JIaHHBIN (haii1 IPECTABICH UCKIIOUYUTEILHO B
O3HAKOMMTEJIbHBIX LEIAX.

YBaxxaeMbIi YUTATEIIb!

Eciiu BBl CKOIIMPYETE NAaHHBIM (hawll,

Bb1 10JDKHBI HE3aMEJIUTENIBHO YIAIUTD €0
cpa3y Mocje 03HAKOMJICHUS C COACPKAHUEM.
Konupys 1 coxpaHsis ero Bel npuHUMaeTe Ha ceOsl
BCIO OTBETCTBEHHOCTb, COTJIACHO JECUCTBYIOILIEMY
MEXKIYHAPOAHOMY 3aKOHOIATEIILCTBY .

Bce aBTOpcKue nmpaBa Ha JaHHBIN (hakl
COXPaHSIOTCS 3a MPABO00JIaIaTEIIEM.

JIro00€e KOMMEPUYECKOE U MHOE MCII0JIb30BAHUE
KpOME IPEIBAPUTEIBHOTO O3HAKOMJICHUS
3aIPEILECHO.

[IyOnukauus JaHHOTO JJOKYMEHTA HE MPECIeayeT
HUKAKOU KOMMEPUYECKOU BBIT0Ibl. HO Takue
JOKYMEHTBI CIIOCOOCTBYIOT OBICTPEULLIEMY
npo(heCCUOHATBHOMY U IYXOBHOMY POCTY
YUTATEJICH U SABJISIFOTCSA PEKJIaMOX OyMaKHbIX
M3JIaHUU TaKUX JJOKYMEHTOB.



A, T. KAMEPUITEHH, B. B. PO JIECTBEHCKUH,
M. H. PYUHMCKHH

PACUET TPYBOITPOBO1OB
HA TIPOYHOCTDb

CITPABO!UIIAMS KHEHI A

roCYJAPCTBEHHOER HAYYHO-TEXHUYECKOE HN3IATEJIBCTBO
HE®THHON U 1'OPHO-TOIIIMBHOA JIUTEPATYPBI

Mocxsa 1963
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AHHOTAL U A

Kunra nocsameHEa BOOPOCAM IIPOYOOCTHBIX PACICTOB MAaruCTPalb-
pEX TpyOONMpOBOAOB, lpUMeNAeMHX AIA Tpancrmopra HedTy, rasa 1
He@TeIPOIYKTOB, ¥ TEXHOJNOFHICCKAX TpyGolpoBo;ioB Hedrellepepa-
GaTHBAOMAUX, HePTeXAMATCCKHX M XHMMUYECKUX 3aBOJ0B I JPYTHX
TPOMBILLTeNHHX IIPCAIPUATHI, PAcHOMaraomIIx CMCTeMOi Tpydolpo-
BOJIOB.

C equnoil TOYKM 3PeHWA METOJa TPeTeILHHX COCTOSIHHIT PaceMo-
TPCHLL PACHCTH MO3EMHEIX ¥ HaJ3éMHEIX MarliCTPa;ibOHX M TEXH0A0-
rudeckix TpyGoIpOBOOB, TPYOOIPOBOIOE, YKIAILBAEMKX B paloHax
TOPUEIX paspadoToK, TPyGONPOBONOB, PalOTAIOMIHX B yCTOBMAX CAMO-
KOMITeHCQI(MH TCMICPATYDHHIX BO3JeUCTBHIl, OTACALHLIX DJICMEIITOR
Tpy6oiposonos, Kolebarmmid TpyGompoBOIOB.

Knnra copgep:kur 6oapimoe 4mciao pacdeTHHX ¢opmyda, rpadukos
7 Tabauu, CHCTEMATH3HDYIOIUX # 00.1erdalouux TpyhL MPOCKTHpOB-
ImMRKa, W [OpeAHA3NaTena A MIPKCAEPOB M TeXHAKOB, paboTaioninx
B ofjacTm pacuera, HPOEKTHPOBAHUA ¥ MOHTa:Ka TPpyOONpoBO;0B
DA3IMYIHOTO Ha3maveHusd.,



NPEJNUCIOBHUE

Pemennamun XXII cwespa KIICC mamewena Goapmrast mporpamma
pasBuTus HedTAHON, He)TEXMMUICCKOU, Ia3oBO M JPYrux oOTpac.ei
IPOMBITIVICIIROCTH,

Ilpm peamusapuu paMmewenwnoii mporpaMmbl HCOGXOJUMO BLILOTIHTE
orpoMunlif 00beM paboT U0 CTPOMTEIRCTBY MArHCTPAJIRHMX H TEXHOI0-
ruyecKNX TPyOOUpPOBOROB PAa3HUUYHOTO IA3HAUEHMS.

Hak msBecTro, MarmcTpalbHLie I TCXHOJOTHYCCKUE TPyOOTDPOROLI
ABJIAIOTCA MCKIIYUTEIBHO METAJIOGMKIMH COODYMKENUAMH, HA CTPOH-
TeJIhCTBO KOTOPHX PACXOAYIOTCS MILIIMONLI TOHH CTaJlH.

B cBs3u ¢ aTHM BOmpOCH pacdera TPYGONPOBOMILIX CHCTEM Ha 11pOd-
HOCTHL 1PHOOPETalNT BasKHOE 3HATeHMe.

Crremyer OTMETUTB, 9TO B IACTOAMEe BpPeMA OTCYTCTBYeT ¢jiuias
MeTOJMKA pacdera CHCTeM TPYOONPOBOJOB, OTBEWAIOMAA JefiCTBHTCIb-
HEIM YCJI0BHAM HX Pa0OTHE I 6a3MpyIoUiasics HA NOCTCAIHX AOCTHIRCHUAX
HayRHd W TCXHUKH B 0TOM o6xactu, Tar, mampumep, eme mo 1951 r.
BCE CTAaJbREIC TPYGOIPOBOABI (B TOM YHMCJIC M MArHMCTPATIbHLIC) PACCUHTLI-
BaJMH Ha IPOYHOCTh, HCXOAA M3 HOPM pacueTa 11apOUDPORBOJOB; HOCHe;[1111e
3Ke B ¢BOIO oYepenb 0a3sHPOBAIMCH Na HOPMAX pacdeTa dIACMENTOB KOTCIb=
HBTX YCTaHOBOK, IIPCIYCMATPHUBAIOIUX BCCHMA 3HAYHTEABHLIO KO3dnim-
CeNnThl 3auaca OPOYHOCTH.

lotosenwe B 06racTn pacuera TpPyOONPOBOJOB CYILECTBEHIO H3Me-
nnrock K ayunremy B 1951 r., xorga Munmcrepernom HedTAHOIT HPOMBITI-
JIEHHOCTH ObIM BHIIYHICHH BepoMcTBernbe «Hopmul pacdera cTalbmBIX
MarucTpaibpnHx TPYOGONMPOBOIOBY.

B arnx mopmax nmepBLic B 0CHOBY pacdera TPYGOLDOBOJIOB GBLIO
uoxoskeno momsitTne o0 MX IPeAeNbnoil necyuieili cIOCOGHOCTU B HIONHOM
COOTBETCTRAM ¢ MCTO/IMKOI pacdeTa CTPOMTEIbHbIX KONCTPYKIMI, LpWHsi-
Toii R Tomy npemenn B CCCP

JlecatueTnuii ONMT DRCIVIYaTalMA MATUCTPAILHLIY TPYGOHPOBONIOB,
Paccunrannuix pa OCHOBAHWMU DTUX HODPM, TNOJTBEPANI IPABUILHOCTH
UPHHIUNOE, N0J0KCHNBIX B HX OCHOBY. 3aMCTUM, 9TO MEPEX0;] K pacuery
MarACTpadpnmx TpyGOMPOBOIOB 110 YKA3aHALIM IMOPMAM  IIO3BOJILI
CORONOMMTL MUJLTHOHBI TOHH ACUOHTHOL TPYGHOI CTaMNm.

B 1961 r. wa ocwome aTnx mopw GETM paspaGoTaHL 0GICCO0BHHE
CAUHNE «YKasamus MO PacuCeTy CTAIBHHX MAaTHCTPAJIbHLIX TPYGOmpoOBO-

1*
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IIOB, NpejlHA3HAYEHBHX JIf TPAHCIOPTHPOBAHWUA rasa, HedTH U HedTe-
OpORyKTOB», yroepsaersble I'occrpoes CCCP m BBepennsie B jeiicTnic
¢ 1 amBapa 1962 r.

UYro Kacaerca TeXHOJOIAYCCKUX TPYOOIPOBOIOB PA3IMIHBLIX HPOMLIIL-
JIeHHHIX M KOMMYNAJBHHX OPCANDWATHI, TO HX pacdeT A0 HACTOAILICTO
BpeMeHHd HC PCriaMeHTHPOBAI.

I3 pesyabTaTe 9TOro NpOEKTHBIC OPTAHU3AIINM M OT/JCIbHEAE CIICIHAJL-
CThl NOJXOAAT K PacueTy TeXHOJOIHYECKNKX TpPYOOmpOBOXOE HMO-Pas3HOMY.
JTO UDPUBOJHUT K TOMY, YTO HNPH pacdeTe M IIPOEKTHDPOBAHHU TEXHOJIO-
rMYeCKAX TPYOONPOBOMOB B psje CIydaeB HENMPAaBH.IbHO YUHTHIBAIOTCA
CHJIOBHIE BO3eiiCTBH, pPacucT BeJeTcA MO YCTAPEBINeMy H OTBCPTHYTOMY
B Hanreil cTpalle MeTOXY MOIYCKAaeMHX HAODPAKENHil, KOTOPLe K TOMY JKe
11e06OCHOBAHNO Banmkalorcsi. (CoBepmenno IOHATHO, YTO BCJEICTBUE
BTOr0 IPUHUMAIOTCA ABIO 3aBLIIMENIKC TOJLHL CTEIHOK TPYOD, Maiikie
JomycKaeMble IPOJETH TPYOOMpoBOAOB (He HCIIOIL3YIOTCA II0JIHOCTHIO
pesepBLl Hecymell CHOCOOHOCTH caMUX TPYOOLPOBOAOB), CYINICCTBCHHO
3aBLIMAIOTCH PaCICTHEC HATPY3KHU HAa OOOPH TPyOOmpPOBOLOB M, HAKOHEL
JaJleKo He IOIHOCTBI0 UCMOAB3YeTCH IHOKOCTE TPyOOmPOBOTHLIX CHCTCM
IIPU UX PAcyeTe Ha CaMOKOMIENCAIHUIO,

ABTODLI HACTOSIIETO NOCOOUA CIUTAIOT, ITO TCXHOJOrHIECKUe TpyGo-
1 POBO;TBI, TEIJIOBLIC CeTH, Ps MapoUpPOBOMOB I T. I., TAK e KaK M Ma-
TUCTpaiAhHLIC TPYGOIPOBOJIE, ABAAIOTCA CTPOMUTCILHKME KONCTPYKLMAMY
M JTOJGKHBL PacCYNTLIBATLCSH MO METOAWKE NPelcidbRbIX COCTOMHMIL,

Cre;lyeT OTMCTHTH, UTO M B 3TOM HALpPaBIeNHH 3a MOCJIEIec BpPeMs
HMEIOTCs OTpecleHibie caBury K gygamemy. Tax, manpnmep, B 1959 r.
BOUTLTH «YKasaHnsa o ompefedeHAI0 Narpy3ok, HeiCTBYIOLMX Ha OLopht
TpyGOnpOBO OB, I JIONYCKAGMBIX NPOJIETOB MEKAY MX OmOpaMu», pas-
paGorauusic BHUVCT u I'mmporasronmpoMoM.

Hosgas meTojiura pacgera, M3JI0KeHHAsI B DTOM JOKYMeHTe, MO3BOIUIA
ma 30—70% yBeanuaurh fomycKaeMble mMPOJICTHL TPYGONPOBOAOB I B He-
CKOIDKO Pa3 YMeHbUINTH DACYCTHEIC HArPY3KM Ha OHOpLl TpyGOmposo-
JIOB.

JTH YKa3aDUA y;Ke MAIJIX JTOBOJIBHO IUIPOKOE LIPHMEHCHUE B IIPak-
THKC PAAA UPOCKTHHIX Opranu3anuil pasiTHUNLIX BeJOMCTB; YiKC UMEETCH
el pAg MOCTPOEHHLIX 00BCKTOB, 3aUPOCKTUPOBAHANIX Ha OCHOBAINU
3TOr0 JIOKYMEHTA.

B 1961 r. IIIIMUCK Axazemma cTpoOuTeNIbCTBA H  aPXUTERTYPpLI
CCCP, BHMMCT u I'mnporasrommpomoM OLLTH pas3paloTaubl egunhic
«YrazapM# IO pacueTy HA I1IPOYHOCTH CTAJNBNLIX TCXIOJIOTHYCCKUX
TpyGomporooB, paloraommx npu papiaenny g0 100 am m remirepatype
me comme 300° C». _

B cBeTe U3I0KEHHOT0 OUEBH;IHO, 9TO Ha3peda Me00XO0JHMOCTE B CO3a-
HAM CIPABOYHOTO IOCOGHH, TIPCIUA3HATCHHOIO 1A MHPOKOI0 Kpyra
HMHKEHePOB-IPOCKTUPORIHHMKOB, KOTOpoe 0000110 611 MOoCegHAe JoCTuU-
JKEHMA HayKH H TeXHIKM B 00JAaCTH DPOYHOCTHOTO pacueTa TpyGompoBo-
bi{3):
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HacTosmas kKmmra upefcrabigeT co0oil uepByO IONBITRKY B IHaWei
CcTpaHe CO3NATh TAKOTO Poja IOCOOHO.

B ocHOBY 3TOro moco6Hsx aBTOPAaMH IIOJOKENbl Pe3syibTaThl TeopeTi-
YeCRIIX UM 3KCOePUMeHTANBHBIX MCCAEHOBaHHIl HeHCTBUTEILHNIX YCIOBHH
paloTH PasIMYHLIX TPYOOHPOBOAHLIX clcTeM U 0GOOHIEHMHA OULITA pPa-
¢ueTa I HPOEKTHDPOBAHUA IOCHEJHAX, HAKOMIENHOTO NPOEKTLLIMI Opra-
HIBALHAHMY,

Jaa macroamero uoco0mA XapaKTePHH CAMHBI 1IPHEIMUHAIBHDI T
HOIX0 K BOOPOCAM IIPOYHOCTH TPYOONPOBOJIOB M eIUMHas METOUHRA
X pacuera.

IlockodbKy, KaK yKe yKas3LhBAJOCh, B HACTOALICE BPEMH CYMIECTBYIOT
pas gnbie B3rdsILl 110 PacieTy TPYOGOUpOBO;[0B HA 1LPOYHOCTH, aBTOPLL
HE COYIMH BO3MOZKHbIM OTPAHUIATECA IPURCICHUCM B HACTOSIEM 110C00HH
TOJBKO OCHOBHEIX KOHEWILIX (OPMYI M pPACYCTHLIX KOIPPHI[UCTTOR.

Cileayer uMeTh B BUAY, 9TO B HACTOAMEE BPCMA 0Uenhb Mo JUTCpa-
TYPHHX ICTOYHIKOB U3BECTHLIX IMHPOKOMY Kpyry udTaTeleil, cogepira-
IUIX HM3J0:Rkefie U 000CHOBAHYEE OCHOBHRIX IIPEAINOCLIIOR, 3aTOKeHHbLIX
B MOGTOIURY pacdeTa, IPUBeJCHHYI0 B HACTOSIIICM TOCODHH.

C measfo Bo3MOmmO Govlce GLICTPOTO U LIMPOROrO BHEPEsl HOBLIX
OPOTPCCCHBHBIX METOJOB pacicTa ABTOPHL COWIM 1E00XO;UMbiM B PHIe
CIyyaeB TPUBECTH KpPaTHoe OBOCHOBAHIUC PCROMCIIYGMHIX METO[0B
pacdera, pacueTHbLIX GOPMYI, yUyeTa HAIPY30K, nelicTByouux ma Tpyoo-
UpPOBOALI, COOTBETCTBYIOU(X Ko3dduiticnros m T. m. Tax, maupusep,
aBTOPLI HIPIBOYHAT KPATKOC U3J0KCHHE OCHOBHLIX UPHAI[MIIOB M IIpe-
UMYINECTD METOJOB pacyera IO MpeJeldbIbiM COCTOSHUAM, B TOM YiCIe
JlaeTes 000CHOBaHie BICPBEHC TPUHIATOH METOHIKIL pacueTa TpyOOmIpoBO-
HOB, HCXO0T M3 KOTOPOIl 3a OCHOBHOC HPC;ICIABIOC COCTOMHMC TIPLiHli-
MaeTCs He JOCTIENHe B MeTaJlIe TPYO Ipejiella TEKYUYeCTH, a pa3pynie-
e Tpy6. B cooTBercTBYIOIMX TiIaBaX HMOKa3LIBACTCS, YTO B NPOTIIBOBCC
YRODCHMBUIHMCS B3LIA[aM B psfe TpyGonpoBooB M UX 9ICMENTOB
0es ymep6a 48 MX UPOYMOCTE MOIYT lONYCKATBCA YIPYLO-TLIACTL-
qeckie jiegopmanun, Camo cofoll pasyMeercsi, UTO TPH TakOM 1101X0,1¢
R pacyeTy jocTHIaeTcsi OmpefedcHuasl DROHOMUSL B PACXOAe METaIIa 1a
€0opysentie TpyGompoBoOB. JTOT IOTXOT OCOGEHHO 2(deKTUBEH 11pH
Pacyere TpyGompoBo40B Ha CAMOKOMIELCATUIO TCMUEPATYPULIX ;jledopia-
UUiE, TIOCKOJILKY BO3MOKHOE B PAME CLyYach JONYINeIe yipyro-iiacTi-
Yeckux jregopmvanuil B KOJIEGHAX TPYO U03BOIACT YMCULIUMUTH BLIIETHI
ROMIeHcaTopoB u (oJce KOMUAKTIO 1POEKTHAPOBATH TPYGOLPOBOILE
CHCTCMB,

o cyrim aeza Biepsue DPHBOAATCA pPCKOMEHAALMM 110 pacyeTy
ROMen TpyGoupoBo/loB ¢ yYETOM YCTAJOCTHOII IPOUROCTH B 00MaCTH
yupyro-uiacrinyeckux medopMar(Hii.,

JAocTaTounoe BHuMaHlic B HACTOAMEM IOCOGHN YACICHO pacuery
OTACILHRIX pireMeHTOB TpyGONpPOBOAOB (KOdeHa, TPOMHUKH, KOMLUCH-
CaToOpL u xp.), pacuery TpyGOOPOBOJHEIX CHCTEM Ha TeMIiepaTypHble
BO31eHCTBUN M Koaebauus.
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[ 06TeT9eHA PacyeTOB aBTOPaMH LIPHBe/ientl paaIHynbe Ta0IUIH,
rpaguKn M HOMOTPAMMBI; TaK, HAIpHUMeDP, MaHbl Talaumnl 3HaYenuii
K02(pOUUUEeHTOB IHOKOCTH IJdsA OOBIYHLIX M CBAapHHIX KOJeH, Tabuuin
JOIYCKAeMEIX HIPOIeTOB TPYOOmpOBOIOB, HOMOTPaMMbL AJA OMpeIes Ik
BLIIETOB KOMIIGHCATOPOB M KX pacmopa H Jp.

IlpuBejiensl THOOBEIE cXeMBl pacueTa TpyOOIPOBOJOB HA CAMOKOMIIEH-
canii0 TEILIOBRIX YMIHAHEHHI, KOTOPLIC I0O3BOJAIOT HE3ABICHMO OT
KOHPHUIypauun Tpy6ompoBoia, HAJIHYUA MIH OTCYTCTBUS TPOMEKYTOU-
IFIX ONODP OIIpefielIATh YCHIUA, BO3HMKawmue B Tpy0o1poBOozax mUpH
JeficTBMKM TeMOCPATypHI.

ABTOopHl craBuam cele HENbI0 ITOMOYHL MHIKEHEPY-IPOEKTHPOBIURY
mpousBecTy GOJIBIIMHCTBO PACIETOB, HEOOXOAUMEIX MPH NPOERTUPOBAHHY
Tpy0OOIIPOBOJIHEIX CHCTEM.

BmecTe ¢ 5TMM aBTOPLI HOHMMAIOT, YTO OXBATUTH BECh KPYI BOUPOCOR
B 0TOoif moBoii GLicTpo pasBuBaloufelica 0G6JACTU JOCTATOYHO TPYILHO.

Tar, Hampumep, OUH He 3aTPOHYJH TaKlie BOUPOCH, KaK pacyer
TOHKOCTEHOLIX TpyG GOJBWIOro pguamerpa, TpyOomporogos, paloTato-
mUX UpH BHCOKHX TemmeparypaXx (cBniume 300° C), moaBecmnsix mepexo-
JIOB MArUCTPAJIbHEX TPyGONpPOBOJOB M HCKOTOPHE ApPYTHE,

Hecyotps na sTo, aBTOPH majelTCs, YTO HANMCAHHOE HMU CLPaBOY-
moe¢ nocoGme ABUTCA [OJIE3HHIM BRJIAAOM B 06JacTh PalUOHAILIIOrO
OPOCKTHPOBAHMA TPYOGOIPOBOJHKX CHCTCM M OKaKeT HOMOIUb IIPOCKTH-
POBLITKAM B JIX OPAKTHYECKO JesTEIBHOCTH.

Txassr I1, I1I, § 2531 raasm IV u rmasa VI manucausr A, I'. INasmep-
mreiinoa, raasa I, §32—36 rmasw IV, riasst V u VIII — B. B, Po-
srecrsencknM, § 37 raasor IV m raasa VII — M. H. Pyunmcruw.
Hpustoxenun cocrarirensl cosmectno A, I', amepurreiimos n B. B. Po-
JKJECTBCHCKU M.



OTIABJEHHE

IPpeIUCIOBHC . . v v v v v e v vt e e et e e s e e e e e

Taa6a nepegn, OCHOBHLIE TMOXOKCUIUI PacueTa HO HPefEIbHBIM COCTOAHHAM

Taasa

Taaea

§ 1, OcmoBM pacdera IO IPEIEIBHLIM COCTOAHNMAM . . . . . . .
2. OCHOBHHOC 3aKOHH ynpyro-lmacrnqecxnx ,Leq)opualmm

§ 3. Ilomsyuects MaTepualoB . . . e

§ 4. Kogebamua ¥ yoramoctd Ma'repna OB e e e

emopas, PacueT MOJ3eMEHIX MATMCTPAILHBIX TPYOONPOBOTOB

§ 5. OCHOBHME TOMOMKCHIA .+ . + « o « « o o o o v o o v o o s
§ 6. CuznoBee BO3jeHCTBIA, BAHAIIKME HA HECYMYI0 CHOCOOHOCTD

TPYOOLPOBOJOB  « & « « &« o o« o o . - .. -
§ 7. TpeGoBamusa K TpyOam ,[aA MATUCTPATBHLIX TPY uoupono,mn ..
§ 8 Oupejienenne TO.IMNHLI CTEHOK TPyd MUrncrTpasibHRX proonpo-

BOAOB . . . . . . Ce RN
§ 9. MurmrMaJabHO JIOHyCTI/IMaH Tomcmua C'IeHOK pr6 . .
§10 JlonycTumEe paccTOAHMA OT MATHCTPAJIBHEIX rasonpono,mn

70 PasimYHHX CTPOEHRU | coopymemm R C e
§$ 11, Pacuer GanaacTmpOBKA TPYGONPOBROIOB . . . . . R
§ 12, I'ny6uaa 3aM0KCENA MATHCTPAILIOEIX proonpouo;(on e

mpemus, Pacuer No3eMBEbIX TPYGOIIPOBOJOR, YKIAAbIBAEMbIX B PalioHax
ropHBIX pa3padoTox

§ 13. OcHOBUHC UOJOKEHHA . o . . . e e e . .

§ 14, Xapaxrep nedopmanmii 3emMHoil noaepxuocm B pauouax ropnmx
paspaloTor m uX BausAmie Ha pabory TpyLomposoTOR . . . . .

§ 15, Beananua pgedopmamnit 3eMnoil MOBEpPXHOCTL e

§ 16, IIpoj0KUTeNBNOCT upouccca C/BIKCHIST  3eMIOH  1I0BCPX-
HOCTH . .

§ 17, Gesonacmas rnme{a HO,IanOT}\II

§ 18, Oupepenenme nedopmanuu 3eMHOI nonepxuocm npnuenmc:muo
K pacuery TpyGOIpoBoO;[OB e e e

§ 19, Pacuer 1pyGomposogos . . . e e .

§ 20, KomeTpyKruBakie MepONpHATUSA 10 3an1me pruonpoaonon OT
BPEAHOTO BJMAEHA I'OPHHIX paspaboTor e e

§ 21, Pacuer Ge3HAUODHHX CAMOTEYIHKIX Tp)uOHpOBOJOB

§ 22, OnpejeneHme JImHH YIaCTKOB TPYyOOIPOBOXOB, uo,mepmenm,xx
BJNAHNIO TOPHHIX paspaboTok . . . . e e

§ 23, Onpenemnenme HAUPABJICUIA TPACCH prﬁonpono Lon ‘lio oTHOIIE-
HEIO K TOPHEIM PagpaboTkaM . . . .

§ 24, Bulop Tpyd ud CTPOHTEILCTBA prﬁonponouoa B pduonax

TOPHWX pa3paboToR . . . . . . . ¢« . . . . 0 ... ..

14
19
21

29

30
36

37
43

44
51

61

62
66

67
69

70
80

L

88
89
90
g1



426

Qaaasaenue

T'rasa

Taaeu

Taasa

yemeepman, Pacuer OTACIHHEIX JIEMEHTOB TPYGONDORONOB

25, O6IMHO DOMOMCHAT .« -+ « + + o o o v & 4 o o « o o o o«
26, Pacuer KpuBhx Tpy6 Ha BEHyTpeHHee JaBJICHOE . . . . . . + .
27, Pacuer rafKocTH EPHBHX TPYO . « + o « . . . .
28, PacueT CBapHHKX H3 CEKTOPOB KOJEH . . . . . .
29, HampsisepuAa B KpEBHX TpyGax . . . . . . e e e
30. Pacuer KpEBHX Tpy( B yCHOBEAX cauoxcoumencau,uu Te\mepa-
TYPHIHIX HalpsKeHHil HpA MEOTOKPATAHNX NOBTOPHLX Harpy3Hax

O O TS L U

§ 31, ¥Yger coBMecTHOTO BO3IeliCTBEA BHYTPCHOEI'0 JABACHUA H HAODSI-
FREERE M3THOA . . . . v v o v e e e e e e e e e e
§ 32, Pacter mOyCHJITNHMY TPOUHMKOB . . . . . . . . . . . . .
§ 33, Pacuer ycHmieRHHX TPOMHHKOB . . . . . . « . . « « . .
§ 34, Peromenjanum 0 IPOeKTEPOBAHHIO TpPOiHMKOBLIX coe,.u.ucuuu
§ 35, PacueT KOHHMECKMX IHOPOXOHOB . . o o + o o o « o + o « &
§ 36, ChepmaecKne ZATAYIIEE  + « « « « o o o o o & o -
§ 37, JIAH30BHE KOMIEBCATOPHL . + . . . « & & & « & o o « & « &
namusn, Pacuer TPyGompoBopoB HA TeMuepaTypHnle BO3jClicTBOA
§ 38. OCHORHEIE MOIATHEA . + + o & « + o« o o o o 4 o o o o »
§ 39, Merogu pacuera TpPY{OIpPOBOIOB HA TCMHepaTypHLIe Bo:ueu—
3373 -
§ 40, Pacuer mpoCTHX TPYGOHPOBOIOB XMETOTOM CHI .+ . « . . . .+ .
§ 41. Onpeyereeme eXMHWYHHX NEePOMEMIEHUN NAOCKUX HPOCTHX
TPYGOHOPOBOHOB  « o 4 + & o o « o o « v o o o = s o o o &
§ 42, Ompegemenme TeMUEpaTypPHBIX LCPCAMEMIGANH ILIOCHIX UPGCTLIX

pr60nponon03.............
43, Pemenme cmCTeMH KAaHORNYCCKNIX YpaBHOHUU cmocoGoM I‘aycca
44, OupejeneHue ycmamili p 3jJeMeHTaX IUIOCKHX IpPOCTHX TPyOo-
LPOBOKOB
45, TROOBHE CXeMEl pacyera W10CKHX MPOCTHX TPyOOOPOBOIOB . ..
46. PacueT mnockExX TIPOCTHIX TPYOOOPOBOXOB C€ITOCOGOM «yIpYIoOTo
edTpay
47. QopMydnt 178 pacdcTa INVIOCKEX UPCCTLIX TPY(OUPOBOLOB DPas-
anunoli KoEWrypamme Ha TeMUepaTypHEIE RBO3CUCTBHAA . . .
48, Tpapmxm mast oupeenednd BLeTa u ynpyroro ormopa IT-o6pas-
HHX KOMICHEATODOB  « + & & v + ¢ 4« o o o o o &

0N Ll

N

« s e e

§
§ 49. 'padur pma oupemedeHMA CIT YOPYrOro OTIOPA YYaCTR:

tpyGonponona I-o6passofi xondurypanmm ¢ yraonm nonopora
90° m paBERIMA OpAMOJMUAENHBHMEA BIEMEHTAMH - . . .
50, I'paduru fas oupejeseqns BLljieTa ¥ yUpyroro oTIOpA - oopa3—
HBLX KOMICTICATOPOR (Ges yuyera IruOKOCTH KDRBOJMHEHAHHX B.1e-
MEHTOB)
§ 51, 'paduxy oA onpe;excnng o YUpyroro ()TIIOpd. V9aCTRL
TpyGonposoya sT-o6pasHoli korpurypamua ¢ yraoM HOBOPOTA
GoaLme 90° (Ges ywera THOKOCTE KPAROIHEARHX 3JeMEHTOB)
§ 52, I'padux gaa oupene/esds CAN YHUPYTOTO OTHOPA ydacTKa TPyGoO-
npopoxa Z-oGpacmoil xorgurypannm (6e3 yuera ruKocTH Kpm-
BOJAEHEHLEX BJEMEHTOB) . + v + & » o ¢ 4 o o o 4 o & « »

“r

wecmas, Pocaer Hag3eMHBIX MATHCTPATLHBIX TPYGOMpPOROHCH

§ 53, O0mue DOJOMCIMT . « % « v v ¢ 0 . . . . . .
54, OCHOUH PACHOTA . + o « + « + + « « + o .
55, Pacger CalMo9nmIX 0 KOHCCIBHLIX ICDEXOIOB . . . ..
56, Pacuer pagseMmnXx TpyOGONpPOBOJOB IIPH MpPOKIAJKe X «apMeli-
Koy oo L 0L L L.

eV 2 o)

@ s s 2 s e e & s s e » & e o = o

93
9
95

105

115

123

131
132

136



Ozrasaenue

§ 57, Pacuer KoimencaTopoB npu naja3eMuEOH nponnanxe prﬁoupo-

BOIOB .
§ 58. Onpegesienne narmsoK, neucmymumx Ild ouopu uaiaewmmx
MATHCTPANBHAX TPYyOOOPOBOZOR . . . . T

Taaea cedvman. Pacuer 3aBofCKNX TEXHOJIOFHYECKHX TPYOGONponRomos | ompe-
JelleHHe HArpy3oK, RelicTBYOIMX Ba OIOPHI TPYGOHNPOBO;i0B

§ 59. Onpenesenne TOAMUHE CTCHRKA TPYOBL . . . . & « o« « o . .
§ 60. Ompexeseume JOMYCKAeMOT0 IpOIeTA TPYUOMPOROIOB . . . .
§ 61, Owpegesneulie HArpy3oK, ACACTBYIOILEX HA OLOPLL pr6onpo-

BOTOB « v = o o o o o o o = o o o o o o o o o o .

I'anea socvmas. Pacuer TpyOompopofos Ha KoidedaHus

§ 62, CoGersenmsle 9acroTnl KoneGammit Tp}'Gonposo;[on Jdealmx
HA KeCTKNX oImopax . . . e e
§ 63, CoGcrBeHHEI® 9ACTOTH Koneﬁamm Ipyoonpono,mB HMeIOMuX
YOpyrae omopH . . .
§ 64, CoGerpenmaa wactoTa ‘komeGamuii II- 06paanoro }\owmencaropa
§ 65, CoGerpenupie 9acToTril Kogedagmii apovHHX TPYGOIPOBOAOB
§ 66, Honebamua BECAIAX TPYOONPOBOXOB . . . . . e e e e s
§ 67. INnmaumieckoe HeficTBEe BETPOBOH Earpyskd ma proonpono;m
§ 68, MepoupuaTa [0 yMeHBMIEWwTn KoxeSanmni .

§ 69. Pacuer tpyGompoBogoB Ha celicMnueckKHe Boa;(encmnﬂ e
NPNJOREHNA
TTPHJIONEHHE I, TeoMerpmuccKue XapaKTepPUCTHKH H BeC TpyS . . .
HPHAJOREHHE II. 3navemns MOLY.Teil yEpyrocTd u I\UJ\}hULHHeuTOD
JuHeAHOr0 pacmmpeHAs TPYGnEX craged . . . . RN
[IPHJTOKEHHAE I1I. Mexanuaccrae XAPARTEPUCTURI TPyCubix ¢vatell . .
JHETEPATTDPA v ¢ v v v e e e et e e e e e e e e e e e

324
333

341

372

374
381
381
383
384
386
387

389
413

414
422



I''TABA IIEPBAA

OCHOBHBIE IIOJIOKEHNA PACYETA
M0 NIPEAEJBHBIM COCTOABUAM

§ 1. OcnoBul pacyera IO HPENEIbIBIM COCTOAHHAM

B Teucnme mororo BpeMend pacdeTHl KONCTPYKOHI HA HPOYHOCTH
H ycTOHYHBOCTE TPOU3BOAWIMCL METOIOM JONYCKAEMBIX HaNpsKeHUH,
KOTOPHIII eflie U ceifac ocTaercs Hauboslee pacHpoOCTPaHOHHEIM B TeXHIIKe.
CympiocTh 3TOr0 METOZa COCTOMT B TOM, 9YTO pasMephl 3JIEMEHTOB TOM
ILTA MEOI KOHCTPYRIMU HA3HAYAKOTCH 13 YCJIOBHA, YTOOL! HeiCTBYOIHE
R HHX HAOPSKCHHA He NMPEBHIIAMH HOIYCKAaeMBIX HampsIKeHMii, cocTa-
BJIAWIMHX HEKOTOPYI 0TI 1Ipemesda IIPOYHOCTH Marephasla.

OTnomenue upegesa mpovnocTH K TOINYCRAaeMBIM HaIlpsisReHsaM ObLIO
Ha3pano KodpUImeHToM 3auaca npoyHoctn. Beamauna aroro koadpguim-
eHTa IO CYIeCTRY IladHavajdach 0e3 A0CTATOYHOrO HAyYHOro 0GOCHOBA-
must. IloyMumo TOTrO, caMim JOMyCKaeMbie HANP;KCHAS UMETIH CMBICI
TOALKO IPU NPOMOPHUOHAIRTOCTM MEXROY HeliCTRylomeli Harpyskoit
I HAUPSIKRCHUAMH BINIOTHh JIO Pa3pyLICHUsA, 9T0, KaK U3BECTHO, HMEET
MCCTO JIHINb B PEIKMX cIydadx.

Hemoctatku MeToja MONMYyCKaeMHX HaNpPAeHWA OBIIH OCO3HATR
yie maspo. B cra3u ¢ sTuM moaBmACsH psi;T pafor, B KOTOPHIX ImpemIara-
JIICh umKle MOAXOALI K pacyeTy Ha HPOYHOCTh N YCTOIYMBOCTH, ¢ (O.Tee
HIPABILIBHBIM YYCTOM (DUBIMYECKUX CBOMCTB MATCPHATIOB M ACHCTBUTCAL-
RO paGOTH KOHCTPYKIMIT B CTA/MH PA3PYIHenus, 4TO NPUBCIO K HEpe-
X0y Ha MCTON pacueTa IO Pa3pPyMIAIOUIMM YCIITUM.,

OcroBHBIe umeu W OT/elIbHLIe TpPUEMHl MeTOJa pacdera KONCTPYK-
IV N0 paspymaol(UM yCHIAAM OLLIM paspaGOTAHBl COBCTCKHMI yde-
TBIMH,

Bnepsre sTo GhLT0 ocymecTBIeHo B 1938 r. B OTHOIemUE rkele30-
OeTOMHBIX KOHCTPYKIUIT, ;I KOTOPLIX YKA3AHHHIC HeTOCTATKU MeTOfa
Pact¥era mo JomyCKaeMbIM HADDAMKCHHAM CKA3HBAJINCH 0COOEHHO DPE3KO.
OcoGoro ymomnnamusa B cBs3m ¢ aTHM 3acayskmBaioT pabots: A. @. Jlo-
JIeNTa, DOIO;KUBINHE HAauajJ0 M3YIenHlo M pas3paloTKe TeOPHH pacIeTa
ROIe306eTORHIX KOHCTPYKUMIT 110 PaspyMIAINAM YCHIUAM, H paboTh
ROJTexTHBa mayumsbx corpymumkos 6. THUIIC mox pykoBomcTROM
A. A. T'Boagena, Pa3BUBINUX OJTH UJeM B pe3yJhTaTe TCOPCTAYECKAX
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I 9KCHEPHMEHTAJIBHKX MCCHEOBAaHMIl I CO3JAaBITUX CTPOHYI TEOPIlO
pacdera skeic300eTOHHLIX KOHCTPYKIIIL O CTainm pa3pylleHus.

Mnoro cjelaHO COBETCKHMU YYEHBIMH II MIDKCHEpPAMd B obiacTu
U3YYCHIs [efiCTBHTeALHOH PaboThl CTAJBHBEIX KOHCTPYKILMII.

Tax, nanpunmep, II. C. Crpeaenxis, C. A. Bepnmreiion, B. C. Typ-
runny, b, H, Top6ynosiiM 1 ap. 6LLIM BBILOXHERH pabOTH IO H3YYEHILo
1oBejleHUd CTAILHLIX KOHCTPYKOHWII B yOPYTro-IIacTHIECKOIl crTajiiii.

O1oBpeMerHo ¢ pasBUTHeM HAYKH O 110Be;1eNHIl KONCTPYRINII BITOTE
70 UX pas3pyLIeHHsA YCTPeMJIeHHs COBETCKHX Yuenwx OBIIN HampaBiers
Ha jadpHeiimyo pacmiippoBRY H yToukenue kosddunlienTa 3amaca
ITPOYHOCTIL.

B urore 5To mpHBETO K HOBOMY METO;[y pacuera Mo IPeIeIbibiM
COCTOHANMAM.

Bodapmoe 3iragenme A8 pazpadoOTRH DTOTO METoa pacdera UMed
pa6Gorer H. C. Crpeenkoro mo BonpocaM aHaTu3a KoddduumenTtos
3alfaca T HeDA3PYIMHMOCTU KOHCTPYRUMII, a Tak:ke BHOOpa W masma-
9enWuA BEIUYNH PARNUYIHIX CHCTCM DPAaCyeTHHX Koo QUIUCHTOR, obeciic-
yuraronx TpedyeMyio BelINUngy nepaspyuIinMoOCTIL,

B 1944 r. U. U. Toapaenbmar, C. IT. JloGpmaun, A. ITI. llowos
BHECIH TPe;I0Kenie 0 3aMele e nNoro Koadduenta 3auaca mpouynocTi
CHCTeMOH KodpYUIUCHTOB Ieperpy3kud H Koa(PHUUEHTOB OTHOPOTHOCTH.

Oramumes MeTOQa pacuyeTa TO NMPCIEJBHBIM COCTOZHUAM OT MCTOJOB
JOTTYCRACMB X  HAUDS/RCHMIT T paspylnaoluux  yeuJdHIl, IOMIIMO ero
VHUBCPCAJLIOCTI, ABIIACTCA BBejlenlie HeCKOIBRUX IPeicTLABIX COCTOA-
HUH, TUMUTHDY UMY paboTy ROMCTPYKUIMIIL I HOBOIL CHCTCMBI PACYETHLIX
"KoaTIIenTOR (Neperpy3kd, OFHOPOAHOCTH M YCIOBHIL paboTsl) Baaden
cannoro Koodpuigienta 3saunaca.

Bseenue rRoodduiineHTOB, pasfesInno YYUTHIBAONUX BIuUAHNE JI3-
MEIYUBOCTH HAIPY3KU, ITPOUYHOCTHLIX CBOIMCTB MaTepuaJTon U JpYyrux
$arTopoB Ha NeCYULYl0 CIOCOOIOCTL KOHCTPYKNHWIT, JaeT BOIMOMNOCTL
nmpoue ¥ TouHee oupeleJuTn BEeTIMUMHLI OTHX KO«')(I)(I)H]U‘IEIITOB 1o cpasie-
HUIO ¢ ¢j(MUbIM RODQIIILCHTOM 3amaca ITpoTnocTiL, Jpose toro, Graro-
JapA  BBCJACHNIO  RO3QEPUUUEHTOB  OJHOPOTHOCTH BeAKOE yBEIUYCue
OTHOPO;IMTOCTH MATEPHAIOB MOKET OBTDL HEMCLIENHO FUTCHO 11 J01:KA0
HMETH CBOMM CTeACTBIEM 00 ICIYentic KONCTPYRUII U 9KOLOMI0 MaTepiia-
jgon. MeTos pacuera 1o IIPEASTLIbIAT COCTOATHSM HO3IBOISICT ¢ HOIBILOil
JOCTOBCPHOCTLIO LOAXOANTh K yCTAHOBIEHMIO ACIiCTBHTEALNOI Tecyuiei
CIIOCOOTIOCTH ROUCTPYRIIIT, B 4eM 3a:;T05KeHbl BO3MOFKIIOCTH §0Tee 3ROHO-
MUYHOTLO MX NIPOEKTHPOBATHA.

Merog pacueTa KONCTPYRUME 110 «JIOTYCKACMRIM  HAMPSUKEHIIM»
fima paspabotan cwie B pauatde XIX Bexa BCIei 3a METOIOM pacyeTa 10
PeIeILIOMY PaBHOBECHIO. JTOT MeTojt, 6oiee obuTil i TCCUO cBA3ANDHIT
¢ MeTOMKOI «COmpOTHBICUHA MAaTCPHAJIOB», CTAI IOCIHOJICTBYOITIM
1 Toapko 3a moctaegnme 30 JeT GLUI MOZBEPTIYT CephesNoil Kpuruke,
OcHOBHOII ero HCI0CTATOKR 3aKII0IACTCHA B TOM, YTO OI OpejtoJgaraer
TUIDOTEeTHYCCKOE YUPyroe Tedo, MTHOpHpYeT ITaCTHICCKHe CBOHCTBA
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MaTEPHATI0B M HEJNOCTATOTHO HOJHO YAUTHBACT ACHCTBUTE/ILHLE YCI0BUA
paloThl KOHCTPYRIUII mo7g Harpyskoif. IlvoToMy aToT MeTox Re JaeT
I He MOKeT HaTh OPaBHALICIH OUENKH BeCYWeil cmocoBHOCTIH.

bBosee Toro, METOX AOUYCKAEMLIX HAIIPKCUMil ITPUILICT B IPOTHBRO-
peune ¢ npartdxod. 3a nocaepunite 50 JeT JomycKaeMBIC HaLPsKCHHA
A4 CTaJdu yBeaHuuaucs upivepno B 2 pasa. Iloka yrouwmeule pacdera
11MeJN0  CBOMM CJICACTBHEM TOBBIIUCHHC JONYCKACMLIX HaNpsAmKeRni,
B CYWHOCTH me ObIO JOCTATOYHRIX OCUHOBAHHI K KPUTHKE pacyeTa fo
JomycRaeMbIM HanpsmenmusaMm., Ho Kak nocTymurh B TeX CJAyuasX, Koriga
YTOYHCHHBIA PacdeT O0HAPY-KUBAJI, 4TO B KOMCTPYLIMAX CYLIECTBYIOT
30HBL, T;{e HApPsA/ReNIsE PABAL 1 Pee.ThihM M Zaske 00JIbIIe X, I KaK
OOLACHUTL, YTO, HECMOTPs Ha 9T0, KOHCTPYRIUH He paspylaloTc:d,
a 0Jaro0IyYI0 CYIEecTRYI0T?

Hyenmo raxie ciyyau HMCIOT MECTO B PE3Y IbTATE yCOBEPILCHCTBOBA-
HilA pacyera CTATBOLIX HAIOPHHWX TPyGOIpoBOxoB. MasecTho, uto oTa
TpyOOMPORO; KT pacCUHTHIBaIOTC: €3 y4yeTa OBAILUIOCTH IOICPCUHOTO
cevenia. Ilpu ydyere ske OBQIBIIOCTH HANpsisKeHHsT B TPYyOaX HAMHOrO
MpeBpOaloT AOUYCKaeMile, XOTA OHU 1 pOJOIKAIT OJATOIOJYYTIO pa-
0oTaTh MO HATPY3KOI.

TaxiM oGpasoM, B paMKax MOTOAA [WAIYCKACMBIX Hampsikeiiii yswe
neocTaTouno OBII0 CTPEMHILCS K MOBLINIEHHIO HaupsizRenuii, a HYMHIo
GhIo  0OBLIICHNTR, LOYCMY TpPYOHL I paspyliaiTe:s. 9T0 0GbACHCHUe
MO1510 OBITH, O0;[HAKO, MAlO TOJBKO HA OCIIOBE H3YUEHIA UPCICTIHHOTO
COCTOANMsI TpPYO uakawyHe paspynienns, AN&aIu3 DTOro COCTOATIHA
MOKA3hIBACT, YTO MeCTHNME KOUMCHTPANMM TTAUDSRCHUIT I CBAZAHHWX
€ UMM ILTACTHYECKHMX JedopManiil He OKasbiBAIOT BIILHUA Ha 00ILYI0
HecyunyIo crocoOHOCTh TPYO H TOITOMY pacueTIble BeIAMMHTLL HaH{0:Ib-
HICTO NanpsiKEIULA B jleilCTBHTEThHOCTY He ABJIAKTCH KpHTEpUCM Ipod-
HOCTI COOpy:RCIHI.

B cBs3u ¢ 9Ty pacuer mo jlomycracsbLiM HAUDPAHEHIAM BO MIIOTHX
CIy4asax cTaxd NMPeMsATCTRORATH PA3BHTINO TexuMKU. Om mpHBOMILI K TOMY,
ITO, HCCMOTP# Ha YTIyGiIciHe 3HanMi o pafoTe COOpYyIKenuUit, yMCHbITe-
HUe KoOQPIIPICHTOB 3ammaca, a CICTOBATe;IRHO, U oferdende i yielie-
BiIeHye ROHCTPYROMIL B PA/IC CIAYyYacB BOUPEKU PA3BUTHIO TEOPUH OKA3EI-
Bastocs mesossozknbiM. Dodee Toro, B oTgeapHbIX CIyYasx pacdeT IO
ACIIYCKACMMM NATPSLREHHAM YRasuBal pa Heo0X0JuMOCTh YCHIEHUA
RONCTpyruuii, HeCMOTPA Ha TO, YTO OHY GJIATOHOJYYHO CYIIECTBOBAIM
B Teuenne mporux JIer.

Orairumes MeToMEM pacuera 110 PaspymAlOIIAM HATPY3KAM OT Me-
TOa ZolrycraeMbIX HAOPsLKeHUMH SBUIOCE 3HAYNTOILHO OoJlee ITHPOKOe
HCIIONL30BaHMe DKCIICPMMCHTAABIOrO MaTepHada, 0006menne OIbITa
CTPOLTEIRCTBA M ydeT NMIacTHYeCKOTO lIpejedbHOT0 COCTOAHUA MaTepha-
-10B. Pacuerniie nprenir 51oro Metoga Mexojar M3 aEainsa $u3MIECKUX
CRONICTB MaTepHAZNOB M yCIOBHil Pa0OTH KOHCTDPYKIMIL.

Coreayer, OIHAKO, IO TYCPKHYTH, 4TO 00a YKa3aHHLIX MeToga, Kak
METOT pacweTa 10 JOMyCKaeMbiM HAIPAKCHMAM, TaKk M METOI pacucra
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IO paspylmaloliii HATPY3KaM, OCIHOBAIbl Ha NpPUMeHeniur 0000meHHoTo
(me;uddepeHnupoBarHOro) Kod(¢IIIenTa 3amaca WIPOIHOCTH, IIOKPH-
Batouero cofoil Bce He YYHTHLIBACMBIC DPACTIeTOM (PAKTODPHI, BILATHE
Ha TPOouHoCTs Komerpykuuu. Ilerpyano iorasars, 910 Takoii oGo0mennhii
KOd(PUIHMEeHT 3alaca, He XapaKTepH3yIODIAil HCTUOHOr0 COCTOAHHA
KOHCTPYRIMM B MOMEHT e¢ PaspyLIeHUs, He MOKET CIYIKUTh IpaBHIBIAM
KpuTepHeM IPOYHOCTH KOHCTPYKINU. ITOT KopdpuImeHT He JacT feli-
CTBUTEJILHOTO DOpeJCTaBJelnsi O 3amace HpPOYIOCTH KOHCTPYRIHM,
U ero BBejlcHMe B pacdeT B psdAje CIyIaeB IPeAmo;IaraeT HEBO3MOKITOe
coyeTanue Harpys3oK, MalleKo He Bcerja cmoco0cTBylomee YBETIYEHUIO
HAZLCIRHOCTH COOPYIKEenHA.

JleiicTBuTeNbHO, YMHOMKAS COGCTBEHNDIH BCC KOICTPYRUHMU HA KODG-
dunuenT samaca NPOTHOCTH, MEl BBOJWM B pacder Hepeadbnylo QHKTHB=
HYI Harpysky, Tak KaK OYeBHIHO, 9TO (haKTHUECKN coOGCTBeHHMIl Bec
KO%]/CprKIJ‘ﬂI/[ MOKeT OTIHYATBCA OT pacuerHoro mc Goiace ey Ha 10—

/0.

HosdpnmuenTtor 3amaca mpoOYmOCTH HODPMHDYIOTCH IIC3aBIICIIMO  OT
XapaKTepa A NPUPOIL Kaxkmod Narpy3KU M JIOIKHH OKPHTh BO3MOR-
HDIC YBCJIMYCHUA PACIETHOH HSKCIIyaTalMONHOH Narpysku, YCHINA
OT DCY9YNTLIBACMBIX BO3JICHCTBUIl (ycafKa, TeMmeparypa i T. IL.) I BO3-
MOJKIIOe OTKJIOHEeHHEe JIeMeHTOB KOHCTPYKIHWII OT pacdeTHHIX pasme-
poB.

Takum o6pasom, Bce me(IaroOpUATAEIE U He YYUTLIBaeMble PACICTOM
00CTOsITENHCTBA ONMENUBANTCA ONHMM O0muM KodQPUIHenTOM 3auaca
NPOYHOCTY,, ROTOPHLI OTHIOE HE MOSKET CAYIRUTE JOCTOBEPIILIM KPUTCPHCM
HaJle;RIOCTIL KOHCTPYKINMU.

3HaugTEALHLIE Nporpece pacdeTa OKI JIOCTUIHYT LyTeM pacdiacHe-
HAA 00iero Ko3unymenTa 3a11aca HPOYIOCTY Ha TacTHbie KODPOUILCHTL!
3avaca (0 OTHOUIGHHIO K HAarpyskKe, K MaTepMady ¥ T. Il.) H YCTaHOBIe-
BOS OX BEIWYNH AJA PA3HLX CAYIaeB IyTeM NMpPaBUIbHOIT ONEHKU II JC-
CICOBAHUA DTHX KOI(YPUIMEHTOB.

OcuoBHbEIC IT0JIOKEHUs METOJA pacyeTa IO IIPeJeILInIM COCTOSHUM
3aKIIOYAIOTCA B CIEYIOLIEM.

Iloy npegerpurinM UOHAMACTCS TAaKOC COCTOSIHAE KOHCTPYKOUM,
OPH KOTOpOM e¢ fAasIbHelIias HOPMAJILHAA DKCILIyaTal(Hsi HeBO3MOKHA.

Pasnmuuawres Tpu BHpa NPENETLHLIX COCTOSITHIT:

a) mepBOe ImpefelhbHOE COCTOAHIE — IO Hecyueil crocobnocTi (mpoy-
HOCTY U yCTOIYMBOCTH KOHCTPYKIMII, ycTad0CTH MATepuaia), Tpu AOCTH-
JKGHHU KOTODPOr0 KONCTPYRUUA TepAeT CIIOCOOHOCTH CONPOTIB.IATHCH
BHCIOHNM BO3JCHCTRHAM I moJiydaeT TaKile OCTaTOuRbe jedopmauuil,
KOTODLIe ne JOHYCKAT ee JajJbHEUNIYI0 DRCIIYyaTaluio;

4) BTOpOE NpejelIbHOE COCTOARUE — IO PAa3BUTII0 YPe3MepPHLIX jic-
¢dopManumii OT CTATUYECKUX U JHNAMHYECKUX HATPYBOK, IPH JOCTUMKCHLU
KOTOPOr0 B KOHCTPYKIHI, cOXpansiomeil IPOYHOCT M YCTOHYUBOCTD,
NOABIAKNTCA XeGopMaLHH ILTH Koidelanusi, HCKIIOUAIUE BO3MOKIOCTD
JajdbHeiimell cc JHCOJIyaTamuu;
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B) TpeTbe IpefelbHOC COCTOsiHEE — IO 00PA3OBAHMIO MM DACKPHI-
THIO TPCIIAH, OPH TOCTHKEHUII KOTOPOTO TPEHmMHK B KOHCTPYKIUH,
cOXpausMIomel ITPOYHOCTE M YCTOHYHBOCTL, MOABJIATCA U PacKpHI-
BAIOTCA [0 TAKO BeOMMUHNA, 1IPH KOTOPOI JlasibHeiiulad dKCIIyaTalwsa
CTAIOBUTCA IEeBO3MORHOI BCIEJCTRIIC OOTCPU TPedyemoll BOTOHENPOH-
[aeMOCTH, OIACHOCTH KOPPO3UM ILIH HOBPERICHI OTICTOTHOTO CI0A.

Hcexognroit uaeell 1 KOHCYHOU LEILIO PACYETA 110 METO]Y TPCACTBIRIX
COCTOANVU ABIAETCA UOTydeHue HaJIe:RaIneil IapaHTiHH B TOM, 9TO 3a
BpeMA HRCINIyATaI{H COOPYHEHIs Ime HACTYLUMT HU O;[M0 U3 HeJOonyCcTu-
MBIX IPEIeJbHLIX COCTOAHMI Kak JiTs KOMCTDYKIHMH B 1e.0M, TaK M IJd
OTJeILHLIX €e DICMCHTOB.

B0a3aM0RUOCTD KOCTIZRCNUSA TOTO HJAU UHOT0 UPEFeNBHOrC COCTOMMMS
KOHCTPYKIMI 34BHCUT OT MHOTHX (JaKTODOB, 113 KOTOPHX BasKOeHd mMMH
ABIANTCA:

a) BHemNIe HATPYy3KH I ;Ipyrie Bo3geiicTBusm;

0) kKavecTBO M MeXammuecKHe CBOIiCTBa MaTepmalloB, U3 KOTOPBIX
13TOTOBIACHA KOHCTDPYRIUA;

B) oluie ycIoBHa padoTHl KOHCTPYRIHI, YCTOBUS ee H3TOTOBIEHILI
u T. I

Taxint o6pasoM paccMaTpIBaeMBiil MCTOJ{ pacdera AON;KEH OCHOBbI-
BaThesl 1lla aHajU3e mpolecca liepexoja KOHCTPYKUMH B mpeiesabHoe
COCTOAHME € YIeTOM Bcex (GaKTOPoB, OKa3hBAIOMNUX BJINANNE 1A ec
Recyuryio cmoco6HOCTS.,

OcraHOBHMCSH Ipesige BCEr0 Ha TaKOM (paKTope, KaK KauecTBO II
MCXANNYeCKAe CBOlicTBA MATEPHAJOB, W3 KOTOPBIX MBTOTOBICHA KOH-
CTPYRIMIL.

OnuT HOKa3mBAeT, YTO MOXARMIECKNE CBO{ICTBA MaTepHANOB (HAIIPU-
MEpP IpPOTHOCTH) He OTJHYAIOTCH NMOCTOHnCTBOM. B meiicTBuTeIBIIOCTH
3TH cBOIiCTRA XAPAKTEpPUIYIOTCH OUWPEACHCeNHO M3MenuHuBOCThIO, WM,
KaK roBOpsT, PAaCcCeAHMEM MOKasaTelNed I1pOYIHOCTIH.

Tak, naupumep, ara craanm maped Cr.3 upi 6paxoBounom upcepeire
TeryveeTtt 2400 kI’ /em?® Qarrtuveckmit Iipe;led TEKYUCCTH KOIeOTIeTes
B mpegenax 2100—3500 xI'/cm? 1 Godiee.

Ia ocwoBanmm OKCLCPMMEHTAILILIX AAHHBIX B 3aBHCHMOCTH OT
IOKasaTeldell npoYHOCTH MATCPHAJIOB HOPMAMH yCTAHABINBAIOTCHA CO-
OTBETCTBYIOMIIC HOPMATHBIIBIEG COLUPOTUBICHUSA MaTepPHAla CLIOBBIM
BO3[efCTBMSIM, KOTOpHE HABHATAIOTCH € Y4eTOM pPaccesHMA loKasaTeleil
HNPOYHOCTH,

Ilpn ycramoniemir pacueToM DpPeielbHOr0 COCTOSHUA YIATLIBAIOTCH
BO3MOAHLC OTKIONEHUA 110Ka3aTeNell MPOYHOCTH MaTepHala OT HOPMa-
THBHbIX 3navenmii, XapakTepH3yeMble KO3((QHDOHCHTOM OXHOPOIIOCTI
k (BeImumma, Rcerjla MCHBLUAS CHANNIE). YMHOMKUB HOPMATHUBHOE
conporusnenne yarepuata RY ma xosdpdunument ogmopogsocTa k, moxy-

THM HIGRHHIT 11pejiest conpoTARIeNAA MaTCpHata; 9Ta Beamauna AR = R
Ha3RIBATCsl pacYeTNsIM CONPOTHBIEHTIEM.



12 Ocrosnbie noaodceltus paciema no npedeabitbldy COCMOAHNUIM

B ofwenm cayunae nanMennmas Hecyluas CMOCOGHOCTh KOHCTPYRILIN
MO:KeT GHTH Hpe;icTaBlIena B CI¢IVIOLEM BIe:

[ SN H
O (kR kR, .-, S), (1.1)
roe S — reoMeTpuveckiie XapakTepUCTURE KOHCTPYRILII
Ry, Ry u T. 1. — HOpMaTUBITHIE COMPOTUBICHNA MaTECPHATOB, 113 ROTOPHX

M3TOTORICHA KOHCTPYKLIIA,;
ky. ky M T. T. — COOTRETCTBYIONME HM KODHOUIHEHTH  O{HOPOLIHOCTH.

YeTananiInpaoTea HOOATHA HOPMATABHLIX HATPY30K I KO3(QIITHCH-
TOB TICPerpysKH, XaparTCPHUSYIOLITX TI3MCHUYNBOCTH HAFPY3KIL,

1lopMATHBHEIMIT HATPY3RaMU Has3biBAIOTC YCTAMOBIEGHIKE HODPMAMI
HauhoIbLIe BCIUTHHL BHCIINIX BO3gelcTBMil, JOUYCKACMBIC TPH HOD-
MaJID01l 3WCTLAYATAIUU COODYRCHHS.

IRoo¢irmuenTnl, yuuTHBaIOLUe H3MCHIMBOCTL HATPY30K, B pe3yldk-
TATC KOTOPOIT BO3HHKAET BO3MORIOCTH IPEBRIITCHH JCIICTBATEILNLIMHA
HAFPY3RaMU BeTHYNH FTOPMATHBOLIX HATPY30K, HA3LIBAKTCH Ko0ddguI-
eHTaMu nieperpysru. I{oaduulienThl meperpyskH 3aBIHCAT TOALKO OT
BIla Harpysku. BauamMe ske QITHaMIUCCKOTO BO3JelCTBUsI HaTpy3KI
Ha Ccoopy-omie, a TaK/Ae TIAHOBOC YBCINUEHIIC HArPY3OK B HEpILOE
Cro HRCIFAyaTalll jIOMKIB YUUTHBATLCA HE3aBUCHMO OT Ko3d@mifueHTa
NIePOrPysKH.

Mpousse;ienua NMOPMATHBOKIX HArpy3oR Ha KOdpPHUUENTL 1epe-
TPY3KIL Ha3BBAIOTCSI PACISTHHIMI HArpy3KaMu.

B pacuere 10 MeToTy Upe;eTBHLIX COCTOANMII, TOMUMO KOd(duuire-
TOR OTHOPONOCTI M NCPeTPY3K, BBOJUTCA cule KOIPPNIICHT YCIoBiLii
patornl RONCTPYRIYIT, YUNTHBAIOUHI 0COOEHHOCTIT paboTH KONCTPYKRL L
WIM 11X DJIeMeHTOB: arpecCHBHAA Cpe/la, KOHMEHTPAIlIsy HAMpsReHUI
B COC/HHCHIINX, BO3MOKIOCTL XPYHNKOrLO pasdpymenus H T. 1.

ITomumo wepewvciaennnx (akTOPOB, Ha HECYHIYI0 CLOCOGHIOCTB KOU-
CTPYRIIIM  BJIUSAIOT TaKyKe HeOJMOPOJHOCTh KauyeCTBa IM3IOTOBIENIH
ROHCTPYRI MM, OIKAOHCHHA OT NOPOM3BOHCTBEHNLIX JOMYCKOB MU T. [T.
Bee aric darTopst B KOHEUNMOM cUeTe IOITOWIAIOTCH KOIPOULUHCHTOM
0JHOPONOCTH MaTepnasda, ROTOPLI Ha3layaeTcs ¢ HEKOTOPHIM 3aTacoal.

Jlira romerpyRnIui i3 Mobore Martepualda PacueT IO IIEPLBOMY Hpe-
JCIALIIOMY  cOCTOsHi0 (Hecyliellh cmoco0mocTu) CIeyeT 1LpPOU3BOAMTE
uo dgopyyme:

nN"< © (m; kR ER", ..., S), (1.2

TiIe O — Pyurnus, CcOOTBeTCTByOWIAsl POTY  YCHIANA (csrarie,
pacrsaaicuue, W3THO u T. I.);
N" — yeunue (n3ruGarommuit MOMEHT) OT HOPMATUBHHX Harpy-
30K;
n — KOupPUNUENT Teperpys3ri;
ki, ky 1 T, ;1. — KO3QPULUENT 0;{HOPO;IIIOCTII MATCPIATIOB;
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R}, Ry 1 T. j. — HOpPMATUBILIE CONPOTHBIENNMA MATCPHAJIOB;
m — Ko3gPuUIEenT ycJaoBWi paboOTEH;
S — reoMeTpHYeCKYe XapaKTEPUCTHKI CCUCHUsI.

JTa dopmyda coxepskAT TpeboBanue, 9TO0H MAKCHMATILHIO BO3MOMKHOC
€ YUCTOM ICPerpy3ky yCmiIue B 3JeMeHTe ORII0 He (OIBIIC ero MITHHMATh-
HOIl Tecyueil crnocoGHOCTH, OMpPeNedsieMoil ¢ YYEeTOM HM3MCHUMBOCTH 1L0-
RasaTeTell 1IPOYHOCTA MaTepualioB M YCJOBHIU paloTul KOHCTPYRILMIL.

B ¢opyyre (1.2) xosddumment samaca MPOUYIMOCTH B OOLIUNOM CTO
DONIMAUUH 3aMeHeH TpeMA KodpduuumentamMn — KO3GPUINEHNTOM mepe-
IPY3RI 7, K02(PHIUEenToM OJHOPOZHOCTH MaTepuata Ak M Kodppuunen-
TOM YCJIOBHII paGoOTHl KOHCTPYKUMU m, HMpPHUCM KasKibIil U3 JTHX Kodd-
(ULENTOB B CBOI0 0YEpPEADh MOKET COCTONTh M3 OJHOT0 ILTH HCCKOALKUX
KO2((UIHCHTOB, B BaBHCHMOCTA OT umciIa (AaKTOpOB, MAMENYUBOCTD
ROTOPLIX OH XapaKTepH3yeT (HaOpHMep, OT KOJIMYCCTBA BUIOB Harpy-
30K — AT KOODQPUOHEHTOB 1epCTPY3KH).

IMpoBepra KOHCTPYKUHII IO MepBOMY NPCAETBHOMY COCTOHIMIO
(no mecyuieil cmocofHocTir) o0sBaTeAbma Bo Beex caydasx. llposepka
FKC 110 BTOPOMY OPERENLIOMY COCTOAHHUIO (IO PA3BUTHIO UPE3MEpPHbLIX
Aedopaanuil) 1PON3BOARTCH B TeX CIAydasix, KOIMa MO XapaKTepy BHell-
HHUX BO3JeHCTIBHiI HJIX (OPMH KOHCTPYKIHHI BO3MOKHO IOABRIEHIe
upesMepnLIX Aed)opManuit NI xoJeOauuil KOHCTPYKUIU UJH ee 3TeMeH-
TOR.

Hedopyanun xomeTpyrnuil mpu [elicTBUN HOPMATHBIHX HAarpyson
npu pacueTe 10 BIOPOMY UDPEAEJLHOMY COCTOSHUIO He JOJKHLL ObiThb
GopTue HpejeILNbIX BWAYENH, YCTAHOBIEHHLIX HOpMAMU ¥ Texnu-
YECKMMU YCIOBHAMH HIPOEKTUDPOBAEMA KOHCTPYKUMII.

Pacyer o BropoMy mpemeTbHOMY COCTOAHUIO B OOINEM BHJC BeieTCH
uo dopay.Te

rme A — jedopmanma (mpornb, yATMHeNHE H T. 1.), ABIAOMAACH
¢yaxuueil TeoMeTpMUCCKOR GOpPMLI KOHCTPYKNHH U MOTY.IA
YHUPYTOCTH MaTepHaIoB;
f — upegeinHad FOIMYCTHMAsA BeludwHa (edopyaryin.

Kar mssecrno, ocHoBuas 1elb BCAKOrO pacyeTa Iia TMPOTHOCTD 1
YCTOMYNBOCTh B KOIETHOM CYETC COCTOHNT B UOJYYCHUHM TakOil rapaHTui
6e30macHOCTI COOPYsennsi Nla BPEMs ero CIykOul, ITO0L ee MOKHO
6ui10 cumTaTL NPARTHYCCKH JOCTOBEPHOIL.

C oToit Toykm spemus pacYeT MO METOAY OpPeACILHEIX COCTOSHMIL
ABIsAeTcA BechMa HajewHbM. JleificTBUTCIBLHO, BO BCex ciydadx, Korga
YBCIUYEHNC Narpy3KHI OHACHO JUIA IIPOYIOCTH COOPYMKEHUA, 3TOT METOH,
Npeanonaraxullii 0HOBPEMCITHOC COBIIATCHHCG Ipe/Ie b0l meperpysKka
C Haumcwbmiell BosmokHOIl Hecylneii C€moco0HOCTBIO, pacCMaTpPUBAcCT,
0ueBHANO, manfoaee omacuoe, MaJOBEPOATHOE COCTOANHE.

Takum 00pa3oyM, MeTOZ 1PeACIbHLIX COCTOSHUMN, OCHOBAHHLI Ha IIIy-
Goxom vkenepnmentambioM I TeOPeTHYeCKOM H3YYeHUY JeiiCTBUTENbHOH
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pecymed crmoco0moCTU KOHCTPYKLMIE, BO BCeX CIydaxx JacT NOIHYIO
rapanTHio 0e30MACHOCTHE COOPY:CnuA. B COOTBETCTBHH ¢ HTHM MCTOIOM
B pacdeT BBOJATCA HATPY3KH, HOSBIEHA® KOTODHIX JIefCTBUTEILHO
BO3MOKHO BO BpeMA SKCILIyaTalAM COODYIKEHHHd, (PH3WYEeCKHe I0Ka3a-
T¢I NPOYHOCTH MATEPHAJIOB YUYATHBAITCA HA OCHOBAONAW M3YyuCHUA
M3METYUMBOCTH OPOTHOCTH MATEpHAJIOB, mecymas CIOoCOOHOCTh KONCTPYK-
IUN BRYHCJIAETCA ¢ YYOTOM ynpyro-milacTUYeCKOH HAW XPYUKO-BI3KOI
paloThl MaTepmata H T. A.

Merop npegeasuaoro cocToaHNA 00dee MPABHIIBIO OMEHABAST BOINIUHY
Hecyime#l cOCOOHOCTH W CTeleHb HAZe;KHOCTH KOHCTPYKIHMH H COOpY:Ke-
Hull, 9eM 3TO CmOCOGHEL CHENATh METOJ JOMYCKAeMbIX Harpa/KeHM Hin
MeTOJ; pPaspymalomuX HarpysoR.

Passnrtue n yrounenme MeTOL0B pacdera IO UPEREIBHLIM COCTOSHUAM
TO3BOJAET CHUKATh NPUOATHE 3AMACH HPOYHOCTH H 06Ierdarh KOHCTPYK-~
OHH, B TO BpeMs KaK JlajipbHelilnee pa3BHTHE U YTOUHEHAWE METOJ0B pac-
geTa oo Jo1yCKaeMbIM HaOopAAennAM 3TOIl BO3MOMIOCTA B GOJILIIUHACTBE
ciayaacB yixe He JacT.

§ 2. OcxoBHbIe 3aKOHH YOPYrO-INIACTHYCCKHX gedropmaniii
CrnocoGriocTs TBEpARX Ted AeOPMEPOBATHECA IOX JCHCTBUCM LPUIO-

JKeOHBIX K HCMY BHENIOUX CHJ B IOJY9JaTh HOCTOSHNLIC UK BPEMEHIIBe
ocTaTouHble (IIacTHYecKMe) AeOpPMANUN IIPU YCTPAHCHWH CHT Ha3H-

BaeTCsA agactuanocteo.  OcroBHOE

G CBOMCTBO NIIACTHUECKHX AedopmManmii
Gy 4 COCTONT B TOM, YTO MEMAY Haupsi-
N\ oxemmAMM H nedpopmManAsivMa, BO3HH-

Gy 4 KapligMu B Tejie, HE CYIECTBYyeT
. /S B3aMMHO-O/IIIO3HAYHON  3aBUCUMOCTI.
£ SIS§ PaccMOTpUM  OCHOOBHHIEG — ABIEHHA
§° §§ OAacTAYEOCTH Ha npocTeiimeMm npiu-

N gé" Mepe PpacTHKeHHS-C:KaTHA DUINHIPH-

g _ .~ deckoro ofpasma. OGosmaunvM o —
., 0 le, € pacrarmpaommee HanpsKenue B oGpas-
ct—2a me, & — OTHOCHTEIbHOC YAJIMHEHTNe.
" Ecmu pacraruBath obpaser ¢ Tmo-

5 CTOANNOIl CKOPOCTBIO, MOMKHO IIOJIY-
Puc. 1. Jlmarpamma pacrsxesma  J1HTh rpa(i)I}K 3aBUCUMOCTH O OT g,
UMITHOAPHYIECKOTO 06pasna. HasbLiBaeMbll [HAaTPaMMOM PaCTsKCOUH
(pzc. 1). JLo HEKOTODPOro HAMNPAKCHUA
O, Ha3KBACMOIO UDCAeI0M yIpyrocrs, o0paser o0mapy<UBaeT CBOK-
CTBO YIIPYIOCTH, COCTOANEe B TOM, 4TO eCIM OpH d100oM ¢ < O, Ipe-
KpaTUTh pacTsA:KeHHe M padaTh pasrpysky ofpasma, TO JHarpamva
PasrpysKHd cOBIafeT ¢ IepRonadalbunoit mpsaMoit OF. Yopyroe cocros-
Hiue obpasma onuchiBaercs sarkonom I'yka: o = E e.
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Ilpit UPOOIREHNH OIHITA Ha PACTAMCIHE LPH HANPSIKEHUAX BHIIE
gpefelia YOPYrocTd 06HAPY/KUBAeTCA 3HAYHUTENbHOE HCKPUBJIeHUe JHMHUI
0 — &, TaK YTO IpH H3MEHEHHH jcOPMAUMA OT LPEACTHHON yIpyTroi

15} o,

.Ef— o (2 ~3) "EL (rme  E — Mogylp ympYrocTM) TaHTemC yIia
. do

BAKI0HA KAacaTeIRHON K JIMINU G — & U3MEHAETCS OT BCAMYUHN —— ==

de
= E 10 BeJuuuuH, B JECATKH pa3 MeHbIIeil I, mam jaske CTaHOBHTCH
PaBHLIM HYJI0. B mocilenmem claydae roBOPAT, YTO MaTepHaJ MMeeT ILIO-
MAIKY TeKYyTeCTH, U COOTBETCTBYIOLIeC 3HAYEHIe HANPSKCHUS HA3HBAIOT
OpegesioM TeKYICCTH Gp. ¥ MHOTHX MAaTepHANOB IIOIMANKA TEKYYeCTH
OTCYTCTBYeT, W YrioBod koaduImenT KacaTedbHOM K Kpusoi do/de
yOLBaeT MOHOTONHO IO Mepe pocTa gedOopManmu.

Jlanbneiiinee pacTshrenne ofpasna 3a upeneloM TEKYYeCTH J(acT
MOHOTOHHHII POCT HAUpAKCHHA BMecTe ¢ Aedopmanuell, npudemM Ha ana-
rpaMMe O — & BO3MOMKeH Y9acTOK, TAe do/de MeCKOUBKO BO3pacTaer,
HCe JOCTHras, ONHAKO, BeXWIUHH E, W 3aTeM y;Ke MOHOTOHHO yO6niBaer,
OpHEOGINIKAsACh ACHMUTOTAYCCKM K HEKOTOPOMY HOCTOAHHOMY 3HAUYEHHIO.
Iipu Benmunme HampskeHuaA © = O¢ HOPOUCXOJAT pa3phlB obpasma,
Il TO?TOMY BHAaYenHe HANPSKEHUs Op HA3KBAETCH MPEJeNOM MPOTHOCTH,
K BpPEMENIBIM CONPOTHBICHHEM MaTepHala.

B Tex cayuasx, Korjga paspHB o0pasua OpPOHCXOAUT IPH CPABHI-
TEIHPHO MAJBIX HedopMaL¥MAX, B eMy He LpeAmecTByer obGpasoBaHHe
3aMeTHOI WelKy, MaTepual HA3KBAIOT XPYUKHM; B IPOTUBHOM ¢Iydae —
LWIACTHYHBIM,

Hecnmorps ma 70, wro MeTanANH MOTyT IOJydYaTh Odenb OONBIINE
nepopmamu nopagra 5—20—100% u Gosee, Hanmenenye NX IJIOTHOCTH
OKa3bIBACTCSI BCCHMA HE3MAYUTENEHEIM H XAPAKTCPUBYCTCSH JAME MOIAMH
nponenta. Ilosromy sicmo, uro «woadpmmment Ilyaccona» mo mepe pocra
Aedopmamuil 3a TpejieNloM YyUPYrocTH MaTepuada A0BOJIBHO OLICTPO BO3-
pacracr, upmOImkasgch K MaKCUMaIbHOMY B3Ha4eHuio, pabaomy 0,5.

Ecam B mexoropoii Touke A pgUHarpaMMbil pacTsGKEHAA, T. e. LPH
Hanpsixenun o, (puc. 1), npexpatuTs Aajdbnciiimee pacTsuxenle 06pasna

U NpOm3BecTH Pasrpy3Ky, TO IpadUK 3aBHCAMOCTY HAUDSKeHHS OT JIC-
dopmaumr B mpomecce pasTpy3KW OyHeT HPeACTABIATL IPAMYIO JHHUTO
A0’, uapaadienpuyio nmavadbHOMY YHOpYroMy yuactky OF, OpH 3TOM,
KOrjpa oceBoe mampsiskemue B o6Gpasme OyaeT DOAHOCTBIO CHATO, CTO
OTHOCUTelILHOe ypnuneHme Oysmer pasHo OO'. VYpauuenme o0pasia,
KOTOpoe OH coxpaHseT mpH MHOJNOR PasrpysKe, HABHIBAETCA OCTATOYNOII
U.IH miacTageckoil gedopmanueii, COOTBETCTBYIOIMEI HAIPSIIEHUIO O4.
Ocrarounoe ynimmenme panpdeTca PA3HOCTH MEHAY I[OJMHLIM YIJIMHC-
RAEM &, COOTBETCTRYIOMMM HANPMKENHI0 O 4» B YUDYTUM YAJTMHEHUESM
T4
“E

Ecan oGpasey Buons HOIBEPIEYTh PACTMIREHMI0, T. €. MPOU3BECTH
BTOpUunyl0 marpysky, To rpagur cHaUala mOiifeT IO TOIl ke AUHMH
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0’4, xoropasa omucnBaer uponecc pasrpysri. llpi 5ToM, HOCROJIBRY
naups;kenue o, Goanmre mEPBOHATANLHOTO TPeACTa YHPYFOCTH O,

OTMEYaeTCs NOBbIMeNe npeaeia YOPYToCTI IO Mepe POCTa ILIaCTIHYeCKOil
negopmanmu obpasua, Godpluee, weM GOJLUIC Yrod UaKJIOHA KPHUBOII
¢ — &. Martepuad yopodYHsAeTCS M HAKICULIBACTCH, Ui IOTOMY OTMe-
YeNnoe sABJIende Ha3HBAIOT YODOUNEIHCM, MM HAKICHOM.

Ilpn mpojoaskenuu mporecca BTOPHYHOTO HATPYHKCHHA BHITUC TOUKH
A rpaguK o -— & COBIAJAET ¢ YYACTKOM KpHUBOii AF, KOTOpPafA MOAYYIl-
Jach ObI OpI MempepHBIOM PACTH;KeNHH 00pasina ¢ mOCTOSHHOI CROPO-
cTbIo, T. €. o0Opasenm KaK OB «3al0yzeT» Lpo TO, YTO ON IOABEPTa.ICH
pasrpyaxe.

Taxmm 06pasoM, HaupsKeHHI0 O HAa KPUBOH ¢ — & COOTBCICTBYCT
aehopManMs €, Ha3LBaeMasa IOJHOH, 06uell MIN yupyro-mIacTHyeckoil.
Owna cocronT U3 Byx wacreil: MIACTAIECKON HIH OCTaTOYHON jedopia-

HMH €p M ynpyroii pgedopManuu e, = %:

e = €ep | &. (1. 4)

Brime Gui1 paccmorped mpomece pasrpy3KH, KOTOPHIE 3aKamumBasIcs
yMenbenieM AeHCTBYIOMmMEro Hampsi:xenns go myas (togxa O'). Ilpe:-
CTARIACT UHTEPCC MPOLOIKUTE DTOT HPOLECC HyTeM IPIIOCHIA HATPsI-
semiIil o0paTHOro 3uaKa.

Ilpuaoskenve r ofpasyy CIKEMAIOIETO NMAOPSA;KCHUA LPE:KIAC BCETO
BLI3HBAET YUPYIYIO jedOopMalllio CKATHS, IPHYeM CBASL MEKILY HaImp:H-
SKCHITeM 1t edopMaumedl ycTaHaBIUBaeTca B BUje upsamoil mimmmm O'A’,
KOTOpafg ABINeTCA MpomommceHueM npsioit A0’ (puc. 1). 1locme goctu-
REINA B 06pasue C/KUMAIOILETo HAUPsSIReHHs! O, O 0Iy4aeT BTOPUYIY 10
wiactTuyeckyw jleopmauuo 1o xpupoii A’'B’, npumepno mapalaelbHOI
AD; touke A’, sBisomeiics HOBLIM ITPEeIOM YIIPYTOCTH, B 3TOM CJIy-
qace OyJeT cOOTBCTCTBOBATH HANpPsLKCHAE O, ,, IO MOAYJIIO MCHDIICE BEJN-
YLl O, & 3aYaCTyI0 MenbIIee U mpejiella TeKYyICCTH Ofy.

Taxum 00Gpa3oM, HpUIOKCHNE K HAKIENaHONOMYy 00pasly HampAKe-
HUfg o0paTnoro smaka C lLepexoJoM IIPH 3TOM 3a NpEIesT YIPYTOCTH
BJCYeT 3a ¢000M pa3yupouHenne MaTepuala, ¥ MOBHIl Mpeged yupyrocta
HONUMRACTCSA.

JTOo aAB’ecHue unoapobuo mccIeqoBano bayummnrepoM M HOCHT €ro
nys («woderr Bayuruurepar).

OiHH TONRKO lepeuyncIeHuble BHIIE SBICHMA, o0HAPY:RHBaeMbIe
B MaTCpuasax 1P IPOCTOM PAacCTH:ReMHM 00pasia, MOKa3LBAaT, Ha-
CROJBKO CIOKCH 11POIECcC 1MTAacTHYCCKOH JedopMaumy, XOTA 31ech 0CTa-
BJIenbl 0e3 BHMMATIUA TakKHe ITPOSBIEHHA IIACTUTHOCTH, KaK pedakca-
musA, IocaegeificTBHe, I0I3y4ecThb, YCTaloCcTh, BOCCTAHOBICHHE M jIp.

llooTomy B Teopuu miacTHYECKUX jeopMallliii MeT{LIOB 1IPH HOp-
MaJBHOH JJIHM IOCTOAHHOIT TeMmepaType YUYHTHIBAIOTCA TOJILKO C.ledylo-
mue HuX cBoiicTBa.
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1. IeammeiinocTs 3aBHCIIMOCTY Halpsikenni oT Jedopmanii upu
NPOTOPNIONAIBIOM BO3PACTANUI BHEIMAIX CILI, 3aBUCHMOCTD 0 — &
IIPH DTOM BAIMCHBACTCH B CJACTYIOLCM BILTe:

o=D()=Fe[l—oE)] (1. 3)
npryeM

d®
E>10(E)>5->0

T. €. MaTepHuaJa 06JIHI[aGT YIPOYHEHLCM.

2. Yupyrocts mpoIecCa pasrpy3kH M 1OBTOPHOI Harpyswu. Ilpu
3TOM UpCAloJaraeTcd, 9T0 B IpOIECce Pa3rpy3KU HIKOrja ye BO3HU-
KaeT BTIOpHYHAA IlacTHYecKas RedopMamud, cBasamnagd ¢ 9QQeRToM
Baymmurepa.

Yeaosue, KOTOPOMY JONKHEL YAOBIETBOPATH HAINPAMKENIA B HEROTO-
poii TouKe Teda, YTOOLI B Heifl MOABHIHCH HepPBHIe OCTATOTIIEe Jcdhopya-
[il, TARHBAETCSI YCIOBHEM ILIaCTHYHOCTH., JTO YCIOBHEe HMHBAPUAIITIO
B OTHOMIEHAN Npeo0pPa30BaHMA 0Ceil KOOPIUHAT &, I/, 2 IIyTEM II0BOPOTA,
M 103TOMY B o0ueM clIydaec BHpasKaeICA clAeIywmeil QyHRIMOMATLIIOIL
3aBUCHMOCTHIO

f(oy, 0 05) =0, (1.6)

rje 01, O2, 03 — IIABOBIC HANMPSKEHNA.

IIpn npocroyM pacrasenuu ofpasma MarepHaida (02 = O3 = ()
yC:I0BMe UJaCTHYHOCTH HMMCCT BIT:

Gl == GT, (1- 7)

rie Or — Opefed TCKRYuYeCTH -HpH-PpacTHa;eHAH.
le‘[ Rpydennd CTEPHjI KPYT.I0ro OnomepedHOro Ce4YeHust Haud0Ih-
Inee RacareJpbHOC HalpAMeHue BO3HMKACT Ha TIOBEePXHOCTU CTCPAIHS,

H, KaK NCKa3LIBaeT OUHT, HavyaloM 00pasoBaiisi ITACTHYeCKHX fedopia-
unil ABIsIeTCA YCIOBHE

0y — O
12—12—3201:‘6;, (1.8)

Tae T — npepged TEKydeCcTH MaTepHaJia upu cipure,

COI[—BOU&HOM LIPEeAAOHICIIO YCAOBHC NTACTHYHOCTI, COCTOSLIICC B TOM,
UTO TeHO I1epexoguT 3a IIpecll yupyrocTn, Kak TOJLKO MakCHMAIAhHOE
Racareannoe HalpAMeHHC JOCTUraeT BejHYHHLl Tr, T. €.

Tmax = Tr. (1 9)

TyGepon, a zatem Muzecoy U I'eHRKM IpejlIO/KREHO ;|pyroe YCIOBHC
WIACTHYHOCTH — YCJIOBHE IHOCTOAHCTBA DHEPTUM (OPMOMBMeHeHHs. Aa-
IHTHIECKOE €r0 BRIPaRCHUE HMCCT BML:

(1. 10)
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O6a yciopust mracrmanoct# (1. 9) m (1. 10) B macrosimec BpeMs
MOYKHO CYUTATH JOCTATOYHO IPABUIBHO OTPARAILUMII HAYalo TIacTH-
yecKHX jledopmanuii B Tedax.

llpu pacuerax TpyGompoBOZOB BuLiCOKOTO MaBJIeHIA, HNHITHHAPOB
KOMIpPeccopoB I T. . BO3HHMKAaeT 3a7ada O HaOPSUKEHUAX B medopMa-
IHAX TOJMCTOCTEeHIOIl TpyOb!, HaxomAmielica moJ pPaBHOMEDHO paclpe-
J€IeTHBIM  BHYTPCOHMM I BHAEHINEM JaBIenHeM; HOJOMEHHA TOUYCK
TpyObl OTpemedsnioTCst B HUIMAIPATECKOIL
cucTeme Roopauuar r, 0, z (puc. 2).

Ecan nracrnveckue jegopManmi oT-
CYTCTBYIOT, HATUPA:;eAHA B CTeHKe Taroli
TpyOB OyIOyT paBHHL:

a?pg —b%pp | a%(pp— pa) B .

Grr =

b — a2 b2 — a? rz
__ 9%pa—b%py
O = b2 _— g2
a® (pp — pa) b .
- bz_aza—r_z’ (1‘11)
Puc. 2. Touacrocresnasa Tpyba, . .
HAXOJMIAACA 1ON BHYTPCHEEM 0y = 2p P2 b%pp

¥ BHEIIHAM JaBJeHmeM. 2—a2 °

B uactuom caywae, xorga orcyrcTeyer Hapy:kHOe Aapacune (py = 0),

a? b2
Opr = _Pa_(,l —-’,—2—),

b2 — g2
a2p, AW
on = gt (1473 (1.12)
2u a?
Ou =g -

Buyrtpensee faBileHde, KOTOPOe BH3LBAeT IIACTAIECKOE COCTOHHNE
Ha BHYTpeHHmeil HOBepXHOCTH TpPyOul (OpH OTCYTCTBHH BHEILHCIO HaB:Ic-
Hi), onpeeasaeTcsa CIemyoIIM 06pason:

Py = — P00 | (1.13)
V3644 (1 — 2 p)2at
IIpII yBeJduUYeHnn BHyTpeHHeI‘O DaBJCHUA CBEePX 3HAYCHUA Da njaacTu-
gecKue JAepopmanuu OyAyT UPOJBUraTbCA K BHENINeN IHOBEPXHOCTIt
Tpy6ur. Eeiu MmaTepnal He o0idagaeT CBOHCTBOM YIUPOYHEHNA, TO BHYTPEH-
Hee faBJdeHne, Opu I{OTOpOM prGa 1 eJIHKOM NepexoJur B IIJIACTUYECKHOC
COCTOAIHNE, paBHiIeTCiI

ZV"; . (1. 14)
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C poctom pedopmanuii ormomenme %/, yMenpmaercd, a 3HA4UT,
YMEHBIIAETCA M p, I IIOITOMY COCTOSHME PAaBHOBECUA AB.ISIETCSH MEYCTOli-
qiBEIM: He0oabImad AedopMAiusa IPH IOCTOAHHOM JaBIeHAN Hapylaer
€ro.

CaemoBaTe;TbHO, KAk TONLKO TPpyOa eAHKOM uepeiifeT B ITaCTUICCKOE
COCTOSIHAC, IIPH OTCYTCTRUH YHPOYLEHHsA MaTeplalia U IPYU HOCTOSIHIOM
BHYTpeHHeM [IaBJelHnH 01a TeueT U 3aTeM paspylraeTcs.

§ 3. Hoasyuecers Mmarepmanos

Hanpsxenuna # jedopManmm, BO3HUKAIMMe B Tejle IO HArpy3Koi,
3aBUCAT He TOJBKO OT BeJUYUHH, 110 TaKKe M OT XapaKTepa HU3MEeHCHUS
Harpysox Bo BpemeHH. CBA3aHO 5TO C TeM, 4TO (maudecKoe COCTOSHIE
Teda, JOCTATaeMoe IIPU CPABHUTEJNLIO OLICTPOM IPIJIO;KENAN HATPY3KH,
HC JBIAETCH pPaBIIOBECHHIM JJA MHKPOOOHEMOB, W Ieperpymnumposka
MOJIGKYJ M aTOMOB M3 MCXO/THOTO COCTOSHHA B OKOMYATeNbHOE, COOTBCT-
CTBYIOIICC PAaBHOBECHOIT KOHQAIYPaIUU DI TAHOAX BHEITHUX YCIOBHsIX,
Tpedyer Golee WJIH Memee JIUTEALIOr0 BpeMeHH, IIpPWYeM HEKOTOpHe
I3 9TAX IEePEeXOMHHIX IPOIECCOB MPOTEKAIT CPAaBANTEIbHO Meento. [1o-
aTOMY Han(oJee 4CTKO BEIPAsKCHHAS! 3aBUCHMOCTh MEXaNHYeCKAX CBOICTB
MATCPMaIOB OT BpeMenH HMeeT MeCTO B ABYX Kpa#pumx ciIyvasXx: HpH
ouenb OLICTPOM JIeOPMUPOBARUM, KOTAA BO3MOKHO 3ama3fbiBaiiie
Jaske Hau(oJee OLICTPO MPOTERANIMHX LIEPEXOMHHX IPOLECCOB, H TPH
IIHTCIBIOM UPUAOKEHHHM HArpy3KkH, KOrja OposBiIAeTcs JeiicTBHe
pPaznoo0pasuX MAKPOCKOIMMYCCKUX H CYOMMKDOCKONUTECKUX MEXAHU3-
MOB. _ ——

Ileo6paTamoe m3Menenue AefOPMEUPOBANIIOLO COCTOAHAA TeIa BO
BpeMeHM UIpPH HEN3MEHHRIX BHEIINMX HAIPY3KaX HA3HBaeTcA MHOJI3Y-
9ecThi0. JTO ABJIeHme HalTo0HaeTCa BO BCeX MaTepHadaX, HO AN GONDL-
HIMHCTBa METAJJIOB IIPM KOMHATHOI M IpH NOHH}KEHHOI TeMmeparypax
li3sMerenye KeopManuil HPOMCXOANT TaK MeNIeHHO, 4TO MM, Kar mHpa-
BIIIO, B pacYeTax IpeHeOperamT.

Ilonszywects mmacTMace, Kay9yKOB I APYIHX MATePHaloOB Oprami-
YCCKOI UpUPOJIEl OLLYTAMA M IIPY KOMHATHOI TeMImepaType. B meradmax
sKe T0JI3y9eCTh CTAHOBHTCA 3aMCTHON JUmB mpu Temmeparypax 300—
400°C; oOuunse cramu mnpm Temmeparype oxoxo 800° C BeaejcTsHe
OLICTpOi TI0M3yweCTH CTAHOBATCA WPAKTUYECKH HEMDPUTOMIAIMI IS
HCIOIL30BANNA.

Truyunrie pesyabpTaThl FIHTCIBNKX MCHLITANNI HA PACTHKCIME TP
NMOCTOHNNEIX HATPY3Ke M TeMmepaType MOKasamel Ha puc. 3. 37aech 110
ocn aﬁcrmcc OTIOKEeNO Bpemsa £/, a OO OCH OpAHMHAT -—— OTHOCUTEIbHOE
yAnnHenue e. Ilpn HarpyskeHUM CTEPIKCHBb IOJIYHACT MTIOBEHIYIO je-
bopmanmio &, usobpasmaemylo orpeaxom OA. [adee clejyer yd9acTox

B, xapanTtepmaycmpiit yOHBammeM CKOPOCTM MOJ3YYECTH H OBGLITNO
HasbiBaemblit mepBHM (1M 1IEPEXOXHNM) MCPHOAOM HOJ3YUeCTH (HeycTa-
Q¥
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HOBHBIMAsSICSI ILIOJ3Y9eCTh); JJIMTCIBHOCTL €r0  OTHOCHTEIHLHO HEBe-
JHEA.

1{o mepe upmbamxeHnsa K To9ke B yOnBaHme CEOPOCTI JAedopMalmii
3aMeLTACTCsE, 1, HAKOHel, CKOPeCTL /leopMauil CTAHOBHTCH LPAKTH-
YecKi I0CTOsHHOI Ha yyacTke AB(C, Ha3sIBaeMOM BTODPLIM IIEPHOJOM
HOJ3yvecTH, HIII HepHO;IOM KBAa3MBs3KOTO Teleuud (YCTAHOBHBNIAsCA
10I3Y9eCTh). JTOT LEpPHo MHIHMAIBHOII CROPOCTI IMOA3YIECTH, 0JLIYIIO
BechMa UINTENLNHI, mepexo uT B yuactoR (D, xaparTepuayesbtii
Bo3pacrtaniieM cropocTit Aedopmaumy. Memmranme 3arangnBaecTcs

SO0 «XPYIRUM» H3IOMOM BOTI-
£ 2 3n Towkm C, HGO (BABKIM»

/  paspyuicnmeM, COmMPOBOTAEMFIM
V oGpasobauiieM meitku. Ecaur wa-

npsicHne BeIWKO (I8 JaHHOI

8 TeMUEPATYPBL), TO BTOPOM TCPHO;L
/ MORCT ObITH KPaTROBDEMEeMIihiAl
ML jlazke BOBCE OTCYTCTBOBATE.

ITpu 1meGOIBIMOM HATpssRCHILIT
CKOPOCThL  TOJ3YHYecTH  ObiBacT
”l«—! I ¢ macroapro mnH3KOIi, a medopma-

ML [OJI3Y4ECTH CTOdhL  He3HA-

Puc. 3. Tupuunmas Kpmpas noasydecty 1M TEJABHOM, TTO ABJICRUC TOTI3y-

MeTalsla  NpH  TOCTOANMEBLX  Harpyske YCCTH MOKHO He IIPUHHMATDL

1 TeMmilepaType. B pacder. B 3ToM cMbIcie TOBO-

PAT O 1lpejede I0J3YUeCTH Kak

0 TOM MaKCHMAJLHOM HAalPAMKCHUU, TPH KOTOPOM CUe HOMYCTIAO
uperredpeskente  gegopymanneii  10JM3ydYecTH.

JJIs XapaKTepHCTHRUY ABJENNA NOA3YUecT PASILUTIHAMU LICCeI0Ba-
TCIAMIL LPEJIOMREHH MIIOTOTuCIenbie (OPMYIL YHCTO DMIUPIYECKOI0
IAH TTONYOMUMPHYECKOr0 XapaKkTepa, HodydeHnble Ila OCHOBAanHIM o6pa-
OOTKH DKCLEPIIMEHTATBHUIX Jaunbix, OCbIgHo, 0/{IIaK0, Bce BTU GOpPAry.ihl
He JaiT YOBICTBOPMTEIBHOTO COLIACOBANNA C ONLITOM Ha (OILUTOM
HHTePBaIe naups:neHnil W HOCAT JHUMG YacTOHII XapaKTep, LOKA3MIBAH
OTHOCTTEILHO YAOBJIECTBOPHTCILHOC COBMAACHIAE TOJLKO HAa HEKOTODhIX
neGoJbIMX yyacTRaX KPHBHX TOJ3y4ecTH.

Jlast meycTanonunurciics WOI3ydecTit NPIAMEHACTCH CICAYIOULAA 3a-
BHCUMOCTD MEMAY CKOPOCTLIO MOJ3yUeCTH Il HAaUPA/KEHUCM:

l’u:k()'n, (1'15)

rae g — CKOPOCTH NOJA3YYCCTH;

0 — HalpsiiiCHIe;
k m n — KO3pPUOHEHTH, B3aBUCsHUTHEe OT TeMOePATypPH HCOHNTAHHA H
CBOICTB MaTepuadoB. JHAUYCHMA KO2PPHOACHTOB Kk H 7 DPABEXEHH
B Taba. 1.
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PacueTnioe ycIoBue uipu upemHedpeskenull ynpyroii gedopyanieii

HMeCT B
1

o< {Tac) s (1. 16)

31ech [¢] — momyckaemas JedopMamusa 3a BPCMsL CTY RO KONCTPYRILLM;
tc — CPOK CaysROBI KOHCTDYKLMIH,

Paccyorpunr TosctocTennyio TpyGy, HaXO;sUYOCA 110;T BIYTPEHHHM
JapIenitem {cM. pumc. 2) B yciaoBusax nodasygectn. Haupsskenua B crenre
Taroil TpyOhl Pl yUucTe TOJ3YUCCTA PABHH:

2 2
n Nt
O'rr:_‘(:aa—z“‘[i“‘/'b_)n};
. £ \ 7
bt —a™
T __.__Zi‘li_ 1~ % ~b\_;]‘~ (l 1—>
o= [ () (5 -
pR _gn
2. 2
— pa{ln ! 1 1 T\l
Orz = =y 2 [1 —"(n-_l'( ) j
b‘ll_ {l—'IL— /

It HallpA;Renis ,-'[()()LUL’[HIOTC}{ ROMHCTO YHUPYUUM HaOPHAAHCHHAM

(1. 11).
§ 4. Ronebanma m ycranocrs Marepuaion

Mexannuecroe uoreygenie TeX JpH BUGPAUIIOHHLIX WTH IPH TOBTO-
psronxes (xoTs Obl 1L fle MePHOAUYCCKRIIX) HATPY3KAX OTIMYACTCA OT X
TIOBELCHITSE UPH 010K PATHLIX Harpysrax. llpe:k;ie Beero ato ckasbizaeTes
B TOM, UTO YCHOBIL IIPOYHOCTH 1IPIl TOBTOPMIOMIUNCA RArpyskax oT.iI-
YAKTCA OT YCIOBHIL NPH OJUOKPATHLIX HATPY3RaX: KOMOUHAI[UL nanpsi-
wennft u jiedopyaiuii B Kaxoii-unbyab TOUKe TCTA, MBIAIMAACS «DC30-
Iacuoily, He TPNBOANINEIT K paspyTUICHUIO 1IPU O;IIOKPATITOM €€ BO3NHKHO-
BN, MOReT OKa3aThCsi paspylialommeil 1mpi MHIOTORPATIOM TMOBTOpE-
Hir, ’

Eeau pmemmeli Harpyaxoil siBIsACTCS IOBTOPNO  M3MCHAIOILASCSH
TeMueparypa, TO LPH ZOCTAaTOUHO MIIIPOKOM l1amaszone ee HaMeuells
BO3HUKAIOT DQPERTHL 1ePeMEentiX TepMooOpaboTOR passuynbix vactei
Teda, CONPOBOKIAIOILNXCH HELOBTOPAKIIMICA CTPYKTYPHBIMY II3MeHe-
HIAAMA, RoTOpDle TIPH ONPCEICHHBY YCIOBHAX MOUYT IPUBCCTI K Hapy-
Uienuio BHyrpenmux cBsA3cil 1 npounocTH. O sBTCHIHX TAKOIO po;la
HHOT1a TOBOPAT KAk 0 TEeWJIOBOI CMEPTH MaTepHaia.
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3nadcHnna xodPpdunuenron k

X HMIYecKHt coctau, %

Copr cTaan

c Mn Si Mo cr Ni w Nb
Yiepoguerag . . . . . 015 | 0,50 | 0,231 — — — — -
» 0,43 | 0,68 | 020 | ~— — - — —

MoamGpesoBag . . . .| 043 | 0,49 | 025 0,52 | — — — —

Xpomomonnbaenosan . . | 041 ) 045 | 042 | 050 | 2,08 — - —_

» 048 | 049 | 02| 052 | 120 — | — | —

Xpomonnkenenan (18-8) 006 | 050 t 061 | — |17,73| 925 — —

Crarp 69 . . . . ... 0,52 — 0,82 | 0,57 [ 13,01 15,2 | 2,01 | —

Craap He .. ... .. 0,19 — 072 069 1,74| 087 — 0,77
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Rpusyw Beaepa gacTo CTPOAT B HOAyIoTapHMUYECKHX KOOPIMI A~
tax ¢ ~ lg N; B artoM cayzae kpuBas Beilepa Oamska K AByM Toay-
OpAMbIM — HAKJIOHHOIlT U TOPH3OHTANBHOM, KOTOPHMH OHA 0OLIMHO
H 3aMeHAeTes (puc. 9). g

ITpi HecuUMMETPIUHOM LHKTe 1
HaIPYIKCHIA PesyTbTaTH YyCTail0-
CTHBIX HCOBITAannil m306pakalorcs
B BIge jmarpadyisi Xos (puc. 6).

Ecanm mo ocum abemiice OTRIAAI-

BaTh CpejJHEe HANpMCAHEe NEK- (G — — ——— — — ————
Ja, a MO OCH OpANHAT — aMILIH-
TyAy ITepeientoii cocTaBIAnnieil 7 -

HaIPSRENNA, TO TPEICIw ycTa-

JIOCTIL PACTIONORATC Ha KPUBOIL. Prc. 4. Kpupas Besepa.

ITpm »ToM Touka M m3obpaskaet

mpeaed YCTadoCTH HPT CHMMCTPHUHOM DNuUKIe, a Todka N — mpened

HPOTHOCTI (BPCMENIIOC COUPOTIBICHUE) IPH CTATHYECKOM PacTsikeHlin.
Bo MHOTHX CIY9ass HATPA/KCHNs B KOUCTPYRIUI HPH HEPHOINTCCKHX

HArpyaRax TPCBHINAIT upeIeT ycTaTocTh. 'ToTaa BaRno 3uath Xapak-

TCPHCTURIL OIPaNUuennoli BHIOCTUBOCTI, KOTOPHE O1PEICTAIT Pecype

G Gh

S
C\‘y

3

InH

Pire. 5. Kpusas Bedepa B uoayioras Prc. 6. Huarpamma Xoa,
PHOMITICCRNX KOODMHATAX.

AETaJIM I KOHCTPY Rl obocleyuBaTh CONPOTURICHNEC YCTAJTOCTHHLIM
PaspyuieHHsIM B TeuenHe olUPCICITeHIOr0 CPpoRa, T. €. JICROTOPOro ylicTa
unkaon. [foatomy ecau mpu pacuetax ma yeTagocth W3 Beeil Kpuwoii
Benepa Bamuo 3nate anuib ofimy To9Ry — upeaed yeTasocTti, TO NIPH
Pacdere HaA OrPAHIYEHNYI0 BLIHOCAHBOCTL CYIICCTBCHHOE 3HAYCHIC
IyreeT Besi BEPXIsis 9acTh KpuBoil Bexepa.

Onaro upi Hanps:Rendsix, 3aMCTIO HPEBHLIAIOMAX NPeIcsd yeTallo-
CTU ¥ OAMBKMX K NPCICAY CTaTHTECKOH NMPOYHIOCTH, paszbpoc Janrmbix
YCTaIOCTHLIX TCHBITAHTIT OBIBaeT OYCHD OONBTIHM.

YeTaTocTaNe XapaKTepUCTHRI 0Ka3bIBAIOTCSA 0YeHb YYBCTBHTCILILIMIL
R yclopuam mnposenenus mncositanlii. IToamso rTaxux ycxopuil, Kax
XinurMeckuit cocraB, MIKPOCTPYKTYpa, Tesmneparypa, Tepymoo0paloTka,
RoTOpLIC CymecTBenno BIMAIOT JI 11a Jalliihle CTATHYeCKWX HCHHTAaBUI,
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BuGpauuouusie Harpysril BCJICICTBIE IBICHISL Pe3onanca MOLyT
BbI3BATL 3HAYUTEIBHOE YBEIUUYCHHE AMILINTYALI Kodedaniil pasIMUHbLIX
yacrefl KOHCTPYKIIHA, BCCbMA HO/KCIATEAbHLIX 1 OlIACHMX Kak BCICT-
CTBHE TOr0, YTO HTO MOMKET IPHBECTH K NETONYCTIMOMY BO3pacTaHUO
Hal psiRenitil, Tak ¥ TOTOMY, UTO GOJLINC HepeMeNnens, jasne B ¢Iy-
wasix, ROLJa MM COOTBCTCTBYKT OTHOCHTEJALAO MAJLIe HMampsureHii,
cayu o cebe MOryT HapywaTh DKCUIYATALUONHBIC KAZECTBA RONCTPYK-
wir, B mepsoa caywae (passurne paspyurensil) BO3SRHEaeT 3a,4a4a
0 BUOPONPOYHOCTH KONCTPYKIMH, BO BTOPOM CIy4dae (BO3HHEKLOBCHILE
pejonycetumo  0obIEx  mepeMelueHMil) — o0 ce BUOPOYCTOHYUBOCTH.

IIpm marpyskax, NDepHOLUYECKH M3MEHAIOMUXCA ¢ aMIAUTY [0l
/OCTATOUNO BCIUYUHLI, B TeJde IO HCTEYCHUM IICKOTOPOTO YMCIa LUKIORB
obnapyssuBaercs paspyimenue. luyorga 5ro paspynieniue HaullHAETCs
€ 1LOBEPXHOCTH Tela, H TOTHa ero MO0 00HAPY;RUTH BI3YWJILHO; B JIpy-
IUX COyvasiX HapylleHie TPpOYHOCTH HAYAHAETCsI BIyTPU Teda u obnapy-
AUBACTCSL, HAOpHUMeD, IO M3MEHEHUI0 COOCTBEHHOI yacToThl KoTedammil.
IMpu 3ToM paspylneHue MIPOMCXOMUT IIPA KOMOMHANHIL MaKPOHANPHAKCH NI,
KOTOpasi PM OJHOKPATHOM HPUJIO/REHHI WM DPH AclicTBMH B Teueline
HeD0JILUIOr0 9YHCIa I[HKIOB fie NMPUBOIAT K HAPYITCHLIO TTPOYHOCTH.

sInrenite HapymIeHusi UPOYHOCTH B MaTepHA e TPH CPHOIMTCCKIL
UBMCHAUHXCA HArpy3Kax 110 HCTEYEHHH OOJBIIOr0 YUCTa 1UKIOB
Ha3BIBACTCS YCTAJTOCTLI0 MaTepHasIa, a paspymenud 3TOro Tuma — ycTa-
JOCTHEIMIL paspymenuayma. CHocGOHOCTL ke MaTepuaa BbIiep;RUBaTh
HeoTpanudeHno 0oJbNIoe HId HEKOTOPOE ;0CTaToqlo GOABITOE KOIeY-
HOC 4IIC.T0 QUKIOB HCPHOMYECKHU IOBTOPSIOMENCS] MarpysKkH Na3biBanoT
BLIHOCII{BOCTBIO,

CompoTABIenne MaTepHada YCTaXOCTHOMY pa3PyMeHT MO;KNO Xa-
pakTepusoBarth caenyromuM oOpasom. Ilpegcrasuym cede, uro 1aprus
00pasnoB OMIMAKOBRX pPasMepoB I (OpPM, RMI3TOTOBICHNHX I3 OHOTO
M TOTO jiie MaTepHasa, HaxoXAErocs BO Beex 00pasnax B OJIOM H TOM 3R
cocTosimui (TeMmepaTypa, YCJIOBHA ILIABKM, MexaHNdecKoli ofpaloTtkm,
TepsyoolpaboTk H T. I.), HCITHMTHBACTCA HA ICPHOJHYICCKOE 3naKomepe-
MCHHOC CUMMeTPHYUOe PACTAsKCHUE — C;KaThe, NMpHUYcM AMININTYa Ha-
1PstREHTHIA, 0GTaBasiCh MOCTOMHHOON TIA KasKA0oro oGpasia, L3MeHSETCA
or o0pasna K oGpasnuy.

Econ junst masoro ofpasa oTMeuaTh ma IIOCKOCTH TOYRY, adcuucca
ROTOPOIl paBHa QYUCIy DURTOB j10 paspymenus N, a OpiAMIATA — Han-
0O0ThMIeMY HAMPAKEHNI0 O, TO DTH TOYKHM 00pasyoT Tak Ha’LBaeMyo
rkpiByio Beaepa (puc. 4). Hpuras Beiepa miecer acuMnrory o = oo 7 0.
JT0  o3magaer, 9T0 obpasen 00:MajaeT I[EOTPAHNYCHHON  BLIHOCAU-
BOCTBIO, T. €. BLICpsKMBaeT 0e3 paspymenust CKOJL YOO 00ipImoe
9icI0 1uKkIoB. Beamawmma ¢o mpu 9TOM Ma3HBaeTes TIPEJeNIOM ycTa-
JOoCcTH, a 00JacTh MCHTY acHMMuToTol 0 = 0o I Kpunoii Bemepa —
o0dacThio orparuucHnoii sruocaunocri. Mg OoxpurumersBa  craTell
peged YCTaJOCTR ITPM CUMMETPHIHOM INKJIe PAaCTA/RCHMA — CKaThs
cocrasaseT ot 30 70 50% 0T BpeMeHHOro COMPOTUBICHII,
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Kpusyw Beaepa 9acTo CTPOAT B HOJNY.IOTapHOMUYECKHX KOOPAMI A~
tax ¢ ~ lg N; B atoM cayiae kKpuBas Belepa Oamska K AByM Ioay-
OpAMBIM — HAKJIOHHOT U TOPH3OHTANBHOM, KOTOPHIMH OHa O0BIYHO
H 3aMeHseTcs (puc. ). g

ITpn HecuMMETPHYHOM IHKITe 1
HaIPY:KEHIA Pe3yIbTaTH YyCTail0-
CTHBIX HCOHTaIMil m306pakaloTcs
B BIHZe jpmarpadMbl Xos (puc. 6).

Ecam mo ocum abemice OTRIA[BI-

BaTh CpejHEe HANpMKCHHE NEK- (G — — ——— — — I ————
Ja, a MO OCH OpANHAT — aMILIH-
TyAy ITepeiMentoii coctaBIaAnniell 7 -

HanpsRENUA, TO TpPeICIbl ycTa-

JIOCTIL PACIONOKATC Ha KPUBOIL. Pmc. 4. Kpupas Besepa.

ITpm sToM Touka M m3o6paskaer

mpeed YCTadoCTH NPT CHMMETPHUHOM NUKIe, a Todka N — mpesed

HPOTNOCTH (BPCMENIOe COUPOTHBICHUE) IPH CTATHYECKOM PAaCTsiAeHlil.
Bo MHOTHX CIy9asy HATIPAKCHNA B KOUCTPYKIUIL HPH HEPHOAITCCKUX

HarpyaKRax TPeBLINAIT upeted ycradoeTd. ToTga BasKNno 3uaTh xapak-

TCPHCTUKIL OTPAIIuennoli BHNOCIUBOCTH, KOTOPHE ONDPEJCIAI0T pecype

¢ GR
M
G [—- ————
- o e,
t !j/‘/ /
Pre. 5. Ipneast Beaepa B uoayIoras Pnc. 6. OTuarpamma Xbos.

pPHOMITUCCKRIX KOODMHATAX.

JAeTaJIN MM KOHCTPYRHINI 000CLEYUBATL CONMPOTUBICHIE YCTATOCTHHIM
Pa3pyuleHHAM B TedenHe OUPECIeACHHOr0 CpoKa, T. €. HCROTOPOro ylicTa
unkxaon. [loatomy ecou mpu pacderax ma ycTatocth H3 Beell Kpupoii
Benepa Bamuo 3math AHub 0Ly TOYKY — UPEACT YCTAJXOCTH, TO TIPH
pacueTe Ha OTDAHNYEHNYI0 BLIHOCIHMBOCTL CYUICCTBEHHOE 3HAaYCHIC
IneeT Bes BEPXHsAA 9acTh KpuBoil Bexepa.

O1aro upH HanpsKendsIX, 3aMCTHO HPEBHLIAIOMAX Ipegesd ycrallo-
CTil ¥ OAM3BKUX K npeaciy CTaTHIeCKOH mpOYHmOCTH, paszbpoc JanmblX
YCTRIOCTHLIX TCHBITAHTIT OBIBaeT OYeHD OONBIIMM.

YeTadocTane XapaKTepUCTHRH 0Ka3bIBAIOTCSA 0YeHb YyBCTBHTENDIILIMIL
K ycloBuam nposenenns ncoeitannii. IToammayo rTaxux ycxosuil, Kax
XIMIMeCKIT COCTaB, MIIKpPOCTPYKTYpa, Tesmmeparypa, TepmooOpalorka,
ROTOpuie CymiecTBenHno BJMAIOT M Ha Jalllibie CTATHYECKUX HCOHTABUM,
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Cepbhe3noe BJAMANNE HA HAX OKA43LIBAIT TaK/Ke YUHCTOTa MCXAMIYECKOI
o6paGoTku 1oBepxmocTH, ¢dopma obpaslfa, €ro pasMepsl, XapaKTep
necourranmit ¥ 1. u. Ilpeneant ycraidoctu, ompeperdemnnnie U3 OLKTOB HA
pacTsasKenme — C)RATHE M II3 OUBITOB ma 13rul, UIOrjga OdYenb CUIBHO
OTANTANTCA APYT OT gpyra (pasuuna gocturaer 40—50%).

PaccyoTpnyM BANsSHEE HEKOTODPHX $aKTOPOE Ha yCTaTOCTHHE XapaKTe-
PHCTHKH.

1. Popma, pasmepsm o6Gpasma, reomMeTpHYTe
¢crue gedpertn. Hagpesns, rarxrenn, Gypril, mapanuusl U BLOGOHHE
Ha MOBEepXHOCTU, KaK M pasJInyHie BHYTPEHHHE HOPOKU (PAKOBWHEI
¥ HHOPOj(Hble BKIIOUENHsd), TPUBOIAT K CHUKGHUIO YCTAJOCTHOH IIpod-
nmocta. Oco0eHHEO CHIBHEIM OKA3LIBACTCA BAHSAHUE OCTPHIX HAZPE30B
M TPEemUH KaK CHIBHEWNIHX KOHILCHTPATOPOB mampskexmii. Homeuno,
DIl CTaTHIECKAX MCOLITAHUAX KOHIEHTPATOPH HAUPSMKEHHH TaK/Ke
BIHAWT HA XapaKkTep pa3pymeHds U Ha Bce moBejgemue oOpasma. Ho
€CII TIPM 9TUX ACHBITAHUAX TaKOe MOBPCIKACINe, KAk, HaIpAMep, 0cTpas
Lapamuiia, OpHBOAAIAS K KOHIENTPAIWA HAUPSKENWil B 0YeHnb Maoil
ol:1acTH y ee AHa, He WrpacT HUKAKO{l poOJM, TO NpPU MCHBITANHAX HA
YCTA0CTh TaKasA ke mapaldHa MOKeT H3MEHHTH Pe3yJIsTaTil B 2 pasa.

A5t Toro arolsr 09epTATH 06IACTD H3MEHCHHA YCTAIOCTIRIX XapaKTe-
PHCTHK, CTPOAT ABe KpuBhle Bedepa: ommy [A7sa Xopouro oTnrIngoBar-
HLIX  HHTUHIPUYICCKAX 00pasnoB, Apyryw MIa o0pasmoB ¢ OCTpHMI
naxpesayu. I{preue Bedepa mias o0Opasmos apyrux gopm U pasmMepoB
U UPH &IV PasiUunRIX U3BAHOB OyAyT paciiolaraThCs M1y
BTUMH j(BYMS KDHBLIMH.

AbGconoTnnie pasMepsl ofpasma Taiske BIHAIT Ha YCTATOCTIRIC
XdPAKRTCPUCTHRM B OTIHNYHME OT CTATHYECKHX XaPAKTEPHCTHK MCTAMIOR,
AT ROTODHX BINAHMC TAaK HA3LIBaeMoro Mmacmradmoro ¢aKropa 1o
cyuwecTRy otcyrersyer. llpm sToM yBeawdenmme pasyepoB o006pasnon
OPHBO;IUT K CHIFRENAIO Upeesia yCTaJl0CTH.

Ecini nenpiranne umeer meibo BHABUTL YCTATOCTHLIC XaPAKTEPUCTIHKM
JleTadNn CJMOKHOM POPMII, TO HajeKHLIE Pe3yJIbTalhl MOIyYaloTCA STHIHIb
LPH TOJIHOM BOCIPON3Befenuu GOPMBL H pasMepon.

2. Mexanmuuecrasn oGpab6orxa Cynecrenno Bak-
f0€e 3Haycnue IMeeT YucTora moBepxmoctn oOpasma. Ilosromy oGpasiur
JUTSL IICUBITAHAH Ha yCTANOCTh, KAK OpaBuio, B paboucii 4acTH geralor
noiduponanusiMu. Ecam oOpaser o6paGaThiBaeTcsi TYLRIM  DPERYIUIM
HHICTPYMEUTOM, TO er0 HOBCPXHOCTHHI CJI0il OKa3HBaeTCss YIPOUHCHHLIM,
YTO ITPUBO;(HT K UOBHINCHUIO YCTATOCTHO IPOYHOCTH H MOJRET BBCCTH
B 3abayraenme. Ilpn miangosanun nHempenue B 110BePXHOCTH 0Gpasua
MCIKAX OCKOAKOB a0pasuBoB mpOBOAMT K CHIGKEHHIO YCTaJOCTHOIT
ITPOYHOCTH,

3. ArpeccuBHNMe cpenm. EcIE NpUIoKeHHEe IepHoau-
YCCKUX HArpysoR CONPOBOKIACTCA BO3HEHCTBHEM aTpPECcCHBHON CpeTH
H Kopposuell martepwaida, KaK, HaupuMep, B PAa3IWYHBIX TEXHOIOTH-
YecKHX TPYOOmpOBO;[aX M amnapaTtax XWUMHIECKOTO MPON3BOJCTBa, TO
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YCTaJOCTHHE XapaKTepPMCTUKRH, KaK IOPAaBHJIO, 3aMETHO CHHRAIOTCH.
ITO0 BJIUAHUE YUHTHIBAIOT IYTeM BOCHPOHM3BEICHUA MIM MOLEIMPOBAHUS
HATYPHLIX YCIOBUM.

4. Temmeparypa. VsMenenne TeMoepaType OT ONBITA K ONBTY
COIPOBOKIAETCH U3MEHEHNeM L0JIyYaeMbIX YCTANOCTHRX XapaKTepPUCTHK.
Oco60 pesxoc NOBLIIEHUC YCTAJNOCTHOH IPOYHOCTH OTMEYAeTcsi IpH
TeMmeparypax, Onmakmx K abcomoTHoMy Hymo. Tak, maupumep, AlaA
HOPMAJIH30BaNHON CTadK ¢ cofepsraneM yriaepoga 0,3 % 6bino moayyeno
moBHOIen®we Opejesa ycraloctu (ua Oase 107 uux-
aos) go 7500 xI'/em?® mpm temmeparype —196° C
mo cpaBuenmio ¢ 4000 gI'/em? npu xommaTHOM
remueparype. Jl1a oGpasioB ¢ ocTpeIMH Hampe-
3aMH B psifle ciayyacB, HAoGOPOT, 1IOJIYYEHH
folcc HHU3KHC 3HAYCHHS 17DE;IeIOB  YCTAJOCTH
opuy  UOHMMEHHOH Temmepatype.

S5, HacTtoTrta xKoadebGanmii. B jo-

BOJIBHO IIMPOKOM AMANa30ne JacToTa Kodelanuif

HO ORa3LIBaeT 3aMETHOTO BJIIMMIIUA HA YCTAJIOCT- .
HEle xapamepngrm{n. Opgnaio HMMETCA Jamnbie 5;{?61“7' yﬂgﬁ(ﬁ;’f;;i‘:
O TOM, 9YTO B 00JACTH BHICOKMX 3BYKOBLIX YaCTOT g A -
mabampaeTca HEKOTOpOe 113;\191301111(33’ YCTaJOCTHOI ;{e(gif{y’r?)?'gai%:mel}lﬁo
npounocTd. ETo MO0 0:MAaTh TAKMKC U uPH  BOKPYT M30OrHyTOIl OCH.
OuYenb MaJbIX YacTOTax.

HenviTanns ma oYenp DHBKHAX YaCTOTAaX, KOTOPHIG CCTECTBEHHO Tpe-
0y1oT oYcnb AMUTCALOHX CPOKOB, B IACTOAINEE BPEMsI MPOBOJATCA B He-
KOTOpPHX HCCIeH0BATeNLCKNX Tabopatopuax. OHH UMCIT 0YeHB BayKHOC
3HaYeHWe MIA psijla 00BEKTOB, KOJIeOIWINUXCA ¢ GOMBMIMM 1IePHO;I0M
I upegnasHadenHLIX [JIA SKCHJIyaTallUd B TedeHue JIIHTENbHOIO Bpe-
MeHTI,

YeTasoeTnnit N3I0M MUIMHAPUYCCKOro o0pasima Kpyrioro Cevells,
BpamaeMoro BOKpYTr M30THYTOM ocH, MMeeT BMI, MOKa3aHnnil ma puc. 7.
Hapysxirast ofaacTh mHaioma XapaKkTephayeTca rajkoii, OJecTsueir
mOBEPXHOCTRIO, TOI;la Kak BRYTpennAs 00JacTb_HMMeeT MaTOBYI 3¢DHI-
CTYyI0 TOBEDPXIOCTh.

Taxoit BIyT H3I0Ma TOBOPHT O CIeAYIOLIEN UCTOPHA PA3BUTHA pa3py-
WenuaA. Bnagade psiyy ycTalocTHHX Tpemmn 00pa3oBajics y HOBEPX1OCTH
00pasna, rae HOPMAJLILe HAIPSMKENs UMCIOT HanGoIbImIe 3Haduentis.
3aTeM 5TH TPEUYIHE COMKNYINCh H MPOROKANM 1POABHIATHC BHYTDb
o6pasna. B To ;e BpeMa HORepXHOCTU TPEIMUHLI, COMPHKACAsNCH B 301e
CIRATI, WCTUPAINCh I CrVIaKHBaduch, Hakomel, B HEKOTOPLIL MOMCHT,
ROrjla TpemMia NPOIBUHYAACH JOCTATOYHO INMIYGOKO, KOHIEHTPallIis
Hanpsprenmii cosjada yceIoBUA AT XPYNKOTO PaspymCHHA IO OCTaR-
Weficsr yacTH cedenms 00paslia, 4eM W 3aBCPUIMIOCh €T0 YCTAIOCTHOC
Paspymuente,.

Anaans yeraocTHMX H3J0MOB IOKA3MBAeT, YTO NPUIMHAMU yCTa-
TTOCTHHIX pas3pyIIcHMIT ABJAIOTCA pasiiumbie H3BANL: Hajpe3bl, Lapa-
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TUHBI, HYCTOTH, HHOPOAMBIC BKIIOYEHNA, M T. 1., KOTOPHIC BHISHIBAIOT
MECTOYI0 KOHIENTPAUWMIO HaIpsisKerri.

JT0 cornaacyercd TaK:Ke ¢ TeM (AKTOM, YTO IIPCHEIL yCTAJOCTII,
ompejiedeHibie Ha o6pasuax GoIbIIHX Pa3MEpOB, UMEIT 3aHI;KEHHDIC
snavennda. JeficrBoTeanno, B nogo0nLnix o0pasiax IpH TOH e TIIATEIb-
HOCTH H3TOTOBIEHUA HMEETCH OOJILIIAsl BCPOSTHOCTh HAMMYM KaKOIro-
(o U3DAHA, BLI3LIBAOWIECTO HAYAJIO0 PA3pPyIICHH,

C orHa cBs3aH Takike M HeH3De:KUBIL pastpoc JamHEMX YCTATIOCTHRIX
ucnbiTanuii,



IT1ABA BTOPAA
PACYET ITOA3EMHDLIX MATHCTPAJIBUBLIX TPYBOIIPOBOJOB

§ 5. OcHoBHbIC 1HOTOKEHUS

OanuM M3 TIaBHLIX noKasaTeleil 3KOHOMUTIHOCTH MArueTPaiLHbiX
TpyGONpPOBOOB ABIsIeTCsI X MeTaJIoeMKocTh, Marucrpaiapabe TpyOo-
1poBeabl, KaK IPAaBII0, UMCIOT GOJBNIYI0 LPOTAKENHOCTH, H II0DTOMY
HCOGOCTIOBANAOE YBEINYCHILe PACTIETION TONIMUHK CTCHOK TPYD XOTst Obl
na 1 MM IPUBOANT K mepepacxony cTalu Ha ACCATRIH M JIaHe COTHIT ThiCHY
ToHIL. B CBA3M ¢ DTHA BOUPOCAM PAcYeTd MAPHCTPAILULIX TPY(OONPOBOAOR
1a IIPOYHOCTh AOI:RIO Y/ICTHATHCA caMOe Cephe3Hoe BHIIMAlue.

B CCCP (rirapumy o6paszom po BHUUCT) yixe B Teyenie MIOTIX
JIeT CHCTeMATUYECKH UBYYAITCA MCHCTBUTCIBHBIC YCIOBUAsL PabOTLL KOH-
CTPYKUMIT MATHUCTPAABHHX TPYOOIPOBOIAOB, TPAHCIOPTUPYIOUYIX I'a3,
nedTh 1 Hedrenponykrul. Homeusoil neibio 9THX Jccae1oBaHil ABAAIOTCSH
TMATeJbHOE H3yYCenle 1 OlLeHKAa OCHOBILIX (aRTOpOB, BAMAIOIMX Ha
Hecymy®o cnocolnocts TpyOomposojoB. B pesyapraTe mpercTasnioch
BO3MOKHBLIM Pa3padoTaTh MCTOHKY pacieTa Tpy0ompoBojos Mo Ipe-
JTEIIBHOMY COCTOSIIIIO.

1lo cpaBHeHmI0 ¢ pacuCTOM IO JONMYCKAEGMLIM HANPHMCHHAM, LpUMe-
nHONIMCA B 3apy0esKnbix CTpanax, 9Ta MeTOJuUKa pacueTa ABIACICA
IPOIpPecCHBHOIT, TaK Kak oHa 0oJee LPAaBUIBNO OTpaHiacT JellCTBITEIL-
nble yeaosms paborst TpyOonpoBomon. Ilo aroil meToguKe paccmaTpu-
BaeTCH ITIpelesbHOe COCTOMHIE COOPY:ReHMA, T. €. Takoe, IpH KOTOPOM
HCREPILIBACTCH JCCYTas C1ocofnocTh TpyGouposonos. Jlwobue mampsi-
ReHMs, BOBHUKAlOMue B MeTalllle Tpy0 M me BIMAIOIUE na Tpeielbioe
COCTOsiHUE TPYOOmpoBOIOB, NpI pacdeTe He YUMTHBAIOICA. JTO O4CHD
BajkHOe NPUHLUNUAJIBHOC IOJOKENMe pacyeTa [aeT BO3MO:KHOCTH HPU
ONDPEACACHHNX YCIOBHAX (0Ice HMOMIO MCMOIB30BATh pe3epBbl Hecyulell
CluOCOGROCTH TPYyGONpPOROAOB.

Tak, mampusep, upH pacueTe HE YIUTLIBAETCH OBaXbLIOCTL TPYO,
XOTA M3BECTHO, UTO TPYObI, 1OCTABIsICMbIC JIIA MATHCTpalbHbIX TPYO0O-
UPoBOJOB, OOLIYHO OOJamalT TOM WIM HUoOl oBatnmoctnio. Ilom peiict-
BueMm BHyTpeHmero gaBJeHMS B OBaSIBHHIX TpyOaxX BO3HHKAKOT JOIIOJIIU-
TeJbnhle naupaAskeHus OT H3rnfa CTeHKM B pe3yJbTaTe BLIIPAMICHHSA
Tpy6ul. OfHako, Kak moka3adil uccIel0oBaHusA, LpoBefeHnnie B Jdabopa-
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ropun npoyunoctn BHUUCT, Grarogapsa miractavyeckuy cBoiicTBaM Tpy6-
HBIX cTadleli OTM AOTOJHNTENbHBE HANPAMEHHA HC OKA3HBAKT BIMAHMS
Ha Hecyuylo crioco6rocTh TpyO. Ilox meiicTBmeM BHyTpeHHero jyaBleRls
oBaJdpHble TPYOLl HOCTENEHHO BHUPAMAAITCH, IPAHAMAIT KPYTIAyIio
$opMy ¥ paspyIanICs HPH AOCTH;KEHWM B MeTalllle TpyO mampskenwii,
PaBHLIX BpeMENHoOMYy compoTtusitennio. Takmm 06pasor, HODOJIHUTETb-
HHle HaOPsuReHHA OT OBAJBHOCTH, HECMOTPHA HAa MX 3HAYUTENBHYIO BEJIH-
YAy M 114 IOCTH;ieHHMe HMU Opefiella TeKYIeCTH, He OKA3hBAKT BIAANMN
Hna OpejicibHOC COCTOsHUEe TPYGOLpPOBOLOB,

Muorouuciennsle  WCCHEIOBANMA  TMOKA3aJdd, YT0  JOCTH;KEHUC
B MeTallde TPYO Ipeficia TeKyYeCTH HE HcCYepubiBaer mecyulell criocol-
HOCTH TPy(OnPpOBOAOB, W ONF MOIYT SKCLIYaTHPOBATRCS BILIOTH JO Pas-
PYIeHUA, T. ¢. JO JOCTIGKEHUsS B MeTalllle HANpAMKeHUi, paBmHX Bpe-
MeHnoMy compotusieruio. CiefoBarespHo, NpU pacuere TpyGOHpPOBOROB,
yRIaJBBaeMHX B TDYHT, OCHOBHBIM pPAaCYCTHLIM KpHTCPHEM SABJIAETCH
¢ Upelea TeKkydecTH, a BpeMelHOe COIPOTHBJIERNe MeTalIa,

Taxmm o0pasoM, mif CTadpmhix TPYGOMPOBO;I0B, YRJIAINBIBAEMbIX
B IPYHT, yCTaHOBJEHO mPeJeNLHOC COCTONHNe, OUpenedsieMoe Hecylel
CTIOCOOHOCTEI0 TPYOONpPOBOMOB, a MMCHHO NPOYHOCTHI) HA pPasphiB OT
BO3jeliCTBHA BHYTpeHuero paBienws, [lJIf razompoBojoB, HPORIATH-
BaGMBEIX 9epe3 pekH, 03epa, OPyALl, 6010Ta I 3aJHBaeMLle 10UMLI, KPOMe
TOr0, YCTAHOBJIEHO NPejedbHOE COCTOSANUE Ha YCTONUMBOCTD MMOJOFKEIH s
HPOTUB BCHULITHS rasonposofga. Ilaa HagseMAHX TpyGOnmpoBOjOB, YKIa-
JIHIBAEMBIX HA ONOPLI M HOJBCPHMEHIULIX HOTEePeTHOMY H3ruby OT Bo3jeii-
CTBUA COOCTBEHNOIO *Beca M Beca TPANCHOPTUPYEMOro LPOZYKTa, Lpe-
JCABLHRM COCTOSHUEM sRIAETCA JOCTIDKeHME B MeTalile TpyO maipsxe-
HUi, paBHLIX Ipeflelly TeKydYecTH.

Crenyer 3aMeTUTh, 4TO B TeX CIydYasaXx, KOTAa 3a mpefeJbHOE COCTOS-
nme TpybonpoBOOB, YKIagbBaeMiiX B I'DYHT, IPUHUMATIOCH JOCTUNCHUES
Ipefeida TEKYHecTH, pacdieT TpyOOmpoBOLOB HA IIPOYHOCTH HPUMBOIIT
K HEeOPAaBMIBHHEIM M Jajke HapafoKCAJIbHBIM BHBOJAam. Tak, Hampumep,
COTIIACHO DTOH MeTOMMKe HPM pac¥eTe ABYX TPYO IpH Bcex IPOYHX PaB-
HHIX YCHOBHAX, OJUHAKOBOM 3HAYEHAU BPEMEHHOTO COHIDOTMBIEHUA I
TOSIUITHE CTEHOK, HO OPH PA3HLIX BCINYMHAX IPENeIa TeKYyIeCTH MCTalIa
nOJyYaTCA pa3IMYHNEe 3HAYEeHUs paspyliaomero BHYTPeHHero aaBie-
nust. B jeficTBHTEIBHOCTH ke 06e paccyaTpuBacMble TpyOW paspymiarcs
Opit OAMOM W TOli ke BelMuuile BHYTPEeHHEero AaBieHus. JTO IOJOKCHEe
OblJL0 HEOFHOKPATHO NOATBEDKIENO JKCIHePUMEHNTATIBALIMU TAHHLIMH.

§ 6. CumoBrre BoO3[EHCTBUS,
BANAION{WE HA HeCymiylo CIoCcOOHOCTH TPyGOmpoBogoB

B mponecce oKemiyaTamum IOA3eMHLIE MarucTpaieinie TpyGoupo-
BOJbl TOJ[BEPTAlOTICH BOBJAEHCTBHIO pAia CHIOBHX (GaKTOPOB, KOTOpLIe
B TOIl MM MIOI CTeNeHW BJUAOT HA MX Hecyuiylo cuocoOnocth, llpu
pacucTe HeOGXOJUMO SICHO IpefAcTaBUTb cebe 3maucume OTHX (PAKTOPOB



Cuanogvie 6030elicmeust, siusiowue Ha Hecywyio Cnoco6Hocmb 31

I HX BIAMANNC N UPeleldbHOe cOCTOsSRUE TpyOoumpoBomoB. I aucay Ta-
RIIX CHJIOBHIX BO3JCHCTBHH OTHOCATCS: BHYTpeHHee JaBJCHUC, IPOTO.Ib-
Hble PacTArMBaKOLe ¥ C;RUMalMUe YCHIHUs, marmb TpyOolipoBoja IIo
peanedy MeCTHOCTH, JaBjienHe 3aCHIKM IPYHTA B HOJBIKHLIX HAaTrPy3oK
u T A

Bunyrpermnee TaBidemnue Buayrpennee jaBilcHue ABIACTCA
OjIHUM U3 OCHOBHHX U PelllafoL(UX CUJIOBHX BO3JeiicTBHiT, KOTOpOe olrpe-
aeaser coboil HecyInylo cuocoGHocTh TpyGompoBomoB. Iloatomy upn
pacueTe TpyGOHpPOBOJAOB TONMUHY CTEHOK TPY0 HaXOFAT MCXOJA M3 3a-
JIaNTOT0 BHYTPEHHEro [JaBIelnsd.

Hax 1morasalm npoBejeHnbie MCCIeJOBAHUA, IOJ3CMHEIE MArd-
¢TpadbHile TPyOOIpPOBOAM 3ameMAeHtl B rpynTe M He MOrYT Iepe-
MEMATLCA B JPOAOMLIOM HampaBicuuu. Te mHe3HAYHTeNbHLIE TIpO-
JOJBHDbIE IICPCMEMEHUA, KOTOpPhle MMEIT MeCcTO, He HAT OCHOBAHINL
noxarath, 9ro TPyGOmpOBOANI, YIOMKEHHOEe B IPYHT, MOTYT CBOOOIUO
uepementateca. HaoGopor, cmia samemiIenins IAcTOJbKO BEIHKA, 4TO
fApH  packeTe TPyOOmpOBOLEI caeLYyeT pPAcCMATPHBATL KaKk 3alleM-
J1emmnble.

B cBs3u ¢ aTuM HaApALY ¢ KOJBIUEBLIMH HALDPAREHHAMI BHYTpCHIee
Japlenye BEIBLIBAET TaKKe HPOLOJILHLIE DPACTAIHBAION[IE HAUPHKCHNA,
KOTOpLIe PaBHEL WOy, IAe p — xoaddunment llyaccona, pasmnii 0,3,
a Oy — KOJIplieBhle waunpsi:renusa. B pemocpeigcTsenmoii 0Au30CTH 0T
PC3KIX LOBOPOTOB TPYOOHEPOBOXOB fa OUEHb OTPAHHYEHHMIX yYacTKax
UPOAOIBNEE HANDSREUUA 0T BOYyTPEHHEro IauJdenns MOTYT JOCTUTATh
anavenuii, cocraBagrux 50% OT KONBI[EBLIX Hamps:KEHUIL.

Mpogoipuse pacTArdBaOmIe HATD IKeHT .
1ToMu3M0  mpOJONBHEIX PACTATMBAIOMMX HANPsiKeHHll, BO3HURAOWNX
B TpylompoBomax NoZ [eilCTBAeM BHYTDEHHEIO [aBJeHUsd, B METaJIe
TPY0 BO3UMKAIOT TAK;Ke HAUPAKEHN, BH3KBAEMEe JPYTUMI IPUINIAMU,
a4 UMEHHO:

4) TeMIepaTYpPHBHIMI HANDPsUKEHAAMEA, TMOABIHIOMUMACSA B Pe3yJhTaTe
PazmocTn Mexmy TemmepaTypod TPYyOOmMPOBOMOR BO BpeMA YHIAMKH U
3acHIURA ¥ TemmepaTypoil meraidia TPy B mpolecce pkcoayaTtanud. Tax
Kar TpyGompoBojhl 3almeMiIensl B IPYHTe, TO IPH OX.JKACHUU OHH Ie
MOTYT nedopMEpPOBATHCA, M B MeTallle TPYO BOSHMKAIT HPOJOIBHLIC
PacTAruBaroIe HAUPHHENAS;

0) mpogoJBHHIMA HANpPAKeNHAMHE, TOABJIAINEAMACA B Tpy06oupo-
BOJax sa cuer pedopmanmil rpyAra, BHI3BAHHLIX TOPHEIMEH Pa3paboTkamu
UTH Mupivu npUYMBAMA, OTH HAOPAMHEHUA MOIYT MMCTh MECTO TOJBKO
B 0Co0ux ycaoBusx UPOKIAJKE TPYGOIPOBOJOB.

Pu onenke TeMuepaTypHLIX HaIpPAKennii B TpyGOUpOBOJaxX IIpHHH-
MAI0T, wro ypAsoNUnelinbe yIACTKH TPYGOIPOBOIOB HE HMEIOT BO3MOIK-
1OCTU y3pennatH cBOIO ITUHY, B pe3yJabTaTe 4er0 B MeTaJle TPyO BO3mmM-
KaOT npopgonnykie WALPSLKENMS, pPaBHRE

o= o EAt, (2.1)
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rjie o — RO3pPUUIEHT JuHeliHOro pacuiupenHa (T4 CTAIH @ =
= 0,006012);
I — mopyan ynpyroctan B kl'/em?;

A t — TeMneparypuuii nepemnaji, T. €. Pa3HOCTb MEMAy TeMmepary-
poil MeraxTa Tpyd mpu YKIaKe M B IPOIECCC RCITyATAINU,

Hax mokasamr nccireoBanns, LpoJosIbHbe PACTHIHBAIOUINE TEMICDA-
TYpHBIE€ HampsReRUsA N¢ OKASHIBAWT BJAMMLUUA Ha 1IPeAc.LHOe COCTOs-
Hye TpyOOmpPOBOOB IPU YCIOBRI 00eClieneHiTs PABHOMPOYAOCTH HoHCped-
HBIX CBAPNBIX COUHEHHII OCHOBHOMY METAINIY Tpy(; aHATIU3 OPHYNH
pazpyuiennii UOICPEHIINX CTHIROB HORA3aJM, 9T0 BCe pPa3pyHBIIiIcCH
cBapubie CTLIKN UMelau Te MK uubie federTtsl. 1looToMy mpu onpergeicuui
TOJUNEL CTCHOR TPY0 5TH HAUPsMKONUsl HC YUYHTLIBAIOTCH.

Ilpopoarmabe csmumawiue Hanpas;reunsa Ha-
PAAY € PaCTArMBAOWMME HATPAMEHHAMII OTJeldblible YYACTHI TPyOo-
1POBOJOB HCUBITBIBAIOT TAKMKE CIRUMAMIUNC HAlPA&enis. JTO MOJKCT
HMETh MECTO B TOM ciydae, KOTJa TeMiepaTypa TPyGoupOBOZOB B ITPO-
uecce dRCIIyAaTARMI BLITIe, 9eM IPH yKiIaj{Ke, B Tarux yeaonusix paborh
DaxoIATCs, TalrpEMepP, TaK HA3blBAGMLIC «TErIsIey YUACTKIU Ta3olpPuBO-
108 y KoMipeccopuux crannumii, Ilocte woamipeccun mocrynatounii B ra-
30UPOBOJ ra3 MO;KeT HMeTh Temmeparypy mo 60—70° C, mpugeMm upi
TpANCIOPTe TeMliepaTypa rasza majaeT OTHOCHTEIBLHO MegnenHo. B cBazu
€ OTHM Ha ydacTKaxX 3HAUUTEIBHOU HPOTHMKEHHOCTH TemIcpaTypa Me-
Tadda TpyO Oy7TeT Bcerga BEIMIe TeMUEpATypHl HpH YRJIajgKe, H 37eCh
MOTYT LUOABUTHCH CrRUMAaINMe manpsizkermis. C;KHMAlomue HATPSAKEHN,
Tak K€ RaK N PacTATHBAONiiie, IC OKA3BIBAIOT BIUAHUNA Ha NPECIAbHOC
COCTOsiNMe TPYOOLIPOBOJOB UM He YUNTHIBAIOTCA WPH pacucre,

Usru6 rpyGoomposogos. Ilpu yxaaagre npoduin Tpydonpo-
BOAOB CJeiyeT 3a UpopUeM DOBCPXHOCTI 3CMIM, B CBI3I ¢ UM O, JeiicT-
BHeM coOcTBeHIOro Beca TPYGOMpoBOAL! UBrHGAIOTCI B BCPTURAJILION
I;10ckocTd. Wpome Toro, ma moBOpoTax Tpacchl TPYOOUPOBOJAN L3rH-
6a10TCs Takyke M B TOpH30HTAIbHOL mIockocTtu. B pesyanTaTe B TpyOO-
OpPOBOJAX BO3HUKAIOT HALPSKCHUs M3rmda, ompejedsesbie 10 dopiyie

EDy
Oy = —K ’ (2. 2)
rjic @ — pazmyc wmarmba.

Rax mokasanm uccaegonanud, IpejBapHTeTILHHIT M3ra6 He OKasn-
BacT BIHANMA Ia IIpeieidnlioe COcTOAmMe TPyOompoBojga mom Bo3xciicr-
BHCM BHYTDEHIETO JaBienus M Opo;IoTsnsix yemianii. buio yeranosierno,
HallpHMep, YTO OpAMEIe M KPHBREIC TPYOH (OpeaBapUTCIbHO H30THYTHE
¢ OOJBIILM PajUycOM BaKkpYIJICHHA) LPH BCeX MPOYHX DPABHHX YCIO-
BUAX paspylmajuch NPaKTUH9eCKI IPH OJNOM M TOM ke BUYTPeRmeM
JaBJIeNnu.

Hccaenosanua morazaian rar:;ke, 9TO B OPOUECCE PACTAXKCHHA H30-
INYTHX 3IeMCHTOB (COXPANAKINUX HPII PACTSI:KEHI CBOe KPIBONUIei-
HOC OYCPTAHHE), YTO MAMCET MeCTO B TPyHompoBojax, yI0KeIHNX B IPYHT,
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¢ JIOCTIGREHHeM Ipe;(ela TeKYyJecTH MeTalllla NPOUCXOZUT BEIpaBHHBanIe
HanpsxeEui mo mouepeunbin ceuennanm. Orcioga ciaexyer, 4T0 1pu pa-
CTA;eHNY M30THYTHIX TPyO mOCTe JOCTU:eHUs mpefeda TCKYYCCTH Ha-
HPsLKENs 0 TOMePeTHBM CeUCHUAM OY;(YT NPAKTHICCKU MOCTOSHIBIMII,
1pudeM IO Mepe yBeImYeHNUs HPONOJBHHIX medopmantil BIUAHME H3aruba
OydeT cKa3hBaTbcA BCe Menblle W Menblume. B3 mpejesibmoM ke cocTos-
UM B MOMEHT PaspyuleRHa TPpyOonmpoBosia uUpeBapuTeIbubiil H3rud ysre

1IIDAKTAYECKY He OKAa3HBaeT HUKAKOIO BIHAHUA Ha HX IPOYHOCTS,
CaenoBaTelTbHO, KaK OPsIMOJMHEIHBE, TaK H UpEIBAPHTENHHO U30-
FHYTHe TpYOH Upu BCEeX IIPOYMX PABHHX YCIOBUX IO CYL{ECTBY ob.aa-
Ja10T OJHUM F TeM jKe 3aacoM HPOUYHOCTH, W 1I03TOMY IIPU ompeneiennu

TOJNIMUHK HX CTGHOK M3THO TpPyOOIPOBOTOB YUMUTLIBATE HE CJICHYeT.
JdaBiaemue rpyuTa H HOIBUIKHIMX HAaTPYys3o0K.
{loyzeMusie TPYGOIPOBOK HMCULITHIBAIOT TaKyKe CUJOBbIE BO3TCHCTBHI
OT JIaBJIeHHs 3ACHIOKHW TPYHTA U NOJBIKHEIX JIAIPY30K, KOTOPLIE MOTYT
HaxOjUThCA HAZ TPYOOMWPOBOJOM (aBTOMOONIM, TPAKTODLI, pasInynble
ceIBCKOX03siicTBentbie MamiyLl 1 T. 1.). 1lpun pacuere rpyGonposogon,
o0MafiafomAX B IOMePCYHOM HampaBleHMM O0JILOIOH ;KECTROCTHIO (Ha-
nprvep OCTOHHEIX, acGeCTOEMeHTHbIX, YYTYHHLIX), Ne00X0AHM0 YUYHTLI-
BaTh, YTO OCHOBaHMe ¥ TPYHT HIDAIOT POJb OmMODPLI, PEaKHUs KOTOpPOit
ypapnoBelnBaer marpysky. HaoGopor, jocraroano ruGkue Tpy6hl, Kak,
HallpuMep, CTAIbHEE, BeIyT Ce0a B IPYHTIC 3HATATCIBNO JYUINE, TCM
sHeCTKHe, TaK KakK JegopMalW¥ MX CTEHOK OT NEHCTBUS ARTHBHBIX CUJI
BCTPeYaloT CONPOTHBIEHUA TPYHTA; B Pe3yabrare jAedopMaLilil ¥ n3rudao-
e MOMEHTLI YMCHBIIAIOTCS, W BO3JCHCTBHE 3TUX CHJI HC OKa3biBacT
CT0Ib 0OJMBIIOTO BIUANNA Ha IPENeTBbIOe COCTOsHME CTAIBILIX TPyGO-
nponsogon. Ciefyer yKas3aTh, 9T0 YacTO 3HAYeNde JABJCHUST TPYRTA M
IIOABIKHLIX Harpy3oK HPH OIGHKe Hecymeil CHOCOBHOCTHM  CTAajJLHBIX
Tpy6onpoBOIOB NpeyBeIUINBaeTCHa, U B PIOC CAydacB, KOTAA B DTOM JeT
HYUKAKOIL HeOOXOMMMOCTH, MPOM3BOITCH pPacdeThl Ia OTH BO3ICICTBHA.
Ecan yarucTpagpuobiii craibpuoit TpyOOmpoBog paccuHTan MmO mep-
BOMY mpejesibROMY COCTOAHMIO, T. €. HA TIPOYNOCTD 110;{ TeHCTRIEM BHYTpCII-
Hero jamienus, TO HET OCHOBAHMI OIACATBCS, YTO TPYOLL MOTYT mOTe-
PHATL yCTOIYHBOCTE OT BHEIIHUX HArpy3oK. O0uuno TpyOourpoBojLi pa-
VOTAIOT AP 3MAYUTETHbHOM BHYTPEHHCM TaBACHIIH, KOTOPOE ¢ M30LITROM
BOCUpURIIMACT Bce BO3MO;KIEE B IIPOICCCC DKCILTYATANMH BHETMIHUC ma-
pyskn. CiaeoBaTednio, COBMECTHOE JicliCTBMe BHYTPEHNHCIO MaBICHITA
I BHeIINIIX HATPY30K TOABKO YIyUIuaeT paGoTy TpyOOmpoORoIoB, TAK KaK
BIIgHMe nocTefnMX HE3HAYHTETLHO 110 CPABHCHII C BITyTPEHHNM fa-
BIenuey. Rak ecnpasemmnpo yrasmBaer I'. K. Keeitn, npn coornommenun
uopspka 0,005 Her OCHOBAHTSI OmACATRCH IOTEPH YCTOHTIBOCTH
ABHIY TPy0, yIOMKEHNHHX B IPYHT; JIIA MArMCTPAIbNbX siie TpyGo-
'TPOBOZ0B 3TO cooTHOMENHMe 3HAYMTEABHO Goanme, mopsa;ka 0,01—0,12,
me’i‘iglm o0pasom, mpu pacueTe MATHCTPAILOBIX TPYGOMPOBOAOL_ja-
Kacaes TPVHTA M NOABW;KHLIX HArpy30R YUHTHBATH He clegyer. 4UTto
CA Boaonomon GONDIUMX AUAMCTPOB, PAfOTAWIIHX lIPH HABKOM

3 3anaa 995,

CTa
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HABIEIHK 1T B KOTOPHIX MOMET AMeTh MECTO BAKyYM, TO BONPOCH X pac-
geTa HA YCTOHUHBOCTD HOKHB PCMATLCA OT/ICIBHO B KaskA0M KOHKDPET-
oM ciiyvae.

PaccmaTpusast YKa3saHRYI0 IPOGICMY, HEIh3s HC YKA3aTh Ha NHTCPeC-
nuie ounitH, sumoanennsie C. B. Bimorpaposois m 10. M. Kpymaxo-
BuM 1o;; pyrosomctBoM JI. M. EmcassgmaoBa B MOCKOBCKOM URCTUTYTE
nmwxelepop Bojiroro xosaiicrea (MUMBX). Vrasaunmpie onuitir mpo-
BOJIMGIACH € I¢IBI0 OLCHKHE JefCTBUTCILNBIX yeaoBUil paloTil momsca-
HBIX CTANBHEIX TOHKOCTENHHIX TPY0 60JBITOro jmaMeTpa HPH PasiIuannix
Harpy3xax. WcobeTanuio mopBeprajmck TPYGH  pumaverpom 2840 mm
¢ TOJATAIOIT CTCHOK 6 MM, T. e. npu orrormenitn 8/ = 0,002; Tommuna
C.TOA TPYHTOBOIL 3acHIKU cocTaBasiZa or 1 jio 3 M, BOyTpeumee JaBic-
HUe OTCYTCTBOBANO, Bo BpeMs onklToB 1a TpyGsl yCTaHABINBAJUCE THC-
IKle HATPY3KI B BHe DKCKABATOpa BecOM B 42 m.

UcciregoBapis MOKAa3aIM, 9T0 JAKC 1IPU TAKAX TAREIBIX YCIOBHAX
paborul TpyOnl He TCPsIM YCTOHYMBOCTB. BLISIO 3adUMKCHpPOBATIO TOJBKO
HE3HAUNTEALHOe HBMeHeHUe OBaJIbHOCTH TPY(O B Pe3yIbTATC YBCIUYCHMSL
M yMenbIIelHsa B3aMMNO MCPHEHAUKYIAPHLIX NHAMETPOB, MAKCHMAILHOC
IpHpalenue KOTOPhX He UPeBHIado 35 Mu NpH HanGoIee HeBHTOTHLIX
YCNOBUAX UPHIO:RENUs BHEUIHed HArpy3KH.

CoBMecTnoe BINSHUE BHYTpPpEeHHNEero pgaBuJe-
HMH M OPOJOALHLX ycuIuil mna paGoTy TpyoO6o-
nposomon Hak yKassBaloch BRuime, B TPyGOOpOBOmaX Hapaay
¢ KOJBICBBIMHM JEUCTBYIOT TaksKRe I NPOOAbITIEe HANPIIKENHA., YIUTH-
Basf 3T0 OGCTOATENHCTRO, MATHCTPATHHLIC TPYGONPOBOAL paHee PACCUI-
THIBAJIM 1O DHEPTETRYCCKOIl TCOPUM HIPOUHNOCTH, 1 YCIORME IPOYHOCTIL
BhHIpaskaioch CAERyIOnyin obpazom:

vV o2 . 2z
Oon > V Gy 1 0'? — 0,01, (2. 3)

TAe Go H O — KOJbIERLIC M NMPOAOJbHBIE HAIPAMEHUA,

W3 aroit gopmyasl BHAHO, 9T0 HanGodee HEBHTOIHO COYCTANHE KOJIb~
LEBLIX PAacTATHBAIOMYX H HPOMOJIBUBIX C/KUMAIOWMX Haupsxenni. Ilpn-
MCHENue PHCPTCTHYECKONW TEOPHH IPOUIOCTY K PACUYETY MArUCTPAJBHREIX
LOJI3eMNBIX TPYOOIPOBO/IOB, KaK IOKA3RIRACT analu3, clejlyer MpPU3HATH
HCOOOCHTOBAHUBIM 0O CIACAYIOWUM NPAYHHAM.

1. IIpegeTnubiat COCTOsITMEM sl MATHCTPAJBHBIX TPYGOLPOBOJOB
ARJIseTCA JIOCTHiKeNMe B MeTallle TPYD HANPsKCHUIl, PaBHHIX BpeMel-
HOMY COIPOTUBJIEHUIO; yKasaHDas :Ke TeOPUsl MPOYUOCTH I COOTIIONIe-
une (2.3) cupape;PIUBH TOJBRO B yUPYIoil 001aCTH I B MOMENT llepexoja
mMaTepHala B IIaCTHYCCKYIO cTaimio. IIpH ToCTIBRCNMI MeTalla TpyO
nIIacTHIecKuX AedopMainii COOTHOMICHTe MCETY KOJIRIERLIMIL If IIPOJ0IE-
HbLIMH HanpSREOMAME Oymer muniv, HpoMe TOTO, Hecymas croco(HocTb
TpyGonpoBOJOB (B OTIMYMEe OT MHOIMX APYTHX KOHCTPYKIUTH) B MOMCHT
nepexofa MeTaldda M3 ylpyroi B I7acTHYECKYO CTAAUI0 HE liCUepPIhI-
BacTCH.
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2. RoapueBble HAUPSREHUA IIOJCYUTLIBAITCSH JJOBOABHO TOYHO 11
ABAAWTCS TPAKTUTECKA DOCTOANNLIMIL, 3aBHCAILUMI TOTHKO OT BHYTpeH-
Hero ;laBIeNHsa TPAaNCcIopTUPYyemMoro wpoaykta. llpojoabnnie e Hanps-
smeHISI HEIIOCTOAHHEL U 33BUCHT OT DAZA QARTOPOB, B TOM UHCIC CIyyYaii-
[AHX, II 1109TOMY HC MOTYT ObITH TOYHO OLpe/jedenbl. JTI HaUPHKCHUS
3aBUCAT OT TEMOEPATYPHl VEIGJAKU, 3aiueMiaenua Tpyd B IpyHTe U TeMue-
paTypH TpaucuopTupyemoro mpojiykra. Tar, mampumep, BO1u3n Kom-
1PecCOPHLX cTannmil (ma BRIXOjic), Tjie Ta3 HMCCT MAKCHMaThULIe TeMOe-
paTypul, TPYGOIPOBOAL MOTYT MCHKTHIBATH CHUMAOWIE HAUDAKCHHA,
1ipofoibIibie HAOPAKEHMA I DTUX YYacTRAxX Boollue MOTYT He MMeTh
MecTa B ciaydae, KOrjga TeMIOepaTypHbIe CIREMAIOL(e HAPHKCHEN Oy 1yT
IIPUMMEPHO COOTBETCTBOBATh PACTSTHUBAIOIUM NANpPSRCHUAM OT BHYTpel-
1eTO JaBIeNIs, PaBHEIM [oo. Kpome TOro, TpyOOLpPOBOALI, yKIajbl-
paeMbl¢ IO peInedy MECTHOCTH, B pe3ydpTarTce H3ruda B OJHOM H TOM jKe
cedenmi Oy;lyT WCOLITHBATH KaK pacTATHBalOU(Me, TAaK H CIKUMAIONHE
HanpsKelud.,

Kar 1m3BecTino, uUpOUNOCTL MaTepuaia, T. e, €I0 CHOCOOHOCTD CO-
NPOTHBIATECA JIEliCTBHIO YCMAUil, BLISLIBAIOIMX Te IIHM Huhle jedopva-
MK, 3aBHCHT OT HANPsLKEHUil, OTHOCHTCIBHLX YAJMUHEHHUIl W CABIIORB,
3Tu PpaKTOPH HEeOTHEIUMLI IPYT OT Apyra U B TOI WK HHO{ CTemenn OKa-
3HIBAIOT BJIIAHME HA NPOYHOCThE MaTepuatoB. Teopumeil ¥ IpakTHKOMH
BLIIBUTAIOTCA PA3IUTIHBIC TUIOTE3Hl O IPEHMYIICCTBCINIOM BAMANUN HA
1IPOYHOCTH TOTO WJINM UHOTO (paKTOpa HIHM ux coderanud. Ognako mpe;pro-
sRefHbe TEOPHH LPOYNOCTH HC OTPAYKai0T IOIAHOCTLI0 JEHCTBHTEIbHLIX
VCIOBHII pas3pyulenusa MaTepualoB IpU CIOKIO HAUPAKEHIOM COCTOSsi-
HUU U TOJTBCPREAIOTCS OUKMTHLIMI JAROBIMU JMUIMh B OTIEIBHLIX YaCT-
nhix cayganx., ParTHuecKOe COMPOTUBICHWE PaspylieHHIo U IIacTiidc-
CKHe CBOiicTBA He ABAAIOTCS MOCTOSHHBIMUA JITA MATCPHAJOB I U3MCHSIIOT-
CA ¢ H3MeNnCHHEeM HalpsKeHHOro cocroamnsd. llodromy mpuBenennsie
B JRTCpaType OMLITOLIE HAMIIbIe HOCAT B PAfe CAYIACR PAZHOPEUUBLI
XapaKTep I B HHAX OTCYTCTBYIOT HCOOXOAMMHIC XapaKTCPUCTHKI.

B crszu ¢ oTAM ¢ HeABI0 YTOYHCHHUS BOIPOCA O BAWHANM COBMCCTHOTO
AeficTuIsL BHYTPCHHETO JaBIeHUA M PACTATHBAMINUIX YCHIMII Ha W3MeHe-
e upoynocT TPy W MX IJIacTAYCCRUX CBoIicTB B XaGopaTopiu mpod-
nocty BHUUCT 6biim mpoBefieHb! ¥ccldeqoBanua ma ob6pasmax Tpyo,
ROTOpLIC HCLBITHIBAJECL HAa BHYTpPCHIEe HaBICHUEC ¢ IPOJOILUBIM pa-
CTaskeuney. MccaemoBamusi HOKasadl, UTO IPH COBMECTHOM MeliCTRIIH
OTRX HATPY30K OTHOCUTCILHOE YAJANHeHUe TPYO IpU paspHBe YMCHB-
lmaeres, T. e. yxypmaoTca X IIacTHYECKHe CBOICTBA, a pa3pymalomce
HaBlIenne HECKOALKO BO3PACTACT; HAa SHAYUTCALHO MENBNTYIO BCJIMIHIY,
M 3TO cllepyeT M3 AHEPTeTHUIECKON TEOPMU IPOYHOCTN, YBEIMIUBATCS
Tal’ke W maupseHHA Ha mpefele TekydecTH. 1IpOYHOCTH 1OTBEMHBIX
TpyGouporomon clIeyer PACCMATPHBATE B YCIOBUAX OrPanUYeHIOCTH
HPOHQJTBHHX DedopManmii HpE TOCTATOYHOH CBOGOME mouepednux gedop-
Manumit; xpome TOro, HeoGXOIMMO IMETh B BUAY, 9TO B DTOM clydae mpo-

AOILHbIe HanpsKenya 3HATHTENHHO MeHbINe Kopmesrx. 1loaTomy pac-
3%
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9eT TAKUHX TPYOOmpOBOAOB C MOCTATOWHOI IIA UpPaKTUUECKIX Iereil
TOYHOCTLIO MOJKHO UPOM3BOJIUTH TOJBKO HAa OCHOBIIOE BO3JciicTBHe, T. €.
Ha BOYTpCHHee AaBlenme, 10 OOLITHOU «KOTeIBNOI» dopmyre.

§ 7. TpeGosannsa k Tpybam
ROA MArAcTpalbubix TPyOOUPOBOXOB

Briure yxa3niBaloch, 4TO MaricTpadbhblie TPYGOIPOBOIB! HCIILITHBAIOT
pasyugHble CUJI0BLIe BO3JCUCTBEA M HAXOHATCA B JOBOJBHO TH/RCIHX
yeaosusx paboth. Ilapsjiy ¢ BHYTpPeHHMM jaBiiednHeM KaK OCHOBHONM
¥ peuramoueii Narpys3noil OHM MCULITHIBAIOT TakHe NPOJOABHBIC Hallpsi-
atenus, M3rul, HAPAsKEHUST OT BO3MOKHLIX HEPABHOMEDPHHIX 0CA;[OK
ocHOBanus (BO3;[elicTBHC HADY/KHLIX HATPY30K, 3amemienye I T. T.).
IovTomy jii1a obecnevenus GesaBapiitioll paGoOTH MaTHCTPAIbILIX TPYOO-
IIPOBOJIOB, KOTOPHE TOJ;KNEI BOCIPUHMMATE BCE BO3MO;KALIC B yCI0BUAX
IKCUNyaTauun JedopManuu, marepuat Tpyd moren o0JajaTh BHICC-
KAMU 1TACTHICCKUMI CBOMCTBAMM, HOJHOCTBIO 00ECHcauBAONIIMI BO3-
MOJKHOCTh BOCIIPHATUs 9THX jedopmaniii Ge3 paspymenust, MosiHO
CUMTATh, 9TO ILIACTHYECKHe CBOCTBA M TUOKOCTL TpyGOmpOBOIOB AB-
agioTes 3acioron nx Oesasapuitaoit paboror. He Menpuice 3nauchite myeet
TaKMe U KauecTBO CBAPHBIX COCHMHENUIl, KaK LPO;[0IBHAX, TaK I IIO-
nepeunnix. HuuToHas wMpuHa CTHIKOB OO CPABEEHUIO € AMUHOI TPYOH
OPUBOJAT K TOMY, YTO IPM IOABJeHIN B TPyOOMPOBOJaX IPOIOALHBIX
WM Jipyrux jgedopMannii mocIcaHue MOLYT COCPEUNOTOIUBATHCH B cBap-
HOM CTHIKE, eCIH B HCM HMMEIOTCSI Kakue-nabo gederTnl. B pesyanrarte
9TOr0 paske 1meloabImHe 110 a0COMIOTHHM 3HAUYCHEAM HedopMalli MOTYT
HOAHOCTLIO UCUCPULIBATh AeOpMaLIOHHLE CIOCOOHOCTH CBADIILIX CoelN-
PCOVI ¥ IPUBOAUTH K 00PAa30BaHII0 TPEeUIWH MM K IOJHOMY paspyule-
Hulo TpyOomposopa.

CoBpeMeHHbIc MOTOILI CBADKH B COYETAUHUH ¢ 3(P(EeKTHBHLIM KOHTPO-
JeM TO03BOJAOT 00eCcmeuuTh BLICOKOE KadeCTBO CBAPHBIX COeUHeuuii,
PaBNOLHPOYHLIX OCHOBHOMY METAJAY, YTO ABIAETCA OCIOBHLIM ITOJOKe-
nHeM pacyeTa TPYGOmMpOBOAOB Ha TpodmocTs. K BLrGopy MaprH cTadi
HeOOXO[UMO OTHOCHTHCH CO Beeil Cephe3HOCTHIO B TacTH TAKHX LiOKasza-
Teslell, KAk OTHOCHTENIbHOE YIJIMHEHNe DA PaspbiBe, YHAPHAH BABKOCTD,
OTHOLICHYWE DpejelJa TCKYIeCTM K Opefeldy HPOYHOCTH, OHOPOINOCTH
KagecTBa M T. I.

Jia cTasgbEeX MarucTpadbHBIX TPy60npOBONOB B OTRETBICHNIL 0T HUX
DOJRNB OPUMEHATLC cBapHLe TPYOH I3 HU3KO0JIerupoBaHHOI LM yTile-
pojimcToil cTallw, ymoBIeTBOpsolIAe TPeOOBAHUAM TEXHUYCCKUX YCI0-
BUil, YTBEP;KACHIBIX B YCTAHOBIEHHOM HOPsA/Ke I corilacoBannbix ¢ [';1an-
raszom CCCP, a Tamke 6ecmopmiie TpyOer mo I'OCT 8731-58 u TOCT
8732-58 U3 yriepoaucTHX cTajeil, mocTaBiaseMux no moArpymne B I'OCT
380-60. Tax KarR MarmcIpajpHLE TPYOOIPOBOXE ABJIAITCA UCKRIIOIU-
TeJLHO OTBCTCTBEIIINME COOPY:KemAAMU, HEOOXOAUMO, dTOON TPYyOH
M apMaTypa NIPH MX DOCTaBKC MMCJIH CeDPTH(GHKATH 3aBOZOB-H3IOTORBL-
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reaeil, ¢BIACTEGILCTRYOIME 00 X COOTBETCTRII TEXHIUCCKUM YCIOBHAM
T CTaHZapTaM, a Tak:ke JanniM pacdera. IIpu orcyTerBmn ceprugu-
£aTOB TPYObl MOryT ObITH MCHOJB30BaHLl JHIIH NOCAE TOr0, KaK Mexanu-
yeCKUMU HMCULITAHHMAMM 00PA3IOB, B3ATLIX M3 KayKj0il uaptim o;{uoii
AJaBRU W OTAEIBION TpyOu, H XUMMYECKHM aHAJTU30M METAXLIa TpyG
§y/leT YCTQHOBJIEHNO WX COOTBCICTBHE YKa3aHULIM TpcOOBaHHMM.

Ilpu pacuere Ha OPOUHOCTH TPYOLL H MaPKM cTakeli c.Teayer HasnauaTh
HCXOAA U3 TeXBUKO-DKONOMIYCCKMX mOKasaredell TpyGonpoBojia u yeao-
pusd MHOHMAJADLHOIO PacxXoia MeTasdda 1la €ro COOPY:RCHUE 1P 10IHOM
HCLOAB30BANAN Hecymell cuocoOrocTu. MeTani rotosmx Tpys, mpumensie-
MLIX I COOPY;KeHHs MArHCTPajdbLHLIX TpyOolUpOBOAOB (BEIIOMAH CBAp-
nbfe COCIUHCHIIN), AOMACH Y/IOBJETBOPHTH CACAVIONMM TPeOOBAHIAM:

OTHONICHIIC 1LpeeTa TeKYTeCTH K BPEMEHHOMY COHPOTHRICHTI ue
Jomwno Obit, Goxee 0,8;

OTHOCHTeILHOE yiTuHenne — ne ymence 20% or naTurpatusx obpas-
pon, 1an 16% — ;L1 gecsATHRpATIRX;

yapHag BABKOCTL cTaju 1pit Temueparype munye 40° C — ne ae-
nee 3 vl m/em?;

cTaidb TPyl Z0d;KHA XOPOIIO CBAPUBATHCH NPHMCHACMBIMI METOZLAMIL
CBapKu;

cBapibie COCUNICHNH QORI OMTL PABHOMPOUHBL OCHOBHOMY Me-
Taday Tpyo.

§ 8. Oupegenenvie TOIUHER CTEHOK TPYD
MATHCTPAIBLHBIX TPYOONPoBOIOB

Toamuna cTenok Tpyd MATUCTPalbHbIX Tas0- 1 HePTCOPOAYKTOUPO-
BOJIUB OIpesedAeTcd 110 Cleiyromy  gopirydas:

_ pnDy . l 5
b= 2(Ry--pn) ° (2.4)

§ = 120w (2.4")
2(0,9R% p)

Hpnnnyaercs G6Inimasg u3 podyuennhix seiuqun. Jds ompeiedaenns
ROIbIEBEIY malpAskeHuii B cTenKax TpyO oOT BosjeiictBHA BHYTpenuero
AABIeHMA NCXOJAT 13 BHpaykemii:

nl) 9 -
L < Ry, (2.5)
nplh o -7
= <09 Ry, (2.5)
Tie 0 — HOMHHAJbHAA TOJLINA CTEHKN TPYO B cM;
D Dy — napyskubii auaserp T1pyOLI B oM
ww == Dy — 28 — puyTpenmuii juamerp TPYOB B ca;
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p — paGodee (mopMaTUBHOe) JaBJicHHe B TpyGompomone
B 8l /cm?;

n — Ko3gduuuenT OeperpysKil padodero JaBiIends B TPy-
OompoBofe; A Ta30mpPOBOIOB, a TAaK/ke HedTe- M
OPOAYKTONPOBOAOB HPH TeMmepaType BCOLIMKHN HedTu
wian wepremponykra go 45° C n = 1,15, man ocramn-
OHX HedTe- U HedTCHPOAYRTONpOBOIOB n = 1,1;

R; — pacuetnoe compoTHBAcHUe MeTaldra TpyOn B kI /cm?;
R} = 0, — HOpMaTHBHOe COMPOTHBJICHUE, PaBHOC HAMMCHBIIEMY 3HA-
YeHWI0 mpefcIa TeKydYeCTH IPH PACTS;KCHHH MeTasLIa
Tpy6 UepmeHAUKYIADHO HX OCH, YCTaHOBIEHHOMY
CTANJAPTOM WU TEXHAYCCKAMH YCHOBUAMM.
IlopmaTuBuEe XapaKTepHCTHKYM MATEPUAJIa CTAALHLIX TPYO IIpHIM-
MalpTca 10 Tadl. 2.

Tabauya 2
HopMarusnnie XapaRTepuCTHKE MATEPHANa CTAIbHBIX T])yﬁ
YeaopHoe
HapMeHOBaBmE o6o3Haue- | Byauenue
HHue

HopMaruBHOC COIPOTUBIEHNEe PACTSKENHI0 MaTepuaja 1pys

¥ CBAPHHX COeAUMHeHMIl n3 ycaopmit paboTH Ha paspss R’y Ogp
Koaddumment opmopommocTn mpm pasphiBe CTAJM:

HU3KOJETHPOBAHHOI B CBAPHEIX TPy6ax M yraepoji-

CTOH B GCCIIOBMMX TPYGAX « « « v o v o v o o s kyan 08
HA3KO.ICTTIPOBAHIOIT  HOpMAsTIAOBAEHOH W yriepoamn-

CTOM B CBAPHHIX TPYOAX . « « « v o 0 = o = o o . kyy 0,85
Kosppunment yciaoBnit paboTH MaTepmaja 1P paspuse

Tpyo . e ny 0,8

IlopvaTupHOEe COMPOTHURINEHME PACTAMCHAIO, CHKATUIO M 13-
rufy marepmaga TpyG I1I CBapHHIX COcAnTeHwii, ompee-

JIACMOC N3 YCIOBUA ROCTH;ROAHA IPCACIa TeRYIeCT . RY Oy
Koopdunuentsr oamnopoadoctin TpyG, 113TOTOBICIINEX 113!

HIBKOJACTUPOBAHIOR CTATIL . . « . & v &« « o o o . ko un 0,85

YLAEPOAUCTOM CTAMT . . . . & v v v v v o v v v o kzy 0,9

IIpumevanud, {. 3padeduc BpeMeHHOT O COIPOTUBJIIENNA O‘up NTPHANMACTCA IO TCXHHUE-

CHIM YCJOBMAM M CTARTapPTAM Ha COOTBETETBYHOINME TPYOHI.
2. HopvaTtuswoe couporninneBue CBApPHMX COeLIHEHUH TPUBAMACTCA PABULIM HODMAaTHBHOMY
COITPOTHBIIEHII0 OCHOBHOI'O MeTalta TPy6.

Pacuetnoe coupotnniIemtc smatepuasga Tpy® Ir 1x coejuneumii Ry
OmpegedasicTCs KaK HPOM3BeeHHC HOPMATHBHOTO COUPOTHBTeHHA R
Ha KO3QQUUICHTH OiHOPOAHOCTH ki I YCIOBIIT paGoTH MeTalda ma,
HpEAAMaceMbic N0 Tall. 2, a Tarke na KOOQEIIUENT YCI0BNHE paboTnl
mez. SHaYeHHs RODPULUENTa me, YIUTLIBAOWEIO 0COGCHHOCTI paloTht
Tpy6OImpoBoila B PasiNNIHAX yCI0BHAX, T. €. KATErOpUH y4acTRa TpyOo-
1pOBOAA, TWPHBEACHH B Talua. 3.
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PacueTHoe comporliBicHEe I, ompegeiaeTca Kak IPOU3Be/Ienue HOP-
\aTHBIOrO COMpoTusicHMs: R, na KoodQiuienT 0;{HOPo,uocT ke (c).
1a0a. 2) 1 KODPOUUMCHT yCI0BUil paGoTH me (cM. Tadd. 3). 3navenis
pacyeTHLIX couporusienuil Ry u 2 B 3aBHCHMOCTH OT 3}13%}11{1”[ BpeMell-
HOTO COUPOTHBICHUS IUIN lipefelia TeKydYeCTH MeTalda TPYO NpPHBCICHDL
B Tada. 3.

Tabauya 3

3nravenna RoaddienTa yc1oBmnil paGoTsl m, M PACYCTHBIX
conpornsennii 12 i1 R,

PacueTHRIC CONIPOTHBIENIT

& 123 R2
& . -
= Jina Tpy0b U3 cTAJM JLas rpy6 H3 cTadam
=
a 35 Eé =
2 Sow e B
. S Efs 2 s z
YuacTku TpyGomposona P = gng.,s 2 S =
& 328 28w ) & =
g astgoz e a e
= e % = 3]
o | 82288 g g g
2> | 2E23% e g 2
- =G = 5
S8 | 83858 g s 3
e C - o = . -
%) SEmTA =) = I
Yuaerku rasouposojon I IV
saTeropit; ywacrru nedre- u
uedrenpopyrronposoton TIL 1« Iy
KaTeropim . . . 0,9 0,5804p | 0610sp { 0,760r | 08107

Vaacrku razouponogos L u I wa-
TCropnii; ysacTri uedre- n medre-
upogyrronposogos I ulIl ratero-
puit; ydaacTHIl TOA3CMIHIX Tpylo-
OpOBOZOB Ha 10ApabaTHBAEMEIX
TCPPUTOPHAX; IICPEXOABT  BHCH-
AHX, apovHBIX I JUMPCHICALHBIX
CHCTEM  He3aBICHMO OT KaTero- |
pnn ygactia TpyGonponoga . .| 0,75 | 0,480yup | 0,510pp | 0,6407 0,686

Marucrpacinunie TpyGOUpOBON TepeceRAOT OGMIMpPHLIe TeppUTOPHH

W IPORIAILIBAIOTCSH TIOF FKEIE3UHIMII M INOCCeiinbMIl JIOPOraMi, PCKaMHE,
Ranatasn, nepecekawT 60;10Ta, 3a60M0UCHILIe 3€MIMH, TIOHMB PEK U T. J.
JaBUCUMOCTH OT MCCTA HPOXO/RICHUI FasonpOBOI0B, YCJOBHHE Oes-
OmacnocT, OCTymHOCTH AJIsI PEMONTA, 3aNITH OT KOPPO3UH M T. I. K OT-
ACILHLIM  yyacTRaM IPEeBABIAIOTCA PA3IHUmiie TPeJOBaHHA B YacTH
UX pacueta, ucmriTaHAA, 3aLMTH OT KOPPO3WH M T. j{. Tak, Hampnmep,
}"ﬂ.lt’:mm Ta30IPOBOAOB, MePECCRAIOMNe KeJC3Hbe H HIOCCEliHne JOpoTH,
lizl'l'*:lf::;fl (3_6-7121.51[aTB OOBIUUM 3ATMACOM TPOTHOCTH IO CPABICHUIO C 00BIT-
UYHKTOBGHHO{I YacThIo ra3onpoBo;ia, IPOXOAAMER BN OT HACCACNHbIX
» TAK Kak B CIydac paspyiHeHHA 3TUX YIACTKOB MOLYT IIMeTh
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MCCTO 09eRb THAKeJble HOCIeACTBUA. T0 e OTHOCHTICA K HOIBO;LIIBLIM
yyacTiaM TPyOOIIpOBOIOB, PEMOHT KOTODPHX CBA3aH ¢ OOJbMAMU TDY;l-
HOCTSHMI,

YuuTniBasg OTH 0CO0eNHOCTH, MATHCTPAILHEIE Ta30IpOBOIH PasAeI o]
na yYacTKM 4eThipex KarTeropmii.

Yd9acTEH] KaTeropuu OPOEKTUPYIOTCA 13 TPYO € mOBHL
TUCHHOL TOMMUHOLI cTenkl (koaddnmuent ycaosuit padorsr 0,75) ¢ ocy:
OIeCTBJIENNCM KOHTDPOJds BCCX 003 MCKIIOUCHUIA MOHTARABIX CBapHbI
COC/TUHCHUI (H3MIeCKUMH METOZAMM U HPENBAapPUTEALHbIM MCIHITAINIIE)
IpY JaBIeNnH® pacy = 1,25 ppas.

K yuacrkam I rateropim orHOCATCT HanGoIee OTBCTCTBCHHLIC YIaCTEL
Ta301POBOROB:

a) IO/I3CMUbIC 1lIePeXOAsl uepe3 KedesHble joporn MummcrepcTs:
uyTeit cooOmenus, BKiIouas paccrogune 40 x mo Hopmatn ot oceif Kpail
HUX nyTeii, HO He Melee 25 M IO HOPMANH OT MOOIMBLL HACHLIMI 3eMIs
HOTO TOJOTHA;

0) nopmsemnnie mepexoAnl depesd asromo(mabusie moporn I n Il ware
ropuii, BRIMYas DPACCTOsHHE 20 M HO HOPMAIM OT HOJOWIBLL HAChIII
3CMJIANOrO IOJOTHA MOPOTH;

B) HOfi3eMHLIE YIEDeXOABl 9epe3 IOABEe3THEIe IYTH 1IPOMBITILICHTIL:
7eJIe3HbIX OPOr, BRIIYAA pPaccToAnme 25 M IO HOpMaTl OT oceil Kpaii
HIX TyTeili;

I) HajBojHble IEPeXOofbl depe3 BCe CYHOXOMHLIC BOTULIC lpeTpa;iit
a TalsKe HAJ3CMHBIe IEPCXOABl 4epe3 BCe JKele3Nbie I aBTOMOOHILIb
AOPOTHH BCEX KaTeropuii;

/1) WO/ BOjHLIe ICpPeXOjLl depe3 Bce CYJ0X0jiHble I IeCYAOXOHH
BOAHDLIG MPErpajkl ¢ 3epKaIoM BoAul B Mesxxkenb 20 m u GoTee, BRIOYA:
He syence ges 10 x or ypesos Memenmpix BOA.

Yyactrull waTeropiua HPOEKTHPYlOTest U3 Tpy6 ¢ 110
BBIIICHHOM TOJIOMHON cTeRKM (KO3dPumuerT yexopuii pabotet 0,735
¢ OCYUICCTBICHHECM KOHTPOsi BoeX 663 UCKIITCHN MONTAKHLIX CBAPHLL
CTHIKOB  (PU3UTECKUMIL METOHAMIU.

IU yuacrray rasoupososon II kateropmit ornocaTes:

a) uOyBEMNBIC mepexo;bl uepes aBromoOuidpuuie jgopornm IIT m I
KaTeropuif, a Taryke OPOMbIULICHILIE aBTOMOOHAbHBIC goporu I m [
KaTeropuii, BIJIIO9as pPACCTOANMe 20 M IO HOPMATH OT  ITOONTBI
HACHIIIL 3eMJSIHOTO IOJIOTHA HOPOLIH;

0) 10;I3eMHLIC Ta30mMpPOBOALI, UPORIATMBaeybiec Ha 0G0J0Tax, np
YRIagKe Ia3onpoRoia ma OCHOBANIe ¢ NEYCTOHUUBLIMU FPYHTaMu (Topd
WI R T.1.) ¢ Hecylueh cmocobuoctnio ymence 0,25 gl cm?;

B) y4acTRU TA30TPOBOF0B, NPUMBKA0IULIE K KOMIPECCODHHM CTal
HUAM, OPOTHAACHNOCTHI 1O 250 M OT TpaHUL[ CTaHUUI;

T) y9acTKM Ta30mpPOBOJOB, NPHMHIKAWIHE K HepexoaM 4epes BC
;KeJe3Hbie JIoporu M aprometustbunic goporu I, II, III 1 IV rarteropmi
a Tarke NPOMbIIIEeHuLe no;he3anbie asrogoporn I n I1 rarteropuit —
HY DPACCTOSIHMAX, VKAa3anMeX B Talm. 4;
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A) HOABOJHLIE 1IepexOinl uYepe3 HeCyAOXOAHLIe BOJHHE IpCrpajl
¢ 3epKaToM BOjLI B Meskenb mewee 20 &, BKTioyas e menee geM mo 10
OT ype30B MERCHHHX BO;

¢) y9acTKU ras3olrpoBy/[0B, NpOKIajbBacMile Ya 3aTHBACMBIX IIOI-
yMax BOJUKIX Iperpa;y OpH 1epexo;iaX MO HHM B OjHy HUTKY;

7K) YIaCTRH ra30HpOBO;I0OB LPH IOJI3CMHLIX H HaZ3eMIbX mepecede-
HIAX € KaHaJIn3alMONMBIMH I BOFOCTOUHLIMM KOJSJICKTOpaMH, BOJOBO-
sjaMi, HePTCHPOAYKTONPOBOZAMH M TaszOLPOBO[AMI, BKIKWYAA 1€ Me-
nee yeM 10 10 m OT CTEHRM KO.IICKTOpa M OCH TPYOHL.

YVauacTrulll xateropuu coopyxawrca u3 Tpyd ¢ uop-
MaJILHOH TONMMHOI cTeRKH (KoadduuucHT ycaonmii pabotu 0,9) ¢ ocy-
niecTBIEHNEM KOHTPOJA BeeX 0e3 HCKTIOUOHIS MOHTAKHBIX CBAPIbLIX
COe/UICHTYE (GUIHICCKUME METOTAMU.

X y=actram rasompoBogonr III KaTeropum OTHOCATCH:

a) moaseMHLIc Ta’oIpOBOALI, UDPOKIAABBaeMble Ta 0o.JuTax, OpH
YRIagKC Ta3olpoBoja Ha OCHOBAHHE C YCTOMUNMBLIMH TPyHTaMU ¢ HeCY-
meil cmocobmocroio me yeunee 0,25 kl'/em?;

0) Haj3eMInie NEpeXoJul 'epe3 O0IOTA M HECY;IOXO;fbie BOJHLIC
nperpajhl;

B) HOABEMHLIe ICPCXOThl Yepes aBTOMOOHILNKIE foporn V KaTeropuu
11 HPOMLIILTCHHKe Iogbesgnabie antojoporn IIT wkareropum, sroiogas
paccTosnme He MeHee 9eM 15 M 110 HOPMAIH OT IO, TOHIBLN WACHIIH 3CM.Is-
HOUO IT0.IOTHA.

Yagactku IVraTeropi#coopymawtces 113 Tpys ¢ HOPMAIL-
noif tomwunoil crenwkn (KRosdduumiient yeaosuii padorst 0,9) ¢ wxonrpo-
aem 5% MOHTasKHLIX CBApnbiX CTHKOB (U3HTCCRUMI MeTOTaMH.

I ygacrram rasonponogos IV kaTeropyn 0THOCATCH:

a) OCHOBHAs JINHefas WACTh Ia3ompOBO; (0B, HPORJIagHBaCMAsl BIe
11epexo/108 yepe3 eCTECTREHHLIC 1 LCKYCCTBEHHLC HUPEMATCTBYN KAR 1IPH
nojzeMHoll, Tax 1 HAJ3CMHOH LpoKIajkre;

0) mojaCcMubIe M HAA3eMHBIE HEePeXo/ihl Yepes HeCHORHLIC NPCUATCT-
Blta — wmedikne 0asIku, PBRI, TEPeCHIXAiOIHe PyyLl U T. I.;

1) YYACTRM Ta3oLpOBOSIOB, IPOKIAZLIBACMBIC B  3CAMMSIHHYX  Ha-
ChiTsY;

I) YYaCTRH Ta30mpoBOJOB, IIPOKTIAJbIBAEMITC HA S3acTMBacMblX MOii-
Max BOANLIX Tiperpaji, Opu Tepexolax B ABe M (odee MUTKIL.

Upumewanne B ocobux cIyuasx, IPH HaINTUH COOTBETCIBYIOWUX 050~
fuonannu, TIPOCKTBHM OpPTalA3aliAM NPEAOCTARIAETCA TWPaBo MEPenoCuThb OTACHb-
1he YYAaCTEH razompoBoj0B Ha KATCTODHIO BLIMIC.

Raaccupuranus YYaCTKOB MarucTPadblibix HeHTCUPOIYKTOIIPORO JOB
UCHOBana ma Tex jke OPUHIUIAX. Y4HTHIBas, O/{HAKO0, 9TO KIHIKOCTH
HBJ’I?’ieTC}[ OparTUICCKU HeCKHEMACMOIT H uTo aBapuiioe paspylienie
Tpyo pa aT1OM HeE CONPOBOATACTCH BIPHIBOM, IIPUUATO BO3MOKUBIM L0~
nycTurs DPOKITAJRY TPYOOIPOBOOB 110;T HACHUIMI ARCICIHAHY I 1LHOC-

o )
CUHEIX 7ODOT Beex KaTeropuit Ges yBCMYEHHA TOMUANBI CTEHOK TPYO
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N0 cpaBHeHHI0 ¢ 00bYHOU Ammpeiinoii yacThio. ITusme upuBexena pacder-
Hasl RIacCHPUKAIM YYacTKOB MCHTCUPOIYKIONPOBOLOB.

Yyacrru | RaTeTroprnu OPOCKTHPYIOTCA M3 TPYO ¢ mMOBLI-
wenHoit Tosnupnoit credor (koogdunment yeaoruit padorm 0,75) ¢ ocy-
IWCCTBJenHeM KONTPOJS BCeX 0e3 HMCKIOUCHIIA MOHTARHAIX CBAPHBIX
CTBHIROB (M3NYECKUMH METORAMM I ¢ INPeJBAPUTETHHLIM THAPABINIECKLM
UCHIPITAanNeM IPU Pucn = 1,25 ppas.

KT xareropis oTHocaTcs cle{ylomue y4acTKI nedTenpoBOIOB 11 Hed-
TCOPOAYKTONPGBOAOT:

4) TMORBOANBIC U HAJBOAHBIC HEPEXONH YCPe3 Bce CYAOXOJBE BO-

nele mperpayusn,

0) mOABOANLIC TMCEPEXOjBl UCPe3 HECY/OXO;HHIC BOJILIE UPErpajbl

¢ 3epragoy Boan B Mesnens 20 m u Gojee, BRUOTAA YIACTRU A PACCTOH~

I He Mehee ueM 1o 10 x 0T ype3oB MOIKeUHBIX BOJ;

B) Haa3ceMubie 11ePeXoanl fiepes KeJde3nbic U aBTOMOOII LALIE Joporm,

BCeX KaTeropuu.
Yaacrru Il kaTeropuu NOPOCKTUPYIOTCS C LIOBHINMEHHOLT

TONIUROH cTenox (Kospdumuent yciaosmit paGorer 0,75) ¢ ocyuwecTriIe-!

HMCM KOHTPOIA BceX 0e3 HCKJIIYCHHA MOHTAMIIHNX CBAapPHHX CTHIKOB
(U3UTECKUMI MCTOLAMU.

Ko II xareropmyl OTHOCHTCA CiaegyIOIUE YYACTIH:

a) NO7BOAHKE M Ha/IBOAHBIE HEPEeXO/H Ieped HecyAOXOHAIC ROIHEIe
nperpajisl ¢ 3epKaJoM BOAH B MeskeHb Mmenee 20 M, BRIAOYAS YYaCTHH
Ha paccrosnuu me McHee 10 » 0T ype30B MeEHHIIX BOJ;

0) uogsemusie TpyOOUPOBOALI, YKIAALIBACMAEIE Ha 3aJAMBAeMbIX TOIi-
Max BOJHKX Uperpaj upu uepexogax B OFOy HUTKY;

B) nopsemuble TPYOOIPOBOAN, NMpoRIagHBaeMblc Mo 0o0J0TaM IpHU
YRIAAKC UX HA OCHOBANUC ¢ HCYCTOHAUBHIME IpynTamu (Topd, HI I T. ;1.)
¢ Hecywieli cmocobuoctsic menee 0,25 vl /em?.

Yaacrtrulll xaTeropum upoexkTUpyioTcs ¢ HOPMAaIbHOI
TOMIUNOI CTCHOK (K0dpdummeHt ycaopui paboret 0,9) ¢ ocymecTsIeHue M
KOHTDOIIs1 Beex 0e3 MCKIIYEHHS MOHTAKHLIX CBADOLIX CTHIKOB (ilzuue-
CKUMM METOHAMH.

K III xarteropuu oTHOCATCA CHeIyIOIHC YYACTRH:

a) magseMnsie TpySOUpPOBOLI, TPOKIAAKBACMEIE Ha 3aTHBAEMMX 10ii-
MaX BOAHHX Operpaj, UpW Nepexofax B OHy HHATKY;

0) nojzeMnvie W HAA3CMOLIC TPYGOMPOBOAR, TPOKIAALIBACMEIC 1A
3aMBACMLIX TMOWMaxX B jiBe It (oJee TUTOK;

B) HOj3eMHbIe TPYGORpPoBOALT, UPOKIaJhIBacMbIe 0 H0I0TaM Ha 0CHO-
Baliil ¢ YCTOWYHBRIMHU IpynTamu ¢ Hecymei cuocoGnocteio 0,25 vl /em?
u Golxec;

I) UOjI3€MUbIC NePeXONH depes srelieanvic jopornm Mmumcerepersa my-
Teli cooOmeHust, BRINTas yIacTK?A 110 00e CTOPOMH JOPOTH Ma paccron-
it (mo Hopmadu) 40 a ot oceli kpalinux uyTeit, mo ue memee 23 m OT
DO;|0IIBLL 3eMJIANOTO 10I0THA; ;

[) mojseMmble 1Tepexo;ibl Yeped 10Qbe3qHble KeJTesHHe Joporil mpo-
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MHILICHHBIX TIPeANPUATUI, BKI0IAA YIACTRN IO 00e CTOPOHBL OT A0POTH
ja PACCTOAHEM (IO HOpMadm) 25 m OT oceil Kpalinmx myTeit;

e) DOA3EeMRBIIe Iepexofbl deped aBToMoOuabubie foporm I, IT, III
n IV Kareropuii, BRIOYAg YJaCTKHM [0 0Ge CTOPONBl JOPOIM Ha pac-
cTOsHAN (M0 HopmMait) 25 M 0T TOROMIBHL HACHIM 3CMIAHOTO MOJ0THA;

7k) IOZ3EMHBIE IEPEXOLL 4ePe3 aBTOMOOUILIEIC JOPOTH V KaTeropmni,
BRII0YAs YIACTKE 10 00e CTOPOHLI JOPOTH HA PACCTOANNMN (110 HOPMAIH)
{5 M OT MOMOWIBLI HACLIIN 3CMIAHOIO NOJOTHA;

3) ydacTKH TpPyOOmpOBOJIOB, MpPAMLIKAIOL(ME K HepexojaM depes Bce
sredic3ubie u apromobmapaele gopord I, 11 n II1 wareropmii B mpepedax
oxpanHo# 3omsl, ykasammoif B Talui. 5;

11) ygacTKH TPYOOUWpPOBOAOB, UPHMbLIRAIOL{AE K HACOCHLIM CTAHI{MAM
B upegedax 150 » mo obe CTOPOHLI OT TPAHII TePPHTOPUIl CTaHIHI;

K) Y4YacTKM TPyOOmpOBONOB, WIPOKJAIBBACMEIC DLIe HaCCAEHHDLIX
OYNKTOB, HOPOMBILLIENIIRIX TPeJIIPUATHH H 00IeCTBCHALIX 3jannil Ha
paccroaunm amemee 400 » 1 upm yriaome mectuocti Goixee (0,01,

YVuacrrn IV riaTeropuu UPOCKTHPYTCH ¢ HOPMAJIbHOM
ToMMHOIL cTeroK (rRodddiinment yerosnii paGorw 0,9) ¢ ocymecreTennem
RonTpodisi 5% MOHTa)KRLIX CBAapHBIX CTHKOB (HM3HYECKUMH METOIaMU.

K IV kareropun oTHOCATCS CIENYIONIEC YIaCTKU:

a) mojizeMiibie ¥ Haj3eMULE TPYOOMPOBOAH, NPOKJafbIBaeMile BHE
1epexojioB depes ecTeCTBCHORE M HCRYCCTBEHNHC IPCOATCTBMA;

0) mopzeMnnle TepPeXOiH, TWPORIAjbLIBAEMLI¢ B 3eMJIAHBIX HACHIIAX;

B) mojsennble M HaJ3eMHUKIe TTCPEXOAH Hepe3 HeECHO;KHLIE HpPEmAT-
cTBust (oBparm, OAJKH, PBbI, PYYSH ¥ T. 1.);

I) YYaCTKH MOA3eMHLIX Tpy(GoupoBojioB, mepeceKanmme TpyGompo-
BoAul Jio6oro ma3uadeHusa B upegetax 10 a or ux oceit.

Hpumenannma. 1. B ocofux ciayyanaXx, OpH HaIHUAA COOTBETCTBYIOMINX
OGOCHOBaHHﬁ, IPOEKTHEIM OPraHU3anHAM IIPCIOCTABAACTICA OpaBo HOBLIMATL Kare-
ropuio OTHeIHLHHX YYaCTKOB.

2. I'paunmn  Depexoga TPyGOMPOBOIOM KCJIESHLX H ABTOMOOHILHEIX }OPOT
YCTaHABINBAIOTCA BENMYNHAME I[IPOTHBOLIO;KAPHLIX pPA3pPEIBOB [ds COOTBETCTBYIO-
ifero TpyGouponofa (B Kaukyyo cTopody). I'pamuiicit nepexofos pex, pyubes, Galok,
OBDparos m T. d. ABJAIOTCA PACCTOAHUH TIO OCAM Geperomﬂx KoJjioes, a Ipx mnx
OTCYyTETBHR — TOYKA BHXOJa TpyGOlTpoOBORAa ©Ha pacyeTHYI0 ry0umy Tpanmeu.

§ 9. MunnmanpuO AONyCTHMAA TOJAIHNA CTCHOK TPY6

Marncrrpam,nme Ta30UPOBOBI 1 NePTEnpOIYKTONMPOBOALT, Kak
UPaBmiIo, paccaHTHBAIOTCS HA BBICOKOE jlaBJeHHe, KOTIj[A IPCACTABIACTCA
BOAMOUMM 110JHOCTBI0 HCIOJH30BATL HECYILYIO CLOCOBHOCTH Tpyo.
Onnaxo b psAfe clydaeB, KOTJa IPOEKTIHPYIOTCST TPYOOMPOBOAL HIZKOTO
JIan’IenH;I, TOJIIMUOA CTEeHOK pr6 HA3I1a4YaeTCA HC U3 YCIOBUI pacuera,
2 N0 KOHCTDYRTHBHLIM coo0paykeHmAM, TaK Kak B pesyahTare pacuera
NOTy9arores ouenp me3HAUMTEILHLIE rosmunel. IlooTomy nepen nmxene-
bawmm, IPOCKTHPYIOMMA TPYyOONpPOBO;Ibl, OYellb YacTo BO3HHKAeT BO-
lr'llgg[c —— KaKyo MUHIMAJIBHY TOJIINIIY CTEHOK prﬁ MOAHO JNOIIYCTHTHh

YRIanke TpyGOmpoBOOB B FPYHT.
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lipoBesiennne DKCIEPHMCITAIBHEIC H TEOPETATIECKIIC TICCHEOBANIA, A
TAK;Ke MHOTOJCTHUI ONKT MOKA3aIN, 9T0 CTATbHLIE TOHKOCTCHIRC TPY 0L,
VIoskeHHLIE B TpyuT, 06IagaloT BHCOKOH YCTONYMBOCTBIO, JOCTATOUHOIl
JLTSE BOCHIPIIATHSL J{aBJCIIA IPYNTA M BOSMOMKHLX BHEIIUX HArpy3or Oe3
fIOXBIEHNA B TpyOaXx Kakux-Inmbo omacwex medopManumil, MOTylnux OT-
pa3nIbCcA Ha upPeedpmoit mecymell cmocoGHocTH TPyGOoupoBoIoB. Tak,
nanpusep, Tpyos ¢ ormomenuem /D = 0,003, yiomennsic B TPYHT,
OyayT paloTaTh BLOIAE YORACTBOPMTENBHO, T. €. TPYOOLPOBOI AUAMCT-
poym D = 1020 mm »M0o;k10 YEIaJBLIBATL ¢ TOMUMNON cTeHKM D Mm, lle-
desptHTEpecHO OTMeTnTh, yro Hopmamu CIUA ponycraercs yrIajika Ta-
sonpoBojios D = 900 ma ¢ Tommumoii cremru 4,2 mam, T, €. uUpH Tex
cooTHomenuAx 8/0D, roropvie I'. H. Hiaefim cunrtaet aonycTinmuiMu 113
yeaosuil 10TepH yCTOHYRBOCTH.

Cienyer, 0jmako, y4ecTh, 9TO MUNMMAIBNG JUOYCTAMAs TOMIMHA
CTCHOK TPYG OHpefiedsieTcs He TOALKO U3 YCIOBMA BOCHPHATHA HATPYIOR
B TpyHTe, 1O TAKMC YCAOBUAMHU TPANCLOPTa, 1IPOH3BOJCTBA CBAPOYLO-
MONTaKHBIX pador i yraazxu B Tpammero. IIpit Tpancnopre, cpapre u
YRIAQIKC TaKUX TOHKOCTCHHLIX Tpy6 nemsbeskerr pa; Tpy.unocreit. IMpu
nomgeeMe ITAX TPy6 TPyGOyKIagyNMKAMH UM YKIajke B Tpannicio mapa’i-
JAIBNO PEABEQY MCCTHOCTIL GHM MOTYT TCPATD YCTOMMITBOCTD U «TOMATLCS ».
MoyTomy HeOOXOAMMO yCOBEPUICHCTBOBATL TCXIHOJOTIIO 1 OPTAHI3ATIIG
TPOM3BOACTBA paloT m paspaboTaTh NEKOTOPHE YORble MATUMHLI H Me-
xamayel. HIpin cyuecTnyfonieit TeXHOTOIAN BRILOTHCHHS CBAPOTIO-MOH-
TAMRILIX PAtOT MUBUMAILHO JONYCTHMAA TOJMIMHA CTEHOR TPYO JODKIA
Ha3Hawarecsi 13 yctonna 6/D = 0,007—0,010.

§ 10. JouyeTnmpie paceTOSTHH:A
OT MArucTPAILHBIX razonpoBOJOB
A0 Pa3AHYHBIX CTPOEHHii M COOpPY:Keuii

B cooTReTcTBIN ¢ CYM(CCTRYOUIUMI 3aKOHOIOIOREHUSIMII TPORTaIRA
MarMcTpadLuplx ra’oupoBOJOB IO 3aCTPOCHUEIM HIH JTOFICHAINNM 3i-
¢Tpoiike (B COOTBCTCTBUIL ¢ yTBEPHACHHLIMI LPOEKTAMU) TCPPUTOPIIM
IOPOTOB, HACETCHUHX NYIKTOB, NPOMBINLICHHLYX IPCANPIUATUIL T B rpa-
LAY 7KeJe3TOJOPOIKIBIX  CTaHIuit, moprTos M mpucTaneii e Aony-
ckaetcst. B ¢BA3M ¢ BTHM HmpHBejlCHNTIC BHLIC pacdeTHLe KOIOnIHenTHt
MOTYT IIPHUMENATHCS TOIBKO TIPH Pacderc Ta3ompoBOjOB, VRIAILIBAEMbIX
HA OITPeICACIHOM MHTHMATBIO OMYCTUMOM DPACCTONMHU OT NACCICHIMX
HYHKRTOB U Pa3INUHLIX COOPY;RCHHM (,Ke:resmﬂ U aBTOMOOIIBHBX J0]OT,
MOCTOB, IPOMBINIICHHELIX TIPeAIPUATHII, KIIBIX 37amuil 1 T. 1.). YRasan-
Hble PAcCTOANNA guddepemInpoBAHST B 3aBHCHMOCTII OT 3HAYIMOCTI I
KJacca COOPYIKEeHMsI, HiaMeTpa Tra3ompoBOja I pacieTHOro ,IaBIeniA
TPAHCHOPTIPYEMOr0 Trasa.

Miminadpro  gomycTmmbic  paccTOAMILSL OT  OCIHL MaTHCTPAIbHLIX
Fa3ompoBOJIOE 10 PA3IUYHKX CTPOCHIUT 1T Coopy:kennii  npunegeint
B TabI. 4.



Tabauya 4

MIHEMAILHBIC PACCTOAHI OT OCH MAarMCTPAABHBIX Ta3onpoBooB
70 pa3aldubIX cTpoeuHii M coopy:cHmIt

HanMenopanile CTpoeHiil
i COOPYHEHRn

MaHEMAILHEIE PACCTOARITH 0T OCH MaruCTPaJbLHLIX
rasoupoBoavs, M '

rasonpoBONSl | Ta30l1POROILT Ta300pPOBOIH! BHCOKOTO
HM3KOTO cpemuero TaBJICHUA
naBIeHNnA HABICHUA
Pt yCI10BHOM AmamMetpe Dy, mat
J0 ! eBbimel 0 | ceuiue | 10 | cBuunef or 500] csrnne
300 300 300 300 300 10 800{ 800

Topoaa 1 Hacehemible

MYLKTH e
OO0WmecTBCHUEe  3TaHMA
(yaeGBrIC gaBejieHnsd,

60JILANON,  CRHATOPUH
n jgoMa OTHHIXA, BOK-
325, JHETCKHe  CaiiI,
aarepd, MABOPIE Kyib-
Typu, KIy0M m 7p.)
OTeABHO CTOSUIMC  ITPO-
MHOLICHHEbE  1IPCATpUA-
THA e
MocTH  sHele3HHX JA0por
MIIC e e
MocTtar aBTOMOOMTRHEIX
popor I m Il Kartero-
pyit e e e e
TeppnTopaI  FKEIC3HO/10-
pOiHLIX cTapuwii, aapo-
HOPTOB,  MOpPCKAX W
pedusX IOPTOB T 1Ipu-
cTaHeii, CyTOXOOHEIX
COODYsRCHITH I THApPO-
yaIoB e e
Cxitaant  J1erKOBOCILIaMe-
HANIOWXCA  FOPHINX
RuakocTell u  MaTe-
pHaI0B . . . . . . .
Heaeaurte  moporn  MIC
V&  lleperonax, Napal-
JICTLIO  KOTOPHM  TIpo-
KI1a:(sBaOTCS  FA30Ipo-
BOIhI . Coe e
MocTu  mpomsiwaennBx
HCIE3UBIX [I0POT
loctit aBTOMOOW.1LITBIX
aopor Il m IV rare-
TOpHE W 1IpOMMILAEH-
HREIX aBTOMOOH HITBIX
A0por  Bcex  KaTeropmii
AstoMoGiipure gopory
L II u IIl wareropii,
HapamICInio  ROTOPBIM

IpokaajiBaeTca  razo-
IpoBo;,

300

40 60 75 125 | 100 | 130 | 200 | 250

40 60 75 125 | 400 | 150 | 200 | 230
40 60 ) 75 125 | 100 | 150 | 200 | 230
40 60 79 { 125 100 ! 150 | 200 ! 250

40 | 60 | 75 | 125 | 100 | 150 | 200 | 250

~1
74

40 60 125 | 100 | 150 | 200 | 250

100 | 150 | 200 | 250

[S2}

40 ‘ 60 75 12

150 | 200
150 | 200

=1
<
(=%
o
[

40 GO 6O ‘ 100
40 G0 60 100

~1
[
-
Ao
[

40 60 60 100 75 ! 125 | 150 | 200

125 | 150 | 200

=1
(1}

40 | 60 | 60 | 100



Hpodoasenue maba. 4

MRHENMAJLENIC PACCTOAHUA OT OCH MAaTrMCTPAJLHBIX
TA30IPOBONIOB, M
rasonpOBOJTH IasonpoBo,
HanMeHOBATIIC CTPOCKNIT E“SI")‘O"O Wegﬂergm raaonp;:l?éé,;i;;x oonoro
U COOpyHeHnt JaByieBsnAa JapJenns
apa yCIORHOM ITHaMETpE Dyg MM
1o CcBLIme Io cBmme’ o cBmmc‘ ot 530 cBbutie
300 | 300 300 | 300 | 200 | 300 'm0 800/ 800
OThReipHO CTOSNIHE HHIBlE
BIAHNA e e oo 140 60 60 100 75 ¢ 125 . 150 | 200
Tepparopus KOMIPCCCOp-
HEHIX CTaHOud  Marm- ‘
CTPAaNBLHEIX  Ia3ompoBO-
JoB e e 40 60 60 100 75 | 125 | 150 | 200
Topwe3gusie mytM  npo- ‘
MENICTEHHKNX  XeJe3HHX
J0por,  DapaJlIeRHO
KOTODEIM  DIpOKJIajb-
BaeTCH TIazonpoRox . . 25 40 30 30 30 30 50 125
AsroMoOmILHEEIE  moporu l
IV xarTeropmm m mpo- :
MBHUUICEHNS  DOTBE3R~
HEle ABTONOPOTH BCEX
KaTeropuu, mapai-
JEJILHO KOTODHM Hpo-
KIaJHBAETCA  Ia3ompo-
BOX C e e e e 25 40 30 50 30 S50 | 100 | 150
Otgeavno  croampe de-
SKMJIEE B II0fICOOREIe :
crpoesMst . . . L, L . 25 40 30 50 30 50 | 100 | 150
CmenpanpEric  coopysxe- l
HAA W ILIOIJKH, i
OXpaunble 300K, CKIaiBl
B3PEIBIATHIX M B3PHBO- |

OIlaCHLIX  BCIHECTB . . Ilo coruacoBauuio ¢ BaMHTCPCCOBAUHBIMY OplalM3aliyuaMy

lipumMevdanuna {. ViasagHrle B Tafiurne paccToANNg TPAHAMAIOTCA:
4) INA TOPOHOB N HACENEeRITHhX

B COOTBETCTBMM C YTBED}KICHHHM NPOEKTOM MEPCHECKITIBHOrO CTPOUTENHCTBA;
6) a31f1 OTHENLHO CTOAMINX BHAHMA I COOPYMKENHE — OT Hapboilee BRCTYNAWOMMNX X Ya-

creit;

ITYHKTOB — OT KpacHO! INIAHADOBOYHOM JJNHHHE 33CTPOMKN

B) JJA eNESHWX JOPOT — OT NONONIBH Hachiun i@ OPOBHN BHICMEH €O CTODOHK Iaso-

HPOBOAA;

T) AJA BCEX MOCTOB — OT IONOUIBRT HOBYCOB;
71) UIT BceX aBTOMOOMIILHHIX JODOT — OT HOIOWIBHI HACKH{KM 8eMJIITHOTO IMONOTHA JODOTH;
€) Bisi OTHENbHO CTOAWMX NPOMBIUNIEBHBIX NHPEHIPHATHIL, KeJIe3HOJOPOKHRIX CTAHUMIE,
TIOPTOB, NPUCTAaHER M BOKIAIOB ~— OT TPAfiMy OTBCMEHAKMX UM TEPPUTODIM;
) U1 CHCNUAJILHEIX COOPYHEHU] ¥ IVIOMANIOK, OXPaHHBIX BOM, CLI2AOB B3DLIBYATLIX 1t
B3PLIBOONACHLIX BelNIeCTB ~— OT BHeIUHeCH rpasulel PTUX COOPYIKCHIIL, INTOWA 101 U 30H.
2. MUAMMAJIPHEE DACCTOSTHUA OT MOCTOB DersaMeHTHDYIOTCA:

a) IIA MOCTOB BCEX EJIEBHEIX LOPOT IpU OTBEPCTUAX MOCTOB Gomce 20 M;
6) IJisi MOCTOB BEex aBTOMOGUIILIBIX AOPOT NP OTBEPCTUAX MOCTOB GONEE 435 41.
3. Ilpn yumalke NOOBOIAKIX YUACTHOR TA30UDPOBOIOE HA NEPEX0AaX UepPe3 PCeHH M WaHamdmn!
BplIe MOCTOB IO TeYERUIO PACCTOAHMA OT IIOCAEXHNX MO IasolipoBoda KOMHNE! §bIThL Hu
mettee 300 am. IIo cOrTlacoBamui ¢ opramizayuell, OTBETCTBEHNOM 34 NPORE;IEHIE B3PHID~
HpIXx pabor 10 NponycKy BeceHHero NABOJKY, 8T0 PACCTOAHIE MOMCT OGHTL YMEHBIICHO.
4. B 0COBHIX CAYTAAX NPU IIOIB8€MHOIl 1IPOLIIAIKE Ta30IPOBOIOR JONYCHACTCH COKpAIleHue
YHagaHHLIX B Talaune paccTosiHuill A0 30% NPA YCIOBHM YBEJUTEHUA TOJIUMHEL CTEH LI
Tpy0 ra3onpoBOJOB NPOTHE PACYCTHON HA TAKYIO BElMIMHY B NPOLEATAX, Ha KOTOPYIO
COKPAIAETCA DACCTOANNE, N KOUTPOIsT BCCX MOHTAMKHEIX CBAPHEIX COcImHeHuil dmaude-
CHUMH METOIAMM,

. 1X OTIeJIBHO CTOAINMM OTHOCHTCA 37aHIiA, DPACHONIOKEeRNLIE ¢ Menee weM B 50 M oT
OmbralininX K HUM CTPocHnik.

ot
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Tabauya 5

HomycKaevMbie MIHIMATBHBIC PACCTOAHI 10 OCH MAFHCTPAILULIX HePTemposoos
H He@TCHpO\YKTOUPORONOB (4t)

Hauwvenopanite 06LekTOR, 311l 1 coopyrkenHit

Immacent

111 } v

Toposia ¥  HACCJICHHBIE IIYHKTBL . . . . . . . . .
OTfedbHEE TPOMMTITEHHEE  Mpeflpustnst . . . . .

#KenesnoflOpO;KEEI®  CTAHIWE, a3pOIOPTEL,  MOpCKHC
M peyrHe NOPTH W HPHCTAHH, I'HIDOTEXHUYECKRe
COODYMREHHA  + o v « o o o o v o 0 o o o o o o &

OTgesbHEIC 3HaHUA € MacCOBWIM CKOILIEHHCM  :lojeil
(IMKONHK, OGONBPHMIE, KIYOH, HNETCKHE ACIM W CAMbl,
BOK3a:Hl H Ap.) W KUJEE 3AaHUA B TPU 3Ta:Ka | Gollee

CKIafLl TerKOBOCH.IAMCHAIOIIAXCSA TOPIOUHX JKUFKOCTel
OTHedsno cToSmMe 3JAHONA B OJHH I Ba 3TKA . . . .
CenncKoxossiicTBeHNEe depMbl M yCagsOB . . . . . .
Otgenpuo crommye HERIIHE W TOACO0LLIC CTPOCLUS

flexesnsie jmoporm (ma Meperoiax) MpPH UApaIIeIhHOL
npowiIagke TpyboLpoOBOIOB e e e e e e e e

Avromoduanaie goporn I—IV warveropuit npu napad-
JiecbHoll TpowTagke TPYGOIPOBOAOB . . . . . . . .

Mocrur rxenesnnx fopor MumwcrepeTsa uyTeil coodiuensn
i apromMobmaubBEEX nopor I um 1 Kareropmii 1pu orBep-
cTui nx Goitee 20 x4 I Opm mpoKAanKe TPyGOIpPOBONOB
HEKC MOCTOB HO TEYEHWIO . . « « + & « « « o o &

MoeTst mogpesmHIX  AC:TesHLIX A0POr  LPOMBIHIIEHIEIX
UpeanpusTait, apToMoonasHRIX aopor i 1II o IV rare-
TOpHY 3 MpOMIIIICHHLIX MOLBE3AHEIX aBTOMOGHILHLIX
lODOT BeeX Kareropuii npn orsepetnd ux Gomee 20 » u
UpK npoxaajke TPyGOIIPOBOIOB HEXKE MOCTOB II0 TETCHITIO
CPexaycunrle HACOCHEE CTANIHEH AAHHOTG MArmcrpacb-
HOTO  TpyGomposopa e e e e e e e e e e e e

Crreimanmsie TIPEIIPUATHSA, COODY/REHMS H 10Ma; Ry,
OXpalisiesbie 30Mu, CKIAAK B3PRIBIATHX Il B3puBOOIAC-
HhX ReiyeeTn
O3.\yMAKe TuAAE 30eKTpONepeiadd BLICOKOTO HATpsiKe-

UMA, mapajenbH0 KOTOPHIM TPOKIAHBAIOTCH TPy6o-
1 PORO; R

150 | 100 75 50
150 | 100 75 50

150 | 100 75 50

150 | 100 75 50

150 © 100 75 60

75 S50 50 50
30 30 30 30

30 30

~1
ot
34
(]

30 30 30 30

75 50 30 50

75 30 50 30
30 30 30 30

1o cornacopasmo ¢ 3ane-
TepecoBaHibLiMI OpraEH3a-
TAAMU

He Menee BHICOTH Hanbo-

Jlee BhICOKOII OMOpH HA
NaOHOM  y9acTKe, CAHTas
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IIpodoascenue maba. §

Yoacen

HaumeRroBatie o6bexrTos, 37aHuii i Coopykenuil

oT Kpan OauKaiiteil onopat

Ornopul BO3ZYINHKIX JHHNII 2JACKTpolepeaadin BHCOKOTO 1Ie Mcnee 5. OF XKpas
HanpsKeHRd DDA HepeceTeHUH UX MallCTPATbHLIMHA dyuameuta  Gumanuiei
TpyOOnpoBOAaMHI OIIOPBI

IIpmuMedgarnuwAa. {. PaccToAnus, yrasauEne B Taliie, OPHHAMAITCR: .

71718 TOPOJOB M HACEJEHHBIX DYHKTOB — OT KPAacHO# NMIauupoBOYHON nnHUM 3acTpolikm; LA
OTACHbHNX DOPOMBINJIEHARIX OPeAnpuATull, MeJle3RONOPOKNALIX CTAHNHM, aspomopTOB, MOp-
CHUX H PEYHRKIX OOPTOR U IIpUCTAHEH, FHAPOTEXHUIECKUX COOPYHEHNT, CKIIAI0R rOPIOTIUX 11 JIeTHo-
BOCONAMEHAIMUICA MaTepHaajyioB — OT TIPABAINl OTBEJCHHEIX BM TepPATOPUIl; JNA IHEICIHBIX 0~
por — OT OCH KpaBiHUX OyTell CO CTODOHR TPYGONDOBOAA, HO Ha PaCCTOAHWI HEe McHee 10 M OT
I'paBUIIE II0JIOCH] OTBOJA IOPOrY; IJA aBTOMOGMILHLIX NOPOT — OT IOIOIIBKI HAGHION 3E€MIAHOLOC
110710THA, HO H3, DACCTOAHMYE HC MeHee 10 M OT FpaHMNE IOJOCK OTBOHA JOPOTrd; IiA BCeX
MOCTOB — OT DOIOMBH KOHYCOB; IJIA OTHEeILHO CTOAMUX 3JaHUl ® coopy:kemnii — o1 OnmKail-
UMK BRICTYDANIINX UX dacTeit.

2. Ilom oTHenbHO CTOAMMM SAJHUCM WX CTPOeHUEeM ¢lenyeT NOHMMATL 8ARHHC IR CTPOC-
Nlle, pAaclOJIOCHHOE BHE HACEJIeHHOr0 OYHHTAa HAa PacCTOAHUI Ne MeHee 50 # OT Oumwaiinnx
H HeMy S8JaHndl.

3. MuAUMANBHEIC PAacCTOAHRHA OT MOCTOB {EJIESHLIX HOPOr I aBTOMOGHALHLIX AOPOT NpPN
OTBEPCTHU NX 20 M U MeHee OpH OPoKJIaANKe TPYGONpoBOOB HAMKE MOCTOB IO TEYCHIIO LPHHIL-
MaTCA TAKUC 3Ke, KaK OT COOTBETCTBYIOWHUX XODPOr.

4+« B 0COOHIX CIIy9afX NpA COOTBETCTBYIOMEM TEXHHKO-PKONOMNIECKOM 0GOCHOBAHNIN B NpPO-
€HTHOM 34J3aHAKM JONYCKAaeTCR COKpAINEHME YHKa3aHHHX B Tabniile paccTOAHMI MO IOO3eMHEIX
MarncTpajibERIX He(TenpoBORoB M RedTenpORYKTONPOBO)OB He Gonee weM Ha 30% Opu  YCAOBIHU
YBeAMYEHNA TONUUEL CTEHKM TPYS Ha TavWYIO BeJUYNHY B NPOLIEHTaX, HA HOTODYIO COKpd-
naeTcsl piCCTOARNE, B KOHTPONA BCCX CRADHHMX coenanuenlili QuUsHUEeCKUMH MeToNaMIl.

5. YrasaHnsie B Tabd. 5 PacCTOAHMA OUPEJeAANTCA TAK jKe, KaKk IJIA IasclpoBO;IOE, U
UPUHUMAKTCA B COOTBETCTBHM © DpuMedaHnaMHU K Tabia. 4.

IIpokaagxa MardcTpadbubix HeQTenpogyKTOIPOBOAOB LO TCPPUTO-
pusM T'OPOAOB, HACCIENHLX UYHUKTOB, NPOMBLIIKICHHBHX IIPeIUpHATAL,
B I'pal¥Nax KeJe3HOMOPOMKHHIX CTaRmuil, MOPTOB M T. Ji. 3aUpPCLIdeTCA.
C uensio obecnedenns 0e30MaCHOCTH Kak CaMOIo TPyGOmpoBoIa, Tak I
IpanUvanMx ¢ HEM 3JAHAE ¥ COOPYIKEHUH YCTaHOBIEHRLI MUHHIMAJILHO
JOLYCTHMETE PACCTOANNA MEKAY YKa3anuiiMHA COOPY:KEHMAMIl H HedTe-
IIpoayKTOonpoBogamMu, aAuddepernupoBaunhie B 3aBHCUMOCTH OT 3HaYH-
MOCTH COODY;KeHHi, KIacca HedTempOZyKTOIPOBOJOB M UX JlaMeTpa.

B coorBercTBHE ¢ XapaKTEPHCTURON TPAHCIOPTHPYEMOH SKIAKOCTIL
M JUAMEeTPOM YCTAHABIMBAIOTCH YeThlpe KIAcca MATHCTPAIbLHLIX negre-
1POBOJOB M NePTeOPORyKTONPOBOAOB (cu. Tabil. d):

I ®Jacc— marucTpalppsie HegTenpoBOALI M HEQTEUDPOIYKTO-
NPOBOIH IPOTAKeNHOCTRI0 Gostee 50 km B juMamerpoM cBuimre SU0 aa,
TpancuopTupyomue pedts # HedTenPORYKTLL ¢ TeMUepaTypoll BCOLIIKIL
45° C n mMeHee;

II xaace— a)varncrpadbnme uedTenpoBojibl B HEGTEIPOIYKTO-
NPOBOJL IIPOTAeHNUCTEI0 Gotee S0 km M AHaMeTpom cBuime 500 wx,
TpaHCOOPTUPYONIME HePTL Il HedTenpogyKTH € TeMnepaTypoll BCumuTkn
Boaee 45° C
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6) MarucTpajibuble HeTEUPOYRTOUPOBO bl THPOTIHRENHOCTEI0 (olee
50 ka1 quamerpos H00 aau 1 venee, TPAHCHOPTHPY WIS HEPTEU POTYKTDI
¢ Teyieparypoil Benbimku 43° C 11 Memnce;

Il ®xacc-— marucTpasinnnie nedTempoBoahi I HedTeHpoayKTO-
UpoBOaLL npoTsaKesnocThio Ootee 50 kx m guamerpom 500 mm u memee,
TPANCIOPTHPYIOUIHe HedTh I MeQTETPO;IYRTHL ¢ TCMIePaTy poil BCUBIMKIL
ooiece 45" C;

IV, raacc — marerpadbubie HEPTENPOBOALL M HEPTEIPOYKTO-
APOBO/bE HPOTAKEHNOCTbIO D0 KM TL Meliee U OTBCTBICIH OT MATHCTPATD-
ABX HeTenpoBOZOB H HeTempoIyRTONPOBOIOB HE3aBICHMO OT Xapak-
TePUCTHKI 11CPCKAYNBAEMOU JKILIKOCTI.

Jlomyckaemble MHNHMAJbILIe PACCTOAHNSL OT HACEJCHUHIX MYUKTOB,
HPOMLINLICHAMX OPeJUPUATUR M OT1edbHBIX 3ZaHAI I cOoopy:reuuii 10
0CH 1[0;{36MHEIX MAarMCTPaJbHbIX HEPTEIPOBONOB H HCPTEUPOAYKTOLPO-
BOJIOB YCTAIIaBJINBAIOTCS B 3aBHCHMOCTH OT KJIacca 3TIX TPYGONpoBoIoB
¢ yueToM Oesomachnoil ux sKemTyaTralni mo Tabia. 5.

§ 11. Pacyer GamracTHpoBKU TPYyGOLPOBOXOB

ITpu pacuere TPyGOmMpoOBOAOE, IPOKTAIRIBAEMHX L0 AHY PCR, 03ep
HIY JIPYIUX BOJOEMOB, a TaKme Ha 00J0Tax T 3aJ1BAGMBIX BOJTOMH 11011~
Max, HeoOXOLHMO YUECTh, 4T0 TPYOGOmpoBOibl 00Ia/1aI0T JIO0AUTCIALOI
I TaBYYeCThI0 U MOTYT BCUJAbITh HA TOBEPXHOCTH I10;T [IeHCTBHECM BHTATRI-
Baweil CHJbl BOJILL.

Cre;oBaTesn0, TPpyGOmpPOBOAEL M TIABHEM 00PA30M Ia3onpoBOIH
H0JENB OHITH PacCUYHMTaHLl Ha YCTOHYMBOCTD 110T0:KCHUA.

At npemynpestieniisy BCIIILITHSE Ta30MPOBO OB TP MPOERTHPOBAHLIH
HCOOXOHMO TPEIYyCMOTPETh CHCHFANLHBC MCPH: OPHTPYIRY Ipy3asil
(banmacTHpoBKa), 3aKpemiende K OCHOBATNIIO M ;p. I3 LPaKTHRE cTpON-
TCABCTBA HAU(OJBIICE PACIPOCTpAlleHHe HMMeeT OalLIacTiipoBRa. Bean-
YUYy Fpy30B M PacCTOAHME MeRIY HIMH ONPEACIAorT pacdeToM JCX01s
M3 TOro, yroOhl BeC rasompoBOJa ¢ OaJJACTHRIMU TPY3aMil B Bogce Obid
Goabure, wem BmTadIKuBajouias CHJIA BOJE, T. €. YTOOLI B DPe3YyILTATC
OazracTupopkm TPYGOUPOBOX MOJYUHI OTPHIATCABAYI0 ILTaBYUCCTh.

Beanmyuna mpurpysksm rasompoBosia, yIOsKeHHOTO B TPABTICId 1101
BOJ0M, T. ¢. Bec OaldiacTa O Bo;0it, oupeie’sercs 0e3 ydeTa Leca
Ipyura naj TpyGoil mo ciaegyroweil dopayde:

B = ks Y05 — gr — Buar, ('_)_. 6)

FAe hy — yepeanenmiit KoadQHUTCHT YCTONMUBOCTI TTPOTHB BCHIMTIN,
nprauMacMiii pasubi: 1,07 — gas Goxor, molin pex u Bojoe-
MOB IpHU oTcyTeTsuil Teuenis Bomer; 1,10 — a8 Boanmix mpe-
Tpaj ¢ unNIpHNOii 3cpkaga BOILI B Mexenb 10 200 m upu yeao-
BUM  PACHOIOKCHIE Ta30mPOBOJOB HILKE BO3MOMKHOI  3011Hl
pasmmiBa pycaa; 1,15 u Godee — jaa per ¢ mupunoii 3epraia

4 3agpag 995.
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BOJBL B MC;KeHB 00fee 200 m 1 TOPHLIX PCK ¢ HEYCTONYHBHIM
PYyCIoOM B 3aBHCHMOCTH OT MECTALIX YCJIOBMIi;

Ys — o0bemHEI BeC BOAK ¢ YIETOM B3BCHICHHEIX TBEDIHX YacTiill
B k2/m®; :

0y — 00DBex BOJH, BHTecHeHHkld 1 M mImmH Tpyb6ompoBoma ¢ yde-
TOM HM30JIANUOHHOIO HOKPHTHH H (YTepoBKH, B M3;

gr — pacueTnnil Bec 1 » amums TpyGonpoBoga ¢ y4eToM Beca H30JA~
IHMONHOTO HOKPLITUSI H (YTePOBKU B ke,

Bysr — pacdeTHas BeMYMHA NIPUIPY3KHM, meobXofummas HA m3THOA

TpyfompoBoaa mO 3ajaHHOLl KPHBOM JHA TPAHNIEH C Y9eTOM
BINAHUA OPANETal0MHUX YYacTKOB, B k2.

B Tom caywae., Korga 3oma pasmmiBa Ha IIepexojax dYepe3 BOZHLIC
IPErpajsl e Mo;KReT OHTh OmpefelcHa U MaTepHAIs H3LICKANMIT HE MOTYT
¢ TpebyeMmoil j0CTOBEPHOCTBIO PENIATH 3TOT BOHPOC H, CIeJOoBATENBHO,
BO3MOREH BLIIOC IPYHTA B3 TPAIIIEH, PaCIeTHYI0 IPATPY3KY, OMpeelcH-
uymo 1o gopmyae (2.6), Heo0X0AEMO yBeNIUTHTh HA BEAHUHRY Lps, KOTO-
pasi NAXOAUTCA U3 YCJAOBHA BO3/CHCTBHA Ha rasoupOBO;[ LOTOKA BOJNL:

Byy= 200Dy ke, 2.7

Tjie vy — JOHHAA CKOPOCTh IOTOKA BOXLI B IaBOJOK B JM/cek;
Dy — npoeknua 1 m pnmmsl xoneTpyKumm Tpy6onpoBo;ia Ha BepTH-
KaJILHYIO ILIOCKOCTL B M2,

Ecan rasonposog yxiaajbiBaeTca Ha iHO peK MJU BojgoeMon Ge3 3a-
ray0Oiaenus, HeoOXOUIMO DACCUYNTATL e€T0 TaK:ke NPOTHB CABHTA IIO(
JelicTBIICM IHAPOJHHAMITYCCKOTO JABICHUA JABIGKYILETOCH IOTOKA BOIHI.
Beauuuna 1010InNTeNAL 0 1 PATPY3KY (KOTOpAS HOJGRITA CYMMHPOBATHCS
¢ upurpyakoii b) ompegeanserca no Qopiyste

2
Boon= 150D, ¥e. (2. 8)
Tlocae ompejelenns BeJIMUHMHLL UPHTPYRRH CIeIyeT HARTH PACCTOS-

HES MERAY OasLTacTHPYOWIIMU TPY3an, YSTaHABIUBACMMIMIL [ Ta3o-
upoBoje; s BT LeANm NPUMCITHIOT cAcyfouwire GopyyTn:

Prp. ep — YeOrp.
lip = rp. CP Ys®Wrp. cp (2_ 9)
bIlO..‘I
nJan
l]‘ — Pl'p- cp (\'J'D.cp"'\’lf) . (() 10)
p Dyoan Yrp- cp
vie Prp ep — cpeAnuit daxruuecknii npec 0TedLHOTO Tpy3a B BO3jyxe

B Ke;

©rp, ep — Cpeamuit paxTudeckuii obnerm rpysa B m?;
P . . .
5 — cpexnmii daxrnaecrnii o0neymunil Bec rpysa B ke/m3;
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Bpops — 1mosiHasi BelWdmHa IPUIPY3KH ¢ yderodM (B meo0XOHMBIX
¢Iy4anx) JOMOTHATEIBHLIX NPUTPY30K.

Pacger MarmeTpadbHEIX HedTenpOTYKTONPOBOAOB HA YCTOMYNBOCTH
[OJOIeHUs aNaJoTHIeH PACCMOTPEHHOMY BRIIIG M IPOA3BOTUTCS JHUINE
B TeX CIydasX, KOTJIa OHU YKIA;(biBaloTCA Ha JTHO BOJOEMOB IYCTLIMH —
He 3auoJHenHHMHI BOgoil, HedThi0 WIM HePTEenpOAyKTAMH.

st o6:reruenus pacueror B Tal1. 6 upmBefecHR pacueTHbie Beca TpyO
B BOje I B BO3;[yXe H jauibe Mo nIaBydectu TpyGui. Beca Gartacra Jis
Tpy0 Opl PasaMYOBIX 3HAYeAUnX KodIPPHIMCHTA YCTOIIIABOCTH 1IPOTHB
BCILTBITISL TIPUBOAATCA B Tabi. 7.

§ 12. I'ny0una 3a710:KeHHA MATHCTPAIBHBIX TPYOOHNPOBOLOB

Tayoumna 3alosenns MaTHCTPAIbHLIX CTAJLHLIX HePTerasompoBOAOB
no JeilcTBOBABIMIHM paHee HOPMAM I TeXHHIECKUM YCJIOBUAM lia3Hada-
Jach HIyKE 30HLI CE30HHOTO IIPOMEP3alusa IPyHTOR. B pesyibTaTe TpyoOo-
npoBoabT YRJIANBAINCh HA 3HAMHTEJIHbHOH TIyOHMe, YTO IIPHBOUHAO
K ne0GX0JUMOCTH BHIIOINEHUA GOJBIMOT0 o6bhevMa 3eMIAHLIX padoT.

O0BACHANOCH 3TO CIACAYIOUMME Mpu4yAnmaMu. Bo-mepshix, peImoso-
JRCHHSIMI O BJIHSIHNUN HA3KHX TeMIEpaTyp Ma BO3MOKHOCTH 3aMCDP3aHUH
LM n3MeHneHHd (QHATKO-XHMUYCCKUX CBOMCTB TPAHCHOPTHPYEMLIX TIPo-
JIYKTOB, BO-BTOPBIX, HEOOXOAMMOCTBIO 3aIUITH TPYGOLPOROAOB OT BO3-
JielicTB pasIMYHLIX IDOABHIKHEIX HArpy3oK (aBTomoOm.Ieil, TPaKTOpOB
U T. J.), KOTOpEHEe MOI'yT HAXONUTBCs HaJ TPYOOAPOBOZOM, H, B-TPCTBIX,
TeM, 4TO NPH 11e00IbUI0M 3arTy0ICHITH BO3MOKIIO HOABIEIHe 3IaTuTe b~
HLIX TeMTIePATYPILIX HAUPMKeNnHil, KOTOPLIe MOTYT LPHBeCTH K paspy-
menuio TpyoompoBoaoB.

IIponegenniie dxemepuMenTAIbHIE NCCIEOBANMs HTOTO BOMpOCA U
MHOTOJCTHUI OIBIT DECMIAyaTaunu TPyOOnpoBOOOB, YIOKGHHEIX 1a Ma-
IBX TayOnmax, I0Ka3aTH 11c000CHOBAHHOCTD YRA3aHIFTX BEINIC Onace-
i, Buiao yeramoBleno, YTo CTaldbhble TPYOOMPOBOIHI, YJIOKCHIILIE
B TPYNT, XO0pOIIO BOCHPUIMMAIT HAXOAAINAECA HAX HUMHI 3HAUMTEIRHLIE
C0CpefoTodenmsle, PABHOMCDPHO pacupefelleHHbie I jIIHfaMUYecKHe Ha-
rpyskn. Tak, wuampuMep, OOLITH, IpOBefeHHbLe B MOCKOBCKOM MH-
CTUTYTe HIKeHepOB BOTHOTO XO3sUCTBA, NOKA3adM, 9T0 TPYOH jiareT-
por [) = 2860 mm ¢ ToAmuHON cTeHkM O = 6 MM, yIO:KeHHMe na IMTy-
Oune or 1 yo 3 M, XOpOmO BOCUPHHMMAME RO3;eHCTBIC Harpyski
B 42 m, paciomoskexnoli na Tpantmee; medopMAIII TPYG 1P TOM OKa-
SaTUCh He3HaUHTEIbLILIMA.

pesyubpTaTe UCCICOBaHINl, IPOBEAEHHHX HA OOBITHOM Tas3oupo-

Boie, yiaomennom ma rayGmie or 0,5 g0 0,8 a# or Bepxa TpyOH, 6bITO
AOKa3ano, 4ro cesommoe 3aMep3sanic ¥ OTTalBalile TPYHTOB Ie OKasbl-
BaloT muuaEMA na HeCYNyH C1OCOGUOCTH CTAdbHLIX TPYGOHPOBOIOL.
HOToTeTune HaGdiopenusl 3a TEMOEPATYPIBIM PC;EMMOM TPYRTOB HOKA-
SQIIH, 410 ;ajie mMpu OTOTEHHOI TOBEPXHOCTH, T. €. IIpU OTCYTCTBHMH pa-
CTUTEILHOTO CiI0s1 1 CHETOBOTO MOKPOBA, AMIUIATY/A CE30HHOI0 KOTeGa-

4*
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iy Temueparyp rpyura ma rayoume 0,8 x mo cpaviewiio ¢ rayOuuoi
2,5 » ysennumBaercs ncero ma 15—20° C, 94T0 MOsRCT IMPHBECTH K yBe-
ANYeNWi TeMIepaTypnbix uanpsskennil B Tpydomposogax mo 375—
300 kI /em?, Cuemyer, OQUAKO, HMMCTH B BUY, WT0 IIa Tpaccax Mary-
CTPaJdbBHX TPYGOUPOBOJIOB OTOICHIAs 1I0BePXHOCTH HHKOTAA HE MOMKET
nyeTs mecra. HaoGopor, waj; TpyGonpoBo oM BCerja HaXOQUTCA pacTH-
TeNbHLLT CI0oH M B OOMBUIAHCTEE CJIYIAeR CHETOBOII MOKPOB, B PC3YIBTATE
qero aMmiIHTyga KosIe0andsi TeMitepaTyphl na TEIyOuLe 3asI0:d4CHOA TPy-
donposoya yMenbmaerca. Takmy oGpas3oM, ¢ TOUKM 3peqHA Hecyleil
CII0COOTTOCTH TPYSONPOBOJIOB yCIoBHEe 00513aTCABHOTO 3aTIylrIeHins 11X
HITZKe 301K Ce30HHOTO 1IPOMCP3AHUA TPYHTOB HBIuCTCH ueods3aTedb-
HBIM.

bo:tee BaskHEIM B DTOH upo6iIeMe ABAACTCA BOMPOC O BIUSHUI YMCHD-
HMCHHA TAYOIILL 3aT0;KeNAA HA paboTy TpyGOmpoBOIOB, TPATCIOPTH-
pylomix nedTh MIX HePTCHPOAYKTH, BI3KGCTh KOTOPLIX Bo3pacracT
¢ MOHMKRCHMeM TeMuepaTyphsl. 1o e cavoe OTHOCHTCA I K BOJOBOJAM,
1P YKAAIKC KOTOPHX B 30HC CE30IINOTO NPOMEP3anus TPYHTOB e lc-
RIIOYCHA BO3MOSKHOCTH 3amep3anus Boxpnt. [losTomy st ompejederniisa
DIy OHHLL 33JI03KEeHAs] IICPTENPOROJIOB I BOJOBOJIOB B Kazk;[0M OTjleIbHOM
KOHKPETHOM CJyJac HeoOXOMuUMO UpPOU3BOIUTEL CHCHHUAJIBHBIC pPaCcTeTn.

Marucrpaaxsame rasompoBogn. Tak Kag mo Ma-
IICTPAJILULIM Ta301POBOTAM TPAUCIOPTUPYETCHA OCYHICHHLIA rad, To ola-
CCITUSL B YACTU BO3MOKHOCTH BHIAJeHUs H 3aMep3ainlisa BIarH, Haxo[d-
uleiicss B HeM, OTMAAIOT.

Kpoase Toro, caegyer umerh B BHAY, 4TO B pe3y.IbTarTe KOMIIPECCHII
ra3 narpeBacTCs U HOCTYIACT B Ta30MpPOBO;[ NPH OTHOCUTEIBIO BLICOKOT
reameparype (60—80° C). Habmiomenusa 110Kazalm, TIO MOJOKUTETh-
s TeMIeparypa TPAHCLUOPTHPYEMOTO ra3a COXpandeTcsi Ha yYacTkax,
;511118 KOTOPLLX MCUICHSIeTCs JECATKAaMI KIJIOMEeTPOB; Ha 3THX yyacTKax
IPYHT BOKPYT Ta30UPOBOJOB TaK/Ke HMEET IIOJN0KATENHHbIC TeMIIepaTy phl.

YuuriiBast, 4T0 B HACTOMIICE BPEMS TPACcCEH MarmucTpadbHLIX Ia30-
LIPOBOJTOB 3aCCBAMTCA PA3JINTHBIMU CEeIBCKOXO3AUCTBEUIHIMU KYIBTY-
paMH, TIPH OmMpeeTeni TIyOHOn 3aJ0:KeNnia TasoupoBojoB 1eohxo-
JUIMO TapamTHPOBATh UX COXPAHHOCTH OT MOBPEMKICHUA UIYTOM 0PI
senamure. BBugy toro, uto ray6unma Bemammku goctiracTt (0,5 a, Muiu-
MaJALHast TIYyOnHa 34 I05KenusA ras3ompoBOioB ycTamaBamnnacres B 0,8 a,
3a NCKRIAYENNeM ocofLX yuacTOB (Tabl. §).

IMpn yxragxe razonposooB Ha mepexogax depes 0oI0Ta, moAjeria-
JuHE OCYUTCUMIO U IICIOJAb30BAIMI0O B KaTeCTBe HaXOTHLIX 3eMCIDL, MIUIT-
MaJbHAH TIYyOHNa 3aCHUKH HAA BEPXOM TPYOR HPHHHMACTCH PpaBHOI
1,1 M, TaK KaK B LPOIICCCe OCYUIKHE TOJNMHA CI0S 3aChIIKI YMEIbINAeTCA.

Marumcrpadbuse HepTenmpoOXYKTONPOBOJ H.
I'y0uHa 3ad0:eHUA MATHCTPAIbHMX Me(TeupPOAYKTOMPOBO;[0B JIOIKRIIA
Ha3HAuUaThCH Ha OCHOBAHNMI amajl3a COBOKYIHOCTH YCJOBHH TeXHO.TO-
THYECKOIT 11 TCIIOTCXHNYECKOIT UX paGoTH, a TAKKC TEXHITKO-3ROHOMITTC-
ckux cooOpasrennii. ITpu oros cilegyer umers B BIY, 4TO HEOGOCHOBAT-
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Tabauya 8
MunnmaipHaa riayfaHA 3ATOKCHAA TazoNpPOBOXOB
MnnitvadnHan
BeJindnHa 3acChbIIKM
HaiMCHOBIHHE Y 'UACTHOB L BepPXOM
TPYOBl, M

TycThiHHEBle palloHH, CRaJIbHEE IpynTtH, 6oiora . . . . . . . 0,5

TlepexoABl IOJ Ke1e3HBIMI JOPOTAMH B OORYHHIX MHMKCHEPHO-
re0JIOTUYECKAX YCAOBHAX:

B HACHIAX, CUUTAS OT LOJOMBL pelbca [0 BepxHell

obpasyionieii TPYOH 3aUHTHOTO KOMYXA + « o, . « . . 1,5
B BLICMKAaX, CIATas OT AHa KIOBCTA A0 BCpXHeir olpa-

3ylomell TPYyOGH 3aIMUTHOTO KOMKYXA . . o « o . « . . 0,5
mepexojLl IO ABTOMODHILHBIMH ;IOPOraMn: B HACHITAX,
cunTas OT OpOBKM 3CMANHOTO TOJIOTHA A0 pepxHeil

olpasyiomeit TpyOLl 2aNUTHOIO KOKYXA . . . . « . . . 1,0
B BRICMKAaX, CUNTag OT JAHa KIOBeTa 1O Bepxmeil obpa-

syomed TPyOGH SaMATIONO KOMKYXA . o « « o & « « » 0,5
Ha Nepexojax Toj aBTOMOOILILMBIMI JOPOTAME B HaCH-
max Oes 3amyuTHOro KOKyxa, cuurad OT Bepxmed

obpasyiomeil TpyOGH Ta3ompoBOAa . . . + . . » . . . 1,3
Ha Iepexofax IoJ aBTOMOOHILHEIMH JOPOTaMW B BHLOM-
Kax (es 3amUTHOTO KOM¥KYyXa, CYATasd OT /A KIOBeTa

7o Bepxmeil ofpasyromeil TpyOul rasonpoBoja . . . . 0,8

HOe YMeHbBIMeHHE FIyOmnbl 3a0sKCHUA TPYOOMPOBOIOR, TPANCUOPTHDY 0~
X BA3BKHe H HapaduuucTHe RedTH u med)TCIPOIYRTLI, MOKET YXV/i-
THUTH TeXHUNKO-IKOHOMIYCCKHC IOKas3aTedn uX paloTn, Tak Kak ¢ 0HH-
MenueM TeMmIlepaTypHl I'pPYHTOB BOKPYT TpyOompoBoaa BA3KOCTH Tpamc-
NOPTAPYEMEIX IIDOIYKTOB MOMCT BO3PACTU I TPOHU3BOJIATEILICCTh TPYHo-
IIpOBOJa HoJskHa GYIeT COOTBETCTBEHHO CHWBUTHCsI. DB aToMmM ciaydae lie-
KOTOpOe CHHNCHME CTOMMOCTH NMPOUBBOACTBA 3eMIANKX padoT 110 PLITHIO
Tpammen OPUBOAHT K 3HAYUTENHHOMY YBEIWTEHUIO DRCIAYATAIMOHHLIX
3aTpar.

B rex cayuasx, Korga mo MarucTpainnbiy TPYGOIpPOBOAM Tpanc-
ITOpTUpPyIoTCs CcBETALIC HeTErmpPOIYKTL, BA3SKOCTh KOTOPLIX HE M3Me-
HACTCA mMpM Tex TeMUCPaTypax, KOTOPHIC UMET MeCT0 B TPYyHTAX Ha
”1}’51}116 0,8 & o1 moBepxmOCTH, rIyOUHA BATOHCINA MOKCT HA3HAYATLCH
TAROIl ke, KAk It A rasompoBofioB (rali. 8). '

To e otnocures u x BHOOPY TiyOHHBI 3alI0KCHUA HedTepoBoJos,
TPancnopnpyromux GecmapadmuHcThie u Majlopaskue medrii. OfHano
B 9THX cayyasx caeyeT npOM3BECTH TeXTMKO-9KOHOMIYECKME PacueTH,
UeTbI0 KOTOPLIX sBAACTCA COLOCTABIGHHE CTPOMTCABHHIX 3aTpar M DKC-
DIyaTauuonnnx pacxofoB, CBA3aNOAX C Ce30HOHM H3MeHCHHeM ITPOM3-

B
ORUTeTbHOCTH HedhTempoBOJA, BHBBAHEM YMeHBIUCHUEM TIYOUHLI ero
3aT0eHNs,
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Fayéuna  3aJ0:kenusa  MarACTPalbHbBIX  HedTEnpPOAYKTIOOPOBOIOB,
TpanciopTHpPyOUMX Bs3KAe, mapaduuucIbie I GHCTPO3ACTHIBAIOILIIEC
Hedrn u pedTempogyRTH (a Tarsre HedTd, Tpelylouie mojoTpesa),
J0KHA MA3HAYATBCA B KAKIOM OTHCIBHOM C€JIydac B 34BICHMOCTH OT
GUBNKO-XAMUICCKHX CBOICTB TPAHCTIOPTUPYEMBIX 1IPOIYKTOB (TeMmepa-
TYpa 3uCTHIBAHUA, BASKOCTL, YCJIOBUA BLIIAJCHUA uHapaduHa, CTaTide-
CKOC MAMPSUKCHUE CABHI'a W T. JI.), TEMIEPATYPHOYO PEsRIMA HedTenpo-
BOJA B YCJAOBUAX OJKCILIYaTaIH, a TaKike TCXHHKO-3KUHOMMIYECKIX
CPABHCHUIT CTPOMTEILHBIX 3aTPAT M DKCILIYATAIMOTHLIX PacXx0J0B.



I'iIABA TPETDA

PACYET IIOJ3EMHBLIX TPYBOIPOBOIOB, YHKJIAJBIBAEMEIX
B PAIIOHAX TOPHBIX PA3PABOTOK

§ 13. OcuoBubie monOKEHUSA

B o6munmx yeaoBMAX MpOKIAAKYM pacyeT MO3eMIbIX TPYGOIpoOBoIon
OIDAHUMHBAIOT OUpeAeIeHneM TOTIMHL CTenok Tpyl, HCXOJs U3 Bean-
4YNHL BAYTpeHHero gasienms. OmHaKo, ecIdu TPyGOmMPOBOIHT YKIAINI-
BAJOTCS B TPYUTH, KOTOpBIE JTO KRAKUM-IAMG0 HPUIHHAM IO;[BEPIKEHLL j[¢-
dopyanuay, TakOH MeToJ pacdeTa HBITIETCA NCOCTATOUHWM. B a1ux
cayvasx napsny ¢ BO3jelicTREeM BHYTpPCHHETO HaB:lemus TpyGonpoBognl
HOABEPrafoIcsi BIMAHUIO AcopMauuil rpyHTa, BBHAY YCro B METalLIe
TPYO MOryT BO3HMKATH 3RAUATENbHLIE HPOJOJIBHEIC HAT PRENs, KOTC-
phi¢ JOMRIL B KAROWU-TO CTememu YYMTHBATBCH.

Rax mnaBecTro, Bepxmme c;T0M 3eMHOIl 1OBepxXHOCTU, O0pasylouyme
BUIAWMAIT pedbed), HECMOTDS Ha KasKyIeecs COCTOSTHME TOKOs, JATCKO He
BCerza 1 He Be3Je HaXONATCA B paBHOBecHm. Ilsaewennme pedbeda
I GOpMBI qUEBNOH LOBEPXHOCTH ABIAETCA PE3YIBTATOM (U3HKO-MEXami-
YeCKIX NPpOLecCOB, MPOHCXOMSITUX HENOCPEACTBEHUO B HEEPAX 3EMl,
4 Tax;ke B BePXHUX ee CJOSAX W HA CaMOil IOBEPXHOCTH.

Ilpnanuu, BrH3LBalomue unsMcHeHHe peabeda 3eMIOIl 110BEPXUOCTLL,
MOKHO pasjcauTh Ha JABE I'PYIIE: OPHIMHE €CTECTBCHHOI'O H MCKYCCT-
BeHHOTO mpomcxoskpenusa. H OmepBHIM OTHOCATCA 3CMIETPACCHMsL, 00-
BaTh, BLI3BAHHLIE ATMOCHEPHBIMM BOTaMHA, Pa3PYLIAIONTIMH HaX OJAINHCCA
B HeIpax 3eMJl FODHLIC HOPOXLI, ONOM3HH, OOGBANLI KOPEHHHIX IOPO
W T. 1., KO BTOPBIM — pa3jmanble HCKYCCTBEONbLIe BLIEMKM, 06pa30Bati-
libte B 3emmoit KOpe B pe3ylpTaTe AeATENbHOCTH YeIOBeKa, KAk, HAUpI-
Mep, ropusie pa3paoTKN Hmpu BHEMKe YIVIH, PYAHL U APYIEX HOJIC3HHX
liCKOnaeMmix.

Ecit mepennrie usMenennsa U KoMeGanus IO CPABHEHUIO C IPYTHMU
BHaMu nepeasukeHMs 3eMHOM IIOBCPXHOCTH He HrpaloT 0co{Oil pon
B Bowpocax pacdyera TpyGoUpPOBOJOB H He ABJIAIOTCT OMACHLIMU C TOYKH
SPCHMsL MX COXPARHOCTH M GecoepeSoHHOH SKCILyaTaminm, TO Iepeene-
BUY TpyHTOB, mpOMCXOJAIME OTHOCHTEIBHO OHICTPO, [OTKHLL 00f3a-
TCTIBHO yumThIBATLCA NpPM pacueTe I TPOCKTHPOBaHHM TPYGOMpPOBOIOD
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J000r0 HasAavYeHud, TaK KaK B 1IPOTUBHOM CIyyae COXPAHHOCTH COOPY-
JKCHITH He MOs;KeT OHTbh TapaHTHPOBAHA.

ViazaHnoe IMOJOKeHHe OCOOEHHO OTHOCUICH K HOH3EMHEIM Tpy0o-
npoBOJaM, BechMa YYBCTBUTCIBILIM K JIOOHM, Jdaske me3HAYMTOTBIBIM,
W3MEHEeHHSIM 3eMHOIl IOBepXHOCTH.

§ 14. Xapakrep nedopmanmii 3emHOl moBepxHocTH
B paionax ropubix paspaoTok m WX BIUAHUE
Ha padory TpyOONpoOBOTOB

Xapaxtep jepopmaniiii 3¢MHOI MOBEPXHOCTH ONMpeAciIseTcss 0coben-
ROCTAMM LIpOllecca C/BH:KENUsI BCell TOJMM TOPHHX IOPOX, HAXOHESA-
IUXCH 1a;l BHPaboTROIT B TOil 30HE, KOTOpas MOJBEpsKemna IIpoIeccam
nedopmanuii. [liia pacdera TpyGOmpoBOROB npaRTHUECKOE 3HAYEHHe
uMeeT JeopMaLsi BEPXOEro Cl0sI 3eM0il HOBEePXIOCTH, OrPaHHYEHHOTO
rry6mmoii yKIa; K Tpy0OmpOBOJOB.

D
A é oo

Prc. 8. Iomoswenme Myapasl caBmwkenua  Puc. 9, Tlososenine Myananl CABHKe-
1P TOPH30NTAIBLHOM 3aJeTaHMM ILIAa- HUA TP HAKIOHHOM 3aTeraHdyu ILia-
CTOB. CTOB.

Paiton 3emioii moBepXNOCTU, HO;IBEPIREHIILIT BIMSLIINID TOPILIX pas-
paloToR, ofpasyer Tak Ha3LIBAGMYI0 «MYILAY CABILRGOMS», I1PE;iCTa-
WIAmyo co00il OHPEACICHHHI Y4acTOK, B KOTOPOM HIPOUCXOJUT OCe-
Jlanue 3eMpoil moBepxmoeTn. Ilpym malmaun B MyJbje CIBHIKCHMS HpOBa-
J0B i c6pocos (aTo HalaiogaeTcsi pemKko) HAPYLIAIICA CIIOMNNOCTH
CpeJ{sl M HOPMAaJbIOe pacIpejielicHAe BeIUYWH CABIKeDHmil u gedopya-
Uil 3eMHOI LOBCPXHOCTH; B MOAOGHHX CIydYasX oGHYubIe QOPMYIn B
MCTOJBI pacdeTa CABMIKEHUS HTOH HOBCPXHOCTH, TaK jKe KaK U HCXOIHNIC
uapaMeTpnl OpOHecca CHBMREHWSI, HCIPUMEHHMEL,

Ilpu ropusomTajpROM B3ajJerali IIAaCTOB IOIE3HHIX HCKOMAEMLIX
ofpasyercs cuMMeTpuYnas MyJIbla OCCHAHH] OTIIOCHTCIBHO BiIpaGoram-
1OTO UpOCTpaNcTBa (puc. 8). llpu makI0onAOM 3aJeraEAM ILTACTOB MYyIba
C/IBIIENNA CMemaeTcsa OT BLIpa0OTKI B CTOPOHY MaJleHdsl nxacTa (pHc. 9).

Mosrer mokasaThes, 4To B mpomecce MOAPAaGOTKM IEPEMEleHUC OT-
JeNTbHLIX TOYEeK 3eMIOM IOBepXmoCTH HOCHT XaoTHYecKmil xapakrep.
B peficTBUTeIBHOCTH, O[HAKO, 3TO He TaK, ¥ B IePeMEIIeHNAX YKa3aHHKX
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TOYCK HMeeTCs opefedeHHasA 3aKOHOMePHOCTh — BCE OHU [TePeMenmanTcsa
HaBCTpCTy OUMUCTHLIM paboTas, T. €. B HAIIPABJIENHI K o0pazoBaBImelics
B Hejpax UycToTe.

BexTop mepoMeneRIs Kasug10il TOYKU 36MHOI MOBEPXHOCTI B MYJb/(@
CABHREHHA MOKeT ObTH DPA3IORCH 1la COCTABIHIOINNE: BCPTUKAJIBHYIO
(ocejlarne 3¢MHOIL IOBEPXHOCTI Tjo) I jBE FOPM3ONTANBULX, HAIPABJICH-
HLX BRDECT IPOCTHPAHUA M IO IPOCTHPaHUIO (abCoO.I0THOEe TOPH30H-
TaJbHOE CABIGKeHHe &). B npexgenaX MyJb/ibl CHBHKEHMH LIMEIOTCH 30HH
¢ HaMOOJBIIAM OCEei[aHIeM 1 HAMGOJIBHUINM TOPH3OATAILIINM CIBHKe-
nieyM. DBaauMnoe monojxeHHe 3THX 30H Ha MY:Ibie C;IBUIKCHUA 3aBMCIT
0T yrila najeHdg HJIacToB.

. O6nacms D6nacms Obnacms
pPacmAsNeHun cHeamus PACMANCEHUA

i ye
Paspaﬁamm&aem”“ y

Prc. 10. Cxema HmepemelieHU# OTACHBHBIX TOHYCK BeMIOH
IMOBOPXHOCTE IIPM IPOM3BOACTBE FODHHIX paloT.

l'opusaomTalXlprEHe B BepPTHKadbHHEEe Jedop-
Manuu., JIBmrcHHe TOAPAGATHIBAEMBIX TOYEK 3eMMHOil TIOBEPXHOCTU
cxeMaTHgHO mpexpcTaBleno Ha puc. 10. Paslo;xuB 1repeMemenHA 3THX
TOYEK Ha BEPTHKAJIbHEE H ropu30nTaJbHbie COCTARIAIINNE, MOKIIO
YBHACTB, 4TO HAPALY C OCefaHMeM B MYJIbjJe CABH;REHMA LIPOUCXONUT
TaKsKe W TOPU30HTAIBII0e ABUKCHHE TPYHTA, B PE3yJAbTAaTC Yero ma 3en-
HOil moBepxHOCTN 0Gpasycrca Kak 06aacTh pacTs;KeHudA, TAK M 00JacTh
CIRATUA,

HaGmonennamu yeranosireno, 9To ropA30ETAILHOE ABIIKENHE JOCTU-
TaeT MakemMyMa Y TpamnL BHpaloToK, I fedopMaliu PACTSREHAA HMeIOT
HauGonbnree 3mavcHUe HAX ILEJUMKOM, MeKAy TPAHHLEU BepaGOTOK I
Tpanunei myasgsl casusrenusa. HaoGopor, K cepefnue Mydsmbl CABUIKC-
LHA ropumaonralpabic HedOpMamid MOYBH YMEHBINAITCA, HPHOIMKALCH
R IryleBomy smavenuio., OOMacTh ke C/KATAA 3€MHOU MOBEPXHOCTH JO-
CTUTaeT MakcmMyMa B cepejimHEe MySIBABI, T. €. HaJ Cepemmuoil Bepalbo-
TOR. Cxema pacnpefelenns gepopvammit B MyJAbJe CHBUKEHUs NpHBe-
AeHa na puc, 1.
edopmManum HRaxkmoHAa. B ¢BAM ¢ Teym, uTO OceJaHHC

T . _
0K BeMIOl HOBEPXHOCTH B TWpOLECCe TOPHAX paGOT HPOMCXOTMT
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HepaBHOMEpPHO, OTAEIbHEE YYACTKM MYJIBILI CABH/KEHUA MOJIYYAlOT pas-
JUYHEle HARJOIBL.

llycrs (puc. 12) momo;xenus: Touek 1, 2, 3, 4, HAXOMAUIUXCA APYT OT
Apyra Ha PAacCTOANUU [, COOTBETCTBYIOT NMOJOIKCHUIO 3eMHOI moBepxX1o-
CTH 0 nmoapabOTKH, T. e. JO 06pa30BaH1m Myasjpl casmskenus. Ilocae
uoapaboTRE LPONCXO/INT OCegamiie 3eMHOi 1OBEPXHOCTH M TOUKM 2, 3,
4 nepememaloTcs B uosioenus 2, 87, 4’; BeJIUYUHE oceflanuil 3THX TO-
49eK 0003Ha¥YAM COOTBETCTBCHIO Yepes

o5 he, hs u ha. JlepopManui HaKIOHA
Y RaMmIOr0 yuacTKa 1UOBCDXHOCTH pac-
CMATPUBAOTCH IO OTHOWIEHMIO K IHX

LA

Paspadameibaemsi
yeonsusid nnacm

Puc. 11. Cxema pacmpeaeseunmst  Puc. 12, Cxema ofpasoBaHusa  Bepru-
dopManmii B Myldbge OCeJaHUA. KalLHBIX CMemenHmil 3eMmoit  ToBepxmo-

1 —- TOpPM3OHTAIIBHOC CIBMKCHHE, 2 — CTH.
o0itacTb pacTmEenud; 3 — o6aacTh CiKa-
THH; 4 —KpUBAH 0CELAHNT IOREPXHOCTH .

epuoHavasbHOMY 1LOJIORCIIII0. B IpakTHRe ropHoro fgela JTH jedop-
MaLMI 0OHYHO U3MEePAITCH B OTIOCHTEIbHHX BCIUTHHAX (MMIINAMETPH
Ha MeTp):

q= —21—— MM/H. (3.1)

Hampiuarep, ecau BepTHKaJIblioe ocedarnie Tourn & hs = 120 mn,
TOURL 2 h2 == 20 mx 1 rOPU3OATAIBHOE PACCTOSIHIE MC/KIY HAMH [ =
= 10 x, TO BepTNRAILLOC lcpeMenienne B nuTepBale 2—3 Oyger panHO
ha~—hz == 120—20 == 100 mx u Jedopmauna HaKIOHa

—Hha 20— 9

Hepasnomeprocmo naraonoe. B nogasisaiones 00JILMUHCTRE cIygaen
HAKJONBl COCCANUYX HUTEPBAIOB MYJBjL CABHREHHA HEO;MHAKOBLI, YTO
vOycaosiansaer coboii BH JedopMaLUI — HCPABHOMEPHOCTh HARJIONOB.
HepannoMepHoeTh HAKTOHOB QL TaiiRe ONENIBACTCT B OTHOCHTCMbIK X
BeINYHHax I DpejcTandsieT co0oil pa3HOCTh HAKJIOHOB ABYX COCEIUTIX
UHTEPRAJIOB MYIDIIH OCeZAHIA.
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Tak, HampuMmep, pasHoOCTh HAKIOMOB [BYX COCCIHIX WHTEPBAJOB
3—4 u 2—38 oupejelsieTca ClenyolUM 00pasom:

0 Mzt ﬁﬂ_—lhﬂ. At/ H. (3.2)

HepaBHOMEPHOCTh HAKJIOHOB MOKHO XaPAKTEPH30BATh TaKiKe pa3-
HOCTBIO YIJIOB HaRjIoma iz—i1. YeM GoJbime aTa PasHOCTb, TeM Goabnie
BeJIHYMHA paccMaTpuBaeMOH Redopmauuu.

Vi £, 252

!

S+ ES A

Puc. 13, Pacnpejenenve casuskednis u gegop-
Maumii B MyJbjle BKpPeCT INPOCTHUPaHMA ¥ 1O
TLPOCTUPAHAIO.

i — HaKioHb, h — KPUBU3HA; € -- TOPUACHTAIBHbIC nefOpMALNIT; £ — CODPH30HTATDLHBIC CRBII-
WEHMA; 1) — MaKCHMajibHOE OCCUAHMC, 11 — Yroil IojsHOTO CABMMKEHUH Y HIDKHCH Tpanmilid
BRIDABOTKN; {3 — Yrod IOJHOTO CABUHEHNA ¥ Bepxueft rpabunb Boipaborku; g — yroa Uo.a-
HOTO CURMKEHMA Y TPaAHMlB BRIPADOTKH Ti0  NPOCTHPAHMIO 10acTa; fg — rpanvuHmit yrodl
¥ BMIKHEIH rpaBuILel BoipabGoTKH; Yo - - TPAHMYHBIN Yrodl y BCDPXHCH rpauullsl BuipaboTku; Op —
rpaHngIyeil Yroat ¥y rpasii BupaGoTsn co ¢TODOHB NPOCTUPAHHMA MHacTa.

Hpnsusna Kak yie yrasnBaloch, MyIbja CABHACHHH LpPej-
CTaBJser co6oil Boaauny, AMEIOMYIO OIpefelienHy0 KPUBU3NY M Xapak-
Tepn3yeMylo paguycoM KPHUBH3HbI, BLIPayKaeMbiM B MeTpax.

accmMaTpmBasi XapaKTep M3MEHCHUS 3CMHOII IOBEPXHOCTH, MOHO
RORCTAarupoBaTh, 4TO TPYGOUPOBOAN, LOUAfad B MYJILIY CABUMEHHH,
I0JBepraTcs BeCchMAa Cephe3HhiM B OHAacHbiM ¢ TOUKH 3penus HX apou-
HOCTH Aegopmanmam. Tak Kak TpyOGompoBOAHI 3amlieMIEHLI B rpyure,
TO B 30me pacTsienys OIM MCHHTHBAT PaCTATHBAOIME HaNPssKCHNA,
OllaCHble kak /I CBAPOBIX CTHLKOB CTAlbHLX TPYD, Tak M Ads pactpyo-
HBIX CTLKOB wyrynnsx TpyG. B mpartuke skcmiayaTauun TpyGonupoBojioB
B paMonax ropmiix paspaboror mepeno HaGAI0falOTCH CIyMAl paspuiBa.
CBADHRMIX CTHLIROB ¢ pacxosijieHueM HX KOHIOB ¥ BLIXOX IlajiKUX KOHLOB
;’g’;ﬁ’lﬂgﬂx TpyG us pacrpy6os. TpyGompoBo;ibi, NepeceKaline CHKATHe
YABABL CABIKEHUS, HAXO,IATCH B 3HAYUTENBHO JYYNIHX YCIOBUAX
pabors, Ciaygau csarus Tpy6 wim MecTHOll mOTep:m yCTOHYHBOCTH B.
Pe3yibrarte peiicreus oceBLIx CHUMAIONHX YCHIAAI, BOSHUKAOIUX

S Bakas 995,
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fI0]] BIAAHWCM CKUMAlOUAX AchopMalluii TPyHTA, Kpaiine pefKH, TAK Kak
TPyOOHPOBO/IbI, HAXOAACH B rpymnTe, 00,1aJal0T AOBOJIHHO 3HATHTCIBHON
AecTKocThio. HepaBioMepHOCTs HAKIOHOB HA COCCOHNX YIACTKAX MYJb-
Jbl CHBHKEHMs 1PHUROANT K IOABJEHUI0 B TpyOOmpOBOHEe IIOOEPEUHBLIX
cui. ITpakTuKka moKasaa, 9TO IPH pa3puIBC CBapIhIX COCTUHEHII TPy GO-
OPOBOAOB NMeeT MCCTO He TOJIBLKO PACXOKAeHyue KOHHOB TpyD, HO TaK/Ke
H CMCUIeHMe B BepTHHKAJLHON IIOCKOCTM,

Ha puc. 13 mokasanm smiopol, XapaKTepHU3YIOLUUIC PaCIpeeTende
cABMKENME M gedopMalUii BeMHOH IOBEPXMOCTU B MYJIbjJe OCCHAHHUA,
KpuBaa § mpejcTaBiaser co00if JU0PY pacupeIeSeHusi TOPH3OHTATbIEIX
CABMKCHUM, KpuUBasA & — ropusouTadsusix gedopmaumii, Kpunas i —
HAaKJOHOB U T. Ji. ITH DIIOPLI AAI0T lIpeAcTaBIenie 0 30HAX MaKCHUMalb-
HHIX 3fIaYCHAN TeX ILIM UHLIX JedopMAlHi B MYIbie C]BUKEHH.

§ 15. Beamunua pedopmanmii zemmoll moBEpXIOCTH

B cesasu ¢ 3ameMmiaeRdeM B rpylnTe TpyOOupoBOJL JIOROIBHO IYBCT-
BUTCIBHBL K JedopMauusaM 3eMI0i 1I0BepXHOCTH. INark uoxasaau Hmccie-
poBanus, Aedopmanmn B TpyGOmMpoBoax B Tpoiecce HX T0APabOTRU
clenyoT 3a gedopMaliMedd TpyHTa, M LOJITOMY UpH pacdere Tpybompo-
BONOB HEOOXOJUMO MMeTh XOTA O NpHOJIU/KeHHOe IIPCJCTABICHHE O
BO3MOKIBLX BeJIUUMIIAX Jie-
dopymauuu 3eMHONH HOBepX-
3navenua medopvauuit rpyHara s 3aBucuMocTn | HOCTH.

Tabauya 9

OT KPaTHOCTH HOAPAGOTKH AGCOIOTUEe  BEIUYHIIH

‘ Jedopmanuii  3eMHOA  mo-

KpariocTh Haraount ;I(?IE}:(?CHI(;;— ,,,,"caﬁTc’l;‘:‘,‘;.},e BCPXHOCTH 3aBHCAT OT pAja
ﬂonlr;z:?nowu HAMIOHOR ¢axTOPOB I riaBHBIM 00pa-
MM M 30M OT KpPATHOCTH MHOApa-

OOTKM, T. €. OT OTHONICHHS

50 22 20 10 rayOuunl  paspaGotkn  H
188 1% 12 7 K MOMEOCTM  (TOJIUHE)
300 6 g 2 YroJlbHOTO miacrta  m.
400 4 2 9 Has  ycaosuit  omGacca
500 3 2 1,5 M. B. Koporkon gaer cae-
Ayroue MpUOIUIUTE.ILHbIE

BeJTUYTHDL nedopranmit

rpynTa B  3aBUCHMOCTH OT KpaTHOCTM moapaborrd (tada. 9).

B oTuocnrenpuo- pearnx caydanx gedoPManui pacTaeHUA — CKa-
TAA MOTYT OBITHL BechMa OOMBIIUMHE, OJIJAKO jaske OHHE, 0COOCHHO upu Ha-
auuun  AcopMaInil pacTsMiCHHA, He TPUBOAAT K TIOHABJEHUI0 3HAYM-
TeJbUBIX HANPAKCNHUUA B CTAJbLILWX TpPyOOUPOBOIAX.

Beprnkaibubie ocepanus 3cMuoil UOBEDXHOCTH XOTA M JOCTHTaOT
B psjle caIydaeB 3mauuteabunx  Beamuun (1500 mm m  Godee),
camu 10 cefe TawsKe He OKasLIBalOT CEpPLE3HOro BJIHANUH Ha pabory
Tpy6OMPOBONOB, TAK Kak KPUBM3HA MYJIbJBl C/BHKeHMA B GOJbmIHHCTBE
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cydaeB HCBLHAYMTCIbHA. Paguyc KPUBHBHE MYJIBJB HCIHCIACTCA THICH-
qaMHE MeTPOB, I 1109TOMY OpH m3rube Tpy6ompoBona B MeTallie Tpy6 BO3-
pUKAIOT JHIIb HC3HAYMTENbHBIE HaIPsReHHs, Ne ONacHble ¢ TOUKH 3pe-
HUS MX 1IPOYHOCTH.

§ 16. IIpojyoakUTENLHOCTH Hponecca CABIKCHHA
3€MHOIl MOBEPXHOCTH

Boablioe 3Hadenye OpU pacdere W NPOEKTUPOBANINU TPyOOMPOBOLOB
na moapadaThBacMbiX TePPHTOPHAX HMeEeT BOLPOC O IPOJ0IHUTCIbHOCTH
ppouecca cABMmeHus 3emmoil  rosepxmoctu. CorsacHo coBpesen-
HLIM DPEeJCTABIERNAM Bech HPOIlect CABIMKCHMA MORHO PasieiuTh Ha
TPH CTa/IAN: Ta4ajJbHYI0, aKTHBHYIO U 3a-

TYXaloUyl, KajKlag U3 KOTOPBIX HMceT DT T T
¢BO¥ 0COOEHHOCTH, ROJIIUIECTBCHNHC U Ka- ol XL 1
YyeCTBEONBIC MOKA3aTeIH. f i
Ilox mnawadpmEoll cTagmed mpouecca g 400 ._ﬁ[f._{__+.._g,_
CUBMKEHUMA IOHUMAETCH OTpPe30K Bpe- 2 o R
MeHH, B TCUEHWe KOTOPOIr0 HAYUHAIT <
HabawaaTocs  jtepopMalUd  3eMHOH 1O- ;T 800 —3X—+
BePXNOCTH, TpPHYEM CKOPOCTh OCeNaHUsA 2 I
ge jocturaer Ocigee H0 mm B mecsIl. I 1000  —-- . J
Bo Mmorwx cayuwasx sTa cTapusi wabmmo- 1200 Q—_{'L
ZaeTcsi 10 DOOAX0/la  O9HMCTOLIX  paboT 7.3 S ?

Mecsa
K paccMaTpusacmomy coopyskeniro. llo- caubr

ABJEHNEe U NPOUOTEUTEIBUHOCTL Hauadb-  Ppe, 14, WurTchcmBHOCTL OCce-
HOH cTaguu 3aBUCAT OT XapaKkTepUCTURN  HAaHuda 3eMHOIl 1IOBEPXMOCTH B
FOPALIX  LIODOJ, PpAacHoJONeHHbIX Ha mpomecce ToapaboTx.
BHpaboTKkamu.

Haub6oaee Bammoit n onacmoii ais Tpy6onpoBONOB SBIACTCH aKTHB-
Has fedpopMania 3eMHOI IIOBEPXHOCTH, KOTOPas XapaKkrepusyercs Golb-
MU cKopocTAME Jedopmarnuii U OyprRM TIPOTERANUCM 1Ipoiiecca.

B 3701 nepuon kar majscambie, Tak M NoA3eMune COOPYKEHMH UCTIbI-
TEIBAIOT MaKCHMaJbHbIE AedopMaliniu.

Ha puc. 14 upusesena Kpupas, XxapaKTepHsyomas CO3JaHHe 0HOTO
43 penepon B mponecce npopaGOTEA; 30eCh aKTHBHAA CTAJAMA 1IPOLECCA
OCelanus BLIpajkeHa 0uenb sIPKO, LPUYEM BTOT MPOLCCC HAYAICs pPaHble
MOMenrTa wemocpescTBennoit nojpaloTka pemnepa.

JIT OPMENnTHPOBOYHHLIX PACUCTOR MAKCHUMA.IBHAs CKOPOCTH OCega-
HAS 3eMHOIT MOBCPXMOCTH MOMiET GBITL ONpEICIeHa 110 (GopMmymde

D =27, (3.3)

MAKCAMAAbHAsL CKOPUCTh OCCTANUA B MM /cymiu;

CKOPOCTL HPOJABUKENMA OYMCTHOTO 3a00a NaBH B M/cymku:
Nl — MaKcHMallbHOC OcCeflauMe B MM;

raybuna ropmeix paGoT B M.
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ITpofoNKATEABHOCTE IPOLCCCOB CABM;KeHNA (OCENAaHUA) IA pasiug.
meix Gacceitmos CoBerckoro Colwosa unpmeenena B Tabx 10.

Tabauya 10

1Ipofo.:KUTEIBHOCTE NPONECCOB CHBH:eHIA (0oCcCIaHuA)
KA pa3augHbIX Oacceiimos Cosercroro Coiosa

TIPOMOSHIMTCARHOCTH APO-
necca CIABUMEHUS, MeCAUn

T ybusa
Haumenopanue 0acceiiHa FOPHRIX pa-
6oT, M
AKTHBHAA obinag
Jlonenkuii: Ho 100 3 12
10JIOr0e M HAKIOHIIOC Jlo 200 4 24
3ajeraHne IJacToR » 300 6 36
» 400 4 48
» 500 2 60
KpyToc MajieHHe IuIa- Jlo 100 4 12
CTOB » 200 6 24
» 300 8 36
» 400 6 48
» 500 4 60
HysHenrmit Jlo 50 3 8—12
» 100 6 12—18
» 200 10 18—24
» 300 — 24—36
Bo:tee 300 — 36—60
HKaparanauuckuit Jlo 50 —2 2,5—5,0
» 100 4,5—8,0 12,5—18,0
Kuszenoscxmit — 6—12 34—62
Yenabunckriit Lo 50 2 8
50—100 2—4 8—16
100—200 4—6 18—24
HopMockoBHER — 6 15

Tadauya 11

Cpemme 3HAYCHNA MAKCHMAABHDBIX cxopoc'rei’x OocCeRaHHaA 3eMHOit MOBEPXHOCTH

. KpaTHOCTh TMOAPaGOTRK
Iim

Jlo 100

100—200

200—300 300—400

CpenHAf  MaKCHMAJbHas
CKOPOCTB oCClAHNA,
mmfeymeu . .. .. .
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U

VIHTEHCHBHOCTL OCeJaHAlNl B CHJIBHOI CTENEeHW 3aBUCHUT OT KPAaTHOCTH
ponpaGorku. Cpennue 3pmavenus MaKCHEMaJbHBIX CKOPOCTed OCefaHUA
3eMBOIl TOBEPXHOCTU COIJAcHO HaGmiofieHHAM, NpOoBefeHAblM B JIOH-
6acce, mpHBefcHEl B Tabm. 11.

Boapmue ckopoctd ocemanns or 15 mo 40 mm/cymru mabaopgannch

p HKysmenxom m Yenabmockom Oacceinax.

§ 17. Desonacuas ray6uHa mofpadoOTKH

B pesyabraTe 00o0menus MHOTOYHCIeHHHX Habmofenuil 3a jedop-
MAaOHAAMH 3eMHOH IIOBEPXHOCTU YCTAaHOBIEHO, YTO MCKAY KPaTHOCTBIO
noApaloTKA ¥ BeINYuHOH fedopMannuy rpynTa CymecTByer onpeeilenaas
3aBACHMOCTB: ueM GOJbIIC KPaTHOCTh NORPabOTKH, TeM IPH OPOYHX
paBHHIX YCIOBHAX MeHbINC JepopmManua IpyHTa M, CJIeNOBATeILHO,
KaKZOM KpPaTHoCTH MOAPAabOTKH JOMKHLL COOTBETCTBOBATH OUpee/leHHEIe
BeJRYMHL! JeOpMANUN TPYHTA.

Ha ocnoBaHNHM 9TOr0 TPEACTABIAETCS BO3MOJKHLIM YCTAHOBHTH 6e3-
onacHyw riy6nny nogpaGoTKi, HOL KOTOPOH MOHEMAaeTC s TaKas rrybuna,
HI;Ke KOTOpoil ropabie pa3pabOTKE He MOryT BLIBHIBATh Aedopmanan
TpyHTA, BIeKymue 3a c060il paspymenue mogpabaTbiBaeMBIX COOpYKe-
HAH.

Beaonacrasi ray6una ropasx paboT ompemelfgeTcA U3 COOTHONIEHHA

He = mk, (3. 4)

rpe g — Gezonachas Iiy0mAa noapaboToK;
m — BBHIEMOYHAA MOIGHOCTH IJIacTa, M3MepeHHas TIO HOpMaJm;
k — xospdumment Ge30macHOCTH.

TaxnM oGpasom, onpeneienue GesonacHoi TIyGUHEL 10LPaGOTKA IS
Pa3IMYNAX COOPYMENUU CBOAMTCH B OCHOBHOM K IPABWILIIOMY BHIOODY
koddpuumenta Gesomacnocti. B pesyanTaTe npoBeeHHbIX PaboT yCTalo-
BJICHbL 3HadeHNA K03pPuiyenToB OesonacuocTn JIs PasTUIRbIX COOPY-
KeHnii: spaunii, MOCTOB, JKCAG3HKMX JOPOT U T. A. U paszpaloTamL npa-
Bula ux oxpansl Ha HmOApaGaTHBaeMHX TCPPHTOPUSAX.

B zaBncumocTn oT xapaKTepUCTHEM TpynTa H COODYKemmit ¥ MX
ROHCTPYKTUBHRIX ocoGenmmocTeil yCTamaBiIMBaercsi KaTerOpHA OXpPAaHHI,
OupenensemMas BeJIMIUION TeX MAKCHMAJILHO BOSMOMKHLIX nedopmalimii
TPYHTa, KOTOpLIe MOTYT OLITH BOCHDHMATH OTHMH COOPYKEHHAMH.

Honycram, uro pammoe coopysemie ormocutcsi k III kateropum
OXpamkl m MoOeT HOPMAJLIO IKCILIYATHPOBATHCA € KOIGPAOBEHTOM
csgonacnocm k = 300. Ecau oKaeTCs1, 9TO NPH JIAIIIOM PACHOIOKCHNI

PYenvis m onpeneZienHOM 3aJeTaHAM YTOJALHOTO 1IAacTa TAKO# K03~
o?ﬁﬁjﬁr e MOKeT GbITh MOJYIEH, TO HOJ COOPYSKCHHCM MOJIKReH ObTh
Mepox ];{ Tnemm MIW OPWHATHL COOTBETCTBYIOIUME KONCTPYKTHBHLIE
won g ATHA, ofccregdBalm{Ae COXPAHIIOCTh COOPY;KEHUSH B npormecce

Paborkn. HeoGxopmmo nogdepKnyTh, 4TO €CIM YKA3aHEHM MOTOJ
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IOAX07a K 0Xpane COOPYIKCHAU ABAgeTCA NPABUILHEIM, TO B OTHOINEHUM
TpyGOnpPOBOROR €ro HeJb3s NPU3HATEH JlocTaTogHo obocmoBamnbiM. Cire-
ZyeT MMeTL B BUJIY, YTO 110/i3eMHble TPYGOLPOBOAK B OTIMYHE OT 3HaHuii
H COOPY/KEHUIU TeLOCPE/ICTBEHHO CONPBKACAITCA ¢ OKPYSKAOMMM IPyH-
toM ra GOIbIIOH IINHe M TO9TOMY BecbMa YYBCTBUTENBIN Jake K HeQodh-
nmM jlepopmanuay 3emnoi nosepxaocTH. OnuT noKaszal, UTO jlame HpU
Goapmoit kparmocT moppaborru (350—500) mpoposbunie jedopmalaa
rpynta pocetnraior 1,5—2,0 mm/m. Ilpu atux gedopmyaiusix B onpeaelen-
HbIX YCHTOBHAX B MeTasde Tpyd MOTYT BOSHUKRYTH 3HAUUTENBHLIC Hamps-
FeNHd, JOCTAraflnye npeyiesa TeRy4ecTH, 9T0 MOKET ITPUBECTU K paspy-
IUeHUIO JePEKTIRX CBApHLIX CTHIKOB.

TaxuMm ofpasom, paboTocnocofmocTs TpyGonpoBoLOB B palioHax
ropunx paspaGoTOK 3aBUCUT He CTOJBLKO OT Beluunn Tedopmanuii rpynra,
CKOJBKO OT UX MeCYIueil c1ocobmocT U TIaBibM 06pa3oM OT NPOTHOCTH
cBapublx ¢THiKOB, MHOrodeTHHil ONKIT JKCINIyaTanuH IIOKa3biBaer, 9TO
TpyGoLpOBON PA3PYIIAIOTCH TOJLKO 110 CBAPHLIM COC/HMHEHHAM, HMel0-
muM Te Iy unsie Aedertsl, CTydan sie IIOLEPEUHOTO pasphisa TpyHonmpo-
BOJOB HEMOCPEACTBENHO N0 HeNoMy MecTy Tpy( HEMKOIJIA He umean
MecTa.

§ 18. Onpepenenme pnedopmManym 3eMHOIE NOBepxXHOCTH
NPEMEHUTCABHO K pPacueTy TpyGompoBOioOB

Pacuer TpyGompoBouon, yRJIanbiBaeMnXx B pailoHax TOpPHMX pas3pa-
00TOK, HCPA3PLIBHO CBA3AH C ollpefielieHueM fedopmaluii 3eMHONH NOREPX-
HOCTH, BO3HMKAIOILNX B IIpoLlecce BeueHUsi roputix palor. (DakTHucckue
BeJMYMHL CABUKEHUA 3€MHON LOBCPXTOCTH MOrYT OMTL YCTaHOBICHE
OpH MOMOUUL MHCTPYMCHTANBHNX HaGNIOACHUIA B paidone Tpaccul TpyGo-
mponoaa. Onaro pacgers TpyO0onmpoBOJOB M TPOEKTUPOBAHUC KOHCTPYK-
THBHLIX MEPOIPHATHH 1O 11X 3a10UTe JOJKHH OLITh BEILOJHEHN 10 Hadala
ropamx paboT, Korja ¢aKTudeCKMe IAHHLIE IO AedopManusaM 3eMHON
HOBCPXHOCTU CINE OTCYTCTBYIOT.

Meroast pacucTa CHBHKenMil 3eMHOH 110BeDXIIOCTH BeChMa CIOKHDI
H NIPefCTABIAI0T CO60M CnenualbHyio 0Tpaclb HayKA. 3/lech MPUBOIATCSH
JIMINE OCIOBHLIC CBEIENNA IO HTOMY BOLPOCY M DACCMaTpUBAOTCs Heol-
XojuMbe JIs pacdera TPyGONpOBO/OB dMUMpHUYeCKHe (OPMYILI, IOTY-
YCWHLIE HA OCHIOBE MHOTOJNeTHMX Habxiofesuif. JTH GOPMYyILI, OJnaxo,
He YUHTHIBAIOT BeCh CIOKHBIM KOMIJICKC BOHPOCOB, CBA3AHHBIX ¢ medop-
Mauyeil 3CMHOH TOBePXHOCTH, OTPaKalT IJIaBHRM 00pa3oM BIANAHUE
TONLKO TOPHO-MeXanuueCKuX (aKTopoB, U 10DTOMY pacyeT 110 NHUM
SABISIETCA NOCTATOYHO UPUOIHIKENHbIM., Tak, manpumep, MaKCHMalLLikie
ocenannA MOTYT GbITh ompejenens ¢ Tounoctsio a0 20%, Makcumanbubie
raaons — 10 30%, a MakcuMaJNbHEe TOPUBOHTAJBHEE AedopManunl —
mo 50%. _

PaccmaTpuBacMbie MeTOAB! pacueTa AAIT BO3MOMUOCTL BECTH Dac-
YyeTH CABUKEHUI W JedopMmammil piis ABYX XapaKTepHHX BePTUKAJIBHLIX
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cedeHAMil — BKDeCT IPOCTHPAHUA U IO NPOCTHPAHUIO IVIACTOB, HA3bIBae-
MbIX I'NIABHLIMH CeUCHHAMH MYJIbAH CHABHMCHMA.
YrasaHnble cedennsa 06JagaloT CAeAyHMUMH Ba)KHHMH CBOHCTBaMH:
BCPTUKAJNLHBIE M TODU3OHTAJIBbHAEIE CABUKEHHA TOUYCK II0 JHUHUAM
9TAX CEYEHHIl MPOMCXOIAT TOJBKO B BepPTUKAJIbHOM INIOCKOCTH CedCHHI;
CABUIKCHUA ® jeopMagi¥ MOBEPXHOCTH BJOJIb JuHMil CedeHMI
AMEI0T MAKCHUMAJIBHO BO3MOMKHYIO BeJIUTIUHY AMA JaHHOI MYJIbIH.

e

Yyacmow nno

= £, K020 Ona Ly

Al ‘IV' A
T s AL
(X

Puc. 15. Of6pasoBanue rpaHAIHEHX YISIOB M YINIOB CHBWKENHA:
72 — BKpecT fIpocTUpanua MJIA HenodHo# HoapaboTkir; 0 — BKPECT UPOCTHPaHuA JUIA Monrolt

HoAPabuTKM, b — 110 MpoCTHpadiio And ofouxX ¢ayvaeB. 4 — Yrod MOAJCHUA uAacTa; B — yrox
CHBHM(CHUSL B CCHCHMU BKPECT [IPOCTUPAHUH, MOCTPUCHHLIA OT HWwuCH rpaunusl BwWPadoTHN;

Bo — rpaHMuHblil yroa B CEHCHUM BKPECT NPOCTUPAHMI, HOCTPOGHHBA 0T HUMHEHR IPAHHIbLL BbIPa=-
OOTKN; Y — rpannuislif yrool CABUKEHNH B CCHEHNU BKPECT [IPOCTUPAHUA, HOCTPOCHHDIA 0T Bepx-
HEH rpaHuIu BUPaGOTKE; Yo — rpamuudbi Yroa B CEYCHHU BKPECT IPOCTMPAHMH, TOCTPOenHbil
OT Bepxieff rpannubl BLIPaGuTKKU; & — yrol CIBMMKEHWUA B CEGYCHHM, PACUOILOMKCHHOM [I0 HDPOCTH-
pauitio; O6p — rpauMdHblif yroa B CCYEHMM, PACHOSMOIKCHHOM IO 1IPOCTMPAHMIO.

Moz pacaera TpyGompoBonos Golbmoe 3HaYeNUC UMeeT GopMa MYTBIE
CnBuzceuusn. Bynem pasmnmgats aBe ¢opmsr: 9awcoOpasuyto (puc. 15, a)
U ¢ naockmm auom (puc. 15, 6). Myapasl cABM:KENUsA C IIOCKUM THOM
96pasyores npu paspabotke OOJBMIMX JaB B NpU Maldbx rayGupax
BECHUS ropuhix pador. x oco0enHocTbio ABJsgETCA TO, 9TO B mpejeiax
IT0CKOro ama ocemaHme MOBCPXHOCTH OCTACTCA IOCTOATHBIM M MMEeT
Makcumanbuywo Beauunmmy. Pasmephl 1IOCKOTO JHA MYJBJL Onpeje-
JAOTCH yraaMu modubix CABMIKCHHUIA Y1 — Y BIGKHEH TpaHUnbl JaBhl,
32 T Y Bepxneli u Yz — y rpaHHMULl IO IIPOCTHpaHmio (cM. puc. 15),

HaYenns oNHKX YIJIOB c/BWMEHHsA JJIA pasiuMunbx GacceiioB Coser-

Ckoro Corosa upusesennt B Taba. 12.
P4 pacuyere TpyGonmpoBoJoB 1HE0OXOIMMO OmPENEINTH - PasdMepsl
;’gg};’g“ CABUZCHUSI, T. @. YCTAHOBUTH NPOTAMEHHOCTh Y9YaCTKa Tpybo-
/12, MOJBEP!KEHHOTO BARAHKIO AePOPMAUMH 3eMHON MOBCPXHOCTH.



72 Pacuem mpy6onposodos, yraadusaemvr ¢ paiioHar 20pHWE Daspabomox

Tabauya 12

3uageHuA HOJHLIX YIVI0B CABH)KEHHA AJI3 Pa3InuHbIX Gaccelino CCCP

Y rin TOJHBIX CYBHMKEHUI

Hag:lg&?;;me I'panuunble yras
Y1 P2 ¥
Jlonenkuit Bo=Pp~—15°(1—0,01a) 60 60 60
Yo =7 —15° (1lpy mO.JOTOM UaJfCHUM)
o & L & A
8p=8—15 60 3 60 4+ 5 60
(mpu a> 25°)

1 i _ 55 | 55 | 55
Kyssenknit (opn 110.10r0M IIaJeHUY)

: it | _ 55 | 55 | 55
Kaparaupuucxuii l (opy moJoroM WIaficHUH)
Knseaoncxnit Bo=70°—0,6a 50 50--0,5a 50

vo=70°4a; {(a<25% — (mpra <<25°) | —
Yo =94°; (a=26--60°) 65—0,0 @ 40+40,8a 50
8o ="70° (upn a =26 60°)
Yemabancruii ! Bo==60°—0,5a 5 "
=60°+4-0,ha = L 60
go:w 40,5 60— a 60+~ @ .
HopMocKoBmEii 8o =40° — - 60
]

I'panunpl Myapjli CUBHKENHS ONPENENMANTCSA UPU NOMOMA TpaHdY-
HuX YIVIOB W YIJIOB CJIBIEHHUS.

T'paBM9nBIM YITOM 110 TVIaBEHM CEUEHHAM MYJBAK HA3hBaeTca yrod,
o6pasoBanuiii ¢ ropusonToM Jupuell, coeguuAplnieil rpaHMIly moases-
HOH BHIPa6OTKU ¥ TOUKY IR HOBEPXHOCTH, IPUHATYIO 32 IDAHNILY MYJTh;Ibi.

Vriom cOBMyKen¥sa Ha3BIBACTCH yroll, 06pasoBamHLIi ¢ TOPH3OHTOM
JpuneH, coeumAIONIell Tpanuly BLIpaGOTKE M TOYKY Ha OBEPXHOCTH,
OpUHATY 34 rpapuny omacinuix jedopmanuil, 3HAYCHUA YII0B CABHMiC-
HAA UIA OCHOBHLIX KaMcHHOyrodpHMX Oacceitnos CCCP npusesenut
B Tabm. 13,

Tax Kax TPyOGOUDOBOLE HMCIOT 3HAUHTEIBHYI0 NpPOTAKEHHOCTH, TO
B ompejelenHOe BpeMa Ha ux paboTy NOJKHBI OKa3aTh BIAMgHMUE Jedop-
MalAd 3eMHOU IMOBEPXHOCTH B yCI0BUAX mOXHOH moapaborkm. Iloatomy
pacueT TPyGOIpPOBOOB 1IPOUIROAAT ACXONH W3 9TUX, HamGoJdee OMACHBIX
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Tabauya 13
3navcHuA yrioB CABEGKEHAA A PA3MNuHbIX Oacceiinos CCCP
- Y rasl nageHud Vrihl CIBIIKEHNA, FPARYCH
Baccein ”;1222‘,’.3;,}’;" -
OXPaHH B s 6
JloHem kit
B KaMEHHOYTOJBHHX TOpO- 0—5 85 85 85
Jax 6—44 90—a 90 85
45—65 90—a 85 85
66 1 Goaee 100—a — —
HO He McHee 25
B "apmocax — 60 60 6
B MCIOBHIX I KpellKHX Tpe- - 70 70 70
THIHBIX MOPOJIAX
Wusedoncrui
B KaMeHHOYTOJNbHLIX INOpPO- 0—-5 80 80 80
nax 6—15 70 85 80
16—25 65 90 80
26—45 60 90 80
46—75 105—a 85 80
76—90 30 80 80
B Hanocax — 50 50 50
Kaparamguucrwuii
B KaMeNHOYTOMBHHX TOpPO- 0 70 70 70
Aax 10 64 70 70
20 58 70 70
30 52 70 70
40 40 70 70
50 40 70 70
60 35 70 70
70 35 70 70
80 35 70 70
B Mezozoiickux oraomennax — 60 60 60
opn MomuocTn Goxee 20 4
HaHocax MomtHoCcTLIO 00- — 45 45 45
aee 5 wm
YeangGunckoe
" Bynagamexoe
MecTopompgennsn
B mMezosoiicxux OTIOKEHUAX 0—10 65 65 65
B 11—60 70 70 65
BaHocax Bonee 60 40 75 65
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1l podoaxcernue maba. 13

Yras nageHus Vran casunedns, rpanycH
IIJIACTOB MU
Bacceitn HaTeropus
OXpaHH B Y 8
Kysnmenkui
B KaMeHHOYroJIbHHX TIOpO- I 70—0,8a 75 75
Aax HO 1e Gouee 30
II 80—0,8a 80 80
HO He Gouee 34
1381 85—0,3a 85 85
HO He Gogee 37
B HaHOCAX : — 45 45 45
MopMocKkoOBHNE
1 — — 50
11 — — 50
II1 - — 65

ycaoBuit moinoil mogpaboTkKY; MM OTAX KC YCIAOBHME COCTaBJensl 4 BCE
pacyeTHBIe HOPMYJLLI.

Benununna MaKCHMaJdbHOTO OCENaHUsA HOBEPXHOCTH B MyJb/ie ompene-
JAeTcsi 1m0 ciaemylomuMm Gopmyaam:

NpA TOPHU30HTAJALHEOM 3alleTaHOM IL1ACTa

No = G, (3- 5)
Opa HAKJOHHOM M KPYTOM 3ajieranau 1mJjaacra
No = g, M €COS C; (3.6)

31€Ch 1), — MaKCHEMAaJhHOE OCelaHuc;
m — MOIIOCTE pa3pabaTeiBaeMOro INIACTA;
o — yrol majfleHHs OJacTa;
@o — OTIOCHTCAbHAH BCAMYMHA HAUOOIBINET0 OCeJaHHA.

3navenus OTHOCHTCNBHHIX BEIWINH HAROOJBINETO OCEAAHMA JJIA
pasinunnix Gacceiinos CCCP mpusogsaTcs B Tabi. 14.

B Tex caygasax, Korna 3madeHUs ¢, HEeM3BECTHHI, MOKHO N0Jb30~
BAaTBCA clefyomumu GopMyaaMn:

IpM TOPUBOHTANBHOM WM NOJOTOM 3ajleTalHMH INIAaCTa

25

= —m, ’ 3- 7
o= St vA (3.7)
OoOpyM HAKJIOHHOM H KPyTOM 3aJicraHan
25 .
= —_— cosa .
M= sy " (8-8)

rige i/ — ray6mna ropumix pa6ort.
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Tabauya 14

3HaYeHNA OTHOCHTEARHLIX Beinumn HambGoabmero ocemaHuA
AT1A pazamuEmx Gacceiinos CCCP

OTHOCUTEJIBABLC
HanMmcHOBaHUE BeAMUNHE Hal-
Gacceiina VYei10BlA 3aneradvdaA IIacTos 60:bILETO 0ce-
daHudA go
Jloncuxmii Honoroc zaneramue, LUCp- 0,5—0,6
BHYHAS Mo paboTKa
IlosropHuas HoupaboTKA 0,66
Kysneuxnit Hlomoroe 3amerauue 0,65
Kaparaganucknit | Topu3oRTaJbUOC 3ajera- 0,70
nue
Kuge:1oncknit IHonoroe sajxeramue 0,60
Yeaabuucknit Ilo:0or00 3aI€Tapme 0,90
TMogMOCKOBHEIA — 0,85

Maxkcumanpueie gedOpMalMl TOBEPXHOCTA B MYJIbAe (YIVIbI HAKJIOHA)

onpefeasiorcsa puddepenupoBanmo A pasiuunbix (acceidnos; coor-
BeTCTBYWOIUE pacyeTnbie GOpMyNH upuBepeHbs B Talbd. 15.

31eck L — paccTosiHle OT TOYKN MAKCUMAJIBHOTO OCeMaHHMs O I'pa-

AROBI CABMMKCHUA B paccMaTpuBaeMoil moxymyasae (puc. 13); ocraibusie
o0o3naueHna upeIRAKe.

Bennuuna L wmomer Owrtb oOmpeneiena rpadudeckm Ha paBpe?dx

nwim mwo  Qopmyaam:

B NOJYMYJbJe IO HaJeHMIio

L= H,[cigy, + ctg (P, + a)}; (3-9)
B uonymynbne no BOCCTAHUUIO
Ly =1,lclgy, i-ctg(p — a)l: (3.10)
B DOAyMyJamnfle 0 TPOCTAPAHHIO
L, =Hletgd, - ctgis]. (3. 11)

Aaa oupemenenna ! mpuMeHAOTCA ciexyoImme GOPMyIIB:
l=05H opm D> 1,4H.
1=0,14H 4 0,25D upu D < 1,4A H,

r
ne D — paaMmep BHDPaloTKN N0 paccMaTpPUBaeMOMy HampaBJdeHHIO,
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Tabauya 15

Pacuernnie ¢opmy:hi [ onpefelieHAA MaRCHMAaIbHEIX

YrJ0B HaKIOHA

HaumMeHonaHue

MaxcuMaJIpHble YIJB HAKIOHA io

Gacceiila
JoHenxni ; Mo
lp= 2 —
L
ip=1,5 —g—- upu @< 45°
, m
lo=—g mpH 45° <a < 65°
Kysuenkui 19=0.9 lzo"
(mosoroe manemnc)
Yenabnucrui . 330
lg=————-7— B HOJYMYJBJAC
140,22 = TI0 BOCCTAHHW
Mo
330
== y7i B DOAyMYJbJE
1+4+0,22 ———— o LAJICHHIO
1o COS @
Knaeaopcruid . 330
b=
1-+0,18 m—&
Kaparangus- 15
CRUil to=1w g

QopMyasl gy onpefeleHusi MAKCHMMAJIbHEIX TOPUBOHTAJIBHLIX Cl(BM-
sHOMUM, MaKCAMaJbHWX TOpH30HTAIBbHLIX JepopMamdil pacTAKeHUs
M CKATAA ¥ MEUHAMAJBOHX PajJNyCOB KPUBH3HLI CIVIa;KeHHOH KpUBOIl

oceranasa mpusoparca B Tabx, 16,

Tipm mpoextupoBapdu Tpy6OmpOBOJAOB HIPAXOAHTCA TAK:e ONpee-
AATH BEAUYWNLI TOPH3OUTAJBLHLIX CABFIKEHAM B OTHENBHLX TOYKAX
MyJIBAEL. 1A 2TOH HexH npeiioker pAx GopmMyd 1as paspuix OacceilHOB.

Pacuer ropusonTadbHEX CABHKEHMI MOBEPXHOCTH B yciaosuuax Huae-
gosckoro, Haparamguackoro, Yeasbunckoro n Kyanenkoro Gacceifnon,
IIpH O0JOIrOM M HAKIOHROM mageHun oJIacTOB, IIpOP[3BO}1ﬂTCH o GJIeJIy-

omAaM GopMyIaMm:
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Tabauya 16

{popMyJIl:I AJIA ompeeIeHnd MAKCHMAJABHLIX TOPH3OHTAIbLHLIX CJIBIHHEHMH
MAKCUMAIBHBIX TOPUIOHTAABHBIX ,ue(bopmalmn H MHHHMATbHBIX PaJHycoB

Marcumanhibie TOPH3OHTAJIBHLIE
: MuHMMaRbLAbT| JiepopMansin
Hapmeropanie | o | Panityg KpiBHaIH
2 cjiBitikeHue Lo Bmin PACTSIKCHUA caTHA
€op €c
. _ L H H H
Honenxui =g = 4Ny Ry =13 m &op = 0,7 m 803:0’7;
upH a® a (mpn < 45°)
0 10,2—0,25 gop=(1--1,5P) =* n“
10 0,35
20 0,50 ¢
30 0,60 re P=tga——
Mo
(Upir 43° <<a < 63°);
W — montuoctTh HANOCOB,
¢—0,01-+0,02
" - H £
Hyimellﬂﬂﬂ (“0‘ §0 :O,3J No ]{lllill =13 — Egp = 4 =2 1[ Epc =4 — 1[
Joroe 3aliera- m
one) 2 g,
Hp?KOHL(‘B\il(O: Eo=1olga R =~ Eop=14 ; —
RucesieBeRrnit 5,67, ,
paiion
Rusenopexnil Eo=10,37, — Eop = 4 Mo | 8=~ ! To
125 200
H H H
Kaparauyun- Eo=10,31, Runin=gomm | cop—0.8 — goc =0,8 —
CKRU (1o mpoctupa- LOim m m
HUIO)
Bo==ayn,
(B OyMYyILIC
U0 1A 4eIHIo)
Eo=1as",g
(B noaymyange
TI0 BOCCTAHUIO)
00 nmmmm mpocrupanns
Ex =— 0,43 E0S ey (3.12)

U0 ymEMEM BKpecT npocTmpaHMs IIACTa, R TOTYMYJbAe N0 NAJCHHIO

Ee = o[PS~ 0,43 (ol

(3.13)



78 Pacuem mpy6onposodos, yraadsearmor 6 palionar 20pHWT paspabomox

Baech
P=tgy— 2,
g M

0
fae W — MOI{HOCTL HAHOCON;

¢ — mexoTopuit KoadpPumuenr, npu « < 25° ¢ = 0,01, opr a > 25°,

C == 0,021
a a; U a; UMeT CJACAYIONUC 3HAYCHUA:

a | oa | o«

[]

0—9 | 0,30 ! 030
35 | 060 | 015
60 | 0.90 | 00

Puc. 16. Cxema pacyera cABWKeHHWIL I jiedopManuid B OTACHb-
HEIX TOYKAX MYJILALI.

Bemmunan S(;) 1 S(;) nyewr clrefyouie 3navenA:

Sy~ 1 —-Z-{—;t sin2n Z —-—%—sirﬁnz;
S = -2(14 cosnZ)sin? a Z,
e Z= - (pmc. 16).

L

(3. 14)

(3.15)

]. — paccTosHme OT TOIKY MAKCUMAILHOTO OCETAHUA TO TPALMIBL MYJIb/bl
CHBHKCIAA, KOTOpoe HaxogaT mo gopmydam (3. 9)—(3. 11);
z — abCumuccH ompeyesieMOoli TOUKH (Ha9ajJo KOOPAWHAT PAaCITONaraerTcs

B TOYKe MaKCHMAJLHOIO OCE/Ianus).

TO‘[KH, A1 KOTOPHIX pPaccYUTHBAOTCH TrOpU3OHTAIbIIbie CABUKEHNNd,

oupefedsnioT, Kak nokasano pa puc. 16.

Pacuer ropuzonTaidpHLx cABM;KEHUH 3eMIIOI NOBEPXIIOCTH B YCIAOBHAX
Honbacca npu 110amoi wogpaboTie OpPOR3BONAT IO CAEAyIOUMM GopMy-

JTaM:
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g0 JAHAH IPOCTAPAHAA UNACTA

Eoy = 20,45 1uS . (3.16)

10 JWHHH BHpecCT HpOCTﬂpaHHﬂ IjjacTa, B moaymyjabjae o Ha;IeHuio
& = M0 [PS ) —0,5a8(»], (3.17)

rae Si =1—Z + 5—sin2x Z; (3. 18)
Sty = — 2sin’ 5 Z; (3.19)

a=— 01 30.
Ilpm HeGoJbmOR MOUHOCTE HAHOCOB peKOMeHHyerca (gopmyxa

Ew = — 5 M0S(a- (3.20)

C nmelplo yOpomeHusi PacieTOB MOKHO UOJH30BaThCH 3HAYCHUAMM
S ® Sy, npasemennnivu B Taba. 17.
Tudauya IV
3navennsn S u S,

JOna Tusenorckoro, Kapa-
X Jna Jomeunoro Gac- 'a’f;“ lll}?;l?gg;{o?g”ﬁ’?c%gg;ggo
L cenna (110JI0r0€ M HaKJIOHHOe
najenue Iaactos)
1
Sez) Sz 5¢) 3z)
0 1,000 0 1,000 0
0,1 0,994 —0,19 0,988 ~-0,37
0,2 0,951 —0,69 0,908 —1,25
0,2 0,851 —0,131 0,739 --2,08
0,4 0,694 —1,81 0,512 —2,366
0,5 0,000 . | —2,00 0,288 —2,00
0,6 0,306 —1,81 0,124 —1,25
0,7 0,149 —1,31 0,037 —0,54
0,8 0,049 —0,69 0,000 —0,13
0,9 0,006 —0,19 0,0005 —0,01
1,0 0 0 0 )

Pacemorpennite Brme pacuetsie Gopmyds, ompenens0inue Beau-
gg;‘:‘n CABUAEHNA 3eMHOM UOBCPXHOCTH, OTHOCATCH K CJyYaio pa3dpa-
onnoro miaacra. llpm paspaGoTke HCCKONBKHUX NJIaCTOB pacyeT
Redopmanuit ycaommserca. B aTom cIydae ClemyeT mnpeABapuTeIbHO
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HANTH BeJUYuHnl leGopmanuid B TOUKAX OTACHBHO B3ATHIX MYJb] CHBHKe~
HAA OT KaK[Oi BRIPaOOTKM B OTACIBLHOCTH, a 3aTeM UPOU3BECTH alre-
OpandccKoe cllojkeHHe Tpa@uKOB OT BCeX BHIpaG0TOK BO BCex IIACTax
1 IOCTPOMTh CYMMAapHHE I'PadHKU CABUKEHHA U JedopManmil B 3afawHbBIX
TOYKAX 36MHOH ITOBEPXHOCTH.

§ 19. Pacuer TpyGonposojos

Ilpu pacaere TpyGOnPOBOLOB, IEPECEKAOINX PAlOHE MY, bl C/{BUKE~
HUA, TNIaBHOE BHUMaHue caenyeT o0paTHTh HA PACTAIYTHeE 30Hb MYJIBIH,
B KOTODHIX TPYOONPOBOJHI MCUKTHBAIOT PACTATHBAKIMME HANPIKOHAA,
0oJiee omacmole, 9YeM CIKH-
MarwlLe.

0. . KapaBaer cge-
AaX TODBITKY YCTAaHOBHUTH
GYyDBRIIMOHAABHYIO 3aBUCH-
MOCTH MeRay Aedopmanuent
rpynTa M HaupAKEIHbIM
COCTOAHHEM  TPyGOIpOBO-
ga. Om  paccmoTpen yda-
cTor TpyGoupoBoga bHh—F
(puc. 17), Haxomsuuiicn
B HIDKHCH  1I0JIyMyJbJe,
PacoI0KeHHO| CO CTOPOHDI
HajeHusa 1JIacTa, Ige BO3-
HAKAIOT Haulolpmue Je-
dopmanuu. Ha arom yuacTre
TOPH3ONTAILILIE  CABUMKE-
Puc. 17. OO0osHaucnme n1eMEHTOB MyJdbabl HA RHS HMEIOT ONHO Hampas-
paspese BKPeCT IIPOCTHPAUMSL JiIA PacyeTa TPY-  jopme — OT nepudepEn K

60npOBO;IOB,
4 e — pachpexenemc HEHTPY MYJNBAB; 1a yda-
T — pacnpeleiienue ocelXaHul; — enex . 1
TOPHU30HTAJNBHBIX ncd)opm;;mﬂ; t — pacupenenciue CTHC b—-r UPOUCXOUT
FODH3OHTAJIBHBIX CORMMKEHMI, L1 — OJINHA MOTYMYIIbIb! .
CO CTOPOHBI MajeHnd;, /; — JIMHA pacTAHYTOX YacTH CraTue, a Ha yyacTke

r————~ R

HONYyMyablbl; I, — OJIMHA 30HBL CDBIBA DYHTA OTHOCU- I'—F — pacTszKkenue.

TEJIBHO TPYGONPOBO/A B PACTHHYTON 9acTH 1O YMYAbIbI; ¥ i

lr'c — JJIMHA 30HbI CPEIBA IPYHTa B CKaToW uacTH no- Hpn BMPO‘J‘O pacyernon
AYMYTBEL dopmyant cjesraro mouyime-

HMe, 9T0 B Toukax B u /[

FOPUBOHTANLHOE CMeluenne rpynTa OTHOCHTCILHO TPyGOLUPOBOZA paB-
HO KpuTuU4eckomy. B odrom c¢iyvae B 30He pacTAMCHUA, BJIEBO OT
trouru /[, Gymer pacmpocrpansarses ofiacTh cpriBa. Bupapo or Touku J
TOPU3OHTANbUbE CABMKEnus M HedOopMalUM YMEHBIIAWTCH, M NO3TOMY
cphis Oymer pacmpocTpanaTthesa oT Touku J| K Touke I', rje smiopa aGco-
JIOTHLIX TOPHU3OHTAILHLIX CABUIKCHMI MMCET MaKCUMAaJbiible 3HAYCHWMA.
PaccmarpmBas TpyGoupoBod KaK uenTpPalbHo pacTAHYTHIA 3JeMeHT,
3aINEMJICHHHA B TPDYHTe MHTEHCUBHOCTHIO (Jo, IPOIMOPHUOHATILHOU OPHAU-
HaTaM dNIOPH TOPUBOHTANBNLIX AedOpManiid, U TPUHHMMAA C U3BECTHEIM
pubITHs KenneM KPUBYIO TODHIONTATLHAX fedopmaiuil Ha yvacrke I'—/]
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e

3a CHHYCOMIY, MO;KHO TONYYHTH CIEXylONYI BecbMa HpPUCIIKERRYIO
$opMyTy JUIA OUmpefeNeHUs nanps:;keawi B TpyGonpoBoje, MOABep:Ken-
joM BIHAINIO fepopmanmit 3eMmofl HOBCPXHOCTA B PaioHaX TOPHHIX
paspaloToK:

1 K I3
= %"6—‘(1 —cos T Ll{) ; (3.21)

ageck Qo — BeIUMYHUIIa 3amEMIIeNUs TpyGompoBoaa B rpyure B kl'/cm*;
Iy — paccToaHMe OT TOYKHM MAKCHMAaJbHOTO TOPH3OHTAIBHOTO
CNBUGKENUA [0  I'paHUILL
CIBIKENUA, ONPCHETIACMOTr0

yraom Poi, B oM,

& — Tommwuma cTeHKH TpyOoIpo-
BOJA B CM;
{,, — paccTofnue OT TOYKH MAKCHU-

MaJBHOr0 TOPH3OHTAJIBHOTIO
CABU;KeHAA 0 TOIKH KPHUTH-
TECKOTO CIABUKENAA B CM.

Ecau TpyGoupoBsojy IpoXOAUT HO Ju<
HAM TpocTMpaHusi, Bmecto L1 caegyer
fpUBAMATh BCIUYHHY [3, T. €. paccTosamne
OT TOYKM MAKCHAMATBHOTO TOPH30OHTalb-
10TO CHOBWKCHUA A0 TPANMIH  CIBMIMC-
uAs, onpeneiasemoii yraom do (puc. 18).

IIpu mpoxosaeHAU TPyGOIPOBO, o Pne.
PH IIPOXO3A pyvorposoaa I TOB MyibIH 1pU pacdere TpY-

18. OGoauagenne dAeMeH-

SIMHUU  BKPCCT UpOCTHpaHZIH B IIOJILy- 6ompoBoIoB, YKTALBACMEIX
MyJdpfie N0 HOaJCHUK [1 =2, 3= 2 IO NpPOCTHpPAaHMIO INIACTA.
2 2 n — pacripeucsIenne oceNaHuii; € —

r DPACTIPCACIHEHME TOPUSOHTAIBHHX Je-
me L1 maxommicst mo dopmyde (3. 9), e n . o

a L3 — 0o (i)OpMy-TIe (3 11) PU3OHTALBHBIX annmen;ﬂiﬁ; Ls —
INIMHA ~ TIOIYMYJIIBJIBL, 3 — JUIMHA
_ Paccrosmie l“ PABHACTCSH PABHOCTH  pacrAmyTol 9aCTM NOAYMYIBEES L —
A0CIHCC 1A MYJbJie: JJIMHA SOl CPHBA TPYHTA OTHOCH-
Teablio TpybonpoRosa B8 DPACTAHYTOU
I, = X§0 . XE (3 22) YACTH UGHYMYIBOR.
== HY .

rle Xio — alcumeca TOYKM Ha MYyJble, HMewmel MaKkcumalbnoe ropu-
30HTAJBIOE CHBUJKEHIE;
Xy — afemucca TOYKM Ha MYJbJe, e TOPUBOHTANBIIOR CABHM(CHAO
pasuo L.
SHavemusa Xgo U Xgy ONPEACAAOTCA JIH HAODPABIEHUIl BKPECT MPO-
CTupauus u no mpoctumparnw o dopmydasm (3. 12) m (3. 13).
Ecau tpacca TpyGompoBoma mpoxopuT OTHOCHTEIBHO pa3pabaThiBae-
:“X MAACTOB [O JAMAroHaJHPHOMY HANPABJIEHHI0 K UDOCTHpAHHIO, TO
€lwanna I, BEuncIzerca mo gopMyiIe

]
Iy puar = lx. mp +- 90 (lx. nax — lx. np)> (3. 23

6 3akas go;5
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rae L gmar — pacdeTHOe 3Ha9eHHMe [, B AWATOHAJBHOM HAUpPABJEHAM;
lx. np — 3HaYeHHe [y IO WPOCTHPAHUIO;
Iy, nax — 3HaYeHHe [y DO IAJEHMIO;
0 — ocTpwil yroa, o6pasoBannubi HanpabJeHHeM MPOCTHPAHNA
¥ HamnpaBleHmeM TpyOonporoja, B rpagycax.
llpu mmaromanpuom wanpasldenuH TpyGompoBoja BMecTo [1 mpuHm-
MAeTCsl BeINUUNa Inpar, A5 €€ OUpefelleNnsl npUMeHAETCs CIeAyIomast
¢opmyaa:

]
L. ymar = I3 + 90 (ll — l3) . (3 24)

Beanunna samevilenusa mosker OHTH oIpesiciicHa 1o dopmydie
T=¢gulgQ o (3. 25)

rge ¢ — yroJ BEYTPEHHEIO Tpemms IPYRTA B rpajgycax;
¢ — cuna cneudienusi Tpyuta B kIl /em?;
gu — WOpMaJTbUOe JNaBlende TpyuTa Ha TpyGoupoBomy B kI /cm®.
Jis aToil meam MOMKHO TAaKMKe NONb30BATBCA [aunnbima Tabu, 18,
B KOTOPO¥ mMpuBCUeHbl 3HadeHHA (Jo MpH pasiIMYHKX IraAy0uBax 3ale-
ramusg TpyG60lipOBOAOB.

Tabauya 18
3maucHuna auievieHuii TpyOOHpoBOJIoB B I'PYHTE mpH LPOAOKATEILHOM CPOKE
IKCI1yaTaHu

. gé E‘% é 3amemsienne Qo xI' cm2 npm
P S = = 2 = 3
Bo = e g (=} o 1 -] =1
Buabl TpyHTOB g 2. 2% = = 5 = s
BEZgZ| 287 | 82| 1 I ! L i
EEEE S 2 S8 = = 3 3 [
»aER| O |CER| = > m = b
I'AyHEE TAMKeabie, IIOT-
HHEC .« « o o » o « = » 17 2051 045 0,51 | 0,53 | 0,54 | 0,56 | 0,57
Tauns M3BECTKOBHIE
cpenHel uaoTHOCTH . 14 1,951 0,30 | 0,35 0,36 | 0,37 { 0,39 | 0,40
CyTJIMHEKY TpeTHIHEIE
TAUHUCTEIC, TJIOTUBRC 19 2001 0,20 | 0,27 | 0,29} 0,30 | 0,32 | 0,34
CyTaunK J1eCOBUIHEIC
TBLJICBATHE, cpeaHeit
ICIOTHOCTH . . . . . 23 1,901 0,231 0,34 | 0,34 | 0,35} 0,37 | 0,39

Cyl‘ﬂllHRH qe'rnep'ruqume
ﬂeJlIOBMﬂJlbllLlO hiJie~
BaTO-TICCUAInCTILIE . . 25 1,90 | 0,43 | 0,22 | 0,24 | 0,26 | 0,29 | 0,3t
Cymnecuy JICCOBH/IURIC, IIBI-
JnieBaThle, CpeaHeH nnoT-

HOCTH « v « o o « o 19 1,85 ] 0,035, 1,10 | 0,42 | 0,43 | 0,44 | 0,46
{lecKH UHJCEaTO-FIMHU-
CTHIE « + « + o o + =« . 31 1,94 ; 0,045/ 0,43 | 0,46 } 019 [ 0,22 ] 0,25

IleckH MeJNKO3epPHACTLIE
nplIeBaTHEe . . . . . . 34 1,92 0 043 | 047 | 020 ] 0,23 | 026
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Tak KaK BeJIUIHHA 3aMeMJCHAs 3aBHCHT HC TOJNBKO OT XapaxTepH-
¢TOKN TPYRTA, HO M OT NPOZGKATENLIOCTH 3KCOIyaTalll TpyOompo-
Boaa, 3alemienre TpyOompoBosa B QYHKIUH BPEMeNH MOKHO ompene-
SIATH 10 ONLLITHLIM JAHIORIM, IPUBEJENHLIM Ha rpaduke piuc. 19 gra Tpex
BHAOB TPYNTOB.

PaccMoTpennas MeTojluKa pacgera TPyOGOIpOBOJOR HCXOMT B3 YCJIO-
puii X paboTel B ynpyroii ctaguu. OjHaAKO HOCTH:Kenyue MeTaNI0M TPYO
gJacTAYCCKNX jedopMalMU  1e UCICPIIbI-

paeT Hecylmeil cmocoGHOCTH TPYGOIPOBOILOB. © 7
Kak 6blJI0 YCTAaHOBJIEHO, HNPEACABHLIM CO- 5 G40 - -
CTOATMEM IS TPYGOIPOBOMOB HBIACTCA UX i“‘; 21 ]
paspymeHne, T. €. JOCTH;KCHUE B IPOFOINb- §S(]20 7 T—
HOM HampaBIeHAU WampA:KeHWU, PaBHBIX %{ ’ / J
npefeay npourocti. CllefoBaTelBHO, B yeI0- NS

©

BHEAX H0ApPalOTKU OIarogaps DIACTHICCKUM
cBOMCTBAM MeTadma Tpyd TpyGompoBoIL!
obmajanT G0JBIIAM pe3epBoOM Hecymeil cmo-
cobnoct. Haxomnce B pacramyToil 30HC 5 19. IKipushe, xapai-
MYTBJILL CUBIEHNsH, TPYGONPOBOAL!, IPEKIE  repusymouge  3aBHCAMOCTD
weM pasopBarbes, OYAYT OedopMEPOBATLCA  3almemienus TPYGOMPOBOIOB
(BRITAIMBATBCA), CICAyd B34 dedopMalfusiMA  OT NMPONOMAKUTCILIIOCTH JKC-
pacTssKeNisL TPYNTa. TAyaTauds # BHAQ pyHTA.

. e 1 — g ravaol npu roy6uxe
Tpybuaa crazh, ocodenno yracpopucras, 1 -—-rf TpyGoTpOROnA 1,3 —

0 10 20
Cpox sxcnnga mayuu,
anem

MMECT NMIOMAJKY TeKYYeCTH U CPABHUTEIABHO 1.4 mi 2 —InA CyrauHKa NpH

. . raybune sanoxenna 1 wm: 3 —
BLICOKOE 3HAYEHUC OTHOCUTEILHNX YUIH- i iecxa 1pd rayoune  saio-
Hennil upu paspuee (0 20—25%). Komneano, meHna 1,9 m.

paspmB Tpyd B UPOACILIOM HampabBJe-

HAY DPOMCXOJUT YIPH 3HAYUTETHHO MeHUBITMX OTHOCUTCALHHIX YU TUlie-
nuax. Tak, nanpnmep, MpH UCHHITAUUAX ONBITHLE TPyOL U3 YTICpO,[U-
CTOli cracnt HAMHON 1 M paspniBasiuch NPI OTHOCHTCNBHOM YAJIMICHUM
ot 18 xo 23%. Cregyer OTMETHTh Tak#i€, 9TO OTHOCHTCABHOE yIJIMICHHE
YMCubmaeTcs ¢ yBeJUYCHUEM BNYTPCUHETo HABICHUS; TTPU KOJbI[EBBIX
Hanpsireuuax uopagxa 2100 xI'/cm® OTHOCUTETRIIOE YATHICHAC CITUMa-
Jock g0 13,0%.

Ectecrsenno, wro TpyGouponoxst GONBIION IPOTSIKCHHOCTH pasop-
BYTCH npu ewe MenbIIMX y/AJuUNCNUAX. B pealbibiX YCJIOBUAX B CBA3H
€ HepasnoMepHOCTRIO Aedopmamyii 3eMHOIl HOBEPXHOCTH ¥ HEIOCTOSH-
CTBOM afiperTa BamEeMITCHIS pacTATUBAKIME AedOPMAIMH  MOTYT
KOIIIIOHTpupOBaTLCH Ha YyYacrTKe prGOHpOBOJIa OI‘pa]lll‘l(}HHOﬁ I INHDI,
4 970 noimkno OTpUNATETBHO CRA3ATHCH HA BETUYAHE OTHOCUTENBHOTO
YInHenns, He(:MO'rpH Ha YTO, PABIIOLPOYHLIE pr60np0130:1m MOTYT BOC~
ODUBUMATE 06LITHO BOBNUEKalOIIe AeOpMAUMM B pacTAHYTOH 30He
ryzv'zzum CABIIKEHNA, AOCTUTAIOUIUC B OTHOCUTETBHO DPEAKUX CIydamx
una’g;lylgm oGpa3oMu, AMeeTcH peallbHAas BO3MOJKHOCTL MCIOJIH30BATH

€CKEe cBoiicTBa TpPyGOLPOBOXOB, TTO Oymer cmoco6cTBOBATH

6*
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3HAYHATENbHOMY YACMIEBICHUI0 CTOMMOCTH PafoT mO COODPY:KeHuio TpyGo-
nporonoB. B sTOoM cayuae, ommako, Heo6xOZWMa IOJHAA rapanTHR
KadecTBa CBapuux coegmuenmit Tpy6. Ciemyer ewe pas moudepKHYTH,
910 Bee 003 HCKJINUCHNA CIydadm pasphiBa HOMEPETHEIX CBAPHBIX COeqA-
HEHUA B OCHOBHOM OOBACHHIOTCA MJIOXHM MX KauecTBOM (T. €, HEPaBHO-
IPOYHOCTHI0 OCHOBHOMY MeTaJly Tpy0) I B Menbleil cTemeHM — BeJHA-
gupoi Jeopmanuif 3¢MHOIH NOBEPXHOCTH,

§ 20. HouerpykTnBunie MeponpHaTHMA
no samuTe TPYGOnpoBOXOB OT BPEJHOTO BIMAHHSN
ropusix paspadoTok

B Tex cryvanx, Korja no KakHM--1n60 mpUINHaM HEBO3MOKIO IOAY-
9ATH PABHONMPOYILIEC CBAPHbie COCIUMAEHNS N 06eceyuTh MOJNHLIHR HX KOH-
TPOJb, WIH OPUMEHHTb TPYOH ¢ GOMBIION TOJNUMIOH CTeHOK, PeKOMeH-
Jiyercs  OCYINIECTBUTH  DPAX
CIIe;yIOMHMX KOHCTPYKTMBHHX
MEpOTTPUATUH.

Yeuacame ¢ B ap-
HbX CTLKOB IIpPU IO0-
Mmomu Mmydr. Ecitm B cThI-
Kax WMmeioTes nebobuiie ge-
QEKTH, X UPOYHOCTH MOIKHO
yBEJINYHTDL IIPH IIOMOHIM YyCTa-
HOBKM  YCUJHTCIBHLIX MYyQT.
Jlas aToil LesiM upuMeHsIoTCs
HUMIUHLPHICCKUC MYTH C ral-
Puc. 20. Koncrpyrnua Myd.lTI:I c rﬁamemﬂo reabo  (puc. 20). OcmoBubic
AN yCHi1enmns (‘,Bap;l(;l: CTBIKOB TPy OIIPOBO pa3MepH TaRUX Myd)T le/lBe—

senn B Tada, 19. .
1 — mydTa; 2 — tpyba.
Coeayet uMeTh B BHAY, 4TO
CTLIKH, YCHJIUBaeMbIe MyQTaMH ,
HC JIOMEHLL UMeTh IpyOnXx dedexton. LBes mpeaBapuTeinHOTO peMonTa
MOJKHO YCMJINBATh JUUIL TAKWe CTLIKM, KOTOPHE 0CTaldAT ceucHHe
urBa meHee uey ua 30%. Cruiku, umeone rpyOue aedeKTh, NPUBOSH-
e K ociabiaennio cedenus maa Gosee yem na 30%, u moGoro pasmepa
TPEINVHbl, llepe/] YCTAHOBKOH My(dT uojle;xaT pPEMONTY.

OubiT NpHMCHCHMA YCUJINTENLHLIX MY$T Ha HpaKTuKe Jad IOJO-
JKUTEIbHbIE Pe3yTbTATHI.

Yecranoska KOMODEINCAaTOpPOB U HUX pacuer.
Honcrpykunu xommencatopos paspaGoranbl s TpyGoupoBo0B HHA3-
KOTO U CPefHero JaBieHUsA M IIPUMEHAITCA TJIaBiblM 00pasoM Ha BOJO-
Bopax. OHBIT UX IpMMeHeHHs Ha MaruMCTpaibHBIX BofoBojax JlomGacca
AaJl IOJOUTeNbHbIe pPe3ydbTATH.

Jia yCTaHOBKH Ha BOJOBOAAaX NPUMEHAIOTCSI TEJIeCKOMUYOCKHE
OJHOCTOPOHHHE KOMOeHcaToph (puc. 21), a Takke OBYCTOPOHHHE KOM-~
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percaTophl THna MydT «sHubo»
(puc. 22). Tum KOMIIeHCATOPA
pLIOMPAIOT MCXO[IsI U3 YCIOBUA
moApalOTKE M ero KOMIeHCH-

Tadauya 19

OcHoBHBIE Pa3Mephl UIAHAPHICCKHX

YCHINTCABHBIX MYPT (41.4)

pyoIAX  CcrocodmocTeil. IIa Ttonyexaenst| 34509 mencxy
OCHOBAHMH ONBITHBIX JaHBBIX H&%}"a’ggﬂﬁ Jimina| BasoD werny || KPOMHAME
f PacueToB KOMIeNCHPYOmMAd TDY6 mygra  MYPTOLM | cGopke ma
¢HOCOOGHOCTE  KOMIICHCATOPOB TpyGe
noiHa ObTh mopaaKa 200 mua.

YKazannble KOHCTPYKIIMA
KOMLEHCATOPOB 7 rasoupo- 3;?—1&7) 3}28 1—3; 3——;
BOAOB HENPHUTOJHB, TaK Kak é36_3’20 400 —3 53
on¥ He 00ecneuymBalOT Irepae-
taanocTd. B aTMX cayuaax
MOTYT OHITH DPEKOMCHAOBAHLI TIpuMewaune BuyTpenuuil iuaverp MypT

JUA30BhIe KOMIEHCATOPH (WX
opMcamme W pacTer cum. B § 37).

Goapliie HAPYIKHOPO /IMaMeIpa TPYOGR Ha 2 MAL.

IIpu mpoexruponanuu Tpy0oupOBOAOB ¢ KOMITEHCATOPAaMK OCHOBHOM
3ajladeil ABJAAETCS DelleHWE BOIpoca O PAaccTalloBKe KOMIICHCATOPOB

mo JaamHe TpybompoBosia, T. e.
ompeyelefiie ONTUMAJBHLIX pPac-
CTOANUM MEMRIY HUMH.

Pemenne »aToil 3amaum CBO-
JUTCH K  ONPCAeNCHMI0 TaKoH
OpefleibHON  JUIMHBEL  y9acTKa
TpyOonpoBojla, HA KOTOPOil pac-
THI‘HBI]IOII[UC ycuanmsa ne JOJIKIbI
UPEBOCXOTUTh ero Hecyineii cmo-
cobnocrr. 1lpm arom, Kpome

Puc.

21. Opuocropommumit canbHHKC-
BhI{ KOMIlEHCATOP.

1 — 1py6a; 2 — konbno; 3 — Pnasup; 4 —
CaJbHUKOBOC YILI0THCHUE.
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yewruii, BozEEKawux B Tpy6boupoBoge B mpouecce mogpaboTKA, HE0O-
XOJJUMO YUYHTLIBaTh TAK/Ke NPOJOJIbHLIe PACTATUBAIOMME HANPIMKOHUA,
uoABIgmUecsa B Tpy6oopoBoge B pe3yJibTaTe TEMIEPATYPHLIX BO3Jeii-
CTBUWii, BHYTPEHHETO JaBjienusi u marula.
Paccrosinusi MeKIY KOMIEHCATOPAMM OLDEJIeNAT IO Cleaylomei
IPUOIMKENHol ¢opmyre:
« cBm_ N A
L= 22 - 299 (3. 26)

ape Ly — paccTosAue MexAy KOMIEHCATODAaMH B cM;
6 — Tonmuiia cTeHOK TPYO B cm;
m — Ko3pPUNMCHT yCaoBHi paborsi;
RY} — #0pMATUBHOE COLpPOTHBICHUHE CBAPHOTO 1HMBA NO Ipe/eady
npounoctn B rl'/cm?,
3 1
Y0x — cyMMa NPOJONBHHIX PACTATHBAOMUX NAUPAKEHHH OT TeM-
HIepaTypHOTO BO3JICHCTBUA, BIYTPEHIEro JaBACHUA B yHpy-
roro marunGa B xl'/cm?;
¢, — samemienue tTpyGonpoBona B rpyaTe B Kl/cm®.

7%
;//7/

v

& 8 1072 1616 18 25 5075100 150 200 250 300
Tonw,unn cmenru mpy - Baccmoarue mexcy Komnenrame -
Goi MM pamu,m

Puc. 23. llomorpamma i18 pacdeTa pacCTOSMITH MeHiLy
KOMIleHCaTopaMH.

JAas  ompenencuus pacCTOAHMIT MCRIY KOMIIEHCATOPAMHU  MOZKHO
BOCHOTB30BaTbCA Takke HOMOTPAMMOM, IpeAcTaBienmoii Ha puc. 23.
B aepoii ee wactu na ocu abeiuce OTI0KEHLI 3HAYCHHSA TONIEHBL CTEHOK
Tpy6, B INpaBOf — HCKOMBle DACCTOAHHA MEKAY KOMIEHCATOpaMU.
Ha RakJIOHNNIX mpsMbIX JIeBOl yacTH HPUBC/GHL 3HATeHUs 1] 'm — Do,
a4 HA TAKJIOHHBIX OPAMBIX NMpaBoil wacTH — 3HadeHuad (o.

Ilpn pacuere mo noMorpaMme IOCTYHAIOT CAEAYIOMHUM 06GpaA3OM.

Ot Towkn ma ocu alcuucc, COOTBETCTBYIOIMEH B3afaHNOl TOJMMUHE
CTeHOK Tpy0, MPOBOMAT BePTMKAIBHYIO HPSIMYI0 O ICPECCUEHHA C MpS-

. CB
Mol Ry m——-Zax. 3aTeM mpPOBOJAT TOPU3OHTANBNYI0 UPAMYI0 A0 Tepe-
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cedeHHA ¢ HAKJIOHHON DPAMOil, XapaKTepH3ylomeil BeIWYUHY 3ammeMie-
gna Qo, ¥, OOycKas BePTHKAJb BHU3 [0 IePeCeYeHHs C FOPU3OHTAIBHOM
ochbI0, HAXOJAT HCKOMYI0 BeJIRUHHY pAcCTOAHMA MEKIY KOMIEHCa-~
TopaME.

IIprMeHenre KOMIOEHCATODOB MOKeT HATH IO ABYM HampaBIeHHAM:
Ogp¥ IPOEKTUPOBANME ¥ CTPOUTCALCTBE HOBLIX TpyOOmpoBOJOB, KOTA&
KOMIICHCATODH IPC/lyCMAaTPUBAIOTCA UPOCKTOM, M IPH HX YCTAOOBKE
Ha SKCIJIyaTHpyloluMXxcsa TpyOunmpoBogax, OTHeNILANE YYaCTKE KOTOPHX
pofBePIKenNbl ropubiM mojpaboTKam.

VeTanoBKa KOMIEHCATOPOB Ha BROBB CTpOAIMUXCA TpyGompoBOAax
Mosker OLITh PEeKOMCHAOBaHA TOJBKO B TeX clydasXx, KOIfla HOPOEKTH-
pyembie TpyGoupoBoubl nMepeceKaloT YYaCTKH TOPHEIX BHIPDaGOTOK, pas-
pa0oTKa KOTOPHIX, IO MIAaHHLIM TOPHOro Haji3opa, 0y/eT NpOU3BOAUTHCHE
B Oamsgaiimec Bpemst nocle BBOAa TPyOUmpoBojga B SKCIIYATANHIO.
Ecan jxe moapaloTka NPOEKTUPYCMLIX TPyOoupoBO#OB OyneT mpoH3BO-
AMTBCSL Yepe3 B3HAYUTEJBHBIe 1POMEKYTKM BpeMeHM NOCIE HX BBOIa
B DKCOJYAaTalluio, YCTAHOBKY KOMIEHCATOPOB B NpoIlecce CTPOUTEILCTBa
clelyeT UPU3HATH NPEKACBPEMEHHOU. IJTO MOkeT OHTH 0GOCHOBAHO
TeM, UTO, BO-IIEPBHIX, YCTAHOBKA KOMIEHCATOPOB, MOTPCOGHOCTHL B KOTO-
pHX B 6aujkaiimee BpeMs OTCYTICTBYeT, mPH CTPOHTeNbCTBe TPYyOGOmpo-
BOJIOB 3a MHOI'0 JeT JI0 MX NoapaloTKH UPHBENeT K 3HAYUTEILHOMY
YBeJIUUEHUIO KauNTaJbHbIX 3aTPaT M, BO-BTOPHX, CYIIECTBEHHO OCJOK-
HAT YCJHOBHA BKCIJyaTanuu.

Mosno cauraTh, 4TO YCTAaHOBKA KOMIIEHCATOPOB Ha TPYGOMpOBOJaX.
nenaccoofpasuwa B Tex clyuanax, Korga moapaGoTka mocieguux 6Gymer
OpPOM3BOAUTECH MO Kpakineil mepe B 6ammaimune 3—5 der. Ilpu 6oan-
MUX e CPOKaX KOMHICHCATOPHI (MeCMOTPA HAa CBH3AHHBIE ¢ BTUM TPY/-
HOCTA) CJIefyeT YCTAHABJIMBATH B MPOIECCE DKCIIyaTaUWM HEmoCpel-
CTBenHO mnepe;; 10apaboTKOIl FamoeX ydacTKoB TPYy6onpoBOJIOB.

Paspeskxa Tpy6omposojos. Hanpsamenus, BosHA-
Kalonue B TpyGompoBo/lax B Pe3ylbTaTe FOPHHX paspaloToK, OCTANTCH
B OUX B TeueHNe BCero nepuofa oKcmiayartauunm. [Ipnm moBTopmOil mopu-
Pabotke B TpyGomposogax BOBHNKAIOT JOIONNUTENbIIHE HANPAMKEHHUA,
KOTOpHIe, CyMMHPYsCh € 1EPBOHATATHHLIMI HADPAMKEHUAME, eme (olee
YBeIUYnBaloT HanpAKEHIOe ¢OCTOSIHME MeTallla TPyO, YTO, KOHEuHOo,
HexeJaTeapHo.

ﬂﬂﬂ CHATUSA WanpssKeduil MoseT OLITH PEKOMEHJOBAaH BeCchbMa IPO-
CTO mpnem, saxiodalomumiics B padpeske Tpybomposomos. Jaa sToi
HeIn meoGxoaumo BCKPHITE TPaNICo, YJOMKUTH OTOJEHHHI TpyGompo-
BOX Ha smemxu m paspesats cro mpumepHO geped 400—500 x. B pesynsn-
TaTe pacTAruBalOIUX HATpA;keNuil KOMIE pa3pe3amnmx Tpy6 pasoii-
AYTCA ¥ Bce pakomJIeHmHEE B IMMX HANpsKeNus OYNYT CHATL. 3aTem
iaxeua PaspesKd BBapUBalOT KAaTYMKU ¥ TPYOONPOBOJ BHOBL 3achl-

T.

Ounrr mokaszaa, yro 510 CPaBOUTENBHO IPOCTOE MeponpusaTne obecme-
THMBaeT HOpmaNpmylo pabory Tpy6GompoBoja H ero HanpA:KEHHOE CO-
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CTPOSIHAE B pe3yJbTarTe PAa3pe3KH CHHrKaercAd ;0 MHHEMAJIBHHIX 3Ha-
YeHUH.

VYmMeunmeunne 3¢dPpexTa 3ameMmaennsn Hax moka-
3aJIM pacyueThl, CuJa 3aleMJeHnsa TPyGOompoBOjOB B IPDYHTE ABIAETCH
OUEM U3 OCHOBILIX GaKTopoB, BAHAMIIAX Ha HALPREHHOE COCTOAHHE
TpyG. Ilpnm Bcex mpOYEX pPaBHEIX YCIOBUAX C yBeJIMdeHHeM CHMIA 3ame-
WIEHNA HAUPsUKEHHOE COCTOstHue TpyOGonpoBOAOB BO3PACTAET.

B cBasu ¢ 9THM OpH NIPOEKTUPOBAHUMH YRJIaJKU TPYyOOLUDPOBOJOR
B IJIOTHHIX IPYHTax (IMI¥HA, IJIOTHRIE CYTJAHHKU 4 T. J.) MOKHO PeKO-
MEenji0BaTh 3acHOarTh TpybompoBogl rpynToMm, 00ecneIMBAIONIMM MHHU-
MAJAbHO® 3Ia4eHde CHJABI 3alnemIenus. TarkaM IPYHTOM, KaK W3BeCTHO,
ABIsETCA MEJKUH HeCOK.

ipu stom, ommako, ciaenyer ydecTh, 9TO YKasaHioe MCPONDHATHC
ABAACTCA IOPOTOCTOAMMM, TAK KaK, BO-TIEPBLIX, HeoOXOJ MO BHIBE3TR
BHIHUMAEMDIl W8 TpaHLieM TPYHT ¥, BO-BTOPHIX, 110jBe3TM ¥ 3ACLIIATH
TpyGomponoT meckom. Tem He Memee B psijje CIyuacs OHO MOKeET OKa-
3aThCA HKOHOMHUYECKY 3QQPEeKTHBALIM ¥ NODTOMY npenebperaTs IM He Cile-

AYeET.
§ 21. Pacuer Gesnanopusix €AMOTEYHBIX TPYOOHPOBOXOB

Brime yrassiBaJoCh, 4TO B Iporecce noApadoTRU pelbed MCCTHOCTH
uaMeHsieTcs. B ¢Bg3M ¢ 5TUM Hepejku clyJa¥ HM3MEHEHHA YKIOHOB
CaMOTeYALX TPy(OOHpPOBORXOB 1O CPABHEHMIO ¢ PACUCTHHIMA YKJIOHAMH.
1 pesyibTaTe 9ero HapyimaeTcsd ux HopMaipmHas pabora. Habmwoparorca
caydad, KOIjla B Ipolecce HOUPaloTKM caMOoTeynne TPpyOompoBOAH.
riaaBHEM 00pa3oM KaHaTM3AMUOHHBIX CHCTEM, IMOJY4YaloT jgaie ofpar-
BB YRJIOH, YTO BEIBOAHT BCIO CHUCTeMy W3 CTPOA H Tpebyer GOABDIAX
3aTpaT Ha mepeKIaKy TPyOoIIpoOBOROB.

B cBaAsu ¢ aTHM upH DpPOEKTUPOBAHUYU CAMOTeUNbIX JAMHOMH ma yrie-
HOCHMX TIOWAAAX Heo0XOAMMO 3apaHee IPeAYCMOTPETh BO3MOMKHOCT)
TAKUX CIY4YaeB W NPOHU3BECTH CHCTHUAJbHLIC PAcdeThl ¢ Iefbl0 omperpele-
BHs HeoOxofuMoro ykioHa. ONTHMaJbHNWE YKIOH MOMKET OHTB Ompe-
JielleH 110 popmyie

. (3.27)

Ige  ip — pacueTHBd YKJIOH KaluaJIn3alHH € Y9eTOM OKHJaeMLIX
Jedopmanuil 3eMHOI HMOBEPXHOCTH;
iBin — MUHWUMAILHLIHE HOPMATUBIMI YKIOH, HasHAYaeMuH mpH
o0nLI9HO MPOKITafiKe KAHAJAM3AaIMONHBIX ceTel BHE DaHOHOB
ropuelx pa3paloTok;
io — MaKCUMAJbHLA BO3MOMKHEH 00paTHH YKIOH TOBEPXHOCTH
oOpasylowaiica B peayisTate nOApabOTKA.

Bermanea io MOkeT OHTL ounpefeleHa 1o GopMyJiaM, IPHBEJEHALIM
B Tabx. 15. Ecian u3BecTnm yCHOBMA mOpabOTKH, jo MOKHO HAUTA
TaK;Ke B 3aBHCHAMOCTH OT KPATHOCTH IIOAPAGOTKE DO TrpadHKaM,
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npeACTaBICHHWM Ha puc. 24, i
25, 26.

B Tex caywasx, Korma Tpac-
ca KanalMsauwy  HaupaBiena
IMATOHAJBHO OTHOCHMTENLHO pPa3-
palaThiBaeMLIX HIACTOB, BHAYAJE
onpeeNsoT BeIMYURAY iy 151 Ha-
npaBlIeHNsI COOTBETCTBYIOMEro ce-
yeHUA MYJLIH CABUeHAA. Beslu-
9By lo CJACAYCT 3aTeM OTKOP-  Pyc, 24. I{pnBas 3aBUCEMOCTH BeJWIMHEN
PEeKTUPOBATbL HA  OTKJIOHEHMC WaKIOHOB 3¢MHON HOBEPXHOCTH OT Kpat-

Tpacchl OT HAlIPaBJENHA TJaBHG- HOCTH TogpaboTKy (1A gonem:oro Yrodab~-
ro ceycHuA noro Gacceiina).
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Pue, 25. Kpusas sasucmmocts Benmumun  Pme. 26. Kpusas aasmcmmocTH senn-
HaKAONOB 3CMHOU MOBEPXHOCTI OT KpAaT-  YUHH VaKIOHOB 3eMHOH TNOBepXHoOCTiE
HoctE moppaGoTkm (yiis YemAGuHCKOTO  OT KpaTHocTu noppabotku (miust Kuac-

yroapnoro Gacceiina). JIOBCKOr0 YTOIpHOTO Oaccelina). ! §

§ 22. Onpenencnue pIMHB y4acTKOB TPyGoupoBOgoB,
HOABCPKEHHBIX BINAHAIO TOPHBIX pPazpadoTox

Upu pacaere TpyGonpoBogoB neoGxonumMo yCTaHOBNTH JIMHY yuacT-
KOB, mojsepskesHbLlX BJINSHWIO FOPHMX pa3paboTok, T. e. OlUpELeTuThH
IPOTsKeuNoCTh SOHN 3alUUTLI. JTOT PACUCT HEOOXO0(HMMO BHMOJHATL.
UpH  mpumencHmM JOOLIX Mep 3aluTH TPYDOONPOBOAOB (yCTaHOBKA
KOMOeNncaTopoB, YCHIHTCIBHLIX MY(T, TpUMEHeHre TPYO ¢ TIOBLITmenoi
TOIMuyOH cTeHoKk M T. I.).

Onacuwre ygactiu ompejelisIi0T BHXOJ0M Ha IIOBEPXHOCTH I'PAalHYINX
YLI0B, Onsit nokasad, uro B Jlonbacce naGmogaNuc, caywan pa3phisa
Tpy6ouposonos 3a npejlcllaMit yYyacTKa, ODPE/IeNIIeMOro yTiaMU CABM-
KCHUSA, M fame B OTACILbHLIX CIyuaAXx 34 30HOH, OXBagenmnoit rpapuu-
BHIMH yriramm.

Hauny omacumx som maxomaT 10 dopmy:ie

A— za%v (Hyctgyy -~ Hyctg By + D, cosa), (3.28)
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rae A — pIARa B30I 3aNATH;
@ — yrox menee 45°, o6pa30BaHEEIH mepecevenueM Ha IJIaHe
HanpabJdenug TpyOonpoBoga ¢ JHHEHeH najennda WIH
BOCCTANUA MJIACTa;
Po — rpamnmuusll yrod y mmmmeil rpammust BHpabOTKH;
Yo — TPaHMUHBIH YyroJd y BepXHell Ipapuils BbipaGOTKH;
O — YTOJI majenisA NacTa;
Hi u He — rayGuna ropubix paGoT 0 Bepxmeii M HIKHEH TpaHmI
BLIPA0OTKY; '
D\ — pasmep BupaboThit,
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Prmc. 27. Ompeseleane 300 3amuTH Tpy6o1ipoRo 0B
rpadnIeCKIM MeTOHOM,
Ay — Bp — soua samuthl TpyGomponoga.

3ona 3amAThl MOsKCT GLITH TaKxe oupeieleHna rpaUUCCKE Ha BepTA-
HaJBMbIX Dpasdpesax IO COOTBETICTBYIOIEMY Dnampasienuio. Ilaa sroit
Heau B macirale BuIepUYMBAIT pa3pes U ILTaw ropmuuix pabor (puc. 27)
M IIPOU3BOJAT HOCTpoernHe YriaoB Yo U Po. YuacTor A1—B1 npeacrapiaser
€060l IPOTAKEHHOCTL 30HbI 3AIATHI,

§ 23. Oupepeacume nampaBiacHus Tpacchi TPyGoupoBoRoB
110 OTHOIICHHUIO K TOPHBIM Pa3padorkaM

Tpacch TpyGOmpoBOAOB LPH 11POERTHPOBANIE JIOMKHL HA3HATATHCH
TakuM 00pazom, wTOGHI YUACTKH, MOABCPKENHbIE BIUSHHUIO TOPHBIX
paspaboToK, MMEIH MHNHMAJBHYIO NMPOTAKCIIOCTE.

Bemnyuna n gopsa MyupAbl CjBUIKEHHS, CJHH €¢ pacCMATpUBATEH
B paspese «BKDCCT npocTupanmsy (T. €. NEPHNCHIUKYJISIPHO K PaCnoJIo-
JKEHHIO YTOJbLHOTO 17aCTa), 3aBHCAT OT DPAAA (GaKTOPOB: HaKJIOMHOIT
ISTHBL Jlakbl, yrila majenuss nJAacToB, FAyOunbsl pa3paGoTok u T, H.
Jmana MyTIbAbl yBeNHYUBACTCA ¢ yBeJHYEHHCM HAKJIOHTOM JJIUHLI JaBH,
yriaa agcHuA I1acToB U ray0uns ropahlx paspaloTok.

Ilpu ropusoHTaJbHOM MJH TOJOrOM 3ajleTanHu pPa3padaTbiBaeMbIX
AIAACTOB MYyJbjla TipnobpeTaeT CUMMETPMUOble OYepPTaHUsl, KOTODhE
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FAPYWATCH ¢ yBeJMYEHHCM YTIa Hajenus. Dedwduna MyJbgel cIBH-
;xelAA TPU paspese IOA YINIOM K pACHOJOKEHHI0 YTOJBHOTO NIaCTa
gMeeT CDABHUTEJIBHO OTpanudeHublc pasMepsl; HaoGopoT, B paspese
BOJb YTOJLIOTO TJIacTa MyJbJa MOKeT HAOCTHraTh B3HAYUTCABHEIX
pasMepoB, DPOJIBATAACH BCIeN 3a ABHsKenueM 3a00A M OXBaThIBa 00Jp-
e PAacCTOATNHA.

Ha puc. 28, @ mOKa3aHO pacuONORenHe B LJIAHC TpaHWI OTHCTHRIX
paloT M MYJBIN CABMIKENNA; n M m HPECTABIAT 31ech HIKHHE,
a p M ¢ — BepXIMil MTpern
aapp. lopusontans 20 ouep-
quBaeT rpanvnul My.ipabv. Ha
puc. 28, 0 ¥ 6 jamhi COOTBeT-
CTBEUNO BCPTHKATILHLI paspes
MYJALAB IO YyILJAOM K Pacmo-
JOKEeHHI0 YTOJABHOr0 uiacra
(uo I—I) | BCPTHKAJILIbLII
paspes BAOTBL YIOJBLHOIO ILTa-
cra (mo II—II), a raxe
YL cABMKenHUS o, f 1 Y, upn

TOMOINH KOTOPHIX ONPETCNAIOT- T~—_

CA TpaHUNB MYJBJALI HA 1O- ! i -——————/r
BepxHocTU 3eman. Ecatr Tpacca B ‘' ] s
TpyGoupoBoga maupaniena uo = Lzgrrz ,L*(EJ
OTHOMIEHNI0 K YIONLIOMY IJa-

CTY TOJ TpPsAMbIM YIIOM (T. €. Pme. 28. Ilnam MyJappul caBmkenms.

B paccMaTPUBAEMOM  CIydae

10 paspesy [—I) niau moy yrioM, OIM3KUM K IpAMOMY, TO Tpy6oupo-
BOJ liepeceKaeT CpABHUTEAbHO HeGONBILON YYACTOK 3eMHOM HOBepx-
HOCTH, moOfiBepsKenubil BIMARMIO ropneix paspaborok. HaoGopor,
B Tom cirygae, Korja Tpacca TpyOompoBoAoB pacloJjlaraeTca BIOJb.
yroaprnoro ujacTa UM Oepecexaer paspaGaThBacMLlil DJacT L0J MajlbiM
yraom, obuwass AamHa yuacTka TpyGompoBoja, HaXOJINerocsi B 30HE
BAMAHUA MyJIbAabl, 3HATUTENBHO YBEJIUYHBAECTCAH.

Otciona caenyer, uTo mpm npoeKTnpoBanui TPyGOUPOBOAOB B paifo-
HaX Topnnx BHPaOOTOR WCOGXOIUMO CTPEMHUTLCA K TOMY, 4TOOBI Tpacca
TPYGoipoBosios nepecekada YrodpRHeE NJAACTL U0 HPAMLIM YIJIOM, Tak
KaK npu orom yclIoBHM B 300y BpeHEro BIMSAHUA T'OPHKX BHPaGOTOK
lONanyT ToipKoO HMEGONBIIME UX YYACTKH.

§ 24. BuiGop Tpy6 pas cTpomTenncTBA TPYGOMPOBOXOB
B paitomax ropHbix paspadorok

5 Caenyer umern B BUAY, YTO He BCe BHIIYyCKaeMHe B HACTOAIee
PeMA TpyGmr (scnesoberonmere, YyryHuble M acOeCTOLEMENTHbIE) MO-

r )
6X:061,1TL PEKOMERJIOBaNK K UpPHUMEIEHNI0 B palloHaX TrOpPHHX paspa-
K,
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HauGonec nmpuemiems! g 3Toil Iedu crajipmbie TpyObl. Ilpm mom-
Task¢ TpyOOIIPOBOJIOB HW3 CTAJIBHLIX TPYD MOKIO YCTAHOBHUTL KOMIEH-
€aTOpHl UIM II[PHMEHHTb TC UM HMHEE MepOlpHiTHA, obecneumBaiomue
Heo6X0AMMYI0 HPOYHOCTH CBAPHEIX coeuHenuid m 0e3aBapnilnyio sKc-
nIyaTamuio.

B ycaosusx ropuEX Ppas3paloToK, Korjga TpyOOmMpPOBOILI HMCITHIThI-
BalOT 3MAuUTEIbHHE PacTATNBAIOMUE HAUDPSKEHUS, CIEYeT peKoMen-
40BaTh TpPyORI, M3TOTOBIEHHBIC M3 XOPOUIO CBAPUBAEMBIX CTajlei, 00aa-
jlaloiqux BEICOROH miracTHunocThio. slenareinno, 4TOOR cTaldb TPYG
ofxajiada 110 BO3MOKHOCTH 0GOJIburell 1JIOMAKOIT TEKYICCTH U XapaKTe-
pH30BaJach 3HAUNTEIbHLIM OTHOCUTETBHRIM YIAJIHHEHUEM IIDU DPasphiBe.
Cephesnoe 3uadeHHe HMECT TAK/Ke B 9TOM CJIyyae OTHOMIEIHE 1 peiela
TeKyd9ecTH K lpecly TIPOYIIOCTH, KOTOPOe JOJH{HO HAXOTUTHCH I 1Ipe-
genax 0,6—0,7. O6bacusaercst 9T0 TeM, YTO ¢ yBeJHYEHHEM Pa’pbiBa
MeKAY NpefelioM TeKydecTH M IpejesioM IPOYHOCTH CTaJkHBe TPyOni
OymnyT obnamaTth Golpmeill AeOpMATHBHOCTHIO, YTO SIBIAETCA BaCHBIM
ycaoBreM M uX OezaBapuiiHoil paGoTH B YCJAOBUAX CUBHKEHUA 3CMHON
moBepxHoctd., Tak, Hampmmep, IS CTPOMTEABCTBA TpPyOONpOBOMOB,
paGoTaonux OPH OTHOCHUTEIbNO HeOOJNBIIMX JaBIEGHUAX, UIA B Tex
clIy4asx, KOrjga TOJNO[AHA CTCHOK TpY0 Ha3sHaYaeTCA Ie M3 yCJIOBAH
KX pacieTa HA HPOYHOCTH (rOPOACKUE I'a30BEIe CETH, BOAOBOMH, TeIIO-
(UKaLWOHHLIC CEeTH), cleyeT peKOMeHAoBaTL TpyoOel ua cramau Cr. 2,
Koropas 00JazaeT BEICOKMME IJIACTHYECKHMU CBOICTBAMH.

Ilpnmenennsa gyryHusix TpyG ciemyer uaberathb. OWM MOTYT momy-
CKATHCA K YKJIAJKe JIUITH B PEAKUX CJIYdasiX Ha HCOTBETCTBEHHbIX TPyO0O-
mpoBomax. ['IaBHOe BHUMaHUE NpPU PTOM HOJKHO OHTH 06pamieno Ha Ka-
9eCTBO 3aJIeNIKI pacTpyOHBIX CTHKOB. CTHKE JOJKHKL OBITh dIACTAYIIEIMA
K gonyckKaTh XoTA Onl HeGoJabOIMe N PONOJBHKIE IepeMenienns (e3 noTepH
repmernaHocTd. J{Jsi 970l menm moskeT OLTh pPEKOMEHAOBaHA 3ajielIKa
CTHIKOB aJIIOMBITHEM MJH B KpafimeM ciaydae cBUAIoM. B npomnecce ake-
OayaTanuu moao0nLie CTHIKU MOTYT TMOY9€KAHUBATLCA Ge3 BLIKIIUSHHSA
Tpy6onpoBooB U3 paBoTHL.

Ilpumenecnue acOGecTONEMEHTHHIX M ;Kele300eTOHNHX TPyO caemyer
BCKIIOYUTh.



I'TABA YETBEPTAA
PACYET OTAEJBHBIX 3JIEMEHTOB TPYBOIIPOBO/10B
§ 25. Odmpme monoskennaa

B TpyGoupoBoamkix cucteMax Kpusole TPYOR IPHMEHAOTCA i
M3MeHeHus HalpaBJcHUA TPYOOLUPOBOJA, & TAKHE TTPH CAMOKOMIIEHCAI[ A
TeMrneparypubix pedopmauui. Ha mnedrenepepabarnivamuiux, Hedre-
XAMUIECKIAX M XUMUYECKMX 3aB0JaX, 11lapOCMJOBBHIX YCTaHOBKAX M 1py-
X 1LPOMBILLTEHHLIX TIPEeANPUATUAX, T, €. TaM, TIae TpyOolLIpOBOJH
paldoTaioT 1pH MOBHIUERHLX TeMIlepaTypax, KOMIeHcalllsi TeMIepaTryp-
HHX JedopMmanuii sABIAETCA OCHOBHBIM (PaKTOPOM, O00eCTIeYHBAIOITAM
HODMAJBbHYI0O 3KcIAyaTanuioo TpyGouposonunx cucreM. Haubonee pac-
OPOCTPANERHLIM M HAJEeKABIM MeTO/0M KOMMEeHCalLNU TeMIepaTypHHIX
nepopMauuii B TpyOonporofnax aABAserca camoromiencauus. Oma ocy-
MEeCTBJIATCA 1yTeM LpHAAnHA TPpyboupoBOgaM TaKoH KounpUTypanmus,
KoTopaa ofecrneuuBaeT mpu HArpeBaHnM yjiunenue TpyO Ge3 nepegauu
TPe3MepHLIX YCHJIMI Ha MepTBhie OIOPHl M TEXHOJOTAYECKYIO alllapaTypy
u 6e3 DoaBIeHnA B MerTadsle TPYG ONACHBIX HAIPAMKERUN,

Jlo6Gasn cuctema TpyGOIPOBONOB COCTOMT M3 HPAMOJUNCHIHX M KpH-
BONAHEeHUMX Y4yacTKOB, HBOrHYTHX 1o pasneiM pagunycam. Ilostomy
A8 pacuera TPyGONMpPOBOAHLIX CHCTEM HA CaMOKOMIIEHCATMIO TeMiepa-
TYPHBIX fedopmativii BeoGX0QUMO ACHO NpeAcTaBUTh cebe, 9TO MPOUCXO-
JAT OpH TeMuepTYpHLIX JepOPMalMAX OpPAMBIX ¥ IJIaBHHM 00paszom
KpuBrx Tpy0, sakpenJenHuX pasjuunbimg crnocobamu. P’acger maruta
IIpsAMLIX TPy B mporecce CaMOKOMITEHCAIINA JOBOJHNO LPOCT U HE BLI3LI-
BaeT kaxux-amGo satpyamenuii. Onwako maru6 Kpuswsix Tpy6 3ma-
UATENBNO clommee W Tpebyer cmenmadnuoro paccmoTpenus. HKpuprre
YHaCTkM (KoJeHa) ABAATCA NanGollee DaNPAKEHOBIMUE JICMENTaMU
TPyGonpoBonos; mpapsay ¢ BO3MeHCTBHEM BHYTDEHNEro AaBJEHMS, OHU
TIOnBepaenn Takyke u3ruly U B psiJe CIyuacs 3HAKO-TIEDEMEHHbIM HATPY3-
HaM Ipu BLKIIo9ennn TPYGOMPOBOOR M NP H3MEHEHAN TeMIepaTyPHOro
be:xnma Tpaucnoprupyemoit cpepbl.

§ 26. Pacuer kpmBBIX TPY0 HA BRYTDPEHHee NaBiIeHHE

Ilon peiictuem BpyTpeRmero naBlenns KOAbNEBHe WANDIKEHHs
B NpAMLIX TpyGax pacmpemeldslOTCs PaBHOMEPHO MO Beeil OKPYKHOCTH
TPYOH. B Kpusmix TpyGax KOJNbIEBHE HATDSKEHEA He MHOTIAHSIOTCH
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3TOMY 3aKOHY U pacmpejelsiioTcsA HepaBHOMEpHO. DelHYNHA KOJBIEBLIX
HanpsA;keHWil B KPHUBHX Tpybax oupejelserca 1o ¢opmyle

O = prem 2R -F-rgpsina (4. 1)

20 R-t‘rggsinae

ric Oy — KOJbLeBhIe HalPsMKCHUA B Kpusoit tpybe B kl'/cm?;
p — BOYTpeHHee fasienne B kl'/cu?;
rss — BHYTDEHHUii pajauyc TpyOnl B cx;
6 — TOJNIUNA CTeNKU KPHBOH TPYOLL B cM;
1! — paamyc usaruba KoJIcHA B CM; )
o — OEHTPAIbHBIL yroJ, ompejeddlomuil 110J0KCHHEe TOYKH HAa
OOmePeYHoM ceuenuy KpuBoid TpyOb, B KOTODPOH HOACYATHI-
BaloTCA Haupssenus (puc. 29).

N3 gopuyant (4. 1) Bujmo, wro npu yrie a = 270° (sin ¢ = —1),
T. €. Ha BOTHYTOii 4acTil KoJNepa, KOJBIeBhie HANPA;ERUA HOCTHIAlOT

R
| ?
Pnc. 29. IToaoskenne TenTpasibHOro yraa  Poc. 30. Jinopa pacnpejierenus Koab-
AAA ompefe.enid HANpsKeHMH B KpPH-  UCBHX NaNPAMCHNH B KpHBHX TpY-
BLX Tpydax. 6ax TOm BO3ACHCTBHEM BHYTPEHHET O

JHAaBJACHUS,

MaxkcaMyMa H, HaoGopor, npu yrae a = 90° (sin « = < 1), 1. e. Ha BH-
NYKJIOH CTOpONe KPHBOU TPYOL, OHM MMEIOT MHHHMAJLIIOe 3IaucHHe.
Ilo ocn uaruGa kpunoii Tpy6u, T. 6. mpu a, pasuom 0 m 180° (sin a = 0),
KOJLIEBLI® HAMPACINA B KPHBOil TpyGe paBHL NaupskenuaM B Ops-
Mol TpyGe, WcumciennMM IO 06BYHOIT KOTEALHO dopmyae. Jmiopa
pacipeieliCHUsl KONBICBHX HaUpAKeHMH DO CCYeHNI0 KPUBON TPyOH
morkasana Ha puc. 30.

Na s10il dopmydn clemyer Takske, uTO s 0GecncuenuA paBHO-
TIPOYHOCTE TPYOONPOBOAHBLIX CHCTEM, KOTOPHE PACCUNTAHBl HA IOJHOE
MCHOOJb30BaHUe Hecylneil cmocobnocTH TpPyO, TOMMUHA CTCHOK KOJCH
moyxkna OnTh Goibmre ToMWMHK cTenok Tpy6. Ecau 310 yeaopne ness-
IMOJHUMO, DPEKOMeHAyeTcA INPUMEHATh KOJeHAa ¢ paguycom wusrmnba,
paBnbiM IBYM AaHuamerpam TpyOn (R = 2).

B Tabx. 20 npunenenit 3naucnus kKoaGOUNUCHTOB YBEIHIEHUSA KOIb-
HeBbIX HAUPAMKEHUI B KPMBLIX TpyGax mO CPaBHCHMIO C NPAMLIMA.
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Tabauya 20

3nageAnsa K02QPEOHEHTOB YBCINUYCHUA W YMCHBIICHHA
HanopsiReHHH B KpHBBIX TPyGax

RoadduititenT yrenu- | Ilondduitnent yMeHb-
Orromene pa- yeHUH HanpAMeHnit | (ennH HApKeHni
nuyca usruba HA BOTHYTOII 1TOBEpX~ [HA LBINYKION 110BePX-
Kpupoii TPYORL_K HOCTH KOJIeda o HOCTH KOJeHd 110
anaMerpy R; D CPABHCHMIO C IPAMON | CpasHeHuio ¢ npAMOK
TPy Ouit TpyOoLil

1 1.50 0,83

1,5 1,23 0,88

2 1,17 0,90

3 1,10 0,93

4 1,07 0,94

5 1,06 0,95

G 1,05 0,96

7 1,04 0,97

§ 27. Pacyer raGKeeTH KPUBBIX TPYO

Iipn pacwere TpPyGOUPOBOJHHKIX CHCTEM HA CAMOKOMITCHCALVI TeM-
fepaTypnbix jgedopmManui HCOGXOJUMO OUDPEACTATh TIuUdKOCTHh KOJEH
1pu nsrube.

Brnepurie ¢ oco6enBocThi0 n3rn6a KPUBLIX TPYO cToMKNyIcs Bamtiann,
KOTODMU 1ipM MCIHITANMM KOMIEHCATOPOB OOHAPY:KMI, 9YTO THUOKOCTH
THYTHIX CTAJBOLIX TPy okasaiach B 3—3 pas 6odslue, WcM 9TO Clefo-
BAJI0 cOracno OOLIYNBIM MeTOHAM pacdeTa KPUBRIX OpycbeB CIUIONIIOTO
cedenns. Bamecre ¢ Tem o yCTaHOBUI, YTO TUOKOCTH YyryHHHIX KPUBLIX
Tpy® cTporo cooTseTcTByeT TUOKOCTH KpHBLIX OpycheB CIIOMIHOIO
ceuenuna. He nonusas cymmuocTu apicHuit nsruba xpusnx Tpy6, Daut-
JIAN NPenoNoKWI, YTO LOBHIMCHNAas THOKOCTH CTalbmnix TpyO (mo
CPaBHeHHo ¢ YyTYHIBIMH) 0OBACHICTCH UOABJIEHNMeM B UX C/KATOI 30Te
CRIanok 1 roppos. Takoe odbACHcuHUE, O,[HAKO, ABIAETCA HCIIPABNIb-
HHM. B peiicrsuteasroctn rulKOCTh KpHBLIX TPYO MOBHITAGTCA 33 CUET
HC3AMCTHOTO CILIIOMMBAHUA WX UONCPEYHOro cedenus npu uarude.

Corstacno oGpumoii Teopnn u3Tuda NPESLOTATACTCS, 9UTO CEYCHHO
n3rubaemoro ameMeHTa OCTACTCH ITOCTOAHINBIM.

JTO npe;moJoeNMe HE MOKET GHITL LPUMCHHMO K TeOpuH H3rmba
KPHBEIX Tpy(, cedenme KOTOPHX NpH H3rnbe OBaTH3HpYyeTcH.

Honycram, uro TpyGa, M3oruyTtasi mo paauycy R, nojpsepraercs
M3ruby B cpoeit miockoctn (puc. 31). B mponecce n3ru6a na Hapy:KHbIX
BOJTOKHAX TpyOw BO3HMKAWT PACTAINBAKONME HAUPSMCHAA, & HA BOJIOK-
HaX BOTHYTOM 9acTH — ciuMaloime, )

ACTATUBAIIUUE W CIKUMAKINUC HATIPAKEHHS JAOT paBHOAEHCTBYIO-
e cuawt T, mampaBiennvie K HeilTpalpHoi OCU U ABIAII[AECA OCHOB-
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HLIMM CUJAMHU, BLI3LIBAIOMUMHM CINIIOIMMUBAHHE 1I0NEPCYHOTO CEYeHHA
TpyOn npm marube.

B pesyanraTe 37010 rubKOCTH KPUBHX TPYD 1O CPABIEHHIO ¢ 11 pAMbINK
OpH BceX NPOYNX DPABHHIX YCHOBUAX yBelnuusacerci, Buepruie Ha sTO
06cToaTeNbeTBO 0OpaTUI BEMManue Hapmanm, KOTOpPEIL 3a70KII OCHOBH
TeOpAM pacyeTa KpuBHX Tpy6. U3 Tcopunm Kapmawa ciepyer:

Muar = kM;asr ’

rae M,'m — uU3rubaIiuui MOMeHT, MOACYATAHHHIA O OOLYNOI TeopH:l
73ruba v HeoOXOAMMbBIM 91 UBMEHeHNs HadaJlbHOTO yria a
na semruuupy Ao (puc. 32);
Myzr — TOT 3KG MOMEHT,
110 TOUCYNTAIHBII

¢ YYeTOM CITIOUN-
Banug uomeped-
HOTO CeYeHMs;

Pacmascenue

Prc. 31. Cxema usrnfa xpusoi Prc. 32,
TpyOL.
k — RoohpULMCHT TIONMIKERHA FKECTKOCTH KOJCH, 3aBMCAMMI
0T Oe3pasMeprnoil BeTHUAHbI

= (4.2)

rcp
HaswBaeMoil «xoadpdunuentom TpyoOuy; B 270l dopmyite

0 — ToJmuna cTemku TPYOH;
R — papmyc usruGa Tpybu;

Fep — CpemEMil pajguyc TpyOLL.

Hdasa oupejenenus 3madcHnd Kosdgdunmenta k& Hapmau memoanzonad
aHepreTHiecKuil MeTof ¢ NOCHEXZYIOUMM pellellneM 3aJa4d MeTOHOM
Patna. Ykasauroe pemenne oA y9eHo B Byjie TPUTOHOMETPUYECKOTO PAA.
Ot6pacuBag BCe WIeHH psama, Kpome mepsoro, Kapmau monxyumn cie-
Jyioniee 3naveniie KoaGUUNEHRTa MOHMKeHAA KECTKOCTH KPUBOH TpyOul:

1-}-12)\2 .
k= ﬁT? . (4.3)
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Jra Qopyyda HasuviBaercs Gopmydoit I{apmana meprBoro mpubaimke-
gna. OTOpacmBas Bce Wiellnl pAjla, KpoMe nepsux asyx, Hapman pan
sgagesne Koadpmumenta &k RO BTOpOM mpuOIMeHAH:

ki — 35362 360024
T 1054+ 213612 +48002% °

Ha puc. 33 nmpusejcpsl 3HaveHHs koadduunenta £ B QyHKOUEH A,
noaydenHere mo gopmyiaM Hapmana nepmoro, BTOpOTO M TPeTbEero
npubmwkenns. Hax Buauo us rpaguka, upn A = 0,3 pymruns k1 = f(A)
poipaskaerca Kpusoit [; mpu A = 0,2 = 0,3 k2 = f (A) BHpaaercs
wpusoit II; upn A < 0.2 ks = f (A) mupamaeresn xpnsoii I71.

Tarum oOpasomM, JTlIs paciueTa rui-

(4. 4)

KocTn Kpushix Tpyé mpm A >0,3 4
MOEHO TIONB30BATLCA (OPMYIoii mep- 08 ,./f"';
poro ppubnammenna (4. 3), a mpm //
0,2 < A< 0,3 — popmyn0if BTOpOrO [ § - -
npubamxenas (4. 4).

CaegyeT OTMETHTH, 9TO mpH Bhmope 0% /
aTHX (OPMYN ¢ Hedblo o00Merdenus 024 / - —
MaTeMaTHICCKUX BBIKTagok Hapmam 74
cjelnal pAA JOOYILeHHU U, B 9acTiO- /] 0'3 10 20 . 3}0

¢TH, Impene(per OTHOMCHIEM pajUyca
TpyOH K pajnycy msaruba, paccmarTpH-
Bag 3TO OTHONIEHNE KAK BEeCbMa MaJiyio Prc. 33. 3naverus Koatbdmnuema
BOMUYMAY, BM TAKMCE HE YUTENO CMC-  ,inpieuns IKECTROCTM B KPHBHX
weame HeliTpaiabmoro caosi. OTvedcn- Tpybax uo Kapmamy.

Hble IONYMEeHNs MOTYT OBITh clipaBeq-

JUBH TOJIBKO IS KPHBLIX TPYO OTHOCHUTENBLO MAJOA KPHWBUIHH, T. C.
u30THyTEIX Oodbmmm payuycom (R = 4 = 5D).

Kak wmspectno, Takme TpyOm (kodeHa) M3TOTABIHBAKT CHOCOGOM
ropavero royTesa ¢ nHaOMBROIl TIeCKOM WIV UALIMH MCTOMAMM; KAa4eCTBO
AX TOXyyaercs HHA3KAM, CHJIBHO OBAJH3MPYCTCH cedenne, TONMUHA
CTeNKM Ha BLITYRJION 1IOBEPXHOCTN YMEHBUIAETCHA, a4 HA BOTHYTOU —
06pasytoresi TOPpH U BMATHHL.

Vxazanmubie HefocTaTKl, XapaKTepuhie jiIA TOpAYero THYThA TPYO,
OTCYTCTBYIOT NPHM MX 3aBOJCKOM HM3TOTOBJIENWH METO/OM TFOpsayYeil mpo-
TARKE Yopes porooGpasmutit cepheanuk. Hodena, BuirycKaemnie 3aBo~
Aamu, oTiMvawTCA OT OGKYHKIX MaJhM pagmycoM royTesa (1,0 — 1,5D),
OTCyTCTBHeEM GOABIIOI pPasHOCTCHHOCTH M BLICOKMM KadectBom. Ilpm-
MEHeHWe KpyTOBarHYTHX KOJeH, M3LOTOBJIENNEX 3aBOACKAM CIOCOGOM,
00 cpasnenmio ¢ OGLITHBIM THYTbeM, AaeT CICAYIOIME ITPEeHMYmecTBa,
KOTOprie neoGXOAMMO YUHTHBATH 1IpH ITPOEKTHPOBAWAM IIOGHX TpYGo-
IPOBONHLIX CHCTEM: ’

1) mpencrananercs BO3MOMKHEEIM TOTYIATH KOTEHA © pajimycom usrnGa

1, —1,5D, uto me momer GHTB OOCTHTHYTO NIPH X1060M APYroM meTope
TUyThs;

1= OF
f‘2
P

7 Banas 995.



98 Pacuem omdeavnbx ssemermos mpybonposodos

2) yrpougaercs 1 06IertaeTcs KOMIIOHOBKA TPpyGonpoBOI0OB U Y3708,
a B psijie ClydqaeB JIOCTULACTCA COKpalfende HPOU3BOJACTBEHHMX HAONIA-
neit na 15—20%;

3) CHIKAeTCA TPYMOEMKOCTL H3TOTORJENHA KOJEH IO CPaBHCHWI
€ KOJeHaMu CBAPHHMMU, COGPHPOBANNLING H THYTHMHA B FOpsHIEM COCTOA~
HHU COOTBETCTREHHO B 4,5 m 3,2 pasza masa guamerpa 325 mx;

4) B 5—7 pa3 coKpautalTesa pacxojhl Ma BCMOMOTATEAbILIC MATCPHAIIR
(Tonanno, kKapOmji, KHUCAOPOJ, DJIEKTPOAH, ITPOCYLIHIbIH MECUK);

5) yAydinaercsi KAYcCTRBO CBAPOYIO-MOHTAKULIX paboT U HOCTHIAeTCH
HX Jajibueiliuag MHAYCTpHATIM3aliiA.

2;

Pnc. 34. OcnoBuue pasMepH KpyTO3aTHYTWX KOJeH.

B nacTosimee RpenMst KpyTo3arHyThie KOJICHA BHIIYCKAIOTCA J[MaMeTpOM
a0 529 mat, ¢ yriaom mosopora a = 180,90 u 45° (puc. 34) m maroro-
BIHIOTCA M3 CTalbubix OccluoBubix TpyG (ctans 20); npu napysknom qna-
metpe 0 108 mxm mpumensiores TpyGnt xonoanoranytme (FOCT 8732-58)
nau ropasexatanne (COCT 8734-38), a mpn GodbmoM AHaMeTpe — na-
ponpoBogubie (TOCT 3100-46). ITv xuMugeckomy cocTaBy U Mexanude-
CKMM CBoiicTBaM KauecTBo crtaju Tpyh nomemo yposaersopats I'OCT
1050-52, TOCT 8731-58 u TOCT 8732-58. o cornacosanuio ¢ 3aBogoM-
NOCTABUIHKOM KOJCHA UM3TOTOBIATCH Tal’Ke M3 JeCHPOBaAHRKX CTadci.

B taln. 21 npusesen copraMesT KoJden, BuoycKaemux JlioGepenrum
8aBOJIOM  MOHTaKHLIX 3arOTOBOK.

Pacuer rufkocTi KpyTO3arHyTHX KOJeH MOFKIO MPOU3BOIATEL MO Gop-
myle Haapka u Peiicnepa. Bocnoaszopasimuch Teopieid TONKOCTEHbIX
ofboJI0YeK, OHM mpoBeTu HccldeoBaHMHd KpPUBLIX TpyO0 OGojabImol xpu-
BU3HL C MajdnM 3pavcHueM A.

Gopuyna Kiapka n Peiicaepa niaa omnpegedesausn xosdpumnnenta
NOMILKEHNA THOROCTH KPYyTO3arHyTWX KOJCH HMeeT CAeAyowdid Bua:

%
k= s (4. 5)

CripaBeRIMBOCTE 3TOH GOPMYIILI HOATBEPHACHA DKCIEPAMEHTAE AL ME
HCCHACNOBAHUAMHU.

3naverma roadpdunventon k mas ofWUNHIX W KPYTO3aTHYTHX KOJeH
B MM PUKOM Adanasone orpomennii 6/D n R/D npusesenun B ra6n, 22—26.
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Tabauya 21
CopTaMenT KPYTO3ArHYTHIX KojeH. BROy(kac¥mX JIwGepenynn 3aronom

Yran noRopoTa
Wi Tomuudaa
,,E‘}:pgua- CTeHok a=180° a=90° a=45°
merp Dy, TpY6 &
MM
MM mm, Ly Bee, K2 mm, Ly BECC, %2 MM, Lo BeC, %2
45 4,0 - - — 0,50 — -
48 4,5 - od 80 0,60 - —
57 — — 100 1,00 — —~
6* — —_ 100 1,20 — —
5 — —_ 100 1,10 - -~
60 6 — - 100 1,30 — —
176 [ - 105 1,70 - -
9 ] - - 160 3,20 — -
8 7 — - 160 3.60 — -
[} —_ - 160 5,00 - —
168 [ — - 150 3,62 — -
7 — — 150 4,25 — -—
9 — - 150 5,02 - had
108 6* — - 200 4,74 - —
7 - - 200 5,02 - —
9 —_ - 200 6,61 —_ —
114 6 -— - 150 3,76 — —
6 — - 200 5,02 - -
12 - - 200 9,50 - —
152 6 — Lod 225 7,50 - —_—
159 6 450 16,0 225 8,00 93 4.00
8 450 21,08 225 10,54 93 5,27
11 450 28,40 225 14,20 93 7,10
168 6 450 16,94 225 8,47 - 4,23
18 * 450 22,40 225 11,20 - 5.40
13* 450 35,20 225 17,60 - 8,80
219 i 600 3 300 17,40 124 8,70
11 600 53,20 300 26,60 124 13,30
14 * 600 67,20 300 33.60 124 16,80
17* 600 80,00 300 40,00 124 20,00
273 9 750 69,20 375 34,60 156 17,30
12 750 91,20 375 45,60 156 22,80
14° 750 105,60 375 52,80 156 26,40
325 9 600 67,60 300 33,80 124 16.90
1 600 81,20 300 40,60 124 20,30
14 600 100,00 300 50,00 124 25,00
377 9 700 89,40 350 44,70 145 22,30
12 700 116,80 330 58,40 145 29,20
426 9 800 117.60 400 58,80 166 29,40
10 800 130,00 400 65,00 166 32,50
14 * 800 179,20 400 89,60 166 44,80
529 8 1000 186,80 500 93,40 207 46,70
) 1000 208,40 500 104,20 207 52,10
\—_—

‘Rno.nena HBTOTOBINAKICA 10 CIEUHANLHOMY 33KA3Y AJIA KPYTOSAFAYYHX KOMEH € OIHo-
WeBnem D> €OOTBETCTEEHHO paBHBM 1 ; 1,5 M 2,0. DR

7%

'
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Ha r'H6KOCTh KOJeH BJAUAeT TakK)ke cO0Oco0 WX coefUHCHUA C Ops-
wmbimu yaacTkami. IlpmBenenmnmnie Bhime 3mavenna Koappuumuenta K
cIpaBefJmBLl TOABKO JJIA KOJNEH, COGAWHEHHBIX C IIPAMBIMH TpyOamu
[p¥ TOMOIIY CBAPKM. sHecTKoe Kpenienne, KaK, HampUMep, IPA MOMOMH

JaHIeBHX COCMHCHANR OPEIATCTBYeT OBAJM3aNid KPUBLIX TPYG B mpo-
mecce H3THGa, TeM CaMbIM COHKaf ruOKOCTH moclennaux. 'mOKOCTh KOJeH
3aBMCHAT TaKKe OT KOJMYeCTBa (IAHIEBHIX COEIMHEHMI.

Pacuer ru0GKOCTE KoOJMeH, COeJUHEHHLIX HpU DoMomdA (QJIaHIEB,
ppousBOAUTCA WO HopMmyre

;‘m
ky = —— .
L W (4.6)
rae m — IOKasaTedb, 3ABHCAIMMHA OT KojWdecTBa (aanmnen; mpu ¢aaH-
UeBOM COCMUHEHNW HR ORHOM KOHIE KOJIeHA M = ——, HDH

[

(IanmeBEIX COEAMHEBHAX HA ABYX KOBHAX M = 5 -

§ 28. Pacuer cBapHbIX H3 CEKTOPOB KOIEH

CopTaMeOT BHIYCKaeMbX B HacTOsAMEC BpeMA KPYTO3arHYTHX KOJeH
OTpaHWIEH AMaMeTpoM 929 MM U IOITOMY HE MOKET Y/IOBJIETBODUTH
DOTPe6HOCTH MONTAKHLIX OPraHM3aNHil, MOHTHPYOIMUX TPYOOmPOBOXEE
3HAUNTEeNbHO OOJBLIMX AHAMETPOB,

Usroropncane xodem GOJNbIIAX UAMETPOB METOHOM TOPAYErO THYThA
Tpy6 mpeacTaBiseT coGol 0YeHb AOPOrOCTOAIMAN M TPYMOGMKHA Ipo-
necc. B psjge ciydaeB Goliee 9KOHOMHYHLI CBapible M3 CEKTOPOB KOJIeHa.
Hecmortps ma To, 9To Takwe KoJeHAa MONYWHIM JIOBOJBHO MMPOKOS pac-
OpOCTpaHenue W XOPOMO OmpaBadu cebsA Ha NpaKTHKe, HEKOTOPLIE
CHenRaJuCTL! BCC Ke OTHOCATCA K HHUM OTPHUIATENBHO.

Mo cux mop, mampuMep, cymecTByeT oMGOMHOe MHEHIE O TOM, 4TO
CBapHHe KoJcHa ABIAAIOTCA abCOMIOTHO KeCTKUMHE 3JIeMenTaMyu ¥ He MOTYT
HBI:MG&TBGH B nponecce CaMOKOMIEHCAIWN TeMOepaTypusix pachopma- -
ouu, r. e. koadpdunuenr k£ A1 HUX JOM:KeH OPHUHUMATHCH PABHEIM €XH-
Huoe. B pesyidsTaTe TaKOro mMOAXOAa K pacdeTy yBeIMUHMBAKTCA Taba-
PUTH KOMmencaTopoB, 9T0 HPHBOAUT K HEOOOCIOBAHHOMY IEPEPACXOmy
MeTadia,

Tar xaw cpapmwie Komema mpepcraBasior coGoit KpuBHe TPYGH,
CBapeHnnle u3 OpAMOJNHEHHEIX YIaCTKOB TPY0, TO aHATUTAYECKOe pelre-
HA® 3afiaum o rmbKocTH TaKAX KOJeH (ANAJTOTHYHO DPeNIeHHI0 3afaui

aPMaHa) mpejcTaBiseT cepbesnble 3aTpYAHeNsA.

IKcnepumMeRTaJbHbIE HCCHe/]OBAHNA, NPOBeJCHHLIe Ha II-06pasmmx
Kommencaropax gmamerpom or 219 go 720 mm, mokasarm, wTO ¢papusle
;‘:gggs Hﬁ ABIAIOTCA HECTKAMM SJeMEHTaMH, KaK 3T0 paHee Hpenoa-
Cel‘Menivog On mHeiictsmeM H3THOAIOIMNX MOMCHTOB IOIEpeYHOE CCUEHHE
Harag, CBAaPHHX KOJOH CINTIOMWBAeTcHs aHAMOTHYHO TOMY, KaKk npw

KpUBHX raapkux Tpyo.
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Taxknm 06pasoM, CBapnLic KOJena TaKkiKke MOTHHAITCA TeOPpHY H3rnla
xpusuix Tpy6. Ha ocHOBaEHM OnLITOB yCTaHOBJEHO, WTO Kod(pduimenr
HOHHAHHA KECTROCTH CBAapILIX KOJEeH JUaMeTpPoM J0 420 mm MOKHO
onpefeisTh o (Gopmyie
7‘.5/8

k=t

. (4.7)

C yBeanuenvneM nuaMeTpa rROKOCTH CBApHLIX KOJEH yBeIHYHBACTCH,
Ha puc. 35 npuBenenbl pe3ysbTaThi 9KCIEPHMCHTANBHBX HUCCAENOBaHMUM
ru6roctn Il-06pa3noro KomuencaTopa co CBapHbIMH U3 CEKTOPOB Kole-
mamu. llpamas [ upepcraBisier co0oii rm0KOCTL KOMIIENCATOpa, IOA-

400
O 0530 //
&t =9mm
R=2D / P
30001 r9r 7
< / T
]
§ 2000
>
e
3
& 1000
g
S ||
100 200 300 %00 50u

L~
>

Nepemewenue, mm

Pac. 35. "PesynbraThl WCILITAHAA KOMITEHCATOpA
co cBapubiMu KodeHamu D == 630 mm.

cunTanryo Ges yuera ru6xoctm csapubx koden (k = 1); upamas IJ
moctpoena no gopmyde (4. 7), npamas 2 — mo dgopmydae (4. 5), npu-
MeHsemoil AJIs1 pacyeTa KPyTO3arnyThiX KOJeH, & KPUBAR § — 1o JafnbiM
9KCHEepPHMeHTalLHbIX HCCJAeqoBaTI.

Kax Buamo us rpagukxa, ¢axtudeckas TEOKOCTH CBAPHLIX Kojied
anamerpom D = 630 mm oKazalacb 3HAYHTENLHO MeHLUIel, ueMm 3TO
caenyer n3 Gopmyan (4. 7). JKcoepUMeHTaNblaA Kpusaa B ynpyroi
oGaacT paGoThi KoJem pacrojaraeTcd JIOBOJABHO ONH3KO OT npamoi 2.
Taxum 06pasom, ceapable KoJdena GoNbmuM guaMeTpom (529 mm u Boiuie)
MOKHO € JIOCTATOYHOH AJIA UPAKTUYeCKHX HeJded TOYHOCTBIO paccyuThi-
BaTb 1o o0mell gopmyse Teopuu narnéa KpuBbx TpyG (4. 5), I10 WO3BO-
JfeT yMenbRiaTh TabapuTH KOMICHCATOPOB U 60Jlec KOMOAKTHO NPOEKTH~
poBaTh TpPyGOHDPOBOAIEe CHCTeMbl ODU HAJWYMM HA HUX TAKUX KOJeH.
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Beaunduea A IOJsf CBapHbIX KOJeH OonpelaciaaceTca o ClefyIIaM
(bopmyﬂaM!

npn%—tgq><1 l=ﬂg¥£6—r§-;
npu—?——tg(p>1 A:L‘ﬂ;%ﬁﬂ%, (4.8)

rge S — ATHHA CPeiHel JINNAA CErMeHTa;
@ — YroJ CKOca cerMemra.

YKa3aHHbie FeOMETPUUCCKA® COOTHONISHMsI PeACTaRIens na puc. 36.

Nan oGneryeHus pacueroB B TaGu. 27—31 mpuBemenn 3Havenns
KOYPOUIIENTOB HOHMKCHHUA HECTHOCTH k, poncuuraubie no Qopmyae
(4. 7) pis cBapHMX KOJMeH TpPW MHPO-
KoM nuManasone suavennit &/D wu R/D.

Heo0xoaunM0 OTMETUTH, 9TO TPOIHOCTD
CBapHbiX KoJeH, ABASIOM#UXCA BeChbMa OT-
BeTCTBEHIBIMH 9JeMEHTAMHA TPYOOIpOBO-
710B, 3aBUCUT I'AaBubiM 00pas3oM OT Kade-
CTBA CBApOYNO-MONTAKHbX paGoT 10 uX
H3TOTOBJCIUIO.

[Ipu wusrorosdennu KOJEH KPOMKH
CTHIKYeMLIX CEeKTOPOB JOMKIBL OLITH 3a-
qunenhl A0 MeTaJIuYeckoro  GJIeCKa.
s cGOpKU CeKTOpPOB CHCAYCT IIpUME-
BATH npucmocoGicuust, ofecneausarimue
OPaBUIBHOE B3AHUMIOE  PACHONOKeHHe i
CTHKYeMIX DJEMEeNITOB; 3TO I0JNOMKeHue ﬁg;eu?;f’; F:g;‘;:ﬁ’f::“‘é‘;z GI‘I’“)’:;
durcnpyercs mpuxsatramu. IlpuxsaTky “Konena. P
AOJHCHB! BHITOJHATE CBAPIUKM, KOTODbIE
CBApHBAIOT KoJeHa; IpH 9TOM HaJ0 HMCHONb30BATH Te Ke HIEKTPOIH,
9T0 ¥ npu cBapke TpybGompomoma. Has xoxen w3 craim 10 u 20
PEKOMEH/yeTCHA DpPUMENATh BHICOKOKAUeCTBEHHbIE 3JEKTPOAL Ccephu

Cpapky wozem ciegyer BecTH B BIKIIEM IOMOKEHWIH, IPHIEM pexuM
AOIKeH ObITh TAKUM jce, KaK M IpA cBapKe TpyGompoBoza.

B kosemax Goabmmoro smameTpa, TaMm, Te 3TO BO3MOMHO, CIefyer
UonBapuBaTe IBH € BAYTPeHHEH CTOPOHL, YTO YIAyYIIaeT KadecTBO
CBapubix coegupenuil. Bo Bcex ¢aydasx ReoOXOAMMO TIIATEILHO OYM~
MaTh BHYTpPEHHIOW IOBEPXHOCTh KojeH oT rpaTta. CBapKy KoJleH MOMKHO
HOPYy9aTh TONBKO BHICOKOKBAAMPUUMPOBANILIM CBapUMKaM.

.0 Tponecce H3roToBNeHUA KOJeH HeoOXOMMMO OCymecTBJIATH CTPO-
THA noonepaiuonnbiii KOHTPOTb, HAYMHAA ¢ 3ATOTOBKU CEeKTOPOB U KOH-
9as cBaproil. OcoGoe BHIMARNE HYHKHO YHEIATH KOHTDOJ0 32 Ka9eCTBOM
CBapounLix paboT, Tak Kak HaJeMHOCTh CBADHHIX COEMMHEHMIl ABJIACTCA
OIEuM u3 ocHOBHBIX ycaosuit, obecrmeunBaOIMUX IPOYHOCTH TpyGompo-
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BOAA NPM CAMOKOMUEHCATAN TEeMNEPATYPHLIX HAUPHHOHUII B ero 6es3-
apapuiinyio pabory.

Cpapuuie KoJieHa CIeJyeT U3TOTOBIATH HE MEHEe YCM M3 TPEX CEeKTO-
poB ¢ paguycoy m3rufa, paBHEIM OT OXHOTO IO ABYX JHaMeTPOB TPYOH.
Jas Goabmiix  paBleHui o
B TOM ClIyYae, KOrga moJdHO- 15° 715 22°30'
¢TBI0 MCHONB3YETCst HECy- I 30° a,
masA cunocobnocts TpyGo- L a '
OPOBOLOB, pPEKOMEHIYyeTCs
OPEMEHATD PafUyCH ua3ruda, by

]

a

| IR T
o~

paBHHE JBYM JmameTpam,
TaKk KaK IpU 3TOM yMeHb-
waerca Ko3(pPAHUEHT HH- +4 -
TEHCU(PUKAIUU  Banpsake- ~ /
nmit. Takue wkotenma moryr |, 2y | D,
IPEMEHATECA B YCROBHAX
CAMOKOMITeHCAMUU TeMmuepa- Puc. 37. KoucTpyKnua KojeHa, peKOMeHIyeMasd
TYPHBIX HedOpMaluit. g TPYOOUPOBOIHLIX CHCTeM, PabOTAOMMX IPU
Ha puc. 37 mpeacrasie- 6oILmIuX TeMIepaTypHHX OefopManasx.
Bl KOHCTPYKIMHM CBapHbIX
KOJIeH, KOTOPhle PEeKOMEHTyIOTCA IPHAMEHsTL B TeX CAy4yasax, KOrAa CUCTe-
Ma TPyGOnpoBOOB moABepaiena GONbMIIAM TeMIePATyPHEIM ReHOPMANHAM.

Tabauya 32
OcHoBHEIE pa3MepL! CCRTOPOB CBapHBIX Ko.aen (o= 90°) upu R =D

Hapym- HuameTp Paamepst CERTOPOB, My (PUC. 37)
BLlA Ina- | yCJOBHOIO
MeTp Tpy6 npoxona,
H MM Dys #m a ( b l a1 b1 l L R
JlBa cerropa
108 100 109 | 51 105 76 200 150
159 150 150 65 125 82 250 200
219 200 193 75 147 88 300 250
273 250 234 88 167 9% 350 300
325 300 275 100 188 100 400 350
377 350 316 113 208 107 450 400
426 400 355 125 228 114 500 450
Tpu cexropa
426 400 264 9% 182 97 500 450
478 450 294 104 197 102 550 500
529 500 324 114 212 107 600 550
630 600 384 133 242 117 700 650
720 700 441 155 271 128 800 750
820 800 501 175 301 138 900 850
920 900 561 195 331 148 1000 950
1620 1000 620 215 360 158 1100 1050
1220 1200 740 255 420 178 1200 1250

8 3anas 995.
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Paamepnt cexTopoB kosienm ¢ paamycom m3rufa, PaBHHIM IUaMeTpy
TpyGhl, mpusefenn B Tab. 32, a ¢ pagIycoM, paBHLIM ABYM JUAMETPAM ,—
B Taba. 33.

Tabauya 33
OcHoBHAbIE pazvepsl CEKTOPOB CBAPHBIX KOIcH (o == 90°) mpu R = 2D
Hapywuoit | JInametp Pa3sMephl CEKTOPOB, wm (pHC. 37)
ANaMeTp YCIOBHOIO
ThyO, nopoxoga,

Dy mm Dyy s a b ay by L R
108 100 121 78 110 89 300 450
159 150 171 107 12 104 400 350
219 200 222 125 164 118 500 450
273 250 273 164 180 132 600 550
323 300 323 194 211 147 700 650
377 350 373 223 236 161 800 750
426 400 423 253 261 176 900 850
478 450 473 283 286 191 1000 950
529 500 - 523 312 305 200 109 . 1050
630 600 622 372 325 200 1264 1250
720 700 720 433 343 200 1433 1450
820 800 820 493 363 200 1604 1650
920 900 919 523 383 200 1788 1850

1020 1000 1018 612 403 200 1944 2050
1220 1200 1217 732 442 200 2284 2450

§ 29. Hanpmxennsa B EpmBeIXx TpyOax

IIpu pacuere TpyGonpoBoxoB ¢ caMOKoMnencanueil TeMmnepaTypHBIX
nedopmanuil TPUXOAUTCs ONpefeNsnTh He TOALKO THOKOCTh, HO M HaOps-
JKCHUH, BO3HMKaILUEe B KPUBLIX Y4YacTKaX dTuUx TpyO B mponecce camo-
KOMIICHCALHN.

B kpuswix Tpy6ax Hapsagy ¢ uOBHIIeHHO TIMOKOCTHIO HMEKTCA
3HA4NTEIBHbIE TPOJOJbHNE U KOJMbIeBbie HallpsiCUnud, KOTOphle BO3HI-
KalT OT u3rnba 10 BIUsiHMEM CUJ, CTUIIONUBAIILUX MOOepeulioe cede-
Hue. XapaKkTep pacupeAcdeHHA HalpsaKenHi B 2THX Tpy(ax OKa3sbl-
BA4CTCA CUBEPLICHHO HHLIM, YeM B LPHAMBIX.

Ho oGwunoil Teopuu mnaruGa B usrnGaeMoM CeYCHHM TpH ympyroik
CTaIMH ero paloTbl HALPAMCHHA H3MEUSIOTCA 10 JHHeilnoMy 3aKoHY
H JOCTHTaloT MaKCHMYMa B TOYKaX, Hanojee ynaleHHbX OT meiiTpajb-
g0l ocu. B Kpusblx ke TpyGax Hanpskenus pPacrpefiedsIoTcs HeJnHeiHo
H U3MenATca uo 0ojiee CIA0MHOMY 3aKoHy (puc. 38).

Kaxk wuasectno, B ocnoBy ¢upmy:.T, LPeJJIOKCHOBLIX Ppa3ngHbMU
aBTOpaMu, AJIA ONMPCACHEHUA NPOJIOABHLIX M KOJLUEBLIX Hanps;Kenuil
B KpuBLIX Tpy6ax Jdcrida rteopus usruba, paspaboTanuasn HapmasoM.
OO6LHo 1py pacuere KPUBbIX TPYO mPUHsTO ONpeeNATh KodpduiuenThl
HHTEHCHQUKALMY TPOXOILHLX (m1) M KOJbLEBLWX (M2) Hampsskeuui.
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91y K03 GHIMEHTH OKA3bIBAIOT, BO CKOJBKO Pa3 HANPAKEHNA B KPHBHIX
gpyGax OoJbmie, 9eM B IPAMMX, NpPY OJHAX M TeX Ke usrndaouux
MOMEHTAX H MOMCHTAX CONPOTUBICHUA.

Ilpu ounpepmeiiennd HaupskeHuil B KpuBwx Tpybax ciemyer pasin-
qaTh ABa CAydasa: mepBhlil cayyail, Korjla TIPOM3BOJUTCS pacyeT HanpH-
skenilii B KPUBHIX TpyOax oTHocHTedpuo GoNbIIOH KPUBHMBHK npH pa-
puyce narnGa. paBHOM 4—5 puamerpas, T. e. mpH 3Havenuax A > 0,3,
f BTOPOIl cayuail, KOIrZa pacCUUTHIBAIOTCA
rpusbie TpyObl MaXO# KpumMambl, T.e. y
KpYTO3arHyTHhe KoJema ¢ MaJhiM 3Hade- 6 pacmanenus
aem A < 0,3. 10

Cornacuo Teopun HKapmana mpojons- 2
grle  Haupsienussi B KPHBMIX Tpyodax a 05
€ yveroM CHAIIUBANMA HUX IOmepeyYioro Ao
ceuenusa npd uarube onpeperanTca mo &L I .
Jopmyre Hapmana—Xosrappa dmom

05 Mra2
M 2 3
O'npon:]T'z{i_N(%)]: (4-9) 1)

S ewamus y

rie J — MOMEHT MHEepUHH CedcHUs TpYyOuI;

Z — paccTosAHudA oT ReliTpaiabuoii ocH.
. . Puc. 38. Pacupegenenne manpa-
Ilo atoit ¢opmyTe MOKNO HaliTH WPO- sxemnit B KpuBLX TpyGax MO

JOJNBHLIC HaUps:KesUdA B Jd000H TouKe Kapmany.
CeueHNs KoJieHa NpH 3Hauenunx A >0,3.

IIpu pacuere xoden, Kpome Toro, meoGXOAAMO 3HATH MAKCUMAJLHYIO
BeIHYHHY NPOAOJbHLIX HAUPAKEHHIT:

Oupor = My Tup ; (4. 10)

371eCb Opp — mpOJOJIBHLIe HaNpPAKeHAA B upAMoil TpyGe, MOACIATAH-
Hbie 110 ofmeil Teopud usrnba;
m1 — Ko3pPuuuenT ANTCHCHPUKALMA TPOAOIBREIX HANPAKeOHH
B KpUBMIX Tpybax.

Smavenus KoadpumUenTa mi MAXOXAT IO GopMye

2 5+46A2
m1=ﬁl/—%—. (4. 11)

B GosmbmmucTse pacuermwx cilyuach MaKCHMAaJbHLIE IIPOA0JIbHEE
HaIpsixenus MMEIOT MeCTO me B BOJOKHAX, maubojice ymaJeHHMX OT
HeliTpaasnoro caon (kak mpu maruGe mpsistoro 6pyca), a B I POMEKYTOY-
HMX Bomokmax, m TONBKO upu 3smadeHMH A > 1,47 MakcuMadbHble
:ﬁi‘lennﬂ STUX HanpsAKeHHH BOSHEKAT B Haubollee yjajeHHEHX BOJOK-

8%
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Hamenenre koapduumenra MOTencHGuKamUu IPOROAbHEIX HAIpPKe-
HE# m; B 3aBHCUMOCTH OT BeJIMYWHBE A corlacHo Teopmum Hapmama mpej-
cTaBieHo Ha puc. 39,

B pesylbTaTe CHIOMUBAHMA NONEPEYHOTO CEUCHMA KOJEH Opa
n3rube HapALy ¢ OPOROJIBHBIMA HAUDPKCHEAMH BO3HWKAIOT TaKiKe
n Koabuessic. VcciaegoBameM pacmpefelenus TAKUX HAUDPAMKEHHH
3arumanca Baap, menmoansoBaBmmil B ¢cBouXx paborax Teopuio Kapmana.

: Corxacuo BmBogaM Bajia Koiaonenwme

m.
25 T Hanpamenua u3rnba Ha HAPYHHON
’ | mOBepXUOCTH KpuBLX Tpy06 ma pac-
1.8 CTOANME OT HIiTPaAbHOU OCH oOmpe-
’ \ AedmoTesa M0 GopmyJie
1,2 2
' N ! 18Mrg A (1 —2 ZT)
=t r
0,8 ! 02 = \ w7 (4.142)
k] ! 3 2 9
|| . T F1223)
1 1 1, "
02 06 10 14 18 } THe rug — HAPYKHBH pagayc KoJeHa.
Pmc. 39. 3aBmcmmocrs 3HaveHmit AHanusapya 3Ty (GOPMYIY, MOIKHO
Kospprumenta  MATeNCHQUKANAK  yCTAHOBUTH, HYTO OPH 3UAYECHUH Z =
UPOJOALENX HAUpAmeEmd or A.  — g7 e, B BOJMOKHAaX, HamGolee

yAaJIemHBX OT HeHTPAJIbHOI ocH, cymie-
CTBYIOT MAaKCUMaJbIblC KOJBleBhle HAIDSIKEHAS CKATHA, a IIpu
z = 0, T. ¢. B BOJIOKHAX, PAaCHONOIKOHHLIX Ha HeWTPAIbHONA OCH, MaK-
CHMAJBHEIEG HanmpsKeHUs pacTsykenusa. Ha suyrpensnell mosepxHOCTH
Tpy6 KOJbUeRLle HampsyKeEMA of6paTHH IO 3pHaKy H  He paBHH
no abcoqITHOMY 3HAYCHUIO HANPSIKEHMAM IO NAPY/KHOKE MOBEpX-
HOCTH.

MN3-3a ynpomcHHOr0O OpPCACTABIEHMA O TOM, YTO KOJBIEBbie HAIpPH-
MEHUA B KPUBHIX TPyGaX BOSHAKAWT TOALKO B pedyanrate naruba,
ORIJIO JOUYLIeNO HempaBHIblOe mpumenenue dopmyianl Hapmana—Bans
I8 ompefellenrA KOAbLEBBX HANPAMKEANA HA BHYTPeHNell NoBepXHOCTH.
Hanpumep, mosaranu, IT0 9TO HAUpsKeHHe MOMKHO HAXOAUTH 1O (Hop-
myie (4. 12), n3menuB 3HaK ma OGPATHRIUA H BBCAA BMECTO HAPYIKHOIO
pagnyca rsg BHYTPEHHUI Paguyc rss. 1aKOe HOomymenne HEJb3s HPH-
3HAaTh IPAaBNUIbHLIM, TAK KaK ODPH NMOJICTABOBKE I'sy < s BMECTO rg NOJY-~
9aCTCA, YTO KOJBLIEBHe M3rHOHLIE HANPSAIKCHAS Ha BHYTDeHHCH JoBepX-
HOCTM TpY0 MembIlle, 4eM HA HAPY;KHON, a 3TO IPOTUBODPEYNT TEODPHM
usruba KpmBoro Opyca.

B pelictBUTeNsHOCTH Ha BHYTDeHHeH IOBEPXHOCTH KpUBHX Tpyd
KONbLEBLIe HaNpsA;keHMs OyAyT HECKOJILKO BHINE, YeM Ha HapyH-
HOH, WTO TIOATBED;KHACTCH M SKCHOPHMEHTATIhHLIMH  HCCJAEROBA~
HOAMM,

Jlis onpenerenna smadeRds Kod(pPHUHMEHATa MATEHCHPHAKALHU KOJb-
OeBbX Hanpamxendit ma nmo Kapmamy—Bado moctyuum ciemyomuM
o6pasom. llojcrasum z = ry wim z = 0 B gopmyay (4. 12) n pasgennm
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M. Ty o
¢e HA BRIpax{eHUue Onpgs, rp = 7 ! , Hpe/ICTaBIAlIoNIee co6oii HanpAxenne

s mpxamoii Tpybe. Torma Gyger

Oxonnn 181 .
Opgr.zp 11227 ° (4.13)

m2:

Hoxyuennaa ¢opamyia TakKe cupaBelInBa TOJNLKO IJIA KPUBRIX
Tpy0 OTHOCHUTENBHO GONBMION KPHBM3HLI, T. €. AJdA 3Havenuit A > 0,3.

Hpnnasa maMenenna KoagQOUINeHTa mz NPH PASIUYHLIX 3HAYCHHAX A
npeacraBiena una puc. 40. KHax Buino u3 rpaduea, OpH 3HAYENHAX
A < 0,3 (nynRTMpHas JEAWA) KODQGMLUUCHT M2 Pe3KO yMembITaeTcd,
4TO 1€ COOTBETCTBYCT AeHCTBUTENBIO- m
crn. Corjiacoo KpHBO# MaKcHMajbnoe 28¢
syayenie ma = 2,6 MMCeT MECTO NP 24 A ™
A = 0,3. B pefictBuredsHOCTH Ke My 94 /
He UMeeT MaKCHMyMa W B HMHTCpBajle | ‘;
sgagenaid A or 0,3 no 0, 1. e. mas Ay
TOHKOCTeHHHX Tpy6 Ooapmoli wkpu- 12
BH3HLI He yMmembIlaeTcs, a, HaoGopor, (g48U h
YBeJINUABAETCA, CTPeMACh K OecKoncl- 02 04 05 68 10 12 14 16
HOCTP y Puc. 40. 3aBmcuMocTs 3HaveHmii

Bonee toumoe pemenue BajauM  opdpmumenta unTeHcnuKanIm
0 HANPsKEHDOM COCTOAHNM KPHUBLIX KOAbIEBLIX BaIpPAMCHUA A.
Tpy6 6Goxsmoli kpusmsmm (A << 0,3)
nmaan Itmapk u Peiicnep, KoTophie, BOCHOJB30BAaBMNCH TEOpHeEH TON-
KOCTeHHBLIX 000J109eK, HpeqIONUIN clIefyioumue (GOpMyJnl [Isa Onpe-
AeNeHRA KO3(PUUHEHTOB m: W m2 RJAA pacdera KPYTO3aTHYTHX KOJeH:

my = 0,84 A"13, (4. 14)
my = 1,80 175 (4.15)

Ilpm msrmGe W3 mTOCKOCTH OCeBOH JMHWM KpPHBOH TPYOH 3TH KO3~
$unmenTH ompepeasorca mo GopMyTam:

my = 1,08 A*/3, (4. 16}
my = 1,50 A/, (4. 17)

Haa o6nervenms pacweros B TaGr. 34—38 mpmBemeHs BHAUEHHs
K03gpunmenToB mi1, KOTOpHE MOACIATAaHH KAK IO ¢opmynam Hiaapka—
Peucnepa, Tak I mo ¢opmytan Hapmama—Xosrapga m Hapmama—

1A B 3aBUCHMOCTH OT 3Hauenmi A.

U3 ra6mnn sumno, wro OpH MalLX 3HAYCHUAX A KOJbIeBHE HANpH-
EHUA NOCTWTaloT 3HAUMTENBHHX BEIWYNH M MOTYT IPeR3OUTH Ipejed
TeéKygecTn meraqia. OpaBako B GHCTBATEIBHOCTH, KaK HOKa3aJK HCCIe-
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AOBaHHSA, 3TH HANPSMEHUs HOCHT MCCTHLI XapaKTep U IpPYU CTATIHYeCKORE
pabuTe Kollen (BepHec NMPH OTDAaMMTENIHOM KOJIHTECTBE IUKIOB H3Mere-
EUA HANPAKEHHOTO COCTOAHNA) HEe OKa3biBAIOT BIUANHA HA MUX IPEJeIb=
HOE COCTUARME, T, €. H3 OPOYHOCTE.

B ¢Baan ¢ aTUM TP pacueTe KOJACH B YKa3aHHBIX YCIOBMAX KOJbIE-
BHMU HanpsskeHHAMH (ReCMOTPA HAa UX BLICOKOE 3HaYeHne) CIeAyer
npeneﬁpc% M1 OTPAaHUYIHTLCA TOJBRO OlpeneienneM OPpOAOABILIX Nanpda-
aennil o gopmyrae (4. 14), npunsAB BMECTO UUCHEHHOIO Koddduruenta.
0,84 roadduunenr, pasnnii 0,9.

TaK Kak cBapHble U3 CEKTOPOR KOJEeHa NOAYUHAITCA Teopuu m3ruba
KpuBmX prﬁ, TO OoupeneaTth HANIPpAHEHUA B HUX cJdcayeT OO ONpUuBe~
AeHHbiM Bulme QopMyJdaM Adsa TIAAKHX TTYTHX TPYO..

§ 30. Pacuer xpmBmix TPYG
B YCAOBHAX CAMOKOMNEHCAUME TEMNEPATYPHBIX HANpPsLKEeHHit
OpE MHOSOKPATHHIX HOBTOPHBIX HArPY3KAax

ITpu upoeKTHPOBapMY [AaPOUNPOBOROB, TENINOPHKALMOHHKX CeTeid
B TeXHoJoTHYCCKHX TpyOOnpoBOAOB, PaloTawiIUMX B YCAOBMAX CaMO-
KOMIEHCAIUY TeMOepaTypHMX pmedopmanuil, OOLITHO He YYUTHIBAIOT
MHOTOKPATHOE WN3MCHCHHC HAUPSKEHIIOro cocrosnusa TpylG m Koijel,
BLIBLIBAIOLICE YCTAJOCTH METAJNNa IPU DOBTOPHBIX HATPy3Kax.

Meskny Tem B ycNOBUAX caMOKOMIEHCANUW Kojlena paGoranT He
TOJALKO UOJ CTATHYECKUM BO3JeiCTBIEM BHYTPEHHEIO XaBJEHUS Hapa
UAW APYroro UpojyKTa, HO U NOJA Bo3feficTBHeM NPKIMYHLIX HAMPMKe~
Buii usrnba, BO3HMKAKIUUX B pe3yJpTaTe WM3IMEHEDHA TeMmIOepaTypsl
TPAaHCHOPTUPYEMLIX NPOAYKTOB M TeMICPAaTYPHHIX gehopMauuil cu~
CTeMbl,

B wmaponpoBosiax, TemrouKAIMONDEIX CeTAX H APYrAXx TpyGompo-
BOfax, pa0oTaiomux mpu CTallOHAPHOM peskuMe, TONnbie IHKIL H3Me-
HEHMA HaNPsIKEHHOTO COCTOAHAA UPOUCXOARAT AOBOABNO peixo. Usme-
HEHUA JKC TeMMEpaTyphl napa MM BOAL JA33Ke HA HECKOIBKO ACATKOB
TPajycos JNHib HC3HAUYUTENALHO CKA3RBAIOTCHA AA HATPHIKEHHOM COCTOs-
HHU cHcTeMbl d He MOLYT CEpPhbe3HO BJANHATH 1A YCTANOCTOYI0O OPOTHOCTH
MeTalljla KoJed.

Yo e racaercsa TpyGompoBOxOB, paboTamUIEX B YCAOBHAX 4acTHIX
H3MeHCenuil TemMmepaTypuOTo pe)kumMa (HampuMep, Ha HCKOTODHIX HepTe-
nepepabatuBalOmMMUX U HEPTCXHMHUECKHX 3aBOJAX), TO IIPH UX pacuere
Ha NpOYnocTh B pALe cAydacB ncobxofumMo YYNTHLIBAThH fABJeHWe ycTa-
JA0CTH, Tak KaKk HMHAYe MOryT pas3pymnTbhes Han(odee HampsKCHHBE
BACMENTH CHCTeMBl (KpuBble BCTABKH — KOJena).

Ha npakuke ciyuau paspylieHus KoJieH TpyGompoBOjioB B peayirb-
Tare ycramoctu aoBONLHO peAKH, 9TO OOBACHAETCA INTaBHBIM obpasom

zﬂBblmeHHmmn KO3 hunyueHTaMy 3aaca NPOYHOCTH M HU3KUMY HalPAIKe—
HAMH,
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1Ipm panuomralpHOM MeTome pacueTa, oOecmeuHBAIONeM 3HAYMTENH-
HYI0 SKOHOMHIO MeTajla, IpelycMaTpHBaeTcA NOJHOe HCOOJh30BAHAE
mecymeit cmocoGmocTu TpyOompoBOAOB # mpejnodaraercst paboTa KoJen
B ynpyro-niactudeckoil craguu. Jlouyckas uidactuueckue pedopmanuu
B KOJEHAX, MOMHO INPOEKTUPOBATH CHCTeMbl TPyOompoBojoB OGoiee
KOMNAKTHRIMHI, cOKpamaTh rafapHTh KOMIEHCATOPOB WJIH yMeHbDIATh
ux olmee yucao.

Ilpu sTom merome pacuera, LONYyCKAaolieM 3HAUATENbHLIE HAIIDAMe-
HUA B MeTaMlie TpyO, Bompoc ol ycTasNoCTHONH HpowHOCTH mpuobGpeTaer
Basknoe snmadenue. Hak mo-
Ka3aJl OmbIT H HCCAeroBa-
HUs, paspylieHulo Kolen
mpd  WOBTOPUBLIX  3arpys-
Kax IIpejilnecTByeT NOMAB-
JeHIe upOJOJBHKX TPeMUH
(puc. 41).  Ocolemnnoctsn
. PAacIOIOKEeHHA TPeLTHH CBH-
Puc. 41. ITpoponpuas Tpemuua B KpuBOU TpyOe. JCTeIABCTBYeT O TOM, 9TO

O HaXOmsTCA B  3ome
JeficTBYA MAKCAMAIbHLIX KOAbHEBHX HAIPAMEHHA, BLI3BAHHBIX H3ruGoMm
Koilena. Taxum o0pazoM, BLICOKME KOJBIEBBIC HATPAMEHHA n3ruda
B COYETAaHUM ¢ MHOTFOKDATHLIMH IHRJaMH H3MeHEHNA HaTpHKeHHOIo
COCTOANUA MOIrYT sIBATHCA UPHYKUNOI yCTAJTOCTHOTO Pa3pyImenis KoJeH.

Bonpock, cBssadubie ¢ ycTalOCTHOII HpPOYHOCTBIO BooOue B ycTa-
JIOCTHO TpounocThio TpyOd M KoJen, pemwalTcA TITaBHEIM 00pa3som
BKCICPUMEHTALBHBM IYTCM., YCTAJOCTIAaA OPOYHOCTh 3ABUCHT OT MHO-
rux axToOpOB, INaBHBIM 00pa3oM OT COCTOAHMs NOBEPXHOCTH, HaTUIUA
KOHIENTPaTOpOB HAaNpsAKenuii, MacmTadHOTo ¢daKkTOopa, CKOPOCTH H3Me-
HeHMHSI HANPAIKEHHOIO COCTOANUA, BEJIWYHHLI HAIDAKCHUH, HAIUIUA
HJIH OTCYTCTBUA KOPPOSMOHHOU cpeful (nocienmee 0coCEHHO BaskHO NI
“Tpy60UPOBOOB).

MccanenoBanusa moKa3all CyMeCTBeNNIOe Dasidyme MCAY Koadu-
nUenTaMy WHTeHCAPHUKANEM HanpAxKeUuil mpu JIMIHaMMYECKOM H CTAT!-
9eCKOM HCUBITAHAHX KOJEH, T. €, A0KA3aJM, 94TO CTATUYECKNE MCILITAlHA
KpUBLIX Tpy0 He NaloT mpejgcTapieniusg 00 HX YCTAJIOCTHOX TPOYHOCTH.
.JT0 00'BACHAETCSI COBEPIIEHHO PA3IUYION OPUPONOE M XapaKTepoM pas-
PYDIEHMH H pPacmoOJOKeNHA TPOMAH YCTAJIOCTA B HPAMbIX H KPUBHX
rpybax. Tpemunw yerasoctn npu wmarnbe mpaAmbix TpyG BO3HMKAIOT
B OOTEPeUNoM HANPAaBJIEHUH IOJ BO3JeciicTBHEM ONHOOCHLIX HepeMemmhiX
HampsiReHuH c:xatua m usarnba. Tpeuunnl ke ycTajJlocTH B KDHUBHIX TPY-
‘6ax BOBHHMKAWOT B NPOJOJbHOM HAUpaBlIeHAH H ABIAITCA Pe3yTbTaTOM
BO3HEHCTBUSA ABYOCHBIX HANpAmeNnUd W3rmOa, BHIBBAHHLIX CIUIIOIABA-
HHAEM IIOMePeYNoro CeucHHA,

YcrazocTnas HIPOYHOCT KpUBHX TPYO OIeHHMBaeTcsd TaK HasKBae-
MbIM KOD(QPHOMEHRTOM JuHaMAdecKHX HANPSKEeHNH, NTpeacTaBIgOIAM
06011 OTHOINEHWe H3rubaIIEro MOMEHTA, BRI3HBAIMIETO paspymieBme
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gpsAMOI TpyGBl, K MOMEHTY, BHIBHIBAKOIEMY pasdpynienue KpuBoi TpyOuI,
[pH TOM jKe JuaMeTpe, TOJMMUIC CTEHKH H 9ucle MUKIOB.

OnpITOBIM IyTeM YCTaHOBJIEHO, 9T0 KOd(PGUIMEHTH MHTeHCHQUKAIAH
NAHAMIYCCKHX HAIPHKCHMIT B KpuBnix Tpydax BJABOe MeHbIIEe KO3(-
¢unuenTos MHTencHPUKANMU KOJBICBLIX LANPSKEHNE, BOZHAKAOMMX
pH CTaTHYECKAX HAarpysKax.

§ 31. Yuer coBMecTHOro BO3JEHCTBHA
BHYTPEHHECr0 [NABJICHHA H HANPsmKeHHIi W3rHGa

Kpuswie ygacTkn TpyO6onpoBORHEIX cHCTeM, paboTalomMAX B YCIOBUAAX
caMOKOMIIEHCAIIMM TeMIIePaTYPHbIX JedopMmaumii, Kak OLIJIO YCTAHOBICHO
BLIIIE, HAaXOJATCA IO0;i OQHOBPEMEHHLIM BO3JeHCTBIEM BHYTPEHHero
FaBICnuA W uanpsaskenuit maruba.

st pemenist Bompoca O CYMMHPOBAHMH BOBHMKAIOIMHUX TPH 3TOM
HANPsURENHH HeOOXOMIUMO YCTAHOBUTH, KaKie U3 YKAa3aHHLIX CHIOBBIX
BO3/(eHiCTBUIT MOryT HCHepHaTh HCCYHIYI0 CLHOCOOHOCTh KPUBRHX YVIACTKOB
TpyGOIPOBOJOB HWIUM LPHBECTH K HEBO3MOMKHOCTH HX jajLHeiinreit skc-
mayaTauuu.

Kak noxasanm mcciIemoBanms, 5TO MOKET OPOM30HTH mOJ BIMSHUEM
CIeAYIONIX TPEX OCHOBHIHX BO3AEHCTBHIi:

1) mo;1 BIMAHNEM BHYTPeDHEro AaBlIeHUsd, KOTAA LOCIejIee JOCTUTHET
OpefiellbHOTO 3HAaYeldA M BLI30BET B MeTallde KOJeH HANpAsKemHsd, pab-
HBle BDEMEHHOMY COLDOTHBJICHNIO;

2) mopx BO3jclicTBMEeM 3HAKONEPEMCHHHX HArPY30K, KOTOPLIE MOTYT
OPHBECTH K YCTAJOCTHOMY pPaspylmleHNio KoJeH B BHje HPOJOThHLIX
TpeIiA B MeCcTaX MaKCHMAlbIhX HAUPAMCIHUNA, BHB3BAIHLIX CILTIOLIH-
BARNMCM TODEPOUHOTO cedeHUs KoJeR mpu uarule;

3) B pesyaspTaTe MOTEPH YCTOWYUBOCTH CEYCHMH KPUBHX TpPYG mmopg
BO3jleiicTBYeM GOJIbIMUX N3THGAIIMMX MOMEHTOB.

Pacuer xpusBuix Tpy6 ma BHyTpeHHce jiaBIeHHe He IPECTABJIACT
HUKAKUX 3aTPYAHEHUI; OPH HCUOAL3OBAHUY pPEKOMEHAOBAUNBIX KO3(-
¢unuerTon OTHOPOJTHOCTH, YCIOBHHA paboTH! U meperpy3KM WIH KO-
$ruunenta samaca Bcerga MOEO MOAOGPaTh TAKY0 TOINIANY CTENOK
Tpyo, IIpH KOTOPOH mpemelbnOe COCTOAHME HUKOTAa He 6yner mocTmr-
ByTo. McenepoBanma kpuBEHX TpPY6 Ha yCTAJOCTh IOKAa3alH, 9TO Jaje
TIPE DasBUTAH ynpyro-mJacTAIecKAX pegopMandii B MeTallde KoJaeH
Hoclennne MOryT BHII@PHHATh AOBOJIBIO (OJBILOE KONHUIECTBO IEPCMER-
HHX Harpysox.

Wccnenopanms mokasanm Taxske, 9TO sBienme MOTEPH YCTOWIMBOCTH
Y Kollenm, maxojmAmuxcs mopg Bo3felicTBHeM GOJBIINX W3THOANMUX
MOMenToB, He maGmiomaeTcs; OHO He HMeET MeCTa Ja)ke OPH MOMEHTAxX,
IpeBocxopsamux Gosee ueM B 2 pa3a HATPY3KH, IPH KOTOPHX B MeTallle
ROxen Bosmmkaior mmacruaeckme medopmanum. Taxum oOpasom, ouace-
HUA, CBA3amHble ¢ TeM, 9T0 PasBATHE IIACTHIECKHX JepopManuit B Ham-

OJlee HaNpAKeHHEX MecTaX KPHBHIX TPY6 mpm WX marmbe MOMKeT mpH-
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BecTH K 0O6pa3OBaHMIO YeTHpeX «IapHMPOB IIaCTHUYHOCTH» W MCYEpHaTy
Hecymmylo cmocoGHOCTD Kollen, HeoGocnobaHuul. Ilofo0HbIe ABIernA Moryy
¥MMeTh MECTO JIHIUL NpH OYenb OOJbIMUX UBrUGAOIMUX MOMEHTaX, KOTO-
pbi¢ BpAX JIM BO3MOMHH IPH OOBIYHBIX YCHAOBHAX Y INPUHATOM YDOBHe
HaNPHAHICHIOTO CcOCTOsHHA TPyO.

Yro e KacacTcs BOOpoca O COBMECTHOM BO3JECTBUH BHYT-
pennero pamienns M u3ruba, To OBJIO YCTanOBICHO, 9TO TpPeReIL-
HOE COCTOAHME TJQjIKUX KPHBHX H cBapueix Tpy06 focruraercs
TOJIBKO IIOJ] BO3JeIiCTBHEM OCHOBHOTO (JaKTOpa — BHYTDEHHEIO Jab-
Jenus.

Tax, wanpumep, OLIJIO HCHBITAaHO HecKOIbKO map Il-o6pasmeix Koa-
neHcaTopoB, OjMH U3 KOMIIEHCATODOB Ka¢/(0il Taphl JOBOANIHA JIO pas-
PYIIEHUSA O] BO3JICIiCTBHEM TOJBKO BHYTPCHHETO JaBJeHUH UPU OTCYT-
CTBHN M3rMbalomnx naupaskenuii. [l pyroii KoMueHcaTop TeX e pa3Mepos
Ipe/IBapUTeIbIO CTATHBAJIM € TAKHM PAaCueTOM, YTOOH B KOJIeHE BO3HURIY
3HAUMTENbHLIC OPONVABHLIE U KOJbIEBbIC HaTPAKEHHs!, IPEBOCXOsANHe
nupeaes TexkydecTu Merassa, Pe3yasTaThl ucclemoBamuil mMOKas3alH, 4TO
Kajklast 1apa KOMIEHCATOpPOB pa3pymaJjach MOYTH NPH OfHOM U TOM Ke
JlaBJenNH He3aBUCUMO OT TOTO, OBIIH KOJeHa INOABEePTHYThi M3THOY
WM HeT. JTO 3HAYMT, YTO B YCAOBHAX CTATHUEeCKHUX 3arpy:<enuili u npn
HArpy3Kax, HMCHKIIOYAJOIIUX BO3MORHOCTh NOTEpPH YCTOHUMBOCTH HOmeE-
PeIHOTO cedeHust KoJeH, BO3HUKAImye UpH u3rube KoJeH UPOJOTBHbIE
B KOJBLCBHIC HampsKeHHs B psfie CHCTeM TpyOOHPOBOAOB Iie BJIMAIT
Ha WX HECYU[YI0 CIOCOOHOCTD.

K uncay takux TpyOOmpOBOZOB MOKHO OTHCCTH CHcTeMBI, paGoTaro-
e MpY OrpaHMyeRHOM KOJNYeCTBe HUKJIOB H3MeNelNs HampsiKeHHOTO
COCTOANNA M TPAaHCUOPTUPYIOIYe REarPecCHBHHIE CPebl. ITHM YCJO-
BNAM OTBeYaeT GOJBINUe KOJINYeCTBO TPpy(OOHpOBOAHLIX CHCTEM, KOTODHO
33 BCI0 NPOJONKATENBHOCTD YKCOIyaTalMl HCOKTHBAKWT ne Gomree 200—
300 moAnbIX IMUKIOB, Hanpumep Haj3eMHble Ta3OmPOBOALI, TeXIOJAOIH-
geckile TpPyOGOHpPOBOALI KOMHPECCOPHHWX CTaHIMil, TemIopUKALHUOHHRBE
CeTH, MapompoBojkl, paloTalomye HpPH CTANMOHAPDHOM peKHMe H npHA
Temueparype napa ao 300°, a Tax:xe mHOrme Tpy0ompoBOALI pa3iIHYHBIX
IPOMBIINICHHBIX TPCAUPUATHI.

YrazanHb#l METO]I pacyera JaeT BO3MOJKHOCTR HCHOJAL30BAThH M6~
BOALHO Goapmuc pescpsbl Becywieil cmocoGHoctn TpyGomposogos. Ilpa
3TOM ponyckaercs paGoTa KpubBuix Tpy0 B ynpyro-miacTHieckoii ctaiu#
n oTnagaer Heo6XOMMMOCTH HOJCYNTLIBATH TAK Ha3biBACMble HpPUBEAEH-
HbIC HaNPsIKCHMA, OlpeAciLIOlUMe LCPeXOof MaTepHaja M3 yOopyroro
COCTOARHMS B ILTacTHYECKOe,

Ilpu pacuere, opnako, OKaswIBaeTCsH HEOOXOMMMLIM yCTamoBHTBH TOT
YDOBeHb HaIpsKCHMIl, KOTOpPHI MokeT OLITH pgouymicH B KoJeHAaX
mpu ux pabore B ycAOBHAX CaMOKOMIICHCAUWH TeMIepaTypHrx Aegop-
manuii. CrefyeT OTMeTUTE, YTO B HACTOsLIEe BPeMs HONycKaemble HaipAa-
Jenud, NpPHHAMaeMmble npH pacuere TPYOOMpPOBOAHBIX cucTem, ABHO
$aHUKEHH; DKCOEPMMEHTAaJbHblEe MCCAEJOBAaHHA I ONLT SKCIAyaTALHBE
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goKa’a M, 9TO YPOBEHb NAIPsIKEHHOTO COCTOANHSA KOJEH MOKeT OLITh
3HAaYNTEIbHO NOBLITIEH.

Tak, RHApUMep, NPH pacdeTe TenJdoGUKAOUOHHLIX ceTeil, TapONpo-
goji0B C Temuepatypoit mapa go 3(0°, rasomposopos uw apyrux TpyGo-
[pOBONUB AHATOTHYHBIX T1aPaMCTPOB, PaloOTalONKX IIPH CTAILMOHAPHLIX
peAIMaX, HAlPAKENNA CAMOKOMICHCAUML MOTYT OLITE 3TMAYUTE]ILHO
LHOBLITIENb M NpuHATH paBnbiyu YU% oT mpelella TeRydecTH MeTassa
opy6. B oTuX ycaosuax 8 mertatile Koden OyayT uMmeTb mecto Golbiuie
MECTHLIC NALPHIKEHMA, He BIHADILNE Ha OPEeTbRYI0O HECYULYIO Cnocub-
HOCTH KOJIeH.

B Tex caywasx, Korja tpyOonposommnie cucremit paboTaior mpm
BLICOKHX TeMIEpaTypax # OTHOCHTeNbHO GONTbRIOM KOJH4eCTBC IIMKIOB
paMeHenus Haups:KENHOro COCTOSAHUN, & TaKde KoTjla no Tpylonposo-
7aM TPAUCHOPTUPYIOTCs arpecClBHbie Cpefbl, MPOAOJAbHHC HAIPHIKCHUA
B MeTajlile KOJICH ROJIKHBL ObiTh Orpanudesbl U GbITH Menblie npeaeiaa
TCKYYCCTH.

Roabiesuie DaTpSKCHHAA CJIEIyeT YUHTHBATh TOABKO HPU pacvere
TpyGONPOBOIMBIX  €lICTeM, pPalOTAWIMX B O4YCHb THIKCIALIX YCAOBUAX
upi OoilbioM KOJAMYECTBE MOJHLIX IMKIOB HM3MEeHeHHS HallPAMKEHHOro
COCTOMNMNS, BBHICOKOHA TemmepaType #M  30aYUTeTbHOH  arpecCHBHOCTH
TpancnopTupyemofi cpeasl M T. 1., T. €. B TeX CAyuasX, Korjla mJiacTi-
YECKIE HalipsKEHUsi B MeTaNe KOJCH Ie JOJDRIL GhTh AOCTHTIYTHL
B amux ciyvasx Haups;kenua B MeTalllle KOJeH CJACAyeT OlpeuelaTb
1o ¢oupmye

]/ o': + 0 — 0,05 < Or, (4.18)

Ie 01 — MPONOTRHABIe HAMPAIKCHHA;
02 — KOJBIEBLIE WAMPHHKCHHUS;
Or — npefiedl TeKyuYecTu MeTaJlia,

§ 32. Pacuer HeycHWIeHHBIX TPOHHKOB

Coemnpenne oTserBIenua ¢ MarTHCTpadLHEOI Junneil, o0LYNO Hazhl-
Ba(‘.{\me TPOIHUKOBLIM, TpejcTanaser cofoil KOHCTPYKTHBHO ocaalleH-
HbIR ywactok tpyvGonponsoja. OTBepeTHE B MarucTpasibnoii TpyGe, a Takmxe
PC3KOC mameneHNe IJIOMAINM TONMEPEYHOTO CeMenHsa ¥ Hanpanienns
HUT“KU:\, Kak npaBiiio, MpUBORAT K 3Ha4UTCdbHON KONUCHTpaItn Hanps-
RCHIH na pTom yuacTke. Hampsskenns sokpyr OTBEPCTHA B 3TOM Cayuae
CTHH‘)RH“TCH BecbMa BHAUHTCALHLIMII N0 CPABHEHUIO € HaNPHMRCHUAMEA
B nenoii yacrn TpyOonponoga. Onnako aa CYeT ynpyro-pJactTiyecKoil
PaboTi meranna TPOHOUKOBOTO COCAUTNENUA 3TH BLICOKHE HalpssKenus
He onpenensor ero necymyio cmocoGHOCTD.

P NpOeKTHPORANNM HEVCHUIEHHLIX TPOUAWKORBIX COCAMITEHHH

n -
lapeH\He Bcero ofpamaeTcss BHUMAaHHEe HAa BO3MOJKHOCTh HMUKJIHYECKOTO
X Barpyskenus.
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B ciayuae craTnueckoro [eiCTBHA BHYTPEHHEI'O MaBJIeHusa, T. e,
KOrJla 4Yuci0 ILUKJIOB HM3MeHenHHd HATPY3KH 3a BCCh LEPUON CIYKOH
coopyskennn ne upesocxogut 7000, pasmepsl TPOINIKOBOTO COC/{HHCHU S
OIPC/IENAITCA €ro Hecymeil cmocobmocteio. llpun DEKIHYECKOM e
IeHCTBUM BHYTPEHHEI'0 JaBJeAHWA HeOO0XOomuymo, 4ToO0n HaU0OILUIKe
HaOpsHeNusaA B CTOHKAX TpOllHHKOBOI‘O COCAMHEHUA TE 1PEBOCXONMIY
mpefiell BLIHOCIUBOCTH METAaJlJa TPOWHUKA.

i | & )
KX T ‘ ’:‘“
| |
i e
T\ ‘—T—— £y N '“r—'
—_— h_-_lﬁ_ﬁ____ - t |
| s n S I __L_

} !

Prc. 42. HepaBmonpoxonuuii meycm- Pmc. 43. PaBHOIpPOXOABEIl HeycuIeHHELIi
JlenHH TPOHHIEK. TPOiiRMK,

Toxmuna CTeHOK HEYCHJIEHHOTO TPOIHHKOBOIr0 COCAWHEHHA (pPHC. 42)
UpPA  CTATHYECKOM HCiiCTBAE BOYTPEHHEr0 JaBJEHHA ompeaeiddercd
no cjicayoweit gopmye:

6—(1+2 d“)(ST, (4 19)

rge 0 — TONMMHA CTEHOK HEYCHJISHHOIO TPOWHHKOBOTO COSNHHOHES;
du — HApPYRULA JHAMCTP OTBeTBJENmHS;
Dy — papykunii gumamerp MarucTpajibioil Tpy6r;
8, — ToMmMHA CTeNKM LeAOH NPHCOCAUHsICMOH TPYGwI.

Qopmyxna (4. 19) mpusensierca OIa pacieTa TONKOCTEHHHIX TPOWHM-
KOBLIX CcoeamueHHUIl ¢ oTBeTniaepdeM mon yriaom 90°.

JJIA  paBOOUPOXOAHOTO HEYCHJICHHOTO TPOMHUKOBOIO COGQUHCHHA
(puc. 43) ToJNUMHY CTEHOK B ciIydae CTATHYECKOTO [eiCTBHA Harpysku
HAXOHAT mo ¢dopmylie

5
6=-36,. (4. 20)

dHadeHUs BeARYMH, BXOJAMAX B 3Ty QOPMYIy, Te Ke, 910 m B $Op-
myae (4. 19).

JlIA TONCTOCTeHHBIX HEYCHJEHHEIX PaBHONDOXOAHHX TPOHIMAKOBHIX
coepunenuii (puc. 44) JImaMeTpOM 102—273 Mmm ¢ oTBeTBieEmeM IOJ
yraom 90° mph CTaTHY9eCKOM [eHCTBHA HATPY3KA OTHONIEHHe AABIGHMA
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p nenoii TpyOe K JaBieHMI0O B TPOIlHMKC XapaKTepH3yeTcs Roa(bq)u—
uuemom

(4. 21)

Pac. 44, Tonctoctennulii Heycuaenunii paBHOUpOXOJT-
HBI{ TPOIIHHRK,

anech & — amnupmiecKuil xosdgdunument (onpepeasiercs no rtadwd. 39);

Tadauya 39
3nauennna koadpPuuucura § B dopmyae (4. 21)

|
29 | 273

d, mm

102 ‘ 133

3 ‘ 0,145

|
0,190 ’ 0,230 J 0,245

r — HapY;KHBIL papnyc Marucrpasdbroii TpyGul TpodAnuKa;

r, — Hapy:;KHLIU pajuyc OTBCTRIENuUn; '

r’ — BHYTpPCHHUH pajiuyCc MarHcTpadsNol TPyOH TpoHHWMKa;
0 — TONWMHA CTEeHKU MATHCTPAALNON TpVOH TpOIHHMKaA;
01 — TOMMHA CTEHKM OTBETBJICHNH,

KHosgpduunent muTeHcnuKauuu naupsizenni (T. e. oTHOUWICnME nan-
6osbmero HampsReHHA, ACHCTBYIOUIErO B CTeHKe TPOHHMKOBOTO COemu-
Hemis, K HalpPAMCHUIO B 1em0i TpyGe IpH MpOUMX PaBHHIX YCJIOBUsX)
paBHonpoxozmoro neycunennoxo TpoiiHuKa (puc. Vi3) onpegeiserca
dopMyIoi

2/
[ = o,g(g-) , (422

rje i — KoadPUNUEHT MHTeHCHUPUKAUMHN NaNPHKeHuit;
r — pajuyc MaTHCTpaJnHOH TpyOL TpOiiHUKA;
0 — ToMmUHA CTEHKHM MarucTpatbHOl TPYGH TPoiiHMEKA.

9 3anaz 995.
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Honerpyxrusuble peureHysa 1eYCUTCIHMIX TPOUHIKOBLIX COCIUHEHUit
BRHIOAHAIOT MYTEM BPC3KH 0j(ioif TpyOr B Jpyrylo, 1pUYCM OTBETBICHHUe
mpUBapHBAlOT K MATHCTPAARHOIL TpyOe TpoiiluKa CHapY;K.

§ 33. Pacuer ycmaenunix TPOHHHKOB

Hcunoansopamic yCUIIBAIUMX HARJALOK 103ROIsieT oGeclicunBaThy
paboTy TPOIHUKOBLIX COeNHHeNnIi TOYTH o TAKHUX /KC JaBJIeHHUif, Kak
M aBJICHUS B MACACTPASIBHOI JAUHHI, YCHIuBalomie HAaRJIagKM, 01HaKo,
e OKA3L1BaloT 0OJBUIOTO IPOTHROTEHCTBHA paneMy HOABICIHHIO 1171aCTH-
YecKUX jrepopMaImit 11 e MOryT OHTH 1H0DTOMY 3PHEKTUBHLIM CPEICTBOM
IIOBLINIEHI aBJIeRIst 0e3 JOCTIMKeHUs mpejieda TCKY4ecTH B OT/ICABHHX
30HAX CONpPS KeHUS.

Pric. 45. Tuns ycnagpalomux HaKIa; 0k TPOMHIKOBHIX COC;MHeHHEMR.

HexoToptic BBl YCIGIHBAIOUUX HAKIaj0K TORA3aHL la pHC. 49.
Hau6oaec pacnmpoCTPAHEHHLIMU ABJIAITCH YCUICHHHA B BIAe uJIOCKOM
HakJIanaku (puc. 45, a) ¥ B Buje Boporunuka (puc. 43, 6). IIpn yBenrnueuun
pasMepon IJIOCKOIH HAKIAAKI OHA TIPEBPALTIeTCH B HAKMALKY, OXBATH-
BAIONLYI0 BCIO MATHCTPAJILHYIO TPyOy (puc. 43, ¢). OxBaTniBaomas you-
JIMBaromas narJaika MO;KCT MMeThL 3aliiednku (pHC. 45, 2). Ycuaenwne
B BAJIC KOCHILOK 1f TOJKOBOOGPA3HOTO yCuTTBalomero pebpa (pue. 49, e)
BCJIECTBHE GOMBIUON HECTKOCTH HPUBOTUT K 3HAUUTEABHOIT KONIeHTpa-
U7 nanpsikenuii. J{ogbpmeBast youJIUBAKONIAA HAKTaARa MOKeT OLITh
BRITIOJHEHA B BIAC «BOPOTHMKa» (pHc. 45, 4). IIpn momoanennu «BopoOT-
EUKA» KCCTKOCTH TPOTBHM IOAKOBOOGDA3HLIM PeOdpoM, OXBaTHBAIOUAM
HIUREIO0 YacTh MATMCTPAALHOH JUHMM, LUOJTYdaerTcs YCTPOiicTBo, H30-
OpazkCHHOE Ha puc. 45, s, Ha3piBacMOC YCHIeNIeM B BHIC Tpex pebep-
DTOT TUN YCHJIEHHA OUCHDL CJIOMHEH € TOYKM 3Penus ero npUroHKH
¥ CBAPKM, KOTODYI0 K TOMY ke TPYANO HPOBEPUTH Pafuorpadudeckum
crnocobaMu.
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Pasmepl YCHIUBAWOILHX HAaKII0LK YCUIIennmX TPOiiHNKOBHMX coemn-
penMii OUPEENAIOT 110 METOY «3aMEMCHIA 1I0IA. CyIHOCTH DTOrO
METOZA BAKI0TAeTCH B TOM, 9TO METATI, YAAJCHOLI M3 CTCHKH MATH-
CTPabHO TPYObl, 3AMCWEQIOT TARUM KE KOJAUYCCTBOM METalIa, KOTOPHIil
yCTAHABAMBAIOT B MECTC COCMMENNH B BUAC YCUITCIMA, Hpu srom Brua-
HuMe YCHUICHHA J(OECRTUBIO TOJALKO B mpejeiiax «00dacTH yCHJIeHHA),
pasmepr ROTOPOH YCTARABAIBAIOTCA B COOTBETCTBHH € pHc. 46.

& E
.
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x
‘Q i3
S AN\ 2
) s
N
- Y I
L §
Pnc. 46. Pasmepn «obxactu ycmuemms»  Pue. 47, PaBuoupoxo:ublii TpoRHHE
TPOIHIKOBLIX COEAMHEHNIi. ¢ VeILIelHeM TRIOCKOI HaRIATKOM.

Taxns 0GpazoyM, B JHOG0M JUAMETPAIBIOM CCUCHUA OTBEPCTIH LLITO-
Wagh MeTallita, BHPe3aEnoro M3 MaTHCTPaJbNoil TpyOLl ads oOpasosa-
HUS OTBEPCTMSI, AOMIKHA OHTH KOMIEHCHPOBANA METAIIOM, HAJ@HKHO
COCNMHCHHBLIM CO CTENKOIl cocyua B upemerax 30HL ABCD. 1lnomans
CeTeHUA MeTaJJda B TIpejlellaX YKa3aHHOIH 30HLL ¢ y9CTOM COUENMAs IMBOB
nomxua ObITh He MeHbIne 2den O, Ij(e § — TOJIMHHA CTENKA MArHCTPAIb-
HOHE TPYOH, dgn — BHYTPEHUMIl guaMeTp OTBETBJIeHHA.

Kosgpuuuenr unrencuduranuu HampssKennit paBnonpoxoga0To Tpoii-
HHKQ, YCHJIEHHOI'O INTOCKOH HarIagkoii (puc. 47), onpexersaior mo ¢$op-
MyTe

--8/g

i = 0.9 (%)2'3(1+%) , (4. 23)

Tie i — kou(pPUUUEeNT MHTENCUOUKALMA HANpAKeHN;
r — paguyc MaruCTpa’IbHOH TpyOn TpoiinWKa;
8 — ronumna cremkn MarucTpaipiioi TpyOs TPOTiHHKA;
O — Toammna mITocKoil HaKTaIKM.

§ 34. Pexomenpanmuy 110 HpPOERTHPOBAHKIO
TPOIHUKOBBIX COEAUHEHNIH

- Heoﬁxounmo, 9T00b BHOOpP KONCTPYKOMU ¥ TCXIOJOTHS U3TOTOBIC-

o A ReTaneit TPOIHMKOBHX COeTHICHUN OCHOBLIBANMCL Ha TINATEABHOMN

UeHKe Beox $aKTOpPOB, BAMAIOIHUX HA IIPOTHOCTH OTBETBJIEHNS, Bodpmoe
9*
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3HaYCHUE IIPM 3TOM UMCET KOHTPOJb 3a Ka9eCTBOM H3roToBXenHs. [lio-
XHe OPUTOHKA If CBAPKA M HENPOBAp KOPHJA MBa MOTYT €O37aTh oblactm
KOHIEHTPANMH HAlPA;KEeRuil, KOoTopbie cnocofHHI IpUBECTH K paspy-
menui0 TpyOOoIrpoBoOja.

dnemenTaM YCHJEeHHA CIeJyeT YHeJATh TeM 0oJdblllee BIAMAHHE, dem
BLIMe JeHiCTBYOUMe RHaOpsReHusaA W Temueparypa. 'pyAHO H3rOTOBHTEH
cBapuble paBHOIIPOXOAHLIe TpoHHMKH mox yriom 90°, me BLI3BaB 3HATH-
TeJbHLIX Jedopmanuil, 0Co00eHHO ImpU HCIIOAB30BANUU YCUJIEHHMII B Bife
HaAKTaJO0K; 3aTpyAHenns eme 0olce BO3PACTAOT € YBEJIMYCHUEM jiHa-
MeTpa TpybGomposoga. YcuieHHe, IOIydaeMOe 33 CYeT UCHOJIb30BaHHA
VIS OCHOBHOH MAarucTpaju HIU OTBeTBIAeHUA TpyO ¢ Oosee TOSICTOM
cTedgKoil, oOLIYHO TpeIUOTUTACTCA HAKIAaJKaM H MOMKET IPAMEeHATHCA
B GOJBUTHIICTRE CJIyvaen,

IIpu coejuuenny oTBeTBIEHAN ClXefyeT mn30eraTb OCTPLIX VYIIOB,
TpyarocTn W3roTOBJIEHHA CcOeANHen#il u3 TpyG BO3pacTalOT IO Mepe
TOro, Kaxk OTHOMICHUE JilaMeTpa OTBETBJCITUA K JHaMeTpy TpyOompoBoga
yBeamuuBaerca. Korjga 5To otmomenue npessinraer 50%, neofxonuma
BLICOKAA TOYHOCTh HM3TOTOBJICHUA.

[HanGonpumi s¢erT ycudenusi obecirednBaeTcsa IPU ero KONIeHTpa-
nun BOIU3W oTBepeTnsi. KeaAH 3TO HO3BOSACT pesKUM HOTOKa paboueir
cpesibl, 3QOCKTUBHOCTE YCUIEIsI MOKHO II0BHCUTE, PACIONOKUB yCulu-
Balomuii MeTaJJI He TOJABKO HAa Hapy#AHOIi, HO U Ha BHYTPEeHHell moBepx-
HOCTH TPyOLI.

He pexomennyercs npumensaTs yCHTeHUA B Buie KOCHHOK HJId pebep
JHECTKOCTH, TaK KaK BO3Je HMX KOHIUOB UWIAX BOGJIU3N COETUHUTEIHHHIX
IIBOB MOryT BO3HNMKATh O0dbBMUHe KoHUenTpaunmu wanpskennit. Oco-
6eHno ne cIefyeT MCMOIL30BaTh TAKHe yCUJCHUA HA FOPAYNX TpyBGoupo-
BOaX, IIOCKOJIBKY BAONB pedep co03aeTcs BLICOKMHA TeMuepaTypubli
rpajuenr. Ecau peGpa Bce ke IIPUMEHSIOTCH, TO B MeCTaX UX YCTAHOBKH
Ha ropAuux TpyOompoBomax TpeGyeTcs YCUIeHHAsd H30JAMUA.,

Bribop oaemenToB ycuslleHHA (C yUETOM UX KONCTPYKTUBHHIX 0COGEH-
HOCTeif, TeXHOTOrMM H3TOTOBJEHHA M MeTO;[0B KOHTDOJs) NOJ;KeH OCHO-
BLIBATBCA Ha LPCAMNOTIaracMbulX ycJHoBuAx arciiyarannu. Ilpegmoure-
HUe CJeiyCeT OTLABATL TAKMM YCHIEUUAM, KOTODLIe YMeNbmarT JiedopMa-
TUBHOCTH M CO3Jal0T HAWIYYIUNE BO3MO;KHOCTH JUIA 1LOABAPKH KOpPHA
mBa, B xagecTBe mpuyepa oTMeTHM, UTO yCTAallOBKA M IpUBapKa OTBET-
BJEHUA [0 BLIPE3a OTBEPCTI B MATWCTPAibHO JIHMHUM yMeHBIIAT
gepopMipoBanue, 0co0eHHO KOIjla JuaMeTp OTBCTBJIeHHUA UpUGIN;KaeTCA
K HaMeTpy oCHOBHOIl TpyOnl.

§ 35. Pacuer KOHMYCCKHX nepexofos

T'eomerpmucckas cxeMa KOHMYCCKOTO liepexojia OT OJHOro gmaMerpa
TpyGonpoBoja K ApyromMy mHoKasapa ua pHc. 48.

Hawn6osce HampsennsIMH CeYeHHAMH TAaKOTO Hepexofa ABIMAIOTCH
cegenua [ u II. Hanpsasenua no JAuHUM CTHIKA OUJIMHApa H KOHYC&
B ILIOCKOCTH Goxbmero auamerpa xomyca (cedemue /) paBHM:
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ji2) 2! KOoHYCa
Oupos = F 1,816 C5 4 5=Lo—0;
Gyomn = — €1 + (Sﬁnli‘:)m F 0,546 Cy; (4. 24)

1A NMJIHHIPA

anon = F 1,816 n2C3 + % N
) (4. 25)
Ogomry = — Co + %" * 0,546 n2C, .

Haupsxenua 110 JAHUM CTHKA OUIKOAPA MU KOHYCAa B IIOCKOCTE
MeHpIIEro pUaMeTpa Kouyca (cedenue /1), paBum:

|7

Puc, 48, Hommueckuii mepexon OT OQHOro AWaMeTPa
tpyGoupoBoga K jpyromy.

A KoHyca
Oupon = = 1,816 C5 + 5o (6.26
Oromn = Cy + s £ 0,546 Cy 5 '
AN nEAMHEApa
Oupon = = 1,816 22C; + 5% ; hon

Oioary == Cz + %’;—2 + 0,546 n2C3 .

B ypasnenunx (4. 24) — (4. 27) Bepxnme 3HAKY OTHOCATCS K Dampsi-
MEHUAM ma HapyHOM MOBEPXHOCTH IEPEXOMA, MUMKHHE — K HAIDHKC~
HHsM gy BHYTpenneil mosepxmoctn. IIpn sToM upHHATO, WTO ceuenus [
B IT maxoustess ma noctaTogno GoJbIIOM DPACCTOAHHH ApPYL OT JpyTa

UpeBEmarmem 2 V 0% | ¥ He UCHBITHBAIOT 3HAYMTENBHOTO B3auM-~
cosa
HOro Biapggmg.
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Homcrantit ' 0OOpefelsHioTCA CHICAYIONUMH BBIpaKCHUAMIL:

les(vmssa e ) —efzyisat )]s

VY ncosu

C2=CL“[C5 (l/ncosa-L- —2—) Cs<n2—;—1—i- —2:”,

Cy= nzc [Cs(V ncos o + 1)+ Cy(n2—1)];

C4=n2—[— +2(Vncosa+1+ Vnwba);

AJIA coupAKeRuA mo cedennio I

=2,57 YT _ V’ [”’+ r —}——ﬂ»)tga;

815 172 2ar ars
v pr . 1 .
Co =085 ) <1 ncosa)’
b
n—= 5

A A cOUpAKendA uo cedenuio I7

y M
+—z]tga;
:rtr2

27y

Cy=2,51 ;f’; 7+

Cs=—o,85%(1—-—‘——);
2

n cosa

B dopmynax (4. 24) — (4. 27) upunaThi oGo3HauenHns:

r — paamnyc Godsnuiero TPyGoupoBOja B cM;

ry — PARYC MeHpmero Tpy6ompoBOAA B cM;

8 — TomwmRa cTepkHu GoJpuiero TpyOGOTPOBOJA B cMm;

81 — TOJmMWHA CTCHKH KOHUYECKOIO IICPEX0/ia B CM;

0, — TONMMHA CTEHKM MeHburero Tpy0onpoBoia B cm;

@ — Yrod HakidoHa 0o0Gpasyonicii KOHUIECKOTrO Tepexofa B Ipaly~

cax; '
p — BHyTpenHee naBienue B xl'/cm?;
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———

F — upojoJpHas pacTATUBAIOMAA CHIAa, PABHAsN CyMMC BHCIIHe
APOROJALHOK CIJIBL M HPOJOJLHOH HArpy3Ki, 00ycIOBIEHHOM
BHYTpCHIHUM gaBienueM p, B kl';

M — u3rudalouiMii MOMEHT, JelCTBYIOmMUA Ha KOHHYECKHH mepe-
xofn, B klcm.

§ 36. Ciepuueckne 3arayumxu

CiepudgecKue 3arTyMKH HMEOT DNIMOTHICCKYIO (MU GIH3KYI0 K Heil)
dopmy.

TeomeTpudeckue pasMephl Takux 3ardymex (puc. 49) mOJKHLL yro-
BIeTBOPATh CAEAYIOLUM COOTHOTHONILIM:

2h?
s >~ s> 0,1 Dn,
rs =2 Dn r /O H (4.28)

Qs << DH; h > 012 Dn~

TolUMHY CTEeHKHN 3arJIymKH, VI0-
BAETBOPSUONMICH DTAM  COOTHOIICHHAM,
onpeypeadioT 110 Gopmy.ie

Dgpn
— mpn & 2
IR | ( * ))

rae 6 — TOJNUHA CTCHKHN 3ariTymKit
B CM;
Dy — mapyssuslit.  j@aMetp 33~ pye 49, BrOoyK1as 3araymxa.
INIYIUKH B cM;
p — BHyTpenmec paBdenve B kl/cm?;
R™ — gopmatHBmOE compoTABIenke MaTepHada B kl'/cu?;
k —- K0ouPMUEEnT ORIOPOANOCTH,;
R -- KO3QQUIHCHT TeperpysKn;
m -— Koa(unUenT ycIoBHil paboTn.

s Toro wroGr paoTa MUIMHAPHIECKOH 0GOIOUKIL (TpyOni) ¢ sa-
CIyiKkoid  maxcumalbno mpubimkatack K OesMomentmol, dopma
SALTymKN goiyxma OHITH INIABHOU, & CIETORATEILHO, MepPHAMOHANbIAA
KPUBasa He J0d/ma AMETH pa3pHBa B IIepBOM IIPOM3BONHOI H MO BO3MOMK-
HOCTH RO BrOpOiL.

I—Jromy YCIAOBUIO B JIydiIeif CTEeIeHH COOTBETCTBYIOT 3JJAUNTUYECKUS
SANTYNIRN A B HECKOILKO MENbIICIT CTEIe — Topucdepugeckne (K HuM,
B TACTHOCTH, OTHOCHTCSI T cheprIecKie BAMVIYIIKH), TaKk RakK nocjaegnne
e YAOBIeTBOpsItOT BTOPUMY YCJOBHIO, NOCKOJILKY JUIA HAX XapaKTepeH
PA3PLIB KpuMamL B MecTe cowIeHCHUS TOpa CO cdepoii,

o Oné(;laﬂo H A TCX M JUIA APYrux 3ardyiaex esecoo6pasno HMeTh
MORHOCTH GOABITYI0 BeAHYMHY h; IIPH DTOM Hambosdee OIaro-
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IPHATHHIM € TOYKM 3peHNa pabOTH KOHCTPYKOUU ABJIAETCH CAydvaif,
Korjyia
h=Pr
2

Il1a TopUcdepigecKoil 3arayNIKK Ke1aTeAbHO, 9TO0L PagUyC TOpa r,
OblJI IO BO3MOMKHOCTYT MaKCUMAJbHBIM,

§ 37. JluuzoBpie KOMIEHCATOPBI

JIur30BHEe KoMUEHCATOPH TMPEHA3HATAMTCS IS KOMIEHCALMH TeMm-
HepaTypHEIX xepopmaiuil TpyOompoBOjiUB, MO KOTOPLIM TPAHCTOPTU-
PYIOTCs Tashl WU lap mojd fgabieducM me Godee 6 xl/cm® Omu upea-
CTaBAANT ¢000il 1HGKy BecTaBKy B TpybonpoBoq, o6pa3oBaHAYIO KOJh-
UEBHIMA UJACTUIIKAMM 1l dJCMEHTaM¥u TOpPOBOil oCodouxu (puc. 30).

H 17n30BEIM KOMIIEHCATOpPAM MOTYT OBITH OTHECENbl TaX)ke W IndKme
BCTaBKA Gollee upocToii $opMbI, COCTOSAIINE U3 KOJILUEBLIX MIACTUHOK
I AMIANHAPHYICCROH oGogourn (puc. o1).

Ysen 1 STINSRSTINY
2 T
é\-. b — s ‘
7 |

Wl U:t - " ——'?_ =~ - 1 - ‘f' -1 T r
i
Yaenl~ l* L

—1500 500}« ;

L ﬁmii

Puc. 50. Cxema aunuzoBoro koM- Pme. 31. CxeMa JIuMH30BOTO KOMIlemcaTropa
nencatopa ¢ Topoo6GpasHLiMH BCTaB- ¢ INIOCKMMH KOJBLCBBIME BCTaBK&MH,
RaMHi.

Uneno rudkux seTarok (JIMA3) MOKeT OBITH Pasubia, HO, Kak Opasuio,
ne mpennimaer miectu. llmpuny JAun3sl b HazWavyaoT B 3aBHCHMOCTH
OT KOHCTPYKTHBHLIX CcOO0pajkeHui.

OCHOBHBIMH TeOMCTPHYECKHMM XapaKTePHCTUKAMU JHH30BEIX KOM-
TeHCAaTOPOB ABJOTCA: AMaMeTp Juu3s D, Tonmuna ce cTenkn 6 I 0THO-
menne aAuamerpa TpyGomporoga d K puaMeTpy Aunasb D (B gadbneiimeM
oGospagaercst f).

Pacder KOMNIeHCATOPOB BaKIIOYACTCA B ONpefelennuu clefyloinux
JOOYCTAMKX BeJMYMH: BHYTPEHHErO JaBJIeNHs rasa MM mapa B KOM-
mencaTope (MIN TONMWHbLI CTEHKH JHMHSEL IPN 3aJaHHOM JaBJEHHUH),
TEMIEPAaTyPHOTO YAJTUNEHusa TPyOGOmpoBoja, KOTOpOC MO3keT OLITH BOC-
NpHHATO JUN30ii, N pacmopa, mepefaBaeMOT0 KOMIIEHCATODOM ma MepT-
BLIe OMOPHI CHCTEMBI.
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H{an6onee COBEPIICHRHM M O0GOCHOBAHHBIM METOJOM pacyeTa JIMH30-
prix KOMIIGHCATOPOB ABJIAETCSA Ipeairoskennkii eme B 1936 r. C. H. Coxo-
JIOBLIM.

B 1953 r. BHUUCT O6uutu mpoBesierr mupoKHe UCHLITARUA JIHH30-
pblx KOMICHCATOPOB AJIs TpyGoupoBogos muamerpom or 200 mo 1400 mm,
0KA3aBIIME JIOCTATOYHO XOPOMCE COBOAmeHde OKCHNEPHMEHTANBHLIX
gapnbix ¢ Teoperugeckumu mpe;uocsirkamu C. H. Coxonosa. Bmecre
¢ TeM HTH HCLBITAOHH TOKA3aJu HEKOTOPLIC HEHCIIOIb3yeMLle pe3epBH
[1pOYHOCTH JUH3OBHX KOMIEHCATOPOB, 4TO I03BOJMIO PEKOMCITOBATE

VBEIUTUTh JONYCKAEMYIO OCAJIKy KOM-
nencatopoB B 1,5 pasa; upm sTOM
ax pacmop Bospacraer B 1.20 pa3sa.

.
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Puc. 52. Pacuetnas cxema amwH3w  Puc. 53. I'papmk  saBmcumoctn p — A mo
no C. H. CokoxoBy. C. H. CoxoJosy.

CymnocTe yKasaHHOTO MCTOJA pacyeTa 3aKJI0YaeTcsi B CIeLYIOLEM.
Pacuernaa cxema cBojuTCA K PACCMOTPERMIO YNPYIO-1JIACTAYECKOTO
#3r16a KOIpUEeBOll ILIACTMHEI, 3alIeMIEHHON M0 BOYTPEHNEMY H HapyHi-
HoMy xontypam (puc. 52). '

pu mocTpoenuu mnpaKTHYECKOr0 MeTOAAa pacuera JHHBOBLIX KOM-
tteyycatopos C. II. CorosoB nCXomua U3 YCIOBHOM UuarpaMmibl uX paboTsl
(puc. 53), mpexgcrapisomeil 3aBHCUMOCTD OCAJKH A OT OCEBOTO YCH-
anst P, peiictByloniero na Kowmirencatop. HeTpyano 3aMeTuTh, YTO
HoclennAA nanmoMuHAaeT HIeaJUsMPOBANHYI JIMATPAMMY BaBHCUMOCTI
MeHly yemiuAMH M YOJHHCHAAMYU METANINUYCCKUX CTepikHell IpH
PacTa;rewun, wmaswmisaemylo mEorga auarpammoil llpanaris. Opmako
Tpagux puc. 53 upHUENAILIO OTIAMYAETCA OT AMarpammil ITpanmaras
TeM, 4To na ero sIumeiinoil gacTn OA MMeercA ROBOSILUO 3HAYATENHHLIMN
yuacTok KA, B mpegenax XKOTOpPOTO PasBUBAIOTCA lIacTHucckue aedop-
Manu,

Taxmm o0pasom, uucro ympyroii paGoTe Merajia oTBGUaeT JHUIb
f;‘;ig?x OE. IlpsmoimmeiinocTh yuyacTka EA 0oGbfAcHAeTCs B3aEMHO

AIAM BJAMsHUEM [OBYX (AKTOPOB: MOABJIEHHEM 30H mJIacTHde-
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CKOTO TeJenust B MceTajule (YTO YMeHbHIAeT KCCTROCTH KOMIEHCaTOpa)
H 10ABJeHueM MeMOpaHIbX HAIPSRKEHH B 1IJIacTUHE (4T0, KaK I3BCCTHO,
YBCJANYABAET ;KRECTKOCTh moclacaieii). 3a 1peeaplylo OceBYI0 Harpysky
Ha KOMIEHCATOP NPHHHUMAETCA Halpy3ra Pppey, COOTBCTCTBYIOmMAsA Nilo-
manKe TekyuecTM AB. Bsemenmem mexoroporo KoadgHuuenTa sauaca
NOAYHAKT BEAMYMHY JOnyCKaemoro mpoaoiapuoro ycuams. CooTser-
CTBYHIY 5TOM HArpy3Ke OCAJKY UPUIUMAIOT 3a HOOYCKAEMYk
0CaIKY Agpou, KOTOpAst I onpenciseT KOMUSHCHPYIOMYIO CIHOCOGHOCTL
JUH30BOTO KOMIICHCATOPA.

Husxe npusogsites ocuonnbie gopmyast, npepitoxennne C. H, Coxo-
JIOBLIM, € y9eTOM 1ompaBok, succennuix BHMUCT.

Muanumajdbyas TONWMHA CTeHKH JIHH3H ONpEleNsercs oo caeayio-
medl popmyre:

— s}/ Ko (4-30)

Iie 0 — TOJNINUIIA CTEHKHU JIHN3LI B MM,
d — puamerp TpyGH B cM;
Prpog — HCOBTATEJbHOC AaBiIenue npu onpeccosre B xl'/cm?;
Or — Tpees TeKyJecTH CTalNW, H3 KOTOPOoHl M3rorTomsiera JIAH3A,

B kl/cm?;
k' — rmoopdunuenT 3amaca, upuruMaemuii pasmeiy 1,1;
. 7
A ~— Ros¢duiyient, 3aBUCAIUHINL 0T OTHOITenUA f = —1(7; BeJHIHHA
3TOTO KO3pPHUIMenTa HaXOJUTCS M3 BLIparKeHHA
1—p) 1—p*)
h= |/ =P U—P) 4.31
5 GEh) (4.31)

Jaa onpepenenusn jomyckaemoil 0cajxu OJHOH JHH3H KOMIIGHCATOPA
npumenserca GopMyaa

Al = 22,:, i;‘ ay 3 (4- 32)

37eck A’ — jouycraeMas Ocajxa B MM;
E — mopyns yupyroctu craau B kl/cm?;

k' — xosddunuent 3anaca, npunumMaemulii pasusiM 1,2 upn pa6o—
9eM JABACHEU ppag < 2,0 am, nwm 1,3 upm 2,5 am < ppas <
< 6 amn;

. d
o; — Kopddunment, saBucammii 0T oTHOMEHRMA f =—-, ompe-

D
Heraemunii no gopmyie

69 [1—p*  4In2p
Qy = 1——ﬁ( pe 1_52)‘ (4'33)
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Ilpu ycaosmit ppedBapUTEIbHON PACTAMKKYN JIHH3H KOMIEHCATOPA
Ha BenUAny A’ JIONYCKACMYIO OCAfKy ONPeelsior no Gopmye

. ’ 2 Pl.)%l()d4
A=28"— (“3 - 7) rov (4-34)
rae - A — JomycKaeMmMas ocajka B MM,
Ppas — palouee namienuc B kl'/cm?;
d
0y U Og — KodPHUOMEHTLI, 3aBUCAIUE OT OTHOMERHA f == -

gpadeHnA DTAX KoIGPUIUENTOB:

_ (1—) (1--26) [1—B> 4In?p
a2—0,286 ﬁz ( Bz 1_6)7 (4. 35)

41
2y = 0,850[0,75 — g + G+ nB (g + f=pr )] (4.36)

Pa3sMepHOCTHE OCTANBHHX BeIudnd B gopmyrax (4. 32) u (4. 34) — w7
HoCM.

B Bugy TOrO, 9TO BTOPOE CIaraeMoe B TIPaBOl YacTi Gopmy:Isl (4. 34)
J0CTaTOTHO MAJ0 OO CPABHCHMIO C IIePBLIM, MO;KHO 0e3 ocoforo ymepsa
AL TOUHOCTH ONPEACIATH HOMYyCKaeMylo OCagry A I0 00JIec HPOCTOil
dopmyie

A =2A". (4.37)

Temumeparypusiit paciiop KOMUEHCATOPA, PABILIGA O,[HOBPEMEIHO YCH-
SN0 OPeBAPUTENBHON PACTAIRKM KOMICHCATODA:

P = 1121122 Zer, (4. 38)

Ipome temnepaTypmoro pacmopa, Ha MepTIBHe 0uOpLI TPY6OIpPOBOIA
nepefacres pacmop 3a CYET AaBIeHMA HA BIYTPEOHIOKN TOBEPXHOCTh
“Im3ut. Besuyumna aToro pacmopa, KOTODBLA, TAaK ke KAk M TeMIepaTyp-
HbUA pacmop, me 3aBHCUT OT WICTA JHH3 B KOMICHCATODE, OMPEIelNsACTCH
BEIDayKeHMeAr

@
pr_ pngi Ppas? (4. 39)

Pasmepnoctit seamgum, sxogsumx B popmyant (4. 38) u (4. 39),

. d
Tarme kI' yt cm; ¢ — KwODPPUICHT, 3ABECAIHAR OT OTHOICHAL p = o
Ompenensemuii no Qopmyie

1—p)
o= 2 U=BULD (4.40)
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Taxkem 06pa3om, DOJMHHH pacmop KOMIEHCATOPa HAa MEPTBHE OO
TpybonpoBosa

R=P +P" (4- 41)

Ilpu BaianuwMe 3ardymIRE WIM 33JBHKKH YCHIHE HAa MEPTBYIO OmOpy
Oyner

md?
Rmax = R + i Ppa6- (4.42)
daa nomevera gucsIa MWH3 HEOGXONUMO IONB30BATBCA (OPMY:IOi
i= %"—, (4. 43)

rae i — 4MCJIO JIMH3;
A — KOMIICHCHDPYIOMAA CHOCOOHOCTEL (HomycKaemas OCagKa) O/[HOM

JUH3LI;
Tabauya 40
3uagennsa xodPPuUMenTOB 05, @y, O3, A M @ B
3aBHCHMOCTH OT OTHOWEHMA f = —z—

B ay [+ ] as A [0}
0,36 20,68 4,565 4,106 0,400 2,224
0,38 17,28 3,350 2,970 0,369 1,978
0,40 14,39 2,420 2,158 0,340 1,767
0.42 12,03 1,758 1,573 0,315 1.584
0,44 10,14 1,282 1,156 0,291 1.424
0,46 8,51 0,935 0,847 0,270 1.283
0,48 7,167 0,684 0,625 0,250 1,158
0,50 6,033 0,501 0,459 0,22 1,047
0,52 5,074 0,366 0,335 0,214 0,946
0,54 4,28 0,268 0,247 0,199 0859
0,56 3,603 0,196 0,181 0,184 0,779
0,58 3,016 0,141 0,198 0,170 0,706
0,60 2,524 0,102 0.096 0,157 0,640
0,62 2,112 0,0737 0,0689 0,145 0,580
0,64 1,762 0,0527 0,0490 0,134 0,525
0,66 1,465 0,0374 0,0348 0,123 0,474
0,68 1,203 0,0261 0,0250 0,142 0,428
0,70 0,987 0,0181 0,0173 0,130 0,385
0,72 0,8065 0.01234 0,0118 0,0935 0,345
0,74 0,6515 0,00827 0,0800 0,047 0,308
0,76 0,512 0,00534 0,00539 0,0764 0,274
0,78 0,404 0,00340 0,00352 0,0684 0,242
0.80 0,105 0,00209 0,00222 0,0608 0,2127
0,82 0,234 0,001334 0,00140 0,0586 0,185
0,84 0,1725 0,000694 0,000884 0 0466 0,159
0,86 0,1138 0,000340 0,000578 0,0400 0,135
0,88 0,0742 0.000158 0,00038 0,0336 0,112
0,90 0,0476 0,000069 0,000246 0,0273 0,905
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Ax — KOMIIEHCHDYIOmas cmocoGHocTh, TpeGyemas mo pacuery A
IaHHOTO yYacTKa TpyOomporoja.

3gaveHUs BCIOMOIAaTeNbHHX KOI(PUUMEHTOB a1, a2, a3, A H @
g sasmcumocTn oT f mpHBescnu B Taba. 40.

Ecia@ IUn30Bble KOMIIEHCATOPhI H3TOTOBRJAIOTCH M3 cTaay mapkn CT. 3,
10, HO/ICTABUB B NIPHBE/ICHIIBI€ BLINTC OPMYJIH BHAYCHUS Oy = 2400 I /cm®
a E=21-10% gl'/cx?, MORUO mnoxyauts Gollce NpPOCTLIC pacyer-
gee GOpMYJni, HMmefouie BUA:

Ad

® = 500 * (4. 44)

’ d?
A =D STI07 (4. 45)

, d+

A=2A —CW, (4. 46)

7 - 62
P’ = 17850 T—p ' (4. 47)
P" = Ed2. . (4. 48)
B atux ¢opmyaax P’, d m § usmepsorca B gl u cu, A’ 0# A — B um;
A, B, ¢ m E — xosdduunentbl, 3aBuCAImMe OT OTHOmenus P = Td)—

H paloyero M MCHBITATEILHOTO JlaBJenvsA.

Jna pa6ounx gasaenwii, pasnoix 0,2; 1; 2,5 u 6,0 xl'/cm®, snauenusn
Koddpnnmentos 4, B, C u £ moryr OLTh noiyuenbl mo rpadgukaM, upej-
CTAWICHAKIM Ha pHUC. DA—DHT.

B ra6n. 42 u 43 mpune/ieHEbl OCHOBHKIC FEOMETPUYECKUE U PACUETHLIO
NapamMeTpnl [ JHI30BLIX KOMIEHCATOPOB U3 YIMCPOJUCTOI CTadw,
lpennaanayaemMhlx Al TPYGOupOBOJOB ¢ YCJTOBIbIM juaMeTpom Dy
0T 150 ;o 2400 mm, DO KOTOPHMM TPANCIOPTUPYIOTCA HCATPECCUBHLIE
CPenn ¢ remmeparypoit me cemme 300° C.

llpu noxpzopapum aTuME TaGaHOAMU HEe0GXO/MMO MMeTh B BHAY,
9T0 ¢ meapio cokpamenua 9ucjaa MTAMOOB V51 M3TOTOBJIEHUS IOILYINH3
Pasdmeprr nuna gaa gasaenmii or 0,2 10 1,0 kI/cm? GBLTH HPAHATLI 110 GOMb-
Wemy pasienmio. To e OTHOCHTCA WM K JANana3oHy jasieHuit or 2,5
B0 6,0 xI'/cm?. Taxum o0pasoyM, KOMIIEHCATODH, HofoGpannse no JaH-

gHM Taba. 41 wu 42, He Bcerga 00JafaloT ONTHMAABObLIMU TapaMmeT-
amm,
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038 10 0.05(
astot |9} 003} \ Pous=02 klfer?
- = 2
¢iftzor |8 L 0,01 L c P;,Zug_ f’i Kl7cm
.26}1,8 116017 | 0008 K=1. 1 Gy 200K
022416 sots | tm3 | 0006F
01814 2aks - 0004 |
o,mp,z l11glet 0002 |
0L 5 " L . " T S
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006108t 60}2t
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002las L wols
04t 20to}
02t 0t
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£ € B8 A036 G4 0,
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Puc. 54. BenovoraTteaunuiit rpaduR T8 paciera JINMH30BEIX KOMIIEHCATOPOB, H3TO0-
TOBAEGHHBIX 13 cTasu Mapku CT.3, paBoTaioniuXx Npi JaBICHAI ppag == 0,2 xI/em®
(Pupos == 1,2 &l'/cn?),

Poag =1 KT 7EM?
Prpos= 20K 7cM?

Gs =2400 nl7cm?
w!'=12 k"=11

L 1 M

B

120
19 il
171 7] B
016790
15} at a14t8p
012470
3t |sols| 010460
006150
11t sy 006+40
006430
a9t ok} 002420
0410
2700k g0 51 0
05t80t7oka 5% 068 072 078 080 08 058
a3leolsolsk
04 r,o 2ol L
wlr]
otol
£ C B A03b 4 048 052 056 060 0% 068 072 076 0,60 084 088

Prc. 55. BemoMoraTeanrHEE IpaduK A pacyeTa JHH30BHIX KOMICHCATOPOB, H3FOTO-
pJIENHHX 13 cTanu Mapka (1.3, paboTaomux NpH XABIEHUI Ppac = 1 kl'/eau? (Pnpo6™
= 2,0 xl'/cu?).
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£EC 8 4 s

46T
"-‘? 1,’1,: O Boas =2.557cm?
a2t 20 03 c Popas = 5 KI7EM?
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3,;3'5 00947 K o= 12K"=11
2 16 f 00846
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Puc. 56. Bemomoratenubiii rpadur A pacyera JUN30BLIX KOMIICHCATOPOR, H3TOTO-
BIeuHWX 113 cragnl mapkn  CT.3, paforalomnx IpH JaBdeHHI ppag = 2,5 sl'/cm?
(pmpo6 = 3,0 wl'/cxu?).

0 %
1ol 2
staop |22} A s =6 n 7002 |
C 5 Foaf =6 nlfcm?
5
7hol o0} \ Fapap =10K1 /e
A 10 05 Ge = 2400 kI 7cm?
oo |18l o, AR IEY
05 ’
5170 o6 3}
e
Y150 Y20k | 0 5
3130 bool 177 0 : 7
30 toobs2 | 070072 07 080 08¢ :
2totsolip)
1+ ool gl
0 401 6
20}
L o 21
5

€ C 8 AO% 04 04k 048 057 056 60 7ne 068 077 07 787 055 N9

E;c. 57. BenomorateabHLtl FpaduK AN pacyeTa INN3OBEX KOMIIEHCATOPOB, N3roTO0-
CHHLIX mz craiw manku Cr. 3. DaGOTAIIMX TIDH HaBJeHun ppas = 06,0 kl'/cm?
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rrap.4 (HATAA

PACYET TPYBOHPOBOJOB HA TEMIIEPATYPHBIE
BO3IENCTBIA

§ 38. OcnoBupie monaTHA

B nponecce SKCILIyaTamMu TeMmmepaTrypa TpyGonpoBOAOB He OCTaercs
fOCTOAHNDOI, a H3MCHACTCA.

Hpu pmarpese pmanma TpyOOmpoOBO;IOB yBeIWuMBAcICs, HPH OCTHEA-
uun ymensigaercsa Ha 1,2—1,4 auu na noronnsni metp ma waxgsre 100° C
U3MCHEHUS TeMIIEPATYpPH. ITO 3aCTAaBAAOT 1TPCAYCMATPUBATE CHERMANb-
yble MEpH LI BOCHPHATHH TEILIOBEIX Hamenenuil puumit rpyGompo-
BOJIOB.

Rommeucanua rtenmmepaTypubix ygamHenuii TpyGoRpoBOAOB TOILKO
38 CYET yOPYToT0o C/RATHA BO3MOKHA AWML B CIYYasiX H3VEOHCHMIl TeM-
nepatypsl B mpepedax go 30° C, uTo umeer mecro, HaupuMep, B MUDKY-
SAUNOHNNX, X03#cTBENHLIX M MPOTHRONORAPULIX TPYOONPOBOAX,

llpn Goapuieii pasmocTy TEMIEPATYP M HEBOIMOKHOCTH MPH 3TOM
NPUMENNTH O VCIOBIUSIM AaBIEUUR CHENUAIBILIE KOMUIENCHDYIOUIAe
yCTpolcTBA eMUNCTBEHHMM 1 HAUOOKCE HAIe/RHLIM CHOCODOM KOoMIeHca-
QUM TeNJOBRWX YAJTUHEHAil ABIACTCH CaMOROMIICIICAIIMSL, II04 KOTOPOIl
HHOTa [OOHUMACTCA UCHOJb30BaHHE TUGKOCTH TOMBKO eCTeCTBENMHOT
Tpaccw TpyGoupoBopa. Bolee nmpaBUIbHO, OJHAKO, MO/ 3THM TCPMUHOM
TNONAMaThL BCe cIyYad KOMIGHCAIME 3a cuer usrmba Tpyd, BHRIHOTaA
M clleguaJgnniple FEYTHEe KOMIEHCATODEL.

CaMoxoymeHCAIMS JOCTHTaeTCH LIyTeM BHOOpa MIsa TpyGouposoxa
TaKoif Tpaccw, HPH KOTOPOil TEMIEPATYPHHC YATAHGHMS OT/CHBHLIX
€ro ygacTroB Oy;1yT BOCOPHHAMATLCA HegopManuama H3rna n KpydeHust
ADPYINX y49acTKOB, COCTABIAINUIX HCKOTOPH yrold K TaHHOMY Y4aCTKY.
Tamenemus HaupaBlenus TPACCHL TPYyOOHpoBORa, HEOOXOJUMEIC LPH
CamMoroMuencaumis, B NCKOTOPHX CHAYyYaAxX OCHOKHANT IIPOKTAIKY
TPYGOnpoRoIon, TPeGya 3HAYMTEIBHOTO MECTA M UACTO BH3HBAA HOW3-
Sesxxnoe ypeamgenme 1x o6mell TIHIH.

Kax wasectno, 1pn farpeBagAN Y/ THHEHHC METalJ0B IIPOIOPI{HO-
HaIBNO panme W PUOIMBMTEIBHO NPONMOPUHORATIBHO TEMIEPATYPe, Tan
KaK KOD(pGUIMERT TeMIepaTypuoro VATMHERHS B CBOO 0YePeNb 3aBUCHT
9T remneparyprr. OgHaxo 3T0 OTKIOHCHHC OT 3aKOHA MPONOPIACHAT h-

10*
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HOCTH BO6CBbMa HE3HAUHTCIBRO, U IO3TOMY BO BCeX NMOCIACAYIOMUX pacye-.
TaX TeMDepaTypubie YMJIMHEHHs NPHHHUMAOTCA IIPONMOPHNOHANbHBMEA
IAUHe W U3MCHEHWIO TeMIlepaTypLl.

Crncrema TpyGonpoBona Ao0olt kouGHUTrypanun yAJANMHACTCA B HANpa-
BJegnM OpsMOIi, coeanAAIMmEI ee KOHeunke TouKkn. Bennunna temnepa-
TYPHOTO YAJMHCHUA PaBHAETCA NPOU3BEJEHHI) TEMIIEPATYPHOTO YIn-

) HEHUs, COOTBETCTBYIOMICTO  JAaHHOI
4 pPasHoOCTH TeMmepaTyp, Ha DacCTOgHMe
00 OpAMOU MEKAY KOHCUHBIMH TOu-.
KaMH CUCTeMhI.

Bygem maswiBaTh y3acTKOM TpyGo-
MPOBOJA YUPYIYIo CHCTeMy, COCTaB-
JIEHHYI0 N3 CTEpP:KHEBLIX 9JIEMEHTOB
pas3INYHOH KCCTKOCTH: HPAMBIX TPYO,
A a KOJEH, a TaKsKke CMOHTHDPOBAHHON Ha
TpyGompoBoge apmaryphl. Y4acTok
Tpy0(o1pOBOJa INPEACTABIACT CcODOIi
rCOMCTPUYCCKU HEU3MeHAeMyl0 CHCTe-
MY, T. €. TAKOC COeIMHCHUEC OTAECILHHX

’ 3JeMEeHTOB, KOTOpOe He JONYCKaeT MX
A zfa OTHOCHTEIbRbIX cMelnenuil 6e3 aedop-
d

Mal[Mii 3JEeMEeHTOB.
TpyGoupoBoan!, paccIATLIBAEMBIE
Ha TemmepaTypmwe Bo3JeiicTBusA, Je-
% JATCA Ha jiRe GONBINNC FPYMIIHL:
1) mpocrble TPyOOIPOBOAKT;
2) crhosxmbie TPy6OIPOBOANI.
Ilpocrrie Tpy6omposo-

é@ g b, Tpy0OoupoBoi Ha3LIBaeTCA 1IPO-
a!':l_ CTBLIM, €CJH OH HAa BCCM CBOEM IIpPOTA-
A Wenuu OT OfHOH HEmOJBUKHOL OHOpPH

Pnc. 58. Naockme mpocrme Tpy6o- /O JPYroil me uMeeT OTBCTBAenuii.

TTPOBOJIHL. PasangaoT IMIOCKHE M MPOCTPAHCT-
a — Gea upomesyrownux omop; 6 — BenHble HpPOCTLIe TPYGOITPOBOLI.
c C! e ML MK -
O ipy it onopam . © TlmockuM TPOCTLIM TPYGOIPOBOIOM

pasviBaerca TpybompoBos, Yy KOTO-
poro BCC ero JIEMEHTHl PacHoNOKenbl B OfIOH IJIOCKOCTY, IpHYEM
B 3TOH e IJIOCKOCTH MPOMCXOAAT U BO3MOMCHLIE CMCIUICHUS HETIONBMK-
HLIX M UPOMERYTOUYHLIX Omop. B 3aBHCHMOCTH OT XapakTepa HPOMesKY-
TOYMNABIX ONOP ILTOCKUE HPOCTHE TPYGOmPOBOAK ACHATCs HA TPYDOPOBOMIEL
663 IIPOMEKYTOUHEIX omop (puc. 58, a), ¢ TPOMEKYTOUNBIMU HECTHUME
omopamu (puc. 58, 6) M ¢ HPOMCHKYTOTHHIMH YIPYTHMHE OuOpaMB
(puc. 98, 6).
IlpocTpaHCTBeHHLIM HpOCTHIM HAa3LIBAETCA TPYOOmMpOBOX, OTAEALHLI®
2JIEMCHTH KOTOPOI'0 PacuoJIOKeHB He B 0JHOI, a B PasHBIX LIOCKOCTAX.
IIpocTpaHCTBENHBIM HA3LIBACGTCS TAKMKE TAKOH ITOCKHHR Tpy6ompoBOXL.
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KOTOPOTO BOBMOJKHbI® CMENIEHYsI HENOJBMIKHLIX W NPOMEsKYTOTHEIX
onop MPOMCXONAT U3 INIOCKOCTH TPYGOUPOBOAA. Tak ke KaK H DJOCKHe,
ppOCTPATICTBEHHLI® IIPOCTLIE TpyGonpoBOMk AelATCA Ha TPYGOonpoBons 6e3

TIPOMEXKYTOYHMX omop {puc. 59, a),

/] ¢ HPOMEKYTOIHBIMU  KECTKUMA
onopamu (puc. 59, 6) m ¢ mpo-

MEKYTOYHHIMA YOPYTHMMU  O1IO-

pamu (puc. 59, ). 4

Caosxune Tpybompo-

Boaw. TpyGonpoBoms Hasbi-

BAIOTCA CJOMHBIMM, €C/Il  OHRM

NMEIOT X0TA Oh OJUH TOABUA-

8
a ’ 4
A 8
A
4
c
. a 4
3 7
8
: 8
A
7 A 2 A
é J
Prc. 59, (pocrpamcreesnne upocree Puc. 60. Cmosxnue TpyGompoBoas.
_ Tpy6OIpOBOLEL. @ — wIocKn# caomupit  TpyGonpoBon 6es
& — 63 TIPOMENYTOTHHIX OTIOD; 6 — ¢ NpoMeiKy-  POMENYTOUHKIK OTOp; 6 — NpOCTPaRCTReN-
TOSHLIMU KeCTKHMM ONOPaMH; ¢ — ¢ ynpyrump bl comusit TpyO0NpoBon Ges mpomescy-
OnOpUMH . TOUHBIX OfIOP.

HEIH y3ed, B KOTOpPOM cxofaTcsa Goxce uem fBe Tpy6ni. Ciommble
prgonponomﬂ MOTYT OBITh IJIOCKUMH H UDPOCTPAHCTBEHNbIMH;, IJIC-
CKMI ¥ mpocTpaHCTBEHHE cHOMHble TpyOompoBogsl Ge3 UPOMERY-
TOYHLIX oOuOp mokasaEw Ha puc. 60).
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§ 39. Meroant pacdera TpyGoupoBOOB
HA TeMmeparypHbie BosAciicTBUsN

OcHOBUBIM  PacuYCTHMIM 3BeHOM TpyfonpoBoTa ABIACTCH  YYaCTOR
TpyboopoBofta, NpPeACTABAAIWIN co00fi, kaK NPABHIO, CTATHYCCKU
HCONPEJICIUMYI0 CUCTEMY.

Hanomuuy, aro cTaTHdecKH MCOUpeseauMoil Na3bIBACTCs Takas
cucTeMa, ¥ KOTOpoii 1ipu efiCTBHH TNPOM3BOJILHON HATPY3KM He Bee
OPO;ONABILIC U 1OIEPEYHBIE  CHNhH
W MOMCHTHI MOT'YT ObITh Halipeuns

3’ W U3 Y PaBHCHUI PaBHOBECHS TBEPIOTO
A Teld MM CHCTEMBI TBepAX Ted,
> OrrnanTenbuoit 0COGEHHOCTEIO CTa-

THYCCKHM  HCOTIPC;(EIMMOH  CUCTeMS
8y apigerca HasmMuue B HEH SIHNIIAX
a 7 CBfA3Ci, ROTOphHle MOryT GEITL yIXa-
JeHnl He3  Hapyuicius reoMeTpHuc-
CROIl HEeH3MEHACMOCTH U HeTOABH&-
nocty  cuctemul. [Maunboanmee xo-
A ARYECTBO TaKIX CBs3eil, KOTOpoOe
MOMOT OWTL YTaJdeHo OTHOBpEMeH-
O, Ha3bBACTCH KOJINYECTROM JSIHIN-

BE oy cssaeit.
J 7. Hasugue JUNTHENX CBH3EH B reo-

MeTPUYCCKH HEH3MeHAgeMoH clucTeMe
ABJICTCA NCOOXOAMMBIM M JOCTa-
TOUNLIM MPU3MAKOM €€ CTATHYeCKOIl
g . ueompejeammoctn. HodmdecTso duur-
HUX cBA3eil onpeledseT CcTeleHb
CTATHICCRAT  HCeONPESINMOCTII CIH-
CTCMRL,
Haupnaep, vuacroxk tpybompo-
A 30j1a, M3olparkennnil ma puc. 61, a.
7 HpejcTapaner coboil TPRMNYIKI  CTA-
THYICCKY  HEONPEeILeTuMylo CHCTeMY,
8 3 Tak KaK [flA CTO TpeBpalgenwsi B
B CTATHYCCKN ONPEICAMMYI0 CHCTEMY

et

( Puc. 61. Cxemnr y3acTKOB TpyGonpOBOsioR
M UX OCROBNLIC CHCTEMEI.

. a WIOCKHIT NPOCTON TPINKIHI CTATHYeCK ué
A . onpeleNuMbhi  YUacToR TpyGolpoBoaa; 6 —
cTaThUeCKT olipedensnMas  cucTeMa, ofpadoBai-
Ha# A OCHOBC ILIOCKOrO 1POCTOr0 ydacTKa
TpyBonpoBoma; 6 — INOCKMIt caowupA 6 pas
CcTaTUUeCK® HE onpedenvmmilt ydacroxk TpylGo-
npoByIa; 2 — CTATHUCCKN ompelciiumad CUCTe-
e Ma, 00pa30BaHHaA Ha OCHOBC MUJOCKOrO CAOM"
HOTO y4YacTKa TpyOoupoBoga.

Ney
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(puc. 61, £) neo0XOAUMO Y}HauNTL OJHOBPEMeNNO TP CBH3HU: ABC CBA3H,
[penATCTBYIONME FOPH3ONTAIBHOMY M BePTUKANBLOMY —CMEIEHHAM
gonua A YJ4CTKA, M TPCThIO CBA3DL, MPCHATCTBYIONYIO IIOBOPOTY BTOFO:
roula. YHacTtor ske Tpybomponoga, usobpaenuwii ma pue. 60, s,
ppecTALTIeT OGOl MecTh pas CTATAYECKN HEOMPEAeTHMYIO CHCTEeMY,
raKk Kak ATst NPEeBPAIICHAA Cr0 B CTATUYECKH OHPEJeIUMYI0 CHCTEMY
(puc. 61.2) mCOOXOEMO YyainTL JBC NEMOABMKIBIE OIOpLL, KakAas
113 KOTOPLIX IIPEIATCTBYCT TpeM CMCIECHUAM — JIBYM JTHHEHHBIM U ORHOMY
yIIOBOMY.

QOcHOBHAM 3a7JadYa PACUCTAa V9acTKa TPyGOHPOBO}A KaK CTATHYCCKM
1eONPEACIANMOIT cHeTCMBl POopMYTUpyeTca clefyomuM o0pasoM: Ho 3a-
-faHHBIM TeOMCTPUYECKOH cXeMe, PA3HOCTH TeMilepaTyp TOPAtero I Xod0/-
HOTO COCTOAHUIT TpyGoupoBosa M pasmepam BcexX Tpy0, cocTaBIAINUX
y4acTOK, Tpebyerca ompesilelINTh YCHIug M JHedOPMAIMM CHACTEMBI.

Cpocobpl penmlepMs 3TOIi 3aJa9l CYINICCTBCUNO PAIHMAITCA MEIKLY
¢000Ji B 3aBHCHMOCTH OT BHIOOPA OCHOBHLIX IEH3BECTHBIX, T. €. TAKUX,
KOTOpLIE JTOJKHBL OHITH Najifentl B LePBYI0 OUepelb M NPH LOCPeACcTBe
KOTOPLIX, TOCHE TOr0 KaK OMH nalijilendbl, JNerko OUPeHedHIorcsi RCe
OCTAALNIBIE IeU3BOCTHHIE,

lipn pacyere ma TemuepaTypiibie BO3JeliCTBHSL NPOCTHX TPYOOLpPOBO-~
AOB B KAYCCTBC OCHORHHX IIEU3BECTHLIX, KaK IpaBuo, NHPHOKMAITCH
YCHIMA B JUMHNX CBA3X, I MOJTOMY YKA3anublii MeTO pacueTa HOCHT
Ha3BaHHe MeToma . J[7a pacyera ke Ha TemuepaTypHbie BO3elicTRUA
CI0RHBIX TPYOOUPOBOAOR B KAYECTRE OCHOBHLIX MEM3BECTILIX HPHIIK-~
MAIOTCSI lIePeMelleNus CUCTeMbl, upejcrabiaiomyue coboif pesylpTaTt ee
JedopManuil, BBUIY 4eTr0 MeTOX pacyeTa HOCAT Ha3BaHUe MeToma jedop-
Mauuit (mepemenienuit).

§ 40. Pacuer npocrsix TPyGOUPOBOLOB METOXOM CHI

Pacuer npoctix TpyGonpoBOOE O METOXY CHI HAIMHACTCA C Bhifopa
TaK pasuiBacMOil OCHOBHOII CHCTeMHl, moJdyvalwolneiicad u3 3agaHHOR
CHCTEMEl IIpH HOMOINH yHaleHHd TOTO MJIM HMHOI0 KOJAYECTBA NAIMIHUX
CBuzeil. OTOpacLiBaeTcss Takoe KOJNHYECTBO CBsidel, KOTOPOC B TOYHOCTH
PaBHACTCH KOIMYeCTBY JUIMHHX CRsa3eii, Torra ocHoBHas cucTeMa
NOygaeTcss TeOMETPUYECKH HeH3MeNnHeMoil H CTaTHYECKH OjpefelIuMOi.
Iput a7oM neoGxoxumo o6pamars BHMMaHHe He TOIBKO Ta KOIUIECTBO
OTGpacbiBaesbix €BA3CH, HO M HA MX pACIOJNOREUNEC, I TOr0 YTOOBL
CIyuaiino me moiayumiach cucTema, oGlaaioias B TOl WY MHOM CBOEM
YacTH HMJAM B HEJ0M TCOMETPHYCCKOH HM3MEHAEMOCTHIO,

ByiGop ocHOBHOIT cHCTEMI! HadmHaeTcs ¢ TOJICYETAa JAAIHUX CBA3eH
B 3amanmnoii cucreme, IOCIe Yero HAMEYAlOT Pa3iAyHEle BO3MOMKHLIE:
Bapuantel pnGopa or6paceisacmbix cBsasedl. Iloxydyennnie ocmoBHEIE:

CHCTeMET 1IPOBEPAIOT € TOYKH 3peHMA X I‘COMBTpPl‘I(}CKOﬁ HenameHnae—
MOCTH,
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Jaa mwockux mpocThix TpyOOupOBOOB, KAK OPABUIO, OCHOBHYK
CUCTeMY HOJYyTaloT U3 3afaHHOH nyTeM yaallemusl OJHOIl M3 HEmOABM;K-
HbIX M BCceX NpPOMeyToyHnXx omop. Ilmockmi mpocroit TpyGoirposop
¢ TPEMA NPOMCIKYTOUHDIMYU OHOPAMH ¥ OCHOBHas cucrema, o0pasoBaHHas
-oTOpacbiBalfieM HEMOABMIKHON onopht A U BCEX TPeX IIPOMEIKYTOUHKIX
ONOp, MPUIHMAaeMasa NP1 pacueTe TaKoro TpyGompoBoga Ha TeMileparyp-

nvie BO3;leliCTBHA, MOKAa3aHbl

, s J_——? Ha puc. 62.
4 ¥ 6% Tarum oGpasom, JIA 1I0-
K6 CKHIX 1IPOCTHX TPYyGOHPCBOOR
OCHOBHasI cucreMa B o00mem
ciydae mnpejacraniser co6oii
KOHCOJIL 11ePCMEHHOTO0 CeYenus
It MPOMZBOJABUOTO OUCPTANMSA.

Korna ocnoBHasa cucTeMa
seIbpana, TO ycuJdus, KOTOpPHIe
A saMeHsoT co0oii  orOponien-

HEle CBA3M, OPURHMAIOTCH 3a

ocHoBHbe HeuaBecTnble. Ha

puc. (2, 6 moOKasaHLI OCHOB-

X, HE¢ HCH3BECTHLIE IJTOCKOTO
A IIPOCTOTO Tpy6oiposoga —

OIIOPHBLIC PCAKIUU HEMOABILK-

N
In]

Pac. 62, peaxnuu

Iliiocknit npocroii Tpy6onponon
M Cr0 OCHOBHAA CUCTEMA.
¢ — npockril ipocTo#t TPYOONPORGH € TPEMA IIpo-

MEKYTOYHLIMH  OliopaMu; O — OCHOBHAH CUCTEMA,
MPUHUMAacMan LI pacHuera prGonpusona Ha Tem-

uoit omoput A n
ITPOMEKYTOYHHX  0HOp. TH
HEeu3BeCTHLIE ABJIAITCA OCHOB-
HLIMU 110 TOH DPOAM, KOTOPYIO

1lePaTYDHLIC BO3UCHCTBUMA. onn urparoT upu pacgerte

CTATHYECKH Heol peleJIuMol
CHCTOMH, BCH TPYANOCTb KOTOPOIO 3aKAI0YAeTCsf B HAXOMKIEHHH 3THX
- HeM3BeCTHhIX; KOJIL CHKOPO ONM BHLIYUCICAL, Bee OCTAIbIBE YCHIHNA
oupejeasiorcs ciaeayioumum obpasom. OGo3naunM MCKOMLIH Harubawmui
MOMEHT B LPOHU3ROILIOM CEYCHUHM IIJIOCKOLO NPOCTOro TpyOompoBojia
xqepes M, HopmaldbHYIO CUIy — 4epes N, nonepeunywo cuiay — gepes Q.
Torna Oynem uMern

M= M X; - MyX, - ... -M:X;-~ ...+ MX,,
N =N,X; + NX, +
() = QIX] - 02X2 SR b ()iXi e + Q“X";
apech M, N;u (J; — MomenTn it yeumins, BO3HAKAIOUMe B TOM e Cede-
HEH OCHOBHOIl CHCTeMbl 1P JeficTBUMH efunMunoil cuan X, = 1. Tax

#aK OCHOBHAA CHCTEMA ABIAECTCH CTATHYCCKN OMpPEREIMMOif, TO BEXH-
guabl M;, N; ¥ Q; onpefelAoTCA M3 ypaBHEHMIt CTATHKM.

coe 2 NiXi b oL NWX,, o (501)
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e

JIas HAXOMACHUA OCHOBRBIX NEM3BECTHRIX MIOCKUX UPOCTHX TPYGO-
[poBOTOB 33j1aHHAA CHCTeMA KaK OLl 3aMEHAETCH OCHOBION CHCTEMOI.
Ho B TO BpeMA KaK 3a[aHias CHCTEMA HATPYHEHA Pa3HOCTBIO TeMIlepa-
Typ M 33JJaNHLIM CMENEHNEeM HeNO[IBIKILIX ONOp, 0CROBHAs CBEPX TOro
sarpyKefa €Iie ¥ BCEMH OCHOBHLIME HEM3BECTHBIMH. 3ajaua COCTOUT
B TOM, YTO HY:HO PacCyliTaTh 3a{aBRYI0 CIQKHYI0 CUCTEMY Ha 3aJannyio
gpoCTyIo, BUIOJIE M3BECTHYIO HArPY3KY; DACCUMTHIBAETCA e MPOCTas
OCHOBHAA CUCTEMA Ha CJOMHYI0, 4acThio HemsBecTnywo mHarpysry. Obe
3afauil 10 CYMICCTRY TOMKIECTBEHIL Mexjy coDoif, HO B TO BpeMs Kak
A DEepPBOH 3ajla9yu HE CYINCCTBYeT NMPAMOTO PEeIUeHus(, KTOpad Bcerua.
MOKeT OLTh penteda NpH HOMOIM CHCTeMbl JTHIICHHNX ypaBieulii, comep-
MAWMX BCE OCHOBHLIC HeU3BECTHHIC,

Ecau paccmMaTphuBaeMblil [IOCKHA HPOCTOH TPYOOILPOBOJT COOEPRUT 7
JUDIHMX CBA3cCH, TO B 06meM BBIE CUCTEMA h ypaBHenHil momeT OHTh.
zanncaga clejymomym odpasom:

00 X1 +H0p X+ 013X o -0n Xn+ AL Al =0;

oy Xy 4 0ap Xy <~ 805Xy oo - 800 X - Agt Ay = 0; (5.2}

s e &« 4 s e ® 2 s e .+ e s I )

6" 1X1 "*" 6112X2+ 6n3X;, e ‘i‘ 6”” Xn'lr‘ Ant—‘f" Anc = 0,

rae 011, 12, . .. 8, ... 021, O22. .. O,n — €IMINMYHLIC TIEPEMELICHUA
OCHOBIIOM clCTeMbl, yseduucunsie B EoJo pas, A, Az, . - . Ant — Tem-
NepaTypuble IepeMCeUIENH B OCHOBHO clicTeme, yBeandenumo B EgJ pas,
Ajes Agey « - oy, Ape — TIEDEMEIIEHIfSL TI0 KAl paB1enino nen3pecTurx X1,
X2, ... X, BH3BIBAEMie B OCHOBHOI CHCTCMC LepeMelenyeyM onop,
Take yBequuennnsie B FoJo pas, X1, X2 ... . X, — OCHOBULIC HeU3BCCT-
Hbig.

YpaBneuns (5. 2) Ha3BBAKTCA RANOHNYECKMMI YPABHEHIAMA MCTOAA.
Cu, win ypasnenusaMu uepememtenuii. Onm cojep:iat B cefe moanoe
peuieniie 3ajiaun.

Boisicnum embicat atux ypaBmenwii, PacemoTpum, uaunpiMep, cogep-
anue mepBoro ypasieuusn cuctemur (5. 2). Uepswlit uwmen storo
Ypanmenua wumeer ®Bny OnXi1 Muomnresr i1 ecTp mepemeugenne
TOYKHN mpuxo;enus cHJIL X, 1O HaupaBJfenuaio Toil iKe CHIbL, BLI-
sBamHoce cmaoli Xi1==1, a upomssenenye Ou X1, ouesugmo, npM
Mobom 3mawenuu cuan X1 wmipamaer coGoit mepemcwenue Toit e
TOYKM [0 TOMY ke nanpapiennio, Bu3BaxHnoe cuwioii Xi. DBropoit
nen Oi2 X mpejieTaBiser nepeMedieHme TOH ke TOUKM IO TOMY
e wyanpasmenuw or cuam X2 u 1. . Ilochexmme (cBoGoanwie)
WICHH Ay m A BHpakalOT CcOGOI TepeMeulenHs B TOM JKe MecTe
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4 M0 TOMY jKe HAIpPAaBIeHMIo, HO BLI3BANHLIE H3MEHeH(IeM TOMIIePaTypi
TpyGoIpoOBOga M CMEIICHIICM HCIIO;[BUKIILIX OHOP.

CrefioBaTebHO, BCH JcBasl 9acTh TWEPBOIO YPABHEHHUA UPC/ICTARIAeT
©000#t alTeOpaNIeCKYI0 CYMMY MCPEMCMEHMIl TOYRH NPWIOMKCHIsy
et X1 {10 RAITPABICHNIO DTOH CUILl, BHIBANHAIX BCCMU [CHCTD YIOILMMI
CHJaMH, WIH, 9T0 TO 7KC CAMOE ~— CYMMAPMHOC LepeMeuicaie Touku J
no vaopasidennio {. Coritacno yCIOBHIO DTO IepeMemeniie PABHO NY.Jio,
TaK Kak B 3aJalHoil cUCTeMe OHO OTCYTCTBYCT,

Takon reoMeTpyuecknii CMHCA KaNOHHYCCKEX YpPABMCHUIA,

Takum o6pa3oM, pacueT MICCKHX IPOCTHX TPYOOUPOBOLOB Ma TeM-
NMepaTypuLic Bo3elicTBHA MCTONOM CYIJI CIeZYeT NPOM3BOAHTE DO CHENYI0-
e cxeme:

1) BLIGHpacTCst OCHOBHAA CIICTEMA H NARHAYAOTCH OCHOBHAIC HHEU3RECT-
Mule;

2) BHUACIAITCA BCJIHIMNL eQANUYHBIX mepememenui 8 (i, k = 1,
2,3 .. .n), reMuepaTypuLIx TEPEMCHIEHRH A ;¢ U HEPCMCMEHANT 010D A i¢;

3) COCTABJAETCA M PENracTess CHCTeMa KaHOHUYCCKUX YpaBHerli
MeToJa CHui;

4) no ypasgenuam (9. 1) oupegensoTcs yeuwinsa B cedeHUAX TPyGo-
TAPOBOKA.

§ 41. Oupenexenne eguuRYHBIX NepeMELICHMA
INIOCKUX NPOCTHIX TPyOonpoBonos

Ennauqasie nepeMcmenns MJI0CKEX NPOCTLIX TPY(ONpOBONOB OIIpe-

JeNAITCA 1Mo dopmylre
~ VM, M,
Bin = f - ds, (5.3)
(s)

Tre O;, — EUMHUYHOE NepeMmenjeliie 0 (-My HanpaBJIeHUIO, BH3BaHHOe
eIUHANYNALIM BO3jlelicTBieM, NPRIKCHNNM B ToOuke K;
M — narufaomuilt MOMENT 0T ¢MIMYHOTO BO3JEHCTBUA, HPUIO-
JHEHHOrD B TOYKC [
My — uarubaomuii MOMEHT 0T CHUHUYHOrO BO3ZCHACTBUA, HPHIO-
JKENHOTO B TOuRe K
Vv — OTHOIUIEHUE FKCCTROCTI OCHOBHOIO JJCMeRTa TpyGoumpoBOja
K #(ECTKOCTH PaccMaTPpMBACMOIO DJICMEHTA;
k — KO3 pPuUMMENT IOMIGKEHUA SKCCTKOCTH KPUBOTUHEHHHX 31e-
MeHnToB TpPyOOLpPOBOJA.

Hxocknmit upoctToii tTpyG6omposoyx 6Ge3 mponme-
WMYTOYHL X omnop. an oupepedeHus equuuTanx mepemoumennii
TIOCKOTO HPOCTOTO TPyHonpoBosia §e3 MPOMCKYTOYHLIX ONMOP OCHORNYIO
cacTeMy BHIGADAOT nyTem oTOpachiBanys ONOPHLIX POAKIUI HEmoBIK-
moi omopsl A (pme. 63). OcHOBHMMH HEH3BeCTHLIMM B 3TOM cJydae
ABIAIOTCA KOMITOHeHTH peaRiuu B Touke A.
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CHcTeMa KOODJMDAT Ha3HavaeTCH TaK: HAdalo KOODAMHAT IOMe-
nlaercsa B 0TOpomCHHOI! HemoaBmknoil ouope A, ock abcmumec umampa-
pIAETCA BOPABO, a OCh opAuHar BoepX. OTAeIbLHEIC 3IeMenTH TpPyGo-
11 pOBOAa MapPKUPYIOTCH B COOTBETCTBHM ¢ pHC. 63.

by
n-1 L .
R4 I/H,n
by ¢ 8
J l e v
A 23
X
4’}3“7\2
1N, z
X2

Puc. 63. OcHoOBuast chcreMa M MapKMpPOBKAa 9.€MEHTOB
TIA0CKOro mpocroro TpyGomposoja Ge3 TPOMEMYTOUHLIX
orop.

EfvHAYANE HepeMemenusl INIOCKOL0 MpocToro TpyGoiupoBoja 0es
IPOMEKYTOULBIX OIIOP OLPEAEINIOTCA HO Cleayiomunm Gopmydam:

0, = 28119

g = " Op0;
845 = X 8y
012 = 2 0y (5. 4)
8g5 = 2 Oy
815 = 8,55

31cch 811, d22, 833, 12, 023 M 013 — ucpememenusi, ofycioBieHHHE
Ra#yINM OT/IeALHEIM DJIeMEHTOM TPYOOmpoBoJIa.

Cymmmposanue B ¢opmymax (5.4) pacnpocTpansercs ma Bce die-
MEeNTL paccmaTpuBaeMOro TpyGompoBoja, KOTOpbie MOryT OHTh Kak
IPAMONUNEHLIMIT, TAK H KPUBOJTWHEHHBIMA,

Hpousnoanno PACHOJOKeHILH UPHMOJIHHENANBIH 3JCMCHT HOKa3aH
Ha puc. 64; ero nodoxkenne Ha IWIOCKOCTH ONpPeeIAeTCA KOOPAUNATAME
KORWOB Zp_y, Yn_y, Tn U Yn. :
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Jlns mpaMoNAHEHHHX BIEMEHTOB TPYGOIpOBOZNa

= Yo+ Yng\* | (Un—¥n_1)?],
RN |EreRTS RTSUS)

n—1{,n
_ xn-}—xn_i 2 (x"—xn_l)2 .
622:Vln—1,n[("'—2‘——) +____1§_ ;
8gs =V, _; u (5-5)
< ToFTn Yt Yn—g
S = =Vl y | Jomt
(zn_xn_i) (yn_‘yn_-]_) .
T 12 )
- Ty 42,y
623: —Vln—l,u 2 !
- Yn -+ ¥n—y
013 =" ln——i.n 2 !

fRe Tn_y, Yn—y — KOOPjMHATH Hauala PpPacCMATPABAEMOIO JIOMOHTA
TpyboupoBoja;
Zn, Yn — KOODAMHATHL €0 KOHIA;

lp—q, n — JUINIIA DTOrO DICMCITA,;
v — OTHOIICLHE HECTKOCTeH OCHOBHOTO H DacCMATPHBAS-

MOTO 9JICMEHTOB TPyOOmpoBOJA.

J4

).
S

; i

T
Prc. 64. Mpomssonnno pacnomosxenneit  Pmc. 65, ITpom3BONBRO pacmosokcH-
TNPAMOINHEUHLIN dIeMenT. HRIH KpUBOJHHEUHWH 3JeMenT,

[TpousBoAbHO PaCHOIOKCHHLIN KPUBOJMHEAHKIT dXement Tpy6O-
fIpOBOfa, OYCPUYEHHBI 1O JyTIe OKPY:KHOCTH, TOKa3ad Ha puc. 65. Iloao-
SKeRIe ero Ha INIOCKOCTH OmpefedseTcs KOOpPAMHATaMH LEHTpPa OKpYIH-
HOCTH, 110 Roropoﬁ ouyepden paccMaTpUBaeMblil JJeMEHT, B yrioM Ha-
KJIOHA HAYAJLHOIl KacaTeJbHOU K IOJOKUTEJIBIOMY HALIPABIEHHIO OCU T}
YroJ @ OTCYUTHIBAETCA MPOTHUB YACOBOM CTPENIKH,
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Jinst m0f0OHEIX KPHBOMMUCHIIX DIEMEHTOB
811 = lg (Yat,nC1 — 2RYn—1,n C2 + R'Cy);
61.‘22 == l@(zi——l,nci + 2Rxn_y,2C3 + chs);
835 = 1C 1 (5.'6)
812 = Lo (— Zn—t,n Yn—1,nCy + RZn—y,n Co —
— Ryn—1,nCs + RCe);
823 = Iy (~ Zn—1,2Cy — RC3);
8¢3 =Ly (Un—1,nCy — RCy);

v iR
oae l¢=—k—,
Ci=9;
= 9%in 2 2).
C,—Zsmzcos<a+2),
(33:25in%sin (a—i— (—;—), (5.7)

Cy = @+ singcos (20 4 @) |
4= 3 :

C Q@ —sin @ cos (20 4+ @) |
5 = 9 ’

" sin g sin (2a 4- @)
(/6 = P L]

Tn—1, ny Yn—q(, n — KOOPJIMHATH I[CUTPA OKPYIKHOCTH, IO KOTODOil 0uep-
Yell paccMaTpUBAEMBIH KpHBOJNHEHMLIA DIEMEHT;

R — paxnyc nporuda KpUBOJIHUENNHOro 3.1eMenta;

Vv — OTHOMICHME KECTKOCTCH OCHOBHOI0 M paccMaTpHUBae-
MOTO 3JEeMEeHTOR TpyOOmpoBoja;

k — x02pPUUUEHT IHONMHEHHA FKECTKOCTH KpPRBOIuHEH-
Horo olemenTa (ompejeiserca no Tabampnam TIaBH
4eTBCPTOIl);

¢ — LeNTPaJbHLI yrol KPUBOIMHEHAHOTO dileMeHTa B pad;

@ — yrol HaKJIoHa HA9albHOW KacaTelbHOH K IIOJOIKH-
TeJIbHOMY HanpasJelnHio OCH T B pad.

3ravenun Koapduuuenros C,, C,, Cy, Cy, Cy u Cg a1 wacTo BCTPE-

vamwmuxey NOJIOouuil KPUBOANHEAKX 3/16MeNTOB IpuBenentl B Tal0x, 43.
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Tabauya 43
Suauenns wodpdumnentos C,, C., C;, C,, Cy;m Cq
« @ ¢ l Co Cs Cy Y s Ce
i
] T
0 90 4-1.,571 | 5-1,000 | +4-1,000 | -}-0,785 | +0,785 | + 0,500

45 ‘ 90 41,571 0 --1,414 | 40,285 | 1,285 0

90 90 +-1,571 | —1,000 | +1,000 | +-0,785 ; 40,785 { —0,509
135 : 90 —4-1,571 | —1,414 0 1,285 | 4-0,285 0
180 | 90 -+1,571 | —1,000 ;| —1,000 | -}0,785 | +0,785 } 40,500
225 7 90 +4-1,571 0 —1,414 | -}0,285 | --1,285 0
270 ;90 --1,571 | 9-1,000 | —1,000 | +0,785 | -F0,785 | —0,50C
315 l 90 +1,571 | +1,414 0 +1,285 | 40,285 0

0 45 --0,785 | 0,708 ! --0,293 | 41,035 | -0,535 } 0,250

45 1 45 40,785 | 4-0,293 | -+0,708 | 40,535 { 41,035 | 0,250

90 ! 45 -+0,785 | —0,293 | 40,708 | 40,535 | +1,035 | —0,250
135 ' 45 -+0,785 | - 0,708 | +0,293 | 414,035 | 40,035 | —0.250
180 : 45 0,785 { —0,708 | —0,293 | 1,035 | +0,835 | 0,250
225 ‘ 45 +0,785 | —0,293 | —0,708 | 40,535 | 41,035 } 0,250
270 45 4-0,785 | +0,293 | —0,708 | 40,535 | --1,035 | —0,250
M5 . 4D 0,785 | -1-0,708 | —0,293 | -}1,035 | +0,535 | —0,250
NMaockuit upocroii Tpydbomposoil ¢ oRHOI

OPpOMEeKYTOIHOI ONopoil, UM (el BepTHKAIDL

L

Puc. 66. Ocuosnas cucrema

¢ OnHON

i34

onopoit,

MapKHPOBKA
3JEMEHTOB TINIOCKOI'O I1IpocTOTo Tpyboirponoua
1 POMEXYTOYHOIL
BePTHKANDLIUYI0 PeaKIUIo.

nMeloieit

Hyio peaxnuio. Hua
BLIGNCIIENU A €J[MHUYHBIX
11 CPeMeTI e NJIAOCKOTO
npocToro TpyfoupoBoma ¢
0j[LIOI TPOMERYTOUHOH 01O-
poit, umelouieil BepTHKAIbL-
HYI0 DPEearnuio, OCHOBHYIKS
CHCTCMY HAa3HayalT IyTeM
oTépachiBaHUA OHOPHEIX
peaxrIuii nenoABMmKHOR omo-
pil A M HpOMCHKYTOYHOS
omopst  (puc. 66). OcHoB-
HLIMU ICM3BCCTILIME B 3TOM
ciaynae SBJSLIOTCS  KOMMO-
HeHTh peaxunu B touke A
H PeaKIUA HpOMesRyTOYHO

OLLODHI. JJIeMEHTLI TPYHOIPOROA MAPKHPYIOTCS B COOTBETCTBIM ¢ prc. 66.

rje m — TOYKA NPUJOMHKeHMst

PCAKUIN TPOMEKYTOUNON OMOpPH.

E}.UAHI/I‘U]NM]’[ nepeMeIqeHHAMI Takoro TpYGOﬂpOB()f[il ABIAIOTCHE

6]1’ 622’ 6337 644’ 6127 613’ 614, 623’ 624’ 634’
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Iepememenus 811, 822, 833, 012, 823 M O13 HaxomaT 10 GopMyTam
(5. 4), a ocTaliblibie — OUPeIeTAT MO CIERYIOMHM hOpMYyTaM:

Oas = 21044}
81g = D dy4
Bay = 28,3 (5.8)
831 = Xy,

cae Oas, O11, 821 1 031 — mepevelfends, 0OGYCIOBIGHHKE OTHEABHEIM
3IeMEHTOM TpyOomposoaa.

Cymmuponanue © ¢gopmyrax (5. 8) pacnpocTpaHAETCA HA DJICMEHTH
rpyGompoBoja ¢ HomepamMum n — 1 1> m, T. €. TOIBKO Ha 9JIEMEHTH,
PACIIONOREHHKE CIPABA OT IMPOMEIKYTOUHOIL OIIODH; DTO YCJIOBHE COXpa-
nAeTcA U JIA JAPYTHX PacCMATPHBAeMBIX Jatec CIyddeB ITOCKUX [po-
CTHX TPYOOIIPOBOROB C OFHOIT LIPOMEKYTOYHON OMOPO.

AAd  @pou3sodIbiO  PACHOTIOKENHOT0  IPSMOIHHeIIOro  HIeMenrta
TpyboupoBoa (puc. 04)

T o~ X 2 (l‘ — )‘2
ni n-—{ . n n—{ .
644-—- kY% ln n [(——-—‘——‘) — -Lm,) S — ‘12 ] ?

Y T A%y ) Y+ ¥n_y
6!4: - vln—-i,n[(‘ ) T Im 9 +

= 7 4

.
?

(zn _'xn—l) (-'/n_ Un_——1) ]
v 12 o

x,tx, Ty T
,n{ 9 1 ( 4 l '—‘xm)"{’" (5’9)

= X, — &
— , n th—y .
Oga= — v ln_l.n(——z—“- xm) ;

’

:1‘905 Tm — afcliucca TOYKH HPHIOKEHHA DPEAKINM IPOMEKYTOYHOMN
TOPHI; ocTaNbHIle BETHIMAK Te ke, YTO U B dopMmyiax (5. 9).
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JUast TPOM3BOJNILEO PAcHONOKEnHOT0 KPHBOJMHCHHOrO viiementy
Tpy6oOpoBOfa, 0UePUYEHHOrO IO Ayre OKpPYKHOCTH (puc. 65):

344 = [(b[(;n—l, n xm)z Cl -+ 2R (:';n—i. n xm) Cs + R2C&];
6]4— ld’[— (‘zﬂ-—i n_"rm)yn—i n 1+R(En—1,n—xm)cz_
"_Rgn-—i,n(/'a -+ R (5‘10)

524 =y [En—iy n (;T_n—l, n—Zm)Cy-F

-+ 2R (E,,_ L — i}) Cq -+ mcs] :

534 =lg [—(;n—i. n— Zm) C — RCy);

snech rm — alcmEcca TOYKM NPUIAOMKEAUST PEAKLUMU IIPOMENKYTOYHO
OMOPEI; OCTAJbMBIC BeJIHYWHLI Te e, 4TO 1 B qmpmynax
(5.6) u (5. 7).
Haroecxuils upocron
TpyboupoBojy ¢c-ogHOI
_4——-%8 LPOMEmMYTOUHOIH omo-
poOii, uMcHOU[eN T OpPHSOH-
TAXDLINY10 peaxuyuio. Jin
m BLIYACILEHUA CHUTIHUHTIX Hepeme-
- wenui MI0CKOTO LPOCTOTO TPY-
00IpoBO;Ta € OAHOH TPOMERYTOY-
HOIl 0mopoif, uMelomei ropu3oil-
TQJBITYI0 DPCAKIUIO. OCHOBHYIO
by 3 | cHCTeMy masmavaloT nyTeM OT-
1\2 Kﬂ OpachiBanuA ONOPHLIX pearuHii
ot ) - HCIIOABHIKHOIL omopsr A M 1npo-
A ) i meskyTounoit omopu  (puc. 67).
A, OCHOBHLIMH IIEU3BCCTUTIMU B ATOM
01 ]’Ya T cayuae SBIASAIOTCA KOMITOHEHTH
Az peakuud B Touke A M peaknus
OPOMERYTOYROI onophr.
Prmc. 67. OcwoBbas cucreMa M MapKupOB- dAeMenTH TPYGOMpPOROIA Map-
Ka 2JeMeHTOB TIJOCKOro ITpocToro Tp)GO- KI[pyIOTCH B COOTBeTCTBIIH C
npono,ua c OJU[OM npomemyro‘mou ono-
poif, HMeloleli TopHsoNTaNERYI0 peakiuo,  PHC. 67, rac m — rouyxa npnuo-
/KeHUA  DCAKOHH  OpPOMERyTod-
HO# OIOPLI.
EAMHRYHBIME  [lepeMemEeHWAMU TaKOr0 TpyGomposoja ABJIAKTCH

6ll’ 6227 6337 6557 612? 6137 615’ 623) 625: 63.’:'



Onpedeserue eQuHUUKRT nepemeljenull naockur npocmux mpybonposodos 161

TlepemeuieHus 855, 0,5, 833, 042, 893 W O;3 HaxomIT DO QopPMYIam
(5. 4), & OCTAJBbHHE OUDPEACHAIOT HO CJICAYIOWEM (OpMyTam:

dgs = 5.

55 = aam U559

(o]

815 = 2 i‘;153
Bys = 2 855 (5.11)
635 = 2835-

re Oss O1s 325 u 8, — mepeMemenus, 0GYCAOBIEHHME OTACTbHLIM

alieMenTOM TpyGompoBopa,

JLJIst MpoOU3BOTBLHO PACHOIOMENHOTO TPIMOTHAEHTIOr0 QUEMeHTa TPY -
Gomposojia (puc. 64)

= Y+ Un_ 2 (Y, — Y y)?
Bys = v lnt [(n_,_i — ym) + _"‘TZ_L]

2
_ I Y= Up_ (Vg =~ Yy )®
615='Vln_1,n!<n2n 1_ym)n2ni+ n L)‘ni];
6—25:——'\7ln 1n[<xn+xn—((?/n'+yn——1_y )_J_ (5‘12)
—1, 2 2 m A
(IL‘." - 337]_1) (yn — y’n——i) } .
+ 12 ’
- YnT ¥n_ )
B = ¥ In1, n(—"—%——‘ — Y

8716Chb Y — OpAMMATA TOYKHM DPUIOKEHUsT PCAKIMH IPOMERYTOYHOH
OLLOPBI; OCTAJbHRBIE BeTHYLIA TC JKE, YTO U B Hopmyrnax (5. 5).

Han  mpouspoabHO  PACHONOMKERHOr0 KPUBOJUNCHHOTO OIEMEHTA
TPyOouposoaa, ovepucmmoro U0 AYTe OKpy:KHOCTH (puc. 63):

555 =lg [(._;}n—i, n—Ym)*C; — 2R (_y-n—-ly n— Ym) Cq + R2C, 3

s

615 = l!b [gn—l,n (yn—i,n - y‘m) Ci — 2R (:z;n—i»n - !Im) Cz + 3204];

2
825 =lIp[— 571-—1,n(!}n-—1.n —ym) Cy +Rxp g, nCy— (5-13)

— R (l/_nwi, n- L’m) Cs - R2C )]s
535 =l [(!;n——i,n —ym)C; — RC,,

The ym — opammara TOUKM MPATOMKENUHs! PCAKIYY TPOMEIKYTOINOIl OIOPH ;
SHAYENH: OCTANBNLIX BEAMYMH Te e, 4TO ¥ B dopmynax (5.6) u (5. 7).

1" 3anas 995.
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ITnockunit mpocTo#i TPyOGOOPOBOX C ONHOHA He-
VDONBUMKHON NPOMEeKYTOTHOU omop o il Jlaa Buancie-
HUA eMAUYNKX TNMepeMelucHilii mI0CKOro mpoeToro Tpyhonposoja ¢ op-
HO HCOOABIIKHOH IPOMEKYTOYHOH ONMOPOI OCHOBHYIO CHCTEMY Ha3Ha-
YalT OyTeM OTOPACLIBARMA OLOPHBIX PEAKLM IMEmOJBIKION OHOPH A
u mpomexkyTounoit onophl (puc. 68)., OCHOBHLIMM HEM3BCCTUHIMH B 3TOM
CiIydae ABIAIOTCH KOMIOHENTL! peakuiu B Touke 4 1 KOMOOHEUTHI peak-
OHKM NPOMEKYTOYHOI oHOpLl. JaeMeHTH TPpy(GonpoBOga MapKHUPYIOTCs
B COOTBETCTBMU ¢ puc. 68, rge m — TOYKA pacLoNOKEeHHs NPOMEIKYTOY-
HOH OIIOPHI.

S
t
A
x LD bgs 1—}2 l
TR, z

X,

Puc. 08. OcuopHas cmcreMa ¥ MapKUPOBKA 2IEMCHTOB MJo-
CKOT'0 NpOCTOro Tpy0OlIpoBOXA C O;THOH HCNO/BIMKHOE DpoMeRy-
TOuHOM oOropoii.

Enunuuniiec nepevemenns Takoro TpyGomposoja 011, 822, 833, O,
855, O12, O13, O1a, 815, O23, 024, 025, O34 M O35 OTMPpPeCTNIOT 110 GOPMY-
aam (5. &), (5.8) u (5. 11), a epunudunoe mepemewnenne §45 HAXOIST HO
dopmyue

645 = Z _6—45’ (5. 14)

rxe 845 — nepememende, 00yCIOBIEHIIOE OTAEIbORM JJIeMeHTOM Tpy0O-
IPOBO/IA.

Ja mpousBOJIBHO PACIIOOKECHHOIO NPAMOIMHEHHOTO BIeMEHTa TPY-
Gompozroya (pic. 64)

_ z, +x, _ YntYn—
645=-vln_hn[(-——-—” 5 ‘_xm)\—_—" 5 ‘——ym)+

/

(@ —Tn_y) W — Yy ]

+ o (5. 15)

ER€ Zm, Ym — KOODAUNATH TOYKH NPUIOIKEHUA PCAKIUA IMPOMEKYTOT-
FO§i OIIOphI; OCTaJlbHhle BeJUYRHLI Te JKe, UTO M B gopmyie (5. 5).
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Jlas TPOMBBOILNO PACTON0KEHNOr0 RPUBOTUIGIHOTO dJIeMenTa Tpy-
FonpoBOa, 0UEPUEUNOTO MO JIyIe OKPYKROCTH (puc. 65):

845 = lp [— (;"n——i,n — Tm) (gn—i, n—Ym)Cy + R (E"—i»" —zm)Ca—
— R (Yn—t,n— Ym) Cs + R2C,), (5.16)

IEe Zm, Ym — KOOPMHNATLL TOYKHM OPHTOKEHIUsSI PEAKIUHE IPOMENRY-
TOYIOi ONOPHI; OCTAlbHIIe BEIUTHHLI Te 3Ke, UTO0 U B gopmynaax

G. 6) n (5. 7).

Ly p
] 8
xll
T .
1/7-7,/7 Lm m u
n~/-f1— - T
: Ay s
X, A r\lw[Jz -
g
Az

Puc. 69. OcmoBmasa cmcTeMa H MapKHpPOBKa 9JEMEHTOB
TIJIOCKOT0 TPOCTOro TpyGOMpOBOZA € JIByMA NPOMEIKYTOI-
HHMH OIOPaMy, MMCWIINMI BCPTHRAJIBHEE peaKIHI.

Unockmit mpocrtoii TPpyosouposoj ¢ ABYyMA
OPOMERYTOUHMMU ODNOpPAaMYU, MMEeWUUMU Bep-
THRKaJdbpmnHwe peariuu J[lId Bolunciaenuss eIHBMYIEIX 11epe-
MEIEHUH NIOCKOTO mPOCTOTO TPYOONPOBORA ¢ UBYMS LPOMEKYTOUNBIME
OIOpaMM, MMEIOmUMY BCPTHKAABNLIC PEAKUHM, OCHOBHYI CICTeMY Has-
HavaloT myTeM oTOpAcLBAaHUA OOOPHLIX PeaKuIil Hemo/Bu:KHON ouopu A
1 o6enx npomesxyTounbix omop (puc. 69). OCHOBEHIME HeH3BCCTHLIME
B DTOM ciygae aBIRIOTCS KOMIOMENTHl Peaki¥ B Touke A M peaKI UM
UPOMCIKYTOUHEIX OMOP. DJIeMeRTH TPYOGOmpoBOa MADKAPYIOTCS B COOT-
BercTRum ¢ puc. 69, rje m M u — TOYKA UPHIOKEHHA DeaKmuil mpoMe-
RYTOURBIX omnop.

Enunngnrie HepeMemeHnsa TaKkoro Tpybomponosa 8;,, 89, 05, Oas»

125 843, 8, 023, 094, 854 maxomaT mo gopmymam (5. 4) u (5. 8), ocramp-

11*
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HBf¢ CAMNMYAEIE MepeMelenus OOpefelAloT IO CIeAYIOWHM (Hop-
MyJIaM:

l
/
[

1
il
L4
g

rie Oggr O1g Oz Oyg M 04 — Tepenerrientnis, oOyCIOBICHAE OTACHDL-
HHIM 3JeMeHTOM TpPyGOTmpoBoJia.

CymmupoBarze B dopmyaax (D. 17) pacupocTpanaercsi Ha 3JIeMeHTh
Tpybonposoja ¢ nomepamu n—1 2> u. 7. ¢. TOJBKO Ta DXEMCHTHL, Pacio-
JAO;KeHIble clpaBa OT BTOpPOH MPOMC;RYTOTHOI ONOPHI; YKazaHMoe yceliro-
BHE OCTaeTcs B CHIe M JIA JIpPYTMX paccMaTpHUBacMLlX Jajlee CJIY4aen
NACCKHX NPOCTHX TPYOONPOBOJOB € jBYMA IPOMEKYTOYHBIMU Of0-
panH.

JLTs1 MPON3BOJBHO PACHOIOHENNIOr0 ITPAMOINHEHHOT0 3JIeMeHTa TPy-
Goupososia (puc. 64)

—~ - 2 — 2
666 =V ln—i, n [(szn—i - xu) + (_:L;LTTW-L] 5

Y z +x—- y1+yn_
(’)1,,-=Vln_1’n[<—n—2—"—-1 ——xu)_’_T—_‘ +

(xn—'xn—i) (yn — Un—y) ] .
+ 12 ?
_ EN e M (xy—x,_ )1
628==Vln__1,n!:(\ : 2 '< 2 ~xu) -+ “_—12_—|"J;
e Ly T Th_y (5 18)
036:—-\7171_‘_"( B _F_—'zu);
— Tyt 2z, T,
646‘—\,111——1,11!'( . 2 - m)(n 2 i xu)+
(xn_xnﬂ)z:l .
+ 12—‘_—" *

37€Ch Tm H Zu — abCUMCCH TOUCK HPIIOGKEIHA DPeaKHmNil mpoMeRyTOY-
HBIX OMOP; 3HAYEHHMA OCTAJBHHX BOJUYHH, BXOAANMX B dopmyds (5. 18),
Te e, u4TO0 U B dopmynax (5. d).
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Jlna OpPOU3BOIBHO DPACIONOMKEHHOTO KPHUBOJMHEUHIOro 3JIeMeHTa
Tpy0OLpOBOJIA, OYEPUEBHOrO WO JIyre OKPYKHOCTH (puc. 65):

6_63 = lo [(E"*l’ n—2u)?Cy + 2R (-En—i, n—I,) Cg + R*Cql;
810 = Lo [— (@n—t.n — 20) Yoty Oy + R (Tnmt,n = 20) €3 —
— Ryn_1,n Cg + R2C,);
S = oG 2 28 70 2
x Cg - chﬁ] : (5. 19)

536 =lg[— (}En-—i, n— Zu) C; — RCy];
846 =1y [(;n——i,n — Zm) (En——iy n=—Zu) Cy +

-+ 2R <1'n—1, n -f_;n_ - %) Cs -+ R2C5 ] )
BHECH Tm B Ty — aOCHHCCH TOYEK IPUNOKCIMI PCAKUUA MPOMEKYTOT -
HBIX OLOP; OCTAJbHhE BeINYUHH TC 3Ke, 9TO H B (op-
myisax (5. 6)
~u (5. 7). 4
IHaocxwit mpocToi . 1 %73
Tpy6oupoBOog ¢ ABY- ) u ’
MA HONpPOMEMNYTOWYHH-
MM ODOpaMu, HMEIO- !
MUMM TOPUBOHTAI b- !
Hee pearmumn Jas ' =
BHYMCICRUA eUNUIHLIX Hepe- 4 Ly As—eiZ
Memfennﬁ IIOCKOr0 T POCTOTO x N 1/2 g
TpyboupoBona ¢ asyms mpo- 7D Ay S,
MEYTOURBIMY 0110 PAMH, IMEI0- X g ” N
HIIMA  TOpU3ONTaJdblbe peak- 4 /¥ g,
UAM, OCHOBHYI0 CICTeMy Ha- by

SHAWAIOT nyTem OTOpachiBANHA -

ONOpTRIX gealiunii 11)1?3(1:10 ii:;;_ Puc. 70. OcHOBHas cHCTEMa W MAapKMPOBEA

YOt A BJAEMCHTOB IINIOCKOTO [1POCTOTO TpyGonposoia
Omopst A4 M 06enx HPO- ¢ jyMs TPOMCHKYTOMHLIMI OTOPAMH, MMEI0-

MexyrTounumix omop (pme. 70). UMY TOPU3OHTANbLHEE PCAKLMH.

. CHOBHLIMU HEU3BeCTHLIMHI
. STOM cilyyac ABJAIOTCH KOMIONENTLI PEaKOuKl B TOYKe A m peaKIuR
POMe;kyTounmix ouop. JmemeHTH TpyOOLPOBO/Ia MAPKUPYIOTCS B COOT-

B i
faTCTBnu ¢ puc. 70, rge m ¥ u — TOYKA TPUJNO}KENMs pCaKLuil IpoMe-
MYTOUHEX ouop.

2y

-7
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B sToM coyuae ejmHWuYHBEe HepeMemeHTs 5511, 899y 834y 055, 61, 8,4,
015, O0g, Op5 W Oy maxonATeA mo gopmydam (5. 4) u (5. 11); ocTanpbnie
eNHAYHbIC lLepeMemeHuA ONpeflelAIoTCH IO CHeAyIomuM ¢GOopMydlay:

877 = 218
07 = 28.17,
8y7 = X b,y (5. 20)
837 = 26_37,
857 = 21 85

rae Oq7, 017, Oy, 857 M 057 — Tepemelnenns, 06YCIOBIEMALIC 0T/ b~
HRIM 2JdeMenTOM TpyOonpoBopa.

Jla TpON3BONBLHO PACROJOKENHOI0 NPAMOAHHEIHOI0 2JICMEHTA
TpyGompoBoma (puc. 64)

k4

- YntYp_ 2 Uy —Yn_y)?
677=Vln_l’n[(——‘——n 5 1—yu> +"n"12'_1 ]

- Ynt+Yn_ YntYn_ Wn— Yny)?
5l7=”ln—1,n[(n—2n—l—yu) n . t 4 Yn = 1 ]; (5. 21)

+z,_, <yn+yn_1 . yu) . (®n—2pn_) U —Yn_y) ] .

3, In
="Vl 2 2 12 ’

7

% Ynt ¥ Yt Yn— Un—Yn_y)?
657=VZn—1.n[(n P 1—ym)( = 2 ‘—yu)_l_ . 121: ! ]

81eCh Ym H Yn — OPAMAATH TOUEK NPUIOKEHHA PeaKmumi mpomeryTOT
HHX ONIOp; 3HAYCHUA OCTAJLHHIX BEJIMYHH Te :Ke, ITO
n B popmyaax (5. 5).
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Jlas TPOMBBOJLHO DACHONOKCHHOIO ~KDUBOMMHCHHOrO dileMeHTa
rpyGOIPOBOAA, OFCPUEUNOro WO Jyre OKDYIRIOCTH (puc. 635):

8—77 =lp [(gn—i,n —yu)?Cy — 2R (gn—i, n— yu) Cz + R2C )5
82 =1Ilo [!:/n—i,n(!—/n—i. n—yu) C1— 2R :\‘I;n—i,n — lzu') X
X Cy -+ 3204];

b, = lo 1= Zactyn(Ineton —Yu) €1+ RTn_g,nC3— R X
X (&n—ly n yu) C;; ‘I' RQC(;];
_637 =y [@n——-l, n—Ya)C, — RC,);

(5. 22)

657 =l [(g}n_l, n— Ym) (!;n~1, n— Yu) C;—2R x

X (Z_/n- 1.n‘“?!‘m_—y_u)cz + R2C4] y

3716Ch Ym B Yu — OPAMHATHI TOTEK TPWIOIKENIs PEeaRmuil IPOMEemyTod-
HBIX OTIOP; OCTAJbHbLIC BeIHYUHLI T Ke, YTO B B HOopMy-

dax (5. 6) u (5. 7).

¥
Ly
ZIm
A5 V
wit  NAT ;
é*d—-- -1 m Ay =
~a ,\ﬂ n-1,n l
A, x
X

Prc. 71. OcHoBBas cucTeMa H MAPKWPOBKA 3JIEMEHTOB
IIJIOCKOI'0O 1IpOCTOTO prﬁonpono;m ¢ AByMA HCOOJNBHMKHKI-
MU IPOMEKYTOIHEIMYU ONODaMIL.

Daockuit u upocTOod TpyGOmMPOBORX ¢ ABYMSA
Derw aBumupumMn OPOMCIKYTOUYHLEMHU ONDOPpaMmMu,
UT BRI9UCACAMA oMHAIABIX IePEMEUICHHUIT MITOCKOTO0 IpocToro TpyGo-
11POBONa ¢ BYMA MeUOABUKHLIMH T1POMEIKY TOYIBIME OIIOpaMyu OCHOBHYIO
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CHCTEMY HAa3HA9YalOT OMyTeM OTOpachIBaHHsS ONOPHLIX PeaKIdil HemOJBu; ;-
poii onopu A u ofeux mpomexxyrounerx onop (puc. 71). OcHOBHEIMA 1ie-
H3BCCTHLIMM B 3TOM Clyyae ABJIAIOTCS KOMIIOHEHTH PeaKUHU B TOYKe 4
H peaKUMH HPOMEMYTOUHLIX Onop. INeMEHTH TpyO0OlpOBORA Mapri-
pyloTca B COOTBETCTBMYU € puC. 71, rae m M u — TOUKM MPHIOKEHUA pe-
Akt WPOMEKYTOYIHIX ONCP.

Eaunuuniie nepemeniennsa Takoro TpyGomposoja 8y, 855, O35, 8,4,
6551 6637 677v 612’ 613’ 614’ 5157 616v 6l7a (523, 62*1 62_51 626’ 627’ 34 635,
O3qy 037, 045, 045 M Oy Haxonar mo gopmynam (0. 4), (5.8), (5. 41),
(6. 14), (5. 17) m (5. 20); ocTalbHLIC eIMHUUHLIC MEPeMEMCHIs Onpeje-
JAIOT TO0 CHeAYIOINUM POPMYJIaM:

04 = 2547;
036 = 26—58; _ (5.23)
607 = 2867’

rae 847, 05 M 8g; — mepememenns, OGYCHOBICHHLIE OTAENBHBIM Die-
MecHTOM TpyGomponoja.

18 mpousBONBHO PACIOMOMEANOT0 NPAMOIHNEIINOr0 IeMEeHTa TPY-
6onposoaa (puc. 64)

5 z, 4T, \ (U= Yo
647 = e VIn--i,n [(L—Z‘i R xm) <.—n_2__i — yu) _i_

(xn '"zn——i) (yn'—' Yn—1 ) ] .
+ P ;
e Zn +xn— M yn+-'/n——— \
?)56 = _VZn—i,n (_2—1_xu>(__2____l _ym)+
(5. 24)
@~ ) —¥ng) 1.
+ n ;
< 2,42, Yp 2
667=~'vln—-1.n (*—_) ‘_xu)(—n_'_),-‘—i_yu)'*"
4 gx'?___xrl—jl)i(;/n_-"n—ﬂ ] .

3RECH Tm, Ym, Tu B Yy — KOOD;MLATH TOYEK HPUIONEHNA peaknuii 0po-
MEKYTOYHBIX ONOP; 3HAYEHHA OCTAJILHAIX BeIN-
YHH Te jKe, 9TO M B dopmymax (5. 5). ’
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Jlnia  mPOUBBONLHO  PACHOJOJKENHOr0 KPUBOJMHEHHOrO 3IeMEeHTa
7pyBONPOBOAA, OYEPUEHHOTO IO Jyre OKPYKHOCTH (pHC. 65):

847 = ZIIJ[— (-’En—hn - xm) (‘!}n—hn - yu) CL + R (;:n—-1, n — xm) X
x Co— R (Yn—t1,n — Yu) C3 - R2Cy),

656 = lcb [— ("l_fn——i,n - xu) (—yn—i.n _ ym) Cl + R (‘;n—i,n . .Tu) %

_ o5
X C3— R (Yn—t,n — Ym) Cg + R2C4], (5. 25)
867 =lp[— (£'7l~l>n — Ty) (;n—t,n —Yu)C1+ R (‘;n—i,n —z.) X

x Cy—R (gn——l,n — Yu) C3 + R2C];

371€Ch Tm, Ym, Tu B Yu — KOOPAMHATH TOUEK TPUIOKEHAA PeAKIMil IPo-
MERYTOYHbIX OIOD; OCTAJNbIIhie BeIMIUHKL TO 3KE,
4910 ¥ B dopmyaax (5. 6) m (5. 7).

§ 42. Ompenenenme TeMuepaTypHbBIX uepeMemeHmil
IJIOCKHX JPOCTBHIX TPyOOoupoBOJOB
Hpu uamenenun TevMmepaTypil OCHOBHOM CACTCMLL TOUKH MPUIIOFKOHAA
OCHOBHLIX ~ HEHM3BECTHLIX TOJY9YaloT TCMIEPATYPHbIE IIepeMeIienns

{pmc. 72), KoTOpbI® UPONOPUUOHAILHEL PACCTOANHIO OT 3aKpemIeHHO

P

L7 5
Tr‘—
S VI
4 ) N &

A T &
. —

Puc. 72. TemmeparypHiie TepeMeNIeHHS OCHOBHOM
CHCTeMH ILUIOCKOTO LPOCTOro TpyGomposopa.

TO‘IKI/I o

I pazgoe
Boga,

paccmMaTpuBaeMoit, KO3PUUUCHTY TEeMIEePaTypHOTO yIIMHCHUN
TH TeMOepaTyp ropsyero il XOJOZHOrO cocroammit TpyGompo-



170 Pacuem mpy6onposodos na memnepamypuse goadeiicmeus

TemmepaTypHble mepeMelenus, yBexnueHHee B Eg/, pa3, pasau:

A,=—EJ, (z—z,)0At;

Ay=—EJ (4 —y,) ol

Aat— >

Ay=—LJ (yp—y,) oAt (5.126)
Ayy=—EJ (zp—1z,)alt;

Ay =—EJ, (yp—y,) AL

A7t= _EOJO (xB—xu) GAt;

sgech Ag, Aot...A; — TemMuepaTypHnile IepeMemeHudA B OCHOBHOI
cucreme, yBeiaudenmsie B K I, pas;
Eolo — ecTKOCTH OCHOBHOTO 3JeMeHTa TpylOompo-
BOJA;
Ty, Y — KOOPAMHATH 3AKPEIVICHHOH TOYKU B;
Tmy Ymy Tu, Yu — KOOPAMHATL TOYEK NPUIOKEHHA OCHOBHRIX
HEU3BEeCTHHIX;
0 — K03p¢HIUERT TeMIepaTypHOro yAJWHEHH;
Al — pa3sHOCTH TEMLEDPATYyp TOPAYEro. H XOJOITHOrO
cocrosiHuil TpyGomposona.

§ 43. Pewenne cucTeMbl KAHOHAYECKAX YPaBHEHMIt
cmocodom Taycca

Iilpu pewrenmm cmcTeMB KAaHOHMYECKMX YpaBHEHHI MeToja CHI
npumensercsa cnocod I'aycca (aaropurm miam ajdropupn I'aycca), mpean-
cTaBinomuit co6oit croco® MOJCTAHOBKH, IIPOBOJUMEIA B OIpC/eJeHHOR
moche0BaTeNbHOCTH.

Tpasunbmas opranusands paGoThl 00 PCHIEHUIO CUCTEMHl ypaBHCHHHE
TpelyeT BLINOJHEHHA CJAEAYIOIMUX YCIOBHIA: ,
1) Bcerpa ciegyeT CTpeMUTbCA K TOMY, 9TOOLI BLITMCIATENLHAS
paboTa Gnura uueTo Mexanudeckoil, Ecam pematomuit ypaBuenus Oyner
ofpamarb BHUMaHHe HA (QH3UYECKUH CMBLICH LOABJAKIUXCA B TpO-
iecce peIleHns NPOMEKYTOYHHEIX BeJHUYMH, TO OH CKOpee YTOMHUTCH

U DPOAYKTUBHOCTH €ro TPyHa CHH3HUTCH;

2) pce Heobxopumble [JA BHTHCACHHOM KO3PQHOUEHTH, MHO;KATENH
¥ JeauTedd JOJKOL ObITL pasMemCHB! B COOTBeTCTBYRIMX Tabauiax
Tak, 9TOOB HX MOHO ORJIO HAaXOQUTh cpa’y, 0c3 moTepu BpemeHU Ha
TIONCKH, KOTOPEIEe He TOJbKO TPeOyIOT HAUDAMKCHUA BHUMaHHA, Ho U MO~
ryT OwmTh npuumnoit omuGox. CiegopaTenbHo, upesBhiyaiiHo GoJBIIOE
3HadeHue HMeeT yao0Had M Ieldecoofpasmas 3amACh peleHUs;
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3) meobxogumo ofecIeYnTh HENPEPHBHEA M HAXEKHLWA ROHTPOIB
BEITHCTCHITH,

Kasi;mlii U3 KodpPUnmeHTod cacTemMnl ypaBmennit (5. 2) oGo3navaerca
gyxBoil 0 ¢ jiByMA HHAEKCAMH: uepsfn}i COOTBETCTBYET HOMEpY ypaBHe-
gus, BTOPOIl — HOMEpY Hed3BECTHOH BCIMYMIB!, NPA KOTOPOHA CTOHT
goapuiueut.

KoodpuuuenTsl ¢ ABYMsa OIUHAKOBLIMA MHICKCAMII HA3HBAIOTCA INIaB-
guIMi, C PAa3NLMA  HMHAGKCAaMM — modoumnuiMi. [JBa Kooddunuenra
¢ OfMHAKOBBEIMM, HO DEPEeCTaBJeHIbLIMA MHeKCAMH Ha3LIBAIOTCA CONpPA-
sxerubiyu. ConpsKeHHLIE KOJIQOUILHCHTH PACHOJIOKENB CUMMETDPUTIHO
OTHOCHTEJIBHO [UAroHadd, o0pasoBaHHON rJAaBHLIMA KodpdumHeHTaMHd,
IIE [NIABHOM pguaroHatu. Jlast cUCTEMII KaHOHMYECKUX YypaBHCHMHIA

Oin = -

Cooco6 T'aycca OCHOBAaH Ha NOCHEIOBATeABHOM HCKIWYCHAN HEH3-
BeCTHEIX. IIPOAIONIOKAM, 9TO WMCCTCSH CUCTeMa YpaBHEeHM

810 Xy + 812 X + 013 X3+ Ay =05
Og1 Xy + 050 Xy + 003 Xg + Ape = 0; - (5.27)
831 X; + 050 X -+ 033 X5 + Ayt = 0.

Hasa o6bacnenusa o6mero xofa pEmICHAA BTO CHCTEMBI PACCMOTPHAM
caMblii o0uMil coaywail, KOIMa CHUMMETPUYIIO PACHOJOKeHHble Kodpdhn-
iquentsl He paBHM MesiAy coboif. Hoadduumentsr m cBoGogHNe UIEHEH
Ypavnenuii csegem B Tala. 44, Oywsoii C spgecs o0o3maven cToJibern,
B KOTOPOM HOMeI[eHbl CBOGOHbIEC WIEeHH.

quuMemm €10co6 MOACTAHOBKM, U3 HEPBOrO YpaBIeHAs. HEOGXOXHMO
Hautu X, BLipasuB ero 4epes ocTaldbuble meusBecTHble. J[Tsa aToro Bce
Koogpunmentsr m cBOGOAHMI Wiem mepBOro ypaBHEHMs HYMKIO pas-
ASIUTE na Kosduument O11 upa X1 B ToMm ke ypasaennn. Taxum obpa-
30M, HaxoguM

X, = ey, buy Au (5: 28)

611 2_6_1—1— 3—611'

Ho:uythHH}Je pesyJIbTATH BBIIACHIBAEM ¢ OOpATHEIMH 3HAKaMu BO
BTOPOil ¢cTpoke BepxHero psaga KIeToR (Tabm. 45).
3 conocraBienus Taba. 45 ¢ BrpaskenueM (5. 28) BuamM, 4TO BTO-
Pasm crpoka Bepxmero psila KICTOK NpefcTaBiseT 3HadeHue X,, Bulpa-
“KeHuoe wvepes npyue HewsBecTHHIE.

Haiinenuoe 3Havenue X1 DOACTaBAACM 3aTeM B OCTaJbHEle YDaBHEHHUA
CHCTemu (5, 27). :
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Tabauya 44
X, X, | Xs c
1, 812 | bis Ayt
3o 82z | Oas Aoy
81 832 [ 033 Ag

Tabauya 43
X, X, X c
élf’. b.l:i A]lf
8y B by Ay
all 6ll 61!
2 820 8ag Aot
3 832 033 Ay

HpH OOJCTAaHOBKE BO BTOpO€ YpaBHCHHIE HMeeM

) 0 A
O (— 52 X — 52 Xy —

O

> + 8pp X3 + 895 X5 + Apr = 0. (5. 29)

CrrepoBaTeIbHO, TOIXHKO YTO IOJYYeHHbe YACIa, CTOAmMAE BO BTOPOM
CTPOKe BePXHEro pAjia KIeTok Tabl. 45, HYHO YMHOKUTE HA 821 — KO-
s¢ppunment npu X1 BO BTOpOM ypaBHeHUM. Pe3yabraTil YMHOMKeHUA IIO-
MENalTCA BO BTOPOIl CTpOKe BTOPOTO PANa KJIETOK.

Tocae mojcranoskn X1 B Tperbe ypaBHEHHE MOAYydaeM

o ) A
631(—‘%)(2—6—:?—)(3—(;31—1‘)+632X2+633X3+A3,:0, (5. 30)

T. 6. YACTA BTOPOIl CTPOKM BePXHEro PAAA KIETOK yMHOMKANTCA Ha 83 —
koodpunuent npu X1 B TpeTbeM YDaBHEHWH. PesylbTaThl IIOMEIIamICss
BO BTOPOSi CTPOKe HEKHEro psafa kiaerox. ITpm saTom Tabn. 45 npmuumaer
exenyromul Bug (vabr. 46).

Tabauya 46
X, X, X3 C
Oz 013 Ayt
a1 12 _ O At
on oy o
5 22 5 a3 8 Ay A
21 YUt ERPS TS 5. A
021 5 by 3 8oy i
8 O3s Agy
b1 i -3 Sz ' —3 Sy —8. St
31 611 31 6 51 611
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[Mocae npuBefeHua NOJOOHHX YiIeHoB B ypasHeuuax (5. 29) n (5. 30)
GymeM HMeTL /Ba CICAVIOMUX YypaBHENUs:

622 - 62125\ X2 + 623 - 621 6£ X3 + Azt —_— 621 A_" =- O;
611 o 61 (5 31)

812 S A
(532 — 853 é;) X, + (633 — 0y 8—1—:—) X, - (A;;t — 833 E—I‘Tt) =0.

W3 1abx. 46 BMOmM, 9TO CyMMBI BeJIWIHH, CTOANMX B 06eMX CTPOKax
BTOPOTO U TPCTHLETO PANOB KJAETOK, IPCACTABIAIT co00il KoadduLuenTh
9TOH MOBOM CUCTEMI! ypaBICHIIIT,

1lpoussega B kakuoH KieTKe DTOH TaGammul aldrefpamuecroe Cym-
mupoBanie B 0003HagmB

Hya

boy = 622_621(’3“1;;
Sz,
byg = dp3 521ﬁ ;

mOJTyYHM
bpo Xy -+ 093 X3 -+ Byt = 05

5. 32
bye X - b33 X5 + Byt = 0- ( )

Roadgpunmenrt u cBoGojuvie uydennl ypaBHenm#i (5. 32) cBogum
B Taba, 47,

Tabauya 47 Tabauya 48
X, X, c X Xy c

b-zs ”zt
byy bog By bos _ bas _ By
bao 29

bsg bys By by By
b:sz bay B-zt
bd? "E; bd‘_’ (122

Hasnce mosropserca upempayumit OURI Bruuciaeunii. U3 uepsoro
YpaBHenus maxopdat Xz, Bupaiennoe qeped X3, ¥ HO/ICTABIAIOT BO BTO-
Poe ypaprcrue. [[J1a 3T0r0 wmcia BepXHEIO PAAA KIECTOK AeJNAT pa Ko-
d3¢dpunuent baz M pesymbTaTHl ¢ OGPATHLIMH 3HAKAMU BLIIIMCHIBAIOT BO
BTOpOit cTpoke BepxHero pajpa RJAeTOK TalI. 47; saTeM UX yMHOMKAIOT
Ha bs2 — koadpunuent npu X, BO BIOPOM yPABHEHWE U LPOU3BCHEHHA
HOyemaroT Bo Bropoit§gTpore niskHero psjia KIeTok Tabx. 47. B pesyin--
TaTe noxywarnT Taba. 48.
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Ilocne mpuBenenua nOZOOHKX WIEHOR MMeeM OIHO YpPaBHEHHE C Of-
HUM HEeN3BeCTHHM

CysXa + Cat = 0. (5. 33)

Kos¢dmimenTt m cpobopuilil WICH STOr0 YypaBHEHHsA DOMEI[AEM
8 rabu. 49. 3arem cBoGojunmil aaeu Cy memum Ha C3s M 3alHCHIBAEM
¢ obparusiM 3uaxom (tabi. 50). Vs mocmeamedt crpogry sroit Tabanum
aoTyuaem

Cat
Xg=— Cf; . (5. 34)
Tabauya 49 Tabauya 50
X5 l c X5 ¢
- Cyt
Cy; , Cst Cas — _C_?L
Janee maxoxgum X, U3 1ociaeyHed cTpoxu Taba. 48:
_ by By
X2-——IEX3——IJ—22— (5. 35)
1 X, us 1abua. 46:
01 Oy A
X, =—-2 — X, -t .3
1= To, e 75, KT, (5-36)

Ha »arom pemenue ypaBHCHHIl 3aKaHYHBAETCH.

IIpu pemenuy cucrem ypaBHCHEI B YUCTIAX 3alUChL BEJETCA B MHOM
¢dopme. PaceMoTpmM peineHMe TAKOIf CUCTCMBL HeThIpeX KaHONWYECKHX
YpaBHeRHi:

2X + 4X, — 6X; + 2X, + 6 = 0;

4X + 11X, — 38X, — 2X, + 18 =(;
— 6X; — 3X, + 43X, — 20X, + 2 =0;

2X; —2X, — 20X; +3X,— 4 =0,

OOBIYHBIX UPM pacdere mIOCKHX TPYGOmpOBOLOB METO/OM CUJI.

Pemenue nopo6noit cucrTeMil ypaBHeHUH BeTeTCs B gopme TaGmuin
ocoboro Buga (taba. 51). ITockonpKy, Kak UPABUIO, B Takux Tabamimax
HCTPEUAKTCA I IOJQKATEAbHLIE U OTPHLATENBHbIE YUCHa, cAefyeT BO
U30CKaHHC BOBMOKILIX OIKOOK 00A3aTENHHEO CTABUTH ¥ TOMOMUTEAbHEIX
auced 3Hak ILTHC,

Sanoanenne tada. 51 pegerca caemyompy o6Gpazom.
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Tabauya 51
X, X | x| oz, c K
436 | —13 | 45 | 42
44| —6 | 42 | w6 | +6 | —3
42 —2 L3 —1 —3 | —3
X, o6 | 415 | 2 | —3 =136
1] —3 | —2 | a8 | -3 12
44 | =8 1 A4M12) —4 | —12 | i —12
+43| —20| 42 | —1 | +6
—6 —18| -+6 | -L18 46
43 | —4 | —i ] —s
+2 ~9 | —¢ —8
12 15| 434 ] —17 | 4-22 | |
13 43 | +34] 19| 16 |
14 Dyg | —6 | 46 | 49 | =3
5 R -3
16 X, —15] 44 | —2 ) =—13
17 4on | —14l 20| —3 | —27
18 49 | 97| 48| ~18 —97
19 IR RRTIR 0
20 —6 —12| 412 0
(2 134 ] —19 ] +16 | ]
2 — ‘ 7| 44 ‘
i 23 +4 | 42 | 46 | 43
2% —2 | 42 | 49 +3
25 X ke | — 5
26 —11 ] -F2 l +3 +12
27 4 | 8 | 44 +12
28 46 !
tv { 29 —3 | +2
30X, |42 | i =42
T 0 +6
32 0 +6
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CravaJia 3amoanaA10TCA TOABLKO 3-51, 6-51, 8-51 1 10~ CTPOKH, B KOTOPhIx
BLIOUCLIBAIOTCH YPABHUCHMS M, KPOMC TOTO, NEPBhHl cTodden. 2-1 CTpoka
OCTaBAACTCA IYCTOi; Na meil B KONIC PCIUEHMA 3aMHUCBLIBAIOTCS 3Hade-
HHA HEeM3BCCTIMX. D- CTPOKA BBHIJEdsieTcsi 0c000 — OHAa Heo0XomMaa
g Buuuclennit npu oGpartuonm xoje. B wactu Il Tabamuw ajisn oGpar-
HOro xona Bugedsiercs 16-g cTpoka.

ITocie 3apoimenust Bepxnux CTpoK yacti I TaOaUmLl KOd(PHITTIEHTH
Y. HEM3BCCTHHIX CKIAMBAIOTCH M UX CyMMbI 10MeuaioTes B 12-10 crpory
T3 LOCJTEAYIoIero KOHTPOJLL. :

IMocre sTOTO BepeTcs peitenye CUCTEMN ypaBHCRWi.

Ynera 3-it cTpoxy pedasites Ha koadpduument upH Xi, T. e. Ha -2,
PesyapTati ¢ 0GparshiMu 31rakaMy TTOMeRAOTCsL B 4-10 CTPOKY U ceiigac
K@ IPOMABOJUTCA NPOBEPKA: CKIAALIBAIOTCH YUCAA 3-H CTPOKH:

+4—6+24+6 = 6.

onyvenuoe ancxo 3amiIchBACICA B NepPBOM M3 KONTPOALULIX CTOXG-
o (8 Taba. 51 ofosmavenn Gyrpoil K) u meaurcs ga --2. Yacruoe or
JlelepuA ¢ o0paTHLIM 3NaKOM

-3

P
OMEMIACTCs BO BTOPOM KOHTPOIBNOM CTOJOILE.

3aTeM CHRIAHBAIOTCA YHCTa 4-11 cTpoku (0e3 Kpaiimero JcBoro uncia).
ITonyuaercsa To ske umcao —3. CoBmajienue yKasuiBacT HA LiPaBUILHOCTL
BBIUMCTEHUH.

Yuena 4-if CTPOKN yMHOKAIOTCS Ha KoaddumuenTt upa X, Bo BTOPON
ypasneuu, T. €. na +4. Peayanrarsl momemaoTtcst B 7-i CTpoKe H OLATL
HPOU3BOANTCA KOHTPOJIb.

Cyuma wHcedl 4-ii CTpPOKH HM3BeCTHA; OHA paBla —3 U noMemeHa
B 4-if CTPOKe BTOPOTO KOHTPOJBIIOroe cToI6na. Jra CyMMa IMOBTODAETCH
B 6-if cTpoKe mepBOro KONTPOJLIIOTO CTOJ0HA H YMBOKaeTca Ha 4.
Pesyabrar —12 nomeniaercss B 6-fi CTPOKC BTOPOro KOHTPOILHOTO
cToa0na.

CraagpBaTesa Taksie unciTa 7-i erporku. Omath modywaercs —12.
3HauuT, ymMuo;kenus OLUIH 1POH3BeAenhl 1LIPABHILHO.

Haaee sauonnsrores 9-s1 w 11-s1 crpoxrm.

IIpn wonrpose 9-ii crporu ma kKosdnuuenr —6 ymuokaerca ne
cyMMa BCeX uHcea 4-H CTpOKH, T. e. He —3, a CyMMa 9Tux ymcea 0Oes
mepsoro uueaa, T.e. +3—1—3 = —1.

JTO 9HMCJIO M 3anHUCHIBAETCH B 8-ii CTPOKE HEPBOT0 KORTPOJBHOTU
cToJ01a.

I3 pesyilbTaTe yMHOMKEHWSA HMOIyYaercs

—1.(—6) = 6.

Cymma amceX 9-# cTpoxiu Taiske pasmna --6. O6a srm wmcaa samd-
CHIBAIOTCA BO BTOPOM KONTPOJABIOM CTOJGIE.
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—

Hpu xontpoie 11-it crpoku ma -2 ymHomkaercst cymMa ulcerd 4-if
cTpoKM Ge3 mepBhiX AByX uucex, T.e. —I1—3 = —4.

PesyabTatit ymuoskenus H closkenis auceld 11-if ¢cTpoRu ojMIaKkoBLI
a pasnol —38

1Tpesksie gem mepeiity K wactTu 11 TaGammer, B neiaX KoUTPONs 3a1L0J1-
ugerca 13- crpoka. 3jech OMOILAKITCH CYMMLL BCEX YUCE]l B RIETRAX
KaMaoro croibua, 3a MCKIIOYEHHCM MHCEHI BCPXHErO psigd 8 J-if M 4-if
crpokax. g atoro us unced 12-ii CTPORM BLIYMTAIOTCS UmCiia 3-i CTPORK
i yppnbaBaslorcA (aareGpaudecky) umCHa, noMmewennse B 7-if, 9-ii u
41- cTpoKax.

TaxnM 06pasoM IOIAYyUYaeTCsH:

B croibne Xo
54 (—8) = 13,
+34— (—6)=- (+12—18) = {34,
—17—2+ (—4-+6—-2) = —19,

B crostbue Xs
B croabie X4

B cronbme C
+4-22—64- (—12--18—6) = +16.

Ilocne sammeu stnx umcexr B 13-10 CTPOKY sakamuuBacTcs 9acrp |
BLIMUCHeHMMA.
Temeps crIagmBalTCa UONApHO wucida 6-i m 7-it, 8-it u 9-i, 10-i
m 11-ii crpox mepBoii wacTu. Pe3ynbTaThl 3alMCHIBAIOTCH COOTBETCT-
Benno B 14-10, 17-10 u 19-10 cTPOKHM BTOPOM HacT¥ U LEMCIIICIHO LPO-
BepsieTCs CJO{CHME HO KJIETRKAaM.
Haxopates cymmm B Kamzom ¢rosile BTOpOit wacTh:
B crondme X,
-9 20 = +34,
B cToabue X,
—6—14--1 = —19,
B croabue
-l 64+20—10 = -1-16.

9T wncira momewgaioTest B 21-10 CTPOKY I CPARNHBAIOTCH C UUCIAMU
13-it crpoxu. Nx cosuamenuc FOBOPUT O TOM, YTO CJIOMKCHEE IO KICTKaM
Ciemano sepno. Yucno -3, crogmee B 13-ii cTpoKe, HOBTOPIALTCE 3aTeM
8 15-it crpore.
Hpoussosa Bce Bpems mopoGHB KOMTPOIB, BEAYT BHYUMCICHAA H
Hdadpie,
Upn o6parrom xone us 30-ii CTPOKM IAaXOHAAT

X4 == -i~2.

. HAis BEineTenns HeMsBECTHHX HX BHAUCIHA 110 Mepe HaXOMJCUUH
SIucLBaloTca copaBa OT @6:mum; NMOJIyYeHHOe 3HaYeAuce Xa 3anm-
ChiBaercs Bo 2-ii CTpOKe,

12 3akaz 995,
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Jamee BHIOJIHAIOTCA cllegylomve ReiicTBUsA:

X4 = -|-2 yMmnomaerca Ha —1 u3 4-{ CTPOKU; PEBYALTAT IATMCH-
Baercst B O-Ii cTpoke cronlua Xg;

X4 = -2 ymupomaerea na --2 us 15- cTpoku; pesyapTaT 3auHck-
Baercs B 16-fi crporxe;

X4 = 42 ymmomkaerca na -+2 H3 24-ii CTPOKHU; pPe3YABLTAT IOMme-
maetcA B 25-10 CTPOKY.

ITpaBmiILEOCTS BHIMOJNHEHHWX pmelicTBUE mnposepsierca. [aa sroro
CKAAJBIBAIOTCA MIOKHUTENM, Haxoismuecs B 4-it, 15-# u 24-¥ crpokax
croabma X:

—1424-2 = 43

M pesylrbTaT ymHoskaerca ma X4, T. e. Ha 2. Iloqyuennoe umcio -1-6
3anncnBaerca BRuHusy tabamum B 31-ii cTpoke.

3daTeM CKAAfHBAITCA UMCAA, HOJYYenHBe B Pe3yJbTaTe YMHO:e-
nus (5-1, 16-a m 25-1 crpokm):

—24+444 = +6.

Pesynbrar nomemaercs Bmm3y rabamnul B 32-it crpoke. CoBmapenue
PesyibTaToOB YKA3LIBACT HA NPABUIBHOCTh BHYHCICHHI.

Ilocae artoro maxoumres Xs. JHasa ymo6ersa coGommmiis wien 1
n3 24-if crpoxn mnepenocurca B 25-0. OgeBUAHO,

X3 = +4+1 = +5.

9T0 3Haycume X3 3amycLIBaeTCA BO 2-H CTPOKC M YMHOKaeTcs Ha
yncna w3 4-it m 15-ii cTpox; peayarrarst 415 m —15 momewgarorca B H-if
u 16-if cTporax.

Brinoanennrie pelicrsua npoBepatorea. Hag sToro wmeixa us 4-it
15~ crpox crombua X3 CKIagrBalTCA M YMHOKAWTCH ma X3, Pesyib-
TaT, PaBHLIA HYJNIO, 3aNMCHIBACTCA BLU3Y Tabaupbl moj cronomom Xs
(31-s1 cTpoka). BaTeM CKIaALIBAKTCA PE3YIbTATL! YMIOFKEHMH, moMelnen-
Bhie B O-i u 16-ii cTporax. Ilomywaerca Tawke Hynb (cTpoka 32-71).
CiepoBaTensuo, yMIO/KERUA BHITIOJNHEHE NMPaBUIbLHO,

Hamee cBoGomnblii wien —2 nepenocutea m3 15-it crpokm B 16-10 H
HAXOAUTCHA  3HAUeHle

Xo = —154+4—2 = —13,

KOTOpoe moMmemaercs Bo 2-H CTpoOKe.
Jas onpenenenms X1 NPOUBOJATCA YMHOIKEHHE:

(—13)-(—2) = +26
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g CJIOREHHE!
| X, ~ +26-4-15—2—3 = +36.

Korjia B KOHIIE DELIeHHs OCTACICH BHIIOJHUTH OFHO YMHOMKEHHeE,
koTOpOe HC TOJNaeTcs ofbuiemMy KONTPOJIO, €r0 NPOBePAIOT NelenueM
A YMIOMKeOHeM jKe, HO C nepecTaHoBKOW commuoskuTeneii. HomTpoa
[0ABEPraloTCs TAKIKE M CIIOjKeNiis, MPOU3BC/EHHBIe IpU HAXOMKAeHUH
penssecTubx (5-a, 16-1 m 25-a crpoxn). [ljia 3TOro u3 mOTYYCHHBIX pe-
3yNIBTATOB LOCHEA0BATEbHO BHYUTAIOTCA CIATAEMBIC O TeX LOP, MOKa
ge UOTYUUTCA Hylb.

Ilo oxomyauuu PCITCHHAA B ICAAX HPOBEPKH 3NMaYenHs HCU3BECTHHIX
HOACTABIAIOT B yDaBHeHus, JUIA TOro, urofs yOeauTwbest, 9TO OHE yAO-
BIETBOPAIOTCH.

IIpn KonTpodc o4eHb Ba;KIO coOJOaTH ClIefyiolee OCHOBHO® Ipa-
BANO: NPOU3BO/UTE KOHTPOJH He NOcle 3amoJHeHHa Bceil ralauid,
a4 HEeMEJJEHIIO [0 OKONUAIHH COOTBETCTBYIOIIMX Buiumciaenmii. Iloan-
HEH KOHTDPOJNB UDH GoapmoM unclIe uudp, 3anodnamomux Tadanuy,
He TOJNBLKO BecbMa 3aTPyJHHUTCAEH, HO B clyvae OIINGKU MOMKET IOTpe-
60BATH HEPC/IeKM 3HAYWTCILION WacTu Bceil paloThr.

§ 44. Onpenenenme ycmamii B 3leMeNTax
MIOCKAX UPOCThIX TPYyOONPOBOXOB

Ilocae peurenust CHCTEMB KAHOHNYECKHUX Y PABHOHUI I HAXOKICHAA OC-
HOBIIBIX Heu3BecTHbIX X1, X2, X3...Xp uo gopuyaam (5. 1) ompenersiorcs
VCWUA, fAclicTByOIUMEe B 9JeMEHTaX WIOCKMX HPOCTbiXx TpyOompoBogoB
OT TCMUEepaTypHOIO BO3MeHCTBUA.

ODanocxuit mpocrtoit TpyGompoBosxg 6e3 mpo-
Meémyrownnsx omop (puc. 63). Msrubaomue MOMeNTH, HOP-
MaJbHble M MOMepednrie CIIH B MPON3BONBHOM cederinu n TpyGompoBoja
OupenesawTes 1o caegyomyn GOpMyIaM:

.Mn == len_ len + X3;

Ty — T Yn —Up—
N =X, r_nt x, o et
T O e R S (5.37)
Yn — Yn—q Tu— Th—y
Q"_l’n 1 bpt,n 2 batin

3Havennsa BEAUYMH, BXONAIMUX B 9TA GOPMYJHHI, Te 3Ke, 9T0 K B dop-
Myrax (5. 5).
. Mnockun npocroit Tpy6oOmpPOBOX ¢ ogmHOm
HPOMemyrquOﬁ omopoit, uMeo U e BepPTUKaATH-
Yo peaxmgumio (puc. 66). WisrnGaomme Moments, Hopmanpume
12+
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1 DomepevYnhe CHJILI B LIPOU3BOJBIION CeYeHuy n TpyOonpoBoaa onpeje.
JIAX0TCA:
upa n < m —mo gopmyaam (5. 37);
npu n > m — oo gopmyaam
Afn == len - szn + X3 - X4 (xn - xm);

o — Y
N — X n X‘ X ___:_1__, B
n—{,n 1 In_i,n FXa+ X It,n (5.38)

Yy ——yn— - zn_
O yn=—X,1—""L 4 (X, -+ X4)— !

ln—i,n Tl-—ix’n

JHavyeHusa BeIMYMH, BXOiAU(IX B GopMyan (5. 38), Te ke, uTO m
B dopmyrax (5. 9).

Ilnocknifi upocroit rTpyboupoBopmg ¢ OAHOI
MPOMEXYTOUYHOHN omopoil, muMewmed ropHS3OH-
TalbBEyI0 Ppeaxuui (puc. 67). Marnbaroume momenrnr, mop-
MallpHble M NOIepeunse CHJILI B IPON3BOJILHOM CEYCHHH 12 TPYGOIPOBO;a
OIIPEAeTAIOTCH:

opn # < m — 0o gopmyuam (5. 37);
opu n > m — 1o gopMmyram

My = Xyyn — Xotn 4,- Xs-F X5 (yn — ym);
N = (X; + Xs)

n—{,n

n—-i — Yn—y
RN AL N
—i,n z ln—i,n (539)
Tn—y

— Yn—t Ty —
Qn—-i n= (X +X")) +X2 1 »

n——i,n n—i,n

JHadeHNs BEJUYNH, BXORAWNX B (gopmyasr (5. 39), Te e, 410 H
B ¢opmyrax (D.12).

Hnocrkuift mpocroit rpybonpoBoxg ¢ ogmOMU He
HOZBHMHOMX HPOMEIKYTOUIHOH Oomopoi (puc. 68). Us-
rubaroue MOMEHTH, HOPMAJIbTbie U NOIICPEUNtle CUJIL B NPOW3BOJHHOM
cedeHuM n TPYOONpoBOjla ONpeNeNAITCH:

npr n < m — oo ¢gopmyaam (5. 37);
npm n > m — 10 JQopMyliam

My = len“‘szn‘*‘X _X4(xn—xm) +X5(yn_‘y‘m);

. ) Tp— Ty —Yn—g
A’n—g,n:(Xl"f‘Xs) L, ni 'T"(Y2+X L yom (540)

Cnmtin ==& +X5)y_nl:i/n_—i' H (X -k Xy) %l_xnti— .

n—i,n n—i,n
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3paueHMA BeJUIAH, BXOAAmMX B gopmynt (5. 40), Te sxe, 9T0 1 B Jop-
My_])’aX (5. 15).

[Inockuéd nDpocTou TpybompoBomg ¢ MNBymsa
HPOMEIMYTOUHNHMH ONOpAMHI, HMeoOIMHMMI BEp-
ruHkaJdbuHe pearunn (puc. 69). MsruGaromue Momenth, HOpP-
MAJIbHBe M MONePeurbie CUILL. B IPOU3BOILHOM CEUcHNN n TpyGonposoaa
ONPEeTANTCA:

upE n < m — mo dopmyaam (5.37);
npu m<n <u—mno gopuyaam (5.38);
upE n > u— no opmynam

]‘/[n = len—szn +X3 —'X4 (In‘—.Tm)——Xe(xn_xu);

Tp~Tp—y X LX, X y_n'_"yn—l R
. T Xt X)Tm I (5.4)

Yn = Yn—
Quoyn = — Xt

N, .=X

n—in

T~ ZTn_y
+ (X o+ X, 4 Xg) Bt

n—t,n n—1i.,n

3HaveHN A BeTUINH, BXONIAUX B opmyast (5. 41), Te sie, 910 U B dop-
myIax (5. 18).

IMlauockwmi#i npocroii TpybGompoBojg ¢ JIBYMSH
ODPOMEIKYTOYHHMMU ONOpAMU, HUMEWUMHMMU TODHNA-
souTalbHNe peaknuu (puc. 70). HMaruGaromme monentH,
HOPMAJbHLHC W NONEepeYnbe CUILI B IPOM3BOJHLHOM CedeHmH n TpyGo-
TPOBOAA OUPEEMAIOTCH:

npu n < m — 1o gopmynam (5.37);

npa m < n < u—uo dopmynam (5.39);

mpe 7 > 4 — 1o gopmyram
M, = Xl}’,, "sz,, 1 Xy + Xy (Un— Ym) -+ Xg(Un —Yu) s
Yn"Yn—1q

+ X, 2=l (5.42)

n—4i:n

Tn=%n_y
Na_gn=(X; + X5+ X;) 2—2=L

n—1i, n

Yn—"Yn— T — %y
Qn—i.n::"“(X1+X.a+X7) f] ! +X2 1; 1-

n—1i.n n—1i,n

SHaueHNs BexMYMH, BXOAATHUX B popmynn (5. 42), Te ke, 91O U B GOp-
Myazax (5. 21).

Inocrmni npocToif TpyOlompoOBOAZ ¢ HABYMSHR
TenogsumEuMA mIpoMe;KyTOUREMME omopamu (prc. 71).



182 Pacuem mpy6onposodos na memnepamypuble 03felicmaus

Wzrubawioue MOMEHTH, HODMAJIbHBIE M MOMEPEYNble CHJIBI B IIPOU3-
BOJBLHOM CeIeHMH n TPyOOHPOBORA OIPETCIATCAH:

npa n < m—no dopyyaam (5.37);
opu m<<n < u — 0o dopmynam (5.40);
npu n 2> it — 10 Qopmyaam
Mp = XyYn — Xoxn + X3 — X4 (Zn — 7m) +

-t Xs(yn—ym)—Xﬁ(In—xu)+X7(y”~_yu); (5. 43)
T, —%, 4 Yn—"Yn—1
Nocion= (X + X+ X)) 7—— X + (Xe + Xy + Xo) Lo _in
'y Yn="Yn—y > A P
Oroton= = (X Ko Xo) T 5 ek X X 00

3uaveHus BeJWunu, BXoAAux B dopmyiau (5. 43), Te e, UTO M.
B gopmyrax (5. 24).

§ 45. THuooBBie cxeMpl pacdeTa IIIOCKHX NPOCTLIX
TPyOOILIPOBOIOB

PacueTt! nJI0CKUX HPOCTHIX TPYGOIpPOBOTOR BeayTes B TablmamoR
dopye. Becy pacder sauuchisaercsa B TadIHIax YeTHIpeX KaTeropmil ire-
3aBUCHAMO OT HAJUYMA MIL OTCYTCTBHA LPOMEMYTOTIHLIX OIOP.

Jleppasi xateropmsa Ttabamy (¢ wmuuexcom #) copepsRUT MCXOTHHIE
JaHHble M TeOMCTPUUECKHNC CXCMLI PACCUMTHIBAGMBIX TPyOOmpOBOAOB.

Bropas rateropus tabany (¢ uumexcom [I) CILy;KUT I BLIYACTENUSA
IIMHUTHEIX TEePCeMCMEHUll OCHOBHOI cuecTeMmbl — Kod{uUucHToOB Ka-
HOHNYEeCKUX YypaBHeBitii.

Tpersst Kateropust Tabiany (¢ mupexcoM C) COREP;KUT pemenHne CU-
¢TeM KaNOHUYEeCKHX YypasHenmii,

Yersepran xaTeropus tabaumy (¢ MHAEKCOM V) CIYIKHT JId BbIYHC-
JIeHWA YCWJIMii, UeHCTBYIONMX B pPasiMYHBIX TOUKAX PacCMATPUBAaeMOr0
TpyOOIIPOBOA OT MeACTBUA TeMIepaTypbl.

Mopanox saumoauenua Tabiaui Mokas3al HIUKE A OpHMepax pacyera.
Jasa HariAnAOCTH BO BCex cIydaAx paccMaTpiBaercs OZuL TpyGompo-
BOJ| C OOCTeNCHILM n00aBlIeHNeM B HeM HPOMEKYTOYHHIX OIOp.

lpumep 1. Ilmockumit mpocroii TpyGompoBogy Ges IPOMEKYTOYHBIX
omop.

Jlas1 pacdera Takoro Tpy6omposoga ucmonbaymorcs Ttabmmupr: M-I,
II-1n, II-1k, C-8 n Y-1.

B Tabun. M-1 BuyepunBaerca B macmTale reoMeTpHdeCcKas cxeMa
PACCIUTHIBAGMOTO TpyGonposofa. OTmelbibie ee dJeMenThi MAPKUPYIOTCA
B cooTBeTcTBHM ¢ puc. 63. Onnaro, Tak Kak sToT TpyGompusox GyAer
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HCHOJIB30BAH M B NOCIACUYIONMX HpUMEPaX pacdera, ero MapRHPOBKy
HECKOJLKO OTAHIAETCA OT YKa3allHOif; Wa TOpPH3OHTAJNBHLIX 3JeMenTtax
BBefenb To9kd S ¥ 10, B KOTOPLIX BUOCAEACTBUH Gy;IyT MOMEINEHE! 1IpO-
Me;RyTOYnbLe omophl, DB JeByiw FacTs Talauibi 34IOCATCA MCXORHLIE
JaHpble U BeIUUcAenHbvle 1o Qgopmyaam (D. 20) TemueparypHbie uepese-
menns.

Tabanupt Bropoii xareropuu If-I1n u JI-7k 3an0apAI0TCA CICIAYON[IM
oGpa3zom.

Ramaas us3 aTix TaGaIMI] COCTOMT W3 Tpex wacreil, OTIEMCHHHX Apyr
OT JIpyTra SKUPUBIMU JUHHAMU. B Bepxnirte 4acTu TaliIul BRIMCHBAKTCH
KOODAHOATH KOHIOB U JUIMHBI NPAMOJUHCIHHAIX 3JICMENTOB, KOOPLHHATH
NEHTPUB OKPYIKHOCTEll KPUBOJIHHENUMX 3JIEMCHTOB, UX PajBychl U T. 1.
B cpennux vactsax Tabsui B COOTBETCTBUE € YKABAMIILIMA TAM ONepau-
AMM IPON3BOUATCA UEOOXOJUMLIC OPOMCIRYTOTHL e BLYHCASHUA; HANPI-
Mep, uJs uoJaydenns 3navenuil, uomeueHuslx B rpage XV tabx. Il-In,
HeoOxouM0 3uavwenus rpadgn! X1 ymuo;xuth ma 3uauenuss rpage XII
LA Kamporo croiadua oriednwo. loapdunumentsr ), €, C;...C4 npu-
HUMAaloTest 10 Tabd. 43 B 3aBUCHMOCTH OT O U @,

B numpux wactax taGaun ODoAyvawTCst BeXnuuMHLl COUNAYHLIX Iie-
peMemennii, IpAYeM B KaskjloM CTOA0Ie OHU PABHAIOTCS TepeMeiieiimsil,
00YCIOBIEHILIM COOTBETCTBYIOMAM OTACABIbIM dJdeMeHTOM. A woxny-
qenMA Koa(ipUIMeHTOB KAHONHTIECKUX YPARHCHUI HPOU3BOAUTCA CIOMNIC-
Hue TO CTPOUKAM HIKHIX dacTeil Taluuil. JTU CYMMBI 3ATIMUCHIBAIOTCA
B crosbuax 3.

Hepesnewenus, of6yciJoBlennbe  OPAMONUHEHILIMU  DIeMeRTaME
(ctomben 5 B Tabd. I[-In), CKIAALIBAIICH € COOTBCTCTBYION{AMEU DIe-
pemeuienusmy,  O0YCHOBACHUAIMH  KPHBOIUHCIIHIMEI JIeMCHTaMU
(cTomben 3 B Taba. [[-Ik). llomydennnic cymmbl Buocsatess B tabu. C-3
Kak KO3 QUIHCenTH KaloNMIecKUX ypaBHenuil B COOTBETCTBUY ¢ ypaBRe-
nusmu (5. 2). CBoGOjHbie WIenbl 3TUX YPABHCHUH BLIOMCHIBAOTCA H3
taba. /-1, Pemenme ypaBmenmit segercsi cuocobom I'aycca. Lludpa
Opu Hnjiekee 9THX TalmuL 031agaeT YHCIO COBMECTHO PEliaeMbulX ypashe-
nuii. Takum oGpasom, Tabia. C-8 upejiasHadeHa Jlx COBMECTHOYO Poe-
IMeHUA Tpex ypabuenuii, (-4 — A 9oeThipex ypaBneunii u T. J.

llocae paxoskmenns 3mavenmii ocHOBHBIX HeHspecTubix X,, X, ¥
X3 saumoanserca taba. Y-/ vwerBepTodf Kareropum, B peaylbTare
4ero BO BCeX TOYKaX pAacCIUTHBACMOTO TpPYyGonpoBoja HOJLyvaoT-
cs 3HavenmA m3TH0A0WUX MOMEHTOB, HOPMAJLHLIX ¥ JOTepeulibix
cuxt. llpn srom ucnoansyoreca janusle ppyrux tadnuy. Tax, nanpumep,
ortepauusa I B rtaGia. V-1 BuimodrsercAa ciefyomum ofpaszom: OepeTcs
udpa us 1X crpokn taba. [I-In 1 feauTcs Ha ISIUHY COOTBETCTBYIOMEro
DIIEMEHTA,

Hpumep 2. Haockuii mpocToit TpyGOMPOBOJ ¢ 0101 TPOMENYTOYHOI
0OmoOpoii, UMCIMmEe# BepTUKAALHYI0 pPeaKLUio.

Hasn pacuera ucuoassyiorcs tadn. HU-1, I-In, [I-2n, I-1k, II-2%,
Cc-4, Y-1 u Y-2.
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Vexoanpie gaHpbie W reoMeTpuuYecKas cxeMa TpyGompoBOga IpuUBO-
AATCA B taGa. M-1. Tak Kak BO Bcex NpUMepax UPHUHATA OJHHAKOBas
reoMeTpHUeckas CxeMa, DDH pacuyeTe HCnoiabsyiorca Tabia. Il-In %
JI-1x upnmepa 1. Jlonoxanurensuo samonusiorcsa Tabn. II-2n u [1-2k.

PenicHIe cucTeMbl KAaHOHMYECKUX ypaBHenmnii Begerca B Ta0l. C-4.

Jlas monydenns 3pavennuii H3THOAOWHX MOMEHTOB, HOPMAJLHKIX K
gOIepeYnblX CHJ, AelicTBYOWUX BO BCCX TOUKAaX TpyOGompopopa, 3a110i~
patoTtea Tada. Y-I m V-2,

Ilpnmep 3. llmockuii mpocTofi TpyGoupoBOA € OQHOI IPOMEIRYTOU-
Hoil omopoil, umMenoued Topu3oNTalbHYI0 Peakunio.

Ilas pacuera uwcuoansyrorca tada. H-1, H-In, I-3n, 1[-1x, 11-3k,
C-4, V-1 u ¥V-3; HX 3a00AHCHNC IIPON3BONTCSH AMAJOTUYHO HDPHMePY 2,

Hpumep 4. Ilnockuil npocroit TpyGOUPOBOJ[ ¢ OO HENMOABIIKHOL
APOMEKYTOTHOII OTOPOIL.

Ilas pacdera menoawsyworca tabn. H-1, 1I-In, II-2n, II-3n, I-4n,
H-1x, -2k, [1-8k, Ii-4k, C-5, ¥Y-1 u V-4

Bnaugade cocrasiasnerca Tada. H-1. Taba. II-In, I1I-2n, 1-8n,
-1k, II-2x n [I-8k Gepyrca u3 upeblaymux npnmepos. Bropn 3amou-
waTes Junme taba. Il-4rn n I1-4k. Pemenne cuctemMsl KaROHWWYECKAX
ypaBueunit Begerca B Taba. C-5. 3navenusi U3rubaioITUX MOMENTOB,
HOPMAIBHGIX W IONEpeYnkIX ¢l BHuucAsTes B Tabmaunax Y-I m V-4,

Ilpamep 5. Iliockuii npocrtoil TpyGoOnmpoBOJg ¢ UBYMA NPOMEKYTOU~
HOBIMEH OIOPAMH, HMEMUMI BepTUKANBHLIC PCAKLMHU,

Has pacuera ucnonssdytorca vaba. M-1, H-In, 1]I-2n, II-5n, II-1g,
-2, -5, C-5, Y-1, ¥-2 u V-5.

Ilockoabky u B 3TOM mpuMepe TPUMATA TPCIRHIA TeOMeTPHYeCKAs
cxeMa TpyGompoBojia, AOTIONHATEILHO 3apodansiores Taba. I1-on u 1[-9k.
Taba. [I-In, II-2n, II-1k n 1[-2x GepyTcs u3 NPEIBIAYIMX TIPUMEPOB.
OcuoBuiie HeusBecTHbC HaxoaTea B Tala. C-5. Usrubawongte momenTor,
AOpMadbHHe M IONCpPeYHble CISIL  Bhiumcisjorest B raba. V-1, V-2
"5 y-5.

Ipumep 6. ILtocruii mpocroit Tpy6onposo;l ¢ NBYMsa HPOMCEYTOTr
HEIMH OmopaMu, #MEIOMHMI TOPHBONTANLIBIC PeAKI[UT.

Jlna pacucra mcnoawsywores tada. H-1, I-In, II-8n, I{-6n, 1-Ik,
I-3%, 11-6x, C-5, ¥-1, Y-8 n V-6.

Taba. II-In, II-3n, II-1k w 1I-8k GepyTcs B3 TPEABLTYLIILX IPUMEDOs,
Honoannteasuo sanonustores 1a6a. 1/-6n n II-6x. OcHobubIe HeusBecT-
Rble maxopsitest B Taba. C-5. Msrnbaromie MOMENThl, BOPMAJABHLIC 11 110~
nepeynuie cHIL BLIuMCAloTea B Taba. V-1, V-8 u V-6.

Hpnaxep 7. 1laocknit npoctoil TpyGONpoOBO] ¢ JIBYMA HCIIOBIRIILIME
TTPOMEIKYTOUNHMI  OMOPaMHE,

JL‘IH pacueta ucnodbsywres tabia. U-1, 1-In, II-2n, I[I-8n, 1/-5n,
1I-6n, II-7n, 1I-1k, I-2%, I1-8k, -5k, 1-6k, II-7Tk, C-7, ¥-1, ¥Y-4d n }-7.

Honmoannrensuo sanoamsmores tadn. I1-7n n I1-7k. OcnoBunle nens-
BeCTHBe uaxoiusres B Tada, C-7. Yeuaus, JeHCTBYOIIe B 2JCMCNTAX
prGonpono;La, BHIUMCAsIOTCH B Tada, V-1, ¥4 w YV-7.
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0,29882 —0,03897 |  0,30200 —0,14399 | —0,03689 | —0,05254 | 5,71055 5,74004
2,7026 —1,2378 | 0,76595 | —0,39967 | —20,076 | 19,33947 | —44,77475
—2,3152 —2,33985 1,11565 0,28584 0,40789 | —44,24429 —44,TT475
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1,1039 —0,53195 | —0,13629 | —0,19448 | 21,09591 20,29318
026143 | —0,14443 | —14,062 | 13,31070 | 5,32023
0,28283 —0,03491 | —0,04982 | 5,40498 5,32023
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X,= —59,023373| —56,65443 | -—96,08429 | —80,71960 107,80313 | 97,65209 —87,026¢
0,02142 0,02359 —0,02427 | 0,09960 | —0,02032 | 571055 | 9576492 {—12,94053
—0,13512 | —0,012748 | 0,017413 0,01406 0,21359 0,02268 | —13,19554 —12,94053
0,36274 —0,12214 | 1,05179 0,00822 | -—64,32029| 95,67057 | 17,65873
0,18457 —0,02378 | —0,01921 | —0,29176 | —0,03098 | 18,02447 17,65873
0,44166 | —0,49328 | 0,08307 | —0,74908 | 95,79944 | 14,28198
0,4908 0,01551 | —0,23565 | —0,02502 | 14,55817 14,28198
022651 | —0,19425 | —8,65701 | 95,90353 | 217,13017
2,26407 —3,51881 | —0,38000 | 221,08999 217,13017
0,09656 | —0,15826 | 97,48424 | 23,43555
0,24040 —0,04035 | 23,47590 23,43555
—0,11370 |  0,57091 0,14433 2,94046,0. (21007 "%"S’OQQJ / /
0,00867 0,37996 | —0,025414 | —3,20721 | —0,48040 | 195,77790 \ \ \
0,04109 —0,01021 | 0,11399 0,00235 | —7,48498 | —7,33784 | 846,11425
0,00867 | —4,72840 147748 | —13,04464| —0,27138 |—863,08121 846,11425
Xg= —2078,73899| 1086,96036 |—671,23479] 174,30824 | 863,08121 —625,62
0,33895 —0,44135 | 0,76002 | —0,02275 [--46,29581 | 846,11425 | 34,69626
0,04100 | —0,19389 0,04828 | -—-0,53901 | —0,01142 | 35,39202 34,69526
0,12615 | —0,72893 | 0,05804 | 13,80909 | 850,84266 | —8,68846
—0,01021 —0,01202 | 0,13422 0,00277 | —8,81344 —8,68846
—3,35230 | —0,57426 |.212,43197 | 849,66517 | 96,85809
0,11399 —1,49843 | —0,03093 | 98,38746 95,85809
0,05621 23,31764 | 862,80982 | 2,03070
0,00235 —0,00063 | 2,03134 2,03070
0,37996 —0,02541 | —3,20721 | —0,48040 | 195,77791
0,14505 0,021057 | —5,22443 | —0,52269 | 330,26029
—0,09306 | 0,22100 | —0,03388 {—1090378 | —10,80972| 74,52010
0,14505 0,64160 | —1,52359 | 0,23356 75,16852 74,52010
X, = 592,27683 | —177,80279 | —150,014433] 75,16852 439,6284
0,41412 | —0,59470 |  0,06082 4,99565 | 74,52010 | —6,93554
—0,09306 | —0,05971 | 0,14180 | —0,02173 | —6,99589 —6,93554
—4,85073 | —0,60520 | 310,81943 | 73,87850 | 16,32785
0,22100 —0,33672 | 0,05162 | 16,61295 16,32785
0,05557 | 25,34899 | 75,40209 | —2,55466
—0,03388 —0,00791 | —2,54674 —2,55466
002105 | —5,22443 | —0,52269 | 330,26029 \ \
0,054413 | —5,64037 | —0,46694 | 348,23440 \
—0,45290 | 0,03908 | —2,00023 | —2,41405 | 44,36531
0,054413 | 8,32352 | ~0,71825 { 36,76004 44,36531
Xy= 42504295 | 461,31930 | 36,76004 923,122:
—5,18746 | —0,55358 | 327,43239 | 44,35531 |—20,09347
—0,45290 | —3,76980 0,32530 | —16,64897 —20,09347
0,04765 | 22,80224 | 3604178 | 1,40859
0,03908 —0,02807 | 1,43667 1,40859
—584037 | —0,46684 | 348,23440
—8,95726 | —0,20869 | 335,02233
—0,22828 [¥310,78342 | 310,55513 | 1-34,67075
—8,05726 1 —0,02548 | 34,69624 34,67075
Xy= 16,36903 | 34,69624 57,065
0,01958 | 24,23801
~0,22828 |  0,00581 | —7,92055
15,31835
0,02540 |—642,28047
X,= —642,28047 —642,
422,58483 | —1691,08262| --1138,31494|—411,01892| +722,94467
42258483 | —1691,08262| --1138,31493| —411,01891| +-722,94467
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B 2lMeMeHTax TpyGomposoja

I Ilpumep 7

DieMeHTH N UX OOJOHERUA

N I10 1IOP. Omepanun L] I
10 ‘ 11 12 ‘ 13
I P [ o | 40 ass | 445
T Yn—tu | 0 | o | o4 | 795
| Xo-1 | 0 | 204 | 221 | o
v X, 1I 0 | o | 2 | 405
v | (XXt X1 Vs | 9264 | 0
VI | (G X X)L Y| 0 | 264
VL | (Xt X X 1L V-1 | 0 | 404
VID | (et Xt X)L -1 | 404 | 0
M| Moye ity | 6so | —934 | —925 | 6400
y o V4 VII | 264 | 404
o | —VI4+ VI I 404 | — 264
Y- | Briuncienne yemanii B saevMeHTax TpyGonporoja ‘ Iipmavep 7
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§ 46. Pacuer niockEX mpocTHIX TPYGOmpOBOAOB CLOCOGOM
«ynpyroro umenTpa»

Jlna pacdera MIOCKUX TIPOCTEIX TPYGOLUPOBOAOB (€3 HPOMEKYTOYHBIX
OMOp MOKHO NOAB30BATHCA CHOCO0OM «yOpYTroro IeHTpa», HBJIAIOINUMCA
ocobenno 3Q(PEeKTHBHEIM B TeX ClIydasdX, KOTja paccIuTHBacMbli Tpy6o-

OpoBOJ HMeeT XOTa O ommy
Y f 0Ch CHMMETpHHU,

Crioco6 «ynpyroro nentpa»
qpeacrasaser coboii  ogny s
MojitpuRanuil METOma CMI, 2i:-
RIOYAOWYIocsd B TOM, 19TO BCe
no6ounpie KO3YPUUUCHTH KaHO-
AIMCCKUX YPaBHEnuii (T. . Taxite
KO3 PNIUCHT O4p, ¥ KOTOPHIX
A ; i == k) ofpamarmTea B myds.
4 Jocturaercs 310 myTemM pasme-
Puc. 73. Ocmosmas cncrema maockoro  IMCHYA OCHOBHLIX HEM3BECTHBIX
mpocToro Tpy6omposojga TpH pactere ero B YIIDYTOM IefTpeé TAKeCTH pac-

cnocoboM «ynpyroro LieATpay. CYUTBIBAEMOrO ydYacTka TpyGo-

mpoBoga. 'ToUuKa IPMIOKEITUA

OCHOBHHIX HEH3BECTHHIX CUUTAETCA COCHHIEeHHOIi ¢ TOUKOoii A Takoro

TpyGoupoBosa GeCKOHEYHO 3ecTKoM Koncoanio (puc. 73). Ilpn atom o6pa-

maercs B HYJh M TpeThe OCHOBHOE HEU3BecTHoe — Marnbamumii Mo-
MEHT.

Benuuunst ocnoBupix HemsdBecTHHX X1 = Pr n X2 = P, papan

P.= Ail"y0+A2thy0 .
X 3 )
Jeolvo—Jxwo

(5. 44)
P, A2t1x0+A1thyo .
v 3 3
ol o—Jx o

amech Pr, Py, — ocnoBHEE HEN3BECTHHC, NPHANOMEHHBIC B (YyOpyrom
mentpey, B Kl;
Ajt, Ag — TCMIIEDATypHHE IIepeMeINenua KOHHa A paccunThiBae-
mMoro TpyGompoBojja B OCHOBHOM CHCTEMeE, OIIpefesNAc-
Mmule mo ypasmneruam (5. 26), B kl'-x¥;
, Jyo — ICHTPAJbHLIC MOMECHTH MHCDIMA ITPABENCHNON JIHHF!
ocesoii aupam TpyGomponoxa B m3;
Jxyo — TMeNTpaNBHLIi ueHTpOGG}KHLIM MOMEAT HHePIHU npnBe-
JelHoii [IMRH O0CeBOil JMmuu Tpybompomoma B M°
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Jlas y4acTKOB TpyGonpoBOAa, CHMMETPHYUHX OTHOCHTENBHO OCH Yy,
geJMUUMHL] OCHOBHEIX HEH3BECTHHIX OHDPEAENAITCA N0 YIPOIIEHHLIM
popmyam:

A
Px:'— 1 3y

Tx0 (5. 45)
P;/= O.

OnpefeleHHue NeHTPAaJAIbHEX H INeHTpPANAbHMX
HeHTPOOEKHB X MOMOCHTOB HHEeDIHH
NPpPUBEeJJeHHONW KRAUHUEH OCEBOH JUHHHU

TpybonpoBojga

BoiuepuiBaercs B Macmralbe cXxeMa pacCyMTBIBAEMOIO yJacTKa TpyG6o-

npoBOJla MO OCCBOH JHMHMM, HA KOTOPYIO HaHOCATCA MEHNTDH TAMKECTH OT-
JeAbHBIX HPAMOIMHEHHHX 1 KPUBOJMHEHHMX dJIementoB. Hexopmas

yr | (Tyo

! |
e 7t

‘———19 —_—
— - - - 10
7 g l.)fll.T T
@ , >
1 & >

Puc. 74. Pacnonoxennme mCXOnAOM M NEATPANTLHON CcHCTEM
KOOpAMNAT OpH pacdeTe TPpyGONpPOBOJOB CLOCOOOM «ympy-
roro LeHTpar.

cAcCTeMa KOOpAMHAT z, Y (puc. 74) BoiGupaeTcA TakuMm 06pasoM, 4To6H
OCH KoopAauHaT GRIIY mapalyiedbHLIMU HIM COBIIAAAIU C OCHOBIBIMM Lips~
MbIMU dicmenTaMu TpyGonposoga. llpu atoM Hadasno KoopAumatr BHGH-
PacTca B Taxkoil Touke, 9TOGH! OCM KOOPAMNAT IPOXOAUJIU 9€PE3 EeHTPH
TAMECTH BO3MOMKHO OOJNBLIEro YUCIa 3JICMEATOB, a AJsI CHMMETPHYHEIX
yuacTkos Tpy6oupOBOsA — ORHOI U3 KOOPAUNATHRIX oceil ABIANACH
OCh cumMmeTpuu yvactia. [lodourelnpnoe HaupaBlIeHde KOOPJMHATHBIX
Oceil upnunmaercss Takum, 9TOGH GOJAbIOTAs YaCTh  pPAacCIUTLIBAEMOTO
y9acrka Tpy0ompoBoja pacmojarajiack B IOJOKAUTENbHOH YETBCPTH.

CHTpalIbHble M LeHTpaJbHbie NenTpPoOe;KIble MOMenTH MHEePHUH OT-
HOCUTENbHO oceit To, Yo, IPOXOAANMX Uepe3 YOPYyruil meHTp THAKECTH,
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PaccUdTHBAeMOTO y3acTKa Tpy0bompoBoja, OUpeRedAIOTCA HO Clefyio-
meM dopmylaMm:
2
Jxg= Jx'—'anyo;

Jyo=1Jy— Lapzs; (5. 46)
Jayo=Jxy — anxoyo,

rae Jx, Jy, Jxy — MOMEHTH HHEPIUA ¥ NenTPOGe;KHLIH MOMEHT HHepLm
BCEro YydacTKa Tpy0ompoBoma OTHOCHTENBHO HCXOJ-~
HOU CHCTEMH KOODHHHAT;
Lypp — TUpuBefeNBEas JIKHA OCCBOH JHHHM BCEr0 YYacTKa
TpyOonpoBoja;
Zo, Yo — KOODAMHATH YOPYTOTO IEHTPa TAMKECTH yIacTKA TPY-
60mpoBORa OTHOCHTEJNBLHO HCXOAHOH CHCTEME KOOp-
JIMHAT.
IpuBegennaa piamma oceBOii JAMRNU ydJacTKa TpyOOUpoBOJAa Haxo-
auTcA mo gopmyie
v RCnp

Lpp = 2'\’ In—1,n 1+ 2 T (5.°47)

rae Ip—y,n — RIENA upsAMOJIuMHENHHOTO diementa TpybGompomoga;
R — papuyc mpormfa KpUBOIMHCITHOIO HJIEMEHTA;
v — OTHOIIEOUE KECTKOCTH OCHOBHOIO 3JieMeHTa TPyGompo-
BOlA K JKECTKOCTH PacCMATpHBACMOTO 3JIEMEHTA;
k — rooYMDHEHRT NONMMIKEHWsA IKECTKOCTH  KPUBOJIWHEIi-
HHIX 3JIeMEHTOB Tpy0ompoBOAa;
Cup — KO9(QHOUEHT TPHUBEAEHHOI [JIHHH KDHBOJMHEHHbIX
3JeMEeHTOB TpPyGOmpoBoja.

CyMMmpoBaEne B mepBoM cilaraeMoMm (OPMYJIBI (9. 47) pacmpocTpa-
HfAeTCA HAa DPAMOJHUHeIIHbie DIeMenTH TPy6ompoBoja, BO BTOPOM Clrarae-
MOM — HA KpPUBOJHHEHHRIE.

Jaa ompenenerusa kodpdnnuenta Cpp OpEMeRseTcs (GopMyra

__9 .
Cnp - 57"3 ’ (5'48)
anech (¢ — NEHTPAJbHHI YToJ KPUBOJMHeHOro 9jeMenTa TpyGompo-
Bojla B rpajaycax.

Beawunusl Cpp 191 HanGosee YacTO BCTpeYalOmuXcs 3HAYeHNE yriaa ¢
npuBegeHH B Taba. 52,

Tab6auya 52
3naucena kodddunmenta Cyp
P° 30 45 60 75 90
Cnp | 0,524 0,785 1,047' 1,309 1,571
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KoopgusaThl yOopyroro IfeHTpa

TAMKECTH YYacTKa TPyGoupoBOj:

OTHOCHTEIHHO MCXONHOH CHCTEMHE KOOPAHMHAT ONpPeJeldAlTeA IIo $op-

MyJdam:
z, = L‘i‘; ;

s (5. 49)
Yo E:_p ,

cjie Sx, Sy — CTAaTAYeCKMe MOMEHTH OpHBefenHoi JAuHE Tpybonposopa

B MCXOTHOH CHCTeMe

Sx=

Syz Zvln—-i,n\r +

rae Z¢, Yo — KOOPAHHATEL L EHTPOB
THHKECTA  OTHEIbHBIX
3JeMcHTOB TpyGompo-
BOJa B MCXORHOH CH-
cTeMe KOOpPAMHAT.

Henrp Tasectn mpAMOAMHEHHO-
ro aJemcHTa TpybompoBoja IHaxo-
JHTC B cepequme altementa. Lientp
TAMECTH KPHBOJHMHCHHOTO 3JIeMeH-

T4, OYEPYIEHuoro mo Ayre OKDYHK-
HOCTH, JeKUT Ba OUcceKTpuce
yrja, cTArABaeMoro Jyroi asie-
MEHTa,

Paccrosamusa or KOHLOB KpHBO-
JYHeiiHOTO dJeMenTa X0 ero IeHTpa
CHCTeMB KOOPAMHAT (CM. pHC. 7D)

\Vln—l nYe 1 2

KOOpAMHAT, 9TH MOMEHTHI
v RCnp
—__‘ 01
R (5. 50)
v
c 2 THB'TC ,
x'

Prc. 75. Ilonoxenne IEHTPa THMKECTA
Ayrn KpHBOJMIENHOTO 3JIeMeHTA,

TAMECTH B HAOPABJIEGHAN MCXOLHOMH
OUPEefeNAI0TCA BHPAKEOHAMH;

a=RC.,
b= RC(Cy,
¢ = RC., (5.51)
d= RCa,

e R — pagmyc morm6a KPEBOIHHCHHOTO 3JIeMEHTa TPYGOmpOBOAA;
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Cp, Cc 1 Cq — HEROTODHE KOPPHUIOUERTH; AAd HX BHYACIEHUg
IPUMERAITICA Cleaylonue GopMyJht:

.o

Ca= ‘ilngsmﬁ _;_(ZS,H_CEQ (pcos—)COSﬁ

2 2 p/ ?
Cb=sin%sinﬁ~(2sm—f}—(pcos q;) ;ﬁ;
- 5.52
Ce=sin-> cos f§ — 2sin 2 — geos -2 sinf . ( )
¢ 2 ¢ g TS T
9

Cq = sin

5 €0S 3 - <2 sin ég — @cos _q)_) Sigﬁ ;

sfleck B — yroJ Hakjaona (B rpagycax) XOphW KpuBoJIuse#iHOTO 2le-
MeHTa K cOGCTBEHNOHl OCE OpAMHAT %', mapalIeldbHOH Mc-
xopHoll xooppmpaTHO# ocu z (pue. 75);
¢ — LeHTPalbHBIil yrod KDPHUBOIWHENDOTO 3lIeMeHTa TPyGOmpo-
poja B pad.

Beauunuwt Ca, C,, C; 1 Cy¢ 17in naubojee 9acTO BCTPEYAIOIMHXCH
3Havenwii § u ¢ vpumememw B Tabm. 53,

MoMeHTH Mnepunu H UCHTPOOGEKHbI MOMERT HHCPUMH BCeTO yIacTKa
Tpy0OONpoBOJa OTHOCHTENHHO HCXOAHON CHCTeMH KOODAWHAT oOnpefe-
AgloTca 0o GopMyaam:

Jx = Vln——i n(ln~—1 n x1+.’/c +Z vR ch2+?/ccﬂp)

Jy= 2Vl i n(lney,nCys + )+ X ZR(RCy s + 25Cup) ;

, 5 (5¢ 53)
ny = Z'V In—t,n ( t+ln {. any 1+ 'Tcyc) -+
+ 2> ”\,‘;‘ R (£ R*Cyy 5 + 2ycCup)
riue Cxy, Cyy, Cxyy — KOIPOUNMENTH JJIA BLIYACTEHHA CcOOCTBENHBIX MO-

MEHTOB UHEpPIHAU U MeHTPOOeIKHLIX MOMEHTOB Mnep-
OHU OPSAMONUMHEHHHX BIEMEHTOB TpyOOIpoOBOAa;
Cx2, Cy2, Cxy2 — ®OIGPULHENTL AN BHUACIACHMs COOCTBEHHLIX MO-
MEHTOB WHCPIUH U IenTpofeskukX MOMEHTOB MHCP-
U KPHBOJHHEHHLIX BJICMEHTOB TpPyO6OIIPOBOAA.

3uaveRuA OCTANBHLIX BeJHYNAH, BXOAAMUX B popmyist (5. 53), Te ike,
410 B NpeAnayumx ¢$opMmyiax.

CymmupoBaiiie B mepshiX ciaaraemoix ¢opmyd (5. 53) pacopocrpa-
nAETCA Tia OPAMOJNHEHHbe BICMCHTL PACCMaTPUBaeMoro TpyGonpoBOAa;
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Tabauya 53

3uadenna kodhdunmenron Cq4, Cp, Cc 1 Ly

¢° = i Cq Cy { Ce Cy
[
0,180 ! 0,023 0,023 0,259 0,259
| 4565 | 0,089 0,045 0,244 0,256
30 30,150 i 0,149 0,109 0,100 0,227
45,135 | 0,198 0,166 0,166 . 0,198
0,180 0.050 0.050 0,383 0,383
15,165 0,147 0,051 0,357 0,383
45 30,150 0,235 0,148 0,307 0,357
45,135 0,305 0,235 0,235 0,305
- l
0,180 0,089 0,089 0,500 0,500
15,165 0,215 0,043 0,459 0,507
60 30,150 0,327 0,173 0,389 0,448
45,135 | 0,417 0,291 0,291 0.417
|

0,180 0,137 0,137 0,609 0,609
75 15,165 0,289 0,028 0,563 0,613
30,150 0,422 0,186 0,459 0,586
45,135 0,528 0,334 0,334 0,528
0,180 0,193 0,193 0,707 0,707
90 15,165 0,361 0,011 0,632 0,732
30,150 0,521 0,187 0,530 0,694
45135 0,636 0,364 0,364 0,636

CYMMHpOBaHHe BO BTOPHX CJIaraeMhX paclpPOCTPAHAETCH Ha KPUBOIH-
HeAHKe 3JIeMeHTH.

Haa onpenerennsa xosdppunmentoB Caxi, Cyi1 ¥ Cxy1 TPUMEHAIOTCA
GOpMyIH:

Ciy = Si;l;ﬁ 3
Cyy =520, (5. 54)
Cayt = & sin[izcosﬁ ’

e f — yroa (B rpagycax) Mexay pacCMaTpHBaeMEIM IPAMONAHEAHLIM
8JleMenTOM TpyO6OnmpoOBOga W IOJIOKHUTENLHEM HAINPAaBICHHEM
ocu z (pme. 76).
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Beamuunit Cx,, Cy; ¥ Caxy, JI HaEOONee 9acTO BCTPEHAIOMEXCs
snauenuit f upmBemens B Tabm. 54.

Tabauya 54
3uaveana roadpdummentor Cx,, Cyy M Cxy
pe 0; 180 15; 165 | 30; 150 | 45; 135 | 60: 120 [ 75; 105 90
Cxy 0 0,00558 | 0,0208 0,0417 0,0625 | 0,0777 0,083
Cyq 0,0833 | 0,0777 0,0625 0,0417 0,0208 | 0,00558 0
Cxy1 0 0,0208 0,036 0,0417 0,036 0,0208 0

Kosdppunuentt Cyy, Cys B Cxyy OUPEISITIOTC TIO GOPMYTAM:

= (A2 @ g in2 Lsing— tsinz® 4 2.
sz__(man 3 bmq>>sm ﬁ+2>1nq> g Sin s+

=3 4 g A A ) 2 ..,LQ' __.._i'2_ql i-
Cy2 (—q;sm2 5 smq))cos B+ 5 sin g cpsln 5 + 5 (5. 55)

& . .
Cay 2 = (T*) sm2—§— — sin qa)smﬁwsﬁ .

3nadenn; BeJHYHH, BXOAATIMX B 3TH (OPMYJL, Te 3Ke, 4TO B JOpMY-
aax (5. 52).

Beanuunb Czy, Cyg ¥ Cryy 4717 HauboJec TacTo BCTPOTAIOLEXCHI
3@auennii § w ¢ npnBegent B Taba. 55.

Kooddumuenr Cpp onpepenserca no gopmyie (5. 48).

Jrs onpeneldenmusi amnaka coGCTBeM-
L HOT0 HeHTPOOE;KHOr0 MOMEHTA HHepijuln
q 1A OPAMONHHENNLX W KPHBOJIHHCHHDIX
pJemMeHTOB TpyOompoBojga, T. e. A
A ompegmedendsa 3makoB B gopmyde (5. 53)
b . mia Jxy, Jepes BAYaXO0 KOODJUHAT MPO-
A Z.. Boaurca BooOpaskaeMas JMOUA, LApad-
7 JACNbHAS  OPAMOJHHCHINOMY  DJIeMeHTY
AAu  XOpAe KpPWBOJUHEAHOTO DIEMEHTa
(puc. 77). Ecam sta aumus npoiiger
Yyepe3 HeTBEPTH € OAWDAKOBBIMU 3maKa-
E:;-gg;m(?;}’:g;ggfge;‘;ﬂ’::; MY, — COGCTREHHHI ILEeRTPOGEIRHLI MO-
Tpy6onpoBOA. MeHT HHCDHHU MOJOMKHuTeleH, ecliu depes
9eTBEPTH C pPAa3HHMHA 3HaKaMy, — OTDH-

naTele .,

Ompenenende NeHETPAJBLHLIX M LNEHTPAABHHX HEeHTPOOEKOHX MOMEH-
TOB MIEPLUUY NPABEJCHHON AJIHUH 0CEeBOH JHANN TPpyGompoBoa IPoN3BO-
JETCH B CIeRYIOmMeM NOpAKe:

1) soiuepuuBaerca B Macmrale cxeMa pacCUHTHBAEMOIO yJYacTKa
TpyGonpoBoja;
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Tabauya 53
3navenns xo3PPuuncuaToB Cyrsy Cyos Cryo

¢° po Cxp Cya Cxy2
0,180 0,012 0,000 0,000

15.165 0,001 0,001 0,003

30 30,150 0,009 0,003 0,005
45,135 0,006 0,006 0,006

0,180 0,039 0,000 0,000

15,165 0,037 0,003 0,010

45 30,150 0,029 0,010 0,017
45,135 0,020 0,020 0,019

0,180 0,091 0,002 0,000

15,165 0,085 0,008 0,022

60 30,150 0,068 : 0,024 0,038
45,135 0,046 0,046 0,044

0,180 0,172 0,005 0,000

15,165 0,160 0,016 0,042

75 30,150 0,130 0,047 0,002
45,135 0,088 0,088 0,083

0,180 0,285 0,012 0.000

15,165 0,267 0,031 0,068

90 30,150 0,217 0,080 0,118
45.135 0,149 0.149 0,137

2) Bech ymacTOK TpyGonpoBojia ACTUTICA ma DPAMOIUHEHBHEe U KpI-
BOJWHeHIE DIIeMERTh W HA KaskJOM W3 HHX HAHOCATCA UX ICnTPH Ti-
HECTH,;

3) BHOEpaeTcA M HAHOCHTCH HAa CXCMY HMCXOJHAs CUCTEMa KOOpPIH-
HaT z, y;

4) onpepmensiercss no ¢opmyae (5. 47) mpmBerepHAA MIMHA OCEBOIl
JNHUU Y9acTKa;

O) cnpepeasores no ¢epmyaam (5. £0) cTaTMueCKHe MOMEHTHI
DpuBeAcknod  paups  TpyGoupoBOofla B MCXORHON  cHCTeMe KOOp-
IVHarT;

6) onpepensorca mo gopmymam (5. 49) KCOpAMBATH  yOpyroro
UEHTpa TAKeCTH yuacrKa TPyOOmMpOBOZAa OTHOCHTENLHO MCXOJBOH CH-
CTeMBI KOOpAHUHAT;
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7) onpegensiorca mo GopmyiaM (5. 53) MOMEHTH HMUCPIAM B LEHTPO-
OeIBT MOMeHT MHEPUNH Rcero yJacTKa TPyGOnpoBOja OTHOCUTEIBHo
HCXOTHOH CHCTeMBl KOOPAHMHAT,

o g%,”k@ Jre.
2 Y %v
3@ %

Puc. 77. llpaBmio oupeaeieuns 3HaKa CcOGCTBEHHOIO
HeHTPOOEKHOTO MOMEHTA MHEeDUMA MAA TPAMOIUHEHHEX
A KpUBOJHHCIIKIX JeMeNTOB TpyGolpoBoga.

h)

8) oupepenawTca mo dopmyaaM (5. 46) 1ecHTpaIbLblc MOMEHTH MHEp-
1My M LEHTPadbHbid 1{eHTpo0C;KHbI MOMEHT UHEpPLUUU ydacrKa TpyOo-
MpOBOJia OTHOCWUTEIHHO OCCil, MpOXOAANMX TUepe3 YMpPYTHil HEeHTD TA-
/KeCTH OCeBOU JHNHUKM YIACTKaA.

OnpegelfeHne UBTHGAWIMMUX MOMEHTOB BAKWOHOM
cedeHUN ydacTKa TpybompoBroga

Ilocire onpemenenua ocHoBHEX HeuspecTibix P, u Py no dgopmyaam
(5. 44) maxoyaT H3rubaomue MOMCHTHL B A06OM CeYeHHH yuacTKa Tpybo-
MPOBOJAA OT TEMIICPATYpPHOr0 BO3JEHCTBHSL:

My = (Yn—Yo) Px— (xn—x,) Py, (5.56)

IA¢ Zp, Yn — KOODPAMHATH PaccMaTPUBAEMOrO Cedenus ydacTka Tpy6o-
IIpoBOJa B UCXOAHOI cHCTeMe KOODAWUHAT B M;
Zo, Yo — KOOPAMHATHI YOPYroro 1entpa TAKeCTH ydacTKa TpyoGo-
npoBolA B M;
Px, Py — ocuoBuble HeH3BecTHHE, TPHIOMEHHHNE B (yOPYIroM
LIeHTpe», B Ke.
Hoayyaemuiit mo ¢gopmyie (5. 56) snar u3rubaomero MOMeHTa Xa-
pakTepu3yer TOILKO €ro malupasjdeHde H NpH ONpeelIeHHH IPOJOILHBIX
n3rufanmyux KOMITeHCAHOHHHX HANPMKeHHHA He Y9UTHIBAGTCH.
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Ceuenne ¢ MaKCHMAABULIM H3IUGAOIWUM MOMEHTOM ONpPEReNAsIOT
au6o apaxuTHdecku mo gopyyie (5. 56) myTeMm CONOCTABIeNHH BeJAHYHH
MOMEHTOB JJIf DPas3dMunBX cedenmil yuacTka TpyOompoBopma, anbGo rpa-
¢uuecKH DYTeM NOCTPOEHHA BOIOPE H3rUOAIONmUX MOMEHTOB.

Jlirst DocTpoennA spOpI MOMEHTOR OCHOBHEIE neusRecTuble Py u Py
nOMCINA0T B YNPYIOM IEHTpE TAKecTH B MacmTale CHI M € y9eTOM
[OJNYYEHULIX IO pacuceTy 3naroB. IlyTem mocTpoenis napasijienorpamMma
cnil ompeflelAI0T paBHOJEICTBYOMYI0 culy P — 10 Beanvume W Hanpa-
BJCHHIO.

Pne. 78. dnropa narmbaomux
MOMENTOR ILIOCKOTO HPOCTO-
: ro Tpy6onposo;ia.

JlunusA pelictsua 3T0H CHWIN paccmMaTpuBaeTCsd KaKk dUI0Opa MOMENTUB
(puc. 78), u marubarommii mMoment B JI000M cedeuun TpyGoupomoja
¢ KOOpJAMHATaMM X, Y OnpelelsieTcs 1O Qopmynae

1M=phxy, (5.57)

e hxy — JAWHA IICPHCHAMKYIHDA, OLYILEHOTO H3 CeYeHUsa Tpyho-
IPOBOAA ¢ KOOPAMDATAMU X, [ 1la JUNVI0 JeiicTBHA cuib P,
Maxcamanpnmit narmbaromnii MoMent

Mmax= thax . (5- 58)

Ilpu ucnoanszosaymu rpaduyecKoro cmocofa OUpPEENCHUA CedCHnA
€ MaKcUMaJbNHM H3THOAOILUM MOMERTOM BeJMYUHY MAaKCUMalBHOTO
MOMenTa Hedecoo0pasHO OUPCUCIATL mo gopmydae (5. 56).

Hpumep 8. Ilnockmii upoctoii TpyGompoBoj Ges npOMEKYTOUHIX
onop.

Teomerpuueckas cxema TpyGoupoBoza B HCXOAHLIE JlanBhle NpH pac-
YCT¢ 1O MeTOJy YNPYIOro IEHTpa mpeAcTaBieHLl B Tabu. H-1.

Ilpurenennas pJinua, CTATUYCCKHE MCMCHTH, MOMEHTH MACPUMM U
DenTpobeskubii MOMEHT MHepUHuH BhiyHCAulorcs B Tabnmune M-I,

KoopaunaTe ynpyroro nenTpa TAMCCTH OOPEREAAKTCA 1O (OpMY-
Fam (5. 49):

T, = i?_o_’/‘_
61,9

168,8
Yo = '—W = 2,72 M.

= 7,6 M;
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Henrpanensie MoMenTi HHepmMM ¥ ILENTPadbusil HeHTPOGerknh it
MOMEHT MHepI(MIl Y4acTKa TpyGOonpoBOja OTHOCUTCIBHO Oceil, IpoXojia-
muX yepe3 yupyruil menTp TAMKeCTH, HaXOAATCA 1O gopmynam (9. 46)
U JaunbiM Ta0awom M-1:

Jxp= 15,62 + 932,9 — 61,9 - 2,722 = 490,4 »?;

Jyo = 271,1 + 7460,9 — 61,9-7,6% = 4156,7 »%;
Jxyo = 788,9— 61,9 7,6 2,72 = — 490,7 x>,

3arem no Qopmydam (5. 44) onpenelanTCA BCIMYUHB OCHOBHBIX
HEN3BEeCTHLIX:
— 24,2 - 4156,7+ 2,34 - 490,7 4 1,
P = s 2t — g0, 101 =497 xl'5]
. —234-4904—21,2-490,7 .4
Py= — a6~ 100 =—64,5 xI".

Ilocte ux ompemerenua mo gopmyle (5. 56) BaxoaATCA BelNTUHB!
usrnbaromyx momenToB, Tak, Hanpumep, marnbalomuii MOMENT B TOYKe
4 TpyGoupoBoga

M, = —2,72-497 4+ (1,2—7,6) 64,5 == —1760 %[ -m;
usrnbaromuii moment B TOoyKe [
M, = (7,4—2,72) 497 + (—1,2—7,6) 64,5 = 1765 rl

§ 47. ®opmyasl auaA pacuera MIOCKAX
npocThiX TPyGonpoBooB pazauuHOii Kondurypaum
Ha TeMmnepaTypHble BO3AeiicTBHA

Yyactox TpyGoupoBoga ¢ II-o0pasunwm
KOMHIEeIcaTopoM

IIpu pacyere Ha KOMIEHCAINIO TCMICPATYPHHIX NepeMeweHni ydact-
KoB TpyGoupononoB ¢ rmbrmmu 1l u pBofiubimu Il-o6pasnuiMu KoMmen-
caToOpaMH YYMTLIBAETCA NpPCABAPUTETbHAA PACTAIKKA KOMUEHCATOPOB.

Denvunna npenBapnTCIbHON PACTAKKM LPUHUMACTCA UpU TeMmme-
paType Tenwitonocutens ¢ < 400° C — p pasmepe 50%, a upu remnepa-
Type Tewnonocurenst ¢ > 400° C — B pasmepe 100% renstosoro ymiau-
1enust KOMINEeNCHpyIiomero ydacrka Tpy0OoupoBoja.

Pacuer unpousBoputcs Ha pafodee M XOJOJHOC COCTOSHUA,

Jnst TpyGoupoBOOB ¢ TeMIepaTypaMu TeIoHocuTeds ¢ << 250°
pelaKcalud KOMIEHCAIMONABIX uanpsxenunil ne yumtwinaerca. Temne-
paTyphihle IepeMeIIen s AJiA pacucTa pa pabogec 1 X0A0JROE COCTOANIA"
npunuMaiTes paBubiMu 50% OT MOMHOTO TeMNEPATYPHOTO HepeMeI[ennn
yuacTka TpyfompoBoga.

Jlaa TpyGonpopomoB ¢ TemmepaTypamu TemwTorocurels 250° < ¢ <
< 400° C yunThBaeTcsi wacTHunasd pejlaKcallMs KOMIIEHCAIMOHDHLIX HA-
npsxennii. I1pn pacuere na paGouee CoCTOSHUE PacyeTHOC TCMIIEPATypHO®

"
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flepeMellenye mpuHuMaercs pasHbIM 50%, a mpu pacdere Ha XO0JOAHOe
cocroanue — 70% oT TeMmepaTypHOro mepeMem[CHUA BCEIO YTacTKa
Tpy0Gonponona.

Jlas TpyGompoBOomOB ¢ TeMmepaTypamu rermomocuteas ¢ > 400° C
)"IHTLIBaeTGH II0JHasA Ppeldarcapud KROMICHCAUVOHHLIX IIaleH}ROIIHﬁ
lipu pacdere Ha XOJOJHOE COCTOAHMWE PAcyeInioc TeMOepaTypHOe Irepe-
smemenue npunumaerca pasmuuid 100% or Teyueparypuoro mepeseimenas
y4acTea prﬁouponona a upn pacuere ya pafiouec COCTOSIHME — B pa3-
sepe 35% OT mOMHOro TeMIepaTypHOI'O

lepeMeIncnnA yvyacTKa TpyOompoBoia. Tabauya 56
Bansanue npegBapuTeIbHOE PACTAMKKA Bmagckns kodpdUIHERTA £

KOMIEHCATODOB, Pped4KCAIMH KOMIIEHCA-

{HOHHLIX HANpAKeHAH M HETOTHOCTH o C exon | Erop

BEIOJIIICHMA  PACTsIIKKM YIUTHIBAIOT
I[YTCM YMHOSKCHUS MOJHOTO TeMIlepaTyp-

1HOT0  IEepeMelNeHMsaA  PacCYITHIBAEMOTO el S 250 05105
y9acTka TpybompoBoja ma  Koaddu- ~°0t<:_’4&)/‘00 ?,(7) 83’5

UHEeHT &. JHAYeHHUs 3TOro KodddunmeHTa
OpuEUMaloTeA mo Tabd. 56.
JLast yaacria TpyGonpososa ¢ [I-o6pasusim kommeHcaTopos (puc. 79):
TpHUBeXCHHAs JUTMHA OCCBOH JMHUM YYacTKa

(;ZSR

Lup = 2In + 21, (5. 59)
HOOpAHHATH pryFOFO ODeHTpa TIAKECTH
Ty = O)
314 R
(ty-r2R) (L 1 + Rt ‘e
.‘/o= Lllp ! ( ’ 0)
ueHTpaHbHHﬁ MOMECHT “HOPIIY[H OTHOCHUTEJILHO OCH Zo
2 1 2
Jeo= (4t (B - R) 4
b 28“ ( R+ 1,5 R2) — Lupys (5.61)
OCHOBHLIC HeuaBeCcTHERIE
Py = BEE (5-62)
X0 N
Py = O ]

16%
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MaKCUMAJIbHEe H3rH0alomAe MOMEHTH
mpm ¥, < 0,511 (B Touke C)

Mmax=(H—yo)Px, (5-63)

4oy

B —

I3~

e

R

L

s pai T 1;’.

Yyr T 1
EN

o

R
) 5’% :
VN A

N

Prc. 79. Yuacrox rpyGonpososa ¢ I[-06pasERM KOMIIEHCATOPOM.

QRN
r“‘r:,
R
i
>
&y

opu Y, > 0,5H (B Touke D)
Mmax = — yOPx ‘ (5- 64)

B ¢$opmymnax (5. 59)—(5.64) Bce ampeiinbie pa3MEpH BHPAKAITCA
B M, ECTKOCTh TOmepeynoro cevemus TpyGomposBoma EJ — B Kl - M2

YaacToK TpybompoBoOoga ¢ IBOHHOLM
II-06pa3HEM KOMIEeHCAaTODPOM
Hdna yuactka 7TpyGompoboza ¢ aBoiiHnM II-o0pasHHM KoMmmeHcat( =

pom (puc. 80):
KOOPAHIIATH YODPYIOT0 LEHTPA THIKECTA

Ty=0, y,=0; (5. 65)
I.(BHTpaJIBHLIO MOMEHTHEI HWHEpIAN OTHOCHATCSIALHO oceﬁ .’Bo n yo
13
o= 24 2+ RY +2(t+ 2) (- 2RF +
+ OB R G 1 3,271,R + 29 RY);

(5. 66)

3
Jy0=l+ +211( F13+3R) +

+(212+’—23)(13 + 2R+ 8B R (2 4 Ry 43U EY;
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OenTPaJbHE NeHTPOOeKHHN MOMCHT MHEepLUW OTHOCHTEILHO oceid

Zo B Yy

Jxyo = —(0,513l3 + LR + I;R + 2R?) X

R3
X (2lz + 20, + f‘@i’f) _ 0,145 :

OCHOBHBIE HEH3BECTHEIC

eaA tLJ, I
Px —_ Yo

F)
Ixo Jyo - ‘Ixuo
p eaA tLIxug EJ
N B
Txo Tyo — Tane
; Y150
o g
/4
—~
:?’ 'y P R % T
& [ V'8 7.Zp
R N
R R

l 2]

} L — ]

Puc. 80. Vuacrox TpyGonpoBoga ¢ pBoilHEM II-oGpasanM
KOMIIEHCATOPOM.

(5. 67)

(5- 68}

MaKCEMaJIbHEN H3rmbammmii MOMeHT HaxomamTca B TouKe C B paBen’

Mmax= (lz+2R)px+PyR-

(5. 69):

3dHavenus BeJWIUH, BXOAAmPX B Gopmyas (5. 65)—(5. 69), re e,

uTo mw B Qopmyaax (5. 59)—(5. 64).

Yyacror rpyGonpoBoga I'-o6pasmoi
Koundurypanguum ¢ yraom mnosopora 90°

Hdasa ygactka 1py6onpoBoga I'-06pa3noii KORGUIYpaURU ¢ YIJIOM IO~

Bopora 90° (pme. 81):
OpHBefleRHas JJAMHA OCEBOH JHMHAN

1,57 1 |

Lop=1;+1,+ =

(5.170)
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KOOpIHHATH yOpyroro ICHTpa TAMCCTU

7 2
1 (05 Lo R) 4 22T R
Iy = Iun 3
0,57 R?
L (05 i+ B)+ =2 — i
Yo= I ; (5. 71)
c P
A

Prc, 81. YdacTox Tpy-

G6onmposopna I'-o6paanoil

A7 l kodurypanun ¢ yr-
¥,

4
A < X
] =

i T

S
A
Y
H

Jom 1osopora  90°.

HeHTpa’/jibHbIe MOMEHTLI WHepPINU OTHOCHUTCJbLO oceit Ty, M Y,y

I 55 B3
Jeo=b[ S F LR 4R S

2 (5.72)
x84 3
J’JO = lz(‘?’i + 1,R + RQ) + %&—Lmﬂ:;

HEHTPaJIhHHI 1eHTPOOeIKHHII MOMEHT HHEeDIUH OTHOCHTENbHO oceii”
Zo U Yo

0,072 R? -
Jxyo = —x Lapoly 5 (5. 73)

OCHOBIbIe HEHU3BeCTHLIE
Pem an 1y B Do =t B T
Jxo Jyo —‘jxyo (5. 74)
— (R T F U+ R) Ty

2
Jxo Jyo - Jxvo

1

p!,' = (IA tEJ

MaKcHMaulbliFle M3rmbalomiue MOMEHTH B OPAMOJHHENHHX dIeMeHTaxX
Tpy6GompoBoja

mpu Iy <1, (B Toure A)

Munax = (I + R — yo) Px + 24Py, (5..75)
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upu !, > 1, (B Touke B)
Mpax = — (I + R — z4) Py — yoPs .
MaxcuMaapHH R3ru0alomuii MOMEHT B KpPHBOJHHEHHOM 3JIEMEHTe
Tpy6OHnpOBOAa HaXOAHTCA B TouKe C H paBeH
Mpax = — (Yy— 0,293 R) Px + (2, — 0,293 R) P}, .  (5.76)

dnaucHua Belmaun, Bxogammux B gopmyas (5. 70) —(5. 76), Te we,
a0 B B dopmyaax (5. 59)—(5. 64).

Yuactox TpyGonposona Z-o0Gpasmnoi
KOHEHPurypamgun

Jasa ygactka tpyGompoBojia Z-o6pasnoii Komdurypama: (puc. 82):
npUBeoennas JIuDa OCeBOH JHNUU

Lpp = 1y - 1y - Iy + 20 (5. 77)
bie VY
I
e p
i
7y ﬁﬁ——l
3 n £9
— A
% =4 2
S
e ! L

Pue, 82. Vuacrox tpyGonmpoBopa Z-o6pa3moii koHpnu-
rypaunu.

KOODAUHATL YOPYI'Ooro ILEHTPA TAMKECTU

g =305+ R ~LOSL+R).
0 an ?

(la+2R) (1,+o,5 1, + 1v5k7 R ) (5. 78

y0= an
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IeHTPpaJbHbIC MOMEHTHI MHCPIUHA OTHOCHTEIBHO ocen Zg U Y,

3

L !
Teo= gt (b2 (a4 2RE +
WOTR (13 + 3,2721,R + 3R") — Lupy} ;

+
(5.79)

3 3

r+1
T 40,50, + Ry +

12
1,050 + R+ Y Lopad,

Jyo =

UEeHTPANLHEH LeHTPOOCHKHLI MOMEHT UHCPLOUH OTHUCHTENBHO OCel
&y B Yy
'R3
Jewo =1+ 0,53+ R){ls+2R) + + T

7 2
SRLIEILIY AT (5-80)

‘'OCHOBHHIC¢ HEM3BCCTHhIC

LJ 1l a2y J
P, = qAtEJ ¥ H A28 oy,

2 7
x0 Jyo —Jx Yo (5. 81)
l,4+-2R)J. LJ
P, = an gy BT Tz W, -
yo '—nyo

MaxkcuMannabiM H3THOAOINUM MOMEHTOM ABJIACTCH HamGOJABUIMHA U3
MOMEHTOB, NeiicTBylomux B Toikax 4 m B npamoaunefinnix 3JeMeHTOB
A B To9Kax C u D KpuBOMUHEHILIX 5MEMCHTOB; BeJIMYUHE 9THX MOMCGHTOB
PAaBHb:

MA=(l1+R+1'0)Py—yon;
MB=(l2+2R—yO)Px__(l3 —f—R—.ro)Py;
Mc = (zq + 0,293 R) P, — (yy — 0,293 R) Py ;

M, = (z,—0,298R) Py + (I3 + 1,707 R — y,) P«

(5. 82)

3HaveHUMA BeJMYHH, BXogAmux B Qopmyan (5. 77)—(5. 82), e me,
910 W B ¢opmyraax (5. 59)—(5. 64).

Yaacrok rpy6ompoBojga P-oGpasuoi
Korndurypangaou

Jas ygacrka tpy6omposoga P-o0pasmoii koHdErypagmm (puc. 83):
WpHBeJleHHAA JAMHA OCeBOR JIMHUH

Lop =14 L+ b + 1, + 208, (5.83)
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KOOPKUHATHL YOPYroro LeHTpa TAMKeCTH

(lo+2R) (50,5 1)+ 1, (0,5 Iy + Lo+ 3R) + 222 (1, 4 2,18 B)
Ty = Lop ’
(5. 84)
(s 2R) (ly+0,5 k) + (s + R —0,5 1) L+ 3228 (1 1,81 B)
Yo= Lup 3
by t!/a
S I
c 7
7
A 7;1 : _Fo

--—-—-——1‘0

i-—~—~l,-——*—w
S
™
=

A
A7

Puc. 83. Vuacrox Tpybonposoga P-o6pazuoil KOEuUrypanmu.

OCHTPAdbHBIE MOMEHTLI MHepHUM OTHOCHTCJABHO ocCeil I, m ¥,

L+ \ o L)
Jxo = ST 4\( (I 2R) -(U— — ) b+
+ 2R @2 4 3,27 I, 4+ 2,89 RY) —Lupys »
5. 85)
L1 L, ’ 1\ (
Jy0= .-124_— +(l3 _+_ _i)(ZZ -¥_ ZR)Z _‘_ l4(l2+3R+-2i> +
+ MR (4R, + 433 R°) —Lap 2t

UeHTPAJBHEIT MeHTPOGeRHEKN MOMEHT AHCPUIH OTHOCHTENBHO oOcel
Tomny
o 0

Tayo = 0,5 (ly + 2R) (Ip + 2R) (I + 1) +

+ *1;1? (0,5 L,l; -+ Rly -- Rlg - 2,02 R?) — Luprye3 (5. 86)
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OCHOBHBIC HEN3BCCTHDHIE

LJ. L, —R—1)J
Po=aAtrg 2w Tl D) Iy

2 1
X0 JUO—nyo (5 87)
(;—R—1)J LJ '
P, = uAtEJ ) oot L
"xo ‘,yO—Jx!,'o
Maxcumaannrim

u3rnfamuM MOMEHTOM ABJAAETCA HanGOJb MM
#3 MOMEHTOB, JeliCTBYIOIAX B ToUKax A A B npAMOJINHedHLIX 3JeMeH-

ToB W B Toukax C, D u E kpuBOnXuneitHbx 31emMenToB. Beauuunsr MoMen-
TOB B DTAX TOUYKAX pPaBHEL:

M, = (I, 4 R — yo— 1) Px + 2,Py;

My =—y,Px—(l4 1+ 3R —1y) Py

My=(I3+ 1,707 R — yo) Px — (0,293 R — z,) Py; (5. 88)
Mpy=

(Iy + 1,707 R — yo) Px — (I -- 1,707 R — z,) Py
M= (0,293 R — yo) Px — (I, + 2,293 R — z,) Py .

dHavenus Beluuun, Bxogamux B ¢opmyast (5. 83)—(5. 88), Te ke,
910 u B ¢opmylax (5. 59)—(5. 64).

Yaactror rpybGompoBoga c lI-o6pasanuu
KomMmeHcaTopoM (bes

yiera TIH6KOCTA KDHUBOAMHEHHRIX
3JIeMEHTOR)

Hax yunacrka TtpyGomposoxa ¢ Il-oGpasubim xKommemcaropom (Ges

yyeTa rubrocTii KpHsoJumefiHbix ademeHnrtoB) (puc. 84):
IPHBeJeHHAA JTMHA OCEBOH JIUHWH

an=2l"+211+3;

(5. 89)
KOOpAHHATLL yiipyroro I];OHTpa TAHEeCTH
‘TO = O,
v HHLB) (5-90)
JO e L”D ]

{IeATPaJiLHLIl MOMEHT MHEDPIHK OTHOCHUTENHHO OCH I,

Jeg= (%H 4 B)H’-~ Lapy’

(5. 91)
OCHOBHLIC HeH3BeCTHhIC
px= eu\tLEJ : (5. 92)
o

Py=0.

?
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MAKCAMAJbHHIT marmbalomuii MOMeHT
npu yo < 0,51/
Mpax = (H‘—.’/o)Px;
opn

Yo > 0,5H (5. 93)
) ]‘/Imax = — yOP-\"
dody

r-———~—5 —

l_\ Fz Zg
' i yr ‘[’ .
I 0 b—gf—s
l_g l“— l,.,—- , “—l,,—:] . =‘I

Pnce 84. TT-o6pasmmii ywactox Tpybonmpomoga (6ec3 ydeTa rué-
¥ "
KOCTH KPHBOJNMHEHHHX 2JICMEHTOB).

3HaueBNsA BeJUYNH, BXOAAWNX B QopMmyin (5. 89)—(5. 93), Te e,
qro 1 B $opmylax (5. 59)—(5. 64).

YaacTork Tpyb6bomposomga I'-o6pasuoi
Kompurypanumu ¢ yraom nmnoeopotTa 90° (Ges yuera
rn0KOCTM KPWBOJMHEIHLIX 3IPMERTOB)

Jaa ygacrka TtpyGompoBoga I'-o6pas3moil kKOompurypanuu ¢ yriom
noBopora 90° (Gea yuera ru6KocTH KpuBoauneiiHbX sdeMenToB) (puc. 85):
TIpuBeieHnas ANUHA OCEBOi JHHMU

an = ll + 12; (5- 94)
KOODJWHATH YIPYTOro LCHTPA THMHECTH

2
l? .
2Lnp’

o (5. 95)
y0=M1

1',, =
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HeHTpaJbHAIE MOMEHTH HMHEPIOUAH OTHOCHTEJIBbHO ocelt Ty R Y,

5 .
Jxy = 3 Lupym
P

Ju =~ — Lupty, (5.96)

LeHTPANBHEE IeHTPOGEKNb MOMCHT MHCDIMH OTHOCHTEALHO OCeii
Ty A Y,
Jxy o= — LupZolfo; (5.97)

OCHOBHEIC HeH3BeCTHHIC

P = aAtEJ v —hisv,

2 L

Jx OJUO~ny0 (5 98)
—1.J 1,J
Py = oA BT — T,
. x on Othyo
MAaKCHMAaJLHEIH H3rgbanmui
) monment mpu [, <ly (B Touxe A)
r ; 7 5/;' z Mmax = (;; — yo) Px +
' =
~ Tyyrt P T e + Py (5-99)
I, A
L A Y npu I, > I, (B Touke B)
”%zp“i Mmax = — (I — o) Py — YoPx.
Y Yo 3nauenus BelUYMH, BXOJA-

5 —_—
Prc. 85. I'-o6pasHuil yaacTok TpyGonpo- mux B Gopuyt (5. 94)—(5. 99),

Boja ¢ yraoM mosopora 90° (Ges yaera T€ e, UTO M B popMmyaax
i (5. 59)—(5. 64)
TUGKOCTH  KPUBOIMHeiHHX  2JEMEHTOB). . . .

Yuactorx TpyGouposojga I'-o6pasunoi
xoHpmrypamuu ¢ yraom uoBopora G6oapme 90°
(0es yuera TIHOKOCTH KDUBOJAHHEHHHX OSJEMCHTOB)

Jlas yuactra TpyGompososa I[-06pasmoit Kompmrypamun ¢ yriom
posopota Goapme 90° (Ges yduera IHOKOCTH KPHUBOJHMHEHHWX 3J1€MEHTOB)

{puc. 806):

UpUBCACHHAA JUIHHA OCCBOil JMHUH

Lop =1, + 1y (5. 100)
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KOOPAMHATHL yOpyroro menrpa TAKeCTH

12cos B
To == 2 .
0 2Lop

2 3 .
ll—Ilenﬂ .

Yo= —gpi— (5.101)

IeHTpaJbHEE MOMEHTH HHep-
UAHE OTHOCHTEJLHO OCell Iy H Y,

lg
7 li—}—l:sin?ﬁ _
o Ty
\ I
- an!/o; Ly
3 2 x
Ty = _le-c_;fﬁ — Lupt®; (5. 102) YeasTon Tpyemaoey

Aac¢ yraom 11oBopoTa
Gonnire 90° (Ges yue-
Ta rufKOCTE KpUBOJIH-~
HeAlNX 3JCMCHTOB).

meHTpaibibil MeHTPOOe:RHLIH
MOMeHT WHCPIUM OTHOCHTEJLHO
ocell x, B Y,

l: sin B cos

nyo = - 3

— LupToloes (5 103)
OCHOBHEIC HEN3BCCTHEIC

Pre=gA(Eg 28R Ty —(itlosing) Juy, |

2

Jxo I e —Jxuo
P, = oA tEJ —(ly+1,sinB) Jx, —‘;lzcosﬂ.fxyo; (5. 104)
"xo e _nyo

MaKCAMANbLHNE H3rudaomui MoMcHT npy I, < I, (B Touke A)

Mpaz = (I — Y) Py + x,Py; (5. 105)
ipm I/, > I, (B Touke B)

Mmax = — (lycos B — z,) Py — (yo + I 5in B) Pa.

3HavenuA BeJIWTHI, BXOAAMUX B dopmymur (5. 100)—(5. 105), e e,
9T0 m B ¢oupmynax (5. 59)—(5. 64).
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YyacTtork TpyGouponopga Z-o6pasuoi
Koundurypanuu (6ea yuera IMOKOCTH KpHBOJIHUCHHHIX
3JI€MEHTOB)

Jnsa ygactka TpybompoBoja Z-o6pasHoil KoHQUrypannu (Ges yuera
rubOKOCTH KDHBOJUHEAHLIX 9JeMenToB) (pmc. 87):

npuBeneHHan JIMHA OCe-
BOIT JRHRU

an = ll + l2 + l3‘ (5- 106)

KOODAUHATEL  YUPYTOreo

LEeHTDa TAKeCTI
B
Ty == —F————— .
07 2Ly
yo— 030411 {5.107)
L — 0 [‘“D ’

Puc. 87, Z-ofpasmmit yuwacrox TpyGomposoaa HCHTDAJILILEe  MOMEHTR
(0e3 ygera THOKOCTH KpHBOJuUHeilHKX ancMen- MHCPIUY OTHOCUTCNTRLHO OCelt
TOR). Ty H Y,

l3
2 2 2.
O T
3 3
e 5 108)
uC"—_T_— HD‘Iov

HeHTPANBHEIA [CHTPOOEKHEI MOMEHT HHePIHUE OTHOCHTEJLHO oceil
T, H Y,
Sxy o= 0,0 l2l:—anIo.’/o; (5.109)
OCHOBHEI¢ HEHU3BeCTHbIC
Pr=aAtkJ Lyt lalan, ;

Jonyo""nyo

l s (5. 110)
Py = uAtE] xottTv,
Jxo ‘/Uo —nyo

MaxcumaanipM  M3rubaloluMyM  MOMCHTOM  ABISCTCA Hau(OALILHHE
M3 MOMEHTOB, JeiicTBylouux B Touxe A, B, C u D. Bemmuuuw wmo-
MEHTOR B 3TUX TOYKAX PaBIIH:

My= (L +x) P, — Yol

Mp=(lg—yo) P, — (I3 — z,) Py;
M,
My=(,—y) P+ Top,,-

(5.111)
= .TOPU—— yOP H

x?
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3padycHUA BCAWUMI, BXOASMUX B dopmyast (5. 106)—(5. 111), Te e,
yro M B dopmyrax (5. 59)—(5. 64).

§ 48. I'padukn gua ompegeleHdua BbLIeTa
u ynpyroro ormopa 1I-o6pasubix kommencaropos

I'padukn A ompefelleHHsA BLIJICTA U ynpyroro ornopa ll-o6pasmeix
KoMIIeHCATOPUB (puc. 79) mocrpoensl 14 ocHose dopmya (5. 59)—
(5. 64), B KoTOpBIX IpHHATO: Iy = 40Dy, Is = 0,512, R = Dy, 2Dy, 3Dy
wia 4Dy,

Jlaa ompemeleHHMA BHUICTA CHAYalda BLMNHCIAseTcH Koagduiuent A;
BelMuUnHa HTOro  Koddpunuenra

eaA tLEm | '
aneck & — KO>QUIMENT NpeABAPHTCALHON PACTHKKE KOMIENcaTopa:
a — KOOPOULUUEHT TeMIepaTypHOrO Y/JIMHEHHA (UPUHIMACTCH
no mpwiokenmto III) B m/m-“C;
A ¢ — PasnoCTL TEMIepaTyp IOpPAYero M XOJOAHOIO COCTOSIHUEH
tpyGouposoga B “C;
L — paccroanue MEMIY HENOJBUSKHLIMI OOPAMH B M;
E — monyan yupyroctu marepdaita tpyoomposoma B wl/cm?;
m — Kod(PPHIMENT UATCHCHUQUEAUMY IIPOOJALHAMX HaupsykeHui
B KPUBOJIBHCHHRX 3JcMentaX TpyGompoBopa (mpHHU-
maercs 1o taba. 34—38);
0 — JOomycKaeMoOe LPOIoNibHoe manpsrenne naruba v xl/cm?.

ITocie pruucienus koadduuuetira 4 010 COOTBETCTBYOMEMY Irpadury
HAXOAAT BLUIET KoMmmencaTopa ff.

st onpernesTennsa ¢HILL Yupyroro oTIOpa HA TOM SKe rpadUKe maxo-
oAt roaddunment B, KoTOpHIl TOACTaBAACICA B (GOPMYNy YHOPYyroro
0TIIOpa

Pr=B-Z. (5.113)

3HavYeHUA BeJIMIHMH, BXOJAMUX B 9Ty $OpPMyIy, Te ke, uTo U B Hop-
myace (5. 112).

Ha puc. 88—107 mpencrasuenst rpaddKu 778 OnpefeNends BblleTa
W yupyroro ornopa II-06pasusix KOMIEHCATOPOB ¢ THYTHIMA KpHBOJH-
HCliHbIMK BeMenTaMu, I paduku 1A onpe/elenis BHIETa U ynpyroro or-
topa H-oGpasunx KoMIencatopos €O CBapihiMu M3 CEKTOPOB KPHUBOJI-
HelnnMn piaeventamn nani Ha puc. 108—127.
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§ 49. T'padur jas onpemeneHnsA ch:
yaOpyroro ormopa yuactka Ttpydonposoga
I'-o6paznoii koundurypapmm ¢ yriaom mosopora 90°
H PaBHBIMI OPAMOTUHEHBIMA 3TeMeNTavn

I'paguk 11 ompemedendst CHI Yympyroro OTuopa yuacTka Tpyso-
nposofa 1-o6pasmoit xonpmrypanmm ¢ yriom uosopora 90° (puec. 81)
7 PaBARIMYM OPSMOJMIICHIBIMH DJIeMEeHTAMI TOCTPOeH Ha OCHOBe GOpMyH
(5. 70)—(5. T4), B HOTOpPBIX NPUIUATO

Li=1ly=nR.

- ; - .
— Tttt T T
43 0F5 U4 N4 45 a6 07 08 09 10 15 2 A

Puc. 128. Tpadmk pns ompepenemmsa 3nadcnuda Koaddmmmedta A.

CHAR ynpyroro oTuopa onpeaeidiorcs o Gopmyie

x:p,,zAiL‘l_‘f’:Z, (5. 114)

22
rae 4 — wrosdunmentr; oupegeasiercs mno rpapury (pmc. 128) B 3a-
BUCHMOCTH OT A;
o — KOI(pPHUIUEHT TeMUCPATYPHOIO YAMNeHUsA (MpAHUMaeIca 0O
npuiokenno III) B wm/m °C;
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A t — DPa3nocTb TCMOEpPATyp TOPAYEro U XOJOJHOTO COCTOAHMI}
TpyGompoBoga B °C.
EJ — KCCTKOCTh MOMEPeYNoro CedYeHHsi paccMarpuBaeMoro Tpybe--

nposojia B klm?;

R — pagmyc morm0a KpPHBONHMHEIHOIO »JIeMEeHTa B M.

§ 50. I'padurm aaa onpefelennsa BHIIETA
n yupyroro ornopa II-o6pasHnix KoMmeHCaTOpPOB
(Ge3 yuera rHOKOCTN KPHBOJIMHEHHBIX .I€MEHTOB)

TI'padurnm miasr oupefedenus Bhlidera U yupyroro ornopa Il-o6pasumx

KOMIICHCATODOB (6e3 yueTa

(puc. 84) mOCTPOEHH HAa OCHO-
Be dopmyar (5. 89)—(5. 93),
B KOTOPHIX IPAHATO

lu = 40 Dy.

Huas onpenedenus Bhijiera
II-o6pazmoro  KomMmencaropa
cHavaja BHUUCTHETCA ROIP-
¢unuent A:

eaA tLE

A= —0

. (5.115)

3nadednsa BeJHYNH, BXO-
asmux B dopmyray (5. 115),
Te Ke, 9T0 W B Qopmyle
(5. 112). TIlocume pepgmCICHUA
Koadpdumuenta 4 mO COOTBET-
CTBYIOIEMY TPapUKy HaXOAAT
BRLJIET KoMmencatopa H.

Hdus  ompeycienuss CHABI
YOpYyroro oTHOpPa Ha TOM e
rpagare  HAXOAAT KOIPPI-
ynenr B, Korophld mojCTa-
BiIfeTcA B ¢gopMyny YyUpy-
roro ormopa:

Pr=Bo. (5.116)

Ha pne. 129—141 wpeg-
CTaBJeHul rpaguku Aaa oupe-
AelleHus BhUieTa U YOPYIroro

o'rnopa RoMOoencarTopa upu
Dy = 150 1000 ax.

rubKocTM KpPUBOJAMHEHHHX  DIICMEHTOB)

I
D, =150 sm - .-ff
D xF=159%4 5 i
- I Ty N

! /}v !

g 2 4

[ A S SV S S S .

A R T R R R R

Pac. 129. Tpajpwr ans oupeneldeEns BHIETa

u yupyroro jornopa ll-ofpasamx KroMmeHca-

TOpoB H3 TPyl ycnoBULIM gmamerpoM Dy ==
= 150 ux npm k= 1.
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§ 51. I'pagurm nasa oupefenenus cax ynpyroro oTmopa
yJacTtra TpyGonporoga I'-obpazmoii Kondurypanmm
¢ yriaom moBopora Goasmme 90°
(Ge3 yyeTa rMOKOCTH KPHBOIHHEHHbIX 3JIEMEHTOB)

I'paguku pus ompejelleBna cHI yOpyroro OTOOpa y4YacTka TpyGo-
nposofa I'-06pasmoii KOmpUrypamuu ¢ yriaoMm mnosopora Goasme 90°
(puc. 86) mocrpoembr mHa ocmoBe gopmya (5. 100)—(5. 105).

CHIN ynpyroro oTmopa ONpEIeNAITCsA MmO (GopMyJIaM:

upa Iy <,

P.=4 “Al‘“ : (5. 117)
1
aAtllJ
Py= B lz ;
1
apu ly, > 1,
; QA tEJ
Px= A e 12 ’
° (5. 118)
; aA T
P, =R

Jars ompenenenuns KoagpduunentTor A u B B 3aBHCUMOCTH OT OTHONIE-
Husa ly/l; v yria HakJIoHA P UCIHOIB3yeTcs IpadAk, IpefCTABICHHEI
ua puc. 142,

Roapdunuentet 4’ 1 B’ Haxogurea mo rpaduky puc. 143 B sasmcn-
MOCTH OF OTHOWegMsa [;/l, ¥ yIla HaKIOHA

3HaYeBMs OCTaJbuhix Beamumn B dopmyaax (5. 117)—(5. 118) Te
we, 4ro m B dopmyaax (5. 114).

§ 52. I'padmr mas ompegeneHns cHI
ynpyroro oruopa ydacTka TpyGonponoja
Z-o6pasHoit xondurypagnn
(Ge3 yueTa rudKOCTH KPHBOJIHHEHHBIX 3IE€MEHTOB)

Cpadur [Js OHpeHeTeHUs CHI YOPYroro OTIODA yuacTKa rtpy6o-
npopoma Z-06pasmoil woudurypamuu (puc. 87) mocTpoeH Ha OCHOBC
~popuyxn (5. 106)—(5. 111) opm smavenunx Iy > I,.

CuiIsl ympyroro OTnopa OHpeledsioTCs ITo GopMylIam:

AtEJ
Pr= A2

o (5.119)
aAntllJ
2o

Py=B
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3nauenua koaddumuentoB 4 u B naxogar uo rpagury puc. 144
§ 38BHCAMOCTH OT BeJIHYHH D H 1, KOTODLIC DABHLL:

LSl T TR
i, 7’ L+l

==
P
] ]
_+_
i
—Y—-
N
ANCH
34
_\4\‘,;3&‘ N
2 : TN el N T
7?\18\ \~
¢ PN
{2 .
a6 270809 1 15 2 25 3354 5 6 789100P

Puc. 144. T'padrx gns ompepenenns a3nadesnit Koaddu-
nnenTos A u B.

3HavenMs OCTANBHHX Belduddy, Bxoaswux B Qopmyast (5.119),
Te e, yro ® B dopmydax (5. 114).



IJTABA HECTAA
PACUET HAJ/IBEMHbLIX MATNCTPAJBHBIX TPYBOIIPOBOI0OB
§ 53. OGmme noxokeHusn

TIlpu TpOERTHPOBAHUIL MATUCTPAJABHBIX TPYGOLPOBOIOB B  psje
ciayqaes 00Jee MeTecOO00PasHLIM peIICHUEM  SBJIAETCA  HPAMEHERAC
Haf3eMHbIX TNepPexoyoB Yepe3 HeOOALIIME Pexu, OBparH, OAaJKA, KaHaabl
W apyrume BAAH eCTCCTBEHHHX mperpan. ONBIT mOKasad, 4To0 Haj3eMuble
TMepexofbl BO MHOIUX CIydYaAX HBIATCA 00Jee DKOHOMHUYBBIMI 10
CpaBHEHHIO C MOA3CMHLIMA, I LI09TOMY OHN HaXOAAT Bce OOJbIIee TpH-
MEHeHHe TIPM COOpPYKeHNMH MarucTPalbHBIX ra3oUpoBOOB U wedre-
NPOAYKTONPOBOJIOR.

Hapsemriasi mpokiajiKka MaTUCTPaIBHLIX I'a30HPOBOJOB HPHMEHACTCH
B NYCTHIHHMIX padoHaX, B/JaJH OT HaCeJeHNLIX ITyHKTOD M IPOMBIIIIEN-
HBIX MpeANnpUsATHII, B GOJOTHCTHIX M TOPHLIX MECTaX, CeBepHBIX paiomax
U paHoHaX BEYHOIN Mep3JoThl, PAOHAX ropunx BRIPAGoTOK M omonsmuedt,
4 TaKd{C HA TICPEXOojaX uepe3 ecTeCTRCHHBIC M HCKYCCTBEHHBIC NPEHsT-
CTBHA.

B xamaoM oTAeJbNOM cAydac Haj3eMHas IIPOKJATKa TpyOOIpoBOIOB
noikpa  OBITH  O00OCHOBAHA TEXHHKO-DKOMOMIIYECKMMIL pacdeTaMl |
JONRHA YHORIETBOPATH TpeOoBalinAM 0Ge30IacHOCTH.

Hpnr upoerTiposaniy Haja3eMHbX OepPeX0A0B IPUMEHSHIOTCH CielyIo-
nHe KOHCTPYKTHBHBE cHCTembl: 0ajlogyHble, MINpeHTeJbHbIe, apOUHbIe
n Bucudme. Ilpu J1000M KOHCTPYKTHBHOM pCIICHAN JOMKNIA HCHOADL-
30BATBCA HeECYIas CHOCOGHOCTH CaMOTO Ta3OlpoBOAA.

Benuuwusl NepeKpHBacMbIX TPOJIETOB 3ABUCAT OT TPHUHATOH CXeMBI
I KOHCTPpYKIOHHM Imepexoima, IaMeTPpa M TOJIHWHBL CTEeHKH Tpy0, MapKu
cTald, MeToNa MOHTa)ka 11 palioHa yKIaj Kl TpyGoupoBoaa.

Hapzemnnie mepexoinl TpoeKTAPYIOTCA KaK ¢ caMOKOMIeHcauneil,
Tak W 0e3 CaMOKOMIIEHCANUN HOPONOABEMX jedopmanuii.

Jliis RoMmencamuy TPOROABHEX edopmanmit mpumenswotes -,
I'- m Z-o6pasnbie kommeHcaTOpH, a TaksKC 3Uraaroofpasuas YKIAIKA
Tpy6onpoBoa B miane («3MeiKa»).

T'-o6pasHble KOMIEHCATOPDI YCTAHABIMBAIOTCH MO KOHIAM OTKDBITOXO
y49acTKa DO YTLIOM MIU BEPTHKAJABHO. BepTHKAlIbHO YCTAHOBIEHHHE
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KOMIICHCATUPH MOIYT BOCOPHHMMATH HAIPY3KY M CAYMHUTh ONMOPOd 1js
TpybonpoBoja.

a4 wkomnencanuu TeMmuepaTypHbix jgedopmanuil A0mycKaeTca upu-
MEHEHHE THYTHIX, TITAMIOBAHHHX MJM CBADHLIX KOJeH pajgdycoM wus-
riuGa, passiiMm He MmeHee 1,50 mgmamerpa TpyO6wI.

lpu 3ursarooGpa3uoii ykrZagke B BHJle JOMAHONH JUHHMM B MecTax
H3lIoMa KeJaTeJIhHO NPHMEHSTH KOJeHa, JomycKalouye IIPOXOL epua
A0 OYHCTKH Tpybomporoja.

Puc. 145. Hapnzemani GaJownklii KOHCONBHHU NHepexopn D = 720 mxu.

HKax unorasagn nporepounsie pacyeThl M OUBIT, NPAMOAUHeHdHbIe Ga-
Jounpie nepexoas, uMetoue ne Gonee Tpex upeseros (60—80 m), mo-
TYT TIPOEKTHPOBAThLCSE 03 KOMIEncatopos. 1Ipw OTCYTCTBMM HoMmenen-
PYIOTHX YCTPOHCTB OHOPHI TPYOOIIPOBOOB HE JOIKHBL I0NYCKATh I110-
IIepeuynbI X CMemennii mocieqnux.

B 3apucumoct 0T yCaOBHII MECTHOCTIL HepeXojhl TPyGOupoBOnOB
Uepe3 ecTECTBCHHLIC M MCKYCCTBEHHBIe LPENATCTBMA MOTLYT LPOCKTHPO-
BaThey CHMMETPHYDBIMU, HCCUMMETPUUYHBIMH, TODPH3OUTAILOLIMH H Ha-
KTOMHBIMH,

Hpu naygsemnpoit npornaake TpyGonpoBONOE Yepes BOJHbIE uperpénm,
osparn u 6alk¥, BO3BHUICHUA HH3a TPYOM MAW jeTaned npeJeTHOTO
CTPOEHHMA YCTanaBJIHBAIOTCH: '

19 3awas 995.
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a) mpu uepeceyeHHI HeGOJBIIMX OBparoB u 0GaloK, Ifie HE MOKer

6rTH deoxofa, — e menee (0,5 m or ropusonta Bucornx Box 10% obec-

MeYeHnoCTH !

Pme, 146, HagseMmwlii mepexoj| ¢ HAKIOHAKM KommencaTopoM D = 720 ux.
16,0 180,0 180,0 100

e

37050 y 18R 135.0 JMET1EE

T ne00 ———2%

e e

Ealiee e, S o ;_1 o 9
r<——130000 ———=—r—=—— 130000 —™
336000

2000

Pnc. 147. Cxema Bucsdero mepexosa.

) Ba HeCYROXOJMLIX M HeCINIaBHLIX pPeKax, OPH HepeceYeHnd 6oib-
IHX OBPAaroB, Tlie BU3MOKeH Jef0X0j], Na CYAOXONHBIX M CIVIABHHIX pe-
Kax, B HeCyJOXOMHLIX M HECIUIABHHX mpojerax — ke menee 0,750 m HaA
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Pue, 148, lHaazemnas OpokJIajKa TasolipoBoja «3Meilxoily,

—] o Ry

v REL T
Puc. 149. Cxembl KoHCOJL- 5
HEX GaJOUNHX TepexojuoB
49epes ecTeCTBeUlHe TIpelAT-

CTBUA, i

G — OfHONPONETHH  NBYXKOH- ;}' |
CONBHLIA 1epesod; 6 — OuHOKOH- 1 la :
CONBHbI Lepexod; & — ABYX- TS

HpOJIeTHHI  KOHCOIBHHIN Depe-
X0l; 2 — MHOTONPOJIETHM# KOH-
coneHui Hepexon

19* e
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ropusORTOM BHCOKUX BOA 1% oGecmedueHHOCTH M naji HAMBLICTIEM IOPH-
B0HTOM JIE0XO0/J14;

B) 1IpA HaJMYMH HA PeKe 3aJOMOB MJIH KODPYICXOJa BO3BHITCHRE HU3a
OPOJETHHX CTPOEHME yCTaHaBIUBaeTCs 0co00 A Kaykgoro YacTHOro
cay4as, HO ROKNO OBITHL He MeHee 1 M MOji TOPUSOHTOM BLICOKHX BOJ
1% o6ecireuennocrn;

T) Ia CyJIOXO;{HhX M CHIABILIX BOILIX NPErpajax — B COOTBOTCTBWR
C YTBeD:HACHHLIMA HOpMaMAd 1,

OcuoBnnle BugLI 1epexofos MOKasankl ma puc. 145—149.

§ 54. Ocuosm pacuera

Pacuer nap3eMHHX Mepexonons M TpyGOmpoBOJOB (IPH UX Haj3eMHOR
MPORJIALKe) IIPOM3BOJUTCA Ha BO3/IEUCTBYE BUYTpenHero AaBieHus U Ha
u3riul, pacTsi;KeHUE UM C)RaTUe OT BO3JEHCTBHsI ¢OGCTBCHHOTO Beca, Beca
TPaHCIOPTUPYEMOTO UPOAYKTA, CHEra, BO3MOKNOTO O0JeNeHCNnWs, fia-
BJEHWA BeTpa M TCMUepaTypHLIX fedopManuii.

Hpu pacuyere uepexonoB na H3rub, oceBoc c;kaTue WM pacTsKenue
3a pacucTnoC CONPOTHBIERMe lpUnuMaercs Beruuuna K, (tabi. 3) B sa-
BHUCHMMOCTU OT lipejela TCKYdYecTH, T. €. TIPEJAETIBHHM COCTOSHUEM CUH-
TaeTcsd IOCTHM(CHIC B MCTalje Tpyd HANPAMCHHUI, DPaBHHX Ipeexy
TexydeeTH. TaKoe Lpeaeibnoe cOCTOAHIE B OTIHUME OT MOA3EMHLIX TPY-
GOnmpoBOOB IPHHATO B CBIU3U C TeM, UTO B JJATHOM CJIydae NpH JIOCTUIKe-
HHH B MmMeTalile TPyO NIAcTUYECKHX JedOpPMAINil MOHCT UMETH MECTo
HCIOUYCTHMOE Heorpanuyennoe HapacTanHe mporuboB Iepexo/IoB.

Harpysuu, uomneskamue yd9eTy upu pacucre Ha M3rHO Haj3eMHBIX
TpyGOIpOBOAIOB, M 3HAUEHMA COOTBCTCTBYIOIUUX KOdPPULUENTOB mepe-
IrPY3KU TIpUBeieHb B TaGad, H7.

Coderania MarpysoKk U BO3JCIlCTBUIT JOMHI NPUHEMAThCs B Haubo-
Jee JeBMITOANHIX KoMmOumamnax Aaas TpyGomponojia M OT/leIBHMX 3Je-
MENTOB KOHCTPYKNHMH (Orop, TPOCOB, INMpeHreicit, l0/BecOK, Y3JI0B
U T.I.).

OCHOBHKE COYCTANHA HAarpy30K COCTOAT u3 co(CcTBeHHOro Beca,
BeCa TPANCHOPTUPYEMOI0 IMPOAYKTA, UPOJOJLHBIX YCMIHMA OT BHYTPEH-
HCTO JlaBJenus rasa, medTn WIK nedTeNPOAYKIOB M TeMOeparypHhIX BO3-
AeicTBRii.

Jlomomuuredpunle coYeTanud COCTOAT M3 HArPY30K, BXOAAMMX B OC-
HOBHNOE codeTanue, ¢ A0GaBIcHMeM HArPy3KH oT o0defleHenus A BETpPO-
BOW UMM CHeroBO#l HArPY3KM € YMHOREHHEM pacdeTHhX Harpysok
(xpome CcOGCTBENHOTO BeCa W BeCa TPAHCNOPTHPYEMOTO IPOAYKTa) Ha
koodpdmunenr 0,9,

1 «IlopMH TPOCKTUPOBAHAA MOAMOCTOBHIX 1a6apHTOB HA CY/OXONHBIX M CIJIaB-
HEIX PeKax M OCHOBHEIE TpeGoBaHmMA K pacrnonoykeunio mocroms (HCII 103-52) Toc-
crpos CCCP.



Ocroebt pacyema 293

Tabauya 57

Bupsl narpy3oxk 4 3HadeHAA KodpPUUUEeHTOB Heperpy3ru
npn pacuere Ha H3ru( HaX3eMHBIX TPYGONpoBOOB

Koaddu-
IHarpyske I[MCHT
neperpysku

CobeTBCHHHE Bec TpydompoBonua 1.1
Be¢ TpaHCHOPTUPYCMOTO TIPOAYKTa 1.0
Bec obacpedennA TpyOs 1,2
CHeroBast HATPY3KA . . . . . . . . . oo e 1,4
Berposasa HarpysKa e e . .. 1,2
TeMUCpaTYpHEIC Boauemmua 1.0
IIpopoabhle (B0AL OCH TpyOL) Hanpﬁmeunﬂ A ycunnﬂ ot pac'le'r—

HOr0 3HAYCHUA BHYTDEHHCTO AABJIEHAA rasa, Hccbm Han ncdn‘cnpo—

OYKTOB . . 1,0
CeiicMAYCCR e Bosucucmnﬂ .. . 1,0
Bec CTpONTEILHOTO 060py)1013¢umﬂ (n MaTcpnanon), ycTanaBJmBae—

MOTO Ha TPYOOMpOBOJ IMpU er0 MOHTaMKC MJIM DEeMOHTe . ., . . . . 1,2

Oco0biMM cOTeTaMMAMY HATPY30K ABITIOTCA CeICMUISCKUEe HATPY3KH,
4 TaK/Ke UMAaTPY3KH, BXOMANME B OCHORHLIE COUCTAHMUA, ¢ ;00aBIEeHHEM
CHErOBOH HArpy3Kd MJIM HArpysKH oT obJemenenna ¢ yMBOKEHUEM
pacyeTHHIX HArpys3oK (KpoMe cOOCTBENHOTO Beca U Beca TPAHCIOPTH-
pyemoro uponyxra) nma wxoaddunmenr (,8. Cogeranue Harpysox ¢ yde-
TOM MOHT&;KHBIX IArPy30K IIpH pacyeTe Ha MePHOX CTPOUTENbCTBA HIHN
pemonTa Tpy0OoDpoBOAAa OTHOCHTICA K JOHDOJHATENbHBIM.
Pacyernbiii Bec TpaHCTOPTHPYEMOTO ra3a OMPECTsCTCH 1O CIACRAYIO-
meii gopmyTe:
o D?
Qras = Yras Z—ZJI?— puDﬁn =215 Yras ‘poZTBH WF/M, (6- 1)

rie p, — pacyerHo¢ JlaBjlemnue rasza B ama;
Dyy — BuyTpennuit guamerp TpyOnl B M;
Yraz — YAeAbHLH Bec rasa (mpm 7T, == 273° K (0° C) u ns6urognoe
naBienue p, = 1 ama) B wl'/m®
z — KoudPuuMenT C¢HUMAeMOCTH rasa;
T — abGcomornas remmeparypa B °K (T = 273 +— ¢, rie ¢t — TeM-
ueparypa rasa B °C).

B cayuwae mpupopmoro rasa (mpuOAMIKEHIIO) MOMKHO IIPAHAMATH

qraz 7 poD:H kl'/m. (6.2)

Hsst ompepelenust pacueTHOTO Beca TPAHCIOPTHpPYeMOki HedTH niam

HeTEITPOAYKTA MMeeM
2
BH

nD
Qupon = ¥ ——— KI'/#; (6. 3)

8necer Y — O6BEeMHHIN Bec TpaHCHOPTHPYyeMOW HedTH mim medrempo-
AyKTa,
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T

Pacuermbic marpysku ot oGiememcruss TpyOn (C yIeTOM KO3~
HuenTa meperpyssu n = 1,2) maxogarca uo ¢opmyde

Qaen = KaenDu 5l (6.4)

rae Dy — napymumit puamerp TpyOu B M,
K en — nexoropbiii  kKosdpunuent, npibupaemuiii B  3aBACEMOCTH
oT paiioma roJoiegHocTu (rafI. H8).

Tubauya 68
3unavenna kodPdmmncnra K pen
Paiion roxo.iegHoctTH ., . ‘ [ II 111 ‘ v
K aen 35 35 30 65

Pafion ronocjHoCTH YCTAUARIIBACTCI B COOTBETCTBUM € KapToib
KJIMMATHYICCKHX DPANHOHOB TOJOMEAHOCTH WIH IO JaHHbiM Ha0lI:o;enuii
U] POMCTEOCTY :KODI.

Pacuetnas cmerosag marpyska ma 1 x? ropu20nTaJgbLON IPOEKL!
KOHCTPYKI MK 1LepeXofa (Omemexonnbld MOCTHK, NPUMBERAIMUME K mewy
TpyGoupoBog u T. .} NPUOHMAeTCHA ¢ KodpdumuenTom meperpysku 1,4,
paBHoii

gc == 1,4 P; (6-5)

3ech P§ — HOpMATUBHHII BCC CHEroBOro 1OKPoBa Ha 1 M2 ropuson-
TaJLUOH  MOBepXHOCTM 3emau (Geperca u3 Tabia. 1,
ra. [I-B1 CHull).

Pacucribie narpysii OT BO3JEUCTBII BETPAa B TOPU3OHTAJILIOA 10~
CKOCTH /JIsT OJMHOYHOU TPYOM NepHeHUKYIAPIO ee OCU OIpeRedsIoTcs
10 ¢opmyie

qB: 1,3‘0,6 QD" KIY/M, (6.6)

r;1¢ Dy — mapyswubli puamerp TpyvOs B M;
— ckopoctniod  Hamop Berpa B kl'/m (Gepercs mo ra. II-B,
[ CHull!).

Pacyernsie 3uadenus! C;KUMAIONUX WM PACTATHBAOMUX HALDsKe-
Huil o; u yeuwnaus Ny BAOIs ocu TpyOul 0T BO3jCHCTBUA M3Memenns TeM-
ueparypsl (e3 KOMIEHCATIMH TeMnepaTypHLX Aedopmanuit B mpojoib-
HOM HANDABIEHUH ONPERENAIOTCA 110 CHeAyIoNUM ¢opMyTIaM:

or=EaAt=252At xl'/cu, (6.7)
Ni=:0F = 252AtF %l (6.8)

1 Hsmenenne raGx. 2 ra. 11-G, I CHull cm. «BroJuieTeREb cTPOUTENHON TOXHUKL 1
Ne 6, 1959,
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aqech F — TII0mMajb DOMEPEeYHOro CedeHus CTCHKM TPyOH B M At =
= 50° — pacueTHuIi nepemnaj TeMOCpaTyphl; MJIA paiionoB ¢ pacueTno
remmepaTypoii Bo3ayxa tp ke —40° C mau Bumre —+-40° G snadenne
TeMOepaTypIOTO Iepermana IpPHHEMaeTCA paBOLM A ¢ = 40 4 .

CilepyeT y4ecTh, YTO HA YdYacTKax Tra3ompoBOXOB, DPACLIOJOKEHHLIX
ya PACCTOAHUM 10 25 KM OT KOMNPECCOPHBIX CTAHLUIl CO CTOPONBL BHICO-
KOro [aBJenynd, MpH OIpejelelnd pacdeTHoOro TeMIepaTypHoro mepe-
maja IY#HO YuUMTHBATh Tarpes TpyGompoBosa TPanCnopTHPYeMbIM
IPOIYKTOM.

Ilpu pacdere mepexojoB 0c3 KOMIENCAIN NIPOJLOSBHNX gedopma-
Muii ¢ KOJHUECTBOM IPOJeTOn 1te Gojee Tpex HpOJOALHOE ycmiie Ny
(gampsiskenlic 0;) B TpyOOmPOBOfC OT M3MENCHUs TEMIICPATYPHl yMenb-
maecrcs Ha 20%, a npH pacyere OMIOMPOICTHLIX mepexonos — na 40%.

Pacuerniic anavenus IpoJoJdbHOro pacTAIHBAIOILEI0 NANpAKEnud H
POAOALHOTO YCUINsL OT PACYCTHOTO 31aUeHUA BHYTPCHHCTO JlaBICHIS
rasza, HepTH WIN HedTCIPOAYKTA NAXOAATCA 1O GOpPMYIaM:

Op. s = &0un, (6-9)
Np. BH = Gp.BHFy (6 10)

rie Oug — KOJbIeBLe HANPAKeHHA OT PACUYCTHOrO 3HAYEHHS BHYTpen-
1ero jaBJICHUA;
£ — Kod(puULUKCHT, WMEOWMIl clAcayloline 3HAYCTIHA:

0,5 — nia mpamMoTuHefinbiX O0aJOTHLIX, JUITPENTCABIBLIX M BHCAYAX
CHCTCM 1IpU HAJUYNA CAMOKOMNIEHCAIMU NPOROJILHBIX [e-
dopmanmii, a TaK:ke A apOULLIX CHCTEM;

0,3 — paa Galounbix, MMPEATCALINX W IPAMOJIUHCHHEIX BHCATNX
cucreM (Ge3 KOMITEHCAIUN TIPOJOIBHLIX JleopMaLHii IPU UPO-
BepKe HaNp:KeAuil B pacTANYToill 30He;

—0,2 — TO ke, UpH TIPOBepKe HANUPsKEHUH B CHaTOU 30me,

IIpu pacuere apoyHLIX CHCTeM IPOJOTLABIE OTHOCHTCIbIEE Aedopma~
1MW, BO3MUKAIOIHEe OT BHYTPCHIETO TaBJIeNVsI:

Enpon = 0,22, (6. 11)

Onpenenenne yenanii B Galoanbix, MITPENreTLIGX, BACAYHR A apod-
HLIX CHCTCMAX OPOMBBOAMTCA 1O ynpyroii crapuu mx paboThl corsacmo
O0mMM npaBuiaM CTPORTENBLEONH MEXaHHKR; 1pyU 3T0M TpyGo1poBOy NpU=
INMaeTCA 3a yupyruii cTepsKenb (UPAMOJANCHHLIA HIH KPUBOJHHeiiHb),
llomepeunoe ceycHHe KOTOPOTO B IHANMPAsKCHHOM COCTOSHMM OCTaeTCs
HIOCKUM M COXpansieT CBOW KPYToByt Gopay.

Ilpu ompenedenmu ycwinmii ciejyeT y4UTHIBATH H3MEHeHMe pacder-
HOii cXeMbt B 3aBMCHMOCTH OT MeTONa MOHTaka Tpy0olpoBoja B JaHHOM
KOHCTPDYKTUBHOH cucTeMe; HampuMmep, IOPH pacueTe apoYHON CHCTEMHE



296 Pacuem nadsemnvlr mazucmpasbiux mpy6onpoeodos

Ha.CoOCTBEHHHIH Bec B 3aBHCHMOCTH OT MCTOJAa MOHTa)ka apKa MOKer
paccTUTHBATHCH KaRK ABYX- HIM TPeXIMIapHUPHAS, a HA OCTalbHbLie
Harpy3KH TOCJIe CBAPKM CTHIKOB TPY6OmpOBOJOB — Kak OecniapHHMpHas.

CixaTtnie TpyGompoBOAR B GaJIOYHHX, apOYHBIX, IIIPEHTETBILIX
JIPYTHX CHCTeMaXx AOJIKHBI ObLITh PAcCYUTaHbLI Ha NPOJOABHYI0 YCTOMu-
BOCTH KAK B OJIOCKOCTH, TaK M M3 INIOCKOCTH CHCTCMBI,

Bucsiume nepexonn mposerom 6osiee 150 m upu pacwere Ha BeTpoBy
HarpysKy MOJOKHBI IIPOBEPATHCA HA pe3OHaHC !,

B Bucavux cucremax TpyGOmpPOBOJLI U BCLOMOTATCIBHBIC KOMCTPYR-
UM TOJBEMMBAaiT K TPOCAM HJIW IeNsM, a s BOCHPHATHA BETPOBOIR
HATPYSKA YCTANABIMBAIOT B COOTBETCTBHH C PACcCYeTOM BETPOBLIE CRA3H
(pacyalzku) H3 TPOCOB K CaMOCTOATENBHHIM AHKepaM.

B xoucrpyxuuax mpolerom mo 150 m BMmecTo cuemmajbHbIX BCTpo-
BHIX cBf3eit Moryr OLITH IIOCTABJEHH HARJIOIUKE, IOJePIKABAIOLINE
Tpy0OIpOBOL TOABECKHM, NPHKpPEIICHHble K PasgBUHYTHIM MO HIUpHHE
OCHOBHBIM HCCYIIUM TPOCaM.

Ilepexognr TpPyGOmPOBO OB MOTYT OCYIECTBIATHCH B BHUIC Tpo-
Bucaiomux HaTeir Komcrpykmmm ['. A, Tapraxkoeckoro. B orom
cAyYae INCPeXOfEl MOXBENIUBAIOTCA HA MHJIOHAX 03 HeCyIHUX TPOCOB

ueneii. :

B mmpenrelpHLIX cHCTeMaxX IMOUEPOTHAH MECTKOCTL TPyOOIpPOBOjia
06ecreIuBaeTcs YCTPOUCTROM JIBYX HAKJIOUIRX WIH O/|510TO BEPTHKAIL-
HOTO U JBYX FOPU3OHTAJBHLIX LINPCHIeTeH, BOCTIPUNUMAIONHX BeTPOBYIO
garpy3ky. lllopenrean (TAKU U CTOMKH) IPHKPELTTAIOT Ha CBapKe K Myd-
TaM, HOAYMYPTaM HIM WaKJIajKam, NTPUBAaPEHHBLIM KOJBICBHIMU ITBAMU
K TpyOomposoay.

Apounnie UCPEXOAH OCYIMECTBIAKTCA M3 OJHOW MM JBYX HHTOK
TpyGonponoya, COeTUHERHLX MeRAY c060ii csu3smu. B ofHOMMTOYHBIX
apoOuYmBIX Nepexojlax LPM HCAOCTATOUNON MM HOUCPCIHOH IKCCTKOCTH
cleyeT yCTARaBINBATD CBABH (PACYaTKM) U3 TPOCOB K CAMOCTOATENbILIM
anmKepaM MM YCTpamBaTh BCOHOMOIaTCJAbHLIE apKHM M3 Tpy6 MeHBIICroO
mamerpa (AW U3 APYTroro mpoduis), COCHUHCHHERC ¢ OCHOBHHIME TPy00-
IPOBOJIaMH CBA3AMM JKOCTKOCTH; PACCTOMNME MEXy apKaMH MOKeT ObiTh
OOCTOAHNBIM MMM YBeJUYUBAIIUMCA K OHODAM.

B BucAYHX IMOpeHreapnbiX M apouHbIX CHCTEMAX, B TsMKAX, TPOCAX
¥ pacualKaX, BOCHPUHHMAIOLAX BETPUBYI TAIPY3KY, cleqyer cO3fla-
BaTh NpPCIBAPUTCIBHOE HATHKEHME, DaBIOe YCHIHAM OT pacueTnoi
BETPOBOM HATPY3KU.

Hapzemubie TpyGONMpoBOAR UPH BO3NEWCTBUU NONMEPEYHBIX HATpPy30K
M TMPOXOIBbHLIX (UCEBHIX) YCHAMI PACCYHTHBAIOTCS HA BHENCHTPEHITUE
c)KaThHe 1o ¢opmyite

X+ <R, (6-12)

1 Cm. «TexHAYecKWe YCIOBHA pacdeTa BHICOKHX COODY)KeHHHA HA BeTPOBYIO
marpysky» (CH 40-58).
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rge N — pacueTHoe IPOjOJBHOe (oceBoe) ycHIEe B TpyOOIpOBOsE, IO-
;1ydenHOe Kak aarebpandeckasi cyMma yCHIHI OT TeMIepaTypPULIX BO3-
neficTBRil, BHYTPEHHEIO JaBJIeHUsI IPOAYKTa, a TaKe yCWIWi, oupe-
jeAAeMHX B COOTBETCTBMH ¢ KOHCTPYKTHBHOH CXeMOii coOpyskeHus,
KayKEOe €O CBOMM KO3QQUIUEHTOM Ieperpysku:

M =M, + M,; (6.13)

M — pacueTHBIi M3FAGAOMMK MOMCHT B pacCMaTpPUBaeMOM CeICHHEU
oT BO3eHCTBHEA IONEPEYHbIX PACISTHRIX HArpyaok (M,) u oF BHENERTpCH-
HOTO NpPWJIOKEHHS PACUeTHON HPOJOALHON CHIH ¢ y4ueToM mporuba Tpy-
GorrpoBoaa (M,). Momentsr M, u M, OOpeJeNAOTCA B 3aBHCAMOCTH OT
Buna 3arpy;KeHHs, cXeMh KOHCTDYKOUHM M ee onmpanusa. Ecau tpyGo-
npoOBOJ B MPOIeECce MOHTAsKA YKIa/hiBalOT HA OIOPEI IO Pa3pe3Hoit cxeme
¢ 1l0cienywmell CBapKoH CTHKOB Tpy0ompoBOma, TO 3TO HeEOGXOgAMO
VulTHBATh IpH pacdere, cyMmHpys sHavemnda M; u M,, Haiijenntle
pH JBYX PasAATHHX pPACYETHHIX CXeMaX M COOTBETCTBYIOMMX MM Ha-
rpysKax;

W, F — MOMEHT COIpOTUBIeHNA N INIOMMAAD CTEHKU I10IePeYHOTO code-
nia TpyOH;

R, — pacuerHoe CONpPOTHBIEHHE MaTepuala TPYOHL.

JJIs 0aZOYHBIX KOHCTPYKUHMiT uarubatowe Momentst M, u My onpe-
JIeJIAIOTCA TIO CHefyloniMM ¢(OpMyJIaM:

MOMEHT OT IIONepPEeYHbIX Harpy3oK

M, = aql?, (6.14)
MOMEHT OT HPOJOJbHBIX YCHINH
NP . ‘
M, = Ty (6. 15)

31ech a — Ko)pduIMeHT, updHuMaeMu pasmeiM 0,125 — upu pacsere
paspesnsix KomcTpykmuii; 0,084 — mpH pacdeTe HepaszpesHHX KOHCT-
PYRUMIA HJIA oOIpefelNeHHs MOMEHTAa B omopmoM ceuenmu; (0,042 — ToO
e, U ompejelieNnas MOMEHTa B CEeYeHHH IO CCepC/iWHE TpojdeTra; ¢ —
CymMMa pacueTHHIX HAarpy30K Ha eJVWHHIY JIunki tpy6GompoBoma; [ —
v b 4
pacueTrmmid mpoJer TpylompoBoma; f = —gj— — nporn0 TpyGoiupo-
BOJla B paCIETHOM CCUEHMHM OT pacUeTHOH NomepedHOHl Harpyskw;
b — xoadpunnenr, umeommi smavenus: 0,013 — mpn pacdere pas-
pesanbix komerpyrnmit; 0,0026 — mpm pacuere MHOTONPOJETHHX Hepas-
PE3HLIX KOHCTPYKOMH € PABHEIMH IpOJETaMH M 3A3MEMICHHHMH KOH-
uamm: '
NI
= 2EJ (b 16)

tne l, — croGogHasn [IMHA PACCIMTHIBAGMOTO YYacTKa TpyGonponoa.
LA NPAMOTHHEHHEX HEPeXOf0B C 3aMEMICHHNMA KOHNAMH: NPH OLHOM
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gpoiere [, = 0,6/; nByx u Ooxee mpoxerax [, = 0,71, rae Il — pac-
YeTHaA [AUpa JIAIHOrO IpoJiera.

Ilpu cxmmaromem ycwiuu N B 3mameHatede dgopmyant (6. 15) npu-
HAMAKT 3HAK MAHYC, a OPH PACTATHBAIOLIEM YCUJIMH — ILIIOC.

B ciyuae surzaroo6pasmoii mpoRIagKku TpyOGoupoBOJOB B BHIE oG-
Mmanoit Jugny (¢ BBapeHHbIMU KOJCHAMUd B MeCTaX LIOBOPOTA) HaUmPsHie-
HAA u3rdfa B MecTax MoBOpoTa TPYGOUPOBOZA HPOBEPAIOT 110 GOpMyle

3cos@J (Eat+0,20k) (T:’—_—ji—lv>
3M
+

p— 0,0833 gul?
ne fam w s
-+ 0,0 01cu<32, (6 17)
rIe @ — YTOX MeNy 0Cblo TPYGOmpPOBO/la M HPAMOIL, cOeUHAIOLIE]T

HeHNOJBH;KHbIe (MepTBhie) OLOpHI;
{ — DeaHYnHA @OpOJETAa OKOJIO BePIIMHHE YIJa (paccrosnue
MeKIy LIeHTpaMi OlOp);
fem — pacdernmas (HauaJbHAas) CTPedKa «3MeliKm», paBHas pac-
cTosnHI0 0T MecTa Hiaruba TtpybGompoBoga (BepmuuEb:
BOJIHBI) JIO HPHMON, COeJUHAIINEH HEIOJBUKHKE OIOpH;
J, W u F — MOMEHT UHEpUMM, MOMEHT COLUPOTHBIEGNHA W IJIOMANb IO-
TIePEYHOT0 CeveHus TpyOn;
s — pacueTHaf BeTpoBad HAarpy3kKa Ha TpybGomposos B ki /x.

§ 55. Pacuer 0am0YHBIX M KOHCOJILHBIX NEPEXON0B

ITpH upoeKTHPOBAHUM LEPEXO/0B HEOOXOJUMO CTPEMHUTLCH K MAaKCH-
MaJBHOMY MCOOJNL30BAaRMI0 Hecylueidl cnocofuoctd Tpy6. 3HATMTENLNO
YBeAMYUTh PACCTOHHHUA MeKIY KpalmUMM OHOPAME HEpexXojga MOMKHO
3a CUeT IpHUMEHEeHHSA KOHCOJeil, pasTpy;Kalomux IPAMBIKAIOmUEe K HuM
upoderit. Pasrpyskalomgee BAnAnHe KoHcodeil ocobenno asddexTuBHO
B OJHONPOJETHMX ABYXKOHCOABHLIX crncremax (puec. 148, a). Tax, Ha-
UpHMEp, Ba ODepexoiax razouposogoB guamerpom 629 u 1020 mm xon-
COJH TO3BOJAKT YBEJIWYHTH LPOJNeTH (ollec YeM B LOJATOpA pasa, T. C.
go 40—60 m. B opmoxonconsnpix (puc. 149, 6) u MHOrompoJieTHHIX
(puc. 149, ¢) cuctemax pasrpys;kawomuil a¢dexT cKasbBaeTCA MCHbITe I
BIHAHNE KOHCOJeH pacupocTpanAeTcs TOAHRKO HA TPOJETH, ONPUMLIKAIO-
mue K KOHCOJISAM.

B xoucoasnnoix cncremax I'-u Z-06pasuble KOMICHCATOPHI ycTaua-
BIMBAIOTCH 1[0} YIVIOM K TODH3OHTY He MEHee 35° MIH TOPUBOHTAIBHO
H 1e BOCIPUHHMMAIOT BePTUKAJLHHEX HArpyaoK. [lodokmreapnvim cBoii-
CTBOM HAKJIOHUBIX KOMIEHCATOPOB #BJIAETCA TO, YTO MX BLIJET He JUMMU-
“TEPYOTCA BLICOTOI pacmojioxkenusa mepexona. llpemmymecrBom Taxux
Iepexonon ABJIAETCA TaK)Ke UM TO, 9TO OCAflKa OLOP HE OKA3hIBAET BIHHA-
HUA Ha HaOps»eHHOe COCTOSHHMe Hepexofa.
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e

{oncoanubie ¢UCTeMbl, OCOOCHHO OfHONpPOdeTHHE, ofXaganT 00db-
moit TmOKocTLI0. OmMT MOKasak, 4TO jaske JIPM Iipoderax, OAM3K@X
& MAKCHMAJDHbIM, FKCCTKOCTL TaKUX CHCTeM BIOJIHe J0CTaTOYHA AJIA
GOCIIPUATHA BETPOBLIX U JADYTHX HArpysokK.

B saBuUCHMOCTH 0T peidbeda MECTHOCTH M DPOTHIKCUIIOCTH 143/I3€MHOT0
yuacTKa KOHCOIM ¢ KOMIEHCATOPAMI MOTYT ObITh PaCcHON0skenhl ¢ OXHOlL
pum ¢ oGeux crTopon iepexozna. Ecau us ycnormi pedpedia MCCTHOCTH
gepexo;jl pacloliaraercA HU:Ke, YeM OcHoBuas Juieiinas gact, Tpy6o-
APOBOLA, KOMIENCATOP MOKAO YCTAHABIUBATL TAK, KaK DTO II0OKa3ano
na puc. 149, 2.

B mmoroupodeTHniX Hepexojax, Korja KOMIGHCATOPLI yCTawaBIMA-
BAWTCst MO 000UM KONIAM OTKPHTOIO yuacTKa, O/[l1a M3 CPEJINHX OLOp
BLIIOMIAETCA MepTBOH. B aTOM cayuae TemMmepaTtypuilie fedopManud Tpy-
fomponoa pacnpocTpaHsoTcs B obe CTOPORN 0T MepIBoii omopwu. Ecin,
KpOMe KOHLEBBIX, UMEIOTCH TaKKe M IDOMCYTOUnHe KOMIeHcaTopH,
MepPTRIIe ONOpLl YCTAaHABIHNBAIOT B CpeNHell YacTH RaykI0r0 HpAMOJH-
HENIOro y4acTRa, pacuoJOMeNHOTO Me:Ay KOMICNCATOPaMH.

Pacuernag fiamHa KOHCOJM B OUIIONPOICTHOM IBYXKOHCONLNOM IIe-
pexoje, HMaXOJALEMCS TOJBKO TOJ BO3IEHCTBHCM PaBHOMEDHO pacnpe-
JeTeHIO Harpys3Klt, ONpEeJedscTCs M3 YCIOBIA paBencrBa MOMCHTOB
B 1podieTe M Ha oropax. PaBencTBO MOMEHTOB HMMeeT MCCTO HIpPH JJIMHE
xomiconu, panmoit 0,354 1, roe ! — paccTogHiE MEIRLY OMOpamM.

Pacuernad BeIMYHIA KOHCOM B MHOTONPOJETULIX M OIIOKOHCONB-
HHX CHCTEMaX OUpeNcIseT M3 YCIAOBUs PaBelICTRA MOMCITOB Ha Kpai-
HHMX M IPOMEKYTOUYMNBIX ONOPax; B 3TOM cAyyac JJIHHA KOHCOJAN DPAaBIa
0.408 [. Hpome paBuOMep1IO pacnpeciennol HaTPY3KH, KOHCOMb HCIEI-
THBAeT TAKIKC HA KOUIC BO3XCHCTBMC COCPENOTOYEHHOM CHALI, PaBHOMN
BeCy modosumw KoMmenmcartopa. G ywerom dTore axrTopa JeiicTBUTENB-
Has ONTHMalbHAH JAJINHA KOHCOMM OOpeNelAeTcs mo cheayoumm Gopmy-
JaaMm:

ANS OZHOUPOJETHON NBYXKOHCOJBHON CHCTCMUN

a=—0,5L+ V0,251 0,125 12; (6. 18)
Hi1st MHOTONPOJICTHOM JIBYXKOTICONBHON CcHeTeMuI
a=—05L- V0250 + 016112, (6.19)
Tle Iy — BEUIET KOMIICHCATOPA;
I — mpouer.

Jaa onpenelienyA ONTEMaXbHOH JJIMAN KOHCOJeld MOkeT OLTh mC-
HoNK30Ban rpaguk, LpeAcTaBIcHHLIE na puc. 150; ma 3ToM rpaduxe
OTJIOJKEHLI: IO OCH OpPANHAT OTHOMEHUC a/{, a 10 ocu abeuuee — I/ L
Has onpepemenuss aaumnl KOHCOAH ZOCTATOYHO HafleAHOe [0 rpaduiry
B 3aBUCHMOCTH OT CXeMM Iepexojfa W OTHOMEHUA I/l 3madenme a/l
YMHOMKHTL Ha BeJdM4Mpy mpoJiera.
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MaxcumaabpHO NOMYCTHMBIA HPOeT K IPOrud mepexona oupefeaaoTey
no ¢gopMyram:
mW(R—050

j=8E, (6. 21)

rae W — MOMEHT CONpPOTHBICHHS Couenns Tpyobl;
J — MOMGUT HHEpPOWH 3TOr0 jKe CEYCHUA;
N B f — rpy3oBele KODHOUIAEHTH.

Bennunna rpy3oBeIx Koa¢$uOEEnToB 3aBHCHT OT HAUPY30K, pacdet-
HO# cxeMbl U cnocofa MOHTaxa Iepexofa.

MHoronpoleTHH e Mepexo)! MOTYT MOHTHPOBATHCA JABYMA METOJAMil:
¢ o0ecnedennem v 6e3 ofecmeyeninA RepPa3pesInocTH CUCTEMBL IPU BOCTI DU~
THH co0CTBEHNOr0 Beca. YKa-
3aHH0¢ OOCTOATENLCTRO  Cle-
ayer 00A3aTeIbHO YYHTLIBATL

04 AW IpH pacdere, TAK KaK UL
AV i MOHTaxc nepexoma 6Ges ofec-
N [ = TedeHuA HePa3pe3HOCTH KO -
ANV W cTpykuuss  Oy;ier  pabGoTath
03 AN ™ <ﬁ/ KaK paspesHas.

A Koodppuumentt n n f
\ ‘_go:}» OIIPENCTIAIOTCS IO CIeYIoHUM
Sy - .
02 &gg( dopmy.Tam:
~ opu  pacueTe OHOUPOJIET-
~J ~ HHIX KOHCOJBHAIX Iepexo/ioB,
MOHTHDYEMHIX M3  CeKHui,
TLK AMEoNMAX  JJAuny, pasuywn
OPAMOJAHCHIBIM YYaCTKAM CH-

~l

g

0 01 02 03 0% 05 06 07 08 03 10

s

CTEMBI,
Prc, 150. CxeMa 3arpyKeRnsd OJHONIPOJETHO-
ro ABYXKOHCONLIOr0 Iepexona ¥ rpadmk sa- 1 = 0,0625 (grp + @ron =
BACEMOCTA BeJAMYMIH KOUCOJN OT HIPOALTAa
M JJHHH KOMIICNCATOpa. -+ qup -+ 0,9 guem); (6. 22)
B = 0,0052(grp + gnon + qup + 0,9 goou); (6. 23)

NpH PACUETC MHOTONPOJETHHX MEPOXOJ0B, MOHTAMK KOTOPLIX npoua-
BOIMTCA C ofecuedeAmeM HepaspHBHOCTM KOHCTPYKUHAH,

1 == 0,083 (¢rp -+ Quon + qup + 0,9 qéqn); (6. 24)
f =0,0026 (grp + @ron + qup + 0,9 906n); 6. 25)
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B CAy4YasAX, KOIJla HepPa3pPe3HOCTh CHCTeMLI Iie¢ MOkeT OhTL obecme-
yeHa,

N = 0,125 grp + 0,0417 (gaon + gnp + 0,9 go6a); (6. 26)
ﬁ = 0,013 g:p + 0,0026 (q:l,ou -+ @up + 0,9 (_Ioo.n)- (6 27)

B etux $opmydax ¢rp, Guom, gmp + Go6n — COOTBETCTBEHRO 3HAYe-
HHUA PAacYeTHWX HATPY30K (YMHOMKCHIBIX Ha KO3YPHUMEHTH Jieperpys3ku)

fem

19

17

5

13

"

5 l
30 35 W0 45 50 55 50 65 "

Puc. 153, 3aBucuMocTh mporuda rasolpopoia OT NpPONETA NPA MOHTAKE C YCIOBUEM
ofccredeHya HCPA3PC3HOCTH  KOMCTPYRIIUI.

oT COGCTBEHHOTO Beca TPYOHI, H30NAINYN U MeTKHX HeTalelf, Beca HedT#,
HeTempoAyKTa uAH rasa M oT obJejlenennd,

Ecam mneo0xognmo onpefeants npornd KOHNA KOHCOAH MHO-
rONpOJICTHOTO Hepexofa, TO B gopumydy (6. 25) BmecTo  KoddhPH-
nuenta 0,0026 caeayer mopcraButh Koadgduuuent, paBunit 0,00347.

OnpenedaTs JOOyCTUMble NIPOJNETHL M LPOTUON IePexoji0B MO3HO
00 rpad)uKaM, Ha KOTOPBIX Halecenbl KPUBbie, COOTBETCTBYIOIIHE MaKCU~
M3JBHLIM DPOJETaM, A TPYO pasiIuddhiX JHaMeTPOB, H3rOTOBJIEHHMX
M3 pasumx craveii. Ha rpagmkax, ppeicTaBIcHEnix uHa puc. 151 u
152, npnBegenst gomyeTnmbie UPOAETH M COOTBETCTBYIOMMC MM HPOTHOLL
AJIAA OAHOIPOJIETHLIX ABYXKOHCOTBHLIX TIEPEXOJ[OB TIasonpoBONOB W umedm
TENPOJAYKTONPOBOROB IPU PasJIRuNsX Kod(duUmenTax yciaosus paGoTH,
I'papuxy, opuseneswwie ma puc. 153, 154, 155, garor awadormwnbie
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I'ne. 154, 3aBucumocth I(pormfa TasoupoBOja OT IpojeTa TpR
mourtaske 6¢3 o0eCTOUCHHA HEPa3Pe3HOCTH KOHCTPYKLMH.

20 25 30 35 404,

Puc. 155. 3asucumocrts Iporn6a 1pOIYKTONPOBOZA OF
mponera ¢ ofecliedeHneM HODABPEIHOCTA KOHCTPYKIUH,
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3aBHCHMOCTH [JJIs1 MHOTOHIPOJETHHX NepPex0J0B, 3a PACYETHYID CXeMY
KOTOPHIX IMPUHMMAETCA MHOI'ONPOJIETHAS CHCTEMA C 3allCMIEHHBIMH KOH-
wamu. Ilpu srom rpadpmk puc. 153 cocraBlIeH HCXOXA M3 YCIOBHs
ofeciieyeHUA HEPa3Pe3HOCTH Tra3oNmpOBOJAa IPH MOHTa)ke, a Tpadukr
puc. 154 — st yenosmit, korga Takoe ofecieuenue He MOkeT GHITh
rapaHTHPOBAHO.

Bo pcex rpadurax KoadpuiueHT ycaoBuii paboTw npuuar pasuniM 0,9,

Ecau ToamuHa CTCHOK TpyO OTIHYIHA OT YKAalaHHOWX Ha rpadukax,
TO HEPepacyeT MOKET ONMTDH NPOU3BeieR O GopMyTaM:

5~
L==1, ]/ o (6. 28)
wrltJ ¢ R
S Ak .29
15 (6. 29)
rje lru y, — pacyerHble NPoJIeT M NpOrnd, nojyyenHule N0 rpaguky;

Jr 1 W, — MOMeHT MHepOMY M MOMEHT CONpOTUBJeHHA Tpy0, yka-
3aHIbX Ha rpaduxre;
1 v y — ucKoMuie pacyeTHIIe POJIET M WPOTHO A IPEMENAEMOIl
TpyOLI;
J i1 W — MOMCHT HHEpIMHE M MOMEHT CONpPOTHMBJICHHA NpPHMEHAEMOH
TpyOur.

§ 56. Pacuer nagseMubix TPYGONpPOROXOB
npH TPOKAAJKE HX «3MEHKOI»

1Ipu nporxagke TpyGoupoBoaoB uepes 6oxoTa, 3aGoI0ueniEe 3eMILH,
3ajlUBaeMble IOWMHE PEK, a TaKMe B CRAJILAMX IPYHTAaX B PAJC CAyTaes
JKONOMUYECKU 11eNeco00pasHo OCYINECTBAATL HaJ3¢MHYK UDPORIAIRY
TpyOOmpOBOIOB, Ha CUCHMATBHETX olopax. I3 ciyuae maj3eMBo# mpo-
KIafgkM Heo(0X0jUMO VAeJAHTH BIUMANHE BONPOCAM KOMACHCALMM TeM-
neparypuwsix geopmaunii B Tpy6oupoBojjax, Tak KaK ce30HIILIe W CyTOY-
HOe M3MGHEHUE TEeMIEPAaTyphl HApPYHKHOrO BO3]yXa, a TaK;Kke M3MeHelHe
BHYTpEHHETO JABJEHHMS MOTyT IPWBECTH K CEephLEe3NLIM LOBPCIKIEHIAM
TpyGonmpoOBOOB M Aaxe K HCBO3MOKIOCTH HX HaJbHeilmel sKCIIyaTalv.,

damura TPyOGOMpOBOLOB OT UPESMCPHHIX Hegopmamuil MOeT GLITh
OCyniecTBJEHA NYTeM CAMOKOMIOGHCAIIMM TeMIepaTYPHHX aedopManuii
3a CcYer yKNAJKN TPYyOONMpOBOJOB ¢ M3JIOMaMM B INIaHe B BUJE «3MEHKM»
€ maunoft noaysoausl nopagka 100—250 x. B arom caywae gauma Tpy-
Gouponrona nonyvaercs MembIIeii, yem npu ycrpoiictBe Il-06pasnrx kKom-
liencatopos; Menblie GymeT u ofuice T'MIPaBIMYECKOE CONMPOTUBICHUE
Taxoro TpyGompoBojia. lNpome Toro, mocKoJbKYy paguychl uaruba TpyOH
B Bepuimnmax BOJH «3MeHK#» Gojbuie, YeM IpH ycTpoiictBe [I-oGpasnpix
KOMIlencaTopos, He BCTPETHTCA TAKiKe 3aTPYAHEHME M 4 npoxofa
€pira npm ogYucTKe TpYO.

20 3anaz 995.
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Jlia rtoro uroOnt olccoewdThb BajjaHHLIE pacdeTHhie gedopMariuum
«3MCIKUY Ha Ka)KAOM TPAMOIMNEHRIIOM ydJacTKe, B ero cepeiuune pacio-
JaraloT OO OR0M HENO/BHKIION, MepTBOIl onope, MexIY KOTOPBMH yCTa-
HAaRJIABAIOT HECKOJIBLKO IPOMEKYTOUNLIX IIOABM;KHBIX omop. Cxema
yKAafRH TpyOompoBoma «3Meiikoily mpuBefena ma puc. 136,

Iipu upoexTnpoBaHHU TPYGONMPOBOROB TaKOl KOHCTPYKRHMU meolxo-
AUMO Ha3HAYUTh BEJUYUHY CTPEAKU f «3MEHKH», OT KOTOPOH 3aBHCUT
ofuaa pauna TpyGompoBoja M BelHuUna nepemelfeHdii TpyGonpoBoga
HA 0OOpax, BLIBBIBAEMLIX W3MEHEHHEM TeMIepaTyphl Hapy;KHOIO BO3-
JyXa M BHYTDEHHCTO IaBJCHHUA.

Puc. 156. Cxema yxuagku Tpy6onpoBoga «smeiikoil», I — MepTBHe OIODH; ¢ — HOPO
MC/KYTOYHLIC OIIODHI.

B pesyasrare uaMemenusd TeMoepaTyphl IJIHAHA TPYGOLPOBOLA MEKAY
MCPTBBIMM OIIOPAMM HM3MCHSHCTCH HA BeJINYNHY, oupencisieMyi mo ¢op-
MyJle

ASi= x£SahAt; (6. 30)

spech S — piamHA YyuacTKa TpyGoUpOBOjA MEKAY MEPTBHIMH OmOpamu.
pabmas L /cos ¢;
L — paccTogHUC MOy MCDPTBbIMM OHOPAMY;
A t — TemuepaTypnulii liepenap;
¢ — yroJl HAKJIOHA <«3MelKH» B IJaHe.

Ilpn BriGope pacueroro TeMmepaTypHOro nepenajga CJIeayeT HMETh
B BOAY, YTO TeMmepaTypa MeTaliia Tpy6 He coBmajiaeT ¢ TeMmuepaTypoH
HADPYKHOIO Bozjyxa. [lame B Jernee Bpemsi 1OJ BOBJeHCTBIEM COJNIeY-
HBIX Jydeil Temueparypa Mmertadia TpyG Goidee Gau3Ka K TemmepaTrype
TPAHCHOPTHPYEMOro NPOAYKTa, deM K TeMIeparype Hapy;KHOro BO3-
ayxa. OGbrano mas paitonos cpegneii noxocwt CCCP pacuernnii mepenan
TeMuepaTypH TrasolpoBOJOB MOKHO TPHHAUMATH ¢ o0ecrmedcHUeM Ompe-



Pacvem Hazdemnnx mpy6onposodoe npu nporsadke ur «3melixoii» 307

e

gemenHoro sanmaca 50°; mpu 9TOM uSMemenme JUINHM YYacTKa TPydonpo-
soga uunoit S cocrasur =+0,0006S.

Vaaunenre yyacrka TpyOoipoBoma OT BHYTPEHHero AaBleHHA ba-
XOIAT [0 popmyie

ASp= 2205 (6. 31)

rji¢ Gp — KOJIBIIEBhle HANPAKEHUs B TPyGOIPOBOMe OT BHYTPEHHEro ja-
BIEImIA;
E — MoynL ynpyrocTH.

Onpegeus yaaupenie TpyoonpoBoga OT U3MCHEHVst TeMIlepaTyphi
u Buyrpenmero gaienmusa A S = A Sy + A Sp, MO}KHO HaliTH yBeJH-
gopHe 1 VMeHbUIeHHEe HAYATIhHON BeIUYUHLI CTPCIKU:

Alu=] S (RS ~osLr -1, (6. 32)
A,fn=f—l//(s—‘é-“—s)2~o,51:2; (6.33)

3Rech A fu — YBellvMeHWe CTPEIKHW, Bb3LIBAEMOE HOBBLIOIEHVEM TeMIile-
parypi U BHYTPEHHCTO JABIEHMS,;
A fu — YMCHDITEeHHe CTPeNKi, BRT3LIBACMOC IIONW KEHUCM TeMne-
paTyphl.

Jrumu  gopmynami, OIHaK0, He YUHTLIBaeTCsi psiji  (aKTOpOB,
A4 EMenHo: Tpeuue TpyOOmpoBoja MHa IIPOMEIKYTOUHHX ONOpaX, BO3-
MO;KIOCTh HCKpuBJIeHma TpyGompoBoga B 1ame, a TaRMe YBCIM-
YeHHEe BePTURAJBILIX IPOTrHGOB TPYOOUPOBOJA MEKAY TPOMCIKYTOTHEI-
MH OIOPAaMU.

Ha pnc. 457 u 158 npuBejienil TpadHKM CMCIOEHHA BEPIMUILI YIIIa
«3MCUKW» 11pu nepenajie TeMuepatypit 50° C ¥ OT BHYTpenHero AaBIeHMS,
Npn op = R, B 3aBUCAMOCTU OT oTHOUWeHuA f/L.

IIpn pacuere ¢3MelK» OYenb BayKHO BHIGPATh ONTHMAABOYIO Beu-
TURY crpeaku f. JJaa nebonbmuX HaYaibIHX 3nadenmii cTpeaku f =
= (0,0173 = 0,025) L nmeer mMecT0 HeOOIBINOE (IO CPABHEHUIO C BO3-
Ayuroli ypsmoii) yBedudenue jIunb TpyGomposoga (~0,1%), oamaxo
Belnunna Jion0THUTCABHEIX CMeleHnil TpyGonposona A f 3nadureinHa
7 neojMHaKOBA IPU €ro YKOPOYCHHM M Y/IAMIICHUH,

Ecin ske mawanpnas crpeaxa f = (0,075 = 0,1) L, gnana tpy6Goupo-
Boxa mnoszpacraer ma 1-—-29.

OntumManpnoii BeAHYAHOH CTPEAKH CclefyeT CUNTATDH f=0,05L.

OTOM ciiydae yaJduHenwe TPyGOupPOBOJa 1O CPABHCHUIO € BO3AYIHOA
npamoii cocrasasier 0,5%.

20*
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IIpn onperenennna mpoJieToB 3a pacIeTHYIO CXeMy NIPAAAMACTCH MHOTO-
HpOJeTRAaA CUCTeMa C 3aIleMICHHBIMM KOHIlaMH, Beaxnunna OOOPHHEX MO~
MEHTOB paBHa:

A{on ="“010833 ql2,
a MOMEHTa B IIpoJieTe
anoﬂ = 0,0417 q12-

4t
7 o
Cme6,= 4000wl /em?
. o0y /Cm. 191
41,4,
‘ 72003 t-—
00151 _
n 0,002
0.010
5
0,005 I3 \\ 0001
v \
\ )
00075 0050 005 01f 0 7055 gdso a0 aiT

Puc. 157. I'padux cmemwenun sep- Puc. 158. I'padur cMemenus BepmuHser yraa
HIMEH yraa TpyGompoBoja npum Ko- TpyGompoBoga (A fp) OT BuyTpensere ja-
nebaumn remoepaTtyper =+ 50° C. BleHHA OpH Oy = R

Bennunna MaKCUMaJdbHO JIONYCTAMOIO HpOJeTa «3MeHKI» olpe-
neaserca no gopmyae (6. 20), npuMeHAeMOll IpU pacyeTe MHOTOLPOJIET-
nbix Galodaumx cucreM. Pacdger mpoaeToB mpM yRIanke Tpybomposofos
«3MEAKOI» MOMET IPOM3BORMTRCA TaKiKe NO TIpadmKaMm, mpejcTaBlen-
nbiM Ba pme. 153—155.

§ 57. Pacuer KomneHCATOPOB UPH HAN3eMHOH NMPOKIAgKe
TpybdOnpoBoaon

llox pelicTBHeM BuyTpedniero EaBJeHHA M U3MEHEHHA TeMilepaTyph
TPAHCIIOPTHPYCMbIX ITPOAYKTOB M HapPYHKHOTO BO3/lyXa Hajscemubie TPY-
Gouposogn xepopmupyrorca. C melplo IPCAYNPEKIEAHS BO3HNUKHOBE-
HEA omacmhX jedopMamui, B pe3yahTaTe KOTODHX MOKET UMETh MECTO
UCKpHBJIeAne TPyGOIPOBOJOB B Jaske 110TepA YCTOMYMBOCTH HMX NOmepey-
HOT'O CeYeHHHd, a TalsKe HCAOOYINEHUs Ype3MepHhX HAOpssKedHnid B Me-
Tadiie TpyO opu najg3eMHON NPOKIAAKE NMPUMEHAETCH CaMOKOMICHCAIAsHA
TeMIepaTypHHX Jegopmanuif, oGecmeuMBalOmas BO3MOKHOCTH CBOGOJ-
HWX TCpEeMemeHnuii TpyGonpoBofa B NpPOACJILHOM HallpaBJeHUH,
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HauGosee upocThiM YCTPOUCTBOM /I CaMOKOMIGHCALMH TeMIepa-
TypubIX jedopManuif B HaJ3eMOhX IepexojaX M IPHA HaA3CMHOH npo-
RAZJKe YYacTKOB TpybompoBomoB 1e6O0JbIOR NPOTAKEHHOCTH fAB-
asworca 11- m I-o6pasnble KOMICHCATOPH; IO XapaKTepy CBOeil paGoTh!
OHH AeJATCs Ha ABa BHAA:

KOMITEHCATOPH, HC BOCLUPUHMMAKINUe HAIPY3Ky OT TpybompoBoapon,

KOM{ICHCATOPDLI, ABJAIONMECH OJHOBPEMCHHO omopamu Tpy60ITpoBo-
IOB,

Crenyer uMMeTh B BHIY, 4TO Haj3eMIible TasolpoBOjL pafoTalT mpn
OTHOCATEJIBHO 1e0OJBIIOM Tepenaje TCMICpaTyp, M IO03TOMY npMm HX
pacyerc 1a CaMOKOMIENCAIWi0 CAeAyeT yJIuTuiBaTth Aedopmanuu, Bos-
AUKaoIie Tox BoagelicTBuem Boyrpenuero pasienus. llpu pacuere mie
TEINOBKX ceTelf, DaponmpoBOgoB ¥ T. K., pal0oTawiUX LUpU BBHICOKHX
TeMnepaTypax, BHyTpenuee faBjleHdue Te YYNTHIBAeTCA, TaK KaK 1pO-
ZOABUbIC leOPMAIIMM OT BHYTDEHIIero flasienust OyAyT He3HAUHTeAbHb
00 CPABHCHUI ¢ HedOpPMAUMsIMH, BOSHHKAKONMMH OT TEMIEpaTypPHHX
Tepenajos.

Yarauuenue Hajg3eMHOro yuacTKa TpyGompoBsoga OT KoJe0aHHs Tem-
MepaTypsl ¥ BHYTDEHIEro RaBICHUMA OOpe/easneTca mo dopMmyae

[, D \
Miyp=Ladt+ L2000 (D ) (6. 34)

rjae L — piIuma KOMIGHCHPYeMOTO y4acTka TpyGompoBojia B ca;
— K09(QPHUMeHT JuMelinoro paclTUPCHUA CTadH;

—— pacyYeTHHI{ TeMmicpaTypHui mepenaf;

— poyrpennee aawvienue B kl'/cm?;

— TOJIMAHA CTEHKH TPYOH B cM;

— MOJIyJb ynpyroctu craau v xl'/em?;

— KO09PPNUMCHT IIEPETPY3KHU;

— Ko3{ppunuenT ycaosuil padoTs.

A

ng&ﬁuﬁ

B nponecce paoTsl B KOMIEHCATOPAX BO3HUKAIOT HaOPAKeOUs OT
BIYTPEHIOTO JIaBJIeHUsi, IPOJNOIBHNLX TEMMCPATYypPHHX Aepopmanuit Tpy-
00oHpOBOjlda M YCILTHiI, BLI3SITBAEMHX BeTpPOBOIl HArpysKoii.

CyMmapHble MpojolibHbie M KOJBIEBLIE HAUPAMKENHA B KOMUeHca-
TOPaxX HaXoAaTess Mo HopMyiam:

Oupox = Onpox. p + Fupox. koo ~+ Tnpon, uars (6. 35)
Oxomu = Oxomntt. p + Oxombu. romn -+ Okomeur. usr} (6.306)

3I{€CEk Guontu. p» O mpom. p — KONBLCBRIE 1 HPOJOABHLIC HAUPAMKEHUHA
OT PacYeTyIOr0 BHYTDPEHHCrO [gaBJeHW;
Osonpu. womus Onpon, xoun — KOJUBNOEBhEe H IPOJOALHLIC HANIDAMKEHAA OT
U3MeHenNsI JIHHLL TpyGoupososa;
Oronen. wsrs OmpoR. msr — KOJLIUEBBIC M NPOJOJBHHLIE HaUpPAMKEHHA OT
pacyeTHO BeCOBOIH HArPY3KH.
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Konplenuwe naupssellda oT BHYTPCIUICTO MABICHUA O pomny. p ACH-
CTBYIOT 110 BCCMY ceucunio TPy Ghl; MAKCHMAdbib e Jke KONBI[CRLIC Hanps-
JRCHHA OT U3rhba Koled M BOCOBOI Narpysxil HMET Y3KO MecTabi xa-
PaKTep UM HC OKA3GIBAIT BJIHMANAA 14 UPefedplioe COCTOANHNE KOMIEeHCa-
TOPOB, PA0OTAIMX IPH OrPAIMYCIIION KOJIUYECTBC LUKIOB H3MCHCHUA
HAUPsKOHIIOr0 cocTosniA. 13 cnay »aToro ¢akTop ycTakxocTiod npoy-
HOCTH KOJCH HE YYRTLBACTCH M TOINHIA CTeHOK Tpyl U KOJeH KOMIIeHCa-
ropon (npu R > 2D) Geperca Takoll ke, KaKk M TOJMMUHA3 CTEHOK Tpye
HYJIBCMHOTO 11epPexo/a. :

Ipu pacuere RoMUCHCATOPOB HPURNMAIOT

Gapog = < Rk, (6.37)

rae R™ — mopmarTuBnoc coupoTuBleinue Mmeraiaa (YCIOBHHE npegex
TCKYH4CCTIL);
k — woodduinent onnopo,mocm

Fesn wommnencatopyl He ABIAITCA OIH0BPeMEeHHO omopamu TpyGo-
1IPOBOJIOB, HANPSKENUA 13rU0a Oppon. mar OT BO3IEUCTBHA BepTHKAJIbHOM
M BeTpOBOil HArPYy30K HE3HAYMTEIBHLI I TPY PacueTe MOrYT He YIMTH-
BaTheA. Takiie KOMICHCATOPH TOAGUPAIOTCSI M3 YCIOBUs

Oupon. rovn = < R"k— 0,5 Oonun- (6. 38)

B rom ciryuae, KOT/{a KOMIIGHCATOPH CHYH@AT OJIHOBPEMCHHO T OIO-
paMu, MaipHH#CHUs u3TnGa ONpeIeiAnICsH M3 PacCMOTpersus JeUCTRU-
TEALHOIT CXOMDE pauOTm KOHCTPYRUMI TOJT BO3eliCTBACM BCPTHKAIHIMX
HATpPY3OK:

Oipost. KoM = R“k - (O S Oyomen + Onpon. lldl) (6- 39)

Hpumenenue rOMIEUCATOPOB-0HOD BO3MOMIIO JAIL TOTHA, KOTAA
Gupon. wor << Rk — 0.5 Opompn, TAK KaK B TPOTHBHOM ciyYac BejH-
UHHA Ogpoq. womn OVHET GUCHDL Mada, 4TO CHUAUT jlONycKaemnle Hedopma-
AAK KOMIICHcatTopon INn BO()(’)ILLG cje1aeT HCeBO3MOMNLIM O MX opnme-
HAeuue.

JLiss toro wroGun  n3fexaTh BLICORKHX IIPOJOJBHLIX Hampameunud
B KOMUEHCATOPAX-01O0PAX, MOIKIO DNPOCKTHDOBATL (alodnnie Tepexoan
L0 CuenMalbuo oiodpaHnLM cXeMaM ¢ KOMIEenCaTopaMu-olopaMd Ha
KOHILAX, B KOTOPHWX OTCYTCIBYIOT TNOBODOTHL cedcHUir TpyGoupoBona
B BCPXNMX KoJefiaX KOMUENCATOPOR (110 KOHIAM Haj{3eMHOT0 yJaCTKa).
D10 yeioBue Mmozno  oGecuevuTb JIYTCM COOTRETCTBYIOMETo uojdopa
Pa3MCPOM TIPOJNCTOR MHOTONPOLCTHHX 1EPEXONOB; Heo0X0guMO, YTOGLI
xpaiinue HUPOJCTH umenu Inuy nopagka 50% or AJINHLL MPOMERYTOTHBIX
1POJSETOB.

CiiejlyeT nMeTh B BUAY, YTO NPOJOTHHBIE HAUPSIKEHUA OT BEPTUKAIH-
HUIX HArpy30K B KOMIIEHCATOpDax-onopaX BO3NUKAIOT He TOJLKO IIpHA
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nOBOPOTE CeYeBUil Ha KpailHux ouopax oT M3rubalomMUX MOMEHTOB, HO
M OT mepeJalouXxca Ha BUX JaBJeHuii 0T OUOPHEIX Peakuuil; uociejnune,
OTHAKO, BecbMa MaJbl U NX MOJKHO HC yUUTLIBATH IPU pacucte,
HomMmeRrcaTopH-0IOpH, 3anpOeKTUPOBAHHBIC 110 CXeMe, HCRIIOYaK0-
meil BO3MOMKHOCTE 1I0BOPOTA CEYeHWsI Ha ouopax, pafurawr B 60iee
TAKEIHNX ycaoBusX. Mx mopbop mpowMsBOXAT UCXO/ (i U3 COOTHOLICHMS

Oupox. somn == Rk — 0,59 Ixomwi- (6. 40)

Eciu no nmpunaroii cxeme Iepexofa e HCKINO9ena BO3MOMKEUCTb
110OBOPOTa Ce9eHHsA, KaK, HaupuMep, UPH Oj(OOPOJIcTHOM (alouHOM me-
pexofie, To moaGop KoMIeHCATOpa WpOU3-
soputess mo Gopmyne (6. 39). 4 p 2 p

Pacuer KommeHcaTOpoB CBOJUTCSI IMIaB- - <
HHEM 00pa3oM K OmpejeleHUI0 MaKCEMAalb- i
HOTO IEepeMEemEeHUsI, KOTOpOe MOIKHO AONy-
CTUTH AJA JAaROOr0 KOMOEHCATopa ucxoist *
A3 TOro, 4TOOK HAUPHKEHUA B IeMeHTaX
KOMIEHCATOpA YAOBJETBODAAM YCJAOBHAM,
(6. 37)—(6. 39).

Ilo cxeme pabormt [-o0pasuinle KOM- g,;
0encaToOpH, YCTaHABAMBACMBIC HA OTKPHITHIX 3
nepexoaax, AeasTcA Ha ABa Buga (puc. 159); a g

KOMIIEHCATOPH, B KOTOPHX Y4acIByeT )

B paGoTe TONLKO OJ{HO KOJEHO; Pue. 15"helllc'§$(l)’a"‘[””e KOM-

KOMUENCATOPH, B KOTOopwmX ofa Kodena paL-

" a - - ¢ OIHUM  KmieHoM; 6 — ¢
YUaCcTBYIOT B paGoTe (Z-o0pasmile KoMnen- ABYMI KCICHAMM .
CaTOPH).

Pacuer KommedcaTtopa € OJHHM KOJICHOM MOMHO TNpPON3BOJUTL IO
tXeMe pacueTa KONCOJLHOM Oalku, npenedperast Hpu 5TUM LOBHINEHHOR
rE6KOCThI0 KoJen. B oToMm ciaygae ponycraeMuiii npornd Kona KOHCONRE
ompepeasercss U0 QGopMmysie

[2

067Tmao 12

POT. KOMIT
A = Lo (6. 41)

rge m — kovddunienr ycrosuii paboT;
{ — BHIIET KOMmencaropa.

C mernsio ofaerdenusa pacueron no »reil fopyyic noerpoen rpadnx
(puc. 160), mospoasiommii HaXOANTH HOBYCTIMOC LiepeMeuienyue Konmna
KOMIIEHCATOPA A B 3aBHCUMOCTY OT BEIAECTA [, IMAMETPA U TON UL CTEHKR
TpyO npu o = 1. Jlaa oupefieleHua BLUICTA KOMIEHCATOpA 10 Ipa-

A
dury Gepercs coOTBeTcTBYlOLIEe 3HAYEHNHE - — ~ U YMHOKACTCH.
ripod. KoM
Ha m Opgpoa, xomu.
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B Tabn. 59 nmpuBefenbl 3HaYeHHH /N Onpox komm B 3aBHCHMOCTH OT
Mapok crajum mpu Koapdunuenrax ycaosuit padorer 0,9 u 0,75 mas cay-

H
qas, KOIfa Oppox. vown = 0,5 RK.

Y6 0710205 870
0,02 D= 920:6=~9

ll 4 ! / A7 820: 6-8

- DF720:6-7

0,015 ! V M 0,7630; 6=6
|a-Ladt ) i / A Di629;6-8

0,01 . : o Dy 426; 66

| | D325; 6-8

0,005

|
0 5 w0 15 2 25y

Puc. 160, Tpadmk nDepeMemeHus KOHIA KOMICHCATOpa MpH
¢ = { B 3aBUCAMOCTH OT €r0 BH.IeTa [ TPyl pasiIAYHEIX AHA-
MeTpoB (Ges yyeTa KOMICHCHPYIOTIEll ¢TIOCOGIHOCTH KONeHA).

Tabauya 59
3HaYeHHA M Oppox. womi
E Mapna ctasm
5= s R L - - T B
S -2 13 N e 2 -2 2EE) E & &
B2 ® o Yo =) . o - @ ZEE RO ao
=y m o n o B, 2 B, S = o8v o ES
SE e -2 22 dla | 2l | 85848 2%
=5e S S S S i Sl | SE8= 1 Sl
0,9 950 1000 1150 1200 1350 1450 1550
0,75 800 900 950 1000 1100 1200 1300

Z-o0pa3Hble HKOMIEHCATOPH, B KOTOpHX 00a KoOJeHa YdYacTBYIOT
8 paboTe, PacCYNTLIBAIOT C YIETOM IOHMKCHHSA KECTKOCTH KOJEeH IO cle-

omeir popMmyiie:
Aylomeii opmyre A=20,, %

-I-(KRF ~2.28R1+14R% + 0671 2RI -1,33R®
Y. . (6.42)
EDylm,
Has T-o6passoro KommencaTopa ¢ OAHUM DalGOYAM KOJEHOM HOLY-
cTaMan jiepopmManusa A nmpMumMaeTcsi B 2 pa3sa MeHbINeH.




Pacuem romnencamopos npu Kadszemnoli npoxsadxe mpybonposodos 313

Jonyckaemana gepopmauma Il-oGpasmoro kommencatopa Ges mpen-
BAPHTENBHOR DACTHKKE ompefengerca mo ¢dopmyle

A = 20upox. xoma M X

Jk— (m RIB—228 R*L+ 14R%)+0,67° +Inl’ - 4RI +2R°1-133R°
X I Dgim;, » (6-43p

rae £ — Ko3pPUIMEenT NOHWKENUH KeCTKOCTH KOJEeH,
R — pagmyc KpuUBH3HH KOJeHA;
| — BHIET KOMIIEHCATOpA;
[n — COHHKA KOMIICHCATOpPA;
m1 — KOdpPUNUeHT WNHTEHCHPHUKAUMH HPONOIBHLIX HAOPAKEHAH B
KoJeHax.

Ha prc. 161 —167 npusepeusr pacyeTHrle rpaduKy AAA OonpefeXeHu st
aonycraemhx nedopmangii kouna [-00pa3aoro KOMICHCATOpPA B 3aBR-
CHMOCTH OT €T0 BHJeTa, q¥aMeTpa W TOXMMUEL CTeHoK Tpy6, npu paguyce
KpuBuaust R = D n R == 2D. I'padHKu IIOCTPOEHH ¢ YYCTOM NPEABA-
PUTETBHOM PACTAKKM KOMICHCATOPA Ha NOJOBAONY pacuernoro yajin-
nen@s

Tak Kar OOJBMMHCTBO MarucTPaAJLabXx TPybompoBogos paloTaer
HpH OrPAIUYEeHHOM KOJMYCCTBE TCMUEPATYPHMX IHKJIOB, TO fomycKae-
Maa fedopMauMA KOMIeNCATOPOB, mojlcunTaunas uo dopayaam 6. 42
wn 6. 43 mam cordacmo rpadikam, MoxeT GhTh yunednuena na H0—500%
¢ COOTBETCTBYIOINMM YBCNUYEHUCM PACYETHOrO Ppacmopa.

Jxs onpenelends TOPU3ONTATBAMX TWATPY30K, JCHCTRYIOUIX Ha.
OnopLl TPyOGONpoBoAOB, HeoOXOIMMO 3NATh BCTUYHHLL PACcopa KOMMel-
CaTopos.

Paciop koMiueHcaTopa ¢ OJHUM KOJenoM, mnpeuefperass ero ruo-
KOCTHIO, ONPEHeIAoT o popmyiie .

P[( —_ GHPOZ!. Il(O.\H'l w . (6- 44)

Besnuunnr pacuropa 110J00HHX KOMiteHCaTOpOB Py s Tpy0d pasanu-
HHIX AMaMETPOB NpH ¢ = { B 3aBUCHMOCTH OT BLIIETA KOMIEHCATOPOB
npuBejiensl Ha rpaduxe pic. 168,

Paciop rommeucaTtopa ¢ ywetosm pafoTsl ABYX KOJICH OIpeJesIsercs
no gopmyie

20 w
_ MPOJX. KOMTI =\
pﬂ - mll . (6- 40)

Ha rpaduxax pume. 169 u 170 aaust 3madenmsn Py ¢ yuerom paGoTn

ABYX KoXem upu R =D n R = 2D.

! 3rr rpafEmKm He JOIKHH OPMMEHATHCA AJA TEMJIOBHX CeTeit M HADONpPO-.
BOJI0B; OCHOBHHIE ITOJIOMEBWST WX pacuera CM. B I'1aBe NATOM.
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46
005
D920 f=11
004 07920, £=9
=920, f=12
=720, =7
0,05 B~720, 6=11
0,~529.6=§
U b,=529; 0=18
0,02~ D529, £=8
0,7325.6=8
/] {
25ty

Ppc. 161. T'padmr nepememennsT KONOa KOMIIEHCATOPA TIpH
0 = 1 B 3aBRHCHMUCTH OT ero BuARTA Aad TPyl auamerpom 325,
529, 720 1 920 mm (TuytHe Koadema mpu R = Dy).

Y
0,08
4 %[x_j 27820; £=9
R

D~920; §=17
: D520; =13
0,06 ~—ﬁg -
4.4
0,04 1
|2
0,62,

Dﬂ‘? 2 0 v é‘.—: 7
Dy72 0; 6=9
//
=
=]
0 ST s 20 Y,

DH-720; f‘]’
D529; 6-§
D529 6-8
D7 523;6=10
Dy 325; 68
p}f‘\?fé-;é"l”

AN

+

AN
KN\

Pmc. 162. TUpadux mnepeMemeHNA KOHIA KOMNeNcatopa TpH
¢ = 1 B 3aBucuMoOCIN OT ero BwmaAcTa misi TPYS AuamMerpom 426,
630, 820 m 1020 »» (ruyThie kKoneHa upy R = Dy).
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3%

Yo

4,05 ’ T

071020 612
Dy=1020; =10
Dy=1020:8=14

D;./’SZO:‘ d‘=70
Dy=820; 6-8
042820, 6=12
p[/'&\?ﬁf 6“8
ﬂﬁ'lg\?ﬁ; §=6
Dy~630; 6-10

| 0y= 426, 0-6
Dy~ 426.6-10

0,04

AN

NN

0,03

AN

0,02

0,07

0510 75 20 25 Yy,

Puc. 163. Tpadur NepeMeutennss Xoma KoMICHCaTopa TIpm
¢ ~= 1 B 3aBHCHMOCTH OT €T0 BhLIeTa jast TpyO jnamerpoM 325,
529, 720 u 920 .y (ruyTHe RKodcna upy R = 2D).

4/ ;
008 [ b, 1024; £-10
’ | by 1020: =72
Dy 1020: 674
// N
066 / D”=8 0. 0=10"
A : 6205 5= 12
p =
] A
0,04 A =< 1,-630. 610
/ / Dy= 425, 5-8
002 Dy= 426, 6-10
'y //
(A RS A A A 7Y

Puc, 164. Tpadnr nepemenmicunss KONNA KomIcHcatopa npu o = 1

B 34BMCHMOCTI OT ¢ro Bmiera jana Tpyb6 nuamerpom 426, 630, 820-

7 1020 wux (ruyTole Koaema opu R = 2Dy).
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4
0’5 == 1,-320;:6-11
S NRiE s
0020_ !. A ﬂ”’720£6".9
, A A 7 0,=720: =11
=7 / / 0y=720. 6+7
RS Y. o
0,0’5 -~ 'ﬁA:[CIAt / gﬁ'gggjg:za
bl . / U 529:6-6
‘ 3255 6=10
0,010 /// D,=325;6-8
0005 %l/,/ _

] 519 15 20 251/17”

Puc. 165. Tpadur NepeMeluennsA KOHIOA KOMIIGHCATODA

upH ¢ = 1 B 3aBUCHMOCTH OT ero BLicTa JiiA TpyS Aua-

merpom 325, 529, 720 m 920 mx (cBapHHe KOllena IIPH
R = Dy).

i/
0,03 Dr1020: =12
D,71020: 8= 74
=1020: f=
0,25 D,~1020: =10
Dy~820, 6=10
D 820; 812
0,20 D/ 820:6-8
e,
630, 6=
015 D/r630:6-6
Dy 426; 6+70
010 D426, 68
8,05

A A 7

Puc. 166. T'pagnr mNepeMemenuA KOHOA KOMITEHCATOpA

opu o = 1 B 3aBMCHMOCTM OT €r0 BhUIeTa AJas TpyD pua-

meTpom 426, 630, 820 nm 1020 mm (cBapHHe KOJNeHA HPH
R = Dn)'
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§ 58. Onpegenenve Harpys3ok, geiicTBYIOLQAX HA OHOPbHI
Ha3€MHBLIX MArHCTPAJILHBIX TPyOGONpPOBOOB

Opopnt HaA3eMIHX TPy6GONPOBOOB I IEPEX0J0B (ATOTHON KOHCTPYK-
LMA BOCOPHOAMAIOT KAaK BEPTHKATbHLIE, TAK X FOPH3OHTANBIEIE HATPY3-
ku, OcooBHOH HArpyskoil JJIA OIOp IMOMTH BCeTAa ABAAITCA TOPU30H-
TaJbHble YCHIHs 0T TpyOOLpOBOJa, HeHCTBYIONIHME HA YPOBHE ONOPHHIX
gacTell, RO3HAKAMIME OT TeMIepaTypHHX Aedopmaunii TpyOomponojia,
paciopa KOMIOEHCATODOB H JaBjJeHus BETpa.

Onopnt Hag3eMHEIX TPpYOOIPOBOJIOB YCTPaMBAIOTCA CBafiHbIMM, cHOp-
HEIMY N3 >Kee300eTOHHEIX KOJeIL[, paMHBIMH H3 3kelc300€TOHHBIX dile-
MenToB, GyTOOETOHHHMH, KaMeHHBIMH, a TaKyKe B BHJC 3CMISIHHX OT-
CHIIOK,

TpyOGonpoBoy MOKeT ONHMPATLCI HA ONMODPH cBepxy JaubO nojgBenM-
BaTBCA K pUredsaM wiu OadKaMm cuusy. B f6anounnix cacTeMax HagseMHbIX
TpyGompoBofon Kpaiinme (6eperosrsie) OMOPH, KaK IPAaBILIO, He yCTpauBa-
J0TCs; 1pu cIabrX I'pyHTaxX, HEYCTOHYUBLIX OTKOCAX M IIPH MAKCHMAJNTb-
HBIX pacueTHHX ITPOJIETaX TPUMEHAIOTCA OMOPH! B3 JKeTe300eTOTHLIX TIINT.

Pasmep mimTHNHIX omOp onpefelAeTcd BCANUMEON BepTHKaJNBHOH
ONMOPHOIl peaKNHH ONUpPAloINEerccs Ha HUX TPYOONpoBOAa M XapaKIepoM
rpynTa; wiomaab posnkpoa OnTh He wmemnee (0,4 m2. Ilosepx wiant (mox
TpybOmpOROT) MOACHHAETCH lleciaHas NOAYMEA TodmuBOH 12—18 cu
RAM ycTpauBaeTcsi cnenuaibioe OeTOHHOE JIOJKe, JOUYCKAIONiee npo-
JIOABHbIE llepeMemenus TpybompoBoga.

1lpu maanyuy saerTposamuTbl TpyGONpPOBOAa OT KOPPO3NN HA ydacT-
Kax, upmIeralomuXx K MecTy Haf3eMHOil ITPOKJAJKU HA NEepexojax He-
6ogpmoit mpoTaxennocty (jio 160—200 x), caejyer B mpejieax OTKpbi-
TOIO y4acTKA HPEAYCMOTPETh DJICKTPOM30IALMI0 TpyOOTpoBO#a OT Oomop.

B npamonuneiinpx 6asTOYHBLIX TepexOolax OTOPHBIE YACTH He JOJIKHbL
JOUyCKaTh TOLCPEUNHIX CMeLienwil, a OpH 3ursaroofpasHoii yxkiagke
OLOPHLIC YACTH NEMOABHKHBIX CHOP Jydile YCTpauBaTh BPamwaomuMUCH.

Omopueie YacTM na TOJIBMMKHLIX OIOpaX Mpu 3HIraarcoGpasmon
YRAagKe JODKIN ZONycKaTh cBoOoxgnoe nepemelenie TpyGonpoBojia
BJ{OJIF €r0 OCH M LePIIeHIHKYIAPHO K nel B nipejiesnax pacdeTHLX jJedop-
maumii, ypeiauuerunix B 1,5 pasa. Ilo kpasm omopubrx wacreii cTaBATCH
OTPANHYATEIbHBIE YIOPH.

Bce onopit ¥ omopume 9acTH JOMRNHN PACCYATHBATHCA HA BOCHIPUH-
THe KaK BCPTHKAJIBIKX, TAK U TOPH3ONTAJILHLIX YCHJINIl, mepesanaembiX
Tpy6OnpoOBOJaMH 1 BCIIOMOTATEdBHLIMH KOHCTPYKOISIMY.

Omopur BHCSYUX M apOYUBIX KOHCTPYKIMIT PACCUnTHIBAIOTCH Ha COB-
MeCTHOe JelicTBUe BepTUKATBHMX M TOPW3OHTAJNBHLIX HATPY3OK.

IIpn pacuere omop apouHLIX CHMCTEM U AUKEPHHIX OMOp BHCHYUX
cuerem obAsaredbHa 1 poOBepKA Ha ONMPOKH;LIBAHWE M CIIBHT.

ITpomemyTognsic onopH B GaTOYRLIX KOHCTPYKUMUAX NPH 1I0ABMKABIX
ONMOPHKX YaCTAX JOMKHL NPOBEPATHCH HA H3ruG BAOAL ocm TpyGompo-
BOJI4 OT BOBJCHCTBHMA CHJK TDPEHUA.
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Tlpu ;KeCTKOM KpemJeHHH TPyGOmpoBOja K OHMOPAM IIOCHCALME BIOAL:
ocu Tpy6OIpOBOAa NPOBEPAIOTCA HA BeJIAIUHY BO3MOKHOTO ONPOJIOABHOTO
cMellleHAA TPpyGOmpoBOAa OT H3MEHEeHNA BHYTDPEHHEro NaBIeHUA H TeM-
pepaTyphl creHoK TpyG6. Cmemenme OpPAMOJIHHENXHOTO rpy6onpoBoja
ompepelsieTca wWo clexyomum GopMyIaMm:

mpH yKIagke 0e3 yCTpoiicTBa KOMIEHCATOPOB

Aon = 0,2L Zront ot (6. 46)
opu yKAaAKe ¢ IMOCTAHOBKOM KOMIEHCATOPOB

Aon = Loy &EL‘JE ’ (6. 47)
e L — noJjiHas JIWHA OTKPBHITOro yuactia Tpybomnposoga;

Loy — paccTOAHME OT HEemOABMKHOH OHNOPHEL O DPaccYUTHIBAEeMOIf
HOJIBUKIGU O1LOPHI;

O X Opps — LPOJOABHBIE HAPAKEHUA B TpyOONpOBOJE OT M3MEHEHM:A
TeMICPAaTyphl M BHYTPCHHEIO HABNCHEs (pacTsikenue MIN
ciraTne);

E — mopyas yupyroctn meraiia tpyo.

IlpomessyTognEIe OMOPHI, 1HOMHMO BCPTHKAJIBHLIX M TOPH30HTAIBHbIX
HPOJOABHLIX HATPY30K, JOJKHB DAaCCUNTHBATHCA TaKKke Ha TOPH3OH-
Tadhubie HArPY3KU, AelcTBylomue HePNenIuKyIApHO oc TpyOoupoBo;ia.

B 1npaMoinHe#nLIX KORCTPYRIUAX 0(e3 KOMIEHCADMH HOPOLOJTBHHIX
gedopmaumii pacdeT IPOM3BOAMTCA HA BeTPOBYI0 Harpysky M cocTa-
BAAIOILYI0 UPOMOJBHBIX YCUTHI HPH BO3MOKHOM OTRIOHENNH TPyGo-
NpoBOAA OT HPAMOM Iunuu B miane. B aTux caygasx pacuernoe ycwime
(ropu3onTaldbuad COCTABJIAIOLIAS ONMOPHOIL peakunn), AelcTByoliee Ha
0mOPYy NEPHEeHZURYIAPHO OCH licpexofa B TOPUMAONTAIBUOH IIOCKOCTI.
ompepeiasercs 1o ¢opmyide

’

Arop = Az + Ay = go (M) 0,00 (Npsa -+ No). (6. 48)

B OopAMoJuMHEHHLX KOLCTPYKIUUAX € KOMIEHcaTOpaMi, KOIJa He-
BO3MOKHO CMELeHHE TPyOOmpOBO/a UEPICHAMKYIAPHO €ro OCH, rOpi-
30HTAJIbHAA COCTABIAIOLAA ONODHOU peakuMM OlipejleldseTcd TONLKO
OT PBeTpOBOA HATPY3KH:

Arop = Ap = qa (lﬂgn_;_’ﬂ_va_ﬁ) ; (6. 49)

3ech Ap — yCHWIHEe OT BeTPOBOA HArpysKH, jleiicTBylomiee Ha OUOPY
NepueHaNKYIApHO ocu TPybOmpoBoAa; _
Ary — ycuime, BO3HEKaoLice NEPHEJVKYIADHO ocH TpyGo-
IIPOBOJIa BCJEACTBHE eT0 OTKJIOHEHHA B IVIane OT IPAMON
aupun (npunnmaercs pasmbiM 0,01 or mejmummnl mpo-

JMOIBEOTO YCHIIAA);

21 3Bawas 995.
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gs — PacueTHAA BETPOBas HATPY3Ka Ha rtpyGomposon [maxo-
nutes oo gopmysie (6. 6)J;
N; v Npps — mpononbuse yeuiaus n tpybomposome [maxomares mo
doparynan (6. 8), (6. 10)].
Ha mnoppecunix omopax ropusonTaldbHas COCTAaBIAIIIAA ONOPHO
peaxnuy, NPHIOKCHHAsl K BepIIMHEE OIOPLI, HAXOJUTCA 1O (GOPMYIe

Arop = Gronu (ﬁ@%a—) -, (6. 50)

TAC Quoam — 110THAA BEPTHUKAJAbHAA pacdeTHAsT HArpys3ka oT coler-
BCHHOTO Beca, Beca NMpPOAyKTa W obGicmenenust;
S — cyMMapHOe TrOpU3OHTAJBHOE IIEPeMenCHUe, BbIZLIBACAOe
m3MeHelMeM BHYTpDeHNero japieHus B Tpydomposoje, us3-
MeneHneM TeMOoepaTypul M BETPOBOH HarpysKoii;
h — paccTosMMe OT MecTa KpeNJIeHUsI MOABECKH K oOmope jio
ocit TpyGomponoja,

B 1py6onpoBojiax, yIAosKeHHsTX 3Ur3aroo6pasHo B mIaHe B BUAC «3MEH-
KW» HA HENOABHKILIe (MEPTBLIE) OMOPHL, BJOJb OCH TPpybompoBoja mnepe-
JaeTcA TOPU30HTANbHAA COCTABIAINIAN ONOPHOA peakuUNU OT U3MEHEHHH
TEMIEPATYPH M BHYTpDEHHero Jasilenus A;p W cocraBisamoumas Ay or
BETPOBOi HAarpy3KH.

IIpu crOIB3AUIUX OPOMEKYTOYHHX OmOPaxX

r L2
Agp = 3 cos @amd ( (:A t+0,2 oxn) + Guionn Omax kon . (6. 51)

fom 8fam i
- gekonl® | .
Ag = 8l (6-52)
OPpH WOjfBECILIX IIPOMEKYTOYHRIX onopax
3 J(EaA t+02 quZ 5
Arp = COS Pam 20 ~+0,2 Oxn) + h : (6.53)
Tau 121,
Ay = B (6.54)

8fam

Iepenaromueccd Ha HOHOJBUIKHYIO OMODY OT CMEKHLIX IIPOJIETOB yCH-
JINS OT BETPOBOH HArpy3KM A g ¥ A g, ACHCTBYIOT B OJHY I TY e CTOPOHY,
a YCHJHA OT M3MEHEHHs TCMDEpaTypbl U BHyTpenHero paabienus Amp
u Aqp; — B pasnsie croponil. Mcexonst m3 9T0ro, pacdeTnoe npojojbHOe
yCuAMe Ha NOABWEDYIO OIOpY OnpefeNdioT IO cliegylomeii ¢opmye:

Ar.n = A + Agy + (Arpy — 0,8 Amp,); (6- 55)

saech mMpjeKc 1 oTHOCHTCS K mpoJeTy OOJbImeil JJIMHE.
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IIpoponbuiie TopH30UTAIBHLIC YCUAHA, ACHCTBYIOLUIAE HA CKOJb3S—
mMe WJIM KAaTKOBHE IPOMEKYTOUHLIE OHOpPLI, HAXOAT mOo ¢opMyie:

Ar. n = Omax Jnoan Laen+ Iupan. +2lnpan . (6. 56):
B mocregrux QOpMyIax @gy — YIroad MekAy oCblo TpyOompoBoja W mpsA-
MOIi, coemnnAKIed HemOABN KA e ONOPLI;.
L — paccrognue MeKIY HENOABHKHLIMMA OIO~
paMA IO IPAMON;
fam — pacueTHasi (mavajibHasA) CTPeNKA «3Meit-
KM», T. C. PacCTONNME OT MecTa m3ruba
TpybonpoBoga (WIH BePNIMHE BOIHbI)
OO0 IIpAMOlN, COeAMHAINECH NemOBHK-
HLIE OHOPLI;
J — MOMCHT WHEePIHMYW HOHEePEYHOr0 CEUeHwsH
TpybonpoBoja;
Qnonm — DOJHas BepTUKAJLHAsA pacueTHas Ha-
Ipyska 0T co0CTBEHHOTO Beca, Beca mpo-
JIYKTa 1 00.IeCHenns;
(s — pacdeTHas BCTpOBafA HaTPy3Ka na Tpy-
0OTpOROT;
Omax U Omin — MaKCUMalNLHOE W MUHEMAJIBHOC 3Haue-
nue KoodgoMOMeHToB TpPCHHA (OpU Tpe-
HUM cTalduw mo CcTalm O max — 0,3.
0 min = 0715);
lies 1 lnpan — padMepul 1POTETOB, NPUMLIKAODEX kK
paccynuThIRaeMoil omope;
kon — KOd$pQRIEnT, yIRTLIBAIOMAI Iepenady
YacTU HATPY3KH HA ITPOMCKYTOTHbLIC OHO~
Pbl, UDHNUMAETCA PABINM OPW OAHOI
npomeyTounoii omope 0,8, mpm Tpex ---
0,6, mpa narn — 0,5, mpu cemu — 0 4.
Hpn pacuere upamomnmeitauix Tpydompososos ¢ Il- iy T-o6pasunimir
RoMmnencaTopaMy NpOAOABHOC YCH:IMe, HeHCTBYIONiee HAa HENOIBUMKAYIO
onopy 1,

Arou= (D Ar 0+ Nig) — 0.8(3 4y v+ Nig)s (6. 57)

e Ny ¥ Ny, — pacnop KOMOEHCATOPOB Na COOTBETCTBYIONUX YYacTKaX
TpyGOupOBOsa CIeBa M CIIPaRa OT NENOABUKHON OXOPE;
Z Ay — CyMMa TDOXOJBHHX TOPH3OHTAILHHX yemanii, peii-
CTBYIOI(UX HA OPOMEKYTOUHbIE HOABHKHEIE ONOPLS
Ha Yy9acTKaX OT HEHO/IBIKHOI OLOPH 0 KOMIICHCA-

TOpPOB CileBa W cupaBa.

! Munexc 1 ormocmres 3fiech K Goabmeil BelTmumme G Ar w5 Ny) caepa way
CpaBa OT pPaCCYMTEHIBAECMOH HEUONBHIKHOM OIIOPH.

21%



I'JIABA CE[]bM AA

PACYET 3ABOACKHX TEXHOJOIHYECKHUX TPYBOIIPOBOIOB
¥ ONPEAEJEHHE HATPY30K, JENCTBYIOUIMX HA OIOPBI
TPYBOIIPOBONOB

§ 59. Onpepeneune TommAHB CTEHKM TPYOH

Pacuer cucTeMbl 3aBOJCKHX TeXHOIOTHYECKUMX TPyOONpPOBONOB M HX
0nop Ha NPOYHOCTL UMeeT IeABI0 opefeldende TPeX OCHOBHLIX IapaMeT-
pPOB: TOJUTHHBI CTEHKH TPyOOMPOBONOB, AOIYCKAeMBIX HPOJeToB TPy6HO-
npoBOAOB (T. €. MAKCUMAalbLHO BO3MOKHBIX DPACCTOSHUI MEMKIY UX OII0-
pamm) U HArpy3oK, JIeHCTBYIOUIMX HA OMODH TPYOOOpOBOJOB.

Ilpu onpefenenyu TOJMWHBE CTEHKH TPYOB paccMaTpHBAlOTCA ABa
npefeTbENEIX COCTOHHUA:

a) mpefellibHOe COCTOAHHE, HPH KOTOPOM KOJBI[EBRIe IallpsaKeHUA
B CTeHKe TPYOLL HOCTAraloT rpefeda NPOIHOCTH Op, U LHPOMCXONUT Paspy-
mieAue TPYOH, CONPOBOKAAIOMEECH PACKDLITHEM IIPONOJBLILIX TPeMmUH;

0) mpefelpHOe COCTOAHUE, IPU KOTOPOM KOJBILEBLE HAIPAMKCHUA
B cTenke TPyObl JOCTUraloT Hpefcia TEKYyYecTH Op, BCICACTBHE 9ero
MmarepuaJ TpyOnl Hnauupgaer paboTaTe B yOpPYTro-IIacTHYECKOH CTajuu.

Hacrynienue BTOPOro mpeaelnpHOro COCTOAHUA (1O npefely TeKYy-
d9ecTH) HEMENATeAbHO BBUAY TOTO, 9TO II€PEXOf CTalu B yHpyro-miactiu-
9ecKyI0 CTajiuio paboTH CBA3AH ¢ U3MeneHHeM KpPUCTAIINYCCKON CTPYK-
Typhl ¥ HDOSIBJIEHMEM TaKOTO OTPHIaTelbROr0 CBOMCTBA, KaK CKJIOHHOCTH
K XPYOKOMY pa3pyIIeHMIO WM HOBLIMIEHHASA YYBCTBHTEIHHOCTh K KOHI(CH-
TpaTopaM HaOpPsKEHUH,

@opmyNE, ODUCEIBAOLAE YKA3aHHbIe Npe/ielbHHe COCTOARNA, HMEIOT
BHA:

D
- = o= R},
e ) (7.1)
~3 = 0= Ry,

rme_p — RaBlleHHe B Tpyb6ompoBoje;
Dy — uHapyskunii guamerp TpyOs;
6 — ToAmupa CTEHKW TPYOH;



Onpedesrenue moswyuntt cmenxu mpyo6 325

R} = 0s — HOpDMaTMBHOE CONPOTUBICHUE IO HpEe1y IPOYHOCTH;

R = 0p — HOpDMATHBHOE CONPOTHBIEHUC IO NpeAeIy TeKydecTH.
BBegss B aTH (GopMyJNH COOTBETCTBYIOmMUE KO3(hGRUEEHTH OFHOPOH-

HOCTH, MEePerpy3Kku M YCJOBHI pabOTH, HOJY9IMM CIEAYIOUAe OCHOBHBIE

pacueTHre GOPMYJH [IA ONpefeleHds HOMUHAJIBHON TOJNIWHEL CTEHKH

TpyObI:

8 = PDH n .

0 2RY kgmymy

5 _ Dy no (7. 2)
07 anY  kamp

anech 6, — HOMHHAJIbHAA TOJIMHA CTENKN TPYOH;

n — KoadduUuenT meperpysku, OpHHAMaeMblii paBHEM 1,2;

fn — Ko3hpUmUEenT OTHOPOJHOCTH CTAAH IO Npefedy HOPOYHOCTH;

m, — KodbdurueHT ycaosuil paboTH MaTepHala;

my — KO3(PUUUEHT YCJHOBHU paGoTH KOHCTPYKIUHH IPU pacdeTe
oo mpefeldy OPOTHOCTH;

ky — KO3pHULHENT OABOPOANOCTH CTAJNHM IO Hpefedy TeKydecTu;

m, — KO3duuNenT ycJoBuil padoTbl KOHCTPYKIME UpPU pacueTe
o Inpegeny TeKy4YecTH.

3a pacdeTHyW TONIMMHY CTCHKM NIpPHHUMaeTcsa 60Npmas HU3 JABYX
BeJIHYNH, onpeRedsembix no gopmynam (7. 2).

3naveHnda KospPHIUCHTA OAHOPOXHOCTH IO Hpefeldy TeKydecTH
peridamenTupoBansl CTPOUTENBHEIME HOPMAaM¥M M OpaBUIaMd; OJIA yrie-
ponuMcTeix cTadeil kp = 0,9, mIiA HUBKONErHpOBAHOLIX cTalleil Ky =
= (),85. Kooddnmnuent ycaouit paGorsr MmaTepuala IpH pacdere IO Lpe-
Jledly TPOTHOCTH (CM. VI, BTOPYIO) JJIA BCeX CTallell IPMHEMAETCHA PaBHbIM
m, = 0,8. Kosdpdpuyumenr opmopomsocTy 1O npefely NPOINOCTA Ky
34BUCHT OT MapKM cralu (yriepojmcras MIM HA3KOJIernpoBamHAam),
a TaK;e OT TeXHOJOIHY M3roTOBICcHNA TPYOH (cBapHasa MIm (GeCINOBHAA);
OTOT KOd(pIMIMEeHT MMCeT Clelyoliue 3HAYeHAA: JJIA CBADHHX TPy6 H3
yrixepogucthix crajei — 0,85, 3 uuakodermpoBaHBHX craleit — 0,80;
a5 GecmoBrEIX TpyG m3 yraepouuctex craieit — 0,80, ms mEmskoxern-
poBaHHMX craleil — 0,75.

Ilpn masnawenum Ko3(Q¢MuIenToB ycaoBuii pabOTH KOHCTPYKLUHU
OpH pacueTe OO Ipefeldy IIPOYHOCTH CIeXYeT YYHTHBATH OrpPOMHOE pas-
HoopasWe BaBOACKUX TeXHoJoruueckmx TpyGompoBomoB. HanGoace
IpaBuinHO AUddepenrizpoBaTh TPyOONPOBOMAE, MCXONA H3 BHAA TpPaHC-
HOPTHPYeMOTO N0 HAM IPOAYKTA U MecTa pacnolioxenus tpybomposoga.

Tak, Hanpumep, ¢ TOUKH 3PeHHMH paspymennsa TpyGonpoBoma raso-
06pasHble TPOAYKTH Gollee OMACHHI, MCM JKUIKNE; IPA 3TOM pa3pylucHIe
TPYGOmpPOBOAOB ¢ TOKCHMYECKHMH, TODIOUAME W B3DPHBOONACIHEIME LPO-
OYKTaMM TpPEACTaBIAAeT OOMBMIYIO OIMACHOCTH, HEKEJIN ¢ MHEepTHLIMA
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ppoayxrama. Haxomel, ¢ TOYKU 3peHEs 6e30mACHOCTE OGCIysKEBal-
mero mepcomala paspyimleHHe TPyOGOmpPOBOAOB, PAaCHOJIOKEHHHX B 3a-
KpPHITOM TPOM3BOJICTBEHHOM HoMemenuu (mexe), Golee omacho, ¥eM pas-
PYIICHAE MEMIEeXOBHX TPYOOIpOBOMOB.

B coorBeTcTBHE ¢ 3THM 3aBOJCKEE TeXHOJOTHIeCKHe TPYGOmpoBoamt
HMOApasfelAloTCHE HA TPH KaTerODHU, XapPaKTepPH3YCMEE Da3IHIHLIMU
3HaYeHMAMH Koapduumenta yciaosmi paboret mp (Taba. 60).

Tabauyu 60
3nauenua wosdPuiuenTa yeaosuii padoTsl KOBCTPYKIMA

Pacriono:kenne

Harero- TpyGonposoaos
§{,‘I’I‘p{,§},’j XapaxTepucTixa TpyGonpoBoOToR -
208 Mege- | BHYTDH-

XOBEIC NEeXOBEIE

I Tpy6orposoau:, TPANCLOPTHPYIOIIHE TOKCHIeCKHe
TOPIOYNe M B3PHBOOIACHEIC TA3H . . 0,70 0,60
II TpyOGompoBogbl, TPABCIOPTUPYIOMIIC mmpmue ra-
3BT (430T, BO3AYX, MAD ¥ T. II.), @ TAK/KE TOKCH-
9eckie, TOPIOIUE M BAPHBOOMACHEIC KAKOCTLL 0,75 0,65
111 TpyOoupoBoaN, TPAHCOOPTHUPYIOTIHE  HHCPTHHC
HMUAKOCTI & v v v v v v e v e e e e e e e u s 0,30 0,75

IIpnMeuaHnne. MexnexoBue TPYGONMPOBOIEI, UDPOXOAAIN(MEe HA JOCTATOTHO GIIU3LOM
PaccTOAHNE OT MPON3BOACTBEHIEIX TIOMEIIERHUI (5 # U MeHnee), OTHOCATCA K BHYTDPANREXOBHIM.

Heckoapko cnojnee BOIPOC O HA3Aa9eHMH HODPMATHBHBIX COTIPO-
Tupiennii R} = op u R = Oy

Jaa m3rotoBiennsa tpy6 pekomenayerca ! 6onee 30 mapox yriepo-
JVMCTHX, OABKOJETHPOBAHHLIX M BHICOKOJEIHPOBAHIHIX CTajXed; M3 HUX
I Hambollee ITUPOKO LPHMEHseMHX TPyGompoBomoB, paborawnux
np: Temueparype, me mpepmmatomeii 300° C, cieayer ucmoan3oBaTh
BCCIO JIeBATH MApPOK cTafell (TpH YIJIepOIMCTHIX, IEeCTh NM3KOIerkpo-
Baunnx): Cr.3, er. 10, ctr. 20, 10T2A, 15I'C, 10T2CH, 14XIC, 12MX,
20XI', mMexaumyecKue XapaKTepPUCTAKHM KOTOPHX UPH HOPMAaJbHOH TeM-
meparype mnpuBemensl B Ta0ka. 61. OcTalbnble U3 pPeKOMEHIOBAHBHBX
CTajicH mpCAHA3HAYAIOTCA AJIA H3roToBidendsa Tpyl, pabotalomux mpn
remoeparypax nopagka 500—600° C m Brime.

B coorserctsmm ¢ stuM B mpoerr «Hopm pacuera ma mpoymocTh Tex-
HOJIOTUYECKHX TPYGOUPOBOHOBY BEJIIOYEHH PACYETHHC XapaKTepACTUEH
VKa3aUBLIX NeBATH MapoK cTaleit. Bonpoc o nassavenHM HOPMATHBHBIX
COOPOTHBIENUH AiA HUX IPH HODPMAJbIOM TemMIepaType pemaercs jo0-
c'raTqu;)) IPOCTO, MHOCKOABKY WMMEIOTCH COOTBETCTBYIOIUC CTaHAapTH
(rabx. 61).

1 PexoMeHganud COBemAHAA II0 MEKOTPACleBOi ROPMAJM3ammu CTadbHEX
TpybornpoBogos npm TI'occrpoe CCCP (1960 r.).
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K comasenyio, s yKkasaHibX MApOK cTalleil OTCYTCTBYIOT KaKHe-
anGo cTANIapTU3HPOBAHHbie HIH HOPMUPOBAHHBIE JaHHEE O OPOYHOCT-
hlX XApPaKTepHCTHMKAX I!pH MOBLIUIEHHHX TeMoeparypax. BecbMa He-
MBOTOYHCIEHHB TAaKAE Il JIUTepaTypHble MaTepHaILl 10 3TOMY BOIPOCY.
Maemomuecss Jannelc cBCIERH B Tadx, 62.

U3 pmannmix 9Toif TaOXHMIBI BHANO, 9T0 IpPcAed HOPOTHOCTH IOYTH
pcex CTalieil B YKasaHHOM J(Malla30He TeMuepaTyp OpPaKTHYeCKH He H3-
MEHAETCs, B TO BpeMsA Kak peje’d TeKRyIecTH HMECT OTYCTIMBO BHIPAKeH-
HYI0 TeWJeHUUI0 K CYLECTBCHHOMY IOHHAeNN0, Jlad HarIagEOCTH
B Ta6. 63 NpUBOAATCA OTHOIIENUH NPEIENIOB TEKYYCCTH LipU PasamIIbIX
TeMIEpaTypax K Tnpefedy TeKyuyecTil IpH HOPMaJBHOIl TeMumeparype
t = 20°C.

Taéauya 63

OTHolIeHKA TPECIoB TEKYYECTH CTajeil OPH PasIAYHKIX TeMIepaTypax
K IpPefely TCKyJecTR HPH HOPMAIBHOHR TeMmepaType

0 00
Mapka _"& 0'%00 0:13'0 l Mapka 0_11*00 U%OO 02 )
cTaIn 0.1_1 0’%0 ) c,%o . cTanu 0%0 030 0?”
|
| i
Cr. 3 1,03 1,01 0,62  12MX | 0,04 0,89 1,02
Cr. 10 0,81 0,85 0,68 ' 12XM® 0,93 0,84 0,74
Cr. 20 — 0,71 0,62 i 40X — 0,89 0,86
» 0,93 0,85 0,67 ¢ » — 0,83 —
14XTC — 0,87 0,87 | 14I2 — 0,83 0,83
STC — 0,82 0,82

Jlrst IpaRTUYeCKMX pACUeTOB BOpedb A0 DONXydeHUs O0Jee HaLCHK-
HBIX JAHHBLIX MOJRIIO PEKOMEHNOBATL CHel(VIOIYI0 YIOPOIEHHYIO MeTO-
IHKY Ha3HAYeHUs HOPMATHBOHX compormsienuii, {as yriaepopucThix
crajeit B juanazome TemmepaTyp 100—200° C ciaegyer BBOXHTh HOHM-
Raomuit  kosgpunment 0,85 mpu 2% upu temmeparype 300° C ero
pekomepayerca upmnumaTh pabuum 0,65. llpu npomeskyToumbix ke
remneparypax (200° C <t < 300° C) sror xoaddunuenT onpenersior ILy-
TeM UHTEePIOMAIMY,

Hus sermposannsix cradeidl Bo BceM puamaszode Temmepatryp or 100
o 300° C rospdunuenr mopmrenns moxxkuno npuATs 0,85, CoorBercr-
BEeINO YMEHBINATCS M TaK HasblBaeMele pacueTible COLPOTHBIenuA R, =
= k,0y, paBHHE INPOM3BEJEHAI0 MNpejela TEKYYeCTH Ha KO3(QUIHCHT
OJHODOIHOCTH.

B cootBercTBUN ¢ M3MOMKEHHHM PEKOMEHAYIOTCH ClefylomHie 3HAYe-
HEH HODMATHUBHLIX M PACUETHHX CONPOTHBIEHHH N0 mpemely TEKYYeCTH
(TaGur. G4).



330 Pacuem sasodckux mpybonpoeodos u onpedesenue HAZPY30K KA UZT ONROPH

Tabauya 64

3uavueAnA HOPMATABHBIX M PACYCTHLIX CODPOTHARNCHMI crateil
o IpeNeIry TEeKyYeeTH

: T
= o ;2 Pacw¥eTHoe COMPOTURTENUE Ro, KI'/ems,
3 =3 o= opu TeMmmeparype B °C
EE ta Egs
< = bk z ’9‘:12'
) Zg 7 9 28xs
3 Som e 82a 160 160—200 360
= o AR Ly gy
Cr. 3 2400 0,9 2200 1800 1400
Cr. 10 2200 0,9 2100 1700 1300
Cr. 20 2600 0,9 2300 2000 1500
10T2A 2500 0,85 2100 1800 1800
15I'C 3400 0,85 2900 2450 2450
10r2C 1, 3500 0,85 3000 2500 2500
14XTC 3500 0,85 3000 2500 2500
12MX 2700 0,35 2300 1950 1950
20XT 7500 0,85 6400 5400 5400

Musn crageit mapor Cr.3, cr. 10, er. 20 pacyernme conpoTHBIenus
R:2 piia mpoMe;RyToUHLIX 3HAYeHUH Temueparyp B unTepsaiae 200—300°C
HAXONAT UPAMOU MuTepmodamumell mo gopmyde

R300 ¢+ —200) + RZ00 (300 —1)

- : (7.3)

R, =

rge A — pacucTROe CONpOTABIEnWe CTAaTH UpPH nannou TemmepaType
t (200° C < t < 300° C);
R3" — pacuernoe compormpienme cradm mpm Temmeparype 300°Cs
R3*® — pacgernoe compoTHRIeHEE CTANTH B WuTCpBaTe TeMmepaTyp
100—-200° C
IlopmaTnBHOe compotuBienue R} = 0p, Kak 5T0 Bujmo n3 Tabu. 62,
npu remmneparypax no 300° C MOXHO UPHHEMATL HE3aBUCHMAIM OT TEM-
meparypsl H OUPE/ICNATb B COOTBETCTBHU C TabI. 63.

Tabauya 65

3HadepusA HOPMATABHBIX COUPOTHABJICHEI cTatell Mo mpefely mpoIHOCTH

Mapka

cTann Cr.3

er. 10

CT. 20! 10T2A) 15I°C | 10T2CH | 14XTC (12MX | 20XT

RI;=GB, 4000 | 3600 | 4400 | 4300 | 4800 5000 5000 4200 | 9000
gl fem? -
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Pacuernoe CONpOTHBIIeHUEC 110 Openey HOpPOYHOCTH
H
Rl = Rimlku.

JI:in peKOMEHAYeMBIX MapOK crajeidl OKpyIVIeHHHe 3HBa4YeHHHA Dpac-
qeTHBIX CONPOTHBIeHHUH (B COOTBETCTBHY ¢ NpHUBEJICHHHIMH paHee 3Have-
muamu m,; u ky) upmBegennt B Ttabun., 661,

Tabauya 66

3Havenusa pacyeTHBIX cONpoTHBAeHMil cralel 1Mo upeferny NPOIHOCTA

Mapka | ¢, 3 |er. 10| cr. 20 | 10T2A | 15TC | 10T2CH | 14XTC | 12MX | 20XT
Pacwomos | 2550 | 2300 | 2800 | 2600 | 2900 | 3000 | 3000 | 2500 | 5400

CONPOTAB- 2700 [ 2450 | 3000 2750 | 3050 3200 3200 | 2700 | 5750
Teque o .
gkl jem2

Taruy 06pasoy, GOPMYIs A OUpEHeTeHys TONMUH CTCHOR TPYO
MOMRTIO TPEACTABETE B ¢AeJyOMEeM OKOHYATeNLHOM BUje:

50= pDa n :

231 my (7 4)
8 = pDy n_ ’
LU 232 mey ’

OpudeM, Kak W paHee, 33 PACYETHYIO TOJNIIEHY CTEHKM IPUHUMASTCH
Hépman u3 ABYX ompeneisieMuX BeIWUHH.

B atux ¢opmytax kosduumment meperpysxu n = 1,2, pacuernkre
comporuriemns R, 1 R, onpenensiorcs mo ta6ir. 65 n 64, a KoapPuEenT
myg — no Tadmx. 60..

Koag¢uumenr ycaopuit paGoThl mp 1PU Pacdetc Ho lpegely Tery-
qectn cllejyeT MPURUMATE PABHRIM eUHALE He3aBUCUMO OT KaTEeropuu
Tpy6onpososia. O6BLACHACTCA TO TeM, 9TO BTOpPOe NIPejieIbHOe COCTOAHNE
(WO Tpefeiry TEKY4CCTH) 3HATHTENBIIO MeHee OHACHO, TeM IepBoe.

Takym 06pPa3odM, €ClM TPOUHOCTH TPYO6OnpoBoja, periaMeHTHpye-
Mast mepsoit m3 gopmya (7. 4), oGecmeuena, TO HET IeoOXORMMOCTH B
CIHNIKOM OCTOPO;KIOM TIOJXOfe IpH NpoBepke MO BTOPOH H3 Gopmyd
(7. 4). Bwsro aumsb, wrofsl GBIO TapaHTHPOBANO OTCYTCTBHC ILIACTH-
Yecknx gedopmamuii B cTeEKe TPYOL, 9TO M JIOCTHTAeTCA BBeNCHUEM

1 Hudps, CTosumpe 13 GUCHATENE, COOTBOTCTBYIOT GeCIMORHEM Tpybau, B 3uaMe-
HaTele — cvapubiM TpyOaM, CBapemHKM JBYCTODOHHHM IIBOM aBTOMATHIECKON
CRapRoif; eciur TpyGhl CBapeHs! OZHOCTOPOHHEM TIBOM, TO COOTHETCTBYIOMIMC BOIH-
MHE Feo6X0REMO yMHOHTL Ha Kodpdumucar 0,9.
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roaddunuenta neperpyske n = 1,2. Hommmanesaa rtommumsa creHkn
TpyOGH ¢ ydeToM KODDO3HWE ompefelgercs mo dopmyle

6 =90, ¢ (7.5)

rie ¢ — pobaBka Ha KOPPO3Mio, ycTaHaBAHMBaeMadA B 3aBHCEMOCTH OT
KOPPO3MOHHEKX CBOMCTB TPAHCHOPTHPYEMOro WPOAYKTAa IO OTHOIIEHHIO
K TOH MapKe CTAaJH, W3 KOTODPOIi H3roTOBJEH TPYyGOmpPOBOJ,

Ilepex BBOZOM B DKCIIYaTaWI0 BCe TPYOONpPOBOAH IONBEPTAIOTCA
rEgpaBIAYecKOMY HJIH BO3ZYHIHOMY HCHHTAHUIO.

Beapguna mcopiTaTeanHOrO JaBIeHHA [0kna OHThL (OJbITe Belu-
quEn paGogero gaBienus. OAmako OHA Ie JOMKHA OHTL HACTONBLKO Be-
AmKa, 4r00bl BOSHUKAKONIHE LPH HCHBITAUMN KOJAbIEBHE HANpP;i/KReHUsn
B CTeHKe TPYOGH MOCTHraJu Ipefella TEKYUeCTH.

Hexopa m3 9THX coobpaskenmit, WpenernhHoe HCHHTATEIbHOE RaBle-
HAe MOSKHO IPHHATH

28R .
Pn=-—pH+. (7.6)

IIpu sToM KoOJbLEBHe HampssReHud B TpybGe cocrasar 0.9 or mas
Tpy6 w3 yracpogmcroii ctanm 1 0,85 0p — A1 TPYO W3 HUSKOJNETHPOBAH-
HOH craJin.

B Tex ciydYasnx, ROTAA PACCYATHBAEMEl TPYOONPOBOI H3TOTOBIAETCH
93 cTajied JPYr¥xX, vePeKOMEHNOBAHHHX MApOK, OCTaloTCA B chle BCe
pPEeKOMenANAY ¥ QOPMYIE!, mpHBedeHHHe panee. Eciin mMarepual mpep-
¢TaBlisieT €060l JerupeBapHYI0 {Tajlh, KO3IQPHUAEHTH OLHOPOLHOCTH
u yeaosmil paGoTil GepyTca TaKHME Ko, KaK H JJIA HU3KOJAErHpOBAaHAHX
crasefi. 3a HOpMaTHBHBIe coupoTEBXeHuA RY m RY mo-mpessneMmy mpu-
HUMAIOTCH Ipefied MPOYHOCTH U Hpefel TeKVYeCTH CTalu IpN JanHoi Ten-
meparype.

C TouKM 3pCHUA KAa4ecTRA ¥ TEXHOJOTHH H3TOTORICHUA TPYO, HCIOJB-
3yeMHX DPH CTPOUTEIBCTBE, TEXHOJOIMYECKUe TPYOOUPOBOREI HOJKHM
VAOBJETBOPATh CHAENYKIIAM OCHOBHEIM TpPeGOBaRHsIM,

1. Jlia TexHONOTUYECKHX TPYOONPOBOZOB MOTYT NPHMCHATHCA CJe-
ayomue BHAHN Tpy6: GecmoBHEe ropsigexaransie mo 1'OCT 8732-58,
DIEKTPOCBAPHEIe ¢ WIPOJNOJABHLIM INIBOM H KaJHGPOBAHHLIMH KORLAMH
no TOCT 4015-58, oiaexTpocBapHRE CO CHOHPAJBHEIM IHBOM TIIO
TOCT 8696-58.

2. Becmopnwie Tpy6n mo I'OCT 8732-58 mpumemnsiotcst gast Tpy6o-
IIPOBOJIOB C AMaMEeTPOM IO YCIOBHOMY mpoxoxy xo Dy = 400 mum Briio-
ggreaspo. llpm atoM ana TpyGompomomoB jgo Dy = 350 mm BrI0UIH-
TedsHO GecmioBnnie TPYOH NPEMERAIOTCA OpPH Bcex crmocofax HPOKIAAKD
H BCexX IAapaMeTrpax TPAHCOOPTAPYEMOM CpeHl.

Jaa tpybomporonos II m 1II xareropmii GecmoBHAe TPYOL HpPHEMC-
HAITCA OPH BCex cuocobax TMPOKAAgKHM ¢ IapaMeTpaMu TpanCHOpPTHpPYe-
Moit cpenpi: p > 16 kl'/em?, ¢t < 300° C. Bpemenno, A0 mycKa TpyGo-
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[IPOKATHHMHA 33BOJaMU HOBOTO obopynoBanus, npa Dy = 25, 32 n 40 mm
OPEMEHSITCH  XONOZHOTAHYTHIE M  XOJOXHOKaTamele TpyGH 0o
TOCT 8734-58.

3. 9aerrpocBapubie Tpy6H ¢ mpomoaeniiM wBoM mo I'OCT 4015-58
m co coupansaem msom mo I'OCT 8696-58 npumemsiorca paa TpyGo-
nposonoB auamerpom Dy > 400 mm, npu naBilenuu TPaHCHOPTEPYeMOU
cpenpt p << 16 kI'/em®, Ilpm aToM TpyOH ¢ IPOAOTBLHMNM HIBOM IO
T'OCT 4015-58 npumensrorcsi npm Bcex cmocofaXx MPOKIATKA TeXHOIO-
rudeckux TpyGoupOBOJOB BCEX XKAaTeropHil, a TPYGH €O CUHpATLHBEIM
mBoM mo I'OCT 8696-58 — toxsro mgaa rpyGomposogos I m III xare-
ropuil Ipm HaA3eMHOH NUPOKIafke HX.

IIpumenenue Tpy6 co compaabubim mpeom mo I'OCT 8696-58 mpm
GeckaHAJBHON IPOXIafKe W Jisa TpyOompoBojgoB I kareropmm me mo-
OyCKAaeTcs.

4. Masi tpyGompoBojoB pmamerpom Dy > 400 mm upm pgasiennm
TpaHCcmopTApyemoil cpensi p > 16 kI'/cm® MOTYT HpEUMEHATHCA 3HAEKRTPO-
cBapHHEe Tpy6sl ¢ mpogoasnsm mBom 1m0 I'OCT 4015-58, maroroBuennsle
10 CHeNualLHBIM TeXHUYECKHM YCIOBHAM, paspaboTaAHBIM TPOEKTHOU
Oprannsanueil M COTIACOBAHHKIM C 3aBOOM-W3TOTOBHTENEM,

5. Tpy6m co cmmpamsnbiMm mBoM mo I'OCT 8696-58 mommumsr GHTH
HO/IBePrAYTHl 3aBOOM-H3TOTOBUTENEM HCIHTAHEAM, IPEIYCMOTPEHHBIM
mo. 13 1 14 TOCT ma TpyOrl, uTo clefyeT OTOBAPHBATH B IPOEKTHHIX
MaTepmajax.

§ 60. Onpepenenme ROMycKaeMoro mpoiera TPyoounpoBOJOB

TpyfonpoBoa, DpoKJagHBaeMblii Ha OTHEJbHO CTOAMUX OMOpax,
npescTaBisier coGoil mepaspesnylo 6ajdKy, RIS KOTOPOH NPHXOJNTCA
pasiiMuaTh TAaK HassBaeMmble «Kpaiinue» W «cpefipue» npoleTs (pme. 171),
K «xpafismm» OTHOCATCSH NPOJETH, HENOCPeACTBEeHHO HPHMEIKAIOIIHE
K KOMIeHCATOpaM TeMpmepaTypHRX Jlepopmanmii, a TaK)Ke KOHIIEBHIe
npoJsieTsl Tpy6onpoBoga. Bee ocTaababie npoJeTH OTHOCATCA K ¢«CPETHAMY .

B Takom TpyGompoBose, KpoMe KOJbIEBbX HAaNpAXeHmil, ompeneise-

PDy

MHX 10 OOHYHOH KOTedbHOH (GOpMYIe Onomny = 55 ¥ IPONOIBHEIX
HAIpAKEHAH OT JaBJIeHHA HA 33 JBUKKA WIH 3alIyIKH O gpop = 9-'—‘921"‘“—’1- =
=2 Z}“ , BO3HWKAIOT TaK:Ke M3TMOHbE HAUPSKEHUSI, PABHEIE
Cusr = ’M' )
w

rie M — msrmbalom@ii MOMERT, BOBHHKAKIMA B TpyGoumposoxe 1oj
JeliCTBHEeM BecOBOHl HArpy3KH (Bec TPYGH, HpOAyKTa W U30-
aAnun);
W — MOMEHT COMpDOTHBIEHHA IONEPEYHOTO CeYeHus TpyOHL.
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Maxcumadsasie u3rabaomue MOMEHTH B KpaliHUX HpPodeTax TpyGo-
1HpoBoga BecbMa OJM3KHM OO BeJIUIAHE K MAKCHMANBHBIM W3rmCaiolqma
MOMEHTAM, BOZRHMKAIOIOHM B OXNOMPOIeTHON omeproit 0aldKe; TaKMM 00-

pa3onM, JJIH KPaWHAX NpPOJNOTOB BelIUTHHA MAKCUMAIBHOTO M3rudarmoIiner:
MOMCHTa
ql2
—. KD
M = — =,

rge g — DOTOHHAA BeCoBasf LArpyska;
{np — AAMMHA Kpailncro mpodera.

Kpaawue nponemss
Keunewncamog

ETUrT T

Coednue nponemm

Prc. 171. Pacuosomense «KpaiiEAX» W «CPEJHNX» IIPOTETOB
TpyGonposoxa.

Makxcnmaabpable M3rubaroiie MOMEHTH B CPEARUX IpoJicrax OAM3KHA
00 BeJAWYUHEe K MaKCUMAIAbHLIM U3rn(aloniuM MOMCHTAM, BO3HUKAIOLINM
B OHOUpPONeTAOII CatKke ¢ 3aJleTaHNBIMM KOHIAMU; CJHef0BATeNbLIO,
IAsi CPEAHAX NPOJCTOB BEIUYHHY MAKCHMAIBHOTO U3rnGaiolero MOMenTa
B CCUEHWMAX Hall OTOPAMU MOKHO OMpejelaTh no hopmy.ae

1M =

rAe lep — AIUHA CPEHCIO 1IPOJeTa.

Hak 10Xa3adu ODKCOCPUMCHTRJIbUbIE UCCAEIOBAHUA, HPU UCOBITAHBL
TPyOoUpOBOAA, OUHPATOWCIOCA 1A OTREIALHO CTOAMmUE OHOPHI, ero 1po-
rulHl OCTAIOTCSI TOCTORHIBIMU, HCCMOTPS Ha yBeJdHYCHHe BAYTPEHHEro
AaBJenus, 10 TeX uop, HoKa UPOACABHLIC NANPHIKEHUA, BH3BAHHLE U3~
raboM M DABICHMEM A 3aTIYIIRW, Le AOCTHTIYT uUpefelia TeKy4yecTHd.
Jarkneimee ypeduuenne JamICHUA OPUBOAUT K PC3KOMY NapacTapmio
pporufos, Te ke saBidernst HAGIWAIOTCH H UPU YBeIHIGHHAH MOTOHHOU
BECOROY uarpysxu Ha TpyGOIPORO;( 1t pH MOCTOAHAOM TABTEIHu,

Tak obcrout meno B rpybompoBONAX ¢ €CTECTBENHOI KoMlCHCAUHEH
(lI-o6pasnpte, Q-o6pasunie KOMOEHCATOPH M T.I.), HAa3biBaeMBIX
HHOIJ(A «Iepa3pesaHHbiMiy TPyGompoBoOAaMyu B OTTHYNE OT TAK HA3BIBae-
MBIX «DPa3pe3aHHsIXy TPYOoUupPUBOHOB, UMEIOIMX JWH30OBBIe MJTH CadbHA-
KOBLIe KOMOEHCATOPLL.
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Memny sTuMa IBYMA THilaMK TPYOOIDOBOJOB MMEETCS NPABHANHAAIb-
poe pasiamuiic. lax ero wonnMmapus paccMOTPMM [Ba yuacTka TpyGo-
OpOBOAA: JIO 3a/(BUKKHM H JI0CHE pee. llpu OTKPHTON 3aj|BMKKC KAk HA
mepBOM, TAK If a BTOPOM y¥acTKaxX MaTepuas TpyObl HAXOLATCs B yCJIO-
BHAX CIOMKHOI0 HallPsIKCHHOrO COCTOANMS, TaK KaK OJHOBPEMENHO
CYIIECTBYIOT Kak KOABLEBble, TaKk M IPOJOJbHbie Haupsixenus. llpm
3aKPHITOMA 3ajBMKe Jia BTOPOM yYacTKe HMeeT MeCTO OjIH00CIOe Ianps-
sReHHOE COCTOsHGe, O0YCHORJIENNOe NPOJOILIBIMY HAlPSKERHAMHA, IO~
CKOMBKY NPH OTCYTCTBUHM BHYTPCHHErO JABIERUS OTCYTCTBYIOT M KOJb-
LeBLIE HaTPsUKEHHA., :

Hecnenyem xapakTep HAOPAMEHnHOTO COCTOADNA B Hamboidce omac-
HOM CCUCHMU Haj OIOPOH.

Ecnu TpyGouposos uMeer ecTeCTBEHHYI0 KOMIIENCALHIO TEMILCPATYD-
pex gedopmanuii, TO BOZHHKAIOMUE 32 CUCT BHYTPCUHETO AaBICHAH PO~
HOJIDHLIE NAnpAMeHHsi Bcerga 6GYAYT PacTATMBAIOMUMM, HE3aBHCUMO
OT TOrO, 3akpHTa WM OTKphiTa 3anBmkKa. Haupssenms ke maruba
I BepXnel 9acTH cedenus GyIyT pacTAIrUBAMOMUMM, a A RUKHEH
YacTH CeueHmsa — CRUMalomuMu. B pesyanrtaTe cyMMHpPOBAanUg DTUX
OPOJIOJILILIX  PACTATMBAIONMX HanpssKeHM ¥ Baupsiskenuit usrmba
KaK B BepxmneH, Tak M B moRieil 9acTAX CeYeRWs1 DPAKTHYECKN OyInyT
WMETh MECTO ONNM JUWb PACTATUBAIOINME NPOXOILNBIE IIallPsiyRCIUA
¥M MaTepHmadl TpyObl OyleT HAXO/IMTHCA B YCIOBHSX JIByXOCHOTO pacTd-
eHs.

Ecan tpydompoBod uMeeT CasibHHKOBhIE HIAH JMH30BEIC KOMIEICATO~
PIl, TO NPOJIVJIBHBIC HANPSIKCHI B CEYeHUH HAJ OLOPOY, BO3IHUKAIOIIAE
34 CYCT BHYTPCHHCIO [aBNEHUS, UIPH OTKPLITON 3aJBHIKKC OTCYTCTBYIOT,
a TpHU 3aKpHTOI 3afBUKKe MOTYT GBITh JnGo crmmaipomumu, Iubo pac-
TATUBAIOMMUMU, B BABUCHMOCTU OT TOTO, I'Zle PacholOjKeHa 3alBHKKa
(o maum nocie omopsl).

Has mopo6muix TpyGonpoBomonr mnaubodee mebaaroupnsaTHa paboTa
npn OTKpLITOH 3a/BUKe. B 9TOM ciiyyae B nu;kHei YacTH Ce9enuA Haj
onopoil Belejcrsne uarula, BLI3LIBAEMOI0 BCCOBOII HAarpyakKou, Oynayr
BOSHHKATh OHM IJHDNIL CKAMAIOMNE HpOjoTbuble Hanpsuxenna. Cierno-
BAaTCIbHO, B 9TOH 4acTH CCUCHHUsT Marepuad Oy/leT HaXOjMThCA B yCIO-
BEsX CJOMHOIO HANPSKEHNOTO COCTOANNA, COOTBETCTBYIONETO PacTA-
KENUIO B OJNOM HalpaBlenuy (KOABIEBLIC HAUDAMCHUA) M CHRATHIO
B ApyromM (NPOROJIBHLIC HANDSIKEHHA).

Kax wmporasamm noclrequiie sKCUePUMERTAILIbIC  MCCAeROBaHHA
(B. . Tpoguvor, B. A. Bamnun), AIa CTPOMTENLHLIX CTakeil RacTy-
IWIENAe TEKYUCCTH IPHU CIOIKHOM HANTPAKEHHOM COCTOAHEN Jy4YIle BCEro
onucuiBaerca ycnoBueMm Cen-Benana, B COOTBOTCTBMH C KOTOPHIM TeKy-
9ecTh HAcTylLaeT TOTAa, KOrja pasnocTh FIABULIX pampsikendil o; —
— O3 CTAHOBHUTCA PaBHOW Ipefiedy TEKY3IeCTH IPH OJHOOCHOM HAIIPsKEH-
HOM COCTOSREE Oy (pmc. 172).

Taxkum o6pasoM, Ipu JBYXOCHOM DACTAMEHHH TEKYdYecTh HACTyIaeT
TOTHA, KOrjma GoJpumee IO BeIMUMIIE HAUPAKCHUC CTAIOBHTCA PABHBIM
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Opejely TeKy4ecTH Oy ISCJU Ke MMeeT MECTO DAacTAKeHUe B O[(HOM
HAOpPABJICEMA ¥ CKaTHe B ADYFoM, TO TEKYYeCTb HACTynaeT Hpexje,
geym O6oJpIee MO BelUuMHE HAUPSAKeRHWe JOCTUTHET Ipejpeia Tery-
YeCTH Of.

Orciofa BHZAO, 9TO «Pa3pe3aHHKEIE) TPYGOHPOBOAR, MMeIOLUE CAlL-
HUKOBLe WK JIAH30BLIC KOMIERCATOPH, HAXOAATCA B XYAUINX YCIORHUAX,
geM TpyGompoBOALI ¢ €CTECTBETIHOI HOM-
meHcauneii TeMuepaTypEHX HedopMmaliii.

Heobxogumo, ogmaxo, MMeTL B BHIY,
9TO CANLHVKOBHIE KOMIICHCATOPLI He pe-
KOMEHAYIOTCA JJIA TPyOOIpOBOJIOR, MpO-
RIajIbiBaeMbIX HA OTIEeJIBHO CTOAHINX
omopax, a JUH30BBIG KOMIIEHCATOPSI
NPUMEHAKTCA AL IS TPYOOIPOBOJOB
¢ BecbMa BHSKHM RaBicumem (p < 6 am),
BCJEACTBHC “ero BO3HUKAwmue B TpyGe
KOJNDUEBhEe HAUPAIKEHUST MANLI 10 cpas-
HeHno ¢ NPOAOABLHAIMEA HaOpPAKeHUAMHA,
phiabiBaeMoiMu usrubom. Ilostomy Jris

TPYGONPOBUIOB € €CTEeCTBEHHON KOMNCH-

E;‘;;—englycgg:l‘}’;‘“gce‘;‘f% é‘:g‘\f; cailueit  TemmepaTypmbix  JedopManuii

Opr maockoM uampmwenmom U Tpy0OONPOBOJOB ¢ JMHA30BHMH KOMIEH-

COCTOSTHH. caropaMu NpPH ONpPEmedCHAM [OMyCKae-

MBLIX IIPOJIETOB CJefyeT WCXOQUTL U3

YKAa3aHHOIO BbILIe HPeAedbHOI0 COCTOAHUSA, COOTBCTCTBYIOIErO IOABIIE-

HUI0 TEKYy9eCTH B TPONOAHLHOM HampaBJeHUM M DE3KOMY HapacCTaHHIIO
wporudos.

JT0 HpegenhHOE COCTOSIHME MO)KeT OnlTh ONMCAHO YpPaBHEHUEM

Oipox -+ Ousr = Ot (7. 7)

ql2
JIlna cpefHEMX OpOIETOB TPYGONPOBOKA Omer == 7207[;/ , B ypaBHeHZE

(7. 7) npuEuMaeT ciegyloumid au7

2
pDy + glep
40y 12W

= Op. (7-8)

Beepa ciopa wosdunmments o0XHOPOAHOCTH Ky, HEPerpysKu n
ycaoBMEA paboTh  KOHCTPYKIMH m, DOJXYyYHM, YTO BelIAYEHA J0-

1 [lpu oupepencnmM JOHYCTUMOIO LIPOJIETa ¢BeyINero TpyGomposoras (cu. § 61)
B OpPOMOHbIOC HAUDMKEANe Oppon CHEAYeT BRIIOUATL TaKKe HANpA:Kchnue, BOIHE-
Kaomee 3a CHeT CHJI TpPeHMA Ha OOOpax, KOTOpHE B HEKOTOPLIX c¢dydasiX MOryT
KOCTHIraTh 3HAYHTENBHOH BeNHYHHE.
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gycKaeMoro CpegHero LpoJieTa IOJKHA  OIpefeddaTscd uo ¢op-
MyJie

.[ 12{ H,— —-———\ Wi
lep = V LNV 7.9)
= - dpacu ! (/'
qpacy = N1qrp + Nafupox + NaGusons (7.10)

rie grp — MOTOHHHIH Bec TPyOBHI;
Qnpox — IIOTOHHLI BeC IIPOAYKTA,;
Quson — TOTOHHBIM BeC HM30.1A1MU;
Rys Hy T g — KO3(QQHLUHEHTH 1eperpysni;
Ry = 0 ky — pacueTHOE COMpOTHUBIICIYE IO HIPEAENLYy TEeKYYecTii,

Bxogamee B ¢popmyay (7. Y) pacdeTrHoe CONpPOTHBJIEHHE IO 1ipefely
TeryvecTd R, mo-mpemnemy HaxomaT u3 Tada, 64, a peauummsr W
U (rp MONKHBL OOPEAETATHCA JIA PACUCTHOH TOJIMMILI CTEHKU TPYOLI
8y, T. €. 0e3 yuera jo0aBKU Iia KOPPO3HIO.

Clegyer MMeTh B BHUOY, YTO Iapo- W Ta301lPOBOALI MOIYT HOUBep-
raTeCAa TUAPABIWIECKOMY MCHBITAIINI0, (PH KOTOPOM BecoBasi Harpy3Ka
BO3pacTaer 3a cueT Beca Bojbl, JloaToMy [iia TaKMX TpyOOIpPOBOIVUB BBO-
QUTCH [JONOJIHUTCILHAN TPOBEPKA, COOTBECTCTBYIOUIAS PeXKHMY THUApa-
BIMYECKOro menhiTauusa, [[Ig sKCInIyaTaiiIoHHON0 PeKUMa MPAHAMAIOTCA
cleyloiiue 3HaYenna KodpQUUNeHToB ycaovuii paboTh M neperpysxu:
m=08; ny=mny,=1,1; n, = 1,2

Eciu pasmepHocTA Bcex BeIWYHH, BXoAAumMX B ¢dopmyay (7.9)
(KpoMe gpaca) OyayT &l W cm, a pasmMepuocTh (pacy — KI/M, TO Bem-
YHTIa HOOYCKAeMOIro CPeIHero Iposera, BHpa/KeHHAs B x, Oyjer

I 48,
R 8,33 gpaca

_— Dn m
"(32 i )W (7. 11)

LI mapo- m rasompoBojoB, mOAJie;KalUX THAPAaBIAMYCCKOMY HMCIIbLI-
TaRKI0, CPefHMIl mpoJer, nojcYuTanuLi mo gopmyae (7. 11), He momxen
OpTp GoJbIIe BeTUIHHEI

. T

8 33 guopMm

(7.12)

rle py — HCHOHTaTedbHOe maBiemuc Kk kl'/cm?;
Jropw — HODMATHBHAA Harpyska B kl'/m, onpemensemas mo gopmydie
Guopm = Grp ~+ Guson + ropn, (7.13)

T/le gpopm — HDOTOHHEHIN Bec BOJAB, 3anOJHAWILCH TPpy(y mpH FEAPaBIH-
9eCKOM MCHHTAHHUH,

22 3axas 995.
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Honycraembiii Kpaiinmii 1upoder Tpy6ompoBoga [lyp Nerko ompepe-
AWTh, €CJIH YYecTh, 9T0 MAaKCHMAaXb)ETH n3rubaomuii MOMeHT B 5TOM IIpo-
aere B 1,5 pasa Goasure, yen B cpejiueM upodere, Taxim oGpasom,

ll(p —= ZCD 1—’15— = 0,82 lCD' (7, 14)

Panee mpuenyaloch, YTO 1apo- H Ta3ompoOBOAH HE JONIKHE! HMCTL
06paTROrO YKJIOHAa, WTO COOTBEICTBYCT HOJBOMY OTCYTCTBHIO «MEIIKORy,
B KOTOPHIX MOKeT colduparncsa obpasylomuitcss Kompencar. Cilegyer 3a-
MOTHUTDL, YTO 3TO YCJIOBHEe ABIAETCSI BEChMAa JKECTKHUM U B PAME CIAYUaeh
PesKo OrpagmynBacT BOJIMUMHY AOLYCKACMLIX ITPOJETOB TpyGONpOBONOB.

B oruourcHuu 1aponpoBoAOB 3T0 YCAOBHE OOHUNO O0OCHOBHBANOCH
CIeIYIOmUMH JI0BOXAMM:

a) Komuyencar, cobupawiuuiics B «MeNrkey, BO3NNRAWINEM IPA HAJIK-
gnm  o6paTHOro YKIONA, YMCHBIIART SKUBOE cedcnme TPyOOmpoBoja,
a CleJIoBATEILHO, W €0 MPONYCKHYIO CIIOCO0NOCTD;

0) Tor ke KOBACHCAT OyAeT YBAAKHATD NAP, YXYAMAA €ro HapaMerpri;

B) mpHU uycKe mMapompoBoJia HaJyUe KOHJeHCATa IpHUBENeT K TUiapa-
BJIMYECKUM TOJAYKAM, 2 B clydae 3aMep3alliAd KOHIEeHCATA — K HCPaBHO-
MepHOMY HPOTPCBY TPYOM IO mepuMMeTpy U HOABJIEHUIO JOIMOJHATENbALIX
TCMIEPATYPHKX HANOPAMCIMIL.

Herpynno samerurs, 9T0 mepsnle ABa yCJIOBUA IPOTHBOPEYAT APYT
IpYyTy, TaK KaK yBJa:kiemnie mapa BJledeT 3a cofoli ncmapenue KOBAeH-
cara.

B camom peme, mpm craguonapHO pafore maponmpoBoaa KOHFeNCaT
B «MCITKey CKanAnBaThCA HE MOKCT, TaK KaK TeMiepaTypa CTeHOR TPYOu
O0NH3Ka K TCMmeparype TpaucmoprApyemoro mapa. llpm Beikadovermun
napoopoBoga M OTICYTCTBHN ApeHasKkell B Ka)ioM mpolieTe KomgeHcaT
peicreaTennno GyjleT 06pasoBuiBarbesi. ONHAKO ero KoJIW4ecTBO OyaeT
HUYTOKOAIM M HC CMOKeT OKas3aTh CYMECTBEHHOIO BIMsaNUA HA paboTy
MAPOUPOBOZA uOCHEe BKMOdenmsl.

Tarmm o6pasoM, npHBeACHHLE BHINEG ONACEHUA SBIAKTICA B 3HAUH-
TCIBTOH Mepe mpeyBeIMIEeHHLIMH, T MO3TOMY MOKHO CIUTATE BO3MOGKHLIM
AODYCTUTh HEKOTOpOoe mpoBucanye TPyGh B mpodere.

Pacemorpum, rarxuM myTeMm MOKHO OUDENENMTH JOYCKAEeMHIi npo-
neT TpyGompoBOfa, €CHM 3aRaThCH BEAMYANON NPOBUCAHUS,

Hpepnonoxmy, wro ywIOE TpybonpoBoma i = —};—(pnc. 173) sagmas.

Torja ropu3oHTanbHAA HpsAMas, UPOXOJAINAA UEPC3 BepUIMHY HE3INER
OIOPH, mpeacTaBuT co60if CeKyIy0 IO OTHOMEHWI0 K Yupyrou JupuH
Tpybonpoeona, u mpoBucanue Tpybomposopa OyneT XxapaKTepH3OBATHCA
BeNUYHHON A = y — Uy.

1 CM. «YKazauus 10 ONpe;IeeHUI0 HATPY3OK, jciicTBYfomyX ma Omopst Tpy6o-
ILPOBOIOB, M JIONYCKAacMLX TpodeTos MeKmy omopavin OHTHU BIIUMCT, 1959 T.
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O0H9HO HPHHUMAETCH, YTO Amax He 10RO GbiThb Guapme 0,02 Dy
(yCJIOBHOTO fiMameTpa TpyOH), T. e,

Amax < 0,02 1)y. (7. 15)
3HaucHHE Z¢, COOTBETCTBYIOINEC A max, OHPCIUCAHETCH H3  YCTOBM3
dA
——=0.
y h
Herpynuo MOKRAa3aTh, ¥
9T0 AT CPelHuX IIPOIeToB 4
l Bmer
A= y— yl == Xp '
=L (1222 2143 ¢
= 57 ( A

. . Pme. 173. Cxema Jcdopmuposannoro Tpy6o-
+ ) — iz, (7.16) OpOBOAa NpU 0GpaTHOM yKIOHe,

rie ¢ — HnOoronHas BeCOBas Harpyska;
EJ — jxectroCcTh TpyOH Ha HM3IHO. :
Takum o0pa3oM, s ONpPejelleHUs JOIMYCRAEMOT0 CPELHero 11pojera

HPU NOCTABIEHIBIX BHIIC YCIOBHAX HCODXOTHMO PEIMUTL OTHOCHTEIBHO
z ®u [ cucremy ypaBmernrii

A= I (Pg? — 20z + %) — iz = 0,02 Dy;

24EJT

dA . ‘ ‘ . (7.17)

7;0_ = m (2]'11' — 6[.12 -{- 413) — 1l == O

PGHTEHKG 9THUX ypaBHe]lﬁﬁ JaerT:
24EJ D 24EJ i
q 50Y T q _lzi_}_# -
lcpzll= 23 Y (/-18)
1 24LJ D

lcp: l2 == 2x:l:V .’Lz——- z2 q 50y . (7- 19)

N3 ¢usmgeckux coobpaskeHnii HeTPY/HO UOKA34Tb, YTO B NOCIEJ-
HeM BHPasKEnUi HMEET CMKEICH JIUIIb 3HaK IJI0C mepej| KOpHeM.

Cucremy ypasmennii (7. 17) upome BCero pemaTh myTeM LOA(Opa,
3a/laBasachk pAAOM 3HAYENUH X /10 TeX MO, TOKa 3HATEHS Lo 110 JopMyam
(7.18) u (7. 19) me cosmaiyT.

Pacuersi mokassiBaoT, YT OpH 3aJamHOM JuUaMeTpe TPYGOupPOBOiA
BeJuulga mponera, oupeiedeHnad mogoOHIM 00pa3oM, NpakTHYCCKHE He
34BHCUT OT TOJIUMHL CTCHKM TPYOH O, BCIEACTBHE Yero upu cocTaBle-
HUM TaOIHI J0NycKaeMHX OPOMETOB JOCTATOUNO OTPANUYHTLCS B0~
HeHHneM pacdeTa MISA KaKOro-ambo OfHOTO 3HAYeHHH 0.

22*
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Tomkocrennnie TpyGompoBoan GOaBmMOro pmaMerpa MOILYT paspy-
INIATHCA BCJIEACTBHE MOTEPU YCTUHINBOCTU B 30H€ MAKCHMAJIBHLWX M3ry-
faromux MOMEHTOR,

Jas upoBepk:m YCTOWYMBOCTE TaKHX TPYGOUPOBOMOB, NPORIANE-
BAEMBIX HA OTHCIBHO CTOAILMX ONOPAX, MOYKEQ OTPaBRIATLCA CIeAyIolei
X0pomo u3BecTHOl (opmyioil, npesmasnavwenHoil jia ynpyroif crapmn
paGoTHl KOHCTPYKUUM:

Oxp = 0,44}37?:7 , (7. 20)

THe Oxp — MAKCHMAalbiO€ MPOJOALHOC C;KHMaIONee HalpPAKeHHe B Tpy-
Gonporolie, BOIsbLIBAOILECE TOTEPI0 YCTONINBOCTH
Al m p
E — momyxs yupyroctu craliu.

Beops saseqoM0 3aBLIMeHHMIH Kop(QHIHeAT 3amaca, paBEmE 3,0,
MOJYy9IuM BCIMYUHY [OMYCKaeMOro MPONONBHOTO CKHMANIEro Hamps-
JKCHAA B CTeHKe TPyO6L

Ononr == -942—4— 2‘; . (7. 21)

Ecan pomoxuts remeps E = 2,1 - 108 xI'/cm?, 10 popmyna (7. 21)
mpuMeT BHA:

kT/cu?. (7. 22)

Onoun = 30,8 104 6?

Dy

Clemyer ¥MeTh B BIly, YTO pacyeT 10 2Toii opMyde HOCUT BeCbMa
yeaoBHA xapartep. IHomokenme, ogHaKo, of:ergaerca TCM, 4YTO AJIH
MONABJIAIEro GOJABUTHHCTBA TCXHONOTHYECKUX TpPYOONpOBOJOB TO-
TepA YCTONMMBOCTH NPAKTHYCCKU He MOMeT mmeTb mecra. llosromy me-
00X0ZUMOCTh B YMOHBIMENNY AOIYCKAEMBLIX IPOJeTOB IPH UPOBepKe 1o
dopmyne (7. 22) Bosunkaer KpaiiHe pexxo.

VYkazagHaAa nOpoBepka 3akiwdgaeTrcs B TOM, YTO oODpexpean-
I0TCA MaKCHMAJILHBIC CH{HMAOIM#Ee NPOJOIbHRIEe HAUPAMKEHAZ B TpYy-
GonpoBone

l%
Oom =~ + 1,2 522 (7.23)

N CPaBEMBAITCA ¢ JONYCKAEMbIMH HAUDAKeHAAMH, BBIIHCIAEMBIMA
mo dopmyae (7. 22).

Hanpssxeuns ooy He FOMKHEH OuTh GoJpIie, 9eM Opon. B DpPOTABHOM
ciydae mposieT TpyGonmpoBoja HOJel OHTH YMeHbUIEH.

OTMeTHM, UTO BTOpOC ciaraeMoe B TepBoi gact: gopmyast (7. 23)
OpUOAMAeTcs RO BUMMAHWe JHMb 1A TPYGOUpPOBOJOB ¢ IAH30BEIMHA KOM-
HeRCaTODaMHA.
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o

B Ta6a. 67—70 npuBeneHHy nonmycKaemble IIPOJETE B M I HEM3OJH-
pOBAHNBX U M30IUPOBANHBIX ra3oLpPOBONOB, U30JHPOBAHILIX IAPOIPO-
BOJIOB U W30JMPOBAHHBIX MPOAYKTONPOBOLOB, H3rOTOBIEHHLX H3 CTadefi
PeKOMEHRIyeMMX Mapok.

Ilpu moirp30BaHNM STEME TabAunamu clefyeT HMeTb B BHAY CAOLYIO-

mee.
1. Tabammm cocTaBleBH IIA HOPMANBbHOM Temmepartypo (0 < ¢ <
< 100° C).

Ecan TpyGonpoBOALl SKCOIYaTAPYIOTCA UDPH UOBHIMIEHHHEIX TeMIIe-
paTypax, JOmycKaeMbiif H3 ycJOBUH SKCOAyaTalHH IPOJET MOKeT GHITEH
HOJAYYeH OYTeM YMHOMKCHMA COOTBETCTBYIOMETO TAGIHMYHOTO 3HAUEHWSA

rd
Ha DeINYuHY l/ 7{2—, rae I}, — pacueTHOe CONPOTURIEHHE HO Ipefely
2

TEKYYEeCTH Lpd HOPMAJIbHOH TemmepaType, a Ré — pacueTHOE COMpPOTH-
BIIeHHE 10 Tpefelly TeKydecTH HOPH mOBHIMeHHOH Temueparype. Ocrainb-
HbIC BEJMUUNbl 1POJETOB e U3MCHAIOTCH.

2. B rabm. 67, 68 srauenus momyckaeMmoTo IIpoJieTa, ONpeCAeleH-
Hhle M3 YCJAOBWil 3RCOAyaTaluM, COOTBETCTBYIOT MHHUMAaJbHOHN (M3 mpu-
BefennblX) TOJUNHE CTCHKM; INpPH DTOM YHCIHTETH COOTBCTCTBYET
MaKcHMalIbHO JonycTEMoMy (mo ¢opmyidaMm (7. 4)) sKemiyaranuos-
BOMY ZaBllenmuio B TpyOc, a BHaMENaTeIb ~— NOJHOMY OTCYTCTBMIO JaBlle-
must B TpyGe. Ecam tpebyercst oupegenuts BeIHYNHY HONYCKAEMOIO
mpolieTa UpU APYTOH TONmMHUHE CTCHKH U KAKOM-TO IPOMEMYTOYHOM 3HA-
9YeuWH faBleHus, CC MOJKHO HPHOIUMENHO HOAYYNTH OYTEM WMHTEPIO-
Ianuyu TaliMYHELIX 3HAYEeHHil, CUHTAadg, 9TO 3aBHUCHMOCTH MONYCKACMOTO
OpojieTa OT TOJIMWELI CTEHKHM TaKasg ke, KAaK W U3 YCJAOBHH TrHApa-
BIMYECKOTO UCHBITAHHA (CoceqHUil cTONGeL).

3. JlQquyckaemble W3 yCa0BUs NOPOBHCAHAA IPOJETH He 3aBHCAT OT
TeMlLepaTypbl M TOJNMMALL CTEHKH U, KaK OPaBBIo, MCHBIIE JONYCKAeMbIX
U3 ycJoBull sKcmiayaTanuu. [L0aToMy uMX 3HAUEHWS clelyer LPHEAMATh
JHILG B TeX clIy4adx, ROTAa ¥3 TpeboBaHWi TEXHOJOTHMH BHMTEKaeT neol-
X0AAMOCTh Pe3KO OrPaHNIHTh KOJMYECTBO KOHJEHCATa, 00pas3yomerocs
B Tpy0OompoBofie mocie ero OTKIIYCHUS .

§ 61. Ounpepenennme Harpysor, AeiicTBYIOIIAX HA OMOPbI
TPyOGOHPOBOROB

Hpapuaspsiii BLIGOp pACYCTHHIX HATPY30K HMEET OUYeNb BaKHOE
3BadcHME ¢ TOUKH 3DEHHUs CO3[anMsA PANMOHANBHLIX M YKOHOMMYHHX
omop mox TpyGOmpOBOJEL.

Hmsxe mamaraloTcs pekoMeHJanMM 10 3TOMY BOOpOCY, paspaGoTam-
Hele BHUUCT n T'unporasrommpoMoM, YIATHBAKMIAE DO BO3MOKHOCTH
NeACTBHTeILHLE YCIOBHSA COBMECTHOH paGoTH TPyOOmpoBOJOB M HX
omop.
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BeprukaapHHNe HaAaTPYB3KH

Beprukanbuble Harpysku Ha OTHAeJBbHYI0 TpaBepcy OLODH OIpejie-
JAITCH 00 CICAYOINM (OpMYyIaM:

a) gaa Tpy6bompoBOJUB, TPAHCOOPTHUPYIOMMX IKAAKOCTE, HOPMAa-
THBHasi HaTPy3Ka

Quopx = (qrp ~+ Gmaon -t gupog) {; (7.24)
@500
pacueTHas Harpyskxa
200 150 3150 @250
Q g / Qpacx = (yqrp + Ragupon +
y g 7 /] ) o=
200 -+ nyquson) I; (7. 25)
w250 s 2i00__az00
_Cl O OO '0) mia wapo- 4 rasompoBONIOB HOD-
£ o z W MaTHBHAA HArpysKa
p v OHOPM = ((I'rp + q:aso.n) l; (7- 26)
' (e pacdcTHaA HArpysKa
Pnc. 174. Cxema 3arpy:eHHS . - .
HONEePEeYHOro ceqemmponopm. Qpacs = (nyGrp + Ngfuson) i (7. 27)

37eCh (rp — UOrOHEBLIH Bec Tpybomposoma B kl'/m;
Gusoq — LOTOUHbIH Bec m3oaauuu B xl'/m;
Gnpon — LIOTOHHBIX Bec mpopykra B kl'/m;
| — paccrosnme Me:KAY TpaBepcaMu B M;
ny, ny M ng — KO3)PUIMEHTH IeperpyskM, OpUHUMaeMbie DaBHHIMH
ny = ng =11, ny =1,2.

Harpysky or ogmoro m3 uapo- HJIN Tra30npOBOJOB, IOJJIEKAIMCTO
IO TeXHNYeCKMM YCJIOBHAM THJPaBJINIECKOMY NCILITAHAIO, CJefyeT
ompefelnTh IO GopMy.Ie

Qpaca = (n1qrp -+ Nguson) I + gropul; (7. 28)

Iie (gpoyya — BEC BOJHI TTPH TUIPaABINYCCKOM MCULITAHHAHU,

B unpoertnnix martepuazax HeOOXOJMMO OTOBOPUTH, YTO OJHOBPE-
MEHIO MOSKEeT ONPEeCCOBHBATLCA JAUITH OJWII M3 HNapo- WIM Ta3ompoBoO-
JIOB, IPOXOAAMUX Ueped AaHHYIO OHmOPY.

Hpu orom ciegyer pacemMoTpeTh BCe BO3MOKHBIE NEBHTOAHKE CXeMbl
sarpysenus omoph. Tak maunpuMep, UYCTh Ta JBYXbApyCHOI omope
(puc. 174) pacnosioskeRo neBATh TApO- A Ta30LPOBOLOB, OAIEKAMAX
THAPABAAYECKOMY McIbiTanmio, TpebyeTcsa onpeneluTs pacieTHhle CXeMbl
3arpy’KCHHUs LIPA pacueTe Oonopbl HA BEPTHKAJbHHIC HATPY3KH.

Ilpu pacuere xomconeit AB, CD, EF ciegyer yauTbiBarh moouepen-
HOe 3aNO0JHENHe BOJOH Kakiaoro M3 TpyGOmpOBOMOB, DPACIOJORKEHHBIX
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@a 9THX KONCOIsHX; OpH pacdeTe xomcoam GH Bogoit 3aiolHACTCA TPY-
Gonposox puamerpom 200 mm, npu paczere Tpapepcsl BC u croex BM
u CN rpyGouporox puamerpom 500 mm, mpu pacuere Tpasepenl F G —
TpyGonposoy, auamerpom 300 mm.

Ecan B paGogux ycropusax TpyOompoBoanl He OymyT 3amojimeHH
SKHEAKOCTRIO, TO HPYM OOpeAeenuu CHI TPeNHA He CIeyeT BKJI0YATh
B HATPY3KY BEC BOJBL MPU IMAPABIHICCKOM HCHETAHAY,

Berposrme Rarpysku

HopmaTtusnasa BerpoBas marpyska, Iepeflalomasdca NMy4KOM IOpH=
30HTAJILHO PACHOJOKEHTLX TPpy6onmpoBOAOB Ha TPaBepCy ODOPLI, Ompe=
nelaseTca mo gopmylie

PﬂOpM = QDmaxly (7- 29)

rie Q — cxopocrnoit mauop serpa B kl'/m?;
Dmax — muamerp Ttpy6oupoBoga, BPau(oapmiero B MOyuKe, ¢ yd4eToM
U30IALEE B M;
| — mpouser TpyGompoBoda (paccTOSIHUE MeRAy TpaBepcamm) B M.

Kooddmuent meperpysku mpunrmmaercss pasusim 1,2,
Pacdetnasr BeTpoBas marpysKa

Ppacy = 1,2 QD paxl. (7. 30)

lopHa3oHTadApHHBE yCHAMUA, JeHCTBYIOUHE
BJOIL TPAacCCL TpPYGODXpPOBOJOB, NIPOXOJAMYX
yepes OAUHOTHO CTOAIMBAE OHMODPL

OAHOYAO CTOSIMAE OLOPH IMOAPA3NCI;AITCA Ba aHKepHble (MCPTBHE)
U TPOMEIRYTOTHELE.

Ankepueic onmopsl (pmc. 17D) mensTcsa HA pasrpymKenunc U mepas-
rpyennbie (KOUDeBHE), a NIPOMeKYTOYHEE omopil (puc. 176) — ma
AByXOIapHUDHbIe IMOKTE H KeCTKHe.

? 3 4
Ay
2 5
Puc. 175. TpyGomposoy Ha OZMHOYHO CTOAMEX ONOpax,
1 — IPOMEHYTOUYHEIE  OIIOPSI; 2 — pasrpymxeuubie a”HKepHoe

OTOpbi; 3 — KoMmneicarop; 4 — TpyGoupoBod; 5 — KOHICBAfA lie-
pasrpy:KeHHad amnKepiad oiopa.

JlByxmapHUpHLIe npoMe;KyTodnsle onopH (puc. 176, a) umeror wap-
HEDH BHA3Y OIOpPH ¥ AOIYCKAOT, TAKUM o6pasoM, cBoGommoe mepeme-
meHre TPyGONpPOBOXA, PACIOJOKEHHOr0 HA 3TOM omope M CBA3AHHOIO
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¢ Hell NpU HOMOmY IMapHEpa, Ha TpeGyeMyl0o BeINIHHY TeMIEPaTYyPHOI
Jedopmanuu,

Tubxme npomexyrounme ouopni (puc. 176, 6) cnocoGmH obecme-
YAThH NOpPEMEILEHUE CBOCTO BEPXHEI0 KOHNA Ha BelWYHHY Tpelyemoi
TeMuepaTypHOI jedopManuu TpYGONPOBOA, PACIOTOKEHHOrO Ha 0xope.

Hectrue nmpomexcyrounsie omopnl (puc. 176, ¢) mecmocobnnt obecme-
- YATH NepeMeImeHAe CBOEr0 BEPXHEro KOHNA Ha BelIvuuRYy Tpelyemoi:
TeMnepaTypHoid pedopmagum TpyOo-

J HpPOBOJia, PACHOJOKENHOT0 HA JaH-
5= - - HOHl ouope; B HTOM CIyuae TemMmepa-
! ; / TypHO®  yAJuHeHde  TpyGonpoBoja
5 Z2——% Z29/%  compoBOKAAaCTCA erc NPOCKaTb3HIBa-
s . ” HUEM II0 omope.
a P Topusonrajipiume  yculausa, Jicii-
] CTByommC pa  OTAeNBHO  CTORMIME

L

OIIOPHI, HOAPa3ACiAITCA Ha:

&
1 |2
1 4-4Ly g CHJK TPCHNMsA, BOZHMKAIOMUE MEK-
5 Ay TpyOonpoBo/I0M U COOTBETCTBYIOIIEM
; g 3 OHOPHLIM YCTPOHCTBOM,
i3
£

Jf‘_} Pacuopsl  KOMHCHCHPYIIIMX YCI-
— - poiicTR,

—2 7 OCEBHE YCWIMSA, MOABIAIODINECH
BCAEJCTBHE [AABIAEHHMA HA 3aCIYMRY
8

[ \‘q{‘

<

HJM BaKpLITYI0 3aJBUKKY TpybGoupo-
BOAA, JTU YCHAHA OTCYTCTBYIOT, €CHIH
Puc. 176. Bugnm DpoMexyTousHX B KaueCTBe KOMIEHCHDYIOIMUX YCTPO-
onop. cTB ¥mcuolp3ylorca roytuie (I1-oGpas-
@ — DRyXmapHupHas omopa; 6 —rm6- m{hre, AEpoobpasmbie U T. n.) KOMIIeH-
radg ongpa, € — ¥eCTKad ornopa,

1 —TDY%PoBon; 2 —llpoMe)ﬂy‘}‘)OQHHe CaTOPHI.
omopsi; /3 — Temiueparypuad Inedopma- _ -
WA TpyOONPOBOTA: | 4 — NONOCHIE Pacnop II-o6pasmmx xommemcaTo
HPOMCIKYTOTHLIX OLOP llocle Temucpa- POB HAXONAT TO OOLIYHEIM HPaBRJIAM

TYPHOM JeopManmy TOYOONPORORS; F—  rpoMTENBHOIl MEXARWKH IyTCM pac-

yeta 1l-o6Gpasmoii pambr, sarpynieH-
HOUf 3aJJaRABIMH  TOPHIOHTANBHLIMH  NCPEMENICHMSIME Ha  KOHHAX
crock. Ero mommo ompemenats Tamske mo rpadukaM ¥ rtalunummam
(cM. TI., OATYI0).

Pacmop anu30oBHX KOMOEACATOPOB OOPECMeIA0OT MO IIPHREIeHHBIM
panee ¢opmyiaM (CM. IV, DATYO).

Topusonranpnsie ycuanmst Bpods Tpaccsl, geficTByompe Ha BepXHHIK
Konen mpOMe:RYyTOYHOM OmMopLl DpH IpORJIajKe ojinoro rpyGomposoja,
ONPCACTAAT CAEAYIOUIAM TYTEM:

a) A8 WPOMEKYTOUHMX JABYXNMADHADHHX OOOpP TOPH30HTAIBHOE
yeuIme BIOIB TPACcCH PaBHO HYJO;

6) n7s1 rUOKMX DPOMEKYTOUNHIX ONOpP DTO YCHIME ONpemelseTCs
KaK ynpyraa peaKOMA BepXHEro KOHNA OIOPH, BOBHHUKAalMmas BClef-
CTBHe ero TOPH3ONTANLNOTO CMEN(CHWA Ha 3ajaHAYI0 BeiMYuURy, COOT-
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BETCTBYWNIYI TeMmepaTypHoli medopMmauuu TpyGompoBoza; TaKMM 00-
pasoMm, rufKas cTofika paccIHTHIBaeTCA KaK KOHCOXbHas OalKa, sarpy-
sKeHHas 3aJaHHBIM CMEIICHAeM KOHIa;

B) ANA JKECTKUX NPOMEKYTOYHLIX OIIOP CO CKOJNB3AMAME MIH KaT-
KOBHIMH ONODHLIMY YCTPOMCTBAMU [JIfA ONpeNeleHHs TOPU3OHTAILHOIO
ycuaus BROAB TPACCH! IpUMeHAETCs GopMysa

Ppva = qulv (7. 31)

rae ¢ -~ LOTOHHEIA Bec TpyGompoBoia B xl/x;
[ — paccTosiEMe MeKAY ONOpamMh B M;
. — Koadpdunment Tpemud.

JIsT CKONB3SIMAX OMOPHLIX YCTPOHCTE DTOT Ko3(dPHUIUeHT NpHEE-
MAeTCsi PABHBIM: NpM TpenuH CTaJM O CTadb M cTaTu o uyrym — (1,3,
opu rpepnn cramu o Gerom — 0,6,

Ilpumensemile KaTKOBLIC YCT-
poiicTBa MOJKHEL IapaHTMPOBAThH
OTCYTCTBHE BaKIMHMUBADMSL KAaTKa
B mporecce dKcmayarannu. Ipu
ODTHX YCTpOMCTBAX

0,05 ' H ;
=T (03 i
8 1 : 2 !
rie R — pajuyc ratka B cM.

: T
Pacuernnic  Topr3onTalbIibie "_—'” “'—""4*‘—‘““"—_"

YCHJIHA BJOAL TPACCH], AeiiCTRYI0- L bt |

IM¥e Ha pa3rpyskenmsle anKep- x1 L2 iz oas
HBle ONOPHl NIPH TPOKTajKe

ogsoro TpybompoBoga (pac. 177) Puc. 177. CxeMH y9acTKa TPACCH.

OOpeAeJAIOTCH CJICYIOUINM TIy- 1 — MepTBasa Touka; 2 -— Il-o0pasneit Kommnen-
T R carop; 3 —-JunsoBmit KomiencaTtop; 4 — sa~
M. ABUMKKA.

a) NpN OTCYTCTBUM B CMEHkK-
HUX TOpojdeTax 3aasmek (puc. 177, a W 6) ropmaoHTaNBLIOE yCHIHE
HaxoiAT KaK pAa3nocTh YCHJINI, BKIIUAMOIUUX pacliop KOMIEHCATOPa
¥ CUNH Tpenus, UIAH ynpyrde peaknnd na OPOMEKYTOUnLX ONopax,
JMEeACTBYIOUHX ClleBa B CpaBa OT PAcCMATPHWBAEeMON AaNKCDHON ONOPHI;
Opy 3TOM MenhIlee IO BEIWYAHC YCHINC YMIOMaeTcA ma Kodddm-
nueHT, pasmhii 0,8,

Tarum oOpasom, ycmame, fmeiicTByomee Ha onopy A, ompefeisercs
no CICyImuM ¢GopMyIaM:

OpH JBYXHWAPHUPHHIX HPOMGKYTOYHHX OmOpax

Ppva=P1’—O,8 P2; (733)
IpH TROKEX IPOMERYTOUHLIX OIOpax
ppacq=(pl.\.:Rl)_0,8 (p2+2R2)’ (734)
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OPH ECTKHX ITPOMCKYTOYHHX OIIOPax
Ppacy = (P +qul) —0,8(P;+ quly). (7.35)

B »Tux gopmyNax HPHHATO, 9TO CYMMAapHoe yCUime cleBa OOIbme,

9eM cmpaBa: 10/t }JHI n Z,Rz mOJPa3yMeRATCA CYMMB YNPYTHX
peariaii HPOMERYTOIUMX THOKEX ONIOpP, pPACHOJNOJKeNHBIX CJleRa u
cupasa or omopel H;

6) ecIM B OJHOM W3 CME/KHBIX [POJETOB HMCETCA 3aJBUIKKa
(puc. 177, 6 B 2} pag oupeneienua youaus Ha onopy I/ mMeem:

Ipu JABYXMAapPHAPHHX OHopax:

no cxeme 6
Ppac-{ = Pl’ (7- 36)
o cxeMe 2
d2 —_
Ppace == P, -+ =2 p, (7737
nps rafKEX omopax:
no cxeme 0
Ppoca == Py - MR, (7. 38)
o cxeme o
T d2
Ppacy = P+ 2. Ry + TP (7.39)
OpH KCCTKHX ONOPAX:
mo cxeMme 6
Ppac'l=P1+qu(ll_“0:8 lz)y (740)
o cxeMe 2
Praos = Py +qu(ly— 0,81;) + 5 p. (7. 41)

Yemaue, onpegenenoe o dopuyaam (7. 33) — (7. 41), nomxno 6mTH
TIPUHATO He MeHbITe TOPH30NTAABHOrO YCUANdA, 1elicTBYIOEro Ha Ipo-
MEHYTOURYI0 Onopy.

1ipn aByXmapuupHsIX U I'EMOKOX UPOMERYTOUHRIX OLOPAX OJHOBDE-
MEHHASI HOPOKJIAJKA HECKOABKHNX TPyOONPOBOLOB IJOUyCKaeTecd IHITH
HpH YCJAOBUE, YTO OJAH U3 TPYGOIPOBOAOB MAKCUMAJBIOr0 THAMETDA,
HA3LIBACMbI «BOAYLIHMY, THAPHHPIHO CBA3AH C TPaBepcaMH LPOMERYTOU-
HBIX omop. B aTom ciywae ropuizouTasbHOC ycHAAe, AeficTBylouiee Ha
CTOUKH NPOMESKYTOUNLIX OTIOp, OLpPedeAeTCA CJAeyIouM HyreM:

a) OpA OJHOADPYCHLIX ABYXMIapnHpaux omopax (puc. 178, a) ropu-
30HTAIBHOE YCHIle BOAb TPAacchl, ACHCTRYIOMmECE Ha CTONKH TPOMEIRYTOT-
HHX ONOpP, PABHAETCH IHY:L0;

6) npH oanmoapycunix rubxux omopax (puc. 178, 6) ux croiikm pac-
CUUTLIBAIOTCI KAK KOMCOibihie 0adRU, 3arpys;kenukie Ha KOHIE ropuson-
TAALOLIM CMCINCOHEM, pAaBHLIM BeJH4HIe TeMUepaTypPHoro y/ATuHEHHA
«Bemymeroy Tpydouposoga; Takmm 00pasoM, MCKOMOC TrOPW3OHTAJIbLHOE
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ycuiue OUpefelsiercst Kak YOpyras peakIus CTOHKH, BO3HHKAIOMIAH
BCJIECTBHE CMeinenUsa ec BepXHEro KOHLA Ha 33aJaHHNYyI0 BCIHYIHY;

B) 1IPU ABYXAPYCHBIX ;IBYXITapHUPHBIX onopax (puc. 179, a) croiiku
PACCYMTHIBAIOTCA [a TOPU3OHTAABHBIC YCIUIN, paBHbE CYMMapHOH
cull¢ TpPCHUA, BO3INUKAIOIOEH
"HA CKOJB3AMMX UIH KATKO-
BWX OUOPHLIX  YCTpPOHCTBAX
BEJOMBX TpyOOmpoBOGR, pac-
HOJOKeHHIX Ha  Tpasepce,
HE HecyleH «Bepyuuris Tpy6o-
OPOBOJ; ONPEAEIEHHOE TAKUM
00pasoM ropu3oHTAILIOE YCH-
JHe DPUKIAfbIBACTCA K BepX-
HUM KORIIAM CTOEK ONOpH,
IPHYCM TIOCICIHHE CYUTAIOT-
cf 3alleMJIeHIILIMA Ha YpPOok- Puc. 178. O,’LHOﬂpyCHMe HPpOMEKYTOIHR &

He HAKHET0 HAPYca OLOpL - OHOpRL.
. a — ABYXHIapuupHas omnopa; 6 — ruOxadg onopa;
(pI/IC. 179’ 6)’ 1 — Tpy6Gouposom; 2 — olopwl; 8 — INAPHUD; 4 —
I‘) oapla ABYXAPYCHbLIX ™o- 3aUICMIICHINE KOHUBl CTOCK.

Kux onopax (puc. 180} croii-

KU pPacCUUTLIBRIOTCA KAk KOHCOJbHLIE Oadiku, 3arpy cugble Ha Kople
cMeuleHHeM, PABHBIM BETHYHOE TeMIEPaTyDIOro YIIHHEeUUA Bejyuero

TpyGonporo;ia.
! Pacuer TpaBepe ABYXWApHEP-
! fw  nuxX u TEOKUX 010D LPOUBBOAUTCSH
B COOTBCTCTBMM CO CleAYRmuMn

2 2 va ¢XCMaMU 3alpysRenusn:

4) ceuCHHe TpaBepchl, Hecymeit
; ‘ ey nii  Tpydonponoy, B MecTe
{ b MapHNpHOr0 CcOeIHHEHHA € HHM
) 4{ \IPUHUMAETCH  SKECTKO  3allealen-
e HbiM; €cJdu 10 ORZHY CTODOHY OT
0 ’ 3 Begyniero Tpy»oonposoga 9cpes Tpa-
Bepcy HPOXOAAT JOHOJHHTCIBHO
ojup-iipa  TpyGonposojia, TO Tpa-

da

Puc. 179. PacdeTtHas cxema fiByxspyc-
ROE ABYXWADOHPHOH OMOpH (a) T

cXema ;A pacuera croex (o). Bepca pacCcYNTLBAETCH Ha coepe-
I — nexyuwd TpyGomponoms % — peosws < VOTOUCTIUDIE YCITMSE, IPHIOMCIIHbIE
TPYGONPORON. B MECTAX ONUPAHUS HOMOIUUTENE-

ublX BeJIOMBIX TPyOOIpOBOIOB

(puc. 181, 6), woropne ompejeanioTess 1o dopmyre (7. 31);

0) Tpamepcul, me necyuyie Beaywmail Tpybonponron, paccUMTHIBAIOTCH
Kak cBo0O/iHO onepTHe (0aldKM, 3arpysReHHble CUJIaMH TPCHHS OT Pacio-
JOREINBIX 1A IHX BejgoMmx TpyGomponomoB (cM. puc. 181, 6); ecam
9UCI0 BEIOMHX TPYyGonpoBoaos 1¢ 60.1blue ABYX, CHILI TPeuMd 1 pHKIa-
JBIBAIOTCH B MeCTaX OnMPaHNns BeJOMBIX TpyGONPOBOJACGE U OUPCAEHAITCH
oo gopmyde (7. 31); ecam ke YHCTO BEIOMMX TpyOOHpOBOIOB, Pacno-
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IOKCHHHIX I(0 OJHY CTOPOHY OT Bejymuiero TpybonpoBoma WM HA Tpa-
sepce. 1o MecyHiel Bexyuuil TpybGonposod, Goaplie ABYX, TO ODH OIIpe-
JedeHHn yeuiiunil, RelicTBYIOLMX 1a CTOIKM M TpaBepCLI OMOPH, Clelyer

Puc. 180. Pacueruan cxeMma jAByxsapyc-
HOil rubkoi ouopui (a) M cxcMa s
pacdera croek (6).

1 — Beayummin tpydomponol; 2 ~— BexoMuiil

TpyGonposod;, 3 — TeMmuepaTypuaa Jdedop-
MaiuH Beaymero Tpyboupotoaa.

PYKOBOJACTBOBATLCA  YKAa3anWsMm,
UPUBOTMMBIMI ITKE,

Ilpu oguoBpeMenmoii LpPORIaz-
K€ 1CCKOJBKMX TpPpyOOmpoOBOXOB Ha
SKOCTKUX DPOMCIRYTOUNLX ONOpax
TOPUROUTAABHIIE  YCWIAA,  [deH-
CTRYIOMUG HA CTOWKM B TpaBepch
OO, ONPEReNsIOTCA LIt KaHILOTo
B3 TpyOouponogon 1o QGopmyie
(7. 31), a 3areM YMHOMKAWTICA Ha
«ROPDOAIHENT OATOBPEMEHHOCTHY,
}PaBHDLIH: -

npu UupoKIajke JByX TpyGo-
iuposogon — 1,0,

IPY NMPOKIAA(RE TPex TpylGompo-
nojos — 0,67,

[LpH IPOKIAAKE YeTHpex U 6odee
Tpybonposoxos — 0,5,

Ecour upu ofiHoBpeMenuoil nporiagre Tpex TpyGOmpoBogoB Bep-
TURAIbHAA HATPY3KA OT OAHOTO ¥3 TpyGOIPOBOAOR pARIIA WM IIPEBH-

maer 0,67 cysyapuoil sepru-
KalbHOU HArpyskm, Jeitcr-
Bylouicii Ha  omopy, 7TO B
pacdeT BBOANUTCH JUNIL TOPI-
B0HTAJILHOE yculiue, BLI3H-
BaeMoOe yKalauunM Tpydoupo-
BogoM. To e mpmuumaercs
U IpH OJHOBpeMCHHOL @IpO-
KIajKe UYeThipex wu Oodee
TpyGOIMpoOBOIOB, KOrja BeprU-
KalpHasg Uarpys3Ka OT O[4uoro

M ! 2

A B 4
M N
K

AN \\ / Iy
[N
AN
Y
NE &
\,—
\ : £ F L

13 TpyGOUPOROAOB paBua WIH 6
npespimaer 0,50 cymmapmoii A

BepTUKAIBbHOH HArPYy3KU, Jeld- 2

cTByOuted ma onopy. Puc. 181. PacucTHas cxema TpaBepC JBYX-

pu OpOKJajike  JIByX Apycuod omops (), pacuersas cxema Aan
# Tpex TpyGOmpOBOROB ropu- TpaBepen. MN (6) . pacuerHad cxcema JaA

30HTAJbNLE YCUIUA, Ompeae-
JEeHHLIE B COOTRETCTBIN € Hpe-
ABIYILHM, DPHIMMANTCH KaK

TpaBepest KL (s).

1 — pegyua#t TpySoiponosd; 2 — BegoMuic TpyGo-

NPOBOAMI,

COCpe/I0TOUCNNLIe B MOCTAX ONUpan#dsi TpyGonpoBOJUB; NIpU OPOKIAAKE
geTnipeX M 0ollce TPyGONPOBOAOB CYMMAPHYI0 HATPYSKY MOJKHO TPHHH-
MaTh pAaBIOMEPHO pacupejieleHHOil 1m0 TpaBepce.
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Komnconn tpasepe II-o6pasnoii omopsr i TpaBepenl T-06pa3noit omopsr
CclefyeT pAacCUMTHIBATL HA COCPE/OTOYEHHLlE YCHIHA, NPUIOKeHnHbe
B MECTAaX OOMpaHHA TPYyGOUPOBOAOB.

Croiiky T-o0pa3snHoil omopH HeOOXOAMMO HPOBEPATh HA TPOYHOCTH
JABAJKOEI: IPH HIPOEKTHOM DPacIoJO;KeHHH TPYOONPOBONOB W IPH OHO-
CTOPOHHEM DPACIIOI0:KeHNH TPYGOoUpOBONOB MO OfHY CTOPOHY OT CTOMKH;
B LOCJHCIHEM CclydYae Y9YHMTHiBaeTcA JMUIb BePTHKAJNbHAs IATpPy3Ka,
co3flaBaeMas OCTABIIUMUCH TPyGOmpoBOTaMU.

Ecnu depes Tpasepcy IpPOXOJUT HCCKOIBKO TPYGOIpPOBOAGB pPe3Ko
PA3IMIHOTO JlUaMeTpa, TO 1eo0XOANMO DaCHpefedsTh pacyeTHLIe Ha-
IPY3KY II0 Tpasepce B COOTBCTCTBHM C PACHOJIOMKCHHEM TPyGOmpoOBOMOB.

Topusonranpure ycuims, jelicTByOLIMe HA pasrpys;KeOnewe amKep-
Hbie OIOPHI, IPU OJHOBPCMERHOM DPOKIA;(Ke HECKOABKUX TPYyGoupoBogoB
OnpeHedATCA clejylomuM o6paszom:

a) OpH OJHOBDPeMEeHHOH HpOKIajyKe ABYX TpPYGONPOBOXOB rOPH3OH-
TaJdbHIIe YCHAMA OT KaKEOro M3 TPYyOOmpOBOAOB IIPUKIAABIBAITCH
B MeCTaX OOMpAnHA TPyOOmpOBONOB M OOpeRedAIOTCs 1m0 (GopMylaam
(7. 33) — (7. 41);

0) opm ojnoBDeMeHHON HpPOKIagKke Tpex TpyGOOpOBOAOB TropH30H-
TaJbHbe YCHJIUS CJaralICi U3:

pasmoctu pacmopos P; — 0,8 P, m1a Kaswjoro us TpyGonpoBOioB,

pasmoctu cui Tpemua q W (I, — 0.8l,), ywmmomenusx ma Koadhdu-
MHEHT OfHOBpeMeHHOCTH, paBubiii 0,67,

OCeBHIX YCH.IMIT, BHI3BAHNBIX JaBICHHCM HA 3a/IBUIKKH;

HailgCNHbEC TAKUM IIYyTeM YCHJIMS UPHKIAHLIBAIOTCA B MeCTaX ONHU-
panusa Tpy0ompoBOJOB;

B) Op4 OJHOBpeMeNHoil OPOKIAJKe deThipex U Golee TpyOOIpOBOXOB
rOPU30HTANBIbNE YCHINA CIAraoTCsa H3:

pasmoctr pacmopoB P, — 0,8 P, pisi xKamporo u3 TpyGompoBomos,

pasuoctu cuia Ttpemma ¢ W (I, — 0,8 [,), yMmo:mennux Ha Ro03(-
¢$uuuentT opHOBpemennocTw, pasunii 0,5,

OCEBLIX YCHIUN, BL3BAANKX JlaBIeINeM [a 3a/[BU/RKY U YMHOKEHHBIX
#a Kod(QMIUNEHT OJHOBDEMEHHOCTH; 3TOT Ko03¢(PUOUeHT OPUHAMAETCA

PaBHLIM: OPH ABYX 3aJBHIKKAX B LPOJCTAX, CMEKHLX ¢ omopoir, — 1,0,
opu Tpex 3aABHIKKAX B DOJeTaX, CMERHBX ¢ omopoii, — 0,67, mpn
yeThpex ¥ Gollee 3a[BHIKKAX B 11p0jeTax, CMemHBIX ¢ omopoit, — 0,50.

Haiipenunie Takum o0pasoM YCUIusi MOGKHO CYMMHDPOBATH H CYM-
MapIyIo Harpy3Ky OPpUHEMATH DABHOMEDHO paciipedeleHHoil mo TpaBepce.
Ecau upm paluuuv Tpex MM deThipex U (uslce 3aJBH;KeR B mpoOJeTax,
CMEKIIFX ¢ OMOPOil, 0ceBoe ycuiue, felicTBYIOMEee HAa OUY U3 33 BUMKeX,
upesotimact coorsercrsenno 0,67 mam 0,50 cyMMapHOro ycuams, moiy-
9enmorTo myTeM CYMMHPOBAHHA BCEX 0CEBHX YCWIUH Ha 3afBMKKM, TO
B PAcYCT BBOJUTCSH JMIIH YCHIMe HA YKAa3aHUYI0 3agBummiy. Touno
TAK jKe CCIM NPY O/OBPEeMCHHOI LPOKTagKe Tpex, 4eTrpex uam Golee
TpyGOmpoOBOOB OJHA M3 pAsHOCTedl CMI TPEHUS MpeBHIIaeT COOTBOT-
crsepno 0,67 mam 0,50 cyMMapHOTO YCHJIHA, IOAYYeHROTO IYTeM

2% 3axas 995.
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CYMMHDOBAHUA BCeX pAasHOCTCH CHIA Tpemusi, TO B DPacyeT BBOJHTCs
JIMIOb YKa3aHHAf PA3HOCTh CHI TPEHUA.

FopuszonTanbuele youdnsa, JeHCTBYIOmMHMe HA KOHIEBLIe aRKEPHLe
OWOPHI, ONPEACTAIOTCH TaK jKe, KaK H JIA DPa3Tpy:KeHNbX aHKEDPHIX
Ou0p, 3a UCKIYenHeM TOTO, UTO B DPACIET BROUATCA JTHULNL YCUIMs,
JeHcTByIOmHue U0 ONHY CTOPOHY OT OIIOpPH.

Ounpepenlenue ycuinmi, felcTBYI0OMAX
Ha 5JIeMCHTH OLOpPp, OPH DCTARAZHON
OpOKITajgfKe TpyObouposBomgo®

TpyGonpoBoanas actaxaya (puc. 182) cocront ¥3 OTHEALHEIX TeMmie-
aTypHHX OJOKOB, KOTOpLIe TOAPA3RENAIOTCH 11a LUPOMEKYTOYHHE M

yp L
ronnesnie. TemmepaTypHbiil 640K B CBOIO 0depeah COCTOAT H3:

TPOJNETHOTO CTPOEHNA, ROCHPMAUMAIONIEr0 BEPTHKAILHEE H IOPH3ON-
TaJbNEe YCHTHAA,

1 s
Ipomsmymovusie Bronu J\ KonueBou 6ron
—

o~ J
nawils

T

ZL), M /77’/////7/\/ 7777, /)q///// 4
4 3 4 5 5

Puc. 182. Cxema TpyGoupoBonBod acraraisl.

1 — Tpasepcw; 2 — TpyOonpoBonl;, 3 — NPOMCHIYTOHHbIE CTUNKH:
4 - aHKepPHBIE OIIOPB; § — UPOJIETHOE CTPoeHue.

oauoll aHKCepHOH OIODH, IpeiHA3HAYEHHOL NI4 BOCHPUATHA TOpH-
30HTAJIBHEX YCUIMil, jeficTBYOIMUX BIOAB TPACCHI,

MPOMCIKRYTOUHEIX CTOCK, BOCITPUHMMAIONAX BePTUKAJBbHEIEC HATPY3KY,
JelicTBylonie na IPOJeTHOe CTpPOcHUe,

TpaBepc, HA KOTOPLIX UPOKIAABIBAIOTCH TPYOODPOBOJEI.

TpaBepcht acTakaqiforo (JI0Ka PACCUHTHIBAITCA HA CYMMY BCPTHKAJb-
oHx Harpy3ok Qpacy, oupejersemsix mo gopmynanm (7.27) u (7. 29),
H paBHOMEpPHO PacHpPCACeHNY) TOPM3ONTANBHYIO Narpy3ky. pacyeTHas
HHTENCWBHOCTL ROTOPOil HaXogured IO ciemylomed gopmy.e:

.
Jpaca = ZQPZC‘IP’”‘ ’ (7.42)

TAe B — KO3GQOUIUEHT TPCHUA;
b — pEna TpaBepCH;
n — KOdP¢UUUEnT OJHOBPEMEHHOCTH.



Onpedeserue nazpysok, Geldcmeywiyur Ka oOnopu mpyGonpoaodos 371

Ecim gepes TpaBepcy mpOXOAAT HECKONbKO TPyGOmpOBOXOB pe3Ko
pasiMYHOr0 AMaMeTpa, TO pacucTHbie HAFPYSKH IO TpaBepce CIeayeT
PaCHpefelIaTb B COOTBETCTBMH C DacHOJO:KEHWeM TPyOODpOBOJNOB.

Honuesric TpaBepcsl KOBIEBOro 0.J0ka Heo0XOAEMO IIPOBEPATh Ha
IPOYHOCTh B COOTRETCTBHA C MCTUHNIHMHA YCHINAME, ONpCAedeROLIMEA B3
YCUOBUH JeHCTBUTENBHOTO PAaCHOIOAEHUA (HKCOYHKTOB, 3afIBHMKEK
WM 3ariymek.,

AHRepHaﬂ onopa xommesoro 6Jgoka 0,354 0,654
pPACCIMTHBACTCA HA FOPH3OATAIBIOC YCH- f——'*-—ﬁ|
JIge, CIATAIOMECCH U3 CYMMbLL PacIlopoB
KOMIOEHCUDYIOU[HX YCTPOHCTB BCex Tpy- l
BOIpPOBOJIOB, TPOJOKEHHbIX Ha JATHOM OOO O OO
OII0Ke, M HEYDPAaBHOBCIICHION CHAB Tpe- |O Olo
anA, pasmoii 0,75q,, Tae ¢, morommas
BepPTUKaJIpHad LAaCpy3kKa Ha eIHHUIYY
Jannnl 6;I0Ka B m/M. l

AHKepmas omopa OPOMEKYTOUIOTO i

6JI0Ka paccINTHBASTCA Ha TOPU3OHTAIb-

JI0e yCWINE, BRIIOUYAIIEC CYMMAapHYIO WJ
pasnocTh pacmopos I’, — 0,8 P, xommen- WJ,W
CUPYIOIMIX YCTpoilcTB BCex Tpydomnpo-

BOZOB, UPOJOCHHNX Ha NaHHOM OJMOKe, Pge. 183. CxeMa RONMycTEMOG
HEYPABHOBEIICHHYI CHIY TpPEeHHA, DPaB- INeperpysky MONEPeYHOTO Cede-
wyio 0,15¢,, ® oceBoe ycmime ma 3a- HuA SCTAKAJH.
AnmKKy, papHoe 0,68 gs.

Ilpoaernoe cTpoenme scTakagHoro GHOKa pPACCUMTHIBAETCS HA Bep-
THAKAIBHKC U TOPH3OHTANbULIE HATPY3KU, IepeJaBacMble TPaBepCamMm|
B MeCcTaX UX IPUCOeHHHENHS K MPOJeTHOMY CTPOEHMIO.

IopuszoHTalNbBEbIe HATPY3KN, LIEePOeHAUKYJIApPHEIe K JHHHE TPaCCH,
BOBMMKAIOMING BCIACICTBHE HAJIMYHA OTBOJOB, MOKHO He YYHUTHIBATh.
Ilpu sToM B MmecTaX UOAKIIOUEHUS OTBONOB CICAYET NAaBaTh PA3BA3KY
IOBLIMMEHHOU THOKOCTIH.

Ilpu oTCyTCTBHM YTOYHEHHOII PACKIAJKU TpyOOmpPOBOAOB, KOMIIGH-
CATOPOB, 3aIBUIKER M (PUKCIYIIKTOB FOPUBOHTANbLHLIE YCUIUA, XelfiCTBYIO-
HMe Ia apKepHbe OmOPH OIOKOB, MPUIHMANTCA PABULIMHA:

HA aHKEPIYIO OIOpYy KOmLEeBOTO 0Joka — 4 qy;

HA aUKepUuyl ONOpy HPOMeXkyTounioro Gaoxka — 2g,.

Ilpoxernioe cTpoemHe pacCUNTLIBAGTCA C Y9eTOM BO3MOKHO@ mepe-
IPY3KR ofHoit u3 cropou momepeunoro cewenus mo 30% (pumc. 183).

24*



1'JIABA BOCBMAA

PACYET TPYBLOIIPOBOJOB HA KOJEGAHNUSA

§ 62. CoGcrBennple 4acToTHl KoxeGannii TpyGONpPOBONOR,
AEKAIMX HA KECTKHX OMOPAx

YacToTh coGCTBEHHLX M3rHOHMX Kodefammii TpyGonpoBOAOE, Jlenca-
mUx Ha JKECTKHUX OIOpax, onpep;eJmIoTca mo gopmyire
1 o [H
hi= 2e P Ym (8-1)
rge A; — dacToTa B 2y, COOTBeTCTBYIOman i-ii gopme Kodebammii;
| — paccrogHUe MCKAY ONOPaMU TPYOOMpOBOAA;
EJ — jKkecTKOCTh IOMEPCYHOTO CEUCHHA TPYyOONPOBOAA;
m — 1oronHaA Macca Tpybomponona;
¢; — ROD{pUIIICHTE, BaBUCHALIE OT YCI0BUH 3aKPelIeHNsl KOHIOB
TpyOOonpoBoOa, KOJMYECTBA MPoleToB W GopMbl Kodedammii.
3Havenus KOdPOMUMEHTOB a4 NIA PA3IMYHEIX CXeM TPyOOUpOBONOB,
JeKAIUX Ha JKCCTRUX ONOPaX, NPUBOTATCA HIKE.

Tpy6onpoBogn, IeamBEe Ha ABYX OnMoOpax

YcaoBus 3akpemienus KOBIOB TPyOOmpoBonon, Jeskamux Ha ABYX
omopax, nokasanbf na puc. -184. 3navenusa rosgpunuentos «, B 3aBHCH-

%{ %/, /g ] ”

e — e — Pnc. 184. Cxemn TpyGompoBo-
a g JIOB, Jeamux Ha JBYX ONOpAaX.

a — mWapHUpHOE OollpaHue [0 JBYM
KoHOaM; 6 — 8afejlKa ¢ OBYX CTOPOH;

8 — mapHUpHOC OIIMpaHue C Onﬂoﬁ
——————-—é CTOpOHbBI M BaNejiKa C npyroﬁ, 2 —
T ] Z wouconbHNM TPpYOGONpPOBOA.
e —d L— —
4 e
MOCTH OT YCJOBUR 3aKpenienus OPHHUMAaNTCA mo Taéa. 71; a, — C0O0T-

BETCTBYeT KoJe(anuaM OCHOBIOIO TOHA, C;, Oy M T. A. — KoJeGaRHAM
HepBoro, BTOPOro o T. /. 06epTOHOB,
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Tabauya 71
KoagpunonenTrr o; nans ogHOUpO:IeTHHX TPYGonposoaos
Yeaopna
s (5 ao a @z | ag as a; mpH i 4
prc. 184)
a 3,1416 6,2832 9,4248 } 12,6664 | 15,7080 [ %14
o
6 47300 | 7,8532 | 10,9956 | 14,1372 | 17,2788 ~ :‘%L ~
o 30266 | 7,0685 | 10210 | 13352 | 16,494 ~f“'—1‘-1— x
2 1,8751 4,6941 78548 | 10,9955 | 14,1372 ~ 2;; T
' I |

TpyGonposoam, demaumue Ha Tpex onopax
(c paBHHMH HpOJeTaMmn)

Bosmosknne yeuoBHs B3aKpelNIeHys! KOHIOB TPYGONDOBOOB, Aema—
nMX Ha Tpex OHOpax NpH DaBHHX HpoJeTax, DOKa3ank Ha puc. 183..

/sy
4 e &
] > { ]
a
Puc. 185, CxemMH JABYXUDONETHHX D
TpyGonposoyos. a‘ % A
a — WapHupnoe omipanne ofouX KOHDOB; 1 ‘ . 7777
6 — saZeika OBHOTO KOHNA ¢ WapHUpHOE i et ¢~
ounpanne Apyroro; 6 — 3ajeiika ZBYX KOH- 6
0B.
i % _
ay /
N o,

)

I

&

Snauepua KO3()GUUHEATOB ¢; AMA Takux TPYGONPOBOXOB HpUBEIEHEY
B Tabm, 72.
Tabauya 72

HoodpdunnenTtnr o; mia AsyxnponeTnnix TpyGonpoBogos
€ PaBHLIMA NIPOICTAMH

!

Yenonun }
3aKPENIeANA ap ay as ag ay

(Do puc. 185) ’

|

a 3.4416 3,9266 6,2832 7,0685 9,4248
6 3,39 4,46 6,54 7,59 9,69
13 3,9266 4,7300 | 7,0685 7,8532 | 10,210
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TpyGoumpoBOAK, TesKalHAe Ha HECKOAbKHAX
0]10an IIpE CAHHAKOBHHX npone'rax

Venosusi 3aKpemIeRHA KOHBIOB TpPYyGOnpoBOMOB, Iekamux Ha He-
<CHOJNLKAX OII0pAaX UpPH OJWHAKOBLIX IpoJeTax, MOKasamsl na puc. 186,
MuoroupoJserusie TpyGOMIPOBOIH

Ly T 7L S 77 © PaBHHIMII TIPOJICTAMU U OFHHAKO-

b 2 b 7 ] lem 7 —| BLIMU B mpolleTaX rKeCTKOCTHAMH Iy

a PABHOMEPHO PACIPEIeIeNHLIME Mac-

caMy UMCIOT GCCKOHEUHOC YHCIO0 30y

2 &, 3 aw 2, CI‘YTIJ,CIIMH“ co0CTBENNBIX  9aCToOT,

e, 7 ey B raxgoil 3ome mmecTCs CTONBLKO

5 YaCTOT, CKOJBKO HPOJIETOB HMEET TPY-

. GOLpOBOJ, IPUIEM i-d 30HA CryIUe-

% ray — ———rc % HUS YaCTOT OTPANUYUBALTICHA CIH3Y

(K I 4 " H cBepxy vdacTOTaMH i-it TPyAnm
L—I—"‘*\“l—*l l*—[a-b-t }\/iH I }‘“ID'

8

Jlaa mencit gumHAMAYECKOTO pac-
‘Puc. 186. Cxemmr MHOronpojdernnx 4Ye€Ta [JOCTATOYHO ONpEJeTUTh Ye-
“TPy0ONpPOBOIOB ¢ OFMHAKOBEIMA Pac-  ThHIpPe YACTOTH COOCTBENmHKX Koisieba-
CTOAHMAMA MEKIY onopaMZI. HMif: gy M Ags — HESMIYK U BLIC-
‘a — MapHUpHOe oIIUPAHWe KOHLOB; 6 — 3a-
_MENMKA OIHOTO KOHLA U HIaDHUDPHOE OIMpanue Iy U3 7aCTOT OCHOBHOIO TOHA, ;"13
ADYIOTO; & — 3aAC7IKA jIBYX KOHIOB. U Ap— OUBIOYIO M BEICIIYIO M3 Yac-
TOT MepBoTo 00eproma.
2
JHadeHnA  KO(QUOAEHTOB  0;/2 7 JId HTAX  C¢JIAyYaeB Ipn-
seflenb! B Tabu. 73.
Tabauya 73
Koadgdripenrsr (LiZ/Z."lI B MHOTOHPOICTHHIX TPYOOLPOBOJOB €
PABHLIMH IIPOJCTaMIT

Ycaopua R - 9
awpotte: | Koamue | 9 | 90w | ofa | s
puc. 186) JIETOB 2 2n 27 2n
3 1,57 2,94 6,28 8,18
a 4 1,57 347 6,28 9,17
5 1,57 3,30 6,28 9,38
6 1,57 3,37 6,28 9,50
0o 1,57 3,56 6,28 9,82
3 1,69 3,37 6,54 9,50
4 1,64 3,45 6,43 9,63
6 5 1,62 3,49 6,38 9,70
6 1,60 3:51 6,35 9,73
0 1,57 3,56 6,28 9,82
3 2.01 3.56 7,16 9,82
4 183 3.55 6,82 9,82
€ 5 1,74 3,56 6,64 9,82
6 1,69 3,56 6,54 9,82
o 1,57 3,56 6,28 9,82
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TpyboumpoBopasn, jleamue Ha Tpex Oomopax
¢C HepDAaDHHMHU OpPOAIETAMHA

Cxema [JBYXOpoJerHoro TpyGonmpoBoma ¢ HEPABHEIMH HPOJIETaMH-
noxasaga ua pmc. 187. Roopdunmenr «, A onpegeldenuss vac--
TOTH  KoJe0auHil  OCHOBHOTO

TOHma Taxkoro Tpy0ompoBoAa ompe-
pgenneTrcsa no rpadmky pme. 188.

Q
65
6,0 S
55
5)[] —t
45 7’
40 T?:f{i&
Yo a2

.4

! 3 | I ol

Puc. 187. Osyxmposaernnis Tpy6ompo- Puc. 188. I'paduk po1a onpenedenusa gac--
BOJ ¢ HepaBHLMHM  DAacCTOAHHAMH  TOTH kolxebaHnii OCHOBHOI'C TOHA JABYX-
Meumy OIOpaMH. nposaerHoro tpyGonposopa mph Iy & Iy..

TpySonpoBofgu, Jexamue Ha YeTHPEX
omopax ¢ HepaBHHMN OpoJeTaMmMn

Cxema TpexupoJeTHOTO TPYOOmpPOBOJZA € HEPABHHIMH ILIPOJIETAMH
opuBegeHa Ha puc. 189. Roaddmumenr @, A%A onpefelcHUA FACTOTHE
KoxeGanmii  OCHOBHOTO TOHE

TPpYOOTIPOBOfA OMpeHeNAeTCA IO ?l’
rpagury puc. 190. { N [
I
4 f ™
-

3 ” - ~

< B 2652 0% 05 08 o
L—— [’——DL‘—[z ———-)-L— ], ~P~] ’ %Z_ZLZ_ ’ ’ ’

. 7t 0

Puc. 189. TpyGonmposox ma germpex Pmc. 190. T'padmr pis onpepenesma gae--
0HOpaX ¢ HePABHHIMY NpOACTaMU. TOTH K0Jc0anmii OCHOBHOIG TOHA TPEXIIpo--

JerHoro TpybonmpoBoga npu L # la.
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OXHNOKOHCONBbHEE TPYyOGOINIPOBOJH

CxeMa OJHOKOHCOIBHOrO TpyGompoBOoga € JABYMS OHOPAMU IPHBe-
nena Ha puc. 191. Roadduumenr a, m1sa oupeneleHns IacTOTH KOIeGy-
HOH OCHOBHOIQ TOHA HAXOXAT mo Taly. 74 B 3aBMCHMOCTH OT BeJTHUYMML

2

<OTHOINICHH A 7'— .
1

A B Puc.
L l, ‘ 12—»]

O;IHOKOHCOJLHEIH TPYGOMNPOBOT Ha
JABYX OHOpAXx,

Tabauya 74
KoapdnouenTh af A1A OXHOKOHCOIBHBIX TPyOompoBO;10B
l
= ! Y, TS Y, Ys
: |
ap 1,5059 1,9017 2,5189 l 2,9404 3,0588 3,0997
o %
N e 1/, /g i 0 1o 0
1
T ‘ : s | | -
ag 3175 | 31265 | 31315 ) SABAS | 3364 |
| |
ﬂpn - < —5— 3HauCHUe O, MOKHO ONpeNeNATh 1Mo opMy.ie
1

a2 I,
(LOANJ[1~——16—(-1—;- (8-2)

JdBYyXHKOHCOXBHNE

3
J]=
TpyOboupoBoaH

CxeMa IBYXKOHCOJBHOTO TPyOOMpOBOja ¢ IBYMsA ONOpDAMU LpHBEAela

wa puc. 192. Koopounment a, A7aA onpejelenist TacTOTH KodeGanuii
‘OCHOBHOTO TOHA TAKOIO TPY- 4,

GompoBona ompepelaerca Ho , 5

rpapuxy pmc. 193. T Tf’\\ T
O——TA : =
N 7/ r— R S
‘r ’7/9,/‘7 AN 7.50 I 0‘ 2 0’1, g, 3 0.8 _1, 7
' z 4 20,7 0,

Puc. 192. IByxKOHCOJIBUMI CuUM-
MeTpPHYHREI# TpyGonpoBoJ Ha JBYX
OHopax,

Puc. 193. T'padmk nna ompeneseAHA 9acTOTH

KoMeGaHmil OCHOBHOTO TOHA ABYXKOHCOIBHIOTO

CHMMETPHYHOr0 TpyGOmpoBOZa Ha AByX OIO-
pax.
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i § 63. CoGersennsie wacTorn KoneGammii TpyGouposonos,
MMEIOMUX YNpyrae Onopsi

YacroTh coOCTBEHHHX H3rmOHLX Kojefauuil TpyOOUPOBOIOB, UMeEl~
mUX yupyrae Omopil, ompefendarTca mo ¢opmyde (8. 1).

Hcmru 0603Ha9HTH 3HECTKOCTh ONOPH OTHOCUTEIBHO IONEPEYHBIX
nepememenuii (x[/cm) depes C,,, a KECTKOCTh ONOPH OTHOCHTETHH®

Lp==

Cw »
L———l 7 L(—l Ci

————— gt

%, b
Gy ¥ %—'ﬁd
{

"wg 14
4 2
a

Prc. 194, Cxemid OIHOMDPOJTETHEIX TPYDOUPOBONOB, JEKAIIMX HA yOPYI'uX ONOpax.

a — OJMH KOHeNl 3ajejiay, APYPofi MMeeT Ylpyroe lonepewnoe liepeMeiienne npu abconioTHo

JKECTHOM Banenke NPOTHSB YIoRLX DedopMaruii; 6 — oJuil KoHel MapHupUo oUePT, IPpyroik nMeer

YIpYroe noiiepeyHoe ICpeMeuleHiie; 8 — ONMH KOHCH, IMapHUPHO OUCpPT, APYro#t MMeeT ynpyrue

yriossie geopMalyM Ipd OTCYTCTBHYM CMEUIeHNs IO BEPTMKAJM; ¢ — OOMH KoNeH sajesiaH, apy-

(¥ MMEET yupyrue yrioBne AchopManuy npyu OTCYTCTBUM CMCLICHKA [0 BeCpTHKAAM; O ~——oﬁa
KOHMA HMCIOT YHPYro¢ NHoHepeunoe nepeMeruenue.

yraosux jedopmanuit (xem) uepes Cy, TO 3HAYCHUA KO3PPHIUEH-
TOB @, ZJIA ompelellenusi IacTOThl K0Je0aHu OCHOBHOIO TOHA HAXOLATCH

caenyomuM ofGpaszo.

TpyboumpoBopgm, Aeskamue Ha ABYX omopax

XapaxTep 3akpemylennms KONIOB TpYyGONpOBOAOB, IeKAIUX HA
IBYX omopax, nmokasau ma puc. 194.
Ecau BBectH oGo3mauenus:

Cw—cw LJ L
- l
Co=Co—f7 - (8.3

TO 3HAUEHUSA @, OMPEACIAIOTCH B 3ARKCUMOCTH 0T Cyp B (g 10 CEXYIOMMUM
rpaduKaM: Ads caydas a — no puc. 195, anra 6 — mo pume. 196, pas
¢ — no puc. 197, nus ¢ — mo pme, 198, mas & — mo pue. 199.
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378 Pacuemn mpybonposodos Ha KoseSanus
40, Acumnmoma npu a,=3,9266
. .j’a(" ~ e+
3 U Puc. 195. T'paguk nua onpeze-
T UL s 1] JleHAst 9ACTOTH Kolebandil ocko-
11T T o BHUOTO TOMa TPyOOMPOBOJA, 130~
2V r ; [ =TT 6pamernore na puc, 194, a,
L I A I
0 100 200 300 Ly
a,
4 T
Acumnmoma npu dp = ﬁ__ o
3 e e e T e e e —
Prnc. 196. Tpadmr nas ompe- /
ACSIeNMA  9acTOTH  KodcGaHuit 2
.OCHOBHOro TOHa TpyGouposona.
:a300pazKepnoro Ha pme. 194, 6. -
1 S
Og 7 700 7506,
a
T —
17 o Acumnmoma npu @y=3, .926‘6‘
T T I T Pme.* 197. TI'padur pmas
- OTpeflelICHUA JACTOTH KO-
nebannii OCHOBOOTO TOHA
] tpyGouporoga,  u30Gpa-
. v sKeHmoro, Ea pae. 194, B.
123 4 -
3 T
] 10 20 30 5};
% Acumnmome npu d,=%,730
e e
‘Prc. 198. T'padur p1s onpegeine- +
finA YacToTH KogcGamuil ocnon- .
‘aoro ToOnia Tpybolponona, Rn3o- K / I
OpamenHoro na puc. 194, r. 0 i ]
18,9266 =
g 7 20 3y

Pue. 199. Tpadux gaa onpe-

JlesTenist YacToTH KoseGanmi

OcHOBLHOTO TOHA TpyOONpPO-

Boja, ma00pasKeHHOro  Ha
puc. 194, 0

08 L,
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TpyGonpoBopghn, Jeamuae Ha Tpex omopax
(c paBEHMHU NpOJeTaMHn)

Cxema Tpy6onpoBoa, Je/Kamero Ha TpexX OIOpPax I HMEIONEro cpef-
RO yupyryk omopy, mpusegena Ha puc. 200. Hoaddunumenr «, ara

2 Cw 2
Pmc. 200. [Amyxoposctnmit TpyGonpoBon l
¢ yupyroil _cpeaneil onopomu. I} —_— 1
,:14 Acumnmoma_npu_a, =3,92
3~ Puc. 201. Tpadur pas onpelesieHAS
N 9acTOTH KOJeGaHHi OCHOBHOTO TOHa&
aByxmpoaeruoro TpyGoliporoja ¢ yu-
pyroit cpepueit ouopoi.
2
%.
|
"o Z00 0 800 G,

npegelenus YacTOTH KoJebauuii 0CHOBHOTO TOHA TAKOTO TPyOOIpPOBO#S
npefenseTcss B 3apucEMocTH ot (,, mo rpadury puc. 201.

TpyGoupoBopgu, JTexauue Ha YeThpex
onopax (C MepaBHLWMMYA HPOTeTaMil)

Cxema TpyOompoBoma, JEAMEro IHa 4YeTHpeX ouopax M HMEIONero
RKpailHume ynpyr#e omopsl, upusexena na puc, 202. Hoodppuumenrt o,
IAg ompedesenus 4YacTOThl KOJeGaHuili OCHOBHOro Toma TPyOompoBopa

OmpeneNseTcs B 3aBUCHMOCTH OT (U [ = ~h _mo rpadury puc. 203..

l
L+5

Opnoxonconbsnwme TpyGompoBoOZu
Cxema opmoromcoapnoro TpyGompoBoaa ¢ OAHON ynpyroii omopoir
npnBefera ua puc. 204, HosdduuuenT o, OUpeuclserca B 3aBUCHMOCTHE

or Cpu I, = —IT%;— mo rpagury puc. 205,
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yal
In
d "i Pac. 202. Tpexmponermsii Tpy6omposox
¢ YUPYTHMH Kpa#fHEMHE OHODaMiL.
¢

ao —[ |ll.=0,5 [ i
4.0 0% I Aeumomoma_npu o,=3926
| i
Pre. 203. Tpadux nas ompemene- ' '?’y,'m“
‘HHAA 9ACTOTHL KoeGaHnii OCHOBHOrO —p 3t_ﬁ|—v—] ——-1—-3,050-
TOHA TPyGompoBOmA, JEIKALILro ma :
TGeTHpEX oHopax OpH YIPYTHUX i 2. I6%
KpallHEX omopax. !
; #,=2.540
|
!
750 200 €,
3 G u
Prc. 204, OnmoxonconsEnt TpyGomposoy ¢ ympy-
] l, 4 L, roif omopoi.
H
¢
3,
1=6,7 r"”_‘/
P e W —
3.0 —
T o4
25— 0,3
4?,0 1 =87
1875

YT 5+ 5 5 7 & L,

Pme. 205. I'padur aaa onpegesdenun TacToTHl Koefanuil OCHOBHOTO
TOHA OJJHOKOLCOJBHOr0 TPyGoupoBofa ¢ yHpyroil ouopoil.
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§ 64. CoGersennan wacrora komeGanmii
II-o6pasHoro xommencaropa

Cxema TpyOonposona ¢ Il-o0pasumM KkommemcaTopoM npHBexeHa
pa puac. 206.

pat— [
{I I‘l T
Pre. 206. Vuacrox
TpyboupoBoga ¢ =
I1-06pasHEIM  KOM-
IIEHCATOPOM. AA '}j | 8
l

llprbamsxennoe spagenue 9acTOTL RoAEGaNNi OCHOBHOTO TOHA TAROTO
TpyGOIpoBoa M3 LIOCKOCTE TPYGONpPOBORa ompeeldeTcs o GopMyie

8,65 Y}
M= 7 ‘/ I | B 1 vy (84
q<1+0,375—H—~+-H—> [ 1-4-1,875 1 +0,031 <7> ]

rie EJ — KeCTKOCTh IONEPEYHOTO CEUEHMA paccMarpEBacMoro tpy6o-
uposoga B rlcm?;
g — Bec 1 cu garunnl TpyGLl ¢ yueroMm Beca mpoxykra B xl';

{ — paccTosHMe MEKIY OINOPaMK KOMIEHCATOpPA B CM;
H — BELIET KOMIIEHCATODA B CM;

B — AJINHA CHANKA KOMIOCHCATOpPA B CM.

§ 65, CobGcrBennsie yacToTnl KoXcOAHM
apoyubIx TPYOONPOBOJOB

Apounne TpyGonmpoBOAH BHUIOJHMIOTCA B BUJE ABYXIMAPHEPHHX WIRK
GecmaprupHLX apok (pmc. 207).

Mauaste KoaeGanus apoK MOryT ODpoHCXOQUTh KaK BCIEeNCTBUE NU3IMCHe-

HEA JUTANH apku (pajuaJdbAnie KoheGamusi), Tax M uaruba (usrmbanie
KoJeDauud).

CoGcrsennrle acTOTH pajualbHMX KOJICOAHHI apouymslx TpyOompo-
BOJOB OIPEHETIANTCA L0 (oprry.de

M= znn l// = (1+ <P‘IZ2F> ’ (8-5)

rme R — pagnyc ocu apoumoro 1py6ompoBopa;
@ — WeHTpaJbuHil yroiu;
E — mopynrs ynpyroeTm maTepumalia TpyGompoBopa;
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J -— MOMEHT HMHEepIMH IOlIEPedHOro cewyenusa TpyOouposopa;

F — miomangs momepedHoro ceuenus TPyGONpOBOJA;

m ~— IOroRH&A Macca Tpyl0oupoBOja;

a; — KoaddunuenT, 3aBHCALIMR OT YCIAOBHIl 3aKPENJCHUSA KORQOR
n ¢opmbi koxebanmit (mpunumaercs mo Tabi. 75).

Puc, 207, CxeMel apo9HHX TPYGOmPOBOHOB.
a ~— ORYyXHmapHupUad apka; 6 — OecliapHUpHAH apKa.

Ta6¢m'ua 75

KoadduuneHTnr o; B14 apouHbiX TPyGOUPOBOXOB

Yenosia
8aKpenJie- a0 ay as a3 ag %4
( K
puc. 307) ot 4
a 3,1416 6,2832 9,4248 | 12,566 15,708 in .
2t
6 4,7300 7,8532 10,996 14,137 17,279 |~ 2+ 44

31eck @, COOTBETCTBYET KONeOaHIAM OCHOBHOLO TOHA, Uy, Og X T. J. —
KoJebaHUAM TEPBOTO, BTOPOre M T. [i. 06epTOHOB.

Aasa ompenenenna coOCTBEHHLIX FacTOT M3IMOHLIX Kodebammit apod-
HHX TpyOompoBOmOR TpuMeHserca (GopMyna

. K “EJ
hy= 2 R2 @2 V m (8'6)

Hoagdunmenr K B aToli Popmyne Geperca m3 taba. 76 B 3aBHCH-
MOCTH OT IDAagHYHHEIX YCJHOBHMl M (GOpMEI Komebammii.
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Tabauya 76.

Koodpmumentsr K s apounsix TpyGomposonos

S
225
Ez s
&= | Popma rojeHanuit K
SEA&
Sgo
=l
_4n?—q®
OcrnosHoU TOI .BCP
V 1+ 42
2 — g
a 1-it obepront V 1—_:0 152 2
9 -t nz
 nr—q?
2-ii oGepTon l/ A cp2
6
OcHOBHOI TOH VSS('Ji = 095610% 1/ %ot
t (p~
Vv -
6. 1-i oGepron V 1""’?1(}815;7(]2:2! ¢
2-it oGeprom 1/59942”;)5(4)-311/"8‘1’;2" ¢t
- /]

§ 66. Koaebauna BmcAdYEX TpPyGomporogos
Cxema Bucsvero Tpy0OmpoBojia UpHBefeHa ma pHC. 208.
CobeTBeHIIbie YacTOTH Ko.Ie0anmid BHCAYEro TpyGoupoBosa

ECNAOTCA [0 CHOAYIOIUM (OpMYyTaM:
YacTOTH BePTHKAIBHEIX RojJeOanuii

“_“//l, L+1)1*71

m

A=
(l-’=07 11 2, 3-..);

onpe-

(8-7)



384 Pacyem mpy6onposodos ma kosebanus

YaCTOTH TOPH3OHTAILHLX (YIJOBHX) KoJebaHmii

Ai (rop) = ,)nVEJ (L+1)4n4 1 _:__%_ : 8.8)

n

(=0,1,2 3...)

3jecs [ — paccTomHEe MeKAY NMIOHAMH,
EJ — ;xecTKoCTh momepevHOro cedenus BUCAYEro TpyGoupoBopa;

H — pacnop;
m — OOTOHHAA Macca TPYOHI ¢ yIeTOM MaccH TPaHCIODTAPYEMOIo
NPOAYKTA;

g — YCKoOpenme CHJIB TAKECTH,

1) — pACCTOAHAE OT TOYKM KpEIVIeHUsA TPoca K NWIOHY J0 HEeHTPa
TpYOEHL.

Puc. 208. Cxema BmcAdero TpyGompoBofa.

Buny:;penusle BepTHKaJbIbIe KOJe0amHA BHCAYEro TpyGompoBoxa
MOTYT OKa3aThCs AUHAMHYECKU HeyCTOHUMBLIMH, eClH HX YacTora Oyjmer
PaBHATHCH YABOeHHnoil KPYyroBol dYacTroTe CBOJOAHLIX I'OPM3OHTAJbHBIX
xoaebGanmil, T. e, ecIm OyaeT MMeTh MECTO COOTHOLIEHUE

o=2)/ps Gt L 0 (8.9)
(i=0,1,2 3...).

§ 67. /Immamnueckoe jeiicTBHe BETPOBOH HArPYSKH
HA TPyGONPOBOXBI

Hak DOKa3HBalT MHOTOYHCIeHHHe maldlofenus, OOI BIHAHUEM
BeTpa TPpyOOmpOBOXH, YJIOJKENHEE HA ONOpaX, HCOBLITHIBAIOT KoJeGammst,
YACTOTA KOTOPLIX 00HIYHO paBHAETCA aCTOTE OCHOBHOTO TOHA CBOOOMHBIX
KoJde0anmii. ITH KoJeHauusa LUPOUCXOAAT HE TONBKO BJOJH, HO H IOIEpPeK
BETPOBOr0 NOTOKA MPAYeM, KaK IpaBmIo, aMOIMTY A KoJeGanni mouepex
noToKa 0oJdbLIe, YeM BHOJIb.

Ilpu ompepenenmbIx 3HAYCHHAX CKOPOCTH BeTpa aMINIATYHa Kodeba-
HEIl pesKO yBelMYnMBAaercs. JTO sBJIENHe HA3LIBA€TCA BETPOBHIM De30-
mancoM. 1lauGonaee apko omo BHpaskaerca 1A TpyGOUPOROAOB KaK KOH-
CTPpYKOHH, IOIepeYHOe cedennme KOTOPHX OIPaHUIEHO OKDPY;KHOCTBIO.
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IIpz ppouMx paBHRX YCHAOBHAX DPE3OHANCHAA AMIUINTYHA OKAa3hBAETCH
TeM 6oiipIie, yeMm MeHBIIE 3aTYXaHHME KOOCTPYKOVH.

Jaa obbpAcmeRMs NPUUME YKAa3aHMHHX KOJe0AmUil IPUHUMAKT BO
BHAMAHNE, 9YTO IpU O00TCKARMM IUIHEAPA MIOCKO-DAPAJIeIbHWM IOTO-
£OM BO3JTyXa 00pasyioTcH ABe CHCTEMhl BHXpeif.

1. Buxpm Benapa — I{apmana, xoropile mosaBisioTca mpu oOTeKa-
HOA HCIIOJBIKHOTO NMIAHADPA 1, cOeras ¢ 3aBeTPEHHOI CTODPOHHW B MaX-
MATHOM TOpAJKe. CO3NAalT HePMOANYCCKNe AMIYJIBCH; HX JacToTa (B 2y4)

v

n=x—, (8. 10)

e v — CKUpUCTh BETPA B M/cek;
d — nmuamerp OAIAHADPA B M;
% — GeapasmepHd Koapdunumenr, pasuuid 0,18—0,20.

2. Buxpm, Bosumraomme npE o0TeKaulil IMIHHIDA, IPeNCTABIAI-
HIET0 KoJdedaTeIbIyI0 CHCTEMY; B 3TOM clydae B KpaiiHMX TOYKaxX pas-
Maxa KoJcdammil B LOIePCIHOM K IOTOKY HAaNpPaBJeHnI c0eranT BUXDH,
YACTOTA KOTOPHX paBHA YacTOTe CBOOOTHLIX KOJeGauuii.

O6pasoBamme Buxpeil BTOPOro TILlA HPEBPANAET CUCTEMY B ABTO-
woaebaTenpmyo. HambGoarmmue Kodebaulst BO3HHRAKNT IPH CoBuafe-
HOU yacToT suxpeit Benapa — ltapmama m wacToTsl Komebammit TpyGo-
{1 pOBOAA.

Cxema pacuera Ha BeTpPOBO pe30HARC YCTAHOBTena B pPesyidb-
TaTe TEOPCTHYECKOrO awajinza ABICHHA, HATYPHOTO U  MONEIHbHOIO
SKCIEpHMENTa M 3aKII0Uaercst B CIeIYIOIIEM:

a) onpejelenne NEpHoja OCHOBIOIO TOHA CBOOOAHAX Kolebanmi
TpyGouposoga T

D) BHUNACTCHUE KPHATHIECKOH CRODOCTU BeTpa

Vup= 9 ;{ s (8 11)

B) oupegelicHde d4d3pONMHaMUYECKOH CHIH, BHIBHBaIOWEH KoueHa-
HMA B peXIMEe BeTPOBOTO PC30HAHCA.

Ilpepmosaraercsa, 910 dTa cUida II3MEHAETCA BO BPEMEHW IO HEpHO-
IudecKoMy 3aKoHy H mmeer mepmon 7'; mo mimme Tpy6ompoBOja cHAa
H3MEHAETCA 110 TOMY K¢ 3aKOIy, 9TO U OpHUHATH HepBOA (HOPMEI CBO-
foHEIX KoJXeOamui,

AMIZIUTYa YKa3aHHOH CHUIBL 1B TOM CEYeHMH, IJe OHa JOCTIraeT Had-
Jonplueli BeJWYHHH, T. €., HaOpUMED, B CEpCAHMHE ONHONPOJETHOrO
Tpy6oUpPOBOZA ¢ OJIMHAKOBHMA YCIOBHAME ONMDAaHMA Ha 000MX KOHOAX,
onpepexserca no Gopmyne

Fy= l/)_ : (8 12)

25 3auas 995.
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AMILTATY1a HarpysKH B CEeUYCHHH I

Xy (2)

F.= —-*Fo BAE (8.13)
Pe3OHAHCHAA AMIIHTY Q. ROJeGaHHIT TpyGoIpoBoaa
Y = 80¥cr; (8.1%)
A3TAGAINIHG MOMCUTLI NPH BETPOBOM PE30HAHCE
M= 80M.; (8.135)

apech X1 (z) — op/uHaTa mEpBOI PopMLI CBUDOMHBIX KO.Jedaumii;
z, — abcomeca cedeHUs ¢ HAROOABIMM APOIrHGOA;
Yor ~— CTATHYECKMIT mporal, BHI3BARHLLL cuitoil £ (z);
Mep — A3rn0QIONAIL  MOMEHT, BM3BANHBIH TOII ke CIIOIL.

lHpir pacuere Ha BETPOBOH PC3OHAHC CTATUYCCKOE [(eilcThue BeTpa
VIUTHBACTCA OZHOBPCMEHRO € UHAMHYCCKMM IIPU CROPOCTH ¥yp >
> 10 m/cer, npuieM CcHJIa CTaTHYECKOTO ;[CHCTBMH BETpPAa HanpaBiefa
RIOJF MOTORA BeTPa, [ITHAMAYECKIIC jKE CILIb NePIEeHNKY.IHPULI TOTOKY.

§ 68. MepoupuaATHA N0 YMEHLUIEHHIO KoaeGaunii

Jlarsa yMeunmenua KoAedanuil upH ApOXosienull Yepes peloHane pe-
KOMEHIYEeTCS npuNMeHsTh memudipyioimbe opucnocobaenus. Hapsy
¢ JemudepaMmii cyxoro M BASKOLO TPEHUS HeTaTeILHO LCHONL30BATH
yCTpoicTBa, BKAWUYAIOmFecs B PaloTy TOJBKO BO BPEMH TPOXOFRIEHUH
qepes Pe30HATC I 11e BIUsionie na paboTy B DKCIIAYATAIORAOM PeREME.
v wuciIy 9TUX YCTPOUCTB OTHOCATCA:

yrapuble racuredn kodebaHMM, HACTPOEWHBIC 114 U4CTOTY COOCTBEH-
ABIX KoaeQauuii;

aeMmQepnl CYX0ro M BA3KOTO TPCHITH, BRILIOUAIONTHECs 1ipi Goismax
AMITATY/1aX IL 1C HPHABMAION{Ie ydacTHsi B KoXeGaHMHX HpPU 17e00Ib-
HIAX  aMILINTYHaX B HKCIAYATanlIOHHEOM DPEXRNME; JeMndepsi MOMKBO
BRJ1094Th IOCIE0BATENBHO Uepe3 YOpYrRi piement.

Jasg yMeHbIUeHHA BLI3BANHHX BeTPOM KOJeOAHUU TPyOOHPOBOJOB
B eJaydadx, KOTAA JTO 1Heo0XOJUMO, peRoMengyercs:

YMenpUIMTh BJIHsSIAHEe BOXpeo0pa3oBaHAA Ha Kodc6aunma [OHCePeR
HOTOKA, Qs 4ero K Tpybam cileyer ipWBapWTh BEICTYHLI, HW3MEHAI-
moe xapakrep ofTexamusi,

TIOBLICHTH 3aTyXalHe KOHCTPYKIHIL,

MpPHMeHATHh yJapHLIe racuTelN KoJeOaHHi.

B oTaedpEmX eaydasx aMILIMTYIR KoJdebannit Tpy6oupoBofos MOKHO
YMEOHbIINTh, YBeINYNBas HX JKECTKOCTD.
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§ 69. Pacuer TpyGompoBoxOB
Ha ceHCMAYECKHE BO3JCHCTBAA

Hpi ppoexTupoBaHMM HAJBeMHBIX TpyGONPOBOAOB, BOIBOJUMEIX
B CEHCMHYCCKMX paiioHax, Kpome pactuera na o0HYHble HATPYBKH, JOI-~
sKeH OLITh IpOBeZieH CuennaXbHRA pacder Ha geficTBRe CeHCMAYeCKHX CHIT,
ROTOpLIC B COYETAHAW ¢ JDPYrHME CHJIaMHA M HATPYy3KaMH OTHOCATCA K
0COOBIM BO3ACHCTBHAM.

Iipepnomaraercsi, 4to celicMmIecKoe Bo3fAeiicTBHe myeeT Hauboxec
HEeBHITONHOE NANpPaBieHHe, NEPHEHAHKY.IAPHOe K OcH TpySompoBOAA.

IIpu pacuere paccmarpumBaer-

- S N S S R A r
CA OfHOBpeMeNHoe jieilcTBUe celi- ¢ 4+ i%
CMAYCCKAX cui, coberBennoro l
Beca TpyOoupoBOJa U HOJNE3HMX Y N T 7 }
HAIPY30K; BeTpoBas Harpyska Zf— &\— -—-1[—- T T T +-
e yupreiBaercs. llpu ygere oco- : . Lo ]
OHX COYeTaHHI BEeNUUHAL moJies- ﬁ ) l
HHX HAPPY30K YMHOKAWTCA Ha 8§ 02 84 66 G8 40 1Z LY 16 18 207ces
roagdunument 0,3. Puc. 209. Tpagmur pana onpemenenws

Pacgernan ceiicmnuecrasi Ha- roadrnperTa ARAAMAYHOCTR f.

TPy3Ka, JeilcTByomad Ha IOTOH-
Hy0 eMNUIEYy adnunl tpyGompoBoga, ompefedsiercs uo  (GopMy.Ie

S = qKpn, (8. 16)

THe g — BeC ejMHMI(H JJAEH TPYOOLPOBOAA ¢ y4eTOM Beca Tpamcnop-
THAPYEeMOTr0 IPOLYKTA;
K — ceiicmuueckuii Koapduumenr (upmmimaeTcs uo TadA. 771);
f — xoapunMEnT JUHAMATHOCTH, 3ABHCIIMHA OT 1€ U0 ¢BOGOIHH X
roneGammii TpyGompoBoga (fepeTcst 10 rpagury puc. 209).

Tabauya 77
Ceiicunuecxkuii kodgpdunuenr A

Pacgernasi  celleMIUROCTL B
dag.aax 7 8 9
JHAYCNUA CelicMIIeCKOTO KODg- f , '
¢urpienta Ke . . . . . . . | Yoo | Yoo 110

Hoagdunment n (x) oupegeasercs no Gopyie

¢
X (@) | X (v)dw

New = — : (8. 17)
| 9X2 (z) d=
PR




388 Pacuern mpy6onposodoa na koaebanus

~rae X (z) — dopma cBOGOIMLIX TOPH3OHTANBHLX Kojdebamuii TpyGo-
opoBofaa;
{ — noxnaa anuua TpyGonpoBoja.

Jst TpyGonpoBoya, CXeMaTUIeCKE moKasaunoro ua puc, 210, nepmogn
B $opmMa cBOOGOIHEIX rOPU30UTAJBHLIX KoJe(aHHH OUPEReNATCH, Kak
JUIS MHOTODPOJIeTHOH OallKi Ha YIPYIO CMCIMAIONHXCH OIODAX.

R R s s s
lna'[‘_ln“'{" 1/7_"1‘_ iy '_"'L— lﬂ—"’l'*' lﬂ—"1|
! )

— ——

oot

Puc. 210. Cxema MmHOrompoueTzoro TpyGompoBopa, JeHamerc
Ha OT[ebHEIX OI0pax.

AlecTrocTs 0mop B uaupaBiepuM cMemenma TpPyOUDpPOBOLAa HAXO-
JAT B 3aBUCHMOCTM OT KOHCTDYKOMIl 3THX 010D,

Jaa TpyGonpoBona, cxemaTudecku u3o0paskenHoro gHa puc. 208 (upn
YCIOBAH, 9TO OIIOPEI a0COMIOTHO 3KECTKU IPOTHB CMEMMCHUIT U O/jaTAUBH
10 OTHOLICHHIO K 1I0BOPOTaM B TaKOl cTemeHHd, 94TO MO0 mpeuneGpeds
OmOPULIMA MOMeHTaMu), dopma cBOOOOHRIX Koldebanmli ouwpenerseTcs
no ¢opmy.ie .

n(x):Jsin-nlx , (8.18)

rge A4 — Npou3BOJABHHI KO3pUNMEHT.

llepuox cBOGOAREIX TOPU3ONTAIbHNX KoJebammili »Toro TpyGompo-
BOla HAXOJAT 10 dopmyie

2n
T= —_—, i |
R ' (8-19)
“m I _71—

3uayeuna Bequudd, pxopamwmx t dopmvay (8.19), Te ke, 9T0 B B
dopmyre (8. 8).
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S8 | EE |Se | 2E | 8 (23| Ss2 |58 | £ & (gs8e
53 4301 5 7,541 21,9 43.8 8,26 | 16,5 1,71 5,92 | 1,45
420 | 5,5 8,24 | 23,5 47,0 887 | 17,7 1,69 6,44 | 1,38
401 6 8,86 | 24,9 49.8 9,40 | 18,8 1,68 6,95 | 1,32
40,0 | 6,5 9,49 | 26,2 52,4 9,89 | 19,8 1,66 7,45 | 1,26
39,0 | 7 1041 | 27,4 54,8 10,3 20,6 1,65 7,94 1 1,19
38,0 | 7,5 {10,7 28,5 57,0 10,7 21,4 1,63 8,42 | 1,13
370 | 8 14,3 | 29,5 59,0 111 22,2 1,62 8,88 | 1,07
36,01 85 (11,9 | 30,5 61,0 1,5 23,0 1,60 9,33 | 1,02
35,0 9 12,4 | 31,4 62,8 11,8 23,6 1,59 9,77 | 0,96
340 95 (13,0 | 32,2 64,4 124 24,2 1,88 | 10,2 0,91
33,0 110 13,5 | 32,9 65,8 12,4 24,8 1,56 10,6 0,85
53,0 1 1 1,70 | 6,48 [ 12,36 2,25 4,5 1,9 1,33 | 2,21
52,5 1 1,25 2,41 7,63 | 15,26 2,78 4,56 | 1,90 1,66 | 2,16
52,0 | 1,5 2,521 9,03 | 18,06 3,28 6,06 | 1,89 1,98 | 2,12
51,5 | 1,75] 2,93 | 10,4 20,8 3,78 7,56 | 1,88 2,30 | 2,08
5,0 2 3,33 | 11,7 23,4 4,28 8,56 | 1,88 2,61 | 2,04
50,5 | 2,25 3,75 13,0 26,0 4,72 9,44 | 1,86 2,93 | 2,00
50,0 | 2,5 4,12 | 14,2 28,4 548 | 10,4 1,86 3,21 | 1,96
55 495 1 2,75 4,51 154 30,8 5,60 | 11,2 1,85 3,594 1 1,92
49,0 | 3 49 16,6 33,2 6,05 | 12,1 1,84 3,85 | 1,88
48,5 | 3,25/ 5,28 17,8 35,6 6,47 | 12,9 1,84 4,15 | 1,85
4801 3,5 5,66 18,9 37.8 6,67 | 13,3 1,83 445 | 1,81
475 | 3,75 6,04 19,9 39,8 7,24 | 14,5 1,82 474 | 1,77
470 | 4 6,411 20,9 41,8 7,60 | 15,2 1,81 5,03 | 1,73
46,5 | 425 6,78 22,0 44,0 8,00 | 16,0 1,80 531 | 1,70
46,0 | 4,5 7,14 22,9 45,8 8,34 | 16,7 1,79 5,60 { 1,66
455 | 475 7.50| 239 | 47.8 | 870 [17.4 | 1,78 | 5,89 | 1,62
450 | 5 7,85 | 24,8 49,6 9,01 | 18,0 1,78 6,17 | 1,59
440 ] 5,5 8,55 | 26,5 53,0 9,64 | 19,3 1,76 6,71 | 1,52
430 | 6 9,24 | 28,1 56,2 | 10,2 20,4 1,74 7,25 | 1,45
42,0 | 6,5 9,90 [ 29,8 59,6 10,8 21,6 1,73 7,77 | 1,38
4101 7 106 | 31,0 62,0 | 11,3 22,6 1,71 8,29 | 1,32
40,01 7,5 |11,2 | 32,3 64,6 11,7 23.4 1,70 8,79 | 1,26
390 | 8 11,8 | 33, 67,2 12,2 24,4 1,68 9,27 | 1,19
38,0 | 85 (12,4 | 34,7 69,4 12,6 25,2 1,67 9,75 | 1,13
37,0 1 9 13,0 | 35,7 71,4 | 13,0 26,0 1,65 10,2 1,07
36,0 9.5 |13,6 | 36,7 73,4 | 13,4 26,8 1,64 | 10,7 1,02
35,0 (100 |14 | 3706 | 752 {137 | 274 [ 1,63 | 11,1 | 0,96
57 55,0 { 1 1,76 { 6,90 @ 13,8 2,42 4,84 | 1,98 1,38 ,37
545 | 1,25, 2,19 8,52 | 17,0 | 2,99 | 598 | 1,97 1,72 | 2,33
54,0 | 1,5 2,61 101 20,2 @ 3,54 7,08 | 1,96 2,05 | 2,29
53,5 | 1,75 | 3,04| 11,6 | 232 | 407 | 814 | 195 | 238|225
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I podoarcerue npuaome. [

=] - < = N
HuaMerp, am % ? E 3 &= g E - ;2” 5. ;lgh(l’"fh“;a
a @ Z - = z8 =83 )
o o4 €~ | =& g | =3° | E
) < Ad L) <2 3) =2 A T = u
fa | e | B, | 52| 3% [ B3 | EER(ESE | B, | z |sbes
Z.'g m B | gw S 55, gE. Egg &3 5 F‘(SE?.
=i 8E | Be | 28 | CE |E&S| ok =EE | ax & |8ssk
65 62,0 | 1,5 2,997 151 30,2 4,64 9,28 | 2,25 2,35 | 3,02
615 | 175 348 | 174 | 34.8 | 535 | 10,7 | 2.24 | 2.73 | 2197
61,0 | 2 3,9 | 19,7 39,4 6,05 | 121 2,23 3,11 | 2,92
60, 0 2,5 491 240 48,0 7,39 | 14,78 | 2,21 3,85 | 2,82
5.’),0 3 584 281 56,2 8,66 | 17,32 | 2,20 4,59 | 2,73
58,0 | 3,5 6,76 | 32,4 64.2 9,87 | 19,74 | 2,18 9,31 | 2,64
57,0 | 4 7,671 35,8 71,6 | 11,0 22,0 2,16 6,02 | 2,55
26,0 | 4,5 8,55 39,3 78,6 | 121 24,2 2,14 6,71 | 2,46
5.),0 5 9, 42 42,7 85,4 | 13,1 26,2 2,13 7,40 | 2,37
54,0 | 5,5 10,3 45,9 91,8 | 14,1 28,2 2,11 8,07 | 2,29
53,0 6 111 48,9 97,8 15,0 30,0 2,10 873 | 2,21
52.0 | 65 |119 | 517 | 103" | 159 | 318 | 208 | 938 | 212
51,0 (7 12,7 54,/& 109 16,7 33,4 2,06 10,0 2,04
50,0 | 7,5 13,5 57,0 114 17,5 30.0 2,05 10,6 1,96
490 | 8 14,3 59,3 118 18,3 36,6 2,03 11,2 1,88
48,0 | 85 |15 ()1,(3 123 19,0 38,0 2,02 11,8 1,81
47,0 9 15,8 63,7 127 19,6 39,2 2,01 12,4 1,73
46,0 | 9,5 |16,6 65,7 131 20,2 40,4 1,99 13,0 1,66
45,0 | 10 17,3 67,5 135 20,8 41,6 1,98 13,6 1,59
68 | 64,5 | 1,75] 3,64| 20,0 | 40,0 | 588 | 11,8 | 2,34 | 2,86 | 3,2
64,0 | 2 4151 22,6 45,2 6,60 13,3 2,34 3,26 | 3,22
63,0 1 2,5 5,44 27,6 55,2 8,11 16,2 2,32 4,04 | 3,12
62,0 1 3 6,13} 32,4 64,8 9,53 | 19,1 2,30 4,81 | 3,02
61.0 | 3,5 | 7.00] 37,0 | 740 | 10,9 | 208 | 2129 | 557 | 2.92
60,0 | 4 8,04 41,3 82,6 | 12, 2 24,4 2,27 6,31 | 2,82
59,0 | 4,5 8,98 | 43,5 91,0 13,4 26,8 2,25 7,06 | 2,73
58,0 | 5 9,90 | 49,4 98,8 | 14,5 29,0 2,23 7,97 | 2,64
57,0 | 5,5 1108 53,1 106 15,6 31,2 2,22 8,48 | 2,55
6,0 | 6 11,7 56,7 113 1(),7 33,4 2,20 9,47 | 2,46
55,0 | 6,5 112, 6. ) 600 120 17,6 35,2 2,19 9,86 | 2,37
54,0 | 7 134 632 126 18,6 37,2 2,17 10,5 2,29
53,0 | 7,5 |14,3 66,2 132 19,5 39,0 2,16 11,2 2,21
52,0 | 8 15,1 69 1 138 20,4 40,8 2,14 11,8 2,12
51,0 | 8,5 (15,9 71,8 144 21,1 42,2 2,13 12,5 2,04
50,01 9 16,7 74,3 149 21,8 43, 6 2,11 13,1 1,96
49,0 | 95 (17,5 76,7 153 22,6 45, 2 2,10 13,7 1,88
48,0 110 18,2 (8 9 158 23,2 46, 4 2 08 14,3 1,81
70 67,0 | 1,5 3,23 | 18,9 37,8 5,41 10,8 2,42 2,53 | 3,52
66,0 | 2 4,27 1V 24,7 49,4 7,006 141 2,41 3, 35 3,42
65,0 | 2,5 5,30 | 30,2 60,4 8,65 17,3 2,39 4,16 3,32
64,0 | 3 6,31 35,5 71,0 | 10,1 20,2 2,37 4,96 | 3,22
63,0 | 3,5 | 7,31} 40,5 81,0 | 11,6 23,2 | 2,35 5,74 | 3,12
62,0 | 4 8,29 45,3 90,6 | 12,9 25,8 | 2,34 6,51 | 3,02
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2 | BE | Go | B8 | OF |EE<| 88k | 2EE | A« g [8R88
70 61,0 | 4, 9,26 | 49,9 99,8 | 14,0 28,0 | 2,32 7,27 | 2,92
60,0 { 5 10,2 54.2 | 108 15,5 31,0 2,31 8,01 | 2,82
59,0 | 5,5 |11 58,4 | 117 16,7 33,4 2,29 8,75 | 2,73
5801 6 124 62,3 | 125 17,8 35,6 2,27 9,47 | 2,64
57,0 { 6,5 (13,0 | 66,0 | 132 18,9 37,8 | 2,26 1 101 2,55
56,0 | 7 13,8 | 69,6 | 139 19,9 39,8 2,24 {109 2,46
55,0 | 7,5 [14,7 72,9 | 144 20,8 41,6 2,23 | 11,6 2,37
54,0 | 8 15,6 | 76,1 | 152 21,8 436 | 2,21 | 122 | 2,29
53,0 | 8,5 (16,4 79,1 | 158 22,6 45,2 2,19 | 12,9 2,24
5201 9 17,2 | 82,0 | 164 23, 46,8 | 2,18 { 13,5 } 2,12
51,0 1 9,5 |18, 84,7 | 169 24,2 48,4 2,16 | 14,2 2,04
50,0 | 10 18,8 | 87,2 | 174 24,9 49,8 1 2,15 | 14,8 1,96
73 700 | 1,5 | 3,37| 24,5} 43,0 | 591 | 11,8 | 2,53 2,64 | 3,84
69,0 | 2 4,46 281 56,2 7,70 | 15,4 2,51 3,50 | 3,74
68,0 | 2,5 5,54 | 34,4 | 688 9,42 | 18,8 2,49 4,35 | 3,63
67,0 | 3 6,60 40,5 | 81,01 111 22,2 2,48 518 | 3,52
66,0 | 3,5 7,641 46,3 92,6 | 12,4 24,8 | 2,46 6,00 | 3,42
65,0 | 4 8,67 ] 51,8 ) 104 14,2 28,4 | 244 6,81 | 3,32
64,0 ) 4,5 9,68 57,0 | 144 15,6 31,2 2,43 7,60 | 3,22
63,0 | 5 10,7 62,1 | 124 17,0 34,0 2,41 8,38 | 3,42
62,0 y 5,5 [11,7 66,9 | 134 18,3 36,6 | 2,39 9,16 | 3,02
61, 6 12,6 71,4 | 143 19,5 39,0 2,38 9,91 | 2,92
60,0 | 6,5 | 13,6 75,8 | 152 20,8 41,6 2,36 | 10,7 2,82
59,0 | 7 14,5 79,9 | 160 21,9 43,8 1 2,35 | 11,4 2,73
58,0 | 7,5 [15/4 83,9 | 168 23,0 46,0 | 2,33 | 1241 2,64
57,0 1 8 16,3 87,6 | 175 24,0 48,0 2,31 | 12,8 2,55
56,0 ) 8,5 17,2 91,1 | 182 25,0 50,0 2,30 | 13,5 2,46
55,01 9 18,1 94,5 | 189 25,9 51,8 | 2,28 | 14,2 2,37
54,0 | 9,5 (18,9 97,7 | 195 26,8 53,6 2,27 | 14,9 2,29
53,0 [ 10 19,7 | 101 202 27,7 55,4 | 2,26 | 15,5 2,21
75 72,0 ) 1,6 | 3,46 23,4 ( 46,8 6,24 y 12,5 2,60 2,71 | 4,07
71,0 | 2 4,591 30,7 61,4 { 8,15 | 16,3 2,58 3,60 | 3,96
70,0 | 2,5 5691 37,51 74,9 | 10,0 20,0 2,57 4,47 | 3,84
69,0 1 3 6,78 44,1 88,1 | 11,7 23,4 2,95 5,32 | 3,74
68,0 | 3,5 | 7,86 ) 50,4 | 101 13,4 26,8 | 2,53 6,17 1 3,63
67,0 | 4 8,92 | 56,4 | 113 15,0 30,0 | 2,94 7,00 | 3,52
66,0 | 4,5 9,96 | 62,2 | 124 16,6 33,2 2,50 7,82 | 3,42
65,0 | 5 11,0 67,7 1 135 18,0 36,0 | 2,48 8,64 | 3,32
64,0 1 5,5 |12,0 73,0 | 146 19,5 39,0 | 2,46 9,42 | 3,22
63,0 | 8 13,0 78,0 | 156 20,8 41,6 2,45 | 10,2 3,12
62,0 | 6,5 |14,0 82,8 | 166 22,4 44,2 2,43 | 11.0 3,02
61,0 | 7 15,0 87,4 | 175 23,3 46,6 2,41 | 11,8 2,92
60,0 | 7,5 1159 91,7 | 183 24,5 49,0 | 2,40 | 12,5 | 2,82
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Il podoanmerue npuaoac. 1

g £% ) B ' é g | Bec { M
Imamerp, mm & % § 3 3] 85 g e 4 " panuwb, x2
g og S~ =T g & = 8 5 2
| < e 3 H =iy =3 =R~ = ;
, e z ¢ = Egw Se | BB, & w
Q| 2w | E S | 8% | 853 | ER3 | &Sk | B 2 | Eapm
= :§ 2 2 2 Ze® 2a° | Bk =3 © |3dzo
Q’g ;=§ g ] 3 BE - e - 'g;u: S ES Hgge
EE EE | B | EE | 68 |ESS| S8k | ESE | &« & 8328
5 590 | 8 16,8 95,8 | 192 25,5 51,0 2,39 | 13,2 2,73
58,0 | 8,5 |17,7 99,8 | 200 26,6 53,2 2,37 13,9 2,64
57,01 9 18,7 103 207 27,6 55,2 2,35 | 14,7 2,55
56,0 | 9,5 19,5 107 214 28,6 57,2 2,34 | 15,3 2,46
55,0 |10 20,4 | 110 221 29,4 58,8 2,32 16,0 2,37
76 73,0 | 1,5 3,591 24,4 48,8 6,42 | 12,8 2,64 2,76 | 4,18
72,0 | 2 4,65 318 63,6 8,37 | 16,7 2,62 3,65 | 4,07
71,0 { 2,5 5,77 39,0 78,0 | 10,3 20,6 2,60 4,53 | 3,96
70,0 { 3 6,88 | 5,9 91,8 | 12,1 24,2 2,58 5,40 | 3,84
69,0 | 3,5 7,97 52,5 '105 13,8 27,6 2,57 6,26 | 3,74
68,0 | 4 9,04 | 58,8 | 118 15,5 31,0 2,55 7,10 | 3,63
67,0 { 45 1104 64,8 | 130 17,0 34,0 2,53 7,93 | 3,52
66,0 | 5 11,1 70,6 | 141 18,6 37,2 2,52 8,75 | 3, 42
65,0 | 5,5 2, 76,1 | 152 20,0 40,0 2,50 9,56 3,32
64 0] 6 13,2 81, 4 163 21,4 42.8 2,48 | 10,4 3,22
63,0 6,5 | 14,2 86,4 173 22,7 45,4 2,47 11,4 3,12
62,01 7 15,2 91,2 | 182 24,0 48,0 245 1119 3,02
61,0 [ 7,5 (16,1 95,8 | 192 25,2 50,4 244 | 12,7 2,92
60,0 | 8 171 100 200 26,3 52,6 2,42 | 13,4 2, 82
59,0 | 8,5 |18,0 | 104 208 27,3 54.6 2,40 | 14,2 2,73
58,0 | 9 18,9 | 108 216 28,4 56,8 2,39 | 14,9 2,64
57,0 | 9,5 [19,8 | 112 224 29,4 58,8 2,38 | 15,6 2,55
56, O 10 20 7 115 230 30,2 60 4 2,36 | 16,3 2,46
83 790 | 2 510 41,8 83,6 | 10,1 20,2 2,86 4,00 | 4,90
78,0 | 2,5 6, 33 51,3 | 103 12,4 24,8 2,85 496 | 4,77
77,0 | 3 7,54 60,4 | 121 14,6 29,2 2,83 592 | 4,65
76,0 | 3,5 8,751 69,2 | 138 16,7 33,4 2,81 6,86 | 4,53
75,01 4 9,93 71,7 | 155 18,7 37,4 2,80 7,79 | 4,41
74,0 | 4,5 11411 85,7 1 174~ | 20,6 41,2 2,78 8,71 | 4,30
7301 5 12,3 93,6 | 187 22,6 45, 2 2,76 9,62 | 4,18
72,0 | 5,5 |13,4 | 101 202 24,3 48 6 2,75 | 10,5 4,07
71,01 6 14,5 108 216 26,0 52, O 2,73 | 11,4 3,96
70,0 | 6,5 15,6 | 115 230 27,7 55,4 2,72 | 12,3 3,84
69,0 | 7 16 7 122 244 29,4 58,8 2,70 | 131 3,74
6801 7,5 17,8 128 256 30,8 61,6 2,68 | 14,0 3,63
67,0 | 8 18,8 | 134 238 32,3 64,6 2,67 14,8 3,52
66,0 | 8,5 19,9 | 140 280 33 7 67,4 2,65 15,6 3,42
65,01 9 20,9 | 145 290 34,9 69,8 2,64 | 164 3,32
64,0 | 9,5 [21,9 | 151 302 36, A 72,8 2,62 | 17,2 3,22
63,0 | 10 22 ‘) 156 312 37,6 75,2 2,61 18,00 | 3,12

85,0 | 2 5,47 | 51,7 | 103 11,6 | 23,2
84,0 | 2,5 | 6,79 83, 6 [ 127 14,3 28,6
80| 3 8,10} 75,0 | 150 16,9 \ 33,8
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U podoancerue npunoxe. |

= - )
JnamMerp, M ] & £3 . Em - E Bec | m
nHREIREE A A A My
g 2 E s | BE | 5% | 5E 28 5 = 2
SOl ES ) 83| En | Bs |Eet | BES || Ei | & |afms
2 | S | &g | 98 | 3% [S2R| g8 |SEE | S0 | F [35EE
89 82,0 | 3,5 I 9,40 | 86,0 172 19,3 38,6 | 3,02 7,38 | 5,28
81,04 4 | 10,7 96,6 193 247 43,4 1 3,00 8,38 | 5,45
80,0 | 4,5 [11.9 | 107 | 214 | 241 | 482 300 | 938 | 5.02
790 | 5 13,2 | 117 234 | 26,3 52, 2,98 | 10,4 | 4,90
78,0 | 55 |14,4 | 126 202 28,3 56,6 | 2,96 | 11,3 4717
7710 | 6 15,6 | 135 270 30, 60,8 | 294 | 12,3 4,65
76,0 l 6,5 16,8 | 144 288 32,4 64,8 | 2,93 | 13,22 | 4,53
5,0, 7 18,0 | 153 306 34,4 68,8 { 2,92 | 14,2 441
74,0 | 7,5 {192 | 161 322 36,2 72,4 1 2,89 | 151 4,30
73,0 1 8 20,4 | 169 338 38,0 76,0 | 2,88 | 16 4,18
72,0 | 85 121,5 | 176 352 39,6 792 | 2,86 16,8 4,07
71,0 : 9 22,6 | 183 366 41,2 82,41 285 | 17,8 3,96
70,0 I 9,5 |23,7 190 380 42,7 85,4 | 2,84 | 18,6 3,84
69,0 | 10 24,8 | 197 l 394 | 44, 88, 2,82 19,5 3,74
67,0 | 11 26,9 | 209 418 47,0 94,0 | 2,7 21,2 3,52
65,0 | 12 29,0 | 220 440 49,5 99,0 | 2,75 | 22,8 3,32
63,0 |13 31,0 | 23 462 52,0 | 104 2,73 | 24,4 3,12
61,0 | 14 33,0 | 240 480 ‘ 54,0 | 108 2,70 ) 25,9 2,92
90 8,01 2 5,521 53,6 107 11,9 23,8 [ 3,12 433 | 5,81
850 | 2,5 | 6.87| 658 | 132 | 146 | 29.2 ] 3009 | 539 | 567
84,0 | 3 8,20 | 71,7 155 17,3 34,6 | 3,08 6,44 | 5,54
830 3,5 9,51 89,1 178 19,8 39,6 | 3,06 7,47 | 5,41
82,0 | 4 10,8 | 100 200 22,3 446 | 3,04 8,48 | 5,28
81,0 | 4,5 |12 111 222 24,6 49,2 | 3,03 9,50 | 5,15
80,0 | 5 13,3 | 121 242 26,9 53,8 1 3,02 | 10,44 | 5,02
79,0 | 5,5 | 14,6 | 131 262 291 58,2 | 2,99 | 11,46 | 4,90
78,0 6 15,8 | 140 280 31,2 62,4 | 2,98 | 12,40 | 4,77
77,01 6,5 (17,0 | 150 300 33,2 66,4 | 2,97 13,34 | 4,65
76,0 | 7 18,2 | 158 316 35,2 70,4 1 2,95 ) 14,29 | 4,53
0,0 7,5 19,4 | 167 334 37,0 74,0 | 2,93 | 15,23 | 4,41
74,0 | 8 20,6 | 175 350 38,8 77,6 | 2,92 | 16,17 | 4,30
73,0 ) 8,5 21,8 | 183 366 40,6 81,21 2,80 | 4741 | 4,18
7201 9 22,9 | 190 380 42,3 84,6 | 2,88 | 17,97 | 4,07
71,0 1 9,5 1240 | 197 394 43,8 87,6 | 2,86 | 18,84 | 3,96
70,0 {10 25,1 | 204 408 45,4 90,8 | 2,85 | 19,70 | 3,84
68,0 | 11 27,3 | 217 434 48,3 96,6 | 2,82 | 21,43 | 3,63
66,0 |12 29,4 | 229 458 50,9 102 2,79 | 23,08 | 3,42
64,0 {13 31,4 | 240 480 53,3 106 2,76 | 24,65 | 3,22
62,0 | 14 33,4 | 250 500 55,5 | 111 2,74 | 26,22 | 3.02
95 9101 2 584] 63,2 126 13,3 26,6 | 3,29 4,59 | 6,50
90,0 | 2,5 7,26 77,8 155 16,4 32,8 | 3,27 5,70 | 6,36
89,0 | 3 8,68 918 184 19,3 38,6 | 3,25 6,81 | 6,22
88,0 ) 3,56 110,14 | 105 210 | 22,2 444 | 3,24 7,90 | 6,08
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II podoasgerue npuaoxe. I

= - Iy = |
P = ) & : [l LB 5 : Bec { u
TTiaMETP, MM é ga § 5: g E E E ¢ g,% g | ,'Ulﬂﬂl}, ne
4 g~ = o= 839 = — —_

, P g &© g g T “E, 1 2 E 3 : o

P @ = <. =8 R =282 | & =l

i3 | BE | Se | BE | 88 |S888 | csplgEgE ) £ | B |28:iB

935 87,0 | 4 11,4 | 119 238 24,9 49,8 | 3,22 8,98 | 5,9%
86,0 | 4,5 12,8 | 131 232 27,6 55,2 | 3,20 | 10,0 5,81
8,01 5 14,4 143 286 30,2 60,4 ' 3,19 | 11,1 5,67
84,0 | 5,5 |15,5 | 155 310 32,6 65,2 | 3,16 12,4 5,54
83,01 6 16,8 | 167 334 35,1 70,2 1 3,15 13,2 5,41
82,0 | 6,5 {181 178 356 37,5 75,0 | 3,44 | 14,2 5,28
81,01 7 19,4 | 188 376 39,6 79,2 | 3,41 15,2 5,15
80,0 | 7,5 120,6 | 499 298 41,9 83,81 3,11 16,2 5,02
790 | 8 21,9 | 209 418 44,0 88,0 1 3,09 | 17,2 4,90
78,0 | 85 |23,4 | 218 436 45,9 91,8 | 3,07 18,1 477
77,010 9 24,3 | 227 454 478 95,6 | 3,06 | 191 4,65
76,0 | 9,5 |255 21:6 472 49,7 99,4 | 3,06 | 20,0 4,53
75,0 |10 26,7 | 244 488 5,4 | 103 3,02 | 21,0 4,41
73,0 | 11 29,0 | 260 520 54,7 109 2,99 | 22,8 4,18
71,0 {12 31,3 | 275 550 57,9 | 116 2,96 | 24,5 3,96
69,0 |13 33,5 | 289 578 60,9 | 122 2,94 | 26,3 3,74
67,0 {14 35,6 | 301 602 63,4 [ 127 2,91 28,0 3,52
65,0 |15 37,7 | 312 624 65,7 131 2,88 | 29,6 3,32

96 92,0 | 2 5,90} 653 131 13,6 27,2 | 3,33 4,63 | 6,64
9,01 2,5 7,34 80,3 161 16,7 33,4 | 3,31 5,76 | 6,50
90,0 | 3 8,76 | 94,8 190 19,7 39,4 | 3.29 6,88 | 6,36
89,01 3,5 (10,2 | 109 218 227 454 | 3.27 8,00 | 6,22
88,0 | 4 11,6 | 123 246 25,5 51,0 | 3,26 9,11 | 6,08
87,0 | 4,5 (13,0 | 136 272 28,3 56,6 | 3,23 | 10,2 5,94
8,0 | 5 14,3 | 148 296 30,8 61,6 | 3,22 | 114 5,81
85,0 | 5,6 [156 164 322 33,6 67,2 | 3,20 | 12,3 5,67
84,0 | 6 17,0 | 172 344 35,8 71,6 | 3,48 | 13.3 5,54
83,0 6,5 [183 | 184 368 38,3 76,6 | 3,17 14,3 5,41
82,01 7 19,6 | 195 390 40,6 81,2 | 3,16 15,4 5,28
8101 7,5 20,8 | 206 412 429 85,8 | 3,15 16.4 5,15
80,0 | 8 2241 | 216 432 45,0 90,0 | 3,13 | 17,4 5,02
79,0 | 8,5 |23,4 | 226 452 471 94,2 | 3.11 18,3 4,90
780 | 9 246 | 235 470 49,0 98,0 | 3,09 } 19,2 4,78
77,0 | 9,5 |25,8 | 244 488 50,8 | 102 3,07 | 20,3 4,65
76,0 110 27,0 | 253 506 52,7 105 3,06 | 21.2 4,53
74,0 |11 29,4 | 270 540 56,2 | 112 3,03 | 23,1 4,30
72,0 |12 31,6 | 285 570 59,4 | 119 3.00 | 24,8 4.07
70,0 {13 33,9 | 299 598 62,3 | 125 2,97 26,6 3.85
68,0 | 14 36,0 | 312 624 65,0 | 130,0 | 2,94 | 28,3 3.68
66,0 {15 38,2 | 324 648 67,5 | 135 291 30, 3,42

102 98 2 6,28 78.6 157 15,4 30,8 | 354 493 | 754
97,0 | 2,5 7,811 96,8 194 19,0 38,0 | 3,52 6,13 | 7.39
96, 3 9,33 | 114 228 22,4 448 | 3.50 732 ] 723
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U podoascenue npunoxs., |

2 =T . B N g Bec 1 &

sweran | g8 | 25 |87 | 2F |4E: | & | mume
o Ue% Onmy =8 Og OO o —_—

s | g | 8% | Zzv|E%e | D8, | EEa| &

4 D = e o2 B a8

Be | B3 | Z3 BT | BE|Ect|EES BT | g5 | & |ifm:
= © o &z O ST < © S
g2 | BE | So | HE | 83 | S8 s8¢ |82 | . & |gs3E
102 | 9501 35 10,8 | 134 262 | 25,7 51,4 1 3,48 | 8,50 | 7,08
94,0 | 4 12,3 | 148 206 | 29,0 | 58,0 | 3,47 9,67 | 6,94

93,0 | 4,5 |13,8 | 164 328 | 32,2 | 644 | 345 | 10,8 | 6,79

920 1| 5 15,2 | 180 360 | 35,3 706 | 3,44 | 12,0 | 6,64

910 | 55 [16,7 | 195 390 | 382 | 76,4 342 {131 | 650

90,0 | 6 181 | 209 418 | 41,0 | 82,0 | 3,40 | 14,2 | 6,36

89,0 | 6,5 [19,5 | 223 446 | 43,7 87,4 ] 338 | 153 | 6,22

8801 7 20,9 | 237 | 474 | 465 | 93,0 | 3,37 | 16,4 | 6,08

87,0 | 7,5 22,3 | 250 500 | 49,0 | 98,0 | 3,35 | 17,5 | 5,94

8,0 | 8 23,6 | 263 526 | 51,6 | 103 3,34 | 186 | 5,81

85,0 | 85 |250 | 275 550 | 53,9 | 108 3,32 | 19,6 | 5,67

84,0 1 9 26,3 | 287 574 | 56,3 | 113 3,30 | 20,6 | 5,54

83,0 95 [27,6 | 298 596 | 58,4 | 117 3,20 | 21,7 | 5,41

82,0 110 28,9 | 309 618 | 606 | 121 3,27 | 22,7 | 5,28

80,0 |11 31,4 | 330 660 | 64,7 | 129 3,24 | 24,7 | 5,02

78,0 | 12 33,9 { 350 700 | 686 | 157 3,24 | 26,6 | 4,78

76,0 {13 36,3 | 368 736 | 72,1 | 144 318 | 28,5 | 4,53

74,0 | 14 38,7 | 384 768 | 75,3 | 151 315 | 30,4 | 4,30

72,0 | 15 41,0 | 399 798 | 78,2 | 156 3,12 | 32,2 | 4,07

70,0 | 16 43.2 | 413 826 | 81,0 | 162 3,09 | 339 | 3,8

108 103,01 2,5 | 8,29| 115 230 | 21,3 | 426 3,72 | 6,50 | 8,33
102 3 9,90 136 272 | 252 | 504 3,71 7,77 | 8,47
101,01 3,5 {11,5 | 157 314 | 294 | 58,2 3,69 | 9,02 | 8,01

100,0 | 4 13,4 177 354 | 328| 656 | 368 | 10,3 | 7,85

99,0 4,5 14,6 | 196 392 | 36,3 | 726 | 366 | 11,5 | 7,69

98,0] 5 16,2 | 215 430 | 39,8 796 | 3,64 | 12,7 | 7.54

97,0 5,5 [17,7 | 233 466 | 43,1 | 86,2 | 363 | 13,9 | 7,39

96,0 6 19,2 | 251 502 | 46,5 | 93,01 3,62 | 151 | 7,23

95,0 6,5 20,7 | 268 536 | 49,6 | 99,2 3,60 | 16,3 | 7,08

94,01 7 222 | 285 570 | 52,8 | 104 358 | 17,4 | 6,94

93,01 7,5 123,7 | 301 602 | 55,7 | 111 3,56 | 18,6 | 6,79

92,0| 8 25,1 | 316 632 | 58,5 | 117 3,55 | 19,7 | 6,64

91,0! 8,5 [26,6 | 331 662 | 61,3 | 123 3,53 | 20,8 | 6,50

90,01 9 28,0 | 346 692 | 64,1 | 128 352 [ 21,9 | 6,36

89,0| 9,5 (29,4 | 360 720 | 66,7 | 133 3,50 | 23,4 | 6,22

88,0 | 10 30,8 | 373 746 | 69,1 | 138 348 | 24,2 | 6,08

86,0 | 11 33,5 { 399 798 | 73,9 | 148 3,45 | 26,3 | 5,81
84,0112 36,2 | 423 846 | 78,3 | 156 3,42 | 28,4 | 5,54

82,0 (13 38,8 | 446 892 | 82,51 165 3,39 | 30,5 | 5,28

80,0 | 14 41,3 | 467 934 86,5 | 173 3,36 | 32,5 | 5,02

78,0 [ 15 43,8 | 486 972 | 90,0 | 180 333 | 34,4 | 4,78

76,0 | 16 46,2 | 504 | 1008 | 93,4 | 187 3,30 | 36,3 | 4,53

74,0 | 17 486 | 521 | 1042 | 96,5 | 193 3,27 | 382 | 4,30

72,0 { 18 50,9 | 536 | 1072 | 99,3 | 198 3,25 | 40,0 | 4,07
70,019 153,14 | 550 | 4100 | 102 | 204 3,22 | 41,7 | 3,85

68,0 | 20 55,3 | 563 | 1126 | 104 208 319 | 43,4 | 3,68
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ITpodoascenue npunoxc.

. g ! g% B ! é g Bec 1 m
I{MaMerp, A § %)N E 5- g 3 5 E g E’é % IGTULTRL, K2
12} ] P O~ = g ca ] oJ o
, e L § | &3 | Zs |EE, | "%, | ZEw]| ° &
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s | Bs | 83 | 2x | E% | Eg5. | 880 | EEw | BS 2 |BEES
B EZ | 6o | EE | 8§ |gSE| 832 | B¥E | &« £ |ggzg
114 108,01 3 10,5 161 322 28,2 56,4 | 3,93 8,21 | 9,16
107,01 3,5 12,1 186 372 32,6 65,2 | 3,92 9,54 | 8,99
106,0 | 4 13,8 209 418 36,7 73,4 | 3,89 10,8 8,82
105,0 | 4,5 15,5 232 464 40,7 81,4 | 3,87 12,2 8,65
104,0 | 5 17,1 255 510 44,7 89,4 | 3,86 13,4 8,49
103,01 5,5 18,7 277 554 48,6 97,2 | 3,84 | 14,7 8,33
102,01 6 20,4 298 596 52,3 | 105 3,83 16,0 8,17
101,0( 6,5 | 21,9 318 636 55,8 | 112 3,81 17,2 8,01,
100,0 | 7 23,5 338 676 59,3 | 119 3,79 18,5 7,85
9901 7,5 | 25,1 358 716 62,8 | 126 3,78 | 19,7 7,69
980 8 26,6 376 752 66,0 | 132 3,76 | 20,9 7,54
97,0 8,5 | 28,2 394 788 69,1 | 138 3,74 | 22,1 7,39
96,01 9 29,7 442 824 72,3 | 145 3,73 | 23,3 7,23
95,0 9,5 | 31,2 429 858 79,2 | 150 3,71 | 24,5 7,08
94,0110 32,7 446 892 78,2 | 156 3,70 | 25,6 6,94
92,0 |11 35,6 477 954 83,7 1 167 3,66 | 27,9 6,64
90,0 | 12 38,4 507 1014 88,9 | 178 3,63 | 30,2 6,36
88,0113 41,2 535 1070 93,8 | 188 3,60 | 32,4 6,08
86,0 | 14 440 561 1122 88,5 | 197 3,57 34,5 5,81
84,0115 46,6 585 1170 | 103 206 3,54 | 36,6 5,54
82,0 | 16 49,2 607 1214 | 106 212 3,51 | 38,7 5,28
80,0 | 17 51,8 628 1256 | 110 220 3,48 | 40,7 5,02
78,0 | 18 54,3 649 1298 | 114 228 3,45 | 42,6 4,78
76,0 119 56,7 665 1330 | 117 234 3,42 | 44,5 4,53 °
74,0 |20 59,1 682 1364 | 120 240 3,39 | 46,4 4,30
120 115,01 2,5 9,221 163 326 27,1 54,2 | 4,20 7,24 110,4
114,01 3 11,0 188 376 31,4 62,8 | 4,43 8,64 10,2
113,0| 3,5 12,8 214 428 35,6 71,2 | 4,00 10,1 110,0
112.0| 4 14,5 201 502 41.8 83,6 | 4,08 11,4 9,85
111,01 4,5 16,3 275 550 45,9 91,8 | 4,07 12,8 9,67
1100} 5 18,1 299 598 49.9 99,8 | 4,06 | 14,2 9,50
109,0| 5,5 |19,8 325 650 54,2 | 108 4,05 15,5 9,33
1080 6 21,5 351 702 58,4 | 117 4,04 | 16,9 9,16
107,01} 6,56 |23,2 374 748 62,41 125 4,01 18,2 8,99
106,01 7 24.8 398 796 66,3 | 133 4,01 19,5 8.82
105,01 7,5 |26,5 422 844 70,3 | 141 3,99 | 20,8 8,65
104,0| 8 28,1 443 386 73,9 | 148 3,97 | 221 8,49
103,0 | 8,5 (29,7 465 930 77,6 { 155 3,96 | 23.3 8,35
102,0| 9 31,4 487 974 81,2 | 162 3,94 | 24,7 8,17
101,01 9,5 |32,9 507 1014 84,6 | 169 3,93 | 25,8 8,01
100,0 110 34,5 527 1054 87,8 | 175 39 271 7,85
98,0 | 11 37,6 565 1430 94,2 | 188 3,88 | 29,5 7,54
96,0 | 12 40,7 601 1202 | 100 200 3,84 | 31,9 7,23
94,0 |13 43,7 635 1270 { 106 212 3,81 34,3 6,94
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T MaMeTp, MM g g E §: §§, §’§ 8 Eg :3_. Iuwusil, L
s | 23| 8 |8 | 85 [33% | E .
tq g g gi =5 | EEt | = Ea Egg‘ ° - g
= | Ex | £% | Eo | B8 |EgS | 88° | Eey | 53 | & |8E%f3
£ | BE | fs | BE | OE |EES| S5B | EEE | &. SRR
120 92,0 | 14 46,6 666 1332 | 111 222 3,78 | 36,6 6,64
90,0 |15 49,5 696 1392 | 116 232 3,75 | 38,8 6 3()
88,0 | 16 92,2 124 1448 | 121 242 3,72 | 41,0 6,08
86, 0 17 55,0 750 1500 ( 125 250 3,69 | 43,2 5,81
84,0118 57,6 714 1588 | 129 258 3,67 ] 45,2 5,04
82,0 19 60,2 796 1592 | 133 266 3,64 | 47,3 5 28
80,0 | 20 ()2,8 817 1634 | 136 272 3,64 | 49,3 b 0‘.
| i
127 121 3 11,7 225 450 35,4 70,8 | 4,38 9,47 [ 11,5
120 3,5 | 13,6 259 518 40.8 81,6 | 4,36 | 10,7 111 3
119 4 15,5 293 586 461 92,2 | 4,35 | 124 |14, 1
118 4,5 1 17,3 325 650 51,2 | 102 4, 33 13,6 [ 10,9
117 b 19,2 357 714 56,3 | 113 4,32 | 15,0 10,8
116 | 5,6 | 21,0 388 776 61,2 | 122 4,30 | 16,5 |10,6
115 | 6 22,81 418 836 65,9 | 132 4,28 17,9 10,4
114 6,5 | 24,6 448 896 70,6 | 141 4,27 | 19,3 10,2
113 7 26,4 | 477 954 75,4 | 150 4,25 | 20,7 |10,0
112 7,5 | 28,2 505 1010 79,5 | 159 4,23 | 221 9. 85
111 8 29.9 532 1064 83,8 | 168 4,22 | 23,5 9,67
110 8,5 | 31,6 558 1116 87,8 | 176 4,20 | 24,8 9,50
109 9 33,4 584 1168 92,0 | 184 4,18 | 26,2 9,33
108 9,5 | 35,1 609 1218 95,9 | 192 417 | 27,5 9,16
107 |10 36,8 633 1266 99,8 | 200 415 | 28,8 8, 99

105 11 40,1 | 680 1360 | 107 214 4,42 | 31,5 8, 65
103 |12 43,4, 724 1448 | 114 228 4,09 | 34,0 8, ,33
101 |13 46,6 | 706 1532 | 121 242 4,05 | 36,6 8 01
99 (14 49,7 | 806 1612 | 127 254 4,02 | 39,0 7 69
97 |15 52,8 | 843 1686 | 133 266 3,99 | 41,4 7.39
95 |16 55,8 877 1754 | 138 276 3,96 | 43,8 7,08
93 {17 58,7 | 910 1820 | 143 286 3, 04 | 461 6,79
91 118 61,6 | 941 1882 | 148 296 3,91 48,4 b,aO
89 |19 64,5 | 969 1938 | 153 306 3,88 | 50,6 6,22
87 |20 67,2 1 996 1992 | 157 314 3,85 52,8 5,9-’&

130 124 | 3 11,9 241 482 37,1 74,2 | 4,49 9,40 | 12,1
123 | 3,6 | 13,9 278 558 42,8 85,6 | 4,47 | 10,9 | 11,9
122 | 4 15,8 314 628 484 ] 96,8 | 4,45 | 12,4 | 11,6
121 | 45 | 17,7 350 700 53,8 { 108 4,45 | 13,9 (11,5
120 | 5 19,6 384 768 59,1 | 118 4 43 1 15,4 | 11.3
119 | 5,56 | 21,5 418 836 64,3 | 128 4,41 16,9 111
118 | 6 23 4 451 902 69,4 1 138 4,39 | 18,4 | 109
117 | 6,5 z 482 964 74,2 | 148 4,37 | 19,8 (10,8
116 | 7 27,0 514 | 1028 70,1 | 158 4,36 | 21,2 |10,6
145 | 7,5 | 28,8 543 1 1086 83,6 | 167 4, 34 226 10,4




Teonempuueckue zapaxmepucmuxu u eec mpy6 401

I podosscenue npusoae. I

g N [ N [3) N g E > M
TnaseTp, Ma ; E ;’ 3 F §E ¢ E‘g 5 ngﬁ%&, "
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so | B | B | B | s |E3% | sEe SR ¢ &
SE | BE | Ss | B8 | 8% | 88> | 88k | S8 | & & |93z
130 114 8 30,6 574 1148 88,3 | 176 4,33 24,0 10,2
113 8,5 32,4 502 1204 92,5 | 185 4,31 25,4 10,0
112 9 34,2 630 1260 97,0 | 194 4,29 26,8 9,8
111 9,5 35,9 657 1314 101 202 428 28,2 9,67
110 (10 37,7 683 1366 105 210 4,26 29,6 9,50
108 | 14 411 735 1470 113 226 4, 23 32,3 9,16
106 |12 44,5 782 1564 120 240 4 19 34,9 8,82
104 |13 47,8 827 1654 127 254 4,16 37,5 8,49
102 |14 51,0 871 1742 134 268 4,13 40,0 8,17
100 |15 54,2 911 1822 140 280 4,10 42,6 7,85
98 |16 57,3 949 1898 146 292 4,07 45,0 7,94
96 |17 60,3 985 1970 152 304 4,04 47,3 7,23
94 118 63,3 { 149 2038 157 314 4,01 49,7 6,94
92 |19 6(),2 1051 2102 162 324 3,98 51,9 8,64
9 (20 69,1 | 1080 | 2160 | 166 | 332 395 | 542 | 6.36
133 | 126 3,5 14,2 299 598 45,0 90,0 | 4,59 11,2 | 12,46
125 | 4 16,2 | 337 674 | 50,8 | 102 4,57 | 12,7 112,27
124 4,5 18,2 375 750 36,5 | 113 4,55 14,3 | 12,07
123 5 20 1 412 824 62,0 | 124 4,53 15,8 11,88
122 5,5 22, 0 448 896 67,4 | 135 4,51 17,3 14,7
121 6 23,9 484 968 72,7 | 145 4,49 18,8 | 11,5
120 6,5 25,8 518 1036 77,9 | 156 4,48 20,3 | 11,3
119 7 27,7 552 1104 82,9 | 166 4,46 218 1114
118 7,9 29,6 584 1168 87,8 | 176 4,45 23,2 10,9
117 8 31,4 616 1232 92,7 | 185 4,43 24,7 110,8
116 8,5 33,2 647 1294 97,3 | 195 4,41 20,1 10,6
115 9 35,1 677 1354 102 204 4,40 27,5 10,4
114 9,5 36, 9 707 1414 106 212 4,38 28,9 110,2
' 113 {10 38,6 736 1472 111 222 4,3b 30,3 10 ,0
SRR Y 42,2 791 1582 119 238 4,33 33,1 9, 67
109 |12 45,6 843 1686 127 254 4,30 35,8 9,3.3
107 113 49,0 893 1786 134 268 4,27 38,o 8,99
105 |14 52,3 939 1878 141 282 4,24 41,1 8,65
103 115 i 55,6 984 1968 148 296 4,21 43,7 8 33
101 | 16 58,8 | 1025 2050 154 308 4,18 46,2 8,01
| 99 [ 17 61,9 { 1065 2130 160 320 4,15 48,6 7,69
| 97 118 65, 0 1102 2204 166 332 4,12 51,1 7,39
95 |19 | b8,0 1136 2272 171 342 4,09 53,4 7,08
‘ 93 120 [ 71,0 | 1169 2338 176 352 4,06 55,7 6,79
140 133 3,5 15,0 350 700 50,0 100 4,83 11,8 | 13,9
132 4 11,1 395 790 56,5 113 4,81 13,4 13,7
131 4,5 19,2 440 830 62,9 126 4,79 15,0 13,5
130 5 21, z 484 968 69,1 138 4,77 16,6 | 13,3

26 3auaz 995.
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Hpodoascerue npuacae, [
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140 | 129 ) 55 | 23,2 | 526 | 1052 | 752 | 450 | 4,76 | 18,2 {131
123 | 6 | 253 | 568 | 1136 | 81,4 | 162 | 4,74 | 19,8 |128
127 | 6,5 | 27,3 | 609 | 1218 | 87,0 | 174 .| 4,73 | 20,4 [127
126 | 7 | 202 | 648 | 1296 | 92,6 | 185 | 4,71 | 229 |425
125 | 7,5 | 31,2 | 687 | 1374 | 98,2 | 196 | 469 | 24,5 |123
124 332 | 725 | 1450 | 104 | 208 | 4,68 | 26,0 |12:1
123 | 85 | 35,4 | 762 | 1524 {109 | 218 | 4,66 | 27,6 |11.9
122 37,0 | 798 | 1596 | 114 | 228 | 464 | 294 |17
121 | 9,5 | 389 ( 833.| 1666 | 119 | 238 | 463 | 30,6 |11.5
120 |10 | 40,8 | 868 | 1736 | 124 | 248 | 461 | 321 (113
118 |11 | 446 | 934 | 1868 | 133 | 266 | 4,58 | 350 |10.9
116 |12 | 483 | 997 | 1994 | 142 | 284 | 4,55 | 37.9 {106
114 |13 | 54,9 | 1057 | 2444 | 151 | 302 | 452 | 40,7 |10,
112 |14 | 554 | 1114 | 2228 | 159 | 318 | 4,49 | 43,5 | 9,85
110 |15 | 58,9 | 1167 | 2334 | 167 | 334 | 4,45 | 46,2 | 9,50
108 |16 | 62,3 | 1228 | 2436 | 174 | 348 | 4,42 | 48,9 | 9,16
106 {17 | 65,7 | 1266 | 2532 | 181 | 362 | 4.39 | 51,6 | 8,82
104 (18 1690 | 1312 | 2624 | 187 | 374 | 4,36 | 54,2 | 849
102 (19 | 72,2 | 1355 | 2710 | 194 | 388 | 433 | 56,7 | 847
100 |20 [ 754 | 1395 | 2790 | 199 | 398 | 4,330 | 59.2 | 7,85
152 | 145 | 3,5 | 16,3 | 450 | 900 | 59,2 | 118 | 525 | 12,8 |16,5
144 | 4 1186 | 510 | 1020 | 67,0 | 134 | 524 | 14,6 |16,3
143 | 4,5 | 208 | 568 | 1136 | 74,7 | 149 | 522 | 16,4 |16,0
142 | 5 | 234 | 624 | 1248 | 822 | 164 | 520 | 184 |458
141 | 55 | 253 | 680 | 1360 | 89,5 | 179 | 5.8 | 19,9 156
140 1 6 | 27,5 ) 734 | 1468 | 96,6 | 193 | 517 | 21,6 [154
139 | 6,5 | 207 | 783 | 1576 | 104 | 208 | 5,5 | 23,3 [15.2
138 | 7 [31,9| 80 | 1680 {114 | 222 | 543 | 250 |150
137 | 7,5 | 340 | 891 | 1782 | 147 | 234 | 512 | 287 |14.7
136 | 8 | 36,2 | 941 | 1882 | 124 | 248 | 510 | 28,4 |14,
135 | 8,5 1 38,3 | 990 | 1980 | 430 | 260 | 5,08 | 30,4 |14,3
134 | 9 | 404 | 1038 | 2076 | 136 | 272 | 5,07 | 31,7 |14,
133 | 9,5 | 425 | 1084 | 2168 | 143 | 286 | 505 | 33,4 |13,9
132 (10 | 44,6 | 1130 | 2260 | 149 | 208 | 503 | 350 |43,7
130 {41 | 48,7 | 1218 | 2436 | 160 | 320 | 5,00 | 38,3 {13,3
128 |12 | 52,8 | 1303 | 2606 | 171 | 342 | 4,97 | 41,4 |12,8
126 143 | 56,8 | 1383 | 2766 | 482 | 364 | 4,94 | 44,6 |125
124 |14 | 60,7 | 1460 | 2020 | 192 | 384 | 4,90 | 47,6 |12,
122 |45 | 64,5 | 1533 | 3066 | 202 | 404 | 4,88 | 50,7 |11,7
120 |16 | 684 | 1608 | 3216 | 212 | 424 | 4,85 | 53,6 11,3
118 |47 | 72,1 | 1669 | 3338 | 220 | 440 | 4,81 | 56,6 |10,9
116 {48 | 758 | 1732 | 3464 | 228 | 456 | 4,78 | 59,5 |10,6
114 14 79,4 | 1792 | 3584 | 236 | 472 | 4,75 | 62,3 |10.2
112 |20 | 82,9 1849 | 3698 | 243 | 48 | 472 | €54 | 9,85




Tcomempuseckue raparmepucmuku u cec mpy6 403

1l podoasceiue npusoxc. [
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awere o | 504 | 88 dx | BR N &Ha | 2 aide
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25 | B2 | 8o | B2 | 85 |88y | ocr | SgE | &« g |83¢8
l
152 110 21 86,4 | 1902 | 3804 | 250 500 4,70 67,8 9,50
108 | 22 89,8 | 1953 | 3906 | 257 514 4,67 70,5 9,16
106 |23 93,2 | 2001 | 4002 | 263 526 4,64 73,2 8,82
104 |24 96,5 | 2046 | 4092 | 270 540 4,61 75,8 8,49
102 )25 99,7 | 2089 | 4178 | 275 550 ,08 78,3 8,17
159 151 4 19,5 586 | 11472 73,7 147 5,48 15,3 17,9
150 | 4,5 | 21,8 652 | 1304 82,0 | 164 5,46 17,2 1176
149 5 7| 24,2 718 | 1436 90,3 | 184 5,45 19,0 17,4
148 | 5,5 | 26,5 782 | 1584 98,4 | 197 5,43 20,8 17,2
147 | 6 28,8 845 | 1690 | 106 212 5,41 22,6 17,0
146 6,5 [ 31,1 907 1814 | 114 228 5,40 24,4 1186,7
145 7 33,4 967 1934 | 122 244 5,38 26,2 {16,5
144 | 7,5 | 35,7 | 1027 | 2054 | 129 258 5,36 28,0 {16,3
143 8 37,9 | 1085 | 2170 | 136 272 5,35 29,8 16,1
142 | 8,5 | 40,2 | 1141 | 2282 | 144 288 5,33 316 158
141 9 42,4 1 1197 | 23%4 | 151 302 5,31 33,3 15,6
| 140 9,5 | 44,6 | 1252 | 2504 | 157 314 5,30 35,0 15,4
i 139 |10 46,8 | 1304 | 2608 | 164 328 5,28 36,8 (15,2
bo437 |11 51,1 | 1408 | 2816 | 177 354 5,25 40,2 | 14,7
135 |12 55,4 1 1507 | 3014 | 190 330 5,21 43,5 | 14,3
133 |13 59,6 | 1602 | 3204 | 202 404 5,18 | 46,8 | 13,9
131 |14 63,8 | 1692 | 3384 | 213 426 5,15 50,4 1135
129 |15 67,9 | 1778 | 3556 | 223 446 5,12 53,3 13,1
127 |16 71,9 | 1861 | 3722 | 234 468 5,09 56,4 (12,7
125 17 75,8 ) 1939 | 3878 | 244 488 5,06 59,5 [12,3
123 {18 79,7 1 2014 | 4028 | 253 506 5,03 62,6 | 11,9
121 |19 83,6 | 2086 | 4172 | 262 524 5,00 65,6 | 11,5
119 120 87,3 | 2153 | 4306 | 270 540 4,97 68,6 ! 11,1
117 21 91,0 | 2218 | 4436 | 278 556 4,94 71,5 | 10.8
F4s 122 94,7 | 2279 | 4558 | 286 572 4,90 74,3 10,4
113 {23 98,3 | 2337 | 4674 | 294 588 4,87 77,1 1100
111 {24 102 | 2393 | 4786 | 301 602 4,84 79,9 9,67
109 |25 105 | 2445 | 4890 | 308 616 4,82 82,6 9,33
165 157 | 4 20,2 655 | 1310 79,5 159 5,69 15,8 | 19,3
156 45 1 22,7 731 1462 88,6 177 5,68 17,8 | 19,1
154 | 5,5 | 27,8 877 | 1754 | 106 212 5,64 21,6 | 18,6
153 | 6 29,9 948 | 1896 | 115 230 5,63 23,5 | 18,4
152 6,5 | 32,3 | 1019 [ 2038 | 124 248 5,62 25,4 | 184
1514 7 34,7 | 1087 | 2174 | 132 264 5,60 27,2 1 17,9
150 1 7,5 | 37,4 | 1153 | 2306 | 140 280 5,57 29,1 17,7
149 8 33,4 | 1219 | 2438 | 148 296 5,06 30,9 | 174
148 8,5 | 41,7 | 1284 | 2568 | 156 312 5,05 a2,7 17,2
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s z ) HY ) Ew ) g E B M
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ta | E. 1 B | Bo | 5B | EE: | 582|588 ¢ E
el EX B3| E5| %R Eec|set|ER| Es | € |g3%k
25 | 55 | 8o | BE | S8 |sgd| SsE B3R | &c | F |28if
165 147 9 441 | 1346 2692 163 326 5,52 34,6 16,9
146 9,5 | 46,4 | 1408 | 2816 171 342 5,51 36, 4 16,7
145 |10 48,4 | 1470 | 2940 178 356 5,49 38 2 16,5
143 111 53,2 | 1586 | 3172 192 384 5,46 41, '8 16,1
141 |42 57,6 | 1699 3398 206 412 5,43 43 2 15,6
139 |13 62,0 | 1806 3612 219 438 5,40 48,7 15,2
137 (14 66,4 | 1909 3818 231 462 5,36 52,1 14,7
135 |15 70,6 | 2009 4018 243 486 5,33 55,4 14,3
133 |16 74,8 | 2103 4206 248 496 5,30 58,7 14,0
131 |17 79,0 | 2193 | 4386 266 532 5,27 62,0 13,5
129 148 83,0 | 2280 | 4560 276 552 5,24 65,2 | 13,0
127 1 1¢ 87,1 | 2362 4724 286 572 5,21 68,4 | 12,7
125 120 91,1 | 2441 4882 296 592 5,18 71,5 i2,2
123 |21 95,0 | 2515 { 5030 305 610 5,14 746 | 11,9
121 |22 98 8 | 2587 5174 314 628 5,42 77,6 11,5
119 |23 103 2655 5310 322 644 5,08 80,8 111
117 124 106 | 2719 | 5438 330 660 5,06 83,2 | 10,8
115 25 110 2781 5562 337 674 5,03 86,4 10 4
168 160 4 20,5 693 1386 82,6 165 5.81 16,04 | 20,1
159 4,5 | 231 773 1546 92,1 184 5,78 | 1843 (19,8
158 5 25,6 851 1702 101 202 577 | 20,10 | 19,6
157 55 | 28,1 928 1856 110 220 3.75 | 22,04 | 19,4
156 6 30,5 | 1003 2006 119 238 5,74 | 23,97 11941
155 6,5 | 33,0 | 1077 2154 128 256 5,72 | 26,0 18,8
154 7 35,4 | 4150 | 2300 137 274 5 70 | 27,8 18,6
153 7,5 | 37,8 | 1224 2442 145 290 5, (,8 29,7 18,4
152 8 40,2 1 1290 2580 153 306 b, bb 31,6 18,1
151 8,5 | 42,6 | 1359 2718 162 324 564 | 33,4 17,9
150 9 45,0 | 4426 2852 170 340 5,63 | 35,3 17,7
149 9,5 | 47,3 | 1491 2982 178 356 5, bl 374 17 43
148 |10 49,6 | 1535 3110 185 370 5,60 39,0 17,2
146 | 11 54,3 1680 | 3360 200 400 5,06 | 42,6 16,7
144 |12 58,8 | 1800 | 3600 214 428 5,63 | 46,2 16,3
142 113 63,3 | 1915 3830 228 456 5,50 49,7 15,8
140 |14 67,7 | 2025 | 4050 241 482 5,47 | 53,2 15,4
138 |15 72,1 | 2430 | 4260 254 508 543 | 56,6 1149
136 |16 76,4 | 2222 4444 265 530 540 {600 [145
134 |17 80,6 | 2328 4656 277 554 2,37 63,3 14,1
132 118 84,8 | 2421 4842 288 576 5,34 | 66,0 13,7
130 119 88,9 | 2508 | 5018 299 598 531 | 69,8 133
128 |20 93,0 | 2593 9186 308 616 528 | 73,0 (128
126 |21 97,0 | 2674 | 5348 318 636 5925 | 76,4 [12,5
124 122 101 2750 | 5500 327 654 5,22 | 79,2 12, 1
122 {23 105 2823 | 5646 336 672 519 | 82,2 417
120 |24 109 2893 5786 344 688 5,46 | 85,2 11,3
118 |25 112 2958 | 5916 352 704 514 | 88,2 10,9




Teomempuuecrue rapaxmepucinuku u eec mpy6 405

I podoascerue npusose. 1
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Adnaxerp, MM § ?5) 23 E; EE §§§ g !mum}, .
°$ | €% |=5 | 8% |=aS | g
L sS 5° 2y Egg = Egés:. : &
$a | 24 | B3 | < | 3% | &7 | 383 | &S 2 .8
e | En | 350 55| 35 55| sE°|Eeo | 33 | 3 i
§2 | 52 | &5 | B8 | 8§ |EBEst| o8y [HEE | &« g |g5ge
194 ; 184 | 5 29,6 | 1329 | 2658 | 137 | 274 | 6,69 | 23,31 26,0
182 | 6 35,4 | 1568 | 3136 | 162 | 324 | 6,65 | 27,81 26,0
180 | 7 41,4 | 1800 | 3600 | 186 | 372 | 6,62 | 32,3 : 25,4
179 | 7,5 | 43,9 ] 1914 | 3828 | 197 | 39 | 6,60 | 345 | 252
178 | 8 46,7 | 2026 | 4052 | 209 | 418 | 6,59 | 36,7 | 24,8
177 | 8,5 | 49,5 | 2136 | 4272 | 220 | 440 | 6,57 | 38,9 | 24,6
176 | 9 52,3 | 2244 | 4488 | 231 | 462 | 6,55 | 41,11 24,3
175 | 9,5 | 55,4 | 2350 | 4700 | 242 | 484 | 6,53 | 43,2 | 24,0
174 110 57.8 | 2454 | 4908 | 253 | 506 | 6,51 | 454 | 238
172 |11 63,2 ] 2657 | 5314 | 274 | 548 | 6,48 | 49,6 | 23,2
170 12 68/6 | 2864 | 5728 | 295 | 590 | 6.46 | 539 | 22,7
168 113 73,9 | 3043 | 6086 | 314 | 628 | 6,42 | 58,0 ! 222
166 114 79.2 | 3226 | 6452 | 332 | 664 | 6,38 | 622 | 21,6
164 115 84,3 | 3403 | 6806 | 351 702 | 6,35 | 66,21 21,1
162 ! 16 895 | 3573 | 7146 | 368 | 736 | 6,32 | 70,2 | 20,6
160 17 94,5 | 3737 | 7474 | 385 770 16,20 | 742 1 20,1
158 |18 99,5 | 3895 | 7790 | 40t 802 | 6,26 | 78,1 ' 19,6
156 |19 104 | 4047 | 8094 | 416 832 | 6,23 | 82,0 19,1
154 {20 109 | 4193 | 8386 | 431 862 | 6,20 | 853 i 18,6
152 ;21 144 | 4334 | 8668 | 446 892 | 6,17 | 89,6 ' 18,1
150 ;22 119 | 4469 | 8038 | 461 922 | 6,3 | 93,3 : 17.7
148 |23 124 | 4599 | 9198 | 474 948 | 6,09 | 97,0 | 17,2
| 146 24 128 | 4724 | 9448 | 487 974 | 6,07 | 100 \ 16,7
| 144 !_25 133 | 4844 | 9688 | 499 998 | 6.03 | 104 163
219 | 209 | 5 133,60 1926 | 3852 | 176 352 | 7,57 | 26,4 | 34,3
-1 207 | 6 404 | 2279 | 4558 | 208 416 | 7,53 | 31,5 336
205 | 7 46,6 | 2623 .| 5246 | 240 480 | 7,50 | 366 | 33,0
203 | 8 |53,0 | 2956 | 5912 | 270 540 | 7,47 | 41,6 | 32,3
201 | 9 (594 | 3280 | 6560 | 299 598 | 7,43 | 46,6 | 31,7
| 200 | 9,5 1625 | 3438 | 6876 | 314 628 | 7,42 | 49,1 | 31,4
1199 |10 |65,6 | 3594 | 7188 | 328 636 | 7,40 | 51,5 ; 31,1
197 |11 |71,9 | 3899 | 7798 | 336 712 | 7,37 | 56,4 | 30,5
195 112 | 78,0 | 4195 | 8390 | 383 766 | 7,33 | 64,3 | 29,8
193 [13 | 84,1 | 4482 | 8964 | 409 818 | 7,30 | 66,0 | 29,2
191 1144 190,2 | 4760 | 9520 | 435 810 | 7,27 | 70,8 | 28,6
189 |15 [96,1 | 5029 | 10060 | 460 920 | 7,23 | 75,5 | 28,0
187 |16 102 | 5200 | 10380 | 483 966 | 7,20 | 80,4 | 27,5
185 17 108 | 5543 | 11090 | 506 | 1012 | 7.6 | 84,7 | 26,9
183 |18 114 | 5788 | 11580 | 529 | 1058 | 7.13 | 89,2 | 26,3
181 119 119 | 6024 | 12050 ; 551 | 1102 | 7,1 | 93,7 | 25,7
179 |20 125 | 6253 | 12510 | 571 | 1442 | 7,07 | 98,2 | 25,2
177 (21 131 | 6474 | 12050 | 501 | 1482 | 7,03 | 102,5 | 24,6
175 |22 136 | 6689 | 13380 | 611 | 1222 | 7,01 | 107 | 240
173 |23 142 | 6896 | 13790 | 629 | 1252 | 6,97 | i1l | 23,9
171 |24 147 | 7096 | 14190 | 647 | 1294 | 6,95 |145 22,9
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I podoascenne npuavx.
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219 169 25 152 7289 | 14580 | 665 1330 6,92 | 120 22,4

167 26 | 158 7475 | 14550 | 683 1366 | 6,88 |124 21,9
165 27 163 7655 | 15310 1400 | 6,86 | 128 21,4
163 28 | 168 7828 | 15660 132 20,8
161 29 | 173 7995 | 156990 1460 | 6,79 | 136 20,4
159 30 | 178 8156 | 16310 | 745 1400 | 6,77 | 140 19,8
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245 235 37,7 | 2716 | 5432 { 222 444
233 45,0 | 3220 | 6440 | 263 526

.g 29,58 1 43,4
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229 59,6 | 4188 | 8376 | 342 684
66,7 { 4653 | 9306 | 380 760
226 | 9,5 | 70,3 | 4882 | 9764 | 308 796
225 10 | 73,8 | 5107 | 10210 | 417 834
223 11 | 80,9 | 5548 | 11100 | 453 906
221 12 1 87,8 | 5978 | 11960 | 488 976
219 13 | 94,7 | 6396 | 12790 | 522 1044
247 14 1 102 6803 | 13610 | 555 1110
215 15 | 108 7199 | 14400 | 587 1174
213 16 | 115 7584 | 15170 | 619 1238
211 17 | 122 7958 | 15920 [ 650 1300
209 18 [ 128 8322 | 16640 | 680 1360
207 19 | 135 8676 | 17350 | 709 1418
205 20 | 141 9019 | 18040 | 737 1474
203 21 | 148 9353 | 18710 | 764 1528
201 22 | 154 9676 | 19350 | 790 1580
199 23 | 160 9981 | 19960 { 815 1630
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197 | 24 | 167 | 10300 | 20600 | 840 | 1680 ,85 | 131 0,
195 | 25 | 173 | 10590 | 21180 | 864 | 1728 82 [ 136 9,
193 | 26 | 179 | 10880 | 21760 | 888 | 1776 ,79 | 140 9,
194 | 27 1485 | 11160 | 22320 | 911 | 1822 ;16 1445 8,6
189 | 28 | 191 | 11430 | 22860 | 933 | 1866 ,73 | 150 3,0
187 | 29 | 197 | 11690 | 23380 | 954 | 1908 7 7,4
185 { 30 | 203 | 11940 | 23880 | 975 | 1950 | 7,67 |159 6,8
273 263 5 | 42,1 | 381 | 7962 | 271 | 554 | 9, 33,0 | 54,3
261 6 | 50,3 | 4480 | 8978 | 329 | 658 | 9, 39,5 | 53,5
259 7 | 585 | 5177 110350 | 379 | 758 | 9, 45,9 | 52,7
257 8 | 66,6 | 5853 | 11740 | 429 858 | 9, 52,3 | 51,8
255 9 | 74,6 | 6512 | 13020 | 477 | 954 | 9, 586 | 51,0
254 | 9,5 | 78,6 | 6836 | 43670 | 500 | 1000 | 9, 61,7 | 50,6
253 | 10 | 82,6 | 7157 | 14310 | 525 | 1050 | 9, 64,8 | 50,2
251 | 14 1 90,5 | 7784 | 15570 | 570 | 1140 | 9, 71,4 | 49,5
249 | 42 (98,4 8398 | 16790 | 615 | 1230 | 9, 77,2 | 48,7
247 | 13 | 106 | 8997 | 17990 | 659 | 1318 | 9, 83,4 | 47,8
245 | 14 | 414 | 9582 | 18160 | 702 | 1404 | 9, 89,4 | 47,1
245 | 15 | 121 | 10150 | 20300 | 744 | 1488 | 9, 95,4 | 46,3
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273 241 16 129 | 10740 | 21420 785 1570 9,12 101 45,6
239 17 137 11250 t 22500 825 1650 9,08 107 44,8
237 18 144 | 11780 | 23560 863 1726 9,04 | 113 441
235 19 152 | 12300 | 24600 901 1802 9,00 119 43,4
233 20 159 | 12800 | 25600 938 1876 8,97 125 42,6
231 21 166 | 13290 | 26580 974 1948 8,94 131 41,9
229 22 173 | 13770 | 27540 | 1009 2018 8,91 136 41, 2
221 23 181 | 14240 | 28480 | 1043 | 2086 8,87 | 142 40, 4
225 24 188 | 14690 | 29380 | 1076 2152 8,84 | 147 39,7
223 235 195 | 15310 | 30260 { 1108 2216 8,80 153 39,0
221 26 202 _| 15560 | 31120 { 1140 2280 8,77 158 38,3
219 27 200 | 15980 | 31960 | 14170 2340 8,74 | 164 37,6
217~ 28 215 | 16380 | 32760 | 1200 | 2400 8,72 | 169 37,0
215 29 222 | 46780 | 33560 | 1229 2458 8,69 175 36,3
213 30 229 17470 | 34340 | 1258 2516 8,66 180 35,6
325 315 5 50,2 6442 | 12880 396 792 11,3 30,4 | 77,9
313 6 60,1 7652 | 15300 474 942 11,3 47,2 | 76,9
1 7 69,9 8847 | 17690 544 1088 11,2 54,8 | 75,9
309 8 79,7 | 1004 20020 616 1232 11,2 62,5 | 74,9
307 9 89,3 | 1116 22320 687 1374 11,2 701 | 74,0
306 9,5 94,2 | 11730 | 23460 722 1444 11,2 73,9 | 73,5
305 10 99,0 | 12290 | 24580 756 1512 111 71,7 | 73,0
303 11 109 | 13390 | 26780 824 1645 11,4 83,2 | 72,1
3 12 118 | 14470 | 28940 891 1782 1141 92,6 | 71,1
299 13 127 | 15330 | 31060 956 1912 11,0 100 70,2
297 14 137 16570 | 33140 | 1020 2040 11,0 107 69,2
295 15 146 | 175580 | 35180 | 1082 2164 11,0 115 68,3
293 16 155 | 18590 | 37480 | 1144 2288 10,9 122 67,4
29 17 164 | 19570 | 39140 | 1204 2408 10,9 128 66,5
289 18 174 ' 20530 | 41060 | 1263 2526 10,9 136 65,6
287 19 183 | 21470 | 42940 | 1321 2642 10,8 143 64,7
285 20 192 | 22380 | 44760 | 1377 2754 10,8 150 83,8
351 339 (] 65,0 | 9704 | 19410 553 1106 12,2 51,0 | 90,2
337 7 7:),0 11160 | 22330 636 1272 12,2 59,3 | 89,1
335 8 86,2 | 12680 | 25360 723 1446 12,1 67,6 | 88,1
333 9 96,7 | 14150 | 28300 806 1612 12,1 75,9 | 87,0
332 9,5 | 102 14870 | 29740 847 1694 12,4 80,0 | 86,5
331 10 1107 15580 | 31160 888 1776 i2,1 841 86 0
329 11 117 17000 | 34000 968 1936 12,0 92,2 85,0
327 12 1128 18380 | 36760 | 1047 2094 12,0 100 83,9
325 13 1138 19740 | 39480 | 1125 2250 12,0 108 82,9
323 14 | 148 21080 | 42160 | 1204 2402 11,9 116 81 ,9
321 15 1158 22390 | 44780 | 1276 2552 11,9 {24 80,9
319 16 | 468 23680 | 47360 | 1349 2698 11 9 132 78,9
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313 | 19 | 198 [ 27400 | 54800 | 1560 | 3120 ! 11,8 | 156 | 76,9
311 20 208 | 28590 | 57180 | 1629 [ 3258 11,7 | 163 75,9
377 365 6 (69,9 | 12070 | 24140 640 | 1280 | 13,2 54,9 1103,0
363 7 |81,3 | 13890 | 27780 | 737 | 1474 | 13,4 | 63,8 [103
364 8 92,7 | 15820 | 31640 839 | 1678 13,1 72,8 | 102
359 9 104 | 17600 | 35200 934 | 1868 | 13,0 81,6 101
357 | 10 | 115 | 19430 | 38860 | 1031 | 2062 | 13,0 | 90,5 |100
355 11 426 | 24200 | 42400 | 1425 | 2250 | 13,0 99,3 | 98,9
353 | 12 | 138 | 22940 | 45880 | 1217 | 2434 | 42,9 | 108 97,8
351 | 13 | 148 | 24660 | 49320 | 1308 | 2616 | 129 | 116 96,7
349 14 160 | 26340 | 52680 | 1397 | 2794 | 42,9 | 125 96,6
347 15 171 | 28000 | 56000 | 1485 | 2970 | 42,8 | 134 94,5
345 | 16 | 181 | 29650 | 59300 | 1573 | 3146 | 12,8 | 142 93.4
343 | 47 | 192 | 31280 | 62560 | 1659 | 3318 | 12,8 | 151 2.3
341 18 203 | 32770 { 65540 | 1739 { 3478 | 12,7 | 159 91,2
339 | 19 | 213 | 34360 | 68720 | 4823 | 3646 | 12,7 | 167 90,%
337 | 20 | 224 | 35820 | 74640 | 1900 | 3800 | 12,6 | 176 89,1
426 414 6 79 | 17460 | 34920 820 | 1640 14,9 62,0 | 135
412 7 92 | 20310 | 40610 | 953 | 1906 | 14.9 | 72,2 {133
410 8 | 105 | 22960 | 45920 | 1078 | 2156 | 14,8 | 82,4 | 132
408 9 | 118 | 25650 | 51300 | 1204 | 2408 | 14,7 | 92,5 |13l
406 10 131 | 28290 | 56580 | 1328 [ 2656 147 1 103 129
404 | 11 | 143 | 30900 | 61800 | 1451 | 2902 | 14,7 | 113 |128
402 | 12 | 156 | 33470 | 66940 | 1572 | 3144 | 14,6 | 123 |27
400 | 13 | 169 | 36G10 | 72020 | 1691 | 3382 | 14,6 | 132 | 120
308 | 14 | 181 {38500 | 77000 | 1808 | 3616 | 14,6 | 142 {124
396 | 15 | 193 | 40980 | 81970 | 1924 | 3848 | 14,6 | 152 |12
394 | 16 | 206 | 43440 | 86870 | 2039 | 4078 | 14,5 | 162 |12
392 | 47 | 218 | 45710 | 91420 | 2146 | 4292 | 14,5 | 171 | 121
390 | 18 | 231 | 48110, 96230 | 2259 | 4518 | 14,4 | 181 | 119
388 | 19 | 243 | 50490 101000 [ 2370 | 4740 | 14,4 | 191 {118
386 | 20 | 255 | 52700 105400 | 2474 | 4948 | 14,4 | 200 | 117
478 | 466 G | 88,9 | 24910 | 49820 | 1042 | 2084 | 16,7 | 69,8 | 170
464 7 | 104 | 28730 | 57460 | 1202 | 2404 | 16,6 | 81.6 [ 169
462 8 | 118 | 32730 | 65460 | 1369 | 2738 | 16,6 | 92,6 167
460 9 | 133 | 36480 | 72060 | 1526 | 3052 | 16,6 | 104 | 166
458 | 10 | 147 | 40280 | 80560 | 1685 | 3370 | 46,6 | 115 |63
456 | 11 | 181 | 44030 | 88060 | 1842 | 3684 | 46,5 | 127 103
454 | 12 1 176 | 47730 | 95460 | 1997 | 3994 | 16,5 | 135 [ 162
452 | 43 | 190 | 51380 [102800 | 2150 | 4300 | 16,4 | 149 |1€0
450 | 14 | 204 | 54990 |109900 | 2300 | 4600 | 6.4 | 160 | 159,0
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438 | 20 | 288 | 75700 [151400 | 3167 | 6334 | 16,2 | 226 | 151
520 | 517 | 6 | 98,5 | 33690 | 67380 | 1274 | 2548 | 18,5 | 77,3 | 2100
515 | 7 | 115 | 39180 | 78360 | 1481 | 2962 | 185 | 90,3 | 208

513 | 8 | 131 | 44370 | 88740 | 1678 | 3356 | 18,4 | 103" | 206

S| 9 | 447 | 49720 | 99440 | 1880 | 3760 | 184 | 115 | 205

500 | 10 | 163 | 54930 |109900 | 2077 | 4454 | 484 | 128 | 203

507 | 11 | 179 | 60080 |120200 | 2272 | 4544 | 183 | 141 | 202

505 | 12 | 195 | 65170 |130300 | 2464 .| 4928 | 18,3 | 453. | 200

503 | 13 | 211 | 70200 140400 | 2654 | 5308 | 182 | 165 | 199

501 | 14 | 227 | 75170 (150300 | 2842 | 5684 | 18,2 | 178 | 197

499 | 15 | 242 | 80080 |160200 | 3028 | 6056 | 18,2 | 190 | 195

497 | 16 | 258 | 84950 169900 | 3282 | 6424 | 18,1 ) 203 | 194

495 | 17 | 273 | 89780 (179600 | 3394 | 6784 | 18,4 | 214 | 192

493 | 18 | 289 | 94580 1180200 | 3576 | 7152 | 18,1 | 227 | 191
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489 | 20 | 320 |103800 [207600 | 3925 | 7850 | 18,0 | 251 | 188

487 | 21 | 335 (108200 [216400 | 4093 | 8186 | 18,0 | 263 | 186

485 | 22 | 350 112000 |225800 | 4268 | 8536 | 18,0 | 275 | 185

483 | 23 | 365 (117300 (234600 | 4433 | 886 | 17,9 | 287 | 183

481 | 24 | 381 121600 |243200 | 4507 | 9194 | 17,8 | 209 | 182

479 | 25 | 396 [1216100/252200 | 4768 | 9536 | 17.8 | 311 | 180

630 | 613 | 6 | 117 | 57360 [114700 | 1821 | 3642 | 22,4 | 91.8 | 300
616 | 7 | 137 | 66700 133400 | 2017 | 4234 | 221 | 107,6 | 293

614 | 8 | 136 | 75620 151200 | 2400 | 4800 . 2270 | 422 | 296

612 | 9 | 176 | 84680 1169400 | 2688° | 5376 | 20,9 | 438 | 294

610 | 10 | 195 | 93610 187300 | 2073 | 5946 | 249 | 153 | 292
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606 ! 12 | 233 |111300 1222000 | 3533 | 7066 | 208 | 183 | 288

604 | 13 | 252 [120°00 [240000 | 3810 | 7620 | 208 | 198 | 286

G2 | 44 | 214 |198600 (257200 | 4083 | 8166 | 218 | 213 | 297

600 | 15 | 290 |137100 (274200 | 4353 | 8706 | 21,8 | 208 | 283

598 | 16 ! 308 [145600 (291200 | 4622 | 9244 | 208 | 242 | 281

596 | 17 | 827 |154000 |308000 | 4588 | 9776 | 21,7 | 257 | 279

594 | 18 | 346 |162300 |324600 | 5153 | 40300 | 21,7 | 272 | 277

592 | 19 | 364 |170600 (341200 | 5416 | 10830 | 21,7 | 286 | 2i5

500 | 20 | 383 (178500 |357000 | 5667 | 11330 | 21,6 | 304 | 273

| 588 | 21 | 402 186700 |373400 | 5926 | 11850 | 21,5 | 816 | 271

586 | 22 | 420 1194800 |380600 | 6184 | 12370 | 205 | 230 | 270

584 | 20 | 438 1202500 |405000 | 6429 | 12860 | 21,5 | 344 | 268

532 | 94 | 457 |210200 1420400 | 6675 | 13350 | 204 | 359 | 26
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630 580 25 475 217800 (435600 | 6915 | 13830 | 21,4 | 373 I’ 264
720 708 6 134 85620 | 171200 2378 4756 | 25,3 105 394
706 7 157 99850 | 196700} 2774 55481 25,2 123 391
704 8 479 1143500227000 3153 6306 | 25,2 141 389
702 9 201 | 127100 254200 | 3530 7060 | 25,1 158 387
700 10 223 1140600 | 281260 | 3906 7812 | 254 175 385
698 1 245 1154000308000 4279 8558 ¢ 254 192 382
696 12 267 1167300 |3346001 4648 | 9296 | 25,0 210 380
694 13 289 1180500361600 5014 | 10030 | 25,0 227 378
692 14 310 | 193600 (387200, 5378 | 10760 | 25,0 244 376
590 15 332 | 206600 113200} 5738 | 11480 | 24,9 261 374
688 16 353 | 219600 | 439200 | 6100 | 12200 | 24,9 277 372
686 17 375 1232100 | 464200 | 6448 | 12890 | 24,9 294 369
684 18 397 | 243000 | 490000 | 6806 | 13610 | 24.8 312 367
682 19 418 257400 | 514800 | 7150 | 14300 | 24,3 328 365
680 20 440 1269700 5304001 7491 ' 14980 | 24,8 345 363
678 21 461 1281900 |563800] 7831 | 15660 | 24,7 362 | 361
676 22 482 (294100 | 588200 | 8168 | 16340 | 24,7 378 359
674 23 503 |306100 | 612200 8304 | 17010 | 24,7 395 357
672 24 524 | 318100636200 | 8837 | 17670 | 24,6 411 354
670 25 546 330100, 6602007 9169 | 18370 | 24,6 420 352
820 808 6 153 [ 126900 [ 253800 | 3095 6190 | 28,8 120 513
806 7 178 | 147900 295800 23610 7220 | 28,8 120 510
804 8 204 [ 168400 (336800 | 4106 8212 4 28,7 16U a7
802 9 229 188600377200 4600 9200 | 28,7 180 505
£00 10 204 1208800 | 417600 5092 ! 10480 | 28,7 200 502
798 11 280 1228200 (457600 5581 | 11160 | 28,6 220 500
796 | 12 | 305 |2487001497400| 6066 | 12130 | 28.6 29 | 497
794 13 330 1268400 ) 5368001 6547 | 13090 | 28,5 259 405
792 14 354 | 2880005760001 7025 | 14050 | 28,5 278 492
788 16 403 1327000 | 654000, 7976 | 15850 | 28,5 316 437
786 17 428 1345900 | 691800 | 8436 | 16370 | 28,4 336 485
784 13 453 | 365200 )730400 9023 | 18050 | 28,4 306 482
782 19 477 1383900 p767800 | 9364 | 18730 | 28,4 374 ! 480
780 20 502 (402500 | 805000 9816 | 19630 | 28,3 3% 478
778 21 526 | 4210001 842000 | 10270 | 20540 | 28,3 413 475
776 22 551 1439300 ,878600 ) 10720 | 21440 | 28,2 435 473
774 23 575 457600 915200 | 11160 | 22320 | 28,2 451 470
772 24 600 | 475800 | 951600 | 11600 | 23200 | 28,2 471 46§
L 770 25 621 | 493900 | 987800 12050 | 24100 | 28,1 490 465
020 906 7 201 1209500 | 419000 4356 9112 | 32,3 158 644
L7 8 229 1238500477000 5185 [ 10370 ¢ 32,3 i80 642
a2 9 258 1267300 |534600( 5811 | 11620 | 32,2 202 i 639
800 10 286 |2560001 592000 6436 | 12870 | 32,2 224 | 636
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920 898 | 11 314 | 3240600] 649200{ 7056 | 14110 | 32,1 247 633
896 | 12 342 | 352900| 7058001 7672 | 15340 | 32,1 269 630
894+ 13 370 | 381100| 762200| 8284 | 16570 | 32,0 291 627
892 | 14 398 | 409100f 818200; 8893 | 17790 | 32,0 313 | 625
890 | 15 | 426 | 436800{ 873600 9497 | 18990 | 32,0 334 | 622
888 | 16 | 454 | 464800| 929600 10100 | 20200 | 32,0 356 | 619
886 | 17 482 | 491800| 983600| 10690 | 21380 | 31,9 378 616
8841 18 | 510 | 5187001037000 14280 | 22560 | 31,9 400 | 613
882 | 19 | 538 | 546300{1093000! 11880 | 23760 { 31,8 422 | 611
830 | 20 | 565 | 573000({1146000] 12460 | 24920 | 34,8 444 | 608
8781 21 593 | 599500:1199000; 13030 | 26060 | 31,8 466 605
876 | 22 | 620 | 626000{1252000{ 13610 | 27220 | 31,8 487 602
874 | 23 | 648 | 65230011305000| 14180 | 28360 | 31,7 509 600
872 | 24 675 | 678500(1357000] 44750 | 29500 | 31,7 530 1 597

870 { 25 703 | 704600{1409000] 15320 | 30640 | 31,6 552 | 594

1020 | 1006 7 223 | 286200] 572400 5612 | 14220 | 35,8 175 794
1004 8 254 | 325900| 651800 6390 | 12780 | 35,8 199 791
1002 9 286 | 365400 730800/ 7164 | 14330 | 35,7 224 788
1000 | 10 317 | 404700| 809500| 7936 | 15870 | 35,7 249 785

998 | 11 349 | 443900| 887800 8704 | 17410 | 35,7 274 | 7182
996 | 12 380 | 482800 965600; 9467 | 18930 | 35,6 208 | 779
994 1 13 411 | 52150011043000] 10230 | 20460 | 35,6 325 776
992 | 14 | 442 | 560000{1120000f 10980 | 21960 | 35,6 347 772
290 | 15 473 | 598200{1196C001 11730 | 23460 | 35,6 371 769
988 | 16 504 | 636600{1273000|124800 (249600 | 35,5 396 766
986 | 17 535 | 67390011348000!132100 |264200 | 35,5 420 763
¢ 9841 18 566 | 712000(1424000:139600 1279200 | 35,5 444 760
L9821 19 597 | 74910014498000|146500 |293800 | 35,4 469 757
! 980 | 20 628 | 785900|1572000{154100 |308200 | 35,4 493 75%
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968 | 26 812 |1004600{2008000{196800 (393600 | 35,2 637 736
966 | 27 842 11040000,2080000]203800 1407600 | 35,1 661 733
964 | 28 872 [107400012148000(210700 421400 | 35,1 685 730
962 " 29 802 ]1110000j22200001217600 435200 | 35,1 708 726
966 [ 30 933 |1144000 2288000{224400 448800 | 35,0 732 723
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