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NMPEAUCIIOBUE

ABTOMATHU3aLMsA CUCTEM TPAHCIOPTUPOBAHUSI U OOpa-
O0TKH MPUPOIHBIX U CTOYHBIX BOX MPHU3BaHa KOPeHHBIM 00pa3oM Tipe-
obpa3oBaTh paboyue MecCTa, caenaTh Tpya 60Jiee MPOU3BOIUTENIEHBIM,
TBOPYECKUM Y NPUBJIEKATEJbHBIM. BTO OJHA U3 BAXHEHHIMX COLUATE-
HBIX 33734, KOTOpasi TOCTOSIHHO MOAYEPKUBAETCH B NMOCTAHOBJAEHUSIX
JUPEKTUBHEBIX OPraHOB, a TAKXE B PELIEHUSIX Pa3TUYHBIX MEXAYyHa-
POIHEIX U ¢enepanbHbiXx KOHpEpeHIUd U CEMUHAPOB.

Ha coBpeMeHHOM 3Tane pa3BUTHUsI TEXHUKU BOAOOOPaOOTKHU He-
BO3MOXHO YMPaBJsSITb CHCTEMaMU BOJOCHA0XEHUS] U BONOOOTBEAEHUS
(CBB) 6e3 ux aBToMaTH3auM. Bricokasi MpoOU3BOAUTENBLHOCTE 060PY-
JOBaHUsI, CKOPOCTH MOTOKOB U (PU3UKO-XUMUYECKUX TMPEBpALICHUH,
OonbiIMe 0OBEMEI alNapaTOB U COOPYXEHUI, 3aBUCUMOCTL TEXHUKO-
sKoHoMuyeckux nokasareneit (TOII) oT 6onsuIOoro yucna pa3Hoob-
pa3HbIX (AKTOPOB — BCE 3TO MPEABABISET BHICOKME TpeOOBaHUS K
ynpabieHuo CBB. Eciu yenoBek-onepaTrop paHblile ¢ yCIeXOM CIpaB-
JISUICS ¢ 3ajayaMy YMpaBJIeHUs], TO TENEPb OH 3TOrO ClIeJIaTh HE MOXET
M3-3a CBOMX OIPAHUYEHHBIX BO3MOXHOCTEN: YTOMIISIEMOCTH, CYOBEK-
TUBHOCTHY B OLIEHKE BO3HMKAIOLIMX CUTYyaLMii, OFpaHMYEHHOI CKOpO-
CTM peakLMil Ha pe3Kue U3MEHEHUS PEXUMHBIX MapaMeTpoOB MU T.II.
B pe3yneraTe QyHKUMM YNIPaBAEeHUsI B UHXEHEPHBIX CUCTEMAX U Ha.
OYUCTHBIX COOPYXEHHUSIX BCE B OO/BLHIEM 00BEME MEPEIAIOTCH aBTOMAa-
TUYECKUM yCTpoicTBaM. B GnuXaiiliye roasl YpoBeHb aBTOMATU3aLIUH
IIOJDKEH BBIPACTH B HECKOJIBKO pa3s.

B coBpeMeHHBIX YCIOBUSIX OT TEXHUKA-CTPOUTENSI-TEXHOJIOrA TPe-
OyIoTCSl 3HaHUSI He TOJIBKO TEXHOJOIMMU U 000pyIOBaHMUs, HO M aBTO-
MaTUYECKUX YCTPOMCTB KOHTPOJIS U YIIPABJICHUS — OT MPOCTEMIIUX
NpUOOPOB 0 YIIPABSIONIMX BEIYMCIUTENbHBIX MalIMH (YBM). Tex-
HOJIOT JOJXKEH YMeTh 3a MOKa3aHUSAMU U3IMEPUTENBHBIX MPUOOPOB
«BUJETH» XOJ TEXHOJOTHYECKOIo Mponecca, CKphITOro 3a CTeHKaMu
COOpPYXEHUH, MALIMH U annapaToB, BMEHIUBATELCH MPU HEOOXomau-
MOCTH B pa60Ty aBTOMATUYECKUX ynpammoumx yCTpOI/ICTB | yCTpa-

caeysaTh 6€3 3HaHUS OCHOBHBIX NMPUHLIAIIOB ynpaBneHnﬂ CBB, oco-
OeHHOCTEeil yCTPOMCTBA U 3KCIUIyaTalUU NpUOOPOB, PEryIsITOPOB U
JPYIUX CpeACTB aBTOMAaTU3aluu. M3yyeHue 3TUX BONMPOCOB Mpeny-
CMOTPEHO B Kypce «ABTOMAaTU3aLUsl CUCTEM BOJOCHAOXEHUS] U BOXO-
OTBEJEHUS».




HacTosiiuuit yaebHUK cOCTaBlIeH Ha OCHOBe Y4eOHOMH MpOTrpaMMBI
MO YNOMSIHYTOMY KYypcCy, COCTaBlleHHOi B KaJlyXXCKOM KOMMYHaIbHO-
CTPOUTEJILHOM TexHUukyMe. IIpu ero HarmmucaHUu aBTOPHI CTPEMUIIUCH
MaKCUMAILHO MPUONU3UTE MaTepUall K COBPEMEHHOMY COCTOSIHUIO
npobseMsl. ITpy 3TOM MaTeMaTH4eCKUe BLIKIAAKHY ObIM OTPaHUYEHEI
paMKaMy NMporpaMMbl TEXHUKYMOB MO MaTeMaTuKe. ABTOpHI CTapa-
JIMCh 60Jiee MPOCTO U JOCTYNMHO, 63 rpOMO3IKOr0 MaTEMATUYECKOTO
anrapara U3J0XUThL OCHOBHLIE MOJOXEHUS TAKUX CJIOXHBIX BOITPOCOB,
KaK aBTOMATUYECKHII KOHTPOJIb U yIipaBiieHWe. ECTecTBEHHO, 3TO He
MOTIJIO He CKa3aThCsl Ha TJIyOMHe TPAKTOBKU TEOPETUYECKUX BOITPOCOB
aBTOMaTU3aLIUHU.

ABTOpBI NpU3HATEJbHBI pELIEH3E€HTaM 33 LUeHHBIe 3aMeYaHHUs U CO-
BETHI PUY NOATOTOBKE PYKOMUCH U € 6J1aroqapHOCTbIO MPUMYT BCe MO-
XelaHUs 4YudTaTesieil, HarpaBJieHHble HA YCTpaHEHUWE HeIOCTaTKOB
yueOHU KA.




BBEJJ,EHME

B Haweii ctpaHe 4 3a pybeXoM C KaXIbIM TOJOM pac-
IIUpsieTcss 00beM pabOT MO aBTOMATU3ALUU BOJONPOBOAHBIX K BOAO-
OTBOASIIIUX CUCTEM M COOpPYXEHHI. B KaXIoM mpoekTe BOJOCHA0Xe-
HUS WK BOJOOTBEJECHMUS TOPOAOB ¥ MPOMBILLIIEHHBIX NMPEANPUATHI
Hapsily C anmnapaTypHO-TEXHOJOTHYECKUMHU peleHUsIMU pa3pabaTei-
BalOTCSl CUCTEMBI ABTOMATU3ALIMK COOPYXKEH HiA.

BriepBrie Takue pa3paboTKu OB BBIMONIHEHBI crietinatuctaMmu AKX
um. K. J1. ITamdunosa u Hayaau BHEAPATHCS Ha BOJOIPOBOIHBIX
OYMCTHBRIX coopyXeHusix ente B 1934—1935 rr. ITozxe Ha BogonpoBoa-
HbIX cTaHuusx Mocksel, CaHkT-Iletep6ypra 1 Huxuero HoBropona
ObLIX aBTOMATU3MPOBAHKI JO3MPOBAHHUE PEAreHTOB, PEryJIMpOBaHHKE
ckopocTi GuIbTpoBaHUA ¥ MPOMBIBKY (PHIBTPOB, KOHTPOJb psifa Ka-
YeCTBEHHBIX MapaMeTpoB BoABl. B manbHeilleM LIUPOKOE BHEAPEHUE
aBTOMAaTHKA MOJYYHJIa HA BOAONPOBOAHEIX cTaHIIMAX KpacHospcka,
Hosocubupcka u Ydrui. Boicokue TOII nocTUrHyTsl aBTOMaTH3atueit
BOJOCHAOXEHHUS C MCMOJb30BAaHUEM MOA3EMHBIX Boa B ropojgax Opne
v Teepu. K HacTosiiieMy BpeMeHM CO3MaHB CUCTEMBI aBTOMATH3aLIMK
BOJAONPUEMHMKOB, pab0OTh! BOAONPOBOAHKIX CETEH, MPOLIECCOB Koary-
JSUUK, OTCTauBaHMsE, 0be33apaxuBanusi, dropupoBanunsa u obecdro-
PUBAHMS BOAHI, 4 TAKKE €€ PEareHTHOIO YMATYEHUST ¥ 00ECCONUBAHUS.

Oxono 30 neT Haszax aaa ynpasneHus cucteMamu CBB Havanu
MPUMEHSATL MUKpoTpoLeccopbl 1 YBM. IlepBbie aBTOMaTU3UPOBAHHEIE
CHUCTEMBI TPAHCIOPTUPOBAHUS ¥ OYMCTKH TIPUPOJHEIX BOJ, UCITIOJIb3Y-
IOl ME IS LeSieit YIIpaBieHusl BEYMCIUTENbHbIE YCTPOHCTBA, MOSIBU-
Juck B ctpaHax 3anagHoil Esponel, CIITA u AAnouun. C nmoMouibio
TaKUX CHUCTEM HEMPEPBIBHO AaHAIU3UPYIOTCS PEXUMBI pabOThI ceTeid
BOJOCHA0XeHMsI, HACOCHBIX CTAHLIMI, OYUCTHBIX COOPYXEeHUI U BBI-
pabaThIBAIOTCSI HEOOXOAMMBIE KOMAHIAbI YIPaBACHUS A8 MOAAEP-
XaHUS SKOHOMHYECKH HanboJiee BBITOAHBIX TEXHOJOTMYECKUX PEXU-
MOB. B mocnenHue rogsl ¥ B Hallleil CTpaHe MOJOOHBIE CUCTEMbI OBUIH
pa3pa6oTadsl B HUU KBOB u Hauany sKcryaTUpoBaThes Ha OObeK-
tax MI'TI «Mocsogokanan», I'YII «Bogokanan» Cankr-Iletep6ypra,

MYI1 «dopsogokaHan» HoBocubupcka v psna apyrux ropoaos.
YcneniHo BHIMOJHAIOTCA paboTH K 110 aBTOMAaTU3allMK 000OPOTHBIX

OXJIAXJIAIOLIUX CUCTEM TEXHUYECKOTO BOAOCHAOXEHMS, B KOTOPHIX

LLIMPOKO MCMOJB3YIOT pa3paboTku Jadopatopuu asromMmatnku HUU

BOAT'EO, a takxe 3apybexXHux ¢upM «Betz Entec Inc» (CIIIA) u
«Organo» (SInouus).




ABTOMAaTHU3aLMsl CUCTEM BOJOOTBENEHUS! HavyaJach 3HAYUTENBHO
no3xe. boabluas pabota Mo aBTOMaTU3aMKU TAKUX COOPYXKEHMI Mpo-
BeneHa B MockBe Ha KypesiHoBckoit, JTIioonuHckoi u Jlro6eperkoi
CTaHLMsIX a’paumu. Ha 3THX CTaHIMSIX aBTOMAaTUYECKH KOHTPOJIUPY-
eTCs psili TEXHOJOTMYECKUX MApaMETPOB, PErYIUPYIOTCS MPOLIECCHI
MEXAHUYECKOU, XMMUYECKOM U DMOJIOTUYECKOU OYUCTKH CTOYHBIX BOJ
B a3POTEHKAX, a TAKXKE aHa3pOOHOTO COpaXUBaHUS OCAAKOB B METAH-
TeHKax. 3 3apybeXXHOro oneiTa HauboNbIUKi HHTEPEC MPEeaCTaBAsAIOT
OpPUTMHAJIbHAs CUCTEMA YNIPaBJIEHUsI KUCJIOPOJXHBIM M UJIOBBIM PEXH-
MOM a3pOTeHKOB GupMbl «Omnium d’Assainissement», xotopasi pabo-
TaeT B psge ropoaos ®dpaHuuu, TUNOBAs CUCTEMa YIpaBlIeHUS
AQUAMAX-80 dbupmel «Hitachi» (Anonust), a TakKke cUCTEMA YIIpaB-
nenust dupMol «Cowi» (JlaHus1) 1Jisi METAHTEHKOB.

B nocnegHue rogsl 60b110e BHUMAHKE YaENsI€TCS aBTOMATHU3ALIMM
MPOLIECCOB MEXaHUYECKOT'O 00e3BOXMBaHUS OCaAKOB B ieHTpudyrax,
duILTPax NEPHUOANYECKOTO M HEMPEPBIBHOIO AEHACTBUS, a TAKXKE TEPMHU-
YyeCKOoro 06e3BoXHUBaHus B CYIUWIbHBIX arperatax. I1py 3ToM ucnonb-
3YI0TCSl KaK oTtedyecTBeHHBle pa3pabotku MI'CY (6eiBiu. MUCH) n
MUKXHUCa (6. B3UCH), Tak u psna 3apydexHeix dupM. Ha-
npuMep, Ha LleHTpansHoI1 aspatmoHHoi ctaHLuU CaHkT-IleTepOypra
B aBTOMAaTMYECKOM peXuMe paboTaeT BeCh KOMILIEKC 000pyaoBaHMs
06paboTku ocanka nox ynpasiaeHueMm cucteMbl Centum CS GupMbI
«Yokogawa» (AnoHus), B Lexe MEXaHMYECKOT'O 00E3BOXMBAHUS OCall-
KOB OYMCTHOU cTaHimn HoBocubupcka — LieHTpUMNpecchl GUPMEL
«Bird Humboldt» (I'epmaHus), B aHAJIOTUHYHOM [[€Xe OYUCTHBIX COOPY-
xXeuuit MYII OMmcka — neutpudyrn dupmel «Westfalia Separator»
(F'epmanuns).

Baxueiinieit 3agayeit nopuinieHus1 3¢pdeKTUBHOCTH aBTOMATH3Aa-
uny CBB 6bL1a ¥ ocTaercs 3aaya pa3paboTKHU MPOCTRIX, HANEXKHBIX U
BBICOKOTOYHBIX CPEACTB aBTOMAaTHYECKOTO KOHTPOJIsSI COCTaBa MPUPOSI-
HBIX ¥ CTOYHBIX BOJI, a TaKKe KadyeCcTBa ux o6paboTKu. PaGoThl B 3TOM
HarpaBJIeHUHU TTOCTOSIHHO MPOBOASITCS. BO BCEX MPOMBIIIJIEHHO pa3BH-
ThIX CTpaHaX. MHOro UHTEPECHBIX pEllieHUA C UCIOJb30BaHUEM HO-
BEUILIUX CPEACTB U3MEPEHHUS TEXHOJOTUYECKUX MTApAMETPOB 00paboTKu
BOAbl co3paHo B I'mpokoMMmyHBomokaHalle, MocBojoKaHal-
HHUUWUnpoexre, Coro3pogokananrnpoekre u IHUUDII nixeHepHOTro
obopynoBanmsi. B Hallleil ctpaHe JOCTUTHYTBI OTPOMHBIE YCIIEXH B TEO-
pUM aBTOMATHYECKOTIO yTipaBjieHusl u oblieil Teopun cucrteM. Ha 6ase
5TUX AJOCTHXXEHHUII aKTUBHO BEIETCS pa3paboTKa aBTOMAaTH3UPOBAHHBIX
cucteM yripaBieHusi (ACY) 0OYMCTHBIX COOPYXEHHI 1 LIEXOB.

Bce 3aTpoHyTHIE B JaHHOM pa3fesie BONPOCH OTpaxeHbl B Moc/ie-
IYIOIUX IJ1aBaX HacTosiero yyeobHuka. Ilpu Beibope CTPYKTYpHI M
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MOCJIeOBAaTeNLHOCTH M3JI0XEHUST MaTepHyalla aBTOPLI pYKOBOACTBOBA-
JIUCh IBYMSI OCHOBHBIMHU TTOJIOXEHUSIMU.

IlepBoe — aBTOMATHU3ALUS J10O0r0 TEXHONOTHYECKOTO MPoLEecca B
CBB ocyiecTBisieTCs1, ¢ OJHOM CTOPOHBI, Ha 6a3e INyOOKUX 3HAHMI
caMoro mpotiecca, a ¢ Ipyroit — Ha OCHOBe OOL[UX MPUHIMIIOB ABTO-
MaTHYeCKOTO yrnpaBieHusi. Bropoe — npeanosarasi, 4To ydamidecs
yXe MMEIOT JOCTaTOYHbIe 3HAHUSA MO TEXHOJOTUU U aNMapaTypHOMY
opopmnenuio CBB, u3yueHHe TUCHUMIMHEL L[eJleCOOOpa3HO HAYHU-
HATb C OOIIUX MPUHIMITOB aBTOMATU3ALIMHU TEXHOJOTHYECKHUX CUCTEM.




Nasa 1. OCHOBbl ABTOMATU3ALIUUA
U YINPABJIEHUSA
TEXHOJTIONTMM4YECKUMU
I'IPOIJ,ECCAMM

1.1. OCHOBHbIE NOHATUSA YNpPaB/IeHNNA

B o6ueM ciiydae moji aBToMaTH3auMeil MOHUMAIOT NMPU-
MEHEHUE TEXHUYECKUX CPEACTB U CUCTEM YIpaBJIEHUS, YACTUYHO WU
MOJHOCTBIO OCBOOOXIAIOLLUX YeJ0BeKa OT HENOCPEeACTBEHHOIO y4yac-
TUS B mpoLeccax MojgydyeHust, nmpeobpa3oBaHusl, nepelayd Uiu UcC-
MOJIb30BAHUS DHEPTUU, MaTepUa1oB WU UHPopMauuu. Lleab aBroma-
TU3aUMU — TOBBLILUEHUE MPOU3BOAUTEIBHOCTU U 3P PEKTUBHOCTH
TPyIa, yJIy4ylIeHUe KauecTBa MpOAyKLIMU, YCTpaHEeHUE YeI0BeKa OT pa-
OOTHI B YCJIOBUSIX, OMACHBIX LISl 310POBDSI.

Ilon ynpassieHHeM B TeXHUYECKUX CUCTEMAX MOHUMAIOT COBOKYII-
HOCTb JelicTBUii (paboTa, UCIOJHEHUE KOMAHIHBIX CUTHAIOB), Bhbi-
OpaHHBIX Ha OCHOBE OMNpeAeIeHHON UHPOPMAuUU U HATIPaBIEHHBIX
Ha moAnepXaHue 3aJaHHbIX MapaMeTpOB MPOU3BOACTBEHHOI'O MPO-
Llecca U 3aIaHHBIX PEXUMOB IKCIUIyaTandu TEXHOJIOTUYEeCKOro obopy-
OOBaHUSA MJIM HANPABJEHHBIX Ha yaydylleHUe GYHKLUMOHUDPOBAHUSA
TEXHOJOTUYECKOT0 00beKTa B COOTBETCTBUM C UMEIOLLIEICS MpOrpaM-
MO WU HEeNbl0 GYyHKIIMOHUPOBAHUS.

B npuBeie HHBIX ONpeieIEHUSIX COAEPXATCS IBa AOMOJTHUTEJIbHBIX
TIOHSITUST — CUCTEMA U TPOLECC.

CucreMa — 3TO yejieHanpaBieHHasi COBOKYMHOCTb 3JIEMEHTOB,
B3aUMOCOIEICTBYIONIUX JOCTUXEHUIO 33JaHHOTO MOJE3HOTO Pe3yib-
TaTa. CylecTByeT MHOIO ONpee/ieHUit 3TOro TepMMHa BBUIY OTPOM-
HOro MHOroobpasusi CyuiecCTBYIOIIUX CUCTEM (CHUCTeMa ypaBHEHUH,
COJIHEUHas cucTeMa, CUCTEMbl MUTAHUS, TpaHCIOpTa, 00pa3oBaHMsl.
BbIYUCIEHUS U Op.). PekoMeHayeTCS KaXablii pa3 UCMONbL30BaTh TO
ornpeneJieHue, KoTopoe Haubosee GIM3KO K U3ydyaeMBIM O00bEeKTaM.

B sHumxuioneanu «MHxeHepHoe o6opyoBaHue 30aHUiL U COOPY-
XeHui», BoityeHHoi CtpoiinznatoM B 1994 r., uuraeM: «Cuctema
BOI[OCHa6)KeHM$I — KOMILIEKC B3aUMOCBSI3aHHBIX coopyxeunu obec-

60prIe coopyxemm, HAaCOCHBIC CTaHl_ll/ll/l, COOpY)KeHI/lﬂ I10 ynque-




HUIO KayeCTBa BOIbl, pETYJMPYIOLI[HE U 3allaCHble EMKOCTH, BOJO-
BOIbI, BOJOIIPOBOASIHIYIO CETh TpYD M oxstanuTe u BoAbl». Jlandee tam
Xe: «CucreMa KaHanu3aluu (BOLOOTBEIEHMs ) HACeJIEeHHbBIX IIYHKTOB
¥ TIPOMBILLJIEHHBIX MPEATIPUSATHIA — KOMILIEKC B3aMMOCBSI3@aHHBIX
COOpYXeHHUil, obecrieunBaloninii OTBEJEHUE U OYUCTKY CTOYHBIX BOM
OT IoTpeduTeNeil BOALI, BKIJIIOYAIOI[HI KAHATU3AIIHOHHYIO CETh TPYO,
HACOCHBIE CTAHI[MH T10 TIepeKayKe, COOPYXKEHHUS II0 OYMCTKE CTOUHDBIX
BOJ ¥ BBINTYCKH OUMII[EHHBIX CTOKOB B PEKU U BOJOEMbI».

M3 npuBeaeHHLIX ONpeaeJeHNid OTYETINBO BUIHO, YTO JK0Oas
CBB Moxert ObITh pacuJieHEHa Ha psiJl NPOU3BOJACTBEHHBIX H TEXHOJIOTH-
YeCKHX MpoLeccoB, ITOJ KOTOPLIMM IMMOHUMAIOT TaKyl0 TPAHCIIOpTH-
POBKY 1 00pabOTKY MCXOAHBIX IIOTOKOB BOALI, KOTOPbHIE IIPUBOASIT K
U3MEHEHUIO UX PU3HYECKHX K XMMHYECKHUX CBOICTB, a TaKXe K Ipe-
BpallEHHIO B OYMILIEHHYIO BOAY ¥ ITOOGOYHbBIE MPOAYKTHI OUMCTKH.

ITox npou3BOACTBEHHBIM NMPOLECCOM IIOHUMAIOT BpeMEHHYI0 I10-
cienoBareasHOCTh B CBB, npu KOTOpOii IIPOUCXOASIT IlepEMEILIEHUE U
npeoOpa3oBaHue BelecTBa (BOAbLI, PpEATeHTOB, SHEPTUM) U (WIH) UH-
dopmaumn. ITpakTnyeCku BCE€ COBpEMEHHbIE IIPOU3BOJACTBEHHbBIE
npoueccsl B CBB 10JXHBI BLITIOTHATECS B COOTBETCTBUM C OIIpese-
JICHHbIMM MHCTPYKIIMSIMH, CTPOUTEIbHLIMM HOPMaMU M IpaBUIaAMH
(CHulI).

Ilox TexHOJIOTHYECKHM TIPOLIECCOM TTOHUMAIOT TaKyl oOpaboTKy
BOAbI 1 MMOay¢dadbpukaroB (IIPOMEXYTOUHBIX IIOTOKOB, OCAKOB), KO-
TOpast IPUBOIUT K U3MEHEHHUIO X QU3NYECKUX U XMMHYECKUX CBOMCTB
¥ TIPEBPAIIEHUIO B KOHEYHYIO MpoayKIuio. MHBIMU CJIOBAMHU, TEXHO-

sJornyeckuil npouecc B CBB — 3T0 COBOKYNMHOCTh MEXaHHYECKMX,
(PU3NKO-XUMHYECKHX, ODUOJTOTMYECKHUX K APYTHX MPOLIECCOB LEJICHA-
MpaBJieHHO 0OpaboTKu BOALI U €€ ITOOOYHBIX IIPOJAYKTOB.

o o

HbIMU TEXHOJIOTHYECKHMH MapaMeTpaMH, KOTOpble MOTYT U3MEHSITLCS
Bo BpeMeHu. B CBB Takumu napameTpaMu siBJISIIOTCSE paCXOJbl MaTe-
PUATBHBLIX ¥ SHEPTETHYECKHUX IIOTOKOB, XMMMYECKHII COCTAB, TEMIIE-

aVWalanla LA T N RO IV A o O aleda

FHYECKUX TIapaMeTPOB, TTOJHOCTLIO XapaKTePHU3YIOLMX KOHKPETHbLA
TEXHOJIOTHYECKMII TIPOLIECC, HA3LIBAETCS TEXHOJOTHYECKHM PEKHMOM.
Kaxnwrit TexHosmornueckuii npouecc B CBB uMeeT cBoe LieeBoe

Ha3Ha4Y€HNE, B COOTBETCTBUH C KOTOPBIM K HEMY IIPEABSBIISIIOT OIIpe-
JeJIeHHbIe TpeOoBaHus: obecrieyeHue 3aaHHOI WIK MaKCHUMaJIbHOM
IIPOU3BOIUTEILHOCTH, 3aJJaHHOTO WJIM HawJIydliero KadectBa obpa-
60TKHM BOABI, 3aJaHHBIX WJIK MUHUMAJIBHBIX 3aTPAT PeareHToB U SHEp-

TMM Ha eIMHULY 00paboTaHHOIO MOTOKA BOALI, OMOra3za Wi OCagkoB.
Tak, HanpuMep, 1eJbIO MIpoliecca aHAPOOHOIO COpaXUBaHUs OCAIKOB
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CTOYHKIX BOJI SIBJISIETCS] YBEJIMUCHUE KOHIIEHTpAlIMM MeTaHa B 0Opa3y-
onieMcsl 6uorase. IToaToMy K npotieccy cOpaxXx uBaHUS MOXHO TIPEIb-
sIBUTh TpeOOBaHUE obecrieyeHUsl 3aaHHOI'O KOJMYEeCTBA U KOHLIEH-
Tpauuy 6Morasa (nMpoU3BOAUTENBHOCTE U KauyeCTBO NMOOOYHOTO Mpo-
IyKTa) npy¥ MUHUMAJIBHOM Pacxolle IPeIolero napa (3Hepruu) uiu
3aJJaHHOTO KOJIMYEeCTBA U MAKCUMAaJIbHOM KOHIIEHTPALIUM METaHa TNpU
3alaHHOM Pacxojie rperowero napa.

O0o61meHHass cxeMa TeXHOJOTMYECKOTO Mpoliecca rmoka3aHa Ha
puc. 1. ®yHkius yrpaBiieHust PEICTaBIeHa KaK COOTHOLIEHUE MEXIY
BXOJaMU U TeMHU Npeodpa3oBaHUSIMU, KOTOpPblE HEOOXOMMMBI ISl TO-
Ny4eHUs LeJ1ieBO MpolAyKlMu. BreinonHenue TpeboBaHuit, mpeabsis-
JISIEMBIX K TEXHOJOTHYECKOMY TPOLIECCY, BO3MOXHO JIMHIb NPH 1ieje-
HaTpaBJIeHHOM BO3JIEICTBUHY Ha €r0 TEXHOJIOTUYECKUI PEXUM.

(270): - W | p——  |{eNeBOW NPOAYKT

PeareHTbl bl ' _____ .. __.. J » [Mo604HbI NpoayKT

v

YnpaBneHue

Puc.1. Ooo0mennas cxema
TEXHOJIOTHYEeCKOro npouecca

Jhoboit TexHonoruueckuit nmpouecc B CBB noaBepxeH aefcTBUIO
Pa3IMYHBIX QAKTOPOB, KOTOPKIE HEMb3Sl MPEAYCMOTPETh 3apaHee. Takue

¢axkTOphl HA3LIBAIOTCS BO3MYIMIEHHAMH. K HUM OTHOCSITCS, HAaTIpUMED,
cllyyaiiHble USMEHEHUS COCTaBa 0OpabaTeiBaeMOil BOJABI, TEMIIEpa-
TYpbl, XapaKTEPUCTUK 000pynoBaHUs U Jp. BoaMyiualoniyue Bo3ueii-

I'MYECKOro pexuMa, 4YTo, B CBOIO o4Yepellb, MPUBOJUT K U3MEHEHUIO
takux TOII nporrecca, Kak nMpou3BOAUTENBHOCTh, Ka4eCTBO O0Opa-
OOTKH, pacxoJl peareHToB ¥ 3Hepru U T.1. ITosToMy st oGecniedyeHust

HUS TEXHOJIOTUYECKOTO peXUMa, BEI3BAHHEIE JEHCTBUEM BO3MYILEHUIA.
Takoe ueneHanpaBjeHHOe BO3ACHCTBME HA TEXHOJOTMYECKHUt TIpo-
LIeCC NPEACTaBNSIET COO0 mpouecc ynpasiaeHna. COBOKYITHOCTb Tpebo-

BaHWii, OCYILECTBISIEMBIX B POLIECCE YNPABJIEH!s], HA3EIBAETCs UeJIbIO
ynpasiaeHus. Hakonel, caM ynpasisieMblii TEXHOJOTUYECKUIA Mpo1iece
BMeCTe ¢ 060pyloBaHUEM, B KOTOPOM OH pealu3yeTcsl, sIBJIsIeTCsl 00b-
eKToM ynpaBienusi. OOLeKT yrpaB/ieHUs ¥ YCTPOMCTBA, HEOOXOAMMEIE

IJIs. OCYILIECTBJIEHUS TpoLlecca YIpaBjeHUsl, Ha3bIBAlOTCSl CHCTEMOM
ynpasaenus. TakuM o6pa3oM, CMCTEMa yrpaBJieHHUsI — 3TO COBOKYII-
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HOCTBH TEXHOJIOTUYECKOT'O Tpoliecca, 000py1oBaHUA, CPEACTB KOHT-
pOJIsi ¥ YIIpaBJIEHHUS. '

B xayecTBe mpuMepa paccCMOTPUM YIIpaBJeHUE TeMIepaTypoi
cOpaxMBaHHUs OCaIKOB B METAaHTEHKE, KOTOpast MOANEePXKUBAETCA C IO-
MOILBIO «0CTporo» mapa (puc. 2). Ilpy cnyyailHBIX (3apaHee HEU3-
BECTHHIX) KONnebaHUsAX TEILUIOBOro pexuma cOpax uBaHUsI, HAIPUMED
3a CUeT U3MEHEHUS TeMIlepaTyphl OCagKoOB, mapa UJM OKpyXalolei
Cpeabl, ISt yNpaBJIeHUsl TEMIIEPATYpoOil B METAHTEHKE J OHA KOHTPO-
JIMPYETCSl U3IMEPUTENEM 2, BEIXOAHOM CUTHAJI KOTOPOTO MOCTYNAaeT B
YCHJIUTENb 3, 3aTeM B npeoOpa3oBaTtesib 4 U Aajiee B yNnpaBJisiiolLee
ycTpoiicTBO 5. B 3TOM ycTpoiicTBe CUrHal o TeKylieM 3HaYeHUH TEM-
NepaTypH f3 CPABHMUBAETCSI C TPEOYEMBIM f1, MOCTYNAKOMWIMUM OT 3a1aT-
ynka 6. B 3aBMCHMMOCTH OT BEJIMYMHBI Y 3HaKa Pa3HOCTH CpPaBHMBae-
MBIX CUTHAJIOB Af = fp — f3 UCTIOJIHUTEJBHBIA MEXaHU3M 7, yIIpaBiss
PEryJUPYIOIIMM OpPraHoM &, yBeJIMYMBAET MM YMEHBLIAET Moaayy
Napa B METAHTEHK.

Puc. 2. Peryiupyembiit TenioBoil pexuM cOpaxxHBanus
OCAJAKOB CTOYHBIX BOJ KAK CHCTEMA YNPaBJICHUS

1.2. Uepapxusa ynpasneHUa cuctemMmamm
BOA000OpaboTku

CoBpemeHHBle CBB BecbMa C/IOXHBI U XapaKTepu3y-
I0TCSl OOJIBILIMM YUCJIOM TEXHOJOTUYECKUX MapaMeTpoOB, MPAMO WU
KOCBEHHO BJMSIOIIMX HA UX TEXHUKO-3KOHOMMHYECKHUE IOKa3aTeau.
ITosToMy ynpaBiieHe TPaHCIIOPTOM U 06pabOTKOM KaK MPUPOIHHIX,

TaK ¥ CTOYHBIX BOJ OPraHM3YIOT MO TaK Ha3bIBaeMOMY HepapXuye-
CKOMY MPUHLIUITY.

— MiepapxnyecKHii TPAHIAN YIPABJIeHAA 3aKII0OYAETCH B MHOTOCTY= |
MEHYATON opraHM3alMy MpoLecca yrpapieHus, e Kaxaas CTyrneHb
MMEET CBOM OOBEKTHI ¥ LIEJU ynpaBlieHUsi. PACCMOTPUM CYIIHOCTD
3TOro NMPUHLIMIA YIIpaBIeHUs TEXHOJOTHUECKHUM Mpoueccom. Yamie
BCETO LIENbIO YNMpaBJeHUS SIBISIETCS HOCTHXeHue 3amaHHBIX TOII
Npouecca, KOTOPHIE 3aBUCSAT OT TEXHOJIOTHYECKOTO pexuma. Pexum,
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TPY KOTOPOM OOCTUTAIOTCA 3aJaHHbIE TIOKA3aTeN, HA3bIBAETCA ONTH-
MaabHbIM. HO, Kak yXe yKasblBJIOCh, TEXHOJIOTUYECKUI DEXUM HU3-
MEHSETCA 1104 AEHCTBUEM CIIYYaUHBIX BO3MYILLEHUNA ¥ TIOSTOMY MOXET
CYLIECTBEHHO OTKJIOHSITBCS OT ONMTUMAabHOro. I1OoCKO/IBKY 3TH OT-
KJIOHeHMd Bcerga yxynuaT TOII, Heobx0nuMO NoaaepXXUBaTh TEX-
HOJIOTMYECKHE MapaMETPhl NpoLiecca KaK MOXHO OiMxe K UX ONTHU-
MaJIbHBIM 3HAYEHU M.

YnpaBiieHHE TEXHOJTOTUYECKUM TPOLIECCOM MOXHO OpPraHU30BaTh
B BUJIE NBYX cryneHeu Ha Bepreu CTYNEHU uenb yrnpaBJleHUS CO-

TIPY 3TOM SBJIAIOTCA BECh TEXHOJIOTHYECKHIA npouecc M €ro 060py110-
BaHMe. Ha HMXHEH CTyINeHU LieJib yIIpaBJjieHUs — 3TO ObeclieyeHue
MUHUMAJIBHBIX OTKJIOHEHUH TEXHOJIOTMYECKUX NAapaMETPOB OT MUX OIl-
TUMAJIbHBIX 3HAYEHHUI. DTa 1Ie/ib AOCTUTAeTCs OTHOCUTEJIBHO JIETKO U
3aKJII0YaeTCd B CTAOM/M3aUuH TEXHOJIOTMYECKUX NapameTpoB. B 3TOM
cllyyae 4acTO BMECTO TEPMMHA «YINpPaBJIEHUE» NPUMEHSIOT TEPMUH
«PErylupOBaHuE».

ITpn nmopo6GHO# OpraHMU3alMy Tpoliecca yNnpaBjieHUs HalIeHHbIE
Ha BEpXHEW CTYTNIEHY OINTHUMAJIbHbIE 3HAYEHUS TEXHOJOTMYECKHUX MNa-
paMETPOB MOXHO paccMaTpUBaTh KaK «PYKOBOIALIME YKa3aHWUA» IS
HYDXXHEH, T.e. B OOLIEM NPOLIECCE YNPABICHUS HUXHSS CTYTIEHb TOJ-
yuHeHa BepxHei. [TosToMy Takue cTyneHH OOBYHO HA3BIBaIOT Uepap-
XUYECKUMY YPOBHSMH YIPABJICHUS.

Hpu ynpaBneHuu COBpeMeHHbIMI/! CBB B 1iej1oM, T.€. paccmarpu—

LIeJIU Y 330a4YM YIpaBJIEHUS, KOTOPble HENb3SI OTHECTU K OTHEJIbHBIM
TeXHOJIOTMYECKUM NpoLeccaM. DTO, HalIpUMeD, 3a1a4y OnepaTUBHOIO
yINpaBJIeHUs BOAOOOPabAaThIBAIOIMMU CTAHLIMAMMU M 1LIeXaMH, OpTaHU-
3aHMeil BOMOCHAOXEHNUS ¥ BOJOOTBEICHHUS, NJIAaHUPOBAHMUEM 3aIlacoB
peareHTOB, XpaHeHWeM NMOOOYHBIX NMPOAYKTOB M T. M. IlosToMy npo-
uecc ynpasjieHuss CBB nonxeH BKIIoYaTh €1e ONWH YPOBEHb, Ha KO-
TOPOM pellaloTCs OpraHu3aliMOHHbIe 3anayyu. OH ABAAETCA BBICIIUM
YepapXUYECKUM YPOBHEM.

TaxuM 06pa3oM, CTpYKTypa yrnpasjieHuss coBpeMeHHbiMH CBB xa-
paKTepusyeTc;I TpeMﬂ ypOBHﬂMPI Mepapxym (puc 3). HM)KHym ypo-

peryaupoBaHys, QyHKUUHM KOTOPHIX CBOAATCA K c*ra614nn3auun OT-
NEJBHBIX TEXHOJIOIMYECKHUX NapaMeTpoB. Takue 3agaqyy pellaloTcs aB-
TOMAaTUYECKUMHU YCTPOMCTBAMM Oe3 yyacTUs 4YeloBeKa, ¥ NMO3TOMY
CUCTEMBbI HUXHETO MepPapXUyeCKOro ypoBHSl Ha3bIBAlOTCSl ABTOMATH-
yeckuMu cucreMamu perymuposaiusi (ACP). O6bexThl perynupoBaHUs
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Ha 3TOM YPOBHE — 3JIEMCHTAPHBIC NMPOLIECCHI C COOTBETCTBYIOLINM
TEXHOJIOTNYECKUM oGopynonaHueM.

ACyTn | ..Y... | ACYTN

Puc. 3. Uepapxus ynpasiennsi CBB (npeanpustHeM Bono0o0paboTkH)

Crenyrourmit nepapxuueckuii ypoeHb (II) o6pasyioT cucteMbl
ynpaBieHUA TEXHONOTMYeCKMMU npoueccaMyu. OO6beKTaMH yTpaB-
JIEHVSl Ha 9TOM YPOBHE SIBASIOTCS TeXHOJIOTMYeCKUE YCTAaHOBKY WV
Y4aCTKH BMECTE C 000pynoBaHueM U JoKanbHBIMU ACP. 3pech pelna-
I0TCS 3aJa4y ONTUMM3ALUHN TEXHOJNOTMYECKUX PEXUMOB TPOLIECCOB.
Kpome Toro, B QyHKIIMY YIIpaBJIeHUS Ha 9TOM YPOBHE BXOIWUT BHISIBJIE-
HUE ¥ YCTPaHEeHHE HEHOPMAJIbHBIX (2aBapUIHBIX) PEXUMOB, TIEpeKITIO-
yeHue 060pynoBaHus, BeiunciaeHue TOII v T. n. YKa3aHHbIe QYHKLIMH
HOCTAaTOYHO CJIOXHBI ¥ HE MOIYT OBITh LIEITMKOM BO3JIOXEHBI Ha aBTO-
MaTHuyeckue ycTpoicTtBa. IIoaTOMy 31€Ch B cCHUCTeMax yTipaBlieHUs
NpuMeHsIOT YBM, a B nipolieccax ynpabjieHUsl y4acTBYET ONeEpaTop
VYBM. Takue cucremsl yrpaBieHUs TIOJYYWIH Ha3BaHUE aBTOMATH3WPO-
BAHHBIX CUCTEM YNpaBjieHusi TeXHoIorHdeckumu npoueccamu (ACY TII).

Ha BhiciieM uepapxudeckoM ypoBHe (IIT) ocywiecTsiseTcs ynpas-
JIEHHe BCeil CUCTEMOM TPaHCTIOPTHPOBAHUSA U 06PaBOTKU BOIH, T. €. BCEM
npennpuaTieM. HanpuMep, o0beKTaM¥ YIIPaBJIEHUS 31¢Ch MOTYT OBITh
TIPON3BOACTBO ¥ NOTpebJieHUE NUTheBOM BONBI, CUCTEMa TPAHCTIOPTH-
POBaH¥A Y OYMCTKH CTOYHBIX BOJ, LIEX MEXaHUYECKOrO O6Ee3BOXMBa-
HUSL OcankoB (BKJloyasi BCIIOMOTaTeslbHbIE CJYXOBI: CHabXEHHS,
cOniTa, peMOHTHBIE, KOHCTpykTOpCcKHe, ACY TII npenwiayuiero
YPOBHA ¥ T.11.). Ha 3TOM ypPOBHE 3a1auM YIIpaBieHUA BCEi PON3BOI-
CTBEHHOM CUCTEMO# pelllaloTcs ¢ npuMeHeHHEM YBM u obcityxuBa-
Jo1Iero nepcoHana. CucreMa 3TOro ypoBHsI MOJIyuvjia Ha3BaHUE aBTO-
MATH3MPOBaHHOH cHCTeMbl ynpaBiieHMs npeanpusTiem (ACVII).

W3 ckazaHHOro BUIHa poib JIOKaJbHBIX ACP HIDKHEro nepapxu-
YeCKOro YpoBHS B OOLLIEM TIpOLiecCe YIIpaBieHUs1 coBpeMeHHbBIMU CBB:

OHU SIBIAIOTCA nepyUdepuitHBEIMY OpraHaMy yIipaBJeHHUs, Yepe3 KOTO-
pBIE€ PEANU3YIOTCS pellleHUSs, IPUHUMaeMble B TIPOLIECCE YIIpaBlieHUs
Ha 60Jiee BHICOKMX UEPAPXHUYECKHX YPOBHSX.
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1.3. OCHOBHbIE NOHATUA perynmpoBaHus

Bce npoliecchl ynpaBieHus, B TOM YMCJIE ¥ peryaiupoBa-
HWSI, UMEIOT OOILIME 3aKOHOMEPHOCTH, HE 3aBUCSILME OT KOHKDETHBIX
OGBEKTOB M 1I€JIEN YIIpaBJIEH U4.

PaCCMOTpI/!M B Ka4€CTBE INEpBOro ripuMepa, nNoACHAOIWECIO 3TN
061 e NTPUHLIUTIBI, NIPOLIECC PETYIUPOBaHMs YPOBHS B EMKOCTH NpH
IMIPpONU3BOJBHO NU3MECHAIOIIEMCA l'IOTpeﬁ.HeHHI/I (CTOKe) XHNUIKOCTHN
(puc. 4). CTabUIM3UpOBaTh YPOBEHb Ha 3aJaHHOM 3HaYEHUH MOXHO
H3MeHeHUueM NPpHUTOKa XHUIAKOCTU B 3aBUCUMOCTHU OT OTKIOHEHMWMA
YPOBHS OT 33JJaHHOTrO 3HA4YE€HHA. HpeJIHOJIO)KI/IM, YTO BHayaJ€ ypo-
BEHb B eMKOCTH TIOCTOSIHHBIH M paBeH 3alaHHOMy. CnyyaitHoe yMeHb-
11eHUe cTOKa BBI3OBET OTKIIOHEHHE YPOBHSA BbILIE 33JaHHOIO. Toma
HeOo6XOAMMO IIPUKPHIBATh KjallaH Ha npuToke. [IpU OTKJIOHEHHH
YPOBHS HMXe 33JaHHOTO 3HaYeHMs KJlalaH, Ha060pOT, CEAyeT NPH-

OTKpbIBaTh.
Mputok 1’></

Puc. 4. Pyuynoe peryampoBanne ypoBHs C NPHTOKOM H CTOKOM XKHAKOCTH:
1 — xnanaH; 2 — eMKOCTh

Takum 06pa30M, 3TOT NPOLIECC PETYTUPOBAHUA COCTOUT U3 NATH
COCTaBJalOIMX. BO-TIepBBIX, NONydYeHHe UHDOpMAIIUK O 3a1aHHOM
3HayeHUH ypoBHS. B 1aHHOM cnyyae 3TO 3aflaHMe M3BECTHO 3apaHee.
Bo-BTOpBIX, OJMYYEHHE HHHOPMALIMHU O (PaKTHYECKOM YPOBHE, T. €. ETO
u3MepeHue. B-TPEThHX, ONpeie/IeHHE BEJTMYNHBI ¥ 3HaKa OTKJIOHEH U
YPOBHS OT 3afaHHOrO. B-4eTBEPTHIX, yCTaHOBJIEHWE TPeOyeMOro 3Ha-
YeHUS TIPUTOKA B 3aBUCUMOCTH OT BEMYMHBI M 3HaKa OTKIIOHEHUS.
B-nsiThix, M3MEHEHHUE TIPUTOKA OTKPBITHEM WJIM 3aKPHITHEM KJlamaHa.

B npuBeneHHOM TIpHMEpPE NMPOLIECC YNPaBleHNUA HEaBTOMaTHye-
CKMii, TaK KaK B HEM IPUHUMAET y4acTHe YesloBeK. Takoe ynpaniieH1e
Ha3bBaeTcs pydssiM. B ACP niporecc ynpaBieHust ocymiecTBisieTCS

___aBTOMaTuuecky. TakK, peryi1upoBaTh YPOBEHb B EMKOCTU MOXHO C TO-
molbio ACP, MOKa3aHHOM Ha puc. 5. B 3Toii cucTeme NornaBok Ie-
peMelllaeTcs BMECTE C YDOBHEM, a KJlallaH U3MEHSET pacXxon XHIKOCTH
Ha npuToke. I1ONJIaBOK CBfI3aH C KJjlallaHOM 4epe3 pblyar M IITOK.

U1 KJIOHURYIU YPDUBHA O A 1dAHAULIV Bb BAHU KU~




J1Ie0aHNSIMY CTOKA, YTO IPUBOAUT K IEpPEMEILECHUIO TOIUIaBKa U CBf-
3aHHOTIO ¢ HUM KJiarnaHa. [Ipy OTKJIOHEHUN YPOBHS BbIlLIE 330aHHOTO
KjianaH OyaeT MPUKPHIBAaTbCA, a MIPU OTKJIOHEHUH HUXE 3aHaHHOTO,
HaoOO0pOT, NPUOTKPHIBaThbCsA. TakKuM 0Opa3oM, B 3TOIl CUCTEME BCE
YKa3aHHBIE COCTABIAIOLINE TIPOLIECCA PETYIMPOBAHUSA BBIIIOJHSAIOTCS
aBTOMAaTUYeCKU: IIpU OTKJIOHEHUY YPOBHS OT 33aJaHHOIO 3HAUYEHU S
MOILIAaBOK OTKJIOHSIET pblyar, a NnepeMelleHne IToKa U3MEHSIET CTe-
MEeHb OTKPBITUS KJlallaHa U IIPUBOAUT TeM CaMbIM K TpeOyeMOMYy U3-
MEHEHUIO IPUTOKA.

/2

Puc. 5. ABromarHueckoe peryiHpoBasie YPoBHa C NPHTOKOM
H CTOKOM JKHIKOCTH:

1 — knanaH; 2 — eMKOCTb; 3 — NOIUIaBOK; 4 — LITOK; 5 — pblyar

TeMu Xe NMATHIO COCTaBASAIOIWMMY 00nanaloT u Bce npyrue ACP,
HaIpyMep IoKa3aHHas Ha pUC. 2 CUCTEMA YIIpaBJIeHUS TeMITepaTypoii
B MeTaHTeHkKe. M3 npuBefeHHBIX IIPUMEPOB BUAHO, YTO AJIA YIIpaB-
JieHus mo60it CBB HeobGxonnMo NoayyuTh MHPOPMALMIO O 3aIaHHOM
¥ (paKTMUYECKOM ee COCTOSSHWUM, OIpeneuTh OTKJIOHEHUe daKTuue-
CKOTro COCTOSIHMSI OT 3afJaHHOrOo, Ha OCHOBE 3TOr0 BhHIPabOoTaTh LiEje-
HarnpaBJIeHHOE BO3MEiCTBE HAa O0OBbEKT U OCYILIECTBUTH €TO0.

HecMoTps Ha Oonbllloe pa3zHooOpasue BcTpeyarowmuxcs B CBB
00BEKTOB, OTMEUEHHBII 001U XapaKTep IPOLIECCOB YIPAaBJIEHUS He
3aBUCHUT OT NPUPOABLI OOLEKTOB Y TEXHUYECKUX CPEACTB YITpaBJIEHUS.
Tak, pacCMOTpEHHBIE BHIIIIe CUCTEMBI PETYIMPOBAHUST YPOBHS U TEM-
nepaTyphl, Kak u Bce apyrue ACP, HocAT B MPUHLMIIE ONMHAKOBBIA
XapakTep. DTO MM03BOJIET U3ydyaTh 3aKOHOMEPHOCTH yIIpaBJeHHUS B
o01ieM BHUIE, HE3aBUCUMO OT IIPUPOIbI OOBEKTOB U NPOTEKAIONUX B
HUX TEXHOJOTMYECKMX IMpoleccoB. Takue obume 3aKOHOMEPHOCTH
M3y4yaeT Teopus aBToMaTHueckoro ympasienus (TAY). PaccMoTpum ee
OCHOBHBI€ TEPMWUHBI U ITOHSATUSA.

Kak yxe otMeuanocsh, JiloOoi NpoLecc ynpaBJeHUs cjaraercs us
IATU OCHOBHBIX AeHCTBUI, KOTOpHe B ACP BBINONHAIOT TEXHNYE-
CKYe YCTPOMCTBa. YCTpOMCTBO IS IONYUYEHUS UHPOpMAUY O CO-

4 N2 MM ARITIHAAG HAREREIRA . Men N N NN A
5 S v 5 5
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METpa OT 3aJlaHHOro, Ha3piBaeTcsd cymmatopom. OH IPOM3BOAMUT
ajqrebpandyeckoe CyMMMPOBaHME — BBIYNTAHWE U3MEPEHHOI'O 3Haue-
HYS U3 3aJaHHOro. YCTpOMCTBO, BbipabaThiBalolee BO3neiicTBME Ha
00BeKT, Ha3biBaeTcs peryjasropoM. s riepenaum 3Toro Bo3aeicTBuS
Ha OOBEKT CAYXUT peryJupyoumuii opra, ajis repeMeuieHus1 KOTo-
pOro IPUMEHSETCS OTAEJbHOE YCTPOIICTBO — HCMOJMHUTEMbLHbINH Mexa-
HHM3M. Bce 3Th ycTpoiicTBa, a TakKe OOBbeKT YIIpaBlIeHUS SIBISIOTCS
snemeHTaMu ACP (B psame cucTeM HEKOTOphie U3 YCTPOMCTB MOTYT
OBITh COBMELL[EHBI, HAIIDMMEDP CYMMAaTODP MOXET ObITh YaCThIO peryJis-
TOpa, a4 UCIIOJTHUTEIbHBIA MEXaHU3M O0BEAWHEH C PeryJaupyIoLM

DYIMCD OUDUKI1IOM P Y=

. DNBENCHHOM H4d PDAUC.
JIUPOBaHUS YPOBHSA SIBJISIETCS €MKOCTb C IIPUTOKOM Y CTOKOM; M3Me-
PUTENIbHBIM YCTPOMCTBOM — ITOILJIABOK; Phi4ar BHIIIOJHSET POJb CyM-
MaTopa M PeryJjsiTopa, a KjlanaH — pPeryJvpylouero opraHa.

U3 cTpykTypHOii cxeMbl 3T0it ACP (puc. 6) BUOHO, YTO BCe ee 3ie-
MEHTHI CBSA3aHbI MeXy cO0O0i ¥ BO3MECTBYIOT APYI' Ha ApYyra: usMe-
pUTENBbHOE YCTPOMCTBO BO3JENCTBYET Uyepe3 CYMMATop Ha peryisitop;
peryJisiTop — Ha peryJMpYOLMii OpraH; peryjavpyloumii opran — Ha
OOBEKT peryJupoBaHusi. DTU BO3AECICTBUA IepenalnTcsd OT OJHOIO
3JIeMeHTa K JPYroMy IIOCPEACTBOM CHTHal0B, (pu3udeckas npupona
KOTOPBIX MOXET OBITb Pa3IN4yHOM: MeXaHNYeCKOM, [THEBMATUUYECKOM,
anektpnueckoy. Tak, B ACP ypoBHS uclloNb30BaHa MEXaHU4YecKas
CBSI3b PETYJIATOPa C U3MEPUTESIBHBIM YCTPOICTBOM UM PETYIUDYIOLIUM
opraHoMm. OGuiee cBOIICTBO BCeX CUTHAJIOB — Iepenavya BO3AeiCTBUA
OT OHOT'O 3JIeMeHTa cucTembl K apyromy. Hanpumep, B ACP ypoBH#
peryjvpylouii opraH Bo3ieiCTByeT Ha OOBEKT U3MEHEHNEM IIpU-
TOK2, 2 CUTHAJIOM CJIYXUT pacXofd XHIKOCTY Ha rputoke. [Ipu sTom
Iepeladya BO3AECTBUS Beerna IpouCcXoauT B OMHOM HallpaBJIieHUN —
OT Npenbiayuiero a3jieMeHTa K nocjenymouremMy. C yyeToM Takoi Ha-

IIpaBJIeHHOCTH B KaxX1oM 3jJeMeHTe ACP pa3nn4yalor BxoaHble Y Bbl-
XO0AHble CUTHAJIBI. BBIXOMHOI CUTHAJ SBISIETCS peakliveil djieMeHTa Ha
BXOIHOM, T.e. BBIXOX 3JIeMEeHTAa Bcera 3aBUCUT OT €ro BXOAa.
DneMeHT ACP MOXeT UMeTh HECKOJIBKO BXOAHBIX U BBIXOOHBIX
curHanoB. Hanpumep, nnsa peryaupytourero opraHa B ACP ypoBHs
BXONHOM CMTHaJl — CTelleHb OTKPBITUS KJianaHa, a BRIXOAHOI — pac-
X0 XUAKOCTH 4epe3 Hero. Jng emkocT (00beKTa PeryvpoBaHus)
BXOJIHbIE CUTHAJIbI — 3TO Pacxoibl Ha NPUTOKE U CTOKE, a BHIXOIHOM
CUTHaJl — ypoBeHb XuakocTH. Ocoboe MecTo cpeay 3aemMeHToB ACP
3aHMMaAET O0BEKT pPeryJupoBaHUs, ITOCKOJBKY XapakTep Ipeoopa3o-
BaHMS B HEM CUTHAJIOB MpenonpenesieH Ha3HavYeHueM o0bekTa U, co-
OTBETCTBEHHO, CUTHAJIBI HE MOTYT 6bITh U3MeHeHHl. Hanpumep, Ha-
3Ha4YeHue eMKOCTH C IIPUTOKOM M CTOKOM — CO3JIaHMe 3araca XHJ-
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KOCTH, 1103TOMY B ACP ypoBHS 00BEKT pacCMaTPUBAETCA KaK 3JIEMEHT
C 3apaHee 3aJaHHBIMU CBOiiCTBaMU. CBOMCTBA X€ BCEX APYIUX dje-
MEHTOB CUCTEMBI ¥ CIIOCOOBI MX COENUHEHUS MEXAy cOOOi MOXHO
U3MEHSTh.

YposeHb
Crok - >
Perynupytoumi OCexr
Py

Mputox —» opraH P

CreneHb Cymmarop

OTKPbITUA

Y
PaccornacosaHue NamepeHHoe | UsmeputensHoe
Perynstop H 3Ha4yeHue yCTPOMCTBO

YPOBHS
3apaHHOe 3Ha4YeHUe YPOBHA

Puc. 6. Crpykrypnas cxema ACP ypoBHA B éeMKOCTH

YrpaBasitb 00BEKTOM — 3HAYNUT YIIPABIATH €70 BBIXOAHBIMHW CUTHA-
JlaMM, B YaCTHOCTH CTabWiIu3upoBaTh Ux. CTabUIIN3UPyEMbIE CUCTEMBI
00beKTa Ha3bIBAIOTCSl YNpaB/sgeMbiMH (perympyemMbiMH) napaMeTpamu.
B CBB THNOBBIMY yIpaBisieMBbIMH ITapaMeTpaM¥ SIBJISIOTCA YPOBEHb,
HOaBIeHHE, pacxoll, TeMIlepaTypa, ILIOTHOCTb, KOHLIEHTpauus. 3anaH-
HOe 3HauYeHUe IapaMeTpa IpU ero cTabuanu3anuy Ha3bBaeTcs IpPOCTO
3a/laHMeM, a pa3HOCTb MEXAY 33AaHHBIM ¥ U3MEPEHHBIM 3HAaYEHUAMH —

paccoriacoBaHMeM, KOTOPOE XapaKTepHU3yeT Ka4€CTBO CTabWIN3aIUN,
s Bo3neitcTBHS Ha BBIXOAHBIE CUTHAIBI LI€JIEHANpaB/icHHO U3MeE-
HSIIOT BXOAHBIE CUTHAIBI, KOTOPHIE MOJYYHUJIM Ha3BaHUE YNPaBAAIOIHX
(perynupyromux) napaMeTpoB, a ¥x Li€J€HANPaBI€HHOE€ U3BMEHEHHE —
ynipaBJisionmM (peryJMpyronpm) BosaeiictsueM. Tak, peryJiupyeMbiM I1apa-
METPOM €MKOCTH SIBJISIETCS YPOBEHb XUIKOCTH, a PETYIUDYIOILIUM —
pacxon Ha nputoke. Hanbonee pacnpocTpaHeHHBIMHU YIIPaBASION{UMH
napaMetrpamy B CBB saBnsitoTcst pacxonbl BeiecTB (XKMAKOCTEM, 1apoB,
CYCNEH3Mi, 0CaIKOB) ¥ 3HEPIUH (TETUVIOBOM, 3JIEKTPUYECKOI U T.I1.).
PeanbHble O6GBEKTH BCErna MOABEPraloTCs AEHCTBUIO BO3MYILE-
HUMW, KOTOPHI€ HApyllaloT HOPMAJIBHbBIN TEXHOJOTUYECKUIl PEXVM B
CBB. Tak, npy peryiMpoBaHHH YPOBHSA XHUAKOCTH OCHOBHBIE BO3MY-
IEHUST — 3TO KOJiebaHMsI CTOKA, KOTOPhIE€ MPUBOAAT K OTKJIOHEHHUIO
YPOBHSI OT 3aJaHHOTO 3HadyeHus. JIpyroii npuMep: Ui METAHTEHKA,
B KOTOPOM TEMIIEpaTypa CTaOUJIN3UpYETCs ToAa4Yer rapa, BO3MYII€E-

HUSIMY SBJISIIOTCS KOJieOaHUs TeMIIEpaTyphl HAPYXKHOTO BO31yXa, 1apa
¥ T. 1. Ob1uee CBOICTBO J100bIX BO3MYLLIEHUIT — BO3HeiiCTBUE Ha dJie-
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MeHTBl ACP, 4yTO BBI3BLIBAET CNy4yailHble U3MEHEHUS MX BBIXOIHBIX
curHayioB. [103TOMy BO3MY1LIEHHUS BCETa SABNSIOTCSA BXOQHBIMM CUTHA-
JaMH 3JIEMEHTOB.

1.4. Buabl aBToMmaTn4eCcKkux CUCtTem
perynmpoBaHus

Kaxk yxe orMedyanoch, OTKJIIOHEHHE (HaKTUYECKOIO TeX-
HOJIOTMYECKOIO PeXHUMa OT 3aJaHHOI0 NPOUCXOAUT Mo JeNCTBUEM
BO3MYIIEH Ui, U1 KOMIIEHCALIMM KOTOPHIX NpenHa3HayeHb ACP Tex-
Honoruyeckux napaMetrposn. IIpouiecc perynupoBaHus B ACP Moxer

N TDVWA LT OO0 r] - ~

V111 DJIALIDVA /] Y IV JoUudivi Yl Y 2 0D 4 JIVIV)Y Aty .

B ocHOBe nepBoro cnocoba nexuT uaesd KOMIIEHCAUuHN BO3MYILE-
HMii Ha BXone obbeKkTa, MO3TOMY OH M NMOJYYHU] Ha3BaHUE cnocoba pe-
ryJMpoBanus no so3mymenuo. CtpykrypHas cxema takoit ACP npuse-
J€eHa Ha puc. 7, a. B 3T0ii cucTeMe perynvpylowvii napamerp Y usme-
HAETCI B 3aBUCUMOCTH OT BO3MYIIEHUSA Z TaKUM OOpa3oM, 4TO
PETYIHUPYIOLIEE BO3AEMCTBUE KOMIMEHCUPYET NEMCTBHUE BO3MYILIEHU M
Ha oobexT. HanpumMep, 3TUM CriocOO0OM MOXHO CTaOMIU3NPOBaTh
YPOBEHb B EMKOCTH, JUISI YErO PacXon XHUIKOCTH Ha NPUTOKE CIenyeT
NMOJJEPXHUBATh PABHLIM €€ pacxojy Ha ctoke. B 3TOM cnyyae BO3My-
1aronee aeicTeue KonebaHui cToka OyneT YCTPaHATLCA U YPOBEHb
HE U3MEHMUTCH.

B CBB cucreMbl peryiupoBaHHUs IO BO3MYLIEHMWIO, KOTOpbIE
VMHOIIAa Ha3biBAlOT Pa30MKHYTBIMH, NTPUMEHSIOT KpaiHe peako. DTo
CBSI3aHO C TeM, 4TO B TakuX ACP HeT KOHTpONs 3a pacCOrjlaCOBaHHEM,
Y1 IO3TOMY OHO MOXeT OeCKOHTPOJILHO YBETUUYUBATLCA NOMA 1€UCTBUEM
HEYYTEHHBIX BO3MYILIEHHi. Tak, OTKIOHEHHUE YPOBHA B eMKOCTH OT
3aJJaHHOIO C TEYEHHUEM BPEMEHU MOXCT BO3PACTH BCJIENCTBUE HETOY-
HOro U3MEPEHUS pacxona, UCNapeHUs XHUIKOCTH C TIOBEPXHOCTH U
T.n. B TO e BpeMd PeryJiMpoOBaHHUE MO BO3MYLICHUIO TMO3BOJISIET YCT-
PaHNUTh BO3MYIAIOLIME BO31E€MCTBUA Ha BXOge 00beKTa JO BOZBHUKHO-
BEHMS PacCOrJIaCOBAHMSA, YTO SBNSAETCS JOCTOMHCTBOM 3TOrO CIIoco6a
pEryJIMpoBaHMUsI.

Cy1HOCTb BTOPOro crocoba peryiMpoBaHUsI COCTOUT B TOM, YTO
PEryJIupyonui napaMeTp U3MEHSIOT B 3aBUCUMOCTH OT OTKJIOHEHHUS
perynmupyeMoro napamerpa ot 3agaHud. I1o sTtoMy crnocofy, Ha3BaH-
HOMY peryjiMpoBaHHeM N0 OTKJIOHEHH10, TIPH JI000M paccOoriacoOBaHMH,
BbI3BAHHOM BO3MYIJAlOU[MMM BO3AEHACTBUAMHU, PETYIUPYIONEE BO3-
JeCTBUE BCErna CTPEMUTCSA YMEHBIINUTL pacCOrIaCOBaHMUE.

PeryaupoBaHHe N0 OTKJIOHEHHIO WLTIOCTPUpYETCs CXeMoit (puc. 7, 6),
B COOTBETCTBUM C KOTOPOM peryimpyeMas Bea1uyMHa X CpaBHHUBAaeTCs ¢
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Puc. 7. CxeMbl peryIMpoBaHus no BO3MYIIEeHHIO (a), OTKIOHeHHIO (6),
KoMOHHHMpoBaHHas (6)

3a1aHHBIM 3Ha4YeHWeM Y: pa3HOCTb 3THX ABYX BEJIMYMH € = Y — X
IIOCNie YCUNIEHUS BO3HEMCTBYET Ha O0BEKT perynupoBaHus OY. Benu-
YWHa €, Ha3blBaeMast OTKJIOHEHUeM Wiy ouinokoit ACP, nomxHa ObITh
mana. Torma Mexny peryampyemMoil BenuyuHoit X u ee 3alaHHBIM 3Ha-
YeHueM Y yCTaHaBIMBaeTCs BIIOJNHE ONpENeNeHHOE COOTBETCTBUE: U3-
MEHEeHUEe BEJIMYMHBI Y COMPOBOXIAeTCA COOTBETCTBYIONNM U3MEHE-
HueMm perynupyemoit BennunHbl X. 3 cxemsl 310it ACP BuaHo, 4TO
CUTHAJIBI B HEH MPOXOAST MO 3aMKHYTOMY KOHTYPY: OT pEryasaTopa Ha
BXOJ 00BEKTa — B IIPSIMOM HaIlpaBJIEHUU, a C BbIXOAa — B OOPaTHOM.
Takasi cBsi3b, Ha3bIBaeMasi 00paTHO#, 3aMbIKaeT BLIXOH (pPeryampyeMulil
rapaMeTp) ¢ ee BXOIOM (3as1laHueM), u noatomy ACP ¢ o6paTHO# cBSI-
3bl0 FBJSIETCS 3aMKHYTOM. B TakKMX crucTeMax peryaupylollee BO3eii-
CTBME — peakuys Ha paccorjacoBaHue, BOZHMKAIOLLasi OCe MOsBIe-
HUS PACCOrNacOBaHus, UTO SIBJSIETCS CEPbE3HBIM HENOCTATKOM CIIO-
co0a peryampoBaHus 10 OTKJIOHEHUIO. B TO Xe Bpemsl peryinpoBaHue
C UCTOJIb30BaHNEM OOpaTHOIM CBA3M YMEHBIIAET BO3HMKAIOLIIEE pacco-
r1acoBaHue U TEM CaMbIM KOMIIEHCUDPYET pe3yNbTaT NeiCTBUSI BO3MY-
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HIeHUit (HO He caM¥ BO3MYylLleHUs1). [Ipy TakoM peryivpoBaHUM He
TpebyeTcs MHDOPMaLUy 00 UCTOYHHMKE, XapakKTepe U BeJIMUMHE BO3-
MylleHUi. brarogaps 3TOMY BaXXHOMY CBOWMCTBY OOpaTHOM CBSI3U
MOXHO YIPaBJIATh JI06BIMH peaibHbIMHU ITpouieccaMyu B CBB nipy He-
M3BECTHBIX BO3MYLIEHHSX, T.e. ACP 1o OTKJIOHEHMIO UMeET BOJIbILOE
npeumyiectBo rnepes ACP 1o Bo3aMyL[eHHIO.

B03MOXHO OJHOBPEMEHHOE NIPUMEHEHHE CITOCOOOB peryiupoBa-
HMA T10 OTKJOHEHHIO M BO3MYuieHUI0. CxeMa Takoil KoMOMHMpOBaH-
Hoilt ACP (puc. 7, ¢) otinvaercsa oT ACP 1o oTKJIOHEHMIO TEM, 4YTO B
PEryasTOp KPOME CHTIHajla pacCOrjlaCOBaHHUsI BBOOUTCS 3HAYEHHUE BO3-
My1ieHUA Z. B 3TOit cUCTeMe OCHOBHBIE BO3MYLIEHHUSI KOMITEHCHPY-
I0TCSl PETYJIMPYIOLIMM BO3IeicTBHEM, Kak U B ACP 110 BO3My11ieHUIO.
PaccornacoBaHue e BO3ZHUKAET IO AEHMCTBUEM OCTaBLIUXCA (He OC-
HOBHBIX) BO3MYLIEHMI1, a TaKXe OIIMOOK U3MEPEHUS U HETOUHOM
KOMIIEHCA1I¥M OCHOBHbIX BO3MYyieHMi. CleqoBaTeIbHO, B KOMOWHU-
poBaHHO# ACP paccornacoBaHue OyaeT MeHblue, yeM B ACP no or-
KJ10HeHU10. [ToaTomMy Takue ACP obecrieunBaloT 60b11YI0 TOYHOCTD
PETYJIMPOBAHUSA, HO OHM 0OJIe€ CJIOXHBI.

CpaBHMBas OITUCAHHBIE CITOCOOBI PETYJIUPOBAHUSA, MOXHO CIEJATh
CNIeAYIOLME BbIBOAB. PerynvMpoBaHue 10 BO3MYLIEHHUIO B IIPMHLIMIIE
MOXeT NOJIHOCTBIO YCTPAaHUTh paccorjiacoBaHue, T.e. caenatb ACP
HEYYBCTBUTEJILHOM K BO3MYLIeHUsAM. OIHAKO IIgd 3TOr0 TpeOyloTCH
HJeaJIbHO TOYHOE U3MEPEHHE U KOMIIEHCAIUS BCEX BO3MYILIEHHUH, YTO
NPakTUYeCKU HeBO3MOXHO. IToaToMy Takoil ¢crnocob npuMeHseTcs
OOBIYHO KaK AOIOJIHEHHUE K PETYJIMPOBAHMIO IO OTKJIOHEHHUIO B KOM-
ouHupoBaHHbIX ACP mns yaydimieHus ux cBoiicts. ns perymmuposa-

HMS Xe 10 OTKJIOHEHHIO He TpebyeTcsl HHGOPMALIMKM O BO3MYILEHHUSX,
MO3TOMY TaKOM CIIOCOO JIETKO PEaM3yeTCs Ha IPAKTUKE C ITOMOLIBIO
obpaTtHo# cBA3u. OgHako 1o 3Toi Xe npuuruHe B ACP ¢ o6paTHO
CBA3BIO PaCcCOrjlacOBaHMe MPUHUMITHAIBHO He MOXET OBITh YCTPAHEHO
MTOJIHOCTBIO, MO0 PETYJIMPYIOLLEE BO3ACHCTBUE Ha OOBEKT OCYLLECTBIIS-
€TCA JIUIIb IT0CJIE BOBHUKHOBEHMS PacCcorjacoBaHus, T.€. KaK OBl 3a-
NMa3asBacT BO BpEMEHH,

Ecin 661 MOXHO ObLJIO 3apaHee IpeaBUAETh BO3MYILUEHUS U peak-
LIMIO Ha HUX 00BEKTA, TO CTAIO OBl BO3MOXHBIM (DOPMUPOBAHUE PETY-
JIMPYIOHUIETO BO3AEHUCTBUS C HEOOXOOUMBIM IIpEABAPEHUEM, YTODObI HE
IOITyCTUTB paccoriiacoBaHusl. OxKa3plBaeTcs, 4TO O OyIylleM ITOBEJAEHHUH
00BEKTAa MOXHO CYIWUTh 110 CKOPOCTH MU3MEHEHUS PaCCOrIacOBaHUS.
JeicTBUTENBHO, ECJIU B KAXIbIi TEKYL[MI1 MOMEHT BPEMEHHU U3MeEDS -
eTcs He TOJIbKO CaMO PaccorjacoBaHMe, HO ¥ CKOPOCTb ero U3MeHe-
H¥sI, TO MOXHO paccUMTaTh (IpeAcKa3aTb) paCCOTJIaCOBAaHUE Ha Clie-
nywouuii, oyayumit MomeHT. Torna Ha Bxon peryiaaropa ACP noga-
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eTcd HE TEKYLIEE, a TIPEACKA3aHHOE paccOorjlacOBaHUE, B PE3YJILTATE
Yero pPEryivpyioulee Bo3IeiiCTBUE TIPOU3BOIUTCA C HEOOXOMUMBIM
MpeaBapeHUEM, UTO MO3BOJISIET €111€ OONbIIE€ YMEHBIIUTh PACCOTNACO-
BaHue. Cuctembl, ucronb3ywume 3¢pdeKT npeackasaHusi, Ha3blBa-
1otcst ACP ¢ npeZiBapeHHeM.

ACP xnaccu@ULMpYIOT HE TONBKO MO CHOCO0Y peryJiupoBaHus,
HO ¥ 110 XapaKTepy CUTHAJIOB PETYIUPYIOLIETO BO3AEHCTBUSA U CUTHA-
JioB 3anaHus. [lo xapakTepy CUTHAJIOB PETYIUPYIOLIETO BO3NEHCTBUS
pa3TUyaloT HenpephiBHBIE U TUCKpeTHbie ACP. B HenpepbIBHBIX pery-
JIUPYIOLIEE BO3NEACTBUE MOXET U3MEHATBLCS HEMPEPBIBHO, B IUCKPET-
HBIX — CKaykKaMH: TUOO B ONMpeneneHHbie MOMEHThI BpEMEHHU (IyC-
KPETHOCTh BO BPEMEHM), THOO TOJBKO Ha OMNMpENEJIEHHOE 3HAYECHUE
(DIMCKPETHOCTH MO 3HaueHH10). B nepBoM cnyyae ACP HasbiBaeTcs
HMITY/IbCHO#M, BO BTOpOM — peJIeHHOM.

UMnynbcHeie ACP 0OBIYHO MPUMEHSIOT, KOTAA pErylIupyeMblii
napaMeTp U3MepsIETC TUCKPETHO BO BPpEMEHU (HampUMeEp, U3Mepe-
HUE KOHLIEHTPAIMX KOMITOHEHTA B MPUPOAHBIX U CTOYHBIX BOAAX IMYy-
TEM MEPUONNYECKOr0 OTOOpa Npob Ha aHanu3). B 3ToM ciayyae pery-
JIUPYIOLIUI MapaMeTp OOBIYHO U3MEHSETCS TAKXKE IUCKPETHO.

B peneitnbix ACP perynupyemblii mapaMerp MOXET MPUHUMATD U TITh
HECKOJIbKO BO3MOXHBIX 3HaYeHUit. CHUCTEMBI ¢ ABYMSA 3HaYyEHUSIMU
Ha3bIBAIOTCA ABYXNO3ULMOHHBIMM, C TPEMST — Tpexno3uuMoHHbMH. Ha-
MTpUMED, TIPU PEryIUpOBaHUN TEMITEPATYpPhl B METAHTEHKAX PEryIUpy-
IOLMIT MapaMeTp UMEET IBa 3HAYEHUS — 3JIEKTPOMATHUTHBIM KJ1araH
Ha NMapornpoBOJE JUOO0 «OTKPHIT», TUOO0 «3aKPBIT».

3aganne B ACP MoXeT OBITh MOCTOSAHHOI BETUYUHOM WIN H3MeE-
HATBCA BO BpeMeHU. B coorBerctBuu ¢ 3TM ACP nensitca Ha crabu-
JMU3UPYIOLLINE, MPOrpaMMHBIe U cnensuue. B cradoummsnpyronmx ACP
3aJlaHUE SABIAETCS IMOCTOAHHOI BEJIWUYWHOM, B NPpOrpaMMHBIX — U3ME-
HSETCS MO ONpENEICHHOMY, 3apaHee 33JaHHOMY 3aKOHY, B ciaeas-
mMX — Mpou3BoabHO. [IpumMepoM crabunusupymoueit ACP moxer
CIYXXVTh CUCTEMA PETYJINPOBAHUS TEMITEPATYPHI, KOTOPasi JOJIXHA W3-
MEHSTBCA MO ONMpENEIEHHOMY 3aKOHY BO BpeMeHM. IIpumep cnengaureit
ACP — cucrema perynupoBaHMsl pacxola Bo3dyXa, NTOIaBaeMoOro B
(GOpCYHKY Mg CXUraHusi MeTaHa, oOpa3yloLlerocsl Mpy aHa3poOHOM
cOpaxX¥BaHWY OCaIKOB CTOYHBIX BOI. [dns obecrieyeHus: OnTUMalb-
HOrO peXHUMa ropeHus 3aJaHUe Ha pacxXol 3TOr0 BO3IMyXa U3MEHSIOT
MPONMOPLMOHAIBHO PacXony METaHa.

Mps1 paccmorpeny ACP, B KOTOpBIX OIMH pEryJIupyeMbii U ONUH
perynupyoumit mapamerp. B 3aMkHyThiX ACP OHM CBSI3aHBl B OIUH
KOHTYDP, 00pa30BaHHBIM TIPSIMOM M OOpaTHOIt CBA3SIMHY, MO3TOMY TaKHeE
ACP Ha3bIBalOT 0JJHOKOHTYPHbIMM UM odHOCBA3HBIMU. C TOMOLIBIO
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onHocBA3HbBIX ACP He Bcerga MOXHO JOCTHYb TpebyeMOro KauecTBa
YIIpaBJICHUSA, TOCKOJIBKY OHM HE YYMTHIBAET BIAUSIHUSA IPYr Ha JIpyra
napaMeTpoB pa3nuyHeiXx ACP. ITo3ToMy NpUMEHSIIOT TaK HA3bIBAEMOE
CBSAI3aHHOE PeryJHpOBaHHE, KOTOPOE OCYILECTBISIETCS MHOTOKOHTYp-
HbiMH ACP. 3TU cucTeMBl NIPeACTaBISIOT CO00I1 COBOKYITHOCTh OJHO-
KOHTYpHBIX ACP, CBSI3aHHBIX MEXIY COO0M MOTIONHUTENBHBIMU TIEPE-
KpPEeCTHBIMHU CUTHAJIAMU.




r’nasa 2. OCHOBbI METPOJIOI'MHA
U TEXHUKU USMEPEHUN

2.1. OcHoOBHbIE NOHATUA U ONpeaeneHus
TEXHUKU U3MepeHUui -

ITepBoit GyHKuMei yripaBiaeHus1, MOABEPriieiicsl aBTo-
MaTH3auuM, 6610 U3MepeHue. U3MepuTenbHbIi Mpubop ¢ UHAUKATO-
pOM 3aMeHSsIET OpraHbl YYBCTB Y€JIOBEKa, 06eCneuynBaeT ObICTPhIE U
JOCTaTOYHO TOYHBIE U3MEpeHUsI. K HEMY MOXHO TMOAKIIOYUTh PETU-
crpupytomuit npudop (PIT), KoTophlif 3anIMCHIBAaET JUHAMUKY U3ME-
HEHHUS TEXHOJOTMYECKUX MapaMeTpoB (puc. 8). DTH AaHHBIE MOTYT
MCITI0JIb30BaThCA Ul aHA/IM3a [POTEKAHUS TEXHOJOIMYECKOro Inpo-
uecca (TIT), a nmarpamma, 3anucaHHasi perUCTPaTOPOM, CIYXKUT OT-
YeTHBIM JOKYMeHTOM. PyHKI1MU onepaTopa (O) IpU aBTOMaTUYECKOM
UHIMKALIMK CBOASTCS K ONpeAe/IeHUIO OILMOKHM YIIpaBIeHUS, a TaKXKe
peaiu3alivy pEryaupyroLEero BO3aeMCTBUS.

TN 1L [ ]
YC
P Pje—@)<—(38
0O = 0O (= )
Puc. 8. Cxema cHeTeMbl Puc. 9. CxeMa cHCTEMbDI
ABTOMATHYECKOM HHIMKALIUH ABTOMATHYECKOIO KOHTpOIA

TexHuyeckue ycoBepILEHCTBOBAHUS MO3BOJAWIN NEPERTH OT aBTO-
MaTU4eCKOi MHIMKALIMKM K aBTOMaTUYECKOMY KOHTPOJIO, IIPU KOTOPOM
oriepaTop Mony4aeT UHPOpPMaLMIO 00 OTKIOHEHUH TEXHOJOTMYECKUX
[TapaMeTPOB OT 3adaHHBIX 3HaYeHUil. CuCTeMa aBTOMaTH4YeCKOIro KOH-
TPOAS KPOME U3MEPUTENSA U UHAMKATOPA COAEPXKUT YCTPOMNCTBO CPaB-
HeHus (YC) u 3amatyuk (3[1) — yCTpoilCTBO, KOTOPOE MIOMHHUT 3HaYe-
HHME TEXHOJIOrMYeCKOro napaMerpa. Pasnaenenure QyHKLMI MeXay olle-
paTOpOM U CUCTEMOI1 KOHTpOJS MoKa3aHo Ha puc. 9. Takum obpasom,
3a1ayeil KOHTPOJA SIBJISIETCS OOHAPYKeHUE COOBITHI, OTTPEAETISIIONIUX X0/
TOrO WX MHOro Npouecca. B ciaydae Koraa 3TH COObITHSI 0OHApPYyXHBa-
I0TCS1 6€3 y4acTHsl 4yeJIoBeKa, KOHTPOJAb Ha3biBaIOT aBTOMaTHYECKHM.
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Baxmneiiieit cocTaBHOIl 4acThl0 KOHTPOJS AABISETCS U3MepeHUe puU-
3UYECKUX BeJIMYMH, XapaKTepU3YIOIUUX TpOoTeKaHUe npotecca, XOTo-
pble Ha3bIBAIOT MApaMeTpaMM Mmpouecca.

U3meperneM Ha3bIBAIOT HaXOXIEeHWE 3HAYEHUS (PU3HMUYECKOHN Be-
JIMYUHBI OTILITHBIM TNYTEM C TIOMOILLBIO CNELMATBHBIX TEXHUYECKUX
cpenctB. KoHeuHO# 1ieabl0 J10060r0 U3MEPEHUS SABISIETCA NOJIYyYeHUe
KOJIMYECTBEHHOI MHPopMal UM 00 u3MepsseMoil BeanuyuHe. B npo-
Lecce U3MePeHUS YCTaHABIMBaeTCs, BO CKOJIBKO pa3 uMepsaemas pu-
31MyecKasi BeJIMYMHa GoJIbllie UM MEeHbILEe OMHOPOIHOM C HEK B Kaye-
CTBEHHOM OTHOIUeHUH PU3NUYECKON BeJMYUHBI, NPUHATON 33 €AU-
HULLY.

Ecmu Q — usMepsieMas usnyeckas BeJUuyMHa, [Q] — HeXOTOpHIi
pa3mep PHU3NYeCKOil BeJIUUYMHBI, MPUHATON 33 eIUHULLY U3MEPEHUA,
g — 4YMCJIOBOE 3HaYeHHE BeJUMYUHB Q B NPUHATON eUHHULIE U3MEDE-
HUS, TO PE3YAbTAT U3MEPEHUS BeIMUMHBI Q MOXET OBITh NpeACTaB/ieH
CHAEOYIOIIUM PaBEHCTBOM:

Q=4qI0]. (2.1)

YpaBHeHue (2.1) Ha3bIBaIOT OCHOBHBIM YpPaBHEHHUEM HU3MEPEHUA.
U3 Hero caenyeT, 4To 3HaYeHUE g 3aBUCHUT OT [(]. UeM MeHBbIlie BbI-
OpaHHas eAVUHULIA, TEM OOJbILIE A1 JAHHON U3MEPAEMON BEJIMUUHBI
OymeT yucioBoe 3HayeHue. Hanpumep, nivHa 1 M paBHa 10 am, 100 cM
U T.I.

Pe3ysbTaT BCAKOTO U3MEPEHHUS SBISAETCA UMEHOBAHHBIM YHCJIOM.
TTosToMy Ins omnpeneneHHOCTH HaNKWCAHUS pe3yJbTaTa U3MEPEHUS
PAAOM C YUCTOBLIM 3HAYEHUEM U3MePSAEMOIl BeJIMYMHBI CTABUTCS CO-
KpaieHHOe 0003HaYE€HUe NPUHATON eIWHHULILI U3MepeHUs. B Hallein
crpaHe B cooTBeTcTBUU ¢ [OCT 9867—61 ¢ 1963 . neiictByer Mexny-
HapoJIHass CUCTEMA €AUHULL U3MEPEHUS, KOTOpast COKpalleHHO 060-
3HayaeTcsd CH. CBeneHus 0 3HaYeHUSIX U3MEPSEMBIX BETUUYMH Ha3bI-
BaIOT U3MEpPHTEAbHOH HHdopMaLHeH.

CurnanoM wu3MepuTeabHOl WHdOpPMalMM Ha3bIBAaETCS CHUTHAI,
OYHKIIMOHAJIBHO CBSA3aHHBIM ¢ M3MepsieMoil (pU3HMUeCKOil BETMYMHOM
(Harip¥Mep, CUTHaJ OT TepMoOMeTpa conpoTuBiieHUs). CpeacTBOM H3-
MepeHMsi Ha3bIBaOT YCTPONCTBO, UCTIONB3yeMOE TIPH U3MEPEHUAX U
UMelo1Iee HOPMUPOBAHHBIE METPOJIOTHYECKHE CBolicTBa. CUTHAN U3-
MepHUTebHON MHpOPMALIUY, TIOCTYIAIOLU U1 Ha BXOJ CPEACTBA U3Me-
peHMs, Ha3BIBAIOT BXOJAHBIM CUTHAJIOM, TNOJYy4aeMblii Ha BHIXOJE —
BBIXOJHbIM CHTHAJIOM CPEICTBA U3MEPEHUA.
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2.2. NameputenbHbie npeobpa3oBaTenu
u npubopbI

H3MepuTeibHbIi Npeodpa3oBaTesib — 3TO CPEICTBO M3-
MEpEeHUs, IpeaHa3HayeHHOE 11 BbIpabOTKH CUTHaJIa U3MEPUTENBHOM
uHpopMauuu B popMe, YIOOHOM mis nepeaayu, JajlbHenero npe-
obpa3oBaHus, 00pabOTKU U XpaHeHHUsI, HO HE Toanawpumeiicsa Hero-
CPEACTBEHHOMY BOCTIpMATHIO HabmiofaTeneM (B NpaKTUKE aBTOMAaTH-
3auuu CBB 4acTto npumeHsieTcss TEpMUH «IaTtyuk»). [IpeobpasoBa-
TeJIb, K KOTOPOMY TIOABEAE€HA U3MepsieMasi BeJIMYMHA, T.€. TIEPBHIIL
3JIEMEHT B USMEPUTENbHOMN LIETIM, HA3bIBAETCS MTIEPBUYHBIM U3MEPH -
TENbHBIM TIpeobpas3oBateneM (puc. 10). Hanpumep, 31€KTpoa CUTrHa-
JIN3aTopa YpOBHS, CyXalomee yCTPORCTBO (nnadparma) mis u3mepe-
HMA pacxoda U T.TI.

YHUPULMPOBAHHBLIN
BxoaHoun NPOMEXYTOUHbIV
cur{an curHan
o [N }——»[pl —<—{ N |——»
MNpoMeXyTouHbIN BbixogHo#
curHan curuan

Puc. 10. Baok-cxema usMepHTe/IbHOM Henu:
O — o06BekT uaMeperus; ITIT — nepBrUYHBIA NMpeoOpa3oBarend (IATYUK);
IIpIl — npoMexyTouHslii peodpa3oarens; UII — uamepurenbHblit
npuobop

B cucreMax aBTOMaTH4e€CKOTO KOHTPOJS TIPUMEHSIOT YCTPOMCTBA
IUIA BBIIa4X CUTHAJIa O BHIXOIE 3HAUE€HHMS NapaMeTpa 3a YCTAHOBICHHBIE
npenensl. [IpyyeM curHain nosBAAETCS NMPU HATU4YUM caMmoro pakta
BHIXOJIa HE3aBUCUMO OT €ro pa3mepa. Takue ycTpoicTBa HaA3BIBAIOT
JATYMKAMH-peJie WM CHTHAIM3ATOPAMH.

s yIOBJIETBOPEHU S BO3pOCLIUX TIOTpebHOCTEe# co3maHa I'ocy-
JapCTBEHHasi CHCTEMa MIPOMBILIZIEHHBIX TPUOOPOB U CPENCTB aBTOMA-
tusauuu (I'CII), npeacraBasiomas co60ii opraHu30BaHHYIO COBO-
KYIMHOCTb CPEIACTB M3MEPEHHUI, aBTOMAaTU3allMU U YNpaBAAKOUIEH
BBIYMCIUTENBHON TEXHUKM, 2 TAKKE NIPOrpaMMHBIX CPEACTB, NpeaHa-
3HAYE€HHBIX JUIS TIOCTPOCHUS aBTOMAaTUYECKUX CUCTEM U3MEPEHMS,
KOHTPOJISl, pErYJIUPOBAHUA, TMATHOCTUKU U YNIPaBICHUSI TEXHOJIOTH-
yeckuMHU nipoueccaMu (I'OCT 26.207—83 «I'CII. OcHOBHbIE TOIOXE -

HYs» ). HOMEHKIIaTypa TeXan4eckuX cpeacts I CIT m1aeT BO3MOXHOCTH
CO3/1aBaTh caMble pa3HOOOpa3HblIe, MOO0M CIOXHOCTU CUCTEMEI aBTO-
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MaTUYECKOIO PETYIUPOBAHUS U YIIPaBIEHUSA U3 CTAaHAAPTU30BaHHBIX
CPEACTB U3MEPEHUS U CPEACTB aBTOMATU3AlMMU.
B 3aBUCHMOCTH OT BUIa SHEPIUM TTUTAHHUSA, BXOTHbBIX U BBIXOIHbIX

HCIIH IO Hd DL y 1( ACBMAT IS y 10
rugpaBiandeckyio BetBu. B CBB npuMeHsiloT B OCHOBHOM CpeICTBa
nepBbix ABYX BeTBeil ['CII, XOTOpbIMU MPEAYCMOTPEHH OOLLIENPO-
MBIILJIEHHBIE YHU(DHULMPOBAHHbIE 3JEKTPUYECKUE U TTHEBMaTUUYECKUE
CUTHaIBI Iepenayy uHdopMaLui.

CpencrBo U3MeEpPeHUs, C MOMOIIbI KOTOPOIO U3MEPUTENbHAS MH-
dopman s BelgaeTcsi B (hopMe, JOCTYNIHOM AJIs HEMOCPEACTBEHHOIO
BOCTIpUSITUS HabJMIOAaTENIEM, Ha3bIBAETCSI H3MEPHTEIbHBIM TIpHOOPOM.
B npakTuke aBTOMaTM3alMK IS TIPUOOPOB, YCTaHABJIMBaeMbIX Ha
LMTAX, IPUMEHSAETCA TEPMUH «BTOPHYHBIH NpHOOpP», T. €. YCTPOHCTBO,
BOCTIPMHMMAIOLIES CUTHAI OT TIEPBUYHOIO MM TEPEHAIOIIEr0 U3ME-
pUTENbHOrO NpeoOpa3oBaTesisl U Bblpaxawlliee €ro B BOCIIPUHUMA-
€MOM BUJIE€ C TIOMOLLbBIO OTCYETHOI'O YCTPOICTBA (ILKAJIbI, TUArPAMMBI,
MHTEerpaTopa 1 Ip.).

K nepBHYHBLIM NpeoOpa3oBaTeNsiM TaKXE OTHOCSAT U OTOOPHBIE
ycTpoiicTBa. OTOOpHBIM yCcTpolicTBOM (0OTOOPOM) HA3bIBAIOT YCTPOM-
CTBO, YCTaHaBJIMBAaEMOE Ha TPYOOINPOBOJAX U TEXHOJIOIMYECKUX arpe-
raTax ¥ ciyxamniee Il HeNPEPBIBHOIO MM MEPUOAUYECKOro oTdopa
KOHTPOJIMPYEMON cpelibl M Mnepefayy 3Ha4€HUI ee mapaMeTpoOB K U3-
MEPUTEILHOMY Npeodpa3oBaTenio UIK U3MEPUTEIBHOMY TIpUOODY.
B oTtanuune ot nepBUYHOIO U3MEPUTEIHLHOTO TTPe0Opa3oBaTensi OTOOP-
HOE YCTPOICTBO NnepeaeT K U3MEPUTEIbLHOMY IPpUOOPY KK ITpeobpa-
30BaTENI0 U3MEPSEMYIO BEJIMUUHY, HE UBMEHAA €€ PUIUYECKOM MpU-
poabl (HanpuMep, OTOOD JaBJICHUS CPEABI B afrnapare U repegada ero
110 UMINYJIbCHOM TPYOKe JUIsl U3MEPEHHUA X MaHOMETPY). MnyabcHoii
TPYOKoO#H Ha3biBalOT TPYOONpOBOA HEGOJNBIIOTO AUaMeTpa (OOBIYHO OT
1/, 10 2”), CBA3BLIBAIOLIMIT OGBEKT C TIPEOBPA3OBATENEM WM U3MEPH-
TeJbHBIM TIPUOOPOM.

CoOBOKYNHOCTb CpECTB M3MEPEHHU M M BCTIOMOTATEILHBIX YCTPOICTB,
COEIMHEHHBIX MEXJy CO00# KaHallaMU CBSI3U, NpeaHa3HaY€HHas IS
BbIPAOOTKM CUTHAJIOB U3MEPUTENBHON MHDOpMaLMKU B hopMe, YIOOHOIM
u1a o6paboTKHU, nepenayu U (WiM) ucnoab3doBaHusa B ACP, Ha3biBa-
€TCH U3MEPHUTEbHOM CHCTEMOI.

MPOU3BOAUTCS TOJOXKEHUEM CTPEIKU UM KaKOro-ambo Jpyroro ykasa-
TeJS OTHOCHUTEJIBHO OTMETOK IuKajibl npubopa. Ilkana npeacraBiseT
co00i1 COBOKYITHOCTh OTMETOK, PACTIOJNIOXEHHBIX BIOJIb KaKoi-1100
JIMHUHU, U TIPEJICTaBJIECHHBIX OKOJO HUX YUCEJT OTCYETa, COOTBETCTBY-
IOIMX PALY NOCHEIOBaTeAbHBIX 3HAYEHU I U3MEPSEMOIl BEITUUYUHBI.
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JU1s1 XaXxa0ro U3MEpPUTENLHOTO NPUBOpa yCTaHABINBAETCS AMANA30H
MOKA3aHWH — 00JacTh 3HAUEHUI 1IKaJIBI, OTPAHUYEHHAs HaYyaJlbHbIM
U KOHEYHBIM €€ 3HAYECHHUEM.

1.3. NMorpewHoOCTU U3MepeHUum

JI100bIe TeMIOTEXHUYECKUE U3MEPEHUSI OTHOCUTEbHHI,
TMOCKOJIBKY BCETZIA CYILIECTBYET MOJOXUTENIBHAS U OTpULIATENIbHASA pa3-
HOCTb MEXJy HaOMOIaeMbIM WIM YUCIEHHBIM 3HAYEHUEM U3MEPAEMO
BEJIMYUMHEI U €€ UICTUHHBIM 3HAYCHUEM, Ha3biBaeMasi MOrpelHOCTLIO.
Takym 06pa3oM, NOrPEeNIHOCTb — 3TO OTKJIOHEHUE Pe3yabTaTa U3MEpe-
HMS1 OT UICTUHHOTO 3HA4EHUS U3MEPAEMOil BeanunHbl. [lorpelnHocTH
M3MEPEHHS B 3aBUCHMOCTH OT UX NMPOUCXOXICHUS PA3ACIAAIOTCA Ha
TPU TPYNIIbL; CUCTEMATUYECKME, CIYYAHHbIE U CYOBEKTUBHBIE,

CucreMaTHUECKHE NOTPENIHOCTH UMEIOT MOCTOSTHHBIN XapakTep U
10 NMPUYMHAM BO3HUKHOBEHUS HENATCSA: HA UHCTPYMEHTAJIBHEIE; OT
HEeNpaBWIbLHOM YCTAHOBKU CPEACTB U3MEPEHUI; BOSHUKAIOILIME BCAE-
CTBME BHELIHUX BIUSHUIL; MeToaNYeCcKUE (TEOpPETUUECKHE),

UHcTpyMeHTaabHbie NMOTPERMIHOCTH SIBJISIIOTCS CIEACTBHEM KOH-
CTPYKTHUBHBIX M TEXHOJOTUYECKHUX TMOTPEIIHOCTEM, a TAKXE U3HOCA
CPEACTB U3MEPEHMUIA.

KoHCTpYKTHBHBIE MOrPEeMIHOCTH Bhi3BaHbl HECOBEPIUEHCTBOM KOH-
CTPYKLIMM WJIM HETIPABWIBHON TEXHOJIOTHEN U3rOTOBJIECHUS CPEACTB
u3Mepenuit. Ilnoxast 6asaHcUpoBKa MeXaHHM3Ma, HETOYHOCTU IIpU Ha-
HEeCeHHM OTMETOK 1lKaJlbl, HEKayeCcTBeHHasi cOopka npubopa BIUAIOT

9 TeXHOAOrHYeCKVIO - NOrDe HOCTE OB N IRHS TOTLD a

NpUOOPOB OJHOTO THIA NMOCTOAHHA, TEXHOJIOTUYECKAsA — MEHSIETCS OT
3K3eMIUIsApa K 9K3eMIuisipy. [uTenbHas Wiy HeNpaBuiibHasl 3KCILya-
Talys npubopa, a Takke IIUTENbHOE XpaHEHUE TIPUBOJSAT K IOTpell-
HOCTSIM, KOTOpPbI€ HA3bIBAIOT MOTPEHIHOCTAMH H3HOCA H CTAPEHMS.

ITorpemIHOCTH OT HEMPABHAbHOM YCTAHOBKM MOTYT OBLITH BBI3BAHHBI:
HaKJIOHOM IIpU6Oopa, T.€. OTKJIOHEHUEM OT HOPMAaJIbHOro paboyero
TIOJIOXEH WS, YCTAHOBKOM Ha HeppPOMATHUTHHIM 1MUT NpHbopa, rpany-
MpOBaHHOTrO 6€3 1UTa; OIM3KUM pacrosoXEHUEM IPHUOOPOB Apyr K
Ipyry. IlorpeniHocTH, BO3HHKAIOMKE BC/IEACTBHE BHEHIHMX BIMAHMIA, 32-
BHUCAT OT BUOpaLIMK, 371€KTPOMArHUTHHIX T0J1ei, KOHBEKLIMM BO3AYyXa
u 1p.

HaubGonee cunbHOE BO3ACHCTBYE Ha OKa3aHUs IIpUOOPOB OKa3bl-
BaeT U3IMEHEHHE TEMITEPATYPhl OKpyXawmeid cpeanl. Jaxe He3HauU-
TEJIbHbIE Tepernaabl TeMIIEPATypPbl MEXAY OTAEIbHBIMU 3JIEMEHTAMU
Ipudopa NMPUBOAAT K 3aMETHBIM TOTPEIIHOCTIAM BCJIEACTBUE, HATIPU-
M€P, BOSHUKHOBEHHUS napa3suTHLIX TepMo3AC. IIo3ToMy HE pEKOMEH-
JIlyeTcsl yCTaHaBJIMBaTh NPUOOPHI BOJIN3Y UCTOUYHUKOB TEILIA.
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MeToandeCKne MOrpemIHOCTH BO3HUKAIOT B PE3YJIbTATE HECOBEP-
ILEHCTBA METONOB U3MEPEHU I U TEOPETUYECKHUX JOMYIIEHUH (MCIOJb-
30BaHHE MPUOIMXKEHHON 3aBUCHMMOCTU BMECTO TOYHOI1). K Takum
MOrPEITHOCTSAM OTHOCSITCSI, HalIpUMED, MOrPEeIIHOCTH, O0YCIIOBIEHHbIE
MPEHEOPEXEHUEM BHYTPEHHUM COIPOTUBJIEHUEM MpUOOpa, T.e. mpe-
HeOpeXeHUEM COOCTBEHHBIM TTOTPEOIEHUEM SJIEKTPOSHEPTIHH.

HJ1s UCKIIIOUEHUS MOTPEITHOCTH 10 Hayajla U3MEPEHUH CleayeT
OIpeNeNUTh MPUYHHY, BBI3BIBAIOIIYIO MOTPEMIHOCTh, U YCTPAaHUTD €€.
Hanpumep, eCau MOrpeIHOCTh BHI3BIBAETCS BIAMSHUEM BHEILHHETO
BJIEKTPOMATHUTHOTO I10JISl, TO HYXHO JIM60 3KpaHUPOBaTh NMpuUbOp,
60 yaaJuThb UCTOYHUK MoMexu. I MCKIIIOUEeHUS TEMIEPATYPHOM
MOTPEIHHOCTU CPEJACTBO U3MEPEHHUS T€PMOCTaTHUPYIOT, BUOpaALUIO
YCTPaHAIOT MyTeM YCTAHOBKHM aMOPTU3aTOpPOB. B mpouecce usmepeHus
MOrPeIHHOCTb YCTPAHAIOT IPUMEHEHUEM CIIELMAIBHBIX METOJIOB M3ME-
pPEHUA.

Cayuvaiinble MOrpelIHOCTH BBI3BIBAIOTCS HE3aBUCSAIIMMU APYT OT
apyra ciydyailHeIMU (hakTopaMM U U3MEHSIOTCA CAy4YaiiHBIM 0Opa3oM
[IpU MOBTOPHBIX U3MEPEHUAX OOHOMN U TOM X€ BEJAUUUHBIL. [IposBis-
I0TCS ClIydyalHble MOTPEIIHOCTH B TOM, UTO IPU U3MEPEHUSX OIHOI U
TOM X€ HEU3MEHHOI BETUYUHBI OMHUM U TEM XK€ CPEICTBOM U3MEpPE-
HUA U C TOI X€ THmaTeNbHOCTBIO MONYYalT Pa3TuvHble MOKA3aHMS.
Cnenyetr OTMETUTD, YTO €CJIU ITPHU MOBTOPHBIX U3MEPEHUSIX OTHOM U TOM
€ BEJIMYMHBIL U TEM X€ CPEACTBOM UIMEPEHUSA MONMYYaIOT COBEPIIEHHO
OIMHAKOBBIE PE3Y/AbTaThl, TO 3TO OOLIYHO YKa3biBaeT HE HAa OTCYTCTBHE
CIy4alHOM COCTaBIAIOLEHA MOTPEILHOCTH, 2 HA HEAOCTATOYHYIO YyB-
CTBUTEJBHOCTD CpeaCcTBa U3MepeHHUSA. T10THOCTBIO COBMagamOIUe, KaK
U CUJIBHO Pa3HAIIMECH, PE3YAbTAaThl HAOMIOAEHUH MTPU U3MEPEHU X
OIWHAKOBO CBUAETENBLCTBYIOT 00 MX HeTOUuHOCTH. CiyyaiiHbIe MO-
TPEIHOCTU MOFYT BO3HUKHYTh, HAlIpUMED, U3-3a TPEHUS B OIMOpax,
JIOPTOB B COWIEHEHUAX KMHEMATHUYECKO CXeMBl pubopa, Hempa-
BUJILHOTO pexHMa paboThl 3JIEKTPOHHBIX YCTPOMCTB U MO MHOTUM
OPYTUM, TPYIHO OOBACHUMBIM IIpUUYMHaM. 3HaK COy4ailHBIX MOrpell-
HOCTEi BbIpAXAETCA B BUle *.

CyObekTHBHbIE MOrPEMIHOCTH (MPOMAXH) — 3TO MOrPeUIHOCTH, BhI-
3BaHHbIE OIMMOKAMM JHa, MPOU3BOASAIIETO U3MEPEHUE (HAIPUMED,
HEIpaBWIbHBIA OTCYET MO IHKaJle MpUOopa, HEBEPHOE MOAKIIOUYEHUE
IIPOBOAOB K AaTYUKY U AD.).

ITorpeliHOCTH M3MEPEHMI YCTaHABIMBAIOTCS IPU MOBEpKe —
ONnpeneIeHUM METPOJIOTMYECKUM OPTraHOM ITOrpeIIHOCTEM CPEACTB 13-
MEPEHUN U yCTaHOBneHm[ npurom{ocm UX K npumeHeHmo (npuMe-

oyeT rOBopuTL «nonepxa cpencm uamepenuu») CJIOBo «nponepxa»
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NPUMEHAETCA IS YCTAHOBICHUSA KOMITJIEKTHOCTH MJIM OLIEHKM COCTO-
AAHUS B3aUMOICHCTBUSA 3JIEMEHTOB. 3aBUCUMOCTh MEXIY 3HAYCHUSMHU
BEJIMYMH Ha BBIXOAE U BXOIE CPEIICTBA U3MEPEHUA, COCTABJICHHAA B
BUAE TaGsMubl, rpaduka uiau (opMyJibl, Ha3bIBAETCHA TPAAYHPOBOIHOM
XapaKTEePHCTHKOMN, ONpEACTICHUE KOTOPO HA3bIBAETCSA TpadyUpPOBKOM
CPEACTB U3MEPEHUSA (TEPMHUH «TAPHPOBKA» YCTApEJI, U IPUMEHSTD €0
HE PEeKOMEHIYeTCS).

PaznnuaioT aGCOMOTHBIE U OTHOCUTEJbHBIE MOTPEIIHOCTH U3Mepe-
HUS. AGCOMOTHASA MOTPEMIHOCTD A — 3TO PA3HOCTb MEXIY U3MEPEHHBIM X
U UCTUHHBIM X} 3HAUEHUAMU U3MEPEHUI, KOTOpas BbIPAXACTCSH B €IV -
HHLIaX U3MEPSIEMOI BEJIMYUHBI:

A=X-X,. (2.2)

TTockoJibKy UCTUHHOE 3HAYEHHE U3MEPSEMOi BEJITMUMHBI ONPEACTUTH
HEBO3MOXHO, HAa MPAKTUKE UCMOJB3YIOT JCHCTBUTEIBHOEC 3HAYECHUE
M3MEpAEMOi BEJTMYHMHBL X1, KOTOPOE HAXOMAT SKCNEPUMEHTAIBHO MO
MOKAa3aHHUSAIM 00pPa3LOBLIX CPpeaCcTB U3MepeHUM. TakuM obpa3oM, ab-
COJMIOTHYIO NMOFPEITHOCTh HAXOAAT O (hopMyJie

A=X~-Xj. (2.3)

OTHocHTeIbHAS MOTPENIHOCTD O — 3TO OTHOIUEHHE A6COMOTHOM
MOrpPEIIHOCTH U3MEPEHHUSA K UCTUHHOMY (IEHACTBUTEIBHOMY) 3HAYEHUIO
U3MEPSAEMOi BEJIMYMHBI, BBIPAXEHHOE B NMPOLICHTAX:

5 = £(A/Xy) 100 = £(A/X;7)100. (2.4)

AOcoioTHAsA NOTPENIHOCTD H3MEPHTENbHOro npubopa A — 310 pas-
HOCTBb MEXIY NOKa3aHUEM X NMpUOOpa U UCTUHHBIM 3HAYECHUEM U3-
MepsAeMOi BeJIMUYMHBI. [TOCKONBKY, KaK YKa3blBA1OCh BhIILE, UCTUH-
HOE 3HAYCHUE BEJIMYUHBI OCTACTCH HEU3BECTHBIM, HA MTPAKTUKE BMECTO
HETO MONB3YIOTCA NeNCTBUTEILHBIM 3HAYUEHUEM BEJTMYMHBL Xy, OTCUH -
TAHHBIM 10 00pa3LoBOMY Nipubopy. TakuM obpazom,

An = Xn - XI[‘ (2.5)

OTHOCHTENIbHAS MOrPeIHOCTL H3MEPHTENbHOro mpudopa dy — 3TO
OTHOLLEHUE aOCOMIOTHOM NOrpEIHHOCTA M3MEPUTEILHOIO NMpUbopa K
NEHCTBUTEJBHOMY 3HAYEHUIO U3MEPSIeMOil BeJIUUUHBI. OTHOCUTEIb-
HYIO NOTPEIIHOCTb O BHIPAXKAKOT B MPOLICHTAX:

811 = £(An/X7)100. (2.6)

IIpuBeneHHas MOTPEIHOCTL U3MEPUTEILHOTO NMpUbopa vy — 3TO
OTHOLLIEHKE abCOMIOTHON MOTPEILHOCTH M3MEPUTEIBLHOrO mpubopa x
HOPMMDPYIOLEMY 3HAYEHHIO (OOBIYHO BHIPAXaeTcs B MPOLICHTaX):
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Vn = i(An/XN)].OO. (2.7)

HopMmupylomee 3HaueHue Xy — YCIOBHO [IPUHATOE 3HAYEHUE,
KOTOPOE MOXET OBITh paBHBIM BEPXHEMY IIpelieNy U3MEPEHUM, fyana-
30HY M3MEPEHU, IMHE WKaabl M Ap. Kax npasuino, 3a HOpMHUPY-
I01I€€ 3HAYEHUE TIPUHUMAIOTCHA: KOHEYHOE 3HAYEHME TUAlla30Ha U3-
MEPEHU (O TPUOOPOB, UMEIOIUX HYJEBYID OTMETKY Ha Kpalo
LKaIbl); apudMETUYECKass CyMMa KOHEYHBIX 3HAYEHU I IMana3oHa
U3MEPEHUN (1A MPUOOPOB, UMEIOIIUX JIBYCTOPOHHIOW IHKALY, T.€.
HYJIEBYIO OTMETKY B CEpPEAMHE LIKaJbl); HAIIPUMED, IJISI TEPMOMETpA
co wkanoi oT —-50 go +50 °C BenuuyuHa Xy OyAET ONMPENENATECA CyM-
Moit 50 + 50 = 100; pa3HOCTb KOHEYHOI0 M HaYyaJIbHOTO 3HaYeHUH
Iuara3oHa U3MepeHuit ajas NMpubopoB co 1Kanamu 6e3 Hynas (Tak
Ha3bl-Ba€MbI€ 1KaJIbl C «[1OAABJAECHHBIM HYJEM»); HANlpUMep, IS

npu6bopa co wxanoit 30—160 °C BenuuuHa Xy OyneT onpeneasThcs
pasHocThio 160 — 30 = 130.

AGCOJIIOTHAA U OTHOCUTEJNIbHASA TIOTPEILHOCTU B COOTBETCTBUU C
BRIPAXEHUAMU (2.5)—(2.7) CBSA3aHBI C MPUBEAECHHOI CAEAYIOIIMMHU CO-
OTHOIUEHUSAMU:

A = vy - Xy/100; (2.8)
8 - Vn * XN/XH‘ (2‘9)

Ha noxa3anus npuGopoB OKa3biBalOT 3HAYMUTEIbHOE BIMSIHUE
BHEWHNE (PaKTOphl, Ha3bIBacMble BIAMMOMUMH BemuuHaMu. O01acTh
3HaYEeHU BIUSIONIEN BEIUUYMHBI, YCTAaHABIMBaeMasl B CTaHIApTaX WU
TeXHUYECKMX YCJIOBHSAX Ha CPEACTBA U3MEPEHMS JaHHOIO BH/IA B Kaye-
CTBE HOPMAJIBLHOMN I 3TUX CPEACTB U3MEPEHUM, HA3LIBACTCH HOP-
MaJIbHO# 00aacThIo 3HaYeHmit. [Ipy HOpMaIBHOM 3HAaYE€HUH BAMSIONIE I
BEJIMYMHBI TTOTPEIHOCTD CPEACTB U3MEPEHU T MUHUMAJIBHA. YCIOBUS
MIPUMEHEHUS CPEACTB U3MEPEHUI, IIPU KOTOPBIX BIUSIOILIME BETU-
YUHEL (TeMIlepaTypa M BJaXHOCTb OKPYXalOWIEil Cpelbl, XapaKTep
BUOpallMy, HaNpsXeHUe NMUTAaHUS, BEJIUYMHA BHEILTHETO MAarHUTHOTO
U 3JIEKTPHUYECKOro Moasg U T.J.) HaxoasiTcs B IMpeaesiax HOpMaIbHOM

00J1aCTH 3HaYEHUI, HA3bIBAKOTCH HOPMAIBLHBIMH YCJIOBHSMH NPHMEHEHUA
cpeacTs HamMepenmnii. HopMmanbHBIE YCI0BUS YKA3bIBAIOTCS B TEXHHUECKUX
YCJIOBUSIX 3aBOJIOB — W3TrOTOBUTENEH ITPHUOOPOB.

2.4. Knacc To4HOCTU CpeacTB u3aMmepeHui

B 3aBMCHMOCTHY OT OCHOBHOI1 MTOrpEIHOCTH CPENCTBAM

YibAailU UUILB BYIRULLY \J1d b U1HU % W) b

TOYHOCTH — 3TO 00001IeHHAsT XapaKTepUCTHUKa CPEACTBA U3MEPEHUA,
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onpezaeisieMasi npeaesiaMy JOMycKaeMbIX OCHOBHOM U JOMOJHUTEIBHOM
MOTPELIHOCTEM, a TAKXKE APYTMMU CBOICTBAMU CPEACTBA U3MEDPEHHUS,
BJIUSAIOIMMMH Ha TOYHOCTh, 3HAUYEHUS KOTOPHIX YCTAHABJIMBAKOT B
CTaHAApPTaX Ha OTAENBbHBIE BUIBI CPEACTB U3MEPEHUIA.

Cpencrsa M3MEpEHUil BHIIIYCKAIOT HA ClAEAyIOIIME KJIACChl TOY-
Hoctu: 0,01; 0,015; 0,02; 0,025; 0,04; 0,05; 0,1; 0,15; 0,2; 0,25; 0,4,

0,5; 0,6; 1,0; 1,5; 2,0; 2,5; 4,0, 5,0; 6,0. Kiacc TOYHOCTH CPEICTB U3-
MEPEHUI XapaKTEPU3YET UX CBOMCTBA B OTHOILEHUU TOYHOCTH, HO HE
ABJAETCS HEMOCPEACTBEHHBIM MMOKa3aTeNeM TOYHOCTU U3MEPEHMUI,
BBITOJIHSIEMBIX C ITOMOILBIO 3THUX CPEACTB (MOJ TOYHOCTBIO CPEICTB
U3MEPEHM I TTOHMMAIOT KayeCcTBO U3MEPEHMIE, oTpaxarllee 611M30CTh
HYJIO ero norpetuHocreit). Ha uudeponarsl, iKaibl, ITMTKA, KOPITyca
CPEACTB U3MEPEHUIT BCETa HAHOCAT YCJOBHBIE 0603HaYEHUS Kjlacca
TOYHOCTH, BKJIIOYAIOIME YMCIa U IPOMUCHBIE OYKBBI JTaTUHCKOTO aji-
(haBuTa.

IIpenenoM momyckaeMmoii MOrpeliHOCTH CpeacTBa U3MEPEHMIT Ha-
3bIBaeTCsl HanbobIlask (6e3 y4eTa 3HaKa) MOrpelHOCTh CPEACTBa U3Me-

PEHH, MPHU KOTOPOH OHO MOXET ObITh MPU3HAHO TOJAHBIM U JOMYILIEHO
K npuMeHeHuo. [Ipenen n1omnyckaeMoil OCHOBHOM IMOTPETHOCTU MOXET
BLIpaXaTbCsl OOHUM M3 TpeX CIIOCO00B: B hopMe abCONIOTHOM, OTHO-
CUTENBHON U MPUBEIECHHOMN MOTPEILIHOCTEM.

JIns cpelicTB U3MEPEHUIA, Y KOTOPHIX HOPMHUDPYIOTCSI aOCONIOTHBIE
MOrpeIUHOCTH, KJIaCC TOYHOCTU 0003HavaeTcsi MPONUCHBIMU OyKBaMU
JaTUHCKOTO aidaBuTa UIK PUMCKUMU LudpamMu. B onpeneneHHBIX
ciay4dasx gobapisiercsi MHJIEKC B Buae apabckoit uudpel. Takoe 060-
3Ha4Y€HHE KJlIacca TOYHOCTU HE CBSI3aHO C MpPeae/iOM JOMyCKaeMOoM I0-
TPENIHOCTHU, T.€. HOCUT YCJIIOBHBIN XapakKTep.

J1g cpeacTB U3MEPEHUI, Yy KOTOPBIX HOPMUPYETCS MPUBEAEHHAS

YUCJIAMU U CYIIECTBYET CBSI3b MEXAY €r0 0003HAYEHUEM U 3HAYEHUEM
rpeaeia ONycKaeMoOi MOrpeIHOCTH.

IIpu BRIpaXeHUU mpepesia OCHOBHOM NOMycKaeMoii MOrpeiHOCTH
B (hopMe mpHBeAEHHO TIOrpeIiHOCTH KJIAaCC TOYHOCTU 0603HavyaeTcs
yucJiaMU, KOTOPhI€ PaBHBI 3TOMY Ipelely, BHIDAXEHHOMY B MPOLICH-
tax. [Ipy 3TOM 0603HayeHHE KiIacca TOYHOCTH 3aBUCHUT OT criocoba
BEIOOpa HOpMHUpYyIOIero 3HaueHUsA. Eciin HopMupywlee 3HaYeHUE
BBIPAXAETCHA B €AMHULIAX UIMEPAEMOI BEJIMUMHBI, TO KJIACC TOYHOCTHU
0003HayaeTcs YUCIOM, COBMAAIOIINM C MPUBEAEHHON MOTPEILIHOCTHIO.
Hanpumep, ecnu v = 1,5%, 10 Kitacc TouHoctu obo3Havaerca 1,5
(6€3 kpyxKa). Eciu HOpMUPYIOIIIEE 3HAYECHUE IPUHSATO PaBHBIM JUIMHE

IIKAJIBI WM €€ YacTH, TO OD03HayE€HUE KJacca TOYHOCTU (MpU v =
= 1,5%) 6yner umersb Bua 1,5 (B KpyXKe).
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IIpy BeIpaXXeHUM Mpeaeia J0TTyCKaeMoi OCHOBHOM TOrpeliHOCTH
B GOpME OTHOCUTENBHOM MOrpeIiHOCTH HEOOXOAUMO PYKOBOICTBO-
BaThCs CJECAYIOLIUM.

IIpenen nonyckaeMoil OCHOBHOI TMOrpeliHOCTU COIJIAaCHO BhIpa-
XeHuio (2.6)

8y = +(A/X)100, (2.10)

rae Ag — Tipelen JA0nycKkaeMoi abCoMOTHOM NMOrpeiHocT!; X — u3-
MepeHHOE 3HaYEHMUE.

B Tom cnyyae, xoraa npenen OTHOCUTENBHOM TOrpeliHOCTH OCTa-
€TCS MOCTOSIHHBIM BO BCEM IMara3soHe U3MEpPEHUIA, BeIpaxeHue (2.10)
IIPUHUMAET BUI:

8, = +(Ay/X)100 = e, (2.11)
rac ¢ — MOCTOAHHOEC YUCHO.
Ecnu xe npeacn OTHOCHUTEJIBHOMN MOrpCIHHOCTU USMCHSACTCH, TO
8, = £(Ag/X)100 = {c + d[(Xi/X) -1]), (2.12)

e ¢ — MOCTOSSHHOE YHCJI0, paBHOE OTHOCUTEBHOM MOrpeltHOCTH Ha
BEpXHEM Tpelene u3MepeHust; d — NMOCTOSSHHOE YUCI0, paBHOE T10-

[ 27a A4 -4 H A HEAM 1N [ A 2R/ NEH 14§ REINA HEHOA B TT1NO 2
- ] = D cl =

TaX OT BEPXHETO Npenena; Xxg — KOHeUHOe 3HaueHUe AuariasoHa u3Me-
PEHMIA.

IIpuMepsl 0003HaUEHUI KJ1acCa TOUHOCTH CPEICTB U3MEPECHUM
NpeaCTaBIeHBI B Tad. 2.1.

Ta6nuua 2.1
IIpumepsb! 0003HAYEHHA KJIACCA TOYHOCTH CPeJACTB H3MepeHHi
Mpepen O603Ha4eHne Knacca
I.lOI'Iy%ngM on Mpenen TOYHOCTHU
dopma OCHOBHOI 0ONyCcKaeMOW
BbIPAXEHUSR NOrPELLHOCTH OCHOBOM B Ha
NorpewHoOCTU [AAARAAA MAA M NOrpewHoCTH, = | nOKyMeH- | cpeacTsax
\\'/vr.n--u L] IH\JH o/
CTaBnenus) 0 TauMm | n3MepeHus
MpueepneHHas Mo dpopmyne +1,0 Knacc 1,0
(2.7), ecnu TOYHOCTU
HopMUpYoLLEee 1,0
3Ha4yeHue
onpenenseTcy
8 eAMHUUAX
U3MepKREMON
BENNYUHDI
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OkoHYyaHue Taod. 2.1

MNpenen O603HayeHue knacca
. MNpenen
dopma H%HCSLC;:::; v [onycKkaeMomn TO"HOCTM
BblpaXEHUR OFDELUHOCTH OCHOBOM B Ha
NorpewHoCTH (CbO[p)Ma npea- NorpewHocCT!H, OOKYMeH- | cpeficTeax
CTaBAeHUs) % TauMm | namepenus
To xe, ecnu 0,25 Knacc 0,25V
HopMupytoLee TOYHOCTHN
3HayeHne 0,25
onpenensercs
ANUHOM WKansI
NNU ee 4acTbIo
OtHocutensHas | Mo dpopmyne *0,2 Knacc 0,2(B
(2.11) TOYHOCTMU KpyXKe)
0,2
Mo ¢popmyne o7 =£{0,02 + Knacc 0,02/0,01
(2.12) +0,01[(X,/X) — 1]} | TouHOCTU
0,02/0,01
AbBconoTHas Mo popmMyne — Knacc M
A, = ta vunu TOYHOCTHU
g M

Ag = %(a + bX),

rae A, — npe-
nen ponycka-
emMoit abconioT-
HOW OCHOBHOM
NorpeLLHOCTY;
X — 3HayeHue
N3MepPREMON

BENWUYUHDI;

a, b — nonoxu-
TENbLHLIE YACNA,
He 3aBuUcsLme
ot X




Nasa 3. ABTOMATUYECKUN KOHTPOJ1b
TEXHOHOI‘W-IECKMX NMAPAMETPOB

3.1. U3mepeHue pasneHus
M pa3HOCTU [RaBNEeHUuun

EnvHuueit usmepeHus napneHus B cucteMe CH gBnsercs

nackanb (IIa). ITackais — 310 maBneHue cwibl B 1 H Ha nnowans B
1 M? (H/M?). TIpy npyMeHEHNH 3TOi eIMHMLIBI MOTYT UCIIOAb30BaThCS
IIPUCTAaBKU U1 00pa30BaH WS KPAaTHBIX U JOJABHBIX €AMHULL — B IIEPBYIO
oyepelb C LEJbI0 COKpalCHNUS YMcaa 3Havyanmx uudp B 3anuchiBa-
eMOM 3HauyeHuM (Harpumep, 5,28 MIla smecro 5 280 000 ITa).
UsMepeHMne HaBAEHUS OTEYECTBEHHLIMM NMpPUOOpaMM NPOU3BO-
INTCS B KIC/CM? (KMNOTpaMM-cula Ha CaHTMMETD KBaIpaTHbI) 1
KI‘C/M2 (xuhorpaMM-cuia Ha MeTp KBaapaTHHii). IIpn ncnons3ona-
HUM IS UBMEPEHNS JaBAECHUA XUIKOCTHBIX MPUOOPOB C BUIUMBIM
MEHUCKOM TNPUMEHSIOT B KaYe€CTBE €IUHULLI JaBACHUS MHIMMETP
BOJSHOTO WU pTyTHOro cTonoa. KpoMe nepeyuciaeHHBIX eTUHUL] 13-

MEPEHUS NIPUMENIIOT (PU3NIECKYI0O aTMOC(hHEDPY, paBHYIO HOPMaJlb-
HOMY JaBJieHUIO aTMocdepHoro Bo3ayxa 760 MM. pT. ct. nipu 0 °C "
HOpPMa1bHOM YCKOPEHUM CBOOOAHOro mnaaeHus (760 MM. pT. cT.

= 101,325 kIla = 1,0332 krc/cm?). COOTHOLIEHUST MEXILY TIPUMEHSI-
eMbIMH €IMHUIIAMU U3MEPEHUS JaBiaeHUS NPUBeIeHLI B Tada. 3.1.

Tab6nuua 3.1
CooTHomenne MeEXy ¢ARHRIAMKR NABJICHHA

EavHuua Na Krc/m2 Krc/cm? MM BOA. CT. | MM. PT. CT.
1Na 1 0,10197 | 10,197 - 10°® | 0,10197 | 7,50-1073
1 krc/m? 9,80665 1 1074 1 73,56 - 1073
1 krc/cm? 98,0665 - 10° | 104 1 104 735,56
1 MM, Boa. cT.|  9,80665 1 1074 1 73,56 - 1073
1 MM. pT. CT. 133,322 13,595 | 13,595 . 10~ 13,595 1

IIpn M3MepeHUN NaBIECHUS Pa3nnyaloT abCONIOTHOE, U3OBLITOUHOE
M BaKyyMMeETpudeckoe daBjiecHue. [1oa TepMHHOM «a0comoTHOE AaBJie-
HHe» MMOJpa3yMeBalOT NMOJHOE IaBJE€HUE, NMOI KOTOPLIM HAaXOIUTCS
XUAKOCTh WK ra3. OHO paBHO CyMMe€ IaBAE€HMiI1 — U30BITOYHOTO (p,,)
U aTMocdepHoro (p,):
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pzpu-l_pa, (3‘1)
WK | Py=D— D, (3.2)

T. €. H30LITOYHOE JamjieHHe PaBHO pa3HOCTU MEXIY aOCONIOTHBLIM JaB-
NeHNEM, 6OABIIMM aTMOC(HEPHOTr0, U aTMOCHEPHBIM JaBJICHUEM.

IMon TepMUHOM «BAKYyMMETPHUYECKOE JamiieHHe» (pa3pexeHue Win
BaKyyM) ITOHMMAETCA pa3sHOCTb MEXAy aTMOC(HEPHLIM JaBJACHUEM U
abCONIOTHHLIM JaBJIEHUEM, MEHBIIUM aTMOCGhEPHOTIO:

p3=pa_p‘ (33)

YcrpoilcTBa ISl USMEPEHUS TaBAEHUSI M pa3HOCTHU (Meperiana)
IaBJIeHWi MOAYYWIM obllee Ha3zBaHue maHomeTpbl. X Kiaccuduim-
PYIOT CINEAYIOLIMM 0Opa3oM:

GapomMeTpsl — JJIST U3MEPEHUST aTMOC(EpPHOro IaBlieHUs (OTCIoaa
aTMOC(EpHOE NaBJICHUE MHOTAA HA3kIBAlOT OapOMETPUUECKUM );

MaHOMeTpbI a6COIIOTHOrO NaBjieHMsi — ISl U3MEPEHUST aOCOJIOT-
HOTO NaBJICHUS,

MAHOMETPbI H30BITOYHOTO NARJIEHHS — IJISI U3MEPEHUST U30OLITOY-
HOro JaBJIEeHUS (COKPALEHHO B MPAKTUKE UX OOBIYHO HA3KIBAIOT Ma-
HOMETpaMM);

AKVYVYMM bl — OO UBSMCDCHUYA BAKVVMMCECTDUYC QIO _dAaBJICHUS

T.€. JABJIECHUSI HUXE aTMOC(HEPHOro (B IPAKTUKE MIPUMEHSIETCS TEP-
MUH «pa3peXeHUe»);

HanopoMepbl H TaAroMepbl — 151 u3MepeHust manoro (1o 40 xIla)
M30LITOYHOTO JAaBJIECHUSI 1 BAKYYMMETPUUYECKOIO JaBlieHUs (pa3pexe-
HUSA) ra30BbIX CPEl;

MOHOBAKYYMMETPbI — JUISI U3MEPEHUS U30BITOUHOTO U BAKYYMMET-
PUYECKOTO JaBJCHUI OTHOBPEMEHHO;

TATOHaNopoMepbl — 15T U3MepeHust MankbIx (no 40 xITa) naBneHuit
U pa3pexeHMit ra3oBbIX Cpel ONHOBPEMEHHO;

andpdepenunanbHble MaHOMeTpbI (AMpMaHOMeTpbI) — 11T U3MEpE-
HMSI pa3HOCTH (Mepenana) JaBJIEHUI;

MHMKPOMAHOMETpbl — IS UBMEPEHUS OYEHB MAaJIbIX JaBJICHUM
(HIKE M BHIILIE 6APOMETPHUYECKOr0) U HE3HAYUTENBbHOM Pa3HOCTH JaB-
JICHUH.

YyBCTBUTENBHBIE 3JIEMEHTBI BCEX MAHOMETPOB BOCIIPUHHMAIOT
IBa NABJIEHUS — p; U p, U BBIPA0ATLIBAIOT CUTHAJ, NTPONOPLIMOHATE-
HBl{ UX Pa3HOCTH. Y MAHOMETPOB M3OLITOYHOI'O JAaBJIECHHS, BAKyyM-
METPOB, TATOMEPOB U HAallODOMEPOB JIaBlIEHUE p, OOBIYHO PABHO aT-
MocgepHOMy. InpMaAHOMETPBI TAKKE MOTYT MCIIONAb30BATLCS IIA U3-
MEPEHUS KaK U3OBITOYHOIO, TAK M BaKYYMMETPHUUYECKOTO NAaBJAECHUS,
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€CAU ONUH U3 JIBYX LUTYLIEPOB VIS ITOABONA NABJEHUS COCIUHUTH C
aTMOC(QEpo.

ITo npuHUMNY OEIHCTBUST MAHOMETPBI AEAAT HA JBE OCHOBHBIE
rpynnel: XUIKOCTHBIE U D€HOPMALIMOHHBIE (C YIIPYTMMU YYBCTBU-
TE€JIBHBIMU 3JIEMEHTaAMU).

XKuakoctHbie MaHomeTpbl (puc. 11) Bcex cucTeM 3anoHAIOTCS
XUIKOCThIO TaKUM 00pa3oM, yToObl Hall HEeil oOpa3oBaJIMCh ABE T10-
JNOCTH, BOCTIPUHUMAIOLIIME NABIEHUS p| U p,. B 3THX MaHOMETpax Be-
JIUYUHA U3MEPSIEMOTO JaBJCHUST ONPENENSIETCS MO BHICOTE CTOJ0a
XHUIAKOCTU A MK TTO Cuile, 0Opa3yoLLeiics 3a cYeT JEWCTBUA JaBJICHUS
Ha MOBEPXHOCTh cocynoB. K npnbopaM nepBoii rpynrbl OTHOCSTCA
U-o6pa3Huie (IBYXTpYyOHBIE), YallieYHbIe (ONHOTPYOHEIE) U MOIJIaBKO-
Bbl€ MAHOMETPEI, K TPpUOOpPaM BTOPOU I'PYIIbl — KOJOKOJBHEIE.

U-o06pasHulii (IByXTpYyOHBI) MaHOMETp (puc. 11, a) cocTouT M3
ONHO Npo3pavyHOW TPYOKM , COTHYTOI B BUAE JIAaTUHCKOI OYKBH U
(uan OByX TpyOOK, COEAMHEHHBIX B HUXHEH yacTn). TpyGKH BepTH-
KILHO YKpEruleHbl Ha OCHOBAHUM, U 1O BCE UX BLICOTE HaHECEHA
IBYCTOPDOHHSISI LUKAJIa C HYAEM nocepeauHe. TpyOKu 3aMUBaOT XUA-
KocTbl0 (OOBIYHO BOHOI WIM PTYTBIO, @ MHOTIA CIIUPTOM WU TpaHC-
¢dopMaTOpHBIM MacioM) 0O HyJeBOit oTMETKU. Ilpu npuMeHeHUU
U-06pa3Hblit MAHOMETP OOJMXEH YCTAHABIAMBATHLCA BEPTUKAITBLHO MO
oTBecy. OTCYET NMPOU3BOASAT MO PA3HOCTH YPOBHEH XWUIKOCTU h B
o6eux TpybKax, 4yTo He Bceraa ynooHo. OObIYHO ¢ noMorisio U-ob6pas-
HOro MaHOMeTpa JaBJAeHUE, pPa3peXXECHUE WU Pa3HOCTh JaBJEHUN U3-
MEpPSIOT B MWUIMMETpAX BOASTHOTO WM PTYTHOro crofioa. Ecnu orcyer
BBICOTHI CTOJ1I6a XUAKOCTH A no U-o6pasHOMY MaHOMETPY NPOU3BO-
IST HEBOOPYXEHHBIM IJ1a30M, TO TIpU LIEHE JENECHUS LIKAJIBl nMpubopa
B 1 MM NpH OTCYETE B ABYX KOJIEHAX NMPEAEbl 1ONYCKAEMO OCHOBHOM
NMOTPELLIHOCTU U3MEPEHUS JaBJICHUS, pa3peXeHUsT WM pa3HOCTU JaB-
JIEHUH He npeBbllIaoT +2 MM cTo10a paboyeit xXunkoctu. s yBean-
YEHUS TOYHOCTH OTCYETA BBICOTHI CTOJI0a padoyei xuaxoctu U-06-
pa3HbIe TPUOOPLI CHAOXAIOT 3€pKanbHOU miKaloi. B a3ToM ciaydae
npeneasl J0nycKaeMoil OCHOBHO#M IMOrPELIHOCTH 1MOKa3aHUM HE Tpe-
BBILIAIOT +1 MM cTos16a padoyeit Xunkoctu. OreyecTBeHHAsI TPOMBI LI~
JIEHHOCTh BBITTYCKAET ABYXTpYOHbIe MaHOMeTphl TMna JAT-5 u JAT-6.

YaiueyHwit (onHOTPYOHBII) MaHOMETp (puc. 11, 6) cocTouT U3
UMJIUHIPHUYECKOTO COCyda U COOBNIaoENCs ¢ HUM U3MEPUTEIBLHOM
CTeKJNsTHHOM Tpyoku. Ilpn stom omamerp cocyna D 3HAYUTENBHO
6osblIe Auamerpa Tpy6ku d (06bl4HO oTHOWIeHUMe d?/D? > 1/400).
IIpu usMepeHUm NaBaeHUSA B OOBEKTE €ro COEIMHSIOT ¢ aTMOcdepoii.
ITpu M3MEHEHUU pa3peXeHUs C OOBEKTOM COCIUHAIOT U3MEPUTEN b-
HYI0 TPYyOKy, a ¢ atMocdepoit — cocyad. IIpn naMepeHun pasHOCTH
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(nmepenana) maBiaeHHWit OoJbIlIEE AaBJleHUE MOJAETCS B COCYH, a MEHb-
lee — B M3MepUTENbHYIO Tpyoky. Koraa nmoa neiCTBMEM AaBJICHUS
WU pa3pexXEHUs XUAKOCTb B UBMEPUTENIbHOW TpyOKe MOAHUMETCA Ha
BLICOTY /1, a B LIMPOKOM COCYAE€ OIyCTUTCS Ha BEICOTY /15, TO BbICOTa
cronba /1, COOTBETCTBYIOIAS 3HAYEHUIO U3MEPAEMOiA BEJIUYUHBI, Oy-
IET paBHA

h=h+h, (3.4)

Ecim F, — miowank c€4EHNUS UBMEPUTENBHOM TpyOKH, a F, — MU~
pPOKOro cocyna, TO

Fih, = Fyh,, (3.5)

MOCKOJIBKY 00beM XUIKOCTU B U3BMEPUTESIBHONW TPYOKE paBEH 00BEMY
XUOKOCTH, BLITECHEHHOI U3 LIMPOKOro cocyna.

PemnB ypaBHeHus (3.4), (3.5) OTHOCUTENBHO A, MOIY4YUM:

L. L (1. E /B \ L, ( (’).6)
BesmmuuHoit d2/D? > 1/400 BBULY ee MaJOCTH OBGHIYHO MpeHeGpe-
FaloT U OTCYET BEAYT MO CTONOY XUAKOCTU /1{ TOJBKO B OHHOW U3MEPH-
TeJBbHOM TpyOKe, YTO yMpOIAET W3MEPEHHE MO CpaBHEHHUIO ¢ U-006-
pasHBLIM MaHOMETpOM. [IpM LieHe AeaeHUs WKaiakl B 1 MM OTCYET BhbI-
COTHl CTON6A MOXET OLITH NMPOU3BEAEH C MOTPEIIHOCTbIO, HE
npeBblIaoneit +1 MM cronba padboyeii XHUIKOCTH.
—THormnaBkoBele MaHOMETPHEL (pHC. 11, @) paGoTaioT Mo MPUHIUITY |

pPaCCMOTPEHHKIX BHIILIE YallleYHRIX MaHOMeTpoB. B momiaskoBoM Ma-
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HOMeTpe uMelotcs aBa U-o00pa3Hbix cocyaa I v 2, coeIMHEHHBIX TPYO-
Koit 3. boabiioe NapjeHUE MOABOIUTCA K IIMPOKOMY COCYIY, B KOTO-
pOM Ha MOBEPXHOCTHU paboueil XUIKOCTHU (PTYTH WiK TpaHChopMa-
TOpPHOTO Macijia) HaxoauTcst mormiaBok 4. IlepeMeleHue nomnaaska,
3aBUCSILEE OT BEIUUMHBI Pa3HOCTU (Mepenana) naBjieHUl Ap = p, — p,,
nepenaetcs crpeiake orcuyetHoro (IT) wnm perucrpmpyiomero (C)
YCTPOCTBa MpUbdOpa.

B K0n10K0NBHBIX MaHOMETpax (puc. 11, &) YyBCTBUTEIBHBIM 3JIEMEH-

TOM SIBJISIETCSI TOHKOCTEHHBIM CTaJIbHOU KOTOKOA 5, nmoABEIUECHHBIN Ha
BUHTOBOM NMpYyXHHE 6. Kosokos cBOGOIHO ILIABaeT B pa3leAUTENbHOM
XUIKOCTHU (TpaHchOopMaTOpHOE Maciio), Oyaydu YacTUYHO NOIPYXKEH-
HbIM B Hee. PasgenuTtenbHasi XUIKOCTb OTAEASIET KaMepy OOJbIIOTO
IaBJICHUS (<«INIOCOBYIO») TMOA KOJNOKOJAOM OT KaMepbl MEHBILETO JaB-
NeHus («MHUHYCOBOii») Hal konokojoM. Ilon neiicTBMEM pa3HOCTH
IaBJieHUM (p, — p,) KOJIOKOJ U KWHEMAaTUYECKHU cBsI3aHHAs C HUM MO -
BIDKHAast 4acThb Mepeaaonero npeodpasonarens IIp nepeMenialorcs 1o
TeX MOP, MOKa YCHIJIME OT NMPUIIOXKEHHOM K KONOKOJY pa3HOCTH HaBie-
HUIT He YpaBHOBECHUTCS YIPYTUMH CHJIaMU BUMHTOBO NMpYXHUHEI. [le-
peMeleHUE MOABUXHOI YacTH MepelalIero npeoopa3oBaTeisi MpU-
BOJUT K U3MEHEHMIO BBIXOIHOIO CUTHaJA.

HeiicTBUE deghopmayuonnbix MaHomempos OCHOBAaHO Ha UCTTOJ/Ib30Ba-
HUMU OedOopMaLMU WIM HU3THOAIOIEro MOMEHTa ynpyrux 4yBCTBU-
TEJABbHBIX 3J1€MEHTOB, BOCTIDUHUMAIOIIUX U3MepsieMoe JaBAcHUE U
npeodpa3youMX €ro B epeMeneHue Wi yciine. MaHOMETpBI 3TOTO
THUIA IUPOKO MPUMEHSIOT B IMana3oHe udMepeHuit ot 50 Ia (5 KI‘C/M2)
1o 1000 MITa (10000 KI‘C/M2). OHM BHINTYCKAIOTCSA B BUAE TATOMEPOB,
HaropoMepoB, MAHOMETPOB, BAKYYMMETPOB. B KayecTBe ynpyrux yyB-
CTBUTEJIbHBIX 9JIEMEHTOB B HUX MCMONB3YIOTCS TPyOUaThie MPYXUHBHI,
MEMOpaHBI U CUWIB(OHHI.

OnHMMHU U3 HauboJiee pacpPOCTPaHEHHBIX B MPaKTUKE U3MEPEHU I
JlaBleHUS SIBASIIOTCS TPYOUATO-TNPYXKWHHBIE MAHOMETPBI C OLHOBUTKO-
BO TpyOuaToW npyxuHoii (puc. 12, a). TpyOuaTasi npyxXuHa npen-
CTaBJISIET COO0Il M30THYTYIO TPYOKY, HMEIOLIYIO SJUIMIITUYECKOE WU

MJIOCKOOBAJIBHOE TOINEPEYHOE CEYEHME (TaKM€ NMpPYXHUHBI Ha3bBarOT
TpybkamMu bypnoHa). OnguH KoHew TpyouyaToil MpyXHHBI, cooOla-
IOLIMICS C U3MEPSIEMOIA CPENOi, 3aKPETUISIOT HEMOABIKHO, a IPYroil —
CBOOONHBIN, 3aKPbIThI MPOOKO# U 3amasiHHBIA, CoeIUHAIOT ¢ Mexa-

HU3MOM TO0Ka3aHUil nMpubopa, repenaromM rnpeodbpasoBaTesieM WU
IpyruM ycTpoicTBOM. Ilon neiicTBMeM BHYTPEHHErO JaBieHUs p; Mpy-
XWHa CTPEMUTCSI YMEHBIIUTH CBOIO KPUBMU3HY, BCJEACTBUE YETO €€
CBOOOIHEIN (3amastHHBI) KOHEL NMepeMENIAcTCSI., DTO MEPEMEUIEHUE
rnepenaeTcsl Ha OTCYETHOE MJIM PETMCTPHUPYIOlIee YCTPONUCTBO MaHO-
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MeTpa JUOO0 BOCTIpUHUMAETCS MepelaloluM npeodpa3oBareneM (Ha
puc. 12 nsodbpaxeH Manometp Il, uMeromnit nepenaromuit npeodpa-
3oBareab I1p). '

HexoTopbic Moadukauuu MaHOMETPOB CHAOXEHBI KOHTAKTHBIM
YCTPOIXCTBOM, CpabaTHIBAIOMIMM MPU JOCTUXEHUU U3MEPSIEMOi BEU -
YUHOI 3agaHHOro 3HayeHus1. Takue npuOopbl HA3bIBAIOT JEKTPOKOH-
TaKTHBIMU MaHOMETPaMH.

B MeMOpaHHEIX MaHOMETpaX yNpyruit YyBCTBUTEJIbHBIN 3JIEMEHT
BBITTOJHSIETCS B BUJE MEMOpaHHO# xopobxu (puc. 12, 6), cocTosilei
U3 IBYX CMAasiHHBIX MO MEPUMETPY IUCKOBBIX METAITUYECKUX Todpu-
POBAHHBIX MEMOpaH. BHYTPEHHSSI MOJIOCTh KOPOOKU COOOIAaeTCS CO
cpenoit ¢ 6osablIUM naBiaeHUEM. [Tond Bo3aeiicTBUEM pPa3HOCTH aTMO-
cpepHOro ¥ U3MepsieMOro JaBjie HUIT MeMOpaHHass KOpOOKa CXXUMAETCH
WM pa3XUMaeTCsl, UTO NMEePEeNacTCs CTPEJIKE OTCYETHOTO YCTPOMCTBA
MaHoMeTpa II.

B cuiboHHBIX MaHOMeETpax (puc. 12, 8) ynpyruii 4yBCTBUTEIbH b
3JIEMEHT BBITTOJIHEH B BUIE cunbdoHa I, mpelcTaBJsiolero coboit
roppupoOBaHHYIO TOHKOCTEHHYIO METATUYECKYIO TPYOKY, OTKDBITYIO
C o0HOI cTopoHbi. CunbGOH NMoMenaeTcsi B KaMepy 2, B KOTOpYIO
MOABOOUTCS U3MepsAeMoe OaBjcHue. U3MeHeHUue BEeJIUYUHBI 3TOTO
IaBJIEHUST BBI3BIBAECT YNpyryo AedopMauuio cuibPoHa ¥ HaxXons-
1ieiicss B HEM BUHTOBOU MpyxXuHBI 3. [lepeMelieHUe OHA cUibgoHa
‘TIepelaeTCsl perucTpUpyIOIEMy yCTpoiicTBY npubopa C.

‘a) . 6) B) C

n :
| | -
—3
=y |
P 1p1 Il
A

Puc. 12. ManomeTpbl C YNpYrHM YyBCTBHTENbHbIM 3JIEMEHTOM
(nedopmaunonHbie):
a — TpyOYaTo-TNpyKHHHbIA; 6 — MeMOpaHHbIi; 8 — CUNbDOHHBIN

p
BN
|
1
joos |

, ITpuHUMNUANBbHBIE CXeMBI Je(opMaLMOHHBIX MAHOMETPOB MNpeEl-
CTaBJicHbl Ha puc. 13. ¥ MeMOpaHHoro nudmaHoMmeTpa M ynpyrum
YYBCTBUTEILHBIM 3JIEMEHTOM SIBJISETCS MeMOpaHHbIit 650K (puc. 13, a),
COCTOSIILIMIT U3 JBYX 3aMOJMHCHHBIX TUCTUIIMPOBAaHHON BOJOM MEM-
OpaHHBIX KOPOOOK 1 M 3, 3aKpEIIECHHBIX C 00EUX CTOPOH B OCHOBa-
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HUK 2, KOTOPOE C BEPXHEI U HUXHEN KpBIIIKAMU KOpryca obpasyer
IBE KaMEphl: HUXHIOI — IUJIIOCOBYIO U BEPXHIOIO — MMWHYCOBYIO.
BHyTpeHHME MOJOCTU MEMGPAHHBIX KOPOGOK COOOLIAIOTCS Yepes3 OT-
BEpCTHUE B Meperoponke. bosbilee naBaeHue MOIABOAUTCS K HUXHEH
KaMepe, a MéHbllee — K BepxHeit. Ilon neiictBueM pasHOCTH JaBlieHUIA
Ap =p| — p, HXXHSIST MEMOpaHHast KOpoOKa CXXUMAaETCs1, BBITECHSISI Ha-
XOISIIYIOCS B HE#l BOLy B BEpXHIOIO KOpoOKy 3. [TocnenHsist paciups-
€TCS, YTO BOCTIPMHUMAETCS NMepellalovM npeodpasosareneM Ip.
YyBCTBUTENBHBIM 3JIEMEHTOM IU(PMaHOMETpa, NMPEACTaBIEHHOTIO
Ha puc. 13, 6, siBasieTcs BsUtasi (Msirkasi) HeMeTaJuindeckass MeMopaHa 4
C XXECTKUM LIEHTPOM J5, paboTaroriasi COBMECTHO C BUHTOBOM LIMJIMH/ -
pUYeckoit nmpyxuHoit 7. MeMbpaHa, yKperjieHHast MEXIy OByMS
KpBIIIKaMU Kopnyca npudopa, odpasyeT IBE KaMEPbI, B KOTOPHLIE MOI-
BOISITCS JaBle€HUS p; U p,. [lon neiicTBueM pa3HOCTH JaBiaeHUi
Ap = p; — p, XECTKUIi LIEHTP MEMOPaHbI U CBSI3aHHBII C HUM IUTOK 6
cepAcyHUKa TNpeodbpa3oBarens [lp nepeMeuraoTcs 00 TEX Mop, MokKa
CuJia, BbI3bIBa€Masi pa3HOCTbIO JaBJICHUI, HE YPABHOBECUTCS CHJIOM
YIIPYroCTH BUHTOBOI NMpyxXuHbl 7. [Ipeo6pasoBatens [lp BeIpabaThl-
BA€T CUTHAJ U3MEPUTEJIbHON MHPOPMALIMU, MPONMOPLNOHANBHBII U3-
MepsieMO Pa3HOCTU JaBJIEHUIA.
Y cunbponHoro anpManoMerpa tmina ACC (puc. 13, ) uyBcTBU-

TbHDbIY VICH O OF [/ D
IBYX CWJIb(OHOB 81 10, TOHBIILIKXY KOTOPBIX XECTKO CBSI3aHbI IUTOKOM 9,
a BHYTPEHHHE TTOJIOCTH 3aMOJIHEHBI KPEMHUITOPraHUYECKOM XHUIKOCTHIO.

ICTBU TH Ja i =p; — U Hbl HAYU-
[Ton neiicTBMEM pa3HOCTU JaBJICHUIM | — Dy CUIbDOHBI Ha

a) 6) B)
L P2 Py P
N Vo . | Vo
Mp = Np
SO0 s Mﬂi%émc-_:__; 00
S SR 2 ’ !
8 9 10

Puc. 13. Inddepenunaibibie MAHOMETPBI ¢ YIPYTHM YyBCTBHTEAbHbIM
ajieMenToM (nedopmMauHonHbie):

a — MeMOpaHHBIIt; 6 — ¢ BAJIOH MEMOpaHO#; 6 — CUNB(OHHEIA
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HaloT 1eopMUPOBATLCS, BhI3bIBas MEPEMEILCHUE IITOKA, KUHEMATH-
YeCcKU CBSA3aHHOIo C KOMIMEHCALMOHHKBIM NMpeoopa3oBateem Ip.

3.2. N3mepeHue pacxopa ra3zoB v XXUpKocTemn

Pacxon BemiecTBa ONMpEnEsieTCs €ro KOJIUYeCTBOM, Mpo-
XOOSIIIUM B €MHULY BPDEMEHHU YEPE3 NAaHHOE CeYeHUE KaHana (Hanpu-
Mep, TpybornpoBoaa). PasinyaioT MaccoBHlil pacxon Q,, U OOBEMHHBI
pacxon, o6o3HayaeMhlit uepe3 Q, (1w Q,).

Maccosbiit pacxon onpenesiioT Kak MacCy BELECTBa, MPOXOasi-
LLIero Yyepe3 nonepeyHoe CEYEHME MOTOKa B EAMHULY BpeMEHU. B cuc-
reme CH emmHUEll MaccoBOro pacxoia ABJIAETCSA KUJIOTPaMM B ce-
KyHAay (Kr/c), paBHBIif MACCOBOMY pacxoy, Mpu KOTOPOM Y€pe3 orpe-
JeneHHOe CeYyeHUE 3a BpeMs 1 ¢ paBHOMEPHO MEPEMEAETCS BEHIECTBO

_ Maccoii 1 xr

OO0bemHBIit pacxon ONMPEACIAIOT KaK 00BEMHOE KOJNYECTBO BE-
1IIeCTBA B M, MPOXOAsiee YEPE3 CEYEHME MOTOKA B EAMHMLY BPEMEHH.
B cucreme CH eamHMLE 06BEMHOTO pacxoaa ABJISETCA KyOUYeCKUit
METp B CEKyHAy (M>/C), paBHHIf 0GBEMHOMY PacXomy, PY KOTOPOM
Yyepe3 onpeaccHHOE CeYeHUeE 3a BpeMs 1 ¢ paBHOMEPHO IepeMelia-
€TCA BEIECTBO 0OBEMOM 1 M3. BHECHCTEMHBIMU €IMHULIAMH, IINPOKO
pacrnpoCcTpaHEHHBIMU Ha MPAKTUKE, JIJIA MACCOBOTO pacxoaa CIyXaT
KWIOrpaMM B 4ac (KI/4) 1 TOHHA B yac (T/4), a 1A 06bEMHOro — Ky-
6U4ECKUil METp B MUHYTY (M>/MMH), KyGuueckuit MeTp B yac (M3/4),
JIUTp B CeKyHAy (J1/C), IUTP B MUHYTY (JI/MUH) U JUTP B Yac (J1/4).

CooTHOLIEHM A MEXIY EAMHULIAMU PacXoaa CJAEAYIOIIUE:

MaccoBblit — 1 kr/c = 3,60 - 103 xr/y = 3,60 1/y;

o6beMHBII — 1 M3/c = 60 M3 /MuH = 3,60 - 10° M3/4 = 103 n/c =
= 3,60 - 10% n/u.

JUis monydyeHus1 CpaBHUMBIX PE3yJIbTaTOB U3MEPEHU OOBEMHBINM
pacxon rasa nmpuBOISIT K HOPMAJILHBIM YCIOBUSIM, KOTOPBIMU TIPU TIPO-
MBIILIEHHBIX U3MEPEHUAX CYUTaloTCs: TeMnepartypa 7,.,,, = 293,15 K
(i £, = 20 °C); naBneHue p.,, = 101 325 ITa (1,0332 KI‘C/CM2), oT-
HOCUTEJIbHAas BJIAXHOCTh ¢ = U.

OO6BEMHBII pacxon rasa, MPUBEAEHHBIN K HOPMAJILHOMY COCTO-
sIHMI0, 0603HavajoT Yepes Q,,, M BbIpaxaioT B M3/4. HemonycTuMo
BbIpaXaTh pacxon BemiecTsa B kr/c, H/c, nmH/c (T.e. enMHUIIAX CHJIBI
B €VHULYY BPEMEHM), B HM>/4 (T.€. B TAK Ha3bIBAEMBIX HOpMaJbHbBIX
KYOMYECKUX METPax B EAUHUIlY BDEMEHU). YKa3aHUE HA BUI U3MEDSA-
eMOil BeJIMYUHBI — OOBEMHBINM pacxozl rasa npn HOpMaJIbeIX ycno—

Ouom)s @ HE B 0603Haqeune CAMHULIBI BEJIUYMHHI. I[Jm nepeBona mac-
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COBOTO pacxojia B 06beMHBI U 0OBEMHOTO B MaCCOBBIit MCIOJb3YIOT
BbIpAXEHUS

=0u/p ¥ 0,=0,p, (3.7)
rue p — IJIOTHOCTb BEILECTBA, KI/M>,

YCTpOMCTBO Ui U3MEPEHHUSI KOJMYECTBA BEL{ECTBA, NPOTEKa-
IOLLEr0 Yepe3 ceyeHHe TPYOOoIpoBoAa 3a HEKOTODHIII IPOMEXYTOK
BpeMEHH (CMEHY, CYTKM M T.J), Ha3blBalOT CYETYHKOM KOJIHUECTBA.
ITpy 3TOM KOJIMYECTBO BEIECTBA OMpEAESAETCS KaK pa3HOCTb ABYX
MOKa3aHHUil cyeTYNKa — B Hayajle ¥ B KOHLIE 3TOro npoMexytka. Ilo-
Ka3aHUA cYeTYMKa BhIpaXaloTcss B eNMHHUIaX oObeMa, a UHOraa —
B €IUHHLIAX MACCHI.

Yc'rpouc'mo mm mmepenmx pacxo;:la T.€. KOJINYECTBA BCL[[CCTBa

MEHHU — Yac (4), Ha3bIBAIOT PaCXOXOMEPOM, a LIS HSMCpeHMH pacxona
M KOJIMYECTBA BEUIECTBA ONHOBPEMEHHO — PacXO0JOMEPOM CO CUETUM-
KoM. CYETUMKH (MHTETPUPYIOLLUE YCTPOMCTBA) MOTYT ObITh BCTPOEHBI
IpaKTUYECKU BO BCE IIPHOOPHI, U3MEPAIOLIME PACXOL.

JlJiss u3MepeHHUs pacxola U KOJIMuYeCTBa XUAKOCTEH U BO3AyXa
IIPUMEHSIIOT PACXOAOMEDhI, KOTOpblE MOXHO pa3fe/IUThL Ha Cleny-
IOIME TPYNNbl: MEPEMEHHOIO IEpelnana JaBjJeHUs B CyXaloleM
YCTPOMCTBE; MOCTOSAHHOTO Iepenana naBjeHust (00TeKaHusl); SJEKT-
POMAarHUTHLIE ¥ IEPEMEHHOTO YPOBHA. [Ipy HAMOPHOM ABMAKEHUU U3-
MepsieMOM CPeLbl, KOrJa MOTOK CO BCEX CTOPOH OTPaHMYy€EH XECTKUMU
CT€HKaMH, IIPUMEHSIOT NEPBLIE JBE FPYIILI PACXOIOMEDPOB.

PaboTa pacxoxoMepoB NepeMEHHOro nepenana aaBjieHHa OCHOBaHa
Ha 3aBUCMMOCTH TNEpeNnana AaBjleHusl, CO30aBAEMOro YCTAHOBJIEHHBIM
B TpyOOIPOBOJE HEMOABUXHBIM CYXalOlUM YCTPOUCTBOM, OT pacxoja
BeuiecTtBa. [IpyHUMN U3MEPEHUS IO METOAY MEPEMEHHOTO TMepenana
JIaBJICHHSI OCHOBAH Ha U3BECTHOM B (pHU3MKE NMPUHLMIIE HEpPA3PhIB-
HOCTH YCTaHOBMBLLETOCS ABHXEHHS XUIKOCTU U YPaBHEHUH BepHysun
NS XUIKOCTH:

(v*/2g) + [(p/y) + 2] = const, (3.8)

rae [(p/y) + z] — yAenbHas NOTEHUMAIbHASE SHEPTUsA (AaBJIEeHUE) XU -
KOCTH; V*/2g — ynejibHasi KHHeTHYecKast (CKOPOCTHast) SHEPIHs.

CorjlacHO NMPUHIMITY HEPA3pLIBHOCTH INOTOK IMPOTEKAKOUIETO B

pr60r[pOBOIle BC€IHECTBA BO BCEX CEYECHHUSAX OIUHAKOB, CJICA0OBATC/ILHO,
B OAUH U TOT XK€ MOMEHT INTPOTEKAIOT OAUHAKOBLIC KOJIUYECTBA 3TOI'O

wm&%m%w%m%wwww

MeECTE CKOPOCTD ITOTOKA NOJIXKHa BO3PACTH.
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CornacHO ypaBHEHHUIO BepHyIU ycTaHaBJIMBAETCS TTOCTOSTHCTBO
CYMMBI YII€JIbHBIX KHHETUYECKO#H (CKOPOCTb) M NMOTEHLIMAJIBHOM (1aBiie-
HUE) DHEPTUHM B JIIOOOM cedeHUH noTokKa. CienoBaTesIbHO, YBEJIUYEHHUE
CKOPOCTH BBI3BIBAET YMEHBIIECHHUE CTaTHYECKOro naBjceHUs. Cyxa-
Ioniee YCTpOMUCTBO BBIMOJHAECT (GYHKUMHU NMEPBUYHOrO npeodpa3oBa-
TEJS. U CO3MAET B TPYOOIIPOBOIE MECTHOE CYXEHHE, BCICACTBUE YETO
MPU TPOTEKAaHMUU YEpe3 HEro BELIECTBA CKOPOCTh B CYXKEHHOM ceue-
HHH V, IOBBILLAETCS N0 CPABHEHUIO CO CKOPOCTBIO ITOTOKA OO CYXKEHUS
V;. YBeATUYEHNE CKOPOCTH, a CAEN0BATEIbHO ¥ KWHETUYECKOM SHEPTUH,
BbI3bIBAET YMEHBILUIEHHUE MOTCHUHUAIIBHON SHEPrUU MOTOKA B CYXEH-
HOM ceyeHUHU. COOTBETCTBEHHO, CTATUYECKOE NABJICHHUE B CY>XKEHHOM
CEYECHUU OYIET MEHBLLIE, YEM B CEYEHHUH O CYXAIOLIEro YCTPONCTBA.

TakuM 06pa3oM, IpH NPOTEKAaHHUU BEHIECTBA YEPE3 CyXalouice
YCTPOMCTBO cO3aeTcs nepenan naBacHUs Ap = p, — p, (puc. 14, a),
3aBUCAILMIA OT CKOPOCTH MOTOKA M, 3HAYHUT, pacxona cpeani. Cnenosa-

a) 6)
7 I 4
P | {
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A NI S Ap=n —-n.
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R | -l\ \
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_.—_—_"\ _’5 ———————
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D_f;_P_f Vt' Ftp: . FpVy.Py
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'c° | B)
Qo

P

P,= P,
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Puc. 14. Xapakrep noToKa M pacnpe/e/ieHusi CTATHIECKOrO JaBJICHHSA

NpH ycTauoBke B TpyOGoHpoBonax amadparmel (a), conna (6)
H conna Beutypu (6)
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TEJIbHO, Tlepenan naBjeHUs, CO30aBacMblii CyXalOlUM YCTPOMCTBOM,
MOXET CJYXHUTh MEPOI pacxoja BelleCTBa, a YUCIEHHOe 3HAYeHUe
3TOTO pacxola MOXeT ObITh OTIpeNesieHO IO Teperany naBieHust Ap,
U3MEpEeHHOMY NU(IMaHOMETPOM. B KaueCTBe CyXarolmuX yCTPOHCTB
JUIST U3MEPEHUS pacxona XHUJIKOCTei, ra3oB v Iapa NPUMEHSIIOT CTaH-
JapTHble U HECTAHNAPTHbIE YCTPOICTRA.

K cTaHaapTHBIM (HOPMaJIM30BAaHHBIM CYXAaKIOIIUM YCTPOICTBAM)
OTHOCSTCS1 xHadparMbl, COMIa, COIIA H TPYOsl BeHTYypH, ynoBIETBOpSI-
fowmne TpeboBaHUAM «IIpaBuil U3MepeHUsT paCXON0B ra3oB U XUIKOC-
Teil CTaHOAPTHBIMU cyXawwuMmu yctpoicteamu P 50-213—80» u
TIPUMEHSIOIMECS 1JISI U3MEPEHUSI PACcX0J1a BeniecTB 6e3 ux MUHAUBULY-
aJIlbHOM rpanyupoBku. K HecTaHNapTHBIM CYXAalOLIMM YCTpPOICTBaM
OTHOCSITCSI CETMEHTHbBIE AHadparmMpl, JHadparMbl ¢ KOHHYECKHM BXOI0M,
coria ¢ mpodHiIeM «4eTBEPTD KpPyra» U Ipyrue, IIpuMeHseMble B OCOOBIX
cJiyyasax (HarpuMep, IS 3arpsai3He HHbIX CTOYHBIX BOJl U UX OCaIKOB) U
TpebOyone MHANBUIYAIbHOI rpalyMpOBKHU, TAK KaK HA UX UCTTIOJIb30-
BaHUE HET YTBEPXIAEHHBIX HOPM.

alp 4 [T INE

IUCK ] ¢ KpYrJBIM OTBEPCTUEM, LIEHTDP KOTOPOroO JIEXUT Ha OCH
TpyObl. OTBepCTUE MMEET LIMJIUHAPUYECKYIO U KOHYCHYIO YacTH.
JIvadparmMa Bcerna ycTaHaBJIMBaeTCsl HUJIUHAPUYECKOMH YACTHIO
(ocTpOii KPpOMKOW) NMPOTUB NOTOKA U3MepsseMoil cpenbl. CyxeHue
MOTOKa HaYyMHaeTCs 00 nMacdparMbl, ¥ Ha HEKOTOPOM PAaCCTOSTHUM 3a
Heli NMOTOK NOCTUraeT MUHUMAJIBHOTO ceYeHUsl. 3aTeM MOTOK IMOCTe-
MEHHO paclIupsieTCsl 10 NOJHOro ceyeHus tpyoornpoBona. Kpusas,
XapakTepusylouiasi pacripeaejieH1ue NaBjJeHUi BOOJIb CTEHKHU TPyOO-
TIpOBOAa, NIpelcTaBjleHa CIUIOMIHOM JuHueit (puc. 14, a), a KpuBas
pacripenejie HUs NaBJIeHUI 1O OcU TPYOOTNIpoBOAa — LUTPUXITYHKTUD-
Ho# JuHueil. Kak BuAHO, naBieHue 3a nuacgparMoii TOJHOCThIO He
BOCCTaHaBJIMBAaETCS.

Ilpu npoTekaHUU BelleCTBa yepe3 nuadparMy 3a Heil B yriax o6-
pasyeTcsl «<MEpPTBasi 30Ha», B KOTOPO BCJIENCTBUE PA3HOCTH NaBJIEHUI
BO3HMKAeT OOpaTHOE ABUXEHUE XUIKOCTH, Ha3blBAEMOE BTOPUYHBIM
NMTOTOKOM. JIBUrasiCb B ITpOTUBOIIOJOXHBIX HANpaBIcHUSIX, CTPYHKHU
OCHOBHOT'O U BTOPMYHOTO TMTOTOKOB BCJENCTBHE BSI3KOCTHU CpeNbl CBED-
ThIBalIOTCS B Buae Buxpeil. Ha BuxpeoOpa3zoBaHue 3a nuadparMoii 3a-

TpayMBaeTCsl 3HAYUTEJNbHASL YAaCTh SHEPTUM, a CJIeJOBATEIbHO, UMEET
MECTO W 3HAYMUTENbHAast MoTeps napjieHUs. U3MepeHue HanpaslieHUs
CTpYeK Iepen AuadpparMoil U cxaTue CTPyU IOCe Hee Ha BEJUYUHY
NaBJIeHUsI OKa3blBalOT HE3HAYUTeNbHOe BiMsiHUe. OTOOD NaBieHui p,
U p, MPOU3BOAUTCS Yepe3 pacrolOXeHHble HENOCPENCTBEHHO N0 U
nocJjie aucka nuagparMbl ABa OTAEJbHbIX OTBepcTUS 2 (WU CHielvallb-
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Hble KaMephbl), K KOTOPBIM MOAKIIOYAIOT UMITYJALCHBIE COENqUHUTENb-
HBIE IUHUM, UIYDIME K U3MEPUTEIBHOMY MPUOODY.

Cormuio (puc. 14, 6) npenctaBasieT CO00i HacankKy ¢ KpyrJibiIM KOH-
LEHTPUYECKUM OTBEPCTUEM, UMEIOIIMM [IABHO CYXAIONIYIOCS YacTh
Ha BXOJIE€ U Pa3dBUTYI0 LUMJIMHAPUYECKYIO YacTh Ha BbIxone. Ilpoduib
cora ob6ecrneynBaeT NOCTATOYHO MOJAHOE CXKAaTUE CTpYU, MOITOMY
Iowanb (CEYEHUE) HUNUHAPUIECKON YacTH COMJIa MOXET OBbITh IMpU-
HATa paBHOW HauMeEHbLUEMY cedeHuIo cTpyu (Fy = F5). Buxpeobpaso-
BaHME 3a COIUJIOM BBLI3LIBACT MEHBIUYIO MOTEPIO IHEPTUU, YEM Y NUa-
dparmbl. OT60p NaBiaeHU p; U p, OCYILIECTBISIETCS TaK X€, KaK U Y
Iunadparmel.

Coru1o BeHntypu (puc. 14, 8) KOHCTPYKTUBHO COCTOUT U3 LIWJIUHI-
PUYECKOTO BXOAHOrO Y4acTKa, IMJIaBHO CYXAIIUEHCsl 4YacTu, rnepexo-
JA1IEN B KOPOTKUIM LMJIUHAPUYECKUI YyYACTOK, U U3 pacLUPSIOLLEHACS
KOHUYeCKO yactu — auddysopa. Ilpu Ttakoit popMe CcyXaromwero
YCTPOICTBa B OCHOBHOM 0J1aronapst HaJlM4uio BEIXOOHOTO auddy3opa
MOTEpsI JaBJAEHUS 3HAYUTEJIbHO MEHbLIE, YEM Y nuadparMsl U cora.
OT60p naBieHU p; U p, OCYLIECTBSIETCSI C MOMOUILIO IBYX KOJIbLIE-
BbIX KaMmep, Kaxaast u3 KOTOpbIX COEAUHEHA C BHYTPEHHEN MOJOCTHIO
comja BeHTypu rpynnoii paBHOMEPHO pacHOJ0XEHHBIX MO OKPYX-
HOcTH OTBepCTHit. Tpyba BeHTypu oTanvaercs ot comnja Beutypu 1em,

YTO BXOQHOU TWIMHAPWUIECKUI YIaCTOK MEPEXOAUT BO BXOOHOM KO-
HYC, 3aT€EM UIYT KOPOTKMA yyacTOK (ropjiosuHa) v nuddy3op.
[MpyuHLIMIT M3MEPEHUST PACXOMa BEILIECTBA MO TMEpernany naBjaeHMSI,
CO31aBaEMOMY CyXalOHIUM YCTPOMCTBOM, U OCHOBHbIE YpaBHEHMUS
OIIMHAKOBHI JUTSI BCEX TUIOB CYXXAIOHIMUX YCTPOUCTB, pa3iuyHbl JUllb
HEKOTOpble KO3IDDUIIMEHTHI B 3TUX YPABHEHUSIX, OMpeaeasieMble 3KC-
HCpMMCHT‘aJ]beIM nyteM. B o6GuieM Buiie MaccoBblit (Kr/c) u 00beM-
HbIA (M /q) pacxonbl ra3oB U XUIAKOCTEN BhIYUCIASIOT 11O GOpMYJiaM:

Q, = 0eF,\[2App = ag(nd?/4)2App; (3.9)
Q, = 0eF,2Ap/p = oe(nd’/4)2Ap/p, (3.10)

rne Ap =p; — p, — nNepenan NaBjJeHuUs B CyXalollieM ycTpoiicTse, [1a;
d — InaMeTp OTBEPCTHUSI CYXAIOILEro YCTPOICTBa npu TeMepa-
Type usmepaemou Cpenbl, MM; p — IUIOTHOCTb Cpeabl B paboyux
YCJIOBMSIX, KT/M>; ot — Ko:a(p(buuuem pacxona, ornpeneasieMbli B
3aBUCMMOCTU OT THUIA CYXalOIIEro yCTponCTBa (BeJauyuHa 6e3-
pasmepﬂaﬂ), £ — 663pa3M6prm nonpaBqubm MHOXMHTeIb Ha

TJILHO (;um HECXKMUMAEMOM XUIKOCTH € = 1).
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JAnsi KOHTpOJIA 32 pacXOIOM XMIKOCTEN B OTKPBITHIX KaHalax Mo
METOAY NEPEeMEHHOr0 YPOBHS NMPHUMEHSIETCS HOPMAIM30BAHHAIN JIOTOK
BeHTyp¥H (pHc. 15), B KOTOPOM pacxoq, KaK U B APYTUX Clydasix, U3Me-
psieTcs MU(DPMaHOMETPAMMU.

B pacxomoMepax moCTOSIHHOTO Mepenana naBjleHHUs, Ha3bIBaeMbIX
pacxogoMepaMH 00TeKaHMs, YyBCTBHTEJILHBLIM 3JIEMEHTOM (puc. 16)
ABJISIETCS MOIUIABOK I, BOCIIPUHUMAIOLIMI THHAMUYECKOE NaBJIeHUE
obrekalowuiero ero notoka. ITpyHuMn neicTBrUg TaKMX pPacXomoOMepoB
3aKJII0YaeTCs B TOM, YTO IpPU IBUXKEHUU UIMEPSEMONA Cpenbl CHU3Y
BBEPX UYBCTBUTEJLHBINA 3JIEMEHT (MOIJIABOK) MEPEMELIAETCSI, U3ME-

a) 3
-—),
Cxartbliii BO3ayXx
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Puc. 15. CxeMbl H3MEpEHHS PacXo0/]a KHIKOCTH B JoTKe Benrypu:

G — C NTHEBMaTHYECKHUM KOHTPOJIEM YPOBHS; 6 — C THOPABINYECKUM
KOHTPOJIEM YPOBHS;
; A 1EDHUTENL (] ._.‘=. nialy 0 = -
4 — nndMaHOMeTp; 5 — NMbE30TPYOKA; 6 — OTCTONHMK;
7 — YpaBHUTENbHBIH COCYIL
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HSISl IUIOWAAb ITPOXONHOTO OTBEPCTUSA, IO TEX MOP, IM0OKAa BEPTUKAIb-
Hast COCTaBJISIOIAs CUJIbl, NEMCTBYIOILEN Ha MOIJIABOK, HE YpaBHOBE-
cuTcs ero BecoM. IIpu 3TOM pa3HOCTb JaBIEHUA Ha YyBCTBUTEJIbHBIN
3JIEMEHT (Tiepenaj naBjeHus Mo od6e CTOPOHBI MOIUIaBKa) OCTaHETCS
MOCTOSTHHOW. TakuM 06pa3oM, MpOTUBONEMCTBYIOLIEH CUJION B pacxo-
IOoMepax 3TOro BUAA SBISACTCS CUJIA TSAXECTU YyBCTBUTEJIBHOIO 3Jie-
MEHTa, BBINOJHIEMOro B Buae mnomjaBka. Cuia J1o60ro conpoTu-
BJIEHUS YYBCTBUTEJILHOIO 3JIEMEHTA OMNPENeIIeTCAd 3aBUCUMOCThIO

= {S(v2/2)p, (3.11)

rne { — ko3 ULUEHT J1060BOr0 CONpPOTUBJIEHUS, S — Ijiomagb
TMAPONUHAMUYECKOTO CeYeHUs YYBCTBUTEJILHOrO 2JIEMEHTA; V —
CKOPOCTb IBUXEHUS Cpellbl OTHOCUTEJIbHO YYBCTBUTEJIbHOIO
3JIEMEHTA; p — TLUIOTHOCTb U3MEPSEMOW Cpebl.

PacxomoMep NmOCTOSIHHOTO Iepenana aaB- }
JileHusa ¢ normiaBkoM I (cM. puc. 16), nepeMe-
HWAIUMCSI BNOJIb DJIMHHOW KOHUYECKOW
TPYOKM 2, Ha3bIBaeTCs potamMerpoM. TpyOKa po-
TaMETPOB NJIsI MECTHOTO U3MEPEHUS pacxoja
BBITTOJIHAIETCS U3 CTEKJIA WJIM METaJLIa, a 3Haye-
HUE pacxoja OTCYUTHIBAETCS HEMOCPEIACTBEHHO

T T

IO 1UKaJjle, HAHECEHHOM Ha ee CTeHKE (COOTBET-
CTBEHHO pOTaMeTphl CTeKIAHHbIE T™MIIa PC u
Metajuindeckue tuna PM). Y poraMeTpoB ¢
JTUCTAHIIMOHHON Mepenavyei MoIUiaBOK CBSI3aH
C nepenamiuM npeodbpaszonaresieM (ITHEBMa-
TUYECKUM WM 3JIeKTpuyeckuM). Hampumep, f
B 2JIEKTPUYECKHUX poTaMeTpax Tuna PO u PO9B  Puc. 16. Pacxonomep
LIMPOKO MCIONBL3YIOTCS nuddepeHuuanbHo-  MOCTOAHHOTO nepenana
TpaHCGHOPMATOPHbIE IPEOGPA30BATENH. AasneRud (poTameTp)
JAnst uaMepeHus pacxona 3arpsisHEHHbBIX XUAKOCTEH (B YACTHOCTH,
MPUPONHBIX U CTOYHBIX BOX) MIPUMEHSIOTCS 3JIEKTPOMAarHUTHBIE U 1HE-
JieBble pacxogoMepbl. IIpuHLUMI NEHCTBUSA 3/IEKTPOMATHUTHRIX PacXo-
AOMEPOB OCHOBAH Ha 3aKOHE 3JIEKTPOMArHUTHON UHAYKUUHU, TTO KOTO-
pOMy IpOBENEHHAS B nposomimce aneKTpoanKymaﬂ cujia (SI[C)

tnbunbuntunt A |I|lxn|l|nulll

LR LAY LLARE QLR

KUM anKymuMcg B MarHUTHOM T10JI€ l'IpOBO,IIHl/lKOM SIBJIAETCS JIEKT-
POTPOBOHAsA XHUIAKOCTh, TPOTEKAIOILAS YEPE3 MEPBUYHBII 2JI€KTPO-
MarHUTHBI npeoGpasoBaTenb pacxona, yCTaHOBJIeHHbIV[ B pr601'[p0-

KOTOpaH IIpyU CBOEM NBUXCHUU TTEPECCKACT MArHUTHOE ITOJIE IIEPBUY -
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HOro npeodpa3oBartesisi, MOXHO OIpENeJUTh CPEAHIOK CKOPOCTh TEKY-
el XHUNKOCTH, a BMECTe C Heil U 0OBeMHBIN pacxon. Ilpu kpyriom
CEYEHHUH TpyboIpoBoaa BeJiMuMHa 3toil DJ1C paBHa

E=vBd, (3.12)

roe v — CpenHss CKOPOCTb NOTOKa XHOKOCTH; B — MHIYKUMS Mar-
HUTHOTO NoJisl; d — BHYTPEHHHIi 1HaMeTp TPyOOIIpOBOa.

MarHuTHoe MNoJie 3JeKTPOMarHUTHoro pacxomomepa tuna UP
(puc.17, a) BHYTpH y4yacTka TpyOb! /, BbIITOJHEHHON U3 HEMarHUTHOTO
MaTeprajia U MOKPLITON U3HYTPH 3JIEKTPOMN3OJISILIMOHHBIM CJIOEM, CO-
31a€TCSA JIEKTPOMArHUToM 2. B nepecexaronieit MarHUTHOE 1oJie Xua-
KocTH HaBonutcsa BJIC. B onHOM nonepeyHoM CeYeHHH Tpyborpo-
BOJla JMaMETPAJILHO ITPOTUBOIIOJIOXHO YCTaHOBJIEHHI J1Ba 3jleKTpona 3.
CHHMaeMast C HUX Pa3HOCTh MOTEHLMAIOB TIOAAETCSI Ha BXOI IIPOMe-
XyTouHoro npeobpasoBateiss IIp, rne Npeobpa3yeTcsi B BHIXOJHOIM
CHUTHaJI, IIPONOPLUHOHAILHBI pacxony. DJeKTpOMarHUTHbIE pacxono-
MEphbl MOTYT NMPUMEHSTLCS Ha XUAKOCTIX C YNEJILHON 3JIeKTPUIECKOM
NPOBOAMMOCTbIO He MeHee 1073 cM/M. OTCYTCTBUE B U3MEPHUTEIILHOM
KaHaJI€ KaKUX-JIUOO0 CyXaIOUMUX YCTPOUCTB U NBHXYHIMXCS NeTalei
T03BOJISIET UBMEPSITh PacXodbl KaK OIHOPOIHBIX XHUOKOCTEH, TaK H
CYCIIEH3HIi M myJbll, TBepaas da3za KOTOPhIX HE CONEpPXKUT deppoMar-
HUTHBIX YaCTHLL.

IIpyHUMI NeHCTBUS miE€JEBBIX PACXONOMEPOB NEPEMEHHOIO
ypoBHA co ciauBomM thna HIPIT (puc. 17, 6) ocHOBaH Ha 3aBUCUMOCTH

DOBHYA XHANKO 1A HAall TABHOU HEKOU
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Puc. 17. PacxogomMepbl XMAKOCTEH H myabn:
@ — J3NCKTPOMArHUTHHIN; 6 — NepPeMEHHOTO YPOBHS (11iejieBOi)




0, = ab\2gh?, (3.13)

re a — Ko3dPUIMEHT pacxona, YYUTBIBAIOIUHA TIOTEPIO HAMOpa M
addekT 60KOBOrO ¢XaTust CTpyu; b — HIUPUHA CAUBHOM CTEHKH;
g — YCKOpEHUE CHJIBI TSIXECTU; I — YypOBEHb XUINKOCTH Hal
CAUBHOM CTEHKOM.

PacxonoMep COCTOUT U3 pacxogOMepPHOI eMKOCTH 6 U ypOBHEMEpa
Ilp, saBiasilonierocss U3MepUTEJbHBIM NpeoOpa3oBaTeieM pacxona.
K pacxonoMepHoOit eMKOCTH 6 CyCrieH3usl TIOJBOAMUTCS IO NMaTpyoky 4,
a OTBOIMUTCS B CIMBHYIO KOPOOKY 7 yepe3 oTBepcTue 8. st U3MepeHus
BBICOTBI CyCMEH3UHU /1 UCMOJB3YIOTCS TTOMJIaBKOBBIE, TThe30METPHYECKHUE
Y 3J1EKTPOKOHTAKTHbIC YPOBHEMEPBI.

Jns usMepeHus KkoanyectBa Benrectsa B CBB npuMeHsioT Taxo-
METPUYECKHE CICTIHKH KOJIHIECTBA, COCTOSIIIIME U3 TAXOMETPHUYECKOTO
Mpeobdpa3oBare)isi pacxoga ¥ CYETHOTO CYMMUPYIOLLIETO MEXaHU3Ma.

TaxoMeTpHueckuM npeoOpasoBatTe/ieM pacxola Ha3bIBAIOT NEPBUY-
HbI npeobpa3oBarte/ib, B KOTOPOM CKOPOCTb JIBUXEHUSI YYBCTBUTE b-
HOTO 3JIEMEHTA, B3aMMONEMCTBYIOUIETO C MOTOKOM BELIECTBA, IPO-
NOpLUHOHATIBbHA 06BbEMHOMY pacxony. I10 nmpUHUUIY AEIHCTBUS Taxo-
METPUYECKHE CYETUYUKHM Pa3NEsIIOT Ha CKOPOCTHBIE U OOBEMHBIE.

B ckopoctabix cueTankax (tTina YBK, BK, MC) B kauecTBe pabo-
4Yero 2JeMEHTa NMPUMEHSIOT BEPTYLIKY (KPbUlbYaTKH, TYPOUHKHU WU
NpyTye Teja) ¢ BEPTUKAIbHOM (puc. 18) Wiy ropu3OHTAIBHONI OChIO
BpameHus. [Ton neiicTBHEM NOTOKa BEMIECTBA BEPTYLLUKA 4 Ha OTIOPHOM
IIIUITE COBEPLUAECT HEMPEPBIBHOE BpalLaTe/IbHOEC NBUXEHUE C YIJIOBOM
CKOPOCTBIO, MPONMOPLUHUOHAILHON CKOPOCTH NOTOKA, a CJIENOBAaTE/AbHO,
1 pacxony. Yucio 060pOTOB BpaulaloOIETOCs JIEMEHTa CYMMUPYETCS
CYCTHBIM MEXaHU3MOM 7, C KOTODBIM BepTymKa COCIIHHHCTCH C no-

'HBIA MEXaHU3M coenMHeHm Mex,uy c000if OChIO C CaJIbHUKOBBIM
YyIUIOTHEHUEM 6. CYETHBI MeXaHU3M OTAEJIEH OT MPOTOYHOM YaCTH
nmpubopa repMETUYHOI TEPEropoaKoi, B KOTOPO YCTAaHOBIIEH CaJIbHUK
nepenaroyHoit ocu 8. Ha BxonHOM naTpybke cYeTYMKa yCTaHABIMBa-
IOTCSl METAJUTMYECKAs ceTKa /, mpenoxpaHsiouast Ipuoop OT IonafaHus
B HETO MOCTOPOHHUX TEJ, U CTPYEBLIMPSIMUTEIIb 2.

B 06bEMHBIX CYETYMKAX BEIECTBO U3MEPSIETCS OTACJbHBIMU PaB-
HbIMHY MO 00BbeMY n03aMu. B mopiuHeBoM cyetyuke (puc. 19, a) xun-
KOCTh U3 TpyOBl I Yepe3 pacnpencJUTEbLHBIA YEThIPEXXON0BOM Kila-
MaH 2 MOCTyIaeT noa nopiueHb 3 ¥ nonHuMaet ero. ITopuieHs, nepe-
MEIasiCh BBEPX, BBITECHSIET XUAKOCTb, HAXOAAMIYIOCS B BEpXHEH

IMOJIOCTY LWJIUHApA, Yepe3 pacrnpeneJUuTeJbHbIA KiIanaH B Tpyoy 4.
Korna nopuieHb JOCTUTHET BEPXHETO KPaHHETO MOJIOXKEHUSI, YEThIPEX-
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Puc. 18. Cxema ycrpoilcTBa CKOPOCTHOIO CYETYHKA KOJHYECTBA XKHIKOCTH
C BEPTHKAJIbHOH OCBbIO BpPAIIEHHA BEPTYIUKH

Puc. 19. CxemMa 00beMHBIX CYETYHKOB
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XOIIOBOM KpaH, CBA3aHHBIM CMELUATILHBIM MEXaHU3MOM 5 CO IIITOKOM

B BEPXHIOIO MOJIOCTh LUJWHAPA, MOpUIeHb HAYMHAET MepeMeniaThCs
BHU3 U U3 HUXHEHN MOJOCTU XHUNKOCTh BBITECHSAETCS YePeE3 YEThIPEX-
XonoBoi KpaH u Tpyoy 4. C MOMeHTa NOCTUXEHUS NMOpUIHeM Kpaii-
HEro NMOJIOXEHHS LUK MMOBTOPSIETCS.

Yucao no3 3a onpeneneHHbIA MPOMEXYTOK BpeMeHH CYMMUPYETCS
CYECTHBIM MEXaHU3MOM, CBSI3aHHBIM CO LITOKOM MOPLIHS C MOMOMIBIO
NepenaToyHoOro MeXaHu3Ma, a KOJU4eCTBO XHUIKOCTH, PaBHOE CYMME
00BbEMOB MPOTEKILIUX N03, MOKa3blBAETCS CYETHBIM yKasaTeJeM (Ha
puc. 19 cyeTHbIt MexaHU3M U yKasaTesib He noka3aHsl). B CBB npu-

MeHsI10Tcsl cueTduKku Tuna CM nns uamepeHuss 06bEMHOTO KOJIUyYe-
cTBa Xuukocrei. st uaMepeHuss 00eMHOrO pacxoaa v yyeta 00beM-
HOTO KOJHMYECTBA Ia3a UCMOJb3YIOTCS CYETYUKHU TUna «Typracr», co-
CTOsINIAE U3 TYPOMHHOro npeoGpa3zoBaTesi (naTynka) OOBEMHOTO
pacxona IIPI" ¥ anekTpoHHOrO 6J0Ka U3MepeHHUS.

3.3. U3mepeHue YPOBHSA XNZKOCTe

Ilpn aBTomMatu3auuu CBB 1mIMpOKO NpUMEHSIIOTCS TeX-
HMYECKHe CPEACTBA A/ HelpephIBHOro H3MepeHHus YpoBHS (YPOBHEMeEpbI)
H YCTPOMCTBA /I CHTHAJIM3AUMH TNpele/ibHbIX YPOBHeH (CHIHAM3ATOPHI
YPOBHA, pejie YpOBHS). YPOBEHb U3MepsieTCsl B MeTpax (M) U MUJLJIN-
MeTpax (MM).

Jlnst u3aMepeHus: U peryJupoBaHNAsl YPOBHSI TIPUMEHSIIOTCSI MPU-
O0Opbl, OCHOBAHHBIE Ha pa3HBIX MPHHIMMaAX neicTBusa: nudmaHo-
METPbl-yPOBHEMEPHI, MHe30METPUUYECKUE, MOMNAABKOBBIE U EMKOCTHbIE

~YPOBHEMEDHI, ECIM TUCTAHIMOHAAS MTepefdayd MOKa3aHU He Tpeby- |
eTCs, TO YPOBEHb XUAKOCTH ¢ NOCTATOYHON TOYHOCTHIO M HaleX-
HOCTBIO MOXHO M3MeEPSTh MM MOKa3bIBAIOLMMU JUDMaHOMETPaMH,
TIPUHLIUI NeACTBUS KOTOPhIX OMUCAH Bhillle, UK C MOMONILIO yKa3a-
TeJAbHBIX cTeKO0J. M3MepeHHe YPOBHSI XUIKOCTH yKa3aTeJbHbIMU
CTEKJIaMU OCHOBAHO Ha MPUHLUNE NECHCTBUSL COOOMIAIOIUXCS COCY-
IIOB.

ITpuHIMN neACTBUS MOMJIABKOBBIX (OYHKOBBIX) YPOBHEMEPOB OCHO-
BaH Ha UCMOJIb30BAaHUU BBHITAJIKUBaWNiel CUbl, neACTBYIONIE Ha
noraBok (6yek), MOrpyXeHHbIit B XUAKOCTb. HyBCTBUTEJbHEIM 3J1€-
MEHTOM TaKMX ypoBHeMepoB (puc. 20, a) apaseTcst moraaBok I, ria-
BalONIMHA Ha MOBEPXHOCTH XUIKocTU. [lepeMenieHue noruiaBka, Bbl-
3BAaHHOE U3MEHEHHEM YPOBHS, BOCMIPUHHUMAETCS TIpeNalonuM 1peod-
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Puc. 20. Yposnemepbl:

a — TIOTIJIABKOBBI; 6 — €MKOCTHBIN JJ1S1 3JIEKTPONPOBOAHBIX CPEN;
6 — €MKOCTHBIN U1 HERJIEKTPOTIPOBOHBIX Cpe,

pasoBareyieM Ilp. Cneayer MMeTh B BUAY, UTO MPHU UCI0Jb30OBAHUHU
MOIJIaBKOBBIX YPOBHEMEPOB Ha cpelax, CKJIOHHBIX K HAJIMITaHUIO, NO-
SIBJISIeTCS HOMNOJIHUTEJIbHAA ITOrPeIlHOCTD, CBSI3aHHAs C W3MEeHEHHeM
Macchl ITOIJIaBKOB, YTO MPUBOAUT K U3MEHEHUIO IITyOUHBI MOTpyXe-
HUS U orpaHUYMBAET UX IpUMEHeHMeE.

EMKOCTHDBIE YPOBHEMEPDBI LLIMPOKO ITPUMEHSAIOT IUISI CUTHAIU3ALUK
W TUCTAHUUOHHOTO U3MEPEHUS YPOBHS XUIAKUX U CHIIIYUYMX Cpel.
IIpyH uun geicTBUg 3TUX NPUOOPOB OCHOBAH Ha U3MepeHUHU BJTEKT-
pUYECKON €MKOCTU, BEJIUUMHA KOTOPOIl 3aBUCUT OT YPOBHS KOHTPO-
JIUpYEMOM CpeBl.

IU1s1 3J1eKTpONpOBOAHBIX Cpell UCNOJIB3YIOT NepBUUYHBIE Npeobpa-
30BaTe]Id C OMHUM 3JIeKTpoaoM 2 (puc. 20, 6), NOKPBITEIM CJIOEM HU30-
asguuu 3. BTOpBIM 3JIEKTPOIOM SIBASETCH U3MepsieMast cpeaa. Ilpu ua-
MEHEHHUHU YPOBHS MEHSIETCS BEJIMYMHA MTOBEPXHOCTH OOKJIAAKU KOH-
JeHcaTopa, 00pa30BaHHOIO 3JIEKTPOAOM M U3MeEpsSieMOM Cpeloi, 4To
MPUBOJUT K USMEHEHMUIO €Er0 EMKOCTH MPONOPLMOHAIBHO U3MEHEHUIO
KOHTPOJUPYEMOro ypoBHsi. MaMepeHHE EMKOCTH U npeobpa3oBaHueE
€€ B NPONOPLUUOHAIBbHBII U3MEHEHHUIO YPOBHS BbIXOJHONH CUTHAJ OCY-
HIECTBIISIETCSI TPOMEXYTOUYHBIM IpeoodpasoBaTeneM Ilp, comepxauiuM
MHIYKTUBHO-€MKOCTHBI# MOCT. DJIEKTPUYECKHIX KOHTAKT KOHTPOJIH-
pyeMoii cpelibl ¢ U3IMEPUTEIBHOI CXEMOi1 JOCTUraeTcs nyTeM 3a3eMie-
HUS OHOTO U3 BXOJIOB U3MEPUTEIbHOI CXeMBbI U CTEHOK pe3epByapa 4,
B KOTOPOM HaxOAUTCSl KOHTPOJIKpYEMas Cpeaa.
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3epByapa). g Kaxaoro sHadeHUs YPOBHS Cpelibl B pe3epByape eM-
KOCTb NEPBUYHOr0 Npeodpa3oBate)isi ONpPeAeaseTcs KaK eMKOCTb U3
ABYX MapaljieJIbHO COCAMHEHHBIX KOHAEHCATOPOB: OMUH 0Opa3oBaH
YaCTbIO 3JIeKTPOJOB Npeobdbpa3oBateyisi U Cpeloii, ypOBEHb KOTOPOIii
H3MepseTCs, a BTOPOH — OCTaJIbHOM 4YaCTbIO sneKTponoa npeo6pa30-

samemenue Boanyxa B I]pOCTpaHCTBe Me)x,uy 3JIEKTpOJJaMH U U3MepSsi-
eMOM cpefioit, obanaroLeit CyeCTBEHHO OTJIMYHOM AUIJIEKTPUYECKOM
NPOHKLIAEMOCTBIO. B pesysibTaTe 3TOro MeHsIETCS EMKOCTh Npeodpaso-
BaTEJISL MEXAY 3JIEKTPOAAMMU.

B CBB 111poxo pacnpocTtpaHeHbl CHTHAJIM3ATOPbI YPOBHA (3JIEKTPO-
KOHTAaKTHBIE U €MKOCTHBIE YCTPOMCTBA I CUTHAJIM3aLlMK YPOBHSA
cpennbl). IlpyHUMN AefCTBUS 3JeKTPOKOHTAKTHBIX CUTI'HAJIM3aTOPOB
YPOBHSI OCHOBaH Ha 3aMbIKaHWM JIEKTPHYECKOMN LIENMU MEXTY SJIEKTPO-
JaMU JaTYMKA WIK 3JIEKTPOAOM U CTEHKOM eMKOCTH NPKU UX CONPUKOC-
HOBEHMHU C NMOBEPXHOCTBIO 3JIEKTPONPOBOJSeit cpeabl. DIEKTPOIbI
HeOOXOAMMON JUIMHB YCTAHABJIMBAIOT BEPTUKAIbHO MM I'OPH3OH-

TAJIbHO Ha €MKOCTSIX, B KOTOPbIX HEOOXOIUMO KOHTPOJIUPOBATh YpO-
BeHb CpPeJibl.

3.4. U3mepeHUue TeMnepartypbl

TemnepaTtypa — pu3nyeckasi BeJIMYMHA, XapaKTepHU3y-

I01lasl COCTOSTHUE TEPMOJMHAMUYECKOTIO PaBHOBECHSI CUCTEMbI U SIBJISI-

Io11asicsi OAHUM K3 OCHOBHBIX ITapaMeTpOB B HHXKEeHEPHbIX CHCTEMAX.

Ona xapakTtepu3yeTcsl psiioM NPUHLUMNHATIBHBIX 0COOeHHOCTe, 00y-

CJIOBUBUIMX HEOOXOAMMOCTDH MPUMEHEHUS pa3HOOOPA3HBIX METOJIOB U
TeXHUYECKUX CPEACTB IS €€ U3MEPEHUS.

st uaMepeHUsi TeMneparypbl ObLIM NPedIoXeHbl pa3IuyHble

TeMNeEpaTypHble HIKajdbl, HO HauboJbllee pacnpocTpaHeHHe MOJy-
yuJia CTorpanycHas tTemneparypHada mkaina Leawcud. ITo a3Toit nikane
3a OCHOBHbIE (penepHbie) TOYKU, OTPAaHUYUBAIOLIIUE OCHOBHOMH TEM-
neparypHbii MHTepBa1, ObUIM NPUHATHI TOYKa niarieHus gpaa (0 °C)
1 Toyka kuneHus Boab! (100 °C) npy HOpMaJIbHOM aTMOC(HEPHOM JaB-
Jennu. EAMHMIA TeMnepaTyphbl, paBHass OAHOM COTOI 4acCTW OCHOB-
HOIrO TeMIiepaTypHOIro MHTEpBaJa, [OJy4Yuaa Ha3BaHKe rpanyc (OT JyarT.
gradus — uiar, cryneHn). Ilo mkane llenbcusi rpanyc ob6o3HaYaeTCs
npubaBleHUEM K YUCJIOBOMY 3HAYEHHUIO TeMrnepaTrypbl B rpaaycax
cumBoJioB ‘C, HanpuMep 94 °C. 3a pybexxOoM Hapsiay € YCJIIOBHOM TeM-
neparypHoii mkanoii lenbcusi MCnoib3yloT MKany PapeHreiiTa B.rpa-

nycax PapeHreiita — “F u nikainy Peomiopa B rpagycax PeoMiopa — "K:
1'C=1,8°F=0,8 °R.
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TeMneparypHble WKL CTPOSATCSA HA AONYLIEHUH O IMHEINHOI 3a-
BUCHUMOCTHU MeXIy TepMOMETPHUECKUMHU (PU3HUECKHMHU) CBOWCTBAMU
TeJla U Temneparypoi. B 1eACTBUTEILHOCTH HET HU OJHOTO TakKOro
CBOIICTBa, KOTOPOE B ITOJIHO Mepe MOTJIO Obl YIOBJIETBOPUTH STUM
TpeOOBAHUSM BO BCEM MHTEPBAJIE H3MEPSEMBIX TEMIIEPATYP.

He3aBucHMOii OT CBOWCTB TEPMOMETPUYECKOTO BELIECTBA SIBJIS-
€TCS TEPMOJAMHAMMYECKAA TEMIIEpaTypHas LIKajia, NpemioXeHHas B
cepeavde XIX B. KeasBuHOM. B 3TOi HIKane HUXHEN rpaHuLel oc-
HOBHOTIO TeMIIepaTypHOro MHTEpBaja CJIYXMT TOYKA abCOJIOTHOrO
Hyns (0 °K), a B KauecTBe BepXHel rpaHULBI TPUHATA «TPOMHAs TOYKA
BOIbI», JieXalllasi Bhlllle TOYKHK TasiHUA Jpaa Ha 0,1 °C . DToit Touke
ObLIO MPUCBOEHO uKnciaoBOoe 3HaYeHHe 273,16 °K. TpoiiHoii TOYKOI!
BOJIbl Ha3blBAaETCA TEMITEpaTypa paBHOBECHUS MEXIY TpeMs (pa3aMHu
BOABI: TBEPAOW (JIeh), XXMAKONU KU ra3oo0pa3Hoii (nap BOALL).

EnnHunei TepMOIMHAMMYECKO TeMIlepaTypbl SIBJISETCS KeJbBHH
(K) BMecTo npexHero HauMeHoBaHUsi — rpanyc KensBuHa (°K).
KenbBuH paBeH 1/273,16 yacTu KHTEPBaJa OT aOCOTIOTHOIO HYJISI TEM -
nmeparypbl A0 TEMMEpATypbl TPOHOI TOYKM BOABI. TeopeTHyeckast
TEPMOAMHAMUYECKAS LKA He NOJyYuJIa HIKPOKOro NpakTHYECKOro
NpUMEHEHUA U3-3a OONBLLIKX TPYTHOCTEN €€ peann3auum. bosee ynob-
HOit oKa3ajiach MEXAYHapOAHas NpaKTHYecKas TeMIepaTypHas 1Kaja
(MIITHI).

Cornacno MIITIH u I'OCT 8.157—75 npemycMarpyuBaeTcsi IpuMe-
HEHME ABYX TEMITEpATYpPHBIX LLIKAJ: TEPMOAMHAMHUYECKON M NpaKTHye-
ckoil. TeMneparypa no 3TMM LIKajaM BLIPAXaTbCS JBOSIKO: B KEJIbBH-
Hax (K) u B rpanycax Lenscus (°C). I'panyc 1lenbcusi paBeH KeJIbBUHY
(1 K=1"°C). Mexny teMneparypoi T, BEIPaXEHHOI B KeJbBHHAX,
M TEMIIEPATYPOIii f, BoIpaXeHHO# B rpaaycax Llenbcusi, ycTaHOBJIEHO

COOTHOLICHNC
t=T-T, (3.14)

roe T, = 273,16 K (teMneparypa TpoiiHo# Touku Boant 273,16 K co-
OTBETCTBYET, KaK yKa3eiBajoch Bolie, 0,01 °C; ciemoBaTebHO,
273,16 K — teMnepaTypHBbIii MPOMEXYTOK, Ha KOTOPHIif CMeLIeHO
Hayayio orcyeTa). HauMeHoBanue «rpanyc LleabCusi» JaHO B YECTh

IIIBEACKOro acTpoHoMa M ¢u3nka A. llenbcust, HaMMEHOBaHKE
«KeJIbBUH» — B YecTb aHIIMIickoro gusnka YuibsiMa ToMcOHa-
KenbBHHA.

CyliecTBYIOT KOHTAaKTHbIE U OECKOHTAKTHBIE METOIB U3MEPEHUS
TeMIeparyphul. B nepBoM ciiydyae HeOOXOOUMO O0ECNEeYUTh HalEXHBI I
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TEIIOBOM KOHTAKT YYBCTBUTEIBHOIO 3JIEMEHTa NPUOOpa ¢ OOBEKTOM
u3MepeHMs. Ecin oTcyTcTBYeT BO3MOXHOCTh TAKOrO KOHTAaKTa, MpU-
MEHSIOT pa3/IMYHbie 6ECKOHTAKTHBIE METOABI U3MEPEHUS.

CpeAcTBO ST KOHTAKTHOTO U3MEPEH Usl TEMIIepaTyphbl Ha3bIBaeTCA
TepMomeTpoMm. I1o npuHLMNY AEHCTBUA TEpMOMETPHI pa3CJeHbl Ha
TPU TPYNNH — TEPMOMETPHI PACIIMPEHHSA, CONMPOTHBICHHA U TEPMO-
3/IeKTpHUYECKHe.

HdeiicTBue TepMOMETPOB pacUIMpEeHUsT OCHOBAHO Ha TEIJIOBOM
paclIMpeHUHU (M3MEHEHUMHU 0O6beMa) TepMOMETPUYECKOro BELLIECTBA
(XMOKOCTHBIE, ra30BbIE) WIK JIMHEHHBIX pa3MEPOB TBEPAbIX TeJ (AU-
JaToMeTpUYecKUe, OUMeTaJIMYeCKKE) B 3aBUCUMOCTH OT TeMIiepa-
Typhl. IIpenen uaMepeHuss STUMH TepMOMeTpaMu cocTaBiisieT oT —190
a0 +600 °C.

XKuakocTHbll CTEKNSIHHBIA TeXHHYECKHH TepmoMmeTp (puc. 21, a)
MMeET 3anOJTHEHHBIH XHIKOCThIO (OOBIYHO PTYThIO) pe3epByap I, TOH-
KOCTEHHYIO KaNnWUIAPHYIO TPYOKY 2, NJacTHHY 3 ¢ HAaHECEHHOW Ha
Heil LIKaJoi, HapyXHYIO CTEKJISHHYIO 000J04Ky 4. Takue TepMo-
METpBI NPUMEHSIOT IJIA H3MepeHUs TeMnepaTtyphl ot —90 mo +30 °C u
ot —60 mo +200 °C. Ux usrotaBnaupaioT npsaMeiMu (tuna IT u A) u yr-
JIOBRIMK — M3OTHYTHIMM nod yrioM 90 wiu 135 rpan. (tumna Y u b).
HuxHsisg yacte b BrinonHsiercss pa3nuyHoit minuHel (ot 66 g0 2000 MM).

JJI npeaoxpaHEeHUs CTEKJISIHHOW OOOJIOYKHU OT MNMOBPEXACHHUS
TEPMOMETPHI MOMELIAIOT B 3aUIMTHBIE CTAJIBHBIE OINpaBbl, KOTOPLIE,
KaK U TEPMOMETDHI, 110 ()OPME BHIMNOJIHSIOT NPSAMBIMH M YITIOBEIMM.
J1si CUTHAJIM3aLIMK U H3MEPEHHSI TEMNEPAaTypsl PUMEHSIOT TEPMO-
MeprI PTYTHBIE 3JIEKTPOKOHTaKTHbIE. X U3roTaB/iMBaIOT C 3JIEKTPO-
KOHTaKTaMH, BMassHHEIMM B KaNWUIAPHYIO TPYOKYy TepMoMeTpa. 3a-
MBIKaHKe WIK Pa3MbIKaHKE 3JIEKTPUYECKO# LienM1 MPOUCXOAUT BCIe-
CTBUE pPaCILUPEHUS WIHU CXATUS PTYTH NPU HarpeBaHUM WIIHU
OXJIaXIAEHUU HUXHER YacTh TepMOMeTpa.

TlpUuHUMD AEHCTBUS MAHOMETPUYECKHX TEPMOMETPOB OCHOBAH Ha
U3MEHEHUHU JaBJIeCHUs paboyero (TepMOMETPHUYECKOrO) BE1IECTBA B
3aMKHYTOlM repMeTHYHOI TepMocucteMe (puc. 21, 6), koTopasi co-
CTOMT M3 TepMOOaJIJIOHa 6, MOTPYXaeMOro B Cpeay, TeMIiepaTypa Ko-
TOPOi U3MEPSIETCSI, TMOKOro COeAMHUTESILHOTO Kanuuisipa 7 U MaHO-
MeTpUYeCcKOoii TpybyaToi npykuHH §. OJUH KOHell IIPYXUHEI BIasiH B
JepxaTesb 9, KaHaJl KOTOPOro COeAMHAET BHYTPEHHIOIO MOJIOCTh Mpy-
XXHHBI, TepMETH3UPOBaH U Yepe3 Tary 10, 3youatsiit cextop /1 U 1ec-
TepHIO 12 CBSI3aH ¢ NMOKAa3HBaOwIE cTpeskoi npubopa 13.

TepMocucTeMa TepMOMeTpa 3alnojiHEHa pabOYUM BElieCTBOM —
ra3oM, XHIKOCTbIO HJIK CMECHIO XXHIKOCTH C €€ HACHILIEHHBIM [1apOM.
Ilpyu HarpeBaHUM TEPMOOAJIOHA YBEJIMYMBAETCS AaBlIeHUE paboyero
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Puc. 21. TepmMoMerpbl pacmmpeHHna:

a — TEXHUYECKUN XUAKOCTHBIA CTEKNSAHHBIN;
6 — MOKa3bBAIOIIUIA MAHOMETPUYECKU I

BellleCTBa B 3aMKHYTOM O0ObeMe repMeTUYHOM TEPMOCHUCTEMBI, BCJIE-
CTBHE 4ero MnpyxuHa & nepopMupyeTcsi (paCKpyyuBaeTcsi) U e€ CBO-
OomHBIM KOHel nepeMeltaeTcs. JIBuXeHUe ¢cBOOOAHOIO KOHLA Mpy-
XUHBI nepefaToOYHBIMU MexaHusMamu 10, 11, 12 npeobpa3syeTcs B
riepeMellieHUe yKa3aTeJisi OTHOCUTEIbHO MIKaJIbl Ipubopa, o KoTo-
po¥i IIPOU3BOMASAT OTCYET TEMIIEPATYPHI.

ITpuHUU OeificTBUS TepMOMETpa CONMPOTHRAEHHS (pUC. 22) OCHOBaH
Ha 3aBUCHUMOCTH 3JIEKTPHUYECKOro COMpOTHUBJIEHUSI YyBCTBUTEIBHOIO
3JIeMeHTa OT TeMneparyphbl. UHyBCTBUTENbHBIM 3JIEMEHTOM I TEpPMO-
MeTpa CONpPOTHUBJEHHUS SIBISIETCS TOHKas MJaTHHOBAsE WJIW MeaHas
[IpOBOJIOKA, HAMOTaHHasl HAa KapKac, 3aKJII0YeHHBIH B 3alIMTHYIO ap-
Marypy 2. KoHupb! IPOBOJIOKH B KOJINa4yke 4 npuBapeHs! K BbIBOAAM,
KOTOpHIE COeIUHSAIOTCSA C KabeJieM s nepeaayu nokasaHuii. Hltyuep
3 CIYXUT JUIS MOHTaXa TepMoMeTpa. IlaTuHoBbIE TEpPMOMETPBI CO-
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Puc. 22. KoHcTpykuusi TepMoMeTpa CONpOTHRIIEHAA

npotuBieHus (TCII) ucnonp3yorca miasa usMmepeHuit or —200 go
+650 °C, menHbie TepMoMeTphl conpoTuBieHus (TCM) — mnsa u3me-
peHuit ot —50 go +180 °C. Haubonee GimaronpusaTHbIE WIS HalleXXHOK
PabOTHl 3TUX TEPMOMETPOB BepXHUE MpeieTbl H3MEPEHUS COCTABJISIOT:
600 °C mnsa TCII u 100 °C g TCM.

[Nepenaya uHpopMay OT TEPMOMETPOB CONPOTHUBJIEHUS OCYIIE-
CTBJIIETCS C IOMOIIBIO JIOTOMETPOB U MOCTOB, U3MEPSIIOIINX U3MEHE -
HUE 3JIEKTPUYECKOro CONPOTURIEHUSI TEPMOMETpA NPHU U3MEeHEHUU
TEMIIEPATypPHl KOHTPOJIUPYEeMO¥i cpelbl. JIoroMeTphbl CEerogHs no4Ty He
yIoOTpEONsAIOTCS B CBA3K ¢ IIMPOKUM PacipoOCTPaHEHUEM aBTOMAaTH-
YeCKMX SJIEKTPOHHBIX MOCTOB.

TlpyuHyMNIMaNbHAsA CXeMa YPaBHOBEUIEHHOrO0 MOCTA C BKJIIOYEH-
HBIM TEPMOMETPOM CONpPOTUBNEHUS R, u306paxeHa Ha puc. 23 (R,
¥ R; — pe3sucTophl ¢ NOCTOSTHHBIMU U3BECTHBIMY CONPOTHBIEHUSAMH,
R, — peoxopa, KOTOPHI ABISETCA PETYIUPYEMBIM ILIEYOM MOCTA).
ConpoTuBJEeHHE IBYX COCAUHUTENBHBIX JIUHUIA 2Ry npubasnsiercod K
COMNpOTHUBJIEHUIO TepMoMeTpa R,. K ogHOii U3 nuaroHanei mocra (BD)
MOJKJIIOYEH BHEUIHUIT UCTOYHUK MOCTOSIHHOrO TOKA, K U3MEPUTEJIb-
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Holt gmuaroHanu AC — 4yBCTBMTEJBHHI U3MEPUTEIBHHII NTPpUOOD
(Hynb-npubop HII). iusi paBHOBeCcUsi MOCTa HEOOXOAUMO, UYTO-
OBl MPOMU3BEAEHUS MapajeabHBIX IMJe4Y MOCTa OBJIK pPaBHHI,
T.e. R|(R, + 2Ry) = R, Ry, otcona R, = (R;/R))R, — 2Ry;. U3mensisa co-
NpOTUBJIEHUE R, NyTeM NepeMeleHUss ABUXKa peoxopnaa, Bceraa
MOXHO JOOMTBCS TAKOT'O COCTOSTHUSI CXEMH, IIPX KOTOPOM IIpH Ofnpe-
IEJIEHHOM COOTHOWIEHMH MEXIY CONMPOTUBIEHUSMM ILJIEY MOCTA IO-
TeHIIMaIbl Touek A u C, a cliefoBaTebHO, U TOK B HYJIb-Tipubope HIT
paBHH HYI0. Takoe coOCTOsIHHE OOBIYHO Ha3BIBalOT COCTOSIHUEM paB-
HOBECHS CXEMHI,

[Ipyn U3MEHEHUU COMPOTUBIIEHUS TepMOMeTpa R, HapyuiaeTcs
paBHOBecHe MocTa. I1oCcKOJIBKY MOCTOBAsI CXeMa IIPUXOAMUT B paBHOBE-
cUe NpU PaBEHCTBE MPOMU3BENEHUN CONMPOTUBIEHUN MIPOTUBOIOJIOX-
HBIX [U1€4, TO, ITepeMenias ABUXOK peoxopaa R,, MOXHO HaliTH 1oJio-
XX€HHE paBHOBECHUS CXEMBI 110 OTCYTCTBUIO OTKJIOHEHUS CTPEJIKK HYJIb-
npubopa. TakuM o6pa3om, Mo MOJOXEHHIO ABUXKA peoXopaa MOXHO
ONpeae/JMTh 3HaUEHHEe U3MEPSIEMOTO COMPOTUBIICHUS TEPMOMETPA,
a CJieIoBaTeJIbHO, U ero TeMieparypy.

OnucaHHBI BE1IE CIOCO0 U3MEPEHUS TeMIEPATypH NPUMEHSIOT
B J1aGOpaTOpPHBIX YCJIOBUSX. B MPOMBIILJIEHHHX YCJIOBUSX IUIST 3THX
LI€JICI UCIIOJIB3YIOT aBTOMATUYECKUE SJIEKTPOHHBIE MOCTHI TUa KCM-4
u gp. (puc. 24), B U3BMEpUTEJIBHYIO JUAaroHajlb KOTOPHIX BMECTO HYJIb-
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Puc. 24. IIpyHoHMnHaibHAA CXeMa aBTOMATHYECKOro 31eKTPOHHOIO
ypaBHosemenHoro Mocta Tuna KCM-4
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NpuOopa BKII0YAETCH JIEKTPOHHBINH (Da304YBCTBUTEbHBII YCUIUTEb
JY, a ABMXOK peoxopiaa u KapeTKa ¢ yKasarejieM U IiepoM rnepeMelia-
IOTCS. peBEPCUBHBIM 3jIeKTpoaBurarteneM PJll, TogKiaioYeHHBIM K Bbl-
xoay 3Toro ycunurens. Eciau reMneparypa cpenbl He MeHSETCs, TO CO-
NIPOTUBJICHME TEPMOMETpPA R, TaKkKe HE U3MEHSIETCS U MOCTOBAst M3Me-
PUTEIbHAS CXeMa HAXOIMTCS B PABHOBECHM, T. €. PA3HOCTb [TOTEHLIMAJIOB
Mexny Touykamu A u C paBHa HyIIO, CUTHaJ Ha DY He nocrynaer, ABU-
XOK peoxopfia R, HemoABHUXeH, CTpeJiKa TOKa3bIBaeT n3MepseMoe
3HauYeHUEe TEMIIEPATYPDI.

Ilpu n3aMeHeHUM TemIiepaTypbl U3MEHAETCS COIPOTUBJIEHUE TEP-
MoMeTpa R,. PaBHOBecre MOCTOBOU CXeMbl HapyliaeTcsi, M B IMaroHaIu
MocTta Mexny ToukaMu A U C nosipisieTcsi HaIpsiKeHUe HebanaHca,
aMIUIMTYaa U (pa3a KOTOPOro 3aBUCST OT BEJJUMYUHBI M HanpaBJIeHUSA
OTKJIOHEHUS TEMIIEPATYPHI OT NpeXHEro 3HayYeHUu sl TOUeK. DTO HaIpsi-
XeHUe YCUIIUBAETCA yCunuTejaeM JY 1o 3HayeHUsl, HEIOCTATOYHOro
IUisl TIpUBEAEHUS B IeiCTBUE peBepCUBHOTrO aABurartensi PJJ. BeixoaHoii
Bas1 PJ] KWHeTUYECKHU CBSI3aH C JIBLXXKOM PEOXOpAa M KApeTKOIi, mepe-
JIBUTaeT UX JO TEX IOp, MOKa HampspkeHUe HebalaHCa, YMeHbILasiCh,
He CTaHET paBHbIM HYMIO. IIpy mOCTUXEHUM U3MEePUTENBHBIM MOCTOM
COCTOSAHUS paBHOBecHst potop P/ ocraHaBnuMBaeTcsi, a JBUXOK peo-
XOpJa U KapeTka C yKasarejeM U IepoM 3aHMMAIOT MOJIOXEHHWE, COOT-
BETCTBYIOLleEe HOBOMY 3HAYEHUIO CONMPOTUBJIEHUSI TEPMOMETPA, T. €.
HOBOMY 3HAYEHUIO USMEPSIEMON TeMIlepaTyphl.

TepMoanexTpHueckue TepMoMeTpbl (TepMOIAphbl) MIPUMEHSIOT IS
H3MEpPEHUS OYEHDb BBICOKMX TEMIIEPATYD, M [TIO3TOMY B CXeMax aBTOMa-

TM3auu CBB OHM nmpakTHuecKu He UCTIONb3YIOTCS.

3.5. N3amepeHne KayeCcTBeHHbIX MapamMmeTpoB

NUTLEBbLIX U CTO4YHbLIX BOA
L § BOUL

SddekrBHOE ynpapieHUs: coBpeMeHHbIMU CBB HeBO3-
MOXHO 0e3 onepamBHoro KOHTpOJIH Ka4eCTBEHHbIX NMapaMeTpoOB MPU-

HOTpe6IdTeJ'IHM U pooca B BOJOEMBI.
B cucTeMax BomOCHaOXeHUS TaKVUMU ITapaMeTpaMU SIBJISIOTCSA MyT-
HOCTb, HpOSp&‘-IHOCTb I.IBCTHOCTb BO)II:I ee coneconepx(aH ue, pH KO-

collepXaHue pacTBOPEHHOTIO Kncnopona BJIAXXHOCTb OCaAKOB U Ap. L
ABTOMATUYECKOro KOHTPOJISI 3TUX ITApaMETPOB UCITONIb3YIOTCH ITPUOOPHI
KaK OOLIENPOMBIIIUIEHHOI0, TaK M CIIELIMAIBHOTO Ha3HAYEeH UA.

s OonpeaesieHus 3TUX NMapaMeTpoOB pa3/iMyaloT NpSIMOil U KOcC-
BEHHBLIH METObI.
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IIpsamoii MeTox OCHOBAH Ha HETMOCPEACTBEHHOM BBLIICICHUM KOJIUYeE-
cTBa X ornpezessieMOro KOMIOHEHTa (HanpuMep, XMMHYECKUM TyTeM) U
HaXOXIEHMH ero comepxaHus B obuieit npode BemecTBa A B BUIE OT-
HoweHUs1 Cy = X/A. OnHako npsiMble METOABL U3MEPEHUSA MaJIO MPU-
TOJHBI ISl TIOCTPOCHUS aBTOMATHYECKUX U3MEPHUTENBHBIX NPUOOPOB.
B nipakTHke aBTOMaTU3aLMK KOHTPOJIS YaIe BCErO0 MCMNOAB3YIOT KOC-
BEeHHbIE METOJIbl U3MEPEHMSI, OCHOBAHHKIE HA CYIIIECTBOBAHUM CTPOTO
onpeaeNeHHHX 3aBUCMMOCTEIl MEXIy COCTaBOM aHAJIM3UPYEMOTrO BE-
IIECTBA U ero PU3UKO-XMMHYECKMMHU CBOMCTBAMMU, KOTOPHIE MOIYT
OBITh HEMPEPHIBHO M aBTOMaTHYECKU H3MepeHbl. COOTBETCTBEHHO,
CYIIECTBYIOT PA3IMYHBIE CIIOCOOBI ONpeAcIEHUS COCTAaBa BEUIECTBA:
3JEKTPOXUMHUYECKHE, KOHAYKTOMETPUUECKHE, TEPMOXUMUUECKHE,
TEPMOMAarHUTHEIE, CIIEKTPaJIbHBIE, POTOKOJIOPUMETPUUECKHUE, XpPOMA-
Torpadudeckue, MacciieKTpOMETpPHUECKME, PEHTIeHOBCKHe M ap. U3-
MepUTeNbHble YCTPOUCTBA WIS aHAJIM3a COCTAaBa M CBOMCTB XMAKHUX
cpell Ha3bIBAIOT AHAIU3ATOPAMM XUIKOCTH.

MaccoBoii KOHUeHTpanMelH KOMNOHEeHTa HAa3bIBAETCS OTHOILEHHE
Macchbl KOMIIOHEHTA, cofepXauieicsi B BeuecTBe, K o0meMy oobeMy
BewecTBa. B MexnyHapoaHoii cucteMe enuHul CH 3a equHuy Mac-
COBO# KOHLEHTpaUUK NPUHATO YUCJIO KUJIOrpaMMOB KOMIIOHEHTA,
conepxarerocsi B 1 M3 xuakoit dassl, — kr/m>. Ha npakTike u3Mepe-
HUE KOHLEHTpPaLMKKU OCYHIECTBISIOT B rpaMMax Ha JuTp (r/i1) u Mui-
JIMrpaMMax Ha JIMTp (Mr/n). COOTHOLLEHHE MeX Iy STUMK eIMHULIAMHU
crenytomee: 1 xr/M> =1 r/n = 1073 Mr/n.

B CBB yame apyrux npuMeHs 10T aBTOMaTHYECKHE SJIEKTPOXUMU-~
YECKHE, AOHOMEPHBIE U KOHAYKTOMETPUYECKHE AHANU3ATOPBI XUl -
KOCTH.

TIpyHUKIT AECTBUSI HOHOMEPHBIX AHAJIH3ATOPOB XHAKOCTH OCHO-
BaH HAa U3MEPEHUU BJIEKTPOABIXKYILEHA CUJIBI 3JIEKTPOJAHON CUCTEMHI,
CEJIEKTUBHO (BBIOOPOYHO) 3aBUCAIIEN OT AKTUBHOCTH ONPEAECIEHHOTO
MOHAa. AKTUBHOCTb BOAOPOAHKIX HOHOB H' xapakrepu3syercs Bearum-
Hoil pH (nmo-pycckyl npou3HOCUTCs «M3-ail»). CuMBoJioM pH 0603Ha-
YyaeTcs B3ATHIH ¢ OOpaTHBIM 3HAKOM JECATUYHBIIM JlorapudM KOHLIEH-
TpaLUUU BOAOPOAHBIX HOHOB BOAHHKIX PACTBOPOB KMCJIOT, COJIEH U IIE-
nouyeii: pH = -lg [H*]). na HeitrpansHoit cpeabl pH = 7; npu pH < 7
cpena Oynet Kucioi, a ripu pH > 7 — mesnouHoii. ITpudopsl, UaMepsi-
1omue BeanduHy pH, naspiBarorcsi pH-mMerpamu.

HU3Mepenue BeanunHbl pH NpoM3BOAKUTCS C MOMOIIBIO 3JIEKTPO-
OHOM CHCTEMBI, MOrpyXaeMoii B KOHTPOJMPYEMYIO XUAKOCTh. Ilpu
norpyxeunn om{oro sneK'rpona B paCTBOp Mex,r[y snemponom " pac-

06’I>HCHHCTCH TEM, 4YTO INMPU HU3KMX KOHUCHTpPALUAX pacTBOpa METalll
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‘®JIEKTPOZla YaCTUUHO pacTBOPAETCA, T.€. B paCTBOP NEPEXOAAT NMOJIOXKH-
TeNLHO 3apsDKeHHBIE MOHBI METAJLJIa U pacTBOp 3apsiXaeTcs NMOJIOXKU-
TeNIbHO. Ha 3ekTpone nmpu 3TOM OCTalOTCS U3OBITOYHBIE 3JIEKTPOHBI,
‘M OH 3apsiKaeTcs OTPULIATENIEHO OTHOCUTEJILHO pacTBOpa. I1pH BBICOKMX
KOHLIEHT-paliMsIX pacTBOpa IOJIOXMUTEIbHbIE UOHBI BHIAEISAIOTCA Ha
BIEKTPOJIE, 3apsiKasi €ro MOJOXMUTENBHO MO OTHOUIEHUIO K pacTBOpY.

Pa3zMep Takoro sjeKTpOoHOrO MOTEHLMAIa 3aBUCUT OT MaTepUaia
3JIEKTpO/a, TEMITepaTyphl paCTBOpa U KOHLUEHTPALUU B HEM aKTUBHBIX
HOHOB, CITOCOOHBIX OOMeHMBATLCS ¢ KOHaMU 3eKTpojaa. [1ockoabKy
ONpeaeJuTh 3HaYEHHE 3TOIO MOTEHIMAIa HEMMOCPEACTBEHHO HE Mpe -
CTaBJISIeTCS BOBMOXHBIM, B paCTBOp ONYCKalOT €llle OJAWH JIEKTpO,
KOTOpBIif BHOCUT B LN CBOM 3JIEKTPONHBIH NMOTEHUHANI. TakuM 00-
pa3soM, U3MEpPSETCS JIMIB Pa3HOCTh MOTEHLMANIOB pa3jIMYHBIX ITap
3JIEKTPONOB.

- A3MepuTtenbHblii Npeobpa3oBaTesib HOHOMEPHOTO aHalIU3aToOpa
XKUIKOCTH COCTOMT U3 JABYX JIEKTPOAOB — U3MEPUTEILHOIO, IOTEH-
LIMaJT KOTOPOTO OTHOCUTENIBHO pacTBOpa 3aBUCUT OT KOHLIEHTpALUH
KOHTPOJUPYEMBIX HOHOB B pacTBOpE, KU BCIIOMOTaTEJIbHOIO, KOTOPbIii
NPaKTHYECKK He U3MEHSET CBOI MOTEHIIMAT OTHOCUTEJBHO pacTBOpa
NpH U3MEHEHUM KOHLEHTpALMK KOHOB B HEM. BcrioMoraTenbHbIi
BNEKTPO., IS MOBBILLIEHUS TOYHOCTH U3MEPEHHUIT OOBIYHO MOrpyXawT
BO BCIIOMOTaTEJIbHbII pacTBOp CTabMIILHOIO COCTaBa. -

DTANOHHBIM U3MEPUTEbHBIM 3JIEKTPOAOM sl onpeneneHuss pH
SIBJIAETCS BOJOPONHBIN 3JIEKTPOL, NMPENCTABIAIOMIUNA OO0 MTOKPHI-
TYI0 TUTIaTUHOBOIf YEPHBIO MJIATHHOBYIO TUIACTUHKY, KOTOpasi OMbIBa-
€TCs ra3000pa3HBIM BOAOPOAOM. Tak Kak NoJjb30BaThCHd 3JIEKTPOJAOM
W3 TUIaTUHBI B IIPOM3BOJCTBEHHBIX YCJIOBUSIX HEYIOOHO, TO B KAYeCTBE
M3MEPUTESIBHBIX 3JIEKTPONOB B CEpUITHBIX aHAJIM3aTOpax sl KOHT-
posisi BeMMYUH pH MCNONB3YIOT CTEKNSIHHBIH 3eKTpoa (puc. 25, a),
KOTOpBIii MpeacTaBisieT cOO0H TOJICTOCTEHHYIO CTEKISHHYIO TPYOKY 2
C IIPUBApEHHBIM Ha KOHLIE TOHKOCTEHHBIM ITOJIBIM LIApUKOM 1 U3 JIK-
THEBOTrO cTeKa. Tpybka U HIapMK 3aloJHEeHbl paCTBOPOM OpPOMUCTO-

BOAOPOHOI KUCIIOTEI. B 3TOT paCTBOp NMOMEEH KOHTAKTHBIH 3JIEKT-
poA 3, NpeAcCTaBIsIOIUI cO00# cepeOpsaHYI0 ITPOBONOKY, NOKPLITYIO
cjaoeM 6pomucroro cepedbpa. [Ipu morpyxxeHuu TaKOro 3J€KTpojaa B
KOHTPOJIMPYEMBII pacTBOP MEXIY IMMOBEPXHOCTHIO LIapUKa 3JIEKTPOAA U
PACTBOPOM ITPOUCXOAUT OOMEH HOHAMMU, B PE3YJIbTaTe KOTOPOTrO HOHBI
JIATUSA B MTOBEPXHOCTHAIX CJIOSAX CTEKJA 3aMenlaloTcd UOHAMU BOJO-
polla U CTEKJISHHBIM 3JIEKTpOoA MpUoOpeTaeT CBONCTBA BOJOPOLHOIO
BJIEKTPOA.

BcrioMoraTesibHBIH 3JIEKTPOJ, BHIITOJHEH B IIaCTMacCOBOM KOp-
nyce 5, B KOTOPOM HaXxOmMTcs cepeOpsiHblii KOHTAKT 4. [logocTh BO-

61|




6)

Unir Ui

= 10

A
AN
/

)
MY Y

AT U ACURR OO QNN
b?( |

(l\
il
NN

)

A

7.‘ .- "\:/Cv—\ - 8

<] > ) =

Puc. 25. U3MepuTenbHbie NpeoOpa3oBaTe/lH aHAIH3ATOPOB KH/IKOCTH:
a — VOHOMEPHBLIit; 6 — KOHIYKTOMETPUYECKHH

KpYr KOHTaKTa 3aMojiHeHa KpUCTATMYeCKUM XJIOpPUCTHIM cepebpoM.
XyopcepedpsaHbIi 371EKTPOJT BBEPHYT B COCYH 6 C PaCTBOPOM XJIOPUCTOTO
kanust KCl, koTopelit o TpyOKe 7, 3aKaH4YMBalOLIeiics MUKPOTIOPHUCTOI
MeperopoaKoit §, HenpepbIBHO MPOCAYMBAETCS B KOHTPOJIUPYEMYIO
cpeny. Uepes XJIOPUCTBIN KaIMii OCYIIECTBISETCS OeCOTeHLIMATbHBIA
KOHTAKT BCITIOMOTATEJBHOIO 3JIEKTPOJa C KOHTPOJAUPYEMOI CpENO.

BO3[I€i1CTBMS BLICOKMX TEMTIEPATYP NMPU U3MepeHHH pH ropsyux pac-
TBOPOB M TperoTBpaInaeT Tuddy3uio MOCTOPOHHUX MOHOB U3 KOHT-
posupyeMoii cpebl. TakuM 06pa3oM, B TaKOil 3JIEKTPOIHON CHCTEME
M3 BCEX CIaraeMBIX BBIXOTHOM pa3HOCTH TNMOTEHLMANOB OT KOHLEH-
TPaLMX aKTUBHBIX HOHOB BOIOPOAA B PaCTBOPE 3aBUCHUT TOJIBKO pas-
HOCTb MOTEHLIMAJIOB, BO3HMKAIOWIASA Ha IpaHMI1IE LIapuKka CTEKISHHOIrO
3JIEKT-pojia C KOHTPOJIUPYEeMOii cpenoil. U3MepeHMe pa3HOCTH NOTEH-
LIMAJIOB 3JIEKTPOIHON CHUCTEMBI TTPOU3BOIAT U3MEPUTENLHEM NTPU6O-
POM, BXOIAINMM B KOMITJIEKT aHaJM3aTopa.
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ITpyHUMTI AefiCTBHSI KOHAYKTOMETPHYECKMX AHAJIM3aTOPOB OCHOBAH
Ha M3MEHEHUM BJIEKTPONPOBOIHOCTH XUIAKOCTH OT KOHLEHTpaUuUHU
Y MIPUPOIILI COMEPXKAUIUXCS B pACTBOPE BELLIECTB, MPUYEM KOHLIEHTpA-
LMl paCTBOPEHHOrO BEUIECTBA JIOJI)KHA OBITh JIOCTATOYHO BBICOKOIA.
AHaJI3aTophkl 3TOro THMAa BhHIMYCKAIOT C 3JEKTPOJHBIMU U O€33JIEKT-
POIHBLIMHU TIpEOOPA30BATENSIMM, MPOTOYHBIMU U TIOTPYXHBIMU.
abOTy KOHIYKTOM |
TIpUMEPE YeThIPEXANEKTPOIHOro npeodpasonateiisi (puc. 235, 6). B HeM
UMEIOTCA JIBE Maphl 3JeKTpoaoB 9 1 10, ycTaHOBJIEHHBIX B Kopnyce 11
U3 3J1eKTPOU30asaLOoOHHOoro Marepuana. Ilpu noaome K kpaiHUM

aNlekTpolaM 9 HanpspkeHMs NuTaHus U, nepeMeHHOro Toka yepes
KOHTPOJIMPYEMBL pacTBOp noTeuyeT ToK. ITpu nocTossHHOI cuile 3Toro
Toka HanpspkeHue U, CHUMaeMoe CO CpellHUX 3J1€KTpOJIOB l'lpﬂMO

Cpellbl, saaucmuemy oT KonueHTpauun pacTBOPEHHOIO BellleCTBa U
TeMIIepaTyphbl pacTBopa. IlorpyXHbie JaTYUKHU LIEJIMKOM TTOTPyXaloTCs
B U3MEPSIEMYIO Cpelly.

Jnst u3MepeHuss MyTHOCTH O4YMl[aeMOil TTUThEBOH BOJBI LIMPOKO
TIpYMEHSETCS aBToMaTHdecKmii anam3aTtop Tuna AMC-VY, paborta xo-
TOPOTO OCHOBaHAa Ha KOMIMEHCAUMOHHOM TIpMHLUMIIE U3MepeHusa. Ha
3TOM X¢ NnpuHUUMNe pabotaeT MyTHoMep AOB-9 (puc. 26, a), B KOTO-
POM CBETOBO# MOTOK OT JIaMI1bl C MOMOUIbIO JIBYX OTITUYECKUX CUCTEM,
COCTOSILIMX W3 JIMH3 U NMPU3M, HAMpaBAsieTCs MO0 JBYM KaHajiaM COOT-
BETCTBEHHO B U3MEPUTEJILHYIO KIOBETY, YePE3 KOTOPYIO MPOTIyCKaeTCs
KOHTpOJIUpyeMasi BOZla, ¥ CPaBHUTEJIbHYIO KIOBETY, 3aTI0JIHEHHYIO 3Ta-
JIOHHOM CYCNEH3UEHM.

PaccessHHBIA B KIOBETaX CBET C MOMOLLBIO 3epKaJl HATIPABJISETCS Ha
doroanemeHT. CBETOBOII KOMMYTATOP MPOM3BOAUT NEPEKTIOYEHME CBE-
TOBBIX TIOTOKOB Yepe3 U3MEPUTENBHYIO M CPaBHUTEJIbHYIO KIOBETHI. [1pu
PaBEHCTBE CBETOBLIX IMOTOKOB, IMOCTYMNaloWMX Ha GHOTOIJIEMEHT IO
0001MM CBETOBLIM KaHajaM, B Leny (pOTO3JIEMEHTA T€UYET MOCTOSIHHBIA
ToK. IIpy pasHulle B BEJIMYMHE CPaBHUBAEMBIX ITOTOKOB B LIeTIM OTO-
3JIEMEHTA NOSBJIAETCA NyJbcUpylounit Tok. Obpasytouieecs Ha Harpy-
30YHOM COMPOTUBJIEHUM HATIpSKEHME, NMPONOPLIMOHAJIbHOE TTEPEMEH~
HOIl cocTaBlsiioNlei (hpoToIANNEMEHTA, NOAAETCSA HA BXOJ aBTOMAaTHYE-
CKOro MocTta. Ban peBepCUBHOrO IBUTraTesisi MOCTa MEXAH MYECKH CBSI3aH
¢ nuadparMoii, C MOMOLIbIO KOTOPOit U3MEHSIETCS BeJINYMHA CBETOBOIO
MOTOKA, NMPOXOASAILIEro Yepe3 U3MEPUTENLHYIO KioBeTy. 1o nojoxeHuio
BaJia JIBUratTelisl ¥ CBA3aHHONW C HUM yKa3aTeJIbHOM CTPEJIKM M LIKaiIe
U3MEPUTEILHOrO IpUbopa CyIsiT O BEJIMYMHE MYTHOCTH BOJIBI.

B ynpomennom MyTHOMepe (puc. 26, 6) UCNOJB3YIOTCSI HEKOMIIEH-
CallMOHHAs CXEMa U3MEPEHUS M OIWH ONTHYeCKUit kaHan. CeeToBOi
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Puc. 26. CxeMbl npuOopoB i onpeieeHHS MyTHOCTH BO/bI:
a — KOMMNEHCALUOHHBIA MYTHOMED; 6 — YNPOILIEHHBIA MyTHOMED;

1, 8, 16 — nuaMmepurenbHas U CpaBHHUTEJIbHAA KIOBeThl; 2, 19 — OTO3JIEMEHT,
3, 17 — ycunurenso, 4 — peoxopa; 5, 18 — BTOpU4HBIt pubop;
6 — peBepCUBHBIN IBUTaTeNb; 7 — auadparMa; 9 — npusMsel;, 10 — JUH3HI;
12 — ceetoBoit KOMMyTaTop; 13 — 3epkana; 14 — namna; 15 — nuH3a

MOTOK OT JIaMIThl, TUTaeMOi1 CTAOMJIU3UPOBAHHBIM HaMpsIKeHUEM, Ha-
NpaBsieTCsl ONMTUYECKOI CUCTEMOIT B KioBeTY. YacTb paccesiHHOro B
KIOBETE CBETOBOIO IMOTOKA MMOMNanaeT Ha GoTo3jieMeHT. POTOTOK YCH-
JUBACTCS YCWINTEIEM U HaTIPaBJISIeTCs B U3MEPUTEIIbHBIN TTPHOOD.
BaxHoe 3HayeHHe IS yIpaBJIeHUs 00e33apaXXuBaHUEM ITUThEBBIX
Y CTOYHBIX BOJl UMEET KOHTPOJIb 32 KOHLIEHTPaLMEH xJ10pa. ABTOMATH-
yeckuii anaausatop xjopa AITK-01M (puc. 27) coliepXUT 3JIeKTPO-XH-
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Puc. 27. Crpykryphas cxeMa aHaausaropa xjaopa AIIK-01M
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MUYECKUI nipeobpa3oBaTeib 2, 060pynoBaHHBIN 6J10KOM J103MpOBa-
HUS peareHTOB 3 U 06JIOKOM MpOOOMNOAroTOBKM I, COeIMHEHHBIMM Ye-

pe3 npeobpasopateiib 2 C HOPMUPYIOLIHUM Y3JIOM 23 4 6a1aHCOBLIM
nipeodpaszoBaTesieM 28, y3JlloM TepMOKOppeKLuU 24 1 6JI0KOM cora-
COBaHUSA 25, CHaGXeHHBIM UCTOYHUKOM MMUTAHUSA 26, U C pETUCTPUPY-
oumM npudopom 30. IIpeobpa3oBatesib 28 06pa3oBaH MOCTOBO#A Cxe-
MOt 29 U HyJIb-OpraHoMm 27.

IIpeo6pa3opartens 2 CHabXeEH KianaHoM &, Celo 9 KOToporo pas-
IenseT KaMephl nepeausa 7 U cMemuBadus /1. Kamepa 7 runpabiu-
YecKH CBsI3aHa CO CIMBHOM Kamepoit 12, 060pyn0BaHHONH MHXEKTO-
poM 14 ¢ ropjloBUHOM 13, YyBCTBUTEJILHBIM 3JIEMEHTOM 17 11 0OOBOIHOM
Tpyokoii 18. B xamepe 1] ycTaHOBJICH LITYLEp MOla4Y4 pearcHTOB, a B
Kamepe 12 — wtyuep cavpa 10. dneMeHT 17 0O6pa3oBaH KaTtonoM 719 u
aHomoM 16. bnox mo3upoBaHust 3 CHaOXeH eMKOCTSAMMU ISl peareHTOB
6, MUKposio3aTopaMu 5 U cMmecuteiieM 4. baok npobdornoarotosku 7
MMEET BXOOHOM pEryJsTOp HaBjcHUs 34 C MAHOMETPOM 33, OUIILTPOM
C MAHOMETPOM 32, peryasitopoM 20, CIMBHBIM 60YKOM 22 U peayKTo-
poM 21, obpa3oBaHHBIM NOCJEIOBATEJIBHO BKIIOYEHHBIMU BBIXOJI-
HBIMU peryasiTopaMiy aaBjieHus 31.

AHanu3upyeMasi Bofa MogaeTcsi HaCOCOM U3 OYUCTHOrO COOpyXKe-
HUS Yepe3 BXOMHOI peryasTop nasjicHUs 34, TIpy 3TOM 110 MAHOMETPY
33 ycTaHaBJUBAETCA TpebOyeMOE€ MaBJICHUE TOHAaBacMOil BOJHI.
B dunbrpe 32 ynansiorcsi B3BEUIEHHBIE BELIECTBA U HEPACTBOPUMBIE
TIPUMECH C TIEpUoINYECKOi CMEHOI (DUIbLTPYIOLLETO NaTpoHa. Pelyk-
TOpOM 21 cTabulu3upyeTcs IaBJeHUE BOIbI TIOCJE TIPOXOXICHUS
dubTpa 32, KoTopasi najiee yepe3 MHXEKTop /4 rmocTymnaet B KaMepy 11.
OnHoBpeMeHHO ¢ BOmO# B KaMepy 11 1oCTynaioT peareHTbl U3 CMECU-
Tens 4 6noka 3. Orciona 6obias yacTh BOIbl IPOXOIUT YepeE3 TPYOKY
18 K 4yBCTBUTEJILHOMY 3JIeMEHTY /7, a MeHbllIast YacTb — 4Yepe3 KJa-

naH 8 B KaMepbl 7 1 12. U3 KaMepbl 12 Boma MOCTymaeT B 6a4oK 32,
KOTODBbI CBSI3aH C peryasTopoM 20, 06eCreynBaloliuM CTabuibHOCTD
TUAPOIMHAMHUUYECKOTO pEXMMA B YCTPOMCTBE Y OTOOp TpoO 1151 XUMU-
4YeCcKoro aHaju3sa.

B uyBCTBUTEJILHOM 3JIEMEHTE 17 B pe3yJibTaTe 3JIEKTPOXUMUYEC-
CKMX peakKLuit BOZHUKAET BBIXOOHONW CUTHaJ, TPONOPLMOHAIbHbI
COIEPXKAHUIO XJIOpa B BoAe. BHIXOMHOM CUTHAJ Y3J10M 23 NTPUBOIUTCS
K HOpMUPOBAHHOMY 3HAYE€HUIO, KOPPEKTUPYETCS C YUETOM TEMIIEpa-
TYpbI BOZIbI Y3JI0M 24 1 TIpeoOpa3yetcst 6J10KoM 2.5, MOCTOBO#M CxeMoit 29
Y HyJ1b-OpraHom 27 1Jisl Nojiayy K perucTpupylounemy rnpuoopy.

dpyrum npubopoM s ornpenejeHUs KOHLUEHTpalUKU XJiopa Ha
OCHOBE ToJisiporpaduyecKoro MeToaa U3MepeHMsl SIBJISIETCS] aBTOMATH-
yeckuii ananu3zatop KOX-1, npuHLMN AeficTBUS KOTOPOro 3akijoya-
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@8TCA B U3MEPEHUHU CUIBI TOKA HA TOJSPU3OBAHHOM PTYTHOM 3JIEKT-
pone. Tox 01HO3HAYHO CBS3aH ¢ KOHLIEHTpaLMEH XJ10pa B aHANTU3UPYE-
Moi1 Bozie. B cooTBeTCcTBUM CO cxeMoii pubopa (puc. 28) Bola U3 KpaHa
gepe3 N03UPYIOLIUI cocyll (cTabuau3aTop pacxolla) TOCTYIAET C TOo-
OTOAHHOI CKOPOCTbIO B 3JIEKTPOIHYIO SIUCHKY, COCTOSILLIYIO U3 TpeX
JIEKTPOIOB: PTYTHOTO MOJIOXUTENBHOr0, OTPULIATEILHOTO, BHITIOJ -
HEHHOro M3 HEPXaBEIOUIEH cTalM, U BCTIOMOraTeJIbHOTO KaJIOMEJIb-
HOro, pacrnoyOXEHHOro B HEMTOCPEACTBEHHOM OJU30CTU OT PTYTHOTO
®neKkTpona. BecrioMoraTenbHbIi 3J1€KTPOMA CHAYXUT ISl TTONAEPXaHUS
MIOCTOSIHCTBA TIOTCHLMAA U3MEPUTENBHOrO anekTpoaa. s aTux xe
Kiesieit B cUCTeMe puUOdopa NIPUMEHSETCS 3JIEKTPOIHOE YCTPOHCTBO —
HOTeHLMOCTaT. Tak Kak B JaHHOM NpUboOpe HanpsKEeHUE TToJlaeTcs Ha
BIEKTPOIbI (UTO NMPUBOAMUT K Pa3IOXEHUIO aMUHOB), OH MOXET U3ME-
\ CHIDAINU IO BCCTO XJ10PDd DHACVTCTIBVH C1 0 B BOAC, C VHC
TOM CBsI3aHHOrO0 xJiopa 6€3 BBENEeHUS peareHTa.

B cucTeMax OYUCTKHM CTOYHBIX BOJ OMHUM K3 BAXHEHIIUX U3MeEpe-
HUi1 SBASIETCS onpeieIeHUE KOHUEHTPAUHH PacTBOPEHHOro KHCJIOpoAa
(KPK). [lns 370i% 1€ pa3paboTaHbl 1B BapHaHTa KHCJIOPOLOMEPOB —
K-115 u K-125, xotopbie 3aMeHUINA BHIITYCKaBIIMECS paHee MPUOOPHI
3I'-152-003 u AKBA-JI. Kuciaoponomep K-115 npenHasHaueH s
pa3oBbiX UaMepeHuil KPK B nabopaTOpHBIX YCIOBUSIX B OTOOpaHHBIX
npo6ax Boubl. st HerpepuiBHOro usmepeHuss KPK B aspoTeHkax
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Puc. 28. Cxema apToMaTHYeCKOro aHaausaropa xiopa KOX-1:

1 — BXoaHO¥ 6J710K; 2 — BTOPHYHBII MTpUGOP; 3 — BCIIOMOTaTeNbHbIi
3NIEKTPOL; 4 — KOPMyC 3MEKTPOAHOMN AYEHKH; 5, 6 — MONIOXKUTENbHBIN
PTYTHBIA U OTPULIATENBbHBIN KONBLEBOM 3J1€KTPOBI
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npuMeHsieTcs nnpuoop K-125, koTophlit COCTOUT U3 JaTYUKA U TIPE0O-
pa3oBaTeys ¢ YHUGPUUMPOBAHHBIM BBIXOAOM IJISl TOAKIIOYEHUS pE-
TUCTPUPYIOIIUX TIPUOOPOB U PETYIUPYIOILMX YCTPOUCTB. B OCHOBY
3TOTO TNMPUbOopa MNMojoxeH rnojsiporpaduuecKkuili MeTol U3MEPEHUS.
[Tonsipn3alLlMOHHOE HArpsiXeHUe CO31aeTCsl BHEIIHUM MCTOYHHKOM
TOKa.

Haruuk nonsgporpapudeckoro aHanusaropa KPK (puc. 29) srinoi-
HEH B BUAE JIEKTPOAHOM Mapbl, COCTOAIIEH U3 Katoaa / U3 JIMTOM Iuiac-
TUHBI chepUUYECKOit GOPMBI U aHOIA & B BUIE MOJOr0 CBUHLIOBOrO LIM-
JIMHAPA, TTIOrPYKEHHOI B XXUIKHUH 3JIEKTPOJIUT 7 M 3aKPHITOI MOJAMMED-
Hoii MeMOpaHo# 710. Katon 7 HaBMHYMBaeTCs Ha KOPITYC U3 OPrcTexiia
3, TIe C MOMOUIBIO Traiiky 2 Takxe Kpenurcss Membpana 10, a aHon &

KPETUTCS Ha UMJIMHAPUYECKOM CTEPXHE 9.
4 JlaTuyuk yCTaHaBJIMBAETCS B COCYyHE C T1O-
MOILBIO HIMda 5 WiK HETNOCPEACTBEHHO

”’% g’ MOTrpyXaeTcsl B BONY Ha CreUMaJbHOM KOH-

é Z cTpyKuMU. OH MOIKIIIOYAETCS K DJIEKTPOH-

/Z Z HOMY YCUJIIUTENIO KabesieM 4, TOKOOTBOASI -

A e MPOBOJIA K KOTOPOMY OT katona I u
\‘% R 11 pOBOX poMy i

aHoja & MoNBOASTCA IO KaHalaM 6.
Brauane npoucxoaut nuddysusa xkuc-

Jjopona U3 Boabl yepe3 MeMopany 10 x Ka-

Tony I, rie OH BOCCTAaHABIUBAETCS B PE3yJib-
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§, AN 6 TaTe BJICKTPOXMMUYECKOM peakiuu ¢ obpa-
NN
§‘ é‘§ 30BaHMeM ruapokcuna cBuHua. Ha Beixone
§; %E§ IaTYMKa TEHEPUPYETCS TOKOBHIA CHUTHaJ,
f 7 v o
%. v § 7 NUHEHHO 3aBUCAIIMIA OT CONEPXAHUS KHUC-
3 \§p j §§ J0pona B Bose. AHOI & CIYXUT s obecrie-
<\'3; A YEHMS MOTEHLIMAA KaTojna, HeOOXOAMMOro
¢ % 8 IUISl BIEKTPOBOCCTAHOBJIEHUS KUCIOpO.A,

)

a BJIEKTPOJUT 7 — JUIS1 OOECTIEYEHUSI CBSI3U
MeEXIY aHOIOM M KaTONOM.

9 KucioponoMeps! MO3BOMSIIOT TAKXKE pea-
JIN30BATh DJIEKTPOXUMHUUYECKHU 1 METONI OTpE-
neJIeHUs OMOXMMHUYECKOU MOTPEOHOCTH B
kuciopone (bITK) CTOYHBIX ¥ MpUPOAHBIX
Bon. Ha 6a3e rokasaHHOro Ha puc. 29 nar-

10 YMKa CO3NAHBI JJIEKTPOXUMHUUECKUE OIpeE-
Puc. 29. Jlarynk nemmtesy BITK, onuH u3 koroprix (3XO0-1)
AL USMEPEHUS TIPUMEHSIETCS TSl PA30BHIX aHAJIMU30B, IPY-
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PACTBOPEHHOTO x;:;omaa roit (9X0-2) — 119 HenpepsIBHOrO aBTO-
MAaTHUYECKOTO KOHTPOJIS.
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Puc. 30. CrpykrypHas
2 CXeMa aBTOMATHYECKOro
Hedenomerpa JIAH-1

IIpy o4YnCTKE CTOYHBIX BOJ KAa4yeCTBO pabOTHI a3POTEHKOB U BTO-
PHUUHDBIX OTCTOIHUKOB XapaKTepU3yeT KOHLIEHTpaLys aKTUBHOIO Wia.
BroT BaxHblii mapaMeTp U3MEPSIETCA C MOMOLILIO aBTOMATUYECKOTO
Hedenomerpa JJAH-1 (puc. 30), KoTophlit MOXET OMHOBPEMEHHO KOH-
TPOJIMPOBATh paboTy MO LIECTH OYUCTHBIX coopyxeHuit. TIpubop co-
CTOUT: U3 MEXAHU3MA TNEPEMELLIEHUS 2, CIyXalLIero sl nepenBy-xe-
HUs 1aTYUKa OTNTTUYECKOI MIOTHOCTHA 1 OT OMHOM KIOBETHI K IPYroit
ans npoxauuBaHus HacocaMy H1—H6 xunkoct yepes kioBeTsl K1-—
K6; perucTpupyiouiero MHOroTo4€4HOro noTeHUMoMeTpa 6 THUIa
KCII, npenHasHaueHHOro A 3aruMcy NoxKaszaHWii Ha ayarpaMMHOM
JIEHTE M 17151 CUHXPOHM3ALMK pabOThl NMepEMEUIEHUS 1aTYUKa OTNTUYE-
CKOii TUIOTHOCTH; INEKTPOHHON CTOMKM C U3MEPUTENIEM ONTUUYECKOM
TUIOTHOCTU 4 1 UCTOYHUKOM TNUTAHUSA 5, TIpeoOpasyloleii 31EeKTpU-
YecKue CUIrHalibl, MocTynamoue ot gatuiuka I, U obecneumpaiouieit
YIIpaBjieHUE MEXAHU3MOM TMEPEMEUIEHUS 2 NOCPENCTBOM CUHXPOHU-
3UpYIOLLErO YCTPOICTBA 3.




lnasa 4. ABTOMATUYECKOE PEIrvJIMPOBAHMUE
TEXHOJIOTMYECKUX NPOLIECCOB

1.1. OCHOBHbIEe CBOMCTBa 00BbEKTOB
perynuposaHus

O6BeKT peryaupoBaHus SIBISETCS 3JEMEHTOM aBTOMAaTH-
yeckoit cuctemnbl peryaupoaHusi (ACP), u cBoiicTBa Bceil CUCTEMBI
BO MHOIOM OIPEICISIOTCS CBOWCTBAaMU 00bekTa. M3yueHue cBOiCTB
0OBEKTOB PETYJIMPOBaHMS — BAXHBIA U YaCTO OCHOBHOM 3Tan pa3pa-
60Tk ACP. O6BbeKT peryJiMpoBaHUs B OTJIMYUE OT OCTAJbHBIX 3Je-
meHTOB ACP siBisieTcsl 3apaHee 3alaHHbIM 3JIEMEHTOM, CBOMCTBA KO-
TOPOro ONPEHEISIOTCS €ro 3HaYeHUEM B TEXHOJIOTMYECKOM TPOLIECCE.
ITosatomy co3nanue ACP cBoauTrcs K moadopy OCTaJbHBIX 3JIEMEHTOB
C TAKMMU CBOMCTBAMM, YTOOBI CBOICTBA BCEH CUCTEMBI 00ECTICYBAJIH
TpeOyEMYI0 TOYHOCTh CTAOMIM3ALMY PErYIMPYEMOrO Mapamerpa, 4To
HEBO3MOXHO celiaTh 6€3 3HaHUS CBOICTB OOBEKTA.

Teopus peryiupoBaHusi pacCMaTpUBacT OOBEKT KaK YCTpOHCTBO,
rpeo6pasyloniee Mo ornpeAcICHHOMY 3aKOHY CBOUM BXOIHbIE CUTHAJIBI B
BbIXOIHbIE. COCTOSIHME OOBEKTA B KaXXIbIii MOMEHT BPEMEHU OTpENEIIA-
€TCSl €ro BbIXOAHBIMU CUTHaJaM# (pEryJupyeMbiMU MapaMeTpaMu),
3aBHCUMOCTb KOTOPbIX OT BXOIHBIX (T.€. XapaKTep Npeodpa3oBaHUs
CUTHAJIOB) ¥ OOYCJIOBIMBAET CBOMCTBa 00beKTa. Jipyrue cBoiicTBa, Xa-
pakTEePU3YIOLIUE UX PUINYECKYIO TIPUPONY, KOHCTPYKLIMIO, YCIOBUS
3KCIUTyaTallMy, HAXOASIIIYIOCSI B HUX CpeAyY M T.I1., KaK yKa3blBaJIOCh,
HECYIIIECTBEHHBI IS MPOLIECCOB peryanpoBaHusi. [1oaromy yacTo caMbiM
pPa3TNYHbIM 1O CBOEH Npupone oOreKTaM TNMPUCYIIY OAMHAKOBbIE 3aBHU-
CUMOCTH BBIXOJHbIX CUTHAJIOB OT BXOOHbIX.

Kak 6b110 rokasaHo paHee, npy ynpasieHu CBB ux pa3ousalor
Ha 3JIEMEHTApHbIE OOBEKTHI PETrYJIUPOBAHUA — KaK TMPaBUJIO, C OIHUM
pEryJIMpyeMbIM Y OIHUM DPETYIUPYIOIIMM MapaMeTpoM. YTpaBieHHUeE
TaKUMU 00BEKTaAM U OCYLUECTBIIIETCS OMHOKOHTYpHbBIMU ACP. [1oaTomy
31ech OyIyT pacCMaTpUBaTbCsl CBOMCTBA TOJIBKO OOBEKTOB PeryJIupo-
BaHMS C ONHUM BBIXOZHBLIM CUTHAJIOM.

IIpuHSATO pa3anyaTh CTaTUYECKUE U AMHAMUYECKHUE CBOHCTBA 00B-
€KTOB peryiupoBaHus. CTaTHdecKHe CBOiicTBa 0OBEKTa — 3TO €ro
CBOMCTBAa B YCTAHOBMBILEMCS COCTOSIHUY (B CTaTHUKE), T. €. IIPU HEU3-
MEHSIOILIMXCS BXOIHOM U BBIXOIHOM CHUTHajax. 3aBUCMMOCTb YCTaHO-
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MKOCTHA I C IPUTOKOM U MOTPEOICHUEM XUIKOCTHU, BHIXOAHBIM CUT-
aJloM KOTOpOH ABJSIETCH YpoBeHBb (puc. 31, a). Ha nuHuu norped-
€HUsl YCTaHOBJIEH KJianaH 2 ¢ MOCTOSIHHBIM MPOXOJIHBIM CEYEHUEM,
MOCJie KJjianaHa MPOUCXOIUT CBOOOIHEBIH CAUB XUIKOCTU. B 3TOM
yyae pacXol Ha MOTPEONCHUU L YXKE He SIBASCTCH BXOIHBIM CUrHa-
JIOM OOBEKTAa, TAK KaK OH HE MOXET U3MEHATHCS TIPOU3BOJIBHO, 4 3a-
iaucm OT YPOBHS B EMKOCTH X, T.€. OT BBIXOAHOro curHana. U3 runu-
}PBBHPIKPI U3BECTHO, YTO 3Ta 3aBUCMMOCTb UMEET BUJ

’ v = ky/x, (4.1)

?’1'116 k — xoapduuMeHT, 3aBUCALLINI OT NMPONYCKHOW CITOCOOHOCTH
KJarnaHa.

t B xayecTBe npuMepa paCCMOTPUM CTATUUYCCKYIO XdPAKTCPUCTUKY

T TR

Taxum 06pa3oM, B JaHHOM NPUMEPE OOBEKT UMEET OIMH BXOIHOIA
JCUrHaj — pacxoll Ha NMPUTOKE U, U ONUH BBIXOIHONW — YPOBEHb B €M-
gKocTu x (puc. 31, 6). B cCOCTOSIHUN paBHOBECUSI OOBEKTA MMPUTOK U
',,n0Tpe6neHue JIOJXKHBL OBITH ONIMHAKOBEL U TIOCTOSIHHBI. CrenoBa-
TeJ1bHO, 3aMeHss B popMyiie (4.1) L Ha u ¥ pentast 3TO YpaBHEHUE OT-
'HOCUTEJNILHO X, TOJyYUM 3aBUCMMOCTDb YCTAHOBUBIIETOCH 3HAUYEHUSA
sYPOBHA X OT NMOCTOSAHHOrO pacxolla Ha TPUTOKE u, T.€. CTATUYECKYIO
' XBPAaKTEPUCTUKY OOBEKTA!

v x = u/k*. (4.2)

v
t

~=

DTa cTaTMyeCcKas XapakTepUCTHKA NpUBeaeHa Ha puc. 31, 6.

Kak oTMeuanocn, B peaIbHbIX YCJIOBUSIX JIIOOO0 OOBEKT perynpo-
BaHUs TOIBEPXEH BO3AEHCTBUIO ClydaifHBIX BOMYILIEHUN U TTOSTOMY
Bcerna HaXOAUTCS B HEYCTAHOBUBIIEMCS COCTOSTHUU. Clea0BaTelbHO,

!

a) 6)
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Puc. 31. EMKocTh Kak 00beKT peryiMpoBaHus:
a — CXeMa; 6 — CTPYKTYPHasi CXxeMa; 8 — CTaTHYECKASt XapaKTEPUCTUKA;
I — eMKocTb; 2 — xJianaH
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CTAaTUYECKASA XapaKTEPUCTUKA OOBEKTA PETYIUPOBAHUSA HE MOXET MOJ1-
HOCTbIO XapaKTEpU30BaTh €ro NMOBEAECHUE B peaNbHLIX yeaoBUsX. C 1o-
MOILI IO 3TOW XapaKTEPUCTUKHU MOXHO ONIPENEAUTL UL B CTATUYECKYIO
ouinoky ACP. TloBeneHue xe 06beKTa B HEyCTAaHOBUBILEMCSI COCTO-
SHUM (B IMHAMUKE) 3aBUCHUT OT €T0 AHHAMHYECKHX CBOICTB.
JAvHaMuyeckye cBOMCTBA OOBEKTA NPOSABISIIOTCS TOJLKO MpPU U3-
MEHEHUM €T0 BXOAHBIX CUTHANOB. IIpu 5TOM U BBHIXOMHOH cUrHan Oy-
JIET U3MEHSTHLCS BO BpeMeHM. IIpuyeM B 3aBUCUMOCTU OT XapakTepa
U3MEHEHUS BXOIHBIX CUTHAJIOB BBLIXOAHOM CUTHAN OJHOTO U TOTO X€
00BbEKTA MOXET U3MEHSITLCS MO-pa3HoMYy. IloaTomy mns xapakrepuc-
TUKU TUHAMUYECKUX CBOMCTB OOBEKTA HENB3SI NMOCTPOUTHL 3aBUCHU-
MOCTb BBIXOJJHOTO TapaMeTpa OT BXOAHOTO, AaHAJIOTUYHYIO CTATUYECKOMN
XapaKTEpUCTUKE. [INs1 BHISIBAEHUSI TMHAMUYECKUX CBOMCTB OOBLEKTA
HEOOXOMUMO Y3HATH €r0 pEAKIIMIO HA KaKO-N1U00 ONnpeneneHHbIN BUI
BXOIOHOTO Bo3necTBuss. UToObB MOXHO OLINIO CpaBHUBATL JUHAMUYE-
CKHE CBOMCTBA PA3JIUYHLIX OOBLEKTOB, MPUMEHSIOT ONUHAKOBLIE CTaH-
JAapTU30BAHHBIE BXOIHHIE BO3neicTBUSI. Hanbonee pacrpocTpaHEHb!
CJENYIOLIME NBA BUIA CTAHIAPTHLIX BO3NEHCTBUH:
® CKAyKoOOpa3HHIE, KOTA BXOOHOM CUTHaJ U3MEHSIIOT MTHOBEHHO,
CKAYKOM Ha ONpENENECHHYIO BEJIUYUHY, a 3aTEM MOANEPXUBAIOT
MOCTOSIHHBLIM (puc. 32, a);
® MMIIYJbCHBIE, KOTIa BXOIHOI CUTHaN U3MEHSIOT Ha OYEHL 0O0Jb-
YO BEJIUYUHY B TEYEHHUE OYEHDL KOPOTKOTO MPOMEXYTKA BpE-
MEHH, a 3aTEM BO3BPAILAIOT K NMPEXHEMY 3HAUYECHUIO; Takasi popma
BO3NIECTBUSI UMEET BUJL l/IMl'IYJ]bCa (puc 32 6)

B COCTOSIHUH paBHOBeCHH T.€. €TO onnHou U BbIXOJlHOM CUTHaN I
IOJIKHBI OBLITL MTOCTOSIHHBIMU BO BPEMEHU. 3aBUCUMOCTbL BHIXOIHOTO
CUrHajsia o6beKra BO BpEMEHM HaUMHAsI C MOMEHTA MOJayy CTaHAapT-
HOTO BO3ACHACTBUS HA3LIBAETCS AMHAMHYECKOH X2apPaKTEepUCTHKON WU
nepexoHbIM npoueccoM. I'padhvKy TUNMUYHBIX TIEPEXOMHBIX MPOLIECCOB X ()

a) 0 6) VA

0 0

~Y

t

Puc. 32, Tpatdhukd CTanIapTHEIX BO3MYILCHHH:

a — CKaykooOpa3Hoe BO3AEHCTBHE; 6 — MMITYNbCHOE BO31EHCTBUE
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Puc. 33. Tunnunbie nepexojunbie npouecchl B 00beKTaX peryJiHpoBaHus
NpH CKAYK00Opa3HOM BXOAHOM BO3/IeHCTBHH:

a — U3MeHeHHe BXOJIHOIO CUTHaja; 6—3 — U3MeHeH sl BhIXOAHOIO CUTHaNa;
6, 6 — NHEPLUMOHHBIX; 2 — Oe3bIHEPLUOHHOIO; d — KoJie6aTeibHOTO;

¢ — ODBEKTa C 3ana3IbiBaHVEM; JiC — HEYCTONUMBOTO; 3 — HEWTPAJIBHOIO
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B MPOMBILIJIEHHBIX OOBEKTAX PETYIUPOBAHUSA MPU CKAYKOOOPA3ZHOM
BXOJHOM BO3IECICTBUM TPUBENECHbI HA pUc. 33, roe yepe3 x 060-
3HAYEH BBLIXOMHOM CUTHAJI, a YEPE3 f — BPEMHI.

PaccMoTpuM nns mpuMepa mepexomHblii Mpolecc B €EMKOCTHU
C TIPUTOKOM U MOTpeOGAeHUEM XUIKoCTH (CM. puc. 31). o nogauu
CTAHZAPTHOTO BO3NEMCTBUSA IO pacXony Ha NMPUTOKE OOBLEKT HAXOMUTCA
B COCTOSIHUM PABHOBECUS: MPUTOK U TMOTPEONEHUE ONUHAKOBH. YBE-
JIMYUM pacxop Ha NMpUTOKE u cKaykoM (puc. 33, a). Torna B eMKOCTH
HAYHETCH HAKOTUIEHWE XMUAKOCTU U YPOBEHb X B HEil OyneT Bo3pac-
TaTb. CKOPOCTL pOCTA YPOBHS, OYEBHUIHO, 3aBUCUT OT Pa3HOCTH pac-
XONOB HA MPUTOKE U MOTPEOJEHUU V — ¥, U OHA TEM OOJIbLIE, YEM
OoJblle 3Ta pa3HOCTb. C gpyroi CTOPOHLI, C POCTOM YPOBHSI B €M-
KOCTH Cpa3y XE€ HAYHETCH M YBEJIMYEHUE pacxoma v 4Epe3 KiarnaH B
COOTBETCTBUM C popMynoii (4.1). CnenoBaTtebHO, pa3HOCTb PacXoloB
Ha NMPUTOKE U MOTPEOJIECHUM OYIET YMEHLIUIATLCSA, 2 pOCT YpOBHSA — 3a-
MEIIATLCS. YBEIUYEHHUE YPOBHSA MPEKPATUTCA, KOTrna NnorpediaeHue
CHOBA CpPaBHSETCS C IPUTOKOM U TEM CaMbiM OYyIET OCTUTHYTO HOBOE
COCTOSIHUE paBHOBECUS. OMUCaHHBII NTEPEXOMHBII Iporiecc x(f) rnoka-
3aH Ha puc. 33, 6.

Ecau 06beKT perynupoBaHUS UMEET HECKOJBKO BXOIHBIX CUTHA-
JIOB (perynnpyroumu U Boamymalomne napamerpbl) TO nepexomible

BXOIHOMY CUTHaJy MOTYT ObITh HEONMHAKOBLIMU., B 3TOM Cciyyae pa3-
JUYAIOT BO3NECHCTBUSA, TIONAHHBIE 110 KaHAJy PErYAIUPOBaAHUS (U3MEHSI -
€TCS PETYIUPYIOINMIA TTapaMeTp) WU 110 KaHaJly BO3MYILEHUS (U3Me-
HAETCA BO3MYlHawmouuMii napamerp). Hanbonee HTEpECEH nepexon-
HbIM MIPONECC B OOBEKTE MO KAHAIY PETYIUPOBAHUS, TaK KaK UMEHHO
yepe3 ITOT KaHaJ OCYIECTBsAeTCS npsiMast ¢Bsisb B ACP.

IIpy u3ydyeHUU mepeXomHbiX MPOLECCOB HEOOXONMMO NMPUHUMATD
BO BHUMAHUE, YTO BCETIA CYLIECTBYIOT pEaJbHBIC BO3MYIIIAKOILHUE BO3-
INEMCTBUS, BHI3bIBAIOILIME CHyYalHbLIE KOJCOAHUS BBIXOOHOTO CUTHaJa
061>eKTa YT0oOH quKo BbLISIBUTD nepexomlbm rporecc Ha GoHe cny-

TE€JbHO 00Ji1€€ CUNBHBIMU, YEM CNYJAaHBLIE BO3NEMCTBUSA HA 06'beKT.
MMEeHHO 1o 3TOM NMpPUUYMHE CTAHAAPTHLIE BO3NECUCTBUSA UMEIOT BUI
cKauka UJaU UMIyjabCa, T.€. MTHOBEHHO U HauboJiee pe3KO U3MEHS-
“TOTCST BXOOHBIE CHUTHaJIGl. BETAIWHY CKa9KO0Opa3HOTO WIIW WUMITYJIEC- |
HOTO BO3NENCTBUS BbIOMPAIOT TaKOM, YTOOLI, C OMHOI CTOPOHLI, TONY-
YUTb 3aMETHLIN NEPEXONHLINA MPONIECC, a C JpYroil — HE NONMYCTUTL
BO3HUKHOBEHUS aBapuiiHOro pexuma pabotsol. IlepexonHbie mnpo-
LIECCHI SABASIIOTCSA YHUBEPCAJNLHBIM CPEACTBOM U3YYEHUS] TUHAMUYE-
CKMX CBOICTB 00BEKTOB. UTOOLI MOHSATH, KaK B MEPEXOIHOM ITPOLIECCE
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JPOSIBIIAIOTCA TUHAMUYECKHUE CBOICTBA OOBEKTA U KaK UX MOXHO YyCTa-
OBUTL MO BUIY MpOLIECCA, pACCMOTPUM TUNMUYHLIE TUHAMUYECKUE
BOI1CTBA OOBLEKTOB U COOTBETCTBYIOIIUE UM TMEPEXOIHBIE MPOIIECCHI.
ITouTH Bce 0OBEKTHI peryJIMpoBaHUs 00anal0T HHepIHei, KoTopasi
OSIBJISIETCSA B TOM, YTO NIPU MTHOBEHHOM U3MEHEHUU BXOIHOTO CUT-
8J1a BLIXONHOW CUTHAJI U3MEHSIETCS HE MTHOBEHHO, a MOCTENEHHO.
3MEHEHUE BLIXOMHOTO CUTHAJIA MPOAOIXACTCA U MOCTE NpeKpallieHUs
BXOZIHOTO BO3NEMCTBYUSA, T.€. KOTa BXONHOM CUTHAT YX€E HE U3MEHSIETCA.
Taxoe siBneHUe Ha3bIBaeTCs mociefeiicTBHeM. [TpMEpPDI MEPEXOIHBIX
NMpOLIECCOB /IS UHEPLIMOHHBIX OOHLEKTOB MOKa3aHbL Ha pUc. 33, 6, s.
. HMHepumsa npucyma o6beKTaM ¥ NMpOTEKAOMMM B HUX NporeccaM
caMoii pasnuyHoil npuponsl. HanpuMep, nocTeneHHOE U3MEHEHUE
YPOBHS B EMKOCTH TOCJIE CKAYKOOOPA3HOTO WM UMIYJILCHOTO U3MEHE-
HUSA NTPUTOKA XUIKOCTU — TPOSBJIEHUE TUAPOAUHAMUYECKON UHED-

KUY, Y HEKOTOPBHIX OOBEKTOB MHEPLIUSA MOXET ObLITH MPEHEOPEXUMO
* MaJIOi B CPAaBHEHUU C OCTAILHLIMU 31IeMeHTaMU ACP 1 He oKa3biBaeT
{ 3aMeTHOTO BNIMSIHUS Ha npolecc perynuposaHus. Takue 0GbEKTHl Ha-
: SHIBAIOT Ge3bIHEPUMOHHBIMA. B M IbHOM G€3bIHEPLIMOHHOM OOBEKTE
\BBIXOIHOM CUTHAJ U3MEHSIETCA CUHXPOHHO C BXOAHLIM 0€3 BCAKOTO
‘[IocneneicTBUsI, KaKk nmokKka3saHo Ha puc. 33, e. MHepuusa peanbHbIX
' 00bEKTOB pEryIMpOBaHUS BbI3BaHA HAIMYMEM B HUX 3araca BEIIECTBa
v 3Hepruu. UeM Oonsbllie 3TOT 3amac, TEM CUJLHEE MPOSBASAETCS
- yHepuus obwvekra. Tak, UHEPUUS €MKOCTH O6YyCNOBlEHA 3aacoM
' XKUIKOCTU B Heil. CriocoGHOCTL 00EKTA HAKAMIUBATh BEIIECTBO MU
- ®HEPTUIO HA3bIBAETCS €eMKOCTBIO U SIBJISIETCA KOJUYECTBEHHON MEpOU
., ’Hepuuu. [1py nepexonHbIX Mporeccax B UHEPLIMOHHBIX OOBEKTaX 3arac

BEIECTBA UM BHEPTUU B HUX MOXET U3MEHATHLCA KAK MOHOTOHHO

(TONILKO YBENTVUYMBATHCA WJIW TOJBKO YMEHLIIATLCA ), TAK U KOJNEOATENLHO.
- Hanpumep, rpys, nonselieHH bl Ha TPYyXHUHE, ITPYU OTKIOHEHUHU €r0 OT

MONOXEHUSI PABHOBECUSI HAUMHAET KojiebaTees. Takoi e KonebaTeb-
" HBIil XapakTep MMEET BEIMYMHA TOKA B DNEKTPUUECKOM KOJeOaTENHHOM

BBIXOIHLIX CUTHAIOB OOBEKTOB — MOJOXEHUSA Tpy3a U TOKA B DNEKT-
- puyeckoM KoHType. OObEKThI, 00N1aMalouIMEe TAKUM CBOMCTBOM, HA3bI-
BaIOTCS KojiebaTeabHbIMU. B OTIMYMe OT HUX OOBEKTHI ¢ MOHOTOHHBLIM
U3MEHEHUEM BLIXONHBLIX CUTHANOB HA3LIBAIOTCS amepHOAHYEeCKUMH
. (HekonebaTenbHbIMU). IIpUMEpPLI NEPEXONHBIX MPOLIECCOB B alepUo-
AUYECKUX OOBEKTAX PETryIUpOBAHUSA NMPUBENEHBI HAa puc. 33, 6, s,
B KOJ€0aTENLHOM 00BEKTE — Ha puc. 33, 0.

Ewme onHUM BaXHBIM CBOWCTBOM pEa/IbHBIX OOBEKTOB SIBNSIETCS
3ana3asiBaHuEe. OHO MpPOSABASIETCA B TOM, YTO pE€aKIMsA OOBEKTA HA
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BXOJHOE BO3NEHCTBUE, T.€. UBMEHEHUE eT0 BLIXOOHOTO CUTHaja, 3a-
na3gbiBaeT MO OTHOLIEHUIO K U3MEHEHUIO BXONHOro curHana. Ilepe-
XOIHBIHA MPOLECC C 3ana3abiBaHUEM IOKa3aH Ha puc. 33, e.

Mbl paccMaTpUBAIM OOBEKTHI PETYIUPOBAHUS, B KOTOPLIX Nepe-
XOJHbIE€ MPOLECCH] 3aKaHYUBAKOTCH YCTAHOBUBILIUMCS 3Ha4YE HUEM BbI-
XOIHOTO CUTHana (MyHKTUPHAs TUHUS Ha puUC. 33, 6—e). Takue 00hb-
eKThl Non BIUSAHUEM BXOIHOrO BO3NENCTBUSA MepPeEXONsiT U3 OQHOrO
COCTOSIHUSI paBHOBECUS B Apyroe (OTCioga M Ha3BaHMUE mporecca —
NMepexonHblit). ITU OOBEKTHI PETYIUPOBAHUS MONYYUIU HA3BaHUE yC-
TOHYMBBIX. BCe pacCMOTpeHHLbIE Bbillie NMepPpeXOoaHble MPOLECCH MPHU-
CYILIM YCTOMYUBLIM OOBLEKTAM.

YcroiuuBLIe OOBEKTH PETYIUPOBAaHUS 001a0al0T OMHUM OOLIUM
CBOCTBOM — CAMOBBIPAaBHMBAHMEM, T.€. CITOCOOHOCTLIO MEPEXONUThL U3
OIHOTO YCTAHOBUBILETOCSl COCTOSIHUSL B IPYroe no OKOHYaHUMU fepe-
XOIHOTrO NMpoIecca Mpu CKaykoo0pa3HOM BXOJHOM BO3NeiCTBUU. YUem

MEHbllIe UBMEHSIETCS BLIXOOHOW CUTHAJ B MEPEXOAHOM MPOLIECCE NMPU
OIHOM U TOM X€ CKa4YK00Opa3HOM BXOIHOM BO31e UICTBUH, TeM OOblIIe
cTerneHb CaMOBLIpaBHUBAHUS 00beKkTa. CylIeCTBYIOT yCTOHYHBLIE O0h-
eKThl C O4eHb O0AbIIMM CaMOBLIpaBHUBaHUEM, KOTIAa BHIXOOHOM CUT-
HaJI MOCJe TepexoaHoro rnpomecca rnoyTyu He OTAIUYAEeTCs1 OT ero Ha-
yaJbHOro 3HayeHUs. I'padUK cTaTUUECKOM XapaKTePUCTUKHU TaKUX
0O0BEKTOB PaCIiONOXeH MOYTH TOPU3OHTAIILHO, T. €. B YCTAHOBUBLIEMCS
COCTOSIHUM BBIXOIHOM CUTHaN O4YeHb cnrabo 3aBUCUT OT BXOJHOTO.
B CBB uMewTcsi 00beKTH U C 04eHb MaJILIM CaMOBbLIpaBHUBaHUEM,
KOrjga Majeiiiee U3MEeHEHUEe BXOQHOrO CUrHajia 3HaYMTeJIbHO U3ME-
HSIET BLIXOIHOM.

YcToiiunBoCTh — WIMPOKO pacrpocTtpaHeHHoe B CBB, HO He 0611-
3aTeJlbHOe CBOMCTBO OOBEKTOB: CYLIECTBYIOT U HEYCTOHYMBBIE 00BEKTDI
peryaupoBaHUs. Y TakUX OOLEKTOB COCTOSIHUE paBHOBECHS CYILE-
CTBYET, HO OHO HEYyCTOMYUBO, MO3TOMY JI0O0E CKONb YTOOHO Majoe
BO31EeMCTBUE BHIBOIUT HEYCTOMUYUBLIHA OOBEKT U3 COCTOSIHUS paBHOBE -
CUSl, U C TEeYHEeHUEM BPEMEHM OH BCe OOAbIIIEe OTKIOHSETCS OT 3TOTO
coctosiHUs. [lepexonHblii mponecc B HEYCTOMYMBOM OOBEKTE MOKa3aH

Ha pucC. 33, orc.
HeycToilunBbie 0OBEKTHI TOBOJBHO penkKHd. 3HAYMTENILHO Yalie

A A A LJ ALY A A A [
% < 1 O 9D 7, ~ w YD

HanpuMmep, HEATPAJIILHBIIA OOBEKT MOXHO TMONYYUTh U3 PACCMOTPEH-
HOM BbIILIE EMKOCTH C MPUTOKOM UM MOTpedeHUeM XUAKOCTHU, ECIIU
pacxon Ha NMoTpedJeHUHU cieylaTb HE3aBUCUMBIM OT YPOBHSI B EMKOCTH.
Jnst 3TOTO 1OCTATOYHO, HAalpUMep, YCTAHOBUTL Ha JUHUU MOTPeO-
JIEeHUS1 HACOC C MOCTOSAHHOM MPOU3BOIAMTENBHOCTLIO. ¥ TAKOTO 00b-
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€KTa CyleCTBYET COCTOSIHUE PABHOBECHSI: KOTna NMPUTOK paBeH IMo-
TPeONEHUIO, YPOBEHL He U3MeHseTCs. OnQHAKO B OTJIMUME OT YCTOMYM-
BOro o0bekra (EMKOCTH C KJaraHOM Ha JUHUU MOTpeONEHUA — CM.
puc. 31) paBeHCTBO MPUTOKA U NOTPedIeHUA MOXET COONONATLCA NPU
JI000M 3HaYeHUU ypoBHs. MHade roBopsi, B COCTOSIHUM PaBHOBECUS
OOBEKTA €r0 BHIXOQHOM CUTHAI — YPOBEHb — MOXET OBITh JIOOLIM He-
3aBUCUMMO OT pacxona Ha MPUTOKE W noTpebdleHUM, T.e. CTaTUYECKOM
XapakTEPUCTUKHU y TaKkoro oobekTa HeT. [103TOMY HeillTpalibHblE 00B-
€KTHI Ha3bIBAIOT €11I€ ACTATUYECKUMH.

IIpunoxuM tenepb CKaYkOOOpa3zHOE BO3NEMACTBUE K pacxomy Ha
NPUTOKE, HANPUMED yBeJU4YUM ero. Tak Kak noTpebdieHUE He 3aBUCUT
OT YPOBHS B EMKOCTH, TO PA3HOCTb MEXAY MPUTOKOM U NMOTpebJIeHUEM
OyneT ocTaBaThbCs NMOCTOSIHHOM W, ClleN0BaTeJbHO, YPOBEHb B eMKOCTH
OyneT Bo3pacrarh C MOCTOSIHHOM CKOPOCTBIO, HE CTPEMSICh HU K KAKOMY
YCTAHOBUBLIEMYCSI 3HAYEHUIO. TaKoM nepexoaHbIi Mpolecc mokasaH
Ha puc. 33, 3. [TonoGHbIe CBOMCTBA NMPHUCYIIU BCEM HEUTPAIbHLIM O00hb-
exktaM. O HelTpaIbHBIX 00BEKTAX MOXHO CKa3aThb, YTO OHU HE UMEIOT

—caMoBbIpaBHuUBaHHgy, ———————————————————————————————————————————————————

PaccMoTpuM Tenephb, Kak TMHAMUYECKUE CBOMICTBA OOBEKTOB MPO-
ABJASIIOTCS B COOTBETCTBYIOLIMX MepexonHbIX npoueccax. Hanbonee
LLIMPOKO pacnpocTpaHeHHOE CBOMCTBO UHepLIMU 00bekTOB B CBB, Kak
YCTOMUYUBLIX, TAK HEUTPAIGHBIX U HEYCTOMYUBLIX, IMPOSIBJISAETCS B Mepe-
XOIHOM Mpoliecce B BH€E TUIaBHOTO, 0€3 CKAaYKOB U3MEHEHUS BbIXOJ -
Horo curHana (puc. 33, 6, 8, d, xc, 3). CnencTsMeM TaKOro noBeneHUs
WHEPLIMOHHOTO OO'BEKTA SIBIISIETCH MOCNenCTBUE, T.€. UBMEHEHUE Bbl-
XOHOTO CUTHAaJjia MpU yXe He U3MeHsomeMcs (Iocie Ckayka) BXoj -
HOM curHane. KonuyeCTBEeHHO UHEPIIMIO 00BEKTA MOXHO OBL1O ObI
OXapaKkTePU30BaTb CKOPOCTLIO U3MEHEHUS BLIXOOHOro curHana. Opn-
HAKO, KaK BUIHO U3 pUC. 33, 3Ta CKOPOCTh U3MEHSAETCS C TeYEeHUEM
BpeMEeHU, MpUYeM y ONHUX OOBEKTOB OHA MAaKCUMaJIbHA B HAYAJIbLHBIA
MOMEHT BpeMeHU (puc. 33, 6), a y IpPyruX — B HEKOTOPOIl TOUKE O

(puc. 33, 6).
A TP aTra

MO3BOJISIET BBECTHU MOHSATHE MTOCTOSIHHOI BpeMEHU, KOTOPasi U CIAYXMT
OlIeHKOI HHepUUH 00beKTa. [TocTosHHOM BpeMeHH T 0ObeKTa HA3bIBA-
€TCS BpeMs, 32 KOTOPOE €ro BLIXOOHOI CUTHal X HOCTUT Obl YyCTAHO-
BUBLIErOCs1 3HAYEHUS B IMEePEXONHOM Tpoliecce, €Cau 66l U3MEHSIICS
BCe BpeMsI C MaKCUMAaJILHOM CKOpOCThIO. Kak cnenyeT U3 onpeneiieHUs,
MOCTOSIHHASA BPEMEHU CYHIECTBYET TOJbLKO Yy YCTOMYUBLIX OOBEKTOB.
Ee BeIMYMHY MOXHO HAaiTU NO rpaduKy nepexogHoro npouecca. s
3TOTO CllenyeT MPOBECTH KACaTeJbHYIO K 3TOMY rpaduKy B TOUKE MaK-
CUMAIbHOM CKOpPOCTU. Torna nocTosIHHyIO BpeMeHU T HaXomAT, KaK
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nokasaHo Ha puc. 33, 6, 6. Takoit crocod6 OOBIYHO HUCIONBL3YETCH
TOJILKO JIJIS1 aTIEpUOINYECKUX (HEKONeOaTeNbHBIX) OO BEKTOB.

C TOYKM 3peHUst yrpaBieHUSA UHEPLIUSI OOBEKTOB UMEET KaK MON0-
XUTENbHYIO, TAK U OTPULIATENBLHYIO CTOpOHY. ITonoxurennHas co-
CTOMUT B TOM, YTO GJlarogapsi MHEPIITMOHHOCTU OOBEKT HE YCIIeBaeT pe-
arupoBaTh Ha KPAaTKOBPEMEHHbIE BO3MYILIEHUS, YTO obaeryaeT crabu-
JU3anMIo ero peryaupyemoro mapamerpa. C apyroil CTOpOHHI,
Heu30eXHOe MPU ITOM MOCHeNeHCTBUE 3aTPYAHSIET KOMIEHCAIIUIO
Bo3MmyieHUit B ACP 1o oTKJIOHEHUIO, YTO CHUXAET KayeCTBO CTabu-
JNU3aIMU NapaMeTpos.

CBOHCTBO KONEOATENLHOCTH O0BEKTOB UrPAET TONBKO OTPULIATENb-
HYIO pOab B IpOIECcce peryauposaHusi. Beaencrsue KonebaTeabHOCTH
BBIXOJHO CUTHAJN OOBEKTA U3MEHSIETCS] B TeYeHUE TNepeXOIHOro Mpo-
1ecca Ha 6OMbLIYIO BEWYUHY, YEM B ariepUOIUYECKOM 0ObeKTe. DTO
BUIHO U3 CpaBHEHUS rpadMKOB NMEPEXONHBIX MPOLIECCOB B alepUOIM-
yeckoM (puc. 33, 6, 8) v konedaTensHOM (puc. 33, d) oObeKTaxX.

3anasapiBaHHe B OObheKTaX peryJMpoBaHUs TIPOSBASIETCS] B CABUTE
110 BpEMEH U HayaJia rnepexoaHoro nporecca OTHOCUTENLHO BXOTHOTO
Bo3neiicTBUs. BeaUurMHa 3TOro BpeMEHHOTO CIBUMra Ha3bIBae€TCs Bpe-
MeHeM 3anasjblBaHusA, a CaMO 3amna3ablBAaHUE — YUCTBIM WU TPAHC-
noptHoIM. IIpy TpaHCTIOPTHOM 3ama3ablBaHWUM BLIXOJHOW CUTHAI X
COBCEM HE U3MEHSIETCSl B TeYEHWE BCErO0 BPEMEHM 3ara3fblBaHUSA Ty
(cM. puc. 33, e). OnHako 3¢ deKT, MOXoXHUH Ha 3ana3nbiBaHWe, Ha-
OJI00aeTCS U B HEKOTOPBLIX 00BeKTaX 6€3 TpaHCIOPTHOIO 3aMNa3nbiBa-
HUS, KOT1a BLIXONHOM CUTHAM X B MEPEXOTHOM TIPOLIECCE CHAYala U3-
MeHsieTCs MeaJeHHO (CM. puc. 33, g). Takoi 3dpdekT Kaxywmerocs
3ana3ablBaHUS HA3bIBAETCSA MEPEeXONHLIM 3ana3nbiBaHUeM. Bpems ne-
PEXOHOTO 3ana3nblBAHUSA Ty MOXHO HATH NO rpad UKy nepexoaHoro
nporuecca, Kak nokasaHo Ha puc. 33, a.

b b

6oJjiee HeONaronpusiTHLIM CBOMCTBOM OOBLEKTOB C TOYKH 3pEeHUST UX
perynuposaHus. Tak, B ACP ¢ o6paTHO#l CBA3bIO paccorinacoBaHue,
BHI3BIBAEMOE BO3MYIIAIOIIIMMHU BO3NEACTBUSIMU Ha OOBEKT C 3ana3/bl-

BaHUEM, TMPOSIBNSIETCSI JIULIB 110 UCTEYEHUU BPEMEHM 3ana3inbIBaHUs.
ITosTomy M peryaupyioniee Bo3neictsue B Takux ACP 3anasgbisaer
110 OTHOIIEHUIO K Bo3myliaonuM. Ilonyyaercs, yto perynsrop 8 ACP
pearupyeTr He Ha TeKyuiee, a Ha MpPoULI0e BO3MYIEHHWE, YTO 3aTpy.-
HSET ero KOMINEHCAIUIO U MPUBOAUT K YXYINUIEHUIO CTAOMAU3AINY pe-
ryJupyeMoro napamerpa. ITo3Tomy o0beKThl, UMEIOLINE MEPEXOTHOE
3arnasfbiBaHUe, TPyIHEe MOAIAIOTCH PErYIUPOBaHHUIO.

Kak npasuio, 3amna3abiBaHMe OOBIYHO COYETAETCS] C UHEpPIUE.
HaubGonee TpynHble 1151 perylMpoBaHUsi 6€3bHEPIIMOHHbBIE OOBEKTHI C
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E;ppchrlome)lM 3anasablBAHUEM BCTPEYAKOTCH PeNKO. YCTAHOBJIEHO,
MTO U1 OOBLEKTOB C 3ara3nblBaHMEM KayeCcTBO PeryjJIUpoOBaHUS MOXET
@BTh Nyyllle MPY MeHbLIEM OTHOLIEHWU BPEMEHMU MOJHOrO 3amasabl-
aHUS T = T + Ty K MOCTOSIHHO#M BpeMeHU T. OtHolienue t/T MUHU-
MaJbHO (PaBHO HYJIO) JUISI BCeX 00BLEKTOB Oe3 3arna3nblBaHUS U MakK-
CUMANILHO (OECKOHEYHO BENUKO) — ISl 6e3bIHEPLIMOHHBIX C 3ara3abl-
BaHMeM, Korna 7=0.
. YcToituuBble OOBEKTHI Jlerde MoAgaroTCsl YIpaBIeHUIO, YEM HeyC-
ToiuMBLIe. Tak, B IOOOM YCTOMYMBOM OOBEKTE OTKIIOHEHUE PETYJIU-
pyeMoro rnapamerpa rnoja NEHCTBUEM BO3IMYIIEHUS UMeEET BIOJHE
-OTpeneNeHHYI0, He OECKOHEUHYIO BeJIMYUHY (puc. 33, 6—e). IToaToMy
[IPH 1OCTaTOYHO GONLUIOM CAMOBLIPABHUBAHWU Y, KOT' 1A BO3MYIIIAIOIIUE
.BO31eACTBUS BbLI3LIBAIOT MaJible KOJeOaHUS peryjiupyeMoro napa-
MeTpa, MOXHO 000WTUCH Ge3 CUCTeMbl yrpaBieHUs1. B HeATpalbHbIX
Xe 00bekTax, B OCOOEHHOCTH B HEYCTOMYUBLIX, OTKJIOHEHUE PEryau-
pyeMoro napaMerpa non neiiCTBUEM BO3MYIHIEHUHN C TedyeHUEM Bpe-
MEHU MOXET CTaTb CKOJIb yrogHo 6onblivM. IToaToMy ynpaBiasTh Ta-
XKMMH 0O0beKTaMU, 0e3yCnoBHO, HeoOXoquMo. TakuM oO6pa3oM, caMo-
BbIpaBHUBAHUE 00BEKTA CITOCOOCTBYET YIPABJIEHUID UM U MOITOMY
HHOTA HA3bIBAETCH CAMOPEryIHPOBaHHEM.

CreneHb CaMOBLIPABHUBAHUS, KaK OTMEYaJOCh, XapaKTepU3yeT
3arac ycToM4MBOCTH 00bekTa. OOBLeKThI ¢ OONBIIMM CAMOBLIDABHHUBA-
HHEeM UMEIOT OOJIbLION 3armac YyCTOMYMBOCTU U JIeTKO NMOANAIOTCH
ynpasjaeHUo. OObeKThl C HYJEBBIM CAMOBBLIDABHUBAHUWEM, T.€. Heil-
TpaJibHble, HE UMEIOT 3anaca YCTOMYUBOCTU (TOBOPAIT, YTO OHHU HAXO-

JSATCA Ha rpaHUIEe YCTOUYUBOCTH). HeyCcTOMYUBLIE XK€ OOBLEKTELL 00N1a-
HaloT OTPUUATENLHBIM CaMOBbIDABHUBAHUEM, U UM NMPUITUCHIBAIOT
OTpPULATENLHBINA 3anac yctouusoctu. CilenyeT UMeTb B BULY, YTO
CTENneHb CAMOBLIDABHUBAHUS HE TMOJIHOCTHIO XapaKTEePU3yeT OOBEKT C
TOYKU 3peHUs peryaupoBaHusi. UMeloT 3HaYeHue U Ipyrue rnoxkasa-
TEJU, B YaCTHOCTHU oTHow eHue T/ 7. Tak, s o6bekra ¢ 60AbUIUM OT-
HouleHUWeM T/T KayecTBO CTaOMNIU3AINMU €ro PeryjiupyeMoro rnapa-
Merpa B ACP MoxeT ObITh HU3KHM JaXe NMPU 3HAYUTETLHOM CaMOBbBI-
PaBHUBAHUM,

4.2. OueHxu KayecTsa aBTOMaTU4YECKOro

perynupoBaHvusa

CaoiicTBa 00BEKTA PEryIMpOBaHUS BCETNA ONPeneIsIOTCS
ero 3HaueHueM B CBB, HO He Bcerna 6;aronpUsiTHbI IS yIIpaBjieH Us.
IToaTOMYy 3anayeii yripaBieHUs OOLEKTOM MOXHO CYUTATL U3MEHEHUE
€ro CBOMCTB [I1 yMEHbLIEHUS YYBCTBUTEJIBHOCTU K BO3MYIAIOIIUM
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Bo3necTBUAM. C 31O TOYKHM 3peHuss ACP B 11e10M MOXHO paccMar-
pUBaTh KaK OOBEKT, BLIXOOHBIMH CHMTHAJIaMK KOTOPOTO SIBIISIIOTCA 3a1a-
HUA X,;,; U BO3MYLIEHHUE V, 2 BHIXONHBLIM CUTHAJIOM — DEryIUpyeMblii

napaMeTp X (puc. 34). BTOT 00BLEKT, OYEBUIHO,

;"_. op XL  BOMXeH 06NamaTh NYYIIUMU CTATUYECKUMH 1

Z3an IMHAMHWYECKHMMU CBOMCTBAMH, YeM CaM O0b-
eKT peryJMpOBaHHS.

cf:pcl;ei"‘r}{ *‘;g;l:‘::ﬁ Kak u 115 00BeKTOB peryiupoBaHus, s

ACP Takxe pa3nnyaloT CTaTUYeCKHE U ITMHAa-
MUueckue noka3aTeau. OCHOBHBLIM CTaTHYe-
CKUM mnioka3zateieM ACP saBisieTcsi cTaTHdecKas oliMbKa, T.e. pacco-
rJ1acOBaHKEe B YCTAHOBHBLIEMCS cOCTOsiHUKM. KaK W3BeCTHO, B acTaTH-
yeckoM ACP cratuueckass omnbka orcyrcTyer. I103TOMYy MOXHO
YTBEPXAaTh, YTO aCTaTUYECKHI1 peryasirop HawiyyllidM O0Opa3oM KOp-
pPEKTHPYET cTaTUYeCKHe CBOICTBA OOBLEKTA.

HuHamuyeckne nokasarean ACP npogapigoTCa TONLKO B HEyCTa-
HOBMBILIEMCS COCTOAHUM. [103TOMY X MOXHO BHISIBUTH 10 peaKIMH1
ACP nHa craHpapTHbIe BO31ECTBHA 110 KAHANAM 3a1aHuUsA X, WK BO3-
MYIIIEHHMS , T.€. MO MepexoqHbIM nmpoieccaMm B Heil. IIpuMepsl nepe-
XOnHbIX nporeccoB B ACP — u3aMmeHeHue paccoriacoBaHusi Ax nNpu
CKayKooOpa3HOM BO31eHCTBMM MO KaHaly 3agaHusa (Ha 3HaYeHue
Ax,,;) ¥ KaHaJly BO3MYlleH!s1 — NMpuUBeneHsl Ha puc. 35.

Kaxkue cpoiicta ACP siBasioTcs MeaJbHbBIMK C TOYKH 3peHus Ka-
yecTBa cTabuau3anuu napamerpa? SIcHo, yto B ugeansHoit ACP Jmo-
Oble BO3MYILIAOINE BO3AEHCTBUSI HE NOJDKHBLI BLI3LIBATL Paccoraco-
BaHMA. DTO 03HauaeT, YTO uieanbHast ACP noinxHa ObITL HEUYBCTBH-
TeJILHOH K Bo3MmymieHuaM. Otciona ciaenyer, 4To B MaeainHoit ACP
cTaTM4yecKasi OlIMOKa OTCYTCTBYET, a MEPEXONHBINA MPOIECC TAKOB, YTO
njomans, 3allTpuXoBaHHas Ha pyc. 35, paBHa HyJIO.

UpneanbHble nepexoqHsie NMpoueccs B peanbHbiX ACP npaxTu-
4YeCKU HenoCTHXUMBI. 10 OTKIOHEeHMIO TepeXoqHOro npoiiecca B pe-

00beKT peryanpoBaHus

Ay L3 t t

n n

- -

Puc. 35. Ilepexoansie npouecchl B ACP npn ckaukoo0pa3HbIX BXOIHbIX

BO3ACHCTBHAX:
a — IO KaHay 3aJaHus; 6 — nO KaHany BO3MYLUEHUS




&nbHoit ACP oT uneajbsHOro MOXHO CYIUTh O Ka4eCTBE €€ paboThI.
Ana KonuyecTBEHHOI OLIeHKH KauecTBa paboTel ACP cnyxat moka3za-

M KayecTpa per H Kay NepeXoHbIX MPOLECCOB).
OnHuM M3 TakMX nokasaTeneil B ycTaHOBUBLIeMcsl cocTossHuu ACP
ABIAETCS YK€ YTIOMUHABLIASCS cTaTHIecKkast omMoxa. Hanbonee yH1Bep-
CaNLHLII TUHAMUYECKUI TTOKa3aTeNib, XapaKTepU3YIOIMUMA OIU30CTh
ACP k vneanbHoit, — aGCONIOTHOE 3HAYEHUE MJIOIAAH MEPEXOAHOTO
npouecca (Ha puc. 335, @ sTa nnomans 3amirpuxosaHa). Hapsany ¢ abco-
JIOTHOM BEXMYHUHOM IIOIAAU NEPEXOIHOTO MpOLEcca 4YacTo UCITOb-
3YI0T TaKOM IoKa3aTesb, KaK KBaApaT 3Toi miomanu (npy 3TOM aBTO-
MaTHYECKU HE YYUTHIBAETCS 3HAK OTKJIOHeHUs ). Ob6a 3THUX rmoKasarensi
XapaKTepU3yIOT ONHOBPEMEHHO W BEIWYUHY, U IIUTENBHOCTbL pacco-
IJ1acoBaHUA B repexonHoM npoiiecce. MHora BaXHee IIUTENbHOCTD
NepexooHOro npouecca — B YaCTHOCTH, Koraa TpebyeTcs rnepeBecTH
O0BEKT YNIpaBJIEHUS! B HOBOE COCTOSIHME 32 MUHUMAJILHOE BpeMS. B 3ToM
Clyyae 3a rokasaTenb KayecTBa peryivupoBaHUsi MPUHUMAIOT BpeMs
nepexoaHOro npouecca /.

B HEKOTOpBIX Cnyyasix ITaBHYIO pOJib UrpaeT BEAUYMHA paccorna-
COBaHUs B MepeXoaHOM mpotiecce. Toraa rnokasaTesieM KayeCTBa pery-
JIMPOBaHUS CUUTAIOT MAKCUMAJILHOE paccorinacoBaHue Ax,,,,, Ha3biBa-
eMOoe AMHAMHIECKO# omubKoii. B peaJibHLIX yCIIOBUSIX Nyyllie BBOOUTH
CTaHIApTHOE BO3JieiicTBUE AX,,, M0 KaHaly 3anaHus. Takue mepexon-
Hble MPOLECCHI XapaKTepU3YIOTCSl TEMU Xe IMoKa3aTensiMyd KauecTBa,
3a UCKIIIOYEHUEM NTMHaAMUYeCKOi ollIMOKN. BMecTO Hee BBOAST IPYyrou
froka3aTenb — nepeperympoBaHie Ax , ornpenensieMbld, Kak IMokKa3aHo
Ha pUcC. 335, a. YKa3aHHble TOKA3aTeJIM Ka4eCTBA paBHbI HYJTIO [JIsl Ulie-
anwHoii ACP v Gonblie Hynst mist no6oi peansHoit ACP. Uem atH no-
Ka3zaTenau MeHbllle, TeM oanxe ACP kK uneajanHOIA.

CaoiicTa m1060it ACP u ka4yecTBO mepeXoqHbIX MPOIECCOB B HEH

3aBUCST KaK OT CBOMCTB 00beKkTa, TaK U OT XapaKTEPUCTUK OCTAJILHLIX
aneMeHTOB ACP. IToaToMy, U3MeHss1 XapaKTepUCTUKU OTHIENbHBIX
aneMeHTOB ACP, B 4aCTHOCTH peryasitopa, MOXHO JTOOUTLCS HaWUJTyy-
IIIEr0 BO3MOXHOIO B IAaHHLIX YCAOBUSX KayeCcTBa MEPEXONHOro Mpo-
lecca (HarpUMep, MUHUMAJIBHOTO BpEMEHHU MePEXOIHOro Mporecca).
Takaa ACP 6ynet Haunyyllei U3 BCeX BOBMOXHBIX ISl JAaHHOTO 00b-
€KTa peryniupoBaHUsl, U ee Ha3bIBaloT onTUMaAbHONK. He cnenyer cme-
IIUBATb MOHSTUSL ONTUMAJILBHOCTU U UlleanbHOCTU. UneanbHass ACP
NMpakTUYECKHU HEIOCTHXUMA, a ONTUMAJILHAS — 3TO Haunydlliee Nnpu-
ONUXEHUE K UIEAbHOIA.

Pa3pabotka U nmoctpoeHue onTUMabHLIX ACP 0ObIYHO CBsI3aHbI
CO 3HAYUTENBLHBIMU TPYIHOCTSMHU, a caMU 3TU ACP oka3sbiBaloTCA
CAOXHLIMU U JoporuMu. OnHaKo 3aMedeHo, YTo Aaxe GonblUive OT-
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CTyIieHUS OoT onTuMaibHOM ACP 0ObIYHO PUBOAAT K HE3HAYUTENb-
HOMY YXYIIIEHUIO0 KayecTBa peryiupoBaHus. Takue OTCTYNJIEHHUS
MpPaKTHYEeCKHU Hen30eXHbl, TaK KaK CBOMCTBA, KaK IMPaBUJIO, U3BECTHDI
JUIIb MPUOIMXEHHO U U3MEHAIOTCS C TEYEHUEM BPEMEHH, a NIPH U3-
TOTOBJICHUH PETyJAATOPOB U APYrux 3jeMeHToB ACP HensbexeH pas-
Opoc ux napaMeTpoB. I1o3ToMy B DONBIIMHCTBE CllyyaeB Tpebyercs
Hasanka ACP Ha pelictByollieM 00bekTe. C 3TOI LENBI0 PEryasiTophl
CHADXaloT OpraHaMM PEryJIupPOBKH, ITO3BONSIOIIMMH U3MEHATh UX Ha-
CTPO#KY B IOCTATOYHO IITUPOKOM JAMaIa3oHe.

Hananka ACP Ha neiicTByiollleM 00beKTe TpeOyeT BHICOKOI KBa-
andukauuu. Perynupyemsolid napamerp ACP noxa neilctBueM ciayyaii-
HbIX BO3MYLUEHUH KOJIEOJETCS OKOJIO CBOEro 3amaHus. B 3tux ycio-
BHAX TPYAHO NPOCIEeAUTh BIMSHUE ITapaMEeTPOB HACTPOIKHM peryis-
TOpa Ha I0Ka3aTejlb KayecTBa U OIpPEAEINTh, B KaKyl0 CTOPOHY M
HACKOJIBKO CIedyeT X U3MEHSATh. SICHO, 4YTO YeM MeHbIlIe [TapaMeTPOB
HacTpoOMKH, TeM Ipolue mnpouecc Hanagku ACP. OgHako cioXHBIe
coBpeMeHHble ACP (KOMOMHHMpPOBAHHBIE, MHOTOKOHTYPHBIE) MOTYT
MMETB I0CTATOYHO MHOTO [1apaMeTpoB HacTpoilku. Y 3ToM ciyyae yxe
OECCHIBHH OIIBIT U MHTYMLIUS CAMOTO KBUIMMHULIMPOBAHHOIO clielH-
aJIicTa.

CucreMbl, ClIOCOOHBIE aBTOMATHYECKU HAXOAMTh U MTOAIEPXUBATh
ONTMMAaJbHBIE 3HAYE€HHS NMapaMeTpOB HACTPOIKHU, HA3bIBAIOTCS CaMO-
HACTpauBalomuMmucsa. Takue CUCTEMBI cogepXaT dJieMeHThl (YCTpoOii-
CTBa), aBTOMATUYECKHU U3MEHAIOIME TITapaMETPhl HACTPOMKY B HYXKHYIO
cropoHy. MHaye rosops, caMmoHacrpauBawluiuecs ACP asTomaTu-
YeCKM M3YYaroT CBOMCTBA 00beKTa M BO3MYILAKOLUIMX BO3AEHCTBUM U
IIpucnocadauBaloTcsl K HUM. BooGliie aBToMaTHYeCKHE CUCTEMBI, 00-
JafaolMe CIIOCOOHOCTHIO K CAMOOOYYEHHIO, Ha3bIBAIOTCS CaM000yua-
lomuMHuca Wiv aaanmueaeiMH. CaMoHactpausatommecss ACP — nuuis
OJMH M3 BUOOB aJalTUBHbLIX CUCTEM. I pyruM 4aCTHHIM ClyyaeM agall-
TUBHBIX CUCTEM SIBJIAIOTCA TaK HAa3bIBaEMble 3KCTPEMAJIbHBIE, KOTOPhIE
HE TOJBKO CTaOWIMU3MPYIOT PeryaupyeEMbIii ITapaMeTp OKOJIO ero 3aja-

U9 HO U 3 OMATH 1 BLIOUDAIO ANAaHUEe. HAU

S - D1 - - i d =)

L) c35 (] - H AF
MaJibHOE) 111 BCEH TEXHOJOTMYECKOW CUCTEMHI.

4.3. OCHOBHbIE 3aKOHbl aBTOMATU4YE€CKOro
perynmpoBaHma ¥ TUNbl perynaTopos

IIpy HeM3MEHHBIX CBOMCTBAX 00bEKTA KAYECTBO PETYIIM-
poBaHH B ACP 3aBHCHT OT CBOMCTB OCTaJILHBIX CE 3JIEMEHTOB, B IIep-
BYIO ouepelb peryaaropa. CBoiicTBa peryjastopa onpeaensaorcs xa-
paKTeEpPOM Mpeodpa3oBaHUs €ro BXOAHOIO CUTHajla AX B BLIXOJHOM Z.
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Tak, nnst ACP ypoBHS B eMKOCTH (CM. PUC. 5) peryiasiTopoM SIBJISIETCS
poyar 5. Ilpu U3BMeHeHHUM YPOBHS B EMKOCTH, HalIpUMep [IPU €TI0 yBe-
JMYEHUH, TOM1ABOK I NMOJHHUMAETCS M ITOBOpPAYMBAET pbiyar 5, KOTo-
pblit yepe3 IITOK 4 NPUKPBLIBAET KiallaH I, yMeHbIIas IPUTOK XU~
KOCTH B eMKOCTb 2. B 310i1 ACP MCNONMHUTENBHBIA MEXaHU3M OTCYT-
CTBYET U BBIXOAHOW CUTHAJ pPeryjasTopa 7 OOAHOBPEMEHHO SIBASIETCS
BXOAHBIM CUTHAJIOM PEryJMpyIOLIEro opraHa — CTEIEHbIO OTKPBITUS
KjamnaHa. B 9ToM peryastope repeMellieH1e IITOKA IIPOIIoOPLIUOHATIBHO
nepemMelieHuIo nonnapka. CiefoBaTesibHO, BBIXOOHOM CUTHA 3TOrO
peryasitopa MnporopLuyoOHaJIEH BXOOAHOMY — OTKJIOHEHHUIO YPOBHS OT
3aJJaHHOTO 3HAYEH USI.

CylleCTBYIOT peryJiiTopsl, UMEIOLNE U APYTHEe 3aBUCUMOCTH Bbl-
XOOHOI'O CUTHajla OT BXOAHOTro. XapakKTep 3aBUCMMOCTH BbLIXOJHOIO
CUTHaJia PEryjsaTopa OT BXOJHOTIO, T.€. 3aKOH, 10 KOTOPOMY €ro BXOJ-

HOIt CUTHaJ1 IPe0OpPa3yeTcs B BLIXOAHOM, HA3bIBAETCS 3aKOHOM PeryJim-
pPOBAHHA.

Kaxk n3BecTHO, HECMOTpPsA Ha OoJibllIoe pa3HoOoOpa3ne 0O6bEKTOB
peryimpoBaHUs, XapaKTePHbIE UX CBOMCTBA, UMEIOLLIME CYILIECTBEHHOE
3HA4YeHMeE JUIST Lieieil yripaBaeHusl, HEMHOTOYMCIEHHBI, KaK U CaMH
CIIOCOOH yrpaBieHUsT 00beKTAMU. DTO OOBSACHSAETCS OOIHOCTLIO (DU -
3UYECKUX 3aKOHOB, KOTOPHIM MOAYMHSIOTCS Pa3JIMYHbIE IPOLIECCHI,
[poTexalouie B 00bekTax U cucteMmax peryiauponaHus. [Iogo6Has
YHUBEPCAIBLHOCTb NMPHUCYIAa U 3aKOHAM PEryJMpOBaHMUS IS CaMbIX
pa3nnyHHBX 06beKTOB. MUCnob3ys BeCbMa HEDOJILIIOE YUCIO TUIIOBBIX
3aKOHOB PEryJIMpOBaHM s, MOXHO JOCTATOYHO KaYE€CTBEHHO YIIPABJIATh
oyt BceMu CBB. IIpu 31OM 11 KaxXaoro o6bekTa JOCTAaTOYHO I10-
no0paTh JUIIb ITapaMeTpbl HACTPoiKK peryastopa. [IpyuMeHeHue ta-
KUX TUMOBBLIX 3aKOHOB PErYJMPOBAHUS I103BOJISIET MCIIOJIL30BaTh B
ACP craHmaprHble, CEpUHHBIE PETYJIATOPH], YTO UMEET HEOCIIOPUMbIE
noctouHctBa. Korga (npu BeicoOKHMX TpeboBaHUAX K KauyecTBy ACP,
CUJIBHO U3MEHSIIOIUXCS CBOMCTBAX 0OBEKTOB) TUIIOBbIE 3aKOHBI Pery-
JIMPOBAHUS OKa3bIBAKOTCSA He3(PEPEKTUBHBIMHU, IPUOEraloT U K 6olee

raN A2 Wi

U Triclivl,

CaoiicTBa perysitopa HposiBASIIOTCS, KaK U CBOMCTBa 0O'bEKTOB
perynupoBaHusi 1 ACP, B peakliMi Ha CKayKOOOpa3sHOE BXOJHOE BO3-
neucTBue Ax, IokasaHHoe Ha puc. 36, a. PaccMOTpuM THUIIOBLIE 3a-
KOHbI PEryJUPOBaHUS U OOJIACTU UX ITIPUMEHEHMUS.

HauGonee npocThIM SIBISIETCS TaKOM 3aKOH PEryJupoBaHus, NIPH
KOTOPOM BLIXOJAHOM CUTHAJ peryJjsitopa Z JJMHEMHO 3aBUCUT OT BXOJ-
HOTro Ax:

7=2, + kAx, (4.3)




rie kK — xo3d@PHULMEHT TPONOPLIMOHANBHOCTH, Ha3bIBaeMbIii K03g-
(duuMeHTOM Nepeaadn peryiaTropa, a Z, — ITOCTOSIHHAsl COCTaBJIS-
Iolllasl CUrHaa 2.

Kax BunHo u3 dopmynsl (4.3), 7, — 3TO Takoe 3HaUEHHUE BBIXO/-
HOTO CUTHaJIa peryjsiropa, Ipyu KOTOPOM PacCoriacoBaHHUE Ax Ha €ro
BXOZle PaBHO HYJI0. 3aKOH peryJupoBaHUs, BeIPAXEHHHBIH (HGopMynon
(4.3), Ha3pIBaeTCA MponopuMoHaabiabiM. COKpallleHHO F'OBOPAT, YTO 3TO
I1-3aKOH peryiMpoBaHHUs, a CaM PeryjsiTop Ha3blBalOT TMPOIOPLHO-
HaJBHBIM MM [I-perynaropom.

DTOT 3aKOH JehCTBYET, HATIPUMED, TIPU PeryJIMpOBaHUH YPOBHS B
E€MKOCTH, Iie Peryaupylollee Bo3neiicTBUe — CTETNEHb OTKPHITHS KJia-
TaHa — TPOITIOPLIMOHAJIBHO TTIEPEMEILIEHUIO TIOTIJIABKA, T.€. OTKJIOHE-
HUIO YPOBHSA B EMKOCTH OT ero 3amaHud. Ilepexomusiit mpouecc B
II-perynarope — M3MeHEHHE erO BHIXOAHOIO CUIHAJIA Z TIPU CKA4Ko-
00pa3HOM M3MEHEHHMM BXOJHOIO CHMTHajia Ax — TIpMBeleH Ha puc. 36.
Kak sugHo u3 ¢popmyisl (4.3), B I1-peryasarope nmeloTcs ABa HaCTPO-
€4YHBIX ITapaMeTpa: BeJIMYMHA TTOCTOSIHHOM cocTaBasiollei U kosddu-

—HHeHT fiepejaun perymropa.—————————————————————————————————

B perynsarope ypoBHS pOJIb TTOCTOSIHHOI Z, UTPAET AJIMHA LITOKA,
TaK KakK €10 OIpelesieTCsl CTENeHb OTKPBITUA KjlaraHa g TIPU OTCYT-
CTBUM paccoryiiacoBaHus, T.e. npu Ax = 0. KoadduumeHtom nepegayu
peryiasTopa k ABISETCA OTHOLIEHME TJiey phlyara OT MoIjiaBKa J0 OCH
IIOBOPOTA M OT LITOKA A0 3TOil ocH. JeHCTBUTENBHO, IPH U3MEHEHUH
OJHOTO M3 IlJIeY pblyara, HarpyuMep yAaJleHHWH NOIUIaBKa OT OCH MOBO-
poTa, OTKJIOHEHHUIO YPOBHS OT 33[aHHOrO 3HAYEHHUs OYIEeT COOTBET-
CTBOBATh MEHbIIIEE IIepeMellleHIE KIlallaHa, T.e. K YMEeHBIIUTCS.

ITouTtn BceM o6bexkTaM B CBB B TOii MM MHOI Mepe TIpUCylle 3a-
na3apiBaHKMe, OCOOEHHO mepexomHoe. 3ana3jgblBaHue yXyailaeT Kade-
cTBO peryaupoBaHusa B ACP ¢ obpaTHoit cBA3bi0. PHU3nNyeCcKH 3TO
MOXHO OOBSICHUTB TEM, YTO BO3MYILAIONIEE BO3AEHCTBHE HA OOBEKT C
3ana3gblBAHMEM HE Cpa3y CKa3hIBAETCS B PAcCOINIaCOBAHMM, CJielOBa-
TEJIBHO, PEryIATOP pearupyeT Ha BO3MYLIaolllee BO3ACHCTBHE TaKXKe C
3anasgsiBaHMeM. B pesynsTare M peryampylolliee BO3JIeicTBHUe 3alla3-
JBIBAET MO OTHOIIEHHIO K BBI3BABLIEMY €0 BO3MYILAIOLIEMY BO31eii-
cTBMI0. TakuM obpa3oM, peryaupyioliee Bo3aeiictsue 1o I1-3akony
KaK Obl OKAa3bIBACTCS HECBOEBPEMEHHBIM M HECIIOCOOHBIM TTO3TOMY
3G dEKTHBHO CKOMIIEHCUPOBATh JEHCTBHE BO3MYILIEHUIA.

C yBennMyeHHeM riaybuMHbBl 0OpaTHOM CBSI3M (POCTOM k) peryaupy-
Iollee BO3AEHCTBUE YBEIMYMBAETCA U €r0 HECBOEBPEMEHHOCTD TTPOSAB-
JISIETCA BCE CWJIbHEE, YTO B KOHLIE KOHLIOB BBI30OBET HEYCTOMYUBOCTh
ACP. TIlosToMy 115l OObEKTOB CO 3HAYUTENBHBIM 3ala3]biBAaHUEM HeE
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a) Ax} 2) z4

Ax Zy
0 t 0 t
6 2z} 0) zi
KT,AX.
kAX Zn‘
. o
ZO ZO
0 t 0 t
8) ZA
} KT ax
} i
Zy
0 t

Puc. 36. ITepexoanbie npouecch! B peryasrope
NpH CKAYK000pa3HoOM BXOJHOM BO31eHCTBHH:
a — BXollHoe Bo3neicTaue; 6 — Il-perynaarop; ¢ — I1O-perynstop;
2 — [IU-perynsarop; 0 — [IU]-peryastop

yaaeTcsl MOJYYUTh TPEOyeMoe Ka4eCTBO PEryJIUPOBAHUS. DTOT HEOO-
craToK II-3aKOHa peryJIMpoBaHUA CyXaeT 00J1aCTb €TI0 IIPUMEHEHHUA.
3aKOH MOXHO YCOBEPILEHCTBOBaTh, ECJIK B HEM YYUTHIBATh TEHACHLIMIO
M3MEHEHHUS paccorjiacoBaHuA B OyayieM. s 3TOro Mciosib3yeTrcs
CKOpPOCTb U3MEHEHMS paccoriacoBaHus Ax. Takoii peryasitop 6ynet
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UMETb CIIOCOOHOCTb K MpeaBapeHHIo, T.€. OH OyIeT pearupoBaTh Ha
paccorjiacoBaHue C ollepexeHueM 110 BpemeHU. [IpeaBapeHue — B-
JIeHHE, TIPOTUBOIIONIOXHOE 3arna3iblBaHUI0, U [I0O3TOMY MOXET €ro
CKOMIIEHCUPOBATD.

3aKOH PEryJMpOBaHUSA B PETYJISATOPE C NpeaBapeHHEM BKITIOYAET B
cebs ene OAHO ciaaraeMoe, MPONOPLIMOHAIbHOE CKOPOCTH U3MEHEHM S
paccorjacoBaHus Ax:

=2, + k(Ax + T, Ax"), (4.4)
raie 7, — HOCTOAHHBIH KO3(PHULIMEHT.

B MareMaTHKe HaXOXIeHHE CKOPOCTH U3IMEHEHHUST HEKOTOpOu
nepe-MeHHOI BeJIMYMHBI Ha3biBaeTCs AubdepeHupoBaHueM. [lo-
3TOMY TaKO#f 3aKOH peryJIMpoBaHUs — HponopunoHaIbHo-AHbdepeH-
uuanbHbiii (cokpameHHo — I1JI-3akoH peryiupoBanus v I1-peryns-
top). CnaraeMoe kAx Ha3bIBaeTCs IporoplyoHaibHOoil wik I1-cocras-
naomei, a cnaraemoe kT,Ax" — nupdepeHunanbHO HIH
H-cocrapnsiomeit. Koapduumnenr T, B mnbdepeHuHalbHONR COCTaB-
JIAOmE Beeraa MojJoXUTEIEH U MMeeT pasMepHOCTb BpeMeHH. T1o-
3TOMY OH IOJYYMJI Ha3BaHHE BpeMeHH AH(epeHUHPOBAHMA UM Bpe-
MEHH npeBapeHHs.

Ecnu paccornacoBaHue Ax’ He M3MEHSETCS, TO €r0 CKOPOCTb Ax’

a . R IAN a A aaYalalV 1 4 [ 4 4 a a 1 AV

\J ’ ) DY PR \J § Y 1Y y . \J Y 4

IT1d-3akoH peryJnpoBaHus AeiiCTBYET TaK Xe, kak [1-3akoH. CinengoBa-
TeJIBHO, AeHCTBHE J{-COCTABIAIONIEN POABISiETCS JUIIbL B HEYCTAHO-
BUBLUeMcsl cocTosstHUM ACP, noka paccoriacoBaHue U3MeEHSIETCS BO

BpeMeHU. B I14-perynsaTope B cpaBHeHUM ¢ [1-perynsaropoM nodasis-
€TCSl enle OJMH HAaCTPOEYHBII IapaMeTp — BpeMst lipeaBapeHus 1.
ITepexonurrii mpouecc B [1J1-perynsarope mokasaH Ha puc. 36, e.

N3 cpaBHenus rpadukos I11-3akoHa peryavposaHusa U [1-3aKoHa
BUIHO, YTO NEPBBII XapaKTEpU3YETCSl HAIMYMEM HUMITYJIbCa, BO3HUKA-
IOIET0 B MOMEHT cKauykKa paccoriacoBaHusa. IlosgBieHue 3TOro UM-
IyJibca OOBICHSIETCS TEM, YTO CKOPOCTh Ax’ B MOMEHT CKayKa pacco-
rJ1acoBaHMsA GECKOHEYHO Beivka. IloaToMy craraemoe kT,Ax" B pop-
MyJie (4.4), a 3HAYUT, K BEIXOAHOM CUTHAJ PEryasTOopa Z B 3TOT MOMEHT
OOCTHUTalOT OYEHDb OONBILUX 3HAYECHUIA.

Yrto6nl HarnsiaHee yBuaeTh 3¢ dekT npeasapeuund B I1J1-peryns-
TOpPE, paCCMOTPHUM €ro peakliMi0 He Ha CKaYyKoobpa3Hoe, a Ha TIOCTe-
[IEHHOE M3MEHEHUWE PacCOrNacoBaHUA C MOCTOSHHOI CKOPOCTHIO
(puc. 37). [TyHKkTHpOM Ha 3TOM rpaduke nokaszada Il-cocrasisiolias
3aKOHa peryJupoBaHMs, U3MEHEHHE KOTOPOU ITOJOOHO M3MEHEHHIO
paccornacoBaHus. JuddepeHUHaAIbHAsE COCTABAAIONIASA YBEINYNBAET
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0] i‘= 0]
Puc. 37. Ilepexoauniii npouecc B I1/I-perynsTope npu nocreneHHoM
H3MeHeHWH BXOHOTO Bo3aeHCTBHS:
a — BXOJHOE BO3ACHCTBUE; 6 — MEPEXOAHbIN npouecc

BHIXOJHOM CUTHAJ PEryasiTopa Z B TeYeHHE BCEro BpEMEHH, IOKa
yBEJIMYMBaeTCs paccoriacoBaHue,. YeM OBICTpee OHO U3MEHSAETCH, TEM
Oonsbllie yBeaudeHUe BoixoaHoro curHana I1J-peryasiropa no cpaBHe-
Huto ¢ II-perynsiropoM. IToHSATHO, 4TO B Ciyyae YMeHBIIIEHHUSI pPacco-

( U Dd B3 D UAVUY Y TAJ) [J y nioupa VYV AbllAd) i UDb ARKC

(opcupoBaHHOE U3MEHEHHUE BrIXxoAHoro curdana II1-peryasiropa no-
3BOJIsIET 3 PeKTHBHEE KOMIIEHCUPOBATh A€iCTBHE BO3MYILIEHUI Ha
OOBEKTHI C 3aMa3ibiBaHUEM.

HTtak, I1-3aK0H peryanpoBaHusi pacIiupsieT 061acTh IpUMeHeHUS
I1-3ak0oHa Ha OOBEKTHI CO 3HAYMTENBHBIM 3amna3ibiBaHueM. I1pu 3ToM
ciledyeT UMeTh B BUAY, 4To AnddepeHLIMpOBaHHE paccor1acoOBaHUS
HE SABJSIETCS MACANBHBIM €ro IpeJBapeHUEM M TIOBTOMY HE MOXET
IIOJTHOCTBIO YCTPAHUTh BpelHOoe BAUSAHHE 3amna3[plBaHNA CHrHajua B
KOoHType obpatHoii cBa3n ACP. B 0COBeHHOCTH 3TO KacaeTcsl TpaHC-
TIOPTHOTO 3amna3iblBaHMs, KOrjla BXOJHOe BO3AeHCTBUE B TeuyeHMeE
BCEr0 BpEMEHH 3ama3bIBAHUA HUKAK HE IPOsBISETCS B paccoriaco-
BaHMHU Ax, a CJIelOBaTeJIbHO, U B CKOPOCTH ero uaMeHeHusa Ax’. Mo-
XET 0Ka3aThCsl, YTO I TaKUX 00beKTOB He Tojibko ITH-, Ho U HHKa-
KO# Jpyroy 3aKoH peryjJupoBaHUs He 00eCIeYUT TpedyeMoro Kaue-
crBa ACP. Dto Tot cayyaii, xorga obpaTHas CBA3b KaK CIIOCO0O
pPETYJIMPOBaHUSA 110 OTKJIOHEHHUIO 0Ka3bIBaeTCa 0eCCUNBHOI. Brixoa u3
TIOJIOXEHUSL — TIPUMEHEHHE JOTIONHUTEIBHOIO PEryjanpyolero Bo3-
NEVCTBHUSA 110 BO3MYLLIEHHUIO, T.€. KOMOMHMpoBaHHOI ACP.

IT- v I1A-3aKOHBI peryaupoBaHus ABJISIOTCA CTATUYECKHUMMU: yCTa-
HOBHUBIIEECH paccoriiacoBaHue (crtatnveckas omnoka) B ACP ¢ II- u
I1d-peryasitopoM He paBHO Hya10. Ha 3T0 yXe oGpallanocs BHMMa-
HME B TIpPUMEPE PEryJIUpoBaHUs ypoOBHA B eMKOCTH. JanbHejilee co-
BepuieHcTBoBaHue I1- u I1[-perynaropoB 3axkiioyaercs B IpUIaHHUU
MM CBOICTBa acTaTuU3Ma, T.€. CTIOCOOHOCTH YCTPaHATh C TE€YEHHEM
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BpeMeHH cTaThyeckyro oinoky ACP. [IpyMepoM Takoro peryasropa
MOXET CIYXHUTh PETYAATOP JaBIEHUS BO3[lyXa B PECUBEDE.

Brinie GBIJIO TIOKA3aHO, YTO aCTaTU3M PEryasiTopa IpOSIBASIETCS B
TOM, YTO €r0 BHIXOJHOM CUTHaJ Z HENPePbIBHO U HEOTPAHUYEHHO M3Me-
HAETCA BCE BpPeMS, IIOKA CYLIECTBYET HEHYJIEBOM BXOJHOM CUTHaIaA Ax.
B paccMOTpEHHBIX BBIIIIE 3aKOHAX peryaupoBaHus [popmynnl (4.3) u
(4.4)] actaTi3aM MOXHO O0€ECTIEYHTD TOJIBKO 32 CUET COCTABJIAIOILIEN Z,,
KOTOpast yXe He JOJDKHA OBITh MOCTOSIHHOM. [1JIsl 3TOro AOCTaTOYHO U3-
MEHSTh €€ CO CKOPOCTBIO, MPONOPLIMOHANBHOMN pacCOrIacOBaHUIO, T. €.

2 = (k/T,)Ax, (4.5)

Ile Z; — CKOpOCTb U3MeHEHUS BENMUUHBI gy, k/T,, — Ko3pduLmeHT
MPOTMOPLHUOHAIBHOCTH (3l1eCh k — K03dPULIMEHT Tlepellayu pe-
rynatopa; T, — NOCTOSAHHBINA KO3POUIMEHT.

CKOPOCTb Z; paBHa HyJIO H, CJICILOBaTeJII)HO BEINYMHA Z; HE U3MEHS-
ercsi. IIpM HAIMYMHK PACCOTNACOBAHUS CKOPOCTh Zy HE paBHA HYJIO U
BEJIUYUHA Zy HENPEPBIBHO U3MEHSAETCA.

ITo M3BECTHO# CKOPOCTH Zy MOXHO BOCCTAHOBUTHL U CaMy BeJIU-
YUHY Zp, TIOJOOHO TOMY Kak, HalpuMep, 3Hast CKOPOCTh JBUXEHUA
TeJ1a, MOXHO HalTH NPOUAEHHBII UM NMyTh. Onepausa OTbICKaHUS e-
PEMEHHOM BEJNYHMHBI 110 U3BECTHOM CKOPOCTH €€ UBMEHEHUS oOpaTHa
ofepauuy auddepeHLMPOBaHUS U Ha3bIBAETCS HHTErpUpoBanueM. Be-
amumHa T,, uMelolas pa3aMepHOCTb BPEMEHH, HA3bIBAaETCs BpeMeHeM
HHTETPHPOBAHMS.

Hrak, ecnn B I1-3aKOHE pEryJIMpPOBaHUSA 3HAUYEHUE Z; BBIYUCIATH
13 popMyasl (4.5), TO MONYYUM acTaTUYECKHU1 3aKOH PEryIHMpPOBAHUA:

7 =7 t+ kAx;
(4.6)

2 = (/T )Ax
Taxou 3aKOH DETyIMPOBaHUs HA3bIBAETCA nponopuuonaﬂbno M-

CTBEHHO, HI/I-perynﬂTop) 3ech NepeMeHHas BeJIMYUHA Z, ABJISAETCSA
MHTerpajJbHOM cocTaBasiolei 3akoHa peryauposanus (M-cocrapns-
1o1ei).

AHajnornyHo, eciau B I1J1-3aKOHe peryImpoBaHus 3HaYeHUE g, BBI-
YUCAATH U3 GOopMyJH (4.5), TO MONYIMM TAKKE aCTaTHYECKHIi mponop-
LHHOHAILHO-HHTErpaibHO- A1 (e peHIMANBHDI 3aKOH perymMpoBaHua (Co-
kpauesHo ITU]I-3akoH peryaupoBaHus M, cootBeTcTBeHHO, ITU-pe-
TyJSTOD):
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= k(Ax + T,Ax");
2=+ k{ax+ Tiaw) (4.7)
7, = (k/T,)Ax.

Ilepexongnnie npoueccH B ITU- u ITHU]I-peryasgTopax rmoxasaHbl Ha
puc. 36, ¢, 0. B pesyarrate BBeaeHusa M-cocTasnsiolieit BETMYHHA 2,
nepecraet ObITh MapameTpoM Hactpoiku I1W- u ITU]I-peryngaTopos.
BMecTo Hee B 3TUX peryiasaTopax IOsIBJAAETCSA HOBbIM mapaMeTp Ha-
CTPOMKU — BpPEMSA UHTErPUPOBaHUA T,.

Hrak, Tunossie 3akounl (I1, IO, IIU u [TUM) coctoat us Il-, JI-
U U-cocraBisiommx, kaxnaas U3 KOTOPBIX 10-CBOEMY CBsi3aHa C BXOJI-
HBIM cUrHaioM peryasitopa Ax. ITMJI-3aKoH BKJIIOYAET BCE TPU CO-
crapisowue. Ipu T, =0 ox mpespaiaetca 8 I1H-, a npu 6eckoHeyHO
6onbwoM T, — B I11I-3axkoH (cM. puc. 37). Ecniu onHoBpemerHo 7, =0
U THU 6eckxoHeuHo Beauko, To ITUI-3akoH npespainaerca B [1-3aKoH
peryanupoBaHus.

Bo3MoXxeH M YHUCTO MHTErpalIbHBII 3aKOH perynnposaHus (M-3akoH),
cocToslinif U3 ogHoit -cocTapnsiolei:

7’ = (k/Ty) Ax, (4.8)
rne 7 — CKOPOCTh NUBMCHCHMSA BBHIXOOHOIO CUrHajia peryjaatopa.

H-3axkon peryauposanus (U-perynarop) ABASeTCS aCTATHYECKUM
U IIPUMEHSIETCS OOBIYHO JUIA PEryJIMpoBaHUsl 0OBEKTOB CO €l1ab0 BbI-
PaOXEHHBIMHU JMHAMHUYECKUMH CBOMCTBAMHM (MaJible 3ama3gbiBaHHE U
uHepuus). B otanyue ot Hero ITHU-3aKkoH peryiuMpoBaHHs, TaKXe
aCTaTUYECKHI1, Ha3BIBAIOT €111€ H30JPOMHBIM.

PaccMOTpeHHbIe TUIIOBBIE 3aKOHBI PETYJIMPOBAHHS XapaKTepU3y-
I0TCSA HEMMPEPHIBHOM 3aBUCUMOCTBIO BBIXOAHOIO CUTHAJIa peryaaTopa
Z OT paccoriacoBaHus Ax: 11000€ CKONb YTOAHO MaJloe U3MEHEHUE Ax
BBI3HIBAacT U3MEHEHHE Z. OmHAKO NMPUMEHSAEMBIE Ha IIPaKTUKE 3a-
KOHHI HE TOJIBKO HeMNpepHBHBIE. CylIECTBYIOT U JUCKPETHBIE 3aAKOHBI
peryJIMpoBaHHs, B YaCTHOCTH peJieiiHble, rlie BRIXOAHOMH CUTHAI pery-
JIATOpA Z UMEET JIUIIB OHO U3 IBYX BO3MOXHBIX 3HaYEHUN — Z; WIN
Z,. CnenoBaTenbHO, U PETYJAUPYIOLIUI OpraH MOXET HaXONMUThCA B
OIHOM M3 JBYX IOJIOXEHMIA.: OTKPHITO (BKJIKOYEeHO) — 3aKPHITO (BbI-
Ki1oyeHo). Takoit 3aKoH Ha3bIBaeTCs ABYXHO3WIMOHHBIM M HMEET
BUJIL:

Z=2 Impu Ax<Q;

(4.9)
1=z 1mopu Ax>0
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z\ 3aBucuMocts (4.9) npeacrasneHa rpa-
z, duuecku Ha puc. 38. U3 Hero BUOHO, YTO
Npy U3MEHEHUH 3HAKA PACCOTJIAaCOBaAHUS Ax
BLIXOAHOW CUTHAJ PETYISTOpa Z B peJlIeMHOM
3aKOHE U3MEHSAETCS CKAYKOM OT OZHOIO BO3-
MOXHOTO 3HaYE€HHUS 10 IPYroro, a peryjupy-
5 - IOILLMIf OpraH, COOTBETCTBEHHO, MEPEKIII0Ya-
€TCS U3 OAHOTO TI0JIOXKEHUS B APYTOe.
]ls:"cl.l(?:?l-; l;l;ﬁ';:“o PeneiiHble perynsaropsl OGLIYHO KOHC-
3;:(03:; per;:mponanuﬂ TPYKTUBHO MPOLLE HEMPEPBLIBHBIX, M UX MPH-
MEHSIOT, KOIia He NMpeabaBIsAIOTCA BLICOKHE
TpeOOBaHMA K KauecTBy ynpasyieHus. IIpyMepoM ABYXMO3ULMOHHOTO
PETYJIITOpa MOXET CIYXKHUTh PETYJIITOP TEMNEPATYPLI B 3JEKTPHYECKOM
yTIOre. DTOT PEryIATOP BKJIIOYAET HArPEeBaTEJbHYIO CrHpajb, KOTra
TeMriepaTtypa yTiora Huxe 3aJaHHO#M M, BBHIKJIIOYAET €€, KOraa TeMrie-
paTypa CTAaHOBHUTCA Bblllle 33JaHHOI. 3I€Ch BXOAHOM CHUTHAJ peryis-
TOpa — OTKJIOHEHHE PETYIMPYEMOIT TEMIEpaTyphl OT 3alaHHOIA, a BbI-
XOJHOWM Z — COCTOSIHUE CTIMPAJIN: Z;— CMUpPab BKIOUYeHa (pu Ax < (),
2, — BHEIKJIIOYEHA (rpu Ax > 0).

4.4. HacTpo¥ika aBTOMaTU4eCKUX PperynsaTopos

Kak yxe ormeyanoch, ACP oOGbIYHO HYXIAIOTCSl B Ha-
CTpO¥Ke IJs1 HJOCTHXEHUS TpeOyeMOro KayecTBa PEryJIMpoOBaHMSL.
C 3T0i1 L1e1bI0 B CEPUMAHBIX PETYASTOPaX NMPeayCMOTPEHBI OpraHbl Ha-
CTPOMKH, MO3BOJISAIOIHNE UIMEHSTH B ILIMPOKOM JHArNa30He rnapaMeTphl

TUIIOBLIX 3aKOHOB peryJnpoBaHus: Ko3pPHULHEHT nepesadm k, BpeMs
MHTErpupoBaHua T, ¥ BpeMd npeasapeHus 7. JIns onpeneneHus na-
paMeTpoOB HACTPOMKH CO3AAIOT CTAHAAPTHLIE BO3NEUCTBUA U HAB.JII0-
JAKOT MepPEXOJHbIe MPOLIECCHl, TAK KAK I10 BUMAY HOCAEAHUX MOXHO CV-

OUTb O KAYECTBE PeryJIMpOBaHMA.

PaccMOTpuM BIMSAAHHME MapaMeTPOB HACTPOMKM Ha BMJ, M IoKa3a-
TEJIM Ka4ecTBa rnepexogHbiX nmpoteccos B ACP (puc. 39). s onpene-
JIEHHOCTH TMPHUMEM, YTO CKAYKOOOpa3HOe CTaHJAPTHOE BO3AECHCTBUE
BEJIMYMHOM Ax,,, MPWIOXEHO MO KaHally 3aflaHus1. BHayalie npoc/ieanm
BJHUSAHHE KO3 dHuLIMeHTa nepedayy peryiaaropa k npu orcyrcrsuu U-
v [1-cocraBasitoimux B 3akoHe peryamposaHus (II-peryasitop). C yse-
JMyeHueM KoddduiMeHTa nepesayy yBeJanyuBaercs riyouHa oopart-
HO# cBsA3M B ACP 1 nepexomgHblil IpoLecc, BHadyalle arepuogndecKuii
(Hexone6aTeNbHBIN) W pacTAHYTHIN BO BpeMeHU (puc. 39, a), nocre-
IeHHO yMeHblluaeTcd (puc. 39, 6) u 3aTeM MepeXoaUT B 3aTyXaloluii
KoJiebarenbHblit (puc. 39, ¢). Ilpu nanbHeiilieM yBeanyeHuu Koddbodu-
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Puc. 39. ITepexoausie npoueccsl B 3aMKuyTol ACP npu u3mMeHeHuH
napaMeTpoB HaCTPOKY perynsaropa

LMeHTa MlepeJayy KojiebaTebHbIi 1epeXodHblii POLeCC pacTSIruBa-
€TCS1 BO BpeMeHHM (puC. 39, &) u npeBpamaeTcsi B He3aTyXaloIue Koje-
6anus (puc. 39, d). BO3HMKHOBEHHE HE3aTyXalOM KX KoJieGaHU CBH-

JETENBCTBYET O NJOCTUXEHUU TPAHUIBI YCTOMYMBOCTH 3aMKHYTOM

CUCTEMBI.
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Konebanusi peryJmpyeMoro napamerpa B 06beKTe OObIYHO HeXe-
JlaTeNIbHBI, U YeM ObICTpEe OHU 3aTyXaloT, TEM JIyUllle KaYeCTBO pery-
avupoBaHus. IT03TOMY BBOAST JONMOMHUTENBHBII MOKA3aTeAb KAYeCTBa
pEryaiupoBaHUSI — cTeneHb 3aTYXaHHS KoJjiefaTelbHOTO mepexoaHoro
nponecca, KOTOpbIif XapaKTepHU3YeT CKOPOCTh YMEHbILIEHHUST AMILTUTYIbI
KosiebaHuit (CM. MYHKTUPHYIO JIUHUIO Ha puUc. 39, 2). [lns anepuoam-
YECKOro nepexoaHoro npouecca, B KOTOpOM KoaebOaHUsi OTCYTCTBYIOT,
cTeneHb 3aTyXaHusl MaKCUMaibHa (puc. 39, a, 6), a 1151 He3aTyXaloUux
KoJie6aHu#, BO3HUKalONIMX npu padéore ACP Ha rpaHuvue yCcToiyu-
BOCTM, — paBHa Hy;I0 (puc. 39, 9).

HanbHeluee yseamyeHue ko3gpPpuieHTa nepeaayu peryasiropa
BeIBOAUT ACP 3a rpaHuuy yCTOMYUBOCTH, YTO TIPOSIBISIETCS B CaMO-
NMPOU3BOJIBHOM HapacTaHUW aMITJIUTYABI KonebaHuit (puc. 39, e). Ipu
3TOM BCE MOKA3aTeJaM KayecTBa PEeryJiupoBaHUs TEPSIOT CMbICa. Ta-
KUM 00pa3oM, misi HopMasibHOM paboTbl ACP npexne Bcero Heobxo-
AUMO ODECNEeYUTh €€ YCTOMYUBOCTh, U TOJBKO MOCJE 3TOr0O MOXHO
TOBOPUTH O Ka4YE€CTBE MEPEXOTHBIX NMPOLIECCOB

Kak BUIHO M3 nepexogHbIX MPOLIECCOB HA puC. 39, ¢ pOCTOM KO-
3ddUMEHTa Nepeaayy peryasTopa miomanb U BpeMsl NepexoaHoro
npouecca f; CHayajla yMEHbIIAloTCs, a 3aTEM YBEJUYMBAIOTCSI U NpU
pabore ACP Ha rpaHuue yCTOMYMBOCTU CTAHOBSATCS OCCKOHEYHO
ooabIMMHU. CTeneHb 3aTyxXxaHUs KOJEeOaTebHOIO NMepexogHoro npo-
1I€CCa BCce BpeMsl YMEHbIIAETCS, BIJIOTh 4O BOSHMKHOBEHMSI HE3aTyXa-
lomux xonaebanuit. IlepeperynvposaHue Ax, cHayaja paBHO HYJIIO
(puc. 39, a, 6), a 3aTeM YBEJIUYUBACTCS U MPUOJIMXKAETCS K BEAUYUHE
AX,,,. JIydiiee KauecTBO peryMpoBsaHus JocTuraeTcs npu pabore ACP
BOIM3Y rpaHubl YCTOMYUBOCTH. OTHAKO ClieayeT UMETh B BUAY, YTO
ACP c H perynHTopOM MeEeT CTamquKy}o oum61<y, KOTOpaSI MO)KCT

BOCTH, T. €. IPU MaKCMMaJTbHO BO3MOXHOM KO3(pdHU1iHeHTe nepexayu
IT-perynsTopa.

PaccMoTpuM Tenepb BAUSIHUE M-cocTaBnsiloNIE 3aKOHA perysiu-
POBaHUS Ha KayeCcTBO mnepexoaHbix npoueccos B ACP. YMeHbieHue
BpeMeHU MHTerpupoBanus T, B [IN-perynsTope, kak U yBeanyeHue
KoaddbunmneHTa nepegaym, NpUBOAUT K YBEJIUYEHUIO TTyOMHBI 0OpaT-
HOI cBsI3u. IIpy 3TOM BUI MepexXOAHBIX MPOLECCOB U MOKa3aTeNaHn UX
KayecTBa UIMEHSIIOTCS MPUMEPHO TaK X€E, KaK U NPU YBEJIUYEHUH KO-
apdpruMeHTa nepegayyd (B mocaea0BaTENbHOCTU Ha puc. 39, a—a).
IIpu BBEIEHUH I/I-cocraBnmomeu CTaTUyeckKast oum61<a MCYE3aeT, HO

rpaHuiIa yCToﬁtuocm ACP ):Locmrae'rc;I npn MEHBIIVX 3HAaYeHUAX
KoabduumeHTa nepegayn, YeM npu oTrcyTrcTBUM HM-cocrapisiioniei.
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IToaromy roBopsit, yto BBeAcHUE M-cocTaBisiiolIeil YMEHBIIIAET 3anac
YCTOHYUBOCTU CUCTEMBI.

TakuM o6pa3oM, yBeJIMYEHUIO TMYOUHBI 06paTHOit cBsi3u B ACP
(yBesimuenuio ko3dduumeHTa neperayy U yMeHbIIEH M0 BPEMEHU
HHTErpUpOBaHMSI) C LEBIO YAYUYLIEHUS] KaYeCTBA peryIMpOBaHUs MNpe-
NATCTBYET BOZHUKHOBEHUE HEYCTOMYUBOCTU B 3aMKHYTOM CUCTEME
peryivpoBaHus. [103TOMY 111 O6BEKTOB ¢ HEGMATONIPUATHBIMY TUHA-
MUYECKVMU CBOICTBAM U YacTO HE yraeTcs1 obecrneynTs TpedbyeMoe Ka-
YECTBO PErYIUPOBAHUSA NMPU UCNONAB3OBAHUU PETYIATOPOB, UMEIOLIUX
ro16K0 I1- u U-cocrasasionme.

YBennuuThs CTeneHb 3aTyXxaHUs KoJiebaHuil B nepexogHoOM MNpo-
Liecce NMpy HEU3MEHHBIX napaMeTpax Hactpoiiku u I1- u M-cocrapis-
lomyx no3sosseT seeaeHue I -cocrapasiomeit. MHade rosops, BBeje-
Hue [-cocrapisiionieil B 3aKOH peryaupoBaHUs KaK Obl OTOABUIraeT
rpaHuny ycroinuusoct ACP 1 yBelMuMBaeT 3anac €€ yCTOWYMBOCTH.
IToaToMy st ynpasieHusi 00bEKTaMU ¢ HeGIAronpusSTHEIMY AVHA-
MUYECKUMU cBoiicTBaMu npuMeHsiioT ITH/1-peryastopsl.

ITpu Hacrpoiike peryasitopa ACP ctaHgapTHBIE BO3AEHCTBUS 1O
KaHaJly 331aHUs1 CO3al0T CKA4KOOOpa3HLIM U3MEHEHWEM CUTHAJIA 3a-
JaHus1, @ O KaHATY BO3MYHLIEHUSI — CKAYKOOOpPa3HBIM NEPEMEHLIEH UEM
peryavpytoiuero opraHa. ITpy 3TOM BenMYMHA CTAHAAPTHOrO BO3AEH-
CTBUSI, C OMHOM CTOPOHBI, JOJKHA OBITH JOCTATOUHO OOJBIION, YTOOKI

TNePEXOAHBIN MPOIIECC YETKO BBLACSJICS HA (POHE CAYyJYAaUHBIX KOjeba-

'HUN pEeryaupyeMoro rnapaMerpa, a ¢ Ipyroi — goCTaTOYHO MaJioH,
YTOOBI HE BBHI3BATH HEAOMYCTUMBIX HAPYLUIEHUI TEXHOJOrMYyeCKoOro
perjiaMeHTa. BT NpOTUBOpPEeYUBbIE TPEOOBAHUS 3aTPYAHSIIOT Ha-
cTpoitky ACP no nepexogHbIM MPOLIECCAM B MPOU3BOACTBEHHBIX YCII0-
BMSIX M TPeOYIOT OT HalaayuKa onpeaejeHHLIX HaBLIKOB U KBaTU(DU-
Kauuu.

4.5. Knaccudukauyua cucrem
aBTOMAaTU4YEeCKOro perysimposaHus

B cucreMax aBTOMaTH3ag UM TSI NEpeMeLeH st peryam-
PYIOLINX OpPraHoB ¥ POPMUPOBAHUS AITOPUTMOB PETYIUPOBAHUSA VC-
NMOABL3YIOT Pa3INYHbIE BUJBI 3HEPTUU (3JIEKTpUYECKasi, MHEBMATIYE-
ckasi, ruapasianyeckas). OTaeabHBIN KJIacC COCTaBJISIIOT PEryasiITOPHI,
He TOTPEOSIOIME IHEPTHIO OT BHEIIHEr0 UCTOYHUKA, a UCNOJIb3Y-
IomKe 3HEPruo peryiupyeMoi cpeabl. Takye peryasiTopbl Ha3biBa-
I0TCS perymropaml npsmoro neiticreug. Oun l'lpOCTbI no KOHCprKuun,

pOBaHl/Iﬂ v I[OCT&TO'-IH)’IO MOLLHOCTb BBIXOHOTO CUTHaJIa JUTsl pEryIupy-
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romtero oprala (PO). I103TOMy B CIOXHBIX CUCTEMAX PEryJUpOBaHUS
NMPUMEHSIIOTCS PEryJIATOPbl HENMPAMOro AeicTBMA, 1151 PaOOTH KOTOPHIX
HEOOXOAUM VCTOYHUK SHEPrUU. YCTpPOMCTBA, MOTpeOasiIoniue 3HEPIUIO
OHOro poxa, o6pasyiot B 'oCynapCTBEHHO! CUCTEME MPOMBILINEHHbIX
npu6opoB u cpeacts aBroMarusanuu (I'CIT) eguHyIo CTPYKTYpPHYIO
rpynny win «BetBb I'CIl». IIpu aBromatuszauuu CBB Haubosee miu-
pOKO npuMeHSIOT peryastopsl aByx BerBei I'CII: anexkTpuyeckylo u

NMHEBMAaTHYECKYIO.

B a3nekTpuMyeckOi BETBU B HACTOSIEE BpeMsl CYIIECTBYET He-
CKONBKO CUCTEM peryiastopoB. Haubosbliee pacnpocTpaHEeHUE TTOY-
Yyusia 3JIEKTpOHHas arperatHasi yHuduiiMpoBaHHas cucteMa (DAYC).
Kaxneiit perynstop DAYC cOCTOUT U3 IBYX OJO0KOB: U3MEPUTEIHHOTO
U dopmupylouiero. MamepurenbHbIi 610K npegHasHadYeH mis anreod-
pPanuyYECKOro CyMMUpPOBAHMS BXOAHLIX CUTHAJIOB peryJsitopa U npo-
NMOP1LMOHANTBHOTO Tpeobpa3oBaHUs PeryJupyloniero curiaaa (pacco-
IIaCOBAaHMSI) B HATNIPSIKEHKE NMOCTOSIHHOTO TOKa. PopMupylommii 610K
CJIYXUT JUISl IPEOOPa3OBAHUS 3TOTO HANPSKEHUS B BHIXOMHOI CUTHAJ
10 3aJaHHOMY 3aKOHY pETYJIMpPOBaHMUS.

Peryasitropst BAYC paboTaloT ¢ peryiupyromuMy OpraHaMu,
CHAOXEHHBIMU 3JIEKTPUYECKUMHU UCTIONHUTEIbHBIMU MEXaHU3IMaMU
(BHUM), anexTpoaBUraTeJ I KOTOPHIX pacCUUTAHBLI Ha HATpSLKEHUE
OTpeAcJIEeHHON BEJIUYMHBI U UMEIOT MOCTOSIHHYIO CKOPOCTh Bpaiie-
Hus. TToaToMy peryaupytoniuii opraH SUM MoXer nepeMenaThes ¢
NMOCTOSIHHOM CKOPOCTHIO (NMPpU BKIIOYEHHOM 3JIEKTPOABUIATENE) UIU
OCTaBaThCSl B HEMOABIDKHOM TOJIOXEHUU (TIPpU BHIKJIIOYEHHOM 3JIEKT-
poaBUraresne).

HU3MmeHsaTs ckopocTh nepemeneHuss PO MOXHO JUllib B peXUMe
NMepUOANYECKOro BKIIOYEHMS U BHIKIIOYEHUS DM nyTeM nomauu Ha
3JIEKTPOABUIATENb UMNYJILCOB HaNPSIKEH USl TOCTOSIHHOM aMITIUTYbI.
IIpu atoM PO Oyner nepeMmewmaTbCss HE HEMPEPHLIBHO, a CKAYKaMHU.
Ecnu Xe vMnynbchbl HATIPSDKEHUS CIEAYIOT JOCTATOYHO YacTo APYT 3a
IpYroM, TO CKaykooOpa3Hoe nepeMmeuieHue PO Oyger BOCTIpUHU-
MaThCsl 0OBEKTOM KAaK HETIPEPLIBHOE yripaBnsioliee Bo3aeitcreue. On-
HAKO HaJIMyue B pane 371eMeHTOB DAY C KOHTAKTOB, CHUXAIONIMX Ha-
JEXHOCTb, TPYTHOCTh U3MEHEHHUSI CKOpOCTH Xoga DM U onacHOCTb
NPUMEHEHUS JNEKTPUUECKUX YCTPOICTB BO B3pHIBOOIACHBIX YCJIOBUSIX
OrpaHMYUBAIOT MCNOJb30BAHUE TAKUX CHUCTEM.

ITpubopsl nHeBMaTuueckoi BetBu I'CIl xapakrepusylorcst 6e30-
NMAacHOCTbIO MPUMEHEHUS BO B3PbLIBOOIMACHEIX Cpemax, NMpOCTOTOMI
YCTPOMUCTBA, 6€30MACHOCTELIO OOCYXX UBAHUSI, BLICOKOHM HANEXHOCTDIO,

HU3KOU CTOUMOCTbIO U BOMbNIMMU PYHKIIMOHANBHBIMU BO3MOXHO-
ctamu. [THeBMaTHYecKue CUCTEMBI OCOOEHHO YTOOHBI ISl KPYMHBIX

94




BB npu 60sbLIOM KOJUYECTBE ABTOMATU3UPOBAHHEIX OOBEKTOB, TaK
KaK TpeOyIoT MeHee KBATU(DULIMPOBAHHOIO OOCTY>XKVBAHMS, YEM 3JIEKT-
puueckue.

ITaesmaTuueckue perynstopsl (ITP) coznaloT u3 yHuduLMpoBaHHEIX
BJICMEHTOB U MONYJIEH, KaXIbIi U3 KOTOPHIX BBIMTOJIHAET KaKyr0-ITU00
npoctylo onepanuio. InaBHoOM YacTeio mHeBMaTUdeckoi Beteu I'CII
aBisiercd cucteMa «CrapT», peryasiTopsl KOTOpOi nmpenHasHavyeHbl 1
pa6otsl ¢ PO, cHaGXeHHBLIMYM MHEBMATUYECKUM MCIIOAHUTEIBHBIM
MexaHusMoM (ITMM), u ucnons3yoT yHUpUIIMPOBAHHBIE ITHEBMATH-
Yyeckue curHanbl. OCHOBHBIMU B cucTteMe «CTapT» SBNSIOTCS peryns-
TOpHI: MO3ULMOHHEE peneitHbie — [TP1.5, ITP1.6; npormopuyoHanbHbIE
(IT) — I1P2.5, TIP2.8; nponopunoHansHOo-uHTerpaisHbie (IMTA) —
I1P3.21, I1P3.22, T1P3.23, I1P3.31; nponopuoHalbHO-UHTETPATEHO-
muddepeHumansHeie (ITA1) — TTP3.25, ITP3.35, a Takxe dpyHkumo-
HAJIbHBIE JIEMEHTHI, OCYLIECTBISAIONINE aNredpandyeckoe CIOXEHUE,
YMHOXEHUE U IeneHue curiaios, — [1P1.1, ycunenue, — I11.5, orpa-
HudyeHue, — I1P11.1, nepexmoyenune u np. Mcrnonb3oBanue peryns-
TOpPOB U 3JIEMEHTOB cUCTeMBbI «CTapT» MO3BOJSET CO31ABaTh JIOOKIE
ClIOXHBIE peryaupylowre cucteMbl. B CBB nx npuMeHSI0T mns pery-
JIUpPOBaHUSA NABJICHUS, TEMIEPATYPHl, YPDOBHS U APYIUX MMapaMeTpOB,
a B psiJie CJIy4aeB U B KOMOWMHAUVM C 3JIEMEHTAMU 3JIEKTPUUYECKOM
Bersu I'CII.

Panee yxe otMeyanock, camoctositenbHylo BeTBb I'CII cocras-
JISIOT PEryJISTOPBI MPSIMOrO AEHCTBUSA, paboTalomyie 6€3 UCnoapr30Ba-
HVsI BCITOMOTraTebHOM 3HEPTUU. DTHU PETYAATOPbI LLIUPOKO MPUMEHS -
1orcs npu asromatusauv CBB. Ux noctomHcTBa — B aBTOHOMHOCTU
(He TpeOyIOTCS VCTOYHMKM NMUTAHUSA), BHICOKOM HAOEXHOCTU (MUHM-
MaTBHOE YMUCJIO 3JIEMEHTOB), a TAKXKE MPOCTOTE U3rOTOBJCHUS, MOH-
TaXa M peMOHTA.

4.6. MukponpoueccopHbie perynaropbl

B nocnenHee BpemMst B ACP crana mpuMeHSATLCA BbIYMC-
JIMTEIbHAsI TEXHUKA, HA OCHOBE KOTOPOIT CO3MaHbI MPOrpaMMUpyEMBIE
MUKPOITPOLECCOPHBIE peryasiTopsl «PeMukoHT». OnUH Takoii peryis-
TOp MOXET 3aMEHUTb HECKOJIBKO NECSATKOB OOBIYHBIX JIEKTPUYECKUX
perynstopoB. Hanpumep, «PeMukoHT-100» 3aMeHsieT 64 peryasitopa.
OuH umMeeT 64 Bxona s MONKITIOYEHUS U3MEPUTEIBLHBIX YCTPONCTB U
CTOJIBKO X€ BBIXOJOB 11151 YIIPABJCHUS UCIIOIHUTEIbHBIMUA MEXaHU3-
MaMU.
BxonHeIM curHanoM «PeMukoOHTa» ABAAETCS MOCTOSIHHBIMA TOK,
MBMeHstouiics B nMana3one 0—5 MA (yHuduimpoBanHslii curHan ['CIT).
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IToaTOoMY M3MEpUTENbHAS 11ENb 10000 TEXHOIOrMYECKOro napaMeTpa
IOJIXHa BKJIIOYATh HOPMUpYIOLIMH TpeoOpasosateab. Hanpumep,
eCJIM peryjupyeMblii mapaMeTp — TeMliepaTypa, To U3MEpPUTEIbHas
1IENb COCTABJSIETCS U3 TEPMOMETPA CONMPOTUBICHHUA U TIpeobpa3oBa-
tens HIT-CJI1-M (puc. 40, a) wiu U3 TepMonapsl ¥ npeodpaszoBaTens
HITI-TJI1-M (puc. 40, 6). Ilpu perynvpoBaHUM pacxona U3MepUTEIb-
Hasl uenb OymaeT BKJIoYaTh guadpparMy U nubMaHOMETP C TOKOBBIM
BbixogoM JIM-3 (puc. 40, ) unu poramerp PBJl u npeobpasosaTtenb
HIT-I13 (puc. 40, 2).

a)
Hopmupyiowmia -
Temnepatypa AnexkTpuyeckoe MocToAHHBIA
PaTyp > TepmomeTp P » npeobpasosaTtens >
conpoTuBneHUA conpormeneHue HM-CN1-M TOK
0)
TemnepaTypa TepModAC Hopmupyiowit | MocroaHHbIi
» Tepmonapa » npeobpasoBaTens o >
HO-TN1-M
8)
Pacxoa Nepenan Dugpmaromerp | [1OCTOAHHBLIN
M
Avadparma AaBneHnit AM-3 TOK
2)
HopMupyiowimi .
Hanpsaxexue NOCTOAHRLIN
Pacxon, »| PotameTtp P3[4 P » npeobpasosarens >
nepemMeHHOro Toka HA-N3 TOK

Puc. 40. [Ipumeps! H3MepHTEIbHBIX Lenei peryasTopa « PeMHKOUT»:

a — C TEPMOMETPOM CONPOTUBIIEHUS; 6 — C TEPMOMNApOIi;
8 — ¢ nuadparMoit; 2 — ¢ poTaMeTpoM

ITpuMeHeHue «PeMUKOHTa» He yCTpaHsaeT HEoOXOQUMOCTH B MpHU-

Oopax st perucTpauvu peryayupyeMbix napaMeTpos. 1o 3TUM npudo-
paM BeAYyT HaCTPOUKY peryjasiTopoB, a TakKKe Py4dHOE AUCTAHIUOHHOE
yrnipasjeHue. YHUDUKauua BXOAHbIX CUrHajJoB «PEMUKOHTa» MO3BO-
JIS€T UCNOJIb30BaTh ONHOTUITHLIE OTHO- U MHOTOTOYEYHBIE TTPUOBOPHL

tirna KCY mnst uaMepeHus: NOCTOSHHOro Toka B guarnasone 0—5 MA.

Perynsitop «PEMUKOHT» COCTOUT M3 ABYX 4YacTeil: COOCTBEHHO pe-
rynsitopa Py nyasra onepatopa 110 (puc. 41). Bce noruyeckue onepa-
LIMK B BBIYMCIUTENbHOM YcTpoicTBe (BY) perynsitopa BhINOAHSIOTCS
B iiidpoBoi dopMme. [103ToMY BXOIHBIE aHAIOTOBBIE CUTHAJIBI pETyJIsi-
Topa MnpeaBapUTENLHO npeobpa3yloTcs B M@ poBbie CUrHaNbL. Jas
3TOro CAYXUT aHajioro-1iMdpoBoi npeodbpasosatens (ALIT).

Tak KaK BEIXOAHbIE CUTHAJIbI BBIYUCTUTENBHOIO YCTPOMCTBA TAKKE
uMeloT uudpoByio GopMy, TO I UX Mpeobpa3oBaHUsi B BHIXOAHbIE
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Puc. 41. CrpykrypHas cxema peryasropa « PeMHKOHT»:

P — perynsartop; 11O — nynsT oneparopa; BY — BeluncaurennHoe
ycrpoiictBo; K — xommytatop; ALII1 — aHanoro-uudposoii
npeobpa3oarens; HAIl — undpoananorosslii npeo6pa3osareb;
AT — undpouMIyabcHblit MpeoGpa3osBaTenb

QHAJIOTOBBIE CUTHAJIBI Ha BBIXOAE peryasTopa UMeloTCs npeobpa3oBa-
Tenu aeyx BHAOB. OqHu M3 HUX — uudpoanansorossie (LIAIT) — npe-
oOpa3yloT uudpoBoii BEIXOAHONH CUTHAJ BbIYUCIUTEIBHOrO YCTPOM-
CTBa B NMOCTOSTHHBII TOK C AUara3oHOM uaMeHeHus 0—5 MA, npyrue —
1udponmnynscHeie (HHATH — B anexTpruec ke UMTTYIBECHI pa3TnaHOM |
JUIUTENBHOCTH.

BxonHbie curHanbsl «PeMukoHTa» J—64 nocTynaloT Ha KOMMYTa-
Top K, KOTOpHIi MOOYEpEeTHO NMOAKIII0YAET UX K aHAJIOro-uudpoBoMy
npeobpazosarento AI[Il. Yactora paboTbl KOMMYTaTOpa U Ouepeni-
HOCTh Onpoca BXOAHBIX CUTHAJIOB BBOAATCS ONepaTOpPOM B BbIUMCIU-
TeAbHOE yCTpoicTBO ¢ nyabTa [10. KomMyTaTop nogkiouaeT BXOAHbIE
CHUTHaJIbI Ha KOPOTKHE NMPOMEXYTKH BpeMEeHU (IeCATKM MUKPOCEKYHI).
3a 3TO BpeMs BXOAHON CHUrHaj o6pabaThIBaeTCS B BBIYUCIUTETBHOM
YCTPOMCTBE 1O 33JaHHOMY 3aKOHY PeryJaMpOBaHUSA U BbIIAeTCS Ha CO-
OTBcTCTBylomnﬁ BbIXOI[ peryasitopa. Takum 06pa30M KaxKIbIA onn v

pOBaHmI a BeCb MHoroxaHaanblﬁ perynsnop npeacTaBiisgeT coboit
COBOKYMHOCTb OTAEIbHBIX MPOCTHIX PETyASTOPOB.
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B «PeMUKOHTE» NMpeaycMOTPEeH YHUBEPCATbHBIM 3aKOH PEryInupo-
BaHus — ITHU]JI-3akoH, U3 KOTOPOro BEHIGOPOM KO3((PULIMEHTOB MpU
[1-, - n JI-cocTaBasAIONINX MOXHO MOJYy4aTs J1000i TpeObyeMbii ais
IaHHoU ACP TUMoBOIT 3aKOH peryJaupoBaHUs. BTO NMPOU3BOAUT OITe-
parop nyrteM 3anaHusa ¢ nyabta IO TpeGyeMbIx KO3(PPULUEHTOB Lis
KaXKIOro KaHajla MHOTOKAHaJILHOTO PeryisTopa.

«PeMVKOHT» NMO3BOJISET TAKXKE NMPOU3BOAUTL HEJUHEHHBIE Ipe-
0o0Opa3oBaHusl CUTHAJIOB (HanmpuMep, BO3BEAEHNE B KBaApaT CUTHaja
pacxogoMepa MnepeMeHHOro nepernaga JaBiAeHUs), CUTHAIU3UPOBATh
MPEBBILIEHAE MAKCUMAJIBHO JOMYCTUMOM BEJIMYMHBI PacCONIaCOBaHMS,
OpPraHU30BaTh CBA3U MEXAY OTACABHLIMM KaHaJaMu VISl peau3aiuu
KOMOUHUpoBaHHEIX ACP. Bce 3t BO3MOXHOCTH «PeMUKOHTa» onepa-
TOP MOXET peaiIt30BaTh MyTEM BBOJA C MYJILTA ONpPEAeIeHHBIX KOMaH/IL.

JI151 MOBBILLIEHUSI HAAEXKHOCTU MHOrOKAaHaJbHOrO pETyisiTopa B
HEM NPEAYCMOTPEHO «ropsiyee» pe3epBUPOBAHMNE: NMPU BOIHUKHOBE-
HUM HEVCIIPABHOCTHU B ONHOM M3 KAHAJIOB pPEryJIMpoBaHUsI ABTOMATU-
4YeCKM BKIIIOYAeTCs B paboTy pe3epBHBIA KaHaa. HercripaBHOCTh BHI-
SIBJISICTCSI CAMUM PEryJISTOpoM Oe3 yyacTusi onepaTropa.

IMTpuMeHeHne koMMyTaTopa K no3ponaunao UCMOAb30BaTh IS BCEX
kaHaioB oguH ALITL. Ha Brixone «PeMUkoHTa» KOMMYTayusi CUrHa-
JIoB He npexycmoTpeHa, U obuiee uuciao LIAIT v LIUIT paBHO yncay
BBIXOMHBIX I€Mei. DTO CBA3AHO C TEM, YTO MPHU UCNOAB30BAHUU Of-
Horo IIAII viv ogHoro LIUIT npuiinock 661 MPUMEHUTH CHEIVAIb-
HBI€ YCTPOMCTRBA IUIS1 COXPAHEHM S BEIXOHBIX CUTHAJIOB Ha BpeMSI, 110Ka
KOMMYTATOp NOAKIIIOYAETCS K APYTUM BBIXOIAM. |

LludpoaHanorossie BeIXOgHBIE npeobpaszopatenss LIAIT npegHa-
3HAYEHHI JUIS1 YTIPAaBJACHUSI MHEBMATUYECKUMU UCITOTHUTEIBHBEIMU Me -
XaHU3MaMU, KOTOphIe MOAKIIOYAIOT K Bhixony «PeMMUKoHTa» uepes

AAalv %

TaHMOHHOro ynpansieHus [T1Y. Dta naHe b MO3BOSET MOgaBaTh Ha
VICTIOJIHUTENBHBII MEXaHW3M KOMaHIHOE faBJAEHUE CKaToro Bo3ayxa B
mamnasoHe (0,2—1)10° TMa ot DIIM1-63 B pexXUMe aBTOMAaTHYECKOTO
ynpaBiaeHus (puc. 42, a) WM OT 3a1aTYNKA B pEXKUME PYYHOTO yrpaB-
neHus (puc. 42, 6). Be16op pexuMa yripaBieHus1 MPOU3BOAUTCS ITOBO-
pOTOM mepekioyaresisi, B nepBoM cilyyae 3afaTYNKOM [0 MAHOMETPY
yCTaHaBJIMBAETCsl NaBJICHUE NUTaHUA p,,, ipeobpasoparens IM1I1-63 —
1,4 - 10° IMa. Bo BTOpOM — OIeparop yCTaHABJIUBAET 3aJaTYNKOM JaB-
JIEHWE p, HAa UCIMOJIHUTEJILHOM MEXaHU3ME TaK, YTOOK! OKA3aHUS U3-
MEpUTEILHOTrO NMprubdopa COOTBETCTBOBIN 3aJaHHOI BEJIWYMHE pery-
JIUPYEMOrO0 napaMerpa.

LIvdppouMnynscHeie npeodpasopateau LIUIT npegHazHayeHs! aist
yIpaBJieHUSl 3JAEKTPUYECKUMU HUCIOJHUTEIBHBIMY MEXaHU3MaMU
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NoCTOAHHLIM TOK MNocToAHHBLIN TOK

ann-63 aNn-63
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Prur R | £ Pawr Prur - | 5 Py
1 2 3 T
‘ Py ‘ Py
K nHeBMaTuyeckomy K nHeBMaTu4yeckomy
UCNONHUTENBHOMY UCNORHUTENLHOMY
' MexXaHUu3My MexaHu3My

Puc. 42. Cxema coeavHenus peryasropa «PeMHKOHT»
¢ MHEBMATHYECKHM MCIOJIHUTEABHBIM MEXaHU3MOM:

a — PEeXHUM «aBTOMATUUYECKOE YIpPaBJIEHUE»; 6 — PEXUM «pPYYHOE
ynpapieHue»; [IJ1Y — naHenap IMCTAHIIMOHHOIO YIIpaBlIeHUS
SIII1-63 — anexTponHe BMolpeo6pa3oBaTeb,

1 — 3amaTyHK; 2 — MaHOMETp; 3 — nepekiloyareanb peXXuma yrpaBieHuUs

OHUM, xoTopbie MOAKIIOYAIOT K BhiXONY «PeMUKOHTa» yepe3 TUpUC-
TOpHLIE MYCKATENH.
B perynstope «PeMUKOHT» Bce onepauuu ¢ curHaiaMu ACP (Bbi-
YHUCcJIEHUE paccorjacoBaHMsl, BhIpabOTKa peryjJupylonero Bo3ne-
CTBHS B COOTBETCTBUU C 3aKOHOM PeTryIUpOBaHUS, BLINOTHEHUE MaTe-
MaTHYECKUX Oorepauyii U T.11.) Npoussonatca B uudposoit dopMe.
'B 3TOM cliyyae roBOpAIT O HENOCPENCTBEHHOM 1HU(MDPOBOM YIpaBICHUHU
‘npoueccoM (HILY). IlyasT onepatopa UMeET KIaBULIU C HANMVCAMU,
JIPUHATHIMH IUIL PETYIMPYIOMIMX YCTPOMCTB. DTO MO3BOJAET ONEPATOPY
O0IIaTECA C PEryjaaTOpoOM, mpeacTapisilonuM bakTHYECKU MMKPO-
OBM, Ha NOHATHOM €My A3BIKE.

4.7. PerynupyioLiue oprasbi
1 UCTOJTHUTEJIbHbIE MeXaHU3MbI

Peryaupylomuit opraH OCYIIECTBIAET peryjupylomniee
BO3NICICTBUE Ha 0OBEKT U3MEHEHHUEM PACXOla BELIECTBA WIH SHEPIUMU,
nonBoauMoi K HeMmy. 1t USMEHEHUs pacxolla XUIKOCTEei, ra3oB U
IapoB NPUMEHSIOT APOCCEeNibHbie peryaupylouide opransl. Ux neit-

CTBME OCHOBaHO Ha U3MEHEHWH MPOXOIHOro Ce4eHUs TpybonpoBoaa B
MeCTe YCTAHOBKM Takoro opraHa. IlpoxonHoe ceyeHHe IpOCCENbHOrO
peryJupylouero opraHa U3MeHS10T, OTKPLIBasi WM 3aKpLIBasl €ro.

1OJ1 R Bd [ AKOM ODIAdH A BV / 0 JCHMW D OIKDbI=
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Puc. 43. Peryaupylomue KianaHbl:
a — OJHOCENENbHBII; 6 — IBYXCeneNbHbIN;
1 — xopmyc; 2 — nayHxep; 3 — cewno

4TO HaXe NPU OTHOMI U TOM XK€ CTENEHU OTKPBITHUA JPOCCENBLHOrO pe-
ryJIMPYIOLIETO opraHa pacxol Yepe3 HEr0o MOXET U3MEHATLCH TIpU U3-
MEHEHUU Tepenana qaBJeHUiA.

K yucity apoccenbHbBIX peryjaupylonx OpraHoB OTHOCATCS OAHO-
cefc/bHbIC, ABYXCelAebHbIE M AMadparMOBLIE KiIanaHbl, a TaKXKeE 3a-
CIOHKU. B ogHOCenenbHbIX U ABYXCEAENbHBIX PETYIUPYIONIUX KIIaraHax
(puc. 43) U3MEHEHHE NMPOXONHOrO CEYEH M1 TTPOU3BOAUTCS NEPEMELLIC-
HUEM OJHOrO WM ABYX TUIYHXEPOB OTHOCUTENBLHO cemna. [Tpeumy-
HIECTBO OAHOCENENBHOrO KJaraHa rnepes AByXCeleJbHBIM B TOM, YTO
OH o0ecrieuMBaeT NpU 3aKPHITUM TEPMETUYHOE MEPEKPHITUE TPYOO-
MPOBOAA, B TO BpeMSl KaK y ABYXCEAEIbHOTO0 HEBO3MOXHO OOECTIEYUTD
repMETUYHYIO TOCAIKY B C€Ajla OMHOBPEMEHHO OOOUX MIYHXEPOB.
C npyro# cTOpOHbI, Nepenaja AaBjleHUI Ha KiianaHe co3naeT Ha TlyH-
Xepe OMHOCENENIbHOTO KjlanaHa BhITaJKUBaloniee yCUJIUE, NOCTUra-

I0LLIEE MAKCUMAJTEHOM BEJIMUMHBI TTPH MOJHOCTBIO 3aKPHITOM KiIallaHe.
Y nByxceneabHOrO Xe KjarnaHa Takue CUJIbI MpUJIOXeHbl K 000UM
TUIYHXepaM, HO HarnpapJieHbl B pa3Hbie CTOPOHbl. [103TOMY pe3yabTu-
pylouiee yCUIMe Ha NITOKE TaKOro KiiaraHa gaXxe Mpu NMoJIHOM 3aKphbl-
TUM rOpa3go MEHbLIE, YEM Y OAHOCEAENBHOrO, U ISl NepeMEeIeH s
IBYXCENEAbHOrO KianaHa TpeOYyeTCsi UCIOJHUTEIbHbII MEXaHU3M
MEHBbIIIE MOLTHOCTH, YEM IUIA OJHOCEAEIILHOIO.

B nnadparmennsix kinanaHax (puc. 44) npoXonHoe cedeHUe U3Me-
HSETCS B pe3yJIbTaTe MepeMEIeHUs IEHTpa AnadparMbl OTHOCUTEILHO
NMEPErOpoOIKK B KOpNycCe KianaHa.

B Tpy6onpoBoaax 00JbIIOro CeYeHUs s yrnpasleHUs NOTOKaMu
rasa v rnapa npuMMeHsIOT OBOPOTHYIO 3acjOHKY (puc. 45). OcHOBHOIA
3JIEMEHT 3aCJIOHKU — KpYMIBIA AUCK, YKPETUJIEHHBIA HAa OCU U NOME-
IIEHHBII B Kopryce. IToBOpOTOM aucKa MU3MEHSIETCS MJIOHIAAb Npo-
XOLHOTO CeYEHUs MEXAY 3aCJIOHKOI U koprycoMm. Eciau auck Haxo-

JAMTCS B TUIOCKOCTH, MEPNEHAUKYIAPHOU K OCHU KOpryca, TO NpOXO.-
HOE ceyeHUe paBHO Hymo. 1o Mepe NoBOpOTa JUCKA IUTIOLANb CeYeHUS]
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Puc. 44. [luapparmenuniit
LD _ KiIanau:
3 1 — xopnyc; 2 — nuadparma;
3 — neperoponka
—
1
3

Puc. 45. [ToBopoTHas 3acjioHKa:
1 — nuck; 2 — och; 3 — xopmyc

r

YBEJIMNYUBAETCA U AOCTUTAET MAKCUMYMa, KOrAa MoJIOXEHUE OUcKa
COBIMAJaET C OChIO KOpIyca.

OcHOBHOI XapaKTepUCTUKOM APOCCEJBLHOTO PETYIMPYIOLEro op-
rada kak sneMeHTa ACP sBiseTcsl €ro cTaATHYECKas XapaKTepUCTHKA
— 3aBUCHUMOCTb pacxoia BellleCcTBa Yepe3 peryJupyouuil oprad ot
CTENEHU €ro OTKPBITUSA.

Hns peryaupyrouero opraia npearnoyruTe/ibHa JUHeHad CTaTu-
Yyeckas XapaKTepUCTHKA, TaK Kak TOJBKO B 3TOM Cliyyae He McKaxa-
€TCS 3aKOH perJIMpOBaHMH d)opM npyeMbm peryn;lTopOM B ACP On-

lou.mﬁ opraH 3aBUCMT ellle U OT Mepenana AaBJIeHUNA, KOTOPhHIA B
TEXHOJIOTUUYECKOM MPOLIECCE MOXET UBMEHAThCA ¢ UBMEHEHUEM pac-
xona. ITosroMy crarrMyeckast XapakTepuCcTUKa PeryJIMpYIOLIEro opraHa,
JUHelHasd NMpU NMOCTOSHHOM Iepernane naBJieHUil, MOXET 0Ka3aTbCs
HeJIMHEMHOM B peayIbHbIX YCIIOBUSIX.

YT100b1 M30eKaTh 3TOro, MPUMEHSIOT KJIanaHbl He TOJBKO C JIMHEH-
HBIMM, HO U C HEJUHEHHBIMU XapaKTepUCTUKAMU TIPU NMOCTOAHHOM
NMepenane naBjieHuit. TakuM oOpa3oM ynaercss CKOMNEHCUpPOBaTh He-
JIMHEMHOCTb CTaTUYECKOM XapakTepUCTUKHU PETYIUPYIOLIETO OpraHa,
oﬁycnoanenny]o nepemeHHmM repenangoM naBneva

yeckas xapaKTepucmxa Hau60nee npocro MOXeT 6bITb nonyqua y
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peryJupyloliero kianana. B HacTosiinee BpeMsl POMbIIIJIEHHOCTD
BBINYCKAET PETYJUPYIOLIME KJianaHhl ¢ JUHEHHOMH, JorapudMuUyecKoii
U nMapaboJuyecKoil XapaKTepUCTUKaMU, IIPUYEM KJIAllaHbl ¢ pa3jiny-
HBIMM XapaKTepUCTUKAMHU OTJIMYAIOTCS JIUIIB (POPMOIt TLTYHXEDA.

KpoMe crtatuueckoil XapakKTepUCTUKM PEeTYJIUPYIOLIMIA KilanaH xa-
pPaKTEepU3YyeT ero NPomycKHas cnocoOHOCTh — PAcXOJ BOMBI Yepe3 IoJ-
HOCTBIO OTKPBITBIM PErYJIUPYIOIIMIA OPraH Ipu nepenane JaBJIcHU Ha
HeM 1-10° ITa. Dror pacxon (B M>/4) yKa3blBaeTcs B 1aCNOPTHBIX AaH-
HBIX PETYIUPYIOIIETO OpraHa BMECTE C APYTMMMU €To IoKa3aTteasiMy —
YCJIOBHBIM JAaBJACHUEM, OONYCTUMO TEMIIEPATYpPOM U T.II.

Perynupylomuii opraH BbIOUpPAIOT MO MPOITYCKHOM CMOCOBGHOCTH,
BUIly TpeOYyeMOil CTaTUYECKOM XapaKTEPUCTUKHU, a TAKXKE UCXOAS U3
YCJIOBUI €TI0 3KCrJiyaTalliy: CBOMCTB NPOTEKAIOIIEN CpEelbl, TEMIIEpA-
TYpbl Y JaBJIEHUS B TPYOOIIPOBOJIE.

ODHOCEAENbHBIE PETYIUPYIOIME KianaHbl, OONBLLUIOro AUamMeTpa —
OByXcenesabHble. B Tex ciyyasx, Koraa ycjoBHUS 3KCIUTyaTallMM HE Mo-
3BOJISIIOT IIPUMEHSTH PETYJUPYIOIME KianaHbl, UCIOJbL3YIOT AMadpar-
MEHHBbIE KJIallaHbl CHJIbHOArPECCUBHBIX XuaKocTeit. [nacparMsl B Ta-
KMX KJjamnaHaX WU3roTaBJUBAIOT U3 KUCJIOTOCTOMKON pPE3UHBI,
¢dToporuiacta ¥ APYrux MaTepuajoB, CTOMKHMX IO OTHOLIEHUIO K Mpo-
TeKallei cpelie, a BHYTPEHHIOI MOBEPXHOCTb KOPITyca ITOKPLIBAIOT
dbTOpOIIaCTOM UJIU 3MAJLIO.

HcnomurenbHblit MeXaHu3M npeoOpa3yeT BbIXOAHONW CUTHAM pery-
JIITOpa B IEpEMEIIICHUE pEryJupylonero oprana. Ilo Buay ucnosin3y-
€MOM SHEPTUU UCITOJIHUTEJILHBIE MEXaHU3Mbl JEJISATCS Ha MTHEBMATU-
yecKue, T’MApaBAUyYECKUE Y djieKTpUYeckue. B MHXEHEPHBIX CUCTEMAX
HauOoJIbIIee MPUMEHEHUE MOJIYYUIH ITHEBMATHYECKUE U DNIEKTPUYEC-
KHE UCMNOJHHUTEIbHbIE MEXaHU3MBI.

ITneBMaTHYeCKHE MCNOJHHUTEJIbHbIE MEXAHHU3MBbI. OTH MEXaHU3MBI
(puc. 46) npeoOpa3yioT BXOAHOE JaBJICHUE p B NMPOrnd MeMOpaHbl U
nepeMeeHue / cBsi3aHHOTro ¢ Helt mrtoka. MemGpana (06bIYHO pe3u-

p
2 3
1 \ |¢| Z ~_
W\-f’m—. Puc. 46. MemOpanHbiii HCIIOJIHATEILHBIH
<z MEXAHH3M:

1 — MeM0paHa; 2 — XeCTKMit LeHTD;
3, 4 — XphiLLKH; 5 — NpPYXHHa;
6 — ITOK
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#OTKaHeBas1) FEpMETHYHO 3aJIcjIaHa 10 Kpalo MEXIY BEPXHEH M HHUX-
Heit KpbilikaMu. LleHTpayibHasi YyacTh MEMOpPaHbI ONUPAETCS Ha XECT-
KMt ueHTp. Braromaps npoTUBOAENCTBHIO NPYXHUHBI CTaTHYECKAs Xa-
PaKTEpPUCTHKA HMCMONHUTENBHOIO MEXaHU3Ma, T.€. 3aBUCHUMOCTH
fiepeMelicHus ! OT JaBJieHUS p, TMHEHHA.

OOBIYHO NMHEBMAaTUYECKUE UCTIONHUTENBHBIE MEXAHU3MBI NPUME-
HSIOT VIS YTIPaBAEHUS PErYJIMPYIOIMMH KJlarlaHaMM ¥ MX BBINYCKAIOT
KaK OJIHO YCTPOMCTBO — IMHEBMATHYECKHI PEryAUpPYIOIMii KilanaH.
-AMeroTcs ABa BUIa NMHEBMAaTHYECKUX PErYJIMPYIOIIMX KJIaraHOB: HOP-
ManbHO oTKphiThie (HO) u HopManbHO 3akpeiThie (H3). ¥V nepsbix
(puc. 47, a) npy OTCYTCTBMM JaBIICHUS BO3yXa HaJl MEMOpPaHO 1ITOK
‘IOM, AEUCTBHEM TPYXHHBI NEPEXOAMNT B KpaliHEe BEPXHEE IM10JIOXKEHHE
M TUTYHXED NP 3TOM IMOJIHOCTBIO OTKpbIBaeT KianaH. C roBelllieH UEM
JaBJICHHS BO3[lyXa POXOJHOE CEYEHHE TAKOro KilaraHa yMeHbLIaeTcs.
"Y BTOpHBIX (pUC. 47, 6) NPH OTCYTCTBHU IaBICHMS BO3[yXa IPOXOAHOE
-CEYCHHE TMOJIHOCThIO NEPEKPHITO M KJlanaH OTKPHIBAETCS JIUIIb MPU
TIOSIBACHUM AaBACHUA Hag MEMOpPaHOM.

a) 6)
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Puc. 47. TIneBMaTHIECKMH PETYIHPYIOIIHH KIanau:
@ — HOPMaIbHO OTKPBIThIN; 6 — HOPMaJIHO 3aKDbITHI;
1 — MeM6paHa; 2 — npyXHuHa; 3 — WTOK; 4 — TUIyHXep

-~ - ——l— -

DNeKTpUYECKHEe HCTIONHUTE IbHbIE MEXAHH3MBI TOJDKHBI 00eCcreYuBaTh
MEPEMEIIICHUE PETYIMPYIOLIEr0 OpraHa rno KOMaHIaM, MocTynampim
OT 3NEKTPUYECKOro peryjsTopa npv aBTOMaTUYECKOM YNpPaBJICHUH
WJIH OT onepaTropa npv pyyHOM AMCTAHLIMOHHOM yIhpaBjieHUH. [Ipun

' IOCTYTIICHUH KOMaHIbl UCTIOJIHUTENRBHBIN MEXaAHU3M TepeMEILIacTCsI C
- TIOCTOSIHHO# CKOpOCThIO. OHaKko Onarofapsd MMNYAbCHOMY PEXUMY
. paboThl CPEAHSIS CKOPOCTh BBIXOAHOIO Bajla MCIIOJHUTEABHOIO MEXa-
. HM3Ma OKa3bIBACTCS NEPEMEHHON. Pa3nnyHbIie TUITBI UCTIONHUTENbHBIX

MEXAHHU3MOB OTJIMYAIOTCS BEJIMYMHOMN KPYTAILIEIO MOMEHTA Ha BBIXO/ -
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HOM Bajly U CKOPOCTBIO €r0 MOBOpPOTA IMPU BKIIOYECHHOM 3JIEKTPO-
JIBUraTele.

3 A A D\ TTA LT AT = AT ~ T AL = . = A
» U A ks VIV Y U 3 bAUVUIVU NV cl 3 Vid DY =0

OOBIYHO BXOJSAT CJIEAYIOIIME OCHOBHbIE 3JIEMEHThI: PeBEPCUBHBI
3JIEKTPOABUTraTelb, PyYHOM NPUBOMA, KOHLIEBBIE U MYTEBbIC BHIKIIOYA-
TeJIU, TOPMO3HOE YCTPOMUCTBO U JAaTYMK IOJIOXEHUS BBIXOLHOrO BaJja.
DJEKTPOJABUTATENb C PEAYKTOPOM CIIYXKUT LIS IIpeoOpa3soBaHUs 3JIEKT-
PUYECKOM SHEPrUM B MEXaHUYECKYIO, TOCTATOYHYIO JJIS1 MIEPEMEILICHUs
peryJupyloniero opraHa. MaxoBuk HeOOXOAUM JJISl MEePeMELICHU S
BBIXOJHOIr'O Bajla UCIIOJHUTEJbHOIO MEXaHU3Ma BPYYHYIO TIpY BBIXOJE
U3 CTPOSI TAPDUCTOPHOI'O NMYCKATENS WM SJICKTPOIABUIaTES.

B UCHOJHUTENIBHOM MeXaHU3Me UMEIOTCS BCIOMOraTeJbHbIE
yCTpoOiicTBa, 0OeCreyrBalolue rnpeodpasoBaHye yrjia rnoBopoTa Bbi-
XOJHOrO Bajla B 3JIEKTpUYECKUE CUTHAbI pa3IUYHOrO HasHaYEeHMUS.
HuddepeHLIHaNnbHO-TpaHCHOPMATOPHBIIT Ipeobpa3oBaTelb CIYXUT
ISl BBEACHUS B PEryJisiTOp CUrHajna obpaTHO# CBSI3M, MPONOPLIUO-
HaJIBHOTr'O YIJIy IMOBOPOTAa BBIXOAHOI'O Bajla UCIOJHUTEIBHOIO MeXxa-
HU3Ma WU, YTO TO Xe CaMOe, CTEIIEHU OTKPBITUS PeryJupylolero
opraHa. |

BbIXOAHOM CHUrHaNm peOCTaTHOrO npeoOpa3oBaTelisl UCMOJIb3YETCs
1 paboThl AMCTAHIIMOHHOrO yKas3aTeJisl MOJOXEHUSI UCTIOJHUTEb-
HOr0 MeXaHu3Ma, YCTaHaBJIMBAaEMOIO Ha IIMTE OINepaTopa PsAOM C
KHOIMKaMU py4YHOro JUCTAaHLIMOHHOIO yrnpabjieHUsl. KOHlieBbI€ BbI-

RN

> 1l -

Puc. 48. DneKTpHYecKHii
HCIIOJIMHTEJILbHBIH MEXAHM3M,

1 — anexrponBurareib;
2 — penyKTop; 3 — MaxoBHUK;
4 — BBHIXOAHOWM BaJl UCTIOTHUTEJIBHOIO
MeXaHu3Ma; 5 — nudpdepeHUAIBHO-

-—:—r—L———
-

. 6 TpaHC(OPMATOPHBIi

| npeo6pa3oBaTelib; 6 — peoCTaTHHIi
Lo npeobpa3oBarenb; 7 — KOHIEBbIe
?_/,V _? , BBIKJTIOYATENU; 8 — TyTeBble

[

BBIKJIIOYATEIN

S

i

L
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KJII0YaTeNU BBIMONHAIOT 3aliMTHbIe DyHKIUMU. OHU OTKIIIOYAIOT THU-
PUCTOPHBIA NycKaTeNb NPU AOCTUXEHUM PETYIUPYIOILUM OpraHOM
KpaiiHux nonoxeHui. IlyreBole BBIKJIIOYATENH CAYXAT JUISl OTPaHU-
YeHUS Auara3oHa nepeMelleHUs1 peryJlupyomero opraHa. B aBToma-
TUYECCKOM pexUMe paboThl OHU OTKJIIOYAIOT NycKaTellb 1P BBIXOAE 32
Npelenbl YCTAaHOBIEHHOTO AYarna3oHa.

TopMoO3HOe YCTPOWMCTBO B TaKMX ME€XaHU3MaxX HEOOXOoAUMO IS
YMeHbLIEHUS BbIOera BEIXOJHOTO Bajla Nociie nNpexkpaineHus JeCcTBUs
YTIpaBIAIOIMX UMITYIbCOB. OGBIYHO TOPMO3HOE YCTPOICTBO CHaGXa-
eTCA 3NEKTPOMArHUTHLIM NPUBOAOM, KOTOpBIA paboTaeT cieayoum
06pa30oM: nNpy NOSIBIEHUU CWIOBOrO HaMpsXEHUS Ha DJICKTPOABUTa-
Tesec NOABISIETCS TOK U B OOMOTKE 3AEKTpoMarHura. AKopb BTSTUBa-
€TCS ¥ OTBOAMUT TOPMO3HYIO KONOAKY OT Bajia 3neKTpoasurarens. Ilpu
MCYEC3HOBECHUU CUNOBOTO HaNpSAXEHUS JIEKTPOMAaTrHUT 06eCTOYMBA-
eTCSl ¥ Bajl DJIEKTPOABUTATENsl TOPMO3UTCS KOJOAKOM, KOTOpas npu-
X¥UMaeTcs K HeMy NPYXUHOM.




Fnasa 5. CXEMbl ABTOMATUYECKOTI'O
PENYJINPOBAHUA TUNOBDbIX
TEXHOJIOTMYECKUX NTAPAMETPOB

5.1. Fpadnueckoe odpopmMmneHne cxem
aBToMaTm3auum

— OCHOBHBEIM TEXHUYECKUM HOKYMECHTOM, ITOKa3bIBAIOIIAM |

CBSI3U MEXY UHXEHEPHOU CUCTEMOM (TEXHOJIOTMYECKUM ITPOLIECCOM)
U CpeACTBaMH KOHTPOJSI U yNpaBleHUS, ABNseTCS PYHKIMOHAJIbHAS
CXeMa aBTOMaTU3alMY, Ha KOTOPO# C IMOMOIIBIO YCIOBHBIX U300paxe-
HUI CXeMaTHYEeCKU NOKa3bIBAlOT TEXHOJIOrH4ecKoe obopyaoBaHue,
TPpyOONpOBOAbl U CPEACTBA ABTOMATU3AI[UU.

TexHonornyeckoe od6opynroBaHUE U TPYOOIIPOBOALI aBTOMATU3UDY-
eMoro oobeKTa u3obpaxalor Ha PYHKLIMOHAJIBHOU CXEME YIIPOILEHHO.
HanpaBieHue OBUXEHUS NMOTOKOB B TPyOOMNpoBogaxX yKa3biBalOT
crpenkamMu. Ha nuHusix oOpbiBa TaKXKe CTaBSIT YKa3bIBalOIME CTPEIKHU
Y Jal0T HeoOXOaUMbIEe MOSICHEHUS, U3 KAKOro arrnapara ¥ K KakoMy
HarpaBisieTCs JaHHBIH MMOTOK.

YcnoBHBle 0603HAaYEHUS CPEACTB aBTOMATU3a Uy Ha PYHKIIUO-
HaJIbHBIX CXEMaX 3JIEMEHTOB U3MEPUTEIbHOM LIETIH, PErYISTOPOB U
CTaHLM# YTIpaBIECHUS, a TAKXKE UCIIOIHUTEIbHBIX MEXaHU3MOB ITPUBE-
IneHbl B Ta0On. 5.1. B BepxHI010 NONOBUHY OKPYXXHOCTH, 0003HaYaloen
3JIEMEHT U3MEPUTENBHOMN LIENU UIU PETYISATOP, CHayajia 3anucChiBalOT
0003HaYEHUS U3MEPSIEMBIX WA PETYIUPYEMBIX ITapaMeTpoB (Tabin. 5.2)
U, €CJIU 3TO HEOOXOaUMO, UX YTOYHeHHUe (Tabi. 5.3), a 3aTeM — 060-
3HAYCHUS OCHOBHBIX (PYHKIIMIA, BBIMTOJHSAEMbIX 3TUM YCTPONUCTBOM
(TaGn. 5.4). B Tabn. 5.5 npuBeneHbl HEKOTOPHIE JOMOJIHUTENBHBIE 000-
3Ha4YeHUs, NpUMeEHsIeMbIe Ui KOHKPETU3al[UM OCHOBHBIX 0003Haye-
HUH, BXOASILMX B Tabn. 5.4. Btu 0603HaYeHUST NPUBOAIT HAa PYHKILIU-
OHaJILHOM CXeMe CripaBa OT 0003Ha4YeHUS YCTPOICTBA.

PaccMOTPUM HECKOJBKO NMPUMEPOB UCMNONAb30BAaHUS YCIOBHBIX
obo3nauenuit. Ha puc. 49, a uszobpaxen natyux (EF) remnepatypsi (7).
DTO MOXET ObITh, HaNIPUMED, TEPMOIapa, TEPMOMETP COMPOTUBJICHMS,
TepMOOATTIOH MAHOMETPHUYECKOrO TEPMOMETPA U T.11.; Ha pUcC. 49, 6 —
YCTAHOBJICHHBIN Ha muTe NpUbop Wi usMepeHus temneparyphl (1),
noka3sbiBaouui (1) u peructpupylomuii (R); Ha puc. 49, ¢ — Takoi
Xe npubop CO BCTPOEHHBIM B Hero peryasitropoM (C) U YKOMIUIEKTO-
BaHHbIY NAHENbIO JUCTAHLIMOHHOIO yripaBieHus (HC).
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Tab6auuna 5.1
YcnoBHoe 0603HaveHHe CPeACTB ABTOMATH3ALHH

HasBaHue O603Ha4eHue
DaTiunK, NPoMEXyTOYHbIN Npeobpa3oBaTens, UaMepuTesb-
HbIt NpUBOP, PErynaTop, MarHUTHLIN U TUPUCTOPHbIN O
pyckaTesns U apyrue YCTpOIACTBa, YCTaHOBMIEHHbIE

Ha annapare, TpybonpoBOAE UMY OKOSMO HUX
NpomMexyTouHbI NpeobpasoBaTesb, U3MEPUTENbHLIN

Npubop, perynaTop, KHOMKa, NepeknoyaTens U apyrue e
CTPOWCTBA, YCTAHOB/IEHHbIE HA LWUTE YNPaBIeHUN
MCNONHUTENLHbLIA MEXaHU3M (MHEBMAaTU4ECKUIA, 3EKTPU- Q
YecKuin)
Tab6auMua 5.2
VYcnoBuoe 0603HaveHne NapaMeTpon
O603Ha- O603Ha-
t HasBanue YeHMe HasBaHue YeHUe
[laBneHwue, paspexeHue P BnaxHocCTb M
YpoBeHb L CocTaB, KOHLEHTpaLms Q
Pacxon F Heckonbko pasHOpPOAHLIX u
napaMeTpoB
Temnepatypa T P P
AneKkTpuyeckan BennmyduHa E
{fInoTHOCTL D
Bpems K
BaskocTtb "4 P
MNonoxeHuwe, nepeMeuieHne G
a) 6)
Puc. 49. Yciosuble H300paxeuus
m Ha QYHKIMOHAILHBIX CXEMaX CPEACTB H3MepeHHs
' H peryIMpoBaHHs TeMIlepaTypbl:
a — JBAaTYMK TEMTIEPATYpPHI; 6 — MOKa3HBAIOLIMIi
2 U PETUCTPUPYIOLUU MpUOOP; 8 — MOKA3BIBAIOIIMUIA
- U PETMCTPUPYIOLIHUIL TIPUOOD C PErYIATOPOM,
/TIRC HC YKOMILIEKTOBaHHBIM TTaHEJ b0 TUCTaHLIMOHHOTIO

W ynpaBJI€HHU A

Ha puc. 50, a noxa3aH gatuuk (F) pacxoma (F), HanpuMep nua-

(dbparma pacxomomepa nepeMeHHOro rneperana JaBJIeHU WY 6aK pacxo-
JOoMepa repeMeHHOro YPOBHS; Ha puc. 50, 6 — npoMexXyTOYHBIN Tpe-
06pa3013a"renb (T) pacxonomepa (F) OTO MOXET 6bITb Jmcbmauome'rp,

WIM JaBJICHHE CTON0a XHMOKOCTU B 6a1<e (BO BTOpOM) B ITHEBMATUYC-
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a) 0) Puc. 50. YcnoBHbie H300paxkeHus
HA QYHKIIHOHANIBHBIX CXeMaX CPEACTB H3MEPEHHUSA
H PeryJHpPOBAHHS PACXO0/A:

a — JATYMK pacxopa; 6 — jaTyuK pacxona,
CHaOXEHHBI TPOMEXYTOYHLIM NPEOOPA30BaTENIEM,

8) 1160 TIPOMEXYTOUHbIT MPeo6pa3oBaTeb,
8 — TIOKa3bIBAIOIUMM U PEruCTPUPYIONIUHii Npubop
FIRK FC CO BCTPOEHHO# CTaHLIME YIIpaBNeHUS U PETYSATOD

W pacxopa

Ta6bnupa 5.3
YcnosHoe 0003HaAYeHHE YTOYHEHHI MAPAMETPOB
O60o3Ha- 0O603Ha-
HasBaHue YeHUe HasBaHue YeHUE
Pas3HocTb, nepenag D, d | WUHTerpupoBaHue Qq
CooTHoweHue Ff ABTOMATUYECKOE NEpPEKNIOYEHNE J
Tabnuupa 5.4
VcaoBHoe 0003HaYeHHE OCHOBHBIX (DYHKIIHI CPeICTB ABTOMATH3ALHH
HasBaHue Ob60o3Ha4yeHue
[Mokazanune . /
Perucrpauua R
PerynupoBka, ynpaBneHue C
AVcTaHUMOHHOE ynpaeneHne ¢ NoOMOoWbLIO YCTPOMCTBA, K

BCTPOEHHOrO B U3MEPUTESNLHLIN Npnbop
(HanpuMep, CTaHUWK ynpaBieHun)

AuncTaHUMOHHOE ynpaBneHne ¢ NOMOULbIO OTAENBHOIO H
(He BCTPOEHHOro B Npubop nnu perynatop) ycTtpoicTsa
(HanpuMep, KHOMKOW, KDYOM yrnpasieHus, 3aQaT4UKOM)

MpeobpasoBaHMe N3MEPAEMOro NnapameTpa E
(BbIXOQAHOW cUrHan AaTymka)

AncTaHumMoHHana nepenava nokasaHun T
NpeobpasoBaHue curHana (Hanpumep, NHeEBMaTU4ECKOro Y

B 3/1EKTPUYECKUIN), BBINOMAHEHNE BbIMUCIUTENBLHBIX QYHKLINIA
(HanpumMep, nsBneYeHne KOpHA)

CurHanmsauua A
BkntoueHue, oTKAYEHUe, NepekntoyeHue S
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Tabnuua 5.5
VenoBuoe 0003naueHHe JONOAHHTENbHBIX (DYHKIHE CPECTB aBTOMATH3ALIHH

603Ha- 603Ha-
HaspaHue © HaseaHue o

YeHue YeHue
BepxHee npenenbHoe

N3BnevyeHue KOpHA

3Ha4YeHue napameTpa H 3 eHne kop v
HuwxHee npeaensHoe
3HAYEHNE napameTpa Nepenaya curHana Ha 3BM B;
dnexTpuyeckuit curHan E BbiBoa nHpopmaumm ¢ 3BM B,
MHeBmMaTUYECKMIA CUrHan P

CKMH WY BIEKTPUUYECKUI NPOMEXYTOYHBIN cUrHang. OgHaxko 3To MO-
' XeT ObITh U pOTAMETP C AMCTAHLIMOHHOM Nnepegadeif, y KOTOPOro mnpe-
'06pa3oBaTeb CMOHTUPOBAH B OQHOM KOpIyce ¢ gaT4YMkom (roruiaB-
‘'xoM). Ha puc. 50, 6 usobpaxeH npubop, noxkassiBalowuit (/) u
perucTpupyiomuii (R) BenuuuHy pacxona (F), cO BCTpOEHHON CTaH-
‘1uent ynpasieHus (K). BMecTe ¢ npubOpOM Ha 1UTe YCTAHOBJIEH pe-
ryasitop pacxona (FC).

OO6BIYHO BCE YCTPOMCTBA, OTHOCAIIUECS K OJHOM U3MEPUTEIbHOM
WU PETYyIUpYIOIe 1eny, 0603Ha4Yal0T UHAEKCOM ¢ OAMHAKOBOM
‘uucl)pou HO paBHbIMI/I 6YKBaMH ItH oﬁosuaqeuuﬂ pacronaraior B

: OKOJIO MCTIOJTHUTENIBHOTO MeXaHu3Ma. B cnyqaﬂx KOTZa HECKOJBKO
{ 3]IEMEHTOB BBIINYCKAIOT B BUAE OXHOrO YCTPOWCTBA (HarpuUMeEp, MeM-
‘OpaHHBIA UCMOMHUTENbHBIA MEXaHU3M C PETyJUPYIOLIMM KIIarlaHOM),
. MM NPUCBAuBalOT OAHO 0bmee 0603HaYeHUE.
| Ha puc. 51 npuBeneH npuMep PYHKUHMOHAIBHOU CXeMbl aBTOMa-
, TU3aLIMM HarpeBa NnapoM BOIBI B Terioo6MeHHUKe. Kak BUIHO U3
‘TIpUBEIEHHOM CXEMBI, OHA COAEPXUT ONUH KOHTYD peryliupoBaHUS —

_TeMIrepartyphl Boanl (5a—S5e). OcTanbHbie YCTPOCTBA NpegHa3HAYEHBI
U1 U3MEpeHU s pacxona napa (la— Is8), pacxona Bonbl (4a—46), TeMie-
.paTypsl BOALI U Mapa Ha BXoxe B Tennoo6MeHHUK (3a—38). Kpome
TOro, NPeayCMOTPEHA CUTHANIU3ALIMS NPU NaJeHUH JaBlieHud napa (2).

PacnonoxeHue 37e€MEHTOB aBTOMAaTU3aliMM Ha (YHKIIMOHAJIbHOM
.CXeMe OmnpeaensieTcsi UX 3HaYeHUEM. YCIOBHBIE 0603HaAaYEeHUS JaTYM-
KOB, NPOMEXYTOYHBIX Npeobpa3oBaTesiel, O6beAIUHEHHBIX C HaTYu-

(9]

.3neMeHTOB ACP, MeXaHMYeCKH CBSI3aHHBIX C TEXHOJIOTUYECKUMM ari-

'mapaTaMy ¥ TPy6onpoBoOAaMHU, NMOMEINAIOT PAOOM C U306paAXKEHUEM
COOTBETCTBYIOLLErO 06opynoBanus (la, 3a, 36, 4a, Sa, S5e). Bonee Toro,
YCJIOBHBIE 0003HAYEHUSA OTAaTYUKOB U IIPOMEXYTOUYHBIX Npeodpa3oBa-
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Puc. 51. @ynkunonanbHas cxeMa aBTOMATH3ALMH NPoOLECCa
HarpeBaHUs BoJbl B TEII000OMEHHHKE

TeJiel pacxoOMEPOB, Yepe3 KOTOPBIE MPOXOIAT TEXHOIOIMYECKHUE Mo-
TOKY, pa3MeILaloT MNpAMO Ha U300paXXeHUSIX TpyObOrIpoBOAOB, B KOTO-
pBIX M3MepAIOTCS pacxoAb (la U 4a). Bcio ocTanbHyIO anrnapartypy

aBTOMaTH3allUM: NMpeobpa3oBaTeny, U3MEPUTEIBHbBIE IIPUOOPHI, pery-
JISITOPBl U OpraHbl YIIPaBI€HUS! — BBIHOCAT B HUXHIOIO YACTh CXEMB.
ITpy 5TOM BHOJb JUCTA BBIYEPYUBAIOT NPSIMOYIrOJIBHUKH, YCIOBHO
M300paxaloimue mUThl ¥ nyabThl. B 3TUX NpsAMOYroabHUKaX IpyInu-
PYIOT arraparypy o rnpyuHLMITy oO1HoCTH pacrnonoxeHusi. Hanpumep,
BCe Tpeo0pa3oBaTeNU U NPUOOPHI, PACIONOXECHHbIE PIIOM C MECTOM

110




U3MEPEHHUS, T. €. CMOHTUPOBAHHBIE HE HA 0OOPYAOBaHUM, a HA CTEHAX
31aHUS, KOJIOHHAX, HA MOJYy U T.I., pacrnojaraloT B OJHOM IpSMO-
yronbHuke (16, 2).B 1pyroM npssiMOyrojibHUKe pPacroJiOXeHbl YCJIOB-
Hble 0003HAYEHUs anrnapaTypbl aBTOMAaTU3alUU, pa3MEIIEHHOW Ha
LIMTe YIpaBieHus npoueccoM (I8, 38, 46, 56, Se, Se, 50).

IlockonbKy yHKIMOHAJIbHAS CX€Ma aBTOMAaTU3allUU MpeAHa-
3HA4Y€HA JUIS1 OTPaXEHUS TOJNbKO CTPYKTYPbl CUCTEMBI YIIDABJICHUS,
B HEH HE pacliU(pPOBBLIBAIOTCS TEXHUYECKUE CPEACTBA, UCIONb30-
BaHHbIE B KOHKpeTHO# cxeme. [loatomy, Hanpumep, B ACP temne-
paTypbl BOAbl JaTYMKOM TeMiiepatyphl (5a) MoXeT OblTh TepMOrnapa
WX TEPMOMETP COMpPOTUBJIeHUs. Toraa cienylmumM npeobpa3opa-
telleM (56) B repBoOM ciydae OyaeT HOpMUPYIOLUH rIpeobpa3oBareib
BJC B Tok (Tuna HII-TJI-1M), a BO BTOpOM — 3J1eKTpHUYECKOrO CO-
npotuBieHus B ToK (Tuna HII-TC-1M). Henb3s onpeaenuts no
bYHKIMOHANIBHOM CXEME TaKXe CUCTEMY JMCTAaHLIMOHHOM rnepenayu
curHanioB. HanpuMep, ecau 1isi U3BMepeHUs1 pacxoda BOAbI UCIOJb-
30BaJIM poTaMeTp (4a) ¢ 3NEKTpUUECKOI IUCTaHIIMOHHON nepeaaycit
(Turma POJ1), To u3MepuTenbHbIM ripubopoM (46) OyaeT npudop ans
U3MEpPEHUS HaMpsixeHUs1 nepeMeHHoro Toka (tuna KCJl); ¢ pora-
METPOM, UMEIOIIIMM MHEBMATHUYECKYIO IUCTAaHLIMOHHYIO Tepeaayy
(tuna PI1/1), vcnons3yloT nipubop Ang U3MepeHUs JaBjeHUs cXa-
toro Bo3ayxa (tuna I1IB). To xe oTHOCUTCS K CpeldCTBaM pPEryIUupo-
BaHUsl, CUTHAJIU3ALIUU U T. .

PacuincppoBka 3JieMEHTOB aBTOMaTHU3allMU, U300paXeHHONH Ha
bYHKIMOHAILHOM cXEMe, AaeTcsl B cneludurKanuy, KoTopasi COCTaB-
JIIeTCsl NS 3aKa3a 3TOM armapaTypbl Ha 3aBojJax-HU3roTOBUTEISIX.
B sroii cnenuduKaiuy 1o Kaxiaoi Mo3vLIMM yKa3blBalOTCS TUIl YCT-
po¥icTBa, ero MogUuUKaiys, Nnpeaeabl u3MEpeHUsl, TpebyeMoe Koau-
YeCTBO U IpYrue HeOOXOmMble CBEIECHMUS.

5.2. ABTOMaTHU4YecKkoe perysimposaHme pacxona

HeobxonyMocTb peryIMpoBaHUs pacXoia BOSHUKAET MPU

aBTOMaTU3auuM GosbluvHcTBa CBB. ACP pacxoma, npegHa3HayeH-
Hbl€ JUIS CTAOUIU3aLIUM BO3IMYIEHUI MO MaTepUalIbHLIM MOTOKaM,
SIBIISIIOTCS] HEOTBEMJIEMOIA YaCThIO paBOMKHyTbIX CUCTEM aBTOMAaTHU3aLIUM.

cUcTeMax perynuponaﬂml npymx napame'rpon JlJm o6ecnequml 3a-
JaHHOIO COCTaBa CMeceil WU IS MoAfepXaHUS MaTepUalbHOIO U
TEIUIOBOro 6ajlaHCoOB B armapa'rax U COOpY)KCHl/[HX le/[MCHHIOT CUC-

OIHOKOHTYPHBIX WM KackagHbIx ACP.




CucreMnl peryJMpoBaHUsI pacxola XapaKTepH3ylTcsl IByMsi OCO-
Oe HHOCTSIMMU:
¢ Majoil UHEPLIMOHHOCTBHIO COOCTBEHHO OOBEKTA PETYIUPOBAHUS
¢ HaJM4YMEM BLICOKOYACTOTHBIX COCTABJISIOLIMX B CUTHAJIE U3MEHEHMSA

pacxoja, OOYCJOBIEHHBIX MYyJbCaLMsIMU AAaBJICHUS B TPyOOIpO-

BOJE, KOTOPLIE BLI3LIBAIOTCS pabOTOIl HACOCOB WIM Cly4allHBIMU

KoJieGaHUSIMM pacxolla IpHU APOCCeJIMpOBaHUU TIOTOKA Yepe3 Cy-

XKalolue yCTponcTBa.

IIpyHUMNIManBHAsA cXeMa OOBEKTa NPU pEryJIMpoBaHUM pacxoia
roKa3aHa Ha puc. 52, rae Gy — pacxon BellecTBa yepe3 kianax, G, —
pacxof, BemecTna yepe3 pacxogomep. O6LIYHO TaKUM OOBLEKTOM SIBJISI-
€TCSl YJacTOK TpyOOIIpOBOa MEXIy TOYKOI U3MepeHUs pacxola (Ha-
IIPUMEP, MECTOM YCTAaHOBKM CYXaIOHIEr0 YCTPOMCTBA) U PEryaupy-
louuM KianaHoM. liMHa 3Toro yyactka L onpenensieTcst ipaBUjiaMH
YCTAHOBKM CYXAIOUIMX YCTPOWCTB M PETYJIUPYIOLUMX OPraHOB M CO-
CTaBJIAET HECKOJILKO MeTpoB. BpeMsi yUCTOro 3ana3apiBaHHsl OOLIYHO
COCTaBJISIET HECKOJILKO HOJEH CEKYHIbI [UISl Ta30B U HECKONBKO Ce-
KYHI — JUIA Xuakocrteil. BBuay Manoil MHEPLMOHHOCTH TaKOTro 00b-
eKTa ocobnie TpeObOBaHUS NPEIBSABISIOTCS K BbIOOPY CPEINCTB aBTOMA-
TH3alMU U MeToloB pacueta ACP pacxona. B 60JibIIMHCTBE Cly4yaeB
MHEPLMOHHOCTS LIETIEl KOHTPOJIS U PEryJIMpPOBaHMSI pacxona COu3Me-
pUMa C MHEPLIMOHHOCTHIO OOBEKTA U €€ HEOOXOMUMO YUUTHLIBATH TIPH
pacuete ACP pacxona.

G,

Puc. 52. IIpuHunnuansHas cxeMa o0beKTA NpH peryJIMpoBAHHH PacXofa:

1 — nu3mepuTens pacxona; 2 — peryJaupylolmuii KjianaH;
G, — pacxoll BellleCTBa Yepe3 kianaH; G, — TO Xe Yyepe3 pacxoIomep

IIpy perynMpoBaHUM pacxoda IPUMEHSIIOT OIMH M3 TPEX CIOCOOOB:
IpoCCENMPOBAHUE TTOTOKA YEPE3 PErYJIUPYEMBII OpraH, ycraHaBJIMBa-
eMBIil Ha Tpyb6onpoBone (Ki1amnaH, IWK6ep, 3aCIOHKA); U3BMEHEHHE Ha-
ropa B TPyOOIIPOBOJE C IIOMOLIBIO PErYIUPYEMOro UCTOYHUKA SHEPTUH
(HanpuMep, U3MEHEHUEM YK CI1a OO0POTOB IBUTATENSI HacOca WIH yIjia
[OBOPOTA JIoTIacTeil BEHTWISITOpA); OaiinacupoBaHue, T.e. riepedpoc
M30BITKA BELICCTBA U3 OCHOBHOTIO TPYOOIIPOBOa B OOBOAHYIO JIUHHIO.

PeryauposaHue pacxolia nocie LEHTPOOEeXXHOr0 Hacoca OCyHIeCT-
BJISIETCSl PETYJIUPYIOILUM KJallaHOM, YCTaHaBJIMBAaEéMbIM Ha HarHeTa-
TeILHOM TpyboripoBone (puc. 53, a). Ecaun ans nepekayuBaHUs UcC-
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a) 1 , 6) 4
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Puc. 53. Cxema peryimpoBanus pacxoja nocjie uempoﬁexmom (a)
 NopmueBoro (6) HacOCOoB:

1 — n3Meputenb pacxona; 2 — peryJupylomuii KiamnaH; 3 — peryasrop
pacxona; 4 — Hacoc

0J1b3YI0T MOPIIHEBOI Hacoc, NpuMeHeHUe nogobHoi ACP Henmonyc-
TUMO, TaK Kak Npu paboTe peryiasitopa KjamnaH MOXeT 3aKpbIThCS
TONTHOCTHIO, YTO MPUBEIET K Pa3puIiBy TpyOoIpoBoAa (WIM K ITIOMIIAXYy,
€CJIY KJIallaH yCTAaHOBJNEH Ha JIMHUM BcachiBaHMs). B aTOM cnyyae s
pPETYJIMPOBAHUSI pacxola MCIoab3yloT OailllacMpoBaHUE I1OTOKA
(puc. 53, 6).

B psine ciny4yaeB HeoOXoOMMO MojaepXaHHWe 3aIaHHOTO COOTHOLe-
HMS pacxonoB (HallpuMep, «TOMJIMBo—BO3AyXx»). Hanbonee yacro
npuberaloT K peryJMpoBaHHIO COOTHOLIeHUS IBYX BELIECTB, KOTOPOE
OCYILECTBIISIETCS 110 OMHOM M3 TPEX cXeM, olMcaHHbIX HKXe. [To nep-
Boii cxeMe (puc. 54, a) npu He3agaHHOM oO1ei TPOU3BOIUTENBHOCTH
pacxo;:l OI[HOI“O BemeCTBa G|, Ha3bIBaeMblii «BenymuM» MOXeT U3MeE-

COOTHOLLUEHHHU O C TIEPBBLIM TaK, YTO «BEAOMBbIii» pacxon G, paBeH aGl
HHorma BMECTO peryisitopa COOTHOLLEHMST MCTIONB3YIOTCS pesie COOT-

a)

n
\m
Yy

Puc. 54. Cxema peryHpoBaHHsl COOTHOIMEHHS PACXORO0B
NpH He3aJauHo# oOmeit Harpy3ke:

1, 2 — n3MepuTeNn pacxonos; 3, 6 — peryJasaTopbl COOTHOLLIEHHS;
4 — perynupyloumit xuanaH; S — peryastop pacxoaa
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HOLLUEHHUs U OOBIYHBII PETYISATOP JUISt ONHOIM NepeMEHHOM (pHC. 34, 6).
B 3TOM Cilyyae BBIXOAHOI CUTHal pelie COOTHOLIEHMS, YCTaHABIMBa-
I01€T0 3aJaHHBl KO3DPHULMEHT COOTHOLIEHHS O, IONAETCSA B BUIIE
3aJlaHUA PETyasaTopy, obecneyruBamoueMy MOAIEPXaHUE «BEAOMOTO»
pacxoja.

Bropas cxema (puc. 335, a) UConb3yeTCs B TEXHOJIOTUYECKUX TIPO-
Lieccax, Koria 3HauyeHue «BeAyLIero» pacxolia 3agaHo. B atom ciyuyae
Kpome ACP cooTHolleHMs1 pacxolloB NpUMEHsIOT Takxe ACP «Beny-
mero» pacxozna. Ilo 3Toit cxeMe B Cliyyae MU3MEHEHMA 3aiaHUsA 110 pac-
xonly G| aBTOMaTUYECKH NPOU3OHAIET U U3MEHEHUE pacxola G,, NpH-
YeM B 3alaHHOM CooTHowieHuH C G;. Tpetpsa cxema (puc. 55, 6) npu-
MEHSIETCS B TEX Ciyuasix, korfa ACP COOTHOLIEHMS paCXOIOB sIBJISIETCS
BHYTPEHHUM KOHTYPOM B KaCKaJHOW CUCTEME PEryJIMPOBaAHUS TPETh-
ero TexHonorndeckoro napametpa Y. Ilpu 3Tom 3amaHHbI Ko3dpPpu-
LIMEHT COOTHOLIECHHUS YCTAHABIMBAETCSA BHEUIHUM DETYISITOPOM B 3a-
BUCUMOCTH OT 3TOro mnapamerpa Tak, 4yto G, = a(Y)G;. OcobeHHOCTD
HAaCTpOMKHU KacKagHbIX ACP coCTOUT B TOM, YTO Ha 3aJlaHUE BHYTPEH-
HEMY PETYJISATOPY YCTaHaBIMBAIOT orpaHnyeHue X, < X, < X . Jlna
ACP cooTHoOLIEHHUS1 paCXOdOB 3TO COOTBETCTBYET OIPaHHUYEHUIO
oy, < o < o, Eciiv BBIXOMHOW CUTHA BHEWIHETO PETYNSATOPA BHIXOAUT
3a npenensl (X, ,, X; 1), TO 3alaH1e PETYAATOPY OCTAeTCs Ha NPEAENTBHO
OOIYCTUMOM 3HAYEHUM O, T.€. O, WIH Oy,

0]
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N 2 | @

® FS Lo s
Puc. 55. CxeMa peryJIMpOBaHHA COOTHOMEHHS PACXO/IOB NPH 32 IAHHO

obimeii narpyske (@) H Koppexkiinn Ko3qpHIMENTa COOTHOMEHHS
no TpeTbeMy napamMeTtpy (6):

1, 2 — u3MepuTeny pacxonoB; 3 — peryisiTop COOTHOILIEHHS;
4, 5 — perynupyilolmue KlanaHel; 6 — peryisiTop pacxona;
7 — TEeXHOJIOrMYeCKUit annapat; & — U3MEepUTENb TEMNEPATYPHI;
9 — perynatop TeMnepatypbl; 10 — yCTpoiCTBO OrpaHUYEHHA
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5.3. ABTOMaTUYeCKOe perynmpoBsaHume
YPOBHS

YpoBeHb, KaK H3BECTHO, SABJISIETCSI KOCBEHHBIM 110Ka3are-
JIeM TMAPOAMHAMHUYECKOTO PaBHOBECHS B allllapare WK COOPYXEHUH.
IToCTOSIHCTBO YPOBHSI CBUAETENBCTBYET O COONIONEHUHN MATEPUAIb-
Horo 6anaHca, Korjaa IpUTOK XHIKOCTH paBeH CTOKY U CKOPOCThb U3-
MEeHEHHS YPOBHsI paBHa HyJ10. CleayeT OTMETUTD, YTO «IIPUTOK» U
«CTOK» 3[IECh SIBJISTIOTCS 0000HIEHHBIMHM MOHATUAMHU. B npocrteitinem
clydae, Korjga B anmnapare (COOpHUKH, CMECHUTENHN, TIPOMEXYTOUHbIE
€MKOCTH, XUIKo(Pa3Hble COOPYXEHHUS) HE TIPOUCXOIUT HUKaKHUX (a-
30BBIX NpeBpalllcHUi, TIPUTOK paBeH pacXony XMIKOCTH, NoNaBacMoii B
afrapart, a CTOK — pacXoAy XMIKOCTH, OTBOAMMOM M3 afiaparta.
B 6onee CoXHBIX TEXHOJOrMYECKHUX IIPOLIECCaX, COMPOBOXIAIOIMXCS
n3MeHeHHueM (pa3oBOro COCTOSHHUS BELIECTB, YPOBEHD SIBJISETCSA Xa-
PAKTEPUCTHKOM He TOJIBKO I'MAPABANYECKHX, HO U TETJIOBRIX U MacCo-
0OMEHHBIX NPOLIECCOB, a IIPUTOK M CTOK YYUTHIBaIOT ha3oBhIE MpeBpa-
LIEHUS1 BELIECTB (MCnapeHHe, KOHICHCAUMIO U [ip.).

B 3aBUCMMOCTH OT TpeOyeMoit TOUHOCTHU MOAAECPXAHUS TpHMe-
HSAIOT JIMOO0 MO3ULIMOHHOE, JIMOO HEMPEPBIBHOE PETYJIMPOBAHUE YPOBHSL.

Tlo3uiMoHHOE peryJIupoBaHME NPUMEHSETCS B Clydasx, KOraa
YPOBEHB B annapare TpeOyeTcst ToAAepXUBaTh B 3alaHHBIX, HO JOCTa-
TOYHO WUpokuXx npefaenax: L, < L < L. Takue CUCTEMBI peryiupoBa-
HM Yale BCEro YCTaHaBJIMBAIOT Ha COOPHUKE XUAKOCTH UM Ha Npo-
‘MEXYTOUYHBIX eMKOCTAX (puc. 56). IIpu HOCTUXEHUHU TMPERETBLHOIO
3Ha4Ye€HH1 S YPOBHS B HUX OOBIYHO TPEeyCMaTPUBAETCSl aBTOMAaTHYECKOE
NepeKInioYe HUEe NOTOKa XMAKOCTH Ha 3aNacHY0 €MKOCTh.

Cnoco6 HenpephIBHOrO PETYJIMPOBaHUSA UCIIONB3YETCS ISt CTabu-
JIU3alMM YPOBHS Ha 3alaHHOM 3HaYyeHWH, T.e. Korga HeoOXomHuMo
obecneynBaTh paBeHCTBO L = L°. OcobeHHO BBICOKHE TpeboBaHUA
MPEABABIAIOTCS K TOYHOCTH PEryJMpOBaHHUs YPOBHS B TEMI000OMEHHBIX

1
Puc. 56. CxeMa no3uumoHHoro

—‘g ! 5
peryJIMpoBaHNA YPOBHA:

- e 1 — Hacoc; 2 — eMKOcTh
6 [~ (annapat); 3 — CUTHATU3aTOP

._T/i e YPOBHSI; 4 — PETYNATOp
= YPOBHSA; 5, 6 — pEryampy-

3 IOHUE KlTanaHbl
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arnrnaparax, B KOTOpbIX YPOBEHb KOHIIEHCaTa ONpeAcnsieT GaKTUYECKYIO

NnoBepxHOCTh TerutoooMeHa. B Takux ACP m1s1 perynmpoBaHMsi ypOBHS

6e3 craTuueckoii norpewrHocTu npuMeHsitor ITU-perynsitopsl. IT-pery-

JSATOPBl UCIONB3YIOT JIMILL B TEX CyYasiX, Koraa He TpebyeTcsi BHICO-

KO€e KauyeCTBO peryJlupoBaHUs U BO3MYLIEHHSI B CUCTEME HE UMEIOT

I1OCTOSTHHOM COCTABJISIIOLLEH, KOTOpast MOXET IpUBECTHU K HAKOTUIEHUIO
—CTaTHUYECKOU NOrpelIHOCTH.

IIpu oTcyTcTBUU (pa3oBhIX MpeBpalleHU B afnrapare ypoBEHb B
HEM pEryIUpPYIOT OAHUM U3 TpeX CIOCOO0B: U3MEHEHUEM pacxoia
XHUIAKOCTM Ha BxoHe B amnmnapar (peryiupoBaHUE «Ha MPUTOKE»,
puc. 57, a); U3MEHEHHUEM pacxoda XWUIKOCTH Ha BLIXONE U3 arapara
(perynvMpoBaHUE «Ha CTOKE», pUC. 37, 6); pery1upoBaHUEM COOTHOLLE-
HMs pacxolla XHIKOCTHU Ha BXOJE B alllapaT U BbIXOIE U3 HEro ¢ KOp-
peklMeil no ypoBHio (kKackagHas ACP, puc. 57, 8).

a)

6) B) 5
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Puc. 57. CxeMbl HenpepubiBHOTO peryIHpPOBAHHA YPOBHSA:

a — peryinpoBaHHE «HA NPUTOKE»; 6 — perynTMpoOBaHHE «HA CTOKE»;
é — KackanHasa ACP;
1 — v3MepuTenhb YPOBHSA; 2 — PEryasTop YpOBHS; 3 — perynivpyoLumii
KJ1anaH; 4, 5 — u3MepuTeNn pacxona; 6 — peryisiTop COOTHOLIEHUS

CnenyeT OTMETUTD, UTO IIpH peanusauvu kackagHoit ACP orkno-
HEHME KOPPEKTUPYIOLIErO0 KOHTYpa MOXET MPUBECTH K HAKOTUIEHUIO
OLIMOKHM TpU pEryMpoBaHUHU YPOBHS, TaK KaK BCJIEACTBUE HEN30EXHBIX
MOrpeLIHOCTEN B HACTPOMKE PEryIsATOpa COOTHOLUEHUS pacxona Xum-
KOCTM Ha BXOIE M BBIXOJE afrmapara He OyayT TOYHO paBHLI U B 3aBU-
CHMOCTH OT CBOICTB 0ObEKTa YpPOBEHB B alapare OyaeT HelpepblBHO
HapacTaTb (WM yObIBaTh).
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Ecnu npoueccsl B annapate CONpoBOXaawoTcs ¢a3oBHIMU Ipe-
BpalLieHUAMM, PETYJIUPOBATh YPOBEHb MOXHO M3MEHEHHUEM ITOAaUYU
TEIJIOHOCUTEJISI. B Takux anmnaparax ypoB€Hb B3aUMOCBsI3aH C Ipy-
TMMH napaMeTrpaMu (HampuMmep, AaBlieHUEM), ITO3TOMY BBIOOp CIO-
coba peryJupoBaHHUs B KaXIOM KOHKPETHOM Clly4yae JOJIXEH BBINIOJ-
HATHCA C YYETOM OCTATbHBIX KOHTYPOB pEryJIMPOBaHUS.

PerynupoBanue ypoBHsi B CBB npumeHsitoT 1isi aBTOMaTU3aluu
BOIOHAIIOPHBIX, MOANIUTOYHBIX, pACLUMPUTENBbHBIX, THEBMOTMAPABIH-
YECKMX M APYIUX 6aKOB U pe3epByapoB, a TAKXKe JUISI IIPEAYTIPEAUTEN b-
HOI U aBapUInHOM CUTHAJIU3ALUU NEPENOJTHEHUA WIU ONMOPOXHEHUA
pPa3IMYHBIX EMKOCTEMH.

Ocoboe MecTo B CMCTeMaX peryiupoBaHust ypoBHs 3aHuMaioT ACP
B annapaTtax ¢ KMIISIIUM (TICEBIOOXUXEHHBIM) CJIOEM ChITyYMX MaTe-
pUaioB. YCTONYMBOE MOAAEPXAaHUE YPOBHSI B CYLIMIKAX KHUIISILIETO
CJ1051 IPU CYLUKEe OCAOKOB CTOYHBIX BOI BO3MOXHO B Y3KHX Ipenenax
COOTHOILIEHMSI pacXona rasa u Maccal ciosi. IIpy 3HauUUTENBHBIX KOJE-
0aHUAX pacxoda rada Wil oCagKoB HACTYIIAET PEXHM YHOCA CJ10sl WIH
ero ocenaHusi. [Io3TOMy K TOYHOCTH PETYIUPOBaHUS YPOBHS KHIIsI-
HIETO CJIOsI TIPEIBSIBIASIOT 0COOEHHO BBICOKHE TpeOoBaHUs. B KauecTBe
PETYJIUPYIOIINX BO3NEHCTBUI OOBIYHO MUCIIONB3YIOT PACXO] OCAAKOB Ha
BXOJle U BhIXOHe anmnapata (puc. 58, a) uiam pacxon ra3a (Bosmyxa) Ha

OXMXEHUE cos (puc. 38, 6).

a) T , 6) T ,
Chinyunit Cuinyuunit
MaTepwman Matepuan

Puc. 58. Cxembl peryMpoBasius YPOBHA KHNAWETO CJioN:
a — OTBOJIOM ChINy4Yero Marepuana; 6 — U3MEeHEHUEM pacxoa rasa;
1 — annapaT ¢ KUNAWKM ClNoeM; 2 — N3MEPUTESIb YPOBHS; 3 — pEryJsTOp

YPOBHS; 4 — peryJupyroiui opraH
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5.4. ABTOMAaTH4YeECKOEe perynmposaHue
nassieHUus

IaBneHue aBasieTCS MOKa3aTejleM COOTHOILEHUsT pacxo-
JIOB ra30BOM WY XHUIKOM a3kl Ha BXOJIE B allnapaT U BHIXOE U3 HEro.
ITocTOSIHCTBO JaBlE€HUs1 CBUAECTENLCTBYET O COONIOAEHUM MaTEPUATIb-
Horo 6ajaHca ra3zoBoil (xuakoi) da3ssl,

B 6onbuinHctee CBB TpeGyerca crabunnsaums nasienus. Ilon-
JIiepXaHWe IaBaeHUs 00yCIOBIEHO JIMO0 TEXHOJIOTMYECKUM perjlaMeH-
TOM TIpOLiEcCa, JINO0 HEOOXOMUMOCTBIO TIPEONOJIEHHUS Pa3IMYHBIX TH]-
PaBIMYECKHUX CONMPOTHBIAEHUIA. [Ipy NMOHUXEHUM JaBjeHHUs yXyailla-
I0TCS pEXUMHBIE [TIOKA3aTEIM ITPOLECCa, ITPU IOBBIILIEHUHU — BO3HUKAET
aBapMiiHasi cUTyauMs (pasrepMeTH3aLMs WIM JaXe pa3phiB amnfa-
paTta).

PerynupoBanue napiaeHusi OOBIYHO OCYIECTBISIOT U3MEHEHHUEM
pacxolia BeieCTBa yepes anmnapat Ha CTOPOHE Moga4yyr Wi NoTpeoneHus.
9’1‘0 JlocmraeTCﬂ C nomommo perynupylomero opraHa mmenmomero

Ha puc. 59 noka3aHa cxema ACP JlaBJIeHHs B amnmapaTte, Kotopasi Co-
CTOMT U3 NIEPBUYHOrO npeobpazoBarenst la (MAHOMETD), COBMEILECH-
HOI'O0 C IIPOMEXYTOYHBIM Npeobpa3oBaTeieM, U3MEPUTEIBHOIO TIPU-
6opa 16 ¢ peryiasiTOpoM M peryjiMpylouero KiamnaHa ¢ UCIOJHUTENb-
HBIM MEXaHU3MOM Is. JlaBleHUE B TAKO CHUCTEME PErYyIUpPYIOT
M3MEHEHMEM CTENEHN OTKPBITHSA KJlariaHa.

\

)
>

18 O 9 Puc. 59. ®ynkunonannhas cxema ACP

NAaBJIEHHA

PIRC

N

OGb1yHO AaBieHME (MM pa3pexeHne) CTabuIM3UPYIOT B KAaKOM-
n1ubo omHOM amriapaTe, a MO BCeil anmnapaTypHO-TEXHOJOTHYeCKOM

CUCTEME OHO YCTAHABJIMBAETCH B COOTBETCTBHM C I'MAPABINYECKUM
CONPOTUBJIEHUEM JIMHUU U obopyaoBaHusi. Hanpumep, B MHOIOCTY-
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NEeHYaToi QUCTWLIAIIMOHHOW YCTAaHOBKE ISl 00€CCONUBAHUS U OTIpeC-
HeHus BoAbl (puc. 60) paspexeHHe CTabUIU3UPYIOT B MOCAEAHEM
vchnapurene, a B OCTATbHBIX OHO YCTaHABJIMBAETCsl U3 YCJIOBUI MaTe-
PHAJIBHOTO U TETUIOBOTO GalaHCOB C YYETOM I'MAPABIUYECKOTO CONpO-
TUBJICHUS.
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Puc. 60. PeryanpoBanne pa3pexXeHusi B MHOTOCTYNIEHYATOH AHCTHIALIHONHOM
YCTaHMOBKe:

1-3 — Hcnaputenn; 4—6 — annapaTH IS OYUCTKM Tapa; 7—9 — KyboBhle
OCTaTKM Ha 3aXOpoHeHue; 10 — nmepBUYHBI KOHAEHCAT;
11, 12 — oyniieHHHIf KOHIOeHcaT; 13 — KoHaeHcaTop; /4 — u3MepuTenb
IlaBRNeHUs; 15 — peryasTop IaBleHUs; 16 — peryampyommi opraH

B npouieccax cymiku ocaikoB CTOYHBIX BOJ B 6apabaHHBIX CYIHWIKAX
uc. 61) Ha ACP, n XWB i HH MIl

rennoHocutenss, 1 ACP TemnjnoBoro pexumMa Cywku (Ha pUCYHKE He
[0Ka3aHbl; OCOOEHHOCTU PEryJIMpOBaHMUSl TeMIlepaTyphl OyayT pac-
CMOTPEHBI HIXKE) Beeraa npenycmatpuBaerca tTakke ACP, ctabunmsu-
pyloiyasi JaBieHue rasa nepel tonkoi, 1 ACP, crabunusupyroias
PEXUM I10 Ta30BOMY TPAKTY «TOlKa — 6apabaH — LIMKJIOH» C IOMOIIBIO
perynsiropa pa3peXeHusi B TOINKE MyTEM U3MEHEHHUS! IPOM3BOAUTENb-
HOCTH Hacoca.

B CBB perynupyercs tTakkKe nepemnan AaBjJ€HUA B alnaparax, xa-
PAKTEPU3YIOLIUX TUAPOAUHAMUUYECKUIN PEXHUM, KOTOPHI CyLIECT-
BEHHO BJIMsIET Ha NPOTEKaHUe TexHoornyeckoro npouecca. K yucny
TaKUX anmnapaTtoB OTHOCATCSI MHOTOYHUCIIEHHBIE QUIBTPHL HEIlPEePHIB-
HOI'O M NEPUOANYECKOro ACMCTBUS.
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Puc. 61. Cxema pery/mpoBanus JaBjeHun (pa3pexeHns)
B 0apabanHOM cymuaKe:

1 — ppaluaouiniica 6apabaH; 2 — cMecutenbHast Kamepa; 3 — GopcyHKa;
4, 7— u3MepuUTeNHU NaBlieHUs; 5, & — perynsaTopbl JaRJICHUS;
6 — peryaupylowmii opraH; 9 — snektpoasuratens; 10 — qBIMOCOC

8

5.5. ABTOMaTUYeECKOe peryivpoBaHue
TemnepaTypbl

Temrieparypa aBjisI€TCA MOKAa3aTejieM TEPMOIMHAMUYe-
CKOT0 COCTOSIHUS 0OBEKTA M UCITOJIb3yeTCA KaK BBIXOQHASA KOOpAUHATA
IIpU aBTOMaTH3aLUMH TETUIOBBIX MPOLIECCOB. XapaKTEPUCTUKHU 00beK-
TOB B CUCTEMAX PETYJIMPOBAHUS TEMITEPATYPHI 3aBUCAT OT PU3INYECKUX
rmapaMeTpoOB Npouecca U KOHCTPYKUMH anmnaparta. [TostoMy obuue
pekoMeHIauuu 1o Beibopy ACP temnepartypsl cpopMyaIupoBaTh He-
BO3MOXHO U TpeOyeTcs TulaTeNbHbli aHAJIU3 XapakTepUCTUK KAXIOTo
KOHKpETHOIO Tpouecca. Jlnana3zoH peryjivpyeMbIX TEMIIEpATyp HEBE-
Juk. HuxHuit npeaes 3Toro nuana3oHa orpaHUdeH MUHUMAJIbHBIM
3HaYEHUEM TeMTepaTypbl HapyXHoro Bo3nyxa (—-40 °C), BepxHUl —
MakCUMaJIbHOM TeMneparypoit TeruioHocutens (+150 °C).

K 06uimM ocobeHHocTIM ACP TeMniepaTypsl MOXHO OTHECTH 3Ha-
YUTEJIbHYIO UHEPLMUOHHOCTD TEIJIOBBIX MPOLECCOB U UIMEPUTEIIEN
(maTyukoB) TeMnepatyphl. I103ToMy OnHO! U3 OCHOBHBIX 3a7a4 MIpH
co3gaHuu ACP Temnepatypsl IBASIETCS YMEHbILIEHUE HHEPLIMOHHOCTH
IaTYMKOB.

PaccMoTpuM B Ka4yeCcTBE NMpUMEpa XapaKTepUCTUKU HauboJiee pac-
TIPOCTPAHEHHOTO B MHXEHEPHBIX CUCTEMaX MaHOMETPUUYECKOIO TEP-
MOMETpA B 3aIIUTHOM 4Yexye (puc. 62). CTpyKTypHYi0 CXeMy TaKoro
TEPMOMETPA MOXHO TIpEICTaBUTh B BUAE TIOCJIeNOBATEJILHOIO COeqH-
HEHMS YETBIPEX TETUJIOBBIX EMKOCTEH (pUC. 63): 3aIUTHOIO YeEXJia, BO3-
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Puc. 62. [Ipunuunnansnas cxema
MaHOMETPHYECKOTO TEPMOMETPA:

1 — 3alMTHBIA Yexon; 2 — BO3AyLUHas
npocaoiika; 3 — cTeHKa TepMOMETpa;
4 — paboyast XHUIKOCTb

X X 2 t, t, Puc. 63. Crpykryphas
ty | 7 t,] 2 t,| 3 - 4 > CXeMa MAHOMETPHYECKOTO
— — [ TepMOMeTpa

OYLIHOW NPOCNOWKH, CTEHKH TEPMOMETPA U paboueit Xuakoctu. Eciu
npeHeOpeyb TETUIOBBIM COIIPOTHUBJIEHUEM KaXIOro Cjlosi, TO ypaBHeE-

HHYe TelJIOBOro 6ajlaHca st KaXIOro 2JIEMEHTa 3TOr0 npnﬁopa MOXHO
3aliucath B BUIEC!

G,Cpit; = 0y Sy (tiy — 1) — 0 Sp(t; = 1141) (5.1)

rie (; — Macca COOTBETCTBEHHO 4exjia, BO3AYLIHON NPOCHOUKH,
CT€HKH U XUAKOCTH; C); — yIeNbHasi TEII0EMKOCTD; /; — TEMIIe-
patypa; o, 0y — Ko3hDHUUMEHTH TennooTnauy; S;,, S, — no-
BEPXHOCTM TETUIOOTIAYH.

Kak BuaHO u3 ypaBHeHMs (5.1), OCHOBHBIMH HamnpaBJCHHUSIMHU

YMEHBUIEHUS] UHEPLIMOHHOCTU NATYUKOB TEMIIEPATYPH SIBJISIOTCSI:

¢ noBbllIeHHE KO3DDHULHMEHTOB TEIJIOOTAAYH OT CpeAbl K YeXiy B
pe3ysbTare MpaBUIbHOTO BIOOpA MeCTa YCTAHOBKM JaTyvKa; Npu
5TOM CKOPOCTh IBUXEHUS Cpenbl TOJXHA OLITH MAKCUMAIbLHOM;
MPU NPOYMX PaBHBIX YCIIOBUSX 00j1€€ NPEenIouYTUTEILHA YCTAaHOBKA
TEPMOMETPOB B XUIKOHA ¢a3e (1o cpaBHEHMUIO C ra3zoobpa3Hoit),
B KOHIEHCcHUpYyolleMcs nape (o0 CpaBHEHUIO C KOHAEHCATOM)
UT.I.;

¢ YMEHBLICHUE TEIJIOBOIO COMPOTUBJIEHUSA U TEIJIOBO €MKOCTH 3a-
ILMTHOTO Y4eXjia B pe3yabsTaTe BuIOOpa €ro Marepvana U TOJLIUHLI;

¢ YMEHBLUICHUE MOCTOAHHOI BPEMEHM BO3AYIIHOM NMPOCJOMKU 3a
CYET NPUMEHEHHUS HAMoOJHUTENEH (KMIKOCTH, METaJINYeCKOoit

CTPYXKH); Y TepMonap padbouuii criail npunavBaeTcsi K KOPIycy
3alUTHOIO YyexJia;
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¢ BBIOOpP TUIIA MEPBUYHOrO NMPeoOpPa3oBaTENS; HAIIPUMED, IIPU BhI-
0ope HeOOXOAMMO YYUTHIBATh, YTO HAUMEHbLIEH UHEPLIHOHHOCTRIO
obJiagaeT TepMonapa B MaJIOMHEPLUMOHHOM MCIIOJTHEHUU, HAU-

OoJbleli — MAHOMETPUYECKUI TEPMOMETP.

Kaxnas ACP temnepatypsl B CBB co3naetcs nig BNojiHe KOH-
KPETHOM LIeJIU U, CIEA0BATENIbHO, NTPeIHA3HAuYEeHA Ui pabOTHI B OYEHB
HeOOJIBIIOM Avana3oHe. B ¢BI3M ¢ 3TUM yCJIOBUSI IPUMEHEHUS TOM
uiu uHoit ACP onpenensitoT yCTpOMCTBO U KOHCTPYKLMIO KaK 1aT-
yMKa, TaK ¥ PETyasaTopa TeMIIEPaTyphl.

PaccMoTpuM noapoGHee BOIPOC PETYJIMPOBAHUS TEMIIEPATYPhI Ha

MIPUMEPE TEIUIOOOMEHHUKOB CMEILIEHHSI, B KOTOPBIX JUI CO3NAHUS He-
006XOAMMOTO TEIUIOBOTO PeXHUMA UCIIOIL3YIOT Iepeaady 3HEPTUU ITy-
TEM CMELUEHUS OBYX MaT€pUAILHEIX IIOTOKOB C pacxodamu G, u G,,
TEMIIEpaTypaMu t;, U t, U yOeAbHbLIMU TelutoeMKocTsMU C, U C,
(puc. 64). [ng peryaupoBaHUsS TeMIEpATyphl B TaKUX allliapartax
MOXHO MCIOJIb30BaTh HECKOABKO BapuaHTOB ACP.

G, t;, C

v (G;+Gy), t;, C Puc. 64. TIpunumnuaibnas
Go, 1, Co > CXeMa TeILI000MeHHHKa
R CMeIeHH st

Bapuanm 1. 3anaya ctabvinv3aluy BEIXOJHOM TEMIIEPATYPEL CMECH ¢
peiacTcs IPUMEHEHUEM OJHOKOHTYPHOM 3aMKHYTOI CUCTEMBI aBTO-
MAaTUYECKOrO PETYJMPOBAHUS, B KOTOPOl PETYJIUPYIOIIMM BO3AEH-

cTBUEM siBiseTcs pacxod G, (puc. 65). Ucnionb3oBaHUe PETYJISTOPOB C
UHTETPAILHOM COCTaBISAIOIIEH B 3aKOHE peryaupoBanus (ITH- wiu
IMTUI-peryasaTop) rapaHTUPYET NOJAEPXKAaHME NAHHOIO 3HAYeEHUS ! B
YCTAHOBUBIIIEMCS PEXHUME, OJHAKO KayeCTBO IEPEXOJHOIO Ipoliecca
MOXET 0Ka3aTbCSl HEYIOBIETBOPUTEIBHBIM TIPU OONBILON UHEPLIUOH -
HOCTHU KaHaJla PETYJIMPOBAHUA U CUIBHBIX BO3MYHIEHUSAX.

G2
> t
G, — Puc. 65. ®ynkunonaibHas cxemMa
B _T —> TE 3aMKHYToil oaHoKonTypHoit ACP
~ TEeMNepaTypsl
&)

Bapuanm 2 BXJIIOYaeT CUCTEMY PETYJIMPOBAHUSA COOTHOLIEHUS pac-
xonoB G, ¥ G, (puc. 66). DTO pa30MKHYTass CUCTEMA ABTOMATUYECKOTO
pEeryJIMpOBaHUSA CIIOCOOHA 0GecrneyuTh MHBAPUMAHTHOCTb PETYIUPY-
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G
FE
PANG S t
! Puc. 66. ®ynkuponanbHas cxema
pa3zomknyroii ACP Temnepatypsi
FFC

€MOi1 TeMIlepaTypbl CMECH f K BO3MYILIEHUSIM 10 pacxony G,, OMHAKO
IIpY HAJIMYMUU JIIOOOTO APYroro BO3MYILIEHUS TeMIepaTypa He OyneT
paBHa 33AaHHOM.

KOPpeKIIMU Ko3pdulieHTa COOTHOILEHHSI B 3aBUCUMOCTU OT 3HAYeHUS
TeMIIEPATYPHl BTOPOro MOTOKA £, TAK YTO KOPPEKTUPYIOILEE YCTPOul-
CTBO ABJISETCS KOMITEHCATOPOM BO3MYIIEHUA M0 #,. TakuMm o6pa3oM,
JaHHasgs ACP MoxeT o6ecrneyuTs He3aBUCUMOCTh BHIXOLHOM TeMIIepa-
TYpPHI ! OT ABYX OCHOBHBIX BO3MYILIEHUN — G, U 1,. OqHAaKO ITpU HaIU-
YUU APYTUX BO3MYIIEHUI (HanmpuMep, U3MEHEHHUS TEIJIONOTEPh B
OKPYXAIONIYIO Cpeny) TemIiepaTypa OyIeT OTKJIOHSATRCS OT 3alaHHOIA.

Goty @ Puc. 67. @ynkunonanbpHas cxema
FE > t  pa3oMkHyroii ACP Temmeparypbl
G, > ¢ KoMMNeHcanueii IByX
’ BO3MYILICHHIA:
FRY 2 I — perynsirop COOTHOILEHMUS,;
FFC 2 — KOMIIEHCATOD
1

BapuaHTh 4 U 5 ABAAIOTCS Pa3HOBUAHOCTAMU KOMOMHUPOBAHHBIX
ACP, B KoTopaix 00eCrIeUMBa€TCS KOMIIEHCALMSI OCHOBHBIX BO3MYIIIE-
HUI Y BBOLUTCSA 0OpaTHast CBA3b 110 PETYJIMPYEMOI KOOPIUHATE.

Bapuanm 4 — crcteMa aBTOMaTUYECKOIO PEryJIMPOBaHUS COOTHO-
meHus pacxonoB G; ¥ G, ¢ Koppekuuei koddPULUMEeHTa COOTHOLLE-
HMA MO BRIXOLHOM Temriepatype cMecH (puc. 68), T.e. nByxKackamnHas

G2 42 ; Puec.68-
G, o, —> ayxxkackaguoi ACP remnepatypsi:
@ 1 — perynsaTop TeMIepaTypHl;

2 — PEryasTop COOTHOLUEHUS
pacxonoB
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ACP. OCHOBHBIM (BHEILIHUM) PETYISITOPOM SIBJISIETCS PETYJISITOP TEMITE-
paTyphl, a BCIIOMOTATEJIbHBIM (BHYTPEHHUM) — DETYJISATOP COOTHOLLIE-
HUS1, OCYLIECTBIISIIOLINI KOMITEHCALIMIO BO3MYLIEHUS IO pacxoly G,.
Bapuanm 5 — crucTeMa aBTOMaTHYECKOIO PETYJIMPOBAHUSA TEMIIE-
paTyphl CMECHU IO ABYM BO3MYLIEHUAM — G, U 15, T.€. KOMOMHMPOBaH-
Hass ACP. B aToit cxeme nMHaMHM4YeCcKUif kommneHcaTop (puc. 69) co-
OEPXUT BBIYMCIUTEIBHOE YCTPOMCTBO IS pacyeTa KOPPEKTHPYIOLIEH
MOINPAaBKM Ha 3aMaHME IO BHIXOMHOI TEMIIEpATYpeE / PETYJATOpY B 3a-
BUCHUMOCTH OT pacxoa G, U TEMIIEPATYpPhl BTOPOTO MOTOKA f,.

TE
G, t, =\ O

FE t Puc. 69. OynkusoHammHas cxemMa
G, —> KoMOuuHpoBannoii ACP
> TeMIepaTyphl:
1 2 1 — peryasTop TeMInepaTyphl;
2 — KOMIIEHCATOP

N3 paccmorpeHHbix BapyaHToB ACP Temneparypsl HawIyyliee
Ka4YeCTBO PEryJMpoBaHUS OOECIICYMBAIOT [Ba MOCJIEIHUX BapHaHTA.
IIpu 3TOoM B ciiyya€ IpUOOPHON peanu3aliuy NPEANIOYTUTEALHEE
4-11 BapMaHT, KOTOPbIil JIETKO BHIMNOJHSETCS HA OOBIYHBIX CEPUITHBIX
peryiastopax. [Ipy McIoOMb30BAHMU MMKPOIPOLIECCOPHOI TEXHUKH
i OBM peanuszauus moboit U3 3TUX CUCTEM HE IPEACTaBISET 3a-
TPYIHEHUM.

5.6. ABTOMaTHU4Yeckoe perynuposaHue pH

Cucrembl peryaupoBaHuss pH MOXHO pa3fenuTh Ha JBa
THIIa B 3aBUCUMOCTH OT Tpe6yeMou TOYHOCTU PETYAMPOBAHUS. ECJm

IIEJIBI €€ Kone6amm NOCTATOYHO mnpom l'Ipl/IMCHSIlOT nosnunomme
ACP, nonzepxusatoumue pH B 3anaHHbix npenenax: pH, < pH < pH..
Ko B'mpomy TUIY OTHOCSITCS CUCTEMBI, o6ecneqnaammne perynupo-

3allaHHOM YPOBHE (HanpnMep, B IpoLeccaX HEUTpaJu3alMu BOIBI).
g Ux peryJMpoBaHUs UCNONB3YIOT HenpepuiBHLIE ITU- umm ITAJI-
PEryJISITODHI.

O0111€1 OCODEHHOCTHIO OOBLEKTOB MPU PEryJIMpoOBaHUU pH ABnf-
€TCS HEJIMHEMHOCTh UX CTATUYECKUX XapaKTEPUCTUK, CBA3aHHAS C HE-
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PHL m

Puc. 70. 3asucumocts Beamunnbl pH
OT pacxoJa peareHTa

Ka3aHa KpuBasi TUTPOBAHMS, XapaKTepU3YyIO11las SaBI/ICI/IMOCTB pH ot
pacxona peareHTa G. [t pasnmuyuHeX 3Ha4eHUi pH Ha 3Toit KpuBo#t
MOXHO BBUIENIUTH TPU XapakTepHbiX yyactka [—II1: nepsoiit (cpenHuit),

OTHOCSLUUMCA K [TOYTH HEUTPAIILHBIM CpeiaM, OJIU30K K IMHEWHOMY U
XapaKTepU3YETCHA OYEHB OOJIBIUUM KO3DDHUMEHTOM YCHUIICHMUS, BTO-
PO M TPETUM YJYACTKH, OTHOCSIIMECH K CWIBHOLIEIOYHBIM MU KHC-
JIBIM CpefiaM, o6anaT HanbobLIE# KPUBUSHOIA.

Ha nepBoM yyacTke 0OBEKT IO CBOEH XapaKTepPUCTUKE TPUOIMXKA-
€TCA K peNciHHOMY 3eMeHTY. [lig obecneyeHus1 yCTOMYMBOLO Peryim-
poaam»m npnMeHsuoT Cl'ICuI/la_TIBHbIC cucteMbl. Ha puc. 71 noka3sau

DaLuit 60JII>111HM YCJIOBHBIM ,[[I/IaMCTpOM cnyxm hif) £ rpy6oro pery-
JIMPOBAHUSA PACX0Ja U HACTPOEH HA MAKCUMAIbHBIA NUANa30H U3ME-
HEHMs BHIXOMHOTO CUTHANa perynsitopa (X, , Xj ) DTOMY IMAIa30Hy

. . )

PEryJIUPOBAHUS, PACCUNTAH HA MEHBILYIO nponycxnym CITOCOOHOCTH
M HACTPOEH TaKUM 06pa30M 4yTO MpU X X + A OH MOJHOCTBIO OT-
KDHIT, a IpH X}, = X — A — TOJIHOCTHIO 3aKpI>1T (XxpuBas 2).

! G1 G2
' Ag <
5 Puc. 71. Cxema cucTeMbl
% peryupoBauus pH:
] @ 1, 2 — peryaupyioluue KnamnaHul;
3 — uamepurens pH;
3 o 4 — perynstop pH

TakuM o6pa3oM, NpU He3HaUMTENLHOM oTKiaoneHuu pH ot pHY,
koraa (X, — A) S X, < (X7 + A), CTENEHb OTKPITHUS KJIanaHa ] [paKTy-
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Puc. 72. CraTnueckue
XAPAKTEPHCTHKH KJIANAaHOB

YecKU He M3MEHSIETCS M peryaupoBaHUe BelneTcs KiaanmaHoMm 2. Eciau
| X, - X]f| > A, xyanaH 2 oCcTaeTcs B KpaifHeM IMOJI0XEHUU U PEryInpo-
BaHHWE OCYIIECTBJSIETCS KJIamaHOM 1.

Ha BTOpOM M TpeThEeM y4acTKax XxapaxTepucTUKH (cM. puc. 70) ee
JIMHEWHAs1 anpPOKCUMALMS CIIPaBEAJIMBA JIMLb B O4EHB Y3KOM IMaria-
30He u3MeHeHUs pH, u B peasbHBIX YCAOBUSIX OHIMOKA peryjJupoBa-
HUA 3a CUET NMHeapu3alii MOXET OKA3aThCSl HEJIOMYCTUMO 60J1b1IONN.
B 3TOM Cny4yae 6oJiee TOUHbIE PE3YALTAThl JA€T KYCOUHO-JIMHEWHAs
aIrnmpoKcUMaUMs, MPU KOTOPOH JTHHEeapU30BaHHBIH 0OBEKT UMEET Ie-
peMeHHBIH Ko3ddDULMEHT yeuneHust, a ACP gomkHa ObITh 1OMOAHEHa
ele OJHUM peryasstopoM. B 3aBucuMocTH ot paccornacoBaHusi A pH
B paboTy BKJIIOYAETCSA OAUH U3 PETYISATOB, HACTPOEHHKI Ha COOTBET-
CTBYIOILMI KO3DDPULMUEHT YCWIEHHS.

5.7. ABTOMAaTU4YeCKoOe perynmposaHus
napamMmeTpoB COCTaBa u Ka4yecTBa

B CBB, B 4acTHOCTH IIpU OYUCTKE IIPUPOAHBIX U CTOU-
HBIX BOJ, O0JBLIYIO POJb UTPAET TOYHOE MOAAEPXAHUE KAYECTBEHHBIX
napaMeTpoB 06paboTaHHON BOAEL. DTU MapaMeTphl, KaK YK€ OTMeYa-
J0Ch B TJ. 3, XapaKTEpPHU3YIOTCS BhICOKOH CA0XHOCThIO U3MEPEHUS.
B psine cnyyaeB ISl U3BMEPEHHS COCTaBa UCIOb3YIOT JaXe XpoMaTo-
rpadudecknit Meton. Ilpu 3ToM pe3ynbTaT U3MEpEHUs] ObIBAET U3BEC-
T€H B JUCKPETHBIE MOMEHTHI BPEMEHU, OTCTOSIIMUE APYr OT Apyra Ha
MIPOLONAXMUTEIBHOCTh MKJA aHaJIM3a OTOOPAHHAIX MPOO. AHAJIOIUY-
Hasi CUTyallUsl BO3HMKAET U B TOM Cly4ae, KOrfia €IMHCTBEHHBIM CIIO-
COBOM U3MEPEHUSA ABIACTCA B TOM UAM UHOW CTENEHU MEXaHU3UPO-
BaHHBII aHAIU3 NIPO6 B 1aBOPaTOPHH.
JIUCKPETHOCTh U3MEPEHUA MOXET MPUBECTU K 3HAYUTECIbHBIM 3a-
Ta34bIBAHUSAM U CHUXKEHHMIO TOYHOCTH PEryaupoBaHus. YTo6k yMeHb-
UIUTb HEXENATEAbHOE BIAUSHUE 3aA€PXKKHU UZMEPEHUS, UCITONb3YIOT
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MOJIE/Ib CBSI3U KAUeCTBa C MepeMEHHBIMU, KOTOPhie U3MEPSIOT HEMpe-
PHIBHO. JTa MOAENbL MOXET ObITh JOCTATOYHO NPOCTOM; K03ppUIU-
€HThI MOJIENY YTOUHSIOT, CPaBHUBAsI pacCUMTAHHOE IO HE! U HailieH-
HOe B PE3yJIbTATE OYEPETHOIO aHaJIU3a 3HAYEeHUS KAaYeCTBEHHOTIO Mna-
pameTpa. TakuM o6pa3oM, OJHUM U3 palMOHAJILHBIX CIIOCOOOB
pEryJIMPOBaHUSI KaYECTBA SIBJISETCS PErYIUPOBAHUE IO BEIYUCTSIEMOMY
TI0KAa3aTeNo0 ¢ YTOUHEHHEM aJITOPUTMA €r0 pacyeTa Io JaHHBIM MPs-
MBbIX aHAJIU30B. B rMpoMexXyTKax MEeXAy U3MEepEeHUsIMU I10KA3aTeNb Ka-
YeCcTBa MOXET ObITh PACCYUTAH IKCTPANOASILIUEH paHee UIMEPEHHBIX
3HAYECHUI.

Biok-cxeMa peryJMpoBaHMs [MapaMeTpa KayecTBa NpUBeJcHa Ha
puc. 73. Bel4UCAUTEILHOE YCTPOMCTBO B 00IIIEM clydyae HeMmpephIBHO
pPAcCUMTBLIBAET OLIEHKY [MOKa3aTesi KayecTna x(f) no popmyJie

x(0) =f1 YOI + AL = 1), (1), ¥ty ), (5.2)

B KOTOPOJ ITIEPBOE CJlaraeMOe OTPaXaeT 3aBUCUMOCTD X OT HEMPEPHIBHO
H3MepsieMbIX IIeEpeMEHHBIX NPOLIecca WM BEJIMYMH, TMHAMWYECKH ¢ HUMM
CBSI3aHHBIX, @ BTOPOE — OT BLIXOJA 3KCTPAIoJIUpYoLero GpuinTpa.

X(t) y(t)

—> 1 gl Puc. 73. baok-cxema ACP napamerpa
KayecTna:
4 wt) - 1 — 0GBexT; 2 — aHaM3aToP
7y KayecTBa; 3 — BRIYMCIMTENLHOE
(1) Y y(t) ycrpoucmq; 4 — peryastop

Jlng noBeIlIEHUsI TOUHOCTH PETyJIMpOBaHUSA MapaMeTpoOB COCTaBa
M KauyecTBa IPUMEHSIOT NPUOGOPEL ¢ YCTPOUCTBOM aBTOMAaTHYECKOM
KaIMOpOBKH. B 3TOM ciyyae cucTeMa yIipaBJieHUs IIPOU3IBOIUT IEPUO-
AU4ECKYI0 KaTMOPOBKY aHAJIM3aTOPOB COCTaBa, KOPPEKTUPYS MX Xa-
PaKTEPUCTUKHU.

5.8. CurHanusauus, 3awmra n 610KkMpoBKa

YCTpOf{CTBa CUTHAJIU3alH ITPEAHA3HAYCHBI 1J151 U3BEILIE-

1 BAIO O 1HencoHalta O a AXeASR/ AP () NO TIA D

Bac J Sans i

00bekTOB. CUrHaIM3a1Msa MOXET ObITh CBETOBAsI Y 3ByKoBasi. CeToBas
CHTHAJIM3ALMSA ITOAAETCS C [TOMOIIbIO CUTHAIBHBIX JIAMIT ¢ PA3IMYHBLIM
PEXMMOM CBEYEHUS (POBHLIN WIU MUTAIOIIUMA CBET, MOJHbBIIA WU He-

CBETOBEI 3aTelIEil pPa3JIMYHOTO BETA. 3BYKO-
Basi CHTHAJIM3alHs [101aeTCs 3BOHKaMU, CUPEHAMU WM ryakaMu. YacTo
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IIPUMEHSIOT COYETAHUE CBETOBOM U 3BYKOBOI CUTHAIM3aLUM. B Takux
CJIy4asix 3BYKOBOM CUTHAJ CJIYXMT IS U3BELICHUA AUCHIETYEPA UIU
oriepaTopa O BOSHMKHOBEHMM aBaPUIHOIO peXuMa, a CBETOBOM —
YKa3biBa€T HAa MECTO BO3HMKHOBEHUS 3TOro pexuma. Pazinyaror
TAKXKE TEXHOJOTMYECKYIO U KOHTPOJbHYIO CUTHAJIM3aLMIO.

TexHonorHueckas CHrHAJM3alHMA U3BELIACT O HAPYLWIEHUU HOP-
MaJIbHOTO XOJa TEXHOJOTM4ECKOTO FpPOoLEcca, YTO OOLIYHO IIPOSBIIS-
€TCSl B OTKJIOHEHUU OT 33JJaHHOI0 3HAYEHUA TEXHUYECKUX IapaMeET-
pOB: TeMIIepaTypbi, JABJICHUS, YPOBHS, pacxoja U T.i. B 3maHusax U
COOPYXEHMSX, Tl€ BO3MOXHO IOABJICHUE B MOMEUIEHUAX I1apOB I10-
Xapo- U B3PbIBOOINACHKIX BEIIECTB, 4 TAKKE TOKCUYECKUX ITPOAYKTOB,
CUTHAJIU3UPYETCH MOBLIMIEHUE MPEAETILHO HOIYCTUMbIX KOHLEHTpPA-
LM TaKUX BellecTB. TeXHOJOrMuYecKasi CUrHanu3auusa ObBaeT ABYX
BUIOB: IIpedynpeauTenabpHas u apapuitHasa. [lpenynpeanresbHas CMrHa-
JH3A1MA U3BELIAET O O0JIbLUINX, HO €111¢ JOMYCTUMBIX OTKJIOHEHHMSIX Ta-
paMeTpoB npouecca OT 3agaHHbIX. IIpy MOsABIEHUM CUTHAJIOB NpPEayTI-
PEIUTENLHON CUTHANU3ALIMM ONEPATOP JODKEH IPUHSTH MEPHI ST YCT-
paHEHMS BO3HMKAOLMX HEUCIIPABHOCTECH. ABapHilHAsi CHrHAM3ALMS
M3BEMIACT O HEIOMNYCTUMBIX OTKJIOHEHUSIX apaMETPOB Ipolecca OT
pEerjJJaMeHTHbIX WJIM O BHE3aIMHOM OTKJIIOYEHUHU KAKOTro-JIMOO MHXKE-
HepHoro obopynoBaHusi. OHa TpeOyeT HEMEMIEHHBIX ACHCTBUI Ore-
paTopa IO 3apaHee COCTABJICHHONW MHCTPYKUHUHU. [103TOMY TaKasi cHr-
HaJIM3auys I10JAaeTCd MUTalOllUM CBETOM U PE3KUM 3BYKOM. CxeMbl
aBapUITHOM cUTHAIU3aLMM OObIYHO CHA0XAal0T KHOMKOMH OTK/IIOYEHMS
(cbeMa) 3ByKoBOro curHana. Ilpy mocTyIuieHUM HOBOTO aBapHitHOTO
CUTHaJia 3ByKOBasi CUTHaJIM3aLMs BKJIlo4aeTcs cHoBa. MHorna npume-
HSIOT cXxeMbl 0€3 TTOBTOPEHMSA 3BYKOBOIO CUrHana. Takue cXxeMbl Uc-
MOJIL3YIOTCS, KOT/Ia IIOSIBJIEHUE XOTSA OBl OAHOTO M3 aBapUIHEIX CUTHA-
JIOB aBTOMATUUYECKHU BRI3bIBAET OCTAHOBKY BCEl UHXEHEPHOU CUCTEMBI.
Ha puc. 74 npuBeneHa cxeMa 3JEKTPUYECKONH CUTHAJIU3ALUU JBYX
TEXHOJIOTUYECKUX I1apaMETPOB.

IIpy OTKJIOHEHUU OT HOPMbI OJHOTO U3 HUX, HaIpUMEP IIEPBOTO,
3aMbIKAETCS TEXHOJIOTUYECKU I KOHTAKT S, pacrosoXeHHbIl B COOT-

BETCTBYIOLIEM M3MEPUTENLHOM IIPUOOPE WM CUTHaiM3aTope. lIpu
3TOM BKJIIOYaeTcs pene 1K, KOTopoe CBOUM MEPEKIIOYAIOUM KOH-
TakTOM 1K1 BXJII0YAET CUTHAILHYIO JaMny HL 1 1 oTKJIIO4aET €€ oT
KHOIKU onpoboBaHUusa curHaauzauuu SB3. OJHOBpeMEeHHO 3aMbiKa-
omuit KoHTakT 1K2 pene 1K yepe3 pa3Mmbikalonuil KOHTaKT 3K2 Bhi-
KImodeHHoro pese 3K BxitoyaeT 3BOHOK HA. BxiitoyaeTcss 3BOHOK
KHOIIKOM CbE€Ma 3BYKOBOM CUTHaNU3auuu SB1, mpu HaxXaTUu KOTOPOH

- 4 ] - a a - LAY '~ N 12"

a a o r~
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GJIOKUPOBKY; Pa3MEIKAOLIMM KOHTAKTOM OTKJIIOYAeTCS 3BOHOK.
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Puc. 74. Cxema curnanu3auuu

Eciov 1ipy TAKOM COCTOSSHMH cXeMbl 3aMbIKaeTcs1 BTOPOi TEXHOJIO-
IMYECKUIT KOHTAKT S2, TO MPHU CHATOM 3BYKOBOM CHTHaJIe 3aropaeTcs
JUuib CUrHajJibHag Jammna HL2, a 3ByKOBO# cUTHaJ He OyleT MoJaH.
B McxomHOe cCOCTOgHME cXeMa MPUIET MocJie pa3MBIKAaHHUS 000MX TeX-
HOJIOTHYECKUX KOHTAKTOB S M S2, 4TO BHI3bIBAET OTKJIOYEHUE BCEX
pene. KHonku SB2 v SB3 npenHa3HadyeHbl s onmpoOOBaHMS 3BOHKA
M CUTHAJIBHBIX JIAMII.

KoHTpobHAA CHMIrHAM3ALMSA M3BELIAET O COCTOSHUH KOHTPOJIMPY-
€MBIX 00BEKTOB: OTKPBITH MJIM 3aKpHLITHl PErYJIUPYIOLINE OpTraHbl,
BKJIIOUEHBI MJIM OTKJIOYEHBI HACOChl, BEHTWIATOPH U T.H. Haubolee
IIPOCTO KOHTPOJIbHAs CUTHAJMU3alMs BHITIOJHAETCA MJIA YCTPOWCTB,
MMEIOLLMX TOJIBKO Ba paboyHX HOJOXEHHS: OTKPBHITO — 3aKPBITO WIH

BKJIIOYEHO — OTKIIoYeHo. ClenyeT UMETh B BUAY, YTO KOHTPOJBbHasA
CUTHaJIM3alMsg MHOIAAa MOXET BbiIaTh HeBepHYIO MHMopManuio. Ha-
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TIPUMED, ECJIU JUIS CUTHAIM3aLUUU 0 paboTe Hacoca UCTIONL3YIOT OJI0K-
KOHTAKThl MAaTHUTHOTO MYyCKATeNsA, TO Takas cxeMa bynet UHGopMuU-
pOBaTh O BKJIOYEHHOM Hacoce AaXe B TOM CJIy4yae, KOrga OH HEUCTIpa-
BEH WIH 3aKPHIT 3aMOPHbIN KlanaH Ha HarHetaHuH. ITo3ToMy B Takux
CJydasix HeobxonuMo obpaiaTh BHUMAHUE Ha MOKA3aHUs ITpUOOpPOB,
MOATBEPXAAIOLIMX JOCTOBEPHOCTD NOJyYeHHOI MHGOpMauuHu. Takum
MpUOGOPOM MOXET ObITh, HAPUMEDP, PACXOJOMEP HA JIMHUM HarHeTa-
HUS WU MAHOMETD.

YCTpoiicTBa aBTOMATHYECKOM 3aIMThl NIPEAHA3ZHAYECHB! IJI Npel-
OTBpallleHUs aBapuii B 3JaHUAX, Iie U3BMEHEHUE YCIIOBUIT pabOTH MH-
XEHEPHBIX CUCTEM MOXET IMPUBECTU K BOSHUKHOBEHUIO aBapUHHOM
cutyauuu. K yuciy Takux noTeHUUAIBLHO OMACHBLIX OTHOCATCS CUC-
TEMBbI, paboTalolHe B YCIOBUSAX UHTEHCUBHOTO TETUTOBBIAEIEHUS, IPU
OOoJIbLIMX JABJIEHUSIX U TEMITEpaTypax U T.I1. YCTpOCTBA aBTOMATHYe-
CKO} 3aLIUThI B MOJOOHBIX CUCTEMAX JOKHbLI pEarupoBaTh Ha Hapy-
HieHMEe HOPMAJIbHOTO peXXHUMa TaKUM 00pa3oM, YTOOK! NpegaBapyitHoe
COCTOSIHHME He MepeuuIo B aBapuitHoe. [Ing 3Toro o6s4YHO NpOBOAAT

Adlll¥Y A D V U JYiALYiA. AV 1Y ian) "‘i‘ U Y
HbIX HACOCOB, OTKJIIOYEHHUE TTOJAYU TOILIMBA U T. [I.
HekoTtophie 3a1UTHEIE MEPONTPUATHS, OCOOEHHO B ITpoLECccax, TIe
aBapysl MOXET IPHUBECTU K TSAXKEJBIM ITOCIEACTBUAM, ITpeLyCMaTpU-
BalOT IMOJIHYIO OCTAHOBKY 000pynoBaHUs, HAIIPUMEDP MOCPEACTBOM
cbpoca Boasl U3 eMkocTei. ITocKobKY nocieayomue nycK ¥ Hauanka
MHXCHEPHOW CUCTEMBI — 3a1a4ya CJIOXHasg, To HEOOXOIMMO UCKIIIO-
YUTh JIOXHOEe cpabaThiBaHUE YCTPOWCTB aBTOMATUYECKOM 3aIUTHI.
OTO NOCTUraeTCs YCTAHOBKOM ABYX OTHEJNbHBIX YCTPOMUCTB 3aLUMUTHI,
pearupyomux Ha OguH U TOT X€ MPU3HAK OMNAaCHOCTU. YCTpOMCTBA
3aLUTHI COEAUHEHBI TaK, YTOOBI UCMIOTHUTEILHLIA MEXaHU3M 3aILUT-
HOTI'Q "DOUCTBA BKNIOYANCS TONBKO NPU UX OJHOBPEMEHHOM Cpaba-
ThIBAHUU.

ITpuMepoM MOBCEMECTHO MPUMEHSIEMONA CUCTEMbI aBTOMATUYE-
CKOM 3aLUMThI MOXET CIYXUTh CXeMa YIIPABJIEHUS SJIEKTPOABUTaTeIEM
(puc. 75). Cxema paboraeT ciaenyiowum obpasomM. IIpy BKiIOYEHUHU
IyCKOBOI1 KHONKU SBI 3aMbikaeTcs Hemnb MUTAHUSA OOMOTKM MarHUT-
Horo nyckatens KM. CBoMMM CWIOBHIMM KOHTaKTaMU KM2 Maraur-
HbII MyCKATENb BKIIOYAET DJIEKTPOABUTATEN b, 2 OJIOK-KOHTAaKTOM KM 1
LIYHTUPYET MYCKOBY!0 KHOMNKY. Ilocsie 3TOro KHOMKY MOXHO OTITyC-
TUTh, a LETNb MUTAHUSI OOMOTKHM MAarHMTHOTO MYCKAaTeNs OCTAHETCH 3a-
MKHYTOI1 yepe3 ero 6;ok-KoHTakT KM 1. OTKI04aloT gBUraTe)ib Ha-
XaTueM KHomnku «Cron» SB2. I1Ipu 3TOM pa3pheIBaeTCs LeNb MUTAHUSA
OOMOTKM IyCKAaTeJsd U Pa3MBIKAIOTCA ero KOHTakThl KMI1 v KM2.
Ilocne ornyckaHug KHONkKU SB2 oOMOTKA MArHUTHOTO IYCKATeJs OC-
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3J1IeKTPOJBHIaTe/IeM
C C

M

TaeTcsl 06ecToyeHHOI. B 3TOi cXxeMe nmpeaycCMOTPEHO HeiiCTBUE 3a-
LIUTHI B TPEX BO3MOXHBIX aBapuqu[x CUTyalUsIX: IPU UCYE3HOBEHUU

ITpy KcYe3HOBEHUM HANPSXKEHUS B CETHU, HAaIIpUMEDP MPU OTKIIIO-
YeHUY MOIa4Yyu 3JEKTPOIHEPTUU, HPOUCXOLAT OTKIOYEHUE MATHUT-
HOro HyCKaTeJIH Y OCTAHOBKA :-)JIeKTpOJIBVlI‘aTeJIH Bnox -KOHTaKT KM 1

MOBTOPHOTO BKJIIOYEHUS MPY BO30OHOBJIEHUU MONAYU 3JIEKTPOIHED-
rvuu. I1oBTOpHBIM MyCK IBUTaTeNsl BOSMOXEH TOJBLKO [OCJIE HaXaTus
NyCKOBOM kHOMKY SBI. 3amura 3J1eKTPOIBUTATENsl OT MEPErpy3oK
. ocyluecTBiseTcs TeroBbiMu pesie KK1 u KK2, HarpeBaTeJIbHbIE 3Je-
MEHTbI KOTOPBIX BKJIIOYEHBI B 1B€ (pa3bl MUTAHUS IJEKTPOLBUrATENS,
a pa3MBIKAIO1Me KOHTAKThl — B LIEINb TUTAHUS OOMOTKH MarHUTHOTO
nyckareis. s HOBOTO MyCKa 3JIEKTPOIBUIaTesisl, OTKJIIOYEHHOTO
TEIUIOBLIM peJie, HEOOXOMUMMO CHayajla BPYYHYIO HaXaTh KHOIMKY, 3a-
MBIKAIOL11YI0 KOHTAKThI TEIJIOBOTO peJe. 3allluTa 3JeKTPOnBUTaTeIsl U
Ller¥ MArHUTHOTO [YCKATENsA OT KOPOTKUX 3aMbIKAHUM BBIFTOJIHSAETCSH
npenoxpanurenamu FUI, FU2 n FU3.

BaoKHPOBKA CJIYXUT JUIS NPeroTBpaLieHUs HermpaBWILHOM MocJe-
IOBATEJIbHOCTH BKJIIOYEHUI U BBIKJIIOYEHUH MEeXaHU3MOB, MAILIUH U
anmnaparos. Ha puc. 76 npuseieHa cxeMa YNPAaBJIeHUS peBePCUBHBIM
3JIEKTPOABUTATEIEM. DTa CXEMA MCKJIIOYAET BO3MOXHOCTb OIHOBpE-
MEHHOTO cpabaThiBAHUS MATHUTHBIX MyckaTeyeil «Bnepem» IKM u
«Haszan» 2KM, tak Kak rpM 3TOM yepe3 CUJIOBbIE KOHTAKThHI 0OoMX
MycKarteJeil MPOMCXONUT KOPOTKOE 3aMblKaHUe HNBYX (a3 mUTaHUS.
Takas 6J10KMpOBKa 00eCreYnBaeTCsl BBEJIEHUEM HOPMAIbLHO 3aMKHY-
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Puc. 76. Cxema ynpasienus
PEBCPCUBHBIM JJICKTpOABUIraTEIEM
M

ThIX OJIOK-KOHTAakKTOB 2KM3 1 1KM3 B 11enMd 0OMOTOK MarHWUTHbLIX
nyckateneit IKM v 2KM.

Ilpu 3aMbIKaHWHM KHOMKOM SBI ueny nNUTaHWs MarHUTHOTO Myc-
xaresast IKM ero HopMaJIbHO 3aMKHYThI# 0JI0K-KOHTaKT /KM3 B 11Ienu
MUTAHUsI MarHUTHOro nyckaresist 2KM pa3MbiKaeTcst. 9To HesaeT He-
BO3MOXHbBIM BKIJIIOYEHME MaTHUTHOro nyckarenist 2KM 6e3 npenBapu-
TeJIbHOrO BKJIIOYEHMSI MATHUTHOro nyckarenst 1KM xHonkoit SB3.
AHaAJIOTUYHO MpH BKJIIOYEHUHU MArHUTHOrO nyckatenst 2KM KHOMKO#M
SB2 HeBO3MOXHO OXHOBPEMEHHOE BKJIIOYEHNE MAarHUTHOIO MycKa-
teJist 1IKM. BkiiioueHUe MUTaHWsI Ha OOMOTKHW OBUTaTe)ist OCYILIECTRIS -
eTCSI CWJIOBBIMM KOHTaKTaMu IKM2 vnu 2KM2.




!‘naaa 6. AUCTAHLMOHHOE YNPABJIEHUE
U OCHOBbI TEIEMEXAHUKU

.1. Ha3sHayeHue cucrtem AUCTAHLUMOHHOIO
YyNpaB/eHUa U TeNIeMeXaHUKu

~ ﬂ-ﬁ.-?-‘._ ~ s,

ITon nMCTAHIHOHHBIM YTIpABJIEHHWEM MOHMMAIOT PYYHOE
YNIpaBJ€HUE HA PACCTOSIHUM PErYIUPYIOUIMMUA U 3aMOPHBIMUA Opra-
HaM¥ WIW OTIOEIbHBIMA MEXaHU3MAMH, OCYILECTBISIEMOE TMAPABIN-
YeCKWM, MHEBMATUYECKUM WM 2JeKTpUuyecKUM crnocobom. B CBB
Hauboblliee pacCMpoCTPaHEHWE UMEET 3JIEKTPUUECKOe AUCTAHI{MOHHOE
ynpasjiecHde. B 3TOM ciyyae 27eKTPOABUIaTesib WIN 2JIEKTPOMArHUT
MOHTUMDYIOT Ha PeryJupylolleM OpraHe, a annaparT YIpaBJIcHUs J1eKT-
pOABUTraTEIEM pacnosaraloT Ha HEKOTOPOM PAacCTOSIHUM OT HETO B
IyHKTE, yI0OHOM 1151 00CIyXMBalIOILero nepcoHana. JAMcTaHIiMOHHOE
YNpapjieHWe MEXaHU3MaMU OCYILECTBISETCSI HA PACCTOSTHUM OT JECAT-
KOB JI0 COTE€H MeTpoB. Tak, HampuMep, BKJIIOYaeTCsl DJIEKTPOABUraTe b
Hacoca ¢ MOMOILbI0 MarHUTHOro nyckatessi. C yBeIMYEeHUEM paccTo-
SIHVS MEepEeXONsIT K UCMOJIb30BAHUIO CPECTB TeJIEMEXaHUKU, MMO3BOJIS -
IOIMX MO MAJIOMY YUCIY JIMHUI CBSI3U MepedaBaTh OOJIBIIOE YUCIIO
KOMaH]I.

Tenemexannka — 310 001aCTh TEXHUKM, OXBAThIBaIOLLAs TEOPUIO U
NpaKTUKY YCTPOMCTB nepenayd MHGOpMauyu W ynpaBieHUs Ha pac-
cTosiHUe. B psne ciyyaeB TejieMeXaHWYecKWe CUCTEMbl JOIMONHSIOT
CHUCTEMbl aBTOMATUYECKOr'O YIIPaBJECHUS U COBMECTHO pelialoT obiue
3a7a4y aBTOMAaTU3a1 (M1 TEXHOJIOIrMYeCKUX MPOLIECCOB.

CucTteMbl TeJleMEXaHUKHW BBIMOJIHSAIOT TP OCHOBHbIE (DYHKI{MU:
TeJIEU3MEpPeHUe, TeJeynpaBleHue U TeJIeCUTrHaIN3aiuio.

Teneusmepenne OCyIIECTBISETCS C MTOMOLLBIO CUCTEM OJIMXHErO

- aeficTBUSA (Ha paccCTOSHUAX IO 15 KM) M cUcTEM HanbHEro neiicTBUS
(Ha paccTostHUSX 0O COTEH KM). B cucteMax 6iuxHero neificteust, oc-
HOBAHHBIX HA METOAE MHTEHCUBHOCTHU, KOHTPOJMUPYEMas BEJIUYMHA
npeobpasyeTcs B 3HAYECHUE CHUJIbL TOKA WM HaMpsXeHUs, MepenaBa-
€MOr0 MO JIMHUU CBSI3U, a B CUCTEMAX AAJIbHEro JeNCTBUS — mepeaa-
eTCsl B BUJIe UMIMYJILCOB MOCTOSTHHOI'O TOKA WM U3MEHsIOnIeNcs yac-
TOTbI MIEPEMEHHOIO TOKaA.

Teneynpapnenue ¥ TeleCUrHaM3alMsA OCYIIECTBIISIIOTCSI MHOTOKa-
HAJIbHBIMU CUCTEMaMU OJIMXHEro AefCTBUSI WU CUCTEMAaMU JaJIbHETO

~AEUCTBUS C MUIBIM YHCJIOM KdHAJIOB CBA3W. B 3THX CHCTEMAX WCITOb=
3yIOTCS OIMHAKOBLIE CMOCOOBI fiepelayy CUTHAJIOB U OXHMU U Te Xe€
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YCTPOWCTBA, MPU 3TOM CUTHAJBI YIIPABACHUS U WHPOPMALMOHHEIC
CUTHaJIbl 3alIM(POBLIBAIOTCS HA AUCTIETYEPCKOM ITyHKTE C ITOMOILBK)
CrelMaJibHBIX WM(PPATOPOB U IMMOCTYNAIOT B NEepeJaTyuK, IOChLIa-
IOLLMI B IMHUIO CBSI3U UMITYJIBChI BJIEKTPHUYECKOrO TOKA OMpPeacsieHHOro
BUAa (KOx). OTU UMIMYJbChl HA MPUEMHOM ITYHKTE BOCTIPUHUMAIOTCS
CIel{MaJIbHBIM YCTPOMCTBOM M paclindpoBHIBAIOTCS AeHINPPATOPOM,
NepenalolliM IMOJYYEHHBIA CUTHAN B CXEMY YIPaBJICHUS TEM WU
UHBIM MEXaHU3MOM.

B cucremax tefeynpaBiieHUsI U TEJIECUTHAIN3a1{UH UCTIOMB3YIOTCS
CleoylOlMe KAYECTBEHHbIC NTPU3HAKU UMITYJIbCOB TOKA: IMOJISIPHOCTD,
aMIUTUTYa, TIPONOMXUTEIbHOCTh UMITYJIbCA, YACTOTA MEPEMEHHOTO
TOKa.

B CBB cucreMbl TeieM3MEPEHUsI IPUMEHSIIOT JUIsI Iepenayy 3Ha-
YEHUH TEXHOMOTrMYECKMX IapaMETpPOB Ha AUCIIETYEPCKMUM IYHKT.
K TtakuM napaMeTpaM OTHOCSITCSI: pacXonbl ITOAABAEMOM HAcOCaMU
XHUIKOCTH; AABJICHUE B OCHOBHBIX TOUKAaX CETH, XapaKTEPU3YIOILIEE ec
COCTOSIHUE, YPOBEHb BOJBI B pe3epByapax, ONpeaeisiiol[Ux 3arac BObI
M peXUM paboThl CTAHLIMI; CHJIAa TOKA B LIEMSIX IIPUBOIHBIX BJIEKTPO-
IBUTAaTeNIei, XapaKkTepu3ylolilast Harpy3kKy HacocoOB; HampspkKeHUe B
BJIEKTPUYECKUX CETSIX, ONpeleisIIOee PEXUM paboThl 3JIEKTPOOdOpY-
JIOBaHUs, U Ip.

CucreMbl TeEyIIPaBACHUS UCITONb3YIOT VISt IyCKa M OCTAHOBA Ha
PAcCTOSIHUM (M3 JUCTIETYEPCKOrO IMyHKTA) HACOCHLIX arperaTroB, BKJIIO-
YEeHUSI U OTKIIOYEHUS] KOMMYTAl{MOHHbIX YCTPOWUCTB BJIEKTPOCETH,
BKJIIOUEHMSI U OTKJIIOYEHUsI BO3IAYXOAYBOK, OIpoOHMNOK U Ap. Boamox-
HOCTb OCYILECTBJICHUSI 3TUX OIEepalMil Ha paCCTOSIHUU IO3BOJISIET
oucreTyepy 6e3 moMOHIM JEXYPHOTO IepcoHana O6bICTPO BBOAMTL B
IeiCTBUE UM BBIBOJUTDL U3 PAaOOThl COOTBETCTBYIOLLIME arperaThbl Kak B

TOBUSAX HOPMANBLHON BKCILIVATALIUU, TAK U ITPU aBADUU eJIBIO €€
JIOKAJIN3aL{UM.

TenecurHanuzauMs UCIONb3YeTCs JUIsi aBTOMAaTU4ecKOM repenayu
CUTHAJIOB O COCTOSIHUM HAacCOCHBIX arperatroB, 3aJBHXEK, QUIbLTPOB,
IpPOOHUNIOK U OPYTUX arperaToB cCoopyxxXeHuii. Ha MHeMocxeMe, Haxomsi-
IICACS Ha LUTE JUCMETYEPCKOro MyHKTa, HENPEPbhIBHO YKA3bIBAETCS
COCTOsSTHME OOOpPYINOBAHUsI ArperaTroB, a Takke U3MEHEHHE 3HauyeHUH
NapaMeTPOB. DTO MO3BOJSIET JUCIIETYEPY JIETKO OPUEHTUPOBATLCSI ITPU
OCYILIECTBJICHHUH OIEpAaTHUBHLIX MEPEKINIOYEHUIA, OCOOEHHO BO BpeMsl
aBapui.
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6.2. MeToAabl U cpencTBa
TeneunamepeHus

OcobeHHOCTb TeJieM3MEepPEHHUST 3aKIII0YaeTCsl B TOM, YTO
U3MepsieMasi BEeJIMUMHA [0 ee Tepesayu rnpeobpasyercss B APYrylo Be-
JIM4YKHY, YROOHYIO MIs nmepeladyr 6e3 MCKaXeHUi Ha paccrossHMe. Ha
JUCTIETYEPCKOM MYHKTE MPOUCXOOUT oOpaTHOE NMpeodpa3oBaHUE MO-
CTYNMBLIET0 CUTHANA B U3MepsieMyl0 BelinuuHy. [loaToMy oTiuyue
OMHOrO METOHA TeJIEUIMEPEHHUSI OT APYrOoro COCTOMT B CYU[HOCTH B
criocobe nmpeodpa3oBaHMst CUTHAJIOB INPU UX Nepenaye.

Hdnst nepenayyd CUrHajioB Ha HebOJbUIKE PACCTOSIHUSI B CUCTEMax
OJIXHEro AelcTBUASI MPUMEHSIETCSI METO MHTEHCUBHOCTH, 110 KOTO-
poMy U3MepsieMast BeJIMYMHA nepenaercst nNyreM M3MEHEHUsT HHTEH-
CMBHOCTH TOKa WM HANpSKEHUs B KaHaule cBsI3U. [Ins CHUXeHUs nmo-
T€pb SHEPTUH B JIMHUM Mepefadya CUrHajaoB MPOU3BOAUTCS MTPU MAJIBIX
3HaYeHUsIX cUJibl ToKa U HanpsixeHuss. [lepenadyy uenecoobpaszHee
BECTH HA INMOCTOSTHHOM TOKe, MOCKOJIbKY MPU 3TOM TaKue MapaMeTpbl
JIMHWHU, KaK MHAYKTUBHOCTb U €MKOCTb ITPOBOLOB, HE CKa3bIBAIOTCS
Ha YPOBHE CUTHaza.

B cucTeMax fanbHero geMcTBUs IPUMEHSIOT METOABI UMMYJIbCHOMU
M 4aCTOTHOM Nepenayd CUrHajia, B KOTOpbIX U3MepsieMas BeJIMYMHa
nMpeodpa3yeTcss B UMITYJILChL MTOCTOSIHHOTO TOKA JIMO0 B NMEepeMEHHbIM
TOK MEHSIIONICICS YAcTOThI, B pe3yibTaTe Yero MU3MEHEHMUsI cCUrHania,
BO3HMKAIOLIMEe B KaHAJIE CBSI3W, HE BHOCST MCKAXEHUNA B BEJIMYUHY
U3MEpPSIEMOTO MapaMeTpa.

YBeanueHUs: KOJUYeCTBa NepeiaBaeMbIX CUTHAJIOB 3JieKTpUYe-
CKOTO TOKa JOOMBAIOTCS NMPpUMEHEHHUEM Pa3JIMYHbIX CITOCOOOB MX MO-
OyJsUMUA (AMIUIMTYIHOM, YaCTOTHOM, BpEMEHHON U uKciioBoit). TIpu
BbIOOpE KOHKPETHOIro Crnoco6a MOAYASILIMA YYUTHIBAIOT CIIOXHOCTb
NMpeobpa3oBaHMs CUTHAJIA U YCJIOBUS €ro rNepefayu Ha pacCcTOsIHUE.
Yaiue qpyrux MCroib3yloT iBe CXeMbl TeJleM3MepeHMsI.

IlepBast U3 HUX — TeICH3MEPHTEIbHAA CXeMA HHTEHCHBHOCTHM TOKA
OJIMXHEro AeCTBUSI ¢ peocTaTHLIM fatyukoM J (puc. 77) ocHoBaHa
Ha UCTONb30BaHUM nepeMeliieHust noyisyHka [TU-peoctata R uamepu-
TEJIbHBIM NMPUO60POM A 0IHOBPEMEHHO CO CTPEJIKOi Ha yroa o,,. M3me-
HEHMSI TOKA B JIMHUM CBSI3H, NPONOPLIMOHANIbHbIE U3MepsieMO BeJiM-

A e P SIREE Y ~ SR 2 ] . .

I VMCHbBIICHMAT

BIMSTHUSL KBMEHEHMSI COTIPOTHBJIEHHs JIMHUM CBSI3M BKJIIOYAeTCs Oal-
NIacTHOE COTMpPOTHURIIEHHE Ry, 3HAUUTENILHO MpeBbILIalollee COMPOTHB-
sieHue npoBoxoB. IlockonbKy Wist MepeaBHXEHWs MOJNI3YHKA peocTara

HEOOXO0AMMO OOJibLIOE YCWIME, JaHHasi CXeMa Yalile Bcero nmpuMeHsi-
€TCsl MPHY TeJieM3MEPEHUH PAacXO0B, NaBJIEHUS KU YPOBHS. DTO CBSI3aHO
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Puc. 77. CxeMa nByxnpoBogHo#i
Pr TEJIEHIMEPHTEILHOH CHCTEMBI
nu C PEOCTATHBIM JATYHKOM

C TeM, YTO M3MepUTelibHble MPUOOPEI, KOHTPONUPYIOLMe Tiepeync-
JieHHBle TTapaMeTphbl, pa3BUBAIOT 3HAYUTENbHLIE Bpalllalolilie MO-
MEHTHI.

(] PMa BDDCMSA-EMIIVE HOL ( CHCHUHIMCDCHNS D a 1281000

Hero HeiicTBUMSI OCHOBAHA Ha TIOChlie CUTHAJIOB B BUJe UMTIYJIbCOB
ofipelie;IEHHON TIPONOIXUTENIBHOCTU WJIM Ha UCTIONb30BaHUM T1ay3
pa3Hoif MPOXOLKUTENBHOCTH MEXIY ABYMsI UMITyJibcaMu. B 3Toit cxeme
nepepaloillee ycTpoilcTBo /1Y nipeAcraBssieT co60il CHHXpOHHBIN ABU-
ratesjib I, Ha BajJl 2 KOTOPOro HacaXeHbl Ba MeJHBIX MOJYKOJbLa 3,
M30JIMpOBaHHBIX OT Bajla ¥ Apyr ot Apyra. K nmonykonbiaM rpukaca-
I0TCSI IBe MeTALINYECKUe WK rpadUTOBble IETKH, OXHA U3 KOTOPBIX
4 HeNOABWXHA, 4 Opyrast 5 UMeeT KUHEMATHUYeCKYIO CBS3b C U3MEPH-
TeJIbHBIM NpubopoMm A3D. K uietkam JinHuM cBsizu JIC noaKiIIO4YeHo

6) 1 AN/

MH 7
LA e

‘|‘ CBA3W

UBXg
Puc. 78. BpeMa-umMnyJbcHas CXeMa TeJleH3MEepeHHS:

a — pa3pes3 INEKTPUYECKON CXEMBI;
6 — cxeMa peje IpueMHOTrO yCTpOiCTBa
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pesie P nipyeMHoro ycrpoiicrea YII, vcnosab3ylouiero MuikaMmnep-
MeTp JI/T MarHUTO3JIEKTPHUYECKON CHCTEMBI.

B npouecce pabotbl CHHXPOHHBII ABATATEIb HEMPEPLIBHO Bpalla-
eTCs C MOCTOSIHHOM cKOpocThlo. Korma merka S HaxoguTcsl B OfHOM
ILTOCKOCTH €O IEeTKOM 4 (Kak rmoka3aHo Ha puc. 78), Bpauialouecs
MOJIYKOJIbLa 3 He MOTYT 3aMKHYTb LIEMb MUTAHUS JIMHWU CBSI3U OT CETH
c HanpspkeHueM Uy, T.e. nuHus cBsi3n obectoueHa. C OTKIIOHEHUEM
M3MEPSIEMOTrO MapaMeTpa 1IETKa 5 mepeMelaeTcst 1no nojaykosabuy 3 K
uietke 4. B cBsI3M ¢ 3TUM B JIMHUIO CBSI3HU NMOCBUIAIOTCS WMITYJIbCHI
MPOKOXUTEIbHOCTBIO, MPOMOPLUOHAIBHOM CTEMEHU NMepeMeIleHUs
IIETKHA 5 WK BeJIMUMHE MmapaMeTpa.

Pene npueMHOro ycrpoiictea nmpy 3aMblKaHMM CBOUX KOHTAKTOB
MOChUTAeT K Mpubopy UMMyJbchl HampsikeHueM U, Tako# xe npongoi-
XHTEJIbHOCTH, KaK ¥ UMIyJbChl B TMHUM cBsi3U. 1lIkana npubopa, u3-

MEPSIOLIETO CpefHee 3HadYeHe UMIYJIbCOB TOKa, IPalyupyeTcs B €a1-
HULax uaMepsieMoit BeanuuHbl. ConporusieHye R MPUEMHOro ycT-
poiicTBa OrpaHMYMBaET TOK B LeM¥ npubopa, a xoHmaeHcaTop C
BBITOJIHSIET POJib (DUIBLTPA.

6.3. MeToAb! U CXeMbl TesteynpaBneHus
M TeNnecurHanusauum

YpasneHue 100bIMU MPOTSLKEHHBIMU OOBEKTAMMU MpaK-
THYECKH HEBO3MOXHO 03 KOHTPOJISI UX COCTOSIHUSI, B CBSI3U C YEM
dyHKUMYM TeNneynpasiaeHust U teaecurHanusaiu B CBB ocyiecTsis-
I0TCS OOLIMMHU cpeAcTBaMU TeiaeMexaHUKU. [IpuHsITEIE MpU 3TOM
CXEMbl OTJIMYAIOTCSI B OCHOBHOM METOAOM M30UpaHUs B NMpUEME H
pacliipoBKe CUTHAJIOB, KOTOphIE MepenaloTcst napajuiejbHO M MO-
cJiefoBaTesibHO BO BpeMeHHM. I1epBhlit criocod cBsi3aH ¢ Ka4eCTBEHHbIM
¥ KOMOMHALMOHHBIM METONaMM M30UpaHusi, BTOPOil — C pacrpene-
JIANTEJIbHBIM U KOMOMHALIMOHHO-pacNpeaeINTeIbHbIM.
B 3aBMCUMOCTH OT METOAOB U30MpPaHMsI pPa3IN4yaloT MHOTONPORBO/I-
Hbie 1 MAJIONIPOBOJHbIE CXEeMbI, KOTOpbIE MO BUAY Pa3fcJbHON Mepe-

JaYy¥ CUrHaJIOB M YCTPOMCTBY JIMHUMA CBSI3U ACJSIT HA TPU TPYMIIHI.

MHoromnpoBogHbIE CXEMBI C pa3fieieHHeM curHaioB (puc. 79, a)
OObIYHO MPUMEHSIOT MPU CPaBHUTEJIbHO HEOOJBIIMX PACCTOSTHUSIX
MEXIY AUCMETYEPCKUM MYHKTOM U 00beKTOM ynpasiaeHus. IIpu Ha-
JIAYMH N-TO KOJIHWYECTBA CAMOCTOSITEIbHBIX MTPOBOIOB (HE cUMTast Mpo-
BOJ [TUTAHMsI) MO TAKON JIMHMUY CBSI3UM MOXHO MEpeaaTb CUTHAJIDI:

N=Kn, (6.1)

roec K — 4Kicio UMMYJIbCHBIX TPU3HAKOB; 00bIYHO K = 2—4.
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Puc. 79. ITpuHuunuanbHas cXeMa YCTPOHCTBA TeleynpaBjieHH

TakuMm o6pa3oM, B MHOTOIIPOBOAHBIX CXeMax JUIsI KaXJI0ro UM-
TyJIbca UMeeTCs OTAEIbHBIM KaHa (IPOBOM), U MOSTOMY BCE UMITYJILChI
MOTYT IepelaBaThbCsi OGHOBpeMEHHO. sl pa3ieeHUs] MMITY/1bCOB
yIpPaBJICHUSI U CUTHAIU3ALMU MMPUMEHSIETCS aMIUTUTYIHBIA ITPU3HAK,
B COOTBETCTBUHM C KOTOPHIM TOK MMITY/IbCa YMPAaBJICHUsI B HECKOJILKO
pa3 INpeBbILIAET TOK UMITYJIbCA CUTHATTU3ALUM.

B ManonpoBOOHBIX cXeMaX C YACTOTHBLIM pa3fe/ieHUEM CUTHAJIOB
(puc. 79, 6) nmocnenHue NEpenalTCcss 1Mo OAHON JIMHUM CBS3U 3a cYeT
MCII0JIb30BAHUsI UMITYJILCOB Pa3HOM YacToThl £, ..., f;. B nepenatouieit

4acTHu 9TUX CUCTEM HUMEETCsI TeHEpaTOp CUHYCOUIATIbHbBIX KoJicOaH UM
paBHOﬁ 4YacCToThl, 4 B I'Ipl/leMHOﬁ YaCTH CUTHAJIBbI pa3aecjastioTcst C I1o-
MOIIBIO MMOJIOCOBBIX CI)HJII)TDOB. ,Z[JIH YBEJIMYECHUST UHUCJIA MTEpeaaBacMbIX

TOTaX C COOTBETCTBYIOlIE UX KOMOMHAaLIMEN.
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B ManmonpoBoaHBIX cXeMaX ¢ BpEMEHHBIM pa3feICcHUEM CHUTHAJIOB
(puc. 79, 6) nocnegHKe NepenaTcst 1o OQHON JIMHUM CBSI3U C NTOOYe-
pedHbIM MOCHUIOM MMIMYJbCOB TOKA C MOMOILUbLIO PACNpENEIUTENCIA.
B xauecTtBe pacnpenenaurencii PI1 u P2 npuMeHsI0TCsl MEPEKIIOYaTeNH,
TpUBOAMMbIE B IeCTBHE BJIEKTPONBUraTCAsIMHU, SJIEKTPOMArHUTHHIE
11IaroBbi€ peJe ¥ KaTogHble nepexioyaTeau. JIsa cCMHXpOHHO paboTa-
IOILIMX pacnpeneauTest ONHOBPEMEHHO MOAKIIOYAIOT JIMHUIO CBSI3H K
COOTBETCTBYIOLLMM NepenaolieMy ¥ MPUEMHOMY YCTPOICTBAM CXEMBI.

6.4. MpomMbiLNieHHble CXeMbl TeJIeMeXaHUKU

3agayv KOHTPOJSI M YTIPaBJIEHUsS] MPOTSDKEHHLIMK 00bEK-

TaMH OObIYHO PELIAIOTCS C MOMOUIBIO CEPUIMHBIX CUCTEM TEleMexa-

H YyeH | MYHBIX OOBEKTOB

NMPOMbBILIJIEHHOCTbIO BBIIIYCKAETCS LEJbIH psl YHUDHULUUPOBAHHbLIX
YCTPOMCTB TEJIEMEXaHUKH.

B npakruke skcrmyarauud CBB xopolo 3apekoMeHa0Bank cebst
TeneMexaHuyeckue ycrpoiicrea BTLI, ocHoBaHHbBIE HA pacrpenciiu-
TeJIbHOM MeTone u3bupanus. Pacnpelenuresib B 3TUX yCTpoicTBax
NOCTPOEH Ha PEPPUT-TPAH3IUCTOPHBIX INIEMEHTAX, COCTOSIIIIMX U3 Mar-
HUTHBIX ACTAJIEN U MOMYNMPOBOAHHKOBBIX TPHUOLOB.

[TonsipHO-aMMAWTYIHOE pa3fcicHWe CUTrHaI0B MOJOXEHO B OC-
HOBY TEJIEMEXAHUYECKHUX CXEM YIpaBJIEHUsI HACOCHLIMU CTAHLUSIMM
apTe3raHcKoro sonocHabxeHus. TenreMexaHWdecKue ycTpoicTBa 3THX
CXEM MO3BOJSIOT NepeaaBaTh ¢ AUCMETYEPCKOro NMYHKTA HA HACOCHYIO
CTaHUMIO cJIeAyIolie KOMaHabl TeaeynpanieHus: «IlycTuTh Hacoc»,
«OcTaHOBUTb Hacoc», « BKIIIOYMThL KOHTAKTHBIIT MaHoMeTp» U «OT-
KJIIOYMTh KOHTaKTHBIH MaHoMeTp». Ha aucrneTyepckuit MyHKT ¢ Ha-

_COCHOM CTaHUUU NepenalnTcst coobieH s Tenecurdanuilayum «Hacoc |
paboraer», «Hacoc He paboraer», «[Ipou3soliia aBapus», «Ha cranuuu
HET 3JeKTPO3HEprun», «Ha cTaHyuMM NMOCTOPOHHME JIOAHW», a TAKXKE
CUI'HAJIbI IBYCTOPOHHETO BbI30Ba TeJIe(POHHOro pasropopa. C moMolbio
3JIEKTPOKOHTAKTHOIO MAaHOMETPA OCYILECTBASETCS TeJIeU3MEPEHHE
NaBJICHUSI B HAMOPHBIX BOJOBOAAX M psiic TOYEK BOXOMPOBOXHOU
CETH.

Ha HacocHO# cTaH MK MMITYJIbCHl YIIPABJICHMWsI BOCIIPUHUMAIOTCS
CXEMOI1 aBTOMATHKM, KOTOpasi OCYIIECTRIISIET MMYCK ¥ OCTAHOB HACOCOB
B 3aJdAHHOI MOCEN0BATEILHOCTH, 3alMTY 000PYIOBAaHUS, BKIOYAET
pe3epBHOE NMUTaHWe U pe3epBHLINH Hacoc. ITyck ¥ ocTaHOB arperara
MTPOU3BOASITCSI ABTOMATUYECKHU MO CUTHAJTY AATYMKA WM IMCIETYCPOM
C MOMOWIbIO TeJieynpaBieHus. Llenmd aBTOMAaTUKM U TelieMeXaH KU
SNEKTPUYECKHA HE CBSI3aHbI M MATAIOTCSI OT Pa3HbIX HCTOYHMKOB TOKA.
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3a cyeT MpMMEHEeHUA TOKa pa3HOi MNMOJIIPHOCTH, Pa3HOM BEJIMUYMHBI U
nepenayy CUrHaIOB IO ABYM KaHajiaM CBsi3U (1O OJHO#U mnape Teje-
(POHHBIX MPOBOJOB U 3eMJIE) CXEMa MO3BOJISIET NepenaBaTh U NMPUHU-
MaTb BOCEMb OCHOBHbLIX 1 JiBa HEOCHOBHBIX CUTHaJa.

B CBB npuMeHseTCs TakxXe CepUitHOe BpPEMsSI-UMIIYJIILCHOE
YCTpPOMCTBO TeJieMeXaHUKU TUMa YTb, koTopoe UCIoaL3yIOT NMpy pas-
JIMYHOM PACIOJIOXEHUU 00BEKTOB (MOCIEIOBATEILHOM, paaiHaILHOM)
110 OTHOLIEHUIO K OJUCTIETYEPCKOMY MYHKTY.

becKoHTakTHas CUCTeMa C BPEMEHHBIM pa3fc€HUEM CUTHAIOB
tuna TMO no3sBossgeT obcayxuBaTh 5—40 o6BEKTOB yIpaBIeHU,
14—40 06bexTOB CUrHAIM3aLMU U 6—28 006ekTOB U3MepeHus. OCHOB-
HbIMM anmnaparypHbuIMHA 0JI0KaMHU 3TOi CUCTEMBI SBISIIOTCS pacnpene-
JIATEJIM HAa MAaTHUTHBIX BJIEMEHTAaX, KOTOphle MOoYepeIHO CHHXPOHHO
¥ CMH(Ma3HO MOAKIIOYAIOT K JUHUU CBA3M BJIEKTPUUYECKHE CXEMbl Ha
DUCIIETYEPCKOM TYyHKTe yrpaBlicHus. BBeicHHAs B CUCTEMY 3allUTa
OT MICTTOJIHEHUS JIOXHBLIX KOMaH/i 00ECMNeYnBacT €€ BLICOKYIO HaleX-
HOCTb.

B nocnenHue roasl pazpaboTaHbl KOMIUVIEKTH YHUMDULIMPOBAHHLIX
YCTPOICTB TEJIEMEXAHUKH B MaJiorabapuTHOM GJI04YHO-MOAY/ILHOM MC-
noJiIHeHWU. Hauvayics BBITIYCK CpENCTB TeleMeXaHUKU Ha 6ase MUKpO-
NpoLECCOpPOB, pa3paboTaHbl CUCTEMbl TEJIEABTOMATUKU C BbIBOAOM
ornepaTtuBHoit nHPopMaLuu Ha DBM. Tak, koMIuiekc cpencTB Tee-
aproMatuku Tvna KOT obecneunBaeT: Teaeu3MepeHue, Teeynpablie-
HHE U TeJIECUTHAIU3aMIO C 48 KOHTPOJLHBIMY MYyJIbTaMU; DATbHOCTh
neicteus 1o 30 kM.; BoiBoA MH(GOPMALIMKM Ha TeJIETAlM U CONpsiXEeHUE
¢ OBM BepxHero ypoBHS.




fhasa 7. ABTOMATU3ALUA HACOCHbIX
CTAHLUMH

7.1. OCHOBHbIE CXeMbl aBTOMaTU3aLuum

HacocHble cTaHL{UM 110 000OPYAOBAHMIO M MPOTEKAIOIUM
B HMX TEXHOJIOTMYECKHWM TPOLECCAM CPABHUTEIBHO JIEFKO MOANAaI0TCs
aproMatu3ayuu. IIpoliecchl, CBsI3aHHbIE C MYCKOM, OCTAHOBOM U KOHT-
poJieM 32 COCTOSIHUEM HAaCOCHO-CIJIOBOrO 000pyIOBaHMsI, OCYILeCTBisI-
I0TCSI B CTPOrO YCTAHOBJIEHHOH MOCIeN0BaTeIbHOCTH aBTOMaTUYECKH,
6€3 HEMOCPEACTBEHHOIO YUacTHsI OOCHYXXMBAIOIETo NMepcoHana.
Ha HacocHBIX cTaHI{MsIX aBTOMATHYECKH BBITIONHSIOTCS CICAYIOIIME
orepaymu:
® IIYCK ¥ OCTAaHOB arperatoB C BBIAEPXKOi MO BpeMEHM KakK repen
MyCKOM IOcJIe NONYYECHHUsI UMITy/Ibca yIIpaBAcHUS, TaK U MEXIY

® BKIIOYEHHE OOHOIO WM HECKOJbKMX HACOCHBIX arperaToB B yCTa-
HOBJIEHHOM MoOcCJIeA0BaTeIbHOCTH, NpHUYEeM BKIIOYEHHE NMPOMU3BO-
IUTCs TAOO Ha TMOJTHOE HamnpspKeHUe (TpsIMOi 1ycK), AM60 Ha Mmo-
HMXEeHHOE ¢ NMOoCJEAYIOIMM BKJIIOYECHMEM Ha MOJHOE HATpsiXeHWe
NOCJie YCTAHOBJICHHOM BHIOEPXKKHU (CTYNEeHYaThii MycK);

® CO3[1aHHE M MnojJiepXaHre HeOOXOIMMOIO pa3peXeHHUsl BO BCAChl-
BAIOIEM TPYOOTIPOBOAE M HACOCE Tepel IMycKOM, €cJii OH He Ha-
XOIUTCS MOJ 3AIMBOM;

® OTKpBITHE M 3aKpHITHE 331BMXXEK Ha TPYOOMPOBOLAX B ONpeaesICH-
HOM TOpsiIKe TMPH MycKe U OCTAHOBE HACOCOB;

_® KOHTPOJb 33 BBLINOJHEHWEM YCTAHOBIEHHOIO pexXXrMMa MpH nycke, |
paboTe ¥ OCTAHOBE HACOCOB, OTKJIIOYUeHHE pabOoTaloIEero Hacoca
MpH HApPYUWIEHUU pexXHrMa €ro paboThl ¥ BKIIOYEHUE PE3CPBHOIO
Hacoca;

® [lepenaya CUrHaJOB O paboTe HACOCHBIX arperaToB ¥ aBapMMHBIX
CUTyaLIMsAX Ha JUCTIETYEPCKUIL NMYHKT;

® 3alIMTa HACOCHBIX arperaTtoB Npu Meperpese MOALIMITHUKOB,
BCencTBUE paboThl Hacoca 6e3 3a1MBa, MpH rNeperpy3ke MpuBOa-
HOTO DJIEKTPOIABUTrATENS U T. IL.; |

® OTOIUICEHHE M BEHTWISILIMSA CTaHI{M i1, X OXpaHa OT NMPOHHUKHOBEHMS
[MOCTOPOHHUX JIMLl, 4 TAKXKE BKJIIOYECHHE U OTKIIOYEHHE JpeHaXK-
HbIX HACOCOB.
Ha HacocHBIX cTaHL{MSIX MOXET NMPOBOAUTLCSI aBTOMAaTHYECKOE pe-

TYJIMpOBaHUE Haropa ¥ NMpOU3BONUTENBLHOCTH arperaroB. OHO MOXeT
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OCYLLECTBIATbLCA JUOO Ha BXOIE BOIH B HACOC, JUGO Ha BHIXOAE U3
HEro NyTeM ApPOCCEIUpPOBAHUS 3aBUXKaMU Ha TPYOONPOBOAAX MM
U3MEHEHUEM CKOPOCTH BpalleHMsi Hacoca. IIpoBomaTcst KOHTPOJIb 3a
IaBJIEHUEM BOIbI BO BCachlBalolledl M HallOpHOM JIMHUAX HACOCOB,
TeMIIEpaTypoii NOIUIMITHUKOB U CaJIbHUKOB, HAJIUYUEM HaTpPSKeHMs
Ha BBOIHBIX UIMHAX HACOCHOM CTaHIIMM U Ha ILIMHAX LIMTA aBTOMAaTu-
YyeCcKOI'o yIpaBJIeHUs, a TakKe 3alllUTa HACOCHBIX arperaToB OT KOPOT-
KOTO 3aMbIKaHus, Neperpy3ku U T.1. IIpy nosBreHUM nepeyucieH-
HBIX HEIOTYCTUMBIX OTKJIOHEHUIT CpabaThiBaeT pejie 3allUThl, BHIKITIO-
yasi arperarthl U3 paborsi. Ilociaenyoniee BKIIIOYEHUE arperaroB B
padboTy BO3MOXHO JIUILb [10CE YCTpaHEHUsT HEMOoNaI0kK.

IIpy aBTOMATHYECKOM YINPABJIEHUH BKJIIOYEHUE U OCTAHOB HacoC-
HBIX arperaToB OCYLIECTBJSIETCS C TIOMOIIBIO pejie YPOBHS, YCTaHOB-
JIEHHOTO, HanpuMep, HajJ 6akOM BOJOHANMOPHOIO COOPYXEHUS UK

pe3epByapa, a TaKKe peJjie NaBJIEHUs, YCTAaHOBJIEHHOTO B XapaKTEPHbIX
TOYKax ceTu. ITonyyeHHbIi OT pesie CUrHajg obecrneuynBaeT Heobxomu-
MBIE MEPEKITIOUEHUs B cXeMaX YNpaBJeHUs U CUTHaJIU3alUu, BClen-
CTBME YEro HacOChl BKJIIOYAIOTCS B OIPENEIeHHOM NOCaenoBaTelb-
HOCTU. BO3MOXHbBIE BapyaHThl aBBTOMAaTUYECKOrO BKJIIOUEHUSI HACOCOB
M OCYNIECTBJIEHUS MX 3aJIMBa Nepen NMycKOM B paboTy moka3aHbl Ha
puc. 80.

B npakruke pa6orst CBB Haubosee LiMpoko NpUMEHSIOTCS TH-
pPOMEXaHUUYECKHE CXEMbI, B KOTOPbIX aBTOMaTUYECKUI MMYCK MPOU3BO-
IUTCS U0 6e3 npenBapUTESIbHOrO (Irepen MycKOM) 3aJiuBa KOpIyca
LIEHTPOOEXHOTO Hacoca, JIMOO C NpeaBapuTeabHbIM 3aJIMBOM OT Ha-
MOPHOro Marpydoka WM ¢ NOMOIIbIO BaKyyM-ycTaHOBKU. Kaxnas u3
3TUX CXEM MOXET ObITh PEAN30BaHa NPU OTKPHITON UJIX 3aKPHITOM
HaMnoOpHO#M 3anBUXKE, T.e. CYUIECTBYET WIECTh I'MIAPOMEXaHUYECKUX
CXEM IyCKa HacoOCOB.

ITycK HacOCOB C OTKPBLITOM HallOPHO# 3aIBUXKOI Haubosee J1erko
OCYILECTBJISETCSA MPU CJIEOYIONIUX YCIOBUSIX: TTPU MaJIOi NPOU3BOIU-
TEJILHOCTU HACOCOB, UMEIOLIMX PE3EPB MOIIHOCTH 3JIEKTPONPHBOJA,

60Te HACOCOB Ha HAaMOpPHHLIE TPYOONPOBOIALI HEOOJIBIIOH MPOTIXKEH-
HOCTH; TIPY YCTaHOBKE Ha HallOPHOM TPYOOIPOBOE NPOTUBOYIAPHBIX
ycrpoicTB. ITycK HacocoB ¢ OTKPHITOM 3aIBUXKOM YIPOLIAET U yIe-
LIEBJISIET CUCTEMY aBTOMAaTHUYECKOI'O YIIPABIECHUS.
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PerynupoBanue ABTOMaTH4YECKOE YNpaBneHue YnpaBneHWe NOXapHbIMA
NpPOU3BOAUTENLHOCTH HACQCOB HaCOCHO# cTaHunen HacocaMu
YnpagneHne aApeHaKHLIMKN YnpasneHue oTONNeHnEM
Hacocamun W BEHTHUARUMERA
Ynpaenexue
Ynpasnexue ABTOMATH- HanopHo1 YhpasneHue
aNEXTPOABMIa- Yeckas Sa/BVKKON Astomamy- 3ANMBOM
4yecKkan sawmTa
TeNsMU HaCOCOB CHrHanM3auma HacocoB
Pabouero
. 3Jnextpoobo-
ABapuitHan COCTOSHUA TexHonorudyeckas
Mo yposHIO PyAoBaHuA
arperartos AsTonoacoc
B peaepeyape
—— ngczzzﬂu;a fIpn KOPOTKOM flpu neperpyake
O AABREHWIO PaMeTp 3aMbIKaHUM aneKkTpoaBuraTenei Bakyym-Hacoc
BCETH
[pun naneHnm flpn neperpese
InexTpU4EcKmMX TexXHONOrNYecKnX
Mo pacxoay KTP HANPSXEHNS NOAWKIHNKOB Baxyym-koten
BOAB Hacocos
JasneHue YposeHb 80!
Orpene B BaKyyM-KOTne MOXApHOro 3anaca Mpu paspoise Baitnac
BPEMEHN BOAOBOAOB
Pacxon soabl Lasnexue B Hanop-
f10 BOAOBOAAM HbIX BONOBORAX Mpw 3aKNUHUBAHWMN
333[BUXKKN
CunaToxa YpoBeHb BO,
C HanpskeHnue P And m
aneKkTpo- B CETH B peaepeyape MaxkcumanbHoiM MydTDit npeaencHoro
Asurarenew WAU CKBAXWHE TOKOBLIM pene MOMEHTa
Puc. 80. Cxema ocHOBHBIX (PYHKIMiA ABTOMATHKHA HACOCHBIX CTAHIHA




7.2. ABTOMAaTHM4YeCKOe ynpasJsieHue HacocamMu
B CUCTEMaX BOAOCHa0XeHUs

ITpoeKkTrpoBaHUe, KOMILIEKTALMIO OOOPYIOBAHUS, MOH-
TaxX Y SKCIJIyaTalyO HACOCHBIX arperatoB B 3HAYUTEIbHOM Mepe 00-
Jerd4aeT BbIIYCK TUIOBBLIX CTAHLIMI aBTOMATHYECKOrO YNpaBJIeHMS.
OTedyeCTBEHHOM NPOMBILLIEHHOCTbIO OCBOEH BbINYCK NMouTH 20 Moau-
(pUKaIMi YHUPUIMPOBAHHLIX CTAHLIMMA aBTOMATHYECKOTO YIIPABIEHUS

truna I19X, npeaHazHayeHHBIX U1 aBTOMATH3alM1 HACOCHLIX arpera-
TOB C Pa3JIWYHBIMHU 3JeKTPOABUraTeJsIMM (HU3KO- ¥ BHICOKOBOJIb-
THBIMM, ACUHXPOHHBIMU C KOPOTKO3aMKHYTbIM POTOPOM M CUHXPOH-
Hple C IIYXONOIKIIOYeHHBIM BO30ynuTeeM), VIS aBTOMAaTU3aLM ap-
Te3UaHCKMX HACOCOB, BAKYYM-HACOCOB ¥ HACOCOB 001IEro Ha3HAYEeHUS.
JIis1 aBTOMATU3aLMU HACOCHBIX CTaHLUM, COCTOSILIMX U3 YETHIPEX ar-
peraToB, BHINYCKAIUCh TaKKe CleLMalbHble BJIOKM BhIOOpa ovepen-
HOCTM MYyCKa M pe3epBHMpoBaHUsS HacocoB. CraHuusamu [1DX aBroMa-
TU3UPYETCS NMYCK HACOCOB C OTKPHITON 3an1BUXKON. PeneitHo-KOH-
TaKTHasl CXeMa 3TOil CTaHLIMU 00eCreYynBaeT IyCcK ¥ OCTaHOB HACOCOB,
3alllMTY ¥ aBapUIHOE OTKJIIOYEHHE KaK B PYYHOM, TaK U B aBTOMaTU-
yeCKOM peXuMe yrnpapieHus. B cucreMax BonocHabXeHusl 3KCIUIyaTu-
pYIOTCS TakOKe TP BHAA cTaHLMI ynpasienus Hacocamu tuna CYHO.

Crannus CYHO-1 npuMensieTcs Uil aBTOMaTU3alMM HACOCHBIX ar-
peraToB C HU3KOBOJIBTHBIM 3JIEKTPOABUrareneM MOIHOCTHIO 20—55 kBT
C KOPOTKO3aMKHYTbIM POTOPOM. DTa CTAHILIUSA O0ECIeUYnBaET: MECT-
HO€, AaBTOMATUYeCKOe UJIM TejleylpaBiieHUe, IYCK ¥ OCTAHOB 3aJIMTOrO
Hacoca NPy NOCTOAHHO OTKPHITON 3aBVIKKE HA €ro HaropHOM JIUHUY;
KOHTPOJIb 32 paboToM Hacoca ¢ NOMOLLLIO CTPYHHOro pesie, KOHTaKT-
HOT'0 MAHOMETpA WM peJie NaBJIeHUs; KOHTPOJb 32 HAJIUUMeM Harps-
XEeHUS B LIENsAX YNpaBJeHUS W LeNy NUTAHUWS 3JeKTPOIBUrarTes,

HUS HanpsikeHus: nuranusa (4—35 ¢); nomayy curiajia npy aBapuifHoM
OTKJIIOUYEHUU HACOCA C OJJOKMPOBKOM, IpenoTBpaniaoieii NoBTOPHLIM
11yCK Hacoca 10 JUKBUIAL UM aBapuM.

Ctanuusa CYHO-2 npumeHsiercs npyu aBTOMAaTU3alMi HACOCHBIX
arperaToB C 3JIEKTPOABUraTeIIMU MOIHOCTHIO 55—125 kBT. OT cTau-
iy CYHO-1 ona ominyaeTcs Iuillb BBEAEHHbIM B CXEMY YIIpaBJIeHUS
JIOTIOJHUTEJIbHBIM PeJie KOHTPOJIS 3ajiMBa Hacoca OT HallopHOTo Tpy-
OOMNpOBOJA.

Craunusa CYHO-3 npeaHa3HaueHa st aBTOMAaTU3aLMU HAaCOCHBIX
arperaToB ¢ HU3KOBOJILTHBIM ACUHXPOHHBIM 3JIEKTPOJBUTaTeJIeM C
¢$a30BbIM UJIM KOPOTKO3aMKHYTHIM POTOPOM MOIIHOCTHIO 125—250 KkBT.
Dra CTaHLUs 0OecreYyuBaeT: MECTHOE, aBTOMAaTUYEeCKOe WU Tejle-
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Puc. 81. O6ommii Bua cranunii ynpasneuus CYHO

YIIpaBJIeHWE; MPSIMOM MyCK 3JIEKTPOABMIATENEN U MYCK Ha NMOHMXEH-
HOE HanpsXeHUe OT CETH C UCITOJIb30BAHMEM PeoCTara B LIeNU cTaTopa
NP MOCTOSIHHO 3aMKHYTBIX KOJbL@AX 3JeKTpoaBUrareieil ¢ a3oBbIM
POTOPOM; MYCK M OCTAHOB HAcOCa C HANOPHOI 3aABMXKOM, oGopymno-
BaHHO{ 2JIEKTPONPUBOIOM; MYCK HAcoCa C NMpeaBapHTENbHbIM 3aJIMBOM

BAKVYYMHOH VY afnoB Y i DO/ d 0

3aJJUBa HacoCa U €ro OCTaHOB IMOCJIE INOJHOT'O 3aKPbITUA 3aABHXKMH;,
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KOHTPOJIb 3a HarpeBOM IONIIMITHUKOB, a TAKXe BCE ONepalnyuu, Bbi-
noJjHsieMbie cranmeit CYHO-1. O6uuit Bua craHuyu CYHO-3 npu-
BeleH Ha puc. 81. CxeMa ynpaBJieHUs] BKJIIOYAET: TPEXITONIOCHbBIE KOH-
TakTOphl JI 1 V; aBTOMaTUYECKUii BHIKJIIOYATEIbh C TPEMS pejie MaKkCU-
MaJIbHOT'O TOKa C BBIZEpXKoit BpeMeHU IAB; aBTOMaTuyeckum
TPEXIONIOCHBIM BbIKJIIOYaTe/ib ¢ KOMOMHUPOBAHHBIMY pacLENnuUTe-
JIIMU B IU1aCTMacCoBOM KoXyxe 24 B; tpaHcdopmMmarop toka 1T, Mar-
HUTHBIE ITyCKaTeNU peBEPCUBHbIE O6e3 TennoBoit 3amuThl IIM3 v IIMO,;
pesie BpeMeHU PB; pejie MakCMMaJIbHOIO TOKa ISl TEPENHErO MPUCO-
equHeHUs1 PM; snexTpoMarHUTHOe YHU(PULUPOBAHHOE pelie PA;
3JIEKTPOMArHUTHBIA IIUTOBOM aMIiepMeTp A; yHUBEpPCaJbHbIN nepe-
Kitoyartesb I1V, kHonky yrnpasieHusi K.

J1s1 oBbilIEHWsT HAropa B BOJOMPOBOIHOM CETM MUKPOPAAOHOB
WJIY OTAENBHBIX 3NaHUM U COOPYXEHUH UCTTONIB3YIOTCS CXEMBI aBTOMa-
TU3aLIMY JUISI HACOCHBIX YCTAaHOBOK 0e3 peryJupyionieid eMKOCTU TUa
AHY, B KOTOpbIX yNnpaBjieHUE MPOU3BOIUTCS C MOMOIIBIO PeJie NaBJie-
HMUSL.

7.3. ABTOMaTM4ecKoOe yrnpasneHue HacocamMu
B CUCTemMax BoAOOTBeAeHUNA

OIHVM 13 OCHOBHBIX Ha3HAYEHMIT CCTEM aBTOMaTHye-
CKOI'O YIIpaBJIEHUS1 BONOOTBOIAA X (KaHATU3aLMOHHBIX) CTAaHLIUI S1B-
JIsleTCs NojyepXaHue B 3alaHHbIX Tpeaesiax YPOBHS XUAKOCTH B ITPU-
eMHBIX pe3depByapax. OmbIT 3KCILIyaTaLUM 3TUX CHUCTEM I10Ka3al, YTo

NIPUMEHEHHUE ISl KOHTPOJIsI YPOBHS MOTJIaBKOBBIX PEJIE CBA3AHO C Psi-
JIOM HENOCTAaTKOB (3aWJIMBaHUEM MOIUIABKOBBIX TPYO, MOBPEXACHUEM
MeXaHUYeCKUX CBsi3eil, HU3KOU HalneXHOCTbIO KOHTAKTHBIX 3JIEMEH-
TOB).

DTHUX HEOCTAaTKOB JUUIEHH 3JEKTPONHbIE NaTYMKH YPOBHS, MPU-
HUMII NeHACTBUSI KOTOPbIX OCHOBAH Ha 3JIEKTPOKOHTAaKTHOM METO.E
n3MepeHus. BeinmyckaeTcsi HECKOJIBKO BApUMaHTOB 3TUX MPUOOPOB, OT-
JIMYAIOIUXCS KOHCTPYKLIMEH U CITOCOOOM YCTAaHOBKM B 3aBUCHMOCTHU
OT arpeCCUBHOCTU U3MEPSIEMOM CPEIbI.

JlaTyuk co cTepXHeBBIMU 3JieKTponaMu (puc. 82, a) npeacTasisier
co00i1 CTaIbHYIO HAapYXHYIO 3aUIUTHYIO0 TpyOy 71 ¢ pacronoXeHHbIMU
B HEM YeThIPbMS 3JIEKTPOIaMHU 2, U3rOTOBJIEHHBIMM U3 HEPXaBelouieh
CTaJly, MEIU MJIY JIaTyHU. DJIEKTPOIB YKPEIUIEHBI Ha U30JsTopax 4,
YCTaHOBJIEHHbIX Ha HapyXHO# 11aibe 6 u3 oprerexia. YCTpaHeHue
KacaHMsl 3JIEKTPOJOB APYT C IPYTroM 00ecrieyrBaeTCsl IBYMS U30JISILy -
OHHBIMM HIai06aMu 9, 3akpenneHHBIMY BUHTaMU 10. Haibu uMeroT
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OTBEPCTUSI, obecreynBalon e ObBICTPOEe BHITEKAHUE BOABI U3 TPYOBI
JaTyuKa Mnpy ONYCKaHUWU YPOBHS XUIKOCTW. 3auiuTHas TpyOa, rnpe-
HOXpaHSS 3JIEKTPOIbI OT MOBPEXIACHUI U MPUKOCHOBEHUS NEPCOHANA,
BBIMOJIHSAET TaKXX€e POJib HYJIEBOro 371eKTpona. OHa HaleXHO 3a3eMJIsl-
eTCS1, a C HUXXHETrO TOpLa 3aKPhIBAETCS THULIEM 2 ¢ OTBEPCTUSIMU LIS
npoxona Boabl. ITpn UCnoab30BaHUM JaTYUKA IS 3arpsISHEHHBIX BOJ
Ha TpYyOy HajeBaeTcsl npeJoXxpaHuTeIbHasi METAIMYECKasl ceTka (Ha
puc. 82, a He Toka3aHa).

K 3JiekTponraM ¢ MoMouibio pe3b00BBIX COCAMHEHUN S NTpUCOEqU-~
HSIOT KOHTAaKTHBIE MTPOBOJA IS MOIKAIOYEHUS UX K alnapaType aBTO-
Maruyeckoro yrnpabieHUsl. Tpyba cBepxy umeer quiaHel &, KOTOPBIi
CJIYXXWUT OCHOBAHUEM VIS KPBILIKY 7, 3auMinalonieil BepxXHiow 4acTh
3JIEKTPONOB, ¥ UMEET C (pIaHIIEM pa3beMHOE COEIUHEHUE C MTOMOIIBIO
BUHTOB 3. JUTMHY 371eKTPONOB ONPEAEASIOT B 3aBUCUMOCTU OT BhICOTHI
KOHTPOJIHUPYEMBIX YPOBHEM, a IJIMHY TPYObl MPUHUMAIOT TaKOM, YTOOB!
KOHel 6oJiee IIMHHOIO 3JIEKTPOa HaXoawics Ha paccrosiHuy 200 MM
oT nHuua. Ilpy mnuHe 3nekTponoB 1o 1,5 M mocTaToyHa OgHa U30JIsI-
LIMOHHas waida. KoHcTpyKiiusl JaTyukKa JaeT BOSMOXHOCTb PETYIU-
pPOBaTh IVIMHY 3J1eKTpoaoB B nuana3oHe no 200 MMm. JlaTyuk nmo3BoasieT
KOHTPOJUPOBATh JO YEThIpEX YPOBHEMH (MO 4yuciay 31eKTponoB). OH
YCTaHaBJII/lBaeTCH Ha CTEHE pe3epByapa Cc nomommo CTaJIbHBIX umﬂpeu

¢aHew.
JaTyuk ¢ KoJbueBbIMU deKTpogaMu (puc. 82, 6) orivyaercs
KOMMNAKTHOCTbIO U BOSMOXHOCTbIO KOHTPOJISI GOJIbLIEr0 4ucja YpoB-

Heit. B HapyXHy10 3aiuTHYI0 TpyOy & BCTaBIEH U30JISILIUOHHBINA CTEp-
XeHb 9 U3 oprerekiia v 300HUTa, 3aKPENJIEHHbIHA C MOMOUIbIO BTYJIKH
3. Ha crepxeHp yCTaHaBIMBAaIOT OPOH30BLIE Koabua- 10, cayxauue
3JIeKTpOJaMU JaTuyuKa, 3aKpelUIeHHble Ha CTepXHe BUHTaMU 2. 3a-
uI4THas1 Tpyba CHU3Y 3aKphIBaeTcsl KOJbLUOM (HamnpaBisouei 12 ),
yepe3 OTBEPCTHE KOTOPOI'O MPOXOIUT CTepxXeHb. CBepXy Tpyda 3auu-
LIEHA KPBILIKON 4, COCMMHEHHOM ¢ (PUIYPHOI BTYIKOMN 6, cayxauiei
IUIS1 3aKPETICHUS] BEPXHEro KOHIA CTepXHsA. Bo usbexanue usruba
CTEPXHS B €r0 CPEIHIOI0 YacTh BCTaBIsIeTCS WINwWiIbKa 11, npenorBpa-
uialoas CMeeHue CTEPXKHS ¢ OCEBOM JTUHUM 3aUIUTHOM TPYOHI, KO-
TOpasi 3aKperuisiercs IByMsl WiruiMHTaMy /. Kpbllika uMeeT (iaHer
NpsAMOYrojabHON (GOpMbBI, K KOTOPOMY NMPUCOEIUHSAETCS YrJIOBOM
LUTENCENbHBIN pa3beM J, MOAKIIOYAIOUIMNA MTPOBOJA K AJIEKTPOIaM
naTtyvka. Jisl yCTaHOBKY JaTYMKa Ha CTEHKE pe3epByapa K HapyXHOM
TPyO€ NMPUBAapUBAIOT IBa CTaJIbHBIX KploKa 7.

KoHCTpyK1IMsI HaT4uKa NMO3BOJSIET YCTaHAaBIUBaTh JUIMHY M30JIS-
LHUOHHOTO CTEPXHS ¥ HapYXHOM 3amuTHON TpyOhl, a TakKXKe YUCIIO

147




6)

(XX
Co

Vi
<

A

i
Z ! Z
ARE: =
A BLlE 7
1§: 07
, -
AL
2 1 1] 0
—-—‘1
27 ;
/
/ N
i Z
AT P
1 [ @
2
4
7
/
/Z
/
/]
4 %

Puc. 82. Daexrpoanbie JaTYHKH YPOBHA:
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a — CO CTEPXHEBBIMH 3NIEKTPOIAMM; G
6 — C KOJIbLEBLIMM 3JIEKTPONAMHU |

KOJIELl 3JIEKTPOAOB B 3aBUCHUMOCTH OT KOHKPETHLIX YCJIOBldﬁ €ro pa-

OOTEI. IIpenMYIIIECTBO 3TOr0 naTYNKa COCTOUT B TOM, 4TO C yBEJINUE-
HUEM YHCJa 3JEKTPOIOB HET HEOOXOMUMOCTH YBEJIUYMBATL 1UAMETDP
HapyXHOU TpyOHl. [ KOHTPOJIS 110001 OTMETKY YPOBHEN XUIKOCTH
3J1eKTPOIb! PETYIUPYIOTCSA IIYTEM CMEUIEHUS KOoJel BNOJIb OCA U30J15-
LIMOHHOI'O CTEPXHA N0 TpeGyeMOii BHICOTH! YPOBHS.
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B cxeMax BkJIIOYeHUs] pacCMOTPEHHBIX 3JIEKTPOIHBIX CUTHAJIU3A-
TOPOB MCMOJb30BaHWEe BLICOKOIO HampsxeHus (=220 B) B cooTBeT-
CTBUM C TPeOOBaHUSIMU TEXHUKM Oe30TIaCHOCTU 3anpelleHo. B cBa3u C
3TUM NIPUMEHSIIOTCS CXeMBI ¢ OoJiee HUBKUM HarpsikeHueM (12—48 B),
KOTOpbIE colepXar pa3inyHble yCWIUTeIbHbie YCTPOICTBA.

B xayectBe npuMepa Ha puc. 83 npuBeneHa OIHA U3 TaKUX CXEM,

B KOTOPOif UCITOJIB30BaHbl MOJYITPOBOTHUKOBbIE TPHOILE (TpaH3MC-
TOophl). CxeMa oGecneynBaeT BO3ZMOXHOCTb KOHTPOJISI BEPXHETO U
HIXXHETO YPOBHE!N XUIKOCTU U MO3BOJISIET CO3MaBaTh HECKOJILKO Ba-
PUAHTOB CXEM aBTOMAaTUYECKOIO JBYXTO3ULIMOHHOTO peryJIMpOBaHUS
paboThl HacocHHBIX arperaroB. CyuiHOCTb paboOThl CXeMbI COCTOMUT B
CJIeIYIOUIEM: 3JIEKTPOIbI COENUHAIOTCS ¢ MUHYCOBBIM BBIBOIOM HC-
TOYHUKA NMUTAHUS U TIPU UX CONIPUKOCHOBEHUMU C XUIKOCThIO «OT-
KPBIBAIOT» IPENBAPUTENBHO «3aKPHIThIE» TPAH3UCTOPHI, YTO BHI3HIBAET
nepepacnpenejieHue HanpsXeHUs U cpabGaThiBaHWe BLIXOIHBIX pelie
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Puc. 83. Cxema aBTOMATH4YECKOro KOHTpPOIA
L XKHAKOCTH C HCIIOIL30BAHHEM «KJTIOYEBOro»
il | =R |~ RN pexxumMa padoThbl NOJYNPOBOAHHKOBBIX TPHOHLOB
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KOHTpOJS ypoBHe#. JIns u3MepeHMs KaXIOro YPOBHS TpeOyloTcs nBa
TPaH3MCTOpa, BKJIIOYEHHBIX MO CXeMe C OOIIUM SMHUTTEPOM.
Hampskenue cMeuneHus Ha 6a3y nepBoro TpaHsucropa I, mona-
eTCsl Yepe3 COMPOTUBIEHHE R, U COMPOTUBIEHHE MEPEXONA «IEKT-
pOI—XUIKOCTh»., EciM XUAKOCTHL HAXOOUTCA HUXeE 3eKTpoha I, TO
HalnpsiXeHHe CMeleHusl Ha 6a3e TpaH3ucropa T, M KONIEKTOPHBIN
TOK OTCYTCTBYIOT. B 3TOM pexXuMe Her MajeHMUsl HallpsiKeHUs1 Ha Co-
NPOTUBJIEHUH R,, ClleNOBATENBHO, «3aKPHIT» BHIXOTHOM TpaH3HCTOP T,
B MOMeHT KacaHMs XUAKOCTbIO 371eKTpona 19 Ha 6a3e BXOJHOro TpaH-
aucropa T mosBisieTcs HanpsikeHue cMeuieHus. TpaHaucrop T «oT-
KpBIBaeTCs», B LIENK KOJJIEKTOpa TMOSIBASIETCS TOK, Ha AMUTTEpE CO-
MPOTHBJIEHHs R, BO3HHKAET HaNPSAXEHHE, KOTOPOE «OTKPHIBAET»> BbI-
XOIHO# TpaHSMCTOp T BxuiioueHHOe B KOJUICKTOpHYlO HC]’IB pene P

yrpaBjeHUs HACOCHBIMH arperaraMu. Llenu ¢ TpaHSHCTOpaMP[ I,-T,
u pene P, paboTalor aHaJOrMYHO M KOHTPOJMPYIOT BEPXHMIA ypOBCHB
XHUIKOCTH.

ITepeMeHHBIM CONPOTHMBIEHMEM R, monOMpaeTcs onTUMalbHOE
HanpsxXeHUe CMeuieHusl Ha 6ase TpaHaucropos T, u T;, kxoropoe
IpeIoXpaHseT uxX OT MepeHanpsixeHus. IlepeMeHHBIe CONIPOTHBIIEHUS
R, v R naior BO3BMOXHOCTE PETYIMPOBATh YYBCTBUTENBHOCTE JATYMKA
B ILIMPOKMX Npeenax.

Eciu Hacocel paboTaloT ¢ npenBapuTeNbHBIM 3aJIMBOM, TO HaJleX-
HOCTb pabOThl O60PYNOBaAHMUS ONpENeNsieTcsl NMPaBUIbHBIM BEIOOPOM
IaTYMKa, KOHTPOJUPYIOIIErO MPOLIECC 3aMMBa. B 3TOM Cliyyae 0 HANWYUH
3JIEKTPOTIPOBOIHBIX XUIKOCTEH B TPyOONpOBOAAX CHIHAJIUIHUDPYIOT
crnelMajJibHble MPOXOAHBIE NaTYMKH, BMOHTHPOBAHHBIE HEMOCpe] -
CTBEHHO B Tpyo6ormnposon (puc. 84, a). JIaTumk COCTOMT M3 Kopiyca 4,
IITYLIEPOB S, HAKUAHBIX raek 3 u ABYX NMPUBONOB 2 U3 HepxXaBeloei
CTAJIH. DJIeKTPOAbl 3aKpenjeHbl BHYTPH KOpPIyca ¢ MOMOLIbIO ABYX
TEKCTOJUTOBBIX TPYOOK 1.

OnexTpuueckas cxeMa BKJIIOUEHHS 3TOIO na'rqm(a (puc. 84 6) co-

s ycvieHMs1 MOIHOCTH TpaH3ucTop 1 BKIJIIOYAeTcsl MO CXeMe C 06—
UIMM 3MUTTEPOM, a ISl MATAHUS KOJJIEKTOPHON M yrnpaBasiouei
LeNny «3MUTTEP—O6a3a» NMPUMEHSIOT IBa BHINpsMUTENs B, u B,, co-
OpaHHBIX MO cxeMe OqHO(a3HOro MOCTa Ha MOJYTIIPOBOIHHKOBBIX Iep-
MaHueBBIX nuonax. TpaHchopmaTtop Tp uMeeT TpU OOMOTKHM: OfHA
NMOAKIIIOYAaeTCA K NUTaloue Leny MepeMeHHOro ToKa, ABe Ipyrue

urenei. K KOCTb H TCSA
3J1eKTPOAA, LeNb «3IMHUTTEP—0a3a» OTKJIl0UeHa OT CXeMBI, a Nepexos
«KOJUIEKTOp—06a3a» 3aKphIT. B KO/IEKTOPHOM 1ieNU C BKJIIOYEeHHOMH B
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Puc. 84. CxemMa JaTYHKA KOHTPOJA 3AJIHBA HACOCA:

(¥

6 — SJIEKTpHUYECKasaA CXeMa BKIIIOYEHUS SJIEKTPOOHOTIO JaTyUKa

Hee OOMOTKOM pesie P mpoXomuT TOK Majloro 3HayeHus, TaK KaK LieNb
obsanaeT 601b1UMM OOpaTHBIM COTTPOTUBIEHUEM KOJLJIEKTOPHOIO nepe-
X01a, MO3TOMY CKJIa TOKa B 3TOM LieNTY HENOCTAaTOYHA NI cpabaThiBa-
HUs peiie P. Ilpy cONPUKOCHOBEHUM 3JIEKTPOIa C BONOM K 3MUTTEPY
MONAETCS MOJIOXUTEIbHBINM MOTEHLUAN, K 6a3e — OTpULIATENbHbIH U
nepexol «3MUTTep—0a3a» OTKPHIBAaeTCsl. B pe3ynbrare B ynpasiasioniei
LIeTTY TIOSIBJISIETCSl TOK, YCUIIMBAIOUIUI TOK B KOJIJIEKTOPE, YTO MPUBO-
OUT K cpabaTbiBaHUIO peie.

DileKTpoAHbIE NaTYUKU, UCTIOIb3yeMbie IS KOHTPOJIA 3aJ11MBa Ha-
COCOB, HIMPOKO TIPUMEHSIIOTCS TakXe JIJISI KOHTPOJISl HAJJUUUS BOIbI B
TPYOONpoOBOJAX NMPU 3KCIUIyaTallM¥ aBTOMAaTU3MPOBAHHBIX HACOCHBIX
craHuuit. Cxema aBTOMATU4YECKOro yrpanjieHUs HaCOCHOM CTaHLUEH
C TpeM$ arperatamu npueneHa Ha puc. 85. Ilyck nepsoro Hacoca
MPOUCXOIUT NMPU NMOIbEME YPOBHS XUIKOCTHU B MPUEMHOM pe3epByape
JIO TIOJIOXEHMSI, COOTBETCTBYIOLIETO HAMTOJHEHUIO MOIBOSIIErO KOJUIEK-
topa 10 80%. Ilpu nanbHeiilieM NMOBbIIIEHWM YPOBHS MOCIEN0BATEIBHO
BKJIIOYAIOTCSl BTOPOi M TPeTHit Hacockl. UX OTKIIIOYeHUE TIPOUCXOIUT
B o6patHOM nopsinke. ITyck ¥ OTK/II0OYeHHMe HaCOCOB MPOU3BOISTCS C
NMOMOILIbIO Pesie YPOBHS U pelie BpemMeHU. I1pu aBapuu U BHIXOIE U3
CTpOsi OCHOBHOTIO O00PYHOBaHMUS TTIPOUCXOIUT aBTOMATHUYECKOE Tiepe-
KJIIOYEeHUS TIOABOASIIErO KOJUIEKTOpAa Ha OOBOIHOM C MOMOIIBIO
BKJIIOYEHHBIX B CXEMY YIIpaBJIeHUs 3aiBUXeK U mubepoB. Cxema Ta-
KO aBTOMAaTHU3UPOBAHHOM HACOCHOW CTAHIIMU OTIMNYAETCHA BBICOKOM
HaAeXHOCThIO ¥ JlaeT BO3MOXHOCTH yIpasjieHUs1 6e3 o6CayxuBa-
IOLLIErO NEepCOHANa, YTO MO3BOJISET CHU3UTh 3KCIIIyaTallMOHHbIE pac-
xonbi Ha 15% , a pacxon 3J1eKTpo3Hepruu — Ha 9,3%.
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Fnasa 8. ABTOMATU3ALIUA
TEXHOJIOT'MMECKUX MPOLIECCOB
B CUCTEMAX BOD.OCHAB)KEHMFI

8.1. AsBTOMaTU3auua BOAONPUEMHUKOB

IIpu 3a60pe BOABI M3 MOBEPXHOCTHBIX UCTOYHUKOB B BOAO-
TIPUEMHBIX COOPYXEHHUSIX TIPUMEHSIIOTCS aBTOMATHYECKUE YCTPOICTBa
JUTST peryJIMpOBaHUSsl YPOBHS BOMbI, IIPOMBIBKM MexaHW4YecKUx (Oapa-
GaHHBIX WM JICHTOYHBIX) BOAOIIPUEMHBIX CETOK, YIIpaBIeHHUS HACO-
CaMU, KOHTPOJIST U CUTHAJIU3aLIMU O paboTe BOMONIPUEMHHUKA U YPOBHS
BOIBI B BOAOEME.

Heob6xoauMocTh aBTOMATHYECKOTO PeryaMpoBaHUs BOOBI B BOAO-
NpUeMHUKE CBsI3aHa C KOJieOaHUSIMH YPOBHSI B UCTOYHUKeE. 1 3TOr0
MCMOJb3YIOT LIUThHl U 3aTBOPbI C TMAPABIMYECKUM, THEBMATUYECKHUM
WY 3JIEKTPUYECKHUM yripaBjieHMeM. Co3aaHue CXeM YIpaBJIeHUs 1IH0e-
paMU Y 3aTBOPAMU HE BbI3BIBAET OOJIbIIUX TPYOAHOCTEN W BBITIOJHSETCS
Ha 6a3e CepUHHBIX UCTIOTHUTEbHBIX MEXaHU3MOB OOLIENPOMBIIIIIEH-
HOro HazHadeHus. OHaKo B Ipoliecce DKCIIyaTalldd aBTOMAaTH3UPO-
BaHHbIE IIUOEPHI U 3aTBOPBLI HYXAAIOTCS B CUCTEMATUUYECKOM O0OCIY-
XHWBAHUU B CBSI3U C KOPPO3UEH U BJIMSIHUEM OTPULIATEJbHBLIX TEMIIe-
paTyp Bo3aoyxa.

ABTOMAaTHYeCKasi NpOMbIBKA 6apabaHHbBIX CETOK BOAOTIPUEMHUKOB
OCYUIECTBJISIETCS C NMOMOLILIO THAPABIMYECKOro NpuBoga (puc. 86).
IIpu 3acOopeHUH CETOK YBEJIMYMUBAETCS Nepenag YpoBHeH BOIBI 10 U
nocje cetok. Ilo JoCTMXEHUU NpeaejbHOTO INepenaaa MorUiaBKOBLIA
WIM MAHOMETPUYECKHUH yKa3aTeNlb MOAAET CUTHAJ Ha TepeaBUXEHHUE
CETKU U NPOMBIBKY HaTIOpHOM BOAOM ee 3aCOpeHHbIX yJyacTKoB. bapa-
6aH & ¢ ceTKo#l cHaOXeH 00010M 2, UMEIOLLIUM 3YObsl YEPBAYHOM ne-
penauu. Yepssik I mocpeACTBOM peaykropa 4 CBsi3aH C TMApaBiIHye-
CKOM TYpOUHOM 6. DKCLUEHTPUK 3, YKPEIUIEHHBI Ha YEPBAYHOM Baiy,
C TIOMOLIbIO 1IATYHA 5 OTKPBIBAET U 3aKphIBaeT KpaH 7 Ha Tpyde, Mo-
Haolleit Boay I MIPOMBIBKH CETKHU.

CxeMa aBTOMAaTHUYECKON NPOMBIBKHM JIEHTOYHOM Bpalualouieics
CETKM TNpuBeneHa Ha puc. 87. IIpu Bo3pacTaHMU Iepenanga ypoBHEN
BOIBI IO U MOCJIe CETKU U3-3a 3aCOPEHUs] €€ KOHTAKTHasl CUCTEMaA S
nuddepeHIMaATBLHOIO MAHOMETPA 6 BKJIIOYAET OTKPHITHE 3aJBKKU 4.
ITocne mocTymiaeHUs BoAbl Ha TIPOMbIBKY KOHTAKTHBII MaHOMeTp 3
BKJIIOYAET ABUTATeNb I U MPUBOIUT BO BpalieHUe ceTKy 2. ITo Mepe
OTMbIBKHU CETKHU Iepernajn ypoBHEH yMeHblIaeTcsd U gudpMaHoOMeTp 6
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Puc. 86. bapabannas ceTka
BOJONPHEMHHKA C aBTOMATHYECKHM

TAAPABJIHYECKHM NPHBOAOM

Puc. 87. Cxema
ABTOMATH3HPOBAHHOM
JICHTOYHO# Bpamaomeics
CEeTKH
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KOHTaKTaMU MUHUMAJILHOIO Iepernaaa 3aKpbiBaeT 3aABUXKy 4. U3-
BeCTHa TaKxXe cucTeMa aBTOMaTHYeCKOU MPOMBIBKU CETOK C MCIOAb-
3oBaHueM AuddepeHMaNILHOrO peie AP u uamepeHueM ypoBHel
0apOOTaXHBIM crocoooM. Mcnosib3yeTcss U IepuoauyeckKass aBTOMa-
THYECKasi IPOMBIBKA CETOK IO YCTAHOBJIEHHOM MporpaMMe BpeMEHH.
BononpueMHHUKH OGOJIBIIMX CUCTEM BOAOCHAOXeEHHSI 0OOOPYIyIOT
OrpafuTeAAMHU IS 3alUThI OT LIYTH U Jiba, KOTOpPhIE HHOTAA CHa0~
XaloT IMMapOBRIMU WIH 3/1eKTPUYECKUMHU HAarpesareasiMu. B 11essx 3xo-
HOMMH TEIUIOTHI B HUX TIPUMEHSAIOT aBTOMaTUYeCKHUe IITYMOCUTHANIU3a-
TOpKI, C BEICOKOI TOYHOCTBIO OTIpeAeasAIoLIMe MOMEHTHI BKIIIOYEHUS U
BBIKJIIOUEHHUS 000rpeBa orpanureaeil. Pa6ora 3TUX npuGoOpoB OCHO-
BaHa Ha pa3JIMYMsAX B 3JIEKTPOIPOBOAHOCTH BOIBI U Jbaa (puc. 88).

[k
I bl

Ha curnan

Puc. 88. IIpunuunuanbHas cxema
aBTOMATHYECKOr0 MYTrOCHIHAJIH3aTOopa
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CurHanu3aTop GUKCUpYET yBeJIUYEHHUE FIEKTPUYECKOTO COIIPOTUBJIE-
HUSI MEXIY JEeKTPOJaMU TIpU MOsIBJIEHUW UIyrd Wid Jjbjaa. [Ipu mno-
KPBITUU 31eKTPOJOB 3 JIbIOM COMPOTHBICHHUE JIEKTPUUYECKON 1LenU
CKa4YKooOpa3HO YyBeJUUYHUBAETCS, YTO HapylliaeT OanaHC MocTa. ITosiB-
JISOLIeeCs pU 3TOM HanpsokeHUe oT TpaHcdopMatopa I B TMaroHasiu
MOCTa 4epe3 CeJIEHOBBIN BLITIPSIMUTENb 2 BO3IEHUCTBYET Ha MOJsipU30BaH-
Hoe pelie PII, KOTOpoe 3aMblKaeT KOHTAKT B LU UCIIOTHUTEALHOTO
MeXaHU3Ma U Lelu CUrHaiM3anuud. B cudOHHBIX BOOONpHEMHUKAX
OCYILIECTBJSIIOTCS. aBTOMaTH4YeCKoe yIIpaBjleHUE BaKyyM-HacocaMH U
KOHTPOJb BaKyyMa B BaKyyM-KOTJ€.

8.2. ABTOMAaTU3auua Nnpouecca Koarynauum
NPpUpPOAHbLIX BOA

Koarynsius sipjisieTcsi BAXHERIIIMM 3TAllOM B TEXHOJOTUH
BOA00OPaOOTKH U MpeacTaBisieT COO0H CI0XHBINA (PU3UKO-XUMUYECKHUIA
npolecc, MeXaHU3M KOTOPOro J0 CUX IOp MOJHOCTBIO HE PacKpHIT.
IIporecc 3aBUCUT OT MHOTHX (DaKTOPOB: 1IEJOYHOCTH BOIbI U BEJIU-
4uHbI ee pH, LIBETHOCTH, KOHLIEHTPALIUK U TeMMepaTypbl, CTEIIEHU
JUCMEPCHOCTH W MPUPOABLl B3BEUMIEHHBIX U KOJJIOUAHBIX YAaCTHUL], UX
3JleKTpuyeckoro noreHuuana. CyuecTBeHHOe 3Ha4eHUE UMEIOT BUI
NPUMEHSEMOro KOAryJasiHTa, ero XMMUYECKUI COCTaB U MOCTOPOHHUE
npuMecHu. boablroe yuciao 3Tux ¢GakTopoB, UX HECTAOUJIBLHOCTbH BO
BpeMEHHU U 3aBUCUMOCTh OT CBOMCTB BOJbI KOHKPETHOTO BOJOMUCTOY-
HHKa, a TaKXe HeBO3MOXHOCTb ONEepaTUBHOTO orpeneaeHust 001b-
LIIMHCTBA U3 HUX CYLIECTBEHHO YCJOXHSIOT yIpaBjeHUe 3THM IPO-
1eccoM. IToatomy GonbimHcTBo ACP 3TOro nmporecca moka cBa3aHbI
JIUIIb C 3KOHOMHBIM JO3MpPOBaHUEM KOaryJsiHTa.

I[Jm pa60TbI B ACP JO3UPOBAHUEM paCTBOpOB Koaryﬂﬂm*os 1o

KjlafaHbl C JMHEHHOM Xapak TEpUCTUKOM B HETIPEPbIBHOM pPEXUME pa-
O0TbI U 3alIOpHbIE KJIallaHbl B UMITYJIbLCHOM pexXHUMe pabOThl (OTKPHIT—
3aKpbiT). HenpepbiBHas mogaya peareHTa MpeanoyYTUTEAbHEE UMITY/1b-
CHOM KaK Uil TEXHOJIOTHU OYMCTKU BOMABI, TaK U JJISI IOJATOBEYHOCTH
paboThl npuBoaa KinamaHa. CxemMa ACP HenpepbiBHOro JO3MPOBaHUS
pacTBOpa Koary/siHTa fpuvBelieHa Ha puc. 89. B Heii, Kak ¥ B MoKa3aH-
HOM paHee Ha pUC. 55, UCIIOb3YIOTCS ABa M3MEpHTE/Isl pACXOZIOB (BOIBI
Y KOary/siHTa) U peryJIupylondil KiaraH.

Cxema ACP nopayu xoaryisiHTa ¢ NpUMeHeHUEM OYHKEPHOTO
6a1<a nosa'ropa Mmoka3aHa Ha pnc 90 Pacxon 06paGaTblBaeMOI/[ BOL[bI B

TYpH), nuq)MaHomeTpa U BTOPUYHOTO npn6opa co 100%-HbIM BTOpUY-
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Puc. 89. Cxema ACP noaayu xoaryJsinta ¢ npUMEHEHHEM PeryHpyIomero
K/J1anaHa ¥ JBYX pacxoioMepoB:

1 — cMecuTenb; 2 — U3MEPUTENb pacxola BOAH (CyXalollliee YCTPOHCTBO,
AupMaHOMETD, BTOPHYHBII NMpUOOP); 3 — U3MEPUTEND pacXolia pacTBopa
KOAryJisHTa (QJIEKTPUYECKU I poTaMeTp); 4 — peryIupyoiiui KianaH
C MPUBOLIOM; 5 — U3MEPUTEJb LIEIOYHOCTU 00pabOTAHHOM BOJIHI;

6 — perynasiTop COOTHOLLEHHS! PaCXOAOB BOJBl U KOAryJiHTA,

7 — TEXHOMIOTUYECKHIt annapar; & — U3MEPUTENIb TEMIIEPATYPHI;

9 — perynatop Temnepatypsl; /0 — ycTpOCTBO OrpaHUYEHHUS

1 2
/ é B cmecutens
—>4 N—
L 3 Puc. 90. Cxema ACP nonayn
KOaryJifHTa ¢ npuMeHeHueM 0aka-
. 4 J03aTopa:
-4 1 — TpybonpoBoa 06pabaThiBaeMOii
BOIBI; 2 — CyXalollee yCTPOUCTBO;
3 — nuadparMa ¢ UHAYKLIMOHHBIM
7 AaTUHKOM, 4 — BTOpHYHBHT IpH6op—
5 pacxopoMepa BOJBlL C PEOCTaTHBIM
— BTOPUYHBIM JATYUKOM;
6 S — B3JIEKTPOHHBIN PEryasTop;
~ A . 8 6 — MarHUTHBIA NMYCKATENb,
| \ 7~ HMCTOTHUTENLHEI MEXaHH3M;
1wl X 8 — Gak-zmo3aTop; 9 — civB
> U3JIMLIKA peareHTa
7 -~ — -
b

PeareHT
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HbIM 3agaTyukoM. CurHai, nponopurMoHaibLHbIA pacxomy BOIbI, C 3a-
HaTYMKa MOCTYMNAeT Ha BXOM BJEKTPOHHOIO perysaTopa, BbIXOH KOTO-
poro yepes peBepCUBHBIN MycKaTeJb CBSA3aH C JEKTPONPUBOAOM
MCIIOJHUTENBLHOIO MeXaHU3Ma no3atopa. Ha npyro#i Bxon peryJjsitopa
OT PEOCTAaTHOIO JaTYMKa MCIOJHUTEJIBHOr0o MEeXaHM3Ma IOCTYNaeT
CUTrHa1 o0paTHO# cBsi3u. Takum 06pa3oM, B 3Toit ACP oGpaTHas CBsi3b
OCYILECTBJSETCA HE HEMOCPENCTBEHHO MO PACXONy, a MO TMOJOXEHHIO
pEryJupyIoNniero opraHa, onpeaeisioniero pacxon. I1pu HapyueHUH
3a1laHHOI0 COOTHOILIEHUS paCXOM0B CUIHAJ pPacCorjacOBaHUS BKIIIO-
YaeT UCIMOJHUTENBHBEIA MEXaHU3M [03aTOpa, KOTOPHIA AEHCTBYET N0
TeX Mop, MOKa He BOCCTAHOBUTCS TMpeXHee MOJIOXEHHE.

Kax u3BecTHO, BBe/leHHbIe B BONY KOAryJISTHTBI U3MEHSIIOT 3/1eKTPH-
YEeCKYIO MPOBOJAMMOCTb BOIBI, U 3TO OOCTOSATENLCTBO TAKKE UCIIOJIb3Y-
€TCS JUISl PEryJIUpOBaHUs N03bI KoaryisiHTa. Tak, B KOHAYKTOMETpUYe-
CKHUX CUCTEMAX JO3UPOBAHUS MIPUMEHSIETCSI Pa3HOCTD YIEIbHBIX IJEKT-
PUYECKHUX MTPOBOAUMOCTE 0O0pabOTAHHOM KOAryJsSHTOM U UCXOMHOM
Bonbl. I1o aTtoMy npuHuMNy noctpoeHa ACP nonauyu xoaryiassHTa, IIpy-
BeneHHas Ha puc. 91. B Hell Ha BXo peryJsitopa S rnmonaroTcst BHIXOIHBIE
CUTHAJIBI OT pacxonoMepa 4 U KOHAYKTOMeTpa 20, CHabXeHHOTO TpeX-
MO3ULIMOHHBIM KOHTAKTHBIM peryjasaTopoM. CBaA3b KOHIYKTOMETPA C
peryJsiTopoM OCymecTBisieTcs depe3 610k dopMmupoBaHus nay3 16,
OJIOK YMPaBJISIIOUIUMX UMITYJIBCOB 15 U MPOMEXYTOUYHBIA UCITOJHUTEb-
HBbIA MexaHu3M 0. I1puGopsl 15 U 16 BBENEHBI B CXeMY M3-3a GOJIBILIOTO
3ana3nbpiBaHus (12—15 MUH) curHana, mocTymnaloiero oT KOHIYKToMepa
MocJie O4epeqHOro u3MepeHUs J03bl KOaryastHTa. YNpaBasiomui um-

TOYHOI'0 MCIOJHUTEJBHOIO MEXaHU3MA U COOTBETCTBYIOIEE MEPEME -
LLIEHWE IBDKKA BTOPUYHOTO PEOCTAaTHOrO JaT4yMKa (WM IUlyHXepa UH-
OYKIIMOHHOTO JaT4MKa), BKJIIOYEHHOIO Ha BXOJ U3MEPUTEILHOrO 6J10Ka
peryasitopa 5. BeIXOQHOM! CUrHAI perysaTopa Yepe3 MarHUTHBIA mycka-
Teab 19 BO3NeNCTBYET Ha 3NEKTPONPUBOL 22 peryJupylomero KjiarnaHa.

HanHasa ACP no3BossieT ocymecTBIsATh KaK HeMpepbiBHOE N03M-
pOBaHue TMyTeM NPOCCEeJIMPOBAHUS PEryIUpylOIero KianaHa, Tak U

UMITYJIBCHOE — MyTEM MEPUOTUYECKOrO OTKPBITUSI U 3aKPHITUS KJa-
naHa. B xayecTBe MyCKOBOI'O YCTPOWCTBA MPU UMITYJIBCHOM pEXUME
paboThl MPUMEHSIOT TpexdasHbIi TUpUCTOPHBIA ycunuteab 21. Cuc-
TeMa JO3UPYeT KOAryassHT TOJLKO MO MPUPAIIEHUIO INEKTPUYECKON
MPOBOJAUMOCTH 0€3 yJacTusi pacxomomepa Bonabl. ITonoxeHUe KOH-
TaKTHOTO PEryjsiTopa KOHAYKTOMETPAa CUTHAIU3UPYETCA JamnamMu 17,
KOHEUYHbIe TIOJOXEHUS PEeryIupylonero kiuamnaHa -— jJammnamu I8.
B xauecTBe peryJupyroniero opraHa MCHoJb3yeTcss MeMOpaHHBIi Kia-
MaH C JeKTPOMPUBOIOM.
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Puc. 91. Cxema KonaykToMeTpHyecKkoii koMOunnposannoit ACP noampoBanus
KOAryJIfiNTa ¢ UMIYJIbCHbIM PeryJMpylolMM KJIANanom:

1, 2 — nepBUYHBIE NPEOOPA30BATENH KOHAYKTOMETPHYECKOTO
KOHLIEHTpAaTOMEPa 06pabOTaHHON U UCXOHOM BOMbI; 3, 4 — pacxonoMep
BOJbI, 5 — PEryasaTop UMMYJALCHBIN; 6 — KJTIOY YNPaBIEHUS OTKITIOYEHUEM
BO3IEICTBUA pacX0Ola BOAH; 7 — KITIOY YIIPARICHUS NEPEBOLOM
Ha IMCTAHLIMOHHOE YIIpaRICHUE NO3UPOBAHHUEM KOAryisiHTa;, § — KoY
JHMCTAaHLIMOHHOIO YNpaBleHUS HO3UPOBAHHUEM KoaryisiHTa; 9 — 3aJaTyuk
perynsitopa; 10 — VCNOJHUTENLHBIA MEXaHU3M C ZaTYUKOM O0OpaTHOM
cBA3M; 1] — yKazaTtesb NOJOXEHHS Bajla UCMOJHUTEILHOIO MEXaHU3Ma;
12, 19 — nyckosbie pene; 13 — Kimiod As NepeBosa Ha MojiyaBToMaTHYeCKOe
ynpasieHue; 14 — Koy NOJiyaBTOMaTU4YECKOI'O YNpaRICHHUS
15 — UMNyNLCHBINA CTYNEeHYaThiii NpepbiBaTeNb; 16 — NPUGOP KOMaHAHbIH
3NIEKTPONHEBMATUYECKUIA; 17, 18 — CUTHAJIBHBLIE JIAaMTIIbI;

20 — XOHLIEHTpaTOMEDP KOHIYKTOMETPHYECKMIt; 21 — yCUIIUTEND

TUPUCTOPHBIN (MyCcKaTesib MAarHUTHbIM; 22 — 3JIEKTPONPUBOJ KJIanaHa,
23 — xJanaH peryavpyoumii); 24 — xiaanaH Ha 6aiinace; 23 — 6ax
KOoarynsiHTa
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8.3. ABTOMaTU3aumMa NpoLeccoB OTCTAUBAHUA
n dbunbTpauum BOAbI

HecMoTpsi Ha Kaxyiylocsi MpoOCTOTY IPOLECCOB, MPOUC-
XOOSIIMX B OTCTOMHMKAX, JOBOJbHO TPYJHO JOOUTHLCS UX pabOTHI B
ONMTUMAIBLHOM peXuMe ¢ 3PPEKTUBHBIM MCITOJIB30BaHUMEM BCEro 00b-
eMa pabodero nmpoctpaHcTBa. OCOOEHHO CIOXHO CTaOUIU3UPOBATh
pEXHUM pabOThl OCBETIUTENEH CO B3BEUIEHHBIM CJIOEM OCajKa, rle Ha
TMAPOIMHAMMUKY IPOLIECCA HAKIIAABIBAIOTCS KOJIeOaHUsl TEMIEPATYPbl.
Takye OCBETAMTENM HYXIAIOTCS B aBTOMAaTU3alMU B OoJbllIei CTe-
TMEHU, YeEM OTCTOMHUKHU.

Cxema ACP runpaBiauyeckoil Harpy3ky Ha OCBETJIMTENb, BBIMOJI-
HEeHHasl Ha dJieMeHTax cepuitHo# cucteMnl «Kackam» (puc. 92), obec-
NeYynBaeT peryJlupoBaHue Harpy3ku, npesbiiaiomeit 50% HoMUHAb-
HO#M, MO pacxoay BOJAbI, MOJaBaeMOil B OCBETIHUTENb, U MO YPOBHIO
BOAbl B COOpHOM pe3epByape. [ToMUMO 3TOro, cucteMa peryimpyer
MOCTYIUIEHHE B OCBETJIUTENb BOALI OT MPOMBIBKM PUIbTpOB. Perysi-

Y

AMD AM3P AM3P
P 1 P 5 = 8
[ ] &

E usMepuTens- ‘ | K u3mepuTent-
Homy npuBopy ¢ ¢ K uameputensHomy ‘ Homy npuGopy
npubopy
o |9~ o[

7 i 277
an nn
6

¥ 3 ¥
%) (%)
Y Y

Tt+* Tt
Y

UcxoaHan 10 Ve 9
BoAa JQ/ 4 . 4
> -

Puc. 92. Cxema ACP ruapasanueckoil Harpy3kn Ha OCBETJIMTE)b:

1 — ypoBHeMep Boibl B 6aKe-CrycTutesie; 2 — u3MepUTEIbHbBIN O/10K;
3, 6 — perynaTopsl; 4 — 3a0BUXKH C UCTIOTHUTENbHBIM MEXaHU3MOM;
5 — pacxomoMep BOIbI, NOCTYNAOLIEH Ha OCBETAUTEND, 7 — 3a1aTYUKU;
8 — pacxonoMep NPOMBIBHO# BOABI, 9 — GaK NPOMbIBHOI BOJBI;

10 — Hacoc
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TOP 3 C UBMEPUTEABHBLIM OJOKOM 2, moyyyasi BXOOHBIE CUTHalbl OT
pacxogoMepa 5 U ypoBHEMEpPA 1, BO3ACHCTBYET HA UCTIONHUTENbHBIN
MEXaHU3M 3a[IBXXKHU Ha TPYOOIPOBOAE MOJAYH MCXOIHOI BOALI U TAKUM
00pa3oM pEryaupyeT pacxo BOAbI, MOCTYMAIOLIEH Ha OCBETIUTED,
B 3aBUCHMOCTH OT YPOBHSI BOIbI B MPOMEXYTOYHOM Oake. PeryasTop 6,
NoJIy4ast CUTHaJibl OT PacXoqOMEPOB S U &, BO3NEHCTBYET HA UCTIONHHU-
TEJbHbIE MEXaHU3MBbI 3aIBUXEK 4 U TAKUM 00pa3oM peryaupyeT CooT-
HOIIEHHE MEXY pacxolaMu MCXOLHOK BOIbl MU MPOMBIBHOM BOIbI, MO-
CTyrnawolieil OT MexaHu4eCKUX PuabsTpoB. Pacxon mpoMbIBHO# BOIbI,
v X - A #,

(1 ﬂl..l.“__.h! 1 1A 109 a ARNUEC —0 70 TONTHOTFrO Da avl

COOTHOIIEHHE MEXOY PACXOAOM BOIbl Ha OCBETIHUTENb, PACXOIOM
TIPOMbIBHO#1 BOZIbI M YPOBHEM B IMPOMEXYTOYHOM pE3EpByape 3a1acTCsI
3alaTYUKAMHU 7.

Jnst ynajneHus U3 Boabl MEJKOAUCTIEPCHBIX U KOUIOMIOHBIX YaCTHLL,
HE 3aJIEPXKaHHBIX B OTCTOMHUKAX U OCBETIIUTEISIX, UCMOAB3YIOT OOLIYHbIE
CKOpble PUALTPLI C HHEPTHOI 3€pHUCTO 3arpy3Koii (Iecok, rpaBuii,
JpoOaeHblit aHTpauuT). Pabouue nuKibl (GuabTpoBaHUE) TTEPUOLU-
YECKHU MPEPLIBAIOTCS MJISI BOCCTAHOBJIEHUSI DUALTPYIOL[Ei CIIOCOO-
HOCTH 3arpy3Ku MyTEM MPOMBIBKU YUCTON BOJIOM.

IIpu ycrpoiictBe ACP npou3BoauTe1bHOCTH (PUILTPOB U CKOPOCTH
GUAbLTPOBAHUS Pa3IUYAIOT JBa CIMOCO6A HAMOJHEHUS OTKDLIThIX
dunbTpoB Bonoi. I1o mepBoMy criocoby nmomaya BoAbl MPOU3BOIUTCS
HAIyCKOM C pa3pbiBOM HAMOPHOro motoka. B aToM ciyyae puabTphl
HE UMEIOT MEXy COO0# ruIPaBIMYECKOi CBI3U: TPOU3BOIUTEILHOCTD
A CKOPOCTb (DUIALTPOBAHUS OTACILHOrO (PUJIbLTPA MOTrYT PETryIUpPO-
BaThCSI MO YPOBHIO BOIbI UJIM IO TTOTEPSIM HATopa, a obujast MPoU3Bo-
JUTEAbHOCTb QUIBTPOBAILHOIO OTACACHUS perynupyercs rpadukom
BbIBOIA QUILTPOB Ha MPOMBIBKY U PEMOHT.

[To BTopoMy criocoby Boaa Ha QUILTP MOABOAMTCS TOI YPOBEHD
BOJIbI, T.€. IO HEOONBILIUM HarmopoM. I1pu TakoM criocobe yBeaU4YEHUE
COTPOTUBJIEHHS 3arpy3KH B OfHOM U3 PUJILTPOB WM BHIBOJA (PUILTpa
Ha MMPOMBIBKY BJIEYET 3a CO00i INepepacnpee/icCHUE BOALL MO APYTHUM
¢prasTpaM. CKOpOCTh QUALETPOBAHUSI PETYIUPYETCS 110 pacXoay BOAHI,
npoureauiei yeped GuabTp, a odurast MPOU3BOAUTEIBLHOCTL — I10
YPOBHIO B pe3epByapax YucToii Bonbl (puc. 93). ITo Takoit cxeMe pabo-
TalOT Bce HaropHble GuasTphl. Ha cTaH1MAX HEeOObIIOH NTPOU3BOIHU -
TEJIbHOCTH MPUMEHSIIOT PEryasiTOpsl CKOPOCTH PUALTPOBAHUS TIPS~
MOro JeicTBUs (IOMIaBKOBBIE C IPOCCEJbHOM 3aCJOHKON WM M-
PaBJIUYECKHUE).

CucreMa yrpaBieHUsT OTKpbITbiMH GuabTpamMu (puc. 94) cocTouT
M3 JIBYX HE CBSI3aHHbIX MEXAY COOOIl MOACUCTEM — TSI PETYAUpPOBa-
HHUS CKOPOCTH PUJABLTPOBAHUSI U YNPaBAEHUS MPOMbIBKOI GUALTPA.
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Puc. 93. Cxema ACP npousBoauTeibHOCTH GHIABTPOB MO YPOBHIO
B pe3epByape YUCTOH BOAbI:

1 — perynstop; 2 — nudpMaHoOMeTp; 3 — 3aNBUXKA C UCTIOJTHUTENIbHBIM
MEXaHU3MOM; 4 — QUABTPLI; 5 — pe3epByap YUCTOI BOABI

ITepBast 1eCTBYET MO OTKJIOHEHHIO pacxoda (PWibTpaTa OT 3aJaHHOIO
3HAYE€HUA U MOCTPOeHa Ha 6a3e pacxonoMepa U [I-peryaaropa. Oceet-
JIEHHAas BOJA Yepe3 oTKPBITYIO 3aABUXKY 3 OTBOLUTCA B pe3epByap
qyucToil Boabl. Pacxos BOILI BOCIPUHUMAETCH CYXAIOLIUM YCTPOM-
CTBOM 2 ¢ 1M(PMaHOMETPOM 7, SNEKTpUYECKUN CUTHAJ ¢ KOTOPOIo
NIOCTYIIAET B PEryaaTop &, ynpapiasioWUi MPUBOIOM 3aJIBUXKU C T10-
MOIIIBI0 MATHUTHOTO NyckKaTens 9. 3anBuxka OTKPBIBa€TCS 10 TEX Mop,
110Ka YMEHBbIUIEHUE €€ CONPOTUBJICHUS HE CKOMIIEHCHUPYET MPUPOCT
NOTeEpPh B 3epHUCTOM 3arpy3ke. [lepenan Hanopa B pUNBTpE U3MEPS -
eTcsl 1MPMaHOMETPOM 4 U BTOPUYHBIM MIPUOOPOM 5 C TTO3ULIMOHHBIM
PEryJISTOPOM, 110 CUTHAJy KOTOPOTO IIPUBOIUTCS B I CTBUE TTOACHUC-
TEMa YIIpaBJIeHHUA TPOMBIBKOMN.

Korna HanonHeHue pUabTpa NpOU3BOAUTCS HE 1O YPOBEHD BOIbI
U Mexny GUIbTpaMM HET THUIPABIUYECKON CBA3M, PETYIMPOBAHUE
CKOPOCTH (PUABTPOBAHMUS NPOU3BOAUTCS IO YPOBHIO C IOMOLIBIO
3JIEKTPOILHOIO JaTyuka I, perynsitopa 6 1 MarHUTHOTO nyckarens 9
NIpUBOJA 3aJABUXKU 3.

CxeMa ACP npou3BOAUTENBHOCTY GUIBTPA ¢ aBTOMAaTUYECKUM
3aJ1aTYUKOM (puc. 95) peanusyer 3aBUCUMOCTb CKOPOCTU (hHUIBTpOBa-
HHSA OT YPOBHS B OTKPHITOM NOIBOASIEM KoJUlekTope. ChcTteMa Ipu-
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Puc. 94. Cxema ACP npousBoauTeisHOCTH (PHALTPOB MO0 YPOBUIO BOALI
B puasTpe '

MEHSIETCS TOJILKO B TE€X Ciy4Yasix, Korma Mexny GuibTpaMu UMEETCs
TUApaBiIvYecKas CBA3b. BoccTaHOBNEHUE PUNBTPYIOLIENA CTTIOCOOGHOCTH
dWiIbTpa CBA3aHO C PSALOM Olepalluid, TPOU3BOIUMBIX B OTIpENECACHHOM
nocnenonarenbﬂocm c 3a,uaHH0171 HpO,ZIOJDKI/lTeJIbHOCTblO OTKJTIOUECHHUE

HacocoB (HaNlOPHOTo pe3epByapa) U BO3LYyXOLYBOK YU BOJOBO3AYILIHOE
B3pbIXJIEHHE 3arpy3ku (3—5 MUH); OTKJIIOYEHUE BO3AYXOMYBOK (TIPOLIECC
NpoMbIBKU 5—10 MUH); ciycK nepBoro (puiabTparta nocjae NpoOMbIBKU
(3—5 MuH); BKloueHUe punbTpa B pabouunit uuki (1—2 MuH).
BbInosTHEHHE NEPEYMCIEHHBIX ONEpalivuii CBA3AHO C OTKPLITUEM U
3aKpLITUEM IMTSATU-IIECTH 3aIBIDKEK Ha KAXKIOM (PUILTPE, BKIIOUEHUEM U
OTKJIIOYEHHEM HacoCOB M BO3ayxonyBok. Ilpu GonbllioM uucle
(pUILTPOB BLITIOJIHEHME 3TUX OllepalMil BO3MOXHO TOJILKO NMPH IHC-
TAaHLIMOHHOM WJIM aBTOMaTUUYECKOM yIIpaBJIeHUM. 3aiaya aBTOMaTH3a-
JHK dwmprOB 3aKJII0YAETCA HE TOJIbKO B ONEPATUBHOM Y HaNEXHOM

IOOHUTHLCS MaKcuMaanoﬁ HpO,lIOJ’DKIdTCJIbHOCT]/I GmwIbTPOLMKIA C HaU-
MEHbUIMMU 3aTpaTaMU BOJbI.
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Puc. 95. Cxema ACP npou3BoauTeNsHOCTH (PHALTPOB
N0 NPUTOKY BOAbI HA CTAHUIMIO:

1 — naT4yMK ypoBHS B pe3epByape MCXOAHOM BOAbl; 2 — audMaHOMETp
ypoBHeMepa; 3 — cyxalolliee YCTPOMCTBO pacxonoMepa; 4 — pacxonomep;
S5 — perynartop; 6 — 3aJaTYHUK

8.4. ABTOMAaTU3aLUA NpOLLECCOB
obGe33zapaxuBaHua BOAbI

Hau6osee pacnpocTpaHEeHHbIN CrIocO0 06€33apaXX UBaHUA
BOJbI HA BOAOIIPOBOAHLIX CTAHUUSIX — 00paboTKa XJI0poM. I'a3oo6pas-

HbIH XJIOP XOPOLLO paCTBOPSIETCS B BOIAE, OMHAKO HENIOCPEICTBEHHO U3
6aJIJTOHOB HE MOXET BBOAUTLCSA B BOAY IO YCIOBUSIM TEXHUKU GE30-
nacHOCTH. Ji BBeIeHUS ra3000pa3HOro XJIOpa B BOLY CNYXaT XJiopa-
TOpHl — annaparthbl, NpegHa3sHaYeHHbIe TN CHUXEHUS JaBJIECHUS U
Io3upoBaHud xjopa. CxeMa ogHoro u3 Hux (Mozeib C-0378, puc. 96)
COCTOMT M3 TeXHOJIoTUYecKoro 6jioka A (mo3aTopa) M 610Kka ynpaB-
JleHus1 b. IlpuHuun paGoThl 6JI0Ka JO3UPOBAHUA ClieayIOWUii. Xop-
ras, Ipoxoas 3alopHbIil BEHTWIb U HUILTP, TIOCTYMAET B PEryJIsTOP
IaBJIEHWA, Tae OHO NoHuxaercs po 1,5 £0,05 Krc/CM2 (0,15 MITa) u
OCTaeTcs TaKMM B KayecTBe padoyero. [laBineHue 3anaeTcss HAOXXMMHOMN
NPYXHUHOM PEryjsaTopa ¢ NOMOLIbIO PEryJIUPYIOLIETO BUHTA.

W3 peryisitopa JaBJ€HUS Ta3 NMOCTYIIAET yepe3 MEMOPaHHYIO KO-
POGKY MaHOMETpPa B 3JIEKTPUYECKUIA POTAMETP, CUTHAJI OT KOTOPOTO
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Puc. 96. CxemMa aBTOMarnyeckoro xjoparopa:

1 — 3anopHbIit BeHTUJb; 2 — QUILTP; 3 — peryasTop AaBleHus;
4 — MaHOMeTp; 5 — poTaMeTp; 6 — peryJIupyloliuii BEHTUIb;

7 — 3neKTpornpuBoa; & — BaKyyMHbIH KiamnaH; 9 — oOpaTHbI# KilamnaH;
. 10 — 3xexTop; 11 — cyxalollee YyCTpOHCTBO pacXxoJoMepa;
" 12 — aupmaHoMmeTp; 13 — naTuMK aHanM3aTopa xjiopa; 14 — TopupylolLue

npeobpa3oBaTesiv; 15 — pacnpeaeinTebHble YCTPOHCTBA CUTHAJMIOB;
16 — 3amatymkm xjoprasza; 17 — BTOpUYHBI nipubop; 18 — perynarop;
19 — MunnnaMnepmeTp
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nepenaercs B OJOK ynpaBiaeHus1 b 11 BHIpabOTKU YIIPaBISIOLIETO
CUTHaJa UCMHOJHUTEIbHOMY MEXaHU3MY PETryIUPYIOUIEro KiallaHa.
YnpaBneHue MCHOMTHUTENbHBIM MexaHU3MoM obecneunBaerca 1M -
perynsiropoM. PerynupoBaHue KOTHUYECTBA ra3a BO3MOXHO U BPYYHYIO
C MOMOLUIbI0 MaXOBHMKA PYYHOro yIpanjieHus1 npuBogoM. Ha kopnyce
MpUBOIA Pa3MeELEH MIITUAMIIEPMETP, CYXALMi yKa3areaeM IoNo-
XEHHS 3alIOPHOro KOHYCa BEHTHJIA.

K HYXXHEH yacTH BEHTUIS IIPUCOCAMHEH BaKYYMHbIH KyanaH. [1pu
HOPMAaJIbLHOM DeXHMe paboThl xjaoparopa IOCHEe BEHTHIS IOJKHO
ObITh paspexeHue He Huxe 0,02 MITa, nmpu KOTOPOM KJjlariaH OTKPbIT.
IIpu naneHuu paspexenusa Huxe 0,02 MIla knanaH nepekpbiBaer 1o-

TOK rasa. TakumM o6pa3oM, BAKYYMHbBI KJlanaH IPOIYCKAET a3 TOMbKO
NPY 3a1aHHOM pa3pexeHun. Y3 penykLIMOHHOro BEHTUIS a3, Mponas
oOpaTHBIN KalaH, rnonanaer B 3xekrop. Ecnu nonaya xaop-rasa npe-
pLIBaeTCA, OOpaTHHIM KallaH 3aKpbiBAETCA U NPeAoTBpalllacT nonana-
HUE BOIH B ra3olpoBOl, a OTTY1a B 3XeKTop. B axekTope xnopras
TIepeMELLIMBAETCA ¢ Paboyeid BOAOI Y HANpaBasAeTCA B oOpabdbaThiBa-
eMylo Boay. CxemMa ACP xJ1o0paTOpoM 1o pacxony BOIbl U OCTATOYHOMY
XJIOpY NpuUBeneHa Ha puc. 97.

8.5. ABTOMAaTU3aUUA NPOLLECCOB
dTOopUpoBaHus BOAbI

o HenaBHero BpeMeHU Ha BOJOIPOBOJHBLIX CTaHIMAX
IIPUMEHANUCH CUCTEMBl aBTOMATH3allMU, B KOTOPLIX I10faYa O0beM-
HOTO KOJIMYECTBA (PTOPCOLEPXKALIETO PACTBOPA POU3BOAUNACH ITPO-
NMOPLIMOHAJNIBHO pacxony obpabdbaTbiBaeMOM BOabl 06€3 KOMIIEHCALUU
IPYrux Bo3MylialouuxX Bo3neicteuii. bonee copepiueHnsie ACP, oc-
HOBaHHbLIE HA U3MEPEHUU KOHLIEHTpauuu GTOP-UOHOB B BOJIE, KOM-
NEHCUDPYIOT OTKJIOHEHUA OT 3aJlaHHON HOPMH (TOpa, BbI3BAHHLIC
BCEMU BO3MYULIAIOUMIMMU BO3IEACTBUAMM.

Cxema y3na no3upoBaHus ¢Topcoaepkallero peareHTa npuBeieHa
Ha puc. 98. PacTBop, NpUroTOBIEHHLI B PACTBOPHLIX Oakax c mnepe-

MELIMBAHUEM CXATbIM BO3IYXOM, NMojaeTcs Ha QuibTp (NeCYaHbii
WM aHTPALIMTOBBIN) M 3aT€M B HAKOMUTENbHbIE 6aKU, OTKYIa Yepe3
no3upylomee YCTPOMCTBO NMOCTYIAET B Kamepy CMELLEeHUS.

HE3HAUUTENbHbIE KOJIEOaHUA pacxona 06pa6aTbIBaeM0u BOJbI U yaxym
IUara3oH U3MEHEHUSA OPYTUX BO3MYLICHHUI (KOHLEHTpaluMsa GTopa B
BOJZIE U peareHTe TemnepaTypa BO,IIbI) MO3BOJWIIN ITPUMEHUTD onuo-”

LIMH OTKJIOHEHUS OT 3alaHHOM BEJIMYMHBI PETyIHpPYyEeMOTro napaMeTpa
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Puc. 97. Cxema ACP xnopaTopa no pacxonay Boabl H OCTATOYHOMY XJIOpY:

1, 2, 3 — cyxaloluee yCTpoicTBo, nupMaHOMETP, BTOPUYHBIH puUbOp
pacxonomepa Boabl; 4 — K04 OTKJIIOYEHMSI BO3EHCTBUA MO pacxoay BOAbI;
S5 — 3amaTuuK perynsaropa; 6 — peryisaTop ¢ UMIYJbCHBIM BBIXOOM;

7, & — KJI104M nepeBoaa ¥ AUCTAHLMOHHOIO YIIPABICHUS N03aTOPOM XJI0pa;
9 — nycKoBoe yCTpoicTBO; 10 — 0nqHOOGOPOTHBIN UCHOMHUTEIbHBIN
MeXaHu3M; /1 — yka3aTesib MOJIOXEHUS Bajia UCTIOJIHUTEIBHOIO MEXaHH3Ma,;
12 — nopaya xnoprasa; 13 — ra3oruIpabJIn4eCcKui 610K J03aTopa XJ10pa;
14 — perynupylolmii KJiamnaH 103aropa; /5 — 3XeKTop;

16 — axexmipyiowas Boaa OT BOAoONpoBoaa; 17 — KiIiod OTKITIOYEeHUs
BO3JEHCTBUA MO KOHLEHTPALMMN OCTAaTOYHOrO XJiopa; 18 — perynstop
C aHAJIONOBLIM BHIXOAOM M MaMATbIO; 19 — 3a0aTYMK PErynsiTopa;

20 — 3neXTponHEeBMaTHYECKUI KOMaHIHBI i MPUOOp — npephiBaTelb;

21 — BTOpHMYHHI1 MPpUOOpP aHATTH3ATOPA XJIOPa; 22 — aHAU3ATOP XJI0Ppa;
23 — NoTOK 00pabaThIBaeMOi BOALI

pyloliero curiana. B kayecrBe apmatypnl natuuka B 3Toit ACP uc-
NONAb3YETCs MPOTOYHLIK gaTyuk pH-MeTpa, a peryaupyioiero
opraHa — KJ1arnaH ¢ 0lHOO60pOTHLIM PEBEPCUBHLIM ABUrateneM. Kia-
MaH MMeeT TMHENHYIO PACXOAHYIO XapaKTepUCTHKY, ITIO3TOMY CTEIEHb
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_ 3 e g I g Puc. 98. Cxema y3na
VoM g - - JIO3HPOBAHMS PacTBOpa
s| 2 si3 droppearenTa:
31 SR 1 — 6ak pa6oyero
o g 3 ! é pacTBopa; 2 — pery-
g ~ JIVpYIOIIUH KnanaH
V=40 m3 | "R C 3JIEKTPOTPUBOLIOM;
<] < 3 — cMecuTelb;
Boaa I=10m |V=12000m3 4 — npveMHas KaMmepa,
¢ GUNLTPOB I=1200 MM |— — — J — pe3epByap YMcToi
5— T _° BOIbl;, 6 — JabGoparopus

~s (oT6op Npoob)
K norpeburenio

€ro OTKPHITHUS K, COOTBETCTBEHHO, pacXol peareHTa KOHTPOJIUPYyIOTCs
yKa3aTeleM TNONOXEeHUs1 Baja NpuBoma. B cxeMe NpeaycMoTpPeHO U
PYYHOE JUCTaHLMOHHOE YyIIpaBlieHMe KlallaHoM. B KauecTBe MHIMKA-
TOPHOTO MCIONB3YETCS MOHOCEJEKTHUBHBIN DTOPUIHBIA 371EKTpOI,

B KaUYECTBE CPaBHUTEJIBHOTO — XJIOPCEPEOPAHEII TIPOTOYHEII DJIEKT- |
poL.
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Puc. 99. Cxema ACP nponecca ¢propnpoBaHus MHTHEBO# BObI
MO KOHIEHTpanuu QTop-HOHOB:

1 — perynsaTop; 2 — KJII0Y yrpaBieHUs; 3 — MAarHUTHBINA MycKaTeb;
4—6 — pacxonoMephl Bolbl, 7 — noaaya oopabaThiBaeMOiH BOJbI;

§ — nopgaya peareHTa; 9 — peryampyowmii knanaH; 10 — VCNIOMHUTEIbHbIiH
MexaHu3M; 11 — yka3aTrelb IOJIOXEHMsA UCNOJTHUTENBHOIO MEXaHU3Ma,;
12 — 6ak-cMecutenb, 13—15 — npvOOpbI WA U3MEPEHUS KOHLUEHTPALUU
¢dTopa
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8.6. ABTOMAaTU3aLUA NPOLLECCOB peareHTHoro
yMAryeHma BoAbl

YMsrueHuve BOJAbI OTHOCUTCS K YUCITY PaCIIpOCTPAHEHHBIX
NpOLIECCOB OGPaBOTKH BOI LI B IPOMBILITIEHHOM BOAOCHaGXeHUH. Oc-
HOBHbIM METONOM OOPaBOTKU ABNAECTCHA peareHTHHINA, KOTOPBIN NIpHU
HEMTYOOKOM YMATYEHUU NPUMEHSETCSA CAMOCTOATENILHO, a IIPU IN1y60-
KOM — B COYETaHHUMU C MeTOIOM KaTHOHUpOBaHUA. [Ipu BBeneHUH B
BOJY PEAreHTOB (M3BECTU WMJIM COIbl) KATUOHB KaJIbLIUSI U MAarHUA
IIpeBPALIAIOTCS B TPYAHOPACTBOPUMbIC CUCTEMbI, BbITIANAIOLIUE B OCA-
IIOK.

OCHOBHBIM TapaMeTPOM PeryJIUPOBaHUA NpoLecca yMAr4YeHUs
BOJbI PEAreHTHBIM METONOM CIYXHUT BearuuMHA pH, npu OTKIOHEHUH
KOTOpOIit OT 3aIaHHOr0 3HAaYE€HUS U3MEHSETCS NnoAada pearcHTa. Cxema
ACP n103upoBaHuUs pearecHTOB B OCBETJIMTENb NOKa3aHa Ha puc. 100.
B KOHTYpe peryivpoBaHus 1oxa4y U3BecTu BeiMuruHa pH uaMepseTca
B KOHII€ 30HBI CMEUICHUA OCBETJUTENIA B NPOOOOTOOPHOM TOUKE.
B 3Toi TOuKe peakuys B3aUMOJEHCTBUSA PEAreHTOB C CONAMU Kapbo-
HATHOM XECTKOCTU NPOXOAUT NpuMepHOo Ha 80%, NO3TOMY KOHTPOJb-
HoOe 3HadyeHue pH 3amaeTca MEHBILIMM ¢ pacY4eTOM Ha TO, YTO B BEPXHUX
30Hax ocBeTauTeNA BearuuHa pH nocturnet ~10,2.

CucremMa 103UpOBaHUS U3BECTU — 3TO ONHOKOHTYpHass ACP Be-
JIU4uHL pH, neicTBYIOIAA 11O MPUHIIUIY KOMIIEHCALIUH OTKJIOHEHUA
napaMeTpa. OTKIOHEHUS, BbI3BaHHbIE U3MEHEHUEM KOHLIEHTpaLUH
M3BECTKOBOrO MOJIOKA, KOJAEOAHUAMM €T0 pacxoia U3-3a HepaBHOMEP-
pacxona BOIbI M €€ HIEJOYHOCTH, GOPMUPYIOT CUTHAJI, NOCTYNAIOLIMA
Ha BXOJ, peryaaropa, KOTOphblil 4yepe3 103aTop KOPPEKTUPYeT A03Y HU3-
BECTH.

ITpo6ooTOopHbIit AaT4MK pH-MeTpa 2a MOHTHUpYeTCS Ha MPOOOOT-
GOpPHOM TUHUK U3 OCBeTVIUTENA. B 1aTUMKe YCTAHOBIEHEI CTEKJISTHHbIE
U3MEPUTENbHbBIE 3NEKTPOALI ¢ U30NOTEHLIMATBHOMN TOYKOM, COOTBET-
creyiouteit pH 10. OTo no3BonseT NoANePXKUBATh 3aaHHOE 3HAYEHUE
pH 10,3 B MecTe npobooTdopa 63 BBeleHUSA aBTOMATUYECKOUN TeMIle-
paTypHOIl KOMIIEHCAlIMH.

s NOBBIILIEHUS CPOKa CIAYXObI CTEKIISIHHBIX 3JIEKTPOMOB Iepen
JATYUKOM YCTAHOBJICH AECAUTENb NIOTOKA, KOTOPLIM ACJUT OOLIMIA NO-
TOK Ha JiIBe HepaBHbIe YaCTH C COOTHOlIeHUeM pacxonoB 1 : 3. TToTok ¢
MEHBIIUM pPacXodoM MpoXoauT dyepe3 pmaTyuk pH-MmeTpa, a BTopoit
cOpacbiBaeTcsd B 10TOK. CHUrHan OT JaTyrMKa yepe3 BHICOKOOMHBIH Tpe-
obpasoBatesib 26 NOAACTCHA Ha BTOPUYHLII NpUBOp 28, BLIXOIL KOTO-
pOro BKJIIOUeH Ha Bxon perynasitopa 2Ze. [Ipu oTkioHeHuu pH oT 3anaH-

169



1

a
Iy
(@,

l / (
7 o
w fum B 8 o
(%4
OcBeTneHHan ’_H 2 5 R
BOAa 2280 S
o C|lm 2
2 8|2 '
o C o
34
«— Koarynsut

\V
\/

W
=
A
@ @Q)
& &

Puc. 100. Cxema ACP nponecca nekap0oHH3aLHH BOAbI B OCBETIHTENE:

1 — oCBeTINTENb, CUCTEMA NO3UPOBAHUS U3BECTH: 2a — NATUHK
pH-Mmetpa; 26 — npeoOpa3oBartenb; 26 — NOTEHLMOMETP CAMOMULLYIIUIA;
22 — perynsaTop N30ApOMHBIH; 20 — OJIOK yrpaBlneHus; 2e — yKa3arellb
MOJIOXEHMSA J03aTopa; 2% — MyCKATeJIb MATHUTHBIH peBEPCUBHBII;

23 —)CIMOJIHUTENILHBIH MEXaHN3M; 2u — NaTYUK OOpaTHOM CBA3H;
2K — JA03aTOp U3BECTKOBOTO MOJIOKA, CUCTEMA AO3MPOBAHUS KOATyJIAHTA:
3a — perynaTop-uMnyabcaTop; 36 — GJIOK yIpaBIEHUS;
3¢ — nyckaTtejib MAaTHUTHBII; 32 — 3/IeKTPOABUTaTeb HACOCA;

30 — Hacoc-no03aTtop; 4 —neJIuTelb MOToKa

HOro 3Ha4Y€HUS Ha BXOjJe pelryaaTopa BO3ZHHUKAeT HamnpsKeHue Heba-
JJAHCa. DTOT CUTHaJ Yepe3 MArHUTHHIN mYycKaTedb 2x BO3MeACTBYeT
Ha MCIOJHUTEJBLHHI MeXaHU3M 23, TiepeiBUTAIOLMI peryTHpYIOLHMi
OopraH mo3aTopa MU3BeCTKOBOIO MoJjloka 2k B CTOPOHY KOMIIeHCAllUU
OTKJIOHEHHUS peryiupyeMoro napamerpa.

,Llosa'rop MU3BeCTKOBOIO MOJIOKA ,ZlI/IMBA YCTPOeH TaK, 4YTO Yro

X0y OTAO3MPOBaHHON U3BeCTKOBOM CYCHCHBI/II/I CurHan ot gaTyvka
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0o0paTHO# CBA3M MCIIOJHUTEILHOTO MEXaHU3Ma [103aTOopa MOCTYIAeT
Ha PETYJSITOP-UMITYJILCATOP, KOTOPbIN Uepe3 MarHUTHLIM MycKaTelb
YITpaBIsiET IPUBOIOM Hacoca-Io3aropa. UMIyJIbCHBII pexxuM paboThl
HaCOCOB-I03aTOPOB 06eCeYUBaEeTCA HACTPOEUYHbIMU MapaMeTpaMu
peryJisitopa v 3afaTyuKa.

8.7. ABTOMaTusauua ctabnansayoHHON
o0paboTku BoAbI
Crabu13allMOHHOM Ha3bIBaeTCcsl 00paboTKa BOIbI C LIEJIBIO
PErYJIMPOBAHUS B HEW YIVIEKUCIIOTO PABHOBECUA, ITPHU HAPYLIEHHUU KO-
TOPOr'0 B OJHUX ClIyyassx o0pa3yloTcs KapOOHATHLIE OTJIOXEHUS Ha

CTEHKaX TPYO W aImaparoB, B IPYTUX — IPOUCXOIUT KOPPO3USA MarTe-
pPUAJIOB M3-3a CITOCOBHOCTH BOIbI PACTBOPATH KApOOHAT KaJIbLIUA.
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1 — rpagvpHs; 2 — npMeMHBIH pe3epByap; 3 — Hacoc; 4 — TeIU1I00OMEHHHK;
5—7 — KoMiuiekT pH-MeTpa; & — KOMaHIHO-3JIEKTPUYECKU I pudop;
9 — 3JIEKTPONPUBOA OAHOOOOPOTHBIN C BTOPUYHBIM JaTYUKOM;
10 — perynatop; 11 — 3apaTyuK; 12 — MarHUTHLII nyckaTens, 13 — nogaya
NOANUTOYHOI Boabl, 14 — noaaya KUciIoThl; 15, 16 — MarHUTHBIE
pacxoaoMepbl; 17 — peryivupylollunii KjiamnaH ¢ npuBoaoM; 18 — cMecHuTesb
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Puc. 102. Cxema ACP noakucieHus OXJIAKAAIONUeiH BOABI MO MOKAa3aTeai0
KapOOHaTHO#H arpeCCHBHOCTH:

1-3 — xommnext pH-MeTpa; 4 — perynaTop; 5 — 3alaTYUK; 6 — MarHUTHHIA
MycKareyb; 7 — peryJUpylolIuii KjianaH ¢ NPpMBOJAOM Ha JIMHUM TOAAYH
KUCJIOTHI; & — 1oaaya NOANMUTOYHONR BOAH; 9 — cMecutens; 10 — rpaaupHs;

b b4

OTMEYEHHBIC HapYLLICHUS1 OCOOEHHO XapaKTEPHBI IS 000POTHHIX
OXJIAXIAIOLIUX CUCTEM BOOOCHAOXEHMS, B KOTOPBIX Ul MPEoOTBpPa-
HIEHUS1 KApOOHATHBIX OTJIOXECHUNA MPUMEHSIIOT IOAKUCIEHUE BOLBI.
Kuciaory BBOAST B 106aBOYHYIO BOLY BO BCACHIBAIOWIWE IUHUU LIMPKY-
JISILUOHHBIX HAcOCOB. [l03UPOBaHUE KUCIOTHI SIBJISETCS BECbMa OT-
BETCTBEHHOI orepaliyMeii, MOCKOJAbKY IIPEBHILIEHUE NO3bI TIPUBOAMT K
KOPPO3UH, 2 HENOCTATOK — K BbIIAIeHUIO KapOOHaTa KaJbiIusl.

Vnpoiwenusie ACP npolecca NoakKUCIEHUS OO0POTHOI BOJIbI
OOBIYHO CTPOATCA 110 BeHUMHE PH, KOTOpasi KOpPPEKTUPYETCS B IIPO-
Liecce BKCIUIyaTalluM CUCTEMBI MO JaHHBIM aHATUTHUYECKUX METOIOB.
BoazneiicTBre peareHTOB Ha Maccy UMPKYJIUPYIOLICH BONL SIBJISIETCS
MHEPLHUOHHBIM U OOBIYHO 3aHMMAET HECKOJbKO YacoB. DTO O3Ha-
4aeT, YTO curHal oT pH-MeTpa nmoctymnaer Ha peryiasiTop 1o3aTopa ¢
OonBIIMM 3amna3ibiBaHueM. bojlee BHICOKMMHU OUHAMUYECKUMH
cBolictBaMu o61anaoT ACP nogayu peareHTa Ipu ero BBEIEHUU B
100aBOYHYIO BOLY, KOJWYECTBO KOTOpPO# cocTasisieT 5S—10% Bcero
o6beMa HUpKyJaupyloleit Boabi. IIpu TakoM criocobe peryjaupona-

~ HHUS MaCCOOOMEH MEXIYy KHCJOTOW W BOOOI IPOWCXOIMUT 3a OOJIEE
KOPOTKO€ BpEeMSI.
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B 5TOM ciiyyae peryaupylolee 3HadyeHue pH onpenensiercst pacye-
TOM W KOPPEKTUPYETCS IO NOKa3aHUSIM BTOPOro, KOPPeKTUPYIOLLIETO
pH-MeTpa, KoTOpBIit ycTaHABIWBaeTCS Ha ropsiueil Boie, Kak U B Iep-
BoM BapuaHTe ACP (puc. 101). OueBunHo, 6onee coepuieHHON ACP
OyneT cucTeMa, IOCTPOEHHAsI ¢ IIPUMEHEHMEM KapOOHATHOro Morjo-
tuteass (puc. 102). ACP nogaud KMCIOTbI JOIOJHSETCS CUCTEMOA
KOHTPOJISI MapaMeTPOB, XapaKTepPU3YIOIMX COCTOSIHUE OXJIaXaalolei
Boabl. Ee OCHOBY COCTaBJISIIOT pacXodOMepbl LIMPKYJISLMOHHONW U J10-
0aBOYHOM BOIBI, U3MEPUTEIU TEMIIEPATYPHI BOIbI, OXJIAXIEHHON B
rpadupHSIX U Harperoi B TeIUIOOOMEHHMKE, U aTMOCHEPHOro BO3-

Iyxa.




nasa 9. ABTOMATU3ALIUA
TEXHONTOM4YECKMX NPOLIECCOB
B CUCTEMAX BOAOOTBEAEHUA

9.1. ABTOMAaTM3aLMA NPOLIECCOB
MeXaHU4YeCKO OYNCTKMN CTOYHbIX BOA

K mexaHuyeckum mnpoiieccaM OYMCTKH Ha COBPEMEHHbIX

OYUCTHBIX CTAHLMUSAX OTHOCSAT NMPOLEXHMBAHKWE BOIKl Yepe3 PELIETKH,
neckoyjaBjiuMBaHue U orcranuBaHue. IIpyu aBTOMaTU3aLKMKU STHX MPO-
LIECCOB OCYILECTBJISIETCS aBTOMATUYECKOE YIpaBJIeHKE DJIEKTpOIBuUra-
TeJSIMU T'pabeIbHBIX MEXaHU3MOB, UJIOCKPEOOB, HACOCOB U LIUOEPOB.
ITpu aBTOMaTH3aLMK PELIETOK OCHOBHAA 3aJjaya 3aKJIIOYaeTCs B
ylipaBjeHUU rpabisiMu, IpOOUIKAMU, TPAHCTIOpTEPAMU U LIKOEpaMu
Ha NMOIBOISLIEM KaHajle. ABTOMAaTU4YECKOE YIIpaBJIeHUE MEXaHU3MaMHU
peLIETOK OCYHIECTBJISIETCS B 3aBUCMMOCTH OT U3MEHEHHUS Nepenana
YPOBHEMH B KaHaJie 10 1 noclie pewterok (puc. 103). B kadecTBe npubopa,
U3MEPSIONIETO Nepenan YpOBHEN, TIPUHAT TUPMAHOMETD C BJIEKTPO-
KOHTAKTHBIM ycTpoicTBOM. Ilepenan ypoOBHEN KOHTPOJKpPYETCS NyTeM
U3MEPEHUS Pa3sHOCTHU JaBJIEHUA MPOAYyBaeMOro BO3lyxa B IBYX TpyO-
Kax, OMyHIeHHEBIX B BOLy 10 v nocie pewtetku. Ipu nocruxeHuu 3a-

Puc. 103. Cxema aBTOMaTH4€CKOrO
1 ynpasjieHHsi MeEXaHHYECKHMH rpabasamu
no.nepenany ypoBHe# 10 H nocJje pemerok:

1 — npeaoxpaHUTEND; 2 — NyCKATEb

2
‘ 3JIEKTPOABHUTATENA; 3 — 3JIeKTPOIBUra-
3 TeNnb; 4 — nMPMaHOMETD; 5 — 3XKEKTOPHI;
6 — MexaHUYeCcKHe rpabiau
5
4 N I




JAHHOM BEJIMYMHEI MEpenana KOHTAKTHOE YCTPOMCTBO BKJIIOYAET B pa-
00Ty rpabeynbHEI arperaT. BeikiiloueHue rpabesib OCyIIECTBIASETCS
TaKXK€ KOHTAKTHBIM YCTPOICTBOM WM C TOMOIIBIO PEJIE BpEMEHU YEPE3

MPOMEXYTOK BpeMEHU, BEIOMpaeMbIii Ha OCHOBE 3KCITIyaTallUOHHOTO
OIBITA.
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Puc. 104. I1pubop njis KORTPOJIA YPOBHA NECKa B NECKOJIOBKAX
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ABTOMAaTHYECKHE YCTPONMCTBA B MECKONOBKAX NMPUMEHSIOT AN
pacnpenejieHUs1 U perylMpoBaHUS KOJHWYECTBA CTOYHbBIX BOM, a TaAKXKeE
IS yoaneHus necka Npyv JOCTHXEHUW UM MPeleIbHOTO YPOBHSA. Pery-
JIMPOBaHKE HArpy3kKu Ha OTHe/ibHble MECKONOBKU IMTO3BOSIET ABTOMATH-
4yecKM NMOMIepXKHUBaTbL CKOPOCTh MPOTOKA BOAbI YEPE3 HUX B 3aJJaHHbIX
npenenax ¢ MOMOILbIO NOMJIABKOBOTO YpoBHEMeEpPa U 3JEKTPU(PULINPO-
BaHHBIX HIMOEPOB. YCTPONHCTBO HAaCTpauWBaeTCsd TaKUM 0Opa3oM, 4TO
TIpU O6LIIeM pacxoae MeHee 3aJlJaHHOTO I ubep 0OBOAHOTO KaHana rnon-
HOCTbIO 3aKphIT, a IPU pacxone, 6onpuieM 3a1aHHOTO, LUKMOEp OTKPhbI-
BaeTCs HACTOJIbKO, YTO B OOBOJHOM KaHAJ cOpachiBaeTCs BECh U30bI-
TOK BOIbI CBEPX PACYETHOIO pacxoja MecKOoJ0BOK.

ABTOMaTH3aLlUs yoaJeHUs NMecka U3 NeCKOJ0BOK MPOU3BOIUTCS
IBYMS NyTIMU. B mepBoM cnydyae mecok ynajasieTcs Mo Mepe JOCTUXe-
HUs UM 3aJJaHHOTO YpOBHSA. BO BTOpOM — IMECOK ynansieTcs 4yepes
onpelejieHHbIe IPOMEXYTKH BPEMEHU, KOTOPbIE, KaK K BpeMs yaaJie-
HUS Necka, IPUHUMAIOTCS Ha OCHOBE OMbITA KCI1yaTalluu.

Haubonsliee pacnpocTpaHeHUe MOAYYUN MEepBbIM crnocod, Npu
peanTu3aliy KOTOPOTo HCIONb3YyeTCA JaTYMK YpOBHA recka (puc. 104).
OcHOBO# 3TOr0 NMpHUdopa sIBAgEeTCS TEPMOCUTHATU3ATOP C HABUTOH HA
€ro KOHLEBOW 4aCcTH HUXPOMOBOH CNUpaAbIO, YCTAHABIUBAaeMOU B
[IECKOJIOBKE Ha INTyOMHY, paBHYIO MaKCMMaJILHOMY YPOBHIO necka. Ilpu
HU3KOM YPOBHE BCACACTBHUE NBUXEHUS BOALI IPOUCXOIUT MOBLILIEHHAS
TEeII00Ta4a M Cliipajib HarpeBaeTcs He3HayuTenbHO. I1pu nmogreme
YPOBHS IO CIIMPATU €€ HATPEB PE3KO BO3PACTAET, YTO BhI3LIBAET 3aMbI-
KaHHWe KOHTAKTOB TEPMOCUTHATM3ATOPa, BKJIIOYEHHBIX B CXEMY CHTHA-
JIU3aLUUU WU YIIpaBAEHMUS.

B nepBUYHLIX OTCTOMHKKAX HaKboee BaXHBIM SIBISIETCS aBTOMa-
TU3aLMS yaaleHUus U3 HUX ocanka. Ilpocreiiinee pelueHue 3Toit 3a-

_Jayy — BBINYCK OCAKA [0 3aNaHHOMY TpaUKy ¢ NOMOIIhIO NPOr- |
paMMHoro peryasitopa. OnHaKo TOYHbIN rpaMK OTKAYKU B YCIOBUSIX
KOonebaHUs MPUTOKA CTOYHAIX BOJ U KONHYECTBA B3BELUIEHHAIX YaCTHUL]
COCTaBUTh OYEHb CJIOXHO, ITO3TOMY Yallle BCETO aBTOMaTU4YECKOE yia-
JIEeHHEe ocanKa NMpPOU3BOJSAT NYTEM U3MEPEHUS €TO YPOBHS B OTCTOMHU-
Kax. B cxeMe u3MepeHUs YPOBHS HUCIOAb3YETCS (DOTOINEKTPUYECKUA
natyuk (puc. 105), cocroswkii U3 OABYX METATNUYECKUX KOPIYCOB,
B OJJHOM M3 KOTOPBIX NMoMelaeTcss (poToCOoNpoOTUBIEHHE, a B APYTOM —
JlamIna noncBeTKU. B 3aBUCHMOCTH OT U3MEHEHUST ONTHYECKOM TNOT-
HOCTH XHWOKOCTA MexXnay (pOTOCONPOTUBIEHUEM U JIAMITION MONCBETKH
U3MEHSETCS 3HaYeHUe TOKa, MOCTYMNAaloIEero B CXeMY aBTOMAaTHKU.

s 5ddexTHBHON paboThl MePBUYHBIX OTCTOMHHUKOB M MPENOT-
BpalleHUs BHIHOCA B3BELIEHHbIX BEIECTB 00NbII0E 3HAYEHUE UMEET
nojnepxaHue ONIMHAKOBOM HArpy3KH Ha KaX bl OTCTOMHUWK UNH paB-
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Puc. 105. ABroMaTHyeCKHii CHTHAJIM3aTOP YPOBHSA 0CaJKa:
1 — KphiliKa; 2 — npokiagku; 3 — ¢poropesucrop; 4 — Kabenb;
5 — 4exoJ; 6 — caJibHUKOBBIi BBO/I; 7 — XOMYT; & — Kopnyc;
9 — ocBeTHTENbHAA JIaMna

HOMepHoe paclipeiejieHUe MeXI1y HUMHU NEPEMEHHOTO O01Iero npu-
TOKA CTOYHBIX BOJ Ha cTaHUMIO. C 3TOJ 1eJbl0 NpenycMaTpUBaeTCs
aBTOMaTUYeCcKOe PeryJupoBaHue OTKPBHITHS LIMOEPOB Ha NOABOASIIIIMX
K KaXIOMY OTCTOMHMKY KaHalaX. Takoe peryaupoBaHue OCYyII[eCTBJIS-
€Tcsl C MOMOLIbIO PaCXOAOMEPOB WIM YPOBHEMEPOB BOIBI B KaHajax.
IIpu GOnBLIOM YMciie OTCTOMHUKOB Ha cTaHUMHU NpelycMaTpUBaeTcs
TaKXe UCMOoJib30BaHUE 00eTalolero ycTpoiicTBa Il KOHTPOJS o4e-
PeOHOCTH BBINyCKa Ocalika.
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9.2. ABTOMaTM3aumna npoueccos GPU3NKo-
XUMNYECKOMN OYUCTKN CTOYHDbIX BOA,

B cucremax OoYMCTKU CTOYHBIX BOA (PU3UKO-XUMUYE-
CKMMHU MeTomaMu HauboJibllee paclipOCTPaHEHHE TTOAyYUa HAMOP-
Has ¢gaorauus. [Tpu 3TOM crmocobe OUYUCTKH CTOUHBIE BOOKI HACHKIILA-
I0TCA ra3oMm (BO3yXOM) MO W3OLITOYHBIM JaBJIEHUEM, KOTOPOE 3aTeM
ObICTpO CHUXaeTcs1 10 aTMocdepHoro. HeobxonumMoCTh ocHaleHU
(pnoTalMOHHBIX YCTAHOBOK CPEACTBAMM aBTOMATHYECKOTO KOHTPOJS }
pEryIUpOBaHUs OOYCNOBIMBAETCSI HECTALIMOHADHOCTHIO COCTaBA OYU
IITaeMBIX CTOYHHIX BOJ, BBICOKOM WHTEHCHBHOCTHIO IIPOLIECCA U €ro T10-
BBILIEHHOW YYBCTBUTEBHOCTBIO K BXONHBIM BO3IECHCTBUSIM.

Ha puc. 106 nokasana 6nounas cxema ACP co crabunusaiueit ka-
YeCTBa OYMIIIEHHOM BONKI MYTEM M3MEHEHMS pacxona MOToKa perup-
KYJASILIMM, HECYIIErO BO (PJIOTAaTOp MEJKONUCIEPCHYIO razoBylo ¢aasy.
Cucrema COCTOMT U3 YCTAHOBJIEHHBIX Ha BhIXoAe (IOTALIMOHHOrO pe-
3epByapa I, MyTHOMepa 3, U3MEPSIOEr0o KOHLEHTPal[MIO B3BeLIEH-
HBIX YaCTUIL B OYMIIIEHHOMK BOLE, PACXOIOMepa 2, peryasaTopoB 4 u 1

MCITOJTHUTENBHBIX MEXaHU3MOB S U 7, OIMH U3 KOTOphIX peryaupyer
pacxon LHUPKYASHUOHHOro INOTOKA, HACKIIAEMOTO BO3IYXOM B HaIrop-
HOM peCHUBepeE 6, a IPYroil — pacxoj CTOYHOM BOABI, TOCTYNAIOIIEH BO
¢norarop.

CurHan, BO3HMKAIONMUI NIPU YBENWUYEHUM Ha BhIXO#e (ioTaTropa
KOHILIEHTpAllMU B3BECU B BOJE BhILIE 33JlAHHOrO 3HAYEHUS, C MYTHO-
Mepa 3 MOCTYMAeT Ha PeryaaTop 4, KOTOPhIii, BO3NEICTBYS HAa UCIOJ-~
HUTENBHBI MEXaHU3M 5, YBEJIMYUBAET PACXOH MOTOKA PELUPKYASLIUU.
ITpu yBenuvyeHUu pacxoma 3TOro IMOTOKA YBEJWYUBAETCS KONUYECTBO
razosoil ¢asel, nepeHocuMoOit Bo pnorarop. HoBoe konuyecTBo rasa
obecrieynBaeT yMeHblIEHMEe MYTHOCTH OYMILIEHHAIX CTOKOB. OHOBpE -
MEHHO IPU YBEJIMYEHUU paAcXoja MOTOKA PeUMPKYNSLMU Yepe3 ¢o-
TalMOHHBIN pe3epByap MOSBASETCS CUTHAJ OTKJIOHEHUS Ha BBIXOIE

8
2 3
7 ; OunuieHHan
CroyHan 3 BOA2
BOAA ]
o
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Puc. 106. Cxema ACP nponiecca 0YHCTKHM CTOUHbIX BOA HANOpHO#H duiorauHei
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pacxonoMepa 2, KOTOPBIii ITOCTYITaeT Ha PErynsiTop §. DTOT peryasTop,
BO3IEMCTBYSl HA UCIOJNHUTENbHBII MEXaHU3M 7, YMEHBLIAET MOCTYII-
JleHHe CTOYHOH BOonbl BO haoTaTop, 00ecneyrBasl MOCTOSSHCTBO CyM-
MapHoro pacxona 4epe3 Hero. Ilpu.cHUXeHUH KOHLIEHTpALMKU B3BECH
[IPOU3BOLMTENBHOCTh (JIOTAaTOpAa COOTBETCTBEHHO YBEJIUUYHBAETCS.
OnucaHHasg ACP nossosnsieT cokpatuTh 00beMbl (JIOTATOPOB MOYTH
Ha 20% npu cobnoneHUH 3aJaHHOTO KayecTBa OYKCTKH.

9.3. ABTOMaTU3aLMa NpoLeccoB
GMonorn4eckom O4YUCTKU CTOYHbIX BOS,

Buonoruyeckuit MeTon 3aHUMAET 0COO0E MECTO B MpPO-
OneMe OYKUCTKU CTOYHBIX BOI. OH 1O CHX IMOP He UMEET KOHKYPEHTOB
10 YHUBEPCATBHOCTH, TIYOMHE OYUCTKH U 3KCIIyaTaLlMOHHBIM pac-
X0IaM, OCOOEHHO IMPU OYKUCTKE OOJBLIMX MACC BOJBHI.

Haubonee pacrmpocTpaHeHa 6uonoruyeckass OUMUCTKa B a3pOTEH-
Kax C MOMOIIBIO aKTUBHOTO MJa C a3paLiMeil BO3NYXOM MJI0BON CMECH.
J1st aBTOMaTHU3allkMK 3TOro MpoLecca pa3paboTaHOo MHOrO pasIMYHBIX
CXeM peryJupoBaHus, TakuX, HanpuMep, kak ACP mioBoro pexuma B
panuaibHOM OTCTOMHKKE MO 3a1aHHOMY ypoBH10, ACP kuciaoponHoro
pexuma B a3potreHkax, ACP unoBoro pexuvma mo KOHUEHTpaluu BO3-
BPaTHOro una ¢ 6JJOKMPOBKOM MO MONOXKEHUIO YPOBHS UN1a B OTCTOM-
HHUKE.

PaccmoTpum cxeMy Haubonee coBeplieHHONW, KOMOMHUPOBAHHOMN
ACP (puc. 107), KoTopast COCTOMT MX TpeX OTAENbHBIX CUCTEM: PEryiK-
POBAaHMUS KOHHEHTPALMK PACTBOPEHHOrO KUCA0PONa, peryiMpoBaHus
Harpy3kH1 Ha aKTUBHBIW WJT U peryjrupoBaHus BO3BpaTa una.

B ACP koHIeHTpaliu PaCTBOPEHHOTO KUCAOPO&A PErynsitop 2
BO3ICHACTBYET Ha 3aCjIOHKY 4 BO3yXOBOna a3poTeHka 3 mig nomnaep-
XaHUsl BO BCEM 00BEME MI0BOI cMeCH 3alaHHOI KOHLIEHTpAaUUH, U3-
MEpSEeMOil naTYMKOM 1.

ACP Harpy3ku Ha akKTWUBHHIM WJ1 MpenHa3zHaueHa ajs Nojaep-
XKaHUS MOCTOAHHBIM COOTHOLUIEHUS MEXAY KOJIUYECTBOM 3arpsizHe-
HUI, MOCTYIMAONIMX B a3PDOTEHKH, U KONUYECTBOM BO3BPATHOrO Mia.
CurHaisl OT aTYUKOB KOHLUEHTPAaLMU OpraHM4YeCcKUX 3arpsisHeHuit 16
M pacxoja CTOYHO#H BOAbI /7 MOCTYNAOT B 610K YMHOXeHUs 15, mocne
KOTOPOro nepeMHOXEHHBIH CUTHAT MOAAETCsl HAa BXOJ PEryasitopa co-

OTHoLIeHUs 14. B Hero Xe mopalorcsi CUrHaJILI OT U3MEPUTENE KOH-
LIeHTpallMM aKTUBHOrO uja /1 u pacxoma BO3BpaTHoro wia 9, nepe-
MHOXeHHBIE B O10Ke YMHOXeHUs1 10.

3anaHHasg BeJWYMHA OPraHUYeCcKO HArpysku U1 obecreyeHus

HOPMAJTBHOTrO peXKMMa paboThl BTOPHYHBIX OTCTOMHUKOB 5 KOPPEKTH-
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Puc. 107. Cxema ACP npouecca 0YHCTKM CTOYHBIX BOA B asporerke no XIIK
MCXO/IHOM CTOYMO# BO/IbI H KOMIICHTPALHWH AKTHBHOTO KA

pyeTcsl MO BeJUYMHE KOHLIEHTpALlMH aKTUBHOTO Wia (PyHKLUMOHAb-
HBIM TNpeoOpa3oBateneM 13. Perynsitop cOOTHOUIeHUSI BO3AEMCTBYET
Ha HacoC & BO3BpaTHOrO WJja.

ACP Bo3Bpara uia feiiCTByeT TaKMM 00pa3oM, YTOOLI 00111ast Macca
uJja B a3pOTEHKAX U OTCTOMHMKAX OCTaBajlaCh MOCTOSTHHON. CHUrHaJBI
OT U3MEpUTEJIeH pacxoma CTOYHOM BOABI /7 U U3OBITOYHOTO Wiaa 7,
KOHLIEHTpAllMU aKTUBHOTO uja 711 u 6;J10k0B yMHOXeHUst 10 v 15 no-
CTyNaloT B BbIYMCIUTEJbHOE YCTPOUCTBO 12, KOTOPOE pacCYMTHIBAET
MacCy aKTUBHOIO Wjla, HaXOASILErocss B CUCTEME OYMCTKY, U BO3AEH-
CTBYeT Ha Hacoc 6 u3bbiTouHOro miaa, IIpenmycMoTpeHa 610KMpoOBKa,
3arnpenjapolias cOpoc U30BITOYHOrO Wia MpU MOCTYIIJIEHUU KOHLEHT-
PUPOBAHHBIX CTOYHBIX BOJI.

9.4. ABTOMaTM3auumsa npouecca
cOpaXxnBaHMs 0CaaKOB CTOYHbIX BOA,
Ha roponckux cTaHuusax aspaumu coOpaxuBaHue OCaiKOB

MIPOM3BOLUTCS B METaHTEHKaX C MTOMOILBIO «OCTpOro» mapa. ddex-
TUBHAsl 3KCIJIyaTallMsl 3TUX COOPYXEHUI TpeOyeT 00s13aTeIbHOTO

TIpMMEHEHUS] aBTOMAaTUYECKUX YCTPONCTB ISt MOAAEepXaHUsl B 3a1aH -
HBIX Mpefgesiax TeMITepaTypbl COpPaXHUBaHMUA OCaKa U €ro rnepeMelIu-
BaHus. Bosblioe 3HaueHue MMeET TakKe aBTOMAaTU3allMsi KOHTPOJs
psiia mapaMeTpoB Ipollecca, K KOTOPLIM OTHOCSITCSA PacXonbi ChIpOro

U COpPOXEHHOro 0CafKOB, YPOBEHb OCafika B METAHTEHKE, JABJIEHUE U
pacxox ra3a, pH u np.
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ITpu aBTOMaTHYECKOM YIIPABIEHWUU TTIOAOTPEBOM OCaIKa U3MEPUTEID
TEMIIEPATYPH (TEPMOMETDP COIIPOTUBJIEHHUS) TTIOMEIIAETCS B LIEHTPE
MeTaHTeHKa. C MOMOILbIO 3TOr0 NaTYMKa CUIHAT O U3MEHEHUU TeM-
repaTyphbl OCajKa fepenaercss Ha BTOpUYHBINA NpubOp, conepxalui
3JIEKTPOKOHTAKTHOE YCcTpOMCTBO. IIpu Temrieparype HUXe 3aaHHOTrO
3HA4YEHUs aBTOMaTUYeCKY BKIIIOYAIOTCS HACOC NEpEMELLIMBAHUS OCaIKa
M 3a]BUXXKAa Ha ero HarnopHo# JMHUU. OQHOBPEMEHHO OTKPBHIBAETCs
3JIEKTPOMArHUTHLI BEHTWIb HAa TTApOITPOBOAE U BO BCACHIBAIOLIUit Ia-
TpyOOK Hacoca rnonaercsl rnap st nmogorpesa ocanka. Ilepemeuinpa-
HUME 0CagKa IMPOU3BONUTCSI ONHOBPEMEHHO C ero nouporpesoM. Ilocie
YBEJIMYEHUSI TEMITEPATYPHI 1O 3aJaHHOTO 3HAYEHUS AJIEKTPOKOHTAKT-
HBIII TEPMOMETp TONAET UMIIYJILC, BBI3BIBAIOIIUNA OTKIIIOYEHUE TTApO-
I1POBOJIa, OCTAHOBKY HAacOCa U 3aKPHITUE HAIIOPHOMW 3a0BUXKH.

C6HpoxeHHbIn ocanok
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Puc. 108. Cxema ACP Temneparypbl B MeTaHTEHKe:

Ila — n3MmepuTens pacxona ocagka; 16, 1¢ — BTOPHYHBIE MPUOOPHI
pacxomoMmepa ocanka; 2a — JaTYMK TeMNepaTypsl; 26 — TEPMOPEIYJISATOP;
26 — UCTIONTHUTENbHBIA MEXaHU3M; 22 — peryJHpyIoliHii KianaH;
3a — mmepmenb pacxona rasa, 36 nmbmaﬂomeTp, 4a — u3mepwrenb

5a — orbop I[aBJTeHPlﬂ napa; 56 — MaHOMeTp




B HexOoTOpBIX cXeMaX aBTOMAaTHKM TIpU aBapUMHOM OTKJIIOYEHUU
Hacoca IpeAyCMaTpUBAETCS aBTOMaTHYECKOE BKIIIOYEHUE Hacoca ApY-
rOro METaHTEHKa C NMEPEKNIOYEHUEM 3aIBUXKEK U 1TOAAYEHA aBapUITHOTO
CUTHaJIa Ha TYJbT YIIPaBJICHUA.

ABTOMAaTHYECKHH MOJOTPEB OCanKa MOXET IIPOUIBOIUTHCS U C I10-
MOIIIBIO NTapOBOro MHXeKkTopa. OmHAKO IIPU 3TOM JOCTUIaETCs JUIIb
YaCTUYHOE TIEPEMEUIMBAHUE OCAJIKA U BBIDABHUBAHUE €TI0 TEMIIEPATYPHI

TIPOMCXOAUT OYEHb MEeIIEHHO. [1oaTOMyY IpH npHMEeHEHUH TIapOBOro
MHXEKTOpa OCYUICCTBASAETCA JOMOMHUTENBHOE TIEPEMEILIMBAHUE C TI0-
MOIIIbIO TUAPO3JIEBATOPOB, BKIIOYEHUE KOTOPHIX IIPOU3BOIUTCS aBTO-
MaTH4YeCKU I10 3aflaHHOM nporpaMme. CxeMa aBTOMAaru4ecKoro KOHT-
poJIS U peryiupoBaHUS TEMIIEpaTypbl B METARHTEHKE TPUBEAECHA Ha
puc. 108.

9.5. ABTOMaTU3auUa npouecca
MeXaHUu4Yeckoro 06e3BoXxuBaHuUa 0CaaKoB

B 11exax MEXaHMUYECKOTO 00E€3BOXMUBAHMS OCaIKOB CTOY-
HBIX BOJ BcE 60JIee LIMPOKO TIPUMEHSIIOT CUCTEMbBl aBTOMAaTH3alIlH,
YKOMILIEKTOBAHHbBIE MUKPOITIPOLIECCOPHBIMM KOHTposiepaMu (MIIK),
06ecneynBAIOIIMMU MAKCUMAJIbHYIO 3¢ PEKTUBHOCTD 3KCIUIyaTallMU
GUIBTPOB U LEHTPUDYT MEPUOTUYECKOTO M HETIPEPHIBHOIO NEHCTBHUS.
PaccMOTpuM BHayaje CUCTEMY YNPaBACHUSA (PUILTPOM NEPHOAM-
yeckoro aeiicteus Tuiia @ITAKM-25 (puc. 109). [ponecc 06e3BOXHU-
BaHUS B TAKOM (PWILTPE BKIIOYAET IBE OCHOBHBIE CTANUM: COOCTBEHHO

DUIAETDOBAHUE U BCIIOMOTrarTenbHE alafla AV TNOMBIBKA TNO -

CylllKa, pa3rpy3ka ouabTpa ¥ pereHepauus uibTpy
HUs). Bce onepanuy BTOpOi CTagMM OCYUIECTBISTIOTCS BO BPEMEHH C
06paTHOM CBS3bIO 00 UCTIONB30BAHMM KOMaHJ M0 KOHEUHBIM TTOJI0XE -
HUSIM paboyunx opraHoB. B cucTteme ynpaBieHUsT YCTAHOBJIEH Pacxono-

1 4
Cycnenauns dunbTpaTt
——
L T,
——

Puc. 109. Cxema ACP ¢puabTpa neproandecKoro aeicraus
PITAKM-25:

1 — n3MepuTens pacxoda cycneH3uu (ocanka); 2 — MUKPOKOHTPOJUIED
«PeMUKOHT»; 3 — 610K yripaBiieHus; 4 — GUnsTp
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Mep Tofaum ocajaka, ero curHan nocrynaetr B MIIK «PemMukoHT», KO-
TOPBIA BHIYUCIISET CPEAHIO NPOU3BOAUTENBHOCTD (PUIBTPA, ONIpENE-
JIIET MaAKCUMYM CPEHEM TIPOU3BOAUTENBHOCTH I10 TIPOAOJKUTENBHOCTH
ornepalyy ¥ BBIAAET KOMaHIbI Ha 60K yrpaBiaecHUS, IEPEKIIOYAIOLINIT
pexuM bunbTpa ¢ onepaun GUILTPOBAHUS Ha BHIIOAHEHHUE BCIIOMO-
raTejabHHX ONeparuit.

ITpy MOBBHILIEHUY KOHLIEHTpALMKU PUABTP OBICTpPEE 3aNONHSECTCS
0CanmKOM, OBICTpEE NOCTUIracTCs MAKCUMYM CPENHEH IIPOU3BOAUTENb-
HOCTH U, COOTBETCTBEHHO, MUKPOIIPOLIECCOP PAHBILIE IAa€T KOMaHIy Ha
NIEPEKAIOYEHUE ¢ onepauni GUIBTPOBAHUS HA BHITIONHEHHE BCIIOMO-
rareabHbIX onepauuii. IIpyMeHeHHEe pacCMOTPEHHOM CUCTEMBI 00ecC-
TIEYHBAET MOBHILICHUE TIPOU3BOAUTEABHOCTH 3a uKa Ha 20—25%.

Ilpy aBTOMaTHU3aLMM ypaBacHUS UIBTPAMH HeNmpepbIBHOTO Heii-
CTBUS, HanpuMep GapaGaHHBIMM BaKyym-duiabTpamMu, HEOOXOAUMO
06ecneunTh USMEHEHHE YaCTOTH BpallieHUS paboyero opraHa oopaTHoO
TIPONOPLHOHANIBHO TIOJTHOMY THAPaBINYECKOMY CONpOTUBACHUIO. U3-
MEHEHME TIEpeNnana naBjaecHHUs HA pabodyeM opraHe PUABTPa B 30HE
GubTPOBaHMA NIPAMO NPOTIOPLIMOHANIBHO TIONIHOMY TMAPABANYECKOMY
conpoTuBacHuo. Y 1o u xpyroe LeaecoobpazHo npu ctabuabHOM
YpOBHE B BaHHE MunbTpa, MakcUuManbHOM 3(PdekTUBHOCTH paboThI
30H MPOCYUIKU M NIPOMBIBKM ocanka. [103ToMy TUIIOBasi MUKPOTIPO-
1IECCOpHAs CUCTEMA aBTOMaTHYECKOTO yripasieHus (puc. 110) conep-
XUT CJCAYIOWUE YETBIPE KOHTYpPA PEryaupOBaHHS.

1. Kontyp cTabum3saumu ypoBHsI OCafika B BaHHE (IIbTpa BKIIO-
YaeT AaTYMK YPOBHA 4, curHan ero noxpaercsa Ha Bxox MIIK 11, koro-
pHIiA YIIpaBJSEeT NOJayeii CYCNEH3MH B KOPHTO (huibkTpa, BO3AEIHCTBYS

Ha MOJOXEHHME PETYAUPYIOlIEiH 3acN0HKU 3 Yepe3 npeobpasoBares 6.
TTIpu noBuiieHUH ypoBHS MIIK npukpbBaeT 3aciOHKY, IIpU TIOHU-
XEHUM — OTKpBIBAET. Ecny npy 1OAHOCTHIO OTKPHITOM 32CAOHKE YpO-
BEHb B BaHHE IpoaosxaeT yBeanunBarbess, MIIK ocTaBasieT 3acoHKyY
TIOJIHOCTBHIO OTKPHITOM M BO3ACUCTBYET Ha IPUBOJ padbodero opraHa,
YMEHBbIIAsA YaCTOTy €ro BpaleHusa. Takoe BO3AciiCTBHE, NTOAaBaEMOE
yepe3 npeobpasoBarens 10 Ha 3AEKTPOABUTATENb 9, CHUXAET NIPOU3-

BOIMTEABHOCTh (DUIILTPa, HO B IIPOTUBHOM CJiyda¢ YPOBEHb B BaHHE
OyneT mamarh, IPOU3OUAYT CPHIB BaKyyMa M IIpeKpaieHue paboThl
dunsrpa. I1py nepeBone ynpasieHus 0 ypOBHIO Ha IIpUBOJ paboyero
opraHa Apyrue yrpaBasiole BO3IECMCTBUS Ha 3TOT IIPUBOJ OTKJII0Ya-
IOTCSI.

2. KoHTYp ynpaBjieHusl 4acCTOTO# BpailleHusi pabouyero oprasHa no
MOJIHOMY THAPABJAHYECKOMY CONMPOTHBJIEHMIO. B 5TOM KOHTYpe Haubo-

DA/ sP>INY »

.............

TUBJICHUSA, KOTOPOC OCYIICCTBAACTCA MHAYKIIMOHHBIM pacxonoMEpoM
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Prc. 110. Cxema ACP BaKyyM-(pIIbTpa HENPEPLIBHOTO ACHCTBHA:

I-1IV — 30HBI COOTBETCTBEHHO (PUIBTPOBAHHS, NTPOMBIBKM, NMPOCYIUKH
U OTAYBKH; V — pecuBep 30HbI ¢punbrpoBanns; VI — pecunep 304
NPOMBIBKH M NPOCYIUKH OCaNKa;

1 — n3MepuTenb pacxona NPOMBIBHOM XUIKOCTH; 2 — pacXogoMep
ocanka; 3, 5 — peryimpyioume 3aclOHKH; 4 — U3MEPHUTESb YPOBHS;
6, 7, 10 — npeobpazoparenu; & — BaKyymMMeTp; 9 — npuBoa paboyero
opraHa punvsrpa; 1/ — mukponpoueccopHblit Koutposuiep (MIIK);
12 — perynupylomuidi KnanaH

2 Ha NMHUU TIOJIaYM OcafKa B BaHHY pMJIbTpa ¥ BAKyyMMeTPOM & Ha
JIMHUM OTBoJa MUibTpaTa U3 30HH GMIbTpoBaHUs. CUTHANBl OT 3THX
usMepureneit (Q — pacxon cycrneH3uu, AP — BakyyMm B 30He WIbT-
poBaHus) 1ocrymnaiwT Ha Bxox MIIK 77, rae nytem neneHUs 3TUX
CUTHAJIOB OIIpeliesieTcsl IT0JJHOe TMAPAaBINYeCKOe CONPOTUBIEHHE
R=AP/ Q.

Yacrora BpameHusi paboyero opraHa u3MeHsleTcsl 1o dbopmyne
® = 0y — kR. IIpn yBenAn4eHUU TUAPABAUYECKOTO CONPOTUBIIEHUS
MIIK ymeHbllIaeT 4yacTOTy BpallleHUs npuBoja 9 pabouero opraHa
$unbTpa, a NpU YMEHbUIEHUH COIIPOTHURIIEHHUSI — yBeAUYMBaeT ee. Ta-

KO€ YIIpaBJIeHUE CYIIECTBEHHO CHUXAET KONeOaHUs BN1aXHOCTH U CTe-
IeHb 00e3BOXMBAHUS OcalKa.
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3. Koutyp ynpanjiieHHsa BaKyyMoM B 30He ¢wibTpoBaHus. [To paccuu-
TaHHOMY MIIK 3HayeHUI0 MOJHOro rUAPABIMYECKOTO CONPOTHUBIIE-
HUS R OCYILECTBASIETCS BO3NCHCTBHE Ha PEryJIUMPYIOILYIO 3aCNIOHKY J
Ha JIJMHHUM BaKyyMa 4epe3 npeobpasoBarteib 7. [Ipu yBeanyeHun R 3a-
CJIOHKa oTKpbiBaeTcsl. [Ipy usMeHeHMH BaKyyMa B 30HE QUIBTPOBaHUS
HeobOxonMMo IojaepXaHUE ero MaKCUMaJbHOro 3Hau€HUS B 30HaX
TIPOCYLIKHU U TIPOMBIBKH OCajiKa.

4, KoHTYp cTabWIM3aiMyu pacxoa HPOMbIBHONH XHAKOCTH BKJTIOYAET
U3MepuTeNb pacxofa I (Yalue Bcero poOTaMETpP) M PErYIUPYIOIIUIL op-
raH /2 (xnamaH ¢ UCTIOAHUTENbHBIM MexaHU3MoM). CHrHan ot pacxo-
noMepa I nocrynaeT Ha Bxox MITK 71, xoTopslil Bbilae€T CUTHAN Ha
peryaupyrommit KianaH /2. B 3aBUCMMOCTH OT KOHKPETHbIX YCAOBUIA
paboThl LieXa UM y4acTKa 06€3BOXMBaHUS KOHTYpP CTaOUIU3aLIUU
pacxofia IPOMbIBHOM XMUJIKOCTH MOXET ObITh CBSI3aH C IPYTUMHU Napa-
METpaMHM TIpolecca o KackaaHoi cxeme. Tak, MHoOrJa pacxon Ipo-
MbIBHOM XUJIKOCTH U3MEHSIOT IIPONIOPLIMOHAILHO YaCTOTe BpalleHUs
paboyero opraHa Wi IIOJHOMY THAPABINYECKOMY COIIPOTHUBJICHUIO.
HeobxoamMocTb TaKoil CBSI3U OIIPENeNSOT UHAMBUAYAILHO, B 3aBU-
CUMOCTH OT TpeOGOBaHU KOHKPETHOM TEXHOJOTUYECKOM CXEMBIL.

YnpaBieHue neHTpUPYraMu HenpepbiBHOrO JefCTBUA 3HAYUTEIbHO
npome OIIHaKO IIpU 3TOM HCOGXOIIPIMO BBCIICH]/IC IIpPIO[)PITCTOB Ha

HanpuMep, IIpM aBTOMaTH3allMH IHEKOBOM LIEHTPHDYTU K BleOI[HbIM
IlapaMeTpaM OTHOCSITCS KOHLIEHTpauusa ¢yrata ¥ KpyTSLIHiA MOMEHT
Ha BaJly peAyKTopa, a YNpaBagiou it apaMeTp JHIUbL OOMH — ITofava

MCXOMHOI CyCTIeH3uH (O0CalKa). KpyTAlLinii MOMEHT HMEET boJiee BEI-
COKMIT IPHOPUTET, TaK KaK IIpeBblilIEeHHE €ro NONYyCTUMOrO 3HaYeHUS
MOXET BbI3BaTh aBapuio LeHTpUdyru. Ilostomy B ACP Takoro npo-
Lecca 06e3BoxuBaHMs (puc. 111) npenycMoTpeHo NepekIoueHUE Ka-
HaJIOB yIipaBjieHUS B 3aBUCHUMOCTH OT CUTyallM4, B KOTOpOit paboTaer
ueHTprdyra. CucTeMa COAEPXUT UIMEPUTENL 3 U PETYISTOp 6 KpyTH-
1ero MoMeHTa Myp, U3MEPUTEND 4 U PEryJarop 5 KOHLUEHTpauuu dy-
rata Cg, YIIpaBJIsSIOLLIEE YCTPOIUCTBO 7 M1 KOMMYTAaTOP KaHAJOB Peryiu-
poBaHMA §.

IIpyr HU3KKMX KOHLEHTPaLMSAX UCXOMHOM CYCTIeH3MH 3aBUCUMOCTH
Co ¥ Myp OT pacxonia ocanka Q uMeroT BUA KpUBbIX [ 1 2 (puc. 112). U3
pHCYHKa BUAHO, YTO NPOU3BOAMTEIBLHOCTh ueHTpmbym Q,, cooTBeT-
CTBYIOILIAsl OTPAHUYEHHIO Ha KOHLIEHTpaL1I0 dyrara Cq) , MEHbILIE TIPO-
M3BOJHMTENLHOCTH 0,, COOTBETCTBYIOLIEI OTPAHUYEHUIO HA KPYTSIIUMA
MOMEHT MKP ITosToMy ynpaBnsiolLee YCTPOICTBO 7 yepe3 KOMMYTaTop
8 NoAKIOYaeT KianaH I K BHIXOMY peryisitopa 5 U cMcTeMa HaYMHaeT
paboTaTh B pexXuMe cTabunu3apuu KoHUeHTpauuu ¢yrara: Cq = Cq,
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Puc. 111. Cxema ACP miHeKoBo# neHTpudyrs:
] — perynupylomuu KJIanaH; 2 — uempmbyra, — uwepmenb prmmero

Puc. 112. XapakTepuCTHKH OIHEKO-
BO# neHTpUdYTH No KaHaNaMm
«pacxoq Q — KpyTSuMi MOMEHT
Myp» (kpuBbie 2 u 3) u «pacxon Q —
KoHuenTpauua ¢yrata Cq»
(kpuBble 1 1 4)

—— - - — A —

i
1
Qs Q, Q

9
3

ITpH BHICOKMX KOHLIEHTPALIMAX 3aBUCMMOCTH CMENIAIOTCS U NPHOD-
peTaloT BUA KpUBHIX 3 U 4. [Ipy 3TOM NMpOU3BOAUTENBHOCTD LeHTPH -
d)ym Q;, COOTBETCTBYIOlAs OTPAaHUYEHUIO Ha KPYTSILUIL MOMeHT
MKP, MEHbllI¢ TIPOU3BOMTENBHOCTH 94, COOTBETCTBYIOLLEH OrpaHHUYE-
HUI0O Ha KOHIeHTpauuio ¢yrata Cg. B 3TOM ciyyae ynpasasioliiee
YCTPOMCTBO 7 MORKJIIOYAeT KJianaH I K BLIXORY peryasropa 6, obecre-
yuBas pa60Ty ACP B pexumMme cTabunnzanuy KpyTSIIero MOMEHTa:
Myp = M.

MOMEHTBI NEPEKIIOUEHUST ONPEACTSIOTCS y(iTpOﬁCTBOM 7B 3aBH-
—CHMOCTH-OT - COOTHOMEHISA BeAHHH Mpp - Mpp,aTaioke Cp - Cp—
TakuM o6pa3zoM, B paccMoTpeHHOM ACP ynpaBieHHe ocCyleCTBiS-
€TCS NMOCPENCTBOM U3MEHEHHUS €€ CTPYKTYPHI.




Mnasa 10. ABTOMATU3UPOBAHHbIE CUCTEMbI
YMPABJSIEHUSI TEXHOSIOTMMECKUMM
NPOLLECCAMM (ACY TN)

10.1. HasHauyeHue u oOwaa xapakrepucTmka
ACY TN

Pa3BuTHE CTPOUTENBCTBA HOBBIX U MOACPHU3ALIUS NEH-
CTBYIOIIMX ccTeM BuB notpeboBanu co3maHus ropa3no 60see coBep-
LIEHHBIX CUCTEM YITPABJICHHS, YEM PACCMOTPEHHEIE BbILIE JIOKATbHBIE
ACP, ¢dbyHKUMHM KOTOPBIX OrpaHMYMBAIOTCS aBTOMATHU3MPOBaHHbBIM
KOHTpOJIEM, TIPOTMBOABAPHITHOM 3a1IUTOI U peryaupoBaHueEM (cTabu-
JU3auMeit Wi UBMCHEHHUEM IO 3aJJaHHOM MPOrpaMme) OCHOBHBIX TEX-
HOJIOTUYECKMX TTaPaMETPOB. OTH HOBbIE CUCTEMBI, KaK YK€ OTMEYAIOCh
B MIEPBOIf IJ1aBe, MOJYYWJIM Ha3BaHME aBTOMATH3UPOBAHHBIX CUCTEM
ynpasneHust (ACY TII). Ux cozganue crtano BO3MOXHBIM Oyaromaps
BHeApeHMIO B 1IpakTUKy BuB coBpeMeHHbIXx DBM, 06manatommx 60J1b-
LIMMH BBIYMCIUTEbHBIMUA PECYPCAMU, BBICOKON HAIEXHOCTBIO M I10-
3BOJISIIOLIMX MCIIONB30BaTh UX IS YIIPABJICHUSA TEXHOJOTHUYECKUMU
TIPOLIECCAMM B «peaIbHOM» BPEMEHH, T.€. B EAMHOM TEMIIE C Pa3BU-
THEM YNIPaBIsIEMOro Nporeccea.
COBOKYITHOCTb TEXHOJIOTHYECKOTIO 000pYIOBAHUS U PEATTU3YEMOTO
Ha HEM TEXHOJIOTMYECKOTO IIpoLEcca SBISETCSA TeXHOJOrHYeCKHM 00b-

extTom ynpasienus (TOY).

YemoBeKOMaLIMHHYIO CHCTEMY, 00€CTIEYMBAIOLILYI0 aBTOMaTH3H-
POBaHHBIIT cOOp 1 06paboTKy MHPOPMaUK, HECOOXOMUMOI /1S YIIpaB-
JICHHUSI, Ha3bIBAIOT ABTOMATH3HPOBAHHOII cucTemoii ynpaienus (ACY).

Taxum o6pazom, ACY TI1 — 310 ACY mng BeipabOoTKH U peanu3anmnu
ynpasasonnx BozacitctBuit Ha TOY B cOOTBETCTBUM ¢ IIPUHSTHIM
KPUTEPHUEM YIIPABJIICHUST — ITOKA3aTEJIEM, xapaKTepusylomuM Kaue-

BHCHUMOCTH OT YIIPABISIOIIMX BO3ICIUCTBHIA. COBOKyn HOCTb COBMECTHO
dyHkumnoHupyoiux TOY u ACY TII o6pasyer aBToMaTH3MPOBAHHBIIi
TexHonormdeckuii kommekc (ATK).

— ACY T1T ommuaercs ot ACP 6osiee cOBEpIIEHHOI OpraHn3anucii
IIOTOKOB MHGMOPMALMM; TIPAKTUYECKH TIOJTHOM aBTOMAaTHU3aLIUEM TIPO-
LIECCOB TIONIY4EHUS U 06paboTKM MHDOpMaLMH;, BOZMOXHOCTBIO aK-
TUBHOIO AMANOra OrepaTUBHOrO IepcoHana ¢ ynpaBisOMMH Bbl-

yucauTeNbHBIMU MalinHaMK (YBM) B niporiecce yrpaBieHHUS IS Bbi-
paboTku Hanbosee 3PHEKTUBHBIX pELICHH I, 601€€ BBICOKOI CTETIEHBIO
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aBTOMaTU3aUuuM GYyHKUUI yripaBiIeHUsl, BKIOYas IYyCK U OCTAHOB
000pYyHOBaHMSL.

OT cUcTEM aBTOMATH3UPOBAHHOIO YITPABICHMS LIEXaMU U BOJL000-
pabaThIBAIOIIUMU CTAHLIMSIMHU, SABJISIOLMMMCS BBICUICH CTYIIEHbIO aB-
tomatusaunu, ACY TII otmnyaercst 3HaYUTEIbHOM CTETIEHBIO YYaCTHS
yesoBeka B Ipouecce yrnpasiaeHusa. 1o Mepe TEXHUUECKOTO COBEP-
nmeHcTBoBaHua cucreM BuB u paszutus ACY TII i pasnuuus
yMeHbIIRI0TCA. B HacTosiiee BpeMst B cucteMax BuB niepexon k 6osee
IIOJJHOM aBTOMATH3aUMH TOPMO3UTCS HECOBEPLICHCTBOM TEXHOJIOTH-
YECKHUX MPOUECCOB (HATMYMEM HEMEXAHMU3UPOBAHHBIX TEXHOJOTHYE-
CKHX Orepaluil, HU3KOI HaNEXHOCTbIO 000PYIOBaHMS U T.1I.), HENNO-
CTaTOYHOM HANEXHOCTbIO CPENICTB aBTOMATU3a1MH U BbIY UCIUTEIbHOM
TEXHUKU, TPYEHOCTAMH MaTEMaTHYECCKOTO ONMCAHUs 3amay, pellae-
MbIX yesoBekOM B ACY TII, u npyrumu npuunHamu. s cucrem BuB
K HacTosiieMy BpeMeHH cHOPMHPOBAHK OCHOBHbBIE IPEACTABICHMS
06 ACY TII, ux dpyHKUHMAX ¥ NPUHUMIIAX TTOCTPOCHUS; CO3IaHbI 10-
KYMEHTBI, PETJTAMEHTUDPYIONHE MTOPSAOK WX pa3paboTKy, BHEAPEHUS U
skcrryatauuu. Kaxnaas ACY TII Bogoo6paboTKH XapakTepHU3yeTcst
LEJbIO YIIPaBIEHUA, PYHKIIMOHAIBHOMN, TEXHUUECKOK U OpraHU3alum-
OHHOI CTpyKTypaMu. [Ipy MOCTpOEHUU STUX CUCTEM HEOOXOIUMO CO-
yeTaHUE UEJIU UX QYHKIMOHMPOBAHHUS (3afaBacMON KPHUTEPUEM
YIIPaBJI€HUS) U MHOXECTBA B3aUMOCBSI3aHHBIX QYHKUMMA, TOCTATOY-
HOIrO ISt ROCTHKEHUS IJIaBHOM LIEJIH.

l‘noﬁa.m,nau eJb ynpan.nelma TOY ¢ nomouisio ACY TII cocrour

Horo) 3HaYEHUS1 KDUTEPHIS ynpaBneHnﬂ TIpH BBITTOJTHEHWUH BCEX ycnoapm
ONPEAEISIONIUX MHOXECTBO JOIYCTUMBIX 3HAYEHHIT YIIPABISIIONIETO
BO3aciicTBUA. [IpsaMoe pelieHUe Takoii 3a1a4H YIIpaBiaCHYSI BO3MOXHO
JULLL 111 OTHOCUTEJIBHO TIPOCThIX CHCTEM BuB. B GonblIMHCTBE Xe
CJly4aeB HEOOXOAUMO IIPOBOAUTH ACKOMITIO3ULMIO (Pa3OMEHHE) TJI0-
6aNbHOM LIEU YIIPABJIEHUS1 HA PSAI YaCTHBIX UEJEH, I JOCTHXEHUS
KOTOPBIX OTPAaHUYMUBAIOTCS PELUIEHUEM GOJIEE MIPOCTHIX 3a1a4 MEHbLIECH
pPasMEPHOCTH.

Oynkumeit ACY TII Ha3bIBalOT ACMCTBMS CUCTEMBI, HallpaBjieHHbIE
Ha JOCTUMXEHUE OHOM U3 YaCTHBIX LEJICH YIIPAaBICHUS, KOTOPBIEC, KaK
Y peanusyonme ux GyHKIUU, HAXOAATCS B ONPERCICHHOM COIIONYH-

HEHUM, 06pa3ys GyHKUMOHANbLHYIO cTpykTypy ACY TII. DnemeHTamu
3TOI CTPYKTYDbI SABJIAIOTCH OTACAbHBIE QYHKIIMU, CBA3U MEXIY KOTO-
pPbIMHU YKa3bIBAIOT IMOPSIAOK MX BhIMOJIHEHHUS. (DYHKIIUK ACY TH ne-

I/Imbopmalmomme cbymaum 310 d)ymcuun LEb KOTOprX COCTOUT
B c60pe, Ipeobpa3oBaHH ¥ XpaHeHUH MHPopMalu o cocroaHuu TOY,
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NIPEACTABICHUH 3TOi1 MHPOPMALMU OIIEpPaTUBHOMY IIEPCOHANY WU
nepefayy ee s rnocyaeaywueit 06padorku. OcHOBHBIMM MHPOPMALH-
OHHBIMM (DYHKLIMSIMU SBISIOTCS: IEpBUYHAsI 00paboTKka UHGOpMALUU
0 TexyweM cocTossHuM TOY; o6HapyxXeHHEe OTKIOHEHUI TEXHOJIOTH-
YECKHUX I1apaMETPOB M 110Ka3aTeNIEid COCTOAHUA 000pYIOBaHUA OT YyC-
TaHOBJEHHBIX 3HAYCHUI; paCUYET 3HAYEHUII HEUIMEPSAEMBIX BEIUYUH
(xocBeHHBIE M3MepeHUs, pacuer TOII, nporHo3upoBaHuE U T.H.);
OIIEPATHUBHOEC OTOOPAXEHME M PETUCTpaUUs UHOPMALIUU, OOMEH UH-

OnepaTtuBHbIiA
nepcoHan

-
|_
>
O
<
&
3 |
£ |7 6 2
>
® ! ! T !
1
L TOY T
Ynpasnsawouwee NcxonHnas
BO3AeiCTBME uHpopmaumsa

Puc. 113. Tunosas ¢pynkumonansnas crpykrypa ACY TII:

1 — nepBryHasg o6paboTka iHpopMauwu (H); 2 — o6HapyXeH¥e OTK/IOHe-
HHW#M TEXHOJIOTHYECKUX NMApaMETPOB ¥ MOKa3aTeyiei COCTossHYsS o6opyno-
BaHYs OT YCTAHOBJIEHHBIX 3HadeHUil (H); 3 — pacyeT HeM3MepsEeMBIX BETHYHH
Y NnokKazsareJyieil (KOCBEHHbIE H3MepeH s, pacyer TOII, nporHo3upoBaHue
v 1.n.) (A); 4 — noarotoBKa ¥HGOpPMaLHK Y BRIMOJIHEHWE MpoLieayp oOMeHa
CO CMEXHBIMM U BhiliecrosiyiMu ACY (H); 5 — onepaTuBHOE
¥ (MNIK) MO BHI30BY OTOOpaXeHHe ¥ perucTpauus vHpopMauu, ooMeH
uHdopMaumeit ¢ OnepaTHBHBIM nepcoHanoM (H); 6 — onpeaencHue
pPALIMOHANILHOIO peXuMa BeeH s TeXHoslorndyeckoro npouecca (Y);

7 — dopMupoBaHKe YIIPaBASIOLKX BO3ACUCTBHIA, pCamu3yIoL X

BRIOpaHHBI pexumM (YY),
H — vHdopMauroHHBIE GyHKUWY; V — ynpaBnsollie GyHKUHHA
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dopManMel ¢ onepaTUBHLIM NEPCOHATIOM; 0OMEH MHPOpPMAaIUEiR CO
CMEXHBIMHU U BoiLIecTOsIIIMMU ACY.

Ynpasaswine GyHKuuu — 370 PyHKIIMH, 3aa4Ueil KOTOPHIX SBJSI-
€TCA NOJNEPXKAHHUE IKCTPEMANBHOIO 3HaUEHUS KPUTEPUS YIIpaBICHUS
B YCJIOBHUSIX U3MEHSIONIEHCS TIpOU3BOACTBEHHON cutyauuu. OHM ne-
JIATCSA HA NIBE T'PYMNITHI: nepabre CITyXar JUISl OTIPEAENEHHS ONTHUMAIb-

TUMAaJIbHbI (MU 6.11]/[31(]/!]/[ K HeMmy, T.€. pauuorianbﬂuu) PEXUM pa-
60tbl TOY; K0 BTOpOIi rpyme oTHOCATCSA QYHKIUU, 0OECICUMBAIOIIUE
peATM3aMI0 3TOrO pexXumMa IyTeM GopMHUpOBaHHS YIIPABISIOIIMX BO3-
neiicteuit Ha TOY. Ynpasasiiowye PyHKMK BTOPO# I'PyINIIbl COOT-
BETCTBYIOT TPAAMLIMOHHBIM PYHKLIMAM, PAaCCMOTPEHHBIM B NTPEABLLAYIITAX
rnaBax, ACP-crabunn3sanuu, IporpaMMHOMY pETYJIMPOBaHUIO U TIPO-
rPaMMHO-JIOTHYECKOMY YIIPaBJICHHUIO TEXHOJOMMYECKUMH TIPOLIECCAMH.

BcnomoraresibHble QYHKUMM — 3TO QYHKIIMU, 00€CIIEUMBAIOLIHE
pELICHHUE BHYTPUCUCTEMHBIX 3a1a4.

Tunosas dyHkuroHanbHas ctpykrypa ACY TII ana cucrem BuB
C HETNPEPLIBHBIMHA TEXHOJOTMYECKUMM TIPOLIECCAMM TIPEACTaBIeHA Ha
puc. 113. CucreMy ynpaBjeHHs CUYMTAIOT NPUHAMLIEXALUECH K Kiaccy
ACY TII, ecnu ¢ ee IOMOIIBIO PEAIU3YIOTCS KAK MUHUMYM (DyHKIIMH
] 2, 4— 7 )IJU{ peanusauuu 3THX Q)yHKuvm ACY Tl'[ HCO6XOI[HMBI ce

o6ecneqe}me, a TAKKe 0OCITYXHMBAIOIHIL TIEpCOHAIL.

10.2. TexHudeckoe obecneuerHue ACY T

Texnnyeckoe obecneueHre ACY TII cocTaBisieT KoMILIeKC
Texuuyeckux cpeacts (KTC), conepxammii cnenyomme OCHOBHbIC
3JIEMEHTBI: CPEACTBA NOJYy4eHUS HHGPOPMAIUK O TEKYLIEM COCTOSTHUH
TOY (mcrouHuku MHOOpMaHK); YIIPaBASIOWMHA BBIYUCIUTEIbHBI i
xomruieke (YBK), ocHOBY KOTOpOro COCTABJISIIOT CPEACTBA BHIYMCIIH-
TEJIbBHOM TEXHUKM; TEXHUUECKHE CPENCTBA IS peaM3alni PyHKmii
JToKalbHbBIX ACP; MCNIOTHUTENbHBIE YCTPOMCTBA, HENMOCPEACTBEHHO
peanuaylouye ynpapnswowme so3neitcreusa Ha TOY.

Brioop KTC onpenensiercsa crieunduiyeckuMm Tpe6OBaHUSAMH,
npenbsaBiasgseMbiMu K cucteMa BuB 1 ACY TI1. OCHOBHBIM M3 HUX SIB-
ngeTcs 06€ecrieueHHe Majloro BpEMEHM peakLMi CUCTEMB Ha U3MEHE-
Hue cocrossHus TOY. 3ro ommuyaetr ACY TII ot opraHH3ariMOHHO-
skoHoMuueckux ACY, B yactHocti ot ACY nipennpusTusiMM BoIoo0-
pabotku (ACY IIB). Ina obecrneyeHUsA BLICOKOrO OBICTPOACHCTBUS

ACY TIl ocHOBHOI 00BEM MH(POPMALIUU O TEKYLLEM COCTOSHUM TOY
TIEPENACTCS BJIEKTPUUCCKUMMH CUTHAJIaMH, KOTOopbie nocTynaioT B Y BK
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OT UCTOYHHKA HHOpMAMH — MEPBUYHBIX U3MEPUTENbHBIX TIPEOOpa-
30Barteseit ¥ MMO3UIIMOHHBIX CUTHAIU3ATOPOB 110 KaOGEIbHBIM JIMHUSIM
cBsa3u. B ACY TII npuMeHS10T B OCHOBHOM TIEPBHYHBIE U3MEPUTEIIbHBIE
npeobpa3oBatesv U3 I'ocyrapcTBEHHOH CUCTEMbI TIPUOOPOB U CPENICTB
aproMarusanuu (I'CII).

B xoMmrutekc Texuunueckux cpeacts MHoOruX ACY TII Bxonst tex-
HMUYECKHE CPECTBA aBTOMATH3allM¥ NMPEeUMYIIECTBEHHO M3 COCTaBa
anektpuueckoit Beteu I'CIl, ciyxamue s peanuzanm GYHKUMUM
JJOKAJIbHBIX CUCTEM aBTOMAaTH3anMu (PeryJupoBaHus, IPOrpaMMHO-
JIOTHYECKOr0 ¥ TUCTAHIIMOHHOTO YIIPaBJIeHUA).

Cnenudnueckum komnoHeHToM KTC gsngerca YBK, B cocran
KOTOPOTO BXOAAT COOCTBEHHO BBIYMCIUTENbHbINK KOMILIEKC (BK),
yctpoiicTBo cBsizd BK ¢ 06bekToM (YCO) 1 ¢ onepaTUBHBIM IEpPCOHA-
JoM. B niepBbrix ACY TII Bogoo6paboTKu UCIIOIb30BAJIMCh CIICI{HATH-
3upoBaHHble YBM, B nanbHeiinieM ObUIM CO3aHbl arperaTHbie KOMII-
JIEKCHI YIIPABIAIOLIEH BbIYUCIUTEIbHON TEXHUKH, U3 KOTOPBIX MOXHO
komnoHoBatb YBK paznuyHoro cocrasa ¥ BBIYMCIMUTEIbHOU MOIII-
HOCTH B COOTBETCTBMHU ¢ 0cobeHHOCTAIMU KOHKpeTHOI ACY TII.

[lepBbIM M 10 cUX TIOp Haubosee pacrIpoOCTpaHEHHBIM TUIIOM TEX-
Huuyeckux ctpyktyp ACY TII gsnseTcs uenTtpamsosannas. B cucremax
C TaKOM CTPYKTYpOit BcsT MHpopMarmsi, HEOOxoauMast ISl ynpaBJieHUS
ATK, noctymnaeT B €AMHBII IEHTP — ONEPaTOPCKUI IYHKT, TIE yCTa-
HoBJyIeHBI TIpakTHYeCKH Bee cpenctBa ACY TII, 3a uckioueHrueM Hc-
TOYHMUKOB MHPOPMAIMK M UCTIOJTHUTEJIbHBIX YCTPOMCTB, U TAE HAXO-
IUTCA OTlepaTUBHBIN nepcoHall. Takas TexHuuyeckas CTpykrypa Hambo-
Jiee IPOCTa U UMEET PSII OYEBUAHBIX SKCIUTYaTALIMOHHBIX IIPEUMYILICCTB.
Henocratkamu xe ee aBIg0TCA HEOOXOQUMOCTh U30BITOYHOTO YKCIa
3JIEMEHTOB A1 00ecTieue HUS BRICOKOM HamexXHOCTH pabotel ACY TI1 u
OosbILIME 3aTPaThl Ha Joporocrosiumii kabenb. IToaToMy OHa 11€51€C000-
pa3Ha Ui CPaBHUTEJIbHO HEOONBLIMX IO MOLHOCTH ¥ KOMIIAKTHbIX
cucteM BuB ¢ ymepeHHBIMU TpeOOBaHUSIMM K HAEXHOCTH.

B cBs13M ¢ BHEApPEHUEM MHUKPOIPOLIECCOPHOI TEXHUKH BCE 00JIb-
1e€ pacrnpocTpaHEHHE MOJIyYacT pacnpeneieHHas TEXHHYECKasaA CTPYK-
Typa ACY TII, T. €. pacwieHeHHas Ha psii aBBTOHOMHBIX TTOACUCTEM —
JIOKAJIbHBIX TEXHOJOTUYECKHUX CTaHLUiM, TEPPUTOPHAIIBHO pacrpene-
JICHHBIX 10 TEXHOJIOTUYECKUM ydacTKaM 00beKTa yripaBiaeHUS. Kaxnas
JJOKaJIbHas TIOACUCTEMA TIPEACTaBNsSEeT COO0M OMHOTUITHO BBITIOJTHEH-
HY10 LIEHTPAJIM30BAHHYIO CTPYKTYDY, SIAPOM KOTOPOIA SIBISIETCS YIIpaB-
Jstomas MUKpoOBM. JlokanbHble TIOACUCTEMBI Yepe3 CBOM MHKPO-
O9BM 06Bbe1MHEHBI B €AMHYIO CUCTEMY CEThIO NEpeiayl JAHHBIX C Bbl-

COKOI TIpOnyckKHOi crnocobHocThlio. K ceTu moakjawuaeTcs
HeobxonumMoe ang ynpapineHust ATK uucio TepMuHanoB s onepa-
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THUBHOro nepcoHana. Iporpammuoe odecneuenne ACY TII cBsisbiBaeT
BCE DJIEMEHTHI pacnpencjieHHON CTPYKTYphl B eqUHOE Lieoe, obJana-
I011€€ PSAOM JOCTOUHCTB:

*  BO3MOXHOCTBIO OJYYEHUS BBICOKMX MMOKa3aTeaei HaneXHOCTH 3a
cyeT pacwierieHus ACY TII Ha ceMeiiCTBO HEOONBLIMX Y MEHEE
CJIOXHBIX MOJACUCTEM U KOJIJIEKTUBHOTO PEe3¢pBUPOBAHUS KaXIOM
VI3 HUX YE€pe3 CETh;

® [pUMEHEHMEM 00J€e HANEXHBIX CPEACTB MUKPOIJIEKTPOHHOMN Bbl-
YUCJIHUTENBHON TEXHUKU U O0JBIIOH TMOKOCTHIO NMPHU KOMITO3ULIMH
U MOJEPHU3ALMH TEXHUYECKOTO U MTPOTPAMMHOrO 00ECTIeUeHUS,

®  BO3MOXHOCTBIO JIETKOTO HapalliMBaHUs1 BEIYUCIUTEIBHON MOILITHOCTH

ACY TII u 3HaunTEILHOM SKOHOMMUEN JOPOTOCTOSALIETO KAGES.

10.3. MporpaMmMmHOe U maTemaTuyeckoe
o6ecneuyeHne ACY T

Pan dynkuuit ACY TII, cBs3aHHBIX B OCHOBHOM C JIO-
KIBHBIM PEryJIMPOBAHUEM M YNPABJIEHUEM, peaju3yeTcs anmnapa-
TYpHO. BonbIIMHCTBO Xe DYHKLUM peanudyeTcss NporpaMMHO, T.€.
IyTEM COOTBETCTBYIONIEH 00paboTku uHdpopMauuu B YBK. TTostomy
BaxHeHnIuM komnoHeHTOM ACY TII sBnsercs ee nporpaMMHoe obec-
nedenue (I[10), T.€. COBOKYITHOCTL NMpoOrpaMM, o6eCreyrBaloOLIMX pea-
nu3aumio pyHkuuin ACY TII u 3anannoe ¢pyukuuoHuponaHue KTC.
Paznuuatot odniee u cneuyanbHoe I10. O61iee mocTaBIsgeTcss B KOM-
MJIEKTE CO CPENCTBAMM BHIYMCIUTEIBHOM TEXHUKH U OOGECTIEYUBAET
opranu3zaumio pa6orst KTC, cneuunanbHoe pa3pabarbiBaeTcs NMpH CO-
snanun ACY TII u BxioyaeT nmporpamMMsl, peanusylonme ee HHdop-
MalUUOHHBIE M yripaBasionMe ¢pyHKuuu. g pa3paboTKH CrieLiialib-
HOro I1O MCnonb3yIOT ONMH U3 A3bIKOB MPOrpaMMHUPOBAHHUS BICOKOTO
knacca (vanie Poprtpan-V), a B obuieM I1O npeaycmarpuBaeTcs
TPAHCJIATOP C 3TOrO sAI3bIKa HA MAIIMHHBIHA 361K Y BM.

ITO co3paercs Ha 6a3e maTeMaTHyeckoro obecnegennn (MO), non
KOTOPBIM I1OJIpa3yMEBAETCSA COBOKYITHOCTh MAaTEMATUYECKUX METOIOB,
MOJ€eneil 1 aNropuTMOB JUISL peENIEHUS 3a1a4 U 06paboTKu HHGpOopMa-
LMY C MPUMEHEHHUEM BBLIYMCIMTENLHOM TeXHUKHU. [Ing peanusauuu
nHbopMauHMOHHBIX ¥ yripasisiomux yukuuit ACY TII co3naror cne-
uuanbHoe MO, B COCTaB KOTOPOTO, B YACTHOCTH, BXOASAT aJrOPUTMBbI
cbopa, 006paboTKM U NpencTraBieHUuss HHGOPMaLMH;, aJITOPUTMb! YIIpaB-
JIEHUSI C MATEMATHYECKUMH MOIEISIMH COOTBETCTBYIOIIMX CHCTEM BuB;
anroputMbl ACP.

Cosnanue MO u ITO TpebyeT 60AbIIMX 3aTpaT TPyIa U CPEICTB;
noias ux B oowei crouMocTu ACY TII HenpepsiBHO Bo3pacraeT. Ecniu
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s nepBbix ACY TIT cootHomenue 3arpat Ha KTC u MO ¢ I10 pas-
HAJIOCh TIpUMepHO 15 : 1, TO B COBpeMEHHBIX CHCTEMax OHO TIpuOJIH-
xaetcsi K 1:2.

Bce B3aumoneiictBusa kak BHytpu ACY TII, Tak u ¢ BHellIHe#H cpe-
IO MPeACTaBAAIOT CO00I pa3iuyHble hopMbl HHGOPMALIMOHHOTO 00~
MeHa (repefady M mpueM MHAOPMAauMUyY B BUIE Pa3IUYHbIX CUTHAJIOB,
JAHHBIX, COOOIEHHH, TECTOB U T.1.). st TOro 4TO6H palMOHANBHO
OCYIIECTBJIAATh TAKOW OOMEH, HeOOXoIMMa JeTalibHasg perjaMmeHTaLus
3TOrO0 NMpouecca, HanpuMep CUCTEMA KnacCH(PUKAUMU U KOOUPOBAHUS
TEXHOJIOTHYECKON U TEXHUKO-IKOHOMHYECKOH MH(OpMALIMH, TIPUHS -
THIX GOPM MacCUBOB JAHHBIX U JOKYMEHTOB M T. 1. KpoMe TOro, Heo6-
XOIWMbl CAMHM MACCUBBI JaHHBIX U JOKYMEHTOB (B TOM YMCJIE HOpMa-
TUBHO-CMpaBoYyHass UHGOpMauusa), B COBOKYMHOCTH OOecrieyuBa-
ouue npu akcryarauuu ACY TI1 BO3MOXHOCTh BBITTOJIHEHUSA BCEX

ee ¢dyHkuuit. TTpasvia ooMeHa WH(pOpManei, HUPKYJIUpyoeit B
ACY TII, o6pasyioT uHpopMalMOHHOe OOecliedeHHe, KOTOPOE B Mepe-
BeJIeHHOM Ha MAUIMHHBIA A3bIK BUJE COCTABJSET colepXaHue Oa3bl
JTAHHBIX CUCTEMBI.

10.4. OpraHu3auuoHHoe obecnevyeHue
M onepaTtuBHbIK nepcoHan ACY TN

OpranusaumonHoe obecneyenue ACY TII npencrasnser
cOO0i COBOKYITHOCTL OMUCAHUI (YHKUMOHAILHONW, TEXHUYECKONA U
OpPraHU3aLUOHHOMN CTPYKTYpP CUCTEMbI, MHCTPYKLMI U perjiameHTa
IUTSL OTIEpaTMBHOIO MepcoHala, obecrneymBaoLLero 3anaHHoe QyHkK-
uuoHupoBaHue ACY TII. TlocnenHee xapakTepudyeTcsi aKTUBHBIM
B3aMMOIEICTBUEM MEXIY JIIOAbMH M MPOrpaMMHBIMH, a TAKXKE TEXHHU-
YeCKMMH CpeJ.ICTBaMPI ACY TII. ]'[oaTOMy OpraHu3auusi ONTHUMAJIbHBIX

pa3paboTKH U 3KcrmyaTauuu ACY TTI.

OnepaTusnblii nepconan ACY TII coctout ux TexHOI0roB-oOMnepa-
TOPOB, OCYILIECTBJSIOIIMX yIIpaBieHUe cucteMamMmu BuB, v skcnnyara-
LIMOHHOTI'O nepcoHana, odecneyupamomero pyHkumonuposanue ACY
TIT (onepaToprl DBM, nporpaMMHUCTHI, IEPCOHA MO OOCIY>XXUBAHUIO
npyrux suloB anmnapatypsl KTC). CocraB onepaTruBHOro repcoHaia
KoHkpeTHON ACY TII 1 B3aMMOOTHOIIEHUA MEXIy OTIEJbHbBIMM pa-
OOTHUKAMM OMPeLesOTC OPraHU3a1lMOHHON CTPYKTYpPOR CHCTEMBI.
YnpouieHHass cxeMa B3aUMOIENCTBUSI OCHOBHBIX KOMMOHEHTOB ACY
TII n3obpaxeHa Ha puc. 114.

OnepaTUBHbBI I TIEPCOHANT MOXET PaGOTaTh B KOHTYpPE YIpPaBJieHUS
uiu BHe ero. Ilpu pabore B KOHType yrnpaBjeHUs1 OH pealu3yeT Bce
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Puc. 114. Texnnyeckas ctpyxrypa KTC ACY TII:
a — CYNEPBU3OPHBIN pexuMm; 6 — pexum HILY;
—TOY — TexHONOIrM49ecKii 00BeKT ynpasienus; M — ucTounnku nHpOp- |

Mauun; YCO — ycTpoitcTBO CBA3M ¢ 00BbekTOM; BK — BHUYMCIHTENBHBIH

koMmiekc; YCOII — ycTpoiicTBO CBSI3Y ¢ ONepaTUBHBIM Nep

COHAJIOM;

YBK — ynpasnsiiowinii BeIYMCIUTENRBHBIA KOMIUIeKC; OIT — onepaTuBHbI#
nepcoHan; TCA — TexHMYeCKYe CpeaCTBa aBTOMaTU3aluK AJi pealn3auuu
byHKumMit nokanbHbIX cucTeM; 1Y — HcnonHuTenbHbIE YCTPOHCTBA
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(bYHKHMM ynipaBleHUst WIK YaCThb UX, UCMOJb3YAd PeKOMEHIALUHU TIO
pauuoHansHOMY ynipasiaeHuo TOVY, BeipadoraHHbie KTC. Takoit pe-
XHUM GYHKIMOHUPOBAHUS HA3BIBAIOT HH(OPMALUHOHHO-COBETYIOIMM.
Ecnu onepaTuBHBINI NMepcoHan paboTaeT BHe KOHTYpa yripaBjeHHUs, OH
3agaet ACY TII pexxuM paGoThl M OCYILIECTBJISIET KOHTPOJb 32 €I0
cobmoneHueM. B atom cayyae B 3aBucumocTu oT coctasa KTC ACY
TIT MoXeT QYHKLIMOHUPOBATH B KOMOMHMPOBAHHOM (CYTIEPBH30PHOM)
pexuMe, IMpYU KOTOPOM NMPOU3BOJUTCSA aBTOMAaTHYECKOE U3MEHEHHE 3a-
IAHWH ¥ TapaMeTpOB HACTPO¥HKH NOKanbHbIX ACP, niu B pexXume He-
nocpencrsenHoro mgposoro ynpasaenns (HILY), npu xoropom YBK
HEMOCPEACTBEHHO BO3IENCTBYET HA UCIIOJHUTEJbHBIE YCTPOMKCTBA,
M3MeHAas ynpasisgiolme Bo3neitctsus Ha TOY.

10.5. OcHoBHble 3Tanbl co3aanua ACY TN

Kak npasuno, ACY TII pa3pabaTsiBaloTCs IJjisi BHOBb
CTPOSILLIMXCS WJIM peKOHCTpyupyeMbix cucteM BuB. Ilpu aTom aBto-
Matuaupyembiit TOY MoxeT MO0 CylIECTBEHHO OTJIMYATBLCA OT Jeii-

CTBYIOIIMX MPOTOTHNOB (HANPUMEpD, NMPH pa3paboTKe OYUCTHHIX CO-
OpYXeHHi1, MOLLIHOCTh KOTOPLIX 3HAYMUTEJbHO MPeBbIlIAeT MOLIHOCTh
CYLLIECTBYIOILIMX), JIMOO OBbITh 6GJIM3KUM K HUM. B KaxaomM U3 3Tux Ciy-
yaeB opraHu3auus ¥ couepxaxHue pa6ot no cozgaHuio ACY TII umelor

CBOM OCOBEHHOCTH, OJHAKO 00111ast UX MOCIEN0BATENbHOCTE OCTAETCS
HEU3MEHHOMN U CKIANbIBAETCA U3 CAEAYIOIUMX MATU CTaAUM: TEXHUYE-
ckoe 3agaHue (T3), texHuyeckui npoekt (TII), paGouui npoexkT

: A 1l 1 aganul ee (MVHKITUOHUDORBAHU A

Ha ctanuu T3 OCHOBHBIM 3TanoM SIBJSIOTCS MpeaNPOeKTHbBIE Ha-
yYHO-uUccaenonareabCkue padorsl (HHP), 06b614HO BINONIHSAEMBIE Op-
raHu3auuei-pa3paboT4UKOM COBMECTHO C MpeaArnpuUsTHEM-3aKa34yu-
KOM. I'maBHag 3apadya npennpoektHbix HUP — u3yyenme cucrteMsl
BuB kak o6bekTa ynpasneHud. ITpu aToM onpenensiioT Hejab U KpUTe-
puii KadectBa pyHKHHOHUpOBAHUA TOY, TeXHHKO-IKOHOMHYECKHUE
nokasarenu (TOII) o6BveKTa-NMpOTOTHNA, UX CBA3U C TEXHOJIOI'HYE-
CKMMHM napameTpamMu, CTpykTypy TOVY, T.e. BXOnHbIe BO31eHCTBYSI (B TOM
YUCJIE KOHTPOJUPYEMblE U HEKOHTPOJIMPYEMBIE BO3MYILIE HUST U YTIpaB-
JISIOMe BO3NEHCTBUS), BBIXOJHbIE NMAapaMeTPhl U CBSA3U MEXIY HUMM,
CTPYKTYpPY MaTeMaTHYeCKMX MOZeJied, CTabMILHOCTh napameTpoB (Cte-
neHb ctauMoHapHocTH TOY), xapakTepMCTUKM BO3MYILAIOLIMX BO3-
JEeNCTBUM,

Pe3ynbTaThl, MoayyeHHble Ha 3tane npeanpoektHbix HUP, npu-
MEHSIOT Ha 3Tane 3CKU3HOM pa3zpadoTku ACY TII, B KOTOpOM BBINOJI-
HSIOTCA ClieIylol e paboThI:
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® BBIOOP KPUTEPUS U NNIOCTAHOBKA 3a0a4YM OINITUMAJIBHOIO YTIPaBJIEHUS
OOBEKTOM, A TAKXKE IIPH HEOOXOIHMMOCTH €€ NEKOMMO3ULIUSA;

® BBIOOpP METOHOB PELICHUS TJIOOAJILHOM U JIOKAJIbHEIX 3a0a4 yIpaB-
JIEeHUs, HA OCHOBE KOTOPBIX B JaJIbHEHIIEM pa3pabaTbiBAOTCA -
TOPUTMBI OIITUMHU3ALIUH;

® pa3paboTka GyHKILMOHAIBHON U AITOPUTMUYECKOI CTPYKTYp ACY
TII;

® ornpenejieHue 06veMa HHpopmauuu o coctosiHun TOY U pecyp-
coB BK (6rICTpOneicTBUE, OOBEM 3AIIOMMHAIOLIMX YCTPOMCTB),
HEOOXOIUMBIX U peannu3aluum Bcex dyukunii ACY TII;

e npensaputenbunil BbI6Op KTC, u npexune Bcero YBK;

® [IpenBapHUTEJIbHLIN pacyeT TEXHUKO-IKOHOMHYecKOi 3¢hdeKTHB-
HocTtu ACY TIL
ILeHTpaabHOE MECTO Cpeny paboT 3ToH CTaniuu 3aHUMAeT MaTEMa-

THYECKasl IIOCTAHOBKA 3a0ayv onTuMainHoro ymnpasiaenusi TOY. Oc-

TallbHbIE 3aayM JaHHOro 3Tana (KpoMme pacyera TOII) oTHocsATCcs K

cuuredy ACY TII, npu BBINOJHEHUH KOTOPOTO LIMPOKO NPUMEHSIOT

Meton aHanorui. Hakornennuwii onbiT ACY TII pist cucrtem BuB pas-

JIMYHOM CTEMEHHU CNAOXHOCTH MO3BOJSIET NEPEBECTH pPa3padboTKy psna

GYHKUUI U anrTOPpUTMOB M3 KAaTETOPUU HAyYHBIX paboOT B KaTEropuio

TEXHUYECKHUX, BBITIOJHSIEMBIX IPOEKTHBIM NyTeM. K MX YUCIy OTHO-

CATCSA MHOTHE WH(pOPMALIMOHHBIE DYHKUMH (NepBUYHASA 00paboOTKa

uudopmauuu, pacyer TIOII, ycpenHenue, NpoOrHO3UPOBAHUE U Op.),

a Takke TMnoBbie PyHKUHMH JokanbHbIX ACP, peanuszyembie B ACY

TII nporpaMMHBIM CNIOCOGOM (CHMTHanMU3auus, IIpOTUBOABApUitHAs

O6J10KUPOBKA, PETYIUPOBAHUE C UCIIOJL3OBAHUEM THUIOBBIX 3aKOHOB

nipu HITY u np.).

10.6. OLueHKa TEXHUKO-3KOHOMUYEecKon
3P PeKTUBHOCTU CUCTEM aBTOMATU3aLUN

O1neHKa TEXHUKO-IKOHOMHYECKO#H 3D (HEKTUBHOCTH SIB-
JsieTco 3aBepllatoniuM atanom paspa6otku ACP u ACY TII. Bemnon-
HSIIOT €T0 CIIELMATMCTHI IO 9KOHOMMKE, 2 UCXOIHBIE T10CTIE BHEJPEHUS
CUCTEMBI JJaHHBIE OHH TOJIYYAlOT OT CIIELIMaJIMCTOB 110 aBTOMAaTH3a-
IIMK, MO3TOMY KPAaTKO pacCMOTPUM HEKOTOPBIE Yy3JOBHIE MOMEHTHI

pacy€eToB.

OCHOBHBIM ITOKA3aTeNEM IKOHOMHUYECKOH 3¢ PEKTUBHOCTH JIIO-
OO0 CMCTeMbI aBTOMAaTU3aLMH CJYXHUT TOJOBOI 3KOHOMHYECKUIT 3d-
(eKT OT €€ BHeAPEHMS, KOTOPBII pacCYMTHIBAIOT O (popmyIie

I=(A-C)-(A-C))-Ey (K,-K),
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rne A;, A, — ronosble 00beMbl peaJiualluu MPONYKLUUU B ONTOBBIX
lIeHaX 10 Y MOCje BHeAPEHUs CUCTeMBl, ThIC. pyb.; C,;, C, — ce-
6eCTOMMOCTDb MPOAYKLIMM 110 U MOCJAE BHEAPEHUSA CUCTEMBI, THIC.
py0.; K;, K, — Kanuranbuble 3aTpaTbl HAa aBTOMaTU3aLUIO MpO-
OyKLHMH 10 ¥ TIOC/e BBOIA CUCTEMBI B IeHCTBHE, ThIC. py0.; Eyy —
HOPMATUBHBII OTpacieBoil K03 dPUILIMEHT KanmUTaabHbIX BJIOXE-
HMHA B CpelICTBA aBTOMATU3ALIMU U BBIYUCITUTENBHYIO TEXHUKY.

HUctounukamu s3¢d¢peKTUBHOCTH aBTOMAaTU3auuu cuctemM BuB
OOBIYHO SIBJISAIOTCS MPUPOCT 06BbeMa 00padaTbiBacMbIX NMOTOKOB MpHU-
POIHBIX U CTOYHBIX BOL M (MJIM) CHUXEHHUE CEOECTOUMOCTU UX
OYMCTKH. YiyullleHVe 3THUX MOoKa3aTejied yanie BCero NOCTUraercs 3a
CUeT YMeHbIIeHUs pacxoja pearecHTOB, MaTepyaloB U BHEPIrUU HA
eIMHMLY TIOTOKA (HanpuMep, 1 M3 Boxel) Gaaronapsi 6osee TOUHOMY
NMOLAEPXAHUIO ONITUMAJIBHOI'O TEXHOJOTHYECKOI'O pexXuma, MoBbilIe-
HMIO KaYeCTBA OYUCTKH, YBEJIMYEHUIO MPOU3BOIUTEIBHOCTH 000pYyI0-
BaHHUs 3a CYeT COKpanleHusi pabouero BpeMeHU M3-3a HETJIAHOBBIX
OCTaHOBOK TpoLecca, BhI3BAHHbIX OIIMOKAMU yrnipasjeHusi M ap. Ha

—aTane npengnpoeKTHBIX HP nomxasr OBITE BHABIERB PE3€PBbl IPO- |
M3BOJICTBA, KOTOpbIe MOTYT OBITh UCTTOB30BAHbI O1aronaps npuMeHe-
HMIO CUCTEM aBTOMATH3aLUU.

Hanpumep, ecau npu ucnonb3oBanuu ACP TexHOTOTHYECKUiA
arperar rpocrauBaeT B cpeaHeM 20% niaHoBoro pabouero BpeMeHH,
U3 KOTOPbIX l/4 Bhi3BaHa OUIMOKAMHU OOCIYXHMBAKOUIETO NMepcoHala
U3-3a HECBOEBPEMEHHOI'O OOHApYXXEeHUSA TpelaBapUAHBIX CUTYALIUIA,
to npuMeneuune ACY TII, peanusyromeit yHKLUMM TPOrHO3a U aHA-
Jiu3a TIpOTeKaHUs MpoLecca, MOXeT YCTpaHUTh 3TU NOTepu. Torna
06BeM 0OpabaTbiBaeMbIX MOTOKOB BOILI B HATYPaJIbHOM UCYMUCIIEHUH
BO3pacTeT Ha 5%, 4YTO MpuUBELET K CHUXEHHIO ceOeCTOMMOCTH
OYUCTKH.

HaxonneHHblit OMBIT aBTOMATH3alMU pa3nUyHbiX cucreM BuB no-
Ka3bIBAET, UTO pe3epBbI SKOHOMUUYECKOH 3(hpeKTUBHOCTH, KOTOpHIE
MOTYT ObITh MCMOJIb30BAHbI O1aronaps aBTOMaTu3auuu, OObIYHO CO-
cTaBstoT oT 0,5 10 6%. IIpu 3TOM 4eM Jydlile OTPAabOTaAHA TEXHOJOTHSI

BONOOOpabOTKH, TEM, KaK NMPABUJIO, MeHbIlIe pe3epBbl. ONHAKO HE BCE
BbIsIBJIEHHbIe (MOTeHUMAJIbHBIE) pe3epBbl MOTYT ObITh MCMOJIb30BAHBI
A q » A

10CJIe BHEApeHUSa A AU A 1. DaxTuyeckas 3 bPeKTUBHOCTE
BCErIa OKa3bIBAETCS MeHbllle MOTEHLUABHON M3-32 HEBO3MOXHOCTU
CO3MaHMs UIeaNIbHbIX CUCTEM aBTOMATH3ALIMHK. OTO CBS3aHO C HEMOJI-
HOI1 afeKBaTHOCTBHIO MaTeMaTHYeCkuX Mojeiel peanbubiM TOY, no
KOTOPBbIM paCCUMTBHIBAIOTCS ONTHMAJIbHBbIE PEXHMBI; MOTPEUIHOCTAMHU
VI3MEPEHUIA BBIXOIHBIX MApAMETPOB; OTKA30M 3JIEMEHTOB MpOrpaMM-
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HOTO M TeXHUYECKOro obecrieyeHus, u3-3a KOTOPhIX CHIDKAETCS Kaye-
CTBO BhIMONHeHUs pyHkuun ACY TII.

PeanbHbit 3¢h¢ekT 0OBIYHO COCTaBNAET OT 25 1o 75% noreHUM-
aNbHOIO, NPUYEM, KaK NpPaBuJo, 4eM Oonbliie NOTEeHUHANLHHIH 3¢-
(ekT, TEM B MeHBbLLIel CTereHH OH peanu3yercsi. OCHOBHBIM [0Ka3are-
JIeM TeXHUKO-3KOHOMu4eckoi >3pdpeKTUBHOCTH CUCTEM aBTOMAaTHU3a-
UM ABJISETCS CPOK UX OKYIaeMOCTH, OlpeneasieMblil 1o gopmyne

TOK = (K, - K))/(A, - Cy) - (A, - C)).

BTOT nokKasareyb JOKEH ObITh He 00JIbllie HOPMaTHBHOIO, KOTO-
PBIA 1151 CTPOMUTENLCTBA U KOMMYHAJIBHOTO XO3MCTBA paBeH 2 roaam.




B o61ueit npo6aeme nosbimieHUsT 3GHEKTUBHOCTH CUCTEM
BONOCHAOXEHMUS U BONOOTBEIAEHUS aBTOMATH3aLUs KOHTPOJS U One-
PaTUBHOI'O YIIPABJIEHUS 3TUMH OOBEKTAMHU SIBASETCA UCKIIIOYUTENBHO
aAKTyaJbHOM, MOCKOJIBKY YUCTO IKOHOMHUYECKAS CTOPOHA MPOOsIEMBI B
IJAHHOM CJy4ae yIa4HO COYETAETCS C COLUAIbHO-IKOJIOTMYECKOI. DTO
CBSI3aHO C TE€M, YTO aBTOMATHU3auMUsA CUCTEM TPAHCIIOPTHPOBAHUSA,
OYUCTKH TIPUPONHBIX, OBITOBLIX M MPOU3BOIACTBEHHBIX CTOYHBIX BOJI,
a TaKkxKe 00paboTKM MX 0CAnKOB MO3BOJSAET HE TOJBKO CYIIECTBEHHO
CHU3UTh KOJIMYECTBO COpACHIBAEMBIX B BONOEMbI BPEIHBIX ST OKPY-
Xalouen cpelibl BEMECTB, HO M YTHIM3UPOBATh OIPOMHOE YHCJIO 6€3-
BO3BPATHO TEPSEMBIX LEHHBIX KOMITOHEHTOB, KOTOPbIE NMPHU UX OIITH-
MaJIbHOM M3BJIEYEHUM U UCTIOJIb30BAHUM MOTYT 3HAYHUTEIBHO TMOIOJ-
HUTb CHIPBEBLIE U SHEPTETUYECKHUE PECYPCHI CTPAHHbI.

BrinogHag ykazaHus 3aKOHOAATEJbHBIX OpTaHOB O HEOOXOIM-
MOCTH HanbHEMUIETO YCHJIEHUS OXpaHbl BOJOEMOB M PaliMOHAILHOIO

MCIOJIb30BaHUS BOILHBIX PECYPCOB, IUPEKTUBHBIE OpraHbl MOCTAHO-
BIUTH YCWJIMTh paboThl MO U3YYEHHIO, MPOEKTHUPOBAHUIO U CTPOUTENb-
CTBY BBICOKO3((PEKTUBHBIX BOJIOOYUCTHBIX COOPYXXEHUI U YCTPONCTB.
Bospocuiue B cBA3M ¢ 3THMM TpeOOBaHUSA K Ka4€CTBY MX aBTOMAaTH3a-
LUMH BBIABUHYJM HA TEPBbIA IJIAH HEOOXOIUMOCTh 3HAYUTEIBHOTIO
paclliMpeHHsI Kpyra 3anay, pelaeMbix ¢ MO3HLUMI CUCTEMHOrO noa-
X01a Ha 06a3e JOCTUXEHUI UHXEHEPHOIN KMOEPHETUKM, BBIYUCTUTEb-
HOM TEXHUKH U OOLLEN TEOPUU CUCTEM.

HeobxoauMOCTh CKOpeiilIero pemeHuss 3Toil npoodyseMbl cTana
O0COOEHHO aKTYaJIbHOM B MOCJEIHHE T'ONbI B CBA3U C NMPHUHATHEM
I'ocnymoit PO HoBeIX denepanbHbiX 3aKOHOB «O0 OoXpaHe OKpyXa-
owei cpensi» (1997), «O6 oTxonax MpOM3BOACTBA U MOTPEGIEHUSA»
(1998) 1 BBOIOM B HeMCTBHE HOBBIX CTAHIAPTOB, CAHUTAPHHIX U CTPO-
UTEJbHBIX HOPDM W TPaBUJI, 3HAYUTEJbHO YXXECTOYUBILIMX HOPMbI O-
nycTuMbix 3arpssHeHuii BonoeMoB (TOCT P 17.4.3.07—2001 «Oxpana

npupolsl. IToussl. TpeboBaHUA K CBOMCTBAM OCafKOB CTOYHBIX BOJ
NMpU UX UCTOJB30BAHUM B KA4YECTBE OPraHUYECKOTO YIOOpEHUS»;
CHull 2.04.02—-94 «BogocHabxeHue, HapyXHbIE CETH U COOpPYXe-
Husi»; CHuII 2.04.03—-95 «BonoorBeneHue, HapyxHble CETH U COOpY-
xeHusa»; CanlIuH 2.17.573-98 «TpeboBaHusa K CTOYHBIM BOAAM M HUX
0CanKaM TP UCTOJb30BAHHH B KA4ECTBE YIOOpEHMII»).
ITpuBeaeHHbIM B yyeOHUKE MaTepuan sBJSETCH NEPBBIM 1IATOM
NpuOOLIEHUS OyNYyLIMX CTeHANTUCTOB BOJOX035IIICTBEHHOI'O U NTPUPO-
IOOXPAHHOI'0 CTPOMTEJIBCTBA — TEXHUKOB M MJIAAIIMX MHXEHEPOB —
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K OCHOBAM 3HAHHWM 110 ONHOMY U3 HAUOOJIee NEPCIEKTUBHBIX NYTEM
COBEPINEHCTBOBAHUS CUCTEM BOINOCHAOXEHUS U BOIOOTBEINEHUS.
C y4yeTOM HenpephIBHOTO pa3BUTHS KaK CAHUTAPHO-TUTMEHUYECKUX U
MHXEHEPHO-3K0JOTMYECKUX, TAK YU AaBTOMAaTUYECKUX U aBTOMATU3U-
POBAHHBIX CUCTEM YIIPABJIECHUS M3JIOXEHHBIE B KHUTE€ OCHOBBI 3TUX
3HAHUH TOTPEOYIOT IPU UX MOCIENYIOLEM MPAKTUYECKOM UCTIOJIb30-
BaHUM ITIOCTOSAHHOTO pacluUpeHUs, YIayoJaeHUs Y TIONOJHEHUA.
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