHLIM. [INaHoBOE W BHICOTHOE NONOXKEHWE
TOMEeK 30HAUPOBAHUA OMPEAENALTCA UHCTPYMEHTANLHO.

IIpu CTaTMYeCKOM 30HAVMPOBARWM TNY6GUHY MOTPYXKEHWA 30HAA B TOPHHE
MOpoAN OMPEeAeNAIOT MO MEPHOW PeiKe WAK IO IeHTe caMOIMMCLa, eCAU YCTa-
HOBKa 060pynoBaNa aBTOMaTWYECKUM YCTPOUCTBOM. COMpOTMBNEHME TOPHBIX
TIOPOA MOTPYKEHUIO 30HAA U3MEPAOT B MPOLecce 30HAMPOBAHUA HENIPEPLIBHO,
OPUEHTUPOBOYHO Yepe3 Kawabe 0,2 M. CKOPOCTb MOTPYKEHUR 30HAA AOJKHA

Creamuna Nog
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g §|" ey \g o e ssey 120120 160150) 20200) 280240 o, MMafuacren?)
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Puc. 2.5.4. TpaduK u3MeHeHNA yAeNbHLIX CONPOTMBAGHNIA FOpHBIX NOPOA NOTPYKERUA
konyca (R, am) ¥ CONpOTUBAEHUSA TOPHLIX MOPOA TPEHMIO N0 GOKABOI NOBEPXHOCTH
30Hpa (R, ) € my6UHOI NO pesynbTaTam CTaTMMECKOrO 30HANPOBAHMA: 1-3 — MecTa

oT6opa npo6 1 — ropHbix NOPOA HApYWeHHOTO CROXKEHUA; 2 — FOpHbIX NOPOA
€CTEeCTBEHHOTO CNOXEHWUA; 3 — rpyHTOBOM BOAb!
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CnpaBoHHUK COBPEMEHHOTO UBbICKATEeAS

6biTb OKONO 1 M/MuH. OCTAHOBKM AOMYCKAOTCA TONbKO ANAA HapawuBaHMA
NITaHT.

JIuHaMuyeckoe 30HAMPOBAHUE BHIONHAWT MYTEM NOCNEAOBATENbHOW 3a6uB-
K1 30HAa B TOpHbIE NOPOAL! CBOGOAHO MMM MONOTOM C U3MEDEHUEM Iy6u-
HB OTPY)EHUA 30HAA OT OTIPeleNIeHHOTO ¥ucna ynaapos MoOnora (3anora). Jra
rny6uHa NpUHATA paBHOW 10 CM ¥ U3MEPAETCA C IOTPEMHOCTbIO +0,5 CM. luHaMu-
yeckoe 30HAMPOBAHME MPOU3BOAAT HENPEPLIBHO [0 33a4aHHOM IMy6WHBL uan po
PE3KOTO YMeHbLUIEHUA CKOPOCTM MOTPYXEHWA 30HAA (MeHee 2-3 CM 3a 3anor).
IlepepuiBbl B IOTPYIKEHVM 30H/A AONYCKAIOTCA TONBKO AJIA HapaliuBaHUA LITAHT.

TIpn CTaTMYeCKOM U AMHAMUYECKOM 30HAMPOBAHMM HEOBXOAUMO MOCTOSHHO
KOHTPONUPOBATL BEPTUKANbHOCTh NOTPYHEHuA 30HAa. Bce Habnionenna npu 308-
AVPOBAHUU 3aITUCLIBAIOT B MYPHaNL! ONPeneneHHOW GOpPMb ¥ pe3ynbraTsl 0hooM-
NRIOT B BUAE IPadMKOB UIMEHEHUA NOKa3aTeneit CONpOTUBAEHUR 30HAUPOBAHUIO
(Rosu: Ruonr Rygxon. N, S Wt Ry) ¢ rny6unoit (puc. 2.5.3, 2.5.4). Kax craruueckoe,
TaK U AMHAMUYECKOE 30HAMPOBAHUA HArNAQHO MOKA3hIBAIOT W3MEHEHWe COMpo-
TUBNEHUA TOPHBIX NOPOA, C INY6UHOM W COOTBETCTBEHHO M3MEHEHWE WX TUIOTHOC-
TH, TPOYHOCTU U AP,

Tabnuya 2.5.3

OpMeHYMPOBO'{HbIG 3Ha4yeHus NNOTHOCTU CNOXEHUR NeCKOB
MO BaHHLIM CTaTU4ECKOro 30HAUPOBaHuA (no CH 448-72)

YaensHoe
CONpOTUBNEHNM
nor) 0: 8
CocTas ¥ COCTORHNE Neckos RorpyXeHMo KoyCa MNOTHOCTL CNOXEHUs NECKO!
Ry xou, KFC/CM
>150 NnotHble
KpynHo- u cpeaHesepHucTble 50-150 Cpeareil NNOTHOCTU
<50 Poixnble
>120 MnotHele
MenkoaepHucTbie 40-120 CpepaHelt NNoTHOCTU
<40 Pbixnbie
>100 MnotHele
TOHKO3EPHUCTIE MaNoBNAXHbIE 30-100 Cpenneii nnoTHocTU
<30 Poixnbie
ToHKo3epHUCTbIe >70 finotHsie
BonoHa c?, WeHHble 20-70 CpeaHeit NNoTHOCTN
A ! <20 Poixnbie
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Pazaer 2. UHXEHEPHO-TeOAOrMYeCKUe U3LICKaHNS

Tabnuua 2.5.4
OpHeHTHPOBOYHLIE ™
no KOro 30HAUP (no CH 448-72)
YcnosHoe aMHamu-
CocTas U COCTOsHUE Neckoa Yeckos conpoTusne- | MNOTHOCTL CROXeHUs neckos
HUe Ry, Kro/em'
Mecius ecTecTBEHHOro CNOXEHUA: <35 Poixnbie
KPYNHO- 1 CpeaHe3epHUCTbIe, Heaa- 35-125 CpeaHelt nNOTHOCTW
BUCUMO OT BNAXHOCTU >125 MnoTHble
<30 Poixnbie
MENKO3EepHWUCTLIE MANOBAXHbLIE 30-110 Cpeaneit nnoTHoCcTU
>110 MnoTHble
<20 Poixnbie
TOHKO3EPHUCTLIE MANOBNAXHLIE U 20.85 Cpeavei mnoTHOGTH
MEnKO3epHUCTbIE BOQOHACHIWEHHbIE >85 MnoTHbIE
Mecky caexeHambITbio (8 NepBabIi Me- <35 Poixnsle
€Al nocne Hambisa): 35-110 CpeaHe nnoTHOCTH
MENKO- U CPEAHE3epHUCTLIE Mano- >110 MnotHble
BNaXHbie
<20 Pbixnibie
MENKO- W CpeaHe3epHUCTLIe BOAO- ~
HACHILUEH Hﬂueﬂ P! A 20-85 CpepaHei NNOTHOCTH
>85 MnoTHbie

Tabnuya 2.5.5

OPpUEeHTUPOBOYHBIE AAHHbIE O KOHCUCTEHLUN IMUHUCTHIX NOpPoR
No faHHbIM CTaTU4ECKOro 30HAUPOBAHUA

(no 1O.I". Tpodb y n f1.H. Bop! y)
YaensHoe ConpoTvBNeHUe MUHUCTOR
10poOAbl NOFPYKBHWIO KOHYCA Fya sow . KIC/C Koneucrenuun
>50 Teepaan
30-50 Monyreeppan
10-30 TyronnacthiHas
<10 Msrkonnactuykas 1 TekyuennacTuiHan
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CnpaBOYHNK COBPEMEHHOTO W3bICKATEAS

Tabnuya 2.5.6a

Opuen'mpoaonnble 3Ha4YeHUs yrna BHyTpPeHHero TpeHns NecKoBs KpynHo-,
cpegHe- U MeNKO3epHUCTLIX N0 AAHHbBIM CTAaTUYECKOTO 30HAUPOBAHNSA

YnenkHoe conpoTus-

Yron BHYTPEHHErO TPEHUS (rpaZyChl) NpU ryBUHE 30HAUPOBAHUA, M

NeHve NorpyXeHuio
KOHYCa Ry ron s Krc/iomM? <2 2-5 >5
10 28 27 26

20 30 29 28

40 32 31 30

70 34 33 32

120 36 35 34

200 38 37 36

300 40 39 38

Tabnuya 2.5.66

OpMeHTUPOBOYHLIE 3HAYEHUS YrNa BHYTpEHHEro TPeHUs NecKor
o NaHHbIM AMHaMKUYeckoro soHgupoBaHua (no CH 448-72)

YcnosHoe guHamuue-

Yron BHYTpEHHEro TpeHWA NecKos, rpafdychl

CKOE ConpoTUBIEHME o v ooome
Ra, Krclom? *py! aepum;’ﬁf " | menkosepHucThIX TOHKO3EPHUCTBIX

20 30 28 26

35 33 30 28

70 36 33 30

110 38 35 32

140 40 37 34

175 41 38 35

Tabnuya 2.5.7a

Moaynk o6uwieil necgopMalmnm necuanbix n rMUHNCTLIX Nopoa
No AaHHbIM 30HAMPOBaHNS (no CH 448-72)

[opHbie NOpoab

E, krclem®

Mecn
CANHBI U CYrnnHKA
FANHB! U CyrnnHIK

3 Ryy (cTatnueckoe)
7 Ryg (cTaTuueckoe)
6 Ry (AuHammueckoe)
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Tabnuya 2.5.76
OpueHTMPOBOYHbIe 3HaYeHUs Moayns obwei gecdhopmaunu neckos

no 4ecKoro 30HOUP (no CH 448-72)
R Krclow? E,, krclcm® ans neckos
CpeaHesepHUCTbIX MENKO3EpPHUCTBIX TOHKO3EPHUCTBIX
20 160-200 130 60
35 210-260 190 130
70 340-390 290 220
110 440-490 350 280
140 500-550 400 320
175 550-600 450 350

MHOTONETHW ONBIT UCCNeAO0BAHWW NMECHAHBIX W MMWNHUCTHIX TIOPOA MO3BONMI
YCTaHOBUTb OPUEHTUPOBOVHbIE 3HAUEHUA MOKa3aTenel X MIOTHOCTH (Tabn. 2.5.3,
2.5.4), KOHCUMCTeHNwMK (Tabn. 2.5.5), mpowHocTy (Tabn. 2.5.6, a, 6) n nedopmanm-
OHMbIX CBOMCTB (Tabn. 2.5.7, a, 6). Mcmonb3ys peaynbTaTh 3TMX UCCAEAOBAHUNA,
Heo6X0AUMO OMHWTE, YTO 30HAUPOBAHKE — 3TO IKCITPECC-METOAH, AaloNue BO3-
MOXHOCTb GBICTPO NONYYATh NPEABAPUTEIbHBIE OPUEHTUPOBOUHbIE TIPeACTaBAe-
HUA O CBOWCTBAX MECYaHMIX W PAMHUCTEHIX opop. TloaTomy ero Heo6XxopuMo mpo-
BOQUTh B KOMITIEKCE C ADYTMMM BUAAMU PABOT M Ha OCHOBE COMOCTAaBNEHUA pe-
3yNbTATOB MapannesHbiX NCCIeN0BAHNA YCTAHABANBATL KOPPENALUOHHEIE 33BN~
CUMOCTH MEMAY COMPOTMBAEHUEM TOPHBIX NTOPOJ, OTPeeNeHHHX reHeTNYeCKNX U
neTporpaguiecknx TUIOB 30HAUPOBAHWIO N ADYTUMU UX CBOWCTBAMM ANIA KOHK-
PETHOTrO YYACTKa NN CTPOUTENILHON MIOMAAKY.
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CﬂpQBONHMK COBPEMEHHOIO U3LICKATEAR

T'nasa 2.6. HCIIBITAHUA TPYHTOB OIIBITHBIMH CBAAMH
MAJIOTrO CEYEHHA

HcnbITaHWA PPYHTOB ONLITHHIMU CBAAMU MAJIOTO CEYEHMA NPOBOAATCA ANA pe-
LWIeHUA TeX e 3ajay, 4TO W UCILITAHUA HATYpHBIX cBail. ONMbITHEE CBaU Manoro
ceuerus MOTPYXAOTCA WK YCTPAMBAIOTCA Ha TY Ke INy6uHy, YTO U HaTypHule
CBau, U UX OCHOBHBIM OTAUMMUEM OT TOCNEAHUX ABNAETCA 3HAYUTENILHO MEHbIas
NNCWAADb NONEPeYHOro CeYeHNA.

TIpuMeHnTenbHO X 3a6UBHEIM CBaAM Hanbonee pacNpoCTPAHEHHBE ONBITHLIE
CBau Manoro CeYeHNs UMEHYIOTCA STANOHHBIMU, U METORH UCTIHITAHUA € UX TIOMO-
mblo ctanpapTuaunposanst (FOCT 24942-81). B mocnennve ropkl OMbITHbIE CBau
MaJOTo CeYeHUA CTanu BCe Yallle UCMONL30BAThCA TAKKE NPU NMPOEKTUPOBAHUN
6ypoHabuBHbIx cBait [16].

2.6.1. McnuITaHHA 'PYHTOB 3TAJIOHHBIMU CB2AMHI

TIpn uccnenoBaHUAX TPYHTOB A TPOEKTUPOBAHUA CBAWHBIX QYHAAMEHTOB
MCIIBTaHUA TPYHTOB ITAaNIOHHBIMU CBAAMU (INA KPaTHOCTU B AanbHeimieM Gynem
WX WMEHOBATh UCITBITAHUAMU 3TANOHHLIX CBat) NPOBOAAT NPUMEHUTENBLHO K BUCA-
YUM CBaAM W CBAAM-CTOMKAM, ONUPAOWUMCA Ha KPYHOOGNOMOUHbIe TPYHTDI, ANU-
HO#% 10 12 M.

JTanoHHAA CBas MpepCcTaBnAeT Cob60# WHBEHTAPHYI COCTABHYW MeTannuyec-
KY0 TPYOY HaPYKHBM AMaMeTpoM 114 MM U ANUKO# 0O 12 M, HUKHUA KOKeL, KOTO-
POl 3aKDHIT KOHUYECKVUM HAKOHEUHWKOM C YTIIOM TIpU BepumHe 60° (puc. 2.6.1).

B 3aBUCMMOCTM OT KOHCTPYKUUM COEAUHEHUA KOHUUECKOTO HAKOHeUHUKA CO
CTBONOM (TPYGOi) STaNOHHLIE CBaW NIOAPA3AENAOTCA Ha TPU TUNA (puc. 2.6.2):

— C HAKOHEYHUKOM, HarayXo CORQUHEHHBIM CO CTBOTIOM CBaw, ANA U3MEPEHUSA

06111er0 COMPOTUBNEHUA FPYHTOB BAABAUBaHU0 cBau (I Tum);

< 12000 .

[}
[0
485
L

(60+2)*

Puc. 2.6.1. 06wwit BUA 3TaNOHHO# CBaun
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— C HaKOHEYHWKOM, CBOGOAHO me-
PeMellaowUMCca OTHOCUTEIBHO
CTBOJIA CBaw, AJIA NOCIenoBaTeb-
HOT'O U3MEpPEeHUA COMPOTUBNIEHUA
TPYHTOB TIOJ, HUKHUM KOHLOM U
Ha 60KOBOW NOBEPXHOCTH CBau
(II'tnn);
— C HaKOHEYHUKOM, COEANHEHHBIM
CO CTBOJIOM CBaW Yepe3 haTHuK
YCUNUA (3NEXTPUULCKUIA UIN Me-
XaHUYeCKUW), ANR ONHOBDPEMEH-
HOTO U3MePEHUA CONPOTUBIEHUA
TPYHTOB NOJ HUKHUM KOHLOM U
Ha 60KOBOI MOBEPXHOCTU CBau
(LI Tnm).
3abueKa 3TaZOHHOW CBau B TPYHT
NPOU3BOIUTCA MONOTOM Maccoi 400 xr,
NAAA0WNAM € TOCTOAHHOW BLICOTH 150 CM,

[ina 3a6uBKM CBai MOTYT MpuUMe-
HATBCA KaK CreluanbHbie YCTaHOBKY,
CHa6)KeHHbIe BCceMW HeoGXOMUMBIMU Me-
XaHu3MaMn n 06OpYROBaHUEM ANA No-

Puc. 2.6.2. KOHCTPYKUMM ITANOHHBIX
csait I II v 11 tunos: 1 — Tpyba;

TPYXEHuA CBau, UX UCNLITAHUAR CTATU- 2 — HaKOHEYHMK: 3— HUNMeNb:
3 ’

YEeCKUMU Harpyskamu u nocneaywouero 4 — Myd)'l'a; 5 — aTuUK YCUAUR;

U3BNEYEHUA U3 TPYHT3, TaK U HaBECHbIE 6 — npoknaaka

YCTaHOBKU K ByPOBLIM CTAHKAM.

HaBecHasn yCTaHOBKa AnA 3a6uBKW 3TANOHHBIX CBa K 6ypoBomy crarky ABB-2M
paspa6otana tpectom «TynaTHCH3». O6mas Macca HaBecHoro ofopynoBaHuu co-
craBnser 760 Kr, a yIpassieHue ero paboTon OCYWeCTBIACTCA C My/bTa YIIPaBneHus
6yposoro cranka. HeoGXopnmble KOMIIEKTHI ITANIOHHDLIX M aHKEPHHIX CBAM, @ TaKKe
ONOPHHIX KOHCTPYKUMI MOMEIAIOTCA B PULENe K 6YPOBOMY CTaHKY.

Tlpu NpoBefeHUK UCITBITAH NN ITANIOHHBIX CBAR CTATUECKUMU HArpy3KaMu uc-
TIONb3YIOTCA YCTAHOBKY, COCTOAIME U3 TUAPABAUYECKOTO IOMKDATA PPY30NOAbEM-
HOCTb100 50-100 T C MAHOMETPOM, ONOPHORN KOHCTPYKIMU (BOCNPUHUMAIIEN pe-
aXTMBHbIE YCUIMA OT AOMKPATa NMPYU BAABAWUBAHWUU CBAaU) U PENEPHOW CUCTEMEI C
npubopamMu ANA U3MEDEHUA NIepeMel|eHN) 3TaNOHHOM CBan.

OnopHble KOHCTPYKMM NOAPA3AENANTCA B 3aBUCUMOCTH OT Criocoba Harpyke-
HUA 3TAJIOHHOW CBaU U CUCTEMbI BOCTIPUATUA PEAKTUBHBIX YCUNNiA Ha Clepyomme:
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YCTaHOBKM, B KOTOPLIX YNOPOM ANA FMUAPABNUYECKOTO JOMKDPATa CIYKUT CUC-
TeMa Ganox (dpepM), MpUKpenneHHAR K aHKEPHbIM CBAAM;

TO Y€, BAHTOBAsA KOHCTPYKLUA, IPUKPENNIEHHAA K AaHKEPHBIM CBAAM;

TO e, IPy30BaA nnatdopma;

YCTaHOBKU KOMOMHUPOBAHHbIE, B KOTOPHIX YNIOPOM AIA TUAPABAUYECKOTO IOM-
KpaTa CAYXUT COBMECTHO Ipy30Baf mnardopma w cucrema 6anox (depm), mpu-
KPeTIEeHHBIX K aHKEPHBIM CBaAM.

CnepyeT OTMETUTD, YTO MPAKTUUECKU NMOYTU BO BCEX CRYYaAX MPUMEHAIOTCR
OMOpHBIe KOHCTPYKLUU [TEPBLIX 1BYX TUIIOB, B KOTOPHIX PEAKTUBHLIE YCUIUA BOC-
MPUHUMAIOTCA UHBEHTAPHLIMU AHKEPAMU B BUAE METaNIMNEeCKUX TPY6 UK BUHTO-
BBIX CBaM.

OpnHO#M U3 HauGonee YAAuYHIX B KOHCTPYKTUBHOM OTHOIIEHWU OTIOPHBLIX KOH-
cTpykuuit I Tuna asnaerca ycranorka MAY3C-2-4, paspaGoTanHan TpecroMm «Ces-
xaBTHACH3» (puc. 2.6.3). YeraHoBKa npepcraBnset coboi c6opHO-pas6opHyo Me-
TANNOKOHCTPYKUMIO, COCTOSLLYIO U3 YTIOpHO# 6anku 1, ABYX TAT 2, ABYX TpaBepC 3,
YeTHpex aHKepoB 4, TMAPOROMKPATA 5, ONOPHOro CTONUKA 6 ¥ penepHO#| cucTeMst 7
C perucTpupylonmmu mpuéopamu 8. YcTaHOBKa paccuyUTaHa Ha MaKCUMaNbHY1O
BAaBAMBaOMYI0 HArPy3Ky 300 kH 1 n03BONAET TPOBOAUTDL UCIIHITAHUA ITANIOHHBIX
cBai M0GOTO TUMA, MPUYEM MOCNef0BaTeNlbHOE HArpPYMeHUe HWKHErO KOHUA U
6oxoson noeepxHocTu cBau II TMRa MoxeT mpousBopMTbCA Ge3 NMepeMOHTaXA

ONOPHOW# KOHCTPYKLMU C TOMO-
f B0 CTIeUanbLHON YNOPHOM! Tan-
+ 7 i+ KK 9 Ha XBOCTOBUKe ONOPHOTO
y CTONWKa Y BKNapsmia 10,
w Ha pucynke 2.6.4 noxasan

A 8 o6muit Bup paspaboranHo#
6 | ﬁ 2 A «DyRAAMEHTIPOEKT»
- OnOpHO# KOHCTPykuuu II Tvna,

- OCHOBHBIMU 3/IeMEHTAMU KOTO-

POV ABNAWTCA: MUAPABNUYEC-
KWW poMKpaT 1, HaAKNOHHBE
TArM 2 (WAPHUPHO COepUHAN-
mue OTONOBOK 3 C aHKepaMu 4)
W TOPU30HTanbHBE TATU 5 (Co-
d €[UHALIUE aHKEPHl C KOJblie-
BO# paMoOi 6, BOCIIPUMHUMAaI0-
mel TOPU3OHTalbHBIE COCTaB-
NALME HATPY30K Ha aHKEPH).

e
&0 Y
{i‘:i)

Puc. 2.6.3. YcTaHOBKa ANs UCNbITAHUA
3TanoHHbIX cBaik MAYIC KOHCTPYKUMUN TpecTa
«CeBkaBTUCU3»
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Puc. 2.6.4. be36anoyHas ycTaHOBKa ANS UCTbITAHUIA
3TaNOHHbIX CBaR KOHCTPYKuUWK MY « GyHpamenTnpoekT»

IddeXTMBHOCTb NPUMEHEHUA 3TaNOHHBIX CBAW, O CPABHEHUIO C MPOGHLIMU
CBaAMU HaTYPHOTO pasmepa, 06yCN0BNUBAETCA CleAYIOUUMU BaKTOpaMu:

— BO3MOMHOCTbL MHOPOKPATHOTO UCTIONb30BAHUA 3TUX CBait IPU UCTILITAHUAX;

— 3HawyuTesNbHO Gonee nerxoe, MOGUILHOE U AeLIEBOE KONMPOBOE 0GOPYAOBa-

HUe Ans 3a6usxy;
— Gonee nerxoe u MeHee MeTannoeMKoe 060pynoBaKHUe ANA UCTIEITAHUA CBa
CTaTUYECKUMM HarpysKaMu;

— MeHbLIAA TPOAOMKUTENBHOCTb UCTTLITAHUM.

HcnniTains 3TanoOHHBIX CBadt MPOBOAAT NMOCAEA0BATENLHO AUHAMUYECKUMU U
CTaTMYECKUMU HAarpy3kaMu. MCMHITaHUA JUHAMUYECKUMU HArpy3KaMu BBHITONHA-
0TCA B Mpoyecce 3abuMBKM cBail B IPYHT CBOGOAHO NAfalonUM MONOTOM U COCTORT
B U3MEPEHUN YUCTIA YAAPOB MONOTA Ha Kb METP ee MOTPYXeHUA U Ha nocnen-
HeM MeTpe Ha xaxape 10 cM. ITo JaHHBIM 3TMUX UCNILITAHWUWA MOACYUTHIBAIOTCA
ofwee YUCNO ynapoB MONOTA U CPEAHUE OTKA3K! CBaU COOTBETCTBEHHO HA KaXAOM
MeTpe M Ha Kaxabx 10 cM nocnepHero metpa, Pesynbrars! . L "NCTaBNAIOTCA B BUE
rpauKoB 3aBUCHMOCTH YUCAA YAAPOB N ¥ OTKA30B 5, OT PAYE MBI TIOTPYKEHUA h,
COBMEN|EHHLIX C Pe0JIOPUYECKOW KOIOHKOI GAMKanIIei K MECTY UCTTEITAHNR CKBa-
WMHH (puc. 2.6.5).

" HcnbiTanua 3TaNOHHBIX CBa CTaTMYECKUMM HarpY3KaMu TPOBOAAT NOCIE «OT-
AbIXa» MYTEM UX CTYMEHYaTO-BO3PacTaonero NPUa0XeHUA C BHAEPKKOH 10 Bpe-
MEHW Ha KaXqaoW CTYNeHu A0 YCNOBHOW cTaGunusauuu nepemelleHuit cau.

TIPORONKUTENBHOCTL «OTABIXA», BEINYUHBL CTYNeHel Harpy3oK W Xpurepuu
crabunusauuu nepeMewexnint pernamenTuposans [OCT 24942-81 B 3aBUCUMOCTH
OT COCTaBa, CBOMCTB U COCTORHUA NPOPE3aeMblX PPYHTOB U FPYHTOB NOA HUMHUM
XOHUOM cBait. [Ins 3TanoHHbx ceait II Tunma nocne Mx UCMBITAaHUA MO YKa3aHHOW
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Puc. 2.6.5. Pe3ynsTatel UCNbITAHUA 3TANOHHOW CBAN AMHAMUYRCKUMY HArpy3Kamu

MeTORMKe MPOBOART NOC/IEA0BATENABHOE HATPYKEKME HAKOHEYHUKA U CTBOJA ANIA
OLEHKM NPEENbHbIX COMPOTUBAEHWIA PPYHTOB MOA HWKKUM KOHLOM U Ha 60KOBOM
nosepxrocth (no TOCT 24942-81).

Pe3ynbTaTht UCTILITAHUA ITANIOHKOM CBaU CTaTMYECKUMU HAarpy3KaMu NPencTas-
AAI0T B BUAE T'PahUKOB 3aBUCMMOCTU OCapKu cBau s (a ana csait II v III Tunos —
TAKKE W OTAENLHBIX e 3N1eMEHTOB — HAaKOHEYHUKA U CTBOMIA) OT Harpysku P v usme-
HEHM# BETIMYMHBI OCAAKM S BO BPEMERM L O CTYNEeHAM 3arpyerua (puc. 2.6.6).

B mpolecce u3BneYeHUs 3TaNOHHBLIX CBalt U3 TPYHTa NMOC/E UX WCHBITaHU
CTaTMYECKMMN Harpy3iraMn uenecoo6pasHo GUKCMPOBATL MAKCUMaNbHOE BHAED-
ruBaioulee ycuiaue, NMPUKNAABIBas K CBae Ha HayjaJbHOM 3TaMNe ee W3BJleueHus
CTYMEeHYaTo-B0O3PaCcTalouNe BEAEPIUBAIOLINE HATPY3KN C BHAEPKKOR UX BO Bpe-
MEeHM Mo 15 MUHYT. ITO, KaK MOKA3aHO B NanbHeilleM, NO3BONAET MPOUIBOAUTD
OLEHKY NPeAenbHOro COMPOTUBAEKUA TPYHTA Ha HOKOBOW MOBEPXHOCTU 3TaNOK-
HBIX CBaW, @ TaKe MPOrHO3UPOBaTh HECYWYI0 CIOCOBHOCTb aHKEPHLIX CBAW, uc-
TIONBb3YeMBIX IPU UCTIHITAKUAX STaNlOHHBIX CBAN.

PaccMoTpUM, ANA YEro U KaK UCMONb3YIOTCA AAHHEIE, MONYYAEMLIE B Pe3Y/IbTa-
Te NCMIHITAHWA 3TAIOHKBIX CBAl ANHAMWIECKUMU HATPY3KaMU.

Bo-nepBbiX, 3TM UCTILITAHWUA TOROBHEL AMKAMUYECKOMY 30HAMPOBAHMIO PPYHTOB,
W MX pesynbTaThl 1enecoobpasHo PaccMaTPUBaTh KaK AOTIONHUTENbHbIM MaTepuan K
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AaHHLM 30HAMPOBaARMA, 6YPEHUA N N1a6OPATOPHBIX UCCTENOBAHUIA ANA OLEHKU U3-
MEH9MBOCTYW CBOWCTB NIPOPe3aeMbiX CBaet FPYKTOB B IUIAHE U O INY6OMHE,

Bo-BTOpLIX, MO pe3ynbTaTaM 3TUX UCILITAHUA MOXKHO CYAUTb O HANVMUW TPYA-
HOMPOGUMBaeMbIX NPOCOEK AW NWMH3 TPYHTOB, BHI3BBAIOWMX 3aTPYAHEHUA IPU
3a6MBKe HAaTYPHHIX CBaA.

B-TpeThux, 110 MONYYaeMEIM NIPY MCIIBITAHUAX NTOKA3ATENAM MOXKHO TPOTHO3N-
POBaTh PEXUM 3a6MBKW HaTYPHBIX CBa. Ilpn 3TOM 06BIYHO 3a5aya CTOUT CleAyio-
WuM 06pa3oM: 3aaH ONPeAENEHHbI MONIOT A5 3a6WUBKW HATYPHOI CBaW C U3BECT-
HOM 3Heprueit ynapa, ¥ MO AAaHHBLIM 3a6UBKU ITaNOKHON CBAaU Ha IMYOUHY, COOT-
BETCTBYIOLYI0 FMYGUHE MOTPYKERWA HATYPHOW CBau, HEOOXORUMO OMPEREANTh
DEeXMM TIOTPYKEHUA W, B YACTHOCTH, YUCIIO YAAPOB, Tpebyemoe ANA 3a6UBKM Ha-
TYPHOIA cBan. BMecTe ¢ TeM MOXeT pelraTscA u 06parHan 3anava — BLIGPaTL MONOT,
obecreynBalownit 3a6UBKY HATYPHON CBau B 33ajaHHOM PeXUME.

MoXXHO peKOMeH0BaTb CNIEAYIOLIYI0 METOAMKY TPOTHO3UPOBAHUA PeXuMa Io-
TPYXeHUA HatypHoit cean, Ilo dopmyne (1) pnA 3HadeHUit 0TKA30B ITANOHHOW
CBay, MOAYYERKLIX IO U3MEPEHHOMY YUCAY YAAPOB AIA ONPEAeNeHHbIX UKTEpBa-
7I0B ee MOTPYXEHUA (Hanpumep 1 M), ONpPEeAeNfloT 3HayeHMA ee NPEeleNbHOro
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CONPOTUBNEHMUA B IPOLIECCE MOIPYHEHUA. Hcxoaa U3 3TMX 3HaYeHUM, 1o popMyne
(2) HaXopAT 3HaYeHWUA [TPENeNbHOTO COMPOTUBACHUR HATYPHOM CBaM LA TEX We
WHTEPBANOB MOTPYMEHUA. 3aTeM IR 3TUX 3HAYeHWIi OMpefenAaloT 3HAYeHUs ee
OTKa30B N0 GopMyne, BhITEKAIOWEN U3 HOPMYNBI:

nAEy  my+etm

=——9 _x

R E ) mrm, ®

.

Paspenus BLICOTHI MHTEPBAaNOB Ha MONYYEHHHIE [NA HUX 3HaYeHUA OTKA30B
HaTyPHOW CBau, HAXORAT YMCNO YAAPOB ANA €e MOTPYHEHUA B KaX/OM UHTepBane,
a, CyMMMUpOBAB MX IO BCeW IMybuHe Morpymexus, — obmee YUCNO yAapoB Ha
TIOTPY)KEHWe CBau JI0 POEKTHOW Iny6MHEL. YTO Kacaerca ofwero Yucia yaapos
LA HaTypHo# cBan (N), TO ero MOXHO TaKKe ITPUGIMIKEHHO ONpPeNeNUTh UCKOAA
“3 obwero YMcna yaapoe AnA 3TanoHHou csau (N) M COOTBETCTBYIOWErO emy
cpepxero no rny6une h orkasa (h/N) no dopmyne:

m gt m)
Us U Tt | (2

nAEy m+ _ezmg ’

N=

n 2
+4E,,N,xm]’+e m -1
nsAsh n€+m§

TAE M U1 — K03GOULMEeHTE NA HATYPHOM U ITANOHHOM CBal, PUHMMaeMble B
3aBUCMMOCTM OT MX MATEpUana PaBKBIMM COOTBETCTBEHHO 1 500 u 5000 kH/mM?%;

Eg n Ej — pacuerHan 3HEpIMA YAapa MOJIOTA [IR 3A6UBKM HATYPHOV Y 3TANOHHOW

cBall; My M M — Macca MOJIOTa AnA 3a6MBKM HAaTYPHOM W 3TaNOHHON cBai: € —
K03 UNMEHT BOCCTAHOBNEHNA YAAPa, PUHUMAEMBIA ANIA HATYPHO U 3TaNOHHOM

cBait paBibM f0,2; m, W M —- Macca HaTypHOW CBaU M CPEJHAR Macca mpw
3abuBKe STaNOHHOM cBayn (TaK KaK OHa COBGMPAETCA U3 3BEHbEB).

Cnenyer OTMETUTb, YTO U3 GOPMYNH (2) MOXHO, 3aNaBaRCh YUCIIOM YAAPOB HA
3a6UBKY HaTYPHOIA CBaW A0 IPOEKTHOW FNYGUHH, IPOU3BECTU OLEHKY HEOBXQAW-
MO ANA 3TOTO 3HEPrMM YAiapa MOJIOTA U BLIGPATH €ro TUII.

VIRTeprnpeTanma pe3ynbTaToB UCIIHITAHUM TANOHHBIX CBaW CTATUMECKUMM Ha-
Tpy3KaMu, KOTOpble IPOBOAATCA VIR MPOrHO3UPOBAHUA HECy|elt CITOCOBGHOCTYU Ha-
TYPHEIX CBaW, BLUTONHAETCA C YYETOM TUIA TPUMEHAEMOM 3TaNOHHON CBau.
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Jna 3TanoHHowW csau 1 Tmna, Haubonee MPOCTOM MO KOHCTPYKUMY, HA OCHOBA-
HUM 0606lNeHMA, aHANN3a U CTATUCTUYECKOW 06paboTu AaHHBIX 70 mapannens-
HBIX UCTTLITAHUW 3TaNIOHHBIX U HATYPHbIX CBal IMHOW 5-11 M 1 cevenneM 30 x 30
% 25 X 25 CM CTaTUMECKUMU Harpyskamu, nposefeHHbiX [T «PyHaaMeHTIPOEKT»
Ha Pa3snuHLIX TUIOWAAKAX U B Pa3NUIHBIX TPYHTOBLIX YCIOBUAX, 6biNa MTpennoxe-
Ha CNeAyiomas sMnupudeckan Gpopmyna pIs pacuyera NPefieNbHOTO COMPOTUBIE-
HUA HaTYpPHOW CBau:

Ez = ("/us )Fusr (3)

rie F, — mipepentHoe COMPOTUBAEHUE HATYpHOI CBau, COOTBETCTBYIOWEE OCaliKe A,
OTipenenAeMoii cornacHo . 5.5 CHull 2.02.03-85; u u u; — MepUMETp HaTypPHOI n
STaNOHHOW cBay; F,; — TpefiensHOe CONMPOTUBIIERNE STANIOHHON CBay, IPUHMMae-
MOe PaBHBIM TOW Harpyske Ha rpadmke «ocapka — Harpyskay, IIpu KOTOpOW ocap-
Xa 3TaNOHHOM cBau pasHa ocapke A.

MHOrouucneHnyle COMOCTABNEHNUA SKCITEPUMEHTANbHLIX W MONYYEHHBIX TyTeM
PacyeTos 3HadeHW MPEeNbHOTO COMPOTUBEHNA CBaW, TPOBEAEHHbIE PAROM Opra-
HU3aUMM, ITOKa3an, YT B GONbIIMHCTBE CNYYaeB TAKOW METOJ pacueTa AacT yAoB-
NETBOPUTENbHBIE Pe3YNbTaThi. ITO MO3BOMUIO BKNIOIUTL ero B [OCT 24942-81. Bme-
CTe € TeM TIPU 3arny6NeHUM HUKHUX KOHLOB CBay B [IOTHLIE NTeCHaHble X KPYITHO-
06N0MOHEIE PPYHTH TPU UCITONB30BaHUW GopMyntt (5, 3) Habmopanoch 3aHnKe-
HWe TIPeAieNbHbIX COMPOTUBNEHMIA CBail. YauThiBas 370, B paGoTe Gbna o6ocHoBa-
Ha 11eneco06pa3HOCT: BBEACHUA JOTIONHUTENLHOTO KOIPDULMEHTa Y, 3aBUCALLETO
OT OTHOLIEHWUA TIPEAEeNbHbLIX COMPOTUBNEHUIA I'DYHTOB Ha GOKOBOI MOBEPXHOCTU
T3, Vi ITOA, HWKHUM KOHLIOM 3TaNOHHO cBaun 0 M BO3pacTalonero no Mepe yMeHs-
IIEHUA 3TOTO OTHOWIEHWA. B 3TOM cnyvae dopMyna mas pacyera MpepenbHOro
COTIPOTMBNEHUA HATYPHOW CBau MPUOOPeTaeT Cnefyiomuit Bua:

F =y, 2F,. (4)
us

Ha ocHoBaHMM aHanW3a pe3ynbTaToB 44 MapaineNnbHbLIX UCTILITAHUIA HaTYPHAIX

M 3TaNOHHBIX CBaV GLNI0 MTOKA3aHO, YTO MPY 3HAYEHUAX OTHOMEHMA TS /Q; po 4-5

3KCIePUMEHTaNbHEIE 3HATEHNA KO3QdULMEHTa Y, B GONBIIMHCTBE CIYIaeB MeHb-

Ie PacYeTHHX, ONPeIeNAEMbIX IIPU YCNOBUM HE3aBUCUMOCTU TIPERENbHEIX YAeNb-

HBIX CONPOTUBNEHW TPYHTOB ITOJ, HUKHUM KOHIIOM W Ha GOKOBOM MOBEPXHOCTU

CBal OT UX MTONepevHbIX Pa3MepoB, HO Bonbure 1. PekoMeHAaluuu o oNpepeneHuio

ko3 dunmenta y, B popmyne (4) B 3aBUCUMOCTM OT OTHOMEHUA T5 /@S BKMOTeHH

B T'OCT 24942-81 gnA 3TanoHHbLIX cBait II TUIIA, TO3BONAIOWMNX OCYWECTBNATL Pas-
nenbHoe U3Mepexue compoTusnenni T5./Q5
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TS/Q5 ......<0512324
Yoouroe. 21165125111

Kax fyner moxasaHo Huxe, B HacTosllee BPeMA MPUMEHUTENbHO K 3TaloH-
HbM cBaaM II Tuna paspaGoTaH Gonee coeplIEeHHBIA METOJ ONPeJieneHua npe-
LenbHOro COMPOTMBNEHUA HATYPHLIX CBaW. i BMeCTe € TeM MOXHO DEKOMEHJO-
BaTb GopMyny (4) v Tabnuuy Ana Gonee Touxoro, veM no hopmyne (3), onpepe-
NIeHUA TIPEeRENbHOr0 COMPOTUBNEHUA HAaTYPHEIX CBaii IO pe3ynbTaTaM WCMLITa-
HWW 3TaNOHHBIX CBai I TWMa, MCMTONB3YA MIA HAXOMAGHWA OTHOmeHuA T3 /G
JaHHbIE UX UCITTHITAHWIA HA BLAEPIUBAHUE C YIETOM COOTHOWEHWA. YIUTHIBaA, YTO
TIPU 3arnyGneHuM HWKHEro KOHIA 3TaNoHHLIX CBAl B TNOTHbIE TECKU UAM KPYTI-
HOOGNOMOHEIE TPYHTH OTHONeRue TS /QS MpaKTU¥ecKku BCera MeHblie 2, Mpu
noproroske CHuII 2.02.03-85 8 hopmyne (5, 4) ana 3T0ro cnyyan ko3QGUuMenT v,
6510 TPUHAT PaBHbIM 1,25.

B pabore mpuBeAeHbI PE3YNLTATH UCCIEA0BAHUM, UCTIONb30BAHHLIE [ METO-
IMKM OTPefieneHus MPeAenbHOro COMPOTUBNEHUA HATYPHBIX CBa IO Pe3ynbraTaM
MCIBITaHU# 3TanoHHbix ceai III tuna (TOCT 24942-81), 0CHOBAHHOW Ha POTHO3MA
PoBaHWM rpaduKa 3aBUCUMOCTU OCaAKU HATYPHOI CBau OT HACPY3KM C UCTIOMB3O-
BaHueM cnepylonei Gopmynsi:

FS =y pRi A+ f_;,h, (5)

rie F¥ — conmpoTuBNeHue HaTypHOI CBau NPU Pa3NUYRBLIX 3HAYEHUAX OCAfoK S,
3ajjaBaeMbIX TIpU TOCTPOEHUU IPauKa; Yz — KOIDGUUMERT YCnoBUI PaBOTH IO
HWKHUM KOHLIOM HaTYDHLIX CBa, MPUHUMAEMbiil B 3aBUCUMOCTH OT IIPEAeNbHOTO
YAENLHOTO COMPOTMBNEHUA IPYHTA TOJ, HUKHMM KOHLIOM 3TaloHHOW cBau Ry, co0T-
BETCTBYIOLIET0 Harpy3Ke Ha CBaK Nnpu ocapke 20 MM:

R Ma..<4 5 6 7 8 9 10 11 12 13 14
Yg---- 1 095 09 08508 075 0,7 065 06 055 05

‘

Rj‘— YAenbHOe COMPOTWBNEHUE TPYHTA MOJ HWKHWUM KOHLOM 3TaNOHHOW CBau
npu ocapke s’ =s(ds/d) (the d; — nMaMeTp 3TanoRHO cBaw, d — AMAMETP KPYT-
NOTO MM CTOPOHA KBAparTHOro nU60 MeHblaa CTOPOHA MPAMOYTONbHOTO céye-
HUA HaTYPHOW cBau); A - MNOWaAb MONEPEYKOro CeNeRNA HaTYPHOW CBau; Y —
%03 duymuenT ycnoeHon paboTsl Ha 60KOBOW NOBEPXHOCTU HATYPHOW CBaw, ONpe-
LenseMmsiit o hopmyne: Y= ¥ h/h; Yer — TO e -rO CNOA IPYHTa Ha B6oxoBoI
TIOBEPXHOCTU CBaW, MPUHWUMAETCA PaBHbLIM 0,6 AIA CNOEB IMMHUCTLIX TPYHTOB TY-
TOMNACTUYHOMN, IONYTBEPAON U TBEPROI KOHCUCTERIMK, 0,8 UNA CNOEB TIMHUCTHLIX
TPYHTOB MATKOMNACTUYHOW M TYTOMNACTUMHOW KOHCUCTEHLMM M 1 Ana cnoes
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TIMHUCTEIX PPYHTOB TeKYYeW KOHCUCTEHIUU U NTECKOB HE3dBUCUMO OT BAAXHOC-
™, h, — TONWMHA i-TO CNOA TPyHTa; h — INy6UHa MOTPYXEHUA HAaTYPHON CBau;

,7, — cpefiHee 3HAUEHWE YAENBHOTO COMPOTUBIIEHUA TPYHTA Ha HOKOBOW nOBEPX-
HOCTU 3TaNOHKOW CBaW NPU OCafKe S, OMpefenAeMoe xaK JacTHOe OT AeNeHus
W3MePeHHOTO 06Iero CONPOTUBNEHUA TPYHTA HAa 6OKOBOW TOBEPXHOCTU CBau Tiph
ocapKe $ Ha nIOWazb ee H0KOBOW TOBEPXHOCTU B IPYHTE.

VauTbiBas, uTo BXOAAMME B GOpMynEL (4) v (5) sMImpuieckue ko3 duuneHTs
MONYYeHH Ha 0CHOBAHUMM 0G0OIEHUA N AHANU3A OTPAHUIEHHOTO KOUYECTBA K-
MePUMEHTaNbHHX HAHHBIX, GLINU MPOBEAEHE! CTIeLUanbHLE UCCNEAO0BARUA C Le-
NbI0 NaibHEWNIEro COBEPUIEHCTBOBAHUA METOL0B pacveTa Hecymen crocobHocTu
HaTyPHBIX CBalt MO Pe3ynbTaTaM UCTILITaHUM 3TanoHKbix ceai I u ITI Tumos.

Cnenosano BHIABUTL BAMAHME HA MpPeNbHBE COMPOTUBNEHWA FPYHTa NOA
HWKHWUM KOHLOM 1 Ha H0K0BOW MTOBEPXHOCTM 3TANOHHBIX W HATYpHbIX CBAN Pasnu-
9Ui B UX MaTepuane, opMe u pasmMepax MONMEPEYHOrO CEYEHWs, PeXUMe Torpy-
EeHUA, @ TAKXKE PasNUuuA B KOHCTPYKUMM 3TanorHbiX csait IT u III Tunos. Kpome
TOrO, MPUMEHUTENLHO K STaNOHHBLIM cBasAM III TUMa HyXKHO GBINO U3YUUTDL BAUAHUE
yKa3aHHBIX GaKTOPOB Ha MOGUNU3ANUIO COMPOTUBNCHUA TPYHTA [TOK HUKHUM KOH-
1OM U Ha GOKOBOW MOBEPXHOCTM STANOHHLIX U HATYPHHIX CBAW B [ONTPEAENbHOM
COCTOAHUM, BO BCEM JMaNas’oHe W3MeHEHWs Harpy3ok Ha CBau W MX OCajioX B
fipouecce UCTIHITAHUH.

OneHka BIMAHMA MaTepuana CBau CBOLUTCA B PacCMaTPUBaeMOM Cnydae K
CPaBHWUTENbHON OlleHKe CONPOTMBIEHUA I'PYHTA Ha GOKOBOW MOBEPXHOCTU U Y-
pyrux fedopMalmMit OKaTUA METANAMMECKUX 3TANOHHLIX CBa U Kene3oBeToHHbIX
HaTYPHHIX CBal. JKCMePUMEHTaNbHbIe JAHHEE NTOKAa3bIBANOT, YTO HE3aBUCUMO OT
MaTepuana cBaw Nmpu 3a6uUBKe BOKPYT Hee 06Pa3yeTca TaK HasbBaeMas IPYHTOBAA
pybanIka, u npu HarPyKeHun CBau HabBNIOAACTCA CABUT 'PYHTA MO TPYHTY. Takum
006pa3oM, 3HaYeHUs COMPOTUBNEHUA TPYHTA HA HOKOBOW NMOBEPXHOCTH ITANOHHLIX
W HaTYPHLIX CBall MOXHO MPUHWUMATh He 3aBUCALIMMM OT Martepvana csait. UTo
KacaeTca ypyrux fiepopMmanuii CKaTUA 3TANOHHEIX U HATYPHBIX CBA, TO BAMAHME
Ha HUX MaTepuana cnefyeT YYUTLIBATL COBMECTHO C TNOWAZbI0 IIONEePeYHOrO Ce-
YeHUA CBaWl HETTO U MepefiaBaeMbIMU Ha CBau Harpyskamu. CpaBHeHMe YTPYrux
nedopManuit ITaNOHHLIX CBAM, U3TOTOBNEHHBIX U3 METaNAUveckux TpyG AuaMer-
poM 114 MM CO CTEHKOW TOMUMHOW 8 MM W Haufonlee JacTO MPUMEHAEMHX B
CTPOUTENBCTBE HeneiobeToHHbIX cBai ceveHueM 30 x 30 €M, MOKa3bIBAET, YTO B
ofmHakoBbx (asax nehoOPMUPOBAHUR OCHOBAHUA CBAW PA3HMLA MEXKAY HUMU He
nipesbiaet 30%, u €10 MOXHO ripeHe6peyb. YIUTHIBAA TO, CONOCTABNEHUA Ipadu-
KOB «0CaJiKa — HATPY3Ka» 1A HWKKETO KOHUA U GOKOBO NMOBEPXHOCTU ITaNOH-
HBIX W HAaTYPHBEIX CBaW BIONHE AOYCTUMO IPOBORUTD ITO OCAAKAM, U3MEPAEMBIM Ha
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YPOBHe TONOBH CBait. [INA CBall KBAaAPATHOTO CEYEHUA OTNIUYUEM €T OT KPYTIOoTo
TaKe npexe6peranTt.

Cornacro CywecTsylomuM NPEeACTaBIEHUAM, XapaKTep paboTH OCHOBaHWM
CBa OMPEReNALTCA UX OTHOCUTENbHEIM 3arny6nexuem h/d; mpu 3TOM, HAYMKas C
HEKOTOPbIX KPUTUYECKUX 3Hauerun (h/d),, 3aBUCALUX OT BUAA U CBOWCTB IPYH-
Ta, Xapakrep PaboThl OCHOBaHU! OCTAETCA HEU3MEHHBIM, U AOCTUKEHUE NIPepenb-
HOTO COCTOAHMA CONPOBOXAAETCA 06pa30BaHUEM NOKANLHBIX 30H CABUTA, PACTIO-
TIOKEHHHIX HVKEe MOAOWBH BNak. YYUTHIBAA, YTO Aawe ANA TIOTHHX MECKOB,
3a6uBKa CBalt }leNUKOM B KOTOpHIE MpaKTU¥ecku Henenecoobpasua (h/d), we
npesbimaet 20, XapakTep PabOTH OCHOBAHMA 3TANOHHLIX W HATYPHEIX CBaiA, MO-
IPYXAeMbIX 10 OIMHAKOBOW TIYOUHM, ULEHTUYEH.

CnepyeT 0TMETUTH ellje OgHO 06cToATenbCTBO. ITocne 3a6UBKM CBaR, B NIPUK-
1IMITe, MOXET HaXORUTHCA B CKATOM COCTOAHWM, KOTAA 3a CYET CUJ OTPULATENb-
HOrO0 TPeHUA, BO3ZHUKAIOIUX NPU YNPYroi oTpaye cBau nocne Noclepnero ynapa
MONOTa, TPYKT MO KOHIIOM CBaW OCTAGTCA CXATHM HArpy3KOi, PaBHOM yKa3aH-
HOW Ckje OTPULATeNbHOTO TPenuA. Eciu Takoe ABNeHue UMEET MECTo, TO Ove-
BWAHO, YTO AAA 3TaNOHHOW CBau CpepHee ypenbHOe COMPOTUBAEHME HA KORILE,
COOTBETCTBYWIEE OCTATOYHON HArpy3Ke, Bhillle, Y€M ANA HATYPHOW, U 3TO CNERO-
Dano Hbl yIeCTh MPY peilreHNu MocTaBaeHHON 3apaun. OAHAKO M3MepeHue ocTa-
TOYHBIX HAarpy3oK mocne 3a6UBKU CBaW 3aTpyAnuTensHO. KpoMe TOro, no paH-
EWIM A. Becuua, 33aMeTHEE 0CTATOYHLIE HATPY3KU HAGMOARIOTCA MpU NOTPYKeE-
HUW CBaU NUIIb LIeNIUKOM B TIOTHHE TeCYaHble U B TPOYHbIE TIUHUCTbE TDYHTH,
T. €. B CNYy4anX, PEAKO BCTPEYAOLUXCA B CTPOUTENLHOW MpaKTUKe., YYUTHBAR
3T0, Pa3HUlEW B OCTATOMHOM CXKATUM ITAOHHBIX U HATYPHHIX CBail nocne 3a6us-
KM MOXHO TaKke ipeHe6peyb.

Kax cnepyeT u3 3KkCepMMEHTaNbHbIX AAHHBIX U GopMynnt (5), yaenbHule co-
TPOTUB/IEHUA TPYHTA NOA HWXHWUM KORLOM 3TanOHHOW W HaTypHOW cBai mpu
OLHUX W TeX e 0CaAKaX W B IPEAERbHOM COCTOAHUU B 06ImEM CNyYae OTAUYANTCA
ApYT OT Apyra. OAHOM U3 MPUYNH ITOTO ABIAGTCA TO 0GCTOATENLCTBO, YTO BBURY
Pa3nuyYMA B WIMPUHE (HMaMeTpe) ITaNOHHLIX W HATYPHLIX CBAW BepTUKaibHBE
Narpy3ky, epepaolueca Ha PpyHT yepe3 GOKOBYI0 MOBEPXHOCTh (MPUrpy3Ka OT
CUA TPEHUA), U UX PABHOAEHCTBYIOMME TPUAOKEHET HA PA3HOM PACCTOAHUM OT OCH'
cBai. HMcxopa M3 coBpeMeHHbIX NPeACTaBaeHnit 0 GU3UYECKOR CYmHOCTH ABre-
HWiA, MPOUCXOAAUX B TPYHTE, OKpyXaiomeM KOHel, CBau, Npn nepejaie Ha Hee
CTaTUYECKUX HArPY30K MOXHO BNUAHUE YKA3aHHOW Rarpy3ku Ha yaenbHoe Conpo-
TUBNIEHUE TPYHTA NIOJ| HWKHUM KOHLOM cBau R cBecTu K cnepylomenmy. IIpurpyska
TPENATCTBYET BO3HUKHOBEHWIO PACTATUBAIOWUX HATPAKERWY U TPElUH Paspbisa
B TPYHTE, PACMONOXERHOM Bhllle NOJIOHIBY CBAW, W, CNEA0BATENLHO, KORLEHTpa-
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Pazaen 2. UHXeHepHO-reoAorrueckne UabiCkaHus

LMK OKUMAIOIUX HATIPAXEHUA HWKe Topowsyl. IIpurpyska rakxe MpenaTcTByeT
TepeMenmeRUAM JacTUL TPYHTA, PACITONOMERHBIX HU)KE TTOJONIBL, B TOPU30HTaNb-
HOM HampasneNuu. 3T ReACTBUA IPUTPYIKU ROMKHE NPUBOANTD K IOHUKEHUIO R
Tpu TIePeXOAe OT CBau C MEHbIIUM AMAMETPOM (3TANOHHOW CBau) K cBae 6onbuero
avameTpa (HaTypHoi). BMecTe ¢ TeM MpPUIpyska Cnoco6CTBYET MepeMenmeHuaM
TeX e YacTuy 'PYHTA B BEPTUKANBHOM HAITPABNEHUU BHU3, TPUUEM YEM MeHblIe
BMaMeTp CBau, TeM 6anKe K 0CM BO3AEWCTBUE MPUTPY3KM M TeM Gonblume Hampa-
Kenus W pepopManuu OT Hee GYAYT HENOCPEACTBEHHO TOA KOHLOM CBAW; 3TO
JIOJXKHO ITPUBOAUTL, Ha060POT, K NMOBLILEHUIO R MPU Nepexope OT 3TanoHHOM K
HaTyPHOW CBae.

Ha ocHOBanmv BEIIEU3NOKEHHOTO CIEAYET OXUAATD, YTO NIPU PACTIONONKEHUY
HWKHUX KOHLOB CBail B MalOCKWUMAEMHIX PPYHTaX yAenbHOE COMpPOTUBLEHWE R
ANA 3TaNOHHOW CBau GypeT BHILE, YeM ANA HATYPHOW, W, HA06OPOT, B PPYHTAX C
OTHOCUTENLHO BHICOKOW CHWUMAEMOCTBI0 — HWXe, YeM A HaTYPHOW. AHanoruy-
HBle U3IMEHEHNA YAENbHOTO COMPOTUBAEHUA R B TAKUX TPYHTAX AQIKHLI IPOUCXO-
IMTb MPU Mepexone OT UCTILITAHUA 3TanoHHOW csawm III Tuma, xorpa narpyska Ha
TPYHT NepeflaeTcA OQHOBPEMEHHO Yepe3 HUKHUA KoHel U 60KOBYI0 TOBEPXHOCTh
CBaW, K UCITBITARUIO HAKOHEYHUKA 3TanoRHOW cBau II TMNA B YCAOBUAX OTCYTCTBUA
TPUTPY3KH OT CWJ TPERUA TPYHTA N0 60KOBOY NMOBEPXHOCTH CBAU.

C nenbio 3KCEPUMEHTANBHO| POBEPKU U3NOKEHHLIX COOOPaKEHUH, a TaKKe
YCTaHOBNERUA COOTHOLIEHNI MKAY 3HAYEHUAMU COMPOTUBAEHUA ANA ITANOHHBIX
csai 11T u II TunoB 6bi1M POBEREHH ABE CEPUM ONBITOB B MECYAHbIX W TIbIAEBaTo-
TIUHUCTBIX TPYHTAX C UCTIONb30BAHMEM KOHCTPYKLMI CBaW, MO3BONAIONUX Tepe-
AaBaTh Harpy3Ky Ha PYNT MPU UCTIITAHUAX KaK ONHOBPEMEHHO Mepe3 HUKHWW
KOHel ¥ 60KOBYIO MOBEPXROCTb, TaK W Pa3fenbHo, NYTeM NOCAEA0BATENLHOTO Ha-
TPYEHUA YKA3aRHLIX 31@MEHTOB CBau,

IlepBas cepua onbitos nposogunack 8 HHMOCIIe ¢ Merannuyeckoi ceaew ce-
yeHueM 10 X 12 cM, NOrpyxaeMo BpaBAUBaHUEM Ha PAYEUHY 2 M B CpefHe3epHU-
CTHIA ManoBNaXHbi# NECOK CPeAHew MNOTHOCTU (CPeARAA TILOTHOCTD CYXOTO TPYH-
1a Qy = 1,61 t/cm3 w poixnoro Q; = 1,48 r/cn’). Pesynrrarsl onutos (puc. 2.6.7)
TIOATBEPKAAIOT, YTO BAUAHWE NPUIPY3KW OT CUAl TPEHUA FPYHTA Mo HOKOBOW Mo-
BEPXHOCTW CBau Ha ynenbHOe CONPOTUBNEHWE IPYHTA NOA €€ HWKHUM KORLOM
BO3PACTAeT € YBEAUYEHUEM CHUMAEMOCTH Tecka.

Bropas cepua onuTOB BHIMOAHANACH HA TInomaakax Jlenunrpana HUAOCTIom
COBMECTHO C TPeCTOM «JIeHURIPajoprcTpOoi» C MeTananyecKo¥ WHBEHTapHOW
CBaeW, HAPYXHbIN IMAMETP KOTOPOR COOTBETCTBYET AMAMETPY ITANOHHKX CBAR
(114 mm). Brino nposeneHo 35 OMLITOB B MBIEBATLIX BOAOHACHLILIEHHLIX MECKAX,
CymecAx, CYTAMHKAX W INUHAX Pa3ANMHON KOHCUCTEHUUU (OT TeKYYennacTuMHOW
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Puc. 2.6.7. 3aBUCUMOCTH «OCaAKA — HArpy3Ka» Ha HAKOHEUHUK CBAW B PbIXNOM (a) U
nAOTHOM necke (6): 1 — Npu OTAENLHOM UCAbITAHNM; 2 — NpU OBuUleM NCnbITaHuK
Rogu » N
Mg N K A0 TonyTBepAoit). Ceau morpy-
Lo ! anuch BAABNUBAHWEM HA T7y-
3 - A 6uHy 6-15 M C IOMOWbIO CIle-
/ % | . LManbLHOW YCTAHOBKYW, Pa3pa-
3 /. 6oranxon Tpectom «JleHus-
o / rpapoprcTpoiy. Comocrasnss
’ 7 TONYyeHHbe 3HAYeHMA Tpe-
/ / DeNbHbIX YAENbHLIX COMNPOTHUB-
/' JIEHWI TPYHTOB MOA HWKHUM
! v KOHIOM npn obweM ucmbiTa-
4 A HUU CBaM Ry, M OTAENBHOM MC-
NILITAHUU HWKHETO KoHua R,
o 12 3 4 5FRmMma 1 Roma

Puc. 2.6.8. ConocraBnenie 3HaueHuit npegenbHbix
YAENbHbIX CONPOTHBAEGHUI FPYHTOB NOJ KOHLIOM

npuR

obuw

(o6uem) n R,

omad

(0THenbHOM) UChbITaHU-

AX HAKOHEYHMKA CBan: 1 — NMHKA aBCONIOTHOI
CXOQUMOCTY; 2, 3 — NUHWUY OTKNOHEHUA £30%
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PasaeA 2. HXEHEPHO-TeOAOTMHECKME U3bICKOHMS

KOHLA CBan B CPABHUTEIbHO Cnabsie rpyHTH. TakuM 06pa3om, pesynsTarl BTOpOH
CePUM OTILITOB TAKKE TIOATBEPXKAAIT U3NOKEHHbIE BbIllie CO06PANEHUA O BANAHM
MPUTPY3KW OT CWIL TPEHUA IO GOKOBOW NOBEPXHOCTN CBaV Ha yAeNbHOE CONPOTUB-
JIEHUE TIOA ee HYXHUM KOHLOM R.

Kpome purpysku, OT Cui Tperus o H0KOBO NTOBEPXHOCTU CBAU HA YANbHOE
CONpOTMBNEHME R MOXET BAMATL PEXWUM 3a6UBKU CBaii, T. €. 3HEPrUA W YacToTa
yAapos nipu 3a6uske. BmecTe ¢ TeM CreuManbHbie OMbITH, METOZUKA KOTOPHIX
W3N0MEHa panee, He NOKa3ann 3aMeTHOTO BNUAHUA peXuMa 3abuBKU Ha yKasaH-
HOe CONpoTuBNeHue R.

TIpn npoBeeHUM OMUCAHHLIX PaHee ONMbITOB BIUAHUA Ha CpefHee yAenbHoe
CONPOTMBNEHNE TPYHTA NO HOKOBOT MOBEPXHOCTU ITANOHHOM W HATYPHOW CBait
Harpy3ox, epefalIiuxcs Ha PPYHT Yepe3 HUKHWIA KOHel cBau, He Gbino obHapy-
WEHO; 3TO TMO3BONAET NP Tb COTIPOT f He 3aBUCAmMM OT TMNA 3Ta-
NOHHOW CBan. B T0 e BpeMA 6110 BLIABNEHO BAWAHME HA ITO CONMPOTUBAEHUE
PeXuMa 3a6uBkn cBan.

IIpn npoBeneHWn UCCNefoBaHUI BIUAHUA PEXUMOB 3a6MBKM CBalt Ha COMpo-
TUBJEHUA TPYHTA PN UX CTATMYECKOM HarPYMEeHUM B KayecTse KPUTEPUA NOpo-
6MA PeXMMOB ANs 3TaNOHHOM W HATYPHOW CBAl, TNEPBAaA U3 KOTOPOW, COrNacHo
TOCT 24942-81, 3a6uBaeTcs MeXaHUYECKUM MOJIOTOM C SHepruen yaapa 6 xH M,
a BTOpas, KaKk NMpPaBwio, — AU3enbHLIMW MONOTaMW, GBINO NPUHATO obmee yucno
yAapos Ha 3a6uBKy, 0GLIYHO UCTIONB3YEMOE ANIS XaPaKTEPUCTUKN IHEPrOEMKOCTN
o6opyposarua [8]. B pesynbrare crieluanbHbIX OMLITOB IO 3a6MBKe HATYPHBIX
CBail AU3eNbHEM MONOTOM C-995 (Haubonee 4acTo UCIIONb3YeMBIM IIPU IOTPyXe-
HUU TPOGHLIX CBAit) U 3TAOHHBIX CBAt — MEXaHUIECKUM MONOTOM CTaHAAPTHOR
Maccont 400 Kr npu pa3nuvHO BHICOTE €ro [IaAeHUR U COOTBETCTBEHHO 3HEPruu
yAapa 6biNO BLIABIEHO, YTO PEWWM NOTPYXEHUA HATYPHOW CBaU JOCTATOMHO
TOYHO MOA@NUPYETCA IPU SHEPTUU yaapa Ans 3abusxu 3tanoxHow csau 4 kH-m
(puc. 2.6.9). Ilonyyennrie paHHbe CBULETENLCTBYIOT O TOM, YTO SHEPTOEMKOCTb
CTaHAAPTHOTO MONOTA AN 326WBKM 3TANOKHEIX CBAN, KaK NPaBUILO, TIPEBLILUALT
3HEPTOEeMKOCTb MOJIOTOB A 3a6MBKYM HATYPHYIX CBAIA.

Cneynanbisle ONMBITHL O 326UBKe ITANOKHYEIX CBAV MOLOTOM C PA3HOV 3HEPTH-
el ynapa B NBUIEBATO-TAMHUCTHE PPYHTH TYrOMAACTUHHON KOHCUCTEHINM TIOKA-
3a1¥, YTO SHEPrUs NPAKTUYECKW He BAWAET Ha CONPOTUBIIEHME IPYHTA NOR HWK-
HUM KOHIIOM CBaW, 3 U3MEHeHUe HEPruM YAapa CYIECTBEHHO CKa3bBAeTCA Ha
CONMPOTUBIEHUU IPYHTA Ha GOKOBOI TOBEPXHOCTHU cBau, Ha pucynke 2.6.10 noka-
3aHbl TpaguKU 3aBUCUMOCTV CONPOTUBAEHUA PYHTA Ha GOKOBOW MOBEPXHOCTU
3TanonKoi cean II Tuna P ot ee ocagku nipu 3abuske cau Ha rny6uny 12 M
MONOTOM C 3Hepruei ypapa 2,4 u 6 kH- M. Y3 rpaguxos BugHO, 4TO CONPOTUBNE-
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Puc. 2.6.9. 3aBUCMMOCTb UMCAa YAAPOB U CPEAHUX OTKA308
0T Iy6UHbI NOrPYKEHUA CBaN B CYIMHKAX TYTONNACTUYHbIX:
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Puc. 2.6.10. PeaynbraThl MCNbITaHUI 3TaNOHHbIX CBaV, 3a6UTHIX C IHEPruei yaapa
MonoTa: a — oBwux; 6 — HaKOHEYHUKa CBaWA; 8 — BOKOBOI NOBEPXHOCTY CBaA;
1—2KH-M; 2 — 4 kH-M; 3 — 6 KH-M

Hue P yMEeHbLIAeTCA C YBEIWUYeHWeM 3HEPrUM YAapa, W, CNef0BaTeNbHo, B TaKuX
PPYHTaxX YAenbHoe CONpoTUBReHMe f s HATYPHBIX CBAil JOMKHO 6HITh Gonblue,
yeM ANA 3TaNOHHLIX. B COOTBETCTBUM C YIOMAHYTLIMU BHILIe DE3YNbTATaAMK, [ONA-
ras, YTO 3KBUBaNEHTOM 3HEPrOeMKOCTW MOOTA ANA 3a6MBKU HATYPHBIX CBAW AB-
NIRETCA SHEPIMA YAapa MONOTA 4 KH-M, monyyaeM, YTO NP 3HaYeHWUU cpepHero
NpefensHoro YAeNSHOTO CONPOTUBIIEHUA PPYHTA Ha 60KOBOI MOBEPXHOCTH 3Ta-
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Pasaen 2. HXEHEpHO-reoAormyeckme UsbICKanms

NOHHOW cBav 37 xlla cooTRETCTBYIONEE 3HAYEHUE CPEAHErO NpefieNIbHOro yAeb-
HOTO CONPOTWBNEHUA CPYHTA Ha 6OKOBOW NOBEPXHOCTU HATYPHOM CBAU ACIKHO
cocrasuts 42 KIla, T. €. Ha 10% Gonbure. YMEHbIEHUE CONPOTUBIEHUA f C yBEIU-
YEHWEM IHEPrUM yAapa MONOTa MOXHO 06BACHUTD TEM, UTO C POCTOM AUHAMUYEC-
KMX Harpy30K Ha CBA3HME TPYHTHI BO3PACTaeT CTeNeHb HapyMeHUs UX CTPYKTYp-
HBIX CBA3ed. BMecTe C TeM ¢ yBenuYEHWEM CTPYKTYPHOW NPOMHOCTU CBA3HHIX
TPYHTOB 3TOT YaKTOP AOJKEH CKA3LIBATHCA B MEHbLUIEW CTEMEHU,

Tax, B CyrAMHKM NPEUMYIMECTBEHHO NONYTBEPAOA KOHCUCTEHIUU BbUIN 3a6m-
TH ONHWUM W TeM Xe MonoToM C-995 no rayGuHbl 6 M MeTananyeckue cBan AnaMer-
poM 73, 114, 219 u 325 MM. EcTecTBEHHO, YTO C yBenWdeHUeM AuaMmerpa CBait
Tpe6oBanoch Gonbliee YUCNO YAapOB Ha 3a6MBKY, YTO 3KBUBAIEHTHO YMEHblIe-
HWIO 3HEPruM YAapoB MOJOTa NpU MOCTOAHHOW IMNOMAAN NONEPeYHOro CeyeHnus
cBait. OpHaKo B TaKWX T'PYHTAX 3HaYeHWe CPeAHero MpenenbHoro CONPOTUBNEHUA
TPYHTA Ha 60KOBOW MOBEPXHOCTU CBau C BO3PACTaHUEM YUCIA YAAPOB He YBEIU-
YUBANOCh, 3, Ha060POT, YMEHbIIANOCH, COCTAB/AR AR CBAM JuaMeTpoM 73, 114,219
" 325 MM coorBeTcTBeHHO 100, 80 60 1 50 Ila. 3TO ABNEHUE MOXHO OGBACHUTD
TEeM, YTO B IbUIEBATO-TIMHUCTLIX TPYHTAX, YCTONYUBO AePKaLUX BePTUKANbLHbIE
CTEHKU CKBAXMHEL GNarofaps packadke cBau Npu 3a6uske, INOTHOCTb NMPUMBIKA-
HMR TPYHTa K ee GOKOBOW NMOBEPXHOCTU TE€M MeHblIe W Wellb MeXAY TPYHTOM W
CBaeil B BeDXHen ee JacTu TeMm Golibuie, yeM Gonblree YUCO YAAPOB MONOTA CAe-
naHo B rpouecce ee 3a6uBKu. ’

Conocrasnenue Yucna ynapoe MONOTA CO 3HAYEHUAMW CPEHUX NPEeAeNbHbIX
YAENbHBIX CONMPOTUBIEHUN Ha GOKOBOW IOBEPXHOCTU CBai NEPEYUCIEHHBIX Ana-
METpPOB, NOTPY)KEHHBIX TEM XEe MONOTOM Ha INIYOUHY 6 M B CPeIHe3ePHUCTHIE IIECKU
CpepHel NNOTHOCTY, IOKA3bLIBALT, YTO PEXUM 336UBKU CBAW B MOROGHbIE NecyaHble
CPYHTHL MPAKTUYECKM He BAMAET Ha 3HAYeHWA YKa3aHHbIX CONMpOTWUBNEHUH. Oxn
COCTaBAWT ANA CBaW AuaMeTpoM 73, 114, 219 u 325 MM cooTBeTCTBeHHO 103, 102,
97 v 113 xITa. 370, 0MeBUAHO, 06YCIOBAUBAETCA TEM, YTO CTPYKTYPHEIE CBA3N necka,
BBUAY UX He3HAYUTENLHOCTH, HAPYRIAWOTCA NMPaKTUYECKU HE3ABUCUMO OT BEIUYUH
AMHAMUYECKUX HArpy3oK, Mepeaaiouxcs Ha PPYHT B nponecce 3a6usku csau. Ile-
COK ITPUOGPeTaeT CBONCTBO TEKYYECTH, 3ANONHAR WeNu MEeXAY IPYHTOM U CBae B
BEpXHeit ee YaCT, 06pa3yomunecs 0T ee packauku npu 3abusxe,

0606menne, aHaNU3 U CTATUCTUYECKAR 06paboTKa pe3ynbTaToB 35 Napannenb-
HBIX UCTIBITaHWIt 3TaNOHHBIX cBait III TMMA U cBat AuaMeTpoM 325 MM, BHITOJIHEH-
HHIX B COOTBeTCTBUM C TpeGoBannamu ['OCT 24942-81 u TOCT 5686-78 ® pasnuu-
HbIX PaitOHaX CTpaHbl, NOATBEPAUNW CANAHHbIE BBHIBOAbI U NO3BOJUIN YTOYHUTH
MeTOA NMPOTHO3UPOBAHUA IPEeNIbHLIX CONPOTUBIEHUNA U rpaduka «ocanxa — Ha-
TPY3Ka» HaTYpHbIX CBail MO Pe3ynbLTaTaM UCILITAHUMA 3TancHHbIX ceait III Tuna.
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Toa [0+

B pesynbraTe CTATUCTUYECKOTO aHa-
133 3HaEHWi NpeAenbHbIX COMpPOTUB-
JIeHUt TPYKTOB IO, RUMHUM KOKLIOM U
Ha 6OKOBOW MOBEPXHOCTU HATYPHOW W
3TanoOHHO CBal ANA KO3PpuULMeHTOB
Yer = R/R W Yy = f/f,, 65nn nonyaenst
IMIUPUYECKUE YPABHEHUS Derpeccuu
runep60nn4ecKoro BUAA, AOCTOBED-
HOCTb KOTODHIX OlleHMBanach ¢ IOMO-
Wb aHAIU3a [UCTEPCUM TIpU 5%-HoM
YPOBHE 3HaYNMOCTHU.

Tina ko3dduunenTa y g MO RaHHLIM,

4 8 10 Ry, M0l
Puc. 2.6.11. 3aBucumocTb Ko3dhpuunenta
YCnoBUM PaboTel v, OT NPeAeNbHOro
YRENLHOTO CONPOTUBAEHMA [PYHTOB NOA

HWKHUM KOHLIOM 3TanOHHON CBau R

Tip HbIM Ha pUCyHKe 2.6.11, mo-
NYYEeHO CHeAywliee ypaBHerue:

Ya =0.59+ 1.86/R;, ®)

IpM STOM KOPPENALMUOHHOE OTHOUIERUE
pasxo 0,78, cpepHeKBaapaTuyecKoe oT-
KNOHEHMe URAUBUAYAILHBLIX 3HadeHun

Yeg OT IMHUU perpeccy B MHTepBane usMeHeHus Rgot 2 no 14 MIla cocrasnser

0,23, a npu Rg< 2 MIla - 0,81.

Bonbliloe CpepHeKBaapaTMyeckoe OTKNOHEHWe NMpW 3aneraHuy TOR HUWHMM
KOHLIOM CBau cnabbix rpyHTos (Rg< 2 MIla), oueBupHoO, CBA3AHO, C ORHOI CTOPOHLI,
€ MOTPELIHOCTAMWU U3MEPUTEsIbHON ammapaTypbt IPU HU3KUX 3HaYeHuax Rg, u, €

4 8

Puc. 2.6.12. 3aBucumocTb KO3 duuneHTa
ycnosuit paBotel Yy OT NDEACNLHOTO
VAENbHOTO CONPOTUBAGHUS PYHTOB Ha
60K0BOW NOBEPXHOCTI 3TANOHHOA CBaK
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ADYrot CTOPOMbI, € TeM 06cToATENb-
crBoM, yTo cornacHo T'OCT 5686-78*,
CTYIMERN Harpy3ku MU CTATUYECKUX
WUCTILITAHUAX Ka3HAaloTCA PABRbLIMU
1/10 oxunaeMont PeRenbHON, a 3T0 He
TI03BOJNAET AOCTATOYHO TOMHO OLEHUTDH
CONpPOTUBNEHME IPYHTA TOR HUKHUM
KOHLIOM, €C/IU ero foAs B 061meM conpo-
TUBNEHUM HeBenuka (10-15%). [ina ko-
sppunmnerra Yef IO AAHHBIM, IPUBEJCH-
HbIM Ha pUCYHKe 2.6.12, MOnyYeHo cne-
Lytollee ypaBHEHUE perpeccu:

Yy=a+ b/fsp (W]



Pasaen 2. VHXEHEPHOTEOAOTUHECKUE U3bICKAHUS

rae a u b — K03 GULMEHTH yIIPaBAEHUA PErPecCcii, 3aBUCAIAA OT BUJA TPYHTOB
W COCTaBiAllMe COOTBETCTBEHHO ANA NecyaHwlx rpyxros 0,61 u 0,031, a pna
TibLIeBATO-TAMHUCTHX — 0,44 1 0,021,

CraTuveckue moxasaTenu Mpu 3TOM COCTAaBAANT COOTBETCTBEHHO AJA ecya-
HBIX U FIMHUCTBIX 'PYHTOB: KOpPENAlLMONHOe oTHOWerue — 0,70 v 0,65, cpenxe-
KBaAPaTUECKOE OTKNOHEeHMe — 0,27 1 0,28.

Kak BUAHO U3 MPUBEREHHMBIX JAHHBIX, HA KOIDDUILMERTH! Yop vt Yoy, XAPAKTEPU-
aytomue oTHOWeRUA R/Rgu f/f;,, cymecTBerHO BAUAIT rpyKTOBYE yCnosus. Tak,
[PU 3aneraHnu MOA HWKHUM KOHLOM CBait Cnabbix rpynTtoB (mpu R, < 3 MIla)
JHageHUA Ko3pduumnenTa ypg >1, T. €. Ry < R, a B IIOTHHIX M MPOMHBIX PYHTAX
(mpu R, > 10 MIIa) ero 3Havenus MeHblIe eAUHULY, T. €. R > R. Kak ormeuexno
paKee, 3T0 MOKHO OBBACHUTb BAMSHUEM NPUTPY3KW OT CUA TPERUS Ha GoKOBOW
MOBEPXHOCTU Ha COMPOTUBNEHWE TPYHTOB TOR HUKXHUM KOHLOM CBawn, KOTOpOe
HEOMHaKOBO AA HaTYpHO! M ITanORHOW CBail. AHanOrMyHas 3aKOHOMEPHOCTb
HabmopaeTca U AR KosdduLmerTa v, BMecre ¢ Tem ana ranbonee 9acTo BCTpE-
HAOWUXCA TPYHTOB B OCHOBARMM CBAMHBIX (PYHAAMEHTOB 3HAMEHUA Yop U Y,p 63
WK 1 1. e. Ro= R f, = f, 1em, BEPOATHO, U MOXHO OBBACHUTL LIMPOKO PACHPOCT-
PaHeHHOe MHEHWe O He3aBUCUMOCTU NpEeAeNbHbIX YAeAbHBIX CONPOTUBIERW
TPYHTOB OT NIONEPEYHOrO CeYEHUA CBAN.

. Ha cootrowexme Meway f # £y, CyIECTBERHO BAMAET TUII IPYHTOB, (POPE3aEMbIX
cBaeii. Kak BupHo u3 pucynka 2.6.12, 3Hauerua Yo WA TIECHAHBIX TPYHTOB B CPERHEM
¥a 20% Bylure, YeM AUIA [bU1eBATO-TAMHUCTLIX, IPU OAMHAKOBbIX 3HAYERUAX ﬁp.

YyuThiBas MOAYYEHHbIE Pe3yAbTaThl, NMpERenbHOe COMPOTUBNEHUE HATYpHOW
CBau CNeRyeT PACCYUTHIBATL MO AIHHBIM WUCTIHITAHWUA CTAaTMJECKUMU HarpysKamu
3TanonHon csau III Tuna no gopmyne:

E =YcRRsA+'qufspuhr (8)

TAE Yer M Yy — K03puumerTE yenoBuit paboTl, ONpenenfemMste O PUCYHKaM
2.6.11 1 2.6.12 naun Tabaunne 2.5.2 (95%-Hblit LOBEPUTENbHBIA UHTEDPBAN).

Ecnu cBan npopesaer MbUI€BATO-TAMHUCTbIE U NECHaHble TPYHTH, TO MpU pac-
YeTe NpUHMMAETCA CPEAHEB3BEUIERHOR 3HavenUe K0apdUUKeRTa 2, ONlpeRense-
Moe.Tio GopMyne:

. y‘,)::Y‘fEM;Y‘fzh, ©)

rae Th W TH — CyMMapHble TOMUMHBI CIOEB COOTBETCTBEMHO NeECHaHHX
TMbIIEBATO-IIMHUCTBIX TPYHTOB; YZf n Y:f — K03bdUIMeHTH ycnoBui paboTsi
COOTBETCTBEHHO AfIA MECYAHLIX W MBUIEBATO-INIMHUCTLIX TPYHTOB.
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CnpaBo4HUK COBPEMEHHOIO U3bICKATEAR

AHanu3 U3MEHYUBOCTH B [ONPELENbHOM COCTORHUM K03(P(dUIMEHTOM Niepexo-
52 OT 3HAYEHWI COMPOTUBIIEHUI IPYHTA MOJ, HWKHUM KOHILIOM U Ha 60KOBOW TO-
BEPXHOCTK 3TANIOHKOM CBAaW K COOTBETCTBYIOWUM 3HAYEHUAM CONPOTMBIEHUIA
TPYHTa ANA HATYPHOM CBay, NPOBEREHKLIN Ha OCHOBE CTATUCTHIECKON 06paboTku
IAHHBIX OTIMCAHHLIX paHee 35 mapaeNbHbIX UCTIHITAHWIA, TT03BONMA YTOMHUTD U
YIPOCTUTb METOXUKY MPOTHO3UPOBAHWA IpaduKa 3aBUCUMOCTU «OCagKa — Ha-
TPy3Ka» AN/ HAaTYPHEIX CBai, pernamertuposannylo ['0CT-24942-81.
TIonyueHKLe Yer TPV OCAAKAX S HATYPHOR W STA/IOKHO CBaM, PABHAEX 1, 2, 5,
7, 15 n 25 MM, TTOKa3HIBAIOT, YTO 3aBUCHMOCTb 3HAYEHUN KOIPPUUNERTa YCILOBUIA
IpyHTa Ha 60KOBO NOBEPXHOCTH CBaK y‘zf OT YAENLHOr0 COMPOTUBAEHUA FPYKTA,
LOCTUTHYTOrO TP OCAAKe S, MPAKTUYECKU MOXHO OMUCATb ypaBReRWeM (7) ans
Tipefie IbHLIX COMPOTUBIIERU. ITO CBA3AHO C TEM, YTO CABUIOBLIE OCAKW, COOTBET-
CTBYOmME AOCTUKEHWIO TPeACNLHOTO COCTOAHUA TPYHTA HA GOKOBOW MOBEPXHOC-
TU CBaW, COCTAB/AIOT BCETO HECKOJIbKO MUILIIUMETDOB.
YTO KaCaeTCA 3ABUCUMOCTU Ygg OT COMPOTUBIIEHWUR TPYHTOB IO HWKHUM KOH-
\
1jOM CBau RS, AOCTUraeMOro IPU ee OCapKe S, TO ANA BCeX OCa0K CBaVt He3aBUCU-
MO OT BUAA TPYHTOB OCTAETCA HEU3MEHHOV 0611aR TeHACHUMA K YMEHBIICHUIO Yig.

¢ pocToM RS, BHABNERHAA [UIA IPEMiE/IbHOTO COCTOARWA (puc. 2.6.13).
s C yBenMueHMEM Xe OCafAKU CBAU
Yen TPU TIOCTOAHHOM 3HAYEHWW YACIbHbIX

COMpPOTUBNERU R;‘ BO3pacTaeT u Ko3d-

Ly

\ @UIMERT Y55 3TO COTMIACYETCA ¢ BHIBO-
\ 7aMu, ChenaHHsMu B pabore, OTHOCH-
S TeNIbHO TOTO, YTO B JONPELENbHOM CO-
\ CTOAAHWM NPU PaBHBIX YAENLHLIX COTPO-
x TUBIIEKMAX R C yBenuyenneM auaMerpa
14 ] cBalt BO3pacTawT COOTBETCTBYWOIINE
0CafKu. !
0 ) s 5 8 & _ Crarnerveckue apameTph, Xapax-
TepU3yolWMe TECHOTY WU CUNY CBA3ei
g : MIONYuEHKLIX 3aBUCUMOCTER Yig OT RS,
yenosuit paBotbl Yer OT yAensHoro COCTaBIAWT: KOPPeNALMOKKOE OTHOuIe-
CONpOoTUBAEHUA FPYHTOB NOA KOHLOM  wue 0,58-0,76, cpeareksaapaTuyeckoe
3TanoHHo ceav R§ npu ocapke s, wm 1-1; OTHIOHEHWE SKCMEPUMEHTANBHBIX AIH-
2-2; 3-5; 4~7; 5-15; 6-25 MM HHIX OT 3MIUPUYECKUX NUKWUI perpec-

0

0,5

N L
/8
]

Puc. 2.6.13. 3aBUCUMOCTb Ko3dULMERTa
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Pazaer 2. VIHXEHEPHOTEOAOTUYECKME UBLICKAHUS

cum ipn RS > 2 MII a - 0,21-0,3. Tlpn 3ToM HauBoNbLIMiA pasbpoc 3HaYEHUI Yer
HabnoaeTcA Npu HeBONBIIMX OCAAKAX CBAM, YTO CBA3ARO C MOTPENIHOCTAMM U3-
MEepUTeIbHOM amnnapaTyphl.

TIporrosupoBanue rpaduka «ocafika — Harpyska» A HATYpHOI cBau clepy-
eT OCYWeCTBAATh [0 NOAYYAeMbIM MPW WUCHLITAKWMW ITANOHHOW €Bau rpadpuxam
332BUCUMOCTHU OCAfi0K OT YAGNbHBIX COMPOTUBACHMUIA IPYHTOB MOJ HUKIUM KOHLOM
W Ha 60KOBOM MOBEPXHOCTN CBaU C UCTIONb30BAHMEM HOPMYJIbL:

F* =ypR{A+yy fpuh, (10)

rpe F® — cOMpOTMBEHUE HAaTYPHOW CBau NPU OCajKe s, 3a4aBAEMOW IpH OCTPO-
enuu rpaduka; Yop — K03IQGUUMERT YCIOBUI PaBOTH TPYHTA NOA HWKHUM KO-
HOM cBau, IPUHMMAEMBI/ IO HOMOTpaMMe Ha puc. 2.6.13, B 3aBUCUMOCTY OT 3Ha-
uernA RS, RS — YAenbrOE COMPOTUBIERUE 'PYHTOB OR KORHOM 3TaNOKHOM CBaK
TipU ee Ocapxe s; A — IUIOMajb CRUYEHUA HATYDHOW CBaM; Yo — XO3bduument
yCNOBUA paboTH IpyHTa Ha GOKOBOM MOBEpXHOCTH {CM. Tabn. 2.6.1); f;, —
VAeNbHOe COMPOTUBNERME Ha BOKOBOI OBEPXHOCTM ITANIORHOM CBaN Ipu ee ocan:
Xe $; U, h — MmepuMeTp u INy6UHa NOrPYKERUA HaTYPHOW CBaU.

TIpuBepeM MpuMep MPOrHO3MPOBARMA rpaduka 3aBUCUMOCTI OCAZiKM HATYPHOR
CBau OT Harpy3ku MO pe3ynbTaTaM UCTIHITAHUA TPYHTOB 3TaNORKOM cBaewt III Tuma.

Tpumep. TpeSyerca MOCTPOUTL rpaduk 3aBUCUMOCTHU OCAZKU CBAU OT Harpys-
Ku (ceuenne cBau 30 X 30, FIy6UHA IOTPYIKERUA 6 M).

Teonoruyeckun paspes OCHOBAHMA W TPaduK 3aBUCUMOCTM «OCapKa — Ha-
Ipy3Ka» MO pe3ynbTaTaM CTAaTUMECKUX UCIIBITARWi 3TanoxHon csau III Tuna (nua-
MeTp 114 MM, Pny6UHA MOrPYKEHUA 6 M) IPUBEREHH Ha PUCYRKe 2.6.14. B Tabnu-

Tabnuya 2.6.1

Floa HUXKXHUM KOHLOM CBaKU Ha 6okoBoi noBepxHOCTH CBau
MpeaensHoe ygensb- n, oe dhdbuunent v,
Hoe conpoTManenme K°°¢¢:““"°"’ conpo- il
As . MNa Yen Tuenenve f;, MMa| necuanbie FAMBUCTBIE
FPYHTBI FPYHTbI
<2 14 <0,02 15 1,15
. 4 0.9 0,04 1.0 0,95
6 075 0,06 0.95 0.80
8 07 0,08 0,85 0,65
10 0,65 0,10 0,80 0,55
212 0,6 20,12 0,75 0.50
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CnpaBO4HUK COBPEMEHHOrO U3bICKATEAS

,) B J)U 50 100 150 200 P, xH

7 0
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Puc. 2.6.14. Teonornyeckuir pazpes ocHoBaHUA (a) U rpaduk 3aBUCUMOCTH OCAAKU
3ITANOHHOI CBau OT Harpysku (6)

e 2.6.2 MOKa3aHH PE3YNbTarTH pacyeTa YAENbHLIX COMPOTWUBNEHUI IPYHTOB
O/ HUKHUM KOHLOM U Ha GOKOBOW NOBEPXHOCTM ITANOHHOM CBAu; IIPU 3ITOM
CONPOTUBNEHUA I'PYHTOB IO HOKOBOW MOBEPXHOCTW MONYYEHBI KA PasHOCTb
Harpys3ku Ha 3TaNOHHYI CBAI0 M U3MEPEHHOI'0 CONMPOTUBJIEHUA TDYHTOB IOA
HMWHUM KOHUOM.

Tlo #aKKBM Tabnuubt 2.6.2 CTPOMM rpauKK 3aBUCUMOCTU YAENBLHEIX CONpPO-
TMBJIEHW TPYHTOB NOA HMKHUM KOHLIOM U Ha BOKOBOW NOBEPXHOCTW ITANOHHON
cBan ot ocapkn R, — s mfy, — s (puc. 2.6.14).

3arem 3apafvMCR OCapKoi S, AR ITPOrHO3VPOBAHMA paduka ANA HaTypHOW
cBaw, Hampumep: 1, 2, 3, 5, 7, 10, 15, 20 mm. Tlo popmyne (10) BEIUCAUM 3HAYEHUA
CONPOTUBNEHWH TPYHTOB OCHOBaHWiA HAaTYPHOW cBan F° mpw 3Tux ocapkax. Ha-
TIPUMeED, 3aiaANMCA OCAAKOM §; = 5 MM,

Mo rpaguxy «yAenbHOe COMPOTMBAEHWE R, — OCaAxa $» HailjeM 3HaueHue
YAENLHOTO CONPOTMBNIEHMA R TPU OCazKe 5 MM (puc. 2.6.15): RS = 3,9 MIla. 3arem
110 puc. 2.6.13 HaiipeM 3Havenne KoddduuueHTa YcnoBuit PaboTHl IOA HUKHWUM

KOHLOM YR npu R = 3,9 MIla n ocapke s = 5Mm. [lonyuum Yer = 0,67, ARaNOTMYHO
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Pazaen 2. VIHXEHEepHO-TEOAOTUHECKUE N3LICKAHUS

Tabnuya 2.6.3

Mog HWKHUM KORLOM Moa BokoBOi NOBEPXHOCTHIO
Harpyska Ha | Ocapka ara-
9TanoHHYI0 | NMOHHOW CBa | conpoTuene- cgﬂ:;b;:ne& conpoTuene- cgﬂ:g::::&
csaw P S, MM HU@ TPYHTOB | e rpuurop, | HYE PYHTOR Al wne TpyHTOB,
R As, MNa KH fop M2
25 0.10 1.5 0,15 23,5 0,011
50 0,40 3.1 0.31 46,8 0,022
75 0,70 77 0,77 67,3 0,031
100 1,01 12,3 1,23 87,7 0,041
112,5 1.21 13,8 1,38 98,7 0,046
125 1,45 16,9 1,69 108,1 0.050
137,5 21 21,5 2,15 116,0 0,054
150,5 2,60 29,2 2,92 120,8 0.056
162,5 3,83 35,4 3,54 1271 0.059
175.0 6,24 49,2 492 125,8 0,058
187.5 20,03 55,2 5,52 132,3 0,062
s 2 .
0 2 4 fpb 8 fop, M@ 10" |
———— ~ 1
! 2 3 R34 5 Rs Ml

12

16

20

S, MM

Puc. 2.6.15. TpaduK 3aBUCUMOCTH YAeAbHBIX CONPOTUBAEHWI PYHTA
NOA HUIKHUM KOHLIOM (CROWWHBIE AMHUM) U HAa GOKOBON NOBEPXHOCTH
(NyHKTUPHbIE) OT OCAAKHU 3TANOHHOW CBaK

10 Cnpasounyik n3sickarens
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To rpagpuky fy, — s mpu ocapke 5 MM (puc. 2.6.14) snavenne 5;, = 0,058 MIla n o

Tabnunye 2.6.1 HalineM xO3hHMUMEHT Yor.
Tax Kax BRONb GOKOBOW TOBEPXHOCTM 3aNEralT W NecyaHbie (TONMHA CNoA
2,3 M), U TIMHUCTEIE TPYHTH (3,7 M), BHIYMCANM CpPEfHE-B3BEUIEHHOe 3HayeHue

X03pguumnenTa Yer :

_0,66-37+1,08-23 _
6,0

Tlo popmyne (10) Halipem 3Havenue P* mpu ocapke s = 5 MM. Tlnomans nome-

peyHoro ceyenma csam 30 x 30 pasHa 0,09, nepuMerp — 1,2 M. IIpn npunaton
rny6uHe NOrpyMeHuA 6 M BEIINCIANM:

F*=0,67 - 3,9 MITa 0,09 + 0,82 0,058 Mlla 1,2 M 6 = 5729 xH.

th 0,82.

Pe3ynbTarThl pacyera COMPOTUBAEHUA TPYHTOB OCHOBAKMA HAaTYPHOM! CBan Mpu
33[aHMBIX OCajXaX MpuBeAeHbl B Tabnauue 2.6.4, M IO HUM MOCTPOEH rpaduk
«ocapka — Harpyska» (puc. 2.6.15).

Tabnuya 2.6.3

Mo 6okosoi no-
BEPXHOCTM HaTyp-

:g:?;;: Ynenb- | TOA HIXHUM KOH-

LOM HaTypHO caau

npoTue- | HO€ CO- HOW cBaun
Ocagxa, | newue | NPOTMB- Pacuer-
3apa- | rpyHTa neﬁnue HOE CO-
saeman | nop | MO Ooko- npoTue-
7 no- - ver-
npu no- | HuxHum | BOW NO pa:::T pacuer- pa:oee pacvet- | newve

cTpoe- | kOHuyom | BEPXHO- om- | Hoe €O o | Hoe co- [ rpynTos
HUM atanow- | cTW aTa- 'de co- | MPOTMB- xge co- | MpoTMB- | HaTyp-
rpacvka | Ho | NIOHHOM nenne nenve |Hoi cean

s, mMm | csan npu|CBau npu| MPOTVE- | o, o g | MPOTUBS {1 (o pog | A8, kH
ocapke | OCaake [ NeHMe | ta | nerve T, kH
RE. £, MMa Rs, MNa fsp, MNa
Mna
1 1,2 0,040 0,54 48,6 0,041 295,2 343.8
2 2,1 0,054 1,34 120,9 0,046 332,4 453,3
3 3.2 0,057 1,79 161,2 0,048 3447 505,9
5 39 0,058 2,53 228,1 0,048 344,7 572,8
7 46 0,059 363 327,0 0,049 352,9 679,8
10 4,8 0,059 3,79 341,83 0,049 352,8 694,1
15 52 0,059 41 369,7 0,049 352,8 722,5
20 55 0,062 4,51 4059 0,052 367,2 773,1
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Pazaen 2. UHxeHepHO-reorornieckne U3sbickaHus

.C LeNbl0 MPOBEPKM MPEANOKEeH- 2 4 6 ,fkﬂ,mz
MOV METOZMKM MPOTHO3upoBaKwa 3a- 0

BUCMMOCTH «OCafiKa — Harpy3Kay Ha- \\\

TYPHOWM CBaW MO JAHHBIM UCTILITAHMI
TPYRTOB 3TanoHHoil csaeit III tuma 4

ZNR TpeX OMBITHBLIX TUOWANIOK, CNO- \
EHHBIX TIeCYHLIMU PPYHTAMU Cpefi- \
Heli mnotHocTM nioBuornsumansio- &
ro reHesuca (mnowaaka Ne 1), ramnu-
CTBIMM I'PYHTaMU MATKOTeKyvemnac-
TMYHOM KOHCUCTEHLMM annosuans- /2
HOro renesuca (mnowasxa Ne 2) n
PAMHUCTHIMU IPYHTAMM TYTOMNACTUY -

HOW TIONAYTBEPAOWH KOHCUCTeHuuun I8
(mnomapka Ne 3), 6bam paccumTanst
rpahuku 3aBUCMMOCTM «OCapgka —
Harpyska» Mo MPeAOMEHHON MeTo-
JMKE W MeTOIMKe, pernaMenTUpOBaK-
novt I'OCT 24942-81.

ComocTaBnenme MONyYeHHbLX 3a- Fuc. 2.6.16. PaceTHulil rpaduk «ocapka —
BUCMMOCTEiA C pesynbTaTaMyu CTaTu- Harpy3Ka» Ans HatypHoi ceau
YEeCKUX UCTBITAHWI HaTypHOW cBaun
ImameTpoM 325 MM (puc. 2.6.16) MOKa3bIBALT, YTO TIPeAnaraeMas MeToauka 6onee
TpOCTan, YeM MeTOAMKa, pernaMmenrupyemas I'OCT 24942-81, u mossonfer ynyu-
LWIWTb CXOAMMOCTb rpadmia ¢ paKTUYeCKN MONYYaeMbIM MO I@HHBIM CTATUYECKUX
WCTILITAHMIA; TIPU ITOM PACXOMKAEHUE aBCONOTHBIX BEAMYMH TPOTHO3UPYEMbIX CO-
TIPOTMBAERWI He mpesbimaeT +15%.

[N/ OLEHKN [OCTOBEPHOCTU OMpPENeNeHns Hecyled CMOCOGHOCTM HaTYpHOM
CBau, MO HAHHbIM WCTILITAHWUA IPYHTOB 3a6MBHOM 3TanoHHow csaeit Il tvna, mo
pe3ynpTaTaM 37 mapannenbHLIX UCTILITAHUIA HATYPHLIX W ITANOHHbIX CBal, omuca-
HWe KOTOPHIX MPUBEJEHO BbILIE, MPOBEAIEH PAacyeT 3HAYEHWIA MpefieNbHOro Conpo-
TUBJIERMA CBaM NO MPeJaraeMoMy MeTORY ¢ UCTonbiosanueM GopMynst (8) u mo
MeTopmke, pernamenTupyemont FOCT 24942-81.

ConocTaBnenue pe3ynbTaTOB pacyera ¢ MONYYEHHLIMW MPU CTATUYECKUX UC-
MHITARMAX CBaM (puc. 2.6.17) MoKa3biBaeT, YTO MpeAnaraeMblii METOZ MO3BONAET
TOBLICUTb OCTOBEPHOCTh OTpefiefienua Hecyuleit crocobHocTn csau. CraTmcTu-
Jeckue mapameTpsl pa3paboTaHHOrO MeTONa W MEeTOJ3, PernaMeRTUPOBaHHOTO
TOCT 24942-81, mpusepens! B Tabnuie 2.6.5.

20
S,mH
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:) 2 4 6 8 PxHi1o oﬂ A
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Puc. 2.6.17. ConoctasaeHue rpatMKos 3aBUCMMOCTHM «OCAAiKA — HArpy3Ka» gia
HaTypHOM CBaw, MOT PYKEHHOM B NECKM CPeAHER NNOTHOCTH (@) U B CymUHKM (6)
TeKy4YennacTuuHoN (1) u TYronnacTuyHoi KOHCUCTEHUNM (2): CTaTUuECKNE MCNbITaHNA

HaTypHON CBaM - - - — UCMbITAHNA TPYHTOB ITANOHHON CBAEH U NO Npeanaraemoi
METOAMKE; — — — —TO0 e U N0 METOANKE, N3N0KeHHO TOCT 24942-81
a) £2 xi16° §)
s 1" -
2 2
AN 2\ P aa

SN . N 2 '}:(‘ /{3
\x J\\ | s /"' -~
sl

Fa,XWID°6 12 & & 0 4 8 12 16 FanHiG]

Puc. 2.6.18. ConocTaBneHne 3Ha4EHUIA NPEAENLHOTO CONPOTUBAEHUA HATYPHON CBaK
NO pe3ynsraTaM CTaTMYECKUX UCMILITAHUA £, C PACYETHBIMU NO AGHHBIM UCNLITAHUA
rpyHTOB 31anoHHoM caael 111 Tuna no MOCT 24942-81 (a) v no npeanaraemomy
meToqy (6): 1 — nuHUs a6CONIOTHOIN CXOAUMOCTH; 2, 3 — ANHWA OTKNOHEeHMA +30
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Pazaea 2. VHXEHEPHOTEOAOTUHECKME U3LICKAHUS

Tabnuya 2.6.4

Napawerps! 3HaueHue napameTpos
no copmyne (5.8) no FOCT 24942-81
OrtHoweHwe Fu/FOu 0,89 0,84
CpeaHekBagpaTuieckoe OTKNOHEeHNe 0,22 0,29
Otknorerne >30% B CTOpOHY JaHmkeHus, % 15 27
QOTknoHeHue >30% B CTOpOHy 3asblweHus, % 3 12
CpepHee OTKNOHEHUE B CTOPOHY 3aHWKEHUs! 0,20 0,28
CpepHee OTKNOHEHUE B CTOPOHY 3aBblleHUs 0,17 0,21

Pe3ynpTaThl OMUCAKHHIX UCCAEROBAHUI BAMAKUA Ha PefieNbHble COMPOTUBIE-
HUA PPYHTOB MOA HWHHUM KOHLOM W Ha GOKOBOM MOBEPXHOCTW STANOHHBIX CBail
MX KOHCTpYKuuu (Ana csant II u III TvMnoB) MO3BONMAM YTOMHUTL MeTOZA pacieTa
MpPeneNbHOTO COMPOTUBNERUA HaTYpHBIX CBAail MO pe3ynbTaTaM UCTTRITAHWI 3Ta-
NorHbX cBait I tuna. .

fina HUX TpepensHOe COMPOTUBEHUE ClleflyeT OnpeaenaTs no dopmyne (8)
ANA 3TanorHbx ceant 111 una, B xoTopoi ko3hGuUuMeRT Y MPUHUMACTCA B 3aBU-
CUMOCTH OT R:

R;/MIda...<2 4 6 8 10 12

YeR -+...115 0,85 0,7 065 06 055,

[ins npoBepKu METOAUKM OMpefeNeHus Hecyllei Coco6HOCTH HaTYPHOW cBay,
IO A3HHLIM UCCNEAOBARUIA PPYHTOB OCHOBAHWUM 3TaNOHKOW cBaew II Tuna, mpose-
7\eH pacyer 3HaYeHWil MpefeNbHOro COMPOTUBIEHUA CBal IO Pe3ynbTaTaM napan-
NeNbHBIX UCIIBITAHUA Kene306eTOHHbIX HAaTYpHbIX cBalt cevyeHueM 30X 30 cM n
WCITHITAHWA TPYHTOB JTanoHHOM cBaew II TMna, BLIMONHEHHbIX TpecToM «CeBKaB-
THCHU3». Ilpuseperroe Ha pucynke 2.6.18 COMOCTaBAEHME PACCUUTAHHBLIX 3Have-
KWl Mo mpeanaraeMoMy Merogy (puc. 2.6.19,6) u Mo MeToAuKe, pernaMexTUpo-
sanKoW I'0CT 24942-81 (puc. 2.6.19,a), ¢ pe3ynbTaTaMu UCTILITAHWUIA CTATUYECKUMU
Harpy3kaMu MOKa3biBaeT, YTO NPeAJaraeMas MeTOAUKA NO3BONAET 3HAUWTENbHO
TIOBLICUTb PACYeTHLIE HAarPy3KW Ha CBalo.

OrtpezieneHHbIA UHTEPEC MPEACTABNALT TAKHE COMOCTABNEHWUe C APYTUMU Me-
TORAMU OTIpefieNIeRnA Kecylel coco6rocT cBau. I1o AaHHLIM 57 MTapannenbHbx
UCIBITAHWI TPYHTOB 3TANOHHOW CBael W CTaTUYECKOTO 30HAMPOBAHUA, YCTAHOB-
Koi C-979, srimonyeHnstx Takke TpectoM «CeskasTHCH3», mpoussenen pacuer
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HOro CONpOTUBAEHUA CBan ceveHueM 30x30 M Mo gaHHbIM

CTaTUYeCKOro 30HANPOBaHHUA K (@) W NO AaHHBIM UCMbITAHUR
[PYHTOB 3TanoHHo# cBaei II Tuna (6)



Pasaen 2. MH)KeHepHO'I'eOAOI'WieCKMG U3bICKAHUS

Hecyuei criocobHOCTM cBan ceverueM 30 X 30 CM IO CpaBHWUBAEeMbIM METOfAM U
MO HAHHLIM CTaTUYECKOro 30HAMPOBAHUA B coOTBETCTBUM co CHWII 2.02.03-85.
Kak BUAKO U3 Pe3YNLTATOB pacyera, MPUBEAEHHBIX Ha pUCYHKe 2.6.19, npeanarae-
Mblit MeTop (puc. 2.6.19, 6) mo3sonser Ha 15-20% YNYYLUIMTh TOYHOCTb ONpepese-
HUA Hecyljeit CMOCOGHOCTM HATYPHOW! CBau MO CPaBHEHMIO C PEKOMEHAyeMmol B
TOCT 24942-81 Metopukoit (puc. 2.6.19, a).

Hapsay ¢ 3TanOHHLIMU CBAAMY, OFPYXaeMbIMu 3a6UBKOM, B MIOCNEAHUE FOABI
HEKOTOphle OpraHU3auuu ANs NMPOUHO3UPOBAHWA HeCywjel CNOCOGHOCTM HATyp-
HBIX CBat CTanM WCTIONB3OBATb METAUIUYECKUE CBAW TEX Xe pasMepoB W aHano-
TMYHOM KOHCTPYKLMW, YTO W 3TAJIOHHbIE CBAaW, HO MOTPYMKaeMble BAABIUBAHUEM,
JIna cnabbix rpyHTOB, BRaBAMBAKWE CBail B KOTOpble He BHI3HIBAeT HONbUIMX 3a-
TPYAHEHWN, UCTIONb30BAHUE TAKOro criocoba WMeeT psj MPEUMYINECTB [eper 3a-
GUBKOI: BO-NEPBLIX, IOTPYKEHWUE, UCTIBITAHNE TPYHTOB U MOCNERYouee u3Bneye-
HUe CBau OCYWECTBAACTCA ORHOW M TOW e YCTAHOBKOW, UTO 3HAYUTENbHO COKpa-
WaeT TPYAOEMKOCTh M NPORONMUTENBHOCT: TPOBEAEHUA UCTIHITAHUNA; BO-BTOPLIX,
BLABAMBAHME CBaY BHI3LIBAET 3HAYUTEJILHO MEHbIIE HapYIIEHUA CTPYKTYPHI OKPY-
QIOWeET0 TPYHTA, YTO TIO3BONAET COKPAWATh NPOROIKMTENLHOCTb KOTABIXAY I'PYH-
TOB MEPETl UX UCTILITAHUAMN CTATUYECKUMMU Harpy3KaMu.

[Inst morpyeHus TaKuX CBail B IPYHT TPECTOM «JIeHMHIpajopreTpoity paspa-
6oTaHa W UCMONb3YeTCA CreluanbHan YCTaHOBKA, pa3BuBaiomas yeunue no 400 kH
% TMO3BONAKIMAR NPOBOAUTb UCHBITAHWA CTATMYECKUMU HAarpy3KaMu 3TaNOHHBIX
cBan mo6oro THIa.

TIp¥ UCMONb30BAHUYU PE3YBTATOB UCIILITAKWA FPYHTOB BAABANBAEMEIMU CBAA-
MW MaNoro CeYeHWs ANRK ONpEfeneHWA Hecyweh cmoco6HOCTH 3abuBHbIX CBai
Heo6X0pUMO YYMTLIBATL BAWAHME crocoba MOrpYMeHuA Ha NONyyaemble 3Haye-
HWA COMPOTMB/IEHMIA IPYHTOB. OfHAKO OMY6IMKOBAHHbIE IO ITOMY BOIPOCY CBe-
NeHUA MPOTUBOpEYUBHI. Tax, HampuMep, Mo AAHHLIM uccnenosanuit B. B. Jornuapo-
Ba 1 10. B. TposirHoBCKOrO, MPOBENEHHEIX CO CBaRMMU cevenneM 30 X 30 u 25 x 25 cM
B TJIMHUCTHIX TPYHTaX, HeCYwan Crioco6HOCTh BAABNUBAEMbIX CBAWl B CPElHEM Ha
15% HWKe Hecywed crocobHocTH 3abuBHbIX. B pabore [21] oTMeyaercs, yTo B
cnabbix TAMHUCTBIX TPYHTAX [axe MOCNe «OTHbIXa» CBaW B TEYEHUE 4—6 Mecales
Hecywas crocoGHOCTb CBaik Ha 10% MpeBbINAeT Hecymyl Croco6HOCTb 3abuB-
Hbx. CyljecTBYeT MHEHUe, YTO CrI0COH MOTpYXEHUA He BAUAET Ha HECYILIYIo CIo-
cobHOCTb cBaM BOOGME.

IInn 060CHOBaHUA W Pa3paboOTKU METOLA MPOTHO3UPOBAHUA HECYwen Cocob-
HOCTWM HaTYPHLIX CBalt MO pe3ynibTaTaM UCMLITAHWA ITANIOKHHIX CBaii, IOrpyxae-
MBIX BRABAMBAHMEM, GbUIM POBEAEHRB! CleUanbHLIE UCCNEA0BAHUA BIUAKUA CITO-
coba Morpyxexun CBait Ha COMPOTUBIEHUA TPYHTA IO MX HUKHUM KOHLOM U Ha
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60K0BOM noBepxHOCTU. Mccneposanua NPOBOAUAUCE B IOTKE C MOAGNAMU cBan B
TNeCYaHOM TPYHTE U B NONEBBIX YCAOBUAX B MbIIEBATO -IAUHUCTLIX U NMECYaHbIX

TPYHTax CO CBasMU AnameTpoM 114 MM.

Hccneposanus B I0TKE BKNIOYANYU U3YYeHUE TPAGKTOPUIA ePeMelleHuA Jac-
TUL 'PYHTa MeTOAOM poToduxcaiuu, no B. A. KypnioMosy, B mponecce norpyxe-
HWA MOe/ei BAaBNUBAHUEM Y 3a06UBKOM Y UCIIBITAHUA MOfieNe CBaW CTaTUYeC-
KUMW Harpyakamu, Mccneposanus 6xinu NpOBEAEHE! B MANOBAAKHOM (BNAXHOCTD
5-6%) MENKO3EPHUCTOM TeCKe, KOTOPHI YKNaAbIBA/ICA NOCAOWUHO B IOTOK U YII-
NOTHANCA PYYHOU TPaMBOBKO# N0 MAOTHOCTH 1,49-1,52 (phiXxnoe cnoxenue) n
1,59-1,62 T/cM? (cpenxeit NOTHOCTY), AUAMETPOM 36 MM, C KORUNECKUM HaKOHey-
HMKOM W YI7IOM Tipu BepumHe 60°. Tpn uccienoBaruax MeTonoM goTodukcayuu
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Puc. 2.6.21. Cxema TpaeKTOpWit NepemelleHNs
4acTuy rpyHTa: a, 8 — npu 3abusxe mopenu
€8al 8 NECOK COOTBETCTBEHHO PbIXNOrQ CAOMeE-
HUA W CpeAHel NNOTHOCTH;

6, 2 — Npv BAABAMBAHAK MOLRNYU CBAW B NECOK
COOTBETCTBEHHO PLIXNOTO CAOKEHUSA
1 CpeaHen NNoTHOCTY

UMAUHADH DPa3pe3anuch BAONL
NPOAONbHO# ocu. PoTorpaduposa-
HUe NPOBOAMNOCH CTYAMIHOM Go-
TOKaMepow Ha PenpoORYKUUOHKO-
LWITPUXOBLIE TEXHUYECKue (oTO-
TINACTUHKU pasMepoM 18x24 cM.
BnaenusaHue Mozienen oCyllecTs-
NANOCH TMAPaBAUYECKUM IOMKpa-
TOM €O cKopocTbio 0,05-0,1 M/MuH,
3abuska — rpy3om Maccoit 10 kr,
cBOGOAHO MapalomuM C paznnd-
Hoi BHICOTH (15; 35 n 40 cM) ana
WU3MEHEHUR PEHUMA TIOTPYHEHUA.
OTHOCUTenbHoe 3arnybneHue Mo-
neneit h/d cocrasnano 18-21 cM
(puc. 2.6.20).

Kax BuaHo u3 pucynxa 2.6.20,
nepeMelleHne YacTui 'PYHTa pu
OTHOCUTENIROM 3arny6nexun mo-
neneit h/d oxono 20 cM npoucxo-
AUT 32 CYET BHYTPEHHErO0 BLIIO-
pa M YMNOTHEHUA TPYHTa MOA
HWKHUM KOHLOM, YTO TOATBEPX-
NaeT pe3ynbTaThl MHOTOMUCNEH-
HBIX 3KCTIePUMEHTaNbHBIX UCCe-
A0BaHUW xapaxTepa pedopMa-
1MW, BO3HUKAIOWUX B TPYHTE NpU
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BAABAUBAHWUU CTEPXHEBLIX 30HAOB W 3aBUCALIMX OT BIAaUMOAEUCTBUA 30H CABYU-
TOB U CHATUA.

B pLIX70M NEcKe CHOCO6 MOTPYKEHWA CBait NPaKTUYECKu He BAMAET Ha Xa-
pakTep passutua pedopMauuin ocHoBaHuR (CM. puc. 2.6.20, a, 6). Tax, oTHOCU-
TeNbHaA BBICOTA YNIOTHEHHOW 30HBI NOJ, HUWXHUM KOHLOM ANA BAABNUBAEMBIX
Mopenewn cocrasnset (3,4-3,6) d, a pna 3abuthix — (3,1-3,7) d; mMpUKa 30HH
COCTaBAACT COOTBETCTBEHHO (3,8-4,1) d AnA BpaBauBaeMsix u (3,5-4,1) d — ans
3a6uTHIX Mojeneit. B neckax cpenHet NOTHOCTU NPU BAABAUBARUM CBau Necya-
Hble JaCTULBI ABUXYTCA B OCHOBHOM BHWU3 U B MEHblIeW CTENEHU B CTOPOHY OT
HanpaBleHus fBUXEHUR (CM. puc, 2.6.20, a, 6). Ilpu 3a6usxe npeobnapaer neu-
KeHUe JacTuL B FOPU3OHTaNbHOM HalpaBNeHUU; NPU 3TOM PNyb6uHa YMAOTHEH-
HOW 30HH (CM. pUC. 2.6.20, 8, 2) TOZ, HVKHUM KOHLOM BABNMBAEMBIX MOpenewn
paBHa (3,2-3,6) d, a 3a6usaembix — (1,9-3,0) d.

TakuM 06pasoM, AN OCHOBAKWW, CNOXEHHbIX INOTHLIMW TPYRTaMu, CIOCOG
TIOTPYKEHUA CBaW BAUAET HAa PasMephl U GOPMY YIUIOTHEHHON 30HbI IOR €€ HUM-
HUM KOHLOM W, C/Iei0BaTe/bHO, Ha CONPOTUBAEHUE IPYHTOB NPU NMPULOKEHUU K
CBae CTaTUYeCKUX Harpy3oK.

JIns KONUYECTBEHNOW ONEHKU BAUAHUA CTOCODa MOTPYMEHUA HA 3HAvEeHWA
CONPOTUBJIEHUA TPYHTOB NOJ, HYKHUM KOHLOM M Ha HOKOBOW NOBEPXHOCTY CBal
TIpOBefieHbl NTapafifleNlbHLle UCTLITAHUA CTaTUYeCKUMU BAABAUBAWMUMU Harpys-
KaMu 3TaOHHEIX CBaW AMaMeTPOM 114 MM, TIOTDYKEHHBIX Ha INYOUHY 6 M BAaBIu-
BaHueM u 3a6usKoit. Hccnenosanua 65UIM BLITONHEHE! HA TPEX OMBITHBIX MNOWAA-
kax CaHkr-IleTepbypra, CROXEHHBIX A0 IYHUHB 10-12 M CYNECAMU MAACTUMHBL-
Mu (mnomanka Ne 1), muinesaTHIMU BONOHACHILIEHHBIMY IeckaMy (mnomanka Ne 2)
W TYTOMIACTMYHBHMU CYTAMKHKAMU (nomanka Ne 3).

KOHCTpYKy MR 3TaNOHHON CBau NO3BONANA NPOBOAUTL UCTIEITAHUA PPYHTOB OT-
De/IbHO MOA HVXXHUM KOHLOM W Ha 60KOBOW NOBEPXHOCTH CBay, a TaKKe BLIAENATH
CONPOTUBERUE I'PYHTA IO/ HUXHUM KOHLOM DU UCTILITAHUYU CBau B LefoM. Bpas-
NUBAHWE CBAW OCYWECTBNANOCh PACCMOTPEHHONU paHee yCTaHOBKOW, a 3abuska -
MONOTOM Maccou 350 Kr, CBOGOAHO MAAAONLUM C BHCOTH 1,2-2,5 M, C UCTIONb30Ba-
HueM byposont ycTanosku YI'B-50.

MCnbiTaHUA BAABNEHHEIX U 336UTHIX CBait CTAaTUYECKUMMU BAABAVBAIWMMU Ha-
TpY3KaMu Gbinu NposeneHsl B cooTseTcTBUM ¢ [OCT 24942—81 nocne ux oTAbiXa B
Teyerue 8 cyToK. KpoMe TOro, piia OneHKy BAUAHUA NPORO/KUTENLHOCTM KOTABI-
Xa» Ha COMPOTUBNEHWE PPYHTOB J1Ba ONLITA B TYTONNACTUYKEIX CYTIMHKAX MPOBe-
AeHbl MOCJIe OTAbIXa B TeYeHUe 60 CYTOK.

Ilo pe3ynbTaTaM CTaTUYECKUX UCTIBITAHUI CPepHUE YAeNbHbIe 3HAYEHUA TIpe-
ZeNbHOTO CONPOTUBNEHUA T'PYHTA TIO], HAKOHEYHUKOM CBay, IOTPYXEHHON BAAB-
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nusaxueM, MIla, paBHL: ANA cynecew MnacTMyNbHX — 0,95, TYrOMNACTUYHEIX CY-
TIUHKOB — 3,2 W MbUIEBATHIX NECKOB — 4,9, @ ANIA TOTPYXEHHBIX 3a6UBKON paBHb
coorBeTCTBERHO: 0,9; 2,1 u 4,3. CpepHue yaenbHrle 3HaYEHUA NMPEAENbHOTO CO-
TIPOTUBNEHWR CPYHTOB Ha GOKOBOW NMOBEPXHOCTW CBaw, MOTPYHKEHHOW BAABANBA-
HueM, MIla, pasHbl: ans cynecen — 0,025, Neckos nuinesarsix — 0,030 u cyrnux-
KOB TYTONMNACTUYHBIX — 0,039, a 1A NOIPYKEHHBIX 3a6UBKOW paBHbl COOTBET-
crBedHo: 0,010; 0,010 v 0,020. Takum 06pa3oM, COMPOTUBNEHWE TPYHTA NOA HUK-
HUM KOHLOM 3a6UTOM 3TanoHHOM cBau cocrasnseT 70-90% CONPOTUBLEHUR BAAB-
JIeHHO CBau; COMPOTWUBEHUE TPYHTA Ha 60KOBOV MMOBEPXHOCTU CBAW, IOPPYHEH-
HOW 3a6uBKOii, cocTaBnseT 33-50% CONPOTUBNEHUA BAABNEHHON.

Bnuauue cnocofa norpymenns — BAaBAMBAHUA AW 3a6UBKU — TPaKTUYeC-
KU He CKa3blBaeTCA Ha CONPOTUBIEHWW TPYHTOB NMOJ HUMHUM KOHLOM B OTHOCU-
TeNbHO CNabhlX TPYHTAX - CYMECAX MNACTUYHHIX. B NPOUHbIX TPyHTax cBaw, no-
TPYXEHHbIE BRABNWBAHUEM, UMEIOT 3HAYUTENBLHO GoNee BLICOKWUE CONPOTUBIEHUA
TPYHTOB NOJ HUXHUM KOHLOM, YeM NOTpyXeHHble 3a6UBKOW, YTO COrNacyerTcs ¢
pes3ynLTaTaMu pacCMOTPEHHbIX PaHee UCCNefOBAHUN Ha MOJENAX.

Bonee 3HauuTeNbRO Cnoco6 NMOrPYMEHUA BAUAET HA COMPOTUBEHWE IPYH-
TOB Ha HOKOBOW MOBEPXHOCTU CBAU. ITO OTAUYUE OCOBEHHO BENUKO B CAabux
PPYHTaX — CYNecAxX NNacTUYHbIX (0fllee cONMpoTUBNEHUE COCTaBAANO 21U 52 K
COOTBETCTBEHHO AR 3a6UTOW v BAABNEHHOW CBait) U HECKONBLKO MeHbUIE AJIA OC-
HOBAHWUW, C/IOKEHHBIX MPOYHLIMU PPYHTaMu (CYPAMHKW TYTONNACTUYHOW — TONY-
TBEPAO# KOHCUCTEHUUU), — 43 w 84 kH. Banauue cnocoba morpymenus, mo-
BUAUMOMY, NPOUCXONUT KAK B CBA3U C PA3AUYHON CTENEHbY HAPYLIEHUA CTPYKTY-
Pbl TPYHTa BOXPYr GOKOBOW MOBEpXHOCTW CBaW, KOTOpoe fonee 3HaYUTENbHO B
Cnyyae MOTPYKEHUA CBa 3a6UBKOM, TaK U B CBA3U C YOPMUPOBAHUEM YIIOTHEH-
HOW 30Hb pa3HOW IIMPUHI BROMD HOKOBOW OBEPXHOCTY CBAW, HA YTO HbINO yKa3a-
HO paxee.

Ha nnowapke N 3, cnoxeRHO CYyrnMHKaMu TYronNacTUYHOW — NONYTBEPAOHA
KOHCUCTEHIMU, KPOME UCTTHTANU IPYHTOB 3TANOHHOM CBaew ocne 8-CyTOYHOro
«OTABIXay» GbUIM TPOBEREHDI TakKe UCTILITAHUA PPYHTOB 3TAIOHHBIMU CBAAMMU, IO~
TPYKEHHBIMU 3a6UBKOW 1 BIABAWUBAHNEM TTOCIIE UX KOTALIXAY B TeueHue 60 CYTOK.
C yBenuyeHueM BpeMeHW «OTAbIXa» IPYHTOB C 8 A0 60 CyTOK MpepenbHoe Conpo-
TUBNEHUE NOP, HUKHUM KOHLOM CBAaU NPAKTUYECKU He U3MEHAETCA, CONPOTUBIe-
HMe PPYHTOB Ha 60KOBOW NTOBEPXHOCTU BO3pAaCTaeT COOTBETCTBEHHO C 84 po 153 kH
DA BHABJEHHEIX W C 43 po 112 xH pns 3a6usHbix Mopenewt csait. IIpu 3TomM ¢
yBENIUUEHUEM «OTHbIXa» I'PYHTOB YMeHbIIAETCA BAUAHUE CNOcOoGa NMOTpYKeHus
ceau. Ecnu mocne 8-CYTOMHOTO OTABIXAa CONPOTUBNEHWE CPYHTOB ANR 3abuUThIX
cBait He mpeBbmano 50% COOTBETCTBYIOWErO CONPOTUBNEHWUA ANA BRABIEHHBIX
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CBaW, TO NOCJe KOTAbIXa» B TeyeRue 60 CyToX oHo pocTurano 70% CONpOTUBRERUR
BAABJIEHHMIX cBAW. TakuM 06pa3om, BaMAHKE CNocoBa NOCPYMEHUA 06YCLO0BNEHO
Pa3HOW CTeNeHbio HapPYIeHUA CTPYKTYPbl TPYHTOB BAOAL GOKOBOW NTOBEPXHOCTH,
XOTOpoe 6yfeT YMeHbIIaThCR MO Mepe «BOCCTAHOBNEHWUA» CTPYKTYDH TPYHTOB,
YaCTMYHO CBA3aHO C HOPMUPOBAHMEM PA3NUUHBIX 30H YINOTHEHWUA BOXPYT CBau,
KOTOpOE MPaKTUYeCKU He 3aBUCUT OT NNPOAOKUTENLHOCTY OTAbIXA.

Ha ocroBe ITpoBefieHHbIX UCCNIef0BaHU Y TEpeXop OT 3HaYeHWt CONPOTUBNEHUI
PPYHTOB IO HUKHUM KOHLOM U Ha 60KOBOI MOBEPXHOCTYU BAABNEHHOW 3TanoOHHON
CBaW X COOTBETCTBYOL{UM 3HAYEHWUAM CONPOTUBIEHWI ANA 3a6UBHBIX CBait MOMeT
OCYWECTBNATLCA NYTEM UX YMHOKEHUA Ha KO3DHULMEHTH YCIOBUR PaBOTLI I'PYHTA

IO HYUKHUM KOHLOM Y.pp U Ha 6OKOBOI IOBEPXHOCTU Yy , KONUYLCTBEHNbIE IHAYe-
HUA KOTOPLIX B 3aBUCUMOCTY OT PPYHTOBLIX YCROBUI faHbl B TaBuue 2.6.6.

Tabnuya 2.6.5

KoadhdmumeHT ycnosun paboTe! rpyHTa

TpyHTOBbIE YCAOBUA
104 HWKHAM KOHUOM | Ha BOKOBOW NOBEPXHOCTH

Cynecb NNACTUYHARA, IMURUCTLIE FPYHTLI
MArKO-TEKYMenNacTUIHOW KOHCUCTEHLUY, 1,0 04
NeCoK NbINeBaTbI BOAOHACHIWEHHbI

TTHACTBIE FPYHTLI TYrONNACTUHHON U 08 05
nonyTBepAON KOHCUCTEHUMM ’ :

TaxuM 06pa3oM, MPUMEHUTENbHO K 3TaNOHKbIM cBasM II u III Tunos, morpya-
eMBIM BJaBIWBAHWeM, POTHO3UPOBaHWe Hecymed CloCOGHOCTV HaTyPHBIX CBal,
TIOTpYKaeMbiX 3a6UBKOWM, MOKHO PACCYUTaTb C UCTIONb3OBAHUEM QopMyn (8) u
(10). OpHaxo 3HaYeHWUA BXOPAIMX B HUX KO3GGULUUEHTOB YCIOBUI PabOTH Yo U
Y.r cnepyeT KOpPPeKTUPOBaTb MYTeM YMHOMKEHWA NPUBEAEHHBIX B Tabnuye 2.6.1

3HaveHUit Ha K03 GUUMERTH, TpuBeaeHHbIe B Tabnune 2.6.5.

TlonyuyaeMbie B mpoliecce MOTPYKEHWA 3TANOHHBIX CBAW 3HAYeHUA YCUIMA
BJaBAMBAHUR 1leN1eco06pasHo UCTIONb30BATH B AONONHEHUE K JAHHBIM 6YPEHUR U
30HAMPOBAHUA ANA OLIeHKU ORHOPOAHOCTU PPYHTOB, & TaKKe JIA OPUEHTUPOBOY-
HOW OLEHKW NMpefenbHoro CONPOTUBAEHUA 3TANOHHOW CBau BAABNUBAIUM Ha-
rpy3KaM AR Ha3HAYEHUR BENIMMUH CTYMEHEe! Harpy3oK pu MOCNeAYIONUX CTaTu-
JeCKUX UCTIITAHVAX CBAA.

ConocTasnenye 3HaYeHUN YCUIUA BAABAUBAHUA B UHTEpBane MMy6UR MOrpy-
WeHuA A0 55-6,0 M CO 3HAYEHUAMMU NPEJIeNbHOr0 CONMPOTUBNAEHUA 3TaNOHHLIX

299



CﬂpGBOHHMK COBPEMEHHOro U3bICKATeA:

cBan, TONYYEHHBIMU MO UX UCTILITAHUAM CTaTUIeCKUMU Harpy3Kamu, OKasbiBaer,
YTO UX CBA3b XOPOWIO OIUCHIBAETCA NUHEMHBIM COOTHOWIEHUEM BUAR:

F=yF, (11)

rpe F — ycunue BpaBavBaHMA cBau; ¥, — KO3PPUUMEHT TPOMOPUMOHANLHOCTH,
PaBHbI! BIA MECKOB TbineBarsix 0,75; cymeceit — 0,80 U CYTNMUHKOB TYTOMNACTUY-
HO# KoHcucTenuuu — 0,85; F, — nipeienbHoe COMPOTWUBNEHME CBaW Npn CTaTh-
YeCKUX UCTIHITAHUAX.

Cnenyer OTMETUTb, YTO TONYYEHHOE ANA CYIMUHKOB TYrOIUIACTUYHOM KOHCUC-
TEHUMU 3HaYeHue Ko3PPuuneNHTa X XOPOLIO COTNACYETCR CO 3HAYEHUEM, TONYIeH-
HbiM 9. A. ToBMacAHOM ITPU BAABAUBAHUM CBaW INUHOM 4 M U ceyenueM 20 X 20 cm B
TLINIEBATO-TIMHUCTHIE TPYHTHL TYTOIVIACTUYHOM U MONYTBEPAON KOHCUCTEHLMU.

B3aMeH 3TanoOHHHIX CBa B HEKOTOPHIX CNY4asRX NPUMEHAIOT CBaW-30HAM, KO-
TOpLIE IO CBOWUM HAPYKHLIM Pa3MepaM, CIoco6y MOTPYHEHUA U METORUKE UCTILITA-
HUA COOTBETCTBYIOT 3TANOHHMM cBaaM II TWMa, a MO CMOCO6Y U3MEPEHUR CONpO-
TUBNEHUI 'PYHTOB OCHOBAaHUA — 30HAY II TMNa, MO3BONAA UKCUPOBATL COMPO-

TUBJIEHUA TPYHTOB MOA HWKHUM KOHLOM

W Ha yyacTke GOKOBOV MOBEPXHOCTU

cBay (MydTe TpeHMA), MPUMBIKAIOIWEM K
* xoHuy [7].CBasA-30Hn pmameTpoM 127 MM
/ TOXa3aHa Ha pUcyHke 2.6.21. B ee co-

CTaB BXOAAT COOCHO PACIONONKEHHbIE TTO-
v/ DBUXHBIE HakoHeyHuk 1 u mydra 2 pa-
6oyeit nnomanpio 0,25 M2, CoeMHENHble
C TUAPOUMIMUHADOM 3 B HWMKHEW YacTu
TONIOCTY CBAW, @ TaK)Ke CTBON U3 OTAENb-
HbIX 3BEHbEB MIMHOW 1,5-3 M. Ympasne-
HUe TMAPOLUNUHAPOM OCYLECTBNRETCA C
TIOMOLbI0 MAcNONPOBOAA ITYTEM Harve-
TaHUA KULKOCTU PYYHBIM HacocoM 4,
PacTiONOMEeHHHM Ha ToBepXHocTu. Ile-
peMellenA HaKoHeYHNKa N MyQTsl Us-

3

L{\\J MepaTcA npornbomepom 5. JIns KOHT-

2 PONA HUKCUPOBAHHOIO IIONIOKEHUR CBAK

,} ™= B IIPOLECCE UCTILITAHUA IPUMEHALTCA Pe-
6 7 Tlep ¢ niporn6omepom 6.

PeaKTUBHBIE YCURWS, BO3HUKAlOmMe

Puc. 2.6.22. Caan-30Hg MPU HAarpyXeHuu HaKOHeYHUKA MYQPTH,
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Pasaer 2. VHxeHepHO-TeoAornyeckme nUabickaHus

BOCTIPMHUMAIOTCA CTBOJIOM CBayu 7 W TIePefialoTCA Ha aHKePHOe YCTPOMCTBO, COCTO-
Alee U3 yNopHOW 6anku 8 u ankepos 9. B kayecTBe aHKepoB MOTYT OXTb IpUMe-
HEHbl BUHTOBbIE CBau, LINEKM, CBAU C PACKPLIBAIOWMUMCA HAKOHEUHUKOM.

McnpTanuA cBau-30HAA CTaTUMECKUMU HArpy3KaMu IPOBOAAT IO METOAMKe,
3aHANOTUYHOW METOAUKE, MPUMEHAEMON NIPU UCTILITAHUAX 3TaNOHHBIX cBaw II Tuma
1 NO3BONAONLEN ONPeNeNWTL IPEMIeNbHbIe YALTIbHE COTIPOTUBIEHUA FPYHTOB NOR
HWKHUAM KOHIOM R M Ha y4acTke 60KOBOW TOBEPXHOCTH fy; CBAU-30HAA.

WpeHTUYHOCTL MPOLIECCOB B3aUMOREUCTBUA C PPYHTOM HaKOHEYHWUKOB CBau-
30HAA U 3TanoHHoM cBau II TUIIA, C OAKOW CTOPOHLL, U YCTAHOBNEHHLIE B padore
COOTHOWEHUA MeXAY YAENbHLIMU CONPOTUBNEHUAMU IPYHTOB Ha MydTax Tperus
cBan-30HAa 1 30HAa II TMMa pu CraTMYecKoM 30HAUDOBAHUM, C APYTOW CTOPOHMI,
TIO3BONAIOT TTPEAIOKUTL METOR PacyeTa IPefienbHOro CONMPOTUBNEHWUA HATYDHOW
CBaN IO AAHHLIM OTPeAeNeHUA IIPEeNIbHEIX COMPOTUBREHUI Ry, U f DU MCTIbI-
TaHUU CBaU-30HAQ.

Y4nTHIBaA CKa3aHHOe, MPUMEHUTENbHO K CBae-30HAY NpefenbHoe COMPOTUB-
JleHWe HaTyPHOW CBay MOXHO ONpeAenaTh no Gopmyne (8), B KoTopon KoIpHuuu-
EHT YCTI0BUA PABOTH Y p IPUHNUMAETCR B 3a8BUCUMOCTH OT Ry, = Ry KaK AnA aranon-
Hoii ceau II Tvma.

Yro xacaerca xodpduumenTa ycnosuit paboThl Y TO €ro 3HAYCHUR MOKHO
TONYYUTb NYTEM CONMOCTABNEHUA NPUBEAEHHOW B 33BUCMMOCTU OTHOMIEHUA K
YAENbLHEIX CONPOTUBIIEHUNA IPYHTa Ha MydTe
TpeHYA cBau-308Aa f,, 4 30pa Il Hra £, ot fosr#i1a
compoTusnenusa f. 120

Omrpenensas A 3apaBaeMsix Ha Kpusow 1
TOYeK COMPOTUBNEHUA f,, = K f;, Tpn Tex ygp
e f, HAXOLUM TI0 KPUBOM 4 COOTBETCTBYI0-
wue conporusnerua f u oTHowenus f/f,,
TIpeACTaBRAOWMUE CO6OM 3HAYEHWA K03-
buumenta ycnosuit paboTht Yy B 3aBUCK-

80

MOCTM OT f. 60
f‘,s MIla..0,02 003 0,04 005 006 w0
Ygo-.. 09 085 08 075 07

Ilpn ipuMesesuu CBai-30HA08, orpy- 20 N
HaeMbIX B TDYHT He 3a6WBKO#, a BAaBAUBa- 02 04 06 08 0Ky
HYeM, B pacieTHyo GOpMYNY ANA ONPERe-  pyc, 2.6.23. 3aBMCMMOCTH KO-
NIEHUA TIPeREeNbHOTO CONPOTUENEHMA Ha- UMeHTA Nepexoa OT YANBHOTO

TYDHBIX 3a6WUBHIX CBal, TaK Xe, KaK W Anf CONPOTUBNEHUA Ha MydiTe TPEHUR
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CnpaBO4HUK COBPEMEHHOTO U3LICKATEAS

ITaNOHHLIX BHABAWBAEMBIX CBAi, MOMKHEL BRORUTHLCA KO3bOUILMEHTH YCNOBMA
PaboTHl TPYHTA NMOA HWUKHUM KOHUOM U HAa GOKOBOA MOBEPXHOCTH, 3HAYEHWs
KOTOPBIX MOXHO ONMpepenaTh no Tabnuue 2.6.5. Cnepyer OTMETWUTb, YTO OIBIT
NIPUMEHeHUA CBai-30HA0B ITPU MCCNEROBAHUAX TPYHTOB 3HAMUTENbHO MEHBLIMN,
YeM 3TaNOHHLIX CBait. Kpome TOro, mpu BHIMONHeHUM paboT, B obmeM cnyvae
JI0KanbHOE U3MEPEHUe COMPOTUBIIEHWA I'PYHTA Ha YIacTKe 60KOBOW NMOBEPXHOCTU
30HAA WM CBAW MJIOTO CENeHUs, PUMEIKAIOWEM K UX KOHILY, PUBORUT K GOMb-
UIMM TIOTPEUIHOCTAM IPK NMPOCHO3MPOBaHWUM O6LIEr0 COMPOTMBAEHMA TPYHTA Ha
60K0BO MOBEPXHOCTWU HATYPHOW CBau, UeM M3MepeHWe 06wmero COMpOTUBNEHUA
rpyHTa Ha 60KOBOW MOBEPXHOCTN 30HAA UM CBaU Mazoro ceyeHus. YunTtueas 3To,
CBau-30HAL! 11€1ec006Pa3HO MPUMEHATb IIPU HEOBXOAUMOCTU UCCNEAOBANMIA FPYH-
TOB Ha I7lybuHax csbiure 12 M, KOrpa WCMONB30BAHWE 3TANORHbIX CBAJ CTaHpApT-
HOTO TIOMEepevHoro cevexua 100 cm? He mpenycMarpusaerca TOCT 24942-81, a
TaKxe B Tex CNyMasx, KOrAa 3apaHee U3BECTHO, UTO IPU 3KCIUIyaTanuu CTpOfmuX-
CAA 3[aHUW WM COOPYKEHMM CBOMCTBA PPYHTOB, MPOPE3AEMBIX CBAAMM, CUIIBHO
W3MEHSATCA (HANlpuUmep, POCAA0YHbIX TPYHTOB).

Hecyman cnoco6HOCTb HATYPHBIX CBait MPH NPUMEHEHUW 3TANOHHBIX CBAR U
CBal-30HA0B ONPeAenserca no Gopmyne:

. E=(Ye X E ) mvg. (12)

The Yy — KO03PPMUMEHT YCnoBURA PaboTbl, MPUHUMAEMbBIH PaBHLIM 1; N — ¥ncno
WCTILITaH W 3TANOHHEIX CBaR WU CBai-30H70B; F, — YacTHOe 3HAYEHMe TpefeNb-
HOTO CONPOTWUB/IEHUA CBAU B MECTE UCTIITAHWUA 3TaJlOHHOM CBAK WU CBau-30HA3,
OMpepenaemMoe PaCcCMOTPEHHLIMU METORAMM; Y, — KOIDOVUMEHT HAAEKHOCTH 1O
TPYHTY, yCTaHABNBAEMbIA B 3aBUCUMOCTU OT U3MEHYUBOCTH MONYIEHHBIX YACTHBIX
3HayeHWi TpeflelbHOr0 CONPOTUBIEHUA CBan F, B MECTax UCIIBITAaHUM 3TaNOHKEIX
CBa UnU CBai-30HAO0B NPU 3HAYeHUM LOBEPUTENBHOW BEPOATHOCTM @ = 0,95 B
cooTBeTcTBUN C TpeGoBanuamn TOCT 20522-75.

TIpu 3TOM ITPU NPUMEHEHWM 3TaNOHHBIX cBait 111 TMI, NO3BOAAIOWMUX TTPOCKO-
3UpoBaTh rpahuK «0CanKa — HarpysKa» AJiA HATYPHbIX CBali, TPefensHoe Compo-
TUBJIEHWNe HaTYPHOW CBau ONpefenAeTca Mo rpadmKy, TaK xe, KaK Mo Pe3ynbTaTam
WUCIMBITAHWA HATYPHBIX CBAJ CTRTUYECKUMU HAIPY3KaMU.

2.6.2. HcnibitaHus rPYHTOB ONMBITHHIMH GYPOHAGMBHBIMHM CBARMM

MaJioro ceyeHus

TIpW UCCRENOBAHMAX TPYHTOB ANA MPOEKTUPOBAHMA CBAMHbIX QYHAAMEHTOB
WCITHITAaHWA TPYHTOB GYPOHAOUBHLIMU CBAfAMMU MANOro ceverus (B AanbHerllem
6yAem HasbiBaTh UCTILITAHUAMMU CBaVl Manoro AuamMeTpa) NPOBOAAT NPUMEHUTENLHO

302



Pasaen 2. UidieHepHO-reoAoruieckne U3bICKaHUs

K BUCAYMM CBAAM LWIUHAPUYECKOH (HOPMB! 1A MPOTHO3UPOBAHMA UX Hecyllen
croco6HocTi. OMbITHAA CBaR Manoro puamerpa (puc. 2.6.23) npepcrasaser cobon
LUMIMHAPUYECKY0 6YPOHaBUBHYIO CBAIO AZMHOM A0 20 M, AMamMeTp KOTOpPO# HasHa-
Jal0T MUHUMALHO BO3MOXHLIM, O6ecIeunBalolinm TPOYHOCTb U YCTONYMBOCTD ee
CTBOJA IO MaTepuany OT KENCTBUA OXWUAAEMBIX NIPEAeNbHLIX HAarpy30K. Pekomen-
LYIOTCA CNenyiolne COOTHOUIEHUA:

navKa l, M, He 6onee 61218 24;
OXUpaeMas npefenbHan Harpyska P, MH 46912
puamerp d, M 0,20 0,25 0,30 0,35.
R AK-T
iz g l 4 g i}
! j
1
X. [
If
AN,
\\1\ &
5
|
A
I
du

Puc. 2.6.24. OnbiTHas cas MC manoro auamerpa
(pa3mepbl aakbl B M)
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CnpaBo4HUK COBPEMEHHOrO U3bICKATEAS

B KOHCTPYKTUBHOM OTHOWIEHUU Pa3snnyaloT CBau MaJloro AaMeTpa OBbIYHEbIe,
TPU M3rOTOBREHMW KOTOPBIX 3aMONHAETCA GETOHOM BeCh 06BEM CKBaMMHLL M C
BO3AYIIHOW NMONOCTBI0 B HWKHEW yacTu. IIPOXOAKY CKBRXMH NPU U3rOTOBAEHUU
CBau Manoro AuaMmerpa Heo6XOAUMO BHITIONHATD MO TEXHONOTMM, NPEAYCMOTPEH-
HOW MPOEKTOM ANR HAaTYPHbIX cBan. 3auncTKa 3abos obasarensHa. [lpu nposepe-
HWUM 6YPOBLIX PAGOT AONKHEL ObITL TPUHATH MePbl IPOTUB TOMARAHUA B CKBAXKM-
Hbl Bnaru. [ny6uHa CKBXWHbI ANs CBAM C BO3RYUIHOW TONOCTbIO Ha3HAvaeTcs
60onbiue, yeM RS OGHIYHOM, HE MEHee YeM Ha 1 M.
CBan apMUpYIOT Ha BCIO ANMMHY 06BEMHBIMU KapKacamu, COCTOALMMU He Bonee
JeM U3 MeThipeX MPOAOAbHbIX CTepXHeW. luaMeTp apMaTypHbIX CTEPXHEN onpe-
DEAETCA PacyeToM, OfHAKO NPUHUMAETCA He MeHee 18 A-II. B kavecrse mone-
PEYHOI apMaTypbl AN MOBLINIEHUA WECTKOCTU PEKOMEHAYETCR UCTIONb30BaTh 06-
Pe3KM TOHKOCTEHHLIX TPY6 ANuHO! 5-8 cM, pacmonaraemsie ¢ waroM 1,5-2,0 m no
ANuHe Kapkaca. IIpu u3roToBneHum kapkaca Ans CBau ¢ BO3RYWHOW IONOCTBIO K
€ro HWXXHEMy TOpLY NPUBAPUBAIOT NOAMOH, TPEACTABNAICIUA COOOI KPYT pUaMeT-
POM Ha 1-2 CM MeHble AuaMeTpa CKBaXKUHbI, BLIPE3aHHBLIA U3 AUCTOBOW CTann
TONWMHON 6-8 MM. TaKOW KapKac MOMEMAIOT B CKBAKUHY W 3aTEM HAeKHO 3a-
KPEeNAIT Ha TIOBEPXHOCTN I'PYHTA.
BeTonupoBanue CKBaXUH BLITONHAOT METONOM PAMOTO C6pPOCa Yepes Hanpas-
NAOWYIO BOPOHKY GETOHHOW CMECH, XapaKTepPU3yeMOil 0CafKOW CTaHQAPTHOTO KO-
Hyca 0K-14 cM. ®pakuua samonxurens — 10-20 mM. Tlopavy 6GeroHa npou3BogAT
meropoM BIIT unu BPYHYI0, MENKUMU TIOPLUAMM M3 MEPHON! Taphl C 06A3aTENbHBIM
W3MePeHueM 06beMa YNOKEHHO! cmecw. BusyanbHbtd KOHTPONb PaBHOMEDHOCTH
MOABbEMa YPOBHA GETOHHOW CMeCcU B CKBAXMHE MPOU3BORAT NMOCTOAHHO. B cnyvae
3aBMCaHUA GETOHA ero YCTPAHAIOT MOTPAXMBAHUEM KapKaca. C Iny6GuHbl OT noBepx-
HOCTM IpyHTa 1,5-2,0 M yKNapKy 6eTORHON CMecy MPOM3BOAAT C MOMOWbIO BuGparo-
pa. OroJoBOK CBau 3aK/NOYAT B METAUIMIECKYIO 060MY anuHown 0,7-1,0 m.
3 HeXTUBHOCTb MPUMEHEHUA OMBITHLIX CBail Manoro AuMameTpa, no cpaBHe-
HWO C NPOGHBLIMW CBASMU HATYDPHOTO pa3sMepa, 0GYCNOBAUBAETCA CREAYOWUMHU
haxropamu:
1) yCTPOWCTBO OMBITHBIX CBait He TPebyeT CO3AaHUA MaTepUanbHO-TeXHNYEC-
Kot 6a3sl Ha MecTe 6YAywEW CTPOUTENbHOW IMIOWAAKYM, YTO MO3BONAET
NMPOBOAUTD UCTILITAHUA OMBITHLIX CBa Ha CTaAUU MPOSKTUPOBAHUS;

2) MPOXOAKA CKBAXMH AAA CBAW ManoOro AUAMeTpa MOMET OCYWECTBIATLCR
6YPOBLIMU CTAHKAMU HEGONBLION MOWHOCTY, UMEIOIUMUCA ¥ M3bICKATEND-
CKMX OpraHu3aumi;

3) MPU UCTIbITAHUAX CBail MANIOTO AMAMETPa He TpebyeTca GonbUInX HArpyxXaio-
WUX YCURMIA, ITO 3HAYUTENBHO YTIPOMAET KOHCTPYKUMIO CUCTEMBI, BOCTIPHU-
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Pasaen 2. NHXeIHepHO-TEONOTMHECKNE U3LICKOHNS

HUMawllleli peaKTUBHbIE YCUNUA AOMKPATa, a B KayecTse aHKEePHHIX CBan
T03BONIAGT UCTIOIb30BATL MHBEHTAPHbIE CBaK (3a61BHbIE, BUHTOBLE U T. IL);

4) CcOKpawaeTcA MPOAO/KUTENBHOCT CITLITAHWH;

5) MeToanKa 06paboTKN Pe3yNLTATOB WCILITAHUA TO3BOAALT NPU NNPOEKTUPO-
BaHWW BapbWMpOBATh NMOMEPevHLle pa3Mepbl MPOEKTUpYeMoil GypoHabus-
HOW cBaw, Onmpefenss Haubonee palMOHaNbHOE CeYeHWe KOHKPeTHOro
¢dyHpamenTa;

6) Manas CTOMMOCTh U TPYAOEMKOCTD YCTPOUCTBA OMBITHBIX CBaWl Manoro aua-
MeTpa Mpu MPOU3BOACTBE U3BICKAHWI TO3BONACT YBENUYMUTD YUCO UCTTHI-
TYeMbIX CBaW, UTO BEAET K MOBLILIEHUIO AOCTOBEPHOCTY ONBITHBIX JAHHBIX
W, CIel0BATENILHO, YBEIMYUBAET HAREXHOCTb TPOEKTHOTO PRUIEHUA.

«Jins pa3paboTKM MeTOAUKWU NPOTHO3UPOBAHUA HECYMIEW CIOCOBHOCTM Ha-
TYPHbIX 6YPOHAGUBHEIX CBaW MO pe3ynbTaTaM UCILITAHUR CBAX Manoro AMameTpa
uxcturyrom HUMOCI cosmecto ¢ TTIH «PyHRAMEHTNPOEKT» HA TPeX OMBITHHIX
nnowmapxax (8 r. HabepexHsie Yennsi, Tupacnione n Hukonone) 651y MposefeHs!
IKCMePUMEHTANIbHEIE UCCTENO0BAHUA, BKNIOYABLIME U3TOTOBIEHYME U UCTILITAHUR CTa-
TUJECKUMU Harpy3amu GypoHabusHEIX cBal pasHoro guamerpa (ot 0,2 #o 0,8 M),
KOHCTPYKLUMU W TeXHONOTUA W3rOTOBNEHWMA KOTODPLIX COOTBETCTBOBANYU PAcCMOT-
PeHHbIM paHee. IIpn 3TOM Ha KaXAOW ONMBITHO TNOWAAKE ANUHA CBAK, M, PA3ROTO
Avamerpa 6blna OAMHAKOBOW U cocTanana: B Habepexmusix Yennax — 16, 8 Tu-
pacnone — 13, n 8 Hukonone — 8.

3TV MNOWARKM A0 OTMETOK HIKHUX KOHLOB CBAW CNOXEHb CYTTUHKAMU pas-
NMYHOW KOHCUCTEHLUM, @ HUKE — MENKUMU MeckaMu cpepHeit MNOTHOCTY (AR
cBa# AAWHOM 16 M), PPaBUNHBIM TPYHTOM C NMeCYaHbIM 3amonxutenem (13 m) cy-
PAVNHKAMU MATKOMNACTUMHON KOHCUCTeHIUY (8 M).

Pe3ynbraThl MPoBeAeHHbIX UCCAEAOBAHUI TO3BONUNY CAENATD CNEAYIOMUE Bbl-
Bopbt. Ilapannenbible UCIBITAHUA B MAEHTUMHBIX TPYHTOBBX JCNOBUAX OMBITHOW
CBau Manoro AuameTpa ¢ OMMPaHueM Ha 3260V U cBau TOI'0 e Auamerpa u AN UHE
6eTOHHOM YaCTH C BOAYNIHOW NMONOCTbIO MO3BONAIOT OCYWECTBUTD KIPOTHO3UPO-
BaHWe rpapuKa «OcapKa — HarpysKa» AnA HATYPHOW CBaM BO BCEM QManasoHe
U3MeHEeHUsA Harpys3ku BIIOTb A0 NMPEAENbLHOM; NPW 3TOM HEOGXOAUMO YUUTHIBATL
pasHuuy B Ae)OPMaLMAX CTBONA CBAW MANoro AMaMeTpa M HaTypHO#M csaun. Buecto
WCTLITAHUA CBAU C BO3AYLIHON NONOCTbI0 MOXHO JIPOBECTY UCTILITAHNE CBAWN MaNo-
TO AMaMeTpa OGBLIMHOW KOHCTPYKUMM HA BLIAEPTUBAHME, XOTA CHepyeT OTAATh
MpeANoYTeHWe MePBOMY UCITLITAHUIO Kak Honee TOUHOMY.

TlpepenbHbie yhenbHbie COMPOTUBAEHUA PPYHTA Ha GOKOBOW MOBEPXHOCTU W
TIOA, HUXKHUM KOHLOM CBau Manoro AMaMerpa v HaTYPHOW CBau, UMEIOWMUX KOHCT-
PYXTUBHOE U TEXHONOTUYECKOE NOROGUE, MOTYT OHITL NPUHATH HE 3aBUCAUMMU OT
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CnpaBOYHUK COBPEeMEHHOIO U3bICKaTeAs

Tp 7, Tmf T wx nuamerpa. IIpu oueHke IpefensxHoOro
oF | : COMPOTUBNEHUA FPYHTAa Ha GOXOBOW moO-
s ] BEPXHOCTW 06GBIMHOM CBaW MO MpepenbHo-
5;” < My CONPOTWBJIEHMIO, TIONYYaeMOMY NpU

WCTILITRHWM CBaM TOTO e AUaMeTpa u To
e AJIMHbL C BO3RYUIHOW TONOCTbIO TOR
HWKHUM KOHUOM, ClIefyeT BBOAUTb MOKM-
3 Haomui koadouument 0,9, a IpU ucmsl-
TAaHUAX CBau Ha BbIIEPIMBaHWe — TOBbI-
walomuit Kosdbduumerr 1,15.
VcnbiTaHuA csat Manoro guamerpa
CTaTUYECKUMU HATPy3KaMu TIPOBORAT NOC-
ne Habopa 6eTOHOM TPOEKTHOW MPOHOC-
TU, HO He paHee yeM yepe3 28 cyTok. Be-
S JVYUHBL CTYTIEHeW Harpy30K M KpuTepuv
cTabunu3auun TepeMemennii ipuiMa-
Puc. 2.6.25. 3aBucuMOCTb CoNpoTuBAe-  jotca B cootsetcun ¢ [OCT 24942-81 B
Hite rpyHTa Ha BOKOBO NOBEPXHOCTU  33BUCMMOCTW OT COCTaBa, CBOWCTB W CO-
CBaK OT 0CafKu CTOSHWUA TNPOPE33aeMbIX TPYHTOB W I'pyH-
TOB IO, HUKHUM KOK1|OM CBaW.
Tpadmk 3aBUCUMOCTU COTIPOTUBNEHUA TPYHTA HA GOKOBOW MOBEPXHOCTH CBAU
OT OCapKy (puc. 2.6.24) IpefCTaBNALTCA COCTOANUM U3 TpeX YYacTKOB, COOTBET-
CTBYIOIUX CEAYIOWWUM TarlaM PaboTh! CBau TOR, HArPY3Kow:
0-1 — Mo6win3ayus CONPOTUBIIEHUA TPYHTA HA GOKOBOW NOBEPXHOCTU CBaU
TIPY HeTIOABWIKHOM HVKHEM KOHLE;
1-2 — nuHeWHas 3aBUCUMOCTb MEXAY OCAafKOW W CONPOTUBEHMEM TPYHTA
Ha 60XOBOW MOBEPXHOCTU CBau;
2-3 — mepexop I'pyHTa Ha 6OKOBOW MOBEPXHOCTM CBAW B TIPELENLHOE COCTO-
AHUE, 3aBEPLIAIOIMUACA €TO NOCTVHEHNEM.
C yueToM 3TOT0 3aBUCUMOCTb MEWAY OCAAKOW CBaU W COTIPOTUBNIEHUEM IPYHTa
Ha ee GOKOBOW NOBEPXHOCTH AMMPOKCUMUPYETCA CIIeAYIoWeN TPeXuneHHO! $pop-
Mynoi:

/1 -1
fu-1,
f-1

rpe s — MOJNIHAA 0CaAKa CBau; §, — OCaAKa CBaW, COOTBETCTBYIOWAA OKOHYAHMIO

i 3Tana («BKIOYEHWIO» B pabOTy KOHUA CBan); T — CPepHee YAeNsHOe CONpOTHB-
NeHve IpyHTa Ha 60KOBOW TIOBEPXHOCTH CBau TPU OCAAKe S T, —TO e, COOTBET-

5=5,+K(1-15)+5, (23)
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Paspen 2. ViHxeHepHOTeoAOrMHecKne U3bICKaHUS

crBylomee okoxyaHuio I atama; K— ko3¢ duumMeHT TPOMOPLMOHANLHOCTI MEXRY
TlepeMelleHueM CBan U COMPOTUBNEHNEM TDYHTA; T,— YAEbHOe CONPOTUBAEHME
TPYMTa, COOTBETCTBYIONIee OKOHYanuio Il 3tama, f — mpepenbHoe CONPOTUBNEHME
IpyHTa Ha GOKOBOW MOBEPXHOCTH CBaK, $° — K03OUUMEHT HENUHERHOW COCTaB-
AA0IeR 0CafKN CBau, UMEIOIUA Pa3MEPHOCTb NepeMelleHUA.

Comporusnenye T, xo3dduumenrt K n ocapky 5, COOTBETCTBYIOMYIO NpeReny
NPOTIOPIMOHANLHOW 3aBUCUMOCTU MEKAY OCAAKOW U COMPOTUBIEHUEM PPYHTOB Ha
60KOBOW TIOBEPXHOCTH, ONIPEAENIAIT MO Pe3y/bTaTaM UCTILITAHUA CBaik Manoro ce-
YeHWUA OBBIYHOW KOHCTPYKUMM Ha BRABNMBAHMWE, IPUHUMAR YCIOBUE, YTO OHU He
33BUCAT OT AMaMeTpa CBau.

CompoTuenerme T, ONpeAensior o hopmyne:

T = By/ndqh, (14)

rge Py — Harpyska Ha CBal0 Majoro CeyeHws, COOTBETCTBYIOMAA BKMIOYEHWIO B
paboTy KOHIA CBau W OmMpefenAeMan no rpaduky «ocapka — Harpyskan, UCXops
M3 YCNOBWIA O pacnipefeNeNun CONPOTUBNEHWA IO ANIMHE CBau B IpyHre h; d,, —
AMAMETP CBan MaJioro ceyeHus.

B cooTsercTBUY € COOGPaXEHRUAMY, U3NOMKEHHLIMA Ha rpaduKe «0CapKa — Ha-
rpy3Ka» BKJIOMEHWIO B PabOTY KOHua CBan COOTBETCTBYIOT 3HaYeHUA Py u S, pas-
Hele abcuucce M opauHaTe TOYKW Kacarus € rpaduKoM NpAMOW, HAKNOHEHHOW K
ocu abeyuce mog yraom B=arctg mh/E,A (rne m — xo3dduument, yunTHBal0-
Wi pacripefienesue Harpysku no 6oxosow mosepxHocTv ceaw; E, — Mopynb
YNpYrocTu Marepuana cBau; A — IUIOWazb NONEPEYHOTO ceyeHUA cBau). Jlerko
I0Ka3aTh, YTO NP NPAMOYTONILHOM (PaBHOMEPHOM) DaclipeneneHuu Mo Anvee h
VAENLHOTO COMPOTUBIIEHUA TPYHTA Ha 6OKOBOIA IIOBEPXHOCTH cBan Koadduunert m
paBeH 1/2, a pu TPEYTONLHOM Pacnpepesiernn (C yELIBaHneM COMPOTUBNEHHS A0 0
TI0 Mepe TIPUBIMKEHUA K HWKHEMY KOHLY cBau) — 2/3. YuuTbias, 4To dakTuyec-
Koe pacripefiefieHne YKa3aHHOTO COMPOTUBNEHUA HAXORUTCA MEXAY MPAMOYTONb-
HBIM U TPEYTONbHBIM, 3HaueHWe Ko3bduymnerTa m ¢ pOCTATOYHO! ANA TIPaKTUYec-
KMX lelel TOMHOCTbIO MOXHO TPWHATb PaBHbIM 0,6, U COOTBETCTBEHHO yron P
coCTaBnuT

arctg 0,6h/E A.

[lo HaWPeHHOMY 3HAY€HWIO OCAapgKW AMIA CBAW MAsoro CEMEHUR Sy, HAXOBAT
3HAaYeHUe 0CafKv § ANA HATYPHOW CBau IO GopMyne:

Son = Som G/ Gn (15)
rae d,, M d, — RMaMeTpLt COOTBETCTBEHHO CBAW MAJIOTO CeYeRMA U HaTyPHOM CBau.
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CanlBO"IHMK COBPEMEHHOIO U3bICKATEeAs

Ocanky 5, HaXOPAT Kak mpejen NMPOMOPLMOKRANLHOCTU 0CAAKN CBaU AENCTBUIO
BEPTUKAILHOW HAarPy3Ky; IPU 3TOM YCNOBUE NPONOPUNOHANILHOCTU CYUTACTCA Bbl-
MOTHEHHBIM, €CTIU Pa3nMuve NPUpaleruit 0CafoK Ha COCeARWX CTYIEHAX NPuIo-
XEHWA Harpy3ku He npespimaeT 30%:

1.3(8; = 5j1) 2 Si41 = S;, (16)
rAe S; — CTabuN3MpoBaHHaA 0CAAKa CBAW Ha i-# CTYIEHN HATPYKEHUA.
Hesrinonrerve ycnosus (16) Ha i-# CTyneRn XapakTepusyer s, = s,.
Koadpduumnert nporopumordnbroctu K onpenensiorT ® MHTepBane 0Capox
Sp <8 <5; Mo popmyne:

=235 -50)/(5=), an
i=1

TAe T; — CPefiHee YAenbHOe CONMPOTUB/IERME TPYHTA Ha i-W CTYMeHW HarpyMeHus;
N — 9UCNO CTYNEHEN HArpyXeHuA.

ConpoTMBAEHME T; KaK 1A CBaW MANOTO CEMEHWUA, TaK U A HATYPHOR CBau
ONPERenAT Mo popMyne:

S =%
= - 18
Kk R (18)

Koagpduuunerr s, onp T O Pe3ynbTaTaM UCIILITaHUA CBait Manoro ceye-

HUA C BO3AYUIHOW NTONOCTHIO Ha BAABAUBAKRUE WU CBal o6b1YHON KOHCTPYKUMN HA
BbIlepPruBaKue, MPUHUMAA €ro Re 3aBUCAlMUM OT AnaMeTpa CBau:

8, =5m = Sh, (19)

A€ S, — OCaAKa CBaW NPN COMPOTUBIIERUM Tpy =+ fT) ; sf" — NUHEeWHasA COCTas-

‘NATOWAR OCAAKM S, (pUC. 2.6.24).

Tpaduk 3aBUCMMOCTU COMPOTUBAEHUA TPYHTA ITOZ HWKHUM KOHIOM CBau Ma-
JIOTO AMaMETpPa OT OCAAXW CTPOMTCA NyTeM CONMOCTaBEHWUA 3KCIEPUMEHTajbKOTO0
rpaduka, MoNy4eHHOTO PU UCTILITARMUAX CBan 0OLIMHOM KOKCTPYKLUMM Ha BAABIM-
BaHWe C rpaguKOM PasBUTUA CONMPOTMBIIEHUA TPYHTa Ha 6OKOBOW MOBEPXHOCTU
CBau, NOCTPOGKKBIM C UCNIONb30BaHWeM (opMynst (13); Mpyu 3TOM yAenbHOe Co-
NMPOTWUBNEHNE TPYHTa MOA HWXHWUM KOHLOM CBau OMPeAenfeTcA Kak YacTHoe OT
IeIeHnA PasHOCTU obmei Harpysku u o6uero cOmMpOTUBAEHMA TPYHTa Ha Boko-
BOW NOBEPXHOCTY Ha NMAOWaZb NONEPEYHOTO CEYERUR CBAM.

TIporHosuposarue rpahuka 3aBUCMMOCTU CONMPOTUBNEHMA IPYHTA IOA HUX-
HUM KOHLOM HaTYPHOW CBau OT OCaZKW OCYWECTBAALTCA C UCTIONL30BARNEM NPU-
BEeHHOTO COOTHOLIEHWUA MEXLY MePeMeleHUAMU HWKHUX KOHLO0B HaTypHOW

308



Pasaea 2. VIHXEHEPHOTEOAOTUYECKUE U3bICKAHNS

cean An W CBau Manoro ce¥eHnma Am PU OAMHAKOBOM 3HAYEHWUU YIeNbHOT0 CONpo-
TUBJIEHUA [PYHTA ¢ ITOZ UX HWKHUMU KOKLAMU:

Ap=A4p dm/dn' (20)

TIpu 3TOM MepeMeleHns HKHUX KORLOB CBaW HAXOAATCA KaK PasHULA MeXJy
TIONIKOM OCapKoW CBau s U feopMauuedi ee CTBONA O, BO3HMKAWNIER BCAEACTBUE
TPERUA I'PYHTa Ha HOKOBO MTOBEPXHOCTM W COMPOTUBIIEHUA TTOA HMKHUM KOHLIOM:

W gh
3=5p+24(t TO)Epd + E, . (21)

TocTpoenve rpaduka «ocapka — Harpyska» Ans HaTypHo#w, 6yponabusHoit
CBau MPOW3BOAUTCA MYTEM CYMMUPOBAHWA DPACUETHHIX IPaMKOB 3aBUCUMOCTEN
«0canka — COMPOTUBJIEHNE TPYHTA IMOA HWKHUM KOHLOM» U «OCafka — COMpo-
TWBJIERUE TPYHTa Ha 6OKOBOV MOBEPXHOCTUY, MONYYAEMEIX IO OMUCARHOM METO-
LVKe C YIeTOM Nnomanen ITOMepeuHoro ceqeHnA U 60X0BOW MOBEPXHOCTU HATYP-
RO cBan. Ha pucyrke 2.6.25 Aar anroputs, MO3BONANWMI 3aMPOrpaMMUpPoBaTh
NOCTPOEHNe TaKoro rpagmka u BHITONHATL BCE HEOGXOLMMBIE pacyeTsl Ha Ipo-
creitumx IBM.

PaccMOTpeHHAR MeTOAMKA NMPOTHO3UPOBAHUA MOMET OHITL OleHeHa 1o
PUCYHKY 2.6.26, Ha KOTOPOM IPUBELEHO COMOCTABIEHWE IKCTIEPUMEHTaNbHbIX
rpaukoB «ocapka — Harpyska» u pacueTHbIx. Kak BMIHO M3 PUCYRKa, MaKch-
MalbHO@ OTKNOHEHME PaCcYeTHBIX 3HAueHW#A Harpy3Ku OT 3KCIepHMEeHTaNbHBIX
T(pW PaBHHIX 3HAYEHWUAX OCANKY CBau He mpesbiuaer 20%.

JLononkurensHan nposepka paspaGoTaHHOTO METOAA MPOTHO3NPOBAHMA I'pa-
$uKOB «ocanka — Harpyska» NposefeHa MO pe3ynbTaTaM UCHETaHUA HaTYPHBIX
GyporabuBHLIX CBait W CBait Manoro cevenws, shronHenubx IIT «PyHpameHT-
MPOeKT» MPYU MPOU3BOACTBE UHKEHEPHO-TEONIOTUMECKUX U3BICKaRU# Ha Tararpor-
CcKOM KombaitHoBoM 3aBoae (mnowaaxa Ne 1), IIpukymcxom 3aBope maacTMace (1no-
wanxa Ne 2) n Ha mnomapke crpoutenbcTsa 3aropekon TA3C (mmomanka Ne 3), a
TaKKe NpyUBeAeHHHIX B cTaTbe ®. Jiunum [39] (mnomaawa Ne 4).

TpyrroBble ycnoBus muowaaku Ne 1 mpeacrasnexst o ray6umst 0,8-2,5 M
HACHLIMHBIMU TPYRTaMM, HWKE —— NEeCCOBULHLIMU CYTTIMHKAMMU TBEPHOW KOKCUC-
TeHuuu MowrocTbio H,4-13,2 M. McnbiTarHbE CBan UMenu AnAvHY 10 M 1 guameTp
0,3 n 0,6 M. [Inomanka N2 2 cnoweHa 1eCCOBULRBIMW CYITIMHKAMM ITONYTBEPAO
KOHCUCTERUMU A0 TAYOUHLL 10-12 M MPOCAAOYRBIMU, HI¥E — HeIPOCAROYHBIMM.
Cvau AnuKOM 16 M M aMaMeTpoM 0,25 U 6,6 M UCTILITBIBANIX TOCTIE 3aMaYNBAHUR UX
OCHOBAHMA Ji0 MOAHOro BOROHachmenua. IInowanxa Ne 3 cnowera MopeHbiMW
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CnpasoyHmK COBPEMEHHOMO n3sickareas

IKCNEPUMENTANLHBIE BLIMUCAERKUE
TPAGHKH MAPAMETPOB
Jm’f(P) To, 451, %045p

/\

IEEAREEZE:

Puc. 2.6.26. ANropuTM NPOrHO3MPOBAHUA rpaduKoB KOCAAKa — HarpysKa» Ans ceau
HaTypHBIX AMAMETPOB NO pe3yNbTaTaM UCNLITAHMA ONBITHLIX CBAW MANOTO AUAMETPa

CYTI/IMHKAMU C [IPOCAOAMU U BK/LIOYEHUAMU IPaBus. McnbiTaHHbie CBau UMenw Anu-
Ry 10 M ¥ auametp 0,25 1 1,05 M.

TpyHTOBbE YCNOBUA MNOWAnk No 4 HA rAy6UHY YCTPOMCTBA CBAW ANUHON 20 M
MPeACTaBREHb MIeCKaMU ¢ TIPUMECh0 BYNIKAHWYECKOro Tienna ¢ POCNOAMM una u
TAMHUCTHIX PPYHTOB, C TNYOUHB 4,5 M BOAOHACHINEHHBIMW Tieckamu. [luamerp
WCTILITAHHBIX cBal — 0,25 u 0,8 M.

Pe3ynbraThl COMOCTABAHWA PACYETHBIX W IKCTIEPUMEHTaNbHBIX rpadukos
«0CajKa — Harpyska» AnA IIOMAAOK NpUBEAGHB! Ha PUCyHKe 2.6.26. Ha pucyn-
Kax 2.6.26 1 2.6.27 BUAHO, YTO ANIA AOCTATOYHO NMIUPOKOTO AUAMA30HA USMEHEHUA
TPYHTOBLIX YCHOBWMA, AIIUH W MaMeTPOB 6YPOHAOUBHMX cBali HabnopaeTca xopo-
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1000 2000 Jooo 40008 xH
Puc. 2.6.27. Conocrasnexune akcnepu- R
MEHTaNbHLIX rpauKoB «oCafKa — \
Harpy3Kka» ans cean HC c paccuntamHbl- \
MU NO Npeanaraemoit MeToAuKe Ha 40 v
NPOU3BOACTBEHHBIX NNOUWAAKAX: \‘
1—Ne1;2—Ne2;3—Ne3; 4 — Neds \
— 3KCNEPUMEHTANbHbIE 60) \
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— — — — — pacyerHble rpaguku
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Puc. 2.6.28. ConocTasnexue 3KkCNepUMEHTaNbHLIX TPaUKOB «OCAAKA — HarpyaKa»
ana cean HC ¢ paccynTaHHbIMU NO peAnaraemMoil MeToAUKe Ha ONbITHBIX NAOWAAKAX:
1 — r. HaGepexHbie YenHst (cean anunoi 16, guamerpom 0,4 1 0,6); 2 — r. Tupac-

none (13 1 0,38 m; 0,54 1 0,8 M); 3 —r. Hukonaes (8 v 0,6 m)
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CﬂpOBO‘IHMK COBPEMEHHOIO U3bICKATEAS

uIee COOTBETCTBME MPOTHO3UPYEMBIX rPaduKOB rpaduKaM, MONYYEHHEM PN UC-
neiTaHuAx. Hecymas cmoco6HOCTb HATYPHHX 6YPOHAGMBHBIX CBalt MO JAHHLIM
WCMBITaHW OMBITHHX CBAi Majoro CevyeHWA OMpefieNseTcA TaK e, Kak u ans
3a6WUBHBIX CBaW IO JAHHBIM UCTILITARWI 3TaNIOKHBIX cBai — 10 Gopmyne (12); mpn
3TOM NpefieNhHOe COMPOTUBNEHNE HATYPHOM CBay HAXOAAT IO MPOCHO3UPYEMOMY
rpahuKy «ocapka — Harpyska» B COOTBETCTBUM C TEMU Xe PaBUNaMK, YTO W IO
9KCNIEPUMEHTaNbHOMY TPadUKy «OCafKa — HArpysxa» MPU UCMBITAHUAX HaTYp-
HBIX CBAil CTATUYECKVUMM HArPY3KaMu,



Pazpea 3. HHIHEHEPHO-
T'MIPOTEOJIOTMYECKHE U3bICKAHUA

I'nasa 3.1. IPOXOAKA TOPHBIX BHIPABOTOK

3.1.1. OcHoBHble TpeboBannA K cnocobam NPOXOAKU M KOHCTPYKLMAM
PU/IPOre0JIOrHUecK X CRBAKUH
Tp axK uun PYKLUAM TUAPOTeonorudec-

POXOA
KWUX CKBKUH 33BUCAT OT 11e/1eBOTO Ha3HadeHUA (KaTeropum) CKBaUK, Feonoro-
TURPOTEONOrMYECKMX 0COGEHHOCTeR PafiOHa, TeXHUKO-3KOHOMUYECKUX YCTOBUMA
6ypeHns u crienndunku MX TMOCNeAYIOLEro UCTIONb30BaHuA. B obmem cnyvae 3To
ToAyYeHne HeobxoAuMoro 06beMa AOCTOBEPHOM PMAPOTeONOrUYECKOW MHDOpMa-
1IMY, KayecTBeHHoe 0MPOHOBAHME U3YYaeMbIX BOROKOCHLIX TOPU3OHTOB W BHINON-
HeHe OCTaNbHbIX QYHKLUHA CKBAXUHDBI B COOTBETCTBUM C €€ 11e/1eBLIM Ha3HaveHn-
€M IIPU MUHVUMANbHO BOIMOXHBIX 3aTPaTaX TPyAa, BDEMEHW W CPeACTB.

Kareropuu rupporeonorudeckux ckpam4H. I1o nenesoMy HasHadyeHWIO Bbl-
JENRI0T CLEAYIONIUe OCHOBHbIE KAaTeropuu I'MAPOre0NoruIeckux CKBaxmH: 1) mone-
XOBHIe, 2) Pa3BeROMHble, 3) Pa3BENOMHO-IKCIUIYATAMOKHDIE, 4) HabNORATENbHETE,
5) 3KCMNyaTauuoHHble (BOA03ab0pHME, ADeHaXHbie, HATHETaTeNbHbE, TOT0WA-
mue v Ap. [InA BHIMONHEHUA TMAPOTeoNorudecKkmMx 3ajay B Mpouecce MOUCKOB U
Pa3BefXv TOA3EMHBIX BOA UCTIONb3YIOTCA TPENMYIECTBEHHO CKBAXWHB TEPBHIX ye-
ThIPEX KaTeropuit. JKCIyaTaunoHHbIe CKBAXMUHb TPERHA3HAYAIOTCA AR IKCIULya-
TayuM NOR3EMHBIX BOR, UX YRANEHWA, PETYAMPOBARUA N APYTUX LeNen.

Touckosyie ck8axuMbl GYPATCA HA CTAAMU NOUCKOB W B TIPOLECCE TTOMCKOBO-
CbEMOVHLIX Pa6oT. OHu MpeAHA3HAYEH! AR U3YYEHUA 0BIIUX Fe0NOT0-TAPOTeo-
JIOTMYECKUX YCTI0BUW, BLIABIEHUA BOROHOCHBIX FOPU3OHTOB M KOMIUIEKCOB, MX
MPOCNIEXXMBAKUA W TTPEABaPUTENLHOTO KONNYECTBEHHOrO W KauyeCTBEHHOro ONpo-
Gosanua (0T60P Npob, MPOGHEIE 0TKAYKY, 3KCTIPecc-0NpoGoBaKwe W Mp. ).

Pa3zgedouHdbie CKBAXUHbI IPOXORATCA B MPOLECCe Pa3BefXW NepCIeXTUBHbIX
YYaCTKOB MECTOPOMAEHWY IOA3EMHLIX BOA B LleNfX UX Gonee AeTanbHOro rMApo-
Te0NOrMYeckoro U3yJeHus u BHIABJIEHWUA YCNOBUA HAPOAHOXO3RMCTBEHHOrO UC-
MONb30BAHUA WAW OCBOEHUA. B pa3Be/IOYHEIX CKBA)UHAX BHINONHACTCR GoNbIION
KOMITIEKC TMADPOTECNOTMYECKMX W APYTUX BUAOB WUCCTIE/I0BAHWI (ONLITHbIE U
OTBLITHO-3KCTYaTaLMOHHBIE 0TKAYKY, HANUBb, HarHeTaHuA; 0T60p Mpo6 nmopoa,
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CﬂpGBOHHMK COBPEMEHHOIO U3bICKATEAS

BOABI U Ta3a; PaCXOROMETPUYECKUe, TEPMOMETPUYECKUE, reodn3NYecKue u Apyrue
Habnioperua). ina 060CHOBAHHOTO IEONOT0-TUAPOre0NIOTNYECKOI0 PacIeHeHUA
pa3spesa MOUCKOBLIX W PA3BEROYHBIX CKBAXKWH B HNX OCYWECTBAsETCA 0T6OD Kep-
Ha, BHIMONHALTCA KOMIUIEKC KAPOTAKHbIX METOROB W HEOGXOAUMBIY KOMIUIEKC PUA-
POTeONOrnIeckux HabnopeHuit.

Pa3gedouHo-3KCNAyamayuoHHble cKBaXUHb! COOPYKAIOTCA B NPOLlecce passe-
DOVHbIX pa6or, W Nocne nposenenunsl Ha HUX MONHOTO XOMIUIeKCa TMAapOreonorn-
YeCKMX U APYTVX BUROB UCCNEAOBARUM (T. €. BHNONHERUA GYHKIMA pa3BenodHOR
CKBRXWHMI), OHU TTePeAAIoTCA ANA UCTIONIb30BAKUA NIPU MOCTeAyIonet IKCayara-
LN MECTOPOXAEHUs. ECTECTBEHHO, YTO KOHCTPYKLMW TaKMX CKBAKUH ROMKHLI
obecrneynsaTh KOPMaNbHYI0 MHOTOJNIETHIOW W GECTIPEPHIBRYIO UX 3KCIUNYaTauuio.

HabmodamenvHble cKBaXuHb! MOTYT 3aKNAALIBATLCA HA M0G0 M3 CTapui mo-
WUCKOBO-pa3BeaouHbIX pa60'r WU B 3aBUCUMOCTM OT HAa3HAYERUA WUCMONb30BATHCA
mbo AnA HabMOpeHW 3a PEMMMOM NOA3EMHLIX BOA B MEPUOA VX PasBeAKu U
3KCTUIyaTayuu (HabMIoNeHUA 3a eCTECTBEHHBIM UMW HADYUIEHHLIM DOXUMOM), nnbo
Ans HabniopeHuit 3a U3MEHeHWeM MokasaTeneid MOA3EMHLIX BOA (YDOBHA, XUMU-
ecKOro COCTaBa, TEMIEPATYPH W AP.) B IPOLECCe MPOBEAEHNS OMBITHLIX TUAPOTe-
0N0ruvecKkux paboT (OTKauek, HANWBOB, HArHETAHW, UHAMKALUOHHMIX U3Mepe-
HWI v pp.).

B nponecce NpoBeAeHNs OUCKOBO-Pa3BEAOHAIX PABOT ¥ IXCINyaTauuu NOA-
3EeMHBbIX BOJ MOXET BO3HWUKATb Heoﬁxonumocn WUCIMONb30BAHUA MTOUCKOBLIX CXBa-
KMH B Ka4yecTBe pa3BefOYHHIX, TOUCKOBHIX U Pa3BeONHELIX B KayecTBe Habmopa-
TENLHBIX U T. . BO3MOXHOCTL TaKoro MepeBofa CKBAKUH N3 ORHOW KaTeropuu B
APYTYI0 CNepyeT MpeAycMarpvBaTh NPU IPOEKTUPOBAHUM Da3BeNOMHLIX pabor.
ITO MOXET CYNeCTBEHHO MOBBICUTb UX TEOTIOTUMECKYI0 M SKOHOMUYECKYI0 3ddex-
TWUBHOCTb.

Takum 06pa3om, paxe obmee PaCCMOTPEHUE 3ahay¥ N HA3HAYEHUA OTAECINbHBIX
KaTeropui CKBaXMH IMOKa3biBaeT HeOGXOAUMOCTb uX 06s3aTenbHOr0 yyera mpu
BbiBOpe cnocoba GYpeHun U KOHCTPYKLNIA PTUAPOTEONOTUIECKUX CKBAMUH.

Crioco6st 6ype1ma TUAPOTE0NOIUYECKUX CKBRHUH

Criocobbi 6ypeHus PUADPOreosiornIeckux CKBaXUH BHIBUPAIOTCA B 3aBUCMMOC-
TW OT MECTHHIX Fe0N0r0-rnPOreoNIOrMEecKUX YCN0BUH, LieNIeBbIX 3aAaY UCCaeno-
BAHWH, TNY6MHb U AMaMeTPa MPOEKTUPYEMbIX CKBAXUH W APYTMX daxTopos. Jax-
Hble 6YPeHUA nOJKHEL 06ecreunBaTh ONYYeHe He06X0AMMOro obbeMa reonoro-
FUAPOre0Noruyeckon UKGopMaLuy, YCrenIHoe BHNOAHEHWE LeNeBbIX 3anay Co-
OPYaeMoi CKBaWHEI U BEICOKME TEXHUKO-IKOHOMWUYECKUE IOKa3aTenm 6yperna
W BBIIONHAEMBIX UCCNEA0BAHMMA.
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JInA COOPYMEHNA PMAPOre0NOTNYECKNX CKBAXUH TIPUMEHAIOT ClepyIoLine CIio-
cobbl GypeHns: BpaLlaTeIbHbIA C IPAMOT MPOMBIBKO, BpawlaTeNbHEIA C TPOAYBKON,
BPAWATeNbHbliA ¢ 0GPATHO POMBIBKOM, YAAPHO-KHATHEIW, KOMGUKNPOBAHHBIN, Pe-
aKTUBHO-TYPOUHKEIA, KONOHKOBYIN. [IPeANONTUTENbHbI AR TIPOXOAXU TMPOTe0N0-
TMYECKUX CKBAMMH — BPAWATENBbHbIA (C TPAMO M 06PaTHOM POMBIBKOT N TPORYB-
KOM), yRAPHO-KaHATHEIA 1 KOMGUKNPOBaHHKe COCOBb BypeHus, AR COOPYKEHNA
rNy6OKNX CKBAKMH — BPAMATENbHbIA (POTOPHLIN), PEaKTUBHO-TYPONHHKBIN, KONOK-
KOBbI. Hue nanomeHs pexoMeHpanuu no Bx6opy crnocobos 6ypexna rupporeo-
NIOTMYECKNX CKBAKUH 1 06eCeNeruio nX onpoboBaHua.

BpawjamensHuill cnocob ¢ npsamoli npomblKol 1enecoobpas’Ho MPUMEHATb
npn 6ypeHnM TpPOTEONOrNYECKUX CKBAXWH N1060W TNYOUHB B XOPOILO U3YYeH-
HBIX T'e0NIOrC-TUAPOTe0NIOrNYeCcKUX YCNOBUAX IPU OTCYTCTBUM B paspese 4acTo
nepeciansalolinxcs CNAaBoHaMOPHbIX U ManOAe6UTHEIX BOAOKOCHEIX TOPU3OHTOB.
B nponecce npoXopxu OMpobyeMbx UHTEPBANOB AN 0T60Pa KepHa Lenecoobpas-
HO WCITONIb30BaTh KONOHKOBBIE CHAPAAbL. NSl OMPOGOBAKNA BONOHOCHEIX POPUIOH-
TOB C/IEAYeT MPUMEHATb TNACTOUCTILITATENM, PACXOAOMETPUIO N KapoTaX (reotu-
3uyeckue UCCNefoBaHUA NPOBOAAT KaK B Mpolecce GYPerus, Tak u nocae). Jina
YMEHbIIEHNS TTOCNEACTBUA TAMHN3ALUN BOROHOCHLIX TOPU3OHTOB PEKOMEHAYETCA
MPaKTUKOBATD COCO6H Mocapku GUnbTpos 6e3 rMuKM3anum (TMAPOTOAMLIBOM, 3D-
NuGTHON NPOKAYKOW, YAAPHBIM CTOCOBOM), Gypenve ¢ MPOMBIBKOWA YUCTO! BOROW,
CnabOrTMHUCTHIMW CTECTBEHHBIMW W aIPUPOBAHKBIMA DAcTBOPaMK, dbdexTus-
Hble METOAbI PA3TIMHN3ALMUA U T. A, BpalmaTenbHhn crtocob 6yperua ¢ POMEIBKOT
obecreynBaeT BOIMOXKKOCTb GLICTPOrO COOPYHEHNA PNYBOKNX CKBAKUH, TPUMe-
HEHUE YIPON|eHHBIX NX KOHCTPYKLVNNA, BHICOKME TEXHUKO-IKOHOMNYECKUE NT0Kasa-
Tenn 6ypoBbix paboT.

BpawjamensHoe Gypenue ckg8axuk ¢ 06pamHoli npoMbl8Koll PEKOMEHAYETCA
NPUMEHATD ANIA TPOXOAXU Pa3BEAOYHO-3KCILIYATALNOHHBIX Y 3KCIUIYAaTALUOHHEIX
CKBaXWK rny6uron po 300 M, suamerpom po 1000 Mm v Gonee B PHIXABIX MOPOAAX
(6e3 BKNIOYEHUA BAYHOB) NPU TNYBUKE 3aneraHus YPOBHA NOA3EMHbIX BOR 6onee
3 M OT TOBRPXHOCTH, TPW HAANYMMU 3HAYMTENBHOTO KONUYECTBA BOALL BAA GypeHus
¥ 67aronpUATHbIX TeMIepaTypPHEIX ycnosuit (biure 0 °C).

Bpawjamenshuil cnoco6 6ypenus ckgamu ¢ npodysxol 3ddexTnBeH npu co-
OpYMENWUU CKBAXMH B 6E3BOAHLIX PAOHAX, B PAHOHAX Pa3BUTUA MHOTONETHEMED-
3NBIX NOPOA (A0 FNYGWHBL 200-300 1), @ TaKKe B YCNOBUAX PA3BUTHA CNaboBopo-
06MNLHAIX BOROHOCHBIX FOPU3OHTOB (C AebuUTaMn cxBakux o 2-3 n/c). lopopst
paspe3a AONKHbL GXITH YCTOAUNBLL TPOTUB O6PYLIEHNA.

Ydapro-kaHamuwill cnoco6 cnepyer ucnonb3osaTh ANA Gyperna rupporeono-
TUYECKUX CKBAXWUH B C/1aB0 U3Y4EHHbIX Fe0NOr0-TUAPOreoNOrMYeCKUX YCROBUAX,
NpU YaCcTOM MepecnauBaHui U HeGONbLIOW HAMOPHOCTU BOJOHOCHHIX FOPU3OHTOB
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CI‘IpOBO‘-IHMK COBPEMEHHOrO U3bICKATEAS

W HEO6XOANMOCTY TIPOXOAKN CKBKUH INy6uLon no 100-150 M, B BanyHHO-raney-
HUKOBHIX OTNOXEHUAX C BONBUIMMYW HavalbHLIMW AvaMeTpaMmu. [Ina nocajgku u
n3BneveHVA 06capHbX TPY6 0683aTenbHLl BUOPOMEXaHW3Mbl. YAAPHO-KAaHATHBIN
cnoco6 obecneynBaeT BHICOKOE Ka4ecTBO ONPOGOBAHMA U KANTaa BOROHOCHBIX
TOPWU30HTOB, He TPEBYET OCTABKU BOABL W FIIMHbL, HO OTIUYAETCA HE3HAYUTE IbHbI-
MU CKOPOCTAMYU GYPEHUA ¥ 6ONbLIMM PAcXOAOM OBCafHbIX TPY6.

Kom6uHuposarbili cnocod pekOMEHAYeTCA MPUMEHATh ANA BYPeHnA cKBa-
HWH B €160 U3YYeHHEIX e0NOr0-TUAPOre0JIOrNIeCKUX YCN0BUAX, TIPU YacTOM
nepecnauBaHun CnaboHaNMOPHLIX BOJOHOCHBIX OPU3OHTOB, YAOBNETBOPUTENb-
HBIX YCNOBUAX MePeBUXeHUs GYpPOBLIX YCTAHOBOK M MOCTATOMHOM OBneme By-
pOBLIX PAbOT. BepXHAR YacTL pa3pe3a BINOTH A0 BOAOHOCHLIX OPOA MPOXOAUT-
CA BpamaTeNnbHLM (POTOPHBLIM) CMOCOGOM, a BOJOHOCHBIE MOPOALl — YAAPHO-
KaHaTHbIM. Takas KOMOMHALNA 06ecreynBaeT AOCTATOMHO HECTPOE COOPYKEHUE
CKBAXWH, UX YMOBNETBOPUTENBLHYI0 TeONOr0-TUAPOTe0N0INYEeCKY0 HOKYMEHTa-
UM U BLICOKOE Ka¥ecTBO PaGOT MO BCKPLITMIO WM ONMPOGOBAHWI0 BOROHOCHBIX
TOPW3OHTOB.

KoM6uHWpOBAaHHBIN W yAAPHO-KAHATHLIA criocobs Hanbonee nenecoobpasHo
WCIIONB30BaTh PU GYpeHun PasBefovHLIX, Pa3BeAOYHO-IKCTINYATAUNOHHBIX U 3K-
CITNYaTaMOHHBIX TMAPOreONIOTUYECKUR CKBaKUH.

PeaxmugHo-mypoUHHBIL CNOCO6 1eNneco06pasHo UCNob308ath AN GypeHus
CKBaXUH AnaMeTpom Gonee 1 000 MM 1 rny6uHOM He MeHee 200 M. OH XapakTepu-
3y€TCA BBICOKOW CKOPOCTHI0 TPOXOAKYM CKBXKWH W O¥eHh HU3KUM BLIXO\OM KEPHa,
NO3TOMY €ro NPUMEHAIOT ANR 6y PEHUA IKCTNYATALUORHBIX U Pa3BEA0THO-3KCIUIY-
ATAaUMOHHEIX CKBAXVWH Ha rNy6OKNe BOROHOCHEIE TOPU3OHTHI.

Kononxogbim cnoco6om BO3MOKHA NPOXOAKA TMAPOTEONOrMYECKUX CKBAKUH
avameTpoMm A0 200 MM B CKaZlbHBIX TOPOAAX.

VCTaHOBKY AnA OypeHns rmaporeonorudeckux CKBAXUH BHGUPAIOT UCXOAR N3
Te0NOro-TeXHNIECKUX YCNOBUN, TNY6UHbL U AuameTpa Bypenus, cocTasa nopop u
APYyruX GaxkTopos,

Tpe60oBaHUA K KOHCTPYKUMAM N 060PYAOBAHUIO
TMAPOTEONOTUYECKUX CKBAMUH

KOHCTPYK1uMY TMAPOTEONOTUYIECKUX CKBAKVH OMPEAENSAIOTCA VX LeNeBbIM Ha-
3HaYeHWEM, KOHeUHBIM AUaMeTPoOM, Ty6uKon n crnoco6om Gyperus, XapakTepom
paspess, cnioco6oM onpo6oBaKNA U APYTUMU haKTOpaMu.

K KOHCTPYKLUMAM IMAPOTEONOrMYECKUX CKBAXWH PA3NUYHbIX KaTeropuit
NpeAbABNAITCR OMPeAeNeHHble TpeboBaHUS. OHU AOMKHL 06ecrieynBarh:

1) 3oexTnBHOE U Ge3onacHoe NpoBeperue PaboT MO NPOXOAKE CKBAKUHEL N

BCKDBITNIO BOAOHOCHBIX TOPU3OHTOB;
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Pazaen 3. UHxeHEepHO-TMAPOreOAOTUECKIE N3LICKAHWA

2

-

KayecTBeHHOE ONMPOGOBaHME BCEX U3YIAEMbIX BOJOHOCHLIX IOPU3OHTOB W
WX COOTBETCTBYIOMYIO U30NRUUIO;

3) pasMenjenne B CKBaKWHE BOAOMOABEMHOTO 060PYAOBAHMA, UCILITATEND-
HBIX CHapANOB U U3MEPUTENBLHBIX IPUBODPOB;

sbdexTMBHOE W KavecTBeHHOe BHTMONHEHWe HeoBXORUMOro KOMInexca
PUAPOre0NOryeckux HabNIOAEH NI U UCCNeNIOBARNN;

5) 3amuTy BOAOHOCHLIX TOPU3OHTOB OT 3alPAZHEHUN;

6) HaNeXHOCTb U YCTOWYMBOCTb YCI0BUIA UCTIONB3OBAHNA CKBAXUHBL B COOT-
BETCTBUY C ee Ha3HaYeHNeM;

BO3MOXKHOCTb COOPYKEHUA CKBAXKWHB C MWHUMANbHLIMU 3aTPaTaMu TPyna,
BPEMEHU W CPEeACTB;

GHICTPOE M 3(dEKTUBHOE BLIMOJIHEHUE PEMOHTHBIX W JUKBURALMOHHBIX
pa6oT (npu HEOBXOAMMOCTH) W BO3MOKHOCTb IOBTOPHOrO VCIIONb30BAHNA
06cagHbX TPY6 W HUNLTPOB.

Mlepeyncnennsie Tpe60OBaHWA U TEONOTO-TEXHUYECKUE YCNOBUA MPOXOAKW
CKBAWWH OTIPEIENAIOT KOHCTPYKTUBHbIE OCOBEHHOCTW OTAENBHEIX KAaTeropuit rmp-
POreonorndeckvx CKBaXWH: nx rybuHy v AnaMeTphl, KONMIECTBO KONOHH obcap-
HBIX TPY6, MX AMaMeTpsl u IY6UHb (MHTEPBALY) CIYCKa, cnocof 060pyRoBaHUR
BOJONPUEMHOM YACTH, METOAbI U30NALNN W ONPOGOBAHNA BOLOHOCHBIX IOPU3OH-
TOB, YCTbEBOE U Apyroe 060pyAOBaHUE CKBAXUH (puc. 3.1).

Dhy6uHa rApOreonorndeckux CKBaXuH ONpPeAenaeTca no-
NOXEeHUeM U3yyaeMoro BOACHOCHOrO 'OPU3OHTa B paspese, ero
MOIWHOCTBLIO M HEOGXOAMMON I1y6UHOM ero BCKphITUA, Heonb-
Iue T0 MOWYHOCTYU BOROHOCHBIE rOPU3OHTHL (A0 10-20 M), Kak
TPaBU0, BCKPHLIBAIOTCA MONHOCTDIO.

Iny6uHa BCKPHITUA 3HAYUTEILHBIX IO MOWHOCTU BOJOHOC-
HbIX TOPU3OHTOB OMKHA BHITH JOCTATOMHON ANA OBecTieyeHus
MPOEKTHOr0 fe6uta npu onpo6oBaHUu ¥ IKCINYATALUU IUAPO-
reoNoruYeCKnX CKBaKUH (MIOUCKOBO-Pa3Bef0YHbIX U Pa3BepOy-
HO-3KCTIYaTaUMOHHKX) U OCYEeCTBAEHUA 3aMePOB NPU U3Me-
HeHUN YPOBHA B HabniopaTenbHbLIX cKBaxwHax. Ecan mpeprmo-

4

=

7

=

8

=

Puc. 3.1. OcHOBHble 31@MEHTbI KOHCTPYKUMM FUapOreonoruyec-
KO CKBAXKMHbI: 1 — yCTbe CKBAXMHbI; 2 — nepsan obcapHas
KONOHHA; 3 — CTaTU4eCKNA YPOBEHb BOALL; 4 — AUHAMUYECKUA
YPOBEHb BOABI; 5 — 3KCNNYaTaLMOHHAR KONOHHA; 6 — CaNbHUK;
7 — noAGUNETPOBAA KONOHHA; 8 — paBoyas YacTb UNbTPOB;
9 — OTCTOMHUK; 10 — npobKa; 11 — LEMEHTHbIN CTaKaH




CI‘IpGBO'-IHMK COBPEMEHHOrO U3bICKATEAR!

NlaraeTcA ONPOGOBAHNe CKBAXUHEL IPANGDTOM, TO AO/IKHBL GLITh YUTEHL OTITUMANb-
Hble napamMeTpy 3pandTa (Cryck BO3AYXONPOBOAHLIX TPYG AOMKEH obecreunsars
K03 PULMERT MOTPYHEHUA He MeHee 1,5-2,5).

IIpu 060CHOBAKMM KOKCTPYKLUM FUAPOTEONOTUYLCKUX CKBAXUH OMIPEAeNfio-
mee 3HaYeHWe uMeeT BHIGOD IKCIIYATaLMOKKOr0, KOHEYHOr0 U HauanbHOro ux
AVaMerpos.

JKCIUIyaTauMORKbIA AMAMETD CKBAXMUHBI (ANAMETp B peAenax FyouHy ycra-
HOBKM BOAOTIOABEMKOr0 060PYAOBAKUA) AOMNKEHR GBITh JOCTATOYHBIM 1A pa3me-
WeKUA MpeAHAa3HAYeHHOro ANA OMPOGOBAHMA UAM IKCIUIYATALUU CKBAXUKBL Ha-
COCHOro 060pyR0BaKUA (0GLINHO OK MPUKUMAETCA Ka 50-100 MM Gonbure AaMeT-
pa Hacoca). KoHeuHbI AnameTp u AUaMeTp BOZOPUEMHON YaCTH CKBAXUHBI 33BN~
CAT OT NMPUHATOTO IKCINYATALNOKHOTO AWNAMETPa, PIYGUHBI CKBAKUHLL, TUMA W
KOHCTPYKLMW MpPeAnolaraeMoro K ycraHoske gunbrpa. KoHeuHsl anameTp rvp-
POreonorndeckux CKBAXMUK A0/KeH obecneunsarb yCTaHOBKY COOTBETCTBYIOLIETO
¢unbTpa, Monyyerue KeoGXoAUMOro Ae6uTa CKBaXWHLI, YCIOBUR ee ANUTENbHON
IKCIIYaTaLny, a TakKe MposefjeRue Keo6XOAUMBIX IUAPOTreoNornueckux Habnio-
AERWA ¥ MCCnenoBaKmnit. B Tabnuue 3.1 npuBeaeHs! 3HaYEHUA MUHUMANIDRBIX KO-
ReUYKHX AVaMeTPOB ANA DA3NUNYHbIX KaTeropuit TMAPOTEONOTMYECKUX CKBAXUH
TPV BpallaTeNbHOM M YAAPHO-KARAaTHOM crocoGax ux coopyxerua. HawansHein
nvameTp GypeHUs ONPENENAETCA C YYeTOM HeO6XOAUMOCTH CIyCKa IPOMEKYTOY-
HbIX 06CafHBIX KOJIOHH, CI0c06a N30/1AUKn BOAOHOCHLIX TOPU3OKTOB Y BO3MOXKHO-
CTU PasMellleRUR B CKBaXXUHE Hacoca Tpe6yemoii TPOU3BOAUTENbHOCTU.

KonuyecTso K0NOKK 06capHbIX TPY6, UX AMAMETDH! W [YGUHL CIyCcKa ompe-
DENAIOTCA re0NOro-ANTONOTUYECKUM Pa3pe3oM, IyBUHON 3aneraHuUA BOROKOCHO-
TO FOPVU30HTA, YCTIOBUAMU U30NALUMU BOAOHOCHBIX TJIACTOB, MPUHATHIM IKCIUIyaTa-
LIMOHHBIM AUAMETPOM CKBRXXUHML U cTIOCOGOM ee Gyperus.

ITH 3NEeMEHTH KOHCTPYKLMV PMAPOTEONOTUYECKON CKBAXUHEL IOJKHM 06ec-
NeYuBaTh HafieXHY0 U30RLUI0 MPOAYKTUBHOrO r'OPU3ONTA OT APYIUX BOROKOC-
KBIX TOPU3OKTOB W OT MOBEPXKOCTY, OTBEYATh HauboJIee ONTUMANLHOMY DEXUMY
TEXHONOTUN ee GYPeHUA W YCNOBUAM MOCNEAYIOWeN IKCIUIYaTaluu, PEeMOKTa U
BOCCTaHOBNEKUA,

B KOHCTPYKUMAX CKBaXWK 0GCapHbie TPYOH MOMKHLI IPUHUMATBCA TeNECKO-
MUYECKUMMN C KOZIOHHaMW: 1IaXTOBO@ HampaBneHue, KOHAYKTOP, IKCTNYATaUUOH-
Haa ¥ ¢UAbTPoBas. B CNOMHBEIX TMAPOTEONOrNYECKUX YCNIOBUAX ANA MEPEKPHITUR
He 3aKPemNeRKbIX KOKAYKTOPOM BOAOHOCHBIX UNU HEYCTOWMUBLIX MOPOJ B CKBa-
HMHAX He06XOANUMO YCTaHaBAWBATb AOMONHUTENbHbIE (TeXHUUECKUE) KONOHHL
Tpy6, moANeKamme NoCeAYOMEMY NIBIETERUIO.
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Pazaer 3. HXEHEPHO-TMAPOreOAOrMHECKNE M3LICKAHMS

Tabnuuya 3.1
DNuameTp Gyposoro Ha-
YHUK
Ao chacoBs Eypemts, | “CHEAHEA T YaRDrOM
Munu- ' GypeHun, MM
Karveropus ';:22;2:? npu ocaake | Npy ocaake
cKeamuHbl | | ove- Ges ocankm npuaa6oit- | npusaGoit | 6es ocanku | npu ocapke
e, Mm npu3aBoit- | HOW 30HL! | HOW 30He! | npuaaGoit- | npusaBoii-
' HOVi 30HB! Tpy6amu | Tpy6amm c | HOM 30HLI | HOM 30HBI
Tpy6amu | 6e3 uemeH- | uemeHTa- TpyBamn TpyGamu
Tauuu unen
Mouckoabie
W paasenoM- 80-90 .9 2 161-190 80 110
Hble
Paasepou-
HO-3KCnnya- 80-100 91 110 190 90 130
TalKOHHbIE
Jkennyarta-
LHOHHBIE 80-100 91 110 190 110 130
Ha6noga-
TeneHble:
a) npu ycTa-
HOBKe aBTo-
MaTUHECKMX 75-80 75 91~110 161-190 75-91 91
npu6opos
6) Ges ycta-
HOBKW aBTO-
MaTU4ECKIAX
npuBopos 40-50 45,5 75-91 151 24,5-58,5 75

KOHCTPYKLMA CKBaXMH YAApPHOTO GYpeHUA XapaKTepU3yeTCA CPaBRUTENbHO
Gonbuium YMCIOM 06CAAHLIX KONOHK (OT 2-3 A0 5-6), UTO CBA3AHO C HEOOXOANUMO-
CTb10 3aKpPeneHUA NPOMKERROr0 6ypenuem urTepsana vepes 30-40 M (npu cre-
LUManbHLIX METOZAX MOCARKW KOMOHK Yeped 50-100 M). 3HauuTenbHoe yMeHbIle-
HVe Y1C/la KONOKH 06CaARbIX TPYO M ynpomerue KORCTPYKLWIA Tuaporeonoruyec-
KUX CKBXXMH 06eCIieNuBaeTCcA NPY BpawaTensHoM U KOMGURMPOBAKHOM Crioco6ax
MX COOpYXeRUA. Ha pucyHke 3.2 npuseAeH»l KOKCTPYKLUMYU TUADOTE0NOrIecKUx
CHBAXWH, ITPOWAEHHEIX YAAPHHM W BpailaTenbHbiM croco6amu. IIpu spamarens-
HOM criocobe 3a cueT Gonee cOBEPUIEHKON TEXHONOTUU GypeHUA BOIMOKHO TpH-
MEHEeRWe OJ\HO- W ABYXKONOKHBIX KOKCTPYKLMIA CKBAXWUK C NMOCaAKO# (pbTPOB
«BMOTaM» WU BCKDHITUEM BOJOKOCHBIX TOPU3OHTOB nyTeMm mepdopauun obcap-
HBIX KONOHH.
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BoporipueMitan YaCTb TMAPOreONOIUYECKUX CKBAXUH B 3aBUCUMOCTU OT CTe-
TIeHU YCTOMYMBOCTM BOROHOCHEIX OPOA YCTPauBAeTCA QUILTPOBOI Unu 6echuis-
TPOBOW (B YCTOWUYMBLIX TPEIIMKOBATHIX MOPOAAX M MENKO3EPHUCTHIX Meckax).

GUABTPH IMAPOTEONOTUYECKUX CKBAXUH NOTUKHBL 0GecmieynBaTs Gnaronpu-
ATHBIE YCTI0BUA LR NIPUTOKA BOABI, HE JONYCKATh TTECKOBAHUA U TAUHU3ALUN, He
YXYAWATh KAYecTsa BOAbl, 061aaTh MaALIM COTIPOTUBERUEM, GBITh YCTONUUBLI-
MU, RONTOBEYKbIMU U IKOHOMUYHBIMU. COTNIACKO NeWCTBYIOWUM PEKOMEHRAUUAM
Heo6X0ANMO MCMOTIL30BATh B TMONYCKANbHLIX HEYCTOWYMBLIX, MEBEHUCTLIX, rpa-
BUWHO-TaZIeYHUKOBLIX M NECYAHO-I'PABUAHBIX BOJOHOCHLIX NOPOAAX TpybuaThie
(c xpyrno# u meneson nepdopanueir), TpyduaTsie C NPOBONOYHO| 06MOTKOI U
cTepwHesbie GuUAbTPbl (63 06MOTKU TGO C BOROIIPUEMHON YACTHIO U3 HepXKaBe-
1011e#t IPOBOZIOYHOM OOMOTKY WA WTAMIOBAKHOTO IUCTA); B KPYIIHO- U CpepHe-
3ePHUCTHIX TTecKax (C mpeobnapaomum copepanuem yactuy, dpakunu > 0,25 mMm)
TpybuaTse n cTepxHeBble GUNLTPH C BOJONPUEMHON TiOBEPXHOCTHIO U3 MPO-
BONOYHOM 06MOTKM, CTANbHOTO WTAMIIOBAHHOTO JIMCTA UM CETKU KBAAPATHOTO
1 TaJlyHHOTO TINeTEHUS, MHOTAA C OHOCNOWHON T PABUAHON 0BCHINKON; B Men-
KO3ePHUCTHIX U ITUKUCTHIX TecKax (c npeobnanaruem dppaxuun > 0,1 Mm) Tpy6-
varbie W CTepXKHeBhle ¢ OAHO-, ABYX- WAU TPeXCNOWHOW MecyaHo-rpaBUHON
06ChIITKOM (rpaBuiiible GunsTpsl). Jna HabniopaTenbHLX CKBAXUN Lenecoobpas-
Hbl GUALTPH ¢ 6U3KOM K BOROHOCKEIM TOPOAaM NPORULAEMOCTbIO (NPOBONIOYHELE,
CeTyaThe U M3 WTAMNOBAHHLIX MaTepuanos). Anury pa6ouen yactu ¢unvrpa l; B
HaNopHb(X FOPU3OHTAX HeBOMbUIOH MOWHOCTU (RO 10 M) cnegyer MpPUKMMATb
PaBHOM MOWHOCTU MNACTA, B 6@3HAMOPHbIX — MONIHOCTU FTOPU3OHTA 33 BLIYETOM
BO3MOXHOTO MORVKEHUA (GUABTP BONKER GLITh 3aTONneH). B 6onee 3HayuTeNL-
HBIX [10 MOWHOCTY BOJOHOCKBIX TOPUIOHTAX €e OTIPeNeNIAIOT, UCXOAA M3 YCTIOBUA
06ecneyeHuA TPOeKTHOro Aefinta ckBaxuuu 0, OPUEHTUPOBOYHO MO IMIUDHU-
JeCKO 3aBUCUMOCTU:

ly=aQ/d,

rae Q — npoeKTHE Re6UT CKBAXMHLL B M3/4; d — HapyXHbI puameTp Gunsrpa
B MM; @ — 3MIUPUYeCcKuit KoaGGuUumMerT, IPURUMAEMEII B 3aBUCUMOCTU OT KO3~
tbuymnerTa GwibTpaLUu BONOHOCHLIX TOPOA B Mipeaenax ot 30 (Ans BHICOXONPOHU-
11aeMBIX TTeCYaKOrpaBUHBIX TOPOA) A0 90 (ANA MENKO3EPRUCTHIX NECKOB).

Kak noxa3sbiBaloT OMBIT M pacyeTsl, B OAAB/ALIEM GOTILIIMHCTBE CKBAKUH NN~
Ha pa6oveit yacTv GunsTpa [, MOXET IPUHUMATLCA U3 YCTIOBUIA O6ECNIEYEHUA COOT-
Rowenusa lo/m 8 nipenenax 0,5-0,8 (3neCh M — MONKAA MOIMHOCTH BCKPLITOT'O CKBa-
KUHON BOROKOCHOTO FOPU30KTa). B HabnioaaTeNbHEIX CKBAXMHAK UHTEPBAT BCKPbI-
TUA BOAUHOCHOTO FOPU30HTA W ARMKA paboyen yacTy GpunbTpa yeTaHaBRUBAOTCA
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Paspen 3. VHXEHEPHO-TUAPOTEOAOTUHECKUE N3LICKAHUS

C yueTOM 06eCreyeHnA 3aMepoB YPOBHA BOAb IPU CAMOM HU3KOM €ro TNOJIOXEHUU
(mpw 3TOM Bepx pa6oyeit YacTV GUNLTPa AOTUKEH BLITh HA 2—3 M HUKE YPOBHA).

[InA ycmewRoi ycTaHOBKU QUALTPA B CKBAXKWHE KOHEUKBIW €e AnaMeTp Aon-
XeH 6bITb Ha 50-100 MM Gonblie HapYKHOTO AUaMeTpa GWILTPA, a IipU YCTPON-
CTBE IPaBUNHBLIX QUNETPOB HEOGXOAUMO YYUTHIBATL TONWMHY IPABUAHON 06CHIN-
¥u. CocTaB rpaBuitHOI 06CHIKYU U pPasMephl POXORKEIX 0TBEPCTUH GUAbTPOB (d,)
MoR6UPAIOTCA UCXOAA U3 COOTROWEHUA dy = (1,5+4) dsq, TAE dgy — AMaMeTp yac-
TUL, COAEPIKAHME KOTOPHIX B OGCHINIKE O Macce cocTaBaseT 50%. ITO e COOTHO-
LIeHMe ClenyeT YUUTHIBATh W IPU YCTPOiACTBe GULTPOB 6e3 rpaBuitHoi 06CHImKN
(npu ycnosuu, uTo dg, OMpeAeneH AnA BOAOHOCHHIX MOPoA). [loabop Marepuana
IpaBUAHON OGCHIMKM OCYNECTBAACTCA B 3aBUCUMOCTW OT I'paHyNOMETPUYECKOTO
€OCTaBa BOAOHOCHHX NOPOA C Y4ETOM BHIMONHERUA COOTHOMEHUA dgo 06CHITKN:
dso MOpOAH = 8+12.

B nensx npoBeneHus KayecTBeHHOr0 F'APOreoloruYecKoro U TMAPOXUMUYec-
Xoro ompo6oBaHUA OTAE/ILHBIX BOAOHOCHBLIX MIACTOB M OPU3OHTOB B Tpolecce
6ypeHUA CKBAXMH WX ITOC/IE 3aBepLIEHUA UX TPOXOAKN HeOBXOAUMA TATeNbHAA
M307ALMA ONPOGYEMOrO MHTEPBA/NA OT CMEXHBIX B pa3pe3e TACTOB W TOPU30H-
ToB. A301A1UA OTAENBHBIX BOAOHOCHMIX FOPU3OHTOB W BOAONPOHULAEMBIX TAC-
TOB OCYL|ECTBAACTCA TAKXE B CBA3U C HEOGXOQNUMOCTHIO UCKTIIOYERNA TIEPETOKOB
BOAB! U3 ORHOTO NNACTA B APYTOil, MePeKPHTUA NOTIOMAONUX TOPU3OHTOB, MTpe-
AOTBpAlleRUA 3aTPASHEHUA BOAOHOCHHIX NNAcTOB, O6ecTeyerus YCTOWYUBOCTU
CTEHOK CKBAWMHBL U AIA APYTUX Lenei. B 3aBucuMOCTH OT criocoba 6yperus u
1€1eBOr0 Ha3HaYeHWA U307ALUA BOJOHOCHBIX TOPU30OHTOB U UCTILITYEMBIX UHTED-
BajI0B B CKBAXMHAX OCYNECTBAACTCA NEpeKphHITMEM UX 06CcajHbiMu Tpybamu C
3ajaBNMBAHUEM KOJIOHH TPY6 B eCTeCTBEHHBIe WM WCKYCCTBEHHO CO3[|aBaeMbie
TAMHUCTBIE C/I0Y, BHTOZIHEHWEM 3aTPY6HON W Hap6alIMayHO HeMeHTauuy 06-
CafHbIX KONOHH, YCTAHOBKOW CTIELNANILHLIX UEMEHTHBIX MOCTOB, TAMIIOHOB U Caib-
HWKOB, TPUMEHEHUEM Pa3NIMIHOTO POAa MAKEPOB, & TAKKE CMEeLUaZbHbIX CXeM U
MeTOA08 ONPO6GOBaHUA BOJOHOCHEIX TOPU3OHTOB (paspenbHoe OmpoboBanue Bopo-
ROCHMIX FOPU30HTOB, OTlepexaionee onpobosaHue, CONb3OBAHUE CTIELUANBHBIX
MCIBITATENEN [1NACTOB).

PacnpocTpareHHbIM W TPOCTHIM CIIOCOGOM U30M1AL{UM BOAOHOCHOTO TOPU3OH-
Ta ABJIAETCA CMYCK 06CafHBIX KONOKK W 3apaB/uBaHNe UX BalIMaka B OACTUAAI0-
jue BOAOHOCHbIH TOPU3OHT BOAIOYITOPHbIE ITUHUCTbIE TTOPOAL KA INY6UHY 3-5 M
(puc. 3.2, A). Ecnu noacTvnaowuii BOROYNOP KeRaaeKer WA NPeACTaBeH CKanb-
HBIMU OPOpaMY, TO BAABAMBAHWE GalIMakKa KOJIORKEL 06CafHLIX TPY6 OCymecTs-
TIAGTCA B CTieMa/IbHbIA MIMHUCTBIA TAMTIOH, CO3/laBaeMblii UCKYCCTBEHHO Ha 3a60e
CKBaXWMHBI U3 KUPHOW TaMIIOHAKHON FMKBL (HAOpachiBaeTCA B CKBAXUHY B BUAE
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I3
) B5e B B«

Puc. 3.2. CxemaTnyeckmne
paspe3sbl CKBaXWH
ny6uHoit fo 200 M.
CKBaXMHbI, NPOAREHHbIE
yaapHbiM (A) v spala-
TenbHbiM (B) cnocobamu:
1 — necok BOROHOCHbIN;
2 — W3BECTHAK BORO-
HOCHBIN; 3 — FUHb
necyanbie; 4 — mMuHbl

LI1ApUKOB ANGO FOCTABRAETCA Ha 3360V B CMELUANBLHBIX
Tpy6ax u 3areM BHIAABNUBAETCA W3 HUX). IIpu ckaib-
HOM BOJOYNOPE ANR CO3JAHWA TMMHUCTOTO TaMITOKa
pa3bypusaeTcR CreNWanbHblii KapMaK (C MOMOWbIO
CrenuanbHbIX PacLIMPUTENet UM JONOTA C IKCUEHT-
PUCUTETOM), 3aIIONHAEMDI TAMITOHaX KO rAnKoM. Bo3-
MOXHO 3aITOJIHEHUE CTaKaHa 1)eMEHTOM ANR LeMeHTa-
1uu GauMara o6capHOM KONOHHH.

B panbHeinreM rMUKUCTAR UAN L|EMEHTHAR MTPo6Ka
BHYTPU 06capHOit KOnoHxb pasbypusawrcs. Kave-
CTBO U30RRUUU BOROHOCHOTO FOPU30HTA IPOBEPAETCA
OTKaYKOW WNU HanWBOM BOABI NIPU YAAPHOM crocobe
6ypeHnA u HarHeTaHWEM BOAbL NP POTOPHOM Bype-
Huu. Heu3aMeHHOCTb YyPOBHR BOAbI B CKBAXKWHE NMOCHE
OTKaYKU CBUAETENBCTBYET O BHICOKOM KayecTse U30-
JRLUU TOPU3OHTA.

[ing Gonee HapeMHON U AAUTERLHON U3ONALUN BO-
DOHOCHBIX TOPU3OHTOB, IIACTOB U UHTEPBANOB NPU-
MeHseTcs neMeHTauus GauMakos obcapHbix Tpy6,
MaH}eTHaA 1eMeHTaLuR UK |eMeHTalNUA KONOKH 06-
CafHHIX TPYO B 1eNOM, AR Yero UCMOJb3YeTCA TAMNOo-
HaXHbIX JeMeKRT crenuanbKbix Mapox. IeMeHtayus
06CafHBIX KONOKH (3aTpy6Has neMeHTauus) npume-
HRETCR AR HABEMHOW U30NRUUM UCITEITYEMOTO TOPU-
30HTa OT BhILIENEXawux. Jing 370 uenv Bce BhiLlene-
Xalllue TOPU3OHTHI TEPEKPHIBAIOTCA KOROHHOM obcan-
HBIX TPY6, 3aTpy6HOe MPOCTPAHCTBO KOTOPOW 11eMeH-
TUPYETCA OT GalIMaxa A0 YCTbA CKBAKWUHLL UAK HA O~
pefieneHnyo Brcoty (puc. 3.2, B). '

[naMeTp GypeHUA U30AUPYEMON YaCTU CKBAXKUHDI
IIPU 1]EMEHTanUU IPUHUMaeTca Ha 50-120 MM Gonbuie
ZMaMeTpa eMeHTUPYeMbIX TPYG. Eclin Huwenexamuin
BOJIOHOCHBI? FOPU3OHT, NOAREXAMMUA onpo6oBanuio
UAW 3KCTIAyaTauuM, RBAAETCR BHICOKOHANODHLIM C
YPOBHEM BhILIE YCTbA, EMEHTAUUA 06CaAHBIX KONOKH
06R3aTeNbHA 4O YCTbSA CKBAKMUHEL.

TeXHUJECKM LeMEHTALUR OCYIeCTBRRETCA PA3NUYHLIMU CIOCOGaMU (Yepes 3a-
NVMBOVKEE TPYGKM, C TOMONLIbIO LeMEHTUPOBOYHBIX TONOBOK U Pa3AENsIoWMX NPO-
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6ox 7. 1.). IIpu GonblIux raybuHax GypeHnus W 61arONPUATHBIX TUAPOTEOROTU-
YeCKUX YCNOBUAX (OTCYTCTBME TMADABAUMECKOW B3aUMOCBR3UM POPU3OHTOB, Clabas
arpeccUBKOCTb BOA) MOXHO OTPAHUYUTLCA MWL MOAGALIMAYHOM LleMeHTayueit 06-
CapHLIX KONOHH. ECnv 06CaAHYI0 KONOKHY CIYCKAOT B CKBAXKUHY BMECTE C YCTaHOB-
NEeHHHM Ha ee KOHIle GUALTPOM U BO3HUKAET He0GXOAUMOCTb B LeMEHTaLMU HeKo-
TOPOro WKTEpBaNa 3aTPyGHOrO NPOCTPAHCTBA Bhille (GUALTDA, IPUMEHAETCA MAH-
KemHas yemermayus. llopasaeMbiit yepes crienuaibHbie KNanaHKble OTBEPCTUR B
CTeHKax 06CajiHOW KONOHHbI LEMEHTHLW PacTBOP LEMEHTUPYET 3aTpyGHOe mpo-
CTPaHCTBO HAa HEKOTOPYIO BLICOTY, 06pasya W30RMPYOWYI0 MaHkeTy. ManxeTHyo
LEMEHTAaLMI0 UCTIONb3YIOT TaKKe AIA U301ALUN OBHOTO OT APYTOTO CMEXHLIX B
paspese BOJOHOCHLIX TOPU3OKTOB (T1acToB). [lepep MpoBeAEHUeM MAHKETHOR Le-
MEHTalUMu 06s3aTenbHa PasrIMKN3ALMUA KaMeyaeMoro K onpo6oBaKuio ropu3oHTa.

B HeKoTophIx cTBONAX CKBaXUH (6ONbIAA TRYOUHA CKBAXMWH, YacToe mepe-
CRauBaHWe NOPOA PasHOM TBEPAOCTH, ArPECCUBHOCTD
TOA3EMHEIX BOA) ANA U30AALUM BOPROHOCHLIX rOpHU-
30HTOB NNPUMEHAETCA 3aTPYGHAR LeMeHTauuR obcan-
HBIX KOJLOHH (B TOM YUC/le XBOCTOBUKOB) C nocneny-
OIUM BCKPLITUEM OTPOGYEMBIX TOPU3OHTOB AU UH-
TEPBanoB NPOCTPeNOM TPY6 mepdoparopaMu unu
ppyrum cnocobom (puc. 3.3).

PaccMoTpeHHETe COCO6bI M30NIRUNM BOJOHOCHBIX
FOPU30HTOB TPEBYIOT 3HAUNTENLHOrO BPEMEHU, MOBLI-
UIEHHBIX GUHAHCOBLIX PACXOA0B U 3arpar Tpyb, obs3a-
TEeNILHOTO UCTIONB3OBAHUA HOBOM KONMOWHH 06CapHBIX
Tpy6 AR Onpo6oBaHUR KaWAOTO CNepyiollero ropu-
30HTA C YyMEHbLIEHUeM AUaMeTpa CKBAXMWHLL Ha 100-
150 MM, TOITOMY UX UCIONb30BAHME CTAHOBUTCA He-
14eN1ecO06PA3HEIM U 3ATPYAHUTERLHLIM, €CIN CKBAXKM-
HOW NpPeAnonaraeTcs BCKPHTb W IOCAEA0BATENbHO
onpo6oBaTh HECKONbKO TOPU3OHTOB (Gonee 2-3).
B TaKux yCROBURX 1jeneco06pasHo NPUMEHATb Cienn-
alnbHbIe CXEMEl U METOAB ONTPOBOBAHUA C paspeneHu-
€M ‘WY U30NALUEN ONTPOGYEMBIX TOPUIOKTOB UAK UK-
TEpBanoOB C NOMONbI0 BPEMEHHLIX TAMIIOHOB, MaKe-

Puc. 3.3. Cxema 3aTpy6HOit
uemenTayuu obcagHon
KONOHHbI TpY6 U BCKpLITUSA
BOAOHOCHOrO NnacTa
nephopanmeii:

1 — oBcapHan KONoOHHA
Tpy6; 2 — LeMeHTHBbI

DOB, Mpo6o¥, CaNbHUKOB W T. Ai, Hanpumep, B ycToit-
4MBLIX MOPOAAX nenecoobpasHo paspenbHoe onpo6o-
BaHWe TOPWU3OHTOB IO CXeMe «CBEepXY BHW3». JInA
3TOr0 NMPOXOAKA CKBAXKMKLI BEAETCR 10 NPOEKTHON

CTaKaH; 3 — BOQOHOCHBI
nnact; 4 — nepgopaumoH-
HblE KaHanbi; 8 — BCKpbi-
Tas MOWHOCTL NNacra
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a 4 ']

-7

Puc. 3.4, ORHOKONOHHAR KOHCTPYKUMA CKBAKMUHbI

BPaWATeNbHOro BypeHus C TpeMs (punbTpamu:

a — onpoBosaHue nepsoro (I) BOROHOCHOTO
ropu3oxTa; 6 — onpoBosanue sToporo (II) soso-
HOCHOrO ropu3oHTa; 8 — onpobosatine TpeTbero

(1) BOAOHOCHOTO FOPU3OHTA; 1 — 3/aCTUYHBIA
CanbHNK; 2 — GUALTP; 3 — NPOMBIBOYHOE OKHO;

4 — uemeHTHan npo6Ka; 5 — CanbHUK NEHLKOBSI;
6 — obcapHas KONOHHA TpyB; 7 — BCnoMOrarensHas
KonoHHa Tpy6
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OTMETKM 63 KpemneHua eeé
crexox. Ilocne mpoBepeHnA
reopuanyeckux uccieposa-
HWUW HaMeueHHble ANA onpo6o-
BAHWUA UHTEPBANb Pa3obWAT
LeMEeHTHHMU MOCTaMW, yCTa-
HaBJIUBAEMLIMU NOC/en0Ba-
TeNbHO CHU3Y BBEPX NYTeM
PACKNINHUBAHUS AEPEBAHHOLO
KNWH3, Ha KOTOPLIN 3aN1MBAIOT
LleMeHT Yepe3 KONOHHY Tpy6.
HccnepoBaHus TOPM3OHTOB
BeAYTCA NOCNENOBATENbHO
CBEPXY BHU3 C NEPeKphLITMEM
onpo60BaHHOTO WHTepBaNa
obcanHbMu Tpybamm po e
MEHTHOTO MOCTa, ero pasbypu-
BAaHWEM W UCTILITAHWEM HOBOTO
WHTEpBana.

B apyrux ycnosuax npea-
Ha3HayeHHble ANA Onpobosa-
HWA TOPU3OHTHL KANTUPYIOTCA
OHOW KOJOHHOW 06CagHBIX
TPY6 C YCTAaHOBKOW Ha Hed
GUILTPOB ANS KAKAOTO U3 TO-
PW3OHTOB M pa3obueHueM
3TUX QUIBTPOB LEMEHTHHMYU
MOCTaMu BHYTPU 06capHOn
KONMOHHbI (puc. 3.4), Onpobo-
BaHWe FOPU3OHTOB OCYWECTB-
nAeTcs TNOCIen0BATENLHO
CBEPXY BHM3 C WCNONb3OBA-
HWUeM CrelnanbHOW BOAO-
TIOALEMHON KONOHHH C 3nac-
TUYHBIM CaZlbHUKOM ANR W30-
NAUUN YXKe ONpo6OoBaHHOTO
nnrepsana. Illocne ussneve-
HWA BOJIOMOAbEMHOW KOJNOH-
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Hbl MOXET OLITb NPOBEAEHO CYMMapHOe
onpo6oBaHMe BCEX KaNTMPOBAHHBIX 06-
CagHOW KONOHHOW rOpu3oHTOB. Pasrau-
HW33aUMA TOPU3OHTOB NPU 3TOM crniocobe
ONpPO6OBAHUR NPOUIBORUTCA NUOO KOM-
6uHMpOBAHHEIM COCO60M, NM60 06paTHO
BCAChIBAOLIEH TPOMBIBKOI yepe3 NpoMm-
BOMHBIE OKHA, JCTAHABNUBAEMble B HWK-
Hel YacTV QunbTpoB.

3ddexTUBHBIM M MEPCNEKTUBHLIM
criennanbHEIM MeTOAOM ONpoboBaHMA
BCKPBIBAEMbIX NPU GYPEHUN CKBAKUHB
FOPU3OHTOB ABAAETCA METO] ONepexaio-
wezo onpobosarus, obecmeynBaoWUn
oripo6oBaHue BCKPHIBAEMBIX CKBAMUHOW
TNACTOB W TOPU3OHTOB 63 CymecTBeH-
HOTO M3MEeHEHUA TeXHOMOTWMW GYpeHus.
Tlocne BCKPHITUA MIACT3, HAMEY@HHOTO K
ornpo6osanuio, 6ypeHue npekpamaercs,
TNPOMLIBAIOT CKBAKUHY KauyeCTBEHHLIM
PTIMHWCTHIM PACTBOPOM (Uem u obecreyn-
BAETCA M30NALUA UCTILITYEMOTO POPU3OH-
Ta OT BHILUEJNENAWNX), N3BNEKAOT OYpO-
BOW HAKOHEYHUK W Ha 6ypoBix TpybHax
ONYCKAT B CKBAXUHY CHELUaNbHHA
punbTp-onpobosBaTens (MPOMBLIBOYHOIO
WIN WHeKOoBOro Tuna). llocne BBEpeHUA
GunbTpa B MCILITYEMBIA TOPUIONT (C pac-
XOOKOW M TMAPOTIONMHIBOM) 3aMepRETCA
ypoBeHb Bopbl B 6ypoBbIX Tpy6ax u ocy-
ulecTBAAGTCA OTKa4Ka (puc. 3.5).

, BnA BPEMEHHOW U30NALUM B CKBA-
UHE UCIILITYEMbIX WHTEPBANOB U FOPU-
30HTOB WIUPOKO WCHONB3YIOTCA CREUM-
aNbHBle MaKephl (TAMIOH), KOTODPbE
OMYCKaWTCA Ha 3afaHHyw TAY6MHY B
CKBaXWHe, YCTaHABAWBAlOTCA (pa3nuy-
HBIMW cmocobaMu) u mocne ompobosa-

Puc. 3.5. Cxema onepexaiouero
0np0o608aHNA BOAOHOCHBIX TOPU3OH-
T08: 1 — (hunbrp-onpobosarens;

2 — BypunbHble Tpybbi; 3 — B03AYW-
Hble Tpy6ul 3pandTa; 4 — yposeHs
NOA3EMHbIX BOZ ONPOGYEMOFO ropu-
30HTa; 5 — TPOWHWK N8 CAMBA BOAbI;
6 — TPOHUK Ha BO3AYWHOI NUHUU C
YMNOTHUTeNbHOI NpoBKoi; MYP —
NHeBMaTU4ecKuit yposHeMep
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HUA U30NUPYEMOTO UMK UHTEPBaNa M3BNEKAIOTCA U3 CKBAXMHML, B 3aBucuMoc-
TH OT criocofa onpofoBaHUA NaKepbl YCTAHABAUBAWTCA HENOCPEACTBEHHO Tie-
Pefl UCTILITYEMLIM TOPU3OHTOM, HUXE eT0 WA BHENAIT UHTepBan onpotosa-
HuA, obecneunsasn ero u3onALNI0 B pa3pese CBEPXY u CHU3Y.

KOHCTPYKTUBHO Nakep NpepcTaBaseT coboit InacTuuny 06onovky (B npo-
CTellIeM CNyYae CanbHUK), CNOCOBRYI0 Ipu U3MEeHEeRUu ee 06beMa NpeBpamaThes
B M30NMPYIOWMUIA TaMIOH (PE3UHOBHEE KONbLA, TPYObl, AUCKU, HAMYBHbIE MAHIKETH
u 1. 1.). [lakepylomue 371e€MeHTH IIMPOKO NPUMEHAIOTCA NPU TURDOTEONOTHYEC-
KOM OMPOGOBAHUU CKBAXMUH ¥ TOPU3OHTOB C NOMOWbIO CNENUaNbHIX UCILITATE-
neit u onpo6osareneit NMNacToB, UCNIONb3YEMEIX B YCNIOBUAX YCTONYMBLIX Paspe3os
TUAPOTEONOTUIECKUX CKBAKUH.

Onpenenexrsie Tpe60BaHUA TIPEABABNAKTCA K 0G0PYAI0BARWIO YCThEBBIX Yac-
Teit P'MAPOreoNnornyeckuX ckBaXmK, OronoBox CKBaMUHB JOMKEH obecrneyusaTsh
YCNOBUA ANA PETYIMPOBAHUA NMPOLECCa OTKAYKYU WAM CaMOWM3NUBA, U3MEPEHUA
ypOBHeit u febuTa, 0TGOpa NP6 BOAHI U rasa, CYCKa 3MEPUTENbHBIX URCTPYMEH-
TOB, U30NALUI0 CKBAXKMHLL OT aTMOCEPHEIX 0CAAKOB U 3arpasHerwit u T. A. Oco-
607t crieunduKoi oTanyaerca 060pyaoBaHue yeThba GOHTARUPYIOMUX U Ta3upyio-
WUX IAYGOKUX CKBANMH (HEO6XOAUMOCTb YCTaHOBKM (DOKTAHHOR apMaTyphl, Ny6-
PUKaTopa, ra300TACNUTENA, MAHOMETPOB U T. . ).

PassenouHbe n ApPyrue TMAPOTecnoruYeckue CKBaXXUKLL NOCAE BLIONHEHUA
WMMU CBOMX GYHKLUI NOANEKAT 06:A3aTENbROM NTUKBUAGLUY IIYTEM COOTBETCTBY0-
mei CaHUTaPHO-TEXHUYECKOH 3afienky (TaMMOHaXa) ¢ BHIIONHEHUEM MePOTIpUa-
T, NCKLIOMAIOWUX NIEPeTEXaRue MOA3EMHBIX BOR U3 ORHUX BOAOHOCHLIX TOPU-
30HTOB B APYI'ME U UX 3aTPASHEHME,

3.1.2. Tlpoxojka ropu3oHTaJBHLIX FOPHBIX BRIPA0OTOK, KaHaB, Wypdos

TIpoxoaKa ropu3oHTanbHLIX TOPHLIX BLIPAGOTOK TPY U3BCKAHUU NCTOYHUKOB
[UTHEBOTO BOROCHABKEHUS IPOBOJUTCA PeXe, yeM Gypenue ckamu, Yame rup-
poreonornyeckue HabnioAeHUn NPOBORATCA B YIKE CYIECTBYIOMUX BHpaboTKax.
VIROTAa B MOPOAAX C ManbIMM GUALTPAUUOHHLIMM NOKA3ATENAMM NPOXOAAT TaK
Ha3biBaeMble BOJOCGOPHBIE Talepeu, pOIOT KONOALLY, IIyPHI U KaHaBLL,

TIpoBeaexue ropu3oHTaNbLHEIX BLIPAGOTOK B KPEMKUX TOpopax

B reonoropa3ssepouHbix napTuax Munucrepcrsa reonoruu P o6vem npoxo-
IMMBIX 32 TOJ| FOPHBIX BHPABOTOK COCTaBRET B CpeAHeM 280—290 ThIC. M, ipuueM
6onee 95% U3 KuX ~— FOPU3OKTanbHbIE BHPaboTku. IIouTn BCe ropHble BHPaboT-
KU (84%) MPOXOAATCA O KPEMKUM NIOPOAAM C IOMOMbI0 6YpPOB3PLIBHEIX paboT,
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BypoB3priBHble PaBOTHI IIPOBOAATCA B COOTBETCTBUM C NACNOPTamMu, paspata-
THIBAEMbIMW ANA KKAOW POPHOM BHPAGOTKU U YTBEPIKAAEMBIMU TNABREIM UHXKE-
HepOM WAW HAaYaAbRUKOM T'eONOropa3sefouHOW napTun. dddexTnsHoCcTs 6ypo-
B3PbIBHBIX pa601' 33aBUCUT B 3HAYUTENLHON CTENEHU OT TOr'0, HACKOAbKO NpaBuAb-
HO BHIGpaNbl napameTpsl 6ypoB3phIBHbIX paboT ~ Tvn BB u cnocobrt B3phBaHua
3apAROB, YMCAO W IAYGUHA WINYDPOB B KOMINEKTE U CXEMa WX PAaCHONONEHnA B
Maccuee MOPOAM, MOANeNawmen oT60WKe B KOHTYpax ceveHus Bhipaborox. Ipa-
BUNBHO BHIGPAHHAA W BLINONIKEHHAA CXeMa PacloNOXEeRna WNypos B 3a6oe obec-
neunBaeT OTHOMKY NOPOAL OT MACCUBA C PABHOMEPHLIM Apo6neRneM ee 6e3 Kpyn-
HbIX KYCKOB ¥ C 06pa30oBakueM KOMNIAKTHOro pa3sana NOpOAb! ¥ 3a60s, YTO Crio-
coberayet yenemHow y6opke ee.

Bypenne WINYypoB B NPOXOAYECKOM LuKie 3anuMaer oT 30 Ro 45% obwent
POROMKUTENLHOCTH LMKNa, B Mpoxopdeckom 3aboe nnomaasio 58-6,4 M2 6ype-
Hve LINYPOB valie BCero NPOBOAAT ABa POXOAuuKa (Ipn 6ypernn nepdoparopa-
MU C IREBMONIOAAEPXKaMu), a ipu 6yperun ¢ JIKP-V opun mpoxopumk paGoraer
Ha ABYX KONOHKaXx.

B3pbiBaHMe WINYPOBLIX 3apPAAOB Pa3pellaeTcA MPOBORUTH TONLKO MOCAE MO-
Aaun CIeljuanbHoro Curnana, xo‘ropmﬁ RONXEH 6HITh #3BECTEH BCEM NPOXORYU-
KaM ¥ APYTMM IULAM, HAXORAWMUMCA B 1IaXTe B Pefielax NIPOU3BOACTBA B3PLIB-
HbIX pa6or.

Tlpn orreBOM B3pHIBAHUYM 3APAROB CNERYET BRUMATENbHO CYUTATh BIPLIBHL.
[pu o6HapyKeHWn 0TKasa HeB30PBABLIWACA WIYPOBOW 3apAA Heo6XORUMO He-
MeAIeHHO (N0 UCTeYeHWu BPEeMEHW MPOBETPUBAHUA) NUKBUANPOBATb. BRIXOAUTD
M3 YKPLITHMA MOXKHO NIMIIb C Pa3pelleHUA B3PHIBRUKA NOCNE B3PLiBA BCEX 3aPAROB.

TIpononxnTeNbHOCTD 3apAXAHUA Y B3PHIBAHUA WINYPOB KONEGNETCA B 3HauUN-
TeNbHbIX Npefienax oT 7 A0 16% BpeMeHn yuKna.

TIpoBeTpUBaHUe BHPAGOTOK OCYIECTBNACTCA C UCIONB3OBANNEM TTIABHBIM 06-
Pa3oM 0CeBbIX BEHTUNATOPOB Tuna BM n CBM v MeTannuueckux unm 6pe3eHToBLIX
MpPOpe3uHeHHbX TPYGOnpoBoRos. B mpaKTHKe NMPOBeAeHWs TOPHO-Da3BEAOUHBIX
BLIPAGOTOK IPUMEHRIOTCA BCE TPH COCO6a POBETPUBAHUA: 27% BLIPAGOTOK IPO-
BETPUBAKTCA N0 HAarHeTaTeNbROM cxeMe, 28% — MO BcackBawmen u 45% — o
KOMGURUPOBAHHON,

Y60pka nopops — Raubonee TPYAOEMKU NPOLECC NPOXORYECKOTO LUKNA,
3aruMalomuit 40~60% ero NPoAOIKUTENbHOCTH. B yCNOBUAX reonoropassenoy-
RbIX NapTHi IPUMEHAIOTCA B OCHOBHOM fBa croco6a y6opKy MOPOABL: € UCTIONb-
30BaHWEM CKpPeNepHHX YCTAHOBOK B BHIPaBOTKAX C MAOWAALI NOMEPEYHOTro Ce-
YeHWR 40 5 M2 u NOrPY30MHLIMM MAlIMHaMu NpW NNOWMARY CeYeHus BHPaBoTOK
6onee 5 M2, TIpOM3BOANTENLHOCT YBOPKM MOPOALE B 060MX CAYYAAX 33BUCUT OT

327



CrpAaBOYHUK COBPEMEHHOTO WU3bICKOTEAS

Mrorux axrTopoB. He uckmoyas BAUAHMA
baKTopoB, 3aBUCALIMX OT KOHCTPYKLUM TO-
TPY30YHbIX MAlIMH U CKPeNIePHBIX YCTaHOBOK,
OTMETUM (aKTOPhl OPraHU3aLUOHHOTO TO-
PANKA, BAUAA HA KOTOPLIE MOXHO A06GUBATLCR
CYIeCTBEHHOTO TIOBLILIERUA IPOU3BORUTE b
HOCTU Y6OPKU TOPOABI M COKPALLEHUA TPO-
ROMKUTENLHOCTY €€ B TPOXOAYECKOM Liukne.

06beM Kpennenua BLpaboTOK B re0noro-
Pa3BeovHbIX MApTUAX B CPEfHEM IO Te0J0-
ropa3Befj0MHON OTPacnn COCTABNRET OKONO
30% o6beMa TPOXOAKM POPUIOHTANBHEIX Bbl-
paborok. Hepoouenka 3HaueHuA Kpemnenus
TOPHBIX BHPAGOTOK U MOANEPKAHUA UX B XO-
polIeM COCTOAHWUU HEJOMYCTUMA U MOXKET
. MPUBECTU K RECYACTHHIM CNYYanM.

Puc. 3.6. Haknornas dhopma
3a60s 8 paccedxe

TpoBeaexne ropu3oHTaNnbHLIX BLIPAGoTOK
B MAIKMX OAHOPOAHLIX OPOAAX

B MArKUX OJHOPOAHLIX MOPOAAX NMPOBELEHNE TOPHOPA3BEAOYHBIX BHPAGOTOK
MOXET OCYIEeCTBAATHCA C UCTIONLIOBAHUEM MTPOXOAYECKUX KOMGAWHOB, OTBOAHBIX
MONOTKOB 6e3 PeBapUTENbHOrO PhIXIEHUs TOPOALl B3pbIBAMU 3apszos BB, or-
GOWMHLIX MONOTKOB C MPEABAPUTENBLHBIM PA3PLIXNEHUEM OPOAL! B3PLIBAMM 3apA-
10B BB 1 BpY4HYI0 C UCMONb30BAHUEM NPOCTE MUK PYUHBIX UHCTPYMeHTOB. ITpo-
XOiyeckue KOMGARHbL B Pe0NI0r0pa3BefoHO 0TPACNU NOKA HE IPUMEHAKTCA, TaK
KaK B MATKUX OPOJiaX FOPHO-Pa3BEN0YHbIE BHIPAOOTKM MPOBOAATCA B OrpaHUueH-
HBIX 06beMax, HeGONbIIOK TPOTAKEHHOCTU U MaNbIMU MONIEPEYHBIMU CEYEHUAMM,
2 B TAKUX YC/I0BUAX UCTIONb30OBAHNE KOMOANHOB COBDEMEHHEIX KOHCTPYKIWHA, TTpH-
MEHSAEMBIX B YPOJbHOM MPOMBILNEHHOCTY, IKOHOMUYECKH Helenecoo6pasHo. Ta-
KuM 06pa3oM, POXOAKA FOPHO-Pa3BeAOYHBIX BLPABOTOK B MATKUX MOPOAAX IPO-
BOQUTCA B OCHOBHOM OTOOWHLIMW MONOTKaMu mo mopopaM Ao IV xareropun 6e3
ucmonb3osanua BB u no nopopam IV-VI xaTeropuit — ¢ npenBapuUTENLHEM PhIX-
JIeRUeM NOPOZbI B3pLIBaMU 3apanos BB.

Bpyunyo ¢ MCMONb30BaHUEM NPOCTENIIMX PYYHBIX MHCTPYMEHTOB IOPHO-Pa3-
BEQOYHbIE BHPAGOTKU IPOXOATCA B UCKIIOYUTENBHBIX CAYYasX U B Manbix 06be-
Max B TePUOJ, OUCKOBLIX PAGOT U MPEABAPUTENLHOM Pa3BEAKU MECTOPOKAEHUA.

Tpoxodxa zopHbix 8bIPabOmMoK om6E0olHLIMU MO mu Ge3 npedsap
MEenbHO20 PHIXNeHUA Nopodul 83pbisamu BB. 0T60MKa MOPOAL OT Maccusa
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Pasaen 3. NHXeHepPHO-TMAPOTEOAOrMYECKNE USLICKAHUS

B KOHTYpax OMEPEYHOro CeYeHNA FOPHOM BRPaboTKM HaYUHAETCA ¢ Pa3paboTKu
Bpy6a B mpocnonke Haubonee MACKUX NOPOR KA raybuny 20-40 cM, mocne Yero
OCYILecTBAALTCA OTGOWKA NOPOJL! B HAMPABJIEHUMU K BDY6Y 3aX0fKaMu Ha BeNIUYU-
Hy Bpy6a. 0T60iKY Mopoas! nenecoo6pa3Ho NPOBOAUTL OT HUKHEW yacTu 3a60s K
BEPXHEMY yCTyny.

3aKoHUMB OTEOVIKY OPOAL MEpBOY 3aXOAKY, Pa3paGaThiBaloT HOBLIA BPYS u
LMK OT6OAKM TIOPOALI NOBTOPAKT. B mpoyecce Mpoxonku BhpaboTOK B MATKUX
nopopax ocofoe BHUManne HEOEXOAUMO YAENATb TOBEAEHNIO TOPOR NPY uX o6Ha-
weruu. IIpu MOABIEHUU Maneiumx MPU3HAKOB HEYCTOWMBOCTU IOPOR, KPOBAU U
60K0B BHIPaGOTKM CNEAYET MPEKPATUTb OTGOWKY MOPOALl U HEMEANEHHO MPUCTY-
TIUTD K KPETUIEHUIO IPOMAEHHOTO UHTEPBANA BHPAGOTKY.

Kpennenue BHDabOTOK, IPOBOAUMEIX B MATKMX MOPOAAX, ABNAETCA Haubonee
OTBETCTBEHHLIM POLECCOM, TPEGYIOWNM 0CO60r0 BHUMAKMA KaK IPOXOAYUKOB, TaK
W NN, OTBETCTBEHHBIX 32 FOPHOTEXHUYECKUt Raf3op. KpenexHsle paMbr, cornacko
TaCTOPTY KPerieHus, YCTaHAaBAMBAIOTCA B 3aBUCUMOCTU OT YCTOWYMBOCTU NOPOR
BCIUIOWKYIO (5 KPENeXHbIX paM Ha 1 M MPOXOAKK) WU BPa3BexKy (3 KpemexHsle
paMbt Ha 1 M TpoxoaKu). B BbipaboTke AOMKEH HOCTOAHKO HAXOANTLCA HEOOXONU-
MBIV'3aMac KPereXHbiX MaTepuanos.

Ipoxodxa svipat Goiinvimu amu ¢ npedsapumensHol

601KOU U PBIX. podst 3apadamu BB. B nopojax MATKMX, HO JOCTa-
TOMHO TUIOTHBIX, TPU POBEA@HUN TOPHLIX BLIPAGOTOK OTGOMHBIMU MONOTKAMM B
pAfe cayyaee nenecoo®pasHo MpeABapuTeNbHOE pa3pbixeHUe UX IHeprueit
B3pbIBa HeBonblux 3apsfos BB. Ins 3Toit yenu B cpeareit yacTu 3a60s B3pbiBaeT-
cA He6onbmoe YNCNo (3-5) NNYpPoBLX 3aPAKOB, C IOMOWBIO KOTOPLIX OTGUBAETCA
W Pa3pLIXJIAETCA 3HAUNTEIBHAA YaCTh MOPOAHL, @ OCTABILYIOCA YaCTh €€ B KOHTYDPax
BBIPabOTKU 0OTEMBAIOT OTOOMHBIMU MonoTKaMu. [loposa yéupaetca Bpyynyio. Ecnn
Ppas’Mepbl IONepeyHOro CeMERUA [OIBONANOT, TO ANA TIOTPY3KN MOPOZHl UCTIONB3Y-
10T Orpy30yHylo MauuHy. Kpennenue, HacTunka penbcoBhbiX MYTeR v Hapawmea-
HWe BEHTWIALUOHHHIX U APYTUX TPYOOMpPOBOAOB MPOBORATCA B COOTBETCTBUM C
NacmopTaMu KperjeHus U BERTUIALUM.

TlpoBepexue ropusoOHTANbLHBIX BLIPAGOTOK B HEOAHOPOAHLIX TOPOAAX

B pesynbrare CUCTEMAaTUYECKOrO ONPOGOBaHUA 3a60€B, KDOBAU U TTOYBH TOP-
HbIX BbIPAGOTOK HaKalnuBaeTcs 0GbEKTUBHAA TEONOrMYEcKan UHGOPMALUsA, No-
3BONAOMAA ONPeRenaTh GOPMY 3aneraHuA MONe3HOrO UCKOMAeMOoro u AaBaTh ero
KOJIMYECTBEHHYIO U KaYeCTBEHHYI0 OLeHKY. Bri6op crocoba mpoxonxu 3TOro Tuna
BLIPAGOTOK B YCIOBUAX, KOPAA 33601 NpeQCTaBeH Pa3HBIMU IO TBEPAOCTYU W ITPaK-
TUYECKO 3HAYUMOCTU TOPORAMY, 3aBUCUT OT PAAA GaKTOPOB: OT YCIOBUIL 3ane-
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TaHUA NMOJNe3HOTO UCKOMIAaeMOT0 M BMENaloIMX NOPOA, X TBEPAOCTU U MOLKOC-
TU, @ TAKKE BOIMOXKHOCTYU U 11eN1eco06pasHOCTH paspebHo 0T60WKYM nonesHoro
UCKOMaeMoTo U BMealoux NOPoa.

Ecnu nonesHoe uckonaeMoe xapakTepU3yeTcs MeHbllen TBEPAOCTLID, YeM BMe-
Waluine MOPOAbl, @ NEHHOCTb ero Gonbluas (301070, PaAMOAKTUBHLIE PYAL), TO
uenecoo6pasxa paspenbHas 0T6oiiKa (BhleMKa) MONE3HOr0 uckonaemoro. Ilpu pas-
LeNbHONU BhieMKe 0becreynBaloTca (6e3 ROMONHUTENLHHIX 3aTpaT) BajloBOE ONPO-
6033}{149 W NONYTHaR 1:\068[‘-13 11eHHOr0 M0Ne3HOT0 KOMITOHEHTa. B Takux YCRoBUAX
oT6oWxa Mpu HeGONBLIOW TBEPAOCTU NMONE3HOTO UCKOTIAGMOTO MOXET OCY.ecTs-
NATBCS OTGOMHBIMU MOJIOTKAMK (C MPEABAPUTENLHLIM PA3PLIXIEHMEM ero BIphiBa-
Mu 3apanos BB wau 6e3 pasphixneHus), a BMEmaLme MOPORb 0TOMBAKTCA €
noMonbio 6ypoB3IpLIBHLIX padoT.

Tlpu npoxoznKe MONEBOrO WTPeKa MO KOHTAKTY ABYX PAa3HOBUAHOCTEN MOPOR
3a60oW pacnonaraiT no OTHONIEHWID K PA3HLIM OPOAAM TaK, yTo6H Gonee MaArkue
nopoAbt 3aHuManu Gonblryo vacTs 3a6of. B Takux cnyuasx sarparst Ha Gypo-
B3pHBHEE PabOTH YMEHDbLIAWTCA, a MPOU3BORUTENLHOCTD TPYAA NPOXOAYMKOB
mosbiiaeTcs. IIpu pelileHuu BOpoca 0 TOM, Kak pacmosiaraTh 3a6oit o oTHoule-
HUIO K TOPOAAM Pa3HOi TBEPAOCTM, HEOBXOAMMO YUUTHIBATD, YTO NIPU MOHUKEH-
HOW YCTOWYWBOCTU MOPOABI BOIMOXKHA HEOGXOAMMOCTb KPenneHuA NPOoiaeHHOro
WHTEpBaNa, a B TaKMX YCIOBUAX MOXET 0Ka3arbCa Gonee 1enecoo6pasHbM Npoxo-
1vTb BHpaboTKy no 6onee TBEPAOR NOpoZe, He TPeGYIoNeN KPErIeHWS.

ﬂponegexue HAKNOHHDIX Bb(paﬁOTOK

TopHyie BHPabOTKM C YINIOM HakioHa Gonee 5° B reonoropassejoyHoM Mpo-
11ecce UCMONB3YIOTCA MPU Pa3BefKe INaBHLIM 06pa3soM B OCAAOMHBIX NOPOAAX.
TIpOXOpRATCA OHM OBBIMHO MO NMAjeHW0 NAACTa, MO3ITOMY YIONl HaKNOKa MX PaBeH
yrAy NapeHus nuacra.

dopMa n pasmepbl TOMEPEYHBIX CeYeHUN HAKIOHHBIX BHIPabOTOK ompepens-
10TCA B 3aBUCUMOCTM OT YIVla HakiOHa MAACra, YCTOWYUBOCTU TOPHLIX MOPOA W
TIPUMEHAGMBIX CPEACTB MOAbEMA MOpopbl. [IpaMoyronbHas Gopma mpuHUMaeTcs
Tipu IPOXOZKeE BLIPaBOTOK ¢ yrnoM HaknoHa Gonee 30° u mopbeMe MOPOAH CKuma-
mu. TpanenuesuaHan GopMa NPURAETCA HAKNOKKLIM BHPAabOTKAM, IPOBOAUMBIM C
YIIOM HaxnoHa 30° MO HeyCTOWYMBLIM IOPOAAM; NMOABEM MOPOAL NPY HaKNOHe
MeHee 25° MPOBOAUTCSA B BAaroHax, a Mpu YIiax HakjoHa 6osnee 25° — B cKumax.
Csopuartan (hopMa MCMONBL3YeTCA NP NMPOBEREHMU HAKJIOHHBLIX BHPABOTOK Mo
YCTOMYMBLIM [TOPOAAM C YTNIOM HakloHa MeHee 30°. 3pech, Tak Xe Kak u Ipu
TpaneuueBuaHoR Gopme BHIPaBOTOK, TOZBEM NOPOAB! MOKET MPOBOAUTLCSA B BAro-
Hax npw yraax 25° v Mexee 1 B ckunax npu yraax Gonee 25°.
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Pa3imepsl NOMEPeYHLHX CEYeHUW ONMPENeNnfOTCA MO rabapuraM NMOABLEMHLIX
COCYROB ¥ 3a30paM, MPeAYCMATPUBAEMBIM NpaBuiaMn 6e30MacHOCTH, C YYETOM
ofecneyexus yCnoBUW HOPManbHOTO NMPOBETPUBAHUA FOPHHX BHPAGOTOK Npu
WX Pa3BUTUN.

BenuumHa 3a30poB MeXAY MOABEMHBLIMU COCYAAMU W NEPEBAHHOW KpPembio Ha-
KJLOHHOTO CTBONA LAXTH A0JKHA ObITL He MeHee 250 MM, a TP KaMeHHON U GeToH-
HOW — 200 MM, MeXRy ABYMA NMOALEMHBIMU COCYAAMU — TaKe He MeHee 200 MM.
CKOpOCTb ABWKEHUA BEHTWIALMOHHOW CTPYY He ROMKHA NPeBbIaTh 8 M/C.

Ipoxodxa HaxnoHHBIX WaxmHbix cmeonos. TlpoxonKa cTBONA HAYUHAETCA
nposegeHneM paboT Mo o6yCTPOUCTBY MPUYCTLEBOW YacTh BLIPAbOTKK, B COCTaB
KOTOPbIX BXOAUT Pa3paboTka KOTNOBAHA U €TI0 KPENNEeHUA, @ TaKKe U YCTPONHCTBO
YCTbA CTBONA.

Pa3pa6oTka (pbIThe) KOTI0BaHA ANIA HAKNOKHOTO CTBONA (PUC. 3.7) OCylleCTB-
AIATCA C IOMOWIbIO 3KCKaBaTopa ¢ Gynbac3epHLIM OTBaNOM. B Kpemkux mopopax
npu HeoBXOAMMOCTU BHUTONHAWTCA GypoBaphiBHbE paboThl. YcTbe HAKIOHHON
WAXTH Ha rny6uHy He meHee 10 M KPENMUTCA MOHONMTHBIM GETOHOM; y YCTbf
YCTaHABAUBAIOTCA MeTaIMYecKue MPOTUBOMONKApHbe ABepu. OnHOBPEMEHHO C
06yCcTpOACTBOM YCTbA CTBONA WIAXTH MOHTUPYETCA MeTalAndecKaa 3CTaKana,
CTPOUTCR 3paKue BJIK MOABEMHON MAIMHMK M YCTAHABIWBAETCA MOABEMHAA MalIn-
Ha; CTPOATCA GLITOBOW KOMGMHAT, MEXaHWMEeCKas MacTEpCKasm, KOMIpPecCOopHas,
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CrpaBOYHUK COBPEMEHHOTO W3bICKATEAR

BEHTUAALUMOHHAR W APYTUe NPOU3BOACTBEHHbIE oMeweHus. IIpu mpoxopke ycTba
HaKJOHHOTO CTBONA, €T0 KPEINIERNN Y ADYTNX PABOTaX MOXKHO UCTIONBL30BATD Bpe-
MeHHHI opbeM, a AanbHeNllan MPOXOAKA MAXTHOTO CTBONA AOKHA TPOBOANTLCA
TONBKO IO 3aBepLIEHUN MOHTAXA CTALNOHAPHOTO MOABEMA.

Bypenve wnypos Npu MpOXoaKe HAKNOHHOrO CTBONA B 3aBUCUMOCTH OT Kpe-
MOCTY MOPOAbl BLIMONHAETCA NMBO MHEBMATUYECKUMU niepdopaTopamu, 6o rop-
HBIMWU 371€KTPOCBEPaMU C COOTBETCTBYIOMMMU TIOAAEPKUBAOIWUMUA YCTPONCTBA-
Mu. Tak KaK WAXTHBIA CTBOJL IIPOXOAUTCA N0 NaAEHMI0 [I071e3HON0 UCKOTIaeMOro, TO
NIMYPOBOA KOMINEKT 6YPUTCA C KAMHOBLIM TOPU3OHTANbHHM BPY6OM; riay6una,
KONWYEeCTBO LIMYPOB ¥ BeNIMYUHA 3aPAA0B ONPEAENAIOTCA TIO aHATIOTUY C KOMIIeK-
TaMu WINYpPOB, IPUMEHAEMEIX B TOPUIOHTANbHBIX BHPAGOTKAX.

B3priBaHMe 3apAR0B — 3NEKTPUYECKOE MU INEeKTPOOrHeBoe.

[IposeTpuBaHne YXNOHOB NMPW UX MPOXOAKE MPOBORUTCS MO HArHeTaTeNbHOM
CXeMe 0CeBbiM BEHTUATOPOM, YCTAHOB/IEHHBIM Ha CBEXEii CTpye BO3AyXa B iTpeKe.

BonoOoTAMB NpY NPOXOAKE HAKNOHHBIX CTBONOB — CNOXHBIA OPraHW3anuoH-
HBIA 1 TeXHONOIMYeCKui ponecc. Bopa, mocTymawman U3 BhlillefeXamux Nopon,
YNaBNAWBAETCR MOMEPEYHBIMU KaHaBKaMu, IPOXOAUMBIMU B CTBOZE Yepe3 Kaxpable
10-15 M, ¥ HanpasnAeTCA B TPOAC/ILHYIO OCHOBHYIO KaHABKY, IPOBOAVMYIO B TIPO-
necce NMpPOXOAKM CTBONA MO ORHOW U3 CTOPOH CTBONA WaxTh. Ilo TMpoOpRONbHOW
KaHaBKe BOAA MOCTYMAET B NPOMEXYTOUHbIA BOROCGOPHNK VMU TIPU HEGONbLIOM
TIPUTOKe HaKaMAUBaeTCR B yray 3abos mpOTUB NPOAOJbHON KaHaBKu cTeona. M3
TIPOMEXYTOUHOT0 BOROCGOPHMKA UM PUAMKA ¥ 3a60A BOAA OTKAMMBACTCA LEHT-
POBGEXHBIM UNY BUHTOBLIM HACOCOM Ha [TOBEPXHOCTb M CIMBALTCA.

B 3aBUCMMOCTM OT YIila HAKNOHA, BEANMWHbI MPUTOKA BOABL UCTIONL3YIOTCA
pasubie (IPOCTHE) KOHCTPYKUMM NORBECHBIX HACOCOB: Ha KaHaTaxX, Ha [epeRBUXK-
HBIX TIOWAAKAX.

TIpoxopueckaa BOAOOTIMBHAR YCTAHOBKA ROMKHA OGeceynBaTh CBOEBPEMEH-
HYI0 OTKAYKy BORbI U3 3a60A, 3aTPaTy HauMeHbillero pabovyero BpeMeHu Ha MOH-
TaX, XOpowo paboTars Ha JarpA3HEHHON BOAE, GHITh IPOCTOM U HAREKHON B yII-
PaBNeHUM, He ROTKHA 3arpOMONAATL paboyee MPOCTPaHCTBO.

3.1.3. Texuuueckue cpeficTa M MpudOpHI,
MpHMeHAeMEle DK THAPOTEOJOrHYECKHX HCCJIeOBAHHAX
TIpu coopy)KeHun TMAPOTeONOrHIECKUX CKBAKVE, UK 060PYROBAHNU U TipoBe-
AEHUU I'MppOreonornyeckux Mccnenoaauwﬁ TIPUMEHATCA p63R006p33HHE TeX-
HUYecKue CPeACTBA Y IPUGOPHL.
Cnenye'r OTMETUTb, YTO MTOMUMO 6ypoaux arperaTos U CMOHTUPOBAHHbIX Ha
HUX npwcnoco6nenuﬂ BJIR IOATOTOBKU I'MAPOre0I0rMYECKUX CKBAXUH K UCCNeno-
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BAHWAM, MPOBEAEHUA NIMEPEHUN U NPOYUNAKTUYECKOTO U KAMUTANILHOTO PeMOH-
TOB Ha MPAKTUKE IIMPOKO WUCTIONB3YIOTCA CELVAbHBIE arperaTsl W CTaHIMN: aB-
TOMaTMYeCKaA NeKTPOHHO-KAPOTaXKHAR CTAHLUA, DEMOHTHbIE arperarsl, MeXaHu-
yeckue nebenxu, annapatsi Skosnesa (Tipu UCCAEROBAHUAX CKBAXUH INYGUHON Ro
1000-2 400 M), mopratusKbie Nebepxu. K TexHudeckuM cpepcTsam u mpubopaM,
TIPUMEHAEMBIM TPV TURPOTEONOTNYECKUX UCCIEA0BAHNAX, OTHOCATCA TAK)Ke BOJO-
nopbeMHOe 060PYAOBaHUE A/A DOBEAEHUA OTKAUEK, KOMIIEKTH 060PYAOBAHUA
ANA OMBITHEIX HAPHETAHWM, IPUBOPH ANA 3aMepOB YPOBHEH, TeMIIepaTypH 1 pac-
XO0pa NOA3EMHBIX BOJ, CPEACTBA AAA U3ONALUM UCTIEITYEMBIX UHTEDBANOB U BORO-
HOCHBIX TOPU3OHTOB, CTienabHEe TPUOOPH ¥ KOMIUIEKTH ANIA TMAPOre0nornyec-
KOTO OMPOBOBAHUA CKBAKUH, M BOROHOCHLIX FOPU30HTOR, PA3NUYHOTO POAa NPo6o-
OTGOPHUKU U T. A

BoporopbemHroe o6opyaoBanue. [Ina MposepeHMA 0TKaveK u3 CKBAKUH UC~
TIONB3YIOTCA Pa3ANYHbIE BUAS BOROTIOABLEMHOrO 060PYROBAHUA: TOPUIOHTANBHEIE
1eHTPoBEXKHbIE ¥ CAMOBCACHIBAKOMME HACOCH, IPNUATL, WTAHTOBLE NOPLIHEBLIE
W BEPTUKATLHbIE LIeHTPOGEX Kble HAaCcOChl X AP.

" TopusonTanbHyle NeHTpPoSexHble HACOCH TPUMEHRAIOTCA TPY TONOKEHUM AM-
HaMUYecKoro ypoBHA MPU OTKAYKax He ray6xe 7 M. CamoBcachiBaiolue FOPU30H-
TanbHble LEeHTPOGEXHbEE HACOCH MO3BONAOT NPOBORUTL OTKAYKW NPU INyGuxe
IMHAMMYECKOTO YPOBHA 0T 9 20 20 M U pebuTax CKBaMMH OT 24 Ro 120 M3/y.

Haunbonee vacTo gna BCex BUROB OTKAYeK U3 CKBAWWH (OCOGEHHO BLHIHOCSA-
WX NeCOK) NPUMEHAIOTCA IpANGTH (BO3RYLIHbE BOROTOALEMHUKN), MOHTUDYE-
Mble TI0 CXeMe KPAROM» UMW «BHYTPU» (puc. 3.8). IpaudTst obecreynsalor npo-
BefleHWe OTKayeK Npu IMyGuHe AUHAMWUMEcKOro ypoBHs Ro 100 M u 6onee B
LWMPOXOM AMaNasoHe NMPOM3BOAWTENbHOCTM (50-150 M3/4). B kavecrse ucTOd-
HWKOB C)KAToro BO3AyXa ANA 3pAUGTOB UCMONL3YIOTCA NepERBUNHbIE KOMITpec-
copHbie cTanuuu. [lapamerpbt spandra (cevenne Tpy6, rnybuHa UX MOrpyHe-
HUSA, PpacXop BO3yXa) NOANeXaT 060CHOBAHUIO UK PACUETY C YYETOM KOHKpeT-
HBIX YCI0BUT OTKAYKM. [Ipu 3pnubTHOI 0TKaYKe KOHCTPYKUNA CKBAKUHLL AOMK-
Ha ofecrieuynBaTh MOTPYXeHue cMmecuTena apaudra Ha raybuny, B 1,5+2,5 pasa
MpeBHIIaoNYIo BLICOTY TOAbEMa BORbI U3 CKBaWUKLL, [Ins HabniopeHus 3a nono-
XeHueMm YpOBHA BOAbI B CKBAXXKWHE NTPU OTKauKe uenecoo6pa3Ho ycTaHaBAWBaTh
crienuanbHbi ibe30MeTp, HUKHUIA KOHel KOTOPOro Heo6XORUMO CiycKaTh Ha 8-
10 M HUXKe cMecuTenA (ANA UCKMIOYEeHUA BIUAHUA NYNbCauUU YPOBHA NpU pado-
Te 3pnugra).

lllranrosbie mopuIHeBLbie HacOCH WCIOJLIVIOTCA AJIA OTKAYKM BOAB! U3 CKBa-
HKWUH Manoil mpou3BORuTeNbHOCTY (0T 0,5 R0 50 M>/\) Mpv NORbEME BOALL € INY6U-
Hyt o 100-150 M.
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Puc. 3.8. CxeMbl MOHTaXa 3pnudTa Npu OTKAUKe C
ABYMA CTYNEHAMU NOHWKEHUA YPOBHSA NO CxeMam
«papom» (A) u «suyTpu» (B): I — pvHamMnyeckui
YPOBEHb NPy NorpyXeHum Tpy6 Ha rmy6Guny H,;
11 — 70 e npu norpyxeHuu Ha mybuny H,;
1 — BO3AyXONPOBOfHbIE TPYBSI; 2 — BOAONOALEM-
Has KonoHHa

Jna oTKAYKM YUCTOW
BOAB U3 CKBAKMH Lenecoot-
Pa3’HO UCMONb3OBATh BEPTH-
KanbHble neHTpoGexHsie Ha-
COCBl C MOTPYXHBIMU U He-
MOTPYMHLIMU 37IeKTPOABUTA-
TeNAMU.

Bunyckaembie oreve-
CTBEHHOW NPOMBLIUNEHHOC-
Th10 LeHTPOGEeKHBIE HACOCH C
MOTPYXHEIMU 371€KTPOABUTA-
TeNAMU NpeAHasHaveH» ANA
YCTAaHOBKU B CKBAXUHBI AMa-
meTpoM oT 101 po 406 mm.
Tlpou3BoaNTeNBHOCTD UX N3~
Menserca ot 2-10 m*/u pna
HacoCoB ManblX TUMOpasme-
poB po 100-375 M3/¥ mna
GONbUIUX TUTIOPA3MEpOB; pas-
BUBaeMbIit Hanop — oT 25 1o
770 m. Hamopnt Hacocos, yc-
TAHABNMBAEMbIX B CKBaXMUHB
amameTpoMm po 203 MM, pepxo
npesnmaoT 150-300 M.

BeprukanbHule BeHTpo-
6exHEle HacOChl C 3MEKTPO-
RBUTATENAMU Haj CKBAXU-
HOW yCTaHaBAUBAOTCA B

CKBaXuHax anameTpom Gonee 203 MM 1 06eCreYMBAIT OTKAMKY YMCTOM BOAKL C
pacxonoM oT 30-70 po 700-800 M3/9 u 6onee mpu rny6uHe AUHAMUMECKOTO

YPOBHA OT 25 po 115 m.

06opyAoBaHue ANA ONLITHLIX HarHeTaHuw. IR ONBITHHIX HarHeTaHwi
TIPUMEHAIOT YHUDUUMPOBAHHbIA KOMIUIEKT 060PYAOBAHMUA, BKIOYAIOWWA TAMIIOH,
pacrnpejenuTeNbHOe YCTPOHCTBO, HANIOPHLIE PYKaBa, MEPHEIe Bakn WM HacocHoe
obopynovanue (puc. 3.9). Kommnexr obecrneuusaer BO3MOKXHOCTh HanuBa Uin
HarHeTaHWA BOAH B M30/IMPYEMbI/ TAMIOROM MHTEPBa/ MPU 3aJAHHBIX CTYMEHAX
DaBEHNA C PETUCTPALUeR BEANIVH BOACIOTNOLEHNSA TIO aonomepy W paBnexut

IO MAHOMETpaM.
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Opu6opst AnA 3amepoB
YPOBHEN TeMmepaTypbl
Pacxofos BoAbL. [Ins 3ame-
DOB YPOBHA BOAb UCIIONb3Y-
0TCA pasHooGpasHle mepe-
HOCHME W CTaluoHapHHe
npuboput. Hanbonee mpo-
CTHIMWU U YMOTpe6uTeNbHEI-
MU B paboTe ABNAANOTCA MTepe-
HOCHbIe Npubopy — Xno-
TIYIIKW U 371eKTPOypOBHEME-
pyl. XNOMymKW BHIyCKaOT-
CA C pyneTkamu pasnuyHon
ANWHBI, UHOTAA B COYETaHUM
c TepmomeTpOM. OHM 06BIN-  Puc. 3.9. YHuduunposaHHbIl KoMINEKT 060pya0BaHNA
HO UCNONB3YIOTCA ANA 3aMe- DA ONbITHBIX HarkeTaHuit (YKH-1M): @ — Tamnon;
POB YPOBHsA BOAM INY6uHOW 6 — pacnpefenuTenbHOe yCTpoMCTBO; 8 — Hanop-

He Bonee 100 M. TouHoCTb Hbllh pYKaB ANA HAarHeTaHUA BOMbl B CKBAMUHY C
3aMepOB YPOBHA XJIONMYIUKA- NOMOLLbIO HACOCA UAYU MepHbiX BaKoB; T — cobcTaeH-
mu +1-5 cM. HO TaMNOH (Pe3MHOBLIE KONbLA), 2 — KOJOHHBI

IIpu  Mcnonb30BaAHUU YMOPHbIX TpY6 U HATAXHEIX WTAHT, 3 — ronoeKa
3/1eKTPOYPOBHEMEPOB YPO-  TaMroHa, 4 — IOMKpAT, 5 — MaHOMeTp, 6 — BeHTu-
BEHb BONB GUKCUPYETCA MO 7, 7 — BOAOMep, 8 — Hacoc, 9 — MepHele Baku,
CurHany (3aropanme nam- 10 — perynstop ypoBHa
TOYKMW, 3BOHOK, OTKJIOHEHMe
CTpenKy), BO3HUKAIOIEMY NPU CONMPUKOCHOBEHWUM AATYUKA 31€KTPOAA C MOBEPX-
HOCTBIO BOAM, T. €. TIPU 3aMBIKaHUU JneXTpudeckoi nemu (puc. 3.10). Cepuitno
BBITYCKAEeMbIe 3/1€KTPOYPOBHEMEPH 06eCeYnBaloT BENOHEHWE 3aMEPOR YPOBHA
BOAB A0 TAYGUHEL 200 M € OTPEIIHOCTBIO A0 +30 €M (M3-3u H “TOYHOCTU pasMeTKn
W HU3KOTO KavyecTsa MepHOro Nposopa). Mcmonb3oBanue 3NeKTPOYpOBHEMEPOB
AR 3aMEPOB U3MEPEHWH YPOBHA BOAM B OQHUX U TeX Xe CKBaXMHaX MO3BONAET
TMOBHICUTb TOYHOCTb U3MEPEHUN A0 £1-2 cM.

Jna perucrpayuu u3aMeHeHu YPOBHA PU OTKAYKaX TOMUMO 3N1€KTPOYPOBHe-
MepOB M XNIOMYILIeK MOXeT UCIIONL30BATLCA THeBMaTHYeCKuit yposHemep ITVP, cxe-
Ma KOTOpOTO MOKa3aHa Ha pucyHxe 3.11. Iny6uHa NonoKeHus ypoBHA BOAH B
CKBaXMHE X ONPeReNsieTcA KaK PasHOCTb MEXAY ANMMHON M3MepUTenbHOU Tpy6kn |
W BBICOTOM CTON62 BOABL B Hew h. Bricota cTonba Boast h B usmepurensHoi Tpybre
PETUCTPUPYETCA MO AAaBNeHUI0 HarHeTaeMoro B Hee BO3ayXa MaHomeTpom 3. [ina
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Puc. 3.10. InekTpuUeCKaRn CxeMa Lr/“
INeKTpoypoBHemepa IB-1M:
1 — namnouka-uHaukarop; Puc. 3.11. CxeMa nHeBMaTU4ECKOTO
2 — pene PCM-2; 3 — Barapeitka yposHemepa: 1 — TpybKa; 2 — Bo3ayw-
Tuna KBC/; 4 — katywka ¢ nposo- HbIh HAacoc; 3 — MaHoMeTp; 4 — 6annon;
DOM; 5 — 3neKTpop; 6 — CKBaXMUHA $ — Knanau; 6 — penep

OCYIECTBNEHUA HENPEPHBHON PEPUCTPALMN U3MEHEHWI YPOBHA BO BPEMEHW B
cucreMmy IIYPa BBopATCA camommury e MaHoMeTpsl Tuna MCC-410.

[InA M3MEPEHUA 1 PErMCTPALMN TUIACTOBHIX JABJIEHWA B CKBAXWUHAX MCTIONb3Y-
OTCA TAY6UHHBIE MAHOMETPbl. 3HAYeHUA NIACTOBHX AABNEHUA DUKCUDPYIOTCA B
CyCKaeMbiX B CKBAXWHB MAHOMETpax Ha AvarpaMMHbX JIEHTaX, IPUBOAUMbIX B
AeMCTBNE YacoBLIM MeXaHn3MOM. TOYHOCTb M3MEPEHNA RABEHUA 3aBUCUT OT TUNA
ManoMerpa. Hanbonee BbicOKas TOYHOCTh CBOWCTBEHHa ray6uHHbM anddepen-
LMaNbHLIM MaHOMETPaM, PETUCTPUPYIOUM U3MEPREMOE AaBJleHNe He OT HYNs,.a
0T HEKOTOPOr0 HAvasbHOTO AaBjleHus. [UIA M3MepeHUs YCTbeBLIX AABIEHVR B
CKBaXMWHAX, AAIUX BOAY CAMON3NUBOM, UCIONIb3YIOTCA Pa3NUYHLIe TEXHNUYECKMe
W perucTpupyiomme MaHOMeTphl, ofecreymnsalmme TOYHOCTb 3aMepoB po 0,49-
0,98 Tla (0,05-0,1 krc/cm?).
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[AnA M3MepeHUA TeMIepaTypbi MOA3EMHBIX BOJ Hanbonee MNPOKO UCTIONb3Y-
J0TCA PTYTHbIE TEPMOMETPbI PA3INIKLIX MAPOK, Ofecrneyusamme TOUHOCTb N3Me-
pennit +0,2-0,5°C, a TakKe 60nee BHICOKOTOYHBIE PTYTHHIE TEPMOMETpHl (TOY-
HOCTb M3Mepenuit o +0,01-0,05°C). B xoMmnexce ¢ KapOTAXHBIMU CTAHLUUMAMM ANs:
W3MepeHUit TeMIepaTyphl MOA3EMHLIX BOA LIMPOKO UCTIONbL3YIOTCA 3NEKTPUYLCKI e
TePMOMETpHI, 06eCreunBaomMe BOIMOKHOCTb U3MEPEHUA TeMNePaTypH BOAbL IO
BCEMY CTBOJNY CKBAXWHHL. [PIA U3MEPEHWI TeMNepaTypsl NOA3EMHBIX BOA UCIOMb-
3y10T TaKXe MONYNPOBOAHUKOBLE TEPMOMETPLl CONPOTUBIEHN (TEPMOPE3UCTO-
POB), KOTOPbIE AOCTATOYHO YYBCTBUTEIbHL! U PAKTUYECKU Ge3LIHEPIMOHHDL.

CepuitHO BHUMYCKAIOTCR CTEPXHEBbIE TEPMOPE3NCTOPH, KOTOPble MPUMEHANT-
CA B KOMIUIEKTE C U3BMEPUTENILHBIMW MOCTaMU CONPOTUBIIEHUA.

HexoTopbie TUNIEI IIy6MHHBIX TEPMOMETPOB MOHTUPYIOTCA B KOMIUIEKCE C Py~
6opaMu pnA 3aMepOB YPOBHEN U ABJIEHUA NTOA3EMHEIX BOJA (C XIOMYLIKAMU, MAHO~
MeTPaMu, MNAaCTOUCHbITaTenAMu). Crennanbiele TURL! FMYOUHHLX TepMOMETEOR
06ecrneyuBaioT BOIMOXKHOCTL HEPEPLIBHONO U3MEPEHNA M PETUCTPalky Ha Crie-
IMaNbHbIX GnaNKax U3MEHEHUN TEMREPaTyPH BO BDEMEHN.

[ins n3MepeHua pacxoaa BOAL NPU OTKaykax nanbonee NIMPOKO TIPUMEHALT-
cA 06BbeMHBI CIOCO6, TPYU KOTOPOM PACXOA ONPEASNACTCA IO BpEMEHU 3aNoNHe-
HWA BOROW MepHOW eMKkocTn (6aka, 60ukw, Beppa v T. I.). Ilpn pacxopax Boaut
6onee 10 n/c yenecoobpa3no WUCNONbL30BAHWE BOAOCAWBOB (TpanenenpjanbHbiX,
MPAMOYTOJILHBIX, TPEYTOJbHbIX), Ofecneunsaiolmx onpeenenmne pacxoaa o vhi-
COTe YPOBHA MPOXOAALIER Yepe3 BOROCIUB MUBKOCTU. B yClOBUAX OTKAYKNM duC-
TOW BOAB DA U3MEPEHUA PACXO/ia MOXHO UCMONb30BATh CEPUAHO BLIYCKAEMBIE
TIPOMBIIINIEHHOCTBI0 BOROCYETYMKM (KDPBUIbYaThie TMna BK  sunTosbte TMna BB),
KoTOpbIe 0BecneyuBaioT 3aMephl pacXoAa BOAb! B Anarnasoxe ot 0,1 Ao 1300 wac
TIOrPEeNIHOCTHIO0 +2--5%. IIpu HanMuUK 3NeKTPOIHEPI'NM ANA aBTOMATUECKOTO N3-
MEpEeHUA W PEerucTpanMu pacxofoB BOALI 1eNeco06pa3HO NCMONb30BATL PACXOA0-
Mepbl NOCTOAHHOTO NEpenana AasNeHnit — POTaMeTpHl (Mpu AeBUTaX CKBAKUH A0
63 M3/4) ¥ 371eKTPOMArHUTHEIE PACXOAOMEpH (B AMana3oxe ot 0 po 400 #3/4).

JINA M3MEPEHMA M PErUCTPALMYM PACKOAA BOABL TIO CTBOJY CKBAKMHH IPUMEHA-
HOTCA CKBAKNHHBIE PACXOAOMEDD], IPUHLMI AEHCTBUA KOTOPHIX OCHOBAH Ha n3Me-
PEHUM CKOPOCTEN 0CEBOTO MOTOKA BOALL B CTBOJE CKBAXMHHL. Jlnavmerp paTunkos
YKa3aHHBIX TWMOB PacXOOMepoB ObecreYuBaeT BO3MOKHOCTD UX IPUMEHEHWA
I7IA 3aMepOB pacxopa ¢ TOYHOCTLI A0 5-10% B IMAPOTEOIOTUYECKUX CKBAKUHAX
nuametpoM 80-100 MM, ray6uxon o 1200 M. Pacxopomepwnt Tuma P3W w PTN
npepHa3sHayeHHl ANA 3aMepoB B CKBAKMHAX AMaMETPOM He Menee 127 mu. Pacxo-
AOMETpUYecKMe MCCIeA0BaHMA OCYIECTRAAIOTCA € OMOLbI CTAHAAPTHOTD reo-
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—3

—4

¢unsunueckoro o6opynosanus. Ha pucyrke 3.12 npuse-
JieHa cXeMa OfHOro n3 Haubonee PacHpOCTPAHEHHHIX
TUIIOB TAXOMETPUYECKUX CKBAXUHHBIX PAacXOHROMEPOB
TCP-34/703, uMEW1Er0 B KOMIUIEKTE J1BA AATYUKA Ana-
MeTpoM 34 1 70 Mm. CKOPOCTL TPOXOAALLETO Yepe3 pac-
XOJlOMep NOTOKA ONpeAeNAeTCcA C MOMOILbI0 KPbIbYaT-
Ku 4, 060POTH! KOTOPOT GUKCUPYIOTCA ANEKTPOMEXAHU-
yeckum cyeryukom (IMC) nynvra ynpasnesus 1.

Ipu60ops M KOMNNEKTHI ANA ONPO6oBaKUA
BOAOHOCHLIX NNACTOB

Tipn 6ypenun rny6okuX I'MAPOTEONOTUYECKUX
CKBAXUH B YCTOWYMBBLIX NOPOAAX ONMPO6OBaHME BORO-
HOCHBIX T7IaCTOB W 30H HEPEAKO OCYIWeCTBAALTCA C IO~
MOILbI0 CITelManbHIX UCIBITaTeNe’ u onpoboBareneit
NNACTOB, ONTYCKAGMBIX B CKBAKUHBI HA GYPUNLHBIX TPY-
6ax unn xabene. M30NAUNA UCTILITYEMBIX UHTEPBaNOB
OCYIeCTBNACTCA TAMIIOHAMN UAN TTaKepaMiu, BXONAIN-
MU B KOMIUIEKT WCIbITAaTeNbHBIX WHCTPYMEHTOB WIn
DACCMOTPEHHBIMU BhlllIe CNIOCOHAMU.

B mpocrediutemM Buzje UCMBITAaTeNbHBIA CHapAA
BKII0YAET XBOCTOBUK-(QUILTD, PE3NHOBBIA NTaKep, Kna-
MaHHBIR Y3€7 n 6YPUIIbHEIE TPYEHI.

Tlpouecc npuToka Bopyl B Gypunbisie Tpy6H (M
CchiennanbHyo KaMepy) U Xapakrep U3MeHeHUA MacTo-
BOT'O 4aBNEHNA MTOZ NaKepoM GUKCUPYETCA C IIOMOLLLIO
PNY6MHHBIX CAaMOTIMIIYIIUX MAHOMETDOB.

B mpaxTuke ompoGoBaHUA INYOOKUX CKBAXMH (60-
nee 300-500 M) IIMPOKO MPUMEHAIOTCA KOMITIEKTHI UC-
MBITATeNbHbIX UHCTPYMEHTOB, BHITYCKAeMble B TPeX TH-
nopasmepax: KUU-146 (ana CKBaXWH LUAMETPOM OT
190 po 295 mm), KUU-95 (AnA CKBaMWH AUAMETPOM OT

Puc. 3.12. CkBaWUHHbIR TaxoMeTpuyeckuit pacxogomep TCP-34/703: 1 — HazemHbli
NYNLT C INEKTPOMEXAHNYECKUM cueTuuKom (IMC); 2 — durypHeiii npepeiBaTens
INEKTPUYECKOH CXeMbl; 3— TOKONOABOAAUMNE INEKTPOALI; 4 — OCb KPbINbYATKM;
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118 po 161 mm) u KMHK-65 (nns ckBauH auameTpom oT 76 A0
112 Mm). Ha 6a3e kommexto KUY co3pansl pasnuyHie Mo-
mmbuxanuu,

TospHee 6bin paspaboTad Gonee MPOCTON N0 KOHCTPYK-
MM ¥ 061apatomUIA MEHbILIeH KEeCTKOCTbIO MTAKepa MCIbITa-
TenbHbUA cHapAn MCB, npepHasHayeHHbiA ANA NOUHTEPBaNb-
HOTO ONPO6OBAHUA TMAPOTEONOTNYECKUX CKBAKUH PNYOUHOM
1o 2000 m (puc. 3.13). Ilocne crycka CHapRRa Noj BECOM
GyDUNBHOrO MHCTPYMEHTA 3aKPbIBAETCA YPABHUTENbHbIA
KNanmaH UCTTBITAaTeNR, X PE3UHOBLIA 3NEMEHT TTaKepa 3 n3onu-
PYeT UCIBITYeMbI MHTepBai. Boaa u3 mnacTa nocTymaer ye-
pe3 MPUEMHEU KNanaH B MycThle GypunbHsie TpYGL BINOTH
A0 TMOMNNABKOBOrO 3aMOPHOTO Knamaa 5. InyGuHHbIe MaHo-
MeTpL!, YCTAHOBIEHHbIE B (ULTPE-XBOCTOBUKE U Haj MpU-
€MHBIM KNANaHOM, GUKCUPYIOT ZuarpaMMy U3MeHeHuA Aas-
JIeHUA BO BPEMEHW KaK B mpolecce OMpoGOBaHUR (KpuBbie
NPUTOKA M BOCCTAHOBAEHUA), TaK % B IpOLECCe CIYCKA u
mopbeMa CHapsha. B 3aBUCUMOCTM OT KOHKPETHBIX YCNOBUR
¥ 3apay cHapsg MCB MOXHO MPUMEHATD B PA3NUYHBIX KOMITO-
HOBKax (puc, 3.14). B vacTHocTw, Ans OMPOGOBAHUA HETNy-
GOKMX CKBaXWMH NPUMEHAETCA YNPOLEHHAA KOMIOHOBKA
CHapA/ia C NPOBEACHNEM OTKAYKU N3-TTOf IAKEPHOM 30HHI Ye-
pe3 6ypunbubie Tpy6Ht (puc. 3.14, 6). CHapap UCB moxet Tak-
e UCTIONb30BATbCA ANA UCTILITAHUSA KOTIOHH 1 LieMEeHTHBIX MO-
CTOB, KOMUBNEHUA» 33KONbMATUPOBAHHBIX FOPUIOHTOB, 0T6O-
pa mpo6 BOALI HAa aHANU3bl. AHANOTUYEN eMy IO YCTPOHCTBY U
NPUHUUITY AEHCTBUA MCILITATeNbHEH MHCTpyMeHT UHK-57,
obecrmeyuBalowMit TONHTEPBANbHOE UCCNEA0BAHUE BOROHOC-
HBIX TOMLY B CKBAXMHAX AuaMeTpoM 6onee 59 MM n rnybuHoR
250-3000 M.

Kpome paccMOTpeHHbIX TUITOB NIACTOUCTILITATENER B IMA-
POreonoruvecKoit mpakTMKe ucnonb3ywrca cHapag CHII-3
(aHanornyeH ymponeHHoi mopnuduraunu UCB, puc. 3.14, 8),
onpooBaTenb m1acTos ¢ ABYMA Naxkepamu OIITC-8/10 (mpu-

Puc. 3.13. WcnbiTaTensHbiii cHapap MCB: 1 — dunbTp-x80CTOBUK; 2 — rNyOGUHHbIA

MaHOMETp; 3 —CeKUMOHHbIMA MaKep; 4 — UCMbITaTeNb NAACTOB; 5 —- 3aNOpHbIi

noNNaBKoBbIN knanaH
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a J

Puc. 3.14. CxeMbl npumeHerva chapana UCB:

@ — C O\HMM NaKepoM; 6 — C ABYMS NaKepamm
(1 — nonnaeKoBbI KNANaH, 2 — y3en ¢ MaHoMer-
pom, 3 — nakep, 4 — uabLTp), 8 — yNpolWeHHas
KOMNOHOBKA Y3108 CHAPAAA ANA OTKAYKKW M3-NOA

naxepHo#t 30Hb! (1 — o6capHble Tpybbl, 2 —

GypunbHbie TpyBbl, 3 — nakep, 4 — MaHoMetp,

5 — XBOCTOBMK)

MEHRETCA B CKBAKUHAX Aua-
MeTpoM 190-243 MM, rny6u-
Ho¥t po 4000 M, ynpaBneHue
TlakepaMu PuApaBauyeckoe),
a TaKxe CIelmanbHLle ruppo-
reonornyeckue onpo6osare-
W NMNacToB, OMycKaembie B
CKBaXUHBI Ha Kabene ¢ oOMo-
mMbl0 KapOTaXHBEIX CTaHUWi
(onpobosarenu OIr-7-
10,00T-4-5 u pp.).

NMpo6oor6opuuxu. Ina
orbopa mpo6 BOAb M3 rMAPO-
reoNoruYeckuX CKBaXUH IO-
MUMO CNielManbHHX ompobo-
BaTesnei UCMONBL3YIOTCA MpoO-
600T60PHNUKYM Pa3NUIHBIX
KOHCTPYKLUUNW, HavyuHAA OT
npocreimero (6yThinka, ¢
npobKovt U rpy30M Ha Hype)
W KOHYaA COBPEMEHHBIMY,
obecneunsarmuMun oTbop
npo6 BOAM U I'a3a U3 CKBAKUH
60nbUIMX PRYOUH.

0T60p MPO6 BOAK U3 He-
raybokux cksaxuu (6e3 ra-
30807 COCTaBnAweH) OCY-
WecTBNALTCA BOROHOCAMU
[TI-19 n ITII-20, obecrieyn-
BAOWUMN TNy6UHY criycka
1o 60 M u 06beM oT6UpaeMbIx
mpo6 1,5 u 0,6 n coorser-
cTBeHHo. [na or6opa mpob
BOABL C Ta30BO¥ COCTABNAI0-
werk U3 TRY6OKUX CKBAKWH

(no 1000-1500 M) WIMPOKO UCTONBIYIOTCA TNYOGUHHbBIE TPOGOOTHOPHUKU, UMEI0-
mue 6onburot 06veM MPUEMHBIX KaMep (2,5-3 n) u cpabaTrBaoNiUe OT NOCHUILHO-
'O rpy3a  OT TMAPABANIECKO T BOPORKM, MakcUManbHyI AMaMeTp 3TUX pubopos
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coctasnfeT 60 MM. IIpu ucnonb30BaHun rMAPaBANYECKO BO-
POHKU Npo600T6OpHUKM 0becrieunBaloT 0T60p Npo6 BOALL U
ra’a u3 BEPTUXAbHLIX, HAKNOHHBIX U UCKPUBIIEHHBIX CKBa-
XUH ¢ PIy6unbt ao 1500 M. Hanpumep, npo6oor6opruk 1B
(pnc. 3.15) MO3BONAET YCMEWHO OTOMpATh MPOBH 3 CKBa-
XWUH, B KOTOPHIX PNy6WHA CTaTMYECKOTO YPOBHA ROCTUTAeT
500 M 1 60nee OT TOBEPXHOCTNU.

TIpu peskux 2-3-KpaTHHIX TOABEMAX TPubopa B HTEPBA-
ne 3-5 M ruapaBIMyecKas BOpoOHKa 1 3a CYeT CONMpOTUBNEHUA
BCTpEYHOMY MOTOKY BOABI TEPeABUrAeTCA BHU3 U yAapseT Mo
6oitxy, mpo6uBsas MeMbpaHy 2 n obecrieyusas MPUTOK BORbI
B TTPUEMHyI0 KaMepy 4. [inA orbopa npo6 BOAH U rasa u3
rNy6OKUX CKBAKUK PUMEHAIOTCA HeTAHbIE MPO60OTEOpHN-
¥u IIA-3 w OPU3-TI (nmpo6a no 1 n puametp mpubopa 36 Mm),
obecneunaommue 0T60p MPO6 U3 CKBAKUH rRy6uHO 3 000 M
n 6onee, Ilpu rMAPOreONOrnYeCKUX UCCAEAOBAHUAX HAXORAT
NpUMeHEeHWe U MHOTME ApYrue TeXHUYEeCKUe CpPepcTBa n
nipubopLt: TPOBOOTHOPHNUKYN U TPYHTOHOCH ANA 0TGOpa Npo6
TOpHBIX NOpoA, Mpubopst Anst oTbopa npob rasa, reodpusn-
JYeckaa KapoTaxHas anmnapatypa, nepdopaTopul Ans Iipo-
cTpena 06capHbIX KONOHH B WHTepBanax onpobosanus, Go-
TOTeNeBU3UOHHAA aNNapaTypa ANR U3yYeHuA u obcnenosa-
HWA CTBOJIOB CKBaXWH, Mpubops Ans c6opa RAHMBIX NO
OlleHKe 3NeMeHTOB BOJHOro Hanaxca (MCnapuTenu, Bnaro-
MEpH, NU3UMETPH W AP.), PA3NUYHOTO POAA NabopaTopHiie
TIPUBOPH U 060pyROBaHUE U T. A.

3.1.4. Tupporeoornueckne Habmoaenns
npn GypeHny CKBaXuH

Tupporeonoruyeckue HabnoAEHUR NPU GypeHun CKBa-
XUH BEAYTCA HEMOCPEACTBEHHO NPU NMPOXOAKE CKBAKUH,
a TawKe IMPU UX I'MAPOTEONOTNYECKOM OMPOGOBAHUW B NPO-
ue;cce 6ypenns. 3apaym Takux HabnO#eHU — BbIsABNEHME
BOJLOHOCHBIX TOPU30HTOB, U3YYeHUE YCAOBUA UX 3aNeraHus,

Puc. 3.15. NpobooT6opHMK BakyyMHbiit MB: 1 — ruppasanieckan BOPoHKa;
2— membpaHa; 3 — oﬁpamuﬁ KNanau; 4 — NpUeMHaR Kamepa; 5— nronsuarsiit
BEHTUAL ANs 0T6opa Npob M3 Kamepst
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COCTaBa, MOWHOCTYM, BOROOGUIBROCTN WM (QUABTPALMORHEIX CBOWCTB, XapakTepa
B3aNUMOCBA3M BOROHOCHEIX TOPU3OHTOB, XMMUYECKOTO COCTABA MOA3EMHBIX BOA U
TIONYYeHWe APYTroi rMApOreosornieckoi uidopmanmn.

BupbL 1 XapakTep FMAPOTEONIOTNeCKUX HabnofeHMIi IIPY 6YpeHnm CKBAKUH
B 3HAYMTENLHOW Mepe 3aBUCAT OT Crocoba ux Gyperua. Ilpu GypeHnn CKBaXmMH
065IMHO MPOBOAATCA TMAPOTE0JIOTMYIeCKNe HABNIONEHNA 33 YPOBHAMM TOA3EMHLIX
BOJ, IMTONOPUYECKUMN OCOBEHHOCTAMM, NOPUCTOCTHIO N TPELIMHOBATOCTHIO TOP-
HMX MOPOA, COCTOAHMEM TIMHUCTOPO PAacTBOpa W ero MOTJOWeHueM, poBanamMm
6ypPOBOT0 MHCTPYMEHTA W BLIXOAOM KEpPHA, TEMMepaTypoit BCKPLIBAaeMbiX BOR W
Pa30MPOABNEHUAMMN; OCYIIECTBAAETCA 0T60p NMpo6 BOALL Ta3a n 06pasios MOpon
ANA aHaNW30B W N1a60PATOPHBIX NCCNEAOBAHMM; BLIMONHALTCA CMlelManbHoe rna-
POreonornyeckoe onpo6oBaHue BCKPLIBA@MbIX BOAOHOCHBIX TUIACTOB ¥ TOPU3OH-
TOB. Pe3ynbTaTkl BHIONHAEMbIX PMAPOTE0N0PNYECKNX HABNIONeHHM 0TPaXAIOTCA B
CMEHHBIX PanopTax, 6yPoBHIX KypHaaxX, NacNopPTax CKBAKUH W APYFUX MepBuy-
HBIX JOKYMeHTaXx.

Ha6nwopeHmna 3a MOABMBLIUMCA N YCTAHOBUBLIMMCA (CMAMUYECKUM) YPOBHEM
BOJbI AAKT BO3MOXHOCTb YCTAHOBUTb IMYOUHY 3a7ieTalMA M TUAPABANIECKUI Xa-
paKTep (HANOPHOCMb) BCKPHIBAEMBIX BOJOHOCHEIX FUIACTOB W TOPM30HTOB. Ypo-
BeHb BOAbI B CKBAXMHAX 3aMEPAETCA C TMOMOWbIO TMAPOTEONIOTNIECKUX PYNETOX,
ypOBHEMEpOB U Apyrux npubopos. IIpu caMonsnuBe BOALI U3 CKBAXKMHLL YPOBEHD
ee BHIMUCAIALTCA 60 MO BLICOTE U3NMBAIOMErocA GOHTAHA HAf YCTheM CKBAKWHDI,
71160 Mo BennIMHe NaBNEHUA YCTHEBEIM MAHOMETPOM.

3amepbl NOABMBNIETOCA W YCTAHOBUBLIETOCA YPOBHA BOALL PN 6ypeHum ckpa-
KMH 63 IPOMBIBKM JIETKO OCYLIECTBUMBL M He BbI3bIBAIOT 3aTpyAHeHMUiA. [Ipu 6ype-
HWYM CKBAXMH C MPOMBIBKOW BCKPLITUE BOA,OHOCHBIX TOPU3OHTOB (uKCUMPYeTCa Koc-
BEHHO, Ha OCHOBAHUU HAGNIONEHNI 32 BLIXOROM W MOTEPAMMN IPOMBIBOMHOM XUA-
KOCTW, 33 n3MeHeHneM ee Pn3MYECKNX CBOMCTB (MNOTHOCTY, BA3KOCTY, MUHEpAnn-
331K, TeMIIEPaTyPbi), a TaKHe 3a N3MEeHeHWeM ToKasaTenen pexnma 6yperua B
33BUCMMOCTH OT TMIA NMPOXOAUMBIX TIOPOA (CKOPOCTM YTY6NEHUA CHAPANA, BEAN-
IMHBL KpYTANLETO MOMEHTA Ha Bajy ABUraTeNA U 3aTpaunBaeMon MOWHOCTH, YT0-
BOW CKOPOCTM MHCTPYMEHTA W XapaKTepa ero MoBefeHMA, AABJIEHUA U pacxopa
TIPOMBIBOMHON XWAKOCTN U BP.). B 4acTHOCTW, BCKpLITME BOROMPORULAEMBIX TTO-
POA MM BOROHOCHOTO TOPU3OHTA MOXET 6bITh OGHAPYMEHO N0 YBEMMYEHUIO MIN
MONHOMY NOIIOWEHNI0 NPOMBIBOMNOrO PacTBOpa, MO M3MEHEHWIO (u3ndecknx
CBOWCTB PacTBOpa (TUIOTHOCTY W BASKOCTH) B pe3yiibrare ero pasbaBneHua Bofoi,
O Pe3KOMY M3MEHEHMIO YPOBHA XMAKOCTY B CKBAXMHe, HabniopaeMoMy BO BpeMA
niepepriBos B 6ypeHnn. TlonHoe ncyesHoBeHMe NPOMbIBOHOTO PacTBOpa Mpy npe-
KpaweHun 6ypeHna O6LIMHO CBUAETENLCTBYET O BCKPLITMM HEOBBORHEHHBIX TPO-
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HWLaeMbIX NOPOJ, A YCTAHOBJIEHUE €0 Ha ONpefefieHHon rny6uxe — 0 BCKPHITUN
BOJJOHOCHOT'0 rOpn30HTa. COOTBETCTBUE MNYOGUHBI MONOKEHUA KUAKOCTU B CKBA-
KUHE CTATUCTNYECKOMY YPOBHIO TOPU3OHTA NMPOBEPAETCA KPATKOBPEMERHBIM [0~
TINBOM BOAY! B CKBAKWHY MM €€ OTKAYKOM N3 CHBAKUHEL

BoccTaHoBneHMe YPOBHA Ha NPeXHEN INyGuHe CBULETENLCTBYET O COOTBET-
CTBUM 3aMePEHHOTO YPOBHA CTATUYECKOMY.

TIpn coBpeMeHHOM YPOBHE PA3BUTUA TEXHUKM MOXHO OCYLECTBAATh Hempe-
PHIBHBIN KOHTPONb KaK TEXHONOTUMECKUX PEKMMOB GYPEHUR, TaK W MapaMeTpos
TIPOMBIBOHOTO pacTeopa.

Tlo coBnaperno HECKONBKUX KOCBEHHBIX TIOKA3aTeNen MOXHO ONPefenaTh MO-
MEHTbl BCKPLITUA U [MY6UHY 3aneraHua BOROHOCHBIX NOPOR, CYAUTb G BOR00GUL-
HOCTW FOPM3OHTOB M BCKPHIBAEMOM Te0JI0TMYECKOM pas3pese, CTENEHW TPewuHo-
BaTOCTN U BOROMPOHULAEMOCTU IOPOR U T. A.

B mpouecce GypeRUA CKBaXMHE YPOBEHb BOAbI CNEAYET 3aMEPATb HE MeHee
OAHOTO-TpeX pa3 B CMEHY B 3aBUCUMOCTW OT CKOPOCTM NPOXOAKM W KONUYECTBA
ropbemoB Gyposoro cHapspa. BypoBow CHAapAA BO BpeMa 3amepa 00A3aTenbHoO
ROMKEH GEITb N3BNEYEH M3 CKBAXMHBL. B 1enax 3KOHOMUW BPEMEHU I'M)uporeono-
ruyeckue HabnoaeHUA PUYPOIMBAKOT K NOABEMAM CHAPANA A/IR USBNSYEHUA KEp-
Ha M K ApYTUM TepephiBaM B 6ypeHun.

TIpn 6yperum CKBRKMH C PANKUCTON TPOMLIBKOM YPE3BHYANRO IEHHBIMU AB
NANTCA Ha6NIOREHWA 3a TOIJIOMEHNEM TINHUCTOTO PAacTBOPA, U3MEHEHWEM ero
TUIOTHOCTYM, BA3KOCTW, TEMIepaTypH, XMMUYECKOrO COCTaBa. 3TN HabniopeHus
AAa10T BO3MOXHOCTb BBINONHATL CPAaBHUTENLHYIO OLEHKY BOAOTIPOHMIAEMOCTH TTO-
poz, hUKCMpoBaTh BCKPHITME BOAOHOCHBIX TOPU3OHTOB W WHTEpBanoB HeOGBOA-
HEHHBIX BOROMPOHUMIAeMBIX NOPoA. Hanpumep, onHOBpEeMEHHOE U3MEHeHUe TUI0T-
HOCTW, BA3KOCTW M MMHEpanu3auuu ITNHUCTOTO PacTBOpa CBUAETENLCTBYET O
BCKDPbITUM BOAOHOCHOTO POPU30HTA; BEPTUKANbHbIE EPEMEEHNR U TONYKHU 6Ypo-
BOTO MHCTPYMEHTA, CHUKEHWe YPOBHA U 607bMIONH PACKXOA MPOMBIBOYHON K UAKO-
CTW — O BCKPHLITMM HEBOROHOCHBIX WM CNAGOBOROROCHBIX, HO BBICOKOTPOHMIae-
MBIX OTNIOKEHN.

TIpn 06Hapy)eHnn MPN3HAKOB BCKPHITUA BOROHOCHOTO TOPU3OHTA (YMEHb~
NIEHME BAIKOCTU W TUIOTHOCTU ITMHUCTOTO PACcTBODA, U3MEHERUE ero TeMmnepa-
TYPH, PE3KOe UIMEHEHUE YPOBHA HUAKOCTU B CKBAXMWHE U T. IT.) IPOXOAKA CKBA-
HUHB LOTKHA GHITh TPUOCTAHOBNEHA C 11871510 ONPefeNeHUA NONOKEHUA YPOBHA
BCKPLITOTO TOPU30HTA U NPN Heo6XOANMOCTU ero CMRPOreonornIeckors onpo-
6oBanmsa.

B pane cnyyaes 6e3 0CTaHOBKM mponecca GYPeHns MOXHO OPMEHTUPOBOMHO
OMpefenuTb INYGUHY BCKPLITUA BOAOHOCHOTO TOPU3OHTA, €r0 MOWHOCTb, HAMop,
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TEMINepPaTyPy ¥ XMMUYECKUT COCTAB MOA3EMHBIX BOA, UX Ta30HACHIEHHOCTD. Bo-
7lee AOCTOBEPHbIE AAHHbIE MOXHO NONYYUTb NTPU 6YPeHUM ¢ IPAMON U 06paTHON
TIPOMBIBKOV Ha YMCTOW BOAE. BCKPHITHE 30HbI BOAONTPOTOKA WM TIOTJIOWEHUA MOX-
HO ONPEAeNUTb MO U3MEHEHUIO PACXOAa BLIXOAAIEN U3 CKBAXUHE! BORH, AJIA Yero
YAOGHO WCIONb30BaTh PETUCTPUDPYlOLME PACXOAOMEpHI, [lapamMeTphl IPOMbIBOY-
HOW MMAKOCTH U3MEPAIOTCA TaKMMU IIPUGOPAMMU, KaK PaAUOAKTUBHEIE MIOTHOME-
P, TEPMOMETDS!, CONeMEDbl, TeEPMOCOoNeypoBHeMepH W ap. Habmopenua 3a m-
TOJIOTMHECKUM OCTABOM, TOPUCTOCTHIO M TPELMHOBATOCTLIO TOPOA, BCKPHIBAE-
MbIX CKBAXWUHO, TO3BONAIOT OPUEHTUPOBOYHO CYAUTD O CTENIEHW BOAONTPOHULA-
€MOCTU MOPOA ¥ YCTAHABAUBATL INMYGUHY 3a/eraHus W MOWHOCTb BOZOHOCHHIX
ropu3onTos. Hanbonee nonnyio uxndopmanuio nonyvaior npu oréope u usyye-
Huv KepHa. [lns or6opa 06pasioB NOPOA U3 CKBAKUK NIPUMEHAIOTCA OGHIMHEIE U
ABOWHbIE KONOHKOBbIE TPYGbl M TPYHTOHOCH PA3/IMYHLIX KOHCTPYKumit. YacTora
0T60pa MPO6 3aBUCUT OT U3MEHYMBOCTU TEONOTMYECKOPO Pa3pesa u Lesesoro
Ha3HayeHUA CKBAWUHB. O6LYHO ANS KAKAOM MMTONIOIMUYECKOU Pa3HOCTH TIOPOA
oT6upalor 1-2 obpasua. Ilocne oxonyanus 6yperns orbop o6pasnos nopop Bo3-
MOXeR 60KoBbIMU IDYHTOHROCaMK (cTpensiommmu [PBC, BCT-1a, TPC-2, BKAT, cBep-
nawumn Cr-110, CT-150, npyxunnbiMu). 0T60p 0b6pasyos npu 6yperun tpebyer
mepexoaa Ha KONOHKOBOe GypeHue. Bech KEPH U3 CKBAMMH CnefyeT TWATENbHO
OT6MPATD, AOKYMEHTUPOBATH ¥ YKNIARLIBATL B ALMKU C YKa3aHUEM UHTepBaNa OT-
60pa W MPOLEHTa BLIXOAA KePHa. JlaHHbIe O CTENeHY BHXOAA KePHa AAIOT ompepe-
JIeHHBIE MPEeACTaBleHUA O BOAONPOHULAEMOCTU BCKDHIBAGMBIX CKBAMMHOW rop-
HBIX NOPOA (HarpuMep, TPEWUHOBATHE BOAONPOHUIAEMbie TIOPOART AAIOT MANBIR
BHIXOA, KeDHa, CNa6ONPOHUIAEMEIE U MOHONIUTHbIE OPOAN — Gomburoit). Como-
CTaBjieHue MPOLEHTOB BHXOAA KEPHA IO WHTEPBAaNaM GypeHuA C pesynbraTamu
HabnopeHNi 32 YPOBHEM BOALL M MOPAOWEHUEM TTPOMEIBOYHOrO PacTBOPA MO3BO-
JAET OLEHUBATL BOAOHOCHOCTb TOTO WM MHOTO MHTEpBANa.

TIpn 6ypenun cinowREM 3a6oem Gonblloe 3HAYEHUe PUOBPeTAlOT Habmope-
HWA 32 U3HOCOM NOJIOT, CKOPOCTbIO U pewuMom B6ypennua. JIutonormyeckue oco-
6eHHOCTM OPOA U3YHAIOTCA IO NINamy, 0T6UPaeMoMy pn Gypexnn u3 wenobupii
CUCTEMbl PETYNAPHO YePe3 KAMAbIA METP POXOAKU CKBAKMHLI. J

Habmiopervna 3a Temnmeparypoit POBORATCA KaK B mpouecce GypeHus, Tax w,
TNABHBIM 06Pa30M, NOCe OKOHYAHUA GYPEHUA CKBAMMUHLL, KOTAA BOCCTAHABANBA-
€TCA HapYLeHHLA GYyPeHUeM TemNoBO! PeUM NOA3EMHBIX BOA U TOPHLIX NOPAg.
0co6yio LeHHOCTb 3TV HabmoAeHUs TPUOGPETAIOT NpU 6ypPeHun CKBAKUHE Ha Tep-
ManbHple BOAB U B 06J1aCTU MHOTONETHE! MeP3NOTH. 3amepHl TeMNepaTypsl Npo-
BOAATCA C TOMOLLI0 TEPMOMETPOB 3aMEANEHHOT0 ACCTBUA, INEKTPUIECKUX U ADY-
X npu6opos.
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9! 3amMepHl MOIBONRIOT YCTAHABNUBATL MNYOUHY BCKPHBAEMbIX BOROHOCHBIX
TOPU30HTOB W MEP3JBIX OPOA, MOWHOCTL MHOTONETHEN MED3JIOThI, BOAOHOCHbIE
TEKTOHUYECKUE HapyLICHUA.

TIpn 6ypennn B TPEMMHOBATHIX W KAPCTYIOWUXCA TOPOAAX (MU3BECTHAKAX, Mpa-
MODPax, MONOMUTAX, TUICAX U AP.) Heob6XoauMo GUKCMPOBaTh NpoBankl GypoBOro
WHCTPYMEHTA, BLIALIBAEMbIE HAMUUEM KDPYTIHLIX TPEIUH, TIYCTOT U IONOCTEN, OITpe-
AeNAIOWUX BLICOKYI0 BOAONIPOHUIIAEMOCTb TPOXOAUMOTO MHTEDBANA NOPOA. B Taxux
YCNOBUAX LiEHHYIO TMAPOreOIOTUMECKYI0 MHGBOPMALIMIO AQIOT TaKwe HabniofeHUa 3a
TIOBEAleHUEM YPOBHA BOABL B CKBaXWHE, IOINOMEHUEM TPOMBIBOYHOTO PACTBODA W
W3MEHEHWEM ero CBOMCTB (TIOTHOCTH, BABKOCTH, TEMIIEPATYPhL, XUMUIECKOTO CO-
CTaBa), a TaKKe HOTOTENEMETPUYECKUE UCCTIEAOBAHUA.

Habniopennsa 3a u3meHeHneM XMMUYECKOrO COCTaBa IPOMBIBOYHOTO PacTBoOpa
(06LIMHO GUKCUPYETCA U3MEHEHUE OAHOTO-ABYX XapaKTePHbLIX KOMIOHEHTOB, Ha-
npuMep, Na, Cl vnu SO,) AaloT MHGOPMALKIO O BCKPHITUU BOAOHOCHBIX OTIIOMEHWI
W OPUEHTUPOBOYHON MX BOAOOOMNBHOCTU. OCOBEHHO LeHHBLIMU 3TH HabMOAEHNA
ABJIAIOTCA IIPU BYPeHUM CKBAMUH HA MUHEDANbHble U MPOMLILINIEHHEIE BOAbL, Xa-
PaKTEPU3yIOmUeCA BHICOKOW MUHEPANU3ALMEN N CTIeMDUIHbIM COCTABOM.

' 0t60p P06 BOALL ANA U3YYEHUA XMMUYECKOTO COCTABA NOA3EMHEIX BOJ BCKPLI-
BaEMbIX BOAOHOCHLIX FOPU30OHTOB OCYWECTBIAETCA C OMOLIbIO XEJOHOK, BOAOHO-
COB ¥ TPO6OOTOOPHUKOB NNOCNE IPEABAPUTENLHOTO OTTAPTOBLIBAHUA MU OTKAYKU
BOABI U3 CKBKUHBL A0 €€ NIONHOro ocBeTneHua. O6BIYHO OH NPOBOANTCR B IEPUOR
OCTaHOBKU BYPEHUA CKBRWMUH B CBA3U C OMpPepeNIeHneM TONOMEHUA CTaTUYECKUX
YPOBHEW UM B TIpOlecce TPOBEAEHUA OTKaYeK. 06beMbl oT6upaembix npob 3asu-
CAT OT XapaKTepa 1 Ha3HaveHWA aHaNU3a u yawe coCTaBAAT 1-2 1.

- B niponecce 6ypenus CKBaMUH HeO6XOAUMO BECTU HAGNIOAEHUA 32 Ta30TIPOAB-
7IeHUAMM ¥ TIPU BO3MOXXHOCTU OT6GUPATh IPO6HI ra3a MPH €ro BLIANERUHU U3 BHIXO-
nAiei IpoMbIBOYHON MuaKocTU. TIPO6H PACTBOPEHHOrO B BOAE Tas3a OTOUPATCA
W3 CKBAMUH C NOMOMbIO CITELMaNLHEIX TPOGOOTEOPHUKOB 1 AETa3aTOPOB OAHOBDE-
MEHHO ¢ 0T6OPOM NPO6 BOAL. .

JinA monyyenna Gonee NpeACTaBUTENbHLIX AAHHbIX O BCKPLIBAEMbIX BOAOHOC-
HHX TOPU3ORTaXx ¥, B YaCTHOCTH, 06 UX BOAOOOUIBHOCTH M HUILTPALNOHHEIX CBO-
CTBaX POBOAUTCA CrieljuabHOe 'MAPOreonornyeckoe onpobosanue. B nponecce
6yPeHUA CKBAXMH W BCKPHITUA BOAOHOCHHIX TOPU30HTOB NPEABAPUTENLHOE OMPO-
GoBanue OCYmMECTBARCTCA MYTEM KEJNOHUPOBAHWUA, NPOBEAEHUR KPATKOBPEMEH-
HifX OTKaYeK WU HaIMBOB (3KCITPecc-onpoboBaHue), UCILITAHUA [1ACTOB CTIELU-
aNbHLIMU ONPOBOBATENAMU W UCTILITATENILHEIMU KOMIUIEKTaMM, @ TaKXKe METOROM
Onepe)alonero onpo6oBaHMA C UCNONb30BAHUEM BBOAUMOTO B CKBAMMHY CrieLn-
anbHOro BhunbTpa-onpobosarens. IMpporeonornyeckue HabaOAEHUA B Tipoyecce

345



CHpOBO‘{HMK COBPEMEHHOro U3bICKATeAs

OMpo60oBaHUA BCKPHIBAEMBIX TOPU3OHTOB 3aK/NI0¥AIOTCA B 3aMepax U PerucTpaumm
ne6UTOB M B U3MEpEHWAX YPOBHEM, KaKk B mpouecce OTKAdeK, Tax U Tocie Ux
npeKpailerna (BOCCTaHOBNEHME YPOBHA). Pe3ynbTaTsl HabMOReHN PUKCUPYIOT-
cA B 6ypOBOM 1 TEONOTUYECKOM KYPHANax, B )xypHaje OTKayeK, B aKTax Ha npoBe-
AeHWe UCCEeNOBAKNNA B CKBAXMUHE, Ha PTULPOTE0TIOTUYECKUX KONOKKAX U T. 4. flak-
Hile ONpo60BaHNA UCTIONB3YIOTCA AJIA CPABHUTENBLHOW OLEHKU BULTPAaNUOHHbIX
CBOWCTB M BOR006UNILHOCTY BCKPEIBAEMBIX PTOPU3OHTOB W NJIACTOB, BLIGOPA UHTEP-
BanoOB AIA YCTAHOBKM (UNBTPOB W AETanbHOIO WX CMAPOTEONOTMYECKOr0 U3yde-
HWA W pelleRuA APYTUX 3ajay. Bonee peTansHo MeTOAb! I'MAPOre0A0rMYECKOro
onpo6oBaKuA (ONBITHO-GUALTPAUMOHHbIe paBOThI) pacCMOTPEHS! B TTOATAaBe 3.2,

KomnnexcHoe npoBefeHue Pa3snuyHbIX BUROB HAOMOLERUN W UCCIeROBAHUA
(B TOM uncne W reodn3MIecKUx) Npu BypeHun cxBaXuH obecreyusaeT CBOeBpe-
MEHHOE W Haf\e)KHOe BLIRBIEHWE BOJOHOCHLIX M1aCTOB U TOPUIOHTOB W UX TOCTIe-
Ayouee TMADPOTEOIOrMYECKOe u3ydeHne u onpo6oBanme.

3.1.5. Tuaporeonornyeckue HabuiofeHns NpU NPoBefieHMH TOPHBIX pabor

Tupporeonornyeckue HaGMojleHUA NPOBOAATCA HE TONBKO NpU 6ypeHuu cksa-
WK, KO M I(PU NPOXOAKE APYTUX Pa3BEAOUHHIX U IKCMAYAaTAUUOHHBIX TOPHBIX
BrPaboTOX (WypHOB, AYAOK, WAXTHHIX CTBONOB, MTONEH U T. I.). 3afauu TaKux
HabmopeHWi MOryT ObITh PasHbIMW, HO BCETAA HEOHXOAUMO CTPEMUTLCA IONYIUTD
1JeHRY0 AOTIONHUTENALHYI0 Te0N0r0-TUAPOTE0N0rMIecKy10 UHPOpMaLnio 06 06bex-
Tax W3YYEHUA WU WUCTIONb30BATb ee Anf 3QQPeXTUBHOTO peueHUA TOCTABIEHHbIX
IMAPOreonoruyeckux 3anay. fuaporeonornyeckne HabniopeHUA B TOPHLIX BbIpa-
60TKax MOTYT MPOBOAUTLCA B NMpPOLECCE MOUCKOBO-PA3BEAOMHBIX 'MADPOTEONOIN-
Yeckux pabor, Mpy Crenuanu3upoBaHHEIX CheMKaX, IOUCKAx, PasBeaKe u paspa-
60TKE MECTOPOXREHUW PA3NUYHLIX TMONE3HBIX UCKOTIAEMBIX M BLIMONHEHWUU ADY-
T'UX 3afaHui.

Ecau 8 paiioxe npoBefeHUA rMAPOreoNorndeckux paboT UMENTCA AHCTBYI0-
e MNM CTapeie PYAHUKYW, TO W MX BLIPaGOTKM NOANEKAT TMAPOTeONOTUYECKOMY
obcnefoBanwio M aoxyMerTauuu. Iipu 3ToM HEOGXOAUMO BHIABUTL KaK MyTeM He-
NOCPeACTBEHHOTO 06CNenOBAHUA, TaK U TyTeM c60pa HOHAOBLIX RAHHLIX CIIeAYI0-
nMe cBefeHus: reorpaguyecKoe NONOXKEHVE ONUCHIBAEMOr0 06BEKTA; KOraa, KeM
W ANA KaKux nenei NpoWfeHsl ropHbie BLIPAOOTKW; OCHOBHbIE 0COGEHHOCTHU reo-
TIOTMU Y4aCTKa; OTIMCAHNe TOPHbIX BHPABOTOK (MX INy6UHA, CeyeHue, KperlieHve,
TINaH PACTIONOKEHNA BEPTUKAJILHELX, FOPU3OHTANLHLIX U HAKJIOHHHIX BLIPAGOTOK);
JMTONOTO-CTPaTUrpadnyeckuit paspes mo CTBOAY WM KBeplnaraM; COCTOAHWE W
YCTOWYUBOCTD NOPOA B BLIPAGOTKAX; OMUCAHME BCKPHITHIX BOJOHOCHHIX 30H U TO-
PU30HTOB (pa3Mephl M XapaKTep BOAOTPOABNEHUN, AeOUT, Hn3udecKne CBONCTBA
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W XMMUECKWW COCTaB BOAbL, PEXWM W AD.); U3MEHEHWe XapaKTepa M CTemenu
TPELIMHOBATOCTH TIOPOA W UX OGBORHEHHOCTW MO Mepe YTAYGAeHUA BHPaGOTOX;
Hanuyue NpopLBOB BOAHI B TOPHHIE BLIPAGOTKM (BPEMR, INy6UHA NPOABIEHUS, BME-
Wawwue TOPOR, TPUYMHA BOIHUK 7, pa3mep Habmi 0CA TIPUTOKA);
CYMMapHbi¥ IPUTOK B FOPHbIE BLIPAGOTKM U €ro U3MeHeHe N0 BpeMeHaM rofa U no
ropaM, IPUTOK BOAB! HA EAMHMIY TNOWAAN WIW ANUHEL TOPHBIX BEIPAbOTOK; BAMAHME
POPHBIX BLIPAGOTOK W APEHAXHBIX PAGOT HA PEXWM U 3arPA3HEHME BOROHOCHBIX
rOPU3OHTOB, UCMIONB3YIOWNXCA ANIA BOROCHAGKEHUA,; TIpUMEHAEMBe CPeCTBa OCY-
LWEHUA MECTOPOXAEHUA (TIOMNONAI0IME CKBAKUHEL, 3a6UBHEIe QUNLTPL, CKBO3HbE
(QUALTPHL U T. A.), UX OMUCAHWE WU POXUM PABOTHI; CYWECTBYIOLME OTPANAEHUA BbI-
paboToK OT BOAb! M UX 3PPEKTUBHOCTb (MepeMbiyky, BORONPOHUNAEMAR KpeTb U
AP.); MCTIONIB30BaHME MIAXTHEIX (DYAHUYHBIX) BOZ B TPAKTUYECKUX LleNAX.

B rnon3eMHbIX TOPHBIX BLIPaBOTKax GUKCUPYIOTCR W OMUCHIBAIOTCA BCE BOAO-
MPOABNEHWS, TIPOBOAATCA HABNIOAEHUA 33 IPUTOKOM, TEMIIEPATYPON U XuMMUYec-
KWM COCTaBOM BOAHI, U3Y4AKOTCA NMMTONOTUIECKUE OCOGEHHOCTU BCKDHTHLIX TIOPOR,
MX BORHO-(BM3UECKUE CBOWCTBA W YCTOWYMBOCTb B KPOBAE, CTEHKAX U TOpoMIBE
BbIpa6oTOK. TIpeMMyLIecTBa OCYIECTBACHUA Ha6NIOACHIIA B TOPHEIX BLIPAbOTHAX
60NBLIOro CeYeHUA 3aKNI0HAIOTCA B TOM, YTO TIOPOALI U BOAONPOABAERUA AOCTYTI-
Hbl B HUX HEIIOCPEACTBEHHOMY OCMOTDY WM BU3YanbHOMY W3yderwo. Tpu Habnio-
AEHWAX KaK B BEPTUKANbHBIX, TaK U B TOPU3OHTANbHBIX BhipaboTKax 1enecoobpas-
Hbt hoTorpadupoBaHmue U 3apUCOBKM HAGMORAEMBIX 06BEKTOB U ABNCHUI,

OCHOBHO® BHUMaHWe NP AOKYMEHTUPOBAHUU TOPHOPA3BENOYHBIX BLIPABOTOK
YAENAETCA U3YIEHUIO JIMTONOTUYECKUX OCOBEHHOCTEN BCKPLITLIX TIOPOA, UX CTPYK-
TYpbl, KPETIOCTH, CTETNIEHU BHIBETPENOCTH, TPELMHOBATOCTY, MIOTHOCTU (IN1A Tec-
KOB), TAMHUCTOCTU U KOHCUCTEHU MM (ANA CBA3HLIX TIOPOA), BAAKHOCTY, BOAOTPO-
ABNCHWN U (U3UKO-TEONOTUIECKUX TIPOLECCOB.

Cnepyet o6pawars BHUMaHUe HA COCTORARWE U YCTOWYUBOCTb TOPHBIX TIOPOA B
TIOYBE, KPOBNE W CTEHKAX U3YYaeMbIX FOPHbIX BLIPAGOTOK (UITONEH, WITPEKOB, LIYD-
¢oB  Ap.); TmarenbHo puKcUpoBaTh XapakTep W 0COGERHOCTM HabmopaeMbix
(U3UKO-reoNnorMyeckux ABNEHUR W NMPONeCCoB (TyueHWe, NPOPLIBHI [UILIBYHOB,
Tiporu6bi, BEBabL POCanku, aedopManuu u ap.).

[IpW HOKYMEHTUPOBAHUM FOPHLIX PAGOT BEAYTCA TIIATENbHbIE HAONIOREHUA 32
BCEMW BUAAMU BOAOTIPOABNEHMUI; ONPeAeNAOTCA NOABUBIINECA W YCTAHOBUBILME -
CA YPOBHU BCKPLHIBAEMbIX BOLOHOCHHWX FOPU30HTOB. B mpouecce npoxopxu Bhipa-
60TOK C BOROOTZIMBOM U TIPU CO3AAHNM BOAOTOKOB B HEKOTOPLIX BUAAX BLIPabOTOK
(HanpuMep, B KaHaBax, 3af,aHHbIX Ha CKNOHe penbeda, UK WTONbHAX C YKNOHOM B
CTOPOHY YCTbA) ONpPeneNAIoTCA BeMYMHDBI BORONPUTOKA U BOROOTANBA, U3YaeTCA
DEXUM TION3EMHEIX BOD,
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Tnasa 3.2. IIOJIEBBIE OIIBITHO-®HJIbTPALIMOHHBIE PABOTHI

OpHOW M3 OCHOBHBIX 3dAa4 WCCNEAOBAHWA MPU UIYUEHUM MECTOPOMKLEHWI
TIOA3eMHBIX BOA ¥ PelleHuu PasHoOBpasHbIX IMAPOreonorudeckux 3afad ABNALT-
CA OompeAenieHne IMAPOreonornyeckux napaMeTpoB BOROHOCHBIX TONM M FOPHBIX
TIOPON 30HbI a3pauuu. Be3 yCTaHOBNEHUA STUX NAPAMETPOB OGLIYHO HEBO3IMOMKHEL
KONMYECTBEHHbIE OLEHKU ¥ PA3NUUHOTO POAA UHKEHEPHBIE PacyeTsl u POTHO3L,
CBA3AHHLIE C BHIABNEHWEM [IOA3EMHbIX BOA, UX KOJIUYECTBEHHLIM ¥ Ka4eCTBEHHBIM
W3Y4eHUEM, HAPOAHOXOIAMCTBEHHEIM OCBOEHUEM IV PETYNIUPOBAHUEM.

B HacToAnee BpeMA ANK ONPeCNIERUA PACHETHbIX TUAPOTE0NIOrNYecKux napa-
METPOB, XapaKTepU3ylomuUX IMaBHbM 06pa3oM HUNbLTPaUOHHLE CBOWCTBA U BO-
ROOBUNBHOCTb COPHLIX OPOA, MPUMEHAIOTCA Pa3NNUHbe METOAH!, uenecoobpas-
HOCTb ¥ 3¢ GEXTUBHOCTD UCTONIB30BAHUA KOTOPBIX 3aBUCAT OT CTAAUU U TEXHUYEC-
KUX YCNOBUW MPOBEAEHWA WCCNeROBAHWIA, XapakTepa u creunduku penraempix
3apayv, TPUPORHBIX YCIOBUI M3y4aeMoro I'MaPOTeonornieckoro o6bexTa n npynux
daxtopos. K yncny Takux MeTOA0B OTHOCAT:

1) oTxauxu; .

2) HanuBbl 1 HarHETAHUA B CKBAXUHBI; (

3) Hanuesl B WYPQBL;

4) 3KCMpecc-MeTOonb;

5) ompepeneHue MapaMeTpPoB MO AAHHBIM HAGNIONEHWN 33 DEXUMOM MOA3RM=

HBIX BOA; :

6) nabopaTopHbie METORRY; )

7) reopusnueckue MeTOAL;

8) McpenuposaHue,

Tlepeuucnennsle METOAB XapaKTePU3YIOTCA PA3NUYHONA CTEMEHbIO HaleHOC-
TW ONPeReNeHnA GUNLTPaLUOHHLIX CBOUCTB u crieyudukoit ux nposeperus. Ilep-
Bble YETHIPe METOAA MOTYT GBITb OTHECEHHI K IPYINe MONeBbIX ONbITHO-GuAbTPa-
LUMOKHBIX U ABARKIOTCA MpeobnanalommMm B IpakTMKe IAPOTe0N0rMECKUX NCCe-
poBanuit xax obecneunsaomme spdexTnHOe n Gonee AOCTOBEPHOE ONpefenenune
PACYETHBIX TM/POrecnOrnYeCcKuX NapaMeTpoB.

Onpesienenue napaMeTpPOB MO JAKHMM CTALMOHAPHLIX HAGNIOAE Wil TpenCTaB-
JAETCA ONHUM M3 HauGoNee HAaNEXHEHX METOAOB, 0OCOGEHHO B pailOHaX neiCcTBYIO-
mux BOR03aBOPHLIX UNM APEHAKHBIX COOPYKEHUM, a TaKke Ha NPuBpemHbIX
y4acTKax BOAOTOKOB W BOAOEMOB, TAe BO3MYLIEHUA OT AEWCTBUA YKa3aHHLIX
06beKTOB NPOABNAITCA Hanbonee OLYTUMO U AAHHbBIE O TTOBEAEHUW YPOBHEN NOA-
3eMHbIX BOJ, ABNAIOTCA HAAEKHOW OCHOBOW ANA KONUYECTBEKHOW ONEHKW pasnuy-
HBIX TMAPOTeoNorndeckux napamerpos. IIpumerexne 3T0ro MeTopa Tpebyer Hanu-
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Pazaen 3. UHxeHepHO-TMADOr€OAOTHECKNE M3bICKAHNS

YnA TOYEK PeXUMHON CeTU (CKBAXMH, CTBOPOB, IOCTOB) U OPTaHU3aLNUU COOTBET-
CTBYIOIUMX HabNIOAEHUM 33 PeUMOM MOA3EMHBIX BOA (cM. on. IV).

Jla6opamopkbie Memodsl onpefienehus GUNbTPAUNOKHBLIX CBOUCTB IIpUMe-
HRIOTCA A/IA MACCOBLIX OPUEHTUPOBOYHBIX NPEBAPUTENLHBIX OLEHOK Ha NepBo-
HavanbHbIX 3TaNax M3yuyeHUA TOPHLIX NOPOA (INaBHLM 06pa30M TNUHUCTHIX U
MeCYaHbIX) U OCHOBAHHI Ha MPOBElEHUN OMLITHOW GuNbTpaNuu BOAK Yepe3s cne-
uManbHo orbupaemie 06pa3ybl TOPHLIX MOPOA C IOMOMBbIO PA3NMUHBIX NpuGo-
pos. Clopa e cnepyeT OTHeCTM U MeTOA OTpeAeneHuf GunbTPaUMOHHBIX
CBOWCTB MO Pa3NUYHOrO POAA IMINUPUYECKUM 3aBUCUMOCTAM, YIUTHIBAOWUM
KOPPeNAUUOHHBIE CBA3U 3TMX CBOWCTB C DA3NUYHBIMU NOKA3aTENAMU TOPHBIX
NOPOA, (TPaHyNoOMeTPUIECKUM COCTABOM, TOPUCTOCTHIO U P. ), OPeneNAeMEMU B
Na60paTOPHEX YCNOBUAXK.

Teogusuveckue Memodsl RalOT Pe3YNbTATH, MPUTOAHLIE INR NPEABAPUTENb-
HBIX OPMEHTUPOBOYHHKIX OLEHOK (UNBLTPAUUOHHLIX CBOWCTB U CMAPOreoNoruyec-
KOro pacuneHeKUA nsy4yaemoro pazpesa. Cpeain 3TuX METON0B CNI@AYET BLAENUTD:
1) 3NeXTPONUTNYECKNI MeTOJ (Pe3UCTUBUMETPUA), UCTIONb3YEMBI B TPEIUHOBA-
THX TOPOAAX, & TaKKe B PHIXJILIX OTNOMEHUAX, He COREPMAWMUX 3HAYUTENLHBIX
KONMYECTB IMUHUCTBIX ¥ NLUIEBATHIX YacTul; 2) PaCXOAOMETPUIO, IPUMEHAIOMYI0-
€A B HE3aKONIbMATUPOBAHHBIX ITIMHUCTBIM PaCTBOPOM CTBOJAX CKBAXUH; 3) TepMo-
MeTpWio, NPOBOAUMYIO B OCHOBHOM ANIA M3YMeHUA CNabONPOHMLAEMbIX Pa3fenaio-
WMX BOAOHOCHBIE FOPU3OHTH NOPOA; 4) aKyCTUYECKUe MeTONb KapoTa)a, npuMe-
HAOIMMECA B TPEWMHOBATHIX TOPOAAX; 5) PAAMOAKTUBHLIA KAPOTaX, UCIONbL3YIO-
WMACA ANA BHIAENEHUA BOAOHOCHEIX FOPU3IOHTOB U ONIpeeneHuA OPUCTOCTU Top-
HbIX TIOPOR,.

Modenuposanue paeT BO3MOXHOCTb OMpPenenATh U VTOUHATb CMAPOTEONOTU-
yeckue MapaMeTphl Ha OCHOBE pelIeHUA KOMIInexca 06paTHHX 3apay, NCTONb3YA
Pe3ynbraTh PeMUMHBIX Habniopenuit unu Kabnionexui 3a u3MeHeHueM ypoBHei
" PacXofoB B MPOLECCe NPOBEAEHUA ONBITHO-HUIbTPALMOHKbIX paboT. OHo ofec-
neyuBaeT AOCTATOYHO BLICOKYIO HAaA@KHOCTb ONIPEAENEHUA TAPaMeTPOB 1 11eNeco-
06pa3Ho B CIOKHBIX FAPOTEONIOTMIECKUX YCNIOBUAX IPU OTCYTCTBUM BO3MONKHOC-
TU AOCTOBEPHOTO ONpeAeNieHUA (PUNLTPAUUOHHBIX CBOUCTB APYTUMU METORAMM.

Jina obecneverus TpeGyeMOR HaneKHOCTH ONpeAeNeHUs TMApOreonoruyec-
KUX MapaMeTpoB U NMOBLUIEHUA IKOHOMUYECKOR 3DEKTUBHOCTU TMAPOTesa0rt-
JecKMX UCCNeA0BaHUNA Leneco0BPa3HO KOMINEKCUPOBATL Pa3NUYHbE METOAbL OII-
pepenenua GUNbTPAaUMOHHBIX CBOMCTB C YYETOM KOHKPETHBIX IMPOTe0sIoruyec-
Kux ycnoeui uayuaemoro o6bexTa, XapakTepa u TpeboBaHuit pelraembx 3apad,
TEXHUIECKUX BO3MOMHOCTEN W SKOHOMUUECKOM 3hPeKTUBHOCT OTAENbHHEX UC-
TIONb3yeMbIX METOAOB, IOCIEA0BATENLHOCTY UX TPOBEIEHUA U APYTUX GaKTOpOB.
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3.2.1. OcHoBHBIE BHABI MOJIEBHIX ONBITHO-YUIILTPALMOHHBIX paboT,
WX 33J]a4M M YCJIOBUS IpUMeHeHUA

K nonessim ONBITHO-GWUNLTPALMOHKEIM paBOTaM OTHOCATCA TIONEBLIE TUADOAU-
HaMuyeckye OMbITH IO ONPeAeNeHnio GuIbTPAUORHEIX CBOWCTB FOPHLIX NOPOA.
JTO PasANYHOrO BWAA OTKAWYKW, HAIMBB W HarHETAHUA B CKBAXWUHbI, HAJIMBLI B
mypdbl, IKCIIPECC-HANUBLI Y IHCIPECC-OTKAYKY, ONepexatolliee onpoGoBaHue Bo-
AOHOCHLIX TOPU3OHTOB, ONPOBOBAHME C IIOMOWbIO UCTIEITATENEeN IUIACTOB U HEKO-
TOpble Apyrue MeTopbl. B yyebHuKe K CrienuanbHLIM BUAAM OILITHO-(GUILTPALN-
OHHBIX PaBOT OTHECEHH U TPAAULVOKHO CYMTABLIMECA TeohUINIECKUMN MeTopa-
MW PE3UCTUBUMETPUA U PACXOZOMETPUA, ABNAIONIMECS B CBOE OCHOBE TMAPOANHA-
MUIeCKUMU (3aMephl M aHaNu3 NpoduIIA pacXOAa TIOTOKA B CHBAXUHE), HO UCIIONb-
3yeMble ¢ LIMPOKUM IpUMEHEHUEM reoduanyecKoi annaparypsl.

Bce yxa3aHHbie MeToAbl 06ecIieyuBalT onpeneieHne C TOW W1 UHOW CTele-
HbI0 JOCTOBEDHOCTY Pa3NUMHLIX I'MADOTe0NOrMdecKUX NapaMeTpoB U3y4aeMbIX
TODHBIX NOPOA HAa OCHOBE WMCIONb3OBAHWUA MONYyYaeMOW B NMPOLECCE ONBITHOW
GvneTpauuu URGOPMANUKN 0 3HAYEHWUAX HATIOPOB, PACXOA0B, CKOPOCTEN ABUKEHUA
BOAB W IPYruX MokKasaTenedt. [loCTOBEPHOCTD ONpELeNIeHNA TApaMeTPOR OMpese-
JIAETCA CTENEHbIO COOTBETCTBUA BHIOPAHHOW ANA 06pabOTHM OMBITHBIX AAHHBIX
(UBTPALNOHHON CXEMB! peanbHbIM YCNOBUAM GUILTPALMN B IPOLECCE OMbITA.

B pesynbrare npoBepeHWs U 06paGoTKW OMLITHO-UILTPAUMOHHLIX PaboT B
33BUCHMOCTY OT NIOCTABNEHHO 337241 ONPEAENAIOTCA CNeAyIone OCHOBHbIE TUA-
POTEONOTMYeCKUe NapaMeTphbl: Kpusaa pebura Q = f(S,), koabduumuent punsrpa-
unn K (mam 3Hayenve sogonpoBopuMoct T=Kmvnu T = th,), Pannyc BIUAKMA R,
K03 (UUNEHT NMbE3ONMPOBOAHOCTH @ (MAWN YPOBHETIDOBOAHOCTM AJIA T'DYHTOBLIX
BOA), BOJOOTAAYA NOPOA B Ge3HAMOPHLIX TIOTOKAX |L W MIOKa3aTens yIpyroi Bogo-
0TAauM | *, MOKa3aTenb HeCOBEplWIEHCTBA CKBaXUK (0, MapaMeTp nepeTekanus B,
TIOKa3aTellb, XapaKTepU3yiounii 3aK01bMaTMPOBAHHOCTD U HECOBEPIIEHCTBO Bpe3a
PYCIOBLIX OTIOKEHMUIA, CKOPOCTb ABUKEHNSA IOA3EMHDIX BOJ,.

lins 06paboTku pesynbTaToB ONMBITHO-(GVNLTPANMOHHLIX paboT B HacTosWee
BPEMA LWMPOKO UCNONb3YIOTCA GOPMYNB HEYCTAHOBUBLIEWCA M YCTAHOBUBLIEHCA
GUNbTPaLUK C AKUEHTOM Ha MPUMEHEHWe pelIeHUi HeyCTAHOBUBLIETOCA ABUNE-
HWA OA3EMHEIX BOZ, 4TO 06ecneunsaeT nosyineHne 3¢pGeNTUBHOCTY BLIIONHAE-
MbIX PaboT 32 CyeT COKPAWEHMUA UX NPOAOIKUTEIILHOCTY W GoNee MONHOrO Onpe-
AeTeHNA TapaMeTpoB MOTOKOB IOA3EMHbIX BOA (B YACTHOCTH, TAPAMETPOB HeyCTa-
HOBUBLIEACs (HUIIBTPALMU: YPOBHENPOBOAHOCTY, Tbe30NPOBOAHOCTH, YIIPYTOit BO-
100TAQYM U AD.).

OcHoBHO v Hanbonee pacCHPOCTPAHEHHHIN BUL OTBITHO-(HUILTPAUUOHHDIX pa-
60T — 0TXa4K, KOTOPHIM OTAAETCA MPELNOYTeHUe IOYTH BCEIAA IIpu ONpobosa-
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HWAX BOAOHOCHBIX TIOPOR, OCOBEHHO NPU NPOBEAEHUY U3BICKAKUW ATA leneit Bo-
AOCHABKEHs, OCYLIEKUA Y APEHAKA.

Ha yvyacTkax ¢ rny6oKUM 3aneranuem MOA3EMHLIX BOA, @ TAKXKE B YCIOBUAX,
HEBNarOTIPUATHLIX AN1A POBEAEHUA OTKaYeK (Cnabas BOROOGWIBHOCTb U BOROOT-
nava Mopoa), Npu HeoBGXORUMOCTH OTIpeieNeHUA TMAPOre0IorMIecKUX napamer-
POB He HACHILEHHbIX BOAOW NMOPOJ MPUMEHAIOTCA HAINBL U HATHETAHUA B CKBa-
KUHbL, ONBITHBIE HaIMBBI B WYPdbl. OMLITHLIE HArHETAHUA 1EN1ecO06Pa3Kbl MpU
OneHKe GUNLTPANUOHHBIX CBOWCTB U YAETILHOTO BOZOMOMIOWEH A TPELIMHOBATHIX
CKaNbHBIX U MONYCKaNbHbIX BOAOHOCHBIX NOPOJ, @ OMBITHEE HANUBLL B CKBAKUHYL
TNaBHBIM 06pa3oM B HeBOAOHACHI@HHIX PHIXLIX Y TPRLWMHOBATLIX NOPOAAX 30Hb!
BbIBETPUBAHUA. OMBITHBIE HANUBLI B WYP(H UCTIONL3YIOTCA ANA U3YYEHUA BOJO-
MPORUIAEMOCTU HEOBBOAHEHHBIX CBA3HBIX W PBIX/ILIX TOPHLIX TIOPOA B €CTECTBEH-
HOM 3aJ1eTaHuu.

JKcnpecc-MeTOAB NPUMEHAIOTCA ANA OPUEHTUPOBOMHOW (CPaBHUTENbLHOM)
OLeHKU (UNLTPAUMOHHBIX CBOMCTB BOROHOCHLIX TOPOA; Ha NEPBOHaYaNbHBIX CTaau-
AX I'MAPOTEONOTUYECKUX UCCTIeNOBAHUM, AR BLIABIEHUA 0GDEKTOB U 06OCHOBAHUA
06BeMOB AaNbHENINK TMAPOre0NIOTUYECKUX UCCIIEA0BAHNH, XapaKTEPUCTUKHU BORO-
MPOHWIAEMOCTH TIOPO, B Pa3pe3e U pelleHUA KeKOTOPLIX ApYrUX 3apay. B Hacroa-
wee BpeMA 3KCNpecc-onpo6oBanue BOAOHOCHBIX TOPU3OHTOB OCYUECTBNRETCA C
MOMOW|BI0 ONIEPEKAIOLLEr0 ONPOGOBAKUA B NpOLecce GYPerUs CKBAXUH, IpUMeHe-
HUsA CNELMANIbHBIX UCTILTaTeNneR n oNpoboBaTeneit MNacTos, IKCIpecc-oTKayex u
SKCTpecc-HaAuBOB, PACXOROMETPUY, TEDMOMETPUU U APYTUX METOAOB.

3.2.2. Meroam onpefesienus napaMeTpoB BOJAOHOCHEIX MOPH3OHTOB
0 A3HHLIM OTKAYeK

OTKa¥KYW TIOA3EMHLIX BOR U3 CKBAXUH — OAWK U3 OCHOBHLIX, Haubonee Ha-
BeXHBIX, HO BMECTE C TeM W 0DPOTOCTOALIUX BUROB (UNLTPALUORHOTO Onpobosa-
HUA BOLOHOCHHIX FOPU3OHTOB (3aTpaThl Ha OTKayKM Hepeako pocturawt 35-60%
oT 06WMX 3aTpaT Ha pa3Beary MOA3EMHBIX Bop). [I03TOMy NpaBunbHOE 060CHOBA-
HUE UX BUAOB, 061eMOB N METOAUKM TTPOBEACHUA BO MEOIOM ONpenenset dddex-
TMBHOCTb U YCIeX pelIeH A IOCTaBNeHHbIX 3a7ay.

Buzbt oTKauex M ux HasHaueHwe. B 3aBUCMMOCTM OT Ha3HAYeHUA BCe OT-
KauKu, KOTOphle POBOAATCA MDY MOUCKAX U Pa3BEAKE Pa3NUUKLIX TUIIOB MeCTO-
POXAEHUM NOA3EMHBIX BOZ, IOAPA3ALNAKTCA Ha TpU BUAA: NPOGHLIE, OMIBITHbE U
OMLITHO-3KCIVIyaTanMoHHsie, OHM OTNUYAIOTCA INABHLIM 06Da30M NPOROIKUTENL:
HOCTbI ONMTHBEIX PaboT M KOHCTpYKLMe#H OMBITHOTO KycTa. B cBA3U € 3TUM Ans
TPOBEAEKNA MONEBHX ONLITHBIX PaGoT HEOGXOAMMO YETHO YCTAHOBUTDL 3ajaun,
7R pelleHUA KOTOPHIX POEKTUPYIOTCA ONBITHO-BUIbTPAUNOHHIE NCCNEN0BARUS.
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HauGonee MaccoBLIM BUAOM OTKAUeK NPYU NOUCKAX U pa3BeAKe NOA3EMHLIX BOJ
ABNAOTCA TPOGHBIE, KOTOPLIE NNPOBOAATCA MPAKTUYECKN HA BCEX CKBAMUHAX, NPO-
GYpeHHbIX B NpoLiecce TMAPOreONOTUYeCKMX NCCNeA0BaHUM (TOUCKOBLIX, passe-
ROMHBIX, HaGniopaTenbHbix). OHU BBIMONHAIOTCA WA NPeABApPUTENbHOR OLEHKH
(HUABTPAMOHHBIX CBOWCTB U BOAOOBUNBHOCTYU NOPOR, KAaYeCTBA NOA3EMHBIX BOA U
CPaBHUTENLHOW XapPaKTePUCTUKM PA3NUYHBIX YYACTKOB U 30H BOAOHOCHBIX FOpU-
30HTOB. [Ipo6HbIe OTKauKM (BHUTYCKU) MPOBOAATCA KPATKOBPEMEHHO (6-48 u), Kak
NPABUIY, HA OAHY CTYTIEHb TOHMIKEHUR YPOBHA.

OcHoBHOW BUA GUNLTPALMOHHBIX PabOT Ha CTagUAX NPEABAPUTENLHON U fe-
TLIbHOM PA3BEAKU — ONBITHbIE OTKAUKK. OHM NPOBOAATCA MJIA PELICHUA CNepyio-
4 UX BOMPOCOB:

1) oTpeAeneliA OCHOBHLIX TMADPOreoNOrMdecknx MapaMeTpOB BOAOHOCHBIX
TOPU3OHTOB (Me6uTa, BeNUYMHb MOHMMEHUA YPOBHA, ko3dduuuenros
(UABTpauMK, BORONIPOBOAUMOCTY, TTbe30- W YPOBHENPOBOAHOCTH, BOROOT-
Aauw, NepeTeKanus, NPUBEAEHHOr0 Pauyca BIUAHNA, CYMMApPHOTO CONpo-
TUBNEHUA PYCNOBLIX OTIIONEHUN U AP.);

N3YYeHUsl FPAHUYHLIX YCOBUI BOAOKOCHBIX FOPU3OHTOB B IIAHE W pa3spe-
3¢ (B3aMMOCBA3W NOA3EMHLIX U NOBEPXHOCTHHX BOA, B3AUMOPACHCTBUMA
CME@XHBIX FOPU3OHTOB U T. A.);

YCTAHOBNIEHNA ONTUMANLHOW NMPOU3BOAUTENLHOCTU IKCIUIYATAUUOHHBIX
CKBaXMH Y 3aBUCUMOCTY MEXQAY AeBUTOM CKBAXUHBI U TTIOHUKEHUEM YDPOB-
HA B Hew;

ONpefeNeHns BENIUYMH CPe30K YPOBHA B NMPepenax yyacTka pacnonome-
HuA Bopo3abopa NMpU COBMECTHOW paboTe HECKONBKUX B3aUMOAEUCTBYIO-
WUX IKCTIYATALUOHHBIX CKBANMUH.

OnsITHEE 0TKAYKU MOAPA3AENANTCA HA KYCTOBLIE U OAUHOYHbIE, OfuHOY-
HBIE OMBITHbIE OTKAYKYM NIPOBOAATCA AIA YCTAHOBNEHUA 3aBUCUMOCTH AebuTa oT
uonmKeHus Q = f(s) 1 B OTAUYME OT NPOBHLIX BHITONHATCA HA ABE-TPY CTYTIe-
HW MOHWKEHUR YPOBHA. KyCTOBbIe OTKAYKU — OCHOBHOW BUJ OTIBLITHLIX pabor,
ecny 3ajayen 0TKaYex ABNAETCA ollpefeneHue rMAPOreonoruyecknx napamer-
POB, U3yyEHUE IPAHUMHBIX YCIOBUHA, ONBLITHOR ONpeAe/eHne BeNUMUH CPe3oK
YPOBHA.

KycrtoBbie OILITHBIE OTKAYKW NO3BOARIT 60Nee HaNeKHO U TMONHO U3YYuTh
napamMeTpsl 0TOKA B 30HE BIUAHMA OTKAuKM, UCKIIOMWTDL BAMAHME GunbTpa W
AP®3a6ONHONM 30HET HEHTPANIbHOM CKBAXMHBL HA TOUHOCTb ONPENENeHUs NapameT-
POB U, HAKOHELL, ONpefieuTb HeNoCPeACTBEHHO NoKa3aTeNb 06061eHHOTO conpo-
THBNEHUA CKBaXMHBL (§0), YTO uMeer GoNblOe 3HAYEHUE NIA TTPOTHO3a YCNOBUIA
PabOThl TPOEKTUPYEMbIX BOA03aBOPHEIX M PEHAXHBIX COOPYKEHUIA.
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Pa3HOBUAHOCTBIO KYCTOBBIX OTKAYEK ABNAIOTCA ONMLITHEE IPYTIOBLIE OTKAYKY,
KOTOPbIE TPOBOAATCA IR U3YIEHWUR YCILOBUN BIAVMOCBAIN BOLOHOCHBIX FOPU3ON-
TOB W OTPEfleNIeHUs OCHOBHEIX TMAPOre0NornYecKUX NapaMeTpoB Ha TeX yyacT-
Kax, 'e 0T60p BOAB V3 OAUHOMHOM CKBAXUHLI HE MOXET obecneuunts veobxoau-
MOV TOUHOCTU PACYeTOB B CBA3U C HE3HAYUTENLHLIMU a6CONIOTHLIMU BENTUMUHAMN
TIOHUKEHUN YPOBHSA.

OMBITHO-3KCTINYATAllMOHHBIE OTKAYKM W3 OQHOW WM HECKONBKUX CKBAMMWH
TIPOBOZATCA TONBKO Ha CTAafUMW AETaNbHOW Pa3BeAKN B COMHBIX FULPOre0soTu-
JeCKMX ¥ TUAPOre0XUMUIECKUX YCIOBUAX, KOTOPLIE HE MOTYT BbiTh 0TOGpaKeHsl
B BUE PACYeTHOW cxeMul. llenb OMBITHO-3KCTUIYATAMOKKLIX OTKaYeK — yCTa-
HOBJIEHUE 3aKOHOMEPHOCTE U3MEHEHUA YPOBHEN MTOA3EMHBIX BOJ WIN UX Kave-
CTBa NpU 3aaHHOM BofooT6ope. [IpOBORATCA OHN JOBONIBHO ANIUTENIbHOE BPEMA
(1-3 Mecana u 6onee) mpn AebUTaX CKBAWUH, 6AMIKNX K IPOEKTHOMY BOROOTOODY,
W uX JaHHbie PUHUMAIOTCA 33 OCHOBY MPU MPOTHO3aX YCNOBMI PaboThl BOfo3a-
GOPHLIX M ;PEHANHBIX COOPYKEHUM.

Meropbt 06paboTku pesynbraroB orkavek. Onpepenexue Iaporeonoru-
JeCKuX NapaMeTpoB OCYLIECTBAAETCA, KAK YIKe OTMEYAIOCH, HA OCHOBE 06paboTku
HAMHBIX O TIOBEAeHUN YPOBHEH U AeGUTOB B MPOLECCE OMBITHO-GUILTPAUNOHHBIX
pabot. [Ipu 3TOM MeToAH 06paBOTKU ONBITHBIX AAHHLIX OCHOBAHH Ha UCIIOJIb30BA-
HUM aHAZIMTUYECKUX PENIeHUN B PA3NUMHBIX UX MOLUPUKALUAX B COOTBETCTBUU C
XapaKTepoM U TOJIHOTOW NonyveHHo# uHdopManuu. JloCTOBEPHOCTb ONpepene-
HUA NapaMeTpoB ONPENENACTCA CTEMEHbI COOTBETCTBUA BLIOPaHHOW Ans ofpa-
6OTKM OMBITHEIX AARHBIX GUALTPAUNOHHON CXEMbl pEANIbHBIM YCAOBNAM GUNbTPA-
uum B npoyecce onbita. CNOXHOCTb ¥ pa3Hoo6paszue ruAPOreoNornYeckux yeuo-
BUM, CNOMHEIN XapakTep GOPMUPOBAHUA PEXMMA NOA3EMHEIX BOA NIPU OMBITHLIX
OTKayKax, KOTlA OBMHAKOBbIE 3aKOHOMEPHOCTH U3MEHEHWS YPOBHEH U PacXoOfoB
MOTYT GLITb BLI3BAHBI BAUAHWMEM CAMBIX DA3NUYHBIX HaKTOPOB (KaK eCTECTBEHHbIX,
TaK U UCKYCCTBEHHBIX), CYNIECTBEHHO 3aTPYAHANT BHIGOD GUILTPAUOHHON CXe-
ME! ¥ Tpe6yioT 06s3aTenbHOI'0 BCECTOPOHHEr0 aHaN!N3a YCNOBUH NPOBEAEHMUA OTbi-
Ta U 060CHOBAHHOW WHTEPIPETALUMN AAHHBIX ONbLITHO-DUNLTPALUMOHHLIX paboT.
KoweyHoW nenblo 3TOro 06A3aTenbHOrO 3Tarna paboT ABNAETCA 060CHOBAHHbIN BbI-
60p pacyeTHOW NHTEPNPETAUMOHHOM CXEMbI, YUMTHIBAIOLEH C ONTUMANbHON MON-
HOTOW Y HafleHOCTbI0 NPUPOAHDIE U TEXHUIECKME YCII0BUA TTPOBENEHUA ONbITA.

TIpn mpovefeRUN OTIBLITHBLIX OTKAEK C LeNbio ONpeesieRUR NapaMeTpoB 0co-
60e BHUMAaHNE HEO6XOAUMO YAEGNATL BONPOCAM YCTAHOBNEHUA UCTOMHUKOB Hop-
MUPOBAHUA IKCMIYATaUMORHEIX 3aNacoB NOA3EMHbIX BOJ, OLEHKE BIUAHWUA 0CO-
6eHHOCTeW CTPOEHWA BOAOBMEWAOMUX NOPOA U rpakuy 06nacTu GuabTpanuum u
PasNUYHOTO POAA APYTuX cennduyeckux GakTopoB Ha 3aKOHOMEPHOCTU U 0CO-
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CI‘lpGBO‘-IHMK COBPEMEHHOro U3bICKATEeAS

6eHHOCTH TIOBEAEHNA YPOBHENM n Ne6UTOB CKBaXMH. ITo obecrneunsaeT 060CHo-
BAHHHI BHOOP PUALTPAUNOHHON CXEMBI, ROCTOBEPHOE OTIpefieNieHne PACYETHLIX
TUAPOreQIOrNYeckux MapaMeTpoB W HafeKHOCTb BLIMONHAEMEX BIOCNEACTBUU
MHXEHEePHBIX OL@HOK W TIPOTHO308.

PeuM DBUKEHUA TOA3EMHBIX BOA DU ONLITHBIX OTKAYKaX ONPeRenseTcs Pua-
POTEONOTUYECKUMU YCNOBUAMM (CTPOEHUMEM BOROBMEILIAloNed TOMUM U IpaHud-
HBIMW YCIOBUAMN €€ B TNaHe u B pa3pe3se), eCTECTBEHHLIM PEXUMOM NOf3eMHbIX
BOJ M TEXKUYECKUMU YCI0BUAMU POBEAEHUA OMbITa. B MepBORavanbHbli nepuop
OTKaYKK |BUKEHME NOA3EMHBIX BOJ| UMEET Pe3IKO BhIPaXKEHHbI HeYCTAROBUBLINMA-
cA xapakTep, OHaKo yxe Jepe3 CpaBHUTENbHO HeGONbION NEPUOA BPEMEHY Bo-
KPYT OMbLITHOW CKBAaXWHBI HaYMHAeT Pa3BUBaTbCA 30HA C KBA3NYCTAHOBUBLIUMCA
XapaKTepoM pexuMa (KpuBLIe IeNpecCuiu B ITOW 30He NepeMemalnTcA napaineis-
Ho camuM ceGe). Tlo Mepe nanbHewiero pasBUTUA AeNPeCCHORHON BOPOHKH Ha ee
(bopMupoBatne MOTYT OKa3aThb BAMAHME MEpeTeKanue u3 CMeXHLIX B paspese ro-
PU30HTOB, JOTIONHNTENbHbIE UCTOMHUKN ITUTAHUA, PPAHUIB TNACTA B TNAHE U ADY-
THe GaKTophl. B 3aBUCUMOCTHM OT XapaKTepa JeWCTBUA YKa3aHHBIX HaKTOpOB pe-
UM IBUKEHUA IOA3EMHBIX BOJ MOXET CTabMNU3NPOBATbCA (NIPU OTKPHITHIX I'Pa-
HWLAX W AOMIONHUTENbHOM MUTAHUM) WM OCTaBaThCA HEYCTAHOBUBIIMMCA (NpU
3aKpHITHIX PPAHUILAX M OTCYTCTBUN AOTIONHUTENbHHIX UCTOYHUKOB MUTaRUR), Co-
OTBETCTBEHHO 3TOMY W onpepenexue napaMeTpoB IO AHHbLIM OTKAYKu Clepyet
TPOBOAUTH C YYETOM OCOGEHHOCTEN TOTO WM MHOTO PeXuMa GUALTPALVK W Xa-
paKTepa AefCTBYOLMX B IPoLecce OTKayKu GakTopos.

B ycnoBuax crabunusanum pexvMa pBUKEHWA NMOR3EMHBIX BOJ B Ipouecce
OmbiTa ONPEAENeHne pacyeTHLIX F’APOreON0TNIeCKUX TAPaMeTPOB MOXHO NIPOBO-
AWTb KaK Mo GopMyNaM ReyCTAHOBUBLIEMCA W KBA3UYCTAHOBWBIIEWCA QuanTpa-
1MW, UCTIONb3YA MEpBbIA NePUOA OTKAYKYM, TaK U Mo GOPMYNaM YCTAHOBUBLIEHCA
GunbTpaumu Ha OCHOBE HabnoneHwit B epuop cTabunusanuu ABUIKEHUR NOR3EM-
HBIX BOJ.

CoBpeMeHHble METOAB OMpefeneHUA I'MAPOre0NOrMYecKUX MapaMeTpos o
HaHHbIM OTKAaueK 6a3npyOTCA B OCHOBHOM HA YPaBHEHUAX HEYCTAHOBUBLIETOCA
IBUKEHUA (B YACTHBIX CNYYasX — Ha GOPMYynNax KBa3uCTaUUOHADHOW U cTaumo-
HapHOW PUNbTpanuu).

B 3aBMCUMOCTYM OT XapaxTepa UCMONb3YeMO# OMLITHOU URGODPMALUN METOAB
onpepenelua NapaMeTpoB YCI0BHO AEIATCA HA [BE TPYIILL,

MeToppt MepBOii IPYNNH UCMONBIVIOT JAHHblE TOr0 NEpuofia OTKayex, Mpu
KOTOPOM 3aKOHOMEPHOCTH W3MEHeHUs YPOBHA B Iponecce OMHITA ONpPERENAOTCR
TONABKO (UNBLTPAUUOHHBIMU U eMKOCTHHIMM CBOWCTBAMW ONMPOGYEMOro ropusoHTa
(BnusAMMe rpanuy MNACTa B MNAHe ¥ B Pa3pese eule He CKa3biBAeTCA).
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MerTopx! BTOPOI PPYIIILL UCTIONB3YIOT MKGOPMALNIO TOTO TIePUOAA OTIBITA, KOT-
712 3aKOHOMEDHOCTM W3MEeHEeHWA YPOBHeH NOA3eMHbIX BOA BO BPeMEHU W Mpo-
CTPaHCTBe OMpPERenfloTCA He TONbKO (QMILTPAUUOHHLIMA M EMKOCTHHIMM CBOW-
CTBaMu TOPU30HTA, HO U YCNOBUAMM HA €ro rpaKuuax. B coorseTcTBUM C 3TUM B
TIepBOM Cyyae AAA ONpPefeNeHUA NapaMeTpoB UCMIONb3YIOTCA YPaBHEHUA, ONUCHI-
BalOIUE 3aKOHOMEPHOCTH ABUXKEHUA NMOA3EMHBIX BOA K CKBAXWHAM B HEOTpaHu-
JEHHBIX U30]IMPOBAHKbIX BOJOHOCHBIX TOPU3OHTAX, BO BTOPOM — pelleHus, yau-
THIBAIOWME 3aKOHOMEPHOCTM MPUTOKA BOAbL K CKBAXMHAM B YCNOBUAX BIMAHUA
rpanuy (OrpaHWdeHHbe INACTbl ¥ CXeMbl ¢ TepeTeKanneM). MeToast BTOpON rpyn-
TIHl HAPAAY C OCHOBHBIMM TWDOT€ONOTMYECKUMY TapaMeTpamMu ropusonTos (K, T,
|, L+, @) IO3BONAIOT ONpeNenaTh TakKne napaMeTpbl, KaK Ko3GuunUeNT neperea-
HMA, HECOBEPLIGHCTBO Bpe3a pycna BOROEMa W Jip., ORHAKO OHM Bonee TpypoeMkun
ANA WHTEPNPETALUU, B CBAIU C YeM TaM, Te 3TO, BO3MOXHO, CNeAyeT OTAABaTh
npeanoyTeHne MeTOpaM nepeoi rpynmsl. K ucnonb3oBanuio cxeM OTpaHNYeHHbIX
TNacTos c/efyeT NpuberaTs NNIIbL ipU HEOGXOAMMOCTH ONPeNENeHUA [IAPAMETPOB
neperTeKaHuA U B3aUMOCBA3N NOA3EMHLIX BOJ| C IOBEPXHOCTHLIMM.

Tlpn onpepeneHun TMAPOreONOrMYeCKMX NapaMeTpoB MCNONL3YIT nubo maH-
Hble 0 TORWKEHWUAX YPOBHA B Pa3NIUYHBIX TOUKAX I/1aCTa B KaKOW-TO MOMEHT Bpeme-
Hy, 60 parKxbe 06 u3MEHEHUN YPOBHA NOA3EMHBIX BOJ, B KaKOW-n1bo Touke mnac-
Ta BO BpeMenu. [Ipn 3TOM I0CTOBEPHOCTb OMpeNeNIeRUA NTAapaMeTpoB MOBLIAETCA C
YBENUYEHUEM KONUYECTBA TOYEK HAGMOREeHUN 3a n3MeHeHUeM YPOBHA.

B 3aBMCUMOCTM OT XapaKTepa WCNONL3YEMOV TWADPOTeONOorMyeckor UKGOpMa-
1K ¥ ipueMoB ee 06paboTku Ha MpaKTUKe A ONpPefeneHua NapaMeTpoB UCIONb-
3y10T pasnuyHbIe METOAb: NOAGOPA, XapaKTEpPHbIX TOYEK, ITANOHHBIX KPUBBIX, NIPO-
CneXuBaHWUA YPOBHA BO BPEMEHW U MO IOwaan (rpadgoaHanuTnyeckue MeTopbl),
ananuruueckue u np. C no3MLMit AOCTOBEPHOCTU ONIpeneNeRuA apaMeTpoB Hano-
Nee MpeAnoYTUTeNbHEIMU ABAKIOTCA TpadoaHanuTHyeCkne METORB NPOCIE KUBAHUA
YPOBHA U METO| 3TANOKHLIX KPUBLIX; MEHEE AOCTOBEPHLIMU U MHPOPMATHBHLIMU —
METOJbI, OCHOBAHHbI® Ha UCTIONb30BAHWN OTPAHUYEHHON I'M/POTeosIorYeCKon UH-
dopmanun (MeTonpt NOAGOPA, XapaKTEPHEIX TOYEK, aHANUTUYECKUE U AD.).

Hwxe paccMOTpeH:! pasnuyuKble MeToAbl u CrocoGbt 06paboTku pesyinbLTaTos
OTKaveK Ipu onpoB6oBaHNK PnaBHLM 06Pa3oM MPECHHIX U c1aGoMuHepann3osas-
HBIX BOJL, KOrfia He Tpe6yeTca YYMTHBATh BIMAHUE TAKMX crienuduueckux dakro-
POB, KaK U3MeHEeHNe TeMnepaTyphl, NPOSABNERUE ra30B0 COCTaBNAOWENH, IMADaB-
NIMMECKUX TIOTepb Ha NPEOONERME COMPOTUBNEHN IO CTBONY CKBAXMUHML U HEKO-
TOpHIX ApYruX. CmeunduKa oleRKu U yYeTa BNUAHMA YKa3aHHHX (aKkTOpOB NpH
NPOBEAEHUM ONHITHO-GMALTPALMOHHLIX Pa6oT u 06paboTKa ux pe3ynbTaTos OCBE-
el B CrIennabHOM| TuTeparype.
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Ha npaxTuke, yuuTHBaR He3HAYUTENbHYIO MPOACIKUTENLHOCTD OTKAdEK, AR
onpefieNieHUs MapaMeTPOB UCMONL3YETCA CXEMa OTKAuKWN U3 apTe3uaHCKuX Unu
TPYHTOBHX COBEPLIEHHHX (UMW HECOBEPUIEHHbIX) CKBAMMH, PAacTONOMEHHHIX B
YCNOBHO OJHOPOAHHX W30NMPOBAHHMIX B pa3pe3e U HEOTDAHWYEHHBIX B IUIaHe
TUlacTax, KOTAA 3aBUCUMOCTD MEXJY MOHVWKEHNEM YPOBHA S 1 BpeMeHeM t OmuCH-
BAETCA COOTBETCTBEHHO ypaBHeHuamu Teiica:

3.1)

rae 0 — MOCTORHHHA BO BPEMEHW AeOUT CKBaXMWHLL, T — BOAOIDOBOAUMOCTL;
W(u) — GYHKUMA CKBAKMHEL, COOTBETCTBYIOWAA NHTEIPaNbHOMY 3KCTIOHEHLMANY
Ei(-u); u — apryMeHT GYHKLMN CKBKWHH, pasHLu 7%/4at (r — paccToAnue oT
BO3MyL|AOMEN CKBOKMHBL O TOMKW, B KOTOPOW oGecrednBaeTca MOHUMEHMe
ypoBHA §); H, — ecTecTBENHan MOWHOCTb OTOKA PPYHTOBLIX BOJA.

B ycnosusx xsasuycTaxHouslIeica gpuasrpauun popmyna Telica BUROU3MEHA-
€TCs, TaK KaK NP 3HaYeHUN apryMenTa U = ri/4at < 0,09+0,15 hyHKIMA CKBAMUHLL
W(u) ¢ TowHOCTBIO 5-10% MOMeT OHTh IpeACTaBNEHa B BUAE ee 1orapudMUuecKoro
nipubauxenus W(u) = In(2,25at/r?), n svpaxenus (3.1) npuobperalor Bup;:

Q 2,25at  Q
S=——=ln"——=—"
4nT 2 2nT

ey (2H, -S)S= Ly
T

2,25at _ Q _&
2nk r?

J“ P (3.2)

Ypasrenus (3.2) ananoruyret Gopmynam JII0Mmon ANA CTaUUOHAPHON PUALT-

paumu (B Hux R, = ./1,5at — npuBepennsiit papuyc BAMAHUA). ITO MO3BONAET

VCTIONB30BATDh TPAANLUOHHBE IIPUEMB! TEOPUM YCTAHOBUBLIEHCA GUABTpAUNU ANA
OMpefieNIeRMA MapaMeTpoB B YCIOBUAX KBA3UYCTAHOBUBLIETOCA PEMUMA ABUMeE-
HUA MOZ3EMHLIX BOA,.

Meropbt onp HUA nap POB IO pe3ynbraTraM OTKadeK U3 OfHO-
POANBIX U30NUPOBANHBIX B Pa3pe3e HeOrPANUYEHHMIX NNacToB. lIpueMst 06-
paboTku pe3ynbTaToB OTKAYKW PACCMOTPEHH Ha MpuMepe Hanbosee pacnpocTpa-
HEeHHOW CXeMB — HaIlOpPHOTO U307IMPOBaHHOTO B pajpese YCN0BHO ORHOPOAHOIO
nnacra. OTMETUM, NTO OHW B PABHOW Mepe CIpaBefuBLL U TIPU OTKAYKaX U3 be3xa-
MOpPHBIX MANAcToB. ECAW BENUYMHA MOHWMEHWA YPOBHA B IPYHTOBHIX BOAAX He
npesyiiaer 15-20% nepBoHaYanbHOM UX MOWHOCTH, TO MOXHO C AOCTATOMHON
ANs Leneit MpakTUKU TOVHOCTbIO BECTH 06paboTKy pesynsTaToB oTKaveK Kak Ant
HaNopHbIX BOA. B MpoTMBHOM cnyvae cnepyeT UCIONb30OBAaTbh COOTBETCTBYIOMME
3aBUCUMOCTY AR TPYHTOBOTO MOTOKA.
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B ycnoBuAx KpaTKkOBpPEMeHHBIX OTKAveK ¥ MPU UCIOJb30OBAHUM HabHOAEHUA
TIepBOro MepUoAa AUTENbHEX OTKaYeK onpefie/leHe PacYeTHLIX TUAPOreonor-
Jeckux NapaMeTpos IPOBOANTCA HA OCHOBE METOAOB NOABOPa, ITANOHHON KPUBOI
W XapaKTepHbIX ToveK.

Memod nod6opa 0CHOBAH Ha CONOCTABAEHMU BEAUYMH MOHWKEHUA YPOBHA B
OZHOM W TOW e TOVKE MOTOKA (B CKBaWWUHE) Ha 1Ba MOMeHTa BpeMeHW anbo B
ABYX pasHbIX TOVKaX IIOTOKa Ha OAUH MOMEHT BpeMeHW M mopbope 3HayeHwit
napaMeTpoB, VAOBAETBOPAIOLIMX PacCMaTpUBaEeMOE COOTHOLIEHUE MOHWMMEHUi
YPOBHA.

Ecnu, Hampumep, IpU 0TKa¥ke U3 HANOPHOTO BOJOHOCHOTO COPU3OHTA C MO-
CTOAHHBIM febutoM (Q = const) B HaGnloRaTENBHON CKBANMHE, PACTIONOKEHHON Ha
PACcCTORHWYU T OT L€ HTPANbROW, B MOMEHTE! BpEMeN M £y U £, 3ahUKCUPOBAHHI NIOHN-
MEHUA YPOBHA Sy U S,, TO HA OCHOBE YpaBHEHMA (3.1) MONHO 3amucarh Cneayomee
COOTHOWIEHUeE:

s, W(r*/4at,)
St w(r?/4at,) (3.3)

B Brpaxennu (3.3) U3BECTHHE BCe BENMMMUHEL, KPOMe 3HaYeHWs Nbe30NPOBOA-
HOCTU @, KOTOPOE U TIOANEXNT ONPeAieeHnI0 MeToA0M nopbopa. s 3Toro ofby-
HO 3a/iA10TCA HECKONIBKUMU 3HAYEHUAMMU @ ¥, IONYYMB COOTBETCTBYIOMME BENUIN-
B S,/S;, CTPOAT BCTOMOTaTenbHbA Ppaduk S,/S, = f(a), no xoTopoMy, UCXOAR U3
COOTHOWIEHUA HaBNIOAAEMBIX TOHWHERMIA S,/S;, HAXORAT pacyeTHOe 3HayeHne
Mbe30NPOBOAHOCTYU a.

TTpu HaitpeHHOM 3HaYeHUW Mbe30NPOBOAHOCTU KO3hGULUEHT BORONPOBOAK-
MOCTU ONPEAIeNAETCA U3 BHPAXEHUA ANA S; uau S,

Q aQ
= =——W(u,), X
T pecy W(uy) wmn T s, (1) (3.4)

rae uy =r¥/4at; u, =r?/4at,.

Merop noa6Gopa Henb3A NPU3HATH HAAEKHLIM, TaK KaK ONpefeneHue napamer-
POB OCYIeECTBAAETCA MO AABYM 3amepaM. JIns 6oliee 060CHOBAaHHOTO ONpeAeNeHUA
napaMeTpoB 3TMM METOAOM CneAyeT NPOBOAUTL NOBTOPHbIE ONpeAeNeHUs Mo HO-
BLIM 3aMepaM, a BHGOp 3aMepoB ANA CONMOCTABNEHMIA KOHTPONUPOBATL COCTABAE-
HueM rpadmxa S = f(t).

Memod smanonHol Kpusall 3aKN1OYaeTCA B COCTaBAEHMM rpaduKa 3aBucuMac-
™ 1gSf[1g (t/r?) nO BaHHBIM OMEITA U MOC/EAYIOLEM COBMELIEHNN €TQ C ITANOH-
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lgw HOW KPUBOW — TPagUKOM 3aBU-
195 oo  cumoctu IgW ot lg(l/u). Coeme-
mjexne rpauKoB, MOCTPOEHHBIX

B OAMHAKOBOM MacurTabe, poso-

- AWTCS RO YAOBNETBOPUTENBHOTO
| WX COBMapeHUs Mo GONbUIMHCTBY

¥ TOYEK MPU YCAOBUM COXPAHEHUSA
napaneflbHOCTU KOOPAMHATHBIX

j y oceit (puc. 3.16). Crumas panee
s g

/

Q]
&

KOOpAMHATH N1060% TOYKM co-
2 BMelmerHoro rpaduka 1gs, lgw,
lg(t/r?), lg(l/u), onpenensior Bo-

ey i

Puc. 3.16. CxeMa K onpeeneHnio napamer- nonposonuMocTh T W mbe3onpo-
POB METOAOM 3TANOHHOW KPUBOW BOAHOCTb COOTBETCTBEHHO U3
YPpaBHEeHUM:
Q 1 1
lg——=195-1gW n lg4a=1g - |-1g( = |. 3.4
gtmT go-1g g g(u 9 s (3.4)

Jinst ypo6eTBa COBMEMERWNA OTILITHON W 3TaNOHHOM KPUBLIX NOCNENKAR CTPO-
WTCA Ha KasbKe; ANs ee NOCTPOEHUA MOWHO BOCIONb30BATLCA CNEAYIOWUMU AaK-
HBIMU:

lg(i/u) -0,3 -0,15 0,0 0,15 03 0,5 0,7 11,3;
lgW -131 0,943 -0,66 -0,433 0,254 —0,062 0,086 0126 0,393.

HeoBX0AUMO OTMETWTD, YTO NMOCTPOEHHbIe B CUCTeme KooppmHar lgS-lg(t/r?)
rpaguKn AR pasHbix HabmoRATeNbRBIX CKBAXWK AOJKHLL COBNAAATh U IO CTemne-
HW UX COBMAafeHMA MOXHO CYAWTH O COOTBETCTBUM WCXOAHOrO ypasHeHruA (3.1)
PeANLHLIM YCTI0BUAM QUNBTPALMKM NPU OTKAUKE, @ TAKXKE O CTENIEHU ORHOPOAHOCTH
1 U301MPOBARHOCTH ONPOGYEMOro rOPU3OHTA.

Memo0d xapakmeprbix movex OCHOBAaH HA WCIONb30BAHUW ANS ONPEAENeHns
napaMeTpoB XapaKTEPHBIX TOYEK KPUBOW U3MEHEHWA YPOBHA B HaBMOPATENbHEIX
CKBAXWHAX (TOYKA Hayana pearmpoBaHUA, TOWKA Meperuba, Touka kacanus). Cy-
1eCTBERHKOT0 PACNPOCTPAHEHUA B NPAKTUKE OMbITHO-GWUNLTPALUOHKLIX UCCNEA0-
BaHWIi METOA He ONYYWU.

B ycnoBMAxX KBa3sWyCTaHOBMBLIEWCA GWIbTPAuUK, BpeMs HACTYIUIEHWA KOTO-
poii t, IPU TOYHOCTH 3aMeKbl 3KCOHEHIMANLHOW GyHKuMN norapudmuieckoin Ao
5% OnpepenieTca Kputepuem t, > 2,5(r2/a), BO3MOXHO UCNONb30BaKHNE rpadoana-
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JUTUYECKUX W aHAIUTUYECKUX METORO0B, OCHOBAKKbIX Ha 10rapuMUecKoit 3asu-
CUMOCTHM NOHWMEHNA YPOBHA OT BPEMEHW, T. €. Ha UCXOAKbIX hopmynax (3.2).

Hanbonee mupokum pacnmpocTpaHeHWeMm B MPaKTUKe FUAPOTeONOrMYecKUX
pacveToB NMONb3yWTCA 2padoaHanumuveckue Memods! OnpeneneHus NapameTpos,
OCHOBAHHbIe Ha BO3MOXHOCTU IPEACTABNEHUA UCXOAHBIX YPAaBHEHWHA OBUNEHUA
BOABI K CKBAX(MHE B BUAE YPaBHEHUA MPAMOW nukuu. Hampumep, ucxopxoe ypas-
Herue (3.2), OMMCHIBANOMEe HEYCTAHOBUBIICECA ABUKEHME BOAB K COBEPLIEHHOW
aPTE3MAHCKOW CKBaXUHe, paboTawiled B HEOTPAHUMEHHOM TNACTe, MOXET GbiTh
TIpencTaBneHo B BUAE Cenyolmnx Tpex hopMyn:

S=0,1830( LEER t) -
T

S= S 178,30(192 25a+lg—) (3.7)
5=2 3660( Lige, 25at+lgr) (3.8)

Bce Tpu npuBeferHble (OPMbI 3aMUCU OAKOTO W TOTO e ypasHeHUA (3.2)
NIPEACTABNAKT COGOM YPaBHEHUA NMPAMOW MHUW B Pa3KEIX CUCTEMaX KOOPAMHAT:
(3.6 ) — B xooppuHarax S-lgt; (3.7) — B xoopanrarax S-lg(t/r?) n, HaxoHew
(3.8) — B xoopaunarax S-lgr (puc. 3.17). Yrnoeoi kospduumest xaxpont u3
TIPAMBIX, OMUCLIBAEMBIX YPaBHEHUAMMU (3.6-3.8), ONpeNeNAeTCA YNeHOM ypaBHe-
HUS, CTOALMM Nepen cCKoBKOW, a BeNWYMHa, OTCeKaeMas IPAMbIMU Ha ocn abeymee
(M0 NMMEMM HyNEBOPO MOHMKEHWA YPOBHA), — MEPBLIMU UNEHAMU YDPABHEHUA B
ckobkax. B aranornysbix Tpex GopMax MOXET 6HITh COOTBETCTBEHHO IPEACTABNEHO

S a H I3 S ]
S2
S, S, s,
S Ap
A4, o bE s ™.
gty Lot Loty gt g ('rt’f)n (L), L(ds), gr, gy, tgr

Puc. 3.17. Tpaduku 3aBucumocty S = f(lgt) = fllg(t/r?)), S = f(igr)



CanBO"IHMK COBPEMEHHOIO U3bICKATEAS

W UCXOAHOe ypaBHeHMWe, XapaKTepusyiolee ABUKEHWe MOA3EMHLIX BOJ K COBEp-
LWIeHHOW IPYHTOBOW CKBAXMHe, paboTawllei B HROTPAHWYEHHOM TUIACTE.

B COOTBETCTBUM C TPEMA MPUBEAECHHEIMU OPMaMW MCXORHHIX YDaBHEHWN
MOMHO MCIONb30BaTh TPu crocoba rpadoaHanuTUyeckod 06paboTKU AAHHHIX
OMBITHHIX OTKayeX, MONYYMBUIMX Ha MPAKTUKE HAUMEHOBaHWe CNocobOB BpeMeH-
HOrO, KOMOWHMPOBAHHOTO U TUI0AAHOTO IPOCNEKUBAHUA,

06pa6oTka U MpeACTaBNeHUe OMLITHLIX AAHHLIX B BUAE TIPAMOW, OTMCHIBAEMO
ypasHeHueM (3.6), WIMPOKO UCTIONB3YETCA KAK PU OLUHOYHLIX, TaK W TIPU KYCTO-
BEIX OTKaukax. JINA Kampoi GUKCUPOBAHHON TOYKW (CKBAXMHB) MOMET GHITb MO-
crpoen rpadux S = f(lgt), MO3BONAIOWMA POBOANTL OMPEAENeHUe PACcYeTHBIX
napamerpos (puc. 3.18, A). 06pa6oTka u pefcTaBneHmue ONLITHLIX AAHHLIX B BUAE
rpaMKoB, OMUCEIBAEMBIX COOTBETCTBEHHO YPaBHEHUAMM (3.7) 1 (3.8), BOIMOWHLI
TPU HAIMYUKU JIOCTATOMHOrO KONUYECTBA HAONIONATENbHBIX CKBAXMH (He MeHee
Tpex-geThipex).

s=fl1g(t/r2)]ms = £ (igr).

3HAYeHWA PACYeTHBIX MapaMeTpoB — K03bPUUMEHTOB BOAOTIPOBOAUMOCTH M
Tbe30TIPOBORHOCTY — OMPENENAIOTCA 11O YTNOBHIM K03 duiuentam C U HaYasbHbIM
OpAMHATaM A, CHUMAEMBIM C COOTBETCTBYIOLMX NPAMONIUHENHBIX IPaduKoB mpocne-
MUBaHUA. POPMYNLL ANA PaCcYeTa MapaMeTPoB N0 BCEM TPEM BUAAM MPOCNEKUBAHUA
npuBenern B Tabnuue 3.2. Yrnoebie ko3dduuueHTH rpadUKoB MPOCNEKUBAHUA
OMpEZeNRIOTCA MO ABYM TOYKAM TIPAMOY COOTBETCTBEHHO TO OTHOLIEHUAM:

C=(S, - S,)/(\gt, - lgt,;) — pns BpemenHoro;

C=(S, - $1)/[(la(t/r?), - 1g(t/r%),] — AR KOMEURMPOBAKRKOTO;

nC=(S, - S,)/(lgr, - lgry) — ANA MNOWARHOTO NPOCNEKUBAHUR,

Tabnuya 3.2

PacuetHele hopMynbl 4NA ONpeseneHns napameTpo

Cnoco6 obpaboTku, rpacuk @ opMynbl A pea P pos
80A0NpOBOAUMOCTH Nbe30NpOBOAHOCTN

BpemeHHoe npocnexmsaxue T=0,1830/C, lga - 219{ 0,35+ A,/C,
S =Afigh)
K oe
ane & = flgt) T=0,1B3Q/Cx Iga = Ac/Cx~ 0,35
g":’m;g“” fpocnexvBanue T=0,366Q/C; Iga = 2A./C.~ 0,35 - Igt
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Paaaen 3. VHXEHEPHO TUAPOTEOAOTUHECKME UBLICKAHUS

JInA ynobcrea yraosete Ko3GGUUUEHTEL MOMHO BLIMMCIATL Kak pa3HOCTBb IO-
HWKeRMiA, punuman: \gt, - \gt; = 1, 1g(t/r?), - la(t/r?), = 1, 1gr, - lgr, = 1.

Onpenenenue nmapaMeTPoOB, M B YaCTHOCTU KO3PPUNMEHTA TLE30NPOBOAHOCTH,
T(PW OMUCHIBAEMBIX CTOCOBAX MPOCNEXUBAHUA BO3MOKHO TaKKE MO BENUVUHE OT-
De3Ka, OTCeKaeMOro MPAMONMHENHBIMU TpaduKammu Ha ocu abeuuce (Mo TMHUU RY-
71eBOr0 MOHWKEHHUA). 3TU OTpPe3Ku (COOTBETCTBEHHO lgt,, lg(t/r2) \g7, puc. 3.17),
KaK y)Ke OTMEYaNnoch, OPeenOTCA NEPBLIMU YNIeHaMu ypaBHeHuit (3.6-3.8), cro-
AMMW B CKOOKAX. B COOTBETCTBUM C 3TUM TIPU U3BECTHHIX BEJIMYMHAX YKaA3aHHBIX
OTPe3KOB (CHUMAITCA € TpaduKOB) ANA ONpesieNeRua Ko3dduimenTa nbe3onpo-
BORHOCTU MOTYT GHITb UCTIONbL30BAHL COOTBETCTBEHHO Cllepyiomue GopMynbl:

a=r?/2,25t,; a=0,445(r* /t); wa=1¢ /2,25. (3.9)

OnpepenseMsie Takum 06pa3’oM 3HAYEHMA MbE3OMPOBORHOCTU AOMKHBL CO-
BMajaTb CO 3HAYEHUAMU Mbe3OMPOBOAHOCTH, PACCUUTHIBAEMbIMM MO dopmynam
Tadnuus 3.2. TIpn U3BECTHLIX 3HAYEHWAX BOAOTIPOBOLMMOCTH U Tbe30TPOBOAHOC-
TU MOXeT ObITb OIpesieNeHa BeNMYUHA Yrpyroi sopootaauu p* = I/a. Huxe pns
npumepa paerca Gonee 06CTOATENIbHOE OMUCAHME OAHOTO U3 rpadoaHanuTHyec-
KMX METOJI0B ORpejeNIeHUA NapaMeTpoB, KOTOPHIM B MPaKTUKe IMZpPOTe0soruyec-
KUX MCCle0BaHUM HA3BIBAIOT COCOGOM BPEMEHHOTO MPOCIEKUBAKMUR.

0,183Q, 2,25a 0,183Q
~—T—lg 2= M—T—Ci. (3.10)

EC/M OMBHITHAA CKBAXWHA HECOBEPLIEHHA, TO Npu 06paboTke AAHHBIX OTKAYeK
rpadoaHanUTUYECKUM METOROM METOAMKA ONPefieNeHUA NMapaMeTPOB OCTAeTCA
nipexueit. HecKonbko BUAOU3MEHALTCA MWL pacyeTHAaR HOpMyna ANA OMpenene-
HUA K03 dULHMEHTa Tbe30NPOBOAHOCTH, KOTOPAA IPUHUMAET CIEAYIOWUNA BUA:

1ga=2[g—0,35+—?‘-—0,434§, (3.11)
t

rae { — BenuYMHA rMppPaBAMYECKOrO CONMPOTUBIEHMSA, YUMTHIBAIOIAR HECOBED-
UIEHCTBO CKBAXMHBL (ONp TCA TO rpauKaM win TabamuaMm B 3aBUCUMOCTM

ot lo/m wm/r). INA HabNIORATENLHBLIX CKBAKUH BeNMYMHA { He3HAUUTENLHA U elo
MOXHO mpeHe6peyb. 06paboTHa Pe3ynbTaTOB OMLITHLIX OTKAYeX U3 Ge3HAmOPHLIX
BOZJOHOCHBIX TOPU3OHTOB MPOBOANTCA TaK e, KaK U A1A HaropHeix. Ecau Benmun-
Ha MOHUKEHUA YPOBHA S cocTaBnseT He Gonee 20% OT MEPBOHAYANLHON MOIHOC-
TU BOJIOHOCHOTO Topu3oHTa H, TO ANA 6e3HANOPHLIX BOZ MOMHO C AOMYCTUMOW
AR PAKTMK W TIOTPEUIHOCTBIO OMPeAENIATL PacYeTHEE MapaMeTpst KaK 1A HAnop-
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CnpaBOYHUK COBPEMEHHOTO U3bICKATeAs

HHIX BOJ, monb3yach rpadukom § = f(lgt). Ecnu 310 ycnosue He cobmopaercs, To
LA OTIpefieieHUA TapaMeTpoB Heo6X0AMMO TIOCTPOuTS rpadux (2H, - S)S = f(lgt),
TaKKe BbIPAKAOMMNACA TIPAMOI NTNHUEH, ypaBHeHue KOTOPOW UMeeT BUA:

0, 3660 2 25a 0, 3660
K

(2H, -5)S= 2228 gt. (.12)

ChuMan ¢ rpaduka 3navenua xodddunuexros At (OTpe3oK, OTCEKaeMBI Ha
ocu opauHar) u C, (yrnosow kosddunmnent npamoit), onpenensior kosdpduumentst
¢$unsrpaumn K n ypoBHeNpOBOAHOCTY a COOTBETCTBEHHO U3 BHpamexmit (3.13):

0,3660Q
G

K=—""—wlga=2lgr-0, 35+?‘ (3.13)

Tlpu mocTpoeruu rpaguxos S = f(lgt) u (2H, - $)S = f(Igt) MoxuKerme ypos-
HA ¥ BpeMA BLIGMPAOTCA B Hanbonee YAOOHHIX PasMEPHOCTAX (MOHWKEHWe B
MeTpax WIU CaHTUMETpax, BpeMA — B CyTKaX, yacaX, Munyrax). Heo6xopumo
TONBLKO TIOMHWTb, YTO Pa3MEPHOCTb K03(h(duumenTa Mbe3onpOBOAHOCTN (YPOB-
HeNpOBOJHOCTH) 3aBUCUT OT PaIMEPHOCTEN NOHMKEHWA YDOBHA U BpEMeHH,
BLIGPAHHLIX TIPU MOCTPOEHUU rpaduka. Tak, pu U3MEpPeHMMU TIOHMKEHUA YPOBHA
B METpax, a BpEMeHU — B CYTKax Mbe30NpOBOAKOCTb GYAET MMETh PA3MEPHOCTD
M2/cyT. (SB M, t B Y, @ B M2/4). Pa3sMepKOCTb BOLOTIPOBOAMMOCTY Wik Kod(dunu-
eHTa QuIbTPanuK, OnpefensieMsix Mo hopmynam tabnuust 3.2 u (3.13), 3asucut
TONLKO OT Pa3MepHOCTy febuta. [lpn nsmeperun Q B M3/CyT. pasMepHOCTb BORO-
npoBoAnMoCTH byaeT M%/cyT., a koadduunerTa punsTPaUMM — M/CYT.; TIPU U3Me-
pexun Q B M3/4 pasmeprocts T 6yner M*/4, a K— M/4, nT. a.

TIpw onpepenexmu napaMeTpos TIO LEHTPANLHOM CKBaXUHE B pacueTHyle Gop-
MyNB TIONCTABNAETCR T =T, @ TI0 Ha6/I0AaTeNbHOW — DaCCTOAKME ee A0 LeHTpanb-
Hoii. Kax mokasmiBaer OmuiT, ompep! K03 dnuMeHTa THe30IIPOBOZHOCTI
(YPOBHEIIPOBOAKOCTY) TO HEHTPANbHOWM CKBAKUHE OBLIMHO AaeT HeyAoBNeTBOPU-
TeNbHBIE Pe3YNbTaTH U3-33 HEyYeTa COMPOTUBICHUY, BOSHUKAIOMUX B Tpu3abon-
HOM 30He. [103TOMY ANA ROCTOBEPHOTO ONMPE/ieNleHUA SHANEKUN a PeKOMeHpYeTCA
WCTIONb30BATH OTILITHLIE AANHBIE IO HAONIOAATENbHBIM CKBAKMHAM.

Tlpn HaHeceXuy Pe3yNbTaToB OTKauek Ha rpaduknu S =f(Igt) v (2H, - S)S = f(lgt)
He BCe TOUKW HabnofeHw! YKNapbLBalOTCA Ha MPAMBIE NMHMU. B cuny snunaxms
PasHoo6pa3sHEIX HaKTOPOB (TEXHUYECKUe YCA0BUA NPOBEAEHUA OIBITA, CTPOEHMUE
NacTa, PEXMM MO 3EMHLIX BOJ, BIMAHNE HENPOKMIEEMBIX IDaHML U UCTOYHMKOB
MIUTaKWA W AD.) TPahuKyu MPOCNeKUBAKUA MOTYT XapaKTEpPU30BATLCA Pa3bpocoM
TOYEK W OTKNOHEHWUAMM OTNBITHBIX 3aBUCMMOCTEW OT NMPAMONMHEWHMX. B Tanmx
YCNOBUAX YiKe caMa popMa rpadmKoB BpeMeHHOTO MPOCNEKUBANUA MOXKET CBUZE-
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Pasaen 3. VHXEHEPHO TUAPOr@OAOTMHECKNE U3bICKOHUS

TENbCTBOBATL 06 0COGEHHOCTAX (UNLTPALMU B TPOLIECCE ONLITA U CIOCOGCTBOBATD
uneHTUUKauMmu rupporeonoruteckux ycnosuit. Ha pucyrke 3.19 npencrasnerst
TUnoBbe rpadukn § = f(lgt), XapaxkTepusywmme 3aKOHOMEPHOCTU U3MEHEHUA
YPOBHA BO BDEMEHU B Pa3NUIHLIX TUADOTEONOTUECKUX YCIIOBUAX (TUTIOBHE pac-
eTHBle CXEMB!) NMPU AEACTBUM PasAU¥NBIX (aKTopos. AHanu3 3TMX rpagukos
TI03BONACT GONee leleHanpaBleHHO U 060CHOBAHHO MOAXOAUTbL K MpOBEAEHMI0
OMBITHBIX PaboT, MHTEPIpeTaLUM UX Pe3Y/IbTaTOB W OMPe/e/IeHNI0 pACIeTHBIX IUj-
pOTEONOrUYecKUx MapaMeTpoB.

ITpu OTKaYKe U3 HAMOPHOTO BOAOHOCHOTO FOPU3OHTA, M30/IMPOBAHHOTO B paspe-
3¢ ¥ He OrPaHWYEHHOro B IaHe (puc. 3.19, a), Ha rpaguxe S = f{lgt) Bbipenserca

b A N 5 S 8 S r
| | I | | { 1
I | | | 1
|1 I 7 | s ! s
I ! !
4 | | 7! I
| I | . | |
] ) ] ] ] 11 !
gt gt gt gt
N A X S 3
7
!
| _.5 | ]
i g 1y 1L
[ U A N
| |
i | |
1 1 Som
gt Lot tgt

Puc. 3.18. 3aKOHOMEPHOCTM U3MEHEHWA YPOBHSA NPK OTKAYKAX W TUMOBLIX TMAPOreono-
FUYECKUX YCNOBUAX: A — HEOrpaHMYeHHbIA HanopHbIM OHOPOAHbI NAACT;

b — 6e3HanopHbif NAACT; B — NNACTbI, CNOKEHHBIE TPELUHOBATHIMU U TPRWWHHO-
KapCTOBLIMM NOPOAAMHU; | — ABYXCNOMHAA TONWA C UMEHAIOLMMCA HaNOPOM B BEpX-
Hem cnoe; J — cnoucTas Tonwa ¢ NOCTOAHHLIM HANOPOM B BepXHem cnoe; £ — cnouc-

Tas TOAWa C pa3fensiownm BOA0YNOPOM Npu nep Hanope B Bep cnoe;

J{ — BOMOROCHbI NNACT y peKu; 3 — NAACT C rpaHuLEeR HeOAHOPOAHOCTM NO BOAOOTAA-
4e (HanopHo-6e3nanopHeiit nnacrt); 1 — no Teiicy; 2 — npu nepetekanum; 3 — npn
nepeTeKkaHuu B ONPOGyEMOM TOPU3OHTE; 4 — MU NepeTeKaHu B NUTaIOLeM FOpUIOH-
Te; 5 — Npu HECOBEPLWEHHOM CBA3U C PEKOI1; 6 — NpY COBEpUEHHON CBA3N C PeKoN
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CrpaBOYHUK COBPEMEHHOrO W3LICKATEAR

7iBa yJacTKa: KPUBONMHEHHBIN I, 0TBEYAOWM A TEPUONY HeyCTaHOBUBLISHCA PUNb-
TPalMM, U COOTBETCTBEHHO IKCTIOHEHIMANbHO! 3aBUCUMOCTH (3.1) TOHWKEHUA S
OT BpeMeHM ¢, U IPAMONMHe NI I], XapaKTepu3yioluiica norapudmudeckoi sa-
BUCUMOCTHIO IOHWKEHUA YPOBHA OT BPEMEeHW U OTBEYAOIUN IEPUOAY KBA3UYCTa-
HOBUBWEHCA PunbTpauun. Pasépoc Togex Ha rpadmke 06BACHAETCA INABHEIM 06-
Pa30M HEPEryNApPHLIMU U3MEHeHUAMM Ae6UTa (0COGEHHO M0 BO3MYIAIONIUM CKBa-
XWMHaM) W OMGKaMu Ipu 3aMepax. B cBA3M ¢ 3TMM HEOGXOAUMO MPOBOAUTL Yac-
TUYHYIO OTGPAaKOBKY TOMEK W ocpepHennue rpadwka. IIpu 3TOM pAs OCpeRHeHUs
WCIIONB3YIOT COBOKYITHOCTh TOYEK, ABHO TATOTEIOWYIO K NPAMONMHERHON 3aBUCH-
MocTu. JOTyCTUMOR CYMTAETCA TaKaa CTENEHb PACCEAHMA TOMEK, NPU KOTOPOi
OTHOCUTENIBHOE PACXOKAEHUE MeXAY Ko3h¢uuueHTaMU BOAONPOBOZUMOCTU IO
KpaitHuM BapuaHTaMm PUCOBKM NIPAMON He NipeBbuuaeT 25% .

Ilpu oTxayxe u3 Ge3HaNOPHOTO He OTPAHWUEHHOTO B INaHe OPU3OHTA
(puc. 3.18, B) peXum RBMKEHUA IOA3EMHBIX BOA MOXKET GLITb 3aMETHO OCNOKHEH
TpOABAEHWUEM BEPTUKANbHBIX COCTABAAIOWUX CKOPOCTH GUNBTPANUM Y CKBAKUHDI,
W3MeHeHneM BOAOOTAAYM BO BDEMEHU W APYTUMYU haKTopaMu, B CBA3U € YeM rpa-
¢ux 3aBucumoctu (2H, - S)S = f(lgt) GyneT umeTh Gonee CNOXKHBIN BUA, YeM TipU
OTKayKe U3 HariOpHOTO BOAOHOCHOTO TOPU3OHTA.

B o6wem cayyae (puc. 3.18, B), Ha rpaduxe (2H, - S)S = f(lgt) Buipensiorcs
Tpu yyactka I, II v 111, xapaxTepusyommeca crenuduyeckumu pexumamu Gunbt-
pauuu. B mepBrit mepuop oTkavku (yuacTox I) monnkenve popmupyeTca mpaxTu-
JeCKM TaK Xe, KaK W B HaNopPHOM U307IMPOBAHHOM MNACTe C YNPYroi BOAOOTAAYEH
Tipu NorapuMU¥eckom XapakTepe U3MEHEHUA OHWKEHUA YPOBHA BO BPEMEHU.
Bo sropoit nepnop (yyactox II) oTMeyaeTca BemonaxubaHue rpaduka, Bh3BaAH-
Hoe 3aMefileHueM TeMria CHUKEeHNA YPOBHA B Ipouecce popMUpoBaHUR TpaBuTa-
1MOHHOM BopooTAauM (3bdext Bontona). OTAUYUTENBHOR O0COGEHHOCTHIO 3TOrO
MTepuoAa ABNAETCA KAKYWAACA CTaBUNN3ALUA YPOBHA K €T0 KOHLY, B CBA3N C 4eM
OH MONY4YMA Ha3BaHUE TEPHUOAA JIOKHOCTALUOHAPHOTO pexuma. [IpoponKuTeNb-
HOCTb €r0 3aBUCUT OT K03thduumenTa GunbTpauuu BOROHOCHOrO FOPU3OHTA, ero
BOAOOTAAYM W MOWHOCTY U, KaX TIOKa3biBAeT OMBIT OTKAYeX U3 Ge3HANIOPHBIX ropU-
30HTOB, COCTABNACT OGLIYHO HECKONBKO CyTOX. Hanwyme mepuopa noXHocTaumo-
HapHOrO peXuMma NpefbABAAET 0coBble TPeGOBAHUA K METOAMKE NMPOBEAEHUR
OMBITHHIX OTKaveX. Ecnu, Hanpumep, oTkayka GyaeT 3aKoHYeHa A0 Hayana TpeTbe-
rO IePUOA, TO MOTYT OBITh CAENAHBI KauyeCTBEHHO HEBEDHbe BHIBOALL O MPAKTU-
YeCKOM CTABUNN3AUMM ABUKEHUA U TIONYYeHb 3aBbilleHHbe TapaMeTpbl.

Tperwit yyacTox rpaduxa (2H, - S)S = f(lgt) coorseTcTBYET N0TapHdMUtECcKOR
annpoxcuManuu ypasHexua Telica npu rpaBUTAuMOHHOM BopooTAAvYe. Taxum 06-
Pa3oM, B Ge3HATOPHEIX BOAOHOCHHIX TOPU3OHTAX, 3aN1€TAI0WMX B PHIXJILIX OTIIOKE-
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HUAX, B OTANYME OT HAMOPHLIX NNACTOB KBA3UCTALMOHAPHBIW PEXMM NPU IpaBUTa-
UMOHHOW BOROOTAAYE HOPMUDYETCA C ONpPefleNIeHHLIM 3ana3AbBaHueM, U 3T0 He-
06X0AMMO YUUTHIBATb NIPU NIPOBEAEHUN OTKAYeK U UX 06paboTke.

AHanu3 paxTMuecKuX AAHHBIX TIOKA3BIBAET, YTO NEPBLIe ABA YIacTKa 0TMeYaoT-
CA panexo He Ha Bcex rpadukax. MHTepnpeTauus pe3ynsTaTos BPeMEHHOr0 Npocne-
KUBAHWA B TAKUX YCNOBUAX CBA3AHA C HEOGXOBZUMOCTHIO NMOUCKA NIPEACTABUTENBbHO-
TO pacyeTHOro yuacTka. OnpepenaeMmble napamMeTphl AOMKHb OBITh TOATBEPKAEHI
APYTMMM CIIOCOBGAMM IPOCASKMBAHUA (KOMOMHUPOBAHHLIM W IUI0WAAHBIM).

AHanornyHue OTMEVEHHbIM 3aKOHOMEDHOCTM NOBeAeHUs YPOBHA Habnopa-
10TCA TPU OTKAYKaxX U3 BOAOHOCHBIX FOPU3OHTOB, CIOXEHHBIX TPEIJUHOBATHIMU U
TPeIMHHO-KaPCTOBHMMU MTOpoAaMu (puc. 3.18, B), M u3 aBYXCNOWHOW Tonmm ¢
M3MEHAKIMMCA HAarlopoM B BepXHeM cnioe (puc. 3.18, T'). leranbHeiit aHanu3 3axo-
HOMepPHOCTei IIOBeAeHUA YPOBHA NPH OTKAUKAX ANA 3TUX U APYTUX TUIIOBBIX CXeM,
1306paKeHHbIX Ha PUCYHKe 3.18, PUBeAEH B CIeLUANbHLIX METOANIECKUX PYKO-
BOJICTBAX, TaM Xe AaHb W PEKOMEHAALMU TI0 NPOBEACHMUI0 ONNTHLIX PaGoT U MH-
TepIpeTanuu UX pe3ynbTaToB B KOHKPETHBIX YCNOBUAX.

AHanoOruYHO M3N0KEHHOMY NPOBOAUTCA ONpefieNeHWe NapaMeTpoB rpago-
aHaNUTUYeCKUM METOROM € WCIONb30BaHueM rpaduxa S = f[lg(t/r?)], anmpoxcu-
MUDYIOIETO 3aBUCUMOCTD (3.7), u rpaduka S = f(lgr), anmpOXCUMMDYIOWETO 3aBU-
cuMocTh (3.8), T. €. crioco6aMut KOMGUHMPOBAHHOTO U INOWAAHOrO MPOCIEXKUBA-
HUA YPOBHA.

[Tp1 KOMGUHUPOBAHHOM MTPOCN@KUBAHUYM UCTTONL3YETCA UHPOPMANUA O TIoBe-
AeHUM YPOBHA BO BpPEMEHW OBHOBPEMEHHO NO HECKONbKMM HabniopaTeNnbHIM
CKBaXMUHaM ¢ IocTpoexuem obwero rpaduxa S = f(lgt/r?), n nocnenyomum onpe-
Ae/IeHUEM Ha ero 0CHoBe K03t UUMEHTOB BOAOIIPOBOANMOCTH U TbE30NTPOBORHO-
cT1 o popmynam Tabnuyrt 3.2,

Tlpu BansHuU crieyuguyeckux $pakTopos (nocTeneHHoe HoOPMUPOBAHUE Irpa-
BUTALMOHHOW BOAOOTAAYM BO BPEMEHM, TPEWMHOBATHIE NOPOALL C ABOHHON myc-
TOTHOCTbIO) MOTYT OTMEYaTbCA HECOBITaACHUA AAHHLIX MO OTAENBHLIM CKBAXUHAM
€ TOCTENEHHBIM UX BLIXOAOM Ha 061LYI0 ACUMNTOTUYECKYIO YacTh rpadmxa, KoTo-
pas v ABNAETCA B TAKMX YCIOBUAX PacueTHOMW (puc. 3.19, a, 1-3 — Homepa Habato-
RaTeNbHBIX CKBAKUH).

CnepyeT 0TMETUTD, UTO Ipu 06paboTKe Pe3ynLTATOB OTKAYEK CNOCOBOM KOM-
GMHWUPOBAHHOTO NIPOCAEKUBAHUA MOCTPOEHME IpadMKOB NPOBOAUTCA B CUCTEME
KoopauHat S - lg(r?/t), unm § - lg(t/r?), 4TO OTpaKaeTCA NMLWb HA yKIOHE rpadu-
KOB (C1€eBa HAlpaBO MU CIIpaBa HaJeso).

TIp\ mnowanHoOM NPOCAEKUBAHUM UCTIONb3YeTcA HQOPMAUUA O NOBEAeHNU
YPOBHA IO II0WaAU € NOCTpoeHueM rpadmka S = f(lgr) Ha ocHOBe eAUHOBPeMeH-
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R lgt/r2
Puc. 3.19. Tpaduku KoM6uHupoBaHHoTo (a) v nnowagHoro (6)
NPOCNEXUBAHUA YPOBHA

HEIX 3aMepoB B HaGMORATeNbHBX CKBanMHAX. [nA KoHTpons rpabukn § = f(lgr)
06BIYHO CTPOAT Ha HECKONBKO MOMEHTOB BPEMeHW, YAOBNETBODAIOWUX KpuUTe-
pwio t 2 2,5r%/a. OTWI0HEHUA OT IPAMONMHERHOW 3aBUCMMOCTH OBHIYHO OTMeva-
10TCA Ha KOHEYHBIX yuacTkax rpaduxos § = f(lgr), Tak KaK panbHue CKBAMWHBL
MOTYT He MOMNAcTb B 30HY KBAa3WCTaMOHAPHOrO Pexuma. HapexHbiM KxpurepneM
KBa3uCTaMOHAPHOCTY U CBUAIETENIbCTBOM OAHOPOAHOCTY NINIACTa ABJAALTCA NTApan-
NIeNbHOCTD MPAMOAUHENHBIX rpadukoB § = f(lgr), MOCTPOEHHEIX Ha Pa3Hble MOMEH-
Thl BpeMenn (puc. 3.19, 6). 3HaueHuA napameTpos T n @ ONPEACAAITCA AHANOTUY-
HO BBLUIEUINOKEHHOMY N0 pacueTHM GopMynam Tabauubt 3.2 C UCONb3OBAHUEM
BENNYMH A, U C,, CHUMAEMBIX C IPAMONIVHeHHON vacTu rpaduxa S = f(lgr).

I‘pa(poauanwrwlecxoe NMPpOoCNneXXuBaHue BOCCTAHOBNEHNA YPOBHA

PaccMOTpeHHble METOAbl MPOCNIOKNBAKNA YPOBHA, IORGOPA ¥ 3TaNOHHON KPU-
BOW MPUMEHWMBI TAKXKE AiJIA OTIPEAeIeHNA TAPaMeTPOB IO AAHHLIM HabopeHuM 3a
BOCCTAHOBJIEHWEM YPOBHA NOCNEe MPEKPAWEHUA OTKAYKK, IIpn 3TOM BMECTO noHM-
XeHW 6epyT NOBBINEHUA YPOBHEH, OTCYUTEIBAEMbIE OT ANHAMUYECKUX YPOBHEW,
3aMepeHHbIX Iepefi OKOHYAHWeM OTKAYKN; 38 PacueTHbIA fe6UT MPUHUMAeTCA pac-
XOA BOAbI NPW OTKAYKe; BPEMA t OTCYMTHIBAETCA OT KOHNA oTkaukn. O6paborka
AQHHBIX BOCCTAHOB/IEHWA YPOBHA MOXET ObITb BHINONHEHA C YYeTOM Unw 6e3 yue-
Ta «HACNIEACTBA» OTKAYKU.

Tlpn He OYeHb ANUTENbHBIX OTKAYKAX (TIPU COGMIOAEHUN KpuTepus t > 0,1ty)
06pafoTKy NAaHHBIX O BOCCTAHOBAEHWM YPOBHEW B CKBAXMHAX C/EAYeT BECTU C
YYETOM MPOROIKUTENBHOCTN OTKAYKM. B KavecTBe ypaBHeHMA, OMUCHLIBAIOWIETO
BOCCTaHOBJIEHME YDPOBHA, UCIONBIYETCA CeAYIoNlee BHPaKeHne:
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0,183Q, (to+t
S=~T——-tg(—°Tl, , (3.14)

KOTODOE YYUTLIBAET OAHOBPEMEHHOE AAeCTBUE KaK Hbi MPOACIHAONIENCH OTKAYKM
W HarxeTaHws BOABI C TeM e Ae6uToM (HarHeTawue YYUTLIBAETCA C MOMEHTa
PeanbLHOTo MpeKpauleHnA OTKAuKM ).

B cooTBeTCTBMM C 3TOW DOPMYNOH ONpeAeNeHne NapaMeTpos OCYIeCcTBAALTCA
CNoco60M BPEMEHHOTO IPOC/IeXMBAHMUA, Ha OCHOBE IOCTPOEHNA FPAdNKOB B KOOD-
[LMHATax

S~ lg(t,+t)/t] man S - lg[t/(t, + t)]
(3mech ty — ANUTENBHOCTb OTKAYKK, t — BPEMA BOCCTAHOBNEHWUA, OTCIUTHIBAEMOE
OT KOHNA 0TKauku). C yJeToM OMpefenseMoro mo rpapmky yrnosoro kosddouun-
enTa C, mapaMeTpH M1acTa paCcCYUTHIBAIOTCA O GOPMynaM:

T=0,1830/C, u lga= 2lgr 0,35 + S, /C, - lgt,, (3.15)

rRe S a — MaKCUMaNbHOE MOHVKEHMUE UNU BOCCTAHOBNEHUE YPOBHA.

Ilpu AANTENbHBIX OTKAYKaxX W GLICTPOM BOCCTAHOBNEHMM YPOBHA (T. . mpu
t20,1ty) BAMAHMEM «HACNeACTBA» OTKAYKU MOXHO ITpeHeGpevb W CYUTaTh Cpa-
BEIMBLIM NS YYeTa BOCCTaHOB/EHUA YPOBHA ypaBHenue B dopme (IV.2). Torpa
06paboTa AAHHLIX BOCCTAHOBNEHUA YPOBHA POBOAUTCA TOUHO TaK e, KaK W ANs
MOHWXEHWA, T. €, Coco6aMu BPEMEHHOTO, KOMGWHMPOBAHHOTO W MNOWAAHOTO
TTPOCEMUBAHUA C UCTIONB30BAHMEM MH(OPMaUUK [0 MEPUOAY BOCCTAHOBAEHUR
YPOBHA, 0TBEYAOWEMY KPUTEPUIO t 2 0,1to. TIpn 3TOM OCTAIOTCR CIPaBEANMBLIMU
BCe pacueTHble HOPMynbt Tabnuuet 3.2,

Tlo pesynbraraM 06paboTku BOCCTAHOBNEHUA YPOBHA IONYYAIOT, KaK IPaBI0,
6ornee KauecTBEHHbIE ONMPEALNEHUR, YEM IO AAHHBIM O CHWKEHWU YPOBHE BCEA-
CTBUE HE3HAYUTEILHOTO BNIMAHUA HA XOA BOCCTAHOBIEHUA YPOBHA TEXHUYECKUX
(baKTOpOB, TaKMX, KAK M3MeHeHMe AebuTa IPK 0TKAUKe, IHDEKT 3aNONHEHNA EMKO-
CTW CKBaXMH u Ap. [locnenHee cnepyeT YIUTHIBATD AULIb £A8 303MYWAK0WUX CKBA-
KUH TIpu ycnosun Qt/veoSmax = 20 (3nech t — BPeMA BOCCTAHOBJIEHUR, @ —
TIOWAAb CEIEHNA CKBAXMHEL, SMax — BENUINHA BOCCTAHOBIEHUA YPOBHR).

Pacronaras 3HaueHUAMMU BOAOMPOBOAMMOCTU WM NbE3OMPOBOAHOCTH, ONpERe-
JICHHHIMWU IO MPeo6pa3oBaHHLIM IpaguKaM TOHWKEHUA WU BOCCTAHOBICHWS
YPOBHA B HaONIOAATENbHbIX CKBAKUHAX, MOXHO rPad0aHanuTIeckn Onpenenuts
TOXa3aTenh CyMMapHOTO CONPOTMBACHUA {o MO AAHHBIM NOHWKEHWA YPOBHA B
LeHTPanbHOM CkBaXuKe. Ina 3Toro He06X0AUMO NOCTPOUTL TPaPUK 3aBUCUMOCTH
S = flln(Ry/1,)]. Ecnn otxnanbeats Mo ock abeumce 3Havenwua In(Ry/r,) (rne Ha
KaXABIA MOMEHT BPEMEHU BEIMYMHA PAAMYCa BAUAHUA OTIPeAeNIAeTCA O 3aBUCU-
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& MOCTH Ry =1,5+/at ), @ [0 OCH ODAMHAT — 3HAYeHUA
& A S¢ =2pKmS,/Q (rae S, — MOHWKeHNE YPOBHA BOAL B
U LeHTPaNbHOW CKBAXWHE Ha COOTBETCTBYIONMA MO-

15 MEHT BPEMEHMU t), OMLITHEIE AAHHEIE IPU TAKOM NOCT-
N POEHWUU AOMKHBL YKNAALIBATLCA HA MPAMYIO, KOTOPaR

6yAeT OTCEKATh HA OCK OPAMHAT OTPE3OX, YMCIEHHO
PaBHBEIN BENMMUHE NOKa3aTeNA CYMMapHOro COMpo-
TMBIIEHUA CKBaxUHb §y (puc. 3.20).
Puc. 3.20. Tpaoadanuy- AHanuTnueckue MeTORbl OMpepeneHuA rnapamer-
yeckoe onpeaenenve POB [P KBa3UYCTaHOBUBLIEMCA XapakTepe GunbTpa-
noxasarens ¢, LMK OCHOBAHLL HA CONOCTAB/CHWM BENWIMH NOHWKe-
HUR YPOBHA S; U §,, GUKCUPYEMBIX B ONHOM U TOI KHe
TOYKE (CKBAXWHE) Ha 1Ba MOMEHTa BPeMeHW 4; U t, B0 B ABYX TOUKAX NMOTOKE,
PaCriONOXEHHBIX Ha PACCTOAHUAX 7y U T, OT BO3IMYIIAIOWeEN CKBAKUHLL, Ha OAMH W
TOT K@ MOMEHT BpeMeHU. 3TW MeTOAE! MOTYT UCIONb30BATLCA MIPU OTCYTCTBUN CUC-
TEMATNYECKNX 3aMePOB MOHWKEHWUA YPOBHA U HEBO3MOXHOCTY PUMEHeHMA rpado-
AHAIUTMYECKUX METOROB OTTPeNeNleHVA TapaMeTpos.

CooTeeTcTaytomMe HOPMYH ANA AHANNTUYECKUX PACYETOB MOTYT GHITh 1€TKO
MONYYeHb! IPU PACCMOTPEHUM PA3HOCTH ABYX MIOHWEHUM YPOBHA C UCIONb30BaKM-
@M P! 3TOM UCXO[LHOTO YPaBHEHWA KBasuycTaHoBuBLIeHica Gunbrpanuu (3.2). llpun
COTIOCTaBNEHUM IOHWKEHWIA YPOBHA B O\HOW TOUKE HA Ba MOMEHTA BPEMEHMU IR
ornpeneneHnA BORONPOBOAMMOCTU Y TTHE30TIPOBO/IHOCTU UCIIONBIYIOTCA HOPMYMLI:

0,183Q 5,47TS; | (2,25t
=" wlga=22100 gl 2220 ) 3.16
5,5, g(tl) g q g( ) ] (3.16)

Iipn conocrasneHnn MOHWKEHN] MO ABYM TOYKAM Ha ORUH W TOT e MOMEHT
BpPeMeHn ¢ — COOTBETCTBEHHO GOPMyNbL:

0,366Q, (1, _5,47T8; _19(2 ,25t;

lg= _R_".
T

T="—1 u lga=
$1-5 n n ’

TIomyTHO 3aMeTUM, YTO NPY COMOCTABNAGHUMU TIOHWKEHUA S; U S,, PUKCUDYEMBIX

B IBYX TOYKaX NMOTOKa B N1060# MOMEHT BpeMer X IepUOAA KBA3UYCTaHOBUBLIEHCA

(bunerpanny, pacyerHas opMyna alA ONpeneseHUA BOAONPOBOAUMOCTH (3.17) oka-

3bIBAETCA WNEHTWMHOR COOTBETCTBYOMEN POPMYe YCTAHOBUBIIEHCA HUALTPALMM.

3TO0 IMIMHWIA a3 MOATBEPKNAET HEOGOCHOBAHHOCTb TPeGOBAHUA O MPOBEAEHWUU

OMLITHBIX OTKAYeK n0 CTAGMAN3AUNK YPOBHEN M BOIMOXHOCTD UCIIONb30BAHUA OC-

HOBHBIX TIPUEMOB ¥ 3aBUCUMOCTEN YCTaHOBMBLIEHCA QUnbTPauun pnA 06paboTkn
Pe3y/bTaTOB OTKAYKM B YCIO0BUAX KBA3UYCTAHOBUBILETOCA POXUMA.

(3.17)
7

368



Pazaen 3. VHxeHepHO-TMAPOreOAOrMyeCckNe U3LICKAHMS

Yyer xapaKrepa BO3MYILeHUA B NPOLECCe OTKAYeK

06A3aTe/IbHEIMUM YCNOBUAMN TPUMEHNMOCTH U3/0XKEHHLIX METOAOB N IIPUEMOB
onpepeNeHUs TapamMeTpoB ABAANTCA MOCTORHCTBO Ae6UTA ONLITHOM CKBAXUHBL U
OQHOPORHOCTL MOPOA ONMPo6yeMoro Topn3oHTa, IIpn HapyNIeHUM 3TUX YCNOBWIA
Tpe6yI0TCA COOTBETCTBYIOMAA KOPPEKTUPOBKA NPUEMOB 06paBOTKU Pe3ynLTaTos
OTKaYeX U yYeT BO3MOXKHBIX OTKILOHEHWIA. )

H3merexve pe6uTa ONMBLITHOM CKBAXWHBL B POLLECCE OTKAYKU BEAET K YCNOXK-
HEHWIO TPUeMOoB 06pabuTky ee Pe3y/bTaToB, YBENNYEHUIO TPYAOEMKOCTHU U BEPO-~
ATHOCTW CNYYalHbIX OWIMGOK, TOITOMY BMONHE OGOCHOBAHHBIM W MTPABUALHBIM
ABNAETCA CTPEM/EHNE K TPOBEACHUIO OTKAYEK C OCTOAHHLIM AeGUTOM, K COCPefio-
TOMEHUIO BO3MYIAIOMUX CKBAKUH TIPU TPYNIIOBOV OTKAYKe M UX ONHOBPEMEHHO-
My MYCKY.

Ecnv B mpolecce 0TKAYKn HabNI0AaTCA He3aKoHOMepHble KonebaHus aebuta
OTHOCUTENLHO €r0 CpefHeW BeAWYMHLY, TO B PacyeT NMPUHWUMAETCA OCPeNHEeHHOe
3HayeHne AebuTa, n 06paboTxa pe3ynbLTATOB OTKAYKN BEAETCA [0 METOAUKE, Y4U-
THBaloWeN MOCTOAHCTBO Ae6uTa. IIpu 3aKOHOMEDHBIX U3MeHeHUusX pebura (cTy-
neHyaroe, IMHENHOE, Napabonuyeckoe u AP.) NPUMEHAIOTCR APYIUe IPUEMB Ye-
Ta ITUX U3MEHEHUW, KOTOPLIE MOXHO IPOUNTIOCTPUPOBATD HA IipuMepe 06paboTkn
PE3YNLTAaTOB OMEITHLIX BHITYCKOB W I'PYMIOBLIX OTKAYEK.

Onpimusie spinycku. IIpn KYCTOBBIX OMBITHBIX BBYCKAX, TPaKTUKYEMbIX TPU
W36BITOMHBIX HAMlOPaX Haj YCTbeM OMPOBYeMbIX CKBaXWH, NMEIOT MECTO ITOCTORH-
HOe MOHWXEeHWe W MepeMeHHbI BO BpeMeHW Ae6UT ANA OMBITHHIX CKBAXUH W
IlepeMeHHOe TOHWKEeHWe YPOBHA B HAGNIOAATENbHbIX CKBAXUHAX. ITO MPUBOANT K
HeOBXOANMOCTH NPUMEHEHUA Pa3NMMHBLIX CIOCO60B ONMpeAeneHUA NapaMeTpos:
AN ONLITHOM (BOZMYMANLeN) CKBAKUHDI IO BpEMeHHOM 3aKOHOMEDPHOCTYH n3Me-
HeHUA ne6uTa, ANA HabniopaTeNbHLIX — MO 3aKOHOMEPHOCTAM U3MEHEHUA MpuBe-
AEHHOTO MOHNKEHUR }

S =5/Q=f(t).

06paboTka faHHBIX BLITYCKA N0 BO3MyWAlolelt CKBaXMUHe BEAETCA HA OCHOBE

(opMmyis (3.18), B COOTBRTCTBUM € KOTOPO NpH at/r >100

Ts(‘

Q=—rc
‘" 0,1831g(2 25at / 12) (3.18)

e Sp — MOCTOAHHOE BO BPEMEHY MTOHUIKEHNE YDOBHA B OTLITHON CKBAXMHE,
Mlpepcrasnan 3aBucuMOCTb (3.18) B BUAe ypPaBHEHWA MPAMONM Aunuun 1/Q, =

= Ay + Clg(t), rne C, = 0,183/TS, — yrnosoi xo3pduument, a A, — HavanbHan

OpAMHATa MPAMONWHElNHO yacTu rpaduka 1Q; = f(lgt), mony4aeM BO3IMONHOCTL
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onpeaenexua BopONpoBoanMocTH T o BennnHe yrnosoro koadduumenra, 1. e. T =
=0,183/C,S.. Onpepenenne nbe30NPOBOAKOCTY MO BO3MYINAIONIEN CKBAXMHE MPO-
W3BOAWTDH HenenecooGpasxo.

Tipu onpo6oBarnu FAY6OKMX TOPU3OHTOB (>200 M) M 3HAUMTENbHOM Aebure
ONLITHOR CKBAKUHBL BEMMUHY Sp CNEAYeT MPUKUMATb C YYeTOM NOTepb Hamopa
AH B cxBa)ute, onipepensembix o popmyne (3.19):

1,85
51
AH=30,90d5 : (3.19)

rae Q@ — pebut ckaxwub, A/c; L — AnvHa KONOXH obcapHbix Tpy6, M; d —
BHYTPEHHU AuaMeTp KONOHHBL, cM (AH ompepenserca s m).

TIoHUKeHue YPOBHA B HaBMopaTeNbHBIX CKBAXKMWHAX NPU BHIyCKax ¢ S = const
/1A IEPUOAA BPEMENN £y, = 50072/a annpOKCUMMPYETCA ypaBHeHueM Buaa (3.19), B
KOTOPOM Be6uT namensercs no 3asucumoctu (IV.19) u xoTopoe MoxeT 61Ty 3amu-
CaNoO B BupE NPAMOR OTHOCUTENBHO IPUBEAEKHOTO MOHUKEHNA S/ Q; B PAINUYHBIX
KOOPAMHATAX, AHANOTMYHO TOMY, KaK 3T0 6bIN0 MOKa3aHO Ha MPuMepe OTKaYeK C
nocToAHHbIM peburom. TakuM 06pasom, AnA 06PaboTKM faHHLIX 06 M3MeHeHUn
TIOHWKEHWA YPOBHA B Ha6NONATENbHBIX CKBAKUHAX, P BHITYCKE C NePeMeH-
HBIM NeGUTOM MOKHO UCTIONL30BATH PACCMOTPEHHbIE Bhillle IPUEME! BDEMEHHOTO,
NNOWAAHOTO U KOMOUHUMPOBAHKOTO IPOCAEKUBAHMA € TOW AMNIL PA3KULEH, YTO
TIPK 3TOM PACCMaTPUBAIOTCA 3aBUCMMOCTM U3MEHEHUA NPUBEAGHHOTO NMOHWMKe
HUA S = S§/Q, M COOTBETCTBEHHO COCTABAAIOTCA Tpadukm npambix 5/Q, = A, + Clgt
(pU BPeMEHHOM Npocnexusanun S/Q, = A, - C,Igr (mpu NAOWANHOM POCALKUBA-
Hum) v S/Q;= A, + Clg(t/r?) nPn KOMBUHUPOBAHKOM NPOC/IEHUBARMM).

KoadpduumuerTst BORONPOBOAUMOCTU M MbE30NPOBOAHOCTH ONPEAENAIOTCA MO
YLNOBHIM KO3hPUUMEHTAM W HAYanbHLIM OpPAVHATAM IPAMONIMHENHEIX JacTed No-
NyyaeMbIX rpaguKoB o HOPMyNaM, IPUBEACKHBIM B Tabnuue 3.2, ¢ TO Auurb pas-
HuLel, 4TO B GOPMYANB ANA ONPeAeieHnA BORONPOBOAMMOCTH He BXOAMT BeANIMHa
ne6ura, KoTOpas YIMTHIBALTCA B 3HAYEHUAX TPUBEAEHHOTO OHMKEeHNA §/Q,.

[ins obecnevenus 6onee nOCTOBEPHOTO ONpPeAie/ieHNA NaPaMeTPOB U KOHTPO-
18 06paboTky PAHHBLIX OMBITHHLIX BLINYCKOB CNEAYeT BECTH BCEMW BO3MOXHBIMM
cnocofamu, 0TAABaA NPeANOUTERUE METOAAM NPOCAEKUBAHUA TOHMKEHUA TIepen
MeTOpaMu MPOCNeXWBAHNA BOCCTAHOBIEHUA YPOBHA, 0COGEHHO NPU 3HAYUTEND-
HBIX M3MEHeHuAX pebura (8 1,5-2 pa3sa) B mpouecce OMbITOB.

OTMETMM, YTO PACCMOTPEHHbIE IPHeMb 06PaGOTKN ONLITHEX AAHHbIX IIPUMe-
HUMBL TIpK 06paGoTKe OTKAYeK C epeMeHHBIM AeGUTOM, KOTODLI! UMEeT NuHei-
HBIW, 0rapudMuyeckuit uan napabonuyecknit xapakTep usMexenus. B pacyer-

370



Pasaer 3. NHKeHepHO-TUAPOreOAOrHeCKUe W3bICKAHS

HbIX GOPMyNAX ANR ONPeneNeHUA Ibe30NPOBOAHOCTM BMECTO YACAOBOTO K03bdu-
uvenra 0,35 ucnonbayercst ko3pduumert 0,08 mpu aunenHoM v 0,29 npw nora-
PnMUIeCKOM U TapabonnueckoM XapaKTepax n3meHexna pebura.

Tlo aHanorMYKO% MeToRuKe 06padarsiBaIOTCA M AAHHbIE IPYNNOBLIX BLIYCKOB,
Korpa B xavecTse peGura Q, paccMaTpuBaeTcs CyMMapHbIit nebuT Bo3Mylwalommux
CKBAMMWH, @ B KaYeCTBE PACCTOAHUA I A0 HabN0AaTeNbHBIX CKBAXWH IPUHUMALTCA
TIPUBEAEHHOE PACCTORKME 7, KOTOPOE ONPERSIALTCH M3 YCNOBUA:

n
197, = >0 195 / Q-
i=1

[na HabniopaTenbHEIX CKBAXWH BeAeTCA 06paboTka ¢ mocTpoernen rpagukos
S/Qeym = F1g8), /ey = F(1gT ). S/Qcym = f(lgt/rf,p). Jna BO3Mymaomux CKBaKUK
CTPOMTCA TpaduK BPeMEHHOro NMPOCNEeXWBAHMA CyMmapHoro pebura 1Q/cym =
= f(lgt) c onpepenenvenm BoponpoBoauMocTH no dopmyne T = 0,183/C,S,, B KoTO-
POt BMECTO S, IPUHUMALTCA CpepHeapudMeTMyeckoe MOHNKEHNE TI0 BCeM BOIMY-
WAONIUM CKBAKUHAM.

Ipynnosbie omkauky. ns ofecneverus OLYTMUMOTO MOHMMKEHUA YPOBHA B
BOROOGWIBHBIX MAACTAX BHIMONHANTCA OTKAYKM W3 HECKONbKUX OMBITHLIX CKBa-
WH OQHOBPEMENHO (rpynmoBbie 0TKaukun). BpeMs BKMOUEHNA Kax o BO3Mywma-
omeRt CKBaXUHL! B NERCTBUE MOKET GbITb Pa3KbIM (aCMHXPOHHOE BO3MYLIEHMe)
VAW ONHOBPEMENHBIM (CMHXPOHKOE BO3MYILIEHWE), CaMu BO3MYalolme CHBAKU-
Kbl MOTYT GHITb COCPEAOTOMEHHBIMM WM PACCPEAOTOMEHHBIMW, REOUT uX MOXeT
GLITb TOCTOAHHBIM WIN CKAYKO0OBPa3HO MeHAIOLUMCA. OCHOBLIBAACh HA NIPUHLUNE
CYMEepno3viuun U PaCCMaTpuBas KaAyo CTYMEHb U3MeHEHNA CyMMapHOTo pebura
TPYNNOBO¥ OTKAUKW +AQ; KaK CaMOCTOATENbHOE BOIMYIIEHUE, MOMMHO NpencTa-
BUTb MOHWKEHME B M0G0 HabMopaTeNbHOM CKBRKWHE B BUAS CYMMEI TIOHWKEHW
OT KaWAoro BO3MyieHuA AQ). IIyTeM HeCNOXHBIX NMPeo6Pa30BaHuit CYMMBI TOHN-
HEHUN, KaMAOe M3 KOTOPLIX OMUCHIBAETCA YpaBHeXueM (3.2), nonyyaem cnepyio-
wylo Gopmyny:

0,183Q, 2,25at,,p
S=m e
rnp f

rne Q, — CyMMapHbii ne6UT CuCTeMbl CKBAKUH Ha NAHHOU CTYTIEHN BOMYLIEHUS,
top M Ty — TIPUBEAEHHOE BPEMS OTLITA W NPUBEREHHOe paccTorve. lipusenen-
Hoe BpeMsi OTLITa ONPeneNAeTCA B COOTBETCTBUN C BHIPAKEHNEM

_ Qi lgt2AQ \g(t-t,)%.. . £AQ, 1g(t-t,)

G,

(3.20)

lgt,, (3.21)
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rpe Q; — HavanbRud CYMMapHbUi nebut; AQ; — COOTBETCTBYIOWEE U3MERERUe
cymMaproro pe6uta (i = 1,2,.., n - 1), AQy= Q- @y, ... AQy_ 1= Qy - Qpys t —
TeKymee BpeMA OMHTa OT Havana PaboOTH! BCeWt CUCTeMM; t; — BpeMa Havana
COOTBETCTBYIOWUX CTYMERe! CyMMapHoro pebwra (i = 1, 2, 3, ..., n). 3rak mmoc
03HavaeT BO3pacTaHue, MUHYC — YMEHbIIEHWe CyMMapHOTo nebwta. Ilpusenen-
HO® PaCcCTOAHME A0 PacCMaTpuBaeMow RabnioparebHov CKBAKMKEL Tyyp OPeAena-
€TCA C yYETOM BLHIDAMEHUA

n
lgrnp =20i \gr; / @y,

i=1
e Q; — RebWTH OTAENBHEIX BO3MYLWAIOWMX CKBRKUK HA AAHHOM CTYNEH BO3MY-
wenusa (1 =1,2, ..., n); r;, — pacCTOARUA OT MHTepeCYIOwei RabNIOAATENLHON AO
XaXpoW NencTByoNeN BOIMYIWAIWEN CKBRKURBL (3HaK TUIIOC 03HAavaeT Billove-
HWe, 3HaK MMHYC — OCTaHOBKY COOTBETCTBYIOLIEH BO3MYILAIOLIEN CKBAKUHDL).

06paboTKa AAHHLIX IPYNIOBOTO ACUHXPOKHOTO ONLITA IPOU3IBOAUTCA CNOCO-

60M, aHANOrNYHLIM 06paboTKe OTKAYEK C MOCTOAHHLIM AEB6UTOM, T. €. BpEMEHHbIM,
TUIOWAAHLIM ¥ KOMOURUPOBAHHBIM POC/IEKMBAKUEM Ha OCHOBE rpadhnKoB B KOOP-
purarax § - lgt,, S - lgr,, S - lg(t,,/r%,) 06paborra MPOU3IBOAUTCA paspenbRo
1A KaWAO! CTYMeHN BO3IMYLeHMA. PacueTHble (GOPMy/Ibl aHaNOr YKL TPUBEREH-
HBIM B Tabnuye 3.2, Ipu 3TOM B HUX [IPURMMAeETCA ¢ = tp T =Ty,

BapuaHTHt pacCpenoTOYEHHOI0 CURKPORKHOTO M COCPEAOTOMEHHONO aCUHXPOH-
HOTO BO3MYNEHUA ABARNOTCA YACTHBIMM CAYMasMW PRCCMOTPEHHOrO FpYMIOBOrO
ACUHXPORHOTO BO3MYLERUA. B mepBOM cnydae KT REOGXOAUMOCTHU B y4eTe pu-
BEAERHOTO BpeMenM (t,, = t), BO BTOPOM — B yueTe NPUBEAEHHOTO PAcCTOARMA
(Igrsp = lgr). Tipu cKauxoobpa3roM XapaxTepe BO3MYWERUS 06paboTka pesynbra-
TOB TPYMNOBLIX OTKAaYEK MOMET OCYWECTBIATLCA C MCMOAb3OBARUEM IpaduKos
BPEMEHHOTO, IIONARHOTO0 N KOMOGMHMPOBAHHOTO TPOCNENKMBRHUA IPUBEAEHHOTO
norvKerua §/Q Ha Bcex CTYMEHAX BO3MyWEHUA, 4To obecneynsaeT Hanbonbuyio
CTeMeHb CBEDPTHBAHWUA OMBITHON MHPOPMauuM W HAAEKHOCTb MONYYAEMbIX pe-
3yNbTATOB.

OTKavKun B YCNOBUAX OTPAHUYEHHbIX INACTOB U CAOUCTBIX TOJIY

CxeMbl OTKAYKU B YCNOBUAX BIAMAKMA ORHOM WAN HECKONBKUX CPARMY NAACTA
(MPORMLAEMbIX UNU HENPORWLAEMEIX), & TaKKe B YCNOBUAX B3AUMOCBAIU CMEX-
HBIX B pa3pese BOROHOCHbIX POPU3OHTOB (C/1OMCTHIE TONIUM) UCTIONb3YIOTCA B IPaK-
TUKE TMAPOre0/I0rMYeCKUX UCCIeA0BARNA CPABHUTENLHO PEAKO, TaK KaK OKM Tpe-
6y10T MpUMEHeHMA CBOE0GPa3HbIX CNOCO608 06PABOTKU OMBITHBIX AAHKEIX W IpU-
©MO0B MHTEPNPETAaLuK UX Pe3ynbraTos. TeM He MeHee BO MHOIMX CIYYaaX OKasbi-
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BAETCR BO3MOXHBIM UCIONb30BATH CLIOCOOL! BPEMEHHOTO, TUIOWAAHOI0 U KOM6U-
HWPOBAHHOTO NPOCAEKUBAHNA IPUMEHUTENLHO K YCNIOBUAM He OIPARVNYEHHOIC B
nnane naacTa. OCHOBHEM BONPOCOM NPU WHTEpIpeTaLu rpadmKoB POCIEKUBA-
HWUA ABNACTCA BhAENEHMEe Hanbosee MPeACTaBUTENbHOTO YYaCTKa rpaduKa, KoTo-
PHIA €llje He MCITHITEIBACT BAWAHWA TPAHUL] WU APYTUX AUCTBYIOWUX HAKTODPOB U
MOXET COOTBETCTBEHHO WCIMONb30BATLCA AVIA ONMPEAENEHUA DUALTPAUUOHHBIX U
©MKOCTHLIX CBOWCTB ONPOBYeMOro ropusonTa. Ilpu UCONb30BAHUK 3TUX CITOCO-
608 06paboTKM U UHTEPITPETALNN ONBITHLX ARHHbIX TPEADABIAIOTCA ONPEAENEH-
HBIE OTPAaHUYEHUA K MCXORHO uRDOpManuu.

B 4acTHOCTH, B 30He MOTOKa pasmepom m < r < 0,45! (rpe [ — paccrosnue o
BO3MYLIAN0WEN CKBAXKUHBL A0 6NWIKAALIEH TPAHMLET) B TeUEHWE BPEMEHN ty =t = 51,
€ BOCTAaTOYHOW ANA 1eNleft MPAaKTUKYU TOMHOCTLIO (MOrpenrnocTs < 10%) crpasen-
nvBa norapudmuyeckan annpokcumanus dopmynsr Teiica B Bupe (3.2). 3To paer
OCHOBAHUA K WCMONBIOBARWIO UHGMOPMALUM N0 BCEM HABIIOBATENbHBIM CKBAMM-
HaM, paciONOKEHHBM B 3TOM 30He, 1A ONIPeRENeHnA TapaMeTPoB BCEMU PACCMOT-
PeHHBIMU BBHILIE ANA YCIOBUM KBA3UCTALWOHApHOW GuiabTpauuu rpadoananuTi-
JeCKMMU Y aHAnuTUYeckuMu MeTonafu (Kax u mpexne, 3pech t, = r°/a). llpu srom
ANA BPEMEHHOrO W KOMOGWHWUPOBAHHOTO MPOCNEKUBAHUR CIeAYeT WUCMOj1b30BATh
HabniopaTenbHyle CKBaXWHLL, PACIONOXEHHbIe B 30HE papuycom 7 = 0,3], a Ans
MNOWARHOTO — B 30He 7 = 0,45/ , OpUEHTNPYAC B OCHOBHOM Ha URGOpManuio o
TTOHVXEHWW YPOBHA NPU OTKauKax. [lpyrve MeTonbl ONpefeNenus NapaMeTpos B
CTIOMHBIX TMAPOreONOrUMYEeCKUX YCIOBUAX OCHOBAHLL HA WUCMONB30BAAUK 33BUCU-
MOCTeM, YIUTHIBRIOWUX BAAHUE MPOHUAEMBIX W HEPORUIlaeMBIX TPaHN1 INacTa
B IINaHe u B paspe3e, a Takwe 0COGEHHOCTH CTpoerus o6nacTu gpunsrpanyuu. lipu
3TOM, KaK M Q1A CXeMbl HEOTPAHWYERHOI'O NIACTa, IIUPOKO NPUMEHAITCA rpado-
aHANMUTUYECKNE METOAM, OCHOBAHHbIE HA IMHEWHOW aNmpOKCMMAnUW UCXORMBIX
33aBUCUMOCTEN, A TAKKe aHANUTUVECKUe 3aBUCMMOCTW, MONYvaeMble Ha OCHOBE
TOVHbIX UIW TPUGMKEHKBIX pellerui.

JInA npocTeNunX CXeM MONYOTPARMYERHKLIX IOTOKOB, KOrMa Ha YCNOBUA Npu-
TOKA BOABT K CKBAXUHE B IPOLIECCe OTKAYKU BIUAET OfHA U3 IpaHul MOTOKA (po-
Hunaeman ¢ H = const unv Henporunaemas ¢ Q = const = 0), pacyeTs napaMeTpos
MOXHO BBLITONIHATb O GOpMyNaM, npuBefleHHLIM B HAcToAmeM naparpade, ¢ see-
LCHMEM B HMX BMECTO I@NCTBUTENLHBIX PACCTORHWHA I, OT HABNIOAATENbHLIX CKBa-
KWK IO LeHTPaNbHOW M pafuyca LERTPANbHOW CKBAXUHBL 7, HEKOTOPHIX Mpuse-
REHHBIX 3HAYEHWA I;* U T *, KOTOPHIE YUMTHIBAIOT XapaKTep U NOTIOKERNE PPaHLbl
noTtoxa. [Ipu pacnmonomeruu CKBaXMR Y KOHTYypa MOCTOAHROTO Hamopa (pexa,
03ep0, KaHan) MPUHNMAIOT I;* =1, /p; N 1.* =7,/ , Y HENPOKWNLAEMOrO KOHTYpa —
COOTBETCTBEHRO I,* =1;p; W T.* =T,p, TRE P; W P, — PACCTOAHMA OT PeasnbHhIX
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H=const HabniofaTeNsHLIX W LEHTPANBHOM CKBAKUH RO
3epKasLHOTO 0TO6paeHNA LEHTPaNbHON CKBa-
XXMHB OTHOCUTE/ILHO PaCCMaTpUBAEMOIo KOHTY-
pa (puc. 3.21).

Tak, Hanmpumep, NPU OTKAUKE U3 OAMHOY-
HOW CKBAXWHbl B HANOPHOM IOTOKE § PeKun
ANA ONpeAeneHuA BOAONPOBOAUMOCTN MOXET
wcnonb3osareca hopmyna $. dopxrenmepa,

oTKynAa:
0,366
T=Talg(-pr£} (3.22)
Puc. 3.21. Cxema k pacyety ¢

napamMeTpos NO AAHKbIM KyCTO- ITIpu KyCTOBOW OTKaYKe M Hanudmm ABYX Ha-

BOW OTKAYKN B NOAYOrpaHnueH-  ONIONATENbHBLIX CKBAXMH (puC. 3.22) BEAWYMHY

HOM naacre BOAONPOBOAUMOCTU MOXHO OMpeAenaTh N0 na-

paM CKBaXUH (LeHTpanbHas — Habnioparens-

Has 1m6o pBe Habnoparenbibie) no Gopmynam, aHanornuIHLIM popmyne (3.17),
KOTOpaR C YYeTOM 3HauUeHU# I;* u p,* npuobperaer sup:

0,366, (pe
7=220 [ Be
S g( " } (3.23)

P ic S——

ARanoruyHeM 06pas’oM MOTYT 6HiTb 3anmucaHsl pacyeTdbie GOPMYIH W AN
APYTUX CXeM PACTONOKEHNA CKBAXKMH,

OpHWUM U3 BaXXHENIIUX NapaMeTpoB, KOTOPHIA MOXeT ObTh OMpeseneH mo pe-
3yNbTaTaM OTKayeK Ha MPUGPEKHOM y4acTKe, ABNAETCA AONONHUTENbHOE GUNbT-
PaLMOHHOE CONPOTUBAEHUE JIOXA Pekn AL, KOTOpOE MHTEIpaNbHO YUUTHBAET He-
COBEPLEHCTBO BPe3a n QUABTPALUNOHHYI HEOAHOPOAHOCTL PYCNOBLIX OTAOKE-
Hwit. Ins ero onpepeneHUA MOXHO UCIONb30BaTh KECKOAbKO MeToaos. OAuH u3
HUX — MeTOA noabopa Benuunnbl AL, ynosneTsopaiowen ypasHeruio dopxrevime-
pa, 3aMUCAaHHOMY NMPUMEHUTENLHO K OMPEeNeRUI0 BeNUYNHB NOHWKERUA B Of-
HOW U3 HabmopaTensHEIX ckBaxuH. Hanpumep, Ans onpepencHuA NOHWXEHUA B
HabnlopatensHon ckeakune Ne 3 (puc. 3.22) pacuernasn GopMyna umeer Bup:

=0,3660192(I+AL)—1'3‘

S
3 T r

(3.24)

HPM N3BeCTHBIX BEANYNHAX BOAONPOBOAUMOCTU (onpenenne’rca 3apanee, Ha-
npumep, no na6mona'renmhm CKBa)XWHAaM Ha NapajuleibHOM peke ]ly‘le) W NTOHU-
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KeHuA S; 3Haverue AL onpepenserca nopbopom no Gopmyne (3.24). Meton nop-
60pa MOMET UCNONB30BATLCA W B APYTUX MOAUUKALUAX (HAapUMep, IO COOTHO-
IEHWIO NOHWUKEH NI B ABYX TOUKAX).

Bonee yxuBepcanbHEIM ABRACTCA rpaoaHanuTnyeckuit cnocob noa6opa, 3a-
KI0¥aMUACA B TOCTPOEHUN cepun rpadukos S = f(Igp,/T;), NCTONL3YIOMUX UH-
bopMaLyuio o HECKONBKNUM HabNI0RATENbHBEIM CKBAKUHAM (3A€Ch p; — PACCTOAHME
OT paccMaTpuBaeMblx HabMIORATENbHLIX CKBAXKMH A0 3€PKAJbHOTO OTOOPaXeHU
BO3MYyWAIOLIEN CKBAXWUHE C YIETOM NMPuHUMaemoro 3nauenua AL). Kax cnepyer
u3 hopMynrt (3.23), rpaduk S = f(lgp/r) nonkeH GLITH MPAMONMHERHBIM, TPOXOAA-
WMM Yepe3s Hayano KOOPAWHAT, C YINOBHIM Koapduumertom € = 0,366Q/C. U3
cepun rpatvKoB, MOCTPOEHHHIX MPU PasNMYHBIX 3HAYeHuAX AL, 3a pacueTHt
MPUHUMAETCA TPatvK, NPUXOAALUA B HAYano KOOpauHaT. Benuunna soponposo-
AMMOCTW OTPENEeNAeTCcs UCXOAA W3 YINoBoro xo3dduuuenra atoro rpaduxa no
dbopmyne T =0,3660/C.

TIpn 3HaYNTeNbHOM KOANYECTBE HAGMIORATENbHBIX CKBAKUH, PACTIONONKEHHBIX
B 30He T = 0,51 (rpe | — paccToARMe OT BO3MylWalowed CKBAXMHEL 1O pekn),
BO3MOXHO ONpepenexue napamMerpa AL Ha OCHOBe MOCTPOEHUA rpaduxa naoman-
HOTO Npocnexusarna S = f(lgr). Ilpu 3TOM COBMECTHO ONpERENAIOTCA BORONPOBO-
aumocTs (no hopmyne Tabn. 3.2) n napamerp AL (0 BeAMUYUHKE YCNOBHOTO Papny-
Ca MUTaHUA Iy, OTCEKAEMOro MPAMOAMHERHbM TpatuKoM Ha ocu abcuucc), KoTo-
puivt 6yner pasen AL = 0,57~ 1.

Tlo pe3ynbTaTaM OTKaueK W3 CAOMCTHIX NACTOB B YCIOBUAX MEPETEKAHUA ANR
onpepenexua napameTpos (BOAONPOBOAUMOCTY T, Mbe30NMPOBOAHOCTY @, MepeTe-
KaHuA B n Ap.) NCIIONBIYIOT 0XapaKTepU30BaHHbIE paHee MeTOAb Noa6opa u 3Ta-
JIOHHBIX KPUBBIX, UMEA B BUAY, YTO NPy 3TOM CIPaBeATNBO ypaBHEHME

s=—0—-w,1 (7). (3.25)
4nl

rpe W,(u, ) — cnenuansHas TabynupoBaHHan GyHKIMA, 3HAYEHUA KOTOPOW OMN-
PeRENAIOTCA B 33BUCMMOCTN OT u = r2/4at w 7 = r/B (rpe B — K03pduuuenr

TiepeTeKanus).
B ycnoBUAX HeyCTAaHOBUBIIEACA GUALTPALNN MO AAHKEIM O CHUKEHUM YPOBHA
B HabniopaTeNbHON CKBAKMHE CTPOMTCA Tpagmk B KoopAurarax lgs - Ig(t/r%)1,
KOTOPHI/L COBMEIAETCA 3aTeM C ITaNOHHBIM TPaduKOM, IpepCcTaBnAmWMM cob0i
cepuio KpuBbIX 3aBUCUMOCTU W, (1, F) oT Ig(1/u) ANA Pa3NUIKEIX 3HaveHuit T =1/B
(puc. 3.23). Ilo 3naveruio 7/B cOBMEMEHHOM 3TaNORHON KPUBOW PN U3BECTHOM
PACcCTOAHMM T ompepenserca Ko3adduument neperexanns B, a ko3hPuumenTs
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LgWn (u,7) ‘
 manow 8= r/Bz0.
) S
2 r/B:1,0)
/820 Puc. 3.22. Onpepenenne
NapaMerTpa no 3TaNOHHbIM
KPUBbIM B YCNOBUAX NepereKa-
HuA: 1 — dakTuyeckue Touxu
Lg1/y rpadwka lgS - lg(t/r%);
tg(t/r2) 2 — 37ancHHbIe KpBble

BOMOIIPOBOAMMOCTY W NbE3OIPOBOAHOCTU HAXOAATCS IO KOOPAVHATAM 1060 TOY-
KW COBMEL|EHHHX PPadUKOB U3 COOTHOLIEHUNA:

lg(@/ 4nT)=1gS-1gW, (u,7) n lgsa=1g(1/u)-lg(t/r?). (3.26)

Bonee HajexHbie 3HAYEHWA NAPaMeTPOB MOAYYAOTCA NPU MCNONLIOBAHUM
MHGOPMALMW IO HECKONLKMM Hab/IofaTeNbHbIM CKBAXKMHAM. IIpu 3TOM coBMeme-
HWE OIBITHLIX KPWBLIX C ITANOHHBIMW OCYIECTBAAETCA TakmMm 06PasoM, YTo6bt
YAOBJIETBOPANOCD YCNIOBUE:

Ty/Ty = T4/T4 1,73 =7,/ T3 .... Onpepenenue napaMeTpos MO COBMEWEHHHM
rpaguKaM oCyleCTBAACTCA AHANIOPUYHO BHIIIEU3NI0KERHOMY.

B yCnOBUSAX ANWTENbHBIX OTKAYEK Y CTabuin3anuv NOKUKEHUNA B Habnopa-
TENBHBIX CKBAXWHAX, KOPAA YPaBHeHWe (3.26) MPUHUMAET COOTBETCTBEHHO BUJ,
WCII0Nb3YeTCR 160 MeTOA M0A60Pa B hopMe:

5, _Ko(n/B) ._ @

L=l =, (7),
s, Ko(r2/B) 2nT

nm6o MeTon 3TaNOHHOW KPWBOWH. B MOACneAHeM cayyae ONMBITHHMW I'paduk
1g$ = f(lgr) coBMelwaeTcs ¢ 3TANOHROM KPUBOM, TOCTPOEHHOW B TOM e MacuTabe B
xoopauratax IgKy(7) - lg 7, a mapamerpst T u B onpefenaoTcs N0 KOOPAMHATAM
7110607 TOYKU COBMEILIEHHbIX 'PAQUKOB COOTBETCTBEHHO U3 COOTHOWIERNIA:

g(Q/4nT)=1gS-1gK, (¥) w lgB=1gr-1g7. (3.27)

PaccMoTpeHHbie TPUEME! OTPeAEeNeHUA TADaMeTPOB CIOUCTBIX TOJLY CTipaBes-
NMBLL AIA YCIOBUA NMOCTOAHCTBA HANopa B MUTAIOWWX niactax. [Ipu aToMm anam-
TENLHOCTb OTKAYEK AOJKHA GbITb AOCTATOYHA A POSBNEHUA IPdeKTa nepeTe-
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KaruA. IIpu OTCYTCTBUM €ro MposBLEHUA ANA OMpeAesieHVA NMapaMeTpoB MiacTa
(T, a, u) MCTIONB3YIOTCA MINOKEHHBIE PaHee /iR CXEMBI M30/1MPOBAHHOTO B paspe-
3€ MIACTa CNOCO6H! U PUEMBL.

ToBOps 0 METOAAX ONPEeAENieHUA NMapaMeTPOB, OrPAHNIEHHBIX B IUIAaHE BOAO-
HOCHbIX 06pa30BaHui, cneayeT HeCKONbKO OCTAHOBUTLCA Ha CBOEOGDa3HOM Ipu-
eme onpefenieHna 06061eHHEIX TapaMeTPos, TOA KOTOPHMU O6LIYHO TOHUMAIOT
Takue MapaMeTphi, KOTOPble KOMIUIEKCHO XapaKTepU3yloT OMpo6OBAHHYIO YacTh
BOAOHOCHOrO IUIACTa C YeTOM erc BOAONMPOBOAAWMX W EMKOCTHMX CBOWCTB W
BIVAKWE €r0 BHEWHUX I'PaHul. 06061ieHHEe MapaMeTphl ONPEeeNsIoTCs MO KO-
HEUHBIM MPAMONMHENHBEIM yHacTkam rpadukos npocnexusanns S = f(Igt), xoTo-
Phle KONUYECTBEHHO YYUTHIBAIOT BANAHUE YCTAHOBNEHHBIX HEMPOHWLAEMBIX WK
MONYMPOHWULAEMBIX PPARWI TNACTA, @ POTHO3HBIE PACYeTH! BEAYTCA IO 3aBUCUMO-
CTAM ANA Ke O'PAHMYEHHOTO B IUIaHe IUIACTa, T. €. PealbHb IIACT P pacyeTax
3aMEeHAETCA HEKOTOPLIM HEOTPAHWNYEHHLIM NACTOM, KOTODPHIA C YYETOM OMpene-
NEHHBIX AR Hero 06061MEeHHbX NAPAMETPOB ABARETCA IKBUBAJIEHTOM PeanbHOR
obnacTu HuabTpaLuy, MpossuBLIeH cebs B mponecce onuTa. 0anH U3 Hanbonee
BAKHBIX U CJIOKHBIX BOTPOCOB NP ONPEACNIEHMM TAKUX 0606IEHHBIX TTapaMeT-
POB — BOMPOC 0 HEOGXOAUMOI MPOACIKUTENLHOCTHU OTKAYeK, obecneynsalowei
NpOAB/IEHME BCEX OCHOBHMIX DaKTOPOB W rpaHun o6nacTu GuIbTpaumuu, u cooT-
BETCTBYIOWMA MX yYeT B 060611eHHbIX apaMeTpax.

3.2.3. Meroauka opraHu3aLuy i TMpPOBeAEHHUA OTKadex

. MeToanKa MPOBEAEHUA OTKAYEK 3aBUCHT OT UX HA3HAYEHWUA, CTAZAUU TUADO-
PeONIOrNYECKNX UCCNIeN0BAHUA U KOHKPETHBIX IIPUPOAHBIX YCI0BUI N3y4aeMoro
MEeCTODPOXKAEHWUA NOA3EMHHIX BOA. B NMOHATME METOAVKM BKIIOYAIOTCA BONPOCH
BEI6ODA BUAA OTKAYKY, CXEMbl OTILITHOTO KYCTa W €r0 MeCTONOI0KEHNS, XapaKTe-
pa ¥ CTeNeHn BO3MYILEHNSA, TPOAOKNTENBROCTU OTKAYKW M KOHTDOJIA ee ITpose-
DEeHWs, 060CHOBAHNA KOHCTPYKTUBHBIX 0COBEHHOCTE ! ONLITHHX W HAbNI0AATeNb-
HBIX CKBAKWH,

Bri60p BUpa OTKAYKM (MPOBHAs, OMLITHAS OAMHOYHASR, KYCTOBAs WM CPYIIO-
Bés, ONHITHO-3KCIIYaTalluOHHAR) ONPeAIeNIAETCA ee LieNleBLIM Ha3HaYEHUEM W CTa-
Avei uccneaoBaHN.

IIpo6Hble omKavKu BHIMONHAIOTCA HA BCEX CTAAMAX FUADOTe0iOrUMYECKUX UC-
C/lef0BaHWii: Ha CTaANK NIOUCKOB — /It CPABHUTEIILRON XapaKTEPUCTUKU DUIILT-
PAUMOHHLIX CBOWCTB IUIACTOB Ha OTAENbHBIX YYaCTKAX, OLlEHKM KayecTBa BOALI U
MONOKEHUA YPOBHEW BOJOHOCHLIX POPU3OHTOB; HA CTAAUAX NPEABAPUTENBHON W
ReTanbHOW pa3BenKn — AR OLEHKW KaYecTBa CKBAXUH U MPeABAPUTENLHOTO OI-
PeAeNeHNA UX BO3IMOIKHO! NNPON3BOAUTENLHOCTH.

377



Cl'lpGBOHHMK COBPEMEHHOTO M3bICKATEAS

OnsimHbsle 0GUHOYHBIE OTKAYKY NPOBOAATCA Ha CTaAUAX MPEABAPUTENLHON U
JleTanbHOM pa3sBeAKW M3 pa3BefOYHbIX WU Pa3BeAOYHO-IKCINYATaUUOHHBIX CKBa-
MWK C 1)elbl0 OMPefeneHua 3aBUCUMOCTU Ae6UTa OT MORWUMEHUA YPOBHA. [ns
PelIeHus 3T 3aAa4u TPeOYIOTCA OTKAYKW Ha ABE CTYNEHU MOHUMKEHWA YPOBHA B
3epPHUCTHIX KONIEKTOPAX W Ha ABe-TPU CTYIEHWU B TPelUHOBaTHIX. [Ipu xopowem
KavecTBe MPU3aboHOM 30HEL OAUHOMHbIE OTKAYKU MOTYT UCTONb30BATBCA ANR
OPUEHTUPOBOYHOW OLEHKW BOAOTIPOBOAUMOCTYH, H)OPMAaTUBHOCTS U HAL@KHOCTD
Pe3YNBTAaTOB OAVUHOMHBIX OTKauyeK MOTYT 6biThb MOBIEHH NPWU COBMECTHOM UX
TIPOBEJIGHUN W YBAIKE C KYCTOBLIMU OTKAYKAaMW, PACXONOMETPUEN W DE3UCTUBU-
MeTpuew.

OnbimHble KyCMOo8ble OMKAYKU OCYWECTBNAKTCA Ha CTagUAX NpefBapUTeNb-
HO¥ W leTanbHoi pa3BefoK rnaBHLIM 06Pa3oM AR ONpPEAENeHUA PacueTHEX Tua-
POTEONOrUYECKUX NAPAMETPOB W OLeHKW FPAaHUYKbIX YcnoBuit. Ecnv mpu otkavke
U3 OfIHOM CKBAXMHMI He YIaeTcA NOHUTHCA NOCTATOYHO HANEXHHX I MOCAeAy0-
meil MHTEPNpeTauu OHVKEHWH YPOBHA (B CBA3U C BLICOKOM BOJIOMPOBOAMMOC-
Tb10 BOJOHOCHHIX TOPU30KTOB), MPOBOAUTCA I'PYNNOBAA 0TKAYKA.

OnbimHble Kycmosble OMKa¥Ku ~— OCHOBHOM BUA, PUABTPALMOKHOTO 0npo6o-
BaHUA, 06€CIeYUBAOMUA TPABUJILHYI0 URTEPTIPETALUI0 U3YYaeMbiX TUAPOTeono-
I'MYECKUX YCNOBUIA, HaZieXXHoe Onpefenenue IUAporeoorMuecKux napaMeTpos u
KOHTPOND MONYYaeMbiX pe3ynsTaros. [[03TOMY AanbHeitnIee paccMOTPERUE BOMPO-
COB METOAVKU NPOBEAEHUA OTKAYeK AAaeTCA NaBHLIM 06Pa30M NIPUMEHUTENLHO K
XYCTOBBIM OTKAYKaM.

OnbiMHO-3KCNAYAMAayUOHHAA OMKAYKA W3 ONHOM UM HECKONBKUX CKBAXWUH
MPOBOJMTCR TONLKO Ha CTaZiuu JIETanbHOW pa3Befiku B CROMHEIX TMAPOTeONoru-
JeCKUX YCNOBUAX ANIA ONTpefeNleRUsA ONBITHLIM YTeM BO3MOXHOW IPOU3BOAUTENb-
HOCTW BOZ\03a60Pa MU YCTAHOBNEHUA 3aKOHOMEDHOCTEH U3MEHEHUA YPOBHEH Tpu
ero IKCIAyaTauuu, a TaxKe BO3MOXHOTO U3MeHEeHUs KaueCTBeHHOTO COCTaBa Noj-
3eMHBIX BOA. OTKauka MPOBOAMTCA, XaK MPaBUNO, B NEPUOJ MEXEHHOTO CTOAHUA
VPOBHA NOA3EMHBIX BOAl C OAHUM MAKCUMaZbHO BO3MOXHMM NeOUTOM (6NU3KUM K
MPOEKTHOMY) NTPOOTKUTENBROCTEI0 1-3 Mecana u Gonee. Ha xawaoM KoHkper-
HOM y4acTKe POAOKUTENbHOCTD ONMBITHO-3KCIIAYATANUORHON OTKAYKU A0MKHA
ofecrmeunBaTh KBA3UCTALUVOHAPHEIA PEXVM TIO BCEM BO3MYWAOWMUM U Habmopa-
TeNbHBIM CHBAXWHAM, a Take IMPOABJEHUEe W YYeT BCeX OCHOBHHIX (aKTOpOB,
OCNOXHAOMUX YCNOBUR IKCMNYaTaLUU U3YIaeMOro MeCTOPOXAeHuA, Cxema pac-
TONOKERUA ONBITHHIX CKBAXWH AOMKHA 3a7laBaThCA C YIETOM CXeMhl PACIONoXe-
HUA 9KCTULYaTaLVOHHEIX CKBAXUH TPOSKTVUPYEMOTO BOA03ahopa.

BL160p MeCTOMONOMEHUA U CXeMbl ONLITHOTO KYCTa CNeAyeT YBA3LBATH C
TONIOMEHUEM W XapaKTepoM paboTH MPOEKTUPYEMbIX UHKEHEPHBIX COOPYKEHUH
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(80p03260P0OB, APEHANEM, KaHaNoB W Ap.). Pacronomenue ONMHTHOTO KYCTa AOMXK-
HO 0fecreyvBaTh B EPBYIO Ouepefb AETANbHOR U3YIEHUe YIACTKOB IPOEKTUDYe-
MbIX MHDKEHEDHBIX COOPYXEHWA U 30HH UX BAWUAHMA, IO BO3MOXHOCTU UCKAIOYaR
WU CBOPA K MUHUMYMY BAUAHWE Ha YCNOBUR IPOBEAGHUR ObITa Pa3NUMHBIX OC-
JIOKHANWUX GaKTOPOB (PPaHwIL MNACTa B NIAHE, 30H HEORROPOAHOCTU v Ap. ). [Ipu
Hanuyuv Parul, HabNI0ATeNbHEIE CKBAXWUHLL CREAyeT PacnonaraTh B 30He KBa-
3WCTALVOHAPHOW GUNbTPaLMK TIOTOKA pasMepom m <1< 0/50 (rae | — paccroanue
OT BO3MYWAOWeEn CKBAKUHEL A0 HAVKAALEHR IPaHULbL), UCKNIOYAONeH BAUAHKE
I'PaHVYHBIX NIOMeX U OfecmeunBalomen HapexHoe ONpeAeneHve TMAPOreOnoru-
JeCKUX NapaMeTpoB METOAAMYW MPOCNEXUBAHUA YPOBHA. Ecnu we 3apaueit orxa-
YeK ABNAAETCA U3YYeHUE rpaHUYHBIX YCI0BUA, ONLITHbIA KYCT pacnonaraior sénu-
31 U3yJaeMoii TparuLBL (C pa3sMeNnleRueM RabnionaTenbHhiX CKBaXWK MO 0fe CTo-
POHBI OT Hee), UCMONb3yA ANA ONpefeNeHWs TMAPOreONOruyeckuX MapameTpos
33BUCUMOCTY, VUM TLIBAIOIME BAUAHUE I'PaHul. Pacionoxerve ToueK OAMHOUHOTQ
OnMpo6OBAHUA TaKKe AOMKHO CIOCOGCTBOBATL U3YYEHWIO YYACTKOB MPOEKTUpYe-
MbIX COOPYMEHW! U IKCTPAMONALUUN PE3YNBTATOB KYCTOBLIX OTKAYeK Ha Mpunera-
101Me K HUM 30HbI ITNACcTa.

CxeMa ONBLITHOTO KYCTa, TOA XOTOPO! MOHUMAETCA KONMUYECTBO BO3MYIAOWUX
W HabNI0AATeNLHEX CKBAXWUH W UX B3aUMHOE PacIONOXeHue B NNaHe U B paspese,
DOTKHA O6OCHOBLIBATBCA C YYETOM CTEMEHV W ANWUTENbHOCTU MPeANonaraeMoro
BO3MYLEHVSA, BO3MOXHON QUALTPALUOHHOW CXeMbl M METOJ0B WHTEPNpeTanuu
Pe3YNBTAaTOB OMLITHEIX OTKaYeK. OPUEHTUPOBOYHO OHa I0JKHA GHITh TAKOW, YTOOH
MPU AAMTENLHOCTW BO3MYmEHWA 5-10 CYTOK U BEAMYUHE NMOHWKEHUA YPOBHA B
BO3MYLJAOMUX CKBaOXUHAX 3-5 M ofecrmeunBanoch Gbl NONyyeHWe MPeAcTaBut-
TeNbHOM UHPOPMaL UM O PaIBUTUM ACTIPECCUOHHOM BOPOHKU B 30HE KBA3UCTaLUO-
HapHO! GUNbLTPaLnu U YTOEH ITPU 3TOM Pa3HOCTL TOHWKEHWH B COCEAHUX Habio-
HaTeNbHbIX CKBAWUHAX W MOHMKEHWe B Haubonee YAaneHHoOW HabniopaTenbHom
CKBAXWHE CYWEeCTBEHHO MPeBbIany TOYHOCTb 3aMEPOB YPOBHA NOA3EMHEIX BOA,
cocrasnas He MeNee 0,2-0,3 M. [Iopo6HOe pacNONOXeHNe CKBAWUK ObecreunsaeT
AOCTOBEPHOE ONpefeneRue TUAPOreoorYeckux NMapameTpoB METOAAMN BpEMEeR-
HOT'O Y TLOWAAHOTO MPOCAEKUBAHUA YPOBHA.

Konuuectso HabniofaTenbHbix CKBAXWH Ha3HAYALTCA B 3aBUCUMOCTY OT CTe-
MEHW COXHOCTU MPUPOAHHX YCNOBUI U UHTEPIPETUPYEMOCTH OITBITHEX AAHHLIX,
CTeNeHV HeOAHOPOAHOCTH TTNACTOB, INYGUHM 3a1eraHUA ONPOBYEMEIX FOPU3OHTOB
W BO3MOMHOCTYU UCTIONL30BAHUA B KauecTBe HabniopaTenbHEIX APYTUX TUApOTe0-
JIOTUYECKUX CKBAXUH.

[inA obecrieyeHUA HaleHOTO ONIpefIeNeHUR PACUETHHIX MMAPOreON0OruYecKUX
MaPaMeTPOB, UX OCPEQIHEHUA U KOHTPONA KONMUYECTBO HAbNIOAATENbHELX CKBAKUK
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B OMBITHOM KYCTE AaXe B CDAaBHWUTENbHO MPOCTHIX MPUPOAHLIX YCIOBUAX BONLKHO
6b(1b He MeHee TPex (MPU HUIUYUU MPUHUNITMANLHONM BOZMOKHOCTH ONPeAeNieHuns
BCEX NapaMeTpoB IO ORHOW-ABYM HaBMORATENLHBIM CKBAXUHAM), B CLOKHBIX Npu-
POAHbIX YCNOBUAX (MOPOBLIE TPYHTOBHIE W TPEMMUHHEIE TPYHTOBLIE U HAMOPHbIE
BOROHOCHBIE TOPU3OHTHL, CIOUCTHIE TOMMM B YCAOBUAX NMEPETeKaHUA, HeORHOPOA-
HOCTb (MIBTPAUUOHHbIX CBOWCTB) HEOBXOAUMO UMeETb 4~5 HABNIOBATENbHEIX CKBA-
XUH, @ B 0MeHb CIOXHBIX PUPOAHHIX YCIOBUAX (TPEIMHHO-KAPCTOBLIE BOACHOC-
Hble TOPU3ONTHI, CYIECTBEHHAA HEOAHOPOAHOCTD, COMETaHNE HECKONbKUX BHAKTO-
POB aHOManbHOCTU) — OT 4 RO 10 HabnioparensHbix ckBaXuu. Kpome nabmona-
TENbHBIX CKBAXMUH B 30HE BOIMYIEHUR CleAYeT NpEeRyCMaTpUBaTh XOTs Bbl OpHY
HabNIOAATENbHYIO CKBAXUHY BHE ee (ANA BbIABAEHMA BOIMOKHBIX (OHOBLIX U3Me-
HEHUI eCTECTBEHHOTO pexuma). Bo Bcex cnyyasx (0coberHo mpu onpo6oBanun
rny60XuX TOPU3OHTOB), ECIM UMEETCA BOIMOKHOCTS YBENMIEHNA UMCNa Habnopa-
TE/ILHBIX CKBaXWH 6e3 NOMONHUTENbHbIX 3aTpaT (33 CYeT UCMONb3OBaHUs paHee
NIPOVIBEHHBIX MOUCKOBLIX, KAPTUPOBOMHHIX, Pa3BEIOMHBIX, DEXUMHBIX W APYIUX
KAaTeropuit CKBaXwnH), CLefyeT 3TUM BOCMONb30BATLCA (OCOGEHHO B CAOMHBIX AAR
WHTepIpeTaluu NPUPOAHBIX YCIOBUAX), @ UHOIAA Aaxe MOWUTU Paju 3TOrO Ha
YBENUYEHUE NPOIOTKUTENLHOCTH OIbITA,

Paszmemath HabnlopaTensHsle CKBAWUHBL 1|eNeco06pasHo Mo AyYaM, Konnye-
CTBO W OPMEHTUPOBKA KOTOPHIX 3aBUCAT OT CILOMHOCTM YCNOBMW Omnpobyemoro
061beKTa, HazHaueHns KYCTa, KONMYECTBA HabNIOAATENLHbIX CKBAMUH U 0COGEHHO-
cTel MPOEKTUPYEMOTO Ha OCHOBE M3bICKAHWA MHXEHeDHOro coopyxerus. Jlyun
Habn0pATeNnbHEIX CKBAXUH CNEAYeT OPUEHTUPOBATD B HAPABAEHWMN BLIABIEHHHIX
WV BO3MOKHBIX U3MEHEHUA I'MADPOTEONOTNYECKUX YCNOBUIA (MO HanmpaBneRUAM
3atyxalomei uiu npeobnagaioment TPELMHOBATOCTH, PE3KOTO N3MEHEHUA HUALLT-
PALMOHHBIX U €MKOCTHbIX CBOWCTB MOPOJ, POHUIAEMBIX U HENPOHULEEMBIX Tpa-
HWL MNAcTa u T. 1.). OGLIYHO MPAKTUKYIOT OJHO-, ABYX- U TPEXNYEBHIE ONBITHbIE
KycTsl. [JBYXNyYeBLe CXEMbl ONLITHBIX KYCTOB UCTMIONb3YIOTCA IPU ONPO6OBAHUM
aHW30TPOTIHLIX (MYYM — MO OCAM ARWU3OTPONMUW) WU OCPAHMNEHHBIX MNNACTOB
(nyun — napannenbHble u MEPNeHRUKYAAPHbE rpanunam). IIpn manom xonuye-
cTBe HABM0AATENBHBIX CKBAKWH 331a€TCA ORUH NYY. .

BoaMymalomue CKBAXWHY (B 3aBUCMMOCTH OT HEOOXOLMMOW CTEMIeHN BOIMYLLE-
HUA UX MOXET BEITh OT OQHOW A0 YeTHIPeX) 1|enecoo6pasHo pacnonararh Kak MOXHO
6onee KOMMAKTHO B BepLIMHAX HabNIORATENbHLIX NYdell, MPUHUMAR PACCTORHWE
MEXAY BO3MYIWalomuUMU CKBaXMHaMK He Gonee 0,3 r; B PYHTOBLIX U 0,5 7, B HAMOp-
HBIX TIOTOXAX (3AECh Iy — PACCTOANUE A0 6nuKanuedt HabMOAATENbHON CKBAKM-
Hbt). TIpn aTOM OTMapaeT HEOGXOAUMOCTB B yueTe NPUBEAGHHHX DACCTORHUN 2,,
npu 06paboTKe pe3ynbLTATOB IPYMIOBLX OTKAMEK.
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HabnwopaTenbHble CKBAKMHEL KaK YKe 0TMEVAnoch, CefyeT pa3memars B 30He
2 PeKTUBHOr0 BAUAHUA OTKAYKU NIPU KBA3UCTALMOHAPHOM ee pexume. IIpu aTom
nepBsy0 HaGMOAATENbHYIO CKBAXWHY DacronaraloT Ha PacCTOAHWMU Ty OT LEHT-
PanbHOW, IPUMEPHO PAaBHOM MOWHOCTK Mnacta. llocnepyiommue CKBa)UHbl pasme-
WAOT N0 NyYaM C YBENUMEHNEM PacCTOAHWA MEXAY HUMM NO 3aKOHY reoMeTpu-
JecKo mporpeccun. IIpu 3TOM PacCcTOAHWE OT BOIMYmAIOWER A0 COOTBETCTBYIO-
el HaBnAATENbHON CKBAMUHEL I, MOXET GbTh ONPEAENEHO MO Clepyoment no-
NYyIMIUpUYecKon popmyne:

n=na"™?, (3.28)

TAe Iy — PacCTOAHWe A0 GAvKaiileil HabMoAaTeNbHON CKBAXUHLL (TPUHUMAETCA
06r14HO T = (0,7 - 1)m; m — MOWHOCTb ONPOBYEMOr0 NNACTA; d — IMIMPUYECKUN
KO3(pPULUEHT, PUHUMAEMDI A1 Ge3HANIOPHBIX TOPU3OHTOB PaBHLIM 1,5, ANA Ha-
MOPHEIX — 2,5; 1 — MOPAAKOBLI# HOMEp HabnlojaTenbHOM CKBAKUNE B Nyve B
HamnpaBNeHUN OT ONBITHOM (B OQHOM Nyde PAaCNONAraloT CKBaXWHL! C HEMETHBIMU
HOMEpaMu, B APYTOM — C METHEIMU, B TPETHEM — C ROCNEAYIOMMMU HEYETHBIMU U
T. B, PUC. 3.23).

B dopmyne (3.28) ammupudeckue ko3dGuumenTsl NOROGpaHE! Takum 06pasoM,
4TOGH IPU NOHWMKERUU YPOBHA B L|eHTPANbHOM CHBAKWMHE Ha 3-4 M W ATIUTENBHOCTU
OTKaYKK 0Kono 10 CYTOK Pa3HOCTb MOHWKEHWA YPOBHA B COCEAHMX M TIORMKEHUA B
Hanbonee ynaneHHow HabnionaTENbHON CKBAXKMHE COCTaBNANA He Mexee 0,2 M. Hc-
XOBR U3 3TUX YCIOBUIA MaKCUMaNbHOE YAAZIeHUe HABNI0AATENbHBIX CKBAKUH Cepy-
eT orpanuymnears — 150 M B 6e3HanopHbIX U 1500 M — B HAMOPHBIX BOAOHOCHHIX
TOPU30OHTAX,

OMbITHBIE KYCTHL ANR A 5
onpo60BaHUA BOROHOCHLIX rp2 G7m ;i rySl
FOPU3OHTOB W CTETNEHN X
B3aUMOCBA3U C PEKOW pe-
KOMeRAyeTCcA pa3mMemaTh
No ABYXNYYeBOW cxeMe
(pue. 3.23, B) ¢ pacrono-
HeHneM He MeHee ABYX
HabnopaTenbHHX CKBa-
HUH Ha KaXAOM U3 nyven.

.pexa H=F(tT

B napannen»uoMm nyue puc 323, Cxema onbiTHOTO KycTa: A — B HEOTPaHHUEH-

CKBaXMHEI PACMONAraloT B HOM nnacte; B — npu CBA3M NAacTa c pekoi;
COOTBETCTBUU C BBIMEU3- () _ gnpiTHan ckBaXMHaA; 1, 2, 3, 4 — HabnoparenbHbie
JNIOKEeHHLIMU peKoMeHpa- CKBaXMWHb!
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1AMy [Ranpumep mo Gopmyne (3.28)], Ho He panee (0,6-0,7).. B nyde, nepnexpu-
KYAADHOM K DeKe, OLHY HabnioAaTeNbHyl0 CKBAKMHY PACNONaraloT B6ausu newT-
PanbHOR Ha paccToAHuu e > 0,7 m, BTOPYI0 — HENOCPEACTBEHHO Ha ype3e peku
(Ha Y3KMX peKax — ee OAMY Ha Apyrom Gepery peku). JINnA OKOHTYpUBaHWA
BOPOHKM AICTIPECCUM HeNaTenbHo UMeTh HabNloAaTeNbHy0 CKBAXUHY U B HaMpas-
TIEHNK KOPEHHOTO Bepera Ha PaCCTOAKUU I =], a 1A Y4ETa eCTECTBEHHbIX U3MeHe-
HWW YPOBHA — ellle 0AHY BHE 30HHl BIUAHUA OTKAYKU.

Tlpn onpo6oBarum CIOMCTHIX TONL C NePeTexalueM B NIEPBOM NPUBNUKEHUNK
CneAyeT pyKOBOACTBOBATbCA PEKOMEHRALUAMMU AA ONBITHOTO KYCTa B FPYHTOBLIX
BOAAX (C 3a/10)KeHUEM HABNIOAATENBHBIX CKBAKMH HA BCE B3aUMOCBA3AHHLIE POPU-
30HTHI B TEX e TOYKAX, YTO X HA OCHOBHOW POpU30HT). [Ipn 3TOM OAHA U3 Habnlo-
JATeNbHBIX CKBAXVH A0/KHA GLITH PACIIONONKEHA PAROM C BO3MYLIAIOWEH, 3 caman
nanekaa — 6uiTh B 30He 7 = (0,34+0,4) B.

Y3noxenHbie peKOMEHAaNUM B OTHOLIGHWUW Da3MemeHUA HabniopaTenbHLIX
CKBAXUH M NPORO/KMTENLHOCTY OMLITHEIX OTKAYEK CNEAYET CYUTATb OPUEHTUDO-
BOYHLIMU, TIOANEKAWUMU YTOUHEHUIO NPU BLINOAHEHNN MONEBLIX PABOT Ha Kax-
JOM KOHKDETHOM Y4aCTKe C YYeTOM LieN1eBOr0 Ha3HauyeHUA OTKAaYeK U PTMAPOreono-
rUYeckux ocobeHHocTel usyyaemoro ob6bexTa. PexoMeHpyeman cxema pasmeme-
HUA CKBR)WH OMBITHOPO KYCTa AONKHA NPOBEPATLCA [IPOTHO3HBIMU pacdeTamu
0XKUAAEMBIX IOHUKEHUA UCXOMA U3 BOIMOXKHOM GUNLTPALMOHHOM CXEeMbI, TPEATIO-
naraemoro Ae6ura u NPOROMKUTENLHOCTU OTKAYKM, @ TaKKE OPUEHTUPOBOUHLIX
3HAYEHW ] PACYETHAIX TMAPOTEONOrMYECKUX TAPAMETPOB.

XapakTep u cTerneHb Bo3MymeHua. CospeMeHHas MeToauKa NO3BONRET 06-
pabaTbiBaTb Pe3yNbTaThl OTKAYEK MPU CKAYKOOGPA3IHOM, IMHENKHOM, norapudmm-
YecKoM U Bonee CNOKHOM XapakTepe BO3MYLIEHWA, HO NPU 3TOM CYmeCTBEHHO
BO3PACTAeT TPYAOEMKOCTb 06PabOTKU U MKTEpNPETaL UK Pe3yNbTaToB onbiTa. Ilo-
3TOMY BO BCEX CAyuasX CNeRyeT CTPEMUTBCA K MPOCTOMY U MOCTOAHHOMY B NPO-
ljecce OMbITA XapakTepy BO3MywWeHUR, OTKaYKu He06X0gMMO POBOAUTD € [OCTO-
AHHBIM BO BPEMEHW ne6UTOM, OTBEYAIOWMUM HOMUHANBHOW NMPOU3BOAUTENBHOCTU
BHIGPAHHOrO HAcoca, u3beras HEPEryNAPHLX ero Konebarui. Onpo6osanue cksa-
MWH, Aa10MUX BOAY CAMOU3NANBOM, BOIMOXHO NPU YCNOBUK NOCTOAHCTBA HIOHMMKE-
HWA YPOBHA C 06A3aTeNbHLIM NONYYeHUeM UHGOPMAuMK 06 UMEHEHUU YPOBHEN
0 HabnlopaTeNbHHIM CKBAXMHAM. OBHAKO U B 3TOM Cy4ae LenecoobpasHo BecTu
onpoboBanue C MOCTOAHHLIM AEBUTOM, MEPEBOAA BO3MYWAWLUE CKBAKUHBL Ha
KPaHOBHIA PEXUM BHIIYCKA.

IIpn OTKAYKaX Ha HECKOMNbKO CTYMEHe! NMOHWKEHUA UX CNefyeT NPOBOAUTD,
HayMHaA C MEHbLIETO MOHWKEHNA YPOBHA (B TPEMUHOBATLIX MIOPOAAX U MENKO-
3ePHUCTHIX HEORHODOAKBIX MIECKAX — HA0B60POT), KOTOPOE ROMKHO BLITH He Me-
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Hee 1-2 M 1 BMeCTe € TeéM B 2-3 pa3a MeHbllIe MaKCUManbHO BO3MOMNHOTO. Ilpn
nepexope ¢ 6onbLIero MOKMKEHNA YDOBHA Ha MeHblIee OTKAYKy NPeKpamaoT 4o
MONHOTrO BOCCTAHOBNEHUA NOHWKEHHOTO YPOBHA BOAL.

CTeneHb BO3MYWEHWA NPU OTKAYKax AONKHA ObITb AOCTATOMHOW ANA TOTO,
4TOBBI NP OPUEHTMPOBOMHOW MX MpPOROMMKUTENsHOCTH 5-10 cyToK obecreynTts
3HaYMTeNbHOE CHWKEHUe YPOBHA B Npefienax onpobyemoit yacTu nnacra (He me-
Hee 3-5 M B ONMbITHBIX CKBAXWUHAX U He MeHee 0,2-0,5 M — B HabMOnATeNLHEIX) U
MpeACTaBUTENbHOE N0 BPEMEHM Pa3BUTME KBA3UCTALMOHapHOW dunbrpauun B
30He pa3Memenna HabnloaaTenbHbIX CkBAXUK. cxoas U3 3TUX TpeboBaHui pis
BhI6Opa HeO6XOAUMOT CTeneHU BO3MYmERUR (ReBUTa OTKAYeK) MOKHO BOCTIONL-
30BAThCA CIEAYIONUMU PEKOMEHAALUAMMK, KOTOPbIe 06061aloT oNLIT onpoboBa-
AuA 30 MeCcTOPOXAEHUA MOA3eMHBIX BOA PA3sAVUMHOTO TUMA U Pe3yNbTaThl aHa-
NUTUYECKUX PaCIeTOB.

1. IIpn onpo6oBaHuu ROMETBEPTUYHBIX NMECKOB, CabLIX MECYAHMKOB W He-
KapCTYIOMUXCA TPEIMHHBIX BOAOBMELAMUX NOPOR, KO3bdULUEHTH BO-
AOMPOBOAMMOCTU KOTOPHIX UIMEHAIOTCA B Iipenenax 50-500 M%/cyT., pexo-
MeHpyTCA pebutst 5-25 n/c.

2. TIpu onpo6oBaKMK YeTBEPTUMHEIX annioBUaNbLHLIX MECKOB, alNI0BUAABHO-
NIPO/IIOBUANBHBIX NECYAHO-TPABUMHLIX OTNOKEHUN, TPELUHHO-TOPOBLIX
BOJ\0BMEIA0WMUX NMOPOA C PACCERHHbIM KapCTOM, Ko3dduuuerTsl BOpO-
TIDOBOAUMOCTYU KOTOPHIX U3MEHAIOTCA B npepenax 500-1 000 M3/cy'r., pe-
KOMeHpyeMble neburel — 25-50 n/c.

3. Tlpu onpo6oBaHWM TanevHUKOB C TECYAHO-TPABUAHLIM 3aNONHUTENEM W
TPEIMHHO-KAPCTOBLIX MACCUBOB, K03(bdUUMEHTH! BOAOTIPOBOAUMOCTU KO-
TOPHIX HAaXORATCA B WHTepBane 1000-3 000 M2/CYT., pEKOMEHAYIOTCA Ae-
6uret 50-150 n/c.

TIpn HazHaveHun pebuTa BO3MYmMAOWMUX CKBAMUH CNEAyeT YYUTHBATh NaH-

Hhle NIPefiBApUTENHOrO ONPOBOBAHUA (IPOBHLIX OTKAYEK M MPOKAYEK).

B ycnoBusx BeckMa BOROOGMNLHBIX TOPU3OHTOB, 06NANAVWUX 3HAYUTENDHOM
BOROMPOBORAMMOCTbIO (>1 000 M?/CyT.), Ans oBecrieyenma Heo6XOpMMO CTeneHu
BO3MYWEHUA TpeByeTcA NMPOBEAEHUE OTKAMKU U3 HECKONbLKMX BO3MYLJA0mMUX
CKBAMMH (2-4), 06ODYAOBAHHLIX JOCTATOMHO MOLIHLIMW HAacoCaMu (FpYNIOBbie
oTkayku). [Ipu 3TOM cnepyer obecreunBarb KOMIAKTHOE UX Pa3MeleHue, NOCTOo-
AHCTBO A€6UTA U CUHXPOHHOCTb UX PABOTHL.

TIpononKUTENLHOCTH OTKAYeK ONPefleIATCA UX LieJleBbIM Ha3HAYeHUeM U TUL-
POT'e0NOTUYECKUMMU YCIOBUAMM U3YYaeMbIX 06bexToB. OHa noNKHA 0becneunsaTs
OmpezeNeHne UCKOMBIX TapaMeTpoB Haubonee HajieHLIMU METOAAMM (KaK NTPaBU-
N0, 0OCHOBAHHEIMY Ha aHaNu3e 3aKOHOMePHOCTeW KBa3UyCTaHOBUBILEHCA GUnbTpa-
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uum). ACXops U3 ITOrO NMPOAOKUTENBHOCTb NPOOHBIX U OAUHOMHBIX ONBLITHBIX
0TKavex CnepyerT OrpaRUyuBaTh 1-2 cyTamu (U HeO6XOAUMOCTH pasrAnHM3a-
LMW FOPU30HTA OHA MOXeT BMTb yBenuyeHa A0 2-3 cyT.). lpopomxmTenbHOCTL
KYCTOBHIX OTKAyeK A0TKHA 0BecreynBars NONHOE Pa3BUTME KBA3UCTALUOHAPHON
(unbTpauuy B 30He PazMemeRUA HabnlopaTeNbHBIX CKBAKMH. VIcXops U3 Heobxo-
IMMOCTY MONYYEHUR XOPOLIO BLIPAKEHHOrO NPAMONUHEWHOTO Y4acTKa Ha rpa-
(huke BpEMEHHOr0O MPOCNEXUBAHUA Leneco06pa3Ho OPUEHTUPOBATLCA Ha NMpo-
HOMKUTENLHOCTb OTKAIKU, OTIPefieNAEMYI0 KpUTepUeM t > 5t,, rjie BpeMa HacTyn-
JIEHUA KBA3UCTAMOHAPHOW QUNbTPauuu ¢, IPUHUMAETCA ANA AaibHe! Habmopa-
TenbHOR CKBAMUHBL U3 YCROBUA t, 2 2,57%/a. Haubonee ueTkum Kputepuem pns
NpeKpaeHua KYCTOBOW OTKAYKU CNYKUT BHIXOA Ha 06myio acuMnTory rpadu-
KOB KOMBUHUPOBAHHOTO NpOCnexuBaHua § = f{lg(t/r?)], NoCTpOEHHHIX Ans pa3-
JIMYHBIX HA6GMOAATENbHBIX CKBAKWH, a TaKXe MOJYYeHWe YeTKO BbIPAKEHHOM
KapTUHB! BpEMEHHOW UIMEHUUBOCTH YPOBHEW, XapaKTePHOM ANA RAHHBIX PURPO-
TEe0oNoruveckux ycnonuﬁ,

C y4eTOM U3N10)KEHHBIX ITO Pa3MemEeHUI0 HabMIofaTebHBIX CKBAKUH PEKOMEH
Hauui MOXeT BHITh MPUHATA CheRyloman OPUEHTUPOBOYHAA NMPOEKTHAs NMPORO-
UTENBHOCTb KYCTOBBIX OTKAMEX, TPOBOAUMBIX [iNA ONPefieNIeHUA OCHOBHLIX Napa-
MeTpOoB: 1) NpU OTKayKaX U3 HANOPHLIX BOROHOCHEIX TOPU30HTOB PHIXNEIX OTI0-
KeHuit 5-10 cyToX; 2) NPU OTKAYKAaX U3 De3HaMOPHHIX POPU3OHTOB PLIXAbIX
OTIOKEHWUW, U3 HANOPHLIX U Be3HANOPHLIX FOPU3OHTOB TPEWUHOBATHLIX U 3a-
KapCTOBAHHLIX NOPOA, @ TaK}Ke U3 TOPU3OHTOB ABYXCNOWHOTO CTPORHUA — 10—
15 cyrok Taxas xe NPOAOMKUTENbHOCTb 10~15 CYTOK pexOMeHAYeTCA Npu On-
penenenuu CTeMeHU B3aUMOCBA3YU NMOBEPXHOCTHLIX U MOA3EMHLIX BOJ NP pac-
TONOXEHUN OTBITHBIX KYCTOB B6NM3U peku (Ha paccToaruu po 30 m). IIpu ypa-
7IeHUU OMBITHOPO KYCTa OT PEKU W MpU 3aTPYAHEHHOW CBA3W NMOA3EMHMBIX BOR C
MOBEPXHOCTHHIMU (3XPAaHUPYIOWUIA 3aUNeHHbIN CNoit) TpebyeTca nposeseHue 60-
Jlee ANUTENbLHBIX OTKAdeK (A0 20~30 cyT.).

IIpononKUTENBHOCTL CENUaNbHHX KYCTOBLIX OTKaueK, NMPOBOAUMBIX LNA
OLEHKY YCNOBUY B3aUMOCBA3W BOLOHOCHLIX FOPU3OHTOB Yepe3 Pas3jienaiomue cna-
6ONpPORUIaeMEIE OTNOXEHUSA, MOXKET RoCcTUrarh 30-40 cyTok u 6onee. Takue oT-
KadKU KenaTeNsHO IPOBOXUTDL TTPU 3HAYUTENbHOM CHUKEHUU YPOBHA W BBICOKMX
nebuTax BO3MyWAKIIUX CKBAXWH B YCNOBUAX, KOTAA UMEIOTCA CYlleCTBEHHbIE Tpej-
OCHMNKM 1A TepeTeKanus (MOMHOCT, PA3AENAIOILMX CNoeB He Gonee 20-30 M, a X
Xo3d¢uument bunvrpanun — 6onee 1074 m/cyt.).

B npouecce nposefieHNA OTKaYex BEAYTCA HabNopeHUA 32 U3MEHEHUEM pac-
XOLO0B W YPOBHEN NOA3EMHBIX BOJA BO BCEX BO3MYWAIOWUX U HabBMoAaTenbHBIX
CKBR)XXUHAX C TOCTENEHHO YObiBalomen YacToToN. [locnenosarenbHOCTD U YacToTa
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PazaeA 3. VHXEHepHO-TMAPOreOAOrnYEeCKUe U3LICKaHUS

3aMepOB YPOBHA, ONPeNeNAeMas TEMNAMU ero CHUKEHUA B TouKax Habnopenus,
AONKHA obecneuuBaTh BLIABNEHNE 3aKOHOMEPHOCTel ero W3MEHeHUA B polecce
OMLITHLIX PaboT. MCXOpA M3 BO3MOXKHOCTER YU 1,eneco06pasHOCTU KOMINEKCHOTO
NPUMEHEHUA Pa3NUYHBIX MeTO[0B 06PabOTKU Pe3YNLTaTOB ONMBITHBIX PaboT pexo-
MEHJ\yeTCA NPOBOAUTD 3aMepbl YPOBHA B MpOLECcce OTKAYKW B NMepBhle ABa vaca
yepe3 5-10 MuHYT, B nocneayomue 12 ¥ — vepes 0,5-1 4 u panee vepes 2-3 9 po
KOHLA OTKaJKU. 3aMepsl YPOBHA B NpOLiecce BOCCTAHOBNEHUA: Nepsble 15-20 Mu-
HYT Jepe3 1-2 MUHYTHI, fanee B Tederue 1-2 ¥ — yepe3s 3—-10 MUHYT, 3aTeM depe3
Jac 710 NoAYYeHUA NPEe/ICTABUTE/IbHBIX MaTePUaNOB.

Bce mpusepenHble KONUYECTBEHHbIE PEKOMEHAALUUN NO Pa3MEIEHUIO OMBIT-
HBIX KYCTOB, CTEMEHU W NPOAOTKUTENLHOCTU BO3MYIEHUA, JACTOTE U3MEPEHU!
CnepyeT paccMaTpuUBaTh KaK OPUEHTUPOBOMHbIE, KOTODhIE HOMKHEI YTOMHATBLCA
IIPY NPOEKTUPOBaHNUM OTKadeK Ha OCHOBE BbIMONHEHUA PEABAPUTENBHLIX (padse-
LOMHBIX) PacyeToB MO NMPUOBAMKEHHLIM 3HAYEHUAM NapaMeTpoB, a B Npouecce
ITPOBEJIEHUA OTKAYEK — Ha OCHOBE aHANU3a BLIAB/IAEMBIX 3aBUCUMOCTE:

§=f(t), S =f(lgt). § = fllg(t/r)), S = f(lgr). Q = £(t). np-

KoMCTPYKTUBHBIE 0COGEHHOCTU BO3MYIMAWIMUX U HabnoAaTeNnbLHBIX
CKBRUH 0TKHBE MO BO3MOKHOCTU UCKNIOHATh BRUAHUE PA3NUMHBIX TEXHUYEC-
Kux taxTopoe (HECOBEPIEHCTBO BCKPHITUA MNAcCTa, M3MEHEHWA Npu3aboiHoi
30HBI, EMKOCTb U UHEPUUOHHOCTb CKBAXMH) Ha BHIABNREMble B NPOLECCE OMHITOB
3aKOHOMEPHOCTU U3MEHEHUS YPOBHA. ONBITHBIE CKBAXUHBI JOTKHLL 6BITH COBEP-
WIEHHbIMW N0 CTENMEHU U XapaKTEPY BCKPHITUsA TOPU3OHTOB, @ BWKaiume Habmo-
AaTeNbHble CKBAKUHBI — KaK MPABUJIO0, PACTONOKEHHHMU Ha PACCTOAHUAX, TTpe-
BLIIAOMUX MOMHOCTL ONPO6YEMOro MAacTa. B yenoBUAX OTKAYKU U3 TOPU3OHTOB
He6onblIoh MOmMHOCTH (10 20 M) LenecoobpasHo CTPEMUTHLCA K 06OPYAOBAHUIO
COBEpLIEHHbIX OMLITHLIX KYCTOB, B KOTOPHIX OMHTHEIE U HabNl0AaTeNbHbIE CKBAKN-
HB BCKpbIBANU Gbt BOAOHOCHEIN TOPN3OHT NONHOCTLIO U 3aKPETUIANUCH GUNbLTPaMu
€O CKBaWHOCTbI0 10-20%. 0cO6eHHO 3TO Ba)HO NPU ONPOBGOBAHUY CIIOKHOCTIOUC-
THIX TONLW, 0612310 MUX CYLECTBEHHOW aHU3oTponel. B nnacTax 3HaumTenbHOM
MOMHOCTU CKBAXWHbBI KYCTa MOTYT GbITh HECOBEPLIEHHLIMU, HO NPU 3TOM Heo6Xo-
VMO CTPEMUTHCA K TOMY, YTO6H onmepeyHble 0CU (MNLTPOB ONMBITHBIX U Habnio-
7aTeNbHbIX CKBAXUH HaXOAWIUCh B OHOWM NNOCKOCTYU (MapannenbHon Ui coBna-
Aalowen ¢ 0CeBOv NOCKOCTLI 0N PO6YeMOro BOOHOCHOTO FOPU30HTa). 3To obec-
MeYUBaeT UCK/II0YeHNe OLIUGOK, BHI3bIBAEMBIX BEPTUKANLHOW aHUIOTPOMUEN pas-
pesa. HabnioparennbHble CKBaWUHBEI PU 3TOM AOMKHBL 06NafaTh HE3HAYUTENLHON
WHEPUUOHHOCTbIO (Manas €MKOCTb CKBAWWH, HE3HAYUTeNbHble COMPOTUBNEHUA
¢dunbTpa ¥ NpU3aboiHoH 30HB), KOTOPAas OLLEHUBAETCA C MOMOWBIO KCTIPecc-Ha-
385
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CNpABOYHUK COBPEMEHHOrO W3bicKaTeAs

NUBOB (y4eT WHEDMOHHOCTW Heoba3aTener mpu t = (15+20) w,/T, rpe ®, —
nomepevHoe ceveHue HabMmonaTeNbHON CKBAXUHLI).

JluaMeTpst PUIBTPOBLIX KONOHH BO3MYLIAIIUX CKBAXUKE U PIYOUHA CKBAKUH
LO/KHbL 06ecTieyuBaTh pasMelieHue B HUX HaMeyaeMoro AR NPOBEEHUR O0TKAY-
K1 BORONMOABEMHOrO 060DPYOBAHUS, @ AMAMETPLl HABNIORATENLHHIX CKBAKUH —
HaMeyaeMoro AjA 3aMepoB 060PYAOBAHUs M BO3MOXHOCTb TIDOBEAEHUA IPOGHLIX
oTkayek. 060pyAOBaHME CKBAKUH ONIHITHOTO KYCTa AOTKHO 0B6ecrevusarh 3aMepl
W perynupoBanue AebuTa mpu OTKAuKe (PacXOROMEpH!, BOAOMEPH, CYETYMKM U
AP.) CHATHE C HEODXOAMMON YACTOTOH MHGOPMaLUK O TIONOXEHUN YPOBHA BOAbL
BO BCEX CKBAXWHaX, 0T60p Npo6 BOAB! ANIA aHANU3OB, OTBOR, OTKAYUBAEMOI BOALI
Ha Heo6XOAMMOe PAacCTORHUE U YAOBNETBOPATD APYTUM TPe6OBAHUAM TEXHONOTUU
IPOBE/IeHUA OTKAYEK.

B mpoyecce NMpoBEAEHUA OMLITHHIX OTKAYeK BLIMONHAETCA UX TEKylan Kame-
pansHas 06paboTka u COCTaBNAETCA CNIeAYOLasn NojeBan JOKYMEHTanus: 1) xyp-
HaJl OTK2YKK; 2) XPOHONOTUYeCKue rpaduKu 3aBUCUMOCTH Re6UTA U IOHWKEHUA
VPOBH B LeHTPaNbHOM 1 HabMiOAATeNbHbIX CKBAXUHAX OT BpeMenu: Q = f(t), S, =
= f(t), Sy=f(t), rpaduxu 3aBuUCMMOCTYU RebUTa U YAENBHOTO AE6UTA OT IIOHMIKEHUA
yposua: Q = f(S) uq = f(S); rpaduru S = f(lgt), S = fllg(t/r)), S = f(lgr).

XpoHonoruyeckue rpadpuku CaeayeT COCTaBAATL B TaKOM MaclITabe, 4Tl o
HUM MOXHO 6bIN0 NIETKO YCTAHOBUTD PEXUM IBUMKEHUA MOA3EMHEIX BOA,. [ToaToMy
1e1eco06pa3Ho NPUMEHATL UCKAXKEHHbI BEPTUKAIbHbIA MacuTad. Haubonee Ha-
IAAAEH BePTUKANbHLIA MacwTab 1 cM Ha rpaduxe — 10 cm B HaType. IIpu Gons-
UIUX 26CONIOTHLIX 3HAYEHUAX IOHWKEHWUA YPOBHA TOCTPOEHUE MOXHO HaYMHATb C
YCNOBHOTO HYAA.

TlocTpoeHue BO BPEMA OINLITa XPOHONOrMYECKMX rpadukos, 0cobexHo S =
=fllg(t/r™)] u S = f(lgt), mo Bcem TOuKaM HabMOAEHWI OBecrieynBaeT HaneKHbIH
KOHTDOZDb 33 KaYeCcTBOM W NMPaBUNLHOCTHIO TPOBEAEHUA OMBITA, CAYIKUT OCHOBOR
AN perynupOoBaHUA YaCTOTHI U CUCTEMBI HaB1I0IeH U ¥ 1aeT OCHOBAHUE [Is CBOE-
BPEMEHHOr0 MPeKpallleHna OTKAYKH.

TTocne OKOHYaHWsi OMBITHHIX OTKAYeK BO BCEX CKBAXWHaX 06A3aTeNbHBI Ha-
6/1m0neHUR 33 BOCCTAHOBNIEHNEM IMHAMWIECKOTO YPOBHA C TOCTPOEHUEM BCEX He-
06XO0QMMBIX XPOHONIOrMYeCKUX rpaduKos.

3.2.4. MeToauka OpraHu3anMy ¥ NPOBeJeHHs OMKTHLIX HarHeTaHMi
M HAaJIHBOB B CKBaXHHB M IypdbI

OmbITHEIE HATHETAHMA M HAAMBML B CKBAKMHbI [IPOBOAAT 1A UIYYEHUA U OLeH-
KU BOJOMPOHMI|A€MOCTY 06BOAHEHHBIX [IOPOR B YCNOBUSAX, 3aTPYAHSAIOLMUX Opra-
HM3anuio oTKauex (rayboxoe 3aneraHue MOA3EMHbIX BOA, Cnabas BOACOTAAYA,

386



Pasaen 3. NHXeHepHO-TMAPOreoAOrMHeCcKNe U3bICKaHUS

HeBO3MOXHOCTb 0BecreyeHnA OWYTUMBIX NOHMXEHUA YPOBHA W T. Ii.), & TaKxe
npu u3yyeHun GuabTPRLMOHHBIX CBONCTB CNa6006BORHEHHBIX U HEOGBOHEHHbIX
nopoA 30Hb aspayuu. [N oueHku GuabTpauMOHHBIX CBOWCTB BEpPXHeW YacTu
30HM a3panuu (RO rAy6uH He Gonee 5 M) MPUMEHAIT TAKKE HaNUBLL B WYPdLI.

ITop ODBITHBIMW HarHETaHWAMM C/IeAyeT TIOKUMATh OMbITHI, IPU KOTOPHIX OCY-
MeCTBAAETCA GUNLTPALUR BOAL! IPK U3GHLITOYHOM Hanope Hajl BepXHei Cpanuiei
ompo6yemoro uxTepsana. Ecav B mpoyecce OmbiTa ypoBeHb BOAL! TOAAEPKUBAETCA
B Npefienax Tonu onpo6yeMsIX TOPHbIX TOPOA, TO 3TO OTBEYAET MOHATUIO OIBIT-
HOTO HanuBa.

CpaBHUTeNbHAR MPOCTOTA U CTRHAAPTU3ALMA YCIOBUMA MPOBEEHUA OMBITHLIX
HanuBOB W HArHETAHUH B CKBAXUHB! 06YCI0BUAM AOCTATOYHO WIMPOKOE UCIIONb3O-
BaHWe 3TUX METOAOB ANA OLEHKW BOAONPOHMLAEMOCTH KaK OOBOAHEHHbIX, TaK U
HeOBBOAHEHHBIX TOPHLIX NIOPOA, 0COGRHHO TIPU U3LICKAHUAX AN Leneit TuppoTeX-
HM4@CKOTO CTPOUTENbCTBA. [IpU T'MAPOreoNoruyeckux U UHKEHEPHO-TeosI0Tuyec-
KUX UCCNEeN0BAHUAX ONLITHBIE HAarHETAHWA W HANUBL WIMPOKO MIPUMEHAIOTCA Anf
onpefeneHun BOAOTIPOHUNAEMOCTU U YAENLHOTO BOAOMOIIOLIEHUA TPelLIUHOBA-
THIX CKaNbHLIX OPOA; BHABNEHUA HEO6XOAUMOCTU 1|EMEHTAlUM CKANBHOTO OCHO-
BaHWA IOl UHXKEHEPHBIM COOPYEHUEM; ONPO6OBAHUA TPELIMHOBATLIX TOPOA IIPU
BHIOOPE BADMAHTOB OCHOBAHWi ANA MPOEKTUPYEMbIX COODYIXEHWI; IPOBEPKMU Ka-
YeCTBa LieMEHTaluU CKNbHBIX TIOPOA.

OmbITHEIE HAarHETaHUA — OCHOBHOW METOR OLeHKU BOAONPOBOAUMOCTU HEBO-
LOHOCHBIX TPEWMHOBATHIX CKANbHbIX W [ONYCKANbHLX MOPOA, TaK Kak B 3TUX NO-
POAAX MOXHO OTHOCHTENLHO MPOCTO M HAAKHO M30/MPOBATH OMPOOYEMLIit MH-
TepPBaj CKBAXUHBI OT OCTANLHOM YaCTW CTBONA M COXPAHUTD TpebyeMoe KavecTBo
U30ANUM AAXEe NPU 3HAYUTEeNbHOM Hamope. CXeMa yCTaHOBKM JIA HAarHeTaHwit
NoKa3aHa Ha pucyxke 3.9.

OmbiTHNE HaAWBL! PEKOMEHAYETCA IPUMEHATb INIABHBIM 06Pa30OM B PhIXAO-
CBA3HBIX U TPENUHOBATHLIX NIOPOAAX 30HH! BHIBETPUBAHMUA, OTHOCUTE/IbHARA NIPOHU-
1JaéMOCTb KOTOPHIX XapaKTePU3yeTCa BHCOKUM YAeNbHLIM BOROTIOTAIOWEHMEM (Te
TPYAHO 06ecreyuTb Heo6XOAUMYIO U30AALNIO OTPOBYEMOro UKTEPBAaNa CKBAXKMHLL
WU HEBO3MOXHO CO3AaTh U3BLITOHB HAMIOP).

06LbIYHO HarHETAHUA W HAIWBL NPOBOAATCS NMPU OTCYTCTBUM Habnioparens-
HBIX CKBaXUH. OfHAKO B Bensax Nonyvexus 6oee TOUHHX TOKa3aTeNell Xenarens-
HO MMeTb XOTA 6bl OJHY KOHTPONBHYK CKBAXUHY, B KOTOPOW MOXHO 6bin0 Gbt
PeruCTpUpOBaTh OSBAEHUE BOAL B IPOLECCE OHITA.

PexuM Gunbrpanuu B npouecce ONBITOB MOXET GBITh YCTAHOBUBLIMMCA, €CNU
OIHIT BEIETCR C [IOCTOAHHLIM HAIlOPOM (MAIM PacXOAOM) A0 cTabunusanuu pacxopa
(wnu Hamopa), WAu HeYCTAaHOBUBLIUMCS, €CTIU OTIBIT UAET IIPU NOCTORHHOM DacXope
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(Q = const) naun Hanope (H = const). 310 1 onpepenseT BHHOP COOTBETCTBYOWMNK
PACYETHLIX CXeM U HOpMYIL.

Hanusw! u HazHemaHus 8 8000HOCHbIe Nopodsl. IIpU HANMBAX U HarHETAHUAX
B BOROHOCHBIE MOPOAB AIA PacyeTos NapaMeTpoB MOXKO MPUMEHATS Te e hop-
MYJIbl, YTO U MPK OTKAYKAX, C YYETOM KOHCTPYKTUBHLIX 0COBEHHOCTEN, CTenesu
HeCOBEpLIEHCTBA ONBITHLIX CKBAXMH M PacyeTHON cxeMs! onkiTa. Hanbonee vacro
ZJIA PacyeToB NMPUMEHAWTCA aHaMTUECKUE 3aBUCUMOCTH, IONYIEHHEIe ANA YC-
JIOBUW YCTAROBMBLIEWCA WM HEYCTAHOBMBLIEUCA QUILTPALMU NOA3EMHLIX BOR B
mpouecce oTkayek. [Ipu 3TOM B pacyeTHHIX GOPMYNaxX BMECTO MORUMEHMNIA YPOBHA
YYUTHIBAIOTCA COOTBETCTBYIOIINE NOBLIIEHUA YPOBHA B LUEHTPANbHOM U Habnopa-
TeNbHBIX CKBAKMHAX.

MeTopnka 06paboTkn pe3ynLTaToB ONLITA B TAKMX CAYYAAX Mano OTAMYAETCR
OT M3NI0KEHKO! paHee NMPUMEHUTENbHO K OTKaukaM. Hampumep, nmpu ombiTHOM
Hanuse (HarKeTaKuMu) BORBL B HAaNODHLIA BOROHOCHEI POPU3OHT B YCIIOBMAX CTa-
LIMOHAPHOW UM KBA3UCTALMOHADPHOM (DUIILTPALMMN ero BORONPOBOAUMOCTD MOXKET
6uiTh OnpepeneHa nMM60 Ha OCHOBE COMOCTABAEHUA NOBLILIEHWA YPOBHA B ABYX
TOYKAX Ka OMH MOMENT BpeMeHM 1o Gopmyne (3.17), 160 Mo fARKKM 0 MOBLILIE-
HUW YPOBHA B OAHOW TOYKe (ONMBITHAA WM HabmopaTeNbHaa CKBaXMHA) Ha Asa
MOMeHTa BpeMeHM u t; U t, o hopmyne (3.16), u 1. p. OnHAKO B YCIOBUAX HarHe-
TaHUA Gonee YacTo, YeM MPU OTKAYKaX, BO3HMKAET HEOBXOAMMOCTb yYeTa NoTeph
Hanopa 8 Tpy6ax, a TaKKe HeKOTOPHIX APYIUX $aKTOPOB, UCKAKAIOWMK Pe3yibTa-
TH OMHITa (TeMmepaTypa U KavecTso HarHeTaeMoi BOAbI, BO3MOKHOCTb NPOABJIE-
HUA HelTMHeHHOCTH, ABNeHNA KOJIbMATaLMM, TMAPOPa3pLBa U AD. ).

OmbiTHble HATHETAHUA B CKAJIbHLE U NOJYCKAIbHLIE NOPOAL TTO3BONAIOT Olje-
HWUTb He TONbKO BORONPOHMILAEMOCT, HO U UX OTHOCMTENILHYIO TPeWMHOBATOCTD,
YCNOBHOW XapaKTEPUCTUKOM KOTOPHIX ABNACTCA YAEIbHOe BOROMOTNOmMEHWe g
TIOA KOTOPLIM MOHUMAIOT KONNYECTBO BORL B JINTPAX, NOTNOWEHHO! OPOAO0iA B
MUHYTY Ha 1 M AIMKB ONPO6YeMOro MHTepBaNa CKBaXUHLI IPU HaMope, PaBHOM
1 M. YnenbHoe BOAOMOrNOMWEHMe XapaKTePU3YeT BORONMIPORNIIAEMOCTb U OTHOCK-
TENbHYI0 TPENMHOBATOCTb NOPOA JAHHOTO UKTEPBAJA B CPeRHEM, TaK KaK MOXKET
6bITb PE3YNLTATOM HAIMIUA KaK MHOT'OYMCIIEHHAIX TORKUX TPIIMH, TIOP U KaBepH,
TaK ¥ ORHOW XPYMHOI TpEWMUHB UIIN IONOCTH,

ONBTHEE KAPHETaHMA OCYIeCTBAAIOT O6BIYHO IOUHTEDPBANILHO (CTAaHAAPTHLIA
MHTEpBaJ 5 M) IPU HECKOJIbKMX CTYNeHAX Hanopa. [Io MOCTpOeHHEM B pe3ynbTare
ombiTa rpadMKamM 3aBUCUMOCTM PACXOAa M Hanopa OT BpeMeHW ONpeAeAloT Bejn-
YUHB JCTAROBUBLIETOCA HAMOPA U PACXOAA ALA KAWAOW CTYNEHM Ranopa U BEIYUC-
NAOT BENUYMHB TPUBEACHHEIX PACXOA0B g, (JI/MUH. Ha 1 TOT. M) MyTeM AeNeHUs
YCTAaHOBUBUIETOCA PacXona (J/MUH.) Ha AnnHY MKTepBana (). Tpagukn mpuse-
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NEeRHBIX PACcXOf0B g, = f(H) cnywar RiIA KOHTPONA MPaBUNLHOCTM IPOBEAECHUA
OTbITA N ABJIRIOTCA OCHOBO AJIA ONpepesieHUA YRENLHOT0 BORONOTNOWERnA. Ara-
JIOTMYHO KPUBHM Ae6UTa PU OTKAYKaX 3TM IPahuKM MOTYT UMETh IPAMONIMKEN-
HBIA U KPUBONIMHEAHDIA (Tapabonnyeckmit, CTeNeRKo) XapakTep.

VcTaHoBNERROE B Pe3y/bTaTe ONLITOB YAENLHOE BOROMOINIOMERNe ¢’ UCTIoNb-
3yeTCA ANIA CONOCTaBUTEIbHOW XapaKTepUCTUKU BORONPORMIIZEMOCTU ONIPOGOBaK-
HHX OTNIOMEHUHA, BRACNIEHUA Hanbonee n HauMeHee NIPORUIIAEMEIX 30H U OPUER-
TUPOBOYHOM OLleHKM QUNLTPALUMOHHBIX CBOMCTB. B mocnepkem cnyyae ucnonbay-
eTcA cliepyowan opmyna:

K=0,525q’lg(a—l} (3.29)
rL'

rae @ — K03(UUMERT, MPURMMaeMbli paBHLIM 0,66, ecu onpobyeMslit MHTepBan
LNMHOV | OTCTOUT OT GnMXKaiinIero BOROYNOpa Ha PacCTOANNM, He MEHbLIEM, YeM
WHTepBaJ ONpo6oBanns, n 1,32 — npn NpUMbLIKAHMN onpoGyeMOre MHTepBana K
O[IHOMY U3 BOJOYTIOPOB.

CoveTas ONMLITHEE HarHETAHUA U HaJUBbi B BOROHOCHHIX OTIIOKEHUAX C OTKAY-
KaMM, MOWHO UCIONb30BaTbh Pe3YIbTaThl MacCOBLIX HarKeTaHWW ANA YTOYHEHMA
BORONPOHMLAEMOCTH TOPOA B MNaHe W B paspese, 6onee 060CHOBAHHO MHTEPIO-
JIMPYA N IKCTPANONMUPYA 3HAYEHMA MapaMeTpoB, YCTAHOBIEHKLIE MPN OTKAYKaX,
Ha yyacTky, onpo6osarHsie Gonee GHICTPLIM M peuIeBLIM COCOBOM (C MOMOMBIO
Ha/NUBOB M HarHETAHNIA).

Hanusb! u HazHemaHus 8 HE06800HeHHble Nopodbl, ONLITHbHIE HaTHETAHUA U
HaNUBH BOJb B CKBAXMHBL — NOKA NTPAKTMYECKU eANHCTBERHLIA MeTON, M03BONA-
0N PACYNEeRUTDb TIO BORONPOKULAEMOCTU HeBOROHOCKBIE IOPORE, 3ajeralime
Ha MMy6UHaX, TAe UCKIOYAEeTCA NPoBeAeHMe ONLITHbIX HANWBOB B Wypdst. OnHaKo
JacTO 3T OMBITH He AAIOT BO3MOKHOCTU C HEOOXOAUMOT TOYKOCTbIO ONPEAenT
K03QdOUUNERT HUILTPaLMKM ONPOGOBAHKBIX IOPOR, TAK KAK MPU HarHETaHUN BOALL
B HEOGBORHERHbE TPEWMHOBAThie NOPOAL QUILTPALMA HOCUT Pe3KO BHpaMeH-
Kbl U3GUpPaTeNbHbIA XapaKTep BCIEACTBUE AEACTBUA CPABMTALUOHHLIX cuil. [lo-
3TOMY K03bOUUMERTH GUILTPALMM M YReNbHBE BOAONOIJIOMEHNA, ONpeReNex-
Hbleé HarHeTAaHUAMU B BOROHOCHBIX TPEMUHOBATLIX NMOPOAAX, IO CYTH nena Mano
COMOCTaBUMBL C ITUMM He TIOKA3aTeNAMN BOAOMPORNLAEMOCTH HEBOAOHOCHMIX MO~
pop. TIpU OMBITHBIX HAarHeTaHWAX BOAL! B HeoOBOJHeHHble MOPOAB! BO3HUKAIOT
ROTONHMUTENbHblE TPYRHOCTU KaK B TEXHUKE NMPOBEAEHUA OMLITOB, TaK U B 06pa-
60TKe MONYYEeHHHX MaTepuanos. OYMCTKA TPEWUH, OP, KaBEPH U MPOYUX NONOC-
Teit MOPOAL 0T ByPOBOro MNaMa B HeO6BOAHEHHbIX MHTEPBaAX CKBAKWH 3HAUM-
TEJIbHO CNIOXKHEee U MeHee HaJeKHa, YeM B 06BORHEHHDIX, TaK KaK NPUMeHAeMas
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CnpaBoqHUK COBPEMEHHOIO U3bICKATEAs

Ans 3T0r0 06paTHan NMPOMBIBKA UHTEPBaNa A0 OCBETIEHWA BOAbl He rapaHTUpyeT
XOPOLIEro KaYecTsa 0MUCTKU. YTOGL YMEHBIIUTD KONLMATALMIO TON10CTE | TTOPOAbI,
KEenaTenbHO CKBaXWHbI, ONPOHYEMBe ONLITHLIMU HAarHETaHUAMM, 0CO6EHHO B K-
TepBanax, PaclONOKEHHLIX BbIE YPOBHA MOA3EMHBLIX BOP, 6yputh ¢ 06paTHOM
TIPOMBLIBKOM.

Harxeranue B Heo6BOAHEHHbIE TIOPOAL TPeHyeT 3HAYNTeNbHO 6onbluero Bpe-
MEHW AfNA TOTO, YTOGb! ONYYUTH YCTAHOBMBLIMMCA PACXOA NPU JAHHOM HAMNOpe,
yeMm HarseTasue B BOLOHOCHbIE MOpOAbl. II03TOMY METOAH, OCHOBaHHbBIE Ha UC-
NONb30BaHUU 3aBUCUMOCTEN HEYCTAHOBUBILETOCA PeXUMA GUIBTPAnUY, ABNAIOTCA
B JaHHBIX YCI0BUAX NEPCIIEKTUBHEIMU. OTpenenerve neficTByiolero Hanopa npu
HarHeTaHWU B HE06BOAHEHHbIE NIOPOAL! YCAOBHO: BEIMYUHA Hanopa H HaxoAuTcs
8 npefenax H; < H < H, rpe H; — TpesbluleHne YPOBHA BOABL B CKBaMUHE BO
BPEMA ONbITA Hap BEPXHe rpaHuieit onpobyemoro unTepsana, a H, — T0 xe, Hap
YPOBHEM NOZI3EMHBX BOJI WM TOACTUNAINIETO BOROYTIOPA. B pakTHKe Paporeo-
JIOTMYECKNUX MCCNeA0BARUMA NIPU BLIYUCIIEHNUM YANBHOTO BOJOTNOINOMERNA YCNOB-
HO TIPUHATO OTCYUTLIBATL HATOP OT CEPEANHbI ONPoHyeMOro HTepBana.

OnbITHEHE HATHETAHUA U HANWUBH MOTYT TIPOBOAUTLCA NPU YCTAHOBUBLIEMCA U
HEYCTAaHOBUBLIEMCA PEXUMAX GunbTpauuu. BOIM3U ONBITHOM CKBAWWHH NPU Ha-
THETAHUAX BO3HWKAET HAllOpHas UNW HamopHo-He3nanopHan GuabLTpauus, a npu
Hanueax — TONbKO Ge3HanOpHas.

MeToauKa NOCNOMHOTO ONpenenedna GUNLTPaLMOHHLIX CBONCTB He0HBOAHEH-
HBIX TOPHBIX NIOPOA IO Pe3yNbTaTaM HarHeTaHM! B CKBAXKUHbI B YCNOBUAX HEYCTa-
HOBUBLIEHCA UNLTPAUUN (HAarHeTaHUe C MOCTOAHHBIM PACXOAOM MW HamopoM)
paspat6orana H.H. Bepurusim. JIns 0CymecTBNEeHUS ONLITOB 1O 3TOWR METORUKE B
CKBaXMHAX HeoHX0AUMO oBecreunTs Hamopsl, B 10-12 pa3s IpeBbuuaOMUe ATUBY
WCTIBITYEMOrO MHTEPBana (MTO MO3BONAET HE YYUTHIBATL BNUAHWUA TDABUTALUOH-
HBIX CWI1, HO BMecTe ¢ TeM TpefyeT TwaTenbHOU 06CapKW CTBONA CKBAXMHBL W
IUKBUAALUN 3aTPYOHBIX IPOCTPAHCTB).

Haznemanua 8 cwgasuHy. IIpu HarHeTaHWW BOAbl B CyXue NMOPOAb! yepe3
CKBAXWHY C MOCTOAHHLIM PACXOAOM MPOUCXOAUT U3MEHEeHWe YpoBHew o6pasyio-
1WEroca MeCTHOTO MoToka. Habniofenus 3a onoxeHneM YpoBHA ABAAIOTCA NCXOA-
HbIMW AAHHBLIMW AR PacueTOB NapameTpos. Io JaHHBM O MONOKERUM MbE3OMET-
PUYECKOro YPOBHA BOAB B LEHTPaNbHOM W HabBIIOAATENbHBIX CKBAKUHAX MOXKHO
ompepenuth K03GGuunenTs duneTpanun K u akTUBHRON MOPUCTOCTUN m CHeAyIo-

1WUM METOOM.
0,183Q , (¢,
=————lg| = | 3.30

m(h,~hy) [taj -39
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Pasaea 3. UHXeHEpPHO-rMADOreOAOrNHECKNE U3BICKAHNS

IIpW Hanuuuu JBYX 3aMepOB YPOBHA BOAbL hy U h, Haj KPOBJIEW BOROHOCHOrO
POPU30HTa B LieHTPaNbHOW CKBAKUHE, COOTBETCTBYIOLINX MOMEHTaM BPEMEHM, U t,
(BpEMA OTCYUTLIBAETCA OT HaYasla OILITA — B CYTKAX), UCTIONL3YIOTCA CILeAYiolune
pacyeTHbie GOPMYNLL: ANA ONipenenenns ko3pduunenra hpunsTpanuu ans onpepe-
NeHUA aKTUBHOWN TIOPUCTOCTH

t
Igu= lg o —dlg( ] (3.31)

h, +0,5m
rpe d=—1——",
hy=hy
TIpn Hanuuuu HabnioAaTeNbHOU CKBAKMHLI, B KOTOPON DUKCUPYETCA BpEMA
TOABNEHMA BOAM OT Hayana OmbITa t, pacyeTsl NapaMeTpos BEAYTCA COOTBET-
CTBEHHO IO QOpMYyNaM:

0,366Q r at,
= 03660 11 S
(, +0,5m) g(&] e am(r?=12) (3.29)

rae H, — cronb Bopbl B LEHTPaNbHOM CKBAKMHE B MOMEHT IOABIAEHWUA BOAbL B
HabniopaTenLHOM CKBaXKUHE, PACIONOKEHHON Ha PACCTOAHUN T OT LEHTPANbHON.
Hanusbt 8 cksaxuHy. IIpn Hanneax B COBEPUIEHHYI0 CKBAKUHY, 32/10)KEHHYI0 B
HEeBOZJOHOCHbIE TECYaHbIe OTIOKEHUR, ANA ONpPeJleNeHUA NapaMeTpoB UCIONb3Y-
10TCA JaHHbIE O Pa3BUTUU 06pa3yiomeiica OT HaNUBA BOPOHKU B YCIOBUAX KBa3n-
CTallMOHAPHOTO pexunma. [IOMUMO NeRTPaNbHON OMBITHBIR KYCT AOJKEH BKA0YaTh
HECKONbKO HabnionaTenbHbIX CKBAKMH, DACNIONAraeMbIX 1O 1YYaM Ha paccronuunx
oT 3 10 10-15 M 1 ucnonb3yemuIx ANA pocne-
WBaHUA o0bpasylomenca 80poHKU (PUC. 3.24).
ITOCTOAHHBIA B TpOLECCe OMBITA PAcXoA Hanu-
Ba YCTAHABAUBAETCA OPUEHTUPOBOMHO MO GOP-
myne @ = 0,6Khc?, rpe h, — BhicOTa CTONGA
BOAHl B CKBAXUHE, 3a1aBAEMAA B 3aBUCUMOCTU
OT MOWHOCTU OMpofyeMux OTHOWeHWMU. Hau-
Gonee pocroBepro Ko3bbuunent punsrpauun
OnpenenneTcA Ha OCHOBE COMOCTaBNEHUA OA-
HOBDEMEHHO 3aMePeNHLIX NOBLIIEHW! YPOBHA
Nno ABYM Nbe30MEeTPaM, PAaClONOKEHHbM Ha
PACCTOARNAX T U T, OT ONBITHON CKBaKUHML:

Puc. 3.24. Cxema ONbITHOrO
HaNuBa BOAb! B CKBAMMHY
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CRpQaBOYHUK COBPEMEHHOTO U3bICKATEAS

' _0,7320

K T2

==Lt g2, 3.33
hE-h2 grl (3.33)

Gopmyna (3.33) cnpasepnusa B 30He 7 < 0,37, rae 7, — PagUyC pacTekanus,

ONpepenseMsIn BEpaKeHuem
Xqt
rt=1,1z.} at
n

TIpu HanUYUK HECKONbKMX HabNIOAATeNbHbIX CKBAXWH CMPaBeANUBOCTL Hop-
Mynst (3.33) ycTaHaBauBaeTCA MocTpoeHueM rpaduxa hif (Igr), xoTopstii pommex
6L IPAMONUHEARBIM.

TIpn OBMHOMHOM HAaNMBE WAV HANWYMU TONBKO OANOW HAbNIOAATENbHOM CKBA-
KMHB K03buLMeHT GUNLTpalunu ONpefenfeTcs Ha 0CHOBE CONOCTABNEHUA ABYX
3HaYeHUM NOBLIIEHUA YPOBHA i, W h,, ONpeiensieMbIX B OAHON ¥ TOV Xe TOUKe Ha
BpeMs f; U t, OT Hauana omeiTa no Gopmyne:

0,3660. t,

= . 3.34
K-k Tty (3.34)

Bui6op MoMenTOB BpeMenn t, u t, Ans pacyera no popmyne (3.34) ocymecrs-
NSETCA HA OCHOBE NPEABAPUTENbHO COCTaBNseMoro rpaduka h? = f (Igt), koTopsiit
AoMmKeH 6T npaMonuHenHbM (GepyTcs ABe Mo6bie TOUKY C 3TOTO rpaduka c ux
KoopauHataMu hy t, h, t,). inA NOBHIIIEHUA AOCTOBEPHOCTH ONpeaenerus K 3Tum
METOAOM OMBITEL HEOGXOAUMO NOBTOPATL A0 COBMAACHUA pe3ynsraTos. Ecnu nog-
CTUNIAIOWMI Mecyanble MOPOAN NNACT ABNACTCA MONYNPOHMUAEMEIM (CYTIUHUC-
THIM WY TIMHUCTHIM), TO €70 BOAOMPOHULAEMOCTD MOXET GbITh TaKKe onpefeneHa
rpaboaHanUTUYeCKUM METOAOM N0 AAHHBIM O CHUMXEHWUW YPOBHA NOCIe HANUBa NO
HabniopaTenbHLIM CKBAKUHAM. M3nomeHHan MeTOAMKA CipaBeANuBa TaKKe W Ans
OMBITHBIX HAZIUBOB B KOTIOBAHI KPYINOR GOPMBIL.

Onsimuble HazHemaHua 8030yxa. B mocnepnee BpeMAa NpU u3yyeHun GUNLT-
PaLMOHHBIX CBOCTB HEOBBOAHEHHBIX NOPOJ NMPAKTUKYIOTCA HATHETAHUA B U301K-
POBaHHBI UHTEPBAN CKBAXMHEL He BOAYL, a BO3AYXa.

CyWwHOCTb OMbITOB CBOAUTCA K 06ECTIEYEHUIO OAAYY ONPEACNeHHOT0 KONUye-
CTBa BO3AyXa Yepe3 6ypunbHyle Tpy6bl B UCTILITYEMblA MHTEPBAll W OCYeCTBIe-
HWi0 HabmoneHui 3a pacnpocTpaHeHUeM HarHeTaeMoro BO3AyXa B NiacTe yepes
cucTeMy HAONIOAATENbHBIX CKBaMMH. B mpouecce ombita GUKCUPYIOTCA pacxop
BO3AyXa U ero hu3nueckue NapamMeTpbl 10 LEHTPaNbHOM CHBAXKWKE, & TAKKe faBne-
HVe BO3[YXa U ero TeMIIepaTypa IO BCeM TOMKAM Habniofenws. OnuIT MpOBORUTCA
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Passen 3. VIHKEHEPHO-TUAPOrEOAOTUECKNE UBBICKOHNS

Ha HeCKONbKO (06LIYHO Ha TPU) CTYMEeHe#k PacXoAa C NOAAEPKAHUEM ero NOCTOAH-
CTB2 Ha Kawpo# u3 cTynexei. [Ina ocylwecTBNeRUA OTEITa NPUMEHAETCA Crelu-
anpHoe obopynoBanue, ofecneynsalomee W3ONALUIO UCILITYEMOrO WHTEpBaia
(TaMITOHMpylomee YCTPONCTBO), TOAAYY BOIAYXA B NIYCKOBYI0 CKBAXUHY W ynpas-
NleHMe PeXUMOM OnbiTa (6NOK-NyNLT MW paclpefeNnuTenbHoe YCTPOUCTBO), CUC-
TEMY 3aMepOB OCHOBHBIX MapaMeTpoB B Mpoluecce ombiTa (610K permcTpanuu
pa3KaTus TaMnoHoB). JIPORONMUTENbHOCTD ONLITA HA KAKAOM CTYNEHYU COCTABNSA-
eT B CpefHeM 2-4 Y. NIpU OTHOCUTENbHOM cTabunu3anuu pacxona BO3RYXa B MKH-
TepBasne MyCKOBOW CKBAMUHLI B Teyexne 1-1,5 v, Mcnbtanua BepyTCA no cxeme
«CHU3Y — BBEPX)» UNU KCBEPXY ~ BHU3Y.,

Ha ocrose 06pa6oTkyu pe3ynbTaToB OIBITHLIX HarHETaHWH BO3AyXa M ydeTa
nepexofa OT XapaKTePUCTMK BO3AYXa K BOAE ONPEAENRIOTCRA TaKue MapaMeTph,
¥ak K03 GuuMerTs GuIbTpauMu 1 Mbe30NPOBOAHOCTH, BENUYMHA aKTUBHON NO-
PUCTOCTYM (MYCTOTHOCTH) TIOPOA, GUNLTPALUOHHAA aHUIOTPONUA. MeTon npumens-
eTCA LY UCCNEe0BaHUAX ANIS TUAPOTEXHUIECKOT'O CTPOUTENBCTBA, OIHAKO OH Tpe-
6yeT nanbueie pa3paboTku u 6onee MUPOKOR NPaKTUYECKON NPOBEPKH.

Onvimubie Hanusyt 8 wypgs. Hanbonee pacnpocTpaHeHHHM ¥ pa3paboTan-
HbIM METOJOM W3y4YeHus QUINLTPALMOHHLIX CBOWUCTB CBA3HHIX W PHIXABIX MOPOA
30HBl a’Paluu ABIAIOTCA ONBLITHbIE HANUBHL B WyPdbl, KOTOPLE 06eCTevnBaloT
unbTpalnorHOe onpoboBanmue NOPOA Ha My6UHY A0 5 M (Npu APYCHOM NpoBege-
HUM OMBITOB Ha TNY6UHY A0 10-15 M).

CymHOCTh ONBITOB 3aKni04aeTcs B HABNOAEHUAX 3a XOAOM WHOUNBTpaLuu
BOAB U3 MYPHOB U CHATUN XapaKTEPUCTUK UHOUNBTPALUOHHOTO TOTOKA B YCAI0-
BUAX NOCTOAHHOTO YPOBHA BOAN B Wypde B npouecce onuta., Meton urunbt-
pauuu BoAH U3 Mypdos, NpeAnoKeHN i Brepsyie A. K. BonabipessiM, npumens-
eTcA celivac B pasnuuHbx Mogudukayuax (no H, C. Hecreposy, H. K. Tupuncko-
my, H. H. Bunpemany w zp.). B nponecce onuiTa cMblkanue MHOUIbTpyOmenca
BOAH! C TPYHTOBEIM TIOTOKOM AOMKHO GBITh UCKMIOYEHO, U, CNIEA0BATENBHO, OTIBITH
MO HanuBaM BOAbl B WyPdLl OCYMECTBAANTCA NpK INy6uHe 3aneraHua YposHs
MOA3eMHbIX BOA He MeHee 4-5 M. B Takux ycn0BUAX OCHOBHHMU BENUCTBYIOLUMU
CUNaMyu IpU MHOUABTpALUK BOAH U3 Wiypda ABNAOTCA TUAPOCTATUYECKNA HANOP
CNOA BOAY U KATTMANAPHOE laBlleHue, COBNaAatollee 10 HallpaBNeHUIO C UHOUILT-
panueit U NposBNAIIEeCs B KAMUANAPHOM BCackBaHUM BoAb. Ocoberno cyme-
CTBEHHO BIUAHME KANUANAPHOTO BCACHBAHUA HA MWHDWILTPAUIO BOALL B CYIIN-
HUCTBIX W TIMHUCTHIX TOPOAAX U HEeCYMecTBEHHO B XOPOWO MPOHULAEMEIX IOpO-
Aax (neckax u cynecsx). IlposefeHne OnkITa MOXET OCAOXKHATLCA GOKOBLIM pacTe-
KaHWeM UHOUABTPALMOKHOrO NOTOKA, BAUAHUEM 3aMEMNIEHHOTO B TIOPO/laxX BO3AY-
Xa, HEOAHOPOAHOCTbIO CTPOEHUA 30Hb a3palum.
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CnpOBO‘-’HMK COBPEMEHHOTO M3bICKATEAR

Bnnanne 6OKOBOTO PACTEKAHUA MOMET YYMTHIBATLCA, HE YUUTHIBATLCA WAW
JaCTMYHO UCKANYATBCA B Ipolecce onbiTa. Bauanue 3anieMneHHoro Bo3pyxa Mo-
weT 6HTh oueneno no hopmyne C. &, ABepbAHOBA, YCTAHABAMBAIOLEN CBA3L MEX-
1Y K03QPuymnenToM BORONPOHULIAEMOCTY NOPOA Ky PV BAAKHOCTH MX W K03 (-
¢duumeHTOM QUnbTPaLuu nOpop K B YCAOBUAX UX ONHOTO HACHUEHUA:

.5
KW=K(M]) ‘ (3.35)
ny
rpe WO — MaKCUManbHas MOJIEKYAAPHAA BNAT'OEMKOCTD, N — NMOPUCTOCTb OPOA B
NONAX EAMHNIEL,

B naubonee TMPOCTHIX YCO0BUAX CKOPOCTD BEPTUKAJIBHOT'O MPOCAYUBAHUA BOALL
NPy HaUBax yepe3 30HY a3pauum BhIpAXAETCA CIeAY0NUM YPaBHEHUEM:

u=[{—z+7"“=K(1+—Z+{h"' ) (3.36)
TAe h, — KalulIApHOe flaB/leHWe, pasBuBalOLeech NPU MHGUNLTpPauuu; Z —
TONUHKA 108 BOAL! B wrypde; | — rny6una npocaumnsanus soasy, (Z+ h, + 1)/l —

AeWCTBYIOLMA HATIOPHLIY TPaAvenT (puc. 3.26).

B 0CHOBHOM BCe MpAaKTWUKYeMble METOp! ONpefie/leHNA BOAOMPOHULAEMOCTYU
[0 AaHHBIM wHQUAbTPauuu BOAH M3 wypda, kpome Meropa H. H. Bunpemana,
OCHOBaMbI Ha pacyeTax 1o GopMynaM YCTaHOBUBLIEHCA PUABTPALUN.

Cnoco6 A. K. Bondvipesa. B ucmibITyeMow OPOAE A0 3aAaHHOM TNYBUHLL OTpbI-
BaeTCA Wypd, y 6pOBKM KOTOPOTO YCTAHABAMBAOTCA ABA 6axa, NMOOMEpPeAHO Ha-
TIONHAEMble BOJOV B XOfe OMbiTa. M3 6aKoB O OMynjeHHOM BHU3 TpyGKe nopaeTca
Ha AHO Wypda BOAA C UHTEHCUBHOCTHI0, 06ECTeYMBAIOLIEN TOCTOAHHLIN C/IOW BOABL
BLICOTO 0K0/0 10 cM, TonmuHa cnos BoAbl B Wypde KOHTPOAUPYETCA O MEPHOM
pevike (puc. 3.25). OmuT BepeTcA 40 CTaGuamM3anmu pacxona BOAH u3 wypoa.

Pacxop Bozt Q yepes NNONaAb MONEPEYHOro ceyeHua GuibTpyiome TOpoast
 onpepensercs popmynont Q = v = KIw, 0TKyAa, NPUHUMAR, YTO B Ipoyecce
ANUTENBLHON MHGUNBTPALUM HAIOPHEIN 'PafneRT ByAeT GAU3KUM K eAuHNUIE, MOX-
HO ompefenuTs Ko3hduumneHT GunsTpayumn Npu U3BECTHOM pacxoze noToka Q xak
CKOPOCTb (MABTPALUM PN HAMOPHOM CPafiMeHTe, PABHOM efUHULE:

K=v=0/o. (3.37)

Tlpn onpepenenuu koapduuuenTa Gunbrpanum o Gopmyne (3.37) nencTau-
TeNbHO MOXHO MPUHUMATL HANOPHLIN PaZiMeHT 6AU3KUM K eANHMLE, TAK KaK Be-
auyuea | Hamuoro Gonvute (Z + h,), u, cneposarensko, I = (1+Z + h,)/1= 1. OgHako
TPY 3TOM HEe YYUTHIBAETCA AENCTBUE KAMMANAPHBIX CUIL, A TaKwe GoKoBoe pacre-
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Pasaea 3. NHXeHEepHO-TMAPOreoAoriecKne M3bICKAHUS

KaHue MOTOKa, MO3TOMY cnocofiom Bonpb-
peBa ONYCTUMO MOAL30BATHCA A PUBAN-
XEHHOTO ompeAenexHus ko3pouyuexra
(GunbTpauumM B MECYaHBIX U TPELJUHOBATHIX
TIOPOAAX, A€ BAUAHUE KAlWUIAPHEIX CUL U
60KOBOTO PacTEKAHUR HEBEAUKO.

Cnoco6 H. C. Hecmeposa, [[ns Toro yro-
61 yMEHbWIUTL BIMAHME HOKOBOTO pacTexa-
Hug, H. C. HecTepos npepnoxun Ha cnnanu-
pOBaHHOe AHO Wypda ycTaHaBAMBATbL KOH-
1eHTPUYHO ABA CTANBLHLIX UMMHAPA Pa3HO-
TO AMaMeTpa, BAABAMBAA UX Ha INy6UHY 5-
10 cM (puc. 3.27). B 06a uununppa vanusa-  Puc. 3.25. CxeMa onbITHOM HHGUASL -
eTca Boga (BbICOTA CI0s 2-10 cM) B mpo-  TPAUMM BOABI 3 Wypa no cnocoby
1ecce BCEro OMHITa NOAAEPKMBAETCA Ha Ofi- A. K. bongbipesa
HOM U TOM e YDOBHE C NIOMOLIbI0 BYX CO-

CynoB MapuoTTa, HaNoONHEHHBIX BOZOI. ONMHIT BepeTCA A0 cTabunusauum pacxopa
BOJbL Yepe3 BHYTPeHHee KONbl0 Npu6iopa BO BpeMeHu.

IlonyckaeTcs, YTO BOAA U3 KO/NbLEBOTO NPOMEXYTKA, 06pa30BAHHOrO BHEW-
HUM M BHYTPEHHMM UUAMHAPUYECKUMYU KONbLAMU, DACXOAYETCA HA MPOCauuBa-
Hue, 6OKOBOE pacTexkaHue W KamwiiaspHOe BcachiBaHue. Bopa, samonxsomas
BHYTPEHHWMA UUANHAP, PACXOAYETCA MABHEIM 06Pa3oM Ha MHGOUIABTPALMIO B BEp-
TUKANbHOM HANpPaBNEHWM, YTO MO3BOAAET NPUONMMKEHHO NPUHUMATL NONepey-
Hoe ceyeHue MHGUIbTPAUMOHHOIO MOTOKA PaBHBIM NONEPEYHOMY CeYeHUio
BHYTPEHHEro UINHApa.

IInf onpenenexus TNy6MHBL NPOCAYUBAHUA BYPATCA ABE CKBAXMHE HefOMb-
WOro AuaMeTpa: OAHAa — HA PACCTOAHMM 34 CM OT CTeHku Wypda A0 OMHITA U
APYyras — B EHTpe BHYTPEHHEro KONbLA Mo OKOHYaHUu onbiTa, Iny6una npoca-
YUBAHUA YCTAHABAMBAETCA O BeNUYMHE BAAKHOCTU MOPOAHL. Bbruucienue Koad-
duumnenTa punsTpauun Bepetca no popmyse:

al
Ko,
o(hg +Z+1)

rae Q — yCTAaHOBUBMIMMCA QUALTPAUMOHHBIA PACXOA Yepe3 BHYTpeHHee KONbUO
npubopa; hy — KamuAnApHOe AaBilenue, IPUHMMaeMoe PaBHBIM 50% OT Makcu-
ManbHOM BLICOTH KANUANAPHOTO NOJHATUA (AAA CYTAMHKOB 3710 0,8-1 M, AnA cyme-
ceit — 0,4-0,6, anr neckos — ot 0,3 10 0,5 M B 3aBUCUMOCTY OT UX 3€DHUCTOCTHU.
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CnpaBOYHMK COBPEMEHHOTO WU3LICKATEAS

Crnioco6 Hecreposa paer nyvume
Pe3ynbTaTH B CNabOMPOHUILAEMbIX TTO-
POAAX, 0COBEHHO B MOKPOBHHIX CY-
IIMHKaxX u neccax. K Hepgocrarkam
criocofa OTHOCATCA MPUBNMKEHHBIR
y¥eT KamuANAPHOIO PAacTEKaHUA U
AMMTENBHOCTD IPOBEAEHUA OTIHITOB,

Croco6 H. K. TupuHckoro ocHo-
BaH Ha TMADOMEXAHNYECKOM PelieHuu
AR CTALMOHAPHOTO OCECUMMETPUYHO-
O MOTOKA, YYUTLIBAET PACTEKAHUE WH-
(GVNbTPALUMOHHOTO MOTOKA, CUAbI Ka-
TIMANAPHOTO BCACHIBAHUA W BAMAHME
33IEMNEHHOr0 BO3/lyXa, 0CTAIOWETOCA
B NOPax MOPOA, HAaCHILAEMBIX TPH NH-
dunsrpanmu. B mypd, mpoitnennsiit Ha

Puc. 3.26. CxeMa yCTaHOBKYW ANA ONLITOB <

N0 MHAUALTPALM U3 WYPa NO CROCOBY HeobxopuMyto rnyﬁnny,' Yepes MONblit

H. C. Hecteposa (uudpamu paHbl pasme-  WWIMHAD, BAABNNBAEMLIN B €TI0 AHO HA

phi YCTaHOBKM B MM) 1-2 cM, HanmsawoT Bopy. Jnamerp uu-

JMHApa puHUMaeTcs oT 35 po 50 cM,

9TO ympomaeT nocaepywomue pacyerst. llopaya BOAL B UMAMHAD W TOAAEPKAHUE B

HeM MOCTOAHHOTrO YPOBHA OCYLIECTBARETCA C IIOMOWbIO npeanoxertoro E. B. Cn-
MOHOBBLIM ABTOMAaTU4YeCKOr0 perynsropa.

B mpouecce oniTa BeAeTCA yYeT pacxoaa BOAL HA UHGUIBTPALIO [ANA KOHT-
PonA omyiTa cTpontcA rpadmk Q = f(t)]. Tlo pocTwmennn crabunusauun pacxopa
(OTKNOHEHME OT CpefiHero pacxopa He Gonee 10% B Tevenwe 2-3 y.) ONMHIT mpe-
KpamaeTcs. InMTeNbHOCTb OMEITA B ME/IKO3EPHNCTHIX TleCKax u cymecsix 5-10 ., 8
TAMHUCTHX TOpopax Gonvure.

3nayenue ko3hpuuventa unsrpanuu K (M/cyr.) onpepenfeTca B 3aBUCUMO-
CTM OT BENIVYMHbI YCTAHOBUBIIEroCs pacxoAa Boast Q (1/MUH.) u ycnosui mpose-
JIeHMA OMbITa 0 popMyne

K=aga, (3.39)

rAe @ — K03 PUUMENT, 33BUCAIIMA OT INY6UHbL BAABIMBAHUA KONbLA B IOPOAKL [
v nuametpa xonsua d (npu [, /d po 0,03 3navenve a = 1,06; npw [y/d = 0,04 a = 1,08
w npu lp/d = 0,05 a = 1,1); { — Ko3dppnuMeHT, BENMYNHA KOTOPOTO 3aBUCUT OT
3navenus (h, + Z) v pmamerpa konsua (3neck Z — CO# BOAb B XONblE, CM) U
TPUHUMAETCA IO CIPABOYHUKAM.

396



Pasaen 3. MHXeHEpHO-TMAPOreoACTMHECKNE M3bICKaHUS

Metopn H. K. IMpuHCKOTO Lenecoo6pa3Ho NPUMEHATb ANA OTPefeNeHUs Koad-
¢duumenTa GubTpanun MeCcHaHbIX U CYTNUHUCTHIX TOPOA.

Bce paccMoTpeHHbIe Crocofbl ompenenesus BORONPOHMIAEMOCTH OCHOBAHB
Ha pacyeTax mo ¢opMynaMm ycraHoBmBuehcA Gwnbrpauuu. ORHAXO pe3ynbTarThl
OMbITOB MO MHUNBTPaUUM U3 WypdoB MoryT obpabarhiBaThCA U MO Gopmynam
HeyCTaHOBUBIIENCA GUNBTPALUK, YTO NIO3BONALT CYNECTBEHHO COKPATUTb WX MO~
ROJKMTENBHOCTD.

Cnocob H. H. Bundemana. H. H. Buspemas npepnoxun o6pabaTsiearh OmbTH,
BHIONHAEMEE IO criocofy HecTepoBa, Ha 0cHOBe HabnoaeHUi 338 XOAOM UHGWIb-
TpaLuu BOAB BO BPEMENY, BEIA pacyeT N0 chefyouen hopMyne:

K=BV/wt, (3.40)
rpe V — o6beM BOAbI, M3paCXOAOBAHHOW 3a Bpema f OT Havana ommTa; B —
K03} GULMEHT, BEIMIMHA KOTOPOrO 3aBUCUT OT [/Z M OMpeensieTca BLPaKEHneM
B=1-[(Z+h)/Un[1+1/(Z+hy)]

Crioco6 H. H. BunpeMana yno6en, mpocT n He TpebyeT ANUTeNbHOr0 Mposene-
HMA ombiTa (cTabunu3anns pacxopa BOAH BO BpeMeHu He o6a3aTenbHa); OH Aaer
BO3MOXHOCTb HEOJHOKPATHO ONMpEfEeNATb MAapaMeTphl MO pe3ynbTaTaM OAHOTO
OmHITa (OMPeAeneHue OCYIECTBARETCA AR Pa3HbIX 3HAYEHUN t U t,), TOKa3bBaeT
LOCTAaTOYHO TOVHbie Pe3ynbTaThi n 0co6eHHO 3¢ deKTUBEH PU MPOBEAEHUN ONLITOB
B cnabompoHunaeMbix mopopax. Hapany ¢ BOAONPOHMLAEMOCTHIO MOMHO OMpepe-
NATL BENIMYUHY KaNMWINAPHOTO NaBneHwA h, (O BCIIOMOraTeNbHEIM IpaguKam) u
HeJJOCTaTOK HachLeHus |1 (0 0THOWEHWIO 06beMa BoA V, mocTynuBlIei B TOPOAB
13 BHYTPEHHETO0 KONbLIa, X 06beMy YBNaXHEHHEIX elo mopop o), 1. e. w=V/ ol ).

Bo3smomeH Takxe u rpadoaHanuINyeckuit cnocob o6paboTin ONMBITHBIX AaH-
HbIX, OCHOBAHHBIA Ha HEMOCPEICTBEHHOM UCIIONb30BaHUM ypaBHenua (3.36) ana
CKOPOCTM BEPTMKANLHOI'O MPOCAYUBAHMA. JINA ITOrO IMyGMHA MPOCAYMBAHUA |
BHpaxaercs yepes o6beM nadunbTpyowmenca Bopst V (1= V/ po 1. x. V= pol) n
ypaBHerue (3.36) mpnBOANTCA K BUAY

. Kuo(Z+h,)
7 .
Kax BupHo u3 ypasHenus (3.41), ckopocTh MHGUNLTPAUUM V TUHEHO CBA3aKA
¢ BenuunHon 1/V (3pech V — o6beM [pocoYnBIIERCR BOABL), TO3TOMY €CW OTILIT-
Hble AaHHBle TT0 MHOUABTPALMK BOAb U3 mypha HAHOCUTD Ha rpadux 3aBUCUMOC-
]V 0T 1/V, TO TOUKM BONKHBI NOXUTLCA HA PAMYIO IMHNIO, OTCEKAIOWIYIO HA OCU V
PaCcJeTHYIO BENVUNHY Ko3bduumenta dpunprpaumu K 1 uMeowyio yrnosoi koag-
dunvent € = Kuw(Z + h,). o 3Havenwio yrnosoro ko3dduumenTa nerko onpene-
NVTb BENUYUHY KAMWANADHOTO faBnekua h, (B panHoM cnyvae h, = C/ Kpo - Z).

=K (3.41)
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CnpaBoYHUK COBPEMEHHOro U3bicKaTeAs

JIMHeWHEIH XapaKTep, KaK 3T0 BUAHO U3 ypaBHeHUA (3.41), nMeeT n 3aBucu-
MocTb vV =Kuw(Z + h, + KV. IloatoMy npeacTaBneHme ONBITHLIX AAHHHIX B KOODAM-
Harax vV — V Takxe ROJKHO 1aBaTb NMPAMYIO NIUHUIO, OTCEKAOMYO Ha ocu vV
otpe3ok A = Kuw(Z + h,) v uMeowyo yrnosoit Ko3huuMenT, IUCNEHHO PaBH b
ko3t duunenty dunprpanuu K. Ilo xapaxTepy rpadukos vV = f(V) MOXHO CyauTb,
Takum 06pa3oM, 0 xapaKTepe U3MEHEHWA TPOHULAEMOCTH TIOPOA C TNYOUHON.

Bce n3n0xeHHbIe METOAb TPEATIONATalOT OAHOPOAHOCTb CTPOEHUA 30HMI, Ye-
Pe3 KOTOPYI0 0CYmEeCTBAALTCA MHDUNbTPARUA BOAK U3 mypda. Hanuuue 8 3ton
30HE CnoeB Gonee BLHICOKOW WUIW Gonee HU3KOW NMPOHMLAEMOCTU MOXET Npepon-
PENenuTh HeAOCTOBEPHOCTb PE3YNLTATOB ONLITA. II03TOMY DU MOCTAHOBKE OITHI-
TOB IO UHGUNLTPaLUKM HEOGXOAUMO UMETb YeTKOe NIPe/ICTaBNERNe O NUTONOTU-
YEeCKOM CTPOEHWM 30HbI a3panui, IONOKEHUU B Paspe3e OTHOCUTENbHLIX BORO-
YNOPOB UNW XOPOWO APEHUDYIOWMX CNOEB U PNyOMHE 3aneraHnus MOA3eMHBIX
BOA. 3TO 1M03BONUT 060CHOBAHHO BHOPATL CXeMy NMPOBENEHUA OMBITA, €T0 NMpPo-
DOTXWNTENLHOCT, METOAUKY 06paboTKU Pe3yNbTaToB ONbITA U VX NMPABUIILHYIO
VHTepNpeTauunio.

W3yyenne hUABTPALMORHBIX CBOWCTB KYCOMHOOAHOPORHHX B Pa3pese TOMIL
BO3MOXHO ITyTeM IIOMHTEPBabHOTO ONPOHOBAHNA PAa3NINYHEIX B INTONOTUYECKOM
OTHOWIEHWUU CJ10€B € TOMOWbI0 IKCIPECC-HANUBOB OrPaHUMEHHOR IIPOAOTLKUTEND-
HOCTM (MCXOAA W3 ob6beMa BOAM Ha MHduUnbrpauuo V,.). B mponecce Takmx
MTHOBEHHbIX HANVMBOB BEAYTCA HABNIONEHUA 32 CHUKEHUEM YDOBHA BOALI B KOTb-
1e BO BpeMeHU ((UKCUPYETCA MPOXOXAEHUE YDPOBHA yepe3 ONpepeneHHbie OT-
METKU MApPKUPOBAHHOW peitku). Pe3ynbTaThl HAaONIOAERUH NPEACTABAAIOTCA B
8Ufe rpamKa vs = f(s), KOTOPbIM AONXKEH BbITh TPAMONUHENHBIM B COOTBETCTBUN
C UCXORHOM 3aBUCUMOCTLIO Vs = Kp(z + h,) + (1 — 1) - Ks, rpe v n s — cooTser-
CTBEHHO CKOPOCTb CHWUMEHWA W BENWYWHA NMOHWXEHUA YPOBHA BOAB B KOAbLe
npu6opa. Yrnosoi K03 HULUNEHT Takoro MPAMONUHERHOTO TpaduKa IMCHeHHO
paseH € = (1 - ) - K. [To3TOMy, TPUKUMAA B CPERHEM ANA TTOKPOBHLIX OTNIOMEHUMA
1 = 0,1, MOXHO C TOrPeIrHOCTbI0 He 6onee 10% onpenenaTs KoshduuneHT Guast-
paumu u3 sipaxenna K = €/0,9, rae € — yrnosoi ko3dduymert rpaduka

vs = f(s).

HU3syvenue UHGUIALTPALNOHHLIX CBOWCTE aHU3OTPONHBIX OTAQMEHUA BO3MOX-
HO INpWU COYETaHWM OMbITHLIX HANNBOB B WYPGHH C NABOPaTOPHLIMU METOAAMM
onpefenenus Koahduumnenta gunsrpaumu. Ha ocHose naboparophsix onpepene-
Huit ko3gdunMenTa punbTpanuu onpobyeMbx NOPoA B ropusoHTansxoMm K, u
BepPTUKaNbHOM K, HanpaBneHWAX yCTaHaBJMBAeTCA CTeNeHb UX aHW3OTPONUM
A2 =K,.K,, a Iipu M3BECTHHIX 3HAYEHWAX A W NOCTOBEPHOM BeNUYMHE KOI(GMLM-
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Pasaen 3. VHxeHEPHO-TUAPOreOAOTUYECKUE U3bICKOHUS

€KTa MHOUNLTPALUK NOPOA B BEPTUKANbHOM Hampasnenuu K,, onpeneneHHoi ¢
MOMOLLbI0 HANVBOB BOAB B WypGL, MOXHO OINPEAEeNATh AOCTOBEPHOE 3HAVEHUE
Ko3(@uumenta GUNLTPALUM B FOPU3OKTANbHOM Hanpasnenun Kz =Ke/A? wnn
cpefiHee 3Hayerne Ko3hduunenTa GUNbLTPaUKU aHU3OTPONHLIX mopon — Kep =
=vKz - Kg =Ks/\.

Hcnonb3ya KOPpensAMOHHLIE CBA3U MEXAY Pe3YNLTATaMU OlTPeAeNeHUA uilb-
TPalLMOHHLIX CBOWUCTB OAHWX U TeX e NOPOA NabopaTopHHIM MYTEM U TIONEBLIMU
OMBITHO-(QUNLTPALMOHHBIMU PAGOTAMU, MOXKHO YMEHBIUIUTL 06BEMLI HONee AOPOro-
CTOALYMX NONEBBIX UCCNEAOBAHMI 33 CYET 060CHOBAHHON MHTEPIMONALUM U IKCT-
paronAunmu NabopaTOPHLIX OMpeAeneHuit Nn6o oNpepeneHuit, OCyWeCcTBNACMbIX
APYTMMU BCITOMoraTeNbHLIMW MeTOAaMu (JKcmpecc-onpo6oBanueM, reodusnyec-
KUM 1 Ap.).

3.2.5. Jxcnpecc-onpoGosanue BOZOHOCHKIX FOPH3OHTOB

JKcnpecc-onpo6oBaHNe BOZOHOCHBIX TOPU3OHTOB, OCHOBAHHOE Ha U3yueHUM
peakyuu onpo6yeMmbix 06'beKTOB Ha KPaTKOBPEMEHHOE UX BO3MYIEHNe, NoNyyaeT
BCe fonee WUPOKOe NMPUMEHEHUE ANA NPEABAPUTENbHON OLEHKW (QUNbTPaUNOH-
HBIX CBOMCTB M PacuneHeHUs U3yyaeMoro paspesa OTNOXeHu Mo BOAOMPOHULae-
MOCTU KaK B Iponecce GypeHuA PMADPOTeoNorMyeckUX CKBaXMH (omepexaiomee
onpo6oBaHue C MOMOWbIO CHELMANbHBIX YCTAHOBOK U KOMIINEKTOB UCITLITATENb~
HbIX MHCTPYMEHTORB), TaK U ITOCNIE UX COOPYMHEHUA (IKCTpecc-0TKaYKK, IKcIpecc-
Hanusy, 0Npo6oBaHMe NNACTOB C TIOMOWBIO CTIEUaNbHLIX CHAPAAOB U TNACTOUC-
TMbITaTenel, PACXONOMETPUA, TEDMOMETPUA U AD. ).

0 3660[191 471 gw]

s

K= (3.42)

P

rpe | — pnuxa punbrpa-onpobosarens (06bIyHO 1-2 M); T, — €ro papnyc; € —
K03(hGUBNERT, PaBHLIM 2 NIPU PACIIONOXEHUN GUNLTPA ¥ KPOBAW UAU NOAONIBH
TacTa v 1 Py MONOXEHUM (pUAbTPa BHYTPU NNACTa; Sp — pacyeTHOe NOHWMeHue
YPOBHA C YIeTOM NoTeph Hanopa AS — B 6ypunbHbIX Tpy6ax (Sp= Sy - AS); §, —
IOKa3aTenb CONMPOTUBNEHUA CTAHAAPTHOTO ¢uibLTpa-onpotoBaTens (M3MEHAETCR
oT 1,5 po 6,5 npu kospduumenrax hunbTpaunu MOPOR COOTBETCTBEHHO OT 5 O
100 mM/cyT.). (CxeMy omepexanomero opo6oBaHUA TOPU30HTA CM. Ha puc. 6.)
TIpn 6ypenuu rny6oKUX CKBaXUH B YCTORYMBLIX: TOPOAAX MNACTH U TOPU3IOH-
Tl Leneco06pasHo onpo6osaTs ¢ MOMOIBLIO CIIELUaNbHEIX onpobosaTeneit U mac-
TOUCHbITATENEH, ONYCKAaeMbIX B CKBAXUHB HA 6ypPuIbHLIX Tpy6ax niu kabene.
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Cl'lpOBO'iHMK COBPEMEHHOTO U3LICKATEAS!

Jucnpecc-omuaunu u 3KCNPecc-Hanusbl. ITU 3IKCI-
Pecc-MeToaB ONpefieleMA NapaMeTpoB, OCHOBAHHbIE
Ha UCMONb30BaHUK HabniopeHui 3a uIMEHEHNEM YpoB-
HA BOZB B CKBOXUHE B pe3ynbTaTe KpaTKOBpeMEHHOTO
0T6Opa AW HaZUBA BOAL, NPUMEHAIOTCA [IPU U3YIEHUU
GUNBTPALUOHHEIX CBOMCTB MOPOA C OTHOCUTENBHO He-
BLICOKO# BOMIOTIPOKMLAeMocTbI0 (0,01 < K <5 M/cyt.).

B Gonee mpoHMLAEMbIXx HOPOAAX BOCCTAHOBNEHUE
YpOBHEW B pe3ynbTaTe IKCNPECC-BO3MYLIEHUA TPOUC-
XOJMT O¥eHb GBICTDPO, U 3TO OTPAHUYUBAET BOIMOMKHOC-
TU IPUMEHEHUA PACCMaTPUBAEMBIX METONIOB.

MrHoBeHHOe CHWMEHWe YPOBHA BOALL B ONMITHOM
CKBaXMHe (IKCIpecc-0TKavKa) 0CYymecTBaAeTCA OricT-
PHIM ee 0TGOPOM (HENOHKOM, BKIIOYEHUEM HACOCa, OT-
KpBITUEM 3aJBUKKN), MCHOBEHHDbIM [OAbEM (IKCTipecc-

Puc. 3.27. Cxema 3kcn-  HANMB) — eNUHOBDEMEHHBIM HanWBOM BOALL WNK MO-

pecc-onpo6osanms TPYKEHUEM TIOA YPOBEHb BOAbl KAKOro-nmbo emKoro
HecoBepweHHa cKaaxu- Tena. 06mmf| HEQl0CTaTOK 3IKCIPecc-onpeaeneHun —

Hbl: 1 — CTAaTMYeckMii  3ABUCUMOCTb UCKOMEIX NTApaMeTpoB OT COXPAHHOCTU U
yposeHs; 2,3 — nono-  COCTOAHUA TPU3a6OMHOT 30Hb ONBITHBIX CKBAXMH U UX
KEHME YPOBHSA Ha Hauyano  MAlbi/i AUATIa30H REACTBUA (TpH HEIHAUUTENLHOY CTe-
oTcyeta nocne Hannsa M TIEHW BO3MYIEHUA MapameTpbl XapaKTEPU3YIOT He-

noche OTKauku; 4, 5 —  OONBIIYIO 30HY MOPOA BOKDYT CKBawMHbI). JlocToBEp-
NONOXeHUEe YpOBHA 8 HOCTb ONIPEAie/IeHUA TaDaMETPOB MOXKET ObiTh NoBbIIIe-
pacueTHBbIN MOMEHT Ha 3a CYeT MacCOBOCTU 3KCIpecc-ONpeAesieHnit 1 yie-

apemeHu t B npoyecce T COCTOAHMUA PU32BOVHOM 30HEL.
onsita 3Jxcnpecc-HaNUB (OMKAMKA) 8 HECOBEPUIEHMYIO

cugaxuHy (puc. 3.27). B ycnoBuaAx KBasuycTaHoBUB-
LIeNCA QUABTPAUUN U TIPU OTCYTCTBUU BIUAHUA TPAHNUL NOTOKA ANA aHANU3a pe-
3yNLTATOB IKCMpPECC-HANUBOB (OTKAYeK) B HECOBEPLIEHHE® CKBAMUHbL PEKOMEH-
RyeTCA UCITONb30BATh 3aBUCUMOCTb BUAA
S, KL
n2=—F¢, (3.43)
S o
rhe Sy v Sy — MONOXEeHWe YPOBHA IO OTHOIIEKUIO K CTaTUIECKOMY Ha Ha4ano OmyiTa
W Yepe3 BpeMs t; [, — pacyeTHas IuHa paboyei YacTH CKBAKMHEL, OTPENensemMan
B 3aBUCUMOCTU OT €e AnaMeTpa W pa3MepoB ¢unbTpa. [Ins HeCoBEpLIEHHOW CKBa-
UL C ANMHOY GUNbTPa I papnycom 7, 1, = 2,7314/19(0,710/r.), a nNA CKBAXMUHEL,
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Pasaen 3. NHXEHEPHO-TMAPOreoAOrMYeCKUe MU3LICKaHNS

paboTaiomeit ToNbKO AHOM, I, = 107, M3 ypasrenna (3.43) cnepyer, uTo rpadux
3aBucumoctu In(So/S,) = f(t) mpepcraBnAeT coboit MPAMYI IMHWIO C YTNOBHM
xoapduunentoM C = Klp/®, yeM N MOKHO BOCITIONB30BATLCA NPU ONpENENeHUM
xo3p¢puunenTa unsrpauun. CHss ¢ mpAMONUHeRHo| yacTu rpaduxa lg(So/S,) =
= f (t) BennunHy yrnosoro koapduunerta ¢ UM XOOPAMHATH M0G0V ee TOUKU
lg(S0/S,)) n t, ko3 duuuenT GunrTpanuu onpenenvm no GopMyne:

Cw %) So
K=23] — K=23 — {lg| =}
(Flmeefpls) oo

AHANOTMYHBIM 06Pa3OM MOMHO 06pabaTHiBaTh U Pe3ynLTATHl IKCIPeCc-0TKa-
veK. IIpu 3TOM BMECTO MOBLIIEH W YPOBHA PpACCMATPUBAIOTCA €T IOHUMEHHUA TIO
OTHOLIEHUIO K UCXOIHOMY CTATUYECKOMY YPOBHIO TIepes; ONMTOM.

JINA MCKNIOYEHUA BAMAHUA HA PaBOTy OMBITHLIX CKBAMWH IPaHMy NnacTa B
paspese Heo6xXoauMo 3arny6naTh ux GUILTP MOA YPOBEHD BOAB! HE MeHee YeM Ha
TIONTOPHL €ro AAnK, T. e. € 2 1,5], (puc. 3.27).

3xenpecc-Hanus (omkauxa) 8 cosepuieHHylo cxsaxuHy. 06paboTka pe3ynbra-
TOB TaKUX ONEITOB BO3IMOXHA Ha OCHOBE NPUONMKENHON 3aBUCUMOCTY, ONpenens-
lomeit H3MeHeHNe YPOBHA Ha KOHEMHBIX CTAAUAX OIBITOB:

v
4nTt’

rae S, — MOBHIUEHUE WM NOHWKEHUE YPOBHA Yepes BpeMs t Mocne Onuita; V=
= (S, — 06’>eM BOALI, IPUNUTON (UNU OTOBPANKOY) B MpollecCe BOIMYNERUA (0 —
CeveHMe CKBAKUHDI, Sy — MOBLILIEHWE UV MOHWKEHUE YPOBHA BOAb NPU IKCII-
pecc-onpo6osanunu).

06paboTka OmbiTa MOXET NMPOBOAUTHLCA I'padoaHanUTUYecKuMm CrocoboMm —
nocrpoennem rpadura S, = f (I/t), KOTOPHIA, KaK 3TO BURHO M3 ypaBHeHuA (3.45),
npepcTasnaer coboit MpAMYIO IMKMIO ¢ yrnoBbiM Koadduumnentom C = V/4nT. Cnepo-
BATEeNbHO, N0 BeNUYNKE C MOXET GHITh ONpeneneHa BORONpoBORUMOCTs T = V/4nC.
B npuHumMne no nio6oi TouKe MPAMONUHERHON vacTu rpaguxa S=F(l/t) Bogompo-
BOMMOCTb MOXET 61Tk OTIpenenena no gopmyne

14 14

T=——=0,08—. 3.46
4mS,t St (3.46)

. (3.45)

Pacxoaomempuﬂ CKBAMKUH. Cy‘l’b MeTOoAa 3aKN0aeTCA B ONpPEAeNeHUn U aHa-
nuse l'IpO@MﬂR pacxopna MOTOKA MO CTBONY CKBAXUHDI «IIPU HaNUBE, OTKAYKE UK
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CHPOBO'-IHMK COBPEMEHHOFO M3bICKaTeAs

B ECTECTBEHHbIX YCIOBMAX, ero mpuMeHenue 3ddexTuBHO W nenecoobpasxo B
He3arIMHN3NPOBAHHBIX CKBaXWHaX. MHTepnpeTanma pacxonorpamm oOCymecTans-
eTCA C Y4eTOM TOTO, YTO OCEBOW NMOTOK BOAB B CKBaKMHEe W3IMEHAETCA NUIIb B
WHTEpBaNaX MPOHULAEMHX (BOBOHOCHHX) NOPOA, @ B Npefenax BOAOYNOpOB OH
OCTaeTCA MOCTOAHHbLIM (puc. 3.28). AHanus rpadukos pacxoaa BOZbl MO CTBONY
ckBaxunbl @ = f (h) no3BonseT ompenenATs INy6URY 3aneranua, MOIHOCTb ¥ FUA-
POAMHaMUYeCcKue TapaMeTphl (BOAONPOHULAEMOCTD, HAMOPHL U AP.) NPOHULAEMbIX
nopog. TpaHunkl MNAcTOB Pa3nUYHON BOAONPOHMLAEMOCTH YCTAHABAUBAIOTCA MO
TOYKaM MEepenoMa pacxopoMeTpuueckoro rpaguka (puc. 3.28, A). Pacxon soart B
WHTepBaNe MPOHUNAEMOTO NIACTa ONPEAENAETCA IO PA3HOCTU PACXOA0B MOTOKA B
ero xposne u mopomse (Q; = Q,x — Qyn). XapakTep HEORHOPOAHOCTU NNACTOB
BBIABNIAETCA HAa OCHOBE aHanu3a rpauKOB M3MEHeHWA pacXopa MOTOKA Mo uX
MOWHOCTYW; BOAOMPOHULAMOCTD M HAllOPhl KRWAOT0 N3 NNACTOB ONPeAEeNATCA Ha

o/ ne AQ e+t

AM

b5

Puc. 3.28. CxeMa PacxOROMETPUYECKOTO UCCNEA0BAHNA CKBAWUHbI NPU OTKaYKe:
A — pacxoporpamma Q° =f (h); b — anddepeHunansHas pacxoporpamma
AQ'=f(h)); h, ~ ycTaHoBMBWMIACA 06WNI YPOBEHb BOALI B CKBAXUHE; hy — AUHAMN-
YecKuit ypoBeHb BOAbI B CKBAXKUHE NPY OTKauKe
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Pasaea 3. VHXEHEpPHO-MMAPOreoAOrviHECKME U3bICKAHUS

OCHOBE TMAPOAUHAMUMECKUX DACYeTOB, YYWUTHBAWUX 1 3
«y4acTve» KaXAOTO M3 MNACTOB B popMuposaruv obuiero

pacxofa NMOTOKA, €ro Ibe30MeTPUYecKOro YpOBHR, CyM- 2

MapHO# BOAOMPOBOAUMOCTH.

MeToauKa pacxonoMeTPUU TMAPOTEONOrudecKux
CKBAXUH 3aBUCUT OT 3a7ay BbIMONHAEMbIX UCCIEN0BAHUN,
re0/10r0-TEXHUYECKUX YCII0BUit 06BEKTOB U BUAA T(pUMeE- 4
HAEMOW annapaTypsl. [leTanbHoe ee OCBELleHWe MpuMe-

HWUMO K pelIeHuIo TMAPOreonornyeckux 3apay (pacineHe-

Hve paspes3a O BOAONMPOHWNAEMOCTY, ONMpeAeneHue

(MABTPALMOHHBIX CBOVACTB ¥ HanmoOpOB NAACTOB, BHIAB/E- 5
HUe 30H [lepeToKa 1 BOAONOrNOWEeHA.

Pacxopomerpus ocyuecTBASETCA B QOHTAHNDYIOMNX
CKBaXWHAX, PU O0TKAYKaX, HANMBAX W HaTHETAHUAX B yC-
NIOBUAX YCTAHOBMBLIEHCA W PEXE — HEYCTaHOBUBLIEWCA
¢MABTPAN UK, TOA3EMHLIX BOA. [INA 3TON LieNU CKBAXMHA
AOMKHA GbITH COOTBETCTBYOWUM 06paszoM o6opypoBaHa n
NOAroToBNeHa (nocaaka GuabTPa, OYMCTKA OT WJlaMa, pas-
TAUHU3ARUA, Wa6NoHUpOBAaKUe, NPOKAYKa, YCTAHOBKA
obopynosanus). Ha pucyHke 3.29 AN1a npumepa nokasaxna
cXeMa YCTaHOBKY DaCXOAOMeDa B CKBaXUHe Npu onpobo-
BAHWUW ee OTKA4YKO#. IIpu AMCKpPETHHIX 3aMepax pacxoza
(mpaKTUKyeTcA Haubonee 4acTo) pacXoaoMep YCTanaBIuU-
BAOT B Pa3NUYHLIX NO ray6ure Tovkax. lIar ycranosku
npubopa B 3aBUCUMOCTY OT AETANbHOCTH M TNYGUHBL uC-
CnenoBaKnit COCTaBARET 5—10 M NP 0630PHBIX U3MEPEHU-
AX M 2-0,1 M Npw peTanbHLIX M3MEperuax. B pesynbrate
0630PHBIX U3MEPEHUH, BLUTONIHAGMBIX B OTKPLITOM CTBONE
CKBRXUHBI, BLIABAAIOTCA 30HB M3IMEHEHUA Dacxopa Bopbl ;
W MHTEPBAaNM ANIA AeTaNbHBIX U3MEPEHUN. 10

lleTanbHble M3MePEHNA TPOBOART C LENbIO YTOUHEHUR Iy
IPAaHUL U CTPYKTYPbl BONONPUTOKOB OTAENbHLIX BOZONPO-
HulaeMbtX NNacTos.

Tlo peaynsTaTaM PacxofOMeTPUU CHUMAETCA OMBITHAA
KpUBas pacmpefieNeHus CKOPOCTEeN ABWKEHUA XWUAKOCTW

Puc. 3.29. Cxema yCTaHOBKM pacxoaomepa B CKBaXWHe: 1 — nyner; 2 — siebeaka;
3 — BogonopbeMHbie Tpy6bl; 4 — Hacoc; 5 — kabenb; 6 — ueHTpansHelil hoHaps;
7 — sepryuwka; 8 — rpys; 9, 10 — dunerpel
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CﬂpOBO‘IHMK COBPEMEHHOIo U3bICKATEAs

TIO CTBONY CKBAXUHBI, Ha OCHOHOBE KOTOPOT CTPOATCA AubdepeHnnansHbe Kpu-
Bble U3MEHEHUA BXOAHBLIX CKOpOCTeﬁ U MpUpauleHua pacxofoe Mo CTBOJY CKBa-
M. Tlo XapakTepHbLIM TOYKaM Meperuta AnddepeHNNanbHEIX KPUBLIX BhILENA-
10TCR WKTepBasbl Haubonee NPOHWUNASMBIX NMNACTOB, U OMPEAENAETCA NPUXOAA-
WWACA Ha 3TM MHTepBansl pacxop. Ha ocHoBe comocTaBneruA (GaxTuyeckmx u
TEOPeTUYECKUX KPUBLIX PacTipefeNeHUs BXOAHBIX CKOPOCTEH MO MOWHOCTU KaX-
7IOTO U3 BBIAENAEMbIX NACTOB A€JIaeTCA BLIBOA 06 UX ONHOPOAHOCTH, @ IO COOTHO-
NTeHMIO PACXOA0B WU CKOPOCTER N0 OTAENLHBIM NJIACTAM W CYMMapHOW BOAOTPO-
BOAUMOCTU (OTpeAenAeTc] MOGHM APYTMM METOAOM) OLEHMBAIOTCA MapaMeTphl
KaKI0To U3 NNACTOB.

Heo6X0AnMO OTMETUTb, YTO NPUMEHATbL ONMUCAHHBIE IKCTIPECC-METOAL CNeAy-
€T B KOMIUIEKCE C OCHOBHEIMU BUAAMU OTLITHO-QUNBTPAaNMOHKEIX paboT u ¢ reo-
bu3ngeckumn MeTonaMu uccnenosanmit. Tak, 3GHEKTUBHEIM OKa3LIBALTCA COYeTa-
Hue onpo60BaHUA MNACTOB CMELUaNbHBIMU MNACTOUCTILITATENAMU W onpoGoBaTe-
NAMU C Te0PU3INYECKUMU METOAAMU UCCIE0BAHUI N PacXOLOMETPUeNn, XoTopoe
n03BOJAET NONYYATh ROCTATOYHO AOCTOBEPHYI0 MHDOPMALNIO O BOAOOGUNLHOCTH
W OUNBTPALMOHHLIX CBOWCTBAX NMOPOJA B MPOLECCe MOUCKOBO-CHEMOYHBX pabor
TIPU CYIeCTBEHHOM COKpPAmeHuu 06beM0OB HOPOrOCTOAMNX OTKAYEK.

3.2.6. Onpepesenye HanpaBJjeHNs M CKOPOCTH [BUMEHMA NMOJA3EMHBIX BOJ

Jina penreHus MHOPMX 3afay, CBA3AHHbLIX C BRIABIEHUEM YCIOBUH DOpPMUpO-
BAKUA M Pa3pylIeHUA MECTOPOXAEHUN MONe3HbIX UCKONAeMHIX (B TOM uucne u
TIOA3EMHBIX BOA), MUTPALMU B BOAE PAINUTHHIX XMMUIECKUX M BUONOrUIECKUX
KOMIOKEHTOB, C TPOrHO3aMN U3MEHEHUA KauyecTBa MOA3EMHBIX BOA W MOATATM-
BAHUA Pa3NMYHBIX KOHTYPOB U T. I, HEOGXOAUMO ONPEAENATb HANIPABNERUE ABU-
EHWUA MOA3EMHBIX BOA, CKOPOCTh UX MEPeABUWKEHUA, aKTUBHYIO MOPUCTOCTD U
HeKOTOpble APYTUEe MUTrPayUOHHBE NapaMeTphl BOAOHOCHBIX NMNAcTOB W FOpU-
30HTOB. ITH NOKa3aTenu ONpPEeAeNAOTCA TUAPOTEONOTUYECKUMU U reoduInyec-
KUMU MeTopaMu. OGBIMHO 3apauu BHIACHEHWA HaNlpaBieHUA W BEeVCTBUTENbHOW
CKOPOCTU ABUKEHUA MOA3EMHBIX BOJ, PEUIAIOTCA COBMECTHO, XOTA HEPEAKO BO3-
HUKaeT Heo6GXOAUMOCTb IULIL B ONPeAe/ieHnK HaNPaBNeHUA ABUKEHUA TIOA3EM-
HOTO MOTOKA.

Hanpasnerve psverna MOA3EMHEIX BOJ IETKO YCTaHABAWBAETCA TIPU Hanu-
MU KapT PMAPON3orunc (MM6o ruppon3ombes) Mo u3yvaeMsM BOROKOCHBIM TOpU-
30HTaM. [To TakuM KapTam HanpasleHne ABWKEHUR MOA3EMHbIX BOJ ONPefenReTca
TMHWAMW TOKOB, TTPOBEJEHHHIMU NEPNEHAUKYNAPHO K JIMHUAM PaBHOTO Hamopa
(rmapou3sorunicaM uav ruAPOU3ONbE3aM) IO YKIOHY NOTOKA.
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Pasaen 3. WHXeHEPHO-TUAPOreoAoruiecKue U3bICKaHUS

TIpu OTCYTCTBUM KApT, OTpaxato-
WKUX NONOXKeHne CBOGOAHOM UAYN Tibe-
30MeTPUYEecKOi NOBEPXHOCTU TOA-
3eMHLIX BOA, ANA ONpENeNeHus Ha-
TIPaBNEHUA UX ABUKEHUA Heobxonn-
MO MMeTb (WM 3a7I0XUTb) He Mexee
TpPeX BbpaGOTOK, YTOGH YCTAHOBUTH
OTMETKU YPOBHA NMOA3EMHBLIX BOA.
Bripa6oTku xenaTenbHo pacnonararh
Mo yrnam paBHOCTOPOHHETO Tpe-
YrONbHUKA € ATIMHOM CTOPOHHI OT 50
10 200 M (yeM MeHblIe YKNOH MOTO-
Ka, TeM Gonblle PacCTOARUE MEXAY
ckBaXuKHamMu). 1o UIBECTHHIM UNU
YCTaHOBNEHHEIM OTMETKAM YPOBKA
TIOA3eMHEIX BOA NYTeM UKTEpPNONA-
UMM COCTABRACTCR NAAH WIOMMHWA  pyc. 3.30. (xeMa PacNONOXEHNA CKBAKNH
CBOGORHOW WAM MbeIOMETPUNECKOR  png onpepeneHA HanpaBNEHNA JBIKEHNA
TIOBEPXHOCTM U OMpejenseTca Ha- FpYHTOBBIX 8O,

TpaBlenne ABUKEHUA IOTOKA MO Nn-
HUAM ToxoB (puc. 3.30).

JAnA nonyyeHua HaneX HuX AAHHBIX O HaNPaBNeHUAX ABUWKEHUA TOTOKOB NTOA-
3eMHBIX BOJ CNefiyeT MCNOJh30BaTh MaTepuanbl PeXWUMHbIX HabnoRerun (kapThl
W30NMKNN HA pa3NndHbEIe TepUOAL BpeMeRu). OnpefeneRue HalpaBleHnA ABUKE-
HUA N0 KapTaM rMApou3orunc (TMAPOU3ONbE3) CeAYeT CYUTATh OCHOBHBIM METO-
poMm. IIpn 0TCYTCTBUM KapT M AOCTOBEPHBIX AANHBIX 06 OTMETKAaX YPOBHeW B OT-
AenbHLIX TOYKaX KampasNeHue ABUXEHUA MOA3EMKLIX BOJ MOXKO YCTaKaBNuBaTh
¢ moMoblo reopusnyeckux (pororpadpuposanne B CKBaXKUKaX KOHYCOB pacnpoc-
TPaHEHUA KPaCUTeNA OT TOYEYHOT'O UCTOYKHNKA, METOA 3aPAKEHHOTO TeNa, 3aMepht
WHTEHCUBHOCTU KOHBEKTUBHOTO Meperoca Tella B pa3HbIX HaNpaBleRuax T AaT-
JUKa, KPYrOBhIe U3MEPEHNA eCTECTBEHHOr0 NOTERYUana v Ap.), PaAMONKAUKaTop-
HBIX ¥ APYTUX METOAOB.

Teodmsuveckue Meroast onpepeneHUA HanpaBneHUA ABUKEHUA TOA-
3eMHBIX BOA IeTa7lbHO U3NI0KENB! B CITelManbHbIX PyKoBoacTsax. Haubonee mep-
CIIEKTUBHBL U3 HUX OQHOCKBAKUHHbIE METOAL, B TOM UMCne MeTos QoTorpadupo-
BAHUA KOKYCOB BHHOCA OT TOYEYHOrO UCTOYHNKA KpacuTens, Ipu KOTOPOM Mepuo-
auyecku hororpadmpy0TCc pacmpocTPaRAOmMMUEC OT CIIELMANbHOM KaNCYNbl KO-
Hyca KpacuTenu Ha hoHe CTPENIKM MATHUTHOTO UAW I'MAPOCKOTINIECKOTO YKa3aTens.
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CﬂpGBOHHMK COBPEMEHHOIO U3bICKaTeAs!

Bcero 3a OpuH CIYCK MOXHO BEIMONHUTDL R0 50 cHuMKoB. Hanpasnenue psvxenuna
MOA3eMHBIX BOJ OTIPeenAeTCA MO HampaBAEHUIO KOHYCa BbiHOCA KpacuTtena. [ina
TIONYYeHNA HafeWHbIX Pe3YNLTATOB OCTATOYHO 4—5 CHUMKOB.

ToyHOCTb OTPEReNEeHNUA HanpaBNeHUA OAIEMHOTO IOTOKA MOXeT BhiTh one-
HEHa Be/IMYUHOW OTHOCUTENLHOW MOrpentHocTv ot 3 Ao 20%. B awauurensuon
Mepe MOTPELUIHOCTb 3aBUCUT OT CKOPOCTU IBVKEHWA MOA3EMHBIX BOA. MeTog Mo-
ET UCTIONIH30BATLCA TIPU CKOPOCTAX (UNbTPanun He HUXKe 0,5 m/cyT. Ilo Bpeme-
HU CYWeCTBOBAHUA KOHYCAa MOXHO OPMEHTUDPOBOYHO OMPEAEAUTh W CKOPOCTb
dwunbTpanmn v.

3TOT METOR IHAYUTENBHO MeHee aNpo6UPOBaK 10 CPABHEHUIO C PARMOUHANKA-
TOPHBIM, OTIMCAHHBIM HUXE, HO OH HECKONbKO NMPOmE B UCIIONHEHUU U He TpebyeT
COTNACOBAHMA C OPTaHaMN CAHIMUAHAA30PA.

OnHOCKBaXMHHbIE METOZb OTIPefieIeHNA HaNlPaBAeHUA JBUKEHUA MTOQ3€MHBIX
BOJ HE DEKOMEHJAYeTCA WCMONb30BaThb B MOPOAAX C PEAKOW M HepaBHOMEpHOW
TPELMHOBATOCTDIO.

M HAUKATOpPHbLIE METOAL ONTPEieNIEeHUA HANPABJIEHUA U CKOPOCTYU ABUME-
HWUA IOR3EMHBIX BOA. ORHNUM U3 BaXHENUINX NTOKa3aTeNeit MUTpaluu NOA3EMHBIX
BOJ ABJIAETCA REVCTBUTENLHAA CKOPOCTD MX ABVIKEHWA UM GUALTPALMY vy, KOTO-
pan CBA3aHA CO CKOPOCTbIO (MILTPANUM v COOTHOWERMEM Vi = V/T, TAe N, —
aKTUBHAA B GUNLTPANMOHHOM OTHOWEHVW GPUCTOCTb TIOPOAYL, PaBHaA Pa3HOCTN
MeXQRY TONHOM MOPUCTOCTBIO Ny W 06BEMHBIM COREPKAHUEM CBA3HOM BOZbI Ny U
3alleMNeHHOr0 BO3AYXA Ny (T. €. Ny =Ny ~ N, - n3).

TIpun pewennu 3apay TENMNOMACCONEPEHOCA CNeAYeT YYUTHIBATL, YTO AeACTBU-
TeNbHas CKOPOCTh (MNLTPalMM, OMPefenAlonan KOHBEKTUBHbIA TIEPEHOC Bele-
CTBa W Temna ¢ GUAbTPAUUOHHKLIM NIOTOKOM, MOXET U3MEHAThCA 32 cyeT copbumn
coneit M pacTBOPOB, BHENauYMBaRWA, GUALTPAUUOHHOR AubdYy3uu, Tennosoro
BO3AEMCTBUA BOAL U IOPOJ, BAMAHUA MUKDOOPraHU3MOB U ADYIUX dakropos. IIpu
3TOM BMECTO aKTMBHOM MOPUCTOCTV YYMTHIBAETCA 3Q(HEKTUBHAA MOPUCTOCTH Ny,
OTPaXaw0man BNMAHME YKA3aHHbIX IPONECCOB (V TOTAA Vy = v/N,).

TIpu HanMuum KapT TMADPOU3OTUIIC (TMAPON30TILE3) U AAHHBIX 0 KO3 Puyuen-
Te GUNbTPaNUM ¥ NOPUCTOCTU BOROHOCHEIX MOPOR, A MCTBUTENBHAA CKOPOCTb GUNL-
TpauMu vy MOKET BbITb OTIpeeneHa no 3HayeHuio ckopocTu gunsrpayun (v = KI)
€ Y4ETOM COOTHOWEHWA vy = V/Ny.

OpHaxo Gonee HaJieXHbIM TPEACTABNACTCA ONPEfeNneHne AeNCTBUTENbHON
CKOPOCTW ABMKEHUA TIOA3EMHLIX BOJ C MOMOL(bIO CIIEiUabHBIX TIONIEBLIX OMLITOB,
CPeAn KOTOPHX Hanbonbliee MpaKTWIeCKoe MPUMEHEHWe MONYYUAN NHAUKATOD-
Hble METOJbI, OCHOBAHHbIE Ha BBEI€HUMN B UCTILITYEMbIli FOPU3OHT Yepe3 MycKoBble
CKBRXKMHbBI KAKUX-TIMG0 UHAUKATOPOB W KA OTPEAENIEHMM CKOPOCTY UX TIepeaBUKe-
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Pasaen 3. MH)KeHepHO-I’MApOI’ ©OAOTUHECKNE N3LICKaHUS

HWA B YCIOBUAX TOA3EMHOrO MOTOKA MO BPEMEHU NOABNEHNA UKANKATOPOB B Ha-
6niopaTenbHLIX CKBAKMHAX.

B xauecTse Haubonee YaCTO MPAKTUKYEMBIX UHAMKATOPOB UCTIONB3YIOTCA Kpa-
calMe BenecTsa (pnioopecuevs, METUNEHOBEI CUHWNI, POAAMUH-B, ypaHWH, I3puUT-
PO3UH U EP.), 3NEXTPONMUTH (MOBAPEHHAR COMb, XNOPUE AMMOHUR, CONU NUTUA U
BP.) M PAAMOAKTUBHEIE MHAMKATOPH (cOenuHenns, copepxamume 311, 32Br, 3H, 0Co,
S1Crupp.).

Ilepen nposefeHueM OMbITa Y4aCTOK PA6OT HEOOXOAUMO XOPOLIO U3YYUTH B
reooro-ruppore0NornyeckoM OTHOLWIEHMM. B MYCKOBBIX M HabniopaTenbHLIX
CKBAXWHAX C TIOMOWIbI0 reohU3UIeCKUX UCCIEeR0BAHN, PACXOROMETPUN, Nabo-
PaTOPHBLIX PabOT U NOMHTEPBANBHOIO OMPOGOBAHUA ROMKHLL GbITh BBIAENEHH,
COOTBETCTBYIOWMM 06pa3oM M3YdeHHl M TPU HEO6XORUMOCTH (IpU MOCNOMHOM
onpo6osann) M30NMpPOBaHb NNACTH, TOPUIOHTEL UM UHTEPBANBL, [IOfNeXammne
WCCNeaoBanuio.

Ha6niloparenbHsle CKBaXWHLI ANA NPOCNEXNBARUA NEPEABUKEHUA UHBNKATO-
Pa 3aKNaAbIBAIOTCA HUXE MO TIOTOKY Ha paccToAXuM 0T 0,5 10 2 M B CYPNNHUCTHIX 1
CyMecyaHbix Mopoaax, OT 2 A0 8 M B eCYaHbIX 3ePHUCTLIX OPOAAX, 0T 5 1o 15 M B
IPaBURHO-TANEYHBIX M XOPOLIO MPOHULAEMBIX TPELIMHOBATHX NOPOAAX U 0T 15 no
50 M 1 6onee B 3aKapCTOBAHHBIX MOPOAAX. KONMYecTBo HabnloRaTeNbHbIX CKBa-
HUH MOXKET U3MEHATBLCA OT OAHOM A0 TPEX MpH PACCTOSIHUWN MeXAY HuMuU ot 0,5 Ao
2 M. B mpuHnume BO3MOMHO OMpefeneHne HamnpaBleHWA U CKOPOCTU JABYMEHUA
TIOp3eMHBIX BOA W Ge3 HabnopaTenbHLIX CKBaXUH (ORHOCKBAWUHHEIE METOAbY),
ecny iNA TaKUX OMpefieNIeHM UCIIONbL3YIOTCA AaHHble HabMIOAEH I 32 U3MEHEHN-
€M KOHL|@HTPAUUM UHAMKATOPa BO BPEMEHU UM 33 eT0 PACMPOCTPAHEHUEM HEeTloC-
PeACTBEHHO B MYCKOBOM ckBaxmuHe (Gororpadguposanmne KOHYCOB PacrpocTpaHe-
HUA KPaCuTeNei, TepMOMETPUIECKUE U PASUONHAMKATOPHbIE 3aMepH U T. A.).

TloABNEeHNe NHANKATOPA B HAabIOAATENbHBIX CKBAXMHAK YCTAHABINBALTCA XU-
MUYECKUM, SNEKTPONUTUYECKUM 1 KANOPUMETPUNECKUM COCO6aMH, TipyU 3TOM Nep-
BHIE 1Ba AAIOT Hanbonee HapexHble Pe3ynbTaThl.

TIpn xumnueckom criocobe MOSBNEHNE UHANKATOPA YCTaHaBAMBAETCA IO U3-
MEHEHWIO er0 KOHUEHTPauuu B MepUOAVYecKn 0TGUpAaeMblX 13 HabniopaTenbHbX
CKBAXUH npo6ax BopbL.

PapuonHANKATOPHEIE METOAL! MPUOBPeTAlOT B MOCNEAHMe oAbl BCe Gonee
LIMPOKOe MPUMEHEHMe AN ONMPEAEeNeHUs HalpaBNeHUA M CKOPOCTU ABMKEHUR
MOA3EMHBIX BOJ, @ TAKXKE ANA PElleHMA MHOIMX APYIMX MpPAaKTUYECKMX 3ahad.
B KavecTBe WHAMKATOPOB ANA MEYEHMA BOAbl UCTONB3YIOTCA PA3NUMHEE PAAMO-
n30TOMbL. KOHTpOND 32 MepeMenieHneM U30TONIOB BEAETCA M0 3aMepaM UHTEHCUB-
HOCTW U3NYYEHUA U ONPeAeNIeHUA UX KOHIEHTPaluM .



CnpaBO4HUK COBPEMEHHOTO W3bLICKATEAS

BO3MOKHOCTb MCTIONIb30BAHUA DAAMOAKTUBHEIX HAUKATODOB HUIKNX KOHLEH-
Tpauwii, MX CPABHUTEILHO HEe3HAYUTENbHARA COPOLUMOHHAA COCOBHOCTD M BHICOKAA
TOYHOCTb ONpefeNerwii NPeAOTpeneniioT GonblIne TepCIeKTUBLL IPUMEHEHNA
PaBVOMHANKATOPHEIX METOAOR /1A PELIEHWA TUAPOTE0IOTMYeCKUX 3a1ay U, B yac-
THOCTY, AU/1A OTIPEA/IeHNA HaNlPaBAEHUA U CKOPOCTU ABYKEHUA MOAIEMHLIX BOA.
Hau6onslree mpumerexue B kadecTse UHANKATOPOB HAXORAT COCUHEHUA, CORep-
wamue 131,828y, 3H, 51Cr, 6°Co, 8Rb, 35S, 24Na u ap.

PafMOMHANKATOPHbIE METOAL IPUMEHAIOTCA B PAINUYHBIX BAPUAHTAX U MORY-
(uKaumax (ONHOCKBAXMHHEIE U C HAG/NIORATENLHEIMU CKBAKUHAMY, OfJHOUH/NKA-
TOPHbIE U ABYXUHANKATOPHELE U Ap.).

CyTh ORHOCKBAXMHHOrO PAAMOVHAUKATOPHOrO METOAA 3aKN0YARTCA B NPOBe-
nenwn nabmonerui 3a U3MEHEHVEeM BO BpeMEHW KOHLEHTPauuu BBEIERHOTO B
CKBaXMHY PafMOAKTUBHOrO MHAMKATOPA. YI3MeHeHUA KORLEHTPANNU UHAMKATOPa
BO BPEMEHW U 3MOPH! PaCTpefeneHus ero akTUBHOCTY, TIONYYaeMble ¢ NOMOLbIO
30HAE, ONYCKAEMOTO B CKBAXMHY, ABNAIOTCA OCHOBAHUEM [/IR OMPEACNEHUA Pacxo-
13, CKOPOCTM U HANpPaBJAEHUS [BVXEHWUA NOTOKA MOA3eMHbX BOA. Ocobenno ad-
(EKTUBHEIM ABAAETCS 3TOT METOR [PV UMIY/NLCHOM BBEAEHUW PAAMOMHANKATOPA.

PafMOMHAMKATOPHbe METOAbl C HABMIORATENLHEIMU CKBAKUHAMN B METOAM-
JeCKOM OTHOLIEHWUW AHANIOTUYHbI ONUCAHHBIM BBUe: PUKCUPYETCR MOABACHNE MK~
AMKaTOpa B HabMOAATENbHOM CKBAKUHE, U BPEMs eTO IePeABVIKEHUSA OT YCKOBOI
O KOHTPOJILHOM TOMKI UCIONIB3YETCA BAA OTIPERENEHUA ReHCTBUTENBHO CKOPOC-
™ GuIbTpauMn.
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Pazpen 4. UHKEHEPHO-TUAPOJIOTUYECKUE
U3bICKAHUA PEXXUMA U BAJIAHCA
IIOASEMHBIX BOJ

MayyeHuio pexuma u Hananca NOAIEMHBIX BOA OTBOAUTCA CYL|eCTBEHHARA PONb
W 3HaveHue B ofujeM KOMINeKce TMAPOrecNOrMYECcKUX UCCNe0BAHWI, BEIONHAE-
MBIX TTPU PELIeHMU CaMbIX Pa3HOOGPA3HBIX HAPOAHOXO3ANCTBEHHEIX 3aAaY.

CTauuoHapHble TMAPOre0Nornyeckue HablAeHUR C HENbI0 U3YYEHUR PeXn-
Ma W 6anarca mop3eMHbIX BOA MO3BONAIT AATh KONUYECTBEHHYIO XapaKTEPUCTUKY
npoueccos HPopMUPOBAHMSA MOA3EMHDIX BOA, BHIABUTL OCHOBHBEIE 3aKOHOMEPHOCTN
MPOCTPAHCTBEHHO-BPEMEHHOTO U3MEHEHUA UX KONUYLCTBA, KAYECTBA U CBOWCTB U
WCTIONIH30BATh 3TU 33KOHOMEPHOCTW ANA OGOCHOBAMMA MyTelt Haubonee pauuo-
HaJIbHOTO0 OCBOEHUA U 0OXPaHbl [IOA3EMHBIX BOA, COCTaBA MEPONPUATUIA To 6opbbe ¢
WX BPEAHBIM BO3ENCTBUEM U CIOCOBOB YIIPABAEHUR UX PEMUMOM.

Ponb U 3HaYEHUE ITUX UCCTIEN0BAHUN BYAYT YBEAUYUBATLCA B faNbHENLIEM NTO
Mepe POCTa TMAPOTe0N0rMecKon U3YYEeHHOCTU TEPPUTOPUM, PA3BUTUA CETU pe-
KUMHBIX Ha610AeHU U COBEPLIEHCTBOBAHUA METONOB UCTIONb30BAHUR Pe3yNbTa-
TOB CTALMOHAPHBIX HABIOAEHNI AR BHTONHEHUA PA3IMYHOrO POAA PUIPOreono-
IMYeCKUX Mporko3os. Co BpeMeHeM u3yyeHue pexxuma NOA3EeMHbLIX BOA B ecTe-
CTBEHHBIX U HAPYLIEHHbIX YCIOBUAX OYAET TNaBHbIM, 3 HEPEAKO U eAUHCTBEHHbIM
BWAOM MOJNEBBIX FUAPOre0N0rMYECKUX UCCNEA0BAHUM,

Mannbie vabnopenu 3a pexvmom v 6anaHcom nOp3EMHHIX BOA 6ynyT obecre-
YuBaTh He TONbLKO BLICOKYIO AOCTOBEPHOCTD U 06OCHOBAHHOCTb BHITONHAEMbIX UH~
WEHEPHBIX ITPOTHO30B, HO W 3HAYUTENbHOE MOBbLILIEHWE IKOHOMUYECKO 3ddex-
TUBHOCTU TMAPOrEOI0IMYECKUX UCCIEAOBARUMA N N3LICKAHUNA.

Tnapa 4.1. PE3KUM H BAJIAHC IIOJ;3EMHBIX BO[,
LEJIM X 3AJAYH UX U3YUYEHHUA

Tlop peXuMOM MOA3EMHBIX BOA MOHUMAWT UIMEHEHUA B NPOCTPAHCTBE U BO
BPEMEHU PeCcypCcoB, CBOWCTB M COCTaBa NOA3EMHEIX BOA (BKNIOYAs YPOBHY, PacXopbl,
CKOPOCTM, TEMIEPaTYPy, XUMUIECKWiA, Ta30BbIi, U BaKTEPUONOTUYECKUHA COCTABHL),
OTpaxanue npouecc ux popmuposanua. Lens HabnwoaeHwit 3a peXUMOM — yCTa-
HOBNEHUE 06BEKTUBHLIX 3aKOHOB ABJIEHMH, UMEIOLIUX MECTO MPU OPMUPOBaHUK
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MOA3EMHbLIX BOA, UX 06BACHEHWE W MCNIONb30BAHME ANA 06OCHOBAHWSA Pa3NUYHOTO
POAA PULPOTEOIIOTUYECKUX NIPOTHO30B,

PexuM NoA3eMHbIX BOA B 3aBUCUMOCTU OT XapaKTepa Ornpenesfiommx ero fe-
JIeHUA W QaKTOPOB MOXeT ObITb ecTeCTBEHHHIM ((GOpMUpYeTcA non aedcTeneM
KOMIINEKCa eCTeCTBEHHbIX GAKTOPOB — re0NOrMYecKUX, KAMMATUUeCKUX, TMAPO-
NIOTMYECKUX, GUONOrO-NOYBEHHBIX, KOCMOTEHHEIX WU Ap.), HAPYIIEHHbIM (06yCnoB-
JIeH TNaBHHM 06DPa3oM BAUAHUEM UHMEHEPHO-XO3RACTBEHHOW AEATENbHOCTY ve-
n0BeXa) u cnaboHapyWeHHsIM, GOPMUPYIOLINMCA TIpU COBMECTHOM BO3AGHCTBUM
UCKYCCTBEHHKIX W eCTECTBEHKBIX HAaKTOPOB, HO MPU MPEUMYIIeCTBEHHOM BIUAHUN
MOCNEeAKUX.

Ha 6onbureit yacri Tepputopuu POCCUU UMEIOT MECTO €CTECTBEHHBIR U Cnabo-
HapyLIEHHbIA PeXUMB! TION3eMHEIX BOA. HapylleHHbI peXuM xapaxTepeH ans
OTAENbHBIX YHaCTKOB, TAe pellamum GakTopoM B CO3RAHUU PEXUMA TTOA3EMHBIX
BOQ ABNAGTCA UIKEHEepHaA AeATENbHOCTD Jen0BeKa (OpolieRue, OCylIeHue, TUA-
POTEXHUYeCKOe CTPONTENBLCTBO, ACHCTBUE BOR03a00PHBIX U APEHAKKLIX COOPYKe-
HWI M T. ). B 3TON CBA3U UCCNEROBAaHUA peXXUMa NOA3EMHBIX BOA MOTYT 6bITh
ToApa3feneHsl Ha perMoHaNbHEIe, HATPaBAEHHbIE Ha BhABNEHUE 06IMX peruo-
HanbHLIX 33KOHOMEpHOCTeH (DOPMUPOBAHUR PeXUMA TOA3EMHEIX BOJ (TNaBHBIM
06pa3omM MO AGWCTBUEM eCTECTBEHHBIX PeXuMoobpasylommx dakTopos), u no-
Kanbble (Crnennanu3upoBanHbie), HaMpasaeHHble Ha U3yueHue ocobeHroCTeM pe-
1UMa TIOA3EMHBIX BOA, HOPMUDYIOLIETOCA [0 BIUAHUEM MECTHBEIX HaKTOPOB (K-
TONOrMYECKOTO COCTaBa NOPOA, TMAPONOTMYECKOrO PEXNMA PeK U BOOEMOB, ILy-
6UHBL 3aN€raHUA ITOA3EMHBIX BOA, APEHUPOBAHHOCTN TEPPUTOPUN U UHKEHEPHOR
AEeATENbHOCTN YenoBexa).

H3yuenue pexxuma noA3eMHbIX BON NIO3BONACT ONPERENATh: 1) HeoGXORUMbIE
ANS IPOTHO3OB €CTECTBEHHOTO UM HAaPYLIEHHOTO PEXUMOB CBA3M U 3aBUCUMOCTU
INEMEHTOB PeXVMa OT IPUPOAHBIX U UCKYCCTBEHHBIX (PaKTOPOB (MW UX COBOKYII-
HOCTU); 2) OTAENbHBIE 3NEMEHTE! BORHOIO Bananca, UCnonb3yeMpie nipu 060CHOBa-
HUW BOLOXO3ANCTBEHHBIX MEPOLIPUATUMA W BOAHOOANAHCOBLIX pacyeTax; 3) xapak-
TEep W CTeNeHb BAUAHUA UHXEHEDHOW REATENLHOCTU YeNOoBeKa Ha MOA3eMHble
BOAbI M CBAJAHHBIE C UIMEHEHMEM UX DEXMMA ABNEHUA U Npouecchl (Ans o6ocHo-
BAHUA Hanbonee paunOHaNbHEIX YTei YIIPaBIEHUR PEXUMOM NON3EMHLIX BOA, UX
HapOAHOXO3AMCTBEHHOrO UCIIONb30BAHUA U OXPaHbI); 4) 0COGEHHOCTU PACYETHHIX
CXeM W 3HAYeHWR pacyeTHHIX TMAPOreoNOrMYecKUX NapaMeTpos, HeOGXOAMMbIE
ANA Pa3NWIHLIX IPOTHO30B U 060CHOBAHMNIA.

Tlop 6anancoM TOA3eMHEIX BOA NMOHUMAETCA COOTHOLIEHUE MeXAY UX Io-
crynnenueM (IPUXOAHAA HaCTh) N pacCXOa0BaHUEM (PACXOAHAA YaCThb) B KOANYe-
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CTBEHHOM BhipaMeHuu (B 0,1 MMAAUMETpE CNOR BOAL) HA TOH MAM MHOM Maomann
3a onpepeneHHbli mepuon.

Pexxum u 6anaHc moA3eMHBIX BOA B3aUMOCBA3aHB. OHW XapaKTepusyoT oAt
" TOT Xe npolecc — GopMupoBaHMe NOA3EMHbIX BOA. BonHbiii 6anac, obycnos-
NeHHBIN BNNAKUEM eCTeCTBEHHBIX (0CalKN, UCTIapeHne, TPAHCTTMPALUA, KOHNeH a-
1A, TOA3EMHBIA U MOBEPXHOCTHIA CTOK) U UCKYCCTBEHHLIX (OpOlIeHMe, MOTepu
BOABL M3 KaHANOB M CUCTEM BOROCHAGMEHUA, MOATIOP, APEHAX, arpOMENNOPaTUB-
Hble MEPONIPUATUA U Ap.) baKTOPOB, MpenonpenenseT reHeTUYECKUe OCHOBM, Ha-
MIPaBNEHHOCTb ¥ XapaKTep PeXuMa noaseMHux B0z, [lo3toMy nsyyerue snemex-
TOB BOAHOTO 6anaHCOB U BHIRABNEHME OCHOBHLIX BEAYWMUX €r0 MoKasaTened co3na-
©T OCHOBY ANA HayyHOTO MO3HAHWA W YIpaBAeHMA PEXMMOM IOA3EMHBIX BOA. B
CBOI0 OYepeAb aHaNU3 PeXUMa IOJ3EMHLIX BOA MO3BOJNAET IPOBOAMUTL KONUYe-
CTBEHHOE OMpesieleHue OTAENLHAIX 3eMEHTOB BOAHOTO 6anaxca (MHbUALTpauuy,
WCrapeHus, MOA3eMHOr0 CTOKA) U [AET BO3MOMHOCTb BHIIONHATHL 6onee o6ocHO-
BAHHO BOAHO-6anaHcoBbie PacyeTsl.

3anaum u3yyeHua pexuma u 6ananca nop3eMHLIX BOR MHOroo6pastst. Tak, usy-
JeHMe eCTeCTBEHHOTO PeXMMa NOA3EMHEIX BOA OCYIIECTBNAETCA B Liensx obecmeye-
HUA pelileHWA Cnepylomux 3anay: 1) BHABNEHUA YCNOBUA GOPMUPOBAHUA TTOA3EM-
HBIX BOA (QLeHKA TUTaHUA, PAsTPY3KW U POAN OTAENBHBIX PEXUMO06Pa3yOWNX (paK-
TOPOB ¥ NPOLECCOB, OTIpefieNleHNe 3neMeHTOB BOAHOrO 6anakca); 2) U3yYeHUA 3a-
KOHOMEDHOCTE! U3MEHEHUA BO BpEMEeHW eCTeCTBEHHOrO MUTaHMA MNOA3EMHBIX
B0A); 3) YCTaHOBNEHWA 3aKOHOMEepHOCTEN HOPMUPOBAHUA BOLHOTO, CONEBOTO U
TEennoBOro 6anaHca NOA3IEMHBIX BOA U UCTIONb30BAHUA UX ANIA POrHO30B PeXUMA
T(ON3EMHBIX BOA; 4) PErMOHANbHOTO U3YYEHUR €CTECTBEHHOTO PEXWUMA MOA3EMHbIX
BOA Kak hOHA ANA aHANW3a M MPOTHO3a HAPYLUIEHHOTO PeXUMa og3eMHbIX BoJ Ha
JIOXaNbHHIX YYacTKaX; 5) yTOUHEHUA IPUPOAHBIX YCAOBUI W PaCUETHBIX 3HaYEHUA
TUApPOTeonornyeckux napaMeTpos.

TIporHo3bl ecTeCTBEHHOTO PEXUMa UCIONb3YIOTCA PU [IIAHUPOBAHUN W OCY-
WeCTBAEHUN Pa3NUYHLIX BUIOB CTPOUTELCTBA (TPAKAAHCKOTO, TPOMBIINEHHOTO,
TPaHCNIOPTHOTO, TMAPOIHEPIeTMYECKOT0, MENMOPATUBHOTO U AP.), BOROCHAGKe-
HUR, CeNbCKOXO3AWCTBEHHOTO MPOU3BOACTB W pellleHWA APYTUX HapOJHOXO3AR-
CTBEHHbIX 3apay.

H3yyenne cnaboHapyueHHOro M HapYLIEHHOTO PeXUMOB MOA3EMHLIX BOA, UX
DPOTHO3H W aHanu3 MPOBOAATCA NPU PelleHNN CReAylolUX NPAKTUYECKUX 3afad:
1) pasBefike MeCTOPOXAEHU! NOR3EMHBIX BOR, OlleHKE UX 3aIlacoB, COCTABAEHUM
TPOTHO30B MX PeXMMa NPy IKCTIAYaTaunyu 1 060CHOBAHUN MEPONIPUATUI TTO pauu-
OHaNbHOMY WUCTIONIb30BAHMUIO U OXPaHe NOA3EMHbIX BOA OT UCTOLIEHUA U 3arpA3He-
HUA; 2) pa3BeiXe U pa3paboTKe MECTOPOKAEHUA TBEPALIX [ONE3HBIX UCKOTIAEMBIX,
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HedTu « rasa (IPOrHO3Hl BOAONIPUTOKOB, BAUAHUA BOAOOTAUBA U YCTONYMBOCTU
BbHIPaboTOK, 060CHOBaKWe Hanbonee palMOHaNbHBIX NYTe! U METOAOB 3KCINya-
TaLUU MECTOPONMAEHWUA N T. A.); 3) 060CHOBaHUM OPOCUTENLHBIX, 06BOAHUTENb-
HBIX W OCYLIMTENbHEIX MENUOPaluU W MeTO0B YIPABAEKUA PEKUMOM IOA3EM-
HbIX BOJ, B PaiOHAX WX MPOBEACHUA; 4) U3LICKAHWAX, TPOEKTUPOBAHUM, CTPOU-
TenbCTBE W IKCIIYATAauNUU Pa3NNUHBIX WHIEHEPHBIX COOPYKEHWA U NPOrHO3ax
BO3MOKHBIX U3MEHEHWH TMAPOTe0NOrMYECKUX, THAPOTEOXUMUYECKUX, MEP3NOT-
HBIX, MEIMOPATUBHbLX, UHXKXEHEPHO-TeoN0TUYECKUX U APYTUX YCIOBUNA B CBA3U C
BOLOCHAOKEHUEM, OPOLIEHUEM, OCYLIEHUEM, TUAPOTEXHWUYECKUM, TPOMbILIIEH-
HEIM U TPXKAAHCKUM CTPOUTENLCTBOM U APYTUMU BULAMU UH)KEHEDHOW fleATenb-
HOCTU YeNOBEKA U T. A.
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I'nasa 4.2. METO/IbI H3YYEHHA PEXHUMA NOJ3EMHBIX BOJL

AHanu3 MHOPONETHUX HaBMOAEHUN 33 PEXUMOM TIOA3EMHEIX BOJ, CBUAETENb-
CTBYET O TOM, YTO ITOf, BANAHWEM Pa3NMYHLIX IO FeHe3nCy pexumoobpasyiommx
axToOpOB — 3K30TEHHBIX (KOCMUUECKUE, METEOPOTIOTeCK Ve, TUAPONOTUYECKUE,
61onoruyeckue), IHNOTEHHHIX (re0NOrUYeCcKUe), UCKYCCTBEHHEIX (AHTPOMOreH-
Hble) U NPUPOAHBIX YCNOBUMA (PEONOTUHECKOE CTPOEHWE, TUTONOTUR, Penbed, no-
BbI, HAUYWE MEP3NOTH U T. I1.) — MPOUCKOAAT 3aKOHOMEPHBIE U3MEHEHUA PU3U-
JeCKUX CBOWCTB, COCTaBa U KONMYECTBA NOJ3eMHLIX BOA, TPOABNAIOWMECH B U3Me-
HEHWU UX YPOBHA W KayecTsa. M3yyenue 3TUX U3MEHEHW! U BLHIABNEHUE UX CBA-
3efl C peXuMoo6pasylonumMu $paxTopaMu U NMPUPORHLIMU YCIOBUAMU ABAAIOTCA
OCHOBHO 1leNblo CTaUOHApHBIX HabmiopeHuit. Cnepyer oTMeTUTD, YTO Habnwne-
HUA 33 PEXVUMOM IPOBOAATCA PU U3YYEHUM KaK PPYHTOBBIX, TaK N HAMOPHLIX BOA,
XOTA PeXVM OCNEAHUX, €CTIN OH He HapYIIeH UHKXEHEPHON AeATeNbHOCTHIO Yeno-
BEKA, XapaKTEPU3YETCA CPABHUTENLHBIM IIOCTOAHCTBOM €T'0 OCHOBHLIX 31€MEHTOB
(Mbe30MeTPUYecKOro YPOBHS, COCTABA U CBOUCTB).

CymecTBeHHO 60nee 3HAYUTENbHLIMU U MHOr00BPA3HEIMN ABNAIOTCA U3Me-
HEHWA PeXWUMa IPYHTOBHLIX U Herny6oxo 3aneraoilux HaMOPHLIX BOJ, UCTILITH-
BaWIMX 3aMeTHOE BAUAHUE Pa3HOOOPA3HBLIX ECTECTBEHHBIX W UCKYCCTBEHHMIX
axTopoB. 3TU U3MEHEHUA MPEACTABAAIT HAUGONbIIIA HAYIHBIA U TPaKTUIeC-
KW MHTEPEC B CBA3N C HEOOXOAUMOCTBIO PelIeHUA LIMPOKOTO KPYra HAPOAHOXO0-
3AMCTBEHHBIX 3apay. [N adGeKTUBHOr0 UX penleHus B pesynbraTe Habnwope-
HWi 32 PeXUMOM ROMKHLL GBITL TONYYeHbt RAHHLIE O XapaKTePe BHYTPUTOL0BLIX
(Ce30HHBIX) U MHOTONETHUX KONEGAHNW OCHOBHBIX 37leMEHTOB PeXNUMa NOA3EM-
HHIX BOZ (MX YPOBHeW, TeMmepaTypsl U XUMWUYECKOro COCTaBa) B PasnuUYHON
MpUPOAHOU 06CTaHOBKE W 06 OCHOBHHIX (aKTOpax, ONpPeReNAloUNX XapakTep
PeXnMa IOA3EMHEIX BOJ,.

Tonbxo Ha 0CHOBE BHIABNEHWA PETMOHANBHLIX 3aKOHOMEPHOCTEN! peXxuMa roa-
3eMHBIX BOA, UX TEHETUYECKUX CBA3EN C GAKTOPAMU W YCIIOBUAMY, €TO ONpeAens-
WOLWMU, MOXXHO NIOAOUTN K IPaBUNLHOMY BHIGOPY U 060CHOBAHUIO METOAOB IPO-
FHO30B PeXuMa IOA3EMHbIX BOA, X 06OCHOBAHHOW IKCTPAMONALUM PE3yNbTaTOB
CTaUMOHAPHEIX HA6NIOAEHUN, TONYUEHHBIX B TOUKE, HA 0BMIVPHbIE NMPOCTPAHCTBA,
K KapTUPOBAHUIO PEXMMA [OA3EMHBIX BOA U €T0 OCTOBEPHbIM IPOTHO3AM.

H3yuenue pexvMma INOA3EMHBIX BOJ OCYNIECTBAAETCA NyTeM CTAUNOHAPHHX
CUAPOreoNOrnyecKnX HabniofeHUi 3a N3MEHERNEM OCHOBHLIX 3N1€MEHTOB PexnMa
(ypoBHeM, pPacxonos, TeMNEpaTypPhl, XMMUIECKOTO U BaKTepUONOruyecKoro co-
CTaBOB) MO CMenuanbHO 060pyAyeMON CeT HabNIOAaTeNbHbIX MYHKTOB (CKBA-
XUH, UCTOYHUKOB, WwypHOB, Konopues, puc. 4.1). Hanbonee npeanoyTUTENbHb
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Puc. 4.1. KoHcTpykums Habniopa-
TeAbHBIX NYHK10B: A — Habiopa-
TENbHAA CKBAXMUHA: 1 -~ OrONOBOK,
2 — narpy6ok, 3 — kom6uHuposan-
HbIi FAMHAHO-UEMEHTHbIY 3aMOK
(a — uement, 6 — rmuHa), 4 — ko-
NoKHa TPy, 5 -— paboyan vacTe
hunsTpa, 6 — orcToittuK, 7 — npob-
Ka, 8 — penep, 9 — yposeHs
noa3eMHbix Bop; b — wrekdunbrp:
9 — ypOBeHb rpyH10BbIX BOA

AnA HabniopeHnA 3a PeXUMOM NMOA3EMHBIX
BOJ CKBAXMHBEL U UCTOMHUKM. B paiioHax
HapyWEHHOTO peXuMa pna Habniopeni
MCIIONB3YIOTCA TaKKe BORO3abopHbie u Ape-
Ha)KHBIe COOPY)XEHMA, TOpHble BLIPaboTKN
n 7. . Ilpn Herny6oKOM 3aneranun Nnop-
3eMHBIX BOA (A0 10 M) B PHIXNBIX OTROXE-
HUAX ANA HABMI0eH A 33 YPOBHEM UCTIONb-
3y10T 3a6UBHBIE GUNBLTPHL U WTEKPUALTPH
(puc. 4.1, B), usrorosnsembie U3 Gyposbix
Tpy6 U LITAHT (AMaMETPOM 2-3 MM n Bonee).

B KOHCTPYKTUBHOM OTHOLIEHUW Ha-
6nioparenbHbe BOROYHKTHI AOMKHbL OTBE-
arb BCeM TPe6GOBAHUAM, TPEABNAEMBIM K
PEXMMHBIM YRKTaM (MCKMOUEHUE 3arpas-
HeHWW W TIPAMOTO TomajaHus armocdep-
HBIX OC3fKOB, U30MAUMA TOMKW Habniope-
HWU OT BAMARNA APYTUX 06BEKTOB, BOIMOX-
HOCTb 0T6Opa PO BOALI, 3aMepPOB YPOBHA
W TeMIePaTyphl, NPOBElCHNA PEMOHTA, He-
3HAYNTENbHAS UHEDPLUOHHOCTb CKBAXWUHEL
W compoTusnenne GunbTpa u T. A.). Im
Tpe60BaHNA HAXONAT OTPaXEHUe B Crienu-
¢buke coopyxenus n 060pynoBaKUA Ha-
GnionaTenbHbIX CKBAXMUK (pUC. 4.1), 0 YeM
y)Xe TOBOpUNOCH B rnase I.

HekoTopoit creundukoit 0TAMYaeTCA
060pyAOBAKNE CKBAXUH PEXUMHOM CeTN B
MHOI'ONETHEMEeP3NbIX Nopopax. OHa o6yc-
NOBNEHa BO3MOXHOCTI0 06pa3oBanua ne-

IAHBIX JTPOBOK, ANA YCTPAHEHUA KOTOPHIX MPAKTUKYIOT NepuoAMYecKuit IPorpes
CKBAXWUH NapoM, FOPAMei BORON, INEKTPOHArpeBaTeNiMn, 3aMofHEHUe CTBONOB
Hab0paTeNbHBX CKBAKUH CONAPKOW UAU PACCONOM, TPOKATKN CKBAKUH U T. Ji.
MeTopmKa n 0CO6EHHOCTN U3YYEHUA PeXUMa NOA3IEMHEIX BOJ| 3aBUCAT OT lje-
NeBOrO Ha3HAYEHUA BHITONHACMbIX NCCNEAOBAHNI, COREPKaHUA PEATIONAraeMbIX
X PENIEHUIO 337134, YCTaHOBEHHbIX 3aKOHOMEPHOCTE 30HaNbHOCTN PeXnMa, pu-
POAHLIX YCNOBWA PailOHa, XapaKTepa BAMAHUA PeXuMoobpasyomux Gakropos u

APYTUX Mokxa3saTenen.
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H3ydyeHue eCTECTBEHHOIO pPeXxUMa NOA3EMHBIX BOA. M3yuenue 3axoHo-
MEpHOCTei eCTEeCTBEHHOTO PeXUMa IPYHTOBLIX BOJ AOJKHO OXBATHIBATH OCHOB-
tible BOROHOCHbIE TOPU3OHTHI U IIPOBOAUTLCA BO BCEX PANOHAX, Ie 3TU I'OPU30OHTHI
IPeACTaBAAIOT UHTEPeC ANA HAPOAHOrO XO3AWCTBA B HACTOALLEe BPEMA UK B Tiep-
cnekTuBe. B pesynbraTe TaKuX UCCNEAOBAHUMA JOTKHEL GLITh U3YMEHBI XOf, Ce30H-
HBIX W MHOTONIETHUX KONeGaRU! YPOBHA U NPYTUX 3NIEMEHTOB PeXUMa B Pasnuy-
HBIX T'MAPOTeONOTNYeCKUX YCNOBUAX, OCHOBHEIE YAKTODPHI PEXUMA, AMITTUTYABL Ce-
30HHBIX 1 MHOTONETHUX Kone6aRrni YPOBHA U T. 4.

Pa3aMeluenme ONOPHOW HabNIOAATENbHON CETU OCYECTBAARTCA HA OCHOBE pait-
OHWPOBAHWA MCCNEAYEeMOit TEPPUTOPUW TIO YCNOBUAM (HOPMUPOBAHUA PEXUMA
FPYHTOBLIX BOA, C UCIIONb30BAHMEM KDYMHOMACWITAGHIX FMADPOTEONOrnYecKux
KapT U C YYEeTOM CTEIeHW U3YYEHHOCTU KAKAOro u3 paioros. Ilpn paitoruposa-
HUM TEPPUTOPUM YIUTHIBAETCA BAMAKME OCHOBHBIX PEXUMOOOpasywommux daxro-
POB, CBOWCTBEHHHIX BHIZ€NIAEMbIM T'MAPOTEONOTNYECKUM paoHaM (IO KNUMATH-
YECKUM YCILOBUAM BbIAENANTCA POBUHLMN, IO CTENIEHU YBNAWHEHHOCTU — 30HH,
MO CTENMEHU APEHNUPOBAHHOCTU — O6NACTY, IO INTONOTUYECKOMY COCTABY BOZO-
BMeIJalolux NMOPOA — PaioHbl, IO TeOMOP(ONOrUYECKUM YCIOBUAM — YYaCTKK,
10 MOIJHOCTM 30HH a3pauuu — TNNOWAAK), U TEM CAMBIM ONPEAENATCA Halpas-
JIeHHOCTb UCCNIEA0BAHMUN TIO N3YYEHUI0 PEXUMA U 6anaKca NO3eMHbIX BOA,

HabniopaTenbnan ceTb pa3MelaeTca B NpefiesiaX KaXAOr0 U3 TMAPOTeONOTH-
JeckMUX pavoHoB (OCHOBKAA €ltHWLA PAlOKUPOBAKMUA) B BUJE CTBOPOB, OPUEK-
TUPOBAHHBIX OT BOROPA3/EN0B K APEKaM TaK, YTOBLl HAbNOAEHNAMU BEIM 0XBa-
YeHbl BCE XaPAKTEpHbIE A JAHKOrO PaiioHa KOMIUIEKCh! BOJOBMENA0WNX MO~
POA 1 reoMOP(HONOTMIECcKUe INEMEHTH (YIaCTKU MeXAYPeuun, CKNOKOB, Teppac
W TOWM, TNOWAAYU C PA3NUMHON MOLJHOCTbIO 30HH a’pauuu u T. A. puUc. 4.2).
CkBaXMHbI Ha CTBOpAX CNejyeT PaCronararh B BUAE KYCTOB (3 CKBAXMHMI, pacno-
NI0XXEHHbIE N0 MOTOKY B YCNOBUAX OAHOMEDHOTO NMOTOKA, U KOHBEPT U3 5 CKBa-
WK IPU PaAManbHOM B MAaKe MOTOKe), YTO obecreyuBaeT ompenenexue ine-
MEeHTOB HanaHnca 'pyHTOBLIX BOA Ha OCHOBE TMADOAMHAMMUYECKOTO aHanusa pe-
UM UX YPOBHA (NP rnybUHe 3aneranus 'PYHTOBLIX Boj He 6onee 10 M mocnep-
Hee TakKe BO3MOXHO C TIOMOLIbI0 IM3UMETPOB-UCapuTenei). CTBOPH CKBAMUK
PAcnonaralT B HalpaBAeHUN MaKCUMaNbHOTO U3MEHEHUA I'MAPOTEON0TNYeCKUX
noxasareneii (O NOTOKY).

B MpoCTHIX yCNOBUAX TPU ONHOPOAHOM CTPOEHUM BOAOPA3/IeNn0B UK Teppac B
bacceiiHaXx KPYMHLIX PeK PEKOMERAYETCA PACNIONOXUTE IO KYCTY CKBAXUH (ToTie-
PeUHUK U3 3 CKBAXUH UM KOHBEDPT U3 5 CKBAXWUK) B Npesienax BOQOPasAena, Ha
CKNoHe OT BOAOpa3fena K Teppace, Ha TeppacaX u 3 CKBaXWHb B 30He TUAPOreo-
NIOTUYECKOr0 BO3JEACTBUA OCHOBHOI ApeHst. IIpn npeHupoBaRUM peuHoW nonu-
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/// Puc. 4.2. CxeMa pacnonoxenus
HabA0AATENbHBIX CKBAXWH B
rUAPOre0noruyeckoM panoHe:
1 — y4acToK ¢ NpUpeUHbIM
TUNOM peXuUMa NOA3EMHbIX BOA;
2 — y4aCTOK CO CKNOHOBbIM
TUNOM peXuUMa NOA3EMHbIX BOA;
3 — y4aCTOK C MeXAYpeYHbIM
TUNOM PeXMMa NOAIEMHBIX BOA;
4 — rpaHuub Teppac;

5 — cTBOp HaBnloaaTENbHbIX

M! 2 %3 QES CKBANUH

HOW HaTlOPHBIX BOJ CJIEAYeT AOTIONHUTENBHO 33a0KUTL CKBAXUKL Ha RaNOPHbINA
BOROHOCHbI FOPU3OHT, Kax Ha BOROPA3fene, TaK U B RonvHe. B Gacceiinax manbix
PEK KYCTHI CKBAXWH Ra CKJIOHaX W Teppacax MOXHO He 3axnapmBaTs. Habnwopa-
Te/bHbe MYKKTH 1O BO3MOXKOCTW C/egyeT MpubNuKaTh K rMApPOMETeOpONoru-
YeCKUM NOCTaM. MakcMManbHoe PaccTosHUe MeXAY HaBMORaTeNbHEIMU TYHKTaMU
B INpefieNnax OAHOPORKOTO TIO TUAPOTEOI0TUIECKUM YCNOBUAM PaitORa He NOJKHO
nipeBbiaTh 100 KM, TaK Kak 3a STUMM NpeAenaMn B PeXXUMe PPYHTOBLIX BOA OWY-
TUMO TIPOABJIAETCA KIANMaTUYeCKas 30RaNbHOCTb. B CIOXHLIX MO reoMophonoru-
YECKUM W JIMTONOIUYECKUM YCIO0BUAM PaiiOHaX HabmoparenbHas CeTh CryWaeTcs,
(CKBRXMHBI PacIoNaraloTCa Ha TUNOBLIX Y4ACTKaX, HEPEAKO BHE CTBOPOR).

Pa3MecTus, Takum 06pa3oM, HabnOaTeNbHYI0 CETh B Peaenax panoHoB, as-
TOMAaTUYECKH 06€CTIeYNBAIOT U3YYERNE PeXUMa FPYHTOBLIX BOA B Npepenax obna-
CTeW, 30K ¥ TPOBWRLUIA PacCMaTpUBaeMoi TeppuTOpUm.

PasMenjeRue HaGMORaTeNIbROM COTU /ISt U3YIEHNA ECTECTBEHHOTO PEXUMA Ha-
TIODHBIX BOA TAKXe OCYUECTBIAETCA Ha OCHOBE PAtOHWPOBARMA TePPUTOPHUM, NPO-
BORWMMOTO C Y4ETOM BAMAHUA OCHOBHBIX PeXUMOO06pasymux GakTopos (reonoru-
YeCKOro, TeKTOHWYECKOTO W 0POrpadMueckoro CTPOEHUSA, CTeNeHU APEHUPOBARHOC-
TW ¥ INYGUHDI 3a7leTaHUA NOA3EMHBIX BOA, YCI0BUA UX TMTAHUA W PasTPY3Ky, INTO-
JIOTMW BOROKOCHHIX IOPOJ, B3aUMOCBA3U TIOR3EMHBIX U [IOBEPXHOCTHHIX BOR U T. B.).
OCHOBHOM egMHULEeNn TaKoro PAaiOHUPOBAHUA ROJKEH GbITh HAcCeMH MOR3eMHbIX
BOJ, BHJEJIAEMBIN TI0 TeOCTPYKTYPKEIM YC10BUAM. B Mpenesniax xaxporo u3 6accen-
HOB CXeMbl PAacTOl0XEHWUA TOYeK Hab10RaTenbHOR CETH ANA U3YYEHUA DeXUMA
W 6ana’ca CPYHTOBLIX M HANOPHBIX BOR AO/DKHBI GHITH B3aUMOCBA3aHbL. M3yuexnio
416
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Pazaea 4. UHXEHEPHO-TMADOACTUYECKUE W3BICKOHUA peXxuMa U BaaaHea...

MOABEPraloTCA IMLIbL OCHOBHBIE TIO 3HAYMMOCTU BOROHOCHbIE KOMIUIEKCh! U TOPU30H-
Tbl. Ha6mopatenbHbie YHKTH B UX TIPEeNax pasMellaloT Ha OCHOBE KapT Pacnpo-
CTPaHeHUs, MYOUH 3aneranus, IMAPOU30TIbe3, IMTONOTMYECKOT0 COCTaBa, TMApaB-
NWNYECKOW B3aUMOCBA3U TOPU3OHTOB, XMMUYECKOTO COCTaBA NMOA3EMHHIX BOA M AD.
0coBeHHOCTM apTe3suaHcKUx 6acceiRoB MNATGOPMEHHOrO TMNIA M apPTe3UaHCKUX
6acceitHOB LOPHOCKIAAYATHX 0671acTel MpenonpenensoT HeKoTOpYo creluduky
pa3sMewienA HabMmoRaTeNnbRbIX CeTei IPU U3YIeHNU PeXUMA MOA3EMHBIX BOJ.

B apTesuaHckux GaccedHax NAATGOPMEHHOIO TWUMA HabnlopaTeNbHas CeTh
pa3sMenjaeTca No CTBOPAM, 3aNaRKbIM OT o6NacTeit MMTARUA U3yYaeMBbIX BOJOROC-
HBIX TOPUM3OHTOB K 061aCTAM UX pasrpysxu. JIna Manbix apTe3suancKnx 6acceiHoB
C O{HOPOAHLIM CTPOEHUEM TOPU3OHTOB HEOOXORUMO 3aKNapbiBaTh He MeHee Tpex
CKBAXMH Ha KXAbIA TOPU3OHT (N0 ORHON CKBAXUHE B 0671aCTM MMTAHUA, Ranopa
pasrpy3ku). IIpu HanUuumM HecKONbKUX 06nacTe MUTARUA W PasTPy3Ku, haunans-
HOW W3MEHYMBOCTW TOPU3OHTOB, a TAKKe B KPYMHLIX apTe3UaRCKux facceiiHax
9NCII0 CKBAXWH B CTBOPAX yBennuusaercs. IIpu nsyvyenuu B npenenax bacceitHa
HECKOJIbKUX BOROHOCHBIX TOPU3OHTOB WAW UX B3AUMOCBA3M CKBAXXUKEI pacnonara-
J0TCA «KYCMaMU» C APYCHO PACTIONOKEHHBIMU GUIbTPaMu B Ipefenax u3yyaeMbix
TOPU3DHTOB.

B paitoHax nepeyrny6neHHbIX PeuHbIX A0IUH MIATGOPMERHLIX obnacTelt He-
06X0RUMO 3aKIAAbIBATD CKBAXUHLL Ra
I10BUI COBpEMEeHROWN U Tiepeyrny6-
JIeHHOW AONUH Kak B Mpefenax Now-
Mbl M HU3KNX Teppac (Ine UMeloT Mec-
TO B3aUMOCBA3b U PA3rPy3Ka pasnuy-
HBIX TOPU3OHTOB), TaK W Ha BLICOKMX
Teppacax v Bogopaspenax (rae MoXer
OCYWECTBAATLCA NUTARUE TMOA3EM-
HbIX BOA, Nepeyray6aeHHO | NONUHDI),
a TAKME Ha HUMENeMalnit TOPpU3ORT
(pnc. 4.3).
B npepenax mepeyraybaeHHHX RO-
JIMH TOPHBIX 06nacTen MOMUMO Tome-
PEVHbIX CTBOPOB C1eayeT NpeaycMar-
PUBaTh U MpPORONbLHLIE CTBOPH (ANA
BBIABJIEHUA KaPTUHbl CHUXEHUA Ha-
TIOPOB BROJIb RONUKEI).

IIpn M3yYeHMU pexuma NOA3eM-
HBIX BOA NPEArOpPHbHIX apTe3naHCKux

Puc. 4.3. Pasmewerue HabnIOAATENbHbIX
CKBaXWH B NepeyraybneHHoi AoNNHE
(pumckme unpbl — HoMepa Teppac cospe-
MEHHOM Q0ANHbI)
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6acceitHoB (KOHYCOB BEIHOCA W NPONIOBMANBHHX LINeN(HOB) HabMORATENbRYIO CETH
CllefiyeT 3aKNaabBaTh CTBOPaMM M3 3-5 CKBaXMK IO HAMPaBIeRMIO OT FOP K I0M-
He wiv BNaauKe. I1o Mepe BHIABNEHUA HOBEX BO,OHOCHEIX FOPU30HTOB HEO6X0Au-
MO 3aKNaAMBaTh OMONHUTENbHbIE CKBAMUKLL Ha 3TV TOPUIONTHL. JINA U3YYeHus
BANAHMA GUNBLTPALMOHHON HEORHOPOAKACTH B IPEAropKLX Hacceitnax nenecoob-
Pa3sHO WUMETb NONEPeYHbH CTBOP CKBAMWH, NEPNEHAVKYNAAPHbLIA OCHOBHOMY. B
06nacTv pasrpysku OprakM3yoTCA HabMoAERUA 32 UCTOYRUKAMU.

JInA M3Y4eHUA eCTECTBEHHOTO DeXMMa MeXTOPHLIX apTe3uaHCKuX GaccedHoB
Hab/1oaTeNbHYI0 CeTh NenecoobpasHo pasMemars ABYMA-TPeMA CTBOPaMU Oepex
MEXTOPHBIX ZI07IMKE UM BNAMH B 3aBUCUMOCTU OT WX MPOTAKEHHOCTH, AOMOTKAR
3TW CTBOPBI EAMHUYHBIMU CKBAXMHAMU MEWAY HUMU u 06pasys, Takum 06pasom,
OZMK NIPOAO/ILHDIA CTBOD C MONepeyHmuKamu (puc. 4.4). llonepeyrsie CTBOPH CleRy-
eT pasmenjaTh B BEDXHEW, CPEAHENH U HUIKKEN YacTAX I0NIMHLL, 0XBaThiBas o6nactu
NIUTaHUA, PACPOCTPAHEHUA U Pa3TPy3Ku HATIOPHbIX BOAL. CKBAMMHEL 0GBIYHO pacTio-
NaralnT KycraMu, ¥T06b1 0XBaTUTh HabIONEHUAMYN OCHOBRbIE TOPUIOHTH. B Menxux
MEMTODHBIX 6acceiHax NPOJOBbKEIA CTBOP MOXHO HE 3aK/ajibBarh.

B manbix apTe3waHckux GacceMrax Mynbp W rpabeHOB NMOMUMO OCHOBHOTO
CTBOpA OT 0671aCTM MUTAHUA A0 0671aCTU Pasrpy3Ku CnepyeT NpeAyCcMaTpuBarh u
NepPNeHAUKYNAPHLIY eMy CTBOP ANA OLIEHKM BAMAHUA BOKOBHX rpaHuy.

Habmonerua 3a peMMOM TIOA3EMRBIX BOJL ZI0JUKHb BT KOMIIEKCHBIMU, T. €.
BK/I0YATh U3YYeRUe N3MEHEHUH UX YPOBHR, TEMITEPATYPLl U XUMUYECKOTO COCTa-
B3, @ B 3aCYLINUBLIX PaOHAX — W CONEBOTO COCTaBa NOYB U NOPOJ, 30HA a3PalUM.
B paitoHax pa3suTUR MHOTONETHEMED3/BIX NOPOJ, KPOME TPAlMLMOKHBIX, BEAYTCA
HabmopeHua 3a UIMEHeHUeM IIYBUHL POMEP3aHUA U OTTAaUBAHMA NOPOA W UX
remneparypbt. Yactora Ha60AEHNIA 3aBUCUT OT 1€/1€BOT0 HAa3HAYeHUA BLINONHA-
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Puc. 4.4. Cxema pasMelieHus KYCTOB W NONEPEYHNKOB HaBMIOAATENbHbIX CKBAXNH
B MEXTOPHOM apTe3naHckom bacceitre; I-IV — Homepa cTeopos
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eMBIX UCCIei0BaHUNA, XapaKTepa W CTENEHW BAUAHWA eCTECTBEHHBIX U UCKYCCT-
BEHHHX (axTOpoB, 0COGEHRHOCTEW PeXUMa, AAUTENbHOCTU LMKNa Kabmoferuit u
npyrux daxTopos. B cpennem HabniofeHVUA 33 eCTECTBEHHHM DEXUMOM TOA3eM-
HbIX BOZ MPoBOAATCA 10 pas B MecAl. B mepuoabl MHTEHCUBHOrO BO3AEWCTBUR
PeXmMo06pa3yiommx pakTopos (MaBOAKY, OCARKU W AP.) YacToTa HabmopeHui 3a
PEHMMOM TOA3eMHbIX BOZ (0COGERHO TPYHTOBBIX) yBeNMYMBAETCA B 2-3 pasa.
Habnionenus 3a n3MeHeHneM XMMUYECKOr0 u 6aKTePUONOrMYecKora cocTasa Noa-
3eMHHIX BOJI U MX TEMIIepPaTyphi BLITOHANOTCA PeXe, YeM HabNIoleHUR 3a UX YpoB-
HeM (0T 2-3 pa3 B Mecal A0 4-6 pa3 B rop). JacToTa uamepeHuil nemeHTOB
PeXMMa HalOPHBIX BOR 06BIYHO B 2-3 pa3a MeHbllle, YeM PPYHTOBHIX.

JInA nepsoro nepuoaa MCClef,0BakuM eCTeCTBEHROTO PeXUMa NIOA3eMHBIX BOJ,
TIPOZIONKUTENBHOCTIO 2-3 TO/ja MOXET BLITh peKoMeH,0BaHa bonee NIMPOKAR CeTh
RabmojaTenbREIX TOMEX, 3 3aTeM Ha OCHOBE aHanW3a MONYYeHHBIX AAHKBIX MO
DEXUMY 3Ta CEThb MOMET GbITb HECKONbKO COKPALeH3, a MacToTa AalbHerlIuX
Rabniofleruit yMeHblleHa. B mpefenax Xawpjoro ruaporeonorMueckoro panoxa
(y4acTKa) COXpPaHAOTCA Te NYHKTHY, IO KOTOPHIM NONYYEHHEE NapamMeTPhl pexuma
621U3KM X CPEAHMM ANA JaHHOTO PaioKa, YCTAKOBNEHHBIM IO MIMPOKOW CETH TO-
yek. Cnepyer OTMETUTD, YTO U3YYeHUE PETUOHANLHBIX 3aKOHOMEPHOCTER pexuMa
TPYHTOBLIX BOJ, IPOBOAUTCA TaKKE U B Pai0HAX, Ifie IPUPOAKRLIA PeXUM Ka 60Mb-
LIMX Nnomanfx HapyueR UCKYCCTBEHHbIMU (bax'ropamu, a BIVAHRUWE NOCnearux
npuobpeTaeT perMOHaNbHbIA XapaKTep.

0co6eHHOCTH U3YYeHUA HAPYWEHHOTr0 PeXXNMa MoA3eMHbIX BOA. U3yye-
HWe HapYNIeHHOTO PeXMMa INOJ3eMHBIX BOJ, UMEeT BaXHoe 3HadeHWe Npu pelle-
HWUM MHOTUX TIPAKTUYECKUX 3a/iay, CBA3AHHBIX C UCTIONb30BAHUEM TION3EMHLIX BOJ,
WK UX perynuposarueM. IIpu opranu3anuv Takoro u3yderus ocoboe sHavenue
TipUoBpeTaloT HabMOAEHUA 33 BAMAHMEM UCKYCCTBERHBIX (aKTopOB, @ BHIABNEK-
Hble KONMWYECTBEHHbe CBA3W MEXAY OTAEeNbHBIMM 3NeMEHTaMUu PeXuma Nop3eM-
HbIX BOJ, (YPOBHEM, TEMIIEPATYPOV, XUMUYECKUM WU BAKTEPUOTIOTUYECKUM COCTa-
BOM) M UCKYCCTBEHHBIMU haKTOPaMu ABAAIOTCA OCHOBOW JNIA BLIMONHEHWA NPO-
THO30B U 060CHOBAHUA MEPONIPUATHUI TO PALMOHANLHOMY UCTIONL3OBAHUIO U PETY-
JIMPOBaHMIO TOA3EMHBIX BOA.

TIpuHLMILL Pa3MelieRnA HaBNoKaTeNLHO! CETH U METOAUKA NPOBEAeHNA Ha-
BMIoReHMUIA 32 KApYIIEHHBIM PEXUMOM YCTAKABNUBAIOTCA C YYETOM TPUPORKBIX
ocob6eHHOCTe PaitoHa, ero M3yeHHOCTH, BO3MOXKHOW CTENeHW BAMAHUA pasnuy-
HbIX PeXuUMoo6Gpasylommux (axkTopos, 1e1eBOro Ha3sHauYeHUA W 3ajjay Nnanupye-
MBIX UCCnepoBarui. Pasmemenve RabniogaTenbHoit CeT! U BHINONHAEMbIE HabnIo-
NeHUA [OIKHB 06ecreyuBarh U3yuYeHUe 0COGEHHOCTEN HapyIIEHHOTO pexuMa
NOZ3eMHBIX BOJ, KOAWMYECTBEHHYI OLEHXY BAUAKUA MCKYCCTBEHHBIX (axTopos
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(BopOOT6OpA, ApeHaxKa, OPONIEHMA W AD.) HA OTAENbHbIE NEMEHTH MX PEXUMA
(ypoBeHb, TeMITEpaTypy, Ka4ecTs0), YTOUHEHe NPUPOAHLIX YCNOBUR U3YIaEMBIX
06EKTOB, MX PACYETHBIX TAPAMETPOB U CXEM, BHIIONHEHNE NHKEHEPHBIX IPOTHO-
30BUT. 4.

B KampOM CIyuae cXxeMa pasmeneRua HabniofaTeNbHEIX CKBAKUH YCTaHaABIN-
BAETCA ¢ YIETOM PacMpOCTPAHEHUA N3YIaeMBX BOAOHOCHBIX TODU3OHTOB, UX TUA-
PaBINYECKON B3aUMOCBA3W, TPARNMHEIX YCIOBUA, PUAPOTEOXUMUYECKOR 06CTa-
HOBKM, TUTONIOTUM BOROHOCHHX IOPOJA, OCOBGEHHOCTEN BIMANUA MHIKEHEPHEIX CO-
OpYKEHUM U XapakTepa MOCTaBNEHHbIX Mepep Habmoaenuamu 3anay. OHa ponmHa
obecreynBaTh TaKKe U3YYEHWE U eCTECTBEHHOTO DEXMMA MOA3EMHbIX BOA Kak
¢oHa, Ha KOTOPOM (OPMUDYETCA UX HADYIICHHBIR PEXUM.

YacToTa HabnIoAEHUM 32 INEMEHTAMU PeXUMA TIOR3EMHBIX BOA AO/KHA 0Becre-
YUBaTh BEIABNEHUE OCHOBHBIX 3AKOHOMEDHOCTER X U3MEHERNA C YYETOM XapaKTe-
pa NMOCTaBNEHHBIX 33434 ¥ TpeAToNaraeMbix METOAOB MX pelenua. Tak, ecnu pau-
Hble HaBMIOAEHNI 32 PEXNMOM NOAIEMHBIX BOA MTPEANONATaeTCA HCIIONb30BaTh AN
OnpeseNeHUs 'MAPOreoNornIeckUX NapaMeTpos, LeNecoo6pasio MMETh HelpephiB-
HYI0 3alUCh N3IMEHEHUA YPOBHA W Pacxopna (MpUMEHEHNe CaMONMCLEB, PaCXOpoMe-
poB u T. I.). Ona A 06mMX 33K PROCTEN D nop: X BOA
HabnloAEHNA ROCTATOYHO MPOBORUTE 5-10 pa3 B Mecan n pexe. Ha yvacrkax rup-
PaBIMYECKOR B3aUMOCBA3U TTOA3EMHBIX BOJ C MOBEPXHOCTHHIMU B MEPUOAM MaBOA-
KOB X UHTE@HCUBHOTO BHUTAAEHUA aTMOCQEPHBIX OCAAKOB YPOBEHb CNEAYeT 3aMePATH
€enHEBHO (B OJHO 1 TO e BPeMs CYTOK C TOMHOCTBIO 3aMepa +1 CM).

Habniopenna 3a u3MeHeHMeM TeMIepaTypbl BOAB HEOGXOAUMO OCYmMECTBIAT
IO BEIGOPOYHON CETH PEXUMHBIX CKBAXUH depe3 ONpepenieHHbIe NHTePBANK INY-
6uH (0,2-0,8 M B CIOE CYTOMYHAIX NEPEMEHHBIX TEMIIepaTyp, 2,5 M — A0 TNYGUHB
40 M, 25-50 M — po TnyGuHL 400 M 1 panee yepes 100 M 10 3a60s). B mpepenax
W3y4aeMbiX BOROHOCHEIX ¥ BOROYNOPHLIX TOPU3ORTOB RONONHUTENLHO U3MepseT-
CA TeMNepatypa He MeHee YeM B TpeX TOYKaX (Y KpOBMW, B CPeQHEeR YacTn U y
NOAOWEBH FOPU3OHTA). JacTOTa U3MEPEHNH ONIPEAENALTCA L|eIeBLIM Ha3HaYeHHEM
rabmopenuii (0T 5 pa3s B CYTKM A ONPEACNIEHNA CYTOUHBIX U3MEHEHNA A0 ORHO-
TO pa3a B KBAapTan ANs BHIABIEHUA 3aKOHOMEPROCTE 'OOBLIX M3MEHEHNI Temne-
patypnt). [Ipn crieyuanbHBIX TepMOMETPUYECKUX MCCIIERO0BAHUAX LIAT W YacToTa
3aMepOB AETANN3NDYIOTCA C YYETOM OCTAaBNEHHHX 3afay.

CocTaB # MeTopuKa HaGNIOREHNA 32 PEUMOM XMMUYECKOTO COCTaBa MOA3eM-
HBIX BOA TaK)Ke 32BUCAT OT 1|eNleBOr0 HasHadeHus. OCHOBHbIM TUITOM XUMUYECKUX
aHaNu30B ABNIAETCA COKPAMEHHbI! aranu3 (cM. panee). [lonHbit XMMUIECKW aHa-
73 BOABL BEITIONIHAETCA ONMH a3 B 1-2 ropa. [Ipu creunanbHbX MCCNeRoBaHUAX
3aKOHOMEPHOCTeW U3MEHEHUA XUMUeCKOTO COCTaBa BOJ, B pa3pe3e BCHEACTBUE
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MOATATMBaHUA HEKOHAMIMORHAIX BOA LienecootpasHO UMeTh HECKONLKO CKBAXHUH
C ADYCHO PACMONOXEHHBIMU Gunbrpamu. CocTaB aHanu3oB MOXET GbITh OrpaHu-
YeH ornpefieNeHMeM KOMITOHEHTOB UM TIOKA3aTeNeR, NIMeHEeHHe KOTOPhIX 0XHpa-
€TCA NpU MOATATUBAHWUN HEKOHAULMOHKEIX BOA. YacToTa oT6opa Npob Ans ananu-
3a 3aBUCUT OT LeNn UCCNeA0BaHNN, HO BCErAA YBENMYUBAETCA PU AKTUBU3ALUK
ReACTBUA HaKTOPOB, MIMEHAIOLIMX COCTaB BOJ (MaBOAKU, NONUBHEIE NIEPUOALL, UH-
TeHcHGUKauua BonooT60pa u Ap.). [Ipn n3yyennn B3auMOCBA3N TOR3EMHBIX BOR C
MOBEPXHOCTHLIMU NPOBOAAT CHHXPOHHbIE OTGOPHI MX MPO6.

Huke 0CTaHOBUMCR HA HEKOTOPHIX 0COGEHHOCTAX U3YYEHUA PEXMMA NIOA3eM-
HBIX BOA IIPK PelIEHUU BAXHEWINX PAKTUYECKNX 3aay (B palioRax JKcmnyara-
UM NIOJ3eMHEIX BOJ, OPOLIEHUSA, OCYNIEHNS, CTPOUTENLCTBA).

Paiionst BoAo3a6opos. Habnonenna 3a pexumonm MOA3EMHLX BOR B paioHax
BOR03a60pOB MPOBOARTCA KaK B MPOLECCe NOUCKOBO-Pa3BENOYHEIX PaGOT (B OCHOB-
HOM 32 eCTECTBEHHbIM PEXUMOM), TaK W NIPU IKCIIyaTayuu BoR03abopoB, 0CO6EHHO
KPYTNHLLX, AEHCTBYIOWMX B CIOKHBIX PUAPOTEONOTUYECKUX YCNOBUAX, C OTpaHUYeH-
HBIMU MIIM HEBBIACHEHHBIMU UCTOMHUKAMU OPMUDPOBARNA UX IKCTINYATALUOHHBIX
3anacos. Ha ocHoBe 3TMX Ha6nioneHwii B mpoyecce NOUCKOBO-pa3BeAOHbIX paboT
NpoBOAATCA: 1) ONpefeneHmne pacyeTHbIX apaMeTpoB U XapaKTEPUCTUK, UCTONb-
3yeMbIX TIPH re0NIor0-IPOMBILIIEHHOM OLEHKe UCTOYHWUKOB BONOCHABKEHNA 1 Npo-
THO3aX YCNOBU PaboTs BOR03a60pPOB (pacueTHbIe 3HaYeRUA MOmMHOCTeR U Hamo-
POB, MUHUMaNBLHO M MAaKCUMANbRO AOMYCTUMbIE MOHWUKEHUA YPOBHA, KO3bduum-
€HTH BOJONPOBOZUMOCTH, YPOBHE- U NHEIONPOBOAHOCTH, YIPYTOEMKOCTH, HERO-
CTaTOK HACHINEHUA U BOROOTAANA); 2) YTOYHENUE IPAHWYHBIX YCNOBUA 06NacTH
¢dunbTpaluu (CcTemeNns FMAPABNMYECKON CBA3U MIOA3EMHBIX BOA C PEKOM W APYrHMUM
TOPU3OHTaMM, 3aBUCUMOCTb X PeXMMA OT 0CAAKOB U UCNapeHuA); 3) OlleHKa pa3me-
POB Y BO3MOXHBIX U3MEHEHWIA eCTECTBEHHOTO BOCNONHEHUA 3alacOB; 4) OLleHKa
KayecTsa MOA3eMHbIX BOA U BO3MOXKHBIX €r0 UIMEHEHU M.

. [Ins pelleHMA YKa3aHHbIX 33424 OBLIYHO OCYECTBNACTCA LK HAGNIONEHN#A
B Teyenie 1-3 neT (MUHUMYM FORUYHLIA), PU BO3MOKHOCTH NIPUBIIEKAIOTCA AAH-
Hple CTAUUOHAPHBX HabmopeHwit BnukaiuIMx HaGMOAATeNbHEIX BOAOTYHKTOB
ONOPHO# ceTu. B panbewuleM MpW pa3sBUTHW TOCYAAPCTBEHHOW OMOPHOR CETH
HabnIopaTeNbHLIX MYHKTOB A/1A PELIEHUA MEPEeYUCIEHHHX 3aa¥d MOXHO GyaeT
OrDaHUYUTLCA Pa30BHIMM 3aMepaMM NEMEHTOB PEXMMA Ha YYacTKe pasBeaku ¢
NpUBNEYEHUEM W COOTBETCTBYIOmEN KODPEKTMUPOBKOW BCeH HEOGXORMMON ANA
MPOrHO308 MHOOPMAauUU N0 HabMORATeNbHLIM NYHKTaM ONOPHOW CETH, HAXOAR-
IUMCA B @HANIOTUIHEIX C U3YYaeMBIMU TIDUPOAHBX YCIOBUAX.

CraunonapHsie HabmopeHUA B IPOLECCe 3KCINYaTalMM BOR03a6G0POB AOMKHLI
o6ecrieyuTs pelllenie 3afad MO YTOYHEHWIO PacyeTHOW CXeMbl W TUAPOreonoru-
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JecKux napaMmeTpos, KOPPeKTH-
DPOBKY paHee BHINONHEHHBIX
TIPOTHO30B TO YCNOBUAM 3IKCM-
nyaranuu Bopo3abopa u Mecro-
POXKPEHUA B lenoM, paspaboTky
MEPONPUATUR N0 ONTUMU3ALUM
ycnosuit pabors Bopo3zabopa u
OXpaHe MOA3EMHLIX BOA OT 3a-
TPA3HEHUH W UCTOmEHUA. B co-
OTBETCTBUM C 3ITUMU 3afadaMu
HabnopaTenbHble NYHKTH Ha
BOp03a60pax MOMKHEI pasme-
WATHCA € YYETOM TUMA MECTO-
POKAGHUA TOA3EMHHIX BOA, €ro

Puc. 4.5. CxeMbl pasmeweHns Habniopatenb- TPaHUYHBIX YCNOBWIA, Te0NOro-
HOW ceTu Ha AelicTByOWUX Bofo3abopax: TUPOTEONOTUYEeCKUX 0CO6eH-
A — B ypanenun ot rpanmy; b — B gonuke HOCTEW W ADYIUX GAKTODPOB.
peku; 1 — 3KCnnyaTayMOHKbIE CKBAXKMHBI, 06b1yHO HabniopaTenbHbie MyH-
2 — HabniofiaTenbHble CKBAXMHbI; Ry — KTbl pacrmonaraiT no ABYM B3a-
paauyc «6onswore» konoaua MMHO nepecekalomuMCca CTBO-

PaM, MPOXORANMUM depe3 LeHTp
BOA03ab0pa, paccMaTpUBAEMOro B Buje GONBUIOTrO KONOANA PAaAnYCOM R,. B kax-
AOM CTBODE 3aKNaAbIBAIOT OT 3 A0 7 CKBaXWH: 1 B LEHTpe, 2 BHYTPU Honbuioro
¥onoaua Ha paccrosruu (0,25-0,5)R, ot nextpa, 1-2 xa paccrosnuu (1-1,25)R n
1-2 Ha paccToanuu (1,5-2)R,. ¥enarensro umMeTs HabniopaTenbHble CKBAXUHBL Y
6nuKaiuMx rpaHML NOTOKA, @ TaKKe BHE 30Hbl BNUANUA BOA03a60pa (ecTecTBer-
HbIN HOH). B yenoBuAX nepeTexadus pRAOM ¢ HabNOAATENLHLIMU CKBAKUHAMU Ha
OCHOBHOW OPU30HT 3aKNaAbIBAIOTCA CKBAKUHBI Ha CMEXHbIE FOPUIOHTH U paspe-
nA0WUe ToNWM (TONLKO B npeAenax 601b1IOr0 KONOANa).

CTBOPbI OPUEHTUDPYIOT HOPMaNLHO K PPaHMLaM NOTOKOB U KOHTYPaM WX TUTa-
HUA W Pasrpys3ku. PaccTOAHUA MEXAY COCEHMMMU CKBAXWMHAMU B 30HE BNUAHMA
BOA03a60pa YTOHAKTCA U3 YCNOBUA OOECTIEYEHNR B HUX DasHWUNBI YPOBHEW He
Meree 0,25-0,3 M.

Ha pucyHke 4.5 npuBeAeHb CXeMbl pa3MelleHUA HabN0AaTeNbHbIX YHKTOB
Ha BO03a60pax, pacioNOXeHHbIX BAaAM OT rpahuy nnacra u B6nusn peku. Ha-
6mopaTenbHbI CTBOD, OPUEHTUPOBAHHMIM K peKe (He MeHee 3 CKBaWUH, OQHa Ha
ype3e peku), AoOTKEH 06eCeuTh KONUYECTBEHHYI0 OLEHKY B3aUMOCBA3U NOA3EM-
HbIX W TIOBEDXHOCTHEIX BOJ, U 0COGEHHOCTEN UX DeXUMA.
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B CIIOXKHBIX TUAPOXMMUMECKMX Y CAHUTAPHbIX YCIOBUAX HabNIOAATeNbHAA CETh
AOMKHA 06ecneuuBaTs U UHPOPMALMIO O TPOABUKEHUN KOHTYPOB HEKOHAULUOH-
HBIX BOJ, B IlaHe W paspe3se (CTBOPH K KOHTYPAM W KYCTH! APYCHO PAaCcNONOKEHHbIX
CKBAXMH), O TEHAEHLUAX B W3MEHEHWW KAecTBa BOAM (NUTHEBOTO, Ne4e6HOTO,
NPOMBININIEHHOT0). B paoHax cTpouTeNLCTBA U MHTEHCUBHON JKCIIYaTanuu Ha-
MOPHBIX BOA ECYAHO-TTIMHUCTHIX OTIOKEHUA HEOBXOAUMEL TaKKe HabNIOAEHUA 32
BO3MOXHBIMU OCafikaMu NMOBEPXHOCTW 3eMnn. HabniogeHua 3a peXxMMoM Ha pen-
CTBYIOLINX BOA03a60Pax AOMONHAIOTCA HAGNIOAEHUAMU 3a COOTBETCTBYIOLIUMU
J71eMEHTaMu pexuMa (YpoBHAMM, nebUTaMu, KagecTBOM BOAB) MO BCEM JKCIINYa-
TUDYEMBIM CKBAXUHAM, A IPU HEOGXOAMMOCTU — W TMAPONIOTUYECKUMYU UCCAeN0-
BaHUAMM MOBEPXHOCTHHIX BOROTOKOB. JacToTa 3aMepoB 3N1eMEHTOB DPEXUMa Ha
B0p03a60pax X03AUCTBEHHO-IUTBEBOr0 Ha3HAYEHUA PUHNMAETCA 06LIYHO He Me-
Hee 10 pa3 B Mecall, Ha APyrux Boao3abopax pexe: Ha MHQUNLTPALUOHHBIX BORO-
3a6opax, paboTa LMK IPU YCTAHOBUBLIEMCA PeXuMe, HabnloAeHUA COKpaWaloTeA
10 OIHOTO pPasa B MeCAl.

PaiioHLT OPONIEHHA W OCYWIEHUA, M3yueHue pexuMa MOA3EMHbIX BOA (Kak
€CTeCTBEHHOTO, TaK U HAPYLIEHHOT0) ABNALTCA B TaKUX PaOHaX OHUM U3 Haubo-
7iee BAWHBIX BUAOB TUADOI€ONOTUYECKUX UCCTEN0BaHW i, 6e3 TPOBeAEeHUA KOTOPO-
ro HeBO3MOXHB! HAYYHO 060CHOBAHHOE MNAHUPOBAHWE MENUOPATUBHOrO CTPOU-
TeNbCTBA U 3G PEKTUBHAR IKCIINYATALUA CUCTEM ODOWIEHUA U OCYIIEHUA.

B paiioHax 0poOmIEHUA Takhe UCCNIef0BaHUA POBOAATCA /1A OLIEHKU MeNuopa-
TUBHOTO COCTOAHUA 3eMelb, TPOEKTUPOBAHUA CUCTEM OPOLIEHUA U APEHAKa, 060-
CHOBAHMA PEXUMA OpPOWEHUA U 3QGEKTUBHOCTU PabOThl APEHAKHBIX COOPYMKe-
HWiA, HeOOXOAUMOCTY NPOBEAEHNA POMBLIBHLIX NONNBOB, arPOMENNOPATUBHBIX U
BPYTMX MEPONPUATUH. [NA BHIABNEHUA OCHOBHBIX 3aKOHOMEDHOCTEH PeXuMa n
060CHOBAHNA MENMOPATUBHLIX MEPONIDUATHI 3A€Ch IPEe3BLIMAHHO BaWHbIM ABNA-
©TCA TaKKe U3yeHne BORHOTO U CONEBOTrO 6anaHCOB OPOLIAEMBIX MAaCCUBOB.

Pasmenjenue HabnonaTenbHON CETH OCYLIECTBAAECTCA Ha OCHOBE KapT PMAPO-
Te0J0T0-MENUOPATUBHOIO PAOHWPOBAHUA C YHETOM CEnUdUKU DelraeMsIX 3a-
na4 1 0co6eHHOCTeH MENMOPATUBHOrO OCBOEHUA TeppUTOPUK. TIpu 3TOM Heobxo-
IUMO NIPERAYCMOTPETb U3YYeHue PexuMma MOA3eMHbIX BOJ (IDYHTOBBIX M CBA3aH-
HBIX ¥ C HUMU HaNOPHbIX) OCHOBHLIX TOPU3OHTOB BIIOTb A0 PETUOHANBLHOTO BORO-
ynopa. /Ins 3TOr0 pasMelalTCA OAUHOYHBIE CKBAXWUHBL U KYCTH Nbe30METPOB.
CrieyudnKOW BHITONHAEGMBIX MCCNEA0BAHWIA ABAAETCA HEOOXOAUMOCTb MOJHOrO
yvyera BCETO KOMIUIEKCA MPPUTALiMOHHO-XO3AWCTBEHHbIX YCNOBUIA W (aKTOpOB,
OKa3bIBAWNX pelraowee BIUAHUE Ha HOPMUPOBAHUE DeXUMA IPYHTOBLIX BOA,

JInA peuleHUA CrelManbHLX 3ajad (OnpeeseHne THAPOreONnorndeckux na-
PaMeTpOB, OLJ€HKa BAUAHUA Ha PEKWUM NOA3EMHLIX BOA MENUOPATUBHLIX CUCTEM
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W Ap.) CNepyeT mpeAyCcMaTpUBaTh pasMenlerue CKBAXWK TIO CTBOPaM, NepeceKaio-
WWUM KPYMHble KaHalH, APeHbl, MONWUBHLE M OCYMMTENbHble ydacTkM. K uucny
371eMEHTOB HaGNIOAEHU TIPU U3YYEHUN PEKUMA OTHOCATCA YPOBEHD, TEMIIEPATy-
Pa M XMMUYECKWA COCTAB TMOA3EMHBLIX BOA, PACXOMbl CKBAXMH, KaHaNOB W ADEH,
COCTaBHbIE 311eMEHTHl BORHOrO U CONEBOTrO GanaHcos,

B paioHax oCyweHWs MCCNe0BaHUA PEXUMA NMPOBOAATCA ANR 060CHOBAHUR
TPOEKTUPOBAKUA OCYLIMTENBHEIX CUCTEM, OLeHKHU 3 dEKTUHBHOCTU UX AeCTBUA BO
BPEMEHW W TIO TUIOWIAAM, OCYWECTBNEHUA KOHTPONA M PECYNTUPOBAHUA BORHOTO
PeXUMA TOYB, ONpEAeNEeHUs NapaMeTpPoB OCYNIAEMBIX MOPOR W OCYLIMTENbHBIX
CUCTEM, OLEHKM BAUAHUA CUCTEM OCYIleHWA Ha Mpuieralouue TeppUTOpUM U pe-
LIEHUA ApYrux 3apay. Tak xe, KaK M Ha MACCUBAX OPOLIEHUA, 30eCh BaXHaA PoOib
OTBOAUTCA BOQHO-6ANaHCOBHIM UCCNENOBAHUAM, BO MHOTOM OTpPENENsIOmUM Ha-
NPaBAEeHHOCTb MENIMOPATUBHLIX MEPONPUATHH, 60MIbIIOe 3HAYEHKE TIPUAALTCA pe-
CMOHAJIBHLIM UCCIEOBAHUAM PEXUMA.

PaiioHBT Pa3spaboTku MecTOPOXAEHUW MOJNE3HBIX UCKomaeMbix. OCHOB-
HBIM PeXUMOo06pasyommum HaKTOpOM B TaKUX YCNOBUAX ABNAETCA PYAHUYHLINA BO-
pootaus, Co3paBaemas AnA HabNOpeHWH 33 PEXMMOM CeTb ROMKHA obecrieunts
onpenenenue 3¢dexTa BOMOOTINBA, U3MEReHKe 3TOrO 3ddexTa Bo BpemeHu B
33BUCUMOCTU OT BIMAHUA €CTECTBEHHBIX (aTMOChepHble 0CAAKW, TOBEPXHOCTHEI
CTOK) ¥ UCKYCCTBEHHBIX (pacuupenne u yray6nenue GponTta ropHsix pabor, cuc-
TeMa oTpaboTku) GaKTopos, u3yyenne M3MEHEHMA COCTAaBA W KayeCTBa PYAHMY-
HHIX BOA, HAa6NI0AEHUA 33 Pa3BUTUEM LENPECCUOHHON BOPOHKU W OLEHKY BAUAHUA
BOLOOTANBA HA FMAPOTe0JIOTMYEcKUe U MENNOPATUBHbIE YCN0BUA MPWIETAIOWUX
TEPPUTOPUI, YTOUHEHUME CXEME U NapaMeTpos BOMOOTANBA W Pa3paboTKy mepo-
TIPUATUA N0 PAUMOHANLHOMY MCTONb30BAHMIO W OXPaHe BOAHBIX, 3@MENbHBIX W
IPYIUX IPUPORHEIX PECYPCOB.

C yyeToM Heo6X0AMMOCTU PEIIEHNA NIePeYUCNEHHEIX 3anad HabmoparensHan
ceTb 06HYHO YCTPaNBALTCA B BUAE ABYX N@PECEKAIOUMXCA CTBOPOB, 1YYU KOTOPHIX
OPMEHTUPYIOTCA OT LEHTPa PaspabaThiBaeMoro PYAHOro mons (yyacrtka) x 6au-
ManWum CPAaHULAM BOJOHOCHHIX NAACTOB (TOPU3OHTOB), OGBONHANIUX MECTO-
poxpenue, IIpu n3ydernn pexuMma HecKONbKUX B paspese FOPU3OHTOB Habnona-
Te/NbHbIE IYHKTHL B CTBODAX YCTPAaUBAYOTCA B BUAE KYCTOB ckBaXUH. K anemenTam
HabMI0EHUN OTHOCATCA YPOBHY, TEMNIEPaTypa W Ka¥eCTBO MOA3EMHbIX BOJ, BENM-
YMHBl BOMOMIPUTOKA U BOAOOTANBA. JacTOTA 3aMepoB 06LIYHO COCTaBASET 3~5 pa3
B MecAl. OHa yBeIMYNBAETCA NPU UHTEHCUBHOM NPOAB/IEHUN OCHOBHLIX PEXUMO-
obpa3ylomux dakropos (po 10 u Gonee pas B mecAn).

PaioHb! NPOMBININEHHOTO U TPAXAAHCKOTO CTPOUTENLCTBA. M3yuenne u
TPOTHO3 PEXMMMA FPYHTOBBIX (2 UHOIAA ¥ HAaMOPHLIX) BOA ABNAIOTCA Q6A3ATENLHIMMU
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NPU MPOEKTUPOBAHMU UHKEHEPHOPO CTPOUTENLCTBA B CWILY MX ONPENENAIOIEro
BAMAHUA HA UHXEHEPHO-TE0JIOTMYECKNE YCAOBUA M 3KOHOMMYECKYIO 3(deKTs-
HOCTb CTPOUTeNbCTBA. HabnlofeHua 3a PeMUMOM TOJ3EMHHIX BOQ HaYMHAWOTCA
ellle B MPOLECCE U3BICKAHUIA NTOQ CTPOUTENBCTBO (ECTECTBEHHMI PEXUM) U TPO-
AOMKAIOTCA B HAIbHEMMEM YXKE C YUETOM BO3MOXHOIO NPOSBNEHUR Pa3HOO6pa3-
HBIX UCKYCCTBEHHBIX GaKTOPOB (YTEYEK U3 PAa3NUYHLIX TPYOONPOBONHBIX CUCTEM,
c6poca CTOYHbIX BOJ, HAarPy3ku OT 3[aHWi W COOPYXEHWN, AeNCTBUA APEHaXel,
PEeryAnpoBaHus NOBEPXHOCTHOTO CTOKA M T. ). 3apauu Takux HaBNIONEHWH Ypes-
BLIYAHO Pa3HOoGpa3Hby, HO B 06IEM OHM CBORATCA K BHIABNEHMIO 0COGEHHOCTEeR
€CTECTBEHHOTO M HAPYUIEHHOTO PeXUMOB, TPOTHO3aM U OLleHKe BAUAHUA pasnny-
HBIX UCKYCCTBEHHBIX U €CTECTBEHHBIX GAKTOPOB Ha PEXUM NMOA3eMHLIX BO 0CBO-
€HHOM TEPPUTOPUY U YCLOBUN €€ fanbHERIEro HCI0NAb30BAHUA.



CHPQBOHHMK COBPEMEHHOIO W3bICKATeAs

T'nasa 4.3. METOJIbl H3YYEHNA BAJIAHCA IIOJ3EMHBIX BOJ

W3yyenne Ganaxca MOA3EMHEIX BOJ NMPOBOAMTCA B CBA3M C HEOGXORMMOCTBIO
BLIABJIEHUA W OLEHKM BeAymMX $aKTopoB GOPMMPOBAHMA PEMMA NOA3EMHLIX BOJ,
onpefleneHuA MyTeW NPOTHO3a U YNPaBNEHUA PEUMOM B CBA3N C IKCIUIyaTauven
MHKEHEPHBIX COODYHMEHWW M OTAENBHLIX TEPPUTOPWW, NPU TMAPOTEONOTNHECKOM
060CHOBAaHWM NPOEKTOB CUCTEM OPOLIEHUA W OCYUIEHUS, OlleHKEe eCTECTBEHHBIX U
IKCINYaTaUMOHHLIX PeCypCoB OA3eMHBIX BOA, (UCTOMHUKM BOCTONHEHUR ), BEANYN-
Hbl IOA3EMHOTO MUTAHUA PEK W PElIEHUA APYTUX NPAKTUIECKUX W TEOPETUIECHUX
3324, BanaHc W3yyaeTcA KaK AiA OTAENBHBLIX YYacTKOB TEPPUTOPUM (Ha BORHO-
6anancoBrIX MNOWAAKAX), TaK M AA KPYMHLIX PAROHOB U Lenbix Hacceiinos pex
(B Mpenenax kN0Yeskx 6anaHCOBLIX YYACTKOB W PeNpe3eHTaTUBHLIX GaccenHoB).

B ruaporeonorugeckon TpaKTMKe ANA W3YMeHWA BORHOTO Ganaxca WMPOKO
TIPUMEHAIOTCA AiBe TDYNIB METOROB: 1) 'MAPOAMHAMWUYECKOTO aHanu3a pexuMma
TIOA3EMHbIX BOA (C MCTIONb30BAHMEM AHANUTUYECKUX W KOHEYHOPA3HOCTHHIX pe-
weHunt AudQepeHManbHEIX YPaBHEHN) v 2) 3KCTIepMMENTanbHble (BoaHO-6a-
NAHCOBLIM U MNINMETPUIECKUN).

MeToR r'MADOAMHAMUYECKOTO aHau3a PEXNMA MOR3EMHLIX BOR OCHOBAK
Ha NPUMEHEHUU TEOPUM HEYCTAHOBUBIIETOCA ABUKEHUA TPYHTOBLIX BOA K pacie-
TY OCHOBHBIX 37IeMEHTOB uX Gajnanca Mo MaHHLIM HabmoneHuii 3a PeXUMOM TOA-
3eMHbIX BOJ. MeTop BCECTOPOHHE YYMThLIBAaeT CMAPOTe0Noruieckyio 06CTaHoBKY,
TO3BONAET KONMIECTBEHHO OLEHUT, UHGUILTPALUIO 0CAZIKOB, OPOCUTENLHLIX BOJ,
AOCTUraloUMX YPOBHA TPYHTOBLIX BOA, PACXOA NOCNEAHWX Ha CYMMapHOe ucrape-
HUe M TMOA3EMHBIA CTOK, a TaKe OLEeHUTb HeoGXopuMpie MMAPOreoNornvecKue
napaMeTpxl. Bce 3TV JaHHble HENOCPEACTBEHHO UCNONB3YIOTCA TIPU COCTABNEHUM
TIPOTHO30B M3MEHEHUA PeXMMA MOA3EMHBIX BOA TOJ BIUANMEM XO3AWCTBEHHOW
LeATeNBHOCTH Yenoseka. Meton 0co6eHHO IddeHTUBEH U 3KOHOMUYEH B IPAKTH-
Ke TMAPOTeaNOTUIECKUX UCCTIE0BAHNN, TOCKONBKY TNABHEIM UCXOAHBIM MaTepua-
NOM CNYKAT faHHble HabNofeHuN 3a PeXWMOM YPOBHA BOAM, NONyYaeMsle MO
cnenuansHyM CTBOPAM HabnopaTeNbHLEIX CKBAKUH, 3aKNanbiBAEMBIX Ha TUTINYHBIX
GanascoBbIX YYaCTKax (37eMeHTax NoToka). B o6o6mensom Bupe 6anaxc rpysTo-
BHIX BOJ AUNA 3/1eMEHTA TIOTOKA MNOWAnbIo F 32 BpeMA At BHPaXAeTCA YpaBHEHUEM

uAH:-‘h;—azAHWAHW‘,,,At, (4.1

TAE L — BOROOTAAY™A UNW HEJOCTATOK HACKIEHUA TIOPOA; Q; M Q, — COOTBETCTBEH-
HO TIPUTOK W OTTOK TPYHTOBHIX BOZ B 3N€MeHTe NoToKa; W — Benuunxa nuranna
TPYHTOBbIX BOA (MOXKET GLIT NONIOKUTEIbHOM PU UHOUALTPALUK aTMOCHEPHEIX
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W IONUMBHBIX BOJ, M OTPULaTeNbHON— 3a CYeT ucnapenua); W,, — MHTeHCMBHOCTD
nepeTeKaHuA Yepe3 NOAOWBY 3a CYeT BOAOOGMEHA C HUMKe3aneralinm BOJoHOC-
HBIM TOPU3OHTOM.

CymHOCTb METOAA COCTOUT B TOM, YTO BCE BXOAAuME B ypaBHeHue (4.1) ane-
MeHTH BoHOro 6ananca Q,, @, Ww W,, 0npenenaioTca ¢ UCNONb30BAHNEM NAHHEIX
0 TIONIOMEHWUM YPOBHA BOAM B CKBAXWHAX, BHENAONUX 3N1EMEHTH NOTOKa, MO
COOTBETCTBYIOWMUM QOPMynaM AMHAMUKM TMOA3EMHBIX BOA (aHaNMTUYECKME UNU
KOHEMHO-Da3HOCTHBIE pemrexua). [Ipn 3TOM HEOGXOAMMO MpefBapUTENLHO Ole-
HWTb MCTIONb3yeMble IPU pacyeTax TMAPOreanoruyeckue napameTpsl (kosdouum-
eHTI BOZIONPOBOAMMOCTHM, YPOBHENPOBOAHOCTH, KO3 duument dpunabrpauun pas-
AENbHLIX Cnoes M AP.). [nA 3TOr0 B NMPUHUMUITE MOMHO UCTONb30BATh HAHHEIE
CTalMOHAPHBIX HabMOAeHUi (eCAu 3TM MapaMeTpbl He omp HEI B pe3ynbrare
OMBITHO- PUABTPALMOHHBIX paboT).

BiIYMCAMB 3/1eMeNTH GanaHca FPYHTOBEIX BOA MO KaXZAOMY Y4acTKy NMOTOKA B
TO7I0BOM paspese, BHIABNAT KOPPENALMOHHEIE CBA3W ITUX INEMEHTOB C TNaBHel-
uIMMu haKTopamu, HalpUMep C MOILIHOCTbI0 30HH a3paLMu UM APYTUMNK OTipese-
NAOWMUMU YCIIOBUAMM. MICNONB3YA BLIABIEHHbE KOPPENALMOHHbIE CBA3M, IKCTpa-
MONUPYIOT Pe3YNLTATH Ha BCIO U3YYaeMyl0 TNowans. IIpu 3ToM CTPOAT KapTh Mo
Ce30HaM rofa: BEIMYUH IUTAHWA PPYHTOBbIX BOA W]It, Pa3HOCTH MeXAY PUTOKOM
n orroxom (JQ/F)[it, akKyMynAUNK 3aNAcOB CPYHTOBHIX BOA W AP., MO3BONA0LINE
W3yyars pouecc $opMUPOBAHNA NOA3EMHOTO CTOKA, OLLeHUBATh PECYPChl OA3EM-
HEIX BOZ\ M PeliaTh Apyrue NpaKTUYeckue 3apavu.

3KCcepuUMeHTanbHble METOALT O3BOARIOT ONMPENeNUTh NEMEHTH BOAHOTO
6anasca Ha TUIMMHBIX TIO TMAPOreONOTMYECKMM YCIOBUAM DaNaHCOBBIX YYaCTHAX.
JTO paeT BO3MOXHOCTb MOCNEAYWWEro MepeHoca MONyYaeMHX AaHHBIX Ha BCHO
“3yYaeMylo MW aHaNOTUYHYK N0 TMAPOreoNOrMYecKMM YCIOBUAM TEPPUTOPUIO.
TIpu BORHO-6anaHcoBOM METOAE BCe 3NIeMEHTH BOAHOTO Hanaxca, BXopsmue B Ha-
NaHCOBOE ypasHenue TUMA (4.1), onp TCA IKCEPUMEHTANLHO C MOMOMIbY
Pa3’NNYHbIX NPUGOPOB W OMBITHLIX YCTAHOBOK HE3aBMCMMO APYT OT apyra. Ipu
NU3MMETPUYECKOM METOfe FKCIIEPUMEHTANbHOE OMpefie” “Hue 31eMeRTOB BOAHOTO
Gananca oCymecTsNALTCA C TOMOLIBIO CIELMAIbHBIX IM3UMETPUYECKNX YCTaHUBOK
Pa3NMYHbIX KOHCTPYKLMiA.

JIM3UMeTpPH ¢ MOCTOAHHBIM YPOBHEM TDYHTOBLIX BOA TO3BONAIOT Henocpen-
CTBEHHLIMU M3MEPeHUAMU OTIpeeNATh MHG NBTP2UUOK-A0e IMTAHNE MM CYMMap-
HOe ucnapetve, 06ycnoBNeHHOE COBOKYITHLIM BAMAHMEM BCeX MENCTBYIOWMMX daK-
TOPOB 3a PacYeTHbIA TPOMEXYTOK BPeMeru At (puc. 4.6). ITM BeIMYUHL COOTBET-
CTBEHHO OTPeQienAloTCs 06beMaMu Boak!, 0T6upaemoit (CiuBaemoit) unu pobaena-
€M ANA NOANEPXKAHUA B IM3UMETpE 3a[IaHHOTO NOCTOAHHOTO YPOBHA BOAI.
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Puc. 4.6. Cxema yCTpOACTBa NM3UMETPOB: A — NUIUMETP C HAPYLWEHHBIM MOHONUTOM
(C NOCTOAHHLIM YPOBHEM rPYHTOBLIX BOR); b — T XKe, C HenpepbIBHbIM peryauposa-
HWEM YPOBHS rpyHTOBLIX BOA; 1 — RoAvBHas Tpy6Ka; 2 —HabnioparenbHas Tpybra;
3 — necyaHo-rpasuitHLIil HunbTp; 4 — cocyn MapuotTa; 5 — caneton Gadok;
6 — COCYA ANA U3MEPEHUA NHGUALTPAL UM 4O YPOBHSA FPYHTOBLIX BOR

NS nonyvenus 3aBUCUMOCTE BEIMYUH 3TUX 37IeMEHTOB 6ananca oT MowHocTv
30HHI 23palUK YCTAHABIMBALTCA CEPUA MTOPOOHHIX TM3IUMETPOB C MOHOAUTAMMU TO-
BB Ha NIIOW|AAKAX, PAa3NIMYAIOWMXCA INLIb TIYEUHOR A0 BOALL (OT 1 A0 3-4,5 M).

JIU3UMETpH! C TePeMEeHHBIM BO BDEMEHW YPOBHEM IPYHTOBLIX BOJI, aBTOMATU-
YeCK¥ MOANEDPKUBAEMBIM HA BLICOTE €CTECTBEHHOTO YPOBHA, MO3BONAIOT OMpPeEpe-
NATH BEJIMYWHBL PA3HOCTU MEXAY TPUTOKOM U OTTOKOM IPYHTOBLIX BOA B TOPU30OH-
TaJIbHOM HaNpPaBNleHUU.

Kom6uHWpOBaHHAA YCTAHOBKA 0BO0UX TUIIOB NM3UMETPOB C MIOCTOAHHBIM U Te-
PEMEHHBIM YPOBHAMM BOAH U HAabM0ORATENbHOM CKBAXUHL Ha TPYHTOBBIE BOAH, 10
KOTODO OMPeAensAoT BEIUYUHY U3MEHEHUA YPOBHA BOALl AH, TO3BONAET paccyu-
THIBATh BRXHbIM MapaMeTp BOROOTAAYW UNU HEAOCTAaTKa HACLINIEHWA NOPOA W MO

dopmyne
At Q, -0,
H( = 2+W} (4.2)

rAie BCe BENWIUHbI ONPEAENAITCA SKCIEPUMEHTANLHO. YCTAaHOBNEHHbIE B pesyne-
TaTe NU3UMETPUNECKUX HABTIONEHMIA 3aBUCUMOCTI U3IMEHRHUA BENUMWH WHQWIL-
TPaWUW, KOHAEHCAIMU W MCTIAPEHUA OT MOLHOCTY 30HBI a3PaLUU ¥ APYTUX BaKTo-
POB AAIOT OCHOBAHUA ANIA 0BOCHOBAHHOW 3KCTPATIONALNY YCTAHOBNIEHHBIX 3aKOHO-
MepHOCTe U 0co6eHHOCTe BORHOro Hanarca Ha BCIO U3YMaeMyio TePPUTOPHID.
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Pasaen 4. VHxeHepHO-TMApoAOTrMyeckve U3bICKaHWS pexuma u baaaHca...

T'nasa 4.4. IPOTHO3 ¥ KAPTUPOBAHHME
PEXKHMA NOJIBEMHBIX BOJ

BaWHENNIMMU 3a,a4YaMK U3YYEHUR PeXUMA U Bananca MOA3EMHEIX BOA ABNA-
10TCA 060CHOBAHHbIA MPOrHO3 Y KAPTUPOBAHUE UX PEXKUMA BO BPEMEHU U B IPO-
crpancTBe. IIof MPOrHO30OM PeXUMa MOA3EMHBIX BOA NOHWMAETCA NpefBUAeHue
Pa3BUTUR TUADPOTEONOTUYECKUX MPOLIECCOB ¥ ABIEHWA BO BDEMEHW W B TPOCTPaH-
CTBE, T. €. UIMEHEHWN YPOBNHR, TEMNIEPATY DL, XUMUYECKOTO COCTaBA, PECYPCOB UK
3anmaco® MOA3EMHBIX BOA, MPOUCXOUALMX MOA BO3REWCTBUEM Da3NMYHBIX ecTe-
CTBEHHBIX ¥ WCKYCCTBEHHBIX (GakTopoB. TeopeTuyeckoit mpeANOCHUIKOW MPOrHO-
30B ABNIAETCA BHIABNEHUE OCHOBHbIX 3aKOHOMEPHOCTEM U CBA3eMN B QOPMUpPOBAHUN
PEXUMa IOA3EMHBIX BOA 04 BAUAHUEM BO3JEMCTBUA U U3MEHEHUR pexumMoobpa-
3ylomux $akTopos (eCTECTBEHHBIX U UCKYCCTBEHHBIX).

TIpn mporHo3ax eCcTeCTBEHHOr0 W HAapYLIEHHOTO PEXUMA IIOfI3eMHBIX BOJ TIOKA
YCTaHABNUBAKTCA U UCTTONB3YIOTCA KOPPENALUOHHbBIE CBA3U 3NEMEHTOB DeXUMa
TONbKO C HauBoNee AMHAMUYHBLIMW pexuMoobpasyomumu GakTopamu, B OCHOB-
HOM KNUMATUMeCKUMU (OCaAKU, UCTIAPeXUe, TeMIIepaTypa U AP.) 1 NCKYCCTBEHHM-
MU (BoA03a60p, BOROOTAVB, OPOLIEHKE, APEHAK U AP. ), & CAMU IPOTHO3B! BLHIIONHA-
1OTCA TIPUMEHUTENILHO K OTAENLHEIM 3NEMEHTAM PeKUMa (YPOBHA, AeGUTOB, XUMU-
JecKoro COCTaBa, TEMIEepaTyphl). ’

Buast nporso3oB. B 3aBUCHMOCTY OT Tpeo6napaioliero AeACTBUA pexumoos-
pasyowux akTopoB U LENeBOro Ha3HAYEHWA BLIAENAIOT IPOrHO3bl €CTECTBEHHO-
IO W HAapYWEHHOTO PEXWUMOB MOA3EMHbIX BOA. [IpOTHO3 @CTECTBEHHOTO pexuma
CNYKUT HOHOM, HA OCHOBE KOTOPOrO HANTCA MPOTHO3bl HAPYIIEHHOTO PeXuMa.
IIporHo3 ecTeCTBEHHOTO PeXUMa ABAAETCA NMPOTHO3OM OOWIETO MOJb3OBAHUA, A
NPOTHO3bI HAPYIIEHHOr0 PeXUMa — CNeLMANU3UPOBAHHEIMMU, II0 3a6narospeMen-
HOCTH 0CYIeCTBIEHUA MPOTHO3b! MOAPA3ALNAIOTCA HA IKCTPeHHbIe (3a 1-15 cyT.),
KpaTKOCPOYHbIe, RONTOCPOYHbIE (CE30HHbIE W MHOTOJIETHUE) U CBEPXAOATOCPOY-
HHe (32 3 ToAa 4 Gonee). IKCTpeHHbIE MPOTHO3H BHAAKTCSA C LieNbo TPEAYIIPeXK-
DeHWA 0 BOSMOXHBIX OIaCHLIX TPOABNEHUAX U3MEHEHWA PeXUMA OA3EMHLIX BO,
OCTanbHbe UCTIONL3YIOTCA ANR MNAHUPOBAHUA BOROXO3ANCTBEHHbIX MEPONPUATUIA.

MeToALT MPOrKo308. [Ina MPOrHO30B PeXUMA MOA3eMHbIX BOJ NPUMEHAIOTCA
Clepylonve TPYIILL METOAOB: 1) TUAPOAUHAMUYECKUE; 2) BEPOATHOCTHO-CTaTHC-
THyeckue (pakTopusie); 3) TeHaeHnUM; 4) Banaxcosbie; 5) TUAPOTEONOTNYECKOR
aHanoruu.

TudpoduHamuveckue Memodsl OCHOBaHH Ha UCMONb30BAHWUW COOTBETCTBYIO-
wux GOPMYN AUHAMUKU TMOA3EMHBIX BOA U 0BLIYHO NMPUMEHANTCA B YCNOBUAX,
KOTAA PeXUM NIPEROTIPefieNnAeTcA felicTBUEM OQHOTO-ABYX dakTopos. B aty rpyn-
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CHpQBO‘IHMK COBPEMEHHOIO U3bICKATEAS

My BXOAAT METOAB!, OCHOBaHHble Ha WUCTMONb30BAHUW ypaBHeHWW Byccuuecka-
Maite-dopxreiMepa, aHanUTUYECKWUE DENIEHUA ANIA TPOTHO3a MOATIOPa, YCNOBUiA
paboTh BORO3a6OPHLIX, APEHAKHEIX N APYTUX COOPYIKEH U, KOHEYHO-PA3HOCTHLIE
pelieHuA 1 Moaenunposanue. Bce aTn MeTobl B OCHOBHOM MO3BOTAIOT POTHO3U-
POBATL UMEHEHUSA YPOBHA U leGuTa u TpebYT NpeABapUTENbHOTO ONpeAesieHua
PacHeTHHX TapamMeTpoB U QUILTPaMOKHOM cXeMbl 06N1ACTH QUIbTPaLUA.

BepoamwocmHo-cmamucmuveckue Memods! 6a3upyioTcA Ha BLIABIEHWM M UC-
TONb30BAHWW MPK MPOTHO3aX MPUSUHHO-CNIEACTBEHKEIX CBA3CH MENAY 3NeMEeHTaMu
PexuMa IOA3IEMHEIX BOJL 1 OTIpefeNAIONIMMU UX haKTOpaMu (OfHUM, IBYMA UK COBO-
KYIHOCTBI0 MHOMMX). YCTaHOB/IEHHbIE TPOIHOCTHYECKUE CBA3N TO3BONAKT POrHO3U-
PpOBATh 371€MEHTH PeXUMA TOA3EMHBIX BOJ| C YKa3aHUEM 0CTOBEPHOCTYU UX IPOTHO3A.

Memodbt mendenyull 0CHOBAH b Ha 3KCTPANONALUN BHABNEHHEIX [0 MaTepua-
naM MpeAwlecTBYIOmMUX Hab0AeHUA TeHAEHIMA B XOAe MHOTONETHUX KonebaHui
YPOBHA ITO3EMHBIX BOA,

BanaHcosble Memodbl MPorLo3a OCHOBAHLL Ha UCIOJIb30BAHUMU COOTBETCTBYIO-
WUx ypaBHeHM! BOJHOTO GanaHca ¥ NMPOrHO3e MOBEAEHWUA YPOBHA WMAW APYTUX
3NeMEHTOB peXUMa B 3aBUCUMOCTU OT COOTHOWIEHUA OTAENbHEIX 9NI€MEHTOR BOA-
HOr0 6ananca, ONpeAeAeMEIX IKCIEPUMEHTANLHO WK aHATTUTUYECKN.

TIpozHo3bt Memodom zudpozeono2uMeckoll aHaN02ul 3aKNIONAKTCA B IHCTPa-
TIONALMUN OTACNbHLIX YCTAHOBIEHHBIX OCOBEHHOCTEN U 3aKOHOMEPHOCTE pexuMa
TIOA3EMHBIX BOA Ha aHaNOTUMHbIE N0 IMAPOTeONIOTUYECKUM YCIOBUAM C U3YYeH-
HBIM Y9aCTKU.

Hapruposanue pexxuMa noa3eMHLIX BoA. CyliecTBeHHBE U3MEHEHUA YpPOB-
HR, 3aMacOB U KauecTBa NOA3EMHLIX BOJ, BO BpeMeHU W B TPOCTPAHCTBE OMpefiena-
10T HEOGXOANMOCTb KaPTUPOBAHWA YCTAHOBAEHHOTO W NPOTHO3UPYEMOTO peXM-
MOB IOA3EMHKLIX BOA. B 3aBUCUMOCTHM OT Ha3Ha¥eHUA, KAPTUPYEMbIX WU MPOTHO-
3UpyeMbIx 37eMEHTOB U JPYLUX MOKasaTenei COAePKaHue XapT MOMeT GHThb ca-
MbIM Pa3Ho06pa3HuM. TaK, KapTHl MHOOPMaLUU COflepHaAT B OCHOBHOM uH(OpMa-
M0, MONY4YeHHYW B pe3ynsraTe HabmwAeHWHA 33 peXUMOM MOA3EMHHIX BOJ,
a KapThl MPOTHO30B AT MPeACTaBNEeHNe O BO3MOMHEIX U3MEHEHUAX 3TOT0 Pexu-
Ma. YCMOBHO KapTh! peXuMa MOA3eMHEIX BOA MOADPA3AENANTCA HA CUHTETUYECKNE,
aQHaNUTHYECKNE N KOMITIEKCHbIE,

CuHTeTMYeCKMe KapThl AAOT 0606meHHoe MpeAcTaBNeHke O 3aKOHOMEpHOC-
TAX PeXUMa W YepTax ero Ce30HHBIX U MHOTONETHUX U3MeHeHWit, K HuM oTHOCAT-
€ KapThi PaiORUPOBAKUA TEPPUTOPUA IO OCOBEHHOCTAM W TUIIAM peXUMa TOA-
3eMHBIX BOA (MO MacwTabam OHU MOAPA3AENANTCA Ha 0630pHBIE, MENKO-, CpefHe-
W KpymHOMacwTabRie), HA KOTOPLIX MPUBOAATCA OOOBIEHHbE XapaKTepUCTUKN
BCEX Bb\eNIAEMbIX PA3HOBUAHOCTE peXnuMa NOA3eMHBIX BOA.
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Pasaer 4. NHXEeHEPHO-TMAPOAOTUHECKME U3bICKAHWMS PEXUMA U BaraHca...

AHanuTuveckue KapTh falT NPefCTaBleHne O MAOIARHOM U3MEHeHUn OT-
AeNbHBIX 37IeMEHTOB pexuma. 1042 OTHOCATCA KapThl IIYGUH 3a/eTaHUsA OA3eM-
HEIX BOA (Ha OMpefeneHnyio AaTy), pasnusHon obecedeHHOCTH YPOBHEN IPYHTO-
BbIX Bop (Hampumep 1, 3, 5, 50, 95, 97 n 99%), pexuma ypoBHEN MOA3EMHBIX BOA,
AMITINTYA KoflebaHui YpoBHe MOA3EMHLIX BOA U Ap.

Ha «oMnnexCHEIX KapTaX OTpaXaeTcA ORHOBPEMEHHO HECKONLKO pa3fUMHBIX
XapaKTepUCTUK PEXUMa IIOA3EMHBIX BOA. Harpumep, Ha KapTax GanaHca mopsem-
HbIX BOA MOTYT GbiTh OTPaXEHbl MHGUIBTPALMOHHOE MUTaHue (4BETOM), ucmape-
Hue (LITPUXOBKOM) M MOA3EMHBIA CTOK (M3ONMMHUAMYU). BO3IMOMHO KOMMNEKCUpPO-
BaHWe 1 APYI'MX THIIOB KapT.

[leTanbHoe U3N0MEHMe BOMPOCOB MPOTHO3A U KapTUPOBAHUA pe}UMa MOR-
3eMHBIX BOJ COpepxuTca B paborax B. C. Kosanesckoro, A. A. Koronnaxuesa n
C. M. CemeHoBa.

3a67aroBpeMeHHOCTb COCTaBNAEMbIX TPOTHO30B KonebneTcs oT 1,5 no 4 Meca-
11€B B 3aBUCUMOCTU OT IPUYPOYEHHOCTU TOIO MAN UHOT'O paoHa K COOTBETCTBYIO-
men naHpuadTHO-KIUMATUYECKOW 30He,

Ilporso3 pexuMa rpyHTOBMX BOA BHIAAETCA B BUZ\e KapTH pacrmpenesneHus
ITpe/icKa3biBaeMBIX YPOBHE( U MOACHUTE/ILHOTO TeKCTa K Heit. Ha vapre Benuumus
APOTHO3HHX YpOBHEW FPYHTOBHX BOA MPEeACTaBAAIOTCA B BUAE KO3huLMeHTOB
OTHOCUTENBHOTO MONOXKeHUA Ay. KO3 dULMEHTE OTHOCUTENLROTO TONOXKEHUA Xa-
paxTepU3yIOT BEIUYMHY OTKIOHEHUA YPOBHA OT CDERHEMHOTONETHUX 3HauYeHuit,
BLIDAKEHHYIO B MPOLEHTAX UIN AONAX MHOrONETHE aMIIuTyAL A.

JlaHHMIW MeTOf KAaPTUPOBAHWA DEXWMA YDOBHA TDYHTOBLIX BOJ MO3BOMNAET
MpeoAoneTb OPPAHNYEHUA, CBA3AHHbIE CO 3HAUUTENbHOW (QUILTPAUUOHHOW Heo-
AHOPOAHOCTbLIO 30HHI a’palui U JUTONOTMYECKUX OcOGEHHOCTE BOAOBMEWAl0-
WUX MTOPOR, & Tak)Ke ¢ pa3Hoo6pasueM B reomopdonoruu MecTHocTH. Koagpduun-
€HT OTHOCUTENBHOTO MOJIOXKEHUA YPOBHA Ay, BHUMCAALTCA MO hopMyre:

An =(hnam:_hp )/(hnam: s )r (4.3)

B COOTBETCTBUM C KOTOPOW PacueTHas INYGMHA RO YPOBHA TPYHTOBHX BOA hy
(B METpaXx OT MOBEPXHOCTY 3eM/IN) ONPEAENAETCS BHpAKEHUEM

' hp =hnam: My (hnam: ‘hMuu )= hnauc_lhA=hMun +AhA‘ (4.4)
B ¢opmynax (4.3) u (4.4) h,g ¥ R,y — MaKCUMaIbHAsA W MUHMMaNbHAA

FNYGURLL YPOBHA CPYHTOBHX BOA 32 BeCh Nepuop Habnioperuit (MHOLAA BMeCTo
Ryane 1 Ry TPUHUMAIOT TRYEMHB 1%-HOW 1 99%-HO 06eCIeNeHHOCTH).
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CI'IpOBO‘-IHMK COBPEMEHHOMO U3bICKATEA:

CylwecTsylonan CHHXPOHHOCTD B XOA€ KoZle6aHui AaeT BO3ZMOXHOCTb Pacnpo-
CTPAHATD Pe3yNLTaTH POTHO3, IONYYEHHbIE B PeNpe3eHTaTMBHO Habmoparens-
HOU TOYKe, Ha 3HaYUTENbHOE PAaCCTORHME.

JlononHuTrensHyo MHGOPMaLMIo MOXHO MONYYaThb M3 MPUNAraeMon KapThl
pacrpepenenua GakTUYECKUX YDPOBHE NPeANIeCTBYIOWEro FOAa, TakiKe COCTaB-
TIEHHOW B OTHOCWTENBHBIX MOKa3zarenax. Hanuyue ABYX KapT nos3sonser Gonee
HarnAAHO MPEACTaBUT: CTeNeHb U HANpaBNeHHOCTb UBMEHEHWI TPOrHO3UPYEMbIX
ypOBHEN B MHOTONETHEM paspese.

YYuTHIBas, YTO OCHOBHLIM NOKA3aTeNeM BENMMMHBL U U3MEHEHUA ECTECTBEH-
HBIX PECYPCOB ABIIACTCA YPOBEHb (MOWHOCTh FOPU3OHTA) U aMIIUTYAA €T0 U3Me-
HEHWil, MOXHO OCYWeCTBAATL IPOFHO3bI U KAPTUPOBAHUE UIMEHEHWI eCTECTBEH-
HBIX PECYPCOB CPYHTOBBIX BOA B OTHOCUTENLbHHX NOKA3aTeNAX, UCIIONb3ys aHano-
TUYHO OHATUIO KOIDDULMENTA OTHOCUTENIBHOTO NIONOKEHUR YPOBHA Ay, IOHATME
0 X03(PULUEHTE OTHOCUTENLHOM UBMEHYUBOCTU ECTECTBEHHBIX PECYPCOB Ayt

A — ARy
2 e (“)
"Maxc "MUM
rae Ah; — npor{o3upyeMas BenuYMHA aMINIUTYAH BECEHHETO NOABEMA YPOBHA B
RaHHOW TOuKe; AR, M Ah,,, — COOTBETCTBEHHO MaKCMMaNbHAA U MUHUMaZbHaR
aMIIMTYAb BECEHHETO TIOAbEMa YDPOBHA I'PYHTOBIX BOJ, 32 MHGTONIETHW Nlepuop,
Kapryt pacnpepeneHus IPOTHO3HLIX YPOBHEW W U3IMEHEHUA eCTeCTBEHHBIX
PecypcoB IPYHTOBHX BOA AaOT BO3ZMOXHOCTL IPUHUMATDL ONlePaTUBHbLIE peure-
HUA N0 NNAHUPOBAHWIO WU MPOBEACHWIO PA3NUYHBIX BOAOXO3AUCTBEHHBIX Mepo-
NPUATUI ¥ UCTIONIB30BaTh 3TY UHDOPMALWIO TIpU PenIeHuk MO6HX IMAPOreono-
TVyecKux 3apav.



Pasaea 4. NHXEHEPHO-TMAPOACTUYECKUE M3BICKOHUS pexuma u BaaaHca...

T'nasa 4.5. OIIPEAEJIEHAE T'AJIPOTEQJIOTMYECKAX TAPAMETPOB
110 TAHHBIM HABJIIOJIEHMA 3A PEKMMOM IOA3EMHBIX BOJ

Yemenrnoe ucnonb308akue AaHHHX HabN0AEHUN 33 PEXUMOM NMOA3EMHHX BOA
ANA ONpeAeneHuA r'MAPOreoNorMYeCKUX NapaMeTpos BO3MOXHO AuuIb B TeX CNy-
vasX, KOraa AOCTATOYHG XOPOLUIO YCTAHOBNEHB NPUPOAHLIE YCNOBUA W (BaKTODH,
onpenenfowme u3MeHerve (Wnu pacnpenenerue) yposHe NOA3EMHBX BOR, B Tpe-
Aenax u3yvaemow TePPUTOPUY, ¥, CIeA0BaTeNbHO, IPABUILKRO K 060CHOBARKO MO-
TyT 6bITh BHOPAHb UCXOAHBIE YPABHEHUA WU PACUETHbE 3aBUCUMOCTY, ONUCHBA-
owme 3aKOHOMEPHOCTN 3TUX U3MEHeHWH|. B 3aBUCMMOCTH OT CIOXHOCTY NpupoA-
HBIX YCNOBUA 06NaCTV GUNbTPaL UK W AEUCTBUA 06YCNOBNUBAIOWUX 3aKOHOMEPHO-
CTV NOBeAeHUA YpOBHA GAKTOPOB ANA ONPeNeNeHUs PMAPOTeONOruyeckux napa-
MeTpOB peureHueM 06paTHO 3aNaum UCIONL3YIOTCA AHANUTUIECKUE 3aBUCUMOCTH
(06b1YHO MpU ONHOPOAHOM CTPOEHWUM 06NacT GuAbTPauuu W NPOCTHIX MPUPOA-
HBEIX JCNOBUAX) WAW YpaBHEHUA B KOHEVHBIX Pa3HOCTAX (B CIOXHOW NPUPOAHOH
06CTaHoBKe). B 04eHh CNOXHEIX IPUPOAHBIX YCNOBUAX O6pATHAA 33A4aya peluaer-
CA C NOMOWDBIO MOpenuposarus wnv IK.

Ha ocHOBe CTauROHAPHHIX HabNIOAEHW ONPENENAIOTCA MUHUMANbHbIE U Cpen-
HWe 3HaYeHWUA MOWHOCTeW W HaNOPOB BOJOHOCHHX TOPU3OHTOB U KOMINEKCOE,
*03GGUUNEHTH YPOBHE- U ITbe30NPOBOAHOCTY, HEAOCTATOK HACHIWEHUA U BOAOOT-
Aava TOPHHIX MOPOA B 30HE KONe6aHUA YPOBHA MOA3EMHLIX BOJ, YNIPyras BOROOT-
Aaya, MHTEHCUBHOCTb UHGOWIBTPALUMOKKOr0 nuTaiua W wav 0606werHE napa-
MeTp W/K cTeneHb IwAapaBAMYECKOW CBA3W BOAOHOCHHIX TOPU3OHTOB C PEKOW
(0606mweHHE® MOKasaTens AL, yIUTHBAOWUA CTEIEHb 3aUNEHHOCTYU U 3aKONbMa-
TUPOBAHHOCTU PYCNa PeKu W NOAPYCNOBLIX NOPOA, HECOBEPUIEHCTBO BPe3a peku,
COMPOTUBNIEHME ee N0XKa W APYTUe DaxTopht).

Havwfonee p0CTOBEPHO TMAPOreonOruyeckue NapaMeTphl ONPEAENANTCA MO
AaHHLIM HabMOAeHU! 33 UIMEHEHWEM YPOBHA MOA3EMHBIX BOA B paiioHax peii-
CTBYIOWMX BOAO3a6OPHBIX U APEHAKHLIX COOPYEHUH, B TPUGPEIHLIX 30HAX peK,
KananoB W BOJOEMOB, TAie OCHOBHBIMU(DAKTOpPaMYU U3MEHEHUA YPOBHA NOA3EMHLX
BOJ ABNAOTCA WX BOROOTHOP UNU WU3MEHEHWA POPU3OHTA NMOBEPXHOCTHHIX BOJ,
a aMIUTYAB ¥ 30Hb TPOABNEHUA TAKMX U3MEHEHW! BECbMA 3HAMUTENbHb. TIpu-
€Mbl U MeTObl OTIpeAeNeHus NapaMeTpoB MO AAHHLIM IKCIAYaTalluk BOAO3A60D-
HMX W APEHAXHBX COOPYKEHUN aHANOTWYHb U3NOXEHHHIM B I71aBe 3 ANA OMBIT-
HbIX OTKageK u ButnyckoB. OpHaKo npu 06paboTHe NAHKLIX IKCINYATalMM BOAO3A-
GOPHBIX ¥ APEHAKHBIX COOPYKEHNI BOSHUKAET HEO6XOAUMOCTb YYeTa Takux dax-
TOPOB, KaK CNOKHBIN XapaKTep BO3MYWEHWS, PACCPEAOTOYEHHOE Pa3MemeRue BO3-
MYWaoMUX CKBAKUH U T. A

433



CkaH
CTpaHuLbl
OTCYTCTBYET



CkaH
CTpaHuLbl
OTCYTCTBYET



CrpaBO4HUK COBPEMEHHOTO U3bICKaTeAR

COOTBETCTBYlOLIE M3MEHeHWe YDOBHA B HabNIOAaTeNbHOM CKBaXMWHe, PAcMono-
XEHHOW Ha PaCCTOAHWM X OT TPaHUIIK 32 TO Xe BpeMs t. 3HayeHue BOQOOTAAYM |L
P U3BECTHO! BOAOMPOBOANMMOCTH T U HalileHHOM 3HaYeHUM YPOBHEMPOBOAHOC-
T YCTAHABAMBAETCA [0 COOTHOWeEHWIO U = T/a.

TIpu MCMONB30BAHMM OTIMCAHHOTO METOAA COOTHONIEHUA ypoBHen AH(X, t)/AH,
BOMXHB 6BITE A0CTATOYHO OWYTUMEIMK (B ipepenax 0,2+0,5). XapakTep uaMeHeHus
YPOBHA HA TPaHMie M B CKBAMMHAX YCTAHABIMBAETCA MO rPaduKaM PeXUMHBIX
Habmogenuit. ECnv npu 3T0M MMeeT MeCTo HecoBEPIIEHCTBO BPe3a BOAOTOKA, TO OHU

DOTKHE! YUTHBATLCA B BEIWUVHE X TPV PACCMOTpeHm aprymenta A ={x+AAat )
W COOTBETCTBEHHO TPW OTpefeNerun YPOBHEMPOBOAHOCTH. JINA YCIOBUR MTHO-
BEHHOTO W3MeHeHUA YPOBHA BOAH HAa rDaHMie NOAYOTPaHWYEHHOTO MOTOKA B
pewenvu ana AH(x, t) BMecto ¢pyrKuun R(A) yunrsisaerca dyrknua [1 - $(A)], n
TOTAA COOTHOWIEHWE W3MEHEeHMA YPOBHeW Mo ABYM TOMKAM PacCMaTPUBAETCA B
BUAe:

D(1)=1- (4.9)

AH(x,t)
AH®

JanbHenuIun Xon OMpeAe/eHUA MapaMeTPOB A, @ W |L AHAZIOTUYEH PaccMoT-
pexHoMy. Inf onpeneneHus apryMenTa A mo 3Havennio hyrkuun ¢(X) ncnonby-
10TcA TabnuuBt MM rpadmKM U3 CIPABOYHBIX PYKOBOACTB.

O11eHKY COPOTUBNIEHUA JI0)KA BOAHLIX PPanwy (PeX, BOAOXPaHWANL, KaHANO0B,
ApeH) nenecoobpasiee BLIMONHATL MO AAHHBIM HAGMONEHUA 33 CTAUMOHAPHBIM
PEXUMOM MOA3EMHBIX BOA (P W = 0) MO CTBOPY CKBAXMH, 3a/IOMEHHHX Ha 0C-
HOBHOW BOAOHOCHO, TOPU30HT N0 HOPMank K ypesy BopoeMa (puc. 4.7). 3Have-
Hue 0606meHHOr0 MoKasatens AL ompenenfeTca u3 yenosus MOCTOAHCTBA Pacxo-
7a MOTOKA Ha y4acTKe CTBOPA HabNIORATeNbHLIX CKBAXVMH O opMyne (0603Have-
HWA CM. Ha pUC. 4.7)

=ﬁ'11-z-lo-1- (4.10)

BenwunHy MHOWILTPAMOHHOTO MuTatua W, uav napameTp W/K, MoxHo onpe-
AENWUTb TO AAHHBM O NMONOMEHUM YPOBHA B TPeX HabMOMATeNbHEIX CKBaWMHAX
crBOpa (Hampumep, B ckBawuHax 1, 2 u 3 mpu ycnosuun W = const, puc. 4.7) u3
BLIPAXEHUA

w__ KoM HK-R (4.11)
K (ho-ho)he (ha—ho)hss
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k8.2 Ck8.3

la.y 11-2 |
v B -3

Puc. 4.7. CxeMa K ONpefeneHnio napaMeTpoB N0 AaHHbIM HabnlopeHUi
32 PEXUMOM NOA3EMHBIX BOA: 1— CTauuoHapHoe nonoxeuue YI'B;
2 — nonowenve YI'B npu nopnope

Omnpepenexue BeNUYMHBL MHQWILTPALLMOHHOTO IUTAHUA BO3MOXHO TaKKe Ha
OCHOBe YPaBHEHW/A HEYCTAHOBUBLIETOCA MOATOPA, YYWUTHBAXLIMX HaNNuME MH-
(WABTPaUMK N0 3HAYEHWAM UIMEHEHWA YPOBHA B JBYX TOYKAX (NPU U3BECTHBIX
3HAYEeHUAX TapaMeTpOB (U W @) AHANOTNYHO BLULIEU3NOKEHHOMY.



CnpaBO4HUK COBpPEMEHHOro U3bICKaTeAs

Tnasa 4.6. JABOPATOPHOE M3YUEHUE OH3UYECKHX CBOMCTB,
XUMHYECKOro0, TA30BOT0 U BAKTEPHOJIOTUYECKOTO
COCTABA IIOA3EMHBIX BOJ|

PaboTHl MO MIYYEHNIO W OleHKe HW3UYECKUX CBOWNCTB, XUMWNYECKOTO (B TOM
gncle u ra3oBoro) W 6aKTEPUONOrNYECKOrO COCTABOB MOA3EMHHX BOJA BHUTONHSA-
W0TCA Ha BCEX CTafiMAX CMIPOTEONOTMYECKUX uccneposanuit. Coctas u 06beMbt
1ab0opaTOPHBIX WCCNE[0BAHWI 3aBUCAT OT LENEBOr0 Ha3HAUEHWR, Xapakrepa v
CTafiun BHIIONHAEMBIX TWLPOTEONOrMYECKUX MCenepoBannit. OCHOBHAA nendb Ta-
KUX UCCneNoBaHUM ~ u3y4enne QU3nNYeckux CBOWCTB, XMMUYECKOTO, TA30BOTO U
6aKTepUONOrNYECKOrO COCTABOB NOA3EMHLIX BOZ — 06ECTIeYNBALTCA IPOBEAEHUEM
B TONEBBIX ¥ CTAMOHAPHLIX YCNOBUAX COOTBETCTBYIOMEr0 KOMINEKca naboparop-
HBIX aHaNN30B (TIONEBbIX, COKPANEHHEIX, IONHBIX, 6AKTEPUONOrNYECKUX, Crienu-
anbHbIX) M OTAEABHMX Ompepnenenwit. Kommnekc nabopaTopHHX ucCnepoBaHUi
HoukeH 06ecneynTh YCIelwHoe peleHme 3a4ay 110 BEIABNEHUIO N U3YEHNI0 33KO-
HOMepHOCTe! (HOPMMPOBAHMA M PACIPOCTPAHEHWUA NMOA3EMHBIX BOA PasfMMHOrO
COCTaBa, BCECTOPOHHIOW OLEHKY KayecTBa PAa3NNVHLIX TUIOB NOA3EMHBLIX BOA W
BO3MOMHOCTEN NX WCTONb30OBAHNA B HaDOAHOM XO3ANCTBE, OLEHKY BO3MOXHOTO
OTPULATENbHOTO BNIUAHWUA MOA3EMHLIX BOJ, HA PAa3NUYHLIE UHKEHEDHbIe COOPYKe-
HUA N 060pPYAOBAKME, HA YCIOBUA CTPOMTENBCTBA U MENMOPATUBHOE COCTORHME
3eMenb, BHIABNEHWE N OLEHKY NEPCIeNTNB N3y4aeMo! TEPPUTOPUM HA pa3nnyHbIe
BUALI MTONIE3HBIX UCKOMAEMBIX W PellleHne APYTUX 3aAay TUAPOre0XMMNUYECKUX NI0-
CTpOeHU#H.

OCHOBHBIMM 06beKTaMN J1a60PATOPHBIX UCCAL/J0BAHMN ABNIAIOTCA OA3EMHbIE
BO/b BCEX M3Y4aeMBIX NP NOMCKOBO-Pa3BeROMHbX PaboTax rupporeonornyec-
Kux 06beKTOB (BOROHOCHBIX MNACTOB, TOPU3OHTOB, KoMmnekcos). Or6op mpob
BOAB U3 3TUX 06bEKTOB OCYWECTRAAETCA NPK TMAPOTeONOrNYeckom obenenosa-
HWKM 1 ONPoBOBAHNM €CTECTBEHHBIX U UCKYCCTBEHHBIX BOJONPOSABNEHUA (MOYa-
UH, UCTOMHUKOB, CKBAXMH, KON0ANEB, ypdOB, PyYbeB 1 Ap.) B Npouecce Che-
MOYHBIX PaboT, pu MPOBHLIX, ONLITHLIX W OMBITHO-3KCIUIYATANMOHHEIX OTKAY-
Kax, BPEMEHHLIX W CTALNOHAPHBIX PEXWUMHBIX HabnofeHnax. JlONONHNTENLHHI-
MK 06bexTaMn nabopaToOPHOro M3YYeHUA MOTYT GbiTh MOA3EMHLIE BOMB CMEN-
HBIX C M3YYaeMbiMU BOTIOHOCHEIX FOPU30HTOB (KOMITIEKCOB), TOYBEHHbIE BHITAN-
KW, OPOBBIE PAacTBOPH, BOAM MOBEPXHOCTHLIX BOLOTOKOB W BOJOEMOB, aTMOC-
(hepnsle ocanku.

dusnveckue CBOWCTBa BOALL. IIpn M3yueHnn NMpob BoAbl (HEpepKo Heno-
CPeACTBEHHO B MONEBLIX YCNOBMAX) B MEPBYI0 0Yepenb YCTaHABAMBAIOTCA Gu3n-
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Jeckne CBOWCTBA BOR U3y4aeMOro 06BEKTa, K KOTOPLIM OTHOCATCA: TeMNlepaTypa,
MPO3PavYHOCTb, MYTHOCTb, OCAfi0K, LBET, 3aNax, BKYC W NMPUBKYC, RIOTHOCTb. IIpn
Heo6XOANMOCTH [OTONHUTENLHO OTPEMENAIOTCA CKNMAEMOCTh, BA3KOCTD, SNEKT-
PONPOBOAHOCTb N PAAUOAKTNBHOCTh BOLHI.

Temmeparypa BOAK 3aMEPRETCA C NMOMOL{bI0 PORLHUKOBBIX W IEHUBHIX TEPMO-
METpOB, 3N1eKTPOTEPMOMETPOB ¥ TePMO3JIeMEHTOB HENOCPeNCTBEHHO B NCTOYHN-
KaX, KOnoANax, CKBaKuHax. [[po3payHOCTb, MYTHOCTD, OCAM0K, BT, 3aNaX, BKYC 1
TPUBKYC ONPeAieIATCA C IOMONLbI0 IPOCTEMWNK PUCIOCO6Ne MM, CTaHAAPTHBIX
WKan U 0praHod 06oHAHWA 0611eN3BECTHHIMU MeToAaMu, [INOTHOCTL OPUEHTNPO-
BOYHO OMpefieNAloT C MOMOLIbI0 aPeOMETPa, TOYHO — C MOMONIbI0 MMKHOMETpa.
PesynbTaTsi ONpenesieHnA NOTHOCTN BEIPANKAIOTCA B BUAE OTHOLIEHWA MACCH WC-
CnefyeMon BOAbI P ;AHHOM TeMIepaType K Macce PaBHOTO 06beMa AMCTUANKPO-
BaHHOW BOZbI PV TOM e TeMIepaType uin Temneparype 4 °C.

CXMMaeMoCTb BOABY, XapakTepu3yemas k03¢ duuneRToM yipyroro cxarua B,
ONpepensieTcA B CenManbHbIX Npubopax Tna crabunometpos. HeobxognmocTs B
ee ONpefleNeHnMn BO3HWUKALT NPY DLleHKE YIPYTOEMKOCTH MNACTA ¥ Ko3pduumnenTa
Nbe30NPOBOJHOCTY PACYETHEIM METOLOM,

Heo6xomuMOCTb B OMpefieNieHnn BA3KOCTU BOALI, XapaKTepu3yeMon ko3ddu-
LWMEHTaMN AMHAMNYECKOR T N KUHEMAaTUYeCKON BASKOCTK V, BOIHUKAET NPU U3y-
JeHWN BOJ INY6OKMX CTPYKTYPHLIX COPU3OHTOB, UMEIOLUX NEPEMEHHBIN COCTaB
(MIOTHOCTB W BA3KOCTb). BsskocTh ompepenserca cneynanbHeiMu npubopamMn —
BUCKO3UMETPAMK, NO3BONAWINMU OCYLIECTBNAT U3MEPEHUA B YCNOBNAX, 61n3-
KUX K mnacrossiM. OpUEHTNPOBOYHO OHA ONPeNeNAeTCA M0 CIeUaNbHBM Irpadn-
KaM 1 HOMOT'DAMMaM B 3aBUCMMOCTW OT TeMITEPATyPhi BOAH U KONUMECTBA PAacTBO-
PeHHBIX B Heit conen.

INeKTPONMPOBOAHOCTD BOAL, XapaKTepu3yeMan yhenbHbIM 3NEeKTPUIECKUM CO-
NPOTMBJIEHUEM, U3MEPAETCA C OMONIBI CMIelUAtbHON ABYXKOHTAKTHOW YCTAHOB-
KW TIpn YacToTe muTaiomero Toka 1000 Ti. 3ToT mokasaTenb W3MeHAETCA AnA
noA3eMHbIX Bof, 0T 0,02 1o 1 OM “M 1 NCTIONBL3YETCA ANA COOTBETCTBYIOWEH NHTED-
TPeTanun KAPOTaKHLIX ANArpamMM.

XuMUYeCKui v rasoBLIN COCTaB BOAbL. [IpVpofHLle BOAL ABAAIOTCA PACTBO-
PaMu CNOXHOTO COCTaBa, COMEPKAUUMUN 3HAYNTENLHOE KONNYECTBO XUMUYECKUX
37IeMeNTOB B BUJle NOHOB, HEAUCCONMMPOBAHHLIX MONEKYN (B TOM YUCIE Ta3os) h
KOnnownos. I1o AaHHBIM MHOTOYUCNEHHBIX XMMUYECKUX aHANU30B B MPUDPOAHHX
BOJIAX YCTaHOBNEHO Gonee 60 3NeMEHTOB (IMAPOTEHNYECKUE 3TIEMEHTHL), OfHAKO
6OMBIMHCTBO NX IPUCYTCTBYET B OYeHb HeIHAYMTENbHHIX KONUYeCTBaxX. B ceAsmn ¢
ITUM TP aHANN3e XMMNYECKOTO COCTaBa MOA3EMHHEIX BOA 06LIYHO BHAENAIOT MaK-
POKOMIIOHEHTH, BCTPEYAIOWMNECA B TOA3EMHLIX BORAX B OTHOCUTENLHO TOBLILIEH-
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HBIX XOHUEHTPALUAX, U MUKPOKOMITOHEHTHY, COREPMAHNe KOTOPLIX B BOAE 06LIYHO
He3HauuTenbHo. MaKpOKOMMOHEHTH 06YCIOBNMBAIOT B OCHOBHOM MWHEDanu3a-
1MI0 MOA3EMHBIX BOZ, UX TUIOTHOCTD, GU3nueckue CBOWCTBA U XMMNIECKUN COCTaB,
B CBA3N C YeM OHMW NOANEXAT ONMpeneNeHnio MOYTH NPU BCEX BUAAX XMMUYECKUX
aHan3oB. Cpeay MakpOXOMIOHERTOB 06buHo onpepensiorea Cl-, SO, HCO; ,Na*,
Ca2*, Mg3* (permoHanbHrie MaXpOKOMIIOHEHTH, NIPUCYTCTBYIOWMUE BO MHOTUX TH-
TaxX BOA), @ TaKKe Opranudeckne BelecTsa, COEAUHeHMUA a30Ta (I7aBHLIM 06pa3oM
HuTpat-uoH NO; ), xpemiexncnora, Fe u Al, mpucyTcTBylomue B OTALALHHIX TUIIAX
BOZ, M OTHOCALIMECA X N0KANbHHIM MaKPOKOMNOHEHTaM MUKPOKOMITOHEHTH (KpoMe
HEKOTOPHIX TOKCUYECKUX) OMPeAeNAnTCA NMPU MOMHLIX XUMUYECKUX aHanu3ax
BOZb Y TPV CNELUANbHEIX TUAPOre0XUMUYECKUX UCCNER0BAHUAX.

K uncny Baxuenimx noxasarenew, onpenensiommx COCTOAHUE U MHOTUE CBOW-
CTBa BOAbL, OTHOCATCA MOXA3aTeNlb KOHLEHTPalNN BOROPOAHHX NoHOB pH u oxuc-
NUTENbHO-BOCCTAHOBUTENbHbIW NoTeHuvan Eh. pH onpenenserca npu scex Bupax
Na6opaTOPHBIX UCCIEAI0BAHUIA C MOMOWBI0 YHUBEPCANLHEIX UHAUKATOPOB, CTEK-
NAHHBIX 371eXTPONIOB Y APYTUMM MeTOAaMU. OXUCAUTENbHO-BOCCTAHOBUTENbHEIN
noredyuan Eh onpenensercs mpy cnenmanbHHX PUAPOrEOXMMUYECKUMX UCCIIEN0-
BaHUAX (TPEAIIONTUTENbHEe HETIOCPEACTBEHHO ¥ 06'beKTa OMPOGOBAHUA) ANIA BHI-
ABNIEHUA YCAOBUA MUTPALUU OTAENBHBIX MUKDOKOMITOHEHTOB,

B peaynbraTe M3yYeHUA XMUMUYECKOrO W [a30BOr0 COCTaBAa MOA3EMHLIX BOA
YCTaHABIMBAIOTCA TakMe BaX(Hble UX NOKa3aTeNy, KaX MUHepanu3anma (Cyxon oc-
TATOK), MECTKOCT, WENOYHOCT, arPeCCUBHOCTb BOALL MO OTHOMIERWIO X 6eTORY 1
MeTannaM (YINeKMCHOTHAR, BhLeNaYuBanus, 06mexucnoTHas, cynsharnas, mar-
He3nanbHas, KNCNOPOAHAs), OKUCIAEMOCTD, FalONAONIOTI0EH e, COREPKAHNE Ha-
(TeHOBHIX XUCOT, HEHONO0B, TOKCUYECKNX 31EMEHTOB N HEKOTOPHIE APYTHE, KOTO-
pble HEOGXOAUMBL IIPU OlieHXe KadecTBa BOAbl ANA HAPORHOXO3ANCTBEHHOTO UC-
TIONb30BaHUA B Pa3NIMIHBIX OTPACIAX.

THURBET XHMUYECKUX AaHAIU30B BOABI MPU THAPOre0NOrMEECKUX NCCNeno-
BaHUAX. [Ina M3yueHnA GU3NYECKUX CBOWCTB, XMMNYECKOTO U I'a30BOr0 COCTaBa
TOA3eMHHIX BOA B IPOLECCe TMAPOTeONOrMIECKNUX UCCNEA0BAHNH BLITONHANTER
TIONeBbe, COXPALEHHbIe, NONHBE U CrieluanbHble aHanu3bl, pasnuvanmmecs yc-
NOBUAMU BLUMONHEHMUSA, XOIUYECTBOM Y TOYHOCTBIO ONIPENENEHNN.

Tonesbie, COKpalEHHBIE U MOJHbIE TUIE AHANU30B IPUMEHAOTCA ANA myqe-
HUA W 06u1ei XapaXTePUCTUKU COCTaBa U CBOMCTB MOA3EMHBIX Boa. Crenuanbubie
aHanu3bl (CnexTpanbHile, IKCTPAKUMOHHO-KONOPUMETpUYECKue, nonaporpadu-
JyecKue, ra30BHe, PaAiUOXMMUEECKUE, U3OTOTIHAIE Y AD.) BEIIONHAIOTCA TP Crienu-
@NbHBIX TUAPOXUMUYECKUX UCCTEN0BAHUAX U OlleHKe KauecTBa POMBILINEHHBIX U
MMHEpaNbHLX BOR.
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TTonesoti ananu3 MPOBOAUTCA B MONEBLIX YCAOBUAX C IOMOLIbIO NONEBHIX IUA-
POXMMUYECKMX NaBopaTOPuy MPU MACCOBHIX OMPEAENEHUAX ANA TpeaBapuTenb-
HO XapaKTepUCTUKK BOA paioHa (Mpu MOUCKOBO-CHEMOMHBIX paboTax). Ox BxI0-
yaet onpepenenne Quanueckux csoiicre, pH, Cl°, SO2-, €O, NO;, HCO;, Ca?-,
Mg?, Fe?, CO, H,S, 0, sniuncnenne Ma* + K* + Mg® unn Ca?*, xap6oxatHont
KECTKOCTH, 061en MmHepanusaumu.

CoxpawjenHdlil GHANU3 BHNONHACTCA GoNee TOMHEIMU METOAAMY B CTALlMOHAD-
HHIX na6opatopusx. JonOnHUTENLHO K NONEBOMY OH BXMIONAET onpenenenue Fey*,
NH4, NO,, H,Si0, oxucnsemocty, cyxoro ocrarka, CO, arpeccusHoM, 061e KecT-
xocTu. ITpu coxkpaweHHoM aHanu3e 06ecreyuBaeTcst KOKTPOJb aHaNN3a Mo CYXoMy
OCTaTKy, MOITOMY OH UCTIONb3YETCA NMPWU M3YYEHWM NOA3EMHBIX BOA Ha CTapuax
TIOVCKOB (A7A KOHTDPONA TIOJIeBLIX aHAJIM30B) U IIPeABAPUTENILHO pa3Benru.

[Tonxpie aHanU3b! TPOBOAATCA 1A AETANbHOW XaPaKTEPUCTUXN MOA3EMHHIX
BOZ, U3yuaeMblX 06BEKTOB (06BIMHO HA AETANbHOW, Pewe Ha NPEABAPUTENbHOW
cTapmAx passenku). OHU BKIOMAIOT IKCIIEPUMEHTANbHOE OMpeieNeHne BCeX Max-
POXOMIIOHEHTOB, BLITONHAITCA 607ee TOYHHIMU METOZAMMU U 06ecTievuBaloT mpo-
BefleHVe KOHTPONA ONpeneneHuit o CYXOMY OCTaTKy IO CYMMaM MWIINCPaMM-
3KBUBAJIEHTOB KaTMOHOB U aHNOHOB.

TIpu cneyuanbHbIx IMAPOre0NOTUYECKUX N TUAPOXUMUYECKUX UCCNeA0BAHUAX
(OleHKa NepCriekKTUB TePPUTOPUM HA OOHAPYHEHWe MUHEPNLHBIX 7 [IPOMBILIIEH-
HEIX BOZA, He(Tw, Ta3a U APYINX MECTOPOXAEHUI) HEOGXOAUMBL OTPeAeNeHHA CO-
CTaBa CNOHTAHHLIX Y PACTBOPEHHLIX rasos (H,S, CO,, 0y, CH,, N,, Ar + Kr + Xe, He-Ne,
TRWEJBIE YINeBOAOPOAL), OPraHMUECKMX BOWECTB, & TAKKE KOMITENCA MUKPOKOM-
NOHEHTOB, 06pa3yloNUX BOAHEE OPEONLl PACCEAHNA,

PeaynbTarsl Bcex XMMMUECKUX aHANN30B BHIPAXAKWTCA B MOHHOW dopMe (co-
JepHanue onpenenseMbX WOHOB B MI/N), ABNAIOLENCA NCXORHON 1A BCEX Ompe-
nenexun. [Ina rnonyyenus 6onee NONHOrO NPeACTaBNEHNA O XMMUYECKOM COCTaBe
M3YYaeMBIX BOA Y COMOCTaBNEHNA aHANIU308 UCIIONB3YIOTCA MUIAUTPAMM-IKBUBA-
NEHTHAA W POLEHT-IKBUBANEHTHAA QOPMBI BEIPaXEHUA PE3YILTATOB aHaNu3a.

+ BaxTepuonoruyeckui CocTaB Moz3eMHLIX BOA. BakTepuonornyeckue uc-
CNleA0BAHUA BOAB NPOBOAATCA C LEJ1bI0 CAHUTAPHOW OLEHKU BO3MOWHBIX UCTOMHU-
KOB BOROCHA6KEHMA, YCTAHOBNEHUR MEPONIPUATUN MO 06e33apaymBavuio BORK U
PellleHNA HEKOTOPHX APYIUX ciienuduyeckux 3apay (6axTepuanbHan passenxa Ha
HedTb U ras, 0LieHKa MHTEHCUBHOCTU GMOXVMUYECKUK MTPOLUECCOB U AP. ).

« CaHuTapHOe COCTOAHME BORAbI, OMpepensemMoe ee (exanbHOW 3arpA3HEHHOC-
THI0, KOHTPONIMPYETCA U OLEHUBAETCA IO KOCBEHHBLIM NOKA3aTeNAM: NO CTeNeHU
obujero GakTepnanbHOro 3arpA3HEHUA (ONpefenseTcr o6UMM KOTUYECTBOM Gax-
Tepuit B 1 M1 wccnepyeMow BOAbL) M MO COMEPKAHMIO B BOAE GaxTepun rpymmsl
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KULIEYHOM NAZovky (ONPeAensieTcs KoNUYeCTBOM KMIIEYHBIX aflodek B 171 BOA —
KONMU-UHAEKCOM UM 06BEMOM BOAH, TIPUXOARIUMCR HA ORHY KUIEYHYIO Tanoy-
Ky — konututpom). Cornacuo F'OCT 2874-82 obujee IUCNO MUKPOOPTAHU3MOB B
1 cM® BOpHl XO3RWCTBEHHO-NUTHEBOrO Ha3HAYeHWA He MOMKHO Npesbwath 100,
KONnu-uHAeKc He Gonee Tpex. IIpy HecoOTBETCTBUM CAHUTAPHOTO KayecTBa BOAB
YKa3aHHEM TPeBOBAHUAM OHA OANEKUT 0fe33aparKnBaHuio.

KonuuecTso nipo6, oT6upaeMbx Ha GaKTEPUONOrUIeCKUA aHANK3, YCTAHABNU-
BAETCA MO COTNACOBAHMIO C opraHamy [occanuncnekuuu. [Ipyu neransHoit passen-
Ke MeCTOpOXAEeHWU TIOA3EMHBIX BOA U OLeHKe MX IKCIUIyaTaliMOHHbIX 3aIfacoB ANR
BOROCHa6KeHUR NPo6bl Ha HAKTEPUONOTUYECKUA aRANU3 AOTKHB OTGUPATBCR U3
BCEX BOJIONYHKTOB, UCITONb3yeMBIX NPy MOACYETE 3aracoB.
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I'naBa 4.7. BOITPOCbI METOJAHKHA OTBOPA ITPOB BOJbI
JJIA JIABOPATOPHBIX MCCJIETOBAHUA
W OLIEHKA KAYECTBA NOA3EMHBIX BOJ

Onpepenerran crenuduka oréopa npo6 Bopsl cobnopaercs npu onpobosa-
HUM MUHEDAIbHBIX, TPOMBIINEHHBIX U TEPMaNbHbIX TIOA3EMHbIX BOA, P 0Npo6o-
BAHWUW UCTOMHUKOB U CKBAXWH, Npu oT6ope npob rasa, rasupylommx BOA U Npu
creunguyeckux BuAaxX onpobosanua (6aKTEPUONOTUYECKUI, PAANOXUMUYECKHUH,
W30TOMHbIA, MUKDOKOMIIORERTREIW U IPYTUE BULbLI AHANU30B).

Tipu ot6ope Tpo6 BOAM AOMKHEL GHIT COBMOAEHB YCNOBUSA, NCKIOYAIOWME
BANAHME INIEMERTOB CNYYAWKOCTW: XMMWYECKAs YUCTOTA MOCYAbI, COXPARHOCTH
©CTeCTBEHHOTO COJIeBOTO M Pa30BOr0 COCTaBa BOAH, HEAONYCTUMOCTb 3aCTONHOCTU
" 3arPR3HEHUA BOAB NMpU 0T6OpPE, AOCTATOMRbIA 06beM Mpobrt (0,5-1 N BOAbl KA
TIONeBOi M COKPAEHHMIA aRanu3k, 1-2 1 Ha MONHbIA U CrieuanbyLe), Heponyc-
TUMOCTb CMELIEHUA BOJ Pa3NUYHLIX BOAOHOCHHIX TOPU3OHTOB, COOTBETCTRYIOWAR
KOHCePBALUA W PErUCTPauUA NPO6 U T. I, BLINONHEHUE BCEX aHanU3oB u ONpene-
JIERUT I0NKHO OCYIIECTBAATBLCA B KOPOTKUIA CPOK Iocne oT6opa npob, a npw BO3-
MOXROCTM — Ha MecTe uX oT6opa.

TTpo6yt BOAB! M3 UCTOYHUKOB, KONOALEB U OTKPHLITHIX BOROEMOB Npu Re6onb-
WOR UX TNYOUHE 0TEUPAIOTCA HEMIOCPEACTBERKO B 6YTHUIKU € COBIOAEHUEM COOT-
BETCTBYIOWMX NpepocTopoxrocTeit. [Ipu rny6une orbopa npob no 12-15 M Mox-
HO UCNONb30BaThL ncesfobaromerp Bepemaruna. M3 Gonee ray6oxux CKBaXwun
BOJa OT6UpaeTCA Ha w3nuBe (NPU OTKAYKAX), C MOMOWBIO XKEJNOHOK, PUGOpOB,
CITeNManbRIX NPOHOOTEOPRUKOB, UCTILITATENLHBIX CHAPAROB U UHCTPYMEHTOB,

IIpo6t rasa oT6MPaTCR C IOMOWBIO Pa300TBOAHLIX TPY6OK, BODOHOK, Fa300T-
nenutenein u po6oOTEOPHUKOB, CELMANBHEIX KORCTPYKLNA.

IInA U3yMeHUR U3MeHEeHMA XMMUIECKOTO U 6aKTe PUanbROro COCTaBa BOAB UNU
TTOATBEPKAEHNA UX HEU3IMEHROCTU BO BPEMEHU HEo6XOAUMO BHITIONHATH MEpPUo-
AuyecKue KOHTPONbHLIE OTpeleNeRus, YaCTOTa KOTOPLIX YCTARABIUBAGTCA C yye-
TOM KORKPETHBIX YCN0BUMA HIYIaeMbiX 06BEKTOB,

Tpe6oBarus NPeABLABNKIOTCA K GUINYECKUM CBOWCTBAM, XUMUYECKOMY U Bak-
TEPUONOTUYECKOMY COCTABY BOAB U 3aBUCAT B OCHOBROM OT XapaKTepa UCIIONb30-
BaHUA BOZILL B HAPOAHOM X03RNUCTBE UNU 06HEKTA ee 0TPULATENILROTO BO3AACTBUR
(X03RACTBERHO-TUTHEBOE, TTPONIBOACTBEHHO-TEXHUYECKOE, NleyeGHO-TUTLeBOE,
ropavee BOROCHABKEHUe, OPOLIERUE, UIBNEYEHUE CONEN U LERKBIX IR TPOMBIL-
NEHHOCTU KOMIIOHERTOB, FOPHO-TEXHUYECKOE CTPOUTENBCTBO U T. I.), 0OcOGEHROC-
Te! TeXHONOTUU BOAOMOTPe6NAOWUX NPEANPUATIUH, YCNOBUA BOROCHAGKEHURA U
npyrux daxropos. Tpe6oBanus, NpepbABIAEMEIE K KAYECTBY BORbI, YPE3BLIYANKO
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Pa3Ho06pasHbl U MOTYT U3MEHATBCA BO BPEMEHU (M3MEHEHUE WM COBEPIIEHCTBO-
BaHUE TEXHOJOrMU PaGOTHl MPEATTPUATUSA, U3MEHEHUE KOHLULUOHKLIX Tpebopa-
KU} Ka TPOMbILIIEHKbIE, MUREDANbHbIE U TEPMasIbKBIE BOALI U T. A.).

Tipu pa3pemweRUYU KaXHOTO KOKKPETHOTO 3afaKUs /1A KAYECTBEHHOM ONEHKU
TION3eMHbIX BOR PYKOBOACTBYIOTCA TPeGOBAKUAMY, YCTAHOBIEHHBIMU COOTBETCTBY-
tomumu I'OCTamu, pa3snuuKLIMU BEROMCTBEHHBIMU HOpMaMu, TEXKUYECKUMU YCI0-
BUAMM, TPAaBUIAMU, KOHAULUOHKEIMU TPEGOBAHNAMU.

TIp1 oliexKe MOA3EMHKBIX BOA KAK UCTOUHUKOB XO3ANCTBEHHO-IUTLEBOTO BOAO-
cHabXerus pyKoBoACTByoTCA TpebGoBanuammu I'0CTo.

OpraxonenTuyeckue CBOWCTBA OKKL COOTBETCTBOBATH CeAyomUM Tpebo-
BaHuAam: 3amax (mpu 20 °C w mpu Harpesaruu po 60 °C) e 6onee 2 6annos,
npuskyc nipu 20 °C — xe Gonee 2 6ann08, LBETHOCTL He Gonee 20°, MyTHOCTb 1O
CTaHRAPTHOM LIKane — Xe Gonee 1,5 Mr/i, 3amax U PUBKYC IPU XNOPUPOBAHUU —
He 6onee 1 6anna. :



Paspen 5. U3BICKAHUA I'PYHTOBBIX
CTPOUTEJIbHBIX MATEPHUAJIOB

Tnasa 5.1. OBIIME CBEJEHHA

IlecyaHo-rpaBuiHOE CHIpbe NPeACTaBNAeT OG0 PHXIbie NPUPOAHBE CKOTINe-
HUA 60Nee UK MeHee OKaTaHHLIX 06]10MKOB FOPHBIX TOPOA U MUHEDANOB Pa3nuy-
Horo pasMepa. OHW 06pa30Banuch B pe3ynbTaTe paspylIeHUA Pa3NUYHbIX TOPHBX
nopoj MPUPOAHHMU NPOLECCaMU BLIBETDUBAHUA, MEPEHOca TeKYYUMU BOAAMMU
(nepHUKaMK, BONIHAMW) # HEOJHOKPATHOTO NEPEOTNOMEHUA.

B ropHoM iene 1 MPOMHILINIEHHOCTU CTPOUTEIIbHBX MaTepPuanos gppaxium pas-
MepoM 10 5 MM OTHOCAT K Meckam, 5-70 — k rpasuio, Kpynsee 70 — K BanyHam.
K mecyano-rpaBUMHOMY CHPbI0 OTHOCAT CMECH, COflepHallue He meHee 10% rpa-
BUMHBIX QpaKuuit u He MeHee 5% MecyaHbiX. K neckam 0THOCAT cMecH ¢ coflepma-
HUEeM IPaBUMHBIX Qpakumnit po 10%, a k rpaamo (raneynuky) — € cofepxanuem
necka ot 5 no 90%.

IlecyaHo-rpaBunHoe Chipbe GONbLIEH YACTbI0 NOABEPralT PAcceBYy Ha CTaH-
JapTHHe (paKkuuu: rpasuUi PAROBOM, rpaBUN QPaKLUUOKUPOBAHHKBIA U NECOK-0T-
ceB. BanyHsl u KpyNHbIA rPaBUR NepepabaThisanT APo6IeHUEM Ha webeHb 6onee
MeNKux Gpaxumit.

MecTopoXAeHUA MeCYaHO-TPABUHHOTO CHIPbA UMEKIT LIMPOKOE, XOTA U He No-
BCEMeCTHOe, pacnpocrparerue. B Poccun yyTeHo 1269 MecTOpOXAeHUi ¢ 3anaca-
MW TIO CyMMe MDOMBLINEHHHX KaTeropuit moutu 10 muppa. m>. Paspa6arumsanT
0K0110 600 MECTOPOXAEHW C TOOBOM AOGHueH 130-190 MNH. M3,

B ceBepHOM peruoxe eBpomemckoi yacTu Poccuu 3anackr CHPbA COCTABNAKT
32% oT o6mepoccuitckux, fobuiya — 36%. Ha Cevepo-Kaskasckuit permox npuxo-
BUTCA 0KON0 15% 3anacos u A06b4U CHIpbA. B YpanbckoM peruoxe cocpefoTauero
17% 3anacos, fo6xya cocraBnaer 32%. Bcero 8 eBponenckoit vactu Poccumn no6ui-
BawT Gonee 80% CuipbA (0KONO 60% 3aMacoB).

TIpupoAHbIA XBaPLEBLIH MECOK — MENKOO6NOMOYHAA PhIXJIan 0CAA0YHaA rop-
HaA NOpPoAa, Gonee yeM Ha 90% COCTOAWAA U3 OKATAHHLIX W YTNIOBATHIX 3€PeH
(MecyuHOK) KBapna ¢ npeobnajawuM pasmepom 0,1-1,0 Mm. Kpapuesstie necku
XapaKTepHbI 1A NIAaTPOPMEHHHX PaHOHOB U O6LIYHO 06PA3YIOTCA KAK B YCIOBU-
AX BIAWHOTO WAPKOTO KNUMaTa B Pe3y/nbraTe NepeoTNoMeRUs NPOAYKTOB INy60-
KOT'O XMMWYECKOTO BEHIBETPUBAHUA MaTEDPUHCKUX NOPOJA, TaK U BHE CBA3U C KNUMa-
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CnpOBO‘-lHMK COBPEMEHHOIO U3bICKATEAS!

TOM DU ANUTENLHOM NTEPEOTNOMEHUN UX PA3NUYHBLIMU NPUPOAHLIMU areHTaMu,
a TaKie npu pOpMMPOBAH MM 0CAAKOB 3a CET PasMbiBa 60Nee APEBHNUX KBAaPLEBHIX
MeCKOB WU ITeCYaHUKOB,

Ilo pasmMepam 4acTui} (MM) BEAENAIOT IECKU: KPYNHO3epHUCTHIe (0,5~ 1), cpen-
HezeprUcTie (0,25-0,5) n MenxosepHuctrie (0,1-0,25).

dopma 3epeH mecka GLIBAET OKPYrNas, OKPYIIO-YraoBaras W yINoOBaTaA; No
CTeMeHW OKaTaHHOCTU — OKaTaHHas, IONIYoKaTaHHaA U 0CTPOYrONbHARA; N0 XapaK-
Tepy MOBEPXHOCTN — 3epHa TafKue W NIepoxoBaThe,

CTpouTenbHble KaMHW MPEACTAaBAAT OGLIMPHYI0 PPYNNY HEPYAHLIX IOnes-
HBIX UCKOTIAeMKIX, 3AHUMAIOWUX IO 06bEMaM NOTPe6eHus 0AHO U3 IEPBLIX MECT B
CTPOUT@NbHOM NIPOU3BOACTBE. SBNAACH UHEPTHBIMU MATEPUANAMU, OHU BKIIOYAIOT
TWIbHEL® (CTEHOBBIE) M 061U1OBONHHE KAMHUM W HAPARY C MECKaMu u MeCYaHo-
IPaBUUHBIMU CMECAMM COCTABJIAIOT ITIaBHbIN KOMITIEKC IPUPORHBIX CTPOUTENLHBIX
MaTepuanos, UCIIONb3YEeMbIX B €CTECTBEHHOM COCTOAHMM 6e3 TPUMEHEHUA TepMo-
XUMUYECKON 06paboTku.

TIop CTPONTENLHBIMU KAMHAMM IIOHUMAIOTCA CKanbHHE TOPHble NOPOALI, Niepe-
pabaThiBaeMble Ha Pa3nuuHbe MAaTePUANM (MOHOAWTH, GIOKM, TIUTH, MeGeHb,
necox Apo6neHus n pp.) MexaHuecknuM yTeM: ppobneHueM, pacrunoBKo, ppax-
UMOHUPOBAHMEM U T. IT. B KavecTBe CTPOMTENBHEIX KaMHEW MCNONb3YIOT FOPHbIE
NOPOAK Pa3HOrO NPOUCXOXKACHUA: MHTPY3uBHEIE, 3(hdy3uBHbLe, OCanouHbie, MeTa-
Mopbuyeckue, B 60nbLIMHCTBE CNYYaeB MWHEPANLHBIA COCTAB FOPHLIX IOPOA He
MMEET CYL|eCTBEHHOTO 3HAMeHWUA, ONPEAEeNAIOWMMN ABAAIOTCA (PUUKO-MEXAHMU-
YecKue CBOMCTBA, 3aBUCALIME HE CTONBKO OT COCTaBa, CKONBKO OT CTPYKTYPH U
TEeKCTYPH OPOA. B HaMBONbUIMX KONUYECTBAX NTPUMEHAIOT KapOGOHATHbIE TOPORL,
PPaHWTHL ¥ CXORHbIE C HUMK TOPHBIE IOPOALL. Pexe ucronb3yoT rab6pouns, 6a-
3aNbTONALL TECYAHUKN,

HnepTHble CTPOUTENbHBIE MaTePUaNH, ONY4aeMble PK nepepaboTie CTPo-
WTENbHLIX KaMHeW, B mpeobnanaoneit Macce UCONb3YIOT B KaYecTBe 3aMO0NHU-
Tenew TAXENLX 6eToHOB, BeToHaMM Ha3HBAIOTCA NCKYCCTBEHHbIE MATePUANH —
KOHIN10MepaTsl, cocToAmue Ha 80-85% U3 MENKUX U KPYIHBIX 3aNONHUTENEN U
COEAMHAIONErD UX BAKYLErO MaTrepuana — NOPTAAHAlNEMEHTa, 6uTyMa u apy-
IUX, B Pe3ynbTate TBEPAEHUA KOTOPOTO NONYYAETCA MOHOAUTHAA KaMHeNOA0G-
Has Macca.

06nacTn NpuMeHeRna

Tlecyano-rpaBuitioe CHpbe B OCHOBHOM Macce NPUMEHAIOT B CTPOMTENBHOM
NPOU3BOACTBE NPEUMYLIECTBEHHO NOCAe MepepaboTku (ppaxkuuoHMPOBaHMS,
Apo6nexus).
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PasaeA 5. U3LICKOHUS rPYHTOBLIX CTPOUTEABHBIX MATEPUAACE

TIpUPOAHYIO NECYAHO-TPRBUIMHYI0 CMECh UCTIONB3YIOT B OTHOCUTEIIBHO HE6Ob-
nmx o6bemax (Mexee 10%) AnA paznuyHBIX OTCHITOK, HUBENUPOBOX, AAMO, rae He
NpeRbABNAIOT CTPOrMX TPEOOBAHUIA K KaueCTBY MaTepuana.

TpaBuit hpaKyMORUPOBAHHLIN BHINYCKAOT B BUAE OCHOBHBIX Gpakunit (Mm):
5(3)-10, >10-20, >20-40, >40-80(70) n 5(3)-20. Mcnonb3yioT 3T MaTepuanst
TIPEMMYLECTBEHHO B KAY€CTBE KPYIHOTO 3aMONHUTENA B GeTOHaX u acdansTobe-
TOHAX. B HUX BMECTE C MENKUM HaNlOJIHUTENeM — ITeCKOM — T'DaBUil COCTaBIAET
70-80% o6beMa GeToHa.

TaxK e UCTONb3yeTcs u meGeb, ONYIeHHEIH ApO6IeHUeM KPYIHOrO IpaBus,
ranbku u BanyHoB. Heppo6nelie BanyHbl HOTAA HAXOPAT PUMEHEHUE B Kave-
cTBe 6YTOBOrO KaMHA.

Tlecok-oTceB OCNE APOONEHMA UAK KNaccudUKaL MU M3 COCTaBA NeCYaHO-rpa-
BUWHOW CMECH KPYITHOCTBIO RO 5(3) MM UCIONB3YIOT B CTPOMTENbHLIX PACTBOPAX U
BMECTe C KpYNHBIM 3a[0NIHUTENEeM B TAXKENBIX GeToHax. Pexe ero ucnons3yor ana
TIPOM3BOACTBA ABTOKNABHHIX MaTepuanos.

. 060rameHHy0 MecyaHo-TPaBUNHYI0 CMECh, NN TPAaBUN, IPUMEHAIOT B Kave-
cTBe 6aNNacTHLIX AOPOXKHBIX OTCHINOK, 6aNNACTUPOBKN XKeNe3HOROPOKHBIX NYTew,
GUNbTPAUNOHHEIX 3KPAHOB U T. TI.

ByToBbi#t KameHb (6YT) — KaMeHb HenpaBUAbHOW GOpMb pasmepoM Gonee
140 MM, UCIONB3YETCA ANA KNAAKKM (YHAAMEHTOB, CTER HEXWIBIX 3RaHWA U APYTUX
COODYXEHUW B KayecTBe 3aNONHUTENA GYTOGETOHA NPU BO3BEAECHWN MACCUBHBIX
COOPYEHNN (IIOTHHBI, MObL, AaMOB! U AD.), @ TAKXKe JA 0TMOCTOX NIPH OPOXKHOM
CTPOUTENbCTBE U APYrUX paboTax. Brmyck 6YTOBOTO KAMHA Ha Kapbepax CTPOU-
TENbHbIX KAMHEN COCTaBNACT OKONO 5% K 06EMY BCeit TOBAPHOW IPOAY KUK,

LITYYHEIe KAMHU TPEACTABAKIOT CO60¥ U3NENUA TPRBUALHON FeOMETPUYECKON
HopMbl ¢ 06paboTaHHLIMU [TOBEPXHOCTAMU. OCHOBHOUW BUA TaKOW MPORYKUUN —
6OpTOBLIE KaMHM, MpPEAHA3HauaeMble pNA BHAENEHUA NMPOE3XKEH YacTu popor,
Bbe3708, TpOTYapoB. Bpycuarsie kamiu (bpycyaTia) — BecbMa RONrOBEYHBIA Ma-
Tepuan AR ROPOXKHBIX MOKPHTUH.

TIpoyue BURLL LITYYHLIE M3AENUIA: APXUTEKTYPHO-OTAENONHBIE AETANY, NIapa-
MeTH!, CTYMEHU, IVIUTH NOROKOHHbIE, HAKPLHIBOHbIE, 1JOKONBHEE M 06NULOBOYHbIE,
a TakKe NPOMBILINEHHbIE KaMEHHBIE U3Aenns (Banbl, GeryHbl, )EePHOBA) ANA Kapb-
©DOB CTPOUTENbHEIX KaMHel He CIelMUYHbL, Tak KaK Tpe6yIoT 0co6bIX NpueMoB
pa3paborku. OHU MPOU3BOAATCA MPEUMYILIECTBEHHO Ha Kapbepax 06MUI0BOYHIX
KaMHeW U CIeliuabHBIX TPEANPUATUAX,

TInnbHble KaMHU — 610K CTAHAAPTHOTO pasMepa — BBIPE3AIOTCA AUCKOBBIMMU
(pe3aMu HEMOCPEACTBEHRO B Maccuse rOpHOW MOpopb. [IpepcTaBnaAioT OHU 3~
(GeKTUBHEBIN CTEHOBOW MaTePUa, NCIIONbIYIOTCA TAKIKE ANIA USTOTOBJIEHUA TOHKNX
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aPMUPOBAHHLIX IEPEroOPOAOK, TepeMbrdeK. JloMa 3 MUNBLHOTO KAMHA OTAUYAOTCA
MOBHIIEHHBIMU 3BYKO- U TEIUIOU3ONALMOHHBIMU CBOMCTBAMU U He TpeGyioT pe-
MOHTA BHEWTHUX CTeH.

Ule6enb — Hanbonee MaccoBbIit IPOAYKT, €TO BHUTYCK COCTaBAAET OOBIYHO 85—
95% 0T 06beMa BCeit TOBAPHOM poayKumuu. lle6erb BHMycKaeTCA pa3neneHHBM Ha
(bpakuun (Mm): 5(3)40; 10-20; 20-40; 40-80 (70-140). Lje6enb UCTIONB3YIOT:

- B KayecTBe OCHOBHOTO 3aMONHUTENA (TAXenoro) 6eToHa BO BCeX 6eTOH-

HBIX W )€eNe306eTOHHbIX CTPOUTENLHBIX KOHCTPYKUUAX;
~ B KayecTBe KPYIHOTO 3aNONHUTENs acanbro-  ueMenTobeToHan 6annacr-
HOTO CNOs MOKPHITUIA, aBTOMOGUNBHBIX ROPOT U 39POAPOMOB;

- AN 6annacTUPOBKU KENEe3HOAOPOKHLIX NyTeN;

- AAA BCAKOTO POAA OTCHIIOK, OTMOCTOK, INaHUPOBOYHBIX pabor.

Jina nerkux 6eTOROB UCMONB3YIOT le6eHD, NONYIEHHEIR U3 IOPUCTHX TOPHBIX
TIOPOA, @ TaKKe UCKYCCTBEHHbIe MOPUCTHIE MaTepUanbi, 0GLIYHO KepPaM3uT, pexe
TEPMONUT, META/NYPrudecKne 1 TOMAUBHbIE LNk U AP. cKycCTBERHBIE IOPUC-
THe 3aNONHUTENN, B OCOGEHHOCTU BEPMUKYAUT U TIEPAUT, ABAAIOTCA NYYUIUM Ma-
TEPUANOM ANA 3BYKO- U TENNOU3ONALMMU.

Jipo6neHbii NecoK-0TCeB UCTIONb3YIOT B KAYecTse 3allONHUTENS COBMECTHO C
me6HeM B 6eTOHHBIX (M achanbTOGETOHHBIX) CMECAX U CAMOCTOATEILHO B WITYKA-
TYPHBIX U KNAAOYHBIX PACTBOPAX, @ TaKXKe BO BCAKOTO poAa 6annacTHLIX u mnaHu-
POBOYHMIX OTCHIKaX. Bbixoa 3TOro Marepuana oxono 3-5%.

Ille6enb u npobneHbii Mecok, o6nanaowme AeKOPaTUBHEIMI CBONCTBAMU, UCTIOND-
3y10T ANA OTAENKM $acanoB U UHTEPLEPOB COOPYKEHMIM, YKNAAKU MO3AWYHEIX I07I0B.

TOHKO M3MeNbYEHHBIA MUHEPaNbHbIA IOPOLIOK, TPEUMYIECTBEHHO KapOoHaT-
HBIX TIOPOA, CAYXKUT KOMIIEHCUPYIOLIMM HANlONHUTeNEeM B aChanbTO6ETOHHRIX CMe-
CAX, YUCTO KaPOOHATHLII TOPOUIOK IPUMERAIOT ANA U3BECTKOBAHUA NOYB. Hexoro-
PY'0 HaCTh 1eGHA U3BECTHAKOB UCTIONBIYIOT Ha CTPOUTENBHYI0 U TEXHONOTMYEC-
KY10 U3BECTb ANA 06KUTA.

KBapueBhIf [IeCOK UCTIONB3YIOT B PA3NUYHbIX OTPACAAX NPOMBIIINERHOCTH KaK
B [IPUPOQHOM BUAE, TaK U B KayecTBe CHIPbA ANA NPOU3BOACTBA IIUPOKOTO acCop-
TUMEHTA U3AENUT, B TUTEHHOM Jiefie, CTPOUTENLHO, IeMEHTHOW, XUMUIeCKON ITpo-
MbBILINEHHOCTH, B TIpoU3BOACTBe (apdopa-dasHca, AUHACA, Kupnnda, 6eToHa ac-
(banbTOBLIX CMeCeM, KpOBENbHBIX PYNOHHBIX MaTepUanos, abpasueos, GunsTpos, B
NOPOXHOM U XENE3HONOPOKHOM XO3AWCTBE, MPU UCTILITAHUM LLeMEHTOB, AR Tie-
COYHWY NOKOMOTUBOB, IPOU3BOACTBA Kap6UAa KPeMHMUA, UIONATOPOB U T. A.

KBapuesoe Chlpbe WCIONb3YIOT B KayecTBe HaMONHUTENA HeapMUPOBAHHHIX
6eTOHOB, TAMIOHAXHLIX OPTAAHALEMEHTOB, TPEAHA3HAYEHHLIX AR LleMeHTaum
HeQTAHBIX U Pa30BLIX CKBAXMWH, 1EMEHTOB ANA CTPOUTENLHAIX PACTBOPOB.
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l'!pomnnmennue TUNbL Mec‘ropomnelmi

06pa3oBaHue 3aexen ecYaHo-FPABUAHOTO ChIPbA CBA3AHO C AEATENLHOCTHIO
JIEQHUKOB U BOAHLIX NIOTOKOB. B mpouecce TasHUA NeAHUKA 06pa30BaNUCh Pasnny-
Hble NPUIeAHUKOBLIE HAKOMIEHUA [NOXO COPTUPOBAHHOPO MaTepuana: Kams —
6ecriopAROYHO Pa3bpOCAHHLIE KOHYCOBURHbIE KYIIONA, 036l — Y3KUE, UIBUIUCTHIE
XO/IMBI, MECTAMU TI@PEXOAALUE B KYNOJIa, 3aHADPH — OGUIMDHbIE KOHYCH BBIHOCA.

BONbIIMHCTBO MECTOPOKAEHUH PACCMOTPEHHBIX TUIIOB CHIPbA CBA3AHO Ipe-
WUMYLECTBEHHO C YeTBEPTUYHBLIMU, PeXe HEOTEHOBLIMU, NANeOreHOBLIMU M, KaK
UCKNI0IeHue, ¢ Gonee APEBRUMU IK30TEHHEIMU 0GPA30BAHUAMU.

Tlonpasnenenue MeCTOPOXAEGHUA MO pa3MepaM 3amacos (MAH. M3): OYeHb
Kpynuee — 6onee 30, kpynurie — 30-15, cpeane — 15-10, menkue — 10-2,
OYeHb MeNKue — MeHee 2.

MecTOpoXAEHUA KBAPLEBHX MECKOB U3BECTHH B OTNOXEHUAX Pa3NUYHOTO
BO3pacTa — OT KeMOPUA B0 COBPEMEHHLIX BKMOYUTENbHO. B 3aBucumocTu or
YCNOBUT 06pa3oBaHUA BHAENAOT MOPCKUe (MPUGPEHHO-MOPCKUE), O3epHbLe, an-
J10BUANIbHBIE, BOQHO-NIEAHUKOBEIE, 3MOBUAILHBIE W 30710BblE TUIINI MECTODOMNAE-
HUiA. MecTOpOXneHUA NeCKoB MOPCKOTO U 03ePHOT0 MPOUCKOXKAEHUA CBA3AHML C
COBDPEMEHHLIMU MODAMU W KPYIHBIMU O3epaMu unu o6pa3oBanuch B pesynsTare
AEATENbHOCTU APEBHUX BOAHBIX 6aCCENHOB.

TIpOMBININEHRbIE TUIIHT MECTOPOXAEHUA TOPHBIX NOPOA, UCIONb3YEMBIX B Ka-
yecTBe CHIPbA ANA MPOU3BOACTBA CTPOUTENBHLIX KaMHE U 3anonuuTene 6eToHa,
0XapaKTepu30BaHbl B Tabnuue 5.1.

KpynHeWime MeCTOPOXAEHUA KBApLIEBbIX ECKOB, IPUYPOYEHHEIE K MOPCKUM
W 03ePHLIM OTI0XEHUAM, Pa3BeAaryl B [lenTpanbiom pernone Poccuu, Cpeprem u
HwxneM TloBomxkbe, 3ananHo Cubupn. OHM 1MPOKO pacmpocTpaHeHsl Ha nobepe-
XbAX Mopen — Banruiickoro, Kacrimitckoro, Anorckoro, 0xoTckoro, u 03ep — OHex-
ckoro, Jlapowckoro u ap. Ha npubpexzo-Mopckue NpuXOAUTCA 10 30% MeCTOpOM-
NeHU KBapuesbix NeckoB PoccUU ¥ IPUMEPHO TaKoe Ke KONUYECTBO 3aNacoB.

AnmosuanbHble MECTOpOXAeHUA Poccuiickoii Pepepayum CoCTaBNRIOT CBbilre
60%, BORHO-NeaHUKOBbIe — 10, 30710Bble — 2, 3N10BUAJIbHBIE U AENIOBUATILHbIE —
oxono 1.

MecTOpOXAeHUA annioBuanbHOro Tuna (COBpEMEHHLe U ApEeBHUE) MIMPOKO
PacnpocTPaHEHH! BO BCEX PEFUOHAX CTPAHHL. [10 CLOXHOCTU reoN0rUYecKoro CTpo-
€HUA MOPCKUE, 03€PHbIE U ANNIOBUANLHEIE MECTOPOKAGHUA COOTBETCTBYIOT 1-7 n
2-i TPyNNaM CNOMKHOCTH.

Bopxo-nepnunkoBrie MECTOPOXKAEHUA AOBONBHO LIMPOKO BCTPEYANOTCA B Ce-
BEPHBIX W UEHTpaNbHBIX PaiOHaX eBponeiickoit vactu Poccuiickon Pepepauuu u
Ha cesepe 3amapHoi Cubupu. Ilecku MpeUMYLECTBEHHO KBapueBbie U MONEBO-
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CnpaBOYHUK COBPEMEHHOTO W3bICKATeAs

Mpomb

1€ TUNbl MECT

Tabnuya 5.1

P / FOPHBIX NOPOA, UCNOMNb3YeMbIX
ANA NPOM3BOACTBA CTPOUTENbHbLIX KaMHe U 3anonHuTeneil GeToHos

®opmbl Mponyk- | Paameptl, M MpuMeps akc-
Tune! npoaykTue- | TWBHbIE AnyaTupyembix
Heix T€N nopogst | Y ™M | g anawe | MO | mectopoxaeun
HOCTb
KamenHoropckoe
Batonutel, (MypmaHcxas
Kpynhi g -
M’;t’:’::":l: KpynHoie ;‘:‘"MTO" Marmaro- Thicaum obn.).
LLITOKK reHHble- CmonuHckoe
WHTPY3ue- (Ypan)
Hble
LWroku, LLirokoo6-
MOLLHble pasHble Fab6poxub! CoTHY ggzzgromxoe
Knfbl U Tena
nankm,
fecstku | Wax-Tay (Batw-
nona
Ky? Pucbi WasecTHsaKu | BuoreHHble | CoTHu W coTHu | kipw)
Basanb- | Marmato- ;i(aue;:::cxf:ﬁ
Moxpossi, | Touabl, reHHo- sz;)b pC
nOTOKW Tyl 8yn- | adhchyaua- 4 N
KaHudeckue [ Hble (OAK;::E::)R HCKoe
CriopsHckoe
Mnactel, | Mpamope, | 1aPamera- (VipkyTexast obn.);
nnactoos- | 10N Keaputel | MOPPOTEH- | v | Ao co- | Wokummckoe
pastble Hote TeH | (Kapenusi)
3anexu
Menexoso-
®depoToBcKoe
KapGonar-
Crom Hbie nopo- | Ceanmen- g%r‘:a;.:mwpcnaﬂ
Abl, Necya- | ToreHHble o
HUAKY U Ap. AHuKrHCKOE
(PocTosckas
o6in.)

wurnar-Keaplessle. TIo CNOXHOCTY I'e0NOTUYECKOTO CTPOEHUA OHU B Gonburmncrse

CBOEM COOTBETCTBYIOT 2-Y PPYIIE CNIOXHOCTH.

MecTopoXAeHMA ECKOB 3N10BUANBHOTO U ACTIOBUANILHOTO TUIIOB B CBA3N C UX
6ONbLIEN YACTbI0 HEBHAEPKAHHOCTbIO COCTaBA ¥ CTPOEHUSL TIONIE3HOM TOMIY, IUI0-
XOW COPTUPOBAHHOCTHI0 Y HEOKATAHHOCTBI) MaTepPUana, 3HaYUTENbHbIM COREpPKa-
HUEM TIMHUCTRIX U MEJEBATBIX YAaCTWL UMEKT OTPAHWYEHHOE MPOMbILINEHHOE
3HayeHue. B 6oNbUIMHCTBE CBOEM UX OTHOCAT K 3-1 U 4-1 PPYMNaM COKHOCTH.
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Pasaen 5. V3bICKaHWUS rPYHTOBLIX CTPOMTEALHLIX MATEPMAACB

Teckn 30n0BHE XapaKTEPHbI ANA KOHTUHEHTANbHLIX 06pa30BaHUN apUAHbIX,
CeMUapUAHLIX KIUMATOB, MOPCKMX, 03@PHbLIX, PEYHBIX NeCYaHbX NoHepexuit pas-
Hbix Teorpaduyeckux mupoT. IIpencTaBneHB 30710BbIe MECTOPOKACHUA BIOHAMMU,
6apxanamu, rpapamu, 6yrpaMu, pexe NUH3006Pa3HEIMU 3A1eKAMYU, CIOXEHH Iec-
KaMu MeNKO- U CpepHe3epHUCTLIMU (peobnapawt ppakuuu 0,15-0,30 MM), Xxopo-
110 OKATAHHMMMU, ORHOPOAHBMYU TIO MUHEDANLHOMY COCTaBy. CoflepaT He3Hauu-
TeJIbHbIE MpuMecu. Mcnonb3oBakve B MPOMBILIEHHOCTY, 33 UCKIOYEHUEM CTe-
KONBHOTO Y IUTEHHOTO NPON3BOACTB, OrPAHUYEHHO. X OTHOCAT B OCHOBHOM KO 2-
¥ IPynne IO CNOXHOCTY [e0N0IYECKOT0 CTPOEHHUA,

To BenuuuHe 3anacos (M>) MECTOPOKAEHWUS XBAPLEBbIX NECKOB NOAPasAens-
10T: Ha YHUKANbHHE — COTHU, BECbMA KPYIIHBIE — eCATKYU, KPYNHbIE ~— eAUHU-
Lbl MUINUOHOB, CPEAHNE — COTHU, MEIKUE — eCATKU, 04eHb MEJIKUEe — eAUHYU-
1Bl THICAY.

Pa3pa6oTHa MecTOpPOXAEHUA

Pa3paboTKy MecTOPOXAEHWI NEeCYaHO-FPaBUMHOTO CHIPbA BEAYT OTKPHITHIM
cnoco6om. B 3aBUCMMOCTH OT FOPHO-TEXHUYECKUX YCIOBUR NPUMEHAIT CEAYIo-
mue cnoco6bt FOPHbIX PaBoT: 'MAPaBAWYECKIIA (TMAPOMEXaHU3UPOBAHHLIA), 6yib-
NO3€PHO-CKPENePHLIN U IKCKABATOPHBIN.

Ha nopBoAHEIX MECTOPOMAEHURX PUMEHAIOT TONBLKO PURPOROBLINY € UCTIONb-
30BaHUEM MNABYYUX 3eMCHAPAAOB TMAPABNAUYECKOIO U MEXaHWYECKOTO AEHCTBUA.
K mepBnIM OTHOCAT 3€MNeCOCHble CHAPAAL — pedyneps, MPOU3IBOAUTENLHOCTD
KOTOpHIX MO mopope — A0 2 500 M3/4 mpu ray6une paspaboTxu po 12-30 M.
MuHuMan»Haa MOIWHOCTb pa3pabaTeBaeMoro nnacTa cocrasnfer 2,5—6,5 M B 3asu-
CUMOCTH OT IPOU3IBOAUTENLHOCTH,

3emcHapARb MEXAHUIECKOTO AENCTEUA (MHOrOYEPNAKOBEIE) UMEIOT TPOU3BO-
AWTENbHOCT: A0 600 M3/4 npw Cny6uxe yepnanwua 5,5-18 M. MuxumanbHas Mou-
HOCTh Tnacta 2-6 M. K opHOuepnakoBbIM CHapAAaM OTHOCAT MNaBYYWe KPaHHl ¢
rpeidepHLIMU YepnaKaMu eMKocTsio oT 1,5 Ao 4,5 M°. Mx MPOU3BORUTENLHOCTD
100-210 M3/ npu ray6uHe yepnanus 13-23 M. MakcuManbHyii pasmep BanyHOoB,
AOCTYIIHBIX paspafoTke, 3aBUCUT OT IPOU3IBOAUTENBHOCTU CHAPAAA U Konebnerca
B nipepenax 100-300 MM. JIns YepnaKoBbIX CHAPAAOB OH AOJKEH GLITH 06beMOM He
601€ee NONOBUHLI EMKOCTY KOBLIA, JJOGHITHIA IPYHT IPY3AT Ha 6apXKu WU 10 Ina-
BYYeMy TPYGONPOBOAY MOAAIOT HEMOCPEACTBEHHO HA 6eper.

Hcnonp3oBanue nepeuncneHHbIx CPEACTB BOIMOXHO W NPU PaspaboTke Ha-
3eMHBIX TOWMEHHBIX MECTOPOXAEHUIt IIPU BLICOKOM YPOBHE PPYHTOBLIX BoA. Ecan
BCKpHIIA He 06BOAHEHA, €e CHUMAIOT 6ynbA0O3ePaMu UM IKCKABATOPAMU. 3eMCHa-
PAA MPOBOAAT MO MPOPabaTHIBAEMOMY MM e KaHany oT SAvKaiero pycna peku.
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CHpOBOHHMK COBPEMEHHOTO M3LICKATEAR

Iina paboTs 3eMnecocoB 06ecreYnBaT NPUTOK BOAH He MeHee 0,5 M* Ha 1 M?
NOGLITO TIOpOAbl. 3eMNECOCHHIM CHapAfaM AOCTYMHb NOPOAB! C COAEPHKAHWEM
BanyHos He Gonee 4%. Ipn GonblreM uX COAEPKAHUUM NPUMEHAIOT YepNaKoBhe
CHapaabl.

Imppasnuyeckui crocob Ro6bLYM ¢ MOMOWbIO 'MAPOMOHUTOPOB NPUMEHSIOT
PEAKO — VUL NIPY HAAW4WK eCTECTBEHHOTO YKN0HA 3aneXy, obecrneyusanwiyero
CaMOTEYHYI0 TPAHCIOPTUPOBKY Pa3MUKEHHON NIOPOAL (MyNbITbY).

Cyxue v Manoo6BoAHEHKEIE MECTOPOXAEHUA Pa3pabaTHBAIOT IKCKABATOPAMYU
Pas’nvMYHOW MOWHOCTY W Knacca, 6ynbao3epamv v ckpenepamu. Ha KpymHbIx Mec-
TOPOMEHUAX C HeBONbUIUM COAePHaHUEM BAYHOB UCTIONL3YIOT POTOPHbIE IKCKA-
BaTOPHl B KOMIUIEKCE C EPerpyMareNaMu v NIeHTOUHBIMU TPaHCROPTepamu. Iny-
6vHa pa3paboTkv pocturaer 30 M.

Bo BCex cnyvyanx, Koraa ecTb BO3MOXHOCTD BbiGopa criocoba pas3paboTku, Bbi-
TIONHAWT TEXHWUKO-IKOHOMWUYECKUW PacyeT AR ONPefeneHUA Haubonee 3KOHO-
MWYHOTO criocoba.

MeCTopoXaeHus IMVH paspabaTbiBaloT NPEeWMyIeCTBEHHO OTKPHITHM CNOCO-
60M. Bnarogaps 3TOMy IVHBI AIVTENbHOE BPEMSA NOBEPraloTCA BOIAEHCTBUIO aT-
MOCGEePHBIX areHTOB, CTAHOBATCA PHIXILIMU Y JIeTYe OTAENAIOTCA OT TOPHOR Macchl.

OuucTHble paboTH B Kapbepax MPOU3BOAATCA KOBLIOBEIMU U PEXE POTOPHBIMU
JKCKaBaTopamu. Inybuna kapbepos pocrvraer 50 M. [lo6biTan MMHA AOCTABAALTCA
Ha epepaboTKy TPEUMYILLeCTBEHHO Xene3HON0 POKHEIM TPAHCIIOPTOM.

TloTepn MONE3HOr0 MCKOINAEMOTO ROCTUTawT 5%, PasybokvBaHWe He3Hauw-
TeNbHoe.

Pa3paboTka pAna TMMOB IMvH BLI3LIBAET TPYAHOCTM BCIEACTBUE MX Habyxae-
MOCTY v criocofHOCTM 06Pa3oBLIBATL C BORO renn. [loaToMy vx paspabarsisaior
TONBKO B CYX0e BPEMA rona. [pyHTOBLIE U IOA3EMHbIE BOAB! CO3AA0T TPYAHOCTH B
paspaboTKe TAMHUCTOTO ChiPbA, TIOCKONBKY WX Ao6bINA TpebyeT ofA3arenbHoro
NMPOBEAEHUA KOMIUIEKCA APEHAKHBIX paborT.

Tlop3eMHan pa3paboTKa MeCTOpOMAEHWA W3pefKa NMPUMEHAETCA ANA OTHe-
YNOPHHIX W Cnaborabyxaowmux WenouyHO3eMeNbHEIX GeHTOHWTOB, TOCKONBKY
CuWIbHOE HabyxaHue IAvH TPUBOAMT K PA3PYIIEHVI0 KPETUIEHWA W APYTUM OCTION-
HEHWAM BeleHWA POPHLIX PaboT.

PaapaboTka MecTOpOXAEHNN IOPOA ANIA TIPOV3BOACTBA CTPOUTENbHBIX KAaMHeM!
Y 3aMoNHUTeNeR 6eTOHA OCYmECTBARETCA B NOAABNAILWEM GONBUIMHCTBE OTKPHI-
ThIM crioco6om (kapbepnt). [ToAseMHan pa3paboTKa WITONLHAMM W LAXTaMU TIPUMe-
HAGTCA B OCHOBHOM ITPU A06bIYE MUILHOTO KaMHA.

Kapbepst o o6beMam po6bumM roPHOM Macchl (Thic. M3 B FOR) OAPA3AENRIOTCA
Ha: Menxue — po 700, cpepnue — ot 700 po 2 000, kpymHble — cBhle 2 000.
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Paszaen 5. A3biCkaHAs rPYHTOBbLIX CTPOMTEABHBIX MATEPWAAOB

Pa3pa6oTka kapbepaMyv BefeTcs N0 OG1ETIPUHATLIM TEXHONOTUYECKUM CXeMaM Off-
HUM WI¥ HeCKONbKWUMU AOGLIYHLIMU yCTyNaMu. [IIR OTGOWKM U PHIXJIEHUA CKallb-
HBX OPOA MPUMEHAIT GYPOB3PLIBHEE PaboTH C WUCMONb3IOBAHVEM aMMWavHoO-
CeNIMTPAHBIX, CEUTPAHO-TPOTWNOBHIX W APYTMX B3IPLIBYATHIX BewecTB. 3apaaut
3aKNafLIBAIOT B CKBAMMHEL, NPOGYpEHHble ¢ TIOBEPXHOCTY yCcTyna. [ina paspenku
Hera6apuTHHIX MOPOA MCNOJb3YOT Wmypy. Ha Menxux kapbepax mpw Ao6bive
6YTOBOTO KAMHR MHOI'AA IPUMEHAIOT PYYHYIO BHIGODPKY.

TpaHCIIOPTUPOBKY TOPHOW Macchl Ha APO6WILHO-COPTUPOBOYHLIE (abpuku
NPOV3BOPAT ABTOCAMOCBANaMU. JKCTYATALWMOHHbBIE NOTEPW TOPHOW MacCht Npu
B3pHIBHLIX paboTax He mpesbwaloT 0,5%.

Tpow3BORCTBO WTYYHLIX M3AEAUN Ha Kapbepax, Iie NPUMEHAIOT 6pU3aHTHble
B3phIBYATHIE BELECTBA, OTPAHVUYEHO PAa3BUTUEM B MAaCCMBE MUKDOTPEIJUHOBATOC-
T, BeAyIle K Pa3pyLIeHVIO U3Henun.

TIpu oTxpriToM criocobe pa3paboTKy MeCTOPOXAEHWA NIMILHLIX KaMHel Tpo-
W3BOAAT C NIOMOWLIbI0 KAMHEPE3HBIX MAlIVH C AUCKOBLIMU WY KOMbLEBBIMY (pesa-
mu. [Ipu nop3emMHON A06bIYE IPUMEHAIOT ANCKOBBIE WY 6apOBble MALUVHEL.
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CI'IPGBOHHMK COBPEMEHHOTO n3bICKATEAR

TI'nasa 5.2. COCTAB U3bICKAHHMH I'PYHTOBBIX CTPOHUTEJIbHBIX

MATEPHAJIOB ¥ OBIIME TEXHUYECKUE TPEBOBAHHA

Hacrosmuit paspen ycraHaBnusaer obmue TexHudeckue TpeboBaHUA K bION-

HEHWIO CNEeAYIOMUK BUBOB PAabOT U UCCNe0BAHW, BXORAMMUX B COCTAB U3bICKAHWiA
TPYHTOBBIX CTPOUTENBHLIX MAaTEPUANOB:

cbop, obobmenne u UCMoNb30BAaHUE UMEOMXCA QOHROBHIX MaTepuanos

W3BICKAHV TPOLINLIX NET;

RelMppupoBaKUue KOCMO- U a3podOTOMATEPUANOB;

MapLIpyTHbe HabnopeHuA (PeXOTHOCLUMPOBOYHOE obCnefoBanue);

NIPOXOZKA FOPHLIX BHPabOTOK;

reopu3nYeCKUe UCCIeA0BAHUS;

OIBITHBIE NONEBbIEe PaBOTH;

TUAPOre0NOTNIeCKUe UCCNeR0BaNMUA;

0T60p NMPo6 rPYHTOBLIX CTPOUTENLHEIX MATEPUATIOB;

CTannoHapHHe Habmoperus;

nabopaTopHbe UCCNeR0BalNA TPOG IPYHTOBLIX CTPOUTENBHEIX MaTepPUanos;
OIBITHO-TIPOV3IBOACTBEHHEIE UCCNER0BAHUA C YYAaCTUEM CTPOUTEeNLHBIX 0pra-

HU3aUUK;

o6cnepoBanme 3eMNAHBIX COOPYKEHNN;

PaboThL W UCCNEA0BAHUA B COCTABE APYTUX BULOB UHKEHEPHBIX U3LICKAHWT;
KaMepansHas 06paboTha MaTepuanos;

coCTaBNEHWe TEXHNYECKOTO OTYeTa (3aKNI0YEHUR).

Heo6XOAMMOCTb BEIONMEHUA OTAENbHBIX BUAOB PaboT W UCCIEROBAHUR YCTa-

HaBIUBAETCA B NPOrpamme W3bICKAHU B 3aBUCUMOCTY OT BUAA U Ha3HAUEHUA npo-
€KTUPYEMOTO COOPYXEHUA B COOTBETCTBUN C TEXHVUYECKUM 3alaHUEM 3aKa3uuKa.

C6op u 0606 ne u mUuxcA POHAOBLIX MATePUanoB U3IbICKAHUK

TPONINLIX NET BLI0/HACTCA Ha IEPBOM 3ITAMe N3bICKAHWA IPYHTOBLIX CTPOUTENb-
HBIX MaTepuanos pNs COCTABNEHUA MPOrPaMMbl U3LICKAHUA U UX ONTUMANbLHOW
opraKuanuu.
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C6opy, 0606mernIo ¥ UCTIONILIOBAHUIO TIOANENKAT:

~ CBefleHWA O LEeWCTBYIONUX M 3aKOHCEPBUPOBAHHLIX Kapbepax Mo pobbiye
Pa3NMYHBIX BUAOB IPYHTOBHX ¥ MECTHBIX CTPOWTENBHHX MaTepuanos, o6
WX NPUHAANEKHOCTH, POU3BORUTENILHOCTY, KavyecTBE, WCMONb30BAHUM,
BO3MOXHOCTN W YCNOBUAX UX TONYYEHUSR;

—  TeXHUYeCKWe OTYETH O BHUTONHEHHBIX U3BICKAHUAX IPYHTOBLIX CTPOUTENb-
HBIX MaTEpPnanos u reoNoropassefoyHbx paboTax Ha MECTHbE CTPOUTENb-
HHe MaTepuanst POWLIX NeT (B TOM YUCAEe Ka OCHOBE Te0or0-CheMoy-



Pazaea 5. M3biCKAHUS FPYHTOBBIX CTPOUTEALHBIX MATEPUAAOB

HBIX ¥ MHXXEHEPHO-re0Nornyeckux pabor, peruoHanbHLIX NCCNEROBAHUA U
PeXUMHbIX HabnoaeHvit opranusanui MIIP Poccuv n APYTHX BEROMCTB) U
cBepeHMA 06 UMEeWMXCA, MPOUIBOAUMBIX UNM TLAHUMPYEMBIX B Byaymem
Pa3NNYHBIX OTXOAAX W OTBANAX, UX KONMYECTBE, KAYECTBE, UCTIONb30BANUN
W YCNOBUAX MONYYEHURA;

~ MaTepuansl MHXeHePHO-Te0N0rMMeCKUX U3LICKARMNL, TMAPOTe0oNornIeckux

¥ reoGu3uueCKUX UCCNIeR0BaHU Y CTalMOHAPHLIX HABNOAEHNIH;

~ paHHble o6cnepoBanuit 3e MIAKEIX COOPYKEHUNA W 06 ONEITE X CTPOUTENb-

CTBa W 3KCTUIyaTanuu;

~  KOCMO- ¥ a3po¢oTOMaTepHuanst;

~ Tomorpaduyeckue NaHb v KapTHL.

Tlo pesynsrataM c6opa, 0606meHua u aHaNU3a YKa3aHHbIX MaTEPUaNos B PO-
rpamMMme (TIPeAMUCANUY) U3BICKARUA U TEXHUIECKOM OTYeTe (3aKNI0NeHNN) AOTIK-
Ha GLITb faNa ONeHKa uX KaJyecTsa, AOCTOBEPHOCTY, CTENIEHU U3YIEeHHOCTY U BO3-
MOXHOCTW CIIONIb30BAHWA TUX MaTepUanoB AjlA PeiIeHUA COOTBETCTBYOMUX
NIPOEKTHHIX 3afay.

lemrudpuposanue XocMo- 1 a3pod)oToMarepuanos, Kak paBuno, cneayer
BHINONHATD NPU U3BICKAKUAX TPYHTOBLIX CTPOUTENILHEIX MaTEPUANoB ANA Bo3Befe-
HWA KPYMHHX 3eMAAHBIX COOPYHEHUN, B TOM YUCIIe IMHENKBIX COOPYEHUN 3Ha-
YUTENbHOM MPOTAKEHHOCTY, € Uenbio 060CHOBaHMA Pa3paboTKM NPennpPoeKTHON
DOKyMeNTauuu.

OnTuManbHLIMU MaciTabamu a’spodOTOCHUMKOB ClepyeT cyurars 1:25 000
(1:20 000), 1:15 000 (1:17 000), 1:10 000 (1:12 000), nenecoo6pasxo UCNONL3O-
BaTb TaKXe UMEoLNeCA MaTepuanbl a3popoTocheMok B Macurtabax 1:5 000,
1:2 000.

MapuipyTHble Ha6n0OAEHUA NPU PEKOTHOCUUPOBOYHOM 06CNeA0BAHUY BbI-
TIONHAOTCA ANA PelleHUA CNefyowux 3apay: NPeABapUTENbHOrO YCTaHOBNERUA
TPaHul PACMIONOKEHUA MEPCTEKTUBHLIX NMNOWAROK — WCTOYHUKOB NONYYeHWA
TPYHTOBHIX CTPOUTENbHLIX MaTEPUanos, UX X03AACTBEHHOTO UCTIONb30BAHUA, BO3-
MOMXHBIX ITyTell TPAHCNOPTUPOBKU CTPOUTENbHbIX MaTEpPnanos, YTOUHEHUA U 0-
MOTIREHUA AAHHBIX U3LICKAHW I IPONINBIX NIET, pe3yNbTaTOB AendpupoBaHUa Koc-
MO- ¥ a3p0(OTOCHUMKOB, BHABIEHUA ONIACHbIX TE0NIOTMYECKNX N UHKEHEPHO-Te0-
NOTMYECKUX MPOLECCOB, OCNOMHAOMUX Pa3paboTKy IPYHTOBHIX CTPOUTENbHHIX
MaTepuanos, M3yYeHna APYruX KOMIOREHTOB Ie0NOrNYecKol Cpeasl, a TakKe Bhl-
60p MeCT POXOAKY COPHLIX BHPABOTOK.

MapurpyTHrie Ha6NORERNA CNeRYeT BLITONHATL HPW U3LICKAHWAX ANA NPeA-
TIPOEKTHOW ROXYMEHTaUUM C UCMONb30BAHMEM WMEWOUIUXCA TONOrPahuyecKux,
reoflorUIecKUX U [PYIUX KapT.
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CnpaBoYHNK COBPEMEHHONO U3bICKATEASR

TIpW U3BICKAHWAX ANA MPOEKTa U paGouei AOKYMEHTAlU MapUIPYTHbIE Ha-
6110AEHUA BLIIONHAOTCA Ha OTAE/bHBIX YIAaCTKaX NOWAN0K C HebI0 YTOMHEHUA
RaHHbIX, TONYYEHHBIX HA NPEABIAYNX CTAAUAX U3BICKAHUA.

KonnyecTso MapuIpyToB, UX HaNpPaBAeHUA U COCTaB PaboT HeobxoauMo ycTa-
HaBAWBaTb B MPOrpamMMe (NPeANNCAHNN) UIBICKAHUA C YUETOM UIYIEHHOCTU Tep-
PUTOPUY, CTaAMMU (3Tana) NPOEKTUPOBAHUA U COKHOCTU FOPHO-TEONOrUYECKUX
YCnoBUA (mpunoxexne 1).

TIpoxofKy TOPHLIX BBIPAGOTOK CleAyeT paccMaTpUBaTh B KayecTBe OCHOB-
HOT'O BUAA paboT M OCYECTBARTb NPU BLIMONHEHUU U3BICKAHUMA ANA KaKAOW CTa-
auK (3Tana) NPOEeXTUPOBAKUA C LIENbI0 PellEHUA CIeAYIONUX OCHOBHBIX 3aAad:

- YCTAQHOBNEHWA YCNOBWUA 3a/eranMa TMONe3HOW TONIWM CPYHTOBBIX CTPOU-

TeNbHEIX MaTePUANOB;

- YCTaHOBNIEHUR YCIOBUW 3aleraHuA BCKPHILIHbX IOPOR;

~ oT6opa BCeX BUAOB NP6 CPYHTOBEIX CTPOUTENLKLIX MaTepUanos;

- YCTAHOBNIEHUA YCNOBUI 3aneraHyuA NOA3eMHLIX BOZ, 30H U XapaKTepa npo-

ABJIEHUA T€0JI0TUECKUX U NHKEHEPHO-Te0I0TNECKUX TPOLeCcoB;

— BBINONHEHUA OMBITHHLIX NONEBHX PAGOT, CTANMOHAPHHIX HaGmOREHUA U

reo@u3nMYeCcKUX NCCAEN0BAKUNA.

TIpu U3bICKAKUAX TPYHTOBLIX CTPOUTENLHLIX MATEPUANIOB BUAbI, INYGUKY U Ha-
3HaYeHWe FOPHbIX BHPAaGOTOK ClefyeT NPUHUMATh B COOTBETCTBUM C TpeGOBAHUAMY,
YCTAHOBNEHHBIMYU IR UKIKEKEPHO-TEONOrnIeckux ussickarui (CIT 11-105-97, npu-
noxenue B). IIpu 3ToM mypdbl, AYAKU U CKBAXKUHET GONBLIOTO ANAMETPA PEKOMEH-
AYETCA UCMONB30BATH PN U3LICKAHWAX HEOJRHOPORHEIX MATePUaNOB, NPeACTaBNek-
HbIX KPYMTHOO610MOYHBIMU TPYHTAMU UNU OTXOAAMU C KDYIHLIMU BKIIIOMEHUAMM,

Pa3melyexue rOpHEIX BLPaBbOTOK HEO6XOQMMO TPOUIBOAUTL C YETOM FPYNILL
CNOXHOCTU TOPHO-TONOTMMECKUX YCIOBUY (TPUOXKexrMue 1), CTaRUAHOCTH Tpo-
€KTMPOBAHUA U XapaKTepa 3a7eraHuA I'PYHTOBLIX CTPOUTENbHHX MaTEPUANOB.

PaccToaRMe MeXAY BHPAGOTKAMU CIeAyeT MPUHUMATL B COOTBETCTBUM C Tab-
nunei 5.2.

Tabnuya 5.2
PaccrosHue mexay ropHbiMmv BbipaGoTkamu, M
pynna CrnoXHoCT! ropHo-
reonornyeckux ycrioeuin | lMpeanpoekTHas MpoexT Pabojas
AOCKYMEHTauun P [ROKyMeHTauns

| 800-400 400-200 200-100

It 600-300 300-150 150-75

1} 400-200 200-100 100-50
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Pasaen 5. N3bICKGHWA FPYHTOBBIX CTPOUTEABHLIX MATEPUAACB

IIpumeuanus

PaccToAHWA MeXAY TOPHBIMU BHIPABOTKaMU (MUHUMANbHbBIE, MaKCUMaTbHbIE U

TPOMEXYTOYHbIE) B KAXOOM KOHKPETHOM Cydae Heo6X0AUMO YCTaHaBAUBATb

B IIPOTpaMMe U3LICKAHWH C YIeTOM Tpe6OoBaHMiA TeXHUYECKOro 3afaHuR, PU-

POAHMX YCNOBUIL, TPYNI COKHOCTU FOPHO-T@0NOrMYeCcKUX YCNOBUMA, CIOCo-

6oB paspaboTku n gp.

2. OTcTynneHua B CTOPOHY COKPAlleHUA PACcCTOARWI MeXay POPHLIMU BhipaboT-
KaMMU nOMYCKAIOTCA NPYU U3bICKAHUAX Ha HeGonbumx yyacTkax u npu III rpyn-
e CNOXHOCTU TOPHO-TE0JI0TUYEeCKUX YCIIOBUIA.

-

PeKOMEHAYeTCs IPUMEHATH CERYIOWMe CETKU PAa3MelleHUA BLIPaGOTOK B INaKe:

- KBappaTHYX — NPU IPOCTOM I'e0I0TUYECKOM CTPOGHUN U Manot NU3MEHYN-
BOCTU MOIUHOCTU U KA4eCTBa NI0A1€3HOW TONMM B MNaKe;

-~ NPAMOYTONbHYI — MPU BLITAHYTOM B 1aHe GopMe MONE3HOM TonwMU (an-
JOBUANbLHbIE, TPOAIOBUAILHBIE OTA0KEHUA, O3B, KaMbl U T. IL.);

-~ HempaBWIbLHYI0 — NTPU CROKHBIX TPUPOAHLIX YCNOBUAX, @ TaKKe NIPU U3Y-
JEHMM OTBaJIOB M OTXOAO0B.

HaumeHbmve PacCTOAHMA MeXQy BHIPAGOTKAMU PEKOMEHAYETCA NPUHUMATb
MO CTBOpaM, OPUEHTUPOBAHHLIM MO HAMpPaBNeHUAM Haubonbniel U3MEHIUBOCTH
MOWHOCTU U Ka4ecTBa NONe3HOM TONLM.

Iny6uny Bhpa6oTOX CneayeT MPUHUMATD, KaK PABUNO, Ha 1-2 M RWKe Nopo-
NIBL [IONE3HOM TONIM UK YCTYNa (pHA) Kaphepa.

Bce ropHbie BLIPaBOTKM NOCE OKOHYAHUA U3LICKAHWW ROMKHBI GBITH IMKBU-
AMPOBaHL 06paTHOM 3aCHIIKOW C TPaMGOBAHMEM MNU TaMIIOHaXeM TAMHOW Uan
1leMeHTHO-NIeCYaHbIM PACTBOPOM (HUHE YPOBHA MON3EMHBIX BOA) C Lielblo UCKII0-
JeHUA 3aTPA3HEHUA Te0/I0TUNECKO! CPeRbl U aKTUBU3ANUU TEONOTUYECKUX U UKH-
EHEPHO-Te0NOIUIECKUX NIPOLECCOB.

TIpn N3LICKARUAX TPYHTOBMX CTPOMTENLHEIX MaT€PUaNoB Ha IUIOWANRKE BIA UX
paspa6oTku cnocobom rMApoMexaHu3alumu CepyeT orpaRNaMBaTLCA 06paTHOM 3a-
CHUTKO¥ BBIPABOTOK.

Teom3anueckune nccnef0BaHMA CrefiyeT IPUMEHATD VIR PENIEHUA Pa3nNE-
HBIX 33a4 MPU U3BICKAHMAX TPYHTOBLIX CTPOUTENbHBLIX MAaTepuUanos B COOTBET-
crBUM ¢ monoxeruamu CIT 11-105-97.

Teohusuyeckue nccnenoBaHMA CeAyeT TakKe TPUMEHATh ANA YCTAHOBNEHUA
CTeneHu pafnoaKTUBHOW 3arpA3HEHHOCTU 'PYHTOBLIX CTPOUTENbLHEIX MATEPUAN0B
B cooTBercTBum ¢ TOCT 30108-94.

OnbITHLIE MONeBLIE PAGOTHI CneayeT BHITONHATL B COYETAHUMMU C naboparop-
HBIMW OTlpeneneHUAMU B OCHOBHOM ANA YCTAHOBNEHUA COCTaBa, COCTOAHMUA W (pu-
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CanBO"IHVIK COBPEMEHHOIo U3bICKATeAs

3IUKO-MEeXAHUYECKUX CBOWCTB IPYHTOBLIX CTPOUTENbHLIX MaTePUaNOB, B TOM YUCTe
KOPPEKTUPOBKHU, YTOUHEHUA U AOTIONHEHUA NaBOPaTOPHBLIX AAHHBIX B CAyYae UX
HeJ\0CTaTOYHON TPEACTABUTENBHOCTU U AOCTOBEPHOCTU.
B cocTaB OMBITHEIX NIONEBLIX PA6OT BXOAAT:
- OmpepeneHue TPaHYNOMETPUYECKOTO COCTaBa W MNOTHOCTU KPYnHOO6N0-
MOYHBEIX W MeCYAHBIX PPYHTOB, OTBAIOB U OTXOM0B C COAEDPKaHUEM KpyT-
HBIX BKNIOYEHUN;
- OMmpefieneHue MPOLEHTHOrO COAePIKAKNA BaNYHOB, IIbI6 M BKNIOUEHWIA pas-
MepoM cBhllre 200 MM Tip1 paspaboTke cTIOCO60M TMAPOMEXaHU3IALUH;
- nerporpatuyeckan pasbopka no Gpaxuuam ¢ onpeneneHueM cnabrix pas-
HOBUBHOCTEN;
- OmpefieneHue CTPYKTYPHOR POYHOCTU PPYHTOB, 33COPEHHOCTU UX TOTINA-
KaMy U TIHAMM Tipu Pa3paboTke CiocO60M TUAPOMEXaHU3anuK;

- OmpepeneHue YINOTHAEMOCTN HACHITHLIX TPYHTOBLIX CTPOUTENbHbIX MaTe-

pManos.

TMAPOTeONOTNYECKUE NCCNEROBAHNA HEOGXOAUMO BHITIONHATD ANA YCTAHOB-
TIEHUA YCNOBWiA 3aneraHuA OA3EMHBIX BOJ B ONE3HOM ToNWE, B TOM YUCAE TNY-
6UHbT 3aneraHUA MOA3eMHBIX BOAL, Kone6aHui ypoeHA B TeueHne rona, Gunsrpanm-
OHHBIX CBOWCTB BOAOBMEAlONUX TIOPOA, U3MEHYUBOCTY UX B TUIaHE U IO Tny6uHe,
I'MAPABAUYECKON B3aUMOCBA3U C BOJlAMU IPYTUX BOJOHOCHLIX TOPU3OHTOB U IO-
BEPXHOCTHBIMU BOJAMU.

Tupporeonoruyeckue mapaMeTpH W XapaKTEpUCTUKU TPYHTOB U BOJOHOCHBIX
TOPU3OHTOB CNEAYET YCTAaHaBAWBATh, KaK [PABUNO, IO NAGOPATOPHBLIM AAHHEIM
(x03punUeHT DUNLTPALUN TPYHTOB NPUPOAHOrO C/IOKEHWA W NPU 3afaHHOM
NINOTHOCTYH, KO3 DUIUEHT BOAOOTAAYM, BHICOTA KANTMANAPHOTO NOAHATUA U Aip.)
W IO CITPaBOMHBIM aHHAIM.

B HEOOXOUMEIX CAYYasx B COOTBETCTBUU C TEXHUYECKUM 3a[laHUEM 3aKa3uu-
Ka CNefyeT NPOU3BOAUTb ONLITHO-PUALTPanMOHHble paboThi: IPOGHbIE W ONBITHBE
OTKAYKM U3 CKBAXUH U HANUBH BOABL B yp(El B 30HE a3panmu.

0T60p Mpo6 'PYHTOBLIX CTPOUTENBHLIX MATEPUANIOB CIEAAYET OTHOCUTD K OC-
HOBHOMY BUAY PaéoT M NMPOU3IBOANTDL NPN U3LICKAHNAX ANA KAKAON CTAANK
(3Tana) NpoeKTUpPOBaHUA.

CucTemMa onpo6OBaHUA AOMKHA YYUTHIBATD U3MEHYMBOCTb TPYHTOBOW TOM MM
C 11€/1b10 AOCTOBEPHOTO ONpefileNeHUA KaYecTBa PPYHTOBBIX CTPOUTENbHEIX MaTe-
puanos.

C yyeTOM 3a0ay U3LICKAHUI, CTAAUU (3TamNa) TPOEKTUPOBAHNA W BUJIOB TPYH-
TOBLIX CTPOUTENBHLIX MATEPUANOB U3 FOPHbIX BHIPABOTOK HEOHXOAUMO OTHUPATL
CTefyomUe BUAL TPO6: 06Pasubl TOPOK (MOHONNTSY, WTYDEL), TOCNOWHbIE, TOUH-
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TepBanbHble (CEKUMOHHbIE), PPYNNOBHE (06beAUHERHbIE) U IONY3aBOACKHUE (TeX-
HONOTMYeCKue) B COOTBETCTBUU C TPUNOKeHUeM 2. IIpu 3TOM CnenyeT mpuMeHATL
cnepyomme Coco6H 0T60pa HaYanbHbIX (TEPBUMHBIX) MPO6: TOYEUHDINA, BanoBoi
(OCNOMHO-UHTEPBANIbHLI), GOPO3AOBLINA, 33AMPKOBLIN, KKPATHON GapbU» B COOT-
BETCTBUM € punoxexuem E.

Jlo XoHeyHOR Maccht po6 (IPUNOKeHUe 4), HapaBnAEMEIX B naboparopuio,
06’beM HayanbHLIX (MEPBUMHBIX) NPO6 CHeAyeT MPU HeO6XOAMMOCTU COKpamaTh
MeTOAOM KBAaPTOBAHUA WIM APYTUM CIOCOGOM.

IIpu mpoxopKe BHPAGOTOK B FPYHTOBLIX CTPOMTENbHMX MATEPUANAX, COREPHKA-
IWMX BanYHb U bbbl (dpakuun pasmepom Gonee 100 MM), Ux cnepyeT 0TOUPaTh
OTAENLHO U3 OPO6YEMOTO C/I0A AU UHTEPBaNA ¢ TOCNEAYIOWMM OTIpefeneHueM u
TepecyeToM NMPOLEHTHOTO COBEePKAaHUA Kawaoh Gppakuunu (100-200 MM U Gonee
KPYTHBIE C UHTEPBAZIOM Yepe3 50 MM).

Crayuonapxble KabMmoAeHNA PU HEOGXOAUMOCTU CNEAYeT BHIMONHATL 33
Pa3BUTUEM TeONOrUYECKUX U UHKEHEPHO-Te0NIOTUIECKUX TIPOLECCOB U PEKUMOM
TIOA3€MHbIX BOZ, @ TAKKe ITPU 06CNeAl0BAHUM 3eMIAHBIX COOPYIEHUIM.

Cocras HabniopeHui, pa3Memenue CTauUOHApPHOM CETH, MEPUOAUMHOCTh W
TIPOMOTIXMTENLHOCTh HABNIOAeHUI CNeAyeT YCTaHABAUBATb B IPOrPAMMe U3LICKa-
HWIA B COOTBETCTBUM C TEXHUYECKUM 3a]aHUEM 3aKa3YUKa.

JlaGopaTopHble NCCNEAOBAKNA NPOG PPYRTOBLIX CTROUTEALREIX MaTEPH-
anoB HeO6XOMUMO BHIONHATBL C LENbK OMpeeneHus WX COCTaBa, COCTOSAHUA W
HU3UKO-MEXaHUYECKUX CBOWCTB.

CocTas nabopaTOPHBIX ONPeReneH it ClefyeT Ha3HavaTh C YIeTOM BUAA IPYH-
TOBLIX CTPOMTE/IbHbIX MaTepuanos, CTanuu (3Tana) MPOEKTUPOBAHUR, TUNA 3eMNA-
HbIX COOPYKEHUN B COOTBETCTBUU C IPUNONKEHUEM 5.

3arpA3HeHHOCTb IPYHTOBLIX CTPOMTENbHBIX MATEPUANIOB TOKCUYHBLIMU XUMMU-
YeCKUMU 3N1IeMEHTAMU U COEIUHEHUAMM CNIefyeT YCTaHaBAMBATb B COOTBETCTBUU C
Tpe6oBaHUAMM K UHKEHePHO-3IKonorudeckum uasickanuam (CII 11-102-97).

O6cnepoBanme 3eMNAHBIX COOPYXEHRUA TPOU3BOAUTCA B CNYYae PEKOHCT-
PyKuuu, nedopManuu M MOTEPU YCTONUUBOCTU COOPYIKEHUI C NENbIO OLEHKU UX
COCTOAHUA, @ TAKKE UIYYEHUA ONBITA CTPOUTENLCTBA B COOTBETCTBUM C IIONOMEHU-
AMM HacToswmero CBopa mpaswa.

HxKeRepHO-TEOAe3NYECKUE, MHIKEHEPHO-TUADOMETECPOIOTUIECKUE U
APYTHE BUABLI NHHEHEPHBIX N3BICKAHUI [PU U3BICKAHUAX TPYHTOBLIX CTPOU-
TENbHbLIX MaTePUaNoB CNeAyeT BHIMONHATb B COOTBETCTBUMU C TPeGOBAHUAMU
CHuII u CII.

Tomorpaguyueckyio ChbeMKy MNOWAROK (Y4ACTKOB) 3aneraHus (pa3MeweHus)
TPYHTOBHIX CTPOWTENbHHX MaTepvanos CNefyeT BHIONHATL B 3aBUCUMOCTU OT
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cTapuu (3Tana) MPOEKTUPOBAHUA W penbeda MECTHOCTH, KaK MPAaBUNO, B MacwTa-
6ax 1:5 000~1:1 000 ¢ BLICOTOM Cevenns penbeda uepes 0,5-2,0 M B COOTBETCTBAN
co CHuII 11-02-96 (npunoxerus B u B) u CIT 11-104-97.

Tonorpaduyeckyo chbeMKy Heo6XOAUMO TaKXKe BHIMONHATL HA MpUneranmux
y4acTKax, B Npefienax KOTOPHX NMPeAyCMOTPEHO pasMelleHne MEeXaHW3MOB, Cny-
KeBHEIX MOMEWeHUIA, OTBaN0B BCKPHIKLIX NMOPOA, MOABE3AHBX TYTEM M OCylle-
CTBNEHWE PeKYNbTUBALUN 3eMeNb,

M3bICKaHNA PPYHTOBBIX CTPOUTENbLHHIX MaTepuanos, paspabarbiBaeMbiX CrO-
co60M PMAPOMEXaHU3aLUM MNABYUMN 3eMIECOCHEIMU CHAPAAAMU U TMAPOMOHU-
TOPHHMW YCTAHOBKAMU, OKHBL BXNOYATh HEOGXOUMEIE crienduieckue none-
Bhle paboTH ¥ nabopaTopHble ONpPEAEeNeHus COCTaBa, COCTOAHUA W CBOWCTB FpyH-
TOB, MO3BOJIAOIMX AOCTOBEPHO YCTAHABNUBATL BO3MOXHOCTb U 3P (HEKTUBHOCTb
WCIONb30BAHMA 3TOTO Crocofa paspaboTkn W MoCnepyomed YKNaAKU CPYHTOB
NP CTPOUTENLCTBE 3€MNIAHBIX HAMBIBHBIX COODYXEHUM,

IIpu 3TOM Cnepyer:

—  BHUNONKATb pU HEOHXOAUMOCTU UCCNEAOBAHNMA IO BOAOODECTIEEH IO A~

POMEXaHU3UPOBAHHOTO Cocoba pa3padoTku;

- He pa3Memarb MPOEKTUpYeMbie Kapbepsl B6NM3IU HANMOPHEIX TUADOTEXHMU-
YeCKUX COOPYXEHUM HA PACCTOAHWM, MEHLLIEM, YeM 06YCNOBNEeHO pacye-
TaMU QUIbTPALUU U YCTOWIUBOCTU OTKOCOB COOPYKEHUIH;

~ BbGWUpaTb BapMaHTH, KOTOpbIe 06ECeUBAIOT TIpY MPOMUX PaBHBIX YCNO-
BUAX HaMMEHbLIYIO IO BLICOTE MOAAYY pa3pabaTsiBaeMbiX PPYHTOBLIX CTPO-
WTENbHEIX MaTepuanos K MECTY BO3BEACHNUA 3eMIAHBIX COOPYKEHUN;

~ BHABIATb YYaCTKM C MOWKOCTHIO MIONE3HON TONIU He Mexee 3 M Mpu pas-

paboTKe TNaByuMMN 3eM1eCOCHBIMN CHAPARAMU TPOMIBOANTENLHOCTHIO TTO
TPYHTY A0 200 M3/4; He MeHee 5 M — Mpu 6ONee KPYMHbIX 3eMCHAPARAX N
He Mexee 8~10 M mipu pa3paboTke CpyHTa IMAPOMOHNUTODHEIM COCOGOM;

~ Wccneposarh 06BOAHEHHYIO MONE3HYI0 TONWY Ha raybuxy oT 8 no 30 M
HUXe YPOBHA MOA3EMHBIX BOA VAU BOAHOW MOBEPXHOCTW BOROEMOB
(B 3aBUCMMOCTY OT TWUNOB HaMEYEHHBIX K MPUMEHEHWIO 3eMNEeCOCHHX
CHapAnos);

~ MPOW3IBOAUTb MPOXOAKY BHPAGOTOK Ha 2 M HUXKE HAMEYEHHOW INYGUHHL
pas’paboTKu 3eMCHApARAMU IPOMIBOANTENBROCTHIO IO TPYHTY no 200 M3/4 u
Ha 3 M, COOTBETCTBEHHO, TPU UCITONL30BAHUM HONEe MOLHLIX 3eMCHAPAAOB;

~ BHIGUPATL Kapbepht ¢ KO3DDHULUUEHTOM BCKpBULM, KaK [PABUNO, HE CBHILIE
0,15~0,25; mpu Gonburedt BeNUMMHE BCKPBIIHOTO CNOA 1eNecoobpasHocTh
M3bICKAHUA AOMXKHA OHITh COTNAcoBaHa C OpraHu3anuedi, BLUTONHAOLIEN
MPOEKTUPOBAHUE 3eMNAHBIX PaboT coCo60M rMApPOMEXaHU3aLUn;
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~ ONpepenATh NMPOLEHTHOE COAepXAaHUEe KPYMHbIX BKNOYEHUA B IDYHTe
(ranbka, BanyHs u T. I.);

~ YCTaHaBMUBATh XapaKTep 3aNeCeHHOCTU NEePEBbAMU, KYCTAPHUKAMU U 3a-
COPEHHOCTb FPYHTOB PACTUTENbHBIMU OCTATKAMU, TOMNRKAMM, THAMMU;

~ ONpeAenATb CTPYKTYPHYI MPOMHOCTb CIOXEHUA NMECYaHOro W MecyaKo-
TPaBUIHOrO TPYHTA, 06YCNIOBNEHHYI0 HAMYUEM LIEMEHTALMOHHBIX CBA3EI;

~ OmpenensTh PAHYNOMETPUYECKUH COCTAB IPYHTA BCKPLILIHOTO CNOR U BO3-
MOXHOCTD €T0 UCMONL30BAHUR, B TOM YUCIE C OCYLIECTBNEHNEM TeXHUYeC-
KON Menuopauuu;

- YCTaHaBNWBATh Hanudue B IMONE3HOW TONWE NPOCNOEK U JIMH3 Cymecew,
CYT/IMHKOB U IJIMH, UX MOWHOCTD, ONPEASNATb KORCUCTEHLNIO Y TPaRyNO-
MeTPUYECKHIt COCTaB KaX0i U3 Pa3HOCTEN;

~ TpPOU3IBOAUTbL OLEHKY NMPULORHOCTU TDYHTOBMX CTPOUTENbHBIX Marepua-
708 AAA HaMBIBA MNOTMH U AaM6 MO Tpaduky C FPaHUYHBIMM KPUBLIMU
rPaHyZOMeTPUYECKOrO COCTaBa TPYHTa HAMBIBHBIX COOpYMXeHwWil (m. 3.9
CHwulII 2.06.05-84*).

B cocTaBneRumu TeXHUYECKOTO 33laHUA 3aKa3dnKa HA U3bICKAKUA TPYHTOBLIX
CTpPOUTENIbHLIX MaTepHasos U COracoBaHNY TPOrPaMMBI U3LICKAHWA AOMKHA TIpH-
HUMaTh y4acTUe Oprakn3alus, OCYLIeCTBAAOWAR POEKTUPOBARUE 3eMAAHMIX pa-
60T croco60M Ir'MAPOMeXaHU3aLuH,

B xayecTme I'DYHTOBBIX CTPOMTENLHLIX MAaTEpUanoB CnejyeT UCTONbL3OBATh
UMeomMneca 0TX0AL U OTBaNb (CI] 11-109-98), B TOM YUCNe U NOCTE UX TEXHU-
yecKoW MeNuopauuu, Ipu COOTBETCTBY0WEM 060CHOBAHNN PE3Y/bTaTaMM UCTThI-
TaHUA.

K 3TOMy BUAY I'PYHTOBLIX CTPOUTENLHBIX MaTePUanos CNeAyeT OTHOCUT:

~ TONAVBHbIE (KOTENbHLIE) U METANyPruyeckue (AOMeHHbE, MapTeRoBCKHe,
MeZAennaBuIbHbIe U AP.) WNaKu;

~  3071b1 OT OKUTaHUA TBEPAOTO TOMNNBA;

~  OTBaJBl BCKpPHIHBIX TOPO;

~ OTBa/bl F'OPHOPYAHBIX MPEANPURTHI;

~ oTX0pbl 06oratMTenbHbIX habpuk;

- [parosble OTBalb NMPeMMymECTBEHHO NeCYaHHX W KPYHOOGNOMOMHAIX
TPYHTOB U Ap.

IIpn nceneposanuu B KaHecTse TPYHTOBHX CTPOUTENBHBIX MaTepuanos 0TX0-
70B ¥ OTBanOB, 06PA3yOLUXCR NMPU PA3NUYHON XO3RMCTBEHHOM NEATENLHOCTH,
CNepyeT yCTaHABNMBATD U OTPAXATb B TEXHUYECKOM OTYeTe:

~ TpaHuUB MIOWAROK pa3MenjeHUA OTXO0/0B W OTBaN0B, MOLHOCTH M YCNO-
BUA UX pa3MeljeHMs, BO3pacT U crocob UxX 06pa3oBaHus;
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—  WCXOARHBIE MaTEPUHCKUE MOPOAB! MK CHIPbE, COCTaB, COCTORHME, CBOWCTBA
W U3MEHYUBOCTb UX BO BDEMEHW U POCTPAHCTBE;

- pagnannoHHO-ruruenudeckylo ouenxy (CII 11-109-98);

~ cnoco6bt pa3pa6oTku (epepaboTKK), OTCHITKU MOPOA U OTXOAOB, NYTH U
RaNbHOCTh UX TPAHCMIOPTUPOBKY.

Mo mnakam OMONHUTENBLHO CIEAYET ONPEAENATL:

—  CIoco6 OXNampEHUA — GBICTPBIA UK MEAZIEHHBI;

—  XVIMWYECKU# COCTaB — KUCAbIE UM OCHOBHbIE.

TIpn npoxopxe POPHLIX BLPAGOTOK, KaK MpPaBuno, Cneayer 0T6UpPaTh MOCAO!-
Hble X MOWHTEPBANbHBE NMPOGh (IPUNOKEHKUe 2) ANA ONMPEAeNeHUA COCTaBa, Co-
CTOAHUA X CBOWCTB MaTepnana 0TBaNOB U OTXOROB.

Heo6X0ANMO AOTIONHUTENBHO OTOMPATh 06pasubl Pa3nUYHBIX BKMOYEHUH U
33arpPASHEHNA.

KavecTso n OBHOPOAHOCTL OTXOOB AOMYCKAETCRA OLEHUBATh MO TEXHONOTH-
JeCKUM XapaXTEePUCTUKAMMN TPOU3BOACTBA U CKNAAUPOBAHUA.

TIpu onpepeneHUn MOMHOCTH X KONLWYECTBA OTBANOB U OTXOZ0B CAEAYET UC-
MONb30BaTh COXPAHMBIIMECA N0 MX 06pa3oBaHuA Tomorpauveckue maaust (kap-
TH) MECTHOCTH.

Buast npo6 u cocTak 1abopPaTOPHEIX ONMPeAeNIeH i  0TBANOB K OTXOAOB CEAY-
€T YCTaHaBAWBATH MO 3AHANOPMW C COOTBETCTBYIOWIUMW BUAAMWU MUHEPANbHLIX
TPYHTOB (CKanbHbIX, KDYMHOOGNOMOYHBIX, IECYAHBIX U MIIMHUCTHIX) U AOMONHATH
CTlelManbHEMU BUAAMU UCTTEITaH U (OTpeieNieHNe CeLndUecKoro 3arpA3HeH!s,
1IEMEHTALNOHHBIX CTPYKTYPHBIX CBA3EH, N3MeHeHUe BO BPEMEHU U T. IL.).

Ha TeppuTOpUAX Pa3BUTUA UK BOIMOKHOTO BOSHUKHOBEHUA ONACHLIX Fe0N0-
TUYECKUX ¥ UHKEHEPHO-Te0N0THYECKUX IPOLECCOB CREAYeT NPOBOAUTL COOTBET-
CTBYOWME IOMONHUTENLHBIE UCCNEAOBAHUA C 1eNbl0 MONYYEeHUA UCXOAHBIX AAH-
HHIX ANA MPOEKTUPOBAHUA 3AWUTHLIX MEPONPUATUN U CMOCO6OB BefeHUA paboT
npn Ro6bIYe TPYHTOBLEX CTPOUTENBHEIX MATEPUANOB.

HMHTEHCUBHOCTD Pa3BUTHS, 30Hbl U IYGUHBl PACTPOCTPAHEHNA T€0OINIECKUK
W MHKEeHepPHO-TeONOTUIEeCKUX MPOLECCOB, PUYPOYEHHOCTb X K OMpPefeneHHbIM
topmaM penbeda U BUJAM IPYHTOB W ipYrue XapaKTePUCTUKN CNefYeT OTPaxaTh B
OT4YeTe B COOTBETCTBUM C TPeGOBAHUAMM TN, 6.3 v 6.16-6.22 CHuII 11-02-96.

Tlo pesynbTaTaM BLHIMONHEHHBIX U3LICKAHUM IPYHTOBLIX CTPOUTENbHHIX MaTe-
PManoB CHepyeT COCTABAATH, KaK NPAaBUNO, OTAENbHbIA TEXHUYECKUN OTvyeT (3a-
KIIOuEHUE).
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T'naea 5.3. [IPOXO/IKA TOPHBIX BHIPABOTOK.
BYPEHHME CKBAKWH

3a71a4a TONCKOBLIX U Pa3BEOUHBIX CKBAKUH, €CIN Pa3BefKa BeaeTcs 6y poBxl-
MU CKBaXXWHAMMU, 3aKJ1I04AETCA B TOM, YTOGH IO TOAHATOMY Ha NOBEPXHOCTb KEPHY
MOXHO OBIIO WM3YYUTb TEONOTO-NUTONOTKIECKUE XApPAKTEDUCTHKU TOMWM M BHL-
MONHUTh MPEACTaBUTEAbHOE OMPOGOBAHME, PE3yNbTAaTHl KOTOPOrO OTpaManu Grr
KaYeCTBO U3BECTHAKA, CNaralwiero MECTOpOXAeHKe.

Teonornyeckas M3y4YeHHOCTb MECTOPOKAEHUA AOMKHA JaBaTb NMpPaBUNbHOE
MpeACTaBNeHNe O er0 CTPOEHUM, YCIOBUAX 06Pa30OBAHUA U CTeNEeHM (aynansHon
WN3MEHYNBOCTU XaPGOHATHEIX OPON, MX 3aKAPCTOBAHHOCTY, TPEUMHOBATOCTH, TEK-
TOHWYECKOI HapyLIeHHOCTU.

TexHONOrMA GYpPEHUA CKBAKKH AONKHA 06eCNe uBaTh AOCTATONHO BHCOKNH BbI-
XO KepHa Mo NMONe3HOMY uckomaemoMy (He Huwe 80%). Eciu monesnas Tonwa
TpeACTaBieHa HECKONBKUMMU CTIOAMM Pa3NMYHOTO Ka4eCTBEHHOTO COCTaBa, TpeboBa-
HUA X BEIXOLY KepHA CNeAyeT OTHECTW OTAENbHO K KaWZIOMY CNOl0, 3 He KO BCe
MONe3HOM ToMe B jenom. CAOMCTHIE TONIWK KapGOHATHLX TOPOA PACHAEHANTCA Ha
CNOM U MAaYKH, KOTOPHIE AOMKHB GHITH U3YYEHE! U ONPOGOBAHB MHAUBUAYAIBHO, &
TaK)Ke MPOCNeXEHE! K COMOCTABIeH ! BO BCEX MPOMEHHBIX Ha MECTOPOXAEHUK BH-
paboTkax. Cnoucrsie Tonm M A0KHLI GBITh NOADPA3AENEH I Ha (auuanbHO-IUTONOT -
JeCKMe WM TeKCTYPHHE pasHoBuAHOCTH, IIpu pasBenxe AOMKHL GHTL ycTaHOBRE-
HBI: U3MEHEHUA NONE3HOW TONWM B 30HE KOHTAKTOB C U3BEPHEHHBIMU MaCCUBAMU N
KUNAMKU; HanuduMe OKPEMHEHWA, BTODUMHOW KAaNbLUTU3ALUU W NONOMUTH3ALMK,
BKJIOMEHUI U KABEPH; 30HbI 1€3UHTErPUPOBAHHLIX TOPOJ, TEKTOHNIECKUX Hapylle-
HWi ¥ APOGNEHMA, TPEIWUHOBATOCT,, OPMa W pa3Mephl OTAENBHOCTE!; XapakTep u
MHTEHCUBHOCTD BHIBETPUBAHUA, KAPCTONPOABNEHUA.

5.3.1. ¥Ynapno-kanatHoe Gypenue. O6nactb npumerenus crocoba
M KIacCHUKaLuA POPHLIX HOPOJ Mo OYpHII0CTH

YnapHo-kaHaTHoe Gypexue 3QQEKTUBHO MPUMEHAETCA B DAOHAX, XapaKTe-
PU3YIOLMXCA CIOKHBIMU T€ONIOTHIECKUMM YCAOBUAMMU. B MpakTuke reonoropa3se-
DOMHBIX PaGoT B OCHOBHOM NPUMEHAIOTCA iBE Pa3sHOBUAHOCTH: Gypenue ¢ onepe-
KaoWUM 3a60i KpemieHneM obcapHbIMU TPYGaMu u Gypexue 3a6UBHEIMU CTaKa-
HaMu, B 06oux cayvasx wpernnexue cKBaue MPOUCXOAUT B Nponecce 6ypeHus,
% TEM CaMbIM UCKJI0MAeTCs PUBHOC YACTHY BhIIENLKAWUX IOPO] B IOPOAK NO-
ne3Hoi Tonwu. feonornyecxuit paspes npo6ypeHHLIX NOPON, B TOM YKUCAe Tybu-
Ha BCKPHITUR, MOMHOCTb U YDOBEHb PDYHTOBBIX BOJ, OTGUBAKTCA, KaK NMPABUIO,
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CnpaBO4HUK COBPEMEHHOTO U3bICKATEAR

AOCTATOMHO TOMHO, YTO NMO3BONAET 0T6UPATh MPOOHL CO BCEX MPOCNOEB MONE3HON
TOZMIYU M [0 Pe3yNbTAaTaM OMPOGOBAHUA CYAUTH C GONLIION TOUHOCTHIO O Kage-
cree. JlaHHylR crioco6 6yperns obecrievuBaer monyyenue 6onbuux mo o6semy
npo6. JIpu pasBefike mecyaHo-IPABUAHBIX MECTOPOXAEHWA ANA OTGOPA TEXHO-
TIOrMYecKuX po6 NpoxoAsTes wypdst. ORHAKO NIYPHE C KAPKACHO-MeTanIuyec-
KMM KpereHueM MOTYT 6bITh MPOWAEHL N0 HEOGBOAHEHHOW YacTH paspesa A0
rny6unst 30 M. TIpu Gonbmmx rny6uxax oT60p TEXHONOTMYECKUX NPOG MOXHO
TIPOU3BOAUTL TONbKO M3 CKBAXMKLL 60NbuIOro AuameTpa. II03TOMY YAAPHO-KaHaT-
Hoe 6ypeHue HAllNo WMPOKOe IPUMEHEHUE TIPU 3aMeHe IIPOXOAKkM mypdos bype-
HUEM CKBRXWH GONbLIOro AMaMeTpa, a Takie Ha A06YpuBAHUM WYPHOCKBAKUH B
NOPOAAX, 3a1erajolux HWKEe YPOBHA TPYHTOBLIX BOJ.

Tlo cpaBHEHUIO C ADYTUMU CTlOCO6aMu YA apHO-kaHaTHOe GypeHue UMeeT paj
HeRocTaTkoB, Cpenn HuX GypeHue TONbKO BEPTUKANBHAIX CKBAXUH, HU3KUE CKOPO-
CTH, TPYAOEMKOCTb BCIIOMOTaTeNbHEIX onepauuit. Ho npu 6ypexun nmecyawo-rpa-
BUAHBIX U 0COBEHHO BaZlyHHO-TaNeMHUKOBLIX OTIOKEHUIA IPEATIOYTEHNe OTAALT-
CA YAAPHO-KAHATHOMY CroCcoby.

JIns ynapHo-KaHaTHOro GypeHns Bce NMOPOABI AENAT Ha 7 KaTeropui ro 6ypu-
moctu (Tabn.5.3).

Tabnuua 5.3
Knaccudukaumn ropHiix nopoa no 6ypumocti
ana yeckoro yaap THOrO 6ypeHun
Bypenue, m
Kare-
ropun Mopoasi 3a1vac
uuctoro |3a 1 peiic
Gypexns

Topd, pacTuTensHbI cnovi 6e3 ppeBecHbix KopHen. Phixibii
| UepHO3eM, PbixNbie BNaXHbIE Neckd. Unosartsie nopoasl. 7,70 0,50
B0noTHLIE OTNVXEHUA. PbiXNblii 4 BNaxHbI necc. Tpenen

To e ¢ ApeBecHbIMU KOPHAMU UNU C MENKOW ranbkoi U rpa-
suem (a0 10%). Pbixnible Nec4aHo-IUHUCTLIE NOPOAbI C He-
[} 60nbLWOi MPUMECHIO MenKkol ranbku 1 rpaeus (ao 10%). Mu- 4,00 0,50
Hbl NNEHTOYHBIE, NNACTUYHBIE M TIeCYaHbIe, [MaToMUT. Yanax-
HeHHbilh cnabbiin Men. Caxu. Mecku cpeaxel NNoTHoCTU

MecyaHo-rNUHUCTbIE NOPOAL! W NECKM CpeaHeil NNOTHOCTY C
NPUMECHIO MENKOTO LLEGHS, ranbky, rpasva (10~20%). Pbix-
mn Nble Meprent. Men. MNOTHLIE FAHB, NECKU U CyrnuHki. Cne- 1,90 0,50
KaBwmiics necc. MnbiByHb! U BOAOHACHILLIEHHbIE NECKY, Aal0-
ume npy GypeHnu «npobku» [0 2 M
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Pazaen 5. M3bICKAHUS PYHTOBBIX CTPOWUTEABHLIX MATEPUAACE

OkoxyvaHue mabn. 5.3

Kate-
ropus

Mopoapb!

Bypexve, M

3a 1yvac
“mucToro
BypeHun

3a 1 peiic

To Xe CO 3HaUUTENbHLIM COaepX)aHUeM WeGH:, ranbku u

rpasus (20—-35%). O4eHb NNOTHbIE FMKHLI, CYFNUKKK, CYnecu.
NnoTHbif kaonuH. Cyxue neciy. MnbigyHbl, Aaowme npy Gy-
peHun «npobky» Bonee 2 M. Markie rvHUCTLI, YIUCTLIE U

TanbKo-XNOPUTOBBIE CNAHLbI. Meprenb. FAMHUCTBIA MEeCHAHMK.

W3peCTHsK-paKywesHuK, runc. Teepablih Men. AHruaput. Ono-
Ka. KameHHas conb. Cnabble aprvnnuTel. Manmii (Bypbiit)
KaMeHHblli yrors. BokewTel, hocchopuThl. Mepansie: ruHbl,
CYFMWHKW, CynecH, Necok, un, Topd. flea. CTpouTensHbii
Mycop € BUTLIM Kupnu4om, Gea xenesHoro noma

0,96

0,35

Menkuit raneyHuk 1 webeHb ¢ sanyHamu, [ipecaa u rpasuii.
MeCc4aHO-FIMHNCTLIE NOPOALI C GOMbLIMM COAEPKAHNEM ranb-
K1, WebHs (>35%). MnoTHbIe Mepreny. MNecyaHo-rNUHUCTbIe
cnaHusl. Cnabo CLeMEHTPOBaHHLIE NECYHNKN 1 UIBECTHSR-
KW, AprunnuTel. Kpenkyii KaMeHHbil yron. Cnabbie KoHro-
mepaTb!l 0Cag0yHbIX NOPOA HA U3BECTKOBOM LeMeHTe. HOSI:I-
pesartsle Bypbie xenearsikv. Boiserpenbie nasepxeHHbie
nopoabl: rPaHuUTLI, CUEHUTLI, AUOPHUTLI, rabBpo. Mepansie
l'paBMl’IHO-Iaﬂe‘iHble nopoabl C NecHaHo-rNUHUCTLIM 3anonHu-
Tenem. MNOTHO CNeXaBLUWIACA CTPOUTENBHBIN Mycop C GUTbiM
KAPNUHOM U XENEIHbIM NOMOM

0,40

0,30

\

KpynHsle ranevruk 1 weberb ¢ BanyHamu Pa3xoBuaHocTe
OKBAPLIOBAHHBIX KPEMKWX CNAHLIEB, UIBECTHAKOB U NECHaHU-
¥o8. Mpamop. [lonoMuTbI. KOHrNoMepaTbl Ha KPEMHUCTOM
uemeHTe, KpynHO3epHUCTLIE U3BEPKEHHBIE NOPOAbI: FPaHNTY,
CUEHUTLI, AMOPUTLI, Fab6pO, rHelckl, Nopdupb!

0,20

01,25

Vi

FaneyHuk u webeHs ¢ GONbLIMM KONUYECTBOM KDYMHBIX Bany-
HOB KpUCTaNIM4eckux Nopoa. erMHMCTble CNaHubl, U3BECT-
HSIKM, NecyaHnk1. Menko3epHUCTbIe, U3BEPKEHHBIE NOPOALI:
PaHNTLI, CUEHUTLI, AMOPUTLI, raBBP0. KoHrNoMepaTs! kpu-
CTanNU4YEcKMX NOPOA Ha KDEMHUCTOM LiEMEHTe

0,08

0,20

HncrpyMment

K pa6oyeMy MHCTPYMEHTY OTHOCATCR: AONOTA, 3a6UBHbIE CTAKaHbI, KENOHKHU,
yAapHBIE LITAHTM C TMEPeXOAHMKAMM, DAa3ABUKHEIE LITAHTW W KAHATHbE 3aMKW.
Pasnuyunbie KOMGMHALUM 3TOTO UHCTPYMEHTA COCTaBAAWT GYypOBOA CHAPAA ANR
Pa3spPYLIEHUA W U3BNIEYEHUA TIOPOA U3 CKBAKMUHBLL.
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CrpasoyHumK COBPEMEHHOMO M3bICKATeAs]

Honota

[lonoTta npepHa3HavalTCA ANA HENOCPEACTBEHHOrO Pa3pylIeRus NOPOALL Ha
3a6oe cksaxuHbL. I1o hopMe, KOTOPaA COOTBETCTBYET UX TEXHONOTHYECKOMY Ha-
3HAYEHWI0, Pa3INNYalOT RONOTA NMNOCKUE, ABYTABPOBLIE, KPECTOBLIE, OKPYINRI0-
mue n upaMupanbHele, JonoTo COCTOUT U3 JIONACTH, WEWKU U Pe3b60BOIO KO-
Hyca. TIpoponbHble, yray6neHHbe B TeNO AONOTA Na3bl CNOCOGCTBYIOT NPOABU-
JKEHW10 BOALI U lNaMa npu NepeMelienum A0N0Ta BHU3 U BBEPX. B 3aBucMMoCcTv OT
KDEMOCT GYpUMBIX NOPoA pabovan YacTb A0NOTA (Ne3BUe) UMEET PA3NUIHbIA YyTON
TpUoCTperus. Jl0710Ta ANA MATKUX NIOPOA UMeloT yron 70-80°, ana nopon cpepHen
TBEpROCTH — 90-115°, ANA TBEPALIX NOPOA U BAIYHHO-TANEYHUKOBLIX OTI0KEHUA
ne3sue JONOTa 3anpasnseTca nop yrnom 110-130°. Honote mnockoe (puc. 5.1, a)
TpeAHa3HAYEHO ANA GYPEHUA MATKMX OPOJl, ABYTaBPOBOE (pUC. 5.1, 8) — pna
BA3KNX MOpoA. Bnaropapa nonepeyHsiM 60pTaM Ha 1€38UU 3TO AONOTO XOPOLIO
o6pabaThBaeT CTEHKYU CKBaXWHBL [J0N0TO KpecToBoe (Puc. 5.1, 2) NPUMEHAWT B
TBEPABIX TPELMHOBATHX NOPOAAX W BaNYHHO-TaNeYHUKOBLIX OTNOXEHUAX. OHO
MMeeT B cevenuu kpecroobpasuyio dopmy. Jonoro oxpyrnawmee (puc. 5.1, 6)
VCNONb3YI0T B TBEPALX MOPOAAX. B nponecce 6ypexus oHO xopolo kanubpyer
CKBAXWHY W BHIPABHWBAET CTeHKU. Okpyrasionmue Aon0Ta AT TaKXKe Xopoume
Pe3yNLTATH NPU GYyPeHUU TPEWMUHOBATHIX TOPOA W BANYHHO-TaNeMHUKOBLIX OT-
noxeHwit, JIe3pue NPU 3TOM AOJKHO UMETb YTON NPUOCTPEHUA He MeHee 110°.

Bo Bpems 6ypeHus MPOUCXOAUT NOCTENEHHOE 3aTYNNEHUE JIe3BUR AONOTA U
CHalluBaHue (McTMPaHue) GoKOBBIX NepudepuitHbIX NOBEPXHOCTEN. 3aTymne-
Hue JONYCKAeTCa RO ONpefeNIeHHbIX NPEeAenoBs, NOCNe Yero A0JOTO BHOBL CNeAY-
€T 3aNpaBUTh.

ITpu 3TOM U3HOC GOKOBLIX MOBEPXHOCTEW He AOJKEH NpeBbmaTh 2-3 MM,
Y3HoueHHble 1€3BUA BOCCTAHABAMBAIOT Ma 6a3ax 3KCHEAULMA UAW TAPTUA KY3-
HEMHEIM CITOCO6OM, JTa omepauua TPYROEMKas, NMOCKONbKY BLINOJIHAETCA BPYY-
Hyw. Kpome TOro, MHOrOKpaTHbie HarpeBhl MPUBOAAT K U3MEHEHWK CTPYKTYPH
MeTaja A0N0Ta, YTO CHUKAET ero 3HOCOCTOMKOCTS U IPOYHOCTS,

liupoxoe npuMerexve Haunu RONOTA CO CheMHBLIMU Ne3BUAMMU (puc. 5.1, d),
KOTOpbIe UCTIONb3YIOTCA NPU YAAPHO-KAHATHOM 6ypeHun. U3HOCOCTONKOCT CheM-
HBIX J1e3BUM Topaspo Gonbue, YeM Ne3swd uenbHuIX Aonor. Kak noxasan ommir
6ypeHuA CKBaXUH, TPUMEHEHVe RONOT CO CheMHEIMU 1e3BUAMU UMEET Cleayomme
npenMyuecTsa:

- o6nervaerca TpYA GYPOBMKOB 1 NoBLILIAETCA Ge3onacHocTs paboT;

- YBEAVNIUBAETCA MPOU3BOAUTENLHOCTD TPYAA U CHUKAETCR CTOUMOCTD MeT-

Pa GYPEHUA CKBAXMMLL;
- MOBLILIAETCA KAYeCTBO PaboT 3a CYeT BLIAEPKAHHOTO AUAMeTPa CKBaXKMUHbI;
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Pasaea 5. M3bICKQHMA rPYHTOBBIX CTPOMTEABHBIX MATEPUAACE

"

e A_ NE

Puc. 5.1. lonova pns ypapHoro
GypeHnsa: @ — nnocKoe; 6 — OKpyr-
nRioliee; 8 — RBYTaBPOBOE;

2 — KpecToBoe; 0 — CO CbeMHbIM
ne3suem: 1 — Kopnyc; 2 — nanew;
3 — WNANHT; 4 — raifka; 5 — ueHT-
poBas WnubKa; 6 — rnapkasn
wnnabka; 8 — nessue




CI'IpCIBO‘-IHVIK COBPEMEHHOro U3bICKaTEeAs

- obecneynBaeTCA BO3MOXHOCTb TOAB0PA PaLuOHaNLHON TEOMETPUN Ne3BUM
ANA KOHKPETHLIX NOPOA.

¥enonkn

Xenonku (puc. 5.2) NPUMEHAIT ANA GYPEHUA CKBAXKUH B CHIMYYUX, IUILIBYIUX
W BAIKUX MOPOAAX, a TaKXKe AMA YUCTKU CKBAKUHLL ocne Gyperua fonotoM. He-
JIOHKA COCTOWT W3 TPY64aTOrO KOPITYCa, BUNKN C KOHUIECKOM pe3bGOR UAM YIIKOM,
cTanbHOro HanimMaka, OJHOCTBOPYATOr0 UM ABYCTBOPMATOTO KNaMaKa, OTKUALIBA-
omeroca BBepxX. [IpUMEHANTCA TaKkKe HeNOHKU C NoAychepudecknM KNanaHoMm u
KOMbeM, a TakWe MopiuHesne, enoHka OAHOCTBOPYATAA C IIOCKUM KNANaHOM
(puc. 5.2, a) CRYKUT ANA OYDEHUA CKBAXMUH B MABIBYMUX NMOPOAAX, Takxke Ans
YUCTKW 33607 OT pas6ypeHHo Mopozbl. YKeNOHKa ¢ ABYCTBOPYATHIM W1anaHOM
(puc. 5.2, ) MpUMEHAETCA ANA yAaneHwa ¢ 3a60A pa3GypeHHOW MODOAbI M AN
YTIAY6NeHUA CHBAXKMUHEL B IECKaX CpefHei 3IePHUCTOCTH. ITU XeNOHKU UIr0TaBAM-
BAIOTCA ANA GYPEHUA CKBAXMUH BONBIIUX AMaMeTPOB (>-335 MM).

Puc. 5.2. enoHku: a — opgHocTeopYatas; 6 — gBycTBOpYaras
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Pazaen 5. N3bICKaHWS TPYHTOBBIX CTPOUTEABHLIX MATEPUAAOB

3abuBHble CTaKaHbl

Jins GYpeHUA CYXuUX MecKos, IpaBUA, CYINUHKOB, MOPEHHIX TIUH NPUMEHAIOT
3abuBKble cTakadbl (puc. 5.3). 3a6uBHOW CTaaH mpeACTaBNReT COGOW OTpe3ok
TPYBHI ANMHOM 60-70 CM, HWKHAA YaCTb KOTOPOWH MMeeT 3aTOuKY WNIU cHabieHa
6alMaKoM C OCTPOW PeXylen KpOMKon. BHyTpu Tpy6ht Ha BhicoTe 20-30 MM OT
KOH1]a TPUBAPUBAIOTCA MNACTUHKU TONMMHON 4-5 MM, IPEAOTBPAAICLIME BRITIA-
JieHue KepHa NPy NofibeMe CTaKaHa.

4 J 4
B 0 45
7
S 108-146
8 % 73-108
\
N
Y 8 8
2- S 2 S

Puc. 5.3. 3a6uBHble cTaKaubi: @ — K ycranoeke YM5-15M; 6 — pnn Gypenua nony-
CKaNbHbIX NOPOA; 8 — ANA BypeHUA MUHUCTBIX NOPOA; 1 — BUAKa; 2 — KOPNYC;
3 — GawMak ¢ knanaHom; 4 — Bawmax 6e3 knanaHa

B OTAENBHBIX CAYMAAX UCTONL3YIOT 3a6UBHbIE CTAKAHBI C MAayKOOGpa3HbLM NNa-
CTUHMATHIM KepHOpepxareneM. K BepxHeit yvacTv Tpy6s NpusapuBaeTcA nNepexon-
HUK C pe3b60W, Huie MepexoAHUKa B TPyDe NpPOpe3aeTca OTBEPCTUE AUAMETPOM
12-15 MM ANA BHIXORA XWAKOCTU. B 3a6MBHBIX CTakaHax AMAaMeTPOM 273 MM n
Gonbite (puc. 5.4) NepexoAHUK BMECTe C LIeHTPUPYIOIUMU TNACTUHAMU TONWU-
Ho# 12-15 MM NOMelaeTcR BHYTpb W NPUBApUBAETCA K Tpybe. Cobupalor 3abue-
HOW CTaKaK 06BIMHO C Pa3fBUKHOM Y KODOTKO YNapHOW NITaHraMu, IPU 3TOM XOR
Pa3ABWKHOW WITaHTU AOMKeH GbITh Gonbure, YeM XOA YAAPHOro Mexanuama. Ilpu

CMATUU RWKHEr0 KOHNA 'l'pyﬁbl MOCNefHUA OﬁpEBBETCﬂ, N CTaKaH MOXEeT UCIONb-
30BaThCA MOBTOPHO.
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Kanarnsie 3aMxn

KaHaTubpte 3aMum (puc. 5.5) mpeaHasHauyeHH ANA COEAUHEHUA OYPOBOTO CHa-
PApa CO CTanbHBLIM KaHaTOM. 3aMOK COCTOUT M3 KOPIyca C KOHYCHOW pe3nboit B
HWXHEM KOHUe ANA COEAUHEHUA C 6yp03blM HapAnOM; BTYNKU, B KOTOPOﬁ 3afiensi-
BAETCA KAHAT; W OMOPHOW waitbl. Ha Bepxuem KoHle KOPITyca MMEIOTCA KONblie-
Bbl€ KaHaBKY, NpeHA3HAYEeHHbIe ANIA 3aXBaTa 3aMKa PN NOBUNbLHLIX ONlepauuax.
B HuHe# yacTn 3aMka CHApYXu CAENAHBI BLIEMKU ANA UHCTPYMEHTANbHLIX XKNio-
yeil. B cnyvae, eCnu B 3aMKe eCTb P'He3/10, B XKOTOPOM BTYNKA C 3al€NaHHbIM B HEE
KaHATOM MOXeT CBOﬁOnHO BPalATLCA BOKPYT OCU U ITepeMemarbCa BePTUKANLHO,

NAQHATHHIA 3aMOK Ha3bIBAETCA CAMOBPALAI IIUMCA.
Tpy6inie nepexoqHUKN

Tlepexoptukyu (puc. 5.6) UCNONBL3YIOTCA ANA COEAUHEHNA UHCTPYMEHTOB 6y-
DOBOTO CHaPAA3, UMEOMUX Pa3Hble KOHYCHbIE Pe3bbbi, B HukHen yacTu mepexon-
HMK UMeeT BHYTPEHHIOW KOHYCHYI0 pe3bly, BhilIe HA ero Tene MPeayCMOTPeHsl
MIOCKOCTH ANA 3aXBaTa KJIOMOM, @ Ha BEDXHEM KOHIle — HapYHaA KOHYCHan
pesbba.

Pa3pBuiKHBIE DITAHTY

PaBouve paspBuKHble MITAHTU (pUC. 5.7) MpeaHa3HaYeHb ANA BLIGUBAHUA CHAPA-
Aa u3 3a60s BO BPeMA GypeHus, 0COGEHHO BA3KUX UMM KaBEDHO3HLIX NOPOA. Paspsuk-

Avamerpa (273 mm Puc. 5.5. KanarHulii

Puc. 5.6. lNepexop-
u Bonee) 3aMoK HVYK pe3bbosoi
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PasaeA 5. M3bICKAHNA FPYHTOBLIX CTPOUTEALHBIX MATEPUAACB

Has NITaHra COCTOUT U3 IBYX 3BEHbEB, CKONb3AMUX ORHO B ApyroM. Huxwee 3BeHo
MMeeT BHYTPEHHIOW KOHUMECKYI0 Pe3bby ANA COEAUHEHUA C YAAPHOW WITAHTOM,
a BepXHEe — HapYMHYI0 KOHUYECKYI0 Pe3b0y ANA CORMMHEHUA C KAHATHBIM 3aAMKOM.
PaGoyasn pa3fBUKHAA LITAHTA UMEET XOf} 150-250 MM, NOBUNLHAR — 550 MM,

LiTanru ypapume

Illranru ynapuyie (puc. 5.8) mpenHasHaveHb B OCHOBHOM 1A YBENUYEHUA Beca
CHApAAA B LeNAX NOBbIIEHUA 3 HeKTUBHOCTU PaspynIeHUs OPOAK. YapHan wraK-
ra PeACTaBNAeT COGON KPYTABINA CTePHEHb C Pe3bbaMu U BHEMKAMU IO MHCTPY-
MeHTa/lbHble KNIO¥U. YRAPHBIE WTaHTM U3TOTAaBAMBAKTCA ABYX TWITOB: FNAAKO-
cTBONbHBIE (PUC. 5.8, @) U C BHICAMEHHBIMU KOHLAMU (puc. 5.8, 6). OTHoNreHue
OMaMeTpa YAapHOM WITAHMM K AUAMETPY CKBAMUHBL OGLIYHO NMPUHMMAIOT PABHBIM
0,65-0,80, Mpu 3TOM MeHbIIee 3HaYeHUE GepeTca ANA CKBAKUH GONBIIOTO AMaMeTPa.

Kniouu uxcTpyMenTanbHbie (puc. 5.9) mpepHas’HavyeHs Ans BBUHUMBAHMA UK-
CTPYMEHTa B 6ypOBO# CHapAR.

' T a g

; -

Y — Y
E
o
I~

Xod
250

Puc. 5.7. Paboune
Pa3nBUKHbIE WTAHTU

5
Puc. 5.8. \UTaHrv ypapHble:

@ — (aAKOCTBONbHBIE;
—_—d 6 — C BbLICAMEHHLIMU KOHLAMM

Puc. 5.9. Kniou uHcTpy-
MEHTaNbHbIH

471



CI'IpQBO‘-IHMK COBpPEMEHHOro U3bICKATeAn

O6capubie Tpy6L
W IPUHAANEHHOCTU K HUM

06capnsie TPY6BI B YAAPHO-KAKATHOM GYPERUN CNYKAT MIA 3aKPEIIeHHUA CTe-
HOK W yrAy6ku ckBamuKbl. II03TOMY NpU pa3BeAKe rpaBUAHO-NECYAKHIX MeCTO-
POXAEKUI IPUMEHSIOT TONILKO CTaNIbHble 1|eNIbROTARYTEE TPYOH B COOTBETCTBUM C
TOCT. Kaxpas Tpy6a umeer Kapesky u My¢ry. O6capkble TPYOH C KapymHBIM
AvamMeTpoM 114-245 MM WMMeIOT pe3bby 8 HUTOK Ka 25,4 MM, TPYOB AMAMETPOM
273-426 MM —6 RUTOK Ka 25,4 MM.

Tpy6t CTanbRble 3NeKTPOCBApHbE MOCTABAAIOTCA AMAMETPOM OT 426 AO
1420 MM BNMHOW He MeHee 5 M C OAHMM NpPOAONbHEIM uiBOM. Mcmonbsosanue
TPy6 ANMHOW 5-14 M BEI3LIBaET TPYAROCTK NMPU CIYCKE UX B CKBaXURY. lloaToMy
B 32BUCUMOCTU OT KOHKDETHLIX YCIOBUHA B FEONOTMYECKUX OPTaRW3aumax Npn
6yperun Rerny60KMX CKBaMMR LIMPOKO MPUMERAITCA TPY6H ANUKOA 1-2,5 M €
UWIMKAPWEECKOR pe3bBoit u coepusenmneM «Tpy6a B Tpy6y». Mcmonr3oBarue
KOPOTKMX TPY6 NPUBOAUT K YBEANYEKRUIO pe3bOOBLIX COEAUKERNNA W, KaK Cnea-
CTBME, K 0CNA6NEeRNI0 IPOYHOCTU KONOKKMI, HO IIPU 3TOM 3HAUUTENbKO 06nerya-
eTcA TpyA 6ypossix paboumx. [N mpepoxpaxe:
RUA HWKHER TpY6bi KONORKMEL OT CMATURA nepuaﬁ
onyckaeman Tpy6a uMeer GalMax.

Baurmaxu (puc. 5.10) umelor sup ToncrocTes-
KOT0 KO/Iblia, BRYTPEKHU AUaMeTp KOTOPOro pa-
BER BRYTPEHReMY AuaMeTpy o6capHoit Tpy6bl, a
HapyWHbli AMaMeTp Ka 2,5 MM Gonbire RapYXHO;
o AMaMerpa MYyQTH TOM e TPy6rl. Hvwumit kpan
6aliMaka 3aKaHYMBaeTCA PeXYen KPOMKOH, nes-
BUE KOTOPOW 3aKanusaeTcA. Pasmepwul obcapsLx
Tpy6, MydT n 6alIMaxOB MpUBEpEHBE B COOTBET-
cryowux I'OCT.

ORI

i\ii

Puc. 5.10. bawmak
ANR 06CanHbix Tpyb

Tonoexu 3a6ueKsie MHOIOCTYIeHYaTbie 3

Tonosku 3a6usksie (puc. 5.11) npepoxpaHAawT obcapHbie Tpy6H OT paspyure-
HUA NPU yAapax Mo TOPLY BO BPEMA NMOCaAKM MX B CKBAXMRY. JINA COKpaweHus
KONWECTBa TONOBOK Ka CKBAKMHE X KOHCTPYKUMUA BHTIONHEHa MROFOCTYNeRYA-
TOW, AAIOWeR BO3MOXHOCTb OAHOI FONOBKOR 06CNYHKNBATL TPYOLI KECKONLKUX A~
ameTpoB. 3a6MBHOR CHapAA (PUC. 5.12) CAYKUT ANA 3a6uBanuA ofcapKbix Tpyo6
NPV MOC3AKe UX B CKBAKURY.
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Puc. 5.11. Tonoska Puc. 5.12. 336mB- Puc. 5.13. XomyT ans
3abuBHas HOi CHapAA obcaaHbix Tpy6
XomyTnt

XoMyTsl pna obcaprbix Tpy6 (puc. 5.13) mpearasHaverH ANA NOABEMIMBAHUA
Tpy6 BO BpEMA UX CIYCKAa B CKBaXMRY. Kawpmblit XOMYT COCTOMT M3 ABYX CKO6,
coepuRalowmnxca Gontamu. Mexay ckobamu 3aumaerca Tpy6a. XoMyTH Nerkoro
TUMA UCMONB3YIOTCA ANIA BCNIOMOTATENbREX ONepauui: MOATACKUBARMA TpYO k
CKBAOXWUHE, TOABEMA W NOABEIIMBAKUA OMEpeNHON TPYGH MpU CIYCKe KONOKKH B
CKBaXMURY u T. n. XoMyTht 60lee TAKENO! KOHCTPYKL MU TIPUMERAITCA ANA NOABE-
LIMBAKUA TAXKEJIBIX KONOHK.

TEXHOJIOTHA

KORCTPYKUMsA CKBOKUH ONPEAENAETCA KPYIHOCTbIO 0610MOYHOTO MaTepuana u
MMHUMaNbRLIM BECOM IOCNOMKLIX (CeXUMOHKEIX) Mpob. IIpn pa3senke MecTopoxpe-
Wit eckoB Kanbonee pacnpoCTPAHEHHLIMU ABAAIOTCA CKBAMMHLL AUAMETPOM 89—
127 MM, a pv pa3Bepke TpaBUMHO-MECHARbIX nopos — 152-203 MM (6-8"). Tlpn
HaNninn KPYMHOTO TpaBuA Win 60IIIOTO KONMYECTBA BANYHOB TAKNE MECTOPOXAE-
HWA AOMKKYI Pa3BEABIBATHCA CKBAKUKAMK 6ONLLIOTO AMaMeTpa nau wyphamu (AyA-
KaMmu). B 3TOM cnyvyae HavanbHbI AnamMeTp MOXeT pocTuraTh 500-600 MM.

Yncno Konorr o6capHbix Tpy6, KOTOPHIMK 3aKPETIAGTCA CKBAXWKA, ROTKRO
6bITh MMRUManNbKLIM. O6lee YMCAO KONOHH TPYG 3aBUCUT OT MPUKATOrO BHIXOAR
KONOKK! 06canHbIX TPY6 n3-nop Galmaka npepsnymen (6-10 M, pexe 12-15 ),
ENYOUHBL CKBAMMKEL K MUMEKMANLHO AOMYCTUMOTrO KOREYHOr0 AnaMeTpa 6yperua.
3TNMU napaMeTpaMu ONpeNeNIAeTCA U RavaNbKbA ANAMETP CKBAXKHYI,

OCHOBHbIE TApAaMETphl TEXHONOIMW YAAPHO-KAKATHOTO 6YPeRUs ONpenensioT-
cs Tpe60BaRMAMM OTIPOGOBAKUA U CTENEHBIO CIOMHOCTK Ie0NOrNYeCKoro paspesa
M 33KNI0MAIOTCA B ClEAYIONeM.
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CnpaBoMHNK COBPEMEHHOTO U3bICKaTeAR

1. IIpoxoaxa 3a peiic W ANUTENBHOCTb OMEpaunu RONBNEHUA ONMPEAENATCA He
KPUTEpPUEM MaKCUMANbHOW PENCOBON CKODOCTW, @ ONTUMANbHLIM UHTEPBANLOM
pefcoBoro onpo6oBaHuA, HeO6XOAUMBIM ANA MONYIEHNA NPEACTABUTENLHON
npo6bl N0 TPaHYNOMETPUYECKOMY U TETPOTpadUECcKOMY COCTABY, d Takme
NPUHATHIMU UHTEPBANAMU CEKLUOHHOTO, NOCACHHOTO U OTOPUIOHTHOTO OTIPO-
6oBanua. ITo OrpaHUYEHUE MOXET CymeCTBEHHO BAWATb HA CKOPOCTb Bype-
HUA CKBAKUHBL

2. Ilpouecc 6ypeHus CONPOBOKAAETCA 06A3ATENBHBIM KDENNEHUEM CTEHOK CKBA-
KUHB! XOZL0BOW UNU OMEpexalwled KONOHHOW obcapHbix Tpy6. Onepanusa no
KPEMNEHUI0 CKBaWUHB TPy6aMu 3aHWUMaeT BPEMsA, CONOCTABUMOE CO BpeMe-
HeM, 3aTPaynBaeMbIM Ha cobCTBEHHO Gypenue.

3. InuTensHOCTbL OMepauuv YUCTKu Mpu 6ypenuu B Tpy6ax BhiGupaerca He w3
YCNOBUN BLICOKOM CKOPOCTU Bypenus. INaBHbIM Ipu 3TOM ONEpaLum ABAKETCA
BO3MOXHO NIONHOE W3BNEYEHWe NOPOAbL. Bausnmne Ha cxopocrs Gypenus Ta-
KuX TapaMeTpPOB, KaK TUIl JO0T, MACCA CHAPAZQ, BLHICOTA COPACHIBAHUA UHCT-
PYMENTa M JIpyrue uMmeeT OGM4HbIA Xapakrep. Ho mpu 3ToM Heo6xopumo
WMMETb B BUAY, YTO O YAENbHOM PaboTe MOXHO CYAUTL O KDPENIOCTU NOPOA UNU
WX KaTeropuu Nuiib Kak 06 0606maowmux, yCpeAHeHHbIX XapaKTePUCTUKAX.
TpaBuitHo-necyaHas TOMmA AdXe B OJHOW MNOCKOCTU 3a60s NpepcTasnexa
JIerK0Pa3pyIaomuMUCR MaTephanamMu B BUAe Iecka, IIUHE, UNa U TPYAHOBY-
PUMbIMU BaNYHAMU W KPYTIHBIM rpaBueM. II03TOMY 3aBUCMMOCTH, OTPAKAK-
mue 3aKOHOMEPHOCTU U3MEHEHWS CKOPOCTeH OYpeHUA OT NapaMeTpoB Mpo-
11ecca, YCTaHOBNEHHHX AR CNYYaeB GYPeHUA OTHOCUTENLHO BHIAEPHAHHBIX
o 6ypUMOCTY ITOPOJ, RBNRIOTCA TPAaBOMEPHLIMU B AAHHOM Cllyyae NULIb B UX
Bepoamocmo-c'ramcmqecxoﬁ uu’repnpe‘rauun‘

ToYHOCTb OMpeAieNeHUA IPaHYNOMETPUYECKOTO U NeTporpaduyecKoro cocra-

B, a TAK)XKe COAEPKAaHUe BPEHBIX PUMECEN 3aBUCAT OT BHIXOAA KepHa u obora-

MEeHUA WU PasyB6oMUBAHNA NPOB MO KaXAOMY UHTepBany 6ypenus wiu onpo6o-

BaHUA. ITUMMU e OTPAHUUEHUAMU OTIPEAENAETCA W TOYHOCTb (PuKcauun rpanuy

NMPOAYKTUBHOW TONMMW W IPaHWl OTAENbHBIX CNOEB B Npejenax NPOAYKTUBHOW

TONMW. YKa3aHHbE UCXORHBIE IPEANOCHINKN ONPERENSIOT cenuduyeckue TeXHo-

NIOrMYecKUe CXeMbl 6YPeHUs, CYIHOCTL KOTOPLIX 3aKN10¥aeTCA B CleAyomeM.

1. B phIXnbix, CHNYYUX, 06BOAHEHHBIX OTNOKEHUAX KONOHHA O06CAAHEIX TPY6
onepexaeT 3a60i Ha BHICOTY NPEAOXPAHUTENBLHOTO CTONGUKA, paBuy0 5=
10 cM. B cnyuae BCKPHITUA HaMOPHBIX BOAOHOCHBX FOPU3OHTOB MW NPU
BCTpeve IUILIBYHOB, KOTAA B TPy6ax o6pasyworcs npobku, BEICOTA NpeRoXpa-
HUTeNbHOTO cTonfuka yBenuuusaercs Ao 20-50 cM. IT0T cnocob HasbBaeTcs
6ypenuem B Tpybax.
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2. B NnOTHHIX OTNOXEHWAX C BKNIOYEHWEM GONLLIOrO KONMYECTBA BANYHOB U

KPYITHOT'0 TPaBUA AOTIYCKAETCA OTCTaBaHUe GaurMaka o6cagusix Tpyb or 3a6on

Ha unTepBan onpotosanus. Ho v B 3ToM cnyyae, ecnu 6ypeHue ne COBMENEHO

no BpeMeHu ¢ or6opoM Tipob, a omepexaeT ero, To nepea onpotoBaHueMm

KpenmuTcA Tpy6aMu COOTBETCTBYIOMUIA UHTEPBAJ C YYETOM Bpe3aHua baniMaka

B Ll&MK Ha BLICOTY IPEAOXPAHUTENLHOTO CTONBUKA, 3aTEM, eCNu HEOBXOAUMO,

NPOU3BOAUTCA AOTIONHUTENBHOE Pa3PHXNEHUe IOPOAL B TPy6ax v 0T60p Tipo-

611, ITa cxema MONYyMNa Ha3BaHNE 6YPEHUA HWKe BaumMaxa ofcapHbiX TPY6.
3. B nopopax mpOMEmYTOYHLIX IO INOTHOCTH W YcToWyuBoCTW 6awmax o6cap-

HBIX TPY6 ¥ 3a60% CKBaXUHBI MOT'YT HAXOAUTLCR HA OAHOM YPOBHE. 3Ta cXeMa

Ha3blBaeTcs GypeHueM Ha ORHOM YPOBHE.

C y4eToM OTAMMMTENbHBLIX OCOBEHHOCTEN GYPEeHUA CKBaMWH NPU pasBepxe
TPaBUMHO-NECYAHBIX MECTOPOXAEHUNA, NPAKTUKU PaGOT U DEXOMEHAALUN, UMEID-
mUXCA B ONY6IVMKOBAHHOW NUTepaType, OCHOBHblE NapaMeTpbl Ipoiuecca npep-
cTasneHb! B Tabnuue 5.4.

Tabnuya 5.4
MapameTpbl 6ypeHus ckBaXUH
MnoTHuie no-
Poixnbie
poab! C BKNO- .
cbinyune Ycroinuvesle
Moka3saTtenu nopoab! HeHuAMA Kpenkue
BonbLoro ko-
(necok, rpa- nopoAk!
9 nuuecTsa Ba-
BUIA)
nyxos
TexHonorpueckan cxema B Tpybax Huxe Tpy6 6e3 Tpy6
Wntepsan Bypenus 3a peinc, M 0,2-0,5 0,2-015 0,4-1,0
Magca 6yposoro cHapsiga, npuxoasias-
€A Ha 1 CM ANWHbI AONOTa, Kr 20-35 30-50 50-60
BeicoTa cbpacbiBaHna UHCTPYMEHTa, M 0,40-0,70 0,40-1,0 0,70-1,20
WHtepsan 3abuekv obcaaHbix TpyS, M 0,2-0,5 0,2-0,5 -
Yron 3aocTpeHus Ne3sus JONOTa, rpanychl 60-80 90-100 110-120

B 06BOAHEHHBIX TIECKAX, HE COREPKAWUX BANYHOB WU GONLLIOTO KONUYECTBA
KDYMHOTO IPaBUA, BypeHue MOXeT OCYIEeCTBAATLCA KENOHKON W, TaKUM 06pasom,
TIponeccH ONpo6oBaHNA U GYPEHWA OKa3bLIBAIOTCA COBMEIEHHbIMU BO BPEMEHU.
TIpy enoHMpPOBaHUM YUCIIO YAAPOB B MUHYTY KENOHKOM RONKHO 6HITL paBHO 20~
30, BhicOTa ee cOpachiBaHUs — 0,2 M 1 Gonee. JKenoHKU PeKOMEHAYeTCs NpuMe-
HATb B KOMIINEKTE C YAAPHBIMU IITAHTaMu C TAKUM PacyeToM, YTo6bl Macca CHaps-
Aa 6xina pasHa 0,5-1,0 T. IIpn Gypexun o cxeMe HUXe TPY6 KEeNOHKa He AOIKHA
BLIXORUTD 3a GalIMakyu o6capubIx TPY6 Gonee yeM na 0,5-1,0 M.
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CI’IpGBO‘-lHMK COBPEMEHHOIO U3bICKATEAS

Bypexune KPYITHOOGNIOMONBIX, @ TAKKe MNOTHEIX TNUHUCTHIX ¥ RECYAHBIX No-
DOX OCYNIECTBNACTCA CRAOLIHbLIM 3360eM C OGBIMHBIM YRAaPHO-KaHATHbIM UHCTPY-
MEHTOM (RONOTA, ENOHKY, CTAKAHH W T. A.). YacToTa yrapos 6yposoro cHapapa
(ronora) ROMMHA PErynupoBaThCA B COOTBETCTBUM C BLICOTOM MORBLEMA €r0 Hap
3a6oeM ckBamuHyl. [IpaBunbHOE UX COOTHOLIEHME ONPEReNAEeTCA [0 CUie PHIBKOB
WY MO BpaweHvIo OTTAMHOIO ponuka. Korna 4acTota yaapos moHWKeHa, ABUKe-
Hue GypOBOrO CHapAAa CnepyeT 3a ABMKEHMEM 6anaHcupa; KaHaT MIOTHO Tpune-
raeT K OTTAXHOMY POJIMKY, a IOCTERHWit B TEYEHNE OAHOTO WIN HECKONbKUX yAa-
POB OCTaeTCA HEMOABVKHLIM O OTHOWIEHWIO K CBOEI ocu. IIpn RopManbHOW Yac-
TOTE YARAPOB RBUMERUE OTTAXHOTO PONNKA B NEPBYI0 TONOBUHY NYTH ONepexaeT
RBVKEHRWE CHAapARa; KaHaT OTCTAeT OT OTTAXHOTO PONNKA, KOTOPLIA MOBOpPaunBa-
eTCA BOKPYT cBoeW ocu (Ha 20-30 MM 1o 060Ay) mpH KanzaoM ynape. Ilpu nosbl-
IeHHOW YacTOTe YAAPOB CHAPAR ewe He YCNeBaeT BHEADUTLCA B NOPOAY, KOTRA
OTTAMHOM PONIVK HaUNHAEeT HATATMBATL KAHAT U MORHUMATh ero Hap 3a6oeM. Takas
paboTa CTaHKa CONPOBOXAAETCA CHATMEM aMOPTU3ATOPA W CUILHLIMW PhIBKaMu.
CxopoCTb BYpEHMA P 3TOM CHUKAGTCA.

Bype)me B Pa3nUYHBbIX Te0JIOTUYECKUX YCIIOBUAX

BypeHwe PLIXNbIx NOPOA. Byperne ocymecTsnaeTca ¢ KpenneHneM CTEHOK
CKBaMMHBI 06capHBIMM Tpy6amu. [lpouecc cOGCTBEHHO OYPeHUs B RAHHOM CNyuae
TPOXORMT 6e3 0COBLIX 3aTPyAHEHUA. B KayecTBe NIOPOROPa3PyLIaloN|ero HaKoHe Y-
HWKa IPUMEHSAETCA XEeNl0HKa, MHOTAA B KOMIIEKTE C IerKOW YRADHOW U PasRBUX-
ROt 1rTanramu, Iipn 6yperun BMEWAIOLNX [IOPOA, He IPEACTABARIOMX UHTEpECa
€ TOYKU 3PEHUA UX OPOGOBAHUA N FeONOTMYECKOTO U3YUERUA, MOKHO RO6aBRATL
FNVMHY C yTpaMGOBKOW ee Ha 3a6oe miA TOTO, YTOOH MOCNEAHAA, CMELIABIIMCH Ha
3aboe ¢ pa3bypusaemoi MOPOROM, o6ecmevnBana YCAOBUA ANA NyYLIER YUCTKW
CKBaXUHBL. UUC0 yAAPOB CHApAAA B MUHYTY — He Gonbure 50 npw NOpbEMe Hap
3a60eM Ha BLICOTY He Gonee 1 .

BypeHue ravMH W CYyrAUHKOB. [laHHbe NOPORb OTNNYANTCA Pa3Hoo6pasneM
HN3INKO-MeXAHNYECKUX CBOWRCTB (TNOTHOCTh, KPENOCTb, BASKOCTb W T. M.). B 3aBu-
CUMOCTM OT 3TOr0 MOABUPAETCA COOTBETCTBYIOWMA MeTon Gypenun. IInorxyie pas-
HOBUMBHOCTW 3TUX TIOPOR RPOBYPUBAIOTCSH 3YGUALHBIM RONOTOM C NORNMBOM BOAHI,
€CTM B CKBAMMHY HET eCTECTBEHHOro BORONpPWUTOKA. Ilocne pasphixnenvs MMuHb
RONOTOM CKBAXWHA OYMIAETCA OT LUIlaMa ipy IOMONIM XeNOHKM, JINA NOBLIEHUS
MeXaHWYeCKOW CKOPOCTY Pa3pyLIeHUA TUIOTHAIX BASKUX IMK B CKBAKMHKY 3aChiNa-
erca me6GeHb U3 pacyera ABYX BeAEp Ha UUKN RON6NeHUA. Bypenue Mexee nnot-
HBIX ITIMH M CYFMMHKOB MOXHO OCYLIeCTBAATb HENOCPEACTBEHHO MKENOHKOMU C
NPeRBapPUTENLHO CHATHIM KNanaHoM. Takas KeNoHKa UCMONb3YeTCA B KOMIUIEKTE
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C YRApHOW W DasRBWHHOM WITaHraMmu. B nenax obneryenus ussneyeHnus xepHa v3
EJIOHKU IIPUMEHAT ee PashbeMHYI0 PA3HOBUAHOCTb C HABUHUMBAIOLWMMCA Galma-
KoM. YMCno ypapoB B MMHYTY Mpu GYPEHMM IIMH U CYTINHKOB cocTasaneT 40-50
TPV BHICOTE NMORbEMA CHAPARA Hap 3a6oeM o 1 M.

Bypexue NMeckoB Wnu rPaBUWHO-TECYaHOW MOPOAB! ¢ HeGonbuIuM co-
AePKaHUEM MEnKoro rpasua. Jina 6ypenua o6LYRO UCTONbIYETCA KENOHKA
C INOCKUM KNanaHoM. CIenudnyRoCTb YCNOBUA NpefoNpepenaer clepyomue
OrpaHuYeHus:

- npu GypeHun mo cxeme Hwwe Tpy6 npubnauauTensio 1/3 XenoHku Bo

n36exanue 3aKNIMRNBAHUA ROTIKHA OCTABATBLCA B Tpybax;
— 3a30p MeXQRY HapPY)XHLIM RUaMeTPOM XENOHKWU N BHYTPEHHUM AUAMETPOM
TPY6 poMKeH GbiTh He MeHee 100 MM;

~ ecnv npobypuBaeMbie RECKU He OTHOCATCA K RPOAYKTUBHOM TONWLE, TO ANS
DOCTMKEHUR BoNnee BLICOKON CKOPOCTH ByPeHUA peKOMEHAYeTcs 3abpachi-
BaTb Ha 3a60i CKBAXMHH XUPHYI IMUHY, KOTOPas CBA3LIBAET MEXAY CO-
6011 YacTULBI Tlecka;

~ CNYCK KONOHHB 06CaRHBIX TPYD OCYNECTBAAETCA ORHOBPEMEHHO C 6ype-
HUeM;

~ B pAjE CIy4Yaes OKa3blBaeTCA LenecoobpasHLIM RPpUMEHEHNe MeToRa NOR-
€0Ca, KOTRA MOCNEe 3aMONHEHUA }ENOHKU TIOPOROA RPUONU3NTENbHO Ha
1/3 ee RMMHB MOCNERHAA MPUNOZHWUMAETCA TIPU NOMOWM WTYpBana c
Henpexpamawueica Py 37oM nocaproit Tpy6. loxbem Kenoxkm ¢ opHo-
BpEMEeHHOW NOCAAKOW TPYG BHI3LIBAET 32 CYET CO3RAWIETOCA BAKYYMa ABU-
EHWe BBEPX, UTO CROCOGCTBYET ROTPYKEHWIO KONOHHEL 0BcapHbix TPy6
TIOR ReViCTBUEM COGCTBEHHOTO BeCa;

- B CNY4YanX, eCNU NecOX IPUHARNEMMUT K IP ORYKTUBHOM TONIIE N NORNEKNT
onpoGoBaHWIo, NyviIe BCero UCNONb30BaTh Clocob Gyperua B Tpy6ax. Ecnu
TPY 3TOM POVCXOAUT YTPaMGOBKA MECKa RO TaKOW CTEMEHN, YTO WENOHN-
pOBaHue upeT HeyROBNETBOPUTENLHO, IOPOAY B TPyHax HeobxopuMmo pas-
PEIXAUTD TTPU TTOMOLIM 3y6UNLHOTO RONOTA.

YUCTo YRAPOB KENOHKU B MUHYTY — 35, BLICOTa TORbEMA Hap 3a60eM — ro 1 M.

Bypexue rpaBuiHO-NeCYaHOW MOPOALT ¢ 6ONLIIUM COAePHAHUEM KPYT-
HOTO rPaBUA. B RaHHOM Cnyyae NPUMEHAETCA XENOHKA C OOLIYHLIM TNOCKUM
KnanaHoM mpu BbICOTE KoNbLa Banrmaxa, pasHoii 20- 25 mm. Heobxopnmo, aTober
npu GypeHun XenoHKa He epPeNONHANACL, TaK KaK OTRENbHbIE KYCKW IPABUA MO~
TYT Yepe3 BEPXHWi Kpai XeNOHKM BhLIOGPACHIBATHCA U 3aKNMHUBATL €€ BHYTPU
Tpy6. TaK e KaK W B NMPeAbIRYIIEM CNyYae, 3330P MEXAY HAapYKHLIM RUAMETPOM
KENOHKW U BHYTPEHHUM RMAMETPOM TPYG ROMKEeH GbiTh He mexee 100 M. Ecan
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Cnpaaoqumx COBPEMEHHOro U3bICKaTeAs

nipo6ypuBaeMan NOPofla OTHOCUTCA K TIPORYKTUBHON TOJNILE LU €CAN 3TO OKAKETCA
BO3MOXHBIM, TO NIYJlIe OCYWECTBARTH GypeHue B Tpy6ax. lipensapurensroe pas-
PHIXneHWe MOPOALl Tepes HEeROHUPOBAHUEM, €CRU 3ITOTO TPeGYIOT KOHKPETHBIE
YCROBUR, TPOU3BOANTCA AONOTOM 3Y6UNbHOrO TUIA. JKeNOHUPOBAHUE IONKHO BiI-
TIONHATBCA HECUNBHBIMYU, HO YACTBIMU YapamMu (40-45 ynapoB B MUHYTY), BLICOTA
TIoAbEMa XENOHKHU uan 3a6oem 0,8-1,0 M.

™ NecYaHoN NOPOABI ¢ 6ONBIINM KONUYECTBOM BaNYHOB.
Hanﬁonbmue 3aTpYRHEHUA TPy OYPeHUU CKBAXWE B IPAaBUNHO-MECHAHBIX OPOAAX
BO3IHUKAIOT NPU BCTPeYe BAIYHHBIX OTROMEHUH, 0COGEHHO KOTAA Ba/lyHI NIEPEMBITI,
oTcOpTMpOBaHE. OCNOKHAET GYPERUe KPeNoCTh U TORBUKHOCTb BAJIYHOB.

Ecnn BanyHbl OAMHOYHH W HeGOMBUIMX Pa3MepoB, X YCMEWHO pa3buBaloT
UPaMUAANbHEM JONOTOM, KOTOPOE B KOMMNEKTe ¢ YAAPHOW NITAHrOW cHpachiBa-
eTcA B ckBaXuHy. C TOMOmBIO YAAPHHX MTAHT MOXKRO 06ecneuTs HeOGXORUMYIO
Maccy CHapafia U TeM CaMbIM Cuny yaapa. [Ipu nafieHuu Takow CHapAp passuBsaeT
GOnbIIYI0 CKOPOCTh U YRAPAETCA O BanyH, packanbisas erd. Ipuuem Gypenue
06HYHO BEfeTCA ¢ XOROBOW KONOHHOW TPYH, T. €. KONOHHA BCe BPEMA UZeT 33
6YPOBHIM HAKOHEUHUKOM.

[InA paspylieRUA KPYIHLIX BANYHOB NPUMEHAIOT TAXENble OKPYLAAOLIMKE Kpe-
CTOBblE BONOTA. H3BNeYeHue pasbuTLX KYCKOB BalYHOB TPOU3IBOAUTCA POCTHIMI
YTAXENEeHHLIMU U TpetdepHBEIMU HeNOHKaMU, AuaMeTp KOTOPHX He 0JXeH npe-
BbIUATh 0,7 BHYTPEHHETO AUaMeTpa 06CaAHEIX TpY6, ARA TOTO YTO6H O6ecneynTs
ceofofHoe TafeHue XenoHKY, a cnenosaTenbro, u Gonee spdexTusHb 3a60p
Ppa3pylIeHHO! NOpoaHL.

Uncno ynapos B MUHYTY Npu paboTe TAXERHIMU BONOTAMU ROMKHO GHTbL He
6onee 40, a BLHICOTA OAbEMA Hap 3a60eM He MeHee 1 M.

B HEKOTOPHIX CRAYYAAX YAALTCA CABUHYTD BANYH B CTOPOHY OT CTBORA CKBAXKM*
Hbl. 3Ta paboTa BHIMONHAETCA MPU MOMOWM MUPAMUBANBHOTO AONOTA, KOTOPOE,
YIRYGRAACD, CTPEMUTCA OTTORKHYTL BaNYH B CTOPOHY. MROrma pns yckoperus
6YpeHUA BayHHHX 30H TPUMEHAIOT B3PLIBHBIE 3aPAAN. IIpU 3TOM Ha BpeMA B3pHI-
Ba ofcapHbie TPYOB! NMPUMOAHUMAIOT HA BHCOTY, KOTOpas AOCTAaTOMHA AAA TOTO,
YTO6b! OHY He TIOCTPagank OT BIPHIBA. ¢

ONHIT pajsefKU KPYMHBIX I'DAaBUAHO-NECYAHBHIX MeCTOPOXAeHUn JIeHUH-
rpaacxoit 06nacT ¢ HONBUIUM COREPHaHUEeM BaNYHOB NIOGBHIX pa3MepoB noka-
3an, 4TO BAA GypeHuA CkBaXuH TRy6uHont 50-60 M Haubonee s3pdexTuBeH
6ypoBoit cranox YKC-22M (YTB-3VK). PexomeHAyeTCA UCTIONB30BATH TIPU 3TOM
GonbUINE AUAMETDPBl CKBAXMH, TaK KaX BLIXOA KOROHH cocTaBraer 7-10 M. Ho-
3TOMY HAYanbHbI fUaMeTp TAKUX CKBAXWH WHOTAA gocturaer 400 mm (16"),
a KOHeH! — 168 MM (6").
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Pazaen 5. M3bICKQHNS TDYHTOBBIX CTPOUTEAbHBIX MATEPUAAOB

Tlpon3ssoguTensHocTs 6ypoBbix paboT Konebnercs B WMpokux npegenax (80—
120 M Ha CTAaHKO-MeCAl Mpu paboTe B ORHY CMEHY) M 3aBUCUT OT KONUYECTBA U
Pa3MepoB, BCTPEYAIOMMUXCA B Pa3pese BalyHOB.

CpaBHUTENBHO BLICOKAA CTOUMOCTb 1 M ﬁypenmt CKBaXUH 6ONBLIOTO MaMeTpa
OMpaBjaHa BO3MOXHOCTHIO IPOXOAKU MONE3HOW TOAMN HA IONHYI0 MOMHOCTD.

Bypenue 3a6usHbiMu cTakanaMu. JJanHbI coco6 6ypeHns HaXoauT BCe
Gonee mWUpPOKOe TMpUMEHEHWE NPU pa3BeaKe MeCTOPOK[AEHUM CTPOUTENbHHX
MaTepUanos, a Tak ke MPu UHKEeHEPHO-CTPOUTENbHBIX U3BICKAHUAX. ITOMY cTio-
CO6CTBYET TeXHUKO-3KOHOMMYECKan 3PPeXTUBHOCTh Mpouecca, AOCTATOYHO
BBICOKAA MPEACTABUTENLHOCTh ONPOGOBAHUA, MPOCTOTA TEXHOROTUU U OpraHu-
3anuu pa6or.

CymecTsyioT nBe TeXHONOPUYECKNE CXeMbl 6YpeHus 3a6UBHLIMU CTAKaHAMMU:
Hume 6aumMaxa o6capHbIX Tpy6 u B Tpy6ax. lpn 6ypenun Huxe 6ammaxa o6can-
HBIX TPY6 KePHOMPUEMHbI CTaKaH 3abuBaeTcA B MOPOAY, a MOCKE OAbEMA CHApA-
Aa KONOHHOM o6capHbIX TPY6 MPOWM3BOAUTCA pasbypueanue MpPOMAEHHOrO Kep-
HOTMpUEMHUKOM uHTepeana. llopoaa, o6pyuaeMas co CTEHOK CKBAWUHBL TIPU pas-
6ypuBaHUM, OKA3LIBACTCA [IPU ITOM BHYTPU KONOHHbB 06CaAHBIX TpY6 U U3BREKA-
eTCR Ha MOBEPXHOCTb BMECTE C OMepepHbIM DEiCOM KepPHOTIPUEMHUKA. B cBA3M ¢
2TUM ANUHA Peiica YMEHbIIAETCA, TaK KaK 4acTb KePHONPUEMHUKA 3aMONHAETCA
MOpOAOit MpeAblAYmero HHTepBana.

Tlpu 6ypenuu B Tpybax peilcy KepHOTPUEMHUKA MpPERWECTBYET 3abUBaHUe
KONOHHBI 06CapHHX TPY6 B MOPOAY Ha AAMHY MOCAEAyIOmeEro peica. 3abuexy
KONOKHB 06capHLX TPY6 CnepyeT BHIOAHATL C ORHOBPEMEHHHIM BpaweHueM. Ilo-
POpAa, 0Ka3aBlIAACA BHYTPU TPY6, U3BNEKAETCA TIPU TOMOmMM KEPHONPUEMHUKA.

Bypenue 3abuBHbIMU CTaKaHaMW B MHTEpBanaX, NpeACTaBAeHHBLIX OTHOCH-
TEeNbHO YCTOMMMBLIMM MOPOAAMY, OCYmMECTBAAETCA 6e3 KpenmneHus CTEHOX CKBa-
KUHBL. JInA 3TMX CNyyaeB peXOMEHAYeTCA MPUMEHATb GYPOBOW CHapAj, COCTOR-
WU U3 336 UBHOTO CTaKaHa, aBAPUAHON Pa3ABUKHOM WITAHTU C XOOOM 450-550 MM
W yAapHoit mTaHTy. IIpn 3TOM X04 yAapHOTO MexaHu3Ma 6ypoBOro cTaHKa ofasa-
TeNbHO BOTKEH GbITh MEHbIe X0Aa PaspBUKHOW LITAHTU, TaK KaK TONLKO NP
3TOM YCNOBUU MPOUCXOAUT 3QdeKTuBHOE yrnybrenue cTakaHa B mopony. Kax
MoKa3ana mpaKTKa GypeHus 3a6MBHBIMM CTaKaHaMM TIpU paszBepke CPaBUIAHO-
MecYaHbX MECTOPOXAeHuit B JIEHMHIPaACKO! 0611aCTH, Takaa TexHonorua obec-
neynsaeT 100%-Hbilt BEIXOA KePHA M BO3MOXKHOCTb ypeHusf pARaa CKBawuu 6e3
KpenyieHuA ux Tpy6amu. B cnyvae Heo6XOAMMOCTM CNYCK KONOHHB OGCaAHBLIX
TPY6 MOXHO OCYWECTBUTD, TPEPBAB Ha 3TO BPEMA NPOLECC GYPEHUA.

Ecru BCTPEYAKOTCA KpYTHEIE BaNyHbl, TO OHM pa3GUBAIOTCA AUGO MpU moMomu
6alMaKa KepHOTIPUEMHU KA, NM60 PU MOMOMU CTTELMANBHOTO CHAPARA, COCTOAMETD
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CrpABOYHINK COBPEMEHHOTO M3bICKATEAs

W3 TUIOCKOTO AI0N0TA U YAAPHBEIX WTaHT. OPUEHTUPOBOYHAA MACCa TAKOTO CHAPAAA
B 33BUCUMOCTU OT AMaMeTpa CKBAXUHLT cocTasnaeT 250-1300 kr.

Crioco6 6ypenns 3a6UBHbIMU CTaKaHaMK MOXET 6bITb IPPEKTUBHO UCIONL3O-
BaH B TeX CAy4anx, Koraa Tpebyerca obecreyurs Haubonee MONHBIN BHIXOA KepHA
IO KaKOMy-NUB0 ONPeAieTIeHHOMY UKTEPBANY WIW B LIEZIOM 1O CKBAXUHE, HaieMHO
npefoXpaHuTh €ro 0T pa3yboxuBaHuUs unu oboraleHma B npolecce 0T6opa unu
TPAHCIMOPTUPOBKM, T. €. ofecrmeynTd> HanbGonee MONHYIO MPEACTABUTENLHOCTD
KepHOBOTO OMPo6oBaHMA. IR 3TOr0 OH MOXET OLITb UCTIONB30BAH KAK T€XHONO-
I'MMECcKUW IPUeM B npoLecce yAApHO-KaHATHOTO, IHEKOBOTO U APYTUX CITOCO60B
Gypenusa, KOTAa CKBaXUHA GYPUTCR OAHUM U3 BEICOKOTIPOU3BOAUTENLHBIX CIIOCO-
608, a OTAENbHIE UHTEPBANE — 3a6UBHLIM cTakaHOM. IloTepyu B MPOU3BOAUTEND-
HOCTH, KOTOPbIe BYAYT UMETb MECTO TONBKO N0 OAHOMY MJIM HECKONbKUM UHTEpBa-
N1aM, a He TI0 CKBAXMHE B LenoM, 6YAyT BAMATD He TaK OLlyTUMO HA YXyAlLleHue
TEXHUKO-3KOHOMUYECKUX NIOKA3aTeNne M, OTHECEHHbIX K eAMHNLE AANHBI CKBAXKMHbL
WAV K eAuHule BpeMeHW. EcTecTBeHHO, YTO MpPU NMPOEKTMPOBAHWUW BKNIOMEHUE
AAHHOTO criocoba B TeXHONOrUYECKYI0 CXeMy GypeHNA CKBaMMHbI AONINHO YMUTH-
BATh BECh KOMIUNEKC YCAOBUH, YTeW U COCOBOB ROCTUMEHUR HAMEUEHHHX LeNlei.
Y3 HeCKONBKMX BO3MOXHLIX BAPUAHTOB HEOBXOAMMO BHIGDATH ONMTUMANbHbIM, OT-
naBad NPEATOYTEHNe TeM BapuaHTaM, KoTopbie ofecriedar HauGonee BLICOKUeE Ka-
YeCTBEHHbI® MOKA3aTenu.

B rabnuue 5.5 NpuBeAEHB! TEXHUMECKUE XaPAKTEPUCTUKU HEKOTOPHIX 6ypo-
BbIX CTAHKOB W YCTAaHOBOK, KOTOPHIE MOTYT GLITh UCITO/b30BAKLI DU TEONOTOPA3-
BEJOYHBIX PafoTax Ha MECTOPONAEHUAX CTPOUTENBHBIX MATEPUANOB.

Tabnuya 5.5
TexHuueckue xapaKTepPUCTUKN YCTAHOBOK ANA Gy peHus CKBaKMH
rny6uHoit ao 100 m ynap THbIM
YBM- | BYKC- .
MNapameTpel 15M T BYIN3-15AN ABB2M
1 2 3 4 5

rny6una ypenns, m
H: 7 pc , MM

KonoHkoebli, ¢ npu-

3a6oiHoM UMpkyns-

V— UMell, LWHEKOBbIN, BubpauvoH-
Cnocobbi BypeHus K:H;) ol MepneHHospalua- HblA, ynapHo-
i TenbHbIA, yaapHo- KaHaTHbIA
KaHaTHbI, BUEpaun-
OHHbI
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Pazaen 5. M3bICKAHNA TPYHTOBBLIX CTOOMTEABHLIX MATEPUAAOB

lpodonxerue mabn. 5.5

NapaveTpsi Ve | BYKC- | symma-san ABE2M
1 2 3 4 5
Basa OpHoocHsi Npuuien | FA3-69 FA3-66
Tun epaujatens (ocHoBHoH pa6o- Porop, Bu6pomo- | Bubpomonot
4ni opran) not -
YacroTa BpalueHus potopa, -
06./MurH 32-165
[NuameTp npoxoaHoro oteep-
CTUs poTopa, MM
Xop kapeTku Bpawarens, Mv
Ycunue noaauu BHu3, H ]
pysonoabemMHocTs nebeaxu, T 1 0,7 25 4
CKOpOCTL HAaBUBKU KaHaTa Ha
GapabaH, M/c 09 0,5 0,1-0,5 0,5
Tun yaapHOro mexanwama
Yucno yaapos cHapsaa B MUHYTY Lo 25 Do 25
Macca yaapHoro cHapsaa, Kr
Xog ynaapHoro cHapsaa, ¢ nebea- C nebeaxu C nebean
K1, MM
BbicoTa MauTbl, M 56 5,0 5.2 75
py30N10ALEMHOCTL MaYTbl, T 5 12
Tun MexaHnama Ana NorpyKeHus
ofcaaHbix Tpy6
MakcuManbHbIi KpYTAWWA MO-
MEHT MeXaHu3ma NorpyeHusa
obcagHeix Tpy6, Hxm
FaapuTHble pasmepbl B TpaHc-
NOPTHOM NOMIOXEHUN, M
AnMHa 4,0 5,1 42 7.5
wupuHa 1,8 1.4 1,75 2,35
BbicoTa 22 1.4 23 3.4
Macca, kr 1000 440 2030 6300
" " OT psuratens as-
Tun psuratens 40-2 0-300 ToMoBunsA
MowHocTb gBuratens, kBT 43 32

16 Cnpasa4HKK M3biCKaTeNA



CanBO‘{HMK COBPEMEHHOTO U3bICKATeAst

MNapameTps! ABB3 YBP-1 YBP-2
1 6 7 8
rnyéuHa 6ypeHus, M 20, 49,100 15 26
HavanbHslit guameTp
CKBaXWHbI, MM 168, 325 124 253
YaapHo-KaHaTHbIA, BUG-
PaUMOHHBIA, BUGpOBpPa- . ~ | YnapHo-
Cnocobsl 6ypeHus UiaTenLHEIA, KONOHKo- z@:ﬁ:ﬁ::-“mw' KaartHuif, Mea-
P BLIA, C NpK3aGoHOM BpaLETERbHbI nerHospaua-
LMPKYNALMEiA 1 C Npo- pauL TENbHbIIA
MbIBKOA
Basa 3un-131 Cahun 3nn-131
Tvn Bpawatens (OCHOB- Potop, ynapHoe Portop, yaapHoe
HOW pabouuil opraH) Bubpomonor BE-7M YCTPOUCTBO yCTpOWCTBO N
YacroTa BpalleHus P
poTopa, O6/MuH. 50, 98, 124, 245, 390 7,12 12,24,76
[AvameTp npoxoaHoro
0TBEPCTUS POTOPaA, MM 136 255
Xog xapeTku spauare-
ns, MM
Ycunue nogauu sHus, H
pyaonoabEMHOCTL
nebepxu, T 4 1 18
CKOpOCTb HaBUBKM KaHa- . .
Ta Ha GapabaH, Wc 0,41, 0,82 0,5,08 0,51
o
Tun ynapHOro mexaHua- '
ma >
Yucno ynapos cHapsaa
B8 MAHYTY Bo25 27,46 37
Macca ynapHoro cHapsi-
A, K 200 300
L‘;“ YRapHoro cHapsaa, C nebepyn 550 600
Beicota MayThl, M 7.6 7 8
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Pasaen 5. U3LICKGHUS FPYHTOBLIX CTPOUTEABHBIX MATEPUAAOB

IpodomxeHue mabn. 5

neY-50 Yre-50M BYr-50 BYr-100 BYY-3
9 10 i 12 13
50 50-100 50 100-200 50
200 230 273 273 273
BpatuatenbHelii, | LLHekoBbIA, ko- . . YnapHo-
yAapHo- NOHKOBBLIA, yaap- K::;:ZM z::a’?r:ilﬁ KaHaTHbIiA, Bpa-
KaHaTHbIA HO-KaHaTHbI warenbHbIA
FyCeHUuHbIA
3NN-157K rA3-66 3UN-167KE Canu seasiexon
MoaBUxXHOM MoaBuxHOW po- -
poTop T0p OtkuaHon potop
14, 38, 63, 100 70, 125, 200 43, 83,125
3250 1500 1000
553 510 194
25 25 3 4 23
047: 128,213 | 0,64;1,24:1,98 | 042, 087; 1,60 10,13
KpuBOLWMNHO- Kynaukosbiti co | Kynauxkosbii co
LIATYHHBII CO KpusowmunHo- c8060AHbIM ©B060AHBIM KpusoLumnHo-
ceoboaHbIM LWATYHHBIA c6pocoM cHaps- | cBpocom cHaps- | waTyHHbIR
cBpocom cHapsaa na na
17,48, 78, 126 45, 80 20,43 30, 60 40, 60
500 400 500 1000 1000
1000 650 600 250, 500 400, 600
8,3 8 9.8 12
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CI‘IpOBOHHMK COBPEMEHHOIO U3biCKaTeAs

kBT

MapameTpe! ABB3 YBP-1 YBP-2
1 6 7 8
py3onoabeMHOCTs
mMauThl, T 12 3 6
Tun MexaHusma aAns
norpyxexus o6caaHbIx
Tpy6
MakcumansHbIi KpyTa-
WUt MOMEHT Mexanuama
norpyxeHns obcanHbix
Tpy6, Hxm
abapuTHeie paamepsl B
TPAHCNOPTHOM NONoXe-
HAM, M:
AnvHa 7.6 1,9 2,67
WwwpuHa 2,35 0,98 0,962
BbicOTa 3.5 1.35 8,285
Macca, Kkr 9900 1025 2000
Twn psuratens [3763-1 A-300 24-8,5/11
MowHocTL gsuraTens, 21 3,2 7.4
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OkoHuaHue mabn. 5

NeY-50 Yr6-50M BYr-50 BYr-100 BYY-3
9 10 1 12 13
5 7.3 9 13,4
KpusowmnHo-
LIATYHHbIN Me-
XaHW3m pacxa-
*usauus Tpy6
140 200
6,38 8 9,7 3,455 8,3
2,315 2 2,1 2,2 2,9
2,546 3 45 2,2 3,65
8440 5110 4500 2900 11500
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CHpQBO‘-IHMK COBPEMEHHOIO M3bICKATEeAsR

5.3.2. Kosonkosoe Oypenne

KononkoBoe 6ypenue cKBayuH NPUMEHAETCA NIPY NIOUCKAX U PA3BE/IKe MECTO-
PONAEHWHA TecKa, TPpaBuf, IMUHUCTLIX, KapOOHATHLIX U MarMaTMyeckux TMopop.
3HauuTenbHaA YacTb PEONOTOPa3BeOMHHX CKBAMUH IPU DPa3BEpKEe YKA3aHHBIX
MeCTOPOXAEHUIA uMeeT rnyduny 10-50 M, pexe 100 M. 3a cYeT BHEAPEHUA HOBHIX
cnoco6os 6ypenns (BUGPaLMONHOro, BUGPOBPALIATENbHOTO U AD.) B MOCHEAHUE
ropbl 06beMbl KONOHKOBOTO GYpPEeHNA CKBAXMH NP Pa3BefKe MECTOPOXAEH Ui Nec-
KOB, I'DaBUA W TIUHUCTBLIX TOPOA 3HAMUTENBHO YMEHbUMAUCL. B TO Me BpeMa
6ypenne CKBAXUH [Py Pa3Befike MECTOPOXAEHUA KAPOOHATHLIX U MarMaTuIecKnx
TIOPOJ OCY1eCTBAACTCA TOAbKO KOTIOHKOBLIM CTIOCO60M.

C BHeApeHUeM HOBbIX 6yPOBLIX YCTAHOBOK, MMEONUX BHCOKYIO YacTOTY Bpa-
WEHUA NIMUHACNA, TIOABUAACH BO3MOXKHOCTb IPUMEHATh QOPCUPOBAHHBIE PEKUMEL
6ypenus. 3T0 MPUBENO X 3HAUUTENbHOMY MOBLILIEHWIO CKOPOCTU BypeHus ckea-
YWH TIPU pa3BepKe CTPOUTENLHBIX MaTepUanos.

BMmecTe ¢ TeM )ecTKue TpeboBaHUs, NpeAbABNAEMble K OT60PY KePHOBLIX NP6
W3 CKBAXWH TipU passeike KapOOHATHBIX NOPOA (M3BECTHAK, AONOMUT, MpamMop '
BP.). YACTO BBIHYKAAIOT MEePeXoauTh Ha Gesnacocoe 6ypenue. B stom cnyqa_'e
IPOW3IBORUTENBHOCT: BYPEHNA HECKONBKO HWKE, OIHAKO KavecTso onpo6oBaHua
MONE3HOr'0 UCKOMAEMOT0 NOBLIAETCH. :

BypoBbie CTAaHKU M YCTAHOBKU

IIns 6ypeHua CHBAWUH KONOHKOBBIM CNOCOGOM TIPU pPasBepKe CTPOUTENbHBIX
MaTepuanos Haubonee YACTO MPUMEHANT CTAlMOHAPHbIE BYDPOBLIE CTAHKM W CaMO-
XOAHBIE YCTAHOBKMU, '

Meroavueckve Tpe6oBaHUA GYpeHNR CKBaXUH GONbLIMX AVAMETPOB ¢ Manow
Tiopayeil NPOMLIBOYHOM XUAKOCTU MAW C NMPU3AGORHON LUMPKYNALMENR, @ TaKKe
OTpaHUYeHus MO AJIMHe Peitca BHI3LIBAIOT HEOGXOAUMOCTb UCTIONL30BAKUA 6YpO-
BBIX CTAHKOB GOMIBLIOM MOWHOCTH. 3HAMUTENbHbIA YACNLHEIR BEC CIYCKOTOABEM-
HBIX OTlepauii B mpoyecce GYPeHNA MENKNX CKBAMUH, CIIOKHOCTb PeONOTUYeCKO-
ro paspesa AENawT TakkKe 1€1eco06pa3HEIM UCTONb30BAHWE BHCOKMX Maut #
BIOJIHE OMPABALIBAIT TPY30MIOFBEMHOCTb N1e6eA0K, KOTOPLIMU OCHAMEHHI 3T Y-

TaHOBKWU.
i

Bypunbibie, KOnoHKoBLIe M 06capHbIe TPYOBT .

TIpu 6ypernN CKBaXWH Pa3NUYHBIMU GYPOBBIMU YCTAHOBKAMU UCTIOb3YIOTCA
CTanbHble U NerKocnnaBHye TpY6ul. KONOHHBI CTanbHbix 6YpUNbHLIX TPY6 NpuMe-
HAIOTCA NP1 GYpeHum CKBawuH Gonburoro auamerpa (76 Mm u Bbiwe). Ina 6ype-
HUAR CKBAKUH MaNOro AUaMeTpa UCMONb3YI0TCA IerKOCNAaBHbIE 6YPUIbHEIE TPYOH
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Paszaen 5. M3biCKQHWS FPYHTOBBIX CTPOUTEALHEIX MATEPUAAOB

(JIBT), KOTOpHIE COEAVHAITCA MEXAY COGOM CTAnbHLIMWU HUMNENAMMU, & CBEYN —
CIELMAaNbHEIMU CTANbHHIMU 3aMKaMK, UMEIIMMU C ORHOW CTOPOHH NIEHTOMHYI0
pe3bby (coepmHenue ¢ Tpy6oit), a ¢ APYToit — KOHYCHYI0.

Macca 1 m JIBT coctaBnset oxono 60% Macchl cTanbHoW GypunbHow TpyGst.
B pe3synbrare 3TOr0 mpumerenwve JIBT no3sonfeT 3HaMUTENbHO NMOBHCUTL Mpe-
AEeNbHYI0 Ty6UHY 6yperus u 065ernTh TpyA 6YpUIbIMKOB,

B npakTuke GypeHMA CKBAMMH Ha CTPOUTENbHLIE MATePUANb, KaK MpaBuio,
TIPUMEHAIOTCA NPOCTHE KONOHKOBLIE CHAPARL — ORUHAPHBIE U ABOWHYE (OCnen-
HWe UCTIONb3YI0T, KOra OAUKAPHbIE CHAPARL! HE MO3BONAIOT NONYYUTh KAYECTBEH-
HbI KepH). O6cannble TPYOL XONONKOBOTO GYPEHUA UITOTOBNAIOT C HUNMENLHBIM
¥ 6e3HUNINENbHHIM coeAMHeHeM anuHon 1,0-4,5 M.

KonouKoBoe 6ypexne ¢ mpu3a6oiHon HUPKYAALUER
TMPOMBIBOYHOM MUAKOCTH

HecMoTpa Ha pAA HEROCTATHOB, MPUCYIUX RAHHOMY crocoby 6ypeHus (Hus-
Kaf NPOV3BOAUTENbHOCTb, CPABHUTENLHO BLICOKAA TPYAOEMKOCTD, MOBLINIEHHLIN
PACcXop UCTUPAIOUUX MATePUanos, CAOXKHOCTb ONTUMU3ALUN TEXHONOTUMECKOTO
npolecca u Ap.), KONOHKOBOE GypeHue ¢ MPU3abONHOM UUPKYIALUEN ROBORLHO
LIMPOKO NPUMEHAETCA B MPAKTUKe T'€0NOropasBeAouNLIX PaGoT Ha MECTOPONpE-
HUAX CTPOWTEJbHLIX MaTepuanos. JT0 06BLACHAETCA TEM, YTO AAaHHIA COCO6
ofecreunBaeT fOBONLHO BHICOKYIO TOYHOCTb TEONOTUYECKON MHBOPMALUK U MO-
KET MPUMEHATHCA B T€X YCOBUAX, TAE BHICOKONPOU3BOANTENbHBIE CIIOCO6H 6Y-
PeHUsA He MOTYT 6bITb UCTIONB30BAHYI, @ BCAEACTBUE HEBONBIINX INYOUH CKBAKUK
(no 50 M) OpraRu3auuA CAOXKHOrO XO3AWCTBA ANA NPUTOTOBNEHUA TNUHWUCTOrO
PacTBOPA OKa3bIBAETCR HePeHTabeNbHO,

Kononkosr# cHapsap ana 6ypeHus ¢ npu3abovHow LMPKYNALUUeR COCTOUT
W3 KOPOHXU 1, apMUPOBAHHOW TBEPAOCNNABHLIMU pe3LaMu, CTAHRAPTHOM! KO-
JIOHKOBOW TPYOH 2, MEPeXORHUKA 3 C KONOHKOBOW TPYOGbl Ha MINaMONPOBOAA-
muit NaTpy6oK, NNaMoNpPOBORAILEro NATPY6Ka 6 C OTBEPCTUAMMU 7 ANIA NPOXOAA
KMAKOCTU W LIAapoBOTO kAamawa 5 (puc. 5.14). Onsa 6ypenua ¢ npusabonHon
UMPKYAAUUET MOTYT NMPUMEHATHCA CTAHAAPTHbIE TBEPAOCNNABHBIE KOPOHKMW,
OAHAKO Haunyulive MOKa3aTenu AOCTUrATCA MPWU UCTIONb3OBAHUU KOPOHOK C
YBENUYEHHLIM BBIXOZIOM PE3110B 33 6OKOBLIE MOBEPXHOCTU: 33 HAPYKHYI0 — 3 MM,
33 BHYTPEHHIOW — 2 MM.

llinamonpoBoAAUA NATPy60K 7 npeAcTaBnfeT co6oii 0TPe30K GypunbHON
TPYObI C ABYMA NPOCBEPAEHHLIMU OTBEPCTUAMU AMaMeTpoM 10-12 mM. Brre oT-
BEPCTWIt YCTaHABAUBAETCA OTPaHNNUTENbHAR MINMALKA 8, MPENATCTBYIOMan Ypes-
MEDHOMY ABVUXEHWIO BBEPX IAPOBOTO KNanaxa.
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llaposon knamak mpen-
cTaBnfeT coGon CTanbHOW ma-
PUK, OAO6PAHHBLIA IO BHYT-
peHHEMY AMAMETPY WAAMONPO-
BOAAILIETO NATPY6Ka, ANA KOTO-
pOTO B HUNMene 4 (WIu B 3aM-
Xe), coeguHatomem narpy6ox ¢
TepPexXOAHUKOM 3, BLITOUEHO
THE3J0 C TARKUM PaCYETOM, 4TO-
/E 65 MPU ABUKEHUN CHapAapa
4
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BBEpPX WIAPUK HAZIEXKHO nepe-
XpblBaJ BHYTpEHHee Mpo-
CTDAHCTBO KONOHKOBOW TPYGh
OT CTONGA KMAKOCTU, HAXOAA-
merocs B 6ypWILHLIX TPy6ax.
Mpouecc Gypenus ¢ mpu-
3a60MHON LMPKYAALMER OCY-
mecTBAACTCA NPU OLHOBpE-
MEHHOM BDalleHWUM W pacxa-
MUBAHUU CHApPANA B CKBAWUHE
(puc. 5.14). Ipu opbeMe cHa-
pABa Hap 3a60eM MPONUCXOAUT
nepememeHue XUAKOCTN U3
Hapy)HOTO KONbUEBOrO 3a30-

Puc. 5.14. CxeMa uMpKynsumym cHapaaa npu pa B KONOHKOBY® Tpyby. Ila-
6ypeHum ¢ npu3aboitHoit unpkynsumnen: POBOI KJlanaH mepexphiBaeT

@ — pBMXEHME CHADAAA BBEPX; 6 — NBAKEHNE OTBEPCTWE B HUNMNese, Mpe-
CHapApa BHM3 NATCTBYA NepeMeneHnio Xua-

XoCcTU M3 GypunbHLIX TPY6 B

KONOHKOBYI0 TPY6Y. JKMAKOCTh, ABUTaACh U3 KONLEBOTO 3230Pa, YBAEKALT NIIaM
¢ 32605 CKBaXMHEI BO BHYTpeHHee NPOCTPAHCTBO KONOHKOBOM TPYEbi, ORHOBpE-
MEHHO OXNaKAaR KOPOHKY. 5
Tlpu ;BMKEHWWU CHAPAAA BHW3 KnamaH MOAHUMAETCA A0 OTPaHWUMUTENbHOM
LIMUAbKY, 06eCTIeYMBARA KUAKOCTN BO3MOXHOCTD NEPEMeIaTLCR U3 BHYTPEHHEro
NPOCTPAHCTBA KONOHKOBOW TPYGH Yepes 0TBEPCTUA B IUIAMOTIPOBOAAIEM NATPYD-
Xe B KOJILIIeBOW 3330 MEMAY CTEHKaMM CKBAXMHLL U KOLOHKOBOM Tpy6oilt. Ipu
3TOM TAXeNble, KPYMHEIE YaCTULH LZIaMa 0CeAAIoT Ha KepHe, Gonee nerkue YacTm-
1Bl UUPKYIUDPYIOT BMECTE C XNAKOCTbIO. Brnlouenne B cocTas cHapaaa LINaMoBO#
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Tpy6bl MONOXKUTENILHO CKA3LBAETCA Ha mpouecce GypeNus, MpefoTBpamasn ypes-
MepHOe 3al171aMOBaHNe CKBaXMUHbL.

CoGcTBeHHO paspynieHue MOPOAL HA 3a60e MPOUCXOANT B TPOMEXYTOK Bpe-
MeHN MeXny cGpachiBaHuMeM CHapAAA W €T0 OYepeAHbIM NTOABEMOM U UCHUCTIAETCA
B IIpefieN1ax OfHOTO NukAa ceXyHnaMu. IIoCKONbKY 3aTpaThl BpEMEHU Ha pacXammn-
BaHUe CHAPAMA W Ha CO6CTBEHHO GypeHue COMOCTaBUML, BpEMA YUCTOr0 Gypenns
NP1 RAHHOM cIocobe MpUMEPHO B 2 Pasa MeHblie, YeM PU KOJOHKOBOM GypeHun
C IPOMBIBKOW MPU MPOYUX PaBHLIX YCIAOBUAX. ITO ABAAETCA OCHOBHOW PUYNHON,
06ycnaBauBalomei CpaBHUTENLHO HEBLICOKYIO NPOU3BOAUTENLHOCT, MpU Gype-
HUU ¢ MpU3aborHON nuprynanuen.

IlapameTpamu pexuma Gyperns ¢ mpu3aboiHOi IUPKYNALNEN ABNAIOTCA: Yac-
TOTA PacXakUBaHUA GypoBOTo cHAPANA; BLICOTA NOAbEMA CHApAAA Haf 3a60eM mpn
PacXaXUBaHUW; Harpy3Ka Ha NOPoA0Pa3pyNIAOWUIA UHCTPYMEHT; JacTOTa Bpale-
HWA CHapApa.

YacToTa pacxaXuBaHUA — KOAUYECTBO NBOVHBLIX XOAO0B CHAPANA B MUHYTY.
C yBenMueHUEeM YacTOTHl PacXaXWBAaHWA BO3PACTET WHTEHCUBHOCTL LMPKYMA-
1MM HMAKOCTU ¥ MOBLILIAETCA CKOPOCTh 6ypeHua. Ho opHOBpEMEHHO ¢ 3TUM Npo-
MCXOAUT U GoNlee UHTEHCUBHOE Pa3MBIBAHUE KepHa, 0COGEHHO IPU BYPEHUN Phix-
JILIX TOPOA,.

BricoTa NoAbEMa CHapAzAa Hap 3a60eM NpU pPacXaXUBaHUU 3aBUCUT OT YacTo-
Thl PaCXaXWBAHUA, BO3PACTas MPU CHWKEHUW Nocaenxen. Iipu 3ToM nopbeM cHa-
pAna Hap 3a6oeM B M06OM cyyae cleAyer orpannynears 10 oM.

Harpyska Ha nopopopa3pyLIal Mt UHCTPYMEHT 3aBUCUT OT €T0 AMAMETPa U
[OJKHA HAaXo@UTbCA B mpefenax 1500-2500 H mpu GypeHun MArkux mopop n
2500-4000 H npu 6ypenuun Teepabix mopoa. Upe3MepHana Harpyska Ha NOPOAO-
Pa3pylIaomNit MHCTPYMEHT TIPUBOAUT K 3aTUDKE KepHa, MPeKPAWEHUIO UUPKYAA-
1MN XUAKOCTY W, CTIe[IOBATENbHO, K NTPeKpaernio 6ypeHns.

C yBennyeHneM YacTOTH BPAEHWA CHaPALA BO3PACTAeT MEXaHUYECKAA CKO-
pocTb GypeHus, yTo TpebyeT yBeNMUEHUA AaCTOTHl PACXaMBAHUA CHapapa. To
OrpaHVuMBaeT mpenes YacTOTH BPALIEHUA, KOTOPOMY COOTBETCTBYIOT OKPYXHbIE
CKOpOCTW KOPOHKY, paBHbte 0,6-0,8 M/c.
¢« [DnuHa peiica onpepenfeTcA TeYeHWEM TEXHONOTUYeCKOro mpouecca u npu
OTCYTCTBUM TEOI0PNYECKUX OTPAHUYEHU, BHITEKAIOWMX U3 MOBLINIEHHBIX Tpe6o-
BaHUN K BRIXOZY KePHa, COCTABAACT 06514HO 1,5-3 M.

3aKnuHMBaHWE KepHAa NMPOU3BOAMTCA METONOM 3aTupku 6e3 pacxamuBaHus
CHapAa MPU HECKOJIbKO MOBLILIEHHOW Harpy3xe Ha MOPOAOPAsPYIIAOMmMNA UHCT-
PYMEHT.
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TexHONOrNA 6ypeHUA TBEPAOCIINABHLIMU KOPOHKAMU

BypeHue TBePAOCTIABHLIMU KOPOHKaM¥ BHITONHAGTCA B PHIXNILIX NOPOAAX Ma-
n0¥ v cpepxedt TBepRocTen, a Tavke B TBepabix (V ~VIII u vacturo IX kareropui
o 6ypumocTu).

B MArKux w puixnbsix nopopax I-IV vareropuit npuMeHAWTCA peBpUCTHie KO-
porku M-1; M-2 v KP-3, KOHCTPYKTUBHOM 0COBEHHOCTLI0 KOTOPHX ABNAAETCA HANU-
uue pebep, MPUBAPEHHBIX K HADYKHLHIM GOKOBHIM NMOBEPXHOCTAM KOPOHOYHOIO
vonsna. Hanuyue pebep ofecneyusaeT yBenuueHHbI 3a30p MEKLy CTEHKaMu
CKBKMHE! Y KONOHKOBOM TPYBOM, YTO, C OAHOM CTOPOHBL, 6NIAarONPUATCTBYET LUD-
KYNALMU NPOMBLIBOYHOMN WMAKOCTY, @ C APYro# — NPENATCTBYET MPUXBATAM KO-
JIOHKOBOT'O CHapAAa MNpu BLIBANAX HEYCTOWYUBLIX TIOPOA CO CTEHOK CKBAKWHBI B
npoyecce 6yperua. KOporku M-1 apMMpOBaK:! NNACTUHIATHIMU DPe3laMu U ipen-
Ha3HaueHbl Ana Gypenun opmopopHuix mopop I-IIT wareropui, a voponku M-2
apMMPOBaHb BOCbMUIPAHHBIMU Pe31aMu U MCMONbIYIOTCA NPy GypPeHuu nepeMe-
)Kalomuxcs No kpenoctu nopop II-IV kareropuit, BKniouas npocnow 6onee TBep-
ABIX TIOPOA.

OCHOBHLIMW NapaMeTpaMu pexuMa GypeHus ABNAIOTCA: Harpy3xa Ha nopono-
pa3’pyliaonuit MHCTPYMEHT; YacTOTa BPAWEHUA CHAPAAA; KONMYECTBO MNOpaBae-
MOVL B CKBOXWUHY NTPOMLIBOYHON KUAKOCTU, .

3HaueHA NapaMeTPOB PeXUMa TBEPAOCNNABHOTO GYPEHUA 3aBUCAT OT Pusm-
YeCKUX CBOWCTB NOPOA U TUTIA TPUMEHAEMBIX KOPOHOK.

3aKNUHUBaRWE KepHa pU Byperuu PLIXNLIX IOPOA TPON3BORUTCA Yame BCEro
3aTUPKO BCYXYI0. .

BypeHue CKBaXKUR ¢ MPOMLIBKOW IIMHUCTLIMM PacTBOpPaMU

Tloponkl, charalomue MeCTOPOXKAEHUA CTPOUTENLHLIX MATEPMATOB, OTAUYAIOT-
A IMBO HEYCTOMMUBOCTLIO CTEHOK CKBAXMH (IIECKM, CYNecH, IpaBUitHO-TIeCHaHbte
TIOPOAbT), IGO0 CUNLHOW TPEWMUHOBATOCTHIO U KABEPHO3HOCTBIO (U3BECTHAKM, AI0-
TIOMUTHY), TMG0 CIOCOBHOCTEIO HabyXaTh NPU NPOMBIBKE CKBAXWH BOROW (IMUHBL,
TAVMHUCTBIE CNAHYbY).

B Taxux ycnoswax UCNONb30BaKUE BOABI B KA4ECTBE MNPOMBIBOMHOMN HUAXOCTU
OKa3BBAETCA He3QPEeKTMBHLIM, TaK KAK He PelaeTcs OAHA w3 INaBHbIX 3apad —
ofiecneyenue yCTONYUBOCTU CTEHOK CKBAXUHEL B Nponecce 6ypenus. B nopo6-
HBIX CNYMaAX B KayecTBe MPOMBIBOMHOM KUAKOCTU MCMONB3YIOTCA DAMHUCTHE
PacTBOpH.

TIpu 6yperuu PLIXNHIX HEYCTOWUMBLIX NOPOA Haubonee 3ddexTUBHLL Mano-
PIMHUCTHIE PAcTBOPL, TIPUrOTOBNEHHbIE HA OCHOBE Monwakpunamuaa If-5. Onun
06napaloT PAAOM CYmECTBEHHbIX IPEUMYILEeCTB:
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- HU3KOe COREpXaHue TBepAOW (ask ofecmeuusaer nyyurylo pagoTocrno-
€0o6HOCTb TOPOAOPA3PYIIAIONIETO UHCTPYMEHTA U 60Tee BHICOKYIO MexaHu-
YeCKYI0 CKOPOCTD;

- MeHbllee PTMAPOCTATUIECKOE AABNEHUE, CO3AaBAaEMOe CTONGOM NPOMBIBOY-
HOW JKUAKOCTY, CTOCOBCTBYET MEHBLIEMY €€ NOTNIOLEH IO,

- YNYMWaOTCA YCNOBUA PAGOTH HACOCOB;

— CHWKAeTCA CTOUMOCTb TIMHUCTHIX PacTBOPOB.

[Jina TOro YTO6bI MaNOMMUHUCTEIA PACTBOP Haubonee MONKO OTBEYAn Tpedosa-

HUAM, BHTEKAOWMM NTPEXKAE BCETO M3 YCNOBUN OMUCTKM CKBAXKUHBL OT WINAMa u
KpEenneHRUA CTEHOK CKBAKMHMI B Tpoliecce GYPeHUA HeyCTOWIUBEIX NOPOA, napa-
METPbt PACTBOPA ROTVKHL COOTBETCTBOBATh IPUHATLIM KDUTEPUAM U ObITh CTabub-
HEIMU B TeYeHUe ONPEeeNeHHOr0 UHTepBana BpeMery. C 370 Lensio B ManornuHu-
CTbI# PACTBOP B KaYecTBe peareHTa-cTabunu3aTopa BBOAATCA ROGABKYM TIONMAKPUN-
aMulia, TMIPONU30BAHHOrO B WeENOYHOI cpene. Jina monyyerua 1 n sopHoro pa-
creopa pearenra I'TI[I-5 Reo6xopumo 50 r TosapHoro nonuaxkpunamuaa, 10 r KOH
vnu NaOH u 50 r CaC0,.
. B npou3BopcTBEHHBIX YCNOBUAX I'MAPONU3 MONMAKPUNAMUAA TIPONIBORNTCA B
IAMHOMelankax. KOMIOHEHTH 3arpyaloTcs B IMUHOMELIANKY B CTPOTO onpene-
NIeHHOM NOCNeR0BATENLHOCTU: HeGONbLIOe KONUYECTBO BOAbL, PacyeTHOe Konude-
CTBO NONUAKPUNAMUAA, MEN0YY, KaNbLMHUPOBAHHON COALY, HeAoCTalolee A0 NOn-
HOT0 3aMONIHEHUA IMIMHOMENIaNIKU KOIUIECTBO BOALL.

Cocras mepeMenruBaeTCA B ITUHOMENIaNKe B TeveRue 2-2,5 4, 3aTeM CIMBAeT-
CA B EMKOCTb, Tie BEAEPKUBAETCA B TeUEHWEe CYTOK, HEOOXOAUMbIX ANA PeaKuuu
TMRPONU3a.

OnTuManbHoe CopepXaHive TUAPONU3OBAHHOTO NMONMAKDUNAMUAA B MallOrnu-
HUCTOM pacTsope 3aBUCUT OT KauecTBa INIUHONOPOIIKA, MNOTHOCTU pacTBOpa U
OrpaHUdeHW’, NPeAbABNAEMBIX K BOROOTAAYE MANOTNUHWUCTOrO PAacTBOPA KOHK-
PETHHIMU yCnoBUaMu 6yperus. Tax, 06paGoTka IMUHUCTOrO pacTBOpa, MPUTOTOB-
IeNHOTO U3 FIMHOMOPOLIKA CPEAHErO KadecTBa, NNOTHOCTHIO 1,07-1,08 r/cM?, Bas-
xocThio 1,8H ~ ¢/M? u BogooTRaveit 20 eM?, TMAPONU30BAHHHM TONMAKPUNAMH-
AOM B KonuvecTse 50 r/1, obecneynBaeT cTabUNbHOE CHUKERUE BOJOOTAANU A0
"10-12 cm?. Heo6X0aMMO OTMETUTD BHICOKOE KaYeCTBO PIMKUCTOM KODKY, 06pasy-
omeicA B pesynbTaTe UIbTPANUU ManoOTAUHUCTOrO pacTsopa. Tonmuna ¢puneT-
PALVOKKOW KOPKU He NpesniulaeT 1 MM, KOpXa MoOny4aeTcA NAOTHOM, He pacTpec-
KUBAETCA TIPU BHICHIXAHWUU U He OTCNauBaeTCA 0T GunbTpoBanbHon Gymaru. [Ipoy-
HOCTHBIE CBOYMCTBA (PUASTPAUMOHRHON KOPKM TAKOBL, YTO OHA HE Pa3pynlaeTcA Npu
BOLONPOABNIEHUAX B CKBAKUHE.
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5.3.3. Anmasnoe Gypenue

06nacTb TPUMEHEHWR anMasHOro GypeHWA Mpw pasBenke MeCTOPOXAEHWI
CTPOWTENbHBEIX MaTepuanoB OrpaHNuMBaeTcs GYPOBHMN PaboTaMU Ha MECTOPOX-
AEHUAX CTPOUTENLHOI'0 U 06ANL0BOYHOTO KamHA, IIpn aToM crienuduyeckue oco-
6eHHOCTM anMa3HOro 6ypeHya 3aKNI0MAIOTCA B ClepyloNeM.

1. Meronnka u3yyenna TPEWMHOBATOCTY, KOTOPAA ABAATCA BAXHO | JacThIO0 Teo-
NOTMYECKOTO N3YYEHUA MeCTOPOXKACH NI CTPONTENLHOTO KaMHs (0coberHo 06-
JIMLOBOMHOTO), B HACTORWEE BPEMA ONPeAeNseT MUHUMaNbHLIA AuameTp 6y-
penuns 93-112 mM.

2. CopraHv3aljMOHHOR TOWKU 3DEHVA TP Pa3BeAKe MECTOPOKAEHVI CTPOUTENb-
HBIX MaTepnasnos MPeAnoTUTeNbHb CaMOXORHbe GypOBLIe arperarsl. B 1o xe
BPEMA TaKWe arperars He 06€CMEYMBAIOT ONTUMANLHAIX YCIOBWIA AR UCTIONb-
30BaHMA TPOTPECCMBHOW CKOPOCTHOW TEXHONOIMW, IIPU KOTOPOW anmasHoe
6ypenne Haubonee 3ddexTvsro. Ilpexne Bcero 3T0 OTHOCUTCA K BHICOKUM
CKODOCTAM BpallleHUA GYPUNLHOTO Bana, KOrNA Ha CAMOXOAHBIX arperaTax Her
AOCTAaTOMHAR KECTKOCTh YCTAHOBKW GYPOBOrO CTaHKa CNOCOGCTBYET BO3HMK-
HOBEHWI0 HepOMyCTUMbIX BuGpauni. Kpome Toro, HeROCTaTOMHLIN BeC CaMo:
Xopxoro 6ypoBoro arperara B CoMeTaHWM C He3HAUMTENbHBIMWU INyBUHaMu
CKBXUH Py 6ypeHnn KOpPOHKaMW 60nbUIMX AUaMeTpoB (312 MM) He MOXeT
06eCeunTs YCIoBUi ANA CO3AHUA ONTUMANbHBIX HArPY30K HA OPOAOPA3pY-
WAWNIA UHCTPYMEHT.

Tlepeuncnennsie 06CTOATENBCTBA 0GBACHAIT PUUNHY TOTO, YTO TakWe NOKa-
3aTeNu aMa3Horo GYpeHns, KaK MexaHndeckas CKOpOCTh, CTOUMOCTb 1 M Gypenus,
YAeNBLHBIN PACXOp aNMa30B, A0BONLHO AajleKn OT JOCTUIHYTOTO B HACTOAIlEE Bpe-
MA YPOBHA.

TexXHONOTUA GYPEeHUA anMa3HLIMU KOPOHKaMMU AnaMeTpoM 59-76 MM aHa-
JI0TMYHA 061ENPUHATO ! B HACTORWEE BPEMS, 33 UCK/I0YEHNEM TaKOr0 TapaMeTpa,
KaK JacToTa BpameHns 6ypuNbHON KONOHHEI, KOTOPAR NMPU UCNIONb30BAHNN CaMO-
XOAHBIX OYPOBLIX arperaTos, KaK NpaBwio, He mpesbiutaer 300 06/muH. 3To orpa-
HU4eHUe 0ODACHACTCR, KaK YKe OTMEManoch Bbillle, BOHUKHOBEHWNEM TIPN BLICO-
KUX JaCTOTaxX BPAlEHUA CWIbHMX BUOpauUMit He TONBKO B KONOHHE GYPUNLHEIX
Tpyb, HO 1 B KOMIINeKCe HasemHOro 06OpyAOBaHMA.

Heo6xXopnmas Harpyska Ha OpOA0paspylIalomuit UHCTpYMeHT (8000-12 000 H)
Moxer 6biTh o6ecrievena 3a cdeT ero NpUHYAUTeNbHOU nopauw. IIpn atom Macca
CaMOXOAHbIX OYPOBLIX arperaTos AOCTaTOYHA ANA 06eCrIEYeHNA UX YCTORINBOCTI
nipn Gypernn ¢ NpUHYANTENLHOW Nopavedi GypoBOro MHCTPpYMeHTa.

06beM MOPORH, MONYYaeMO¥ M3 KePHA CKBAXMHbL, TPOOYPEHHON KOPOHKAMU
AMaMeTPOM 59 MM, ROCTATOYEH R BHIMONHEHUA KOMIIEKCA HEOOXOANMBIX bnan-

492



Paaaer 5. U3bICKOHWSA rPYHTOBBIX CTPOMTEABHbIX MATEPUAAOB

KO-M@XaHUIeCKUX UCTILITAHNA N NCCNER0BAHNN, YCTAHOBNEHHBIX ANA KOHKPETHO-
TO TMIIA MeCTOPOXACHWA. Ho ANA U3yIeHNA TPEWNHOBATOCTH U PAAA APYTUX CITe-
LManbHHIX UCCNEA0BAHUA BO3HUKAET HEOOXOAMMOCTb YBEANYEHUA Anamerpa by-
petus no 93 MM u 6onee.

BypeHue anmasHbMW KODOHKaMu AuameTpom 93-132 MM TpebyeT yacToThl
BpaleHua cHapapa 150-400 06/MUH. M HAarpy3km Ha KOpoHKy 12 000-25 000 H.
CamoxopnHbie 6ypoBble arperarsl B JaHHOM Cy4ae B COCTOAHUN 06eCreunTs onTm-
ManbHbIE YaCTOTH BPaleHNs CHAPAAR, HO B pAAE CAydaes, 0CO6eHHO Iipn BypeHnn
KOPOHKaMu guameTpoM 112 MM, He ofecneunBaeTcf Heo6XOAMMAR HATPY3Ka Ha
KODOHKY, YTO HE TONbKO OTPULATENbHO CKA3bIBAETCA HA MEXaHWYECKOW CKOPOCTH
GypeHmns, HO MOXET MOCAYKUTL TPUYMHOM (MAN OZHOW M3 IIPUMMH) HU3KUX pe-
3yNbTATOB GYpEHWA Ha KOPOHKY. PeXUMH NMPOMBIBKM CKBAXWHH COOTBETCTBYIOT
061eNPUHATHIM HOPMATUBAM.

OnpeneneHHylo TPYAHOCTh Npu GYyPeHWN anMa3HbBIMW KOPOHKaMu GOnbLUIOro
AMameTpa NMpeACTaBAseT CPMB KepHa. ¥3-3a OTCYTCTBUA KepHOpBaTenei Hapex-
HOW KOHCTPYKLUM W XOPOLIEr0 KauecTBa 3aKANHNBAHMNE KepHa IPON3BOANTCA IPN
TIOMOIN 3aKIMHOHOTO MaTepuana (anoMmHueBan POBONOKa, KYCOUKN hapdopa,
hanaHca U T. fi.), YTO CBA3AHO C JONONHUTENILHLIMU 3aTPaTaMyU BpEMEHM U He BCeTAa
ROCTaTOMHO HafeXHO.

pdextnsHoCcTs anMasxoro yperna nopon IX-X kareropui mo 6ypumoctn
6e3ycnoBHO MPEBOCXOAUT APYTUEe M3BECTHLIE CIOCOOH 6ypeHNA CKBAXUH B aHa-
JIOTMYHBIX YCAOBUAX.

JIMKBUAALUA MOrNOLEHUA IPOMLIBOYHOMN KUAKOCTH
METOA0M CYXOr0 TAMIOHUPOBAHUA CKBAMUH

IIpn 6ypernn cxBaXUH Ha PasBenKe MECTOPOXAEHNA CTPOUTENIbHBIX MaTepHa-
7I0B YaCTO UMEIOT MECTO MO0 EHUA IPOMBIBOYHOW HWUAKOCTH B TPEIUHOBATHIX U
KaBePHO3HHIX MOPOAAX, @ TaK)Ke B MOPOAAX, OTANYAIIMXCA BLICOKOW MPOHMiae-
MOCTbl0. HeanauuresbHile BOZOMOINOWEHUA YAAETCA YCITEUIHO NMKBUAMPOBATS 32
cyeT 06pa3oBaHMA HA CTEHKAX CKBAXUHBL GUALTPALMOHHON KOPKN 1 KONbMaTALUN
TPeIMH JacTMLaMn TBEPROW a3kl MaNOrMMHNCTOrO PacTsopa. B cnyvasx cuis-
HOM TPEWWMHOBATOCTN WIN KAaBEPHO3HOCTH NPOBYPUBAEMbIX TOPOR NHTEHCUBHOCTh
MOT/IOMEHNA MOXKET NPEBLICUTb BOIMOKHOCTN 6OPLOBI C HUM IPU OMOLIM Mano-
TAIMHUCTHIX PACTBOPOB. B 3TMX CNyYanX MOXET GBITL UCMONB3IOBAH METOA U30MA-
1MW 30H BOAONIOIIOWEHNIA N BOAOTIPUTOKOB CYXMMN TAMITOHNPYIOLNMU CMECAMN.

Bo BCKpBITYI0 CKBAXWHOW 30HY BOAOMOMNOMEHNA WAW BOROMPUTOKA B KO-
JIOHKOBOM CHApAAe A0CTaBAseTCA GricTpocxBaThiBatomas cMeck (BCC) B monn-
3TWIEHOBOM yrnakoske. 06bem CMecu NMPUHMMAGTCA C TAKMM PacyeToM, YTO6H
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CXBaXMHa GBINA 3aMONHeHa €10 Ha 1,5-2,0 M Bbulle KPOBAW NOTIOWA0NUX TIOPOA.
3areM B CKBaXMHY Ha 6YPUIBHEIX Tpy6ax oNMycKaeTCA TaMIIOHWUPYOWEE YCTPOit-
cTBO (puc. 5.15), paspa6orannoe H. K. Junaroseix n I'. B. IlaTpymesrim, coctos-
lee U3 LIAPOIIEHOTO AONOTA 1, OTPAXaTens 3, BEHINONHEHHOTO B BUAE LIHEKA C
BUTKaMU CITUPANy, KOTOPHE MMEIOT HaNpaBlleHue, 06paTHOe BPALIEHWO CHAPAAA,
06paTHOrO MapUKOBOTO KNATlaHa 2 W 3aTUPOYHOTO NIeMEHTA 4, BHITIOJIHEHHOTO B
BUAE NMepeXOAHVKA C INACTUMHEIMU PaANANbHO YCTAHOBEHHBIMU 1I0TIACTAMY.
TlonuaTunenosbie 6puketst ¢ BCC pasbypuBanTca fONOTOM TaMIOHUPYIOWETO
YCTpORCTBA; GHICTPOCXBATHIBAIOWAA CMECH TPU 3TOM 3aTBOPAETCA BOAOH, W 06pa-
3y10mancA MAcca 3a/1aBNIMBAETCA OTPAKATENIEM B TPEU{UHEl U KABEPHHI ¢ TIOCAeny-
0men 3aTMPKOR CTEHOK CKBAXUHBI — 3aTUPOYHLIM S1eMEHTOM IO Mepe NBUKEHUA
TaMIOHWPYIOWEro YCTPOWCTBA OT KPOBAW K MOAOWBE, 30HB BOAOMOTNOWEHUA
(puc. 5.16). LIupkynauuA NPOMBIBOUHON XURKOCTY BOCCTAaHABINBAETCA B CAMOM
Hayane npouecca TaMIIOHUPOBAHWA, YTO TO3BONAET B fANbHENLIEM B TeHeHUe BCe
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Puc. 5.16. CxeMa TaMNOHWPOBaHHUA
CKBaMWHLI: @ — pocTaska bCC B 30Hy

Puc. 5. 15. Tamnoxnpylwee ycTpoicTso: nornowexus; 6 — pasbypusanue bCC
1 — wapoweyHoe 4onoto; 2 — obpar- TaMNOHMpYOWUM YCTPOIACTBOM;
HbI WApUKOBLIA KNanaH; 3 — oTpaxa- 8 — CKBaXMHa C N30NMPOBAKHON 30HON

TeNb; 4 — 3aTUPOYHbIV IneMeHT nornoweHns
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PasaeA 5. U3biCkaHUS FPYHTOBBIX CTPOWUTEABHBIX MATEPUAAOB

omepanuu MO M30AUNUN 30Hb KOHTPOIUPOBATL HAAEKHOCTb TAMIOHUPOBAHUA BU-
3yanbHbIM Ha6N0AeHUEM 33 XapaKTePOM L{MPKYAALUM TPOMBIBONHON KUAKOCTHU,
Cnioco6 gocrasku BCC B CKBaXUHY M TeXHONOTUA €€ 3aTBOPEHUA B 30HE BOAO-
TIOr01EHUA TIO3BOJIAIOT WIMPOKO BAapbUpOBATh COCTABOM CMeCeR MyTem noatopa
Pa3NUYHBEIX KOMITOHEHTOB B 3aBUCUMOCTH OT KOHKDETHBIX YCA0BUM U 33834,

5.3.4. BuGpanuonnoe Gypenne

06nacTb MpUMEHEHUs ¥ KnaccudpuKanua ropHLIX NOPoR o Gypumocrn
ANR yARPHO-BUGpanmorHoro 6ypeHus

Tlop Bu6pannoHKEIM 6ypeHueM NOHUMAeTCA cIOco6, pu KOTOpoM 6YpoBOi
WHCTPYMEHT BHEAPARTCA B TPYHT C MOMOWbI0 BUGpannMoOHHOR Uk yaapHo-BuGpa-
UNOHHOW MANIUHBL.

Bu6pauuonHoe 6ypeHune OTHOCUTCA K uucny Haubonee 3tbdeKTUBHHX Npu
TIOUCKAX U pa3BeaKe KUPMUUHBLX, 6eN0KTYIIUXCA U KePaM3UTOBLIX IMIMH, TeCYaHo-
IpaBUAHON CMECK, U3BECTKOBLIX TY(HOB, CTPOUTENAbHBIX rUMcoB U AP. Ero otnuuu-
TENbHLIMU 0CO6EHHOCTAMU ABJIAIOTCA HUIKAA CTOUMOCTD, BHICOKAA NPOUIBOAUTEND-
HOCTb, YROBIETBOPUTE/IbHOE KaueCTBO MONyYaeMoit Feonorudeckoi uidopmanun
" ONpO6OBaHUA.

HaxomneHHbIM K HaCTOSLEMY BDEMEHY ONHITOM ONPeAenens 06nacTu panuo-
HaJILHOTO WUCIONb30BaHUA BUGPOMAUIMH ANA 6ypeHuA ckBaxuH. [ToBepXHOCTHbIE
BUBPOTIOrPYXATEAN CO CTATUYECKUM MOMEHTOM Ae6anancos 15-25 H- M, yactoton
kone6anui B MUKYTY 1 000-1 500 u Maccoit 350-700 Kr nenecoo6pasto UCIONL-
30BaTb A71A GYPEHUA CKBAWUH B MECYAHBX, CYMECYaHbIX, CYTMHUCTHIX, TIIMHUC-
THX U OTYACTU KPYMHOOGNOMOUHBIX TOPOAAX TAYGUHORA RO 30 M U AMAMETPOM RO
219 MM c OT6OPOM KepHa IO BCEMY UHTepBaNy 6ypexus. Bubpomaumust ¢ 6onee
HWU3KUMU TlapaMeTpaMu CnegyeT UCTONb30BATh RIR GYpeHUs CKBAXMH B TeX Xe
MOpPOAAX TNY6UHOR RO 6 M U guaMeTpoM RO 104 MM. ITornvikHble BUGPOMALIMHEL
MOTYT 6HITh UCITONB30BAHL! ANA 6YPEHUA CKBaXUH Inybuxo.” 6onee 30 M. B yxa-
3aHHBIX YCNOBMAX BUOPOMANIMHBL TO3BONAIOT [IOBLICUTD TPOU3BOAUTENBHOCTS G-
POBBIX paGoT B 2-3 pa3a MpU CHUKEHWUM UX CTOUMOCTH B 1,5- 5 pas.

OmbiT MpUMeHEHUA BUGPALIMOHHOTO CIOCO6a 6YpeHUA CBURETENLCTBYET O TOM,
YTO CKOPOCTU BUGPOBYPEHUA CHUKAKTCA B fMATIA30HE MOPOA OT YBNAMHEHHBIX
cymecei U CYTAMHKOB A0 MIACTUYHBIX TIMH, [IOTHBIX TECKOB U KPYTTHOO6N0MOY-
HbIX TPYHTOB. B ITpaKTUKe reojoro pa3BeAOYHNX, U3bICKATENbCKUX U APYTUX paboT
WCTIONB3YETCA PAR KAaccuduKauui TOpHLIX OPOA N0 GYPUMOCTU BUGPALNOHHBIM
croco6om. B rabnuue 5.6 npusepexa knaccuuKauua, NPUHATAA PU UHKEHEPHO-
Te0N0TUIECKUX U3bICKAHUAX.
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CnpaBOYHNK COBPEMEHHOTO W3LICKATEASt

Tabnuua 5.6
Knaccudpukauus ropHeix nopog ne 6ypumoctin
AnA ynap P ro Oyp
Bpems yuctoro Gypenun
Ha 1M, MUH
f;:a HaumeHosaHue BypeHvie 3a pelic, M. Anf UH-
TepBarnos rnyBuH CKBaXKWH, M
0-4 4-10 >10
Nerxo GypuMble NopoAs!, AehopMUPYIOLIMECs Nog
coBcTBeHHEIM BeCOM BypoBOro cHapaaa: XopoLuo
| Pa3NOXMBLLMIACA TOPD W PbIXMbIA NOYBEHHbIA CROW; 04 08 16
HEpHO3eM, pbiXTble BIAXHbIE NECKW; CUITbHO BMax- 2,0 1,5 1,0
Hbie UNoBaTbie GONoTHLIE W phiXbie MecyaHo-
MUHUCTbIE MOPOAEI; PbIXAbIi NECC
Top v NOYBEHHO-PACTUTENBHLINA CNOW C KOPHAMU
p v (aepH) v p BKNIQ ranbku
W rpaBus. HeynnoTHeHHbIE NECKK, CNecy 1 CyrNuH- 06 12 24
" KM C NpUMeckio (A0 10%) Menkoii ranbku, wesHa n 1—“5 1_; ﬁ
rpasua. MINacTUYHLIE rNWHLI, CYrNUHKY, Cynecw. ! ! !
AuatomuT, yBnaxHeHHbi cnadbii Men, peiXbli
Tpenen. flecc cpeaHet NNOTHOCTH
Cyneck 1 CYFMUHKK NNACcTULHbIE C IPUMECHIO Wie6-
W HR 1 rpasus (10-20%). MNOTHbIE MUHBI, cynecH, 09 18 36
Recc, pbixnbie Meprenv. Men cnaGonnoTHeli, kao- 1,0 0,8 06
NuH. MNbIBYHBI U BOAOHACILLEHHBIE NECKU
MNOTHBIE NecKU. MecYaHo-MMHUCTbIE NRACTUYHBIE
NopOoAbI G COAGPKAHNEM TPABUR, ranbkn UNU WeGHs
(20-35%). OveHb NNOTHEIE rMUHbI, CYMUHKK, Cyne-
c1, necxkm. MNOTHYIM KAONWH, cnaBsie aprunNnuTLI. 18 36 72
v MopuCTLIN UIBECTHAK-paKy , mne. T v 63 E.E a‘z
Men, aHmMapuT. MRrkuii KaMeHHbIn (Bypei) yrons. ' ' '
BoxeuTby, hocdopuThl. Onoku, 3a UcknoHeHneM
OKPEMHEHHBIX PA3HOBUAHOCTEN. Mepansle: MuHb!,
cynecw, un, Topd. Neg

ToMumo GypeHns CKBaXUH BMOPAMOHHARA TEXHWUKA MOXET 6bIThb UCMIONL30BA-
Ha /1A NOTPYIKEHUA U U3BNEYeHUA 06CaAHEIX TPYO, NMKBUALUA aBaPUil B CKBa-
MUHAX, CBR3AHHMIX C MPUXBATOM CHApAAA Ha 3a6oe, N OAA BHITONHEHUA APYIUX
orepauuii, CONyTCTBYIOMUX PAa3NUIHLIM CITOCO6aM GYPEeHUR.
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Pasaen 5. VI3bICKOHWS TPYHTOBBIX CTPOUTEABHBIX MATEPUAACE

Bu6poManiumel, BU6poycTaHoBKu U Bubpoarperarel. HHCTpyMenT

HoMeHxnarypa BM6pOMaNIMH, NPeAHA3HAYEHHHIX ANR GYPEHMA CKBAXMH,
BK/I0YALT B ce65 MALIMHBI C LIMPOKMM [UANA30HOM XapaKTePUCTUK:

CraTuveckuit MOMeHT fe6anancos, H- m 5-70
Yacrora BpameHus ne6anacos, a6/MuH. 80K>- 2 000
Macca, kr 50-2 000

Bu6pOMALIMHLL B COOTBETCTBUM C UX Ha3HAYEHMEM MOTYT OBITb YCNOBHO pas-
neneHbl Ha IBe IPYMIbL:

1) 6esypapHsie BuGponorpyxarenn u BUGPOMONOTH € MOLHOCTLIO ABUTATENR
no 7 xBt, MomMeHTOM ne6anancos no 25 H-M u Maccoit a0 500 kr. Mawmust
TpeAHa3HaMeHbl A1A 6YPEHNA CKBAKUH B HECKANbHBIX TPYHTaX;

2) 6e3ynapHite BUGPOMOrpyKaTenu u BUGPOMONOTH C MOMHOCTLIO ABUTATENS
1o 20 kBT 1 6onee, MomenTOM pe6anancos 70 H. M u 6onee n Maccom po 5 T.
MaumHe B OCHOBHOM NpepHa3HAueHbl BAs NMOTPYMEHUs U N3IBREYEHUA
Tpy6.

BuBpoycTaHOBKOW ABNAETCA 6YPOBON arperar, YKOMIUIEKTOBAHH b BUBPOIIO-
rpymartenem u npepHasHageHHbIA ANA GYPEHUA CKBAXUH BUGPALMOHHEIM CIOCO-
60M. Kak mpaBuno, Bce BUGPOYCTAHOBKYU ABNAIOTCA KOMOMHMPOBAHHBIMK, YTO 06ec-
Te¥uBaeT BO3MOXHOCTh GYPEHUA He TONbKO BUGDPALUMOHHLIM, HO M KAKMM-NU6Q
APYTUM crioco6oM, BHycKaloTca TakMe BAPUAHTEL YCTAHOBOK, B KOTOPLIX BU6GPa-
LIMQHHbIA CrOco6 ABAAETCA BCIIOMOraTeNbHEIM,

BypoBoit cHapsn ANs BUGPALMOHHOro BypeHns COCTOUT U3 6yPUNbHLIX TPYE
W MOPOAOPA3PYLIAKNIero MHCTPYMERTA (CTaKaHa, 30HA], HENOHKU UM PYHTO-
Hacoca).

B kavecTse mopopopaspyuialoniero MHCTPYMEHTa npu Bubpobyperun vame
BCETO UCTIONb3yI0TCA BUGPO30HAL (puc. 5.17, a), npepcrasnsomme co6oit Tpydy
ANMVHOW 1-3 M, MMEDIIYI0 Ha HWKHEM KOHle pabovme KOJbya, a HA BEDXHEM —
TepexoaHuK ANA NPUCOENUHEHUA K GypunbHLIM Tpybam. Haumbonee ymotpebu-
TeNbHbl BUGPO30HAL AuameTpoM 108, 127, 146 w 168 MM, pexe NMPUMEHAIOTCA
BUGPO30HAL AnamMeTpoM 89 n 219 MM. Pabovee KOMbLO UMEET TONMMUHY CTEHKM
Heckonbko Gonnuylo, Yem Tpy6a. Takoe COOTHOWIEHME B pasMepax KOMbLA W
TPYOLt NO3BONAET YMEHBUIUTL CUNY TPEHUA O NOPOAY, MPENATCTBYOM Y0 CKOPOC-
TU YTAY6NeHUA UHCTPYMEHTA.

[ins 6ypeHNA YCTOMYMBLIX CBA3HBIX IMMHUCTHIX NOPOA PUMEHAIOTCA 30HAbI C
OQNHOW Mpope3sio ¢ yrnoM suipesa 140-160°. B MeHee YCTOMYMBLIX, HO CBA3HBIX
TIOPOAAX UCMONDB3YIOTCA 30HABI C MEHBIIMM YTI0M BEIpe3a (90-140°) nubo 30HA C
IBYMA Bhipe3aMu. [InA GypeHus CnaboCBA3AHHLIX MOPOA UCMIONB3YIOTCA 30HAK C
KnanaHoM (puc. 5.17, 6), umeomme OAHY UK fBe POPE3H.
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HecBR3anbte IPYHTH GYPAT XKeNOHKAMU, BXONHOE OTBEPCTUE KOTOPHIX MONKO-
CTbl0 NepexpLIBaeTCA KianaHoM. JenoHKu oYnmanTcs OT NOPOA Yepe3 BepX-
Hee O0TBEPCTHE UM YePe3 Y3KYIo IPOACABHYI0 popesb. [lns o6ierdenuna onepa-
UM OYMCTKM 30HAA OT MOPOAL PEKOMEHAYETCA NMPUMEHATb Pa3beMHble 30HAL
(puc. 5.18). Ilpu GypeHun BanyHHO-raneYHUKOBHX OTIOKEHUH Lenecoobpasto
TIPUMEHATH 30HA ¢ 3y6yaTsiMu Gammakamu.

TexHOnorna

MeCTODOMABEHUA CTPOWMTENbHEIX MATEPUANoB IO YCAO0BUAM BUGDPaLUMOKHOrO

6ypeHus MOXHO pa3fieNnTh Ha fBe TPYIIIbL:
- MECTOPOMAEHMSA, C/IOKEHHBE CYXMMU U cN1a6006BORHEHHIMU YCTONIN-

BBIMW TTOPOAAMU;
— MeCTODOXAEHUs, CNOMeHHble CYXUMU, CHIMYYUMU NerKopaspyuniaeMbiMn
WM CMABHO 0GBONHEHHBIMMI nopopamu.
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Pasaen 5. U3bickaHus rPYHTOBbIX CTPOMUTEABHLIX MATEPUTACE

TIpn 6ypeHun CKBaXMH Ha MECTODOXAEHNAX NePBOH TPYIUIE yCTaHaBNUBAET-
Cs HarpasAAIoOW KA KOHAYKTOD Ha TAYOUHY 2-3 M, N ganbHeulee Gyperve ocye-
CTBNIRETCA G€3 KPerIeH!s CTEHOK CKBAXWUHEL 0GCapHbMU Tpy6amu.

Bu6pobypenne CKBaXMH Ha MECTOPOXEHUAX BTOPO# Ipynunsl TpeGyer obs3a-
TeILHOTO Kpernienuns pobypeHHoro unTepsana o6cazHbIMu Tpybamu, a B HEKOTO-
PHIX ClyYasx — OMepe}anmero Kperneana. Uuncria obcapHoi KONOHHB! TPY6
TIPOU3BOAUTCA UHCTPYMEHTOM Yepe3 AiBa AuaMeTpa.

TeXHONOrMYECKNMU NapaMeTpaMu BUGPALMOHHOro Criocoba Gy peHus SBIsI0T-
CA: CKOPOCTb YAApa, Macca yAapHOi YacTy, YacToTa yAApos, MOMEHT aebanaHcos,
yacToTa KonebaHuit M Macca BuGpoBo36yANTENs; AMAaMETp 30HA3, ANUHA peiica n
MPOROKUTENBHOCTh HEMpepbiBHOTo BuGpuposanus. IlocTaBiaseMble 3aBopaMu
BUGPOYCTAHOBKU KOMIUIEKTYITCA BUGPONOPPYKATENAMU C NMOCTOAHHLIMU Mapa-
MeTpaMy, pefHasHaueHHbIMU A1 6YPEeHUA CKBAKUH B ONPeAeIeHHOM AManasore
INY6UH, AUaMETDPOB GYpeHUs U FOPHO-TeONOTUYECKUX YCNoBuit. [lapaMeTpl mo-
CTaBNSEMBIX BUGPOTIOrpyKaTenel He PELYAMPYIOTCA B Tpolecce Gyperus, 3a uc-
KII0YEHUEM JacTOTH BpauleHus fe6anaHcos, KoTopyw B HeGonbuux npepenax
MOMHO W3MEHSATD 33 CYET YaCTOTHI BPalleHUs IPUBOAHOTO ABUraTeNs.

TIpu 6yperuv MOpox, XapaKTepu3yoWMXCs HU3KoM Bu6po6ypuMocTbio (ruioT-
Hble cnaboyBnaXHeHHbE NeCKY, TIMHLL, CYPAMHKM), DEKOMEHAYETCA NIPUMEHATD
BUGpOnOrpyxaTenu ¢ GonbuIMM MOMEHTOM AebanaHcos; Mpu GypeHun nopop, OT-
AuYalommMxcs 6ONbION BUGPOGYPUMOCTbIO (BAAXHbE MECKY, CYTecH), — BUGDO-
TIOTPY)KATeNM C BLICOKOW YacToTo# yaapos. [Ipn 3TOM cnepyet UMeTh B BUAY, UTO
BUGPOMONOTH 06ecreunBaT Gonee BEHCOKYI0 NPOUIBOAUTENBHOCTb N0 CPaBHe-
HWI0 ¢ 6e3ynapHbIMU BUOPOTIOTpYHATENAMM.

TIpu ycnosuu, YTo reonoruueckoi CRy)Goit He CTaBUTCA AOMONHUTENbHLIX
OrpaHWueHu¥, pauMoHalbHan ANMHA pefica MOXeT yCcTaHaBAMBATLCA Gypuabu-
oM. IIpepenbHoit AnMHoM peiica aBNAeTCA yray6xa, NpU KOTOPO 30HA LENUKOM
3aMoNHACTCA NOPOAOW AMGO IIPK KOTOPOH MO KAKUM-TO APYIMM ITPUUMHAM peic
npexpamaercs. Bunonxexxse B. M. PeGpukom uccnepoBanms nokasany, Mto om-
TUMAIbHAA AAMHA peiica JONKHA GBITh MeHbllle peAenbHON Ha 5-20%, pu Gype-
HUM B NOPOAAX, XaPaKTEPU3VIOWMXCA BHICOKOW BUODPOGYpUMOCTBIO — 2,55 M;
npu cpepHen BUGPOGYPUMOCTH AAMHA peilca CHWKAETCA IO Mepe yBeauveHus
rRy6WHBL CKBRWHDI, TIPU HU3KO W BUGPOGYPUMOCTY OHA CYMECTBEHHO HUXKE, YeM B
npeAbiAYINX CAYIAAK, N TPAKTUUECKU He 3aBUCUT OT INYOUHbI CKBAKMHEL,

HavansHbie MHTEPBA/B! CKBAKUHEL B 00X YCNOBUAX CleAyeT npo6ypusats
30HpAMM GONBLIMX AMAMETPOB C NMOCTENEHHBHIM UX YMEHbLIEHMEM IO Mepe ee
yray6neHus. T0 BH3LIBAET HEOBXOAUMOCTb UMETb B KOMINEKTE BUGDPOUHCTPY-
MeHTa HeCKO/bKO PasMepoB BUGPO3OHAOB 1 O6eceynBaeT CylleCTBENHEIN Tph-
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CNPABO4HUK COBPEMEHHOTO W3bICKATEAS!

POCT PeitcoBOW CKOPOCTH, MONYYaeMOW NPU UCMONILIOBAHUM YKA3AHHOM CXeMbl
6ypenus,

TeXHUKO-3KOHOMUYECKUE TIOKA3aTeNn NOATBEPHKAAIOT 1esleco06PasHOCTb WH-
POKOTO BHEAPEHUA BUGPALUMOHHOrO Cocoba 6ypeHms B IPAKTUKY reon0ropasse-
AOUHBIX pabor.

TaK, ripu Bu6pobyperun CkBaXMH rny6unon 1o 30 M pu pasBeaKe MECTOPOX-
NeHW# Kepam3uTOBHIX IIMH haKTUueCKas NPOU3BOANTENLHOCTS COCTaBNALT Gonee
600 mM/CcTaHKO-MecsL NPU OAHOCMEHHOM pabote.

5.3.5. BubpospamarenbHoe Oypenne

Ecnu BcTpewaloTcs TBEpAble NPOCION MOPOJ, BKIOYEHUA KPYTIHOO610MOYHO-
ro mMarepuana 6ypexue BMBpaunOHHBIM CIIOCOBOM MOXKET OCIOKHUTLCA. [Ipoyece
6ypeHns CKBAXMH B TAKUX CIYYanX CYLECTBEHHO 06Neryaercs, ecnm BUGpauus
CHapAzia COMYTCTBYET €0 BPalieHUio.

Ha ocHOBaHWMM NPOBENEHHOTO 3IKCMEPUMEHTANLHOTO W OMBITHOTO GypeHus
BUGPOBPALATENLHEIM CTOCOBOM YCTAHOBIIRHO, YTO MEXaHUYECKAR CKOPOCTb Gype-
HWA YBEJIMUMBAETCA B HECKONBLKO Pa3 NO CPAaBHEHUIO ¢ BUGPALMOHHLIM CIOCOBOM U
B 6-7 pa3s no cp C BpaImar bIM.

TlocKONbKyY paspyulenne NOPOAbl Mpu BUEPOBPAIATENLHOM 6YPEHUU MPOUC-
XOIMT NOA COBMECTHBIM BO3[IEWUCTBMEM BUODOYAAPHHIX UMNYILCOB U BDALIEHMS,
MIOPOAOPa3spyIIaAloNiUit MHCTPYMEHT ROJKEH COMeTaTh B cefe 3NeMEeHTHl UHCTPY-
MeHTa pnA BUGPOHYPeHUA U KOPOHOK, NPeAHA3HAYEHHbIX ANIA BPALATENbHOFO 6y-
penua. Kopoxxu pna panHoro cnoco6a u3roTaBnuBalOTCA B BUAE KOHYC, NPUYEM
He TOJbKO ¢ HADYXHOW, HO U C BHYTPEHHEW CTOPOHbI, T TOXE UMeeTCA He6ob-
LIOW CKOC, paBHbli 4°. 3y6bs KOPOHOK apMUPOBAHBI TBEPAOCTUIABHBIMU PE3LAMK,
BBICTYTAOWMMU HaJ TOPLOM Ha 15 MM,

WccnepoBanua NoKasanu, 4To Npu [uamMeTpe Gyperna 76 MM, 4acToTe Bpame-
Hus ge6anancos 1200 06/MMH. HanBoNbIAR CKOPOCTb GYPeHUA B MAACTUMHBIX
TIMHAX COOTBETCTBOBANA YaCTOTE BPalieHMa GypoBOTo cHapspa 55-65 06/MuH.
MakcumanbHas MeXaHWMecKas CKOpocTh GypeHuAa cocTasuna 37 M/Y, Torpa Kak
npu HypeHnn ToNbKO BUGPALMOHHEIM CITOCO60M OHa 6bina 8,3 mM/u.

JlanbHenue UCCNeAOBARUA U NPOUIBOACTBEHHEIN OMLIT PALIA FEONOTUYECKUX
Opranu3sannit TOATBEPANIN NePCNEKTUBHOCTb BUGPOBpalaTenbHoro cnocoba by-
PeHUA re0I0roPa3BEfOYHLIX CKBAXUH AUAMeTPOM o 250 MM W Tny6UHOI 10-40 M
B nopopax Ao V xaTeropun no 6ypumocty.

Hau6onee paumonainbHble NapaMmeTpH Dexuma Bubpospawarensnoro 6ype-
HWUA (BBIXOZ KepHa Npu 3ToM cocTasnseT 100%):
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Pazaen 5. W3bICkaHUS TPYHTOBBIX CTPOUTEALHBIX MATEPUAAOB

4acToTa BPaleHUA 6YPOBOTO CHApAAR, 06/MUH. 40-50;
KA peitca, M 1,5-17;
ONTUMANBHOR PeitcoBOe BpeMs Gypenus, ¢ 60-65.

Buépaymonnoe Gypenue B 0CN0MHEHHEIX T@ONOTUIECKUX YCNOBUAX

K 0CN0MHEHHBM PeONOTUYECKUM YCIIOBUAM B JAHHOM C/Iyae 0THeCeHo bype-
HWE B IUILIBYHHBIX OPOAAX, B MOPOAAX, COAEPIKAWUX G0MIbI0e KONNIECTBO Bany-
HOB, 2 TaKKe Byperue cKBaXUK ry6uHOU Gonee 20 M,

BopoxachineHHbie Mecku NPy 6yperuu BUGPaLMOHHEIM COCOGOM N0 BCel Mow-
HOCTW NIePEKPLIBAIOTCA C NOMOLIbI0 BUEPOMONOTA KONOHHON 0BCAAHBIX TPYD, B HUK-
HeW YacTu cHabkeHHOM GalIMakoM ¢ KnanaHaMu. BHyTpu kaxnoi obcanuow Tpy6u
HaXOJMTCA TOHKOCTEHHAA MeTaJM4eckas I'wib3a. [locne 6ypeHuA TONMMU KONOHHA
TPY6 U3BNIEKALTCA U3 CKBAKUHDI, @ U3 KOXKAOW TPY 6Lt M3BNIEKAETCA TWIb3a C KEPHOM.
Merop xapaKTepu3yeTcs BHICOKOW TOYHOCTHIO OMUCAHUA Te0I0TUYECKOT0 Paspesa u
MOXeET 6bITb 3 deXTUBHO UCTIONb30BaH NPU TNYEUHAX CKBAXWUH 15 M 1 Gonee.

Ina 6ypenna KPynHOOGNOMOMHBIX IIOPOJ NPUMEHAIOTCA 3y6daThie KOPOHKU.
Bypenne 0Cy1mecTBARCTCA C OfHOBPEMEHHBIM TPOBOPAYUBAHUEM CHAPADA BPYIHYIO.

BcTpeua 30HAA W BallyHa HUKCMPYETCR BHE3AMHBIM MPeKpalieHueM yraybxu
CKBaXMHBI ¥ BOZHUKHOBEHUEM TPACKW 6YPUNBLHOM KONOHHB IPU pabore Bubpo-
norpyxarenem. N yCIewHOro NPOAO/KEHUA YINY6Ku CKBAKUHB HeobxoauMo
7M60 pasppo6UTH BanyH, NMB0 OTTECHUTH €0 B CTOPOHY OT 30HAA WIW BHYTPL €r0.
Ecnn 3T0 Chenath HeBO3MOXHO, HEO6XOAWUMO pa3bypurh BanyH BpawaTebHLIM
CroCcoBoM.

OMbIT MOKA3LIBALT, YTO BUGPALMOHHBIM CIOCOGOM BO3MOXKHO BypeHue ckBa-
KUH ry6uHON po 55 M. OCHOBHLIM YCNOBUEM SBISETCA MPABUIbLHBIA BLGOP Ha-
YanbHOro puamerpa 6ypenua. IIpu 3TOM yem Gonblre rAy6UHA CKBAKUHH, TeM
6onbwMM nONMeH 6HITh HAMANbHLIA AMaMeTp. B mpaxTuke padoT pasnudHBIX
re0soropa3BefOYHHX U U3IBICKaTeNbCKUX OPraHU3anuit TPU GYPERUU CKBAKUH
rny6uHon 35-55 M UCNONIB30BANUCH HAYaNdbHbIe AUaMeTPhl 6yperua 27-219 MM,
a 6ypwibHble Tpy6bl — AnameTpom 63,5 MM,

Ilorpyenue u usBnedeHne o6capHLIx Tpy6
NP NoMomK BuGpoManIux
TorpyxeHue 06CapHbIX TPY6 BUEPONOrPYKATENAMU NPUHLNIUAILHO HE OT-
JUYAeTCA OT BypeHuA CKBaXUH. BuGpororpyxarens kpenuTca K BepXHeR YacTu
KOJIOHHBI 06canHbIX TPYO M NOCPYKAET MX HA 3afaHnyi0 ray6uny. [Ipu neobxoam-
MOCTW NEepPUOANMECKU MPOUIBOAUTCA YUCTHA 3260R KEIOHKOR WIn OBHIYHEIM KO-
JIOHKOBLIM CHAPALOM.
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W3sneyenne TpyG TeM TPYAHee,-ueM AONblIE OHW HAXORMINCH B CKBAKUHE K
veM Gonblle X gmameTp. Bu6poMaummHLl 3a ceT BUGDAUNOHHOrO BO3AEHCTBUS,
TepeAaBaeMoro XOJIOHHE ¥ CONpMKAcaloWUMCa C Hell MOpoAaM, CiocoGHL pesko
YMEHBIINTD CUIIH CYXOT0 U BAIKOTO TPEHUSA, TPUIOKEHHbIE K H0XOBO NTOBEPXHOC-
Th 06CaAHEIX TpyO. 3a CYeT 3TOr0 HEOGXOAUMOE YCUINE HA CPBIB KONIOHHSL NIPK ee
N3BJIEYEHUN MOKET GLITh YMEHBIIEHO BO MHOT'O Pas.

BuOpOMauMHB TP U3BNETeHNN TPYO CrIeAyeT MPUMEHATb TONLKO TOIAQ, KOT-
na Tpy6hl He MOANAIOTCA M3IBNEYEHUIO NIpK NOMOWM NeGenku. Bee BubpoMammusl
XapaKTEePU3YIOTCR CPAaBHUTENLHO HEGONBLIMM MOTOPECYPCOM, RO3TOMY NPH BHI-
TNONHEHUM JAHHOW PaBOTH UX CNEAYeT BKIKYATh HA KOPOTKUE TIPOMENYTKM Bpe-
MeHH (10-15 MMH.) C OHOBpPEMEHHOW HATANKOW KONOHHBI PN IToMomM eGenku.
Korna cxopocTh n3sneyeHns Tpy6 3aMeTHO BO3PAaCTaeT U UX MOKHO M3Bnedb Ge3
np MR BUGpPOMEXaHU3Ma, TOC/enHNI HEOGXORUMO OTKIIIOMUTb.

IIpaxTuxa pa6oT poxassigaer, YTo obcapHble TPYObl AMAMETpPOM RO 273 MM
nocne PasANYHOro MO NMPOAOIKUTENLHOCTH BpeMeHW NpeGblBaHNA B CKBAXUHAX
(no 2 neT) ycnemso U3BNEXanNCh IPU MOMOW MK BUGDOMALINH, TOTAA KaK NPUMEHe-
HUE IR 3TOW LeNU MOWHBIX NeGefloX N AOMKPATOB IPY30MOABEMHOCTBIO A0 100 T
0Xa3blBanoch GespeaynbTaTHuIM. Kak Npasuno, miA CPLiBA KONOHHBL 06capHbix
TPy6 1 mepBOHavanbHoro moabema (3-6 M) rpe6osanock 5-15 MUH. paGoTh BUG-
POMANIMK, IocTie Jero obcapbie TpyGbl u3BIEXANUCH NeGenxoit.

5.3.6. IllnexoBoe Gypeuue, 06NaCTh MPUMEHEHHA
¥ Kaaccu(uKamua rOPHBIX Mopof no GypumocTy

IllvekoBOe GypeHMe Kak OAMH W3 BUAOB BpalaTesHOro cnocoba monywmio
WMPOKOe PACRpOCTpaHeHWe He TONbKO B NMPaKTMKE reosioropas3sepoyHHX pabor,
HO Y TIPK MH)KEHEPHO-CTPOUTENBHbIX U3bICKAHUAX, GYPEHNN BIPLIBHHX CKBAWUH,
OTKDBITHX TODHbIX PaGoTax M BO MHOPMX APYIMX OTPACAAX MPOMBILIIEHHOCTH W
CTPOUTENbCTBA.

Takoe wMpoxoe M DPasHOCTODOHHee NMPUMEHEHWe — De3ynbTaT pApa Cywe-
CTBEHHBIX TPEMMYNLECTB IO CPABHEHNIO C APYTUMU UIBECTHBIMMU CrloCOGaMu Gype-
HUA ckBawuH. [Ipempe Bcero uHekosoe GypeHue MO3BONAET COBMECTUTb COB-
CTBEHHO fypenne (HenmocpeACTBeHHOE pa3pylIeHne NOPOAL Ha 3a60e CKBAKMHEL)
C TPaHCROPTUPOBKOW NOPOAHI € 32608 63 MPUMEHEHUA IPOMLIBKM MW TIPOAYBKMU.
TIpu 6ypeHmnu UHEKAMM B CKBAXMHY He TpeGyeTcA NOAaBaTh OXNaXAAOWYIO Cpeay
(BOAY, BO3AYX M T. A.), AONOTO AOCTATOYHO 3)HEKTUBHO OXNAKAAETCA HENOCPEA-
CTBEHHO MOPOJOH, B KOTOPY BHEADPAETCR. ITO 0GCTOATENLCTBO AeNaeT AAHHBIR
Cnoco6 He3aMeHNMBIM 1A GYPEHNA MeNKMX CKBAXMH B PHIXJIBIX OTIOMEHUAX TPU
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HaJIMIMK KecTKMX Tpe6oBaHMit K KavecTsy OMpo6OBaHMA, T. €. NpN MOMCKAX U
pa3BefiKe rpaBUIAHO-NeCYaHbIX MECTOPOKAEHNM.

XapaXTepucTMKON NOPOA C TOYKK 3PeHUA 3D DEKTUBHOCTH GYPEHMA NIHEKAMK
ABJIAETCR He TONILKO NOKasaTeslb GYPUMOCTH, HO U CTeNeHb TpaHCROpTabenbHaCTH
TOPHBIX Nopop lrHekamu. C ygeToM 3TnX HaxTopos paspaboTaHa v MPUHATA Knac-
cuUKanuA rOpHEIX NOPOA ANIA LIHEKOBOTO ByperHusa (Tabn. 5.7).

Tabnuya 5.7
Knaccudmkauua ropHbIx nopoa ANA IWHEKOBOro 6ypeHua

Kateropus HaumeHosanve

TpyHTsl MNoBATbIE, NECC PLIXLIA, CYFNVMHKUA PbIXNbie, PACTUTENbHBIV CNOW U

! Topth C HEGONbLLLOW NPUMECHIO MENKOW Fanbku U rpaBus, Tpenen

FNUHBI NEHTOYHEIE, NACTUYHBIE, NECUaHBIE; ANATOMUT, NECKU PbIXMbIE U FPYH-
Thl MECHAHO-TAUHUCTbLIE C NPUMEGHIO (A0 10%) MENKOM ranbku v rpasus

FNHbY ANOTHBIE U CYrNUHKW, (PYHTBI NECHAHO-TNUHKUCTbIE G NpUMechto (101
1} 301%) MenKkoi ranbky, WebHA v rpaBus, NECC CNEXaBLUWiics, Men cnabbii,
Mepres pbixnble, NMbiByHLI, NECKW CyXue, yrons Gypbiv

AHMAPUT, BOKCHTBI, TPYHTb! NECHAHO-TNIMHUCTbIE CO 3HAYUTENbHOI (>30%)
NPUMECHIO ranbku U EeGHS; IMHb! NNOTHBIE, BA3KWME; [MUHLI BANyHHbIE, MUNC;
\"2 W3BECTHSK-PaKYLIEYHUK NOPUCTLIA, KAOAWH, Men NNOTHbIA. Mepankle rpyHTbI:
WN, NECOK, CYrNMHKK, TOpd; ONOKa, COMb KaMEHHas, yronb kamenHbid, gocdo-
pUTh

Byposrte cTanku u ycranosku. Hiucrpymenr

B HacToswee BpeMA NPOMLINIIEHHOCTHIO BLIYCKAeTCA IIMPOKUA aCCOPTUMEHT
CTAHKOB W YCTAHOBOX ANIA UIHEKOBOTO GYPEHMSA, KOHCTPYKLUN KOTOPHIX OTBEYAIOT
Tpe6OBAHNAM U YCIOBUAM UX NCIONIB3OBAHUA.

BypoBo#t MHCTPYMEHT NIHEKOBOrO GYPEHUs COCTOUT U3 KOMINEKTA WIHEKOB U
6yposoro HakoHevHMKa (ponoTa). TMIBL BEIMYCKaeMbIX NPOMBILIIEHHOCTHIO NIHe-
XOB M ONOT OMPEAENAIOTCA Pa3HOOGpaIueM reonoro-TeXHUIECKUX YCIOBUM uX
TIPUMEHEHUR,

Ixex (puc. 5.19) npeacrasnaet cobowt Tpyby ¢ 3aKpenyieHHOW Ha Heil Cinpa-
1b10. KoHCTpyKumMM IIHEKOB PasMYAIOTCA MEAY co60% INaBHEM 06pasoM pasMepa-
MU K TUITOM COeRMHEHMW. B HacTosllee BpeMA NMPUMEHAIOTCA ABa OCHOBHBIX TUNA
COEAMHEHNA LIHEKOB: LleCTUTpaHHOe (puc. 5.19, 6) n pessbosoe (puc. 5.19, a).

TIpn 6ypeHun MArKMX MOPOA, COAEPHANIMX TBEPAbIE BKIIOYEHUA B BUAE Tajb-
KM 1 mebHA, RpuMeHeHNe 06LIMHbIX WIHEKOB C TONWMHON CIMpanu 5-7 MM Hepo-
cTaroyHo 3} bexTBHO U3-3a fedopMan it U BO3MOXKHEIX TOJIOMOK BUHTOBOW CRM-
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727

017115000005 I’

Puc. 19. WHeku: @ — ¢ pe3b6oBbIM COeAUHEHNEM; 6 — C WWECTUTPAHHBIM COBAIMHEHNEM

panu. B 3TuX cnyvasx peKoMeHAyeTCA ReNOCPeACTBEKHO Hajl AONOTOM YCTaHaBIN-
BaThb 1-3 YTAXENeHHbIX WIHEKa C YTONIEHHHIMU A0 8-10 MM CItupanaMu. 3Th
YTAKENEeHHbIe WHEKW MTOMUMO CBOEW OCHOBHOM (YHKUMW IO TPaHCIOPTUPOBKE
TOpoAH! BHINOAHAWT 3apauy YBT, crabuansupya, pabory 6ypunbHoro Bana. Jins
TOBHIIEHUA [ONTOBEYHOCTH LIHEKA NPUMEHAIOT TaKKe UHEKW CO CMEHHOMW CIupa-
11b10. 3HOCOCTONKOCTH IIHEKOR MPU GYPERUN B MATKUX M PHIXNIBIX ITOPOAAX AOCTH-
raet 2000-3000 M.

JInA paspylleRUA MATKUX W DBIXNLIX TTOPOA UCTTONB3YIOTCA ONOTA PA3NNYHON
KOHCTpyKumu (puc. 5.20-5.25): TpexnonacTHsle (puc. 5.20), 3MEeBUKOBOTO TUITa
(puc. 5.21), AByxnomacTHyte (puc. 5.22), o CMEHHOW Nomacthio (puc. 5.23), no-
TacTHble (PUC. 5.24), BONOTA C OTPAHWYUTENEM CKOPOCTH TTOfau (puc. 5.25) uap.

Texnonorna

B oTanume OT Apyrux cnoco6os 6ypernsa (XONOHKOBOE, BUOPALMOHKOE U Aip.)
TPW IIHEKOBOM GYDPEHUM IONOTO TOMUMO HENOCPEACTBEHHOTO Pa3pylIeHUA ITOpo-
bl Ha 3a60€ CKBAXMRAL OZKHO 06eCITeYnBarh ee TOAAMyY Ha CTUpans IHeKa.

Ilpn 6ypeHnn MATKUX IOPOA MPOLECC Pa3pylIeHUs TIOPOALL He TpebyeT 3Ha-
YUTENbHEIX 3aTPaT HEPTWMW, U MeXaHWuecKue CKOPOCTW ITPU 3TOM MOTYT GuITb
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Puc. 5.20. TpexnonactHoe pon0TO Puc. 5.21. fonoTo 3MeeBUKOBOro TMNA

ran\y
\v=
i
|
Puc. 5.22. iByxnonacrHoe
nonoTo Puc. 5.23. L,onoro CO CMEHHO# NONACTHIO
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Puc. 5.25. OrpannuuTens nogaun
Puc. 5.24. NlonactHoe 8onoTto nonora

0YeHb BEICOKMMU. ITO TMipeaonpenenseT u Gonbure 06bEMbr Pa3pyLIEHHON OPO-
ZAbl, CBOEBPEMEHHOE U TIONHOE YAANEHUe KOTOpoii ¢ 3360 neo6xopumo Ana obec-
MeyeHMA BLICOKOW MeXauu4eckoi ckopoctu 6ypexus. Takum o6pasoM, 3ddekTus-
HOCTb [I0AAYM [IOPOAH AONOTOM Ha CITMPb LIHEKA He TONLKO pHoBpeTaeT B 3THX
YCNOBUAX GONbLIOE 3HAYEHUE, HO M ABAAETCA PEIAOWUM DaKTOPOM, ONpenensio-
WUM TPOU3BOZUTENLHOCTb TPYAd. C y¥eTOM 3TOro K KOMCTPYKLMM A0N0TA
TIPEABABNANTCA Cheayou e Tpe6oBanua:
- peXyuue NONACTH AOMKHbL GHITh MAKCMMANbHO TPUBIMIKEHH K CITUpani
LIHEKa;
- mepexop NOMACTen A0N0TA HA CITUPanb A0JIKEH OHITh INaBHLIM, 63 pesknx
YCTYIOB;
- pexyniue 10NaCTU AONOTA AOJDKHbI UMETb ONITUMAILHEIE YTAIBl PE3aHUA.
YKa3auHbIM Tpe6OBaHNAM Haubonee OO OTBEYAIOT 10N0TA 3MEEBUKOBOTO TUIA.
OCHOBHBIMU (AKTOPaMU TEXHOLOIMMECKOrO PeXUMa GYPeHUs RBAAITCA Ha-
rpy3ka Ha NOpOAopaspylIaloLMi UHCTPYMEHT M YacToTa Bpamexus 6ypunbHoit
KONOHHH. [Ipu 6ypesun B YCTONNMUBLIX IECYAHO-TIUHUCTLIX OTAOKEHUAX TPOLECC
yray6Ku CKBAXWK MAeT BecbMa IGPEKTUBHO. YBenuYeHue Harpy3ku Ha NOPOAo-
Pa3spymawmit UHCTPYMEHT NPU 3TOM BeAeT K POCTY MeXaHWyecKow CKOpoCTU
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6ypenns, HO ORHOBPEMEHHO YBENNYUBALTCA ¥ 06bEM Pa3pyuraeMoit OpoaLl, YTo
OrpanuuMBaeT yBenudexHue 0CeBOW Harpysku ao 400-600 xr. [locneaHas pomkua
TIORAEPHKUBATLCA B TaKUX NPEAENax, YTo6 Mopaya 6ypoBOro MHCTPYMEHTA HaXo-
AUNAach B COOTBETCTBMU C BO3MOMKHOCTAMU BLIHOCA IOPOALL C 3a60A CKBAKMUHLI.
Kak TonbKo Ha nmHexax HauMHAWOT 06paSOBH‘BaTbC}l ﬂpOSKM, YTO NerK0 OTMETUTb
O M3MEHEHWO PeXuMa paboTH ABUraTens, CneayeT YMEHbUIUT NTOAANY UHCTPY-
MEHTa W IPOU3BECTU PacXauBarue 6ypoBoro cHapaaa.

HccneposauuaMM YCTaHOBNEHA PAMAR 3aBUCUMOCTb MEXaHUYECKOM CKOPOC-
TV BYPeHUA OT YaCTOTH BpPAlleHUA CHAPAZA, TPUYEM TEMIT POCTa CKOPOCTH BhIlIe
NV 6yperun PHIXNLIX opoa. ONTUManbHaA YacToTa BPalleHUA CHAPAAA 3aBUCUT
OT KOMIIeKCa PaKTOPOB, OCHOBHLIMU U3 KOTOPHX ABAAWTCA PUIMKO-MeXxanuyec-
Kue CBOMCTBA OO, My6UHa CKBAXWHEL, MOWHOCTD IPUBOA], KOHCTPYKLUA A07I0-
Ta u T. . ONTUManbHOe 3HayeHue 3TOrO MapaMeTpa HaXOAWTCA B mpepenax 100-
200 06/MnH. MeHblve 3HaueHNA TapaMeTpa OTHOCATCA K GYPeHuio BA3KMX NOPOA,
6o7nee BLICOKME — PHIXNBIX. YBENUYEeHNe 060POTOB BEIlE IIPefieNbHbIX BLI3LIBAET
BUODALMIO UHCTDYMEHTA, KOTOPAA OTPULATENbHO CKA3bIBAETCA HA TPAHCIOPTH-
POBKE IOPOAbL, ABAAETCA NPUYUHON ITONIOMKU UACTPYMEHTA U BLI3bIBAET PAA APY-
PUX HETaTWUBHbIX NTOCNEACTBUN.

B cnyvae GypeHNA HEYCTOWYMBLIX NOPOA (CYXUe U BOAOHACHKILEHHbBIE NECKH,
TPABUANO-TIECYAHLIE OTAOMEHUA W T. I1.) C UeNblo NPEAYNpPeNKAeHNA 06Banos cTe-
HOK CKBaXMHBI [TOC/E MOABEMA CHApPAAA HeobXoAMMO MepeA NOABLEMOM Ipou3Bec-
T UHTEHCMBHOE PaCXaMUBaHWe ero ANA CO3NAHUR KOPKU U YINOTHEHUA ee Ha
CTEHKaX CKBOKWHEL [Ipu 6ypeHuu HeyCTORIUBLIX IOPOJ, 3HAYUTENLHOM MOIHOCTH
YKa3aHHLIN IPUEM HEAOCTATOYEH W He rapasTUPYeT YCTOWYUBOCTM CTEHOK CKBaXM-
Hbl. B 3TOM cnyyae nenecoofpasHo Bectu Gypenue ¢ opHOBpeMeHHOW obcapkoi
ckBaxMHbl. [IpU 3TOM KONOHHA WIHEKOB BPAWAeTCA BHYTPU KONOHHbI 0B6CAZAMBIX
TPY6, KOTOPaA MOA AENCTBUEM COBCTBEHHOrO BeCa MOTPYHAETCA MO Mepe YInybku
ckBa¥uHbl. YacToTa BpameHus CHapAAa MpPU 3TOM CHWKAETCA A0 70-60 06/MuH.
MoxHOo MCnonb3oBaTh B ITUX CNyYanx U MOJble UTHEKU. 06a 3tn cnoco6a, ABJIAACDH
3P HEKTUBHEIMU C TOYKU 3PEHUA YCTOMYMBOCTU CTEHOK CKBAMUHbLI, BMECTE C TEM
ofecrieunBaoT u Haubonee GnaroNpPUATHEIE YCN0BUA ANA BLUTONHEHUA Tpe6oBa-
Hu# onpo6oBanuna. Ecnv nipu pa6oTe mrHeKos B OTKPLITOM CTBOJE TPAHCIIOPTHPYE-
Mas ¢ 32608 MOPOAA YAacTM4HO MajaeT CO CIMPAAW B 3a30p MEMAY LIHEKOM U
CTEHKaMM CKBAXWHBI M YaCTUYHO IOMONHAETCA NMOPOAOW, Mapalonled cO CTEeHOK
CKBAKVHEI, YTO B KaKOW-TO Mepe CHUKAeT IPefCTaBUTENbHOCTb MPOBH, TO mpu
GypeHV TONBIMU IHEKAMU WM C OfHOBPEMERHOW 06CaZKOoW IPeACTaBUTENBHOCTb
npo6ul ABAAETCA monxoi. Ecnv npu 3TOM mpuMeHAeTCA peiicoBbli MeTon, Koraa
BHIGYPEHHAA NMOPOAA HE TPAHCIIOPTUPYETCA HA TIOBEPXHOCTL B Ipouecce 6ypexus,
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a BMeCTe ¢ MHCTPYMEKTOM Nocne GYPeKUA OrPaHUYERHOTO UKTEpBaNla OAKUMA-
€TCA Ha IOBEPXHOCTL, TO 6yAeT 06ecrieyena Ke TONbKO NPeACTaBUTENbROCTb PO-
6B TO COCTaBY, HO W TOMHAs (PUKCAUUA OTAENbHLIX C0EB U NUTONOTUIECKUX Pa3-
ROCTe# TPOAYKTUBHOM TOMIU.

0T60p NP6 1 reonorUYECcKan AOKYMEHTaNUA

B 3aBMCMMOCTW OT Tpe60BaHUi, MPEABABAAEMBIX K OMPOBOBAKMIO POAYK-
TUBHOM TOMWM U TeONOTUNECKOMY U3YYEHWI0 Pa3pe3a, MPUMENAETCA OfUK U3
CNeAyoumx PUeMoB ONPOGOBAKUA U COOTBETCTBYIOMMX eMY TeXKON0rMECKUX
cxeMm 6yperua:

~ ompo6oBaKMe NPU HENPEPHBHON YINY6Ke CKBAMUHEL C YTOMHEHMEM TNy-
6MHbBL, X KOTOPOW OTHOCUTCA B3ATHI 06pasell, TP IOMONIU KOPPENAUMOK-
HIX K03 PuumnerTos;

~ Ompo60BaKMe NPU MOMHTEPBANLHON YTIY6KE CKBAXMHLY, XKOTAA KEPX C 0de-
PEAHOTO UKTEPBANa BLIAAETCA HA AHEBKYIO MOBEPXHOCTb XONOCTHIM Bpa-
eHUeM KOJIOKKbI LIHEKOB;

- onpo6oBaNue NPV MOUKTEPBANLHOM YINY6Ke CKBAKWKEL C TORBEMOM CHa-
PARa mocne GYpPeHMs Kamnoro WHTepBana M B3ATUEM 06pasloB MOPOAL!
HeNOCPeACTBERHO C N10TTACTe LIHEKOB.

CoBeplIERHO 0MeBUAKO, YTO HaUMeHee AGCTOBEPHbIM C TONKU 3PEHUA Peono-
TMYECKOTO U3YYeHUs 1 OTIPOBOBaKUA ABAETCA EPBLI BAPUANKT, a HauGonee po-
CTOBEPHBIM — NOCNeAKUA; TPOU3BOAUTENILHOCTb, KA060POT, BHIle B [IEPBOM U
HuKe BO BTOPOM BapUaNTax.

OnpoGoBaHue nMpu HENMPEPLIBHON YrNy6Ke CKBAXKUHEL

TIpu 3TOM Crioco6e BhIGYperHas AONOTOM MOPOAA HENPEPLHIBRO BLIAAETCA LIHe-
KaMU Ha QHEBHYI0 MOBEPXHOCTb. [lpouecc 6yperua n TPaHCIOPTUPOBKA MOPOAL
COBMelLeHbI BO BPEMEHM.

ITopopbl 8 3aBUCUMOCTH OT X HU3UKO-MEXAHWYECKUX CBOWCTB TPaHCNOPTH-
PYIOTCA LIHEKAMW KA TOBEPXHOCTb C PA3NUMHLIMW CKOpOCTAMM. CnaboBnamHie
PAMHB U CYTIMHKYK OTNMYAIOTCA NOBLILEHHON CKOPOCTbIO TlepeMellerus o CIin-
Panu LIHEKOB, @ TNACTMUHbE W BA3KUME NOPOAl U BOROHACHIIEHHbE TECKU —
TOKWKEHHOM. [IpU BHePeRUM A0N0Ta B TIOPOAY, OTAUYAI0NYIOCA XYAIIMMU TPAKC-
MOPTUPOBOUKLIMU CBOMCTBAaMY, YeM BHlIENeXalan TOMLA, OCIe BEHAAYM HA TO-
BEPXHOCTb TOCNEAHero o6pasua HAcTyMaer MepepbiB, YKa3bBAOMMUA Ka TO, YTO
Mpou30wNa CMeKa cnoes. Ecnu e Huxenexawas nopoaa 6onee Tpancnoprabens-
Ha, Hab10aeTCA TaK HA3BIBAEMbIY TIOATIOP, 3aK/MI0YAIOWMIACA B YACTUNHOM CMelln-
BaHWUW NIOPOA Ha KOHTAKTE.
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Yyer nonpasku Ha rnyGuHy, C KOTOPOW TIOAHATA OPOAA, HAGNIOREHUA 32 N3Me-
HEHUAMM PeXuMa BHAauu NOPOAL Ha OBEPXHOCTh, MEXaHUYECKOW CKOPOCTH 6ype-
HUA - BECb 3TOT KOMINEKC MONyYeHus URGopManumn 06ecreunBaeT fOCTATONKYO
TOMHOCTb OTPEAENeHUA UCTUHHbIX TNYBUH Fe0NOr0-1UTON0rMYECKUX I'PaHuL, CNOEB
W pa3HoCTed, 06LIYHO paBryw +0,3 M. ManoMonxete mpocnou (0,5-1,0 M) mopog,
0c06eHHO Npu ray6unax 6onee 15 M, MOrYT GLITb He 0GHAPYIKEHH! n3-3a uX Nepe-
MELIMBAHWUA Ha CMUPaNu LIHEKOB, BTUPAHUA B CTE@HKM CKBAXMHBL U T. A. C TOYKM
3PEHUA BLIXOAA KEPHA BAHHBIN CTOCO6 MOKET CYMTATLCA ROCTATOMHO TPEACTABU-
Te/LbHBIM, TaK KaK OTBEYAeT PUHATLIM B HACTOALEE BPEMA TPEOOBAHUAM,

Onpo6oBaHue ¢ NONHTEPBANLHOW YIrAy6Koi
6e3 mobeMa CHApAAA U3 CKBAMUKE

Croco6 0TAMYAETCA OT MPERbIAYLLErO TeM, YTO NOCNE 6YPeHUA 3aNAHHOTO UH-
TepBana yriay6xa CKBauHbl IPEKPALALTCA U XONOCTHIM BPALEHNEM LIHEKOB BCR
TOpOpa, MPeACTaBNAWNIAA NPOULEHHbIA MHTEPBAN, TPAHCTIOPTUPYETCA Ha NOBEpPX-
HOCTb. IpMBA3Ka 0TO6 PaHHBIX 06PA3L0B K KOHKPETHEIM IIy6UHAM OCYIECTBAALT-
CR yTeM MX PaBHOMEPHOTO pacnpenerenus NO AMHe MPOUAEHHOT0 UHTepBana.

ToyHocTb GMKCauUu re0noro-IMTONOTMYECKUX I'PAKML, NPU NAHHOM criocobe
HECKOJbKO Bbillle, YeM NP MPEepbIAYIIEM, U 3aBUCUT OT ANMHbI UKTepBana Gype-
HuA. OBBIMHO MHTepBaN Bypexua paBex puKe liveka (1,3~1,5 M, pexe — 3 M), HO
He Meree 0,5-0,7 M, Tax Kax OpU CAWIIKOM KOPOTKUX MHTEepBaNaX MPOLEHTHLIN
BLIXOR KeDHA COKPAllaeTCA RO HemnpueMneMbix 3Hauerun. ToyHocTb dukcaumu
TpaHuy CNOEB NOPOR COCTABAALT NPU UCTIONbL30OBAHMM RAHHOTO criocoba 0,1-0,2 M.

Onpo6oBaxue ¢ NOUHTEPBANLHOM! Yray6Kon
M C MOABEMOM CHAPAAA U3 CKBAMMUHBL

Bypenune 3TuM coco60M OCYWECTBAALTCA NONHTepBanbHo. Ilocne 6ypenus
OYEpeAHOro WUHTEepBaNa MPOU3BOAUTCA NOABEM CHAPAA], C NOMACTeN LIHEKOB OT-
6upanTca 06pa3ubl NOPOxbl ANA Te0NOTMYECKOR AOKYMEHTAUUN W ONPOBOBAHUA
T(PONEHHOTO UHTepBana.

Tako# croco6 6yperus MOXET AUKTOBATLCA KaK Tpe6oBaHUAMM ONPOBOBARMA,
TAaK U TEXHUKO-TEXHONOTUYECKUMU YCNOBUAMU. K MocnenRUM OTHOCATCA cnydau
6yperus, Korpa Mopoaa MAOXO TPAHCMOPTMPYETCA WIHEKaMu BCAEACTBUE CTenu-
buveckux HpusnKo-meXxaKUIECKNX CBOWCTB UM e PN 6onbumx rnybuxax 6ype-
HWA, KOTAa Heo6XoauMa CMIIKOM GOMblIaf MOWMHOCTb ANA TPAHCOPTUPOBKM TTO-
POpB! Ha MOBEPXHOCTD.

Tpe6oBanua oNpo6OBAHUA ¥ FEONOrMYECKOTO U3YYEHNA OTPARMNUBAIT ARUKY
wHTepBana 1,0-2,0 M v Tpe6yIoT, YTO6H Gyperue OCYmEeCTBAANOCh IPU TIOKVIKEH-
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CnpOBO"IHMK COBPEMEHHOIo MU3biCKkaTeAs

HOW YacToTe BpalleHWA CHapAfja, 3 ero nojavda NPOBOAMIIACHL NIABHO C LeNbio
NpeflynpeXieHUA epeMeNIMBaHnA IOPOZbl Ha 10NacTAX nxexos. [locne nopbema
cHapsaga 06pa3susl MOPOALl OTHOCATCA K COOTBETCTBYIOWUM INY6UHAM UCXOAR U3
COOTHOWERNA NPOWEHHOTO UHTEPBaNa U JIUHLL ITHEKOBOW KONOHHRL, 3aNONHEH-
HOW NOpoAo.

JlanHbI% coco6 onpo60oBaHWA M FEONOIMYECKOTO U3y YeHNs pa3pesa ABNALTCA
BecbMa NNPeACTaBUTEeNLHLM U TOYHBIM, B C1y4ae, Koraa 6ypexne BeAeTCA C ORHO-
BpeMeHHOM 06CaAKON CKBAWWHE! Tpy6amu, TPEACTaBUTENBHOCTb M TOMHOCTb CIO-
coba ABNAIOTCA NPAKTUYECKU A6CONIOTHBIMU.



Pazaen 5. UBLICKQHUS FPYHTOBLIX CTPOUTEALHBIX MATEPUAAOB

T'naza 5.4. OIIPOBOBAHUE MECTOPOAEHW# CTPOMTEJIbHBIX
MATEPHAJIOB M OIIEHKA HX KAYECTBA

5.4.1. OnpoGoBaHue MeCTOPOMFEHHH NECKa
M IpaBHiiHO-TIECTAHOT0 MATepHala

Tlecok W rpaBuit IPeACTaBARIOT CO60M PLIXNble HECLEMERTUPOBAHHLIE 0CRA0Y-
Hble TOPOA, COCTORIME U3 OKATAHHBIX 067IOMKOB rOPHbIX MOPOJ U MUHEPanos
Pa3nNVHOTO COCTaBa, Pa3mepoB M Gopmul. PU3UYECKUE N TeXHUYECKUE CBOWCTBA
TecKa u CpaBUA ONPEJeNAIOTCA KPYIIHOCTbIO, MUHEPaJIbHBIM COCTaBOM, QOpMOTt 1
XapaKTepoM MOBEPXHOCTYU CNAraloliux Ux 3epex.

Tlo MMHepanbHOMy COCTaBY pa3nMyaloT MECKU KBapleBHe, KBapleBo-None-
BOLIMIATOBbIe, KBAPLIEBO-TNAYKOHUTOBLIE W Ap. Han6onee mmpoko pacnpocTpane-
HBI [IeCKM CMENIaHHOTO COCTaBa C MPUMECLIO PNUHBL, CNIOAN, KAPGOHATHBIX U ApY-
TUX MUHEpanos.

TpaBuit Jame BCEro COCTONT U3 06NOMKOB Haubonee KPerkux MUHEpanos n
TOPHBIX MOPOA: KPEMHR, KBaplLa, FpaHuTa, THeiica, Anabasa, kBapuuTa u ap. Cpean
KPYMHBIX (paKuuii FpaBus HepeAKo B GONbLIOM KONUYECTBE PUCYTCTBYIOT CHaH-
1B, M3BECTHAKK, AONOMUTH W Ap. [lo CTEMer OKaTAHHOCTM YaCTHILL Pa3NeNfTCR
Ha OKaTaKHble, ONYOKaTaHHbIe U YTNI0BaTHIE.

TpaBMitHO-NeCYaHEIM MaTepPUaZoM HashbiBAlOT PLIXNYI0 06JIOMOMHYI FOPHYIO
Tiopony, TpeAcTaBnRI01y10 060 €CTECTBEHHYI0 MEXaHNYECKYI0 CMeCh Iecka, I'pa-
BUA U Gonee KPYMHLEX 0610MKOB FOPHBIX MOPOA. B pasnuyHeX oTpacnax npombr-
TIEHHOCTH, UCTIONb3YIOWUX IECOK U TPABUW, IeIEHUE UX IO I'PaHyIOMETPUIECKO-
My cocTaBy umeeT cBou ocobenrocTi. Haubonee JacTo K mecKy OTHOCAT YacTULB
oT 0,05 o 3 MM; K TpaBuio — 0T 3 po 70 MM, a 0610MKH KpyTIHee 70 MM Ha3blBalOT
BanyHaMu. Mcxopa w3 TaKoro peneHus MOPOAA, B KOTOPOV COREPHUTCA TDaBUA
MeHblIe 10%, CYNTAETCA MECKOM, IIPU COAePKAHMMN B Helt rpaBus Gonbuie 10% —
TeCYaHo-IPaBUIHLIM MaTepUanoM, a PN COAPKAHUU B NECYaHO-TPAaBUAHOM Ma-
Tepuane 6onee 5% BalyHOB — BaNyHHO-TPaBUAHO-NECYAHbIM.,

TpaBuiiHo-NeCyanke MECTOPOKAECHUA BCTPEYAlOTCA ONTH NCKIOMUTEBHO B
YeTBEPTUYHLIX OTNOMeHUAX. Huxe Nepeuncnensl redeTudecKue THIH OTHOXKe-
HWH{, K KOTODBIM TPUYPOUEHH Haubosiee pacCNpOCTPaHEHHbIe MPOMBILIIEHHEIE Me-
CTOPOXAECHUA.

dnioBUOINALMANbHbIE:

1. 3anpposbie. 2. 030Bbe. 3. KamoBbie. 4. MexMopeHrsie.

AnnosuanbHee:

1. Teppacosute. 2. [loimennsie. 3. Pycnosue.
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CpOBOMHUK COBPEMEHHOTO M3bICKATEAR

Ipomosuanbuse:

1. OTI0KEHUA CeneBbIX MOTOKOB. 2. OTNOXEHUA KOHYCOB BEIHOCA.

Mopckue u 03epHue:

1. Teppacostie, 2. OTnoxerna 6eperosrix sanos. 3. [pubpexnre.

Tlo 3anacaM MecTOPOXAEHUA OAPA3AENAIOTCA Ha Menkue (<1 MaK. M%), cpen-
uve (1- 10 Mau. M3) u kpynsie (>10 Max. M3).

TIecoK 1 rpaBWItHO-TIECYaHEIt MaTepUaJl OTHOCATCA K WIMPOKO PACTPOCTPAHEHHO-
MY MUHEPAILHOMY CHIPbIO, UMEIOT MHOTO 0671aCTelt IPUMEHERUA U UCTIONL3YIOTCA B
KOZIMYECTBAX, U3MEPAEMLIX €KETOJHO COTHAMU MWLUIUOHOB TOHH. C TOYKM 3peHun
KOJIMYECTBA W B ONPE/\RTIEHHOM MePe KauecTBa eCKU U IPaBURHO-NIECHaHbli MaTepu-
1, UCTIONb3YEMBIE B HAPOAHOM XO3RWUCTBE, MOTYT GLITh Pa3fe/ieHbl Ha ABe PPYTINLL:

a) MaccoBOT'O UCMIONb30BAHUA, 6) Y3KOLENEBOr0 Ha3HAYEHUA,

Tlecox u rpaBUHO-NIECYaNbIA MaTePUa NIEPBOTA IPYNIH UCTTONB3YIOTCA B IIPO-
MBILZIEHHOM U JOPOXHOM CTPOUTENBCTBE (B HENE306ETOHHBIX KOHCTPYKLMAX, B
KayecTse HamoOJHWTENA B GeTOMe, PN NMPOU3IBOACTBE CTPOUTENLHOTO KUpMUYa,
KPOBENLHEIX PYIOHHBIX MaTEPUANOB U T. J.), BTOPOI — B INTeHOM IPOU3BOACTBE
(dopMoBOUHLIE IECKU), B POU3BOACTBE CTekNa, hapdopa, paanca v B pane Apy-
IUX OTPacieil HAPOAHOrO X038ACTBA.

KavecrBeHHble TPeGOBAHUA K MECKY U K rpaBUAHO-NECYaHOMY MaTepuany
omnpepenfoTca cooTBeTcTByomMMU F'OCTaMu M 0TpacneBLIMU TEXHUYECKUMY YC-
JIOBUAMM U BKNIOYAIOT B Ce6A KPYIHOCTL 3ePEH, XMMUYECKUIt COCTAB, MUKEDaTlb-
Ho-TeTporpaguyecKkyio XapaKTePUCTUKY U Haiwdue B n3yyaeMoit macce IIuHU-
CTHIX, WINCTBIX WAN TBHUIEBATHIX YaCTUL W OPraHUuecKux mpumecen. Jpyrumu
C/10BaMU, OCHOBHEIM TPe60oBaHMeM, MPELABIAEMLIM K ECKY U IPaBUHO-Necya-
HOMY Marepuany B KaXJAOM KOHKPETHOM C/lyyae ero UCNojb30BaHUA, ABNAETCA
TPaHyNIOMETPUYECKUI W MUHEPAILHO-TIETPOrpaduyueckuit cocTas, a Takxe YUC-
TOTa, T. €. COAEPKAHUE B HUX NLIAEBATHIX, PAMHUCTHIX YaCTUL U OPTaHUyecknx
npuMecei.

OcHOBHbIE NPUHLUITE ONPo6oBaRUA
TPaBUAHO-NIECYaHbIX MECTOPOXACHU

TIpu pa3BeAKe rpaBUiiHO-TIECYaHBX MECTOPOXAEHWA ONpoboBaHne ABNRETCA
TNaBHOM 1 Haubonee OTBETCTBEHHOM YacTbio pa6oT. IIpuHuMIE! oMpo6oBaRUA OC-
HOBaHbl Ha KaYeCTBEHHHIX TPEGOBAHUAX K IPaBUAHO-NIECYAHOMY MaTepuany kak
ChIPbIO, UCTIONL3YEMOMY TOW MUAYM MHOW OTPACNbiO MPOMEILIIEHHOCTU UAN CTPOU-
renbcTa, Onpo6oBanue 3akai0uaeTcs B 0T60pe MPO6 U3 UCXOAHON FOPHO! MOPO-
Abl, B 06paboTKe U AOBEAEHNUN UX 10 MACCHL, HEO6XOANMO ANA TPOBEAEHNA UCCTIe-
JOBAHWUN K UCTILITAHUNA.
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Pasaen 5. U3biCkaHWs rpYHTOBBIX CTPOUTEARHBIX MATEPUGAOB

TIpu onpo60oBAHUM ONIKHY! GLITL BLUTOHEHL CTIEAYIOLINE YC0BUA
H3yuenve KayecTsa rpaBUAHO-TIECYAHOTO MaTepuana HeoGXOANMO 0CYeCTs-
JIATL C YYETOM BO3MOMHOCTU €r0 KOMINEKCHOTO UCMONb30BAHWA ANA BCEX
BUAOB CTPOWTENbHLIX PaboT (rpymma A). 3T0 ycnoBUE OTHOCUTCA KO BCeM
KPYTHBIM U CPERHUM MECTOPOXACHWAM. [INA MeNKUX MeCTOPOMAEHUA KOMI-
JIeKCHAA OLeHKa KayecTBa Heoba3aTenbHa. Bo Bcex cnyyanx rnasHoe BHUMa-
HUe ROMKHO GLITh YAENEHO OLEHKE KayecTBAa MaTepuana mo erc OCHOBHOMY
Ha3HauyeHWo.
Onpo6oBanue AOMKHO rapaHTUPOBATL BO3MMKHOCTh U3YHEHUA BCeX mones-
HBIX KOMIOHEHTOB, CNaraloluX MCCAeAYeMyIo TONWYy (Iecok, rpasuit, Bany-
HH), & TaKKe MOPOJ, BCKPLINIM, €CAIM UCTIONB30BAHME WX MPOMBILINEHHOCTHIO
BO3MOXHO W LieNlecoo6pasHo.
Hecnepyeman Tonma pOMKHA 6T OMPo6oOBaHa Ha BCIO MOWHOCTy. Ecav pas-
BeAiKa POM3IBOAUTCA A0 ONPEAENEHHOTO FOPU3OHTA (HAmpuMep A0 YPOBHA
TOA3EMHBIX BOA), TO IO PEAKOW CeTke AOMMKHE GLITh IPORAEHB N OTPO6GOBAHL
BHPA6OTKU, TONHOCTHIO BCKPLIBAOLIME BCIO PPABUNHO-TIECYARYIO TONIY.
IlepepHBHE B ONPO60BaHUM MONE3HOW TONWM HEe ROMYCKAIOTCA (MO BhpaboT-
KaM He 0JDKHO 6b(Th HEOMPOGOBAHHBIX MHTEPBANIOB, AaXe €CU ITU WHTEPBa-
bl TPeACTaBNEeHE HeKOHAMLIMOHHBIMU TOPOAaMM). CKnI0YerveM MOrYT 6ITh
JIMLIL MOLIHBIE TTPOCIOU HEKOHAULMOHHEIX NOPOJ, HEOOXOAUMOCTb YAANEHUA
KOTOPLIX (PK Pa3paboTKe He BLI3LIBAET COMHEHUH.
Onpo6oBaKue ROMKHO TPOU3BOAUTLCA B COOTBETCTBUM € 3a/la4aMy, Xapakrep-
HBIMY [U1 AAHHOW CTaZuN Pa3Befku.
Bce mpo6bl, 0TOGPaHHbIe PY MPOBEAEHUM KaK NOMCKOBLIX, TaK U pa3sepnoy-
HBIX PaboT, U3YMATCA B MONEBHIX W B Na6ODPATOPHBIX YCNOBUAX C Lebio
OTpepeNenus COCTaBa I'PaBUIHO-IeCYAHON TONLM W OLEHKU KayecTBa cnara-
0LIMX ee KOMIOHEHTOB. [fepevyeHs UCCNENOBAHN, HEOOXOAUMBIX I OLIEHKU
Ka4ecTBa MaTepuana B 3aBUCMMOCTU OT eT0 Ha3HAYeHUA, OPeAeNALTCA COOT-
sercTByiomuMn TOCTaMu U BEROMCTBEHHBIMU TEXHWYECKUMU YCNOBUAMMU.
Hwe NPUBOAKTCA Iepeverb aHANU308 U UCILITAHUIA, OOBIYHO BHITONHACMBIX
TIPY Te0710TOPa3BeAONHHX paboTax.
B noneswix ycnosusx:
a) ompeAeneHue rpaHyNOMETPUYECKOT0 COCTaBa MPOAYKTUBHON TONIIM;
6) ompepenexue meTporpapuecKoro cocTasa rpasus u BaAyHos;
B) ONpefeneHue COAePHKaHNA OPTaHUYeCKUX PUMECe IO CIeUANbHEIM TO-
JeYHHIM NPO6aM, OTOUPAEMBIM OT HEPACCEAHHOTO I'PaBUNHO-NECYAHOTO
Marepuana;

r) ompepenexue 06bEMHOTO BECA B LIENKE U KOG EULMEHTa Pa3PEIXIEHUA.

~
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B na6opamopmbuix yCAoBUAX:

a) Ompepenexve rpaHynOMETPUYECKOro cOCTaBa Mecka (CUTOBOW aHanu3) u
COpepaHMA B HEM BPEAHLIX IPUMECET (OpraHNIeCcKuX, MHNEBATHIX U TAn-
HUCTBIX);

6) ompepeneHue COpEPKAHUA OPraHNMECKNX W MBIIEBATO-TNUHUCTHIX TIPUMe-
CeWn B PpaBum;

B) MMHepanorudeckui aHanm3 necka;

T) XMMUYECKUW aHAU3 MecKa;

A) KOMIUIEKCHbIE (PM3UKO-MeXaHUYeCKMe UCMILITAHNA TIeCKa, PPaBusA, BanyHOB
(anA ompepeneHMA UCXOAHLIX CBOWCTB MOPOAb) W We6HSA, MONYYEHHOTO
APOGNERNEM BaNYHOB.

B pane cnyvaes 6n1BaeT HeO6XOANMO BLIMOAHNTB IPAMBIE TeXHONOINYeCKUe
WCTLITAHUA B COOTBETCTBUW ¢ Ha3HAMEHUEM MECKOB WIW FPaBUAHO-NECYaHOTo
MaTepmana.

B 3aBUCUMOCTH OT MHTEPBANOB OTGOPA MPOG Pa3NMYAIOT CEKUUOHHOE, OCHON-
HOE, TOCNONHO-CEKUOHHOE U TIOTOPU3OHTHOE ONpoBoBAHUE.

CexUMOHHLM Ha3biBaeTCA OMpoGOBAHWE, MPU KOTOPOM TONE3HaA ronma
WU BHIAENAEMBIN B Heli TOPU3OHT AeNATCA HAa HECKONBbKO acTei (cekuuwn), 8
KaXAO0W U3 KOTOPHIX Gepercs oTAensHan npoda. Cexuum uMeT NPUMEPHO pas-
HYI0 AIMHY (MHTEpBaN 0T6GOpa NPO6HI), KOTOPAA ObIBaET PA3NNYHON HA PasHBIX
crapuax passepkn. CeveHue BhIpPa6oTKM B Mpepenax ORHOM CEKUUM AOTKHO
6BITH HEU3MEHHBIM. .

TMocnowxoe onpo6osatue mpepcTasiner co60W JacTHLIN caydan cexuuonno-
TO, IPU KOTOPOM ANUHbE CEKUUMN HE PABHB MEXAY COGOW, a COOTBETCTBYIOT MOLHO-
CTAM NIMTONOTPUYECKU PAasHBIX CIOEB, CArAIOWUX NONE3HYI0 TORWY. CexynoHH:e
MPOBE MOTYT OTGMPATBCA W B Mpefenax MOWHBIX NUTONOTMECKU OAHOPOAHBIX
cnoes. B 3TOM cnyvae onpo6oBaHue Ha3HIBAETCA TTOCNONHO-CEKLUOHHBIM, o

TIOropu30KTHbIM Ha3biBaeTCA OMPoGOBAKME, PN KOTOPOM WHTEpBaN OTGOpa
npo6 paBeH BHICOTE YCTYMA GYAYIETO Kapbepa, T. €. COOTBETCTBYET FOPU3OHTY
otpa6otku. floropnsonTHbie Mpobhi 0TEMPAIOTCA NMEO HEMOCPEACTBEHHO B Mpd:
lecce MPOXOoAKKU BHIPAGOTKM, AMGO COCTABAAIOTCA MyTeM 06beANHEHNA nepaona-
JanbHO COBPAHHBIX CEKLUOHHBIX UAN MOCAONHEIX TPO6. p

B 3aBUCUMOCTH OT Ha3HaYeHWA Pa3nnuanT CleAyiowme BUAL Ipob: .

a) npo6bl ANA OMpepeneHuA TPaHyNIOMETPUYECKOro COCTaBa MpaBUHO-TieC-
JaHOTO MaTepuana; .

6) mpo6bl ANA U3YMEHUA METPOrpaduIeckoro COCTasa Irpasus;

B) nabopaTopHbie MPO6L I'PaBUA ANA ONPENeNeHUA COAEPMAHUA BPEAHBIX
TIpUMeECeWw;

=~

=~
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r) naboparopHbie npobbl MecKa Ans ONpepeNeHus IPanyNOMeTPUUECKOPo Co-
CTaBa N COAEPKAHNA BPEAHLIX IPUMECeN;

TOMEYHbIE MPOGH IPaBUMHO-NECIAHOr0 MaTepuana AIA OTpepeneHus co-
AepHaHNA OpraHndecKnx npumecen;

TeXHW4eckne Npobyr Necka, FPaBUA 1 BANYHOB ANA KOMIUIEKCHEIX GU3UKO-
MeXaHUYEeCKUX UCTIHITAHNA;

) TEXHOJIOTHIecKue Po6hl Mecka, rpaBUA W BanyHoB (WeGHA U3 BanyHOB)
IR KOMIUIEKCHBIX (QU3NKO-MEXaHUIECKUMX W NPAMBIX TEXHONOTMMECKMX
WCIBITaHWM B CTPOUTENBHBIX PACTBOpPAX, 6eTOHE, GUTYME N T.4.;

3) mpo6bl ecka Ha MUHePanorudecknit u XMMUIeCcKun aHanusb.

Onpo6osanue ¢ Tpebyemon CTENEeHbI0 AETANLHOCTM AOJKHO OCBEWaTh BCIO

TEPPUTOPHIO MecTopoXzAerMa. IIyHKTH 0T60pa Mpo6 Ans onpepeneHua rpaHyno-
MeTpUMECKOTO W MeTporpahuyueckoro cocTasa M COAEpHaHUA BPeAHBIX PUMecei
NOJDKHBI PacTofaraThCA Ha IUI0MaAM Pa3BeyeMOro MeCTOPOKAEHUA PABHOMEPHO,
HO C y4€TOM N3MEeHYNBOCTU BELleCTBEHHOrO COCTABA 3a/leXN U feTaNbHOCTU pa3-
BEKW. B 3aBUMCUMOCTV OT XapaKTepa U3MeHINBOCTH ONpoGyeMble BLIPAGOTKM pac-
MeNarawnTcs AM60 MO NPaBUIbHOM CeTKe, 1160 Ha pa3BefoHbIX IMHUAX CO Crywie-
HWeM B HamnpaBsneHuu 60nbureii n3MEHIUBOCTH.

t IIpo6bt pA KOMIUIEKCHBIX (DU3NKO-MEXaHNIECKNX W TEXHONOINIECKNX UCITH-
TAHWUW AOJKHBL OTGUPATHCA OT BCEX XapaKTePHHIX PasHOBUAHOCTEH (COPTOB) Ma-
Tepuaa, OTAeNLHO MO KaKAOMY CaMOCTOATENbHO XapaKTepU3yeMOMy COPU3OHTY
610Ky (Y4aCTKY) MECTOPOKAECHHUA.

TlpepcTaBuTenbHAA KOHEYHAA Macca CEKNMOHHMIX (MOCTORHBIX) Mpob ycra-

HaBnuBaeTca no gopmyne

ES/NGA

A

e

~

Q=02d3,

rpe d — MaxCuManbHbI AUaMeTp KYckos (3epeH) B mpobe, CM.

Jlerko paccumTarh, UTO TIPU KPYITHOCTH I'PaBua A0 70 MM NpEACTaBUTENbHASR
Macca mpo6bt COCTaBUT 0KO7O 70 Kr. B mpakTuKe pa3BefKn MeCTOPOXAEHUM rpa-
BUIHP-TIECYAHOTO MaTepnana C Lienblo TIONYYeHUA AOCTATOHOTO KONNYECTBa Ma-
Tepuana pns 1abopaTOPHOTO U3YYeHWA OTAENbHBIX (GpAaKLWMi NPU COAepKaHWM
rpaBuA MeHble 50% pexoMeHAYeTCA AOBOANTD KOHEYHYIO Maccy mpobbt po 100 kr.

KoHeuHan Macca npo6l B 3TOM CAyuae ONpepenseTcs no Gopmyne

- P=Ql/M,
Tae P — KOHEYHaA Macca CeKLMOHHOW WaW MOCTOMHOW npobyl, kr; @ — obwas
KOHeHas Macca Bcex 06bepunAeMbX npob (mo Tabn. 1), kr; | — uurepsan or6opa
CeKLMOHHOM (IOCTIORHOW) MPOBHY, M; M — MOWHOCTD TIOIE3HON TOMLM (MW BbAE-
JIeHHOT0 FOPN30HTA) B JaHHOW BRIPAGOTKE, M.
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Marepuan ana nerporpaguueckoi pa3bopxu rpasus oT6MpaeTCA NOcne pac-
ceBa CeKUMOHHBIX (MOCHONMbIX) mMpob. Pasbopka MPOM3IBOAMTCA PA3penbHO MO
BCEM (DPAKLUAM UIK IO ORHOM 06BEAMHEHHON DPAKLMHU IPABUSA B 3aBUCUMOCTH OT
XapaxTepa u CTajuu Pa3sBefku MecTOpoxpaexus. Marepuan ans merporpaduyec-
KoW pa3bopku (100-120 3epen) oTOMpaeTCs TOYEYHEIM METOOM OT KaXpo# ppak-
UMM MM OT UX cmecu. Pazbopka 0TOGpanHOW HaBeCKU ITPOM3BOAMTCA TTPOCTHIM
TIOACYETOM 3ePeH Kaxi0# MOPOAL! C MOCNEAYIOWMM 06beAUHEHUeM TIOPOA B NATH
TEXHONOCUYECKUX PPYIN.

1. Kpenkue nopopbt (FPanuT, CUEHWUT, AUOPUT, KBAPLMT U AD. ).

II. Topoani cpenxeit KPenocTu (IHeMChl, U3BECTHAKYM, IECYAHUKA Y AD. ).

II1. Cna6yie MOpoast (CRAHYE, MeN, TUNC, CRabhle NeCYaHuKu, BHBETPENbEe NOPOAbI
W Ap.).

IV. Bpeaxsie pns 6eTOHOB NOPOA! (PYAHbIE MUHEpANLl, COAEPMKAlME CEpPY Uim
xeneso, kucnsie 3Gp@dy3upkble MOPOALY, NIBECTHAKM, KDEMHU U aMOPHbIE MO-
Anbuxanum kpemresema 1 ap. ).

V. TIlopoabi, Mnoxo cuemnsomuecs ¢ 6UTyMoM (KBapPLUUTH, xnapumo-necqanuun,
KPeMHU 1 Ap.).

JinA ompepenenua rpaHynOMETPUIECKOTO COCTABA TPaBUWHO-TTeC-4aHOTo Ma-
Tepuana B NPOuecce NPOXOAKW BLIPAbOTKU OTOWUPAIOTCA BANYHBHL U C ITOMOWBIO
WabnoxHa COPTUPYIOTCA BPYIHYI0 Ha ABe dpakuuu: 70-450 MM U KpyTHee 450 MM.
TpaBuiiHo-Niecyanas Macca NOABEPIaeTCA PACcCeBY Ha FPOXOTE Yepe3 CUTa C Kpyr-
TBIMK OTBEPCTUAMM, O6LIMHbIA HAGOP CUT UMeeT AMaMeTp oTBepCTHIA 70, 40, 20, 10,
5 u 3 mM. [lonyyeHnte B pe3ynbrare rpoxoyeHus (paKkuun B3IBELIMBAKTCA, U
BLIYUCAETCA UX COAEPKaKue B TOPHOR MAacce B LleNibIX TTPOLEHTAX.

IIpu passepke rpaBUitHO-TIeCYaHHIX MECTOPOMAEHMIA OYPOBLIMUM CKBRKMHAMY,
TAK e KaK U FOPHLIMU BbIPabOTKaMu, He06XOANMO BLITONHATD YCILOBUSA, BHITEKA0-
IMe U3 NePedUCIEeHHbIX Bhille IPUHLMITOB ¥ OrpaHuyeruit onpo6osanus. Ove-
BUAHO, YTO NPUHLMITE ONPOGOBAKUA GYAYT COONIOAEHH, eCnu B Tiponecce 6yperna
6ynet obecrnedenst CnefyoNue YCNOBUA:

1. Buixon KepHa npu 6ypeum no NMPOAYKTMBHOW TONWe 6yneT COCTaBAATH He
MeHee 80%. )

2. Macca rpasuitHo-necyaHoro MaTepuana, NONY4YEHHOTO B BUAe KepHa, 6yAeT He
MeHbllle MUHUMANbHOM KOHETHOW MacChl TPeACTaBUTENLHOM TTPOBLL.

3. Bmpouecce 6ypeHua He AONKHO ObITh UCKYCCTBEHHOTO YMEHbIIEHUA UNU YBe-
JIMYEHUA KONMYECTBA IPABUIAHO-TIECYAHOTO MaTepuana.

4. Tipu ompo6oBaHuM IO KepHY NOMKHA BbiTh ObecreyeHa HapemHas c]mxcaumt
TPaHuL TUTONOTUYECKUX PA3HOCTEN TOMIIM, @ TAKKE IPAHMUL TOPU3OHTOB, OT-
JIMYAIOLUXCR N0 TPAHYNIOMETPUECKOMY WAV NeTporpadhudeckoMy cocTasy.

=
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PazaeA 5. VI3bICKAHUS rPYHTOBBIX CTPOUTEAbHBIX MATEPUAAOB

5. Cuctema passefiku MECTOPOMXAEHUA LONKHA 06LCIIeNUBaTh BO3MOKHOCTD U3Y-
JeHUA He TONbKO TPAaBUANO-TIECYAHON CMECH, HO Y OTIPEleNeHNA CORePKANNA
BANYHOB, UX Pa3MEPOB 1 NETPOrPacuIeCKON XapaKTePUCTUKH.

Tpu 6ypenun pasBefOYHbIX CKBAKWUH BCA U3BNEKAEMAA N3 CKBAXUHBI TOPOAR,
o6‘benvmennan B Npefienax NPUHATOTO ANR ONPOBOBaHUA UHTEPBaNa, COCTAaBNALT
MCXOMIHYI0 CEKUMORRYI0 (TOCNONHY10) ipoby. MaTepuan ¢ OTAENbHEIX PEHCOB MOX-
HO 06BEANHATD B OAHY TIPOGY TONbKO TPu 6YpeHuit ORHUM AUAMETPOM; TPH CMEHe
anameTpa bypenus Heobxoaumo oT6upats HOBYIO NPo6y. Brixon Kepxa mpu Gype-
HUU ONPeAenseTCA CPaBHEHWEM MACChl (DaKTUYeCKN NOAHATOTO Ha NOBEPXHOCTh
MaTepuana ¢ pacCyUTaKRHoON No hopmyne

Q=ndlp/4,

rae d — pnametp bypenus (BHYTpeHHuit Anamerp obcapibix Tpy6 mpu 6ypenuu

ENOHKOM), M; | — MOWHOCTb MHTepBana onpo6oBaHuA (ANMHA peiica), M; p —

TNOTHOCT TOPOABL, KI/M> (ANA FPABUAHO-TIECYAHOTO MATEPUANA, HE CORLPIHKALLETO

BanyHOB, MPUKRUMAETCA P = 1 600 + 1 800 xr/m3).

TIpaKTuUKO reonoropassefoyHbIX paboT onpeAenexo, YTo HanGonee neneco-
06pa3HbiMu AuameTpamu Gypenns No NPOAYKTUBHOM TOMILE ABAAIOTCA 6-8", ecau
dopepmaHmue BanyHOB B HeW npesbimaer 3%, [Ipu OTCYTCTBUM BANYHOB UAN He3Ha-
YUTENbHOM KOMMYECTBE MX AMaMeTP BYDEHWA MOKeT GHIThb ymeHblieH fo 41/,"
(132 mm). [Ipn 6onblIoM KONUYECTBE BANYHOB, B TOM YUCTE KPYTIHLIX, ANA Onipefe-
JIeHUR UX COAePIKAHUA HEODXOAUMO HAPARY C BYpeHueM CKBAWUH TPOXOANTD IYP-
i, @ TaKXKe UCTIONb3OBATh KOCBEHHEIE METOAK, HO B 06A3aTenbHOM COYETaHUM ¢
TIPOXOAKON WYPHOB ¥ B TEX CAYHAAX, KOTAA KOCBEHHbIE METOAbI KOPPEANPYIOTCR €
TIPAMBIMY.

Cnuauncrsie nopoast

MupoBas Jo6EYa MMUKHUCTHIX TTOPOA 1O PUONU3UTENbHOMY NOACYETY Tpe-
Bbiraer 0,5 Mapa. T B rof. IMUKUCTHE NOPOABl Ype3BHIYANKHO WIMPOKO W PA3HO-
CTOPOHNE UCITONb3YIOTCA B HAPOAHOM XO3RWACTBE KaK AOCTYMHbIA MaTepuan, 06-
napalnit PAAOM LEHHbIX TeXHUYeckux cBoicTs. IInpokont obnacTsio ucmonb-
30BAHUA PIUH ABNAETCA NPOUIBOACTBO KepaMuUueckux U3penui, Braovaonee B
ceba OrHeymopLl, KUCAOTOYNOPH], INEKTPOTEXHUYECKYI0, CAHUTAPHO-TEeXHUYeC-
Ky10, CTPOUTENbHYI0 KepamuKy, hapdop u dasuc. [IpumernTensHO X Tpe6oBaHU-
AM 3TUX OTPacnedl MPOMBINNEHHOCTU PAMHUACTHIE NOPOAB KNaccuduumpyorcs
no papy T'OCToB, KOTOPLIMU NPEAYCMOTPEHD! CNEAYIOlNe TIPUIHAKU: OTHEYTIOp-
HOCTb; copepxanue Al,0; + Ti0,; criexaeMocTb; COfepManue KpacAIMUX OKUCNOB
(Fe,03 n Ti0,); MnacTMYHOCTb, AUCTIEPCHOCTb; COAEPKANUE KPYITHO3EPHUCTHX
BKIOYeHUN (>0,5MM).
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CRpPABOYHMK COBPEMEHHOTO U3LICKATEAS!

Teonornyeckoe usyyenue u onpo6oBanue MeCTOpoXKAERMNIH
IAMHUCTEIX TOPOA

TIpu moMcKax W Ha CTapguv NpepBapuTENbHOM pa3Bepku Heo6XOAMMO C BO3-
MOMHO 60iblIefi CTENMeHbI0 AETANbHOCTM U3YYMUTL CTPOEHWE TONIM IONE3HOrO
nckonaemoro. II03TOMy Ka 3TUX 3Tanax HeoBXORUMO Onpo6OBaTh BCe TAMHUCTHIE
NOPOAH! BO BCEX 0BHAKEHUAX W BLIPa6oTKax. Panossie (MaccoBkie) mpo6t BOMMHA
OT6MpaThCA MOCEKLMOHHO MyTeM OTAENEHUSA WM BKIIOMEHWA B Npoby nononuum:
KepHa 1o gavKe. IIpo6a AONXHa BKIIOYaTh BECh MaTepuan onpo6yeMoro uHTepsa-
na (cexumu). Cexumn B CyMMe QOMKHEL OXBAThiBaTb BCIO MOWHOCTDL ONMPo6yeMon
Tonwu 6e3 Npomyckos. JNuHa CeXuun AONKHA COOTBETCTBOBATL MOWHOCTU JIUTO-
JIOrMYEeCKW ORHOPOAHOTrO (BW3yanbro) cnos. IIpu 60NbIOW MOWHOCTW BHewHe
ORHODPORHLIX C/10€B, KOrAa He06XORUMO UCCNER0BATh 0CO6EHROCTH, BHELIHE BHIPa-
XKalomuecs HeACHO (HaNpuMep coaepxanue puMeceh, olleHMBaeMoe RONIAMU NPO-
1eHTa), 11e71eC006Pa3HO OrPaRUYUBATDL ANNHY CeKuUit. [ins 60NbLIMHCTBA Cllyyaes
B NIPaKTUKE Pa3BEAKMU MECTOPOKAEHUHA IIUHUCTHIX IOPOR OKA3LIBAIOTCA AOCTATON-
HBIMU CeKuuu pausodt 0,5-1 M. Cexuuu meRburelt ANNKLL Lenecoo6pasio npume:-
HATb TOJILKO IIPU ONEBUAHOM BO3MOXHOCTM BHIAGTIEHUR TAKMX CI0€B NPU 3KCIUIya-
Tauuun. Takumm e cooGpaKeHNAMN CllefyeT PYKOBOACTBOBATLCS M TIPU PellleHnn
BOIIPOCa O BKNIOYEHWUM B CEKLUUM NTPOCNOEB MYCTHIX NOPOJ B TeX CLYYanAx, ecnu
HEBO3MOXHO MX BHENIEHNe PN fOBHIYe, (

Ha cTapum peTanbHOM pa3senku, KOraa BHYTPEHHee CTPOEHUE TOJILM MOJe3HO-
TO NCKOMAeMOro U3yyeHo AOCTaTOYHO NONHO, BO3MOXHO NPUMEHEHWe I0CNONHOTo
onpo6oBarus ¢ 6010 ANMHOM ceKumit. CxeMbl onpo6oBars ToNW 60NbIION MOwL-
HOCTW WM 0C060 CNLOXHOTO CTPOEHMA COINACOBLIBAIOTCA C MPOEKTHBIMU OpraHu3a-
LMAMY, OCYLECTBIAOLMMU IOATOTOBKY MECTOPOMACHUSA K IKCTIIyaTaluu,

Psaposbie Mpo6bl NMPEAHA3HANAOTCA AAA BHUTONHEHWUS MACCOBLIX 1a60Oparop-
HBIX MCILITAHWIA, [IPOTPaMMbl KOTOPLIX 06LIMHO AOBONIBHO OrPaHMyYeH . KoreyHas
Macca 3TMX IPo6 MOXET COCTaBAATH 1,5— 2 Kr.

JIns na60paTopHOTO UCCNEA0BAHNSA TEXHONOTUYECKUX CBOACTB MIMHUCTBIX 1O~
pop OT6MpalOTCA crennansHbe npobut maccoit 50~200 kr. Konkpernas macca npo-
651 COT1ACOBLIBAETCA C 1a60pPaTOpueit, NpOU3BoRALen uccnenosarnus. [ins or6opa
3TUX NMPo6 Npo6ypuBaIOT CriennanbHble CKBAKMHBL GOMbIIOr0 AMAMETPA UAN KYCT
CKBAWUH (BapUaHT BEHIGUPAIOT B KAKAOM KOHKPETHOM CJlyYae C YYETOM TeXHUKO-
IKOHOMWUYECKNX KDUTEPUEB), MECTA 3all0KeHUA KOTOPHIX HaMeyaloT UCXOAA W3
YCJIOBUA NMONYYEHUA Marepuana, NPeacTaBUTENbHOTO MR MECTOPOXAeRus. JJlns
MECTOPONAEHUN IMUHUCTHIX NOPOA, B KOTOPHIX MONE3HOE UCKONAeMoe NPencTas-
JIeHO Pa3HOBUAHOCTAMU TEXHONOTUYECKOrO Ha3HaYeHMA, BHIGOP MECT 3a70KeHus
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Pasaen 5. U3bickaHUS FPYHTOBBIX CTPOWUTEABHBIX MATEPUAACB

BEPabOTOK AN1A OTGOPA TEXHONOTUYECKUX NPOG MPOU3IBOAUTCA C OPUEHTaLMe! Ha
Hanbonee JeHHbie U Ipeobnapalolme pasHOBUAHOCTH,

Macca npo6 s MPOM3BOACTBA UCTILITAHMIA B MPOMBILIEHKBIX YCIOBUAX KO-
NebneTcs OT HeCKONLKUX TOHH A0 2 000 T. ITMM, IO CYIMECTBY, ONPERENALTCA TUIT
BbPabOTOK, U3 KOTOPbIX BOTKHBL 6HITh OTOGPAHLI TaKMe NPO6LL: €Cn NPO6Y BeCcoM
710 HECKOJILKMX TOHH MOXKO NMONYYUTb U3 CKBAXMHEL 60/IbIIOTO ANAMETPA MW U3
KYCTa CKBa(MH, TO COTHU TOHH Marepuasa MOTyT 6biTb NONYYEHb TONBKO U3 TOp-
HBIX BHIpaboTox.

OCHOBHBIMYU TpE6OBARUAMY, TPEABABNIAEMEIMU K Da3BENOYKBIM BHPAGOTKAM, SB-
NsI0TCA TPe6OBAHMA K BRIXORY KepHa. IIpu pasBenKe MECTOPOXAEHMHA TIMHUCTHIX
TIOPOA BHIXOA KepHa 80% AACT HAAEXKHYI0 OCHOBY A TEOJIOTMYECKOTD U3YYeHUs 1
0mpo6oBaHus NPOAYKTUBHOM Tonwu. B cnyyae, ecnv nonesHas Tonwa npepcrasie-
Ha HECKOJIbKMMW CJI0AMU Pa3NIMYHOTO KayeCTBEHHOTO COCTaBa, TpeG0BaKME K BLIXO-
Iy KEPHA OTHOCUTCS He TONLKO K TOJILE, HO U K KaXZAOMY CJI010 B OTACJILHOCTH.

CocTosHMe KepHa A0MKHO 06eCNeYnBaTh BOIMOKHOCTb BbZIENIEHUA 1 MOJIHOTO
ONMUCAHMA BCEX JIMTONOTMYECKUX PA3HOBUAHOCTEN INMHUCTHX NMOPOA, BCTPeYalo-
UMXCA B paspe3se; KPOME TOTO, AOMKHb BbITH BHIAGNEHB! NPOCIION APYTMX NMOPOA B
MONE3HOM TONNE, & TAKNKE Pa3NNYHbIe BKNIOYEHUA C YKa3aHMEM UX KOTIMYECTBa N
Pa3MepoB.

Jnanasor ray6ur 3aneralus MOJNE3HO0 UCKOMAeMOro, GU3MKO-MeXaHuyec-
KUX CBOVMCTB NOPOA M TpeBOBaHWM! K re0l0rMYecKOMY M3YYeHMIO M OMPoBoBaHMIo
NPU OUCKAX U pasBepKe MECTOPOXAEHUM MMHUCTLIX TOPoA o6ycnasnuBaer npu-
MeHeHUe CIIeayIonmx Coco608 GypeHus Pa3BeROMHBIX CKBAKWK:

— KOJIOHKOBOE BypeHuMe C MPOMBIBKOI BOROW WAV TIMHUCTHIMU PacTBOPaMM
‘ (pa3Benxa MECTODOXAEHUI OTHEYNOPHBIX INUK);
- KONOHKOBOE Gypexue ¢ NpU3aboNKOM UUPKYNRUMEN (Pa3BEAKA MECTOPOX-
neHwit Herny6oKo 3a1eraloWnX IIMKUCTHX IOPOR);
- 1HexoBoe HypeHue u BubpobypeHme (pa3BeAKa HEMMYGOKO 3aneraloiinx
MECTOPOXAEHWIt PU HANMNMM KOMIUIEeKCa NOPOR, CNIAraloux NPOAYKTUB-
HYIO TONIY W BCKPbILLy, 61aronpuaTHOro Ans 3¢ heKTUBROro UCNoNb30Ba-
’ HUA JAHRBIX C1I0CO60B 6ypenns);
= 6ypenue ckBawuH 60nbIIOrO AMaMeTpa (AN 0T60Pa MPo6 Ha Mony3ason-
| CKME W 3aBOACKME UCTILITARMS).
P
i IpupopHLie 06711 0BOYHLIE MaTepuanst
' B KayecTse MPUPORHLIX OGNULOBOMHLIX MAaTEPUANOB UCMONBL3YIOTCA MOHO-
JUTHBTE TOPHBIE NOPOAM, NpuobpeTaiolme nocne 06paboTkn HEOEXOAUMBIE fie-
KOpaTUBHbIE KayecTBa U OTBEYAlOWMe 3afaHHbIM TPEGOBAHUAM RONTOBEYHOCTH.
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CI'IpGBOHHMK COBPEMEHHOro U3biCkareAn

OxM MCTIONB3YIOTCA KaK AAA HAPYKHOM, TaK M pAA BHYTPEHHen 06ANLOBKM 3pa-
HWI M COOPYXEHUW Pa3NNYHOrO HasHadenua. Jopuble MOPOALL UCTIONb3YeMble B
KayecTse 06NULOBOYHOTO MaTepuana, K1accupuumpyloTca Mo reHeTUYeckoMy

TIpU3HaKY.
H3BepxeHHbIE
Tny6unxbie Hanusumeca
TpaxuTst Basansrhl, puabasst
CuernTs Anpesuts
mopuTht TlopucThle BynkaHnieckue nNopoast
Ta66po TydoBbie NaBL
Ocapounsie

Ilecyanunkm (KpeMHUCTLIE, U3BECTKOBLIE)

W3BeCTHAKM 1 N3BECTKOBHIE TYdHI

JonoMutst

TWnCOBHIA KaMeHDb

Meramopguueckue

Ksapuutst

Mpamop (1BeTHO# 1 Genbiit)

Tpe6oBanus, NpepbABAAEMble K NPUPOAHLIM 0GNULOBOYHLIM MaTepuanam,
Pa3pensioTcR Ha ABE TPYIIILL:

1. Teonoruyeckue, ropHOTEXHUYECKUE W IKOHOMMYECKUE (XapaKTep 3aneranvs
TONe3HOr0 UCKONIAEMOro, FTMAPOre0orndeckue YCNOBUA, 3aNackl, pacnouaxe-
HUE MeCTOPOXAEHMA, BO3MOXKHbIE TPAHCIIOPTHBIE KOMMYHUKALMK W AD.).

2. KayecTsewnble, 3aBUuCAmME OT 06NACTH M YCIOBUW NMPUMEKEHNA (MOHOMMT-
HOCTb [ONIE3HOM TOAMN MECTOPOXACHNA N BO3MOXKHOCTb NOAyYexns 610Kos
3a0aHHbIX PA3MEpPOB, AEKOPATUBHOCTb, AONrOBEYHOCTb, MPOMHOCTD, CTENeHb
WCTUPAEMOCTU 1 Jp. ).

MOHONMTHOCTb MOPOAYI, IpeAHA3HAYEHHON ANA OOGNNNOBOYHOrO Marepuana,
ABAAETCA 06A3aTeNbHBIM TpeboBaHMeM, TOCKONbKY OHA obecrneunsaer nonyyeHne
610%08B 3apanHoro pasMepa. [ycTora u Hampasnexue TPewMH OTAENLHOCTH B TOjI-
e NOPOA BO MHOTOM ONPEAENAIT BHGOpP CUCTEMbI pa3paGoTku. [iia NpaBuibHOR
OLEeHKM KauecTBa O6IMIOBOMHOrO KaMHA HEOGXOAMMO BLIACHUTh MaKCUManbHbIe
pasmepst 6710K0B, KOTOPbie MOTYT GHITb AOGLITLL, & TaKKe 0BmUit MPOUEHT BbIXOAA
6nokos, oTevawmmx TpebosaHuam OCT.

JlexopaTHBHEIE KauecTBa 06NN OBOYHbIX MATEPNaOB ABAAIOTCA BAXHLIM paKr
TOPOM IIPN CTpONTENbHLX paborax, Hanbosnee MonHo oHun ompepenaTca B nabo-
PAaTOPUN, HO UMEWTCA METOAb, TI03BONAKLME CALAT PUBINZNTENLHYI0 OLEHKY
IEKOPATUBHOCTY U B IONEBLIX YCIOBUAX,
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Pazaen 5. M3bICKQHUS rPYHTOBLIX CTPOUTEAbHBIX MATEPUAAOB

Pa3Bepna MECTOPOXAEHUI MIPUPORHSIX O6NULOBOHbIX MaTePUaOB POU3BO-
BMTCS B OCHOBHOM CKBRXMHAMM W OBEPXHOCTHBIMM TOPHHIMU BHPABOTKaMU, KO-
TOpBble IPOXOARTCA € LeNbY 0TGOPA TEXHONOTMIECKNX NPOB.

H3BeCTHAKM U B0NOMUTH

Ilo OpUEHTNPOBOMHEIM NOACYETAM MUPOBAA AO6LIYA U3BECTHAKOB COCTABAALT

1,5 Mapa. TBroA.

TIo U3NYeCKUM, XUMNUYECKUM U TEXHONOTUYECKUM CBOWCTBAM M3BECTHAKOB

NpUMeHeHWe UX B POMBILIIENHOCTY AETIMTCA Ha YeThIPe IPYIIIL:

1. TIpou3BOACTBO BAXYILINX BELIECTB, XMMWYECKAA N CAXapHaA OTPACAMN MPOMLILL-
JIEHHOCTY (pellalonee 3HaGeHue UMeeT XMMNIeCKUit COCTaB, a PUIUKO-MeXa-
HUYeCKMe CBOWCTBA M3Yal0T MeHee eTaNbHO);

2. Merannyprua (BaweH XMMMUYECKMIA COCTaB M (YU3UKO-MEXaRNYeCkMe CBOW-
CTBA);

3. CTpOMTENbCTBO, i@ MIBECTHAK WUCIIONbL3YETCA KaK GyTOBLIA KaMeHb, eGeHdb
An8 6ETOHHBIX M ROPOKHO-CTPOUTENLHEIX PABOT, @ TaKKe AAA BAINACTNPOBKM
XEeNe3HONOPOXHBIX NYTen (TNaBHOE 3HAYEeHNe UMelT HU3NKO-MeXaHudecKne
CBOWCTBA, 8 XMMUYECKUIA COCTAB IPAKTUIECKN He YINTHBALTCA);

4. OTpacnmn CTPOMTENbCTBA, PAE M3BECTHAK UCIONL3YETCA B KA4YeCTBE CTEHOBOTO,
061MIOBOYHOrO ¥ CTPOUTENLHOrO KaMHA (KPOMe (HU3NKO-MeXaHWYeCKUX
CBOMCTB BaWHO NONY4YEHWE WITYYHOrO KaMHA NPaBUJbHOA GOpMH 1 ompepe-
JIeHHbIX Pa3MepoB HapAAY CO CITOCOGHOCTLIO K PACITUNOBKE U IONUPOBKE).

Onpo6oBanue MeCTOPOXACHUN U3BECTHAKOB U J0JIOMUTOB

JInA XMMUYECKUX aHanu3oB 0TGOP npo6 MPON3BOAAT U3 KepHa, packanbisas
ero-monionam. JlanbHeitmas o6pa6oTka: apobnenue, UCTMPaKMe, CMeLEHNe W
KBapTOBaHWE — MPOU3BOAMTCA MO 06wmenpuHATOW MeToanke. KoHeunasa macca
npo6 100-200 r.

Jins GU3NKO-MEXaHNYECKUX UCTILITARUA 0TEMPAIOT KYCKM KEPH, WIN BEUTUAN-
BAlOT WTYdH ONpeneNeHHOro pasmepa. Macca poGyl M3BECTHAKE, MPepHa3HAYeH-
Horé AnA mMpOM3BOACTBA M3BECTH, cOcTaBafeT 20-50 Kr, AR TEXHONOIWYECKUX
ucnbiTaHui B 6eTore — 50 T,

IIpo6bt 061MYOBOYHOrO U3BECTHAKA OTONMPAIOTCA B Buae 06pasioB, NO3BONAI0-
WMX ONpeAeNATh AEKOPATUBHbIE KAadecTBa NOCLe 06paboTku. [ina Mony3aBoACKuX
W 33aBOACKMX MCIBITaHWI POBL 0TGMpaloTCA BanoBbiM crocoboM, ux Macca (pe-
CATKY, @ MUHOTAA Y COTHM TOHH) COIIACOBLIBAGTCA C OPraHu3anued, koTopas 6yaer
NPON3BOAUTb UCTILITAHMUA.

KonuvecTBo oT6upaeMsix Mpo6 3aBMCMT OT CTaAMW pa3BepOuHbIX paboT u
Ha3HaYeHus U3BeCTHAKOB. IIpu pa3sepKe M3BECTHAKOB ANA HYKA METanNypru-
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CanBO"lHMK COBPEMEHHOMO M3bICKATEeAS

YeCKOM NPOMBILNIERKOCTH, BAA BAKYUIUX MATEDUANO0B, KMMUYECKOTO, CAXaPHOTO
W CTEKONLHOrO MPOU3BOACTBA NPOOL pA XUMUYECKUX aHanu3os oTéupaiorca
TOCJIONHO UM MOCEKLMOKKO BO BCEX BLIPAbOTKax, a oA GU3UKO-MexaHuIecKux
MCTIBITAHUA — TONBKO OT OCHOBHBIX PA3HOBUAHOCTER B OTAEJNbHBIX XapaKTep-
HbIX BbIPa6OTKaX.

Jina nabopaTopHbIX TEXKOAOTWYECKUX UCMILITAHURA GepyTca 1-3 mpobu oT
BCEX PA3HOBURHOCTENM U3BECTHAKOB. IIpo6bl AN MONY3aBOACKUX U 3aBOACKUX UC-
TBITaHU’ GepyTes B 1-2 XapakTePHBIX AN AAHHOTO MECTOPOXAEHUA TYHKTax.

Ha MecTopoXpesusx WTYMHOIO CTPOUTENbHOrO KaMHA U WebHa Ana duauxo-
MeXaHUYeCKUX UCTITAHUIA OT6UPAIOTCA OCNOAHbIE U CEKLUMONHbIE TPOGLI BO BCex
BHpaboTKax (ANA XMMUYECKUX aHANU30B TONLKO EAUMKUYNELIE).

TIpu pa3ssepke U3BECTHAKOB ANA 06NULOBOYKOTO KaMHA OTGMpAeTCA MO He-
CKOJIbKY NMPO6 OT KaXPoW MPOMBININEHKOW Pa3HOBULHOCTU U3BECTHAKOB [Ist BCE-
CTOPOKKUX TEXHONOrMYECKNX UCTIbITAKUMA. Ha BCeX CTapMAX reonoropassenouHbx
paboT, OT OUCKOB W O AETANLHO Pa3BEAKU BKIIOYUTENLHO, TPOUIBORUTCA U3Y-
JeHue KayecTsa U3BECTHAKOB, ITO U3yyeHWe 3aK/IOYAETCA B CIeAYIOleM: Feono-
TO-NUTONOTUYECKOR U3YyeHUe KaPGORATHOR TONNM; ONPO6OBAKUE NONE3HOM ToN-
WM; aHANU3B! U UCTHITARUA TPO6.

5.4.2. Ouenxa KayecTsa CHpbA

OnenKy KayecTBa NECYAHO-TPABUIHOTO CHIPbA U MPUTOAHOCTU EFO UCTIONb30-
BaHUA B Pa3NUUHLIX BUAAX CTPOUTENbHBIX PAOOT HAUMHAWT B NEPUOA NONEBLIX
PaboT mpu MPOBESEHUM PACcCeBOB C MeTporpaduyeckont pasdopkoi. Briasnsemoe
TPY TaKow pa3bopKe COpePKaKUe 3ePEH MIACTUHYATON! U UTNIOBATON HOPM (noné—
DEYHbIY Pa3Mep MeHbLIE [/IMHBI B TDU U Bonee pas) PernaMeHTUDYIOT B 3aBUCUMO-
ctv ot rpynnk (1-4) o 15-25-35-50% cooTBeTcrerHo. Copepxanue 3eper
cnagbix MOPop, AOMYCKAIOT: ANA MEe6HA U IPaBUA BHICOKUX MapoK (1 000-1 400) —
He 6onee 5%; AR Ku3kux Mapok (300) — xe 6onee 15%.

JlabopaTopHbie UCTLITAKUA BEITONHANT O MeTOAMKAM, onucantkim B [0CTax.
JlabopaTopHsie onpepenerna (GU3UKO-MEXaHUYECKUX CBOWCTB Ha OTOGDAHHBIX
npobax 1awT NMONKOE MPERCTaBleRue 0 KageCTBEHHOW XaDaKTepPUCTUKe CHPLA.
Oxv B 6ONBIIMKCTBE CNYIAEB ABAAIOTCA OCTATOYHBIMU BIIA OUEHKU TPOMBILINEH-
HOT 3HAYUMOCTU MECTOPOXAEHUA. [IpU 3TOM MONe3Ho NPUBNEKATb RAKMEIE O npo-
MBILIEHHOM UCTIONIb30BAKUMN CHIPbA AaHANOTUYHLIX MECTODOKAERUN.

Ha TOUCKOBOR CTapMu reoNoropa3BefoHEIX PAGOT MPOIHO3 KayecTsa MIIMH
OCHOBEIBAGTCA HA Pe3yNbTaTaX U3YYeHWUA UX MUHEPansHOro U 3eMEHTHOTO CO-
CTaBOB, COCTaBA U €MKOCTM OBMEHHOrO KOMIUIEKCA, KPUCTRNINOXUMUYECKUX 0CO-
6exrocTeR MOPOROOBDPA3YIOWMX MUHEDPATIOB, UX TEHETUYECKOW NMPUDOAL, CORep-
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KaHUA BPENHBIX U UHEPTHBIX pumecei. Haubonee uHGOPMATUBRLIMU U ONEpa-
TUBHBIMU METORAMU UCCNIEN0BAHUA HA 3TOW CTapUU ABIANTCA PEHTTEHOBCKUNA da-
30BbI AHANU3 PAUHUCTHIX MUHEDANoB, ONpeje/ieHne XMMUYECKUM NyTeM COpep-
KaHMA KBapLa, EMKOCTM U COCTaBa 06MENNOTO KomIekca. Ha 3Ton ocHoBe ycra-
HaBAUBAIOT BELECTBEKHEIR COCTAB MIUHEL, CTENIeHDb e YUCTOTH! OT TPUMEcew, opu-
€HTUPOBOYHYI0 OJI0 MOPOA006Pa3YIOLErO CMEKTUTA, NANLITOPCKUTA UNU ADYTUX
MUHepanos. IlonyyeHHas KGOPMaNUA NMO3BONAET MPOCHO3UPOBATL OPUEHTUPO-
BOYHbI€ TEXHOJNOTMYECKME CBOWCTBA [NIMH U HANPABIEHUMA UX BO3MOXKHOTO UC-
MOJIb30BANUA,

Ha ouexoYNOW cTapuu IPOU3BOAAT Na6OPATOPHO-TEXHONOTUYECKUE UCTIbITA-
HUA DMK Ha TPYINOBLIX AU YKPYMHEHHLIX MPOGax CHIPbA, YTOUHAA KAYeCTBO U
06nacTU NPUMEHEHUA,

B nmpouecce passegku MECTOPOXAEHUA TPOBONAT NONY33aBOACKUE TEXHONOTU-

JeCKUe UCTILITAHUA CHIPbA, OPEAENAIOT TEXHONOTUIO ero nepepaboTku u oGnactu
TUPUMEHEHUA.
- Bce nmpo6b IAMKHUCTHIX MOPOA, MAYLMX AR TPOU3BOACTBA IEMEHTa, KepamMuyec-
HMX M3peNuii, KEPaM3UTa, OTHEYNOPOB U HOPMOBOYHOTOC CHIPbS, TOJBEPralOTCA Me-
XaHWUYECKOMY aHAIM3Y C YCTAHOBNEHWEM CTENeHU UX 3aCOPEHHOCTU 0670MOYHBIM
MaTEpUaIOM, & TaKXKe C ONPefe/IeHUEM COCTaBa U PAa3MEPOB KPYMHLIX BKIOYERUA,

TInA GEHTOHUTOBHIX IJIMH, UCTIONb3YEMBIX B KayecTBe anCoOPBEHTOB wIU pNs
NPOU3BOACTBA OKATLILIEW, ONPEACNAIOTCA HABYXaeMOCTb, 0GMEHHAA EMKOCTD, CO-
HepKanue BOROPaCTBOPUMEIX CONeN.

TIpuropHOCTb IAMHUCTLIX OPOA fi/1A TPOU3BOPCTBA OPHEYIIOPOB U KepaMuyec-
KUX U30enuit BCeX BUZOB ONpefeNAeTCs MO JAHKbIM KEPAMUYECKUX UCTIBITAHUHA.
B03MOMKKOCTb UCONB30BAUA IIUHUCTBIX IOPOR YCTAaHABAUBAIOT:

" -~ D7IA OTHEYNOPHOW NPOMBILINERHOCT! — MO OPHEYNOPHOCTY % BOROMOINO-
menuo 06pasnos, 060NIKEHHBIX PU KOMTPOJILHOW TeMlepaTtype, Crekae-
MOCTH, CBA3YIOLEN CIOCOBHOCTH;

- DJIA IPOU3BOACTBA KEPAMUYECKUX U3[ENUIA — IO AUCNIEPCHOCTY, NACTUY-

HOCTH, MEXaHU4YeCKO# MPOYHOCTU B BO3AYLIHO-CYXOM COCTOSAKUY, TeMne-
. paType CIeKanua;

~ QNS KepaM3uTa — IO MNACTUYHOCTY, TeMIEpaType BCIYUUBAKHUA.

TIpnt 5TOM ROMKHEL 6BITb ONPENENeKbl: TTONHOE BOLOCOREPKANMUE, KOIDDULM-
€HT YYBCTBUTENBHOCTU K CYWIKe, BO3AYWIMAA YCAAKa; AAA OTHEYNOPHOTO CHIPbA:
W3LOTOBNIEHD! MPOGHbIe KepaMUIeckue MAcChl, YCTAHOBNEHA TeMIepaTypa cieka-
HUA, NPOBepeH 06KUF Ha Pa3Hbix TeMIIepaTypax, Ha 060i0KeHHEIX 06pa3nax onpe-
DeNleHsl BOLOMOTOoLEHMe, TIONRAA YCcajKa, BPEMERROE COMPOTUBIIEHMNE CKATUIO U
U3IUBY, MIaCTUYHOCTb, CBA3HOCTD, 3€PHOBOI COCTAB.
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Pe3ynbTaThl Na6OPaTOPHLIX UCCNEAOBAKUN, KAK NIPABUNO, TPOBEPAIOTCA B NO-
TyNPOMBIINERHBIX YCNOBUAX. IIpoBepKe M YTOYHEHWIO MOAJEKUT ONTUMANbHAA
TEXHONOINMECKas CXeMa OArOTOBKW U TPOU3BOACTBA TOTOBLIX U3AENUN.

Ins GEHTOHUTOBLIX, OTHEYMOPHLIX I/INH U KEPAM3UTOBOT'O CHIPbA PE3YALTATHI
1a60paTOPHLIX UCCAEA0BAHUM MPOBEPRIOTCA B NPOMLULNEHHbIX YCAOBUAX.

[In8 OLleHKU KauecTBa KBapLeBLIX NIeCKOB ONMPEALNAIOT UX XUMUYECKUi, MuHe-
PanbHbIA, 3epHOBOW COCTaBM W MOAYNb KPYIHOCTH, COAEpaHUe PAMHUCTHX U
WINCTHX 4aCTUL, IIOTHOCTD, IYCTOTHOCTD, & A1 IECKOB, IOTpeG/SEMbIX B aBTOA0-
POMHOM CTPOUTENLCTBE, ANA GETOHA, CUNUKATHBIX U3AENUIA, TOHKON KepamMuku u
AP. — TaKKe Ko3QGUUUEeHT QunbTPauMU, COlepKHAHUe CePHO-KUCAHIX U CEPHUC-
THIX COEAUHEHMW, PEAKIWMIO BOTAHON BLITAKKY U APYTue OKA3aTeNu, PETNAMEHTH -
PyeMble HOPMATUBHLIMU AOKYMEHRTaMU Ha TOTOBYIO IPOAYKLUIO.

H3yverune MUHEpanbROro, 3epHOBOTO COCTABOB U APYIUX ocoferHocTel mec-
KOB MMeeT BaXHOe 3HayeHue He TONbKO A OLEHKU KAYecTBA UX B NPUPOAHOM
BUZE, HO ¥ 413 TPEABAPUTEILHOTO 3aKN104EHUS 06 UX BEPOATHOM npomumnenuou
TIPUTOAHOCTU U O CBOWUCTBAX.

Tlpn uccnepoBaRun 0GOTaTMMOCTY KBApPLCOAEPKALUMX NECKOB M3YYANT U3-
MenbyaeMocCTh U UHOTAA APOGUMOCTL; IPOBOART CUTOBOM, PPABUTALMOKHBIN U Mar-
HUTHBIW aHANU3BL; ONIPEAEARIOT OCHOBHLIE IPYNIIE MUHEPAN0B-)KENE30HOCUTENEN;
BLIGUPANOT METOA M TEXHONOTMYECKYIO CXeMy oforamenus (ONpeaenfioT TeXHoNo-
TUJECKYI0 JeHHOCTD NTECKa, TPOBOAAT UCC€A0BAHUA IO A0BOAKE KBAPLEBOIO KOH-
NeHTpaTa u OTXOROB 06OTAMERUR); U3YHAIOT PUNKO-XUMUIECKUE CBOMCTBA KOH-
LeHTpara.

B mpouecce uccnenoBaruit OnpenenAaioT:

- cocras (%): Si0, Al,0, Fe,0,, TiO, Cr,0, Ca0, Mg0, K,0, Na,0, S, 160
(MCXORHOTrO MecKa W KOHEYHOTO KOHUEHTPaTa); cofepmakue Fe,0; (%) B
xBocTax oboramenus;

- copepxanue wenesa B hopme (%): KenesocoaepHanux Ca0A; MarHeTuTa
W reMaTuTa, Kap6oHaTOB, TMAPOKCUA0B, CYNbGUAOB U CYNbATOB, NINEHOK
CUNMKATOB XeNe3a; TBEPALX U Fa3OKMIKUX MUHEPANbHLIX BKIIOYEHUI ®
CTPYKTYPHBIX IPUMECEN;

~ COpepKaHue 37IeMeHTOB (CNMEKTPANbHEIA NONYKONUYECTBEHHBIN aranu3)
(%): Mo, Co, N, Cu, Cr, W, Bi, Sn, Sb, Ag, Pb, Zn, As, Be, In, Ge, S1, Ba, Zn, Hf, La;

~ MWHeDanbHbUA COCTaB (%); KBapll, NOJEBHE IUNAThl, MAarHETWT, TEMATHUT,
TURPOKCUAL, CUAIMKATHL U Cy/bATH, Hene3o u MapraHel, anaras, pyTui;
TNaYKOHUT, KAONUHUT, AONOMUT;

- BKpaIIeHHOCTb PYAHBIX MUHEPaNoB (MM);

—  PpaHynoMeTPVUJeCcKUit COCTAaB UCXORHOW NPOOLL;



Pasaen 5. N3bICKQHWS FPYHTOBbIX CTPOMTEALHLIX MATEPUAACB

~ ¢usudeckue CBOWCTBA: MAaCHUTHYIO BOCIIPUUMYUBOCTb; UCTUHHYIO IUIOT-
HOCTb (T3/M); HaCHNHYI0 MAOTHOCTb (T/cM3); Yron eCTECTBEHHOrO 0TKOCA
(rpapyc); KoHTpacTHOCTL M (GPaKUMOKHEN cocTaB Mo maoTrOCTH 2,7; 2,9;
32 u42 T/M’. TIpu uccneposanuu ra 060raTMMOCTb Haubonee BaXHLIM
ABNAETCA IOBEAEHUE Kele30pYAHBIX MUHEePanos P pasnuyHoi o6pabor-
Ke NecKoB.

TexHONOrMYECKMe UCOBITAHUR NMECKOB AR ABTOAOPOXHOIO CTPOUTENLCTBA
TPOBOZAT B cOCTaBe achansTo- U AerTe6eTOHHEIX cMecew, achansTo6eToNa v fer-
Te6eTORa, UX BLITOAHAIOT CHELWaNU3NPOBAHHLIE OPraHWU3aLUu MO0 CTAHAAPTHLIM
METOAMKaM.

IIpu oueHke CHpbA ONMPERENAIOT MIOTHOCTS (MCTURHYIO M CPEAHI0N0), TOpUC-
TOCTD, BOROIOr/I0LEHNE, MOPO30CTOWKOCTD, ITPeAeN TPOYHOCTYU ITPU CHATUY U APY-
r'Me mapameTpbl. ITW NapaMeTpHl ONPeeNfioT B COOTBETCTBUM C HOPMATUBHBIMU
NOKYMEHTaMU, TPUBEAEHHIMU B TPUNOMEHUN.

. Pa3paboTKy v MONyNMpOMBILNEHHYIO IPOBEPKY TEXHONOTUU [IOAPOTOBKU ITPO-
U3BOAAT Ha CTEUMANbHLIX YCTAHOBKAX.
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T'nasa 5.5. IPHJIOEHHUA

Tpunosenue 1 (06asaressHoe)

TPYNIILT C10KHOCTU TOPHO-TEONOIMHECKUX YCN0BUN

DaKTopbl

| (npoctast)

1l (cpenHei
CNOXHOCTH)

1 (cnoxHan)

Teonoru-
veckue

NonesHas Tonwa
npeactaenexa 1-2
BUAAMY FPYHTOBLIX
CTPOUTENbHbIX MaTe-
PWarnoB BbIAGPKAHHON
MOUIHOCTYA 1 ORHOPOA-
HOTO COCTaBa

B noneaxoi Tonuwe
NpeACTaBMeHo A0 Tpex
BU10B [PYHTOBLIX
CTPOUTENbHBIX MaTe-
PV3N0B U3MEH4NBOI
MOLHOGTY ¥ HEOZHO-
POAHOro cocTasa

B noneaHoit Tonwie npepcTas-
NEHO [0 NATU BIAOB PYHTOBbIX
CTpoUTENEHBIX MaTepuanos
W3MEHYNBO MOLLHOCTH C BKNN-
HUBAHWEM CMOEB, C NUH3aMVY U
NPOCNOSIMIA HEKORAMUMUOHHBIX
TPYHTOB, BECbMA HEOLJHOPOAHO-
r0 COCTapa U KauecTea

Mapo-
reonoru-
veckve

MopaemHule sogbi
OTCYTCTBYIOT N He
BAUSIOT Ha ycnosust
paspaboTku

MNoneawan Tonua non-
HOCTBIO UNN YaCTUSHO
obeoaHeHa. MNogaem-
Hble BOAb! HECYL|ECT-
BEHHO OCAONHSIOT
ycnosua pa3paborkm

Moneaxas Tonwa nosHoCcTs0
0680AHEHa, BOOOHOCHbI ropu-
30HT (FOPU3OHTLI) MMEET HEBbI-
[AepXaHHbIA XapaKTep, MecTam
MOXET BbiTh HANOPHLIM, OC-
NOXHAET YCNOBWS pa3paboTku
W yXyaWwaeT KayecTso rpyHTo-
8bIX CTPOUTENLHBLIX MaTepha-
noB Npu ux pa3paboTke

£

TexHo-
reHHble

OrcyTcTayoT

OrtBanbi v 0TX0ab!
O[IHOpOAHOrO cocTasa -
nonesHas Tonwia npea-
CTaBneHa OfHAM By-
[IOM PYHTOBbIX CTPOU-
TenbHbIX MaTep1anos ¢
3aKOHOMEPHBIM 1X
hopMuposaHuem

OrBans! 1 0TX0Abl HEOAHOPOA-;
HOro COCTasa — B NONe3HON
TONLE NPeACTaBNEHo A0 Tpex !
BUI0B [PYHTOBEIX CTPOUTENb-
HbiX MaTepUanos C He3akoHo- |
MEpHBIM VX chOpMUPOBAHHEM, |
BK/MHVIBAKWEM CrICEB, C NWH- |
3aMU1 HEKOHAMUMOHHOI NOpoAY]

Cocros-
Hie n
ceolictea

CocTtas, cocTosHUe U
UINKO-MexaHneckue
CBOVICTBA IPYHTOBbIX
CTpONTENbHbIX MaTe-
pYanoa OIHOPOAHbIS B
nnaxe u no rybuxe;
[ANA OLEHKN KavecTsa
fAoctaTouHo nabopa-
TOPHbLIX ONpeaeneHui

CocTas, cocTosHMe ¥
(U3NKO-MEXaHNECKHe
CBOACTBA rPyHTOBbIX
CTpOMTENbHBIX MaTe-
PUanoB NIMEHRIOTCS B
nnawe v no rnybue;
[NR OLEHKM KavecTBa
HeoBXoauMo Bbinor-
HSATb, KaK Npasuno,
ONbITHbIE flONeBbIe
paboTsl

CocTas, COCTOsHME W DU3UKO- |
MexaHU4ecKe CBOCTBA rpyH- |
TOBBIX CTPOUTENbHBIX MaTe- |
pUanos BecbMa HEO[HOPOAHDI
W V3MEHRY1BbI B NPOCTPAHCTBS; |
QNS OLEHKN KaUeCTBa HEOBXOo- |
VMO, KPOME ONBITHBIX NOMEBLIX
paboT, BLINONHATL NPY COOT-
BETCTBYOWEM 0B0CHOBAHWM U |
ONbITHO-NPOV3BOACTBEHHbBIE
nccnenosanma. B nonesxon
TONWE UMEIOT OfParNYEHHOE
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[Npodonxerue npunoxerus 1

dakTopb! | (npocras) é'n(:)'::ﬂgf:) 1l (cnoxHag)
pacnpocTpaHeHme cneundude-
CKME TPYHTBI (BEYHOMEp3NbIE,
3aConeHxKble, C NPUMECHIO pac-
TUTENbHBIX OCTATKOB U Ap.),
u3yyeHne CBONCTB KOTOPbIX
TpebyeT AONONHUTENbHbIX UC-
cNepoBaHuin
leonomm-
:i;':te " WmeioT orpaHuieHHoe | IMeIoT Wnpokoe pacnpocTpa-
HepHo- pacnpocTpaHeHue n HEHME, OCROXHSIKOT CUCTEMY
reonom- OrcyTcTByior CYLECTBEHHO He OC- pa3paboTku, TpebyeTcs ocyule-
weckne TOKHSOT CHCTEMY CTBIEHUE JALLNTHBIX MEPO-
npouec- pa3paBoTku NPUATWIA U OTPaHUYEHIN
Cbl
B KauecTBo rpyHTOBbIX CTPOM-
KauecTso rpyHTOBLIX | TEABHLIX MAaTEPWUAN0B U3MEH-
KavecTso rpyHTOBbIX CTpouTeNbHbIX MaTe- | |4MBO B NNaHe U No ry6uke u
CTpPOUTENbHBIX MaTe~ | pUanoB He no BCem 663 OCyLUECTBNEHNA COXKHBIX
. puUanoe oTBevYaeT Tpe- | nokasaTensM OTBEYAET | METOA0B TEeXHNYECKOI Menuo-
Moxasa- BosaHuaM HopmaTuB- | TpeBoBaHWAM HOpMa- | pauun MaTepuanos He NPUroa-
Teqm HbIX [OKyMEHTOB MO TMBHBIX IOKYMEHTOB NO | HO ANS yKNaaxm B 3eMNsHoe
\aviecTaa | IPOEKTMPOBaKMIO 3em- | MPOSKTUDOBAHMIO 3EM- | COOPYXEHUe: Nocne ocywecTa-
NSHBIX COOPYKEHWIA, B | NAHBIX COOPYKEHNIA, NEHUsT TEXHUNECKON Menuopa-
: TEXHU4ECKON Menuo- | TpeByeTCs OCYILIECTB- | UK rPYHTOBbIE CTPOUTENBHLIE
pauum noTpe6HocTu Nenve NPoCTeMnX mMartepuansl He NO BCEM NOKa-
- HeT METOR08 TEXHUMECKO! | 3aTenam oTBevaloT TpeGosaHi-
Menuopaunu SIM HOPMATUBHBIX JOKYMEHTOB
' NO NPOEKTUPOBAHWIO
COoOTHOUIEHME MOLUHO- | MOW(HOCTL BCKpbiwM | MOU0CTb BOKPLILLM UIMEHYN-
CTE/i BCKpLIWN M NO- | 3HauuTenbHa v CooT-  |Ba B Il 48 U No ry6uHe, CooT-
Ne3HON TONWW He Npe- | HOLWEHUE C, NONE3HON | HOWEHWE C NONE3HON TonLen
’ sbiwaer 0,25, nones- | Tonwel HaxoauTCA B npesoiwaet 1,0; nonesHas
Has Tonwa umeert npeaenax 0,25-1,0; TONLLA UMEET HEPOBHY IO KPOB-
rOpHO- AOCTATOYHYIO U Bbl- norieaHas Tonuja us- 0 1 NoAowWBY, U3meH4ynBsa no
Texnudec | AEPXBHHYIO MOLIHOCTb, | MEHUVBA NO MOWIHOCTM | MOWWHOGTM, COCTABY W BUAAM
e O[HOPOAHa MO COCTa- |1 KAUECTBY, MECTaMU | rPYHTOBLIX CTPOUTENbHbIX Ma-

BY, NO3BONSET UCNOfb-
30BaTh achhexTUBHYIO
cucTemy paspaboTku
0TAenbHbIX BUR0B
rPYHTOBLIX CTPOUTENL-
HbIX MaTepuanos

MOLWHOCTb HeAoCTa-
TOYKAs, UTO OCNOKHAET
cucTemy pa3paGoTkn,
CO3paeT orpaHNieHns
C NPUMEHEHKEM MeXa-
HU3MoB

Tepuanos, cucrema paspaborkn
OCNOXHEHa U3-3a He0CTaTou-
HOW Y1 HEBbIEPKAHHOM MOLLHO-
CTW NONE3HOM TONLWM OTANb-
HbIX BUAOB rPYHTOBLIX CTPOU-
TenbHbIX Marepuanos
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Oxonuanue npunoxeHus 1

®daxTopbl

| (npocras)

It (cpeanent
CrOXHOCTW)

1l (cnoxHas)

TexHo-
noruve-
cKve

YKnapka rpyHToBbIX
CTPOUTENBHBLIX MaTe-
pUanos B 3eMNAHbIE

Yknagka rpyHTOBbIX
CTPOMTENBHbIX MaTe-
PUanoB B 3eMNsHbIe
COOpYXEHNA MeeT

coop He umeeT
OPEHUHEHNIA 1 OCIOX-
HEHWIA Y MOXET BblTh
ocyluecTeneHa ¢ npu-
MeHeHueM adhdexTue-
HbIX MEXaHWU3MOB, No-
TPeGHOCTM B BbINONHE-
H/K ONbITHO-
NpOU3BOACTBEHHbIX
WCCNEeaoBaHni Het

orpi ; He MOTyT
6bITb MCNOMbL30BAHLI
HexoTopbie ahdexTne-
Hble MeXaHWaMbl; Ans
onpeaenexns ontu-
MarbHIX cnoco6os 1
TEXHONOTY yKNaaKu
yenecoobpaaHo Bui-
NONHATL ONbITHO NpO-
V3BOACTBEHHbIE UC-
crenosaHua

Yknagka rpyHTOBbIX CTpou-
TeNbHbIX MaTepuanos B 3eMns-
Hble COOPYXEHUA BECEMa
CrIOXHA, C OrPaHN4BHUAMN 1
[AONONHUTENLHBIMIA MEpPOMpUsi-
TUAMK B TEXHONOMM; TpebyeT-
CA BLINONHEHWE, KaK NpaBuno,
TEXHUYECKOM MEenvopaLmm 8
npouecce Npon3soacTea paboT
¥ (M) NPOM3IBOACTSA OMNbITHO
NpOMaBOACTBEHHbIX UCCNeao-
BaHWUI N0 ONpeaeneHuo oNTu-
ManbHbIX CNOCOGOB 1 TEXHONO-
FUV YKNAAKW FPYHTOBLIX CTPOU-
TenNbHLIX MaTepuanos B 3emns-
HOEe COOpYXEHWNe

Ipumeuarue. TPYMIy CTLOXKHOCTH TOPHO-TEONIOTMYECKUX YCILOBUA MCCIERye-
MOV TIOWaAKM (YyacTKa) CNefyeT YCTAHABIMBATbL O HauGONbIIEMY KOMUYECTBY
(baKTOPOB, OTHOCAIUXCA K RAHHOI TpYMITe.
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Tpusoxenre 2 (pexomenayemoe)

Bupabt, xapakTepUCIUKA K YCA0BUA 0T60pa MPo6 rPYHTOBBIX

CTPOUTENbHLIX MaTepnanos

Buge! npob

XapakTepucTuka 1 ycnoeusa ot6opa npob

O6paatibl nopoa
(MoHONUTBI, WTYdbI)

OTEOp TUMMYHBIX U aHOMArbHBIX 06Pa3LOB CBA3HBIX M CKANbHBIX rpyH-
TOB HEHAPYLLEHHOM W HapyLUEHHON CTPYKTYPbI ANA ONPEAeneHns co-
CTaBa, COCTORHWA 1 CBONCTB

MocnoiHeie

OT61paloTCs Yalle HapYILEHHON CTPYKTYphi U3 OTAEMbHBIX NPOCAOES,
NMH3, CNOEB MOLHOCTBIO A0 2-5 M 13 BCEX BUAOB [PYHTOBbIX CTPOU-
TeMNbHbIX MaTepUanos kax NOME3HO! TONLM, TaK W BCKpbILIHBIX NOPOA
NS OrpefeneHus CoCTaea, COCTOSHUSA 1 CBOMCTB OTAEMbHLIX BUAOB
PYHTOBbLIX MaTepuanos

MomnTepeancHbie
(CeKuMoHHbIe)

Or61paloTCA TONLKO HAPYLIEHHOW CTPYKTYpb! U3 BCEX BUA0B OAHOPOA-
HbIX rpyHTOBbIX CTPOUTENbHbIX MaTepUarnos Kak 3HaYUTeNbHOM Mol -~
HOCTU (6onee 2-5 M), Tak U Npu NepecnanBaHi pa3HOPOAHbIX BUZ0B
W HEBOIMOXHOCTH UX paafenbHoi paspaboTiu. MouHTepeansHoe on-
poGoBaHue MOXeT AONONHATLCSH OTEOPOM NOCTONHLIX NP6

I'pynnosble (06be-

OT6EUPalOTCA U3 OAHOIO MK HECKOMbLKMX BUAOB IPYHTOBLIX CTPOUTENb-
HbIX MaTepuanos U3 OJHON UNM HECKONbKWX BbIPaBOTOK U3 HaBECOK,

[LVHEHHBIE) MPONOPUMOHANEHBIX UX MOLHOCTSIM, AN NOMYMeHYs QOCTOBEPHLIX
CpeAHUX XapakTepucTmx
Orv6uparorea Macch! rpy X CTPO HbIX MaTe-
PUaroB 13 OHOM UNW HECKOMBKUX NPeACTaBUTENbHLIX BbIpaGoToK AnA
Monyaasoackue OMbITHO-NPOV3BOACTBEHHBIX UCNILITAHMUIA NO YCTAHOBNEHWIO BO3MOXHO-
(TeXHONOrnYeckne) | CTv M METOAO0B TEXHUYECKOI MENMOPaLUN UAW ONTUMANLHLIX COCO-

BoB 1 TEXHONOMKU YKNAAKWA rRYHTOBLIX CTPOUTENbHbIX MaTepuanos 8
3EMNAHOe COOpYXeHue
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Cnpc BOYHUK COBPEMEHHOrO U3bICKATeAs:

Mpunoxenre 3 (pexomenyemoe)

Crioco6xt u ycnosua oréopa npob
TPYHTOBLIX CTPOVTENLHBIX MATEPUAI0B

CnocoGel orGopa npo6 Ycnosua otGopa npo6

O160p NpeacTasnTenbHbIX (XapakTepHbiX) UMK aHOMaNbHbIX
(3arpasHeHHbIx) 06pa3LoB NOpOA HEHAPYLLEHHON U HApYLLEH-
ToueuHbIn HOW CTPYKTYphl (MOHONUTI, WTydbl 4 T.N.). MpUmeHseTCA Npn
HeobXoANMOCTM ANs BCEX BUROB MPYHTOBbIX CTPOMTESbHBIX

pl )8 B KO! C ApYrumm Bup; onpo6osaHus

MNpumenseTcs AN 0T60pa NOCNOMHBIX, NONHTEPBaNbHbLIX
(CEKUMOHHBIX) M FPYNNOBLIX (06 BLEAUHEHHBIX) NPO6 BCEX BU-
AOB MPYHTOBLIX CTPONTENbHBIX MaTephanoa, 3a NCKYEeHneEM
CKanbHbeIX MpyHTOB, NOCPEACTBOM BKNOHYEHUA B HAYaSbHYHO
npoBy BCero U3asiekaemMoro U3 BbipaboTku UNK UX rpynn ma-
Tepuwana, npy HeobxoaNMOCTH C NOCNEAYIOWMM COKpALLERN-
eM KBapTOBarWEM UMM UHBIM CNOcO6OM A0 KOHEYHOW MACChI
npo6 (npunoxeHnue X). 31oT cnocob oT6opa npob paccmar-
pvuBaeTCsa B Ka4eCcTBe OCHOBHOIO, TaK Kak no3sonaer obecne-~
4uTb Hanbonee AOCTOBEpHbIE CpeaHue nokasaTenu kavecTea
TPYHTOBbIX CTPOUTENbHbLIX MaTepuanos

Banosbii (nocnoiiHo-
MHTEPBaNbHLIN)

Wcnonb3yeTcs ans 0160pa Npo6 ckanbHbIX NOPOA U MUHK-
CThIX FPYHTOBBIX MATEPUAN0B ¥3 YCTOAYMBLIX CTEHOK Bbipabo-
TOK NOCPEACTBOM Npoxoaku 6opo3abi WMpWHOK 10-20 cm v
rNy6uHOMA 5-10 CM UM MHOTO CEYEHUS C UENbI NONyYeHUs
HeoBxonumon maccel Npo6. MpumeHseTcs Jauie 8 komnnexce
¢ Apyrmu criocobamu onpobosaxus

Bopo3gosbii

MpuMeHseTes ans oT6opa NPoS CkanbHbIX NOPOA U FNUHK-
CTbIX FPYHTOBbLIX MaTepuanos U3 kepHa GypoBbIX CKBaXUH
NOCpeACcTBOM Cpe3a No erc ANUHe OANHAKOBOID CeYEeHUs He-
3apnpKoBbIi o6xoaumoro ofbema matepuana. McnonsayeTcs peako u
06bIYHO B KOMNNEKCE C ApyrMU crocobamu onpoGoBaHus ¢
UenbIo ONpeneneHnR OTAENbHbIX NokasaTeNei CBOANCTB rpyH*
TOBbIX CTPOUTENbHBLIX MaTepuanos !

Brniouenye B Ha4ankHyo Npoby marepuana kaxanoi 2, 4, 8
nnm 10 6apby, N3BNEKaeMon U3 Wypda (AyAKN) COOTBETCT- .
«KparHoi Ganbu» BeHHO 50; 25; 12,5 unu 10% onpo6yemoro matepuana. Mpu-
MEHAETCA NPEMMYLLECTBEHHO npy 0T60pe Npob KpynHOOGNo-
MOUYHBIX FDYHTOBbIX CTPOMTENBHLIX MAaTEPUANoB U OTXOROB
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Pazaen 5. V3biIckaHUS rPYHTOBLIX CTPOUTEABHBIX MATEPUAACB

Tpunoxenne 4 (pexomengyemoe)

Macca npo6 ana n1a6oparopHLIX ONPEAEIEHUN U TEXHONOTUYECKUX
WCTIBITAHU TPYHTOBBIX CTPOUTENLHLIX MATEPUanos

Komnnekc naGo-
paTopHbix onpe- Buab! dyHTOBbIX Macca npob, Cranum (3aTansi)
Bugp! npo6 [enexuii n 1ex- | cTpouTenbHbIX MaTte- . PO, npoexTuposa-
HOMnoru4eckux pwanos Husa"
UCNBITAHUIA
> MpennpoekTHas
Of bl N HHBI W) 0 1-
Gpaauel NopoA | CokpaLLeHHbIi Bce Bugs! Pt 5 AOKyMeHTaUMA
FnuHUCTBIG, Necua-
N Hble, OTB; XOAb!
Mocnoie, 6ef'raep:2::'5%we:
NOUKT! Nb- -
u::e MerDBfm: To xe HUI, OTCEeBbI NecYa- 2-5 To xe
auie 34 HbIX Ppakuni u3
KpYNHOOGNOMONHBIX
rpyHTOB
Kpyn+Hoo6nomouHbie,
necyaHbie, 0TBank!,
To xe —— OTXOAbI C BKIKOME- 10-30 —»—
HUAMU pasmMepoM 0
40 mm

To *e ¢ BrIIoYeHEM
i - paamepom Ao 100 mm 50-70 -

MpoekT 1 pabo-
O6pas3upei nopog | MonHe Bce augbi 2-30 Yan AoXyMeHTa-
uust

FnnHKCTBIe, Necya-
Hble, OTBabi, OTXOAb!
6e3 TBEpPAbIX BKNKOYE-
To xe HWA, 0TCeBLI Necya- 5-10 To xe
HbIX dhpakuuin 3
KPYNHOOBNOMOUHbBIX
rpyHToB

Mocnoinste,
nouHTepBans-
Hbl€ U rpynno-
BbIE

KpynHooGnomouHbie,
necYaHble, 0Tsankbl,
To xe —— OTXOAbI C BKNKOYE- 20-50 ——
HUAMY paamepoM A0
40 mMm
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CnpaaquMK COBPEMEHHOIO M3bICKATEAS

OkoHYyaHue npunoxeHus 4

Komnneke nabo-
paTopHbIX onpe- Buab! cyHTOBbIX Craguu (3Tans!)
" Macca npob,
Buael npob Denexvii n Tex- | CTpoUTenbHLIX MaTe- « npoexTuposa-
HONOMAYECKUX puanos Hus
vCNbITaHWi
To e ¢ BIIIOYSRUAMY
- - paamepom g0 100 Mm 50-100 i

MonHbIA U Tex-

gz:x;iz‘:ﬂﬁ:e Honoruyecikne Bee svap! 200010000 | PaGo4as Aoky-

cue) UCAbITAHUS nbonee |meHTauus
(n. 5.12)

* Ilpu 060CHOBaHMM B MPOTPaMMe M3bICKAHWA BOMYCKAITCA OTKNOHEHWA

(m.m. 6.217.3).

Tlpumeuarue. Macca npo6 CKaIbHBIX MOPOR YCTAaHABAMBAETCA B NPOrpamMMe
(mpeamucanumM) M3bICKAHWA C y4eToM Crmoco6oB ux or6opa (mpunoxenue E) u
KOMIUIEKCa 71a60PATOPHEIX ONPeAeieHui U TEXHONOTMYeCKUX UCTILITAHUA.



Pazaen 5. U3bickaHus FPYHTOBLIX CTPOUTEALHBIX MATEPHAACE

Ipunoxenre 5 (pexomerayemoe)

Buant 1a60paTOPHLIX ONPEAeNEeHHIA COCTABA, COCTORHUA U CBOMCTB
TPYHTOBLIX CTPOUTE/ILHBIX MATEPUanos

Komnnekc Bupabi rPYHTOBBIX CTPOUTENbHBIX MaTepuancs
nabopa- | naGoparopHsle onpeaene-
TOpHbIX Hust - | Mecua- | KPYMHO- | oy, | OTBANEL
onpeaene- cThie Hbie obno- wpe | 1 OTXO-
HWA MOYHbIE Al
Cokpate- | IpaHynomeTpudeckmit + . . _ .
HblW cocras
FpaHuubl TekyuecTn 1 pac-
Toxe KaTbIBaHUA * h A
—_—n— MpupoaHas BNaxHOCTb + A3 a3 a3 A3
—n— MNnotHocTe a3 a3 a3 + A3
—n— MNOTHOCTL CYXOro rpyHTa a3 A3 a3 + a3
—»— | 3aconeHHocTs A3 A3 A3 — A3
Copiepxahiue pacTutens-
HbIX OCTaTKOB ae " L a
—»— Habyxanue n3 — a3 — n3
KoachcpuumeHt duneTpa-
—»— | UMM NpY 3aaHHOW NNOT- a3 a3 a3 — 3
HOCTH
= | FpanynomeTpuueckuit
MonHbIA + —
cocTaB + * *
To xe MukpoarperaTHbiti cocTas + - - — a3
—»— | Netporpacuiecimit coctas | — — + + a3
—»— | Munepanoruseckuit coctas | a3 A n3 - n3
Banoebiit xuMu4ecKuin
» cocras A3 A3 A3 a3 a3
Fpanunubl TekyqecTu u pac-
” KaTbiBaHnsa + A A
—»— | [pupoAHasi BNAaXHOCTb + + + a3 +
l‘mgpocxonuqecxaﬁ W Ka-
” NUANSpHas BNAXHOCTb a2 hs as

533




CﬂpGBOHHMK COBPEMEHHOIO U3bICKATEAS

lpodonxerue npunoxenus 5

Komnnekc Buab! rpyHTOBLIX CTPOUTENbHBIX MaTepuanos
na6opa- | fagopatopHsie onpeaene-
TOPHLIX WSt P | Mecva- | KOYMHO- |y, | OTBNG
onpeaene- cTbie Hble obno- Hoie | Y OTX0"
HWiA MOUHblE abl
—n— MNnotHocTb + + + + +
—»— | NnoTHocTk cyxoro rpyHTa +. + + + +
—»— 3aconeHHoCTs a3 [3 n3 — n3
CopepxaHue pactutens-
—_ 3 3 a —
HbIX OCTaTKOB A A A A
—»— Habyxanve a3 — n3 —_ a3
KoahpMumeHT duneTpa-
—r— Uuv Npv 3agamHHoi NnoT- A3 + A3 —_ A3
HOCTU
laKcumansHas Moneky-
—_—— M kY- A3 a3 - - a3

N/PHAR 3NaroemMxKocTb

. |Maxcumanenas nnotHocTs N . m _ s
¥ ONTUMAnbHas BNAXHOCTb A

TMAOTHOCTL 8 MaKCUMarnbHo

—— NNOTHOM ¥ PEIXIIOM CO- -_ + A3 —_ A3
CTCRHUA
MNoTHOCTL HacbIfIHOrO

—— — — o3 — A3
rpyHTa

—— MNOTHOCTbL YaCTUU, TpyHTa + + n3 - n3

Yron ecTecTseHHoro oTko-
—— ca (B 803AYLIHO-CYXOM — + n3 —_ A3
COCTOSHUM 1 NOA BOAOW)

Monweit | PacTBopuMocTb — - a3 a3 n3

Toxe Pa3amokaemocts A3 _ —_ — A3
YgensHoe Bogonornouse-

» e o3 + a3
CopepxaHue cnabbix no-

—— — — + — J:t]

poA

KoacbpmrumeHT sbiserpe-

"~ |noctu A3 A A3
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Pasaen 5. UsbickaHus rpyHTOBLIX CTPOUTEAbHLIX MOTEPUAAOB

OKOHYaHUe NpunoXeHus 5

Komnnekc Bugbl TPyHTOBBIX CTPOUTENbBHbLIX MaTepPUanos
nabopa- | nagoparopHeie onpeaene-
TOPHbIX Hyst Frmam- | Necua- Kp%'nho- Crane- | 0T8B!
onpeaene- cTbie woie | 09N | e | VOO
Hu MOYHbIE obi
Copepxanue dpakuvii
—n nNacTuHYaTon u newas- — — + - a3
HOI ChOPMbI
OKaTaHHOCTb U chopma
"~ |sepen A3 Al a3
—_—— Mogyne kpynHocTu —_ + A3 - a3
—_— Mopo30CTONKOCTL —_ — A3 A3 A3
—n— WctnpaemocTs - - A3 A3 A3
—»— NunkocTs + — A3 — a3
OTHOGUTENBHOE MOPO3HOB
- nyueHne a3 A3 a3
CX1MMaeMoCTb Npu 3aaaH-
—»— | HOIA NNOTHOCTU U BNAXHO- a3 ns ):<] — ]
c™m
Conpot1ereHue Cpeay npu
—»— | 3agaHHoi NNOTHOCTY 1 a3 a3 s - s
BIIAXHOGTHU
BpemeHHoe conpoTuene-
. HWE O4HOOCHOMY CXaTunio 8 . —_
" BOAOHACILEHHOM U BO3- A3 A3 a3
[[YWHO-CyXOM COCTOSHUMU
0603HaueHus:

+ ONpepeNeHUA BHIONHAIOTCA;
— ONpeReneHus He BHITONHAIOTCA;
«A3» — OMPEAENEHUA BLUTONHATCA IO AOTIONHUTENLHOMY 3aAaHUIO WK TPe-
60BaKMI0 OTPACNEBLIX HOPM.
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Pazgen 6. TEOOU3UYECKUE,
THIPOXUMHUYECKHUE,
PAZTUOTUIPOTEOJIOTHYECKHE
W JIPYTUE BUJIbI UCCJIEJJOBAHUI

B HacToAljee BPeMA OCHOBHAA leNb MOOBIX PMAPOreonoruyeckux uccnenosa-
HUW — oBecrieyerve YCrEeWHOro HayYHOo 060CHOBAHHOTO PELIEHUs [OCTABIEHHBIX
33pay¥ NP MUHMMANbHEIX 3aTpaTaX TPYA3, BPEMEHU w CPeacTs. 3To TpefoBaue,
COOTBETCTBYIOLIEE OAHOMY M3 OCHOBHBIX NPUHLUMOB TE0NOTOPa3Bef0YHOr0 Tpo-
11ecca ~ MPUHLMITY HAaUMEHbIIUX TPYAOBBIX U MaTEPUaIbHBIX 3aTpaT, obecneuusaer-
€5 B KQXOM KOHKPETHOM C/lyMae nyTeM 060CHOBAHHOTO BLIGOPA ¥ OCYLECTBNEHUA
Haubonee pauMOHANbHOTO B PACCMATPUBAEMbIX NPUPORHLIX W IKOHOMUYECKUX Ye-
NOBUAX KOMIUIEKCA I'MADPOT'e0NOrYECKUX Y APYTUX BUAOB UCCNIEA0BAHUA.

Teonoruyeckas v 3X0HOMUYECKaA 3PDEKTUBHOCTD BHIIONHAEMBIX UCCIEA0BA-
HWI CYLECTBEHHO MOBHIUAETCA NMPU PA3yMHOM W OGOCHOBAHHOM COMETaHWW W
NPaBUNBHON MOCNEAOBATENbHOCTY BLIONHEHUA DPa3fIMMHBIX BUAOB TWAPOreOso-
PUYECKUX, Fe0hU3NIECKMX, TUAPOXUMUYECKUX, AAEPHO-PU3UYECKUX W APYTUX UC-
CNnepoBaHuit; Py 3ameHe 6oNee 10POTOCTOAMX Y ANUTENbHLIX 10 BPEMEHU PO~
BEAGHUR BUAOB UCCNEN0BAHNA Gonee feueBsMu 1 GLICTPEIMU MeTORaMK Ge3 cHu-
EHUA WK TIPU AOMIYCTUMBIX Tpefienax CHWKEHUA AOCTOBEPHOCTU MONYYAEMbIX
PEe3yNbTaToB, NPU 06ecneyeHinu BIaUMOKOHTPONR Pe3yNbTaToB UCCNEA0BAHUI Pa3-
NWMYHBIMWU METOAZMU M YCNOBUI ANIA VHTEPIOALMU W SKCTPANONANVN Pe3yNbTa-
TOB, BBIMONHAEMbIX B OTAE/BHBIX TOYKaX Gonee AOCTOBEPHBX W AOPOrOCTOAMK
BUAOB UCCNEA0BaHUIA HA BCI0 U3yYaeMylo TePPUTOPwIO; Tpn Gonee MOAHOM wC-
MONb30BaHUN Paspewmaiolleit crocobHOCTM U BOIMONKHOCTEN KAXAOTO U3 BUAOB
TIPUMEHACMBIX UCCNEA0BAHUMA U T. A,

Heo6x0nMMOCTb KOMINEKCUPOBAHUA Pa3NUIHHIX BUL0B UCCNEN0BAKWI, KPOMe
TOrO, ONpeAenseTca GONbUION LIMPOTOR U CiendNKON KpyTa BONPOCOB, KOTOPLIE
NPUXOAUTCA pewarth NPU TMAPOTeoNorudeckoM U3y4eHUn MeCTOPOXAEHWA MOA-
3eMHBIX BOJ. )

Han6onee 6narompuaTHble BO3MOKHOCTU AR 3QDEKTUBHOTO COYeTanMs COb-
CTBEHKO TWAPOTeONOrYeCKUX W BCIIOMOTaTeNbHEIX METON0B UCCNeA0BaHUN (a3po-
(OTOCHEMKA, UHAMKALVOHHbIE HAGMOAEHNS, TeodN3MeCKMe METOAL UCCNIeA0BaH N
W Ap.) NPEACTABNAIOTCA HA NEePBOHAYaNbHBIX 3TaNaxX U3YYeHUA (PervoHalbHbE W
TOUCKOBO-CHEMOUHbIE PAaBOTH, NpefiBapuTeNbHas Pa3BenKa), KOTAA 3TU UCCEA0BaA-
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Pasaen 6. Feouanueckue, rmAPOXVMUAYECKUE, PAAUOTUAPOrEOAOTUHECKME. ..

HUA IPOBOAATCA HA 3HAYUTENIBHBIX INOWAAAX, B MACCOBOM KONUYECTBE U Ipu Golee
HU3KUX TPe6OBAHUAX K UX AOCTOBEPHOCTW. OjHAKO 3TO He UCKIIOYAeT BO3MOXKHOCTU
MX 3Q(GEXTUBROTO UCTIONL30BAHUA W Ha TIOCAEAYIOLUX CTAAUAX U3YYEHUS U PEONIO-
rO-NPOMBILIIEHHON OLEHKM NOA3EMHLIX BOA, TeM Bolee, YTO TEXHUKA U METOaMKA
CreiUaNbHBIX BUAOB UCCIEAO0BAHUI KENPePbIBHO COBEPUIEHCTBYITCR, @ UX paspe-
napllas Coco6HOCTb U 3PPEKTUBHOCTL PUMEHEHNA BO3PACTAIOT.

T'nasa 6.1. TEOOH3UYECKHE METO/IbI
IIPH THAPOTEOJIOTHYECKUX MCCJIENOBAHHAX

Teoumaundeckue Meronst npuobperalor Bce Gonbliee 3HAYEHWE NPU pelreHun
CaMblX Pa3HOOGPa3HEIX 'MAPOTEONOTUYECKUX 33Aad MPAKTUYECKU HA BCEX CTAAUAX
TIPOBEAIEHUA TMAPOTEONIOTUNECKUX UCCNeAOBaNUA. MX OTHOCUTEenbHAA AewleBu3HA,
HaNuyue CepuUMHO BBITYCKaeMO annapaTypsl, TPOCTOTA U OEPATUBHOCTb NIPOBEAE-
HWS UCCNEA0BAHUN, BO3MOXKHOCTb MOBLILIEHWA Pa3pelaloleit ClIOCOBHOCTH U CTe-
TIeHW ACCTOBEPHOCTY 3 CYeT KOMINEKCUPOBAHUA Pa3NUYHBIX BUAOB reobusnyec-
KUX MCCNEN0BAHMI MeXAY COBOM W ¢ TMAPOTe00rMIecKMMU METOAAMU, BEICOKAs
reonoruyeckan HQOPMaTUBHOCTb U HEKOTOPLIE ApYrve (GakTopsi NPeAOTpefensioT
GoNnbluMe NEePCIeXTUBL U BEICOKYI0 IKOHOMNYECKYI 3QPeKTUBROCTS NPUMEHEHUA
reodu3nyeckux METOAOB NPU CUAPOTreONOrYEeCKUX nccnenoBanuax. Ilinpoxoe BHe-
AperUe reopuU3nyeCKUX METOAOB B IIPAKTUKY NOUCKOBO-Pa3BEAOYHEIX TUAPOreono-
TUMEeCKUX paboT — OAMH W3 DEanbHHX MyTel TIOBLILIEHUA WX TEONOTMYECKON W
IKOHOMUYECKON 3DPEKTUBHOCTH, COKPALie HUA MATEPUANbHLIX, TPYAOBLIX U BPeMEH-
HbIX 3aTPar, MOBLILIEHUA [POUIBOAUTENLHOCTY TPYAA.

OAHUM 13 OCHOBHBIX YCILOBUIA, OTpesensiomux 30 GexTUBHROCTb BHIONHAEMbIX
WCCNeA0BAKNIA, 0COGEHHO HA CTAANN MOMCKOBO-CHEMOYHEIX PAGOT, ABNAETCA ONe-
pewaiouee nposeneHue reodusnyeckux pa6or. OHo o6ecrieyusBaeT BOZMOKHOCTU
KOpPeKTUPOBKU 06bEMOB U Gonee neneHanpaBleKHOTO BHIIONHERUA OCHOBHBIX
AOPOTOCTOALIMX BUAOB UCCNEA0BAHMIA (TTOUCKOBO-PA3IBEAOIHOr0 GYPEHUA 1 ONPO-
60BaKMA CKBAKMH). ITO, TEM He MeHee, He UCKIIOWAET BOIMOXHOCT 1 HeobXonu-
MOCTU TPOBEAEHUA OTAENbHBIX Fe0pU3NYECKUX PabOT ORHOBPEMEHHO WiV NoCne
TWADOreonornyeckux. JIpumenenve reodnsndeckux MeToRoB, Kak U3BECTHO, OC-
HOBAHO Ha UCIIONbL3OBAHWUU €CTECTBEHHBIX UM UCKYCCTBEHHO CO3aBaeMblX husu-
YeCKVX TONeft: MATHUTHOTO U TPABUTALUORHOTO TIoNeit 3emm (maruuropassesxa
 TpaBvpa3Besixa), ECTECTBEHHHIX MM UCKYCCTBERHO CO3MABAEMEIX 3NEKTPOMAr-
HWTHBIX TONew (3/1eKTpopasBesika), onei ympyrux xonebanui (ceitcmopassen-
Ka), TEPMUYECKNX NTONen (TePMOMETPUA); TIONEeH OPEONOB PAaCCesHUA OTASNbHLIX
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CRpaBO4HIK COBPEMEHHOTO U3bICKATEeAsR

371eMeHTOB (PaAiuOMeTpUIecKue u RAepHo-husudeckue MeTonst). Usyuerue stux
Tionei, BHIABNEHUE U UHTEPNpeTaNyuA reodusuueckux aHomManui, npeponpenense-
MbIX 0COGEHHOCTAMM PEOJIOTUMECKOTO CTPOEHUA U TMAPOTEONOrIeCKUX YCNOBUA
M3y4aeMbIX 06bEKTOB, KaK pa3 U ABIRIOTCA TOW OCHOBO/, HA KOTOPOR 3WKAETCA
TIPUMEHEHUe reopU3UYeCKUX METOR0B UCCNIeA0BaHH B TUAPOre0NoTHU,

B 3aBUCUMOCTH OT YCNOBUW NPUMEHEHUA BLIAENANT Ha3eMHbe reodusuyec-
Kue uccnepoBaus (monepan reodusuka) u reopusndeckue ucCnenoBaHus B ckea-
#uHax (6yposaa reoguanka). Hasemusie reoduanueckue UCCIEp0BaHUA (3NEKT-
POpa3Bepxa, ceiicMopasBeAka; MarHUTOpa3BeAKa, rpaBupasBeaka u Ap.) UMewT B
OCHOBHOM NMNOWARHOW XapaKTep U WUCMONb3YIOTCA INABHBIM 06pa3oM Npu NpoBe-
AEHUM TIOUCKOBO-CHEMOMHLIX PabOT U U3YYEHWUU rUAPOre0NorUYecKuX YCNoBuit
Mecwopomnenun TION3eMHbIX BOA C nonepxuocm

Teo(M3nuecKue UCCNENOBAHUA B CKBAXMHAX MPOBOAATCA MPAKTHYECKU HA BCEX
CTapUAX U3YYEHUA IOR3EMHBIX BOJ, HO Pe06NafaloT Ha CTagUAX NPeRBapUTeLHOM
W eTIbHOR Pa3BeAKU U 3aK/MOYAIOTCA PNABHbM 06pa3oM B OCYMECTBNEHUN Da3-
JIMYHBIX BUAOB KapPOTXHBIX PaboT. OHW MCMONB3YIOTCR WIA U3YYEHUS U KONUME-
CTBEHHOM OLEHKU pa3pe3sa CKBAXMH W 0BecnieuuBaiT HaseMmHbie reoduanyeckue
MCCNepoBaHUA OCHOBOM AUIA reoNorHYeckon IPUBA3KU TIONYYAEMBIX PE3YNbTATOB, a
TalKe TapaMeTpUYeCKUMU 3HAYCHUAMMU GU3UIECKUX CBOWCTB FOPHAIX MOPOA (Ans
WHTepnpeTauuu pe3ynsTaros). B ceowo ouepenb HazemHbie reopuauyeckue uccne-
NOBaHUA 0GeCNeYnBaT 0GOCHOBAHHYI0 SKCTPANONALUIO TUADPOTEONOrNYECKUX 110~
Kasarenei, BHABIAEMbIX B Pe3yNbTaTe KAPOTaKA CKBAKMH.

Hasemuble reodusuveckue Meroant. Haubonbiree pacmpocTpaHeHue' s
TIPAKTUKE PUADOTEONOTUYECKUX UCCTIEflOBAHU I TIONYIUNU METOAbI 3NEKTPOPa3BER-
KW, OCHOBAHHbIE Ha U3YYeHUU eCTECTBEHHBIX M UCKYCCTBEHHO CO3/\aBAEMbIX Nepe-
MEHHBIX U TIOCTOAHHbIX 3NEKTPOMATHUTHEIX Noneit. Cpeau MHOTOMUCNEHHbIX Me-
TOZ0B 3N1€KTPOPa3BeAKU Hanbonee 3GHEKTUBHLIMU ANA PELIEHUR TUAPOrEONOTH-
JecKuX 3apay ABNAIGTCA T€, KOTOPHIE OCHOBAHB HA U3YYEHUM NOJIeH NOCTOAHHOrC
TOKA: BEPTUKANLHOE 3NeKTPUYecKoe 30HAupoBaknue (BI3), anekrpuyeckoe npoq»u-
nnposanue (31T) n MeTop BEI3BaHHOW MONAPU3anuu (BII).

Meroast B33 u 311 mo3BonAoT Ha OCHOBE OMpefeNeHUs KaXyleroca COmpo-:
TUBNEHUA CPERLI CYAUTD O IMTONOTO-NETPOrpPadUIECcKOM COCTaBE NOPOR, UX BAAM-
HOCTK, BeTUYUHE MUHEPANU3AL UK TIOA3EMHBIX BOJ, BORHO-(PU3UYECKUX CBOACTBAX
TOpop, CTENEHW UX TPEMHOBATOCTM M T. M. KonuyecTBeHHas MHTeprpeTanus’
AaHHuX B33 u 9 ocywecTBAAETCA C MOMOLLI0 TEOPETUYECKU PACCUUTAHHBIX Na-
NIETOK, 3MITUPUIECKUX 3aBUCUMOCTEN U KODDENAUNOHHEIX CBR3EH MEMAY U3Mephe-
MbIMK FeODUIUMECKUMU U ONPEReNAeMbIMU THAPOTE0N0rMIECKUMU NTapaMeTpaMu
W APYruMu criocobamu.
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OCHOBHLIMMU TMAPOrEONOTUYECKU MU 3aNa4aMM, DK PELIeHUH KOTODLIX 3hbeK-
TUBHO ucmonp3osaiue B33 u 311, asnaloTca: 1) usyyenue rnybuHbL 3aneraHus
KPOBNW OMODHOTO 37IEKTPUYECKOTO TOPU3OHTA, KOTOPLIA HA Pa3HBIX y4acTKax Mo-
XeT 6HTb NpeACTaBNeH BOAOYMOPHBIMU AU XOPOWIO GUNILTPYOUMU 06pasoBa-
HUAMU — KPUCTANNUIECKUMU TOPOAAMU GYHAAMEHT], ROUETBEPTUYHBIMU NOPOAA-
MW, IEPEKPLITHIMU YEXI0M HAHOCOB N T. IL.; 2) ONtpepeneHue PnyGuHLL 3aeranua n
MOIIHOCTW T'OPU3IOHTOB PAa3NUYHBIX TOPHLIX NMOPOA, CNATAKIUNX IeONOrMUECKUR
pa3pes, B TOM YUC/e BOAOHOCHBIX M BOROYMOPHLIX; 3) KaPTMPOBAHUE N U3YYeHUe
TeKTOHUYECKUX HApYMIeHUA U 0GBOAHEHHHIX 30H NMOBLIEHHON TPEUHOBATOCTH;
4) U3yueHne UTONOTUYECKUX OCOBEHHOCTEN ropHbIX NOPOA paspesa; 5) onpese-
JIeHMe MUHEeDann3auuu TIOA3eMHbIX BOA U 3aCONEHHOCTU NOYB W NOPoA; 6) Bhige-
neHue yuacTKOB, OAHOPOAHBIX TI0 Fe0N0TUYECKOMY CTPOGHNMIO (palitOHUPOBaHKE N0
YAENbHOMY COMPOTUBNEHUIO FOPHLIX NMOPOR); 7) BLIABAEHWE BOROYNMOPHLIX WAW,
Ha060pOT, XOPONIO PUNLTPYIOWUX POPUIOHTOB TOPHLIX MOPOA CPEAN MOKPOBHEIX
o6pa3zoBaiuit; 8) onpepenenue TAYEUHB PACTIPOCTPAHEHUS OTKPHITON TPEWMHO-
BaTOCTY NTOPOA M MOLWHOCTU KOPHI BLIBETPUBAHUA U AD.

. Merop Bh13BaHHOM Nonspusanuu (BII) nenecoo6pasHo uCnonb3osaTh ANA peute-
HUA CeAyoWMX 3apay: 1) u3ydenue IAyGUHL 3a1€TaHUA U MOLWHOCTU BOJOHOCHBIX
W BOROYMODHEIX TOPU3OHTOB; 2) OlLieHKa O6lleit MUHepanu3aluu NOA3EMHBIX BOG U
3aCONEHHOCTU NTOPOA 30HHT aspauuy; 3) usyyeHue NPOHULAEMOCTH NEPBOTO OT NO-
BEPXHOCTU BOJOHOCHOTO FOPU30OHTA U 060CHOBAHUA JKCTPAMONAL UM JAHHEIX OIIbIT-
HO-(UIILTPALMOHHBIX PAbOT; 4) OMpefeneHne NUTONOTUIECKUX 0COBEHHOCTE TIo-
POR ¥ INAJI0TMYECKOr0 paciNeHeHUA paspesa NecyaHo-FNMHUCTHIX OTII0KEH U, 0o~
6EeHHO B YCNOBUAX PACTPOCTPAHEHMR NECTPOM MUHEpaiU3auuu IOA3EMHBIX BOA.
B03MOMHOCTH ucnonb3osanua Metopa BII ana penienus rugporeonornyeckux 3apay
B Nponecce MONCKOBO-CHEMOYHBIX U PAIBENOYHBIX PAGOT CYueCTBEHHO PacLIMpA-
WOTCR NIPU KOMILIEKCUPOBAHUY €T0 C APYTUMU BUAAMU Feodu3uYeckux uccnenoBa-
HUi. Dy6UHHOCTb nccnefioBaHuin MetopoM BII e mpessimaer 100 M.

; A3 ppyrux MeTopoB INEKTPOPA3BEAKM, IPUMEHAEMEIX IIPU TUAPOTEONOruyec-
KUX WCCNeAOBAHMAX, CNeAyeT OTMETUTL METOR ECTECTBEHHOTO 3NEKTPUYEcKOro
NOAA (ONpepeNnenue MeCT NOrNOWEHUA U BLIXOAA BOAb HA AHE BOLOEMOB, obnac-
Tel UHQUNLTPAUUK aTMOCHEPHBIX 0CABKOB M Pasrpy3ku NMOA3EMHbLIX BOA B PhIX-
IIBK OTNOXEHUAX, TANUKOB, HATPABIEHUA U CKOPOCTU ABWKEHUA TIOK3EMHLIX BOR),
MeTOR 3apPAMEHHOT0 Tena (OnpefeneHne HanpaBNeHNA U CKOPOCTY ABKEHNS ITOA-
3EeMHBIX BOA), METOJ YacTOTHOTO 31eKTPOMarHUTHOro 3oHauposanus (MIM3) u
DPAAUOKOMITaPATOPHAIA METOR.

TecHas cBA3b CeMCMUIECKUX (YNPYTUX M MOTNONAIOWUX) CBOACTB POPHLIX TIOPOR
€ X QU3NKO-MEXaHUYECKUMU U BORHO-DU3NUECKMMU CBOWCTBAMMU MpepoNpenenser
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CnpaBOYHWUK COBPEMEHHOTO U3LICKATEAS

Gonbuie BOIMOKHOCTM W NEPCNEKTUBLL UCTIONb3IOBAHUA METOAOB CEMCMOPa3BenKY,
OCHOBAMHBIX HA TEOPUN PAaCNPOCTPAHEHNA YTIPYTUX KONebakuit B Pa3NNIHOA Ieono-
TUYECKO cpepie. 3T MeTOAb! JAIOT HanGonee TOUHbIe AAHHbIE O NONOXEHNN IPAKNL
TIOPOZ PA3NUUHOLO COCTABA U NOITOMY HAXOART OCOGENHO UIMPOKOE IIPUMEHEHME TTPK
WM3YYEeHUN CTPYKTYPHBIX OCOGEHHOCTeR TePPUTOPUI, paculenenun paspesa, BHIABIE-
HWW 30H TEKTOHUYECKUX HapYIIeHWiA 1 TPELIUHOBATOCTH, ONPeAeNeHnM INybuH 3ane-
FaHUA TPYHTOBBIX BOA, MEP3NBLIX TOPOA W (U3MKO-MEXAHUYECKUX CBOWCTB TOPHBIX
nopoz. BeaymmM MeTofoM ceRCMOpa3BeAKYM NPU pelIeHuu TMAPOreoNormyeckux 3a-
Bad ABNAETCA KOPPENAUMOHHDIA MeTOR TIpenomnerHbix sont (KMIIB).

Ipasupaszsedra, OCHOBAHHAA HA U3YMEHNU €CTECTBEHHOTO NONA CUNBL TAXEC-
TU, TO3BONAET CYANTH O PACNpefienelnm B 3eMHOA KOpe Macc pa3nuyuHO MNOTHOC-
TU %, CNeA0BATENbHO, O TEONOTO-TEKTORNIECKOM CTPOGHUU U3yYaeMoit nowanu.
B COOTBETCTBUM € ITUM IPaBUPa3BE/Na UIMPOKO NPUMEHAETCA TPU TEKTOHUYECKOM
PanOHNPOBAKUM, PU PELIEHNK CTPYKTYPHO-TRONOTUYECKUX 3aAaY M TTPU TTOUCKO-
BO-Da3BefjOYHEIX pabOTaX Ha pa3nudHble MONE3HEIE MCKOMAEMbLe.

B rupporeonorun rpasupa3Befka MOXeT UCIONb30BAThCA NTPYU Pellernu cne-
AYOLUX 3af34: 1) TMAPOreonoruyecKoe panoHUPOBAHUE TEPPUTOPUIA 1 KapTHPO-
BaHVWe CKNAAYATHX CTPYKTYD; 2) n3yyenue NMTONOro-nieTporpaduyeckoro cocra-
Ba ¥ IOTHOCTY TIOPOA Pa3pesa; 3) usyuexnue MOpHONOIUN KPOBAKM KPUCTALNEEC-
KUX Nopop QYHAAMEHTOB, ABNAIMXCA OCHOBAHWEM ANA apTe3naHCcKux bacced-
HOB, U TAY6UHbL €e 3aNeTanus; 4) BHIABIEHNE KapCTa, NorpeGeHHbIX PEMHBIX A0-
JIMH 1 30H MOBLIIIEHHOW TPELIMHOBATOCTY; 5) M3YdeHune CTPYKTYPHEIX ocoberHoc-
Tek MIOWAZeR, CNOKEHHBX KapGOHATHEIMU Y APYTUMMU 06Pa30BARUAMM.

Marnuropassefka OCHOBaHa Ha U3YYE€HUN OCOGEHHOCTEN reOMarHUTHOrO
ToAS, 06YCNOBNEHHBIX HEOAUHAKOBOA HAaMArHWYEeHHOCTbIO TOPHBIX ropoa. Ipu-
MeHeHWe MarNuTOpasBefkv B C'MAPOTeONOTMYECKMX LieNAX OCHOBAHO Ha TOM 06-
CTOATENbCTBE, YTO MHOTME TOPHBIE TOPOABL, XaPaKTEPUIYIOWUECA XOPOUIUMYU BOA-
HbIMU CBOWCTBAaMM, OGNAAAIOT OYEHb HU3KMMW MAarCHWTHBIMU CBOMCTBAMM. ITO
NIPeXAe BCEro MOPOAH! 0CaA0YHOr0 KOMITIEKCA — ITeCKU, MECUARUKU, NIBECTHAKM,
LBONIOMUTSHL U AP., KOTOPbIE TIO MArHNTHOM BOCTIPMUMYMBOCTH 3aMETHO OTANYAIOPCA
OT U3BEPKEHHEIX 06Pa3oBaHNiA.

MarsuTopasBeska oGbIYHO MPUMEHAETCA ANA PelIeHWA CNeAyioWwnX 3afay:
1) U3yueHune reonoro-TeKTORNYECKOI0 CTPOEHNA PANOKOB, 3aKPLITEIX MONOAKMU
OCaficYHBIMU OTNOKEHUAMU; 2) OTIpEAeNeHUue MOWHOCTU OTAOKEHWA mnardop-
MEHHOTO 4eXNa u TAYOMHE 3a51eTanUA KpucTannnieckoro pyHnamenTa; 3) nayge-
HWe COCTaBa MOPOp (yHpaMenTa; 4) BLIABNEHME TEKTOHUYECKUX HapyUIeHWH,
c6pocoB, AaeK, XNA W APYTUX CTPYKTYPHBIX IN@MEHTOB; 5) M3YYeHNe OCHOBHLIX
HaMpaBleHU! TPeIUHOBATOCTN M KAPCTOBLIX TTPOABNEHMA.
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Co3paKue BLICOKOYYBCTBUTENbHLIX MPOTOHKBLIX U KBAHTOBHIX MAarHUTOMET-
POB CO3[i3eT BO3MOXHOCTU UCMONb30BAHUA MaTHUTOPa3BEfKK NPU NMPOBEfEHUU
KPYMTHOMACIITAabHbIX CHEMOYHBIX PAGOT W NPU pasBeaKe MeCTOPOXAEHUN Nop-
3eMHbLIX BOA.

B npounecce rMpporeonoruyeckux u reopmsuyeckux pabor 4acTo HaxopuT
TipUMEHexue pagnoMeTpua. PagnomMeTpuieckue MeTOLbl pa3Beikn He OTHOCATCA K
reopunUeCKuM MeTOAaM B COGCTBEHHOM CMBICAE 3TOFO CNOBA, HO YacTO COMPO-
BOXJAAOT UX, 06/1€TYaR pelleHue NOCTaBNeHHbIX 3afay.

DUKCUPYR OPEONBI PACCEAHUA PAAMOAKTUBHEIX S1E€MEHTOB, COAEPIKALINXCA B TOD-
HbX IOPOJiAX, PAiMOMETPUYECKME METOAL PA3BeAKH (TaMMa-CheMKa W 3MAHALUOHHAR
CbHEMKA) TMOMOTAIOT TPAaCCMPOBATh TEKTOHUYECKUE HAPYWIEHUA TIOR YeXN0M PBIXIBIX
06pa3oBaHuit, MPOCNEXUBATE FPAHUIBL PACTIPOCTPAKEHNA TOPHBIX TOPOJ PA3NU4HOTO
JIMTONOTO-TeTPOrpadhuyeckoro CoCTasa, ONMPEReNATh BENUYNHY PaAMOaKTUBHOCTH
TOA3EMHbIX BOJ, CIEAMTD 32 HAaNPaBNEHUEM N CKOPOCTHIO UX TiepeMellleHus.

B nocnepHue ropbl MHTEHCUBHO Pa3BUBAETCA HOBOE HAyHOE HAMpaBlerue,
CBA3aHHOE C MPUMEHeHUEM AAEPHLIX U3NYYEHUA ANA U3YYEHUA BORHBIX M G-
YECKUX CBOICTB TOPHBIX TOPOA (0COGEHHO 0CafOYHLIX), KOTOpOE TONYIWIO Ha3sa-
Hue spepxoit reopusnwu. Hanbonee paspa6oTaHxon noxa ABNAETCA Ta o6nacts
AAePHON reoduU3nKM, KOTOPAR OTHOCUTCA K UCCAELOBAHMIO TOPHBIX BLIPAGOTOK
(Pap“OMHANKATOPHbE U U3OTOMHbIE METOAB! NCCNeROBAHMUIA), OAHAKO MEPCIEeKTH-
Bb{ TPUMEHEHUA METOAOB AlEPHOM FeodU3UKYU B TUAPOTEONOT MM BNATOPUATHEL.

Bce 60nbUIYIO ponb, 0COGEHHO B MPOLECCe PTUAPOTEONOTUYECKUX UCCAeR0Ba-
HUW, TPUOBPETAIOT TeOTePMUYECKUE N3MEDEHNA C AHEBHOW NMOBEPXHOCTU U B
CKBaX{UHaX, OCHOBAHHbIE HA M3YYeHUM aHOManuit TEMNOBOTO NMONA 3eMnu.
B nponecce paboT 0GLIYHO UIMEPAIOT TEOTEPMUYECKUIA IPAAMEHT, BENUYMHA KO-
TOPOTrO MEHAETCA O6PATHO NMPOMOPLUOHANLHO TENIONPOBOZHOCTU FOPHLIX MO-
pop, a TOCNeRHAR, KaK MPABUNO, BO3PACTALT C YBENNYEHNEM TTNOTHOCTN U YMEHb-
uIeHUeM NOPUCTOCTU NOPOA. feoTepMU4ecKue u3MepeHus AT uHdopMannio o
TelNI0BOM NOTOKE, & TaKXe O MOPOAAX U CTPYKTYPaX, CKBO3b KOTOPHIE TPOXOANT
3TOT TENNOBOW NMOTOK.

Mop3eMHbIA BOROOGMEH OKa3bIBALT YPE3BLIYANHO CUNbHOE BIMAKUE HA TENNO-
BOE TTONE 3eMHOW KOphl. ITO MO3BONAGT UCMONb3OBATL MeOTePMMUYEcKUe usmepe-
HUA 1A U3YYEHUA KUHAMWUKU U HaMPaBleHUR ABUMEHUA NMOA3EMHbIX BOp. OveHb
YacTo 3agaven reoTepMUYECKUX MCCNEA0BAHUIA ABNALTCA Pa3BeAKa TEPMAIbHBIX
BOA, B TPOLECCe KOTOPOI OMPeAeNsioT YT NOAbEMa TEPMaNbHbIX BOA, Harpasne-
HWe ABWXEHUA BOALI U €e NOA3EMHEIe «pe3epByapui». ITH UCCNER0BAHUA NPOBO-
BAT TaKXe C 1e/1bi0 KAPTUPOBAHUA BOAOHOCHHIX TEKTOHUYECKUX HaPYLIEHUH, U3y-
YeHUA NTPOLEeCCOB KapCTOOHPA30BAHUA 1 PELIeHUA HEKOTOPLIX APYTUX BONPOCOB.
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CnpaBOYHMK COBPEMEHHOrO U3bICKATeAs

Teodusnyeckne UCCNEAOBAHUA B CKBOKUHaAX. CKBAKMHHLIE MeTOAb! reo-
(U3MYECKUX UCCNeNOBaHUit (KAPOTaX) ABNANTCA 06A3aTeNbHOM COCTABHOM vac-
THI0 IMAPOTeONOTUNECKUX UCCNeN0BaHuit N AOMKHBI TPOBORUTLCA BO BCEX CKBa-
XUHax. OHU 0CHOBAHB! HAa U3YYEHUM TeX e QUIUYECKUX NONEeH, YTO U Ha3eMHble
reodu3ndeckue MeTOHbL, C YYETOM BAUAHUA PA3NUYHbIX UCKYCCTBEHHBIX MpPOLec-
coB 1 GaKTOPOB, KOTOPBIE UMEIOT MECTO UAW MOTYT GbITh BHIIBAHLL NP GypeHun
CKBaKUH (B3aMMOAEUCTBUE BYDOBOr0 PAacTBOpa C NOPOAAMU W IOA3EMHbIMU BOJA-
MU, PuppaBANYecKoe BO36YXAEHUE NNACT3, UHAMKAUUA NOA3EMHbIX BOA U T. I.).
KapoTax mpoBOpAT 0GLIYHO B He 06CAKEHHDBIX, 3aNIONHEHHHX TAMHUCTLIM PacTBO-
POM MNU YUCTOM BOROV CKBaXMHAX (peXe B CYXUX M 06CaEHHbIX CKBAXMHKAX).

HauGonblree npuMeHeHWe B NMPAKTUKE UCCNEAOBAHWA TMAPOTEONOrMYECKUX
CKBa¥WH UMEIOT METOH NEKTPOKAPOTaNa (METOR Ka)KYWeroCA CONPOTUBNEHUA —
KC, ecrecTBeHHbIx MoTeHuuanos — IIC, GOKOBBIX KapOTAKHBIX 30HAMPOBAHMIA —
BK3, pesuctusumetpus — PK), paanoakTUBHOTO KapoTama (raMMa-KapoTay —
T'K, HeWTpOHHbIA ramma-kaporax — HIK, kaporax mo meropy w3oronos — MU,
ramma-ramma-kaportax — ITK), pacxopomeTpuueckoro, akycrugeckoro — AK u
TepPMOMETPUYeCKOTO KapoTaxeii. Pexe noka MPUMEHAIOTCA MaTHUTHLIR xapo-ram
(MK) v BORHOBO 3neXTPOMAarHuTHbI% KapoTax (BIMK).

TlpumMeHeHue yKa3aHHOTO KOMITNEKCA KAPOTAXHMIX paboT ofecnevusaer pe-
LIeHWe WMPOKOTO Kpyra BOMPOCOB, B TOM YuUCne: 1) u3yueHue re0norudeckoro
CTPOEHMA Pa3pe30B M AeTanbHOE pacyNeHeHue MO AUTONOTUYEeCKUM 0COGEHHOC-
‘TAM NOpoOA; 2) BhipeneHne BOAOHOCHHKX WU BOROYMOPHBIX I1ACTOB U 30H € oTipene-
JIEHWEM MX MOIHOCTH; 3) OlleHKA eMKOCTHHIX U QUNbTPALUOHHLIX CBOMCTB BORO-
HOCHMX TIOPOA (MOPUCTOCTM, NYCTOTHOCTY, BNAKHOCTH, KOIPHULINEHTOB HUAbTPa-
MU Y BORONIPOBOAMMOCTH, CTATUYECKUX HATIOPOB, CKOPOCTeW QuNbTPauuUM, pew-
CTBUTENBHBIX CKOPOCTEN ABWKEHWA ION3EMHBIX BON); 4) M3ydeHWe CTENeHu B3au- -
MOCBA3W BOJOHOCHBIX TNACTOB W 30H; 5) O1eHKa 00melt MuHepann3anuu u Temme-
PaTypHl NOA3eMHbIX BOA.

TIoMUMO 3TOT'0 KOMITNEKC KaDOTAXHLIX PAGOT MPOBOAUTCA AJA OLEHKN U KOHT-
PONA TEXHUYECKOTO COCTOAHUA PURPOTEONOTUECKUX CKBAXMH M UX COOTBETCTBY-
Ioment TeXHONOTUYEeCKOM MOATOTOBKY (Pe3UCTUBUMETDPUA, PACXOAOMETPUA, KaBep- '
HOMETPUA, TaMMa-KapOTaX, UHKIMHOMETPUA, GOTOKAPOTAX, AedeXTOMETPUR, PO- .
CTpenovHsIe paboThl U TOPIIeAUPOBAHKE), @ PIYNLTATEL KAPOTAXa UCTIONbIYIOTEA
TPV MHTEPIIPETal VN PE3YNLTATOB Ha3eMHbIX Ire0pUIUIECKUX UCCNe0BaHUA.

He cnepyer aymarb, 4T0 MPUMEHEHWE OJHOTO U3 BUAOB KapoTaxa MOXeT obec-
TeYUTh PelleHne TOW MAM WHOWM IMAPOre0NOrvYecKow 3apavu, faxe ecnu 3tot'!
MeTop KapoTaxa obnapaer 601b110i paspenraouen CocobHOCTbI0. CnoxHbIE Npu-
PORHYIE YCNOBUA BMECTE C KOMIINEKCOM $HaKTOPOB UCKYCCTBEHHOIO XapaKTepa BO
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MHOTMX CKBa)XMHaX 3aTPYAHANOT MONYYeHWe OAHO3HAYHOTO OTBETA, U MO3TOMY
TpebyeTcA MpUMEHEHNe KOMIIIEKCA Pe0dUINIECKUX METOROB, TPOBEAEHUA B G0Nb-
nmx o6beMax MapaMeTPUECKUX reoPusMyeckux HabMOPeHWI U YCTAHOBAEHUR
COOTBETCTBYIOMMX KOPPENATUBHBIX CBA3Ei, 00A3ATENLHOr0 NMPOXOKACHUA KOHT-
PONBHAIX GYPOBLIX CKBAXKUH ANA MOBLIIEHUA HAfeXXHOCTU M KORTPONA pe3ynbra-
TOB reogn3nyeckux pabor.

Tem He MeHee reoM3necKue UCCNENOBAHUA CKBAXKMH CleAyeT paccMarTpu-
BaTh KaK BAWHBIN, HEOOGXOUMBI M ROCTATOMHO 3QPeKTUBHBIR KOMMIIEKE paboT, U
nipepe BCero B YacTU UX I'e0/l0ro-TMAPOTe0NorMyeckoi nOKYMEHTal UM u onpo-
60BaHu1A. Bo MHOrMX CKBaXMHAX PUMEHEHWE PALMOHANBLHOTO ANA pacCMaTpuBae-
MEIX YCNIOBUI KOMTINeKca Peou3UIeCKUX METOROB NIO3BONACT NIEPENOKMUTD OCHOB-
HYI0 TAXECTD 0 'e0NOTNYECKON U B 3HAYMTENDHOW Mepe [0 I'UAPOreoNnornyeckon
JOKYMEHTaluu UX pa3peia Ha KapoTaKHble PaboThl W MPOXOAUTb CKBAXWHLL
CMINOLIHBIM 3360eM C MUHUManbHLIM 065eMOM 0TGOPA KepHa U ONTUMAIILHEIM 06e-
MOM OITBITHO-(UNBTPAllMOHHHIX PAGOT.

Huxe KpaTKO M3naraloTCA NMUIb HEKOTOPbie BONPOCH! PALNOHANBHOTO KAMII-
NEKCUPOBAHMA re0PU3UIECKUX METOROB NPU PENIEHUW OCHOBHBIX TMAPOrEOJOrU-
YecKux 3azay B pe3ynbrare 6ypeHUA U OMPo6GOBaHUA CHBAXMH.

. Vi3yyeHne reonoruyeckoro CTpOEHUA pa3pe3os U UX PACINEHEHUE [0 NUTONO-
TMMECKUM 0COGEHHOCTAM OCYIIECTBNACTCA NYTEM UCNONb3OBAHUA TMIIOBLIX T'E0NO-
rOJKapOTAXHEIX Pa3pe3’os, NPeABAPUTENBHO COCTABNEHHLIX HA OCHOBE COBMECTHO-
TO aHanu3a KapOTaMHBIX AMarpaMM u kepHa. Hanbonee panuuoHanbHeIM pia 3TOW
L|eNn N ABAACTCA COYETaHWe KOMIMAEKCA METOROB Kaxywerocs conpotTusnenus (XC),
€CTECTBEHHbIX W Bhi3BaHHbIXx MoTeHyuanos (IIC u BII), ecrecTBeHHOW ramma-ax-
TusHoctu (TK). JJoMonHUTENbHO NMPUBNEKANOTCA METOAbI PaMMa-raMMa-KapoTaxa
(ITK) n neiiTponHOro raMma-xaporaxa (HI'K), ocoberso npu usyyenuu paspesos
CKankHLIX NOPOA. BeriomorarenbHbiMu, HO BECbMa NEPCITEKTUBHLIMU OKA3bIBAKNTCA
TaK)Xe MeTOnbl MMKPO30HAUPOBAHUA M NIOBTOPHLIX IIC (PU M3YYeHUM pLIXNO Cue-
MEHTMPOBAHHbIX Pa3pe3os).

» BoiABneHue 06BOZHEHHBIX W MPOHMLAEMBIX [NACTOB W 30H C ONpPeAeneHueM
ux;3pdeKTUBHOM MOWHOCTH OCYMECTBAALTCA PA3AMYHEIMU KOMIUIEKCAMU METO-
NOB B 3aBUCUMOCTM OT COCTOAHMA CKBAXXUHBI U NPU3aboiiHoi 30HH. IIpn 6ype-
HUJ CKBAXUH C TIMHMCTBIM PACTBOPOM WUCMOAB3YIOTCA METOAb], OCHOBAHHbIE HA
W3YYEeHUU DPe3yNbTaTOB PUAPABAUYECKOTO W 3NEKTPOXUMUYECKOTO B3aUMOAEH-
CTBUA GYpOBOTO PacTBOPa C MPOHULAEMbLIMU YYacTKaMu pa3pesa. 3To npexne
BCErO METOJ 3NEeKTPOKAPOTaXa C ABYMA 30HAAMM, MUKDO3OHAMPOBAHME, Pa3Nny-
HBbIe MORMPUKAaLUN DAANOAKTUBHOTO KapOTaKa U METOA IOBTOPHOIO U3MEPEHUA
TIC. [Ina mpuMepa Ha pucyHke 6.1 MOKasaHa CXeMa BLHIAENEHWUA BOROHOCHOTO
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mnacTa B YCAOBUAX CNIOMHOrO paspesa,
KOI'ja IPUMEHeHUe TPAAULUOKKLIX MeTO-
AOB I'MADOreO0NOrUYECKOT0 pacuneRerus
pa3pe3a MeTORAMW COMPOTUBNERUN u IIC
He Jlano MONOMUTENbHBX Pe3ynbTaTos, a
nioBTOpROe u3Meperue IIC nocne 3acone-
Hua 6ypoBoro pacTsopa oxasanoch Gonee
3 PexTUBHBIM.

Bripenexue npoxuLaeMbix NACTOB 110
JaHKBIM U3MEPEHUA €CTECTBEHHBIX TOTEH-
uuanos (TIC) ocHOBAKO Ha M3MepeHUM
auddy3norHo-ancopbunorton IC, so3-
HUKal0We/i TPy HaZuuU Pa3HOCTH CONPO-
TWBNEHUI GypOBOTO pacTBOpa U INACTO-
BBIX BOA (TPORMIaeMble TecyaHble AacTH
XapaKTepu3yoTca MeRburmmu 3JC mo
CPaBHEHUW C TJIMHUCTBLIMW CNIOAMU, U UX

Puc. 6.1. Bripenexue BOROHOCHbIX MOXHO BbIReNATb N0 Auarpammam IIC).
NAacToB NO JaHHLIM METOAA NOBTOP- B paccMaTpuBaeMOM MpUMepe CYLeCTBEH-

Hbix NC: 1 — necok; 2 — rauH.I; Has pa3Hula B CONPOTUBIERUAX 6ypoBoro
3 — yepenosaHue necyaHbx v PacTBopa U MOA3EMHLIX BOA HeCYaHoro
FAMHUCTBIX OTAOMKEHNI INacTa BOHUKNA UL NIPU MOACONEHUM

MepBOro, YTO U TI03BOAW0 YBEPEHHO Bhl-
LenUTh BOJOKOCHBIA MAACT IO pe3yNsTaTaM NoBTOPKOro 3aMepa IIC.

OueHKa eMKOCTHBIX U QUNBTPALIUOHHBIX CBOUCTB BOJOHOCHLIX IOPOA — Kau-
6onee cnomHan 3apava. B HacTosnjee BpeMA B He)TEMPOMBICTIOBOR U TMAPOre0N0-
TUJECKOW MPAaKTUKE B TOW WU UHOW Mepe OMPOBOBAHO HECKONLKO AECATKOB Ieo-
¢bU3NIEeCKUX METOROB OMPEIENEHUA EMKOCTHHIX U KOLNIEKTOPCKUX CBOWCTB MOPOA.
Tlopasnatomee GONBUIMHCTBO U3 HUX OTHOCUTCA K KaTETOPUU IMITUPUYECKUX, T. €.
OCHOBAHHBIX Ha YCTaHROBNEHWW KOPPENALMOHKBIX 3aBUCUMOCTEN MEMAY KEKOTO-
PHIMU TeOPUIUIECKUMU TIOKA3ATENAMU (VAENbHBIM 3NEKTPUYECKUM CONPOTUBIE-
HWEM, eCTeCTBEHHOW U BLI3BAHHOW PAAMOAKTUBHOCTBIO W AAP.) U TUAPOreONOruYec-
KuMu apameTpamu (o6meit u 3hPEeKTUBHOIN MOPUCTOCTHIO, TPELIUKOBATOCTLIO, KO-
3(QdUUMEHTOM U CKOPOCTBIO GUNBLTPALUM), U CIIPABEANMUBLIMU OKA3LIBAKOTCA TONb-
KO [/t DAOHOB, B KOTOPHIX 3TH CBA3U YCTaHOBAEHb. Haubonbuiee mpakruyeckoe
TMpUMEHEHUE 3TU CIMOCOGHLl KAXOAAT TIPU OMPOBOBAHUM CKBAMUH, TIPOXOJUMBIX €
TNUHUCTHIM PAacTBOPOM (3J1EKTPOKAPOTaX, MUKPO3OHAUPOBaHHe, TIC, panuoakTus-
HbIA W aKYCTUYECKWIA KapoTamu). [InA onpepefieHnA HaMpaBNeHUA U CKOPOCTW
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ABUMEHWA MOA3EMHLIX BOA UCTTONbB3YIOTCA METOR 3apANEHHOTO Tena (Npu Herny-
60KOM 3aneraluu MPecHbIX BOA), a TAKKE MHAUKATOPHbIe METOAL!, OCHOBAHHbIE Ha
WHBEKLUN URAUKATOPOB W NPOCAEMUBAKUM PA3NUYHBIMU CIOCOGAMMU Hampasne-
HUA U CKOPOCTY X TIEpeMeleHUA MeXAY CKBAXWUHAMU UM B OKPECTHOCTH CTBONA
OHOM CKBAXUHBL.

JInA OUEHKU (UNLTPALUOKHBIX CBOWCTB OOBOJHEHHBIX NOPOA YCTOWYUBLIX
Da3pe3os, pu 6YPERUU KOTOPLIX UCITONB3YETCA YUCTaR BOAA WIW PapaHTUPYeTCR
KavyecTBeHHaf pasTMKHU3ALUUA, TePCTIEKTUBHLI METOALl Pe3UCTUBUMETDUM U pac-
XOLOMETPUM, UMelomue TeopeTuyeckoe 060CKOBaHUe U He Tpebylomue BhiABAE-
HUA KOPPENALMOHHLIX 3aBUCUMOCTEM,

MeToA pe3nCTUBUMETPUM ANIA TIOCAORKOM OLeHKU QUNBTPaLMOKKLIX CBOMCTB
BOZIOHOCHBIX OTI0XEHV UMEET UIMPOKOe MpaKTUdeckoe mpuMererue. Ompepene-
HMe napameTpoB OCHOBAHO Ha UCTONb30BaHWM 33aBUCUMOCTU CKOPOCTH pa3basne-
HUA (OMPECHEHUA) 3/IEKTPONUTA, BBEAEHHOTO B CKBAMUKY, OT DUNLTPRUNOKHEIX
CBOWCTB NOPOR, @ MPOBORKTCA MO hopMyne:

_ 3,62, C1—Cy

Y a(t,-t )lg(cz —Go } €1
[A€ v — CPepHsAA ckopocTb QuabTpauuu; a — xo3Pduument, 3asucamnit or xa-
paKTepa CTEHOK CKBAXWKBL U CKBAXHOCTU (uabTpa (o6bruro 0,5 < a < 2, pna
COBEPIIEHHBIX YUCTHX CKBAWUR a = 2); Cy — KOHLEHTDALUA UHAMKATOPA (COMb
NaCl win NH,Cl) B nnacTosoii Bofe 10 ero 3anycxa; C; u C, — COOTBETCTBEHHO
KOHUEHTPaLUA UHAUKATOPA Ha BpeMA t; u £, OT Havana ero 3anycka (oneHnBaeTca
10 YAENbHOMY 21eKTPUYECKOMY CONPOTUBAEHNUIO),

Onpenensa ckopocTb GUALTPaL UM TIO 3aBUCUMOCTH (6.1) U 3HAR TMAPaBANYEC-
KWit YKAOR TIOTOKA I, MOXHO ompenenuts koapduument ¢unvrpayuu K = v/L
TIpueMneMete pe3synbraThi MONYYAIOT PU UCCNEAOBARUN CKBAKMUK, BCKPBIBAIOIMUX
Tecyarble 1 IPaBUNAKO-TaIeyHble XOLIEKTODH, CYMECTBERHO 3aBbllleHHbIe 3HaYe-
HUA CKOPOCTEN U K03hdUIUERTOB GUALTPALUN — TIPU OIPO6GOBAKUM TPEIIUHOBA-
THIX ¥ 3aKapCTOBARHEIX TOPOA.

TIpu mocnoiKoM ompenenenuu Koabduumerta Guabrpauun ycTavaBNUBaKT
BRNMYUHBI OPAOIEHUA BOAB! KaMABbIM CnoeM Q; ipu cTabunbROM ee Kanuse (0T-
KagKe) B CKBAMWHY W MOBLIEHUM YPOBHA Ha BENUYUHY S; U OMPENENAKT COOT-
BETCTBEHHO KO3 duumerTs GunsTpayuu K, unv soponposogumocty I;= K;m; u3

COOTHOMEHUA:
Q R Q;
s =2 nf 2 gl G-
¢ 2nk,m; n(rc] ﬁ(I(,»m,-} (6.2)
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CnpaBosHUK COBPEMEHHOIO M3bICKATEA:

rae P = 1/2pinR/r, — k03 PUUMENT, BENMYUHA KOTOPOTO PU PEANIbHLIX 3HAYEHM-
AX TAapaMeTpoB u3MeHserca oT 1,3 0 1,5 ans nanopuuix oA v ot 0,9 fo 1,2 ana
TPYHTOBLIX BOA W HEPEAKO NPU OPUEHTUPOBOMHLIX pacyeTax NMPUHUMAETCA PaB-
HOW eAnHuLe.

B 61aroNpUATHLIX YCAOBUAX IO AAHHBIM PE3UCTUBUMETPUMN OfecrieuuBaeTcs
nocnonxoe onpeAenenue Ko3gduunenta GpunbTpauuu ¢ MOrPeNIHOCTLI0 15~25%.
JleTanbHO MeTOAUKA 06PabOTKW Pe3UCTUBUMETPUYECKUX KPUBBIX IIPUBEAEHA B Me-
TOIMYECKOM DYKOBOZCTRE,

Cnepyer OTMETUTD, YTO PE3UCTUBUMETPUIO HENb3s UCIIONIb30BATH AR OLEHKW
(GUILTPALUUOHHBIX CBOVICTB B YCIIOBUAX B3aUMOCBA3U HECKOJILKUX BOJIOHOCHBIX [0~
PW30HTOB, Pa3Nn4aloOWUXCA O HanopaM. B Takux ycnosuax uenecoo6pastee npu-
MEHATb PaCXOAOMETPUIO.

Merop pacxopoMeTpun o0b6napaer Gonee WIMPOKUMU BOIMONKHOCTAMU ONpese-
JIeHUA GUILTPALUOHHBIX CBOMCTB M PUAPOCTATUYECKUX HAMOPOB BOJOHOCHHIX O~
PW30HTOB, B TOM YUCJIE B YCNOBUAX UX TMAPABNUYECKOW B3auMOCBA3U. 06paboTka
JaHHbIX PACXOAOMETPUU NO3BONAET BLIJENUTD B paspese W ONPeeNINT: MOWHOCTH
BCEX BOAOHOCHBIX 30H W COOTBETCTBYIOLUE UM CTATUMECKUE YDOBHU, MOCTPOUTH
BEPTUXAIbHBIA MPOGUIb BOROMPOHULAEMOCTU TIO Pa3pe3y CKBAKMHLL U OLEHUTb
cpepHee 3HaueHne KoadpuumenTa GuabTPaLUK IO 30HAM.

TepMOMETPUYECKUIA METOT) OCHOBAH Ha W3MEPEHUU TEMIIEPATyP B UCKYCCTBEH-
HO TIOROTPeTHIX ¢ IOMOWLI0 3NEKTPOHArpeBaTeNe R CKBAKUHAX. Y4acTKu Haubonk-
LIero UIMeHeHUA TeMIIePaTyPHl YKaILBaOT TIONOKEHUE 30H BOJOTIPUTOKOB (OCThI-
BaHUe BC/IE[ICTBUE TETIIONEPEHOCA ABUKYIIEACH MUAKOCTEI0). CkopocTb ubTpa-
1K OTIpENeNReTCR, Kak U NPV Pe3UCTUBUMETPUYECKOM MeToae, TTo gopmyne (6.1),
B KOTOPOW BMECTO KOHLEHTPaLui uHanKaTopa Cy, C; u C, MPUHUMAIOTCA COOTBET-
cTBylomue 3Havenua temneparyp t{, t2 u t2 (ucxonHas po noporpesa u Gpuxcupy-
eMble B MOMEHTH! BPEMeHN t; U t, Iocne MoAorpesa).

W3yuenue cTeneHU B3aUMOCBA3N BOROHOCHBIX 30H Y TOPU3OHTOB OCYIECTBIA-
€TCA 10 AAaHHBIM PACXOAOMETPUYECKUX PAbOT, BLITONHAEMBIX PU OTKAUKe N0 Ha-
6n1opaTenbHOW CKBaMUHE, BCKPLIBAIOWEN TOT e pPa3pes, YTO W ONLITHAR CKBAKU-
Ha. IHT@HCUBHOCTL OTKAYKU U3 ONMLITHOW CKBAMMHLI AONKHA GHITL JOCTATOYHOW
INs TOTO, UTOGbl BHI3BATL OLJYTUMBE AN 33AMEPOB PACXOnOMeTpUeRr NePeTokn
BOZibI B 30HE PACMONIOMEHUA HAGNIONATENLHON CKBAKUHEL.

Onpenenexve o6mewt MUHEpANU3ALUU TIOA3EMHLX BOJ OCYWECTBAACTCA He-
CKONBKUMU MeTOAaMM, HU3INUEeCKO! OCHOBOW KOTOPHIX ABAAETCR WCIIO/Nb30BAHUE
33BUCUMOCTU 3JIEKTPUYECKOTO COMPOTUBAEHUR W AMIUIMTYALl €CTECTBEHHLIX TO-
TEHLUAN0B OT MMHEPAIU3aLUU U3YuaeMbIX BOA. 06LIYHO iNR 3TOM Lie/IW UCTTONb3Y-
10TCA AaHHble CTaHAapTHOTO Kapotaxa KC v BK3, mo 3aMepam KoTopux onpepens-
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eTCst MUHepanu3aums BOAL C TOYHOCTbIO 10 25%. BenuuuHy Munepanuaanuu Mox-
HO TaKie YCTAaHOBUTb METONOM NOBTODHLIX (NOCKE MOACONEHUA) 3aMepoB ecTe-
crBeHHoro noreruunana (IIC) n muxposonauposanueM. Ecin k oyerke MuHepanu-
3alUW MOA3eMHbIX BOJ PEABLABNAITCA NOBLIIEHHEIE TpeOGOBAHUA, Lenecoobpas-
HO WCMONL30BATh YKa3aHHLIE BLINIE METOA! B XOMIUIEKCE. ITO MOMET CHU3UTh
MOrpeurHocTs onpezenedus Ao 10-15%.

AHann3 OMbITa MPUMEHEHUA Fe0dU3NIECKUX METOLOB NIPU TMAPOTE0NI0THYeC-
KOM W3yYeHWN MECTOPOXAEHUW MOJ3eMHbIX BOJ YKa3biBA€T Ha BOIMOKHOCTD CY-
1WeCTBEHHOTO MOBHIIEHUA Fe010T0-3KOHOMUYECKOR 3HEKTUBHOCTU BLUTONHSE-
MBIX MCCTIei0BAHN. B JAaCTHOCTH, Ha CTaAUM MpeBApUTENIBHOW pa3BeAKyu puMe-
HeHWe TeopU3UUECKUX METOZ0B UCCRENOBaHUW, criocoberByeT 3didexTuBHOMY
PeIIeNUI0 TAKUX BONTPOCOB, KaK: 1) Builenenue B Ipepelax MecTOPOK e HUA Hau-
6onee mepCreKTUBHLIX IKCTINYATALUOHHBIX Y4ACTKOB 1160 y4acTKos, 6naronpu-
ATHBIX S pa3MeweHns IPOEKTUPYEMBIX COOPYXEHNR; 2) BLI6OP HanpasneHui
Pa3BefOMHHIX NPOQUNe 1 060CHOBANUE CAEMBI Pa3MELleHUA CeTU Pa3BefOYHEIX
CKBaXUH; 3) ompepeneHne ONTUMANLHOW TRYOUHLL U3YYEHUR MECTOPOMAEHUS;
4) KONWYECTBEHHAA U KadeCcTBEHHas OlleHKA WU3y4aeMBIX BOROHOCHBIX TOPU3OH-
TOB; 5) BLIAB/IEHWE W OLlEHKA IPaHUL MECTOPOXJEHUR, CTeTIeRu BOAC06GMeHa mop-
3eMHBIX BOJ, U YCNOBUIt BO30GHOBNEHUA UX 3AITacOB.

*[Ins penteHus ITMX BOTIPOCOB, @ TAlKE MHOPUX JPYTUX JaCTHBIX 3ajay, 0 KOTo-
PBIX TOBOPUJIOCH BbIUIE, MPOBOAATCR MIOWAAHDE Teohu3UYeCKue UCCNENOBAHUA U
KOMITIEKC UCCNEefOBAHNA Ha CKBaXUHaX. [lonyyaeMbte B pe3ynbTaTe KapOTam HbIX
W ONMBLITHO-(QUABTPALMOHKBIX PABOT Ha CKBAXWHAX JaHHEIE O Ie0NOoro-IUTONOTN-
JeCcKoM pa3pese U TWAPOreoNOTUYeCKUX ero XapaKTepUCTUKAX IXCTPANoONUpyoT-
€A Ha BCIO W3yYaeMylo MNowanb Ha OCHOBE Pe3yNLTAaTOB HA3EMHBIX reodm3andec-
KMX MCCNen0BaHMi. 3TM AaHHBIE WUCTIONBL3YIOTCA ANA 000CHOBAHUA CXEMH Rab-
HeWlllen pa3BeKU MeCTOPOKACHUA.

Ha crapuu getanbrov passenku npeo6napaiimee 3HayeHue UMET reopusu-
YecKWe UCCNIeNOBAHUA B CKBAMMHAX, CITOCOBCTBYIOMUE PEOJIOTO-TUTONOTHYECKO-
My DacuNeHEHNI0 U3YIaeMOr0 Paspesa, ero IMAPOreaorMyecko cTpaTudmKanuu,
W3Y4EHWI0 W OLleHKe QUNBTPALMONHLIX CBORCTB NMOPOR, YTOUHEHWNO MONOMEHUR
TPaHUL YIaCTKa U MECTOPOXAEHUR, UX XapaKTepa U PPAHNTHLIX YCNOBUMA, a TaKme
PeNIeHnI0 NPYrUX TUAPOreoIorMYeckux 3anay.

Teodu3uyeckue UCCnepoBARUA Ha KaMAOW U3 CTaAUR PasBefKU MeCTOpOXne-
HUA BHUIONHAIOTCA TO3TANHO (Ha NMepBom 3Tanme — paoThl, MpepuIecTBylomUe
OCHOBHHM I'MPOTEONOTUYECKUM WCCNEflOBAHUAM, Ha BTOPOM — BLINONHAEMBIE
OJIHOBPEMEHHO C TMAPOTe010TMIeCKUMM UCCIeNoBaRUAMU). 3T0 obecniewusaer 6o-
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Jlee LieneHanpasaeHHoe  060CHOBaHHOE N0 06beMaM NPOBEAeHue IMAPOTeON0rH-
JeCKUX UCCNefoBaHui.

B pesynbrare reousnyeckux paboT KaxAOro 3Tana COCTaBAAWTCA CXeMATu-
yeckue KapTH W paspe3bl, OTpamalomue Pe3ynLTaTsl BHIMONIHEHHHIX B COOTBET-
CTBUU C TEONLOTMIECKUM 3aaHUEM UCCTIEN0BAHUI (CXEMB TeONOTO-TEKTOHUYECKO-
TO CTPOEHMA; CXEMATUHECKUe KAPThl MOWHOCTEN 30HbI a3PalMK UK PHIXILIX OT-
TIOXEHWH; KApTH TUTONOrMYECKUX 0COBEHHOCTeN, K03hhULUERTOB GuIbTPaLUY,
MMHEpanu3alnuu NOAIEMHBIX BOA U T. I.). 3TW MaTepuantl ABAAIOTCA OCKOBOM ANs
KODPPEKTUPOBKW HAMDAaBNEHHOCTH, BULOB U 06BEMOB AaNbHEHIINX THAPOTEONOTH-
JecKux pabot.
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Tnasa 6.2. AEPHO-OM3NYECKUE METO/IBI MCCJIELOBAHUMA

K apepHo-u3andeckuM METORAM UCCTIeA0BaN Ui 31€Ch YCIO0BHO OTHOCATCA BCE
MEeTOAB!, OCHOBAHHBIE HA BLIABNEHVMU ¥ UCIIONb30BAHUN 3aKOHOMEPHOCTEN pacnpo-
CTpaHeHus u MOBEAEHUS UCKYCCTBEHHBIX W ECTECTBEHHBIX CTAOM/IbHLIX W Papno-
aKTUBHEIX U30TONOB B NPUPOAHEIX BOAAX B LENAX PeIIEHUA caMbix pasHoobpas-
HBIX TURPOTeCNOTUECKUX 3ahad. ITH METOAL MONYYUNU UHTEHCUBHOE PasBUTHE
B OCNEAHWE TOABl M HAYMHAIOT AOCTATOMHO WIMPOKO UCMOND3OBATHCA ANS pelre-
HWA JaCTHBIX TUAPOTEONOTUYECKUX 332y (M3yueHue IPOUCKONAEHWS, pacTipene-
JIeHWA WU BO3pacTa MOA3EMHBIX BOA, UHTEHCUBHOCTU M3MEHEHNA BNaXHOCTU NOPOR
B 30HE a3PAUUU U ABUNEHUA MOA3EMHBIX BOA B 30HE HaCHIEHWA, ONPeneneHne
BOAHO-(U3NYECKUX ¥ GUABTPALUMOHHBIX XapaKTEPUCTUK FOPHLIX MOPOJA, OLEHKa
B3aMMOCBA3N PA3AUYHbIX TUIIOB IPUPOAHBIX BOA M T. I1.).

SlnepHo-¢pM3NYeCKMe METOAL UCTIONB3YIOT B CBOEW OCHOBE NIPENAE BCETO MPK-
POAHBIE CTAGMNLKBIE M DAZAMOAKTUBHLIE M30TOMH, OCOGEHHOCTH eCTeCTBEHHOro
PacmpocTpaHeHUs KOTOPLIX MOTYT GLITh UCITONb30BAHBL M DU TUAPOTEONOTHYeC-
KUX MCCNEepOBaHMUAX. K UMCIY TaKMX MPUPOAHBIX U30TONOB OTHOCATCA CTAGUNbHbIE
M30TONH BOAOPOAa u kucnopona ([ u 120), Bxopsmue 8 cocTaB BOAb! U 06pasyio-
WMecA NOA feiACTBUEeM KOCMUYeCKUX nyvel, yrnepon 4C, tputuit T, kpemuuit 325,
renwit >He  u3otonst ceMeiicTsa ypana v Topua (222Rn, 225Ra u np.).

OCHOBHBIMU TAMENBIMU COEAMHEHUAMMU CTAGUNBLHBIX U30TONOB KUCNOPOAA U
BOROpOAa ABRANTCA HI'60 n H, 120, KOTOpEIE NPUCYTCTBYIOT B MPUPOAHEIX BOAAX B
Konuyecrse 320 u 2 000 Ha MUZIMOH MOJIeKY A (COOTBETCTBEHHO Ha AONI0 OGLIKHO-
BeHHbIX Monekyn soaxt H,0 mpuxopurcs 997 680 vacteit).

H3y4as M30TONHLIN COCTAB aTMOCEPHBIX OCAAKOB, MOPCKUX U IIOA3EMHETX BOR
¥ aHaZIM3UPYA IPUYMHEL BOZMOMHOTO €T0 U3MEHEHUA, MOMHO 60nee 060CHOBAHHO
pelaTh BONPOCH TPOUCXOMACH U BOZ U3Y4aeMOro o6beKTa.

Onpenenas copepxanue B BOAe Pa3NUYHbIX NPUPOAHBIX PAAMOAKTUBHBIX U30-
TOMOB, ABNAIOWUXCA NPOAYKTAMU PAAUOAKTUBHOTO PacNaZia UCXOAHBIX U3OTOMOB,
W aHanM3MpyA 3aKOHOMEPHOCTW TAKOTO pacriana u BO3MOXHbIE MyTh oboramenna
MOA3EMHBIX BOA AAHHBIMM U30TONAMM, YCTAHABNUBAIOT BO3IPACT NMOA3EMHbIX BOA.
Jna 3To% 1N UCMONBIYIOT AAHHBIE KAK O COREPIAHUU OTAENLHLIX PAAHOaKTUB-
HBIX M30TOMOB (HampuMep, Tpuws, *4C, 325i), Tax u ux cooTHoweHwi (pagua
PanoHa, PennA ¥ aproxa u ap.).

BrifBNEHHbIE 32aKOHOMEPHOCTU COAEPMARUs U COOTHOWIEHUS NMPUPOAHBIX pa-
AMOaKTUBHLIX U30TOMOB B PA3NUMHEIX TUIAX NMPUPOAHLIX BOA (B OCajKax, pexax,
MOpSX, 03€pax, MOA3EMHbBIX BOAAX U T. A.) X AHANU3 PUYUH BOIMOKHLIX U3MEHe-
HUA Nal0T BO3MOMHOCTb peulaTh CaMbie Pa3sHoOGpasHble TMAPOreonorndeckue
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3afiauv, HaYVHaA OT BLIABNEHA TeHE3NCA TeX UM UHBIX TPUPOAHIX BOA M KOHYAA
060cHOBaNWeM TiyTed Hanbonee PALMOHANBHOTO U3YHeHWA, OLEHKM W UCTIONB30-
BaHWA UX B HADOAHOM X03ANCTBE.

SlnepHble M M3OTOTIHEIE METORN MCCNEROBAHMIA LINPOKO UCTIONB3YIOT U UCKYC-
CTBEHHbIE PAAMOM3OTONH, NONYYaeMble yTeM 60MBapAVPOBKU CTAGUNLHEIX 3ne-
MEHTOB ANCPHLIMW YaCTUaMU (HanpUMep HeWTPOMaMu B AfIePHOM peaTope).
Pa3anuunble BUAH U3NYYERWH, UCTTYCKAEMBIX PAAMOMIOTONAMM, AAIOT BO3MOXKHOCTS
METUTh UMW BOAMbIE W APYTUe 06BEKTHI, NPOCNEKNBATD 38 UX MTPALMei W, TakuM
06pa3soM, UCTIONb30BaTh UCKYCCTBERHbIE PAAVOUIOTOMNB! B KaYecTse PaiMoaKTHE-
HbIX WHAMKAaTOpOB. IIpMMeHeHUe PaBMOAKTUBKLIX W3OTOMOB NP WCCNEAOBAHMAX
RBWKEHWA TION3eMHEIX BOJ| ABIACTCA, 110 CYIIECTBY, NOPMYECKUM Pa3BUTUEM M3BECT-
HOTO METOAA MHAMKATOPOB. K uucny MpeuMmymecTs MeTOR0B MeyeHbLIX aTOMOB OT-
HOCATCA: BLICOKAA YYBCTBUTENEHOCTS O6HAPYEHNA MHAMKATOPOB TIPY HUIKMX NX
KOHUEHTPAUMAX, 6ONbIIOH BHEOD M3OTOMOB ANA MHAMKALMM U TEXHUYECKAA BO3-
MOXHOCTb «MeyeHus» 6onbIIMx 06beMos BORLL. M3 HEROCTATKOB PAaAMOMHAMKE-
TOPHHX METOROB CNEAYeT OTMETUTh: CPABHUTENLHO BHCOKYIO X CTOMMOCTD, TIO-
Tpe6HOCTH B CTieLManM3UPOBAHHOM NIONEBOM 060PYAOBARMN M CHIELMANLHOM 06y-
4eHUU COTPYAHMKOB, BHNIONHAIOMMX PaBOTY € PABMOAKTUBHEIMM BEL|ECTBAMM.

B KaMpoM KOHKPETHOM CRyae PaiMOMHAMKATOP BEHIGUDALTCA ¢ JHETOM yCno-
BUi IPOBEACHUA FKCTIEPUMEHT, WHANKAUMOHHEX CBOVCTB U30TOTIA (3HEprvu u3-
Ny4YeHus, MepuoAa TONypPactana, COpOUMORHEIX W PACTBOPUTENLHBIX CBOWCTB)
ero cTOMMocTH. B kayecTse nauBonee PacHpOCTPaHEHHHX B MMPOBOW MPAKTVKe
WHAMKATODOB MCTIONb3YI0TCA u3oTonst: JH, 1311 51Cr, 50Co, 852, 24Na, 35S, 82Br, 3He
¥ Ap. Ha cTaguy nnanupoBanus sKCTIePUMEHTOB HEOBXORANMO TIONYYUTH paspellie-
HUe OT OPraxoB 34paBoOXpanervs. B n1060M Cnyyae UCTIONb30BAKME PAAMOAKTHE-
HbIX M30TONHBIX MHANKATOPOB RONKHO GLITH 0BOCHOBAHO HAYYHBIM MIM IKOHOMNU-
YeCKMM TIPEMMYIECTBOM MIM GONbileil TOYHOCTBIO OMMAAEMEIX PE3yNbTATOB TIO
CpaBHeHWI0 ¢ 06LIYHO IPAKTUKYEMEIMU METORAMM.

CymHOCTb PAAMOMHAMKATOPHEIX METOROB IPUMEHUTENLHO K ONPEAENEHII0 Ha-
MIPABNIEHUA ¥ CKOPOCTM WABTpaLNM TIOR3EMHBIX BOA Bbna n3noxena paxee. 04-
HaKO AMaMa3o NPaKTUYECKOTO MPUMEHEHWA DAAVOMHAMKATOPHLIX METOROB NPU
TMADOreoNOrMYeckMX UCCNeA0BAHNAX SBNIRETCA CYIIECTBEHHO 6ollee MIMPOKMM.
OHM MOTYT C YCTIEXOM WCTIONb30BATECA T(PY M3Y4EHUM TEOMETPUM TIOPOBOTO TIPO-
CTPaHCTB, IPONECCOB BNArONEPEHOCA B HACHIEHHLIX Y HENIONHOCTLIO HACLIEeH-
HbIX TOPHBIX NOPOA2X (KAaMMNNRpHOE, MHAUNLTPALMOHKOE W (BUIBTPANMOHHOR
BBWKeHME), PU3NYECKOR KaPTMHBL ABWKEHWA B IODUCTHIX M TPEIMHOBATHIX Cpe-
Aax, yCNOBMit TIepeMellenus PaCTBOPOB, 3aTPAIHERMHA W APYTUX BEWECTB B pas-
IMYHOW IPUPORHON O6CTAHOBKE, IPOIECCOB OCYIIEHNA UAV YBAAKHERA TIPU AeW-
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CTBUMW pa3NUYHBIX MHXEHEPHLIX COOPYXEHUM, ANA ONPeAeNeHna BNAKHOCTH, TTo-
PWCTOCTY, BOROTIDOBOAMMOCTY W APYTMX NAPaMETPOB, BLIABNEHUA U OLEHKU POnu
TEKTOHMYECKMX Pa3NOMOB W APYTMX IpaHuy o6nacTv GuabTpaumnu, obnacreit mu-
TAHWA N PA3TPy3KU MOR3EMHBIX BOA, CTENEHN UX B3aMMOCBA3N C TIOBEPXHOCTHLIMU
BOAAMM, YCNOBUW GUILTPALUM BOALL U3 KAHAIOB N BOZOXPAHUAUIL U T. i

K apepno-duangeckum MeToaaM uccnenoBanmit OTHOCUTCA TaxKe Ipynia Me-
TOQOB, OCHOBAHHBIX Ha MPUMEHEHUU AJIA M3YYEeHUA BOAHbIX U APYIMX 06bEeKToB
TepMeT3NMPOBAHHbIX PafMOAKTUBHBIX UCTOYHWKOB. B 3Ty rpynmy, B yacTHOCTH,
BXORAT W IIMPOKO MPaKTUKyeMble B reopu3nke MeToAbl PagUOAKTUBHOTO KapoTa-
a, OCHOBAHHHE HA U3MEPeHWW Pa3fiMyHOrO PoAa W3NYYeHWt B pa3pe3ax Ckpa-
WH TIO7, BO3MleWCTBMEM MCTOYHMKA DaAMOAKTUBHOTO M3NYYEHUA, Pa3MelllaeMoro 8
KapoTawHOM 30Hfe. K HUM OTHOCATCA raMMa-KapoTax, raMMma-raMMa-KapoTax,
HeWTPOH-HEWTPOHHBIV KAPOTAK N HEUTPOHHLIN FaMMa-KapoTaK. ITH METOMBL OKa-
3BIBAIOTCA 3D DEXTUBHEIMU TIPU IUTONOIMYECKOM W TMRPOTeONornyeckoM pacyne-
HEHUW M3Y4aeMOro paspesa ckBaXuH Mo6oit rny6unst. Cneayer ocobo oTMeTUTD
BBICOKYI0 3PPeKTMBHOCTD FeONOTO-TMAPOTEONOTUYECKOTO M3YIeHNA Pa3pe3a phiX-
TILIX OTNOXEHUi C IOMOLIbI0 PAZMOAKTUBHOTO KAPOTaKa, BHITONHACMOrO NeHeTpa-
1IMOHHO-KAPOTAXHHM METOAOM, TIPU KOTOPOM KapOTaXHBbI! 30HA 3aNaBANBAETCA B
PBIXZIBIE OTIIOMEHMA C TIOMOLIbIO CTIEUMANbHON IMAPaBAUYECKON YCTaHOBKM, CMON-
TMPOBAHHOW Ha aBToMO6Une. ITMM METOROM OBecrieynBaeTCa CKOPOCTHOE Teono-
TO-rMAPOTeoNOrNYeckoe U3yyeHue TONMU PHXTLIX OTNOXEHWH 30K a3pauun U
30HBI HACHIEHUA Ha TNy6uny Ao 40 M.
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T'nasa 6.3. METOJbl UH}KEHEPHO-TEQOJIOTHYECKOH TEODU3UKN

Teopu3ndeckme UCCIen0BaHUA BHIMONHAIOTCA NpWU MPOBEAEHWM CpepHe- u
KPYNHOMAcTabHO MHIKEHePHO-TE0N0TNYECKUX CHEMOK, @ TaK)KEe IpH AeTaNbHbIX
paborTax, CBA3aHHBIX C IPOEKTUPOBAHMEM, CTPOUTENILCTBOM ¥ IKCIULYaTalen pas-
QVYHBIX COOPYMEeHWH. OHu MO3BONAIOT MOBLIIATL ALTANLHOCTb ¥ TOYHOCTD U3bIC-
aHu#, YMeHbIIATh 3aTPaThl BpEMEHV W CPEACTB Ha NpOBEAeHne UHXEeHePHO-Teo-
NOTMYecKuX paboT

06bexTOM MCCAepoBaRui 06LYHO RABARETCA BEPXHARA vacTb paspesa (BUP),
XapaKTepu3ylomanca 3HaYUTeNbHON HEOAHOPOJHOCTLIO, UIMEHUUBOCTHIO TUTONO-
TMYECKOTO COCTaBa, CTPOSHUA U PU3NYECKUX CBOWCTB I'OPHHX MOPOA. JdderTns-
HOCTb Peou3udecKux WCCNAeA0BAHWI NMPU W3YYeHWW ITOrO CAOKHOTO 06bEKTa
AOCTUTraeTCA MPUMEHEeHWeM METOAO0B pa3nvyHO! HU3NIECKOW MPUPORRL, C MOBHI-
WEeHHOW NeTanbHOCTbIO HabniopeHwit, MONyYeHUeM MHTErpanbHBIX XapaKTepuc-
TMK, OTPaXawomux 0C0GEHHOCTH CTPOEHUA W CBOWCTB MaccuBa MOPOA, B eTo ecre-
CTBEHHOM 3aneraHuw, BOIMOXHOCTbIO MHOTOKpAaTHbIX NMOBTOPHMIX HaGmopeHwit
6e3 HapyueHUA CTPOCHUA ¥ COCTOAHUA Feonorvyeckon cpeast. llocnennee 06eTo-
ATENbCTBO MO3BONAET OCYWECTBAATh PEXMMHLIE reopusnyeckue Habmopenus 3a
VHTEHCUBHOCTBIO TEONOTMYECKMX NPOLECCOB, TPOUCXOAALMX MOR BOIAEHCTBUEM
€CTECTBEHHBIX ¥ TeXHOreHHbIX HaKTopos.

Mrmenepro-reonoruyeckue, reopusnyeckne uCCAef0BAHNA BHIIONHAIOT Ha
3eMHO¥ TNOBEPXHOCTYH, B CKBAXWHAX M TOPHBIX BhpaboTKax. MCNONB3YIOT TaKxKe
23pOKOCMUIeCKHe v asporeotmanyeckue MaTepuantt. Beaymmmu MeTonamv asns-
OTCA CeHCMMYecKkue: MeToq MpenoMnenHsix 8onx (MIIB), peme — oOTpameHHHX
BonH (MOB), a TakKe OAMH-ABA U3 CIEAYIOWUX: 3NEKTPONPOGUIMPOBAHME METOAA-
mu ecrecrsentoro mons (EIT), kaMymuXca CONpOTUBNEHWM, PaANOBONHOBHM
(PBII), BepTuKanbHble 3neKTpuYeckue 3OHAUPOBAHUA METOAOM CONMPOTMBAEHWW
VNV BBI3BAHHOW monapu3anuu (B33 wan B33-BII), yacToTHble 30HaupoBanua (U3),
30HAWPOBAHUA cTaHOBNEeHWeM mons (3C) v panuosonxosbie (PB3), rpaBumaraut-
Hble, ARPHDIE U CKBAKUHHbIE METOAI.

MxKeHepHO-TeONOrMIeckue CheMku 6bBAIOT CPepHe-, KpYNHOMACHITAGH MU
¥ BeTanbHbIMMU,

Tlpu cpepHeMacITabHbiX chemkax (1:200 000 ~ 1:100 000) uCHOAB3YIOT AAK-
Hble OfHOTO-TpeX Haubonee MPOU3IBOAUTEALHBIX reo(hU3NIECKUX METONOB POdU-
NMPOBaHWA (KOCMWYECKME M BO3AYWIHEE, BKNl0Yas papuoTernosste (PTC) unv -
bpakpacisie (MKC) v MarHWTHBbE CbeMKu) M HameuawT AeTanU3aluOHHbIE WIu
KNIoueBble Y4acTKW. B npepenax aTux yyacTkos paboTsl MpOBOAAT Mo Gonee ryc-
TO# ceTv HabnofeHui v Bonee WMPOKUM KOMILIEKCOM NONEBBIX Te0HUIUYECKUX
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MeToRoB. PaGoThl MPOBOAAT ORHOBPEMEHHO € GYpeHUEM CKBAXWH, WHKEHepPHO-
TEON0PMYECKUMHN U GWIBTPALMOHHBIMU UCCAeA0BAHMAMY, OT6OPOM 06pa3NoB mo-
poA AN NaGopaToPHBIX McCNepoBaHUM W BuinonHenneM TUC. Yucno nyHKTOB reo-
N0C0-TUAPOTEONOrMYECKUX UCCNEeN0BaHU M MOXKET GLITh B ABa ¥ Gonlee pasa MeHb-
nre, yeM 6e3 mpumeHeHuA reOPUNKU.

KpymHomacurra6xoe kapTuposanue (1:25 000 - 1:10 000) mpoBOAAT, Kak Npa-
BWIO, €3 UCIONB30BAHUA KII0YeBLIX YYACTKOB, a B BUAE CIUIONIHON cheMku. [Tpu-
MEHAIOT KOMIIeKC reodu3nydeckux MeTOAOB, BKNIOYAIOWMA MPeUMYWECTBEHHO
celicmopa3ssepky MIIB w anextpomar{utHbie 3oHaupoBanua (B33, B33-BII, 3CB,
PB3), a mpu HaauuMu CKBAXMH BHIMONHAIOT CENCMOAKYCTHYECKUE U 3NeKTpuuec-
Kue UCCNeNOBaHUA B HUX.

H3yuenue YCNOBUH CTPOUTENDBCTBA WHMEHEPHBIX COOPYMEHUN. Pacune-
HeHue MOBEPXHOCTHBIX M KOPEHHBIX OTNO0XEHWU! U u3yYeHne 0CHOBaHWI TPOeKTU-
PYeMBIX Ha3eMHBIX W MOA3EMHBIX WH)XEHEPHHIX COOPYXeHWH (MpOMLILNEHHBIX,
TPaXAAHCKUX, TMAPOTEXHUYECKUX, TPAHCNIOPTHBIX M Ap.) MPOBOAAT ANA OLEHKW
Hecyujei CHOCOGHOCTY W YCTOWYMBOCTU MACCUBOB TOPHLIX MTOPOA HA KOHKPETHBIX
CTPOMTENbHHIX MNOMAAKAX. ITH paboTh XapaKTepu3yOTCA GONBIION AETaNbHOC-
Thio (MacuTa6 uccneposanwii ot 1:10 000 o 1:1 000).

Teousuyeckue MeTOAB WCMONL3VIOT ALA KAPTUPOBAHUA PHIXILIX OTNOME-
HWW v oripefieneHuA rny6GuHb 3aneraiua KOPeHHHX CKanbHHX MOPOA, AeTaNbHO-
rO pacyneHeHuA BepXHei YacTu paspesa, olleHku GU3UKO-MeXaHWYeCKUX v BOR-
HO-GU3NYeCKUX CBOWCTB NOPOA B UX €CTECTBEHHOM 3ajleTaHuu, U3yYeHuA Tpe-
WMHOBATOCTH W HAPYNIEHHOCTH MaccuBa, OMpefeneHns YPOBHA CPYHTOBLIX BOA
W MX AMHaMmuku. B 3apauu reogusnueckux MeTOROB BXOAMT TaKxKe U3yyeHue
HaMpAXXEHHOr'0 COCTOAHUA KOPEHHBIX OPOA, BHABNEHUE TEOAUHAMUYECKUX AB-
NEeHWM ¥ CeUCMUIHOCTU (KapcT, cyddOo3us, omon3nu, 06Banyi, MPocaaku v ap.),
MPeACTaBAAIOWMX ONACHOCTb AAA GYAYMEro CTPOUTENLCTBA, TPOBEAEHNE MOHU-
TOPUHTa 32 paGoTol OTBETCTBEHHBIX COOPYKEHMN M M3YYEHUe UX BAMAHUA Ha
Te0NOTMYeCKYI0 cpeny.

[InA 3TOro MPUMEHAIOT KOMITNEKC METOAOB, COCTaB KOTOPOTO B 3HAIUTENLHO!
CTEMeHW aHalorMyeH UCMONb3YeMOMY Ha KNI0UeBbiX YYaCTKax, HO BeAyWUMU B
KOMIULeKCe ABNAIOTCA CEHCMOpPa3BeAKa MeTOAOM MpenoMaeHHuX Bonk (MIIB), a
TaKKe 3NEKTPOMarHuTHHE 30HAUpoBaHua (B33, B33-BIl unu 3CB), koToprie po-
TONHAIOTCA, IO BO3MOKHOCTH, MMKPOMAaTHUTHOM, 3IMAaHALMOHHOW, FaMMa-CbeMKa-
Mu. [IpUMEHAOT TaKKe CeHCMOAKYCTUYECKOe W 3NeKTPOMATHUTHOe MeKCKBa-
XWHHble MPOCBEYMBAHUA, B KauecTBe MpuMepa Ha pucyHKe 6.2 NpUBEREHD pe-
3YNLTATH KOMIIEKCHBX Fe0dU3NYECKUX UCENIeROBAHMUM! ANA UIYIEHUA PHIXTIBIX
M CKajlbHBIX TIOpOR, |
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B833-8n-1 833-8n-2 833-8n-3
v A Z
o T

Puc. 6.2. llpuMep onpeneneHnn ycnoBUi 3aneraHus CKanbHoIX NOpPOA NOA PbIXAbIMU
06pa3oBaHUAMM NO AaHHbIM MeTopoB B33, B33-BMN n MNB: 1 — yposeHs kanuanspHo-
ro NOAHATUA N0 AaHHbIM B33-BM; 2 — noBEpXHOCTb rPYHTOBbIX BOA MO AaHHbIM BI3,
B33-BM v MNB; 3 v 4 — kpoBns CKankHbIX NOPOA MO AaHHbIM B33, coxpaHHbix nopog
no nanusiM MMNB (V, — rpanuynan ckopoctb) (Teoguauveckue memodsi..., 1988)
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Tnasa 6.4. METOJ] IPEJIOMJIEHHBIX BOJIH

MeTop MPeNOMNEHHBIX BONH MOXeET GbITb UCIONb30BAH TONLKO ANR U3YYEHUA
C/10€B, B KOTOPHIX CKOPOCTb PAaCMpOCTPaHEHWA YIIpYruxX BONH GObUIe, YeMm B Bil-
lwenexawux. B reonormyeckux paspesax pasHbIX PavioROB BEIRENAOT A0 CEMW
TakuxX rpaHul. Jlawe Mpu HeGONBIIOW MOWHOCTY NMPENOMARIOLIMX CNOEB Ha HUX
MOT'YT 06pa30BLIBATHCA AOCTATOYHO UHTEHCUBHbBIE BONKLL B 3TOM cnyvae mpoxo-
AAWAA BONHA, KOTOpas 06pa3yeT NPenoMNeHHy0 BONIHY, PaclpoCTpaHALTCR B Ta-
KOM TOHKOM CJi0€ BROJb NMpenomisiolleit TpaHWLBE! C FPAHUYHON CKOPOCTBIO V.
CnepoBarTenbHO, BEIMYMHA 'PAHUYHOM CKOPOCTH XapaKTepu3yeT cnovt Hebonsuoi
MOWHOCTH. [INs KaWpOiH Habniopaemolt NPenoMneHHON BONHLI MOXET GBITH MO-
cTpoeH roporpad. COBOKYITHOCTb FOAOrPadios, MONYYEHHEIX MPU B3pHBE B OAHOM
MyHKTe, HA3BIBAIOT Cepuei ToAorpadios MpepBuAeHHbX BOH. fonorpadist mpenom-
NEeHHbIX BONH NePeCeKaloTcs MeXAY co6oi, 4TO CO3naeT ONpeneNeHHbe JaTPYAHE-
HUA TIPY UX TPOCTIeKUBARUM,

MeTop nMpenoMneRHLIX BONK HApAAY C pelleHneM CTPYKTYPHEIX 337ay 0380~
NAET MPOCNeXWBATb HEMNy6OKO 3aneraiomue rPaHNLb pasnena, oT KOTOPHX He
VRAETCA 3apervcTpPUpOBaTh OTpPaXEHHbe BONHbI, 06HAPYKUBATL W TPacCMPOBATH
AV3BIOHKTUBHBIE HApYLIEHWA, U3Y4aThb CBOAOBBE YACTW NMORHATWN, MPOBOAUTH
cTpaTMduKaLnio cefcMUYeCKNX FOPUIOKTOR (IO 3HAYEHMAM W XapaKTepy niMeHe-
HUA TPAHWUJHEIX CKOPOCTeit). MeToa NMpenoMneHH:IX BOMK WUPOKO MPUMERAIOT
TaKXe TPU PernOHANLHBIX CENCMUYECKUX UCCNIeR0BARNAX TTO KAPTUPOBAHMWIO TO-
BEPXHOCTU KPUCTANANIECKOTO QYHAAMEHTA U TIPU U3YYERUN 3eMHOR Kopht (rny-
GUHHbIe CeHCMUYECKNe 30HAUPOBAHUR).

MeTopn MpenoMNeHHbIX BONK COBMECTHO ¢ MOB Mcnonb3yioT InaBHLM 06pa3om
MpYU pelleHun PasnUuHALIX 33Ray¥ CTPYKTYPHOW Teonorum, T. e. NMpu MOUCKaX U
pa3sepke MONE3IHbLIX UCKOMAEMBIX, MECTOPOXAGHUA KOTODHIX CBA3AHL C ompene-
NEeHHBIMU CTPYKTYPHBIMU 0COBEHHOCTAMM, HanpuMep HediTw, ra3a, yris, KaMeHHo
conu. Bonsiroe 3Hayenue npuobperaer npumerenve MIIB u MOB B nHmeHepHoW
Te0NOTMU MPYU UCCNEeROBAHUYM BEDPXHUX YacTell pa3pesa, ONpepeneHn ONOKeRUA
MOBEPXHOCTY MNOTHLIX TOPOA U T. IT. B MOCNeRHMe TOAB 3TU METOAL PUBAEKAIOT
X pellIeHn 10 OTAENBHBIX YACTHBIX 3aAay PYAHOM reonoruu.

B cBA3M C Pa3ANYHbLIMU BO3MOXKHOCTAMWU GCHOBHBIX METOROB CEHCMOpa3BenKY
B OTHOWIEHUN INYGUHLL NCCTIEA0BAHMS, ONPEACNIEHNA CPERHUX W TPAHUYHAIX CKO-
POCTeW, U3YYeHWA TEKTOHUYECKUX HApYIeHW! 1 T. . 1jeNecoo6pasHo MPUMEHATb
"X coMecTHO. [IpaBMNbHOE KOMITIEKCMPOBAHUE 3TMX METOAOB MEXAY coBoil n ¢
APYTMMM TEONOTMYECKMMU U reodu3uyeckuMu Meropamu mosbiuraer 3¢dexus-
HOCTb Pa3BeAKH.
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Tax Kax BONU3U NMYHKTA BO3OYMAEHWUA TONOBHbIE MPEJIOMIEHHBIE BONHBI OT-
CYTCTBYIOT, TO CUCTeMa Habnioperun MIIB nonkHa CTPOUTBCA TaK, YTOOb! 6nnxai-
1UMHA K IIYHKTY B3pbIBA CeliCMONPUEMHMK 6bL1 YCTaHOB/IEH Ha HEKOTOPOM PacCTOR-
HWW, CPaBHUMOM C Mpenonaraemoit IyGuHoi 3aneranna npenoMnamed rpaHu-
b, YBepeHHaA MHTepmpeTauua faHHux MIIB BO3MOXHA nuub TOraa, KOrpa mo
JMHUK TIpodUNR MOXHO MOCTPOUTD IO KpaiiHe# Mepe aBa roporpada, monyuex-
HBIX U3 Pa3HbIX YHKTOB Bo36yxaenua (IIB). oaToMy cucTema HabnlopeHus cTpo-
WTCA TaK, YTOOBI MOXHO OBINI0 MOCTPOUTL BCTPEYHbIE, KOrAa roporpadel monyya-
WOTCA B WHTepBaNe MexaAy ABYMR IIB, unu HaroHfomue roporpadsl, KOrna oHu
CTPOATCA W3 MOC/IeN0BaTeNbHo pacnonoxerHsix 11B. Haroxsiomue roporpads ot
OAHO ¥ TO e MI0CKON IPRHULB NapanienbHE, TO3TOMY IO HUM MOXHO CTPOUTL
CBOAHBIE PONOTPAdHT MyTEM NapannenbHIX CMEIWEeHN) YaCTHBX Toporpados.

06LIYHO NMPUMEHAIOTCA MONHBE KOPPENALUNOHHbIE CUCTEMB HabmopeHuw,
obecreynBamme HellpepLIBHOE MPOCHEKWUBAHUE NPENOMIEHHLIX BONH BROMb
npopuna Habmopenud. B merone MIIB MCMONB3YIOTCA CUCTEMbI HENpPEPLIBHOIO
npodUNIKPOBaHUA: Uepe3 ONUH, ABa UNY TP UHTepBana.

B MPOCTHIX Fe0/OTUYECKUX YCI0BUAX BLIOUPAIOTCA HEMOJIHBIE CUCTEMH Ha-
6110ReHMA, KOTAA BONHB OT ORHO TPAHMLBbI BHAENAITCA He IYTeM HENPepLIBHO!
KOppensuuu, a myTeM BHABNEHUA NPEOMNAIOMUX IPAHUL HA OTAENbLHBIX yYacT-
Kax u3ydaembix npoduneit. Hemonxeie cMCTEMB MPUMEHRIOTCA MPU MOCTaHOBKE
ceiCMUIECKNX 30HANPOBAHUN.

Paccrosnue mexpy npueMHukamu 8 MIIB mexseTca ot 10 po 100 M, a mpu
NeTanbHbIX UHXEHepPHO-Te0JIorMYeckux UCCNenoBaHuax — or 1-2 po 5-10 M.
TIpenoMneHHbIe BONHH OTIUYAIOTCA IOHWKEHHBIM CTIEKTPOM YacTOT, TaK KaK u3-3a
6onbuIOro yaaneHus ot IIB BOJIHE! BLICOKMX JacTOT Mornomalorcs. lloaTomy, pabo-
Tas Ha HU3KOYACTOTHBIX QUILTPAUUAX, MOXKHO U3DABUTLCA OT OTPAMEHHBIX, IIPA-
MBIX W ,PYTUX BOJH,
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T'nasa 6.5. CEHCMOAKYCTHYECKHH METO

AxycTnyeckuit METOR OCHOBaH Ha UCIONb3OBAHUM KONeGann 3BYKOBOT U YNbT-
Pa3BYKOBON YACTOT. OTHOCUTENBHO BBICOKME YACTOTHI aKYCTUECKUX KoleGaKuit aB-
JIAIOTCA IPUMHON UX BBICTPOTO 3aTYXaHUA C PaCCTOAHUEM, 3-3a Jero 0671acTh pyn-
MeHeHWA TaKMX YacToT B CeHCMOpa3Beke OrpaHudeHHa. B 1o xe Bpema 310 06CToR-
TeNCTBO TO3BONAET ROOUTHCA BHICOKOW paspelaiomelt Coco6HOCTH nipn Habniope-
HWAX. MeTop IPUMEHAIOT NIPU HETPEPLIBHOM CEHCMOKapoTaXe CKBKUH W TIph MOPC-
KMX UCCNepOBAHUAX. 3BYKOBble KoneGaHus, nepuopuyecku Bo3GyKpaeMele B y3Koi
NO0Ce YaCTOT B BURE UMNY/LCOB PABHOM PORO/DKUTENBHOCTH C YACTOTOM HECKOMIBKO
THICAY TepL, MIPK UX NPaBWIBHOW CHHYCOMRANbHON GopMe U JacTOR MOBTOPREMOCTH
wMIynsCcoB (10 uMI/c) 0becreunBaloT BHICOKYIO paspellaionyio CnocobHOCT METOA.

AKYCTMYECKMM METOAOM U3YYAETCA MOHONUTHOCTb NOPOA, YTO BaXHO IPH Ipo-
eKTUPOBAHUM COOPYXEHNUH, ITO OCYMECTBNALTCA TMG0 aKyCTMIeCKMM NTPOCBEYM-
BaHueM NMOpPOR, 160 UcCNenoBaHUEeM OTPXEHUA 3BYKOB OT NMYCTOT B MOHONWUTAX
(puc. 6.3). B mepBom cnyyae B 0QHY CKBaXMHY MOMEWMAIOT AaTUMK Konebarwi, 8o
BTOPYI0 — MPUEMHWK, IIpUIEM AIA HApeXXHOCTH KOHTAKTa faTyMKa U IPUEMHIUKA C
noponamMu 06e CKBaXMHbL 3aMONHAIT BOAOH. BO BTOPOM — IO HAIMYMIO aKYCTH-
JeCKOW TeHM, T. e. IO YMEeHbIEHNIO AMIIMTYAL IPUHUMAGMOTO CUTHANA, CYRAT O
HanUyhK MyCTOTH B OPOAAX. BenuyMHa aMInuTyast OTPAXEHHOTO 3BYKa OT Myc-
TOT ¥ TPEWMH UHaA, YeM OT MOHONNTA, 3TOT COCO6 NpepnoNaraeT noMewerue Kax
NaTYMKa KoNe6aHUi, TaK U NPUEMHMKA B OQHY 32/IMTYIO BOROH CKBAXUHY.
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Puc. 6.3. AKyCTU4ECKME METOAbI NPOCBEYNBAHUA — TeHEBOW (a) M OTPAaKEHUS
(6) — Ans M3yyeHUA CKanbHoIX NOPOA: 1 — AATYUK; 2 — NPUEMHMK; 3 — aKyCTUYeC-
Kas TeHb; 4 — NyCTOTa B Nopope

557



canBOHHMK COBPEMEHHOIo M3biCKaTeAs

T'nasa 6.6. CTAITHOHAPHBIE HABJIIOJIEHUA

HasHauenue PeUMHBIX CTAUOHAPHEIX KabnoAerunit
NP UHKEHEPHBIX U3bICKAHNAX U UX COCTAB

JInA reonoruyeckoro 0GOCHOBAHWUA MPOEKTOB COOPYMEHUM W MHKEHEPHbIX
paboT TpebyeTcA NMONHAA XapPaKTEPUCTUKA UHKEHEPHO-Te0NOTHYECKUX YCN0BUA
TePPUTOPUM WM CTPOUTENBHOM TLOWAAKK, IPUYEM HE TONbKO WX haKTuueckoro
COCTOAHUA, HO U AUHAMUKW PA3BUTUA, T. €. U3MEHEHUN OTRENbHHIX 3JIEMEHTOB
3TUX YCIOBWi BO BpeMeHu. Hanpumep, Reo6X0AMMO TIPeACTaBNATD, KAK U3MEHA-
0TCA YPOBHU BOAH B DeKe, 03€pe, BOROXPAHWAMLLE, YPOBHU NOA3EMHLIX BOA M
CBA3AHHDBIE C HUMU ABNEHUA 33TOIIEHUA U IOATOIIIEHUA TEPPUTODUIA, KaK U3Me-
HAOTCA XapaKTep U CKOPOCTb PA3BUTUA FeONOTUYECKUX NPOLECCOB, OCARKU W
nedopManu COOPYKEHUA U ApYrue ABNEHUA, Bce Takne KauecTBEHHbIE U KON~
YeCTBEHHbIE U3IMEHEHUA MHIKEHeDHO-Te0NOrNYEeCKUX YCIOBUN TEPPUTODUIA B 1ie-
NOM WM OTAGNbHBIX 37IeMERTOB 3TUX YCJIOBWA BO BPEMEHW XapaKTEPU3YIOT UX
AMHAMuKy. [IMHaMuKa NPOLECCOB U ABIEHWI MOXET UMeTb ONpPEeAeieHHLIN pe-
UM, KOTAQ NX U3MEHEHMA 3aKOHOMEPHH! BO BPEMEHMU W 06YCNOBNEHS!, HANPU-
Mep, KIMMaTUYeCKUMK, TUAPONOTUIECKUMU MK B LenoM duanuko-reorpaduuec-
KUMU YCILOBUAMM.

HabniopeHns 3a sUHAMMUKONM TPOLECCOB U ABNEHUIA HA HAbNIOAATENbHHX CTa-
1JUOHAPAX — YYacTKaxX, TOUKAX, IYHKTAaX — C 1eJ1b10 BHABNEHUA WX 3aKOHOMEPHO-
cTeit M 06YCNOBNEHHOCTH COCTABAAIOT ONPEAETEH DI, O4eHb BAXHBIA BUA 00~
TMYECKUX PA6OT, HA3LIBAEMBI PEXUMHBIMUA CTALlMOHAPHLIMU HA6nIOAeHNAMY, ITH
Ha6n0ReHUA HEOOXOAUMSL TaKOKe IR TOTO, YTOGH [ONYYaATh BO3ZMOXHOCTD Ipes-
BUACTb (NPOTHO3UPOBATH) TEHAEHIUUIO N MACIITA6 PA3BUTUA TEX WUIW MHBIX NPO-
LECCOB W ABNEHUIA NTOA BRUANUEM ECTECTBEHHBIX WX UCKYCCTBEHHBIX YCIO0BUA.

Habnonenua 3a pa3BuTUEM NPOLECCOB U ABNEHW BO BpEMEHU IIPU HHKEHED-
HBIX W3LICKAHUAX OGBYHO BHUTONHAIOT C LENbI0:

1) NMONYYEHWA UX KAYECTBEHHHLIX U KONUYECTBEHHBIX XapaKTEPUCTUK W Ole-
HOK;

YCTAHOBNEHWUA 3aKOHOMEPHOCTEH PA3IBUTUA TPOLECCOB U RBNEHWA U BLIAB-

NI€HUA NTPUYUH, UX 06YCNOBINBAIOLIMUX;

3) MpeRyIpexAeHUA OMACHBIX ¥ KaTaCTPObUIECKNX NPOABAEHUMA POLUECCOB;

4) COCTaBNEHWA NMPOPHO33 PAIBUTUA NPOLECCOB W OMACHBIX ABNEHWUA;

5) 060CHOBAHUA HEOGXORUMBIX MEDPONPUATHI IO OXPaHe re0N0TUYECKOM Cpe-
ABL KU3HU U JEATENLHOCTH NOAEN, 06eCTIeYeHnIo YCTOWINBOCTH COOPYKE-
HWi, yTipaBNeHWI0 TEOOTMIECKUMM TTPOLECCAMU U ABNEHUAMK B HYIKHOM

o
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ANA YeNOBEKA HanpaBneHnU. TakoBO INaBHOE Ha3HaYeHNe PeXUMHLIX CTa-
1UNOHAPHLIX HabNOAEHNA. OHN UMEIOT 0YeHDb BaXKHOE 3HAYEHUE, TaK KaK BO
MHOIMX Cy4asX TONLKC B Pe3yJlbTaTe UX BHINONHEHNA MOXHO YCTAHOBUTD
TPUYMHBL, YCAOBUA U 3aKOHOMEDHOCTU Pa3BUTUA HEGNArONMPUATHBLIX UMK
ONACHBIX POLECCOB U ABNEHWA U 0GOCHOBATL MYTH W CPeACTBA YNpaBie-
HUA UMR.
TIp® MPOEKTUPOBAHMM, CTPOUTENLCTBE U IKCIULYATALNN COOPYIKEHUH W XO3AiA-
CTBEHHOM UCMO/Ib30BAHUN TEPPUTOPUA Hallle BCEro MPUXOAUTCA BHUTONHATD Cle-
AyolLIME BUALE PEXUMHLIX CTALlWOHAPHBIX HAabNl0AEHWIA:
a) MeTeopoNoruyecKue U I'MAPONOTHIECKHE;
6) rupporeonoruyeckue;
B) reoTepMuyuecKue;
r) 3apehopMauuAMM MacC COPHBIX NTOPOA HA CKNOHAX, B 0TKOCAX, HA OMON3-
HEBbIX YYacTKax, B MOA3EMHbIX BHpabOTKAX W KOTNOBAHAX;

1) 3a0capKaMu 1 BehopMaLUMAMMK COOPYIKEHNHA;

€) 33 CKOPOCTbIO W XapaKTepOoM Pa3BUTUA NTPOLECCOB BLHIBETPUBAKNA, IPO3UK,
abpa3uy, IyYeHUA TOPHLIX NOPOA, 33 X PU3NIECKUM COCTOAHWEM W APY-
TMMM TPOLECCAMU U ABNEHUAMMU.

PONb PEMMMHBIX CTAUNOHAPHHIX HAGNIOAEHWIA HA Pa3HbIX CTARUAX UHKeHep-
HBIX U3BICKAHMMA HeoanHaKoBa. Kak BUAHO Ha pucynke 1-6 (cM. rn. I), OCHOBHOM
nx o6beM 06LIYHO IPOUIBOAAT HA CTAAUM AeTANbHEIX UCCNeA0BaHMA. OHn pomon-
HAIOT ApYTMe BMAbL reoNornyeckux paboT u IOITOMY 06eCcTeuMBaT NMONHOE W
AETANLHOE U3YIEHUE WHIKEHEPHO-T@QI0TUYECKUX YCIOBUIA TTPU PENIEHUU TeX Uan
MHBIX MHXKEHEePHbIX 3afay. B He6onburoM o6beMe 3T HAGNOAEHNA MHOTAA BLITION-
HAIOT Ha CTAAUAX NPEABAPUTENbHBIX X PEKOTHOCLIAPOBOYHLIX UCCNEA0BAHN, KOT-
7a 6e3 MaTepuanoB CTAUMOHAPHHIX PEXXUMHBIX HabNI0ACH!I  HEBO3IMOXHO PENIUTb
TOCTaBNEHHBe 33Aa4K. MX BEONHAOT TaKKe NPU ROTIONHUTENLHLIX U3BICKAHUAX
Ans 06ocHOBaHUA PaBOYMX YEpTeXeR U 0YeHb JacTo — B NEPUOA IKCINYATaLUK
COOPY)XEHUH X TEDPUTOPUR, B OTAUYME OT APYTUX BUAOB Te0NOTHYECKUX paboT.
B 3TOM mocnepHeM COCTOMT OAHA U3 XapaKTEPHMX OCOGEHHOCTEN PeXUMHBIX
CTALUOHAPHEIX HAGMOREHNA.

I'uapopexuMHLbIe Ha6mopexua. Mereoponoruyeckue w ruaponoruyec-
Xue HaGnwoperua. Knumar, peku, o3epa, BOAOXPaHWIKILA X MOPA MOTYT Cyle-
CTBEHHO ONpeAEeNATb PAa3BUTHE T€ONOTUHECKUX TPOLIECCOB U ABNIEHUHA U GOPMUPO-
BAHWE UHXEHEDHO-Tre0NorMYecKnx YCloBui TeppuTopuit. TI03TOMY XapaKTepuc-
TUKE, OLEHKA ITUX YCNOBUIA W NPOTHO3 UX W3MEHEHW A BO BPEMEHW HeMbICAUMEL
6e3 yyeTa HEKOTOPHIX AAHHLIX, XapaKTEPU3YIOWMX KNUMAT W TMAPONOTHYECKUE
0COBEHHOCTH PeK u BOROEMOB PACCMATPUBAEMOTO PatoHa.
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CﬂpClBO"IHMK COBPEMEHHOIo U3bICKAaTeAs

W3 MeTeoponoruyeckux NaHHLIX MEpPBOCTENEHHOE 3HayeHWe O0BBHIYHO UMEIOT
cnenyoume.

1. Konuuecrso (cyMMa) aTMocepHBIX OCAAKOB 4 WX PaclipepencHue No Bpeme-
HaM TOAa, B TOM YWCNE BbICOTA CHEWHOrO MOXPOBA B NMPEAenax PasHblX ane-
MEHTOB penbeda, HOPMa 0CaAKOB, X03IGGUUUERT, HOPMA U MORYNL cToKa. [Ipu
XapanTepUCTUKe PacmpefieNeHna 0CAAKOB BO MHOTMX CAy4YasX BawHO o6pa-
1aTh BHUMAKWE Ha UX UHTEHCUBHOCTb B NETHUE MECALHL,

2. A6comoTHas M OTHOCUTENbLHAR BAAKHOCTb BO3AYXA, BAUAOLNE HA UCTIADEHNe
W UCTIAPAEGMOCTh BNATY, BOAHKIM 6anaHC MECTHOCTH, BNAWHOCTHEIN PEXUM Iop-
HbIX TOPOA B 30HE a3paLjuu U APYTUE ABLEHUA.

3. Pacnpepenenue TemmepaTypbi BO3AyXa MO OTAENbLHLIM NEPUORAM BpeMeHU
TOA, UX CPEHUE, MAKCUMANIBHBIE U MUHUMANbHbIE 3HAYEHUA, TOAOBLLE, CE30H-
HbIe Y CYTOYHbIE X0J1e6aHuA.

4, HampaBneHue M CKOPOCTL BETDA, MEPUOLL IPOJONKUTEALHOrO NENCTBUSA BET-
POB TOCHOACTBYIOWUX HANpaBNeHui . Po3kl BeTpOB: rog0Ban v ANA XapaKrep-
HBIX TIEPUOAOB I'ofa.

5. Tny6uHa Ce30HHOrO POMEP3aHUA TOPHBIX TIOPOA Ha PA3HbIX 37IeMEHTaX penb-
eda ¥ pasHO UX ICTIO3ULUY, HA TIOBEPXHOCTAX, TIOXPLITHIX CHEPOM, U O6Ha-
MEHHKTX, B Pa3HBIX POPHbIX TTOPOAAX.

Bce 3T METEODPONOrMYECKME AAHHbIE, XaPAKTEPU3YIOLME KAUMATUYECKUE 0CO-
6eHHOCTU PaioHa, MOMHO TMONYYUTh U3 CIPABOYHUKOB, CNELMANbHBIX W3LAHWI
(eXeropH1Ku, KapacTpel) FMAPOMETEOPONOINYECKO! CAYKOL Poccuu, Ha MeTeo-
CTaHUUAX U B TUAPOMeTeoynpaBneHuax. OAHaK0 MHOTAA BO3HMKAET Heo6XOAU-
MOCTb B y4YeTe MECTHbIX, NOKaNbHHIX MUKPOKIUMATUVECKUX YCNOBut. B aTux
Cnyvasx Mpu NPOV3BOACTBE UHMEHEPHBIX U3LICKAHUA OPraHU3YIOT HabnoneHua
33 OTAE/NLHBIMU 3N€MEHTAMU UNU KOMITNEKCOM 371eMEHTOB MEeTeOPONOrUIeCKUX
ycnosuit. [Ipu opranusanuu Takmx HabnwoaeHuin Heo6XoAUMO PYKOBOACTBOBATD-
ca «HacTaBneHWAMU PMAPOMETEOPONOTUYECKUM CTAHLMAM Y TIOCTaM PTMAPOMETE-
0pONOruYecKoi cnywou PO». loatomy pna TOro, yTobbi 06€CmeduTd AOIKHLIR
YPOBEHb MHMEHEPHBIX U3LICKAHMi, HeOBXOANUMO NpeXpe BCEro CTPOro Mpupep-
MUBATLCA TPABWL METEOPONOTUYECKUX HAOMIOACHWN, TIPUBENEHHBIX B YKA3an-
HHIX HACTAaBNEHUAX.

JInA pelleHus MHXKEHEPHO-TeONOTUYECK UK 33aY IPEACTABAAI0T UHTEPeC Che-
Ayomue T'MAPONOruYeckue napamMeTphl pex 1 BONOEMOB:

1) YPOBHEBHIR PEXUM W CBA3AHHbBIE C HUM SABLEHWA 3aTOMJEHUA U MIORTON-

NeHus;
2) CXOPOCTY W PacXoasl BOAb PEYHHIX MOTOKOB. JINA UHTEPECYIOmero KOHX-
PETHOrO yyacTka Ba\)«uo YCTaHABAWBATH 3HAMEHWUA Pa3MBIBAIONIUX U KPU-
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TUYECKMX CKOPOCTEi TIOTOKOB U MaKCUManbHble PACXOALL IO MHOTONETHUM
DAHHBIM;

3) nenoBLIN PeMUM;

4) MMHepanu3auua, XMMUYECKUA COCTAB W arPecCUBHOCTb NMOBEPXHOCTHBIX
BOA;

5) TBEpAbI CTOK, ET0 COCTAB U YCNO0BUA GOPMUPOBAHUA;

6) BONHOBHE ABNEHWA HA BOROEMAX W UX NapaMeTpbl — BHICOTA BOAHM h = f
(W, t, D, H); sneprua Bonusl E = [/8h%L; BHCOTA BCKATHBAHUA BONHL iy =
=3,2 kh tg a; cuna ynapa BonHe P = v,V 2/g.

Oripenenexna u ponb BCeX 3TUX NapaMeTPOB PMAPONOTNHECKNK YCROBUN pex
BOJI0EMOB, 0Xa3bIBANOWUX BAUARWE Ha pa3BUTHE Te0NOTMHECKUX TPOLECcCoB 1 Gop-
MUPOBAHWE UHMEHEPHO-TeONOTUYECKUX YCNOBUM TePPUTOPUH, NMPUBEAEHH B
«Kypce uHMEHePHOW reOAMHAMUKUY.

C60p, 06061merue u OLeHKa PUAPONOTUYECKUX AAHHLIX, & B OTAENBHAIX CAYYa-
SX OPraHW3auMA COOTBETCTBYIOWWX HabnlofeHUt — HempeMmeHHoe ycnoBue 3g-
(bEXTUBHOCTY pelleRnA 33hay UHKEHEePHBIX U3BICKAHUA ANs 060CHOBAHUA TPOEX-
TOB COOPYKEHUR U UHMEHEPHHX PaboT. IIpu MPOeKTUPOBAHUN XDPYIIHLIX 06beK-
TOB B COCTAB HKCTIEAULMA, BEITONHAOWMUX UHMEHEPHbIE U3bICKAHUR, TPUBREKAOT-
€Al TMAPONOrYU — ANA BHIONHEHWA TUAPONOTUYECKUX U3bICKaHUN. MHkeHep-reo-
10T AO/MEH TMOHUMATh 3HAYEHUE PUBPONOTMYECKUX AAHHHX IJIA PELIEHUA UHMKE-
HEPHHX 333y, YMETb MOJb30BATLCR UMW W GbITh 3HAKOMBIM C OPraHu3anuei u
METOAMKOM TakuxX Habnoperwit. Iupponornyeckue faHHbe, BKNI0YAOMUE UCXOR-
Hble MaTepWUantl HabnOaeHUHA 32 peUMOM NOBEPXHOCTHLIX BOA PeK, 03ep, BORO-
XpaHunum, Mopeit, 6010T ¥ UX HayyHoe 0606meHue, NPUBEREHE! B CHIELMANbHbIX
BLIYCKAX U CHPABOYHUKAX TMAPOMETEOPONOrUdecKait cnyw 6yt Poccuu.

Tupporeonoruveckue Habémoperua. llonzeMHLie BORb ABNAOTCA BaWHEN-
LIMM 3NEMEHTOM UHXEHePHO-Te0NOrNYECKUX YCI0BUMA TOR UM UHO TePPUTOPUM.
IIp1 NPOEKTUPOBAHUY Y CTPOUTENILCTBE COOPYMEHU, PALMOHANBHOM UCTIONLIOBA-
HWW TEPPUTOPUH, PONIOTMHECKOH CPenb MTOA3EMHbIE BOAM BCETAA UMEIT TONBKO
WHXEHEPHO-Te0N0rnyeckoe 3HaueHue, [IoITOMy U3yueHNe OR3EMHIX BOR — UX
PacnpoCTpaHeHus, YCI0BUi 3anerakua, TMAPABIUYeCKUX 0CO6eHHOCTeN, YCAOBUA
TIATAHUA U Pa3rpy3Ky, 3aHacoB (PECYPCOB), PeMuUMa, XUMU3MA W T. §. — Heobxo-
VMO TIPOM3BOAMTbL Ha BCEX CTAAUAX VHMEHEpHLIX U3bickaHui. Bes pommmoro
yyeTa BAUAHUA NOA3EMHLIX BOJ Ha PasBUTUE Fe0IOTMHYeCcKUX MPOLeccoB W ABNe-
HWii, BNAXXHOCTU W BOROHOCHOCTW FOPHLIX NMOPOA HE MOTYT OHITb CAENAaHB Mpa-
BUIbHAA OLEHXa UHMEHEPHO-Te0N0IMYeCKUX YCI0BUIA TEPPUTOPUIA Y TPOTHO3 UX
W3MeHeHWi. [Ipy UHKEeHePHBIX U3bICKARUAX U3yIeHUe TON3EMHLIX BOJ, KaK W ADY-
TUX NPUPOAHMX 3NEMEHTOB, NOMMHO 6bITb camo co6on pasymewwmmca. Takas
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CrpaBosHUK COBPEMEHHOro U3bICKATeAS

TIOCTaHOBKA BOTIPOCA COBEPLIEHHO HE UCKAI0YAET UCTIONb30BAHNA TIPU UHKEHEeD-

HBIX M3bLICKAHWAX METOZI0B TMAPOTEONIOTMM, KaK U APYTUMX HayK, HO TOBOPUTL W

CTaBUTh BOTIPOC O HEOBGXOAMMOCTM BHIONHEHUA OBHOBDEMEHHO C MHKEHEPHO-

TeoNOrMYECKUMI UCCIEA0BAHUAMM CIIELINANbHBIX TMAPOTEONOTMYEeCKUX — Hellpa-

BOMEpPHO U HempaBunbHO. I03TOMy cnepyer o6paTuTh 0cofoe BHUMAHME Clienua-

NIUCTOB TIO MHKEHEDHO TeONOTMM Ha HEOB6XOZUMOCTb XOpONIelt UX OATOTOBKM B

06nacTv TMAPOTEONOrMM W Ha BAKHOCTb U3YYEHUA TOA3EMHBIX BOA, MX PeXuMa

TIPY UH)KEHEPHEIX U3bICKAHUAX.

TIpn MH)XEHePHO-Te0NOTUYECKUX UCCIefOBAHUAX PEXUMHLIE CTaMOHAPHbE
TUApPOreonorMYeckue HabnopeHMA NPUXOANTCA BHIIONHATE AR PelleHUA pasHo-
o6pa3Hbix 3apay. Haubonee 4acTo MxX NPOU3BOAAT C LEbIO N3YIEHUA:

1) MoONOXeHWA YPOBHA U Tbe30MeTPUUECKUX YPOBHEN roA3eMHEIX Boa. B 6onb-
LIMHCTBE CAy4aeB OCOBHIA MHTEPeC NMpeaCcTaBiAeT YCTaHOBNERMe TIePUOAOB
MaKCUManbHHIX U MUHUMANbHBIX MONIOKEHU YPOBHEN U Nbe30MeTPOB O~
3eMHBIX BOJ, ¥ UX OBYCNOBAEHHOCTb TPUPOAHLIMU KNUMATUYECKUMM, THA-
PONOTUYECKUMM MU UCKYCCTBEHHBIMU BaKTOpaMu;

2) YCNOBWit TMTaHUA NOA3EMHBIX BOJ U UX 3aNacoOB — Pecypcos;

3) CBA3V NMOA3EMHBIX BOA C TOBEPXHOCTHRIMMU 1 3aBUCUMOCTH PeXUMa TIepBLIX

OT peXuMa BTOPbIX;

B32UMOCBA3W MENAY OTACNLHLIMW TOPU3OHTAMM U 30HAMM NTOR3EMHBIX BOA,

HanUYMA M HapeXHOCTW BOAOYNOPOB, KaK MECTHHX (IOKaNbHBIX), TaK M

PETMOHANBHLIX;

W3MEHEHW! PeXVMa NOA3EMHBIX BOR (YPOBHEH, PECYPCOB, XMMU3MA U AD.)

TIOZ, BRUAHMEM CYLIECTBYIONMX BOR03A6OPOB, IKCIUIYaTaliuU COOPYKEHUM

W Apyrux HaKTopos;

6) M3IMEHeHMI MUHEepaNu3aLuu 1 XUMU3Ma NOA3EMHBIX BOA,;

7) BAMAHWMA PeXuMa NOA3EMHLIX BOA Ha Pa3sBUTHE Te0IOTMYECKMX TTPOLECCOB
W ABNEHWUW — MOATOMNEHMe U 3a6onayuBaHue TEPPUTOPUH, 3aconeHme
TOpHBEIX NIOPOJ, Pa3BUTHE OMOJ3HEBLIX U NPOCAJICYHBIX ABNEHUH, UIMEHe-
HUe MMKPOCENCMUYECKUX YCII0BUA 1 Ap.

TlepeuncnenHsle CBENCHUA O PeXUME TIONAIEMHBIX BOA OGEIYHO MTO3BONAOT:

a) pasarh Gonee 06OCHOBARHHYIO OIEHKY WHKEHEPHO-TeOJIOTMYECKUX YCNO-
BUW TePPUTODUIA;

6) onpepenATb YCNOBUA MPOUIBOACTBA CTPOUTEBHBIX U TOPHEIX paboT, ye-
NOBUA 3KCINYaTally1 COOPYKEHWM, OleHMBATb BO3MOXKHbIe MacuITabht Bo-
AOTPUTOKOB W NPOPLIBLL BOAL! B KOTOBAHb U NOA3EMHEIE BLPABOTKM M
WX arpeccuBHoe BO3AeACTBUE Ha NOA3EMHBIE YAaCTH KOHCTPYKLUH COOpY-
KEHUN;
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B) pa3spabarniBaTh PalMOHANbHbIE MEPONPUATUA N0 OCYLIEHUIO TEPPUTODHA,
no 6opsbe ¢ ABAGHMAMW TOATONIEHWA TEPPUTOPUN WM COODYKEHMH, 1O
6opb6e ¢ NOA3EMHBIMM BOAAMU NIPU NPOXOAKE KOTIOBAHOB W NOA3EMHBIX
BHPa6OTOK, C MOTEPAMM BOAL Ha (UILTPALMIO, IO YRYYMIEHNIO MEnKropa-
TMBHOTO COCTOSKMA OPOLIAEMbIX 3eMenb U T. A.;

pa3pabarsiBaTh pauMOHanbHble MEPONPUATMA NO OXpaHe OKpyKaowein
Te0/I0rN4ecKoR CpPeAibl, COOPYKEHUM, KU3HM W AEATENbHOCTU NIOREW OT
ONACHOTO Pa3sBUTHUA FeONOTMYECKUX MPOLECCOB, M B TOM YMCIE 3amuTe
NOBEPXHOCTHbIX M TIOR3EMHBIX BOA OT 3arPA3HEHMA, UCTOLEHUA TIpH IKCI-
NyaTaluu COOPYKEHMMA U BHITOIHEHMN MEXXEHEPHBIX PaboT.

TakuM 06pa30M, PEMWMHBIE CTALMOHapHble TMAPOTEONOrMYecKue Habmope-
HUA NIPU MHKEHEPHEIX U3bICKAHMAX MOTYT AaBaTh O¥eHb Ba)XKHbie MaTepUansl AnA
TeXHMYECKN Hanbonee NPaBUABHOTO U FKOHOMUYECKM BHITOAHOTO PELIEHNA UHIKE-
HePHBIX 3apay. [iNA NMOCTAHOBKM TaKMX HABMIOAHNIt OBLIYHO NCIIONb3YIOT UCTOY-
HUKMW, T. €. eCTECTBEHHBE BHIXOAB NOA3IEMHHIX BOA HA MOBEPXHOCTb, CKBAKUHLI,
wypdbl, KONOALb, BORO3a60PHl, FOpHEE BHPAaBOTKM. B ropHuX BHpaboTKax Mc-
NOb3YI0T ONpeneieHHbe YYACTKN BOROCOOPHLIX I0TKOB, YNaBANBATENN, 3yMIdbI,
BOAONPUEMHUKM, HACOCHHIE CTAHUMN U Ap. TIo KAKAOMY NYHKTY HabMOAEHUN He-
06X0MMO UMETh TOYHAEIE CBEAGHUA O er0 BEICOTHOM, TUIAHOBOM M PE0JI0TMYECKOM
MOJIOXKEHRUAX, O PeXUMe BCKPHITHIX BOROHOCHMIX FOPM3OHTA WM 30HHI, HaXOAA-
WUXCA N0, HabNlopeHueM.

JINA YCITENHOro BLIONHEHUA CTAUMOHAPHLIX PAGOT KaMARIA MYHKT (Touka)
HabmopeHnit ROMKEH BHITH COOTBETCTBYIOMMM 06pa3om 060pyRoBaH. MCTOUHUKN
PaCUMIEHE U KaNTMPOBAHDLI, CKBAKWHEI M WYPdH 3aKPEIUIEHH, @ B OTAENbHBIX
cnyyanx 060pyAOBaNbl yPOBHEMEDAMU, NUMHMIDadaMu, BOROCAMBAMM, BOROMEDA-
MW M APYTUMM TEXHUIECKMMYU CPeACTBaMy. Ha KaxpoM nyHkTe HabniopeHus ycra-
HaBIMBAIOT TOMYKY, CeMeHMe WK YPOBEHb, OT KOTODKIX MPOU3BOAAT TO MAW MHOE
W3Mepenue Npu Habmopenusx. [Ipu BuiGope MyRKTOB HabniopeHU? HEO6XOAUMO,
4TO6b KAKAbIA M3 HMX 6bU1 PACTIONOKEH B TUIMYHHIX TMAPOreON0rMYeCcKNX YCno-
BUAX, BONM3U 30HB! BAMAHUA TPOGKTUPYEMOTO MU 3KCIUIYaTMPYEMOro COOpyKe-
HMA WM HENIOCPeACTBEHHO B Hel, B NPefieNax 0CBauBaeMOW TePPUTOPHUM, U Bl
AOCTYMHBIM B M060W NEPUOA BpeMeHK Toaa.

OCHOBHLIMM PMADOTEONOTNYECKMMU TAPAMETPaMMK, 32 NIMEHEHNAMMU KOTOPbIX
06HYHO BERYT HabNIONEHUA, ABNAIOTCA YPOBHY U Tbe30METPUIECKMeE YPOBHY NOA-
3eMHbIX BOJ, Ae6UTHl MCTOMHMKOB, CKBKMH, BOA03a6OPOB, PACXOALL M IIPUTOKM
BOAbI, €e MUHEepanu3saLua, XMMUIECKUNA COCTAB W TeMmeparypa. Habnionenus Be-
AYT N0 yCTaHOBNEHHOMY rpaduKy, KOTOPHIA ONpeaenferTcs 0CO6eHHOCTAMM pexm-
Ma M3yyaeMOoro BOAOHOCHOTO rOPW30HTA WMAM 30HbI, XapaKTePOM U aMITUTYAOW
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CrpaBOsHK COBPEMEHHOTO U3bICKATEAS

KoneGaHMA UX MapaMeTPOB, CTaANER MHKEHEPHBIX UIBICKAHUA W peNlaeMbIMU 3a-
Aavamu. Tpapuk HabniopeHui fONKeH 06ecrnednBars BHABNEHNE 3aKOHOMEDHOC-
Tel peXuMa MOA3EMHLIX BOZ BO BPEMeHM (CYTOMHOTO, Ce30HHOTO, TOA,0BOTO, MHO-
TOTNETHETO, 3MU30UYECKOr0) U B TPOCTPAHCTBE, B €CTECTBEHHLIX YCNIOBUAX U Ha-
PYLIEHHBIX Pa3/IMYHBIMU UCKYCCTBEHHBIMU (akTopaMu,

B cooTsercTBUU ¢ «MeTopuyeckuM PyKOBOACTBOM» BCeCOW3HOro HayyHO-
UCCNEeN0BATENLCKOTO UHCTUTYTA TUAPOTEONOIMN U MHKEHEDHOW Te0IoTUU B Ha-
anbHbIA Nepuop HabmoneHud, Korna PeXuM NIOA3EMHBIX BOJ elle HeU3BECTeH, Ha-
G110AEHUA 32 PEXXUMOM I'PYHTOBLIX BOJ PEKOMEHAYETCR MPOBOANTD 10 pa3 B Mecay
(3,6,9,12,15,18, 21, 24, 27 n 30-T0 uncna), a 3a PeXUMOM HAOPHHIX BOZ — 5 pa3 B
Mecay (6, 12, 18, 24 u 30-ro yucna). B mepuoast NaBOAKOB, CHETOTAAHUA, NUBHE-
BBIX MW NPONOTKUTENBHBIX 0XKAEH UNYU UHTEHCMBHOTO UCKYCCTBEHROTO Hapy-
NIEHUA PEXKUMA HAGNI0AEHUA Ha OTAENbHBIX XaPaKTePHBIX TOYKAX PEKOMEHAYEeT-
CR IPOBOAUTb @XEZHEBHO, a NHOT/A He MeHee 2-3 pa3 B IeHb 0 TeX 1op, moka
He MPeXpaTUTCA pe3koe u3MeReHNe TMAPOTeON0TMECKUX TapaMeTPoB, XapakTe-
PU3YOLIMX PEXUM BOROHOCHOTO POPU3OHTA UNU 30HbL,

3aKOHOMEDPHOCTH PeXUMa NMOA3EMHEIX BOA U MX OGYCNOBIEHHOCTb MOTYT
GLITL BHIABNEHB TOALKO B TOM CNyYae, €CAN PeXWUMHBIE TMAPOTEonorndeckue
HabnmoAeHMA COMPOBOXKAANTCA COOTBETCTBYIOMMMU APYTUMU HABMIOAEHNAMU:
METeopONOruYeCKUMU, TMAPONOTUYECKUMY, 32 PA3BUTUEM OMON3HEBHIX ABNE-
HWit, paboToi COOPYKEHNit N Ap. BLIABNAA MNaBHbie MM Pe3KME NIMEHEHUA B
peXunMe MOA3EMHBIX BOA U PACCMATPUBAA UX Ha QOHE N3IMEHEeHWA IPYrux mpu-
POAHBIX WIN UCKYCCTBEHHBIX ABNENUMA, OGBIYHO MOXHO OGBACHUTD IPUMMHLL U
MacuTabh U3MEHEHMA TapaMeTpoB MOA3EMHLIX BOJ BO BDEMEHM W B TPOCTPAH-
crBe. 3TO MO3BONAET NPUHWUMATL 0GOCHOBAHHbIE WHXEHEPHbE PENIeHUR IO
YNPaBNeHUI0 PEXUMOM MOA3EMHBIX BOJ Y MPEAYIPEMAEHNI0 UX BDELHOTO UK
OMACHOT'O BAUAHUA,

MHorouncnennsie HabNOAEHUA HA CAMBIX PA3NMYHBIX YYaCTKAX YKA3LIBAWOT
Ha TECHY0 CBA3b NEPUOA0B MHTEHCUBHEIX W NOBCEMECTHHX OMON3HEBbIX NOMBU-
eK Ha CKIOHAX U OTKOCAX C NIePUOAAMU OGUIBHEIX U NPOAO/KUTENBHBIX AOMAEH,
WHTEHCUBHOTO TARHUA CHETa, BLICOKOTO CTOSAHUA YPOBHA BOJbI B BOAOEMAX, & TaK-
e ¢ pasHoOGpasHHIMM (opMaMu MpPOABIEHUA MOA3EMHBIX BOA. 3TO CBUAETENb-
CTBYET 0 HECOMHEHHOW MPUYUHHOM CBA3U 06Pa30BaHMA ONMON3HEN C KAMMATUec-
KUMU YCIIOBUAMMU MECTHOCTU M TTOA3EMHLIMU BORAMU,

Ha pucyske 6.4 npnsenenst rpadukn KonebaHUA YPOBHSA CPYHTOBLIX annio-
BMaNbHBIX BOJ Ha OHOM U3 Y4aCTKOB, COCTABNEHHbIE [0 pe3ynbTaraM abnione-
HU B TeMeHUE MOMTH 4 neT. Y3 aHanu3a 3TuX rpadmnos ciepyer, YTO YpoBHe-
BBIW PEXWUM PDYHTOBLIX BOZ HA YYaCTKAX, MPUNErawiux K peke (xonopust 6, 9,
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Pasaen 6. Feoduanyeckme, MMAPOXMMUYECKUE, PAANOTUADOTEOAOTUYECKHE. ..
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Puc. 6.5. Tpaduku KoneBGaHNA rPyHTOBLIX BOA H3 ORHOM

1 — cyMMa 0CapKoB B AeKagy, MM; 2 — rpadVvK He[OCTaTKa HCLIWEHUA BO3aYXa, %;
BLIX BOf M0 AAHHLIM HAGAIOACHNI B KONORUAX, PACNONOKEHHBIX B 30HE BAUAHUA

8 KONOALE, PACNONOKEHHOM

12, 16), MONHOCTBI0 OMpenenAeTca ee ypoBHEBLIM pexumoM. Ha yyacTke, ypa-
JIeHHOM OT pexu (konozel 10), ypoBHEBbIA peXuM IPYHTOBLIX BOZ ONpeAenaeTca
KNMMAatnyeckumu ¢akTopaMu — pacrnpefieNeHneM OCajKoB B TeyeHue roja n
HeJOCTaTKOM HachllleHuA Bo3ayxa. M3 rpadukos BupeH He TONBLKO XapakTep
06YCNOBNEHHBIX 3aKOHOMEDHOCTE! B YPOBHEBOM PeXUMe IDYHTOBLIX BOR, HO U
paiMepsl U3IMEHEHMI, XapakTepuayiomme Macrab asnenui. B xonoauax, pacno-
TIOXEHHHX Ha YYacTKax, IPUNeraiolmux K pexe, aMIAUTYAb KoneGanui ypoBHA
TPYHTOBBIX BOJ AOCTUralOT MOYTU 3 M, 8 B KONOALAX, YAANEHHEIX OT DEKU, OHU
MeHblie 1 M,

Ha pucynkax 6.5, g, 6, 8 2 MOKasaH mNaH paccMaTpUBAEMOro yyacTka ¢
TUAPOM3OTUIICAMYU HA XapaKTepHble ePUOALl CTOAHUA YPOBHA IPYHTOBLIX BOZ —
IUMHENIA MUHUMYM, 3UMHUA MAKCUMYM, BECEHHUA MUHMUMYM U ETHUHA MaKCUMYM,

565



CnpAaBOYHUK COBPEMEHHOro U3biCKaTeAs
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¥3 Y4aCTKOB NO AaHHbIM MHOTONETHUX HaBAOACHNIA:

3 — rpacduk KoneGaruA yposHA BOAb! B PEKE; 4 — rpaduK KONBHUA YPOBHSA rPYHTO-
peku: I-1 — konopey 1-#; I1-1I — 9-i; TTI-IIT — 12-i; V-V — 10-#; IV-IV — 10 xe
8HE 30HbI BAUAHUA peKK

Taxvie MNaHbl AOMONHAOT TPaukm (CM. PUC. 6.4) M TIO3BONAIOT NONHEE TPEACTA~
BUTb N3MEHEHUA MONOXEHUA YPOBHA I'PYHTOBLIX BOA Ha PACCMaTPUBAEMOM y4acT-
Ke He TONbKO BO BPEMeHW, HO W B IpoCTpaHcTBe. JIpakTuyeckoe 3HayeHue nime-
HEeHWW NONOXERUA YPOBHA TPYHTOBLIX BOA ANA OLEHKU NHKEHEPHO-Teonoruyec-
KUX YCII0BUi TEPPUTOPUIA MITIOCTPUPYIOT PUCYHKYM 6.7 1 6.8.

Ha pucynke 6.6 npuBepeHs rpapuky, XapaKTepu3yommue peXuM HanopPHLIX
BOIOKOCHBIX TOPU3OHTOB KYHIypCKOW TOMUM OTNOXEeHU# Ha OfHOM U3 Y4acTKOB
Pycckoi nnarpopmsl. U3MeHeHe NONOKEHUA Tbe30METPUYECKUX YPOBHEN BEpX-
HUX TOPU3OHTOB 3a Nepuop 3-NeTHWUX KAGMOAERWA MONKOCTLIO COOTBETCTBYET
WU3MEHERUAM YPOBKA BOAL B peKe. ITO yKasblBaeT Ha UX MONRYIO B3aUMOCBA3Db U
3aBUCUMOCTb PeXUMa BOJOHOCHBX TOPU3OHTOB OT pexuMa peku. Tak Kax peku
VIMEIOT OAUR OCHOBHOW UCTOMHMK NUTAHWUA — aTMocdepHBIe 0Caaku, TO MOXHO
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Pasaea 6. Neodbusnueckre, MMAPOXUMUYECKUE, PAAUOTUADOrEOAOTUYECKME. ..

Puc. 6.5a. Nnar yyacTka ¢ rMAPON3OTMNCaMU, XaDaKTEPUIYIOLUMU NONOKEHUE
YPOBHA rpyHTOBbIX BOA Ha 30.03.1974 r. (3UMHUA MUHUMYM): 1 — ropU30HTaNK
peneseda NoOBEPXHOCTH; 2 — ruaponsoruncel uepes 1 M; 3 — Konopew v ero Homep

Puc. 6.56. NnaH yuacTka C rTMAPOM3OrNCamu, XxapaKTepu3ylomUMu NONOKER1eE
YPOBHA rPYHTOBbIX BOA Ha 22.01.1975 r. (3MMHUA MaKCUMYM).
Yen. 0603Ha4YeHMA M. Ha pUC. 6.6a



CnpaBOYHNK COBPEMEHHOTO M3bICKATEAS

Puc. 6.58. NnaH y4acTa € FMAPOU3OTUNCAMM, XaPAKTEPU3YIOWMMY NONOKEHNE
YPOBHA rPYHTOBLIX BOA Ha 12.05.1975 . (BeCeHHUA MUHUMYM).
Ycn. o6o3Hauerna cm. Ha puc. 6.6a

Puc. 6.52. Nnak y4acTka ¢ ruppom3ornncamm, xapakTepusyiownmMmu NONOXEHUe YpoBHA
rpyHTOBbIX BOA Ha 18.08.1975 r. (neTHUit MaKCUMyM).
Yen. 0603Haverua cM. Ha puc. 6.6a
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Puc. 6.7. Bausrne KonebaHmit ypoBHA rPYHTOBLIX BOA Ha NOATOMNEHUE TRPPUTOPUA:
1 — nosepxHocTb penbeda; 2 — ypoBeHb 3aN0XEHUAR NOA0WBLI GyHAAMETOB COOPY-
EeHUi; 3 — ypoBeHb NOBEPXHOCTH [PYHTOBLIX BOA B Pa3Hbie NEPUOALI BPEMEHN.
Pumckme undpsl — Mecaubl ropa

Puc. 6.8. Bananmne peuHOro NaBoaKa Ha NOATONNEHME TEPPUTOPKHU: 1 — ypoBeHb
BOJlb! B PEKE B M@XEHb; 2 — ypOBeHb BOALI B PEKE B NABOAOK; 3 — nonoXeHne
VPOBHSA [PYHTOBLIX BOR B MEXEHb; 4 — NONOMEHWUE YPOBHA rPYHTOBLIX BOA NpH MX
noanope 8 NaBoAOK; 5~6 — YpOBHM 3aN0KEHUA NOAOWBLI yHAAMEHTOB COOpYMHeE-
HWUiA; 7 — 30Ha BNUSHUA NaBOAKa
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Pasaen 6. Feopuanieckue, rAPOXMMUHECKUE, POAOTMADOrEOAOTUYECKHE. .

ToNararh, YT0 PEKUM PeKU 1 BEPXHNX BOAOHOCHBIX TOPU3OHTOB B Lie]IoM onpene-
NATCA KNTUMATUYECKUMU YCIOBUAMM.

YpOoBHEBbIH PEKVUM HWKHUX BOJOHOCHBIX TOPU3OHTOB TaKXe OTPAXAeT ero
33aBUCMMOCTb OT PEXUMA PEKM, HO, KaK BUAHO HA rpapuxax, Mbe3oMeTpUYecKue
YPOBHU 3TUX POPU3OHTOB HEMPEPHBHO CHUKaIOTCA. Takan TeHAeHUMA YeTKo co-
XpaHANach, HaynHag c anpens-mas 1945 r,, Gonee 2,5 neT. BuscHeHWe NMPUYUH
TAKOro COCTOAHUA PEXMMA HUKHUX BOZOHOCHBIX TOPU3OHTOB ITOKA3aN0, YTO 30HA
BAUAHWA KPYIHOTO BOA03a60pa HeNpephIBHO PACIIpOCTpaHAnach U B 1945 r. go-
CTUINA PaCCMaTPUBAEMOTO YIacTKa.

TIpuBenenHble MPUMEpPH HaTAARHO NOATBEDKAAOT MOJOXKEHME O TOM, uTO
Henb3A TURPOreonoruyeckue HabniopeHna NPOBOAUTL BHE CBA3M C U3YYEHUEM ADY-
TUX MTPUPOAHBIX WIM UCKYCCTBEHHBIX GaKTOPOB. B To Xe BpeMA oHW MOXA3bIBANT,
¥aK cnepyeT o6 pabaThiBaTh pe3yNLTaTh PEMUMHBIX CTALUOHAPHBIX TUAPOrEONOrU-
veckux Habmoaexui. IIpu Takoi 06paboTke MONE3HO COCTABNATL XPOHONOTUIECKNE
rpaduxu (puc. 6.4, 6.6), pasHooGpasHble TUAPOreONOrUYeckKUe KapTal (Hampumep,
puc. 6.6, a, 8, 6, 2) w Apyrue rpauKu U YepTemu. JIna aHanu3a UIMEHEHUIH OTACNb-
HbIX TaPaMeTPOB BOJOHOCHLIX TOPUIOHTOB U 30H NONE3HO PUMEHATH BEPOATHOCT-
HO-CTaTUCTUYECKUe METOAR 06paboTkn Marepuanos Habnonerwi.

TeoTepmMuyeckue Habnopenus. HayueHue nef0BOTO U TEPMUYECKOTO pe-
WUMOB. [l peileHuf pasHOOGPa3HLIX UHKEHEPHHIX 3afay Gonblioe 3HaueHUe
WUMEIT ZaHHbIE O TeMmeparype TOPHHX NMOPOZ Ha TOM WM WHOR ThybuHe ux
3aneranus. Tax, HanpuMep, BO MHOTUX CIYYaAX rny6UHA 3aNOKeHUS PyHAAMEH-
TOB 3AaHUi, COOPYKEHUH U HEKOTOPLIX TOB3EMHBIX KOMMYHUKALUA fONKHA BbITh
He MeHee pacyueTHOM rMy6UHM [TpoMep3aHuA TOPHLIX TOPOA, YTO6L NpeaynpeauTs
ornacHoe BO3A€MCTBUE Ha HUX CUJI MOpO3HOTO MyyeHus. CneposaTenbHo, ANA pe-
LIEHWUA TaKUX MACCOBBIX NHKEHEPHBIX 33724 HEoOXOAUMO PAcIonaraTh Hag@KHbl-
MU JAHHBLIMW O FIyOWHEe MPOMep3aHUA POPHBIX NMOPOA (MOWHOCTh AeATeNbHOro
€101), T. €. 0 pacpeneneHnu B HUX TEMIEPaTypHl Mo Paybute.

TIpUHLUITLL CTPOUTENBCTBA COOPYIKEHUI B PAOHAX PACIPOCTPAHEHUA MHOTO-
NeTHE! Mep3NOTH ONPEAEeNATCA ee PEKVUMOM. PasnuyaT yJacTkn ¢ MHOroner-
HeW Mep310TOH, uMelolleit 6onee UNU MeHee YCTOWYUBLIA PEXKUM U HU3KUE TeMIte-
PaTypHl (A8 TECKOB U Cyrecei COOTBETCTBEHHO HWke —0,3 U -0,6 °C, Ans cyrnux-
XOB 1 IAH HWKe ~1,0 u 1,5 °C) u ydacTxu ¢ MHOrONETHE! Mep3noTOoN, UMeIOLIeH’
HeYCTORYUBBIA PEXUM, C TEMTIEPATYPOT nopog, 6nuskoi k 0 °C, 1. e. oT 0° o -0,1,
-0,2,-0,3 °C). B niobom cnyuae Heo06X0AUMO PACNONATATH HAZEKHBIMU JAHHBIMU O
pacripefiefieHun TeMepaTypht B COPHEIX [OpoAax.

B mpUMOBEPXHOCTHHMX FOPU3OHTAX 3€MHOW KOPbl HWKE 30Hb TOCTOARHBIX I0-
JOBBIX TEMITEPATyp TOPHLIX MOPOA NPOCEKUBAETCR 30HA NTOCTENIEHHOrO UX ITOBHI-
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CnpaBOYHMK COBPEMEHHOTO M3biCKATeAs

LIEHWA C PAYGUHOI. B pasHbIX PaioHaX CKOPOCTb MOBLILIEHUA TEMNEPaTyphl rop-
HBIX OPOA ¢ FAy6uHON pasnuyHa — oT 3-5 °C Ha 100 M B MONopbIX cKnapyaThix
o6nactax (Tuxooxeanckui nosc, Konetpar, Kaskas, Kpuim, Kapnarst) po 1 °C Ha
100 M ® pafioHax KpucTanauueckux mutos (BanTuiickuii, Yipauncxuit). B coor-
BETCTBUM C ITUM B OTHENbHbIX PaitOHax Ha raybuHax, IPeAcTaBAAOMMUX PAKTH-
eCKWI MHTepec, T. €, HayuHas ¢ ray6uHer 400-500 m u raybxe, Temneparypa
TOPHBIX TIOPOA MOXET AOCTUIATh 25-30 °C U Bhlllle, MOTYT GHITh BCKPLITH TOpAYMe
TIOf3eMHbIe BOAM. BbicOKMe TeMnepaTyps FOPHbIX NOPOA Y TOA3EMHBIX BOA MOTYT
CYLIeCTBEHHO BAUATD HAa POU3BOACTBO CTPOUTENBLHBIX M POPHBIX PABOT W IKCMAY-
aTauno CoOPyeHui. IIo3ToMy MpPW MPOEKTUPOBAHUM MOA3EMHBIX COOPYKEHN
(maxT, TYHHene 1 Ap.) U COOTBETCTBEHHO CPEQICTB MPOBETPUBAHUSA, BEHTUAALUMN,
OXNaXAEHUA MOA3EMHbIX BHPABOTOK HEOGXOAMMO PACMONAraTh TOMHLIMU AaHHbI-
MU O pacnpefiefleknu TeMnepaTypst FOPHLIX MOPOA U NOA3EMHbLIX BOA € INYOUHON.
Takum 06Pa30M, TPU MHKEHEPHBIX U3BICKAHUAX PeoTepMUYEecKue HabnopeHus He-
06X0VMO POBOAUTD B MEPBYIO OYepeb B CNEAYIONUX CAYYanX:

1) mpv onpeAeneHUn MOLIHOCTY AeATENLHOTO CNI0A;

2) npw ompeneneHUM NPUHLUNA CTPOUTENLCTBA 3AaHNIA U COOPYMEHWIA B pait-
OHax MHOTONETHe! Mep3NOTH;

3) NP MPOEKTUPOBAHWUU WU CTPOUTENLCTBE TIOA3EMHBIX COOPY)KEHUM Ha 6onb-
umx rny6unax. KpoMe Toro, Heo6XoRMMOCTb B TaKMX HABNIOAEHNAX MOKET
BO3HWKHYTb MPU PellleHUU APYIMX CMelUanbHBIX 3afay, Hanpumep npu
W3YYeHUM B3aWMOCBA3U MOA3EMHBIX BOA C MOBEPXHOCTHLIMU, MEXAY OT-
BeNbHLIMU BOROKOCHEIMYU POPU3OHTAMU M 30HAMMW, TPU BHIABACHUU W OKOH-
TYPUBAHUM 061ACTEH N 0YAroB MOATOKA MOA3EMHBIX BOA K OTAEALHbIM yya-
cTkaM n pp. CucTeMaTvyeckue NuaHOBLIE TeOTepMUIECKUe HabnoReHUR B
Poccuu BHIMONHAKTCA Ha METEOPONOTUYECKUX, MEP3NOTHEIX U UADOTEO-
noruyeckux craHuuax. [lo3ToMy HekoTopnle JaHHBIE O pacmpepeneHuu
TeMNepaTyphl B FOPHLIX NOPOAAX MO TOMY WA UHOMY PalioHY MOXHO Mo-
NYYUTh HA ITUX CTAHLUAX, @ TaKXKe U3 QOHAOBLIX U IUTEPATYPHBIX UCTOM-
HUKOB. [INA KOHKPETHOTLO e yYacTKa PACMONOKEHUA COOPYHEHUA unu
0CBauBAEMOI TEPPUTOPUM TEOTEPMUYECKUE HAGNIOAEHWUA OPraHN3YIoT TIpU
VHMKEHEePHBIX U3BICKAHUAX.

B cocraB reoTepMuyeckux HabmopeHun 06xYHO BXOZUT U3MEPEHMe Temnepa-
Typbl TOPHBbIX TIOPOA Ha TeX MAM MHbX ray6uxax. Ilpu o6obmenuu u aHanuse
Pe3yNbTaTOB TaKuX HabniofleHuit U MPY COOTBETCTBYOMUX MHKEHEPHbIX pacyeTax
nepeHoca Ternia B TOPHbIX MOPOAAX Heo6XOAUMb AAHHbIE 06 UX TEMNOBLIX CBOM-
CTBaX — TeINONPOBORHOCTY, TEMNEPATYPONPOBOAHOCTH U TennoemkocTH. Hexo-
TOPbIE U3 3TUX IAHHLIX NPUBEAEHB! B COOTBETCTBYILEM pasaene «MHxeHepHOM!
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TeORMHAMUKM» W ApYruX paboTtax (9, 20]. Onpepenenve moKasaTenen 3TUx
CBOWCTB rOpHbIX MOPOA (K03dPULMEHTA TETNONPOBOAKOCTH, KO3GdHUNEHTA TeM-
MepaTypoNpOBOAKOCTY U YAENLHON TENI0EMKOCTN) MPOU3BOAAT B N1a6OPATOPHBIX
ycnosusx mo o6pasiuam, OTOGPAHHBIM U3 eCTECTBEHHLIX OB6HaMeHW#, 6ypoBbIx
CKBXMH W TODHLIX BLIPAGOTOK. leoTepMuueckue e HabMOJEHUA NMPOBOAAT B
MONeBbIX YCAOBUAX — B CKBAXUHAX W NOA3eMHBIX POPHbIX BLPAGOTKAX.

Br60p NYHKTOB reoTepMUYECKUX HabN0feHu onpeAesifneTCA PelaeMbIMm 3a-
payamu. Kak v npu rupporeonornyeckux Hab mopeHuAX, ORM AOIKHLL 65T pacmo-
NOXeHbl Ha Han60onee TUIUIHBIX 110 UHKEHEPHO-TE0JI0TMYECKUM YCIOBUAM YHaCT-
Kax, B61IM31 MECT PaCTONi0KEHUA COOPYKEHUH U GbITb ROCTYIHLIMU Ans Habnlofe-
Huit. Haubonee TouHble JaKHble ONYYAOT NPU NPOU3BOACTBE UIMEPEHMIA B CKBa-
MHaX, NPO6GYPEHHbIX C NOBEPXHOCTH 38MAV AU U3 TIOA3eMHBIX TOPHBIX BEIPabo-
TOK. [Jns Habnloperuit Heo6X0ANMO BEIGUPATD Te CKBAWUHEL KOTOPHIE HAXOAUINCH
B NOKOE mocne GYPeHUA B TeyeHue 8-15 JHei, T. €. B KOTOPHIX BOCCTAHOBUACA
€CTeCTBEHHLIN TEMIOBOM! PeXUM PODHBIX N0PoA. Bypenue HabniopaTenbHyIX cKBa-
KWK NOJKHO NPOU3BORUTLCA CIIOCOBAMM, RO MUHMMYMA YCTPAHAIOL UMW HApyuIe-
HMe ecTeCTBEHHbIX TEMNEePAaTYPHHIX YCN0BUWA ropHbX mopop. [fo3Tomy B Takux
CKBaXUHAX He/b3A MPOU3BOAUTD OMLITHbIE PAGOTH — OTKayKa BOJbL, HarHeTaHue,
TIpoOrpeB CKBawMUH U Ap. Ha XawA0M XapaKTepHOM yyacTKe nuowapbio ao 1000 m2
XeNaTeNbHO UMETh He MeHee 2-3 HabmoJaTeNbHbIX CKBAKUH,

Tny6vHRE, Ha KOTOPHIX MPOU3BOAAT U3IMEPEHUA TEMNIEPATyPLl TOPHBIX TIOPOR,
OTIPeAeNs0TCA COCTABOM DellaeMbIX 3apay. [IIA YCTAHOBAEHUA MOIKOCTU fea-
TeNbHOTO CNIOA, T. €. CYTOYHBIX W CE30HHHIX KoneGaHWA TeMmepaTypH TOPHIX
nopop, CeAyeT NPUAEPKUBATLCA MOPARKA, C061102EMOT0 HA MeTeOpoaoruyec-
Kux cranuuax Imppometeocnyx6et Poccuu. Ha aTux cTaHuuAx nsmepenun TeM-
nepaTypbl TOPHBIX NOPOJA NPOU3BORAT Ha rAy6unax: 0,2; 0,4; 0,8; 1,2; 1,6; 2,4 m
3,2 M. B HexoTOpbIX paitorax, Kanpumep B 3abaitkainbe, MOLHOCTh AEATENLHOTO
CNOA MOXET BOCTUraTb 4 M. COOTBETCTBEHHO YBEAUYMBAETCA U PNYOUHA peXuM-
HbIX Ha6N10\eHWiA 32 TeMNepPaTypPo¥ FOPHLIX NOPOA B TaKMX PaftOHaxX.

B paitoHax pacrpocTpaHeHUA MHOTONeTHe! Mep30Thl Haf0 CTPEMUTLCA OXBa-
TUTb reoTepMUecKUMN HaG0AeHUAMM TTO BO3MOMHOCTU BCIO 30HY ee PacmpocT-
paHeHWs — OT BEPXHeW TPaHMULl B0 HuiHeW. Ecnv MOWHOCTbL 30HBI Mep3nbix
TIOPOA, AOCTUTAET MHOTUX LECATKOB W COTEH METPOB, TO NPU OBLIYHBIX UHKEHep-
HBIX U3BICKAHUAX U3MEPATD TEMNEPATYPy MeP3/bIX OPOA A0 HWXHeW PaHuLL ee
PACMPOCTPAHEHUR 06LIYHO HEe PEACTABARETCR BOSMOXKHBIM. B Takux cnyvasx pan-
Hble 0 TEMMePaTyPHOM PeXMME HVIHUX TOPUIOHTOB Mep3NO0i 30HH HeoBXOZUMO
MONYMaTh U3 IUTEPATYPHLIX U POHROBLIX MaTEpPHanoB U 3 HAbNIOAeHN Ha Mep3-
NOTHBIX ¥ TMAPOTe0NOINYeCcKNX CTAHUUAX.
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VI3MepeHNA TeMIepaTyphl Mep3nbiX TOPHBIX NOPOA B BEPXHUX UX FOPU3OHTAX,
10 PAYGUHEL 15-20 M, CIeAyeT MPON3BOAUTL YePe3 Kawablit MeTp, a Fnybxe — vepes
KaMpble 2~3 M, CTapanch MONAYYUTh XapaKTEPUCTUKY TEMITEPaTypbl KaKRBOM NeTpo-
TpauyecKoil pasHOCTH, BHAENAIOWENACA B PEONOTUYECKOM pa3pese. JIns MpoeKTH-
POBaHUA MOA3EMHHIX COODPYXEHWH TeMIepaTypHHe HabMOpeHWA ROMKHEL Jasarth
XapaKTepUCTUKY TOPHBIX MIOPOA Ha MMPOEKTHEIX OTMETHAX Pa3MelleHUA 3TUX COOpY-
eHwi. JKenarensHo re0TepPMUYeCKUMU HabMIOReHUAMN OXBATHIBATb BCYO 30HY FOpP-
HBIX OPOJ, B TIPeAenax KOTOPO HaMevaeTCA TPOXOAKa TOPHBIX BLIPAGOTOK.

CpoXu W TPOAOIKUTENLHOCTD HABMIOACHN OTIPERENAIOTCA UMEIOLUMUCR BO3-
MOXHOCTAMU. [N TOTO ¥TO6bI MONYMNTb rpadmK MONHOTO LIUKIIA U3MEHEHUA TeM-
MepaTypht FOPHEIX MOPOA B Ipepenax AeATeNbHOTO CROR MK B 30HE MHOTONETHe-
Mep3JbIX NOPOoA, NPOACKMTENbHOCTb HabnloaeHUM ROMKHA BEITh He MeHee OfHO-
T0 ropa. IIpaKkTMyYeckn Ke UX JacTo MPUXORUTCA OTPAHNUUBATL 60TEe KODOTKUM
CpOKOM, COOTBETCTBYOLUM NONIEBOMY TEPUOAY UHKEHEPHBIX U3LICKAHWI. B 3TOM
cnyvae ux HeoGXOAMMO NOMOJHATL AAHHLIMU HabMOREHWA HA FOCYAAPCTBEHHOM
CTalMOHAPHOM CeTU METEOPONOTUYECKUX ¥ FUAPOTeONOTNYECKNX CTRHLUN, PacTo-
NOMEHHbIX B AAHHOM DaiioHe MW B COCEAHMX C HuM. IIpu onpepeneHun CpOKOB
Habmone i He06XOAMMO MCXOAUTb U3 TOTO, Ha KaKUX FAYGUHAX OHU MPOBOAAT-
c. B 30He CYTOYHBIX KONe6aHNN TeMIePaTypL HAGMOACHUA IPOBOAAT €KeHEB-
HO, B 30HE Ce30HHBIX K01e6aHuii — oAWK pa3 B 5 unu 10 pHeW, B 30He NOCTORHHBIX
TeMIlepaTyp — He valje OAHOro pasa B 10-15 pueil.

3aMeTnM, UTO BOJIHA X0J104a B TIpeenaX AesATebHOrO CI0A AOCTUIAET MAKCUMANb-
HOW TIy6UHBI 06LIMHO K MAIO-UIOHIO WAV AA)KE UIOJIO, TOITOMY YTOObI IIOAYYUTH PeR-
CTaBNeHUe O MOWHOCTW NEATENLHOTO C/OR B AAHHOM TOAY, XejaTeNbHO OXBATUTh
HabMopeHUAMM 3TOT Mepuop. ECTECTBEHHO, YTO B MONYYEHHbIe Pe3yILTATH HaRO BHE-
CT COOTBETCTBYIOLME NOMTPABKM Ha CTENEeHb XONOZHOCTV POIEAUIEN 3UMBL U ADYTHE
(axTopbl, BAMAONME HA TPOLLECC NPOMep3aHWA TOPHbIX MOPOA. PexomeHpauuu mo
OTIpepeneHnio HOPMATUBHBIX M PACYETHBIX 3HAUEHWH TyOUHbI Ce30HROr0 pOMep3a-
HWA TOPHBIX NOPOA TpuBepeHbl B «CTPOUTEIILHEIX HODMAX W IipaBUIaX».

[InA n3MepeNNit TeMepaTyphl FOPHLIX NOPOA UCTIONB3IYIOT PA3TUYHLIE TEPMO-
merpst, HanbGonbiree pacnpocTpanenve B NMpPakTUKE MHXEHEDHBIX W3BLICKAHUU
WMEIOT: PTYTHbie 3aJleHUBJIEHHbIE, TEPMO3EKTPUYECKUe (TepMoMaph) W Mony-
TIPOBOAHMKOBLIE TEPMOMETDPH COMPOTUBAEHUI! — De3UCTOPHI, 0OLYHO HasbIBae-
Mble TepMucTpamu. OTTUCaHNe TeXHUYECKUX CPEACTB, TPUMEHAEMbIX ANIA TeoTep-
MUYECKUX HabMOAEHWN, MPUBEAEHO B CTIELMalbHON NuTeparype. IlorpemtHocTs
W3MepeHuit AomkHa 6uTh He Gornee 0,05-0,1 °C. PesynbraThi reoTepPMUUYECKUX
HabnogeHni 06HYHO NPEACTABAAKT B BUAE Pa3HOOOPa3HHIX rpaguKos (puc. 6.9,
6.10), paspe3os (puc. 6.11) u kapT.
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Puc. 6.9. Vi3onneTsl, xapakTepuayioume U3MeHeHWe TeMnepatypbl ropHbIX NOPOA
Ha pa3HoOW rybuHe B TeYeHME rOAA HA OAHOM U3 CTPOUTENbHLIX NAOWAROK.
Pumckue undpbl — Mecausl roga
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Puc. 6.10. Kpusuie 3MEHEHNA BNAWHOCTU 1t TEMAEPATYDbI FOPHLIX NOPOA C rYBUHON
Ha OQHOM U3 CTpoUTeNkHbIX NaowanoK (no H. H. Lbitosudy u M. H. Cymruny):
1 — CyrMWUHOK C NPUMECHIO NeCKa; 2 — CYNech C ranbkoi; 3 — CYrANHOK C NeCKoM;
WTPUX-NYHKTUPHAA NYHUR — rpaHuLa feATeNHOro cnos Ha 09.10.1934 1,
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Puc. 6.11. TeousotepMsl N0 npodunio CUMANOHCKOTO TyHHENS: 1 — 0Cb TYHHENs;
2 —reon3oTepmel (B TOUKE B CHUXKEHUE NIOTEPM BbI3BAHO HANU4UEM 0BUNLHOTO
XONOZHOTO NOA3EMHOrO NOTOKA)
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T'nasa 6.7. IKOJIOTHIECKHA MOHHUTOPUHT

B camoM o6meM BuAe MOHUTOPUHT MOXHO ONPEAETIUTb KaK OPTAHU30BAHHYWO
C KOHTPONbHO-AUATHOCTUIECKUMU LENAMW NPOCTPAHCTBEHHO-BPEMEHHY0 CUC-
TeMy HabM10AEHU 338 U3MEHEHUAMM NPUPORHLIX ¥ IPUPOAHO-TEXHUUECKUX CUC-
TeM, 06BEKTOB M OTAENLHBIX COCTABAAWIWMX UX YaCTeW BO BIAUMOAGWCTBUM C
oKpyxaowen cpepoit. Takum 06pa3oM, MOHUTOPUHT NPEACTABAAET COOON cucTe-
My c6opa, 06paboTKM U XpaHeHWA UHPOpMALWK, HEOOXORUMON ANA pELIeHUs
OMpepeneHHbIX 3a4ay.

OnHo¥i 3 TaKWX 3a/a4, KOTOPY'0 MOXKHO OTHECTU K KATeTOPUN IaBHBIX, Npen-
CTaBAAETCA BHIABNEHME TEHASHLUA WIMEHEHWA COCTOAHWA OKPYXaowWen cpepst,
OTAENbHLIX €€ KOMNOHEHTOB, MPUPOAHHX WU MPUPOAHO-TEXHUYECKUX CUCTEM,
06BEKTOB NMOA BAUAHWEM NPUPOAHBIX WIKM TEXHOTEHHHX NPOLECCOB U COCTaBle-
HWe BONTOCPOMHBIX X KPATKOCPOMHBIX TIPOTHO30B TaKMX M3MeHenwit. llopo6rOro
POAA AAHHBIE UCNONB3YIOTCA ANA NPUNAMUA YNPABNEHUECKUX peulenut, enb Ko-
TOPBIX, B CBOI0 OMePeAb, COCTOUT B NPEAOTBPALIEHUN WIN CHWKEHUU 1,0 MUHUMYMA
yiuep6a oT HeraTUBHLIX NPOABNEHNI TPUPOAHBIX X TeXHOTEHHLIX NPOLECCOB.

Tno6anbHbiit sxon02UMeCcKUll MOHUMOPUH2 IPOBOAUTCA C LENbI0 NONYMEHUA
nHbOPMaunK, HeOHXOAUMO ANA PELIEHUA 3aRaumn COXpaHeHus Buocdepsl u obec-
NeveHUst Pa3BUTUA LMBUAUM3ALUK. ITa 33paua MOXeT OGHTh PelleHa IIpU Hanndun
AQHHBIX, ROCTATOMHBIX ANA COCTABAEHUA BOCTOBEPHEIX NPOTHO30B HE6NaronpuaT-
HbIX TEOAMHAMUYECKUX U reodM3uueckuX ABNEHWIA B LENAX NpPeAOTBPalleHUA
MPUPOAHLIX U NPUPORHO-TEXHOTEHHBIX KATaCTPOd MNN YMEHbIIEHUA HAHOCUMOTO
WMK ymepba.

Hawn6onee cnoxHsiM MO CBOEW CTPYKTypPe ABNAETCA MOHUMOPUHZ OKDYXA0-
wet cpedbl, NOCKONLKY Npednonazaem 0pzaMu3ayuil MHO20ypOBHeBOl U MHO20-
KOMNOHeH MHOUl KOMNAeKCHOU cucmemyt Habnwodenul. [IpUMERNTENBHO K Habio-
AEHWUAM 32 UIMEHEHUEM OKPYKalolen Cpepsl CIeAYeT pasnnyaTb MOHUTOPUHT 2710-
banvHulll, 20cydapcmseHHblll, pe2uoHanbHblll, NOKANLHBIL U deManbHbIl, Kax 3T0
TOKa3aHo Ha pucyHke 6.12,

TlpusoanMan cxeMa 0To6pamaeT CTPYKTYPY MOHUTOPUHTA Ha KaX[OM W3 yPOB-
HeW, a TaxKe 0PraHu3alUOHHYI0 ero MIPUHAANeKHOCTb, Kampriit 3 yposHeii, Ha-
WHaA ¢ IepPBOTO, HU3WErD (AETanbHOrO), NPEANoNaraeT OpraHusaLmnio cBoek cob6-
CTBEHHOW cucTeMst Habmofenwit, cbopa, 06paboTku 1 nepepayun urdopMauun (Mo-
HWUTOPWHIA), KOTOPas B KaYecTBe MOACUCTEMBl BXOAUT B CUCTEMY GOJlee BLICOKOTO
YPOBHA. B TO e BpeMA Ha KamAOM U3 YDOBHEW, YYUTHIBAA Lle]leBYI0 HATIpaBleH-
HOCTh MOHWTODWHTA, TIPUXOANTCA PELIaTh, NOMUMO 0611€T0 CTIeEeHUA 38 3KONOTH-
ecKoi 06CTAaHOBKOW, BNONHE ONpEeAeneHHbIe 3aAavy, CBA3AHHBE C U3YYEeHUeM
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CnpOBOHHMK COBPEMEHHOro U3bICKATeAs

3agayuyn OCHOBHLIX M BCMIOMOraTeNbHbIX MEeTOoL0B

Tabnuuya 6.1

P

'HeCKUX UCCT

NPU UHXEeHePHO-TeONOrMYeCKUX U3bICKAHUAX

3apaum nccneaoBanuit

Feoguanyeckme MeToas!

OcHoBHble

BcnomoratensHbie

OnpeAeneHMe reonorn4ecKoro CTpoeHWAa maccuBea

Penbed KpoBNK CKanbHbIX 1t
MEep3NbiX FPYHTOB, MOLLHOCTb
HeCKanbHbIX U Tanbix nepe-
KPbIBAIOLMX TPYHTOB

3nexTpopa3seaka MeTogamu
3NeKTPONPOPUIUPOBAHNS
{3MN) v BEpTUKaANLHOro anex-
TPUHECKOTO 30HAUPOBAHUA NO
MeTOpy KaXyLMXCa conpo-
TUBNeHun (B33); ceticmopas-
BeAka METOAOM NpPenommneH-
Hiix (MMB) 1 oTpaxeHHsIx
(MOIT) BonH

B33 no meToay nByx coctas-
nawmx (B33 MAC); yacrot-
HOE 3NEKTPOMArHUTHOE 30H-
Avposanve (HOM3); aunonb-
HO-3NeKTPOMarHUTHoe Npo-
dunnposanue (BCM); nenpe-
PbIBHOE CEHCMOaKyCTUYeckoe
npodmnupoeaHue Ha akearo-
puAx

PacuneHeHue paspesa. YcTa-
HOBSIEHME fPAHUL MEXDY
CNOAMM PA3NUIHOTO NUTONO-
TUNECKOro cocTasa U COCTOR-
HUA B CKanbHBIX U AUCNepc-
HbIX NOpoAax

B33; MBIM; pasnuuHbie Buab!
KapoTaXa — aKyCTUYecKUi,
INEKTPUHECKHUIA, paauon3o-
TONHBIA

B33 MAC; B33 no metony
BbI38aHHLIX NOTeHuuanos (B33
Br); Y3M3; sepTukansHoe
celicmMuueckoe npotmvnuposa-
Rue (BCI); HenpepbiBHOE
celicmoakycTHeckoe npodu-
NUpOBaHME H3 AKBATOPUAX

MecTononoxenue, rnybuHa 3aneranua un ¢dopMa ok

HeoaHop

30HbI TPEWMHOBATOCTU 1
TEKTOHUYECKUX HAPYLUEHWA,
OUEHKW WX COBPeMEHHOMN
AKTUBHOCTU

B33; B33 MIC; kpyrosoe
BEPTUKANbHOE 30HANPOBaHUE
{B33). MeTOA ECTECTBEHHOO
nons (MC); MNB; MOIT;
BCIM; pacxoaomeTpus; pa3-
SINYHbIE BUABI

B33 BM; paguosonHosoe
npocseyveaxue; I3MM; mar-
HUTOpa3lseaka, perucrpauus
€CTECTBEHHOro UMNyNLCa
3NEKTPOMArHUTHOrO Nons
3eman (ENBMN3)

KapCTOBble nonocTtv v nog-
3eMHbie BbipaboTku

3N; B33; B33; BCT; pacxo-
[IOMETpUs, Pe3ucCTUBUMETpUS,
a30B0-3MaHaAUNOHHAA CbeM-
Ka

MrOT; ceficmoakycTudeckoe
NpOCBE4MBAHME; PAAMOBONHO-
80€ NPOCBEUMBAHUE; MPABK-
pa3Befika; reopanvopasBeka

MorpeBeHHble oCTaHuUbl
noKkanbHbie NepeyrnydneHus
8 CKaNbHOM OCHOBaHUM

MOIT; B33; B33 MAC; a;
rpaBnpasseqxa, MarHuTopaa-
Be/Ka; ra3oBo-aMaHauUmMonHan
Cbemka

A3MN; cencmuyeckoe Npo- '
cBeuusaHme, reopaanonoka-
ums

NbAabi ¥ cunbHoNbAUCTbIE
rPYHTBI

3N; B33; B33 MAC; MNB;
pasnuuHbIe BUAOBI KApOTaXa

B33 BMN; A3MI; Y3M3; mu-
POMarHUTHanA Cbemka, rpasu-
passeqka

MeXMep3noTHbIe BOAbI
TanukA

3N; B33 MAC; TepmomeTpust

nc; 33BN
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OxonyaHue mabn. 6.1

3apauu uccneaoaanui

leoduanueckue metoab!

OcHosHble

BcnomoraTenbHbie

Y

ne rMap y

ny6uHa 3aneraHus yposHs
NOA3EMHbIX B0

MIMB; B33

833 8N

rnyBuHa saneranus, Mol
HOCTb NUH3 CONEHBbIX 1 Npe-
CHbIX BOA

3M; 3n MAC; B33; peauctu-
BUMETPUS

B33 MAC; B33 BIT; 43M3;
pacxofomeT pust

[vHamuKa ypoBHS 1 Temne-
paTypbl NOA3EMHbIX BOA

CrauvoHapHbie HabnoaeHus
B33; MMB; HenTpoH-
HeMTPOHHbLIA kapoTax (HHK);
TepMoMeTpUs

HanpaeneHwue, ckopocTb
[BVXEHWS, MECTA Padrpy3ku
NOA3EMHbIX BOf, U3MEHEHUE
ux cocrasa

Peanciueumerpust; pacxono-
METPUR; METOA 3apPAKERHOrO
Tena (M3T); NC; B33

TepMOMETPUS; CnexTpOMeT-
pus

nc

3arp soa [B33; p oua

IIpumeuarue. B cnoXHBIX MHIKEHEDHO-TeONOrMUeCKMX ycnosuax B33 mposo-
AUTCA B MOAnduKanun B33 MAC.

06o3mnauenua: I — snexrpompodunuposanue; B33 — sepTukansHoe anekT-
puyeckoe 3oHaAnpoBaHue; B33 MJIC — BepTUKansHoe 3NeKTPUULCKOe 30HRUPOBA-
HWe MO MeTOAY ABYX cocTaBnsionjux; YIM3 — yacToTHOE 3NeKTPOMATHUTHOE 30H-
nuposanue; 1 MJIC — 3nextponpogunupoBanve MO METORY ABYX COCTABNAIO-
wmx; AIMIT — punonbHo-3NeKTPOMarHuTHoe npodunuposanve; B33 BII — Bep-
TUKANbHOE 3NEKTPUYECKOe 30HAUPOBAHME BH3BAHHLIX MoTeHunanos; KBI3 —
KPyroBoe BePTWKaNbHOE 3NeKTpuueckoe 3oHaupoBaHue; [IC — ecrecTBeHHOe
anexTpuyeckoe mone; Y3C — ypenbHoe anexTpuyeckoe conpoTuenexve; M3T —
MeToq 3apawenHoro Tena; EM3MII3 — ecTecTBeHHOE uMnNynbCHOE 3NEKTpOMAr-
HutHoe none 3emnu; MIIB — cewcmopassenka METOLOM NMPENOMIEHHLIX BOMH;
MOB — ceficmopa3sBeqka MeTofiOM OTpaweHHbX Bon; MOIT — ceicmopassenka
MeTonoM obment rny6uHHON Toykn; BCII — BepTuKansHoe ceMcMUYeCKoe Mpo-
¢uanposanne; Ol — ceitcMmopa3sBenra MeTonoM obmeit PIyGUHHOU TIOWANKY;
HHK — neitTpor-HeATpoHHbI kapoTan; ITK — raMma-raMma-KkapoTam.
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