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BBEIEHHE

XupioctHble pakeTHble OBHUraTenbHble ycraHoBkH (KPIOY) ssnsworcs
CITOXHBIM TE€XHHYECKHM KOMIUIEKCOM, 0ObEIUHAIOLIMM B CBOEM COCTaBe ITHEB-
MOTHIPaBJIMYECK e CHCTEMBI H CHCTEMBI YIIPaBIIeHUA,

Inesmorumpapnuyeckue cucrempl (IIT'C) oBecneunBaioT XpaHeHue H IMO-
Oady TOIUIMBA K ra3oreHepaTtopaM M KaMepaM [BHTraTesieH, a Takdke Mofady pa-
GOuMX TeJ WA HafayBa 6akoB ¥ IMTaHHUA arperaToB aBTOMAaTHKH,

Cucrems! ynpasnenus (CY) oGecrmeumBaior dyHKumonupoBanue XPIY u
BBINOJTHEHHE TMOJIETHBIX 3a/lay JieTaTelbHbIMHU anmnapatamu (JIA) . B nepsom ciy-
vae XPIY sasnserca o6beKTOM ympaBlieHUs, BO BTODOM — BBINOJIHAET POJIb
HCIIOJIHUTEJIBHOTO OpraHa CHCTeMBI YIpaBJlieHus ABHKeHHeM JIA

KoMmoHeHTbl TOIUIMBA B 3HAYMTENBHOH CTENEHH ONpENEIIAOT COCTaB H
CTPYKTYpYy cucTeMbl nuTaHuA, C OHO#H CTOPOHBI, MX BbIGOP CEA3aH C NMOJIETHBI-
MH 3aiayamu JIA (mWIMTENBHOCTD TMONETa, YCIIOBHA BHEIlHeH Cpedpl, MOTPeGHbIE
XapaKTePUCTHYECKHE CKOPOCTH) , C APYTOH — CBOACTBAa KOMIIOHEHTOB TOIUIMBA B
3HaUMTENTbHOMH CTeNeHH OINpedeNAnT CylLlecTBeHHble ocoGeHHocTH Bceit KPIY:
HecaMOBOCIUTaMeHIOIHeC KOMIIOHEHThI TOIUIMBA, HallpuMep, TpeGyIoT CHCTe-
MBI 32XHT'aHHs, a V1A COXPaHHOCTH K PHOT eHHBIX KOMIOHEHTOB [IPH MX JJIHTEJTb-
HOM XpaHeHHM HyXHa CHCTeMa TepMocTaTHpoBaHus. IIpocnexxuBaercs Hepas-
pbIBHasg CBA3b MeXAy MOJIETHOH 3ajadeif M BbIGODOM KOMIIOHEHTOB TOIUIMBA,
¢$opMHpOBaHHEM CXeMBI U BbIGOPOM OCHOBHBIX NTaPaMETPOB CHCTEMBI MUTaHUA
XPLOY,

HecMotpst Ha pasHooGpa3sue cxeM coBpeMeHHbIX XKPIIY HaMeTWIHCh H HEKO-
TOpBIE OOLIME TEHOEHUMH B MX Pa3sBUTHH — CTpeMJIEHHE K BBICOKO# 3HepreT-
YeCKO# ¥ 3KOHOMHYEeCKO# 3P HEKTHBHOCTH H HaJIeNHOCTH,

B uactHoCTH, cHcTeMbl muTaHuA M ynpasnenusa XPIY momxaisl oGecneunTsb
HauGornee MoyHy0 BbIpabOTKY 3aMaca TOIUIMBA C BHICOKHM YIElbHbIM HMITYJIb-
COM TATH, NMOBBILIEHHYI0 TOYHOCTb PEryJIMpOBaHMA MapaMeTpoB, a TakKde CIO-
COBGHOCTh K 3amycKy M paboTe mpH pasHOOGpPa3HOM COUETaHHH BHEIHHX YCJIO-
BHH — HeBeCOMOCTH, GONBLIMX Meperpy3ok, BbICOKHX TEIUIOBBIX HAarpy3oK H
noaBneHuit. Bce 310 TpeGyeT pe3epBHpOBaHHMA OTHENbHBIX arperaToB, HCHOJb30-
BaHMA IJIA cucTeM ynpasnenus BIIBM, BBemeHus HOBBIX IOACHCTEM, UTO IIPHBO-
OHT K yBelTHYeHHI0 BpEMEeHH TPOeKTUPOBaHHA U oTpaboTku XPIY .

PaccMatpuBas, HampuMep, IBHraTelIbHYI0 YCTaHOBKY paKeTbI-HOCHTENA,
HETPy[HO 3aMETHThb, YTO CHCTEMa MMTaHHA oGbemuHser xopmyc JIA (Hecylume
Gaku) M moTpebUTENeil KOMIOHEHTOB TOIWIMBa (KaMepbl M ra3oreHepaTopsl
npurareneii), OHa BKITIOuaeT B ceGA pa3/IHUHBIE TOICHCTEMBI, arperarbl, y3Jibl
H TpyOompoBompl M oGecrmeuMBaeT C 3aJlaHHOH TOMYHOCTBIO TATY, CYyMMapHbIi
HMITyJIbC TATH NPH MaKCHMAaJIbHO BO3MOXHOM 3Ha4€HHH YMIEJIBHOrO HMMIyJbca
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TATH M TEM CaMbIM — BBINOJIHEHHE MOJIETHBIX 3amad JIA ¢ TpeGyeMbIM Kauect-
BoM, IIpu 3tom co croponsl JIA Ha gpHratensHywo ycranoBky (IIY) Hakiamsl-
BalOTCA raGapHTHbIE U MacCOBbIE OF PaHUYEHMA

- CpoiictBa ¥ mapaMeTpsl coBpeMeHHO# 1Y aKTHBHO BIIMSIOT Ha BBINOJIHEHHE
TaKHX 3afay JIA, KaK, HalpuMep, BbIBE[IeHHE NOJIE3HOTO IPy3a, TOUHOCTH YNIPaB-
JIeHHsA MPOCTPaHCTBEHHBIM [ABIDKeHHEM JIA, MaHeBpHMpYIOLIYI0 CIOCOGHOCTh H
OpyTHe NOKa3aTelny,

BbifiBNICHHE KpUTEpHEB M I1apaMeTPOB ONTHMM3AlMH BHYTPUABHIaTe/IbHBIX
KoHTypoB IIY ¥ cucremsl 1Y — JIA sBnsfierca OfgHO# M3 HaCyLIHbIX 3a/iay [OBBI-
weHus 3¢p$eKTHBHOCTH HCToNb30BaHuA 1Y,

CyuiecTBeHHYI0 NIOMOIb B peLIeHHH 3alau¥ KOMIUIEKCHOH ONTHMH3allMH
XKPIY, cBA3aHHO# C BLINOJNHEHHWEM IOJIETHBIX 3aiay, MOXKET OKa3aTh IIPHMEHe-
HHe CHCTEMHOro MOAXOa K aHAIN3Y COCTaBa U YCTaHOBJIEHMIO BHYTPEHHHX
CBA3el arperaToB nemMenToB JIY Mexay coboi, a Takxke BHelHHuX cazeil JIY
¢ JIA u oxpyxaromueii cpenoit, CHCTeMHBIi MOAXOA HOJDKEH ABIATHCA PE3ybTa-
TOM COBMECTHBIX YCWIHii NPOEKTHPOBLIMKOB JIA, IBHTaTeINCTOB M CIELMAIHC-
TOB IO CHCTEMaM YTpaBJIeHus aBikenneM JIA

Ilpennaraemslii yueGHHK ABIIACTCA ONpPENENICHHBIM OGOGILEHHEM CIIeLalb-
HbIX OMCIMIUIMH 10 TEOPMM M KOHCTPYKIUMM [IBHTaTelled, a TaK>Ke OIbITa Ipo-
MBILUIEHHBIX OpraHM3alMii Mo CO3MAHMI0 pa3nuuHbIX KnaccoB XPIY, otevaro-
IIMX KOHKPETHBIM MOJIETHBIM 3afauaM JIA

I'nS, pasn.1.2; 3.1 u moppasn.1.1.3 u 1,14 Harmcansl A A, Koanosemv;
rn4 u pasn.l.3 — B H, HosukosbiM; .2, pasg.l1.1 u 3.2 — E B, Conossessm,

ABTOpHI BBIp@XalOT INyGOKylo mnpusHaTemsHocts wi-kopp. AH CCCP
npod. B E. AnemacoBy u npod. 1., Ilnuyruny 3a ueHHbIe 3aMevaHus, cAeNaH-
Hble NPH PELEH3UPOBAHHH KHHTH, BO MHOTOM CNOCOGCTBOBaBILME €€ YiIyd-
LIEHHIO,



FTABA1
XHAOKOCTHBIE PAKETHLIE IBUT ATEJIBHBIE YCTAHOBKH

1.1, OCHOBHBIE XAPAKTEPUCTHKH H MAPAMETPbI JKPY

1.1.1. OBJIACTH NIPUMEHEHHA H KJIIACCUOUKALIUA KPIY

KupxocTHble pakeTHsle gBHraTensHble yctaHoBkM (KPIY) npumensiorca
BO BCeX CITyyasiX, KOTa THTaHHe TOIUTMBOM KaMephbl BT aTelsl HCKITIOYaeT IpH-
MeHeHHe 3a60pTHOrO OKHCNHTeNs (B BHOe Bo3gyXa) nuGO BBHOY €ro HMU3KOH
3¢ heKTHBHOCTH, JIMGO IIPH €r'0 OTCYTCTBHH (B YCIIOBHSAIX KOCMHYECKO#H CpPefIbI)

C opHoi#l cTOpoHBI, ToIHBHaA aBToHoMuA JKPIY oGecmeunBaer He3aBHMCH-
MOCTb €€ pabOTbl OTHOCHTENIBHO OKPYJKalolllei Cpefbl, a C OPYrodl — BO3MOX-
HOCTb peayiu3allii BbICOKMX YPOBHeEH TATH BCIeICTBHe MpuMeHeHHs 3¢ dexTus-
HBIX OKHCIIMTEJIed M roplouMX, Ha3piBaeMbIX TorutiBoM KPII, dtuMu cBOiiCTBa-
MH [IBHTaTeNlbHBIX YCTaHOBOK, COMEPXKAlIHX TOIUTMBHbIE GaKH C OKHCITHTENIEM H
TODIOYMM M CPEJICTBA MOy TOIUTHBa B KaMepy C BHICOKHM [aBJieHHEM, 0GOCHO-
BbIBaeTCA MX NpPHMEHEHHe KaK MaplleBbIX ABUraTeNbHBIX YcTaHOBOK, XPIY
MOTyT MCHOJIb30BaTbCA B KOMOMHaUMM C OPYTMMH THIIAMH [BHTraTelied WM
BBITNOJIHATH 3afjayy CHCTEM YNpPaBJIeHMA OBIXKEHHEM LieHTpa Macc JIA M oTHOCH-
TENIbHO €ro IIeHTPa MacC, WIH o0eclieuMBaTh BCIIOMOraTesibHble QYHKLUHMH IS
JJAu Iy,

OcHoBHbI€ 3a7auH, pellaeMblie MapiieBbiMH KPILY:

1) BbIBOO Ha OPGHTY MCKYCCTBEHHBIX CITyTHHKOB 3eMIIM M ApPYTHX IUIaHET
Comeunoit cuctemsl, JKPIY B 3ToM ciyuae ofecrieuMBaeT HOCHTENAM BCeEX
CTyIeHel COCTaBHbIX paKeT HeOOXOIUMBIi MOTPEeGHDIA HMITYJIbC TATH;

2) obGecnieyeHne mnojiera GAUMCTHYECKHX PaKeT, MepeMEILaloLMX MoJe3HbIe
rpy3bl H3 OHOM TOYKH 3€MHOMH NIOBEPXHOCTH B APYTYIO;

3) BbINONHEHHe HapOTHO-XO3SAMCTBEHHBIX 3alay B aTMocdepHoit 30He 3eM-
JI1 MaHeBPEeHHbIMHU GECIUIOTHBIMH JIeTaTeNIbHLIMH alMapaTaMH;

4) oGecneyeHne MPUYATMBAHMA, CTBIKOBKH H PacCTHIKOBKH IIWIOTHPYEMBIX
KOCMHYECKHX JIeTaTe/IbHbIX aNMaparos;

5) ynpaBinieHue OBIKEHHEM LEHTPa MacC KOCMHYECKHX JIeTaTelIbHbIX alllia-
paToB, CBA3aHHBIX C MOMJIEP>KaHHEM WM H3MEHEHHEeM 3aJlaHHOM OpGHTHI MojieTa
M peajiM3aipeil TOpMO3HOr 0 HMITYJIbCa TATH A cimycka JIA ¢ op6ursl,

Hasnauenue JIY Ha JIA, ycnoBua skcroryarampm XPII, BeiGpanublii crioco6
Nojayu TOIUIMBa B KaMepy [BHMTaTelld H BHA MPUMEHAEMBIX KOMIIOHEHTOB TOI-
nmuBa (puc. 1.1) cymecTBeHHO BIMAIOT Ha cxeMHoe peurteHne XKPIY u komucrt-
pPyKIMIO cocTaBisiommx ee arperaroB. Ilo HasHauenmo 1Y moppaspenawTcs
Ha MapllleBble, KOMOHHHpOBaHHbIe H BCIoMorarembHble u [IY cucreM ympaBbite-
Hua JIA (puc. 1.2). K MapiueBbIM IBHT aTeJIbHBIM YCTaHOBKAM OTHOCATCH HOCH-
TemH kocMudeckux JIA, Gammcriyeckux JIA, MaHeBpeHHbIX GeCIMJIOTHBIX M
NMWIOTHpPYeMbIX JIA H KOCMHYECKHMX JIeTaTeNbHBIX annaparoB, Takoe paspeneHue
06YCITOBIIEHO OCHOBHBIMH 3aia4aMH, pelllaeMbIMH MapiiueBbiMH XKPIY .



Kom6unuposanusie XPIIY cnemyer paccMaTpHBaTh B BHJE [IByX KJIaCCOB:
XPIO + BPI u XPI + IIBPII, KoMGuHauus BO3My1HO-PEaK THBHOIO OBHUTaTeNA
(BPII) c XPIl spnsieTcs eCTeCTBEHHO# IJis JieTaTe/IbHBIX aMNllapaToB, BBIMOJHE-

"HHe TOJIETHBIX 3a/1a4 KOTOPBIX CBA3aHO C NMONEePeMEeHHbIM NpeGhIBaHHEM B aTMO-
chepe u xocMoce (OpGuranbHblil camoneT) . Takylo KOMGHHALMIO MOJXHO COC-
TaBHTb W3 [BYX aBTOHOMHBIX [BHIaTe/IbHbIX YCTaHOBOK JIHG0 0GbeTHHEHHBIX
O JIMHMHM NHTAaHHA TOpPIOYMM (KEPOCHMHOM WIHM BOZOPOOOM), IHGO CBA3aHHBIX
OIHHMM rasoreHeparopoM. B mocnenHem cnmyuae kamepa XPJI nonmydaer Tomino
ot TypGoHacocuoro arperara (THA), muranme rasom xortoporo oGecrieunBaer-
ca kamepamu BPII, ucnonp3yromumu 51100 3a00pTHBIA, TH60 GOPTOBOM OKHC-
JIMTEIB,

Kom6mamma XPJII ¢ mpAMOTOUHBIM BO3[yLIHO-pEaKTHBHBIM JIBHrarelieM
(TIBP) ecrectBeHHa, Tak Kak mns 3amycka [IBPJ] emy Heo6xomuMm nperiBapu-
TeNBHBIA Pa3roH, KOTOphIi oGecneurBaerca ¢ nomopio XPI, PaccmarpuBae-
Mas KOMOGHHAUMA MOXET COCTOATb M3 IBYX aBTOHOMHBIX JIBUTaTeIIbHBIX YCTaHO-
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HpIx gBHrateneii TBepmoro TomwtmBa (PITT) xyxe, wem y XPI, x tomy
xe XPI MoxeT HMeThb MHOTOKDaTHOE BKJIIOYEHHME, a €ro MpOMYKTHI Cro-
paHHa MoryT OBITh MCIIONb3OBaHbI IUIA BOCIUIAMEHEHHs TOIUIMBA B KaMe-
pe IIBPI.

IipurarenbHas yCTaHOBKa CHCTEM YIpaBJIeHHs ABWKeHHeM JIA oTHOCHTeINb-
HO ero LEHTpa MacC Ha aKTMBHOM ydacTke monera JIA oGecneumBaercs C Io-
Moumio pynesbix XKPII, a Ha MacCHBHOM ydacTKe — ¢ nomouipsio 1Y opHeHTaumm
JIA, B COCTaB KOTOPOi BXOHAT XHIKOCTHbIC PaKeTHbIE [IBUIaTelH MaloOH TATH
(KPIIMT).

Ipurarensupie yctaHoBkH Wi pyneBbix XKPJl oGecneunBaior ympasiieHue
BEKTOPOM TATM U HEOOXOMMMBI I HOCHTeJIeH M GaIMCTHIECKHMX paKeT IpH
ECTKO 3aKPeIUIeHHbIX OCHOBHBIX KaMepax M (pHKCHPOBaHHOM ypOBHE MX TATH,
KaMepsl Takux IBHraTeNbHBIX YCTaHOBOK, B 3aBHCHMOCTH OT MX UHCJIa, MOTYT
MOBOPaYMBATbCA B OQHOMW WIH IBYX IDIOCKOCTAIX, H3MEHAA HalpaBJIeHHe NPHIO-
JEHHMA TATH M CO3[aBajA T€M CaMbIM MOMEHTHI YIIPaBJ/IeHHS OTHOCMTEJIHO BCEX
oceit JIA Ha aKTHBHOM ydacTKe NoJIeTa,

BeiBop crry THHKOB Ha OpGHTY 3eMJIH WIIH NOJIET 1o Gal/IHCTHIECKO# TpaeK-
TOpHH TpeGyeT TOYHOH OpHEHTAaLMM NpPOJONbHOA OCH JIA OTHOCHTENIBHO TPAacChl
noJyieTa HeCMOTpA Ha MAEHCTBHE BO3MYyIeHWH (NIPHYMHOA KOTODBIX, KCTaTH,
MOXeT ObITb paccoriiacOBaHHe TATH MaplleBbIX [BHraTeliedl, paGoTaloIMX B
cocrase ofHOl cTynenH) . Ilo curnanaM cHcTeMbl ynpaBlieHHs C MOMOLUBIO py-
JIEBBIX MPHBOMIOB NMOBOPOTOM Kamep IIY YCTpPaHAITCA MOrpelHOCTH B OpHEH-
TalMM NponoibHOiH ocH JIA H mpH HeoOXOIMMOCTH YCTpaHAeTCA WIM HaoGopoT
ocyuiecTBiserca BpaueHue JIA oTHocurensHo mpopoinbHo# ocH, Ilockonbky ¢
MOMOLIBI0 3THX JBMraTene cTaGHIH3MpyeTcsa MonoxeHHe oceil JIA oTHOCHTEb-
HO TpacChl NoJieTa, TO MHOIr[a [BHTaTeJIH YNPaBJICHHA BEKTOPOM TATH Ha3bIBa-
10T OBUraTeIiAMH Crabwinsanuu, JTH OBHTaTeld MOTYT HMMeTh KaXKHBIid CBOi
THA (win onvH Ha Bcex) MIIH MCTIONb30BaTh ra3 Mocie TypOUHEI OCHOBHBIX [IBH-
raTelleii cTyneHH. B mocnennem ciyuae pyneBble IBHraTeNd BBIPOXIAIOTCA B ra-
30BbIe comUla, JIBHraTelM ynpaBneHHA BeKTOPOM TATH pPaGoTaloT HempephIBHO
COBMECTHO C OCHOBHBIMH [BHMTaTelIAMH CTYTNEHH Y IPH COBNAJIeHHH OCeii ITHX
OBHraTelieil ¢ MPOOIbHOM OChI0 paKeThl BHOCAT CBOi BKJIaj B oOumii norpe6-
HbIH CyMMapHbIi HMITYJIbC TATH, KOTOPBIH COCTaBNAeT mpuMepHO S — 10 %.

XnpgxocTHple pakeTHble [BHraTelIM MaJiOH TATH BBINOJIHAIT Ty XK€ pOJIb,
YTO W [ABUraTeNM YNpaBlieHHs BEKTOPOM TATH, TONBKO AJIA KOCMHYECKHX JIeTa-
TenbHbIX ammapartoB, XPIIMT 3akpennens: Ha KJIA XxecTko, a Ojini 9KOHOMUM
TOIWIHBa paboraiT KopoTkuMH BiiIioueHusamH, C nomoupio XPIMT npousso-
OMTCA yTIpaBlieHHe U cTaGwin3aumus monoxeHuit oceit KJIA B pexaMe maccus-
Horo monera, Ilockombky Bo3myenus, nercTyromue Ha KJIA B nonere, Mansi,
10 ¥ TArY XPIMT TaKkke Mansl 1 B 3aBHCHMOCTH OT MOMEHTOB MHepuyH JIA je-
xar B guanma3zoHe 0,01 — 1600 H (mna opGuransHoro camonera 100 — 4000 H) ,
Ina ynpasnenns KJIA mo TpeM ocaAM mapoii ciwn HeoGXOAMMO JIBEHAUATh [IBH-
rareneit. OmHako peansho Ha KJIA Moxer GbITh OT BOCBMM 10 COpOKa [ABHrare-
neii, luranne JXPIMT ocymecTsiiseTcss NpeHMMyLIECTBEHHO OT BBITECHHUTEIHOM
CHCTEMB! TONIAYM TOIUTMBOM, NMpPHMEHAEMBIM IIA OCHOBHoro msurareis KJIA.
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Yacto cucremnl nutaHus torwiuBoM XPIMT u ocHoBHoro asurarens KJIA Bsi-
noyHAIT 0GbenuHeHHbIM, B HapomHoM xo3saiicTBe XPIIMT npumensior mis Gy-
pPEHHA TBePOOCKAIBHBIX IPYHTOB, H3TOTOBJIEHHA LIYpGOB B BEUHOMEPIIBIX
TpyHTax, a Tak)keé B KaueCTBe BBICOKOTEMIIEPAaTypPHOTO pe3aKa METaIIOKOHCT-
PYKIMHA,

K BcromorarensusiM JIY otHocaTcs craproBeie Y u Y mia coszmanus
HCKyccTBeHHBIX neperpy3ok JIA, CraproBrie JIY npemsasHauenst mis dopcupo-
BaHua Banera JIA, Ilocne oxoHuyanus pabotel craproBeie IIY oGbMHO cGpackl-
Barotcsa. Ecnu craproBsiit IY ocraercs B cocTaBe JIA, To OH MOXeT GBITh HCIIONIb-
30BaH MOBTOPHO KaK YCKopuTesib nonera JIA, B atoM cnyyae muTaHme TOIUIH-
BOM TaKoOTO [BUTaTeNls IPOU3BOOUTCA M3 6aKkoB OCHOBHOrO BHTarens JIA,

Jpurarenu mis co3maHUA MCKYCCTBEHHBIX Neperpy3ok JIA oGecrmeumBaioT
NPWIMB TOIUIMBA B Gakax K 3a0OpHBIM YCTPOHCTBaM B YCJIIOBHAX HEBECOMOCTH
nepeq 3alfyCKOM OCHOBHBIX JIBHTaTEJIEH,

Ha puc. 1.3 npencranena knaccuduiaums XPILY 1o ycnoBuam 3K cIulyara-
MK, PaccMarpuBaloTCs OQHOKpPaTHbIE, OMHOKPAaTHO MOBTOPHbIE H MHOTOKPATHO
nosropHsie BKiouenus XPJI u )PIl MHOrokpaTtHoro Mcronb3oBaHus, B Hauane
Pl mpoeKTHpOBAICA M BBHINONHAJICA KaK [OBHraTellb MHOFOKPAaTHOTO HCIOJIb-
30BaHUA B3aMeH NopilHeBoro, PopcupoBaHue paGounx MpoLECCOB MO AaBJICHUIO
H TeMmnepaType, IPHMEHEHHE TOKCHUHBIX TODIOUMX H KOPPO3HOHHO-AKTHBHBIX
OKHCIIMTeNel, OrpaHHYMBAIOIIMX peCypc KOHCTPYKUMOHHBIX MaTepHaloB,
MIOCTENEHHO MpHMBEIH K OJHOKpaTHOMy Mcnonb3oBanuo P, uto mo3sonmwio
NpUMEHATh MX V1A Ga/UIMCTHYECKHX PAaKeT, PaKeT-HOCHTENeH M MaHEBPEHHbIX
6ecrmutoTHbIX JIA | Mcronb3yeMbIX B aTMochepHO# 30He 3eMIH,

IlpuMeHeHre B KOHCTPYKIMH JIBHTATeNlA CTOHKHX MaTepHaIOB MPHBENO K
Bo3MOXHOCTH moBTopHoro BkiioueHusa XPII, 9to onpepmenwnio knacc gBHurare-
neil, MaTepHaJIbHAsA YaCTh KOTOPBIX MOCIIe OJHOTO 3alycKa, ¢ BhIpaGoTKO# Beero
TOIUIMBa M3 6aKoOB, MO3BONsUIa MCNONb30BaTh 1Y NMOBTOPHO MOCNe BTOPUYHOMN
3aMpaBKH TOIUITMBA M 3aMeHbl CpabGOTaBLIMX NHPOTEXHHYECKHX CPEACTB aBTO-
Maruk HoBbiMH, Tak noaswics knacc XP/IY ogHOKpaTHO MOBTOPHOIO BKIIIOYE-
HHUA, KOTOPBIi XapaKTepPH3yeTCA BO3MOXXHOCTBIO MCIIOJIb30BaHUA MaTepHATbHON

vactu XPOY po mnaATH<CEMH pas,
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HHS OCHALIAJIKCh IJIEKTPOIHEBMOaBTOMATHKOl, KOTOpass He TpeGoBana 3aMeHbl
nocyie Kaxgoro cpaGarteiBanusa, Yncno BxmoueHuit XPJL 3a ogyu noner kone-
6ajioch OT ABYX [O [ECATH, a YMCJIO MOJNETOB OOMyCKaloCh HCXOAS M3 rapaH-
THPOBaHHOTO PeCypca OBHTaTeNlsi U ero OCHOBHBIX arperaroB, EcTecTBeHHO, uTO
takue XXPJI paboTan He Ha NpeneNnbpHBIX JABJIEHHAX M TEMIIEPAaTYpaxX B Kamepe U
rasoreHeparopax. YkecroueHue TpeGOBaHMA K TOYHOCTH BBIBOLAa Ha OpGHTY
KOCMHMYECKHMX alllapaTOB TpeGOBallo MOBTOPHOrO BKIJIIOYEHHMA [BHraTeneH
TpeTbel CTyNeHH,

Kocmmueckue JKPJI momiubl B mpolecce IMojieTa BKIIOYaThCA HECKONBKO
mecATiOB pa3, a WPIIMT orpa6orats 105 — 10° Bxmiouenmit, Taxue mBUraTeny
NONYYWIH Ha3BaHWe JBHraTelied MHOTOKPAaTHOTO BKIIIOYEHHA, a NPH YCIIOBHH
COXpaHeHHs CBoedl paGOTOCIOCOGHOCTH NOCIE A03aNpaBKH TOIUIHBOM — [IBH-
raresieii MHOrOKpaTHOr0 HCIOJIb30BaHHA

Upes paspaborku XXPIl MHOrOKpaTHOr0 HCNONb30BaHHA — 3TO MO CYLUECTBY
BO3BpaT K NepBOHaYaIbHOW KoHUeNnuuH paspaborku XPII B3aMeH nopimeBoro
neurarens, Cyts cospmauusa XXPIL MHOrokpaTHOro HCHOJIb30BaHHA COCTOHMT B
TOM, YTO eCJTH YIaeTCsi COXPaHUTh MaTepHAIbHYI0 YaCTh PaKeThI-HOCHTENsA NocTie
nosera, TO OHa MOXeT GbITh HCTOJI30BaHa IOBTOPHO IOC/IE pEBH3MH H PEMOHTAa,
Takum 06Gpa3som, IBHraTeIi MHOTOKDAaTHOTO MCMOJIb30BaHHA OTJIMYAIOTCA OT
OpYTHX CBOMCTBOM peMoHTocmoco6HocTH, EcrecTBenHO, uto Takue XPIY momx-
HbI GbITh NOCTPOEHBI MO arperaTtHo-GJIOYHOMY MPHHLMITY, HMeTb HeoOXoouMoe
YHCIIO Pa3beMOB M YCTPOHCTBAa BBOJOB AMarHocTHuyecKMx mpuGopos. Tommeo
I TaKMX JBUTaTtenei He JOJDKHO GbITh TOKCHYHBIM, GUIbLTPYIOLINE 3IEMEHTHI
nOmkHbI GbITh cbeMHBIMH, Camu JKPILY moymHbI JIerko MOHTHPOBAThCA M fie-
MOHTHpPOBaThCs U3 cocTaBa JIA,

Knaccuduxaunsa XPILY no cnoco6aM mopgayy TOIUIMBA B KaMepy IBHraTelNs
npuBeneHa Ha puc. 14, Takux crnocoGoB fABa: Mogauya TOIUITHBA NPAMBIM €ro
BBITECHEHHEM M3 5akOB B KaMepy [ABHTaTelld M MOJaya TOIUIMBA B Kamepy C
NOMOILBI0 TYPGOHaCOCHOrO arperara,
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BeITecHeHHe TOINIMBa M3 GaKOB — NPOCTEHIIAs U3 BCEX BO3MOXHBIX CHCTEM
nofayM Torusa, [iA 3TOM LENH UCTIONBb3YeTCs ra3, 3alaceHHBIH B aKKYyMYJIATO-
pe, TGO NPOXYKTHI CropaHHs TBOPHAOIO TOIHBA, TMGO MPOIYKTBI CrOpaHMsA
KEIKOrO TOIVIMBa B CIELMaIbHOM ra3zoreHeparope, CooTBeTCTBEHHO BHy pabo-
4ero TeNa-BbHITECHHUTENSI 3TH CHCTEMBI MONYYWIH cledyloliee HaHMeHOBaHHE:
CHCTEMa NMTAaHMA C Ta30BbIM akkymynsTopom HaBnenus (FAIl); cucrema
NHTAaHHKA C NIOPOXOBBIM aKKyMyJiaTopoM paBiienna (ITAIl); cucrema nuraHus ¢
XHIOIKOCTHBIM aKKyMynsaTopoM masnienus (KAJID). IIpuMeHeHHe BBITECHHTEIIb-
HBIX CHCTEM OI'pPaHMYeHO 0GJIaCTbi0 HU3KHX MaBneHuit nmopmaun (1 — 6 MIla) u
HeGOJBIIMX PacXOIOB TOIUTMBA BCIEACTBHE TOrO, YTO BO3PAacTaHHe CyXOi MacChl
Gaxa C MOBbBILICHHEM [IaBJICHUA M CyXOH MacChl aKKYMYNATOPa C YBeNHYeHHEM
pacxofia [enaeT UX HEKOHKYPEHTOCNOCOGHBIMU MO CPaBHEHHIO C CHCTEMaMH C
HACOCHO# mopaveii TomMBa, OMHAKO MX NPEMMYIUECTBO B MPOCTOTE, HalleXHOC-
TH U GBICTPOM mpHBefeHHH B pabOTOCIOCOGHOE COCTOSIHME YacTO MpUBIIEKaer
pa3paborunxos XPIY. [IpeuMyiecTBeHHOE pUMEHEHHE BBITECHUTENBHbIE CHC-
TeMB! HauwiM B kocmmueckux IV mns nuranus TormBom XPIMT, xoropsie
HOJDKHBI GBITh BKIIIOUEHBI B JIIOGOH MOMEHT Ha OTpe3Ke BpeMeHH, HCUMCIIAEMOTO
4acaMM, CyTKaMH, a MHOTAa M MeCALAMM, B TeYeHHe KOTOPOro MpOMCXOAHT
opueHTHpoBaHHbIN noner KJIA,

3ameHa rasa (Bo3myxa, a30Ta WM TelIHA) NpOAyKTaMH CTOPaHMsA TBEPAOTO
HIH XHOKOTO TOIUTMBA OGYCIIOBIeHa BRIMTPBIILIEM B 3TOM Cilydae 3HEProMacco-
BBIX XapakTepucTHk JY npu GonbumX pacxofax TOIINBA.

Ba)kHO OTMETHTb, YTO BBITECHHTENIbHAsA CHCTEMa ABJAETCA YacThI0 HACOCHOM
CHCTeMBI MORayYM TOIUTHBA B KaMepy MABMraTelns, oGecreunBas GecikaBHTAlMOH-
Hylo pabory HacocoB THA, omnako c maBneHMEM Ha MOPANOK HHIXKe, YeM MpH
aBTOHOMHOM TIPHMEHEHHH BBITECHUTENIbHBIX CHCTEM,

HacocHan cucrema nopmaun Torwinea B kamepy JKPII nomMmuupyer s asura-
Teneit Gonpumx AT, [lpHHuMMHaneHo pasnuuarot XPIY ¢ moxwuranueM npoayx-
TOB rasoresepaimy B kamepe XPJI nocne ux ucnonb3oBaHus B TypGUHe Ui IIPH-
Bopa HacocoB U XPIY Ge3 moxwranus. Ilocnemuue paspnensiorcsa Ha OBa BHAa:
C aBTOHOMHBIM TOIUTHBOM I MTHTaHHsA TypOuHBI paGOYHM TeNIOM M C MUTaHHEM
Typ6uHBI OCHOBHBIM TOIMBOM 1Y,

ABTOHOMHOE pabouee TENO [UIA NMHTAHHUA TypOMHBI JOJDKHO HMETh HH3KYIO
TEMIIepPaTypy ra3oB nepen TypOMHOH M IpHEMIIEMBIA COCTaB IPOAYKTOB Cropa-
HHfA, He BBI3BIBAIOIMX aKTHBHOH KOPPO3HH COMEN M NIONaTOK paGoyero xoineca
TypOuHbl, TakMM KOMIIOHEHTOM, HampuMep, SBNAETCA MEPEKHCh BOXOPONA,
KOHLIEHTPAILMA KOTOPOii OnpefeNseT TeMIEPaTypy ee pa3jioKeHHs Ha KaTalu3a-
TOpe B LIMPOKMX Ipedenax. XOpOIIMMH KayeCTBAMHM aBTOHOMHOTO pabouero
TeNna o6MajaoT BORXOPOM, M renuit, MOXHO NpHMeHATb Mapbl BOMBI, METAJUIOB U
npyrue paGoume Tena, eciM ecTb Ha JIA pelueBass 3Heprus mIA MX NONyYeHHsA
HITH OHH NPHMEHAIOTCA B KOHTYpaX OXJIaXKIeHus oGonoyex ABHraTens wiM JIA.
[IpuHuMnmManbHO cxeMa ¢ aBTOHOMHBIM IPHBOIOM TypGUHBI HE HMEET OrpaHHye-
HHMii 10 JaBNeHuI0 B Kamepe ABuraTens, Ilpunaras sHepruro K HacocaM M3BHE 32
CYET MOCTOPOHHETO MCTOYHMKA 3HEPrHMH, MOXHO MNONYYHTb JIloGOe [AaBlieHHe 3a
HacoCaMH, a 3HaYMT, u Noboe AaBieHHe B kaMepe, OMHAKO IPM ITOM TepsAeTCs
nubo ToIWIMBHaA, THGO 3HepreTHdecKasn aBToHOMHas XPIY .
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CucTeMa MHMTaHHMsA, UCTONB3YIOLIAsA OCHOBHblE KOMIIOHEHTBHI TOIUIMBA A
nuraHuA TypOGuHBl paGouyMM TeloM, Bcerfa OrpaHWyeHa MO MaKCHMAaJIbHO BO3-
MOXHOMY [aBJICHUI0 B Kamepe BCJIEOCTBHE TOrO, YTO TOJNLKO OIpeneneHHas
YacTb 3HEPTHM TOIUIMBAa MOXKeT GBbITh MCMOJIb30BaHa I MPHMBOAA TypGHHBI, a
OCHOBHas ee YacTb HCTONB3yeTcs B Kamepe [ABHTaTeNd NJIA CO3[aHHA TATH.
IIpumeHeHne OCHOBHBIX KOMIIOHEHTOB TOIUIMBA [IJIf IMTaHHUA TypGHHBI paGounm
TEJIOM MNpegycMaTpuBaeT oTGOp TOIUIMBa 3a HacocaMu THA B rasoreneparop,
paGoyee TeNO KOTOPOro (MPOMYKTHI HEMOIHOTO CrOpaHHsA TOIUIMBA BCIEICTBHE
U306bITKa OJIHOTO U3 KOMIIOHEHTOB) MHTaeT TypOuHY.

Iocne TypGuHBI ra3, comepauuii H36bITOK OJHOrO H3 KOMIIOHEHTOB TOM-
1MBa, MOXeT GbITh BbIGPOLLIEH 32 GOPT WIH HanpaBJieH Ha IOXKUIaHHE B KaMepy.
B nepBoM ciyyae XHMHYeCKas 3HEPrHA I'eHepaTOpPHOro ra3a 6e3BO3BpPaTHO MpPO-
MajjaeT, BO BTOPOM HCHOJb3yeTCA OJisA cO3faHusA TArH, EctecTBeHHO, YTO BO BTO-
POM Cllyuae HeT HepreTHYeCKHX NOTepb TOIUIMBA M CUCTEMA C JOXKHTaHHEM Bbi-
ro[Hee CUCTEeMBI MHTaHusA Ge3 MOXHraHHA reHepaTOpHOro rasa. OmHako oHa Ha-
MHOTO cnoxuee nepsoit, s maBnennii B kamepe nopaaka 10 — 15 MIla mac-
cosbie xapakTepucTukH XPIIY moryTt ObITh Nyullle y cXxeMbl Ge3 qOXHraHHA re-
HEpaTOpHOTO ra3a, 0co0eHHO ecnM mo3aGorutscsa o BbicokoM KIIM TypGumsi.
IIpu paBnenuu B xamMepe cropanus Gonee 15 MIla npenMy1ecTBO nepexomuT K
CHCTeMaM C I0XKHT aHHeM T'eHepaTOpHOTo rasa,

Pasnuyaror Tpu Bupa XPIY ¢ noskuraHueM: ¢ BOCCTaHOBMTENIbHBIM ra3ore-
HEpaTopOM, C OKHCIIMTEIBHBIM Ta30reHepaTopoM M C AByMA I'a30TeHepaTOpaMH,
B OIHOM H3 KOTOPBIX BOCCTaHOBHTEJIbHBIH ra3, a B APYTOM — OKHCIIHTEITbHbIH,
B nocnemeM ciyyae 06a KOMIIOHEHTa TOIUIHBA HCNIONB3YIOTCA B KayecTBe pabo-
yero Tella TypOGHHBI I MPHBOAA HacocoB, B Takoit HacocHO# cucTeMe mocTHra-
eTC MaKCHMaJIbHO BO3MOXHOe faByieHHe B Kamepe misa XPI ¢ goxuranunem,
IoaToMy Takylo CHCTeMy NHTaHHMA HHOTHa Ha3bIBAIOT NpeEMebHOM,

Ha puc. 1.5 npuBemeHa knaccudpuxamus XPIY no Bumy npuMeHseMbIX
KOMIIOHEHTOB TOIUIMBa B JiBMTatene. B 3roit KiaccupHkanmMM TOIIMBO pac-
CMaTpHBaeTCA MO YMCIy KOMIOHEHTOB, arperaTHOMy COCTOSIHMIO M CBOHCTBaM
YCTIOBHH XpaHEeHMA H BOCIUTaMEHAEMOCTH,
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o yucny xommonenTtoB TorwinBa XPIY Moxer GbITh OOHO-, ABYX- U MHOrO-
KxoMmoHenTHo#, OnHoxomnoHeHTHbIE XPIIY daie Bcero NpUMEHAIOICA U1 MH-
TaHUA KaMep [BHraTeJIedl M ra30reHepaTopoB B YCIOBMAX NMOBBIIEHHBIX TpeGo-
BaHHil K HaIeXHOCTH UX NpoleccoB GyHKIHMOHHpoBaHuA. OcBoeHHe rHApa3HHa
KaK MOHOTOIUTHBA 32 IOCIeHee AeCATWIETHE NPUBENIO K ILMPOKOMY paclpocT-
patenmto xommnoHentoB JY ¢ XKPIMT mis peanusanuu KOCMHYECKHMX MOJIETOB
MaioraGapuTHBIX aBTOMAaTHYECKMX CIYTHHKOB, TaK KaK CBepXMalble TATH
XPIMT Ha OMHOKOMIIOHEHTHOM TOIUIHBe monyunTh npoiue. Haxonen, nurare-
JIH KOCMHMYECKHX allapaToB BHINOJHAIT Ha TMpa3uHe B TeX ClydyasAxX, Korjaa
HeoGXonuMOo u3GeraTh TOKCHUHOM CTpyM ra3oB 3a COIWIOM (HanmpuMep, IBHTa-
Telb MACKOM MOCagKH Ha IUaHeTy Mapc ctaHuMy ¢ npuGopaMu Wi oGHapyxe-
HHsA GHONOrHYECK O XKU3HENEATENIBHOCTH) |

IByXxoMIIOHEeHTHBIMH siBNisierca GonmpumucTBo KPIY. K muOroxommo-
HentHsIM oTHOCATCA KPIY co creumanbHeiM (aBTOHOMHBIM) TOIUTHBOM [UIst ITH-
TaHuA TypOuHbl. K HUM ke OTHOCATCA NepCNEKTHBHbIE JBHIaTellH, CIIOCOOHbIE
paboTaTh B COCTaBE NEPBO CTyNEHH Ha IIOTHOM TOIIHBe (KepocHHe), a B COC-
TaBe BTOPOi CTyNeHH — Ha MeHee IUIOTHOM, HO Gonee 3¢ ¢heKTHBHOM BOOOpOZE.
(Ilocneprue 1Y MHOr[a Ha3bIBAIOT IBYXTOIUTHBHBIMH) .

Ilo HMCXOOHOMY arperaTHoMy COCTOSIHMIO MHOTO- M [IByXKOMIIOHEHTHbIE
towmsa XPIIY pasgensiorca Ha XHMOKOe PaKeTHOE TOIUIMBO, NCEBHOXHOKOE
(B cOCTaB KOTOPOro BXONAT MOPOLIKOOGPa3Hble KOMMOHEHTHbI, (rmouau3upo-
BaHHbIE B KHIKOM TOIUIMBE) , THKCOTPOIHOe (COfepikallee OQUH WIH HeCKOJIb-
KO KOMIIOHEHTOB B XeNeoGpa3sHOM COCTOAHMM) , LyT00GpasHoe TOIIHBO (CMeCh
BELUECTB B XXHIKOM U TBEPIOM COCTOAHHH) M ra3subHIHpOBaHHOE,

IpenBapHuTenbHOe HCNapeHHe TOIUIMBA MOXET GbITh HEOGXOMMMBIM M Ipef-
HaMepeHHbIM. [IpenBapuTenbHan rasudukamya Bogopona HeobXomuMa yis ero
nopauu B XXPIIMT, paGoTaroumii B UMITyJIbCHOM peKuMe: NpeIHaMepeHHOe HCIIa-
peHMe TOIUTMBA MOXeT NMPUMEHAThCA [UIA PEryJIMpOBAHHA TATH JBHMTaTels IIy-
TeM M3MEHeHHsA IUIOTHOCTH ToIUIMBa, IlpensaputenpHas rasuduxaums omHoro
UM OBYX KOMIIOHEHTOB TOIUIMBA BCErda MUMeeT MeCTO B CXeMaX C JOXKUTaHHEM
reHepaTOpHOro ra3za B kaMepe IOCIIe ero MpOXOXIeHH Yepe3 TypOuHy .

Peaxoe ornmuue XPIY, B KOTOpOii MPHMEHAIOTCA HU3KOKHUIALME H KPHO-
reHHble Towimsa, oT Y ¢ BRICOKOKHMALMMY (CTOAKMMH) TOIUIMBAMH COCTOMT
B TOM YTO MiepBble HMEIOT OrpaHUYEHHBIH CPOK XpaHEeHHA, B TeYeHHe KOTOpOoro
Heo6XOIMMO MCKYCCTBEHHO INOJIIePXKMBATh JXHAKOE arperarHoe COCTOSIHHE TOII-
nuBa, Ilepen 3amyckoM OBHrarens, HCNOJNb3YIOILErO KPHOTEHHbIE KOMIIOHEHTBI
TOIUIMBa, HEOGXOAMMO NPOBOMIMTL 3aXOJIAXHBaHHE ero KOHCTPYyKHMM 1O paGo-
yeit Temneparypsl (173 — 203 K) . Heo6xonuMa ycTaHOBKa TEIUIOBBIX KOMIIEH-
CaTOpOB H TEIUIOH3OJIATOPOB. BO3HMKalOT TPyOHOCTH M C BOCIDIAMEHEHHEM
KPHOTeHHOTrO TomwiHBa (OcoGeHHO B rasoreHeparopax) . HecMotpsa Ha TpymHoc-
TH M3TOTOBNEHHA M 3KCllyaTauud JIY Ha KpHMOTeHHBIX TOIUIMBaX MX IpUMeHe-
HHe NMepCHeKTHBHO, TaK KaK 3HepreTHYecKHe NMOKa3aTeNli KPHOrEeHHBIX TOIUIMB
HaMHOTO BbILe M3BECTHBIX NMOKa3aTeNed BBICOKOKHIAuUMX Tomwius, HaxoHen,
CBOJCTBO BOCIUIaMeHSA€MOCTH TOIVIMBa pe3ko orTnmyaer JKPIY Ha camoBociuia-
MEHAIIMXCA U HeCaMOBOCIUIAMEHAIOIMXCA KOMIIOHEHTax Tomuusa, s Boc-

12



IJ1aMeHEHUA HeCaMOBOCIUIAMEHSIOLIMXCA TOIUTHB HeobX0MMMa TONMONHHKTENIbHAA
CHCTEMa MX MPHHYOHWTENBHOrO BoCIUlameHeHus. KpoMe Toro, HeoGXo0mMMO Tak-
Ke 3a60THTbCA O CMATYEHMHM 3allyCKa TaKMX OBMrareniell (Tak Kak 3aiepKKH
BOCIUIaMeHeHHss y HuX Gonble) ¥ o GesomacHocTH octaHoBa JIY, B mpouecce
KOTOpOr0 MOXeT MpPOH30HTH CaMOINPOM3BOJIbHOE BOCIUIAMEHEHHME OCTaTKOB
TOIUTHBA B KaMepe M ra3oreHeparopax.

1.1.2, TPEBOBAHHA K XPIOY

Tpe6osanus k XKPIY uenecooGpasHo nogpasaenATs Ha obume H cnemudu-
veckue, O6wme TpeGoBaHus mpembaABnAnTca kKo BceM XPIY HesasHMCHMO OT
X Ha3HaYeHHs , CielMpHIeCKHe,Ha0GOPOT, CBA3aHBI ¢ HasHaueHneM [IY Ha JIA.

OGume TpeGonanua k XPJIY. B cBsA3H ¢ BHICOKHMH CHIOBBIMH M TeMnepa-
TYpHBIMHU Harpy3KaMH arperaToB M CTI0XKHO#H cXeMOH HX B3aHMOCBSA3H Ha nepgoe
MECTO BBIABUraercsa TpeGOBaHMe HaIeXXHOCTH Impolecca (GYHKIHOHHPOBaHHA
XPOY. Ecnu xaxmpiit arperatr u Bce 3neMeHTsl JXPIIY BbInoMHeHbI ¢ HAaHGOMD-
LIMMH NOKa3aTeNsAMM HaJe)KHOCTH B aBTOHOMHOM BapHMaHTe, TO COCTaBJIeHHasA
u3 Hux XPIY moxer B mpouecce IMHaMHYECKOTO B3aMMOMECHCTBHA 3THX arpe-
raToB M EMEHTOB MPOABJIATL NMPH3HAKH OTKA30B HIH HEXeNaTeNbHOrO H3Me-
HeHuA cBoMX mapametpoB, [IpmumHO# 3TOMY MOryT GBITh: OTEPA YCTOHYHBOCTH
3aMKHYTBIX AMHAMHYECKHX KOHTYPOB, B KOTOpbIE BXOAAT aBTOMaTHUECKHUE pe-
TYJIATOpbI; HECOBMECTHMOCTb AMHAMHYECKHX CBOWCTB arperaTroB M 3JIeMEHTOB
XKPIY; camonpou3BoibHbIe CpabGaThIBaHMA arperaTtoB aBTOMAaTHKH WIH Hapy-
IIeHUsA TUIaHUpyeMOii NOCITeNOBaTEeTbHOCTH MX CpabaThIBaHUA; KOHTAKTBHI OKHC-
TIMTENA C FOpIOYMM BHe KaMephbl ABHTaTeNls B MapoBOi MM XKMOKOH ¢a3ax; 3a-
COpeHHe WIH 3acoNieHHe (POPCYHOUHBIX 37IEMEHTOB KaMep WIIH ra3oreHeparopoB
M DAL OPYTHX CITyYaiHbIX MPHYMH, IUIOXO MIIH COBCEM He MOMIAIOLIMXCS ITPOrHO-
3HPOBaHMIO,

CratucTHKa noka3sbIBaer, YTo HanGombiuee yucno orkasos XXPIY mpowucxo-
muT B nepuon 3amycka (60 — 70 %), Ha BTOPOM MeCTe — OTKa3bl IPH OCTaHOBE
XPIY (15 — 20 %) . Ha MapiueBblit pexwm npuxomutcs npumepHo 10 % orka-
30B oT obwero yucna, TakuM o6Gpa3oM, MaKCHMaITbBHOE YMCIIO OTKA30B MPHXO-
OMTCH Ha HeCTallHOHAapHbIE PEXXHMBI 3amycka K ocraHoBa XXPIY, 310 06bsacHAET-
€l KPaTKOBPEMEHHOCTbIO 3THX NPOIECCOB, OGYCITaBIMBAIOIMX MaKCHMarlbHbIE
TpafiMeHThl HApacTaHHA CWIOBBIX H TeIUIOBBIX HAarpy3oK, a TaK)e yU4acTHEM B
HUX GOTNBIIMHCTBA arperaToB ympaBJjieHHs, sxofaumx B cocTas JXPIY. Kpome
TOro, arperarbl aBTOMAaTHKH 3allyCka M OCTaHOBa paGOTalOT MO MPHHUHMIY
Pa30MKHYTBIX  CHCTEM, B KOTOpPBIX He IpedyCMaTpPHBaeTCs KOHTPONA Mo oGpar-
HBIM CBA3AM.

Hapexsocrs mponecca ¢ynkumonnponanus XPIOY oGecneunBaercs npu
HOOBOJIOYHBIX HMCIBITAaHMAX. MOXHO yKa3aTh Ha HeKOTOpble OOLIMe MMPUHIMIIBI
MOBBILIEHHA HafeXHOCTH npouecca pyHkuuonupopaHus JKPIY Ha 3tane npoek-
tHpoBaHuA. K HHM OTHOCAT: arperatMpoBaHHe M GIIOMHOCT arperaToB, Arpera-
THPOBaHHe EMEHTOB H KOMIIOHOBKA arperaToB B GJIOKM yMeHbuiaeT o6iuee
uncno Makposdeek B cTpykrype XPIY M nossonser B npolecce MpeaBapHTeb-
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HBIX MCIILITaHHA BBIABHTD aHOMAIBHBIN XapaKTep B3aHMO[EHCTBHA COCTaBIISAIO-
IIKX UX 3TIEMEHTOB M arperatoB. B cucremax HanmyBa XPIIY esnaTesbHO arpera-
THPOBaTh Ta30BBIil PENyKTOP C OGPaTHBIMHM M MpPeJOXPaHHUTEIbHLIMH KIlalaHa-
mu; THA wm ronosky kamepsl IBHTaTeNs clefyeT BHINOJHATL B GIOKe C INas-
HBIMHM TOIUIMBHBIMH KJIallaHaMM M PerynaTOpamMH; GakH BBINOIHATH B GlIOKe C
6ycTepHbIMM HacoCcaMM M TJ. B HekOTOpbIX ¢iyuaAx ITONE3HO BCe arperarsl
OBHraTesIbHON YCTaHOBKH pa3MellaTh BHYTpH Oaka ¢ TOIUTHBOM,

OyukumonanbHan HagexHocTb JXPIIY ‘Moxer GbITb MOBBIILIEHA 3a CYET pa3-
pabOTKH CHCTEMBbI IMarHOCTHPOBaHuA U aBapuitHO# 3aumTsl (CA3) (cm. [14]).
Eciin CA3 cnocoGHa B mpolecce npenaBapuiHON 0GCTaHOBKH 3aMEHHTh pa3py-
LIAIOLIMH pexuM paGoThl WIAMAIIMM, TO TaKHM 00Opa3oM oGecneunBaercs GyHK-
uMoHanbHas Hagexaocts KPIY, ecu ke 3Ta cuCTeMa B NpeNBapHUTENbHOR CH-
TyammH BbiKiovaer 1Y, To npoGiiemMa GyHKUMOHAILHOH HaeXXHOCTH He pellaer-
ca (Tak Kak MOJieTHas 3ajiaya He BBINOJNHSETCA), a JIMIIb COXPaHAETCA Mare-
pHaneHas yacts Y (eciu npeldycMOTpeHbI Mephl ee CTIaCeHus)

Bropvim o6wum tpeboganuem sBnsieTcs TpeGOBaHME MHHHMH3ALMH MaCChI
TOIUIMBA H Cyx0it Maccel XXPIIY

MuHHMuU3aLUag Maccbhl ToniuB a, Ilyrn MuHuMH3aumuyu Maccel
TOIUIMBa MPH 3alaHHOM CyMMapHOM NOTpeGHOM HMIyJIbCe TATH U YPOBHSA He-
06XOIMMO#H TATH ONpENENAIOTCA MO H3BECTHOH GOpMyIbl p = W, , rie iy —
MaccoBBIH pacXofi TOIUIMBA, NPH YCJIOBHH paBeHCTBA [ABJICHHA HAa Cpe3e COIUIA
[aBJICHHI0 OKPYXalolel cpefbl H CBOIATCA K MaKCHMH3aLUMH CKOPOCTH MCTe-
YeHMs ra30B Ha Cpe3e COIUIa, B JaHHOM cityyae CKOpOCTb HCTEYeHHs OTOXIECTB-
JIAETCA yIelbHBIM HMITYJIbCOM TATH ABHTaTeNsA:

W,=J,.

W3 obweit Teopun XKPII [8] n3BectHo, uTO MOBBIILEHHE J,, BO3MOXHO BCIIEACT-
BHe TOBBILLIEHHA OTHOLUEHWA Py [Py} yBenueHus remneparypu B Kamepe T,
TIOHIDKEHHAA OTHOCHTEJIbHOH MOJEKYJIAPHOH MacChl NPOXYKTOB CTOPAHMA M 1
TIOBBILICHHS MOKA3aTellsk H303HTPOILI POIYKTOB CrOPaHUSA TOIUIMBA V4.

Ecnyn npu npoexTHpoBaHMH COIUIa BbIGOP CTeleHM pacLIMpEHMA ra3oB ObUT
MOJTyYeH M3 pelleHHsA ONTHMaNbHOH 3aJaud, TO [aBJIeHHE Ha cpe3e COIUIa p,
ocraerca 3apHKCHPOBAHHOH BENMYHHOM . Torna nosbilieHUe J, BO3MOXHO 32
cueT MOBbILIEHHA [IaBlIeHHA B Kamepe p, . Makcumuzanus nannemm Dy CBA3aHa

¢ BbIGOpoM cucTeMs! nuTanus, Kak ysxe GbUT0 yka3aHo, HACOCHas CHCTeMa IUTa-
HHA C aBTOHOMHBIM paGouYMM TeJIOM WIM aBTOHOMHBIM 3HEPIreTHYeCKHM HCTOY-
HHKOM [J1s1 MPHBOMA HaCOCOB NPHHUMNHATIBHO HE HMEET OrpaHHYeHH it TI0 JaBiie-
Huio B kamepe, Ho moxa Ha JIA Her BbICOKO3)dEKTHBHBIX 3IHEPreTHYECKHX
HCTOYHMKOB, a CaMbiM 3((eKTHBHbBIM HCTOUHMKOM fABNAITCA TorwnBa KPI,
TO B 3TOM CJly4ae BO3MOXXHOCTH 3HAUMTENILHOTO MOBBILICHHA Py, OCTAIOTCA JIHLIb
NOTeHUHAITBHBIMH,

Bce cucTemMbr HacOCHO#H MOJaYM TOIUTHBA C JOXKHI aHHEM TeHepaTOPHOrO rasa
HMeEIOT OrpaHHYeHMA 10 MaKCHMaJIbHOMY HaBJICHHIO B KaMepe, HO MMEHHO IIpH-
MeEHEHHE 3THX CHCTeM NHUTaHMA obecneynBaeT HauOGONbLIME JaBJIeHUA B Kamepe
M COXpaHseT NPH 3TOM TOIUTHBO-3HEepreTHIeCKyIo aBToHOMHI0 XKPITY .
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IIpyHIMIHATILHO TAKHE CHCTEMBI MOTYT ObITh;

a) C BOCCTaHOBHTEJIbHBIM Ia30Tr eHepaTOpOM;

6) C OKHMCITHTEJIBHBIM Ia30T HEPaTOPOM;

B) C OKMCIMTEJBHBIM M BOCCTAHOBHTEJIbHBIM Ta30reHepaTOpaMH O[HO-
BPEMEHHO,

Ilockonbky paBiieHne B kamepe (3a BbIYETOM Ilepenaia NaBJICHWH Ha TOI-
JIMBHBIX MAarMCTPa/IAX M Ha GOPCYHKaX) ompeneNsercs HaBJIeHHEM 3a Hacoca-
MH, a [ocliefHee — MOLIHOCTBI0O HacOCOB, T.6. MOIHOCTBIO IIPHBOAALIMX HACOCHI
TypGHH, a MOLIHOCTb TypGHH OTIpeNeNsaeIcs BHIPKEHHEM

Ny =myLopny, (1.1)

TO MaKCHMA/ILHO Mpefie/bHOE [IABJICHHE B Kamepe MOXeT GbITb MOTydeHO [y
CXeMBI ”B”, TaK KaK B Heil MOIHOCTb TypOHH oGecrieunBaeTcst pacXooM BCEro
TOIUIHBA, nonanaemoro B ra30reHepaTopbl (my=mg + m.).

lbm cxeMbl ”6”, B KOTOPOH Bech OKHCIIMTENb MOMAETCA B ra3oreHeparop
my = mq + im, roe i —NONsA TOPIOYEro, HeOGXOMMMast IS MOy UeHHS OKHCITH-
TENLHOTO Ta3a TeMmepaTypo#, mpuMmepHo paBHo# 800 K, moumocts TypGuH
0BeCreuMBaETCA B OCHOBHOM PacXO[IOM OKHCITHTENA,

Ilna cxempr ”a”, B KOTOPO#H BCe ropiouee MOAaeTcA B ra3oreHeparop m
= my + jmg, rAe j — MONA OKHCIHNTENA, HeoGXomUMan A MOydeHHs Boccra-
HOBHTEJIBHOTO Ta3a ¢ TeMIepaTypoii, npumepHo pasnoii 1500 K, Moumocrs Typ-
6HH oGecrmeyHBaeTCsi B OCHOBHOM PacXofoM ropiodero (i M j — MaJibie BeJIHIH-
HbI) . MoumocTs Typ6MH NpAMO NPONOPIMOHANBHA PacXOmy TeHEpPaTOpHOro
rasza [cm. (11)]. Benencreue Toro, uro pacxop okucymrens B K, pas Gomsiue
pacxonia ropiodero (K,, — COOTHOlLIIeHHe KOMIOHEHTOB TOIUIMBA), TO MaKCH-
MaJBHOe [JaBJIeHHe B KaMepe I cxeMbl G’ Gorbiue, yeM I CXeMBI “a”,
Brmsmue xommiexca R.T; (onpemensomero BemutuHy L,;) Ha MOLMHOCTh
TypGHHBI IO CPaBHEHHIO c PacxooM ra3a MeHee CyLIECTBEHHO,

Ina cxemer B” mpemeNbHOE HaBJieHHE B KaMepe MBHraTeNidi HaXOMHTCH
npuMepHO B puanasoHe 40 — 50 MIla (B 3aBHCHMOCTH OT BHAa TOIUIHBA) ; WIA
cxembl ”6” — B muama3oHe 30 — 35 MIla, a wia cxemsl “a” — B aMamasoHe
25 —30MIla,

IIpakTHYeCKH MyTH NOBBIILEHNA NaBIICHUA B KaMepe VI CXEM C JIOXHTa-
HHEM TeHEePaTOpHOro ra3a CO CTOPOHBI CHMCTEM IMTaHHA TOIUIMBOM COCTOAT B
NOBBILIEHHH TEMIIEPaTyphbl reHepaTopHOro rasa u B ysenudenus KIIJI nacocos
H TypOHH,

Temneparypa rasa B kamepe T, , OTHOCHTe/IbHast MOJIEKYJIApHasA Macca Mpo-
RYKTOB CTOPaHHs [, ¥ NMOKa3aTellb H303HTPOINbI MPOAYKTOB CrOPaHHA TOIUTHBA
Yyus 32BMCAT OT BHAA TOIUIHBA, BRIGOP KOTOPOTO LIEJIMKOM ONpeMeNaercsa Ha3Ha-
YeHHeM H ycioBuamu Jxcioryataumy XKPIY Ha JIA. YnenbHblii HMIYNbC TATH
BCJIEICTBHE NMPHMEHEHHUA BbICOKO3((EKTHBHOTO TOIUIMBA MOXeET OBITh MOBBI-
IIeH MpPHMEHEHHEM META/UTH3HPOBaHHLIX TOPIOUMX C BBICOKMMH TeMIepaTypa-
MH rOpeHHs M MCKYCCTBEHHBIX (CHHTETHYECKHMX) TODIOUMX C Majoil MOJIEKY-
NISIPHO# Maccoil NPOXYKTOB CrOpaHHA,

.
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MunuMusauua cyxo Macch usmenus XPIOY, Ilo
K.3 Iluonkosckomy

myj

AI/'- = Wmln

s (1.2)

Myi
roe AV; — npupamense ckopoctd JIA B npouecce paGoThI i-i CTymeHH COCTaB-
HO# paxeTsl; W,; — CKOpPOCTb MCTEYEHHSA Ta3a Ha Cpe3e COIIa; M,; — HaualbHast
Macca i-i CTyIeHH COCTaBHOMH paKeThbl; M, ; — KOHeuHas (CyXast) Macca H3[e/THA
i-i CTyTlleHH COCTaBHOM pPaKeThl.

Macca m3pacxomoBaHHOIO TOIUIHBA 33 BpeMs paGoThHI i-#l CTYNEHH COCTaB-
HOM paKeThl paBHa

My =My — My,

OtHOCHTebHasA Macca PaKeThl
mgy; mg; 1
['}} ['}}
= = N ( 1 -3 )

Ki Moj— My 1 —myiime;

m

[ My;/mg; — OTHOCHTENbHAA Macca TOILUTHBA i-i CTyTIeHH COCTaBHOH paKeThl.

U3 seipaxedns (1.2) ciemyer, 4To YeM MeHBbILE CyXasa Macca M3[IeNHs, TeM
Gompbule mpupaieHne ckopoctH JIA, a 3 Beipaxenus (1.3) — uto yeM Gonbiue
OTHOCHTEJIbH3A MacCa TOIUIMBa, TeM Gonblle mpupauieHue ckopoctd JIA. Ilna
coBpeMeHHbIx JKPIIY OTHOCHTEIbHAA Macca TOIUIHBA Myi/Mg; = 0,88 ... 0,92*,

Iinsa KocMMYECKHX MOJIeTOB CKOpocTh JIA, pearm3syemasn ¢ nomoiusio XPIY,
ABJIAETCA yCJIOBHEM [ OCTIDKEHUA KOHEUHOH 1IeJTH MoJeTHOM 3amaun JIA.

IIpu mocTiDkeHuM MIeanbHOH XapaKTepHCTHuecKo# ckopoctd JIA V,, =
= 95 kM/c oBecrneuMBaeTC BbIBOJ HMCKYCCTBEHHBIX CIyTHMKOB Ha OpOHTY
3emitu BbicoTOl 200 KM,

Ilpu AV, ,, = 4 kM/c oGecnieunBaeTCs nepener ¢ OpGHTHI 3eMilH Ha OpGHTY
JIyns1, mpu A xap = 5,7 xm/c — mepener Ha opbury Mapca, mpu AVxap =
= 24 xM/c — neperner Ha opGuTy H0nurepa.

U3 seipaxenns (1.2) BHOHO, UTO Hapsdy C YHENbHBIM MMITYJIbCOM TATH
crynedu (W,; = J,;) cyxas Macca JXPJIY cyluiecTBEeHHO BIIHAET Ha BBINIOJTHEHHE
noneTHoi 3amaun JIA,

Bo3Moxaible MyTH COBEpIIEHCTBOBAHMA MacCOBBIX XapaKTepHcTHK JKPIIY
COCTOAT:

1) B pammoHatsHOM BbIGOpe TommMBa, Ha nepBhIX cTymeHsx paxer uene-
coobpa3Ho mpuMeHeHHe GoJiee IUIOTHBIX TOIUIMB, a2 Ha BTOPBIX M TPeThbHX —
Gornee nerkux, Ho 4 Gonee 3¢pdexTHBHBIX (HaIpuMep, KMCIOPOH, + BOIOPON) ;

2) B pa3paGoTKe NBYXTOIUIMBHBIX JBHraTeleil, KOTOpble paBOTaIOT B COCTa-
Be BTOPOH M TpeTbeH CTyIeHeH Ha JIErKOM TOIUIHBE;

* JInf cpaBHeHHA: OTHOCHTeNIbHasA Macca TOIUIHBA XKeJIe3HOJOPOXKHON LIMCTEPHBI Mac-
coft 20 T, nepeBo3sAman 60 T TorwmBa, paBHa 0,75,
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3) B pacnoJIOXXEeHHH OBHraTells B COGCTBEHHOM GaKe C TOIUIMBOM;

4) B yBenWUeHMH HAMOPOB HACOCOB B OJHOM CTyNEHH B BBICOKOHAMOPHBIX
MHOTOCTYNeHYaTbIX HacocaX, YTO MPHBOMMT K COKpalLEHUWI0 YHCIIa CTyTeHeid, a
3HAYMT, ¥ K YMEHBIIICHHIO MacChl HACOCHBIX arperaTos;

5) B CHW)KeHUM [IaBJIeHHS Ha BXOJE€ B HAaCOChI, BIUIOTh /IO aBJIEHHMA HaChI-
IIEHHBIX NAPOB TOIUTMBA, ITO NO3BONAET YMEHBIIMTh Maccy 6akoB;

6) B 3aMeHe OBHrareNell ynpaBJieHHA BEeKTOPOM TATH Ha Nepepacrpenerie-
HHe PacXO/IOB TOIUIHBa B OCHOBHBIX KaMepax [IBHTaTellA WIX Ha X MIOBOPOT, YTO
C3KOHOMHT Maccy Bceii 1Y ;

7) B COBepILEHCTBOBaHHH CHCTEM HalflyBa GaKOB M KCIIOJIb30BaHMH I
HajayBa ropsuux ra3oB (T, =~ 900 K), uro npuBOOMT K YBeNHUEHHI0 MaCChI
noJie3HOro rpysa JIA nmpumepHo Ha 3 %;

8) B HCNONB30BaHMH HOBBIX KOHCTPYKLMOHHBIX MaTepHasioB (Ha OCHOBE
THTaHa ¥ GepWUIHA) WIH yBeHUeHHH YeNbHOMH MPOYHOCTH (0,/p) aloMuHMe-
BbIX U MarHHeBbiX CIUTaBOB Ha 10 — 20 %. 3TO MmO3BONsET MOBBICHTb MAacCy
TOJIE3HOr0 rpy3a npuMepHo Ha 5 — 15 %. IIpuMeHeHMe TTacTMacC BMeCTO Me-
TAJUIOB 1A M3rOTOBJIEHHS KOPIYCOB arperaroB )KPJIY MOXET CyLIECTBEHHO
yYMEHBIMTb UX Maccy;

9) B MUHMATIODH3alLMM, KOMIAKTHOCTH H 6n0tmocm arperaroB XPIY,
CTOCOGCTBYIOIIEH YMEHBLIEHHI0 CyXoi Maccel u3fenusa XPIY. B uactHoCTH,
MMHHATIODU3aLMA NPUBOIHBIX YCTPOMCTB JIEMEHTOB MOXKeT GbITb JOCTHTHYTa
MyTeM 3aMeHbl THEBMATHYECKHX NIPUHBOJHBIX YCTPOHCTB 3/1€KTPHUECKUMM,

Tpervum rtpebosanuem x XPHY sapnserca oGecnedeHHe HE3aBHCHMOCTH
XKPIY ot ycnosuit BHeumei cpenpl. K HUM OTHOCAT [aBiieHHEe W TeMIeEPaTypy
OKpYKatollleil Cpefipl, COCTOSTHHE HeBECOMOCTH, KOCMHMYECKOe H silepHOe 00Iy-
yenne, K HUM ke MO>HO OTHeCTH BiMAHHe Ha paGoTy arperatoB 1Y yckopeHus
JIETaTeNIbHOTO ammapara, XOTA OHO M SIBJIAETCA CIeJCTBHEM MpHIOXKeHua K JIA
1ATH, co3faBaemoit XPIIY, a Taxxe nomexu B pa6orte IIY oT nomajgaHus B arpe:
ratbi JIY HHOPOIHBIX YaCTHIL C TOIUIMBOM, Ta3aMH Y Ha 3Tane c6opku Y.

JaBnieHue okpysxawowed cpeabl MeHAETCA OT aTMOCHEPHOro HaBJIEHHsA [0
paspexeHus B kocmoce, Ilpu nonere Gaumucriyeckux JIA u HocHTeneit H3MeHe-
HMe MPOTMBONABJIEHMA CKa3bIBAETCS Ha BEJIMYMHE TATM, CO3[aBaeMOi COIUIOM
OBHraTeNs. 3T0 U3MeHEHHe KOMIEHCUPYETCA CHCTEMOH YNpaBJIeHHs TATOH 3THX
peurareneir (cucremoiit PKC) . B arperarax XPIY uaMeHeHHe BHELLUHEro [IaBlie-
HMA MOXeET CYIUECTBEHHO INOBJIMATh Ha peXxuM ux paGotel. Tak, Hampumep,
B HACOCHBIX CHCTEMaX MHUTaHHUsA Ge3 JOXWraHHs yMeHblleHUe NPOTHBOIABIIEHUA
MOXKeT NMPUBECTH K YBeJIMYeHMI0 OOluero nepenanga aBlieHHit Ha TypOume u ee
HONONHUTENbHOM packpyTke, UIf yCTpaHeHHA 3TOro sBNIEHUA HEOOXOOMMO Ha
BbIXOfe U3 TypOGHMHBI yCTaHaBIMBAaTb CBEPXKPHTHYECKHH HacafoK, CrocoocT-
BYIOLIMI COXpaHeHuI0 oOluero nepemajga OaBlieHHA Ha TypOHHE C OTKDBITHIM
BbDUTONOM. MeMGpaHbI, MOpIHeBbIe H CHIbGOHHBIE Y3NIbI HACTPOAKH arperaToB
aBTOMATHKHM, HaCTpOeUHbIe MOJNOCTH KOTOPBIX COeHHEHbI C OKPYXKalolleH cpe-
OOii, TaKXe BOCHPHHHMAIOT H3MEHEHHE JIaBJIEHUA OKpY’Kalolllei Cpefpl, YTO
MOXeT NPHBECTH K MX NepecTpoiike, TeMnepaTypHblii qUana3oH 3KCIUTyaTalHMH
XPIY xoneGnerca B MMPOKHX Npedenax U B CpeHeM COCTaBJIfieT B 3eMHBIX
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ycnopusax 323 — 223 K u B ycnosusax xocmoca 373 — 173 K, Ilpexxae Bcero
H3MeHEHHe TeMIIepaTypsl BIMAET HAa IUIOTHOCTh TOIUIMBA, YTO MPUBOIOHMT K OT-
KJIOHEHMIO OT PacYeTHBIX 3HaueHHH TATH M COOTHOLLIEHHA KOMIIOHEHTOB TOILUTHBA,
9TH OTKJIOHEHHA MOT'YT KOMIICHCHPOBaTbCA BHYTPEHHHMH KOHTYPaMH yIpaBJie-
HHsA [IBHTraTelieM, eCIIH MPH BbIGPaHHBIX KOCBEHHBIX MaPaMETPaxX peryJinpoBaHHA
YUHTBIBAaCTCA M3MEHEHHe TeMiepaTyphl TolwinBa [4]. TeMneparypa okpyxaroiei
cpedpl M TOIUIMBA CYILECTBEHHO CKa3bIBaeTCA Ha XapaKTepHCTHKaX Ipolecca
GYHKIMOHMPOBAHHA arperaroB aBTOMAaTHKH M Npexie BCEro — Ha CBOHCTBaX
neMnHpOBaHHA MOABIDKHBIX YacTeil 3THX arperaroB BCIIEIICTBHE H3MEHEHHA
BA3KOCTH AeMindHpyowuX paGouux Tejy. YBenuueHHe Temieparypbl AeMnbH-
pyoLMX paGouMX TeN NMPUBOJHT K KONeGaHHAM MOIBHXHBIX YaCTeM, a e YMEHb-
IIeHHe — K noTepe GbICTpOIeACTBHA .

s oBecneueHusaA HeOGXOOMMOroO JHMHaMHYECKOro KayecTBa HAemndupyio-
wMe paGoune Tena, NpUMeHseMble B arperatax aBToMatuku XPIY, He momxmbi
CYILECTBEHHO MEHATh CBOHCTB BA3KOCTH B paboyeM /IMana3oHe H3MEHEHUs TEM-
nepatyp.

B cBfA3M C LLIMPOKHM [IMaNa30HOM M3MeHEHHs TeMIeparyp B KOCMOCe NpH-
XOMIUTCA BBOJIUTH CHCTEMY T€PMOCTaTHPOBAHHA TOIUINBAa B KOCMHYECKHX JIBHIa-
TEJIBHBIX YCTaHOBKax. TepMOCTaTHpYIOTCS Takoke OT/eNbHBbIE arperarbl [BHUra-
Teseit, HanpuMep kuananHeie nmonoct JXPUMT. Ot ype3amepHOro TemioBoro
M3MyYeHHUA U MepeOXaXIeHHA KOHCTPYKIMIO HEOXJIaXIAeMBIX KOMIOHEHTaMH
towmBa kaMep JXPIMT 3ammiuaioT 3K paHHO-BaKyyMHO# TeIUIOBOH H30MALMEN,

TemtoBas H3oNAUMA TaKXe HeOGXOAMMA 1A GAKOB M TOIUIMBHBIX Marucr-
pasteit, HanoJTHEeHHBIX HU3KOKHIALIMMH, KPHOTeHHBIMH KOMIIOHEHTaMH TOIUTHBA,
Ona ymeHbluaeT Terionepefady OT BHeLUHeiH cpelbl K TOIUIHBY B CTapTOBBIX
YCIIOBHAX, a B MOJETe B IUIOTHBIX CNOAX aTMOChepBI MpenaTcTByeT a3poAHHaMH-
YeCKOMY HarpeBy CTeHOK GakoB.

Cnemyer TakXe MMeTb B BHIY, YTO M3roToBjieHMe arperatoB XPIY, mia
HCNOJIb30BaHHA B HHX HU3KOKHMALIMX KOMIOHEHTOB TOIUIHBA, NMPOHMCXOIMT B
HOPMAaJIbHBIX YCJIOBHSX, T.e. pH TeMmeparype 293 K, a ux skcruryaTauHoHHas
temneparypa 203 K, uto Mo>eT BbI3bIBaTh HeXKeNaTeNbHbIe NedOopMaLyH HX KOp-
ITyCOB H JIeTaJiel,

H3MeHeHMe TeMnepaTypHOro [Halma3oHa OKPpY’KalOLEH Cpelpbl OKa3biBaeT
CYLIECTBEHHOE BJIHAHHE Ha YC/IOBHA 3alpaBKM ra3oM aKKyMyJIITOPOB [iaBlle-
HHA ¥ TOWIMBOM G6akoB npu HazeMHOM GasupoBanuu JIA. 3anmpaBka KPIY
TNPH OTPHLATENBHBIX TEMIeEpaTypax, a IKCIUlyaTauys (XpaHeHue) ee IpH MOJNo-
XHTEIIbHBIX MOJXKET NMPHBECTH K CHIOBOM Meperpy3ke akKKyMyJIATOpOB i GakoB
BCTIEACTBHE YBelWueHMs JaBlleHHA B 3aMKHyThIX eMkocTax. HaoGopor, 3anpas-
Ka NpH MONIOXHTENMbHbIX, a dyHxuuoHupoBaHue XXPIY npu oTpHuATENbHBIX
TeMIepaTypax MOXeT BbI3BaThb HEOCTady ra3a M TOIUIMBA [UIA BBIMOJIHEHHMSA TO-
nernoit 3apauu JIA, Benepcrsue storo XPAY pns JIA HazemHoro 6asupopaHus
HMEIOT yBeSTHYeHHbIe 06beMBI ra30BbIX aKKYMYJATOPOB H ra30Bble MOAYLIKH B
GaKax C TOIIMBOM, KOMIICHCHDYIOIIHE BIIHAHME M3MEHEHHs TeMIEpaTypHbIX
yCIOBHI OKpYyXKalolLeil cpempl.

CocrosiHMe HEBECOMOCTH, KOTOpOE BbI3bIBAaeTCA NPEOIOJIEHHEM IpaBHTa-
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IMOHHBIX CHJI M 3BOJIOLMAMM JIETaTeJbHOrO alnapara, HapyilaeT CIUIOLUHOCTb
COCTOAHMA TOIUIMBa B GaKaxX, KOTOpPOE XaOTHYECKH MEpeMEIMBaeICa C ra3oM
HagnyBa. B xocmuueckux JIY BHYTpH GakoB YCTaHaBNMBalOT MCKYCCTBEHHbIE
pasfeNmuTeny XUOKOA U ra3oBbIX (a3, a Ha BEPXHHX CTyNeHAX HOCHTeNeH Npu-
MEHSAIOT CPEACTBa CO3[NaHHA MCKYCCTBEHHBIX NPOIOJbHBIX Neperpy3ok, HalpH-
Mep, ¢ nomoumio XPIMT, 3a cyer MMITyJIbCa TATH KOTOPBIX TOIUTMBO PWIHBAET
K 3aGOpHBIM yCTpoOiicTBaM GakoB, BiusHKe rpaBHTaUMOHHBIX CHI TaK>Ke CO37aeT
noMexH 3abopa TomwimBa M3 6GakoB, HampHMMep, 3a CYET BOPOHKOOOpPa3oBaHHA
npu GONMbLIMX pacXofaX TOIUIHBAa [ABHMTaTelliMM NEPBBIX CTyNeHeH HOcHTenen U
GaumcTvecknx JIA wiM 3a cder o6pa3soBaHMA Ha rpaHHlle pasfiena ras—xuf-
KOCTh MOBEPXHOCTHBIX BOJIH, CNOCOGCTBYMWILMX HHTeHCHpUKaUMM Nporpesa
XXHMIKOrO TOIUIMBA U CBA3aHHOTO C HHM YBEITHYEHHA OCTaTKOB TOIUTHBA B Gakax,
Ha3bIBaEMbIX TEIVIOBBIMH OCTaTKaMH TOIUIHBA.

OGnyuenne B KOCMOCE TOIUIHBHBIX GaKkOB C a30THBIM TETPaKCHIOM BBI3bI-
BaeT B HEM KOArylalUMI0 OPraHWYeCKHX NpHMeceH, BHOCHUMLIX B OKHCIIHTENb
cpenctBaMyu 3ampaBkH. OpraHudeckue NpHMeCH NpPENATCTBYIOT HOPMAJIbHOM
paboTe TOIUTMBHBIX CHCTeM H [BMrartenedl Maio# Taru. [losatomy 3tH mpumecu
NPHXOOUTICA BBIAENATh U YHANATh M3 COCTaBa OKHCIHMTENsA [I0 3aNlpaBKH ero B
Gaxu XPIY xocMuueckMX ammapaToB, B mpouecce 3ampaBku Heo6xomumo
CTPOTO CJIEIHUTh 32 TILATENIBHBIM 00e3)XUPHBaHHEM CPEICTB 3alPaBKH,

Bnusmiue mpoponsHOro M 6oxoBoro yckopenwit JIA Ha mapamerpsr XPIY
0coGeHHO BeJIMKO I OBHTraTeNbHBIX YCTaHOBOK JIA,| momyckatommx Gorbime
HeperpysKH B mpouecce MoJeTa,

IIpomonbHble YCKOpPEHHA BBI3BIBAIOT KaK M3MEHEHHE TATH JBHraTells, TaK
H COOTHOLICHHA KOMIIOHEHTOB TOIIHBa, OnpeneneHne BIMAHMA YCKOPEHMHA Ha
OCHOBHBI€ NapaMeTphbl IBUTaTeNsA M3JI0KeHO B paGote [4]. BoxoBble yckopeHus,
BO3HHKaIOLIME BCJIEICTBHE MaHeBpHPOBaHHA JIA | BbI3BIBalOT NPWINB TOIUIHBA K
GOKOBBIM CTeHKaM GaKkoOB M MOryT NpPMBOOMTb K NOMAJaHHIO ra3a HaJylyBa B
TOIUINBO3aGopHbIe ycTpoicTBa. A mpemoTBpallieHHs 3TOrO ABNEHUA B TOI-
JMBHBIX Gakax MaHeBpeHHbIX JIA 3aGOpHBIe YCTPOHCTBa BBINMOJHAT THGKHMH,
CIOCOGHBIMM  OTCIIeXHMBaTh MepeMellieHHe TOoIIHMBa B Gaxax. s Menblueit
YyBCTBUTENIBHOCTH K Neperpy3Kam UyBCTBHTENIbHbIE 3JIEMEHTHI PEryaATOpPOB
IV BeicokoMaHeBpeHHbIX JIA BBLIMONHAKT MeMOpaHHOTO THNa, Kak MeHee
HHEPLUMOHHBIX, 2 KX OCH pacnoJaraloT pH KOMMoHoBKe Ha JIY Bmonb HanpaBne-
HHSA OefCTBHA HaUMEHBIIINX Tieperpy3ox.

3ammTa arperatoB JIY OT MHOPOMHBIX YaCTHI, NOJaBaeMbIX C TOIUIHBOM H
ra3amM, a TaKk)ke OT OCTaBIUMXCS B arperarax OIIUIOK, CTPYXKEK, 3ayCEeHIEB H
06101 MeTaOB, MbUIM H HHOPONHBIX MPEIMETOB B pe3ylibTaTe HeGpexHOil
c6OpKH rapaHTHpyeT HaleXXHOCTh PyHKuMOHMpOBaHua JIY ¢ Ha3HaYeHHBIMH ma-
pamerpamu, OcoGeHHOCTH 0GecTeueHHst TaKOH 3aLUTHI CIIeMyIoLIMe:

1. Ecnu no TeXHMYeCKHM YCIOBHAM B 3alpaBlifeMOM TOIUIUBE He HOTKHO
GbITb MHOPOTHBIX YaCTHI, pa3MepoM Ooree 4eMm, Hanmpumep, 40 MK, TO NpH 3a-
NpaBKe HCIONMb3YIT MeTalTHiecKHe GWIbTPYIOIHE CETKH Pa3MepoM sUYEHKH
40 mk. OgHako 3aMeueHO, YTO Yepe3 CETKHM TKaHEBOTO IUIETEHHA C Pa3MepoM
syeiikd 40 MK, mpy GUIBTPaIMM CHIBHO 3arpsA3HEHHOrO TOIUIMBA, 32 CETKOMH
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&WIbTpa HabGMIONAIOTCS YacTHIB! pasMepoM 120 MK, YcraHOBNeHO, YTO TKaHe-
BasA ceTKa IOJ [eHCTBHEM YacCTHIl CHOCOOHa pa3[BHMraTh CBOH SYEHKH, KOTODbIE
ToCyIe TIPOXOXIEHHS YaCTHI[ CHOBa BOCCTaHAaBJIMBAlOT CBOM pa3Mepsl. [losromy
npH GWIBTPAlMH TOIUTHB HOJDKHBI NPUMEHATLCA GWIBTPBI C KECTKO 3aKpeIUIeH-
HBIMH pa3sMepaMH sueeK, K HUM OTHOCATCA CETKH CapXeBOro IUIETEHHA M Me-
TaIoKepamuuecKie GWIbTpeI, 3aMeueHO TakKe, YTO IIPH CWIBHOM 3arps3He-
HHHM ceTYaTble QWIbTPbI CHOCOOHBI K CaMOOYHCTKE BCIEACTBHE NPOITYCKaHHA
OTOWIBTPOBAaHHBIX YaCTHI] Yepe3 >XeCTKO 3aKpeIUleHHbIE MYEeHKH CeTKH. IT0
oGyCNOBNeHO BO3pacTaHMEM Iiepenajia [aBJIeHMSA Ha ceTKe (QWiIbTpa H3-3a ero
ype3amepHoro 3arpsa3Henus, [lo3ToMy B 3aBHCHMOCTH OT CTeNeHH 3arpsa3HEHHA
TOIUIMBA CNIe[yeT YCTaHaBJIMBAaTh PECypC CeTYaThiX GUIBTPOB H BOBPeMs IIPOM3-
BOAMTh MX 3aMeHy. JIyuiie#f rapaHTHell OUMCKH TOIUTHBA ABJIAETCS YCTaHOBKa
3aNp4BOYHOrO puibTpa B cociase Y, a He B cuCTEMe 3aNpaBKH TOIUTHBOM, KO-
TOpBIH XOTA U yBenuuuBaeT Maccy I1Y, Ho paGoTaer ofgus pas.

HIns 3anpaBku kocmudeckux JIY ¢ XXPIIMT npumeHsitor GWIBTPBI ¢ pa3Me-
POM sueeK 5 MK, .

2. 3aMeueHo, YTO B Mpolecce MJIMTENBHOTO XpaHeHHss B GakKaX a30THOro
TeTpaKCHa B HEM DaCTBOPAIOTCA KOHCTPYKLMOHHBIE METa/UIBI CTEHOK Gaka M
€ro apMarypsl ¢ NOCJIeRYIOHM 0Opa3oBaHHEM HX COJIEH, KOTOPBIE OCAKIAIOTCH
B (GOPCYHOUHBIX TpaKTaX [ABHraTelied Manoil TAru. Ui ymajieHHs 3THX colei
OKMCIIMTeNb Neper 3anpaBKoii B Gaxu kocmudeckux 1Y moasepraercs neperoH-
Ke (BbIIAPHBaHMIO) , a 3ampasiseMbie eMkoCTH 1Y npenBapHTeNsHO NMACCHBH-
pyT Tak, 4ToObl Ha cTeHke Oaka oOpa3oBanach YCTOHYMBas HepaCTBOpHMas

OKHCB,
3. Ilpu 3anpaBke aKKyMyJIATOPOB CXaTbIM ra3oM HeoGXOAUMO 06ecHeunTh

CaMy10 TLIATeJIbHYI0 OYHCTKY ra3oB OT BOIOAHBIX H MaCJIAHBIX NMapoB. Tak Kak
NPH PacXOMOBaHMH ra3a M3 aKKyMyJIATOpa TeMIepaTypa ero magaer, TO IIpH Ha-
JIMYHM MapOB BOMIbI B CXKaTOM ra3e B NpOLECCE €r0 OXJIaXOEHHS BOOAHbIE Maphl
MOTYT CKOHICHCHPOBAaTbCA M 3aMEP3HYTb Ha BXOOHOM (GWIbTpE ra3oBOro pe-
nykropa. A Bo3myxa M a3oTa, KOTOpbie B Mpolecce ITyGOKOro ApoCCennpo-
BaHHA OXJIDXJAIOTCA, BbIMaJleHHe TBepHOH (ba3sl BOMABI MOXET NPOHCXOIHTH B
ey MexAy pedylMpymolMM KinamaHoMm H cemioM. Ilostomy Hekoropsie u3
BBINOJTHEHHBIX BO3MYIIHBIX PENYKTOPOB MMEIOT NpPHHYAHUTE/IbHBIA 3IeKTpHUEC-
KHii noforpeB kopmyca. EcrecTBeHHO, 4TO OocaxiieHne TBepmoi ¢dasbl B 3a30pe
MeXIy KIIalaHOM H CeIOM pefyKTOpa NMpaKTHYeCKH BBHIBOJMT €ro U3 CTPOS,
YTO B KOHEYHOM HTOre NpHBOIOUT K oTKa3sy 11V,

Ecnu B ckaToM rase HMelOTCA Napbl KOMIIPECCOPHOTO Maciia, TO CaMH [aphl
Macna WIH €ro CKOHAEHCHPOBABIUAsACA KalulA B 6ake ¢ OTKPHITOH IOBEPXHOCTHIO
OKHCIINTE/A NpENCTaB/IAT coboit ouar Bociiamenenus. IlpucyrcTBHe Macia
WM IapOB B ra3oBOM NOAYIIK e KHCIIOPOAHOro 6aka MOXXeT NPUBECTH K B3PHIBY
CMeCH Macllo + KHCIIOpOQ,

4. Cbopka arperaroB u JIY B 1enoM [OKHa NMPOMCXOIMTb B YCIOBMAX
CTepWIBHOM YaCTOTHI KaK CaMHMX COGHpaeMbIX 3JIEMEHTOB H NpUMEHseMOM OC-
HACTKH, TaK H BO3[yXa B NIOMeILEHHH COOPKH,

Iocme Mexannueckoit oGpaGOTKM Bce HeTajld HOMKHBI OBITH TIATENBHO
OUYHLIEHBI OT 00O, 3ayCeHLEB, CTPYXKEK M ONMWIOK IIyTeM MeXaHMYeCKO# MO-
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paboTKH, MPOMBIBKH M mpopyBKH, [lepen c60pKoit feTanyu y3/ioB M arperaroB
XKPIY nomxubi 661Th 0Ge3>KUPEHEI M MPOCYLIeHbI B BAKYYMHOH Kamepe.

C6opouHoe noMellieHHe JOIDKHO ObITh FEPMETHYHBIM M MMETh IPHTOYHO-
BBITSDKHYI0 BEHTWIAUMIO C MBbUIEYNOBHTENAMH. Bxommeie msepu B c6opounoe
MOMeLLEHHE JIOJDKHBI UMeThb TaMOyphl, B KOTOPBIX COTPYJHHKH MEHSIOT BEpX-
HIOK OfieXOy M 06yBb. MHCTpYMeHT M KpenexHbie NeTalH JOJDKHBI OBITH Ha
CTpOroM yuete,

TombKO MpH TAKOM TEXHOJIOTMH COOPKH arperaroB M AY B LeENOM H Tina-
TENBHOM KOHTpOJIE 3a e€ COOMIO[ICHHEM MOXHO TrapaHTHPOBaTh OTCYTCTBHE
MHODO/HBIX YaCTHII, IPUMeCedl H HHOPOIHBIX NPEIMETOB B coOpatHoit JIY .

Yergeprbim o61yum Tpeboganuem K XPIY aBnserca ycTOMUMBOCTD AMHAMH -
YECKHX .[IPOLECCOB 1O OTHOLIEHMIO K KolneGaTenbHoi rpanuue [4]. XPIY xkak
BBICOKOJHEpreTHIecKas CJIOKHasA IUHAMUYECKas CHCTeMa ABJIAETCA HCTOUHHKOM
KornebaHuii BO BCeX BO3MOXHBIX fHaNa30HaX YacToT.

PaccMOTpMM OCHOBHble [HMaNa3oHbl BO3MOXHLIX YaCTOT KoneGaHMM M MpHUMHBI HX
BO3HHKHOBEHHA,

1. Nluana3son yacror f = 0,5 ... 10 I'u ABnserca onacHeiM mnsA kopnyca JIA, ynpyroro
B MPOMONBHOM HalpaBjleHHH. Y POLLEHHOe MpeAcTaBlleHHe O Pa3BHTHM MeXaHH3Ma Koneba-
HHUH, ONMHCaHHEe KOTOPOro BO3MOXXHO C MOMOLUBIO CHCTeMbI JIHHeHHBIX nudbdepeHUHaNBHbIX
yPaBHeHHit, B 3TOM [Hana3oHe YaCTOT MOXHO MOACHHUTH Cliefyiolm oGpa3om. CnyvattHeie
KoneGaHus Ha Bxoge B Hacockl THA mpwu vacrore 0,5 — 10 I'i mpoxonsAT yepe3 ABHTaTeNh-
HYI0O YCTaHOBKY M NpeBpalialoTcs U3 KoneGanuit naBneHnsa B koneGanusa taru. KoneGanus
TATH 3aMBIKAIOT JUHAMHYECKYIO CHCTeMy ABHrarelb — kopmyc JIA, IIpu 3ToM B 3aBMCHMOC-
TH OT COIIaCOBaHMS WM PacCOrjlaCOBaHHA YaCTOTHBIX XapaKTEPHCTHMK Pa3sOMKHYTOM Lemu
COIJIACHO YaCTOTHOMY KpHTepmio ycrofumBocTH HatikBucra (cM. [4]) mocne 3aMblkaHus
OMHaMHYeCKas CHCTeMa MoXeT ObiTh ycroiunBoit nnGo HeycTOHUMBO#, T.€. KoneGaHUA TATH
H KOpmyca paKeThl, BO3[e/CTBYIOLIHe Ha BXOMOHBIE NaBneHus, 6ynyTt nubo 3aTyxath, u60
yBeJIMUMBaTh CBOIO aMIUIMTYAy. B nocnegHeM cilyyae BO3MOXHO pa3spyllleHHe KOpmyca
JIA. Ecni yyecThb BO3MOXXHOCTb MEPHOAHYECKOr0 BO3HHKHOBEHHA KaBHTALMH Ha BXofe B
Hacochl (KaBHTAlLMOHHBIX aBTOKoJie6aHMit), TO sBjIeHHe MepPeXOOUT B CyLIECTBEHHO HejlH-
HeliHyI0 0671aCTh AHHAMHYECKHX MPOLIECCOB, Ile He06GXOAUMO HCCIIelOBaTh YCIIOBHSA PeajlH-
3alMK yCTOMYMBBIX aBTOKOJeOaHMit ABHTaTe/bHBIM KOHTYPOM C MOMOIUBIO HelMHeRHBIX
nuddepeHunanbipX ypaBHeHu#t, IToTepsa ycTOMUMBOCTM OHHAMHMYECKONM CHCTEMBI [BHTa-
Tems — Kopmyc JIA B 3TOM ciliyyae MOXeT NpOH3OHTH MPH COBMAJeHHH YacTOT aBTOKOe6a-
HHMH [OBHTaTelBHOrO KOHTypa ¢ coGCTBeHHOl yacToTo#f konebanuit kopmyca JIA, koropas
B CBOIO ouepelb MepeMeHHa M 3aBHCHT OT CTereHH omopokHeHus Gakos. IlogpoGHee BO3-
MOXHBIE MeXaHH3MBI 3TOr0 ABJICHHA NpHBedeHbl B paboTtax [12, 17, 23].

Ina ymeHbllleHHs aMIUIATY[ KojieGaHH# HU3KHMX YacTOT Ha MarHCTpaJii MOAAYH TOIUTH-
Ba M3 GaKkoB yCTaHaBIIMBAaOT OeMIdepbl-TacHTeNHM KoyieGaHuit, HacTPOEeHHble Ha OMAaCHLIMH
IUIA Koplyca AnaNna3oH Yactor. PaspaGoruukamu Y momkHBI GBITH MPoBEAEHBl MEPONPHA-
THA MO YCTPaHeHHIO KaBHMTALMOHHBIX aBTOKoNebaHu# B 3TOM Ouana3oHe YacToT. CoBMecCT-
HBIMH YCHIMAMH pa3paborunkoB JIA M ABHraTens AOMKHBI GBITH COrNacoBaHbl YaCTOTHLIE
xapakTepucTuku JIA u JIY Tak, yToGbl mMpH MX OMHaAMHYECKOM B3aHMOJEHCTBHH CHCTEMa
noBHTaTeNb — kopnyc JIA Guuta ycroftuuBoit. B Hu3kouacToTHO#! 0GnacTu koneGaHuft yuact-
ByIOT Bce arperatsl XXKPIY,

2. Nuana3oH yactoT f =~ 10 ... 30 I'u nmpucym koHTypam ynpannenus XPIOY u uacto
Ha3blBaeTCA ’perynAaTopHbIM’’, IMeHHO B 3TOM OMamna3oHe, GIM3KOM K COGCTBEHHBIM Yac-
TOTaM PeTyNATOPOB, KOHTYPHI YNpaBJieHHAs MOTYT MOTePATh YCTOMYMBOCTH KaK JIMHeHHLIe
CHCTeMBbI H FeHepHpoBaTh KoJieGaHusA, cAep)KUBaeMble B THEBMOTIHAPABJIMYECKHX CHCTeMax
IHCCHIIATHBHLIMH CHJIAMH, KOTOpbIe PacCCEMBAIOT UX 3HEPTHIO U He NAIOT BO3MOXHOCTH Gec-
npefiebHO BO3pacTaTh aMIUIMTYJaM kKomGuHaumit, HenvmettHnle koneGaHus, Hampumep
aBTOKOJIe6aHHA AWHAMHYECKHX CHCTEM, KaK NpaBHJIO, HMEIOT YaCTOTHI Ha MOPAJOK HHXe
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cO6CTBEHHBIX YaCTOT PEryJjfATOPOB H Pe3KO OTJIMYHYI0 (OpPMY OT TapMOHHUECKHX KOJle-
Ganwuit,

TIpuumHel 3apOXAeHHA HeyCTOMYMBOCTH KOHTYPOB YMpaBJIeHHS, MeTOOBI aHallu3a H
obecrneueHHss UX yCTOMYHBOCTH NMoApo6HO paccMoTpeHbl B paGoTtax [4 u 23]). OmHako noTe-
PA YCTOHYMBOCTH pelyNATOPOB Ha NMPaKTHKe 4allle Bcero OGYCIIOBIIeHa HedOCTaTOYHBIM
memMndHpoBaHHEM ero MOABHXKHBIX 3EMEHTOB WJIM MPHUCYTCTBHEM B HHX HelMHEHHOH 3Ha-
KornepeMeHHO CHJIbI TPeHHA MOKOA, He 3aBUCALLEH OT CKOPOCTH ABH)KEHHS,

B ob6nacti koneGaHu# “peryniaTOpHOI’ 4aCTOThl y4acTBYIOT Bce arperatsl XPIY, u
€ClH aMIUMTya KoneGaHuit B KaMepe H ra3oreHeparopax HaXOQMTCS B [OMYCTHMBIX Ipe-
Jenax, TO TaKas CHCTeMa cuuTaercs paborocnocoGHoit, [opa3mo xyxe o6CTOMT AeNoO ¢ KoJe-
6aHuAMHM Ta3BBLIX PeNyKTOPOB CHCTeM HauyBa GakoB, MX cOGCTBeHHBIE YaCTOTHI JIeXKaT
B npefAenax 100 — 400 I'y B 3aBHCHMOCTH OT pa3MepOB M XECTKOCTH HaCTPOEUYHBIX MPYXKHH,
B KOHEYHOM HTore KojleGaHHA MOABHXHLIX YacTelt ra3oBbIX PelyKTOPOB BOCIPHHHMAIOTCA
ra3’oBbIMH MOAYLIKaMH 6aKoB M, KaK NpPaBHJIO, HE PacIpOCTPaHSIOTCA MO BCEM arperartam
IY. Oppaxo B KoneGanus BoBieKaloTca o6paTHEle, a HHOIA M ApeHaXHble KianaHbl 6ako-
BO# apmatyphl. [lockombky cOGCTBeHHbIE YaCTOTHI MOABHXKHBIX YacTel PelyKTOPOB BBICO-
KHe, TO Py JnTenbHo#M paGore JIY oHM ycmeBaioT BbIpaGoTaTh CBOM LMKIIMYECKHH pecypc
H BBIXODAT U3 crpos. ITo sTo# mpuumHe B kKocMuvecko# JIY B KauecTBe pe3epBHBIX arpera-
TOB YCTaHaBJIMBAlOT [Ba WIH TPH ra3’oBBIX pedyKTopa, [IpHuuHbI BO3HHKHOBeHHA Koneba-
HH#t Ta30BRIX PeyKTOPOB Te e, YTO U B perynsATopax, OnHaKo TPYOHOCTH B AeMNGHpOBa-
HHMH MOABHXHLIX YacTelt H yCTpaHeHHH HEJIHHEHHOTO BHJIA TPEHHA MOKOM ropa3no Gomblile,
YeM B THOPABJIHYECKHX DPeryifaTOpax, TAK Kak KpoMe ra3a BOG/IM3M pelyKTOpa HeT MOAXO-
maue# nemndupyowie# cpensl,

3. Hmama3on yactor f =~ 500 ... 2000 I'u peanmsyerca B kamMepax W ra3oreHepatopax
BCJIe[ICTBHE YCTaHOBJICHHA MeXaHHW3Ma KoyieGaHMit pacXofa TOIUIMBA M a3a, CBA3aHHOT'O C
H3MeHeHHeM [aBlieHHA B KaMepe. ITOT MeXaHM3M CBA3LIBaeT PaCXOMHLIE XapaKTEPHUCTHKH
CHCTeMEI IOJJAYH TOILUIHBA M COIUIA C H3MeHeHHeM JIaBJIeHHA B KaMepe.

PaBHoBecHe pacxofia TOIUIHBA, IOCTYMAIOLIEro B KaMepy, H Fa30B, MOKHOAIOIHKX KaMe-
py 4epe3 COMIO, BO3MOXHO TOJBKO IPH ONHOM 3HaueHHH AaBleHus B KaMepe, [Ipocreiiimii
MeXaHM3M YCTaHOBJICHHA TaKHMX KoneGanuft npuMepHo cnepyiowwit. [Ipu cnyyaitnom Bo3-
paCTaHHH [aBJIeHHA B KaMepe M MOCTOAHHOM JaBJICHHH MOJa4YH TOIUIHBA NMPHXOJ XHAKOro
TOIUTMBA B KaMepy YMEHBIIAETCA, a PaCXof MPOAYKTOB CrOpaHHA yepe3 COIUIO BO3PacTaer.
i ABa 06CTOATENBCTBA, BOSHHKAIOIIHMX OJHOBPEMEHHO, CMIOCOGCTBYIOT NafieHHIO AaBlIeHHS
B KaMepe. Ecniu Gbl raz B KaMepe GbUI HECXXMMaeMBbIM, TO TIOJIOXKeHHEe PaBHOBECHA JO/DKHO
6b10 6b1  yCTaHOBHTBCA MoHOTOHHO, Ho BcnecTBHe CXMMaeMOCTH rasa paBHOBeCHOE
COCTOAHME PaCXOOOB OKa3bIBaeTCA MepeXodHOA TOYKOM M JaBjleHHe B KaMepe MOHHXaeTcs
HHXe paBHOBecHOro 3HaueHus. Tenepb co3maercs o6paTHas kapTuHa. [Ipu maBneHuu, MeHb-
1IeM PaBHOBECHOT'O, PaCXOM TOIUIMBA yBeJIMYMBAETCHA, a PAaCXOfi Ta30B Yepe3 COIUIO yMeHb-
uraerca. JapneHne B KaMepe HauMHaeT BO3pacTaTh M NMPOXOAMT B OWHAMHKE PaBHOBECHYIO
Touky. IIpH 3TOM peanu3yOTCA yCrOBHA, MPHHAThIE B Havajle pacCMaTpHBaeMOTo mpoliecca.,
OyeBMOHO, AMCCHNMATHBHBEIE CHIIBI C TeYeHHEM BpeMeHH [JO/DKHBI YMEHBLIATh aMILUIHTYIY
3THX KonebaHuit mo Hymd, T.e. AMHaMH4YeCKasd cucTeMa GyleT ycrofuMBOi Kak JIHHeHHas
nOMHaMMYecKasd cucTeMa, OOHaKO B 3TOT AMHAMMUECKHH MPOLeCcC BOBNIEKaeTCs CBA3b 3amas-
ObIBaHUA BOCIUIaMeHEeHHS KOMIIOHEHTOB TOIUIMBA C AaBiieHHeM. IIpu yBenuueHHH JaBneHus
3afiepXKKa BOCIJIaMeHeHHsA TOIUIMBA YMEHbLIIAaeTCA, a 3HaUMT, U BhIrOpaHHe TOIUIHBa B KaMe-
pe C MOBBILIEHHLIM [JaBlieHHeM Npousoiaer GbicTpee. ITO OGCTOATENLCTBO B MOMEHT Cily-
YalfHOTO BO3pacTaHMA [OaBJiecHHA CHavasla COCOGCTBYeT HanbHeHlLleMY ero yBeaMdeHHIo, a
nocjle CyLIECTBEHHOTO PacCcOrjlacOBaHMs pPacXomoB — MoHWKeHWIo. IIpH yMeHblIeHHH HaB-
JIeHHA 3aflep)kKa BOCIUIaMeHeHHs TOIUIMBA YBeJIMYMBAETCA, a 3HaYMT, M BBII'OpaHHe TOIUIMBA
3aMemyerca. JTo crocobCTBYeT NalbHelleMy MOHIKeHHIO AaBneHns, Kak BugHO, B TakoM
MeXaHu3Me KoneGaHuit pacxopa B kamepe (rasoreHeparope) XPII cBa3b 3aepXKu BOCIUIa-
MeHeHHA TOIUTMBAa C [IaBjIeHHeM yBelMUMBaeT aMIUIMTYAy koseGaHu#t. IIpu onpeneneHHbIX
COYETaHHAX BpPeMeHH 3ama3fblBaHHA BOCIUIAMeHeHHMsA TOIUTMBa, BpeMeHH NpeGhIBaHHMA Ta-
30B B KaMepe, Nepenajia AaBjieHHA Ha GOpCyHKaX M JaBJleHHA B KaMepe Koje6aHus fasie-
HHA MOTYT yBeJIMYHBATh C TeYeHHeM BpPeMeHH CBOIO aMIUIMTYAy (MoTeps yCTOHUHMBOCTH MO
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OTHOLIEHMIO K KoJe6aTeNbHO! rpaHuIe) , OCTaBaThCA MOCTOAHHON BeJIMIMHOMN 1O aMIUIHTY-
e (TpaHMua yCTOMYMBOCTH), a TaK)Ke YMeHBILATh CBOIO aMIUIMTYAy Ho Hyna (ycToiyuBas
OvHaMmdecKast ciHcTeMa) . EcrecTBeHHO, YTO B MH)KeHepHOM! MPaKTHKe HHTepec NMpefCTaBisAel
TonbKO NocnenHuit BapuaHT, IIpemmonaras 3afmepXKy BOCIDIAMEHEHHS TOIUIMBA He 3aBHCS-
e OT MaBJIeHUS B KaMepe, MOXXHO CBECTH 3a/ialy K KBasHIMHEHHOH M, BOCMNONL30BaBILMCE
METOOM BhLIJIeJICHUSI TPaHMIl YCTOWYHBOCTH MO ABYM mapamerpam (cM. [4]), HaltTh Bce
0o6nacTH coveTaHHit BBIlEJIEHHBIX KOMIMO3MIMi napaMerpoB (73ap H qu,/px), COOTBeET-
CTBYIOLMX yCTOHUMBOCTH H HEyCTOMYHBOCTH KoleGaHMit pacXo/loB M OTBEYaloLIHX HM KoJle-
GaHmit maBrieHHs B kamepe (cM. [8]).

Ha npakTHke neno oGCTOMT ropasfgo ClIoXkHee. BosHMKIMe B KaMepe M rasoreHepa-
TOpax Koje6aHMs BOCIPHHHMAIOTCA CHCTeMo#t TPyGOIpPOBOHOB, HAarpy>XeHHLIX BHICOKHM
nmaBJyieHHeM. JiuHamudeckHe CBOHCTBa TPy GONPOBOMOB 3HaYHTENILHO HCKaxXaloT ¢popMy, uac-
TOTY H aMIUMTYAY KoneGaHu#t pacxomoB TomwmBa. Ha npakTuke koneGaHua paccMaTpuBae-
MOTO JHana3oHa YaCTOT ABJIAIOTCA Pe3yJbTaTOM CIOXKHOTO B3aHMOMEHCTBHA THHAMHUECKHX
cucreM XPHOY. OgHako ecnM ypoBeHb aMIUTHTYIbI KoJieGaHHIt OCHOBHBIX MapaMeTpOB Ka-
Mep M Ia30reHepaTopoB HaXOOHMTCA B JONYCTHMEIX Npefenax, cucreMy XPIY B aroM aua-
Ma3oHe YaCTOT YCNIOBHO CUHTAIOT yCTOHYMBOH, a 3HauMT, H paGorocnocoGHo#t. B xoneGaHuax
pacxofia TOIUIMBA H I'a30B Y4aCTBYeT BCA Macca )XMJKOCTH U I'a3a B KaMepax, ra3oreHeparo-
pax, razoBopax u Tpy6GonpoBopax,

4. IIyanasoH vactor f = 2000 ... 20000 I'y peanusyercs JIOKaJIBHO B KaMepax [BHTra-
TeNIA M Ta3oreHepaTopax M Ha3hIBaeTCA [MAMa30OHOM BLICOKOM 4acToTel (BY). Mexanusm
o6pa3oBaHua KoneGaHuit BBICOKOH YacTOThl 06f3aH aKYCTHYECKHM CBOHCTBaM KaMep
H Ta30reHepaTopoB B MPOMOJIBHOM, MONEPEYHOM H OKPYXXHOM H3MepeHnax, CoGerBeHHEIE
aKyCTHUeCKHe YaCTOThl KaMephl MOXHO BBI3BAaTh, BHOCA Ha peXHMe ee HOPMaJIkHOTo QYHK-
UMOHHPOBaHHA BO3MYylIeHHe B BHAe nembra-byHkuun (5(f)) (pe3kmit mogbeM AaBJICHHA
C MTHOBEHHBIM cnafioM) . Ha mpakTHke Takoe BO3MylleHHe HMHTHPYIOT NOAPLIBOM MHPO-
natpoHa B Kamepe. B GoNBIUMHCTBe CilydaeB BBI3BaHHBIE TAKHM CNOCOGOM CoGCTBeHHLIE
aKkycTudeckue Konebanus GynyT 3aTyxaloumMu, OgHaKo B HEKOTOPBIX CTyYasiX B3auMopeit-
CTBHE COGCTBEHHBIX aKyCTHYECKHX CBOMCTB C MPOLIECCOM FOPEHHA TOIUIMBA Ha NMPaKTHKe
NPHBOOMT K CaMoBO306yXOeHHIO ¥ MONNEPKHBaHMIO B Mpoliecce paboThl BHICOKOYaCTOTHBIX
Konebanuit. JomoanuHHo MeXaHu3M caMoBo36yxaeHnsn KoneGaHuit BHICOKOM YacTOTHI A0
CHX MOp HE YCTaHORJIEH,H mpo6JieMa XaeT cBoero peltteHust, OmHako HeKOTOphIe coobpaxe-
HHUA MPAaKTHYECKOTO MOPANKa MOKAa3bIBAIOT, YTO YeM BHlllle Mepemaf AaBJieHHA Ha HopcyH-
KaX M 9eM JIydllle paclibUl TOIUTHBA, TeM Golibllie MPOABNAETCA CKIOHHOCTh KaMep M Ta3ore-
HepaTopoB K caMoBO036yxneHmio korneGaHu#t Brlcoko#t 9actorel. Mrpaer poms u MacurraG-
Hulft 3¢ dexT: Yem Gonblile monepednble pa3Meprl Kamepel, TeM GOJNbLIYI0O CKIIOHHOCTh OHa
nposiBnAer K caMoBo36yxneHmo. U3 srux HaGmopeHuit BhITeKaoT ¥ crnoco6sl 60ps6hl C
Konebannamu BY: ymeHblleHHe nepenana naBiieHHs Ha GopcyHkax, yKpyIHeHHe pa3Mepa
Kanejb TOIUIMBA, pa3fie/ieHHe MacC TOIUIHBa BGNH3H (OPCYHOUHOH TOJIOBKM H NPYTHe
MepONpUATHA, BO3eACTBYWOILMe Ha mpouecc cMeceobpazoBanus, H3BecTHBl u naccuBHEIE
cpencrBa 6opbbhl ¢ Kone6annamu BU: ycraHoBKa B KaMephl M ra30TeHepaTOphl aKy CTHYeC-
KHX MNOTJIOTHTeNe# B BHAe MepOpHPOBAHHBIX meperoponok. KoHCTpykTHBHbIE BapHAHTEI
nopaBrieHus KoneGanuit BU onpenensiorcs HCKIMOYHTENBHO OMLITHLEIM TyTEM,

INpu camoBo36yxpennn koneGaHuit BU xamephl M ra3oreHepaTopnl K 3KCIUTyaTalUuH
He MPHTOMHEI. BHICOKOYaCTOTHBIE KoNeGaHusl HapyIUaloT OpraHH30BaHHBIN B KaMepax M Ta-
3oreHeparopax pa6oumit MpoliecC: HapyLIAlOT 3aBeCy OXJIaXIACHHA, HHTeHCHOHIHMPYIOT Term-
nooGMeH MeX/y ra3oM M CTeHKOH KaMephl, IPHBOMAT K 3pO3HH $HopcyHOK H POpCyHOU-
HOMt TOJIOBKH, HarpyXaloT UMKJIHYeCKHMH Harpy3kaMH OGOJIOUKH M NO3TOMY YacCTO SBIIf-
I0TCS MPHUMHON pa3pylueHHA M MPOTOPaHKA KaMep. ITH KoJle6aHHA JIOKANBHEI M 3aMBIKAIOT-
¢ B mpeleNnax KaMep OBHraTels u rasoreHeparopos XXPIY. OnHako mo 3neMeHTaM CHIlO-
BBIX KpeIUleHHHt M CBA3AM MeX/y arperaTaMi OHH MOTYT BhI3BaTh HeXeNaTe/bHble BHGpa-
uun aneMentoB KPIY .,

Takum o6pa3oM, HenpeMeHHOe COGMONieHHEe YCTOMYHBOCTH MO OTHOLLEHHIO K Kole6a-
TeJBHON rpanuie TpebGyeTcA MIfs caMBIX HU3KHX M CaMbIX BBICOKHX YaCTOT, BO3HHKAIOWIMX
B arperaTax ¥ auHammdeckux xoHTypax JXPIY. HeBninonsensme 3roro TpeGoBanusi Henpe-
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MeHHO NpuBefeT K aBapuiiHont curyauun nu6o JIA, mn6o XPIY. Uro xe kacaercs koneGa-
HHIt B [Mana3oHe CPeJHMX YaCTOT, TO B 3TOM cCiiyuae TpeGyeTcs JHMUIL OTPaHHYEHHE HX
aMIUTHTY [IBI.

PaccMoTpeHHRIe ¢H3MYeCKHe MOAENH KoJebaTenbHbIX NMpOLIECCOB, €CTeCTBEHHO, He
MCYEPILIBAIOT BCEr0O MHOXECTBa ABJIeHHIt BO3HHKHOBeHHH KonebaHuit B arperatax u Clox-
HBIX OuHaMudecKuX cucremax XXPIY, HO ABNAIOTCA THNHMYHBIMH M Haubolee YacTo BCTpe-
YalOLIMMHUCA Ha NIPaKTHKe,

B 3axmmouenre o6cyxpaenus obwmx TpeboBanuit k XPIY B mepcnexTHBE
BCTaeT BONPOC O pa3paboTke MaTeMaTH4eCKOro OMMCaHHsA mpoliecca GyHKIHO-
HMpoBaHua JIY B BuIe MaTeMaTHueCKOH MOJeNH, C MOMOLIBI0 MCCIICAOBAHHA
KOTOpO# yXe Ha 3TamaX 3CKH3HOro NpOEeKTHPOBaHMA MOXHO GbUTo ObI Hpen-
BHJIETh OCHOBHbIE cBOHCTBa JIY B OMHaMMKe, a Ha 9Tamax dKculyatauud XPIY
OHH GBI CITY>KWIH 3T&/JIOHOM NPOTEKaHUA pabodynx MpOLeccoB.

TlepBbie MOMBITKH B 3TOM HAINpaBJIeHUH yXe fenaiotcsa. B paborax [11, 14,
23] npuBeneHs! pa3Hble MOOXOAbl K pa3paboTke AHHAMHMYECKHMX MOZENeH, HO
HM OMH M3 HMX NTOKA He HallleJl IIMPOKOro IIPHMeHEHMA Ha IpaKTHKe,

Cneupduueckue TpeOGoBanmsa, Cremmduueckne TpeGoBaHHA OGYCIOBIIEHBI
HasHaueHnem JIY Ha JIA u otpaxarot Te ocoGentHocty JIY , KOTOpbIe HampaBIIeHbI
Ha BBITNIOJIHEHHe NOoNeTHOM 3aaun JIA

Tpebosanua x Y Oaa OaaaucTuyeckux paxkeT U HocuTeaei Kocmuuec-
Kux JIA.

1. Ipumenenue HauGonee 3pGeKTHBHBIX TOIUIMB KaK HHU3KOKHIAIIMX,
TaK ¥ BbICOKOKMIUMX, bannucruueckue JIA TpeGyloT HafIeXXHOTO XpaHEHHS B
TeYeHHe HECKOJIBKHMX JIeT, O3TOMy HX 3aIpaBiisioT BbICOKOKHIAIMMH CTOM-
KHMMH TOIUTMBaMH, HaieXKHOe XpaHeHHe KOTOPBIX 00ecreyuBaeTcs TepMOCTaTHPO-
BaHHeM (HalpHMep, yCIIOBHAMH ILIAXTHOro XpaHeHus JIA)

BcnepcrBue Gomplioro pacxona TomwtuBa 6aku Y momisbr GeITh 060pyHo-
BaHbl BOPOHKOTACAIIMMH YCTPOHCTBaMH, a NMpH OONBIIMX MONEPEUHBIX pa3Me-
pax — YCTpPOHCTBOM Mjisi MOAABJIEHHA BOJHOOGpa3oBanus. Insa oGecneueHus
MHOTOKpaTHOro 3allycka nociemHux cryneHedt JIA TormuBHbIE Gak¥ HMOJDKHBI
6eITh OGOPYHNOBaHBI YCTPOHCTBAMH V1A yAep>KaHHsA TOIUIMBA BGIH3M 3a60PHBIX
ycTpoiicTB, nuGo Y momxkHa COmepkaTs B CBOEM COCTaBe CNELMalbHbIE [IBHIa-
TENH [UIA CO3[aHHA NPOROJNBbHOIM meperpy3kH. I¢dexTHBHBIE TOIIMBA YacTO He
oGnamatoT cBoicTBOM camoBociuiaMeHeHus. Iloatomy B cucreme Y momxaisi
GbITh PeyCMOTPEHBI YCTPOHCTBA HafIeXHOT O BOCIUIAMEHEHHs TOPIYHX CMecei.

Huskokumaume TommBa 3ampaBisiorca B JIY Ha CTapTOBBIX MO3HIMAX
JIA ¢ Tounoctsio 1o 0,5 % TpeGyeMoit o6iweli Macchl. IIpuMeHeHre HU3KOKHIIA-
IIMX KPHOTeHHBIX TOIUTHB TpeGyeT WX TeIUIOBOH M30JIALMM OTHOCHTENBHO YCIIO-
BHil okpyxatowei cpensl. [lepen 3amyckoM OBHrarenei HeoGXOAUMO MPOBECTH
3axonaxuBaHue arperaToB HIY, uto TpeGyeT MOMONHMTENBHOrO TOIUIMBA H CIie-
L[MaJIbHO# apMaTypBhl.

2. bannuctuyeckHe pakeTsl M HOCHTENIH KOCMHuecKMX JIA mocrpoens! mo
MHOTOCTYNeHYaTOMYy NpHHIMIY, JIBHTaTeNbHble YCTaHOBKH HIDKHMX CTYIIEHei
BBINOTHAIOTCS MHOTOKaMEPHBIMH WIH GIIOYHBIMH BCJIEACTBHE GONBLIMX NOTpe6-
HBIX TAr; OT MHOrOKaMepHbIX ABHraTeNieil TpeOyeTcss MMHMMalbHasA BelHYHHA
PacCorlacoBaHUA YPOBHEH TATH, HaJle)KHbIe CPETICTBa OTHOBPEMEHHOrO 3aITycKa
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4 ocraHoBa, Jlpurarenu, paGoraoiye B cocraBe MHOrokameptoi Y, BomxwbI
MMeTh yCTpOHCTBa OJIA mepepacipereieHHsa pacXoIoB TOIUIHBa JTMGO yCTpOHCTBa
IJIA MX NOBOPOTa, JIMGO BKIIIOYaTh B CBOH COCTaB CHELMalbHbIe [BUraTelH WA
yIpaBlieHUs BEKTOPOM TATH Ha KaXao# crynenu JIA,

3. OBuratenu paccmarpuBaeMoro Bufa IIY HO/KHbI HMeTh MATKHiA (IUTaB-
HBbIi1) 3amyck, Ge3aBapuiiHbIi OCTaHOB C MMHHUMAaJIbHBIM H CTaGWIBHBIM HMITYJIb-
COM IIOCJIEEHCTBHUA,

Kamepn! mBurareneift ¢ BHICOKMM [IaBJICHHEM BBINOJIHAIOICA C HeGONbIIMM
3aI1acoM MPOYHOCTH B LEAX YMeHbIUEHHA MX CyXOil Macchl, BoicTphrit (myiey-
Hbli) 3allyCK BbI3BIBa€T B IyCKOBOI NEpHON 3a0pOCh! NaBleHHsA, B HECKOJIBKO
pa3 npeBOCXOsAlIMe HOMHHATbHBIH YPOBEHb BCIIE[CTBHE MOBBIIEHHOIO Pacxo-
la TOIIMBa NpH OTCYTCTBMHM MPOTHBOAABJIEHMA B KaMepe B Hauajle 3amycka.
Ilostomy 3amyck XKPIL BBICOKMX [aBieHuMil M GONBIUIMX TAT JOJDKEH NPOMCXO-
OMTh TI0 TaKOH MporpamMme MOMauH TOIUIMBA, KOTOpasA rapaHTHpPyeT MOHOTOH-
HOe HapacTaHue OaBlieHus Ge3 neperpy3ok. Iloner no Gamnucruyeckoii Tpaek-
TOpHH paccmarpuBaeMoro Buma JIA oGecmeunBaercsi NMyTeM pealiM3alMH IBH-
rarefiiMH CyMmapHoro uMmyinbca taru, Ecnu JIA B npouecce ocranosa 1Y Gy-
OeT COoODIIeH TONMONHMTENbHBIH HMITYJIbC TATH, TO HapyIUMTCA IUIaHUpyeMas
TOYHOCTh cnegoBaHua JIA no 3amanHoit TpaekTopuM nonera, XPI He mModxxer
GBITh OCTaHOBJIEH MTHOBEHHO. B 3aKkIlamaHHBIX NOJOCTAX JBMrarensi OCTaeTCs
TOIIMBO B OoGbeMe (POPCYHOUHOH rOJIOBKH M TpaKTa OXJIaXOEHHA, KOTOpOe,
nonagas B KaMepy, Co3[aeT [10GaBOYHBIH MMITYJIbC TATH, MOJYYMBIUMA Ha3Ba-
Hue uMnyinsca nocneneiicrsua (UIL) . Mna JIA paccMarpuBaeMOro BHOa Tpe-
Gyerca MuHuMmm3auua M craGuisHocts MILI Bcex xamep Y. Crabwinsaums
HI1 no3somnser yuecTs ero BKNaj B NONIE3HbIH HMITYJIBC TATH.

4, YnipaBiieHHe TATOH HBMTaTelNiell MOIKHO NMPOM3BOIMTBLCA CHCTEMOH pery-
nHpoBaHua Kaxyuueica ckopoctd (PKC), a cooTHolIeHHEM KOMNOHEHTOB
TOIUIMBa — CHCTeMO¥ onopoxkueHus 6axos (COB) .

ITockonbky cnemoBanue JIA no GaTHCTHYECKOR TPAEKTOPUH CONPOBOXKAa-
eTCsl 3HAUMTENIbHBIMH W3MEHEHHsAMH YCIIOBHMH OKpyxXalowleil cpenpl (mo masine-
HHIO, TEMIIepaType, yCKOPEHHI0) , TO eAUHCTBEHHOH CHCTEMOI, CIOCOGHOM yuH-
ThIBaTb MX BJIMAHME Ha TATY ABHrartens, aBnserca cucrema PKC. Tounocts pe-
LIEHHA NOJETHBIX 3a/iad, COBEPIUAEMBIX C MOMOILLBI0 OAUTHCTHYECKHX IOJIETOB,
ONpefieNnsaeTcs TOYHOCTbIO KOHEUHOH Macchl Bcero JIA, koropas onpenensercs
TOYHOCTbI0 KOHEYHOH Macchl OCTaBLIerocs TomwiMBa B Gaxax JIY. I'apantupo-
BaHHbIE OCTaTKHM TOIIHBa oGecneunBatoTcss COB npu HanoXeHHbIX Ha Hee orpa-
HHYEHHAX [0 JOIMYCTHMOMY AMANa3oOHy H3MeHeHHsA COOTHOLIEHUs KOMIIOHEHTOB
TorwtkBa B kamepax JXPJI. B pesynbrare paGorsi COB cooTHOLIEHHE KOMIOHEH-
TOB TOIUTHBA He OCTa€TCs MOCTOSHHBIM,

5. O6enyxuBatue 1Y Ha CTapTOBBIX NMO3MUMAX M Ha3eMHbIH KOHTPOJDb 3a
HX paboToil B INONeTe NMOpYyYaeTcsA BBICOKOKBaTN(PHIMPOBaHHOMY HHXKEHEPHO-
My cocTaBy. B kauecrBe oGluelf xapakTepuCTHKH Takux IIY cremyer oTMeTHTDb
Hauboee HanpsKeHHBIH peXXuM pabGoThl BceX arperaTos M anemenTtos 1Y,

Tpeboganun k Y manespennvix Gecnuaothbix JIA . 1, llpuMeHeHHe HCKITIO-
YMTENIBHO BBHICOKOKHMIAIMX, CTOHKHMX KOMIIOHEHTOB TOIUIMBA, CNOCOOHBIX K -
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IJIMTENBHOMY XpaHeHMio B Gakax JIY B HasemubIx ycioBHsax. IIpu 3ampaBke
TOIUIMBOM, [UTHTENIBHOM XpaHEeHHHM TOIUIMBA B repMeTHUHBIX Gaicax JIY u 3amycke
TBUraTeNifl HOJDKEH YUYHTHIBATBCA IIMPOKMH AMATA30H M3MeEHEHHMS TeMIepaTyp
okpyxaroiei cpenpi, C HekoTopeiM 3anacom mis JIY HasemHoro Ga3MpoBaHHA
3TOT AMaNa30H Ha3HayaeTcs B mpepenax 333 — 205 K. 3to npuBoguT K yBenu-
YeHHbIM 06bEMaM r'a30BbIX aKKYMYIIATOPOB U 6aKOB, B KOTOPbIX HOJDKHBI OBITH
ra3oBble NMOMYIUKH; NOMOrpeBY IYCKOBBIX NOPLUMH TOIUIMBA IS NOBBILLIEHHA
MX aKTHBHOCTH IIpH 3allyCKe JBUraTeliA B YCIIOBHUAX HM3KHUX TeMIEpaTyp; IpH-
MeHeHHMI0 B arperarax J1Y meMnoHpymolmX cMa3ouHBIX MaTepHalloB M paGoumx
Ten, He M3MEHMAIIMX BA3KOCTH B Ha3HaYeHHOM TeMIEpaTypHOM MHama3oHe;
KOPpPEKIMH COOTHOLIEHHA KOMIIOHEHTOB TOIUIHB2 B KaMepe [BHTaTeliA MyTeM
PEryisApHON 3aMeHbl CE30HHBIX 1LaiG B MarMCTpalIAX TOIUIMBONOMAYH IpH Xpa-
Henu 1Y (ecnu HeT CTaGWIN3aTOPOB COOTHOLLEHMA KOMIIOHEHTOB TOIUIHBA) ;
ycTaHOBKe aGCOIOTHO IepMETHYHBIX 3allOPHBIX YCTPOHCTB B BHAE MemGpaH;
yBENHYEHHbIM 3apsgaM B IHMpPOCTapTepaXx M IMPONATPOHAaX M JAPYTrMM Mepo-
NpUATHAM, ofecneunBaioliiM pabGoTocnoco6HocTs JIY B Ha3sHaueHHOM TeMmepa-
TYPHOM [iHana3oHe,

2. Myureunsrit 3amyck, KaK camblif GbICTPBbIA H IPOCTOM MO CBOEH OpraHu3a-
uuu. Kamepsr nurateneit 1Y mMOMKHBI BbINEPKMBaTh NpPHU 3allyCKe Neperpy3KH
OT [aBJIeHHA JIMGO HOMXKHBI GBITH MPOBENEHBI MEPONPHATHSA O CMATYEHHIO ITy-
IIEYHOT O 3aMyCKa,

OcTtaHoB fiBHrateneil HoyDKeH GbiTh GesonacHpiM. Huxakux mpyrux tpe6o-
BaHM K OCTaHOBY He NpEXbABIAEICH, MOCKONbKY 3TOT PeXHM MpPUMEHAETCS
TOJTLKO IIPH aBapHiHBIX CHTYaUHAX WIH NPHU NpeJHaMepeHHOM OCTaHOBE,

3. I'nyGokoe uaMeHeHue pexkuMa pabGoThI ABUTaTesel Wi 0GeceueHHs Bbl-
COKOIi MaHeBpHpYlolLei cnoco6HocTH GecrnutoTHbIX JIA, Uem riy6oke muanason
H3MEHEHMA TATH, TEM BbIllle MaHeBpHpylowasa cnocobrocts JIA, XKPII no cBoum
CBOHCTBaM SIBJIAETCS OJHOPEXXMMHBIM ABHTaTeneM. Bce arperarst XKPIY mpoek-
THPYIOTCS Ha NpeneNnbHbIe apaMeTphl, IPeBbILIIEHNe KOTOPHIX NPHBOIKT K OTKa-
3y wiH aBapuaM. OCHOBHOl pexkuM paGoTbl, Ha KOTOpbIA opueHTHpyercs XKPII,
Ha3bIBalOT pacYeTHBIM WIH HOMMHaIbHBIM, TonbkO npH paBore Ha 3TOM pexxume
KP]I oGecneunBaeT 3afaHHbIe NMapamMeTphI N0 IKOHOMHMYHOCTH M paboTOCNOCO6-
HoctH, [lpu mo6oM NoOHIDKeHMH pexkuMma, TeM Goiee NpH rilyGoOKOM, magaer
yaenbHbIA MMIynbc TArH, ymenbmaercsa KIII HacocoB u TypGuH, yxymiaercs
PEXHM HapyXXHOrO OXJIaXKHEHHA KamMepbl [BHTaTells H3-3a yMeHbLICHHA PacXona
oxJIaiuTesIs, 3aMKHYTbIe KOHTYPbI YNpaBJIeHHs YMEHBLIAIOT CTENeHb YCTOWYH-
BOCTH H YBEIMMHMBAOT aMIUTMTYAy CBOMX KonebaHHii, B kaMepax W rasoreHepa-
TOpax H3-32 YMeHbILUEHHA NepenafoB NaBjieHUA Ha GOPCYHKax YBeTMYHUBAETCH
CTeneHb Kone6aTenbHOCTH 10 HU3KOH YaCTOTe U OYeHb GBICTPO TepsAeTCs YCTOM-
uuBOCTb. PexxitMa “xomoctoro” xoma XPJIl npuHimnuansHo He umeer. Kamepst
aBuraresns M rasorereparopsl XPIY TepsioT yCTOHYMBOCTb 10 HH3KOMH YacToTe
NpH yMEHbLIEHHH pacXofia B TPH pa3a OTHOCHTEIIbHO HOMHHabHOTO, IIpy yMens-
LICHMH [aBJieHHs B KaMepe MO CPaBHEHHIO C pacueTHHIM NpuMepHO Ha 70 %
YXY/IIAETCA HapyXXHOE OXJIaKIeHHe KaMepbl KOMIIOHEHTOM TOIUTMBa,

[Ipumenss perymupyembie ¢opCyHKH, MHOrokamepusie JIY M gpyrue cre-
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IManbHble YCTPOHCTBa yaeTcs W3MeHHTh pexcum paGorsr XKPI B ananasone
1-10.

TpeGoBaHUs K yNpaB/IEHHIO COOTHOLIEHHEM KOMIIOHEHTOB TOIUIMBA B KaMe-
pe [BHrarelisi CBOAATCSA K MOMepXKaHHIO er0 ONTHMAILHOrO 3HaUeHHA WIH IpH
rlly60KOM HM3MEHEHHH PeXHMa — K €ro NpONOPLHOHAILHOMY YMEHBIIECHHIO
IUTA CHIDKEHHA TeMIepaTypbl BHYTpeHHeH CTEHKM KaMepbl IIpH fedHLMTE pac-
XOfla OXJIXIAIOLIET0 KOMIIOHEHTa TOIUTHBA,

B rasoreHeparopax HOJDKHO NMONIEPXXHBATbCA TaKOE COOTHOIUEHHE KOMIIO-
HEHTOB TOIUTMBa, KOTOPOE He MO3BOJIAET NpEBbILIATh 3aJaHHYI0 TeMIIepaTypy
rasa, IoCTyHarolLero Ha Typ6uHy.

4. XPIY pna maneBpupymoolux GecrmwtotHbIX JIA paGoTaer B yCOBHSX
BO3[IeACTBUA MAaKCHMAaTBHBIX MPOMOIBHBIX M NMONEPEYHbIX Meperpy3okK, MOCTH-
raloumx n = afg ~ (30 ... 40) epuHuL,

5. O6enyxuBanne JIY Ha Bcex 3Tamax NOpyvaeTcsl MepCOHally, He MMeloILie-
My CIELMAIbHOIO TeXHuWueckoro oGpasoBaHmus, IloaroMy oHO momxao ObITh
NpefensHO NMPOCThIM NPH XpaHEeHHH, a 3aITyCK ABHIaTells JO/DKEH OCYIIECTBIIATD-
Cs IyTeM HaXaTHA Ha CTapTOBOM YCTpOHCTBe ofHOH KHOmkH, Bropas xHomka
OOJDKHa obecneuyHBaTh aBapMMHBIA WIH IMpefHaAMEpeHHBIH OCTaHOB [BMraTesif.
IIpaBUIBHOCTS YepeOBaHHA HEOGXONMMBIX OMNepalMii B mpouecce 3alycKa,
H3MEeHeHHe peXXuMa paGoTsl U OCTAaHOB JOJDKHBI MPOM3BOIHUTECA Ge3 BMellaTeNb-
CTBa oneparopa.

OGueit xapakTepucTukoii Takux IIY sBnsercs omHOKpaTHOe BKITIOYEHHE
NOCITe MpefIeCTBYIOLIEro IMTENbHOrO XpaHeHH s ,

Tpeboganua k LAY xocmuueckux JIA, B xocmmyeckux IY umeercs nsa
tina ppurareneii: XXPI pna ynpaBneHus nBWKeHueM neHTpa Macc JIA u
XXPOMT — s ynpaBieHus IBHXXEHHEM OTHOCHTENBHO lIeHTpa Macc JIA,

Hsurarenu neporo THma ycraHoBneHsl Ha KJIA Tak, 4To oCbh mpwiioXeHHs
HX TATH NpoxomuT 4Yepe3 ueHTp Macc JIA, Ilpu BkioueHMM TakHMX ABMrarenei
KJIA cooGiaercs MMIyNIbC TATH, TNO3BOJIAIOIMA eMy MeHATh OpGHTY morera
MM MPOM3BOIOMTb CIYCK Ha IUIaHeThl. ByneM Ha3pIBaTh MX >KMIKOCTHBIMH pa-
KETHBIMH IBHTaTeIAMHU OpGuTabHOr0 MaHeBpupoBanua (KPZIIOM) .

Ipurarenu Broporo tHnma (KPIMT) ycraHoBmens! Ha KJIA Tak, uro ocu
NPWIOXKEHHA MX TATH He MPOXOOAT Yepe3 LEHTP MAacC, a CO3LAl0T OTHOCHTENIBHO
HEro MOMeHT, ciocoGHblit BpawaTts KJIA Bokpyr neHTpa Macc.,

BcnencrBre cylecTBEHHOTO pas3yiMyug BBINOJIHAEMBIX 3afay 3THMH THNAMH
OBMrareneit cnemmduyeckue TpeGOBaHUA K HUM TaK)XKe CYILECTBEHHO pa3JIHUHBI,

TpeGoBaHuA K ABUTaTeNbHBIM YycTaHOBKaM XPIOM.
[otpe6unie Tarn XKPIOM B 3aBHCMMOCTH OT BHMIa, Ha3HaUEHHA H pa3MEpHOCTEi
KIJIA naxoparcs npumepHo B AuanaszoHe 1000 — 10000H,

1. OGecneuenue MHorokparHbix BkmiodeHmit XPIIOM (mecaTkM mMyckoB)
B COCTOSIHMM HEBECOMOCTH IIPH HHM3KHX TeMIepaTypaX OKpyXalollell Cpempl U
IUTHTENIBHOT O Mpe6GbIBaHUA B KOCMOCE OCYILECTBIIAETCA 3a CUET:

a) NMpHUMEHeHHsI BbICOKOKHIAIMX CaMOBOCIVIAMEHSIOIMXCS TOIUTUB C Ma-
TI0# 3a/1epXKKO¥ BOCIUIAMEHEHH ; ’

6) rapaHTMpPOBaHHOTO pa3fieNleHHs XMOKOH M ra30Boil a3 B Gaxax ¢ no-
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MOLIBI0 MATKHX Te(IOHOBBIX MEIIKOB, MeTaNTHYeCKHX MeMOpaH, cwibdo-
HOB, CeTOK , KaNWUIAPHBIX pasfienuteres (a3 u Apyrux ycTpoicrs;

B) TepMOCTaTHpOBaHHMA TOIUIMBA B GakaX H NMyCKOBBIX YCTPOMCTBax ABH-
rarens B quanasoHe 303 — 278 K ¢ momousio 60proBbix cucreM JIA;

' r) NpuMeHeHHsA HaKoONHTeled TowmMBa B mpouecce paGorsr Y mia nocne-
OYIOLIMX 3allyCKOB B BUe GaukoB, “LIMpHIEB’ WIH APYTHX YCTPOHCTB IpH Ha-
COCHOM CHCTeMe IojauH TOIUTHBA,

2. lospiLeHHbIe TPeGOBaHHUA K HaJleXXHOCTH Npolecca GyHKIMOHHPOBaHHA
Y obGecrnieuuBaloTCA 3a CYeT:

a) MOHIDKEHHOrO [IaBJIEHHA MOJaYM B KaMepe ABHTaTeNs IO CPABHEHMIO C
gpyrumu Bugamu XPIIY ;

6) npenMMy1IeCTBEHHOrO MIPUMEHEHHA NMPOCTEHIIMX BBITECHUTEIIBHBIX CUCTEM
NOJaYy TOIUTHBA;

B) NOBbILIEHHON IepMETHIHOCTH COeMHEHHI ITyTeM yBeNIMueHUs NOJTH CBap-
HbIX COEMHEHHH U MPUMEHEHHs CHELHaIbHBIX TepMETHKOB B Pa3bEMHBIX COEH-
HEHMSAX;

r) OyGIMpOBaHWA OTHENBHBIX arperaToB M [IBHTaTeNbHBIX YCTaHOBOK M
copmeuenus ¢pyuximit JKPIMT ¢ pynxuuamu XPIIOM;

O) YCTaHOBKHM KOHTpDOJIBHBIX YCTPOHCTB CHCTEMBI HAMArHOCTMPOBaHHA H
NPOrHO3HPOBaHMA OTKa30B, CIOCOGHBIX M3MEHHTh peXHM paGoThl WIH BOBpe-
M3 POH3BECTH 3aMeHY arperara.

3. Ynpasnenne taroi XPIOM cBopurcs K cTaGWIN3aLMK TATH WIH ee IITy-
60KOMy H3MEHEHMIO NpPH OCYILECTBIIEHMH MATKO# nocaaku JIA ¢ 3agaHHO# Ha-
nepen MpOrpaMMOi H3MeHeHHsl YCKOpeHHil, B HexoTopsIX ciyyasx, Korga 3Ha-
YHTENBHO HM3MEHsETCA MOJIoKeHMe LeHTpa Macc JIA, TpeGyercs ympaBiieHHe
BEKTOPOM TATH IyTeM noBopoTa kamepsl XPIIOM B kapmaHOBOM nofiBece,

YnpapneHne COOTHOLIEHHEM KOMIIOHEHTOB TOIUTHBa B GOJBLIMHCTBE Ciy-
yaeB CBOOUTCA K TpeGOBaHMIO ero CTabWIN3alMH OTHOCHTEBHO ONTHMAIIBHOTO
3HaUeHHA B KaMepe 3a HCKIIIYEeHHEM CITy4YaeB ITyGOKOro MOHM)KEHHS pexXuMa,
KOTOpBIA yXy[lllaeT HapyXHOe OXJIaXIeHHe KaMepsl IBUTaTeln U TpeGyer mpo-
MOPUMOHATFHOTO YMEHBLIEHHSA COOTHOLIEHWSA KOMIOHEHTOB TOIUITMBA OJIA CHH-
JKEHHA TeMIlepaTypbl TOPeHHA TOIUIHBA,

Tpe6oBanuuna x XPIMT npnsa ynpasneuus KJIA orHo-
CHTEeNbHO ero meHTpa Macc, Bce, uro kacaercsa rpeGoBaHuii, mpuBe-
nennsix B mn. 1 U 2 k XXPIIOM, onnoBpemenHo otHocurcsa u K KPIMT ¢ Toit
v pasHuued, uro mwia Y c¢ XPIOMT npumeHserca npeMMYILeCTBEHHO Bbi-
TeCHMTeNbHasA cucTeMa nofaun tomwmusa, Tara XXPIMT B 3aBucuMOCTH OT moneT-
HbIX 3apa4 JIA (cm. [11]) ¥ ero pa3mepoB JIEXHT IpUMEPHO B auanma3one 0,01 —
1600 H. O61uee uncino Bxmoyennit )KPIMT 3a nonernyio nporpammy JIA cocras-
nser ng = 5-10° ... 10-10° u MMeeT TeHHEHIMIO K [aNbHeMIIEMy yBeTHYEHHIO,
OOGwmit pecypc paGoThl TaKHX OBHTaTeNlell MCUMUCIAECTCH AECATKAMHU H COTHAMMU
YacoB,

Manas BermuHHa MOTpeGHBIX TAr, OTPOMHOE YHCIIO BKITIOUEHHH M GOMbLIOH
OTrHeBoi#t pecypc paborsi pesko ornmdaioT XPIMT or npyrux sumos XPII,
Marbiit ypoBeHb NMOTPEGHBIX TAT OBBACHAETCA MaIbIM YPOBHEM BO3MYIIIE-
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Huit, meicrBylomx Ha JIA B cBoGomuoM mnonere. IlpakTuueckH OCHOBHBIM
CONpPOTHBJIEHHEM [IJIA IBHTaTeNel ABIISAIOTCS MOMEHThI HHepiu JIA

Bonbuwoe norpeGHoe umcno Bkmiouenuit XPIMT oGycnosneno peneiiHoi
WM KOMIIOTEPHON JIOTMKOH CHCTeMbl CTaGWiM3aumu monoxkeHus oceit JIA,
xoropast Bkioyaer JKPIMT Ha oueHp kopoTkoe Bpems (7g, =~ 30 ... 50 Mc),
U [UTHTENIBHBIM BpeMeHeM molnera JIA B ynpasnsemoMm pexxuMe, Ilockoneky 3a
KOPOTKHi IIPOMEXYTOK BPeMeHH BKIIIOUEHHUS [IBHTaTeNs Hapy KHOe OXJIaXKIeHHe
kameppl JXPIMT oOCHOBHBIMM KOMIIOHEHTaMH TOIUIMBa OpPraHHM30BaTh HEBO3-
MOXHO, TO KaMephbl 3TOr0 BHMJA ABHUraTeNeil MOryT OXJIaXHaThCA TONBKO HU3HYT-
pH 3a cuer u3GbITKa ropiouero B TomwuBe. IIpu 3ToM cooTHOLIEHHE KOMMOHEH-
TOB TOIUIMBa BBIOHMpaeTCsA TaKHM, 4TOGbI B Npoliecce rOpeHHst TOIUIMBHOMH CMeCH
TeMIlepaTypa MpPOAYKTOB CrOPaHWs He NpeBbIlIaja JOIYCTHMBIX 3HaYeHHH mis
Marepuayia CTeHKH Kamepsl aBurarens. HasHaueHHoe COOTHOLIEHME KOMITIOHEH-
TOB TOIUIMBA NMOIJIEPXKUBAETCA MOCTOSHHBIM 32 CYeT MOCTOSHHON HAaCTPOHKH ra-
30BbIX pedyKTOPOB HapyBa GakoB c ToriuBoM. [Ipn aToMm maBnenue B Gakax
Haxoputca B npemenax (20 + 25)-10° Ia, uro0 COOTBETCTBYET aBJIEHMIO B KaMe-
pe KPIMT (1+ 15)-10° Ila, B 06/1acTH M3MEHEHHs YKa3aHHOTO JMaNa30Ha KO-
TOpbIX HaXOOHWICS €ro ONTHMAIBHOE 3HaueHHe, COOTBETCTBYHOLEe MHUHHUMYMY
Macchbl Beeit IBUTaTeNbHOM ycTaHOBKH [11],

Ha JIA pacnonarator or 8 no 40 mBurareneit pa3sHOH pa3sMepHOCTH B 3aBH-
CHMOCTH OT Ha3HaueHMs M XapaKTepa BBINOJIHEHHUs MOJIETHBIX 3ajay JIA. IIBura-
TENM C OTHOCHTENBHO BBICOKMM YPOBHEM TATH KOMMNEHCHPYIOT HeH3GexHbie
MOrpelHOCTH wiaHuMeTpuueckoi ycraHoBku KPIOM na JIA, a Takke 3Haum-
TENBHBIA YPOBEHb BO3MYLIEHHH NpH crycke JIA B IJIOTHBIX C10sAX aTMOCGepsl.
Tara xaxporo oBuraTens WMeeT (GUKCHPOBAaHHBIH ypOBeHb, a NMOTpebHbIE MO-
MEHTBI 1A YIIpaBJIeHUA MOJIOXKeHHeM oceil JIA B mpocTpaHCTBe 0GeCeUHBalOTCA
koM6uHatopukoi BrmoueHus XPIMT pasHbix pasmepnocreit u obiuero yucna
OHOBPEMEHHO BKJIIOYaEMBIX JIBHTaTellei,

Mockomky XPIMT spnsieTcss HCHONMHUTENbHBIM OPraHOM CHCTEMBI yNpaB-
neuns (CY) yrnoseM nosnoxeHuem JIA, To creundmyeckue Tpe6OBaHHA K HUM
OMKTYIOTCA 3TOM cucTteMo#. Takue TpeGOBaHMA MPEMbABIAIOTCA NMpPEXIE BCErO
K OMHaMHMYECKHM IIpOLIECCaM peAIH3allMd HMITyJIbCca TATH, NMOTPeGHOro s
ynpasinenus JIA. K HuM oTHOCAT:

a) CnoCOGHOCTb [IBMTaTeNs peal3OBBIBATh MHHHMMAJIBHO BO3MOXHBINA
HMITYJIBC TATH;

0) MUHHMaIbHbIE M CTaGIWIbHBIE 3alepXKKH pealiM3alM¥ MMIyJIbca TATH B
OTBET Ha K TPHYeCKHe KoMaHHbie curHaib CY;

B) MO BO3MOXHOCTH KpYTble U CTabGwibHble ()POHTHI HapaCTaHHs M CHaja
TATH; ‘

r) MHHUMAJIbHBIHA M CTaBUITbHBIA HMITYJIbChI TOCTIEAEHCTBHA;

0) NHHeWHas CBA3b UMITYJIbCA TATH U IJIMTENBHOCTH KOMaHIbl Ha BKIIIOUe-
HMe JIBUTaTelIs ¢ MHHHMAIBHEIM pa3GpocoM;

€) peanu3auMsa OJIMTENbHBIX BKITIOYEHUH (HECKOIBKO MHMHYT) B peXHMMax
opueHTauuu oceit JIA,
Hecmorpss Ha TO, YTO MMeeT MeCTO BbIGOp ONTMMaIBHOrO TOIUIMBA [If
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XPIMT B 3aBHCHMOCTH OT CYMMapHOro NoTpeGHOro UMITyJIbCa TATH, peatusye-
MOTO B NPOLIECCE BBIMONHEHMA NONeTHOM nporpammsl JIA (cm. [11]), 3a nocnen-
Hee BpeMsa Hamerwiach yHubuxauua tomwiupa gisa XPIOMT ¢ ronnmeom mns
XPIOM (tonnuso HIMTI + AT wnu 50 % IMT 1 50 % N, H, + AT).

[IpuMeHeHHe OOHOrO M TOr'O Xe TOIUTHBA II03BOJIAET OObEAMHATh TOIUTMBHBIE
6aKH BCeX THUIIOB KOCMHYECKUX IBHraTesiei M TeM cambIM 6ojiee palMOHAIBHO
HCIOJIb30BaTh TOIUIHBO, TakHe KOCMUUYECKHE OBUraTe/IbHble YCTaHOBKH MOJTY-
UMM HaUMEHOBaHHe OGDbeIMHEHHBIX

Kocmuueckue 1Y Ha CTapTOBO# NO3HIMH OGCITYXKHBAIOTCA BBICOKOKBaNTHGH-
IMPOBaHHBIMH CIIELMATHCTaMH, a B mojyere JIY — cHCTeMOH IMarHOCTHPOBaHHA
WM TeJIEKOHTPOJIA ¢ 3eMJIM, 0 KOMaH[aM KOTOpOH HEMCHPaBHbIE arperaTbl
3aMeHATCA MX OyOnepamu, 3a mociemHee IATHIETHE OCBOEHO OOCITyXUBaHHe
OBMraTe/lbHbIX YCTGHOBOK C NOMOLUBI0O aBTOMaTHYeCKHX ammapaTtoB Tuma “TIpo-
rpecc”, kotopble go3anpasisawT Y TOIWIMBOM B NoJIeTe M HOCTaBIAIOT Ha GOpT
JIA Heo6xomumoe OGOPYHOBAaHHE IS 3aMeHbl IKHMAKEM KOCMHMYECKHX CTaH-
LMt 3TIEMEHTOB, Y3J10B U arperaTos.

OCuielt XapakTePUCTHKOH KocMmieckux JIY sBisercs MHOrOKparHoe
BKJIIOUeHHE B YCJIOBHAX JIMTEIBHOrO NpeObIBaHHA B KOCMHYECKOM IIPOCT-
paHCTBeE.

Tpebosanun x Y Oasa nunorupyemsvix JIA. K paccmarpuBaemomy Bumy
otHocATCA TakHe JIY, ¢ MOMOLIBI0 KOTOPBIX 3KHIAX OCYIUECTBIAET MWIOTHPO-
panue JIA. K HUM OTHOCAT YCKOpHTENH B3JleTa M moiera camosietoB u Y koc-
MMYECKHX aNapaToB, MWIOTHPYEMBIX 3KHNAKEM IJIf OCYILECTBIIEHHA CThIKOB-
KH ¢ gpyrumu JIA | criycka M Apyrux MaHeBpOB,

1. OcHoBHBIM TpeGOBaHHEM K TakuM Y sBnsercs Ge30macHOCTb M Hafiex-
HocTb mpouecca dyHkuuMonnpoBaHua Y Ha JIA. Be3onacHOCTh MOJNETOB JKHMa-
xa JIA ¢ XP]I oGecnieunBaercst 3a CYET MOJIHON repMeTH3AUMH TOIUIMBHBIX OTCE-
KOB OT IOMEILUEHUA C IKHIIKEM, OTBOAA BCeX TOIUIMBHBIX ApeHaXed 3a GOpT
JIA, noyHoi# aBTOMaTHM3alMH Bcero mpouecca ¢yHKuMoHHpoBaHua Y ¢ camo-
KOHTpOJIEM M CaMOGIOKHPOBKOMH, NMPUMEHEHUA B TOIUIMBHBIX U [BHUraTeIbHBIX
orcekax JIA aBTOMaTHyeCKOH CHCTEMbI NOXXapOTYLIEHHA M psAfga APYTHX Mepo-
MPHMATHIL, 00ECTIEYMBAIOLINX aBTOHOMHYIO XH3HENesATeIbHOCTh 3KHUMaxa Ha Gop-
1y JIA ¢ XKPI.

[oBbIlIeHHas HaNEXHOCTb Npouecca GyHkuoHupoBanus 1Y oGecneunsaer-
Cs 3a CYeT 3aBBIILEHHBIX 3allaCOB NMPOYHOCTH €€ IJIEMEHTOB, Y3JIOB H arperaros;
Ha3HaueHMsA B KayeCTBeé HOMMHAIBHBIX 3aHWKeHHbIX (“liafAummux’) pexXuMoB
paboTbl; 0cOGO TLIAaTENLHOH TEXHONOrMH OTpaGoTKH MemeHToB M Y B nenom
B NPOILIECCE €€ JIOBOAOUHBIX U PECYPCHBIX MCIIBITAHHIA.

IlpurarenbHas ycranoBka mis JIA ¢ skumaxeM Ha GOpTY HOIDKHa MMETh He
MeHee YeM IATUKPaTHbIA pecypc paGoTsl mpoTtuB oGbryHoro XPI, U3 nux mBa
pecypca BbIpabaThIBalOTCA Ha NpPENBapUTEIbHbIX OTHEBBIX MCILITAHMAX, OIHH
Pecypc MCIOJB3yeTCs NpPH BBINOJHEHMM MOJIETHOH 3alayM M [1Ba pecypca OCTa-
10TCS B 3amace,

2. Pyunoe" ynpapienne KaxapiM aBurateneM Y momiHO mpoM3BOOMTbCA
C TIOMOUIBIO OfHOH KHONKH WIH OOHOM PYKOATKH, Tpebyemsplit ypoBeHb TATH
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yCTaHaBNIMBaeTCsA JIMGO HaKaTHeM KHONKHM, JIHGO YTJIOBBIM IMEpeMEILEHHEM
PYKOSATKH,

CoOTHOLIIEHHe KOMIOHEHTOB TOIUIHBA JOJDKHO GbITh ONTHMATBHBIM H CTa-
CWIM3HPOBAaThCA aBTOMATHYECKH, MH60 B 3aBHCHMOCTH OT YPOBHs NMOHIDKEHHSA
pexxuMa paGoTbl COOTHOLICHHE KOMIIOHEHTOB TOIUIHB2 JOJDKHO aBTOMATHYECKH
NPONOPUMOHANIBHO YMEHBIATHCSA ISl CHIDKEHHA TEMIIEPaTyPbl FOPEHHsA TOIUIHBA.

B cucreMe nopaud pyyHOH KOMaH/IBI AOJDKHBI OBITh MPENyCMOTPEHBI 3aMel-
JIATENM AEHCTBMA IIUIOTa, PErfIaMEHTHPYIOIME CKOPOCTh H3MEHEHHA PEXHMOB
KPII 43 yclOBHA peaiH3alMM JOMyCTHMBIX NEPErpy30K, BO3MEHCTBYIOLIMX Ha
IKHnaX U KoHcTpykumio JIA, M3 3THX ke coOGpaxKeHHH perilaMeHTHpyeTCsl CKO-
POCTb HapacTaHWs HaBJIEHUA B KaMmepe NPH 3amycike ABHTaTels (3alycK [BHTa-
teneit Ha JIA ¢ 3kumaxeM Ha GOpTy HOOJDKeH ObITh IUIaBHBIM, Ge3 3aGpocoB
JaBJICHHS)

Ilepen pe>xMMOM OCTaHOBa TsAra ABHraTeNs AOiHa GbITb MHHHMAIIBHO BO3-
MOXHO#H, a MOCNe NMPeKpalleHHsA NOfaYH TOIIHBa B KaMepy B TPAaKTe OXJIaXHe-
HHsA [BHraTeNs NOJDKHO LMPKYJIHPOBATh TOIUIHBO 10 MOMEHTa MOJIHOrO OCThIBa-
HHsA 060mnoyeK KaMephl ABHTaTeIs

3. IBuratenbHble YCTaHOBKHM I MwioTHpyeMbix JIA ¢ skunaxem Ha Gopry
BBINOJHATCA KaK [BHraTeJii MHOTOKDaTHOroO BKINOYeHHs, 3a OOUH IIOJNET
OBHUTaTenh JO/DKeH BKIoYarbess 5 — 20 pa3 (3a uckmouenueM XPIMT, uucio
BKJIOUEHHHA KOTOPBIX MOXKET GBbITh NMPaKTHYECKH JIIOGBIM M3 MOJIHOTO pecypca).
Ipu Hacocuo#t mopaye tomwmBa JY HomiHa WMeTb HAKOIMTENH TOIUIMBA 1A
oGecmeueHus MOCIEMYIOLLErO 3aMyCKa, 3alpaBKa KOTOPBIX J0JIXHA IPOMCXOMHUTb
B MepBbIE CEKYHIBI PaboThI ABHUraTensa. MUHHMabHO BO3MOXHOE BpeMS PYYHO-
ro BKIIOYEHHs TaKOro ABHraTeNI HOJKHO OBbITh HECKONBKO GOJNblie BpeMEHH
3aNoNHeHnA eMKocTel-Hakomurened, [IpH BhITeCHUTENbHOH CHCTeMe MOXaYH
TOIUTMBA 3TH OrPaHHYEHHSA UCKITIOYAIOTCA,

JBurarensHbie ycTaHOBKHM i JIA ¢ skumaxceM Ha GopTy 06CITyXUBaoTCs
Ha MecTe Ga3upoBaHMA (a3pOApPOMax) MEPCOHATIOM CO CPEIHHM TEXHHIECKHM
o6pa3oBaHMeM (TeXHMKaMH) MON PYKOBOACTBOM HIDKEHEPHO-TEXHHYECKOTO
COCTaBa,

OGuweit xapakTepuctukoi 1Y ABNAIOTCA MHOTOKpaTHbIe BKJIIOUEHHS [IBHT a-
TeNeH ¢ PasHbIM YPOBHEM TATH, OCYIUECTBIIAEMbIE C IIOMOILBIO OHOIO YCTPOH-
CTBA YNpaBJIeHHA,

1.1.3. QHEPTETUYECKHE XAPAKTEPUCTHKH XPIOY

neprerudeckHe BoamoxuocTH KPIIY onpenensiorcs cyMMapHbIM 3amacoM
TOIUTHBa M., a TaKkXe 3¢ (eKTHBHOCTbI0 PEOGPa30BaHMUsA TEIUIOBOM €ro IHEPrUH
B uMnynec Tary Y, koTopas XapakTepuayercs yOelbHbIM HMITyJTECOM TATH Jy.
Ha pacuetnom pexxume paGoTel nBHratens (p, = p,) yoeNbHbIH HMITYJIbC paBeH
CKOPOCTH HMCTeUeHHs MPOAYKTOB cropauus W, . .

Ha nepacuernom peskume (p, # py;) yHeNbHBIA UMIYIIbC TATH PaBEH HEKO-
TOpO# 3 PEKTHBHOH CKOPOCTH HCTEYEHHs W, , OTIPENeNseMOit COOTHOIIICHHEM
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F,p, — Py) P, — Py)
W3¢=Jy=wa+ —'h—=Wa+ W .
a " a

Ins cospanua umnyibea Tard XKPIY 1 ucnonb3yercs He BeCh 3amac TOIUTHBA
My, HAXOJALMACA B TOIUTMBHBIX eMKOCTAX.Mexnly paGounm 3amacoM M .6,
HAyLHMM Ha CO3/1aHHe MMITyJbCa TATH I, ¥ CyMMapHBIM 3alacoM TOIUIHBA M.
CYLIECTBYET CBA3b

My =My pagt Mgt Mppot Mpgot Moy,

TAe M, . , — FapaHTHIHBIH 3aMac TOIUIMBA; My 1 , — FHOPABIMYECKHIA OCTaTOK
TOIUIMBA; My 5 , — TEIUIOBOH OCTAaTOK TOIUIMBA; M, ., — 3aNac TOIUIMBA I
paboTsI cUCTEMBI HafiAyBa,

TapanTuitHpI 3amac TOIUIMBA COCTaByifeT 2 — 3 % CyMMapHOro 3amaca H
NpedHasHaueH OJIs1 KOMIIEHCAllMM OTKJIOHEHMA OCHOBHBIX mapameTpoB JIA ot
MX HOMHHAJIBHBIX 3HayeHMil, ['apaHTHAHBINA 3amac 3aBHCHUT IJIaBHbIM 06pa3oM OT
pa3bpoca xapaktepuctuk JKPIY (TArH, ymenbHOro MMmynbca, COOTHOILLUEHHA
KOMIIOHEHTOB) , pa36poca MacChl M3[ENHA, MacChl 3aNPaBKH TOIUIMBA, a TaKXke
TPaeKTOPHBIX BO3MYLIEHU, IeHCTBYIOLMX Ha JTA,

T'uppaBnuyeckuit OCTaTOK TOIUIMBA M, 1 , PHUIMIECKH HEBO3MOXHO NOAATb
B KaMepy [BHrarens (OCTaTkH He3abopa, IWIEHKH Ha CTeHKaX Gaka M jeMeHTax
KOHCTPYKLUH) ,

TemwnoBoit ocrarox TOmWIMBa My, , — NpPOrpeTasd YacTb KOMIIOHEHTOB,
KOTOpas He MOXeT GbITh MOJaHa B LEHTPOOEXKHBIA HaCOC M3-32 KaBHTAaIIMOHHOTO
peXHMa, NOABIAETCA BCIENCTBHE TEPMMYECKOTrO PpacCOeHHsA TOMIHBa (CcM.
pa3n. 3.1.2). TemioBo# 0CTaTOK MOXeET COCTaBHTh 3HAUMTENBHYIO YaCTb OT CyM-
MapHOro 3amnaca TOIUTHBa U [OJDKeH 00f3aTeNIbHO YYHTBIBaThCA NMPH BBIGOpE OI-
THMaJIbHBIX TapaMeTpoB XPILY

Ecnu HapmyB 6akoB OCYLIECTBIIAETCS NPOOYKTaMH HEMOJHOrO CropaHHs
COBCTBEHHBIX KOMIIOHEHTOB TOIIMBa, TO 0,5 — 1 % cyMMapHOro 3amaca TOIUIH-
Ba TpaTHTCA Ha HainyB, OTHOCHTEIbHBIN 3amac TOIMBa, HeOGXOIMMBIH 1A Haf-
nyBa 6aKoB, MOXKHO BBIYMCIIHTb M3 COOTHOIIICHHSA

- Mrchn P6o P6r .
Meen™ = K + K . (14)
) m.r (RT)OPOKG (RT)rer6

3meck Kg = Vil Vi = 0,95 —xo3ddument 3anomenus Gaxa; (RT),, (RT), —
paboTocnoco6GHOCTs ra3a HaiyBa COOTBETCTBEHHO Gaka OKHCIHMTENA M ropio-
gero. Miupexc "k’ 0603HavaeT KOHeuHbIi MOMeHT paGoTsr J1Y.

Hmnynsc tarn I BbMUCIAETCA KaK MHTErpall OT TATH 32 BCe BpeMs paboTbl
oy, re.

'z s
I= [P()dr= [J mydr, (1.5)
0 0
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B GompumHcTBe ciyyaes, ecnu Jy, = const, T

I=J mT pa6-

PaGoumit 3amac TOIUIMBA My ;6 COMNEPXKHT TaKXe M HENMPOH3IBOJMTEIIbHbIE
3aTpaThl TOIUIMBA My , 5, CBA3aHHbIE C 3allyCKaMHM M OCTaHOBaMH [ABHMTaTels.
TunuaHbIM CllyyaeM HENPOM3BOIMTENIBHOH 3aTpaThl TOIUIMBa ABJIAETCA Ipend-
cTapToBBIi BBIGpOC ToWIMBa I cTyneHn pakeTsl (IO OTphIBa €€ OT CTapTOBOrO
cTOMa) .

YMeHbIIIeHHe COCTaBNAIIMX My 1 5, My o Moy 0o Moy o Moy o TIO3BO-
JIieT COOTBETCTBEHHO YBEJMUMTh pabouMii 3amac TOIUIMBA H, CJIEOBATENbHO,
uMmmyise Taru KPIY .,

IeitcTBUTENbHBIA YIENbHBIA UMITYJIbC JBHIaTelNA, BBHIMIOIHEHHOrO 10 CXeMe
C IOXKMTaHHEM T'eHepaTOPHOT o ra3a, paBeH

Jy.n="y¢|(‘pc="y(l_fa—gp_frp_gﬂ_gs-Afk), (1-6)

rhe ¢, K¢, — KOo3b(HUMEHTH KaMepbl ¥ COIUIa COOTBETCTBEHHO; §, — IOTEpH
YOENbHOrO HKMIyNIbCa M3-32 HEPaBHOMEPHOCTH NoJA ko3dduimeHTa HU3GbITKA
OKHCIHTens; §, — NOTepH B COIUIE H3-3a PacCesiHuA; {r, — MOTEpPH B COMUIE
u3-33 TpeHus; {; — NOTepH B COIUTE H3-32 XMMHYECKOH HEPaBHOMEPHOCTH Teue-
HHA; §; — NOTepH B coIUle M3-3a MHorodasHoctH; A{, — mOTepH YAENbHOro
HMITyJIbCa H3-3a HEMOJIHOTBI CrOPaHHsA TOIUIHBA,

Ecnu ycnosus oxiaxneHHA KaMepbl CropaHus TpeGyloT OpraHu3auHH IpH-
CTEHOYHOro CNOos ¢ Gojiee HM3KOH TeMMEepaTypoH NpOAYKTOB CrOpaHHs, 4eM B
Aipe, TO TNOTEPH YMENBHOrO MMIyJbCa §,, CBA3aHHbIE C HEPABHOMEPHOCTHIO
nona KodpduumenTa U3BhITKa OKHUCIIMTENA Qpy MO NMONMEPEYHOMY CEUEHHIO Ka-
MeEpbI CTOPaHHs , MOXHO PacCIUTaThb MO COOTHOILLEHHIO

J
ysa
ga =1 —8g — _(1 —gx)

y.cp

an
Ty.cp

3pech g; — OTHOCHTENIBHBIH MacCOBBbIH PacXoj TOIUIHBA B fifipe IOTOKa; Jy 2
Jy cts Jy cp — YAETbHBIH HMIYTbe (NPH 3aJaHHBIX Py H €) NpH KO3 dHLMEHTe
H36bITK2 OKHCITHTENIA B sfIpe, IPHCTEHOUHOM CIIOE K CpelHeM IO KaMepe.

[lotepn B comie Ha paccesmue §p» TPeHHE {rp» XMMIUECKYI0 HEPABHOBEC-
HOCTb TeYeHHA §, MOTyT GBITb pacCYMTaHBI 1O 3anucmocmm NPeLI0KEHHBIM
N, Nonaxossim 1 Y I', [TupymoseiM [2]:

§p=113,2 -(8,9n — 9,8)\/-’3—— 1(1 —2)2.107%; (1.8)
’Kp
;_Tp _ 2p[l 1,19+ ,01: )1 _e—(1 —z))o,as]; (1.9)
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0,28 + T—0333

£, =1( —14)\/ —1+188\/n—1—1075]10"
P 1,06n — 0,86
ho Po Ta
=(—Y(—)P—; (1.10)
Txp Px Tkp
—_a”xp
Z(n, e,ﬂa)_ max _er =
4/3
sinﬁa
—1_ (1.11)

0,6 - (0,018n — 0,0175) (ry/ryep, + 24)

3nech hy — MpUBe/ieHHaA [JIMHA PENaKCALUMOHHON 30HBI; Po = 1,0332-10° Ila;
n — nokasaTenb MOJIMTPOMBI paclMpeHus; r™23X _ panuyc ceueHMs COmIa, B
KxoropoM f, = 0; f, — yron HenapaiIeNnbHOCTH HCTEUEHHA Ha Cpe3e CoIa,

3naveHuA Noka3aTeneit a M b, a TakKe [IMHBI PeJIaKCAalMOHHOM 30HBI 1y B
sapucuMoctH (1.10) mpuBeneHsb! AJTA psAfa TOWIMB B Ta6n. 1.1,
Tlotepu B comte H3-3a MHOroga3HOCTH IPOAYKTOB CrOpaHHA § 3aBUCAT OT MHO-
rux (GakTOpoB: MAacCOBBIX MOJIEH XHOKOH H TBEpHOH ¢a3bl, OHCIIEPCHOCTH,
¢$OpMBbI yacTHL, pacnpeneNieHHsA MX MO CeYeHMIo KaMeps! U Ap. s nocraTouHo
HaJIeXHOro omnpefeneHua  Kodbduumenta {; TpeOyOTCA [ONMOHHTENbHBIE
HCCTIeOBaHHA

IoTtepn A, , CBA3aHHbIE C HEMOMHOTOH CrOPaHHsA TOIUIHBA, 3aBHCAT OT YCIIO-
BHi cMeceoOpa30BaHHsA, PEXXHMHBIX NapaMETPOB B KamMepe, XMMHYECK O IPHpO -
OBl KOMIIOHEHTOB TOIUIMBa M cocTasisaoT 0,01 — 0,02 oyist nyyiMx coBpeMeH-
HbIX 06pa3uos XPII.

JeficTBUTENbHBIA YENbHBIA HMITYJIbC [OBUTATENs C HACOCHOM CHCTEMOM MO-
Hay¥, BBINOJIHEHHOTO MO CXeMe G6e3 [OXHIaHHA reHepaTOpPHOro rasa, MOXKeT
6bITb OmnpenesneH cleayoLHM 06pa3om:

Jyn=&Jynx*t (1 =8y npes (1.12)

my

roe g = — OTHOCHTEJIbHBIA MaCCOBBIH pacxoq TOIUIMBA B KaMeEpy,

my + my
Jy nac» Jy m.p.c — AEHACTBHTENbHBIA Y/eNbHbIA HMITYJIbC TATH KaMepbl M pyre-
BOrO COILIa COOTBETCTBEHHO,

Tabauya 1.1
KoMMmoHeHTHI TOIIHBa a ho, M a b
0,+ H, 08 131073 04 1
0, +T-1 08 6,710~ 035 0,8
AT + HOMT 0,9 5,3-107° 0,25 0,5
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OTHOCHTENbHBIA MaCcCOBBIA PacXofl TOIUIHBAa Ha TypOHHY r_hT =1—-g. um
GajtaHCca MOILHOCTeH MOXKET ObITb NTPEACTaBIIEH B BHE
o Ppux.0o = Pex.0) Kmay Pprix.r — Pax.r 1
m. = + ] . (1.13)
ﬂH.oﬂo(Km + l) nﬂ.rpr(Kmny + 1) Lan'nr

31mech Pyyix 05 Poux.r — JABIIEHHA KOMIIOHEHTOB Ha BBIXO/IE M3 HaCOCOB OKHC-
JIHTENA U TOPIOYEro COOTBETCTBEHHO; Py o, Ppx.r — BABJIEHHA KOMIIOHEHTOB
Ha BXOJ€ B HaCOCH! OKHCITIMTENIA M FOPIOYEro COOTBETCTBEHHO; Ny o, My 1, My —
KIIII HacocoB OKHCIHTENA, FOPIOYEro H TypOHMHBI; P, p;. — IUIOTHOCTh OKHCIIH-
TenA ¥ ropiovero; K, jy —MacCOBO€e COOTHOLUEHHE KOMIIOHEHTOB TomiMBa JIY.

C yBenHueHHEM [aBJICHHA B Kamepe OTHOCHTEJIbHBIN pacxoj KOMIOHEHTOB
TOIUIMBa Ha MPUBOQI TYpOMHBI Bo3pacraeT. Kpome Toro, u3-3a orpaHuueHuit Ha
TeMIepaTypy NPOAYKTOB CrOpaHHsA B ra3oreHepaTope yIenbHblil HMITyJIbC pyJle-
BOro ¢omia Jy ; . 3HaUHTENBHO MeHbIUE YIeNbHOro MMIy/bca Kamepbl, Iloaro-
My C POCTOM [aBJIeHHA B Kamepe JIeHCTBHIEIbHbIA yeJIbHbIA HMITYJIbC KaMepbl
Bo3pacTaeT (TaK KaK yBelIMUMBaeTCs CTeNeHb pPAaCLIMpeHUs ra30B B COIMUIe)
cnabee, yeM YMEHBLIAETCA OTHOCHTENIBHBIA PacXof KOMIOHEHTOB B Kamepy, IIpu
HaIHYMM raGapuTHBIX OTpaHWYEHHH IO JHaMeTpy Cpe3a COIUIa, HaUMHadA C HEKO-
TOpOH CTeNeHH pacCUIMpeHHs, YMAENbHbIA HMIyJbC Kamepbl COXpaHAeTCA
NOCTOSIHHBIM,

B pe3ynbTaTe ymenbHbIH MMITYJIbC IBHTATeNA C HaCOCHOH CHCTEMOi MOJauH,
BBINOJIHEHHOTO 10 cXeMe 03 NOXKUraHHA I'eHepaTOPHOro rasa, HauuHas C HeKO-
TOPOrO 3HaYeHHA [ABJIEHHUA B KaMepe P, YMEHbILAETCS B COOTBETCTBHH C 3aBH-
cumocteio (1.12). 310 mpenensHOe 3HaYeHHE [ABNEHHA PR V1A COBPEMEHHBIX
ABHraTeneit HaxomuTcs B AuanazoHe (100 — 120) 10° IMa u onpenensercsa KoM-
TIOHEHTaMH TOIUTHBA, a Tak)Ke NTapaMeTpPaMH Kamepbl H PyJieBOro Comia,

Ynpasnenue mnonerom pasnuunoro tHna JIA ocywecrenserca XPIOMT, nna
KOTOPBIX HaHGoJee OGLMM peXHMOM paGOThl CUMTAETCA MMIYJIbCHBIH PeXHM
[11]. OcHoBHBIMHM MOKa3aTeIAMH HMITYJIbCHOTO PeXHMa SIBIIAIOTCSA BPeMs BKJIIO-
YeHMA MBHTaTeNA T,, M BPeMA Iay3bl MeXOY ONMHOUHBIMH BKIIIOYEHHAMH
Tn =T — T3 30ech T — BpeMs WHKJIa MeXTy OJIHHOYHBIMH BKJTIIOYEHHAMH.,

Yacrora Bxmouenusa XKPIMT

f=1JT.

Ypemsusiit ummymse KPIIMT, paGoraroliero B HMIYJIbCHOM peXkume, OTpe-
IesAeTcs BhIpOKEHHEM

T g T .
Jyu= JP(r) dr| [ m(r)dr,
o [}

HeiicTBuTenbHblit ynempHbiit uMmynbe 1aru XPIMT, paGoTatoero B ummysisc-
HOM peXHMe, OTpaXaeT MpeXdae BCero MOTEepH, CBA3aHHbBIE C HECTALMOHAPHBIM
XapaKTepoM Iycka H ocTaHoBa. C yMeHbILEHHeM [UTHTeNbBHOCTH KOMAaHIHOro
CHTHaJIa Ha BKITIOUEHHE 3/IeKTPOKIJIaNaHOB MOJIAi HECTalMOHAapHBIX NpPOLECCOB
BO3paCcTaeT M y/JeNbHbIA HMIYJIbC TATH YMEHBILACTCA
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TloMHMO HeCTaUMOHapHBIX IPOLECCOB YAeNbHbIH MMmymsc TArn XPIMT
YUHMTBIBA€T TEIUIO- K MacCOOGMEHHbIE MPOLECChl MEXAY COCeTHMMH MMITYIbCa-
MH, a TaK)Xe TEIUIOBOE COCTOAHME KOHCTPYKIMH JBHrartenia. B oGwem ciyuae
s 11060ro HoMepa BKIIIOYEHHA JBUraTens n yaenbHbli uMmynbe Tard XXPIMT,
paborTaloiliero B MMITYJIbCHOM peXUMe, OIpeNeNaeTca ToGbIM U3 BO3MOXKHBIX
coverauuit Jy , = f(Ty, Ty, n) . MakcumansHas BeTMUMHA YIENBHOTO HMITYJIbCa
JIOCTHT2€TCs Ha HENPEPBIBHOM pexuMe ero paGotsl Jy ,, ONpeeNseTcs no coor-
HoweHuio (1.6) ¥ 3aBHCHT OT KOMIIOHEHTOB TOIUTHBA, PEXXHMHBIX M KOHCTPYK-
THBHBIX MapaMeTpoB ABurarens. JeficTBUTenbHEI#H ynensHbi ummynsc XPIMT
ompepnensercs 3KcnepuMenTanbHo [11].

Ypemsubiit wmnynsc XKPJI, paGoraroiiero Ha CTallMOHapHOM peXHMe, OIpe-
OeNsAercs TEPMOOMHAMHYECKMM pacyeToM. Ui paccMaTpMBaeMBIX KOMIIOHEH-
TOB TOIUIMBA OH fABJIAETCA QYHKIMEH HX MaCcCOBOro COOTHOWIeHHA K, | oTeneHu
pacllMpeHus NPOAYKTOB CrOpaHHA B COIUIE €, a TakKdke HaBJIeHHs B KaMepe

Py,Te.
Jy =f(Km) e)pk) .

PeaynbTaThl TEpMOOMHAMUYECKOTO pacyeTa COBPEMEHHBIX H IIePCIIeK THBHBIX
TowmB npusenensl B CrnpaBounuke AH CCCP mna GaszoBbixX 3Hauenwmit K, , €
H p, [2]. TockonbKy TepMOAMHAMMYECKHA pacueT [axce OTHOTO BapHaHTa Tpe-
GyeT 3HaYMTEHHOrO MALIMHHOTO BpPeMEHH, a NIPH ONTHMH3AIMH XapaKTePUCTHK
KPOY HeoGxomuM WENbIA psAfl 3HaYeHHid, B YaCTHOCTH, YAENBHOrO MMITY/IbCa
TATH 1A napaMerpoB K, , € U p, , He COBMNAJAIOLIMX C HX Ga30BBIMH 3HaYeHHA-
MH, TO 1elecoo6pa3HO 3aMeHHTh TPYJOEMKHe TepMOJHHAMHYECKHE pacyeTs
NporpaMMaMH  MHTEPNOIAUMOHHBIX PacueTOB. ANNPOKCHMALMA pPe3yIIbTaTOB
TepMOJHHAMHIECKHX DacueTOB MOXeT GbITh OCYIIECTBIIEHA C IIOMOLBI0 MHOTO-
WIEHOB N-ro NopsAnka (CIvlaiiH-anmpokcumaimsa) [2], 4ro pesko cokpatuaer
BpeMsl OINpefielieHHA TePMOHHAMHYECKOrO NapaMeTpa, HO TpeGyeT OmpeielieH-
HOTO MaccuBa B namaTH IBM misa pa3merenus ero 6a30BbIX 3HaUEHHiA,

Taxnm oGpa3oM, IJIA yNydIleHHA 3HepreTHIeCKMX XapakTepuctux JKPIY
Ha BbIGPaHHBIX KOMIIOHEHTaX TOIUIMBA B paMKaX pacCCMaTpHBaeMOil 3a/lauu
JIA HeoGxomuMo 0GecreyHTh, C OIOHOH CTOPOHBI, BBICOKHI YIENbHbIH HMITYJIbC
TATH 3a cUeT BbIOOpa peXXHMMHBIX MAapaMeTpOB JIBHTaTeNs, a C APYToil — HaJlex-
Hy10 paGoTOCNOCOBHOCTD ABHTaTEBHON YCTAHOBKH K BO3MOXKHO [IOJIHOE HCIIOTIb-
30BaHMe 3aMacoB TOIUIMBa ITyTeM BbIGOpa THIa M PEXKHMMHBIX IapaMeTPOB KaMe-
PbI M cucTeMbl mTanua XPOY .

1.1.4. MACCOBBIE XAPAKTEPUCTHKH XPIY

Ina ouenku cosepueHcTBa KoHCTpYKimu XPIY npuMensioTcs MaccoBbie
X8paKTepHCTHKH, KOTOpbIe LIHPOKO HCIONb3YIOTCA NMPH BHIGOpe ONTHMAlIBHBIX
napamerpos JIA, nBUraTeNbHBIX YCTaHOBOK M MX OTHENbHBIX arperatoB. Crap-
ToBasA Macca JIA oGberuHO onpenensercsa no ¢popmyie

mo =myy+ Menat Mypny + My, (1.14)
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roe my , — Macca MOJIe3HOH Harpy3kH, nocTasnsemMoi JIA B pacuetHyo TouKy
TMpPOCTPAHCTBA C 3afaHHBIMH NapaMeTpamH; M,y o — Macca JIA Ges XKPIY;
mypny — Macca XPIY, cocrosiiias ¥3 Macc [BHTaTellsl ¥ CHCTEMBI IMTaHHA
(Bxiovas GakoBBIE OTCEKH) ; M, — Macca TOIUIHBA, 3aNpaBJIeHHOTO B GaKOBbIE
orceku JIA,

BBOIs MOHATHE OTHOCHTENIBHOH MacChl M; = m;/My KaK OTHOLICHHA COOT-
BercTByloeit maccet JIA, XXPJIY unu TomBa Kk crapTroBoii Macce JIA (wiu ero
OTAEILHON CTYNEHH) , MOXKHO NOJYYHTh COOTHOILIEHHE , CBA3BIBaOILEe CTaPTOBYIO
Maccy ¢ BbBIBOOHMOH MOJIE3HOM Har py3Koi:

Muoxn

my = (1.15)

1 - (B + mpry * kp) ’

rne M, = mg/my — ortHocurenmbHas Mmacca JIA (Ges XPHY); pypny =
= mypny/mo — oTHocuTenbHana macca KPIY; p, = m.[mq, — OTHOCHTENbHAA
macca (3anac) TOIUIMBaA. '

HUcnom3ys craTHCTHYeCKHe WIH pacyeTHbIe 3HaYeHHUA OTHOCHTENBHOM Mac-
cbl JIA . ¥ QBHraTeNbHOM YCTaHOBKH My p TV, @ TaK>Ke NOTpeOHY 0 OTHOCHTEb-
HYI0 MacCy TOIUIMBa i, (cM. pa3fl. 1.3.3) , MOXMHO OnpeneNuTs 3HaueHHE CTapTo-
Bo# Maccel JIA my MM BHIBOZHMO#H NOJIE3HOM Harpy3KH M

nH-
Macca XPIIY cknanpiBaeTcsi M3 Macchl ABHUraTells My, TOIWIMBHOrO GakoBo-
IO OTCeKa Mg , U CHCTEMBI Ha/TyBa GaKOBbIX OTCEKOB M ., T.€.
mypy =Myt Moot Men. (1.16)

Macca nBurartens MosxkeT GbITb NpeNCTaBlieHa B BHAE CYMMBI MacC OTHENbHbIX
arperaTtoB M y3NnoB; KaMepbl, TpyGOHacCOCHOro arperara, ra3oreHeparopa, arpe-
raToB aBTOMAaTHKH, TPyGONPOBOMOB, paMbl, a Takke JeTasnei obuei cGopku:

my=m,+my +tm +tm, tm +m +m (1.17)

A p p P n.o.ce

Macca GakoBoro orceka Mg , CaraeTCs M3 Macc TOIUIMBHBIX GaikOB ropiouero
M. W OKHCIIMTENA M, a TAKXEe MaCChl arperatoB 6akOBOTo OTCEKa M,rp 6 o
(cowteHsOIME M KOHCTPYKTHBHO-TEXHOJIOTHYECKHE JJIEMEHTHI, a TaKXe arpe-
rathl, 0GecleYHBAKILME 3alPaBKYy, pa3sMelleHHe, XpaHeHHe U 3a60p KOMITOHEH-
TOB TOIUTHBA H3 6aKOB B TOIUIMBHBIE MarHCTPIH) :

Mgo=Mp + Myt Myrpy60- (1.18)

Macca cucTeMs! HaiyBa BKII0OYaeT B cebs Maccy paGowero Tena m, noTpe6-
HOTO Ha Ha[AyB, MacCy aKKyMyJsATOPOB JaBJICHUA M, , PeMyKTOPOB H apMary-
PHI M, , OGECTIEYHBAIOLIMX NOCTYIUIEHHe paGoyero Tenla B GakH, a TakXe Mac-
CY ApEHAXHO-MPENOX PaHUTENBHOM CHCTEMBI Mpyy 1!

Mg, =m +my +m . +m (1.19)

p. P Ap.mp *

Hna ouenxn coepieHcTBa koHCTpykuuu JXPIY Hcnonb3yloT OTHOLLEHHe
maccbl XKPIIY k Macce 3anpaBiieHHOTO B Hee TOIUTHBa
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mKPAY
2 . (1.20)

axpay e
Io manneM [1, 13, 19, 20, 22, 26] 3apyGexHoit neyatu (1abn. 1.2 u 1.3), sro
OTHOLIIEHHE COCTaBIIAET:

TIPH HaCOCHOM CHCTEMe nofavu aycppy = 0,05 ... 0,15,

TIPH BBITECHUTENIBHOM CHCTeMe nofiauk aypny = 0,1 ...0,25,

Ucnombays coortHomenne (1.20), monmyyaeM BeipaXeHHe OJIi CTapTOBOM
Mmacchl JIA B Buze

My n
my = . (1.21)
1 - [(1+ aypny) By + Byl

Ins OUEHKH COBEpIUEHCTBa KOHCTPYKLMH [BHIraTells BBORMICA MOHATHE
ynensno#t maccst XPIL (my y) Kak oTHoueHne Maccel 3anuroro XPII k ero
HauGONbLIEH TATE Ha OCHOBHOM peXHMe:

my oy = my [P, (1.22)

ITo panHpiM 3apyGexHOd CTaTUCTHKH, mpHBeneHHOd B TaGm. 1.2 u 1.3,
ynensHas Macca XXPII st mapiuesix XKPIY cocrasiser 0,8 — 6 kr/xH.,

Ha puc. 1.6 npencraBnena 3aBHCHMOCTb Y[IENbHOH MaccChl [IBUTaTens my o
OT €ro TATH, MOCTPOEHHasA MO HaHHbIM Ta6n. 1.2 u 1.3, AHanu3 NpHBENEHHBIX
OaHHBIX MOKa3bIBaeT, YTo yaenbHasa Macca JKPJI cymiecTBeHHO 3aBHCHT OT Ha3Ha-
venust XXPOY, npuMeHsAeMBIX KOMIOHEHTOB TOIUIMBA M YMEHBILIAETCA C yBEIH-
YeHHEeM MaKCHUMaJIbHO# TATH IBHTaTens .,

Onpaio MCNIONb30BaHME 3aBHCHMOCTH My \ = f(P) nna 3apad ONTHMAJIBHO-
ro NMPOEKTHPOBAHUSA HEAOCTaTOMHO JlaXe JUIA ABUraTellell 3aJaHHOr0 Ha3HaYEHHs
H BBIGPaHHBIX KOMIIOHEHTOB TOIUIHBA, TaK
KaK Macca [IBHTaTells CyLIeCTBEHHO 3aBH-
CHT OT COYETaHHs PEXKUMHBIX MapaMeTPOB
O’K:pa, Km:ani, w HJIP.).

Macca COGCTBEHHO [BHTATENsA MOXET
coctaBnath 0,2 — 0,45 KOHeYHON MacChl
218 crynenu JIA, PazoGpemM Maccy mBHrarens

Ha MacChl OTHENBbHBIX arperaTtoB U y3JioB,

o CBfI3aHHBIX €IHHOI ITHEBMOTMIpaBIIHYEC-
'\ KO CHCTEeMON, M BbIPa3UM MacChl arpera-
A~ |- TOB KaK QYHKIMH DEXHMHBIX Napamer-

o poB aBurarens. Macca moGoro ABHrarens
7 o OIpeeINTCA KaK CyMMa MacC QYHKIMO-

My, Ke/nH
J

Puc. 1.6. 3aBucumocts ypenbHod Maccst  KP/[L
OT €ro TATH:
® — KOMNOHeHTH TowiHBa O3 + Hy; 0 — kom-

NoHeHTH! TomnmMBa N,O4 + HIMT, N,O4 +
m 200 ByrH 4 p 50 2He
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HaIbHBIX arperaTroB, 3aBHCAIUMX OT PEXHMHBIX MapaMeTpoB, a 0CODEHHOCTH
OBHraresif 10 ero Ha3HaYeHHIo , CXeMHOMY H KOHCTPYKTHBHOMY PELIEHHI0O MOTYT
GBITh yYTeHb! HEKOTOPBIMH CTAaTHUCTHUECKMMH KO3GbdHUMEHTaMH, HMMEOLHMHU
BIIOJIHE OMpeferieHHbIA GU3HUeCKHH CMBICT,

KoHkpeTusupyem 3TOT NOmXon Ha NpuUMepe MaplileBOro JBWTarelif CTyme-
HH paKeTbl-HOCHTENIA OJHOPa30BOrO MCMOJb30BaHHA B COOTBETICTBHH C COOTHO-
wernem (1.17) .

JIlna nogpo6GHOro aHaTMTHYECKOrO PacCMOTPeHHA HeliecooGpasHo BhIGpaTh
T€ COCTaBJIAIOLIME MacChl, BKJIai KOTOPBIX B CyMMAapHYyI0 MacCy IBWTarens
Hauboree 3HaYUTENIEH,

Kamepa KPI. Macca xamepnt XPH moxer cocraBnsars 0,2 — 0,5 macce
BCEro IBHrarelifi M MO3TOMY HO/DKHA YYMTHIBAThCA C BO3MOXHO BOJiee BBICOKOM
TOUHOCTBIO, E€ MOXHO mpefcTaBHTh KaK CyMMY Macc COGCTBEHHO KaMepsl Cro-
PpaHHA C Cy>XalolleHCa YaCThIo COIUTa, CMECHTENbHOM FOJIOBKH, ra30BO/ia H pacliH-
PpAloLIENCS YacTH COIlIa, T.€.

My :: Mmeo6 * me ¢ + Mpgn+ Mgy + mp.c ‘ (1-23)

Bce cocraBnsromme Maccol kaMepsl XXPI yno6HoO npencTaBHTb Kak 06onoy-
KH BpallleHUs, Macca KOTOPbIX BBIMMCIIAEICA KaK NpPOH3Be[eHHE MOBEPXHOCTH
Ha yJIe/IbHYI0 Maccy 3THX 06osouek,

Tak, Maccy xaMepbl CrOpaHHA M CY>XaloILeHCs YaCTH COIUIa MOXKHO NpencTa-
BHTb B BHIIE

Moot Mec=7(Sy + S c)_ ) 7x(s + c.c), (1.29)
K
rae S R ; Sc c c/F
Muacca rononxu H raaonona Moxcer ObITH MperCTaBlieHa B BHIE
I‘OJ'I =F, aronpron FKPFI‘OJ'Ial‘OHpPOII (1-25)
= Sta3brasPras = ™raslrasbraslfras- (1.26)
PyDyf
Ecnu npussaTs, 410 Dy, = 1Dy Lpg, = k2Dy; 8., = , HCTIOTIB-
2019,
PxFxp
30BaTh H3BECTHOE COOTHOLIIEHHE = f , a TaKXe peKOMeHMIalMH pa6o-
my
Th1 [8] MOBHIGOPY OTHOCHTEJIbHOM IUTOIAAM KaMephl
F= Fy 5000
K - s
Fyp VPydxp

10 cootHowenua (1.25) u (1.26) MOXHO NPHBECTH K BUIY
F Kp

Py ¥

=Kron H (1.27)

mI‘OJ'l
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Myas = KrasFyp (I (1.28)
3nech

k= 8 ronPron 5000 500075k ikyf-4h1%
ron =~ ; kpan = o .
4/ 4 n %ras

n

Macca pacumpsirowmeicst YacTH COIUIa C Y4ETOM HeOXJIaXIaeMOro HacalKa TaKKe
MOXeT GBITb IpE/ICTaBlIEHa B BUAE
m B _ _
my ¢ =Ye.oxnSc.oxnt YeuSen = p (Ye.oxnSc.oxn t YeuScn) . (1.29)
K

I pacuera macchl KaMepbl nmo cootHoureHuam (1.23) — (1.29) neo6xo-
AMMO MMeTh 3HaYeHWA OTHOCHTEJIBHBIX MOBEPXHOCTEH LWIHHAPHYECKOro KOpITy-
ca Kamepsl S, CyXaloleACs S; . U pacLMpsAloMIencs S, YacTed COIUIa, a TaKXKe
YIeJbHbIE MacChl KaMephl Y, H COMIa .. A U3BECTHBIX TONIUMH 0GoJOueK
KaMepbl M COIUTa MX YOENbHa#s MacCa MOXeT GbiTb paccuMTaHa ClemyIoiHM
obpazom:

H

3pech §; — mpuBeeHHasA K NMOCTOAHHOMY 3HAYEHMIO MO CEYEHWI0 TOMIUMHA I-i
0GONOYKH; p; — IVIOTHOCTh MaTepHana; K; — K03bQHUUMEHT MPUCOEUHEHHOM
Macchl (CBapHBIe LUBBI, KOJUIEKTOPHI MOABOJAA KOMIOHEHTOB H Ap.) . Ilpn Heus-
BECTHBIX TOJILUMHAX 06oJIoYeK ymenbHast Macca AOJDKHA GbITb OnpeesieHa U3 CTa-
THCTHYeCK O 06paboTKH JaHHBIX PeallbHO BBINIOJTHEHHBIX KOHCTPYKIMA,

TonmumuHa 060NMOYKH ONpeAeNiAeTcs KaK MPOYHOCTHBIMH pacyeTaMH, TaK H
TEXHOJIOrMYeCKHMH (aKTopaMu (HONMYCKaMH Ha JIKCTOBOH MaTepHasl, BO3MOX-
HOCTSIMH CTAHOYHOTrO fapka M IpucnocoGneuwit u Ap.). [lostoMy misa mpakTH-
YeCKHX pacueToB LieleCOOGPa3sHO HCMONb30BaTh COOTHOIIEHMA IUIA 7Y, H 7Y,
npuBeneHHble B TaGn. 1.4, ITH COOTHOLIEHHA NOTyYeHBI MyTeM aNmpoKCHMalMH
CTaTHCTHYECKOrO MaTepuayia 10 [BHTaTelAM, OCHOBHbIE NMAapaMeTPhl KOTOPhIX
npuBenenst B Tabn. 1.2 u 1.3, OTHOCHTeNbHBIE GOKOBBIE TOBEPXHOCTH Su uS, .
PAaCCUMTBIBAJINCh KaK OGOJNIOYKH Tel BpalleHHs, NMPH 3TOM TIeoMeTpHYeCKHe
pa3Mepbl KaMepsl ONpefeNsUIHCh 110 pekoMeHammaM paGorel [8], a myis pacyeta
OTHOCHTENbHOH GOKOBO# MOBEPXHOCTH PaCIIMPAIOIEACH YaCTH COIUIa S, HCMOJIb-
30BaJlach 3aBHCHMOCTb, pekomeHpoBanHasa M. Ionsxoseim [2]. Coorsercr-
ByloLUMe BBIp@KeHHs WA S, ., S, U S, TaKke NpUBENEHb! B Tabn, 1.4,

Taxum o6pazom, ucnonbays coornowenusa (1.23) — (1.30), moxHo nomy-
YHTh MTOTOBbIE BBHIPOKEHUs IUIA PacyeTa MacChl KaMephl ABHTaTesieil pasIMuHbIX
cxeM,
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Tabauya 1.4

Bennunna PacuetHas ¢opmyna JIMana3oH H3MEHEeHUA
H pa3Mep- NapaMeTpoB H HX Pa3MepHOCTh
HOCTB
3
Kr pk'lo P 6
Yo =5 7, = 3,03 ~17 1,581-10° < < 5,85-10
M \/dkp */dxp
Px,Ma; dygp,M
Kr 2, PK_ o415 6
Yoo~ 5 Yo = 5,894-107°( )t 23,58 0,0632-10° < <
M edyp Vedgp
< 0,31623-10°
Py, a; de' M
3 F 2 0818 0974 - /
= + - Gy, ¢/M, B, Mfc
c.C c.c - — ’ K’ s Py
ql(ﬁ \Y qkﬁ
§ll §u = 3'544anns X q,c/M, g, M/c
pl(iil( 1 . KI
XV= -2 +VaB+ 1 py,Ma, m, —
my Qg8 c
an,m, M
S, 5, =Soll — (1,415 — f: ) X Ba, TATYC
Ra 50 < e < 3000

X f(@)],
e So=(32 - 10n)(R, — 1) +

+(2,1+ 1,6n")R, - 1)>%5;

0,5 _
—*‘—n_l n-1 0,25
( ) ( )
— Ty n+1 n+1
Ry= — =
rl(p 2_ n+1
r n —E n
3
f@)=1-exp(-/1-2);
sing,
z=1- ce o =
0,6 — (0,018n — 0,0175)
1 4/3
- e J

(Ra+ 24)

1,13<n<1,21



Dﬂf[ ﬂBmaTeﬂeﬁ C JOXHT aHHUEM reHepaTOpHorO rasa
F S, +5. ) +71S.+ 3,962:10°

m.= Y Y T oAt

K xp § 'x\Pu c.c c ¢ @1 Rﬁ)o,zs

. 13,3
+ 17,58(p, M )\ — ——+¢ . (131
Fxp

Ilns pBurareneii 6e3 JOXWraHHA TEHEPaTOPHOTO ra3a
1,63-10° 8,5

@m®®* Fyp

ml( =Fxp 7!((511 + SC.C) + 7050 t (1'32)

TonyyeHHble 3aBHCHMOCTH TNO3BONAKT DPAacCMaTpuBaTh Maccy Kamepbl Kak
byHKIMIO ceMu nepeMeHHbIX, a HMEHHO: -

My = f(My, Dy €1, Bay Ay, B) (1.33)

Typ6Gonacochsiit arperar (THA). Ecnu maccy HacocoB u TypGHH mpencra-
BHTb B BHIe CYMMBbI MacC MOJIbIX LWIMHADHYECKHX M OHCKOBBIX 3JIEMEHTOB,
XapaKTepHbI [JHAMETD OMPENEITHTD IO YCIOBHSAM MOABOMA XKHAKHX KOMIIOHEH-
TOB, a TOMUMHY — IO YCJIOBHAIM HMX OTBO/Ia, TO MOXKHO IOJYYHTb I MacChI
THA cnenyoutyio 3aBucumocts [18]:

krua .
m = — ’zmiH"l’s . (1.34)

THa
w

Xotst 3aBucumocts (1.34) BepHO OTpaxaeT BIMSHHE OCHOBHBIX TMADOMEXaHH-
YeCKHX NapameTpoB w, M;, H; Ha maccy THA, opHaxo cpaBHeHHe pe3ynbTaToB
pacuera (1.34) peamsupix THA nokasmiBaer, yro ko3bdumment k., moxer
H3MEeHATbCA Gonee YeM Ha MOPATIOK .

PeanbHo ko3dpduument k.., oTpaxaer pa3HOOGpasHe KOHCTPYKTHBHBIX
CXeM, MaTepHalioB, a TakXe BKJan B Maccy THA snemMeHTOB KOHCTpYKLMM —
pebep XECTKOCTH, TEXHONIOTHYECKHX MPHWINBOB, 31IEMEHTOB KpeIUIeHHA H [py-
THX 3JIEMEHTOB, — BJIHAHHE KOTOPHIX aHAJIMTHUECKH YYeCTh MPAKTHYECKH HEBO3-
MOXHO,

OGpa6GoTKa CTaTHCTHUECKMX HaHHBIX Mo MaccaM ommoBaibHbix THA pms
IBHTaTesIed, XapaKTepUMCTHKH KOTOPHIX NMpHBeAeHb! B Tabn. 1.3, mokasana, yro
K03 dHImMenT nmponopuMoHanbHOCTH K., € XOpOLIeH  TOYHOCTBIO aNMpOKCH-
MHpYeTCsi COOTHOLIIEHHEM BH[a

K A+ 2 + <
THa mH S mH 1
r — £ (—)?
w . w

i i
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Macca THA B 310M ciiyyae Mo>KeT GBITh IIPECTaBIIEHa B BHJIE

;niHil’s
Mygg A+ BT ———

w

(1.35)

. ] .
a ¢ yueroM 06paGoOTKH CTaTHCTHUECKOro MarepHaia no Macce THA nmurareneii

m; Pi
(cM. 1abn. 1.3) u BBemeHHOro oGo3Hauenua X —— ( ——)bS = D moxao
i @ Pi
TOJTYYMTD CIedyloLIHe 3aBUCHMOCTH:
IJ1st ABHMTaTeNeil C- 10U aHHEM ['eHEepaTOPHOTo rasa
— -3
Moga = 19 +0,232- 107D, (1.36)

3aBucuMocts (1.36) monydeHa yisA Auana30Ha U3MEHEHHA KOMIUIEKCa
1293.10* <D <1,82:10°,

Ins geurarenei Ge3 JOXKUTraHHA T€HEPaTOPHOTO rasa
moa =629+ 0,981-10D pya 1170 <D < 3,22-10%; (1.37)

Mmoa=21+05410°D  ma293.10° < D<7,52:10°. (1.38)

Tlpu BhIUMCIIEHMH KoMIUIeKca D CyMMHpOBaHHMe IIPOM3BOIMICA MO BCEM CTyMe-
HAM HaCOCOB OKHCIIMTENIA M ropioyero, a NpHpallleHue HaBJIEHHA B CTYNEHH
Ap; onpenenserca Kak Ap; = Pyyx; — Ppxi-

MakcuMarnbHas OTHOCHTeNbHasA olMbKka B onpeneneHuy maccet THA no co-
otHowenmo (1.36) He npesbuuaer 11,5 %, a no coorHowenusm (1.37) —
(138) —8%.

3apucumocts (1.35) mo cBoeit CTpyKType ClpaBeyIMBa M i GyCTepHbIX
arperatoB ¢ TypSmnbsiM npuBogoM (BTHA) . Ognaxo koaddummentsi 4 uB B
saBucuMoctu (1.35) momxmsr oTpaxars cnembmdeckue ocobennocty BTHA —
Marble HaMopsl ¥ CPaBHUTENBHO Maiibie 0GopoTsl. Huskas HanopHocts BTHA u
3HaYMTeIbHBIE PAaCXOMbl NMPUBOAAT K YBEJTHYEHHIO MacChl BXOHOM YaCTH KOHCT-
PYKIMH M HEKOTOpOMY OGIeryeHHio OTBOMALIMX YCTPOWCTB IO CPaBHEHHIO C
ocHoBHpiMu THA, xapakTepusyeMbIMH paBHO3HAYHBIM 3HaYEHMEM KOMII-
nexca D,

HasneHne u TeMnepaTypa kommnoHeHToB Ha Bxoge B THA wmu BTHA  cy-
ILIECTBEHHO BIIMAIOLIME Ha MX MacCOBBIE XapaKTePHCTHKH, YUHUTBIBAIOTCA B MOJY-
yeHHbIX 3aBHcHMoCTAX (1.36) — (1.38) mpw onpenenenuy YacTOTbI BpAIICHHA
BaJla W N0 H3BECTHOMY COOTHolUeHHIo [18]:

APgp o
(¢cpImax( )4
_ o
w= ’
m
298,/ —=
Po



e Apg, o = Paxo — Pso(Tax.0) — OPpx.o, @ MHAEKC “0” OTHOCHTCA K
OKHCTHIENIO (saubonee KaBHUTALMOHHOONAaCHOMY KOMIIOHEHTY TOIUIHBa) ;
(Ccp) max — MAKCHMAIBHO-BO3MOXHOE 3HaYeHHE KaBHTAalMOHHOro Ko3pdu-
unel-[ra GbICTPOXOHOCTH,

Takum o6pasom, mMacca omHoBaiibHoro THA B coorHowenuax (1.36) —
(1.38) npencrasneHa Kak GpyHKIMA NEBATH IAPaMETPOB:

Moga = f(Mgy e, 8D, APy, Po, PrPax 0 Tax.0 (¢cpdmax) -

Ocrainbible 3/IeMeHTH OBHTaTeNs, AHAJIH3 3aBHCHMOCTH MacChl OCTJIBHBIX
3NIEMEHTOB [BHWraTeNiA (KJamaHbl M arperaThl YNpaBJIeHMs, ra3oreHeparop,
TpYGOIpoBOMRI, paMa, AeTald obued CGOpKHM) OT pPeXMMHBIX MapaMeTpoB IO-
Ka3al, YTO Y[AaeTCs BBIIEJIMTb BIIHSAHHE TArH. 3aMeTHOe BIIHAHHE Ha MacCy
arperaToB H y3JIOB [IBTTarelii OKa3bIBaeT TakKXe cXema mpurarend. IToatomy
NpH BHIBOAE pe3ylbTHpYIOLIeH 3aBHCHMOCTH MaCChl OBHTaTeNisi Kak QYHKIMH
PEXHMHBIX NapaMeTPOB MacCa arperaroB YIpaBJIeHHf, TpyGONMPOBOXOB, raso-
reHepaTopoB, paM M HeTayieil obwed cOOpKH NpencTaBiAeTcA Kak JIHHeHHas
¢byHkma  TArM, npwieM Ko3(QQHUMEHTHI NPONOPUHHOHATBHOCTH OTPAXAIOT
BIIMAHHE CXeMHBIX pelueHHid, Ecnu Tenmeps B COOTBETCTBHM C BbIpaKeHHEM
(1.17) npocyMMHpOBaTh NMOJydeHHbIE CIIaTaeéMble U MCIONIb30BaTh CTATHCTHUEC-
KHe OAHHBIE MO MAcCe PeajIbHO BBLINMOJIHEHHBIX ABHMraTenei (cM. Tabn. 1.2 u
13) mna onpenenenus Koacqummemon MPOMOPUHOHAILHOCTH, TO MOJIYYHM
3aBMCHMOCTH MacChl [IBUTaTelieif Pa3IMuHbIX CXEM OT PeXXHMHbIX NMapamMeTposB,
Jlns peuraresneil ¢ JOXKMraHWeM reHepaTOPHOro rasa

My =m, + my, +0,235P+57; 14,7 <P<981; (139)

my=m,+ my. +0396P—73,1; 883 <P<1678; (1.40)

Insa pBuratesnei, BHINOIHEHHBIX Ge3 JOXHTaHHSA IeHEPaTOPHOrO rasa,

my=my + my,+0217P+575; 14,7 <P<98l; (141

my =my + my, +037TP—93,1; 981<P< 1618, (142)

rae P uamepsiercs B KWIOHBIOTOHAX,

Ha puc. 1.7 moka3aHa cXOmMMOCTb pacueTOB MaCC [ABHTaTesIei, BbITIONHEH-
HBIX no cootHomennam (1.39) — (1.42), ¢ MaccaMu peanbHBIX IBHTaTellei,
XapaKTepHCTHKH KOTODBIX NpHBeMeHb! B Ta6i. 1.2 u 1.3, MakcumanbHas omm6-
Ka He npeBocxopnT 13 4 %, a cpenHexkBapatHaHasa — 8,3 %.

Taxum o6Gpazom, ¢ noMoupio coorHoweHuit (1.39) — (1.42) Moxmo pac-
CYHMTaThb Maccy MaplleBOrO [BHTaTeNiA Pa3HIHBIX CXeM OFHOPA30BOro HCIIOJb-
30BaHMA KaK (YHKIUHMIO IIECTHAUATH IEPEMEHHBIX, 2 MMEHHO:

mn =f(P9p|(s €, 6‘1"7](»Km .x"hxyw’ Ap(),Apra po)
pl"’pr.O’ Tnx.OsKmnn’”.lznn) . (1’43)
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My, ne Puc. 1.7. CxopuMocTh pacuerop no 3a-

500 BucumoctaMm (1.39) — (1.42) c macca-
MH peasnbHbIX ABUrateneii (cMm. Taén, 1.2
u13):

O — cXeMa C [OXHTaHHEM TIeHepaTop-
HOro rasa; ® — cxeMa 6e3 HOXHIaHUA
prons reHepaTopHOro rasa

OHM MOryT GBITh MCIONb30BaHbI
NpyH  ONTHMHU3AaLMH IapaMeTpOB
) 3 OBMTaTelIbHOH YCTaHOBKH Ha pa3-
NMYHBIX 3Tanax €€ IPOEKTUpO-
BaHHA,

PaccMmoTrpenHBIii B HaCTOALIEM
pasgene NOOXOH K OMNpeeleHHIo
MacChl [BUrarelii OCHOBaH Ha
HCMONIb30BaHUM  aHAIMTHUYECKHX
3aBMCHMOCTEl H CTaTHCTHYECKHX
K03 PHIMEHTAX , YUHTHIBAIOLIMX OCOGEHHOCTH TEXHOJIOTMH H KOHCTPYKTOPCKHX
pelLleHuii ABUTraresieii M3BECTHBIX CXEM, a MIOTOMY MOJXXET ObITh Ha3BaH aHa/lH-
THKO-CTaTHCTHUeCKMM, OH MoXer ObITh HCIIONIB30OBaH Ui ABHrareiied pas-
JIMMHOTO Ha3HaueHUsA C O0Os3aTeNIbHBIM IIPHBJIEYEHHEM COOTBEICTBYIOLUETO
CTaTHCTUYECKOr0 MaTepHaia [Uis omnpefeneHus Kos3dduimeHToB mponopimo-
HaJILHOCTH,

U4 J00 7000 mﬂ. pacy, xe

1.2, KHAKHUE PAKETHBIE TOIIJIUBA (XPT)

Ycnmeumoe 0OcBOeHHe KOCMUYECKOTO MPOCTPAHCTBA OCYLUECTBIIAETCA B OC-
HoBHOM ¢ nomoumsio XPIY, Xupkue pakerHsle TOIIMBA O CPaBHEHHUIO C TBEP-
oeiMu  (TPT) o6ecmeumBaloT Nyullme 3HepreTHYeCKHMe XapaKTEPHUCTHKH, BO3-
MOXHOCTh MHOTOKPAaTHOTO BKITIOYeHHA M BBIKJIIOYEHHA OBHTATENs, a TAKIKE Ore-
paTHBHOe H3MeHeHHe Tsaru npu nonere JIA. IlepcmextuBHOE B npuHumIe
HCNONIb30BaHUe SOEPHBIX DPaKeTHBIX NBHTaTeNleidl CHEP)KUBAeTCA B HaCTosLuee
BpeMs MX MaCCOBBIMH XapaKTePMCTHKAMH, a TAKXe CIIOXHOCTAMH, CBA3aHHbI-
MH ¢ obecreyeHHeM paJMalMOHHOH GE30MacHOCTH M OTBOAOM TEIUIa OT aKTHB-
HOM 30HBI NMOCJIe BBLIKIJIIOUEHHSA [ABMTaTelIfl BCIENCTBHE OCTATOYHOrO TEIUIOBBIIE-
JICHHA PaJHOM3OTONOB — MPOAYKTOB LENMHOM peakuyu menenus, HecommenHo,
yro XPT ocTaHyTCS OCHOBHBIM 3HEPreTMUeCKHM HCTOUHMKOM VIl PaKeTHBIX
OBMTraTeneil pa3JIMHOro Ha3HaYeHHA Ha Omkaiinme pecarwierun. [IpoexTupoBa-
Hue XPIIY Bcerna cBsi3aHO ¢ BHIGOPOM KOMIIOHEHTOB TOIUIMBa, G0 XKPT omnpe-
OensieT 3HepreTHYeCKHe, MAcCOBBIE M IKCIUTyaTallMOHHBIE XapPaKTEPHCTHKH He
tonsko XPIY, Ho Bcero JIA Kak CJIOXHON TEXHUYECKON CHCTEMBI,

HauGombluee pacnpocTpaHeHHe MOMyYWIM ABYXKOMIOHEHTHbIE CaMOBOC-
IUIaMEHAIOIHECH H HECAaMOBOCIUIAMEHAIOILHECH TOIUIHBa,

OpsoxomnoHenTHble JKPT, xkak MOHOMOJNEKYNspHbie, TaK H CMeCEBbIE,
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IIMPOKOrO spaclpOCTPaHEHHss B PaKETHOH TEXHHWKE He MOJIyYIH BCIIE[CTBHE
OTHOCHTENIBHO HM3KMX 3HEpPreTHYeCKHX XapaKTEpHCTHK M B3pPBIBOOMAaCHOCTH
HECMOTpA Ha 3aMETHOE YIPOILIEHHE CHCTEMBI [TUTaHHs .

MHOroKOMIOHEHTHBIE TeTepOreHHbIe TOIUIMBA BKITIOYAlOT B CeGH BHICOKO-
sHepreriyeck e mnapel THma O, + Be, O3 + Be, F, + Li u Bomopon B xauecTBe
pa3basurens. Merain B nopolKooGpa3sHOM COCTOSHHM MOJXeT HaXOOMTbCA B
roproyeM, H CMeCb NpH HEOGXOOUMOCTH MOKeT GbITh MOofJaHa B KaMepy LIEHTPO-
6exubIM HacocoM, OGBIYHO B COCTaB reTEPOreHHBIX TOIUTHB BKIIIOYAeTCs MOJH-
MepHOe ropioyee — CBSi3Ka, NMPENOTBpaAIaOlee BBIHOC M3 KaMephl HECTOpeB-
LIIEro MOpOILK00GpPa3HOro roployvero,

1.2.1. TPEBOBAHUA K XXUIOKUM PAKETHbBIM TOIUTMBAM

OcHosHble TpeGoBanus, mpembaBnsgeMeie K XPT u umyume ot ocoGernoc-
teit XKPIY n JIA, Mosx#O pa3GuTh Ha YeTbipe rpyImsl.

1. JHeprerHyeckHe TpeGOBaHMUSA .

2. JkciulyaTauMoHHble TpeGoBaHMA NJif oGecredeHHs HafexHo#i paboTbl
OBUraTens,

3. TpeGoBaHusa npy 3KCIUTyaTaliMy TOIUTMB BHE [IBHMTaTelNs,

4. OxoHOMHYecKHe TpeGOBaHMA,

JHepreruieckHe TpeGoBaHHA. Y[IeNbHBIA HMIYJBC TATM Ha PacueTHOM pe-
XuMe nBHuratens (P, = p,) PaBeH CKOPOCTH HCTeYEHHMs ra3oB, KOTOpas MPHGIH-
>KEHHO BbIPaXaeTCA 3aBHCHMOCTBIO

y—1
R,.T -
w3=ﬁ S (27, (144)

Yy-1 ey Poc

e Poe, To. — MaBlieHHe M TEMIEPATypa Ha BXOME B CYXKalOLIYI0Cs YacTh COIUTa
COOTBETCTBEHHO; p, — MHaBJIEHHE Ha Cpe3e comwna; Ry — yHUBEpCcallbHaA ra3oBas
TNOCTOSHHAA; K, — MOJIEKYIAPHas Macca CMeCH ra3oB; 7Y — MOKa3saTellb
anuaGarei, [Ipupamenne ckopoctu cryneHu JIA npu OTCYTCTBHH I'DaBHTalMOH-
HOTO NOJIA ¥ a3pOAHHAMUYECKOTrO COMPOTHBIIEHHA Cpedbl BBIPAXaeTcss GopMy-
noit 9 K. Huonkosckoro

mo m_ + m.l.
AV = w3¢ln(:n—x—) = Waq)ln( - ) =
Ve .
= W,gln(1 + ), (145)
m

K

rae mo — craproBas Macca JIA; m, — xoHeunas macca JIA; m, — macca Tomn-
TIHBa; qu, — 3¢¢deKTHBHAA CKOPOCTh MCTEYEHHs MPOMYKTOB CropaHms; V. —
o6bem TormHBa, AHaiH3 3aBHCHMocTed (1.44) — (1.45) nosponser chopMynu-
poBaTh Cllefyloline 3HepreTHdeckue TpeGoBanusa k XKPT:

1) BeICOKas TEIIONPOM3BONMTENBHOCTD H, ;
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2) BbICOKas TeMIepaTypa NpOAyKTOB CropaHus 1, ;

3) HH3KaA MOJNEKYIAPHAsA MacCa MPOJYKTOB CTOPaHHA .y, ;

4) BBICOKas IUIOTHOCTb TOIUTHBA 0.

Ecnu nop auneprerudeckoit a¢pdextusHoctsio KPT moHumars coBMecTHOE BIIHA-
HHME YMIEJIbHOrO MMITyJIbCa TACH M IUTOTHOCTH TOIUTMBa Ha KOHEYHYI0 CKOpPOCTh
crynmenn JIA, 1o mna oGecneueHuss BbICOKOH 3((EeKTHBHOCTH HeOoOXOOMMO B
OGILEM Cllyyae YUMTBIBaTb BCe YeTbIpe TpeGOBaHMsA.

Bbicokast TeIUIONpOU3BOOMTENBHOCTs (Pa3HOCTb MEXIy TeIUIoTOH 0Gpa3o-
BaHMA MPOAYKTOB peaKUMH M TEIUIOTOH OOpa3OBaHHA HCXOOHBIX BELUECTB)
SIBJIAETCA OCHOBHBIM, HO He JOCTaTOYHBIM TpeGOBaHMEM I OGECIIEUeHHS BBICO-
KHX 3HepreTMYeCKHX XapaKTepHCTHK TOINMB, Tak, HampuMmep, HalWyHe B Mpo-
OyKTaX CropaHMs TBEpHOH WIM XUOKOH ¢a3bl MPUBOAUT K YMEHBILIEHHIO CKO-
POCTH MCTeYeHHs M33a MOTeph Ha NBYX(}a3HOCTb: pa3roH TBEPHOH M SKUIKOH
¢da3bl OCylLeCTBNAETCA 3a CUET OOTEeKaHHA ee rasoOGpasHbIMU MPOAYKTaMH,
YTO CHIDKaeT cpemHeMaccoByio ckopocts, [lockonbky

R =

cM

= ZgR,;,

“CM 1

INie g; — MaccoBas 0JIA I-T0 ra3a B CMecH; R; — rasoBas MOCTOAHHaA i-ro rasa,
TO HaJlMYMe B MPOAYKTaX CTOPaHHA TBEPIOH WITH XHOKOH (a3bl CHIDKAeT raso-
BYIO IOCTOSSHHYI0 CMECH,

Hu3kass mIoTHOCTh TOIVIMBA MPHBOOHMT K yBeEJIMYEHMI0O oGbeMa TOIUIMBA,
yTsXeneHmio 6ai0BOro orceka (IpH M, = const) H CHIDKEHHIO KOHEYHOH CKO-
poctu JIA,

B obwem cnyyae wiorHocts XPT onpenensercs WIOTHOCTbIO OKHCIIHTENS M
TOPIOYEro, a TAKXe COOTHOILEHHEM KOMIIOHEHTOB

r'no + rhr K,+1
Py = m o = X 1 =f(p0’ Pr, Km)o (1-46)
0 + r m - —_—
Po Pr Po Pr

CooTHoOILIEHHE KOMIIOHEHTOB OlpefieNnser Takke MoBefeHue paboTocnocoGHOCTH
npopykroB cropauus RT = f(K,,) npu p, = const, [ToatoMy, ecliH WIOTHOCTH
OKHCIIHTENIA CYLUECTBEHHO OTJIHYaeTCsA OT IUIOTHOCTH FOPIOYEro, YTo XapaKTepHO,
HanpuMmep, mia towms O, + H, win F, + H, | To HeoGxommmo HckaTth Takoe
ONTHMAJILHOE COOTHOIEHHe koMnoHeHToB K9MT koTopoe oGecneunBaet MaKcH-
MyM IpHpaieHus ckopoctu JIA,

Ixcmnyaraumonnbie TpeGoBaHuA A obecmeueHns HazeXHo#H paGoThI ABH-
ratens. JKHOKOCTHON paKeTHbIA [BHTATeNb SIBIIACTCH BBICOKOTEIUTOHAIPSKEH-
HbIM Npeo6pa3oBaTeNieM TEIOBOA 3HEPTHH TOIUIMBA B KMHETHUECKYIO IHEPTHIO
CTPYH, M IJIA ero paGoThl HEOGXOOMMO OOECNEeYUTh HaeXHOEe OXJTaXIeHHe Ka-
Mepbl. OxJ1aX(ieHHe OrHEBOH CTEHKH KaMepbl OGBINHO OCYLIECTBJIANT KOMIIO-
HeHTaMH TomwuB, Oxyaxiaoias cnocoGHOCT KOMIIOHEHTa B 3HAYMTENIbHOM CTe-
IEeHH OMpeesAeTc KOMIUIEKCOM ero Temopu3nieCKHX CBOUCTB,
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IIpn TeueHMH KOMIIOHEHTa TOIUIMBAa B MeXpyOallleuHoM 3a30pe K03¢ddH-
LHEHT TEIUI00TauH ONMpeNeNsoT N0 KPUTEPHAIbHBIM 3aBUCHMOCTAM THNa [8]

ady,
Nu = 0,023Re®8Pr%* = .
A
Torna ko3¢ puuMEHT TemwI00TAauM & OTMPENENUTCA KaK
c0/%)0:6
a=0,023(pW)% —=; K = ——r. (147)
dr) m )

U3 coorrowenns (1.47) BUOHO, YTO KPOMe CKOPOCTH OXJIaXAIOLIEro KOMIO-
HEHTa M TWIpPaBIIMYECKOr0 OHAMETPa KaHajla Ha KO3 HIMEHT TEIUIOOTHAYH
BJIMAIOT TeIIo$H3HYeCKHe CBOACTBA: YeM GOJbllie TEIUI0EMKOCTb M TEIUTONpO-
BOOHOCTh M Y€M MEHbLIE BA3KOCTb OXJIaXHAIOIIEro KOMIIOHEHTA, TEM BBILIE
K03 duumeHT Temwnooraaud. Harpes oxnaxgaiowmero KOMNOHeHTa TIMMHTHPOBAH
€ro TeMIMepaTypoil KHIEHHs WIH TeMIepaTypoil pa3jIoXKEHHs NpH AaBJIeHHH B
oxJaXatoieM TpakrTe. KHIeHHe KOMIIOHEHTa WIH ero TEpMHYECKOe pasiioxe-
HHEe HeJOIyCTHMBbI, TaK KaK MNOABIIEHHE Iy3bIpeH WIH NapoBO# IIIEHKH NPHBO-
OHMT K NeperpeBy CTEHKH BCIIEACTBHE YMEHbLUEHHA K03¢¢HIUMEHTa TEWI00Taa-
YH M pacxola OXJIKIAMILEro KOMIOHEHTa M3-32 3arPOMOJKIEHHA NMPOXOJHOro
ceyeHHs MapoBoil (a3oi; B Ciydae pa3sIOXeHHA MOXKET HMETh MECTO 3HaUMTeb-
HO€ TEIUIOBbIEIIEHHE, ,

Jina cHIDKEHHA THApaBIMYECKHX IOTEPs B OXJIaXJalOIEM TPaKTe Lerne-
c0006pa3Ho, YTOOB! OXJTaXKIAIOIHUA KOMIIOHEHT HMeJl Mailylo BA3KOCTb i, Marbrit
K03 hHIMEHT MOBEPXHOCTHOrO HATsDKEHHA O 0OecrneyHBaeT XOpollee paclbUIH-
BaHHe KOMIIOHEHTa B KamMepe [BHUraTens.

Ilpu ucnonb3oBaHMM KPHOTEHHBIX KOMIIOHEHTOB TOIUIMBA IUIA HaJEXHOTO
3alycKa [BMrareiisi KOHCTpYKLHH nofsonsauiero Tpy6onposona 1 THA npensa-
PHTENIBHO 3aXxonakupaloTcsi. JUIA CHIDKEHHA 3aTPaT OXJIA@HTENA JKeNaTeNbHo,
4T06bI TEIIOTa HCIIapeHHs ObUIa MOCTaTOYHO BBICOKOJ,

Ecnn ckopocTh ropeHHs KOMIIOHEHTOB TOIUIMBA IIPH JaBJIEHHH H COOTBET-
CTBYIOLIEM COOTHOLIEHHH KOMIIOHEHTOB B Kamepe BbICOKa, TO CHIDKAeTCs
norpe6HOe BpeMsl NpeObIBaHHA KOMIIOHEHTOB B KaMepe H COOTBETCTBEHHO
yMeHblaercsa ee minHa, IloatoMy Bcerma menecooGpa3sno, 4ToGbl KOMIIOHEHTSHI
TOIUTHBa MMEJIH BBICOKYI0 CKOPOCTb TODEHMA, YTO NPH OrpaHHYEHHBIX pa3Mepax
KamMepbl obecriednBaeT HEOGXOAMMYI0 MOIHOTY CrOpaHHsA TOIUIHBA,

Iis  caMOBOCIDIaMEHAWIINXCA KOMIOHEHTOB TOIUIMBA pPaccMaTpUBaeIcs
elle OfHAa Ba)XHas XapaKTepPHCTHKA TOIUIMB — MEPHO[ 3aJiepXKH BOCIUIaMeHe-
HHA 7, Ilepnon 3amepXKH BOCIUIAMEHEHHA — 3TO BpeMs OT MOMEHTa KOHTaK-
Ta OKHCIIMTENIi M rOPIoYero [0 NMOABJEHMA IIaMeHH. Benwumna 7, sBnsercsa
CNIOXHOA (YHKIMEH XHMMYECKOro COCTaBa KOMIIOHEHTOB, $Ha3HOCTH, TEMIIEpa-
Typhl, JABJIEHHA, COOTHOLUEHHA KOMIIOHEHTOB M APYTHX NapamerpoB, Cuuraer-
Csl, UTO [I1A HafeXHOro 3allycka Heobxomumo, uTobst 7 < 0,03 c. Ilpu Gonbumx
3HAaYCHHAX MEpHONA 3aJieP>KKH BOCIUIAMEHEHHA HaGlTIoaeTcs 3HaUMTeIIbHOE Io-
BRIILICHHE [IaBJICHHA B KaMepe MPH 3allycKe, YTO MOXET NPUBECTH K ee pa3py-
LIEHHIO,
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Benwumy 3aGpoca maBneHusi B KaMmepe NPH 3allyCKe MOXHO OLEHHTb, HC-
MOJIb30BAB YypaBHEHHE COCTOSIHHA U1 MOMEHTa 3allyCKa M HOMMHAJIbHOrO
pexumMa:

p? Ve = 'hx.aanfs(RT):aan3
p:OM Vi =My gom ™R Dyons (1.48)

max
K

p My 3anTs RTzap

HOM
Py

My nom™n RNyom

Tonyuennoe cootHoluenue (1.48) moxaspiBaeT ¥ BO3MOXHbIE yTH YMEHBLICHUS
[aBJieHHA B Kamepe MNpH 3allyCKe [ABHTaTeNA. JTO, BOIEPBBIX, HCMIOIb30BaHHE
CTYIIEHYaTOro 3allycKa, MPH KOTOPOM [I0 BOCIUIAMEHEHHS KOMIIOHEHTOB B Ka-
'Mepy NOJAeTCs YMEHbUIEHHDIH PacXofl TOIUTHBA My ., KOTOpbIH 3aTeM yBeNH-
YHBAETCA [0 HOMHMHAIbHOTO 3HaYeHHA M, ... BO-BTOpDIX, Mpu 3amycke MoxHO
H3MEHHTb MacCOBOE COOTHOLIIEHHE KOMIOHEHTOB K, , uT0Gbl YMEHBIUNTh pabo-
Tocnoco6uocTs TorwmBa (RT),,,. Hakonen, Mojxaio BO3aeAcTBOBaTL M Ha me-
PHOJ 3aJlepXKKH BOCIUTAMEHEHMs, HCTIONb3Ysi NMOMOTPeB, PasiMdHble XHUMHYECKHE
npucagkd ¥ T.a1. JINA HecaMOBOCIUIaMEHSIOMIMXCA KOMIIOHEHTOB TOIUIMBA, a
Take NpH 7, > 0,03 ¢ MpHXOOMTCA HCHONB30BaTb CHCTEMY 3aXHIaHHA, YTO
PHBOIMHT K YCIOXKHEHHIO U YTSDKEICHHIO IBUTaTeNIbHOA YCTaHOBKH,

Hrak, pna oGecneyeHHss HaieXXHOH paboOTHI [BHTaresids KOMIIOHEHTHI TOM-
JIUBA JOTDKHBI;

1) #MeTb BHICOKHE TEWIONPOBOTHOCTD A, TEIVIOEMKOCTD Cp, M Mallylo BA3-
KOQCTb U}

2) o6napaTsh BBICOKO#M TeMIepaTypoi KHIEHHSA ;

3) GbITh TEPMHUECKH CTOHKHMH;

4) umerb Manblil K03bPHIMEHT MTOBEPXHOCTHOTO HATAXEHHA;

5) o6napath JOCTATOYHO BBHICOKOM TEIUTOTO!M HCIAapeHus ;

6) 0GnazaTh BBICOKO# CKOPOCTBIO CTOPaHHA;

_7) EMeTh MaJbIif HEpHON 3aiePXKKH BOCIUIAMEHEHHA ,

TpeGopanus npH 5KCIUTyaTalUHH TOIUIHB BHe BHIaTeNs, JKCIUTyaTalHOHHbIE
TpeGOBaHHs OMpeNIeNATCA CBOMCTBaMM ToWIMB, VIMH Xe ompenensioTcs M 3Kc-
IUTyaTalMOHHbIE 3aTPaThl, CBA3aHHbIE C 3aNPaBKOH, XPaAHEHHEM H KOHTPOJIEM,
Bpi60Op KOHCTPYKIMOHHBIX MATEPHAJIOB 3aBHCHT KaK OT KOPPO3HOHHO#H aKTHB-
HOCTH KOMIIOHEHTOB TOIUIMBA, TaK M OT MX TeMIepaTyphl 3acTbiBanusA. JTHTED-
HOe XpaHeHHe JIA B 3ampaBlIeHHOM COCTOSHMM TpebGyeT BBICOKOl CTaGWIbHOCTH
KOMIoHeHTOB TomwtuBa, Orpaborka XXPIIY Ha HETOKCHYHBIX , TOXKApO- H B3PBIBO-
6e30MacHBIX TOIUTHBAX 3HAYMTENIBHO YNPOIUAETCS BCIIENCTBHE CHIDKEHHA Tpe6Go-
BaHH [O TepMETHYHOCTH, 3HAUHMTEJILHOrO YHEIIEBJIEHHA CICHAOBOH 6a3bl,
TPAaHCHOPTHBIX PacXOfi0B. 3HaYeHHE IKCIUTYyaTalIMOHHBIX TpeGOBaHMI Bo3pacTa-
er WA nwiotHpyempix JIA, a Takoke [isi allapaTOB MHOTOKPATHOTO HCIONB30-
BaHMA M OyMTebHOrO XpaHenus, Hakonen, sxonornyeckue npo6nemst Tpebyior
OOMOJIHATEBHOr0 U MOPOGHOro aHaNM3a BO3JICACTBHA KOMIIOHEHTOB TOIUIHBA
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M MX MPOJYKTOB CrOpaHWsA Ha OKpYyXalolylo cpefly. [IoaroMy B maHHOM cnyyae
JeJaTeNbHO MCIONIb30BaTh HETOKCHYHBIE, NMOXapoGe3omacHbie, B3pbIBoGe3omac-
Hple, KOpPPO3HOHHO-HEaKTHBHble, CTaGWIbHble INpH [UIHTENIBHOM XpaHEeHHH,
MMeIoLLYe HU3KYI0 TEMIepaTypy 3aCThIBaHUsA, XUOKHE PaKeTHbIE TOIUIMNBA,

IxoHomudecKkHe TpeGopannsa, [Ipu MaccoBoM Hcnons3oBanuu JIA ¢ XKPIY,
a taxxe JIA ¢ XXPIIY MHOrokpaTHOro MCIOJIb30BaHMA BO3pacTaeT polib 3KOHO-
Muyeckoro ¢akropa. IIpon3BosicTBO HOBBIX BbICOKO03G()EKTUBHBIX PAKETHBIX
TOIUTHB HEBO3MOXHO G€3 MOArOTOBKH H Pa3BHTHS CbIPhEBOH M NMPOM3BOACTBEH-
HO# Ga3bl. IIpy 3TOM CTOMMOCTb NPOH3BOAMMBIX KOMIIOHEHTOB [IOIDKHa OBITh
AOCTaTOYHO HU3KOH,

Beimoymuts Bce TpeGoBaHus, npenbasnsembie kK XPT u copmynuposan-
Hble B HACTOMILIEM pa3fielie, PaKTHUECKH HeBO3MOXHO. Bonee Toro, ogHa rpym-
na TpeGOBaHMi 4acTo NMpoTMBOpedMT Apyroi. IloatomMy BIGOp KOMIOHEHTOB
TOIUIMBA [O/DKEH ONpENeNAThC B OCHOBHOM TeMH 3a[layaMH, KOTOpPBIE BBINOJ-
Haer JIA, Hanpumep, npu co3panun JIA ¢ )KPIY mis ocBOeHMA HalbHBIX IUTaHeT
CormHeyHO# CHCTeMBI OYEBHIHOE MpENNOYTEHHE OTHAETCA IHEpreTHYeCKHM Tpe-
6oBaHMAM, TaK KaK JOCTIDKeHHe GONBLIMX XapaKTEPUCTHYECKHX CKOpOCTei
HEeBO3MOHO NPH HCIOJIb30BaHUH HH3KOIHEPreTHYECKHX TOIUIHB,

[lpn pa3paGorke JIA, npenHa3sHaueHHBIX MIA IJIHTENBHOIO XpaHEHHA B
3alpaBJIeHHOM COCTOSIHHM, HeOOXOOMMO OpDHEHTHPOBaTbCA Ha CTaGWIbHbIE,
[ONTOXpaHNMbIE KOMITOHEHTBI,

OcBoenHe M IKCIUTyaTallis IHWIOTHPYyeMbIX JIA MHOrOKpaTHOro MCHojb30-
BaHHA Tpebyer OGA3aTENBHOrO yueTa JKCIUTyaTalMOHHBIX (BHe [BHTarelld) H
3KOHOMHYECKHX TpeGOBaHHH,

1.2.2. SHEPTETUUECKHE XAPAKTEPUCTUKHU XKPT

Anamu3 cootnowenuit (1.44) — (1.45) nosBonser chenats BBIBOL, YTO
Hanbonee 3¢ dexTHBHBIE paKeTHbIE TOIUIHBA [HOJKHBI 00aiaTh BBICOKOH TeIwIo-
MPOM3BOAMTENIBHOCTBI0 XMMMYECKOH peaKuMH; Malloii MOJIeKYyIsApHOH Maccoi
MPOAYKTOB CTOPaHUS U BBICOKOi! IULIOTHOCTBIO KOMIOHEHTOB,

Ha puc. 1.8 nmokasaHa TennonpoH3BOAMTEIBHOCTh IEMEHTOB NePBBIX Tpex
TNEepHOMIOB MEPHOAMYECKON CHCTEMBI IIPH CTOpaHHH B KHciopone H ¢rope, Ilpu
B3aMMOJIEACTBHH HX C XJIODOM M a30TOM BbIIENAETCA 3HAYMTENbHO MeHblilee
KommyecTBo Temwia, M3 puc. 1.8 cremyer, 4To TensionpoH3BOIHTENPHOCTD U3Me-
HAETCA MEepPHOOMYECKH M 3KCTpeMallbHOe 3HayeHHe yMEHBILUAeTCA ¢ BO3pacra-
HHEM MOJIEKYJIAPHOH MacChl 31eMeHTa,

TloaToMy i MONyueHHs BBICOKOTEIUIONPOH3BOOWTENBHBIX TOIUTHB B Ka-
4eCTBE OKMCITHTENEll BRITOTHO HCNONb30BaTh (GTOp, KHCIOPOI WIH COCIMHEHHs
¢ GonpLMM conepxaHneM peakimoHHocnoco6ubix F, u O, . B kavecTBe roproumx
BBICTYNAlOT 3JIEMEHTBI NEPBBIX Tpex NMEpHOIOB H, B NepBYI0 Ovepenb, BOAOPOA,
yriepon 1 0GoralleHHble BOIOPONOM COeqMHEHHSA YTIepoHa H a3oTa,

B KauecTBe BBICOKOTEIUIONMPOH3BOIHUTENBHBIX KOMIIOHEHTOB TOIUTHBAa MOX-
HO MCIIONIb30BaTh TaKXe MeTaLIbl BTOporo nepuopa — Li, Be, B u ux Bonopon-
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Vi 1 1 1 1 1 i 1 1 1 1 1 1 1 Il 1

H HeLi Be B C N O F NeNaMgAISi P S

Puc. 1.8, TerwionpoH3BOAUTEILHOCTD 3/IEMEHTOB:
1 — oxHciel; 2 — dpropunbl

Hble cOefMHeHHA. VI3 aNeMeHTOB TpeThero mepHoia MNpENCTaBIAIT HHTEpeC
Mg, Al Si.

OmHako MeTa/uisl, 06/1afas BHICOKO# TETONPOH3BOAMTENBHOCTBIO, ABJISAIOT-
CA TBEPMIbLIMM BELIECTBAMH, 2 HX OKMCIIbI, GTOPHIBI WIH HHTPHIBI IIPH TeMIEpa-
Typax CropaHus — NuGO TBepAbIMH, THGO KHIKHMH, JTHGO KOHIEHCHPYIOTCA B
npouecce pacumpenusa B comwie, KpoMe Toro, BbICOKHE TeMNepaTypbl NpomyK-
TOB CTOpaHHA METAVIOB CO3JAl0T JOMOIHMTENbHbIE TPYOHOCTH C OXJIaXIEHHEM
KaMephl H coIvla,

Hcnonp3oBaHue MeTa/UIOB B KayeCTBE TOPIOYMX B PAaKeTHOM [BHTaTelle
ABNACTCA NepPCNEKTUBHbIM HalpaBJIeHHEM C TOYKH 3pEHHA NMOBBILIEHHUA SHepre-
THYeCKHX BO3MOXHOCTEH TOIUIHB, OHAKO CONMPOBOX/AeTCA GONbIIMMM TEXHH-
YeCKMMH CJIOXHOCTAMH, 3HAYMTENIBHO COKPALIAOIMIMMK HMX MOTEHLHANIbHbIE
3HepreTHyeckue BO3MOXHOCTH. OCHOBHbIE CIIOXHOCTH 3aKJTIOYAIOTCH, BO-Nep-
BbIX, B OPraHM3alli¥ CHCTEMbl IHTaHHA NBHTaTeNsA TeTepOreHHbIM TOIUTHBOM
(xpanenne ¥ mopaya AByX(}a3HOH CMeCH XHOKOCTh + TBEPAbIE YaCTHIBI) , BO-
BTOpBIX, B HAJIMYMHM TBEPABIX WIH XKUOKHX NPOAYKTOB CrOpDaHHA, BbI3bIBAIOIIHX
3aMeTHbIE TOTEPH YMENbHOTO HMMYNbCa TATH, M B-TPETbHMX, B OXJIDKAECHHH
KOHCTPYKIMH KaMepbl M COIUTa MOH, BO3[IEHCTBHEM BbICOKOTEMIIEpaTypPHBIX
XHAKHX NMpOAYKIOB CrOpPaHHs, KOTOpPble B KOHEYHOM HTOTe TaKXe NpHBOOAT
K YMEHBLIEHHIO TEOpeTHYeCKH BO3MOXHOTO YHENbHOro MMMynbca TArH. Bee
3TO OrpaHHYHMBaeT NpHMEHEHHe METAIIOB KaK FOPIOYMX PaKETHBIX ABUraTesei.

Taxum oGpasoM, Tonpko Heckonbko anementos (H, C, N, Si) c orpaHu-
YEHHOH MOJIEKYJIAPHOH Maccoii 0Gpa3yloT ¢ KHCIOpOIOM, a30ToM M (TopoM
ra3oo0pasHble NPOAYKTbI CTOpaHHsA B KamMepe M Ha cpe3e CoIula,
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Puc, 1.9, 33BHCHMOCTb CTeneHH AHCCOUHAUMH NMPONYK- d, %

TOB CTOpPaHMA OT TeMMepaTypbl
CO,
& //
PeamsHoe 3Hauenmue //ﬁ,()
YHENBHOTO HMMMyJbCa /] /
TATH CHIDKAeTCA BCIIEACTBHE OMCCOLMALMH IIPO- /
[lyKTOB CrOpaHHsi, COMPOBOXAAOLIENCS NMoro- //
1LleHHEM BbI[le/IMBLIEHCA NPH XMMHYECKOH peaK- y
uun sHeprum, Ha puc. 1.9 mokasaHa cremeHb » / /v
OMCCOLMALMH psAfa NMPOAYKTOB CrOpaHHsA, Xa- / / Nz
PaKTepHbIX JIA MHOTHX paKeTHBIX TOIUIHB B " Co
3aBMCHMOCTH OT TeMIeparypsl INpH P, = 200 Jow swmw 0 IK
= 5MIla [10].

Hau6onee croitu k muccomuauun N, , HF u CO, 3arem H, u O,. 3amerHo
DMCCOLMHpYIOT Jaxe Ipu Temneparypax 3000 K CO, u H, 0. Ymenbiuenne rem-
nepaTypsl NMPOAYKTOB CrOpaHMs BCIENCTBHE NMCCOLMAlMH He KOMIEHCHPYeTCs
HEKOTOPBIM yMEHbHIEHHEM HX MOJIEKYJISAPHOH Macchl, H yHENbHBbIA HMITYJIbC
TArH yMensuaercsa. Henonnasa pexomMGuHamma [HCCOLMMPOBAHHBIX MPOAYKTOB
CrOpaHusi B COIUIe OBHTaTeNlA TakXe COMPOBOXMHAETCA IOTepeil YmelIbHOro
MMITyJTbCa TATH,

Ha xapakTepuMCTMKH NPOOYKTOB CrOpaHHs TOIUIMBA pellalolliee BIIHSHHE
OKa3bIBaloOT MacCOBOE COOTHOLIEHHE KOMIIOHEHTOB TOIIHBa K,  HaBieHHe B
Kamepe p,.. IIpi CTeXHOMETPHIECKOM COOTHOLUEHHH KOMIOHEHTOB Ky, | mpowuc-
XOIMT MOJIHOE CropaHHe TOPIYMX ATEMEHTOB B OKHCIIHTENlE, COMPOBOXKAAloLIee-
Cfl MaKCHMMaJIbHBIM TEIUIOBBIAENEHHEM, B 3TOM cnydae B mMpoAyKTaX MOMHOrO
CTOpaHHA OTCYTCTBYIOT CBOGOAHbIE BaJIeHTHOCTH. Mcmoneays 310 yCIIOBHe,
MOMHO MOJTYUHTb BBIp2KEHHE, MO3BONIAIOLIEE BBIMUCINTD Ky, €CITH KOMIIOHEH-
ThI TOIUIHBA SABJIAIOTCA YNCTHIMH BEIECTBaMH,

m
Tycs ,¥ = 3 b}'rv,' — CyMMa BJIECHTHOCTH FOPIOYHX 3JIEMEHTOB B MOJIEKY-
i=1

m
Jie TOpIoYero; ¥; — BAJIEHTHOCT i-r0 3/IEMEHTa; il‘,’ = ¥ bJv; — cyMMa BaJleHT-
i=1
HOCTefi OKHCITMTENIBHBIX 37IEMEHTOB B MOJIeKylNe ropiodero; b;., b;, — wMcio
aTOMOB i-r0 3JIeMEHTa B YCIIOBHOH MOJIEKYJI€ TOPIOYero H OKHCIIMTENS COOTBeT-
CTBEHHO; iJ — CyMMa BaJICHTHOCTEH OKHCIIMTENIBHBIX JJIEMEHTOB B MOJEKYJle

OKHCIIHTEIIA ig — CymMma BaJIEHTHOCTEH TFOpHOYHX 3JIEMEHTOB B MOIJIEKYJie
iT ;0
Ip — 1
r r

oxucnurens. Torpa — YHCIIO CBOGOIHBIX BAJIEHTHOCTEH FOPIOYMX 3lle-
Br

jo iT
i - iJ

MEHTOB B 1 KT TOpIOYEro; — YHCIIO CBOGOMHBIX BaJIEHTHOCTEH OKHUCIIH-

Ko
TENBHBIX 3JIEMEHTOB B 1 Kr OKHCJIMNTENA . HOCKOJBKY B COOTBETCTBHH C OITpeae-
JIEHHEM CTEXHOMETPHYIECKOro COOTHOLUCHHA KOMIIOHEHTOB
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Ta6auya 1.5

JneMeHT H{Li|Mg(Be|B|Al|C|[Si|O}| F| C
Yucno 31eKTPOHOB 111212 (3|3 |4([4]6]7 7
BasieHTHOCTB B 1 1 2 2 3 3 4 4 2 1 1
MPOAYKTaxX MOJHOTO
OKHCIIEHUA
i3 - il it -2
Km =
1] ’
Ko By
TO
i;—i?' L)
Kmo= .
ig - ig Hp

BajieHTHOCTh OCHOBHBIX 37IEMEHTOB, MCIOJIb3yeMbIX B coBpemeHHbIX XKPT,
np¥BeleHa B Tabn, 1.5,
Iia TOIUTHB, NpeNCTaBNAMWMX COGOM cMeCh MHIMBHIYalbHBIX BeLIECTB, YIOG-
HO MOJIb30BaThCA YCIIOBHOH XxuMmdecko# ¢opmynoii, Ecnu B cocras cnoxaoro
XPT pxopar tomko 3nementst C, H, N, O, To pacuer crexmomerpmieckoro

COOTHOLIICHHA KOMIIOHCHTOB yno6ﬂo MPOBOIHTH ITO 3aBHCHMOCTH
8

_;gCr +82Hr - g0r

8
£00 ~ ?KCO - ngq

3necs g;/ — MaccoBas [ONIA i-ro 37IEMEHTA B j-M KOMIIOHEHTE TOIUTHBA (G=2).
PaGounii cOCTaB KOMIIOHEHTOB TOIUIMBA OIPENENsoT OObMHO C IOMOILBIO
k03¢ duimenta H3GHITKa OKHCIIUTENA

aOK =Km/Kmo-

XapakTep HM3MEHEHMA YOENbHOTO HMMMNYJbCAa TATH B 3aBMCHMOCTH OT KO-
s¢pduimenta u3GbITKa OKHMCTHTENA [JIA HEKOTOPHIX TOIVIMB MpH P, =
= 15 MIla (MH/mM?), € = 1000 npusenen ua puc. 1.10. C pocTom nasnenus B
Kamepe CropaHusa Ko3¢$GdHIMEHT H30BITKa OKHCIMTENs, COOTBETCTBYIOLLMI
MaKCHMYMYy YHENIbHOrO HMIyJIbca, MPUGIKAeTCs K eqUHHIE 1A GONbLIMHCTBA
KPT. OmHMM M3 HEMHOrHMX MCKIIIOUEHHiA ABIAETCA KHCIOPOOHO-BOIOPOIHOE
TOIUTHBO, MMeMollee C1abo HM3MEHAIOIHACA YOENbHBbIA HMMIYJLC B IIMPOKOM
AMana3oHe M3MeHeHMs ko3d¢uumeHTa U30bITKa OKMcnurens. Tax, mpu p, =
= 15 MIla (MH/m?) TeopeTuueckHii yNenbHbI# HMITYIThC TATH TorwiuBa H, + O,
u3MeHseTcs B npefenax 6 % npu 0,3 < ¢, < 1,1 ¥ HMeeT IKCTPeMaJTBHOE 3Ha-
YeHHe TpH &y, ~ 0,7,
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Puc, 1.10, 3aBHCHMOCTb YAGABHOTO HMMYNb-  J 5, M/C

Ca TATH B MycTOTe OT KO3dpHIMenTa HIGLIT- Fp+Hy
Ka OKHCIIHTENA Hy+ O3 \
4500 ~/:i’\\\\

B T1abn. 1.6 npuBeneHbl pe3yib- ww PR N N\
TaThl TEPMOOUHAMHUYECKOrO pacyera [2] d AN \
OCHOBHBIX  [IBYXKOMIIOHEHTHBIX H \
yuutapusix XPT mpu p, = 15 MIla s
(MH/MZ) Ha.. =1 93 45 47 499 17 13 Qgy

OK .

HauGonee Beicoxoanepreruueckum XPT aBnsercs ¢TopBogopomHoe TOILIH-
BO, TEOPeTHMYeCKMil YHENbHbIH MMIYJIbC B NYCTOTE KOTOPOrO COCTaBJIAeT
4880 m/c npu € = 1000, p, = 15 MIla (MH/M?), o, = 1. HecMoTps Ha Hus-
KyK IUIOTHOCTh BOOpOJa BBICOKOE CTEXMOMETPHYECKOE MacCOBOE COOTHOLIE-
HHe KOMIIOHEHTOB 0OeCneyMBaeT NpHEMIIEMY0 MWIOTHOCTh (o, = 745,1 npu
0o, = 1).Omnaxo ¢dropBonopomoe JKPT He HaUUIO MOKa IPHMEHEHHA B paKeT-
HOM TeXHHKEe M33a TAKHMX JKCIUTyaTallMOHHBIX CBOWCTB, KaK BbICOKaA TOKCHY-
Hoctb cobGerBeHHO ¢ropa u mpomykToB cropaumnsa (HF) | Beicokas kopposnoH-
Haf akTMBHOCTh. KpoMe TOro, BbicOKas TeMmnepaTrypa NMpOQyKTOB CrOpaHHUs
BBI3BIBAET TPYIHOCTH C OXJIaXKIEHHEM KaMepbl H HeH30eXKHbIe IPH 3TOM IOTepH
yOenbHOr 0 MMITYJIbCa TATH.

BoicokMM ynmembHBIM HMIYBCOM 0GNIafaeT KHCIOPOTHO -BONOPOOHOE TOI-
JIMBO, MIPOYHO BOILiEALIEE B PAKETHOIOCMHYECKYIO TeXHUKY. B Tabn. 1.3 npuse-
JeHbI aHHBIE N0 3apy6eXXHbIM ABHTaTeNAM, KOTOPbIE HCIIONb3YIOTCA Ha Pa3/ivy-
HBIX CTyMeHAX pakeT-HocHTeneii, HanGonee coBpeMeHHBIM IBHraTeNIeM, HCIIOMb-
3yIOLIMM KHCIIOPOJHO-BOLOPOIHOE TOIUIMBO, SIBJIAAETCA JBHraTeNb OpOUTanbHOM
cryneir MTK SSME ¢upmbr “Poxutmaiin”, OH pa3puBaeT OeHCTBHUTENbHBIN
YAeNbHBIA MMITyIIbC TATH B MycToTe Jy, ; =~ 4523 Mm/c.

IIpomykTbl CropaHHs KHCIIOPOJHO-BONOPOOHOrO TOIUIHBa HETOKCHUHBI, a
CaMH KOMIIOHEHTbl KODPO3HOHHO-HEAKTHUBHBI, YTO CO3/JaeT OnarompHATHbLIE
3KCIUTyaTauUMOHHBIE yCNOBHA, K coxarneHnio, KHCIIOpOa ¥ BOOPOA NpH KPHO-
TEHHBIX M OOBIUHBIX TeMIEpaTypax He OOeCHeYyMBalOT CaMOBOCIUIAMEHEHHs,
HO3TOMY I MPOLiecCca FOPEeHUs HeoOXOMHMa CHCTEMa 3aXUT aHHA ,

Cy1uecTBeHHBIM HETOCTaTKOM KHCIIOPOOHO -BOJOPOIHOrO TOIUIMBA ABJISAET-
CA €ro HU3KasA IUIOTHOCTb, YTO NPHBOJHT K YBEIHYEHHIO rabapHTHBIX pa3MepoB
TOIUIMBHBIX €MKOCTeH M yXy[IIUEHHI0O MacCcOBbIX XapakTepucruk JXPOY, B
1abn. 1.7 npuBemeHb! KOHeuHbIe CKOPOCTH JIA | paccuMTaHHbIE MO COOTHOIIEHHIO
(1.45) pna pasmuanbix Tows (o, = 1, p,. = 15 MH/M?, e =1000) .

OrHowenne obbemMa TomwiMea V. k koHeuHo# Macce JIA m  xapakTepusy-
€T COBepLIEHCTBO KOHCTpyKiMH, Ecnu nop 3¢ ¢ekTHBHOCTBHIO TOIUIMBA MOHM-
MaTb COBMECTHOE BIIMAHHME YOEIBHOTO MMITYJIbCa TATH M IUIOTHOCTH Ha KOHeY-
Hylo ckopocts JIA| o HaubGonee 3¢ PeKTHBHBIM TOIUIMBOM M3 NMPHBENEHHBIX B

vV
1a6n, 1.7 cnenyer npusHaty F, + NoHy mia 1 < I <9, Kucnopogso-kepo-
m

K
CHHOBOE TOIUTHBO B TOM K€ [Mama3oHe u3MeHeHus V /m, Gonee adpexTHBHO,
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Ta6auya 1.7

YnenbHbl# r Vk,M/c
Tomwmso HMIYIC | pp,
B IycToTe, cM Ve Ve Ve
M/c — =1 —= —=9
my myg myg
F, + Hy 4766 0,7451 2654 5596 9732
Fa + NoHg 4283 1,312 3590 6838 10922
0, + Hy 4448 0,4237 1571 3648 6990
0,+T-1 3623 1,051 2602 5158 8505
0, + (CH3),N,Hy 3743 0,9967 2588 5180 8607
N,04 + (CH3), N, Hy 3436 1,197 2704 5237 8432
N,04 + NyHy 3442 1,223 2750 5304 855S
HNO3+ T -1 3160 1334 2678 5087 8107
(H;0; + BsHg)ap=0,3 3867 1,03 2738 5447 9007

YeM KHCIIOPOOHO-BOIOPOOHOE. AHAIN3 pe3yJIbTaTOB pacyera, MpefiCTaBIeHHbIX
B Tabn. 1.7, moka3bIBa€eT TaKike, YTO MPH MaJIbIX OTHOUICHHAX V. /m  mwioTHOCTH
TOIUIMBa OKa3biBaeT Golblliee BIMAHHE Ha KOHeuHyio cKopocts JIA. Ilpu ymyu-
LLIEHMH MacCOBBIX XapaKTepuCTHK JIA (T.e. IpH yMeHbIUEHHH MacChl H3[IETHA 1
BO3pacTaiuu V /m,) BIMAHHE IUTIOTHOCTH Ha KOHEYHYI0 CKOPOCTh yMeHbIlaeT-
ca. JlanbHeiliuee ynyuiiesue sHeprerHdeckux xapaxkrtepuctuk XPT ocywecrsinsa-
eTCS 0 HECKONIbKHM HalpaBJICHHAM.,

1. CoxpaHsieTcsi TEHNEHUMA K MOBBILIEHHIO YMENBHOTO HMITyJIbCa TATH CY-
IIECTBYIOIMX TOIUIMB 3a CYeT MOBbIleHHA TepMmmyeckoro KIIJl pmeurarens

T

n=1- — ). 310 Hanpapilenue peanu3yercsa Kak yBeTHIeHHEM AaBlIeHUA

K
B KaMepe, TaK U CTeleHH pacLIMpeHHs MPOJYKTOB CrOpaHHA B COMUIe,

2. Hcnom3oBaHHE META/UTH3HPOBAHHBIX IeTEPOTEeHHBIX TOPIOYHX, YTO MO3-
Boiser Ha 20 — 25 % yBenHUMTh YAENbHbIA MMITYIbC TATH OCHOBHBIX KOMIIO-
HeHToB. OCHOBHBIMH NpoGJIeMaMH NpH PeaTM3aliiM 3TOTO HAMpaBJICHHS ABIIA-
IoTca oTpabotka paGouero mpouecca B kKamepe (cMeceoGpa3oBaHKe, OXJIaXkie-
HHe) , a TaK)Ke CHCTEMbI IOMIaYH reTeporeHHBIX KOMIIOHEHTOB,

3. cnonp30BaHHE TPEXKOMIIOHEHTHBIX TOpIOYMX Ha ocHoBe O, + Be + H,
u F, + Li + H,. Coderanne BBICOKOH TEIUIOMPOM3BOOMTENBHOCTH peaKlHit
O, + Be u F, + Li n Bogopona B kavecTBe pa36aBHTeNIA ¢ HU3KOMOJIEKYIAD-
HOM Maccoit oGecrmeyrBaeT B NMpPHHIMIE 3HAYMTENIbHOE yBeENHueHHe YHENbHOro
HMITyNIbca TATH, Peann3anms 3TOro HanmpaBieHUS TOPMO3MTICS yXe YIOMAHYTHI-
MH CJIOKHOCTAMH, MPHCYIIMMH reTepOreHHbIM TOIUIMBAM, M YCIIOXKHAETCH Ha-
JIMYHEM TOKCHYHbLIX MPOAYKTOB CTOPaHMA.

4. Hcnonp3oBaHHe HOBBIX BbICOKO3((EKTHBHBIX OKHMCIHTeNed, HanmpuMep
030Ha O3 . TenoNpPOH3BOIMTENPHOCTD PeaKIMH 030HA C BOLOPOAOM COCTABJIAET
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16,15 MIIx/xr. Kpome Toro, MHorue ropioume, B TOM YKCIe YTIeBOIOPOMIBbI,
06pa3ylT ¢ 030HOM CaMoBOCIUIaMeHslommecs komnosmmu (7, < 0,03 c).
Onnaxko BHefipeHue o30Ha Kak okucnurens XPIY 3atpynHeHo ero HectaGHib-
HOCTBIO U B3pPBIBOOINIACHOCTBIO,

3HauuTeNIbHO GONBLIMMM 3HEpreTHYeCKMMH BO3MOXHOCTAMH, YeM BCe pac-
CMOTpEHHBIE OKMCITHTE/IbHO-BOCCTAHOBHTENbHbIE peakUMH, 06/1afaoT peakuuu
accoumauyi, IIpenenbHpiM 3HEpProBbIeNIEHHEM COMPOBOXIAETCA PeaKIUs acco-
LMaLMHK aTOMapHOro BOIOpOAa:

M,
H+HoH, +215 22

Kr

J1a peakuMs UCNONB3yeTCd B TaK Ha3bIBa€MOH ~aTOMHOM CBapKe™, KOrjia mpef-
BapHUTENBHO YaCTWYHO MAMCCOLMHPOBAHHBIA B 3IEKTPHYECKON Myre BOXOPOX,
HampaBJisieTcs Ha CBapHBaeMble TYTOIUIaBKHe METaUTbI M, peKOMOMHMpYsA Ha
HX NOBEPXHOCTH, BhIfENAET ocBoGoaMBINYIoCA 3Hepruio, OOHaKO BpeMsA JKU3HH
B030yXIOEHHbIX aTOMOB (CBOGOMHBIX pafMKaliOB) MpPUOIIM3UTENIBHO pPaBHO
107 ¢ npu HOPMATBHBIX YCIOBHSAX, YTO CO3MAET GONbIUME TPYTHOCTH IJIA Xpa-
HEeHMA TOIUTUB, cofepXKalliux cBoGomHble pamukanbl, Hcronb3oBanue Takoro
TOIUIMBA B PaKeTHBIX [BHTaTeNIfAX CBA3aHO B MEPBYIO OUepelpb C pellieHueM Ipob-
JieMBI CTaGHNM3aLMH CBOGOTHBIX PaHKaJIOB,

Crabunusaimsa aToMapHOro BOZOpOAa B MarpHue MOJEKYISApHOrO BOIO-
pona ocyLiecTBiseTca Npu HU3KuX Temmeparypax (0,5 — 4 K) B cunsHOM Mar-
HHUTHOM noJie (IUIOTHOCTh MarHMTHOro noroka 1 — 3 Ti), Ho B MaGopaTopHBIX
ycnosuax, B ycnosusx sxe nonera JIA ¢ JKPIY noka 310 HeBO3MOXHO,

Taxum 06pa3oM, 3Heprusa cBOGOSHBIX pafMKalOB U, B YaCTHOCTH, acCOLMa-
uuA Bo36GYXXOeHHOro (aToMapHOro) BOJOPOJA OCTAaeTcs NMepCHeKTUBHBIM 3HEp-
TeTHYECKHM HCTOYHMKOM IUIA MCNONb30BaHMA B PaKeTHBIX IBHrarensx Gyny-
11ero,

1.2.3. 9KCIUTYATAIMOHHBIE XAPAKTEPUCTHUKH XPT

KomnonenTsl XKPT, Haxosch B HENOCPEACTBEHHOM KOHTAaKTe C 3I€MEHTaMH
KoHcTpykimu XPIY xak B mpolecce XpaHeHHs, TaK M Npu pabore mBHrarens,
0Ka3bIBalOT CYLIECTBEHHOE BIIMAHUE He TOJNBKO Ha 3¢ dexTHBHOCTD JIA, HO M Ha
paboTocnoco6HOCTs KOHCTPYKIMM, C HMX 3KCIDTyaTaHOHHBIMM XapaKTEepHCTH-
KaMH CBfi3aH BBIGOp KOHCTPYKLMOHHBIX MaTepHaoB, oGecreueHue repmeryu-
HOCTH CHCTEM MOfaYd TOIUIMBA, OpPraHuU3alMa OXJIAKIEHHA Kamephl, obecrede-
Hue miurenbHoro xpareHusa XPIY, a Taxoke Ge30nacHOCTH 06CITy KHBaHHA U PALT
IpPYTHX BOIIPOCOB, rapaHTHUPYIOLMX HafexHoe GYHKIMOHHPOBAHME [BHTaTelb-
HOM YCTaHOBKH. '

B 1abn. 1.8 npuBedeHbl OCHOBHBIC SKCIDTyaTalMOHHbIE XapaKTePHCTHKH
COBpeMeHHBbIX okucnureneii u roprounx XPT (10, 25].

BaxHO# 3KCIUTYaTalMOHHON XapaKTepuCTHKO#K KoMnoHeHToB KPT sBnser-
cA MX OXJaXAawlas CrnocoGHOCTh, KOTOpasA OLEHHBAETCA KOMIUIEKCOM TeIUlo-
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¢dusmueckux cpoicte K [cM. (1.47)]. OGbivHO oxyTakaeHue kaMepbl OCYLIECT-
BJIAETCA TOPIOYMM, KaK Gojiee COBMECTMMBIM C KOHCTPYKUMOHHBIMH MaTepHa-
naMM oXJTaxpawouero tpakTta, OmHako misA OBurateneil HeGonpluoi TATH (Me-
Hee 20 xkH) pacxopma roprodero Moxer He XBaTHTb Ha OXJIaXeHHE, TAK KaK Tell-

7OCheM KOMIIOHEHTOM Qoxn = MCp(Tyyx — Tpy) YMEHBLIACTCA JIMHEHHO C
ymeﬂbmeﬂueM pacxofa (TAru), a rermoamnenenue Orenn = _J q(F)dF
oxn

ymex{bmae'rca B MeHbllleii cTeneHy. B atom Citydae [1A OXJK/ICHHA HCTIONB3Y10T -
ca 06a KOMIOHEHTa TOIUIHBA.

Ha puc. 1.11 u 1.12 npuBefieHa 3aBUCHMOCTb OXJIaXKJaloLIEH CIOCOGHOCTH
KOMIIOHEHTOB TOIUIMBa B GYHKUMM TeMmeparypbl. OTIHUHBIM OXJIaiUTENeM
asnserca sogopod (K = 700 ... 1000) , uMeoMii HU3KME KPUTHYECKHE Napa-
MeTpbl (pr 1,281 Mlla, T = 33 K) . U3-3a cXMaeMOCTH YXe Ha BbIXOfIe
u3 THA Bopmopon Haxogutcs B CBEpXKPHTUYECKOM COCTOSIHMH M B OXJIaxdalo-
LIeM TpaKTe NMpH HarpeBe (a3oBbli mepexof HeBO3MOXeH. Tak, B JABHrartene
SSME (cM. Ta6n. 1.3) Ha BbIXOZE M3 TPeXCTYMEHYaTOro LeHTpoGeXHOro Hacoca
Bopopon npu gasnenun p = 43,7 MIla umeer Temneparypy 51,7 K, a Ha Bbixoze
U3 oxJIaxdarolero Tpakra 283 K.

A BRICOKOKMMNAIIMX TOPIOYMX BEepXHWil Npeden HarpeBa B pyDallike
OXJIOXIEHUA [BMTaTeNsl OrpaHWuyeH TeMIEpaTypod pa3ioXeHHA KOMIIOHEHTa.
Insa rugpasMHa W ero NPOM3BOOHBIX IPOLECC PasfioXeHHS CONPOBOXIAeTCs
TEIUIOBbIdE/IEHHEM M MOJXKET 3aKOHYHTbCA B3pbIBOM, Tak, IjiAi HeCMMMeTpHd-
HOTO AMMETHITHOpa3HHa MpoLecC pa3fioXkeHUs HauuHaercsa yxe npu 400 K, mpu
3TOM CKOPOCTb pa3loXKeHUA yBeJTHYMBaeICA C BO3pacTaHHeM TeMneparypsl [10].

Oxytaxxpaioime CBOHCTBa YTIeBOAOPOOHBIX TOPIOYHX 3aBHCAT OT MX IpynIo-
BOTO COCTaBa, a TaKXe CocTaBa McXomHo# HedTH, IIpy MHOrokparHom BKIIIOYe-
HHM [IBUTaTelfA IO TPAaKTY OXJIaXOEHHA 0oOpa3yloTcs CMOJNUCTbie OTJIOKEHHA,
KOTOpbIE YXy/ILIAIT pPeXXHM TeIutonepeaayu. YIeBoao poaHble roployne mpaMoi
NeperoHKH o6/afaloT NyYLIMMH OXJ1aXHal0IMMH CBOHCTBaMHM (XOTA JOCTATOYHO
HU3KHMMM [0 CpaBHeHHIO C APYTMMM KOMIIOHEHTaMH TOIUIUB) CPed YTIIeBOJIO-
POMHbIX FOPIOYHX .

Tepmuueckas cTaGHIPHOCTH FepMETH3HPOBaHHOTO NMeHTabopaHa cOXpaHseT-

92 18y 22
K7 5WJEH) n,0 HoO, (98%)
1
/ AZHO
i
A-50 4,
w 1% Y622 k) s
- ANO, 900 Fon
r 20, 1771 Ogwr
w/ /, L4 /4 \
L—1
Vj 74 ]
233 273 717 M7 HF 437 TA 5 1 NTK 93 W O TK

Puc. 1.11, 3aBucuMocts Kommiekca temwno- Puc. 1.12, 3aBucuMocrs kommnekca K or
¢u3miecknx cpoiictB K OT TeMnepaTypbl TeMnepaTypbl KOMNOHEHTOB
KOMMOHEHTOB
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Puc. 1.13. 3aBHCHMOCTb CKOPOCTH KOPPO3HH aJio- A, smfv

MHHHA OT TEMMEpaTypbl H KOHLUEHTPalMH a30THOH 4H F79%
KHCIIOTBI
a03 /

ca go 373 K, Ilpu pmanbHeiieM HarpeBe OH
pa3snaraercs, a IpH TeMnepaType cBbile 573
K TepMuYecKH IHCCOLMMPYET C BbIIeIEHHEM w 59 \
cBobomHoro Gopa, /\ \

Bombume 3KcCIUTyaTalMOHHBIE 3aTpyd- o7 / .
HEHHsi  CO3[alT KOPPO3HOHHO-2KTHBHBIE 713 | 336 20
KOMIIOHEHTBI TOIUTHBa, BpicoKo# KOppO3HOH- E— T~
HO# aKTMBHOCTBIO OTJIMYAlOTCA a30THasd KHMC- 2 20 M\HNO,.'/.

7I0Ta, OKMCNIMTENIM Ha ee OCHOBE, a TaKdke

a30THBIHA Terpakcup, IIpUXOOMTCA MCHONB30BaTh TONIBKO TaKHe MaTepHalibl, Ha
KOTOpbIX 06Gpa3yercsa NMacCHBHaA IUIEHKA, NPENOXPaHAIOIasg METaJUT OT BO3Mei-
crBus okucnurens, Hanpumep, npy Bo3[eHCTBUM a30THOKHCIIOTO OKMCIIMTENA
Ha MOBEPXHOCTH wTOMHHMA oOpa3yerca TOHKaA IUleHKa okucH Al,03-n-H,0,
Ha[eXHO 3alLHIIAIOIAs METALT OT JaJIbHEHIIIEr0 OKMCIICHHA,

CxopocTh KOpPpPO3HH MeTajllla B OKHUCIIHTENIe YBEHYNBAETCA C ynem—menneM
cojiepXXaHHsl BOZIbI M TeMmepaTypbl okucnurens (puc. 1.13) [10]. Ons ymeHs-
LIEHHA KOPPO3HM LIMPOKO HCHONBb3YIOTCA HHTHOMTODBI KOpPpPO3MH: HOA M €ro
conu, ¢hropucTbIi Boptopon, oprodocdopHas U cepHas kucnorsl, Tak, Hampu-
Mep, KOPpO3Ws JIErHpOBaHHOH XPOMOHHKENEBOM CTAIH YMEHbIIAeTCs IPHUMEPHO
B 10 pa3 mpu moGaBneHHH B KpacHylo AbIMsAlIYI0 a3oTHylo kucnory (KIIAK)
1 % oprodocopHO#H KHCIIOTHI,

TIpOyKTh KOPPO3MH META/UIOB B a30THO-KHCIOTHOM OKHMCIIHTENle MOTYT
3a6uBath GUITLTPBI, KaHAJIBI MalIOTO CEYEHHsI B TOIUIMBHO-PETyJIMPYIOLIEi alma-
patype M sBnATbCA mprumHO# oTka3a XPIY. OcobeHHO >keCTKO KOHTPOIHpY-
€TCA HaJMuMe TBepHbIX MpUMecedl B [IBHTATENbHbIX YCTaHOBKaX IJIHTENHHOTrO
xpaHenns XPIMT .

BaxHbIM 3KCIUTyaTallHOHHBIM CBOMCTBOM KoMmoHeHToB XPT ABnserca ux
cTaGWIBHOCTD TpH [UIMTENbHOM XpaHeHuM. OmuH U3 HauGolee HeHalleXHBIX
komnoHen1oB XXPT npu 3toM — nepexuch BOOOpoaa, CKJIOHHaA K CaMONPOH3-
BOJILHOMY pa3ioxkeHuio. CTaGWILHOCTb NEpPeKHCH BO3pacTaeT ¢ yBeNUYEeHHEM ee
YHCTOTHI M KOHUEHTpaumH, A cTabWwIN3aIMM TeXHHYECKOH TepeKHCH BOIOPO-
[a MCNOJIb3YIOTCA OJIOBSIHHaA, OpTO- ¥ MHpodocdopHas KHCIOTHI, a TaKXKe UX
comn (1 —3%).

IIna obecneueHUA UIMTESILHOTO XPaHEHHA MEPEKUCH BOAOPONA B COCTaBe
sanpasnentoit JXPIIY HeoOGX0oOMMO KCHONBb30BaTh KOMIUIEKCHBIN MOAXOM, KOTO-
Ppblit MOXeT GbITh pealli30BaH MpH:

1) oGecneyeHHH YUCTOTHI UCXOTHOIO MPOYKTA;

2) BbIGOpe KOHCTPYKLMOHHBIX MAaTepPHUATIOB, HCKITIOYAIOLMX KaTaMTHYeC-
Koe BO3feiicTBHe (MCKIIIOYAlOTCA cepeGpo, IIaTHHA, CBMHENl, PTYTb, OpraHHyec-
KHe COeJMHEHUA U Ap.) ;

3) Hcrnomk30BaHMH CTaGHWIM3aTOPOB, A€3aKTHBMPYIOLIMX KaTaTU3aTOPbI pa3-
JIOXKEeHHS ;
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4) ynaleHnH MPOOYKTOB Pa3fIOKEHHsA M3 CHCTEMBI IOJauH TOIUIHBA,

Bonbuloe 3HaueHne miA cucteM nopaud Ttorusa JKPIY umeer remmepa-
TYpHBIH [MaNa3oH CyLIeCTBOBAHHA KOMIIOHEHTA TOIUIMBA B XKHAKOG(a3HOM coc-
ToAHuH, JutenbHan crosgHka JIA B 3anpaB/ieHHOM COCTOSHUM NpH TeMIleparype
'OKpYyXKatowiei cpefpl He MO3BOJIAET HCNONbL30BaTh PAJ KOMIOHEHTOB C XOPOILH -
MM 3HepreTHYeCKUMHM CBO#icTBaMH, Tak, YeTbIpEXOKHCh a30Ta IPH HOPMAIIBHOM
nasnenuu kumuT npu 294 K u npu 262 K 3acteiBaer. KonuenTpupoBaHHas nepe-
KHch Bofiopofa 3acThiBaeT npu 276 K, a tpudtopun xyopa xunur npu 285 K,
Ins 3amau, CBA3aHHBIX C MJIMTENIBHBIM XpaHeHHEM KOMIIOHEHTOB B 3allpaBiicH-
HOM COCTOIHMH, IPUXOOMTCA IGO0 CTaBHTb CIIELMAJIbHYI0 CHCTEMY Te€pMOCTaTH-
poBaHus, TMGO UCNONB30BaTh cMellaHHble okucnurenu (AK-20, AK-27upp) ¢
6oJee LLMPOKUM TeMIlepaTy pHbIM [HANa30HOM, HO HECKOJIbKO XY/IILIMMH 3Hepre-
THYECKUMH XapakTepucTHKamH. IlocTaHoBka CHCTeMBI TepMOCTaTUPOBAaHUSA
YCIIOXHs€ET BeCh PaKeTHbIH KOMIUIEKC,

3amerHoe ycnoxuenne JXPIY BbiapiBaeT npuMeHeHKe HeCaMOBOCIUIaMEHSAI0-
IIMXCA KOMIIOHEHTOB. B 3TOM cnyuae NMpMXOAMICA MCHO/Ib30BaTh CHCTEMY 3a-
XHMraHUsA (XUMHYECKYI0, IeKTPHYECKY10, MHPOTEXHUYECKYIO JIHOO ra3ofguHaMH-
YyecKylo) . Mcnonp3oBaHie NMyCKOBBIX CaMOBOCIUIAMEHSAIOLUMXCA KOMIIOHEHTOB
TOIUIMBA BiieueT Ha co0OH BBefeHHe NOMOIHUTENbHBIX eMKOCTEH, Tpy6onpoBo-
IOB, KJIallaHOB M arperatoB ympapjieHus, Ilia 3nexTpo3axuraHus Tpebyerca
HCTOYHHMK 3JIeKTPOIHEPTHH, NIPH 3TOM YCIIOKHAETCA KOHCTPYKLMA rOJIOBKH Ka-
Mepbl, Ha KOTOpo#l pa3meruaercs 6nox 3axuranus, [luporexHudeckas cucrema

npefycMaTpiBaeT IMOCTaHOBKY HECKOJbKMX IHPONATPOHOB, ra30BOIOB IJif

ABHraTesiel MHOroKpaTHOTro 3alycKa.

laszonuMHaMmuyeckas cHCTeMa OCHOBaHa Ha MCIONb30BaHMM YaCTH KHHETH-
YeCKOil 3HepruM pacluMpsIolueica cTpyd (5 — 6 %) IUiA HarpeBa CleLMabHOM
NOBEPXHOCTH, KOHTaKTHpYIOLIe# ¢ KOMIOHeHTaMH TommiBa, IIpu ee mpumeHe-
HHH TaK)Xe YCJIOXHMAETCA KOHCTPYKIMA FOJIOBKH KaMepbl H TpeGyeTcsa HCTOY-
HMK rasa,

Kunoxuit xucmopon He oGecmeuMBaeT BOCIUIaMEHEeHHA C GONbIIMHCTBOM
OCBOEHHBIX IrOpIOYHX, HO TPUITWIAIIOMHHHUH, TPHITHIOOPaH ¥ MX CMECH C KHCIIO-
POIOM CaMOBOCIUIAMEHSIOTCS, YTTIeBOLOPOIHbIE TOpIOYMe NpPH OGBIUHBIX TeM-.
nepaTypax He BOCIUIAMEHSIOTCA C a30THO-KHUCTIOTHBIMM OKHMCIIMTENAMH H Iepe-
KHChI0 BOAIOPOZaA.

TpaKTHYeCKH CO BCEMH TOPIOYMMH TONbKO (PTOp M pAM €ro MpOM3BOAHBIX
g O0ecreuuBalT XOpolee CaMo-

Tabnuya 1.
BOCIUTaMEHEHHE, OJHAaKO BBICO-
KoMmnoHeHT TonmBsa CrouMocTs, Kad TOKCMIHOCTb M KOPpO3HOH-
momn/T Hasg MX aKTHBHOCTb NMpPUBOOAT K
CYILIIECTBEHHOMY YCIIOXHEHHIO H
Xunxuit kucnopon 5390 YOOpOXXaHMI0 KaK CTEeHIOBBIX
YrnesogopomHoe ropouee RP-1 1 KOMIUTEKCOB, TaK M JIETHBIX 0-
Kupxuit Bogopon 1100 TIA
Yrnesogopomioe ropioyee RJ-5 4400 pa3nos JIA.
Tunpasus 4400 Yyer KOHKpeETHBIX 3KCIUTya-
MoHomeTHIrHapa3uH 13240 TalMOHHBIX XapaKTEePUCTHK KOM-
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noHeHToB XPT Ha paHHux 3Tamax nmpoekTHpoBaHuA JIY mossonser oGecneunr:
HagexHoe (GyHKUMOHMpOBAaHME CHUCTEMBI IOMauYM, a TaKXKe XpaHeHHe H TpaHC
NopTHpoBKY JIA B 3ampaBiIeHHOM COCTOAHHMH, BajxcHbIM 3x0HOMHUECKHM dakTO
POM IIPH CO3MaHHH M IKCIUTyaTalmn KoMiutekcoB ¢ XPIY saBnsercsa croHMocTt
komnoHenToB XPT, Bkiax cTOMMOCTH KOMIIOHEHTOB B CYMMAapHYI0 CTOMMOCT!
TEXHHYECKOH CHCTEMBbI BO3pacTaeT ¢ yBelWdeHHeM rabapHTHbIX pasmepos JIA ¥
HX KOJMuecTBa B cepuH. B T1a6n. 1.9 mpuBereHa CTOMMOCTb OCHOBHBIX KOMIIO
HentoB XPT B conocraBuMbIX 1eHax 1980 T,

1.24. OCOBEHHOCTH
KPUOTEHHBIX KOMIIOHEHTOB TOIJTUBA

KpuorenupiMg (FOCT 17655—80) KOMIOHEHTaMM NpHHATO Ha3bIBaTh
WHIKOCTH, KPHTHYECKasA TeMIeparypa KOTOPBIX MeHble MaKCHMAJILHOM TeMITe-
PaTyphbl B YCIOBHAX 3KCIUTyaTalM¥ WIH XpaHeHHs . [Ipu sk cIuTyaTaumuu KpHoreH-
HBIX KOMITOHEHTOB B HETEIUIOH30JIMPOBAHHBIX CHCTEMAX BO3HHKAeT TEIUIOBOM
MOTOK M3 OKPYXalolleil cpelbl K XHMIKOCTH, KOTOPbIH BBI3bIBaeT NPOrpeB M
HcnapeHHe KOMIIOHeHTa, BBefieHKe e TeITON30MIALMM CYLUECTBEHHO YCIIOXHAET
cucremy nopauu XKPT.

U3 Bcex Bo3MoxHbIX KpHoreHHsiX JKPT HanGonbiliee pacmpocTpaHeHHe I110-
JIYUWIM OBa KOMIIOHEHTA: XHIKHUH KHCIIOpOI M XMAKHHA Bopmopod. Mx Huakue
TeMreparypbl KuneHus (cM, Ta6n. 1.8) npuBOmAT K GONBLIMM (JIOXKHOCTAM B
CHCTeMax MOJIauy IPH 3aNpaBKe, XpaHEHHH ¥ TPAHCIIOPTHPOBKE KOMIIOHEHTOB,

B pesymprare mpHTOKa TEIUIOBOTO MOTOKAa M3 OKpYy>Kalolllei Cpefibl KpHO-
reHHBIi KOMIIOHEHT NPOTPEBaeTCA H HCNApAETCA, YBEIHUMBAs NABJICHHE B IIO-
JIOCTH HaJl MOBEpXHOCTbIO pa3fiena. Eciu napoBas o6acTs HMeeT ApeHaXk H KOM-
TIOHEHT HaXOOMTCA NpH TeMIepaType KHIEHHA, TO BCe NOABENECHHOE TEIUIO HAeT
Ha ucnapenue, [Ipy XpaHeHMM KPHOTE€HHOTO KOMIIOHEHTa, He[JOTPETOro [0 TeM-
nepaTypbl KHIeHHA (B COOTBETCTBHH C [IaBJICHHEM), B MOJI€ TAXKECTH MPOUCXO-
OMT TEIUIOBOE pPacClIOeHHe, MeXaHW3M KOTOpPOro MoApoGHO paccMaTpHBaeTCs
B pa3n.3.1.2,

Ina cHKeHHS NOTepb KOMIIOHEHTa Ha HCIApeHHe HCIONMb3YIOTCA TEIUlo-
H30JIMPOBaHHbBIE CTalHOHApHble, TPAHCNOPTHBIC H JIETHbIE EMKOCTH. B KauectBe
TEIUTOM30JIAIMM MOTYT HCIONB30BaTbCA NOPUCTbIE MaTepHaltbl (MEHOMONMYpe-
TaH, NMEHONOJIUCTHPONI H [p.), BBICOKOBaKYYMHasd, BaKyyMHO-NOPOLIKOBasA H
JKpaHHO-BaKYyMHad TerwioBas u3onauua (IBTH) .

B craumoHapHsbIX, a TakXe GONBLIMX TPAHCIIOPTHBIX EMKOCTAX CYyTOUHBIE ITO-
TepH A KHUCIopoHa cocraBisioT mpuMmepHo 0,3 %, mna sogmopoma — 0,5 %.
[Ipu BBIGOpE ONTHMMAaNbHOI TONIMHBI TEIUIOM30JIALMH AJIA CTAMOHAPHBIX Xpa-
HHJIHILL TOTePH MOT'YT OBITh CHH)KeHBI MpUGIH3uTeNnsHO fo 0,1 %.

s MCcnonb3oBaHHA >KMAKOTO KHCIIOPOJa B OJHOPa3OBbIX PaKeTaX-HOCH-
TenAX 06BIYHO MPHMEHAIOTCA HeTeIuION30THpoBaHHble Gaku, Ha crapToBoit nosu-
LMK B MpOLECCe 3aNMpaBKH H CTOAHKHM BJIara BO3/lyXa KOHJAEHCHPYeTCS Ha BHEIL-
Helt noBepxXHocTH baka, o6pasys “uryGy” #3 peixioro HHes. 3Ta cBoeoGpa3Hasn
TCIVIOH30NIAIMA CHWXKAeT NPHTOK Tella K XXHAKOMY KHCIOpORY BO BpeMs
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CTOAHKH. B nornere “uryGa’ ornensierca noa HanmopoM HaGeraolero Bo3ayxa H
NOJ BO3MIEHCTBHEM a3pOJMHAMHUYECKOTO TEIUTOBOrO NMOTOKA HaUHHAeTCA MHTEH-
CHBHOE PacClIOeHHe KHCIIOpofia.

. Xupxwuit Bogopon B XPIIY XpaHHTCA B TeIDIOM30JIMPOBaHHbIX Gakax maxke
MPHMEHUTENBHO K OJHOPa3OBbIM paKeTaM-HOCHTEIAM, TaK KaK MOTepH BOIOPO-
fa Ha HCIapeHHe B pe3yibTaTe NMPHTOKA TeIUIa M3 OKpyXKalollei cpempl yepe3
CTEHKH HETEeIUIOM30/IMPOBaHHOro Gaka NpeBOCXOAAT Maccy NoTpeGHO# Tero-
H30JIALHH,

JanbHeiiliee MCNONB30BaHHE BBICOKO3HepreTHueckux KpuoreHHbix MXPT
CTaBHMT Ha MOBECTKY [HA CO3[JaHHE TEPMOCTaTHPOBaHHBIX KPHOTEHHBIX CHCTEM
s Ge3npeHaXHOrO XpaHeHHA KOMIIOHEHTOB.

Bompume cloXHOCTH BbI3bIBaeT 3ampaBka 6akoB KPHOTEHHBIMH KOMIIO-
HEHTaMH, TaK KaK 3aXOJIaKHMBaHHe KOHCTPYKIMH OCYLIeCTBIIAETCA BCIIEICTBHE
¢da3osoro mepexofia YacTH JXMAKOCTH B MapoBy1o ¢a3y. Tak Ha3biBaeMble OTEPH
KOMIIOHEHTa Ha 3aXOJIKHBaHHE KOHCTPYKLMH 3HAUMTeTbHbI U JOJDKHBI YUHThI-
BaTbCA ITpH 3anpaBKe, JUiA CHIDKEHHA 3THX NOTePb 1ielIeco05pa3Ho HCNONIb30BaTh
He TONIBKO TeIIoTy (a30BOro Nepexofia, HO H XJIAOEMKOCTh XOJIOHHOTO Iapa.
U3 temnoBoro GanaHca Ge3 ydera Temwnoo6MeHa ¢ OKpyKaoled cpefioil MOXHO
3ammcaTh

mKEK(To T )=rmyeq t mucnzn(Tn -Ty),

Tie C — CpefHAA ylelbHas TEIUIOEMKOCTb MaTepHania Gaka B HHTepBaJle TeMIle-
paryp To — T,; ¢, — CpedHsiA TEINIOEMKOCTb Napa B MHTepBaJle TEMNeEpaTyp
T, - T,; m,—macca 6aka; T, — Haua/IbHas Temneparypa 6axa; T, — Temnepa-
Typa XHJKOr0 KOMIOHeHTa; I, — KOHeUHasd TeMmeparypa napa IIpH 3aXONaXH-
BaHHM; M, .. — MacCa MCIAPHBIIErOCS NPH 3aXONaXHBAHHK KOMIIOHEHTa; 7 —
Ter1oTa ¢a3oBoro nepexosa.

M3 nocrenHero BeipakeHus ciiefyer, 4To

Mycn Cx(To - Ty)

= .

my r+ cp(Ty — Ty

Ha puc. 1.14 noxasaHa 3aBUCHMOCTb OTHOCHTEJTbHO# [IOJIH MCIIAPHBLIErOCA
KHCJIOpOoJa OT KOHEYHOH TeMMmepaTypbl NapoB, MCHONB3YIOMIMXCA IJIA NpefBa-
PHUTENBHOTO 3aXONakuBaHUA Gaka u3 cioiaBa AMI'-6. YBenmvueHHe TeMnepaTypbl
BbIXoAswIero u3 Gaka mapa Ha 50 K cHwkaer oTHOCHTenbHbIe MOTepH Goee ueM
Ha 20%.

CHcTeMoili MOJaud KpPHOTeHHbIX KOMIIOHEHTOB TOIUIMBA JOJDKHO GhITh Ipe-
IYCMOTPEHO 3aXOJIaKMBaHHE He TOJbKO Gaka, HO H NOABOIsALIEro TpyGompoBo-
nma, THA, uyroGb1 Gputa oGecmedeHa GeCkaBMTaUMOHHas paGoTa LEHTPOGEKHBIX
HacoCoOB B NEpPHOJ, 3amycka ABHratensa. g 3Toro Heo6X0mMMO MpexyCMOTpETb
COOTBETCTBYIOLIME JIpeHaXH IJIA BBIXOJa MAPOB KOMIIOHEHTa, a TaK)ke HeobXxo-
JMMBIi 3anac XHOKOCTH Ha 3aXONIaKHBaHHe,

Baxao# 0cOGEHHOCTBIO CHCTEMBI NOaYH KPHOTEHHOM JXHAKOCTH ABJIAIOTCA
06s13aTenbHble Mephl IS KOMIEHCAlMH TeMIepaTrypHbix nedopmaimit TpyGo-
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Puc, 1.14, 3aBHCHMOCTD OTHOCHTEJIBHOA [OJIM MCIA- g- 7 K.uen
PMBUIETOCA KOMMOHEHTa OT KOHEIHOH TeMneparypsi My

Napa-oXJIaHTeNA Twg = 90K
a7 \ 7= g8 0%

NpOBOIOB NpH 3aXonaxuBaHuu, IIpu HcnoMb- 7, = 494 20K

30BaHHH ATIOMMHHEBBIX CIUIaBOB ¢ Ko3ddu- \ "

IMEHTOM JIMHEAHOrO0 pacUMpeHdHs & = 46 N

= 1,8:10° K™! usmenenne mmmb TpyGonpo-

BOJIA COCTABIIACT [T KHC/IOPOAa 3,7-107% m/m \

H s Bogopona — 4.9- 103 M/M yTo Tpebyer 45 N

cooTBercTByMOWIEH KOMIeHcaumu, Cremyer ~—

TaKXKe OTMETHTh HEOGXOMMMOCTb yHalleHMs 44

M3 CHMCTeMBbl KOHJEHCHDYIOUIMXCA W B3pbl- w 150 200 Trpom
BOOMACHBIX ra30B, KOTOPBIE B YCIIOBHAX HH3KHX TeMIIepaTyp MOTYT 3aMep3HYTh
H NepexpbITh WIM HapylMTh LEOCTHOCTb (HILTPOB, KJIaMAHOB H arperaroB
YIIpaBJIeHHMs, a TaK)XKe CO3/1aTh B3PbIBOOMACHbIE CMECH C OCHOBHBIM KPHOT€HHBIM
KOMIOHEHTOM, Y[ajleHHe KOHIEHCHPYIOIIMXCA H B3pbIBOONACHBIX IpHMecei
H3 pa3BeTBIICHHO# CHCTeMbl mofauu kommoHeHToB XPIIY ocymecTBnserca me-
TOJIOM BaKYyYMHpOBaHHM#, a TAKXKe POXyBKH HEHTPaIbHbIM ra3oM,

YuuTbIBass NMOBBILIEHHYI0 B3pBHIBOONACHOCTh KHCIIOPOAAa IPH KOHTAaKTe C
MacllaMH OpPraHHYeCKOrO MPOHCXOXIEHHA, HeOOXOMMMO TILATENBHO 06e3KupH-
BaTb BHYTpEHHHe NOBEPXHOCTH mepel 3amoiHeHHeM. Yaie Bcero oGe3kupHBa-
HHME OCYINECTBIIAETCA OpraHMyecKMMH pactBopurensamu tuma CCl, wm cne-
IOHUATBHBIMH BOIHBIMH PacTBOPaMH ITOBEPXHOCTHO-aKTHBHBIX BELIECTB H 3M1eK-
TponuToB. [Tocne 06e3kupuBaHua NMPOAYBKO# YAAIAIOT Napbl paCTBOPHTEIA.

IIpu 3KkcrTyaTaiiM CHCTeMbI MOAAYM BOOOpoda HeOGXOOMMO MOMHMO OG-
1IMX TpeGOBaHMit K KpHOreHHBbIM CHCTEMaM Y4eCTb B3pbIBO- H [I0XXaPOONACHOCTD
CMeCH MapoB BOAOPOJA C KHCIIOpoAoM Bo3ayXa. [lns 3Toit uenu mpemycMarpH-
BAIOTCA IPEHaXH, KOTOpbie OTBOAAT BOJOPOIHbIE NMAPBI IA CHKUT aHUA.

Jins cHIDKeHHA NOTeph XHIKOro BoHOpoaa mpx noaroroeke JIA k morery,
a Takxe I nobuueHHa ero 3ddexTUBHOCTH GbuUIO mpemtokeHo [10; 25]
HCIONB30BaTh BOIOPOJHYIO LUYTY — CMeCh KPHCTAJUIOB H KumkocTH. Ilpumene-
HHe BOMOPOJHOW LIYTH He TONBKO CHHKaeT NMOTepH >KHIKOTO KOMIOHEHTa NpH
XpaHEHHH, HO H 3HaYHMTEJIbHO MOBBILIAET INIOTHOCTH ropiodero. HanGonee mpoc-
TBIM CIOCOGOM NOJTyUeHHA HIYTH ABJIACTCA NEPHOOMYECKOe BaKyyMHPOBaHMe
6axca ¢ xmuxuM BogoponoM. Temneparypa *uakoro Bomopona Ha HOBEPXHOCTH
pa3fieNla B pe3y/bTaTe HCNapeHMs NMOHWKaeTcA B Hadane mo 138 K (TpoiiHas
TOYKa), a 3aTeM, yXe NPH MOCTOAHHON TeMIepaType, MPOMCXOOMT KPHCTAIUTH-
3auMA M obpa3yercs TBeprad Kopka. [Ipu moBbilleHMH JaBneHus Bblllle aBiie-
HHA TPOMHOH TOYKH KOpKa ApPOoOHICA H omyckaercs Ha mHo Gaka. Ilpu wacrore
npouecca, mpuMepHo paBHo# 0,166 I'i, oGpasyercss cMmech Nba M XHOKOCTH
¢ pasMepoM uactuil o 3 MM, Ilpomecc “cTapeHus™ LIYTH IUIMTCA CBbILIE ABYX
CYTOK H COMpOBOXHaercsi o6pa3oBaHMeM Goliee KpyMHBIX M TBEpIbIX YaCTHII.
Illyra ¢ 40 — 50 %-Hoii KOHIEHTpaiMeii TBepHO# ¢a3bl XOPOLLUO MOJAETCA [0 TPY-
6aM OGBLIYHBIM 1IEHTPOGEXHBIM HaCOCOM,
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1.3. ONMPEJAEJIEHHE OCHOBHBIX
TMTPOEKTHbBIX TAPAMETPOB XPAY

*1.3.1. CBA3b OCHOBHbBIX TAPAMETPOB XPIIY
C INPOEKTHbIMHU ITAPAMETPAMH JIA

Mpu npoextupoBannu KPIY nepen KOHCTPYKTOpaMH CTOHT 3afiauya BbIGopa
TaKHX ee MPOEKTHbIX MapaMeTPoB, KOTOpbie 0GeCneuuBalOT HaWIydYLMM oGpa-
30M BbINOJIHEHHE 3aJaHHBIX JIETHO-TAKTHYECKHX XapaKTepHcTHK JIA,

CoBpeMeHHBIH JTeTaTeNbHBIA aNmapar NMpefcTaBiiAeT cOGOM CIIOXHYIO TEXHH-
YeCKyI0 CHCTeMy, B KOTOpO#H JBHraTe/lbHasi YCTaHOBKa SABIISIETCA OMHOW M3
ITIaBHBIX INOZICHCTEM, CYLIECTBEHHO BITHsIOLIEH Ha BbIGOP BCeX OCHOBHBIX IMPO-
€KTHBIX NapaMeTpoB JIA, ero KOHCTpYKTHBHO-KOMIIOHOBOYHYIO CXeMy , YCTaHOB-
JIeHHe ONTHMAIBHBIX IeOMETPHYECKHX, MacCOBBIX, TATOBBIX M JIETHBIX XapaKTe-
puctuk, ero 3ddexTuBHoCcTh. Ilo3TOMY BBIGOp ONTHMATBHBIX NapaMeTpoB
KPIIY pmorépkeH mpOBOOMTBCA MO KPHTEPHAM, OIEHHBAIIIHMM CYyMMapHY0 3¢-
dextuHOCTb JIA , THGO Ha OCHOBE HEKOTOPBIX YaCTHBIX KPHTEPHEB,

IIpu nmpoextupoBanuu JIA 1 XPIY MoryT GbITh HCTIOTB30BaHbI:

— KOMIDIEKCHBI TEXHMKO0-DKOHOMHYECKHH KpHTepHH OLEHKH 3beKTHB-
HOCTH JIA C yueToM BepOATHOCTH BBINOJIHEHHMA 3alau¥l H CyMMapHBIX 3aTpaT Ha
CO3[]aHHe H SKCIUTyaTal[MI0 BCeH ero TeXHHIeCKOH CHCTEMBI;

— 3KOHOMHYECKHHl KpHTepHil, OIEHHWBAlOIMA CTOMMOCTb BBINOJHEHHsA
MpOrpamMmbl;

— MAacCOBBI# KPHTEPHil, ABNAIOIMIACA NPHOIKEHHBIM BbIpRXKEHHEM 3KOHO-
MudecKoro kpurepus. OH [OCTaTOYHO NpPaBHIIBHO OLIEHHBAaeT OJHOTHITHbBIE
BapuaHTbl JIA u [TV,

OrreManbHBIMH ClIeyeT cuMTaTh Takue napametpsi XPIY, xoTopsie mo3Bo-
JIAT MONYYHTh 3KCTPEeMalbHble 3HaUYeHHA BBIGPaHHOTO KpPHMTEPHA ONTHMAalb-
HOCTH, HalpuMep MHHMMYM CTapTOBOi Macchl JIA m, WIH MaKCHMYM 10JIE3HOM
Harpysku m; . Ilpu aHanuse npoextHbix mapamerpoB XPIY wucnonmbaylorcs
B3auMoCBA3N napameTpoB XPIY u JIA u o6braHO BBOAMTCA pAA, OrpaHUYEHHH,
COOTBETCTBYIOIMX NaHHOMY Kiaccy JIA,

Ha puc. 1.15 mpuBeneHa CTpyKTypHasd cXeMa B3aHMOCBS3eil IapaMeTpoB
XPIOY u JIA nmpHMeHHTeNbHO K GaUTMCTHYECKHM 'PAKETaM M PaKeTaM-HOCHTe-
nAM (WIH HX OTAENbHBIM CTyneHaM) . CTpyKTypHas cXeMa MoMOraer IIpoBOAMTh
COrJIacoBaHHe mapamMeTpoB npu mpoekTHpoBanmu JXPIIY u JIA xak Ha OocHOBe
NpAMBIX 3aBHCHMOCTeH MeXAy NapamMeTpaMH, TaK M IO KOMIUIEKCHOH OLleHKe
nopacucreM, Bxopaumx B JPIIY ¥ oka3sbiBaroumx BiMsHMe Ha 3¢ ¢$eKTHBHOCTD
JIA B uenom. Tax, Hanpumep, BHIGOP MaKCHMalIbHOH TATH ABHratena Pp ..,
XapakTep ee H3MeHeHHA BO BpeMeHM P(T) cyluecTBeHHO BnHsioT Ha Maccy XKPI]
m; M CHCTEMbI NONauM TOIUIMBA M ;, a TAKXKE Ha pa3BHBaeMble [IBHTaTElleM
NpofombHbie meperpysxn JIA n,, MaccoBble XapaKTepHCTHKM TOIUIMBHBIX Ga-
KOB Mg , U KOHCTPYKLMIO KOPIyCa M., , HarpeB creHox Gaxos T, g, Ha
CO3/1aBaeMble a3pOAMHAMHYECKHE M TPaBHTALHOHHBIE NOTEpH MMITYJbCa TATH,
IHHaMHYECKHe M IpyTHe XapaKTepucTHKH JIA,
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BriGop maBnenus B Kamepe XPII p, BiHseT Ha BENIHUMHY YEIBHOTO HM-
nynbca Jy, pacxof TOIUIHBA M, IaBJIEHHE Ha BXOME B HACOCHI Pyy y, AABIIEHHE
HajlyBa 6aKoB pg, Maccy CHCTeMbI NMOAAYH TOIUTMBA M, ; Y TOIUIMBHBIX 6aKoB
Mg . , Ha IPOLIECCHI TOPEHHA B KaMepe CTOPaHUsA H IpYTHE ABJIEHHSA

Takum o6pazom, npu BeIGOpe omTUManbHbIX napamerpos KPILY HeoGxonum
riy6bOKHii aHaKM3 Ha OCHOBE YCTaHOBJIEHHbIX B3aHMOCBA3€H C YU€TOM MX BIIHA-
HHA Ha XapakTepucTukH JIA M mpexae Bcero — Ha OCHOBHbIE 3HEpreTHYeCcKHe
1 MacCOBbIE XapaKTEPUCTHKH.

BaxueiiumMH 3HeprerudeckuMu napamerpamu KPIY saBnsiorca ynenbHbIi
umnynsc J,,, ummynsc 1aru KPI I u tara geuratens P(7), onpepensmoupe
3HepreTHueckoe coBeplueHcTBO KPIY .

YnensHbIt MMITyNIbC, KaK H3BECTHO, ompenensAeTcs (GpHU3HKO-XMMHUYECKHMH
CBOHCTBAMH KOMIIOHEHTOB TOIUIMBA M MOJHOTOH npeobpa3soBaHUA TEIUIOBOi
SHEprUM TOIUIMBa B KMHETHYECKYH0 3HEPTHIO CTPYH ra30B, MCTEKalolUeH U3 Ka-
Mepnl cropanus XPI, IToatomy oT kxoHcTpykTopa XPIY npexne Bcero 3aBHCHT
COBEPIUEHCTBO NPOLECCOB rOpeHHA M MCTEYEHMA ra3oB M3 COIUIa, a TaKXe Ipa-
BWIBHOCTh BbIGPaHHOrO MaCCOBOTO COOTHOILUEHHS KOMIIOHEHTOB TomiuBa K,
OaBJIeHUH B KaMepe CTOPaHHA P, M BLIXOIHOM CeYeHHH COIIa p,,.

Ot BBIGOpa MaKCHUMaJIbHOH H MHHMMAJIbHON BEJIMYMHBI TATH M CYMMapHOTO
uMmnynbca Taru XPJ 6ymyT 3aBUCeTs KOHCTPYKTHBHbBIE pellIEHHs, a TaKXKe Macca
KPILY m , noTpeGHbIA 3anac TOIWMBa M., rabapUThl K Macca TOIUIMBHBIX GakoB
Mg , W CHCTEMbI MOAaYM TOWMBa M, ;. CyMMapHBIM MMITyNIbCOM IHOTP =

Tk
= [ P(1)dr ompepmensercA KOHEUHbI pe3ynbTaT paGoTbl ABHTATeNA: Pa3roH

0

JIA po xoHeuHo# cKOpocTH V., MOCTHXeHHe JanbHOCTH noneta L, ., monydye-
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Puc. 1,15, CrpykTypHas cxema B3aumocBs3eil napamerpos KPY B kommnekce JIA
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Puc. 1.16. BapuanTts! namenenun taru KP[:
L 1, 3 — nocrosiHHas TAra;, 2 — JMHelHOe M3MeHeHHe
- - ’ ’
4 ‘,/ #(s)dr =const TaTH; 4 — rny6Gokoe mpoccenMpoBaHue TATH; S — CTY-
2 . TIeHYaToe H3MEHEeHHe TATH

&

15}l 4 HHMe TpebyeMbIX JIeTHBIX XapaKTEepPHUCTHK H [Ip.
} \ PacueTHble 3HaueHHs TAr NBHraTens, IO KOTO-
; PBIM BBIGHMPAIOTCS €70 OCHOBHBIE NIPOEKTHBIE Ma-
PaMeTphbi, HAXOOATCS M3 CIIeXYOIUMX yCIIOBMIA:
— [pPOEKTHPYeMBbIif [BHraTellb JOJIKEH
s 17 * CO3[aBaThb CyMMapHbIif MMITy/bC, JOCTaTOUHBIA
~ [71A BBINOJNHEHHA 3a0aHuA, Ipacn = Inorp;
- MaKCHMaJlbHble H MHHMMAIbHbIE 3HaYeHHA
pacnonaraempix TSAT, CO3[aBaeMbIX INPOEKTH-
’ o5t T pyembIM [BMraTenem, HOJKHBI BbIGHpaThCs B
3a/laHHOM [IHana30He CpaBHEHHA ¢ NOTPeGHBIMHU TAraMu:

Pmax >Pmax Pmm < Pmm

pacn noTp? pacn norp-

Ucxops M3 aHanmmM3a 3HauYeHH# pacnojiaraeMbIX H NMOTPEGHBIX TAT, a TaKXKe
1eecoo6pa3sHOro H3MeHEeHHsA PacnojiaraeMbIX TAT BO BpeMeHH P(7) B 3amaHHOM
OHuana3oHe, KOHCTPYKTOPOM IPHHHMaeTCs pellieHHe O BbIGOpe pacyeTHBIX 3Ha-
YeHH# TAT NMPOEKTHPYEMOro ABMTaTelA M XapaKTepe HX H3MeHEHHi 110 BpeMeHH:
CTyTeH4aToM JIMGO ID1aBHOM M3MEHEHHH TAT.

Ha puc. 1.16 noxa3aHsl BapHaHTbI H3MEHEHHs TAT 10 BPeMeHH MpH BbIIIOJI-
HEHHH YCJIOBHs PaBEHCTBa CO3[1aBaeMbIX HMITyJIbCOB TAT [BHIaTess ]}: acn =
= const, Tak, B BapuanTax 1 u 3 1sara )P/l o BpeMeHH NocTosiHHa; B Bapuaﬂrax
2 u 4 ocyuecTBIsAeTCA INIaBHOEe H3MeHEeHHe TATH; B BapuaHTe 5 — ABYXCTYIIEH-
yaroe perynupoBaHue Tsard. IIpu BriGOpe BapHaHTOB Cile[yeT YYMTHIBAaTb, YTO
XKPI c perynupyeMo#i TAroi mnoiyuyaercs Gonee CIOXHBIM U HMeeT GOJNBLIYIO
MacCy mo cpaBHeHuIo ¢ HeperynupyeMbiM XPII, IIpu rimyGokoM mpoccenupoBa-
HMM TATH (BapuaHT 4) BO3paCTalOT MOTEPH YIENBHOrO HMITyJbCa, MOTYT BO3-
HMKHYTb HeycToiuMBble pexxumbl paGorel XPII, moaromy Gornee uenecooGpas-
HBIM MOXeT OKa3aThCfl CTYNeHYaToe peryJHpoBaHMe TATM (BapHaHT 5), ocy-
LIECTBIIIEMOE IyTeM OTKIIIOYeHHA OTAENIbHBIX KaMep B MHOIOKaMepHOM [IBMTa-
Tene. Omiako BbIGOp BapHaHTa peryinHpoOBaHHsA TATH, TaK e KaK H ee Ipeferb-
HBIX 3HaYeHHii, onpenensercs cneuddpudeckuMu tpeGoBanuamu K XPIY npume-
HHMTENIBHO K KaXAOMY KOHKPETHOMy KIJIacCy JieTaTelbHbIX ammaparoB, Hampu-
Mep, I Ga/UTHCTHYECKHX paKeT M paKeT-HOCHTENeH B mpefenax paGoThl Kax-
Io¥ CTYNEHH TAra ABHraTesNeil NpMHHMaeTCs GIM3KOM K MOCTOAHHOM,

Inst kpbUTaTBIX paKeT JBUTaTelIM HMeloT OGBIYHO [IBa PeXHMa: Pa3rOHHbIH
[0 BBIXOMa Ha pacyeTHYI0 BBICOTY H CKOPOCTb H MapllieBbIH, 06eCneynBaloLHi
MOJIET C 3aJIaHHOH T'OPH3OHTAIILHOH CKOPOCTBIO,

Ins ynpaBnsieMbIX BHICOKOMaHEBPEeHHBIX paKeT TAra Ha Pa3TOHHOM y4acT-
Ke Tpebyercssi Bo MHoro pa3 Gosblliasi, YeM Ha MapLUeBOM Y4YaCTKe IIOJIeTa,
TO3TOMY [IBHI'aTellb BBIMOHSAETCS MHOr OPEXHMHBIM,
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1.3.2. OTIPENEJIEHUE NNIOTPEBHOM TATH IBUTATEJA

Inst ompenenenusa NoTpeGHOM TATH [BUTaTeNIsl MCIHONb3YIOTCA YpaBHEHHA
IMHAMMKH [BIDKEHHA NETAaTeNILHOTO alNapara M KHHeMaTHYeCKHe COOTHOLLIEHH,
XapaKTepH3yllMe 3aKoH ero npikenua. Ha ocHoBe peleHus cucremel 3THX
YPaBHEHHit OpeNeNiAITCA TeKyHe 3HaYeHHA NOTPeGHBIX TAr JBHTaTens.

B o6meM BHue BHIBOA, CHCTEMbl YpaBHEHHH, ONMMCHIBAIOIMX IIPOCTPAHCT-
BEHHOe [IBIKEHHe JIeTaTeJIbHOrO ammapara, MpUBeleH B Kypcax AMHaMHKH IO-
nera [22], roe o6bIYHO pacCMaTPHBAIOTCA:

— OMHaMMYeCKHe ypaBHEHHA, ONpeneNsionme OBWKeHHe leHTpa Macc JIA
H €ero BpalleHHe OTHOCHTEJIbHO LIEHTpa Macc;

— KHMHeMaTHYeCKMe YpaBHeHHs, oO6ycioBlleHHble GOpPMOH TpaeKTOpUM
nonera;

— ypaBHeHHs H3MeHeHuA Maccel JIA npu pacxone ToIUMBa;

— YPaBHEHHA CBA3H YTJIOB MeXIy OCAMH NPHHATHIX MOABHXXHOM H Hemop-
BIDKHOM CHCTeM KOODAMHAT H BEKTOPOM CKOPOCTH.

Ipu ynpasnsemoM nonere JIA B cucreMy ypaBHeHMi MOTYT GbITh BBeJIeHbI
[OMOJHATENbHbIE CBA3M, XapaKTepH3YIOle METOJ NoJieTa, CHCTeMY YpaBHEHHid
ynpaBileHHe [BUTaTeJIeM H JIp.

[Moyman cucreMa ypaBHeHMH OBHXXEHHA JIeTaTeJIbHOTO ammapara sBIAETCA
CIIOXHO# HENMHEHHON CHCTEMOM C MepeMeHHBIMH Ko3d¢HuimmeHTamu, [loatomy
NPH pelliecHHH HeKOTOPBIX YaCTHbIX MPOEKTHPOBOYHBIX 3ajjay 3Ta CHCTEMa Mo-
’KeT ObITb pa3fielieHa Ha HeCKONbKO IPYI YpaBHEHHH, HCIOJIb3yeMBbIX CaMo-
crositenbHo. Tak, HanpuMep, oGuee ABIKeHHe JIA MOXHO pa3fieNTTh Ha JBHXe-
HHe LEHTpa MacC M BpallleHHe BOKpYT UeHTpa Macc. Torha meppas rpynna
ypaBHeHHit MO>XeT ObITh MCIOJIb30BaHa IS OMNpenesieHHs JHepreTMYecKHX Xa-
pakTepuctHk JIA (nmoTpeGHO#M TATH, 3aTpaT TOIUIMBa M Ap.), a BTOpag — WiA
OnpefeieHUsA MaHeBPeHHbIX CBOWCTB M 6ajlaHCMPOBOYHBIX 3aBHCHMOCTeEH YIpaB-
JIeHHs

Ipu pelreHMy MPOEKTHPOBOYHBIX 3ala¥ CHCTEMY ypaBHeHMil IBH>keHHs JIA
YaCTO MPHMEHSAIT B YMPOUIEHHOM BHfie: B OIHOW M3 IUIOCKOCTEH HBHXEHHA
npeHe6peranT UeHTPOOeXHBIMH H KOPHOJIHCOBBIMH CHJIaMH, BbI3BaHHBIMH Bpa-
menneM 3emnu, u nOp. Tak, HanpuMep, IA pellleHMA JHEPreTHYECKHX 3afay
npu npoekTHpoBaHuK JIA (ompeneneHus noTpeGHOM TATH JBHMraTeNls M 3amaca
TowmBa JIA) MoxeT GBITh HCIONIb30BaHa CHCTEMa ypaBHEHUH ABH)KEHHUA LIEHTPa
Macc JIA npu HeympaBlisieMOM [OJIeTe, MOTy4YeHHasA B MPOEKLMAX Ha MOTYCKO-
POCTHBIE OCH CHCTeMbI KOOPIHHAT OTHOCHTEIIbHO IDIOCKO# 3eMIIH B ClIefyIoLIeM
BHE:

m— = Pcosacosf — X — mgsinf;

dr
do - .
m — = P(sinacosy + cosasinfsiny) + Ycosy — Zsiny — mgcosf;
dr
dv
— mVcos§ — = P(sinasiny — cosasinfcosy) + Ysiny + Zcos?y; (1.49)

dr
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dm .

—_=—m;
dr

- dH .
— = Vsind,
dr

Ifie M — Macca JIeTaTeJIbHOTO ammnapaTa; M — pacXofl TOIIHBa; ¥ — CKOpOCTh
nonera; H — BhiCcOTa monera; P — t1ara geurarens; X, Y, Z — aspopuHamMmyec-
KHe CHWIbl COOTBETCTBEHHO JIOGOBOTO COMpPOTHBIIEHHA, NOXbEMHasA H GoKoBas;
¥ — yronm noBOpoTa TPaeKTOPHHM MeXHy NpoeKIMeil BEeKTOpa CKOpOCTH V Ha
TOPH30HTAIBHYI0 IUIOCKOCTh M NpPOHONBbHO# ocbio JIA ¥ = ¢ — B; ¢ — yron
pbiCKaHHA; 0 — yroJl HakJIOHa TPaeKTOPHHM MeXHOY BEKTOPOM CKOPOCTH V u
FOPH30OHTATBHOM TUTOCKOCTBIO § = ¥ — @; ¥ — yToN TaHraxa; 7y — yroJ KpeHa
MeXIOy BEKTOPOM MOXbeMHO# CHIbI Y H BEPTHKAJIBHOM IDTOCKOCTBIO, IIPOXOLs-
el Yepe3 BEKTOP CKOPOCTH NOJIETa; & — YTOJI aTaKH MeX/Ay MPOeKIlHeil BEKTO-
pa CKOPOCTH Ha IDIOCKOCTb cuMMeTpuH JIA M nmpoponbHoit ocsio JIA; § — yron
CKOJIbXXEHHsA MEXIy BEKTOPOM CKOPOCTH H IIOCKOCTbIO CHMMETPHH,

Ipu ycnosud, uro a U § Mansl, sina =~ /573 u sinf =~ /57,3, cosa =
= cosff =~ 1, y = 0, cucteMa ypaBHeHHii aBIKeHHs JIA | ucnonsayeMas s onpe-
neneHnsa MoTpeGHOM TArM IBUTaTellss, MOXeT GbITh YIpOLIEHa O CIIEMYyIOUIero
BH[a:

mV =P — X — mgsinf;

mVg =P = 4 Y — mgcosé;

57,3
. [¢]
—mVcosQ¥ =—-P— + Z; (1.50)
57,3
dm
dr
H = Vsin6.

Torma norpeGHas TAra ABUraTeNs MoOXeT ObITh ONpe/lelieHa M3 IEPBOTO
ypaBHeHus cuctemsl (1.50):
P =mV + X+ mgsinf. (1.51)

noTp

U3 npuBeneHHoi ¢opMyIIbl Cliemyer, YTO [J1s OnpeaesieH!s NOTPeGHOM TATH
[BHratens JieTaTeIbHOro anmapara JOJIKHbI GbITb H3BECTHBI:

a) Macca JIeTaTe/IbHOrO ammapara M, KOTOpasA yMeHBLIAETCA 110 Mepe pacxo-
OOBaHHA TOIUIHBA B COOTBETCTBHH C 3aBHCHMOCTBIO

m=mo(1 —kxy) , (1.52)

rae mo — HauanmbHas Macca JIA; £, — ons M3paCXOOBaHHOTO TOIUIMBA; My =
= my/mo — OTHOCHTENBHBIA 3amac TOIUIMBa; M, — 3anac PacXofyeMoro Tom-
nuBa;
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6) mpoposybHOE YCKOpeHHMe ABHXEHHA JIeTaTellbHOro ammapara V), xoropoe
onpedeNAercs 3aflaHHBIM WIH TNONYYaeMbiM B Ionere npoduiueM cKopocTei
V(n);

B) yCKOpeHHe CBOGOIHOrO MaJleHus g;

r) Yrojl HaKJIOHa TpaeKTOpuH 8, onpefensaeMslit ¢opmou TpaexTopuu H (x)
H3 1OCNIeTHEro ypaBHEHHA CHCTEMBI (l 50);

o) cwia noBoBoro comporuBieHua X JIA, KoTopasa BbIpaXaeTcsi CIPYKTYp-
HOMH 3aBHCHMOCTBIO

=048,

roe ¢, (M, a, Re) — ko3apduimment noGosoro conporupnenns JIA, 3apucsnmi
OT cKopocTH mornera (uucina M) |, yria a, a TakXe oT ¢$opMbl U pa3MepoB JIA u
cocTosHMA obTeKaulero ero Bos3oyxa; ¢ = pV¥?/2 — ckopocTHO# Hamop, 3a-
BHCALIMIA OT IDIOTHOCTH ob6Tekaltowtedt JIA cpeibl p, KOTOpast MeHAETCA C BBICO-
TOM MOJIeTa, H CKOPOCTH moJiera V; S — Ilowmanp KpbUia WIH MONEPEYHOro cede-
HUA kopmyca JIA, Kk KOTOpHIM OTHeCEHBI BCe a3pofMHaMHuecKHe K03IhdH-
IIMEHTBI.

Koa¢puupenT 1060BOro CONMpPOTHBIIEHHA C, MOXeT ObITh MpeENCTaBIIEH
COCTOSAMM H3 IPOGHIBLHOTO Cy o M HHIYKTHBHOIO Cy 1\, COTPOTHBIICHMIA:

Cx =Cxo t Cxun-

Ko3¢pHimeHT MHOYKTHBHOIO CONPOTHBIIEHHSA, CBA3aHHOIO C HAJIHUMEM
MOXbEMHO} CHIIBI, MOJKeT GBITb 3alHCaH B BHIIE
~ 2 — 2
u > Bey=4a’,

roe A, B — xo3¢HLMeHTH TPONOPUMOHANIBHOCTH, 3aBHCAIIME OT TeOMETpH-
yeckux napamerpoB JIA u umcna M; ¢ y = €5 @ — KOI)HIMEHT NOAbEMHON CH-

y
ac
JIBI; C.

Yy -
;‘ = — NPOHM3BOJHAA NMOTBEMHON CHIIBI IIO YTITy aTakH,
da

BenmumHa yrnma araku @, ,BO3HMKalouero npH nosuere JIA mo kuHeMaTH-
YeCKO#H TpaeKTOpHH (COOTBETCTBYIOIIEH MporpaMMe MojeTa MO ONpefeneHHOH
KPHBO) , MOXeT GBITh ONpefieNieHa H3 BTOPOTO ypaBHeHus cucteMs! (1.50) .

BripasuB momgbeMHy10 CHITy 3aBHCHMOCTbIO
=,
Y <y aqsS

H NOACTaBHB €e BO BTOpOe ypaBHeHMe cucTeMbl (1.50), momyuum mocnie npe-
o6pa3zoBanus

Vv .
mg(— 6 + cosé)
4
Oheun = —. (153)
c;‘qS + —P
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Ecny Mcnonb3oBaTh 3HaueHHe MOTpeGHOM HOPMaIBHOM meperpyskH, BbIpa-
XeHHOe Yepe3 KHHEMaTHIeCKHe TapaMeTphbl TPaeKTOPHH,

vV .
Mynorp = — 0 + cosb, (159
14
TO NOTYYHM
mgny gorp
ey = T - (1.55)
A8+ —P
9 573

Ilpu ynpaBnsemoM mnonere JIA BO3HMKAIOT HOMONHHTENbHbIE YTIIbI aTaKH
0y, IOABJIAIOUIMECH B Pe3yNbTaTe NEPEXOHBIX PEXHMOB H OLIMGOK YIPaBIIEHHS .
3HaueHHKe 3THX YIJIOB ONpeAENAeTCA Ha OCHOBE JIETHBIX HCTbITaHHIA WM CTaTHC-
THYECKHX faHHbIX. JIJIA MaHeBpeHHBIX YIPaBNIAEMBIX JIETAaTENBHBIX aNIaparoB
0 =05..30.

Torpa noymblit yron araku 6yner

= oy + oy

Ha HavambHOM 3rtane mpoextHpoBanus XPIY u JIA, xorma aGcomoTHoe
3HaueHHe Macchl M raGapuMTHbIX pa3mepoB JIA M TAru mBurarens HeW3BeCTHBI,
1eNlecooGpa3sHO MOB30BaThCA OTHOCHTENIBHBIMM MPOEKTHBIMM NapaMeTpaMH,
BBIDOKEHHBIMH B [OJIAX WIM €OMHHLAX HavYalbHOM MAacChl JIETAaTENbHOrO anma-
paTta. B kayecTBe TakMX NapaMeTpOB MPHMEHSIOTCA:

— P

P= —— — TATOBOOPYXEHHOCTb, CO3[JaBaeMas aBHrareneM JIA, koropas

mog
NO3BOJIAET OLIEHHBATh 3HEProBOOpPYXeHHOCTb JIA, BbIGHpaTh MapaMeTpHI [BHT a-
TeJIA, XapaKTep H3MeHEeHHsA TATH 10 BpeMeHH H [ip;

m

T " ~
Hy = T — OTHOCHTEJIbHBIH 3aI1aC TOIUIHBA, HCTIO/Ib3YEMbIH IIPH MMPOEKTH-

o
poBanuu XKPIY u JIA kak OCHOBHOl NMPOEKTHPOBOUHBIA B 3HEpPreTHUECKHIl Ma-
pamerp JIA;

ch Cx . .
0= = —=— — GaUIHCTHYECKHi K03 HIMEHT, OLCHUBAIOLIMIA
mog Pg

yAensHoe COMpoTHBNeHHe JIA Ha e[MHMIY IUIOLIAH KPbUIA WIH NONEPEYHOTo
cevenns xopmyca JIA;
mo&

ps= — yIeNnbHafA Harpy3Ka Ha eJUHHILY IUTOIUA/IM KpbUIa WIH NOITe-

peuHoro cedeHHs Kopmyca JIA,
Hcnomp3ys mpuBeneHHble Bbillle COOTHOLUEHHA H MapaMeTpsl, a TaKkxe ¢op-
Myny (1.52), MOXHO NOTYYHTh 3HaYeHHe KHHEMaTHIECKOTO YTTIa aTaKH:
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nynorp (1 — éxkp)

T (156)
o« 9 1 _

— ee— P

c
Y ps 513
H BEJIMUMHY NOTPeGHO# TATH JBUT aTeNA

V
Pyorp =mog(l —ETuT)(T + sinf) + X 157
6o
Pporp =Mo8(1 — Ex g Mxporp ¥ X, (1.58)

THe NMypopp — 3HaUeHHE MOTPEGHOA MPONONBHOM Meperpy3ku, KoTopas MOXeT
GBITh BBIp@KEHa Yepe3 KHHEeMaTHIECKHe NapaMeTphl TPaeKTOpHH ApiokeHus JIA,

v
Mynorp = —g + sind. (159)

Torna 31auenne norpeGHo TATOBOOPYXeHHoCTH JIA Gyner

Prorp = Mynorp(l — &by )+ qo. (1.60)

B HeKOTOpbIX CiTyyaaXx MOTpeGHasA TATOBOOpPYXeHHoCTh JIA Moxer GbITh
ompeyielieHa MO YNMPOLIEHHBIM 3aBHCHMOCTAM
a) HaYaibHas TATOBOOPYXEHHOCTH JIA

Ponorp = Mxgnorp + (@%)cp; (1.61)

6) mis KpaTKoBpeMeHHO pabortaoumix aBHrateneii JIA ¢ Gombuioi TATO-
BoOpYXeHHOCTBIO (Py > 5), a Takke TOPMO3HBIX H KOPPeKTHPYHLIMX [ABHTa-
Teneit kocMivecknx JIA

Fonorp = Nxnorp’ (1.62)
B) V15l FOPH3OHTATBHOTO MaplIeBOro nojeta fmpu ¥ =0
FOI'IOTp = (qo)Mapm- (1.63)

Ina onpenenenHua norpeGHO# TAroBoopy>keHHOCTH JIA mpu pe3ko MeHsIo-
muxca ¢opmax mpodmna ckopocrteit V(7) M CIHOXHBIX TPaeKTOPHAX IOJETa
H(X) ux cnemyer pa36uMBaTh Ha OTHENbHbIE XapaKTepHbIE YYaCTKH, OT/IMYAIO-
mMecs CTaGHIBHOCTBIO WM 3aKOHOMEPHOCTBIO MapaMeTpoB. 3aTeM HeoGX0omHUMO
HafTH notpeGHble 3HaYeHHWA TATOBOOPYXKEHHOCTH I KaXIOrO M3 YYaCTKOB H,
aHA/M3KPYA NOJNyYeHHble [aHHbIe, BBIGPATh 3KCTPeMalbHble 3HAYeHHA TATOBO-
OPYXEHHOCTH, 0 KOTOPHIM MOJXKHO OIpEENHTh pacuyeTHbIe MApaMeTphbl ABHTa-
Tensa u XPIY.

HauGonee xapaxTepHble 3HaYeHHA TATOBOOPYXEHHOCTH IJIA uexoropmx
knaccos JIA ¢ XXPIIY npuBeneHs! B Ta6i. 1.10.
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Ta6auya 1.10 Onpenenense TATH OBHTaTe-
A IS Ta30IMHAMHYECKHX CHC-

HauarmHas TeM ymnpaBiieHus mojerom JIA,
Krnacc annapara TATOBOOpYXeH-  |IPHMHIMIBI CO3[aHMA Ta30[MHa-
. HOCTB MMUECKHX CHCTEM YIIPaBJICHHA
IIOJIETOM C MCIIOJIb30BaHHEM TATH
Paxersl-HocHTenu u Garn- 1,1-25 MaplUeBbIX WIH BCIOMOTaTelb-
"“";,gﬁ';’;iﬁﬁﬁcomm_ 3-8 HbIX [BHTaTeieil 3aBUCAT OT
HeBPEHHRIE JTeTATENbHHIE aMmna- YCIIOBHMii nonera (CKOpOCTH H
paTer BBICOTbI TOJI€Ta, BENHYMHBI IIO-
KpbUnaTsle ManioMaHeBpeH- 1,5-3 TPeGHBIX Meperpy3oK, BO3My-
HbI€ JIeTaTeNBHbIE aNMaparhl UIAOIMX CUJ H Op.) M crocoBoB
CO3MaHMA YMNPaBIAKIMX CHI H

MOMEHTOB,

TazonuHamMmyecKye CHCTEMBI YIIPaB/IeHHA MPHMEHAIOT IpH NMOJIETaX B CHIb-
HO pa3’peXeHHBIX CIOAX aTMOCGEpHI M B KOCMHYECKOM IIPOCTPaHCTBE, 2 TAKKe
B YCTIOBHSAX IOJIETa, KOTra a3pOAMHAMHYECKHMH COCcoGaMH TpyqHO WIIH Heuelle-
coobpa3Ho oGecreyuBaTh HEOGXONMMYI0 YCTOHUMBOCTb M YTIpaBisemocTs JIA
(HanpuMep, pH MaJIoil CKOPOCTH MOJIeTa ToCIe CTapTa, MpH pe3KO MEHSIOLWMX-
€Al BENIMYMHAX CKOPOCTHBIX HANOpPOB, JIEHCTBYIOLIMX HA OpraHBl yIpaBJIeHHs

HT.O.).
(0} ClJYHKLlKOHaJIbHOMy Ha3HAYCHHMI0 BCE Ta30dMHAMHYECKHE CHCTEMBbI

yTIpaBJIEHHsA MOXHO pa3fieJIMTh Ha B€ I'PYIIbI:

— CHCTEMBI HaBe[EHHA M HaBHTalMM, KOTOpble HIMEHSAIOT BEKTOPHI yIpaB-
NAOLMX CHI ¥ YckopeHHit, Takue cucTeMbl MPUHATO Ha3bIBaTb ra3oAMHAMHYeEC-
KuMU cucreMamu ynpasnenus (TIY) ;

— CHCTeMbI CTaGHIM3aLMM M OpMEHTallHH, KoTopble obecneyHBanT Tpebye-
MOe IOJIOXKeHHEe OCeil JIeTaTelIbHOTrO almapara B NPOCTPaHCTBe. JTH CHCTEMBbI
Ha3bIBalOT rasofuHamuuecKumu cucTemamu crabwmsamm (I'JIC) . Koncrpyk-
I[HA ¥ MOLIHOCTb TAKHX CHCTEM CYIIECTBEHHO 3aBHCHT OT BHELIHHX BO3MYyILLal0-
IMX CHI ¥ MOMEHTOB, AeficTByonmX Ha JIA,

Ina HaBemeHuna M craGwin3auyuy nosera JIA B IVIOTHBIX cI0sIX aTMOCGEPBI,
a Tak>e IpY nojrere ¢ paGoOTaOIMMH MapILEBbIMH JBHTaTeNIAMH /11 CHCTEMBI
ynpaBlieHHss TpPeGylOTCA 3HAUYMTENIbHO Gojiee MOILIHbIE [BHTAaTeNH, YeM Ui
aHaJIOTHYHBIX CHCTEM, MCIONIb3yEeMBIX NPH MaCCHBHOM MnojleTe B Ge3BO3MyIIHOM
NPOCTPaHCTBe,

Tak, HanpuMep, npH HaBelleHHH H CTaGHIH3aIMH KOCMHYECKOro Kopabis
¢ paGoTalolIMMHM [JBHraTelIAMH NP BBINOJHEHHM OIepalMil MO KOPPEKIHH
TPaeKTOpHH MOJIeTa IH ero TOPMOXKEHHMA NpH CIycke Ha 3emmo TpeGyroTca
U1 yTIPaBIEHUsA CWIBI ¥ MOMEHTBI, B COTHH H THICAYM pa3 GoJbllMe, YeM NpH Bbl-
NOJIHEHHH ONepalMil MO OpHEHTAIMH (Pa3BOPOTy) B OpGHTAIBHOM IOJIETe IPH
OTCYTCTBHH BO3MYIIAIOIIIKX MOMEHTOB.

B CcOOTBEeTCTBMM C 3THM pa3/IHYalOT YIpaBJIEHHE NPH OGOJNBIIAX BHELIHHX
CHJIaX M MOMeEHTaX WIH NpH paGoTalolmX ABHTaTeNAX, a TAK)Ke YNpaBJieHHe MpH
OTCYTCTBHHM BO3MYLIAIONIMX CHII ¥ MOMEHTOB B IACCHBHOM IOJNIETE,

CxeMbl CO3[aHNA YNPaBJIAIOLIMX CHJI  MOMEHTOB NpHBEEHbI Ha puC. 1,17,
B coOTBeTCTBMM € 3THMH CXeMaMH ONpeAeNMM NOTpeOHbIE H CO3[aBaeMble
VIIPaBJIAIOLINE CHIbI H MOMEHTBI,

76



P Puc. 1.17, Cxema co3paHus ynpasJistio-
Fray 7A€ WX CHJI M MOMEHTOB:
@ — npH Pa3’BOpOTe MAapILUEBOTO [BHIa-

- Tent ¢ nomoumo I'ZIC; 6 — moBopor-
V AX N— Unm HbMH mpiratensmu THY; 6 — Heron-
An-1rg E Xn-Krgc BIDKHBIMY ABHTaTessiMu TITY
[

1. Ynpasnsromme CHibl N ynps MIMEHSAIOIIME TPACKTOPHIO [BHXEHH JA,
CO3MAlOTCA NyTEM pa3BOPOTa Kopiyca BMecTe C paboTalolMM ABHTaTeNeM Ha
YroJ @ 1o OTHOLLEHHIO K BEKTOPY CKOpocTH nonera (puc. 1.17 a):

Nypp =Psinat P sind o, (1.64)

rae P — 1Ara OCHOBHBIX fBUTaTeneid; P,  — TAra BCIIOMOTaTeNIbHbIX BHTaTe-
el razoguHaMuueckoi cucteMbl crabwiusauun (IC), oGecneunBaroumx pas-
BOpOT KOpIyCa Ha yron &; 8.,. — yron noBOpoTa peurareneit [IC. 3Hak B
yPaBHEHHMH 3aBHMCHT OT pacnonoxeHus gpurareneit I'JIC no oTHOIIEHHIO K LieHT-
py macc JIA,

Ynpapnsiomue MOMEHTHI, oGecreuHBaloLMe pa3BOPOT KOPIyca B COOTBeET-
CTBYIOILIEH IUIOCKOCTH, CO3[al0TCA ra30[JHHaMHYeCKOH CHCTEMOH CTaOWIH3alHH,
Pa3MelLEeHHO# Ha KOpITyCe Ha PacCTOAHMM (X,,, — X1 ) OT ueHtpa mMacc JIA:

Mynp = Prpc(¥m — Xppe)sindppe, (1.65)

The X,,, Xp;. — KOOPIAMHATHI UeHTpa MacC JIA M npurarenei CHCTeMBbI CTaGHITH-
3alMH, OTCUMThIBaeMbIe OT Hoca JIA,

2. Ynpasnsmwoman Cwia CO3[aeTcA MOBOPOTOM BCHOMOrAaTE/IbHBIX [BHTaTe-
neit CHCTEMBI ra3o[MHaMHYECKOro YNpaBlleHHA Ha yron &, ray OTHOCHTENBHO
Kxopmnyca JIA, cTaGHIHM3NPOBaHHOTO ABHTaTeNIAMU CHCTEMBI ra30[MHaMHYECKOM
craﬁmmaamm, OTKJIOHEHHBIMH Ha yTON 81‘110 (puc.1.17,6):

N =Pp, smarny TAac msrnc’ (1.66)
roe Pmy — TATa [IBUTaTeNei CUCTEMBI Ia30[JMHAMHYECKOrO YIPaBJIeHHA .
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BennurHa ynpaBisiowero MoMeHTa OTHOCHTEJIHO lieHTpa Macc JIA Gyner
Mynp = Prny X, - xmy)sinSm), t P, — xmc)sinSmO, (1.67)

TAe Xy — KOOPIMHATBI IBUraTeliell CHCTEMBI YIIPABJIEHHA .

. 3.’?npanm1omaa CHJIa CO3[1aeTCA BKJIIOYeHHEM GOKOBBIX BCIIOMOTraTeNIbHBIX
JBMTaTeJNIel CHUCTEMbl Ta30[MHaMHMYECKOTO YMNpaBJIeHHs, YCTaHOBJICHHBIX mep-
MEeHOMKYJIAPHO MPOMOJIbLHOM OCH KOopImyca BONM3M LeHTpa Macc ammapara, [Toso-
XeHHe KOpIyca CTaGwiu3mpyerca opraHaMu crabwimsamym (puc. 1.17, 8).
BenmuuHa ymnpaBnsomedi CWIbl M yNpaBIIAIOIIEr0O MOMEHTa COOTBETCTBEHHO
6yner

Nynp = Pray * Prgcs (1.68)
Mynp = Pray OCm ~ Xrny) * Prac Fm — *rge) - (1.69)

IBurarenn, oGecneyBaroliHe CTaGWIH3alMI0 H OPHEHTAIMIO, BO BCEX CXe-
MaXx JOJDKHbI pacroaraTbCA Ha MAKCHMalIBHOM Y/aJIeHHH OT LeHTpa Macc JIA.

OnpenenuM norpeGHylo TAry [BUTaTelled CHCTEMbI Ta30AMHaAMHYECKOIrO
yNpaBlleHHsA, HCMONb3YeMBIX NpH HaBefleHMM H HaBuraimuH JIA mus co3maHus
HOPMaJlbHBIX MEPerpy3okK n,,, n,, 0GyCIOBIEHHBIX 3ald4aMH THHaMHKH MOJIeTa.

JIlns cxeMsbl Ha pHC. l.f7, 6 BenvYMHA NOTPEGHO#H TATH MOBOPOTHOrO [BMT a-

tena ITY Gyner
gmn -Y
ynotp
P, =
rayy . max max, ’ (1.70)
sin(a + Bmyﬁ)cos(ﬁ + srnyw)
&Mnznorp —
P =
TRyz max , . max, ° .71
cos(a + 6rnyv)sm(ﬂ + 6my¢)

max max -
rae dppyys Oy — MAKCHMaIbHBIE YIIIBI IOBOPOTa ABHratesneit [IIY orHoCH-
TEJIBHO COOTBETCTBYHIUMX oceil kopnyca JIA; Y, Z — nogbeMHas M 60koBas
a3pOMHHAMHYECKHE CHIBI.

Benwuuna norpeGHoit TaAru mpurarenei I1Y, yCTaHOBNEHHBIX MepreHMKY-
nApHO npoponbHoit ocu JIA (puc. 1.17,6), Gyner

Prayy = gmnynorp — Y5 (1.72)
Prayz = gMmnyporp — Z. (1.73)

OnpenenuM noTpeGHyIo TATY [BHTaTeNleii CHCTEMBI ra30MHAMHYECKOMN CTa-
GHIH3aUMH, HCNIONMb3YeMBIX It pa3BopoTa JIA OTHOCHTeBHO LEHTPa Macc NpH
€ro CTaGHIIH3alUMH ¥ OPHEHTALHH,

Benmumna motpeGHoro ymnpaensiomero MoMeHTa Myn 3aBHCHT OT MHHep-

um;;i:oro M, 4 pemndupyomero M; MOMeHTOB, BO3HHKAIOLUMX NIPH Pa3BOPO-
Te JIA:

Mynp =My + M.
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HHepIMOHHBIA MOMEHT ONpeNie/IAeTCs BhIpaXKeHHEM
M,=Jw,

rae J — MomeHT MHepumH JIA OTHOCHTENTBHO OCH Pa3BOpOTa; W — YITIOBOE
yckopeHue npH pa3popore JIA,
Hemndupyromuit MOMeHT Gyner

M, =M, +M,.

3necy M, — aspoaMHaMHUeCKHit AeMN(HPYIOLHA MOMEHT, BbI3BaHHBIA a3posiH-
HAMHYECKHMH CHIaMH M 3aBHCALUMIA OT a9pOIMHAMMYECKHX XapaKTepHCTHK JIA,
3amaca CTaTMYeCKOH YCTOHUMBOCTH, K03(pPHIMEHTOB yMpaBlieHMA H APYTHX
napamerpoB apiwkeHus. [Ipu monere JIA B CHIBHO pa3pexeHHBIX CIIOSIX aTMOC-
¢epbl 1 B mycToTe MOXHO MpHHATL M, = 0; M, — MOMEHT KOPHOJIMCOBBIX CHJI,
KOTOpBI# BO3HMKaeT B pe3ylbTaTe ABHXEHHA TOIUIMBA M ra30B OTHOCHTENIBHO
BpalIAOLIErocss KOPMyca K 3aBHCHT OT MaCChl ABHXYLMXCS B TOIUTMBHBIX Ma-
THCTPAIAX XKMAKOCTH H ra30B, HCTEKAIOLHMX H3 COIUIA [IBHT aTellA:

M =-2fr'xwV, dm,
z

rae V,, r' — oTHOCHTeNBHAA CKOPOCTb H PajjyC-BEKTOP ABIKYIMXCA YaCTHIL
B NMPOEKIMAX Ha OCH KOOPJMHAT, CBA3aHHbIe ¢ KopmycoM JIA; w — yrmosas
CKOPOCTB; M — Macca ABIDKYIIErocs TOIUIHBA WITH ra3oB,

TIpoeKTHpyYs BEKTOPbI Ha CBA3aHHbIE OCH H NMPHHMMas, YTO TeYeHHe KHJI-
KOCTH H ra3oB o6/aJiaeT 0ceBOi CHMMETPHEii , IOJTy4aeM

My ==2[(x'V,x + y'V, )dm,
z

e Voy, Vy), x’y_"— COOTBETCTBEHHO NPOEKLMH OTHOCHTENbHOM CKopoctH V,
H paiiyCa-BeKTOpaT YaCTHII Ha CBA3aHHbBIE OCH.

W3 nomyueHHOro ypaBHeHHA clIeflyeT, YTO MOMEHTbI KOPHOJIHMCOBBIX CHJI
MoryT ObITh Kak BO36yxmaloumMu KoneGahus (packauMBalOIMMHM), TaK M
memndupyroummy, JIia yacTHu, KoTopble IBIKYTCA K UeHTpy mace X 'V,, <0,
BO3HHKAIOT packauupaioluHe MOMeHTsl M, < 0; I 9acTHI, ABHXYLIMXCA OT
LeHTpa Macc x nepudepun x'V,, > 0, MOMEHTHI ABIATCA HeMNQUPYIOUMMH
M, > 0. YuursBas, uro B ammaparax JXPI cxopoCTb ABIKEHHA XHIKOCTH B
TOIIHBHbIX Gakax M MarucTpasx Hesemuka (¥, < 10 ... 20 M/c) mo cpaBHe-
HHIO CO CKOPOCTBIO HCTedeHHsA ra3oB K3 cora aeurarens (Vp,, > 2,0 ThiC. M/C),
MOXHO NPHHATb, YTO MOMEHT KOPHOITHCOBBIX CHJI B OCHOBHOM CO3[aeTCA HCTe-
YEHHEM Tra30B H3 COIUIa [BMTarens H aABnserca gemndupyoumm. Torga npu6-
JTHKEHHO

M, = mi?

P o,
K ra3w=TI w

ras™»
y

TAe M — MaccoBbI PacxXop ra3oB ¥epe3 COIUIO OCHOBHOTO [BHTaTens; .., —

IUIe90 OT Cpe3a COoIUla OCHOBHOI'O ABHIaTeNIA OO LIEHTpa MacCC amnmapara; w —-
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yIIoBaf CKOpOCTh ammapata; P, J, — Tra M yf#enbHBIH HMIYIbC OCHOBHOTO
OBHTaTens,

BenmuuHa nOTpeGHOM Tra3oOMHAMHMYeCKOH CWIBI, KOTopas HeobXxomuMa
IUIA CO3aHHA YIPaBJIAIOLIEr0O MOMEHTa MPH pPa3BOPOTE WM CTaGHIIHM3aIMM,
OTpenenAercs U3 BhIpOKeHUsA

—2 :
Irggw + Jw
_ Yy
Prnc_ . - max ’ (1.74)
ynp sin rac
rae Iy, — wievo or geurareneit INIC fo uentpa macc JIA.

1.3.3. ONNPENEJIEHHUE [TOTPEBHOI'O 3AITACA
TOIUIUBA XPIIY

Onpenenende noTpeGHOro KONHYeCTBa (3amaca) TOIUIMBA, OGeCIeUMBalo-
LIEr0 BBIMONHEHHE 3afJaHHBIX JIETHO-TAKTUYECKHX XapaKTEPUCTHK, ABJIAECTCA
OIHOH U3 OCHOBHBIX 3afay oGuiero mpoexTtupoBanus JIA u XPHY. na atoro
Heo6XOmMMO 3HaTh Pacxofi TOIIHBA B MpoAOJKeHHe Bcero noiera, Torma

T .
mg = { mdr,

Tfe M — MaccoBbIil PaCcXOfi TOIUTHBA; T, — MOJHOE BPeMs MOMIETa,
BennuuHa pacxofa TOIUIMBA 3aBHCHMT OT TATH OBHTaTeNifi M YAEIBHOTO MM-
nyJbca

P(7)
7 ’

m= (1.75)

y
roe P(7) 3apaerca mporpamMmoii paGoThl OBHTaTens NHGO ompemeNnsieTcA Kak
norpe6Has BelIMYMHA M3 YCIOBHH pexxuMa monera JIA COrJIacHO MOyYeHHbIM
B pa3n. 1.3.2 popmynam. '
IoTpeGHbIit 3amac ToIDIHBa onpexeNnseTcs no ¢opMyie
Tk P(71)

my= [ ——dr: (1.76)
y

OTHOCHTeNBHBIH MOTPeGHBIN 3allaC TOIUIHBa GyneT

my Tk P(r)
My = =g [ —dr. Q1.77)
mgq o Jy

HurerpupoBanne ypasHenus (1.77) B oGlueM BHie BBHINMOJHAECTCA TOIBKO
YHCIIEHHHIMHM METO/IAMHM C HCTIOJIb30BaHHEM COBPEMEHHBIX GhICTPOMIEHCTBYOLIMX
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IBM. Jins mpoeKTHPOBOYHBIX 3afiay H NMPHOIIDKEHHON OLIEHKH NMOTpeGHOro 3amna-
ca TOIUIMBa MPHMEHAIOTCA pa3JiHYHble YNpoOIleHHbIe MeFoapl. PaccMoTpum He-
KOTOpbIE YaCTHbIE CITy4aH.

TopusoHTANIBHLIA MOJIET C MOCTOAHHONM CKOPOCTHIO, I‘opuaomamubm noser
JIA B BepTHKANBHON IDIOCKOCTH C MOCTOAHHO#K ckopoctbio (¥ = 0) ompenens-
erca u3 (1.50) cnemyoWwiMH ypaBHEHUAMH OBIKECHHUA:

B MIpOeKIMAX Ha ocb OX

P=c.qS, (1.78)
B MpoeKIMsAX Ha ock OY

mg =c,qS. (1.79)

Torna u3 ypaBxenns (1.78) moTpeGHas BeNMUMHA TATH [ABHTaTens GyAeT paBHa

Cx mg
mg e

K

P

noTp =
€y
rieK=c /c — a’poAMHaMHYECKOe KauecTBO JIeTaTeJIbHOTO ammapara.
Honcramm ypapHenue (1.80) B (1.79), momyuuM noTpeGHBIH pacXon TOIM-
JIHBa 15 TOPH3OHTaIBHOrO moseta JIA:

(1.80)

k]

. dm mq
Mo — e = (1.81)
dr KJy

TpunuMas , yTo NpoiineHHbIi JIA myTh 32 BpeMs dT ipH ckopocTd V paBeH
dL = vdr,
H ucnom3ys (1.81), monydaem

VKIy dm
L= am (1.82)
g m

AspomuHamuyeckoe KauecTBO JIA mpH pacxomoBaHMHM TOIDIMBa BO3pacTaerT,
TaK KaK C yMeHbllleHHeM Macchl JIA yMeHblualoTca noTpeGHbIe A NOAaepxa-
HHA MOJIeTa YTJIbI aTaKH M MOObEMHas CHJIa, YTO B CBOI0 Ouepefb BbI3bIBaeT
CHIDKeHHe Ko3ddHIMeHTa JT0GOBOrO COMPOTHBJICHHA JIETaTENILHOrO aImapara
3a cueT HHAYKTHBHOMH €ro COCTaBJIAIOIIEH B COOTBETCTBHH C 3aBUCHMOCTBIO

= 2
Cx =Cxo + Bcy.

Torpa A3pOIHHAMHYECKOE KaUY€CTBO MOXXHO IPEOCTaBHTh KaK

y__ (1.83)

+ Bc;

KosddpuupenT mogbeMHON CHITBI €y Moxer GbITh HaiifleH M3 MPOeKIMH
81
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ypaBHenus aswkenus JIA Ha ock OY (1.79). Torpa nmocne NOACTaHOBKH B
(1.83) nomyunm

psla
cxo * Bogl)? ’

rfie pg = mg/S — ynenAbHasA Harpy3Ka Ha KphUIO, H/m?; g — ckopocTHOIt Hamop.

MopcTaBnsAs NOyueHHOe 3HaYeHHe ajpofMHaMHueckoro kauectsa (1.84)
B (1.82) ¥ uHTerpHupys, onpeneiseM NOJHYI0 AAbHOCTb FOPH3OHTAILHOTO IO-
JIeTa OpH 3aJ]AHHOM . :

VJ “T

K= (1.84)

L= Y arctg| 1. (1.85)
gV Bcey q Cx0 Ps B
¥ —J—+a-up—J
ps B 4 cxo

W3 310ro BRIpaXeHHsA MOXHO HAaHTH 3HaYeHHE OTHOCHTEJILHOTO 3araca TOm-
JIHBAa, NOTPeGHOro WIA MOCTWKEeHHA 3aJaHHOH FOPH3OHTAJIHOH HABHOCTH IO-
TeTa NP MOCTOAHHO#M CKOpoCcTH V' '

q ,Cxo
1+ (—)—

ps B
q Cxo gL\/cho
1+ —/ ctg
rs B VJy

MaxcuMarnbHast [aNbHOCTH MONETa MOXET GBITb TOJTy4YE€Ha IIpH  ONTHMAJIb-

Ky

Cxo0

HOM 3Ha4YeHHM K03(d¢HIMeHTa MOTbEMHON CHIIBI ¢ = - [22] u 3apman-
HOM iy
Lmax=l»6iﬁ 14_ e (187)
g P Bcy, ’ ’

I7ie p — IUIOTHOCTH BO3JyXa Ha NaHHO# BbICOTeE.,
MHHHMaNBHBI PacXofl TOIUIMBa IIPH NONETe Ha 3a/laHHY10 JATBHOCTD Gymer

4
gLs/cho

1,67 os
Wy o
IIpn ManbiX 3amacax TomwmBa (ky <0,2 ... 0,3) MOXHO NPHHATS, YTO a3po/IHHa-
MHYECKOE KaYeCTBO B MOJIeTe OCTaeTcA NocTosHHbIM (K = const) . Torna uurer-
pupoBanHe ypasHenns (1.82) mo3BONMT OmpeneNHTH MONHYIO MANLHOCTH ropu-
30HTAILHOTO MOJIETa B BHAE
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1 1
= —VKJ,In . (1.89)
g l - “T

Orciofa 3HaleHHe MOTPeGHOro 3amaca TOIUIHBa
gL

VKJ
#T=l_e y. (1.90)

Ipu6mDkeHHO [UIA TOPM3OHTANBHOrO mojera mpu V = const, ¢ = const
OTHOCHTEJIbHBIH 3amac TOIUIMBa GyaeT

8749

Iy

Ifie 7, — KOHEYHOe BpeMs noJieTa,

Pa3roH npH OTCYTCTBHH TIPaBHTAIMOHHBIX IIOTEPh H a3POIHHAMHYECKOIO
conporuBnennst (B myctore). TakHe yCIIOBMA COOTBEICTBYIOT Pa3sroOHy JieTa-
TEJILHOTO ammapara B MyCTOTe NPH MAJIbIX YIJIaX HaKJIOHa TPacKTOPHM K ropH-
30HTY. YpaBHeHMe [BWDKEHHS, COOTBETICTBYIOLee NPHBENECHHBIM YCIIOBHAM,
Gynmer

(191)

By =

dv
dr

rae P, — 1Ara B mycrore.
Bupaxzm TATY OBHTaTeNsA Yepe3 cexyummu PacXop TOIUIMBa

m2 —p (1.92)

dm
Pn-_"y.n dr

rae Jy ; — yAeNbHbIA MMIYJIbC B NMYCTOTE, MOMYYaeM ypaBHEHHE [BIKEHHA B
BHJE

dv dm

Iocne mpeo6pazoBaHuA HaXOIHUM

av=_y, 2"
yan m
Huterpupya 310 nubdepeHIMaTbHOe ypaBHEHHe B NpeleNiaX H3MeHeHHA
Macchbl JIeTaTeNbHOTO anmapata oT Mo A0 M, , noMydaeM ypaBHenue Llmomxosc-
Koro

Vican = = Jy nltky, (193)

rae Vi yp — WAeabHasA KOHeUHas CKOPOCTb pa3rOHa ammapara; p, =m, /mo —
OTHOCHTEJTbHasA KOHEIHas Macca almaparta [ocJjie BhIropaHus TOIUIMBaA,
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KoHeunas HpeanbHas CKOpocTb pasroHa JIA mMoxer OBITh Take BBIpaXeHa
yepe3 OTHOCHTENbHDII 3aIac TOIIMBA

Viewn = = Jy aln(l — 1), . (1.99)

K.

Torga 3amac TOIIMBa, MOTpeGHBIA AJIA MOCTIDKEHMA 3aJIlaHHOM HIIeaIbHOH
cxopocTH pasrona JIA | Gyner

J
pp=1-e T (1.95)

TonyyeHHasa ¢opMyila MOXKET IMPUMEHATBCA [UIA ONpeHdesieHUs 3amaca Tol-
JIHBa MM MOJIETe B IyCTOTe, a TakoKe C HEKOTOPOil NMONPaBKO# MPH KPaTKoBpe-
MeHHOM pasroHe JIA ¢ momoumplo yckopHTeneit, oGagaoumX BHICOKOH TATO-
BOOPYXEHHOCTBIO.

PeansHas CKOPOCTb pasroHa B YCIIOBHAX I'DaBHTaLMOHHOTO II0J1€Ta M aTMOC-
¢depbl Gynmer MeHbllle HealIbHOH Ha BEJTMYMHY COOTBETCTBYIOLIMX MOTEPh:

V.=V

K x.un — AV — AV, — AV, (1.96)

rae AV, ~ noTepu CKOpOCTH pa3roHa, BbI3BaHHbIe [IeHiCTBHEM I'PaBHTALMOHHBIX
CHIL:
J yo

1
AVy = —— [ sinfdy; 197
Po my

AV, — moTepH CKOPOCTH, BBI3BaHHbIE HAIHUMEM JIOGOBOTO CONMPOTHBIICHHA:

J 1 a
av, =22 fq0—; (1.98)

A¥3 — NOTEpH CKODOCTH, BHI3BaHHbIe M3MEHEHHEM YOENbHOrO MMITYNbca MpU
fojieTe B IUIOTHBIX CJIOAX aTMoCephI:

AV, =( y f2H 2 (1.99)
3 yn yo “K Po [ ) ’

[TpuBenennsie Bhilie nompaBku AVy, AV,, AV; 3aBUCAT OT GOPMBI TpaeK-
TOPHH H BpeMeHH Pa3roHa.

Tloner npH H3MEeHMOIMXCA NMAPaMETPaX TPAeKTOPHH H CKOPOCTH. AHAIIH-
THUECKOE OmpefeNieHHe 3anaca TOIUIHBA MPH MU3MEHSIOIMXCA MapaMeTpax TpaeK-
TOPHH M CKOPOCTH BbI3bIBaeT 3HaYMTe/bHbIe 3aTPyIOHEHHs. YIpOLIEHHbIE pellle-
HHA CHCTEMbl YypaBHEHHWH B MHTErpalbHOH ¢opMe GbUTH MOITyueHbI, HATIPHMED,
B paborax [3, 19]. IIpencTaBuM TeKyuiee 3HaueHHe MacChl JIETATENBHOTO alla-
paTa B BHJe
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m=me[1 _(—:— + Abu, ], (1.100)

K

rae Af — ¢yHxuMaA, XapaKTepU3yloLias HEPABHOMEPHOCTb PaCXOfia TOIUIMBA.
Moncrasum (1.100) B ypaBHenue (1.57) u paspgennm Ha Mg :

n-(= + AE)uT]-E- =F-qo—[1 - (= + Ay, Jsnd,

Tk K

Tloce uHTErpHpoBaHHA H mnpeo6pa3oBaHMi MONYYHMM BBIpOKEHHE A
ONpPENEIICHHA (L

1 Tk Tk
—(Vy — Vo) + [sinédr+ [qodr
o 0o
U= , (1.101)
Ty V-V 1 Tk Tk |4
_ + — [sin6rdr + [(sin6 + —)Akdr
g g T 0 o g
rae Vo, V., ch — HayaJlbHOEe, KOHEYHOe H cpefHee 3HaUEHHA CKOPOCTH Ha
MHTEpBAJIe MHTETPHPOBAaHHMA; T, — KOHEYHOE BpeMs MHTEpBalla MHTETpPHpO-
BaHHA,

Ina npubIMOKEHHOrO BBHIYMCIIEHHA HHTETpPaliOB, BXOOALMX B ypaBHEHMe
(1.101) , MOXHO NMPMMEHHTH MPABHIIO pa3NoxeHUA GyHKipHM B popMyiy Cum-
coHa. Torma mocie BBIUMCIIEHHA 3THX HHTETPalOB IIONyYMM BbIpaXeHHMe If
onpeneneHus 3amaca TOIDTHBA:

VR - Vo TK
————— +—=(sinfg + 4sinfgs + sinek)-r
Uy = J : ’ -
T
Jy Vg — ch T )
_—+ + —(2sinfg s + sind ) +
g 6

g

T
K
+ T(qot’o + 4405005 + Gy 0y)
——— (1.102)
ZTR Vo’s ’
& + sinOO,s)Ato’s
3 g

+

roe uHOekcer 0; 0,5; K — 3HayeHHs mepeMeHHBIX COOTBETCTBEHHO mMpH T = 0;
O,STR; T
Benmwumna Afgs, Bxonsmas B ¢opmyny (1.102), npuGmmkenHO MOXeT
GbiTh OMpe/eNieHa BoIpaXKEeHHEM
TK F 0 + F 0’5

Afogs ~g—
? 4

Jy“‘r



YpaBuenne (1.102) ModkeT MMeTb pa3NIHUHbIe YNPOIIEHHbIE YaCcTHbIE pellle-
Hus npu 6 = const 1 V' = const,

Onpenenenne 3aMnaca TOIUIHBA NPH CJIOXKHBIX 3aKoHax mBmkenus JIA, Jlna
OnpefIe/IeHHA 3amaca TOIUIHBA NPH CIIOXKHBIX, MPEeTEepNeBaloIHX pe3KHe H3MeHe-
HHA 3aBHcHMocTaX V(7); H(x); P(7);, 6(7) ... cnemyer pa36uBarh ¢pyHKUMM Ha
OTAeNbHbIE YYaCTKH, B MpedeNnax KOTOpBbIX 3TH (yHKIMHM HMEIT HauGoree
xapakTepHble 3akoHoMepHocTH (puc. 1.18). Torma 3arparsl TowmBa crnemyer
ONpedeNATh IJIA KAKIOro BbIGPaHHOTO YYaCTKa B OTAENBHOCTH, a IO HUM HaxXo-
IMTb YKe TOJTHbIE 3aTpaThl TOIUTHBA M.

Tax, Hanpumep, JUst CTIOKHOTO npoduns ckopocreit (puc. 1.18, @) , umero-
LIero M3NOM MpH 7 = 7', ob1ee BpeMs MOJIETa CrieXyeT pa3GUTL Ha [IBa MHTEPBa-
na: Tt =T, - 1. Ilna K@XJIOr0 U3 3THX MHTEPBAIOB Heo6XOIMMO TPOBECTH
cauocron'remume PacueTsI 110 OMpefeNeHio My M Uy B CIEYIOIIEM MOPAIKE.

OnpepienseM ;. [1s HHTepBana T ;

p_ M

My = ,

mgo

rae my — Macca TOIUIHBA, H3PACXONIOBAHHOTO Ha HHTEpBaNe 7'. Macca JIA B koH-
ue m-rrepnana 7' Gyner

m __-"‘0(1 _“T)-

Onpepenum 1 wis MHTEpBaNa 7'';

P may
T B - by ?
m MO(I-FT)

rae m; — macca TOIDTHBA, H3PaCXONIOBaHHOTO Ha MHTepBale 7", Macca JIA B
KOHIIe u}rrepnana 7" Gyner ‘

My =m" =mo(1 — )1 - !

Puc, 1.18, Mpumepsi pa3bueins rpaduKoB pe3ko Me-

. HAOUMXCA GyHKuMIi:
[/ 1 c’ 7, ¢ @ — mpodmms ckopocreit V(r); 6 — TpaexTopua H(x);
) 6 — 1ara P(1) ; 2 — HaKJIOH TpaeKTOpHH 6 (7)
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OnpenensieM MOMHBIA 3anac TOIUTHBA K, , H3pacXONOBaHHBIH 3a obuiee Bpe-
M TONIeTa Ty :

fno — my

By = =1-(1 _p,:r)(l ._y,: . (1.103)

mo
AHaJIOTMYHO MOXHO HaiiTH OTHOCHTENbHBIH 3amac TOIMBA H mia Gonee
CTIOXHBIX (yHKIMil, pa3GHBaA HX Ha HeoBXOAMMOE KOJIMYECTBO ONHOTHMITHBIX
Y4aCTKOB.

TFTIIABA2
CUCTEMbBI TUTAHHUA Y YIIPABJIEHHUA XPOY

2.1. MPHHIIUNB YCTPOACTBA KPAY
2.1.1 XPIIY KAK CJIOXHASA TEXHUYECKAS CHCTEMA

JiBuratenbHas yCTaHOBKa ABNAETCA GOPTOBbIM He3aBHCHMBIM 3HEpreTH-
9eCKHM KOMIDIEKCOM JIETaTebHOTO ammapata, cOCOGHBIM 0GecreuHTh BBINOI-
HEHHE MOJIETHBIX 3afia4 C TpeOyeMbIM KaYeCTBOM HE3aBHCHMO OT YCIIOBHit OKpY-
Xalolwen Cpefpi.

JBurarenbHas ycTaHOBKA BKITIOYaeT B CBO#f COCTaB TECHO B3aMMOAEACTBYIO-
e Mexay coboit mieBMoruapasnnueckyio cuctemy (IIT'C) u cucreMy ynpas-
neaua (CY).

[IHeBMOrHOpaBIMYeCKas CHCTEMa — 3TO COBOKYIHOCTh (YHKIMOHAIBHO
CBA3aHHBIX MeXTy cobGoil arperaroB, 3leMeHTOB H paGounx ten Y, obecrreun-
BalOLMX NMOoJaYy ra30oB M TOIUTMBA H3 EMKOCTeH K HX MOTPeGUTENAM.

CucTeMa ynpaBiieHMsi npelCTaBlifgeT coGoil COBOKYNHOCTb arperaToB aBTO-
MaTHKH, KOTOpble Kak oGecreyuBaloT mpouecchi pyHkumonuposanns III'C Y,
TaK H OCYILECTBIIAIOT YIpaBiieHHe ABikeHHeM JIA ¢ momorpio arperaroB 1Y,

HesaBucumocts IIY kax sHeprermyeckoro kommiekca JIA oGycioneHa
TOWTHBHO# aBTOHOMHe# II'C, B H30/IMPOBaHHBIX €MKOCTAX KOTOPOM pa3MeLie-
HbI HeoOXOOMMBie 3aMachl OKHCIIHTENA M TOpPIOYEro, a Tak>ke aBTOHOMHBIMM
CPeACTBaMH HX MOMaYH B KaMephbl ABHTaTelA.

TpeGyemoe kaueCcTBO BBHIMONHEHMA MOJIETHBIX 3amau JIA oGecmeunBaercs
cucTeMoii ynpaBnenus JIY myTem HeoGXOOMMOro H3MeHeHMA PeXHMOB ee paGo-
Thl. JTOH e CHCTeMO#t KOMIEHCHpYyeTCs M3MeHeHHMe yCIIOBMil OKpyXarouien
Cpefibi, BO3AEHCTBYIOLIMX Ha peXHuM paGoThl OCHOBHBIX arperatoB 1Y,

Takum o6pa3om, gBUraTeNbHasA yCTaHOBKA BKIIKOYaeT B ceBs arperarsl ABK-
rateif, XpaHeHHsA M NOJAYH TOIUIMBA M arperartbl CHCTeM ympaBJieHus, oGecre-
YMBalOMMe KaK Mpolecc COGCTBEHHOro GyHKIMOHHPOBAHUA, TAK M yIpaBJIeHHe
napamMerpami 1Y c 1embio BBINOTHEHUA NMONETHOM 3amaun JIA

Muoroo6pasue THnoB Y, OTNHYAIOLMXCA BHAOM MPHMEHAEMOrO TOIUIHBA
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# cnoco6oM ero mopayy, a Takke yCIIOBHAMM 3KCIUTyaTallii,B OCHOBHOM OIIpe-
persieTcA MHOroobpasueM IOJNETHBIX 3a7la4 U COGCTBEHHBIX MapaMeTpoB JieTa-
TeNbHbIX ammaparoB. KpoMe Toro, xaxmasd mnojieTHaA 3ajlaya MOXET HMeTb
pa3yHyYHble KPHTEPUH ONTHMATBHOCTH (TOYHOCTb BhiBOfa JIA Ha op6UTY, MaKCH-
MyM [OJIe3HO# HarpysKH, MHHMUMyM BpeMeHH BbIBOJa Ha OpGMTY M Ip.) IpH
Pa3NMYHbIX OrpaHHYMBAIOLMX YCNOBHAX (MHHHMYM CTapTOBOH MacChl, ra6a-
PUTHbIE OrpaHHYeHHA , MUHIMYM BpeMEeHH NPeCTapTOBOl; IOArOTOBKH M Jp.) .

B ar0ii cuTyammu paspaborumk Y momkeH MMeTh MOJNHYI0 HHGOPMaIMIO O
mapaMerpax JIA, nmoJyeTHbIX 3ala¥yaX, UX KPHTEPHAX ONTHMAIBHOCTH M CONMYTCT-
BYIOIIMX MM OTpaHM4YeHHsAX. JTa MHOpMalMa ¢ KOHKpPEeTHBIMH 1HGPOBBIMH
TNAHHBIMH fABNIAETCA TeXHHYECKMM 3aJlaHHeM Ha pa3paboTky KoHKperHo# Y.
EctectBenHHo, uto nmepBbiM 3TamoM pa3paGotku 1Y sBnsercs 0630p BO3IMOX-
HbIX Gmwkaiimmx mpoToTHNoB JIY, BHIMONHEHHBIX paHee, M OLEHKA CYILECTBEH-
HOCTH HX CXO/ICTBA U Pa3/IMYHsA C TEXHUUECKUM 3a/IaHHEM.

TBopueckas paspaGoTka (IPOEKTHPOBaHHME) NMHEBMOTHMIPABIIMYECKHX CHC-
TEM M CHcTeM ympapnenuss JIY OcHOBbIBaercs Ha TIIATENBHOM aHaIH3e NPOTO-
THOOB JIY H OlleHKe BO3MOXXHOCTH BHECEHHS B MX COCTaB TaKHMX M3MEHEHHil,
KOTOpbl€ CNOCOGHBI YIIy4IIMTh CBOMCTBa M XapaKTepUCTHKHU BHOBb pa3pabarbi-
BaeMBIX [IBHTaTeJIbHBIX YCTaHOBOK,

Cy1ecTBeHHy0 TOMOIIb Pa3paGoTUHKyY J1Y MosxeT okazath IpHUMeEHeHHe CHC-
TEMOTEXHHYECKOTO MOAXOMa K aHalM3y M CHHTe3y cocraBa JIY Kak K CIIOXHO#H
TeXHUYeCKOH cHcTeMe. OCHOBHbIMH (OpMaJIbBHBIMH IPU3HaKaMM TaKOH CHCTe-
Mbl, KOTOpbI€ MO3BOJIAIOT HCIONIb30BaTh METOMAbl CHCTEMOTEXHHKH, ABJIAIOTCS !

TeXHMYEeCKaf CHCTEMa [OJDKHA COHep>KaTb B CBOEM COCTaBe 00.1buioe HUcao
3]IeMEHTOB;

CBA3M MEXIY 371€eMEHTaMH JIOJHBI GBITb CAOKHLIMU

TeXHHYeckas CHCTEMa MOJDKHA NMPOABIATh CBOH CBOWCTBA B JMHAMHKe, T €.
IOJDKHA OBITh OUHAMUYECK Ol CUCTEMOI

TeXHHYeCKas CHCTeMa MOJDKHa COHEpXaTb B CBOEM COCTaBE HECKONBKO
3aMKHYTBIX (WIM Da30OMKHYTBIX) KOHTYPOB CHCTEM d8TOMATUYeCK020 ynpas-
NERUR;

BCe BO3JEHCVBHA CHUCTEMBI AOJDKHBI GbITh HampaBiieHbl Ha BBLITIOJIHEHHE
0O0HOI yeau .

B npouecce mpoekTHpoBanusa 1Y, ¢ HCOb30BaHHEM CHCTEMOTEXHHYECKOTO
II0AXOfa, NMpefyCMaTpUBaeTCs pa3paboTka nmoppoGHO#M KnaccudpuKalyM H coc-
TaBJIeHHE TEXHHYECKHX TpeOOBaHHI .

CHCTeMOTeXHHYECKHi MOAXOM K aHallM3y U CHHTe3y COCTaBa CIOXHBIX TeX-
HHYECKHMX CHCTEM IIpEMMNolaraeT BHauale pacCMOTPEHHE CIIOXKHBIX KOMIUIEKCOB
KaK e[JMHOro IIeJIOro, YCTaHaBJIMBAlOTCA LENM M 3aJayd, BO3JIaraeéMble Ha CIIOX-
HBI€ CHCTEMbI, paCCMaTPHBAETCA BIIHAHME YCIIOBHH OKpYXalolwel cpefpl, pa3pa-
GaTpiBaerca kiaccupuxaumusa U GopMHpYIOTCA TeXHHYeCKHe TpeGoBaHUA. 3aTeM
CIIOXKHasi CHCTeMa [JeKOMIo3upyerca (pa3GuBaeTcs) Ha KOHEYHOE YMCIIO COCTaB-
TAONMX ee nofcucTeM. [IpHHIMI BbIENeHHs MOACHCTEM OCHOBAH Ha YeTKO BbI-
P&KEHHOM HX (YHKIMOHATPHOM Ha3HauyeHMH B obuie#l CTpyKType HCCIIeqyeMoi
CHCTEMBI,
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Ha nocnepytomeM sTane MCCIIEIOBaHHA CIOXHOH TEXHHYECKOH CHCTEMBI
MOJCHCTEMBI IEKOMIIO3HPYIOTCS Ha arperarsl H cOGOpouHble eOMHHUIDI, a MOCIEN-
HHE B CBOIO OYepelb — Ha COCTABIIAIOLIME HX 3JIeMeHThI. B 3aBHCHMOCTH OT cTe-
MeHH CIOXHOCTH CHCTEMBI MOXeET OKa3aTbCA, YTO Ha YPOBHe BBIfIEJICHHA ee
37IEMEHTOB CaM 3JIeMeHT TaKxXe MpefcTaBisAeT coboii croxHylo cucteMy. Torama
NpoLecC MeKOMIO3HLMM [jIA 3JIeMEeHTa MOBTOPAETCA CHOBAa KaK IJIA CJIOXHON
cucrems! ¥ 1.J1. [Iponecc nexoMmnosuipmy 3akaHYMBaeTCsA, KOra Ha ypoBHe ane-
MEHTOB OKa3bIBAIOTCA NPOCTEMLIME NeTai KOHCTPYKIMH M 3JIEMEHTHI MX Kpel-
JIEHUA K COCEOHMM TaKdKe NMpOoCTedumM fmetansam. [IpHHIMMHMaBbHO TeKOMIO3H-
LMI0 MOXHO NMPOJIOIDKATb M AaJiee, paCpOCTPaHAs ee Ha TEXHOJIOTMIO H3rOTOBJIE-
HMA feTanei ¥ croco6bl MOMyUeHHA I HUX 3aroTOBOK M MaTepuainoB. OmHako
WA u3ydeHus GYHKIMOHaIbHBIX ocoberHocTeit PIY HOCTaTOYHO OrpaHHYHUTD-
CA MepBbIMH TPeMA YPOBHAMH [IeKOMIIO3HLMH: YPOBHEM MaKpPOCTPYKTYPDBI,
YPOBHEM TIO[CHCTEM H yPOBHEM 3JIEMEHTOB.

PaccmarpuBas XPIIY Ha nepBoM ypoBHe, cliefyeT Cpa3y OTMETHTb €€ OCHOB-
Hylo ocobeHHoctb — B coctaBe XPIIY ciuThl B emmHOe ILiejioe OBE CHCTEMBI:
IHeBMOTHpaBiIMuecKan cucreMa Y u cuctema ynpasnenusa (CY) . [IneBmorun-
paBmmieckan cucrema (III'C) XpaHMT H TpaHCHIOpPTHpyeT TOINIMBO, oGecreuH-
BaeT C HeOOXOIMMBIMHM PacXoHdaMH M [aBJIEHHAMH [MTaHHE TOIUIMBOM Kamep
[BHrartesned, KOTOpble PeamM3ylOT TATY M HEOOXOOMMBbIH MOTPeGHLIA HMIYIIbC
TATH B pe3yNbTaTe CXHIaHWA B KaMepaX [IBHTATelid TOIUIMBA, YCKOPEHHA H
BbIGpOCa MPOYKTOB CrOpaHHs Yepe3 COIUIa ABHTaTenei.

CHcTeMa ynpaBlIeHHS OpraHu3yer M oGecreuMBaeT BCIO NMpOUENYpPY pealu-
3alMH [BHTaTeIeM NOTPeGHOro MMmyJibCa TATH: BKIIIOYZeT [BHUraTeNb, CIIETHUT
32 YpOBHEM Ha3HaYeHHbIX NMapaMeTpOB, H3MeHsAET IpH HalOGHOCTH peXxum pabo-
ThI, BOBpEMA OCTaHaBJIMBaeT [BUTaTesb, JJIEMEHTbl CHCTeMb! ympaBnenus IIY
TaK)ke oGecreyMBaloT HafieXHoe XpaHeHHe TowiHBa B Gakax Y . Kak BumHO, BbI-
noysenue nonetHo# 3amauu JIA ¢ XPIY Bo3MOXHO JIHILB IPH TECHOM B3aHMO-
[eHCTBHM 3THX CHCTEM.

Kaxpas u3 cucrem, cocrasnsioman J1Y, MoxeT GbiTh eKOMIO3HPOBaHa Ha
MOACHCTEMBI MO HX (GYHKIMOHWILHOMY Ha3HaueHHio. [IHeBMoruapasnudecKas
CHCTEMaA BBIENIAET M3 CBOErO COCTaBa YeTbIpe He3aBHCHMBIE MO (bYyHKIMOHAIIB-
HOMy Ha3HaueHmio mopcHctemnl K, L, M, N (puc. 2.1). [lopcucrema HammyBa
6axoB K obecreunBaeT nomayy TOIUIMBA U3 6aKOB C HEOOGXOOMMBIM [aBJICHHEM
K NOTPeGHTeNAM ITyTeM 3aMelLieHHA H3PaCXOMOBaHHOrO TOIUTMBA [a30M.

Ilopcuctema TomuBHBEIX GakoB L oGecreuMBaeT XpaHeHHe TOIUIMBA B COC-
taBe JIY, ero nogayy Ha BXO[, B HaCOChI Ge3 pa3pbiBOB CIUIOLIHOCTH, IPENOTBPa-
IaeT HexenarenbHoe mia JIA sBileHHe BOJNHOOGPa3OBaHMA Ha IOBEPXHOCTH
pa3fenia XHMOKOCTb — ra3 H obecreuMBaeT HaJIe)XHbIH MHOTOKPATHBIH 3aImycK
OBHTaTeNIA B COCTOSTHHM HEBECOMOCTH OTHEJIEHHEM ra3a Ha[lyBa OT JKMIKOrO
TOIUTHBA.

Iopcucrema TowmBonopaun M Bkmouaer B cBoil cocraB THA u rasorewne-
paropsl. OHa MOBBIIAET JaBJICHHE TOIUIHBA, MOJaBaeMOro B KaMephl IBUTaTells,
oo tpebyeMOro ypoBHs, OOecreuMBasi TeM CaMbIM IUIaHMpYeMBbli yH#elbHbli
HMITYJIbC TATH,
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Puc. 2.1, Bupgeneame miesMornapasmmdec- Puc, 2.2, Buigenenue noacucreM ympasie-
Knx noacucrem Y u3 cocrasa [II'C 1Y : nua 1Y w3 cocrasa CY [IY:
K — N — HHOeKChI OACKHCTEM A — E — ¥Hpexchl OACHCTEM

IlogcucreMa kaMep nmBuratens NV oGecneyuBaeT pealH3alMio HeOGXOMUMOiH
1ard P u norpeGHoro ummynsca Tard / = [Pdr npu HeoGXomuMo# BenHduMHe
ynemsHoro umnynsca Tard Jy . Ha puc. 2.1 no Beprukanu ctpenkamu noKasaH
NOPAIOK nocnenonarenwocm nepenaun GyHKUMA OT OJHON MOMCHCTEMBI K
[pyTOii, KOTOPBIA 0GecnedHBaeT NMOMHBIH npouece GyHkmonHposanus III'C Y.
QynkipoHupoBanre 1Y Bo3MoXXHO JIMIUb NPH YKa3aHHOl Ha puc. 2.1 mocneno-
BaTENbHOCTH COeMHEHMH moncHcTeM Mexay coGoit (K, L, M, N) u uckmodaer
npu cuHTe3e cocTaBa III'C npyrue mocnenoBaTeNIbHOCTH HX COeUHEHMIA,

Cucrema ynpasneHua JIY BeimensieT M3 CBOEro COCTaBa NATb HE3aBHCHMBIX
no Ha3HaueHuto noxcucreM 4, B, C, D, E (puc. 2.2).

HauMeHoBanHe MOMICHCTEM TOYHO ompepensAeT X GyHKIHMH, OmHako YeTKas
B3aMMHaA GYHKIMOHAIbHAA CBA3b MeXQY HUMH OICYICTBYeT. B GonbumHcTBe
crmyyaes peanmu3oBaHHbix Y oHM aBTOHOMHBI. Iloymoit aBTOHOMHMe# oGamaer
JIMIb TOACHCTeMa INIyGoKoro H3MeHeHHs pexxumoB paGorsr IIY BciencrBue
ocoBeHHocTelt ee peanmusaumyu. OcTaibHbIE NMOJCHCTEMBbI MOTYT KOMGHHHPOBaTh
CTBOH QyHKIMH,

Tak, ynpasneHHe TATOH U COOTHOIIEHHEM KOMIIOHEHTOB TOIUTHBA B CHCTe-
MaX NMTaHWA C JIOXHIaHHEM [eHepaTOPHOTO ra3a MOXeT GBIThb peasiH30BaHO C
fIOMOUIBIO YTIpaBJIEHHA NapaMeTpaMH rasoreHeparopos. Ilomcucrema ympasie-
HHA 3aIyCKOM H ocTaHoBoM IIY mys obecnedeHus 3THX IIPOLECCOB MOXET HC-
MOJIb30BaTh PETYNIATOPHI TATH KaMep ABHrareneii. [loncucreMa ynpasneHus Bex-
TOPOM TATH MOXET HCIOJIb30BaTh PETYNATOPHI TATH OCHOBHBIX KaMep IJIA mepe-
pacrmpefielieHHsl pacXofioB TOIUIMBA, MOfJaBaeMbIX B MHorokamepusie IIY. Bos-
MOXHDI H [IpyrHe KOMGHHAIAH HCTIOIb30BaHHUA MOICHCTEM YIIPaBJICHHA B pealtb-
sbix JIY, onpenensieMsie BHIGOPOM BHMa, CNOCOGOM MONAYH TOIUIHBA B KaMepy
AIBUTaTeJIA M 3aKOHAMH yIpaBiIeHHsA, MMKTYeMbIMH MOJIETHHIMH 3afiadaMHu JIA

Kak yxe Gbulo cka3aHo, B cocraBe XKPIIY oGe paccMaTpHBaeMble CHCTEMBI
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(TI'C u CY) cnutbl B enunoe uenoe. IIpHHIMIT TAKOrO CITMAHHA MOXKHO HarJisaf-
HO IpefiCTaBUTh C NOMOIUBI YCTAHOBJIEHHA XapaKTepa MX B3aHMOJEHCTBHA
(pHc. 23) . CrpenkaMH yKa3aHO pa3MeLLEHHE arperaroB M 3JIEMEHTOB CHCTEMBI
ynpasnennus IY B nogcucreMax II'C 1Y, Tombsko nopcHcTeMa 3amycka H OCTa-
HoBa JIY pa3sMeluaer cBoM arperarbl Bo Bcex mopacucremax III'C. Ocranshbie
noacucrembl CY pa3MelialoT CBOHM arperarel B OJHOH WM ABYX NOMCHCTEMaxX
[II'C. OcoBeHHOCTbIO pacCMaTpHBaeMOro B3auMoHeicTBHA mopacucteM KPIY
ABIAKTCA oBparHeie cBasu mopcucreM III'C ¢ mopcucremamu CY. Ha puc. 23
OflHa W3 TaKMX CBsA3edl moKa3aHa MyHKTHpoM. OHa oTBeyaeT Ciyvalo, Korga
aBTOHOMHBIE KaMepbl YMpaBJICHHA BEKTOPOM TATH He HMET COGCTBEHHOTO
THA, a murarorca TorwmBoM or ocHoBHoro THA. OcrameHble 0OpaTHbIe CBA3H
BO3MOXXHBI NIPH HCIIONIb30BaHHUM PETYJIATOpPaMH B KadecTBe pabouMX TeJl KOMIIO-
HEHTOB TOIUTMBa WIHM CXKaThbIX Ta30B (Ha puc. 2.3 OHM He moka3aHbl) . M3 pucynka
TaK)Xe ompenenAerca GYHKIMOHANIbHOE Ha3HaueHHe KaXIOH H3 CHCTEM, COCTaB-
nsoumx JY. Cucrema ynpaBneHus 1Y BOCIDHHMMaeT CHTHalibl CO CTOPOHBI
CHCTEMBI yNpaBJICHHA IBHKeHHEM JIA 1 oGecrieunBaeT HX peayTH3aUMIo C TOMOILLIBIO
noacucrem II'C J1Y. Takum o6pazom, IIT'C 11Y BeicTymaer B KauecTBe HCIOITHH-
tensHoro opraa CY JIA, oGecneunBas ero OBHOKeHHE HeOOXOOMMOM TATOH M
NOTPe6GHBIM UMITYJIbCOM TATH,

Ipusenennan crpykrypa JXPIY Ha ypoBHe COCTaBNAIOLIMX ee MOHICHCTEM
ABAercsa o606LIeHHOM| 1A BCeX BO3MOJXKHBIX BHIOB., B yacTHBIX cryuasx oHa
MOXeT BHIOM3MeHATbCA. HampuMep, mpH BBITECHUTENBHON CHCTEMe IOAaYH
TOIUTHBA MOJCHCTEMBI TOIUTHBHBIX GakOB M arperaroB TOIUIMBONONAYM CITHBAIOT-
CA B eAMHY10 CUCTEMy TOIUIMBOMNOMAYH, IPHYEM CIIHBAOTCA Takxke GYHKIMH nmof-
CHCTeMBI HanayBa 6akoB M (GyHKIMH MOJICHCTEMBI YIIPaBJIeHHsA TATOH M COOTHO-
LIIEHHEM KOMIIOHEHTOB TOIUTHBa. POJb perynaropa TArH B TaKMX CHCTEMaX BBHI-
TMOJIHAET Ta30BbIA pPeNyKTOp HajayBa GaxoB, a CTaGUIM3aUMA COOTHOLUEHHSA

I Tuewnansl co cmoponsl (9 d0uxenver 1A |

| Lucmewa ynpalbnewvs Y |
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KOMIIOHEHTOB TOIUIMBa obecneunBaeTcss B3aHMHON HaCTpOHKOM ra30BbIX pelyK-
TOPOB HaJyiyBa GakoB oxucnurena M ropiodero. s omopexumuoit XPIIY B
cocraBe CY MoryT GbITb BKUTIOYEHBI TONBKO MOACHCTEMBI YIIPaBJICHUSA 3aITyCKOM
H ocraHoBom JIY .

" Taxum o6pasoM, Kaxaas koHkpeTHas JKPIY HMeeT KOHKDETHYIO CTPYKTY-
Py, ompeneNnfeMyio BHIGOPOM KOHKPETHBIX HaINpaBJIeHHH  KJIaCCH(HKaIMH
XKPIY, npusenenHoit Ha puc. 1.1 — 1.5 1 nomydenno# u3 06061eHHOM CTPYKTY-
pb1 JKPIY (cM. prc. 2.3) B BHOE €€ YaCTHOI'O CiTydas.

Ha puc. 2 4 npuBeneHa crpykrypa JIA ¢ XKPIY kak cloXHO# TeXHHIECKOH
CHCTEMBI Ha TpeX YPOBHsX ee Oexomno3uiuH. Ha BriciieM ypoBHe 310i CTpYK-
typol 1 (xoTopas Yacro Ha3biBaeTcA Hepapxmueckoit) JIA paccMaTpuBaeTca Kak
emuHoe uenoe. Ha yposre mopcucrem JIA II mo dyHKIMOHaNBPHOMY IpH3HAKY
BBUIEJIAIOTCA OCHOBHBIE €ro MOJCHCTEMBI: yNpaBlieHHs ABHkerueM JIA mo 3a-
[aHHO# TPaeKTOPHM IOJIeTa, SHeprocHabXXeHHsA, TepMOCTaTHPOBAHHA H JIPyTHE.
Kaxmas MX 3THX NOJICHCTEM MOXeT GbITh IeKOMIO3HPOBaHA Ha COCTABJIAIOLIME
ee anements! III. Hanpumep, noxmcucreMa ynpasnieHus nBinkennemM JIA Binodaer
B CBOHl COCTaB HaBHTaIMOHHoe oGopymoBanue, XPIY, cucTeMy KOHTpos
ynpapneHus npwkeHHeM JIA ¥ fpyrue 3neMeHThI, oGecreyHBalomie IPOLIECC
¢yuxumonupopaus JIA. B mepapxmueckoit crpykrype JIA KPIY 3aHmmaer
MeCTO 371eMeHTa B NMOJCHCTeMe ynpaBlieHus npikeHueM JIA | Ecim HaBHraipion-
Hble IEMEHTHI HrpaloT PONb YyBCTBHTENBHBIX 3JIEMEHTOB, 3 KOHTPOJIbHAA CHC-
Tema obecrieunBaer 06paTHYI0 CBA3b MeXAy (GaKTHUeCKOH H 3aJaHHOH TPaeKTo-
pusaMH nBikeHus JIA| To cornacHo o6ie# TeOpHH aBTOMaTHYECKOro ympasJie-
Husa XKPIY wurpaer poib OTHOBPEMEHHO MCNOJHHTEIBHOTO OpraHa H YCHIIMTENsA
B 3TO# CHCTeMe ynpaiieHus . CHTHaJbI pacCOrTacOBaHHA 3aJaHHOTO ¥ daKTHUeC-
Koro apwkeHus JIA BocnmpuHHMalOTCA cHMCTeMo# ynpabnenns IIY u orpaGartsi-
Batotca uepe3 [II'C ocHoBHBIME M pyneBBIMH KaMepaMu XPII.

flBnascs B cnoxHoit cucreMe JIA anemenToMm, XPIY cama no ceGe saBnser-
CA CIIOXHON TeXHHuecKoH cucTeMoil. B oGoGuenHoM Bapuante XPIY kak
CNOXHafA CHCTeMa pa3GuBaeTcsi Ha feBATh moucHcreM (A — N), B kaxmoit u3
KOTOPBIX HMeeTCs B CBOIO OYepefib HECKOJbKO THIOBRIX 3neMeHToB, Ha puc. 2.4
BbICIMiT ypoBenb JIY 06Go3HaueH mo3uumei I, ypoBeHb NOICHCTEM — MO3HIMEl
2,ypoBeHb 3NIEMEHTOB — MO3HIMei 3.

B cBoiwo ouepenp, kaxapiii (WK BeIGOPOUHO) IeMeHT JIY MoXeT paccMar-
PHBaThCA KaK CJIoXHas cuctema (Hampumep, THA). B atom ciyuae ms ane-
MeHTa BHOBb MPHMEHAETCA [eKOMIIO3HIMA, KOTOpasA MPOBOIMICA 10 TpeGyemo-
ro YpoBHA OLEHKH mpouecca GyHKIMOHHPOBAaHHMA arperatoB, COOPOUYHBIX elH-
HHII WIH MX IePBHYHBIX 3JIEMEHTOB, COCTABJIAIOLMX PacCCMaTPHBaeMblil 3NIeMeHT
JIY xak OTHENMbHYIO CIIOXKHYI0 TEXHHYECKYIO CHCTEMY .

B uepapxuueckoii crpykrype JXPIY Ha ypoBHe 3 mpHBeeHbI JIMILb THIHY-
HBIE 3JIEMeHTbl KaXHoi moacHcTeMbl, Kaabiit ypoBeHb HepapXHueCKOM CTPYK-
Typbl Ha pHC. 2 4 BbiieJIeH IUITPHUXIMYHKTHPHOH JIHHUEH

B xoHkpersbix IIY MoryT GbiTh HCIOJIb30BaHBI OfMH, HECKOJIBKO HIH BCe
nepeuuclIeHHble IeMEHTHI MOJICHCTEM. B HepapxiuecKkyio CTpYKTypy Ha ypoBHe
3neMeHTOB JIY MOryT GbITh BHeCeHbl KOHKYpPEHTOCOCOGHbIE OIMHAaKOBBIE IO
(PyHKIMOHAIBHOMY Ha3HaUeHHIO 3NIEMEHTBI, OT/IMYAIOILHECA Pa3JIMYHBIMH MOKa-
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satensamu. [Ipu Hanuumu HHopMauKK 06 ITHX MOKA3aTeNAX B YHCIIEHHOM BbIpa-
weHuM (3¢¢exTHBHOCTH mpumeHeHusa B JIY, HajexHOCTH, Macce, CTOMMOCTH
H3rOTOBJIEHHA H [PYTHX), MOXHO CTaBHTb H pelaTbh MHOTOKpPHTepHalIbHBIE
M;loronapamerpmecxue ONTUMAIbHbIE 3a[1aYH CHHTe3a cocraBa JIY. T 3apaum
MOTYT OBbITh pELIEHBI ITyT€M ONpEe/ICHUs ONTHMANIbHbIX COYETAHHH BapHAHTOB
Pa3NMUHBIX NOKa3aTeNiell 37IEMEHTOB, YIOBIETBOPAIOLIMX OJHOMY WIH OJHOBpE-
MEHHO HECKOJIBKUM KpHTepHAM ONTHMAIBHOCTH. B 3TOM COCTOMT OCHOBHO#
MpPaKTHYECKHA CMBICT MPUMEHEHHA METOMIA NOCTPOEHHUA HEpapXHMUECKUX CTpyK-
1yp XPIY. IIna Hexoropeix THIOB JIY alIropHTMbI pelleHHs ONTHMAIBHBIX
3ajjay npHBedeHs! B paGore [11]. Jlns oGluero ciyyas 3amaus ueneHanpaBIeHHO-
TO CHHTe3a ONTHMaJIbHOTO cocTaBa JIY HaxonATcsA B CTaauy paspaboToK.

IIpuMeHeHHe CHCTEMHOro NMOOXOMA Vi aHanu3a (T.e. i yCTaHOBJICHMA
KNaccubHKamMOHHbIX Npu3HakoB JIY mo cocraBnsiolMM ee MOJACHCTEMaM H
3NleMeHTaM) H cuHTe3a cocraBa JIY (T.e. /i MPOEKTHPOBaHHMA HEOOXOMMMBIX
MNOACHCTEM M MX JJIEMEHTOB, OTBEYAIOIUMX 3aJAHHBIM KIIaCCH)HKAUMOHHBIM
NpH3HaKaM) NpeIoNaraeT COBMECTHOE aKTHBHOE MCIOJIb30BaHHE KOHKPETHBIX
coyeTaHuH KJaccUMKaUMOHHBIX MPU3HAKOB, TEXHHYECKHX TpeGOBaHHHA U Hepap-
XHYecKo# cTpyKTyps! Y.

B MH>keHepHO# MpaKTHKe aHaIu3 cocTtaBa [IY cBOMICA K UTEHHMIO YepTexa,
a cuHTe3 — K ero cocraBiieHuto. [Tockonbsky arperarel H 3M€EMEHTHI ABJIAITCA
[OCTATOYHO CITOXHBIMH, TO YepTexx 1Y ycraHaBIMBaeT JIHLIb CBA3M MEXIY HUMH,
a 13 M306paXkeHHs arperaToB H 7IEMEHTOB OGBLIMHO MPUMEHAIT HX YCIIOBHbIE
rpaduueckue oGpasusl. B 3TOM ciiyyae TaKoi yepTex Ha3pIBalOT MHEBMOTHIIPaB-
nuyeckoi cxemoit Y.

T'pacduueckne 06pa3bl OCHOBHBIX arperaToB M .3/IEMEHTOB IIHEBMOTH/IpaBIIH-
YeCKHMX CHCTEM M CHCTeM ynpaBlieHus IIY, npHHATHIE 1A X M306pakeHUdA B
MHeBMOTH/IpaBiHueckux cxemax JIY, mpuBenenn: B 1aG. 2.1. B aroit TaGiuue
TOKa3aHbl yCJIOBHbIE rpaduueckHe 0GO3HAYEHHs OCHOBHBIX arperatoB 1Y u ux
COCTaBJIAIOLIMX 3JIEMEHTOB M3 NepeuHsi, MPHUBEICHHOTro Ha pHC, 2.4 WIS ypOBHA
anementoB 1Y (mos. 3).
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Ta6auya 2.1

OcHoBHBIe arperarsl nogcucrem III'C IIY

OGo3HaueHHe

HanmeHnoBanue

OG6o3HavueHue

HanmeHoBanue

3

Kamepa geurarens:

1 — dopcyHouHas ro-
JI0BKa;

2 — peaxuMOHHas
eMKOCTb (KaMepa
CTOpaHMA KaMepHi) ;
3 — TpakT oxyaxxgae-
HHA;

4 — comwro

lasorenepatop:

1 — dopcyHouHas ro-
JIOBKa

2 — peaKlUMOHHas
eMKOCTh

3 — TpakT oxy1axne-
HHA;

4 — raszoBon

OcHoBHas TypGuHa:
1,5 —ra3oBons!

2 — mHCK

3 —pan

4 — nonaToYHBIH
BeHell

Hacoc (cryness Ha-

’ y 2 COCHOro arperara)
1 — nonarouHoe
KOJeco
)ﬁ 2 — BxomHoe
‘ J ycTpoficTBO
3 — muddysop
‘}‘f Ta3oBon Heoxnax-
naeMsblIft
[ =
—le—
ek
I'azoBon oxnaxaae-
Y { MBI#t (C MOPHCTHIMH
f ‘ A CTeHKaMH)
| |
| |
| |
‘_' '
g\?m';\
T
* YTunu3auMoHHOe
8 comIo

i

Tuppotyp6una

TonnuBHLIH# Gak:

1 - ycrpoitcrpa BBO-
faTrasa

2 — ceTvaT. 3KpaH

3 — BOMHONOMBL

4 — TowmBo3abop-
Hoe ycTpoiicTBO

IyckoBas TypGua

I'asoBrift akkyMmy-
nATOp:

1 — BO3ayLHEIA

2 — a30THHI

3 — renmeBH#t
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Iponomxexue Tabn. 2.1

OcHoBHEle arperarsl noacucrem III'C Y

ABTOMaTH4YeCKHE perynaTOphl OnemenTtsl CY Y
0O6o3HayeHHe HaumeHoBaHue O6o3HauyeHHe HanmeHoBaHue
Peryn:'rop Ka- ! IMcKpeTHBI}
Kyuiefics cko- OBHEM
pocr =) ypostiemep
CucreMa OIOPOXHE-
Hust 6axoB
PyneBas (nmosopor-
Pusn PerynaTop pexuMa Hasl) KaMepa
paGoThl IBHTaTENA -
(TsTH) JABHIaTENA
1_‘ r{ﬂlﬂll i L
- = B r
Py Crabunu3aTop coOoT-
J"'!‘_L HOLUEHHA KOMIOHEH-
TOB TOIUTHBA
Ll o
— —
W0 XPOMT
Perynarop pacxopga
IToBopoTHOE coruto
- _ (B omHoIt mockoc-
== h ™)
—
lem_
IoBopoTHoE coruto
THemndep-racurens (B IBYX B3aHMHO
xoneGanuit NepreHAHKY JAPHAIX
IUIOCKOCTAX)
s — PeBepcuBHHIit 371eK-
TPO[BHIaTeNb
P I'a3zoBhlit pelyKTOp H ‘
<" ero ynpollieHHoe g
(cMMBONHYECKOE)
Py uzobpaxeHue
-~
-
7] C JHpoccens perynsaro-

R
[ia
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IIponomxenue Tabn. 2.1

Arpera‘ru H 3JIECMEHThl KOHEYHBIX aBTOMATOB

Knanaunele arperatst KourpomHuele ycrpoficta

OG6o3Hauenue HaumeHoBaHHe OGo3HaueHHe HauMeHoBaHHe
CnaBHbIf TOMIHB- Pene naBneHnsa Hop-
HEINA KnanaH (c MaTbHO Pa3OMKHYTOE
NMHEBMONPHBOXOM)
IyckoBoit HopMaib- Pene maBneHus
HO 3aKPBITHIA KJanaH HOPMaJIbHO 3aMKHY-
(c MHeBMONPHUBOAOM) Toe

KnanaH ocranosa
HOPM. OTKPBITRIH
(c mHeBMonpuB o OM)

[0

Pene BpemeHn

TeNBHOT'o MPOpLIBa

TonnusHeti 3anpa- AMeKTPOMarHUTHOE
BOYHO-APEHAKHBIA pene
KinanaH (c mieBMo-
MPHBOOOM)

KoHTponmbHbIit
Mem6pana cBo6on- npuGop
HOTO NpPOpLIBa

Apmarypa III'C
@i Mem6pana npuHyaH- 3anpaBoyHas rop-
JIOBHHa

O6parHblit KnanaH

_‘_
> >

JlpenaxHasd rop-

j JIOBMHa
by | TMpenoxpaHuTemLHBI}! —
ooo PeRoxp < I 3anpasounoape-
'_.r oooq KJanad NN Ha)XKHasd TOpJIOBHHA
—_— Texnonoruueckas
IpuBopHEie ycTpolicTBa ]' 3arayuKa
MexaHHYecKHe
g_l (HacTpoewHL! BUHT) :D¢ 3anopHHIit BeHTHH
MHeBMamHyecKHe |
ﬂ (TMmpaBnHuecKHe ) J: Oumtp
IBYXO3HIHOHHEIE
Ej:l ?HGBMSTH'IOCKHC —\l/—
THpaBIHYECKHE
rpe:’&lgoauunomme) | u (. Hpoccenshas wati6a
@: JNeKTpOMarHuTHale .r
Iupocraprep
m Muporexuueckue

IIpaMeuar e pysmHProm — H3MePIeMoe i KOMaHIHOe MaBJIEHUA; Do H Pr —~
AaBNEHMA OKHCIHTEINIA U TOPIONErO; Pay, P — NABNIEHUA B aKKYMYJATODe, B CHCTeMe I10-
Tau; Y om — KOMaHIHBIR CHIHAN yIIpaBieHus
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B kauecTBe mpHMepa Ha pHC. 2.5 NOKa3aHa MPHHIMITHANIBHAA THEBMOTHPaB-
JIMyecKas cxeMa runoterudyeckoit JIY, cocTaBlieHHas H3 MOJCHCTEM H JIEMEHTOB
HepapxHyeckoil 06o6LeHHoH cTpyKTypbl Y, npHBeOeHHBIX Ha pHC. 2.4 ¢ mo-
MolIIbE0 yCnoBHbIX 0Go3Hauenmit T1aGn. 2.1. Ha srom pucyHke Hepapxmueckue
ypoBHH [II'C BbIaeTeHb!1 IITPHXTYHK THPHBIMH JTHHHAMH.

Ha ocHoBanum npuBeneHHO# B 1. 1 KnaccHuKaluuu 1 TeXHHYECKHX Tpe6o-
Baumit K XPHY pmBuratensHyio yCTaHOBKY, NMOKa3aHHYI0 Ha pHC. 2.5, MOXHO
KJacCHGHUHPOBATh ClIeMYIOIHMM 06pa3oMm.

ITo nasHauenuro XXPIY Modker NMpHHamiexaTh K MBHraTeNIAM NMEepBOH WIH
BTOpO# CTyneHH HocuTeNs JIA, TaK Kak ynpaBlieHHE TATOH H COOTHOILICHHEM

Puc. 2.5. lpuHiMnMansias NHeBMOrHApaBaHYecKas cxema runorernueckoii KPAY c seine
JIeHHeM B Heil MOACHCTEM H pPajMellIeHHEM THIIOBBIX A1EMEHTOB:

1 — ra3soBhIlf KJIanmaH OCTaHOBa C MMPOTeXHHUECKHM NpuBojoM; 2, 15, 41 — ppenaxainle
roplioBHHBI; 3 — ra3oBblit KJIanaH asapuitHoro c6poca ¢ DHPOTEXHHYECKHM NPHBOOOM;
4 — ra3oBhLlit aKKyMyJIATOp; 5 — 3alpaBouYHbI BEHTWIb; 6 — 3alipaBOYHasA IrOPJIOBHHA;
7 — ra3oBblit TyCKOBO# KIlaNaH ¢ MHPOTEXHHYECKHM NPHBOOOM; 8 — ra3oBbiit pedyKTOp;
9 — o6paminle kianaHel; 10 — mem6pannl; 11 — ycrpoi#icTBa BBOAA ra3oB; 12 — BonHoNO-
MH; 13 — 3aGopHble ycrpofictBa; 14 — pmemndepsl; 16, 40 — npeHadainie BeTHwH; 17,
39 — 3anpaBouHO-mpeHaXHble TOp/OBHHLI; 18, 38 — TOWIMBHEIE 3aIPaBOYHO-ApEHaXNHbIE
KJIaNaHkl ¢ NHeBMONpHBOAaMH; 19 — rasoreHeparop; ‘20 — typ6una THA; 21 — myckoBoit
KJIanaH roproyero ¢ MHeBMAaTHYECKHM NpHBOOOM; 22 — HAcOC ropiouero; 23 — IvaBHBIH
KJIaNaH roplovero ¢ MHEBMaTHYECKHM NpuBoaoM; 24 — perymsarop tard (PKC); 25 — tpy-
GonmpoBoabl; 26 — ¢dopcyHouHasA rojloBKa Kamephi; 27 — peaKilHOHHAasA eMKOCTh KaMephl;
28 — TpaKT OXJaXHeHHA Kamephl; 29 — IIAPHHpHBIA noaBec Kamepbl; 30 — cOIWIO Kame-
pHl; 31 — rasoBon; 32 — perynsatop cHcTeMbl onopoxkHesius 6axos (COB); 33 — rmaBHbIi
KJIanaH OKHCITMTENIA C MHEeBMaTHYeCKHM NPHBOAOM; 34 — HAcOC OKHCIIHTENIA C MeXaHHJecC-
KHM pelyKTopoM; 35 — NMycKOBOA KJIallaH OKHCIIHTENA C NMHeBMATHUECKHM NpPHBOMIOM;
36 — crabwin3arop coomomeuux' KOMIIOHEHTOB TOIUIMBa rajoreHeparopa; 37 — myCKOBOe
YCTPOHCTBO ¢ MMpoBOCIUIaMeHHTelleM; K — MopcHCTeMa HafyxyBa GaxoB; L — mopcHcrema

TOINIMBHBIX 6akoB; M — NMOMCHCTeMa TOIUIHBONOAAYH; N — NOACHCTeMa KaMep [BHTaTelist
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KOMIIOHEHTOB TOIUIHBa ABHrarteis ocymecrsiserca ¢ nomounio PKC u COB,aB
cocTaBe NOACHCTEMBI [V pa3MellleH MHOrOKaMepHBIi [BUraTelb,

Ilo ycrnoBuaM 3KCIUTyaTaMu — 3TO BUTaTeNlbHaA YCTAHOBKA OJHOKPaTHOTO
BKJTIOYeHHMs, TaK KaK IyCKOBOe YCTPOMCTBO MMeeT OOMH IMpocTaprep (WA
NoCITeqHe CTYTIeHH HOCUTes TpeGyeTcs OBYX-, TPeXKpAaTHOe BKITIOYEHHE) .

Ilo cnoco6y momauy TOIDIMBA — 3TO HACOCHAA CHCTEMa C IIUTaHKEM TYPOHHBI
OCHOBHBIMM KOMIOHEHTaMH TOIUIMBA 6e3 JOXXHI aHHA,

TowmBo BBICOKOKHMALLEE, CAMOBOCIUIaMEHSAIONIEECS, TAK KaK B IHEBMO-
THAPABITHYECKOH CHUCTEMe He COMEPXXHTICA arperaToB 3aXojlaxuBaHusA, Gaku He
TeIUIOM30JIMPOBaHbI, B KaMepax [BHTaTelldi M Ia30TeHepaTope OTCYTCTBYIOT
yCTPOHCTBA 1S BOCIUIAMEHEeHHUA TOIUIMBaA.

B oOuiem cryyae mpuMeHeHHe CHCTEMHOro moaxopa K paspaborie XPIY
MpeArnonaraeT HCNOJb30BaHHE NMOITANHON UTEPalMOHHOM MpOLeypHl, CXeMa KO-
TOpOii MpHBeeHa Ha puc. 2.6. Ucxomible maHuble misa paspaborku XKPIY cop-
MHpoOBaHbl pa3paborunikoM JIA M M3NOXKeHBI B TEXHHYECKOM 3afjaHuM, B Hem
KaKk MHHHMYM JOJDKHBI OBITh yka3aHbl Ha3HaueHue 1Y Ha JIA, ycrnoBua sxc-
TUTyaTalMH, Tsra, CyMMapHBIi I1OT-

{ Paspadomyur M | peBHBIA MMITYNIC TATH, OCHOBHBIE
6 Y rabapHTHble OrpaHHYEHUsI ¥ OrpaHH-
Texnuvecnoe sadanue
wa paspadomny 49 YEeHHA MO Macce,

I Ha 3rane I pa3spaGoruux 1Y Ha
I OCHOBE aHaM3a OOLMX TpeGoBaHUi
! Amacypuraues | 1 OUPEHeNAET MO KNacCHGMKaIH
:— _______ L Y T cnoco6 nomaun m BME TomwiMBa (cM.
| puc. 1.4 u 1.5). Ha 3rane II ananu-
: 3HPYIOTCA KOHKpeTHbIe crietduyec-
———— m{g’;’m‘%‘, T xue tpeGopanmua x JIY, onpenensio-
I ¢ IMe ee Ha3HayeHWe H KOHKpeT-
: Hble YCIOBHA 3KCIUlyaTaimd, Ha
L__ [ #eapuwsecras o srane III paapaﬁortmx oﬁpamae‘rctl
=%\ omwympeqy [ K O0GOOLIEHHOH  HepapXHYECKOil
: l crpykrype 1Y (cM. puc. 24) u
BBIOMpaeT HeOOGXOOUMBIA COCTaB

l Cocmad o
1 |~ nogcuctem (3tam IV) u ux ane-

7 cucmen 49

| MeHTBI (3Tan V), BbICTpaMBas Tem
l, CaMBIM KOHKDETHYI0 HepapXuuec-
P —— Y Xy CTIpyKTypy paspabaThiBaeMoil
nodcucmem 49 IBHraTeNbHOM ycraHOoBKH, Ha ocHo-
BaHHM I3TOH CTPYKTYpHI BbIYEPUH-
l Baerca cxema III'C IY, B xoropoit
Texwusecrui poexm 49 | — = YCTaHABJIMBAIOTCA BCe HEOGXOUMbIE
: B3aUMOCBS3M MeXOy MNONCHCTEMa-
‘ MM, arperaTaMd H HX 3JIeMeH-

NodmbBepx dewve mexwy- b7//4

— vecwozo sadawus

o0 Puc, 2.6, Mpoueaypa paspa6orxn INI'C Y
1



TaMH, YTO MO3BONAET CHOPMHPOBATh TEXHHYECKHE 3a[laHHA Ha MX NMPOEKTHUPO-
BaHHe U MOJTyUHTh OPHEHTHPOBOUHDBIE XaPAaKTEPHCTHKH (PacueTHbIM CIOCOGOM
MM MCIBITAaHHEM MaKeTHBIX o6pa3lioB WIM HX aHaIOTOBBIX Mopeneii) . ITUM
[0 CYILIECTBY 3aKaHYMBAETCA NpPAMOi MyTh pa3paGOTKH TEXHHYECKOro-MPOEKTa
IY (aran VI). Omiaxo ycnex 3roiff pa3paGoTKH MOXKeT GbIThb OLEHEH TONbKO
focje MONTBEPXHEHUA TEXHHYECKOTO 3a/laHuA M COOTBEICTBHA €My CBOHCTB
H XapaKTEPUCTHK BHINOJHEHHOTo BapuaHTa mpoekrta Y (aranm VII). Ha npen-
BapHMTeNbHOM cTamuu pa3paborku JIY Takoe moxmrBepxEeHHe LenecoobpasHee
BCEr0 MOJYYMTh ITyTEeM MCIBITAHUA MaTeMaTHYeCKHX Moperneil mpouecca QyHK-
uMoHHKpoBanua IIY, koTopbie COCTaBIAKTCA Pa3pabOTIMKOM INApaJUIeNbHO C
¢dopmupoBanneM Texumueckoro mpoexTa, Ha Gonmee mo3mHux sramax pa3pa6ort-
KH NPOBOOATCA MOJENbHbIe M OTHeBhble HCIBITaHHA MAKEeTHBIX WIH OIBITHBIX
ob6pasuos 1Y .

Pe3ynbTaThl HCIbITaHHA CPaBHHBAIOTCA C TEXHHUECKHM 3a/IaHHeM M Iepefia-
forca (mo oGpartHo#t cBs3u 6) paspaGorumky JIA. AHaIM3Kpys NONyYeHHbIe
pe3ynbrathl, pa3paGorumk JIA MoxkeT BHeCTH H3MeHEHHA B TEXHHYECKOE 3a/iaHne
HJTH MOITBEPINTD €ro NepBOHAYaNIbHbIA BapHaHT,

B ciyvae pacxoXmeHHs MONy4YeHHBIX pe3yNIbTaTOB MCILITAHHi C TEXHHYEC-
KHM 3afaHueM paspaGoruuk JIY B nepByio ouepenp Bo3Bpaiaercs K sramy V
(no obpatHo# cBA3M 1), mbITaAch 3a cYeT U3MEHEHHA CBOHCTB 3JIEMEHTOB IOf-
cucreM IIY ycTpaHuTh HMelommecs pacxoxaenus. Ecim aro He ynaercs, 1o pas-
paGorunx 1Y Bo3sBpawaercsa x 3ramy IV (mo oGparHo#t ces3u 2), moGHBasCh
yCTpaHeHHA pacXOXIEHWil IMyTeM HM3MeHeHUA CBOACTB M XapaKTEPHCTHK IOf-
cucrem Y. Ecnu u 310 He momoraer, To HOJDKHA ObITh M3MEHEHa HepapXuyec-
Kas crpykrypa Y (o6GpatHas cBasbp 3 ¢ aranom III) . Ipexnonoxum, uro u
TpPEThS KOPpeKIHA pa3paboTOK He MPHHOCHT OXKH/IaeMOTO pe3yIbTara, ITO O3Ha-
Yaer, YTO HMMEIOIMMHCA TEXHHYECKMMH CPElCTBaMH (OHM 3aKJIa[bIBalOTCHA B
pa3paborky Ha 3tamax I u II) 3ananue peanusoBaTh HeBO3MOXHO, B 3TOM Cityvae
160 HaJo MCKaTh HOBBIE pellleHHs, IH60 U3MEHATh TeXHHYeCKOe 3aaHue,

K srany II (oGpatHas cBaA3b 4) pa3paGoruuk obpaluaercst WM I HPOBEP-
KM COOTBETCTBHsI TEXHHYECKHX TPeOOBaHMH pa3paGoTaHHOMY MPOEKTY, WM I
HX [IONOJIHEHMsA, eCIH INOoNydyeHbl HOBbIe pe3yibrathl. OGpameHue x 3Tamy I
(oGparHas cBA3b 5) TaKKe MPOMCXOMMT B CITyuae NMOJyYeHMA HOBBIX Pe3yIbIa-
TOB, MPHHIMIMAIBHO OT/IHYAIOLIMXCA OT H3BECTHBIX.,

Takum oGpasoM, mo Mepe HAaKOIUIEHHA OIBITd pa3paboTOK KOHKPETHBIX
Y nomnomnHsaerca GaHK JaHHBIX, CIOCOOHBIA COBEPLICHCTBOBATb KaK MPUHIMMIIBI
KiaccuHKamu, Tak M TexHudeckue TpeGoBaHua K JKPIY . IlpuBenerHyo mpo-
uemypy paspaGoriu JIY MOXHO NONIOXHTE B OCHOBY CHCTEMbI aBTOMAaTH3UPOBaH-
Horo npoexTHpoBauus XPIY .

2.1.2 PACCTAHOBKA ATPETATOB YIIPABJIEHUA B XPOY
U OPTAHHU3 ALINA IMMTPOLIECCA ®YHKIIMOHUPOBAHUS NI'C oY

PaccMOTpHM pacCTaHOBKY arperaroB yIpaBJIEHHA M OpraHH3alMIO IIpolecca
¢dyHKMOHHpOBaHUA Ha mpuMepe mpocTeiiuieir )KPIIY ¢ BBITECHHTEBHOMN CHCTE-
MO}l TOJIa9M TOIUIMBA M ra30BbIM aKKyMynATOopoM naBineHus, Ha puc. 2.7 noka-
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Puc. 2.7. PaccranoBka arperatos ynpasnesusi B JKPI{Y ¢ BoITecHHTenbHO# CHCTeMO{l noaauH
TOILIHBA:

1, 22 — memG6paHBl MPUHYOMTENBHOTO MpophiBa; 2, 17, 21 — 3ampaBouHBIe T'OPJIOBHHbI;
3,7, 15, 18, 20 — 3ampaBouHble BeHTWIH; 4, 6, 12, 16 — HOPpMAIBHO 3aKpBIThiE ra3oBbIe
KJIalaHbl C MMPOTeXHHYECKHM mpuBONOM; S, 8, 14 — npeHaxable TOPIOBHHEI; 9 — raso-
BBt penykrop; 10 — memGpanbl cBoGomuoro mpopsiBa; 11 — o6parHble knanaHel; 13,
23, 26 — HOPMAJIEHO OTKPHLIThIE KJIallaHbl OCTaHOBA C MMPOTEXHUYECKHM MpHUBOAOM; 19 —
GopToBOit KOHTPOIBLHBIA NpuGop; 24, 25 — cMeHHBIe ApocceNbHble MIaf6hI

Puc. 2.8, lIpuHuHMHanbHas 3eKTPHYECKas CXeMa KOMMYTALMH MMPOTEXHHIECKHX MPHBO-
OB M arperaroB aBTOMaTHKH [1Y ¢ BbITeCHHTENbHOM CHCTEMO# NMOAAYH TOILIMBA:

B — Garapes akkymynaropo; Kir — kmou muranns; K; — xHomka mycka; Kg — kHomka
ocraHopa; PIl — pene maBnenusn; PB — pene Bpemenu; III — muponatpousi; P — 3nmek-
TPOMarHHTHOe pele
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3aHa Taxad JIY ¢ HEOGXOOMMBIMH arperaTaMM ympapJieHHs, 06eceunBaloUMH
3anpaBKy TOIUIMBOM M rasom JIY, ofgHOKpaTHOe BKIIIOYEHHE [ABHTaTelIs MmOCie
IUTHTENbHOIO XpaHeHHs, NMoAfep)KaHue 3aJaHHOro pexxuMa paboThbl, aBapHiHbIiH
¥ peHaMepeHHbIH OCTaHOB JIBHTaTels,

3anpaBka rowmBoM JIY mpoM3BOmMICA uYepe3 3ampaBOYHbIE I'OpPIIOBHHbI
2 4 21 npu orkpeiThiX BeHTHWIAX 3, 20,7 1 15, IIpn 3T0M BO3MYX H Naphl TOINIH-
Ba CTPABJIMBAIOTCA Yepe3 ApeHaxHbIe ropiioBHHbI 6akoB 8 u 14, Ilocne okoHyYa-
HMA 3anpaBKH KOMIIOHEHTaMH TOIUIMBA, BCE BEHTWIH 3aKPbIBAIOTCA M HaJeXHO
KOHTpATCA. XpaHeHHe TOWwIMBa B Gakax 6e3 KOHTaKTOB BHE KaMepbl [IBHT aTellA
XHIKOH M ra3oBbix a3 TowmMBa oGecneuMBaeTCs NMpHMeHEHHeM Ha Marucrpa-
NAX TowMBa MeMGpaH 1 1 22, a Ha MaTHCTPaNIAX HalyBa — MeMGpan 10,

3anpaBka rasoM aKKyMyJiATOpa IPOU3BOIHUICA Yepe3 ropyoBuHy 17 mnpu
oTkpeiToM BenTwIe 18, BopToBOi KOHTpONMBHBINR MPUGOpP 19 Hcnomb3yercs mpu
XpaHeHuu IY B IIMPOKOM TeMIEpPaTypPHOM AMana3oHe B YC/IOBHAX Ha3eMHOro
6asuposanms JIA, Ilepen 3amycikom IY omeparop Bkiiouaer GOpTOBO#M HCTOM-
HHK TMTaHuA (Garapelo 3MIeKTpHMYECKHX aKKymynaTopoB B) kmouom Kn
(puc. 2.8) . Ilo xomauge “Tlyck” mpu HaXXaTHH ONEPATOPOM C IIOMOLUBIO IUCTaH-
LHOHHOTO yTpaBJIeHHs KHomkH K nopmaercs HanpseHne Ha 3anambHOe yCTpOii-
crBo mapomarpona IIIT, . [Ipu cpabareiBanmu IIII; oTkpbIBaercs ra3oBbIf Kiia-
maH 12 (cM. puc, 2.7) -uepe3 KOTOpBIii ra3 U3 akKKyMyJIATOpa JaBJIeHHA, IPOXO-
OA Yepe3 penyKTop 9 M oOpaTHble kyanaHbl 11, momagaer B MarucTpanb Hajy-
Ba Gaxos. IIpu yBeHueHHH NaByieHUA B MarucTpaid oo (5 — 6) -10° ITa meM6-
panbl 10 mpopbIBalOTCA W MO3BOJIAIOT ra3y HaJ/lyBa BTeKaTh B Gaku. MemGparbl
CBOGOIHOrO mMpOpBIBa, BBIMOIHEHHbIE 3 MATKOrO aMOMHHHMEBOro CIUIaBa THIA
AMuM Tonummuoit 1 MM, HMeIOT HENOJHYI0 KOJBbIEBYIO Haceuky AHaMeTpoM,
paBHBIM BHYTpeHHeMy pa3Mepy TpyGompoBoma. EcrecTBeHHO, uTto omHa M3
MeMOpaH MOXeT OTKpbIBaTbCA paHble APYTo#l U B Gakax B KaKO#-TO MOMEHT
MoryT ObITh pasHble HaBieHHs. UTOGbI NMpH TaKOW CHTyalMH He MPOH3OLUIO
KOHTAaKTOB NapoB, B MarMCTPaId HaJ[yBa YCTaHOBJIEHbI OOpaTHble KJIamaHbI
11, npepoTBpamaionMé NEpeTeKaHHe NMapoB TOIUIMBa M3 ra30BbIX MOMYIUNEK
6axoB. JIBuratrenu ¢ BBHITECHHTEIIbHOH CHCTEMOM MOAayM TOIUTMBA 3aIyCKalOTCA
MpH HOMMHAIBHOM [IaBJIEHMH MNMOMauH, T.e. Hauboree GbICTPO M3 BCEX BO3MOXK-
HbIX BapuaHTOB, Bo3pactanue pmaBieHus B GakaX KOHTPOJIMPYETCA C NOMOLIBIO
pene pasnenuit PII; u PI,, KOHTaKThl KOTOPBIX B HOPMAIbHOM COCTOSHHH
Pa3’OMKHYTBI M 3aMbIKAIOTCSA IIPH JOCTWKEHHH HOMHMHAJILHOTO YPOBHSA [IaBJICHHA .
C MoMeHTa 3aMbIKaHHA NOCIETHEro pejie HanmpsOkeHHe OT UCTOYHMKA IMTaHHA
MofaeTcsA Ha 3anaibHbie ycTpoiictBa mupomarponoB IIII, u IIl3, cpaGaTbiBanue
KOTOpBIX MPHBOAMT K BCKPBITHIO MeMOpaH MpUHY[MTEIbHOro mpopbiBa 1 u 22
(cM. puc.'2.7) . ITH MeMGpaHBbI BHINOHEHBI aHATIOTMYHO MeMGpaHaM cBo6omHO-
T'O MPOPbIBa, HO UMEIOT TOJILHMHY 3 MM.

ITocne BckpbiTHA MeMGpaH TOIUIHBO MO TPAaKTaM TOIUTMBONONAYM NMOCTYMA-
er Yepe3 GOPCYHOUHYI0 FOJIOBKY B KaMepy ABMTaTellsi, [/ie CAMOBOCIUIaMEHseT-
cA (WM BOCIDIaMEHAIOTCA C IMOMOIIbI0 IIOCTOPOHHEro HCTOUHMKA) . C MOMeHTa
Havana BOCIVIAMEHEHHA TOIUIMBA [aBlIeHHe B KaMepe ABHMTaTens GHICTPO pacTer.
Pene paBnenns PIl3, KOHTaKTBI KOTOPOro B HOPMAIBHOM COCTOSHHM 3aMKHy-
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ThI, HACTPaUBaeTCs Ha cpabGaTbiBaHKEe NPH JOCTI)KEHMM HOMMHAITLHOTO JaBJeHUA
B kamepe (W 90 % OT ero HOMHHAIBHOTO ypoBHs) . C MOMeHTa 3aMbIKaHHA
no&nemero pene (PI; wmu PII,) Bimoyaerca pene BpemeHu PB, koHTakTh! KO-
TOpPOro B HOPMaJlbHOM COCTOSIHMM Pa3OMKHYThI. Pere BpeMeHH HacTpauBaercs
Ha BpeMs cpabaTbIBaHKA 3aBe[JOMO GoJiblilee, YeM IUTaHKUPYeMOe BpeMs IOCTHIXKE-
HHA HOMMHAJILHOTO YPOBH# [aBJieHHs B kamepe aBurarens (2 — 3 c) . Ecim pene
BpEMEHH 3aMblkKaeT CBOH KOHTaKThI NIPH Pa3OMKHYTBIX KOHTAaKTaxX pejie [laBJie-
Hua PJI3, To mBHratens npopmoikaer cBolo paGory, Ecnu pene BpemeH 3a-
MbIKaeT CBOM KOHTaKThI NPH 3aMKHYTBIX KOHTaKTax pene fgaBinenus PIl; (3a
IUIaHMpyeMOe BpeMs [BHraTellb He BbIIIEN Ha HOPMAIbHBIA peXXMM paGoThr),
TO BKJIIOYAeTCA IHTAaHHe 3aNaNbHBIX YCTPOiCTB mupomatpoxos I, — IM,.
CpabaTbiBaHKe 3THX MMPONATPOHOB IPMBOOMT K NPEKPALLEHUIO TONaYy TOIUINBA
B [aBHraresnb (CM. puc. 2.7) , Tak KaK 3aKpbIBaloTCA KiamnaHsl 23 U 26: K Ipekpa-
LIEHHIO MOfay¥ HaJ/yBa rasa B GakH, TaK KaK 3aKpbIBaeTCA ra3oBslil KilamaH
13; k cbpocy maBjieHHA M3 aKKyMYJIATOpa M ra3oBbIX NMofyllek GakoB uepes
OTKpbIBILMECA KiamaHbl 4, 6 u 16, B pesynbrate mpouCcXOmMT aBapHiHbIA OCTa-
HOB pBHrarens. [IpemHaMepeHHBI OCTaHOB ABHTaTeNIi MOXHO obecneuMTh Ha-
’KaTHEM KHOINKH OcTaHOBa K CHCTEMO# qUCTaHIMOHHOrO PUBOLA JIeKTPOMar-
HUTHOTO penie AP co cTapTOBOJ MO3MIMM WK C IyJIbTa yIpaBileHus noneroM JIA,

Ecmu 3amyck mpoliel HOpMaTbHO W [IBHTATeNlb BBILIEN Ha [UTAHUPYEMBIit,
pexum paGoTbl, TO MOAfAEpXKaHHe 3TOro peXxuMa o6ecrneyMBaeTcs NOCTOSHHBIM
[aBJIEHHEM MOJauM TOIUMBa U3 GaxoB, TOUHOCTh MOMIepIKaHHA TOTO [aBJICHHUA
OMpeqeNnsercs CTaTHYeCKOH XapaKTepUCTHKOH ra3oBOro pemyKTopa, KOTopas
OJTHO3HAYHO CBA3bIBaeT M3MEHEHHe [aBJICHHUA Ha BBIXOJE C W3MEHeHHEM JIaBJie-
HHA B aKkKyMmynarope. [103ToMy Npu NpoeKTHPOBaHHM ra30BOro pemyKTopa
IUIA BBITECHHTENIBHON CHCTEMbI NOfla4¥ TOIUIMBA, Iie ra30Bbli PedyKTOp HIpaeT
poib CTabWIM3aTOpa TATH, HEOGXOOMMO NpeNyCMAaTpHBAaTh CHCTEMy KOMIIEHCa-
MM CTaTHYeCKOW OIMOKH, KOTOpas CBOWCTBEHHa PeQYKTOPY KaK perynsTopy
NMpAMOro AeicTBHA,

OnTHManbHOe M TIOCTOAHHOE BO BpEeMEHM COOTHOLIEHHE KOMIOHEHTOB
TOIUIMBa obGecmeynBaeTcsi HaCTPOEYHHIMHM CMEHHbIMHM Inaii6Gamu 24 u 25 (cMm.
puc. 2.7), KoTopble IO YCIIOBHAM Ha3eMHOro XpaHeHus 1Y [OKHbI 3aMeHAThCA
NpH M3MEHEHHH TeMIIepaTyphl OKpyXalowed cpempl (T.e. IPH CMeHe BpeMEH
roga). B cBa3u ¢ 3THM HacTpoeuHble A6l MHOr[AA HA3BIBAIOT “’CE30HHBIMH”
a B xoHCTpykuuu ITPC pmomxebl GBITH NpeqyCMOTpPeHbl COOTBETCTBYIOLHE
pa3beMsl,

PaccMOTpHM Temepp pacCTaHOBKY arperaToB YNpaBJIEHHA M OpraHU3alMIo
npounecca ¢dynkmonnpoaiua XPIY msa gsurarens ¢ HaCOCHOHW CHCTEMOI IMO-
[auM TOIUTHBA,

Ha puc. 29. npuBeneHa mpHMHUMNMMaIbHAA MHEBMOTMApaBIIMYeCKas cCXeMa
Y ¢ HacoCHO# CHCTeMO# MOJauM TOIUTHBA Ge3 MOXMIraHHs. Arperarhbl ynpabie-
HHA B dToil XPIIY nomxabl oGecrmeynBaTh 3ampaBKy TOIUIMBOM M rasom JIY,
IIMTeNnbHOe XpaHeHue IIY B 3ampaBlIeHHOM COCTOSIHHMH, 3amycK Y, craGwmsa-
M0 pexxuMa paboThbl, MEpPEeBON ABMraTeliA Ha HOBBIH peXHM paGoThbl, aBapHii-
HbI#l WIN MpeHaMepeHHbIi ocTaHOB aBurarens. [Ipolienypa 3anmpaBky TOILTABOM
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Puc. 29, PaccranoBka arperaroB ympasnenusa B XKPIY c HacOCHO# CHCTeMOi moaaIM Ton-
nHBa:

1 — aBTOHOMHBIN ra3oBhHIf aKKYMYJIATOP KOMaHOHOTO BO3dyXa; 2 — ITyCKOBOH ra3oBbIi
KJlanaH; 3 — perynarop TATH; 4 — KOMaHOHBIA PENyKTOp perynsaTopa TATH; 5 — cTabwin-
3aTOp COOTHOLIEHHS KOMIIOHEHTOB TOIUIMBA ra3oreHeparopa; 6 — cTaGHWIM3aTOp COOTHOLLIE~
HHMSI KOMIIOHEHTOB TOIUTMBAa B KaMepe [IBMTaTelA; 7 — NMHUpPOCTapTep; 8 — pacmpeneNnuTeNh
pacxofia; 9 — MycKoBo# KilanaH ropwouero; 10 — mMyckoBo#t KilallaH OKHCIIMTENA

Puc. 2.10. IlpyHuMnNKaIbHAA AMeKTPHIECKAA CXeMa KOMMYTAalMH MHPOTEXHHYECKHX NMPHBO-
[I0OB H arperaroB aBTOMAaTHKH [1Y ¢ HaCOCHON CHCTeMOii NOAaYH TOIIHBA:

B — Garapes akkyMynsaTopoB; Kn — xmou muranna; K — kHomka nycka; Ko — kHonka
ocraHoBa; PII — pene masnenusi; PB — pene Bpemenn; III — maponarponsi; P — anexrpo-
MarsuTHoe peJe
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H rasom JIY taxas xe,kak v gy Y ¢ BBITECHHTENBHOH CHCTEMO# MOJAYH TOI-
nuBa. B paBHoO#t crenmeHn nmomo6GeH cocTaB M pa3MellteHHe 6akOBO# apMaTypbi M
apMaTypbl CHCTEMBI HaJyTyBa,

Ilponecc mmuresmHOro xpaHenus JIY Taxoke oGecnedmBaercs YCTaHOBKOI
B III'C ‘MeM6paH cBOGOMHOrO ¥ NPHHYOMTENHLHOTO MpOpbiBa, OTIMUME COCTOMT
JIHIIb B TOM, YTO B pacCCMaTpHBaeMOM CITyYae MCKITIOUeHBbI “Ce30HHbIe” IIAHGDI,
KOTODBI€ 3aMEHWI aBTOMaTHIeCKHiA CTabWIM3aTop COOTHOILECHHSA KOMIIOHEHTOB
TOIUIMBA B KaMepe ABHratens (mo3. 6 Ha puc. 2.9) .

3anyck Y ¢ HacOCHO# CHCTeMOil NMOJAUH TOIUIMBA TAaKXKe HAUMHAETCA C
NpeNBapHTEIbHOrO BKJTIOYEHHA 3MeKTpHYeckoro muranua (puc, 2.10) ot Gopro-
BbIX aKKyMynaTopoB b amexTpHuecko#t cucreMs! ympasieHus IIY ximouom
Kn. ITo xomanpe “Tlyck” npH HaXaTHH ONEpPaToOpPOM C OMOLIBIO AMUCTAHIMOHHO-
ro ympaBneHusa kHonku Kn nopmaerca HampskeHHe Ha 3amajibHOE YCTPOHCTBO
muponarpoHa [IIl; , oTKpbIBaeTcA ra3oBbli KJIalaH CHCTeMbl HaioyBa 6akoB,
NPOUCXOOHT NpOPHIB MeMGpaH, 3aNo/THeHHEe Ia30M HaJiIyBa I'a30BbIX MOTYLIEK
6aKoB M MoBbIllIeHHE AaBJieHHa B HUX, Pene masnenns PIO; u PII, B Y ¢ Hacoc-
HOM CHCTEMOi NOoJauM TOIUTMBA HaCTPaMBAIOTCA Ha cpaGaThiBaHHe OT HM3KOIro
[aBJIEHHsA , HO OCTAaTOYHOrO WA GeckaBUTaUMOHHOM paboThi HacocoB. C MoMeH-
Ta 3aMbIKaHHA KOHTaKTOB IOCJIE[HEro pejie JMEKTPHIECKHH CHTHANI NOMaeTcA
Ha mupomarpoH [IIl, 3anambHoro ycrpoiictBa mupocraprepa 7 (cM. puc. 2.9)
u IIIl; maporexHHyeckoro mpuBOJAa ra3oBOro KiianaHa IOAaYH KOMaHJHOrO
BO3/yXa Yepe3 penykrop 4 B perynsarop Taru 3. B pesymbrare cpaGarbiBaHus
nupocraprepa porop THA mpuBomutcsa B IBHXeHHe, a IPOCCENb perynaTopa 3
yCTaHaBJIMBaeTcs B MOJHOCTBIO OTKpbIToe Moyioxkenue. I'a3 mapocraprepa, mpex-
[i¢ 4YeM NonacTb Ha IyCKOBOE COIUIO TypOHHBI, IPOXOAMT Yepe3 pacrpeneNuTelb
pacxona 8, roe yCTaHOBJIeHbl TPM COIUIa, KOTOPEIE pacHpedeNsioT PacXompl
ra3a Ha TypOMHy H B 3aMKHYTbIe NOJIOCTH MeMGpaH IPUHYUTENILHOTO IPOPhIBA
MYyCKOBBIX KJIaNaHOB ropitovyero 9 u oxucimmrens 10, Pasmepsl conen pacmpeme-
JIMTENIA PacXomoB NOMOHMPAlOTCA TakK, YTOObI BCKpbITHE MeMGpaH NpHHYIOM-
TEJbHOTO MPOPhIBA IPOHMCXOAWIO INIPH OMpeNeNieHHOH YacTOTe BpaileHHA po-
topa THA,

Taxum 06pa3oM, HaYambHBIA 3TaN yBeJMUEHHs YacTOTHI BPAllEHHs POTOpa
THA npoucxonur 6e3 TOINMBa, a BCKPbITHE MeMOpaH NPUHYTUTENBHOTO IPOPHI-
Ba IOJDKHO ObITh obecmeyeHo mpH Takoil YacToTe BpameHna poropa THA, xoro-
paf ewe nomyckaer Ge3aBapHitHylo paGoTy YIDIOTHEHHH H MOALMIHMKOB Ha-
cocoB. Ilocie OTKpBHITHA MyCKOBBIX KNanaHoB 9 u 10 TOIWMBO mopaaeTcs yepes
dbopcynku B kaMepy ¥ rasoreseparop. Ilo Mepe Bo3pacTaHHs HaBlIEHHs NOAAYH
TOIUIHBA B Ta3’0r¢HEpaTOp YBEJIHUMBACTCA TEMI YacTOTHI BpAllleHHA DOTO-
pa THA u B 3ToM Temme BO3pacTaloT pacxombl B Kamepy ABHratels, B KO-
TOpPOH COOTBETCTBEHHO YBeJIMUMBaeTcA HaBiieHue, Takum o6pa3oM, 3amyck
XKPIY c HacocHO# CHCTEMOi TOIaYM TOIUIMBA COOTBETCTBYET TEMITy yBeHUEHHUS
YacToThl Bpamenus poropa THA,

BrnoknpoBka aBapHMHHBIX CHTyalMil P 3amyCKe MPeJOTBPAlLIAeTCA B pe-
3yJbTaTeé COBMECTHOH paGoTei pene mamneHus PII; u perme Bpemenn PB; (cMm.
puc. 2.10) . Perre PB, npu cBoe#t HaCTpoiike yUHTbIBaeT TEMIT yBeJMUEHHSA YacTO-

106



Tb1 BpauteHus poropa THA,u Bpems 3aliepXKH ero cpabaTbiBaHHA COCTaBJIAET
3 — 5 c. CpaGarsiBanue PB, npu pasoMxHyThIX KoHTakTax PIl3 coorBercTByeT
IUTaHUpYeMOMY BBIXOy ABHMIaTeNid Ha PeXHM, a MPH 3aMKHYTHIX KOHTaKTaX
PIl; BbI3bIBaeT aBapHiAHbIA OCTAaHOB ABHMIaTeNif IyTeM IMOJaYH 3JIEKTPHUECKOro
curHana Ha cpaGarpiBaHue mapomnarpoHoB IIIls — IIMl,,, xoTopble MpekpainaoT
NOoAaYy TOIDIMBa B KaMepy [IBMraTelifi M ra3oreHeparop, MPeKpalaloT HaJmyB
GaxoB ¥ cOpachIBaloT maBneHue u3 Bcex emkocredt 1Y, IIpemamepennslii ocra-
HOB JIBHraTens MOxeT ObITh oGecrieueH HaXaTHeM KHOMKHM ocraHoBa K, cuc-
TEMOIii AUCTaHUIMOHHOrO MPHBOAa 3JleKTpoMaruuTHoro peste P co craproBoii no-
3MIMH WIH C MyJIbTa YIIpaBiieHus nojerom JIA,

Ha ycraHoBuBLIeMCs1 pexkuMe paBGoThl CTaGWINM3aLMA TATH JBMTATeNA Mpo-
HCXOIOMT C NMOMOLIBI0 PETYNIATOpPA TATH 3, CTabWiN3alusa COOTHOLIEHNA KOMIIO-
HEHTOB TOIUIMBA B Kamepe [BHraTelss — C NMOMOLUbI0 CTabwinsaropa 6 (cM.
puc. 2.9), a B rasoreHeparope — crabwin3saropa 5.

ITockonbky ABHMraTeNIbHOM YCTaHOBKOH peaIM3yercs OBa pekumMa paborsl,
TO B €€ 3JIeKTPUYECKOH CXeMe YNpaBJIeHHs YCTaHaBIIMBAeICHA pelle BPeMEHH
PB,, BpeMs 3amepkku cpabGaTbIBaHMA KOTOPOrO HacTpaMBaeTcsi Ha BpeMs pa-
6otsl nepBoro pexuma (= 15 — 30 c). ITo KcTeueHHH ITOr0 BpeMeHU 3aMbIKa-
HHe KOHTakTOB PB; BhI3bIBaeT cpaGaTbiBaHHE NHPOTEXHWYECKOTO IPHBOAA
II1,4, nepecTpanBatoiero KoMaHOHbIH pemykTop 4 (cM. puc. 2.9) perynaropa
TATH Ha HOBBIA MOHIDKEHHBIH PeXXHM paboThl, KOTOPBIH [Ianiee COXpaHAeTCa [0
KoHIa monera JIA,

B 3akiioueHHe HAacTOALIEro pa3sfiena ciiefyeT CHeJIaTh Cledyloliee MOACHe-
HHe K H300paKEeHMI0 NMPHHIMIHAILHBIX eKTPHYECKHX CXeM KOMMYTalMii 3Je-
MeHTOB aBTOMaTHKH XPIY (cM. puc. 2.8 u 2.10) . Ha aTHX cXeMax npakTHuecKH
BCe NMPOMATPOHbl K OIHOW M3 JIHHUH 3MIeKTPHYECKOrO MUTaHUA IPUCOEOHHEHbI
yepe3 JIONMOJIHWUTEJIbHbIE PE3HCTOPHI, H306pakeHHbIe B BHIle MPAMOYTOJIBHUKA C
uHpekcoM R, 310 06CTOATENCTBO BBI3BAHO TEM, YTO 3aMaybHbie YCTPOHCTBA
MHPONMAaTPOHOB MPENCTaBNIAIOT COOOH 3NIEKTPHYECKYI0 CIMpalb Harpesa, KOTO-
pas B pe3yJbTaTe CrOpaHHA NHPO3apsAfa pa3spyLIAeTCA, a ee OCTATKH C Pa3sHbIMH
MOJTIOCaMH TIOCTOSTHHOT'O TOKA 3IEKTPOIMTAaHHA MOTYT OKa3aThCsA IDIOTHO NpHXKa-
THIMH K METAUTHYECKOMY Kopmycy mupomaTpoHa, Takas cuTyauus BhI3bIBaeT
KOpOTKOE 3aMbIKaHHe B 3JIEKTPHYECKOH CETH, YTO MPHBOJMT K BBIBOAY €€ U3
crpos. JlOMONHUTENbHEIE PE3HCTOPbl MPENATCTBYIOT KOPOTKOMY 3aMBIKaHHIO,
HO yBenmuMBalT 3HepromorpeGneHue, [lupomarpons: IIl; He TpeGyroT momon-
HUTENBHBIX PE3UCTOPOB, TaK KaK IMOCTE OTNMyCKaHHA KHOMKM mycka K, ara
nemb obGecTounBaeTcs.

2.1.3. HACOCHBIE CUCTEMbI [INTAHUA BE3 HOXMT AHUA

B xauecrse paGouero Tela MjIA NMUTaHWA TypOMH HCIONb3yercs JMGo cre-
UHaIbHOE TOIUIMBO, IMGO OCHOBHOE TOIUIMBO, pearupyioilee B rasoreHeparope
C N36BITKOM OJJHOrO U3 KOMIIOHEHTOB,

BHauane pacCMOTPHM CHCTEMY MOHAY¥ C aBTOHOMHBIM TOIUIHBOM [jIf IH-
TaHus TypOuHbI paGounm terom (puc. 2.11) . TakuM TOIIMBOM ABNIAETCA YHH-
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IIZ 11} 14 Puc. 2.11, HacocHas cHcTeMa mojayu ¢
ABTOHOMHBIM TOIUIHBOM [JIfi [HTaHHA
Typ6HHBI paGoYHM TeIoM:

1 — Hacoc aBTOHOMHOIO TOIUIMBA A
nuTaHuA TypOumel; 2 — obpaTHBIf Kia-
NMaH Hacoca asTOHOMHOrO TOIUIMBa; 3 —
o6GpaTHBIf KJIallaH IMyCKOBOH CHCTEMBI;
4 _ rajoreHeparop C TBEpHbIM KaTaJlH-
3aTOpoM; 5 — 6ak C aBTOHOMHLIM TOIUIH-
BOM; 6 — IVIaBHBI TOIUITMBHBI# KJIamaH
KOMIOHeHTa T”’; 7 — HCHONMHMTENLHBIH!
OpraH peryJjAropa TATH; 8 — oGpaTHBI!
ra3oBbift KJIamaH; 9 — perynATop TATH;
10 — xoMaHIHBIt peqyKTOp perynsTopa
TArH; 11 — aBTOHOMHBIA I'a30BBIH aKKy-
mynatop; 12 — ppoccenmbHas 1uaitba
NPEeABApHTESILHON  CTYNEeHHM  3amlycKa,
13 — xusanaH npegBapHTENBHON CTYINEHM
3amycka; 14 — o6paTHble KJlalaHbI
TOWMMBHEIX GakoB; 15 — cervarbiit
akpaH; 16 — Gak >xupxoro asora; 17 —
HACOC XHMAKOTrOo a30Ta; 18 — rnaBHbBIA
KJanaH OKHCJIMTENIA C NMHeBMAaTHYeCKHM
npuBOROM; 19 — HCHOMHHTENBHLIH OpraH
COB; 20 — rnaBHbIH KjlanaH ropioyero
C NHeBMaTHYeCKHM IpuBofoM; 21 —
CBEPXKPHTHYECKHIt Hacalok; 22 — Tel-
71006MeHHMK; 23 — ra3oBon

TapHOE TOIUIMBO, CIOCOGHOE K Pa3/ioXeHHI0 B MPHCYTCTBHM KaTalu3aTopa, 310
60 nepexuch BOIOPOAa, TH6O ruIpasuH,

ABTOHOMHOE TOIUIMBO IS MHMTaHMA TypOuHBI (0GO3HAaUMM €ro MHAEKCOM
"T”) pasmelueHo B Gake 5 ¥ nopmaerca HacocoM 1 B rasoreneparop 4. Ha mapiue-
BOM pexmMe KOMIOHEeHT *"T”’ mo3upyeTcsa MCIONHUTENILHBIM JpoccelieM 7 pery-
nATopa TATH 9, Perynartop BHIMONHEH MO cXeMe MpsAMOro AeicTBuA (Oe3 ycHiu-
TeJs) ¥ YNpaBJIseTcs OT KOMAaHJHOro ra3oBOro pedyKropa 10, nuTaHHe KoTO-
POro mPOMCXOOMT OT aBTOHOMHOro rasoBoro akkymynaropa 11. Hacrpoiikoit
KOMaH[THOTO pefyKTOopa ympaBiseT CHCTeMa DeryJIHpOBaHMA KaXyILedcs CKo-
poctu. H3meHeHHe pacxofa KOMIOHeHTa T MPHBOOMT K W3MEHEHHIO YaCTOTBI
Bpauenus poropa THA ¥ k cOOTBETCIBYIOIIEMY W3MEHEHHIO PaCXOIOB OKHCIIH-
TeJA W Tropiovero, NMOAABaeMbIX B KaMepy MABHMraTess, T.e. TATH [BHTaTel.
OTKIIOHEeHHe TATH OT HOMHHATLHOTO YPOBHSA PeriiaMeHTHPOBAaHO JOIMYCKaeMbl-
MH OTKJIOHeHWAMM (mpuMepHO 4 — 5 %), B mpedenax HW3MEHEHMsA KOTOPBIX
yOETBHBIA MMITyJIbC TATH [IBHTATeNIA W3MeHsAeTcsA He3HauuTenbHo, Te xke cooGpa-
JKEHHs TOJIOXKEHbI B OCHOBY YIPaBJIEHHA COOTHOIIIEHHEM KOMIIOHEHTOB TOIDTHBA
¢ momousio apoccens 19 perymaropom COB, xoroprlit B mpouecce oGecmeye-
HHSl IDIaHHpYEMOH KOHe4Ho# Macchl JIA He HOJKeH MPMBOOMTD K 3HaUHMTEJILHO-
MY OTKJIOHEHHIO COOTHOLUEHHA KOMIIOHEHTOB B KaMepe OTHOCHTEBHO OITH-
MaJIbHOT O 3HaYeHHA
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3anyck gBuraresns MpOU3BOAMTICA OT aBTOHOMHOro (60pTOBOrO WM CTapTO-
BOr0) MCTOYHHMKaA ITMTaHHA KoMmoHeHTa ~"T” uepe3 o6parHbIil knanaH 3. Ilycko-
BOE TOIUIMBO, MHHYf Hacoc (3TOMy MpemATCTByeT oOpaTHbIfi KjlamaH Hacoca
2) , NpOXOMIHT Yepe3 OTKPHITBIA [poccenb 7 perynsaropa 9, npoccenbHyw LIaitby
12 u orkpeiThii kiamaH 13 B rasoreHeparop. IlpomykThl pasnmoxxeHus 3TOro
TOIUIMBA MOAJAIOTCA Ha TypOMHY, KOTOpasA HauHHaeT YBEJIMYMBATh YaCTOTY Bpauie-
HuA HacocoB. Temn yBenuueHHs yactoTsl Bpauens poropa THA Ha sroM srame
3alyCKa HEBBICOKHIl U OmpeneNnaerca pasMepoM apoccens 12, Ero rumpasmiyec-
KOe CONMpPOTHBJICHHE MONGHpaeTcA TaKHM, YTOGbI Ha YCTaHOBHBIIEHCA 4acToTe
ppawenus poropa THA Hacochkl oGecneuHBaT IHTaHKHE TOIUTMBOM KaMephl iBH-
ratejs Ha MUHUMAIBHOM ypoBHe TATH, [Ipu mocTikeHnn Heo6X0MMMOro ypoBH:A
NaBJIEHMitT 32 HaCOCaMHM OTKPBIBAIOTCA TJIaBHble TOIUIMBHbIE KiamaHel 18 u 20,
[BMTaTenb 3alyCKaeTcs W BBIXOOWT Ha MMHMUMATbHbIA ypOBeHb TATH, JTOT pe-
XHM paGoTbl [BHraTeNA MPH 3aIMyCKe YacTO HA3bIBAIOT IPeBAPHUTENIHON CTY-
nenbio 3amycka, CooTBeTCTBYIOLIee HaUMEHOBaHHE MOJTy4aloT H obecreunBato-
IIHe 3TOT PeXHM arperarbl aBBTIOMaTHKH,

Mocne BbIXO[a Ha NpeIBapUTENIbHYIO CTYIEHb [aBJIEHHE 32 HACOCOM KOMIIO-
Henta T CTaHOBHMTCA BbILIE JaBJIEHUsA IyCKOBOro TomimBa. B pesymbrare cpaGa-
THIBaHHA OGpAaTHBIX KJIalaHOB 2 M 3 MpeKpallaercs nojaya MyCKOBOTo TOIUTHBa
U THA nepexomuT Ha mMTaHMe OCHOBHBIM TOIUIMBOM OT COGCTBEHHOro Hacoca.
Ilocne BbIXOma ABUTaTeNsa Ha NpeJBApHIENbHYI0 CTYNEHb NOMAETCA KOMaHa
Ha OTKpbITHE IJIaBHOI'O KJIanaHa 6 koMmoHeHTa *T°’ u 3akpbITHe KJanaHa mpef-
BapHTeJIbHOH CTymeHH 3amycka 13, 3To NpUMBOIMT K YBeJTHYEHHIO pacxopa Tom-
JIMBa B Ta3oreHepaTop M yBeNMYeHHIO YacTOThl BpauieHusa poropa THA. B mpo-
Hecce yBeNHUeHHMA YacTOTHI BpauleHusa poropa THA mpoccemb 7 perynsaropa
TATH 9 MOCTENeHHO NMPHUKPHIBaeTCA U B KOHIE ABIXKeHHA obecneuMBaeT HOMM-
HaJTbHBIN YPOBEHb YacTOThI BpalleHus poropa THA, Takum oGpa3oM ycTaHaBiH-
BaeTcs OCHOBHOM pexuM pabotbl Bcex arperaroB IIY. Bropas cryneHs 3amycka
OBHUTaTeJIA Ha 9TOM 3aKaHUMBAETCA M HaYHMHAeTCA MaplieBbId pexxum paborsr 1Y,

OcraHoB Y mpoucxomur B mopsaake, o6patHoM 3amycky. CHauana nopaer-
C KOMaH[a Ha 3aKpbITHe IJIaBHOro Kj1amaHa 6 KOMmoHeHTa “T” M oTkpbiTHE
K/lanaHa Mpe[BapHTeNIbHO#M CTynmeHH 13, BBemeHwe B TpakT nMTaHMA ra3oreHe-
paropa THOPaBIIMYECKOrO COMPOTMBIIEHHA 12 yMeHbillaeT YaCTOTY BpaLIeHHA
poropa THA no pexxuma xoHeuno# crymeHH. IIpH QOCTHKEHHM 3TOro peXxuMa
INlaBHble TOIUIMBHBbIE KiamaHbi 18 ¥ 20 3aKpbIBalOTCA M JBHTaTelb OCTAHABIIH-
Baerca. OmioBpeMeHHO ¢ 3THM co cTopoHsl PKC cGpackiBaercs komaHmHoe
DaBlleHHe B perynarope 9 u Apoccend 7 mpekpalilaeT nopgavyy TOIDIMBA B ra3o-
reeparop. Porop THA ocranaBnmmBaercs.

JIByxcTyneHuaTbli 3allyCK M OCTaHOB IMPUMEHSAETCA 1A CMATYEHHA 3amycKa
H YMEHBLIEHHSA MMITYJIbCa NMOCIENEHCTBHA ABUTaTeNe GONbLIMX TAT, KOTOpbIE
npumensiorca misa XKPIIY HIDKHMX CTyneHeil HocHTenei KkocMuueckux JIA

Ina napmyBa 6akoB B paccMarpuBaemoii III'C npumensercs a3or, KoTopblii
B CKIKEHHOM COCTOSHMH pa3sMemaerca B Gake 16 u HacocoM 17 nopmaerca B
TewiooOMenHuK 22, [lpy HCmoOMb30BaHHMM Temwia ra3oBofa 23 XWMOKHIA a30T B
TeWw1000MeHHHKe HarpeBaercsi, U3MeHsAeT CBoe (a3oBOe COCTOSAHHE M B BHJIE
rasa yepe3 o6paTHbIe KilanaHb! 8 1 14 mopaercs Ha Hagays Gaxos Y.
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Ins nopgep’aHuA MOCTOAHHOIO Mepemnajia NaBJIeHHA Ha TypOuHe ¢ H3MeHe-
HHEM [1aBJIEHHA OKpY Kalollei cpeflbl B KOHIIE ra30BO/Ia YCTaHaBJIMBAETCA CBEpX-
KPHTHYECKHii Hacaiok 21,

B cnyuae npHMeHEHNs HH3KOKHIIALIETO WIH KPHOTEHHOTO TOIUIMBA BONH3H
CTeHOK 6aKoB MOXeET GbITh YCTaHOBJIEH CETYAThIi 3KpaH 15, MpemoTBpallatolHi
nepeMelMBaH1e Har perod OT CTEHOK YaCTH TOIUIMBA C €0 XOJIOAHBIM AIPOM.

Bropas HacocHas CHCTeMa MOHaYM ToIiMBa Ge3 moxmraHua paGouero Tena
nocne Typ6MHbI HCHONb3YyeT JIA NMTaHHA TypOMHBI OCHOBHBIE KOMIIOHEHTBI
tommuBa (puc. 2.12). Ha pucyHke mpHBeHeHBI TOJNBKO OCHOBHBIE 3IEMEHTHI
noacuctem Y ¥ moka3aHbl Bce BO3MOXHbIE BapHaHTbI PaCCTaHOBKH HCIOJHH-
TENBHBIX OPraHOB PerynaTopoB cuctembl ynpasnenusa Y. HeoGxomumele sme-
MeHTbI mofcHcTeM IIY | oGecrmeunBarolpie MONHBII mpolecc ee GYHKIMOHHPOBa-
HHA , MOT'YT GBbITh BEIOpaHbI H3 0GOGLIEHHOTO NMEpevHs, PUBEEHHOT O Ha pHC. 2.4
H B Ta6n. 2.1, B 3aBUCHMOCTH OT Ha3HaueHus Y.

OCHOBHOI# 0COGEHHOCTBIO pacCMaTPHBaeMOii THEBMOT MIPaBIIHYECKOMH CHCTe-
Mmel JIY saBnsercs orGop OCHOBHBIX KOMIOHEHTOB TOIUIMBA 3a HACOCAMH H IIO-
Haya Mx nmo TpyGompoBogaM 2 u 9 B AByXKOMIOHEHTHbIH ra3oreHeparop 6 (cM.
puc. 2.12). IpomyKThl peakiuus, MpOTEKalolIeH B ra3oreHeparTope, ABJIAIOTCA
pabounm TesIoM TYpOUHBI, OCTIe KOTOPOil OHH BBIGPAChIBAlOTCA Yepe3 CBEPXKPH-
THYeCKH#l Hacafok 3a Gopr JIA. Ilockonbky TeMmepaTypa MOJaBaeMBIX Ha JIO-
MaTKH TypOMH ra3oB OIpaHMYeHa, TO B [BYXKQMIOHEHTHbIE [a30TeHepaTopbl
TOIUIMBO TOAaeTcs JIM60 ¢ N36LITKOM roproyero,
nn6o ¢ n3beitkoM okucnurens., B III'C Y ¢
OOHHM Tra30Te€HepaTOpOM Bcerga BbITOMIHEe
MMeThb BOCCTaHOBMTEJIbHBIH ra3 (¢ H36bITKOM
ropioyero) , TaKk KaK AOIycKaeMas TeMneparypa
TaKOro rasa [Jis JIONaTOK TypOMHbI BbILLE, YeM
OKHCIIMTEbHOTO Ta3a, M BOCCTaHOBHTEJIbHbIH
ra3 uMeer GOIbLIyl0 Tra3oBY0 MNOCTOAHHYIO.
BonencTBue 3toro anuaGatHas pa6oTa rasa,
HCIONb3YEMOro [isi MPHBOHAA BOCCTaHOBHTEIIb-

Puc. 2.12 Hacoctast cHcTeMa MoAaYH TOIUIMBA, HCMONDb-
30l OCHOBHbIE KOMIOHEHTHI TOIUIMBA [UIA MHMTa-
HHA TypGunbl paGoanm Tenom:

1 — mpocceNb peryiAaTopa, H3IMEHIOIEro MPOXOHHOe
ceuene Fg gc; 2 — TpyGonpoBos 0T6opa OKHCIIHTeNs
IUIA TMTaHUA Ta3oreHeparopa; 3 — MApocCelb peryis-
TOpa, M3MEHSIOILETO MpoXomHoe cedeHue Foy; 4 —
[MpOCTapTep; S5 — Mpoccenb pPEryysiTopa, H3MEHsAIo-
IIEro MpoXofHoe cedeHue Fg rp; 6 — rasoreHeparop;
7 — mpoccenmb perynsaTopa, H3MEHSAIOILEro IMPOXoaHoe
ceyeHne Frpr; 8 — mpoccens perynsropa, H3MeHsIo-
Imero mpoxomHoe cedenue Fry; 9 — Tpy6ompoBon
oT6opa ropioyero A MATaHUA rasoredeparopa; 10 —
OpocceNb perynsaTopa, H3MEHAOLIEro MPOXOmHOe Ce-
veHHe Fr g
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HBIX Typ6HH, GoMblie, YeM y OKHCITHTENIbHBIX, YTO BBIFO[JHO B JHEPreTHUECKOM
Ganance 3TO# CHCTEeMbI MTOMIaYH TOIUIMBA.

Ina ynpasneHus pexuMoM paGoter IIY B Heil JOMXHBI GBITh pa3MeLIEHbI
HCTIOTIHUTENBHbIE OPraHbl PeryjiTOpOB H CTaGHIM3aTOpPOB HA TPAKTAX MHTIAHHA
TOIUIMBOM KaMephl [IBHTaTeNs H ra3oreHeparopa.

Jns ynpasneHus Taroi P, COOTHOLIEHHEM KOMIOHEHTOB TOIUTHBa B Kamepe
Ky » COOTHOIIIEHHEM KOMIIOHEHTOB TOIUIHBA B ra3orexeparope K, .. ¥ vacro-
toi Bpamenna THA n .. s KOHKPETHOH ABHIaTeNbHON YCTaHOBKH H BO3Ja-
raeMbiX Ha Hee 3a/1a4 BO3MOXHa PeaIH3al|A OMHOrO U3 TpeX BapHaHTOB PaccTa-
HOBKH OpTraHOB YIPaBJIeHUs, Ha3bIBaeMbIX HHOITIA 3aKOHaMH YIIPaBJICHHA:

Bapuaut I: P> F .. (103.5); Ky = Fp o (n03.10).

Kmrr = Frpr (003.7);

Bapuanr II: P> F |, (m03.1); K, ~>F. (n03.10);
a~Forp (103.5); Ky 1> Frpp (003.7).

Bapuanr IIIl: P> F, , (n03.3); K, ~>F., (no3.8);

Ky oo Frpp (003.7).

BapnaHT I yame mpuMeHsercs Ha mMpakTHKe, Kak HauGoree 5K OHOMHYHBIN
BCJIeICTBHE YNpaBJIeHHA PaCXOMaMH TOIUIHBA ITyTeM H3MEHEHHA pPeXXHMa paGoThl
razorereparopa ¥ THA, OpgHaxo TeMm H3MeHeHHs TATH B 3TOM CITydae Onpefens-
eTca mocTosaHHOW BpeMeHHn THA, uHepuMOHHbIE CBO#CTBa KOTOPOTO ABJAITCA
onpenenswowmMH B XPIY .,

HanGoneumm GbicTpofeiiCTBHEM H3MEHEHHA peXHMMOB o6llaliaeT BapHaHT
II, Tak kak TAra ABHTaTeNA M3MEHAETCA B TEMIE H3MEHEHHA MPOXOIHBIX ceve-
HHii ApocceNeil perynaTopoB, YCTaHOBJIEHHBIX Ha MarHCTPalfAX TOIUIMBONOOAYM
H pacIONIOKEHHBIX HeNMOCpe[CTBEHHO BOIM3M KaMepbl. B 3ToM ciyyae vacroTa
Bpamenuss THA Moxer ocTaBarbCi MOCTOAHHO#M JTHGO H3MEHATHCA € MOMOLIbIO
PeTyNATOPOB YNpaBJieHHs pexXuMoM yepe3 Apoccend 5 # 7, [loaromy BapuaHT
II peanusyer HauGonpluee COMPOTHBIIEHHE Ha PeryIHPYIOLIHX OpraHax ¥ oGia-
OaeT HaMMeHbIleH 3KOHOMMYHOCTbIO (pacxop rasa yepe3 TypOHHy GONbIIMIA,
YeM 3TOro TpebSyeT MOHIKEHHBIH peXXHM paGoThI ABHT aTeNn)

Bapuant III mo cBoiicTBaM 3KOHOMHYHOCTH H GBICTPOHEHCTBHA 3aHHMaeT
IIPOMEXXyTOUHOE MojioXKeHne Mexay BapHaHTamu I u II, 3anyck gsuratens Bos-
MO>XXEH IMPOCTapTepoM 4 uepe3 OTAEIbHBbIA COIUIOBOM ammapaT aKTHBHOM raso-
BOii TypOuHbI. TeMn H3MeHeHHA YacToThI BpauieHua poropa THA B aTom ciyuae
omnpeqensercsa AaBleHHEM CropaHus mHpo3apsafa. lns ¢dopcupoBaHusa 3amycka
HaBJIeHHEe CTOpaHMA NHMpO3apsfa HO/DKHO GbITh GOJbllle HOMHHAIBHOIO HaBie-
HHA B ra’oreHeparope, a [jifi CMArYeHHA 3allyCka MOXXHO IIPHMEHATH 3apAdbl C
MaJIoil MOBEPXHOCTBIO FOPeHHsA, 0GeceuHBaloLMe TopeHHe C MalbIM JIaBJIEHHEM,
Ins MHOrOKpaTHOTO 3allyCKa Ha MarHCTPaIAX 2 H 9 MOJAaYM TOIUIMBa B ra3ore-
Heparop yCTaHaBJIHBalOT HAKOMHMTEITbHbIE YCTPOHCTBA.

Hapmys 6akoB Moxer GbiTh oCywecTsiieH Jo6biM croco6om, OmHako.B
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Puc. 2.13 HacocHaa cucreMa nmopavu Tom-
nuBa ¢ asyma THA, wucnons3yowas
A nuTadua TypOGHH OCHOBHbIe KOMIO-
HEHTBI TOILIHBA:

1 — Tpy6ompoBonm oTGOpa OKHCIIMTENA
B ra3oreHeparopsl; 2 — TpyGomposon
oT6Gopa OKHCIMTENBHOrO a3a Ha Haiays
6axa; 3 — mHMpocTapTep MyCKOBOH Typ-
6uHnl; 4 — myckopad TypGuHa; 5, 10 —
OpOCCeNIH perynstopa TATH; 6 — raso-
reHeparop ¢ H36GbITKOM OKMCIMTens; 7,
8 — ppoccenn cTabWiH3aTOpoB Kyyrr;
9 — rasoreHeparop C H3GBITKOM IOpIO-
yero; 11 — Tpy6onpoBon or6opa raza Ha
Hagnys Gaka ropiouero; 12 — mipocrap-
Tep; 13 — TpyGompoBop orGopa ropio-
Yero Ha ras’oreHeparopbl; 14 — apoccens
perynsiropa K, .

PacCMaTpHUBaeMOil CHCTEMe MUTaHHA
9KOHOMHMYECKH BBIrOffHee HainyB
6axka ¢ TOpIOYHM OCYLIECTBIIATDH
BBLIXJIOIHbIMM ~ Ta3aMH  TypOMHBI,
orobpaHHbIMH U3 ra3oBopa. pyroi
MyTb MONE3HOrO HMCIOJIb30BaHHA BBIXJIOMHBIX Tra30B COCTOMT B YCTPOWMCTBE
KaYalolMXCA COIeJl YMpaBJIeHHs BEKTOPOM TATH, IOTPeGNAIOLIMX 3TOT ras B
KayecTBe pabouero Tena.

PaccMoTpeHHast CHCTeMa NMTaHHA HallUla HauGollee IIMPOKOE NMPHMEHeHHe
NpaKTHYeCKH Ha Bcex BUpax KPIY pasnuuHOro HasHaueHMsA (Kpome IMTaHWA
towmsoM XPIMT) .

TpeTbs HacocHad CHCTEMa MOJayH ToIUMBa Ge3 moxwrauma (puc. 2.13)
umeer asa THA, ucrmonb3ayronmx Ayis IMTaHHA TYpPOGUH OCHOBHBIE KOMIIOHEHTBI
towmpa. Ha pucyHke noka3aHbl OCHOBHbIE 3IeMeHTHI mofcucTeM JIY  mpHBe-
IeHa pacCTaHOBKa HeOGXOIOMMBIX MCIOJHUTENbHbIX OPraHOB PEryJATOPOB CHC-
TeMbl ynpasiieHua Y. Heob6xomumere sneMenTs! mopcuctem 1Y, oGecneunBaro-
LIMe MOJIHbIA mpouecc ee GYHKIMOHHPOBaHHMA, MOTYT GbITh BBHIOpaHBI H3 YHCIa
0600LIEHHOTO MepeuHs, MPUBEIEHHOTO Ha puc. 2.4 U B Ta6n. 2.1, B 3aBUCHMMOC-
TH OT HasHaveHus J1Y

OxHcnuTeNb M ropioyee Mo MarucTpanam 1 u 13 mopmaloTcs is NUTaHHUA ra-
3oreHeparopa 6, paGoTalolero ¢ H3GBITKOM OKMCIIHMTENs, H ra3oreHeparopa 9,
paboTaoiero ¢ H3GBITKOM roprodero. ITH ra3’oreHepaTopbl MATAlOT TyPOHMHBI
aBToHOMHBIX THA | Hacockl KOTOpPBIX 0GecNeuHBaloT MOAauy TOIUTMBA B KaMepy.
[Tockombky BbIXJIOMHbIE ra3bl NMOCHe TypOHH MMEIOT pa3HBIi XMMHUYECKHH COC-
TaB, TO OHH N0 TpyGompoBonam 2 1 11 HampaBnsAIoTCA M)A Ha/yBa 6aKOB ropio-
Yero ¥ OKHCIIHMTENs, a MX H3NMIIKH BbIGpachiBaloTCA 3a 60pT JIA yepes yTunu3sa-
LMOHHbIE COIVIa.

YnpaBrneHHe TAToW IBUTATENIA MOXeET OCYIIECTBIIATHCA CHHXPOHHBIM H3Me-
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HeHHeM INPOXOIHBIX CedeHHHl Apocceneil peryiasaTopoB 5 u 10, yCTaHOBIEHHBIX
Ha JIMHUAX C HauGonpumM pacxomoM. CHHXPOHHOCTb YNIpaBIIEHHA JPOCCENIAMHU
5 u 10 Ha puc. 2.13 ycnoBHO 0603HaYeHa IUTPUXITYHKTHPHOM JIMHHEH. Ynpase-
HHE COOTHOILEHHEM KOMIIOHEHTOB TOIUIMBA B Kamepe [IBHTaTeNs OCYIIeCTBIIACT-
ca ppocceneM 14, Bo3aMoxXHO ynpaBieHHe 3THM NMapaMeTpoM Yepe3 HaMepeHHO
paccoriiacoBaiHoe ynpasienue apoccensaMu 5 U 10, C momoumio mpocceneit 7
U 8 cTaGHIM3HpYETCA COOTHOLIEHHe KOMIIOHEHTOB TOIUIMBA B ra3oreHeparopax.
B03MOXHO myTeM M3MeHEHHA COOTHOLUEHHS KOMIIOHEHTOB TOIUTHBA B ra3oreHe-
patopax (3a cueT W3MeHEHHMA TeMMNepaTyphbl ra3a) H3MeHATb TATY ABHTaTeNsd H
COOTHOLIIEHHe KOMIIOHEHTOB TOIUTHBa B KaMepe. Bo3moxHO Takxke HCmomb30-
BaHue ia ynpasneHus JIY Bapuantos II 1 III, paccMoTpeHHbIX BbIIIE,

Bri6op omHOro 3 BO3MOXHBIX BapHAaHTOB yIpaBlieHUA GyneT ompemensaThb-
A 3ajaYaMH IBUTaTeIbHOH YCTaHOBKH, BO3/1araéMbIMH Ha Hee CO CTOpOHbI JIA,

3amyck [BWraTeNifi OCYIIECTBIAETCA ABYMA mMpocTaprepamu 3 u 12, Ilo-
CKOJIbKY IpH TFOpPeHMH TBEpPIOTO TOIUIMBAa H3BECTHBIX MapoOK peaM3yercs ras
¢ u30bITKOM roprovero, To mjsA 3amycka THA, paGoraroiero ¢ okucnHTeNbHOM
cpenoit, HeoGXOAUMO TPHMEHATD CIIEMMAIBHYIO ITyCKOBYIO TYpOHHY 4 ¢ OTHEND-
HbIM BbIXJIONOM.

YkaxeM Ha OCHOBHBIE IIPEHMYILECTBA, a 3aTeM M HeMOCTaTKH PacCMarpH-
BaeMOM CHCTEMbI NMMTaHHUA N0 OTHOLLEHHIO K MPENbIIYILHM,

[IpeuMmymecTBa,

1. BuiGop ¢ nomMoumpio ABYX He3aBucHMBIX THA onTHMarnbHO#M YacTOTHI Bpa-
IeHUA HaCOCOB OKHCIIMTENIA U rOpIovero, uro crnoco6erByer nosbiieHuto KITIT
JIOMAaTOYHBIX MallMH,

2. OGecrieueHne HageXHOCTH YIoIoTHeHuit Bayia THA

3. OcyecTBiieHHe HaiMyBa KaXxmoro 6aka BBIXJIOMHBIMH ra3aMH, mpolles-
LIHMM Yepe3 Ty pOHHbI.

Hepgocrtarku.

1. llosiBneHne B cuCTeMe NMTaHHA BTOPOTO ra3oreHeparopa C arpecCHBHOM
OKHCIIHTeJIBHO Cpefioi, MoHIDKato1wero o6y HamexaocTs 1Y .

2. Tpymsoctu cornacoBaHusa paGotel He3apucuMbiX THA . Ilns atoro Heo6-
XOIMMa KOMIbIOTEPHas CHCTEMa YTPAaBIIEHHA C HAaJEXHBIM HHGOPMaIMOHHBIM
obecrieueHueM.

3. TpynHoctH obecnedyeHMA CHHXDOHHOTO H3MEHEHMA YaCTOThl BpalleHHs
He3aBHcUMBIX poropoB THA npu 3amycke IIY.

OueBHOHO, HENOCTaTKH NMOKa MPEBBILIAIOT MPEUMYILECTBa He B MOJNb3Y LIH-
POKOro MPHMEHEHHA 3To# cucTeMbl nuranua. Ho mo mepe mpeoponenus Tpyn-
HOCTEil, OrOBOPEHHBIX, B YaCTHOCTH, B ImM. 2 ¥ 3, MPEMMYILECTBO, PaCCMOTPEH-
HOE B M. 1,MO3BONACT MpEANONaraTh, YTO AaHHas CHCTEMA IMTaHHA MOJXeT CTaTh
KOHKYPEHTOCTIOCOGHOI.

Ha puc. 2.14 nokazana JIY ¢ HacocHOl mopayeii KHCIIOPOIQHO-BOAOPOSHOTO
ToIMBa. B 3TO# cHcTemMe mMTaHHA ra3 mocie TypGMHBI MO razoBomy 2 uepes
KoOJUTeKTOp 16 momaercss B pacumMpsionryiocs 4acTb comia, Takoe TexHuueckoe
pellieHHe BBI3BAHO )KelTaHHEM KOHCTPYKTOPa YBEJIHUHTb TeOMETPHYECKYIO CTe-
TMeHb pacCIMpEHHA COIUIa MpH ero TpyGuaToil koHCTpykiy, Ha pucynke moka-
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Puc. 2.14. Hacochas cHcTeMa MOAaYH KHCIOPOA-
HO-BoROpoAHOro Tomnusa ¢ AsyMsa THA u omuum
ra3oreHepaTopom:

1 — Temwroo6MeHHHK HarpeBa Bofopoja; 2 —
ra3’oBofl; 3 — Tewio0GMeHHHK HarpeBa KHCIIOpO-
nma; 4 — mpoccenbHan maiGa oT6Gopa oKHCIHTENA
pns HagayBa Gaka; S — y3en pacnpeneneHHs
PacXoloB OKHCIHTENA; 6 — Ompocceinb perynsro-
Pa COOTHOIIEHHA KOMIMOHEHTOB TOIUIMBa; 7 —
ApocceNb peryiaropa TATH; 8 — rasoreHeparop;
9 — mpoccellb peryNATOpa COOTHOLUCHHA KOMIO-
HEHTOB TOIUTMBa B ra3oreHeparope; 10 — mycko-
BOit 6Gayok Bomopopda; 11 — myckoBoit knanaH ¢
3NeKTponpuBoAOM; 12 — TINAaBHRIA KJIanaH
okHcymTensi; 13 — o6parTHblif KNanaH MyCKOBOi
cucreMbl; 14 — ppoccenbHas 1ma#i6a orGopa
ropiovero Ijia Hagoysa Gaka; 15 — riaBHbIi
KJIalaH ropiovero; 16 — KoJUIeKTOp BAyBa rasa
mocie TypGHHBI B 3aKPHTHYECKYIO 4acTh COIUIA;
17 — KoOJUIeKTOp MOABOMa TOPIOYEro MJif OXJIaX-
MeHHA KaMepsl ABuratens; 18 — mpomexyrounas
Tpy6GKa; 19 — TpeyronpHOe OKHO BAyBa r'a3a

3aHa KOHCTPYKTHBHaA CXeMa TaKOro pelleHHs. Mexay pasaBuHyTBIMH TpyOka-
MH, U3 KOTOpbIX 00pa3yloTCA CTEHKH COIUIa, BCTaBJIEHa IIPOMEXYTOYHasA TpyOka
18. OHa HMeeT BepXHHii 3ar/TyLIeHHbIi TOPELl, OTKPHITHIA HIDKHHI KOHEI H 60KO-
Bblé MPOPE3H, Yepe3 KOTOpble OXIKAAILIMIA KaMepy BOOOPOA H3 KOJUIEKTOpa
17 momagaer B TPaKT OXJIaXKAeHUsA (HampaBJICHHE ABHXEHHA OXJIaXIAIOLLEro
BOIOPOAa MOKA3aHO CTpeNiKaMH) . Mexmy GOKOBBIMU CTeHKaMH TPYGOK H IiTy-
XHM TOPLOM INPOMEXYTOUHO# TpyOku 18 oOpa3yercs TpeyroipHoe okHo 19,
Yyepe3 KOTOpOe ra3 Mocjie TypOMHbI BOYBaeTCA B PaCILMpAIOLLYIOCA YaCTb COIUIa
(HanpaBneHHe NBHXEHHA ra3a Ha PUCYHKE MMOKa3aHO MyHKTHPHOMH JIMHHEH cO
crpenkoit) . OkpyxaA Bce OKHa BAYBa KOJUIEKTOPOM 16, MOXHO peayM30BaTh
CHCTeMy ByBa ra3a B PaCIUMPSIOLIYIOCA YacTh COIUIA,

" OkHcMTeNnb (KHCIIOPO) NMOCTYNAeT M3 HAacoca K y3IIy pacmpefelieHus pac-
xomoB 5. Bornbias YacTh OKHCIHTENs Yepe3 INIaBHBIA KMCIIOPOAHBINA KjlamaH 12
nogaercs B (GOPCYHOUHYI0 TONOBKY KaMepbl aBHraTens. HeoGxomumas vactb
KHCJIopofa uepe3 ipoccenb 7 MOCTyNmaeT B ra3oreHeparop 8, paGoTalolmii ¢ H3-
6biTKKOM ropiovero. Uepes mpoccenbHyto waiby 4 KHMCIOpoHd, MPOXOOA Ter1006-
MEHHHK 3, MocTymaeT Ha HaaoyB Gaka okHciHTesia, YacTb OKHCIIHMTENA Mofaer-
cs1 Ha BXOJI Hacoca Yepe3 Apoccesb 6,

OcHoBHas YacTh roprouero (BOAOPOAa) M3 ABYXCTYNeEHYaToOro Hacoca yepe3
ITIaBHBbIH TOIUTHMBHBIA KiamaH 15, KOJUIeKTOp MOABOAa ropiovero 17 u oxyiax-
IAIOIIHA TPAaKT nofjaeTcs B GOPCYHOUHYI0 TOJIOBKY KaMeps! ABurarens. HeoG-
XoaMMast YacTb BOFOPOAa IOCIIe HacOCOB 4Yepe3 Jpocceiib 9 mocTynaer B BOCCTa-
HOBHTEIIbHBIH rasoreHeparop 8. Uepe3s mpoccenpHyio 1ait6y 14 Bogopon, mpoxo-
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Oa Tew1ooOMeHHHK 1, mocTymaer Ha HagayB Gaka ropiouero. BoccraHoBHTEND-
HBblii TeHepaTOpHbIA ra3 NHTaeT ABYXCTYNEHYaTylo TYpOMHY, Koleca KOTOpO#
HMEIOT ra30BYI0 CBA3b Yepe3 MPOMEXYTOUYHBIN COIUIOBOM aImapaT ¥ BpallaloTcs
C pa3HoOii YaCTOTOH — ¢ GoJblLeH Ui MPUBO/a HaCOCOB BOAOPOAA H C MEHbIIIEH —
IJIA MPHUBOJA HacoCa OKHCIHTENA. ITO OBCTOATENLCTBO BbI3BaHO MOBBIIICHHOMH
CKJIOHHOCTBIO K KaBHTallMM KHCIIOpO/ia O CPaBHEHHIO C BOAOPOIOM.

I'a3 mocne Typ6uHBI Yepe3 ra3oBof, 2 MOCTyMNaeT B KOJUIEKTOp BOyBa 16 u
MPHCOEMHAETCA B PacCILMpAIONIEACA YacTH COmUla K o6uwei Macce oTGpacbiBae-
Moro :ra3a, Ympasnenue Taroi 1Y mnpousBomurcs HpocceneM 7 perynaTopa
TATH, YCTaHOBJICHHOTO Ha JIMHMM IMTaHMA OKMCIIMTENIEM ra3oreHeparopa 8.
Ynpasenenue COOTHOLIEHHEM KOMIOHEHTOB TOIUIMBA MPOH3BOOMUICA C MOMOILBIO
mpoccens 6, yepe3 KOTOPBIH 4YaCTh pacXofa OKHCIIMTENA C BbIXOHA M3 Hacoca
noxaeTca Ha ero BXon. Takoe cxemMHOe pellleHHe BO3MOXHO JIHLIb IPH HE3HAYH-
TEJIbHOM pacXofie Yepe3 Ipoccellb 6, Tak KaK KHCJIOPOJ, IpH BCAKOM yBelHYe-
HHMH pacXxofia Ha BXoJle B HaCOC CKJIOHEH K IPOSABJICHHIO KaBUTAlIMH,

CoOTHOLIIEHHEe KOMIIOHEHTOB TOIUIMBA B BOCCTAHOBHTENIBHOM ra3OreHepa-
TOpe 8 ynpaBiisfieTcs ApocceiieM 9, yCTaHOBJIEHHbIM Ha JIMHUM MOJayH rOpIYero
B rasoreneparop. Ileper 3aIryckoM MpOU3BOOUICSA NpeNBapHUTENIbHOE 3aXO0JaXH-
BaHHe MariuCTpaJieil TOIUTMBONONAYM KaMephbl ¥ ra3oreHeparopa.

B nepsblit 3Tanm 3amycka OTKPBIBaeTCA IJIaBHBIA TOIUTMBHBIH KJlanaH ropio-
yero 15, a B xamepe U razoreHeparope ¢ NOMOUIBIO EKTPHYECKHX HCKPOBBIX
CBeveil BKITIOYAIOTCA BOCIUIAMEHMTENH, KOTOPbIE MOJAl0T B KaMepy M ra3oreHe-
patop myckoBble ¢akensi. [locie 3Toro orkpeiBaercs ImycKoBOi KiamaH 11 H,
3ampaBJIeHHBbINA 3apaHee CXaTblit Bomopon, u3 Gauxa 10 momaercs Ha TypOuMHY.
IMocne mocTiDkeHUA NMpedBapHTENbHON YacTOThl BpamieHnsa poropa THA mycko-
Boil knmamaH 11 3akpoiBaerca, THA BeIXomMT Ha peXXMM IHMTaHMA OCHOBHBIM
TOIUIMBOM, a [JIaBHBIH TOIUIMBHBIA KJIalaH OKHCIMTENA 12 YaCTHYHO OTKpHI-
BaeTcA Ha mpedBapHTeNbHYI0 cTymeHb, I[locne BbIxoma OBUTaTelNs Ha MpeABapH-
TeNbHYIO CTyIeHb IOABIDKHAA YaCTh KJIallaHa 12 IUIaBHO Mepexo[HT B MOJHOCThIO
OTKPBITOE MOJIOXKEHHe M [BUTaTeNb BBIXOOMT Ha OCHOBHOM pexxauM. IlyckoBoit
Gauox 10 mocne 3akpbITHA KJianaHa 11 3ampaBnsiercs Yepe3 oGpaTHbIA KiamaH
13 1 obecneunBaeT NOBTOPHBIf 3aIyCK ABUTaTeNsA .,

OcTaHOB MABHTaTeNIA MPOHCXOOHMT IOCNIE 3aKPBITHA [JIaBHBIX TOIUTMBHBIX
KnanaHoB 12 1 15 1 npexpallieHHA MOJaYH TOIUIHBA B ra30reHepaTop.

Tocne mpexpaleHNA MOJAaYHM XXMAKOro KHciopona GopcyHOUHbIE FONOBKH
ra3oreHeparopa M KaMepbl OBHTaTeNif INPOMOYBAalOTCA Ia3000pa3sHbIM KHCIIO-
poAOM.

2.1.4. HACOCHBIE CHCTEMbBI IIMTAHUA
C IOXXUT' AHHEM TEHEPATOPHOI'O I'A3A ITOCJIE TYPBUHbBI

Cucrema muranus Ge3 HOXHTaHHA ra3a Mmocie TypGuHbI oGnajjaeT TeM He-
[I0CTaTKOM, YTO BBIOpachIBaeMblii MoCiie TypOMHBI ra3 cofiepXuT B ceGe Heuc-
TIONb30BaHHY0 XHMMHYECKYI0 3HEPrHI0, TaK KaK B ra3oreHeparopax ropeHHe
TOIUIMBA MPOMCXOMHUT JIHO0 C M36BITKOM ropioyero, IHGo ¢ H3GHITKOM OKHCITH-
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Puc. 2.15. Hacochas cHCreMa NMTaHHA C
[IOXHTaHHEM BOCCTAHOBHTENHOrO ras’a moc-
ne TypGHHBI B KKaMepe ABHIaTeNs:

‘1 — ppoccens perynsaTopa, H3MeEHSIOLLErO
npoxoaHoe cedenne Fg y; 2 — rasoson; 3 —
OpOCCENb perynaropa TATH; 4 — oGBOMHEIH
ra3oBofl; 5 — Opoccellb peryiAaTopa, u3me-
HSIOILEro NpoXomHoe cedeHne Forr; 6 —
rasoreseparop ¢ H3GhITKOM ropwoyero; 7 —
OpOCCelib peryjaTopa, H3MEHMOIIEro Ipo-
XomHoe cedeHHe Frypr; 8 — TOIWIMBHBIH
TPaKT MOMaYH ropiovYero B ra3oreHeparop

Tens. [IpuHuumameHO nepen BbIGpO-
COM XHMHYECKH aKTHBHBIA ra3 MOXHO
HOXeyb B CIELMaIIbHOM KaMepe 0XH-
TaHWsA, HO BCJIEOCTBHE HHM3KHX [aBlie-
HMil BbIGpacbiBaeMbIX ra3oB 3ddex-
THBHOCTb TaKOro MOXXHTaHHA Ype3Bbl-
yaiiHo Hu3zka. HauGonee moymoe Boige-
JIeHHe XHMMMHUYECKON DJHEpPruM rasa,
mpolleaiero TypoOHHy, MoOXeT ObITh
peanu30BaH JIMIL NIPU BBICOKHX HaB-
: JICHHAX B MPOLECCE €ero MOXHTaHHUA.
! BbicokHe OaBiieHHMs NpU TOpeHHH TOII-
JIHB peanu3yiorcs B Kamepax mpurarens XPIY. Upesa moXuraHusa XMUMHYECKH
aKTHBHOIO ra3a, mpoilejiero Typ6uHy, B OCHOBHO# KaMepe NMpHUBeNa K pa3pa-
6oTKe M mpakTHUeckoMy ocBoeHmi0 XXPIIY ¢ noxuranuem,

CucreMa IMTaHHA C NOXKUIaHHEM BOCCTaHOBHTEJIBHOI'O ra3a Iocjie TypGHHbI
B KaMepe JBMraTelia IpuBeneHa Ha puc. 2.15. B aroii cucreMe mmraHus Bech
pacxop ropioyero Mocjie TpakTa OXJIKAEHHA KaMepbl OBHTaTeNId MOJAETCA Mo
TOIUIMBHOMY TpaKTy 8 B rasoreHeparop 6 4epe3 mpocceib 7 perynsaropa, u3Me-
HAIOILEro npoxomHoe cedeHue Fy. ... OKHCIHTENb B ra30reHepaTop nopaerc ye-
pe3 BTOpYI0 CTyneHb Hacoca M ApOcCellb 5 perynaTopa, H3MEHSIOLEero nMpoxof-
Hoe ceyeHHe F) .. M [I03HPYIOLIEr0 HeobxomuMblil pacxo,. [lpuMenenue BTopoi
CTYMNeHN HacOCa OKMCIIMTENA [JIA NMTaHUA ra3oreHepaTopa CyIeCTBEHHO YMEHb-
LIaeT mepemnaj AaBJIeHWil Ha Apoccene 1 perynsropa, H3MEHAIOILEro IWIoWaab

0.K"

B cnyvae npumeHeHHs ropioyero ¢ Majoi INIOTHOCTbIO €CTECTBEHHO MpHMe-
HeHHe [ByX- WIM MHOrOCTyMEeHYaThIX HacocoB. B mpakTike s ynpasiieHus
napameTpaMu 1Y pear3yioT clieyloupie 3aKOHbI YIIPaBJICHHA:

Bapuant I: P> F .. (103.5); K, > F,  (m03.1);
Kpnrr 2> Fppr (003.7);
Bapuant I: P> F | (n03.1); K, > Fp 1 (03.7);
Kyyrr > F g pr (n03.5).
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Bapuaur I oGecneynBaer HanGONbLMIA KO3(DOMUMEHT YCWIEHHA KOHTYpa
ynpaBJIeHHsA TATOH, TAK KAaK HE3HAYMTENIBHbIe W3MEHEHHsi IUIOLIaJM [pOCCels
F, or, YCTaHOBJIEHHOTO HAa JIMHMM HaMMEHBLIETO PAacXOfida B Tra3OreHepaTop,
MpPUBOIAT K 3HAUMTENIBHOMY M3MeHeHHIo TArH. OpmHako BapHaHT I ycrynaer mo
6bicTponeiicTBHI0 BapHaHTy II, TaKk Kak TeMIl H3MEHEHHs TATH ONpeNelAeTCs
nHepiMonHocThio THA

I[puHIMIHMaNbHO BO3MOXHO ympaBlieHne Ge3 cTabwmsaimu K, .. 3a cuer
HU3MeHEeHHA TeMIlepaTyphl reHepaTOpHOro rasa, KOTopoe, ofHaKo, Tpebyer orpa-
HMYEHUs €ro MaKCHMalbHO HOMyCTHMOH TeMmepaTypsl rasa. Ilpumenenue pe-
TYJNATOpPa KaXYLIeHCs CKOPOCTH IpPEAIOoJiaraeT pa3MelleHHe ero MCIOIHHTeNb-
HOro OpraHa Ha MeCTe IpOCCeNs peryyiaropa TATH, a CHCTEMbI ONOPOXHEHHA
GaxoB — Ha MecTe Apoccena K, .

Ina paccMarpuBaemoit 1Y TATy MOXHO H3MEHATh MPAMBIM IEpeNyCKOM
BOCCTaHOBHUTEJILHOTO ra3a U3 reHeparopa, MUHYs TypOHHY, HeNOCpPe[CTBEHHO B
kamepy apuratens, Ha puc, 2.15 myHKTHpPOM moka3aH oO6BOMHBIH ra3oBof 4 H
gpoccenb 3 perynatopa TArH. OmHaxo BBICOKOTEMIIEpaTYypPHBI ra3 Jpocceiu-
poBaTh 3aTPYIHHTENILHO, U TaKO# cnocoG ympaBieHUsA MPUMEHAETCA JIMIUb 1A
HH3KOTEMIIEpaTypHOro BOJOPOAa. 3amyCK ABHMraTeNs MOXXeT IPOH3BOIUTHCA
3a CYeT mMpuBOda TypOGHMHBI mupocTapTepoM (Ha puc. 2.15 He nokasan). Ilpu
3TOM HeoOXOOMMO NpMMeHeHHE MyCKOBOH TypGHMHBI, Tak Kak TBepfasa da3a
NPOJYKTOB CrOpaHHA IHMpO3apalia MOXeET IPUBECTH K 3acopeHHI0 (GopCcyHOK
rasoreHeparopa. Hagnys TomwBHbIX 6akOB MOXeT GbITh OCy11eCTBIEH monIM
M3 BO3MOXHBIX CIOCOGOB,

Ha puc. 2.15 noka3aHbl TONBKO OTJIMHYHTENIbHbIE OCOGEHHOCTH paccMarpH-
BaeMmoit [II'C JIY u paccTaHOBKa 3JIEMEHTOB YIpaBJIEeHHs OCHOBHBIMH NapaMer-
pamu 1Y, Jina ynpaBjieHusi 3alyCKOM, OCTaHOBOM M BEKTOPOM TATH MOTYT
ObITh BBHIOpaHBI THIIOBBIE 3MEMEHTbI M3 YHC/Ia BapHaHTOB NPHBENEHHOTLO Ha
puc. 24 u B 1a61, 2.1 ux 0606LIEHHOro0 NMEepeyHs B 3aBUCHMOCTH OT Ha3HaYeHHs
Y, ycnoBHi 3KCIUTyaTalluM ¥ BHJa TOIUIHBA,

BcnepnctBue GonpiMX cTemeHell pacCLUMpeHHs Ta30B 3a CYET yBelTHMUECHHS
HaBJIeHHs B KaMepe [BHUTarens Takue 1Y MMenT npeuMyectsa npu GoMbLIMX
NIPOTHBOJABIICHHAX OKpYXKaloled cpedsl, T.e. B IUNIOTHBIX CHOAX aTMOc(epsl Ha
HIDKHHX cTymeHax Hocuteneit KJIA, Gawmcrudeckux JIA u nerarenbHbIX amma-
PaToB, MaHEeBPHPYIOILMX B IUTOTHBIX CJIOAX aTMOChepsI.

Ha puc. 2.16 noka3saHa GesreneparopHas cucreMa matauusa XPIY c Hacoc-
HO#t MoJiaveil TOIUIHBA C JOXHI'aHHEM BOCCTaHOBHTENIBHOI'O Ia3a Iocie Ty pOHHbI.
B aroit cucreMe mmraHua miA npuBopa Typ6uHel THA ucnonssyercs Bomopon
C TEMIOBOH 3HEpruei, COOBIIEHHON eMy B TPaKTe OXJIKIEHHA KaMephl [BHTa-
Tensa. OcoGeHHOCTBIO pPacCMAaTPHBAEMOH CHUCTEMbI IHMTaHUA ABJIAETCA TaKXKe
NpHMeHeHHe MeXaHHYeckoro pegykropa 4 B cocraBe THA s moHm)KeHus yac-
TOTHI BpallleHHs Hacoca OKHCIHTeNA (KHCIIOpOHda), BBHI3BAHHOE MOBBLIILEHHOM
CKJIOHHOCTBIO 3TOTO TOIUIMBA K KaBHTAlMH,

Ecnu nepBoe penrenye — HCTONb30BaHKE TEIUIOBO#H SHEPTHH OXJIAXKAAIOILETO
TpaKTa KaMepbl [UIf NPHUBOMA TypOHMHBI — ABNAETCA OPHTMHAIBHBIM, TO BTO-
poe — MpHMeEHEHHE MEXaHHYECKOrO PeNyKTOpa, — BHIHYKIEHHBIM.
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Puc. 2.16. BearenepaTopHas CHCTeMa NHTa-
uusa KPIY c HacocHOi#l mopaaveli TOmIMBa C
[OMHIaHHEM BOCCTAaHOBHTENBHOrO ras’a noc-
e TypGHHBI:

1 — riaBHBIA KIIanmaH OKHCNHTENA; 2 — ApOC-
CeNlb peryJiATopa COOTHOLIEHHA KOMIIOHEH-
TOB TOIUIMBA; 3 — [ApOCCeNb perynaTopa
TATH; 4 — MeXaHWYeCKHHM pemykTop; § —
o6BopHbI# TaszoBon; 6 — ra3’oBhiff peAyK-
Top; 7 — TrenHeBbl aKKyMyNATOp HaBlie-
HUg; 8 — comnoBo# Apoccelb TypGMHBI;
9 — Marucrpainb nomayYd Harperoro Bomopo-
na B Typ6uHy; 10 — mpoccens oTGopa rasa
s HagnyBa Gaka; 11 — ocHOBHOM raso-
Bof; 12 — rmaBHBI# KJIallaH roploYero

Oxucnurenb (Kucmopoa) H3 Ha-
coca uepe3 pgpoccenb 2 M IJIaBHBIA
TOIDIMBHbIA KJiamaH 1 Tmofaerca B
¢$opCyHOUHYIO rOJIOBKY KaMepbl.

Toprouee (Bomoponm) mocne ABYX-
CTYMeHYaTOro Hacoca uepe3 TJIaBHbIH
TOIIMBHBIA KiamaH 12 mocTymaer B
TPaKT OXJIKAEHHA KaMepbl, e Ha-
rpeBaeTcs, a 3aTeM IO Marucrpam 9
nofaeTca yepes apoccend 8 Ha TypOuHY
THA. Iocne Typ6umbI Mo ocCHOBHOMY ra3zoBony 11 Bomopon mopaercs B ¢opcy-
HOYHYIO FOJIOBKY KaMepbl IBHT aTelIA.

YmpasneHHe TAroil ABUTaTeNs MPOM3BOOMICA IEPENYyCKOM YaCTH rasa B
06Boa TypGUHBI MO ra30BoAy S5 ApoccenieM 3 B OCHOBHO# ra3osop 11, Ynpasne-
HHe COOTHOLIEHHEM KOMIIOHEHTOB TOIUIMBa oGecmeumBaeTcs HpocceyieM 2,
yCTaHOBJIEHHBIM Ha TPaKTe MOJauYH OKHCIIUTENA B KaMepy JIBUT aTelA .

3amyck [BHraTelli OCYLIECTBNIAETCA ITyTeM OTKPBbITHA TJIaBHOTO TOIUIMB-
HOro KiamnaHa ropiodvero 12 mpu 3akpsiToM Apoccene 3. Bomopon non mamie-
HHEM COOCTBEHHBIX MapoB MOCTYMaeT B TPaKT OXJIaXAeHHA Kamepbl. Bememcr-
BHe GOJBIIOH Pa3HOCTH TEMIEpPaTyp TOIUIMBA M KOHCTPYKIHMH obojiouek KaMe-
pbI BOHIOpOJ, Har peBaeTcs U obGecnednBaet Bpauenue poropa THA , Ilpu mocrinie-
HHMH MHHMMAJIBHO JOMYCTHMO# YaCTOTHI BpallleHHsl HaCOCOB CHavasla BKJIIOYaeT-
CA 3NEKTPOMCKPOBas CHCTEMa BOCIUIaMeHEHMA TOIUIMBA, a 3aT€M OTKpbIBaeICA
TJIaBHBIA TOIUIMBHBIN KiamaH okuciurens 1, JIBurarenb BIXOZMT Ha MHHHMaIb-
HBIH peXuM, HaYMHasA C KOTOPOTO TEMII YaCTOThI BPAlLEHHA POTOPa YBeNTHUH-
BaeTCA, U B 3TOM TeMIle JBMTarTelb IUIaBHO Ge3 3abpoca maBneHHs BBIXOOMT Ha
OCHOBHOI pPeXXHM paboThI.

OcTaHoB nBMrarens MNPOM3BOOMICA IyTeEM OJHOBPEMEHHOTO 3aKpbITHA
ITIaBHBIX TOIUTMBHBIX KjamaHoB 1 ¥ 12 mociie mpemBapHTENbHOTO MOHIDKEHHUA
pexuMa fpocceneM 3 10 MHHHMAJILHOTO yPOBHA TATH [ABHTaTeNA,

Hapnys Gaxa Bogopopa oGecneunBaercs 0T60poM YaCTH Harperoro B Tpak-
Te OXJIOKOEHHSA BOHNOpOAa M3 MarHcTpaim 9 depe3 nmpoccermm 10. Hagmys Gaka
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KHCJIOPO[Ia OCYLIECTBIIACTCA TeIHEM H3 aKKyMYJIATOpa 7 Yepes ra3osblil pemyK-
Top 6. Jlns yNMywlleHHsi MacCOBBIX XapaKTEPHCTHK CHCTEMbI HafiiyBa Ga/LT1OH
C relMeM MOJKHO pa3MellaTh B 6ake ¢ OKHCTIMTENEM.

Paccmarpupaemas 1Y nemecoobpasHa 1yl MPHMEHEHMA B COCTaBe MOCIEN-
HHX cTyneHei Hocureneit KJIA, Tak kak B Heit OrpaHHu€eHa peau3alis BbICOKO-
ro [JaBJIeHUA P, , a HEOGXOIUMBIN y/IEbHbHI HMITYJIbC TATH MOXeT GbITh obecre-
YeH 3a CueT MOBBILIEHHOH CTeNeHH YIMPEHHs COIUIa.

Ha puc. 2.17 noka3sana JIY ¥ paccTaHOBKa B Heil OCHOBHBIX OpraHOB yIpaB-
JIeHMSL [IBHTaTeJIeM C HaCOCHOH CHCTEMOH NMTaHMA, UMEIOIEH B CBOEM COCTaBe
[Ba TypOOHACOCHBIX arperara, MMTaeMbIX aBTOHOMHBIMH BOCCTaHOBHTEJIbHHIMH
razoreHeparopamu, Kpome Toro, mis GeckaBHTalMOHHOH PaGOTbI OCHOBHBIX
HAacOCOB B 3TOi CHCTeMe IMTaHuA npumeHenbl nBa GycrepHeix THA (BTHA)
¢ rugporypOuHamu. CHCTeMa IMTaHHA HMCNONb3yeT B KayeCTBE TOIUIMBA KMC-
JI0pOfl ¥ BOAOPOA.

Kucnopon u3 6aka, npoxons 4epe3 Hacoc Gycrepaoro THA u nepsyro cry-
neHs Hacoca THA okucimrens 6, pacnpenenserca B y3ie 5 Ha TpH yacTu. OCHOB-
Has YacTb OKHCITMTENSA MOJAETCA YEpe3 INIaBHbIH TOIUTHBHBIH KJIANIAH OKHCIIHTENA
4 B ¢dopcyHOUHyl0o rONOBKY Kamepbl OBHrareis. Ilpyras yacTb OKMCIHTENA
yepe3 BTOpPYIO CTYIEHb Hacoca MOMAETCA uepe3 Apoccelu 9 u 11 B razorexeparo-
ps! 8 1 10, Tperbs yaCTb OKHCIIMTEINA HCIONb3YETCA WA IHTAHHA THAPOTY pGHHBI
BTHA 7, nocne koTopo#t OKHCIHTENb MOJaeTcs Ha Bxop GycrepHOro Hacoca
OKHCITHTENA.

Topiouee u3 Gaka, mpoxons uepes Hacoc GycrepHoro THA 13, tpexcrymen-
yateiit Hacoc THA ropiouero 14 ¥ riaBHbII TOIUIMBHBIA KilamaH roproyero 15,
pacrnpefneNseTca Ha IBe YacTH M NMOCTYNAeT B KOJUIEKTOPBI OXJIAX/IEHHA KaMepbl
nsuratena 17 u oxnaxpaenus comwna 18, Pacnpenenenue pacxonoB Mexmy Koi-
NIEKTOpaMH OCYILECTBIIAETCA Yepe3 MepemycKHOil TpyGonposop, 1 ¢ momolipio
apoccena 3. Ilpu rimyGokoM MOHMXKEHHH pexXxMMa paGoOThI Opoccenb 3 3aKpbIBa-
eTcH, TaK KaK YXy[IURIOTCA yCITOBHA OXJIAXKIEHNUA Kamepbl IBUTaTeNs.

OcHoBHas 4acTb ropiouero INOJAETCA Yepe3 Marucrpand 1 M 2 Ha mHTaHHe
ra3oreHepaTopoB. BoccTaHOBHMTENBHLIA ras mnocie Ttyp6uH ocHoBHbXx THA
MOCTYTIaeT Yepe3 OXJIaXIAeMbIH razoBof 16 B GopCyHOUHYI0 rOlIOBKY KaMepbl
nBuratens. YacTs ropioyero, npoiasa py6GallKy OXJIaXKaeHHs KaMepbl IBUraTels,
HCTIONb3YeTcA s npuBoaa ruppotypbussl BTHA roprovero 13 u nocne Hee mo
TpyGonposoay 12 mopaercs B TpaKT OXJIaX(IEHHUsA ra30reHepaTopoB M fiajlee — B
TPaKT OXJIAXKICHHUA ra3oBofia 16 M uepe3 ero MOpUCTYI0 CTEHKY — B (GOpCYyHOU-
Hy10 TOJIOBKY KaMepbl,

YnpasneHue nmapaMeTpaMH [BHTaTedAsA OCYILECTBIISAETCA C IOMOILUBIO ABYX
apocceneit 9 U 11, ycTaHOBJIEHHBIX Ha JIMHMH NMTaHUA ra3oreHepaTopoB OKHC-
nuteneM. C nomoupio Apoccens 9 yNpaBNsAeICa TATa JBHraTellf, a C OMOLIBIO
gpoccenst 11 — cooTHoLUeHHe KOMIIOHEHTOB TOIUIMBa B KaMepe. BcnemcTue
CIIOXHO# B3aMMOCBA3M arperatoB JIY Mexay coGoit KOHTYpHI YIpaBlieHHA
TATO# M COOTHOLUIEHHEM KOMIIOHEHTOB TOIUIMBA CYLIECTBEHHO HeaBTOHOMHBI
[23]. HlosToMy mpu ympaBJieHHM TATOH C MOMOLIBI0 Apoccens 9 Heo6XomuMo
OIOHOBPEMEHHO BOCCTaHaBJIMBaTh fpocceneM 11 COOTHOLIeHHe KOMIOHEHTOR
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towmBa, O6paTHoe BIMAHHME U3MEHEHHs COOTHOLIEHHA KOMIIOHEHTOB TOIUIMBa
Ha TATY MeHee CyuleCTBeHHO, TpyOHOCTM ympaBlieHHA mapaMeTpaMHM TaKoro
OBATaTelA PellaloTCA pUMeHeHHEM KOMITBIOTEPHOM TEXHUKH,

3amyck aBHrarenin MoXeT GbITh OCYIIECTBJIEH NMapaMH, KOTOpbie 06pa3yioT-

8 9 0 11

|12

— v,/{{((///liz =

~14

/~15

Puc, 2.17 HacocHast cHcTeMa NMMTaHHA C IBYMSl BOCCTaHOBHTEIbHBIMH a3oreHeparopamMH H
AByMa Typ6oHacocHbiMH arperatamu (THA) :

1 — nepenyckHo# TpyGompoBon ropioyero; 2 — TpyGonpoBop, Oy ropioyero B rasore-
HepaTopbl; 3 — TmepemycKHOM HOpoccelib; 4 — TIJIaBHBIM KJIaNaH OKMCIIMTENA; 5 — y3en
pacnpenenienus oxkucnurenda; 6 — THA c¢ Hacocamm oxuciurens; 7 — Gycrepusiit THA
okucnutens; 8 — rasoreHepatrop THA oxucnurens; 9 — mpoccelib ympaBlieHHs TATOM;
10 — rasorenepatrop THA ropiouero; 11 — mpoccenb ynpaBiieHHsi COOTHOLLIEHHEM KOMIIO-
HeHTOB TolumMBa; 12 — tpyGomposon BTHA ropiovero; 13 — Gycrepubiit THA ropiouero;
14 — THA ropioyero; 15 — rnaBHbI# KiamaH ropouero; 16 — oxJaXpaeMblit ra3oBOQ;
17 — KONNeKTOp OXJaXKOEHU Kamephl ABUraTeNs; 18 — KOJUTeKTOp OXJTaXOAEHUs ColUla
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CA TPH 3aXOJIAXUBAaHWM MAaruCTpajii BOAOPOMA M MCNOJIb3YIOTCA [UIA NpHBOAA
TYpOHH B ITyCKOBOW IEPHOLT.

IMockonsky KHCIIOpOO ¥ BOOOPOA, HeCaMOBOCIUIaMEHATCA, TO B ra3oreHe-
patopax M KaMepe [BHrarelii MOJDKHbI ObITh YCTaHOBJIEHBI YCTPOMCTBA A
BOCIUTaMeHeHMa MX cMmeceii. Ha pexxuMe ocTaHOBa 1A NMpeOTBpPaLIEHUA CPbiBa
ropeHusi NOJDKHBI OBbITb BKINIOYeHBI YCTPOWCTBA [JIA NOMAEPKaHHA TOpeHHA
TOIUTHBa (MMM MOTYT GBITH Te e BOCIUTAMEHUTENN TOPIOYMX CMecei)

Hapnys GaxoB B cHCTeMax IMTaHHA, MCIONB3YIOIUMX HU3KOKHUIAIIME TOI-
JIMBa, BCerda BBHIFOJHO peaJId30BaTh 3a CUeT HarpeBa YaCTH TOIUIMBA B TeILIO-
0OMeHHHMKaX H ero mocienymoiero BBoaa B 6axH. )

BrinosiHenne ByX pasmenbHbix ocHOBHbIXx THA oGocHoBaHO crpeMiienneM
oGecmeunts onTMManbhble ycnoBusa paborsi THA oxucnurens u roprouero, a
TaKXXe BbI3BaHO KOHCTPYKTHBHBIMHM TPYy[IHOCTAMH pealu3aimmu oguoro THA ¢
MHOT'OCTYIIeHYaThIMH HaCOCaMH.

BoccraHOBHTENBHBIE Ta30reHepaTophl BCerna BHITOOHBI NPH IPUMEHEHWH
BOJOpO/ia BCIIeACTBHE ero GOJbILUOH ra3oBoil nmocTosHHOM, [IpuMenenne Gycrep-
HBIX HaCOCOB I03BOJIAET HaMHOro OOeryuTs ycJioBHs paboThl MEpBbIX CTyIe-
Heit HacocoB ocHOBHbIX THA M noHu3urs naBneHue B Gakax.

CHucTeMa mUTaHUA C JOXHTaHHEM OKMCIHTENBHOTO ra3a Ioclie TypGHHBI B
KaMepe JBHTareliA NMpHBeAeHa Ha puc, 2,18,
B 3T0it cucTeMe mNMTaHMA Bechb pacxon
OKHCIIHTENIA MO TOIUIMBHOMY TpakTy 1
MOJIaeTCA B Ta3oreHeparop 3 4epe3 Opoc-
cenb 2 peryJsaTopa, H3MEHAIOLETO IIPOXON-
Hoe ceuenue F, rr. HeoGxomumpiit pacxon
TOpIoYero nopaercA B ra3oreHepaTrop uepes
BTOPYIO CTYNeHb Hacoca roployero u mo3H-
pylouMit fpoccenmb 4 perynaropa, HM3Me-
HAIOILEro MpoxomHoe cevelue Fr. . Bropan
CTyneHb HacOCa roployero pasrpyxaer apoc-
Cellb 5 perynaTropa, M3MEHAILIETO MPOXOf-
Hoe ceueHHe Fp. ., OT upe3MepHOro mepe-
Majia [aBJICHHH, KOTOPbIA MOXET CIYXHUTb
NPHYMHOH INpenBapHTeNIbHOTO MOJOrpeBa
roployero mepen, ero BXOOOM B TpPaKT
OXJIOKIEHHA KaMepbl IBHTaTes,

Puc, 2,18, HacocHasi cucTeMa MUTaHMA C OXHTa-
HHEM OKHCIIMTENBHOrO ra3a mnocie TypGuHbl B
Kamepe ABHTaTeNnA:

1 — TOWMBHBIA TPaKT mMopaYM OKHCIIMTENA B ra-
30TeHeparop; 2 — [pOCCeNb PEryiaTopa, H3Me-
HAIOLUIETO NMPOXOfHOE cedeHue Fg rr; 3 — rasore-
Heparop ¢ H3GLITKOM OKHCIMTENA; 4 — Apoccelib
PEryJIATOpa, H3MEHSIOLIETO IIPOXOOHOE CEYeHHe
Frrr;y 5 — mpoccens peryisropa, H3MEHMIOIIETo
npoXofHoe ceyeHne F g .
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B npaktHkKe peanusylor LIA ynpaBineHHs napaMerpamu IIY cnemyroumit
3aKOH YIIpaBJIeHUA:

P> F. . (m03.4); Ky > Fp ¢ (103.5);
Ky 2 Fo o (m03.2).

Ina npusBopa poropa THA B myckoBoii mepuon B JaHHOM city4dae Heobxo-
OHMO IpeAyCMOTpeTh aBTOHOMHYI0 IyCKOBYI0O TypGHHY ¢ mMpocTaprepoM (Ha
puc. 2.18 He moKa3aHa), TaK KaK KOHTaKT BOCCTaHOBHTEJIbHBIX MPOMYKTOB
CTrOpaHHs TBEPHOrO TOIUJUBA C OKHCIHTETbHBIM I'a30M He[JOIy CTHM.

Hannoys TOmnMBHBIX GaKOB MOXeT.GBITb peaM30BaH JIIOOBIM H3 BO3MOX-
HBIX CNIOCOGOB.

Ha puc. 2.18 moka3zaHbl TONBKO OTJIHUMTENIbHbIE CBA3H pacCMaTpuBaeMOM
II'C Y u paccraHOBKa 3JIEMEHTOB YMpaBJIeHMA OCHOBHBIMH MapaMeTpamMH
IY. Ina ynpasiieHUs 3alyCKOM, OCTaHOBOM M BeKTOPOM TATH MOTYT ObITb
BbIOpaHbl THIIOBbIE 3JIEMEHTHI U3 YMCIIa IPUBEAEHHOro Ha pHC. 2.4 u B Tabn. 2.1
UX 0GOGLIEHHOTO IepeYHA B 3aBUCHMOCTH OT HasHaueHusa IIY, ycroBuii sxciorya-
TalMH U BUJIA IPHMEHAEMOTO TOIUTHBA,

Kax 6bU10 noka3saHo Bbiule (B pa3a. 1.1.2), 1Y ¢ mo>xuraHueM OKHCIHTENb-
HOro ra3sa peanmusyer Goliee BRICOKOE [IaBJieHHe B KaMepe JIBUTaTelisA IO CPaBHe-
Huto ¢ 1Y ¢ mokuraHueM BOCCTaHOBHTENIBHOIO rasa,

Beicokoe maBreHue B KaMepe ompenenser o6acTs mpuMeHeHua rakux LY
NPeMMYILECTBEHHO Ha HMXMHMX cTymeHax Hocuteneit KJIA ¥ Gammcruueckux
JIA. OpgHako C MO3HIMI HalleXHOCTH mpouecca $yHxuMoHHpoBakusa 1Y cxema
C [I0XHTaHHeM OKHCITMTENIBHOIO ra3a YCTyNaeT cXeMe C JOXMIraHHeM BOCCTaHO-
BHTEJIbHOrO ra3a BCJIECTBHE OTrPaHHYEHHOH CTOHKOCTH MaTepHaJlOB B OKHCIH-
TenbHOH cpepe. Ina MaHeBpupyroumx GecrmnoTHeIX JIA paccMarpuBaeMas
CHCTEMa MaJIo NPHTOJHA, TAK KaK TpeGyeT MpUMeHeHHsA HOPOTOCTOAIMX, CTOMH-
KHX K OKHCIIHTENbHOI Cpelle MaTepHalloB,

MakcumaibHoe (mpefenbHOe) [OaBlieHWe B KaMepe HBWTaTelss MOXeT
o6ecreynTh CHCTeMa NHMTaHMA C ABYMA I'a30TeHepaTOpaMH U [OXMUIaHHEM B Ka-
Mepe OJHOBPEMEHHO OKHCIIMTEIBHOIO ¥ BOCCTaHOBHTEJILHOTO ra3oB. Ty CHCTe-
MYy IIMTaHHA YaCTO Ha3bIBAIOT IPEAEIIbHOM 0 JaBJICHHIO B KaMepe,

Ha puc. 2.19 npusenenb! ocHoBHbie arperarsl III'C takoit Y u paccranos-
Ka 9JIEMEeHTOB YIIPaBJIeHUA ee NapaMeTpaMH,

OcHOBHasA YacTb OKHCJIUTENA M3 Hacoca Yepe3 ApocceNb 3 MOCTyMaeT B OKHMC-
JIMTENIbHBIA Ta30reHepaTop 5, a HeoOXoouMas [ONA OKHCIHMTENA miIA pabGoTsl
BOCCTaHOBHTEJILHOTO ra3oreHeparopa 6 nmogaercA B Hero yepe3s Apocces 7.

Toprodee U3 mepBO# CTyMeHH Hacoca MOCTYNaeT B TPAKT OXJIAKAEHHA KaMe-
pbl ABMTATENA, a 3aTEM Ha BXOJ, BO BTOPYIO CTyIeHb Hacoca, M3 BTopoii cTynenn
HAacoca OCHOBHaA 4acTh IOPIOYETO MOMaeTCA Yepe3 Apoccelib 8 B ra3oreHeparop 6
¢ H36bITKOM roprodero, a HeoOXOOMMasA YaCTb roOploYero AjisA paboThl OKHCIIH-
TEJIBHOTO Tra30reHeparopa S5 MOCTymaeT B Hero 4epe3 gpoccens 4. Ilocne mpo-
XOXMEHHA TYypOMHbI BOCCTaHOBHMTENBHBIA Ia3 IOAaercs IO ra3oBody 1 B KaMe-
py Asurarensa. OKHCIMTENbHBIA ra3 mociie TypGMHBI MOCTYIAeT B KaMepy IO
ra3osony 2.

122



Puc. 2.19. HacocHan cucreMa mMTaHMsA C
ABYMSA Ta30reHepaTopaMH M AOKHIaHHEM
OKHCJTHTE/IBHOTO H BOCCTaHOBHTENLHOI'O ra-
30B nociie TYpGHHBI B KaMepe ABHraTess:

1 — ra3oBom BOCCTaHOBMTENILHOTO Ta3a;
2 — ra3’oBol OKHCIIMTENBHOIO Tasa; 3 —
HpOCCelIb YIPaBJICHHA pacXodoM OKHCIIHTe-
Jii B OKHMCIIMTENLHBIN rasoreHeparop; 4 —
[Ipocceb YIpaBlieHUA PacXofoM ropioyero
B OKHCIIHTEJILHBIR ra3oreHeparop; S — ra-
30T€HepaTop C H3GBITKOM OKMCIIHTENA;
6 — rajoreHepaTop c H3GbITKOM ropioyero;
7 — mpoccerb ynpaBJieHHA PacXofdOM OKHC-
JIMTENsE B BOCCTaHOBMTEJNIBHLIH ra3oreHepa-
Top; 8 — mpoccenb ynpaBleHHsI pPacXoloM
ropioyero B BOCCTaHOBHTENBHBIA Ia3oreHe-
parop

Takum obpasoMm, B kamepy ABH-
ratenss o0a KOMIIOHEHTa TOIUIMBa
[ONafaleT B ra3u$HUMPOBaHHOM BH-
ne. Ilostomy Ttaxue III'C uHorma

Ha3bIBalOT CHUCTEMOM ra3 — ra3 B
OTJIHYME OT paHee PacCMOTPEHHBIX
N'C ¢ poxwurauueM ra3 — >kufa-
KOCTb.

YnpaBneHue napamMeTpaMH Kame-
pbl B 3TOH CHUCTEMe IIMTaHHMA OCY-
LLECTBJIAETCA Yepe3 ynpaBjIeHHe NMapaMeTpaMH ra3oreHeparopoB. Tary nsurare-
N MOXHO HM3MEHATh IyTeM HM3MEHeHHA OCHOBHBIX PacXOMOB OKMCIMTENA M
rOpIYero B ra3oreHeparopbl C MOMOLUBI0 CHHXPOHHOTO U3MeHEeHHs MPOXOMHBIX
ceyeHHit mpocceneit 3 U 8, B3auMHaA CBA3b MeXOy 3THMH APOCCENAMH Ha PH-
CYHKe YCIIOBHO MOKa3aHa B BHAE LITPUXMYHKTUpHOH NHHMH. COOTHOLIeHHe
KOMIIOHEHTOB TOIUIHBa B Kamepe JBHrareiia MOXXHO U3MEHATh JIM60 COOTHOLIE-
HHEM KOMIIOHEHTOB TOIUTHBA B ra3oreHeparopax ¢ MOMOuBIo gpocceneit 4 H 7,
b0 paccoriacoBaHHeM H3MeHEHHs NPOXOJHBIX CeyeHM# Hpocceneit 3 u 8,
nonJep>XuBasi NPH 3TOM NOCTOAHHBIMH COOTHOLUEHHs KOMIIOHEHTOB B rasore-
HepaTopax mpoccensamMa 4 u 7,

Bo3MOXHBI M [pyrMe BapHaHTbl yNpaBIeHHA 3TOH CHUCTEMOH IMTaHuA,
HalpuMep IepemyCKOM YacTH rasa B 06Bop TypOMH B razoBoms! 1 u 2 (ynpas-
JIeHHe TATOM) WIIM NeperyCcKOM TOIUTHBA C BBIXOAa Hacoca Ha ero BXof (ympas-
JIeHHe COOTHOLIEHHEM KOMIIOHEHTOB TOIUIMBa) . OHAKO ynpaBJicHHE Tepemyc-
KOM TOpIOYMX Ia30B NOKa NMpoGJIeMHO, a epelyCK TOIUIHBA C BbIXO/A U3 Hacoca
Ha ero BXOJl OTPMUATEeNbHO CKa3bIBaeTCA Ha aHTHKAaBUTaLUMOHHBIX CBOMCTBaX
Hacoca B CBA3H C BO3pacTaHHEM CKOPOCTH JIBH)KeHHA TOIUIMBA Ha BXOJIE.

Beupmy cnoxwHo# B3aMMOCBA3M mapamerpoB JIY, uMelommX ABa He3aBMCH-
Mmbix THA, ynpasneHue MCHONHUTENBHBIMH OpraHaMH JODKHO OCYLUECTBIIATHCA
KOMIbIOTEPHbIMH CHCTEMaMH C LIMPOKHM MH(POPMALMOHHEIM OGecreYeHHeM. .
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3amyck Y MOXHO OCYIECTBNATb ¢ moMoumblo mpuBoma poropos THA
NMpOCTapTepaMH, IPH 3TOM [UTA NPHBO/Aa OCHOBHBIX TYpOuH HeoOxonuma ycTa-
HOBKa aBTOHOMHBIX IyCKOBBIX TYpOHH.

Hannys GakoB MoXeT GbITh OCYLHECTBIIEH JIIOOBIM U3 H3BECTHBIX CIIOCOGOB,
HO B [JaHHOM CHCTEMe IMTaHHA BO3MOXKEH BapHaHT 0T60pa ra3oB U3 ra3oBOJIOB.

PaccMorpennble cBoiictBa III'C JIY onpenmensior ee NpeMMyILEeCTBEHHOE
HCIONb30BaHKe Ha HIkHUX cryneHax Hocuteneil KJIA, Ilpumenenue nomoGHO#M
CHCTEMbl THMTaHMA IA Apyrux TumoB JIA M3-3a ee CIIOXHOCTH BpAL JIM Lene-
coobpa3Ho.

Moryr GbiTh pa3paboTaHbl M qpyrue BHObI HaCOCHBIX cHcTeM mMraHus XPI,
KOTOpBIe He HallDTH OTpaXeHHA B kKnaccuduxamym XPI, npusenexHo# B ri. 1.

Ipu ocBOeHMM HOBBIX BHAOB TOIUIMBA Ha OCHOBe ¢TOpa M ero coenuHeHHH,
THKCOTPOIHBIX, METAJUIOCOMepXKAllMX M JPYrMX BHOOB TOIUIMB, C IOMOLIBIO
KOTOpBIX 3aTPyJHEHO OXJIaXJAeHHe KaMep IBHUTaTells, MOXeT GbITh IIPHMEHEHO
OXJIRXK/IeHHe aBTOHOMHBIM (TIPOMEXKYTOYHBIM) TEIUIOHOCHTENeM B BHME BOMbI
WM ¥UOKHX MeTayutoB. B cuctemax muranus XPIY ¢ mpoMesyTOYHBIM TerwIo-
HOCHTeJIEM 1A NMTaHUA TYPOHH eCTECTBEHHO HCIOJIb30BaTh TEIDIOBYIO IHEPIHIo
TEIUIOHOCHTeNA Oe3 NMpHUMeHeHMsA XMMMYecKoro rasoreHeparopa. Ilnsa npuBopa
OyCTepHBIX HaCOCOB BO3MOJXKHO NpHMeHeHHe MEeKTPUYeCKHX [BHraTeneii. Mo-
ryT GbITh HaiifIeHbl ¥ ApyrHe KOMIOHOBOYHble BapHanTs! [II'C IIY.

B 3axsiioueHHe oTMETHM OCHOBHbIe oGume cBoiicTBa XPIY xak crmoxuoro
TeXHHYeCKOTr0 KOMIUIeKca:

1) xoMno3mmMoHHasA cnoxHocTs coctaBa XPIY, B xoTopoii TeCHO B3aMMoO-
OEeACTBYIOT MEXTy co0OH [Be CHCTeMBI: IHEBMOTHIpAaBNMYeCKas M CHCTeMa
yIpaBIIeHHA MPOLiecCOM ee PYyHKIMOHUPOBAHHUA;

2) uenecoobpasHoctb BbimeneHusa u3 cocraBa XPIY cucreM, momcucreM u
3JIEMEHTOB, CIIOCOGCTBYIOILETO aHANM3Y ¥ CHHTe3y cocTaBa 1Y ;

3) cnoxwHas mapaMeTpHYECKasa CBA3b KOHTYpoB ympasinenus XPIY mexny
coboif, obycloBiieHHasi B3aUMHBIMH CBf3fIMH IPOLECCOB (PYHKIMOHUPOBaHHA
[HeBMOT MAPABIIHYECKHX NOACHCTEM;

4) Bricokasn crenenb cnoxuoctd XPIY, onpenensiomas cTelenb COBepILeH-
CTBa ee lapaMeTpoB, a ClIeJOBaTeNbHO, ¥ o6nacT mpumenenns 1Y Ha JIA,

W3 mpuMepoB, pacCMOTpeHHbIX BbllIe, 0OHapYXXHBaeTCA TeHOEHIMA BbIGopa
cnoxubix XPIY mis HIWKHMX CTymeHed HocuTened KocMmHuecKHMX JIA M Gosee
npocTeix — A Bepxuux. [na xocmudecknx IIY 3a mocnemHee Bpems HauGoIb-
lllee PacHpOCTpaHEHHe MONMYYWIH MNPOCTeHllMe BBITECHHTENbHbIE CHUCTEMBI IH-
TaHHA.

BpIGop 3aKOHOB M arperaToB YIpaBJIeHHA TaKke OGyCIIOBIMBAETCA Ha3Ha-
yennem IIY ¥ Bupmom monerHbix 3afay JIA, B cioxmsix Y npuMeHsoTcs KOM-
NBIOTEPHbIE CHCTEMBI, YUMTHIBAIOLME NApaMeTpPHYeCKyl0 B3aUMOCBA3b KOHTY-
POB ympaBJicHHA, B MeHee CIOXHBIX 1Y — CHCTeMBI ynpaBjieHHA 1O KOHEYHBIM
napaMerpam apwkennsa JIA (PKC 4 COB); B mpoctsix IIY — nokabHbIe KOHTY-
pbl yIpaBJIeHHA C MHEBMOTHAPOMEXaHHYECKHMH PerylIATOpaMH; B IPOCTEMIMX
Y — mHeBMOMexaHHYeCKHE Ta30Bble PedyKTODHI, COBMEILAIOLIME POJib pery-
JIATOPOB M arperaroB HafiAyBa 6aKoB.
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Beimenenue u3s cocraBa XPIIY cucteM, MOACHCTEM M 3JIEMEHTOB MO3BOJMIIO
TaKd)Ke HCIONb30BaTh YMPOLIEHHOEe H300paXeHHe THMOBBIX CHUCTEM IHMTAaHMA U
ynpasnenus JXPIY (puc. 2.11 — 2.19), Koropble M KaXOOro KOHKPETHOro
ClTyYasi MOTYT GbITb JOMONHEHbl HeOGXOIMMBIMH arperartaMu ¥ 3JIEMeHTaMH U3
yMciIa MX 0BOOIIEHHOTO MepedHs, MPHBElEHHOro Ha pHUC. 2.4, H COOTBETCTBYIO-
KX eMy YCIOBHbIX 0GO3HayeHMil, MpHBEJEeHHBIX B Tabn. 2.1. B pesynbrare Ta-
KOro [JOTOJIHEHHs, OTpaKalomiero HasHaueHHe I1Y, yclOBHA IKCIDTyaTauMu M
BHJ TOIUIMBa, ONpedeNAeTca MONHbIH cocTaB koHkperHo# JKPIY aHamoruuHo
TOMy, KaK 3TO NMOKa3aHo Ha puc. 2.5; 2.7; 2.9.

Haxonen, paspenenue JXPIY Ha mBe cHCTeMBI MO3BOJIMWIO HE TONBKO YTOY-
HMTb ee arperaTHbIN COCTaB, HO M ompenenutb poib XKPIIY B cocTaBe ameMeHTOB
JIA KaK HCHOJHHTENBHOTO OpraHa MOACHCTEMBbI YNpaBlIeHHA [BIKeHuem JIA
(cm.puc.23u24),

22.CHCTEMbI YIIPABJIEHUA Y H EE ATPETATbI

Tlpu BeIMONHeHMM morneTHbIX 3apay JKPIIY BXomHMT B COCTaB KOHTYpa ylpasB-
nenusn JIA xaK MCNOJTHUTENbHBIH OpraH cucTems! yrpasnenus (CY) . B atom cny-
yae 06beKTOM yrnpaBreHns ABngerca JIA,

Ilpu ynpaBneHuM BHYTpHABHMTaTelbHbIMH mponeccamu KPIY sBnserca
06bEKTOM YNpaBJIEHHA, 2 MCTIONMHHUTENbHBIMU opraHamu CY ABNANTCA BBIXOA-
HbI€ YCTPOHCTBa PErysATOpOB,

Ha puc. 2.20 npuBeneHa xinaccuUKalMA 3a7a4, BO3JIaraeéMbIX Ha CHCTEMBI
ynpaBnennsa XPIY. llse napauienbHble BETBH pa3sfiensiorT Ha3HaueHuwe CY IV,
JleBas BeTBb pHCyHKa Kiaccuduimpyer 3anauu CY IV, cBsizaHHbIE C BBINOJNHE-
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Puc. 2.20, Knaccudukaums 3aj1a4, BO3NaraeMpixX Ha CHCTeMbl ynpasenns HKPIY -
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HueM mnoiyeTHbIX 3afay JIA. Ha npaBoit BeTBM pucyHKa mepeumcIieHbI 3aauH
CY 1Y, cBA3zaHHble C ympaBlieHHeM BHYTpeHHHMH mpoueccamu IY u oGecreun-
BaloLlMe npouecc ee GyHKIHOHUPOBaHMA

Paccmorpum 3amaun CY 1Y, cBsizaHHbIe C BBINOJIHEHHEM IOJIETHOM IPOrpaM-
Mmbl JIA, JKPIIY BrINONMHSAET TPH OCHOBHBIE 3a/1a4 YIIpaBlleHHs ABIKeHHeM JIA :

1) ynpasneHue npwkeHueM HeHTpa Macc JIA;

2) ynpasiieHue ApwkeHneM JIA OTHOCHTENIBHO ero LEHTpa Macce;

3) ynpaBrnende KOHEUHbIMHM NTapaMeTPaMH TPaeKTOPUM ABIOKeHUA JIA

BeimonHenne nepBoit 3ajauu oGecmeynmBaerca nApurarenamu XPIY, rtara
KOTOPBIX MPOXOOMUT yepe3 leHTP Macc JIA (MX Ha3bIBaloT MaplieBHIMH [BHTa-
TEJNAMH) .

Beimosymienne BTOpoOil 3afiaun oGecneuuBaerca apurarenaMu KPIY, tara
KOTOpBIX He MpoXoauT uepe3 ueHTp Macc JIA,| a mpunaraercs Ha HEeKOTOPOM
wieve. [Ipu paBoTe Takux gBUrarenei cosmaercAs MOMeHT, Bpawatonmit JIA o1-
HOCHTEJIBHO KaXHo#l U3 ero oced. ITH OBHTaTell Ha3bIBalOT PyJIEBBIMH, eCIH
OHH CnocOGHBI U3MEHATh MOMEHT BpallieHHA OTHOCHTENbHO LEeHTpa Macc JIA
MyTeM U3MeHeHHA IieYa MPWIOKEHUA TATH 3a CYeT IIOBOPOTa KaMepsl.

OpHOBpeMeHHOE BBLIMONIHEHHE CHCTEMO# ympaeieHus 1Y oGenx 3apmay
ynpaBneHus gBiwkeHneM JIA oGecneduBaeT ero MaHeBpHpoBaHHME B NPOCTPaHCT-
Be. [IpuHIMNBI pa3peneHus 3afay CUCTeM ympaBieHus Y B ogMHaKOBO# CTelle-
HM OTHOCATCA K YNpaBJIeHWIO ABHXKeHHeM JIA kxak B OKOJIO3eMHOM, TaK U B
KOCMHYECKOM IIPOCTPaHCTBE,

2.2.1. CUCTEMBI YIIPABJIEHHS KOHEYHBIMH TAPAMETPAMH
TPAEKTOPUH IBHWXEHHA JIA

BriBop JIA B KOHeyHyl0 TOYKY aKTHBHOIO yYacTKa GaJUIMCTHYECKOl TpaeK-
TOpHHM nojiera ¢ Tpebyemoil TOUHOCTBIO He obecredHBaeTCs OBBIMHBIMH CIIOCO-
6amu ynpaBieHus aBwkeHueM neHTpa Macc JIA, Ilox o6erHbIM crioco6oM ume-
erca BBUOY (opmHpoBanue norpeGHoro ummyinbca Taru XKPIY 3a cuer rouHoro
OO3MpOBaHMA BpeMeHM pabGorbl paBurarteneii. Ilpm 3toM mpenmomaraercs, uro
TATa BO BpeMeHHU ocTaercA nocroaHHoi, [locnemuee npemnonoxetue nyis XKPOAY
b6aumcTHyeckux JIA He BbINONHAEICA, TaK KaK MpH ABHXeHHH JIA ¢ ypoBHs
3eMHO} TOBEPXHOCTH A0 Heo6XOMMMO BBICOTHI NMOJIETa 3HAaYMTENIbHO H3MEHAET-
cA MaBlleHHe M TeMIlepaTypa OKpy Kalollei cpefbl. BHyTpuaBHraTenbHble KOHTY-
Pbl YIIPaBJIEHHA He B COCTOSHUM KOMIIEHCHPOBAaTh TH M3MEHEHHs, TaK KaK OHH
He YYMTHIBAalOT HM3MeHeHHA YCIIOBHH okpyxartoweil cpempl. s oGecnedeHus
HeoOXOmMMO# TOYHOCTH NapaMeTpoB ABMXXeHHA JIA B KOHIle aKTHBHOTO y4acTKa
TPaeKTOPHHM NPUMEHSAIOT CIEeHMATbHbIE CHCTEMBI YIpPaBJIeHUA KOHEUHbIMH MNapa-
MeTpaMH TpaekTopuH nBikeHus JIA (cm. puc. 2.20) . KoHeunbiMu mapaMerpa-
MH TpPaeKTOPHH aKTHBHOTO YYacTKa mojera GammucTudeckux JIA M HocHTenei
KIJIA sBnstworca: ckopocts JIA B KOHIle aKTMBHOTO yYacTKa noneta Vi ; koHeu-
Has Macca JIA m ¥ yron HakJIOHa MPOAONbHO#H ocH JIA mo oTHoLIEHMIO K JIH-
HMM TOPU30HTa B [aHHOH Touke moBepxHoctd 3emnH 6, (puc. 2.21). Heobxo-
OMMBIH yTOI HaKJIOHA MPOfONBbHO# ocH JIA oGecneunBaeTcss aBTOHOMHO# CHCTe-
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Puc, 2.21, ®opMHpOBaHHEe KOHEYHbIX Mapa-
METpPOB TPaeKTOPHH ABHIKEHHA GaniuCTHYeC-
Kknx JIA

MO} ynpaBJieHHs IBHXEHUEM OTHOCH-
TenbHO UeHTpa Macc JIA ¢ momoupio
CHCTEMBI YNPaBJICHHA BEKTOPOM TATH.

Cucremsl ynpaBlleHHA KaXyIUeHcs
CKOPOCTH M KOHeuHO# Maccoit JIA
yNpaBNAT NapaMeTpaMH [IBHraTells
HCXOOA M3 MapaMeTpoB ABWKeHus JIA.

HemocpencTBenHoe H3MepeHHe
ckopocTH noJera JIA B yclnOBUAX NmepeMeHHOH IUIOTHOCTH OKPYXaloLIeH Cpefibl
He NpeAcTaBiifAercsi BO3MOXHBIM, OOHakO HM3MepeHHe KaXYLIerocs MpOHOIb-
HOro yCKopeHMs, co3fiaBaemoro Taroii XPIY, Bo3MoxHO, Hampumep, ¢ MO-
Mouplo akcenepoMerpa. [IpogombHas ckopocts JIA, onpeneneHHast Kak MHTer-
paJl MPOIONIBHOTO YCKOPEHHA 10 BPEMEHH, Ha3bIBaeTCA KaXyIleHca CKOPOCThIO
[13]. Kaxyuiasica ckopocTs Hcmoib3yerca mia obecredyeHHs HeOoOGXOMMMOM
KOHEYHO! CKOpPOCTH B KOHIEe aKTMBHOTO yyacTka moneta JIA B cucreMe pery-
nupoBaHusa Kaxyueiica cxopoctd (PKC). IIpuHimmManbHast cxema 3TO# CHC-
TeMblI I0OKa3aHa Ha pucC. 2.22.

[Tocne MHTErpHpOBaHMA CHIHajla M3MEPHUTENA KaXyLIEroca YCKOPEHHA B
KaX[pblii MOMEHT CTaHOBHMICA H3BECTHa (akTH4YecKad CKOPOCTb MPOAOIBLHOIO
newkeHus JIA V, Csenenns o daxrtiieckoit ckopoctd JIA nopawTca Ha

dakT: 7
3JIEMEHT CpaBHEHHA, B KOTOpPbIM 3aJ10XKeHa pacueTHasas MporpaMMa HM3MeEHEHHsA

Vapoep

Vv

— /1A 27c) \
l_ 'fc'kr T \

Himepumens Inemenm
Tpon I—- fa(ar o~ coabenus [ Yeunumens

Puc. 2,22, OyHKUHOHAIbBHAA CXeMa CHCTeMbI peryaHpoBanus ckopoctn (PKC)
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CKOpPOCTH Vl‘lporp Ha yvyacTKe akTHBHOro monera JIA. CpaBHelHe pacueTHOH M
(axTHUECKOH CKOPOCTH, NMOfaBaeMbIX Ha BXO[ 3JIeMeHTa CpaBHeHMA, GopMu-
pyeT Ha BBIXOLE M3 Hero CHTHal paccoriacoBaHua AV = Vﬂporp - chax'r-
Ilocme  ycunmeHMA CHTHaT paccorjlacOBaHMA IpeoOpa3yeTcsi peBepCHBHBIM
3JIeKTPOJIBMTaTesIeM B YTIIOBO# MOBOPOT ero poropa. Porop anexrpoasurarens
CBA3aH C [JpocceneM, fAo3upyiomuM B JIY pacxonm paGouero Tema Ha TypGHHY
THA. B 3aBHCcMMOCTH OT 3HaKa paCCOTJIaCOBaHMA CKOpPOCTei Hpoccenb JIMGO
OTKpBIBAaeTCA, JIMGO 3aKpbIBaeTC Ha BENHYMHY, COOTBETCTBYWIUYI0 MOMYIIIO
CHrHaNla paccornacoBanusi, [Ipu 3TOM M3MeHseTCA PacXof TOIUIMBA B Kamepy,
a 3HauuT, ¥ TATa ABWrarens. 3aMeHeHue TATM [IBHraTelii MPHUBOIOMT K U3MeHe-
HHIO YCKOpeHHA OBiKeHMA JIA, a 3HauMT, M Kaxcyweica ckopocty. [locnenyio-
Liee CpaBHEHHE ee CO 3HaueHHEM MpPOrpaMMHON CKOPOCTH MO3BONAET OLEHH-
BaTh [IEACTBMA CHCTEMbI M BbIpaOaThIBaTh HOBBIA CHrHan nompaBkH. Jlanee Bech
UMK o6MeHa MHGoOpMalMei MeXxay 3JIeMEHTaMH CUCTeMbl noBTopsaercs. Jloru-
ka pa6otsl PKC xak BCAKO#H CHCTEMBI YIIpaBJIEHHA C 0OpaTHO# CBA3BIO CBOIMT-
cA K BbIMONHeHMIo ycnoBua AV — 0. OgHako mpoXoxaeHHe UMKIIOB CHTHAIOB
CHCTeMBI 10 e¢ peaIbHbIM 3JIeMEHTaM BCErfa COMPOBOXIAETCA KaK JAUHaMMYecC-
KHMH, TaK M CTaTUCTHYECKHMM TNOIPELIHOCTAMH, B pesymbrare TOuHOE KOIM-
POBaHMe peasibHOiH CHCTEeMO ee pacyeTHOM NMporpaMmbl HeBo3MoxxHO, Eciu cyMm-
MapHafi MOTpPEeIHOCTh CIIeNOBaHMA (PaKTHYeCKOH CKOPOCTH ee pacyeTHOl Mpo-
rpaMMe HaXolMTCA B JOMyCKaeMbIX npefenax (3 — 5 %), TO cHCTeMa CUMTaerT-
CA MPHUIOJHON K BBIMOJIHEHHIO BO3JIOXKEHHBIX Ha Hee ¢yHKkumit. Cucrema PKC
3aKaHYMBaeT CBOI0 paboTy, Kak TOJNbKO (aKTHYecKas CKOpPOCTb B Mpemdenax
OOIMyCKaeMbIX OTKJIOHEHHH CPaBHAETCA C KOHEYHOW MPOrpaMMHO# CKOPOCTbIO
V.. B 3toT MoMeHT ciucteMa PKC dopmMupyer komaHIy Ha OCTaHOB [BHTaTeNeH,
KOTOpad, MMHYsl KOHTYP YIpaBJIEHHsA, HENOCPENCTBEHHO NOMAeTCA Ha ITIaBHbIe
TOIUTMBHbBIE KJIamMaHbl, MpeKpallaloliie MOofayy TOIUIMBA B KaMepy OBHraTelisl.
C yyeroM MMImynbca MOCHENEHCTBHA M HBYXCTYMEHYaTOTO XapaKTepa OCTAHOBa
KOMaH/Ia Ha OCTaHOB [BHTaTeNiA MOXeT 6bITh copMHpOBaHA HeCKONIBKO paHb-
e, yeM dakTHueckas CKOpPOCTh Gy/eT paBHa KOHEYHOl pacueTHOH CKOpOCTH.,

[Mocne popMupoBaHUA KOMaHIbl Ha OCTAHOB JBHraTelsf 3aMKHYTBIA KOHTYP
cucrembl PKC nponomxaer pa6ory. Ecnu mocie Bcex mpoueccoB, MpoTeKaroiux
B [IBHTaTeNle Ha 3Tane ero BKIOYeHHs, JIA He OCTHraeT HaMeueHHO#H IpOrpam-
MHO# KOHEYHOH CKOpPOCTH, TO MOXXHO MCIOJIb30BaTh JIJIf yBeJIMueHHA PpaKTHdeC-
KOH CKOPOCTH HMIIYJIbC TATH PYNeBbIX KaMep (eClIM OHH eCTb), BBIKJIIOYas
nocnefHKe nocie cpaBHEHHA (HaKTHYECKOH M IPOrPaMMHON KOHEYHOH CKOpOC-
TH. [Ipn MHOrokamepHoit 1Y nns yBenuyeHUs TOYHOCTH MOMEHTA MOJIHOIO OCTa-
HOBa IY MOXHO HCIOJNIb30BaTh MOCNTEOBATeNbHOE BBHIKIIOUEHHE Kamep BUIa-
TenA. [Ipesbiienne pakTHYECKOH CKOPOCTH OTHOCHTENBHO MMPOrpaMMHOM 1IOCTIe
¢$opMHpOBaHHA KOMaH[IBI Ha OCTaHOB fBHraTens cucremoit PKC He xommeH-
cHpyercs.

B mpouecce paGors! cucrempr PKC, BcriencTBie CioxKeHUss BHELHHX BO3MY-
UIeHHA ¢ BHYTPEHHHMH INOTPELIHOCTAMH C OJMHAKOBBIMHU 3HaKaMM, MOXET
BO3HHKHYTb CHUTyauys, npH koropoit PKC nu6o Gyner cTpeMHTbCA K CyLIeCTBeH-
HOMY yMEHbLIEHHIO TATH, TH60 k upe3mepHOMy ee dopcupoBaHmo. Bo usbexa-
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HMe TakMX cuTyaumit B cucteme PKC mpepmycMorpeHa BHYTpeHHAs oGparTHas
CBA3b C KaMepoi uepe3 maTuMK maBnenus ([JI) B kaMepe HBHraTens, ¢ mo-
MOILBI0 KOTOPO# OrpaHHUMBAETCA [eHCTBHE CHCTeMbl TOJIBKO OGJIacTbio AOMMycC-
KaeMbIX OTKJIOHEHHI TATH ABHraTeNs,

Cucrema yrpaBlieHHs KOHEUHbIMH [TapaMeTpaMH TpaeKTOpHM ABHxeHHA JIA
TaKXe [OJ/DKHA oGecmeunBaTh KOHeuHylo Maccy JIA, GHM3KyH0 K pacueTHOH.
[Ipn 3ampaBke 6akOB TOIUIMBOM Bceriia HemsGexms! morpemmocty, Hemonus
TOIUIMBA MPUHUMIMAIBHO HENOMyCTHM, TaK KaK 3TO NPHBOOUT K HEBBINOJHE-
HHI0O IPOrpaMMeI NOJIeTa, a NIPH NepesiiBe TOIUIMBA TOJDKHBI ObITh NMpeycMOoTpe-
Hbl K KOHLy paGotsl JIY rapaHTUpoBaHHbIE OCTaTKH TOIUIWBA B Oakax, BhI3bI-
BaeMble MeXaHHYeCKHMM M TeIUIOBbIM Hemo3abopoM TormimMBa, OgHaKO BIHAHHE
H3MeHeHHA TeMIlepaTyphl TOIUIMBA B mojleTe (Hanpumep OT a3pOIMHAMHYECKOro
Harpesa) , yckopeHus JIA, BrI3pIBaloIero U3MeHeHHe COOTHOLLEHUA KOMITOHEH-
TOB TOIUIMBA, U3MeHeHHe TUAPaBIMYeCKHX XapaKTePUCTHK TOIUTMBHBIX TPaKTOB
B npouecce moyera (HampuMep M3MeHEHHs COTPOTHBIIEHHA TPAKTOB OXJIaXe-
HUA) , TOTPELIHOCTH AO3MPYIOLIMX TOIUIMBO arperaroB aBTOMATHKHM M ApYyTHe
(daxTopb! TPeGyIOT MOMONIHATENIBHOTO 3amaca TowMBa. Kaxyuieecs oueBHOHBIM
MPOCTOE pellieHHe — MEPeSIUTh Ha CTapTe TOIUIMBO C 3allacoM, @ B MOMEHT OCTa-
HOBa [BHUrarens CIuTb ero 3a Gopr JIA, B HacTosiLlee BpeMs HempHeMIIEMO,
TaK KaK TOIUIMBO, Haxopsueecs Ha 60pry JIA k MomeHTy octanoBa 1Y, mpuo6-
peraeT HeHy mone3Horo rpysa JIA. Jlpyroe oueBHOHOE pellleHHEe — OLEHHTDb
M3HILKH TOIUIMBAa Ha CTapTe M CIIMTb MX B MOMeHT oTpbiBa JIA OT cTaproBOi
IUTOIIAZIKH, TaKXe HEeNpUEeMJIEMO, TaK KaK 3TO He rapaHTHpyeT HeNpeaBHHOEH-
HBIX CHTYallMii BO3MOJXXHOTO Mepepacxofia TOIUIMBA [BHraTejieM BO BpeMs IIO-
nera JIA, a 3HauMT, CTABMT IOJ YTpo3y BBINOJHeHHE MOJIeTHOH 3amaum JIA, Pa-
Gouee perieHre MPOGIIEMbI JIEXHT MeXIy YKa3aHHbIMHU BbILIE IByMA KpaiHUMHU
OYEeBHOHBIMH (Ha MepBbIA B3TNAN) pellieHUAMH oGecrieYeHUA KOHEYHON MacChl
JIA, 6mu3Koi K pacueTHO# mia Kaxpoit Y U3 Bceit cepun.

IpuHmmne!r pabodero peltieHus mpo6iembl obecreyeHHsA pacueTHOH KOHed-
HO# Maccel JIA npu Hen3GexxHoM mepenHBe TOIUIMBHBIX GakoB IIY Ha crapre
CBOAMTCA K CIIeyIoIemMy:

1) oueHuTh mepenuB GaKOB Ha CTapTe M CTHTh GOJBIIYIO YacTh TOIUIMBA B
Hadarie moJieTa;

2) cnMBarb M3NMLIKH TOIUIMBA B IpOLECCE NONETa MO (aKTHUECKOlt OmeH-
K€ COCTOSTHMSA €r0 PacXOJOBaHHA [BHTaTelleM;

3) np¥ ClMBe M3NHMIIKOB TOIUIMBA CIeNyeT MCXOAMTb U3 YCIOBHA oGecme-
YeHHs TapaHTHPOBAHHBIX PpacueTHbIX OCTaTKOB TOIUIMBa M IPOrPeCCHBHOrO
yMeHblIIeHHS CIIMBa M3JIMIIIKOB TOIUIMBA K KOHILy paGorst 1Y,

HUcxoms u3 stux monmoxenuit mna Y Gaummcrudeckux JIA M HocuTenein
KJIA pa3paGoTaHa cucTeMa oGecredeHHA KOHeuHO# Macchl JIA, KOTOpas Ha3bl-
BaeTCs CHCTeMOii onopoXkHelua 6akos (COB) (puc. 2.23).

B KauecTBe HCTOYHMKA HHGOpPMalMH O NepeliMBe TOIUIMBHBIX GakoB H dax-
THYeCKOH OlieHKe ero pacxopmoBaHus pasurateneM B COB npuMensiorca amc-
KpeTHble yPOBHEMEPHI TOIUIMBA, YCTaHOBJIEHHbIE B Gaxax Y. CUrHasbl monosxe-
HHUA YpOBHeil TOIUIHBa B Gakax i, M A, MOJAOTCA Ha [ATUMK PacCOTIacOBaHHMA
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yposHeii (IPY) , c noMoIpio KOTOPOro OLEHHBAETCA HX pasHOCTh Ah = h, — h ..
O6Hapy>xeHHasth Pa3HOCTb YPOBHeH INOCIIE YCHICHHA H npeoOpa3oBaHHA CHrHa-
JIOR B MaUMHHbIH KOJ NOCTynaeT B GOPTOBYI0 BBIYMCIMTENbHYIO MallHHY
(BLIBM), xotopas peliaeT 3ajayy O TOM, KaKyl0 NPOrpaMMy OIIOPOXHEHHA
6aKoB HEOGXOOMMO pealli30BaTh B JaHHBIH MOMEHT IO BeJTHUMHE (haKTHYeCKOro
paccoriacoBaHMs ypoBHell B TOIUIMBHBIX 6akax MCXOHOA M3 YCIIOBHA, YTO 3TO
paccoriiacoBaHue JOJDKHO GbITh TMKBHAMPOBAHO K KOHIy aKTHBHOTO YyYacTKa
nonerta JIA, IIpn 3ToM ycnoBum B 6akax k KxoHuy paborsr 1Y ocrarorcs rapas-
THPOBaHHBIE PacuyeTHbIE OCTaTKH TOIUIMBa. B pe3ynbTate aHanu3a dakTHyecKoro
paccoryacoBaHus ypoBHeil BLIBM dopmupyer xomanmubiii curHai. Ilocne ycu-
JIEHHA 3TOT CHTHal1 mpeobpa3yeTcsi peBEpPCHBHBIM INIEKTPOMBHTaTeNIEM B YTJIO-
BOH MOBOPOT APOCCENA, YCTaHOBJIEHHOrO Ha ONHOH W3 MarucTpajied mopauu
TOINIMBa B KaMepy (Ha MarucTpan¥ nopaum okucnutens) . [Ipenmonoxmm, uro
B HayallbHbIH MOMEHT T¢ Ha CTapTe JaTYNKAMH YPOBHEi 3aperuCTpUPOBaH H30bI-
ToK OKucnurens Ahg ... (puc. 2.24). BIIBM B orser Ha 3ty mHdopmaimo
HaMevaeT MporpamMMy onopoxxHeHusa OGaxa okucnuTens no nuHuk 1. Eciy B cre-
OyOLMi MHTepBall BpeMeHH mpueMa-MHdopMamu 7, 0GHapyXHBaeTCAa Clefo-
BaHMe HaMeEYeHHOH MporpamMme, TO NOCNemHAA coxpaHsaeTca. Eciu B nocnemyto-
M MHTEpBaJyl BpeMeHH NpueMa MHGOpMalHH T, 06HapYXHBaeTCs OTCTYIUIEHHE
OT 3aJlaHHOW NpPOTPaMMBbl, TO MO (PaKTHIECKOMY COCTOSTHMIO PacCOrjlaCOBaHHA
YPOBHe# Ha BpeMs T, BblpabGaTbiBaeTcsi HOBas MpOrpaMMa 2, B COOTBETCTBHH C
KOTOpO# IPOMCXOOMT MepecTaHOBKa APOCCENA Ha JIHHMM OKHCIIMTENIA B HOBOE
nonoxexue. Ecnu npouecc omopoxHeHHa 6akoB ¢ MOMEHTa T, OCTaBHTb He-

Puc. 2.23. OyHKUMOHANbHAS CXEMa CHCTEMbI
arPy ] onopoxnennsn Gaxos

Puc. 224, Npaauuan geficTBHA CHCTEMBI ONO-
poxuenns GaxoB
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yNpaBJIAeMbIM, To K KOHI paGotei JIY OH MOXeT 3aKOHUHTBCA CO 3HaYHTENb-
HBIM TpeBHILIEHHEM OCTaTKOB B Gake ropioyero (ITyHKTHpHas JTHHUA 2') .

Ecnu B MMTepBas1 BpeMeHH T3 npuema undopMaipn BIIBM HoBas nporpam-
Ma OnopoXHeHHs GakoB 2 coxpaHsieTcsl, To B paGory IIY He BHOCHTCA HHKaKHX
u3MeHeHuit. Ho ecnin B vHTepBan BpeMeHH T4 0GHapy>KMBaeTCA OTCTYIUIEHHE OT
nporpamMMsi 2, To o GaKTHYECKOMY PacCOTTacCOBaHMIO YPOBHei Ha MOMEHT T4
BbipaGaTbiBaerca HOBas mnporpamMma 3 u npoccems COB nepecraBisiercss B HO-
BO€ IOJIOXKEHHEe, TapaHTHPYIOIllee BbINOJTHEHHE HOBOH NPOTrpaMMbl ONOPOJXKHE-
HMA TOIUTMBHBIX GakoB. B HHTepBas BpeMeHH 7s (aKTHYECKOe COCTOSTHHE YPOB-
Heil OTBeYaeT HOBOH MporpaMme 3 M HHMKaKHX M3MeHeHuii He mpoucxomut. Ho
€ClTi B MHTEPBaJl BPeMEHHU T¢ OOHapyKMBaeTCA OTCTYIUICHHE OT NMPOrpaMMbI 3,
TO BHOBb BripabaTbiBaeTcs HOBas NMpOrpaMma 4, KoTopas obecrneunBaeTCa H3Me-
HeHueM nonoxkeHus apoccens COB, Ecnu He H3MEHATh MPOrpaMMBbl ONOPOJKHE-
HuA 6GaKkoB B MOMEHT 7¢, TO NPOILIECC ONMOPOXXKHEHUA OyHeT clnenoBaTh MyHKTHP-
Ho#t muHuK 4', M ecriM He GyfieT moMeX, TO K MOMEHTY Bbikimouenus 1Y B Gake
OKHCITHTEJIA OKAXETCA ero 3HaUMTENbHBIN OCTAaTOK.

IIpouecc mepecTpoiiku MporpaMmMsl onoposxHeHusa 6akoB ¢ nomoupio COB
MPOMCXOMMUT B TeYeHHe BCEro BpeMeHH aKk THBHOTO nosiera JIA ucxons u3 aHanu3a
(baKTHYECKOro paccoriiacoOBaHHs YPOBHEH TOIUIMBa B KaXblii HHTEpBal BpeMe-
Hu. uckperHocts COB 06ycioBrieHa HeOGXOMUMbIM BpeMeHeM TpHeMa, aHaJi-
3a mHGopMaluMK ¥ BpeMeHeM NpuHATHA pelueHus BIIBM o6 m3meHeHuM mpo-
rpaMMBbl ONIOPO>KHEHHS TOIDIMBHBIX GakoB. IIpy 3TrOM BaXaio, yTOOBI MOKa3aHUA
AMCKPETHBIX ypOBHeMepoB mocTynand B namars BIIBM B kaxmelit u3 mpome-
XYTKOB BpPEMEHH MEXJy 3THMH HMHTepBalaMH (NPHHIMIMAIBHO INOKa3aHUA
YPOBHEMepOB MOTYT GbiTh ¥ HEMPEPHIBHBIMH) .

Taxkum o6pa3oM, B HauabHbIi MOMeHT mnoinera JIA COB oueHuBaer mepe-
JIMB TOIUIMBa B OfHOM #3 GakoB JIY M BbIpabGaTbiBaeT Takylo MpOrpamMMy OIoO-
POXHEHMA mepenuToro Gaka, KOTOpas NpeAyCMaTpHBaeT HaHGONBIIMI CITHB
H3JTHIIKOB TOIUIMBA B HaualbHbIiH Mepuon paboThl ¥ MPOTpPeCCHBHOE €ro yMeHb-
1IeHHe K KoHuy paGoTsr IY (cM. nporpammy 1 Ha puc. 2.24) .

[IporpaMMa CITHBa M3ITHILKOB TOIUIMBa OGYClTOBJIeHa ycnoBHeM obecmeue-
HHA TapaHTHPOBaHHBIX H PaBHBIX OCTaTKOB TOIUTHBa B GakaX K KOHLY paGoTbl
Y, koTOopble NOJKHBI GBITh PaCYETHHIMH,

CnuB M3NMMIIKOB TOIUIMBa M3 GaKoB B IpOlecCe aKTHBHOTO IOJIETa IPO-
HCXOmUT MO GaKTHYECKOH OlEHKEe COCTOSIHHA €r0 PacXONOBaHMA U3 TOIUTMBHBIX
HaKoB.

Ecnn daxTuyeckoe cocTosHME ONOPOXKHEHMA GaKOB He CleyeT HaMeyeH-
HOH NporpaMMe, TO NMPOrpamMMa ONOPOXKHEHHS TOIUIMBHBIX 6akOB MOGHIBHO
H3MEHACTCA M NMpEeACTaBiIsAeT cob0i KOHEUHY10 CYMMy MporpamMm (CM. IOMaHYIo
TPaeKTOPHIO Ha puc. 2.24) .

B pesymprate paGotei COB peanu3yiorTcs MPHHIMIBI pelieHHs MpoGiieMsl
obecrnedeHnsa KOHEYHO# Macchl JIA | chopMynupoBaHHbIe BbILLIE,

OcHOBHOH OCOGEHHOCTBIO PaCCMAaTPUBAEMOM CHCTEMBI YNPABJIEHHA KOHEY-
Ho# Maccoit JIA ABnsAeTcA TO, YTO “CIMB” M3NHUIKOB TOIUIMBa U3 6akoB ocy-
IIECTBIIAETCA Yepe3 KaMepy [BHTaTeNs, B pe3yiibTaTe Yero B Heil M3MEHAETCA
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COOTHOLUEHHE KOMIIOHEHTOB TOIUIMBa. ECTecTBEHHO, YTO 3T0 OGCTOATENTHCTBO
He crmocoBGCTBYeT CTPOroMy MOIJIEPXKaHHI0O ONTHMAJIbHOTO 3HaYeHWA COOTHOLLe-
HME KOMIIOHEHTOB TOIUIHBA, COOTBETCTBYIOLIETO MAaKCHMYMY YIEJIBHOTO MM-
nynbca TArM Asurarens. M3 obGueit teopum apurartened [8] U3BECTHO TakikKe,
Y4TO B 0ONacTH IKCTpeMyMa yrnenbHoro ummynsca 1ard XPI ero cBaA3sb ¢ coort-
HOLIIEHHEM KOMIIOHEHTOB TOIUIMBa MMeeT mojorHit Xxapakrep. Iloaromy Ge3
ocoboro yuiep6a yOeENbHOMY MMIYJIBCY TATH MOXHO pa3pellMTbh H3MEHATh
COOTHOIIIEHHE KOMIIOHEHTOB TOIUIMBA B mpedenax 3 — 5 % €ro onTUMalbHOro
3HaveHusn. Ha stom ocHoBanum nactpoiika COB pmomiHa OCHOBBIBaThCA Ha Ha-
YaJIbHOM TMIOJIOXKEHHH OpOCCens, COOTBEICTBYIOILETO ONTHMAIbHOMY 3HaYeHHIO
COOTHOLIEHUS KOMIIOHEHTOB TomIHBa. Pabouee oTkiioHeHue papoccens COb
OOJDKHO GBITH OrpaHH4YeHO OIYCKaeMbIM IHaNa30HOM M3MEHEHHS COOTHOLIEHHSA
KOMIIOHEHTOB TOIUIMBA, He NMPUBOIALMMM K 3HaYMTEIIbHOMY M3MEHEHHIO YIeNb-
HOTro MMIyJbca TArH ABUrarens. ITo orpaHmueHe B COB oGecrneunBaercs Mect-
HO# 0OpaTHO! CBA3bIO Yepe3 IMEKTPUYECKHA NAaTUHK NOJIOXKEHHA Apoccens (Ha-
npumep, peoctatHoro Tmna) ¢ BLIBM (cm. puc. 2.23) . COB oTHocuTcs K Knaccy
CaMOHACTPaHBAIOLMXCA CHCTEM YIPaBJIEHHA C aBTOMAaTHYeCKHM MOMCKOM
ONTHMAJIBHBIX PEXHMOB pabOThI.

2.2.2. CUCTEMA YNIPABJIEHHA BEKTOPOM TATH
HA AKTUBHOM YYACTKE ITOJIETA JIA

Crabunusaums monoxenus oceit JIA B npocTpaHcTBe M YToN 6, KOHEYHOro
yYacTKa aKTHUBHOro rnojera JIA oBecrneyHBaloTCs aBTOHOMHOH CHCTEMOM yNpaB-
JIeHHA BEKTOPOM TSATH.

YrnoBasa craGwiusanua mnosjiokeHuss oceid JIA OOBMHO oOCYlIECTBIAETCA
OTHEJIbHO B KaXOOM U3 TpexX IUIOCKOCTei: TaHraka, KpeHa U pbICKaHHsA .

Ha puc. 2.25 npuBeneHa oGoGueHHaAs (GYHKUMOHaIbHAs CX€Ma CHCTEMBI
yHpaBeHHsA BEKTOPOM TATH OJHOIO M3 KaHaJloB ympaBieHus. OGbekTOM
yIpaBjieHHsA B 3T0# cucTeMe sBisAeTcA JIA| a perynupyeMon BeTHYMHOH ¢ —
yron OTKJIOHeHHA KaXHod M3 ocedt JIA or 3amaHHOro mnomoxeuus. B cocras
perynsaTopa BXOOAT: H3MEPUTENIH yIia U YTJIOBOH CKOPOCTH (OGBIYHO BBINON-
HAEMBbIX B BHJE THPOCKONMYECKHX NpPHUOOPOB), CYMMHpYIOLIEE YCTPOMCTBO,
IMEeKTPUYECKHA ycwiuTenb (B BHIe MONAPH30BAHHOTO pejie), pyJIeBOH MPHUBOL
MOBOPOTa KaMep W pyJIEBbIe NBHIaTeNIH, BHINOHAIOIHE POJIb HCHOTHHTENBHBIX

OpraHoB,

/":’: m Mg p _ [lpn orkioHeHun ocu JIA ot

glw ] MOJIOXKEHHA, 3alaHHOTO IpOrpaMMOH,

v ? HU3MEpHTEJTH yITla U YITIOBO#H CKOPOCTH

Unpwo L4 HKCHPYIOT 3TO OTKIIOHEHHEe, M Ha

o) =\ sy = BBIXOle U3MepHTeliedl MOSABIANTICA Ha-
Ol 4y 4

Puc, 2.25, OyHKuUHOHANbHAasA CXE€Ma CHCTEMbI

Mpozpammioe CcTaGHIH3aLMH YraoBoro nonoxenns JIA no

daseneriue ¢ OAHOMY KaHaly YynpaBieHHA BeKTOPOM

aru Y
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npsokerns U, u U, mponopuyoHaibHbie OTKIOHEHHAM. B pesynbTate cpaBHe-
HHAl 3THX uanpmkenun ¢ mporpaMMHbIM HanpskenHeM Upporp, Ha BbIXOZiE M3
CyMMMpylomel‘O ycTpoiicTBa GOPMHpYETCA CHTHAJI CHCTeMbl ynipasnenus Ucy =
= Unporp — — U,. 10T CHIHAN MOMAeTCA Ha NMONAPH3OBAHHOE pelle, KOTO-
poe B 3anncmwocm or sHaka Ucy dbopMEpyeT Ha BbIXOJle CHTHANI Ha pyJeBOi
npuBon Uppyg . PyneBoit MPHBOA OTKJIOHAET OCh NOBOPOTHOM KaMepsl Ha yTol,
NPOMOPIMOHANBHLIA MOMAYII0 YMPaBIAIIIEr0 CHIHala. 3TO cHOcoGCTByeT
yCTpaHeHHMI0 BO3HMKILETO OTKJIOHeHMs ocH JIA BcnencTBHe o6pa3oBaBLIerocs
MOMEHTa YMpPaBNICHHA OTHOCHTEIbHO IeHTpa MacC JIA npH OTKJIOHEHHH
Kamepbl.

Ha puc. 2.26 B 060611eHHOM BHAAE NOKa3aHbl BO3MOJXKHBIE BADHAHTBI KOMIIO-
HOBOYHBIX CX€M pa3MelleHHsA NOBOPOTHBIX KaMep Ha TopuOBO#t uacth JIA,
obecreunBaOIMX YNpaBJIeHHE BEKTOPOM TATH IO BCEM KaHaJlaM YIRaBJIeHHA
JIA: TaHTaXy, pbICKaHMI0 H KpeHy. M3 paccMOTpeHHs 3THX BapHAHTOB BHIHO,
9TO IPH NMOBOPOTE TPeX H YeThIpeX Kamep YMpaBJIeHHA BEKTOPOM TATH oGecrie-
YMBaeTcA MOBOPOTOM KaXHO# KaMephl B OHOM INIOCKOCTH, T.€. KAMEPBI MOTYT
HMeTh OIHOOCHBIA IUAPHHPHBIA nomaBec Ha kopmyce JIA. Ilpm opmoit M ABYX

Yucno | Tun nodbeca
2z Pesrc
xawep waneos Tawzaw Kanue

4 Wapnupnsri

3 |Wapnupusrd

2 Kapdawo8

Kapdawnol
1+2 +
Wapnupysrd

Puc. 2.26. OGoGuiennbie BapHaHTHI KOMIOHOBOTHBIX CXEM pa3MelieHHA KAYaloUfHXCA Ka-
Mep ABHTaTeNA 1A YNPABICHHA BEKTOPOM TATH .
133



KaMepax Heo6xomumMo obecrieynmBaTh UX MOBOPOT B [IBYX B3aMMHO NEPNEHIUKY-
JIAPHBIX IUIOCKOCTAX, T.6. KaMepbl NOJDKHbI MMeTb IBYXOCHBIH (KapIaHOBBIit)
noasec Ha kopmyce JIA . IIpu moBopoTe ofHON KaMephl B KapIaHOBOM IO/IBECE
A ynpasiedns JIA no kaHary KpeHa Heo6XoMMa yCTaHOBKa ABYX NOMONHH-
TEeJIbHBIX pYNEBBIX KaMep ¢ LIApHHPHBIM nomsecoM. Kpome moBopora kamep
NPHMEHAETCA M pAM APYTHX CIOCOGOB ynpaBiieHus BeKTOpoM TaAru (puc. 2.27).

T'a3oBbie pymu (puc. 2.27, a), BbINOJNHEHHbIE U3 >KapONPOYHOro rpadura,
H3MEHAIOT HanpaBJieHHe CTPYHM ra30B Ha BBIXOJle M3 COIUIa [BHTaTeNA IPH IO-
MouM noBopoTHoro ycrpoiicTBa. Hemocrarox 3Toro cmoco6a COCTOMT B TOM,
YTO YCTaHOBJIEHHbIE B IOTOK ra30B Ha BBIXOZE M3 COIUIa PYJIH CO3MIAI0T MOCTOAH-
HOe CONpOTHBIIEHHE ra3oBoMy noroky. Kpome Toro, 3a Bpemst paGoThbi gBHra-
TejA NMOBEPXHOCTb ra30BbIX pyJeil BRITOpaeT MPMMEPHO Ha MOJIOBHHY OT IEpPBO-
HaYaITbHOM .

JTOro HemocTaTka MOXHO M36exxaTh YCTaHOBKOi Ha cpe3e coria mepude-
puitHbIX pyneit (puc. 2.27, 6), KOTOpble YIpPaBiAOT BEKTOPOM TAIH 32 CUET
MOTpYXeHHA LMTKOBOi MOBEPXHOCTH pyJifd B NOTOK ra3a Ha Cpe3e COIUIAa [IBHI'a-
Tend. B HeiiTpabHOM monoxeHun nepudepHiiHbIE PYITH He CO3[AI0T COMPOTUB-
JIeHWA Ta30BOMY NOTOKY. [lis ympaBiieHuss KpeHoM nepudepHiiHbIe PYIIH YCTa-
HaBJMBAlOT C HEKOTOPbIM 3KCIEHTPHUCHTETOM OTHOCHTEILHO OCHM COIUIA [IBHIa-
Tensa (Ha puc. 2.27, 6 OHM NOKa3aHbl IUTPUXITYHKTHPOM)

BMecTo mMOBOpPOTa KaMepsl BO3MOXEH MOBOPOT TONBKO COIUIa [ABHIaTesIs
(puc. 2.27, 8) WM TOpOMpaNbHOro mHedeKTopa, YCTaHOBIIEHHOrO Ha Cpese
comia (puc. 2.27,2) , WK BpalleHHe COIUTa C KOCBIM cpe3oM (puc. 2.27,0)" .

<2 _—

Pac. 2.27. Bo3amoxHble cioco6bl ynpaBienns BeKTopoM Taru KPIY

! Cxemsi na puc. 2.27, 6 u O npumensmorcs B PITT.
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Oco6oro BHHMaHMA 3acCly>KMBaeT Cioco6 M3MEHEHUsA BEKIOpa TATH C IO-
MOWBI0 BAyBa B 3aKPHTHYECKYIO YaCTh COIUIa [ABHTaTeNs XHAKOCTH HIM rasa
(puc. 2.27, e) . Xunxocrs (wiu ra3) pasMewaerca B GautoHe 1 ¥ o KoMaupge
CHCTeMBI YIpaBlieHUA Yepe3 KJIamaHbl 2 MOCTYMAeT ¢ HeGONbIIMM M3GbITOYHBIM
OaBjieHHEM B pacLIMPAILIYIOCA YacTb coIvia 3 mop yriom a«. BGmu3u creHkn
COIUIa, Ha TPaHHIE CBEPX3BYKOBOTO MOTOKA M NapoBoif $ha3bl MUOKOCTH 4 (MIIH
rasa), pealusyerca CKauoK YIUIOTHEHHA 5. 3a CKauKOM YIDIOTHEHHsA oGpasyerT-
¢ 06nacTh MoBBILIEHHOTO fNaBieHuA (Ha puc. 2.27, erpadux p, =f(/.)),rne
MPONCXOAMT OTKJIOHEHHE ra30BOi CTPYH B CTOPOHY OCH COIUIa, KOTOPOE BbI3bI-
BaeT OTKJIOHEHHE BCEro ra3oBOro NOTOKAa M CO3[aeT TeM CaMbIM 3KCLEHTPHCH-
TET TATH COIDIa C HalpaBJIeHHEM, NPOTHBOIOJIOXHBIM OTKJIOHEHHMIO ra30BOTO
notoxa. [Ipu BoyBe 1 % pacxofia *XHOKOCTH MO OTHOLIEHHIO KO BCEMY PacXxomy
ra3oB Yepe3 COIUIO BO3HHMKaeT MONepeYHas COCTaBJIAIOLIAA TATH, paBHax 0,5 %
OT CYMMapHO# TPOXONbHOM TArM aBurarensa. Takum o6pa3oM, BOYB rasa WiM
KHMIKOCTH B 3aKPHTHUECKYIO 4YaCTh COIUIa NPUMEHAETCA Wi TOYHOro (mpeuy-
3HOHHOTO) YNpaBIeHHA BEKTOPOM TATH,

TepceKTHBHBIM ABNAETCA TaKXe CNOCOO yNpaBlieHHA BEKTOPOM TATH 3a
CYeT mepepacmpeneNleHHs pacXoloB TOIUIHBa MeXY XeCTKO 3aKpeIUIeHHBIMH Ha
JIA xamepaM# B MHOroKaMepHOii IBHTaTelIbHO! ycTaHOBKe, OmHaKo IIMpOKoe
NpHMEHEHHE 3TOro Crnocoba coepXHBaeTCA TEXHHYECKHMH TPYTHOCTAMH pead-
3aUMM PeryJIATOPOB IepepacnpeNielieHHA PacXONOB TOIUIMBA C OJHOBPEMEHHBIM
COXpaHEHHEM COOTHOILEHHA KOMIIOHEHTOB TOIDIMBA, OpPraHM3aLMei MX B3aHMO-
peitcrBuna ¢ cucreMamn PKC u COB ¥ omHOBpeMeHHBIM OT paHMYEHHEM [Ty GHHbI
H3MEHEHHA PeXHMOB PaGoThl KaMep [ABHTaTeNs.

2.2.3. CHCTEMA YIIPABJIEHUS] OPUHEHTALIMEN JIA
C MMOMOBIO XPIMT

IiBwkenne JIA B KOCMHYECKOM IOJIETe OTJIMYAETCA HE3aBHCHMOCTBIO JIBHDKE-
HHA IEHTPa MacC OT YTJIOBBIX NIOBOPOTOB OTHOCHTENIBHO €ro IeHTpa Macc. JTa
HE3aBHCHMOCTb TpebyeT OTMeNbHO# CHCTEMbl YNpPaBJIeHHA [BHKEHHEM OTHOCH-
TenmsHO LeHTpa Macc JIA. CHcTeMa ynpaBiieHus, npuBofAuas nonoxenue JIA x
3aaHHOMY , Ha3bIBa€TCA CUCTEMO# OPHEHTAlMM, a CaMO YIpaBJieHHe — OpPHEHTa-
et oceii JIA,

[IpyHIMMHANIBHO CTPYKTYypa CHCTEMbI YNpPaBJIEHHA YIJIOBBIM IOJIOXKEHHEM
KocMuYeckuX JIA HHYEeM He OTIMYaeTcs OT NMpPHBEHEHHOM BBIIE CTPYKTYPHI
CHCTEMBI YNpaBJICHUA BeKTOpoM TATH (cM. puc. 2.25) . Tombko BMecTO pyiie-
BOTO MPUBOJA B CHCTeMe yNpaBJieHHsi opHeHTaiMei JIA Gymer anmekTpomMexaHH-
YeCKHil MPHBOJ, KJIaNaHHOIO arperara OBHTaTeNs, a8 MECTO PYJIEBBIX ABHraTeliei
3aiiMyT XecTKo 3akpervieHnbie Ha JIA JKPJIMT. CymecTBeHHOE OT/IHUME CHCTe-
MBI yNpaBjiIeHHA OpHeHTauHeid JIA oT ympaBneHHs BEKTOpOM TATH npH pabote
MaplleBbIX IBHTaTelIeil cocTouT B ToM, uTo JKPJIMT Ha xocMmueckoM JIA momk-
Hbl He TONBKO CTaGMIM3HpOBaTh monoxeHHe oceil JIA mpu paGore MaplieBbIX
ABHTaTeNed, HO M YNpPaBNATh OpHeHTaipel oceil JIA B mpouecce ero cBoGogHOro
nojera MpH OTCYTCTBHH BO3MYLIAIOLUMX CWJI M MOMEHTOB WIH HX Ype3BbIMaiiHO
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maoit  BenmuuHbl. [lockomeky XPIOMT Beimonusiorcs ¢ QuKcHpoBaHHBIM
YPOBHEM TATH, a BO3MYIIEHHSA MOTYT ObITb Pa3IHUHBIMH, TO Ha 3HaYMTeENbHbIE
Bo3myutenna KPIAMT pomiabl oTBeyaTh GONBLIOH IMTENbHOCTBIO BKITIOYEHHA
(nopsfxa eOMHHMI, CeKYHR), a Ha Majible — MaJIOH [UTHTENBHOCTbI0 (TopAnKa
COTBIX [IOJIefi CEKYHI) C [UIMTEbHBIMH Nay3aMHu Mexxay HuMH. TakuMm oGpasom,
JXPOMT paGoTaioT B MMITyJIbCHOM pexiMe, KOTophlit obecrieunBaerca cpabarbi-
BaHHEM IONIAPU30BAHHOTO peJsie MO0 creluanbHOi GOPTOBOH BBIYHCIIHTENIbHOM
MalIMHO#

CylilecTBEHHbIM OTJIMYMEM CHCTEMbI YIpaBJieHHs opueHTauueir JIA or cuc-
TeMbl YNpaBJICHUA BEKTOPOM TATH ABIAETCA TaKXKe >KECTKOEe 3aKpeIUIeHHe
XPIMT, xoropble BBINONHAIOT POJIb HCIIOTHUTEIbHbIX OPraHOB 3TOH CHCTEMBI,
PaccMoTpuM 3amaus, Bo3noxeHubie Ha XXPJIIMT, u BapuanTel M3 pasMelleHHs Ha
pasnuuHbIX THNax JIA,

OpGuransHbie MaHeBpbl JIA NPOM3BOAATCA C NMOMOIUBIO [BHraresed, och
NPUWIOXKEHHA TATH KOTOPBIX Npoxomut yepe3 ueHTp Macc JIA, Takue nBuratenu
B COOTBETCTBMM C Ha3HaYeHHEM MOJIyYHWIH HaHMEHOBAaHHME >XHAKOCTHBIX paKeT-
HBIX JBHraTenen opGUTaIbHOrO MaHeBpupoBaHua (KPAOM) .

HeusGexHan norpewmocts ycraHoBkH XPIIOM Ha JIA BhI3bIBaeT mosmite-
HHe 3KCUHEeHTpHcHTeTa npwrioxeHus Tard XPIOM oTHocHTENnbHO LieHTpa Macc
JIA, xoropblii co3maer BpauleHue JIA oTHocuTenbHO ero neHTpa Macc. KomneHca-
IMA 3TOro BPAllEHHA BO3NAraeTCA Ha JABHMTATENM MO TATH, yCTaHOBIIEHHbIE
Ha JIA Tak, uTo OCb NMpPWIOXEHHA TATH 3THX [ABHTaTeNled He NMPOXOJHUT uepe3
uHeHTp Macc JIA, a co3paeT ympaBiAIOLMi MOMEHT, CIIOCOGHBIH KOMIEHCHPO-
BarTb JfoOble BO3MYIIIEHHA OTHOCHTENbHO LieHTpa Macc. [lockomky Bo3MyeHus
MOryT BO3HHMKATh OTHOCHTENIbHO JfoGoit u3 oceit JIA (mpomonsHoit OX, BepTH-
kanbHoit OY ¥ nonepeunoit OZ), to JIA pomxkeH GbiTh CHaGXeH KOMIUIEKTOM
OBUrareneif, CrocoGHBIX KOMIIEHCHPOBAaTb BO3MYILAIOLIME MOMEHTbI OTHOCH-
TeNnbHO 06oi u3 ero oceil. HauGonee 3¢ pexTHBHBIM U3 BCEX BapHAHTOB aKTHB-
HOTO yNpaBJieHWA opueHTauMei JIA ABNIAETCA npUMeHeHHe B KaYeCTBe UCIOIHH-
TENbHBIX OPraHOB [BUraTeNell, HCIIONb3YIOLMX 3amaceHHoe Ha 6opry JIA xmmxoe
OIHO- MM AByXKoMIoHeHTHOoe Towmso (KPOMT) .

Ha XXPIMT Bo3naraerca 3amaya He TONbKO KOMIIEHCAIMM BO3MYILEHHHA OT
KPOM wmnu mociie pacCTBIKOBKH C IOCTIETHEH CTYNEHbI0O HOCHTENA, WIH OT
OEeACTBHA adpOIMHAMHMYECKHX M [IPYTHX BO3IMYILEHHH, HO TaK)Ke U ympaBJIeHHA
opueHTaimei oceii JIA npu HaBeneHHuH nMpuGOpHOro oGopynoBanus Ha HeGecHbIe
WM 3eMHbie OpHeHTHpbl (WIH OpyTHe IvlaHerhi) . Kpome aroro Ha XXPIMT Bos3-
Jaraercs 3ajaya MoAJep>KaHUA 3alaHHON OPHUEHTalMH ocell (CTabGHWIM3alMK MoNo-
*eHuA oceit JIA) B pexuMe OpHEHTHPOBaHHOrO noJeTa JIA WM OTCleXHBaHUA
COCTOSIHMA 3€MHBIX, HeGECHBIX U APYTHX OPHEHTHPOB, HAXOOALMXCA B IDIOCKOC-
TH opbutbr JIA| u oGecredenne cTeikoBKH JIA Mexmy co6oii. Takum o6pazom,
JXPIMT o6ecreunBaioT BbIMOJIHEHHE CIIEAYIOIUMX THIIOBBIX NOJETHBIX 3a/1ay:

— KOMIEHCAllus MOMEHTHBbIX BO3MYILIEHHH, e cTByIoLMX Ha JIA;

— MepEeOPHEHTAlUA OCei;

— OTCIIeXXMBaHHE TPacChl B INIOCKOCTH OpOHTHI MoNeTa;

— CTaOHIM3alMA MOJIOXKEHHA OCeil;

— cThikOBKa JIA Mexqy coGoi.
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U3 nepeuns 3ajay, Bo3NaraeMbIX Ha CHCTEMY YNpaBJIeHHS OpPHEHTalHMeii,
CremyeT 3aKkIlio4eHHe O €¢ BbIEJICHHH B CaMOCTOATENbHBIA GOPTOBON KOMI-
nexc JIA,

XPIMT xomnonylorca Ha JIA Tak, 4T06bl 0O€CIIEYHBANIOCH ABHKEHHE OTHO-
CHTEJIbHO meHTpa Macc JIA mo xaxmoit u3 ero oceii. [Ipn 3T0M BO3MOXHBI pa3-
nuuHble BapHaHTh! pasmeluenus XPIMT na JIA, npemycMarpuBaroume mis JIA,
no ¢opmMe GINHM3KOro K KpyrioMy Teily, KOMIIOHOBKY [BHratelieil B BUOE CUM-
MeTpHUHOI# mpocTpaHcTBeHHON koMmno3uumu KPIMT (puc. 2.28), nu6o B BHOE
aCHMMETPHYHOH NMPOCTPaHCTBEHHONM KOMMo3HIMM pasMerueHusa XPIOMT orno-
cHTenbHO meHTpa Macce JIA (puc. 2.29).

IIpu cuMMeTpuuHO# MpocTpaHcTBeHHOH KomnoHoBKe XXPIIMT Ha JIA nsura-
TeNbHaA YCTAaHOBKAa paccpefoTouyeHa nmo Bcemy JIA (puc. 2.28). Ipurarenu
pasMereHsl 1o nmepudepun Kopryca Ha HaubonbLIeM BO3MOXHOM IUIeYe OTHOCH-
TelbHO LeHTpa Macc JIA, a TomwmBHbIE GakM COCpeNOTOYeHbI BONM3M IEHTpPa
Macc JIA, JIna 3Toil KOMIOHOBKH NpeNycMOTpeHa ycTaHoBKa 24-x XXPIMT,
MO3BOJIAIOIIMX YMpPaBJIATh NPOCTPAaHCTBEHHbIM nBikeHHeM JIA, HauGombumit
MOMEHT YIIPaBJIeHHs peaM3yeTcsi OHOBPEMEHHBIM BKIIIOYEHHEM [IBYX NAp JIBH-
raresieii, yCTaHOBJIEHHBIX Ha IUTede /;, OTHOCHTEIBHO lieHTpa Macc JIA , MeHbLIMi
MOMEHT YNpaBJIeHMsi — OTHOBPEMEHHBIM BKIJIIOYEHHEM OMHOM mapbl WIH ABYX
nap ABHUTatesnell, yCTaHOBJIEHHbIX Ha Iwiede /;; (cMm. puc. 2.28). Ympaenenue
OTHOCHTEIbHO KeHTpa Macc JIA MoxxeT GbITb peasTM30BaHO MONEPEMEHHBIM
BKJTIOYEHHEM OJTHOTO [IBHTATeNisi M3 NMapbl, YCTAHOBJICHHOTO Ha IUIeye /;; OTHOCH-
TenmsHO HeHTpa Macc JIA, B npuBeneHHO# KOMIIOHOBOYHOH CXeMe pa3MelleHHA
KPIOMT Ha JIA xaxpable BoceMb [BHTaTeleil OPHEHTHPOBaHBI BHONb OFHOM U3
oceit JIA. IIpy omHOBpEeMEHHOM BKIJIIOUEHHH OBYX HWIM YeThbIpexX OIMHAKOBO
OPHEHTHPOBAHHBIX [BHIaTeNlell BO3MOXHO ABHXKCHHE LIEHTPa MacC BHONb KaX-

Puc, 2.28. CummerpuyHoe pasmeunenne 1Y  Puc. 2.29. AcumMerpwiHoe pa3mellenue
Ha JIA: KPOMT na J1IA:

1 — XPIMT; 2 — XPIOM; 3 — xopnyc 1 — XPOMT; 2 — XPIOOM; 3 — xopmyc
JIA; 4 — mu3aup mpHGopHoro oBopymoBa- JIA; 4 — Busup npuGopHoro oGopymoBa-
Hus JIA nus JIA; 5 — orcex Y
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Oo#t u3 ero oceii, yto obecneunBaeT CThIKOBKY JIA Mexmy coGoit wiu my6nu-
pyer pa6oty KPIIOM. Takum oGpa3oM, koMGHHaTOpuKo#l BKTtoueHus XPIMT
obecneunBaeTcss NMPOCTPaHCTBEHHOE moJioxkeHHe oceit JIA M ero meHrpa Macc,
uro OGecrmeuiiBaeT BBLINOJIHEHHE MEPEUMCIIEHHBIX BbIllie MOJIETHBIX 3amay JIA ¢
MOMOIIBIO IBHTaTellell OMHONH Pa3MepHOCTH. A MOBBILIEHHA TOYHOCTH YIpaB-
JIeHHMA 3alaHHO# oOpHeHTamuM oceit JIA ycTaHaBIHBaOTCA MOMOJHHTEIIbHbIE
kommiekTs! XKPIIMT MeHbiuel pa3MepHOCTH.

Ipu acummerprunoit komnoHoBke XPIMT Ha JIA (puc. 2.29) mpuratess-
HasAd YCTaHOBKa COCpefIOTOYeHa B OIHOM orTceKe JIA M MPHCTHIKOBBIBaeTCA K
kopmycy JIA xak aBToHOMHas cHcTeMa, Ilpu Takom pasmemennu XPIMT Ha
JIA Gnaropaps yBelnHMUYeHHIO IUIed OTHOCHTENBHO oceit OY u OZ MOXHO yMeHb-
LIMTh YHCIIO JBHTaTeNeil Wik ux pasmepHocts. Ha puc. 2.29 moxa3sana ynpoiueH-
Had cxema acummerpmiHoii xommoHoBkH JXPIMT Ha JIA, oGecneumBaromas
Bpauienne JIA OTHOCHTENIBHO ero oceil ¢ momoumpio BOocbMM Asurareneii. Ilpu
TaKoil KOMIIOHOBKE YIpapjieHHe MOJIOXeHHeM IieHTpa Macc JIA Boamaraerca
Tonmsko Ha XXPIOM,

Ina JIA, xopnyc koToporo 6nH30k no ¢opme K IRUIMHAPHYECKOMY TeJTy
(puc. 230), npUMeHAIOT OMH U3 BUIOB KOMIIOHOBOK JABHTaTelIel, pacCMOTPEH-
HBIX Bbille, WIH HX KOMOHHamyH. [IpH 3TOM OCHOBHOH OCOGEHHOCTBIO KOMIIO-
HOBKH mia JIA muwmHApHiecKo# ¢OpMDbI ABNAETCA NOACHOE PACTIONIOXEHHE
XKPIMT Ha JIA, npu KOTOpOM HNBHraTelu COGHMpAIOTCA B OTAE/bHbIe GIOKH.
Pa3merneHne )KP.I[MT Ha JIA, noxasanHoe Ha puc. 2.30, cnocoGHO oGecredn-
BaTb He TOJIBKO BpallleHHe JA OTHOCHTEJIBHO €ro HmEeHTpa MacC, HO M mepeme-
mare meHTp Macc JIA BHomb kaxmoii u3 ero oceii, Takasa ocoGeHHocTs KOMIIO-
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Puc, 2.30, Pasmemenne XKPZIMT na JIA wwmsapuecko# HopMmbi.
a, 6, 8 — cxembl ynpasneHus JIA oTHocHTenmsHO oceft OY, OX OZ coorBercTBeHHO; 1 —
)KPIIMT 2 - XPIOOM; 3 — xopmyc JIA; 4 — 6nok XKPIMT; 5 — y3en CTHIKOBKH
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HoBkH XPIMT Ha JIA HeoGxomuma mns oGecmeuyeHns CThIKOBKH JIA mexay
coboit. OmHoBpeMeHHO ¢ 3THM 1y6nupyetca paGota XKPIIOM. IlosicHoe pacnorno-
xenune XPIMT Ha JIA no3ponseT Takxe cocpenoTounth B mosice JXPIMT Bcro
OBHIaTeNbHyI0 yCcTaHOBKY JIA M mpu pacnonoxkeHus 1Y B paitoHe meHTpa Macc
obecrieunTh cTaGWIbHBIE MOMEHTHI MHepIMH JIA mo KaXxmoit M3 ero oceit, a Tak-
e BO3MOXHOCTSb BbinonHeHus 1Y B BHOe aBToHOMHOrO oTceKa JIA , Takue cno-
coGbI pasMeweHHs ABUraTesneil Ha JIA xapakTepHbl Wi OpOMTaLHBIX CTaHILMIA,

JleTatenbHble anmapaThli, BBINOJIHEHHbIE B BHJE YCEYEHHOro KOHYycCa
(puc. 231), xapakTepHpl Wi cmyckaembix ammapatoB (CA). Ilockombky
NpaKTHYeCKH Bce coBpeMeHHbie CA MCNONB3YIOT B IDIOTHBIX CIIOAX aTMOCGephl
I TOPMOXKEHHA a’pOJMHaMHMYecKOoe KauyecTBO, TO miA obecreyeHMs CTaTH-
YeCKOW YCTOMYMBOCTH IEHTP Macc JIA cMelleH OTHOCHTENIBHO €ro OCH CHMMeT-
pun. [lpu 3TOM OpHeHTaums reoMeTpudecKHX oceii JIA OTHOCHTENLHO BEKTOpa
cxopoctd (mpoxomsiero Yepes ueHTp Macc JIA) oGecrneunBaeT yCTOHYHBOCT
oBwkeHnss CA TONBKO NpPH PaclONIOKEHHH LEHTPa MacC HWXKe OCH CHMMETPHMH
JIA. B 3toM cnyyae Mexxay ocbio cHMMeTpuH JIA M BeKTOpOM CKOpPOCTH 0Gpa-
3yeTcA yrojl aTak¥, a OpHeHTalusa monoxeHus oceit CA oGecrmeuuBaeT IBIDKe-
HHe JIA GoOnmbLIMM OCHOBaHMEM YCEYeHHOro KoHyca (1060Bo# uacThio JIA)
BIIepeT, IO OTHOLICHHIO K Haberaoiemy noToky.

YcroitunBocTs Takoro nosokenus JIA oGecrieunBaeTcs ypaBHOBELIMBaHHEM
MOMEHTa, CO3[]aBaéMOro a3pOIMHaMHYEeCKOi CWioi # cwioi Taxectn JIA, 310
cBoiictBo JIA yacTo Ha3bIBalT CBOHCTBOM camoGanaHCHpOBKH, M mia JIA,
6mu3Kkoro no ¢popMe K yceueHHOMy KOHYCY, OHO COXPaHsIeTCA JIMLIb B 0G/1acTH
MaJIbIX BO3MYILEHHIHA,

Puc, 2.31, Pasmemenne JKPAMT na JIA xoHmueckoii popmpl:
a, 6, 8 — cxembl ympasnenus JIA no xaHaly pbICKaHHMs, KpeHa ¥ TaHTaxa; 1 — XPIMT;
2 — xopnyc JIA
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OpHako BeTpOBbie yHapHbIe Harpy3KH Ha xopmyc JIA npu Bxope B ITIOTHbIE
ciioM aTMocdepbl MOTyT NEpeOpHEHTHPOBATh NOJIOXKEHHE LeHTpa Macc JIA,
KOTOPpBIH# MOXeT 0Ka3aThCA Bhille OCH cHMMerpHH JIA. B atoMm ciydae JIA cra-
HOBHTCA HEYCTOMUMBLIM, 2 €ro ABM)KEHHE IO, ICHCTBHEM MOMEHTa a3pOIUHaMu-
YeCKMX CWJI MPHBOIOMT K ONpPOKHAbIBaHMIO JIA H mocnemymolmeMy 3a HUM XaoTH-
YeCKOMy ABIKeHWIo. A mpeNoTBpalleHus NOTEPH YCTOHYHBOCTH ABHXEHHSA B
IJIOTHBIX closx aTMOcdepbl CA cHaGXaloTCi KOMIUIEKTOM [BHraTeliei, CIo-
COGHBIX KOMIIEHCHPOBAaTh YOApHble BO3MYIIEHHA BbICOKMX yDOBHEH H TeM Ca-
MbIM COXPaHATb YCTOMUHBOCTb OpHeHTaimy oceit JIA B obnactu camobanaHcH-
pOBKH (B 06J1aCTH CaMOYCTpaHEeHHA MaJIbIX BO3MY LLEHHIT) .

ITockombkKy MOMEHT HHEPLMH YCEYEHHOrO KOHyCa HaWMEHBIIMA MO OTHO-
wieHHo k ocd OX, 1o mna obecnieyeHus camoGanaHcupoBku CA mo KaHainy Kpe-
Ha yCTaHaBJIMBaeTCA HauboJblliee YHCIIO JBHT aTeNleH.

Tpu ynpapnenuu JIA OTHOCHTENIBHO LIEHTPa MacC B IUTOTHBIX CIIOAX aTMOC-
¢epbl MpUHUMaeTCA TEPMHHONIOTHYECKOe 0603HaueHHe ABiwkeHus JIA mo camo-
JIETHOMY TNpPHHUHMIY: OTHOCHTeNnbHO ocu OY (cM. puc. 231, ¢) — no kaHamy
pbICKaHMA; OTHOCHTENbHO ocu OX (cM. pHc. 231, 6) — mo KaHally KpeHa;
oTHOCHTeNbHO ocd OZ (cM. puc. 2.31, 8) — MO KaHally TaHraxa (4acTo 3Ty Tep-
MHHOJIOrHIO NIEPEHOCAT H Ha KocMuyeckue JIA)

Ha puc. 231 noka3san BapHaHT pa3MelleHusa MUHHManbHOro uucna XPIMT
Ha CA M3 BOCbMHM JIBUTaTeIeH.

Jna JIA tpeyronbHo#t ¢opmbl B IDIaHE MPUMEHAIOT KOMIOHOBKY [BHrare-
Jiel, pa3MeLleHHBIX B KOpMOBOM otceke (puc. 2.32) . Kpome npéumymectsa,
o6ycnoBnensoro asToHoMHocTbio Y Ha JIA, Takoe pasmereHHe ABHTraTeNed
oGocHOBaHO TeM, uTo JIA TpeyronbHoii $GOpPMBI C OPOHTAIBHOTO MaHeBPHPO-
BaHHA B KOCMOCE LIEIMKOM IIEPEXOMIUT Ha PEXMM CIyCKaeMOro ammapara ¢ Hc-
NO/Ib30BaHHEM B IUIOTHBIX CNOAX aTMocdepbl aIpoaMHaAMHMYECKOTO KayecTBa,
Ipu cmycke Taoro JIA yribi aTaku cocTaBnsior mpuMepHo 40 — 45°. Ilpu
3TOM BaXHO, YTOObI ABHTaTeIM HaXOOWIHCh B 23pOAMHAMHYECKOH TEHH H He
MOABEPraluch BO3JEHCTBHIO BCTPEYHOro aj’pomuHamuyeckoro mnoroka, Ilo-
CKONIbKY ymnpapieHHe JIA mo xaHamaM Tanraxa, ppickaHus W KpeHa (puc. 2.32,
a, 6, 8) TMPOMCXOOWT MPHUOPHTETHO (T.e. MO OYepeou), TO B KOMIOHOBOYHOH
cxeme pasmeruenns XPIMT Ha JIA nmpemycMoTpeHo GyHKUMOHAIBHOE pa3ferne-
HMe [BHraTelieii MO KaXIOMy KaHaimy ympasineHus. Ilpocreifias cxema pasme-
ieHMs apurareneit Ha JIA TpeyronbHoi ¢oOpMBI BKIIIOYaeT B CBOHM COCTaB [Ba
6moxa XXPIMT no nats mBuratenei B KaxnoM. KOMOGHHaTOpHKO# BKITIOUEHHA
XPIOMT B 3T0if KOMNOHOBOYHOH CXeMe BO3MOJKHbI BapHaHTbI yHKIMOHATBHON
3aMeHbI [IBHTaTelled MO KaHallaM TaHraxa M KpeHa. Kanan poickanmsa tpeGyer
OyOGnHpoBaHHA OBUTaTelNell, a OBWKeHHe LeHTpa Macc JIA Bo3naraercs TONMbKO
Ha XXPJIOM. KomnonoBounbie cxembl pasmeuienus JKPIMT Ha JIA | nokasaHubie
Ha pHC. 2.29 M 2,32, NpUMEHAIOTCA NMpeHMyIIeCTBEHHO WA GecrmumoTHbix JIA,
He TpeOyLUMX CTBIKOBKH C Opyrumu JIA,

Pasmewenue JXPIMT Ha opOHTaTBHOM caMoJieTeé OCHOBaHO Ha aBTOHOMHO-
6moyHom npuHuMne, B oGuiem ciyuae Ha op6urtabHoM JIA (puc. 2.33) moryT
OBITP YCTaHOBJIEHbI TPH aBTOHOMHBIX OBHIaTeNbHbIX OTCeKa: [ABa KOPMOBBIX
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Puc. 2,32, lIpHHOEMEanbHas CXeMa pa3MelUeHHA MMHMMAIBHO NOTPe6HOro KOMIUIEKTa
KPOMT ans JIA tpeyronsHoit popmsi:

a, 6, 8 — cxemul ynpapinieHus JIA o xaHaly TaHTaka, PRICKaHHA M KpPeHa COOTBETCTBEHHO;
1 — XPOMT; 2 — XPIOOM; 3 - xopnyc JIA

H OMH HOCOBOH. B KaXmoM U3 3THX OTCeKOB pa3merueHbl Gnoxu XPIOMT u
KPIOM, x KOTOPBIM NOMAaETCA TOIUIMBO U3 OObeOUHEHHOH (WIM aBTOHOMHOM)
CHCTeMBI TUTaHUsA , pa3MelLieHHOMH B oTceke JIY .

Ha puc. 233, a, 6, 6 moka3sans! cxemnl BxnodeHusa XPIOMT mo xananam
TaHTraXa, pbICKaHHA H KpeHa NpH ympaBieHHH JIA ¢ moMoumpio KOPMOBBIX
OTCEKOB.

Nockoneky KPIMT oGecneuusaer ympaBienue JIA xak Ha OpGMTaIBHOM
yyacTKe moJieTa, TAK M Ha 3Tame cmycka JIA B mwIOTHBIX closx arMocdepsl H
noTpeOHbIE MOMEHTDbI YIpPaBJIEHHA Ha 3THX YYaCTKaX CYLIECTBEHHO Da3JIMUHbI,
TO N0 KaHallaM YIpaBJIeHHA TaHTaXa H pbICKaHMA (C HanGOJNbIIMMH MOMEHTaMH
uHepiwmy JIA) yCTaHABIMBAIOTCA HECKONBKO JBHTaTelled OMHOH pa3MEpPHOCTH.
[Tyrem KOMOHHaTOPMKH MX BKITIOYEHHS MOJYYalOT NOTpeGHbIE MOMEHTHI YIIpaB-
neHua JIA Ha pasyiHUHBIX 3Tamax ero moseTa. JjIs MOBbIIEHHA TOYHOCTH yIpaB-
JieHuss BO3MOXHa mNapawienbHaa ycraHoBka XPIMT npyroit pasmepnoctu.
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Ha puc. 233 noxa3saHa xommonoBka XPJIMT mns oByX KOpMOBBIX OTCEKOB,
COCTOALMX M3 24-x OBuraresneil 6e3 yuera OyGIMpOBaHHA M HOCOBOro OTCEKa.
C yueroM aBHrateieit HOCOBOro orceka, mybmuposanus, XPIMT ppyroit pas-
meproctd M XKPIIOM o6iwee 4ucio gBHratesneil Ha OpGUTATLHOM CaMOJIeETe Mo-
XeT COCTaBJIATh HECKONBKO HJecATKOB. bonbinoe uncno asurarteneit, pacmnosno-
JEHHbIX B HECKONbKHX aBTOHOMHBIX OTcekax 1Y, ABNAeTca OTIHUMTENIBHOM
0COGEHHOCThI0O KOMIIOHOBOYHOH CXeMbl pa3MeLLEHHA OBHTaTesedl Ha opOuTais-
HOM caMonere,
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Puc. 2,33, Pasmewenue XXKPIMT Ha opGNTATBHOM CaMoJieTe:

a, 6, ¢ — cxeMhl ynpapienus JIA no TaHTaxy, phICKaHHIO M KpeHY COOTBETCTBEHHO; 1 —
XPIOMT; 2 —KPIOM; 3 — xopnyc JIA; 4 — HocoBo#t orcexk 1Y ¢ KPIMT; S — xopMo-
Boit orcex Y ¢ XXPIMT u XPIOM; 6 — Gnox XPIMT; 7 — aspomuHaMuyecKHe pynM;
Iy x; Iy — miedo ycranoskd XPIOMT nnis ynpasneHus [0 KaHally TaHTaXa JBHraTelLfiMH,
Pa3MELICHHEIME B KOPMOBOM M HOCOBOM OTCeKaX COOTBETCTBEHHO; Ip x; Ipu — mieuo
ycranokH XPIMT nns ynpaBnieHns No KaHally PhICKaHMA JBHTaTelIAMM, pa3MEIEHHEIMH
B KOPMOBOM H HOCOBOM OTCEKaX COOTBETCTBEHHO
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2.2 4. CACTEMbI YIIPABJIEHUA
MPOLIECCOM OYHKIIMOHHUPOBAHUSA Y

CucreMbl ympasjeHHs mpoueccoM ¢yHkuuMoHHpoBaHua IIY oTHocaATcs K
BHYTPHBMTaTeJIbHBIM CHCTEMaM yINpaBiieHHsa mnpoueccamu B JIY kak K aBTo-
HOMHOMY KOMIUIEKCY .

IeiicTBHTENBHO, corfacHO puc. 2.20, Ha KOTOPOM IpUBeEfieHa CTPYKTypHas
cxeMa KiaccubMKalMH 3a/iay, BO3JIaraeMbIX Ha CHcTeMsl ympasneHus XPIY,
NpaBas BETBb ITOM CTPYKTypbl OTpaXaeT 3a[jaudl BHYTPHIBHTaTeJIbHOro obecre-
yeHns mpouecca pyHkimonupoBatusa Y. OmHako noHO#H aBTOHOMHEH BHYTPH-
OBHraTebHble CHCTEMDI YNpaBJieHHA He 0GIafaloT, Tak KaK BBHINOTHEHHE NOJIeT-
HBIX 3afiay MOXeT (¥ JOJDKHO) BO3[IEHCTBOBATb Ha KOHTYpBI yIPaBJIEHHA TATON
H COOTHOILIEHHA KOMIOHeHTOB TomwiHBa co cropoHbl PKC 1 COB uepe3 ympas-
JIeHHe NapamMeTpaMH KaMep [BHTaTeleil H rasoreHeparopos. Ilpu ommcanuu pa-
6ot PKC GbUTO yKa3aHO, UTO 3Ta CHCTEMa TaKXke BO3MEHCTBYET Ha IPOIeCC
ocrasoBa JIY. OHa e MOXeT GbITh MCIIOJIB30BaHa IS PEATH3aLMH TPOr paMMHO-
ro 3amycka 1Y,

Unkcto BHYTpeHHMMH 3ajauyamu JIY sBngercs ympasiieHHe pexuMoM paGoTbl
TypOMHHOrO arperara Yepe3 ympaBJIeHHe MapaMeTpaMH ra30reHepaTOpoOB, BOC-
[UTaMeHeHHe TOpIoYMX CMeceil B KaMepax H ra3’oreHeparopax, a TakXke ynpasie-
HHe HaflyBoM 6akoB M 3axonaXuBaHWe arperatoB [IY mepen 3amyckoM npu
HCIONIb30BaHHH HH3KOKHIALMX WIH KPHOTeHHBIX KOMIIOHEHTOB TOWHBa, Ecnu
NOJIETHbIE 3afjaYH Mpe[yCMaTPHBAIOT CTaGIITH3ALMIO TATH M COOTHOLLEHHE KOM-
NOHEHTOB TOIUTHBAa, TO KOHTYpbI YNMpPaBJIeHHA KaMepaMH H ra3oreHepaTopaMH
CTaHOBATCA aBTOHOMHBIMH U YHCTO BHYTpPHIBHI aTeJIbHBIMH,

Mockomky rnyGokoe n3meHeHHe pexxHmoB paGotsl Y, 3amyck H ocTaHOB
OBHrateNsi 0GeCIeYHBalOTCA B GOJIBLIMHCTBE CJy4YaeB JIMLIb NMPH KOCBEHHOM
YYacTHH BHEIUHMX CHCTEM YIpaBJieHHs ABIDKeHHeM JIA, To ympapienne 3THMH
npoleccaMH CJIeyeT TaK)ke PacCMaTPHBaTh KaK BHYTpDH/IBHTaTeJIbHbIE,

PaccMoTpHM mnpaBylo BeTBb KJIacCHHKALMH, NOKa3aHHyI0 Ha pHc. 2,20 B
BHE CaMOCTOATEIbHOH, YHCTO BHYTPEHHEH CHCTEMbl YMpaBiIEHHA IPOLECCOM
dynkunonupoBanus JIY . IIpH BhITECHHTENLHOM CHCTEMeE NMOMAAYH TOIDIMBA CTabu-
NH3aliMA M yNpaBJIeHHE TATOM M COOTHOILUEHHEM KOMIOHEHTOB TOIUIMBA B Ka-
Mepe ofecnieUHBaIOTCA NMyTeM B3aHMHOH HACTPOHKH ra3oBbIX PedyKTOpPOB JaB-
JIEHHA MOAAYH TOIUIMBA.

IIpu HacocHO# cHcTeMe MOJAaYM TOIUIMBA CTaGHIM3alMA W yNpaBJieHHe Napa-
MeTpaMH KaMep H ra3oreHeparopoB TpeGyeT CEeLHANbHbIX KOHTYPOB YIIpaBJie-
HHsl, BKJIIOYAIOIMX B CBOM COCTaB aBTOMaTmueckue perynartopbl. Ha uyscrBH-
TeNbHbIE 3TIEMEHTBI CPAaBHEHHA 3THX PETYIATOPOB HOJIXKHBI GhITh MOHAHBI Napa-
METpbI PEeryJIHpOBaHHA M KOMaHHble CUTHabI, B paGote [4], Ha ocHOBe nHHei-
HOro aHaJiM3a OTKJIOHEHHH OCHOBHbIX mapamerpoB IIY, moka3aHo, 4T0 B Ka-
Y4eCTBE KOCBEHHBIX NMapaMeTpoB PeEryIMpOBAaHHA TATH MOTYT GBITh MCIONB30Ba-
HBI [IaBJICHHE TOIUTHBa mepen dopcyHKamu (Pg, ), AaBlieHHe B KaMepe IBMIaTe-
na (py), nepenan fapneHuii Ha ¢popcyrkax (Apgy) W ApyrHe MaBNeHHs B TpaK-
TaxX IMTaHHA TOIUIMBOM KaMep H rasoreseparopos 1Y . Ha puc. 2.34 nokasana

143



0GnacTh OTKJIOHEHHA NMapaMeTpoB (B Ge3pasmepHoit dopme) Py ; FK; APy,
B 3aJlaHHOM [Mala3oHe W3MeHeHHs TArK P = = 5 %, U3 pucyHka BUOHO, UTO
3TOMY [Mana3oHy W3MEHEHHs TATH COOTBETCTBYET OTKIJIOHEHHE JaBJIeHHA Iepen
¢dopCyHkaMu B oGracTH Pq, + 2.5 %, oTKIIOHEHHE [aBleHHsA B KaMepe JBUrare-
A B obnactd P t 5 % u mepenap, gaBiieHH Ha GOpCYHKaX ABHraTeNs B obnac-
™M APy + 10 % Yem Gombiue oGNIAcTb OTKJIOHEHHMS KOCBEHHOTO IapaMeTpa
peryiMpoBaHHA B 3alaHHOM [MaNa3oHe peryJiMpyeMoil BelMYHHbBI, TEM BBITO[-
Hee ero MCNOJIb30BaHHE B PeryjisaTopax, TaKk KaK YMEHbLIAIOTCSA TpeOOBaHUA K
TOUHOCTH ero u3mepeHusa. Yem Memslie - arperaToB JIY BXOOMT B 3aMKHYThIi
KOHTYP ynpaBJieHUs, TeM Ooblilee HX YHCIIO OcTaeTcs 6e3 KOHTPOJIfAA CO CTOpPO-
Hbl perynaropoB. Hanbonbiuee yncno arperaros IIY BXOOMT B 3aMKHYTbIH KOH-
TYp YNpaBlIeHMA TATOH Npu BbiGOpe KOCBEHHOTrO MapaMeTpa peryiMpoBaHus
HaBleHHA B KaMepe papuratens, OOHaKo Iy/nbCcallM¥ [aBJIEHUsA, COMPOBOXMIA0-
wye paGoTy KaMepbl, BbHICOKOTEMIIEPATYpHbIA ra3, [UIHHHbIE TPYyGOMpPOBOMIbI
HCKaXXaloT Mepefiayy CUTHAJIOB OT KaMepbl K PErylaTopy M YMEHbIUAIOT HaleX-
HOCTb paboThI KaK KaMepbl IBUraTelif, TaK U perynaropa. B kaxnoM koHKper-
HOM Clly4ae B pe3yJIbTaTé KOMIIPOMHMCCHOTO DEILlEHHst MOXKeT ObITb BBIGpaH TOT
WJIH MHOW KOCBEHHBIA MapaMerp.

YcnopHaa npuHuMmManbHasg 0GOOILEHHasAs CXeMa perynaropa TACH NOKas3a-
Ha Ha pHc. 2.35. YUJIOBHOCTb e COCTOMT B TOM, YTO MeMODaHHbIi 3JIEeMEHT CpaB-
HeHus (oGNMapamolyii MaToOi BeJTMYHHOM X0/1a) Ge3 YCHIMTENs HENOCPEACTBEHHO
BO3JEACTBYET Ha HCMNOJHHTENbHbIH OpraH, NPUMHUMIMAIBHOCTD — B TOM, YTO
MOABOA, [aBJICHHi B 3JIEMEHT CPaBHeHHsA BBINOJHEH TaK, YTO NpPH YBeIHYeHHH
KOMaH/JIHOrO [aBJIEHHA [pOCCeNib peryyfTopa OTKpbIBaeTcs (TAra yBeTHUMBa-
eTcf), a NpH yBEIMUEHHM [IABJIEHHA KOCBEHHBIX NMApaMeTPOB — 3aKpbIBAaeTCH
(1Ara ymenbiuaercs) . Takoit mogBon HaBlieHHil B PeryJifATop COOTBETICTBYET
€r0 BKJIIOYEHHI0 B OTPHLATENbHYI0 OOpaTHy10 CBA3b K OOBEKTY YyINpaBiIeHHA
(mBMraTesIbHOM YCTaHOBKE)

OGoG1eHHOCTh CXeMbl PEryJfATOpa COCTOMT B TOM, YTO OHAa NPHHMMAETCs
ONMHAaKOBOW ISl BCEX TUMOB PETyNIATOPOB C NEPEYUCIIEHHEM BCEX BO3MOXKHBIX
KOCBEHHBIX IIaPAMETPOB DeryJIMPOBaHMA, HO B KaXIOM KOHKPETHOM Cilyuae
HCIONB3yeTCs TONBKO OOMH M3 HUX. Perynsatop TAru moxer GbITb yCTaHOBIIEH
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Puc. 2,34, O6GnacTb OTKJIOHEHHA KOCBeHHBIX Puc, 2.35. YCNOBHAA NpHHLMMMaNbHAA oG-
NapaMeTpoB Pery/MpOBaHMsA B Ha3HAYEHHOM OGuUIEHHAA CXeMa PeryATOpOB TATH
AHana3’oHe H3MEHEHHs TATH
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Puc, 2,36, YoioBHasA npHHUMMHAaNbHaA 0606-
LeHHass CXeMa CTaGWIH3aTOpOB COOTHOLIe-
HHA KOMIIOHEHTOB TOIUIHBA

PoriPuriOPp.r

Ha moboi MarucTpanu mnomayd ToIl-
NMBa. AHW&IOTHYHO pErynsaTopy TATH
Ha pHc. 236 mnoka3zaHa YCIIOBHas
NpUHIMIMaNbHasa 06061IeHHas cXeMa
cTabHWmM3aTopa COOTHOLIEHHS KOMIIO-
HEHTOB TOIUIMBAa, MCIIONb3yeMOro I KaMep M rasoreHeparopoB. B kauectse
KOCBEHHBIX MapaMeTpOB peryjiMpoOBaHMA B 3TOH CXeMe MOTYyT ObITb HCIIONIB30-
BaHbl [aBJIeHMd KOMIIOHEHTOB TOIUIHBAa TOM MarucCTpalld, Ha KOTOpPOii YCTaHOB-
JieH cTabWIu3aTop, a B KaueCTBe KOMaHJIHBIX CHTHAIOB — Te Xe [aBJIeHUA, HO
OpYTOif TOIUTMBHON MarucTpaid, Beskoe paccoriacoBaHMe aBiieHHiH B pe3yilb-
TaTe OEeACTBHUA CTaOHIM3aTOpa MPUBOOMT K BOCCTAHOBJIEHHIO COOTHOLUEHHA 3THX
OaBJIeHHii, a 3HaYUT, © K BOCCTAHOBJICHHIO COOTHOLLEHHA PacXOAOB KOMIIOHEH-
TOB TOIUTMBA, TAK KaK [JaBJIeHHsA ABJIAIOTCA KOCBEHHBIMH MapaMeTpPaMH peryi-
POBaHMA PacXOfOB TOIUIHBA.

EctectBeHHo, 4T0 B CTabWiHM3aTopax COOTHOLUCHHA pacXo[oB TOIUIMBA MO-
ryT CpaBHMBAaTbCA JIMILb OOWHAKOBble HaBieHus, IIpM HeOmMHaKOBBIX [aBlie-
HHAX B TONIOCTb MeMOPaHHOro 3jIeMeHTa peryjisaTopa CO CTOPOHbI MeHBLIEro
HaBJIeHUs. YCTaHaBJIMBaeTCA INpY>XMHa, BOCCTaHaB/IMBaIoOllag PaBHOBECHOE COC-
TOSTHHe MeMOpaHbI.

B KauecTBe KOCBEHHBIX MapaMeTPOB perylHpPOBaHMs KpOMeE [aBJIeHHH B
peryysaTopax TATH H cTaGHiIn3aTopax MoryT ObITh HCHOJIb30BaHbI PacXodbl TOM-
nMBa (TOuHee, COOTBETCTBYIOILIME WM Ilepemafbl JABJIEHHH Ha JPOCCENbHBIX
pacxonoMepax) .

PaccMOTpHM HEKOTOpbIe H3 BO3MOXKHBIX IMPUHUMIMATIBHBIX CXEM PacCTaHOB-
KM PEryJfaTOpOB TATH H CTabWIN3aTOPOB COOTHOILEHHA KOMIIOHEHTOB TOIUIMBA
B Pa3/IMYHBbIX CHCTEMaX MWTaHUsA,

B mieBMOrHpaBNHYECKHX CHCTeMaX OBHMTaTelbHbIX YCTaHOBOK C aBTOHOM-
HBIM TOIUIHBOM [JIfi TMTaHWA TypOHHbBI YNpaBJIeHHE TATOH M COOTHOILIEHHEM
KOMIIOHEHTOB TOIUIMBa TpeGyeT YCTaHOBKHM ABYX perynaTopoB (puc. 2.37).
Perynsatop TAru 2 ycraHaBIMBaeTCs Ha JIMHUM NMTaHHA TypOuHbl (mepep raso-
reHeparopom) . Ilpu BhIGOpe HaBNeHWsA B KaMepe [BHTaTelid B KayeCTBe KOC-
BEHHOrO MapaMeTpa PeryJMpOBaHUA TATH B 3aMKHYTBIH KOHTYp YIpaBleHHA
BXOIAT Bce arperaTsl JIY KpoMe coIUIa ABMTaTeNd U TOIUIMBHBLIX GakoB, B aTom
Clly4yae B peXXMMe CTaGWIM3allMH TATH PEryNATOPOM KOMIIEHCHPYIOTCA OTKJIOHe-
HHA NapaMeTpoB BceX BXOAAUMX B 3aMKHYTbI# KOHTyp arperaroB III'C 1Y,
EcrecTBeHHO, YTO TakHe KOHTYpbl HeOOXOMMMBI TOTHa, KOT/a BBINOJHEHHE IIO-
netHbIX 3amay JIA mpemycMaTpHBaeT NpeMMYIIECTBEHHBIN peXHM CTabmiH3a-
uuM TATH. M3MeHenne pexkuma paGothl 1Y ocyiuecTBisAercsa myTeM H3MeHeHHs
KOMAaHJTHOTO [aBJIeHHA (Py oy ). VI3MeHeHHeM 3Toro JaBieHHs (B YaCTHOM Cily-
Yae) MOXeT GbIThb pealM30BaH BXOAHON curHat B JIY co CTOpOHbI perynsatopa
Kaxymeicsa ckopoctd, CTaGWin3aTop COOTHOLIEHHS KOMIIOHEHTOB TOIUIMBA 1
CpaBHHMBaeT HaBlieHMA nepel GOpCyHKaMH B KaMepe nBuratens. McnonHurens-

PpoiProiOPp....

145



HBI# OpraH CTaGHIM3aTOpa YCTaHOBIIEH Ha JIMHHM NMTaHHA OKMCIIMTeNIeM Kamepbl
nopurartensa, KocBeHHbIM HapaMeTpOM DeryjMpoBaHMA DacXofia OKHCIIHTEJIsA B
3TOM Cllydae SIBJIfETCA MaBjieHHe mepel (OpCYHKaMHM OKHMCIIHTENA, a KOMaH[.
HbIM CHTHaJIOM — MaBlieHHe nepen ¢popcyHkamu ropiodero. KoHryp ynpasiexus
CTaOMJIM3alMKM PacXofOB JIOKAIbHBIA M OrpaHMUYeH y4YaCTKOM I'HApaBJIHYECKO#H
CeTH OT MeCTa OTGOpa Ha Peryisarop AaBiieHHA nepel GOPCYHKaMH OKHCITHTENA
JI0 MeCTa YCTaHOBKH [APOCCeNsA perynsaropa.

B 06a xoHTypa ympasmenns JIY 4acTHYHO BXOJAT OJHH H Te XK€ arperarbl
I[I'C Y. MNostoMy kaxpoe cpaGaTbiBaHHE OJHOTO M3 KOHTYPOB YIIpaBJIEHHA
ABJIACTCA BO3MYILEHHEM IS IPyTOro.

B mHeBMorugpasmuueckoit cucteme IIY ¢ muTaHMeM TypOGMHBI OCHOBHBIMH
KOMIIOHEHTAMH TOIUIMBA IA YNpPaBJIEHHA MapaMeTpaMy HeoGXOmMMa yCTaHOB-
Ka Tpex perynaropoB (puc. 2.38). C noMoumio perynaropa 2 noaJepXHBaerca
WJIH M3MeHAEeTCA TATa ABurarens. KocBeHHbIM napaMeTpoM peryjiHpoBaHHA TATH
B 3TOM cJIyyae ABJIAETCA JaBJieHHe nepef ¢opcyHKaMH rasoreHeparopa (TouHee,
HiaBJIeHHe TrOpIoYero mepeq BXOJOM B TPaKT OXJIaXHEHHA ra3oreHeparopa) . Cra-
6wmsarop 1 noppepXMBaeT NMOCTOAHHBIM 3alAHHOE 3HaY€HHE COOTHOILEHMA
KOMIIOHEHTOB TOIUIMBa B ra3oreHeparope MyTeM B3aHMHO# CTaGWIH3aUMM [aB-

Puc. 2.37. Cucrema ynpasnesina mapamerpamu [IY npH NHTaHHH TYypOHHBI aBTOHOMHBIM
pabounm Tenom:
1 — cra6Wwim3aTrop COOTHOLIEHAS KOMIMOHEHTOB TOIUIMBa B KaMepe; 2 — PeryJiATOp TATH

Prc, 2.38. Cucrema ynpaBnesiusi mapamerpamu [IY npH nHTaHuM TypOMHBI COGCTBEHHBIMH
KOMIMOHEHTAMH TOIUIHBA:

1 — craGHmmM3aTop COOTHOILEHHSA KOMIIOHEHTOB TOIDIMBA B ra3oreHeparope; 2 — peryJsaTop
TATH; 3 — cTaGWIN3aTOp COOTHOLIEHHUA KOMIIOHEHTOB TOIUTHBA B KaMepe [IBHTaTelA
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Puc. 2.39. Cxema cucrembl ynpasiie-
Hus napamerpamu 1Y, oGecreuuBalo-
was HauGonburyio CKOpOCTb H3MeHe-
HHA pexxnma paGotsr 1Y :

1 — perynaTop TATH; 2 — PErynaTop
ynpaBJieHHA pexXHMOM paboTel razore-
Heparopa; 3 — cTaGWIH3aTOp COOTHO-
LIeHHsT KOMIOHEHTOB TOIUIMBa ra3o-
reHeparopa; 4 — craGwiu3aTop COOT-
HOLIEHHS KOMIIOHEHTOB TOIUTHBA B Ka-
Mepe [BHrarens

NEeHHi NMOJayYM TOIUIMBaA B rasore-
Hepatop. Crabwmmsatop 3 mog-
Oep>XMBaeT IOCTOSIHHBIM OITH-
MaJIbHOe COOTHOLLIEHHE KOMIIO-
HEHTOB TOIUTHBa B KaMepe 3a CYeT
B3aHMHO¥W CTabWiIM3auMH [aBIie-
HHl TMOJAYH TOIUIMBA B KaMepy
OBHUTaTeJIA.

Kaxqpiii M3 Tpex KOHTYpOB
PErynATOpOB HaBJIEHHA CYryGo JIOKalleH H He BKJIIOYaeT B CBOH COCTaB HH
omioro arperata III'C IY. KpoMe Toro, ycTpoicTBO TakHX peryiasaTopoB (ecinH
OHH HeE COfIepXXaT B CBOEM COCTaBe YCHIIMTENIH) MCKITIoYaeT TpyGONpOBO/IbI CBA3H
37IeMeHTa CPaBHEHHA C PeryJMpyeMoil BeJIHYMHOH, a MMEIT JIMUb Tpy6omnpo-
BOObI CBA3M C 3aflal0lMMH NapaMeTpaMH (KOMaHMO#). IT0 06CTOATENbCTBO
omnpenesnseT OCHOBHOE NpPeHMYLIECTBO TaKHX PeryjsAToOpoB (MHOrga MX Hasbl-
BalOT Pery/saTOpaMH HaBjieHus **3a coGoi”’) . EcTecTBeHHO, YTO TOUHOCTD MOAZEp-
XaHHUA C HX MOMOILBbI0 Ha3HaueHHbIX MapamerpoB JIY HmX e, 4eM KOHTYpOB,
BKJIIOYAIOLIMX B CBOM cocTaB arperatsl J1Y. OCHOBHBIM MpeMMYILIECTBOM pery-
JIATOPOB C CYry60 JIOKaJIbHbIM KOHTYPOM fIBNISIETCS UX BBICOKOE OBICTPOMEHCT-
BHe. ITO NMPEeUMYILECTBO OKa3bIBaeICs OMpeNeNsIoLIMM B CHCTeMaX yIpaBIIeHHA
NPOrpaMMHOrO THIIa H B CHCTEMaX CJIeXXEHUA, B KOTOPbIX KOMaHIHbIE CUTHAJIbE
yale H3MEHAIOTCA BO BPEMEHH, YeM OCTAIOTCA [IOCTOAHHBIMH,

Ha puc. 2.39 npuBeneHa cxema cucteMsl ynpapieHusa IIY c ueTbippMs pe-
TYNATOpaMH, O6eCIeYHBaIOIMMH HauGOJIBbIIYI0 CKOPOCTh H3MEHEHHA PeXHMOB
paborbl JIY mp TOBBILIEHHBIX TpeGOBaHMAX K TOUHOCTH BOCIPOM3BEIEHHA
3THX PEXHMOB,

HeiicTBHe peryasAaTOpoB TATH 1 M CTaGHIM3aTOpa COOTHOLUEHHA PacXOHOB
TOIUIMB2 B KaMepe OBHraTelis 4 MPOMCXOOMT B TeMIe M3MEeHeHHsA KOMaHIHOro
OAaBJICHHA Dy o\, U KaMepa [IBUraTeNs MPaKTHYECKH OTCIIEXHMBAET 3TH JCHCTBHA.
Typ6oHacocHbIH arperar BClIe[ACTBHE CBOEH MHEPUMOHHOCTH COXPaHAET IPeXHHUH
pexcum paGothl. IIpH yMeHbIIEHHH TATH 3TO NMPHBOOMT K 3HAYMTESILHBIM Iepe-
IagaM Ha fpoccelifX perynsaTopoB 1 u 4, [Ipu yBenuueHHH TATH TeMI H3MeHe-
HHA peXxMa pabGoThl NBMTaTeliA OMpedeNsieTcaA TeMIIOM YBeTHUEHHS YacTOTHI
Bpawennsa poropa THA, JIna cornacoBanus pex#MoB paGoTel kamepsl 1 THA
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B pacCMaTpuBaeMO#M CHCTeMe ynpaeneHus IIY mepen rasoreHeparopoM ycCTa-
HaBJIMBAIOTCA perynaTopsl pexxuma pa6Goter THA 2 u 3. Perynarop 2 cornacy-
€T YacToTy BpauweHusa poropa THA c pexaiMom paboTbl kaMephbl OBHraTels, a
perynatop 3 obecrneynBaeT 3aJlaHHYI0 BEJIHYHHY COOTHOILICHHA KOMIOHEHTOB
TOIUIHBA B ra3oreHeparope. B MOMeHT u3MeHeHMsA KOMaHIHOTO JaBJIeHUA B pe-
rynsarTope TArk 1 JOMKHO GbITh COOTBETCTBEHHO M3MEHEHO KOMaHOHOE [aBJie-
HHME B DErylaTOpe YIpaBiIeHMA peXHMoM pabortsl 2. CHHXpOHHOE COrjiacoBa-
HHE H3MEHEHHMA KOMAH[HbIX CHIHAIOB Py gy x M Pyom. rr Ha PHCYHKE 0603Ha-
YeHO myHKTHpoM. TpeGoBaHMe MOBBLILIEHHON TOYHOCTH NOAJZIEP)KaHUA Ha3HAYeH-
HBIX peXHMMOB paboTbl B pacCMaTpHBa€MOi#l CHCTeMe ynpaBiieHHs obGecrneuMBa-
eTcA BKJIIOYEHHEM KaMephbl JBUrarellss B COCTaB KOHTYpa yNpaBJIeHWA TATOH H
¢$bOopcyHOUHOH rONIOBKH — B COCTaB KOHTypa craGwinsaropa 4. Kpome Toro,
Ha y.TaHOBHBLIEMLS pexdm. paGotbi JY perynsropsi 1 u 2 nmocnemoBatenbHO
ny6GnupyloT Opyr Apyra, YTo Takd)kKe MQBbILIAET TOYHOCTb YIPABJIEHHA TATOH.
Perynsarop 2 u crabwin3atop 3 MMeIOT JIOKaJbHbie KOHTYPbI YIIpaBJICHMs, HE
BKIIIoYatolMe B CBo#M cocraB arperatoB HY. Ilna yBenuueHus ux GbicTpomei-
CTBMA 3TH pEryisaTOpel HOJDKHBI GbIThb BBINOJIHELBI MO CXEME PEryyisTopoB
npaMoro geicTBuA. [IpH BIMONHEHHMH OrOBOpPEHHBIX BbIllE YCIOBHH B 3HauH-
Te/IbHOM CTeleHH yMeHbIIATCA HedeKThl pacCCMOTPEHHOIO 3aKOHa YIIPaBJIeHHA
CBA3aHHOTO C HEH30GeXHO! Norepeil I)KOHOMHUYHOCTH M OONBIMMH MNepenagaMH
OaBJIeHUH Ha JPOCCENAX PEryJATOPOB.

Ha puc. 240 npuBenmeHa mpocTeiiilasi CMCTEMa yNpaBJIeHHA NapaMeTpaMH
Y ¢ poxwraHHeM OKHCIIHTENPHOIO reHepaTOpHOro rasa nocjie TypOHHbI B Ka-
Mepe [IBUTaTelis, B COCTaB KOTOPOH BXOIAT ABa perynaropa. Perynarop tsaru 1
YCTaHOBJIEH Ha JIMHMY NMTaHHMA TOPIOYMM ra3oreHeparopa, a CTaGWIH3aTop COOT-
HOILIEHHi KOMIIOHEHTOB TOIUIHBa B Kamepe — Ha JIMHWUM MHMTaHUA FOPIOYMM Ka-
Meps! aBurarens. [Ipy H3MeHeHMH KOMaHIHOIO JIaBlieHHA B perynaTope 1 u3me-
HfIeTCA NO[aya ropioyero B ra3oreHeparop. B pesynbrare cooTHomeHne Kommo-
HEHTOB TOIUIMBAa B ra3oreHeparope H3MeHMeTCS, TaK KaK B [JaHHOW CHCTeMe
OTCYTCTBYeT CTabWIN3aTOp COOTHOLLIEHHA KOMIIOHEHTOB TOIUIMBA B ra3oreHepa-
TOpe. B cBA3M c 3THM B rasoreHeparope HU3MeHAETCA TaKXe M TeMIepaTypa
rasa, YyIo HpMBOJOMT K HM3MeHeHMI0 afuabartHO# paboThl ra3a, MogaBaeMOro Ha
Typ6uHy. 310, B CBOIO 0Yepe[b,CIoCOOCTBY €T H3MEHEHMI0 MOLHOCTH Ty pOMHBI, a
3HaYMT, M pexxuma pa6oTel THA . B KoHeUHOM MTOre H3MeHAETCA peXuM paboTbl
KaMepbl OBHUrarelisi IPH COXPaHEHHH B Hell ONTHMAJIBHOIO 3HaYeHHS COOTHOILle-
HHA KOMIIOHEHTOB TOIDIMBA BCIeACTBHE paboThl crabwin3aropa 2.

IIpn Tako# cxeme pacCTaHOBKH peryifATOPOB KOHTYp YIpaBJieHHA TATOM
HMeeT HaubGonpiuMil K03¢dGdHIMEHT ycwieHua, B paccMarpuBaeMoit cucTeMe ImH-
TaHMsA BO3MOXHA YCTaHOBKa DeryjfiTopa TATH Ha JIMHHM NMTaHHMA ra3oreHepa-
TOpa OKHCIIHIENeM. B 3ToM ciydae u3MeHeHHe MOLIHOCTH TypGOHHbI Gyner mpo-
HCXOOHMTb BCJEICTBHE H3MEHEHHs pacxofa IPH HE3HAYMTEIBHOM H3MeHEeHMM
TeMneparypsl. [Ipn yMeHbllleHHH pacXoia OKHCIIHTeNs TeMIepaTypa reHepaTop-
HOro rasa Gyfer Bo3pacTarb, 4TO MOTpebyeT YCTaHOBKH CTaOWiIM3aTOpa Ha JIH-
HMH NHTaHHUA TOPIOYMM rasoreHeparopa. Yepes rasorenepatop mpoXOAuT Bech
pacxop OKHCIIMTENA, H NO3TOMYy NOTpebGHble YCWIHA IUIA NPHBOMAA HpPOCCENA
Ha JINHHH OKMCIIUTeNA GyoyT 3HaYMTENIbHBIMH,
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C uenpio NMOBBOLIEHHA TOYHOCTM CHCTEMBl YNpaBJIEHWs, NMOKa3aHHOH Ha
puc. 240, B KOHTyp YNIpaBJeHHsA TATOH BKJIIOYeHbI Bce arperaTol IIY (xpome
COIUIa ABUTaTeNlA U TOIUIMBHBIX GaKOB) , 2 KOHTYp CTaGWIH3alHH COOTHOLICHHUS
KOMIIOHEHTOB TOIUIMBa B KaMepe XOTA M ABJIAETCA JIOKIbHbIM, HO OTJIHYAeT-
CA OT MpeAbIayLMX JIOKATBHBIX OBICTPOAEHCTBYIOIUMX KOHTYpPOB YIPaBJICHHA
TeM, YTO KOCBEHHbIH NapaMeTp perynupoBaHus (P, ) H3MepseTcs He “3a Co-
6oi1”, a ’nepen coboit” (T.e. mepen perynaTopoM, a He 3a HUM) . B aToM ciyvae
Ha Jpocceiie peryisTopa IMPOHCXOAMT cpabaThiBaHME MEHBILIEro nepenana AaB-
nenusa, Cnemyer OTMETHTh, YTO PacCMOTPEHHasA CHCTeMa yNpaBJIEHHA BHYTpDH-
OBHTraTeJIbHBIMH KOHTypamu JIY npumeHseTcs KpaiiHe pefiiko, TaK Kak OCHOBHOE
NpHMeHEHHe CHCTEM MMTaHHA C JOXXMTaHHEM HMeeT MeCTO Ha GauTHCTHYeCKHX
JIA 1 nocurensax xocmuyecknx JIA, rme ympasnsior mapamerpamu Y PKC
u COB.

Ha puc. 241 nokasaHa cucTeMa ynpaBneHHs mapamerpamu JIY ¢ moxmra-
HHEeM OKHCIIMTEJIBHOIO ra3a mocjie TypOMHBI M NOCTOSHHOH TeMIeparypo# B
rasoreHeparope. J1a CHCTeMa NpeAyCMaTpPHBAaeT DErylIMpOBaHHMe TATH ABHMIaTe-
N7 H KOHewHo# Maccol JIA ¢ moMoumio BHenmux (ammaparnbix) cucreM PKC u

Puc. 2,40, Mpocrefiums cucreMa ynpasienuss mapamerpami [IY ¢ JOXHTaHHEM OKHCIHTENb-
HOTO resiepaTopHOTO rasa:

1 — perynaTop TATH; 2 — PEryJATOP COOTHOLUEHHA KOMIMOHEHTOB TOIUTMBA B KaMepe [ABH-
raTens

Puc, 241, Cucrema ynpaBneums mapamerpamu [IY ¢ foxMranmeM OKHCAHTENbHOro rasa
nocne TypOuHbI M NOCTOAHHONA TeMmnepaTypoii B rasoreseparope:

1 — craGHIM3aTOp COOTHOLUEHHA KOMIIOHEHTOB TOIUTHBa B rasoreHeparope; 2 — pery-
NIATOp pPacxofa roplodero B rasoreseparope; 3 — peryiATOp pacxola ropiouero B Kamepe
IIBHTaTeNA
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COB. OmHako IpH 3TOM OKa3bIBaeTCA BO3MOXKHBIM (2 HHOT/a M HeOGXOMMbIM)
COMPOBOXeHHe paGOThI BHELUHMX KOHTYPOB YINpPaBJIEHHS NMapaUIeNIbHON pabo-
TO# -BHYTPEHHHX KOHTYPOB yIpaBJieHMA mapameTpamH arperaroB Y. C uembio
o6ecneyenns 3¢¢deKTHBHON paGoOThI ra3oreHeparopa (C HaMMEHBLIMMH 3Hepre-
THYECKHUMH MOTEpAMH) NOCIENHHUi TpeGyeT aBTOHOMHOTO PerylIHpOBaHHA COOT-
HOLIEHHsI KOMIIOHEHTOB TOIUIMBA I MOJAEpXaHUs B ra3oreHeparope NOCTOfAH-
Hoii (HauGONbILUEH M3 HONMYCTHMBIX 3HAaYeHHil) TeMIepaTypbl IeHepaTOPHOTO
rasa. 9Ty 3ajayy B pacCMaTpHBaeMOii CHCTeMe YINpaBJleHHA BBINOJIHAET CTabu-
nu3atop 1. B 3aMKHYTbI# KOHTYp yNpaBJIEHHs 3TOTO CTabWIM3aTOpa BKIIIOYECHBI
y4YaCTOK MarucTpajii MOmaud OKHCIIMTENs B rasoreHeparop M ¢opcyHouHas
[OJIOCTb OKHUCIIMTEIA,

PerynsaTop pacxola ropioyero B ra3oreHeparop 2 HCHONb3YeT IPOCCeNb CHC-
Tembl PKC kak pacxomoMepnoe ycrpoiicTBo. Ero aneMeHT cpaBHeHus usMepser
pa3HocTh HaBnenuit oo u mocie apoccens PKC. Ilpu HemoaBHKHOM MONOXKeHHH
npoccens PKC perynsarop 2 mopepxuBaer B rasoreHeparope 3aJaHHbIN pacxon
ropiovero. Ilpu sroM perynsarop 2 kak Gbl momoraer” cucreme PKC Brinon-
HATh Ha3HaUeHHbIH pexaM paGorsl 1Y, ycTpanss cBOMM [ieiiCTBHEM BIIMAHME Ha
3TOT PEXKMM BHYTPEHHMX BO3MYILUEHHIA cO cTOpoHBI 1Y,

AH@IOTHYHYIO pONb BBHIMOJIHAET PETyAATOP 3 pacxopda ropiouyero, MocTymaro-
mwero B Kamepy puratens. HMcmomb3ys ppoccenms COB kak H3MepHTeNbHOe
yCTpoiicTBO (3apalolnee peXKMM IO PacXofy) JEMEHT CPaBHEHMs 3TOTO pery-
NATOpa M3MepAeT Nepenay AaBleHuit 1o U nocie gpoccens COB u cnocoGerBy-
€T Ha MaruCTpaJM Mofiauyl rOpIoYero CTabHIN3alMK pacxo/ia B epephIBaxX MexIy
OuckpeTHbIMH cpaGarbiBanmaMu COB. Takum oGpasoM, perymsatop pacxopa 3
(TouHee perynaTop mepenana OaBieHHii) “nomoraer” COB BhIMOMHATL HaMeYeH-
HY10 IPOrpaMMy O3UPOBaHMA PacXxola KOMIOHEHTa TOIUIMBA,

PaccMoTpuM ewme omHy OCOGEHHOCTh PETyIATOPOB BHYTPHOBHIATE/ILHOTO
KOHTypa, KOTOpasA OTHOCHICA K yINpaBiieHuIo pexcaiMoM paGorbsl THA, B paGote
[4] mokasaHo, YTO B 3aBHCHMOCTH OT COYETaHWS MOMEHTHbIX XapaKTEPHCTHK
Typ6uHbI H HacocoB THA MoixeT o6namaTh KaK CBOHCTBOM CaMOCTaGHIM3alMH
pexxumMa paboTbl (CBOMCTBOM YCTOHUMBOCTH), TaK M CBOWCTBOM JIecTaGWin3a-
HHH COBMECTHOTO pexxHMa paGoThl (CBOMCTBOM HeyCTOMUMBOCTH) .

CBO/ICTBO YCTOHYHBOCTH WIHM HEyCTOHYHMBOCTH cHMCTeMbl murammsa THA
NpOABNAETCA B 3aBUCHMOCTH OT crocoba mMTaHMA TypOHHBI paGoOuMM TeENIOM,
Ilpu muTanuu TypOGHHBI OT aBTOHOMHOTO HMCTOYHMKAa (OT GATOHHON CHCTEMBI
NHTaHUA aBTOHOMHBIM TormmmBoM) THA Bcerma ycroitums. Iutanue TypGuHBI
OT ra3’oreHeparopa TeM Xe TOIUIHBOM OT Hacoca ¢ MPMBOJOM OT pOTOpa OCHOB-
Horo THA, BeBrIBaer HeycroitumBocTh. B caMoM gerne, B 3TOM ciyuae pacxon
TOIUIMBaA [yiA MMTaHHsA TpyOuHel THA mponopimoHaleH yrioBoii YacToTe Bpaile-
HuA ero portopa. EciM mpennonoxmrs, 4To Ha JIMHMM IMTaHMA ra3oreHeparopa
HET [O3MPYIOILETo JApOCCels, TO BCAKOE YBeJIMYEHHE YaCTOTHI BPALLIEHHA POTOpa
THA BhI3bIBaeT yBenmMueHHe pacxopa pabouero Tena Ha TypOHHY M Hao6OpoT.
TakuMm o6pa3oM, ycroitumBocts THA ompenensercs cxemusiM pelenueM 1Y u
NpH MMTaHUHM TypOUHBI Yepe3 Hacoc, CBA3aHHbI ¢ poTopHO# YacTeio THA | mpuo6-
peTaerca CBOMCTBO HeyCTOHYMBOCTH. BenenerBum aToro, Besikoe cxemMHoe pellie-
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Puc. 2.42, Cucrema ynpasnenus ¢ Heycrofi- Puc. 2.43. SyRKIHOHANbHAA CXEMA KOHTYpa
YHBLIM BHYTPHIABHT aTeJIbHBIM 06bEKTOM ynpaBiieHHsi NHTaHHeM TypGOHACOCHOTO ar-
perara paGounM TesioM

Hue JIY, cBA3aHHOE C MMTaHHEM TypOHHBI paGoIMM TENOM, Yepe3 POTOPHYIO YacTb
THA, BbI3bIBaeT eCTeCTBEHHYI0 HEYCTOMYHMBOCTD CHCTEMbI: ra3oreHeparop —
THA — Hacoc muranus TypOuHBI, Be3 cnemManbHbIX MepONpPHATHIA MO cTabwin-
3aIMHM peXXMMa HeycroiumBoi cucreMbl muTaiuA THA ona HepaGorocmocoGHa.
MeponpuaTreM, CTaGIWIM3HPYIOLIMM HEyCTOWYMBOCTh CHCTeMb! muraHus THA
ABJIAETCA YCTZHOBKA Ha JIMHUM IIMTaHUA ra3oreHeparopa peryjiaropa OaBJieHHs
HJIH pacXofa TOIUIMBA.

PaccMoTpuM mpocTeiiimii ciyvait cTaGw3auMy HeycToiuMBOro obbexTa:
rasoreneparop — THA — Hacoc mHTanus TypGHHBI Ha pUMepe MHTaHHUA TYpPOHHBI
aBTOHOMHBIM pabouuM TestoM (pHc. 2.42) .

3aMKHYTbIHi BHYTPHABHTaTeJIbHbIA KOHTYD YNpPaBJIeHMS CHCTEMbl IHTaHHA
THA nmomken uMeTb B KauecTBe peryjMpyeMoii BEJHMHHBI YTJIOBYIO CKOPOCTh
BpaueHuas THA. KocBeHHbIM mapaMeTpoM 3TOi peryjMpyeMoil BeJIMUMHBI MO-
XKeT CIY>XHTb [aBjicHHe 3a HacOCOM KOMIIOHEHTa TOIUIMBA, NHMTAIOLEro Yepe3
rasoreHeparop Typ6uny THA,

OyHKIMOHATIPHAA CXeMa TaKOro KOHTYpa MOKa3aHa Ha puc. 2.43. OGbek-
TOM YmpaBlieHHsA B Hell sABnAercA rasoreHeparop, THA m Hacoc koMmoHeHTa
T’ (puc. 2.44), KoTopble HaXOHATCA B MOC/ERKOBaTEILHOM COEMHHEHHH ApYT
C ApyTOM.

IIpumem ypasHenue muHamukn THA (kxak 3to Gbuto mokasaHo B pabore
[4]) B Bune cnemyoLIEro BHIPAKEHHS:

dAn My, oM, M,
2nJ, + - An =
™3 s (an an ) on Ap.l.,

rae Joy o — MOMEHT HHepIMH potopHoii Yacth THA; M, — MomenT, norpeGnse-
Mblii HacocaMu; M, — MOMeHT, pacnosiaraeMeiii co CTOpOHBI TypGuHBI; An —

Puc. 2,44, OyHiumoHANbHAs cXeMa 06beKTa /P I r If_r_{ THA I_l'"l acoe ,I_ir“

ynpaBlieHBs
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OTKJIOHEHHE YTNIOBO# ckopocTH BpawmeHuss THA (Bbixommas BemmumHa) ; Ap, —
OTKJIOHEHHE [aBlieHHA mneped TYpOMHOH (BXOmHasA BefMYMHA). 3amMlIeM 3T0
ypaBHeHHe B cliefyiouieii popme:

oM oM )
—_— - n
2"JTH3"N dAn on on N — —
+ An = Ap,., Q.1
oM, dr oM
p p
an TN on TN
— n —_— Ap-r
rae An = — ,a Ap. = — Ge3pa3amepHbIe OTKIIOHEHHA YaCTOThI Bpa-
ny AprN

IICHHUA U JaBJICHUA COOTBCTCTBCHHO.

Hupexc N 3pech M ganee BBOOUTCA MiA 0603HaueHHA HOMHHAIBHOI Be-
nmunHbl napamerpa. O603HauMM K03 UIMEHT Npu NepBo# npou3somHor T, .
1 K03 HUIMEHT NpH An — CUMBOJIOM P, .. Toraa 3to ypaBHeHue npuMer BUJ,
COOTBETCTBYIOLIMIi CBOCTBaM MHEPIMOHHOTO 3BeHa B dopme Ctomona:

dan —
Tina ir t Pryaldn = Ap;.

Pewrennem sroro nu¢pepeHIHaIbHOro ypaBHeHusa 6yner

Prya
ap o
T
(l—e THa )'

An(r) =

PrHa

AHaniM3 3TOro pellileHUs MoKasbiBaeT (pHc. 2.45), YTo B 3aBMCHMOCTH OT 3HaKa
K03 UIMEHTa Py, TEPEXOOHbIE MPOHECCHI TUGO 3aTYXalOT (Ppy, > 0), mGo
pacxopATca (Ppy, < 0), m6o CBOMCTBA HHEPLMH NMEPEPOXIAIOTCA B CBOHCTBA
HHTET PHPYIOIUETO 3BeHa (Ppy, = 0), KOTOpbIE COOTBETCTBYNT 6e3pa3iMuHOMY
COCTOSTHHIO PaBHOBECHS, T.€. TPaHHILIE YCTOHYMBOCTH.

TaxuMm o6pasoM, 3Hak KO3IHIMEHTa Py, OTPaXKAET CBOHCTBA yCTOHYH-
BOCTH 06beKTa ynpasienns (B paccMarpuBaeMoM ciyuae — THA), a ero semn-
YMHA — CTEMeHb YCTOHYMBOCTH, ITOT KO3IGHUIMEHT MOy Ha3BaHHe K03ddu-
IIMEeHTa CaMOBbIPaBHMBaHHA, TAK KaK ero 3HaK M BeJIHYMHA OMpeNeNAioT Crocob-

in HOCTb 06BbEKTa CaMOCTOATENIBHO COXpa-
Prwa<0_ / Prua=0, HATb (WM TepATh) DaBHOBECHBIH pe-
XHM paboTbI.
| 4 ) Cornacio  Beipakenmio  (2.1)
Prun >0 K03 PHUIHEHT CaMOBBIpaBHHBaHHA
OIIpeNieNAeTCsA BbIPWKEHHEM

Puc. 2,45, Bo3MoxHble BHAbI NMEPeXOAHBIX

MPOLECCOB POTOPHOH YacTH TYypGOHAcOCHOTO
T arperara
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Puc, 2.46, MoMeHTHbIe XapaKTEPHCTHKH POTOP- M
HO# 9acTH TypGOHACOCHOrO arperara NMpH MHTaHHH
TypGHHBI 9epe3 raloreHepaTop OT coGCrBesHOro
Hacoca Ge3 zo3HpYoLLero Apocceis

My
(aMH M, )
- n
on on N
p =
THa 3 M'r ’
PN
3p,
M, oM
a ero 3Hax (signp,,,) — 3HaKOM pasHOCTH ( - ), oTpaxaroiueit
on

pa3HOCTh NMpHpalLieHHii MOMEHTOB NOTPEOIsAEeMOro HaCOCaMH H pacmosiaraeMoro
CO CTOPOHBI TYpOMHBI:

M, oM,

— ).

an on

signp,, = sign(

Tax kai Bce OCTaybHbIE MapaMeTpbl, ONpeeNionye KOIGGUIMEHT Py, , ABIIA-
I0TCA MOJIOXKHUTENIbHBIMU YHCIIaMH, TO OTPHIIATENbHBII 3HaK U3MEHEeHUA Pa3HOCTH
npHpalieHuit noTpeGlIfeMOro U pacroiaraeMoro MOMEHTOB HaCOCOB M TypOHHBI
BO3MOJXEH JIMIUb NPH TAKOM COYETaHHH MOMEHTHBIX XapaKTepHCTHK, KOTOpbIi
MoKa3aH Ha puc. 246, OH COOTBEICTBYeT NMTaHUWIO TYpOHHbI paGouMM TeoM
yepes ra3oreHepatop OT COGCTBEHHOro Hacoca 6e3 HO3HpymOILEro Apoccesis
(w np¥ ero GUKCHPOBaHHOM MONOXEHHH)

PaccMoTprM 0GBbeKT ympaBiieHHMs, colepXalmii B cBoeM cocTaBe THA ¢
OTpPHUATENIbHBIM CaMOBBIPaBHHBaHHEM, T.6. OTBEYAIOIMH yPaBHEHHIO IMHAMHKH
HeyCTONYMBOTO HHEPLIMOHHOTO 3BEHa:

dan —
'ma—d.,._ — PryaAn = Ap;. (22
IIpuMeM ypaBHeHMe AUHAMHKH ra30TeHeparopa B BUIE MIEaTbHOTO 3BeHa

Apr =K. AF,, (23)
tie AFy, = AFp,[Fpn max — OTHOCHTENBHOE M3MeEHEHHe IUIOMWIA[H poCcens
nepey ra3oreHepaTopoM (BXOIHAA BeJHYMHA) , T.e. Ge3 ydera ero MHepUMOHHbIX
CBOHCTB M 3aNa3[bIBaHHA Pa3JiOXKeHHA OJHOKOMIIOHEHTHOrO TOIUIMBA, TaK KaK
HX BpeMeHHbIe TOKa3aTeNHU Ha OJMH-ABA MOPAKA MeHbIEe BpeMeHH T, .

A Hacoca aBTOHOMHOTO KOMIIOHEHTa TOIUIMBA YpaBHEHHE OMHAMHKH
(cormacho pa6ote [4]) Gyner

A—pH"T" = KH"T"A—n, (2.4)
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APH”T”

rme Ain"'r" = — Ge3pa3MepHOe OTKIIOHEHME JIaBJIeHHs 33 HaCOCOM
- pl'[”T"N

»T” (BbIXomHaA BelHuHHa) . B ypaBHenmax (23) u (24) K. u K, s — K030-

GHIMEHTDI yCHIIEHHA ra3oreHeparopa H Hacoca 1"’ COOTBETCTBEHHO.

U3 [4]:

K = m e xNFppN _ FrpN
rr - F - F
m»1»N¥ ppmax apmax

TAK KaK Ha yCTaHOBUBIIEMCSA PEXUME My y n = Mnpop;

nN apHnT..
KH wy = .
pH"T"N on

CoBMecTHOe peleHMe ypaBHeHuit (2.2), (2.3) u (2.4) paer ypaBHeHue
00beKTa ynpaBneHHs

T dA—p uTn p
THa H THa — —_—
- Ap]-["T" = KI‘RAFIlp
KH"T" d‘r KI'I"T“
WIH
dA_pH"T" —_ _ A—F‘
TOG dr - poﬁApH"‘['" - Krr ap> (2-5)
T.
THa
e Ty = . — NOCTOAHHAA BpeMEHH OObEeKTa YNpaBIIeHHA; Po6 =
H)P‘l"!

P
= == _ K03 dHIMeHT caMOoBbIpaBHHBAaHUA 0GbEKTa YIIPaBIIeHHA,

K ’ ”»”

l'lllp;rcreﬁumﬁ perynsarop npamoro peficteua (puc. 2.47) COCTOMT W3 ABYX
NOCJIENOBATENIbHO COEMHEHHBIX 3BeHbeB: 3MeMeHTa cpaBHeHHMA JC M HCHOJIHH-
TeybHoOro opraHa (mpoccens) MO, YnpolueHHoe ypaBHeHHe AMHAMHKH TaKOTO
perynatopa (6e3 yuera Macchl NOJABMOKHBIX YacCTedl M TMIPaBJIMYECKOro COIpO-
THBJICHHA , OGYCIIOBJIGHHOTO CHIIaMM TPEHUsA) C YYETOM ero BKJIIOYEHHMA B OTPH-
LaTeJIbHy10 OoOpaTHyI0 CBA3b K OGBEKTY YNpaBJIeHMAIJIA peXHMa CTaGiim3a-
i (AP, o = 0) MMeeT BHA,

Aan == Kn.oKa.cA_pn”T", (2.6)

Pyr* roe Kgo ¥ Ky — xo3bduumentst
YCHIIEHHA MCTIOHHTENBHOTO OpraHa M

fap Zs.c 3J1eMEHTa CPaBHEHHA COOTBETCTBEHHO.

Puc, 247, OYHKIHOHAIbHAA CXeMa peryns-
Pxom  topa npamoro neficrema
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CoBMecTHOE pelenne ypaBHeHuit (2.5) u (2.6) paer ypaBHeHHe OMHAMHKH
CHCTEMBI yIIPaBJIeHUA [UIA HEBO3MYLIEHHOr0 (COGCTBEHHOTO) NBMXKEHUA

dA_pH,‘T" —_— —
06 ar - p06ApH"T“ = - Krl'KH.OKS.CApH”T"
HWTIH
dA_pH"T" —
To6 ar + KoKy oKs ¢ —Po6)APy 1 = 0. 2.7

HsBectHO, 4TO Oj1s yCTOMYMBOCTH JIMHEHHON CUCTEMBI aBTOMaTHYECKOrO YIpaB-
JIeHHs HeoGXOIMMO M JIOCTaTOYHO, YTOGBI AefiCTBUTENbHBIE YaCTH KOPHeil Xapak-
TEPUCTHYECKOTO YpaBHEHHA, COOTBETCIByloume aMbdepeHIHaIbLHOMY, O6butH
OTPHMLATENBHBIMU YMCIIaMH, XapaKTepHCTHYECKOe YpaBHEHHE, COOTBETCIBYIO-
uiee ypasHeHmo (2.7) , Gymer

TOG)‘ + (KrrKu.oKs. [ poG) =0.
CoOTBeTCTBEHHO €ro eqUHCTBEHHbIi eACTBHTENbHbIA KOPEHb

P06 ~ KrrKyu oKac

ToG

Hna oGecrneyeHus ycToiuMBoCTH TpeGyercs BbimomHeHue ycinoBua A < 0. Koad-
¢mmment T > 0, TaKk KaK OH MMeET pa3MepHOCTb BpeMeHH. Toraa ycnosue
YCTONYMBOCTH CBEIETCA K BBINOJTHEHHIO HEPAaBEHCTBA

KrrKu.oKa.c > Po6- (2-8)

910 ycnoBme MOXeT GbITh BBINOMHEHO 3a CYET COOTBETCTBYWOILEro BbiGopa
K03} PUIMEHTOB YCHIIEHHA perynsaropa.

YpapHeHHe OMHaMMKH IJIA MCIOJNIHMTEJIBHOIO OpraHa peryysaropa MpAMOro
IeACTBHA UMEET BUL

oF z
e n a.cmax —
AF, =(—=2) Az, .,
np 9z F 3.c
3.c Apmax
rae Z — MepeMeIUeHHe MOMBIKHBIX YacTeil INEMEHTa CpaBHeHMA; Az, ., =
Az5¢
= — BGe3pa3MepHOE OTHOCHTEIbHOe OTKJIOHEHHE MepeMellleHUA NoJ-
Z3.cmax
BIDKHBIX YacTeil 3JIeMeHTa CpaBHEHMA (BXOOHaA BeJIMYHHA), 3 KOMIUIEKC BeJH-
Fpp  Z3.cmax
YHH =K, o — K03 UIMEHT YCHIICHHA UCIIONHHTENBHOTO
25¢  Fppmax
opraHa.

Ina pexuMma crabwinsam (NpH OTCYTCTBHH W3MEHEHHA KOMaHOHOIO
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IaBJIEHHA) ypaBHeHMe OMHAMHKM [UIA JJIeMEHTa CpPaBHEHHA ONpeHeAerca u3
ero GanaHca cun

ca_cAza.c =F, .cApH..T..,

rae ¢, . M Fy , — XecTKOCTb 37IeMeHTa CPaBHEHHA U ero 3ddekTuBHas MIo-
1amp, APH"T" — BXOOHas BeJITHYMHA.

3amicbiBas 3TOT GalaHC CHJI OTHOCHTENBHO BBIXOIHOMN BEJTHUMHBI (mepeme-
IeHMn) ¥ nepexos K Ge3pasMepHoit GopMe 3amicH, moyYaeM

FS.C pl-["T"N - _ azs.c pHnTnN —

Aza-c = pH“T" = APH"T"’
€3c Z3cmax 3Py»T* Z3cmax

rae KOMIUICKC BCJIHYHH

%25¢ Pu”T"N

3 ac-
Pu»T” Zacmax

C yueToM BbIpaKeHHsA BCeX K03ddHIMEHTOB, BXOOAUMX B HepaBeHCTBO (2.8),
OHO MOXeT GbITh 3arMCaHO B BHJIE

anN P aan azs.c PH"T"N
(
Frpmax %3¢ ¥py»T»  Frpmax
M aM,)
— — p EIL 213
on on u"T"N
> . 9

aMT apHnTu
)(

( )p-rN

opy
U3 (29) BupmHO, YTO mpaBas YacTb HEPaBEHCTBA ONpeeENAeTCA XapaKTepHCTH-
KaMH M mapaMerpamu arperatoB IIY, a neBas — XapaKTepHCTMKaMH H Napa-
MeTPaMH peryisropa.

OrHowenue Fion/Fpomax = 0,5, Tak kak ycnoBHe paboTocnocoGHOCTH
perynaropa JO/DKHO 00ecredMBaTh YCTpaHEHHE BO3MYIEHHMH JI06Oro 3Haka,
YTO OMpeHeNsAerca YCTAaHOBKOM ApocceiA Ha HOMHHAILHOM peXHMe B BHIIE €ro
TNOMYOTKPHITOro COCTOAHMA. Benmunna Fyp 1, onpefiensierca pasmMepom Tpy6o-
NpoBOJia, Ha KOTOPOM YCTaHaBJIMBACTCA PEryaATop.

Ynosnersopenne HepaBeHCTBa (2.9) BO3MOXKHO 3a CUET COOTBETCTBYIOLIETO
YBEHYEHHA YaCTHBIX NMPOH3BOAHBIX, BXOMAIMX B €TO0 JIEBYIO YaCTh H CBA3aHHbIX
€ XapaKTepHCTHKaMH perynaTopa. Co cTOpOHbI HCIIOJIHUTENIBHOTO OpraHa YBeJH-

aF

YeHHE YaCTHOM IPOM3BOIHOM NPHBOJMT K BbIGOPY TaKoOM CTaTHYeCKO#

925 ¢
XapaKTepUCTHKH APOCCeliA, KOTOPasA BBI3bIBAeT NMOJHOE H3MeHEeHHe IPOXOIHOro
CEYEHHs NMPH MHHHMAIBHOM ero nepeMemenun (puc. 2.48). Heob6xomumsiit
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Zacmax

Z3¢ max Z3c Pu,r7min Py,

Puc, 2.48, CraTHieckHe XapaKTepuCTHKH Puc, 2,49, CraTHueckme XapaKTepHCTHKH
HCHOJIHHTEJIBHOTO OpPraHa peryasiropa 37eMeHTa CPaBHEHHA PeTyNATOPa

HaKJIOH CTATHUECKOM XapaKTepHCTHKH JApocceyis obecreuuBaeTcs ero COOTBET-
CTBYIOLIMM IPOHITHPOBaHUEM,
3z, o

Co CTOpOHBI 31eMeHTa CPaBHEHHsA yBeJTHYEHHE TPOH3BOIHOMH npH-
apHnTn
BOJMT K BBIGOpDY TaKoQ# ero CTaTMYeCKOH XapaKTepHCTHKH, KOTOpas obecreun-
BaeT 3alaHHOE MAaKCHMaJIbHOE MepeMellieHHe NpPH HaMMEHbIIEM OTKJIOHEHHH
H3MepAEMOro AaBNeHMA (Py»T*min) OTHOCHTEIBHO YPOBHA KOMAaHJHOTO CHT-
Hama (puc. 2.49). HeoGxomuMmblii HaKJIOH CTaTH4eCKOH XapaKTEpHCTHKH 3lTe-
MEHTa CpaBHeHHs 00ecneyMBaeTCs 3a CYeT YBEIHYECHHA ero IUIOWady HIH NpH
NHHEHHOHR CBA3N Z, . = f(Py»T+) YMEHBLIEHHA XECTKOCTH M3MEPHTENBHOrO
P02y ¢ Fae
JeMeHTa, TaK Kak - = .
Py T €ac

[Ipn ynmoBnerBopeHMM HepaBeHcTBa (2.9) ofecneumBaeTcsi CTaGHIH3aUMA
U ynpaBiieHHe pexxumoM paGotel THA | T.e. ycTOHUMBOCTD BHYTpEHHEr0 KOHTYpa
yNpaBJIeHHA [0 OTHOLIEHHI0 K aNlepHONMUECKOi rpaHuue, YcyryGiieHue Hepa-
BeHCTBa (2.9) NMPHMBOAMT K IOBBILIEHHIO CTENEHH YCTOMUMBOCTH KOHTYPa YIIpaB-
JIEHHUs 110 OTHOLLUEHHIO K 3TOH rpaHHIe.

HeynoBnersopeHue HepaBeHCTBa (2.9) BbI3bIBaeT HeCTaGMIM3AINAO0 BHYT-
peHHero koHTypa ympasieHus JIY. Ha npakTike 3T0 mpHBOIMT B mpolecce pa-
6otsr 1Y nuGo K MOHOMY OTKPBITHIO IPOCCENIA PEryiaTopa, MG60 K MOIHOMY
€ro 3aKpBITHIO H COOTBETCTBEHHO — K YBEJIMYEHHIO YaCTOTHI BPAILCHHUA HWIM OCTa-
HoBy poTopa THA.

IIpuBeneHHbI# aHATN3 OTHOCHICA KO BCEM CXEMHBIM pELUEHHMAM IHTaHHA
THA xoMmoHeHTaMH TOIDIMBA OT HaCOCOB, CBA3aHHbIX ¢ poropom THA. Eciu
B TaKOM aHalM3€ y4eCTh 0ObEM KaMepbl ra3oreHeparopa, 3ala3fblBaHHE BOC-
IUTaMeHeHUsA TOIUIMBA, MacCy MepeMeLIAloIMXCA JEMEHTOB peryiasaTopa, CHIIbI
TPeHHA OBIKEHUA M OpyTHe OUHaMHYeCKHe (aKTOpbl arperaTroB CHCTEMBI IH-
TaHHA U IJIECMEHTOB YIPaBJICHHA, TO B pe3yNIbTaTe MOJYYHM yYpaBHEHME IHHAMH-
KH KOHTYpa yIpaBJIeHHs BbICOKOro NOpAOKa,

Ipu uccrenoBaHMM yCTOHYMBOCTH 3TOT0 KOHTYPa KPHUTepHATBHBIMH CIOCO-
6aMu KpoMe amepHOMYECKOH IpaHHIbl 0GHAPYKHBACTCA TaKxKe YCTOHYMBOCTD
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KOHTypa YIpaBJIeHHsi [0 OTHOLUEHWIO K KoyeGaTeNbHON IpaHHLE YCTOHYHBOC-
TH, YTO JIA MPaKTHKH He MeHee BaxHO, OmHako nomoGHbIe BOPOCHI MPEACTaB-
nAT coB0i CaMOCTOATENbHYIO 3alady M ABJIAKTCA MPEAMETOM HCCIENOBaHHA
OHHaMuYecKHX cBoiicTB 1Y .

B 3akoueHHe clleqyeT OTMETHTh OCHOBHbIE OCOGEHHOCTH BHYTPHIBHIaTelIb-
HBIX KOHTYpOB ympasnenus XPIY:

1) BHyTpHOBHMraTenbHble KOHTYpbI YIIpaBleHHA mapaMerpamu 1Y He Apns-
I0TCA MOJIHOCTbIO aBTOHOMHBIMH M 4allleé BCErO B3aMMOJEHCTBYIOT C BHEIHHMH
(anmapatueiMu) cucremamu ynpasnenus (PKC, COB);

2) BHYTpHABHTATENIbHbIE KOHTYPbI YIPaBJIEHHs He B COCTOSIHMM KOHTPOJIH-
poBaTh paboTy coIvla OBHTaTeNsA M TOIUIMBHBIX GakoB, TaKk KaK KOCBEHHbIE
napaMeTpel, NMpHMeHsAeMble A ympaBieHus Y, He MOTyT BKIIIOYMTb ITH
arperartsl B CBO# 3aMKHYTbIil KOHTYD;

3) Wis NoBbILIEHHA TOYHOCTH B 3aMKHYTBIl KOHTYP YIPaBJIEHHsl NapaMer-
pamu 1Y pomiHO GbITh BKMIOYEHO HauGobilee KoyecTBo arperaros IIIC Y,
a Uia yBeNWYeHHA CKOPOCTH H3MEHEHHMs NapaMeTpPOB KOHTYpPbl YIPaBJICHHA
HOJDKHBI GBITH JIOKATBHBIMH, T.€. MOTYT He BKJIIOYaTh B CBOM COCTAaB HH OQHOIO
arperara [IT'C IY;

4) nMOCKONBKY pa3NMuHble KOHTYDbI YIPABJIEHHS BKJIIOYAIOT B CBOM COCTaB
omHM M Te e arperarbl 1Y, To cpaGaTbiBaHHe OJHOTO KOHTYpPa BCErQia MPHBOXHT
K BO3MYILEHHAM B IPYTOM;

5) omHO# M3 BaXHBIX YMCTO BHYTPHABHIraTeJIbHBIX 3a/1ay YIPaBJICHHA IPO-
neccoM ¢yHkuuonupoBauus Y sBnsercs obecnieueHHe peryaATOpaMH yCTOM-
YMBOCTH KOHTYpOB YIpaBJIeHHs, BKIIIOYAIOIMX B CBOM COCTaB HEyCTOHUMBBIE
cHucTeMb! mUTaHusA Typ6uHbI THA OT HacocoB, mpHBOAALLMXCA ee pPOTOPOM,

225. PEI'YJ'IATOPBI CHUCTEM YIIPABJIEHHUA XPOY

PerynaTtopsl CHCTeM yImpaBiieHHs arperatamu JIY oTHOCATCA B Mepapxuuec-
xoit ctpykrype JXPIY K ypOBHIO 371EMEHTOB IMOJICHCTeMBI YNpaBIIeHHsA MpoLec-
coM ¢yHkmonnpoparus IY (cM. puc. 24).

Perynsarop caM no cebe ABNAETCA CIIOXKHBIM arperatoM. Ero KoHCTpyKTHB-
Hble JIEMEHTbI Harpy>KeHbl BBICOKMM [aBJIEHHEM M MOTYT IOIBEpraTbCA BO3-
OEACTBHAM BBICOKHMX TeMiepaTyp. KOHCTpYKTHBHbIE CXeMbl M COCTaB peryif-
TOpOB, MpuMeHsieMbix B JKPIY, BecbMa pa3sHooGpassbl (puc. 2.50).

IMo uasHauenmo perynaropbl XPIY pa3snuyaloT i yNpABNEHHA TATOH M
COOTHOLLIEHHEM KOMIIOHEHTOB TolviMBa, Kak GbUTO mokasaHo Bbillle, peryins-
TOpbl TATHM MOTYT BO3[EACTBOBaTh Ha M3MEHEHHME pacXopja TOIUIMBA Hemocpen-
CTBEHHO Ilepel KaMepaMH [IBHMTaTelIi WIM mepel ra3oreHeparopaMH. YIpapie-
HHMe COOTHOLUEHHEM KOMIIOHEHTOB TOIDIMBa HEOOXOOMMO KaK I KaMep, TaK U
IUIA rasoreHepatopoB. IUIs BHYTPHOBHTaTelIbHBIX KOHTYPOB YIPaBJIEHHE COOT-
HOLIEHHEM KOMIIOHEHTOB TOIDIMBAa KaMep OBHTaTelieif CBOAMTCA K CTabwiH3a-
MM ero ONTUMAJIbHOW BEITHYMHBI, a MPH I'Ty60KOM M3MeHeHHH peXxuMa paboThl
KaMep — K €ro yMeHBILUEHHIO NPONOPIMOHAIIbHO IITyGHHe U3MEHEeHHA peXHuMa
[23]. Hna rasorenepatopoB TpeGyercs CTabWIM3alMA TaKOro COOTHOLLEHHA
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KOMIIOHEHTOB TOIUITMBa, KOTOpPOE OTpPaHMYMBAeT TEeMIEpaTypy ra3oB, MofaBae-
MBIX Ha TypOHHBI,

Ilo nmapaMerpaM ympaBieHHS peryJIATOPbI Pa3MeNIAIOTCA Ha PErylAaTOpPBI
pacxona M pmapineHus . [lockombKky faBiieHHe B TpPaKTaX NMTaHHA TOIUTMBOM COB-
pemenHbix JKPII moCTaTOYHO BENMKO, TO B OTHOIUCHHM HalleXXHOCTH NpEHMY-
IIECTBO MMEIOT PETyJIATOPbl PacXofioB, B KOTOPBIX 3]IEMEeHTbI CPaBHEHHSA Harpy-
XeHbl HEBBICOKHM IepenajioM HaBJIeHHil, BOCIIPHHMMaeMbIX CO CTOPOHBI APOC-
CEJIBHBIX PaCXOJIOMEPOB.

o cocraBy perynaropsl MOryT GbiTh MPAMOTO AEHCTBHA (He comepiKaluue
YCWIHTENs) M PeryJiaTopbl C ycCWiuTeneM. Perymaropbl mpaMoro paeicTBUs
NMPHMEHAIOTCA B TeX CIydYaaX, Korfia Tpebyerca HMX BbICOKOe GhICTpofeiicTBHe.
OpmHako B 3aBHCHMOCTH OT YPOBHA H3MEHEHHS BXOIHOTO BO3MEHCTBHSA CHCTe-
MaM yNpaBlIeHHA C TAKHMH PErylnATOpaMH NPUCYIIe CBOHCTBO YBEJIMUEHHA CTa-
THYECKOW OUMOKH C yBeNHYeHHEM AMana3’oHa M3MeHeHHs BXOOHBIX BO3MEHCI-
Buii (cM. [4]). [IpumeHenne B perynatopax ycunuresneir ¢ o6paTHO# CBA3bIO
CocobCTBYeT yMEHbIICHHIO 3TOH OIMOKH, HO OMHOBPEMEHHO C 3THM yXy/ilia-
ercst GBICTPOMEHCTBHE CHCTEMbI YNpaBJIeHHsA. YCHIMTENH KOMIEHCHPYIOT HEXe-
T1aTeNbHOE BIIMAHHE MHEPUMOHHBIX M IMAPOAHHAMHYECKHX CHJI JpOCCeNA — HC-
NOJTHHTEIBHOIO OpraHa M OKa3bIBalOTCA HEOOXOMHMBIMH NpH GONBLIMX Pacxo-
Hax TOIUTMBa, NMPOXOMAIIMX Yepe3 perynaTopsl. Bo3mModxmbie BHOBI U XapaKTe-
PHCTHKH yCHIIMTeJIell mpuBecHbi B pabore [4].

Io TNy 3nemMenTa CpaBHEHHs Pa3VTHYAIOT CIEYIOLIHE PErYIIATOPDI:

IDTyHKepHble, MeMOpaHHble WIM cHibdoHHbie, MeMOpaHHble 3/1eMeHTBI
CPaBHEHMA HaXOAT MPEMMYINECTBEHHOE NMPUMeHeHHe B PEryJATOpaX C YCHIH-
TEJAMH, TaK KaK HMe0T HeGOoJNbIlyIo BEJIHYMHY IOJIHOTO IepeMeleHua. B pe-
TYIATOpaX MPAMOro JEiCTBHA MeMGpaHHbIe 371eMEHTbI CPABHEHHS NPHMEHSIOT-
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Puc. 2.50,. Knaccuduxaunn perynaropo CAY KPAY .
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CA B CIydYasX, KOT/la NEpeMeILeHHe MCTOJHUTENBHBIX OPraHOB O paHWYeHo,
HanpuMep, B peryisaropax ¢ Gompumm koddduumeHTOM ycwieHHa wiu B Ges-
pacXofHbIX (WIM MaJIOpacXOIHbIX) ra3oBbIX pemykTopax. IIpumeHenHe miyH-
JKEPHBIX M CHJIbGOHHBIX 3TEMEHTOB He MMeEET Or paHWYeHMil, H MOITOMY HX IpH-
MEHAIOT NMPEMMYILUECTBEHHO B peryjATopax mpAMoro AeiicrBus. Bo3modaibie
BMIbI M XapaKTePUCTMKH IJIEMEHTOB CpPaBHEHHA mpuBefeHbi B paGore [4]. Ilo
BHJy HCHOJIb3yeMOil 3HEpruu pPeryIATOpbl Pa3feNAOT Ha MeXaHHYeCKHe, IHeB-
MaTHUECKHE, THIPaBIIMYECKHE H ANEK TpHuecKHe. PerynaTops! (KaK npaBWIO, Ips-
MOrO [eHCTBHA), KOMAaHOHbIA CHTHaJl KOTOPhIX PEATH3YETCA C MOMOLIBIO MpY-
XHH, OTHOCATCA K MeXaHHYeCKHMM perynsatopaM. Ecnu kxoMaHmmbli CHrHan
3a[1aeTCA [aBJIeHHEM Ta3a, TO TaKOH PeryJlATOP OTHOCHICA K [MHEBMaTHYECKHM,
OpHako ecnM ¢ OpYroi CTOPOHBI IEMEHTa CPaBHEHMA NOMAETCA Ta3 WIH XHI-
KOCTb, TO B 3TOM CJIy4ae PeryifTop MoxeT ObITh KIacCHOHIMPOBAH KaK IHEB-
MOMEXaHHUECKHI ¥ IHeBMoruapasuyeckuii, K uucto rugpasnuueckum peryns-
TOPaM OTHOCATCA CTaGHIM3aTOPbI COOTHOLIEHHA KOMIIOHEHTOB TOIUIMBA, BBINOJI-
HEHHbIE IO CXEeMe PErynaAaTopoB MPAMOro M HEMPAMOro AEHCTBUA. Perymn‘opu
C YCWIMTENIEM KJIacCHOMUMPYIOT B 3TOM Cllyuae mo BUAy pabouero Tena WM
9HEpPruM, MPUMEHAEMBIX B yCWIHTeNAX, Yalle Apyrux BHOOB paboyHX Tel B yCH-
nurenax perynaropoB KPIY npuMeHswT coGCTBEHHbie KOMIOHEHTbI TOIUIMBA.
[ToaToMy mnpeMMyILECTBEHHOE pPaCNpOCTpaHEHHe MONMYYWIH THApaBIMYECKHE
yCWIHTeNnu, JNeKTpPHYeCKHe YCWIHTEJIH eCTECTBEHHbI B TeX ClyyadX, Koraa
NePBHYHbIA CHTHAJI OT 3JIEMeHTa CPaBHEHUA ABIAETCA NEKTPUUECKHM.

Ilo BHOY craTWuecKMX XapakTepucTuk perynaropbi XPIY paspmensior Ha
CTaTHYECKHE M aCTaTHYECKHE,

AcTaTHYEeCKHE DeryJATOpbl, KOTOpble MOTEHUMAIbHO He 00JIafialoT CTaTH-
YecKo# oumbkoi, moka He Hauuik nmpuMeHeHus B JKPJl Bcnenmcreue BbICOKO#
YYBCTBHTEJIBHOCTH K (IYyKTyalMsaM U3MepsAeMoii BeJTHUMHBI (B Cllyyae mpHMeHe-
HHA HMHTETPHDPYIOILETO YCWIMTENA), a TaKXXe KOHCTPYKTHBHOMN CIIOXHOCTH (B
cllyyae mpuUMeHeHMsA u3ofpoMHoro ycwiurens). [longpo6Hasd oueHkKa OMHaMH-
yeckHx cBOMCTB Takux CAY mpuseneHa B paGore [4]. Bce CAY ¢ perynaropom
NPAMOTO [IeHCTBMA M C UHEPLHOHHBIM yCWIHTeNIeM (MMEIOLIMM B CBOEM COCTa-
Be XECTKYyI0 oGpaTHyl0 CBA3b BXOHda C BBIXOZOM) 0G/IalaloT CBOHCTBOM CTa-
TH3Ma (T.e. OJHO3HaYHOTO COOTBETCTBMA BXOJHOH M BBIXOJHON BEJTHYMH) .
Bcem CAY co cTarMueCKMMM peryjisiTopaMM MpPHCYLIM caoucma CTaTH3Ma, T.e.
MPOABJIEHHA CTaTHYECKHX OLIMOOK.,

Iocnemiee HampasneHne Knaccudukauyu perynaropos XPIY npemycMar-
pHBaeT 0CoObIil K1acC aBTOMaroB, KOTOPbIif MMeeT [IBa, HECKOJIBKO WIH KOHeY-
HO€ MHOXECTBO (HKCHPOBAHHBIX COCTOAHMA B OT/IHYME OT NMPHHLMIA Hempe-
PBIBHOTO [IEHCTBHA BCEX OCTAITBHBIX PeryNATOPOB. JTO TaK Ha3bIBaEMBIH KJ1acC
KOHEUHBIX aBTOMATOB, XapaKTePU3YIOLIMACA TeM, YTO TOf] BO3/EHCTBHEM BHeELL-
HMX KOMaH/] M BHYTPEeHHMX CBA3€H OHH CIIOCOOHbBI NMPHHMMAaTh KOHEYHOE YUCIIO
OMCKpEeTHBIX cocTosHMi, K mepBoMy BHIYy KOHEUHBIX aBTOMAaTOB OTHOCATCA BCE
K/anaHHbie arperatnl. [IBa KOHEUHBIX COCTOAHMA (aBTOMAT THma pejie) MMEIT
BCe MyCKOBBIE H 3amopHbIe KianaHbl, [lepBoe MCXOMHOE COCTOAHME TaKHMX KIla-
MaHOB: “OTKPBIT” WM “3aKphiT”, a BTOpOE COCTOAHME, 0GpaTHOE MEPBOMY —
’3aKpbIT” WIH “OTKPBIT”,
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I'naBHbIA TOIIMBHBINH KJ1amaH OBHrateneil GONbLIMX TAT MOXET UMeTb TPH
COCTOAHMA: 3aKpbIT”’, “4aCTHYHO OTKPHIT’, MOJHOCTBIO OTKPhIT” . YacTHuHOE
OTKpbITHE KJamaHa oGecHeuyMBaeT OBYXCTyNeHYaThiil 3amyck M ocraHoB XPIY
Gombumx TAT. TpH COCTOAHMA TaKXXe 3aHMMAIOT pacIpeleNUTENIbHbIe M 3ampa-
BOYHO-[IpeHaXKHbie TOIUIMBHBIE KJamaHbl, C MOMOILBI0 KOTOPbIX obecneyuBaer-
CA YaCTHYHasA WIM MOJIHasd molaya TOIUIMBa B arperarsl 1Y, mepemyck TomiuBa
(WM ero OpeHax) WIM nepepacrpelelieHHe TOIUIMBA MEXIY MarHCTPaiAMHU
rowmBonoaays. Ilpu rayGoxkoM u3MeHeHuM pexxumoB paborsr KPIY umcno
(pUMKCHPOBaHHBIX COCTOAHHI KJIalaHOB, MO3MPYIOILUMX PacXol TOIUIMBA B KaMe-
py IOBHrarens, JO/DKHO COOTBETCTBOBATb YMCIy Ha3HaYeHHBIX PeXXMMOB pabo-
o1 IIY.

Ko BTOpoMy BHOY KOHEYHbIX aBTOMAaTOB OTHOCATCA KOHTPOJIbHbie M BbI-
YHCIIUTENbHbIE YCTPOMCTBAa. JTO [BYXMO3WLMOHHBIE KOHTPOJIbHbIE NPHOOPBHI,
KOHIIeBbIe BbIKTIOYaTen, penie BpeMeHu. K atomMy BHay Takike ciemyer oTHec-
TH 60pTOBBIE M} POBBIE BIYMCIUTENbHbIe MaumHbI (BLIBM) .

IHeicrutenbHo, Wi ynpasieHusa mapamerpamu XPIY ¢ nomoupio BIIBM
TpebyeTcA mpelBapuTenbHoe MNpeobpa3oBaHHe HempepbiBHON HHGOpMalMHM O
MpPOTeKaHWHM pabouyux MpoueccoB B AMCKPeTHyo uHMpoByl HHOpPMalHIO
(puc. 251). Takoe npeobpa3oBaHHe MPOMCXOOUT B GiloKe aHAIOrodiM¢poBoro
npeoGpasyioutero ycrpoiicrsa (ALIY). Cama BIIBM, nonyyns KoHeuHOe YKCIIO
CHTHaJIOB O cocTofAHMM mpoueccoB B XPIY, dopMupyeT Ha BbIXOe KOHEYHOE
YUCIIO peLeHHH MOCjie CpaBHEHMsA BXOIHBIX CHIHAJIOB C MX 3TAJIOHHBIMM 3Haye-
HHSAAMH, 3a10XKeHHbIMH B ycrpoicTBO mnamsatd BIIBM. BeixogHas nucKpeTHas
HHGOpMalKA CHOBa mpeoGpa3yeTcA B HeNnpepbIBHbINA aHAIOrOBbIH CHTHAN C MO-
Moupio uudpo-aHaioroBoro npeobpaszosarensa (LIAIl) u nepemaercs Ha ucmos-
HuTenbHbie opradbl (MO) . McnonHuTenbHble OpraHbl M3MEHAIOT peryiupyeMble
BenuuuHbl 1 IIY. 3TO H3MeHeHHe BBI3BIBAET OTKJIOHEHHE KOCBEHHBIX MapaMer-
POB YIIpaBJIeHMA 2, H IMKJI 06MeHa HHOpMalHeil TOBTOPAETCA CHayaia, Kak B
06GBIKHOBEHHO! 3aMKHYTOH CHCTEMe aBTOMAaTHYeCKOro ynpasieHus. [Ipouenypa
NOJTy4eHHs pellieHnit ¢ noMouipio BIIBM HocuT auckpeTHbIit XapakTep, a GopMH-
pOBaHMe KOHEYHOTO YHMCIIa pellleHHil Mof BO3NEHCTBHEM BHEUHMX KoMaH[ (pa-
GOYHX CHTHalOB) M BHYTPEHHHX CBA3ell (IPOrpaMmbl) MO3BOJIAET B PaCCMATpH-
BaeMoM ciyyae kiaccudumpoBath BIIBM kak kKoHeuHbIil aBTOMaT.

PaccMoTpuM B KauecTBe MpHMepa HEKOTOpDbie THIHOBbIE BapHaHTbl KOHCT-
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Puc. 2,51, MNpunuMmianbian cxeMa ynpasienna napamerpamu KPIY ¢ nomompio BIIBM;
1 — perynupyemble BelIHYMHBI; 2 — KOCBEHHbIE TapaMeTphl Y IPaBJIeHHA
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PYKTHBHBIX M NPHHUMIHMAIBHBIX CXeM aBTOMAaTHUECKHX PEryJlATOpPOB, IMpHMe-
HAEMBIX [UIA yNpaBJieHHA MapaMeTpaMHu Kamep u rasoreneparopos XPIY .

-Ha puc. 2.52 moka3aHa KOHCTPYKTHBHaA CXeMa IHEBMOTHIpPaBIIHIECKOro
MeMOpPaHHOTO peryiATopa JaBJIeHHA MPAMOro JedcTBHA. MeMGpaHa 3Toro pe-
TYNATOpa XeCTKO CoefuHeHa ¢ mpocceneM, Jlpoccemb perynaTopa BHINOIHEH B
BHAE MNOJIOr0 IWIMHApPa, Ha GOKOBOH MOBEPXHOCTH KOTOPOrO MMEIOTCA TPH
y3kHe ¢pesepoBannsie npopesu. lleHTpupyomas Hpoccemb 9acTh Kopmyca
uMeeT Takue xe npopesu. IIpu nomioM coBmageHus mpopeseit gpocces C Mpo-
pe3saiMHu Kopmyca obGpa3yeTcs MaKCHMallbHOe MPOXOHOE CeYeHHe 1A TOIUTMBA,
npoTekawolero Yepe3 perynarop. HeifrpansHoe nonoxenue MeMGpaHbl COOTBET-
CTByeT NMPMMEpPHO MOJYNMPHUKPBITBIM ApocceneM 3 mpope3sM kopmyca 2. 310
MOJIOKeHHe moka3aHo Ha puc, 2.52. IlonHoe mepekphiTHe Npope3eit Kopmyca
NPOMCXOONT TPH MEpPeMELIEeHNH APOCCENA Ha BENIMYMHY, PaBHYIO LIMpPHHE IIpO-
peseii. TakuM 00pa3oM, jkenaeMasd BeNMYMHA MAaKCHMaJIbHOTO XOda B TaKOM
perynsatope MoxeT GbITh NOMy4YeHa IyTeM BBIGOpa COOTBETCTBYIOLIEH JKECTKOC-
TH MeMOpaHbl M HLIMpHHBI Ipope3eil, a MaKCHMallbHad IUIOWIap IPOXOJHOTO
ceueHHMss — HeobGxomumoro umMcia mpopeseit. Kak Gbuio mokasano B mpedpimy-
IIeM pa3fene, ApocceNb, MOJTHOE OTKPBITHE KOTOPOro IMPOMCXOIWT MPH MMHH-
MaJIbHOM IepeMelleHHH, 061aaeT BbICOKMM KO3 GHIMEHTOM YCWIEHHS.
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Puc. 2.52, KoHCTpyKTHBHasi cXeMa NHEBMOTH/IPaBIHYECKOro MeMGpPaHHOro peryasropa
AABJICHHA NMPAMOro REHCTBHA:

1 — memGpaHa; 2 — kopmyc; 3 — gpocceib

Puc. 253, KoHcTpykTHBHan cXeMa FrHAPOMeXaHH1eCKOro CHIIb(POHHOrO perynsaTopa aAaBje-
HHS PAMOro AelcTBAA

1 — xuknep; 2 — cwibdoH; 3 — ApeHaxHOe oTBepCTHE; 4 — KopmyC; 5 — HaCTpOeuHBIH
BHHT; 6 — HacCTpOeuHas MpyXHHa; 7 — XecTKoe IHHIle CHibdoHa; 8 — NoAKpeIAoLas
npyxHHa; 9 — cemwno gpoccena; 10 — gpoccens

162



Ecnn MeMGpaHy BBINOJIHMTH JOCTaTOYHO OombLIOro pasMepa (B mpenenax
pa3syMHOH KOMIIOHOBKH C ApoccelieM), a ee MarepHan Gyner oGramarh MHHH-
MaJIBHOH XECTKOCTbI0 (TOCTE[HEMY YCIIOBHMIO OTBeYaeT pe3uHoBas MemGpana),
TO 3JIEMEHT CpaBHEHUA TaKXe OyJeT HMeTh BbICOKHA KO3 HIMEHT yCHIeHHA .

B uenom perynsarop, moka3saHHbIH Ha puc. 2.52, o6/afaeT BHICOKHM K03d-
(UIMEHTOM YCHIEHHA, YTO IPH €ro YCTaHOBKE B KOHTYP YNpPaBJIEHUA NapaMeT-
pamMH rasoreHeparopa CIocoGCTBYeT CTaOHJIM3alMH HeyCTOHYMBOM CHCTEMbI IH-
tanua THA,

HepmocTaTkoM Takoro perynsaropa fBJIAEICA OTCYICTBHE B €ro KOHCTPYK-
MM AeMndupyoumx ycrpoicTB. CKIOHHOCT K KoJeGaTellbHOMY XapaKTepy
OBIKEHHsA APOCCENIA MOXXHO YMEHBILMTb IyTeM YMEHbILEHHA ero MacChl M BbI-
60poM ONTHMAJILHOTO 3a30pa MeXMAy OPOCCENIEM M HalpaBIIAIOLIEH YacTbi0 KOP-
myca, KOTOpBbIi HOJDKeH 06ecneynTr HeoOXOOHMMYI0 BENMYHHY CHIIbI TPEHMS,
Ucnom3ysa ¢u3MYecKHe CBOHCTBa ToINHBa. BriGop ontHManbHoOro 3asopa Mox-
HO 00eCneYnTb ONBITHBIM ITyTeM Ha CHEUMaIbHBLIX YCTaHOBKAaX MasTHHKOBOIO
THIIa, IMHTHPYIOLIMX KoJe6aHusA Apoccens H BA3KOCTHbIE CBOMCTBA TOIUIMBA,

Ha puc. 2.53 noka3aHa KOHCTpYKTHBHas CXeMa rHIPOMeXaHHYeCKOro CHib-
¢GoHHOrO perynAropa HaBieHHs mnpsamMoro pAeiictBua. CwibdoH perynaTopa
BOCIIPHHMMaeT JaBJIeHHE 3a OPOCCENIEM Yepe3 XUKIIEPhI. ITO JABJIEHHE CO3MaeT
YCHJIME Ha XeCTKoe JHHuIe CWibdoHa, OHO CPaBHHMBAETCA C YCHIMEM, CO3/1aBae-
MBIM HaCTPOEYHOM NPYXHHON 6 B pe3yJbTare 3aTAXKKH BHHTa. I MCKITIOYeHHA
OOMOJHMTENBHOTO AaBJIEHHA Ha XeCTKOe AHHLIe CWIbdoHa (HampuMep, OT Harpe-
Ba rasa B 3TOM IOJIOCTH) B KOPIIyCe PEryJATOPa HMeETCH NPEHAXHOE OTBEPCTHE,
PasHocTb ycuimii OT HaCTPOEYHO# NPYXXHHBI ¥ aBJIEHHA 3a JPOCCeTieM ofpefe-
JIA€T MoJNoXeHHe APOCCeNif OTHOCHTENBHO Cemla 9 B COOTBETCTBHM C YPOBHEM
3aTSKKHM HACTPOEYHOTO BHHTA 5 (Vyopm). LUIA YMEHBIICHHA HEHHEHHOH CHIIBI
TPeHHA NOKOA WITOK fpoccens 10 BBINONHEH caMOOpHEHTHpyIomMMcs ., B atom
ClTyyae i FapaHTHPOBAHHOIO0 KOHTaKTa IITOKA APOCCENA C XKECTKHM JTHHILEM
cubdoHa 7 HeoGXxomMMa yCTaHOBKA NMOAKpeIUIAoLIel (OpHEeHTHPYIOLIEH MOMo-
JKeHHe IUTOKA APOCCeNA) MpPYKUHBI 8,

HecmoTps Ha To, 4To ciIbOH moIMycKaeT GoNbllMe nepeMelleHHsI, B IT0M
THMIE PEryjfATopa Cieayer Or paHHYMBaTb MaKCHMAaNbHbIi XOH MOOBHXKHBIX Yac-
Teil. ITO CBA3aHO € TeM, YTO NpH NepeMewuieHMH Apoccensa 10 uaMeHseTcA CHla
XECTKO CBA3aHHOH C HUM HaCTPOEUHOH NpyXuHbl 6. B pesynbrate perynsarop
peanusyer TemM GOJNBIUYI0 CTATHYECKYIO OLIMOKY IO BBIXOTHOMY [aBJIEHHIO, YeM
Gosblile X0 ero MOABIKHBIX YacTeii. [IpuMeHeHue ra3a win xuukocT wis ¢op-
MHpOBAaHHA KOMaH[HOIO CHTHaNa (KaK 3TO MMEJIO MeCTO B peryJsaTope, MoKa-
3aHHOM Ha pHC. 2.52) He CBA3bIBaeT BEJIMYHHY YCHIMA KOMaHIHOrO CHTHaja C
XOJIOM TNOABMXXHBIX YaCTel, a CTaTHYeCkasd olLMOKa peanu3yeTcs JHLIb BCilef-
CTBHE U3MEHEHHA CHIbI COMPOTHBIIEHHA COOGCTBEHHO YYBCTBHTEJIBHOI'O 3JIEMEH-
1a. Ilpy Manoii XecTKOCTH YyBCTBHTENBHOIO 3JIeMeHTa M3MEHEeHHe 3TOH CHIIBI
He3HaUHTeNTbHOE, a 3HaYMT, He3HaUYHTenbHO# 6yeT U cTaTHyecKas olmbKa.

Insa KoppeKIMM AMHAMHYECKMX OLMGOK B perylATOpe NpeaycMOTpeHa
YCTaHOBKa XHKJIEpOoB 1 [UIA BBeleHHA HeOOXOOMMOM BeNMMMHBI CHJIBI TPEHHA
OBHXXEHHA , CIOCOOHOH YMEHBIIHTh CKIIOHHOCTb K KOJIeGaHMAM MOIABHXKHBIX Yac-
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Teit H OQHOBPEMEHHO pealn30BaTh HeoGXomuMoOe GBICTPOIEHCTBHE PEryNIATOpa.
OmHako 3¢ ¢deKTHBHOE AEHCTBHE KMKIIEPOB BO3MOXXHO JIHMIUb NPH MOJHOM 3a-
NONHEHHH XHOKOCTbI0 BHyTpeHHed nonoct cwibdoHa. Ilockomky BHyTpeH-
HAA TOJIOCTh CWIbGOHa He MMeeT ApeHaxa, TO B poliecce OKOHYaTeNbHO# cBop-
KH peryjstopa HeoOGXOAMMO ee Npe/IBapHTENIbHO 3amoJIHUTh TOIUIMBOM H 3a-
KOHCEpBHpPOBaTh 3TO TOIUIMBO BO BHYTpeHHeiH MOJIOCTH CWIb(oHa (YCTPOHCTBO
KOHCEPBAlMHM TOIUIMBA BHYTPH CWIbGOHHON MONOCTH perynsropa Ha puc. 2.53
He MoKa3aHo) . BHavarte paGoTbl perynaropa (B MOMEHT Hayalia TPOraHHs MOJ-
BIDKHBIX YacTeil) 3Ta MOJIOCTb HOJDKHA GBbITh PacCKOHCEpBHpPOBaHa, uro obecme-
T 3ddexTHBHYI0 paboTy HEMNHPYIOIMX XKHKIIEPOB ¢ MOMeHTa Havana pa6o-
THI perynsTopa.

Ha puc. 254 nokasaHa npuHIMIManbHasA cXeMa FHIPOMEXaHHYECKOTo
IUTYH)XePHOTO peryJATopa pacxofa npamoro Aefictua. Ibmymxep 1 srtoro
peryisaTopa BOCIPUHKMAaeT PasHOCTh [aBJIEHHH OT KOMaHIHOIO poccens S Kak
OT M3MEepHTENTbHO-TO3MPYIOLLEro YCTPOHCcTBa Yepe3 TpyGomnpoBoapl. [nsa ypaBHo-
BELIMBAHKUA IUTyHDKepa CO CTOPOHBI MEHBILUEro AABJIEHWSA Ha Hero JedcTByeT
npyxuHna 2, [Inyrxep perynsaropa 1, BBINONHAIMMA PONb 3JI€EMEHTa CPaBHEHHUA,
Yyepe3 IUTOK. CBA3aH C HOPOCCENIEM HCIOJHHTENBHOrO OpraHa perynsropa. Ilpu
moboM H3MeHeHHM pacXofia Yepe3 MarMcTpalb TOIUTHBOINIOAAYM, Ha KOTOpO#
YCTaHOBJIEH KOMaH[HBIH [IPOCCENb U APOCCeNb HMCIONHHUTEILHOIO OpraHa pery-
NATOpa, U3MEHAETCA Iepenay [aBlleHWii Ha KOMaHOHOM Apoccene. Bocmpumu-
Masl 3TO U3MeHeHHe, IUTyH)Kep 1 perynaTopa uyepe3 IUTOK MEpeCTaBiAeT APOCCEIIb
HCIIOJTHUTENIbHOTO OpraHa 6 B Takoe IOJNOXeHHe, KOTOpoe BOCCTaHaBIIMBaeT
3aJlaHHbIH pPacXof.

OCHOBHO# HEHOCTaTOK TaKOrO PeryinATopa COCTOMT B HalTHUMHM HOIBOMA-
uMx TpyGOmpOBONOB, BHYTPH KOTOPBIX IIpH M3MeHEHHH OaBJIEHHH IPOMCXOAMT
nepeMellieHHe XHAKOCTH, oGyClOBIIeHHOe XomoM IuTyHxepa. IlepeMemenue
XHMAKOCTH B MOABOOALMX TpyGOmpoBoAax CBA3aHO C MpPeOHOJIEHHEM HMHepLHH
ee MaccChl, 3aKJII0YeHHOH B TpyGompoBope. IlunaMuueckuit mpouecc mpeopone-
HHA HHEpPLUMH Macchl XHIKOCTH CBfA3aH C H3MEHEHHEM [IaBJIEHHA B TPy6onpoBo-
Oe, KOTOpOe YMEHBILIAETCA NPH pa3roHe XUAKOCTH H YBEJIMYMBACTCA NPH ee
TOPMOXXeHHH, JTO OOCTOATENBCTBO BBI3bIBaeT [MHaMHUYECKHE IIOTPEIHOCTH
M MPHUBOJMT K IONOJHHUTENbHBIM Harpy3KaM Ha 3JIeMeHTbI peryJaropa.

IIpu oueHke GanaHca CiI, JeHCTBYIOIIMX Ha MOOBIDKHYIO YacTh peryysropa
NMPAMOro OeACTBHA, BO3HHKAET TaKxke TPYJHOCTb B ONpeeNeHHH IHApoJHHa-

Puc, 254, NpuHuumsansHas cXxeMa THAPO-
MEXaHHIeCKOro IUIyHXEpPHOTO peryafrtopa
npAMoro aefcTBuA:

1 — mymkep; 2 — NoAKperUMAoLasA Npy-
*HHa; 3, 4 — HMIyJLCHBIE TPYyGOMPOBOMLI
nepenana AaBlleHHs; 5 — KOMaHOHBIA Apoc-
Celfb H3MEPHTENIBHO-TO3UPYIOLIEr0 yCTpo#-
CTBa; 6 — mpocceib MCHOMHHTENBHOTO Opra-
Drow Ha perysaTopa
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MHUYECKHX CHJI, JEHCTBYIOLIMX Ha JIPOCCENb MCHOJHUTEIIBHOIO OpraHa peryis-
TOpa ¥ CO3[aBaeMbIX TeUeHHEM XHIKOCTH Yepe3 3a30p MEeXJy JPoCCesieM H ero
cemioM, JTa CHia CBA3aHa C pacTpe[ielIeHHEM JIaBJIeHUA MexXay npodieM nof-
BIDKHOTO 3/1eMeHTa [OpOCCeNIs UCIIONTHUTENBHOTO OpraHa U ero CemioM, KoTopast
MpaKTHYECKH He MOJIaeTCA pacieTHOMY ONpeMeNIeHHIO,

Ha pwuc. 2.55 noka3aHa KOHCTPYKTHBHas CXeMa rHIpOMeXaHHYeCKOro IUTyH-
XKEPHOTo perynaropa patxofa mpAMoro pAeiicTeua. ILTyHxepHblit 4yBCTBHTEND-
HBIH 3JIeMEHT 4 3TOro peryiATopa, pa3MeLIEHHbIH B Kopmyce 1, BocnpHHUMaeT
pa3sHMIly [aBJIeHMil J0 M mocile KoMmaHmHoro apoccens 10 uepe3 orBepctusa 2
u 8. llnsA ypaBHOBEeLMBaHHUA IUTYH)KePa CO CTOPOHbI HU3KOrO [iaBJIeHHA YCTaHOB-
NeHa npyxuHa 5. KOHCTpyKTHBHO IUTYHXEp 5 0ObeMHeH ¢ ApOcCceneM UCMOIHH-
TEJNIBHOTO OpraHa 7, KOTODBIi BBINOJIHEH B BHAE MOJIOTO KOJIBLEBOrO IRUIHHApPA
CO CKOLUEHHBIM TOpILIEM, HMEOIMM B MECTe MEPeceYeHHsA C MOTOKOM TOIUIH-
Ba M3 OTBepCTHil 6 OCTPYI0 KpoMKY. OmbITOM yCTaHOBNIEHO, YTO IpM BCTpeue
MOTOKA XHAKOCTH C OCTpOH KPOMKOH [Ipoccelis BO3HHKaeT HaWMeHbLIas I'Mi-
poOMHaMHMYeCcKas CWIa, BO3MEHCTBYIOLas Ha Jpoccenb HCHOIHHMTEIBHOTO Opra-
Ha. KoMaumHbI# mpoccenh H3MepHTeNbHO-I03upyIoLIero ycrpoictea 10 Takoke
BbINOJTHEH B (OpME IOJIOro KOJMbLEBOro LUWIHHIAPa C OCTPOH KPOMKOI, mepe-
KpbiBatolieii orBepcTusa 9. I neMndupoBaHHA MOMBMXKHBIX YacTedl PerynsTo-
pa CO CTOPOHBI HMOHa4Y¥ BBICOKOTO JaBJieHHsA MPEIyCMOTPeHa YCTAHOBKA XHKIIe-
pa 3, cnocoGCTBYIOlIEr0 YMeHbLIEHHIO aMIDIMTY., KoJieOaHHA MOOBHXXHBIX 3J1e-
MEHTOB perynaTopa.

B gBuratensax GonpUmx TAT GOJNbIIMe PacXofbl TOIVIMBA TPEGYIOT 3HAUNTEND-
HbIX TOMEpPEYHbIX pa3MepoB TPyGOMPOBOMOB. ITO NPUBOOMT K YBEITHYEHHIO
pa3MepoB Zipocceliell HCIOJIHMTENbHbIX OPraHOB PETyNIATOPOB, YTO BhI3bIBaeT
yBenuM4YeHHe HX MacChl H pe3Koe BO3pacTaHHe FHApPOCTaTHYECKHX W TMAPOIHHa-
MMYECKHX Harpy3oK Ha NOJBIDKHBIE IEMEHTbl MCIOJHHMTENbHBIX OpraHoB. B
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Puc. 2.55. KoHCTpYKTHBHafA CXeMa FHAPOMEXaHHIECKOTO IUIYH)XEPHOTO PeryisiTopa pacxo-
[a PAMOTro AeACTBHA:
1 — xopmyc; 2 — OTBepCTHe UIA COOGILEHHA IUTyH)KEPHOTO 3/IeMEHTa CpaBHEHHs C [aBJte-
HHMEM JI0 H3MEPHTEJILHO-JO3MpYyIoLllero ApoccenA; 3 — uxiep; 4 — IIyHxkep; 5 — nof-
KPEIUIAIOWAs MpyXHHa; 6 — MPOXOJHbIE OTBEPCTHA APOCCENIA HCIONHHTENLHOro OpraHa;
7 — mpoccenb MCHOJHMTENBHOTO OpraHa; 8 — OTBepCTHE IUIA COOGLICHHA IUIYHXEPHOTo
3MIeMeHTa CpaBHEHHMA C AaBJIEHHEeM MOCIe M3MEePHTELHO-O3UPYIOIEro yCTpo#icTBa; 9 —
NPOXOMHEIE OTBEPCTHS KOMAHHOTO M3MEpHTENbHO-I03UpyIollero ycrpoficrea; 10 — Ko-
MaH/IHBI POCCEITh H3MEPHTENIBHO-103HpY OLLETro yCTpoiCcTBa
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Puc, 2,56. MpuHuummansHas cXemMa peryns-
TOpa pacxoja ¢ rHAPOMEXaHHYECKHM YCHIIH-
TeseM:

1 — Bo3BpaTHas NpyXHHa NMOPIUHA yCHIHTE-
ng; 2 — noplleHb yCWIMTENA; 3 — Kopmyc
ycWwmMTeNns; 4 — NPOTOUHBIA XHKJep; 5 —
COIUIO 30JIOTHMKOBOIO YCTPOHCTBa; 6 — 3a-
CJIOHKa 30JIOTHHKOBOT'O YCTpo#icTBa; 7 —
memOpaHa 3JleMeHTa CpaBHeHMA; 8 — nof-
Kpewuiolasi NpyXuHa; 9 — Kopmyc aje-
MeHTa cpaBHeHus; 10 — TpyGompoBopn M-
TaHua ycwmrens; 11, 12 — wummynscHble
TpyGonpoBosl Nepenafia AaBileHHit; 13 —
KOMaHOHBI# [poccelh M3MepHTEebHO-A03M-
pywoutero ycrpoiicrBa; 14 — ppoccens Hc-
MOJIHHTENIBHOTO OpTaHa perynaTopa

Pron

TaKHMX CITy4yasfX Ui KOMIICHCAIMH 3THX CWI B COCTaB PeryisATOPOB BBOIAT yCH-
nuTeNd. Perynatopbl ¢ yCHIMTENAMH YMEHBIUAIOT CTaTHIECKHE U AUHaMHYECKHe
MOTPELIHOCTH CHCTEMBI YIPaBJIEHHA, HO B 3aBHCHMOCTH OT CX€MbI,KaK IIPaBHIIO,
yMenbLialoT GbicTponeiicraue CY [4].

Ha puc. 2.56 noka3aHa mpHMHUMNHAIbHasA CXeMa PErylATOpa pacxopa ¢ FHA-
POMeXaHHUeCKMM YyCHIHTeneM. MemOpaHHbIii 3J1eMEHT CpPaBHEHHA, COCTOAIHiA
M3 Kopmyca 9 u MeMOpaHbl 7, BOCIpHHMMAaeT pa3sHOCTb JaBJICHMH OT M3MeEpH-
TeJIbHO-HO3HPYIOLIEro YCTpoicTBa Yepe3 TpyGompoBomsl 11 u 12, Jlna xommnes-
camMM pasHOCTH YCHIMH, [eHCTBYIOLIMX Ha MeMOGpaHy cO CTOPOHBI MEHBILIEro
[aBJleHHs, YCTaHaBJIMBaeTCA MpyXmHa 8. MemGpaHa yepes IITOK CBA3aHa C IUIOC-
KOii 3aCJIOHKO# 6 30JI0THHKOBOro ycTpoiicTBa ycunurensa. Henongsiiaoe comno
S 3TOro ycTpoicCTBa CBSi3aHO C KOPIyCOM YCWIHTENA 3, B IHWIHHIPHYECKOH
YaCTM KOTOpOro pa3MelleH mopiieHb 2 ¢ mpyxunoit 1. B mopiuens ycumutens
YCTaHOBJIEH >MKJep 4, Yepe3 KOTOpblii obGecneynMBaeTcs MOCTOAHHBIN IPOTOK
paGouero Tesia (KOMMOHEHTAa TOIUIMBA WM TMAPOCMECH) M3 BEepXHeEH MOJIOCTH
UWIMHAPA B ero HIWkHIoK monocts, HiwkHas monocTs UMIHHApPa yCHIMTENA cCoe-
OHHEHa MaruMCTpalbi0 CO BXOOM TOIUIMBAa B HacOC WIH C apeHaxoM, Iluranue
YCHIMTEeNIA TOIUIMBOM NpoMcXomur Yepe3 tpyGompoBop 10. Ilpu oTkpeiToM
MOJIOXKEHHH 3aCIIOHKH 6 TOIDIMBO IOCTYIaeT B BEPXHIOK MOJIOCTh IUIMHApA
ycuymrens. Eciu npu oTKpHITOM MONOXKEHMHM 3aCJIOHKH PacXofi TOIUIMBa Yepes3
COIUTO0-3aCJIOHKY GObllie pacXxofia Yepe3 XUKJIep 4, TO IaBJIeHHE TOIUIHBA B BEpX-
He# MOJIOCTH IMIMHIPA YCWIMTENIA BO3pacTaeT M MOpIUeHb 2 OBHXKETCA BHU3,
cxumMan npyxuHy 1, IIpu 3TO0M Yepe3 IUTOK MOPpIIEHb IEPECTaBIIAET HPOCCENb
14 wucnomHMTENMLHOro OpraHa B HOBOE IOJIOXKEHHE, KOTOPOE COOTBETCTBYET
€ro MpHKphiTHIO. Takoe COCTOAHME MOIBMXKHBIX IJEMEHTOB DPEryisropa COOT-
BETCTBYET YBEJIMYCHHIO Tepenania AaBlIeHHH Ha KOMaHOHOM mpoccene 13 uame-
PHTETBHO-IO3HPYIOILErO YCTPOHCTBa, a IBHXKeHHe Apoccens 14 oTBevyaeT HencT-
BHI0 peryisaropa, HanmpaBJICHHOMy Ha BOCCTaHOBJIEHHE 3a[aHHOrO Mepemapja
DaBleHHit (T.e. pacxoa) Ha KOMaHIHOM [poOcceNie IyTeM YMEHBLICHHA TOOauM
TOIUIMBA Yepe3 HCHOJTHUTEbHbIH opraH perynsartopa. Ilpu ymeHsineHun nepermna-
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Ila [1aBJIeHHA Ha MemGOpaHe 7 3lIeMeHTa CPaBHEHHs 3aCJIOHKa 6 3aKpbIBaeT COMl-
10 5. B 3t0M ciyuae gaBneHHe B BepXHeH MONOCTH IIMHAPa YCHIHTENA najiaeT
BCJIE[ICTBHE MOCTOAHHOIO MPOTOKAa >XMOKOCTH M3 BEpXHeil IOJIOCTH LHJIHHApa
gepe3 >xuxiiep 4 Ha cnus, [log peificTBHEM NpyXHHBI MOPLIEHb YCHMTENA 2, a
ClIe0BaTeNIbHO, M Apoccelb perynaropa 14 mepeMemiatorcs BBepX. OTKphITHE
NPOXOIHOTO CeYeHHsI MCIONHHTEILHOrO OpraHa pPErynsaTopa B 3TOM ClydYae
COOTBETCTBYET BOCCTaHOBREHHIO 3aJlaHHOrO Mepenajia JaBJIEHHH Ha KOMaHIHOM
mpoccene 13 (a crepmoBaTelnbHO, M pacXofia) BCIIENCTBHE YBENMYEHHA pacXofia
TOIUIMBA Yepe3 HCTIOTHHTEITbHBIH OpraH peryisaropa.

Bce mopaBMXHBIE IEMEHTHI PEryIATOpPa OCTAIOTCA B COCTOAHMM MOKOSA IPH
YCIIOBHM paBeHCTBa PacXofOB Yepe3 COIUIO — 3aCIIOHKY M IPOTOUHbILi XMKIIep 4.
910 cocTosiHMe OTBeYaeT TpeGyeMOMy 3HaYeHHMIO pacxopa, 3alaHHOMY IIOJIOXKe-
HHEM KOMaHIHoro apoccens 13,

AHaJIOrMYHBIA TIPHUHIMI [EACTBHA y pErYIATOPOB AaBJIeHHA C FHpOMeXa-
HHYeCKMM ycwnureneM. Ero mpuHuMmMambHas cXeMa moka3aHa Ha puc. 2.57.
Tpu yBenuuyeHHM AaBJieHHA B BEpXHeH MONOCTH MeMOpaHHOro y3nma MeMGpana
6 uepe3 CBA3aHHBIN C Heil MPYXHUHOH 7 IITOK OTKPBIBaeT KOHHYECKHH 30JIOTHHK
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Puc, 2.57. NpenounnanbHas CXeMa PeryJiATOpa AaBICHHA C FHAPOMEXaHHYeCKHM YCWIH-
TeneMm:

1 — mpoccesib HCNONHHUTENBHOTO OpraHa; 2 — BO3BpaTHasA NMPYXXHHa MOPLIHA yCHIIHTENS;
3 — DoplueHb ycHIHTeNs; 4 — NPOTOYHBIE XKHKJEPhl; 5 — KOHHYECKHH 30JIOTHHK; 6 —
meémGpaHa 3NieMeHTa CpaBHEHHsA; 7 — OpHEHTHPYIOLIME MPY>KUHbI

Puc. 2.58. lIprEnMnBansHan cXeMa PEryiATOpPa AAaBJIEHHA C MHEBMOMEXaHHYECKHM YCHIIH-
Tenem:

1 — mpoccelib HCTIONHHUTEILHOIO OpraHa; 2 — YIDIOTHeHHe LITOKa NOpLIHA yCHIHTeNnd; 3 —
BO3BpaTHas NMPYXHHA NOPUHSA YCHIMTeNd; 4 — HOpIlleHb YCHIHTeNS; 5 — MpyXHHa, OPHeH-
THPYOIIASA HITly 30JIOTHHKA; 6 — MI7Ia 30110THHKa; 7 — MemG6paHa leMeHTa CPaBHEHHA;
8 — xamrep
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5 ycwmrens. PaGouee Teso (KKOMNOHEHT TOIUTHBA HJIM THAPOCMECh) MOCTYIAET
yepe3 OTKPBITHIA 30OTHHK B BEPXHIO [OJIOCTb IMAPOIMIHHIpA YCHIUTENA.
Ecne pacxon paGouero Teja yepe3 30JI0THHK Gonbliie pacxofia Yepe3 MpOTOUHbIE
XHUKJIepbl 4, TO MOPLIEHb 3 mepeMellaeTca BHU3, CKUMasn IPYXHHy 2 H NPHKPbI-
BasA NMPOXOIHOE ceueHHe ApoccesieM 1, OTHM JefiCTBMEM perynsaTop KOMMEHCH-
pyeT yBenHueHHe M3MepAeMOro 3J1EMeHTOM cpaBHeHWA pmaBineHus. IIpu yMeHb-
LIEHHH H3MEpAEMOro [aBJIEHHA IPOTHB Ha3HaYEHHOTO KOMaHIHOTO HaBJIEHHA
MeMOpaHa 3akpbiBaer 30i10THHK 5. Ilopn meiicTBHeM BO3BpaTHOH NpyXHHBI 2
TOpILIEHb YCHIHTENA Y CBA3aHHBIH ¢ HUM ApOCCENb NBHXYTCA BBepX. B pesyims-
TaTe yBeJIHYEHHA MPOXOQHOTO CeYeHHs NPOCCENs PeryyiaTopa JaBJICHHE H PacXof,
3a peryjaTopoM BO3pacTaloT, YTO KOMIIEHCHPYeT NajieHHe W3MepAeMOro pery-
naTopoM pnaBnenus. IIpu paBeHCTBe pacXofoB Yepe3 30JIOTHMK H IIPOTOUYHbBIE
XHKJIepbl NOPILUHSA YCHIHTENA NMOABHXHAA CHCTEMA PErynATOpa OCTaeTCA Hemop-
BIDKHOH. JTO COCTOIHHE OTBeYaeT PaBEeHCTBY KOMAHOHOTO H H3MepAeMOro
TlaBJICHHH,

OGparHass NpUBeJEHHOMY BBIlllE OINMCAHHI0O CX€Ma B3aHMOMEHCTBHA IJle-
MEHTOB peryjaropa NMpOU30HIET MpH H3MEHEHHH KOMaHmHoro nasneHus. Ilpu
€ro YBeJIMUeHUH OpPOCCeNb MCIOIHHTEBHOIO OpraHa YBeJIMYHBaeT MPOXOIHOE
ceuenue. IIpy yMeHbIIEHHM KOMaHIHOTO JaBJIEHHA [POCCENb MCIIONHHTEbHOIO
OpraHa yMeHbLIaeT mpoXomHoe cedeHHe, Takum o6pa3oM, ¢ MOMOLIBIO peryns-
TOpa OBHTraTejib H3MeHseT PeXXHM paboTbl B OTBET Ha H3MEHEHHE KOMAHIHOTO
CHMTHaJIa.

Ecnu perynaTop yCTaHOBJIEH Ha JIHHHM NHTaHUA OKHCIIMTENIEM M B KayecT-
B€ H3MepAeMOii BeJIMUMHBI Ha ero MeMOpaHHbIil 3]IeMeHT NOIaeTCA KOCBEHHBIi
napamMerp pacxofa B 3TOH MarHCTPaIM H eCIIH BMECTO KOMaHIHOTO BO3JEHCT-
BHA Ha MeMOpaHHbIA 3JIEMEHT MOMaTh COOTBETCTBYIOIMA KOCBEHHBIH NMapaMeTp
pacxofa roproyero, To peryiusiTop CTaHOBHTCHA CTaGHIIM3aTOpOM COOTHOLIEHHMS
KOMIIOHEHTOB TOIUIMBa (TouHee, cTabwnn3aTopoM pasnenwii) . [Ipu ycraHOBKE
perynaTopa Ha JIMHHMM ropioyero B KayecTBe KOMaHIHOTO CHTHala Ha3Hayaercs
COOTBETCTBYIOLIIEE IABIIEHHE OKHCITHTENA .

PaccMOTpHM eme OOHY NpPHHUMIMANBHYIO CXEMy pPeryIATOpa [IaBJIeHHA C
NMHEBMOMEXaHHYECKHM YyCwiMTesieM (puc. 2.58). JTOT peryiasATop OTIHYAETCA
OT OPYTHX TeM, YTO YCTaHABJIMBAE€TCA B MarMCTPaTb CJIMBa TOIUIMBA Ha BXOJ B
Hacoc. b ¢eKT H3MeHEHHs pacXofa M NaBJIeHUA B OCHOBHO# TOIUIMBHON Marucr-
PTH TP TaKOH yCTaHOBK® PEryiaTOpa NOCTHTAeTCA 3a CYeT CIIHBA YaCTH TOIUTH-
Ba Yepe3 neperyCcKHYI0 MarHCTpalib Ha BXOJI, B TOIDIMBHBIH Hacoc,

IIHeBMaTHYeCKHii YCWIHTE]Ib TAKOrO PErylATOpa HCNO/b3yeT B KayecTBe
pabouero Tesla KOMaH[OHbINA a3, NOJaBaeMblii o MeMGpaHy 7 3lleMeHTa CpaB-
HeHHA perynaTtopa. [lomaya rasa B mHeBMaTHYECKYIO IONOCTb YCHIIMTENA HO3H-
pyercs 30JI0THHKOBBIM yCTPOHACTBOM THNA Hrila — 04ko. CBA3aHHaA C IIOMOILLIBIO
MpYXHHBI 5 HIJia 30JIOTHHKa 6 OTCIIeXHBaeT mepemeieHne MeMGpanbi 7. PaGo-
Yaf TOJIOCTb NHEBMAaTHYECKOro IMIIMHAPa 4 MOCTOAHHO cooblIeHa Yepe3 >KHMK-
nep 8 ¢ atmocdepoii. IIpu paBeHCTBE pacXoMioB ra3a uepe3 30JIOTHHKOBOE YCT-
POHCTBO H XHKIIep MOPIUEeHb YCHIHTENA HaXOOUTCA B HENMOJBHXXHOM NOJIOXKe-
HHHM. 3TO COCTOSIHME OTBeYaeT PaBEHCTBY KOMaHTHOIO H M3MEpAEMOro MasJie-
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Huit. [Ipu mporube MeMOGpaHbi B CTOPOHY OTKPBITHA 30JIOTHHKA, BbI3LIBAEMOM
nuGo yBeNHYeHHMeM KOMaHIOHOIO HaBJIEHHA, TH6O yMEeHbILIEHHEM H3MepAEMOro
[aBJIeHHA , PaCXOJi ra3a CO CTOPOHbI 30JIOTHHKOBOTO YCTPONCTBA YBENUYMBAETCA,
DaBlieHHe B paGoyell MOJOCTH YCWIHTENA BO3pacTaeT M MOPILUEHb YCWIHTeNA 4,
CKMMas BO3BpaTHyI0 NpYXHHy 3, mepecTaBiisieT HApocCelib HCIOMHHTENbHOTO
opraia 1 B HOBOe MOJIOXKeHHE, KOTOPOE COOTBETCTBYET YMEHBILIEHHIO TepeIyc-
KaeMOro pacxofa TOIUIMBa. B TOIUIMBHOH MarucTpanu 3To AEACTBHE BBI3BIBaET
COOTBETCTBYIOILIEE YBeIIMUEHHE PAacXo/ia H JaBJIeHUA,

IIporu6 MemGpanbl 7 B 0OpaTHOM HallpaBlIeHHH BbI3bIBaeT oOpaTHbie [ei-
CTBHA peryyaropa, KOTopbie B KOHEYHOM HMTOTe NIPHBOMAT K yBeJIMUEHHUIO Mepe-
MyCKaeMoro pacxofia TOIUIMBA, a B TOIUIMBHON MarucTpalli — COOTBETCTBEHHO K
YMEHBLIEHHIO PacXofia U JaBJIeHUA,

Cnenyer 0co60 OTMETHTB, YTO JIOT MMECKMil MPHHIMI IeHCTBHUA PETYJIATOPOB,
YCTaHOBJICHHBIX Ha MNepemyCKHbIX MaruCTpaisaX, NPOTUBOIOJIOXEH HNPHHIMITY
HEeHCTBHA PETyNATOPOB, YCTaHOBJIEHHBIX Ha TOIUIMBONOMAIOIIMX MarHCTpalfXx.
JIefiCTBUTENBHO, WIA peryasaTopa, YCTaHOBJIEHHOIO Ha TOIUIMBHOM MarucCTpaiy
(cM. puc. 257), yBenuueHne KOMaHOHOTO AABJIEHHUA IPUBOOMT K OTKPBITHIO
HOpocCens perynaropa, a OJIA PeryiaTopa, yCTaHOBJIEHHOTO Ha IepemyCKHO#M
MarucTpamk (cM. puc, 2.58), To ke HeACTBHE MPUBOAMT K 3aKPHITHIO [POCCE-
nsa perynaropa. Eciu perynarop, npenHa3sHayeHHbIA I yNpaBIeHHA Napamer-
PaMH TOIUIMBHOH MarHCTPalH, MOXKHO MHBEPTMPOBaTb 3aMEHOil KOMaHJHOIO
BO3[EHCTBUA Ha MaBlIeHHE M3MepAEMOro NapaMerpa C LEJbI0 €ro yCTaHOBKH
Ha NepemyCKHyI0 MaruCTpaib, TO NOmoGHasA MHBEPCHUA PErylaTopa, CeUHalbHO
npeaHa3sHaYeHHOr o Wi paGoThi B MepenmyCKHOM MarucTpalii, HEBO3MOXHa,

HecMmoTps Ha To, 9TO B HacToAILEM Da3fielie He MPUBENEHbI OMMCaHHUSA OHHa-
MHYECKHX CBOJHCTIB perynsaTopoB (OHH mpHBeleHbI B paGorte [4]) , cnemyer oTme-
THTb, YTO Ge3 yyeTa HeNMHEHHOro BHAA CHWI TPEHMA IOKOA, HE 3aBHCAILETO OT
CKOPOCTH [BWKEHMA, BCE DeryJlsaTopbl MPAMOro AEACTBHA B AUHAMHKe Npen-
CTaBJIAIOT CO0O# THIIOBOE 3BEHO BTOPOro MOpPAIKa:

25 res —
d° Az daz —_ K

T ) + Tpery + Az =K,er APy — Kper, APyoms

per2

Az

roe AZ = — OTHOCHTEJIBHOE nepeMemeHHe MOABHDKHBIX ‘[acTeﬁ peryml-
V4
max
Topa; zmax — MAaKCHMAJIbHOC HepeMemeHﬂe MOABHOKHBIX ‘laCTeﬁ peryl'm'ropa;
m
2 = 2T (2
per2 = c—_ ( perz — TTOCTOSSTHHaA BpeMeHH, OTpa)Kaloum "Heplmlo
3.C
MacCOBBIX CHII, cnocoﬁcrnyloumx KOMeGaTeNbHOMY [IBIKEHHIO) , 1, e — Macca
MOABHDKHBIX "laCTeH, 3.c XKECTKOCTh IJIEMEHTA Cpa.BHem,
k
Tp.AB
T P

pery

(Tper, — MOCTOAHHAsA BpeMeHH PeryNATOpa, OTpaXkaro-
3.c

mwas JeMndHpyomMe CBOACTBA MONBIDKHBIX YacCTeil) ; k1p ns — KO3 duHeHT

MPONOPLMOHATLHOCTH MEXITY CHIION TPEHHA M CKOPOCTHIO nepemememm
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F3 cPusm N

ern = —————— _— K03} }HIHEHT YCHICHUA PETyJIATOPa, OTPAXKAIO-
. €3.cZmax

Il H3MEHEHHE OTHOCHTEJILHOTO NMepeMellleHHA OT BO3[eCTBHA OTHOCHTEJILHOR
— Puzm

BEJIMYHHBI H3MEPAEMOTO JaBNeHuA Ap, ., = —— ; Py,qN — HOMHHAIb-
PusmN

Hoe 3HaueHHe H3Mepsaemoii BelmunHbl; F, . — 3¢dexTHBHAA WIOmAMID IMEMeHTa
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CPaBHEHHs; C, ; — XKECTKOCTh 37eMeHTa CpaBHeHHA; Kpep, = —————— —
’ €3.c?max

K03GPHIMEHT yCHIIEHHA PeryaTopa, OTPaKaloLHil H3IMeHeHHe OTHOCHTENILHOIO
nepeMellieH!st OT BO3/EHCTBHA OTHOCHTEJIbHOH BEIMIMHBI KOMaHJHOrO IaBJie-

APgom

HHA A?KOM = 5> PxomN — HOMHHAIIBHOC 3HaueHHE HBMOPSICMOﬁ BE-

p xouN
er l er 2 )
ecneqe}mx BBICOKOro GBICTPOLEHCTBHA H OHOBPEMEHHOTO OrpaHM-
qel-um CTeneHH Koj1e5aTeIbHOCTH HeoGXOAMMO BbINOJIHEHHE YCIIOBHA

pen < 2VT perz <2 Mpers

9TO COOTBETCTBYET CJ1a60 BbIpakeHHOMY Kojie6aTeJIbBHOMY XapaKTepy ABHKEHHA
MOOBIDKHBIX dacTeil perynsaropa. IlocnemHee ycrioBHe NMpH 3afaHHOH Macce HC-
NOJIHHTEIIBHOTO OpraHa (Apoccens) MoXeT GbiThb BRHINOJIHEHO TONBKO 3a CUeT
COOTBETCTBYIOILIErO obecreueHnss HeoOGXomuMOil BeHIMHBI K03 HIHeHTa k.r s
KOTOpbIA ompepesserca (pusHieCKMMH CBOHCTBaMH AeMndupylowiei cpenm
(TowMBa) M 3a30pOM B HOABIKHBIX 3NIEMEHTaX peryiafaTopa WIH BIGOpOM
MPOXOAHBIX CeYeHHil JeMI(HPYIOIHMX YCTPOHCTB H BA3KOCTHBIMH CBOHCTBaMH
paGounx Ten B 3THX memndepax. OnpeneneHne pealbHbIX BEHYMH CHI TPEHHA,
MPONOPUHOHAIBHBIX CKOPOCTH ABIDKEHHA, M HEJIMHEHHBbIX CHJI TPEHHsA MOKOA,
He 3aBHCALMX OT CKOPOCTH [BIKeHUs, TPOM3BOIUTCA OMNBITHLIM ITyTeM Ha CIie-
OHATBHBIX YCTaHOBKAaX, HMHTHDYIOLIMX KoJjie6aTellbHOe ABHKEHHE MOMBHDKHBIX
4acTeil peryjsTopoB H BA3KOCTHbIE CBOMCTBa AeMNPHPYIOLMX paboumX Ten.

Bce paccMoTpeHHbIe BhILLE PEryJiATOPbl C YCHIMTEJEeM B OHHAMMKE Ipel-
CTaBIAIOT cO60ii THIOBOE HHEPIMOHHOE 3BEHO
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YCHICHHA peryJIATopa IO OTHOLIEHHI0 K H3MepsAeMOMYy H KOMaHIHOMY CHTHa-
71aM COOTBETCTBEHHO,

HnepuoHHOMy 3BeHy COOTBETCTBYET amnepHOOMYECKHH NEepeXOIHbIH Ipo-
mecc.

TaxuM 06pa3oM, perynsaTopbl ¢ yCHIHIENEM caMH 1o cebe He pealM3yioT
KoneGaTebHBIX IBHKEHHH, a MX GhIcTpo/eficCTBHe Oonpenensaerca BoIGOPOM napa-
MerpoB ycunutens. IIpn 3T0M mpepmonaraercs, 4T0 CO CTOPOHBI NOABHKHOMK
YaCTH YCHJIMTENS K MCIOJHUTEIbHOMY OpraHy NMPWIOXEHBI YCWINA Ha HOPAHNOK
Gosbllle, YeM HHEPLMOHHbIE CWIbI OT MacC HepeMeLIAIoNIMXCA YacTed YCHIIHTe-
JIA C OpoccenieM, a 3IeMeHT CpaBHEHHsA HMeeT HMYTOXKHO MaJible MacChl H CHIIBI
TPEHHA OBKEHHA .

Bo Bcex cnyvasax HenuHeliHbie CWIbI TPEHHA MOKOSA, He 3aBHCAILME OT CKO-
POCTH IBHXEHHSA, He PacCMaTPUBAIOTCA, TaK KaK IIPEeJI0JiaraeTcs, 9410 B KOHCT-
PYKIMH peryJiATOPOB NpemyCMOTPeHbl BCe MephI MO X ycTpaHeHuio. B mporus-
HOM cJIyYae, BCIEACTBHE 3HAKONEPEMEHHOTO XapaKIepa 3THX CHI, BO3MOXHO
BO3HHKHOBEHHE aBTOKOJieOaHHH MOOBIDKHBIX UacTeH peryyiaTopa B KOHTypax
ynpaBJieHUs ABHratenieil, ABTokone6aHusA, KaK MPaBWIIO, HMEIOT YacTOTY Ha Mo-
PANOK MeHblIe COGCTBEHHOM - YaCTOTHI PETYNATOPOB H IPEACTaBIAIT coboit
ONaCHBI IHaNMa30H 9acTOT IIA KOPITYCOB JIETaTENIbHBIX aMIIapaToB.

B wacTHOCTH, HCTOUHHIKOM HeNMHEHHDbIX CHII TPEHHA MOKOA H BBHI3bIBaEMBIX
HMH aBTOKOJIeGaHMil MOABIKHBIX YacTed PeryJiATOPOB MOTYT CIIYXHTb CaTbHH-
KOBbIe YIUIOTHHTeNIbHEIe YycTpoicTBa (103.2 Ha pHc. 2.58), KOTOpBIe He NOA:
Ja0TCA CTPOrOMy TEXHOJIOTHYeCKOMY KOHTpolo. C 3THX HO3HIMI BMeCTO Callb-
HHMKOBBIX YTUIOTHEHH} JTyYllle IPUMEHATh CHITbOHHDIE,

PaccMoTpeHHbIe Bhillle YpaBHeHHsA TMHAMHMKH THIOBBIX PeryJiATOpOB IpUBE-
[eHbl OTHOCHTEJIHO MepeMelleHHst MOABIXHbIX YacTell. B TakoM nmpencrasneHum
K03 HIHEHTs! ypaBHEHHA HMEIT MpocTeiilliee BhIpaKeHHe M YeTKUH (u3myec-
KMt cMbici, s NOJIHOrO ONMMCaHMA OUHAMHKH PEryJIATOpa clieayeT moGaBHTh
K YpaBHEHHIO MepeMellIeHHH YpaBHEHHE CBA3H IepeMelleHHil MOJBIKHBIX dac-
TeH ¢ IUIOIA/bIo POCCeNiA HCIIONTHUTENbHOTO OPraHa B BHJIE

AF, =Ky 082, 4,
e k03¢ GHIMEHT yCHIEHHS HCIIOTHUTENBHOTO OpraHa
Fnp  Zy omax

Ho .
Zy.0 an.max

K

B 3T0M ypaBHEHHH He CO/IEPXXMTICA NapaMeTPOB, YUHTBIBAIOLMX MacCy JAPOCCENs
H CHJI TPeHHA B 3IEMEHTaX YIUIOTHEHHH, TAK KaK OHH HIIH YYTeHbI B ypaBHEHHH
AMHAMHKH PeryJIATopa NpAMOro AeACTBHA WIH KOMIEHCHPOBAHbI B YCHITHTEJTh-
HOM YCTpOJCTBe.
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2.2.6. YCTPONCTBO U XAPAKTEPUCTHKH
T'A30BbIX PEIYKTOPOB

B ‘cHCTeMaX NUMTaHHWA [BATATENBHBIX YCTaHOBOK LMPOKO HMCIONb3YIOT aBTO-
MaTrHYecKHil perynaTop faBjieHHsA ra3a, 0ObMHO HMeHYeMblil ra30BbIM PeIyKTO-
poM. 3apaueil 3TOro arperara siBJiAeTcA MOAAEpXKaHHE MOCTOAHHOrO JaBJICHHA
ra3a WM IPOTpaMMHOrO ero H3MeHeHHA B MOJCHCTEeMax HaJayBa 0akoB WIH B
MOAICHCTEMaX YIpaBJIeHHs

o pexxumy paGoTsI pedyKTOpbl pa3AesiAIoT Ha [Be rpymisi. B mepByio rpyn-
MMy BXOHAT pacXopmHble peqyKTOpbl, pafoTalolllieé ¢ MOMEHTa BKIJIIOYEHMA MpH
[POTEKaHUM Yepe3 HHX OMpeHeNIeHHOro KOJIMYeCTBAa ra3a (IMTaHHE OCHOBHBIX
6akoB, muTaHHe rasoreHepaTopa C aBTOHOMHbIM paGOYMM TelloM TYpPOHHBI H
np.). Bo Bropyio rpymnmy BxopAr Ge3pacXoimbie pefyKTOphblI, KOTOpbie paGo-
Tal0T B MOACHCTEMAaX YNpaBjieHHA, He MMEIOILMX MMOCTOAHHOTO pacxoda (mMTa-
HHe arperaToB yINpaBJIeHHs, NPOTPaMMHbBIX H CTaOWIM3HPYIOIUMX PEryisATOpoB,
37IeKTPONHEBMOKIIANAHOB ¥ p.) .

I'a30BbI#t peqyKTOp OGBIYHO BBHINMOIHAIT MO CXeMeé aBTOMaTHYeCKOro pery-
JIATOpa NMPAMOro MeHCTBHA, Y KOTOPOro PeryiHpYIOLiHi OpraH HEMOCPENnCT-
BEHHO COEIMHEH C YYBCTBHTEIbHBIM 3IEMEHTOM, CPaBHHBAIOIIMM YCWIHE OT
[aBJIEHUA NOJa4YH C YCHIIHEM HaCTPOEUHOMH NPy >KHHBI.

PenyxTopb! pa3nuualoTcs Mexay COGOi IO THIy YyBCTBHTENBHbBIX 3JIeMeH-
TOB, KOTOpble MOTYT ObITb BBIIOJNHEHbI B BHIIe MeMOpaHb!, IUTyH)Xepa WIH CHIIb-
¢oHa. B coorBeTCTBHM C 3THM peqyKTOpbI Ha3bIBaIOT ~MeMOpaHHBIMK | “IUTyH-
KEePHbIMHA”’ WIH *’CHITb GOHHBIMH

Kax npaBwio, HCHONMHUTENbHbIA OpPraH pefyKTOpa KJIaliaH — BBIMOIMHAIT
He pasrpy>XeHHBIM OT CHI, BBI3bIBaéMBIX [JaBJIEHHEM I'a30B, BXOIALIMX H BBIXO-
oAumx u3 penykropa, [lo HanpasieHMIo IeACTBUA HeypaBHOBELIEHHOH CHIIBI OT
OaBJeHHA Ta3a Ha KJIaMaH pedyKTOpbl pa3fieNifioT Ha PpeAyKTOpbl ~MPAMOro” H
”obparHoro” xoma. B pemykTopax mpsAMoro xopa ras3 BBICOKOTO JaBJIEHHSA OT-
KPpBIBaeT KJianaH, a B pefyKropax o6paTHoro xona, Hao60poT, 3aKpbIBaer.

Ot HanpaBnennsa NBWKeHUA KIiaNaHa IO JEHCTBHEM CHI, BhI3bIBaeMBIX Bbl-

7.

rrIrr

Puc. 2,59, lprHuMnManbHbie CXeMbl Ta30BbIX PEAYKTOPOB:

@ — IUTyH)XepHBI PEeYKTOp MpsiMOro xofa; 6 — mMeM6paHHbI# pelyKTOp MPAMOTro XOMa;
6 - cwiboHHLI! pexykTop oGpaTHOro xoma; 2 — MeMGpaHHBLI! pefyKTOp OGpaTHOro
xona
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COKHM [aBJIecHHEM ra30B, OTpeNeNAeTCA XapaKTep H3MeHEeHHs BBIXOJHOTO [aB-
JIEHHA B 3aBHCHMMOCTH OT M3MeHEHHA HaBJIeHHs Ha BXOIe B pemyKTop (CTaTH-
YecKas XapaKTepHCTHKa) .Y peflyKTOpOB MpAMOIo XOJia C maJieHHeM [aBIIeHUA
Ha BXOJ€E BbIXOJHOE [aBJicHHE NafiaeT, a y peAyKTOpOB OOpaTHOro Xofa BO3-
pacraer.

Ilo cooGpaxenusM HamexxHocTH B XPIY npenMy1ecTBeHHO NMPHMEHAIOT
pemyKTOpbl o6paTHOro xoma. B ciyyae moIOMKHM MOTONHMTENIBHOM MPYXKHHBI
B pemykrope oGpaTHOro Xopa KijlamaH 3aKpbIBaeICs, a B pedyKTope HpsAMOro
Xofa MONHOCThI0 oTKpbiBaerca, IlocnemHee 0GCTOATENCTBO MOXET IPUBECTH
K pa3pbIBY CTeHOK 06akoB H3-3a Gombloro 3abpoca maBiieHHs .

Pa3fMuHble NPHHIMIMATbHbIE CXEMBI ra30BbIX PEAYKTOPOB MOKa3aHbl Ha
puc. 2.59.

Ha puc. 2.60 moxa3aHa KOHCTPyKTHBHasA CXeMa PacXOJHOrO rasoBOro pe-
nykTopa. Cxarblii ra3 U3 akKyMyJIATOpa IOCTymaeT Yepe3 BXOomHoi wryuep 10
H DpOBONIOYHEIH GWILTP 9 B 3a30p, 06pa3yeMsliit MeXXIy pedylHMPYIOILIHM KIIama-
HOM 7 H ero cemioM 8. ITOT 3a30p MOCIIE MOCTYIUIEHHsI I'a3a BBICOKOrO JaBJieHUsA
ompenenserca GalaHCOM CHJI, JeHCTBYIOLIMX Ha MOMBIKHYIO YacTh peXyKIopa:
KnanaH 7 co LUTOKOM, )KeCTKHe LeHTpaibHble 3JIEMEHThI OCHOBHOM MeMOpaHbI
12 n xoMneHcalMoHHO# MeMOpaHs! 5. OCHOBHO# BKJIaf B 3TOT GalaHC CHJ1 BHO-
CHT CHJIa IPefBApUTEIIbHOM 3aTSXKKH HacTpPOeYHo# mpyxmHei 13, B 3aBucuMocTi
OT 3TOi CHIbl YCTaHaBJIMBAaeTCA ONpeNeNicHHas BEJIMYHMHA 3a30pa MEeXTy Kilama-
HOM H CemjIoM, NMpPOXOJA Yepe3 KOTOPbIi ra3 BBICOKOTO JABJICHWA, p3aIM3ys
npouecc riyGoOKOro mpocceIMpoBaHMsA, MOHW)KaeT CBOE [aBJIEHHE M uepe3 BbI-
XopHo# wrynep 3 mopaerca Ha Hagmys GaxoB. Ilo Mepe u3pacxomoBaHusa rasa
H3 aKKyMYJIATOPOB [iaBlleHHe ero manaer. IIpn 3ToM 3a30p Mexay pemylmpyio-
MM KJIaNaHOM M CeJIOM YBeNH4YMBaeIcs TaK, UYTO [JaBJieHHE 32 PeXyKTOpOM
ocTaercsi MOCTOAHHbIM, OIHaKO IPH 3TOM KaXIoe HOBOE NepeMelleHHe pemy-
IMpYIOLIEr0 KilalMaHa OT HMCXOIHOTO IOJIOXKEHHA YMEHbLIAET CHIy NEHCTBHA
HacTpoeyHo# MpyXMHbI 13, 4TO BHOCHT CTaTHYeCKY10 oumOKy IO JaBJIeHHIO Ha
BbIXOfe M3 pemyKropa. JUiA yMeHbLIEHHs 3TOi OIMGKH YBETHUMBAIOT ITHHY
HAacTPOEUHOH MpYXXMHBI, a MONHBIA XOf KJlallaHa OTPaHHUMBAIOT HpeneiaMH
1 — 1,5 mm. HeoGxomumelii mpH 3TOM pacxof ra3a 06eCeuMBaloT MONEPeYHbIMH
pa3MepaMH KilallaHa M cemla. YMeHbIIEHHI0 CTaTHIECKON OLMOGKH IpH nozep-
XaHHH 33[JaHHOrO JaBJIEHHA CHOCOBCTBYET Takke MPHMMeHeHHe KOMIIEHCAIMOH-
HO#t MeMGpaHbI 5, KOTOpast Har pyXeHa Pa3HOCTBIO IaBJIEHHI Ha BXOJIe H BbIXOIe
M3 peyKTOpa.

Hacrpoiika pemykTopa MpOM3BOAMTCA Ha CIIEUMAILHOM CTEHJIE ¢ MOMOLIBIO
BHHTa 15 no o6pa3oBoMy MaHOMeTpY, NOMICOEMHAEMOMY K PEyKTIOpY uepe3
BeHTWTb 4. [locne HacTpo#ikH uMcXO[mHOE  MOJIOXKeHHe BHHTAa 15 HafieXHO 3aKOH-
TPMBaeTCA raikoi M oTruOHO# wmanGoii 14. IIpu BKIIIOYeHHH pemyKTOpa 3a30p”
MeXMy KIamaHoM M cemioM 6yneT MaKCHMaTbHBIM, M IPH MalbIX o6beMax
ra3oBoi mogymkH B Gake C TOILTHBOM BO3MOXHbI 3a6pochl gasnennit. Insa ux
NpeNoOTBpalieHHs pelyKTop 06OpymoBaH NpeNOXPaHWTENbHBIM KJIalaHOM 2,
NpyXHHa 1 KOTOpOro HaCTpaMBaeTCs Ha cpaGaThiBaHMe MOCHIE[HEro IOCHIE Mpe-
BBILLEHHs JOITyCKaeMOro JaBJICHUSA,
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JnsA npemoTBpalLieHHs MEpeKOCOB MOMABYDKHOM YaCTH OTHOCHTENILHO Ha-
MpPaBIAOLMX NOBEPXHOCTeH Ha LITOKe KJlanaHa 7 MpeayCMOTpeH IapoBOii 1Iap-
Hup 11 ¢ mwrocko#t maToi. s u3GekaHHA MEeXaHHYECKOTo pa3pbiBa IIATOYHOTO
KOHTaKTa B peQyKTOpe YCTaHOBJIEHa JIOTIONIHUTENbHAA NpyXuHa 6. Ha BepxHioio
YacTh KOpIyca pegyKTOpa HaleBaeTcA YeXOJI C INEeKTPUIECKHM T0IorpeBaTelieM
(ua puc. 2.60 He moxa3aH) .

Ha puc. 2.61 noxka3aHa NpUHUMIMAIBHAA cXeMa Ge3pacXOIHOro KOMaH[I-
HOTO pemyKTOpa. ITOT peAyKTOp NpelHasHaueH A HaoyBa ra3oM 3aMKHY-
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Puc. 2.60. KOHCTpyKTHBHas cXeMa PaCXOHOro peAyKropa:

1 — OpyXHHa NpeJOXPaHMTENBHOrO KiallaHa;, 2 — NpeXOXPaHMTENbHBIN KiamaH; 3 — BbI-
XOmHO# WTyuep; 4 — 3aNOpHbIN BEHTWIL KOHTPOJNBHOIO MaHOMETPa HaCTPOHKH; 5 — KOM-
neHcauMoHHass MeMOpaHa; 6 — HONMONMHMTeNIbHasi NMPYXXMHa; 7 — pedyUMpYIOLMI KilamaH;
8 — cemo penyuMpypoLLIero KuamaHa; 9 — ¢pwistp; 10 — BXomHo# wryuep; 11 — mapHup;
12 — ocHoBHasn Mem6paHa; 13 — HacTpoeuHas MpyxHHa; 14 — KOHTPOBOYHOE YCTPOHCTBO;
15 — HacTpoeuHBI# BHHT
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Puc. 261, NpuuunnuanbHan cxema Ge3pacXoAHOro
KOMaH/THOTO pPeRyKTopa:

1 — monocTb BLICOKOTO AaBlleHHsi; 2 — PemyLMpylo-
IWMHA KianaH; 3 — MOJIOCTH KOMaHOHOTO NABJIEHHSA;
4 — cwbdoH; 5 — cTpaBIMBalOUMM KinamaH; 6 —
NpYXHHa CTPaBIIMBAIOILIETO KianaHa; 7 — HacTpoey-
Had MpyXuHa; 8 — HacTPOeUHBbINt BUHT; 9 — ApeHax-
Has nonoctb; 10 — cemIo CTpaBiIMBaKOlIero KJjana-
Ha; 11 — urrok; 12 — cem1o peAyUMpYOLIETro Kilana-
Ha; 13 — npyXHHa pelyuMpyoLiero KjianaHa

THIX KOMaHAHBIX MOJIOCTeH PpeErynAaTopoB H
MOAEepXKaHUA B HUX MOCTOSHHOrO [aBJICHHA B
peXxkume CTabWIM3alMH MapaMeTpoB arperaroB
IOV wmHM #X H3MeHeHMM INpH YIPaBJiCHHH
PexXHMOM paboThl.

B ornHuMe OT pacxomHOTo peayKTopa
GesapacxomHbpii HMMeeT OBa KJlallaHa: peqylH-
pylowmi 2 M CTPaBIMBAOLMA S5 KJIamaHbl,
COe[lMHeHHbIe IMOCNIeN0BaTeJIbHO OpPYT ¢ ApY-
roM mrrokoM 11,

Iinsa mopaun B perynATop KOMaHOHOIO AaBJIEHHA ero HacTpOeUHasA Npy>KHHa
7 pemyKTOpa 3aTATHBaeTCA Ha HYXXHYIO BEJIHUMHY YTJIOBHIM HOBOPOTOM HAacCT-
poeuroro BHHTa 8. C)KMMascCh NIPH 3TOM, HaCTpOeYHaA MPYXMHA 7 Yepe3 KecTKoe
mHHLIe ciwibGoHa 4 mpwkuMaeT cemio 10 k cTpaBnMBallLEeMy KJIallaHy 5 M Yepe3
wrrok 11 oTkpeiBaer pemyuMpyrouii kinamaH 2, Yepes o6pasoBaBumiics 3a30p
MeXTy KJIalaHoM 2 M ero HeNOABIDKHBIM CejIoM 12 ra3 M3 MOJIOCTH BBICOKOTO
HapJieHHs 1 MOCTYmaeT B MOJNIOCTh KOMaHOHOTO IaBjIeHHA 3 M yepe3 Hee — B pery-
narop. B 3aMkHyTo#t KOMaHIHO# NMOJIOCTH PeryJiATOpa HaBJIeHHe ra3a HauMHaer
NOBbILIATECA, OTHOBPeMEHHO MOBBILIAETCA JaBJieHHE ra3a U B NMOJIOCTH KOMaH-
HOTO faBieHus 3 pemyKTopa. IloBbIIeHHE KOMaHIHOTO NABJIEHHMA IIPH OTKPHI-
TOM pelylMpyLleM KilanaHe 2 MPUBOAMT K MEepeMeIleHHI0 XeCTKOTo MHHINA
cibdoHa 4 ¥ ClefOBaHHMIO 3a 3THM [ABIKEHHeM KJlamaHa 2 nof JeHCTBHEM Ipy-
xuHb! 13, Bes nofBiDKHaA CHCTEMa OCTaHOBHTCA, KOT/Aa Pey TMpYIOLHil KJIalaH
2 caper Ha cBoe cemio 12. Ilpu 3roM B monocT 3 pemykTopa (M B peryiarope)
YCTaHOBHICA MaBJieHHE, COOTBETCTBYIOIlEE YPaBHOBELUIEHHOMY IpPYXHHOH 7
Hanancy cun Ha cwibdonHoM yane, Ecnu B pe3ynbTare ieficTBUA peryJiaTopa B
€ro KOMaH/IHO#H MOJIOCTH [aBJieHHE IIOBBILIAETCA, TO OHO MOBBILIAETCA U B MO-
70cTH 3 pemyKTOopa. 3T0 NPHBOIMT K MepeMellieHHIO XeCTKOro HHIIA CHbdo-
Ha 4 ¥ K NOABJIEHHIO 3a30pa Mexcly cemioM 10 M KJ1anaHOM 5, Tak KaK KJIamaH 5
NpWKaT cBOEH MpyXMHOH 6 K wWToKy 11, KOTOpBIA yNMpaeTcs B 3aKpbIThlil
KilamaH 2, a ceylo CTPaBIIMBaOLIero kianaHa 10 gBIDKeTCA BMeECTe C XKeCTKHM
muumem cwbdona 4, Yepes oGpasoBaBumiics 3a30p KOMaHIHBIH ra3 cOpachl-
BaeTcA M3 NOJNIOCTH 3 B ApeHaXHYI0 HOJNOCTb 9, a H3 Hée — 3a Goprt JIA, 3a3op
MEX/y CTPaBIHBAIOLMM KJIaNaHOM H €ro CeJIOM Hcue3aeT, KOria HaBJICHHE B
KOMaH/THO# TOJIOCTH PeAyKTopa yMeHbIaeTcs [0 YPOBHsA HacTpoiiku, Ecnu B
pe3yJbTaTe NEHCTBHA PerynsaTopa B ero KOMaHOHOH MOJIOCTH AaBjieHHE ITOHH-
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’KaercA, TO OHO IIOHHXKAeICsA H B NMONOCTH 3 peAyKTopa. ITo MPUBOOMT K MEpe-
MeIIEeHHIO JKeCTKOro JHHINa Cwib(oHa 4 NOJ KeiCTBHEM IPY>KMHbI 7 H K NMOsBIIE-
HHIO 3330pa MeXMy HEMmOABIKHBIM CelyIoM 12 H pedyLMpYIOLMM KJIaaHOM 2.
IMocrymienne rasa U3 MONOCTH BBICOKOTO HaBJIEHHA 1 B MOJOCTb 3 yepe3 3TOT
3a30p BOCCTaHOBMT HaCTPOEYHbIH YpOBeHb KOMaHIOHOIO HABJIEHHA, a KJamaH 2
6ymer mprkar k cemry 12, Tax, B pe3ynbTaTe nonepeMeHHOro OTKpPHITHSA CTpPaB-
JIMBAIOIIIErO WIM peSyLHMpYIOlero KianaHoB Oymer o6ecriedeHo NOCTOAHHOE [aB-
JleHHe KOMaHIHOTo Bo3[yXa B perynsrope. IIpu HensMeHsIomeMcA NaBIeHHH B
3aMKHYTO#H NOJIOCTH perynsAropa oba KjlanmaHa KOMaHIHOro peoykKTopa OymyT
3axpeIThl, [jIsi repMeTH3alMH KIJIaMaHOB MX paGouHe MOBEpXHOCTH BBINOJHAOT
H3 MATKOTO IUTaCTHYHOrO MaTepHaia,

PexxuM ymnpaBiieHMsa mapaMerpamu arperatoB IIY oGecreuuBaeTcs MOBOPO-
TOM HaCTPOeYHOro BHHTa 8, B pe3ynbTaTe 4ero MpOHCXOTHUT H3MeHeHHe KOMaHI-
HOTO JaBJieHHd rasa,

CraTHyecKHe XapaKTepHCTHKH ra3oBBIX penykTopoB, CTaTMueckoi Xapak-
TEPHCTHKOH ra3oBOro pedyKTopa KaK 31€MeHTa CHCTeMbl aBTOMaTHYECKOIro
YTpPaBJIeHHsI HA3bIBAETCs 3aBUCUMOCTD BHIXO[JHOM BelIMUMHBI ([IaBIICHHE [OAAYH)
OT BXOHOH (HmaBieHMe B aKKyMynATope). B kauecTBe BXOMHBIX MapamMeTpoB
MOTYT GBITh TaK)e PacCMOTPeHbI BHELIHHE BO3MyINAlOLMe BO3[EHCTBHA: pac-
XOJI ra3a, ero TeMIepaTypa, [aBlieHHe OKpyXKalommeil cpempl, yckopenue JIA u
npoure GaKTophI.

B cBa3u ¢ TeM, 4To BpeMsA pabGoThI ABMTaTelIbHOH YCTaHOBKH JOBOJILHO 3Ha-
unrensHo (30 — 100 ¢), a peAyKTOp MO CBOEi KOHCTPYKIMH ABNsAETCA GbICTPO-
HeHCTBYIOLIMM aBTOMAaTHYECKHM pETYIATOPOM IIPAMOro HAEHCTBHA, TO B GOb-
LIMHCTBE CJyYaeB MOXHO CYHTaTb, YTO NPH HOPMalbHOH paboTe NOABHXHaA
CHCTeMa pe[lyKTOpa yCIeBaeT 3aHATb Ha KOXHAOM peXHMe PaBHOBECHOE MOJIOXKe-
HHe, [TosToMy cTaTHYecKyI0 XapaKTepHCTHKY pedyKTOpa MOXHO CUMTaTh Xapak-
TEPHUCTHKOH YCTaHOBUBIIMXCS PEXHMMOB paGOThl H CTPOMTH ee HCXOns U3 OarnaH-
ca TOJIBKO BHEWHWX CHJI, HEeHCTBYIOIMX Ha MOOBHXHYI0 cucTeMy. Hemuneiinoi
3HaKOIepeMEHHOH CWIOH TPEHHS MIOKOA IPH COCTAaBJIeHHH GailaHca CHJT HaMepeH-
HO NMpeHeOperaem.

Ilpn nopcuere cwn, HEACTBYIOLIMX Ha 3JIEMEHTHI IOOBW)KHOHK CHCTEMBI, Oy-
OeM CYMTaTh, YTO HaBJIEHHEe ra3a H3MEHAEICA TONbKO B CaMOM y3KOM CeYeHHH
KJlaMaHa M YTO B pacyeT npuHuMaercs 3¢ddekTHBHaa miomamp MeMOpaHbl

Fy4 3¢, KOTOpas B MPOCTEHIIIEM Cllydae MOXeT GbITb ONpe/esNieHa H3 BbIpaKeHHUsA
D,y D, ,
Fiuog =033F,[1+ — + (—=)], (2.10)
M M

roe F,, — reoMerpuueckas IUIOWamp MeMOpaHbl; D; — IMaMeTp KeCTKOro
ueHTpa MeMOpanbl; D, — Hapy>XHbli AnaMeTp MeMGpaHbl,

Cxema MeMGpaHHOT 0 pemykTopa oGpaTHOro Xona nmpHBeneHa Ha puc. 2.62,a.
Bananc cwi, medCTBYIOLMX Ha €ro MOABMKHYIO CHCTEMY, €CTH CYMTaTb CHIIBI,
HEpe[BHTAIOLINEe CHCTEMy B CTOPOHY OTKDBITHA KJIallaHa, MOJIOXKHMTENbHbIMH,
Gyner cnemyioumm:
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cl(laaT.x - z,-)+ pann +p0FM.3(b =

=ca(lygr, * z)) + Pyxif'kn +prrFM.3d)‘

3pech ¢; — XeCTKOCTh MPYXHHbI MeMOpaHbl; Z; — BbICOTa MOMbeMa KJlamaHa B
060 MOMEHT BPEMEHH; C; — XECTKOCTb MPYXHHbI KJamaHa; ly,p  Mly, 5 —
HavalbHasA 3aTsDKKa MPYXWH, KOTOpas OMpeesiAeTca HacCTPOHKOH peyKTopa Ha
3a/laHHOe [aBJIeHHe ITOf1auy NPH HaYambHOM JIaBJIeHHH B aKKYMYJATOpE H 3a/laH-
HOM pacXofie Ta3a; p, — AaBJICHHE ra30B Ha BbIXOJE H3 PellyKTopa (ZaBJieHHe
nofaun); F,, — IUIOWAmp KianaHa, Ha KOTOPYI0 MEHCTBYeT [aBjieHHE ra3a;
Po — HaBlieHHE OKpY>Kalollled CPefibl; P, ; — HABJIEHHE ra30B Ha BXOME B pelyK-
TOp (B ra30BOM aKKYMyJiATOpe) B 06O MOMEHT BpeMeHH.

[IpyxuHa kinanaHa Heo6Xoa¥Ma ISl CHIIOBOT'O 3aMBIKaHHsA NMOIBHXXHOH CHC-
TeMbl, TAK KaK IUTOK KJIallaHa B PacCMaTpPHBaeMOil KOHCTPYKUMH He )XXeCTKO
3aKpeIuieH ¢ MeMOpaHoii,

W3 GanaHca cw1 HaxoMM [aBJIeHHE Ha BbIXOJE U3 pelyKTOpa:
C1lygr s — C2laar.y —Zi(€1 * €2) — PayiFyen + PoFy 5

by = .
FM.an —Fyn

YnoGHee mpoBeCTH aHalIH3 3TOH 3aBHCHMOCTH, 3alHCaB €€ B BHIE CyMMBI
COCTaBJIAIONINX JIaBJICHUMH:

_ c1lyagy — €2l3,5p2 ¢+ Cy

Pu =% F “hg F. .

M.3¢p T T kn m.a3dp ~ T kn

F F
K m.3d

_paxi +po . (2.11)

F F F F

mMmad ~ Tkn ma3d T Tkn

BBeneM ycnoBHbie 0603HaueHHA claraeMsix cymmsl (2.11):
py=1 — II—II+IV.

U3 mocnenmeit 3amMcH BHAHO, YTO
NEPBBbIA U YeTBEPTbIH WIEHBI CYyMMBI He
HU3MEHATCA BO BpeMs paboTbl pemyk-
Topa, B TO BpeMs KaK BTOpOii 3aBucur  J&

Z1P
Y

7.
(=15

OT BBICOTbI MOIbEMa KJIANaHa, a Tpe- NS RN

THA — OT [aBjleHMA Ha BXOfie B pe- § N || §

AYKTOp. \ =/
3aKOH H3MEHEHMA BTOPOro H S N 2 N

)

BASSYEBNNNS

Prc, 2,62, Paciernan cxema rasoBoro pe- »
RYKTOpa:
PEAYKTOp Ge3 KOMIIEHCHPYIOLUEro ycTpofi-

ctBa (@) ¥ C KOMMEHCHUPYIOIMM YCTpOM-
crBom (6) . 4 .

WA\ 8 NNy s

N



TPeTbero WIieHOB ciaraeMeix cymmsl (2.11) Bo Bpemsa paGorbl pemyKropa
pasnuueH. B Havae paGoTbl Bropoil WieH Mall M3-33 He3HAUMTENIBHOH BBICOTHI
nmogbeMa KJlallaHa, a TPEeTHH BEJIMK H3-3a BHICOKOTO [AaBJIEHUA B aKKYMYJIATOPE,
Bo Bpems pabGorsl BTOpO#t wieH Gyner BO3pacTaTh, a TPETHH — YMEHBILATBCA,
Tak xak oHM 06a BBMMHMTAIOTCA M3 IOCTOSHHOH BEJIMYMHBI, TO IO HEKOTOPOi
CTeleHH MOTyT B3aMMHO KOMIIEHCHpOBaTheA, JleficTBHTeNbHO, ecii A Jno6oro
MoMeHTa paboTb GyHeT BLINOIHATLCA PaBEHCTBO

F

cy + e KT

Zj

+ Daxi = const . (2.12)

FM.a(b_Fkn FM.a(b_Fkn
TO JiaBJIeHHe Ha BbIXOZe H3 pellyKTopa Oyner ocTaBaTbCsl MOCTOSHHBIM.

B KOHCTpYKIMAX PelXyKTOPOB, IPHMEHAEMBIX B CHCTeMaX IHTaHHUA, BbINOJI-
HHTh 3TO YCJIOBHE Ha BCeM [Mana3oHe H3MEHEHHs HaBJICHMS Ha BXOME 3aTpyn-
HHUTEIBHO

Ecnu pepyxTop paboraer B GespacxomHoii cHCTeMe, TO 3TO 3HAYMT, 4TO KJla-
MaH Bceraa Kacaercs cemia, T.e, z; = 0. s sroro cnydas u3 (2.11) nomyvaem

F

P = €1l3ar,y ~ €2lzar.2 . K1 N
oo ~ Faki
FM.acp'Fxn FM.scp"FKn
F
+Do M0 , wm pp =111+ IV,
FM.acb - Fyn

U3 3tOro BBIpaXKeHMA BHIHO, YTO [aBJIEHMe Ha BbIXOMe M3 Ge3pacXomHOro pe-
OYKTOpa OCTaBaTbCA HOCTOAHHBIM He MoxeT. OHO GyHeT yBeIHUMBaTbCH IO
Mepe nafieHus NaBJieHHA B aKKyMYJIATOpe.

I'padpmueckH XapaKTepHCTHKY ra30BOro pemykTopa p; = f(Pyy) MoxaO
NPENCTaBHTb KaK CyMMY COCTAaBJIAIOLMX ee JaBJIEHMil COTJIaCHO BBIPaXEHHIO
(2.11). Ha puc. 2.63, a mpuBeneH rpadHK, Ha KOTOPOM OTJIOKEHBI MOC/Ie/I0Ba-
TEJILHO OT/ENbHbIE WIEHBI CYMMbI COCTAaBJIAIOMX JIABJICHHH P B 3aBHCHMOCTH
OT [IABJICHHSA Dy, 1A Cllydas paGoTbl pemyxTopa Ge3 pacxofia rasa. Bummo, uro
HaBJIeHHe Ha BBIXOJie U3 pedyKTopa B paGoueM AMana3oHe H3IMEHEHHA [aBJIEHHA
B aKKyMynaTope Bo3pacTaer. C MOMeHTa paBeHCTBa HaB/IeHMi Ha BXo[e H Ha
BBIXOfie XapaKTEPHCTHKA Pe3KO Najaer.

Ecmu pemyxTop paGoraer ¢ pacXofoM rasa uepe3 KJIanaH, TO BHICOTa MOMTbe-
Ma KJanaHa No Mepe pacXofa rasa M3 Ga/UIOHa yBeJIMUMBaeTCsA, YTO OJHOBpe-
MEHHO MPHBOAMT K H3MEHEHHIO CHIBI 3aTAKKH MPYXKHMH, a 3HaUMT, H K H3Me-
HEHHIO [1aBJIeHHs Ha BbIXOJe. XapaKTepHCTHKa TaKOTro pelyKTopa IIpUBeeHa Ha
pHc. 2.63,6.

BcrnencTBre Toro, 4To AaBNeHHe B aKKYMYNIATOpe H3MEHAETCA 3HAUMTEIIHO
(B 5 — 10 pa3s), a momyck Ha OTKJIOHEHHE [aBJICHHA NMOAAYH OT HOMHHABHOIO
3HaYCHHsS HEBEJMK, TO pedYKTOp TaKO# MPOCTOH KOHCTPYKIHH He BCErja MoXeT
YOOBJIETBOPHTb TPeOOBaHHAM TOYHOCTH MOMAHEPXKAHMA BBIXOJHOTO IaBJICHHA.
Orciofia BO3HHKaeT Heo6XOAMMOCTb BBENEHHA HONOHHUTEIBHBIX YCTPOHCTB A
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5 Puc. 2.63. Crarudeckse XapaKTepHCTHKH
Ta30BBIX PellyKTOPOB:
By a — npH paGore 6e3 pacxopa rasa; 6 — npu
Prw SUIN pabore ¢ pacxomom rasa 6e3 KoMmeHCH-
py©oluero ycrpoiictea; 6 — mpu paGore
A C pacXOOM Ta3a C KOMIEHCHPYIOLUMM
4 YCTPOKCTBOM
Pax.xon Pax.nay Pax TP
8

yTydllleHMs XapaKTepHCTHK pemykTopa., OIHHM H3 TaKMX yCTPOMCTB SIBJIAETCA
HONOTHHTeNbHAasA KOMIeHCUpYIomasa MeMGpaHa,

Cxema MeMOpaHHOro peflyKTopa, B KOHCTPYKIHIO KOTOPOTO BHECEHO KOM-
HEHCHpYIoLlee yCTPOHCTBO, MIOKa3aHa Ha pHC. 2.62, 6. 3TO yCTPOHACTBO COCTOMT
H3 BTOpO#t MeMOpaHbl, OTAENAILIEH BTOPYI0 KaMepy HH3KOTO [aBJIeHHA OT Ka-
Mepbl BbICOKOro AaBieHHs. Kak nmokasaHo Ha cxeme, ra3 M3 mepBO#i Kamepbl
HH3KOro JaBJieHHs MONafaeT BO BTOPYI0 KaMepy IO KaHally MaJloro CedeHHs B
IITOKeE KJIallaHa,

CocraBMM GanaHC Cwi, IEHCTBYIOIMX Ha MOABWKHYIO CHCTEMY pemyKIOpa
¢ KOMIIeHCHpYyo1ei MeMOpaHoii:

c1(aar.y —2) + PpFyn + PoFyy * PayiFuz =
=Clar, + 2) * PaxiFycn * Pufuy * PpFya-
OTCIona HaXoouM BEJIMUMHY OaBJICHHsA Ha BBIXOME H3 penyKropa:

Cilyary = C2laaps — Zj(€1* €2) = Payi(Fyy — Figa) + PofF iy,

Pp=
Fyi1* Fya = Fyn

IIpencraBHB 3TO BbhIp2XKEHHE B BHAE PAfa CIIaraeMbIX, MOTYUHM

cilyary — €2l3a12 c1+ ¢y
Py = -z -
FM1+FM2-FKII FM1+FM2_FKII
Fxn‘sz FM]
TP T TP _r
M1 M2 ~ Tkn M1 M2 ~ Tkn

wmp, =111+ IV,

179



U3 310i1 CyMMBI BHIOHO, YTO MEPBBIA H YETBEPTbIi WIEHbI MOCTOAHHBI U HO 3aBH-
CAT OT YCJIOBHil paGoThl peqyKTOpa. BTOpOii WieH 3aBHCHUT OT BEJIMYMHBI MTOJbE-
Ma KJlanaHa, a TPeTHi — OT [BYX BEJIHYMH: IaBJICHHA ra3a Ha BXO/€ B PEMyKTOp
M Pa3sHOCTH IUIOLajeii KilamaHa M 3¢ ¢eKTHBHOM IUIOIAaAM BTOpPOil MeMOpaHbi.
IlostoMy BenHMuMHa TPETbEro CJIaraéMoro MOXET JIEFKO M3MEHATbCA MO Xefla-
HHIO KOHCTPYKTOpa. |

IInowamp BTOpO# MeMOpaHbl BbIGHPAIOT HCXOASA M3 CledyIOIMX coobpaxe-
Huii. ITockonbKky 3aKkOH M3MeHeHHs BEIIHYMH BTOPOrO M TPEThEro WIEHOB pa3-
HBIi, TO MOJIYYHTb MX CyMMY NOCTOAHHO} B COOTBETCTBHH C BhIpakeHHeM (2.12)
Ha BCEM JHana3oHE JaBJIEHHH Ha BXoJe B PedyKTOP He Npe[CTaBJIsAeTCA BO3MOX-
HbiM. Ho 3amaBinich paBeHCTBOM [1aBIEHMA Ha BBIXOJE M3 PERYKTOPa Wis ABYX
mi06bIX TOYEK XapaKTEPUCTHKH (OOGBIYHO 3TO [ENaloT I Havyalla M KOHIa paGo-
Tl [IBMTATeJIbHOH YCTaHOBKH, T.€. Py yay = Py xon)» MOXHO MOMYYHTb COOT-
HOLLIEHHE

Zyau (€1 + €2) + Py wau Fyen = Fyp) = Zgou (€1 + €2) +
+ pax.kon(Fxn 'Fmg),

M3 KOTOPOTO JIErKO ONpefeNHTh He0GX0MMMBIit pasMep BTOPOit MeMOpaHbI:

Fy, =Fyn - (c1tc2).

M2 KI
Pak nau — Pak .koH

B artom ciyuae, kak ¥ i OCHOBHOH MeM6paHbl, miowam F, , asnsercs ad-
¢deKTHBHON, a ee reoOMEeTpPHUECKMH pa3Mep PacCUMTHIBAETCH B COOTBETCTBHH C
BoipaxeHueMm (2.10).

XapakTepHCTHKa PeOyKTOpa B 3TOM cCilyyae OyleT Takoif, Kak MOKa3aHO Ha
puc. 2,63, 6. Hebombume OTKIOHEHMs HaBJIEHMA Ha BbIXO[e PERYKTOpa OT
HOMHHAIILHOT'O JOITyCKAIOTCsI, €CJIM OHH YKJIaIbiBalOTCA B MOJIE IOMYCKa.

B 06nacT ManbiX JaBIIEHMit Ha BXOAE B PENYKTOP (P, ; <Py) AaBieHue
Ha BbIXOJle NOMANEPXMBATbCA MOCTOSAHHBIM He GyleT M XapakTepHCTHKa Oyner
Pe3KO MajaroIlei.

AHaJIOTHYHO MOXHO NOCTPOHMTh XapaKTepPUCTHKY M IIfA IDTYH)XXEPHOTO pe-
OyKTOpa ¢c KOMIIEHCalMel, CXxeMa KOTOpOro npuBefieHa Ha pHc. 2.59,a.

Tomp3ysich M3NMOXXEHHONH METOOMKON, MOXHO IMOCTPOHTb CTAaTHYECKHE Xa-
PAKTEPHCTHKHM DEyKTOpa Hjis cllydas paGoThi ero 6e3 pacxoma rasa gepes
KJIalaH H 1A cllyyas, KOrja Yepe3 KianaH Bo BpeMsa paboThl pegyKTopa npore-
KaeT ra3, NOCTynamowuii B GakH 11 BHITECHEHUA KOMIIOHEHTOB TOIUTHBA.

Iins mopTBepXKAEHHA PacYeTHbIX AAHHBIX TPOBOMMICA IKCIEPHMEHTAIIbHOE
CHATHE CTaTHYECKHX XapaKTePUCTHK pPeQyKTOpa Ha CIELMalIbHOH YCTaHOBKE,
MO3BOJIAIOIIEH M3MEHATh PacXofbl ra3a M IOJOTPeBaTh WIH OXJIaXMOaTh ras,
MOCTyNaloMiA B pemykTop. CHATHE XapaKTePHCTHK IIPH Pa3fIMUHBIX pacxofax
H DPa3IMYHOM TeMIepaType ra3a NMO3BOJIAET MPOBEPHTh 3KCIUTyaTaLMOHHbIE Ka-
YecTBa pesyKTopa.

JluHaMHYecKHe XapaKTepPHCTHKH penykTopa. JIlHHaMMuecKHe XapaKTepUCTH-
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KH peflyKTOpa MpeJyCMaTpUBAIOT M3yuyeHHe XapaKTepa U3MEHEHHA BO BpeMEHH
QABJIEHHA MOMJAYM M [aBJIEHHA Ha BXOJE B PelyKTOp Ha HeyCTaHOBMBILMXCA IPO-
Leccax IpH BKITIOYEHHWM M BBHIKJTIOYEHHH [BHMIaTEJIbHOM YCTAHOBKH H IIPH II€pEBO-
Oe OBMrarens ¢ pexkuma Ha pexxuM. IToCKoNbKY ra3oBbiil peQyKTOp ABIAETCA
ABTOMAaTHYECKUM peryisaTopoM, paboTaloinmM B COCTaBe ABHT aTeIbHOMN yCTaHOB-
KH, TO M3MeHEeHMe [aBJICHHH Ha BXO[E M BbIXO[E pedyKTopa clemyer MCKaTb
KaK pe3y/bTaT JHHAMHYECKOro B3aMMO/ICHCTBHA PerynaTopa c o6beKTOM pery-
JIHPOBaHHA

B moymHoit mocTaHOBKe MIA HECTAUMOHAPHBIX MPOLECCOB aHATMTHYECKOE
pelleHHe TaKOH 3a/iay¥ NpeHCTaBiiAeT 3HAUMTENIbHbIE TPYAHOCTH, TaK KaK OHa
OIMCBHIBAETCA CHUCTEMOil HeJIMHEHHbIX b epeHIMaIbHBIX yPaBHEHHA BHICOKHX
NOPAOKOB, peliaeMOil TOJILKO YMCIIeHHbIMH cnocoGamu [21]. HauGonee Hamex-
HBIM IyTéM H3y4YeHHA NHHAMHYECKHX XapaKTEepPHUCTHK ABNAETCA IKCIEPHMEHT,
B Ipoliecce KOTOPOro MaJIOWHEPUMOHHbIMH JAaTYAKaMH 3aNMCBHIBAIOTCA MO Bpe-
MEHH He0OXOMMble BEJTHYHHBI,

OmHaxo mpeBapUTEIIbHO ClledyeT pacCMOTpeTbh PU3HYECKYI0 KapTUHY JHHa-
MHYECKHX MPOILECCOB, Ha OCHOBE KOTOPOX MOXXHO IIPaBHIILHO OLIEHUTH OILITHbIE
pe3ynbTaThl ¥ UMETb BO3MOXHOCTh BJIMATH Ha HUX B HY>KHOM HaIpaBJIEHHH ITy-
TeM M3MeHEHHs KOHCTPYKIHMH OTAENIbHBIX JIEMEHTOB PeIyKTOpa.

3anyck OBMTaTeNIbHOM YCTaHOBKH BCErfia MPOM3BOIMICA C IOMOLIBIO PEMyK-
TOpa, 3apaHee OTPEryJIMpOBaHHOTO Ha OMpedeNeHHOe JaBjleHHe NMoAauu, ITO 3Ha-
YMT, 4TO [0 NMyCKAa ra3sa M3 aKKyMyJIATOpa KIamaH pemyKTOpa MONHOCTbIO OT-
KpbIT. B MOMEHT OTKpHITHA IyCKOBOrO KJlalaHa ra3s Iof, GONbLIMM [aBJICHHEM
NOCTyTIaeT yepe3 NOJHOCTbI0 OTKPHITYI0 Iieb KJIaNaHa B KaMepy HH3KOro
OABJIEHHA M Jayibllie B CHCTEMY NMTaHHA ABHraTels.

BcnectBHe TOro, UTO pemyKTOp ABIAETCA PETYIATOPOM NPAMOroO [IEHCT-
BHMA, YCWIME [JIA NEpedBHXEHHMA KIIAMaHa CO3[AETCA YyBCTBHTEJIbHbIM
anemenToM (Mem6panoit) . Ho MemGpaHa cMoXeT mepeBHHYTbCA B HOBOE MO-
NIOXeHHe TOJILKO MOcCJie TOro, Kak [AaBJIeHHE ra30B H3 KaMephl HU3KOr O JaBJIeHHA
YPaBHOBECHT CWJIy NpPYXWMHbI, a 3TO IPOM3OHMET TONBKO IOCHE IOCTHIKEHHA
3alaHHOTO [aBJleHHA Ha BbIXofe. Takum 06pa3oM, yMeHblIEHHE IPOXOTHOrO
CeueHHA KJlamaHa pemyKTopa HaYHETCA TOJIBKO MOCie JOCTHXKEHHA 3aJaHHOTO
[aBJIeHHS MOJAYH, a TaK KaK [IeTaIM H3-3a CBOeH HHEPUMOHHOCTH MIHOBEHHO
NEPEMECTHTBCA B HOBOE IOJIOKEHHE He MOTYT, TO 00s3aTeNbHO MHMPOM30MOET
3abpoc xopa.

CnepcrBueM 3toro 3abpoca 6ymer mepexop MOOBHXKHON CHCTEMBbI B HOBOE
MOJIOKeHHe, MpH KOTOPOM IPOXOAHasA IUTOLIadb KJlalaHa 3HAUMTEIbHO MeEHbLie
Heobxomumoii. B pesynbTare peanusyerca KojeGaTeNbHbIH MPOLECC YCTaHOBIIE-
HHSL HOMHHTBHOTO IPOXOJHOTO CEYEHHA, KOTOPBIi NEPeNaeTCs B MONOCTb BICO-
KOrO M HH3KOTO JJaBJIEHHA .

OcuwinorpaMma HOPMaNbHOFO TPOLIECCa 3allyCKa PedyKTopa MpHBENeHa
Ha pHc. 2,64, a. 3mech BBIXOM, Ha PeXHM HPOMCXOOMT C MaJIbIM YMCIIOM KOJIe-
Ganmii,

B ciyvae HeynmauHO CIpOEKTHPOBAaHHOTO PeQYKTOPa B ITyCKOBOH MEPHOJ,
MOTYT BO3HHKHYTb 3HaUMTeJIbHbIe KonebaHus,
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OcuwutorpaMMa Impouecca 3alycka, IpH KOTOPOM BO3HHMKAKOT He3aTyXaio-
mue xoseGanus, U3oGpaxeHa Ha puc. 2.64, 6. PemykTop, B KOTOPOM BO3HH-
KalT NofobHble KojebaHWs B [BUraTeJIbHOH YCTaHOBKE, He MOJXeET ObIThb HC-

HOJIb30BaH.
IIns Toro utrobbl YMEHBIIMTh BEPOSATHOCTb BO3HMKHOBEHHA KojleOaHWi,
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Puc, 2,64, [puMeps! oCUMINOrpaMM QHHAMHYECKHX XapaKTEPHCTHK ra3oBbIX PEQYKTOPOB:
a — pelyKTOp C KOMIIEHCHPYIOLIMM YCTPONCTBOM M HeMidepoM; 6 — Ge3 KOMIEHCHpYIO-
1Lero ycTpo#cTBa u femndepa
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B KOHCTPYKIHIO PeQyKTOPOB BIJIIOYAIOT CIEUMaIbHbIE FMAPABIIHYECKHE, MEXa-
HHMYECKHe WM HeBMaTHYeckHe neMndepnl. Hasnauenne sTnx ycrpoiicts cBommr-
CA K CO3[IaHMI0 CWI, MPOTHBOJEHCTBYIOIIMX KOJIeOaHNAM MOMBIDKHON CHCTEMBI
IIPH HX BO3HUKHOBEHHH,

B xoHCTpykimM pemykTopa (cM. puc. 2.60) memndepoM sBnsgercs KoM6u-
HalluA U3 BTOPOii (BEpXHEH) KaMephl HU3KOro JaBIIEHHA ¥ KaHalla MaJloro cede-
HHA B LUITOKE KJamaHa, OuYeBHAHO, IPH MEIJIEHHOM H3MEHEHHMH [aBJICHHA B IO-
JIOCTH HM3KOro [aBJIeHHs B OCHOBHOH Kamepe H BO BTOpOil KaMepe [aBIICHHA
6ymyT ycneBaTh BHIpABHMBAaThCA Yepe3 KaHall MaIOro CEYeHMsA B IITOKeE KJIamaHa,

IIpu GbICTPBIX H3MEHEHHAX [aBJICHHA B OCHOBHOM KaMepe [JaBJIEHHE BO BTO-
poit KaMepe M3MEHAETCA MaJIo, YTO MPUBOIMT K BOSHHKHOBEHMIO JIMHEHHOM CH-
Jbl “’BA3KOro” TPeHHA ra3a B KaHajle MaJIOrO CeUeHHs, KOTOpas MpenATCTBYeT
KOJIe6aHHAM MOMBIKHOM CHCTeMbl (IMHEBMaTHUECKHil croco6 aeMndHpoBaHHA
HOABIDKHBIX YacTeii) . B miyHxepHoM penykTope (cM. puc. 2.59,a) pemndepom
CIIYXHT MOJIOCTh, NPOTOYEHHasA B CaMOM IUIyHXepe, B KOTOPOH yCTaHOBJIEHO
KOJIBIIO, BHINOJIHEHHOE 330[fHO C KOPIYCOM PEAyKTOpa ¢ HeGONBbIIMM 3a30pOM
OTHOCHTEJTPHO TMOMBIDKHOTO 1UTOKa, Bea momocTs 3amonHsaercsa BA3KHM CMa304-
HBIM MaTepHAJIOM IO, AABJIEHHEM D, GonmbLmMM, 4eM p, . . IIpu cpaBHUTENbHO
MEIEHHBbIX OBIDKEHHAX CMa30YHBbIH MaTepHan JIErKo MepeTeKaeT 4yepe3 3a30p
MeXOy KONBLUOM M LEHTPaTbHOM YacTbio IUTYHDKEPA M3 OJHON MOJIOCTH MPOTO-
9eHHON YaCTH IUTyIDKepa B ApyTy1o. IIpu BosHMKHOBeHMH KoNebaHMii NOABIOKHOM
CHCTEMBI IDTyHDKep Nepememaerca ¢ GonmpumMMH ckopocTaMH, B atom ciyuae
BCJIEAICTBHE BA3KOCTH CMa30YHOTO MaT€pHAJIa M MalbIX 3a30POB BO3HMKAlOT
THAPaBIMYECKHE CHIbI, HaNpaBJIeHHbIe NPOTHB CKOPOCTH ABWKEHHMA, ITH CHJIbI
NPEenATCTBYIOT KOnebaTelbHOMY ABHXEHHIO IDTyHXepa ¥ AeMIHpYyIOT €ro ruf-
PaBIIHYECKHM CIIOCOOOM.

MexannueckHii cnoco6 neMndHpoBaHHA MOIABIXHBIX YaCTeil 3aKITIOYaETCA
B TOM, YTO LITOK KJIaNaHa 32KMMaeTCcA Pa3beMHOH BTYJIKOM C OMMpedesIeHHbIM
yCHJIHEM, KOTOpOe 3a c4eT HaHeCEeHHOM Ha €e MOBEPXHOCTh TBEPAOr0 CMa304YHOro
MaTepHana crnocoGeTByeT AeMidupOBaHHIO KoneGaHHil.

Tax win uHave pgeiicTBHe JeMidepa CBOOMTCA K yMEHBIIEHHIO aMIUIMTY[, M
9uciia koneGaHui MOABIKHBIX vacTeil penykTopa. OmHAaKO HelpaBWIBHBIM GbUIO
6b1 cuMTaTh, UTO KOJIeGaHHA MOOBIDKHBIX YacTeil PemyKTOpa BO BCeX CIIydYasX
ABJIAIOTCA HEXeIaTeNbHbIMM,

U3BecTHO, 9TO alepHOIMYECKHIl MPOLECC BBHIXOHA HAa PeXXHM CHCTEMBI BTO-
poro mopsAaka (Kakoii B OHHaMHKe ABIAETCA MOABHXXHAA CHCTEMa pedyKTopa
KaK HHEpIMOHHasA Macca C YNIpYTHM 3lleMeHToM) HauGonee miureneH. [Ipu men-
JIECHHOM anepHOOHYeCKOM IPOLECCE YCTaHOBJIEHHA HOMHHAIBHOTO 3a30pa Kila-
MaHa BO3MOXEH 3HaYHTeNbHbIA 3a0poc maBneHHs B Gakax, Tak KaK B MOMEHT
TyCKa JIBHTaTe/IbHOi yCTaHOBKH [aBJIeHHe B aKKYMYJIATOpe HauGosiee BBICOKOE,
a B HCXO[THOM MOJIO)KEHHH KJIaNaH peflyKTopa MOTHOCTBIO OTKPbIT.

B yuHefiHO# nocTaHOBKe 3a/la¥a BbIGOpa AeMNGHPYIOMIEro YCHIHA TPH 3a-
NAHHO# Macce MOOBHXHBIX YacTeil M M XKECTKOCTH MPYXHHBI C PEILAETCA HCXOIA
U3 aHaIH3a YpaBHEHHA MUHAMMKH, IOJyYeHHOTO U3 GallaHca CHJI, COCTABJIEHHOrO
IAIA KaNaHHOTrO MeXaHH3Ma NP €ro ABHKEHHH .
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d®az daz
M 4 ki ==+ (€1 + A7 = = Py Fn = P (Fy — Fin) , 213)
T T

rae Ky, — KOIGQUUMEHT MPONOPUHOHATBHOCTH MEXMY CHIOH TPEHHA M CKO-
pocTbio nepeMewelusn. [IpuBoas 310 ypaBHeHMe K Ge3pasMepHOMy BHAY, MOMy-
YaeM

m  d®az kg daz  —
P + Az =
¢yt ¢ d‘fz cy + ca dr
FynPak nay  — Fy - Fe))Pay  —
= Pak ~ Apy
(cy + €2)Zax (1t c2)Zax
WIH B KOMIIAKTHO# dopMe 3amicu
P LR v
—_ — +t Az =
peaz dr? peal dr
=- ernlApax _ernzApn . (2.14)
— Az —
3pecs Az = — OTHOCHTENTbHasA BENIMYMHA XOMa KJlamaHa; Ap,, =
max
APak — Apy
= ————— — OTHOCHTEJIbHOE H3MEHEHHe BXOHOTO JlaBeHus; Ap, = -
Pax.nau PuN

OTHOCHTEJIbHOE H3MEHEHHe BBIXOHOTO [aBJICHUA; szem — NOCTOsIHHasA BpeMe-
HH, XapaKTepH3ylolass HHEpPLUHOHHbIC CHIIBI; Tpenl — NOCTOSHHas BPEMEHH,
XapaKTepu3ywolas AeMIGHPYIOIME CHITBI; ernl " erm — K03 OHIMEHTDI
YCHIIEHHS .

M3 ocHOB TeopHM aBTOMAaTHUECKOro ynpapieHus [4] H3BecTHO, YTO ypaB-

HeHue (2.14) MoXXeT HMeTb anepHOAMYECKHE PellIeHHs MPH YCIIOBHH

Toenr 2 2Then2

M Kone6aTenbHbIe MPOLECCHl — NMPH

Tyent < 2Tpeps - (2.15)

IIns nomyveHMs MeHblleH MPOJOJKUTENBHOCTH M HeGONMbLION cTeneHH Koneba-
TEJIBHOCTH IMHAMHYECKHX NPOLECCOB PEKOMEHMIYETCA BBLINONHEHHE CIEMYIOIMX
COOTHOLIEHHiH:

Toent < 2Tpepa, Wit Tpepny < 2VTpeps

wm ky, < 2Vm.,
TocnenHeMy yCOBHMIO KaK pa3 M yOOBJIETBOPSAET ra30Bblil PEIYKTOp C HEBMa-
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THUECKHM JeMm¢pHpOBaHHEM, OCLIIUIOIpaMMa 3allyCKa KOTOpPOTO IpHBelieHa
Ha puc, 2.64,a.

PexyxTop, ocimuiorpaMMa KoToporo H3obGpaxeHa Ha puc. 2.64, 0, cne-
IMAIBHO JIMLIEH KOMIIEHCAlMOHHO# MeMGOpaHbl, a 3HaYHT, ¥ HeMI(HPYIOLIEro
ycrpoiicTsa. B pesymnbrate peannszoBaHo ycnosue (2.15) B Bune

Toent < 2Tp

YTO MPHUBENO K 3HaYMTENbHBIM aMIUIMTYJaM M MalloMy IeKPeMEeHTY 3aTyXaHus
KoneGaHuii. Beicokas cremeHb Kos1e6aTeIbHOCTH B CBOIO OYepelb pealH3yer
peneilHyi0 XapaKTepUCTHKY CWI TPEHHA NMOKOs, KOTOpbIE BCETAa HMEIT MECTO
B nofBwkHO# cucteMe, Cuna TpeHHs Mokos R MeHseT 3HaK NMpH H3MEHEHHMH Ha-
IpaBJIeHHsA CKOPOCTH [BIKeHUsA, B npaByio uyacTh ypaBHeHus muHamuku (2.13)
win (2.14) B KauecTBe AEHCTBYIOIMX CII I PaCCMaTPHBaeMOro Cllydas Ciie-
oyer mo6aBuTh * R, mocie 4ero OHO CTAHOBHMTCHA CYIIECTBEHHO HEJIMHEHHBIM,
C moMompi OOHOrOo M3 METONOB pelUeHWsA TaKHX ypaBHeHHM#l (B YaCTHOCTH,
Merona ¢a3oBbIX TpaeKTOpHii [4]) MOXHO MOKa3aTb, YTO MOJOGHOrO Pofia CHcC-
TeMbl, UMeEIOIHE )XKECTKYI0 OGpaTHyI0 CBA3b, HETHHEHHBbIH 3NTEMEHT H MOABON
3HEpruM OT HeKoJebaTeNbHOro MCTOYHMKA, CKJIOHHBI NPH XecTKOM Bo306yxme-
HHHM K BOCIPOM3BENEHHIO HEIHMHEHHbIX aBTOKONIeOaHHH, KOTOPbIE M 3alMCaHbI
Ha OCLIJUIOrpaMMe, MpUBefeHHOi Ha puc. 2.64, 6. EcrecTBeHHO, YTO B 3KCIUIya-
TAlMIO TAKOMN PENyKTOP HOMyILEH GbITh HE MOXKET.,

en2:»

2.2.7. KOHEYHBIE ABTOMATBI XPIY

B pa3n. 2.2.5 B xnaccudpuxamuu perynaropo XPIY (cm. puc. 2.50) xo-
HEYHbIC aBTOMAThI BBIIETIEHbI B CIEIHANIBHBIH KJIaCC aBTOMATHYECKHX YCTPONCTB,
CIIOCOGHBIX MOJI, BO3MICACTBMEM BHEIIHMX KOMAH[, M BHYTPEHHMX CBsA3€il NMpHHH-
MAaTb KOHEYHOE YHCIIO JHCKPETHBIX COCTOSHHIA.

HecMoTps Ha TO, YTO 3TH aBTOMAThI IIPHYHCIIEHBI K PETYIATOpaM CHCTEM
ynpabnenuss XPIY, no cyuiecTtBy OHH NPeACTaBNAIT COBGOM CyLIECTBEHHO OT-
JIHYHBIA OT PETYNIATOPOB HEMPEPLIBHOTO EACTBHA KIIACC PeJIEHHBIX UCKPETHBIX
aBToMaroB. C MX MOMOLIBI0 OPraHU3yeTCA MPOTEKaHHe HECTAMOHAPHbBIX MPOLEC-
coB 3amycka ¥ ocraHoBa JPIIY, a Taxxe riy6okoe H3MEHEHHe PeXHUMOB paboThI
HY. Jloruka B3aMMOJIENCTBHA 3THX aBTOMaroB obecneunBaer HauGONee OTBeT-
CTBeHHBIE B cMbic/e HafexHoctd JKPIY yuactku npouecca ¢pyHKUMOHHpOBa-
Hua 1Y, B npAMOM CMBICIIe aBTOMAaTHYECKUMH PETyJIATOPaMH KOHEUHbIE aBTO-
Marbl He sIBJIAIOTCA, TAK KaK HE COMIEPXKaT B CBOEM COCTaBe 3JIEMEHTOB CpaBHe-
HHA, T.6. HE CHIOCOGHBI HENPEPHIBHO KOHTPOJIMPOBATh CBOHM MEHCTBHSA, 4 TAKXKE
OEHCTBHSA arperaroB, KOTOPbIMM OHHM MpPH3BaHbI YNpPaB/ATh (33 HCKITIOYEHHEM
BLBM). KoHTpomb fefiCTBHIi KOHEUHbIX aBTOMAaTOB H JIPOTEKaHHEe paGoOuMX
npoleccos B arperarax 1Y, BbI3BaHHBIX 3THMM [EACTBHAMH, OCYUIECTBIIAETCA
C TNOMOILBIO B3aHMOJICHCTBHA pelie JaBlieHuil M pene BpeMeHH, OfHAaKo 3TOT
KOHTPOJIb TaKX€ HOCHT JMCKPETHBIH XapaKTep M OCYLIECTBIIAETCA MO OJHOM
XapaKTepHOi TOYKe MpoTekaHHa paGoyux mpoueccos B Y. .
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BenencTeue 3TOr0 KOHEYHbie aBTOMaThl PacCMaTPHBAIOTCA B KJlacce aBTO-
MaTHYECKHX PETYNATOPOB, TaK KaK HX AEHCTBHA CXOMHBI C IEHCTBHEM peryis-
TOpOB, pafoTalolMXx B COCTaBe JIOKaIbHbIX KOHTYPOB YIpPaBIIEHHs, KOTOpbIE
(axTHUECKH ABIAIOTCA 3aaTYMKAMH M KOHTPOJIepaMH Ha3HaYEHHBIX PEXXHMMOB
pabGoTsI.

KoHeunble aBTOMAThI ABIAIOTCA HE TOJIBKO 3a[aTYHKAaMHM M KOHTpOJIepaMH
pexumoB paGorei HIY, Ho M arperaTamu, oGecleyHBalOIIMMH Becb HPOLECC
¢dynximonupoBawua JIY BKINouas M TEXHOJIOTHYECKHE OMEpalMH XpaHEeHMs,
3aMpaBKH, aBapMHHOrO OCTaHOBA, ApeHaKa TOIUIMBa M ra3oB, C Mx moMolpio
06ecneyrBaloTCA TaK)Ke MHOIOKPATHbIE BKIIIOUEHUSA [IBUraTesei,

Koneunnie aBromatel XXPIY paspensiorcs Ha OBe KaTeropHM: KIlalaHHbIe
arperatbl H KOHTPOJIbHBIE M BbIYHCITHTENbHBIE YCTpOicTBa (pHc, 2.65) . B cBolO
ouepenb, KIaNaHHbIE arperarbl pa3fiMYaloT IO Ha3HAYEHHIO, YHCITYy BKITIOYEHHH,
BHJly 9HEpruM IPUBOIHOIO YCTPONACTBA, XapaKTEPHCTHKE MCXOIHBIX H IIPOMEXY-
TOUHBIX [OJIOXKEHMH KJIaNaHa H 0 THITy MCIIOJHUTENbHBIX OPraHoB,

Krnaccudukauus knanmaHHbIX arperaroB 110 Ha3HaueHHIo, I'aBHEbIe KIIaTaHbl
YCTaHaBIIMBAlOTCsl HA OCHOBHBIX MaruMcTpaiax muraHus 1Y rasoM u TOIUTMBOM,
C ux nomolupio 06ecneywBaeTcsa MUTaHHe TOIIMBOM H paGOYNMH TElIaMH arpera-
ToB JIY NpH OHO- ¥ MHOTOKPATHBIX BKJIIOUEHHAX.

IlyckoBpie KnamaHel M KIaMaHbl OCTaHOBa BBINONHAKNT (QYHKIMHM MOJHOM
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Puc, 2,65, Knaccuduiauus xoneansix apromaros KPIY
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repMerH3auuu paGouux Ten B arperarax JIY mo Havama ee meHCTBHs M mOcne
OCTaHOBa,

O6parHble KianaHbl NPENMATCTBYIOT COEMHHEHHIO NMAapoBbIX (a3 TOUIHBA B
obueil MarucTpai HagyBa 6axoB, Ecii 0GpaTHbi€ KilallaHbI yCTaHaBJIMBAIOTCA
Ha Maructpaiax nuraHua arperaroB III'C JIY kxommoHeHTamMH TOIUTHBA WM ApY-
rMMH paGoOuMMH TejlaMH, TO OHH NPOMYCKaIOT pacxof, TOIJIMBa WIH pabouux Ten
TONIBKO B OJHOM HaNpaBIIEHHH M BBLINOJHAIT POJIb 3aMIOPHBIX YCTPOHCTB B 06-
PaTHOM HaInpaBJIeHHH,

IpemoxpaHuTenbHble KilamaHbl cOpachIBalOT M3JMLIKH rasa B [pPEHaXHYIO
nojiocts (wiu 3a 6opr JIA) mpH NpeBHILIEHHH DOMYCTHMOrO YPOBHA JaBJIEHHA
B €MKOCTAX, BOHHKAWOLIErO IO pa3fiHYHbIM NpWYHHaM, 3anpaBOuHble H [pe-
Ha)KHbIe KJIaMaHbl OGECNEeYHBAIOT OINHO- H MHOTOKPATHYIO 3aNpaBKy TOIUIMBOM
GaxoB M ra3oBsix emkocreid, Kpome 10ro, mpenaxmsie KianaHel 0GeceyHBaIOT
ONOPOXHEHHE TeX XK€ eMKOCTeH OT XHMIOKOCTeH H ra3oB, BbI3pIBAEMOE YCJIOBHSA-
MH 3KCIUTyaTalldd WIM aBapHHHbIMH cuTyauusamH, [Ipn omHOpa3oBbIX 3anpaBKax
eMKocTel paGOYMMH TelaMH NPUMEHAIOTCA 3alpaBOYHbIE H OPEHaKHBIC IOpJIO-
BHHBI, KOTOpbIe IIOCJIE BBIMOJIHEHHA CBOMUX (YHKLMH IOJHOCTBIO repMeTH3H-
pywTcs.

PacrpefenuTebHbIE KIIaNaHbl YCTaHABIIMBAIOTCA B y3JIaX COeOMHEHMil MHO-
ropa3BeTBJIEHHBIX TOIUIMBHBIX M ra3oBbIX Marucrpaied, B mx 3apmauy Bxomur
NepeKIoyeHHe pacXofioB TOIUIMBA WIIH ra3oB [UIA NMUTaHMA arperatoB Y c on-
HOHM MarKCTpajiM Ha APYTYIo,

Han6Gompiuee pacnmpocTpaHeHMe paclpenesMTeNbHbIE KIaNaHbl MOMYYWIH B
arperarax ynpaBileHHs IHMTaHHs ra3oM B IIHeBMaTHUYeCKHMX npuBopax. Kax mpa-
BHJIO, COGCTBEHHbIH NPHMBOM NMHEBMAaTHYECKHX pacIpefleNIUTeINei BhINOIHACTCH
3NIEKTPHYECKHM, TO3TOMY OHHM MOJYYWIH HaHMEHOBaHHE 3JIEKTPONHEBMOKIIa-
TMaHOB,

IlpumeHeHne pacnpefeNHTENbHBIX KIIAaHOB B TOIUTMBHBIX MAaruCTpaifgx
BbI3bIBaeTCA HEOGXOOMMOCTBIO HM3MEHEHHs HAIPaBIIEHHs MOTOKOB TOIUTHBa B
pasmuuHbie arperartbl 1Y, Hampumep, B mpouecce 3amycka u ocraHoBa XXPIY
GorpuMX TAr TpebyeTcs IepeKIIoYeHHe pacXOlOB TOIUIMBA M3 MepeIyCKHbIX
MarucTpajledl B MaruCTpalli MIMTaHHA KaMep U Hao6opoT npu octaHoBe 1Y,

TIpuMeHeHHe TaKMX KIIallaHOB Takdke Heob6xomumo B JIY MHOrokamepHbIX
XPI c nporpaMMHBIM ONOPOXXHEHHEM aBTOHOMHBIX 5aKOB, B CHCTeMax C pe-
3epBHPOBaHHEM M Iy6IMpOBaHHEM TOIUTHBHBIX GaKOB M MaruMCTpasieif, B CHCTe-
Max MHTaHHA C aBTOMaTHYEeCKOH N03anmpaBKOH TOIUIMBA U B psAde OPYTHX CIy-
yaeB, OGYCIIOBJIEHHBIX OCOGEHHOCTAMH mpolecca GyHKIHOHHPOBaHUA H OGCITy-
xuBaHua JIY

PacnipemermTenbHbie KiamaHbl 0 KOHCTPYKTHBHOMY BBIMOJIHEHHMIO HCIION-
HHTEJIBHBIX OPraHOB pa3feNAioT Ha 30/I0THHKOBBIE, KIIaNaHHbie M KpaHOBBIE,
30JI0THHKOBBIE KJIallaHbl HalUIM NpeHMyluecTBesHoe mnpuMeHenue B JIIK,
KJIallaHHble HCTIOMHHTEJIbHbIE OpraHbl MIPHMEHAIOT [UIA IepepaclpeneeHnsa mo-
TOoKOB TomnMBa, KpanoBrie pacnpenmenurenu pa6oueii cpemsl B XPII He Hauutu
IIHPOKOrO PacnpOCTPaHEHHA B CBA3H C TEXHOJIOTMIECKHMH TPYJHOCTAMH YIUIOT-
HEHHA Pa3feNIAEMBIX IOJIOCTEH, .
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Knaccudukauma no uMcily BKITIOYEHHH KIIamaHHbIX arperatoB, Kiananmeie
arperatbl OJHOKPAaTHOTO BKIIIOUEHHs IMOCiie cpabGaThIBaHUsA He CIOCOGHBI BOC-
CTaHaBJIMBaTh CBOE MCXOJHOE COCTOHME, TaK KaK HX HCIIOJHHTEIbHbIE OPraHbl
H TPHBOJHBIE YCTPOHCTBAa YaCTHYHO WIH IOJHOCTBIO pa3pyluatoTcs, Yamre Bcero
TAaKHMH arperaTaMH ABJIAITCA MeMOpaHbI CBOGOMHOrO WIH NMPHHYIUTEIILHOrO
IpopbIBa,

ArperaTbl OQHOKPaTHOJIOBTOPHOrO BKIIIOUEHHS MO3BOJIAIOT BOCCTAaHABIIH-
BaTb MCXOJHOE COCTOSIHHE MCIONHMTENbHBIX OPraHOB H IPHBOJHBIX YCTPOHCTB,
B mpouecce nepesanpaBku J1Y TOIWIMBOM HCIONHHUTENbHBIE OPraHbl 3THX arpera-
TOB OCBOGOXHAIOTCA OT (UKCHPYIOIIMX MX KOHEYHOe COCTOSIHHE YNOpOB, BOC-
CTaHaBJIHBAETCA MX HCXOOHOE COCTOAIHHE, a MHPOTEXHWYECKHE NPUBOMBI 3aMe-
HATCA HOBBIMH,

KnananHbie arperarsl MHOrOKPaTHOT O BKJIIOUEHHsI CIIOCOGHBI NOA, BO3MEHCT-
BHEM BHEIUHHMX KOMaHM CaMOCTOATENIbHO NPHHUMaTh MCXOMHOE COCTOSIHHE H
obGecneunBaTh TeM CaMbIM TpeGyeMoe YMCIO BKIOYEHHHA. ITa OCOGEHHOCTH
HCKJII0YaeT MpHMEHEHHe B MHOIOKPATHBIX KJIallaHHBIX arperarax MHpOTEeXHUYec-
KHMX MPHBONOB H HEYNpaBJIAEMBIX (PUKCATOPOB MONOXKEHUA HCIOTHHUTEIIbHBIX
OpraHoOB,

Knaccupukauus kianaHHbIX arperaroB IO BHIY 3HEPIHH, IPHMEHAEMOH B
NPHUBOAHOM ycTpoicTBe, TIpHBOHBIE YCTPOHCTBAa MCIONB3YIOT MEXAHHYECKYIO,
THOPABIIMYECKYI0, THEBMATHYECKYI0, JIEKTPHUECKYI0 H 3HEpruio rasos, obpa-
3YIOLIyICA IPH cpabaThIBaHHMH NHMPOTEXHHYeCKHX 3apanoB. Kak 6puio mokasa-
HO BBIILIE, BU]] IPHBOMA OGYCIIaBIIHBAETCA YHCIIOM BKITIOYEHHSA arperaroB,

1A OmHOKpaTHOro M OJHOKpPaTHOJIOBTOPHOTrO BKJitoueHus Y npenmy-
LIECTBEHHOE NpHMeHEHHe B KJIaNaHHBIX arperarax HaxoAfT NMMPOTEXHHYECKHe
npuBopapi, OHH Xe NMPUMEHAITCA B arperarax, or KOTOpbIX TpeOyercs MaKcH-
MaJIbHO€ GbICTPOAEHCTBHE CpaGaThIBaHUA,

MexaHuieckue mpusoApl (B BHIE NPYXHH) NPMMEHAITCA B OGpaTHBIX
H MpEeJIOXPaHHT eNIbHBIX KilaNaHax .,

IIHeBMaTHYECKHE, THOPABIHYECKHE H IJIEKTPHYECKHE MPUBOABI MpPHMEHS-
I0TCA B arperarax MHOrOKpParHOro cpabGarbiBaHMA. IIiA npuBO#a TIJIaBHBIX
TOIUIMBHBIX KIIaNaHOB HaHGOIbIee paclpOCTpaHEeHHe NMONYYHWIH ITHeBMaTHYEC-
KHe NpUBO/pI C BO3BpaTHBIMHM NpyxuHamH. Ilomada rasa B 3TH NpHBOMBI NpO-
H3BOAMTCA C TOMOLIBIO TEKTPOIHEBMOKIIallaHOB,

JneKTpHYECKHE MPHBOMIbI MOMYyYWIM TAaK)Ke IPeMMyILECTBEHHOE pacHpoCT-
paHeHue uia obecnieueHun cpaGaTpiBaHuA KnanaHoB KPIMT,

B GonpumHCTBE CllyyaeB B MHEBMATHYECKMX, FMAPABIMUECKHX M JIEKTpPH-
YECKMX MPHMBOJAX YCTaHaBJIMBAIOTCA BO3BpaTHbIE MPYXHHBI. B 3THX ciyvasx
MPUBO/IbI UCHONb3YIOT KOMOHHHPOBAHHBIE HCTOYHHKH 3HEPIHH H COOTBETCTBEH-
HO TOJNYYaloT HaHMEHOBaHME IMHEBMOMEXaHHYECKHX M 3/IeKTPOMeXaHHYeCKHX
NPHBOJHBIX YCTPOKCTB,

Knaccudukaumsa KinamaHHbIX arperaToB B 3aBHCHMMOCTH OT MCXOTHOTO COC-
TOAHHA HCIOJIHUTEIBHOrO OpraHa ¥ BO3MOXHOCTH NPUHHMaTh POMEXYTOUHbIE
MOJIOXKEHHA

HopmaibHO OTKpBITOE MONOXEHMEe KIallaHOB OT/IMYaeT OT BCEX JPYTHX
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arperaToB KamaHsl OcTaHOBa, HopmanbHO 3akphiTOe monoXxeHHe KIlallaHOB
CBOHCTBEHHO BCeM OCTAJIbHBIM KIJIallaHHBIM arperaramM. YacTHuHO OTKpbITOE
(HKCHpOBaHHOE NOJIOKEHHE KJlallaHa HeOGXOmMMO MJiA OpraHM3alMM ABYXCTY-
MEHYaTOro 3amycka asurareneil Gompumx Tar, OpraHusalus NpOrpaMMHOrO 3a-
nycKa WIH rily6OKOro M3MeHeHHs pexxuMoB paGoTsl JIY Moxer mpemycMarpH-
BaTh HECKOJIBKO IIPOMEXYTOUHBIX (DHKCHPOBAHHBIX COCTOSHHH ITyCKOBOTO
KianaHa, [InaBHbIH 3alycK MO>XeT NOTpeGOoBaTh ONpENeIeHHOro TeMMNa OTKphI-
THA MYCKOBOroO KJlalaHa,

Ina npusona xnamnana JXPIMT tpebyercs He TONMbKO MHHHMAIbHOE BpeMs
OTKpBITHA M 3aKpbITHA KIIAallaHOB, HO M MMHHMAaJIbHOE BpeMs 3ala3[IbIBaHHUs
cpabGarbIBaHHA NpUBOJHOro ycrpoicrBa, JUia perynupoBanua taru XPIMT c
LeJbi0 [ONTydeHHss MOMEHTa ympaBienus JIA npONOpLMOHAaNbHO €ro YriloBOH
CKOpOCTH IIepCIeKTHBHBIM HalpaBJIeHHEM SBIIAETCS pa3paGoTka MHOrOMO3M-
IMOHHOrO NMPHBOJA KITaNaHOB TAKHX [IBUT aTellen,

Ilo Ty HCIONHMTENBHBIX OPraHOB KJIaMaHHBIE arperarbl KJIacCH(HIM-
PYIOT cllemyIolMM OGpa3oM:

— MeMGpanbi He CHOCOOHBIE BOCCTRHABIIMBAaTb MCXOOHOE COCTOsIHME MOCie
cpaGaTbiBaHMA (IIpOpbIBA) H TPHMEHAEMBIE TONBKO [UIA OJHOKPATHOrO BKIIIO-
YEHHS;

— KJIaNaHHAsA Mapa C XECTKMM KOHTaKTOM (*’METaJll IO METalty”’), HMelo-
Was MPeMMYLIECTBO MpH GONBIIOM YHCIEe BKIIIOYEHHH U MO3TOMY MONyYHMBILAs
HauGombluee pacnpoctpaHeHne B XXPIMT u B JIY MHOrokpaTHOro BKJIIOYEHHA
MaibiX TAr, JUIA MalbIX MPOXOMHBIX CeYeHHH TEXHONOrHUECKH Ipole oGecreyy -
Baercs TpebyeMas (MCXOOHasA) repMETHYHOCTb KIIAMaHHOI Maphl, KOoTOopas ofna-
HaeT HaHGOJBLIIMM PECYPCOM IO YHCITY BKoueHHi, OmHako npH GOJbIIOM YHCIIe
BKJIIOYEHHH YBeJIHUMBAETCA BEPOATHOCTh MOMaJaHWsA MHOPOMHBIX YaCTHI B 3a-
30p KJanaHHO# mapbi, Jaxe MpH MX YaCTHYHOM JpPOGIIEHMM B ClIydyae MOCAJKH
TapeJii KJIallaHa Ha CefUIO KJIallaHHas lapa TepseT CBOACTBA HCXOOHOM repMeTHY-
HocTH, [IpH [IHTENBHBIX NEpepbIBaX MEXAY BKIIOYEHUAMH B YCIIOBUAX KOCMH-
YecKoit cpebl HErepMETHYHOCTb KJIallaHa Bbi3bIBaeT 0Gpa3oBaHue TBEpHO# (a3bl
TOIUTMBA B 3a30pe€ KJIallaHa M 3a HUM, YTO B KOHEUHOM MTOT€ MOXET GbITb IIpHYH-
HOM OTKa3a BHrareJs;

— KJlalaHHasd Mapa ¢ MATKHM KOHTaKTOM (HampHMeEp, NPH BBINOIHEHUH
O[THOTO M3 371EMEHTOB KIallaHHO# Mapsl 3 GTOpOMUIacTa), o6Najariaa Gonee
BBICOKOM HMCXOFHOH repmMeTHYHOCTbI0. [lomamaHKe MHOPOIHBIX YaCTHI B 3a30p
KJIaNaHHO# NMaphbl U CBA3aHHAA C 3THM NOTEPA HCXOTHOH repMETHUYHOCTH MOXET
6BITh YaCTHYHO KOMIIEHCHPOBaHa 3a CYET BHE[pEHUsA HHOPOTHOMH YaCTHLbI B MAT-
KHi MaTepHaJl Tapelny WIHM celyla kjanaHa, OmHako pecypc KJIamaHHO#M Mapsl C
MATKHM KOHTaKTOM MeHbLIE, 4eM C >kecTkuM. Kpome roro, xinananHas mapa
C MATKHM KOHTaKTOM YyBCTBHTEJIbHa K HarpeBy H IpH yCTaHOBKe HeNocpen-
CTBEHHO Ha [IBHTaTeJlb TpeOyeT TeIUIOBOM 3alUMThI (TEPMOCTATHPOBAHHA) ;

— Tapenb WJIH CEIO ¢ MPOKJafikoH, HMeElollass MATKY0 MpOKiaagKy. B ka-
YyecTBE MArKOW IPOK/IaAKH NPUMEHAIOT Pe3HHbI, IUIACTHKOBbIE MaTepHAaIbI,
¢ropomnacTel ¥ MArkue MeTa/lIbl (HalpUMep aJIIOMHHHIA) ,

OcoGbiii K1acc KOHEYHbIX aBTOMATOB NPEACTaBIIAIOT MUCKPETHbIE KOHTPOJIb-
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Hble M BBIYMCIIHTENIBHBIH ycTpoiicTBa, Pene maBneHMit B cHcTeMe KOHTpOJA pa-
GouMX NpOLECCOB B KaMepax HBHMIaTelNlsA, ra3oreHepaTropax M TOIUIMBHBIX Ma-
THCTPaIAX HaCTpaMBaloTCA Ha cpaGaTbiBanue B nauamasonax 0,1; 0,2 —0,8; 0,9
YPOBHS HOMHHAIBHBIX 3HaYEHHH KOHTPOJIMDYEMBbIX NMapaMeTPOB B 3aBHCHMOC-
TH OT ueJiell KOHTpoJbHBIX GyHKkIMii, Hactpoiika pene Ha HOMMHaIBLHBIH ypo-
BeHb [aBJICHUA, KaK MpaBWIO, He NPOU3BOJHICA, TaK KaK IpH HEy[JauHOM coye-
TaHMM OTKJIOHEHHMH Ha HaCTpOHKY arperaToB [BMIalells WM pejle cpabGaTbiBaHHe
peJe MOXeT He COCTOATBCA.

IpuHIMN HacTpOHKH peile Ha NMOHIDKEHHBIH ypOBEHb MaBJIEHHS COXpaHser-
Cfl KaK Wif peJie, BKIIIOYEHHBIX B COCTaB JIOTHYECKOH CHCTEMBI YIpaBJIEHHA
cpabGaTbIBaHHEM arperaToB [BHUrareiis, TaK H VIS pejle CHCTEMbI TeleMeTpuyec-
KOTO KOHTpOJA. Peyle maBiieHHA TeneMeTpHUECKOro KOHTPOJIA 32 COCTOHHEM
arperaroB JIY B nonere no;y4ywIH HaiMeHOBaHHE CHTHAIIM3aTOPOB [aBJIeHHA,

Bce pene nmaByieHHit HMeEIOT ABa KOHEYHbIX COCTOSIHHA M Pa3jIMYaloTCA COC-
TOSIHHEM 3JIEKTPHYECKHX KOHTAKTOB B HCXO[HOM IOJIOXKEHMH, KOTOpbIe MOTYT
GbITb KaK HOPMAJIBHO Pa30OMKHYTBIMH, TaK H HOPMaJIbHO 3aMKHYThIMH,

Pene BpeMeHH NPUMEHAIOICA B COCTaBE JIOTHYECKMX CHCTEM YMNpaBJIeHHA
npoueccoM ¢yHKIMOHHpoBaHusA 1Y npH 3amycke H H3MeHeHMH pexxuMa paGoTsl
Y. Oux TecHO B3aMMOJEHCTBYIOT C pejie NaBJICHHH WIH ABIIAIOTCA HE3aBHCH-
MbIMH arperaTamu, Tak, Hanpumep, Ha puc. 2.8 u 2,10 B NmpUHIMNHAIBHBIX
MEKTPHYECKUX CXeMaX KOMMYTalMH arperatoB pene BpeMeHH PB u PB, Haun-
HAIOT CBOI0 paboTy ¢ MOMEHTa 3aMbIKaHHA MOCJIEHEro KOHTAaKTa pejie HaBlie-
Huit PII; u PII, ¢ HOpMIbHO pa30OMKHYTBIMH KOHTaKTaMH B HCXOTHOM COCTOS-
HuM, Hactpoiika pene spemenn (PB u PB;), KOHTpoNHpylomMX Npolecc 3armyc-
Ka, IPOU3BOIHTCA Ha BpeMs 3aBefOMO Golbliee, YeM IUTaHHpYyeMOe Bpems 3TO-
ro mpouecca, BrikioueHHe pesie BpeMeHH, KOTOPOMY COOTBETCTBYET 3aMblKa-
HHE €ro 3IeKTPHYeCKMX KOHTAaKTOB, NMPHUBOJHI K H3MeHeHHWIo cocTosHua 1Y
(aBapuitnoMy ocraHOBY JIY) IIpH yCJIOBHH, 4TO KOHTaKThI KOHTPOJIBHOTO peJie
naBnenns PIl; ocTaHyTcs B HCXOITHOM COCTOAHMHM (T.e. HOPMAJIBHO 3aMKHY-
THIMH) ,

Pene Bpemenn PB; B NpHHIMIHAIBHOH 3/IEKTPHYECKOH CXeMe KOMMYTa-
LMK arperaroB aBTOMAaTHKH, MOKa3aHHOH Ha puc. 2,10, Takxe HauMHaeT CBOIO
paboTy ¢ MOMeHTa 3aMbIKaHHMA NOCJIETHEr0O KOHTaKTa peje pasienuii PI; u
PI,, Ho B KOHIe CBOeif paGoThl OHO BBI3bIBaeT HEOGXOMMMOE H3MEHEHHE PEXH-
Ma paGoter JIY He3aBHCHMO OT COCTOSIHHA peje HaBiieHHH, Bpemsa pa6otsr PB,
B 3TOM ClIydyae omnpepenserca Heo6XxomuMbiM BpeMeHeM paGorsi IY B crapro-
BOM pexuMe paboThl,

IpuHIMI [efCTBHA KOHTPOJIBHBIX 31EMEHTOB JHCKPETHBIH H IPOM3BOINTCA
IO OfHOM TOYKE XapaKIEPHOTO COCTOAHMA paGoumx npoueccoB. B Y. Tak, B
PAaCCMOTPEHHBIX NPHMEpax peIlIeHHEe O BO3MOXHOCTH 3amycka 1Y npunuMaetcs
CHCTEMOH [MCKDETHOTO YNpaBJIeHHs MO Mepe JOCTHXEHHA KOHTpPOJIBHOTO
3HaueHHs [OByX pasnenwit PI; u PI, (cm. puc, 2.8 u 2,10), a H3meHeHHe
pexnMa pabotsl IIY — 1o auckpeTHoMy cpaGaThiBanuIo pene BpeMeHH PB; (cM.
puc. 2.10) )

O6parHas CBfA3b O COCTOSIHHM YIpaBJIEHHA MPOLECCOM TAKXKe OMCKpETHad
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H OCYLUECTBJIAETCA B3auMofeicTBHeM pene BpemeHH PB u PB, u pene naBnenus
PI; (cm. puc, 2.8 u 2,10) . Eciu B mpouecce 3amycka JOCTHTHYT KOHTPOJIBHBIA
YPOBeHb [aBJIeHMA B Kamepe [BMTaTells, Ha KOTOpbIA HactpoeHo pene PIl,
10 pa6ota IIY mpomoikaercs, ec/iM HeT, TO IPOMCXOIMT aBapHiiHbIi ocTasioB 1Y .

C mo3WuMii cCOBpEMEHHOM OLIEHKH pOJTH KOHeuHbIX aBToMaToB B JKPILY mMox-
HO YTBEpXHaTb, YTO OHH BBICTYNAIOT B CHCTeMe oGecreueHHs npouecca GyHKIHO-
HupoBaHus 1Y B KayecTBe aBTOMaTHUECKHX JHCKPETHbIX “’po6oToB”, HGo BMe-
IATENLCTBO ONEPaTOpOB ApPYroro BMaa (Hanpumep uenoseka) B JKPI uckimo-
4eHo,

KapoynanbHoe H3MeHeHHe OLEHKH COCTOSIHHA KOHTPOJIA NMPOTEKAaHHA He-
CTalMOHapHBIX TMpPOLECCOB BbI3bIBaeT npuMeHeHue BIIBM nnsa ynpasnenus npo-
HeccaMH 3allycKa, OCTaHOBa H M3MeHEeHHA pexxumoB paGorsl 1Y, CrnocoGHoCTb
IIBM oueHuBarh XapakTep NpoTeKaHHA paboyMx TIpOLECCOB B pealbHOM MaclliTa-
6e BpeMeHH NO3BOJIAET BBOAHTh HENPEPBHIBHBIA KOHTPOJb 32 HECTalMOHAPHBIMH
MpOLIECCaMH,

C sr0it nenmbio arperarsi Y nomkHe! BKITIOYaTh B CBO#i cOCTaB HEOGXOTHMOe
uhcno maryukoB, MHdopmaims ¢ sTux garuukos nepenaerca B BIIBM, roe nocne
PEerHCTpaliMy IPOHCXOIMT ee CpaBHEHHE C IUIAHHPYEMBIM XapaKTepoM NpoTeKa-
HuA 3THX npolueccoB. Ha ocHoBe conocraBneHus paGoueil H 3TaNIOHHO# HHbOPMa-
I¥H NpUHUMAETCA DEIIEHHE O BPeMEeHH H NOpAAKe BO3MEHCTBHA CO CTOPOHBI
BIIBM na xoneunsie aBromarbl XXPIY, Takum o6pa3om, npuHIMNHAIbHAA CXe-
Ma YNpaBJIeHHS HeCTalHOHapHBIMH IpoleccamH ¢ nomoupio BIIBM Huuem He
OTJIMYaeTCA OT CXeMbl YIpaBJIeHHs OCHOBHBIMH Mapamerpami KPIY Ha mapie-
BOM pesme ¢ momoupio BIIBM | npuBenenHoit Ha puc, 2.51,

C nomoumio BIIBM Ha ocHoBe aHaimM3a HHGOpMalHH, MOCTynakoLIed ¢ Jat-
YMKOB, MOJXHO [HarHOCTHpPOBaThb TeKylllee COCTOSIHHE pabouMX MpOLECCOB,
nporeKaoumx B arperarax JIY, H B ciyyae HeOGXOOMMOCTH peariM30BaTh NMOHH-
JKeHHbIH (“mapaumit’”) pexxum paGotsr 1Y WiH aBapHAHBIH OCTaHOB.

BIIBM Takxe cnocoGHa B CIIOKHOH CHTyallis NPHHATh pelieHHe BbiGOpa
ONTHMAaJIBHOTO BapHaHTa (GYHKIHMOHAILHOM 3aMeHbl arperaToB JIY, Bulemumx
H3 CTPO#, MX MyGiiepaMH H3 YHCIIa HaXOALIMXCA B pe3epBe,

O6benuuss Bce 3aa4y ynpasJieHus arperatamu 1Y B coctaBe ogxoit BIIBM
MOXHO TNOJIYYHTb LEHTPaIM30BaHHYI0O CHCTEMY YMpaBJIeHHA IIpoleccoM (yHK-
nuoHHpoBanua 1Y, crnoco6GHyIo KOMIUIEKCHO pellaTbh Bce BHYTpHIBUIaTelbHbIE
3agaun ynpasienus J1Y. B HacTosmee Bpems nepefava GYHKUMH ympaBreHus
XPOY IBM He aBnserca npoGieMoii, a MpecTaBiseT cofoil ML TeXHHYeC-
KYyI0 3aauy.

B coorBercTBHM Cc mpHBeNeHHOH KiaccHUKaluMel pacCCMOTPHM YCTPOHCTBO
H IPHHIMII AeACTBHA THIIOBBIX KJIaNaHHbIX arperaros KPIY,

Ha puc. 2,66 npuBeneHa KOHCTPYKTHBHas# CXeMa YCTaHOBKH MeMGpaHbI
NPUHYIUTENHHOTO MPOpHIBA BO (IIaHLUEBOM COeHHEHMH TOIUIMBHOrO Tpy6o-
MpoBoOfa,

MemGpaHa 3, H3roTOBJIEHHasA H3 MATKOrO IOMHHHEBOrO CIUIaBa TOMIMHOM
3 MM, ycraHoBJIeHa Bo (IIaHIIEBOM COeIHHEHHMM TOIUIHBHOro TpyGompoBopa ¢
HeOGXOJMMBIM MPeABapHTENBHbIM HATATOM H YIUIOTHEHHEM 3aMKOBOTO THIa,
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Co CTOpOHBI XHIKOrO KOMIIOHEHTa TOIUTHBa (NOJIOCTh 2) Ha MeMGpaHy Hawe-
CeHa HemoJIHasA KOJbleBasA PHCKa 5 THAMETPOM, COOTBETCTBYIOLIMM IIPOXOHO-
My -ceueHHio TpyGompopoma. C oGpaTHOH CTOpOHBI MeMGpaHbBI yCTaHOBJIEHO
KOIbLO 4 ¢ OCTPOA KPOMKOMH ITPOTHB PHCKH H 3aKPYITIEHHOTO KPOMKOMH IPOTHB
MecTa oTrH6Ga MeMOpanbl, rme pucka oTCyTcIBYeT, B 3TOM Mecre mia dukcaumun
MeMOpaHbl OTHOCHTENIBHO 3aKpPYTJIEHHOH KPOMKH KOJbla BBINONHEHa cdepH-
yecKas BBILUTaMIIOBKa 7, KOTOpasd coBMeluaercs npu c6opke ¢ oTBepcIHEM B
komsue 4. IIpoppiB MeM6paHbI NMPOHCXOOMT 3a CUET IMIPABJIIMYECKOro yfapa,
BBI3bIBaEMOr0 CpabaThiBaHHeM ITHPONMAaTPOHOB 1, KOTOpBIE MJIA HaHeXHOCTH
Bcerfa qyGnupyloTcs. B Tex ke Lensx nHpo3apsAabl repMETH3UPYIOTCA OT XKHJ-
KOii ¢a3pl TOIIHBA pa3fie/IUTeIbHBIMU MeMGpanamu 8, Paspymenue MemGpaHbl
NpH cpaGaTbIBaHHH MHPONATPOHOB IIPOMCXOAMT MO OC/IaGIeHHOMY PHCKO#
CeYEeHHI0, YTO NMPHUBOAMT K INOCIeAyIOLIeMy 3a HMM OTTHGaHMI0 MeMGpaHbI B
NoJIOXKeHHe 6. YIepxaHuio MeMOpaHbl B 3TOM MOJIOXKEHMH CIIOCOGCTBYeET ydac-
TOK 3aKpyTJICHHOH KPOMKH Koiblia 4, coBrajaloeii 6iarogapsa ¢HKcaropy ¢
y4acTKoM MeMOpaHBI, Ilie pUCKa OTCYTCTBYET.

AHanoruyHoe yCTpOMCTBO cnocoGHO cpaGaTeiBaTh Takxke H Ge3 moMolLM
IMPONATPOHOB TONLKO B pe3ylbTaTe BO3[CHCTBHA NaBiieHUA paGoueid cpempl.
Takue ycrpoiicTBa ycTaHaBNMBAIOT Ha ra30BbIX MAarMCTpaIAX Hau.u.yna 6axoB H
HX Ha3bIBalT MeMOGpaHaMH cBOGOITHOro TpopbIBa,

EcTecTBEHHO, YTO IOJIOXKHTENILHBIM CBOHCTBOM MeMGpaH ABIAETCA MX ION-
Has TepMETHYHOCTb B NepHoH, XpaHeHud JIY B 3anpaBiieHHOM COCTOAHHH H MH-
HHMQJIbHOE COMpPOTHBIIEHHE 3aMOPHOrO YCTPOMCTBA B OTKPBITOM COCTOSHMHM,
OnHako npH GompuUmMX pasMepax TpyGompoBomoB (Goiyee 100 MM) HaJieXHOCTb
cpaGaThIBaHMsl TaKMX YCTPOWCTB C NHMPONAaTPOHAMM PE3KO INajaer, TaK Kak

Puc. 2,66, KoHCTpYKTHBHaRA cXeMa yCTaHOBKH MeMGpaHbl IPHHY UTETbHOTO MPOPHIBA:

1 — maponaTpoHsl; 2 — MNOJIOCTH C KOMIIOHEHTOM TOIUIMBa; 3 — MeMGpaHa; 4 — Konblo
meMOpanbl; 5 — HenoNHadA KoNblUeBast pHMCKa; 6 — moloxeHHe MeMGpaHbl 1ociie Mpophl-
Ba; 7 — cdepuyeckas BblllraMnoBKa A ¢uxcauyu memGbpanbi; 8 — pasmenurenbHble
memGpaHbl MMPONATPOHOB

Puc, 2,67, lpuHuumianbHas cXeMa MHPOHOXKEBOro MeMGPaHHOTO MyCKOBOro KJlanaHa:

1 — mMponaTpoHsl; 2 — HOXeBOH UMNHHAD; 3 — NOpLUEHb HOXEBOTo LWIMHApPa; 4 — MeM6-
paHa; S — BhleMKa B HOXEBOJ YaCTH LMIMHApa, KOTOpasA oGecreunBaeT (PHKCHPOBaHHOE
nonoxexHne MeM6paHE! B TpyGonpoBofie Mocile ee MPOPe3aHHA HOXOM
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BMecTe ¢ MeMOpaHO#i BO3MOXHO YacTHYHOe paspylieHHe TpyGompopogmos, Ilo-
3TOMy [UIA TOIUIMBHBIX MarHcTpasnedl GoNbLIOro pasMepa NPHMEHAIOT MHPOHO-
JKeBble YCTpDOMCTBa, KOTOpbleé HCKI/IIOYA0T OTMEYEHHBIH BbIlllEé HENOCTAaTOK
(puc. 2.67). B mipoHoxeBbIx MeMGpaHHBIX KilanaHax MeMGpaHa 4 BCKpbIBael-
CA TIpH ee pa3pyLIeHHH OCTPOH KPOMKO# HOXEBOro IMUTHHpA 2, pa3MELLEHHOr o
B Tpy6onposope. IIpuBon B meficTBHE HOXEBOro LWIMHApPA pealM3yercs AaBjie-
HHeM, OEHCTBYIOIUIMM Ha MoplueHp 3 mocne cpabGaTbIBaHHA IHPOMAaTPOHOB 1,
Insa ynepxaHua MeMOpaHbl B OTKPBITOM IIOJIOXKEHHHM 4acTb MeMOpaHbl ocTaeTcs
He BCKpBITOi H3-32 BBIEMKH 5 B HOXXEBOH YaCTH LIWJIMHApa 2,

OtpenpHpId KJacec KJIANAHHBIX arperaroB NPeACTaBIANT co6od obGpaTHbIE
H NpeoXpaHHTENbHbIE KIIallaHbl, ITH MPOCTEMHIHMe YCTPOHCTBA NOIDKHBI IIPOITYC-
KaTb Yepe3 CBOi MCIIOJNIHHMTEINIbHBIA OpraH pabouylo cpely NpH HaBjleHHH Ha IOM-
BIDKHBIH KIIamaH, NpeBbIILAoLIeM 3afJaHHbIH Halepen YpoBeHb, KOTOpbIi 06yc-
JIaBJIMBaeTCA INpeIBapUTENbHOH 3aTsAXKKOH INPYXXHMH, T.6. OHH CpabGaTbIBalOT OT
Bo3feiicTBHA pabouyeii cpenpl.

Ha puc. 2,68 noxasaHa npHHIMNHaIbHAA cCXeMa oGpaTHOro KiamaHa, KOTO-
pblif BKJIIOYaeT B CBOM COCTaB KOpHYycC 3 C CEIJIOM 5 H pa3MeLleHHBIA B HeM Kila-
nan 1 ¢ npyxaHoi 2, [Ipu nBrkeHHH paGoyer cpembl B CTOPOHY OTKPBITHA Klia-
MaHa yepe3 3a30p HOJDKHO NMPOXOAMTH pabouee TeNlo ¢ HAaMMEHBILMM BO3MOXKHBIM
conporusnieHHeM. IIpH HemomBHXHOM COCTOAHHM -paboued cpedbl WIH NpH ee
IBIDKEHHMH B OOpaTHOM HallpaBJIEHHMH HOJIXKHO ObITh 0GecrmeyeHO repMeTHyHOe
pasfiesieHHe MoJocTed Meped KJallaHOM H 32 HMM, JTH [IBa NMPOTHBOPEYMBBIX
TpeGOBaHHs,C OIHOH CTOPOHBI, TPeOYIOT CabbIX MPYXHH, C APYTOH — MpPYXHH
¢ GOJBLIOH KECTKOCTBIO 1A obecrnedyeHuss HeoGXoaMMOoN repMeTHYHOCTH KJilana-
Ha NIpH HeNmoHBHWXHOH cpeme, Yauie Bcero 3Tu TpeGOBaHHMA yHOBIIETBOPAIOTCA
C TMOMOLIBI0 MapaJUIeNIbHOH YCTaHOBKH Ha MarMcTpaiii MemGpaH cBoGomHoOro
npopbiBa, OMHaKO TaKoe pelleHHe HempHrogHo Wi JIY MHOropa3oBbIx BKIIoue-
HHHl H K TOMy e yBenuunBaeT cyxylo maccy JIY. Ilpocreiiiian KOHCTpyKLMA
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Puc, 2.68. IpuHuMnHanbHas cxema 06paTHOro KanaHa:
1 — knamaH; 2 — npyxuHa; 3 — Kopmyc; 4 — yCTpPOHCTBO HaCTpPO#KM NpefBapuTebHON
3aTSKKH NIPYXHHBI; 5 — cemio

Puc. 2.69. KoHCTpykTHBHas cXeMa INaBHOTO TOIUIMBHOTO KJ/IamaHa C NMHEBMAaTHYECKHM
NPHBOAOM:

1 — nonocTh moaBoOAa TOIUIMBa; 2 — Tapeib KilallaHa; 3 — MOJIOCTh OTBOHA TOIUIMBA; 4 —
YIUIOTHeHHE MOPIUHA NMHEBMONPHBONA; 5 — ra3’oBas NOJIOCTh MHEBMONpHBOAa; 6 — mop-
LeHb NMHEBMONPHBOAA; 7 — [peHaXHas MOJIOCTh NMHEBMOMPHBOAA; 8 — mnpyxXHHa; 9 —
YIUIOTHEHHeE WITOKa MHeBMonpuBoaa; 10 — cemo .
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KJamaHa (6Ge3 HalpaBJIAIOLIEro IITOKa M 6€3 CHWI TpeHHs, MPONOPLMOHATIBHBIX
CKOpOCTH TiepeMellleHHA) B OMHaMHKE COOTBETCTBYET CBOWCTBAM KOHCEpBa-
THBHOTO 3BeHa (OCOGEHHO MpHM YCTaHOBKeE KJIalaHa Ha ra30BOi MarHCTpaiH),
T.6. CBOMCTBAM MOMMEPXKAHUA H yCHWIeHHA MobbIX kone6Ganui B TpyGonposose
H laxe K HX JIOKaIbHOMY 0Gpa30BaHHI0 CAMHM KJ1allaHOM,

Ipu ycTraHOBKe OGpaTHBIX KIIaNaHOB B ra3oBbieé MarHCTpalnH HaamyBa Ga-
KOB, IIMTa€MBIX OT OJHOTO aKKYMYJIATOpPa, PaccorjiacoBalHe IpenBapHTeNbHOM
3aT/AKKH MPYXKHH MOXET NPUBECTH K HEXENaTeJIbHOMY H3MEHEHHMIO [IaBJICHHNA
B Gakax M K paccOr/iacOBaHMI0O COOTHOILICHHs KOMIIOHEHTOB TOIUIMBA, IIOfiaBae-
MbIXx U3 6akoB B Kamepy (WJM B rasoreHeparopsi) . [ns ycrpaHeHHs BO3MOX-
HOTO paccorylacoOBaHHsA JKeaTeibHO NpelyCMOTpeTh B KOHCTPYKIMH 06paTHOro
KJlallaHa YCTPOHCTBO HaCTpPOWKH Ipe[BapUTENbHON 3aTAXKH NpYXuHb! (103, 4
Ha pHc, 2.68) .

IpemoxpaHHTeNnbHbIA KJIallaH OOJKEH COPOCHTb uepe3 CBOH HCIIOJIHMTEIIb-
HBIH OpraH M3JIMIIKH rasa B APeHaXHYI0 MOJIOCTh H3 HaJJyBacMbIX eMKOCTeH
IpH TIpeBbILIEHHN B HUX JOIyCTHMOrO ypOBHA JaBiieHHsa. Taxue knanaHs! ycra-
HaBJIMBAIOTCA JIMGO HEMOCPEACTBEHHO Ha EMKOCTH, TG0 BKIIIOYAIOTCA B COCTaB
oBcIyxuBatoLIeil eMKOCTH apMaTyphl,

Ha puc. 2.60 nokasaH nmpegoXpaHUTENIbHBIA KIlanaH 2, MPHCOCOHHEHHBbIA K
BBIXOJHOMY LiTyllepy 3 razoBoro pemykropa, Kpome HacTpoeunoro ycrpoiictBa
OTJIMUMTENIbHOH OCOGEHHOCTBIO 3TOTO KIlalaHa sABJIACTCA NMpHMEHEHHEe B HEM
minHHOK mpyxaHbl 1. YeM myTHHHee NMpyXWHa NpedOXpaHHTENILHOTO KJIaNlaHa,
TEM TOYHee OTCIIeKHBaeT KJIaNaH ypoBeHb MpeBbILIEHHsA JaBJICHHSA B eMKOCTH,
TaK KaK NpH OTKPBITOM KIlalaHe- B IUIMHHOH IpYXHHE MeHbIlle H3MeHseTcH
YPOBeHb HaCTPOEYHOTO YCWIHs, YeM NpH KopoTkoil, [na memndupoBanusa mnon-
BIDKHBIX YacTed KJIallaH MMeeT [UIMHHOe OCEBOe OTBEPCTHE Maloro JHAMETPa,
yepe3 KOTOpoe NOCTOAHHO CGpPachIBaeTCA He3HaYMTENbHOe KONHYeCTBO rasa, a
TNpH [ABIKEHWH KJallaHa B HEM PEAJIM3YIOTCA CWIbI TPEHHs, IPONOPLMOHAIbHbIE
CKOPOCTH NepeMelleHHs, HalpaBJIeHHbIe IPOTHB IBHXXEHHUSA KJialaHa,

PaccMOTpHM YCTPOHCTBO M NPHHUMII AEACTBHA INTaBHBIX KiamaxoB XPIY,
Ha puc. 2.69 npuBeneHa KOHCTPYKTHBHasA CXeMa IIaBHOFO TOIUIMBHOIO KJlama-
Ha c MHEBMaTHYECKHM NPHBOAOM. ITOT KJanaH obecnednBaeT ynpapJieHHe MMTa-
HHEM ra3oreHeparopa. B HCXOODHOM COCTOAHMHM KJIamlaH 3aKpHIT M T€pMETH3H-
pyerca ycwmem nNpyxaHsl 8, Ilpu ompenesieHHOM ypoBHE [aBJIeHHs TOIUIHBA
B NOJIOCTH 1 B COOTBETCTBHH C 3aJIlaHHOH IMKJIOIPaMMO# cpabGaTbIBaHHA KOHEY-
HbIX aBTOMAaTOB B IIONIOCTh 5 NHEBMaTHYeCKOTO NMpHBOAA mopaercs paGouee
nasineHde rasa, Ilopiuens npuBona 6, MpeonosieBas YCHIHe MPY>KHHbI H TaBJICHAS
TOIUIMBAa Ha KJIaliaH, MepeMelllaeT Tapesib 2 KJlallaHa B OTKPBITOE IONIOXKEHHE H
COEJTHHACT T€M CaMbIM MOJIOCTh 1 ¢ MOJNOCTbIO OTBOJA TOIUIMBA 3 B ra3oreHepa-
1op. Ilo xoMaHzEe “ocTaHOB” ra3 cGpackIBaeTCA M3 MOJIOCTH 5 MHEBMOMPUBOLA,
H TIOJX IeHCTBHEM IIPY>KHMHBI KJIallaH NIPHHHMaeT HCXOTHOE 3aKPBITOE COCTOSIHHE,

IIpHHIMIHABEHO MONOCTH MOMABOMA M OTBOAA TOIUIMBA MOXHO INOMEHATh
mectamMH, OmHaKko MNpH TaKOM peBepce MOJIOCTeH HaBJIeHHe MOMAYH TOIUIMBA
Gyner cmocoGCTBOBaTh pasrepMeTH3alMM KJIaNlaHa, 4TO MOTpebyeT YCHIEHHA
MIPeIBapHTeNIbHOA 3aTsDKKH NpY>KHHbI, ITO NMpHBeHeT TG0 K YBEINHWYEHHIO IUIO-
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LAy NMOpILUHA NPHBOMA, IGO0 K yBEJIHYEHHIO JIABJICHHA B €r0 ra30BOi MONOCTH,
YTO B KOHEYHOM HTOre YXyHALIMT MacCOBBIE XapaKTepHCTHKH arperaroB Y.
ITo3ToMy B aHaJIOrHYHBIX KOHCTPYKLMAX BXOIHOH IOJIOCTBIO JOIDKHA ObITH Ta,
CO CTOpOHBI KOTOpO#l HaBJieHHe NOJaYH TOIUIMBa Iepeq, OTKPLITHEM KJanaHa
cnocoGCTBYeT ero repMeTH3alHH, '

Ilpyroe TexHWdecKoe pellleHHe COCTOMT B OpraHM3allMM pa3rpy3KH KJlanaHa
myTeM 3aMeHbl YIUIOTHeHHA 9 cwibdoHHBIM y3710M. B TakoM ciyyae paGouee
HaBJICHHE IO OTKPBITHA KJIallaHa JO/DKHO GbITh IOJAHO B NMOJIOCTH 3, a repMeTH-
3alMA KJIallaHa LeJHKoM Gymer oGecreuMBaThes NMPYXHHOH 8 MHEBMONpPHBOLA,
IlopuieHs 6 ¢ ywioTHeHHEM 4 TaK)Xe MOXET ObITh 3aMeHEH CHIbGOHHBIM Y3JIOM,
HO BO BCeX CJIyyasAX ITOJ MOPIIHEM HIH MOH, CHibGOHOM M3 MONOCTH 7 IOIDKEH
GbITH OPraHH30BaH APEHaX.

Ina Manbx pacxomos TomwmBa (Hanpumep B KJIY) mepcneKTHBHBIM Ha-
NpaBIIeHHeM YCOBEPLIEHCTBOBaHHA IJIaBHBIX MarHCTPaJIbHBIX KIIaNaHOB ABJIAET-
cA IPHMEHEHHe eKTPUYECKHX MPUBOIHBIX YCTPOHCTB (JIEKTPOMArHUTOB) .

Ha puc. 2.70 noxasaHa NpHHIMNHAIBHAA CXE€Ma IJIaBHOrO TOIUIMBHOIO KJia-
MaHa OJHOKPATHO-IOBTOPHOTO BKJIIOYEHHA C MHMHUMAIBHBIM I'MIPaBJIMYECKHM
conporuBiieHHeM, OH NpeHa3HaueH 1A yCTaHOBKH Ha BbIXofie M3 Gaka WIM Ha
BXOJi€ B Hacoc, '

OTnuyuTeNBHOM OCOGEHHOCTBIO KIIaNaHa ABIAETCA NONOCTh 1, NMpemHa3Ha-
YeHHaA 1A pa3MelLeHHs KJIallaHa B OTKPBITOM COCTOSAHHH, TaKoe KOHCTPYKTHB-
HOE pellieHHE MO3BOJIKIO YMEHBIUHMTh Ha MOPAMOK ero rMApaBJIMuecKoe CONpo-
THBJICHHE B OTKPBITOM COCTOAHMHM IO CPaBHEHHMIO C KOHCTPYKIMeH IJIaBHOro
KJlallaHa, paccMOTpeHHoro Bbime, Knaman 3 mpuBopmuTCs B [IBWXKEHHE C IIO-
MOILBI0 CHCTEMBI pbryaroB 2 ¥ 5. Bemymuuii peruar 5 mopopauHBaeTCs ¢ IOMOILLBIO
nopumHs 7 npHBogHOro ycrpoiicrsa, Llmmmmnp npuBomHoro ycrpoiictBa 8 pac-
HOJIOXKEH CHapyXXH Kopmyca 4 M MOXeT HCHONb30BaTh NMHEBMaTHUECKYI0 HIH

Puc. 2.70. [MpuHuMNAaNbHAA CXeMa TABHOTO TOIUIMBHOrO KJilamaHa OJHOKPAaTHO-NOBTOP-
HOrO BKJTIOYEHHsi C MHHHMAJIbHBIM FHAPABIIHIECKHM CONMPOTHBIEHHEM:

@ — TMpOAOJNBHBIN pa3pe3 KiamaHa; 6 — pa3pe3 MO NMPHBOMHOMY yCTPOHCTBY; 1 — moyocTs
VI pasMeIlieHHsl KJIalaHa B OTKDHITOM COCTOAAHHM; 2 — Be[OMEI#f pblMal IPHBOJAHOTO
ycrpoficTBa; 3 — Tapemb KianaHa; 4 — Kopmyc; S — BeAylLmi#t pb¥al' IPUBOMHOIO YCTPO#H-
crBa; 6 — oCh phIYaroB; 7 — MopilieHb MPHBOJHOr'O YCTPOHCTBa; 8 — LHITMHAP MPHBOXHOTO
ycTpoitcrBa; 9 — och KayaHHA OIPHBOMHOrO yCTPOHCTBa
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THApaB/IMUeCKyl0 3Hepruio, OGecmeueHne NBWKEHUA BeyUIero pbruara 5 TpeGy-
€T KayaHWsA KOpHyca NPHBOLAa OTHOCHTENIbHO KOPMyca KianaHa 4, KOoTopoe ocy-
LIECTBJIAETCA MOBOPOTOM KOPITyca NPHBO/A OTHOCHTENIBHO OCH 9, 3aKpeIUIeHHOM
B Kopllyce KjiamaHa, Bemyumii peryar 5 xecTko coefMHeH Yepe3 o6uLIyo och 6
C BeJOMBIM pbIYaroM 2, KOTOpPBIA ympaBifeT NMOJIOXEHHEM TapenH KiamaHa 3,
B OTKpBITOM NOJIOXEHHH Tapelb KiiallaHa TpeGyer ¢ukcammu (Ha pHc. 2,70 He
noka3saio) , Ilpu MoBTOpHOM cpaGaThIBaHWM TaKOro YCTPOHCTBa KJallaH OCBO-
6oxpaerca or ¢uKcaropa, EciM aBromMaTH3HpoBaTh ITOT HpolECC, TO KJIalaH
MOXeT GbiTh npuMeHeH M B JIY MHOrOKpaTHOro BKJIIOYeHHS. BajXHO OTMETHTD,
YyTO pa3paboTka KJIaNaHOB C MMHHMAaJIbHbIM FHAPABIMYECKHM CONPOTHBJICHHEM
Heob6XoMMa i J0ObIX aBTOMAaTHYECKHX YCTPOHCTB, YCTaHAaBIIMBaeMBIX Ha
Bxope B Hacocel THA, Tak kak ycnoBHa GeckaBHTaUMOHHOH paGOTHI HacOCOB
TpeOyIoT MOBBILIEHHOTO [IaBJIEHHA Ha HX BXO[E, a THAPaBIHYECKHE NOTEpH B
KJIAMaHHBIX YCTPOHCTBaX MOTYT GbiThb BO3MeILUEHbI JIHLIb 32 CYET YBEJIHYEHHA
paByenns B Gakax (WM B GycTepHbix NpeoHacocax), YTo B JIIOGOM cilyyae
OTpPHIATENTLHO CKa3bIBaeTCsA Ha MacCOBBIX XapaKTepHcTuKax Y.

Ha puc. 2.71 nokasaHa MpHHIMMHAJIbHAA cXeMa IJIaBHOro KIIalaHa OKHMC-
JIMTENA OBHMratTeNis GONbLIOH TATH, YCTaHOBJIEHHOTO B TOIUTHBHYI0 MarHCTpaib
MeXJIy. HacCOCOM M KaMmepo# [jia 3alycKa M ocTaHOBa aBHrarens, Knanax ocHa-
1IeH MHEBMOMEXaHWYeCKHM MPHBOAOM. B MOABHXXHOM KOpITyce OCHOBHOM Tape-
nu 7 pasmelieHbl NpyXwMHa 13 M mMyckoBasA Tapenb 8, KOTOpas OTKpbIBaeIcs
nop Bo3xeiictBreM npyxunbl 10. Ilepen 3amyckom ABHMratess B MHEBMaTHYEC-
KYI0 nonocrsb 1 kiamaHa yepe3 wryuep 14 nopmaercsa ra3 ¢ AaBjIeHHEM, KOTOpoe
CIocOGCTBYeT repMeTH3alMH oGoux kiamaHoB., CunbdoH 11 H ymwioTHeHHe
12 ormensroT rasoByio NoyiocTs 1 OT »KHOKOCTHBIX mosocTeit 3 u 4, B mpouecce
3amycka ra3 M3 moinocti 1 cOpaceiBaerca uyepe3 wTyuep 14 H ApeHakHyl0 NO-
JIOCTb IeKTpOoNHeBMoKJIanaHa, Inowanp xecTikoro muuma cwibdoHa 11 1 ycu-
JHe npyx#Hb 10 MoaGHpaloTCcA Tak, YTO MEepBOH B Mpollecce CTPAaBIMBAHHA Ta-
38 M3 MHEBMATHYECKOH IOJNIOCTH OTKpbIBaeTCA IyCKOBas Tapenb 8, koTopad
obGecneunBaeT MUTaHWEe OKHCIINTEJIEM KaMepbl [BHTaTelld Ha IpeBapHUTEIIbHOH
CTyneHH 3amycka, IIpy 3ToM NmyckoBas NMOpUMA OKHCIIHTENA 4epe3 MONOCTh 4
NOCTyMaeT B MOJIOCTh 3 H fasiee uyepe3 MOJIOCTh 9 B KaMepy HOBHraTelis, a 4acTb
OKHCIIHTENA — uYepe3 ILUTylep 2 B TEIIOOGMEHHHK i oGecreueHHsA HaijryBa
6aka oxucnMTensa. B TeueHHe HexoToporo BpeMeHH npyxuHa 13 obecneumBa-
€T 3aKphITOe COCTOSIHME Tapeld 7, HO N0 Mepe BO3PacTaHHA NaBJIEHHA BO BXOJ-
HOM TOJIOCTH 5 BCIIE[CTBHE yBeJIMUEHHA YacTOThI Bpauenus poropa THA c npen-
BAPHTEJIBHOTO pEeXXMMa Ha OCHOBHOM Tapelib 7 OTKpBIBaeTCA H TEM CaMBIM
oGecneduBaeT BBIXOM KaMephbl ABHraTelisi Ha OCHOBHYIO CTyneHb paGorbi. B npo-
necce ocraHoBa JIY nepBeiM H3MeHserca pexum paborsl THA, Ilpu nepesopne
THA c oCHOBHOrO pexuma Ha TNOHIDKEHHBIH [aBlieHHe OKMCIIHTENs BO BXOM-
HOH MOJIOCTH 5 MajaeT B TAKOM XKe TeMIie, B KaKOM H3MEHAETCA pPeXxHM paGoTsl
THA, 1 B 310M e Temnie Tapelb 7 IOA JeiCTBHEM NpYXHHBI 13 npubmKaeTcs
K cemty 6, a Tapenb 8 mop melictBHeM mpyxwuHbl 10 ocTaerca oTKpbITOM, B Mo-
MEHT BBIKJIIOYEHHA INHTaHHA ra3oreHeparopa uepe3 YINpaBJIAIOLMHA 3JIEKTPO-
MHEBMOKJIallaH B MHEBMAaTHYECKYIO MOJIOCTb KJlallaHa Yepe3 wTyuep 14 nogaerca
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oxkaTbiii ra3, Ilo mMepe Bo3pacTaHMA HaBlIeHHA B MHEBMaTHYECKOW MOJIOCTH 1
CHavaJia NMpOMCXOMIHUT 3aKpBITHE TapeiH 7, a 3aTem Tapenu 8. Taxaa nmocnenona-
TENBHOCTh CpaGaThIBaHHA KIIANlaHOB 0GECIIeYHBAETCA COOTBETCTBYIOLUIMM IoA60-
POM YCHIHii, NEHCTBYIOIMX Ha TapelnH 7 H 8 cO CTOpOHBI ra30BOMH IOJIOCTH, H
ycurmmii npyxuH 13 1 10,

Ha puc, 2.72 noka3aHa NpHHUMIMAIbHAaA CX€Ma IJIaBHOTO KJIallaHa Topio-
4yero OBHrarens OGOJIBLIOH TATH, YCTaHOBJIEHHOTO B TOIUIMBHYI0 Marucrpaib
MeXay HacocoM u kaMepoii, Kitanman cocTour U3 kopmyca 9, Tapesii 2, pY>KHHBI
5, ra3oBoii NOJIOCTH 6 M XHAKOCTHbIX monocTedt 1, 7 u 11, XXumiocTHeie H razo-
BbI€ TOJIOCTH pasfeNAloTCA YIUIOTHeHHAMH 4, B mpenmyckoBoit mepuon B raso-
ByW NojlOCTh 6 yepes wITyuep 8 mopaercA [aBjieHHE ra3a OT YMpaBIIAIOLLETO
3JIeKTPOMHEBMOKJIaNiaHa, ITO [aBJIeHHe CKMMaeT NMPYXMHY 5 M NpHKUMaeT Ta-
perm 2 k cemny 12, T'oprouee uepe3 orBepcTHa 10 3aKkpbITOl Tapenu 2 M3 BXOM-
HOH ToJTocTH 1 caMOTeKOM uepe3 MONOCTh 7 MepemycKaeTcd Ha BXOJ B Hacoc.
Pacxop roprouero, nepenyckaeMoro yepe3 KijanaH B NpenmyCKOBOi IlepHOI Ha
BXOJI B Hacoc, oGecneunBaer paGoTy HMneulepHbix ymwiotHenuit THA B mpouec-
ce yBeJIMUEeHHs YacTOTbl BpalueHus ero poropa. Ilocne Boixona THA Ha mpensa-
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Puc, 2,71, lprHumnuanbHas cXeMa riIaBHOro KaanaHa OKHCIMTeNs:

1 — ra3oBasg moJIOCTh KJIallaHa; 2 — IUTYLEP OTBOJA OKHUCIMTENA B TeIVIOO6MEHHHK; 3 —
XHIKOCTHAA MOJIOCTh KJlaNaHa; 4 — XHIKOCTHas MOJNIOCTh MyCKOBOTO KJlalaHa; S — BXoH-
Hasl MOTIOCT KJIaNaHa; 6 — CeUIo KiamaHa; 7 — OCHOBHafA Tapelb; 8 — IyCKOBas Tapelb;
9 — BIXO[QHa#d NMOJIOCTh KianaHa; 10 — npyxHHa myckoBoro KianaHa; 11 — cumsdon;
12 — ynnoruenne; 13 — mpyxuHa OCHOBHOTO TOIUIHBHOTO KJlanaHa; 14 — wTyuep mieBMo-
npHBOAA

Puc. 2,72, lipyHuMNHANbHAA CXeMa IIABHOTO KJIAMaHa rOpIovYero:

1 — BxomHad MONOCTh KianaHa; 2 — Tapeiib; 3 — CelIO MEPEmyCKHOro KijamaHa, 4 —
YIIOTHEHHA; S — NpYXXWHa KiallaHa; 6 — MHeBMaTWyecKas MONOCTh KilamaHa; 7 — mepe-
MyCKHasl MOJIOCTh KJlamaHa; 8 — wIryuep nmHeBMonpuBoaa; 9 — Kopmyc Kiamada; 10 — ne-
penycKHble oTBepCTHA; 11 — BLIXOMHA® MONOCTH KilanaHa; 12 — celylo pacXomHOTo Kila-
naHa
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PUTENBHBIA PeXHM C IIOMOILBI0 YIPABJIAIIIEro 3IEKTPOMHEBMOKIIaNaHa copa-
ChIBaeTCA [aBlieHHe M3 MHEBMAaTHYECKOi MoJocTH 6 uepe3 wmryuep 8. Ilop meii-
CTBHEM MpYXWHbI 5 Tapesib 2 OTKpPbIBAaeTCA YaCTHYHO Ha BBICOTY, Ompenesnse-
MYI0 NIpe[BapHTeNbHBIM HaTsOKEHHEM NpYXHHBI 5, YacTHYHOE OTKpBITHE KJIallaHa
oBecmeynBaeT BHIXOM, KaMephI ABUIaTelNA Ha NpeIBapHIEIbHYI0 CTYeHb 3aImycKka,

B nmpouecce manbHeiiero yBeNMYeHMsA 4acTOThl BpauneHus poropa THA
(mpu BbIXOME Ha OCHOBHOM peXHMM paGoTsl) Tapeib 2 NepeMellaeTcs Nop, AeHcT-
BHEM [IaBJICHHA XMJIKOCTH, oGecreynBas TeM CaMbIM IUIaBHBIH Nepexof, ¢ mpex-
BapHTENBHON CTyNeHH paGoTel Kamephbl ABUrarTelia Ha OCHOBHYI0. K xoHiy myc-
KOBOro mpoliecca Tapeib 2 IPHKUMaeTcss 0GpaTHBIM TOPLOM K Cemly 3 H 3aKpbl-
BaeT IepelMycK ropouero Ha BXon B Hacoc. C 3Toro MoMeHTa Bce ropiouee Io-
CTyNaeT TOJbKO B KaMepy ABHraTels,

Ha srane ocranoBa J1Y THA nepeBomurcs Ha MOHMDKEHHbIH peXxHM paGoThI,
ITapenue paBsieHHs ropiouero cnocoGCTBYET NIEPEMELLICEHHIO TApeNH 2 B IIPOMEXy-
TOYHOE MOJIOXKEHHe, MpPH KOTOPOM OTKPBIBAETCA MepemycK ropioyero Ha BXOJ
B HacoC M YaCTHYHO IIepeKpBIBaeTCA OCHOBHOe mpoxomHoe cedyeHue, IIpu 3tom
KaMepa [BHTaTellA NePeXOMT Ha MpefBapHTeNbHyIo cTyneHs, Ilommoe 3akpbiTue
KNanaHa MPOMCXOMT B pe3yibraTe MOJauYH AaBJICHHA ra3a B IIHeBMAaTHYECKYIO
TOJIOCTh KJlamaHa 6,

PaccMoTpeHHBIE Bhlllie YCTPOHCTBa H MPHHIMIILI JEHCTBHA ITIaBHBIX TOIUIMB-
HBIX KJIaNaHOB IIOKAa3bIBAlOT, YTO HECMOTPA Ha ABa XapaKTepHbIX KOHEYHBIX
COCTOAAHHA HX MOIBIKHBIX 3JIEMEHTOB, MO KOTOPBHIM 3TH KIJIaNaHbl OTHECEHBI K
KOHEYHbIM aBTOMaTaM, KJIanaHbl BBINOJHAIT TaKXe pOJIb aBTOMAaTHUECKHX
perynaTopoB. C MX MOMOILBI0 OpraHH3YeTCs ABYXCTYNEHYaThId 3allyCK H OCTa-
HOB Kamep ABHTaTeNia M 0OecreyHBaeTcs HEOOXOMMMBIH TeMN H3MEHEHHUS TATH
IIpH Nepexofie ¢ ONHOM CTyNeHH Ha Apyrylo. OfHaKo ynpaBieHHe STHMH IpoLec-
camH obecreynBaeTcA MyTeM IiejI€HAlpaBIeHHOrO BbIGOpa MapaMeTpoB KOHCT-
PYKTHBHBIX 3JIEMEHTOB, COCTaBJIAIOLMX IJIaBHble TOIUIMBHbIE KJIaNaHbI, a KO-
MaHJHOe Bo3fleAcTBHe (mopaya WiH c6poc raza B NMHEBMaTHYECKYH0 NOJIOCTb
NIPHBOJia) HOCHT MUCKPETHBIH XapaKTep.

IlepcieKTHBHBIM HallpaBJIeHHEM YCOBEPLIEHCTBOBAHHMS TaKMX YCTPOWCTB
CllemyeT CYMTaTh pa3paboTKy ONEPaTHBHBIX CHCTEM KOHTPOJIA TEKYLIEro IOJIO-
XEHHMA 3aNIOPHOTO OpraHa C NEHCTBHTENBHBIM COCTOSHHEM YIIPaBJIAEMOro Mpo-
mecca 1o MPHHIMIY oGparHo# cBa3H, Takylo CBA3b MOXHO OCYLIECTBHTH C IIO-
moupio BIIBM n coorBercIBylowero ee BpixomHOWH MHGOpMalUMH H3MEHEHHS
TeMIa c6poca HJIM HapacTaHHA [aBJIeHHA B NMHEBMaTHYECKHX MOJIOCTAX TOIUIHB-
HBIX KIIallaHOB,

Ha puc. 2,73 mokazaHa NMpHHUMITHAJIbHAsA CXeMa 3alPaBOYHO-HPEHAKHOTO
TOIUTMBHOTO KJIallaHa, yCTaHaBJIMBaeMOro Ha TOIUIMBHOM Gaxe, C nomoipio
TaKOro KJamaHa NPOHM3BOOMTICA 3ampaBKa Gaka TOIUTMBOM HIIH €ro OpeHax
(cnuB) M3 Gaka, Knanman ocHalieH IHEBMOIIPHBOIOM M MOXET [IPHHHMATh TpH
KOHEUHBIX (HMKCHPOBAHHBIX COCTOSHMA: OTKPBIT’, “YaCTHYHO OTKpHIT® H
”3al<pblT”.

3akpeiToe cocTosiHMe Tapenu 1 oGecneynBaeTcs Monaueii ra3a yepes IUTyLep
12 B rasosyio mosnocte 11, Ilpu 3TOM M3 OpyrMx monocTeidt ra3 mOMKeH GbITb
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Puc, 2.73. NMpmHuunuanbHas cXxema 3a-
NPaBOYHO-APEHKHOrO TOIUIHBHOTO KJia-
maHa;

1 - Tapems; 2 — cemno; 3 — 3ampaBoy-
Hast (WIH ipeHaXHad) NoJNoCTh; 4 — mop-
LIeHb MOJIHOTO XOAa KJamaHa; 5 — ra-
30BasA MOJIOCTh MPAMOro Xopa; 6, 8,12 —
WTYUepsl mopmayn u cbpoca rasa; 7 —
noplleHb YaCTHYHOI'O XOHa KJanaHa; 9 —
orBepcTHA; 10 — OrpaHMUMTENBHBIH To-
pel, xopmyca; 11 — rasoBas monoctsh
obpatHoro xopma; 13 — mwrrok; 14 — 6a-
KOBasi 0JIoCTh

cGpoureH yepe3 wryuepbl 6 U 8, JliA yacTHNHOro OTKPBITHA KaNaHa HeOGXOIU-
MO noparh paGouee HaBlIeHHE yepe3 LUTyLep 8 mpH cOPOLUCHHOM JaBJIEHUM H3
npyrux nonocreii, Ilpu sToM noputeHs 7 nmepeMeliaer yepe3 NOpIUEHb 4 IITOK
13 u ycraHaBmMBaeT Tapenb 1 B YaCTHYHO OTKPBLITOE IOJIOXKEHHE OTHOCHTENIBHO
cemjla 2, KOTopOoe onpefesisieTc X0NoM NMOpLHA 7 0 OrpaHHYMTEbHOrO TOpLa
10 xopmyca knanada, Jis MONHOro OTKpBITHA KilallaHa HeOGXOOUMO MOMAATh
pabouee mapinenHe uepes mTyuep 6 B monocts 5, 'a3, mocTynas yepe3 orBepcTHs
9 B mopitHe 7, BO3AEHCTBYET Ha TOPEL MOPLIHA 4 U MEpeMelliaeT Yepe3 IIToK 13
Tapenb 1 Ha OJIHY10 BEIMUMHY €€ XoAa.

IlpH NONHOCTBIO OTKPBITOM Tapenu 1 MPOM3BOAMICA 3ampaBKa 6aka TOIUIH-
BOM CO CTOpOHBbI mosiocTd 3. IIpH YacTHUHO OTKpBITOH Tapenu 1 MPOM3BOOMICA
npeHax TowimBa (cnuB) u3 monoctH 14, Ilpu 3akpbiToit Tapenu 1 pasnenue B
Gaxe, Heo6xoaMMoe A BBITECHEHHA TOIUIMBa, CNIOCOGCTBYET MOMOHHTEIbHOR
repMeTH3alMH KJlanaHa,

W3 paccMOTpeHHBIX KJIaNaHHBIX YCTpo#cTB, mpuMeHsaembix B XPIY  BuaHo,
4TO GOJNBIIMHCTBO H3 HHX COIEP)XHT MIHEBMATHYECKHE HITH THeBMOMEXaHHIeCKHe
NpHBOIHbIE YCTPOHCTBa, WA (PYHKIUHOHMPOBAaHHA KOTOPBIX TpeGyeTca mopava
HIH cOpoc ra3a B onpefieNieHHbIe NOJIOCTH NPUBOJOB CTPOrO B ONpefielieHHbIe
MOMeHTHl BpemeHH, llna oGecrneueHus NMHTaHHEM HEBMOIPHBOOOB LIMPGKOE
NpUMeHeHHe Hauoik nexTporHesmokiananbl (IIIK) . Kpome Toro, Bce xana-
Hbl MHOTOKPAaTHOTO BKJIOYEHHs, YCTaHOBJIEHHBIE Ha MAarucTpalfaX HNHTaHHA
arperatoB JIY ra3oM, Takxke HCIONbB3YIOT 3/1€KTPOMAarHUTHble NpPUBOOHBIE
ycrpoiictBa. lilupoxomy npumenenmio B XPIY snexTpomHeBMOKIanaHoB (M
MHeBMAaTHIECKHX MPUBOAOB) copeiicTByeT To o6croATenscTBo, uTo K yno6Ho
KOMMYTHPYIOTCA B 3JIEKTpHYeCKHX cHcTeMax ynpasienus XPIY u BemonHsior
POJIb KaK HCHOJHHTENIbHBIX OpPraHoB 3THX CHCTEM, TaK H yCHIMTellei-1peobpa-
30Barelieil CHTHAJIOB, NEPeaBacMbIX CO CTOPOHBI 3/IEKTPHYECKHMX Lemnel IHeB-
MOMEXaHWYeCKHM arperarom ynpasienus JIY,

Pa3paGoTaHo H NpHMEHAETCA Ha MPAaKTHKE MHOXECTBO Pa3yIHYHBIX THIIOB
K. InexTpOomHeBMOKJIANaHbl NPAMOTO [AEACTBHA, B KOTOPbIX CEPHCIHHK
3/1eKTPOMarH1Ta HEeMOCPENCTBEHHO YIpaBiiseT MNONOXKEHHEM KJlamiaHa, IIpUMe-
HAIOTCA NpPH pacrpelelieHNH NOTOKOB Fa30B C MalbIMH PacXOdaMH H faBlie-
HHAMH,
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B uenax skoHomuu gepuuutHO# Ha Gopry JIA snexkTpuyeckoH 3Hepruu,
yMeHbIlIeHUsi rabapHTOB M Macchl KIlallaHHOTro arperara B cocraB JIIK BBopmaAT
NHEeBMaTHUeCKHe YCWIMTEJIH, a 3JIeKTPOMAarHWTHbIH NPUBOJ, YNpaBJifeT JIMILb
30JIOTHHKOBBIM pacipeiesuTe/ieM, B 1ensax moBblllleHHA Haie>KHOCTH U OMIHO-
BpEMeHHO#! 3KOHOMMH 3Hepruu npH paspaborke JIIK Taxike npHoepXHBaOTCA
NpHHUHMIIA MHHMMAJIBHOTO BpEMeHHM y[ep)KaHHsA KIlamaHa Nop, JAeACTBHEM BKIIIO-
YEHHOTO 3MeKTpOMarHuTa, 3To mpuBeno k paspaGorke IIIK ¢ HopmanbHO 3a-
KPBITO# H HOPMAJIbHO OTKPBITOH KJ1allaHHOH Napo#,

Ha puc. 2.74 nokasana npunuumianbHas cxema JIIK ¢ HopManbHO 3aKphl-
TOM KjamaHHOH napoii, CepaeyHuK 371eKTPOMarHuTa 7 yepes LITOK JXXECTKO CBA-
3aH ¢ 30/0THUKOM 10, 30JIOTHHK BBINOJIHAET POJib ABYX 3alOpHBIX OPraHOB
KJIaNnaHOB BBICOKOro AaBJIEHHA 4 M OpeHaHOro 5. B 0GecToueHHOM COCTOAHMH
O0OMOTKH 3/IeKTpOMarHuTa 8 npyxuHa 11 30/10THMKa OTKpbIBaeT KJIanaH BBICO-
KOro JaBJieHUst 4 M 3aKpbIBaeT ApeHaXHbIA KianaH 5. Bo3myx M3 monoctH BbI-
COKOroO [aBJieHHs 2 Yepe3 KaHal 3, OTKPBITHIH KJIalaH 4 ¥ Yepe3 KaHall 30/I0THHU-
KOBO# MOJIOCTH 13 mocTymnaeT nop nopiueHs 15 3alopHOro opraHa H COBMECTHO
C MPYXXHHOH 14 ynep>kuBaeT ero B 3aKpbITOM COCTOAHUH, [IpH BxIIoueHuH 3reK-
TPHYECKOrO MHTaHHA B OGMOTKY 3/IEKTPOMAarHuMra 8 MarHWTHbIA NOTOK BTATH-
BaeT cepAeYHHK 7, KOTOpBIA NepeMelIaeT 30I0THHK , IPeoIoJieBas CHIIY NpYXKH-
Hbl 11, 9TO nepeMeleHne BBI3bIBaeT OTKPHITHE OPEHAXHOTO KJIaNaHa M 3aKpbl-
THe KJIallaHa BBICOKOro JaBjieHus. [Ipu 3TOM kaHan BHICOKOrO JaBJieHHsa 3 mepe-
KpbIBaeTcs, a KaHan 13 coequHsaeT MoONOCTh 3aIOPHOro opraHa 16 yepe3 MonocTs
30JI0THHKA U IpeHaXHbIe OTBEPCTHA 9 ¢ aTMocdepoit, I'a3 BbICOKOro naBreHus,
HaXOJALUMIACA B MOJIOCTH 2, NeACTBYA Ha CBOGOMHYIO OT YIUIOTHEHHA TOPLOBYIO
YacTh NMOPILHA 15 M cxxMMast NpyXkuHy 14, OTKpBIBaeT 3alOpHBIH OpraH KJianaHa,
Ynepkan#e MOpIIHA NPH 3TOM NpPOMCXOOHMT B pe3yJsibTaTe NEHCTBMA aBIICHHA
ra3a Ha MOJHYI0 ero miowanb, [Ipy BHIK/IIOUEHHH NMUTAHUA 3TEKTPHYECKHM TO-
KOM OOGMOTKH 3/leKkTpoMarHuTa 8 npyxuHa 11 oGecrneynBaer 3aKpuITHE JpeHax-
HOTo KJanaHa W oTKpbIBaeT kianad 4, Ha nmopueHs 3anopuoro opraHa ¢ o6enx
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Puc. 2.74. MpHHuKmianbHaA cXeMa NIeKTPONMHEBMOKIIAMAHA C HOPMAIIBHO 3aKpBITOM Kiia-
NaHHOi# napoit:

1 — nmonocts oTBOMA raza; 2 — MOJIOCTh MOABONA ra3a; 3 — KaHaJl BHICOKOIO [aBJIEHHA;
4 — KJamaH BBICOKOTO HaBJIeHHsi; S5 — ApeHakwublit KilanaH; 6 — Ce[Io IPEHaXHOro Kiamna-
Ha; 7 — CepAEUHHMK JJIEKTPOMarHuTa; 8 — OOMOTKa IEKTPOMArHHWTa; 9 — JpeHaxdbie
orBepctusa; 10 — 3onoTHHk; 11 — mpyxuHa 30/M0THMKa; 12 — ceIoO KJlamaHa BbICOKOTO
nasneHus; 13 — kaHan 3onoTHHMKoBOMR nonocty; 14 — npyxuHa; 15 — 3amopHbIit mopime-
BOH opraH; 16 — mMoJIOCTh 3aNIOPHOTO OpTraHa
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CTOPOH [IeHCTByeT OMHaKOBOe JaBJIeHHE ra3a, TaK KAaK ero BHYTPeHHsAA MO-
JIOCTh COeMHEHa Yepe3 KaHal 3 ¢ MOJIOCTbI0 BBICOKOTO [IaBJIEHHA, U OJ, AeHCT-
BHEM NpYXHHbI 14 3anOpHBIA KJIaNaH 3aKpbIBaercs.

NMeKTPONMHEBMOKIIANAaH PAaCCMOTPEHHOTO THIA NMPHUMEHSETCA BO BCEX CIy-
Yasgx, KOrja MCXOOHOE 3aKpPBITOE COCTOSHME KJalaHa ABJIAEICA AOMHHHpYIO-
LIMM BO BpeMeHH B npouecce GyHkIHoHupoBanus J1Y .

Ha puc: 2,75 noxasana koHcTpykTHBHaA cxema IIIK ¢ HopMansHO OTKpBI-
TOW KJIamaHHO# Napoi. B 3ToM THIle kanaHa MpH 06ecTOYeHHO#H OOMOTKE JJTeK-
TPOMarHuTa 8 NpyxMHa 30JIOTHUKA 5 OTKPbIBaeT OpeHaXHbIA KiamaH 12 u 3a-
KpbIBaeT KJalaH BBICOKOro [aBlieHus 4. IIpy TakoM MOJOXKEHHH 30JIOTHHKA
13 paGouas nonocts mopumMa 17 mHeBMonpHBOJa Yepe3 KaHai 15 coobmiaercs
¢ arMocdepoii uepe3 ApeHaxHble oTBepcTHs 11, 310 OGecneunBaer ynepicaHue
NpyXHHOH 18 Tapenu 3amopHoro knana€a 21 B OTKPHITOM TOJIOXKEHHH, Ynep-
XaHMI0 TapeJiM KJIallaHa B OTKPBITOM MOJIOXKEHHH TaKKe COMeACTByeT BbICOKOE
OaBJieHMe B MOJNOCTAX 1 M 2 KilamaHa, KOTOpoe AeACTBYeT Ha HeypaBHOBeLLEH-
HYI0O NOBEPXHOCTh Tapejid, NMpHXHMasa ee oGpaTHOH cTopoHoi k cemity 20 ppe-
H@XHOH MOJIOCTH IHEBMOIPHBOAA, YTO OJHOBPEMEHHO CHOCOGCTBYET pa3rpys-
Ke yIUIOTHeHHus 19,

IIpu BKITIOYEHHH 3IEKTPHYECKOro MUTAaHHA B OGMOTKY 3/IeKTpOMarHura 8
MarHuTHBIH MOTOK, 3aMbIKasCb Yepe3 MarHMTONPOBOM 9 Ha CepleyHHK 7, mepe-
MEILAET ero B CTOPOHY MarHUTONPOBO/A, IPEO0JIeBask IPH 3TOM YCHIHE NPYXH -
Hbl 5. B KoHUe 3TOro AB¥KeHusA obGecneyuBaeTcs repMeTH3alMsA APEHaXHOTO
Kknanmada 12 no cBoeMy cemly 6 M OTKpPbITHE KjlallaHa BBICOKOIO JIaBiieHHA 4,
Beicoxoe maBreHMe rasza M3 MONOCTH 2 COOGIIAETCA yepe3 KaHan 3, OTKPBITHIA
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Puc, 2,75, KoHCTpYKTHBHasA cXeMa 3TEKTPONHEBMOK/IaNaHa C HOPMAIbHO OTKPLITOH Kiia-
MaHHO#H Mapoii:

1 — nonocth OTBOMa ra3a; 2 — MOJIOCTh MOABOAA ra3a; 3 — KaHall BBICOKOIr'O [aBJICHHS;
4 — KJanaH BBICOKOIO JIaBJIEHUA; 5 — MPY>XHHa 30/I0THHKA; 6 — CemIo MpeHaKHOro Kilana-
Ha; 7 — cepldeYHHK IEKTPOMarHuTa; 8 — o6GMOTKa JNEKTPOMArHHUTa; 9 — MarHHUTONpO-
Bof; 10 — xopmyc wTeKkepHoro pasbema; 11 — mpeHaxubie oTBepcTHs; 12 — ApeHaKHBIA
KnanaH; 13 — 3omoTHUK; 14 — cenyio KianaHa BbICOKOro AaBNIeHHA; 15 — KaHan 30/10THH-
KOoBO# nonoctH; 16 u 19 — ynnorHenus; 17 — nopiieHs mieBMonpuBona; 18 — mpyxuHa;
20 - cem1o ApeHaXHOM NOJIOCTH MHeBMONPHBOa; 21 — Tapens 3anopHOro KianaHa
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KJanaH 4 u xaHan 15 ¢ paGoueit nonocrsio mHeBmMonpusopa, [Inomwany nopims
17 BpIGHpaeTcs Tak, YTO NpH nopave B paGouyio MONOCT MHEBMONPHBOAA BbI-
COKOro [aBJIeHHs1 BO3HHKalolllee Ha HEM yCHIIMe NPeofioyieBaeT CHIILI, AeficTByIo-
I{He Ha HEypPaBHOBELICHHYI0 YacTh Tape/IH 3aliOPHOro KJIamana 21  CHIy mpyXXH-
Hbl 18, B pe3yinbTaTe mefCTBHA 3TOH CHIBI Tapeih NEPEMEILaeTCA B CTOPOHY MO-
nocti 1 u mepexpbiBaer coobieHue nonocreit 2 1 1 Mexay co6oit, YnepxaHuio
TapelH 3alopHOro KJanaHa 21 B 3aKpbITOM COCTOSIHHH KPOME YCHIHA CO CTOpPO-
HbI TOpLIHs MHEeBMOIIPHBOAA TaKXXe COCOGCTBYET BHICOKOE [IaBJICHHEe B HOJIOC-
TH 2, KOTOpOe AEeHCTBYeT Ha HeypaBHOBEHIEHHYIO IOBEPXHOCTh TapeJIH 3allOpHO-
ro KJjamaia 21 mpH ycJIOBHH, 4TO IOCJIe 3aKPbITHs KJIallaHa M3 NojocTH 1 ras
pacxopyercs. B mpoTHBHOM cnydae, ecllH IOCTie 3aKphITHA KJIallaHa JaBJicHHE B
NoNocTH 1 coxpaHseTcs Ha TOM Xe ypOBHe, 4TO H B ITOJIOCTH 2, yCHIIHE repMeTH-
3aUMH ONpeHeNsercs pasHOCTbIO CHI, NeACTBYIOLMX Ha mopuueHs 17 u Tapems 21,
JTOT Cilyvail CilemyeT MPHHMMATh KAaK pacueTHbIH JIA ONpeeNieHHs IUIOWaau
nopumHs 17, Ilpy BBIKIMOUCHWH NHTaHHA 3NEKTPHIECKHM TOKOM OOGMOTKH
3NIEKTPOMArHuTa 8 mpyXMHa 30JI0THMKA 5 oGecreuMBaeT 3aKphiTHE KJIaNaHa
BBICOKOrO [aBJIeHHs 4 M OTKpBbITHe ApeHaxHoro kinanaHa 12, Ilox nmefictBaemM
npyxuHbl 18 Tapens H nopiueHs 3aNOPHOro KJIaNaHa BO3BPALAlOTCA B HCXOHOE
OTKpbITOEe Nonoxenue, HanGonpiume ycumia Ha npyxuny 18 Bo3HHKalOT B Hava-
Jie IBIDKCHHA KJIallaHa B Cilyvae, KOrfa M3 monocrn 1 ra3 pacxomyercs nocie
3aKpbITHA KJIallaHa, TaK KaK NpY>XKHHE MPHXOJHUTCA NIPeoNioNeBaTh JOMOIHHTEIb-
Hble YCHIHA repMeTH3alMH KJIallaHa, BbI3bIBaeMble CHIAMH BRICOKOrO AaBJICHHA
CO CTOPOHBI MOMNOCTH 2. JTOT CIyvuaid CIIeHyeT MPHHHMATh KaK PacuyeTHbIH A
onpepesieHHA NOTPeOHOM CHIbI pyXHHbI 18,

INeKTPONMHEBMOKJIAMAHbI PACCMOTPEHHOrO THNA HNPHMEHAITCA BO BCeX
CITy9anX, KOrfia HCXOJHOE COCTOSHHE IUTallaHa SBNAETCA AOMMHHPYIOUMM BO
BpeMeHH B Ipolecce (bymcmlounponamm oy,

Ha npumepe paccmoTpenHoil koHcTpykTHBHO# cxembl JIIK crepyer otme-
THTH ellle OMH BAXXHbIH MPHHIMII, KOTOPOTO ClIe[{yeT NPHIEPKHUBATHCA HPH pPa3-
pabGorke KiamaHHbIX arperatoB. OH COCTOMT B TOM, 9TO BCe HeoGXomMMBbIe
YIDIOTHEHHAA B KOHCTPYKIMH arperaroB AOJDKHBI ObITh HarpyXeHBI B TeueHHE
HaHMEHBLIMX HHTepBaIoB BpemeHH. HeiictBHTenbHO, B mHeBMompuBofe K
yIWIOTHeHHA 16 H 19 HarpyXalTcs BHICOKHM [aBJIEHHEM TOJILKO NPH 3aKPbITOM
nonoxenny 3anopHoro kiamaHa JIIK, a 310 monoxeHue pernaMeHTHPOBAaHO
o6nacroio npuMeHenns Takoro JIIK ycnmoBHeM MHHHMANBHOTO NpeGHIBAHHA
KJlanaHa B 3aKpbITOM monoxeHuH, JIns pasrpyskH ymwiorHenusa 19 or Boapeii-
CTBHA BBICOKOTO [IaBJICHHA BO BPEMEHH HCXOTHOTO (OTKPBITOro) NONOMXEHHA
KJIaNlaHa B ero KOHCTPYKIMH MpeQyCMOTpPeH KJIaNaHHbli 3aTBOP, 06Gpa3oBaHHbI#H
06paTHO# cTOpoHO# Taperu 21 B BHOE YCTaHOBJIEHHOH B Hee MATKOl IPOKJIal-
KH H ceioM 20, BBIONHEHHBIM B KOpNyCe MHEBMONPHBONA, XOTA 3T0 H YCIIOXK-
HAeT lconcrpyxmno TepMernsamus 3T0oro KJalaHHOro 3aTBopa oGecneunBaeTca
KaK CHIaMH BbICOKOIO [aBJIeHHsl, IeACTBYIOIMMH Ha HeypaBHOBEILIEHHY1O0 YacTh
KJlanaHa 21, Tak ¥ mpefBapHTeIIbHBIM HaTATOM MpYXHHsI 18,

TlepcieK THBHBIM HaIpaBJIEHHEM IO COBEPLICHCTBOBAHHIO KJIANAHHBIX arpe-
raToB CJIE@yeT CYHTaTh NpHMeEHeHHe CWIb(OHHBIX YIDIOTHHTESIEH BMECTO MAT-
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KUX, OJHAKO NPMHIMII MHHHMAJILHOPO BpeMeHH Harpy>KeHHs YIUIOTHEHWA IpH
3TOM COXpaHseTcA,

Paccmotpennsie Bhiwe JIIK moryT mpumenstsesa B coctase III'C 1Y B ka-
YecTBe TIJIABHBIX IYCKOBBIX, 3alIOPHBIX, NpPENOXPAHWTEIbHBIX, APEHAKHBIX H
3ampaBOYHBIX KJIANaHOB Ha ra3oBrix Marucrpaiax. MK moryr Taxxke 3ame-
HATh (WM gy6nupoBaTh) paGoTy ra3zoBBIX PeNyKTOPOB B CHCTEMaX BbITECHEHHA
rasoM towmBa u3 GakoB. IIpu satom JIIK B3aumopeiicTByer ¢ pene maBieHHi,
YCTaHOBJIEHHBIX B ra30BOM NMOJOCTH GakOB, IO CHTHAIaM KOTOPBIX IPOMCXOIHT
nonepeMeHHoe BkimoueHHe M BbikioueHne IIIK pnsa Heobxomumoro HamosnHe-
HHMA Ta30M HaJlyBaeMbIX TOIUITMBHbIX GaKOB IO Mépe H3pacXOMOBaHHMA M3 HHX
TOIUIHBA,

INeKTPONMHEBMOKIIANaHbl PaCCMOTPEHHBIX TUNOB TaKxe HeOOXOOHMBI WA
NHTaHHA Fa30M NHEBMONPHBOIOB KJIAMaHHBIX arperaTtoB B COOTBETCTBHH C Ha3-
HayeHHO# UMKIIOrpaMMoii Hx pa6otbl B cucteme ynpasnenus 1Y, Tax, wis rnas-
HBIX TOIUIMBHBIX KJIallaHOB, MOKa3aHHBIX Ha puc, 2.69,2.71, 2,72, mnsa ynpase-
HHMAA cpabaThIBaHMEM MX NPHBOIOB HEOOXOMMMO NpHMeHeHHe ABYX OTHOKIaNaH-
Heix JIIK Ha xaxmpiid arperart. [lns ynpaBneHus cpaGaTbiBaHHEM KJlallaHa, IO-
Ka3aHHoro Ha puc, 2,70, TpeGyercs uerbipe opHoxNananHbix K, a mnsa ynpas-
JIeHHs KJallaHoOM, NMOKa3aHHbIM Ha pHc. 2,73, — miects omHoknanaHueix JIIK
PacCMOTPEHHBIX BbILLE THIIOB,

B mensax ymenbiieHns notpeSHoro konuyecrBa JIIK mia ynpasnenus mies-
MOIpUMBOaMH pa3pabGoraHbl U mpuMeHsoTca B npaktuke JIIK — pacnpepenu-
TEJTH PacXoIoOB ra3oB, KOTopble kKaKk Gbl CHBaHBAalT B OJHOM arperaTe QyHK-
muu veTnipex JIIK, Taxue K nomyunmu HanmenoBanue 311K gBoimoro meiict-
Bua (3K 1),

Ha puc. 2.76 moxasaHa nmpuMHIMIManbHas cXeMa 3JIeKTPONHEBMOKIIanaHa
aBoiHoro peicTBuA. Ecnu B paccmotpennsix Boiwe 311K 3omoTHHKOBOE pacipe-
JeTHTENIbHOe YCTPOHCTBO MOXHO KJIaCCH(HIMPOBaTh KaK ONHOXOHOBOE ABYX-
cepenbioe, 10 B JIIK Il oHo &ymeT OmHOXOHOBBIM — YeTbIpeXCeHeNIbHbIM,
B xopmyce 3 pasmeileH ¢ OTHOHR CTOPOHBI 3NTeKTPOMarHuT ¢ o6MoTKoi 1 u cep-
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Puc. 2.76. lpuHIMNMaabHasA cXeMa VIEKTPONHEBMOKJIANAHA ABOHKHOrO AeHCTBHA:

1 — 06MOTKa 7IeKTPOMarHuTa; 2 — CepleYHHK 3JIeKTPOMArHuTa; 3 — Kopmyc; 4 — IUTOK
30JIOTHHKa-pacnipenenurens; 5, 8, 10, 13 — cemna; 6, 7, 11, 12 — Tapenu xinanaHa; 9 —
WITyuep MOgBOHa ra3a; 14 — mpyxwuHa 30JI0THHKa; 15, 18 — npeHaxaible oTBepcTHs; 16,
17 — urryuepsi oTBOfA ra3a
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[OEeYHHKOM 2, a C OpYTOi CTOPOHBI — KOPIYC paclpefeuTeNs ¢ YeTbipbMA Cell-
nami 5, 8, 10 ¥ 13 ¢ ogHMM WUTYLlepOM NOABOMA rasa 9, AByMs IUTYLepaMH OT-
Bopa rasa 16, 17 u gByms mpeHakHbIMH OTBepcTHAMM 15 1 18, Ceppeannx anex-
TPOMArHuTa 2 Yepe3 LITOK 4 COENMHEH C 30JIOTHUKOBBIM KJIaNaHHBIM pacrpefie-
JIMTEJIEM C YeTHIPbMA COOCHO Pa3sMELLEHHbIMH TapeJisiMHA KilanaHoB 6,7, 11 u 12,

TIpu o6ecToueHHOK OGMOTKe 3NeKTpOMarHuTa 1 mpykMHa 30NOTHHKa 14
obecrednBaeT 3aKphITOE COCTOAAHHE C TapeJIAMH KJanaHoB 6 1 11 u oTkphITOE —
c Tapenamu 7 u 12, a3 BBICOKOro HaBlieHHs, MOCTYTAIOIHUIA Yepe3 IUTYHEp 9
B NOJIOCTb 30JIOTHHKA, NIOflaeTcA TOJNbKO B mmynep 17, a urrynep 16 B 310 Bpe-
M COeIMHEeH ¢ ApeHaXHBIM OTBepcTHeM 15, .

IIpy BKIMOYEHHH 3MEKTPHYECKOrO {IMTaHHA B OOGMOTKY 3IEKTpOMarHura 1
MAarHHTHBIH NOTOK BTATHBAaeT CepleuHMK 2, cxuMas npyxmHy 14, Ilpu stom
NONIOXKEHHH 30JIOTHHKA KJIaNlaHbl ¢ TapensaMH 6 M 11 OTKpBITHI, a KNaNaHeI C Ta-
penamu 7 ¥ 12 — 3akpbiThi. ITO NONOXKeHHe OGecreuuBaeT MMTaHHE ra30M BBICO-
KOro HaBJieHHs WTylep 16, a mryuep 17 B 3TOM MOJIOXKEHHH 30JI0THHKA COEH-
HeH C JpeHaXHBIM OTBepcTHeM 18,

Taxum o6pa3som, Kaxgasa M3 ABYX BO3MOXHBIX NMO3HIMH 30JIOTHHKA 0Gec-
NeYHBaeT MornepeMeHHYI0 CMeHy TNO[aYy ra3a BbICOKOTO JaBJIeHHsA WIH ero Jpe-
Hax B AByX BeixomHbix wrynepax JIIK nsoiHoro meficrBus. Jlormieckas cxema
pa6orbr MK IJI menuxkoM OTBeuaeT YCIIOBHAM CpaGaTbIBaHHA [ABYXCTOpOHHE-
ro MHeBMOIIPHBOJA, NOKa3aHHOTO, HampuMep, Ha puc. 2,70, 6. B camom pene,
IIPH M3MEHEHHMH MOJOKEHHsA KJlallaHa Heo6XOOHMO B OJIHy M3 NOJIOCTeH MpHBOJA
nmojaTh ra3 BHICOKOTO HaBJIEHHA, a U3 [pYyroi MOJIOCTH COpOCHTh HMEIOLIHACA
B Hell ra3 yepe3 ApeHaxHyio monocts ynpasnsiowero MK, s peamusaumu
Xofa B oOpaTHOM HampaBlieHHM Heob6Xxommma HHBepcHA mnojnocreit, OueBHIHO,
VA yNpaBlieHHs MHEBMOIPHBONAMHM arperaroB, NMOKa3aHHbIX Ha pHC, 2.69,
2.71 u 272, ¢ nomoupio ogHoro IIIK Heo6xoouMo mpuMMeHeHHe OHOXOHOBO-
ro asyxcepensnoro MK (3K c gpenaxem), T.e. omguoro u3 BapuaHtoB K
6e3 ycummTens. Jina ynparieHus KialaHoM, NOKa3aHHBIM Ha pHC. 2.73, BMecTO
mectn opnokinananneix JIIK nenecooGpasno mpumenenne tpex IIIK ¢ gpe-
HaXOM.

Ipumenenne IMIK mna ynpapnenusa KiIanaHHBIMH arperatami, C OHO#M CTO-
POHbI, YNpOLIAETCA TeM, YTO NPH MAIBIX pacxofax H HeGONBLIMX MOMNepPEYHBIX
CEYECHHAX TPaHCHOPTHBIX TpyGonpoBoagoB Bo3moxwo npuMeHeHHe JIIK 6Ge3 ycu-
JIHTeNed, a ¢ APYTod — OCIIOXHAETCA HeoGXOmMMOCTBIO IPHMEHEHHA MHOroce-
AeNbHbIX 30JI0THHKOBBIX pacnpefeliuTeNiedl, KoTopele TpeGylOT CHEUHaIBHOrO
BBLINOJIHEHHA YIUIOTHEHHH OJJHOBPEMEHHO MO JIByM NOBEPXHOCTAM (KaK 3TO
umeer mecto B JIIK I11) .

Tem He MeHee pacrpefieNMTeNbHbIE KIIANaHbI, K YHCITYy KOTOPbIX CeyeT OT-
Hecth W MHorocefenshbie JIIK, momyuyatlor Bce Gorbluee pacnpocTpaHeHHe He
TOJIBKO [yl pacmpefie/ieHHs ra3oB, HO H TOIUIMBHbIX KoMmoHeHToB JXPOY. B
KayecTBe NpHUMEpPa OHOro M3 BO3MOXHBIX BapHAHTOB PAaCCMOTPHUM IIPHHLMH-
ITHATIBHYI0 CXeMY KJIaNaHHOTO paclpefe/IMTeNsl PacXofloB TOIUTHBA C MeXaHHYeC-
KHM nmpuBoaoM (puc. 2.77).
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Puc. 2.77. NMpuHuMnuanbHas cXeMa KJIAMaHHOTO 72 3 4 5
pacnpefe/IuTe/IA pacXO/0B TOIUIHBA C MeXaHHYeC-
KHM MPHBOAOM:

1 — BXomHas moJOCTh; 2 — BXOMAHbIE OKHa KJIa-
naia; 3 — cemio kianaHa; 4 — rwmsa; S5, 10 —

P e —
BLIXOMHEIE NOJIOCTH; 6 — NOpIUeHb; 7 — BHIXON-
Hble OKHa KJamnaHa; 8 — NpyXHHa NOpUms; 9 — N7 &
npyXXHMHa KilanaHa; 11 — Topeil TWIB3EI KJlallaHa 7
4
7’ . 7
7 8
Ktanan npepnashateH ML Nepepacipe- -~ ot ,
HeNeHHs PacXofioB TOIDIMBa B MyCKOBOH : 9
TIEPHON MEXJIy MarkCTPaIblo 33 HACOCOM M w 9
MarucTpalifiMH CJIHBa TOIUIMBA Ha BXOJ B

HAcOC M TMOJav¥H TOIUTMBA B KaMephl ABMTaTells. B HauambHbIi MOMEHT yBemiye-
HHA 4acTOThl BpauieHus poropa THA TOIDHMBO ¢ HH3KHM HaBlIeHHeM MOCTyrnaer
BO BXOHYIO MOJIOCTb 1 KJlamaHa ¥ BHIXOJHMT 4Yepe3 okHa 2 M 7 ¥ monoctb 10 Ha
Bxop, B Hacoc, ['wib3a 4 mepexpbiBaeT nmofaiyy TOIUIMBa B KaMmepy ABMTIaTeNls
yepe3 monoctd 5. [Ipu pambHeilllleM yBeJIMYeHHM YaCTOTBI BpallleHHsA POTOpa
THA paBneHMe TOIUIMBa 3a HaCOCOM IOBBILIAETCA, a CleJXOBATENbHO, MOBBIIIA-
eTca paBieHHe U B monoctH 1. [Ipu 310M nopilieHs 6, mpeononeBas COMPOTHBIIE-
HHMe NpYXWHbI 8, mepeMellaeTc BHM3 OTHOCHTEIBHO KOpIyca ¥ Iwib3sl 4, 31O
nepeMewieHHe BbI3BIBaeT YaCTHYHOE INepeKpbITHe OKOH 7 mopumem. OpHoBpe-
MEHHO C MEepeKpbiTHEM OKOH 7 BO3pacTaeT [aBJieHHe BHYTpH TWib3bl 4 Ha ee
Topell 11, KoTOpO€E BbI3bIBaeT ABH)KeHHE THWIb3bl B CTOPOHY CKaTHA NMPYXHHBI 9.
10 nBIDKeHHe obecreuyMBaeT YaCTHUHOE OTKPbITHe monoctH 5. Ilpu 3HauMTenD-
HOM BO3paCTaHWM [aBJieHHA B noJIoCTH 1 moplieHb 6 mepekpbiBaeT OKHa 7 H,
ynMpaach B Topen 11 rwmb3bl KilamaHa, mepeMeiaeT IMOCIeJHIO HO YINOpa,
TIOJIHOCTBIO OTKPBIBasi TEM CaMBIM IIOJIOCTb S [JiA ee COOOLIeHHs C MONOoCThIo 1 1
HaNpaBJIAA BeCb PaCXO TOIUIMBA [J1A MHTaHHA KaMep [BHT aTens.

B 3aximioueHHe HAaCTOMLIErO pasfielia CliefdyeT OTMETHTb, YTO pOJib KJIamaH-
HBIX arperaToB KaK KOHEUHBIX aBTOMATOB, oﬁecnetmnaxoum HauGonee oTBeT-
cTBeHHble 3Tanmbi paGortbi XPIY (sTambl 3amycka u ocrasoBa I1Y), sBnsercsa
onpeeNAiomiedl IA yCHElHOH peaM3auMu 3THX 3TanoB, Kpome uerkoro BhI-
MOJIHEHNA CBOMX KOHKPETHBIX OGA3aHHOCTeM, KaX/Iblii aBTOMAT CBA3aH JKEeCTKH-
MH YCJIOBHAMH B3aUMONEHCTBHA He TOJBKO C COCEHHMH arperarami, HO H C
XapaKTepoM NnpoTekaHus paGounx mpoueccoB B arperartax [II'C 1Y,

HecMoTpsa Ha To, uTo B mpouecce HeHCTBHA KOHEYHbIX aBTOMAaTOB K HMM
nocrymaer MH¢$OpMauHMA TONMBKO IO NaBlIeHHI0 paGoued cpembl, HEKOTOpbIe U3
HHX YTPaBJIAIOT MPOLECCOM He TONBKO IO CBOMM KOHEUHBIM COCTOSTHHAM, HO
M B IPOMEXYTKaX MeXIy HUMH, BBICTyNas NpH 3TOM B KauecTBe GbICTpOMIEHCT-
BYWLMX peryiATopoB, paGoTaiIuX MO BOo3MylleHHI0 (Ge3 oGpaTHOM CBA3H
¢ ynpaBnsieMbiM mpouieccom) . Boniee Toro, KoHeuHble aBTOMATbI, HECMOTpA Ha
TPOCTOTY CBOMX MPHHUKIIOB NIOCTPOEHHS, OKa3bIBAIOTCA cnocoﬁl-tbmn ynpaBJIATh
BpeMeHHbIM H NapameTpuyeckuM B3aummopeiictBieM THA, rasoreneparopos,
Kamep [BMraTels Ha KOPOTKHX MHTepBalaXx BpeMeHM IMycKa M ocTaHoBa [IY,
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rae OGbIYHbIE PETYIIATOPHI, HeHCTBYIOLHE IO NIPHHIMITY 0OpaTHOM CBA3H, OKAa3bl-
BaloTCA GeCCHWIBHBIMH BCIIEICTBHE CBOeH MHEPLUMOHHOCTH (B GONBIIMHCTBE CITy-
YaeB X MPOCTO BBHIKJIIOYAIOT M3 paBOoThI Ha 3THX 3Tamax) .

Ecnu B nmepcrnieKTHBe BO3HHKaeT HEOGXOOMMOCTbL ONEPaTHBHOFO KOHTPOJIA
6bicTponpoTeKarommx npoueccoB B JIY, 1o moTrpeGyercs npuMeHenue BIIBM,
KOTOpas JOJDKHA ObITh OCHaIleHa C MOMOLUBI0 IATYHKOB HeoGXomMMbIM HHOD-
MalMOHHbIM oGecniedeHueM, Ecimm ocHaleHMe maTuMKaMM He YMEHBUIAT HaJiex-
HocTH arperatoB M JIY B menom, to mpuMeHeHue BIIBM okaxercs uenecoo6-
PpasHbIM.

OueBunso, npumeHenne aByx THA TpeGyer oyist cornacoBaHHA HX PeXHMOB
pa6ornr mpumeHenuss BIIBM. Ho He cnemyer 3aGuiBarh, yto BIIBM oTHOocHTCA
TaKXKe K KJIacCy KOHEYHBIX aBTOMaTOB, yxe npumensioumxca B XPIAY  u otnu-
YaeTcsA OT NMOCJIE[HMX JIMIUb LIAroM AHcKpeTHOCTH, Ha 3ToM ocHOBaHMH MOXHO
'yTBepXnaTh, UTO CHCTeMa KOHeuHbix aBTomatoB JKPIY mpencraBnser coGoit
Hexortopbiit aHasor BIIBM, ornuuaromeiics oT mociefHeit JMILb IHaroMm OMc-
KpeTHOCcTH. B xoHeunbx aBTOMatax XPIY pons MHGOpMAaIMOHHBIX IaTYMKOB
BBINOJTHAIOT Harpy KeHHbIe IaBJIeHHEM HCIIOTHUTelIbHbIE OPTaHbl 3THX arperaros,
B HeoGXOmMMBIX CITyYaAX JHCKPETHOCTh OMNpeesAeTcs He TOJNIbKO KOHEUHbIMH,
HO M MPOMEXYTOYHBIMH COCTOSIHUSIMH MCIIOJIHHTEIIbHBIX OPraHoB (HCKITIOuas
KOHTpOJIbHBIE elie) .

Taxum o6Gpa3om, cucteMa ynpasnenus XPIY, ocHaleHHas HeoOGXODUMBIM
KOJTMYECTBOM KOHEYHBIX aBTOMATOB ¢ TpeGyeMoH IHUCKPETHOCTbIO Ha KaKIOM
arane paGorbt 1Y, mpencrasnseT co6oit akTHBHBIH MaKpONPOLECCOP C BBICOKHM
SHepreTMYECKHM YpOBHEM, KOTODBIH COYeTaeT B cebe NHCKpPETHOE H HempephiB-
Hoe ynpaBneHue (6e3 oGpaTHOMH CBA3M) GBICTpONEpEeMEHHBIMH MPOLECCAMM,

Ecnn nporpeccuBHO Bo3pacTaiouue TpeGOBaHHA K HaleXHOCTH (pyHKUHMO-
HupoBaHus JIY npuBeoyT K yMeHbILIEHHIO 1IAra AUCKPETHOCTH WIH ONepaTHBHO-
My HeMpephIBHOMY KOHTpOIII0 GbICTpONepeMeHHbIX NpOLEeCcOB, TO BMECTO MaK-
ponpouieccopa XPIIY 6Gymer mpumeneHa BIIBM, ocHoBHas Uelb KOTOpo#H —
ynpaBJieHHe GBICTPONIEpEMEHHbIMHM MPOHECCAMH C IIOMOLIBI0 OIepaTHBHOM
06paTHOIi CBA3H B peaJIbHOM MacliuTabe BpeMeHH.

2.2.8. CTIOCOBbI BOCTUTAMEHEHHA T'OPIOYMX CMECEHA

B xnaccuduxanum 3amay, Bo3/araeMbIX Ha CHCTeMBI ynpasiieHusa Y (cm.
puc. 2.20), 3amaya BOCIUIaMEHEHMS TOPIOUMX CMecell OTHeceHa K OGecriedeHHIo
HeCTalMOHApHOro Mpolecca 3allycKa [ABHTaTelld M PeliaeTcsa C IOMOLUBIO aBTO-
HOMHBIX CHCTEM BOCIUIAMeHEeHHsA TOIUTHB B KaMmepax U ra3zoreHeparopax JPII,

Tlop cHcTeMoi#l BoCIUIaMeHeHHMA TOIUIMB IpefyCMaTpHUBAeTCA MOJIHBIA LMK
MEpONPHATHA 1O OpraHM3allMM He TOJIbKO HauYaIbHOTO 3Talla BOCIUIAMEHEHUs
KOMIIOHEHTOB TOIUIMBa, HO TaK)ke H Bech UHMIUI oGecrieyeHHst 3TOro mpouecca
Ge3 aHOMaNbHBIX ABJIEHHH (CPHIBOB rOpeHHs , HE3aIlyCKOB, ITy/bCalMii, 3a6pocoB
HaBJICHHH H APYTHX BO3MOXHBIX BHAOB OTKa30B Ha 3Tame 3alycKa) .

He 3arparusas Bceil mpouenypbl 06ecneueHHs HaIeKHOTO BOCIDIAMEHEHHA
TOIUTMBA, TaK KaK B KaxaoM Tume JIY 3TH Bompockl pemanrcs cyry6o KOH-
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KPETHO, OrpaHHYHMCS PacCMOTPeHHeM JIMILb ero HaYaIbHOro 3Tala M Mo BO3-
MOXHOCTH OINpeNeNuM BbIGOp cnoco60oB BOCIUIaMeHEHHMsA, OOecreYHBaloOIIMX
Bech 3Tan 3amycka 1Y .

EctecTBeHHO, UTO NPHHYOHMTENILHOTO BOCIUIaMEHEeHHsA TpebyloT HecamMoBOC-
IJIaMeHsIolHecs TowIHBa, VIMH ABJIAIOTCA YIIIEBONOPOMHbIE ropioune, paGo-
Talole C KHCIOPOAOM WIH C 2a30THOKHCIOTHBIMH OKHCIIMTEJISIMH, a TakxKe
KHCJIOPOHO-BOIOPOHOE TOIUTHBO,

CyiecTByeT HeCKOJIbKO COCOGOB BOCIUIAMEHEHHA rOPIOYHX CMECEH,

Xumuueckuii cnocob6 npegycMaTpuBaeT Ha HaYallbHOM 3Talle 3amycKa MC-
NOJIb30BaHHE CaMOBOCIUIAMEHSIONIMXCA KOMIIOHEHTOB TOIUIHBA, KOTOphIE 3a-
nacaioT B TpyGONpoOBOAax HIIH CNEUHATbHBIX EMKOCTAX MepeR KaMepaMH [IBHTa-
Tels ¥ OTAEJIAIT MX OT OCHOBHOIO TOIUTHBa MeMOGpaHaMH CBOGOOHOIO MpPOpBI-
Ba. 3amac mMyCKOBBIX NOPLMil CaMOBOCIUIAMEHAIOIIEroCs TOIWINBa JODKEH obec-
neymBaTh paboTy KaMepsl Ha ITyCKOBOM TOIUIHBE, IpuMepHO paBHoM 80 % Bpe-
MeHHe 3amycka, IlenecooGpa3HOCTD MPHMEHEHHA 3TOro cnocoba orpaHHIHBAET-
cs1 IY omHOKpaTHOro BKITIOUEHHA

Ho6aBka TpHITWIGOpa WM TPMITHWIAMOMUHEA (* 2 — 3 %) K KepOoCHHY
obecriedMBaeT HalEXHOE OQHO- H MHOTOKpaTHOE €ro BOCIUIAMEHEHHe C KHCJIO-
ponoM. OfHAKO BBHICOKasA TOKCHUHOCTb 3THX N06aBOK CHepKHBaeT HX UIMPOKOe
MPaKTHIECKOE NPUMEHEHHE, TAK KaK TOKCHUHBIM CTaHOBHTCS He TOJIBKO ropio-
gee, HO M MPOYKThI CTOPaHHs , COTlepXalye 3TH O6aBKH,

IMuporexnuyeckuii cnoco6 BOCIDIAMEHEHHA TOPIOYMX CMECEil NpedyCMaTpH-
BA€T YCTAHOBKY Ha CTAapTOBBIX MO3MIMAX BHYTPb KaMephI BHIaTelIA CHCTEMBI
MHPO3apANOB, ONHOBPEMEHHOE CpabaTbIBaHHe KOTOPBIX 0GecniednBaeT HalexHoe
BOCIUIAMEHeHMe MYyCKOBO# dacTH TommBa (puc. 2.78). Uucio MHPO3apaHOB
3aBHCHT OT pa3MepoB KaMepsl aBurarens. JUia omHOBpeMEHHOro BOCIDIaMEHe-
HHA MHOrOKaMEpHBIX ABHraTelieil B KaXol Kamepe JOIDKHO ObITh pa3MelleHo
He MeHee LIECTH 3apANOB, OPHEHTHPOBAHHBIX [PYT OTHOCHTENIBHO ApYTa TakK,
4T06BI NEPBBI BOCIDIAMEHHBIIMICA 3apA, NODKHTall cocemuuii ¢ HuM, Ilia oGec-
MeYeHHsA HaeXXHOTO BOCIDIAMEHEHMA rOpIoYMX cMecel HeoGXomuMa ompenesieH-
Hasd MOILHOCTD TEIUIOBBIAEICHHA B KOPOTKHI NMPOMEXYTOK BpeMeHH, KoTopas
cHocoGHa He TOJIbKO HHMIMHPOBaTh rOpeHHe TOIUIMB, HO H YMEHBLIHTh HaYallb-
HYI0 3a/IEPXKY €ro BOCIUIAMEHEHHs .

Puc, 2,78, Cucrema mmpo3apsanos, obecnein-
BaOINaA BOCIUIAMEHEHNE TOIIMBA B Kamepe
ABHTATENIA HA CYAPTOBHIX HOSHIMAX

Puc. 2.79. ®opxamepusiit cnoco6 Bocame-
HEHHsA ropioTHX cMeced




CucreMy MHpO3apaIOB MOXHO NMPHMEHATH VI MHOTOKPAaTHOIO BKITIOYEHHA
ras’oreHepaTopoB U KaMep NBHTaTess. l'Ipu 3TOM YHCJIO YCTaHOBJIEHHBIX 3aps-
RoB Gyper OMpENeNaTh YHCIO BKIIIoueHH# ., OIHaKO 'ecliM He NPHUMEHATb CIie-
UMabHBIX MEPONPHUATHIA MO TEIUIOM3OMALMM 3THX 3apAMHOB, TO B Ipolecce pabo-
Thl JIBHTATeNs MIIH NOCJIe ero OCTaHOBa BCJIENCTBHE Ype3MEpHOro HarpeBa 3a-
PANOB BO3MOXHO HX CaMOIIPOM3BOJIbHOE cpabaThIBaHue,

IpenBapuTenbHblii HarpeB 3MEMEHTOB KOHCTPYKLUHMH [BHraTtesied, MCIOJIb-
3yIOLUMX FHApasHH KaK MOHOTOIUIHBO, mpuMepHo Ha 600 K crnocoGerByer ak-
THBHOMY IIPOLIECCY CAMOPa3/IOKEeHHs: THAPa3HHa.,

Tepmoxumuueckuii cnocob BocIulaMeHEHHs TOPIOYMX CMeceil IpelycMaTpH-
BaeT OpraHM3allMI0 IIyCKOBOro (akena ¢ MOMOLIBIO -CIEMHATbHOH ITyCKOBOH
Kamepbl ((opKamepsl), KOTOpasA yCTaHaBJIMBaeTCs Ha HOPCYHOUHOMH roJIoBKe
pBuratena (puc. 2.79) . llepen 3amyckoM OCHOBHOH KaMepbl ABHTaTells J110GbIM
H3 cnocoGOB BOCIUIAMEHsETCA IYCKOBOe TOIUIMBO B ¢opkamepe, B uactHoCTH,
BO3MOXEH BapHaHT MHCIONb3OBAaHMA ra30B, OTOGpaHHBIX M3 ras3oreHeparopa
nuraowero THA, misa BociwiaMeHeHMsas NMyCKOBOro TOIUTMBa, Bo3aMosHO Taxoke
npHMeHeHHe B hopkamepe CaMOBOCIUIAMEHSAIOLMXCA TOIUTHB WIH JIErKOBOCIUIa-
MEHAIOLWMXCA TOIUTHB (KHCI0po. + THWIOBBIH CIHPT) .

Jins oGecreueHHss HaJieXXHOro BOCIUIAMEHEHUs TOIUIMBa B Kamepe TpeGyert-
‘cA HenpepbiBHas pa6GoTa 3amanpHoro ¢axena mis NOAAEPHAHUA FOPEHUS OCHOB-
HBIX pacXofoB TOIUIMBA BIUIOTH IO YCTaHOBJIEHHA HOMMHAJILHOTO [IaBIIEHHA B
OCHOBHO#H KaMepe nBHratens, s 3Toro HeoGXoaHMO, 4TOGHI JaBJIeHHe NOqaYH
MyCKOBOTO TOIUIMBa Nepen ¢opcyHkamu ¢Gopkamepsl BCeraa NpeBBILIANIO JaB-
JIeHHe B OCHOBHOH KaMepe ABMTaTells, a Nepemnaj, AaBJIeHHH Ha comie popkame-
pbl Bcerda GbUl cBepXKpHTHUeCKHMM. EciM oCHOBHOE TOIUIMBO TONBKO mepece-
KaeT IyCKOBOH (haken WIM B Hero He IONajgaer, T0O OHO BOCIUIaMeHAETCA ¢ BOJb-
LIOH 3afiepXXKOH, 4YTO COMpPOBOX/AaeTcsA 3a6pocaMH M MyJIbCALMAMY OaBJIeHHA U
3aIYCK CTAaHOBMTCA HeHaleXXHbIM. 1 M36exaHHA aHOMAaNbHBIX ABJIEHHH HEO0B-
XOIMM TaKoH IyCKOBOH ¢akell, 4yToObl BpeMs NpeCbIBaHUA B HEM OCHOBHOTO
TOIUIMBa GbUTO HaHGONBLUIMM, a ero ¢hopMa rapaHTHpoBaJia NMONagaHHe B IYCKO-
BO# (aken Bcero OCHOBHOIO TOIUIMBa, M3 Bcex BO3MOXHBIX BapHaHTOB pacIio-
ToxeHus ¢(opkaMepsl Ha OCHOBHOH Kamepe I HafeXHOro BOCIUIAMEHEHHA
TOIUIMBA [IOJDKEH GbIThb NPHHAT BapMaHT COOCHOrO pAacronoxeHus ¢opkamepbl
¢ OCHOBHO# Kamepo# papurarens. IIpu sToM mpodwm pacumpsiowweics yacTH
comwia ¢opkameps! oGecreunBaeT MOJHbIA KOHTAKT IyCKOBOro ¢akena ¢ OCHOB-
HBIM TOIUIMBOM (XOTA NIPOAYKThI CTOpaHHA He BO BCeX CITydasx Moryr crnemo-
BaTh 3a npodHuIieM corvia) .

Iina Gonee miaBHOro 3amycka ¢ ¢GOpKaMepHBIM YCTPOHCTBOM GONBLIMX
KaMep [IBHTaTeledl B aTMOC(epHBIX YCIOBHAX NMPH BKJIIOYEHHH OCHOBHOIO pac-
XOJIa TOIUTHBA NpeANOYTHTeIbHee ONepexKeHne Noqauy OKHUCIIHTeENS

B coBpemenHnbix XPIl HeoGxomumas MOLIHOCTb TeIUIOBBIAENIEHHA IA ra-
PaHTHPOBAHHOrO BOCIUIAaMEHEHHMsI TOpPIOYMX CMeced TpeGyer IyCKOBBIX pacXo-
AOB 1A HOPKaMEPHOTo YCTPOHCTBa NPMMEPHO Ha [1Ba - TPU IMOPAMKA MeEHbILe,
YeM pacxopbl OCHOBHO#H KaMephl,

®opxaMepHbIe YCTPOHCTBa 1A BOCIUIAMEHEHHs TOPIOYMX CMeceil IO cpaBHe-
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Puc. 2.80, INpuHuMmuanbHas CXeMa TEPMOAKYCTH- 1
49eCKOro yCTpoMcCTBa i nocnnaueneuun rOpHYHX
cMmeceii:

1 — cBeépx3BykoBoe comno; 2 — Kopmyc; 3 — fpe- 50_"'._,
HDKHaA MONOCTh; 4 — IWIMHApHYECKas TyNHMKo- ¢4J
Basd MOJIOCTh; 5 — peakUMOHHasA NMONoCTh; 6 — ¢na-

Hell KpenneHus

HHIO C IPYTHMH CIOCO6aMH MMeIOT TO IIpeHMYILIECTBO, YTO MOTYT ObITb BKJIIOYE-
Hbl M B IepHOJ OCTaHOBa BUTaTelA, ITO CNOCOGCIBYeET MPHHYIHUTENBHOMY JI0-
ropaHHIO TOIUIMBA, [IONAJAloLIEr0 B KaMepy [JBHTaTellA M3 3aKJallaHHbIX MOJIOC-
TeH TMocJle 3aKpbITHA [TTABHBIX TOIUIMBHBIX KJIAallaHOB,

Tepmoaxycruyeckuii cnoco6 BOCIUTaMEHEHHsA TOPIOYMX CMeCeH OCHOBaH Ha
addexTe pasorpeBa raza B TyNHKOBOH NOJIOCTH NpH HaberaHWM Ha €€ OTKpbI-
ThIil TOpEll CTPYHM XOJIO[HOTO ra3a CO CBEpX3BYKOBOil ckopoctbio (puc, 2.80) .
Eciu mopaBaTh XOJIOOHBIA ra3 yepe3 COIUIO 1 B OTKPBITBIA TOpell LHWIMHAPHYEC-
KOH TyNMHKOBOMH IOJNOCTH 4, KOTOpPbIH 3aTeM ApPEHHpYyeTCA 4yepe3 IONOoCTh 3, TO
BO BHYTpeHHeH NOJIOCTH LWIMHApa obpa3syloTcs KojeGaHMA rasa C 4acTOTOH,
COOTBETCTBYIOIEH COGCTBEHHOM aKyCTHYECKOH 4acTOTe LWIMHAPHYECKOH TyIH-
KOBO# MOJIOCTH. YCWIeHHe aMIUIMTY[ KojeGaHuii [aBJlieHHs ra3sa B LWJIHHIpe
BBI3bIBAETCA PE30HAHCOM BBIHY)KAECHHBIX M COOCTBEHHBIX KOJIe6aHHi B OTHHaMH-
4eCKOH cHCTeMe COIUIO — MONOCTD,

TypOyneHTHOe TeueHHMe ra3oB M3 COIUIa 1 CO CBepX3BYKOBOH CKODOCTBIO
IpH BCTpede C HEMOABHXHOH Cpeflod COMpOBOXIAeTCA LIMPOKHM CHEKTPOM
KoneGaHMii OaBlIeHWA rasa B cIpye, B 3ToM cnekTpe Takike COIep>KaTcs Koie-
GaHUsA C YaCTOTOH, paBHOH (MM GNH3KO#) YacTOTe COGCTBEHHBIX aKyCTHUECKHX
KoJeGaHHil IWIHHApHYeCKOH TymuKoBo# nonoctd, KoneGanns nasneHus rasa B
Haberawilei cTpye ABJIAIOTCA BHIHYXXIEHHBIMH MO OTHOLUEHHI0O K COGCTBEHHBIM
KoneGaHUAM UWIHHOpHYECKOi TymukoBoit nonoctd. Hactpoiixa muHamuyeckcoi
CHCTEMBI COIUTO — IOJIOCTh, BBI3BIBAIOLIAsA PE30OHAHC 3THX KOJiebaHH#H, MPOU3BO-
AHMTCS M3MEHeHHeM DacCTOAHMA X OT COIUIa /IO OTKPBITOrO TOpLA TyNHKOBOH
nonoctd, Takum oGpazoM omnpemensercs B3aWMHOe MONIOXKEHHE COIUIA M LM-
THHApa, obecnieyuBalouiee cOBUT (a3 MexIy BbIHYXHEHHBIMH H COGCTBEHHBIMM
Kone6aHuAMH, paBHbIMH (Wi 61m3kumu) 180°, [Ipu 3T0M B IMWIMHIpE TYNHKO-
BOH IIOJIOCTH YCTaHaBJIMBaeTCA MaKCUMAJIbHAA AMIUIMTYa KoJieOaHHMii IABIEHUsA
KonebaHMit rasa. B pesynbrate ycuwneHus aMmiuTynapl KolieGaHuil ra3a B TymM-
KOBOW TOJIOCTH HWIMHApPa B KaXIOH BOJIHE C)KaTHA MOBBILIaeTCA TeMIepaTypa
rasa M c TedeHMeM BpeMeHH 3a cueT GOombluo# (COGCTBEHHOH) YaCTOTHI LMKIIOB
Kone6aiuil B IWJIMHAPHIECKOH TYNMHMKOBOH NOJIOCTH TeMIepaTypa OfHOH U TOH
e MOPLMH ra3a HAMHOTO IpeBbIilIaeT TeMIepaTypy TOPMOXKEHHsA Ia30BOi CTPyH,
B pesynbTate MpOMCXOOMT pa3orpeB CTEHOK LMWIMHIPa H OCOGEHHO 3aKpbITOrO
TOplUa TYNWKOBOH MOJIOCTH O TEMIIEPaTyp, KOTOpble COOTBETCTBYIOT YCTaHO-
BHBLLEMYCs TeII0BOMY Ganancy uwiuHapa, XapakTep H3MEHEHMs TeMIlepaTy pbl
CTEHKH LWIMHIpa IO [VIMHE Noka3aH Ha puc. 2.80. M3 ombiToB nomyyeHo, uto 3a
BpeMms, npuGIM3uTeNnbHO paBHOe S0 ¢, TOpen TyNMKOBOMH NOJIOCTH HarpeBaeTcs
mo 1000 K; 3a Bpemsa 100 ¢ — mo 1500 K u Gonee, BIUIOTh 10 paciuiaBlieHHA
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MaTepha/la TYNMKOBOH MNonoctH (ecnu He Gyner OpraHM3OBaH TEIIOOTBOM).
HUcnonp3oBanne Tepmoakyctuueckoro addexta pasorpea TyNMMKOBOH MOJIOCTH
OT XQJIONHOl CTPYM ra3a COCTOMT B TOM, YTO IO JOCTHXECHHH HeoOXOmAMOH
TeMIepaTypbl HarpeBaeMoro IMUIMHPA Ha €ro MOBEPXHOCTh HANpaBIIAIOTCA My C-
KOBBI€ MOPLMH HECAMOBOCIUIAMEHAIOIIMXCA OKHCITMTEINIA H ropiodero, KOTopbie
BOCIUIAMEHSIOTCA Ha Heil, a 3aTeM U3 PEeaKIMOHHOM NOJIOCTH 5 MOJAITCSA B BHAE
HarperbiX MpOQYKTOB CropaHMA B OCHOBHYI0 Kamepy OBHTaTelia. B pesynbrare
peannsyerca cdopkamepHOe YCTPOHCTBO, KOTOpPO€ KpemMIca K (hOpCyHOUHOM
royioBke aBHratens ¢uaHiuem 6, mpencraBisioliee coGoi aBTOHOMHBIA arperat
CHCTEMBI BOCIUIaMEHEHMsi TOIUITHB B KaMmepax JBHTaTelii H rasoreHeparopa
XPIY. Pa6oTocnocoGHOCTs TaKOro ycTpoiicTBa obecrmeudBaeTcs NpH [aBlie-
HMM IOH4YM XOJIONHOTO Tra3a B CBePXKPHTHYeCKOoe comro 1 B [Hama3zoHe
(4 — 15) 10° a npu aTMOChepHOM MPOTHBOAABIIEHHH B APEHAKHOI MOMOCTH 3,

IpHHIMMMATIBHO IWIMHAPHYECKasA TYNMKOBasA MOJNOCTb 4 MOXeT ObiTh
noMelleHa B MOJIOCTb ra3oreHepaTopa WiIH Kamephl IBHTraTens 6e3 peak1MOHHO#M
MOJIOCTH 5 M MOXET CIIY)XHTb HarpeBHbIM HCTOYHHKOM BOCIUIAMEHEHMS OCHOB-
HOTO TOIUIHBA, '

HepocraTkoM TepMOaKyCTHUECKOTO CIoco6a BOCIDIaMEHEHHs TOpIOYHX
cMeceil ABNAETCA HM3Kasg MIHOBEHHad MOLUHOCTh TEIUIOBBIAEIICHHA H HH3KHii
TepMHIeCKHil K03 HUIMEHT MOJe3HOro AeHCTBHA. YCHwieHHe MOUHOCTH TeIto-
BbIJIeJIEHHss BO3MOXHO IyTeM MHOrOKacKafHO# MOJauYH IMyCKOBOro TOIUIHBA B
PEaKIHMOHHO# Kamepe GOpKaMEpHOro YCTPOMCTBA, WM 32 CUET YBelHUeHHs IHC-
Jia HarpeBaTeIbHbIX IWIMHAPOB, MOMEILEHHBIX B ra30reHEpaTOphl WM KaMephl
nerratens, Husxuit Tepmmveckuii KILIL NpHBODMT K 3HAUHTENIBHOMY DPacXOmy
XOJIOIHOrO rasa,

TonoXHTENBHBIM CBOHCTBOM TEPMOAKYCTHYECKOTO YCTPOMCTB2 Cliefyer
CUMTaTh €ro MNOJIHYI0O He3aBHCHMOCTb OT XapaKTepa NMpoTeKaHHMsA paGoumx mpo-
LECCOB B KaMepe [BHTaTeNsa WM rasoreHeparopax. HarpepHeiii mummHnp nosn-
HOCTBIO M3OJIMPOBAaH OT BO3[EHACTBHA HAa Hero OKpyKalomiei cpempl. Boinosmen-
HBIHA H3. )KapONPOYHBIX H AaHTHKOPPO3HOHHBIX MaTEPHAIOB, OH OKa3bIBaeTCA 3a-
IHILEHHBIM OT arpecCHBHO# Cpebl, HarapooGpa3oBaHHs , BO3AEHCTBHA BBICOKHX
M HH3KHX TEeMIepaTyp, JaBJICHHA M BJIAXHOCTH OKpYyXalomei cpebl H OPYTHX
BHELIHHX (aKTOpOB.

CpoiicTBa aBTOHOMHOCTH T€PMOAKyCTHYECKOro YCTPOHCTBa NO3BOJIIOT
NpeAnosiaraTh ero NpeHMYLIeCTBEHHOe NpPHMEHEHHE NpPH HH3KHX HaYalbHBIX
TeMIepaTypax OKpYXaiolleil Cpembl (HampuMep B KOCMHYECKHX YCIOBHAX)
V1A HaeKHOT'O BOCIUIAMEHEHMA HEeCaMOBOCIDIaMEHSIOLIMXCS TOIUTHB H B HH3KO-
TEMIEPaTypPHbIX Ia30reHepaTopax, MCHOJIb3YIOLMX XXHIKHA KHCIIOPON H >KHJ-
KHi BOIOpO.

JnexTpuveckue cnocobbt BOCIDIAMEHEHHsI TOPIOYMX CMecCeil IpeanonaranoT
NpHMEHEHHe BBICOKOBOJITHBIX HCKPOBBIX CBeueli H HHM3KOBOJBTHBIX CBedeH
NOBEPXHOCTHOTO Harpesa,

BBICOKOBOJIBTHAA CB€Ya HCKPOBOTO Pa3psAfa NOMyUWIa IIHPOKOe pacHpocT-
paHeHMe B [BHraTeIAX BHYTPEHHETO CrOPaHMA M OPYTHX aTMOC(EpPHBIX [BHTa-
Tenax, U ee mpuMeHeHue B JKPIl oGycioBieHO ecTECTBEHHOH HCTOPHYECKOM
NPeeMCTBEHHOCTBIO.
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Ilockonbky GopToBas cHCTEMa INMTaHMA 3JIEKTPOIHEprHEH paclosaraer
HH3KOBOJIbTHBIM HCTOYHHKOM IIOCTOAHHOTO TOKa, TO [JiA €ro npeobpaso-
BaHHA B TOK BBICOKOTO HaNpsKeHHA HeOGXONMMO NMpHMEHEHHE CNEUMAIBbHBIX
YCTpOWHCTB, .

Ha puc. 2.81 noka3zaHa NpHHUMIHAIbHAA CXEMa CHCTEMBI JTEKTPHYECKOTrO
32KUTaHUA TOPIOYHX CMecell C MOMOILUBI0 BbICOKOBOJILTHOH HCKPOBOH CBEYH.
B cocTaB 3T0ii cHCTeMBI BXOOAT HCTOYHHK NHTaHHA, NpeoOpa3oBarenb Hanpske-
HuA ¥ cobGcTBeHHO cBeva, Ilpyu BKITIOYeHHH KilloYa 3aKHraHusA 3 HCTOYHMK NHTa-
HHA MOCTOSHHOTO TOKa 2 4epe3 3aMKHYTbIe ¢ MOMOLUBI0 MPYXHHBI 7 MOIBHX-
HBIA 5 W HENOOBIDKHBIA KOHTAaKThl 6 NMHMTaeT HU3KOBOJbTHYIO OGMOTKY Ipeoos-
pa3oBarels HanpspkeHus 4, OOpa3soBaBLMHCA NMpPH 3TOM MAarHMTHbIH MOTOK
3aMBIKAETCA Yepe3 BHICOKOBOIBTHYI0 06MOTKY 10, KOTOpas MO CPaBHEHHIO C
06MOTKO# 4 HMeeT Ha TpH nopsaka Gombiue BHTKOB, OGpa3oBaBLMICA OT Nep-
BHYHON OGMOTKH MarHMTHBbI! NMOTOK NPOXOIHT Yepe3 AKOph 8, KaK Yepe3 MarHu-
TOMpOBOA. B pe3ynbrare AKOph NMPHTATMBAETCA K CEPAEUHHKY 9, PacIOJIOXeH-
HOMY MeXOy O6MOTKaMH, M pa3pbIBaeT KOHTaKTHl 5 H 6 NHTaHHs NEPBHYHOM
o6mMorkH, IIpu 3TOM MarHMTHBIH MOTOK pe3KO Majaer, a BTopHuHaa o6MoOTKa
10, MCHBITBIBasA 3TO M3MeHeHHe, FeHepHpyeT MMITYJIbC 3EKTPHIECKOrO TOKa C
HanpskeHHeM, IIPONOPLMOHAIBHBIM COOTHOLIEHHI0 OGMOTOYHBIX XapaKTEPHCTHK
Karymek 4 ¥ 10, 3ToT HMIYNbC ATEKTPHYECKOrO TOKa C BBLICOKOBOJIbTHOIH
o6MoTKH 10 mopaercss Ha KOHTAKT LEHTPaIbHOrO MeKTpoaa 12 anekTpuuecKoi
cBeuH, Bropoii momoc 06MOTKH coenuHeH ¢ KopmycoM cBeud 13 (o6wrumO ye-
pe3 Maccy fBUrarelia) . 3a30p MeXIy LEHTPabHbIM 3JIEKTpofoM 16 # 60KOBbI-
MH JMekTpodaMHu 17 BbiOHpaeTcss TakMM, 4TOOBI OBUT rapaHTHpPOBaH HCKPOBOI
paspan (= 1 — 2 mm) . Ilna usbexanns npo6Gos Mexxoy LEHTPaTbHBIM AEKTPO-
IOM M KOpIlyCOM CBEYH ‘BHE HCKPOBOI'O NMPOMEXYTKa LEHTPATbHBINA 3EKTPON,
3aIMIIEH KepaMHYeCKHM HM30JATOpPoM 15, a .Kopiyc — KepamMHUecKMM BKIIa-
IOpilieM 14,
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Puc. 2.81, NMpuHunmuansHas cXeMa CHCTEMBI NIEKTPHIECKOTO 32KHTaHMA FOPIOTMX cMeceit
C MOMOLbI0 BbICOKOBOJIbTHOH HCKPOBOIH CBEYH:

1 — MCKporacaum# KOHIEHCaTOp; 2 — HCTOYHMK IHMTaHUA MOCTOSHHOTO TOKa; 3 — KIIOY
32KHTaHUsA; 4 — HH3KOBOJIBTHad OGMOTKa MpeoGpa3oBaTeNlsi HANPSKEHHA; 5 — MOMBMX-
HBIAl KOHTAKT; 6 — HEMONBIDKHEIA KOHTaKT; 7 — NpYXHHa AKOpA; 8 — AKOph; 9 — cep-
HevHHK; 10 — BRICOKOBONETHAA OGMOTKa NMpeoGpa3oBaTens Hanpsmkenus; 11 — Pe3HCTOp;
12 — KOHTaKT LeHTpaTBHOrO 3nexrpora; 13 — kopnyc ceeun; 14 — KepaMHYECKHH BKJIa-
meI; 15 — xepamuueckuit H3oMATOp; 16 — UeHTpaLHbLIH eKTpos cBeun; 17 — 60KoBOMH
3MEKTPOJ, CBEUH .
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Ilpu MCcue3HOBEHMH MarHMTHOIO MOTOKa MpYXMHA 7 3aMbIKaeT KOHTaKTbl
5 ¥ 6, c TOMOLIBI0 KOTOPBIX BKJIIOYAETCA NMMTaHHE OGMOTKH 4, H BCE HAYHHAETCA
cHayana. A rameHus HCKpooGpa3oBaHMsA NMpH CpaGaThIBaHHM KOHTAaKTOB 5 H
6 ycTaHOBJIeH KOHpeHcaTop 1.

Il yBeNHUEHHA YacTOTBI aBTOKOJNIEGaHMH CepleuHHMK 9, pa3MelleHHBIA
Mexay o6MoTKamu 4 H 10, BBINOJHEH M3 TpaHC(HOPMATOPHBIX IUIACTHH, YTO CIIO-
cOGCTBYeT B 1eMEHTaX CHCTeMbI IpeoGpa3oBaTesiA HANpsHKEHHH CyLIeCTBEHHO-
My CHIDKEHMIO OCTaTOYHOro MarHerusma. Ilapamerpbi 06MOTOYHBIX XapaKTepHC-
THK Katyuek 4 1 10 mopbupaloTcs Tak, YTO BO BTOPHYHOM KOHType IMTaHHs
CBEUH pealH3yeTcsa HanpspkeHHe, MpHOGIM3UTENBHO paBHOoe 16000 — 20000 B,
B xaxpgom mukiie aBTOKOJIe0aHHA B MCKpPOBOM IIPOMEXYTKE CBEYH NPOHCXOIUT
IIEKTPHUECKHit pa3pAll, a 3a BpeMsi BKJIIOUEHHA KOHTAKTa 3 pealu3yercs cepus
TeKTPMYECKUX pa3pAfOB, MTHOBEHHas MOIIHOCTb KOTOpPBIX CNOCOGHa BOC-

IWIaAMEHUTb HaXOOALLIMECA B OKPECTHOCTAX IJIEKTPOAOB CBE€YH KOMIIOHEHTHI
TOIUIMBA,

PaccMOTpeHHass 37eKTpHuecKas CHCTeMa BBICOKOBOJBTHOH CBEUH HMeeT
IBa CyIIeCTBEHHBIX HemocTaTka. OJIMH M3 HHX CBA3aH C Upe3MEPHO BHICOKMM
HalpsDKeHHEM, KOTOpoe CnocoGCTByeT CaMONpPOH3BONIBHOMY CTEKaHMIO 3apsfa
B MeCTax KOHTAaKTa NMpOBOAHHKA (Ha KaTyumce 10 M LEHTpalbHOro 3MeKTpoaa
12 cBeun). OcoGeHHO 3aMETHO CaMONpPOH3BOJILHOE CTEKaHHE 3JIEKTPHUECKOro
3apsAAa B HOHM3HUPOBAHHOM M BJIAXHON aTMocdepe, NpH KOTOPOH Kaxmbli
HMIITyJIbC COTMPOBOXMAETCA KOPOHHBIM Pa3psoM B KOHTAKTHBIX COCOMHEHMAX,
a Mexay JeKTpOJaMH CBeYM MOIUHOCTh pa3psafia HAaCTOJILKO MajiaeT, YTo 3TO
MOXET NMPHBOOMTh K OTKa3y 3KMraHHA TOIUIMBHOH cmecH, B mecTax xacaHus
NPOBOIHHKA BBICOKOTO HAllpsDKEHHMsI MacChl [BMTraTelis BO3MOJXeEH NpoGoit ero
H30NIALMH,

Bropoit cymecTBeHHBIA HEOCTaTOK 3aKimoueH B camoii ceue, [Ipu Baxmoi
aTMocdepe okpyxXaroleil cpefbl HEHTPATbHBIA H GOKOBBIE JTEKTPOHbl OKa3bi-
BaIOTCA 3aMKHYTBIMH 3TOH Cpeoi H HCKpooGpa3oBaHHe CTAHOBHUTCA HEBO3MOX-
HbiM. IIpu moBTOpHOM 3amycke ABMrareNs, HCIOJNb3YIOLIErO YITIEBOJOPOMHOE
ropioyee, B pe3y/ibTare HarapooGpa3oBaHHA Ha YaCTH KOpIyca M KepaMHYeCKOM
usonaATope cBeud (OGpaleHHBIX BHYTPh KaMephl [IBHraTelis WIH ra3oreHeparo-
pa) TIPOMCXOMMT YAaCTHYHOE WM MOJIHOE LIYHTHPOBAHME LEHTPAILHOTO U GOKO-
BOTO 3JIEKTPOAOB CBeYH IO OOpa3oBaBLIEMYCHA Harapy, KOTOpOE BbI3BIBaeT
ociabneHye MOIIHOCTH MCKPOBOrO pa3psifia WJIH IOJHBIA OTKa3 MCKpoo6paso-
Banus, HecMoTpst Ha To, 4TO B cHCTeMe 32KMraHUA 1A YaCTHYHON KOMIIEHCAlMH
INyHTHPOBAaHMA HAarapoM IEKTPOAOB CBEYH NMpemycMOTpeH pesucrop 11, mos-
TOpHbIE 3allyCKH [IBHTaTelis, paboTaiollero Ha YIJIEBOMOPOAHBIX TOPIOYMX,
3aTpyIHeHs! (0coGeHHO B rasorefieparopax). CBeua BBICOKOTO HaNpsKEHHA
MIPaKTHYECKH HE NPHIOfiHa I BOCIUIAMEHEHHsA TOIUIMB C OKMCIIHTENIAMH Ha OC-
HOBE a30THOH KHCJIOTHI, TaK KaK IONajJiaHue OKHMCIIMTENA Ha 3MeKTPOIbI CBEUH
H 0cOGEHHO Ha KepaMHMYEeCKHi H30JIATOp paspylualT nocnemuue, OGnacrb uene-
€006pa3sHOro NMPHMEHEHHS BBICOKOBOJIBTHBIX CBEUEH BCIIEICTBHE HENOCTaTKOB,
COOCTBEHHO KaCaloOIMXCA CBeueH, ONpeneNAeTca MX NpHMEHEHHeM JIMILIb LA
BOCIUTAMEHEHMA KHCITOPOJHO-BOOPOIHBIX TOIUIHB,
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JInsa ycrpaHeHHs HEMOCTATKOB BBICOKOBOJIBTHOA CHCTEMBI 3)MIaHUsA pa3pa-
6oTaHa M MpHMeEHAETCA B MpPaKTHKe HM3KOBOJIBTHAS CBEYa NMOBEPXHOCTHOTO
Harpesa. '

Ha puc. 2.82 npuBeneHa NpHHUMNHaNbHaA CX€Ma CHCTEMbI 3aKHIaHHMA IO-
PIOUHX CMecel ¢ MOMOLIBIO CBEYH NOBEPXHOCTHOro HarpeBa, [IpuHiMn medcTBUA
npeobpa3oparens HanmpsXeHHsA B 3TOH CHCTEMe OCTAICA TEM e, YTO H B pac-
cMoTpeHHO# Bbiie, JIna 3Toi yacTH cucTeMbl Ha puC. 2.82 coXpaHeHa Ta e
HyMepalMaA COCTaB/IAIOLMX 3Ty 4acTh JIEMEHTOB, YTO U Ha puc, 2.81 (mo3uums ¢
110 10) .

CywecTBeHHass pasHHIA pacCMaTPHBaeMOii CHCTEMBbI IO OTHOLIEHHIO K IIpe-
Obigyliedi HauMHaeTcsA C TOro, YTO COOTHOIIEHHE OGMOTOYHBIX XapaKTepHCTHK
Karyuiek 4 u 10 npeoGpa3oBaTesia HaNpPAXEHHA BBHIMOIHEHO TaK, YTO Hampshke-
HMe BBICOKOBOJIbTHOH KaTyLIKH Ha MOPAMOK MEHbIIE, YeM B MpeablIy el cHc-
TeMe, H cocTaBiszeT puMepHo 1500 — 3000 B,

B uemM 3NeKTpHYECKOrO NHTaHHA CBEYM YCTaHOBJIEH MONMYNpOBOMHHMK 11,
KOH[EHCAaTOp-HaKOoMMTeNb 3apada 12 (emkocreio mpMepHo 10 Mx®) H raso-
paspsapgHoOe ycTpoiicTBOo 13, KOTOpoe HamoJHEHO MapaMHM pTYTH NHGO HHepT-
HBIM ra3oM (HeoHOM WM aproHom). Eciu B npempimymiesi cucreMe Kaxmbli
HMITyNIbC AEKTPHYECKOro TOKa ¢ KaTyuuku 10 mocryman Ha cBedy, TO B pac-
CMaTpHBaeMOR CHCTeMe 3TOMYy MpenATCTBYeT Ta30pa3psAdgHOe YCTPOHCIBO,
KOTOpO€ MOJXET NMpPOBOAMTh TOK TOJLKO NMpH JOCTHXEHHM ONpEeHelIeHHOro Ha-
npskeHUsA (HanpsOKEHHA 3aKMraHWa rasopaspsamuuka U,,.). Beixmouenue
ra3opa3pagHOroO YCTPOHCTBa MPOHCXOOMT NMpH HeCKONbKO 6GoJiee HH3KOM Hamps-
XEHHH, YeM €ro 3aKMraHue (HanpsKeHMM NMOTyXaHMsa rasopaspsamuuxa Up..).
OyHKIHMOHANIBHO ra30pa3pANHUK 13 B LieNMM NMUTaHHA CBeYH paboTaeT Kak ABYX-
MO3MUHOHHBIA KIII04, NIPOMyCKasa Ha LEHTPaNbHbIA JEKTPOJ, CBEYH INEeKTpHYec-
KHil TOK B auanasoHe Hanpsokenwit U,,, = U = U ... Hanpsxenue, nonabae-

noT:
MO€e B BBICOKOBOJIbTHYI0 C€Th CO CTOPOHBI KaTyIlIKH 10, 3aBeAOMO MEHbIIIC Ha-

11 12

Puc. 2.82, MMpyHUMMHANbHAA CXEMa CHCTEMBbI 3IEKTPHYECKOro 3aXHIaHHMA TOPIIHMX CMecei
C MOMOILBI0 HH3KOBOJILTHON CBEYH NMOBEPXHOCTHOTO Harpesa:

1 — HcKporacsumit KOHOEHCaTOp; 2 — MCTOYHMK MMTaHWA MOCTOAHHOIO TOKa; 3 — KImoY
3KHTaHHA; 4 — HH3KOBONBTHa# o6MOTKa NMpeo6Gpa3oBaTeNIA HanpsDKeHHA; S5 — MOMBHX-
HBI KOHTAKT; 6 — HeMOMBIDKHLIA KOHTaKT; 7 — MpyXXuHa sikopsa; 8 — sAkopb; 9 — cep-
nmeuHnk; 10 — BRICOKOBOJIBTHa® 06MOTKa mpeoGpa3oBarens HampsxeHns; 11 — monynpo-
BOIHHK; 12 — KOHMeHCAaTOp-HaKOMMTeNb 3apsada; 13 — rasopaspsgHoe ycTpo#cTBo; 14 —
KOHTaKT LEHTPalbHOTO IeKTPOAa; 15 — HeHTpanbHbI# exTpoRd; 16 — KepaMitdeckuit
usonarop; 17 — Kopmyc cBeuH; 18 — miacTHHKa IBYOKHCH THTaHa
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npsokennss U,,, ¥ IpH BBIK/IIOYEHHOM ra3opa3spadHUKe Yepe3 IONyNpOBOJHHK
11 nuraer konpeHcatop 12. B xaxmoMm lLiMKkIIe aBTOKOJNeGaHMi npeobpa3oBare-
JIA HANpPSKEHUWA KOHIEHCATOp MOJIyyaeT 37eKTPHYECKYI0 SHEprHi0 M HaKalUTH-
BaeT B ceGe 3MeKTpHUECKHil TOTEHIMAI, TAK KaK ero pa3psa/y, C OMHOH CTOPOHBI,
NpenATCTBYeT MONYNPOBOOHMK, a C JOpyrod, — rasopaspaguuk. Kak tonpko
HalpsiKeHHe Ha OGKJIafkaxX KOHHEHCAaTOpa CTAHOBMTCA PaBHBIM HaNpsXKEHHIO
U,a5, BKITIOYAETCA Fa3opa3pafHOE YCTPOMCTBO H MNPOIyCKaeT TOK Ha CBedy.
C 3TOr0 MOMEHTa CBeuy NHTaeT KOHOEHCaTop, Ha KOTOPOM HaNpsDKeHUe HauM-
HaeT najarb. Kak TONbKO OHO CTaHOBHTCA PaBHBIM HampsokeHuo U ... raso-
pa3pAngHOe YCTPOHCTBO NepecTaeT MPOBOAMTh TOK K KOHAEHCAaTOp CHOBAa 3aps-
JaeTcA M BeCb LIMKJI NoBTOpsAeTCA cHavana, Ha puc. 2.83 sror npouecc noxasan
B BHMJE 3aBHCMMOCTH HalpsDKeHHs Ha oGkiajxax KoHpeHcatopa Uy gy, BO
BpEMEHH,

ITockonbKy KOHOEHCATOp B LIENH aKTHBHOTO 3JIEKTPHYECKOrO COMpOTHBIIE-
HHA 06NlagaeT cBOHCTBOM HHEPLMOHHOrO 3BEHa, TO HapacTaHHe H Cliaj, Hanpsbke-
HHS TNPOMCXOHAT BO BpEMEHH NO 3KCNOHEHUMalbHON KpHBO#, M3 puc. 2.83
BHOHO, YTO IOCJIE HEKOTOPOro IyCKOBOrO NMEpHOAa B BBHICOKOBOJIbTHOM 4YacTH
CHCTEMBl YCTaHaBJIMBAlOTCA COGCTBeHHbIE aBTOKOJIeOaHMA HampsokeHusa, Hx
4acTOTa OMNpENENAeTCs COOTHOLIEHHEM HanpsXeHUil cpaGaThiBaHHA ra3opaspsaf-
HHMKa M eMKOCTbI0 KOHJIEHCaTopa. B peajibHO BBIMOJIHEHHBIX CHCTEMAX 4YacTOTa
aBTOKOJIeGaHMil HaNpsDKEHUsA B BBICOKOBOJIbTHOM KOHTYpe HaXO[MTCA B AMala-
30He 100 — 150 ',

HuskoBosbTHas CBeua NMOBEPXHOCTHOIO HarpeBa TaKXke HMeeT CyLIeCTBeH-
HOE OTJIMYHE OT BBICOKOBOJIbTHONW HCKPOBOW CBEUM, PaCCMOTPEHHO# Bbille, B
ee xopmyce 17 pa3smellieH KepaMHYECKHA M30NATOp 16, BHYTpH KOTOpOro Ha-
XOOMTCA LEHTpaJIbHbIA 3eKTpop, 15, PaGouas yacTb cBeuM npencraBiser coboi
KOHHYECKYI0 IUIacCTMHKY 18 nmpuHo#i npuMepHo 2 — 3 MM, uepe3 KOTOpYIO
LHEHTPAIbHbIH WIEKTPOA, COeIMHEH ¢ KOpHycoM. JTa IUIaCTHHKA BBINOJIHEHA H3
nByokuck tutaHa (TiO0,).

JIlByokHce THTaHa OGajiaeT TeM CBOMCTBOM, YTO NpH ee Harpese B BOCCTa-
HOBHTEJIbHOH Cpefie NMpOMCXOOMT 4YacTHYHoe BoccraHoBieHHe TiO,, kotopoe
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Puc. 2.83. Mpouecc yCTaHOBIEHHA aBTOKOIeGaHHii HANPAKEHHSA B BbICOKOBONBTHOM KOHTY-
Pe CBeYH NOBEPXHOCTHOrO HaKa/IHBaHUA

Puc. 2.84, 3aBHCHMOCTb 3N1eKTPHIECKOTO CONMPOTHBIICHHA ABYOKHCH THTAaHAa OT M3MEHEHHA
TeMnepaTypbi
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CONMpPOBOX/AETCsA NOABJIEHHEM B MaTepHalie H30BITKa META/UIHYECKHX HOHOB,
B6IH3M MOHOR JIOKAIU3YOTCA cNabo cBA3aHHbIE C HUM 31eKTpoHsl, [Ipn yBenH-
YEHHH TEMIEpATyphl CBA3b JIEKTPOHOB C HOHamMH Hapymaercs. KomuuectBo
3NIEKTPOHOB pe3Ko Bo3pacraeT. COOTBETCTBEHHO Pe3KO YBENHYMBAEICA NpPOBO-
OMMOCTb MaTepHana M IIaiaéT ero BHyTpeHHee NEKTPHUECKOE CONMPOTHBIIEHHE
(puc. 2.84). B pesynbrare 3TOrOo ABYOKHCh THTaHa mpHOGpeTaeT CBOHCTBO
3NIEKTPUUECKO#l POBOJHMOCTH, KOTOpass BO3PacTaeT C YBEJIHYEHHEM TeMIepa-
Typsl. [laieHne BHYTpeHHEro CONPOTHBIIEHHA MaTepHala NPUBOOMT K YyBeJIHYe-
HHI0O CWIbI MPOMYCKaeMOro TOKa, a 3T0 B CBOI0 Oodepefb — K MOCIERYIoLeMy
BO3pacTaHHIO TeMIlepaTypbl MaTepHaina H TJI,

Takum o6pazom, mpH KaXOOM IMKJIE NMHTaHHA CBEYH TOKOM BBICOKOTO
HanpsXKeHHA IUIACTHHKA C [IBYOKHChIO THTaHa pa3orpeBaercs M NPHMEpHO Ha
NATOM LMKJIE MPOHCXO[MT rapaHTHPOBaHHOE BOCIUIaMeHeHHMe rOpIoUMX cMecei
BOIM3H pasorperoi IVIACTHHKH,

CBeua MOBepXHOCTHOrO HarpeBa CTOHKa MO OTHOLUEHWIO KO BCEM OKHCIH-
TeNAM, HO I OBICTPOro HarpeBa NpENIOYTHTENIBHO HaJIHUHe BOJIH3H CBEYH
BOCCTaHOBMTEJIbHOM cpempl (M36biTKa ropiouero) . MruoBeHHas MOIMHOCTB Ten-
JIOBBbIJIENICHUs CBEUH cocTaBiger mpumepHo 40 Toic, BT, cpemusas norpeGnaemasn
NEepBHYIHOH KaTyIUKO# MOLIHOCTh NpeoOpa3oBaTesiss HAaNPDKEHHA — NPHMEPHO
300 Bt, none3nbrii ko3¢ ¢HIHEHT HCIOMb30BaHHA 3HEPrHH — NpumepHo 0,8,

TFTIIABA3
PABOYME IMPOLECCH B THEBMOT'HIIPABJIMUECKOH CUCTEME
IBUTATEJIbHOH YCTAHOBKH

3.1, MPOLIEECCH B CHCTEMAX NMHTAHMA
H CHCTEMAX HAJIYBA

Cospemennsie cucrembl muranus 1Y ¢ XKPI oGecneunBaioT mopaty KoMIo-
HEHTOB TOIUIMBa B KaMephl CTOPaHMs, Fa30T€HEPAaTOpPbl M IPyTHe NOTPeGHTENH.
Ha puc. 3.1 nokasaHa GpyHKIMOHANBHAA CBA3B arperaroB CHCTeMbI muranus Y.

Baxaoit mopcucTeMoOli B COCTaBe CHCTEMBI ITHTaHHA ABJIACTCSA CHCTEMA Bbl-
TecHeHua (W)M CHCTeMa HammyBa) . CHCTeMa HajyBa OTJIMYAeTCA OT CHCTEMBI
BBITECHEHHs JIMIIb MEHBIIIMMH NaBJICHHAMH B TOIDIMBHBIX Gakax M Kpome oGec-
nedeHHs Ge3KaBHTaMOHHOTO pexknMa HacocoB THA B papme cirywaeB cnmoco6-
CTBYET MOBLILLICHHIO YCTOMUMBOCTH OGonoyex Hecyumx 6akoB. B 3aBHcHMoOCTH
OT poia paGoyero Tejla CHCTEMBI BBITECHEHHA HWIM HafAyBa MOTYT GbITh pa3fieite-
Hbl Ha TpH Kiacca (puc. 3.2): COGCTBEHHbIE KOMIIOHEHTbl TOIUIMBA, TPETHil
KOMIOHEHT TOIUIKBA Ha GOPTY M TpeTHH KOMNOHEHT — 32 GopTomM JIA .

TlepBrnii KiTacc OCHOBaH Ha MCIONIb30BAHMH Ta3HHIMPOBAHHBIX TeM WIH
HHBIM CNIOCOGOM COGCTBEHHBIX KOMIIOHEHTOB TOIUIHBA, BTOPOH — Ha HCHOJIB30-
BaHMH CMEUMANILHOrO pabouero Tena, 3amaceHHoro Ha Gopry JIA, Tpernii — Ha
HCOOJb30BaHHH 3a60pTHOrO pabGouero Tena,

Mockomsky Macca cHCTeMBI BHITECHEHHS TIPAMO CBsi3aHa C 3amacoM paGoue-
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ro TeNa-BBITECHHTENA, TO IJIA €e CHIKEHHS BO MHOTHX CITyYasX HCIONb3yeTcs
nopgorpes BbiTecHuTensA. Ilomaua paGouero Tena B ra3’oBy0 NOAYLIKY TOIUIMB-
HOro Gaka uepe3 CIELMATBHOE BXOOHOE YCTPOMCTBO NPUBOAMT K TEIUIOBOMY
B3aHMOMENCTBHIO ero Co CTeHKamu Gaka M xmpaxocrtbio. Kpome Toro, wacte
KMIKOro KOMIIOHEHTa MCTIapAeTca B Fa3oBYI0 NOAYIIKY,

C yueToM Temwio- ¥ MacCOOGMEHHBIX NMPOLECCOB B ra3oBOil NOMYLIKE TOI-
JIMBHBIX 6aKOB pacyeT HEeACTBHTENPHOTO [aBJIEHHA CTaHOBHTCA [IOCTaTOYHO
CIIOXHO# 3apaueit 1 TpebGyeT co3maHHA MaTeMaTHYECKOH MOMENH, YAOBJIETBOPH-
TENBHO OMMCHIBaIOLEH KOMIUIEKC TEIUI0- M MacCOOGMEHHBIX NpOueccoB, ITHM
npoleccaM NocBsllieH pasn. 3.1.1,

Becnepe6oitHoe nocTywieHde KOMIIOHEHTOB TOIUIMBA M3 0aka B TOIUIMBHbIE
MarucTpaliM npH Bcex pexuMax paGorsi XPIY sBnserca BaxHoil 3amaveii, Bbl-
MOJHAEeMO# cucTeMoit muranus, Hapymenus nmomauu TorMBa MOTyT BbI3BIBaThCA
BOPOHK00Gpa3oBaHMeM W KaBMTalMell TOIUTHBa B CIIMBHOM (3aGOpHOM) YCTpoOii-
cTBe, KONeGaHUAMH YPOBHA KOMIIOHEHTa B Gake, B pe3yJbTaTe Yero B TOIUIMB-
HBI€ MaruCTpaJii NPOPbIBAETCA a3 M HapyHIaeTCA CIUTOIUHOCTb OTOKA,

Ha cpeiB mogauu TomimBa MOryT BIIMATH KoJIeGaHUA M IepeMelleHHA YPOB-
HA JKHAKOro KOMIIOHEHTa NpH MaHeBpax JIA, pasneneHuMM cTyneHei M npu Opy-
FHX BO3MYIIEHHAX , BHI3BIBAIOLMX MPOOJIbHOE H NonepeyHoe yckopenue JIA,

IIpu xoneGaHUAX XMIKOro KOMIOHEHTa BHYTpH Gaka MHTeHCHHULMpYeTCs
TEIUI0- ¥ MacCOOGMeH Mex/y Mapora3’oBOi NMOMYIIKOl, KHUOKOCTBI0 M CTEHKaMH
6axa, YTO NPHBOAMT K CHIDKEHHIO TEMIIepaTypbl H AaBJIEHHA ra3a, JTH IPOLECCH
NPOAABIIAIOTCA OCOGEHHO 3aMETHO NMpH HCIOJIb30BaHUM ~ropAvero’ HaunyBa mis
KPHOTreHHBIX KOMIIOHEHTOB TOIUIMBA, TaK KaK H3MeHeHue ko3 dHuMeHTa TerwIo-
OT/auy npy GONBLMX Pa3HOCTAX TEMIEPATyphl Mex1y ra3oM HaJyBa U CTeHKa-
MM 6aka M XHOKOCTBIO BiledeT 3a COGOH 3HAaUMTENIbHOEe H3MEHEHHe TEIUIOBBIX
[OTepb B IPaHUYHbIE MOBEPXHOCTH, '

IIporpeB *XHOKOro KOMIOHEHTa OT BHELHMX (a3pOJHMHAMHYECKHX WIH COJI-
HEYHBIX) WM BHYTpEHHMX (TOPSYHX ra30B HaJylyBa) TEIUIOBbIX [IOTOKOB BbI3bI-
BaeT €ro TEPMHYECKOE pacClIOEHHE, KOTOpOE YCIOXHseT 3aGop MpOrperoro
KOMIIOHEHTa HacOCOM M CONPOBOXAETCA YAaCTHYHbIM HCIIapEHHEM €ro B raso-
BYI0 IOJ10CTb., 3aKOHOMEPHOCTH 3TOrO0 NpoLiecca pacCMOTpPEHsI B pa3f, 3.1.2.

B ycnoBusix HeBeCOMOCTH XXHOKHE KOMIIOHEHTHI TOIUTMBA HAXOIATCA B CMe-
CH C ra30BbIMH BK/IIOYEHHSAMH M He MOTYT B TaKOM COCTOSIHHHM OBITH NMOJaHbI
TPagHUHMOHHBIMM CIIOCOGaMM Ha BXOJI, CKaxKeM, LeHTpoGexHoro Hacoca, Iloaro-
My cuctema mutanua Y c¢ XPI, samyckaroueiica npu neperpyskax nopsuka
107°, HOMmKHa MpeyCMaTpHBaTh HAEXHYIO NMOJlauy XHIKHX KOMIIOHEHTOB TOI-
JIMBa K MOTPeOHTENI0 Ha BCeX pexxMmax paGoTar 1Y,

3.1.1. MTPOIECCBI, MTPOUCXO JAIUE
B [TAPOT'A30BO [TOJYWKE TOIUTMBHOT'O BAKA

Ina BBITECHEHMS >KMOKOrO KOMIIOHEHTa M3 TOIUIMBHOTO 6aka K norpeﬁu-
TEJI0 B ra3oBYI0 NOAYUIKY IOJaeTCA I'Opil‘ll{ﬁ ra3-BbITECHHTEIb Yepe3 Crneuualb-
HO€ BXOIHOE ycrpoﬁcrno, YacTO Ha3bIBaeMOE ra3oBBOAOM. THN ra3oBBO/a OKa-
3bIBA€T CYLIECTBEHHOE BJIMSAHHE Ha tbopwlpona}me CKOpPOCTHBIX noneﬁ, a cneno-
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BaTeJIbHO, ¥ Ha MHTEHCHBHOCTDb TEIUI00OMeHa ra3a ¢ rpaHHYHbIMH IOBEPXHOCTA-
MH (cTeHKaMM 6aka ¥ IOBEPXHOCTbIO pa3fiena) . PaccMoTpuM BHavasle ra3oBBO,
BBIHONIHEHHBIA B BH[E NPAMOIO IMIMHAPHYECKOrO HacaflKa, PacHoJIOKEHHOro
o ocH GaKa Ha ero BepXHeM [THHILE,

OcecuMMeTpHYHas 3aTOIUIEHHasA HEM30TepPMHYECKas CTpysd, HCTEKaoLasa M3
Hacafika, JOCTHraeT NMOBEPXHOCTH pa3jiella XHIKOCTH H rasa M pacTeKaercs no
Heil B Buje BeepHO# cTpyH (puc. 3.3) . Eci ckopoCTb HaTekaHHA CTPYH Ha I10-
BEPXHOCTDb pa3fiefia BeJIHKa, TO B 30He KOHTaKTa BO3HMKaeT JIyHKa, OT KOTOPO#H
PacXOoMATCA KOHUEHTpHYecKue BonHbl (pMc. 3.3, a). BHenpenue cTpywn B xua-
KOCTb COMpOBOXTaerca o6pa3oBaHHEM OpbI3r, a BOTHOOGpa3oBaHHE NMPHBOAMT
K YBeJIHYEHHIO IOBEpXHOCTH pa3feNna,

Ilo mepe BbIpaGOTKM XHMIKOro KOMIIOHEHTa BEEpHasA CTpys YMEHbLIaeT
CBOI0O CKOPOCTb ¥ HanbHOGOHHOCTh (pHC. 3.3, 6) M OTPBIBAeTCA OT MOBEPXHOCTH
pasfienia BCIIENICTBHE BO3[eHCTBUA apxumenoBoil cwisl (puc. 3.3, @) . Eciu pac-
CTOSIHHE OT Cpe3a LWIHHIPHYECKOro HacajKa [0 [OBEPXHOCTH pasfielia NpeBbl-
LIaeT HATbHOGOHHOCTh OCECHMMETPHYHOH HEH30TepMHMYECKOH CIPYH, TO OHa
’3aBHCaeT”’ M ee NepeMelMBalolliee BO3[EACTBHE clnaGo pacmpocTpaHsaerca Ha
HWXKHIOI0 YacTb ra30BOH NOMYLIKH, NMpWIEraollylo K NOBEPXHOCTH pasfjena
(puc.33,2). .

IIpouecc BbITeCHEHHS XHOKOrO KOMIOHEHTa TOIUIMBA H3 LGUIHHJIPHYECKOR
€MKOCTH IyTeM CTPYHHOro BBOJIAa rOpAYEro ra3a-BHITECHHTENA Lielieco0GpasHO
paccMaTpHBaTh NpH ABYX BaXKHBIX H CBA3aHHBIX APYT C APYTOM OrpaHHYEHHsX:

— VI8 CHHWXEHMs 3allaca rasa Ha BBITECHCHME TEIVIOBbIE NOTEpH B I'pDaHHY-
Hble MOBEPXHOCTH JODKHBI GbITH 110 BO3MOXHOCTH YMEHBILICHBI; .

Puc. 3.3. CxeMa Tedesiua B ra3oBOil NOAYyLIKEe MPH HCNONB30BAHHH IHIHHAPHYECKOTO ra30-
BBOAA
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— MaccoBbIil pacxop, My, , Temnepatypa T, M ckopocts rasa Us(y, X)
HOJDKHBI BbIGHPAThCA C YUETOM OrpaHHYEHMil IO NMpOrpeBy CTEHOK 6aka M Xu[-
KOro KOMIIOHEHTa,

IIpu GompumMX CKOpOCTAX BBOJA rasa 4epe3 IWIMHIPDHYECKMH HacafoK
HaGimofaeTcss Xopollee IepeMelMBaHHe Ira3oBOi NOMYLIKH, OJHAKO BO3pacTa-
er cpemunii Koabduument temwioornaur, [Ipm ManbIx ckopocTsax nepemerlt-
BaHMe yXy[UIAeTca M NMPOHCXOOHMT TEPMHYECKOE pacClIOCHHE rasa, B pe3ylibTaTe
Yero MOBBILIAETCA €ro TeMIeparypa B paioHe BEpXHEro JHHIIA H YBETHYMBAET-
A IPOrpeB KOHCTPYKIMH,

Takum oGpasoM, NpH HeperynMpyeMoil N0 CKOPOCTH Nojaye rasza moJDKHA
CYlUeCTBOBaTh HEKOTOpas ONTHMaJIbHasg CKOpPOCTh BBOAA, obecreyuBaloLias
MHHHMaJIbHbIe CyMMapHbI€ TEeIUIOBbIe IOTEPH 32 BpEMsA BBITECHEHH,

Ha puc. 3.4 nokasaHo H3MeHeHHe OTHOCHTEIIbHOH CpeIHEMacCOBOH TeMmIle-
PATYpbl Ta3a-BbITECHHTENA Ha KOHEUHBI MOMEHT BBIDaGOTKM KOMIOHEHTa I
B 3aBHCHMOCTH OT CKOPOCTH BIyBa, JIifi pacCMOTpPEHHbIX YCJIOBHH BBITECHEHHSA
ckopocts BayBa Uy, = 10 M/c AiB/seTCA ONTHMANBHOM, TAK KaK NpH 3ToM o6ec-
MEeYHBAIOTCA MHHHMAJIbHbIE CYMMapHble NIOTEPH B FPaHHYHbIe MOBEpXHOCTH, M-
MEpEHHA TeMIepaTypHOro npoduwisa No BbICOTE ra30Boi MoaylukH H npu BayBe
ropavyed CTpPyH NOKa3bIBAIOT, YTO MOXHO BBIIEIIMTb [BE THNH4HbIE OGNacrTH:
o6JIacTb MOJHOrO NEpeMeLIMBaHusA TIPOTSDKEHHOCTBIO Lyy (BH. — BepXHA
4acTb ra3oBOMH nonymxn) B KOTOpO#H TeMnepaTypa rasa MoCTOsHHa IO OCEBOMH
KoopfuHate ¥ paBHa Ty ,(7), M OGNAacTb YaCTHYHOIO PAaCCIIOEHMS NMPOTSXKEH-
Hocteio H — Ly y, B KOTOpO#t TemiepaTypa cHHxaeTcs oT Ty y IO TeMIeparyphl
XHIKOCTH Ha MOBEPXHOCTH pa3pnena. Pacnipenenenne teMneparypsl N0 pagyycy B
oberx 0o6GNMacTAX MOCTOAHHO (3a MCKIIIOYEHHEM MOTPaHHYHBIX CIIOEB M 06GnacTH,
OTHOCAIMXCA. K COGCTBEHHO 3aTOIUIEHHOM HEH30TEPMUUECKOH CTpye) .

HNansHoGOMHOCTD CTPYH LU =0 MOXHO NOJy4YHTb M3 3aKOHa OC/abieHus

CKOpPOCTH IO OCH CTpYH NIpH HaJ'IH‘I.HH apxnmenonon CHJIBI:
3,3 0,5-x

U()m = Vol tAr 1, (€RY
x do

- \n

rae U(x),, — cxopocts Ha OCH CTpyH Ha PacTOAHMM X OT cpe3a razoBBofia; U —
CKOpOCTb Ha OCH CTpyH mpH X =0; 7,

do — muamerp rasoBBoma; Ar — oD
KpHTepuit Apxumena, / \
058 \
N\

. 0,96
Puc. 3.4. 3aBHCHMOCTD  OTHOCHTENbHOI \
CpelHeMacCOBO#l TeMMnepaTypbl ra’a B KOH- a94H- N
ue BbIPaGOTKM OT CKOPOCTH BBOJa _NMpH i S
Tnx = 623 K; pgo = 4,8-10° Ma; Ty = 492

,{mlf + mo)
= 190
Plk(mfr+ mo)Vl a 70 20 30 0 Uﬂr’/[
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(RT)ay

gd
Ar = -—20-(1 —n), n=
) 7f RTg

Hupexcol ’BX” ¥ 6 OTHOCATCA K NMapameTpaM rasa Ha xope (x = 0) u B Gaxe
(cpemHHe 3HauEHMs 1O ra3oBOM MOMyIIKE) COOTBETCTBEHHO. 3HaK IUTIOC COOT-
BETCTBYET HalpaBJICHHI0 ropsyeil CTPyH Mo BEKTOPY CHWIBI TSDKECTH, MHHYC —
IPOTHBOIOJIONHOMY HaNpaBJIeHHIO,

Ipu U,, = 0 u3 cooTHouteHus (3.1) HeTpyOHO NMONYUHTH BBHIPDKEHHE [UIA
HaTbHOGOHHOCTH CTpYH:

do'
Jam - 1g

Pasmep oGnactu nomxoro nepemeumsanus Ly ,, MONMydYeHHbIH 0GpaGoTicoi
OaHHBIX pacnpenesieHUsa TeMIepaTypbl MO BLICOTE ra30BOM MONOCTH Kak (GYHK-
IMA JanbHOGOHHOCTH, ONpefeNiAeTca COOTHOIWeHHAMHU (pHc. 3.5)

Ly, =326, (3.2

Lyy Ly, =0 Ly, =0
=0,09 + 0,386 ——— mpn 02< ——— < 2,1;
H H
33)
Ly Ly, =0
— =~ 0,9 npu >21.
T(X)=Tw
t'.y/” rU.'I_rM
7 (<]
[) o o U
28 A 48
Pa X
06 96 X
e e
44— 6% a9 &
2 o .
g21-9¢° g2 \K
/ 4 oS
0
2 7 2 T Lyymo/H 7 2 T X/lay

Puc, 3.5, 3aBHCHMOCTb OTHOCHTE/IHOH AJMHBI MOJHOTO mepemeumpanns Ly o/H or orHo-
CHTenpHO# AamHoGoHHOCTH cTpyH L /H:

O — UMIHHOpPHYeCKHIt ra3oBol; 00 — TopoBHIit razoson (d = 150 MM); A — TopoBHIit Ia-
3oBop (d = 660 mm)

T(x) — Ty

Puc. 3.6. BespasmepHblii TemnepaTypHulili mpodHIbL T T Kak ¢pynxmus Geapasmep-
By — 1x
Ho#i oceBoil KoopmuHaThI X/Lp

Up=5..26mlc; dp =001 ..0,056M; H=12..2m; Ty = 278 .. 290K
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Ha puc. 3.6 npencraBieH Ge3pa3MepHbIil TeMIepaTypHbli Npopwb Kak pyHK-
IMA oceBOH Ge3pasmepHO# koopmuHatel X/Ly . IKCepHMEHTAbHBIE [aHHbIE
XOPpOILIO aNnpOKCHMHPYIOTCA 3aBHCHMOCTBIO

x

- -1
T(x) - Ty (1,B . . x
=e : , =1, (349

TB.'-I - T)K LB.'-I

roe T(x) — TeMneparypa ra3oBOi NMOMYLIKH Ha PaCCTOAHHM X OT BXOJHOIO Ce-
YeHMA ra3oBBofa; I, — TeMIepaTypa MMOKOCTH Ha NMOBEPXHOCTH pasjena
ras—xuaKocts; @ = 1417, IomyyeHHbrit TeMnepaTypHblii mpoduiib CBA3aH C
DabHOGOMHOCTbIO CTPYH H [aeT BO3MOXHOCTb PacCYMTaTh TEIUIOOGMEH rasa co
CTeHKaMH eMKOCTH NpH U3BECTHOM K03 HUMEHTE TeIUTO0THAauH.

Ins BeIBODA KPHTEPHAIILHOA 3aBHCHMOCTH, ONpeieliAlolled CpeHuii xoatb-
(PULMEHT TEIUTOOTHAYM & OT rasa K IMOBEPXHOCTAM, Or pAHHYMBAIOLIMM ra3oBYI0
NOAYWIKY NpH BHOyBe LEHTPabHO-PACIONIOKEHHON OCECMMMETPHUYHOH CTpYH,
3amuIeM clefylolee ypaBHEHHE COXpaHEeHHs SHePrHH 1A ra30BO#H MONIOCTH:

dimpcyTy)

=myycpTax — Fg (T — Tep) —pgV, 3.5)

Bx“p’ BX

dr

IQie M, — Macca ra3oBOH MOAYLIKH; Cy, Cp — TEIUIOEMKOCTb Ia3a MpH MOCTOAH-
HOM 0Gbeme M [1aBJICHHH COOTBETCTBEHHO; T}, — TemrepaTypa ra3oBOil MOAyLL-
KH; My, , T,y — MaccoBbI# pacxofi H TeMIepaTypa rasa, ocTymnaollero B Gak;
Fy — noBepXHOCTb, Or paHHYMBAIOLIAA [A30BYI0 MOAYMIKY; T.p — CPEHASA TEM-
neparypa cTeHok 6aka, OrpaHHYMBAIOLIMX ra3oBYyI0 MOAYIIKY; V — oObeMHbIH
pacxon XHAKOCTH U3 6a1<a, P — DaBiieHHe ra3a B bake.

BripasuMm cpemuii K03dGHUMEHT TerutooTAaud « M3 (3.5) M 3amMiueM ero
B Ge3pa3MEpHOM BHJIE

Fg VDg _ v dpg
-5 RePr - - - T. -
Q. 6 h>) Ea ‘szDs dr
Nu= = — , (3.6)
A Tp =T,

roe Nu — kpurepuit HyccenbTa; Re — kputepnii PefiHonbaca; Pr — xpurepuit
Mpauptna; Dg — nuamerp Gaxa; A — KOIGGHIUMEHT TEIIONPOBOAHOCTH ra3a;
a — K03bHIMEHT TeMIepaTypOMPOBOOHOCTH ra3a; V¥ — o6beM rasoBoit mo-
Oy LIKH;

R ugDg ndy  _ a Ty
e= - = T_— = .
[} ’ 2 0 r >
v 4 D Tnx
T 4 c
= _ ‘cr - 6 p
T = T » P5 T i
BX Ppx Cy .
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U3 coomiowenus (3.6) ciemyeT, YTO 3KCHEPHMEHTAJIbHBIE [aHHbBIE N0 TEILIO-
OT[aue MpH BJyBe ra3a B eMKOCTb CliefAyeT 0GpabaTbIBaTh C y4eTOM KPHTEpHAIIb-
HOH (YHK LMK .
Fcb VD vV
Nu = f(Re; Pr; ; ; .
F T F zd 7F ZD

39

Ha puc. 3.7 npepncraBieHb! pe3ynbTaThl 3KCIIEPHMEHTATIbHBIX HCCIIEIOBaHMI MO
TEIUIOOTAa4Ye K rpaHH4YHBIM IOBEPXHOCTAM NpH BAYBe ropsueil CTpyH B MOJIOCTb
nepeMeHHOro obbema. IKCHEpHMEHTaJIbHbIE [aHHbIE XOPOLIO OMMCHIBAIOTCA
3aBHCHMOCTBIO

Fg v
Nu = 0,146(Re Pr)»6 ( —2y1:33( ). (38)
Fg vFgDg

Jluana3oH H3MeHeHHs oNpeneNAILMX apaMeTpoB:

1,5-10° < RePr < 5,5-10%;
Fo

1,6:10° < — < 1,3-1073;
Fg

14
0,1 <— < 0,26.
1FyDg
Brmsanne mnapamerpa VDg/vFsa, oTpaxalomiero COOTHOIUEHHE 3aTpayeHHOH
SHEprHM ra3a Ha paGoTy BbITECHEHHS XHOKOCTH U MOTEPh B I'paHUYHbIE IOBEPX-
HOCTH 3a CYeT TerutooOMeHa, B Hanma3oHe H3MeHeHHs 75 — 230 He oGHapyxeHoO.
CyMmapHas nmoBepXHOCTb TerwooGMeHa Fy ompemensnach Kak CymMMa IUIOLUa-
OeH MOBEPXHOCTeH BEepXHEro 3IJUITMNTHYECKOro JHMINA, UMIMHIApHUecKod oGe-
YalKH H NIOBEpXHOCTH pa3fenia,

o H
Ins 6akoB GONMbUMX yIIMHEHHH ( e > 2) B HayaJIbHbIHA NEPHOM, BBITEC-

Nu-107% HeHMs1 Habmiofaercs BHe[pe-
100 f‘o)"” v H HHe CTpyH rasa B IIOBEPXHOCTb
Elrh D pa3fiena, COMPOBOXIAOLICECH
7/ BONMHOOGpa3oBaHHeM H pa3-

0 OpbI3rHBaHHEM XKHIKOCTH.

AHanM3 pa3sMepHOCTeH IIpH
CWJIOBOM B3aHMOJCHCTBHH OCe-
CHMMETpHYHO ra30BOMH CTpyH

7i Puc. 3.7. Tennoornaua K rpaHmu-
07 HBIM NMOBEPXHOCTAM NpPH BAYBE ro-
"7 0 00 PpAveil CTPYH B MOJNOCTb NepeMeH-

(Re Pr)ro-% Horo ob6bema
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¢ HOpMaJTLHO pacnonomelmou MOBEPXHOCTBIO JKHIKOCTH MOKa3bIBaeT, YTO OTHO-
CHTeNbHasA riyOHHa npornﬁa TMOBEPXHOCTH pa3fiefla Ta3 — XHAKOCTb A /do
aABnaercs ynximedn xpurepus Ppynma, a Takxke GespasMepHOro napamerpa
Hjd,. Kputepnii ®pyna xapakTepusyeT COOTHOILIEHHE CWI JUHAMHUECKOro /aB-
JIeHHst W HHEepUMOHHBIX CHJI B MeCTe KOHTaKTa CTpyH ¢ MOBEpXHOCTbIO pa3fienia,
Iapamerp H/d, xapakTepusyeT mnomepeyHbl AMaMeTp 3aTOIUIEHHOH CTPYH H
smopy ckopocTH. Ha puc. 3.8 noka3saHsl pe3ysnbTarsl 06paGoTkH mporu6a mo-
BEPXHOCTH pa3fiefla BOMa—BO3[yX IIPH HaTeKaHWM Ha Hee BO3MAYILUHOH CTpyH.
OrxocurenbHan riTyGuHa nporu6a anmpoKCHMHPYETCs COOTHOILIEHHEM

=61,32Fr n(—)‘1453 39)
do
roe
emUm
Fr,, = : n=0,05F12, —0,12Fr,, +1.

Px8&do

Coornomrenue (3.9) cnpaBemIHBO Wi CleQyIOLUIMX AHaNa3OHOB H3MEHEHHs Na-
paMeTpoB:

Ilpy ManbIX CKOpPOCTAX HaTeKaHHA OCECHMMETpMUHas CTpys NpeoGpasyercs
Ha MOBEPXHOCTH pasfieNla ra3 — XXHOKOCT B BeepHylo. [IpH yBenudeHHMM cKoO-
pocTH 0Gpasyercs NPOrxG MOBEPXHOCTH Ay, M NOABNAITCA pafHalbHble BOJHbI,

d, Ps-10,°N2
>
Pnp/do M i N 7 49 [ =70 MM
[l 47 yd 7§Q}; 50
et = 45 / "0
q ’ L—""1
7 N X = H]dy=23,65 4
a- 31,57 o7 Id,,-lﬂmv
45 o- 417 AN -
) O- H/dy=651 39
0 95 7 142 2

61,32Frm n(H/dg) ™" 0 S0 o 0 00 250 1z

Puc. 3.8, 3aBHCHMOCTb OTHOCHTENbHOI Iy GiHbI MPpornGa NOBEPXHOCTH pa3/ieNia MPH HaTeKa-
HHH Ha Hee [O3BYKOBOHl OCECHMMETPHIHON CTPyH OT KOMIUIEKCA OMpeAeNAouMX napa-
MeTpoB

Puc, 3.9, Bausnne pasMepoB ra3oBBoAa Ha aBienne B Gake npu dgx = 10 MM = const
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aMIUIATY[ia KOTOpbIX BO3pacTaeT IO Mepe yBEJIMYeHHs CKOPOCTH HAaTeKaHHs.
JKeKTHpyloLllee BO3EHCTBHE BECPHOH CTPYH NpPH BBIXOJiE H3 JIYHKH TPHBOMMT
K NOTEpe yCTOMYHBOCTH MOBEPXHOCTH pa3fena H pa3GphIsrHBaHHIO, IPHYEM NPH

hup

3HayeHWM OTHOIICHHUSA ~ 0,2 (D, — nMameTp “NATHA” WIA NPOEKLMH

n

CTPYM Ha MOBEPXHOCTH pa3felia) pa3GphI3rHBaHHE CTaHOBHTCS HaCTOJIKO MHTEH-
CHMBHBIM, YTO €ro HEOGXOJMMO YUMTHIBaTh B MEXaHHW3ME TEemioo6MeHa rasa ¢
rpaHHYHbIMH TNOBEPXHOCTAMH eMKOCTH, IloCcKONbKY peXHM HHTEHCHBHOIO
pa36pbIarHBaHuA He NPHIOMEH [UIA BBITECHUTENIBHBIX CHCTEM H3-3a 3HAYHTENLHO-
ro yBeJWYEHHs TEIUIOBBIX NOTEpb, TO MPH NONYYEHHH KPUTEPHAILHOH 3aBHCH-
moctH (3.8) B sKCriepHMeHTax IO HCCIIEAOBaHHIO TEIUIOOTAA4YH OH HCKITIOYasICA.

Ha puc. 3.9 nokasaHo u3MeHeHHe NaBJleHHA B Gake NMpH OMHHAKOBLIX Napa-
MeTpax BuiTecHenns (po = 3,8:10° Ia, Ty = 290 K; V, = 0,131 M*; V =
= 0,00288 m*/c; Tyx = 623 K), HO pasHbIX BXOOHBIX YCTpoiicTBax. Bays
rasa (moporpernlii BO3[yX) BO BCEX CIIydafX OCYLUECTBIIANICA YEpEe3 LMIHMHLIDH-
YecKHil Hacamok AuameTpoM dy, = 10 MM, OKpyXeHHbIA TpyGOH ¢ TOpLOBOH
KpbILIKO#, BBeneHue HapyxHo# Tpy6bl C TOPLOBOH KPpBIIKOA CJOCOGCTBYET
OOMOJHHUTEIBHOMY PaCLIMPEHHI0 CTPYH M YMEHbILICHHIO ee HalbHOGOHHOCTH B
HavaJIbHbIiA nepHon BxyBa. IlmMHa TpyGbl BO BCeX ClydasX cocTaBisnia 60 MM, a
ee qUaMeTp moclemoBaTebHo cocTaBus 30, 40, 50, 70, 90, 110 mm. IToxa gua-
Metp TpyGb1 MeHee 70 MM, KeKIHA CTPYH NPUBOOMT K 0Gpa3soBaHMIO BaKyyM-
HOMH II0JIOCTH, KOTOpas BBbI3bIBaeT pacLLMpeHHE CTPYH 0 pa3mepoB TpyGbl. [lpu
yBeJIHUEHHH JTHameTpa TpyObl MeXTy cIpyeit M cTeHKamu TpyGbl oGpa3syercs
30Ha OOpaTHOTO ABHXEHHA ra30B M JabHOGOHHOCTh CTpyHM Bo3pactaer, Hans-
Heiiliee yBeJM4YeHHe OHameTpa TpyObl MpHOIIDKaeT TedeHHe K pexuMy cBoGop-
HOH TypOyneHTHOH cTpyH. Ilo Mepe mporpeBa razoBoil NMOJIOCTH AanbHOGOI-
HOCTb CTpYH BO3pacCTaeT H3-32 yMEHbIICHHA apXHMEIOBOW CWIbI, IPOMOPILHMO-
HaTbHOH pasHOCTH IUIOTHOCTEH OKpyxKawolue# cpenbl H cTpyH. TakuM oGpasoM,
HajiMyMe BHEIUHEH TpyGbl MPUBOAMT K CBOEOOpa3HOH peryiMpoBKe HalnbHOGOM-
HOCTH CTPYHM, YTO CHIDKaeT TEIUIOBbIe NOTEpH B I'paHHYHbIE MOBEPXHOCTH OT rasa
HajiJlyBa H YBEJIHUMBaET [aBJieHHE B GaKe IpH MPOYMX PaBHbIX YCIIOBHAX,

W3 paccMOTpeHHBIX NMPHMEPOB BHOHO, KaKoe GONbIIOe BIHMsSHHE Ha TEIIo-
OOMEH ¢ rpaHHYHBIMH ITIOBEPXHOCTAMH OKa3bIBaeT THN BXOJHOrO yCTPOHCTBa.

3.1.2. TEPMUYECKOE PACCIIOEHUE KOMIIOHEHTOB TOILUIUBA
B BAKAX JIETATEJIBHBIX ATIITIAPATOB

Ilpu xpanenun JIA B 3anpaBiieHHOM COCTOSHHM WITH IIPH €ro noJieTe Ha aK-
THBHOM YYacTKe TPaeKTOpDHM B GOKOBble CTEHKH GaKOB NOCTYMNaeT TEIUIOBOH
NOTOK, OGYCIIOBIIEHHBIH Pa3sHOCTbIO TeMIEpaTyp OKpYJKalolied Cpembl M CTEHOK
Gaka, Ilox BnuAHMEM mocTynaoiwero B 6aK TEIUTOBOro NMOTOKa ¢, Ha BHYTpEH-
Hell TMOBEPXHOCTH CTEHOK 0Opa3yeTcs KOJblLieBOH IIOrpaHHUHBIA CIIOA KOMIIO-
HEHTa, KOTOpbIH NOA AeHCTBHEM apXHUMENOBOM CUITbI, BO3HHKAIOLLEH BCIIEICTBHE
Pa3HOCTH TeMIepaTyp MOrpaHHYHOTrO CJIOA M XONOJHOTO AZipa XXUAKOCTH, ITOOHH-
MaeTcs K 3epKaly XHAKOCTH M, OTpaXasach 0 Hero, o6pasyer o&1acTs, BHICOTa
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Puc. 3.10, CxeMa TepMHYECKOTO PacC/IOEHHA XHUIKOIO T(x) Ty
KOMIOHEHTa TOIIHBA:

§ — TONILMHA MOTPaHHYHOTO CJIOS NpPH BXOAE €ro B
paccrnoennyio obnmactb; To — HauallbHas TeMIeparypa
xupxoctd; T; — TeMmepaTypa XHOKOCTH Ha NOBepX-
HOCTH pasfena; h(r) — BBICOTa PacCOeHHOH ’To-
OyLIKH”

I
]
AR RN

FisF F VY

(T)

4 4 ¥ ¥ ¥ 3

SO A S S S S SN S EBES S S S NS

Koropoit h(7) yBenMuMBaeTCA C TeYeHHEM
BpeMeHH (puc. 3.10). JToT mpouecc moNyYHI
Ha3BaHHE TEPMHYECKOTrO PacCIIOCHHS HIM CTpa-
THOHMKAIMH KHAKHX KOMIIOHEHTOB,

Tak kak [HaBreHHe HaChILUEHHbIX MapoB
KOMIIOHEHTa B ra3oBoil momyuke Gaka ompere-
TIAeTCA TeMneparypoi cBoOOIHOH MOBEPXHOCTH
XMAKOCTH, TO OHO BO3pacTaeT Mo Mepe pa3BH-
THA paccnoeHus. [loBbilleHHe AaBiieHHsA NapoB
BieveT 3a coboit WM Heo6xoauMoe YToJLeHHe CTeHoK Gaka (a ciemoBaTenbHoO,
yTaKelleHne GakOBOro OTCeKa) , Wil II0Tepio KOMIIOHEHTa B IapoBoii ¢a3e Yepe3s
OpeHaXHO-peNoXpaHHTeNbHbIH KiamaH, KpoMme Toro, paccroenme XHAKOro
KOMIIOHEHTa NMPHBOJHT K TaK Ha3bIBaeMOMy ’’T€IDIOBOMY OCTaTKy’’ KOMIIOHEH-
Ta, KOTOPblit MOXET BHI3BaTh KaBHTalMOHHBIN pexxuM pabothi THA mpu Bxone B
LeHTpoOeXXHbIA HacocC,

B peanbHbIX ycroBHsax nmonera JIA Hapamy c mpoueccoM TEpMHYECKOro pac-
CJIOEHHsI HMEET MECTO MpOrpeB XMIAKOro KOMIIOHEHTa OT ra3oB HajmyBa. IIpu
5TOM MEXaHHM3M TEPMHUYECKOTO PaCCIOCHHA OKa3bIBaeT CYLUECTBEHHOE BIIMAHHE
Ha mepepayy TeIUla OT ra3oB HaAAyBa K 3epKally )XHOKOCTH, Bonbiuoil npakTu-
YECKHH MHTEpec MpENCTaB/IfAeT pacieT TEePMHYECKOTO PacClOEHHs, B pe3yJIbTaTe
KOTOpOrO OINpeneNAeTCa pachpenesieHHe TeMIepaTypbl KOMIIOHEHTa M0 BBICOTE
PacCIIOeHHO# 06acTH,

Pacnpenenenue ckopoctu V(r, z, t) ¥ TeMnepaTypbl XHIKOrO KOMIIOHEHTa
T(r, z, t), HaxOOAIIErocs B MOME TAXKECTH NPH GOKOBOM NMOAOTpeBe LMITHHIIPH-
YECKHX CTEHOK COCyNa, MOXeT GbITb MOTy4YeHO IpH YHCIICHHOM HHTEr pPHPOBaHHH
b GepeHUHANBHLIX ypaBHEHHH CBOGOMHOH KOHBeKUMH B NpuGmmkeHun Byc-
CHHECKa, KOTOpbIE€ B MIEPEMEHHBIX — BHXPb CKOPOCTH ¢(7, Z, {) H GyHKIHMA TOKa
V(r, z, ) — 3amMcbIBatoTCA B 6e3pa3MepHOM BHIIE

{

i

oy 1 3y 3y 1 3y 3y ¢ Y
—=——————————+D¢+
t r 9z or r or 9z r? oz
2 ay ") oT
-2 __ . 3.10
r or r? or ’ ( )
ID¢+ oD a2 a2 1 9 31
_ ‘p= = —— . ——— . l
r ’ ar? az2 r ar’ ( )
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aT 1 9 aT 1 ay aT 1 2 aT
T X —r+——). (3.12)
at r 9z aor r or 2z Pr. r or

"CBa3p GyHKIMH TOKa Y C KOMIOHEHTaMH ckopoctd V, u V, Beipaxaercs
COOTHOLICHHAMH
1 oy 1 a3y
r r ooz ° rooz’
rae V, u V, — pamyanbHas M OCeBass COCTAaBJIAIOLIME CKOPOCTH COOTBETCTBEHHO,
B KavecTBe Macuraba nepeMeHHbIX IJIMHbI, BpPEMEHH, TEMIEPaTyphl; CKO-

pOocTH, GYHKIUMH TOKa, BUXPA CKOPOCTH HCHIOME3YIOTCA COOTBETCTBEHHO Pamuyc

R v v
wMHOpa R, P D : , VR, -R—2 ,Te g — yckopeHue; f — Ko3d-
v

¢buumMeHT 06bemHoOro pacumpenus. HavanbHele u rpaHHuHbIC YCITOBHSA, a TakKe
yCIIOBHA OCEBO# CHMMeTpHH B Ge3pa3sMepHO# popMe npencTaBlieHbl B BUOE

oy H
z=0’w=——=o;z=h=—-’
9z R
oy ay
l[’: 2 =0,r=1) l[’: __=o)r=o’
0z ar 3 13)
3 1 ay G.
v=—(——)=0,0<1<r,
ar r or
(25 ap = (o )y = (), oy = =G5 (=), _, =0
— = —— — —3 — — [ r; — - ’
ar TR az 270 az 2=h ar 70
vto gpgH*
rae To = = cyMMapHoe Ge3pa3sMepHoe BpeMs npouecca; Gr = — -
v
uncio I'pacroga.

Cucrema HenmuHeiHbIX AuddepeHUHaNBHBIX YPaBHEHHMH B YacCTHBIX MPOH3-
Bombix (3.10) — (3.12) c rpaHmuHbiMM ycnoBrAMH (3.13) comepXHT deTbipe
6e3pa3sMepHBIX NapaMeTpa: BpeMs [IEACTBHA TEIUIOBOrO MOTOKa T, TEOMETpH-
ueckHit mapamerp H/R = h  uucna I'pacroda u lpaunrns Gr u Pr,

PesynbTaThl uMCIEHHOrO MHTerpHpoBaHMa cucrembl (3.10) — (3.12) c Ha-

H
YaNIbHLIMM M TPaHHIHbIMH ycoBHAME (3.13) MeromoMm ceTok mpu — = 2;
R

Pr Gr = 7-10'!, 7 = 40 ... 780 npencraBnexs! Ha puc. 3.11 u 3.12. Pasnocts
TeMIepaTyp CJI0EB XHAKOCTH Ha MOBEPXHOCTH pa3fena (KpuBas 1) H y mHHuIA
Gaxa (xkpuBam 2) CBMIETENBCTBYIOT O pPa3BHTHH TEPMHUYECKOIO pacCIOEHHs
(puca_ 3.11) . O6 3TOM >ke TOBODHT M pacnpefenieaHe Ge3pa3MepHbIX TeMIepaTyp
gBR°T .

— no Ge3apasmepHoit BoicoTe Gaka H/R (puc. 3.12) mia pasnuunbix Ges-
pasMepHBIX MOMEHTOB BpemeHH »1/R?.
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PearsHble npouecchl TEPMHYECKOrO pacCliOeHMs KOMIIOHEHTOB TOIUIHBa B
f6akax JIA MOryT NMpOMCXOAMTb IpH 3HaueHMsx uucen Panes Ra = Pr Gr =
= 10% ... 10"?, xoTOpbIE MOKa HE OCBOEHBI YIS TUCIICHHBIX METONOB PEIEHHs,
Ilpu pa3suTOll TypOyNeHTHOH eCTeCTBEHHOH KOHBEKILMH, XapaKTepH3YIOILeHcsa
uncname Ra > 10'? | waGrnropaeTcss rUApOIMHAMHYECKas HEYCTOMYMBOCTb Teue-
HHA, NpHBOIALLAaA K 06pa30BaHMI0 MeJIKOMacITaGHbIX BHXpeil, YTO He TOJBKO
YCJIOXHAET BLIMMCITHTENbHBIA MPOLECC H BLIBOAMT €ro 3a paMKH BO3MOXHOCTEH
coBpeMeHHbIX IBM, HO ¥ TpebyeT mepecMOTpa H YTOUHEHHMs HCXOIHON MaTeMa-
THYECKO#H MoJIeNH npouecca [S].

Ina nukBHOaUMM TOCNEACTBHA TEpMHUYECKOTO PpacClIOeHHA Heob6XOmMMo
B NEPBYI0 Ouepeqb 3HaTb BBICOTY PaccIOEHHOH 06/acTH, a Tak)ke MaKCHMaJlb-
HYyI0 TeMIIepaTypy XHIKOCTH Ha IOBEPXHOCTH pa3fiena.

PaccMOTpHM XapaKTepHCTHKH PacClIOEHHsA, OCHOBBIBasACh Ha 3aKOHOMEPHOC-
TAX NMOrpaHHYHOTO CJIOA B COOTBETCTBHH CO CXEMOH Impoleca, H306paKeHHOH Ha
puc. 3.10. Ilonaraem, yTo BCe TEIUIO, MOCTYNHBIIEEe B CTEHKH IWIHHAPHIECKOH
€MKOCTH Ha BbicoTe (H — h), MTHOBEHHO BBHIHOCHICH B PacClIOeHHy10 oftacTh
yepe3 KOJIbLEBOE CeYeHHe ITOr PaHHYHOrO CJIOA B OCHOBaHMM pacCiIOeHHO#H o6nac-
TH, T .e.

qnD[H(1) — h(D)] = nDcppr OUWp)dy. (3.149)

3pecs 6(¥), U(y) — pacnpeneneHHe H3GBITOUHO# TeMmepaTypbl H CKOPOCTH B
MOrpaHWIHOM CJIO€ NpPH BXOIE €ro B OCHOBaHHE pacCIIOCHHOH oGiacTH, Yurem

vt-lﬂ‘Vl’;’lﬂ 80 790 390 580
ya Vi Vi

HIR /A
/
/

IBRIT -9

: LA
L1 A

%2

. 2 [//

2 /

/ -

/] 200 400 600 E s 0 7 2 RIT
2210 zﬁ:‘

Puc. 3.11. Bespasmepnan Temneparypa uain- Puc, 3.12, Hamenenne GeapasmepHoii Tem-
KOro KOMMNOHeHTa Kak (yHKuus Gepasmep- MNeEpaTyphl NO BBICOTE EMKOCTH I pas3-

HOro BpeMeHH: JIMMHBIX MOMeHTOB Ge3pasMepHOro Bpe-
1 — Ha MOBEPXHOCTH pa3fena; 2 — Ha HHKHEM  MEHH
[HHILE EeMKOCTH
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TaKXke, YTO BEeChb PacXoJ XHIKOCTH, MOOHHMAIOLIMIACA Yepe3 KONBLEBOH Morpa-
HHMYHBIA CJI0#, MAET Ha yBeJIHYeHHEe MacChl pacclIOeHHOM obnacTy, T.e.

. 8 xD?  dh
m=aDpfU(y)dy = —p—.
0 4 dt

Ecnu paspenuts neBylo yacts ypaBHeHusa (3.15) Ha mpaByio YacTh ypaBHeHMs
(3.14) ¥ NOMHOXMTB Ha JIEBYIO, MOJIyYHM

(3.15)

5
2 #Dp [ U(y)dy quD[H(r) - k()]
nD dh 0
p—= . (3.16)

4 dt [
mDepe 6G)UG)dy

Hcnonb3yem Tenepsp pacnpefeneHuss TeMIEpaTypbl H CKOPOCTH B HOTpaHHYHOM
Clioe BEpPTHKAIBHOM IUIaCTHHBI NPH pexxHMe TypOyJIeHTHOH eCTeCTBEHHON KOH-
BEKIMH, IpeUIoXeHHbIe IKKepTOM:

8=T() - To =(T,, - To)(1 —(f)“’l; (3.17)

y y
U@p)=Uy( :)"’(1 - ;‘)‘. (3.18)
MNopcraBnsas cootHowennsa (3.17) u (3.18) B ypaBHennue (3.16) u npousBons
HHTErpHpOBaHUe , OKOHYATENIBHO NOTyyaeM

dh _ 16q[H(r) - h(r)]

3.19
dt Owchp ( )

roeb, =T, —T,.

Boipaxenue (3.19) onpenesnsieT H3MeHEHHe BBICOTbI PacCIOeHHOM o6GmacTH,
Ilpu H = const, 4To XapakTepHO [Jisi 6aKOB BTOPBIX H MOCIEAYIOWMX CTyIEHEH
npHu paGote 1Y mepBoii cTyneHs WiH NpH cTosHKe JIA B 3ampaB/IeHHOM COCTOs-
HHM, ypaBHeHHe (3.19) Jlerko HHTErpupyerTcs pasnefieHHEM IePEMEHHbBIX

h 1

—_=] - — (3.20)
Hy 16 a(t)dt -
e f
cppD

B ycnoBusax BbIpaGOTKHM KOMIIOHEHTa, T ¢, ipH H = H(7) , BbicoTa pacciioeH-
Hoit 06y1acTH MOXeT GbITh Hai{fieHa YHCIICHHBIM HHTEr DHPOBaHHEM COOTHOLUECHUA
(3.19), ecnu u3BecTeH KO3GDGHUIMEHT TEIUIOOTHAYH OT CTEHKH K JKHIKOCTH

q
a= —— , reoMeTpmuecKHe pasMepbl Gaka H 1 D, a Takxe TewtodpusHyeckne
0
w
CBOHCTBA JKHIKOCTH Cp, P
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AHanoru¥yHoe, Ho GoJiee TOYHOE BBbIpa)KEHHE [JIA BBICOTHI PaCcCIOEHHOH 00-
JIaCTH MOXHO IOJNYYHMTh M3 PELUECHHsA MHTETPAIbHbIX YPaBHEHHH NOTPaHHYHOTO
cIIoA Ha BepTHKaIbHOM wiacTuHe, U3 ypaBHenus sueprun (ypaBHenna I' H. Kpy-
)Kumma) IIOJ'[)"-[aeM

—erdy——a( ) o (321)

dx o

H H3 ypanHeHml KOJ'[H'-ICCTB& OBH)XCHHA
dU
;—fU“dy quIOdy —V( )y —o- 3.22)

HUcronp3ys Mpel0 TMOpOAMHAMHYECKON aHAIOTHH, a TaK)Ke H3BECTHOE COOTHO-
wenne I'. Brasvyca Ons HanpsOkeHWs TpeHMs Ha IUIACTHHE, MOXHO 3alMCaTh
BBIpOKEHHe 151 TEIUIOBOro NOTOKa:

w = 0,0228¢,pU36,,(— )"‘Pr’m, (3.23)

[IpHHMMast B COOTBETCTBHH C 9KCNEPHMEHTAIbHBIMH JaHHBIMH CTENEHHOR 3aKOH
M3MCHEHMA CKOPOCTH W TONWMHbI NOrPaHWIHOrO CIIOS MO BhICOTe U=cx™

8 = ¢,x", a Takxke ucnonp3ys coorsouenus (3.17) u (3.18) ypasHenus (3. 21)
4 (3.22) MOXHO NPHBECTH K BHAY

03/4

0,0366¢,c,(m + n)x™*" ! =0,0228 5
Cc2
X x3/4m - n/4v1/4Pr-2/3; (3.24)
c2866,,x"
00523c}e; (2m + mx?m Nl = ———
c7/4
am —-n/4p.-2/3
—0,0228p'# T x" Pr273, (3.25)
Peas nocmenHue ypaBHeHHA OTHOCHTEJIBHO C; H C, , TONTyYaeM
1 =0,9698(gh9,,)"?; (3.26)
_0,5951p"/pr®1* )

€2 = (&80)"1° ’ (3.27)
§=c,x'1% U =¢,x'"?, (3.28)

UMes XapaKTepHCTHKH NOrPaHHYHOTO CJIOA MO BBICOTE IUIACTHHbI H MPUMEHAA
yXe DPacCMOTPEHHBIA Bbillle NMOMXOHN, /UIA ONpeleNeHHs CKOPOCTH HM3MEHEHHs
BBICOTHI PacC/IOEHHOMH 00/1acTH, MOTyYaemM

dh X QW
— =1331— ——, (3.29)
dt D cpDo,
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17/ Puc, 3.13, HaMeHeHHEe OTHOCHTENbHOH BBICOTHI
PACCIIOEHHON MHAKOCTH MO BpeMeHH (OTHOCHTENb-

a6 /// HOMY)
04 //

/ Iloncrasus B (3.29) x = H — h mna cnyvas,
a2

KOrja BbICOTa CTON0a XMAKOCTH NMOCTOAHHA
no BpeMeHH (mporpeB Gaka BTOPO# CTyNeHH

0 4z 4% 7 3a BpeMs paboTbl MEpBOH), moMyunM (cM.
%/udr puc. 3.13)
L . (3.30)
D 1331 ¢+ ’
[adt
e(:pD 0

Coornowenuamu (3.19), (3.20), (3.29), (3.30) MOXHO BOCMONIb30BaTbCA
U IIpM NepeMEeHHOM BO BPEMEHH TEIUIOBOM IOTOKe q,, (7). Pa36uBas Bech Bpe-
MEHHO# MHTepBa Npollecca pacClIOeHHsA Ha JOCTaTOYHO MaJible OTPE3KH Bpeme-
HHM, B mpefeliaX KOTOPBIX MOXHO IOJIaralb ¢,, = CONst, HETPYIHO paccuHTaTh
H3MeHeHHe BBICOTbI PacCIOeHHOH 06JIacTH, Mojlarasi MpoLecC KBa3HCTaLMOHap-
HbiM, CpaBHeHue pacueToB no cootHouweHusaM (3.20) u (3.30) c sxcnepumen-
TaJbHLIMH 1aHHBIMM TIDH ¢,, = Var NMOKa3bIBaeT BIOJNHE YHOBJIETBOPHTEIbHYIO
CXOIMMOCTb.

PaccMOTpHM Temeph OIMpefelieHHe TEMIEPaTyphl >KMOKOro KOMIOHEHTa
Ha TOBEpXHOCTH pa3fiefia. YCTOHUMBOE COCTOSHHME pPacClIOeHHON 06JIacTH BO3-

dT
MOXHO MpH - < 0, u 43 3TOrO CleflyeT, YTO MaKCHMallbHasi TeMIlepaTypa
XHIKOro KOMIOHeHTa GyaeT Ha cBo6omHoi moBepXHocTH. [y ee onpenenenus
3aMnMileM ypaBHEHHE TCIUIOBOr O OanaHca:
aD? h(r)
nDfH(1)a, ()t £ Q= ~— cpp J (TCx) — To)ds. (331)

3pech * Q — KOJNHYECTBO TeIUIa, MOABEAEHHOrO K CBOGOMHOM MOBEPXHOCTH HWIH
OTBEJIeHHOr 0 OT Hee NPH TeIUIOBOM B3aHMOJEHCTBUH C ra30BOii MOAYILIK O,
TpencTaBuM MHTerpan B paBoii yacTH ypaBHenus (3.31) B Bune

T(x) — X
f [T(x) — Toldh = (T, - To)hf —a—, 332
T, - To h
roe T, — TeMmnepaTypa >XHIKOro KOMIIOHEHTa Ha CBOGOHO# MOBEPXHOCTH,
1 T(x) - Ty  x
3aBucuMocTb MHTerpaia J = [ - d - OT MOOUGHIMPOBAHHOTO
0 3 — 1o
H40

umcna I'pacroda Gr* = gfiq,,
230
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CTaBjieHa Ha pHC. 3.14 IJiA NMPOKOrO [Mamna3oHa M3MeHeHHs Kpurepua Pr =
p ;

=13..32#u = = 2,3, TeMneparypa CBOGOIHO# TOBEPXHOCTH MOXET GbITh

onpepesneHa U3 cooTHowweHusa (3.31)

T
4[({H(t)qw(t)dt + Q)

T.=T,+ . 3.33
370 cppDh(r)] (3.33)

B nocnegHeM COOTHOLLEHHH BBICOTa pacClloeHHOM o@nactu h(7) ompepensercs
NOJNyYeHHBIMH paHee BolpaxeHuamu (3.19) u (3.29).

CoOTHOILIEHHA 1A BbICOTHI PaCCIIOEHHOM OGJIaCTH M TeMIlepaTyphbl XHIKOC-
TH Ha NMOBEPXHOCTH pa3fiefia OCHOBaHbl Ha HCIOJNIb3OBaHHH 3aKOHOMeEPHOCTel
norpaHuaHoro cios. [Ipu MX BBIBOAE YYTeHBI ONMpenesieHHbIe JOMyLIeHHsA, BaX-
HeHIIMMH M3 KOTOPbIX ABILAIOTCA:

1) NOCTOAHCTBO TeMIlepaTypbl XMAKOCTH MO BLICOTE K Hayasly mpouecca
PAcCIIOeHH ;

2) norpaHHuUHbIN CJOH Ha CTEHKaX COCY/la OMMCHIBAETCA 3aBHCUMOCTAMHM
CTaLMOHAPHOTO NMOrpaHHYHOTO CJIOA Ha BePTHKAIBLHOMH IUTaCTHHe, a €ro TOJIMHA
MHOro MeHbIle paguyca § € R;

3) oTCyTCTBYET IOHHBIN OAOrPEB COCYAa;

T(x) - Ty .
4) Ge3pasMepHblil MpoGUIb TeMIIEPaTypbl —T——T—— He ABNAETCA QYHK-
3~ 40
IMeil BpeMeHH M pauyca COCyla, a TOJbKO GyHKIMeH Geapa3mMepHOH KOOpPIH-
Hatsl X[h,

Pacnpenenenue TeMiepaTypbl XHIKOCTH MO BBICOTE PacCIOEHHOH 0GJacTH
MOXeT GbITh NPUGIIDKEHHO ONpenesieHO U Ge3 YHUCIIEHHOTO pelLleHHs CHUCTeMBI
(3.10) — (3.12), a Ha OCHOBaHMH pELUEHUA HECTAIIMOHAPHOTO YPaBHEHHA TEIUIO-
NpOBOMHOCTH C 3(pdeKTHBHBIM K03 PHIMEHTOM TEIIONPOBOTHOCTH )\3
Pacuer 3toro ko3¢ ¢uiMeHTa OCHOBBIBAETCA Ha 3aBUCHMOCTSAX, om{cbmaxoumx
MeXaHM3M pacCiIOeHHUs ¢ MpHBIIeueHHeM MaciTaba rypﬁynenn-loro OBIDKeHUA [

A =¢ pF[ ]+ Av- (3.34)
, .
o |9
08 no%nﬂ.—

%
24 oo Yy T%‘;é f;r
o
42

w8 0%  10° " w2 17 % 6r"
Puc. 3.14, 3asucumocts muTerpana J or Mogudunaposanuoro sncna 'pacroga Cr*
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IMockoNbKy HCTOYHHKOM TypOYJIEHTHBIX MyJIbCalMi XHAKOCTH ABJIAETCA MOTpa-
HWYHBIA CJIOH, BTEKalOLMii B OCHOBAaHME DPACCIOEHHOH OGIacTH, TO JIOTHYHO

MOJIOKHTh
l=c6,

Hna “cobommoit TypOGymeHTHOCTH ¢ = 0,0246, TONMWMHa >ke MOrpPaHHYHOrO
CcJI0A 8, a TaKXKe MPOM3BOJHAA ycpemHeHHON ckopocTH dU[dy moxeT GbITb BbI-
YHCleHa C NpuBiiedeHHeM 3aBuckMocteil (3.18) u (3.26) — (3.28). Torma
3¢ dexTHBHDIH KO3DGULMEHT TEIIONPOBOTHOCTH 7\34, 3aMMILIETCA B BUAE
quHy — h)
N = Ay + 7,39:10° —2— (3.35)

Ow

Coornowenne (3.35) min sdpdexTHBHOro K03dhdUUMEHTa TEIUTONPOBOTHOCTH
OTpaxkaeT BCe OCOOEHHOCTH eCTeCTBEHHOM TypOYJIeHTHOH KOHBEKLMH Ha BEpPTH-
KalbHOH IU1acTHHe, a NpH ¢,, = 0 onpenenserca YMCTO MOJIEKYNIAPHON TeIUIo-
NPOBOIHOCTBI0 MOKOAIEHCA XHIKOCTH Ay, .

B ciyyae MHTEHCHBHBIX TEIUIO- H MacCOOGMEHHBIX MpPOLECCOB Ha IOBEpX-
HOCTH pa3fiefla MeXaHH3M 3¢ ¢deKTHBHOro ko3ddHIMEHTa TeIonpOBOSHOCTH
no-npeXxHeMy ONpefeNAeTcA paccloeHHeM, TeMIepaTypHbIN e MpodWIb yuH-
ThIBaeT TeIUI0- M MacCOOGMeH ¢ ra30BOH MOMYLIKOH Yepe3 rpaHHIHbIE YCIOBHSA .,

Hrak, mng nojyorpaHu4eHHOro Tejla ypaBHEHHe HeCTalMOHAapHOH OHOMep-
HOIi TEIUTONPOBOMHOCTH 3aMHLIETCA B BHAE

D ) T (3.36)
at W a2

HavarsHsle ycnosus: ¢t = 0 npu x,, = 0, T, (0) = T, ,(x) . 'panuumsle ycnoBus

T

x
Xy =0, A3 Tox =o.(Tp - T"‘")x=°)+

x

. 4-r
+ q:v — Mycnz D2 = Os (3-37)
oT

x* -)W, x3¢ ax* -’0

x

3nech g;, — TEIIOBOI MOTOK , [IOCTY AWMl B TOBEPXHOCTh pa3fiena U obyClIoB-
JIeHHbIH ABMXXEHHEM NOI'PaHUYHOTO GJIOSA B ITOJIe TAXKECTH:

= wD(Hy — xpp) ' nD x}p [, — qHen(e)]dx: (338)
Yo ap? aD? xg=o0 ¥ ¥ ’
4 4

qy, — YOEIBHBIA TEIUIOBO# MOTOK, MOCTYMAMLINI B CTEHKY Gaka; qi°™ — vacTh
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TEMIOBOro NOTOKa, HAylWas Ha HCNapeHne XHIKOCTH; X, — PacCTOSHHME OT Mo-
BEPXHOCTH pa3fiefia ra3 — >KHAKOCTb IO TPaHHYHOTO CEYEHHsA, B KOTOPOM 3aKaH-
YMBaeTCA My3bIPbKOBOE KHIIEHHE KHIKOCTH,

U3 coornowennsa (3.38) cremyer, UTO NpH 3HaYMTENBHBIX TEIUIOBBIX MOTO-
KaX B GOKOBYI0O CTEHKY COCyZla BO3MOXXHO ITy3bIpbKOBOE KHIIEHHE KPHOT€HHO-
ro KOMIMOHeHTa (NMpH X, < X ) Hpu 3TOM TOJIbKO YacCTb TEIUIOBOrO IOTOKA
(a, — g%°m) BbIHOCHTCH ec'recmel-mou KOHBeKIMel B pacclioeHHyI0 06macTh,
a OCTaJIbHaA 4acTh C My3bIPbKaMH Napa — B NIapOra3oByi0 NOAYLUKY.

OcCTaHOBHMMCA Ha BONpOCaX, CBA3aHHBIX C JIMKBHOalUMeR HeXXelaTeNlbHbIX
TIOCTIEACTBHIA MpOliecca TEPMHYECKOTO paccliOEHHA KOMIIOHEHTOB TOIUIHBa,

YMeHHe NPOrHO3MpOBATh TeMMepaTypHoe mnone (WIH B mepBOM npHGKe-
HHM — MaKCHMAalbHyl0 TEMIepaTypy Ha MOBEpXHOCTH pa3fielia) NO3BOJAET
npoextupoBats THA, criocoGHbIii mepekayaTb “’TEIUTOBOH OCTaTOK’ KOMIIOHEH-
Ta Ge3 KaBHTAUMOHHOrO PEeXMMa MOMAYH, MPH HATHYMH KOTOPOrO YMEHbBLIAITCH
ngomycTuMble 06opoTbl Hacoca M BoapactaeT Macca THA, 3HauutenbHo ynyu-
LLIAIOTCA MaccOBble XapaKTePUCTHKH CUCTeMbl muTaHus (6ak, cucTeMa HafIyBa,
THA) c nmomioit Bb1paGoTKO# pacciIOeHHOMH 06J1acTH NMPHU HCTIONIb30BaHUH GycTep-
Horo THA paccunranHOro Ha MeHblliee BXOJHOE AaBJIeHHEe KOMIIOHEHTa,

OmHako B pAfie C/lydyaeB MPHXOOMTCA HMCIONIb30BaTb YK€ rOTOBbIE LEHTPO-
6exxHble HacOChl, paCCYMTaHHbIE HAa MEHDIIYI0 TEMIEPATypy KOMIIOHEHTa TOIUIH-
Ba, Ecrin noBbIllIeHHe BXOOHOrO JaBJIEHHsI HEBBITOJHO H3-33 yXY[OLIEHHS Macco-
BBIX XapaKTepHUCTHK Gaka M CHCTeMBbl HaJ/TyBa HIIM HEZOIyCTHMO IO IMPOYHOCT-
HBIM COOOpaXEHHAM, Lerecoo6pa3sHO MPHHATL Mepbl K MOHM)KEHHIO TeMIepary-
Pbl PacCIIOEHHOH 00/IaCTH 3a CYET NMepeMelMBaHHA ee C OCHOBHOH MacCoi KOM-
MOHEHTa.

Yoo6Ho pa3nenurs cnocoGbl NMepeMelMBaHUA Ha aKTHBHbIE, TpeGyloiume
3HepreTHYeCKHX 3aTpar, H MacCHBHble — §e3 MCNONb30BaHUA Pa3NHYHbIX MPHBO-
IOB, MOTPEGIIAIOIIHKX IHEPTHIO,

Ha puc. 3.15, a cxemaTnyHo moka3saH CTpy#HBIA crocoG NepeMelMBaHHA,
OCHOBaHHbIH Ha 0TGOpe HEKOTOPOro pacxofa KOMIIOHEHTa TOIUIMBA 32 COOTBET-
CTBYIOLLMM HacocoM. B HipkHelt yacTH Gaka ycTaHaBIMBaeTCsA TOPOBbIH KOJIIEK-
Top 3 ¢ orBepcTHAMH, K TOpoBOMy KonnekTopy uepes KiamnaH 4, OTK pbIBaIOLLIH-
CA IPH NMOAXOAE PacciIOeHHON o6nacTH B palOH KOJUIEKTOpa, MOJABOMTCS 4acTh
KOMIIOHEHTa M3-3a Hacoca, Mcrekasm H3 OTBepCTHl KOJNJIEKTOpa, >KHOKOCTb
obecreuuBaeT CTpPyiHOe NepeMelIMBaHUE PAacCIOEHHOM OOGNIacTH ¢ XOJOOHOH
yacTblo KOMHoHeHTa, CTpyiHbIit COCOG MEepeMeLIMBaHMA OTJIHYaeTCA BBHICOKOH
3¢ ek THBHOCTBIO, HO TPeByeT JOMOJHHUTENHOTO PacXoa KOMIIOHEHTa, YTO NpH-
BOIMT K yBenmuenuio norpeGHoi moumoctu THA, Kpome Toro, crpyn xuaxoro
KOMIOHEHTa, HCTEKAlolHe 3 KOIUIEKTOpa 3, He JOJDKHbI BBLIXOIMTD 33 MOBEpX-
HOCTb pasfiena, 4roObl He BBI3bIBaTh MafleHHA [aBJIEHHA B ra30oBOH MOMyILUKe
H3-3a KOHJIeHCalMM MapoBoii $a3bl Ha cTpye. ITO TpebGyeT 3KCHEPUMEHTabHON
0TpaboTKH NepeMeLMBAIOLLETO YCTPOACTBa,

Ecnu *’trennoBoii ocTatok’ momeraeTcs B TOHHeNbHOH TpyGe (puc. 3.15,
6), TO OH MOJXeT GbITh NMPAaKTHYECKH MOJHOCTbI0 BbIPaGOTaH IPH MOBbILLIEHHOM
naBnenud, A 3Tora HeOGXOMMMO 3aKPbITh K/IalaH 4 Ha BXOAE B TOHHEIbHYH
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Puc, 3.15. CxemsI akTHBHBIX cnocoGoB GopuGel C paccioeHHeM:

1 — ra3oBBO; 2 — MPOTHBOBOPOHOYHOE YCTPOHCTBO; 3 — KOJUIEKTOP; 4 — 3JIeKTPONHeEB-
MOKJIAIIaH; 5 — TOHHeNbHasA Tpy6a; T — TypOHHa; H — HacoC; H.I', H.0 — HacOCHI Iropiodero
OKHCJIHTEJA COOTBETCTBEHHO

TpyGy, OTKpBITh KJIaNaH [JIA ra3a BBHITECHHTENA M BBITECHHTb “TEIUIOBOH OCTa-
TOK” B ueHTpoGexHsIit Hacoc. IIpu 3tom pexcum paGotei THA He m3meHsercs,
ogHako TpeOyloTcs ABa MONMONHMTENbHBIX KJIalaHa, a TaKXe HeKOTOPbIil 3amac
ra3a-BbITECHHTEJISA .

O6IWMM HeOCTaTKOM aKTHBHBIX CIIOCOGOB IepeMelMBaHHA SBJIACTCA
noTpeGHOCTh B MONOJIHHTENBHBIX arperarax (3/JeKTpOMHeBMOKIIaNaHaX, TOpo-
BOM KOJUIEKTOpE U [p.) , a TaK)Ke HCTOUHHKAX IHEPTHH, YTO eCTECTBEHHO YCIIOXK-
HAET CHCTeMYy I[THTaHHs ¥ yBEJIHUMBAET ee Maccy.

Ha puc. 3.16 noka3aHbl mpuMepbl TACCHBHBIX COCOGOB GopbGLI ¢ MoCIen-
CTBHAMH TepMHYECKOTO pPacC/IOeHHA KOMIOHeHTOB TommBa, IlocraHoBka He-
MOBIKHBIX INONEPEUHbIX KOJNbLEBLIX Neperopomok 2 (puc. 3.16, @) npuBopur
K OTKJIOHEHHI0 BEPTHKAIBHOTO NOTPaHHYHOTO CJIOS H €ro NepeMeIlHBaHHIO C
XOJIOIHBIM AMIPOM KaK B IPOLIECCE PAaCCIIOEHHSA, TaK U NMPH BbIPaGOTKE HKHIKOro
KomroHeHTa, K ToMy ke momnepednble neperopoikH BBINONHAIT poib AemMnde-
Pa npH oceBbIX KoNeGaHHAX KUIKOCTH B Oake,

IIpH HCTONB30BaHHH KPHOTEHHBIX KOMIIOHEHTOB NPENCTaBiIAeT ONpefereH-
HBIAl HHTepec MOCTaHOBKa BHYTph Gaka koakcHaibHoOro mwimHapa 3 (puc. 3.16,
6), oGpa3yioiuero 3a30p co creHKaMu Gaka. TerIoBoi NOTOK, MOCTYNAlOLIMiA B
cTeHKH Gaka M3 OKpyXalolied cpefbl, HIET Ha HarpeB KOMIIOHEHTa, HaXOJILe-
rocs B KomnblieBoM 3a3ope. Ilockonbky ' BHYTpeHHMiT OMJIMHAD BBICTYNaeT Haj
MOBEPXHOCTBIO pa3fielia, BECh TEIUIOBOH NMOTOK MNOWMET Ha YaCTHYHOE HCNApeHHe
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KPHOreHHOr0 KOMITOHEHTa, HaXOJALIErocs B 3a30pe, a pacc/ioeHHA ¢ 0Gpa3oBa-
HMEM MpOrperoi obnacTu He mpousoiiner. McnapuBiumiics KOMMNOHEHT MOXeT
6bITh MCTIONIB30BaH 1A HallyBa Oaka,

flBnenue TEepPMHUECKOrOo pacCIOEHMA KPHOI€HHOrO KOMIIOHEHTa MOXeT
GBITb MCTONB30BaHO WA caMoHafnyBa Gaxa (puc. 3.17).. Ecnu BepxHwuii cnoit
3aJIATOr0 KpHOreHHOro KOMIMOHEHTa Har peTh HapyXHbIM OBEPXHOCTHBIM Harpe-
BaTeJieM [0 TEMIEpaTypbl, COOTBETCTBYIOIUEH JaBJICHHI0 HACBHILIEHHBIX MapoB
Pgo, TO TPH BbIpabOTKE KOMIOHEHTa AaBlieHHe OyHeT NMajiaTh M BEpPXHHE CIIOH
KOMIIOHEHTa OKaXyTca neperperbiMi, HicnapeHue meperperoro BepXHero cjios
oGecmeunpaer caMoHanayB 6aka, [loTpeGHas nyiA HagmyBa BbICOTa PacCIIOEHHOM

Iw

y v 4 ¥ ¥4y

IR

q

Puc. 3.16. [TaccuBHbIe NepeMelIMBalOLIHE YCTPOHCTBA:
1 — rasoBBof; 2 — monepevHble NeperopogkH; 3 — KOAKCHABHBIN WWIMHOP; 4 — NPOTHBO-
BOPOHOYHOE yCTPORCTBO

Puc, 3.17. Cxema cucremMs! caMoHagayBa Gaxa:
@ — HavaJio npouecca; 6 — MPOMeXyTOUHOE COCTOSTHHE
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oGmacti ho GymeTr cBsA3aHa ¢ MapameTpaMH MpPOLECCa CIEAYIOLIMM OYEBHIHbIM
SHEepreTHIeCKUM GarmaHcoM:

2

6
Thop)xcp[Ts(pO) - T)](O]a (3-39)
T.e, SHTAIBIMA Meperperoi XuuKocTH (Ge3 ydera TEIUIOBOro B3aHMOMEHCTBHsA
C XOJIOMHBIM SOpPOM) IOMHET Ha pabGoOTy MCNAapeHMsA M BBITECHEHHA XXHMIKOCTH
u3 Gaka,

. T - aD
Myt JpgVdr =
0

YuursiBas, 4T0
P66
m = ————————
Hen (R T)KOH ’

coorHoluenre (3.39) MOXKHO PHBECTH K BHIY

- T
p's( V6r+ RTsV]psd‘r
o

Q

ho (3.40)

nD
RTs(plﬁ()_T PwlpwlTs®Po) — Tyl

CaMoHajilyB 6aKa ¢ KPHOT€HHBIM KOMIIOHEHTOM TOIUIHBA TO3BOJISIET 3aMETHO
YNPOCTHTb CHCTEMy MNOHaYH JMOKOCTH K LEHTPOGeXHOMy Hacocy, Tak Kak
yNPa3EHAITCA AONOJHUTENbHbIE TPYGOMPOBO/IBI C arperaTaMH MOAaYH H IJIA BbI-
TECHEHHSA UCTONb3YIOTCSA Naphl KPHOT€HHOTO KOMIIOHEHTa,

3.1.3. IOBEOJEHHE KOMIIOHEHTOB TOIUTMBA
B YCJIOBUAX HEBECOMOCTH

WssectHo [20], uro moBemeHHe XHAKOCTH B YCIOBHAX, NMPHOMIDKaIOMINXCA
K HEBECOMOCTH, OTIIHYAeTCA OT MOBEIEHMA XXHIKOCTH B IPaBUTAlIHIOHHOM IOJIe
M33a mpeoGlafanllero BIMAHHA MEXMOJIEKYIAPHBIX CHI afire3uH, KOTe3HH H
MOBEPXHOCTHOro HaTsOKeHMA, B oOlweM cirydae Ge3 MPHHATHA CIEUMATBHBIX Mep
MEXMOJIeKYJIApHbIe CHIIBI He 06€eCiieYMBaloT CIDIOIHOCTH JXXKHIKOCTH Ha BBIXOE
H3 Gaka, uTo co3pmaer npo6GneMy 3amycka JXPIY B ycnoBusax, mpuGmmKaommxcsa
K HEBECOMOCTH,

Ta xe npoGiieMa CIUTOIIHOCTH >KMAKOCTH Ha BbIXONe M3 Gaka BO3HHKAeT H
NpH H3MEeHEHHH HalpaBlIeHHA YCKOPeHHMA, elCTByoLIero Ha JIA mop BiusHueM
pas3nuuHbBIX CWI (a3pOIMHAMHYECKOTO TOPMOXEHHs, paGoThl BUTATENIEH CHCTE-
Mbl OpHEHTALMH, IPHTSKEHHA TUTAHET U [1p.) .

B Hacrosiiee BpeMs IpeUIOXKeHBI H YaCTHIHO PEATH30BaHBI MHOTrHE CNOCO-
6b1, oGecnieunBatomme nogady XPT mu3 GakoB B JBHraTeNlb NpH MallbIX rPaBUTa-
IMOHHBIX MOJIAX M BO3[eACTBHH Ha JIA yckopeHMil, IepeMeHHBIX 1O Halpaslie-
Hu1o 1 BenwuuHe, Ha puc, 3.18 npusepena xnaccnpHKaums 3THX crioco6os,

Ha MHOrmx xoCMMUECKMX [BHIraTe/IbHBIX YCTaHOBKaX, OCOGEHHO B mepBbie
ABa [ECATHIETHA Pa3BUTHA KOCMOHABTHMKH, HUCMOJIb30OBATHCh JIMHEHHbIE YCKO-
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Nuwednere _ Nobeoxwocmu,
yengpumend - Uenmpodex Lumo@onor Mewdpaner apasypuyve Ropucmere
~dueameny e rnuwolwe nomepuans
03 ycwopumeny cucmens |
Hemonssobanve curobex noney:
FNCRIMPUSECRUR,  ANYCIIYYECAUL, Meawy Twanwe memasauvecnve cemny
MAEHUMIHOLY

Puc. 3.18. Knaccupuxauusa cnoco6oB 3a60pa TOIWIHBA B YCIOBHAX HEBECOMOCTH

purenu (aBHraTenu cucTeMbl obecreveHus 3amycka — CO3) mna ormenenus
XHOKHX KOMIIOHEHTOB TOIUTHBA OT r'a3a-BbITECHHTENIA, Ty XKe 3aady MOXHO pe-
LLMTh ¥ B LEHTpoGEXHOM cemapaTope, cXxeMa KOTOpOro npuBefieHa Ha puc. 3.19.
HenTpoGesxHble CHIBI OTTECHAIOT XHAKOCTh 5 Ha MepudepHio cocyfia, a BO3HHU-
Kalolliag B MOJle LEHTPOGEXHBIX CHJI apXMMENOBA CHIa BBITECHHAET My3bIPbKH
rasa (mapa) K LEHTPaIbHOMY MOJIOMY CTepxHIo (komiextopy) 7, Uepes 3aGop-
Hble OTBEPCTHA 6 Map MOCTYMaeT K EKTPOHArpeBarTeNio 3 U fanee Ha TypOuny
8, Bpamaronryo KoiekTop 7 ¢ JIOMacTAMH cemaparopa 1.

Pa3pienenne xmaion U ra3oBoi (a3 Moxer ObITh OCYLIECTBIIEHO NOJ, BIIHSA-
HHEM YCKOpeHHii, pa3BHBaeMBbIX Pa3JIMUHbIMH CHIOBBIMH IOJIAMH: 3JIEKTPHUEC-
KHMH, aKycTHieCKMMH, MarunTHbIMH, Ha puc, 3,20 npuBenena cxema anexrpo-
&ope3Hoii CHCTeMBI pa3fielieHHa XMOKOCTH U NMapa. B HeomHOpPOOHOM 3/1eKTpH-
YecKOM I0Jie HEHTPaJIbHbIE YaCTHIBI [lepeMelIlaloTcss B 06nacTs nons ¢ GosbLuei
HanpshkeHHOCTsI0, [lap ckamnuBaercs B 0GNnacTH, mpwieramlueit K 3K paHHPOBaH-
HOMY LIEHTPaIbHOMY 3JIeKTPOAY .

Bpemsa Ty, HEOGXOOMMOE I MOJHOrO PasfeNieHHA >KMIKOCTH M Iapa,
CKJIaibIBaeTCA W3 MEPHOJa Ty, HEOGXOMUMOro Vi MPWIHBa KOMIIOHEHTa K THH-
1y, ¥ MepHona 7; MPOXOXHEHHA 4epe3 >KMOKOCTb paclpeleNieHHBIX B Heil my-
3bIPbKOB Napa:

mL Lz
Ty =7y + 7 = 1,4144/— + 1,012 . (3.42)
P =
rga(l — —)
Px

3pmece m — macca JIA Ges TommBa; P — BenMuMHa NpWIOXKeHHOH cwibl; L —
nnuHa Gaka; 7, — pamMyc cpemHuii My3bIpbKa; @ — yckopeHue JIA; p, py —
IVIOTHOCTh Napa ¥ XHAKQCTH COOTBETCTBEHHO; L, — OCpeHeHHbIH IyTh BCIUIBbI-
THA Iy3bIPbKa.

BeccnopHbiM NpeHMYILECTBOM CHCTEM, MCHONB3YIOIHX OJIA pa3felleHHus
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Puc, 3.19, Cxema uenrpoGexknoro cenaparopa:  Puc. 3.20. Cxema 3nextpodopesnoii cuc-
1 — nonacth cemaparopa; 2 — KjanaH; 3 —  TeMbl pa3/ieICHHA:
HarpeBarenb; 4 — NOJOCTh rasa (mapa); S — 1 — JHHMM HanpSXKEHHOCTH 3JIEKTPHYEC-
KHOKOCTh; 6 — 3aGopHble OoTBepCTHs; 7 —  KOro moisd; 2 — HCTOYHMK nons; 3 —
KOJUIEKTOp orGopa rasa; 8 — TypGuHa JKHAKOCTh; 4 — nap

$a3 yckopeHue, ABNAETCA MX BBICOKas HaleXHOCTb, BO3MOXHOCTb MPHMEHEHHA
mo6bIx reomerpuueckux Gpopm 6aK0B, a TakKe MOOGBIX KOMIIOHEHTOB TOIUIHMB.,

Hcnomp3oBanne cwioBbIX mojleil mia pasfeneHna (a3 TpeGyeT COOTBETCT-
BylOLLIero MCTOYHHKA SHEPrMH, He BCerfa MMemoLierocs Ha Gopry JIA, YBemuue-
HHE MacChl CHCTEMBI IUTaHHA, CBA3aHHOE C KOHCTPYKTHBHBIM pELLeHHEM CIIOCO-
6a paspenenns a3z, onpemenserca A KOHKpPeTHOH pa3pabGorku, OmHako Mc-
NOJIb30BaHHe CWIOBBIX MOJIEH HE HAlDIO MOKa paclpOCTpaHeHHs M3-3a He[JOCTa-
TOYHOH J1aGOpaToOpHOH OTPaGOTKH M MPHCYIMX 3TOMY CIOCOOY HeJOCTaTKOB,
IBuraremn CO3 misa co3gaHua yCKOpeHHH MPUMEHSIIMCh B KOCMHUECKOH TEXHH-
K€ [OCTaTOYHO 4acTo, OJHAKO 3TOT cnoco6 pasmeneHus ¢a3 He umeer GONMbLIMX
nepcnextus Wi XXPIY c GonplumM KOMHYECTBOM 3allyCKOB H3-32 3HaUMTENIBHO-
IO YBEJIHUEHHS MacChl, 2 TaK>Ke CIIOXHOCTeH pasfeneHusa ¢a3 Mpu HaIWNHH pa3-
HOHanpaBJIeHHBIX YCKOPEHHit,

HakoHen, ueHTpoGexHble pa3feNMTeNH TaKxke He HallDTH I0Ka NPUMEHEHUs,
T.e. TPeOyIOT HCTOUHHMKA 3HEPTruM I8 NPHBOJA, TINATENILHOH KOHCTPYKTHBHO!M
NMpopaGoTKH M 1aGOpaTOpHOH TOBOAKH B YCIIOBHMAX, NMPHOIMMKEHHBIX K YCIIO-
BHMAM HEBECOMOCTH,

BeITeCHHTENbHbIE CHCTEMBI C MeXaHHYECKHM pasfiesieHueM a3 MCHOIb3yIoT
B KauecTBe pasfienurencit JedopMHpyemble 3NIEMEHTbI: CHIbGhOHBI, MOPLIHH,
MemOpanbl, MelikH, OHM He MOryT GbITh HCIOJIb30BaHBI B TOIUTMBHBIX Gakax
CIIOXHO# (POPMBI M IJIA KPHOTEHHBIX KOMIIOHEHTOB TOIIHBa, ledopmupyemble
3JIEMEHTbI U3 IUIAaCTHYHBIX MaTepHaToB 00ecleyuBaloT OTAENEeHHe ra3a HaiayBa
B TeueHHe HeckonbkuX MmecsueB, Hapexaioe paspenenue da3 Ha Gonee muTens-
HbIAl MEpHON NMOKa He JOCTHTHYTO M3-3a Auddy3uM aTOMOB uepe3 IUIaCTHUHBIN

238



pasnemmrenb. KpoMe TOro, OHH HeJOCTaTOYHO HAaIEXHBI KaK NMPH KCIUTY aTallMH,
TaK M TIPH MOHTaXe BCIIEACTBHE O paHHUEHHOH MPOYHOCTH,

Mertaummueckue nedopMHpyeMble TIEMEHTbI XOTS H MOTYT 06eCTIedHTh [IJIH-
TesIbHOe M MHOropasopoe muranue JXPILY npu nm106bIxX HanpaBlieHUAX yYCKOPEHHH,
OIHaKO HMEIOT 3HAYHTEJILHYI0 MacCy H HEIOCTaTOHYI0 HaJleXHOCTb.,

K ToMy xe HHM onvH nedOpMHpYeMBIil 37IEMEHT B CBOEM KOHEYHOM IIOJI0XKe-
HHH He obecleunBaeT MOJIHOTO BBITECHEHHA >XHOKOrO KOMIIOHEHTa BCJIEICTBHE
YCIIOBHif MOHTaXa H COGCTBEHHOr0 OCTaTO4HOro 0Obema,

Ilpo6nema mopTopHOro 3amycka JXPIY B ycloBHAX, MPpHOMIDKAIOIMXCA K
HEBECOMOCTH, MOXKET PeLLaThCA NPH HCHONMB30BaHHH THKCOTPOMHBIX KOMIOHEH-
TOB TOIUIMBA,

Sipnenue THIKCOTPOIMHOCTH — 3TO CNOCOGHOCTh KOJUIOMIHOH CHCTEMBI H3Me-
HATb (a30BOE COCTOAHME MOJ, BIIMAHHEM BHEIUHMX YCJIOBHHl (HaBJIeHHA, TeM-
TnepaTypbi) .

KosutoupHas cucteMa, B KOTOPOH [MCIEPCHOHHasA cpefa — XXHMIKOCTb, a
mucnepcHas asa — TBepAoe BellleCTBO, Ha3bIBaeTCA 30ib10. B 3aBUCHMOCTH OT
CTeNeHH B3aHMOJIEHCTBHA MEXIY OHCIepCHOM ¢a30i M OUCHEPCHOHHOM Cpemoi
30/ MOJpa3Ne/smoTca Ha JHodoGHbie ¥ MModwibHbIe, B mHodmIBHBIX 30X
B3aMMOJEHCTBHe MeX[y JHCIepcHOoH ¢$a30i H DHCNEPCHOHHOM cpenoii BhIpaxe-
HO O4eHb CHIbHO, Konyonbie YacTHIBI 3THX CHCTEM YBJIEKAKT ¢ COGOH 3HadH-
TeJIbHOE KOJIMYECTBO PaCTBOPHTENA M CO3JAIOT CTPYKTYpPHPOBaHHbIE CTYIEHHMC-
ThIe CHCTEMBI, KOTOpble OGBIMHO Ha3bIBAIOTCA TEJIAMH,

Kapkac TOHKOH TpeXMepHO# ceTkH reins obpa3oBaH mucnepcHoit asoi,
TMOPBI Xe KapKaca 3aNoJIHAITCA HHCTIEPCHOHHOM CPeNoi.

Baxxai0 OTMETHTB, YTO KPHOTeHHBIA 30]Tb HMeEEeT MEHBIUYI0 HCIIAPAEMOCTD 110
CPaBHEHHI0 C XHOKHM KOMIIOHEHTOM. BomoporHsie remu oGnafaioT MeHbluei
NPOHHIIAEMOCTBIO Yepe3 KOHCTPYKIMOHHBIE MaTePHAJILI H CBapHBIE LIBBI.

TemupoBalne KOMIIOHEHTOB OCYIUECTBIAETCA N0GaBKO# K HHM CHelMalb-
HBIX MPMCaiOK — JKEJIaTHHM3AaTOPOB, B KauecTBe )KeJIaTHHM3aTOPOB MOTYT BbI-
CTyNaTh MeJIKOIMCIIEPCHbIe MeTa/UIMYecKHe NOpollKH (MeHee 1 MxM), momy-
YeHHbIe pacibUIMBaHUeM Al, Mg, Be Ge3 conpHicOCHOBEHHs HX C BO3IYXOM.

Kpome MeTajummuecKHX MOPOIIKOB pa3paGoTaHbl HEeCATKH NPYTHX XKeJIaTH-
HM3aTOpOB: CTHpONbHbIE monmuMepsl (2 %), okranoar amommnua (0,2 — 1 %),
aNIKWIaMHHBI, CyGMHKPOCKOIMIECKHE BOJIOKHa KpHCTaJumieckoro f-kapGupa
KPEMHHsA, MOKPhITbie ABYOKUChI0O KpeMHHA C Ho6aBkoit 0,01 — 2 % creapuno-
BOH KHCJIOTBI H [Ip.

KoMnoHeHTbI TOIWIHBa B réfleo6pa3HOM COCTOAHHH B YCIIOBHSIX HEBECOMOC-
TH He pacTeKalTcA MO BceMy oOpeMy Gakca H 0GecrneTHBalOT FOTOBHOCTh CHCTe-
MBI NIMTaHHUA K MOBTOPHBIM 3amyckaM. [IpH H3MeHeHHH rUIpOCTaTHIECKOrO /IaB-
JICHHS. WIH NpH BIJTIOYEHHH HAaCOCOB BO3HHMKIIME KacaTeJIbHble HaNpsDKeHHs Ile-
PEBOIAT rejib B XKHOKOE COCTOAHHE H CO3[AI0T YCJIOBHA VI OOBLIYHOrO TEYeHHA
KOMINOHEHTa MO KaHalaM cHcTeMbl muTaHHsA, IIpH yMeHbIIEHMM KacaTeNbHbBIX
HanpsDKeHHW# (HalpuMep, NPH yMeHBILUEHHH [aBJieHUA) KOMIIOHEHT BO3Bpalua-
eTCA B resieoGpa3Hoe COCTOSHHE,

BecbMa nepcneKTHBHBIMH CHCTeMaMH, 0GeCledHBAIOIMMH 3alyCK H NHTa-
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uue XPIOY B ycnoBusx, mpHONWKEHHbIX K HEBECOMOCTH, ABJIAIOTCA CHCTEMBI,
OCHOBAaHHbIE Ha HCIOJIb30BaHMM CWI IOBEPXHOCTHOIO HATAXEHMA MXHIKOTO
KoMnoHeHTa. IlockoNbKy pasjieNieHHe >XMOKOro KOMIIOHEHTa M rasa HaJjlyBa
OCYILECTBIIAETCA B 3THX CHCTEMaX C MOMOIIBI0 TaK Ha3bIBaéMOTO KaNMIUIAp-
HOTO mepenana [aBJieHWH Ha [PaHMIE pasfelia ra3 — >XUOAKOCTb APy .., MX Ha-
3bIBAIOT KAMWUIAPHBIMH CHCTEMaMH:
1 1
Apyap=0(— + —). (3.43)
R, R,
3mech 0 — K03 UIMEHT MOBEPXHOCTHOTO HATMKEHHA XKMAKOCTH; Ry M R, —
rJiapHbIe PNy Chl K pUBH3HBI I'DaHHIBI pa3yiena,
Ha mpakTuke pns pacueTa KalJULAPHOTO Neperafa JaBJIeHHH HCIIONb3YeTCs
MopuduiuposarHoe ypasHeHue l0nra—Jlamwaca

kocosé
Apxan = _r-— ’ (344)

rae k — ko3ddupent, yuursiBalomii GopMy oTBepcTHA (K = 2 Wi KPYTIIbIX
oTBepcTHit M kK = 2,83 — U1 KBa[paTHbIX) ; § — yron cMauMBaHHA MEXTY XHI-
KHM KOMIIOHEHTOM H IOBEPXHOCTBI0O MaTepuaya pasfeiuTeNsa; r — XapakTep-
HBIH pa3Mep OTBepCTHs (PafmHyC KPYTJIOro OTBEpPCTHA U CTOpOHA KBajpara JIA
KBaJpaTHOTO OTBEPCTHA)

Ecnu xanWIspHbIA Nepenaj faBJieHHi Golbllle CyMMBI NepenajoB OT pas3-
NHMYHBIX CWI, CTPEMAIUMXCA Pa3opBaTh IPaHMIly pa3jieNia ra3 — XHAKOCTb, TO
KaMWUIAPHOe 3a60pHOe yCTPOHCTBO OGecreyHT paszieneHue (a3 U momavy Xup-
Koro kommnoHexra B JXPIY:

APyan = APcr + Appp + Apy + Appt Ap,. (3.45)

3pech Ap., — CHAPOCTAaTHYECKHN Mepemnap HaBlieHHs B 3aGOPHOM yCTpOWCTBE;
Ap, — MOTepH NaBIEHUs Ha NMPEONONIEHHe CWII TPEHHA B YCTPOWCIBE; Ap, —
CKOPOCTHOH HAIOp XHIKOCTH B 3a60PHOM YCTPOHCTBE; AP — MECTHbIE [IOTEPH
HaBJIeHMs Ha KaMWULAPHOM 3a60pHOM ycTpoicTBe; Ap, — mepemaj JaBlIeHHA
npu BUGpalMH, pasroHe H TOPMOXKEHHH >KMAKOCTH, TP BKITIOUEHHH M BBIKIIIOYe-
Huu JIY | my bcalmsx moroka.

3aGopHbie YCTPOHCTBA, HCIONB3YIOLIME CHIIbI IIOBEPXHOCTHOIO HaTAXKEHHH,
00/TaaloT OmpemeNieHHOH YHMBEPCAIBHOCTBIO, TaK KaK MOTYT OBITb MCIIONB30-
BaHbI 1A JII0OBIX KOMIIOHEHTOB TOIUITHBA M reoMeTpHueckKux ¢opm Gakos, OHu
XapaKTepH3YIOTCA TaKiKe BBICOKOW IONHOTOH BbIPaGOTKM TOIUIMBA, BBICOKO
CTENEHbI0 MCIOJNIb30BaHUA OObeMa 6Gaka W HIMPOKHM [HMANa30HOM IOIyCTHMBIX
Neperpy3oxK.,

Cucremsr muranus XPIY ¢ xamuusipHbIME 3a60pHBIMHM yCTPOMCTBAMH
MHOrOKpPAaTHO HCIOB30BAIHCh B PAa3HYHBIX KOCMHYECKHX alllaparaX: paKer-
HbIX cTyneHsax “Tpaucraimk”, “Turan-3", “AlKeHa’”, MeXIUIaHETHOM KOCMH-
4eckoM ammapare “’BuxuHr-1”, B mocamouHoM H BanerHoM momyiax KK ”Anon-
Tion™, B HacTofllee BpeMsi OHM HCIIONB3YIOTCA B PEAKTHBHOM CHUCTEME YIIpaBJie-
Hua (PCY) u cucreme opGuransHoro maHeBpupoBanus (COM) MTKK *’Creiic
IarTn’,
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Ta6auya 3.1 [13)

Iapamerp "BHKMHr-1" PCY MTKK ’*Cneitc lilartn”
Uncrnio BKIIOYEHHI 12-35 He orpanuuuBaercs
Bpems Mexay BKIIOYEHHAMH 1-320 cyTok To xe
Pacxoy KOMIIOHeHTOB, Kr/c:
a30THBIA TeTpaKCHL 0,29 Io 4,2
MOHOMETWITHApa3HH 0,193 o 2,64
JdPexTHBHOCTD BHITECHEHUA 99 % 98 %
Macca KOHCTPY KUMH BHYTpH- 66 115
6aKOBBIX yCTPOHCTB, KI'
®opma 1 pa3Mep TOIUTHBHBIX Luwnuupp Cdepa ¢ = 990
6aKoB, MM ¢ =915;
L =1520
Ileperpy3kH Bo Bpems BbiBe-
TeHUA Ha op6uTy:
MPOAOJILHbIE 5 33
nomnepeyHsIe 2 22
Bpems monera 12 mecsues 30 cyTok
KomuecrBo noneros 1 100 B Teuenne 10 ner
Ileperpy3k# Bo BpeMs IoJieTa :
— BXon B arMocdepy - 2,2 (pa3sHHIa Mo HampaB/IeHHIO
119° npu BBIBOOE H CXOfIE C Op-
GUThI)
— KOCMHUYECKHH MONeT NMpH
paGoTaloLIMX ABHTATENAX MO
ocam OX, OY u OZ u npu 0,04-0,15 o 0,231
HepaGoTaoLIMX XBHTaTeNAX
1o ocam OX, OY u OZ Io 1077 Oo 107

B 1abn. 3.1 mpuBeneHbl OCHOBHbIE PEXHMHBIE NTapaMeTPbl, XapaKTepH3yIo-
He pabGoTy IBYX KaMWUIAPHBIX CHCTEM ITUTaHHA, CYIIECTBEHHO OTIMYAIOLMXCH
OPYT OT Apyra YCIOBHAMM paGoTsI,

AHanu3 NpuBEIeHHBIX CXeM CHCTEM ITMTaHHA , HCTIONIb3YIOILUMX CHIbI IOBEPX-
HOCTHOT'O HAaTfDKEHWs, [TO3BOJIAET CHENaTh BHIBOLL O TOM, YTO OCOGEHHOCTH KaX-
HOi KOHCTPYKLIMH ONPENeNA0ICA B OCHOBHOM AByMst GaKTOpaMu:

1) BeNMUMHOI IEACTBYIOIMX Ha CHCTEMY I1EPEerpy30K;

2) GyHKUMOHAIBHBIM Ha3HaueHHeM (3allyCK WIM 3amycK W muranue 1Y mpu
Teperpy3Kax pa3iHyHOro HallpaBJICHHUs) ,

M3-3a Bo3pacTaHus HeHCTBYIOIMX IepPerpy30K XapaKTepHble pa3Mepbl Ka-
MWUIAPHBIX pa3fieNnuTeNiell yMeHpmuch 10 10 MxM (cetka 325X 2300 ment.')
mix PCY MTKK *Creiic lllattn” no cpaBaenuto ¢ KA “Bukunr-1> (MakcuMas-
HbIii 3230p IWIacTHH mocturaer 150 Mm)

Kpome TOro, B KOCMHYECKOM ammapaTe “’BuiuHr-1 romwmso 3aGupaerca
M3 LEHTPabHOM 4acTu Gaxa U oT HIkHero nuuuia, ITuranue 1Y B ciyyae mpwi-
Ba K OJJHOM U3 CTeHOK Oaka, a He K HIDKHeMY IOHHILY, He 0GeceYMBaeTcs.,

! Mell,~ KonHYECTBO NPOBOMOK OCHOBBI H yTKa Ha 1 moitM,
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Cucrema murannsa PCY MTKK *’Creiic IllarTn™ oGecneunBaer nomavy TOIUIH-
Ba npH JHoGOM BO3MOXXHOM HaNpaBJIEHHHM NEPErpy30K BCIIC[ACTBHE KOHTAaKTa
KOMIIOHEHTOB C 3a00pHBIMH KaHallaMH.,

B HacTosIlee BpeMsA CHCTEMBI NMHTAaHHA, HCIONb3YIOLUIME CHIBI MOBEPXHOCT-
HOTO HAT/DKEHHWA, COBEPLICHCTBYIOTCA C IEJIbI0 HCIONb3OBaHMA MX VI KPHO-
reHHbIX KOMIIOHEHTOB TOIIHBa, X MpHXOOMTCA XONMONHATL CHCTEMAMH TepPMO-
PETyHpOBaHHsA [UIA MCKITIOUEHHA KHIEHHS XHIKOCTH Ha MOBEPXHOCTH KalMi-
JIAPHOTO pa3HeNuTeNs.

YpepxuBatouas CocOGHOCTb MeNIKOAYEHCTBIX CETOK ONMpENeNAeTcs KCIe-
PMMEHTAJIBHO C MCIONb30BAaHMEM ITANIOHHBIX O KMOKOCTEH (3THIOBOro H H30-
MPONMKIIOBOro CIMPTOB, dpeona-113 u ppeoHa-11) .

B 1abn. 3.2 npuBeneHsl (pU3MIECKHE CBOACTBA 3TAJIOHHBIX XXHIIKOCTEH, a B
Tabn. 3.3 — BeNnMUMHA yAepXKHUBaloLIeH CHOCOGHOCTH Pa3iIHYHbIX CETOK,

3HauuTenbHOE BJIMAHME Ha Y/IEPXMBAIOLIYI0 CNOCOGHOCTD MENKOSYEHCThIX
ceToK oka3sbiBaeT BuGpaums, Mcrounuiamu BUGpauwmit MoryT 6bith IIY cryneHei
pakerbi-Hocutensa, Y co6erBenno KA, a takxke XXPIMT KA u nmepemeruenus
IKHMaxa,

JKcnepUMeHTAIbHbIE UCCIIEOBaHHSA MO BIMAHMIO BHOpalMid Ha yliep>KHBaio-
II[Y10 CIOCOGHOCTD CETOK BBIABHIIY CIIEyIOLIHe 3aKOHOMEPHOCTH,

1. YnepxuBaroias cniocoGHOCTh CETOK BCIIEACTBHE BITMAHHA BUGpomeperpy-
30K MOXeT CHIKaTbCs K0 20 % CTaTHYeCKOi,

Ta6nuya 3.2 [13]
IloBepxHOCTHOS InoTHoCTS, Bsskocrs,
XKugxocts HaTsIXeHHe, r/cm3 CaHTHIya3
auH/cM
H3onpormunossrit 26 0,786 2,50
crmpT
®peon-113 193 1,58 0,70
Ta6auya 3.3 [13]
Cerka InereHune Jluamerp npo- Ynepupawias cnoco6HOCTL
BOJIOK, MM JKHAKOCTH, CM CTON6a JXHAKOCTH

yTKa. | ocHoBbl| HU3ompoms- |®-113 ®.11 Hy o
TIOBLI# CIMPT

325X 2300 Dutchtwill 0038 0,025 716 343 358 48
200 X 1400 " 0071 0,041 52,7 233 243 33
165 X 800 " 0071 0,051 249 110 115 12
165X 800  PlhinDutch 0051 0,036 307 136 142 -
80X 700  Dutchtwill 0102 0076 197 87 91 -
50x 250  PlainDutch 0,127 0,114 113 50 52 68
850 X 155 Robusta 0030 0102 36.1 159 168 -
200 X 200 Square 0053 0,053 123 54 571 -
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2, Kanans! ¢ omHo# ceTkoii Goree YyBCTBHTENbHBI K BUOpalMH, YeM KaHaJIbl
¢ nBymA ceTkamu. YyBCTBHTENBHOCT K BHODalMH yMEHbLUAeTCA NPH HaTHIMM
pacxofa XHIKOCTH.

3. HauMeHblllylo YyBCTBHTEIBHOCTh K BHOpaMHM HMeIOT rodpHpOBaHHbIE
ceTkHd, OrpaHnueHHe NMepeMeLleHHA CETKH YBeJIMUMBAET ee TyBCTBUTENIBHOCTD K
BHOpauym,

4, JiaBnenne B ra3oBOi NOJIOCTH He BIIMSAET Ha BHODOUYBCTBHTENLHOCTD
CeTOoK,

S. UyBCTBHTEIBHOCTh CETOK K BHOpauMM yMEHBILAETCA MPH BO3PacTaHWM
9acTOTHI KOJNEOaHHIA,

6. UyBCTBHTENILHOCTh CETOK K BHOpalMM 3aBHCHT OT MX COGCTBEHHOM XeCT-
KOCTH M OT XeCTKOCTH KOHCTPYKIMH 3a6opHoro ycrpoiicrBa, Tak, ecnu 200 X
X 1400 u 325 X 2300 MeLI UMeIoT IpY BUGPalMK OOMHAKOBYIO yIEPIKHBAIOLLYIO
CnocoGHOCTh, XOTA YHEPKHBAIOLIAsA CHOCOGHOCTb MEpBOM NPH OTCYTCTBHH
BHOpalMii B IONTOpa pa3a MeHbllie, 4€M BTOPOH,

Ilpu TeyeHMM XMOKOCTH B KaHalaX, CTEHKaMH KOTOPBIX ABIAIOTCA CETKH,
NOTEpH [ABJICHUA 3aBHCAT OT uMcia PeiHombaca. Koadouiment tpennsa npu
TEUEHMH HHJIKOCTH Uepe3 CETKH MOXeT ObITh OonpenerneH mo popmyre

a ApezDg
f=(— +pf)= ——. (3.46)
Re pr* V
14 .
3necs Re = 5 ; Ap — mepenap naBlieHHH; € — MOPUCTOCTb CeTKH; D —
Mma

oMameTp sdelikd; Q — K03hQGHMUMEHT M3BWIMCTOCTH CETKHM; D — TOJNIUMHA
CeTKH; P, — IUIOTHOCTh JXMAKOCTH; V — CKOpDOCTb TedeHHA MHMOKOCTH; i —
K03$HIMEHT OUHAMHUECKOH BA3KOCTH; 4 — OTHOLIEHHe IUTOLIANM CeTKH K ee
obbemy.

3HaueHHA IKCIEPUMEHTABHBIX KOHCTAaHT a M f [UIA >KMAKOro BOIOpOHa
H ILIEpOXOBAaTOCTH NpUBe/eHsI B Ta6n. 3.4,

Wmuraimvs nmeAcTByIOmMX Ha CHCTEMy NHTaHHA MEPErpy30K MjiA pafa 3a-
Hau BO3MOXMHa IyTeM moaGopa Maciuraba MofesiH H BbIGOpa XHOKOCTH, HMEI0-

Ta6auya 3.4 [13]
Cerka a 8 llflepoxoBaTocTs, MKM
325 X 2300 32 0,19 12,7
200 X 1400 42 0,20 20,3
720 X 140 11,0 047 546
165 x 800 33 0,17 254
50 X 250 135 0,26 57,2
24 X 110 8,61 0,52 1330
500 X 500 57 0,65 254
150 x 150 57 0,50 66,1
60 X 60 517 0,40 190,5
40 X 40 57 0,60 2540

-
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wei moaxonsAime ¢u3nMUecKHe CBONCTBa, OCHOBHBIMH KPHTEPUSMH IIPH MoJie-
JIMPOBaHHY BeJIMUMHBI N1EPerpy3KH ABIAITCA KpuTepuy BoHna (oTHOLIEHHE rpa-
BHTallMOMHBIX M KaNMWUIAPHBIX CWI) 4 BeGepa (OTHOLIEHHe HHEPUMOHHBIX M
KanWIspHBIX CHIT) :

Lz
Bo= i ;
o
We = 27 (3.47)
e= . K
oL?

Kpome paBencrBa kpurepueB boHnma u BeGepa mis Mopenu u Hatypsi Heo6xo-
aUMO oGecneyuTb PaBEHCTBO KPaeBbIX YTJIOB CMauYMBaHHA HaTypHOH H MOJeNb-
HOM KMOKOCTEH,

3.14. ®U3UKO-MATEMATHYECKHE MOIIEJTU
BHYTPUBAKOBBIX ITPOLIECCOB

Kommnexc ruppogMHaMuYecKMX M TEIUTOMacCOOGMEHHBIX MpOLiECCOB, MPO-
HCXOMALIMX B NapOra3oBOM MOMAYIIKe TOIUIMBHOH €MKOCTH, a TaKXe B XHIKOM
KOMIIOHEHTe, KpaTko paccMoTpeH B pasf, 3.1.1 u 3,12, B pesynbrate 31HX
npoueccoB GOpMHPYIOTCA TeMInepaTypHble nona B xumkoctd T, (x, 7, T), raso-
Boit ¢asze T.(x, 7, 7) M crenkax Gaka T, (x,7, T), a TaKKe [aBJieHHe B ra30BO#
nopyuiKe pg (7).

TouHoe omucaHHe 3TUX MPOLECCOB MOMPa3’yMeBaeT MCIOJIb30BaHUE OCHOB-
HBIX 33KOHOB COXPaHEHMsl MacChl, 3HEPrHH, KOJIMYECTBA [ABHKEHHA H NPHBOIOMT
K IOCTPOCHHIO CIOXHOH MaTeMaTHYeCKOH MOJIENIH C MCTONb30BaHNEM HEJTMHEN-
HBIX O depeHIMaNbHbIX YpaBHEeHHHA B YaCTHBIX IPOM3BOMHBIX CO CJIOXKHBIMH
TpaHMYHBIMH ycloBUAMH, Bonbioe pa3nooGpa3ue BXOOHBIX YCTPOHCTB, HCTIOND-
3YIOIUMXCA B CHCTeMaX BBITECHEHHA M (POPMHDYIOIIHNX IONIA CKOPOCTEH, IIPUBO-
OMT K TOMY, YTO KaXIOMy THITy BXOIHOIO YCTPOMCTBa COOTBETCTBYET CBOS
KpaeBas 3ajja¥a.

B cBA3M ¢ 3THM 1A TEXHMYECKHMX 3aJiay 1eJecOOGPasHO MCHOb30BaTh He-
KOTOpBbI€ NPHOITIKEHHBbIE 06001EHHbIE MaTeMaTHIECKHE MOJIEITH,, IO3BOJIAIOLIHE
ONpefesisATh TeMIlepaTypHble MOJIA M [JaBJICHHE B Ia30BOH MOMAyLIKe C AOCTAaTOY-
HOM JUIs MPaKTHYECKHUX IieNiell TOYHOCTBIO,

Ecnu opHeHTHpOBaTBCA Ha CHMMeETDHUHbIE BXO[HBIE YCTPOWCTBa (LMIIMH-
OpHYECKHl HacaIoK, TOPOBBIH KOJNUIEKTOP M [p.), Y KOTOPBIX OCb CHMMETPHH
COBMafaeT C OChI0 IUIMHApHYECKOro baka, H H3BECTHa [UIHHA IIOJIHOFO NepeMe-
wMBaHuA Ly 4, TO TeMIepaTypHOE MOJIE€ B ra3oBOH IOJNIOCTH MOXHO CUHTaTh
byHKIMeH BpeMeHH H TOILKO OCeBO# KoopauHatel Ty, (X, 7) . B aToM ciydae ma-
TeMaTH4eCKOe OMHCaHHe BHYTPHOGAaKOBLIX INPOLECCOB CYIIECTBEHHO YIipOLLaer-
s, TaK KaK MOXHO 0GOHTHCh 6€3 ypaBHEHHS HOBIDKEHHS M T'paHHUHBIX YCIOBHi
K Hemy. [Ipn 3TOM napaMerpsl ra3a M XHIKOCTH 110 AMaMeTpy Gaka MOTr'yT GHITb
OCpefiHEeHbl M3 YCJIOBMi YCTOHYMBOCTH M OCEBOW CHMMeTpHH. IlefiCTBHTENBHO,
PagManbHBIA TpaMeHT TEMIIEpaTyphl ra3a W XHIKOCTH NPUBOOUT K BO3HHKHO-
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Puc. 3.21, Cxema BHYTpHGaKOBBIX MpOLECCOB V),,, Tn(TT,+07)

4 P"mfm( B<T<7,#47)
BEHHI0 BEpPTHKATLHBIX TOKOB M MOCIIENOBa- o

TEJIBHOMY PaCCIIOEHHIO, YTO ITOATBEPXKaeTCA
3KCHEePHMEHTATbHHIMH HCCIIEOBaHUAMH, e §
KpoMme T0ro, nockoimbKy BpeMs mpouec-
ca BBITeCHEHM OOBIMHO MHOro Gosmbiue ——
BPEMEHH XapaKTEPHBIX MEPEXOAHBIX Mpolec- e _'_d; — =1
COB, TO €CTeCTBEHHO [OMyCTHTb KBa3HCTa- e ——
IMOHapPHOCTh MPOLECCOB TEIUI0- M Maccool- — 7 ———| |
MeHa, OmMcaHMe Terio- ¥ MacCOOOMEHHBIX
MpOLECCOB, NMPOUCXOAAUMX B ra30BOH MO- o) ' .
NOCTH, TpebyeT KOPPEKTHBIX TPaHHYHBIX —
YCNIOBHii Ha MOBEPXHOCTH pa3fieNia XHJKOro
KOMIIOHeHTa, TeMmepaTypa XHAKOCTH Ha L
NOBEPXHOCTH pa3fienia MoxXeT GbiThb MoMyYeHa
U3 HeCTalMOHAapHOIO YpPaBHEHHA TEIUIONpO-

BOJHOCTH I MOJIyOr PaHHYEHHOTO Tela IpH r/

Hw

ucnonb3oBaHuM  3¢dekTHBHOro K03dpdu- !
IHEHTa TEIUIONPOBOMHOCTH Ayg. OCHOBHBIM
MEXaHH3MOM KOHBEKTMBHOTO IlepeHOCa B
XHOKOM KOMIIOHEHTE CJieflyeT CYMTaTh IIPOLECC TEPMHYECKOrO DacCIIOeHHH,
3aKOHOMEPHOCTH KOTOPOTO pacCMOTpEHBI B pa3f. 3.1.2,

Cdopmynupyem Temeps KOMIUIEKCHY0 OMHOMEPHYI0 H3HKO-MaTeMaTHyeC-
KyI0 MOfe/lb BHYTPHGaKOBBIX MPOLECCOB, O3BONIAIOLIYIO ONPEAETHTh TeMNepa-
TypHBIE IIOJIA B MApOTra30BOii NMOMYIIKe, CTEHK3aX Oaka H XHMIAKOM KOMIIOHEHTE,
3HaHue ITHX TEMIEPaTypPHBIX MOJIEH NO3BOJIAET ONMpENENIMTh MacCOBbIE XapaK-
TEPUCTHKH CHCTEMbI BBITECHEHHA, TOIUIMBHOH €MKOCTH, OCYILECTBHTD MOJIHYIO
BbIPaGOTKY XMIKOTO KOMIOHEHTa TOIUIHBA, 4 TAKXKE ONTHMH3IHPOBAaTh OCHOB-
HBI€ NIAPaMeTPhbl CHCTEMBI BHITECHEHHA (g, Mgy, Tpy,do HIP.).

Ha puc. 3.21 npuBeneHa cxeMa paccMaTpHBaeMbIX mpoueccoB. [IwmmHnpu-
veckuit Gak C BHYTpeHHMM AuaMeTpoM D; 3amonHeH >KHOKHM KOMIIOHEHTOM
TOIUIMBa C HaYaIbHBIM 006beMOM mapora3oBoil momymku Vo. B MomenTr 7= 0
uepe3 IGWIMHIPHIECKHA HacalloK AMaMeTpoM do B ra3oByi0 nonymxy HauHHa-
€T NOCTYmMaTh ra3-BhITECHHTENb C Pacxoaom My, ¥ Temneparypoii T, BX- Omio-
BpPEMEHHO Yepe3 HWXKHHHA CIIMBHOM NMaTpyGOK BbIpaGaTHBAETCA XHAKHA KOMIIO-
HEHT TOIUIHBa ¢ 0GbeMHBIM pacXoioM V', a B GoKOBbIe CTeHKH Gaka Ha BHELIHEM
muamerpe D, mocTynaer TeIIOBO# NOTOK ¢, (7) .

YpaBHeHHe coXpaHeHHs 3HEPTHH [JIA MapOra30BOil NOMYIIKH UMeeT B/

I 4 AVpg = tyenzCa (T3 )T, — ¢, Tm
e + AVpg =Jgx * MycnsCp(T3)T, — ¢, Tmppy —

(3.48)

H(t)
Fory (T y — Tey) — Ky 7D; Hf 0, [T(x) — Top (¥)]ax — Q.
0

v
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V(npg(r)cy(r) )

Ry (@)

3pecs U=

Jax =¢ Tnxmnx’ Mycnz = Myonn ¥ Merp ¥ Masp ¥ Myy + Mpep

0 npu pg < pg*

‘y+ 1

m =
\ RCMTB.'-I LA 1

I'Iorepu TeIUla OT ra3a B IOBEPXHOCTD pa3fiena

)"~ npu pg=> pg "

2
1I’Di

Qr'g [ CTp (H) x*=o] + (132(—4_' -

—F,) (T T, Xy =o) MpH Ly ¢ > H(7);
nD?
Ors=ay, 4 re&) - Tn(,x»(:o] npu Ly o <H(7) .

Ko3apduimeHT TerwmooTaun OT ra3a K CTEHKaM €MKOCTH &, ONpEENAeTCA No
coorHowenmo (3.8), nmpuBemenHoMy B pasp. 3.1.1, a ko3 umMeHT TEmwIOOT -
9H OT CTPYH K MOBEPXHOCTH pa3fiefia ., — U3 COOTHOLUEHMUs
max ag®
a,, =0,89-A,, 1%7 . (349
! P Faxup(Terp)  HOI%PDY®

Pacnipenenienne TeMmepaTypbl ra3a IO BBICOTE ONpEENACTCA COOTHOLIEHHEM
(3.4), npuBeneHHsIM B pa3f. 3.1.1. OcranbHble 0603HaYeHHA BXOAALIMX B ypaB-
HeHue (3.48) BenUUMH COOTBETCTBYIOT 0GO3HaUEHHAM TOrO ke pasfiena,

Ilpu BBITECHEHMH ra30M KPHMOTeHHOrO KOMIOHEHTa TOIUIMBA MOTYT pealiH-
30BaTbCA MATh MEXaHH3MOB HCIaPEHMA-K OHIeHCALMH:

— HMCTapeHHe ¢ MOBEPXHOCTH pa3jiena mpH obayBe ee paIHalbHBIM ra3oBbIM
MOTOKOM , HMEIOIHM cKopocTh V7 ;

— HMCrapeHue Ha BEPTUKAIbHOH CTeHKe Gaka IOJ BIIMAHHMEM 3HAYMTEILHOrO
a3pOMHAMHYECKOr0 HarpeBa, BbI3bIBAIOLIETO Ny3BIPbKOBOE KHIIEHHe KPHOTeH-
HOTO KOMIIOHEHTa;

— MCMapeHHue Ipy oOyBe YacTH OBEPXHOCTH pa3/ielia HaTeKalollen CTpyei;

— MCTapeHMe XHUAKOi IUTEHKH IpH 06yBe eMKOCTH;

— MCMapeHHe MeperpeToro Cos XHOKOrO KOMIIOHEHTa, IPUMBIKAIOLIEro K
TIOBEPXHOCTH pasfiena npu ycnosuu (T,) Xy =0 > T(pg) . Ucnapenne ¢ noBepx-
HOCTH pasfielia IipH ee oOyBe, yUMThIBaloLllee MeXaHU3M TypGyneHTHO# T Y-
3MHM, NpPONOPLUHMOHAIBHO CKOpPOCTH o0myBa V; M pasHOCTH KOHIEHTpalHi
napa Ap
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H(t)V D} b}

1—exp(-Dg* —) | . (3.50)
D;4 Vi

Myonu = Ap

3pecs Ap= 'p;' (T;) — Pfon; Pflon — TUIOTHOCT Napa B MapOra3oBOi MOMYIIKe;
L m T

=1+ 0,03%/—— ; D;=(—)*D
: v i = (g7 TPl

T
273
COOTBETCTBYIOLIAA TeMIEpaType XHIKOCTH Ha NMOBEPXHOCTH pasuena T,; A —
BBICOTa ra3oBoifi monoctH; D; — BHyTpennuii muamerp Gaka; Do — x03dpdu-
uneHT AU dy3MH KUIKOCTh — ra3 npH Temneparype 273 K; v — kuHemaTHuec-
Kas BA3KOCTD rasa,

IIpy KHIEHMH HeJOrpeToH XHIKOCTH Ha BEPTHKAIBHOH IUIacTHHE B GOJb-
oM ofbeMe 4acTh TEIUIOBOrO MOTOKA HAET Ha HarpeB JKMOKOCTH B NOTpaHHY-
HOM CJI0€, OCTaTbHaA — Ha (ha30BOe MPEBPAILECHHE, YIEbHBIHA TEIUIOBO#H NOTOK,
HAyLMii Ha HCTIapeHHe, 3alMCHIBAaeTCA B BuJie

A3(rp™2AT 427 ¢y

)"; pI(T,) — wnomHocTs naps,

HMCH —

w A+ 16KyeT, '
/2
A* ; na T
rmeA=-K++K*+M; K= - ;
Aer asiné
M AT
arp
23sing 4
r= s AT=Te —T,5 ¢, =107,

(1+ cos8)(2 — cosh)

3nech Ay, Aoy — KO3 HIMEHTHI TEIIONPOBOTHOCTH XHIKOCTH H CTEHKH COOT-
BETCTBEHHO; § — KpaeBoii yron; 7 — Temwiora ucnapenusi; T, (p) — Temneparypa
HACBHILIIEHHBIX NMapoB; 0 — KO3()HIMEHT MOBEPXHOCTHOTO HaTDKeHHMA; pU —
IUIOTHOCTb HACBIIEHHBIX MapOB >KMOKOCTH; C; — 3KCIEpHMEHTAbHas KOH-
CTaHTa,

Tommumaronpiecs B NOrpaHMMHOM CJIO€ IMy3bIPH NMapa [AOCTHTAlOT NOBEpX-
HOCTH pasfiesia, JIONAIOTCA M Nap MOCTyNaeT B Mapora3oByio Noayuxy. MaccoBsiit
PacXop apa K3 My3bIpeii ONpeAeIIAETCS COOTHOLIEHHEM

. 'D'z H* HCn
m,. =—/[ q,"(x)dx. @3.51)
a’lp r 0

MaccoBsiit pacxoy Ha HcnapeHue IpH o6y Be IOBEPXHOCTH pa3fieia HaTeKalouiei
CTpYeit MOXKHO OIIPEMXEITHTb M3 COOTHOLICHHSA

. Fn aTx
Merp = — (@t Terp () — T 0o = O] —Mog(——) 5 o - G52
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3pecs F; — miomanp KOHTaKTa CTPYH C IOBEPXHOCTLIO pasfena. e THBHbIH
KO3 }HIUMEHT TEIUIOMPOBOIHOCTH A, 4 MOXHO ONpENENMTh Ha OCHOBE MIEH
Ipagans o mytH cMewenus” (cM, pa3n. 3.1.2):

ou
N = A * S/ — |,
ay
rme \, — Ko3pHIMEHT MoneKyNnApHO# TemnonpoBomHocTH. IIponssomHas

oT
m ~
BBIYMCIIACTCA NMPH PELUCHHH YPaBHEHUA HECTAallHOHAPHOH TEIUIONPOBOA-

ax*

HOCTH.

IlpocThie OLIEHKH MOKa3BIBAIOT, YTO MOCTYIAIOMIETO B CTEHKH Daka TeIwoBo-
ro MOTOKa OT ra30BOM MOAYIIKH IOCTaTOYHO, YTOGBI MCNAPUTH XHAKYIO IUIEHKY
npakTHYeck# MruoBenHo, [loatoMy MaccoBbI# pacXol Mapa OT MCTapEHHs SKHJ-
KO# IUIEHKH Ha FOPH30HTAIBHBIX U BEPTHKAJIbHBIX CTEHKaX NPEACTaBHTb MOXHO
B BHIE

ds das
. apM.r apM B
My = DV 1pyBy + ( d:’ 5, + —# 85)05. (3.54)

3necy 8, u & — TONMIMHA IUVIGHKH Ha BEPTHKATbHBIX H TOPH3OHTAIbHBIX NOBEPX-
HOCTAIX COOTBETCTBEHHO, ONpefieliAeMas COOTHOLIEHUAMH [6]

L0667, [
- 667 — 10,167 . — —
83_V(1)’ 0.5 ( )’ ’81‘_0’6 >
g’ 4 (24
dS,nm
rae Vl — CKOpPOCTb OITyCKaHHUsA ITOBEPXHOCTH pasfiena, 3 — U3MEHEHHE
T

IUTOLIAi¥ TOBEPXHOCTEH apMaTypbl, OMBIBA€MON >XHOKHM KOMIOHEHTOM IpH
MOJIHOM 3ampaBkKe,

HMcnapenne neperperoro KOMMOHEHTa BO3MOXXHO IIPH YCIIOBHH, YTO €I TEM-
neparypa T, GyneT npeBbIlIaTh Ha HEKOTOPYI0 BETHUHHY ATl1ep TEeMIEpaTypy
HachIUEeHHBIX NapoB T (Pg), COOTBETCTBYIOLIYI0 NABIICHHMIO NIapa B 1apora3oBoil
noayume. [IpuMeHHTENBHO K KOMIUIEKCY BHYTpPHGAKOBBIX IIPOLECCOB HCHApe-
HHME TeperpeToii KpHOTEeHHOH XXHIAKOCTH ITPOUCXOOMT IIpH CHIDKEHUHU [NABJIEHHA B
[1apora3oBO# MOMYLIKE M HAaJIHYHH PacCIIOCHHOH OGJIacTH ¥ CONPOBOXKOAETCA IO-
BbIllleHHeM JaBienus 0 py(T,). Torma mpHpaieHHe Macchl nmapa IpH MCHape-
HMH TeperpeToi XXHIKOCTH MOXeT GbITh 3alIHCaHO B BUIE

lps(Ty) —PglVg

nep Rem Tcp ’

Iockombky BCKkHMMaHMe Meperperoil MHOKOCTH MPOMCXOMMT J1aBHHOOGpasHO, TO
NPH YHCIIEHHOM DEIlIeHHM MOXHO MOJIOKHTb, YTO MPHPOCT Macchl napa Amp.,
NPOHCXOMMT 3a LIAT HHTErPUPOBAHHUA T H TOT/a
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p(T, ) —pglVe

'hnep = — npu T, 2> T, «(Pg) + AT, meps 355)
';'nep =0 mpu T, <T(pg) + ATnep

Takum o6pazom, cootHoueHus (3.50) — (3.55) ompenensmior Bce BO3MOXKHBIE
MEXaHM3MBI MCMApeHHWA M MO3BOJAIGT PAaccCuMTaTh CyMMapHbIi Pacxof mnapa
mncnz, BHOCAIMI CYILECTBEHHDbIH BKJIal B U3MEHeHHe [aBIieHHA B Maporaso-
BOJi OAYLIKE Pg (T) B COOTBETCTBHM C ypaBHeHHeM (3.48).

IIpn HaTexaHUM Ha MOBEPXHOCTL pa3fiella OCECHMMETPHYHAA CTPys NpeoB-
pa3yeTcs B BeepHYIo, Ha KOTOPYIO IeHCTBYIOT [IBe CWJIbI: MOSbEMHAs WIH apXu-
MemoBa F, ., a Taioke cwia, oOycCIIOBIeHHas HEKOTOpPO# Pa3HOCTBIO JaBIIEHHH
Ap = pg - Pcrp- Iloka cKOpOCTb BEEPHOM CTPyH CO3[aeT Nepenaj HaBJIEHHIA
Ap, KOMNEHCHPYIOIIMA BIIMAHHE NMOMBEMHOH CHIIBI, CTPYA ABHXKETCS pagHalib-
Ho. Ha Hexotopom amamerpe Dy, = 27, nipu paBeHcTBe cul F, = F, , Haun-
HaeTcsa OTphIB CTpyH. Pammyc orpbma crpyu Moxer GbITb OmpefeNneH U3 paneH-
CTBAa CHJI C NPHBJICYEHHEM HM3BECTHBIX 3aKOHOMEPHOCTEH IpeoGpa3oBaHHA OCe-
CHMMETPHYHOH CTpPYH B paHATbHYIO NPH €¢ HaTeKaHWM Ha NepPIeHOUKYIAPHO
PacIONIOKEHHYI0 MOBEPXHOCTh XHImiocTH, C yueToM Terutoo6MeHa paMaibHON
CTPYH C NOBEPXHOCTBIO pa3fieNia ra3 — XHIOKOCTh COOTHOLLEHHE, OnpefeNsiollee
PaliHyC OTPBIBA CTPYH 7 opp, HMeET BHJL (DHC. 3.22)

0,019W2, H 2,817R  Torp

+
= Torpll H ( 0,22H

— 1) 10, 0497H +

28

R, @31 (r) (Terp = Ty Mop
R_—T'_(Tcrp* - s ) — 1], (3-56)

cMiBY MerpsSperp

+0,167 oo [

. . H
THe Meypy = Mpy E 0,045,

BropsiM ypaBHeHHMeM, ONpefENAIOMMM JHHAMHKY TeMIIEpPaTypHOro MOJA
CTEHOK GaKa, ABNsAETCA YpaBHeHHe GaaHca Tella [UIA LWIHHAPHYECKO# 060/104-
KH [UTHHO# AXx:

dT., 4
C 8 —
(co )chcp dt
”ﬂhrcr/k

anD(T, ~ Te) +ayDe. B5T) =|fy £

F—— b —— “i

Puc. 3.22, Cxema oTpbIBa BeepHoii CTpyH (yciio-
BHe OTpbiBa Fyp = F 5 1)
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IIpu KOCTaTOMHO MATbIX pasMepax NIEMeHTa OGOJIOYKH OCEBBIM MepeTeKaHHeM
TeIU1a MOXHO NpeHe6peds.

H3MeHeHHe MacCBI ra3a M mapa B o6bemMe ra3oBOif NOMYLIKH ONMpenesiseTca
yP4BHEHHAMH

dm . .
dt BX r"*ONK
dm'l

i S
at ucnz — EnMONK

(3.58)

3pech g, M g, — MaccoBble IO/H ra3a  Napa B o6beMe NaporasoBoii MOMyIIKH
COOTBETCTBEHHO, MK — MACCOBBI Pacxofl Maporasa Yepe3 ApeHaXHO-Ipe-
moXpaHuTeNbHbli knanaH (HIIK) .

HaxkoHel, H3aMeHeHHe TeMIepaTy pbl )XHOKOCTH B OCEBOM HaMpPaBJIeHHH OIpe-
nenserca ypaBHEHHEM HeCTallHOHapHOMH TeIUIONPOBOSHOCTH

aTy 32Ty
— =g _—. 3.59
ar 2(") ax2 (3.59)

Takum 06pa3oM, AMHAMHMKA BHYTPHOGAKOBBIX IMPOLECCOB ONMpEHENACTCA CHCTe-
Moit nuddepeHimMambHBIX ypaBHeHui (3.48), (3.57), (3.58) u (3.59), xoropyio
Heo6XOOMMO MONMONHHTh HAYabHBIMM M TPaHMYHBIMH ycioBuAMH, Havanmbubie
ycnosus: 7= 0,

T.(0) =T,,; ps(0) =pg,s mr(0)=mr°;
my(0) = myq; V(0)=Vo; H(0)=H,;
x2Hy; Top = Ty(x); Ty (0) = Ty (x);
x<Hp; Tpy (0) = Tiypy.

I'panudnoe ycnoswe: x, = 0.

) (t)aT""+§ I ot )—— =0
ap = lql xonn ™ Merp ™ Minep) "1z
ecm Ly , > H,

F
. n
TO g1 = @y, nD_? (Tc‘rp - Tx,x*=o);
]

4
npu L, ,<H q, =0;
ecu Ly > H,
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2
1I’D'

( n Fy)
TO 2 =@y, = Y [TH) - o]?
4 -
npu Ly <H 42 =a,,[T(H) - Tx,x*‘=o],
= "D(H  — Xrp) =D Xrp Hen
93 = qa3p Y + #D? "x{=°[q“p — Qaap (X)]dx.
. 4

PaccMoTpeHHas B HacrosilieM pasgene (u3MKO-MaTeMaTHYeCKasas MOJEIDb
BHYTpHOaKOBBIX NpoliecCOB Oaka peaslM30BaHa YMCIEHHO B BHE [BYX Npo-
rpaMm paciera Ha EC JDBM, IlepBasa mporpamma Ge3 yuera MacCOOGMEHHBIX
NpOLECCOB NMO3BOJIAET PacCUMTHIBATD NPOLIECC BHITECHEHHS rOPAYMM ra30oM BbI-
COKOKHMIIALIEro KOMIIOHEHTa H3 IMTHHIPHIECKOH eMKOCTH, BTOpas NporpaMma
YUHTBIBaEeT PacCMOTpPEHHBIE BbILIE MacCOOGMEHHDIE MPOIIECCHI,

OGe nporpammsl pa6GoTaloT B ABYX pexumax. [lepBblit pexkuM mpemycMaTpH-
BaeT onpefeNeHne NaBiieHHs B Gake pg (T) NMpH 3afaHHbIX GYHKIMAX pacxoda

Myy (1) , TemMneparypht Ty (7) # 06bEMHOTO pacXofia XHIKOCTH V('r) Bropoit
PEeXHM PacCUMTBIBaeT PacXofl My, (), 0GecneIHBaloLLIHNii 3a/JaHHbIi 3aKOH H3Me-
HEHHsL IaBJIeHHA P, (7):

. - ) p v (py - Ps-)f’-'
My =My, + Am = 3_ +k— i R
RT) (RT);

rae (RT) — cpenHee 3HaueHHe paGOTOCMOCOGHOCTH ra3a-BBITECHHTEJIs, OGecte-
YHBalolliee 3ajlaHHOE MaBlleHHe P,; (RT); — Tekyilee 3HaveHHe paGoTOCNOCOG-
HOCTH Tra3a-BbITecHMTEN; K — Ko3bGbHUMEHT “yCwileHHsA™, onpefenseMbli 13
YCTIOBHsA TNOMJIEPXKaHHA [aBlieHHsA B Oaxe p, C ONpeNeNeHHOH TOYHOCTBIO.
Ilycts maBnenne B Gaxe MOJDKHO MOMEPKMBATBCA C TOYHOCTBIO 10 APy oy . ITO
03Ha4aer, 4TO 3a LIAr MHTErpUpPOBaHHA AT H3MeHEHHE [JaBJIEHHsA NPH BCEX YCIIO-
BHAX He [JOJDKHO NMPEBBILIATb APyt

gy AT = AProyVs _ AT[”: 4 +k Py - PedVi ]
RT); RT) (RT);
Orciopa k03 duIMEHT ycIeHNs K onpemerieTcsa KaK
k= — V6AProu B P,
Ve, — PepAT (Py — Pgi)

Ha puc. 3.23 npuBemeHbl pe3y/bTathl CpaBHEHHA PacieTOB MO BBIILIEHIIIO-
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XEHHOH (U3UKO-MATEeMaTHUECKOH MOMENH C IKCIEPUMEHTAILHBIMH JaHHBIMH,
MakcumanpHas omm6GKa B ONpeMeNeHHH pg (7) He npebuuaer 4,8 % nyis ciydas
BBLITECHEHHA BOJIBbI MOIOrPeThIM BO3IYXOM H 6.4 % — [UIA BBITECHEHHA XKHIKOrO
Kucnopoga moporpersiM renueM. Ilporpamma pacuera HamMcaHa Ha sA3bIKe
®oprpan-IV, Tpu munyThl pacuera Ha EC-1033 coorBerctBytor 200 c dusmuec-
KOro npouecca.

3.2, HECTAIIMOHAPHBIE IMMPOLIECCHI
B MHEBMOTHAPAB/THYECKHX CHCTEMAX ABUT ATEJTbHON YCTAHOBKH

Ipouecc ¢pynkumonuposanua arperaro III'C IIY, B pe3ynbTaTe KOTOpOro
[OCTHTaeTCsA KOHEUHas Lenb (peayiH3auMs MOTpeGHOro HMIMyJbCa TATH C YYETOM
BCeX OrpaHHJeHMil) , ABNIAETCA QUHAMHYECKHM MPOLECCOM,

[IpuHiMmMameHO Bce paGoyHe npoLECChl, MPOTEKaloIHe B arperarax
III'C JIY BO BpeMeHH, ABNAIOTCA HECTALUMOHapHBIMH, OHAKO CTENeHb HECTalHo-
HapHOCTH paGoyMX MPOLECCOB Ha KaXAOM M3 3TaNOB peayin3alMH MOoTpeGHOro
HMITYJIbCa TATH CYILIECTBEHHO pa3JIHuHast

Ha mapineBsix pexxumax pa6oTsi mapamerpsl arperato 1Y nognepxupaiot-
CA 3aJaHHBIMH B OGJIaCTH MaJIbIX OTKJIOHEHHH, JIMHaMMueCKHil aHAIH3 3THX NPO-
LeCCOB NMPOBOIHICA C MOMOLUBI0 CHCTEMBI JIMHEHHBIX AMb depeHIHanbHbIX ypaB-
HEHHil, KOTOpble He YUHTHIBAalOT HECTal[MOHAaPHOCTH paGoumx mpoueccoB, a pac-
CMaTpHBAlOT MX KaK KBa3HCTalMOHapHble, Pe3ynbTaThl 3THX aHaJIH30B XOpOLIO
(WM yROBIETBOPHTENBHO) COBMAfAlOT C ONBITHHIMH JaHHBIMH, YTO IMO3BOJIAET
CHeNnaTh BBIBOJ O MAlOCYILECTBEHHOM BITMAHUM HECTaUMOHaPHOCTH Ha XapaKTep
H3MEHEHHA 3THX NPOLECCOB B OOIaCTH MaIbIX OTKJIOHEHHIA,

CoBceM 1m0 HHOMY OGCTOMT [1€JIO C OLEHKOM BJIHAHHMA HECTalIMOHAPHOCTH
MPOLIECCOB NPH ONMHCaHHMH HEYCTaHOBHBIUMXCA PEeXHMOB paGoThI arperaroB
XPIY. K HAM OTHOCATCA 3amycK, OCTaHOB M rilyGoKOe H3MEHEHHEe PEeXHMOB
pa6ors1 XPIY .

[TompbiTKa OMMCaHHA ITHX MPOLECCOB C MOMOILBIO CHCTEMBI JTHHEHHbIX Aud-
(epeHIHMaNbHBIX YpaBHEHHH, HCKITIOYAIOLIMX BIIMSAHHE HECTALMOHAPHOCTH, NpH-
BOIHMT K JMHaMHWYECKHM MOrpeHHocTaM B mnpenenax 40 — 60 %, a Hepeoxo H
K CYLIECTBEHHOMY KaYeCTBEHHOMY OTJIHYHMIO PacYeTHBIX [JaHHBIX OT 3KCIIEDH-
MEHTAJIBHBIX

Jlaxxe omMcaHHe 3THX INPOLIECCOB CHCTEMOii HeNMHeHHBIX nud¢epeHumaIb-
HBIX YpaBHEHHH IJIA MpHEMJIEMOH CXOIMMOCTH pPacueTHBIX H 3KCIepHMEHTalIb-
HBIX Pe3yNIbTaTOB TpebyeT HAEHTHMICAUMH HeIMHEeHHOH MOIEIIH IT0 OTHOLUIEHHIO
K ONBITHBIM AanHbIM, [IpH 3TOM 11 OTHICKaHHA NMONPaBOK K K03bdHUMEHTaM
yPaBHEHHii, COCTaBIIAIOLIMX HelIMHeHHYI0 MOMdeNb mpouecca 3amycka XPI, ...
”norpeGoBasiock mpoBecTd Ha IIBM oxoso 40 BapuanToB pacuera” ([23]c. 127).

[IpoBenexHbIe OLEHKH XOTA H KOCBEHHO, HO YGeaMTeNbHO MMOKa3bIBAIOT CYILECT-
BEHHOE BJIMSTHHE HECTaLMOHAPHBIX POLECCOB Ha HEYCTaHOBMBILMXCA peXHMaXx
paGots1 XPIIY .
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IpenBapuTesnbHbIH aHaTH3 HeCTalMOHAapHBIX IMPOLECCOB C IIOMOLLBIO CHCTE-
MbI JIMHeHHbIX OHddepeHIMaTbHBIX YpaBHEHHH OKa3bIBaeT CYIUECTBEHHYIO IO-
MOILb B OLIEHKE YaCTHBIX peLIeHHH, MOJyYeHHbIX B pe3y/IbTaTe YHCIEHHOro pe-
LIIeHUsi CHCTeMbl HeNMHeHHbIX NuddepeHIHMaTbHbIX YpaBHEHHiA, B HikeHepHO#
[paKTHKE yCleX NPHHATHIX PeLIEHHH OIpefensaercd pasyMHbIM COYeTaHHEM
aHaJTUTHYECKOro, ofi1alaloIero YeTKoCTbio (PU3HUECKHX NPeACTaBIIeHHH, H THC-
J10BOro,061a/ialolLero MOBbIILIEHHOH TOYHOCTBIO PEILIEHHH, METONIOB,

B panbHeiilieM IO, HeCTaUMOHapHBIMH pEXHMaMH paGoThl arperaToB
III'C 1Y 6yneM mOHMMaTh HeyCTaHOBHMBLIMECH PeXHMbI HX paboTbl — 3amyck
H OCTaHOB [JBHTaTeJIs.

Ilpu ommMcaHMM 3THX NPOLECCOB YMENTHM OCHOBHOE BHHMaHHe TeXHHYECKHM
Cpe/ICTBaM HX DeayH3alHH,

3.2.1. 3AITYCK XPOY

3amyck XPIOY saBnserca mepBbIM IPOLECCOM, OIPENeNIAIILHM CIoco6-
Hocth arperatos III'C JIY k BbIMONHEHHI0 HaMeYeHHOH MPOrpaMMBl MpoLecca
ux dyHkunonupopatus, OCHOBHOE OTJIMUME IIpOlLiecca 3aNyCcKa OT JIpYTHX 3Ta-
noB pa6oter JIY cOCTOMT B TOM, YTO B IIpOLIECCE €ro peayM3alHh HMEIT MeCTo
GosbiMe rpagMeHTH! H3MEHEHHMA MapaMeTpoB. B rasoreHepaTopax M Kamepax
IY B npouecce 3amycKa rpafMeHTbl OCHOBHBIX MapaMeTPOB H3MEHSKOTCA B
IIMPOKHX MpefieNiaX: AaBieHus B auamasoHe 40 — 100 MIla/c; ckopoctu aBike-
HHA ra3’oB — B Auanasone 200 — 4000 m/c? u Temneparypbt — 4000 K/c. Bcnen-
cTBHe 3TOro Ha arperarst JIY u JIA neiicTBYIOT 3HauMTeNbHbIE CWIOBbIE H TEIUIO-
BbI€ Harpy3KH.

Kak 6bU10 nokasaHo B pasp. 2.1.2 u 2,27, ynpaBneHue mpoueccoM 3amycKa
XKPIOY Boanaraercas Ha KOHeYHble aBTOMAaTbl M OpraHM3aLMIO OINpedeIeHHOMH
MOCTIeI0BATENbHOCTH HX CpabaTbiBaHuA M B3auMopeicTBus, [Ionck onmTuManbsHO-
ro COCTaBa arperaroB aBTOMAaTHKH M ONTHMaIbHON LIMKJIOrpaMMbl UX CpaGarhl-
BaHHA COCTaB/IAeT OCHOBHOH 3Tanm paspaGorku CY JIY, Bkmioyas oTpaGoTKy
TpeGyeMOro XapakTepa B3aHMOJEHCTBHA ITHX arperaroB B IpoLiecCe HOBONOY-
HBIX MCTITAHHI JBHTaTeNsA,

B xaxgom tune JIY npouecc 3amycka npexie BCEro XapaKTepHsyercs Bpe-
MeHeM ero npoTekanusa. Hauano orcuera Bpemenu 3amycka XPIY npwmsaro
OTHOCHTb K MOMEHTY IOfIaYH MepBOH KOMaHObI Ha BKJIOYEHME [BHraTens.
IpenBapuTeIBHO PacCMOTPHM OKOHYaTeNIbHBIi 3Tall 3allycKa — 3allyCK KaMepbl
QBHraTelis, KOTOPbIi HaYMHaeTCA C MOMEHTa NOCTYIUICHHSA TOIUIMBa B KaMepy.

Ha puc. 3.24 noka3aHbl xapak TepHsie BUapI 3amyckos KPII,

W3MeHeHHA OTHOCHTEIIbHOM BEJIMYMHBI TATH (WIH JaBlIeHWA B Kamepe [BH-
rarelis) HaYMHAIOTCA INOCJe IePHOMAa 3aMa3/IbIBaHMA BOCIUIAMEHEHHs TOIUIMBA.
IIpu 3ToM mpenmornaraercsi, YTO0 KpHBaf BHIrOpaHWA TOIUIMBA [UIA MCXOOHBIX
HaYaIBHbIX YCTIOBHi aMMPOKCHMHpYETCA CKAaUYKOM C YMCTHIM 3ama3/iblBaHHEM
TaanN- YPOBEHb HaCTPOHKH KOHTDONbHBIX arperaToB aBTOMAaTHKH IOKa3aH
WITPUXITYHKTHPHBIMH JIHHUAMM, YpoBeHs 0,1 p, n KOHTpONHpyeT dakTHUECKOE
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Prc. 3.24. XapakTepHble BHABI 321y CKOB:

1 — upeaymsHbii; 2 — g XPOMT; 3 — mymeunslit mns atMocdepHBIX YCIIOBHH; 4 — my-
ILIeYHBIX B KOCMHYECKHX YCJIOBHAX; S — IUIaBHLI{; 6 — MporpaMMHpOBaHHBIH; 7 — OBYyX-
CTyNeHYaThIi

HavasIo 3amycka; ypoBeHb' 0,5 p, n — IEpEXOf [BHTaTelsi Ha OCHOBHYIO CTY-
neHs 3amycka; ypoBedb 0,9 p, y KOHTpONHpYeT KaK ¢$aKT COCTOABILUETOCH 3a-
IMyCKa, TaK H ero GeicTpopeiicTBHe (IO OTHOLIEHMIO K ypoBHI0 0,1 p v) .

Jlns nBurareneii 60NMbIMX TAT XapaKTepeH MemleHHbIH 3amyck. OH BbINOJI-
Hsaercsa 6o ABYXCTyneHdYaTsiM (KpuBas 7), TMG0 MPOrpaMMHpOBaHHBIM (KpH-
Bag 6). MemwieHHbI XapakTep M3MeHeHMA TATH OGYC/IOBJIEH OrpaHMYEHHEM
neperpy3ok Kak Ha 3JIeMeHTHI IBHTaTellf, TaK U Ha kopmyc JIA,

Ilna ppurateneil CpemHHUX YPOBHeH TAT NpeINOYTHTENeH IUIABHbIH 3alyCcK
(xpuBas 5). XapakTep 3TOro 3amycka GIH30K K IKCIIOHEHUHMAIBHOMY H Tpeby-
€T CNeHMATIbHON OpraHH3aliHH,

Iymeunslit 3anyck (kpuBas 3) NpUMEHsETCA B OCHOBHOM [UIs ABHraTelei
MaJbiX MJIH CPe[JHMX TAT, €CJIH B CTapTOBBIi NepHON MMeeT MeCTO aedHLMT
BpPEMEHH, H MPOHU3BOJMICA IyTeM NMOMAYH TOIUTHBA Ha BXOI B KaMepy [IBHraTe-
JIA IPH HOMHMHAIBHOM JiaBJIeHHH nopavH, I[ToaToMy B HauanbHbI# nepuop 3amycka
B KaMmepy MocTynaeT HanGonbllee KOJIHYECTBO TOIUIMBA [0 CPaBHEHHIO C JII0GBIM
nocnemyoumm pexkumom paborsl P, Benegcrie 310ro mpH mylieyHoM 3a-
IyCKe, KaK NpaBWIO, HMeeT MeCTO 3abpoc aBlneHNA H KoneGaTeNbHbIH Xapak-
TEp YCTaHOBJIEHHsA OCHOBHOTO peXkuMa pa6oTsl. Eciin mBHTraTens ¢ TeMH e mapa-
METpaMH 3allyCKaTh B YCTIOBHAX KOCMHYECKOH cpempl (KpuBas 4), To M3-3a
YBE/IHIEHHUA 3aNa3fplBaHUs BOCIUIAMEHEHHA TOIIMBA (T, = °°), B Hauyaib-

! 3pecs u nanee mumexc N OTHOCHTCH K 0GO3HAUEHMIO HOMMHATHHOM BeJTHUHHEI pac-
CMaTpHBaeMoro napaMmerpa.
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HbIi MOMEHT BOCIUTaMeHeHHsi B KaMepe [BHTaTells HaKaluTiBaeTca Gosmile Ton-
JIMBa, YeM TPH 3aNycKe B aTMOCHEPHBIX YCIOBHAX (TIPH T3a;N ), M 3alyCK ABH-
rarens CTaHOBMTCA ““KecTue’’, T.e, YBEJIHYUBAIOTCA CKOPOCTh HapaCTaHUsA [aBlie-
HHA, 3a6poc U CTemeHp KOJ1eGaTeNBHOCTH NpPOLECCa YCTaHOBJIEHHA OCHOBHOTO
pexuma paGoTsI,

UpeansHpiM  cliegyeT CYMTaTh 3aMyCK C NPAMOYTONBHBIM  (POHTOM
HapacTaHus OaBJIeHHA (IYHKTHpHble Npsambie 1). Bimxe Bcero k MpeaibHOMY
peanusyercs 3amyck XPIMT (xpuas 2). 3toMy cnocoGCeTByeT Maiblii 06beM
KaMepbl M 3aKJIaNaHHBIX MOJIOCTeH ABHTaTelNA M TEPMOCTaTHPOBaHKe TOIUIMBa B
ero ¢OpCyHOUHO# M KJIaMaHHBIX NMOJNOCTAX (WIH IPOrpeB THX IIOJIOCTEH OT Ipe-
ObIAYINEro BKIMOYEHHs), KOTOpOe yMeHbILaeT 3ama3fbiBaHMe BOCIUIaMEHEHHs
TOIUIMBA [0 HCXOIHOrO 3HayeHHs HecMOTpA Ha To, yro XPIMT BKkmouaercsa B
YCJIOBHAX KOCMHYECKO# Cpefibl.

PasnocTs mwiowameit Mexay HOCATBHBIM H peabHbIM NPOIECCaMH 3alyCcKa
(Ha puc. 3.24 3aiTpHXOBaHHasA IIOIIAAb) MpECTaBlsAeT COGOH IHEpreTHIecK e
NOTepH MMITyJTbCa TATH JBUTATeNs B IpoLiecce 3alycka, 0Gyc/IOBIIEHHbIE KaK Bbl-
HYX/IeHHO!# HeoGXOAUMOCTbI0 (HaMepeHHbIM pacTATUBAaHHEM IIPOLECCA 3alycC-
Ka), TaK M CYLIeCTBeHHOH HeCTalMOHapHOCTbI0 paGOYMX MPOLECCOB Ha 3TOM
Tame,

EcrtectBeHHO, YTO YeM MeHbllle O61IaA [UTMTENLHOCTh BKITIOUEHHA [BUraTe-
N1, TeM GONbLIAA [ONA SHEPreTHYeCKHX NOTeph pealn3yercs BO BpeMs IIyCKO-
BOro nepuoaa.

PaccMoTpeHHBIe BHIOBI 3aITyCKOB OTHOCWIHCH K IJIaBHOMY SHEPreTHIeCKOMY
3BeHy Y — kamepe fgBuratens, OfHaKo 3amyCcKy KaMepbl IpepllecTBYeT HO-
BOJTBHO [JTHTENIbHaA M CJIOKHas MOArOTOBKA NMPHBENEHHs ee K NpPefITyCKOBOMY
COCTOSTHHIO,

B cucremMax ¢ BBITECHHTENIbHO# MOJaueil TOIUIMBA NPEABAPHUTEIILHO ClemyeT
[POU3BECTH HalyB GaKOB C TOIUIMBOM, 3aMOJIHUTh BCE MAarMCTpaJli TOIUIMBOM
H NOJBECTH TOIUTMBO K IJIaBHBIM TOIUTMBHBIM KJIalaHaM,

B cucreMax ¢ HacOCHOH nopaveil TOINIMBA, KpoMe IPeBaPHUTENBHOTO Haf-
IOyBa 6aKoB, HeOGXOAUMO mpeABapuTensHO npuBecTH poTop THA BO Bpaienue.

OueBnpHO, nmoparotoBuTelNbHble mpoueccsl B JIY, mpenmirecrByromue npen-
MyCKOBOMY COCTOSIHMIO KaMepbl IBHTaTells, OymyT JOMHMHHPYIOIMMH BO Bpeme-
HH K 3HeproeMKHMM,

OueBHIHO TaK)Xe, UTO HauGonee MTATEITBHBIM U 3HEProeMKHM OyfeT noaro-
TOBHTENBHBIHA 3Tan 3amycka JIY ¢ HacocHo# nopaveii Towmsa, PaccMoTpum 3tor
sran Gonee nogpo6HoO,

IIna npenpapuremsHoro BpaueHHsa poropa THA B XPOY wame mpyrmx
YCTPOHCTB NpHMEHAITCA NHpocTaprepsl. [TnpocTapTepsl npencrapnsoT coboi
MHUPOTEXHHYECKHE IIAIIKH, KOTOpble yCTaHaBJIHBAlOTCA Iepefl COIUIAMH OCHOB-
HO{i WM BCTOMoOrare/nsHOi (IyckoBoi) TypGumbl, [IupocTapTepsl CroCOGHEI
3a KOPOTKHH OTpe30K BPEMEHH CO3/aTh HEOOXOMHMBIHA pacXop, ra3a ¢ BbICOKOM
TeMIepaTypoii Ajis NpeBapHTeJIbHOro BpaleHus poropa THA,

IInpocTapTepHblii 3alycK Yallle BCEro MPUMEHSETCA B HACOCHBIX CHCTEMaX
nuTaHus Ge3 JOXHMraHHsA, TYpOHHBEI KOTOPbIX BBINOJHAIOTCA C BBICOKMM Iepe-
MaJioM [aBJIeHHil (aKTHBHOFO THNA) .
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HOna IIY ¢ poXuraHueM reHepaTOpPHOTO ra3a MMPOCTapTePHBIA 3alyCK Tpe-
GyeT CreuMaJIbHOH YCTaHOBKHM MOMOIHMTENIBHBIX IMYCKOBBIX TYpOHH, TaK Kak
MOPOXOBBIE ra3bl, COOEpIKallie TBepAble YaCTHIBI, MOT'YT NPHBECTH K 3aCOPEHHIO
¢dopcyHoK raszoreHeparopa,

B pBuratensHBIX YCTaHOBKaX C HOXHWIaHHEM ra3oB, TypOMHBI KOTOpPBIX
BBIMOJHAIOTCA C HU3KHM IepenagioM [aBJieHHil (PeaKTHBHOrO THIa) , BO3MOXEH
3anyck Ge3 NpMMeHeHHs MHPOCTapTepa IyTeM IUTaHMA ra3oreHeparopa B mpen-
CTapTOBblii MepHON TOIUTMBOM M3 GakoB camMorekoM. OmHako Bpems Geccrap-
TEPHOTO 3amycka NPHMEpPHO BOBOE GoJbllle, YeM CTapTEpPHOro, H B 3aBHCH-
MOCTH OT Ha3HaUeHHs ¥ THMa cucTeMbl muTaHusA JIY Modxxer GbiTh BeIGpaH J0Goi
U3 HUX,

Tax, Hanprmep, g JIY |, nokasaHHO# Ha puc. 2,16, eCTeCTBEHHBIM ABIIACTCH
BbIGOp GeccrapTepHoro 3amycka, s 3TOro nmpH 3aKpbITHIX KilamaHe 1 M gpoc-
cene 3 OTKpBIBaeTCA INaBHBIA KiarmaH roprodero 12, Bogopon nocrymaer u3 Ton-
JIUBHOro 6aKa caMOTeKOM B pyGalliky oXJIaX[EeHHs KaMepbl JBHraTelis, riae ol
HarpeBaeTcsA OT €e CTEHOK, H Jajiee momagaer B TypGuHy, razosop 11 u B kame-
py. Ilockoneky B razoBope 11 B mpeniryckoBoO# NMEPHOJ MPOTHBONABIIEHHE OT-
CYTCTBYeT, TO NpH Iepemnane HaBJIeHHH, COOTBETCTBYIOIUMX [aBJieHHI0 B Gake,
TypOMHa HauMHaeT BpaiwaTb Hacochl. IIpu 3TOM mepenan naBneHHd Ha TypGOuHe
BO3pacTaeT, TaK KaK HacoChbl FOPIOYEro yBEJHUMBAIOT [aBJIeHHe Nepen TypOu-
Hoii, [IpenBapurensHoe BpaiieHue poropa THA mpopomkaercsa B nepuon Bpeme-
HHM, HeoOXOIOMMBIH [UIA MOCTHDKEHHS YaCTOTHl BpalleHHs pOTOpa NMPHMEpHO
0,1 — 0,15 HoMuHansHOrO YpoBHA. Ilocse 3TOro OTKpPHIBAETCA riaBHBIA KJIamaH
OKHCIIHTENA 1,Yepe3 KOTOPBIH KHCIIOPON NMONafaeT B KaMepy [BHTaTels,

B MOMEHT OTKphITHA KJlalaHa 1 BKIIIOYaeTCA CHCTeMa JIeKTPHYECKOro 3a-
XUraHHsA, H OKHCIIMTENb, NONajiad B KaMepy [IBHTaTellss, BOCIUIAMEHACTCA C ro-
piounM. JIBHraTenb BBIXOIOMT Ha NMpPeNBAapHTENIbHYIO CTYIEHb 3aMycKa, JaBJIeHHe
B KaMepe NOBBIILAETCA, YTO COOTBETCTBEHHO YMEHbBLIAET Iepenay AaBJIeHHiH Ha
Typ6uHe, B nepBbIii MOMEHT 3amycka Kamepbl 3TO MOXET BbI3BaTb HEKOTOpOe
MOHIDKEHHE YaCTOThI BpallleHUsA TypOHHBI, OJHAKO 3aTeM YaCTOTa BPalLIeHHs pO-
topa THA npopomxkaer yBenwuMBaThCsA, TaK KaK BOIOPOZ B pyGallike OXJaxue-
HMA HaYMHaeT NOJy¥aTh OONONHMTeNbHoe Tewro, HeoGxommmslit TeMn yBesmye-
HHA yacToThl BpaweHus poropa THA npu BbIXome Ha HOMHMHAIBHBIA peXHUM
MOJXKeT OMpeNeATbCA MPOrpaMMHBIM OTKPbITHEM ipoccens 3,

Bbi6op BHOa 3amycka mis JIY ¢ poXkuraineM reHepaTopHOro ra3a ycTaHaB-
TIMBaeTCsA B Mpolecce JOBOMAOYHBIX HCIbITaHMit JIY H onpenenserca TpeGoBanHeM
Heo6XoMMO# CTaOWIBHOCTH €ro BOCIpOM3BeleHHA (€CIM He HaI0XKEHO HHKa-
KHX OFpaHHYeHHil Ha BpeMs TyCKOBOrO 3Tana) .

Ha puc. 3.25 noka3anbl XapaKTepHble H3MEHEHHA BO BPEMEHH OTHOCHTeIIb-
HOH BeNMUIHBI YacTOThI Bpamenus poropa THA n = n/ny u oTHOCHTeNnsHOrO
M3MEeHEeHHs [aBIeHHs B KaMepe Py, = Dy [Py N

Texyiee Bpems CTapTePHOTO 3aMlyCKa Ha STOM PHCYHKe TalOKe NPUBEeHO

B OTHOCHTENLHOM MacuaGe 7, ; »TH€ tyy ey cx — MONHOE BpeMs
nycK.cT

3allyCKa [BHFaTeNls C MOMOWIbIO MPOCTapTepa, a f ., — BpeMa paGoThl COGCTBEH-

HO MHpOCTapTepa.
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Puc, 3.25. Hamesiene oCHOBHBIX mapametpoB /1Y ¢ fOXHTaHHeM rasa nocie TypOGHHbI NpH
CTapTepHOM 3amycKe

W3 pucynka BHOHO, YTO NIHpOCTapTep paGoTaer npumepHO 15 % or noymoro
BpeMeHH 3amycka H oGeclieuuBaeT NpefBapHUTeNIbHOE yBelHdeHHe YaCTOThI Bpa-
weHua poropa THA po ypoBus, npumepHo paBHOro 20 % ero HOMHHaJIBHOrO
3HayeHHs, OTKPBITHE IJIaBHBIX TOIUIMBHBIX KJIAaNaHOB B MOMEHT JOCTIDKEHHA
aroro yposHa (= 0,37.,) oGecneunBaer mojady TOIUIHBA B KaMepy [BHTaTesls
H BbI3bIBaeT B Hei MPOLECC NMOBLILLIEHHs JaBIeHHA,

K stromy MomeHty Bpemenn THA paGoraer oT coGCTBEeHHOro rasoreHepa-
Topa. IToBbIlIeHHe [aBiIeHHA B Kamepe CIOCOOGCTBYeT YMEHBLIEHHIO YaCTOTHI
BpallleHHs pOTOpa, TaK KaK yMEHbILAeTCs Mepenap HAaBlIeHWii Ha TypOHHe NpH
YCIIOBHO TNOCTOSAHHOW TeMIeparype B rasoreHeparope. B peficTBHTeNBHOCTH
TeMIlepaTypa B ra3oreHeparope B 3TOT MOMEHT HMeeT 3HAaUMTelbHbIA 3a6poc
(mo 300 %) M HOCHT MOBONBHO CIIOXHBIA XapaKTep W3MEHEHHA BO BPEMEHH
[23]. Ecniu B MOMeHT cnapa 9acToTsl Bpamenus (= 0,57.,) 3ab6poca Temnepary-
pbl TeHEpaTOPHOro ra3a He MPOHCXOOMT, TO BO3MOXEH OTKa3 B BHAE SHEPreTH-
geckoro “He3samycka’. Ha puc. 3.25 ara curyaums oGo3HaueHa IyHKTHPHO#H
KPHBOH,

Tlpu GnaronpusTHoM coueTahnn ¢dakropoB THA, a 3a HUM U Kamepa IBHTa-
TeNA BBLIXOOAT Ha NMpeNBapHUTENbHYI0 CTYNeHb 3amycka, Jlanee arperaTsl aBToMa-
THKH onpeaensior nepexon THA 1 xkaMepbI Ha KOHeUHYI0 CTyIeHb 3allycKa,

Ha puc, 3.26 nokasaHbl H3MEHEHMS BO BpeMeHM TeX e NapPaMeTPOB I
GeccrapTepHoro 3amycka Toit sxe IIY . Texyiuee BpeMs 3alycka, 0GeCneueHHOro
CaMOTEKOM TOIUIHBA M3 6akoB, Ha 3TOM PHCYHKe NPUBOIMTCA B Maciutabe Ge3-
T

Pa3sMEPHOTO BPEMEHH T, = » THE ny ey cam — TOTHOE BpeMst

rnycx.cam
3aNycKa [ABHrarens, 06ecneyeHHOro CaMoTeKOM TOIUIMBA H3 GakoB,

U3 puc. 3.26 BuOHO, 9TO NpollecC 3aIMBKH TOIUTMBHBIX MAarHCTpalledl caMo-
TeKoM cocTasigeT 50 % nomHoro BpeMeHH 3amycka. Temm mponecca yBenmude-
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Puc. 3.26. Hametesine OCHOBHbIX mNapa- = _Mn.=_N

Pr=p= 1=,
merpoB Y c poxuMraHMeM rasa nocjie Pun " lu
Typ6Gunnl mpu GeccraprepHoM 3amycke
(camoTexom)

HHUA YaCTOTHI BpaweHus poropa THA 5 ‘
Ha npeaBapMTeNbHYI0 CTyneHb CHa- g Do }
N

Yana BAUIbIA (MeMJIEHHBIH) , a 3aTeM
pospacraioumii  (Ges mpoBanoB). 04 /

9TOT XapaKTep M3MeHEHHsA YacTOThI
BpaweHua poropa THA oGwacHser- g2 /J

CA TeM, YTO MepBbIM arperaTom,
BCTynalouM B paGory B mpouecce
3amycKa, ABJIAETCA ra3oreHeparop 45 66 07 48 89 goe T
(a e THA, kax 30 GbUTO mpHU l Enyen. can e
CTapTEpHOM 3aIlyCKe) .

Berymienue nepBbiM B paboTy rasoreHeparopa obecneunBaer GbICTPO BO3-
PacTaloLIMii Nepenay JaBlleHHA Ha TypOHHe NMpH NOCTOAHHOH TeMmepaType reHe-
paropHoro ra3a, Heo6xoguMast npu 3ToM 3afiep>kka BKITIOUEHHS KaMepbl, KOTO-
pas obecrieunBaeT Hayaslo e¢ paGOTBI Ha yYaCTKe IPOr PeCCHBHOrO TeMIIa Hapac-
TaHMA YacTOTHI BpaimeHusa potopa THA, mpoH3BOOMTCA CpeNcTBaMH arperaToB
aBTOMaTHKH, B pesynsrate GeccrapTepmblit 3amyck IIY peanusyer Gonee kect-
KHil BBIXOJI [JBHTaTeJIA Ha NPe[BApPUTEIIbHYI0 CTYTIEHb, HO OJTHOBPEMEHHO C 3THM
YCTpaHseT Ha 3TOM 3Talleé aHOMaJIbHyl0 BO3MOXHOCTb OTKa3a B BHIE JHEpPreTH-
yeckoro Hesamycka”. Ilocne mpenBapuTesTbHOM CTYNEHM, C MOMOILUBIO arpera-
TOB aBTOMATHKH, {BHTaTelIb IEPEXOMIMT Ha KOHEUHYI0 CTyIeHb 3aIycKa.

EcTecTBeHHO, YTO MpH 3aIMBKe MarHCTpaleil CaMOTEKOM YacTb KOMIIOHEH-
TOB TOIIMBa Tepserca GeasoaMesmHo. Hexoropas uactb 310 moTepH KOMMeH-
CHpYeTCAl BCIIEICTBHE TOrO, YTO OKa3bIBAIOTCA HEHY>KHBIMH ITyCKOBas TypOuHa
u mpocrapTep. OmHako camblit GONbINOH HENOCTaTOK GeccTapTepHOro 3amycka
COCTOMT B TOM, YTO €ro BpeMs NPUGIIM3UTENBHO BABOE GOJNblile BpeMeHH CTap-
TEepHOro 3amycka.

Ha BTOpBIX M OCOGEHHO TpETHHX CTyNEHAX paKeTHOro KOMIuleKca GeccTap-
TepHbIA 3amyck JIY 3aTpynHsmercsa BCIEACTBHe OTCYTCTBHs MepErpy3oK mocie
PacCTHIKOBKH C IpefployIled CTyNEeHbI0 H 3aMeTHOrO BIIMSHHSA HEBECOMOCTH
(Ha Tperbux cryneHsx) . IToatomy 3amyck Y BTOpOii H TpeThbeit cCTymnenei 4acTo
NPOBOMAT, HCNONb3YA MMITyJIbC mocieneicTBua JIY npenpinyiueil CTyIeHH WIH
NPUMEHAIOT BCMIOMOraTellbHble ABMTaTeNIM [UIA CO3aHMA MCKYCCTBEHHBIX Nepe-
Ipy30K.

B moGoM M3 pacCMOTPEHHBIX CllyuaeB 3allyCKa B HadaJbHbIH MOMEHT BKIIIO-
9eHHA ra3oreHeparopa HeoGXOIMMO CpPeCTBaMH aBTOMAaTHKH oGecneyHBarh ore-
pe>KeHHe MOJaYM TOro KOMIOHEHTa TOIUIHBA, C M36BITKOM KOTOpOro paboraer
ra3oreHeparop.

Kak 6bU10 yka3aHO BbIIIIE, THPOCTaPTEPHBIH 3alyCK IOJTyYHI IIPEHMYLIECT-
BeHHOe pacnpocTpateHue B JIY Ge3 noxxuranus. ITo 06CTOATENBCTBO 0GyCioBNe-
HO TeM, YTO B mpakTHKe Bce JIY Takoro THIa OCHallleHbl ra3oreHeparopoM, pa-
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GoraroMM ¢ H3GBHITKOM ropruero, a TypOoussl THA BBINOMHAIOTCA ¢ BHICOKHM
nepenagoM JaBlieHHH (aKTHBHOTO THNa) . 3TO MO3BOJIAET YCTaHABJIMBaTh MHPO-
CTapTephl HeNMOCPEACTBEHHO Ha OCHOBHbIe TypOuHbl THA M Hcmonbs3oBaTh rnas-
HOE MIPEMMYILIECTBO MPOCTapTEPOB — BHICOKOE [aBlIeHHE NPOYKTOB CrOpaHus
NHPO3apsAOB,

Yame Bcero HacOCHble CHCTEMbl IHTaHMA Ge3 HNOXKMTaHWs NPHMEHAIOTCA
IUIA MaHeBpeHHbIX GecnwIoTHBIX JIA, if KOTOPBIX BCEerga HMeeT MecTo nedH-
IIMT BPEeMEHH Ha 3aIycK ABurartens. Ina rakoro tuna JIY OfgHHMM M3 OCHOBHBIX
BOIIPOCOB ABJIAETCA COKpallieHHe BPeMEHH 3alycka, T.e. GopcHpoBaHHe NpoLec-
ca 3amycka. EcTecTBeHHBIM B 3THX YCJIOBHAX SBJIAETCA MPHMEHEHHE MyLlIeYHOro
3amycka xamepsl, IIpn 3rom Bpemsa Bbixoga THA Ha HOMHMHAIBHBIA peXXHM pa-
6oThI, KaK caMOro HMHepUMOHHOro 3BeHa B JIY, mpuoGperaer ompenensioliee
3HaueHue,

PaccmoTpuM Bonpoc GOpCHPOBAaHMsA TeMIIa YacTOThI BpaiieHus poropa THA
C TMOMOIBI0 MHPOCTapTepa B mpouecce 3amycka JIY. IIpuvem ypaBHeHHe muHa-
mukn THA, xak aro 6su10 moka3zaHo B paGore [4], B BuJie CIIEYIOILErO BHI-
PaKEHHA:

M,
- PrN
22 THA dAn — Py —
+ An= Ap,,
M, M,  dr M, M,
( - ) ( - )n
on an an an ™V
Z"JTHA
roe = T — nocrosHas Bpemenn THA;
M, oM.,
on an
M. [3p. D,y
T T™T
= K — K03} PHIMEHT YCHIIECHHS
aM, M.
( - )nTN
an

C yueroM 3tux 0603HaucHM HMeeM
dan
dr

Peruenne sToro YPaBHCHHA HMEET BH

T + An =KAp,. (3.60)

An(r)=KAp,(1 —e

r

7). (3.61)
[Ipumem, uro npu dopcHpoBaHHHM TeMma YacTOTHI BpaleHHs poropa THA xo03d-
¢mment T 1 K ocraioTcs MOCTOAHHBIMM BelIMIMHAMH, ITO NOJIOXKEHHE CTIpaBel-
260



JIMBO, €CJIH IfpoLiecC YBEJIMYEHHA 4acTOThI BpalueHus poropa THA cuurats xBa-
3HCTAUMOHAPHBIM, [IPH KOTOPOM BBINOHAETCSA YCIIOBHE

My aM,

= const,
on on

a CBA3b MOMEHTa TypOMHBI C [aBlieHHeM meped TypOMHOH IuHeMHa, T.e.
0M_/0p, = const, IlpumMeM 06a 3TH NMPENNONOXKEHHUA M1 KAaueCTBEHHOH OLEHKH
aHanM3a GOpPCHPOBaHMA TeMIla YacTOThbI BpalueHus poropa THA npu Boapeict-
BMH Ha 3TOT TEMII CO CTOPOHBI JaBJIeHHsA Mepex Ty pOUHOH,

C 310/t LeNbl0 MPOAHAIHIUPYEM XapaKTep H3MEHEHMs YacTOThl BpallleHHs
poropHoit yactd THA cornacho pewennto (3.61) nuxeimoro ypassenus (3.60) .

MNockomeky ypaBHenue (3.60) nuHeiHoe, a ero peuieHue B popme (3.61)
BO BPEMEHH XapaKTepH3yeTcsi SKCIOHEHUNAIBHOR KPUBOH, TO IPH JIaBJIEHHH Iie-
pen TypOHHOl p, ) €ro OTHOCHTeNIbHasA BeNHYMHA Oy[ieT COOTBETCTBOBATh 3Haye-
HHI0O Ap, = 1, a KOHEUHbIA ypOBEHb YacTOTHI BpAlEHHsA poTopa Gyner paBeH
HOMMHJIBHOMY 3HaUeHHMIO Ny, T.e. An = 1, JTH yCIOBHA NO3BOJNAIOT HCIONB30-
BaTh peleHHe ypaBHeHus OuHamuxu THA B dopme (3.61) Ha 3rtane 3amycka
B pa3MepHbIX KOOpOHHATaX .

Ecmu B mpouecce 3amycka IIY B MoMeHT BpeMenH 7o (puc. 3.27) nomaHa
KoMaHOa Ha 3amyck THA, a maBnenwe rasza npu cpabaThIBaHHM MHMpOCTapTepa
PaBHO P.n M NOANEPXHBaeTCA B MPOLECCe 3aMyCKa MOCTOSHHBIM, TO Ha BXO[,
THA nopaercs crynenyarsii cursan (nos. 1 Ha puc. 3.27,6) .

B orBer Ha 3TOT cuTHan poropHas YacTs THA yBenmmuuBaer yacTory Bpalie-
HHSL POTOpa 10 IKCINOHEHUMAIbHOH KpHBOH (103, 2 Ha puc. 3.27, @), xoropas
cootBercTByer pewenuo (3.61) ypaBHenus nunamuxu (3.60) .

n
Mmax —
s ter - -
7 / - /r B r Tax =Npr nax
>
Ny / —T\ "\ AANNINNY
J 2
M =Kprw
Ly min
Ty T
& a
P mas 22277777777 )
6 T max
Pra L ¢ a
7 Pra
Tl T
J

Puc. 327. GopMupoBaHHe UMKIOrPaMM H3MeHEHMA [aBJeHHsA nepen TypGuHO#H (@) M vac-
ToTh!I Bpawienust potopa THA (6) npn dopcupoBannnu Temna packpytku THA
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Cornacuo pewenmio (3.61) nuneimoro aué depeHIManbHOro ypaBHeH!s O4-
HamukH THA wacTora BpameHus poTOpa MAOCTHIaeT HOMHHAIBHOH BEJIMUHMHbI
ny Geckoneuro gonro (An = 1 npu 7 - °°) . OmHaxo mis npaxrmecxoﬁ OLIEHKH
BPEMs YCTaHOBIIEHHs Iy , HOMHHAIBHOTO DEXWMa IPH JIHHEHHOM ONHMCAHHH
nmiamukn THA B rexx-mxe [NPHHAMAKT PaBHBIM TPEM ITOCTOSAHHBIM BpEeMEHH
(tycT ~ 3 T). IIpu 3TOM NOTpelIHOCTh OLIEHKH YCTaHOBHBILEHCSA HOMMHAIBHOH
YaCTOThI BpalLiEHHUA He IPeBbIILIAeT NATH MPOLeHTOB (Any =5%) .

Ecnu kpHBas M3MeHeHHs YaCTOTHI BPAIlEHHA POTOpa 2 IOCTPOEeHa COrjlacHO
Boipaxenuio (3.61), To WA onpefeneHus NOCTOAHHONH BpeMeHH T’ K KpHBO# 2
pOBOJAT KacaTeNIbHyl0 B TOUKe To [0 €€ MepeceyeHHs C aCHMITOTOH 1 = Ny
(mpaman 3 Ha puc. 3.27,4) . IIpoexumsa 31Ol KacaTeNbHOM Ha OCh BPEMEHH COOT-
BercTByeT BenuunHe 7.

B camom pene, ecnu 3ammucarh BhipakeHHe (3.61) B pasmepHoit dpopme

T

- dn(t)
n(r)=Kp.(1-e T ) ¥ nponu¢¢epeHIMPOBATh €T0 O BPEMEHH y =
r
r
1 T dn(r) Kp,y
= Kp, —e T 1o 1A BpeMeHH To = 0, monyuynm | =
T T ’ 1% 0 ’ . dr 70=0 T s

YTO COOTBETCTBYET NpPOBENEHMIO KacaTeNIbHOM K KPHBOH H3MEHEHHA YaCTOTHI
Bpamenusa poropa THA B Touke 7o. Ilepexons B mocnefHeM BBIPDRKEHHH OT

An Kp T K 12
MPOH3BCIHOH K NMPHPALICHHAM, HMEEM -A—- = T wi T= AT, B pac-
T An

CMaTpHBaeMOM Cllyyae W3MeHEeHHe YacTOThl BpaiieHHsa poropa THA npoucxopur
OT HyNf OO HOMHHAIILHOTO YPOBHA, T.6. An = njp, a Ha BXOJE [aBlieHHe Nepen,
TypGHHOH COOTBETCTBYeT HOMMHAIPHOMY 3HAaYEHHIO pry M TONIEPKUBAETCA
MOCTOSHHBIM, YTO NMPHBOOMT K ONpeeNieHHI0 MIOCTOAHHOH BPeMEHH Yepes 5TH

KpN

BenuuuHel T = At Ho ny = Kp..y, Tak KaK 3TO yCIIOBHe ONpeeNsaerca
nN

Kak vactHoe peiteHue u3 (3.61) ypaBHeHus OunHamuxH (3.60) mpu 7 —> oo,

Takum o6pa3oM, nmocTosHHasa BpeMeHH Ha rpaduke nepexomHOro mpouecca

(puc. 3.27, a) onpenensercs OTPe3KOM BpeMeHH, 0Gpa3yeMBIM NepeceueHHeM

KacaTeNbHOH 3, MPOBENEHHON M3 Havalla KOOpAMHAaT K KPHMBOH 2, ¢ ypOBHEM

HOMHHAJILHO# 4aCTOTHI Bpalllenust poropa THA,

Ecnu pa3zpaGorumuka JIY ne ycrpanBaer Bpems noiHoro samycka THA (cBa-
3aHHOTO C MOCTOAHHON BPEMEHH YCTIOBHeM Iy .. ~ 3T) u TpeGyercs ero ymeHs-
LIIeHHe, TO MpOIllle BCETO 3TO JOCTHTAaeTCA yBeIHYeHHEM [aBJICHUS ra3a, MofiaBae-
MOro Ha TypGmy.

TpegnonoxumM, uro paspaGorunku THA pomyckartor 3amyck THA mpu mak-
CHMAJTBHOM YPOBHE [aBJICHHs, ONpeNeNsieMOM YCIOBUAMH [POYHOCTH TypGHHBI
Prmax- 1OTia B IyCKOBO#H IepHoO Ha TypOHHY ITOJlaeTCsi CTyNeHYaThlil CHIHaI
C YPOBHEM [IaBJIEHHA Dymay, KOTOPOE MOMJIEPKHBAETCA MOCTOAHHBIM (T103. 6) .
IMoncraenas 3ty Benuumy B pelreHde (3.61), crpouM rpadpux M3MeHeHHS yac-
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TOTHI Bpawenus poropa THA Bo Bpemenu (m03. 4). IIpu 3Tom k03 dHIMeHTDI
T u K ocrarorca npexainmMy (IO yCJIOBHIO 3ala9H OHH SIBJIAIOTCA IOCTOAHHBIMH
BelMuMHaMH) . BcrnencrBue 3TOro HOBast 3KCIOHEHTa 4 BO BCeX OpJIMHaTaxX rpa-
¢duxa Gyner pacmoyoxeHa BbIllle CTapoH IKCIOHEHTHI 2 BO CTONBKO pa3, BO
CKOJIbKO [IaBJIEHHE Ppmay OOMblle faBnienus ppy. HoBoi sxcmoHenre Takike
Gymer COOTBETCTBOBAaTh HOBBI YPOBEHb YCTAaHOBHMBILETOCH PeXHMa My .,y H
HOBasl KacaTellbHafA 5, KOTOpas onpefnensaer 6dmb1iTyIo KpYTH3HY KCTIOHEHTHI 4
B Hayajle IpoLecca MO CPaBHEHHIO C SKCMOHEHTOH 2, IKCIOHeHTa 4 BCIIeACTBHE
Gonblleii KPYTH3HBI HAMHOTO paHbllle JOCTHraeT ypoBHA TpeOyeMoi HOMHMHAIIb-
HOM vYacToThl BpaiieHusa poropa THA (ua puc. 3.27, 6 maxe MeHblile, 4eM 3a
Bpems T), YpoBeHb MaKCHMAIBHO JIONMyCTHMOTO HaBJIEHHA Pryax OMpENeNser
MHHHMAIbHOE BPeMs YCTaHOBJIEHHMA HOMHHAIBHOM YaCTOTHI BpAllleHHA POTOpPa
THA tycr.min = tgopc B MpoLecce ero GOPCHPOBaHHS.

Ilockombky yBermMYeHMe 4YacTOTHI BpaiieHHsa poropa THA Beuue ypoBHs
ny HEOONYCTHMO, TO B MOMEHT BPEMeHH, NMPH KOTOPOM HOCTHTaeTCH YPOBEHb
Ny, HeOOXOMMMO YMEHBLUIMTh [aBlieHME mepel TypOHHOH N0 YPOBHA Dy
(puc. 3.27, 6) . 1o obGecreynT AaNbHeiilliee MONAEPKAHHE BPAlleHHA POTOPa Ha
4acToTe Ny .

Takum oGpasoMm, npH 3alaHHOM MpPEBBILIEHHH aBJIcHUA Nepen TypOUHOI B
IMyCKOBO#H IepHON Ompenensercas HeoOXoaMMoe BpeMs NOOAEPXaHHA I3TOro
naBnesus (fgop ¢) s oBecriedeHHsA GOPCHPOBAHHS TEMNA yBEIHIEHHA YaCTOTHI
BpalLeHus pO'ropa THA. Bmecre ¢ 3THM onpefienseTca UMKIIOrpaMMa cpabarhi-
BaHHA KOHEUHBIX aBTOMaToB (06MnacTh, BbIfeNeHHas IITPHXOBKOM Ha pHc. 3.27,
6), oBecneunBaroILas KelaeMoe U3MEHEHHe TMHAMMYECKOrO Mpoliecca Ha 3Tale
3amycka JIY (o6nacTs, BeIeNleHHas INTPUXOBKOl Ha pHc. 3.27,4) .

Ina 1Y omioxpaTHOro BKITIOUEHHA Tpollle Bcero oGecneunts ¢opcHpoBa-
HHe TeMIa YacTOThl BpameHus poropa THA Ha 3tane samycka Y ¢ momoupio
mupocraptepa. OnpeneneHHe HeOGXOOMMBIX pa3MepoB NHMpO3apsAfa KpoMe [aB-
JIeHHAA ¥ BpeMeHH paboTel TpeGyer onpeneneHns pacxona rasa. Ou Moxer GbITh
ompepesied M3 clenylomux coobpakeHuit. IlyckoBoit MoMeHT, co3maBaeMmblii
NHPO3apAioM, MOJDKEH INpEOOJNieTh CONPOTHBIIEHHe poTopHOil 4Yacth THA u
HacoCOB, 3aJIUTLIX TOIUTHBOM:

Mnych = Mnycx THa +Ml‘ly¢l(.l-l (3-62)
IlyckoBoit mMOoMeHT comporuBieHHsa poTopHodt dacth THA ompenensercs us
YPaBHEHHSA OHHAMHKH

dn
=2”"ma dr

M

nyCcK THa

KOTOpOe TOCIIe pa3fieSieHHA NepeMeHHbIX IPMHHMaeT BHI
2nJ ..dn=M dr.

THa IIyCK THa

Ilo ycnoBusaM 3amaum B mpoliecce yBeNHUYeHHA 9acTOTHI BpaieHusa poropa THA
HEOOXOMMMO [OCTIDKEHHe NPENEBHOM YaCTOTBI My 3a BPeMA lgopc. ITOMY
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cnyvato 6yneT COOTBETCTBOBaTh MHTErPHPOBAHHE YPaBHEHHA IMHAMHKH B Ipe-
aenax

. nN I$ope
21/ yq c-fdn =My ck tha 6f dr,

KOTOpOE [1aeT

2 yanty = Mnycx thalpope

HIH
Z"Jrua”N
Myyex tna = ; . (3.63)
dopc

MOMEHT CONMpOTHBIIEHHSI HacOCOB B NPOLECCE YBENWYEHHA YaCTOThl BpallleHHs
MOJXKeT GBITh ONpefielieH anmpOKCHMalMel KOHKPETHBIX HallOPHBIX XapaKTEpHC-
THK HacocoB H cerok KIIIl, nHaHeceHHBIX Ha HHX, B o6uiem Bupe Takas 3amaua
IIOKa He pellleHa, a I KOHKPETHbIX HacocoB TpebGyercs pa3paboTka KOHKpeT-
Horo anropurMa, OrpaHHUMMcA onpegeNieHHeM NMOTpeGHOro MOMeHTa COMpOTHB-
JIEHHA HaCOCOB IO KOHEYHBIM TapaMeTpaM YCTaHOBHBILUETOCA pexxumMa (C ABHBIM
3aBBIILIEHHEM 3TOrO MOMEHTa) :

NHE N!l .0 H.T

= + =

"N N ny

M

NycKH

_ MoN, (PyoN~PoN) + MeNy PurN=PrN)

(3.64)

3

PoMy oN'N PrNyg rNPN

rae Ny — MOLHOCT; M — pacxof TOIUIBA; Py — AABJICHHE 38 HACOCOM; Po;r —
BaBJICHHE Ha BXOJi¢ B HacOChl; 0 — IUIOTHOCTh KOMIIOHEHTOB TOIUIMBA; T, —
KIIII Hacocos.

IIpn onpenenennu Mnﬁcxx B (3.64) BO3MOXHa MOACTaHOBKA YCPETHEH-
HBIX MapamMeTpoB HacocoB, Ilockonbky mupocTaprep oGecneunBaer 3amyck THA
4epe3 OCHOBHYIO TypOHHY, TO NIpH €ro cpabGaTrIBaHHM OHa JOJDXHa oGecreyuBaTh
CYMMapHblii IyCKOBOH MOMEHT, OTIPeeIAeMBIH BEIpRKEHHEM

N m.L NeN
M ™ T an.T.N'lt (3.65)

nycKE ] s
ny nyN

rae my — pacxop ra3oB 4epe3 TypOuHy; Lgay r — apuabarHas paGora rasa; ny —
KIIA typGussr.

Kak u B cnyuae onpepneneHHs yCKOBOr0 MOMeHTa HacocoB, B (3.65) mpH-
CYTCTBYIOT KOHeYHbIE apaMeTphl YCTaHOBHBILIETOCA peXuMa paboTsl TypOHHDI,
KOTOpble TaK)e MOTYT GbITb YCpeTHEHBI,
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Moncrasnas (3.63), (3.64) u (3.65) B (3.62), nomyyaem

'her.rJV"'rN 2nJ yya"N + Nyz

nN 'dopc "N
Pemas 6anaHc MOMEHTOB OTHOCHTENBHO NOTpeGHOro pacxoa rasa, HMeem

. 2nJ. ma"fv Nys
m, = + . (3.66)
'gopclanr NM1N Lapx NN

Pacxop rasa, nomydeHnsiit B Bume (3.66), HeoGxonuMo 0GecreyHTh NpH AaBlie-
HHH Cp_aﬁarbmaﬂux Prmax MTHPO3apAfia B TeueHue tdope- EcrecrBenno, uro nomy-
UeHHbIN pe3yNIbTaT Ha OCHOBE PelLleHUs JIMHEHHbIX W KBa3HCTAalMOHApHEBIX ypaB-
HeHHit GyHeT ABNATHCA JIMLID OPHEHTHPOBOUHBIM H NpeIBapHTENIbHbIM I OIH-
CaHHsA HeCTaLUMOHapHBIX mpoueccoB, OMHaKO OH OKa3bIBAETCA BECbMa MOJIE3HBIM
VIS CpaBHeHMA ¢ Goliee TOYHBIMH YHCIIEHHBIMH pellleHHAMH, eClIH Y[aeTcs pas-
paboTaTh MX QJITOPHTMBI,

PaccMoTpenHslii Bhillle cyyait GOPCHPOBAaHHA TeMIa yBeINWYEHHs YaCTOTbI
Bpautenua poropa THA B nepmon samycka JIY sBnsercs OOHHM H3 HEMHOTHX,
NOAJAIOIMXCA MpefBapHUTENbHOM aHAIMTHIECKOH OlLleHKe, H3 MHOXECTBa HECTa-
LMOHAPHBIX MPOLIECCOB, MpoTekaloumx B JIY Ha 9TOM 3Tarne,

BonpumHcTBO MpoGiieM, BOHHKAIOIIMX Ha 3Tame 3amycka Y, pemaercsa B
npolecce ONbITHOH JHOBOOKH B OCHOBHOM MeTOHOM mnpo6 ¥ oumbGok. Ilpenmy-
IECTBO TPEABapHUTENIBHOTO MCCIIEOBaHHA COCTOMT B TOM, YTO OHO Ha 3Tame
ombITHOM HoBonxH Y mpencraBnser paspaGOTUHKY LieneHanpaBleHHbIA BbIGOD
BapHaHTOB, OCHOBAaHHBIX Ha MPEJBAPHTENIbHOM aHaIH3e OXHIaeMbIX pe3yIbTa-
TOB, NpUMeHEHHe KOTOPHIX B MPaKTHKe CIOCOGCTBYeT 3KOHOMHH BPEMEHH H
CPEACTB, 3aTpauHBaeMbIX Ha OIBITHYIO [IOBOJKY JIBUT aTeNbHON YCTAHOBKH,

3.2.2. OCTAHOB XPLOY

Ocranos XPIIY OTHOCHMTCA K CYLIECTBEHHO HECTalMOHApHBIM NpPOLECCaM,
KOTOpbI€ BbI3bIBAlOTCA CpabaThIBaHHEM KOHEYHbIX aBTOMAaTOB B OTBET Ha KOMaH-
Oy BBIKITIOYEHHS [BHTaTENA

BrixmioueHne moGOro TEMJIOBOro [OBHMTaTelll BCerda COMPOBOXMIAETCH OCO-
GeHHBIM XapaKTepoM ero TerioBoro cocrosHus, XPILY He ABsAeTcA HCKITIOYe-
HHEM H3 3Toro mpaBuina, BeiemcrBue npemenbHO BBICOKHX TEIUIOBBIX M MEXaHH-
yeckux Harpy3ok JKPIIY oxasbiBaercs Gonee UyBCTBHUTENbHBIM K IMOCIEACTBUAM
BBIKJIIOUEHHA CBOHX arperaToB, YeM [pyTHe THIIbI TEIUIOBBIX [ BUTaTeNeH,

Ilo fme#cTBMI0 KOHEYHBIX aBTOMATOB OCTaHOB JIY MOXHO XapakTepH3OBaTh
Kak mpouecc, oGpaTHBIA 3amycKy. JTO yTBepXIeHHe MO CYIUECTBY XapaKTepa
MPOTEKaHWA MPOLECCOB OKa3bIBaeTCA HEBEPHBIM, TaK KaK HauallbHble YCJIOBHA
3alyCKa H OCTaHOBa CYIIECTBEHHO Pa3JIHuHbl, KaK M MPOLIECCHI, BbI3bIBaeMbIe B
IV npsaMbIM ¥ 0GpaTHBIM cpaGaThIBaHHEM KOHEUHBIX aBTOMATOB,

Ipoueccs!, Bo3HuKaloume B JIY nmpH ocTaHOBe, pacCMaTpMBAIOTCA C ABYX
nosuiwii. IlepBasg M3 HUX, BHELHAs MO OTHoluenuio k JIY, oneHMBaeT npouecc
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ocraHoBa JIY ¢ mo3muMii BHINONHEHHMS MOJIETHOH 3a/1aYd JIETAaTeBHBIM almapa-
TOM — OopMHPOBaHHA NMOTPEGHOrO UMIYJIbCa TATH C HEOOXOMUMOM TOYHOCTBIO,
Bropas, BuyTpennss wis Y, oueHHBaeT npolecc OCTaHOBa C TOYKH 3PEHHUS ero
6e3aRapHIHOrO MPOTEKaHHsA,

C no3HuMHM BHINONHEHHA NONeTHOM 3amauu JIA sran ocraHoBa JIY paccmarpu-
BaeTcA KakK I[OMexa, 3aTpylHsiomas ¢$HopMHpOBaHHE MOTPeGHOrO HMIyJIbCa
TATH ¢ HeOGXOOUMOi TouHOCTBI0, [leio B TOM, YTO TILATETBHO NOArOTOBJIEHHBIH
cucremoii PKC MoMeHT BpeMeHH i GopMEpPOBaHHA KOMaH/IBI Ha OCTaHOB JIBH-
rarefii MCXOOMT H3 (haKTHUECKOro YCIOBHA JOCTHXEHHMA KOHEUHON CKOPOCTH
JIA, paBHoii 3amaHHOMY 3HaueHmio, Ho mocne peanusanuu 31oit komanapr (mocie
3aKpBITHsL [V1aBHBIX TOIUIMBHBIX KIIallaHOB) JBHTaTelh (OPMHUpYeT NOMOJNHH-
TEJTbHbIA HMIYJIbC TATH B pe3yJbTaTe JOrOpaHHA TOIUIMBA, OCTABIUErOCA B €ro
MOJIOCTAX 32 KJIalMaHaMH,

Tocrne 3akpbITHA INaBHBIX TOIUIMBHBIX KJIaIaHOB IPOLIECC OMNOPOXHEHHS
3aKJIAMaHHbIX IMOJIOCTel JABHrareliss OT OCTaBIUErOCHA B HUX TOIUIMBA IIPOMCXOMMT
NPH 3HAUMTENIBHBIX IpalHeHTaX H3MEHEHMs [aBJICHHH H TeMIeparyp, KOTOpEHIe
BBI3BIBAIOT MONEPEMEHHOe M3MeHeHHe (a30BOr0 COCTOSIHHA TOIUIMBa. B 3THX
YCIIOBHAX INPOLECC HOTOPaHHA OCTaTKOB TOIUIHBA CIJIaNbIBAETCA XaOTHYHO, a
dbopMHpyeMBIii 3THM NpPOLECCOM HMITYNbC TATH Gymer HeompemeneHHbIM (He-
CTabWIBHBIM) .

HmMitynse TATH, peanusyeMblii OC/Ie 3aKPhITHA ITIaBHBIX TOIUTMBHBIX KJlana-
HOB, Ha3bIBaeTCA MMITyJIbCOM Nocnefeficreus asurarens (UIL) .

Heompenenennocrs UIIJl xak pa3 H ABNAETCA NMOMEXOH, 3aTpyIHMIOLIEH
dopmupoBanne MOTpeGHOro HMITyJIbCa TATH C HEOOXOMUMOH TOYHOCTBIO.

YyscTBuTeNbHBIMH K HecTabwibHocTH MIIIL oka3ssiBatotcs Bce Y, BRINON-
HAIOIIMe 3a[auH yNpaBlieHusA NBIKeHHeM lieHTpa Macc JIA M yrpaB/ieHMs OpHeH-
Taumeit oceit JIA ¢ momomsio JKPIIMT,

Jlna ycneummHoro BBHINOHEHUA MONETHBIX 3a/lal KPOMe CTaGHIbHOCTH TaKKe
Tpebyerca MHHUMH3auMA BemauHbl UITI,

C no3unumii Ge3aBapuilHO# OpraHu3auuy ocraHoBa JIY HeoGXOMMMO OLIEHHTD
BO3MOXHbIE ONaCHOCTH MPOTEKaHHA paboIMX NPOILIeCCOB Ha 3TOM 3Tare,

IlepBast omacHOCTb BO3MOXHOrO pa3pyLieHHs 3emeHToB Y BO3HHKaeT B
NpouEcce 3aKPBITHA TOIUIMBHBIX KJIalaHOB, CONMPOBOXZAEMOTO ABJICHHEM THI-
poynapa. Ilomiblit WIH 9acTHYHBIA TMAPOYAaphl BO3HHKAWT B TpyGompoBomax
CHCTeM MNHTaHusA JneMeHToB JIY npu cpabGaThIBaHMM KJIallaHOB OCTaHOBa, IOJI-
HOCTBIO NEPEKPHIBAIOIMX TPy OOIPOBOMABI.

H3BecTHO, YTO NpH GBHICTPOM NEPEKPHITHH TPyGONPOBOIa BCIIEACTBHE COKM-
MaeMOCTH XHIKOCTH €€ TOPMOXeHHEe IPOUCXOIMT MOCIIONHO, HAYMHAACh OT 33-
KPBITOTO KOHIA H MepeMeIlasach K OTKPhITOMY CO CKOPOCTBIO PaCIPOCTPaHEHHs
BO3MyIeHHii, OTpaxkeHHas OT CBOGOOHOro KoHuUa TpyGonpoBosma BojHa [iaBlie-
HHA C TOH )X€ CKOPOCTbI0 BO3BpalllaeTCA K 3aKpbIToMy KoOHUy. Takoi rumpo-
ynap Ha3piBaercs nomibiM. i atoro ycnosua H E, XKykosckum 6su1a nomyve-
Ha $popMyJla MAKCHMAJIBHOTO JaBJICHHA MOJIHOTO FHAPOyapa

Pmax = Px VOC»

IOE Py — TUTOTHOCTD XHAKOCTH; Vo — HCXOIHAsA CKOPOCTh ABHXKEHHA XHIKOC-
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Puc. 3.28. 3aBHCHMOCTb OTHOCHTEJIbHOTO MaKCH-  PAmax
MajlbHOTO [ABJIEHHA THAPOYAapa OT BpeMeHH 7 N
3aKpbITHA KJIamaHa 7 2

TH no TpybGompoBoAy mnepel €ro 3aKphl-
THeM; C — CKODOCTb pacNmpOCTPaHEHHSA

ynmapHo#t BoNHbI (3¢ dexTHBHasA CKOPOCTh 9 2 4 Tsanp
3ByKa). < c
ITo H.E. XXykoBcKkoMy [UIA KpYTIIO# TOHKOCTEHHOMH TpY6bI
E
Cc= I =
b
Dyp  Ey
Py (1 + )
6 CcT ECT

roe Ey — Momyns 06beMHON ynpyTOCTH XHAKOCTH; E, — MOIYNb YIPYrocTH
marepHana CTeHKH; D,, — BHYTPEHHHH [MaMeTp TpyGompoBoa; 8. — TONI-
IIHHA CTEHKH,

Ina xomnonenToB pakerHsix Torwms C = 500 ... 1500 m/c (Vo = 10 M/c).

IIpu monmHoM rugpoynape BpeMs npoGera ynapHoit Bomisl 7= 2I/C, roe ! —
IinHa TpyGOMpOBOMa, a YCIIOBHE PEAIH3alMM MOJIHOTO FHAPOYHapa OTBEYAaeT
HEPABEHCTBY Tyapp < T, TAE Tygpp — BPEMs NOJHOTO 3aKPHITHA KJIalNaHa, T.e.
OTpaXKeHHasgs OT CBOGOIHOro KOHIa TpyGompoBoJa BOJHa [AaBJlieHHs JOJDKHA
BCTPETHTb 3aKPHITHIH KOHell Tpy6onpoBoza.,

Ecin x MOMEHTY NpHXo[a OTPaXEHHOM BOJIHBI IUJIalaH YaCTWYHO OTKPBHIT,
T.. Tyaxp > 7, TO JHepPruA OTPAXKEHHO! BOJHBI YACTHYHO IOralllaeTcs H FHApPO-
ydap MOJTyyaeTcs YacTHYHbIM (HemomHeiM) . IUiA 3TOro Ciyyas MaKCHMATbHOE
[iaBIIeHHe HEMONHOrO FUApPOYHapa onpexeNsiercs no ¢opmyine Muuo' .

r
Pmax =Py VoC > 3.67)

T3akp

I7ie BpeMA T, MOXET NPUHMMATb PAM LENbIX H MPOMEXYTOUHBIX 3HAYCHHMA:
Toaxp = 2/CS 41C; 6l/Cu1 .
ocsie nopcTaHoBKH B (3.67) ycnosus 7 = 2//C BHAHO, 4TO MaKCHMaJIbHOE
OaBJIeHHe TPH HENOJNIHOM THOpPOYHape NPAMO MPONOPLMOHAILHO [JIHHE TPYGO-
IPOBOAa H OGPAaTHO MPONIOPIMOHATBHO BPEMEHH 3aKPBITHA KJIallaHa,
Ha puc, 3.28 nmoxa3aHo H3MeHeHHEe OTHOCHTEJIbHOIO MaKCHMAaJIBHOTO [aBJle-
Pmax

HHA THOpOYyapa p_m ax — -p—a— B 3aBHCHMOCTH OT BPEMEHH 3aKpbITHS KJla-
x 0o

! Qopmyna MO MpHMeHWMa JIHING IS ClTydaeB, KOTHAa XOf, KJIaNaHa [0 BpeMeHH
peanu3yer JIMHEeHHBIA 3aKOH TOPMOXEHHS CKOPOCTH >KHAKOCTH (BO3MOXHBI KBaJpaTHu-
HBIH, 3KCTIOHEHUHMANLHBIA M APYTHE 3aKOHEI TOPMOXEHHS CKOPOCTH XHOKOCTH, peajin3ye-
Mble NIPH NOcafiKe KJlallaHa Ha CeqIo) .
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maHa. Ilpamas 1 nomyuena no popmyne Xykopckoro, kpupas 2 — no ¢popmyie
Muuo,

IpuseneHHasa Ha puc. 3.28 3aBHCHMOCTb MaKCHMAJIBHOTO [aBJICHUA THIPO-
yAapa OT BPEMEHH 3aKpbITHA KJlallaHa NEMOHCTPHPYET MPOTHBOpeure MEXIY
TpeGoBaHusaMu ymeHbllenusa MIIL u coxpaneHHem 3nementoB 1Y OT BO3MOX-
Horo paspyiuenus, Ymensuenue UILI oGecneunBaercs MHHHMaJIbHBIM BpeMe-
HEM 33aKpBITHA KJIAMAHOB, a MpefoXpaHeHHe 37eMeHTOB [IY OT upe3MepHBIX
Harpy3ok Tpebyer IiaBHOro (MemIEHHOT0) 3aKPhITHA TeX JKe KJIallaHoB,

Ins npumepa MOXHO OTMeTHTh, uto B JIY cucrem opuenrtaunn KJIA pnis
obecneyeHnss HeOGXOOMMOH TOUHOCTH YTIpPaBIIEHHA OBH>KeHHeM JIA OTHOCHTEND-
HO €ro IeHTpa Macc TpeGyeTcs MHMHMMAIbHOE BpeMs 3aKPHITHA KIIaMaHOB
XPIOMT, xoropoe cocrasnser npumepHo 3 — 4 mc. IIpn naBnenun nopauu romn-
JIHBa B [BHTaTeNH B auanasoHe (15 — 20).10° [Ta B KOMIEKTOpaX MHTAHMSA 3THX
OBUTaTelledl Mociie MX BBIKIIIOUEHHs OOHapyXHBalOTCA KonebGaHHA TaBIICHHA C
ammiurynoit (70 — 100)-10° IMa, Jlns ycTpaHeHHs OMHAMHYECKHX TeEperpy3oK
B TOIUIMBHBIX MarMCTPaJIfiX H KJIANaHHBIX arperarax B Tpy6onpoBob! ycTaHaB-
JIMBAlOT aKTHBHbIE WIH PeaKTHBHbIE racHTeNH koneGaHuil [24], AKTHBHbBIC racH-
Tenu KoneGaHMi B BHIe APOCCENbHbIX NMAaKeTOB OOBIMHO YCTaHaBJIIMBAlOT He-
MOCPECTBEHHO Ha BXOM€e B BUTaTelb, Peak THBHbIE racHTeNH KoneGaHuiA B BUIE
OTBETBJIEHHBIX PE30HAaTOPOB OGBIYHO YCTaHABIIMBAIOT Ha TOIUIMBHBIX Marucrpa-
nax BOIH3H TOIUTMBHBIX GakoB.,

Bropas omacHOCTb BO3MOXHOTO pa3pyllieHHsa 3NeMeHTOB JIY BO3HMKaeT B
KaMepe OBHTaTells IOCIIe IMpeKpalleHHs MOAaYd TOIUTHBAa B (OpPCYHOUHYI0 IO-
JIOBKY M TPaKT OXJIaXOeHHA KaMephbl. BcrencTBue 3amasppiBaHusA BBITOPaHHsA
TOIUIMBA M 3HaUYHTENBHOr0 o6beMa KaMep B MOMEHT MPeKpalleHHs MOJauH Toll-
JIKBa B XHAKOCTHBIX IOJIOCTAX JaBJIeHHe Mafaer ObicTpee, yeM B ra3oBbiX. IIpu
ITOM BO3MOXEH 3a6pOC FOpAYMX NMPOAYKTOB CrOPaHHSA B MONIOCTH (GOPCYHOYHOMH
rONIOBKH, MOCJIE[ICTBHEM KOTOPOTo MOXeT GbITh HX paspyiueHue. IIpemorspaine-
HHIO TaKOW CHTyallMM CIOCOOGCTBYeT OpraHM3alMa NOIJIEPXaHHA [aBJIEHHA B
MHUIKOCTHBIX IOJIOCTSIX ABHMTaTellA IMyTeM OPraHW3alMH NMPOJIMBOK HIH IPOMY-
BOK B HaYalIbHbIi MOMEHT 3aKpbITHA KJIaNaHOB, YCTPaHEHMIO 3TOTO SBJICHHA
TaK)e COoCOOCTBYeT MeIJIEHHbIH TEMIT 3aKPhITHA KJIallaHOB OCTaHOBa,

Tperpsi oMacHOCTb BO3MOXKHOTO Pa3pyILEHHUA KamMephl NPH Pe3KOM OCTaHO-
Bé TOIUIMBa B TPaKTe OXJLKIEHHA KaMepbl BO3HMKaeT BCIIEACTBHE TOTO, YTO K
MOMEHTY BBIKJIIOYEHHsI OTPOMHBIE TEIUIOBbIe IOTOKH, MMOCTYMAIOLIME CO CTOPOHBI
OTHEBOH CTEHKHM KaMepbl, cmocoOHbl B Hanbollee Harperod 4YaCTH He TONBKO
H3MEHHTb (ha30BOE COCTOSHHE TOIUIHBa, HO H MEperperb TOHKYIO CTEHKY CBepX
OONMyCTHMOH# HOpMBI BIUIOTH A0 mporapa. IIpemorBpaiieHHe 3TOTO AIBNIEHHA
TpebyeT CnelManbHON OPraHW3alMH NMPONIMBKH TPaKTa OXJaXIEHHA KaMepbl B
nporuecce ocTaHoBa JIY WM MpogyBKH TpaKTa OXJIaXIEHHSA ra3oM,

UYerBepTas OMacHOCTb BO3MOXKHOTO pa3pylleHHA KaMephl [ABUTATeNsA Ha ITa-
nme octaHoBa JIY cOCTOMT B TOM, 9TO MPH CpHIBe IUIaMeHH B MpOLECCe OMOPOX-
HEHHSI KaMepsl OT NMPORMYKTOB CrOPaHHA NPH HECaMOBOCIUIAMEHAIOLIEMCH TOI-
JIMBe BO3MOXHO H3OBITOYHOE €ro HaKOIUIEHHE H NMOCIIeAyollee CaMOMPOU3BOIb-
HOe BOCIUIaMeHeHHe OT HarpeThIX 3JIeMeHTOB KOHCTpYKIMH, [IpH 3TOM BO3MOX-
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HbI HepacueTHble 3a0pOChI [aBIIEHUH, KOTOpbIE NPH MeperpeTbix JeMeHTax Ka-
Mepbl OBUratTelis MOTYT NPHBECTH K NOTEpe NPOYHOCTH ee Harpersix oGonoyex
(HampHMep, K IpWKaTHIO BHYTPEHHEH 0GOJIOYKH K HapyXKHOI) .

B npouecce ocraHoBa [1Y BO3MOXHBI W [pyrue aHOMaJIbHBIC SIBJICHHs, U
s GesomacHoro ocraHoBa JIY HeoOGXOAMMO NpHMeEHEHHe CHELMalbHbIX Mep
IUIA MX NPEeNOTBpaLLEeHNs .

PaccmoTpuM XapakTepHble 3Tallbl, COCTABIIAIOLIHE npouecc GOpMHUPOBaHHsA
MUMITyJIbCca nocreneicTBus nurarens, Ha puc. 3.29 nokasaHbl 3TH 3Tambl ¥ Xa-
paKkTep M3MCHEHMs [aBJIeHMA B KaMepe B IpOIIECCE pealM3alMM [BUraTeleM
UMITyJIbCa NOCTeNeHCTBHA,

Ummynsc nocnenedcTBUs HauMHaeT GOPMHPOBATBCA C MOMEHTa [OfIaud KO-
MaHJIbl Ha OCTaHOB JIBMraTens (C MOMeHTa T, . ). OIHako Ha HEKOTOPOM 3Ta-
ne 1 3Ta KOMaHJa 3ama3gbiBaeT, JTO BpeMs B OCHOBHOM OIIpeleNseTCA 3alas-
ObIBaHUEM CpabaTbiBaHWA NPHBOOHBIX yCTPOWCTB [JIaBHBIX TOIUTMBHBIX KIlama-
HOB. B mHeBMomnpuBOgax Mx pabouMe LWIMHADPBI JOJDKHBI HAMOHUTBCSH Fa30M, U
B IMPONpPHBOMAX [JO/DKHA pPa3orperbcs CIMpalb HakaiHBaHWA, Bpems 3anmasgsl-
BaHMA MHEBMOIPUBONOB Haxopurcsa B guanasoHe 0,05 — 0,15 ¢, a muponpuso-
noB — B guanazoHe 0,001 — 0,015 ¢ 1 MoxeT GbITh YTOUHEHO B 3aBUCHMOCTH OT
HX Pa3MepoB,

Jtan 2 coOTBETCTBYET cpabaTbIBaHMIO TOIUTMBHBIX KianaHoB, Bpems cpaba-
THIBaHMsI IHEBMOKJIanaHoB npuMepHo paBHo 0,01 c, a mupoxinananos 0,001 c.
Omiako U B 3TOT [EPHOM U3MEHEHHs TATH He MPOUCXOMMT, XOTA K KOHILY XOfa
KJlallaHa TOIUIHBO B KaMepy He mocTymnaeT, 10 oGbsacHsaeTca GUIUKO-XUMMYEC-
KHMH CBOHCTBaMH PaKeTHBIX TOIUIHB, KOTOPbIE CrOpalOT He B MOMEHT IOCTYII-
JIeHHst B KaMepy, a MOCJIe XapaKTepHOro /Ul KaXIOro BHMa TOIUTMBa BPEMEHH
3amas3fbIBaHuA BocIulaMeHeHHs, JIiA caMOBOCIUIaAMEHAIOILMXCA TOIUIMB 3TO Bpe-
MA JexuT B guamasone 0,001 — 0,003 c, a ons HecaMOBOCIUIAMEHSAIOILUXCA —
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Puc. 329. H3meHenue fgaBneHMsi B Kamepe NpH BLIKJIIOYeHMH ABHTaTeNs M XapaKTepHble
3Tambl (GOPMHPOBAHHA HMITYJIbCA NOCIEAEHCTBHSA
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B puana3one 0,005 — 0,01 c. BenencTBue 310ro BECh MpolieCC BO BPEMEHH KakK
GBI CIIBHTaETCS BIIPABO Ha BPEMSA T, 1ony (3Tam 3).

Crnemyer OTMeTHTb, YTO 3ama3fbIBaHHe BOCIUIAMEHEHHS TOIUIMBA CBA3AHO C
peXuMoM paGoTbl KaMepbl COOTHOLUEHHEM Ty,1 onn = To/Pk, THE To — HCXOfI-
HOE 3ana3/ibIBaHHe NpH HOPMAHBIX (aTMOCQEPHbIX) YCIOBUAX, & Tyay ronn —
¢ yueToM pexkuMa pabotsr JIY. IIo3TOMy B NpHBETEHHBIX BbILIE YHCIIOBBIX JIMa-
na3oHax cnenyeT mpu aHanuse MIII opueHTHpOBaThCA Ha MEHBIIME 3HAYECHHA
3THX BenwyuH, Ha mpakTHke U3 OCIMIIIOrpaMM MCIIBITaHUHA JBHraTelei, UCIIONb-
3YIIIHX CaMOBOCIUIAMEHsIOIIEECS TOIUTHBO, 3Tall 3 BBIENUTh He YHAeTCs Jaxe
TpH BBIKJIIOUEHHH IBUraTeIsl C ypPOBHs HU3KHUX HaBlieHuit (pyy =~ 10-10° Ila).

Jtan 4 XapaKTepu3yeTcs pe3KHM clafoM fasienns. Ha srom 3rtane mpouc-
XOIHT OMOPO>KHEHHe KaMepbl ABHTaTelli OT NPOJYKIOB CrOpaHHWA TOIUIMBA,
OpHEHTHPOBOUHO (B JIMHEHHOM INpPHGNIDKEHMH) IpHMEM BbIpaXKeHHe IJIA 1O-
CTOSTHHO¥M BpeMeHHU KaMephl I BUrarelisa B Buze [4]

T= £ _ BV _ M‘npun
y+1 FypRT,  RTy '

2 -1
FypV/7RT, ( )Y

T+ 1

rae V, — obbeM KaMmepbl ABHraTens; F , — IIOMWIah KPHTHYECKOrO CEYeHHs
comna; 7T, — TemmepaTypa ra3oB B kamepe ABHrarelis; R — ra3oBas IOCTOSH-
Hafl; Y — NOKa3aTeNlb afMabaThl pacIIMpeHHA NPOAYKTOB CrOpPaHHWA B COILIE;
B — pacxomHbI#t KOMIUIEKC; an“ — NpHBENECHHAsA [UTHHA KaMepbl.,

Torma MOXHO OnpemeNuTh NMOJHOE BPeMsA ONOPOXHEHHA KaK Tonop ~ 3T.
ITpu 3TOM caM mpoliecc U3MEHEHHs TaBJIeHHA B MepHON 3Tana 4 Ge3 yueTa 3ama3-
ObIBaHUA BOCIUIAMEHEHMs TOIUIMBA MpeoriaraeTcs 3KCINOHEHIMalbHbIM M 3aIH-
ChIBaeTCsi B BHJIE

P =Dy ne

Takoe mpubnikeHue CpaBeTUBO, €CIH CYMTaTh, YTO B, R M T, He 3aBHCAT OT
OaBJIeHHs B KaMepe [BHTaTells, a B MIEPHOJL ONOPOXHEHHA B KaMepy OCTaTKOB
TOIUIMBA M3 3aKJIallaHHBIX MOJIOCTeH He mocTymaeT, Ecnu 3TH mpemmonoxeHus
OKa3bIBalOTCA IpyObIMH, TO HEOGXOOMMO COCTaBHTh HeNMHeHHOe nuddepeH-
LMaNbHOE YpaBHEHHE C MEepeMeHHbIMH KO03hHIMEHTaMH U Wi KaXOOro KOH-
KPETHOTO Clly4asi OJIyYHTh €ro YacTHOE peleHue ¢ nomoiupio [IBM.,

IIpakTHKa MOKa3bIBaET, YTO [IA KaMep MaJibIX pa3MEPOB IpPEeAIOIOXKeHHe
0 ONu3KOM K JIMHEHHOMY XapaKTepe NMpOIEcca ONOPOXHEHHUS SBIAETCA CIpa-
BE[UIMBBIM BCJIEICTBHE MaJIOr0 BpeMeHH 3T0ro npouecca. I[Ipu 3Tom npomykThr
CropaHHsA MOKHOAIT KaMepy B ’3aMOpPOXKEHHOM” COCTOSTHHUH,

IIpouecc omopoxHeHns KaMepbl JABHTaTelld Ha 3Tane 4 3aKaHYMBAETCA NPH
CHIDKEHMH [IaBJIEHHA 10 YPOBHSA [aBJICHHA HaCBILIEHHBIX [apOB OJHOIO M3 KOM-
MIOHEHTOB TOIUTHBA, B pereHepaTMBHO OXJIaXKJaeMBIX OBHTaTelIAX MEepPBbIM HauH-
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HaeT napoofpa3oBaHWe KOMIIOHEHT, HAXO[NAIMIACA B TpPaKTe OXJIaXIECHHA
Kamepsl, '

_C 310r0 MOMEHTa HaYHHAETCs 3Tall 5 HAaNONHEHWsA KaMephl MapOM OXJIaX-
Haolero KOMIOHEHTa TOIWMBa, Yepe3 HEKOTOPhIA MOMEHT BpeMEHH HauuHaeT-
CA BbIlIapUBaHHe BTOPOrO KOMIIOHEHTa TOIUIMBA M3 IOJIOCTH (POPCYHOUHOH ro-
JIOBKH [BHTaTeNix, ITOT MOMEHT ONpENENAETCA BpeMeHeM, 32 KOTOpOe JiaBJie-
HHe B (POPCYHOUHOH MOJIOCTH NafaeT A0 HaBJIEHHS HaCIIIEHHBIX NapoB TOIUIH-
Ba, HaXOIALIErocs B HEH.

ITockonmbky mapsl TOIUIMBA CO3Hal0T H3GBHITOYHOE [aBJIeHHE B (POPCYHOUHBIX
MOJIOCTAX, TO MOJ, MX BO3HEHCTBHEM B Kamepy MOJAeTCs TOIUIMBHas MapOXHJ-
KOCTHasi MYJIbCHs, TaK KaK B TeUeHHe 3Tama 5 NMOJIHOTO MCNIapeHHA TOIUTHBA
B 3aKJIANMAHHbIX MOJIOCTAX ABUraTelis He mpoucxonut, C MOMeHTa mopayu Mapo-
XHIKOCTHOM 3MYJIbCHH BTOPOro KOMIIOHEHTa TOIUTMBa (M3 ¢opcyHOUHO#H mo-
JIOCTH) B KaMepy MpOMCXOIMT MX CMELIMBaHWe U BOCIUIAMEHEHHME OT KOHTaKTa
C Harperoi MOBEPXHOCTBIO CTEHKH,

C sToro MOMeHTa HauMHaeTCs 3Tall 6 HepacueTHOro Ipolecca TOpeHHs
IMyJIbIHPOBaHHOro ToIUMBa, [Iponecc ropeHus Ha 3TOM 3Tame XaOTHUEH, NO3ITO-
MY BO3MOXHbI OTHENbHble 3a6pochl (XJIONKH) M chaObl JaBJIeHWs, KOTOpBIE
MpPaKTHYECKH He NMpOTHO3MpYIOTCA. BpeMs 3TOro mpomecca Takke HeompeneNeH-
HO. OH MOXeT NMpOHOIDKAThCA CEKYH/IbI U Aecatky cekyHa (1 — 70 ¢ B 3aBHCH-
MOCTH OT 06beMa 3aKJIallaHHBIX IOJIOCTEH ABHTaTells, ONpeelisieMbIX B TOM 4HC-
1ne ¥ rabapHTaMH KaMepbr) .

J1an 6 3aKaHIMBaeTCA MOCIIE ONOPOXKHEHHUA OFHON M3 3aKJIaNaHHBIX MOJIOC-
Tedl ABurarensa. OKOHUaHHE 3TOro 3Tala COMPOBOXAAETCA BTOPHUHBIM OTOPOX-
HeHHeM Kamepbl fBHratens (3tanm 7); ¢GopmMHpOBaHHe HMIyJbca MOCITEMEH-
CTBHA 3aKaHUMBAeTCA NpPOLECCOM BbINMApHBaHMA KOMIIOHEHTa TOIUIMBA, OCTaB-
merocs B u36bTke (31anm 8) .

Insa ouenxy Bmusanua UIIIL Ha TOYHOCTb BBLINMOJHEHHA MOJIETHBIX 3amad JIA
HeOOXOMMMO OIIpefeIuTh €ro BelMuMHy, BenuuuHa MMIMyJbca MOCNENeHCTBUA
onpefenserca Kak MHTerpall TATH BO BpeMeHH Ha 3Tane GOPMMpPOBaHHA ITOTO
HMITyJTbCa:

TkoH
Iun= J P(7)dr.
TkoMm

Ha puc. 3.29 Bemwumia MIIJ] xapakrtepMsyeTcs 3alUTPHXOBAaHHOH IUTO-
manpio. [Tockonpky oxonuarue mpouecca MIII ¢ yueTrom BhInapMBaHHA KOMIIO-
HEHTa TOIDIMBa, OCTaBLIErocsi B M3GBITKE, CTAHOBHTCA HEOMpEHENICHHBIM, TaK
KaK MpOLECC BbIMAPHBaHUA MPOMUCXONMT IO aCHMNTOTHUYECKOH KPHBOIi, TO Ompe-
[eNIA0T TaKY10 BEIMYMHY TATH (WM [aBJIEHHs), HaTHHAA C KOTOPO#H OCTaBIlas-
ca vqactp HUIIJ] cranoBuTcs HecyiiecrBeHHOH, Ha puc. 3.29 3ta BelmmuuHa coOT-
BETCTBYeT 5 % HOMMHAIIBHOrO 3HaYeHMs JABJIEHMS B KaMepe fIBHTaTeNsA. B paH-
HOM ClTydae BpeMs JOCTHKEHHA 3TOTO YPOBHA B MPOLECCe H3MEHEHHSA [AaBJICHHA
Ha 3tane 8 ¢popmuposanua HILI onpenenser KOHEUHbIH MHTEPBan MHTErPHPO-
BaHHA Ty, . TaKHM OGpa3oM ONpeeNsAieTCs W NOJHBbIH HHTEpPBal BPEMEHH Cy-
mecrBenHoro BiusHusa I — tyy .
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B uH)XeHepHOH NpaKTHKe CTaHOBMTCS BaXXHBIM OMpeMeNieHHe BelIYHHBI
WIO B npouecce 3CKM3HOTO MpoeKTHpoBaHus 1Y, T.e. ero ompepenexnue no yep-
TeXy [BHraTelii H 1O OCHOBHBIM MpOeKTHbIM mapamerpam IIY. C stoit nemsio
npusAro pa3buenue mpouecca HIII Ha xapakTepHble y4yacTKH, KOTOpBIE YIIPO-
IIAI0T BBIYMCIICHHE IOJIHOTO MHTETpajla TATH MO BPEMEHM; 3aMeHAA €ro CyMMOH
HHTErpajioB, KKABIA U3 KOTOPBIX B CBOEM COCTaBe COOEPXHUT CyMMy OOHOPO.-
HBIX NHGO 3KBUBANIEHTHBIX MpOLECCOB, TakoMy yclOBHIO OTBeuaeT pa3bueHue
WIII Ha yvactku I-1V, moxasammbie Ha puc. 3.29. Torma momHbIA UMITYNIbC
nocriefeficTBHA MOXKET GbITh NMPENCTaBIIEH CyMMOH

Ipp=h+ Iyt Ity

WIH
TkoH 3 i i TkoH
[ P(mdr= [ P(r)dr + [P(r)dr+ [ P(t)dr+ [ P(r)dr,
TkoM TkoM toon 51| I

roe HaHGOJ'IbU.I}’lO JOJII0 COCTABJIAIOT 1Ba CJIaraéMbIX:

Il + II" = (0,7 0,85)11.[‘11,

Onpepenenue I}, Ijj u I}y ocoBbIx TpyOHOCTei He npefcTannsaer, OOHAaKO BbI-
umcneHue Iy yCIOXHACTCA TeM, YTO BHJL CaMOro Npoliecca U Ipefiesibl HHTEr pu-
POBaHHA C Ha3HaYEHHOM TOUHOCTHIO 3apaHee (O MCIBITaHWA) YCTaHOBMThH TPY.-
Ho, Bosnbwoii Bknan B onpepenenue I BHec B A, Maxun, koTopoMy ymanocs
Ha OCHOBE TeIUIO(pU3HIECKHX CBOACTB PaKETHBIX TOIUINB M ONMMCAaHUA UX B3aHMO-
OEeHACTBUA B 3MYIIbCHOHHOM COCTOSTHHM COCTaBHTb M DEILMTh CHCTEMY HEIIMHeMH-
HbIX yPaBHEHUH JMHaMHKH CylLIECTBEHHO HECTAallMOHapHBIX NPOLECCOB, MPOMC-
xopamwmx Ha yvactke III UL, Ilocne mpoBenenHoro o63opa ¢pusnyeckux mpo-
neccoB, mpoucxopAmx B JIY Ha srane ¢dopmuposanus WUIII, MoxHo, ormpasnch
Ha OCOGEHHOCTH HX NIPOTeKaHWA BO BpeMEHH, COCTaBHTb IepeueHb He0GXOIUMBbIX
MEpONPHATHH, CIOCOGCTBYIOLIMX YCNELIHOMY BBINOJIHEHHIO MONETHBIX 3afay JIA
1 obecnieynBaloIuX Ge3aBapuiiHblil ocTaHOB [V,

MeponpuaTis Mo yMeHbILUEHMI0 W CTaGWIM3aUMK HMITyJIbCa MOCIIENEACTBHA
C HENbI0 yBelIMYeHHss TOUYHOCTH BOCIPOM3BEHEHUA MOTPEGHOro MMIyJbCa TACH
MOTYT GbITh cOpMyTTHPOKaHbI B BHIE CIIEYIOLIMX NpenyIOKeHHH,

1. YcraHOBKa I71aBHBIX TOIUIMBHBIX KJIAllaHOB KaK MOXHO Giike K Gopcy-
HOYHO# rojIOBKE BIUIOTh IO OTHENEHMA TPaKTa OXJIAKIEHUS KaMepbl C LEJIbIo
YCTaHOBJIEHHA MEXIY HHM ¥ GOpCYHOUHO# rOJIOBKO# KJIalaHa OCTaHOBa,

IIpumeHeHne HamoNHHTeEH, BBINOHEHHBIX M3 CTOMKHX K TOIUTMBaM MaTe-
PHAaJIOB, B CBOBGOIHBIX NONIOCTAX (POPCYHOUHBIX I'OJIOBOK.

B obmem ciyyae moGble KOHCTPYKTHBHBIE MEPONPUSATHA M0 yMEHBLICHHIO
o6beMa 3aKNanmaHHBIX MOJIOCTeH HMBHTATENH CNOCOGCTBYIOT yMEHBLUCHHIO H CTa-
6unusamiu UTI,

2. Tlonwxkenune pexkuma paGotot JIY nepen ¢popmupoBaHMEM KOMaHOBI Ha
BelkMoyeHne aBuratensa. [lepeon JIY Ha mMOHIDKeHHBIH peXXMM paGOThI MOXET
MpOM3BOAMTHCA CTymeHyatro (puc. 3.30). Il pmBHraTenef, KOTOpbIe 3aMycKa-
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Puc. 3.30. Crynenuaroe u3MeHeHHE pexxHMa i’uc. 3.31. MporpaMMHOe H3IMEHEHHE PEHKH-
paGoter /1Y nepen nopatedl KomMaHabl Ha Bbl-  ma paGorsr [IY nepe; mofaveik KOMaHMbI
KoYeHHe ABHraTe/Isn ’ Ha BBIK/TIOYEHHE [BHraTels

JIACh B [IBe CTYINEHHM, €CTECTBEHHO MCIONIb30BaHHE JIOTMKH HX BKITIOYEHHS B 0O6-
paTHOM mnopsiike (KaK 3TO HMeeT MeCTO B arperarax aBTOMaTHKH, IOKa3aHHBIX
Ha puc. 2.71 u 2.72) . Bo3aMOXHO MpOrpaMMHOE CHIDKEHHE TATH Ha MHHHMalhb-
HbIA ypOBEHb Mepe MOojaueil KOMaHbl Ha BbIKIIIoUeHHe aBurarens (puc. 3.31).
Ecnu 3amyck nporpaMMHBIA, TO H Ha PeXXKHME OCTaHOBa JIOTMYHO HCIIOJIb30BaTh
TO e YCTpOiHCTBO, paGoraioiiee B o6paTHoM nopsake. IIpensapurensHoe mno-
HIDKeHHe pexkuMa pa6orsl 1Y B Heckonbko pa3 yMeHbiuaer Benuwuuny UILI,

3. IlpepBapurensHoe BBHIKJIIOUEHHE OCHOBHOH KaMepbl IBMrareils M Iepe-
HOC OKOHYarelbHOro ¢OpMHpPOBaHHA MOTPEGHOrO MMITYJbCa TATH Ha pYJieBbIE
ABHTaTeNU C MOCENYIOIMM HX BblicmoueHueM (puc. 3.32) . [lpu Taxoit opraHu-
3alMM mpouecca ocraHoBa MY MMITyNbC MOCIENEACTBUA OCHOBHOIO [BHUTaTess
LEJIMKOM BXOIMT B MOJIE3HYI0 YacTh MOTPEGHOro MMIyJibCa, a €ro OKOHYATelb-
Has BellM4MHa oGecreuMBaeTCA 3a CueT MMITyJibca pyJieBbIX kamep, Komanpa
Ha BblkioueHHe JIY mepeHOCHTCs Ha pyJieBble IBHraTell¥, BeJIMUMHA UMITYJIbCa
TNOCTIeIeCTBHA KOTOPBIX MeHbIIIe, 4eM OCHOBHO# Kamepnl, B 5 — 10 pa3, Ilepen
BBIKJIIOYEHHEM pyJIeBbIX KaMmep BO3MOXHO IIOHIKEHHE HX pexkiMa paboThl,
ITockonbKy pyJeBBIX KaMep HECKOJIbKO, TO BO3MOMHO TaKXKe U yBeJlIMYeHHe
pa3bpoca U1,

4, Opranusauua MpoAYBKH 3aKJIaNaHHBIX MOJIOCTEH ABHraTeNs ¢ APEHaKOM
OCTaTKOB TOIINBa 32 Gopt JIA, 3TO MEpONpHATHE CYILECTBEHHO CHIDKAeT BEJIH-
uuny UM u cnoco6¢TBYeT MOBBIIEHUIO CTaGWIBHOCTH €ro BOCHPOM3BEHNEHHUS
s Bceil cepuu npurarteniedl. s 3Toro Heo6XOAMMO OCHalLEHHE 3aKJIalaH-
HBIX MOJIOCTeH Kamepbl NMPOOYBOUYHBIM M JPEHaXHbIMM KIIallaHAMH, KOTOpbIE
YCTaHaBJIMBAlOTCA B 3aKJIaNlaHHBIX NMOJNOCTAX BOIM3Y INIaBHBIX TOIUIMBHBIX KJla-
naHoB' (puc. 3.33) . Beox rasa nmpomyBKH HOJDKeH GbITh OCYLIECTBIIEH HENOCpeN-
CTBEHHO B ()OpCYHOUHBIE MOJIOCTH ABHraTend. JlaBneHue mpomyBOYHOro rasa
AOIDKHO GBITh HECKOJIBKO BbILE [IaBIIEHHA MOAa4Yd TOIWTHBa, B MoMeHT mopgauu
KOMaHABbl Ha 3aKpBITHE INIaBHBIX TOIUTMBHBIX KJIaNaHOB 2 U 6 OBHOBPEMEHHO
NopaeTcss KOMaH/la Ha OTKPbITHE HOPMAJIbHO 3aKPhLIThIX KJlanmaHoB 1, 4, 7, koTo-
pble OCHaaTCA ObICTpoOeHCTBYIOIMMH nuponpuBodamH, Ilocne 3akpeiTHA
TOIUIMBHBIX KJIaNaHOB ra3 NMpOAYBKH BBITECHAET OCTaBLIEECHA TOIUTHBO M3 3aKJa-
NaHHBIX MoOJIocTei 3 M 5 pmBUraTena uepe3 ApeHaxwble knmamansl 1 u 7. (Ha
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Puc. 3.32, Ilepenoc KOMaHAbI BBHIKITIOYE-
Hua 1Y Ha pyneBble ABHIaTesIH

Puc, 3.33. PaccTaHoBKa arperatoB aBTO-
MAaTHKH [UIf OpPraHH3alMH MPOAYBKH H
ApeHaxa 3aKJIaNaHHBIX MOJOCTeH [BMra-
TeNA Ha 3Tane OCTaHOBa:

1 - ppeHaxHbIft KJANaH OKHCIMTEJNA;
2 — r7NaBHBIA KNanaH OKHCIMTENd; 3 —
38KJIaAHHaA MOJIOCTh OKHCIIHTENA; 4 —
NPOAYBOYHBIN KJIaNaH; 5 — 3aKJianaHHas
nOJIOCTH ropiovyero; 6 — rinaBHbI# KianmaH
ropoyero; 7 — HApeHaXHbIH KJanaH ro-
piodero

puc. 3.33 rnaBHble TOIUTMBHbIE KIIalaHbI 2 H 6 MOKa3aHBI B 3aKPBITOM COCTOSA-
HHMM, 3 Kianmaus! 1, 4, 7 — B OTKPHITOM.) ITHM [efiCTBHEM NMPOIYBOUHBIH ra3
NPEnATCTBYET MONaJaHHI0 OCHOBHOM 9acTH TOIUTHBA M3 3aKJIaNaHHBIX MOJIOCTel
OBHraTelia B KaMepy [BHraTeliA, HCKJIloYaA TeM cambiM M3 cocTasa UILJI yuac-
tok III (puc. 3.34), uro ymenbiuaer ero BenuamHy B 2 — 3 pasa. [lockombky
Y4acTOK CaMOINPOM3BOJIBHOTO FOPeHHMA OCTaTKOB TOIUIMBA OTJIHYAETCA CyLUECT-
BEHHOH HeCTaGWIbHOCTBIO, TO BMECTe C ero HCKImodeHHeM M3 cocraBa UIIJ no-
BBILLAETCA H CTaGHWIBHOCTD BOCIIPOH3BEEHHA NOCIIEHETO,

JIBKeHHe XHIKOCTH M XOJIOJHOrO ra3a B TPaKTe OXJIaXeHHA KaMepsbl
nocJie 3aKPHITHA TOIUMBHBIX KJIAaMaHOB TaKXe MpeNATCTBYeT NapooGpa3oBaHHIo
TOIUIHBA H CNOCOGCTBYET CHATHIO UPE3MEPHBIX TEIUIOBBIX Harpy3oK., BO3HHKAI0-
IMX BCJIEAICTBHE OCTaHOBAa XXMAKOCTH B TPaKTe OxjaxmeHna xamepbl, Takum
o6pa3oM, npooyBKa C ApeHaXeM TOIUIHBA H3 3aKJIaMaHHBIX MOJIOCTEH ABHTaTeNs
oGecrneunBaeT He TONBKO yMeHbllleHHe H cTabwmsaimmo HUILI, Ho 1 Ge3omacHktil
ocranos 1Y . BnepBsie 310 MeponpuaTtie 6but0 npemioxkeno P.C. TpodumossM,

S. Kommencauna UIIJI myTem BKIIIOUEHHA TOPMO3HBIX [BHTaTeJIeH WIH MC-
NOJIb30BaHHA ra3a Ha[[yBa M3 TOIDIMBHBIX GakoOB, CO3MANOLIMX HMITyJIbC TATH
TO# e BelTMIMHBbI ¢ 06paTHBIM 3HaKoM (pHc. 3.35). C aroii nensio B TOpLOBOi
uacTH JIA ycranaBmBator o6braHo PITT, HanpaBneHue TArn KOTOpBIX 06paTHO
HanpaBJIeHHI0 TATH OCHOBHOTO ABMTaTelif, ITH ABHTaTeNH BKITOYAIOTCA B MO-
MEHT NOMaY¥ KOMaH/pb! Ha BhiksTiouenne JIY. Mx Tsara BriGHpaeTcs Takoi, 9T0GBI
NpH [VIHTENBHOCTH paGoTbl, paBHO#H mHTenbHocTH UIII, 6bUT co3maH HMITyIIbC,
PaBHbI# WM GNUM3KHIA MO BeNHYHHE HMITYJIbCY NOCIIEAEHCTBHA OCHOBHOTO [BHTa-
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Puc. 3.34, ®opmuposanne UII] c npumene- Puc. 3.35, Komnencauna HIIJ] TopMo3HBI-
HHEM MPOAYBKM M [peHaka TOMJMBA M3 3a- MH [ABHIaTeJfIMH WJIH HCMONb30BAaHHEM Ta-
KNamaHHbIX NONOCTeH ABHTaTENs 32 Ha/XyBa M3 TOIIHBHBIX 6aKoB

tensa. Eciu npu aToM npepnonaraercs Mcnonb3oBaHue cTaGwibHO#M yactu UIITL
Ui moJie3Ho# paGotbl nmepeMeieHua JIA, To BKIMOYEHHE TOPMO3HBIX JBHTaTe-
JIeH CMEILAeTCsi BO BpeMeHH Ha BeJIMUMHY BPEMEHH MOJIE3HOTO HCIOJIb30BaHHSA
UILA 2, .. [IpumeHenne cneuMabHBIX TOPMO3HBIX ABHraTesell U KOMIIEHCa-
MM yBenuuuBaeT Maccy Y. K MoMeHTy oKOHYaHHA paGoThI B TOIIHBHBIX
Gakax Haxomurca GOJNbLIOE KOJNMYECTBO ra3a HaiflyBa C BBLICOKHM YPOBHEM
sHepruM (0coGeHHO eciu OH GbUT MONyYeH U3 rOpsYKX rasoreneparopos) . Ilona-
BasA Yepe3 COIUIa MPOTHBOTATH 3TOT ras, Moxmo komneHcupoBarh HIIIL c Tem
GOMBLIMM 3HEPrOBbIIENICHHEM, YeM MeHbLIE [aBJIeHHE OKPYKaloLLei Cpefpl.

3axaHunBas 0630p cnoco6oB ymeHsiienus MILI, cTouT ewe pa3 OTMETHTD,
4TO peKOMEHJAUMM 1O YMEHbIIEHHI0O BpPEMEHH 3aKPhITHA TIJIaBHBIX TOIUTMBHBIX
KJlalaHOB MpOTUBOpeYaT oGecmedyeHmo Ge3aBapuitHOro ocraHoBsa Y, Tak kak
npemoxpaHeHue 31emMeHToB Y OT upe3MepHBIX IHHAMHUECKHX Harpy3okK TpeGy-
€T MeMJIEHHOro 3aKphITHA KJIaMaHOB, a YCTaHOBKa racHTelei kose6anuit yBen-
gyuBaer Maccy 1Y,

PexoMeHpaImu o yMeHblIeHMI0 06beMa 3aKJIaNaHHBIX NMONocTed (Kak OOuH
M3 BO3MOXHBIX croco6oB yMenblieHus MUITII) Takke mpoTHBOpeuaT KOHCTPYK-
THBHBIM oco6eHHocTsaM peanusaimu XKPII, Pa3paGoTunicu kaMep IBUraTelisA MoKa
He OTAE/IWIM TPaKT OXJIaKJAEHHA KaMepbl OT GOPCYHOUHO#H MONOCTH (HECMOTPsA
Ha PeKOMEHMAllMH) C LeJbI0 YCTaHOBKH MEXIY HUMHM KJIallaHa OCTaHOBa, XOTA
TaKoe pellleHHe KaNUTallbHO MOTJIO Gbl peumTts npoGneMy mumummsaumu WITI,
To xe caMoe kacaeTcs HalOJIHHUTENEN, yMEHBLIAIOIMX CBOGOIHbIE 0GbeMBI (op-
CYHOUHBIX MOJIOCTEH, KOTOpble PEKOMEHAYIOTCA KaK CpeICTBO YMEHBIIEHHA
o6beMa 3aK/IaNaHHBIX MOJIOCTEH; HAMOJHMTENH NMOKa He ABJIAIOTCA IUTATHBIMH
anemMeHTaMH pBuraTens. bombuie toro, B XXPIOMT, roe obbem 3aknamaHHbBIX
noJnocTel onpepnenser He Tonbko BenuuuHy UILI, Ho M cBOHCTBa 3KOHOMHYHOC-
TH [OBHTaTeNs Ha peKMMaX KOPOTKHX BKITIOYeHHH, MOKa HeT [BHrarelneii ¢ HyJe-
BbIM 00bEMOM 3THX IOJIOCTeH, TaK KaK MEXAY KaMepo# OBHMTaTeliA M KIlama-
HOM HeoGXOMM TeIUTOBO# MOCT (TeIUIOBas 3aliuTa) .

Takum 06pa3oM, NpPOTHBOpEUMBBIE PEKOMEH[ALMM PEIIAITCA BCerga B
TOJNb3Y BBILECTOALIErO MOKA3aTelNlsas HEPAPXHIECKOH CTPYKTYPbl pacnpeneNleHus
KauecTBeHHbIX mnoka3aTeiiedi 1Y, TakumM nokasaTelAMH cliefyeT CYMTaTh Ha-
HEXHOCTh, CNIOCOGBI KOHCTPYKTHBHOM pPeaTH3aliH, TEXHOJIOTHIO POM3BOIICTBA H
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TpeGOBaHMA 3KCIUTyaTauy, 3amaua MuHuMusauuu HIIIL momida 6eiTh pellleHa
6e3 Bcakoro yuepba Mo OTHOLIEHHMIO K IOKa3aTellAM BBICIIMX ypOBHEH, XOTS
GbI ¢ BbIGOPOYHBIM HCIONIB30BAaHHEM NIEPEUHCIIEHHBIX BbILIE MEPONPHATHIA

QnHako B 3TO# CUTyalMH, KpoMe 3afiayu MuHuMH3auuy WUILI, Bo3HHKaeT H
npobneMa, cBsi3aHHas ¢ HecrabwmHocTeio BocnpousBemeHua MILI mna cepum
ABMraTesieil, BbUTyCKaeMBIX ¢upMoii-paspaborumom, U3 noruxn paGorsr PKC,
onpenensouied MOTPeGHBIH CyMMapHbIA HMITyJIbC TATH, U NEPEYHCIIEHHBIX BBIILE
MEpONPHATHIL AcHO, uTo BKovyeHue HIIJI B monesHyo YacTs HMITyIbca BO3MOX-
HO ITPH YCJIOBUH, YTO BeJIMYMHA 3TOrO HMITYJIbCa 3apaHee H3BECTHA,

Ecnu Hecrabwisnocts UILIL BbI3BIBaeT Takylo NMOrPELIHOCTh B peaIM3alHH
CYMMapHOT0o MMITyJIbCa TATH, KOTOpasg B CBOI0 OuepeNb BbI3bIBACT HEOMyCTH-
MBble MOrPELIHOCTH BBINOJHEHHs NOJIETHBIX 3aia¥ JIA, TO BO3HMKaeT CHTyalus,
NpH KOTOPOii MOKa3aTeNld HU3LIEro YPOBHA CKaYKooOpa3HO MepeMeIlaloTcsa Ha
MOKa3aTeJld CaMoro BBICIIEro ypoBHA (YpOBeHb KaueCTBAa BBIMOJHEHHs MOJIeT-
HbIx 3amay JIA) . Bce moka3arenu, KOTOpBIe paHee CITy>XWIIH BBICIIHM YPOBHEM B
HepapXuiecKoil CTPYKType KaueCTBEHHBIX MoKasaresieil JIY, B aToi cHTyaumu
Temepb BBHICTYMalOT B KauyecTBe orpaHudeHuil, TakuM oGpaszom poxmaerca npob-
1ieMa, pellleHHe KOTOPOH MOXET GbITh IMOJy4eHO JIMILb NPH CHATHH (MM Ocnab-
JIeHMHM) OrpaHHYEHHil, KOTOpbIe paHblle (OO NMPOGIEMHON CHTYalMH) BBLICTYTA-
JM B KayecTBe MOKas3areledl Bbicllero ypoBHs. [IpuHummiansHO BO3MOXHO H
PEBOIIOLIMOHHOE PELlIeHHe CaMO# MPoGIeMBI,

Ha puc. 3.36 moxasaHa Bo3MoxHasi 06/1acTs HeCTaGWIIBHOCTH BOCIIPOH3Be-
OeHUA MMITyNibca MocnefedcTBHsA, U3 mpuBeneHHOro BbIlle OIMCaHHA paboumx
HPOLIECCOB ICHO, YTO OCHOBHBIM MCTOUYHHKOM HECTaGHWIPHOCTH SBNIAETCA Ydac-
tok III (cM. puc. 3.29) caMOmpOM3BONBHOro (XaOTHUHOTO) MPOLECCa TOPEHHS
3MYJIbIHPOBAHHOTO TOIUITMBA, JTOT NPOLECC MOXET GbIThb MCKIIIOYeH INpHUMEHe-
HHEM NPOIYBKH 3aKJIaNaHHBIX MOJIOCTElH ABHTaTeNA C ApeHaXeM OCTaTKOB TOM-
nuBa B HUX (cM. puc, 3.34) . IIpu atom paszbpoc ocrasuueicst yactu UII (xak
3TO BHEHO U3 puc, 3.36) Gyner onpemenAaThCA HOMYCTUMBIM pa3BpocoM TATH Ha
YpOBHE HOMHHAJIBHOIO peXXHMa, mpepliecTByouiero ocraHosy Y, Takum o6-
pa3oM, BCTpeuHble TpeGoBaHMA K obGecrneueHmo crabwmsHoctu WIII crmemyer
NMpembABNATL K CHCTEME ynpaBiieHua Taroi JIY Ha MaplueBoM pexume paGoTsi,
KOTOpaA OOIDKHA yMEHBIIMTb JOMyCKaeMbIH pa3bpoCc HOMMHAIILHOR TATH Nepeq,
ocraHoBoM MY, T.e. TpeGyerca OCIIaGuUIb OrpaHHYEHMA CO CTOPOHBI BHELIHEH
CHCTeMBbI ymipaBiieHus moneroM JIA Ha TounocTs mpouecca popMHUpOBaHHUS MOJ-
HOTO MMITyJIbCa TATH 3a CUeT Y)KECTOYeHHsA TPeGOBaHHH K BHYTPHIBHIaTeNIbHOM

CHCTEME yTipaBlieHUs Taroi IIY .
, Ecnu BcTpeunble TpeGOBaHHA yOB-
e

JIeTBOPAIOICA,, TO NMpobiieMa cTabwm3sa-
muu UI1]I pemtaercsa (4aCTHYHO WIH MOJI-
HocTbio) . Ecy Her, To nmpo6nema ocra-

Puc. 3.36. Bosmoxunasn o6nacts necraGumb-
HOCTH Bocnpou3Benesnsa UM
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Puc. 3.37. Monesnoe ucnonszoBanne UM ana  p

obecneyeHHst 3amycKa nocjeaylouled CTyneHH

JIA Y
X1

eTCA HepellleHHO# . B flocnenHeii cHryamu
okasamuch KPIMT, Tak Kak emMHCT-
BEHHBIM DETYNATOPOM TATH B HX CHCTEMe Trom 3
[MHTaHUA SABJIAETCA Ta30BbIA PEMYKTOpP

OaBJIeHHA MONaYH TOIUIMBA, OGecneyMBalolMi Hagly B 6aka ¢ 060MMH KOMIIOHEH-
TaMH TomwinBa Ge3 oGpaTHO# CBA3M C TAro# mBurareneil, TouHocTs mompepika-
HHA [aBJIeHMs KOMIIOHEHTOB TOIUTHBA Ha BXOJe B ABHTaTesiM o0yciioBIIeHa cTa-
THYECKON XapaKTepPUCTHKOH 3TOro arperaTa ¢ NPUCYUIMMM el pa3GpocaMH,
y>KeCTOueHHe KOTOPbIX NOKa He NMPEACTaBIAETCA BO3MOMXHBIM,

HeoGxonumMo oGpaTHTh BHHMaHHE Ha BO3MOXKHOCTb IOJIE3HOTO HCIIONB30-
Baumna UILN, Hpu samycke JIY BTOpO#t ¥ TpeTbeil cTyneHei JIA npwiMB TowinBa
K 3a6GOpHBIM YCTpOHCTBaM 6GakoOB H CO3[laHHE HEOOXOQMMBIX [aBJICHHi Ha BXO-
ne B Hacocsl THA TpeGyer HeOGXOAMMBIX MPOMOJIbHBIX Meperpy30K Ha Havalib-
HOM 3Tane 3amycka IIY aTux cryneHeit. JIOrHUHO BOCIONB30BAaTBCA €CTECTBEH-
HBIMH Neperpy3kaMu, Bbi3biBaeMbIMH AefictBHem HIII or JIY mpepuectsyio-
Wei cTyneHu mis 3amycka JY nocnemyroweit crynenu, Ha puc. 3.37 nokasana
TaKas CHTyallusi, TIpH KOTOpO#H 3amyck BTOpo# crymewu Py; = f(7) obGecmeun-
Baercst Bo Bpems Aeiicraus UILJL, peanusyemoro nepsoii crynensio [P; = f(7)].

BHe 3aBucumocTd OT HasHavenuss IIY Ha JIA nnsa Ge3omacHOro OCTaHOBa
IIY HeoGxomumo:

1) nepem ocranoBom MY noHusuts pexum paGorbi OY 00 MMHHMaTIbHO
BO3MOXHOTO YPOBHs TArH. PeasbHbIil MHana3oH u3MeHeHun TArH (6e3 mpuMeHe-
HHUA crenHansHeIX cpenctB) 0,3 — 0.5 Py;

2) Ha3HaYMTb BpeMs 3aKPbITHA KJIAallaHOB U3 YCIIOBUA MaKCHMAIIbHO HOIyC-
THMOTO HaBJIeHHS THApOYyAapa B TOIUTHBHBIX MAarMCTpalaX MOCNe 3aKpBITHA
KJIalaHoB;

3) mnsa nopfepXaHusA CTaGWIBHOTrO rOpeHUs TOWIMBa Ha yuactke III popmu.
posanusa UL (cM. puc. 3.29) NMOBTOPHO BKIIIOUMTb CHCTEMY BOCIUIAMEHEHHSA
rOpIOUMX CMeceil Ha 3Tamne ocTaHoBa JIY WM MCIIONB30BaTh CaMOBOCIUIaMEHIO-
1Ieecs TOIIMBO INepexn ocTaHoBoM JIY;

4) opraHn30BaTh NMPOAYBKY 3aKJIaNaHHBIX MOJIOCTEN JBUIaTElNA C APEHAKEM
OCTaTKOB TOIUIMBA;

5) mis oGecrieueHHsA OCTAaHOBa M MOCJEAYIOLIETO HallexHoro 3amycka Y
MHOTrOKPAaTHOTO BKJIIOYEHHsi OrPaHH30BaTh HEMPEPhIBHYIO MOfIady TOIUIMBa Yepe3
TPaKT OXJIAXKOEHHA KaMephl B IIepHOJ, NMOJIHOrO BPEMEHM Mpoliecca OCTaHOBa
AY, 1.c. opranu3oBath nepemyck TomTHBa U3 Hacoca THA uepes TpakT oxnaiqie-
HHA KaMepbl Ha BXOJ] B HacoC.
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TFJIABA4
TOIVIMBHBIE BAKH

4.1. KOHCTPYKLIHA TOIUTMBHBIX BAKOB

4.1.1. HASHAYEHHE, CXEMBI
U OCOBEHHOCTH KOHCTPYKIIMH TOIUIMBHBIX BAKOB

TomwmeHble GakH ABJIANTCA KOHCTPYKTHBHOWM COCTaBHOM 4acTbio (MOOCHC-
TeMO#) mHeBMoruapapnuueckoi cuctemst KPIY, OHM Cty’aT eMKOCTAMH Wis
Pa3sMelleHNs KOMIIOHEHTOB JKMIKOro TOIUIMBA M OCYILECTBJIEHHA HX IOJAYM B
kaMepbl XPJI. Tomnushble Gaku AByxkomnoHeHTHbIX JXPIOY o6braHO oGbenu-
HAITCA B OTHETIbHBIE arperarbl — 0aKoBbIe OTCEKH,

OCHOBHBIMH KOHCTPYKTHBHBIMH 3JIEMEHTaMH TOIUIMBHBIX GakKOB SBJIAIOTCA
oGonoyxH (oGeuaiiku) M OHMILNA, OGpa3sylolIMe eMKOCTh; YCTPOWCTBa s 3a-
6opa TOIIMBa M BBOMa ra3a; 3aNpaBOYHbIE H [PeHaXdble TOPIOBUHBI; deMnde-
Pbl, pa3feNuTelIH H ApYrue yCTpOHCTBa,

KoHcTpykImsa TOIWIMBHBIX GakoB 3aBHCHT OT THIa M mapamerpoB JXPIY u
0coBeHHOCTel JIeTaTeNbHbIX aNapaToB, IPHMEHAEMBIX KOMIOHEHTOB TOIUIMBA H
THIIAa CHCTEMBI MOJAYH, YHCIJIa BKIIIOYEHHH OBHraTens, MaKCHMaJIbHOH M MHHH-
MaJIbHOH BeJIMUMH TATH, CIIOCOGOB €¢ peryJIMpOBaHMA, BEJIMYMH JIEHACTBYIOMX
NPOHONBHBIX H MONEPEYHbIX Meperpy3oK, HeBECOMOCTH, MeCTa pa3MelleHHs Ga-
KOB Ha JIeTaTeJIbHOM amnmaparte, YCIIOBHH HX HarpyXeHHs H HEKOTOPbIX APYTHX
cneundudeckux ocobeHnocTeit kommoHoBku XPIY Ha JIA,

K xOHCTpYKIMH TOIUIHBHBIX GakoB NpembABNAETCA pAl TpeGOBaHMiA:

— pa3MelueHne (XpaHeHHe) 3alaHHOTO 0GbeMa KOMIIOHEHTOB TOIUTHBaA;

— ofecneyeHHe yCTOHYMBOM MONaYd KOMIIOHEHTOB TOIUIMBa B [BHTaTellb
IpH Bcex AOMYCTUMBIX PeKMMax mojieTa H Kojie6aHuAX TowiMBa B Gakax;

— obecrmeyeHHe MHMHHMaJIbHOH Macchl 6akOB IpPH BBLINMONHEHHH YCIIOBHI
MPOYHOCTH H JKECTKOCTH B [HaNa3OHe JEeHCTBYIOIIMX 3KCIUTyaTalMOHHBIX Ha-
Ipy3oK;

— MNpUMEHeHHe ONTHMAIbHBIX KOHCTPYKTHMBHBIX peIlLEeHHH, obGecreunBalo-
LIMX MPOrpPeCCHBHbIE TEXHOJIOTHIECKHE METOMbI H3TOTOBJIEHHA H HCIBITaHHIA;

— IpHMeHeHHe PalMOHaTbHOH KOMIIOHOBKH GaKOB Ha JIETaTEJIbHOM ala-
pate, oGecneunBatonieii yno6cTBa 3KCIUTyaTallMH ¥ 3alpaBKH TOIUIUBOM H CO3-
Jawoleii MMHMMalbHbIE MEpEMELICHHA LEHTpa Macc B Ipoluecce BbIpaGOTKH
TOIUIMBa;

— H3rOTOBJIEHME M3 MAaTepHaIOB, OGafJalLIMX BBICOKHMH YHeENbHBIMH
MPOYHOCTHBIMH XapaKTEPUCTHKaMH, KOPPO3HOHHOH CTOHKOCTbI0 (OJiA arpec-
CHBHBIX KOMIIOHEHTOB) , IUTaCTHYHOCTBIO TIPH HU3KHUX TeMIepaTypax (Wi KpHO-
rEeHHbIX KOMIIOHEHTOB) ,

KoHcTpyxkimyM TOIWIMBHBIX GaikoB B 3aBUCMMOCTH OT BOCHPMATHA 06eyaii-
KaMH 0akoB BHEIHHMX Harpy3oK pasfeNifloT Ha Hecyue (puc. 4.1, a) W He-
Hecyume (puc.4.1,6).

B Hecynmx Gakax oGedaiiku coBMewawT B ceGe GpyHKIMM CTEHOK 6aKoB H
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Puc. 4.1, TpuHIMNMMaNbHBIE CXEMBbI TOMN-
nuBHBIX GaxoB, mpuMenseMbix Ha JTIA:

a — Hecyume; 6 — HeHecylume; 8 —
cGpacbiBaeMblIe

OGLMBKH KOpIyca M BOCIPMHMMAlOT KakK BHEILHHE Harpy3KH Ha KOpIIyC JieTa-
TEJILHOTO alliapaTa, TaK M BHyTpeHHee [aBlicHHe HannyBa Gakos, Co3maBaemble
H30BITOYHBIM [aBJIEHHEM HayBa pacCTATHBAIOIHE HANMpsDKeHHsA B obevaiiicax
YMEHBLIAIOT CKHMAIOIHE HalPSDKEHHA OT BHELIHMX Harpy3oK, YTO MOBBIIIAET
YCTOHYHBOCTh KOHCTPYKUMM KOpIyCa H NO3BONAET YMEHBIUMTh TOJIUMHY CTe-
HOK, [lo3TOMy B KOHCTPYKTHBHOM OTHOILLECHHM HecyluHe Gaku HauGolee coBep-
IIeHHBI, VX IMPOKO NMPHMEHSAIOT KaKk B MaJlOMaHEBPEHHBIX, TaK M B BBICOKO-
MaHEBPEHHBIX JIETaTeJIbHbIX alNaparax.

BakHn, ycraHaBiMBaeMble BHYTpH KOPIyca JIETaTeJIbHOrO ammapaTa H He BOC-
NpUHMMaIOLMe BHELIHHE Harpy3KH, Ha3bIBaloTca HeHecymmMu, OHHM o6braHo
MIPHMEHAIOTCA Ha MAJIOMaHEBPEHHBIX JIeTaTeNIbHBIX aNMapaTaX, Korga KOHCTPYyK-
10 6aKoB cremyeT H30JMPOBaTh OT BHEIHEro BO3[eHCTBAA THOO O KOHCTPYK-
THBHBIM WIM 3KCIUTyaTalMOHHBIM TPeGOBaHMAM HeJb3s COBMeLIATh CTEHKHU Ga-
KOB ¢ OGLIMBKO# KOpIyca,

Ha nerarembHbix ammaparax MOTyT NPHMeHATbCA GakH, MojBelIMBaeMbIe
NON KOpIMycOM WIH KpbUIOM H cOpachIBaeMble NOCNIE HX ONOPOXHEHHS
(puc. 4.1, 8) . Takue TOIMBHEIE GaKH NO3BOJIAIOT YMEHBLIMTD MOJNIETHYIO MacCy
H a3pOJHHAMHYECKOe CONpPOTHBIIEHHE JIETaTE&JIBHOTO amlmapaTa mociie ux cGpa-
ChIBaHHA,

AHanu3 nefCTBYIOLMX HaNpsDKEHHH B o6edaiikaX HecylMX 6akoB NMOKa3bl-
BaeT, YTO B 3aBHCHMOCTH OT COOTHOILICHMA BEJIHYHH BHYTPEeHHEro H30bITOUHOrO
[aBJIeHUst Py, H BHEIHMX Harpy3ox, NEHACTBYIOLIMX Ha KOPITYC JIeTaTeNbHOTO
ammapara (u3ruGatowero mMoMeHTa My, ., NPONONBHBIX N, M momepedHsx N,
cuin), oGedalikl HeCylMX TOIUIMBHBIX GaKOB MOTYT MCIBITBIBaTh PacTsDKEHHE
HJTM CKaTHe, a MPH OMNpENeIeHHOM COYeTaHHH 3TAX HArpy30K HanpsDKeHHA B
06euaiikax 6aKOB MOTYT NOJIHOCTBI0 OTCYTCTBOBaTh JIH60 GbITh OYeHb HeGOD-
umvu (puc. 4.2) . IToaroMy Bce Hecyume Gaku MOXHO Pa3fe/UTb Ha HarpyskeH-
Hbl€ H pa3rpy>KeHHbIe,

K HarpyxenHpiM GakaM otHocATcA GaxH XPILY ¢ BEITECHHTEJIbHBIMH CHC-
TeMaMH MOJaYH, TaK Kak BBICOKOEe H3GbITOYHOE AaBlieHHe B ITHX Gakax cospmaer
PacTATHBAOLIMEe HanpskeHHs B OOeuafikaxX, ABIAIIIHECH OMNpeNeSIAIOMIHMH
npH pacdere 6akOB Ha MPOYHOCTS,

K pasrpyxenHsiM GaxkaM oTHocaTca OGbruHO Gaku JKPIY c HacocHBIMH
CHCTeMaMM TNOJAYH NMPH HEBHICOKOM H3GBITOYHOM [IaBJIEHHH Ha[TyBa M OTpayH-
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Puc. 4.2, Cxema pacnpeneneHus Harpy-
30K no AnuHe Kopmyca JIA pns pasnus-

A
G
S\ HBIX a3POAHHAMMYECKHX CXEM:
p 1 — o6bIuHas a3pogMHaMHYeCKas CXeMa;
™ VY6¢/ 2 - “6ecxBocTKa’; 3 — “yTKa’
A
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YeHHBIX BHEILIHHMX Harpy3kax. B 3Tom ciyvyae u3GbiTOUHOe faBiieHHe B Oakxe,
pacTaTHBalolee o0Gedaiiky GakoB, YMeHbIIaeT CYMMapHbIe HaNpMXXeHUA B obe-
yaiie Gaka 4O MHHMMaTbHBIX (pa3rpyxaer Gak) .

OpHako ecliM COKMMAIOIHE HalpsDKeHHUsI, CO3[1aBaeMble BHEIUHHMH Harpys-
KaMM, CyIIeCTBEHHO GObllle PacTATHBAIIUMX HAMPSDKEHHH OT H3GBITOUHOro
HaBileHHA (XapaKTepHO /iA BLICOKOMaHEBPEHHBIX JIETaTeNbHBIX alliapaToB), TO
TaKHe TOIUTHBHbIE 6akH OTHOCATCS K Har py>KeHHbIM,

®opMbl TOIVIMBHBIX '6aKOB, NMPMMEHAEMBIX Ha JIETaTEJBHBIX amiapaTax,
pasHooGpasnel (puc. 4.3). Ilpu BriGope dopm GakoB yuMTHIBAIOTCA HYHKIHMO-
HaJIbHOe Ha3HaueHHe JICTaTeJIbHOTO almapara, YCIIOBHA HX ONTHMANIBHOM KOMIIO-
HOBKH, BO3MOXXHOCTb 00ecniedeHHs MHHHMaJIbHOH MacChl 6aKkoB, a Takxe nojy-
ueHHA TpeGyeMbix ynoGcTB npu 3kciyaTaumu, HawGonsluee pacnmpocrpanenue
Ha JIeTaTeJIBHBIX aMmnaparaX Noyuw Gaku mwiHHApmieckoi dopmer (puc. 4.3,
a) , AMelolLMe NP 3aaHHOM 06beme HauMeHblilee NIoNepeTHoe CeueHne i obecme-
YMBalOLIME IUIOTHYI0 KOMIIOHOBKY JIeTaTeJIbHOro ammapara, Llwmmmppuueckue
6axu xopomo oGbeOMHAIOTCA B OTAENBbHBIC arperarbl — 6aKOBBIE OTCEKH
(puc. 4.4) . 310 NO3BONAET OCYWIECTBIIATh IIPOH3BOACTBO, COOPKY H HCIBLITAHHA
TOIUTMBHBIX 6akOB aBTOHOMHO, Oe3 OCTaJIPHBIX arperaToB JIETaTENPHOTO alma-
parta.
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BpIGOp CxeMbl COeOMHEHHA LMWIMHOPHIECKHX 6akoB B GaKOBBIE OTCEKH
onpenenserca TpeGOBaHHAMM MO LEHTPOBKE, a TaKXe KOHCTPYKTHBHO-KOMIIO-
HOBOUYHBIMM OCOGEHHOCTAMM JI€TaTelIbHOTO anmapara. Tak, HampuMep, cxeMa,
NpeQCcTaBiieHHasA Ha puc. 4.4, 6, 0GecneduBacT BHICOKYI0 KOMIIOHOBOUHYIO IUIOT-
HOCTb, OJHaKO NpPH ONOPOXXHEHHH 0aKOB [JaHHOH CXEMBI H3MEHEHHE NOJIOXKEHUSA
UEHTPa MacC JIeTaTeIbHOTO alMapaTa OKa3bIBaeTCA HaHGONBUIMM, YTO MOXET
HeGIIarompuATHO OTPa3sMThCA Ha YCTOHYMBOCTH [BYDKCHHMA M NapameTpax ympasB-
JIeHMs JIeTaTenbHOro anmapara,

Bonpoc BriGopa B3aHMHOrO pacnosioxeHus 6akoB roplovYero ¥ OKHCIHTENA
B TOIUTHBHOM OTCEKE [IO/DKEH peIaTbhCs MCXOAA M3 TpeOOBaHHMi MO LEHTPOBKE
JIA ¥ 3afaHHBIX 3KCIUTYyaTalMOHHBIX YCJIOBHH (Hanmpumep, TpeGOBaHMil 1O 3a-
npaBke GakoB KOMIIOHEHTaMH ToliBa). IIpu BbiGOpe mopsmKa pasmelleHHs
6aKoB crefyeT yYMTHIBaTh, YTO IUIOTHOCTh OKHCIMTENEH, npuMenseMbiX B KPI]
ABYXKOMIIOHEHTHBIX TOIUIMB, OOBIYHO 3Ha4YMTE/IbHO GOJbllie IUIOTHOCTH rOpio-
unx, [ToaToMy B3auMHas mepecTaHOBKa GakoB ropioyero H OKHCIIMTENA II03BO-
JIAieT CYLIECTBEHHO H3MEHATD NOJIOXKEHHE LICHTPa MAcC JIETaTENBHOrO anmapara,
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Puc. 4.3. ®opmsi GaxoB, npuMesinieMbIX Ha JIA:
a4 — UMWIHHIDHYECKHH; 6 — IllapoBble; 6 — IIUIMNCOMOATLHbIE; 2 — TOPOMIOANLHEIE; O —
6aK, COCTOALMIL H3 CErMEHTOB
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Puc. 4.4, CxeMbI coenH eH U WMITHHAPHISCKHX 6akoB B OTCEKH:
nocjenoBaTebHoe (2, 6) H KOHLUEHTpUYecKoe (8) pacroyiokeHHe 6akoB
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Coepuueckue Gaku (cM. puc, 4.3, 6) IO CPaBHEHMIO CO BCEMH -IPYTHMH
¢dbopmamu GakoB nosyvaloTcsa HauGonee JerkHMH, OgHAaKO IUIOTHOCTb KOMIIO-
HOBKH cdepmieckux 6GakOB B KOpIycCe JIETaTeJIbHOrO amnmnapaTa CyILUECTBEHHO
MeHblIIe IO CpaBHEHHIO ¢ WWIMHApHIecKUMH, IToaTtoMy chepuueckre Gaxu uerne-
c006pa3HO MPUMEHATh TONBKO TOr[a, KOTa HX AMaMeTphl PaBHbI MONEPETHbIM
pasMepaM KOpITyca JIeTaTellbHOIO ammapara, JH60 CyIleCTBEHHO MEHbLIe, 4TO
[O3BONAET CO3M1aBaTh GOJlee IUIOTHYI0 KOMIIOHOBKY HaGopoM coepmueckux Ga-
KOB BHYTPH KOpIIyca, ,

Juuncoupansupie (cM. puc. 4.3, 8) M Toponpansubie (cM. puc. 4.3, 2)
6akH HMEIOT XOpolMe MPOYHOCTHbIE KadecTBa H NPH ONMpeHeNIeHHBIX YCIOBHAX
oGecneunBaloT NOCTaTOYHO IDIOTHYI0 KOMIIOHOBKY (Halpumep, IIpH NpHMEHe-
HHH TOPOBBIX 6aKOB, €CIIH BHYTPH TOPOB pa3MelllaeTc KaKOHJIHOO MOJe3HblH
rpy3 WK NpOXOAMT Tpy6a M T1.).

HHorpaa B neraTeNbHBIX anmaparax npuMeHsioTcs Oaku Gonee crnoxwoi ¢op-
mel. Tak, Hanpumep, mna nomyvenns ¢popmel Gaka, GIU3KO#H K NPAMOYTONBHOM,
€ro CTeHKH MOTYT GbITb BBLINIOJIHEHB M3 OTHEJIbHBIX CErMEHTOB, CKPEIUIEHHBIX
Mexny coGoii cTaxkamMu (cM. puc. 4.3,0).

PacnionoxeHue TOIUIMBHBIX GakOB Ha JIETaTe/IbHOM amnmapaTe OIpefensaeTca
npexae Bcero OCOGEHHOCTAMH €ro KOHCTPYKTHBHO-KOMIOHOBOYHOHM CXEMBI,
Opsako Ha BBIGOp MecTopacnonoxeHHs 0akoB Npex[e Bcero BNUAIT TpeGoBa-
HHUA [0 LEeHTPOBKe JIA, OT KOTOpO#i 3aBHCAT NPONOJIbHAA YCTOHIMBOCTD €ro ABH-
JKEeHUs U THHaMMYeCKHe XapaKTepHCTHKH ynpasneHus . Hcxons ux 3Thx tpeGoBa-
HHi TOIIMBHbIe GakH cilenyer pa3melnars BGIM3H LEHTPa MacC JIETaTelIbHOTO
ammapara, YTO NO3BONAET NpPH BBHITOPaHHM TOIUTHBAa B MONETE IOTydYaTh MHHH-
MaJibHbIe H3MeHeHHA No ueHTpoBke JIA, XapakTep M3MEHEHMA LEHTPOBKH Jie-
TaTeNBHOrO ammapara [0 BPEMEHH NpH BbiPaGOTKE TOIUIHBA MJIA PasJIMUHBIX
CllyuaeB pacloNIONEHHA TOIUIMBHBIX GakoB IO JIMHE KOpIyca NOKa3aH Ha
puc. 4.5, rne X, u X, — HayabHOE M KOHEYHOE NOJIOXEHHE LIEHTPa Macc
COOTBETCTBEHHO. MameHeHne mecTopacnonoxeHna 6axoB mo mune kopmyca JIA
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Puc, 45. XapakTep H3MesieHnA UeHTPOBKH JIA ANA pa3IMIHBIX CITydYaeB PacMONOMXEHHR
TOIUIHBHBIX 6aKoB:

a — cxema "'6ak 3a 6akoM", B nepemHeM Gake — OKHCIHTENDb; 6 — cxeMa '"Gak 3a 6akom™,
B nepemHeM Gake — ropioyee; 8 — cxema '6ak B Gake”
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Puc, 4.6. BnuAnHe HCXOAHOTO MONOMKe-
HHst TOoHBA B Gaxe Ha nenTpoBky JIA:
a — y 3agHero mHMUa; 6 — BOOMB
oGeyalilky; 6 — y mnepemHero NHMIIA;
2 — HaKJIOHHO K ocH JIA

NO3BOJIAET U3MEHATh HauaJIbHYI0 H KOHEUHYI0 LIeHTPOBKY JIA H BIMATH Ha yCTOH-
YHBOCTb ero ABiKeHUsA. lleHTpoBKa JIA M0 BpeMeHH 3aBHCHT OT B3aHMHOIO pac-
MONIOXKEHHA TOIUIMBHBIX 0akoB Mo mjiMHe kopmyca JIA | BelMUMHBI M HampaBlie-
HMA [EHCTBYIOLMX HPONONIbHBIX M MONEPEUHBbIX Meperpys3ok, GOpMBI H KOMIO-
HOBKH TOIUIMBHBIX GakoB (pmc. 4.6) . Tak, mpH KOHLUEHTPHIECKOM pacHoJIoXe-
HHMHM TOIUIMBHbIX GakoB (CM. pHC. 4.5, 8) IOJIOXKEHHE LEHTPa MacC H3MEHAETCH
B Gomlueil Mepe, YeM NP NOCIIENOBATENILHOM MX pacloliokeHHH (CM. puc. 4.5,
6). Ina yMeHbLlEHHs M3MEHEHWA MOJIOXEHHA LEHTPa MacC TOIUIMBHBIE Gak
HHOT/Ia pa3fieliAiT Ha OTHENbHbIE CEKLWH Meperopoaxkami, Biaaummuaa nepecrta-
HOBKa GaKOB OKHCIIMTEJIA H TOPIOYEro, HMEIOUIMX Pa3Hyl0 IUIOTHOCTb, TaKike
NO3BOJIAET BNUATH Ha IEHTPOBKY JIA,

TakuM 06pa3oM, KOHCTPYKTHBHbIE OCOGEHHOCTH TOIUTMBHBIX GakoB oIpe-
AENATCA KaK 0COGEHHOCTAMH JIETaTeNIbHBIX aniapaToB, TaK H crienMduueckuMH
ocoGeHnocTAMM TNHeBMOruapasnmieckux cucrem JKPIY, Iloatomy BhIGOp
NPOEKTHBIX NapaMeTPOB M KOHCTPYKIMH TOIUTMBHBIX GakKOB HOJDKEH OCYILECTB-
TIATHCA NPH NPOBEACHHMH TILATEIBHOTO aHAJIN3a KaK NapaMeTpoB MHEBMOrHIpaB-
nuyeckoi cuctemsl XPIIY, Tak ¥ KOHCTPYKIMH JIETaTeJILHOTO anmapara,

4.1.2. YCTPOACTBA TOIUIMBHbIX BAKOB

TormiBHble GakHM COCTOAT M3 3/IEMEHTOB CWIOBOH CXeMbI, 3aGOpHBIX
YCTPOHCTB M pa3/IMYHOH apMaTyphl,

KoHcTpykTHBHas cXeMa TOIUIMBHBIX 6akOB MalTOMaHEBPEHHBIX H BBICOKO-
MaHEeBpPEHHBIX JIeTaTe/IbHbIX alNapaToB NpeAcTaBlieHa Ha puc. 4.7 u 4 8,

B cunoByio cxeMy GakoB BXopmAT 0Geuaiika, JHMILA, LUMAHTOYThI, CTPHHTe-
Pbl H y3JIbl KPEIUICHHA,

OOGeuaiika nmpencTaBnser coGOAH TOHKOCTEHHYI0 0GOOUKY, ONpPENENAIOLIYI0
¢dopmy H cwioBylo cxeMy GaxoB. OGBIMHO- 0GEqaHKH BHINOIHAIOTCA M3 JIHCTO-
BOro MaTepHasa MyTeM rMOKH ¢ MOC/eAyIoller CBapKOil OTMEIIbHBIX 3JIEMEHTOB
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B eIMHYI0 3aMKHYTyI0 06onouky. Obeyaitky Hecyux GakoB JleTaTesIbHbIX alna-
paToOB HAaxoOATCcs MO, BO3[IEACTBUEM BHYTPEHHero HM30bITOYHOTO MaBJICHHS,
NPOMJONBHBIX U MONEPEYHBIX OCEBBIX CWI, H3rMGalolIMX MOMEHTOB, a TakXe IOf
TEIUIOBBIM BO3[EACTBMEM HPH a3POAUHAMMYECKOM HAarpeBe KOHCTPYKLHMH H
HarpeBe OT rasa HaagyBa. [loatomy mpu BeIGOpe KOHCTpYKLMM M MaTepualia
oGeyailky Gaka HeoOXogMMO obecneyuBaTh MPOYHOCTh U YCTOHYMBOCTH GaxoB
HCXOMA U3 KOMIUIEKCHOTO BO3/IeHCTBUA BCEX Harpy3o0K.
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Puc. 4.7. KoHCcTpy KuMs HHIHHAPHYECKOrO TOMUIHBHOro Gaka MajoManeBpeHHoro JIA ;

1 — nepemHee mHuMIE; 2 — IITyUep; 3 — NepeNHUit CTHIKOBOM IUMAHTOyT; 4 — yNOpHbIA
KpOHIUTeHH; 5 — oGeuafika; 6 — cwiIbQOHHBIN KoMIeHcaTop; 7, 7' — LImaHroyTsl; 8 —
OpeHaxHasdt TpyOka; 9 — ToHHenwHas Tpy6ka; 10 — xomyThl kperueHuss; 11 — 3amHee
maMite; 12 — 3amuu# crbikoBoOM LmaHroyT; 13 — ¢naHew cnuBHOro orBepcTus; 14 — Ko-
HYC BOpPOHKoOracHurens; 15 — yka3arenn HanonHeHus; 16 — ¢dnaHeu moka-1asa
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Puc. 4.8. KoHcTpykunss TonauBHOro Gaxa BbICOKOMaHeBpeHHOro JIA ¢ noaBMMHBIM 3a-

GOpHHKOM:

1 — ofeuatika Gaka; 2 — rasompoBop HagnyBa 6aka; 3 — muadparma; 4 — mpeHaKHBIA
ra3onpoBof; 5 — HENOOBWXHaA 4acTh 3a6opHuka; 6 — ¢naHen tpyGompoBopa; 7 — dna-
Hel M KpbllliKa 3a0Hero Jooka; 8 — 3afHee OHHMILE; 9 — MOOBHXKHasA YacTh 3aGOpHHUKa;
10 — 3anpaBOYHOCIMBHas I'OpJIOBHHA; 11 — TakenaxxHbli y3en Kperenus 6aka; 12 — dna-
Hell H KpbIIlIKa nepegHero Jmoka; 13 — nepenHee muuiue
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OGeuaiika Gaxa ModkeT ObITh IilafikoH, opeGpeHHOi WM “’BadenbHOM™
(puc. 49). Ilpu cpaBHHTeNnbHO HeGONBIIMX OHaMeTpax GakoB M Harpyskax
uenecoobpasno oGevaiiky menarb riapioit (puc. 4.9, ). Ilpu Bo3pacTaHuM Ha-
Ipy30K M mHameTpoB Gaka (cBbie 1,5 — 2 M) oBevailky crefyer MOAKpen-
nate pebpamu (cm. puc. 49, 6), roppom (puc. 4.9, 6) H CTpUHrepamu
(puc. 4.9, 2),, nu6o BeMOMHAT BadenbHoi (puc. 4.9, 0) . BadenbHas oGevaiika
npencraBnger coGoi 06onouKy ¢ pebpaMH >KECTKOCTH B ABYX HalpaBJICHHAX,
BBINMONMHEHHBIX LITaMNOBKO# WM ¢pe3epoBanueM, Hampapnenue peGep scecr-
KOCTH MOXeT GbITh IPOHOJIBHOJIONEpEeUHbIM JTNGO AMaroHalbHBIM, BricoTa pe-
6ep M pacCTOAHHA MEXTY HHMH BbIGHPAIOTCA HCXOMA H3 BEJTHUMH JIeHCTBYIOLIMX
Harpy3oK C Liefiblo 0becnedeHHs yCTOHUMBOCTH M NOJyueHMs MOTPEGHOM XKecT-
KOCTH KOHCTPYKIMH Haka.

Jxvuwa 6akoB BBINONHAIT B Gopme nonycdep WIH THICOHIOB BPalLCHHA
(cM. puc. 4.7, no3. 1 u 11), Gopma auui BEIGHpaeTca Mcxonsa U3 TpeGoBaHMi
HeoOXOmMMON NPOYHOCTH, >KECTKOCTH, TEXHONOrMYHOCTH H yHoGCTBa KOMIIO-
HoBKkH GakoB, Ilpu cdepuueckoit popme AHMIL HX Macca MOMyYaeTCA HaHMEHb-
weit, a o6beM GaxoBoro orcexa — HauGonmpumM, JHMINA IITHICOMTAIBHOM
¢ opMel mo3BonAIT Gollee paMOHAJIBHO HCNONb30BaTh 06bEM KOpITyCa JIeTaTelb-
Horo ammnapara. IIpH COOTHOLIeHHH ocedl JUTHICOMmOB 1:2:2 TonMMHa AHMIN
o6blMHO paBHa TomupHe oOeyaikH GakoB, YTO BBITOJHO C TEXHONIOTrHMYECKOWH
TOYKH 3peHHs .,

Huuma GaoB OGBIYHO H3TOTOBIAIOTCA M3 JIMCTOBOTO MaTepHala IUTaM-
MOBKO# LIENHKOM JIN6O U3 OT/eIbHBIX CEKIMii, a 3aTeM cBapuBalorca. [lis obec-
NEeYeHHA OHHIAM MOTPEeGHOM XECTKOCTH H YCTOMYMBOCTH K HHUM NPMBapHBaIOT-
cs peGpa >keCTKOCTH M 1maHroyThl, K muuimaM GaxoB mpuBapuBaloTcs GnaHIBI
MOHT@KHBIX M TEXHONIOTHYeCKHX NIOKOB (mo3, 16 Ha puc. 4.7, no3. 7 u 12 Ha
puc. 4.8) u TpyGompoBomoB (no3 6 Ha puc. 4.7), WTyLEpH IIA MOAAYM ra30B
(mo3. 2 Ha puc. 4.7) wm cnusa ronusa, Ha 3amsux mommax 6axoB 06bMHO pas-
MewaloTca 3a6opHble oTBepcTHsa (mo3. 13 ma puc. 4.7, no3. 9 Ha puc. 4.8),
COeIMHEHHbIEe C MOMOIBI0 (IaHUEB C TOITMBHBIMU MarucTpanaMu KoHcTpyk-

2
Puc. 49. Koncrpyxuns oGedaiiku TOmMBHbIX GaKoB:
a — rnapkas; 6 — ¢ pebpamu; 6 — NoaKpeIUieHHad roppoM; 2 — noaKpeIUleHHas CTPHHIe-
paMu; O — “BadesrBHOrO™ THIA
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uMA ¢raHua Ha JHMLIE TOITHBHOTO Gaka C 3aKPEIUIEHHOH KPBIIIKOH JII0Ka Io-
Ka3aHa Ha puc. 4,10, a, kperuteHHe TpyGonpoBo/ia K JHMILY — Ha puc. 4.10,6.

HnasroyTsr (nos. 7 Ha puc. 4.7) npUMeHsAIOTCA OJjIa npumaHusa GakaM Tpe-
Gyemoit GOpMBI B NMOMEPEYHBIX CEYEHHAX H NMOBBIIUEHHA HX JKECTKOCTH H IPOY-
HocTH, llmaHroyTsl yBeNIWYMBAIOT AONMYCTHMbIE KPHUTHYECKHE HANpsDKEHHS B
obeuaifkax ¥ B MPOMIOJILHOM CWIOBOM Habope 6aKoB, ABIAACH I HUX ONOPaMH
IIPH Harpy>KeHWW BHELIHMMH CWIaMH. PaccTosmHe Mexqly IINaHroyTaMH BhIGH-
paerca ¢ yYyeTOM MECTHOH H oOLieil MoTépH yCTOMUMBOCTH obGevaiiku GakoB,
B Gakax GonmbLUmMX yIMHEHMH IUMaHrOYThI MOTYT paboTaTh TakXe Ha CXKaTHe,
BO3HHMKalollee BCeacTBHe AedopMallMM Koplyca npu u3rube. B xpymoraGa-
PHMTHBIX Gakax LUITaHIOyThl YCTaHaBIIMBAOTCA Takoke HAa 3a[lHUX JHHMIUAX GakoB
(no3. 7 ua puc. 4.7) s NOBBILIEHHA UX YCTOHYUBOCTH NPH HEHCTBHH CXKUMaIO-
LWIKMX CWI, KOTOpBIE MOTYT BO3HHKHYTDb B IHHIUAX [PH ONpe/elIeHHOM CoYeTaHHH
HApPOOMHAMHYECKHMX Harpy3ok. lllnaHroyTbl BHINONHAIOICA B B KOJeL yroi-
KOBOTO, LIBEJI/IEPHOro WIH Z-06pa3HOro ceueHus, OTLITAMNOBAaHHBIX U3 JIHCTO-
BOTO MaTepHaia.

HHorga B Gakax yCTaHaBIMBAlTCA YCHIEHHbIE LINAHrOyThl, BOCIPUHUMAIO-
IIHe COCPeTOTOUEHHbIE CHIbI OT IPHKPEIUIEHHBIX K HHM arperaroB JIeTaTelIbHOr 0
anmapara (KpbUIbEB, ABUTATENel M APYTHX arperaroB) . K ycuiennbIM wmanroy-
TaM MOXXHO OTHECTH H CTBIKOBBIE IIIaHIOYThbl, MIPHMEHSAIOLIHECS [IIA COEIHHeE-
HuA GakoB Mexny coGoi, a Takxke 6aKOBBIX OTCEKOB C APYrHMH OTCEKaMH
KOpIyCa JIeTaTeNIbHOr0 anmapara, YCWIEHHbIE ILTIaHTOYTHI JO/DKHBI OGnamarh
[OCTaTOYHO GONMBLIO}H XKECTKOCTbIO M He JOomycKarh AedopMalMH oGedaeK MpH
nepefaye Ha HUX COCDeJOTOYEHHDBIX CWJI. YCWJIEHHbIE LINIaHTOYThI MMelT Gonee
MOLLHbIE TOACa U CTEHKH MO CPaBHEHHIO C OOBIMHBIMH IINAHTOYTaMH M H3IOTOB-
JIAIOTCA C MPHMEHEHHEeM LITaMIOBKH, INTbA U cBapkH. [Ipodunn ux cevenuii B
OCHOBHOM 3aKpbIThle (KOpOGYarThie),

CrpuHrepb! nogkpemwisior obedaiiky 6akoB, MOBBILIAIOT KPUTHYECKHE Ha-
NPSKEHUS CKAaTHA M COBHra, paGoTaloT Ha HOpPMalbHbIE HANPAXEHHA OT M3IH-

7 8

Puc. 4.10, dnemenTtsl KOHCTPYKIUHH TONIMBHOrO Gaka:

@ — KpelUleHHe KPBIIIKH JIOKa K OHUULY; 6 — KpeluleHne TpyGompoBopa Ha mHuile Gaka;
1 — dnanen Ha maMine; 2 — Gonr; 3 — KpBIIKa JIOKa; 4 — MPOKNamKa; 5 — mHume; 6 —
nepexomHoe KombLo; 7 — TpyGonposon; 8 — dnaHew Tpy6ompoBoaa
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Galonmx MOMEHTOB M CXHMalouWX (pacTArHBalowmX) cwi, CrpuHrepsl 06bIMHO
H3TOTOBJAIOTCA M3 THYTHIX WIH IIPeCCOBAaHHBIX NMpoduleil WIM COEOUHAIOTCA C
obeuaiixoit cBapkoii, IHorna pomp CTpHHrepoB BBINONHACT TOHKaA rodpupo-
BaHHas OGIIMBKa, COefHHEHHas ¢ obevaiiioii Gaka.

Yane1 xpewienus (no3. 11 Ha puc. 4.8) NPUMEHSIOTCH WA KpeIIEHU K
6akaM pa3IMYHBIX arperaToB M rpy3oB, [AJisA IPOM3BOMCTBA TaKeJIaXHbIX pabor,
a TakXXe IjiA coeguHeHMs GakoB ¢ Apyrumu orcekamu JIA. B xauectBe y3iioB
KpeIUICHHsAs MOTYT HCNOJIb30BaThCA MPOYIUMHBI M LIMAIBKH, 3aKpeIUIeHHbIE Ha
YCHWJICHHBIX WIH CTBIKOBBIX ILMaHroyTax 6akoB, WIH cneuuaibHbie pamsl. Ilpu
nepeade COCPeNOTOUEHHBIX HArpy30K y3Jibl KPEIUICHHA He XOIDKHEI AedhOpMHpO-
BaTbCA CaMH H He JIOJDKHBI CO3/aBaTh AedopMaiil B KOHCTpyKIMH GaKkoB,

Takum oGpa3oM, BbIGOp KOHCTPYKIMH GakoB H MaTepHaIOB CYLIECTBEHHO
3aBHCHT OT [CHCTBYIOLIMX Ha JIeTaTeJIbHbIA anmapar Harpy3oK H YCJIOBH#l ero
NpHMEHEHNA

4.1.3. KOHCTPYKLIUSI 3ABOPHBIX YCTPOHCTB

3aGopHble yCTPOHCTBa TOIUTHBHBIX 0aKoB, ABIIAIOIIMECH OMHUMH M3 OCHOB-
HbIX YCTPOHCTB TOIUTMBHBIX CHCTEM, NpeJiHa3HadeHbl [iA obecneyeHHs Gecnepe-
60HOro NOCTYIUIEHHA TOIUIHBA M3 6akOB B TOIUIMBHBIE MAarWCTPaIH NpH BCEX
3alaHHBIX pexmmax paGotsi P, Hapyiienns mopmaud ToIUIMBa, BbI3bIBaeMble
BOpPOHK00Gpa30BaHHeM, KaBHTaUMel JIMG0 nepeMelieHHeM ypOBHA CBOGOMHOM
MOBEPXHOCTH TOIUIHBa B Gake, HEAOMYCTHMBI,

Ha cpeiB nopaun TommmBa ocoboe BIIMAHHE OKa3bIBAalOT KONEOaHHA H mepe-
MellUeHHs YPOBHA TOIUIMBA NPY MaHeBpaX M MEPEXOMHbIX PeXKHMax J1eTaTeNIbHOro
anmapara, a TakXxe npu cGpoce cTymeHeit, B pe3yibTaTe 4ero B 0ake MOryT
BO3HHKHYTh OTpHLATENbHbIE NPOMOJbHbIE MNEPErpy3KH, BbI3bIBAOIIHE OTIIHB
TOIWINBa OT 3aGopHoro ycrpoiicTBa, IIpn koneGannax TOIWIHBa BHYTpH GaKoB
MEHAETCA MacCOTeIUIO0OMEH MEXIy XHOKOH H ra3oBOH CpEHo#, YTO MPUBOOUT
K H3MCHEHHIO [IaBJIeHHA M TeMmepaTyphl rasa B 6axe, OcOGEHHO CWILHO H3Me-
HAIOTCA TEIUI006MEH M HaBlieHHe B Gakax NMpH HCNOJIb30OBaHMM JIA HaJgyBa ro-
PAYHX ra3oB, TeMIIepaTypa KOTOPhIX Ha HECKOIbKO COT PajlycoOB IpeBbILIaeT
TeMNEpaTypy TOIWIMBA, a TaKXe NPH BBICOKOM adpOOMHAaMHYECKOM HarpeBe
creHok Gaxos, HauGonee oTpuuaTeIbHO 3TH ABNEHUA MPOABIAITCA NPH IPUMe-
HEHHH KDHOTEHHbIX KOMIIOHEHTOB TOIUIHBa, KOTOpbie IIPH HarpeBe HHTEHCHBHO
KHIIAT, HCNApAIOTCA W NOJABEPralTCA TEIUIOBOMY PacCJIOEHHMIO, YTO YCHIHBAeT
KaBHTalMI0 B Gake H TpyGoNpoBoAax M NPUMBOAMT K HEHMCNOJIL30BAHMIO 3HAYH-
TEJIBHOrO KOJIHYECTBa XH/IKOro TOIUIHBa,

KoHcTpykumsa 3aGOpHBIX YCTPOHCTB CYIUIECTBEHHO 3aBHCHT OT Ha3HaueHHs
NeTaTeNibHBIX anmaparoB, Tak, HampuMep, B MaJlOMaHEBPEHHBIX JIeTaTeIbHBIX
ammaparax (GalMCTHYeCKHX paKeTaX, paKeTaX-HOCHTEJfIX) He BOIHMKAEeT pe3-
KHX KOJle0aHHil TOIUIHBA, a MPOMONbHBIE H NMONEPEUHbIe NepPerpy3KH HEBENHKH,
[O3TOMY KOHCTPYKIMHM TOIUIMBHBIX 0aKOB MOJyYaloTCS HauGolee JIerKHMH,
TaK KaK OHM HE MCILITHIBAlOT OGONMBLIMX M3rHGarolMX MOMEHTOB H Iepepe3bl-
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Puc, 4.11, Cxema cnuBa TonnnBa u3 Gaka 6e3 BOPOHKO-
racurens (2) W ¢ BOPOHKOracHTeslleM NpOdHIMPOBaH-
HBIM BX0oAoM (0) :

1 — Tapems; 2 — peGpo

BalOIMX CWI M He TpeGylT YCTPOHCTBA CIIOX-

HBIX cHcTeM 3a6Gopa TormiuBa, B BricokoMaHeB-

PEHHBIX JIeTaTelbHBIX amnmaparax (3eHHTHBIX

\ 7 ynpaBJifieMBIX paKeTax, KpbUIaThIX paKeTax H

a 5 7 np.) BO3HMKAOT GONbILME 3HaKONEPEMEHHbIE

GoKOBbIE Neperpy3KkH, NMo3TOMy B TOIDIMBHBIX

Gaxax HeoGXOOMMO yCTaHaBIMBaTb CJIOXHBIE 3aGOPHBIE YCTPOWCTBA, a KOHCT-
PYKIHMIO 6aKOB YCIIOXHATD.,

Cnemududeckue ycnoBus no 3aGopy TOIUIMBa BO3HHKAKT B OpPGHTaJIBHBIX
H KOCMMYECKHX JIETaTeNbHBIX aNlapaTaX INpH HeBeCOMOCTH (OTCYTCTBHH rpaBH-
TAaUMOHHOI'O BO3[EHCTBHA). B yCIOBHAX HeBECOMOCTH peluaiollee BITHAHHE Ha
NOBe[eHHE XHOKOCTH OKa3bIBalOT CHIbI MEXMOJIEKYIAPHOrO CUeIVICHAS H Io-
BEpPXHOCTHOIO HaTAXKEHHUA, a TaKKe CBOHCTBAa CMaYMBAIOLIEH TOBEPXHOCTH,

Ilepeuncrennsie ABIEHNA HEOGXOOHUMO YUMTHIBaTh MPH MPOEKTHPOBAHMH 3a-
GOPHBIX YCTPOHCTB H TOIUIMBHBIX CHCTEM,

IIpocTeiinmM Mo KOHCTPYKUMH 3aGOPHBIM YCTPOHCTBOM ABIIAETCA CIIMBHAA
TOpNIOBMHA, BLINONHAEMan B 3alHeM (HIkHeM) mHHue Gaka, OgHaKO TaKoro
THIA 3aGOPHUKH MOTYT IPHMEHATBCA TONbKO B Bakax MalloMaHEBPEHHBIX JIeTa-
TENbHBIX aNNapaToB, TaK KaK OHH JIMILIEHbI BO3MOXHOCTH OoGecrneuMBaTh Hempe-
PHIBHYI0 NO[jady TOIUIMBAa MPH €ro KojeGaHHAX U OTIMBaX OT 3affHEro JHHIlA,
9TO XapaKTEepHO /i BBICOKOMAaHEBPEHHBIX JIETATENIbHBIX aNlapaToB,

OmHako M B OTCYTCTBHE KoNeGaHHil TOIIMBA B CJIHBHON IOPJIOBHHE MOXET
BO3HHKHYTb Dsifl OTPHUATENbHBIX ABJICHHH, IPUBOAAIIMX K HapYLIEHHIO CIDIOLI-
HOCTH NOTOKA M K HENOJHOH BhIpaGoTrke ‘TOWIMBA 3 OakoB, [Ipuumibl nopo6-
HBIX fBJIEHHH — BOPOHKOOOpa30BaHHE H KaBHTalMA B CIIMBHOH ropiOBHHE, a
TaKXe OHHaMHYECKHHl *’poBan’ YpOBHA CBOGOIHOH MOBEPXHOCTH TOIUIMBA,
NPOABJAIIMIACA B HEPABHOMEPHOM OINyCKaHHH TOIUIHBa, 0COGEHHO OLIyTHMOM
B KOHLE BbipaGoTkH TowuBa (puc. 4.11,a).

O6pa3oBaHHe BOPOHKHM Ha BXOM€ B CIIMBHOE YCTPOWCTBO CBA3aHO C HepaB-
HOMEPHOCTbIO CKOPOCTEH HCTEKaloMeH KHIKOCTH MO ceueHHIo baka, B pe3yibra-
T€ YEro CKOPOCTb NMOTOKa B CITHBHOM YCTPOHCTBE yBEJIHUHMBACTCA, a CTaTHUECKOe
HaBJieHHe napmaet. Ecnu craTHueckoe MaBiieHHe ynafeT HiDKe JaBJIeHHA HACHILLEH-
HBIX NapOB KOMIIOHEHTa TOIDIHBAa, TO HACTYNAaeT KaBHTalMA, MPUBOAAWAA K
PE3KOMY BO3DacTaHHIO THAPABIMYECKHX NOTEPh B 3a60OPHOM YCTPOMCTBE, BHX-
PeBOH 3aKPYTKe >XHIKOCTH B CIIHBHOM OTBEPCTHM M HapyLICHWIO CIUIOLIHOCTH
MOTOKa,

CyuwiecTByI0T pasnuuHble CHOCOGbI yCTpaHEHHs BOPOHKOOOpa3oBaHMS H
KaBHTAalIHOHHBIX SABJICHHA B CHWIOBOM YcCTpoiicTBe., Tak, HanpuMmep, BXomHas
4acTb CJIMBHOH TOpPJIOBHMHBI [OJDKHa NPOQHIHPOBAaTLCA TaKHM 0Gpa3oM, YToGbl
CTaTHYeCKOe JIaBJIeHHe MCTEKaIOLIEH SKHIKOCTH MPEBHILATO NaBJIeHHe HACHILLEH-
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HbIX MapoB, [JIA YEro OceBas COCTaBJIAIOILAA CKOPOCTH BIOMb TMHHH TOKA [OJXK-
Ha GbITh paBHa CKOPOCTH NepeMeLICHHsT YPOBHA XuaKocTH, Janee, Han BxonoM
B CIIMBHYI0 TODJIOBHHY AOJDKHbI YCTaHaBIMBAaThCA NMPOGHWIHPOBaHHBIE KOHYCO-
oGpasHbie TapenH ¥ pe6Gpa, BHIpaBHMBAIOLIME NOJIE CKOPOCTEH MOTOKA M NMpensAT-
CTBYIOLLME MMPOPBIBY ra3a B CIMBHYI0 MarucTpainb, Tapenu pa3memaiorca Ha on-
PeNeNleHHOM PacCTOSHHM OT BXOAHOro orBepcTHA. JlMamerpsl Tapeneit JOMXHbI
GbiTb MpPUMEpHO B OBa pa3a Gonbuie nuamerpa Bxona. A mpemorBpallieHHs
BpaILATeNIbHOrO ABIDKEHHA TOIUIMBAa H Pa3fielieHHs ero Ha OTHesbHbIE CTPYH Ha
TapenAx KpenaATcs pafMalibHble IUIAacTHHBI BbhicoTOH 50 — 200 MM M gHaMeTpOM
B 1,5 — 2,0 pasa GonblmM guaMeTpa TapesiH,

Bce mepeuncneHHble pEKOMEHOAUMH NO KOHCTPYHPOBaHHIO CIIHBHOIO
YCTPOACTBa MNO3BONAKT YMEHBIINTh HEHCIONb30BaHHbIC OCTaTKH TOIUIMBAa B
6aKax U MOBBICHTh YCTOHUMBOCTD NO/aYM TOIUTHBA B [IBUTaTeNb,

OpmHaxo KOHCTPYKIMH 3aGOpHHKOB CIHMBHOro THma He oGecrmeuHBalT Gec-
nepeGoiHO# MOJauYH TOIUIMBA H NMOJHOM BBIPaGOTKH TOIUIMBA M3 GakoOB NpH ero
oTnHBe oT 3a6opHOro ycrpoicTBa, KparkoBpeMeHHOMY 3aliepxkaHHI0O OT/IHBa OT
3a60pHOro yCTpPOHCTBa MOXeET CIoCOGCTBOBaTh YCTaHOBKa B 3afjHel 4acTH Gaka
BGIM3M CIIMBHOrO OTBepCTHA MepdopHpOBaHHBIX meperopomok (puc, 4.12,a),
a TaK)Ke pelIeTYaTBIX, COTOBBIX WIH TPyOYaThIX KOHCTpyKImMii (puc, 4.12, 6).
Takue ycTpoicTBa NMOBBILAIOT CIUIOLIHOCTh IMOTOKAa TOIUTHBA Ha BBIXOAE H3
Gaka, racar KoneGaHWA TOIUTMBA, YMEHBLIAIOT MOMafaHHe KPYIHBIX Ia30BBIX
my3bIpeit B 3a00pHOE YCTPOMCTBO M YAEP)KHBaloT BOJIM3H HEro 4acTb TOIUIMBaA,
HakommrenbHele cHcTeMbl HanGonee 3¢ deKTHBHEI B YCIIOBHAX MalbIX TPaBHTa-
UMOHHBIX CWI IIPH Or PaHMYEHHBbIX KOJNEeGaHHAX BBICOKOKHMNALMX KOMIIOHEHTOB
TOIUTHBA, OG/Ia/aloMX 3HaYHTEJIbHBIMHA CHJIaMH NIOBEPXHOCTHOTO HaTAXKEHHA ,

Ina Gonee Hapmexmoro 3a6opa TOIIMBA NpPH HEHCTBHH OrpaHWYEHHBIX IO
BpPEMEHH 3HaKONEPEMEHHBIX NPOJObHBIX H MONEPEYHBIX NMEPErpy30K B TOIUIHB-
HbIx Gakax crefyer ycTaHaBNMBaTb Aemndepsl, racaume xoneGaHusa M 3apep-
XHBaKIHe OTJIMB TOIUIMBA OT 3alHEro JHHINA, quadparMbl H NEPEropoaKH C
KnanmaHamu (puc. 4.12, 8), nn6o kommencauuonHsie 6auxu (puc. 4.12, 2) wiu
HaKONMTeNIbHBIC YCTPOHCTBa CHWIbGOHHOTO THIIAa, KOTOPHIE MTO3BOJIAIOT YAEPXKaTh

Puc. 4.12, CxeMbl TOIIMBHBIX GaKOB CO CIMBHBIMH
YCTPOHCTBaMH:

a — 6aK co CIMBHBIM OTBEPCTHEM H BOPOHKOIaCHTe-
neM; 6 — Gak co CGOPHHKOM COTOBOH KOHCTpYK-
umyu; 68 — Gaxk ¢ quadparmMamMu H meperopoaKaMu c
KJlaNaHaMH; 2 — Gak ¢ KOMMEeHCaUHOHHBIM GaukoM;
1 — BopoHKoracHTeNb; 2 — cothl; 3 — muadparma;
4 — KNamaHbl; 5 — KOMIEHCAUMOHHBIH 6a40K
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Puc. 4.13, Cxemsi TommBHBIX 6aKoB ¢ 3aGOpPHBIMH Y CTPOHCTBaAMHK:

a — 6ak C TNOMBIKHEIM ClledALMM 3a60pHHKOM (C cCIbPOHOM) ; 6 — Gak C MOABHXKHBIM
cnepAMM 3a60pHHMKOM (C IIApHHPOM) ; 8 — 6Gak C BpallIAIOIIMMMCA JIONaTKaMH; 2 — Gak
¢ Bpalaonieics XHIKOCTBIO B COGHpaTelbHOM KOHYce

HEKOTOpOe KOJIMYECTBO TOIUIHBA B NEPHOJ €ro OTJIMBA OT 3a60PHOTO YCTPOHCTBa
H 3THM 06ecreuuTh HeMpepHIBHOE [THTAHHE IBHTATENsA TOIUTHBOM,

Ha BricOKOMaHEeBpEHHBIX JIETaTe/IbHBIX, aNNaparax NpH GoJbLIMX momepey-
HBIX meperpysKax, CWIbHBIX KojeGaHHAX TOIUIMBa B GakaX NMpHUMEHSAIOTCH Clie-
asue 3a60pHbIe ycTpoicTBa (pHc. 4.13) .

B Gakax co cnegAumMH 3a60pHBIMH YCTPOWCTBAMH NOJBIDKHas YacTb 3a-
GOpHHKA OTKJIOHAETCA IIOf JIeHCTBHEM HHEPLMOHHBIX CHI B CTOPOHY OT/IHBa
tomwusa, [loBopor nogBIiMO#H YacTH 3a60PHHKA JOCTHTaeTCs JIHGO YCTaHOBKOMH
rubkoro cwisdona (puc. 4.13,4a), nubo 1apuupa (puc. 4.13, 6) . K coxanenmo,
MONBIDKHbIE 3a00pHHKH H3-32 HAIMIHA JKECTKOCTH CHIb(OHA H TPEHHA B IIAPHH-
Pax HMeIoT HEKOTOpOe 3aNa3[bIBaHHe ClIeIOBaHHA 32 TOIUIMBOM 110 BpeMEHH IIpH
ero orymse. TeM He MeHee GiIarogaps NPOCTOTe KOHCTPYKIMH OHH HAIIUTH JIOCTa-
TOYHO LIMPOKOe NpHMeHeHHe B TOIUTHBHBIX Gakax.

KoHCTpyKkTHBHBIE CXeMBI C MNOIBIKHBIMH 3a60pHHKaMHM IOKa3aHbl Ha
puc. 4.14, B towmmBHBIX Gakax MOTYT NPHMEHATHCA TaKXe yCTPOHCTBa, OCHO-
BaHHble Ha Pa3fieJICHHH TOIVIMBA M ra3a NPH BpPalIaTeJbHOM JBHXXEHHH TOIUIHBA
BHYTpH Gaka. BpaiaTesibHoe OBIDKEHHE TOIUTHBA MOXHO OCYLUECTBHTH, HalpH-
Mep, JIONAaTKaM¥, PMBOAMMBIMH BO BpallieHHe KEKTOPOM WIH THIPOMOTOPOM
(cM. puc. 4.13, 8), MMGO TaHTeHLMANBHBIM NOBONOM TOIUIHBA Ha BHYTPEHHIOK0
MMOBEPXHOCTh COGHpATeNbHOro KOoHyca 6aKa M3 MarHCTPaIH BHICOKOrO NaBJICHHA
nocne THA (cm. puc.4.13,2), uTo oGecriednBaeT 3aKpyuyMBaHHe TOIUTHBA B COGH-
paTesIbHOM KOHYCe H €ro OTAeJIeHHe OT ra3a.

HauGonee BbicOKasn HafeXHOCTh HENPEpHIBHON IMONauYH TOIIHMBA (OCOGEH-
HO NIPH JeACTBMH OTPHULATEJIBHBIX MEPerpy3oK) MOXeT GbITb JOCTHTHYTa C I10-
MOLUBI0 MOpILIHEH, BBITECHHTENBHBIX MEUIKOB H 3TaCTHUHBIX nAuadparm
(puc.4.15).
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Puc. 4.14. KoHCTpYKUHA MOABHXKHBIX 3a60OPHUKOB:

a — 3a60pHUK ¢ cwboHOM; 6 — 3a60pHHK C LIapHHpaMH; 1 — CoeIMHHTEbHAs HaK MOHas
raftka; 2 — HemoJBHXHas 4acTk 3a60pHuKa; 3, 6 — cuMbQOH; 4 — YTONBHUK; S — LIaPHHP-
Hast CTAXKa; 7 — MoABHXHas 4acTh 3a60pHHKa; 8 — mumacTuHa neMndepa; 9 — raitku Lap-
Hupa; 10 — ymwloTHeHHe wApHHpa; 11 — xopmyc mapHupa; 12 — mepBoe MOBOPOTHOE MJIe-
40 3a60pHuKa; 13 — BTOpoe NOBOPOTHOE IUTe40 3a60pHHKa

Prc. 4.15, CxeMbl TOITHBHBIX 6aKOB C pa3feIUTENbHbI-
MH yCTPORCTBaMH:

a — c nopumHeM; 6 — C BHITSXKHBIM CHIBOOHOM; 8 —
C BBITECHHMTEIIBHBIM MEIIKOM (TOIUIMBO B MellKe) ;
2 — ¢ BbHITECHMTENBHBIM MelIKOM (TOIUIMBO BHe
e MellIKa)
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Baku ¢ nopumessiMu pasnenurensiMu (puc. 4.15, @) nonyyawTcsa yacto
CIIMILIKOM MAcCCHBHBIMH, TaK KaK B JaHHOM CJIyYae IOIyCKaeTCs MeXaHW4YecKas
06paboTka BHYTpeHHEH MOBEPXHOCTH oGevaek OakoB, YTOGHI MOpLIEHb He 3a-
KJIMHUBAJICA ¥ He ObUI0 Obl MPOTEKaHUsA XHUIKOCTH B ra30BYI0 [0JIOCTD.

Bonee nerkumu nonyuarorcs Gaku ¢ cwibdonamu (puc. 4.15, 6), onHako
M3-332 HEJOCTaTOYHOM >KECTKOCTH CHIIb(POHOB NMpPH OEHCTBUH GOKOBBIX IEperpy-
30K MOXeET [IPOM3OHTH HX NepeKoC H 3aKIIHHUBaHHe,

3rnacTUuHBIE BBITECHUTENIbHbIE MEIIKH MOTYT NIPUMEHATHCA B [IByX BapHaH-
Tax: C TOIUIMBOM BHYTpM Meiika (puc. 4.15, ) WM C TOIUINBOM BHe MelllKa
(puc. 4.15, 2) . [Ipu BTOpPOM BapuaHTe KOHCTPYKUMH (puc. 4.16) | mis Toro yro-
Gbl BBITECHHTENIBHBIA MeLIOK He CKPYYHMBAJICA, ero 3aKpelIglT BOKpYr nepgo-
pHpoBaHHO#t TpyGbI 6, mpoxonsuei yepe3 Oak. Torma mocrynaroummit B Gak ras
HajlyBa OyneT pa3gyBaTh 3JIaCTHUHBIA MeLIOK 8 U BBITECHATh TOIUIHBO M3 Gaka
yepe3 CIIMBHOM KOJIEKTOP 4.

HenocTarkoM NpHMeHeHHA 371aCTUYHBIX BBITECHHTENIBHBIX MELIKOB MOXeT
0Ka3aThCs CPaBHUTeNbHO Oonblllasg Macca DaKoOBOH apMaTypbl, a TaKXe TPYH-
HOCTH B nopnbope MaTepHaJIOB AJIA MELIKOB, CBSI3aHHBIE C NPOHHIIAEMOCTbHIO
37IaCTHYHBIX MaTEPHATIOB.

B KauecTBe BBITECHMTENIBHBIX 3JIEMEHTOB MOTYT NPUMEHATHCA roppHpOBaH-
Hble JHadparmMel, KOTOpble HM3rOTOBJIAIICA M3 3/1aCTUYHBIX MaTepHalioB (He-
MeTaNIMYECKUX JTHGO aJIIOMHHHMEBBIX CIUIABOB U KOPPO3HOHHO-CTOMKOM CTalu) .
Huadparmel HauGonee yHOOHO NpPHUMEHATh B ChepUUECKHX, NUIMATHYECKHX
WK TOpoBbIX 6akax (puc.4.17), Tak KaK OHM HMEIT B 3THX 6aKaX CpaBHHTEIb-
HO HeGonbllyo BhITANKY. Huadpafmel B Gakax MOryT 3aKpervisfiThcs Bo ¢iaH-
LeBbIX CTBIKAX OOJITaMHU WIH C IOMOILBIO CBapKH,

Ha xoHCTpykumio 3aGOpHBIX YCTPONCTB TOIUIMBHBIX GaKOB KOCMHYECKHX
anmnapaToB OKa3bIBaeT CYLIECTBEHHOE BIIMSIHHE HEBECOMOCTb, KOTOpas BO3HHKa-

2
1 AN J

Mudrxacme

fas waddyba

Puc. 4.16. CxeMa TonnMBHOro Gaka BbICOKOMaHeBpeHHOro JIA ¢ BBITECHMTEIbHbIM Mell-
KOM:

1 — nepemree muuie; 2 — obeuvalixa; 3 — 3amHee OHMIUE; 4 — KOJUIEKTOp [UIs CIIMBa TOM-
NUBa; 5 — 3amHuit draHel co CIMBHBIM OTBepcTHeM; 6 — nepdopupoBaHHas TpyOka; 7 —
nepefHuit GhnaHey co WUTYLEPOM [UIA MOJAYH BO3Ayxa; 8 — BBITECHUTENbHBIA MeELIOK
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Puc. 4.17. TonnuBHble Gaku ¢ aHad-
parMammu:

a — 1WapoBo#; 6 — 3IUIHNTHYECKHIH;
8 — TOPOBbIH

er npu nonere KA Ha yyactkax ¢
HepaboTalOIMMH  [BHraTENIAMH,
TomwmBo B yClOBHAX HeBECOMOC-
TH pacrionaraercd B 6aKaX XaoTHY-
Ho. Iloatomy mis obecnedeHus
NpWINBa TOIUIHBa K 3aGopHOMY A
OTBEPCTHI0 B TOIUIMBHBIX Oakax

KA 06bIYHO NMPUMEHAIT BBITECHH-

TeJbHble MELIKH, Pa3/ieNIMTeNbHbIe

ovadparMel, KalwWUIAPHbIE CETKH,

a TaK)Ke HCIIOJb3YI0TCSI UCKYCCTBEHHAsA I'PaBHTalMA , 3JIEKTPOCTaTHYECKOE TI0TIe U
Opyrue cnocoGbl ¥ YCTPOHCTBa.

Ha puc. 4.18 npuBenieHa cxeMa, nosicHAowas pa6oTy cucremsl 3abopa ToI-
nuBa B KA “Buxunr-1". OHa BxiIouaeT B cebs IUIaCTHHYAThIA y3€J1, MOHTaXHO-
YCTaHOBOUHBIH y3€Jl, COEqUHHTEeNIbHBIA KaHall U TpyOy HajylyBa-IpeHaxa.

IInacTHHYATBIA y3eNl COCTOMT M3 LEHTpPalbHOW TpYObl 1 C OTBEpCTUAMH, K
KOTOpO# KpEenATCA OBeHa[uaTh PagHalIbHbIX THTAHOBBIX [UIACTHHYATBIX MEPEro-
ponok 13. Koudurypauus niacT¥H ¥ 3a30p MexXay HAMH (MaKCHMalbHOE 3Ha-
yeHue 3a3opa — 150 MM) oGecreuuBalOT BbIIAaBIMBaHWe ra30BOrO Iy3bIpsA B
BepxHI0I0 Yactb Oaxa, IleHTpanbHast Tpyba CIIy>KHT HaKONMTENIBHOH €MKOCTBIO,
Ins oGecrieueHHst 3alONTHEHUs LEHTPaIbHOH TpyObl B Heil yCTaHOBJIeHa INpo-
nonbHast neperopoaka (pe6po) 2 ¢ AHaroHalbHBIM CPE30M.

MoHTaXHO-ycTaHOBOUHbIA Yy3en 10, kpensimiics K BbIXOOHOMY (raHIy
TOIUTHMBHOro Gaka 4, COBMECTHO C BEPXHHM OINOPHBIM (iaHLEeM LEHTPATbHOTO
9KpaHa 3 ¥ GWIBTPOM ra3oBbIX BKIIIOUEHHH 8 00pa3yloT OTCTOMHHK 6. OWiIbTp
ra3oBbIX BKJIIOUeHH# HMeeT 458 orBepctuit (¢ 2.4 MM) 1 obGecrieunBaeT OpeHaX
ra3a M3 OTCTOMHMKA IpU paboTe IBHraTess U yJepXKaHWe KOMIIOHEHTa TOIUTHBa B
KOJIJIEKTOpe BO BpeMs MoJleTa,

CoenuHuTeNnbHbIA KaHat 12 obGecrmeynBaeTr 3amoyHeHUe IUTaCTHHYATOrO y3Jla
IIPH HCXOJHOM IOJIOXKEHUH TOIUIMBa B BepxHei yacTH Gaka (Ipy MallbIX 3amol-
HeHHAX Gaka), a TakXe mopadyy KOHJIeHcaTa TOIUIHBa, 0Gpa3oBaBlLIerocs u3-3a
Pa3HOCTH TeMIlepaTyp BepXHero ¥ HWkHero JHHULI, s nmpeqoTBpallieHus paspel-
BOB JKMAKOCTH MeX[y IUIaCTHHYATBIM Y3JIOM H COEqHHHTEIbHBIM KaHalIoM
nocyieHUH HMeeT BICTYN 11, BXOOALMI B 30HY I1aCTHHYATOro y3ia,

AHanTH3 MpUBEIeHHBIX CXEM CHCTEM IMTaHMsl, HCIIOJIb3YIOLHUX CHIIbI TOBEPX-
HOCTHOTO HaTsDKEHHs, NMO3BOJIsieT CHeNaTh BBIBOM, YTO OCOOEHHOCTH KaXIoi
KOHCTPYKIIHH OTIPEeNISAI0T B OCHOBHOM IBYyMs GaKTOpaMH:

— BEJIMUMHOMN N eHCTBYIOIIUX Ha CHCTEMY Ieperpy3okK;

— yHKIHOHATIBHBIM Ha3HAYEHHEM,

Tak, Hanpumep, BCIEICTBHEe BO3DAaCTaHMA [eHCTBYIOLIMX MEPErpy3oK Xa-
paKTepHble pa3Mepbl KalWUISAPHBIX pa3fieliuTeniei ObUTH yMeHbuteHs! o 10 MkM
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(cerka 325 X 2300 mem.) mis PCY MTKK “Creiic llattn™ mo cpaBHeHuio ¢
KA ”BuxyHr-1" (MakcuMarbHbl# 3a30p IU1acTHH mocTuraeT 150 Mm) .

Kpome toro, B KA "Bukunr-1”’ TornmuBo 3abupaercs U3 LEHTPAIBHOM Yac-
i Gaka U OT HWDKHero fAHuILA. IIWTaHWe [IBUraTesIbHOH YCTaHOBKH B Cilydae
NPWIMBA TOIUIHBa K OJIHOM M3 CTEHOK 0aka, a He K HHXHEMYy [IHHIIY, He obec-
neynBaeTcs,

Cucrema nutanus PCY MBKA Creiic lllartn” obecneunBaeT momavy TOIUIH-
Ba NpH JIIOOOM BO3MOXXHOM HalpaBJIeHHH Ieperpy30K 3a CYET ero KOHTaKTa C
3a6opHbiMu KaHalamu (puc. 4.19) .

B Hacrosee BpeéMsA YCOBEPLICHCTBOBAHHbIE CHCTEMbI IOMA4YM TOIUIHBA,
HCIIOJIb3YIOLHE CHWIbl MMOBEPXHOCTHOIO HATAXEHHA, NMPUMEHSATCS OJIA KPHO-
TFeHHBIX KOMIIOHEHTOB TOIUIHBa. B 3TOoM CJ1y4a€ OHH OOIONTHAKTCA CACTEMaMH

D 915

4

1500

154 2 1 |

Zn

%3 6 5 4

Puc. 4.18, Cxema cucremsi 3a6opa ToniuBa B Gake KA “BuKHHr-1":

1 — uenTpambHaa TpyGa; 2 — pebpo (meperopomka) LeHTpaibHOH TpyObl; 3 — BepXHuit
ONOpHbIR (raHel HEHTPAIBHOTO 3KpaHa; 4 — BLIXOOHOM (raHel TOIUTHBHOTo 6aka; 5 —
IIOMHHHEBOE YIUTOTHeHHe; 6 — OTCTOMHHMK; 7 — KaHasl NMOMaud K y3J1y NepeKpbITHA TOI-
nuBa; 8 — QWILTP ra3oBHIX BK/IOYEHHH; 9 — KaNMWJUIApHBIN KaHan (buUTHIBEHAA TPy6Ka) ;
10 — MOHTaXHO-yCTaHOBOUHBLIA y3en; 11 — BBICTYn OTBOOHOIrO KaHana; 12 — orBomHOMR
KaHai; 13 — nacTuHyYaras neperopoaka

294



Puc. 4.19, Cxema KOpPMOBOTO TOILIMBHOTO Gaka 77 7

PCY MTKK Cneiic IlatTn’’;

1 — onopHbI# ¢GnaHel; 2 — KaHan ycTpoHCTBa 72 T 2
BHITECHEHHSI TOIUIMBA; 3 — mneperopoaka (TH- 77
TaH) ; 4 — MarMCTPaIb peHaXa 'a3a U3 KaHala  gp
HM)KHEro OTCeKa; 5 — MalHCTpalb JpeHaxa rasa

H3 BXOOHOI'O OTCTOMHHKaA; 6 — KaHaJl CHCTEMBI N 7

C HCNONIb30BAaHHEM CHJI IIOBEPXHOCTHOrO Hars- - O S
KeHus1 (KOppPO3HOHHOCTONKasA CTab); 7 — H
ra3’oBas JIOBYLIKa BXOQHOTO OTCToMHuka; 8 — ¢ : ¥ /
BXOOHOM OTCTOMHHK; 9 — aBapuiHeIft TpyGo- \

NpoBOA Nopai¥ KoMIoHeHTa; 10 — BxomHo#t =
KoJulekTop; 11 — 3KpaH Ta30BO JOBYLIKH J
BXOOHOTO KoJUleKTopa; 12 — rasoBas JOBYLL- 7 4
Ka; 13 — HapnyB ¥ mpeHax 5 7

TepPMOPETYITHPOBaHHsA U1 MCKIIIOYEHHSA KHUIIEHHs >XHOKOCTH Ha IOBEPXHOCTH
KalWUIAPHOTO pa3feNiuTelis.

IIpuBenmeHHble MpUMepbl 3a00PHBIX YCTPOHCTB TOIUTHBHBIX GaKOB He HCKITIO-
YT MPMMEHEHHs OPYTHX KOHCTPYKTHUBHBIX pEllleHHH B 3aBHCHMOCTH OT KOH-
KPETHBIX YCITOBHH X paboTs! M TpeGOBaHHi K CHCTeMe N0jauM TOIDIHBaA,

4.14. APMATYPA U YCTPONCTBA TOIUIMBHBIX BAKOB

‘ApMaTypa TOIVIMBHBIX 6aKoOB, NpefHa3sHaueHHas UiA OOecleYeHHs YyCTOM-
YUBOTO (YHKUMOHHPOBaHHA 0akKoB B COCTaB€ TOIUIMBHOH CHCTEMBI, COCTOMT
U3 DPaslIMYHBIX 3JIEMEHTOB M YCTPOHCTB, BXO[SLIMX B KOHCTPYKILHMIO TOIUIHB-
Hbix OakoB, OHa BkJiloyaeT B cebs 3a6OpHbBIE YCTPOHCTBAa: yCTPOHCTBaA, YIyu-
UIafouMe JUHAMHUKY paGoThl CHCTEMBbI MOMAYM TOIUIMBA H MOBBILLIAIOIIME YCTOH-
YHBOCTh KOHCTPYKIMM GakoOB, a TakXKe pa3iTHUHble KOHCTPYKTHBHO-TEXHOJIOTH-
YecKHe 37IeMeHTBI, 0GecneunuBaoiye IKCIUTyaTalo 6aKoB,

YcrpoiicTBa, H3MEHSTIOLIHE THHAMHYECKHE XapaKTepHCTHKH GakoB, Tomwus-
Hble GaKH C TOYKH 3pEHHsS CTPOHMTENIbHON MEXaHHKHU NPENCTaBIAIT cOBOM TOH-
KOCTEeHHbIE TPOCTPAaHCTBEHHBIE YNpPYTHe KOHCTPYKIMH, 3amlOJHEHHBIE OKHI-
KocTbio Y ra3zami, IIpu koneGaHHAX >KMIOKOCTH, BRI3BAHHbBIX YCIIOBUSMH M0JIETA
UK paboToil TOIUTHBHOW CHCTEMBbI, BO3HHKAIOT YNpyTHe KolleGaHHA KOHCTPYK-
UM 6aKoB M [ONOJNHUTENbHbIE HHAaMHYeCKHEe Harpy3ku Ha Hee, Ha xapaxkTtep
KojeOaHHit GaKOB OKa3bIBalOT BIMAHHE YCJIOBHA BKIIIOUEHHS M  BBIKIIIOUEHHS
[BHTaTeNsA, U3MEHEHHS PEXHMMOB ero paboThl, HaJJlyB TOIUTMBHbIX GakoB, a
TaK)Xe XapakTep YNpyroil NoABeckH (KpelleHWs) GakOB M KOHCTPYyKUMH
KOpIlyCa paKeTsl,

OpmHO#l M3 OCHOBHBIX 3a/lai KOHCTPYKTOpa TOIUIMBHBIX CHCTeM ABIIAETCH
obecreyeHye YCTOMUMBONH H HaneXHO#H pabOThl OBUraTeNlbHOH YCTAHOBKH C yue-
TOM JHHaMHMYeCKHMX Harpy3ok. Perrenue sToil 3amaun oGecreuMBaeTcsi pauMoO-
H@JILHBIM KOHCTPYHPOBaHHEM TOIUIMBHOH CHCTEMbI, a TaKXe IpHMEHeHHEM
CNelMasIbHBIX YCTPOHCTB B 6akaX M TOIUIMBHBIX MarucTpaisax — gemMidepoB u
aKKyMYJATOPOB,
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B kavecTBe MeXaHHUeCKHX [eMI(epoB, OrpaHHUMBAKOIIMX MOIBHXHOCTD
U KolleGaHHUsA >KMAKOCTH B GakaxX, MCNOJIB3YIOTCS pafHalbHble H MPOMOJIbHBIE
neperopofxH B 6akax, nepdopupoBaHHble AHadparmpl, ceTrkH. IlomoGHbie
nemMiibepbl 3¢bGeKTHBHBI IIPH HU3KHX YaCTOTaX, COOTBETCTBYIOLIMX NEPBBIM TO-
HaM KoJeGaHWH MOBEPXHOCTH XHUAKOCTH, OmHako npu Gosiee BBHICOKHX YacTo-
TaxX, COOTBETCTBYIOILMX YacTOTaM YNpPYrux KojieGaHu# cTeHoK 6akoB, HeOGXo-
OMMO TIPMMEHATH CleldaibHbIe yNpyrde fdemMidepbl B Gakax MO0 ycTaHaBIIH-
BaTh aKKyMYJIATOPbI B TOIUTUBHBIX MarUCTPAIAX.,

Tak, HanpHMep, B KayecTBe ynpyrux AeMndepoB B TOIUIMBHBIX Gakax Mo-
T'YT HCIOJBb30BAaThCA HAMOJIHEHHbIE ra3oM 2371aCTHYHbIE WM Ynpyrde o6oJouKH
(puc. 4.20) . Takue MArKHe ra3osble NOJIOCTH, 3aKJII0YEHHBIE B XKeCTKY10 nepdo-
PHPOBaHHYI0 0GOJIOUKY, MOTYT CIY>KHMTb JMHAMHYECKUMH [aCHUTENIIMU KOJeba-
Hu#, YacTtoTra KonebaHuii neMndepoB NOMKHA MOAGHpAThCS HCXOOsA M3 obLuei
3aayy ralleHus KoseOaHHH,

HeMndepbl MOXHO HacTpauBaThb Ha OINpefleJIeHHYI0 MOCTOSHHYH YaCTOTY
WK Ha BeJIMUMHY Bo3Myulawommx cwi, HacTpoiika MojkeT oCyleCTBIATLCA KaK
aKTHBHOW aBTOMAarMyecKOM CHCTeMOM M3MEHeHHs [laBJieHHsA B ra3oBOH MOJOC-
TH, TAK ¥ HW3MeHeHHeM oGbeMa caMOH NMONOCTH (MaccHBHas cucrema) . Takue
cucteMbl oGecrieyuBaloT 3¢ deKTHBHOE ralleHHe KojiebaHHi B LIIMPOKOM [IMaa-
30He YacToT,

TexHonmornueckue ycTpoiicrBa TOIIMBHBIX 6akoB. TominBHble GaKH OCHa-
LIeHbI Pa3JIMYHBIMHU TEXHOJIOTHYECKHMH CHCTEMaMH M yCTPOHCTBaMH, oGecreyu-
BalIUMMH 3aMpaBKy, CIMB M XpaHeHHe TOIUIMBAa, KOHTPOJIHPYIOLUIMMH MNOMady
TOIUIMBa B [BHUrarelb, a TaKXX€ Da3JIMdHOM MOHTaXHOM M TEXHOJIOTHYECKOMN
apMatypoii, K HUM OTHOCATCA 3anpaBOYHble H CIIMBHbIE TOPJIOBHHBI, IpEHaX-
Hble U MpelloXpaHHUTelIbHbIE KilallaHbl, JaTYUKH H3MEePEHHUsI YPOBHe H 1aBJIeHHH,
IITYLepbl [JIA BBOJA WIM CTPAaBJIMBaHMA ra30B, NeMIibepsl A Or paHUYeHHs
MOBH)KHOCTH TOIUTHBA, MOHTa)XHbIe ¥ TeXHOJIOTHYeCKHe JIIOKHU H IpyrHe yCTPOi-
CTBa.

YcrpoiictBa st 3ampaBKM M CIIMBAZ TOIUIMBA COCTOAT H3 3allpaBOYHO-
CIIMBHBIX M 3aNlOpPHBIX KJAMaHOB, HAPEHaXHBIX H KOHTPOJIbHO-W3MEPHTENIBHBIX
YCTPOHCTB, MOIAEPKUBAIOLIMX 3aflaHHBIA PEXUM 3allpaBKH M CIIHBA TOIUIHBA, U
3alpaBOYHO-CIIMBHBIX TOPJIOBHMH, HaXoOsAIMXCcsa B Gakax., OGBIYHO BCe MeEpeyrc-
JIeHHbIe 3JIEKTPOMAarHUTHble WM NHeBMaTHYeCKHe KIlalaHbl W YCTPOWCTBa,
obecrnieunBarolliMe 3aNpaBKy H CIIMB TOIUIMBA, PACMOJNIAraloTCA Ha TOIUTHBHBIX
MarucTpalax BHe 6aKoB, X ONHMCaHHe NpuBeneHo B ri, 2. OgHako Ha HeGoIb-
LIKMX JIeTaTelbHbIX alnapaTaX 3alpaBOYHO-CIIMBHBIE YCTPOMCTBA BBINOJHANTCA

Puc. 420, Cxema msarkoro nemndepa B Ton-
JIMBHOM Oake:

1 — TonnuBHBIA 6aK; 2 — TOIUIMBO; 3 — XecT-
Kasi obonouka c nepdopauveit; 4 — ysen
Kpemwnedus aemndepa; 5 — Msarkue obonou-
KM femndepa, HaCTpOEHHbIE Ha pPa3Hble 4acTo-
Tbl; 6 — CITMBHOE OTBEPCTHE

| |
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Puc. 421, 3anpaBoyHas rOpiOBHHA TOILIMB- |'|

Horo Gaka:
1 — npo6ka; 2 — npoknaaxa; 3 — kopmyc
3JRMPaBOYHO# TOPJIOBHHBI; 4 — BTY/Ka;

§ — knanaH; 6 — Kopmyc oTpaxarensi; 7 —
KOHTpraika

—

6e3 mpHMeHEHHA CIIOXHBIX 3JIEKTPO-
MHEeBMaTHYEeCKHX KJIaMmaHOB B BHIeE
TOPJIOBHH, PaCIONIOXKEHHbIX Hemocpen-
CTBEHHO Ha TOIDIMBHBIX Oakxax.

CxeMa 3ampaBOYHON TOPJIOBHHBI
6aka ¢ mpobGKoit, obecnednBaroLLEi NIpH
ee BHIBHHYMBAHHH NOCTYIUIEHHE H CIIHB
TOIUIMBA, IOKa3aHa Ha puc. 4 .21,

PacnioniokeHHe  3ampaBOYHBIX M I

CJIMBHBIX TOPJIOBHH Ha TOIUIMBHBIX Ga-
Kax omnpefeNsieTc NOJIoXKeHHEM JIeTaTeIbHOrO annapara B MOMEHT 3allpaBKH H
CIMBa, a TaKXXe OCOGEHHOCTAMH CBOHCTB KOMIIOHEHTOB TOIUIMBa. Tak, npu
BBICOKOKHIALMX TOIUIMBaX 3alpaBOYHas rOpPIOBHHAa MOXET paclojiararbCs B
mo6oii YacTH Gaka, MM HU3KOKHIIMX JOJXKHA PacroliaraTbCA B HIDKHEH YaCTH
GaKa OTHOCHTENIBHO ero MOJNIOKEHUA NPH 3anpaBKe. ITo yMEHbLIAeT TeI1006MeH
B Gake Mex/y ra3oBoil MOAYIIKOH U HU3KOKHMIALIMM KOMIIOHEHTOM TOIUIMBA H
MOTEPH Ha HCNapeHHe MOCIIeIHero.

JpeHaxHO-NpeNoXpaHHTeNIbHbIe CHCTeMbI TNIPHMEHAIOTCA IpH 3amnpaBKe,
XpaHEeHHMH M CJIHBe TOIUIMBA, a TaK>Ke NpH ABHIraTelIbHOH yCTaHOBKe IiA nopagep-
X<aHHsA B TOIVIMBHBbIX Gakax JaBlieHUs B 3a[JaHHOM [IMaMa3oHe,

JpeHaxHO-MpeNOXpaHUTeIIbHbIE CHCTEMBI COCTOAT M3 OPEHaXHbIX KJIaNaHOB,
NpeNOXPaHHTENbHBIX YCTPOHCTB, MAaTYMKOB HAaBJIEHHsA H 3JIEMEHTOB aBTOMATH-
KH. JNeMeHTBI 3THX CHCTeM YCTaHaBJIMBAIOT Ha OHMUIaX 6axoB M Ha TpyGomnpo-
BOJaX TOIUIMBHbIX MarucTpanedi, OTCyTCTBHE TaKHMX YCTPOHCTB MOXET IpHBeEC-
TH K paspyllieHHI0 5aKOB WIH K HapyYILeHHIO PeXHMOB paGoTsl ABurarens, Tak,
HanmpuMep, NpH 3anpaBke GakoB TOIIHBOM Ge3 cOpoca Haxopsawmxca B Gakax
ra3oB M MapoB KOMIIOHEHTOB HapylIaeTcfi HOPMaIbHOE MOCTYIUIEHHE >HIKOro
TOIUIMBa B GakH, BOHHKAIOT mynbcauud, IToatoMy B TOIUTHBHOM cHcTeme HEOO-
XOIMMO YCTaHaBJIMBaTh ApeHaKHbIe KJlaMaHbl, oGecneunBarolye BbIGPOC ra3os
B aT™MOCepy.

B npouecce XpaHeHHs 3anpaBlieHHBIX TOIUTMBOM GakoOB MOT'YT NPOHCXOIHTD
pa3ioXkeHHe, MCMapeHHe M HarpeB >KMOKHX KOMIIOHEHTOB TOIUIMBAa, BO3HHMKaTh
KoneGaHHs TeMNepaTypbl H [aBJlIeHHA B ra3oBo# nmopyike, be3 mpenaxuo-npe-
IOOXpaHHUTEeNIbHOR CHCTEMbI 3TH IBJIEHHA NPHBOAAT K BO3PacTaHMIO NaBJICHHA B
6akax, YTo MOXET BbI3BaTh pa3pylieHHe GakoB WM NpophIB MeMOpaH B TOIUIHB-
HBIX MarucTpalifx,, MperpaxJaolMX NOCTyIUIeHHe TOIUIHBA B [IBUTaTellb,

Ilpu cnuee TomwmMBa M3 GakoB JApeHaxHasd cuCTeMa obecreunBaeT CBA3b
BHYTpeHHe noyiocT 6akoB ¢ atMocdepoi, Tak Kak MHaye H3-3a 06pa3syoLero-
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CA TNpH CIIMBE TOIUIMBA Pa3peXKeHUs MOXET MPOHM3OHTH paspyliueHHe (CKJTambl-
BaHMe) oGevaiiku Gaka, BbI3BaHHOE [IOTEPeH YCTOHUMBOCTH 0Geuaiikh,

ITaTpyGku mia BBoma B Gak ra3a HaylyBa 3aKpeIUIAIOTCA B Gaxe Ha mepe-
Hem mHMe, g Toro, yroGbl MOCTYNMMBIIMA B 6ak ra3 He BbI3bIBAJI IMYJILCHPO-
BaHUA HaXOAALIETOCA B HeM TOIUIHBA, BBOJHBINA HacaJlOK JOJXEH HaNpaBJIATbCA
He Ha 3epKallo TOIUTHBA, a Ha THHMLLE WIH cTeHKy 6aka, MHorma Hacamok cHaGka-
eTCA CleUHallbHbIM OTpaxaTesieM rasa, [Ipu HCIONb30BaHMH I HaOdyBa *TOpsA-
uMX”’ ra30B OT MOPOXOBOr0 WIM XHIKOCTHOTO aKKYMYJATOpa NaBJIeHUs B Mec-
Te BBOJa ra30B MOJXKET yCTaHaBIIMBaThCA CNELMAIIbHbIA TEIUTO3aIMTHBIA 3K paH,
MpeNoXpaHAIOILHIA OT Neperpena NepenHee AHHILE H YacTb OGevaiiku Gaka.

CucreMbl H3MeHEHHA YPOBHe# TOIUTHBa B GakaX NMPHMEHSAIOTCA MJIA KOHT-
pOJiA 3anpaBKH M CIMBa TOIUIMBA, a TaKXXe [JIA 3aMepa KOJIMYECTBa TOIUTHBA
B Gake mpu paGoTe nBurareneit. Ha ocnoBe nonyuenHoit uHdopmMaimn 06 ypoBHe
TOIUTHBa Ha GOpPTY JeTaTeNbHOTrO anmapara MOTYT paboTaTh CHCTEMa KOHTPOJIA
yposueit (CKY), cucrema onopoxuenus 6axos (COB) u cucTemMa BHIKITIOUEHHS
peurateneit (CBII) no nonHoii BbipaboTKe KOMIOHEHTOB TOIUTHBA,

B cucreMe u3MepeHHs ypOBHA TOIUIMBa MCIONB3YIOTCA JaTYMKH, paborato-
IIHe IO MPHMHIMITY IMCKPETHOrO WIH HeNpepbIBHOIO M3MEpeHHs ypPOBHA TOIUIH-
Ba. JluckperTHble MaTYMKH YPOBHs TOIUIMBa GoJlee NMPOCTHI, OMHAKO OHH YKas3bl-
BalOT YPOBEHb TOIUIMB2 TOJILKO B MOMEHT €ro NPOXOJKAEHHS Yepe3 YyBCTBHTEIIb-
HbI# 3neMeHT, JlaTumuKH HenpepbIBHOTO AEHCTBHA CENAT 32 H3MEHEHHEM YPOBHS
TOIUTHBa IO Bceil mHe Gaka, UyBcTBHTeNbHbIE 3IEMEHTHI JATIHKOB 10 TIPHHIM-
My [e/CTBHA BBINONHAITCA €MKOCTHBIMH, HHIYKIHOHHBIMH, YJIbTPa3ByKOBBI-
MH, HarpeBaTenbHbIMM M Op. Bce 3TH JaTuMKH MO3BOJAIOT ONpPENeIHTh I'PAHHIY
pasnena >KMAOKocTh — ra3, OnpeneNeHHble JONOMHHTENbHbIE TPYAHOCTH BO3HH-
KaloT [IpH 3aMepe HU3KOKHIMLIMX TOIUIMB H3-3a MX PaCCIIOCHHA Ha TPaHHLE pa3-
mena c rasamu, K uucity o6s3arensHbIX TpeGOBaHHI K IaTIMKaM OTHOCHTCA oGec-
IneyeHHe BbICOKOH TOYHOCTH H3MepeHHA ¥ HaleXXHOCTH B YCIIOBHAX MoJIeTa,

Cpeny mepeuMcITeHHBIX BbIILLe CHCTEM H3MEpEHHA YpOBHeil TOIIMBa 0coBoe
3HaueHMe V1A PaKeT-HOCHTeleH M OPYrHX JIeTaTeJIbHRIX anmapaToB ¢ GoNbLIMM
3aMacOM TOIUIMBa MMeeT CHCTeMa ONOpOXKHeHHA GaxkoB, KOTOpasA oGecnmeunBaeT
TaKOe PacXofoBaHHe KOMIIOHEHTOB TOIUIHBA H3 6akoOB, YTO K MOMEHTY BBLIKJIIO-
YeHMA [BHTaTellsA B.GBakax OCTaloTCA rapaHTHPOBaHHBIE OCTaTKH TOIUIMBa,GNu3-
KHe K pacyeTHbIM. JTO MO3BOJIAET YMEHBIINTb rapaHTHiHbIEe 3allachl KOMIOHEH-
TOB TOIUIHBa B Gakax, yBelTHUHBATh MOJIE3HYI0 Harpy3Ky JIETaTeNIbHOTO amiapa-
Ta ¥ obGecrneunBars GIIM3KYI0 K pacueTHOH OCTaTOUHY10 Maccy JIA.

Crpykrypa COB mokasaHa Ha puc. 2.23. Ha npencraprieHHoit cxeMe ypOBHH
H 06BEMBI KOMIIOHEHTOB KOHTPOJIHPYIOTCSA THCKPETHBIMH NaTYHKAMH ypPOBHeil,
a MCMOJIHUTENIBHBIM OpPraHOM ABJISETCA POCCEIib, YCTAHOBJICHHDbIA B MarHCTPaIH
O[HOTO H3 KOMIIOHEHTOB TOIDIMBa H MPHBOIMMDIi B NefiCTBHE OT KOMaHJI, CHCTe-
MBI ynpaBjieHus ¢ nomoumpio BIIBM.

Temnousonsums crenok TomwmBHBIX OaxoB. s oGevaex M mHMI GakoB
NPH BBLICOKOM HX HarpeBe NPHMEHAETCA TEPMOM3OJIAIMA B BHAE PaIMUHBIX 06-
Ma30K WIH TeIVIOH30JIALIHOHHBIX MOKPHITHH H3 MaTEPHATIOB C HU3KOI TeIIONpO-
BOHOCTBIO H BLICOKOH TEPMOCTOHKOCTBIO,
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Tak, Wis yMeHbLIEHHs NPOrpeBa CTEHOK GaKkoB ¢ BHYTPEHHEl CTOPOHBI ro-
PAYMMH Ta3aMH, HCNONIb3YeMbIMH IS BBITECHEHUS TOIUIMBA, IPUMEHSIIOTCA Tell-
JIO3allMTHbIe IKPaHbl, YCTAHABIIHBaeMble BHYTPH 6aKOB U OI paHHYMBAIOLIKE TeIl-
JIOBbIe MOTOKH, BO3EHCTBYIONME Ha 0Oevaiiky U JHHIIa 6axoB, Temno3aimrHsie
9KPaHbl MOTYT M3rOTOBJNIATHCH M3 TOHKHX TEPMOCTOMKHMX MaTe€pHallOB, HalpH-
Mep, U3 KOPPO3HOHHO-CTOHKOM CTalH,

OxnaxpeHue CTeHOK 0aKOB MOXeT ObITh [JOCTUTHYTO TaKXe yCTaHOBKOM
BHYTPH HHX 3KPaHOB-KOJUIEKTOPOB, H3rOTOBJIEHHBIX M3 roppHpOBaHHOIO JIHC-
ToBOro Marepuaia, IIporekaHHe KOMIIOHEHTOB TOIUIMBa Yepe3 KOJIIEKTODBI
MI03BOJIAET CHHU3UTb TEMIlepaTypy CTeHOK 6akoB H NPeJOXpaHHTb MX OT pa3-
PYLLEHHHA,

Tennou3onsums CTEHOK TOIUIMBHBIX GaKOB C HapyXHON CTOPOHBI MOXET
NPHMEHATHCS [IPH HHTEHCHBHOM I'a30KHHETHYECKOM HarpeBe Kopiryca JieTaTellb-
HOrO aMnmnapara, HampHMep IpH moJieTe ¢ GONIbIIMMHU CBEPX3BYKOBBIMH CKOpOC-
TAMH B IUIOTHBIX CNOSX arMmocdepbl. B 3ToM ciyvae Terousonupyiomas o6-
Ma3Ka WIH TeIUTOM30JIHPYIOLIMH MaTepHall NPHKJIEHBAeTCsi Ha HapyXHyI IO-
BEPXHOCTb TOIUTMBHBIX GakoB, CTeHKH GakOB TeIUIOM30NUPYIOTCA TaKXe A
CHIDKEHHA TOTepb Ha MClapeHHe HU3KOKHIMAILMX KOMIIOHEHTOB TOIUIMBa B Oa-
Kkax. C 3To# LeNnblo Ha BHEIIHIOK NMOBEPXHOCTh 0aKOB HaKJIafIbIBaeTCs NOPHUCTas
TEIUIOM30NAIMA (HalpHUMep, CTeKJIOBaTa) , KOTOpas MOXeT GbITb cOpolieHa pH
cTapTe, TM0O TelUIOM30JIMpOBaHHbIe GakH yOHparoTca nop oOLUMBKY KOpIyca
JIeTaTeJIbHOrO aNnapara, T.e. GakH [1eNanTcsa HeHecyummu (puc. 4.22) .

Tewtouzonauma HOMKHAa NMPUMEHATbCA Ha TPYOONPOBOAAX, MPOXOOAIUMX
Yepe3 6aKH ¢ HU3KOKHIAUMMH KOMIOHEHTaMH TowikBa, OBGbIYHO Takue Tpy6o-

7 2 J 4 5 6

770 g 8 7

Puc, 422, CxeMa TeIIOH30A MU HEHECYLLIETO TOIUTMBHOro 6aKa:

1 — TomnMBHbIM Gak; 2 — TEIIOH3OJIAUMA NepefHero MHHUIUA; 3 — nepemHMI y3en Kpemwie-
HuA Gaka K HecylueMy Kopmycy; 4 — TemoH3onsuus obeualikd; 5 — 3amHuil y3en kpen-
neHus 6aka K KOpIycy; 6 — TEIUIOM3ONAUMS 3afHero OHHILA; 7 — ToHHeNbHast Tpy6a; 8 —
Tpy6GonmpoBon, mpoxomsumii yepe3d Gak; 9 — Temnousonsuus Tpy6omposoma; 10 — cuib-
don ToHHenmbHOMN TPY6hI; 11 — cwibdoH TpyGompoBona
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mpoBoapl (1103, 8 Ha pHc. 4.22) H30OIHPYIOTCS C BHEIUHEH CTOPOHBI CTEKIIOBATOH
9 W NMpPONYCKAWTCA BHYTPH CIEUMaIbHON TOHHENBHOH TpYyObl 7, CoelMHsAIOLIEH
nepenHee 2 W 3agHee 6 guuma Gaka, OMMH KOHeLl TOHHENBHOM TPYORI Crieyer
NPHKPEIUIATh K AHMILY Gaka ¢ HOMOILBI0 TeMNEPaTypPHOro KOMIEHCaTOpa CHJlb-
¢onnoro Tvna 10, a Apyroii KoHel Tpy6bl — K MPOTHBOMONOXHOMY AHHMILY Gaka
JKECTKO, M 3TO He BhI3OBET TeMIEpaTypHbIX HANpsDKEHMA M Kosebanui Oaxa
WM TPYOBI,

KOHCTpyKTHBHO-TEXHOJIOTHYECKHE YCTPOHCTBA, NpPHMEHAEMbIE B TOIUIMB-
HbIX Gaxax, pasHoOGpa3HbI, OIHAKO HECMOTPSA Ha 3TO OHM JOJDKHBI Y/IOBIIETBO-
pATH oﬁumM TpeGoBanusaM K JIY 1 oGecrieyHBaTh BHICOKYIO HafIeXXHOCTh paGOTHI
[BHraTeNbHOH YCTaHOBKM ¥ 3(EKTHBHOCTb HCIONB30BaHUS JIETaTEIBHOTO
anmapata,

4.15, OCOBEHHOCTH KOHCTPYKIIUH TOILJIMBHBIX BAKOB
B 3ABUCHUMOCTH OT HASHAYEHHUA

KoOHCTpyKIMM TOIUIMBHBIX 6aKoOB >XHOKOCTHBIX PaKeTHBIX [BHraresbHbIX
YCTaHOBOK JIETaTeJIbHBIX aMMapaToB OTIHYalTCA GoNbpUmMM pa3HoOOGpasHeM
KOHCTPYKTHMBHBIX pelleHMii, Macc, rabapuTHBIX pa3MepoB, ¢HOpM M [IpyTHMH
ocoGenHocTaAMH, [T03TOMy NIpH MPOEKTHPOBaHHU TOIUIMBHBIX 6aKOB HEOGXOMIM-
MO [peXpe BCero yCTaHOBUTh ObliMe 3aKOHOMEPHOCTH, XapaKTepHbIe I KOH-
KPETHOTO KJlacCa JieTaTelIbHbIX amNNaparoB, a Takxke crneunduieckue TpeGoBaHus
[0 MX KOMIIOHOBKE, 0GECIIeYeHHIO IIPOYHOCTH, YCIIOBHAM 9KCIUTyaTallMH M HEKO-
TOPbIM APYTHM 0COGEHHOCTAM,

OcoGoe BHHMaHMe [pPH NPOEKTHPOBaHMM 6akOB HOIKHO ObITH y[eneHo
B3aMMOJIEHCTBMIO [BUTaTeJIbHOM YCTAaHOBKH C JIeTaTeNlbHBIM ammaparoM, Tak,
HampuMep, KoJyiebaHuA TOIUIMBa B 6aKaX M MariCTpajisiX MOTYT T€HEpHpOBaTh
KoyebaHuA TATH, BbI3bIBaTh HU3KOYAaCTOTHbIE [IPOJOJbHBIE KoNebaHus Kopmyca,
NPMBOIMTH K HePacUYeTHBIM NPOMOJIbHBIM:- M NONEPEYHBIM Neperpy3kam H medop-
MauMsAaM KOpITyca JIeTaTelbHOrO ammnapata, A 3T0 B CBOIO ouepelp BLI3OBET [0-
MOJTHUTEJIbHbIE HANpPSOKEHUA B KOHCTPYKLMH H CKaXeTCs Ha JMHaMHKe [IBYDKe-
HMSA M YNIPaBJIeHHs JIETaTeNIbHBIM alapaToM,

JlerarensHsiit anmapar ¢ JXPIY sBnserca 3aMKHYTOH OMHAMHWYeCKOM CHCTe-
moi, Ecnu 31a cuctema (mBHrarens — Marucrpaiy — 6aku — KOpHycC jieTaTelb-
HOTO afmapara) YCTOHYMBa B JHMala3oHe YaCTOT, ONACHBIX 1A Kopmyca, 6aKoB H
MarMcipaiied, T0 BO3HMKIIHE B 3aMKHYTOH CHCTeMe KoyebGaHMA C TeyeHHEM
BpeMeHH GymyT 3aTyXxath. ECM 3aMKHYTbIH KOHTYD HEeyCTOHUMB, TO C TEUEHHEM
BPEMEHM aMIVIMTyJa kojeGaHuii xopmyca JIA Ha pe3oHaHCHBIX YacToTax OyHer
BO3pacTaTh, YTO MOXXET HNPHBECTH K HEpacYeTHbIM OMHAMHMYECKHM Harpyskam
Ha Kopmyc, GakH, MarucTpajid ¥ BbI3BaTh MX paspylleHHe (B JIHTepaType 3TOT
ClTy4ait moy4yw! HauMeHoBaHHe “norroaddexr”) .

Ycrpanuts du3mueckye CBA3M B 3TOH MUHAMHUECKOH CHCTeMe He NpeNCTaB-
nisercd BO3MOXHBIM, 3afaya pa3paboTuMKa IOACHUCTEMBI TOIUIMBHBIX GaKoB
CBOJMTCS K YMEHBLICHHIO aMIUIMTYAbl KoJleOaHHui TowMBa B 6akax M [JaBjeHUA
B MarucTpajisx H0 AOMyCTUMBIX mpepnesnoB, Ilis yMeHbieHus KoieOaHHii B ToIl-
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JMHUBHBIX GakaX M MarucTpasiX MPMMEHAIOTCS DPa3NHJYHble BHABI aKTHBHBIX M
MaCCHBHBIX TacHTelei KoneGauui [24].

Ina ymeHbllleHUs aMIUTMTY[, NMpPOHONbHBIX KoNieOaHHH TomwiMBa B Gakax
npumeHsiorcsi (CM. pasn. 4.1.4) pasgenuTend TOIUIMBHBIX GaKOB Ha CEKIMH,
BBOOATCA IMApaBIIHYECKME YCIIOKOMTENIM H Aemmdepbl BHyTpH GaxoB (mmad-
parMbl, TUCKH C KIIalaHaMH, MATKHE eMKOCTH,HaNOTHEHHbIE Ta30M), yBelH4H-
BaeTcsl XECTKOCTh GaKoOB IMyTeM YTONIIEHHA 06eyaikH, IPUMEHEHHUS WINAHTOY-
TOB, KOJIEll )XKECTKOCTH U € NIOMOILBIO IPYTHX MEPOTIPUATHIA,

B cBsi3u ¢ BbIpaGOTKO# TOIUTHBA B MOJIETE ¥ YMEHBILIEHHEM MacChI JIeTaTellb-
HOTO amnmnapara COOTBETCTBEHHO MEHAITCA €ro THHaMHYECKHe XapaKTEPHCTHKH,
Iosromy mpu mopGope mapameTpoB AeMnepoB racuTenei KonebaHui H Bcero
KOHTypa yNpaBJleHUA TATOH JBHraTesis HeoOGXomuMo obGecreunBaTh YMEHbLIEHHE
aMIUTHTYA, KoJieGaHHii B IIOJIOCE YaCTOT, COOTBETCTBYIOLIEH H3MEHAIOILIEMYCH
[Hana3oHy YacTOT pacCMaTpHBaeMO# NMHaMHYECKOH CHCTEMBI, TG0 HaMepeH-
HO paccoriacoBaTh YaCTOTHbIE XapaKTEPHCTHKH COCTaBJIAIOLIMX €€ MOACUCTEM,

Ina nonmuoro MccnepoBanus B3aumopeidcTsusa JKPIY ¢ nerarenbHBIM anna-
paToM HEoGXOOMMO H3YYHTh TPH OCHOBHBIX BOIPOCA:

— OLEHHTb JHHaMHYECKHE [epeMeLleHus, HarpPy3KH M HalpsXKeHUs, BO3HH-
KalolMe B KOHCTPYKIMM 3JIeMeHTOB Kopiyca JIA ¥ B mopcucTeMe TOIUIMBHBIX
6aoB XPIY, a Takxe ypoBeHb KoneGaHuif TOWIMBAa B GakaX M TOIUTMBHBIX
MarucTpaisx;

— MPOBECTH aHATH3 YCTOHYHUBOCTH BCEX MOACHCTEM M IEMEHTOB 3aMKHYTOH
ITMHaMHYECKOM CHCTEMBI ;

— NPOBECTH aHATTH3 YCTOHYMBOCTH IBHXKEHM JIETAaTENbHOrO aNmapara,

OpmHako HX pacCMOTpeHHe M aHaJTH3 BECbMa CIIOXHBI, I03TOMY 3TH BOMPOCHI
H3NIaraloTCcA B CleLHasbHOM nuTepatype [12, 17].

TomnneHble GakM B 3aBHCHMOCTH OT HasHaueHus 1Y Ha JIA pasnuuaror mo
KOHCTPYKTHBHBIM OCOGEHHOCTAM Ha Oaki I BbBICOKOMaHEBPEHHBIX JieTaTellb-
HBIX anmaparoB JHGo mns Hocureneit KJIA u Ganmmucrmueckux JIA, nuGo mis
KOCMHYECKHX JIeTaTebHbIX allNapaToB,

TominBHbIe GakH BRICOKOMaHEBPEHHBIX JIETaTeIbHBIX allNapaToB OTJIMYAIOT-
CAl TMOBBILIEHHOH NMPOYHOCTBI0 KOHCTPYKIUMH M HaJIeXXHOCTBIO CHCTeMbI 3aGopa
TOIUIMBa W3 6aKOB NIPH CWIPHO M3MEHSIOIIMXCA NapaMeTpaX OKpYXKaloLieH cpe-
obl M GonmbUmMX 3HaKONEpEMEHHBIX NPOJOJIBHBIX M GOKOBBIX Heperpyskax
(ny =5..10; n, =5 . 20), Tax, Hanpumep, Ajis oGecriedeHHs HATENHOTO 32-
6opa TornMBa B 6akax NpPHUMEHAITCHA NOOBIDKHbIE MHEPUMOHHBbIE 3aGOpHMKH,
Pa3/ie/IMTeNbHbIE MEIUKH, MOPIUHH, AHadparMbl, cwibGOHBI U APYTHE YCTPOHCT-
Ba, HaIEO)XHO OT/ENAIOIIME XHIKHE KOMIOHEHTHI TOIUIHBA OT ra30BOH Cpembl M
yMeHbLIalOIMe KoleGaHusA TOIUTHBA B Oakax,

OGeuaiiki TOIIMBHBIX GaKOB BBHICOKOMAHEBPEHHBIX JIETaTENbHBIX alMapa-
TOB BOCIPHHMMAIOT 3HAUMTENIbHbIE BHEIHHE Harpy3KH, I03TOMY OHH BBIIOJHSA-
I0TCAA BBICOKOMPOYHBIMH, HMEIOT 3HAUHTENbHYI0 TONIIMHY, a HHOr/Ia H TeIUION30-
NAIMI0 B BHAE 06Ma30K WIH 3KPaHOB IS CHIDKEHUs BITHAHUA ra30KHHeTHYeC-
KOro HarpeBa, a TakXXe COPAYMX ra3oB, MCTONb3YeMBIX IPH IPUMEHEHUM B
XPIIY BBITECHMTEIIBHBIX CHCTEM MOa4¥ TOIUIHBA,
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Puc, 4.23. 3aBHCHMOCTb pPacnoONOKeHUst
Y3JIOB I KperUuleHHA KpbUIbeB OT KOHCT-
PYKUHH TOIIHBHBIX GakoB

Puc; 4 24, Cxema ABHraTelibHO# YCTaHOBKH
“ammynbHoro THma” c¢ [IAJl BbicOKOMa-
HeBpeHHoro JIA BO31yX-noBepXHOCTb

1 — xamepa msurarens; 2 — 6ak ropoue-
ro; 3 — nopliueHb-KjanaH; 4 — rasoreHepa-
top (ITAIl); 5 — Gak okucnHTens; 6 —
BocruiaMeHuTens [TAL]

B cBAA3M ¢ TeM, YTO B BRICOKOMaHEBPEHHBIX JIeTaTeJIbHBIX allaparax MCMOJb-
3YKTCA arpecCHBHble KOMIIOHEHTBI TOIUIMBA, I M3rOTOBJIeHUsA DaKkOB mpuMe-
HAIOTCA KOPPO3HOHHO-CTOMKHE MaTepHalibl WIH clielManbHble mokpbiThsa, Oco-
6eHHO 3TO BaXHO IJ1 6aKOB C IIMTENIbHBIM XPaHEHHEM KOMIIOHEHTOB TOIUIHBA,

Ha xoHcTpykuuio TOIUIMBHBIX 6aKOB BbICOKOMaHEBDPEHHBIX KpPbUIATBIX JIe-
TaTeJIbHBIX aNNapaToB CYILECTBEHHOEe BJIMAHHE MOTYT OKa3aTb KOHCTPYKLMH
LIMAaHTOYTOB M Y3JIOB KpeIUIeHHs] KpbUIbeB K KOPIyCy, TaK KaK OHH OObIYHO
pacnonaralTcs B MecTaX pa3MellleHHsA TOIIMBHbIX GakoB (puc. 4.23). Tax,
ecnu Ha puc, 4.23, @ ¥ 2 LMaHroyThl KpeIUIeHHsA KpbUla HEMOCPEICTBEHHO He
BIIMAIOT Ha KOHCTpYKIMI0 6GakoB, To Ha puc, 4.23, 6 u 6 nHHIIa 6aKOB HecyT J0-
TMOJIHUTEJIbHbIe HarPY3KH OT KpbUla M JOJDKHBI MMETh YNPOUHSIOIIUE 3TIeMEHTHI,
Ewe Gonbliee BIHsAHNE Ha KOHCTPYKIMIO OaKOB M MX 3a60pHBIX YCTPOHCTB OKa-
3pIBAIOT LIIAHTOYThl KPeIUIeHHA KpbUlbeB, MPEACTaBlIeHHbIE Ha pUC, 4.23,0H €,

KoHncTpykums TomwinBHoro 6aka BbBICOKOMaHEBPEHHOTO JIETaTeNIbHOIO alla-
paTa ¢ NOABIXHBIM 3a60pPHMKOM NoKa3aHa Ha puc, 4.8, s raieHus xoneda-
Hui B Gake ycTaHoBJNeHa auadparma 3. Ilogsmiman yactb 3aGopHHKa 9 OTKIIO-
HAETCA B CTOPOHY JeHCTBMA GOKOBBIX NMEPErpy30K, YTO MO3BOJIAET 3aBOpHUKY
IPH OTCYTCTBHM OTpHUATENIbHBIX MPOIOJIBHBIX Meperpy3oK M GoJNbLIMX BCIUlec-
KOB TOIUIMBa II0aBaTh €ro B TOIUIMBHblE MarMCTpalu Ge3 pa3pbIBOB CIUIOLL-
HOCTH,

Jns BHICOKOMaHEBpPEHHBIX JIeTaTebHbIX anMapaToB MPUMEHSAITCH TOIUIMB-
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Hble 6aKH, [UTHTESIbHOE BpeMsl HaXOMSIUMECA B 3alpaBJIeHHOM COCTOsAHMH, Ta-
kHe XPIIY uMeroT BBICOKYI0 KOMNAKTHOCTh H TOTOBHOCTD K 3allyCKy B TeYeHHE
IJIMTETHOrO BpPEMEHH, MX YacTO Ha3bIBAIOT ~aMmyibHBIMK, [Ipumep “aMmyrib-
Hoi” XPIY ¢ BBITECHHTEIBHOM CHCTEMOH NOHOau¥ TOIUIMBA NpHBedeH Ha
puc. 4.24' rpe xamepa ABHMrateis 1 M NMOPOXOBOH aKKYMyJATOD [aBJIEHHA
(ITA) 4 pasMellaTCa BHYTpH TOIUIMBHOrO OTceKa, KOMMOHEHTHI TONTHBa
npH paboTe [BHratelii BBITECHAIOTCA M3 6akoB B KaMepy MABHTaTeIA MOPOXO-
BBIMM ra3amu, sripaGarbiBaeMbiMu B IIAJ] u oGecneunBarolMu nogavdy TOIUTH-
Ba B TPAaKT OXJIKOEHHUSA BHraTelIs,

TomwnsHbie Gaxn mna Hocurenei KJIA u 6annmuctudeckux JIA | orHOCAIINX-
€ K MaJIOMaHEBPEHHbIM KPYMHOraGapHTHBIM JIETATeIbHBIM alNapaTaM, HCIOIb-
syiorca B JXPIY nyis mataHHA TOIUIMBOM MOIIHBIX MHOTOKaMEpHBIX [BHIa-
TENBHBIX YCTaHOBOK M HaCOCHBIX CHCTEM MOAayM TOIUTHBa,

TomwmeHble Gaku mia Takux XKPIY XpaHAT # NOJAOT K NOTPeGHTENAM KaK
HH3KOKHIIAIHEe KOMIIOHEHTBbI TOIUIHBA, TaK H BhICOK03(deKTHBHbIE BBICOKOKH-
NsALIME ¥ KPHOTeHHbIE TOIUTHBA,

Ha3nauenue n pasmep 6aKoB CYMIECTBEHHO CKa3bIBAalOTCS Ha MX KOHCTPYK-
IMH, KOTOpas OTJIHYaeTICs MpH OoMbImMX rabGapHTaX CoBEpILIEHCTBOM, YTO obecne-
9HBaeT MATy10 OTHOCHTENIbHYI0 MacCy KpyNnHoraGapHTHEIM Gaxam.,

Ilpn mpoexTHpOBaHMM TOIUIMBHBIX GakoB Moumbix Hocurened KJIA u Gan-
nucTHyecknX JIA yuMTBIBAlOTCA BO3MOJXKHBIC DacueTHBIE HAarpy3KH, KOHCTPYK-
THBHBIE DEIIEHHS, XapaKTePHCTHKH HCHONb3yeMbIX MAaTEepHAJIOB, NOBeHEeHHE
KOMIIOHEHTOB TOIUIMBa B 6aKaX M JpyrHe BONPOCHI, OT KOTOPBIX 3aBHCAT HaleX-
HOCTb M COBEpIIEHCTBO KOHCTPYKIMH GaxoB, OcoGoe BHHMaHMe oGpaiiaercs
Ha MHaMHUeCKHe Harpy3KH, BhI3bIBaeMble YIIPYTHMH KOJIeGaHUAMM KOHCTPYK-
UMM 6akoB M KOJIeGaHHAMH TOIUIMBA B GakaX, KOTOpbIe HaXONATCA B €JUHOMH
3aMKHYTOH AHHaMHYeCKOH CHCTeMe C ABHTaTelleM M CHCTeMOMH NONauH TOIUTHBA,

IIpn BrIGOpe KOHCTPYKTHBHBIX PElICHHH MCTOJb3YIOTCA BapHAIMOHHbIE Me-
TOMBI pacdyeTa, MO3BOJIAIOLHE C HaHBOMbIIEA TOUHOCTBIO ONpeNesiaTh MHHHMaJlb-
HO-TIOIyCTHMBIE 3alachl MPOUYHOCTH NpPH YCIOBHH OGeciedeHHA HAaIeKHOCTH Da-
GOTbI, YeM [OCTHTaeTcs JerkocTh KOHCTpyKimH, IIpx Gonmpumx raGapuTHbIX
pasMepax TowIyBHBIX GakoB Hocureneit KJIA n Garnmncrmueckux JIA Baxweil-
LIeH COCTaBJIAIOIEH Harpy3Ko# MpH pPacyerax Ha MPOYHOCTDb ABJIAETCA H3GBITOY-
HOe [aBJICHHe HalyBa TOIUIMBHbIX GakoB. IlaBneHue Hammysa GakoB ompefe-
Ns€TCA He TONBKO MCXOMA M3 YCIIOBMil NMOMaBJICHMA Ha BXofax B Hacocsl THA
KaBUTaMOHHbIX ABNeHHA (910, Ge3yClOBHO, ABNAETCA HeOGXOIMMBIM YCIIO-
BHEM) , HO TaK)Xe M3 ONTHMAIbHBIX Harpy3o0K Ha obevaiiky Gaka: maBleHHe Hafl-
MyBa I0JDKHO MaKCHMAJIBHO pasrpyxarb oGedaiiky Gaka OT BHEIIHHX Harpy3oK.

B KOHCTpYKUMM TOIUTMBHBIX GaKOB NPHMEHAIOTCA JIETKHE BBICOKOMpPOY-
Hble MaTepHalbl (B OCHOBHOM allOMHHHeBble CIUIaBbl), 0GecrieqMBaloLme ITpo-
rpeccHBHbIE COBPEMEHHbIE TEXHOJIOTHYECKHEe METO/IbI M3TOTOBJICHMSA IEMEHTOB
KOHCTPYKIMH M CBapOUHbIX paGoT mpu cGopke, IIpu BriGope Matepuana mwis Ga-
KOB, HaNOJIHAEMBIX KPHOTeHHbIMH KOMIIOHEHTaMM TOIUIMBA, YUMTHIBA€TCA Tpe-
GoBaHHe COXPaHEHHS €ro BBICOKOH IDIaCTHIHOCTH NPY HU3KHX TeMIlepaTypax.

! Konskos H.T. Pakertoe opyxme Ha camonere. M.: Boenuspar, 1963.
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Ina TomwusHbix 6axoB Hocureneid KJIA u 6anmucruueckux JIA ocoboe 3Ha-
YyeHHe MMeeT HaJeXXHbIH 3a00p TOINIMBA U ONTHMallbHasA MPOrPaMMa HX OIOPOX-
HEHMs, UTO JIOCTMraeTcs YCTaHOBKOH B Gakax ClelMalibHbIX TOIUTMBO3abOPHBIX
YCTPOHCTB, TacAllMX BOPOHKOOOpa3oBaHME, a TAKXKe CHCTEMbI ONOPOXXHEHHS
§aK0B, KOTOpbIe MO3BOJIAIOT 06GeCNeynTs Nofady TOIuIMBa Ge3 pa3pbIBOB CIUIOLI-
HOCTHU M YIIPaBJIATh IPOLECCOM ONOPOXHEHHsI 6aKOB.

Tomnusubie 6axu Hocuresneir KJIA MoryT uMeTs JOCTaTOYHO CTIONHYI0 KOH-
GbHrypaumio UCXOMs M3 MX OBIEeH KOMIOHOBKH Ha JieTaTeNlbHoM arnapare, Ha-

[ 1
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npumep, Ha Hocutene KJIA “Bocrok™,
BBINIOJIHEHHOM IO CXeMe C IOcCledoBarelb-
HO-TIapaJUTIeNbHBIM [IeJIeHUeM CTYTIeHeH, 1IeHT-
paibHbIA Gak MMeeT LWIMHApPHYeCKYIo ¢op-
My pa3’HbIX IMaMeTpOB C KOHMUYECKHM Iepe-
XOIOM MeXMy UMWIMHApaMH; ueTbipe Goko-
BbIX Onoka wuMeror ¢dopMy, OnH3Kyl K
KoHuYeckoi (puc. 4.25).

CxeMa pa3MellieHUsI ¥ KOHCTPYKTHBHbIE
0COOeHHOCTH TOIUIMBHBIX OakoB GanmHCTH-
YeCKOM pakerbl “ATnac” TpuBefleHbl Ha
puc. 4.26, HibkHMX ctyneHed HocuTens KJIA
”CarypH-5 — Ha puc. 4.27. Ha puc. 428
NoKa3aHa KOHCTPYKTUBHali cXema cGpachl-
BaeMOro TOIUIMBHOTO 6aka MHOropa3oBOro
BO3/yILHO-KOCMHYECKOI0 JIeTaTeJbHOrO ar-
napara ~’Cneric lartn”,

TornmeHble 6GakM KOCMHYECKHMX JIeTa-
TETBHBIX aNNapaToB OTIMYAIOTCH pa3HOOOpa-
3MeM KOHCTPYKIMH B 3aBUCHMOCTH OT
pellaeMbIX mosieTHbIX 3amay. OOsruno XPIY
KOCMHMYECKHX allapaToB INOXpPa3ensioT Ha
Y, oGecneunBaiolye YyrnpaBieHHe [BHXe-
HHeM nenrpa Macc KJTA (meurarenu XXPJJOM
HMEKT TATY, U3MEPAEMYI0 COTHAMH H ThICH-
YaMH HbHTOHOB), W MY ynpaBieHus OBHU-
xeHueM KJIA oTHOcuTenmbHO LeHTpa Macc (¢
XPIMT, xoropble HMEIOT TATY, U3MepPAEMYI0
HBIOTOHAMH M COTHAIMH HBIOTOHOB) .

B cooTBeTcTBUM C 3TUMH OCOBEHHOCTAMHU
KPIY pasnuuarorcs u TorusHele Gaku KITA

Puc. 4.25, Cxema pakeTbl-HocHTenst "BocTok™:

1 — oOrekarens; 2 — NpUGOPHBI OTCeK; 3 — LEHT-
PWILHBIN paKeTHbIN 6n0K; 4 — 60KOBOI paKeTHBIA
6nok; 5 — ocHoBHoit XPI; 6 — pyneBoit XPI;
7 — aspogMHaMH4YeCKHe pysiu
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Puc. 4.28. Cxema cOpacbiBaeMOro TOIIHBHOTO OTCEKa MHOropa3oBOro BO3/YILHO-KOCMH-
YeCKOro annapara:

1 — 6ak xugxoro kucnopopga; 2 — MexG6GaKoOBbIf OTCeK; 3 — mepemHUH y3ell KpelleHUs
6aKoBOro orceka; 4 — 6ak XHWAKOTO BOOOpPOAa; S5 — 3alHHMI y3eN KpelwleHUss 6GakoBOro
oTCeKa

KaK [0 MacCe Pa3MelllaeMOro B HHMX TOIUIMBA, TaK M MO MX KOHCTPYKTHBHOM
peanM3alMd M KOMIIOHOBKE Ha KOCMHYeCKOM JieTaTelbHOM amnmapate. baku
XKPIY Ha KOCMHYECKHX JIeTaTeNbHBIX aNapaTaX MOTyT 06beIMHATLCA B TPYIIb
(6noxu) nu6o BXOOMTb B COCTaB aBTOHOMHbBIX [BHMIaTeNIbHbIX ycTaHOBOK. Mx
pasMewaoT Ha KJIA o Bo3moxmocTi B61HM3u neHTpa Mace KJIA.

I'eometprueckue ¢GbopMbl TOWTMBHBIX GAaKOB BbHIOMPAIOTCA UCXOMS M3 YCIIO-
BHsL Haubonee WIOTHOM MX KoMmoHoBKH,. HauGonbluee pacnpocrpaneHue mony-
YK cdepudeckue GakH, KOTOpble MMEIOT MHHUMAIBHYI0 OTHOCHTEIbHYH0 Mac-
cy. Yacto coepuueckue Gaku KOMIOHYIOTCA B OJIOKH M pacnonaratorcs Ha KJIA
B COOTBETCTBHH C Ha3HaueHuem JXPIIY, mpu 3TOM HcHomnb3yrotcs 0Gbembl, CBO-
GoIHbIE OT IPYTHX arperartoB U oGOpyIOBaHUs .

IIpaBunbHbI#A BbIGOP GOPM M KOHCTPYKIUMH TOIUIMBHBIX 6aKOB B 3aBUCUMOC-
TH OT Ha3HauyeHus JIA crocoGCTByeT MOBBILIEHUIO €ro JIETHBIX KauecTB U 3ddex-
THBHOCTH BBITTOJTHEHHsI TOJIETHBIX 3afay.

KoHCcTpyKTHBHasA cxeMa TOIUTMBHOTO KOPMOBOTO OTCeKa PeaKTHBHOM CHC-
TeMbl YNpaBJIEHUSI KOCMHYeCKOro meraTenpHoro ammapara ' 'Cneiic Marrn™
noka3saHa Ha puc. 4.29. OHa oTpaxaeT >XeCTKHe TpeGOBaHMA, MpedbsBIsAEMble
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K 3TOH CHCTeMe: COXpaHeHHe paBGoTOCNOCOGHOCTH NMpy GOMNBIIMX Meperpy3Kax
(n, = 3) BO Bpems BbiBelieHHs Ha OPOMTY M IIpH BO3BpallleHHH B aTMOCdepy
(n, = — 2), npyyeM HampaBJieHHA [EHCTBHA IIePerpy30K NpH BbiBe[eHHH JIA
Ha opbury 3emnu u cnycke caBuHyThl Ha 119°. [TosToMy B paccMaTpuBaemoi
KOHCTPYKIUMH NPUMEHEHO CeKUMOHMpOBaHHe Oaka myTeM pa3fielieHHs ero obne-
Ma HENMpOHHLAEeMOH IeperopofKoil C OKHaMH, YCTaHOBJIEHHOH NOM yTIJOM
16,5o B NpoponbHoit ocH JIA,

OGpa3oBaHHasA NpH 3TOM JIONOJIHUTENIbHAA CeKUMsA COCTaBlifAeT oGbeM, paB-

Puc. 4.29. CxemMa KOPMOBOro OTCeKa [IBHTaTelIbHBIX YCTaHOBOK OpPGHTaNIbHOTO MaHEBPHPO-
BaHMs H ynpaBiieHua opueHTanuei KJIA:

1 — XPIOM cucremsl op6utarbHoro MaHespupoBanus JIA; 2 — XPIMT cucremsl ynpas-
JeHHs opueHTauMed ocet JIA; 3 — GansoHBI ¢ resMeM s nopauu TorwiMsa B XKPI cucremsr
[MUTaHHUsA TOIUIMBOM [BHTaTellell opOMTambHOrO MaHeBpPHpOBaHHUA; 4 — 6aKu ¢ KOMIIOHEH-
TaMM TOIUIMBA [JIs MMTaHWs [BUraTered CUCTeMBbl ynpaBieHus opueHTauMeit JIA; 5 — 6aku
C KOMIIOHEHTaMHU TOIUIMBA ISl CHCTeMBbl OpOMTaJIbBHOIO MaHeBPUPOBaHMA; 6 — GaJUIOHBI
¢ renvem 1A nonauu TorwiuBa B JXPIMT cucremsl ynpasieHust opueHTaume oceit JIA
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Hbl#t 14 % o6beMa Oaka, H CHabXeHa KaMWUIAPHBIMHU 3aGOPHBIMHU YCTPOHCTBAMH
6 (cM. puc. 4.19). Bepxssaa YacTh TOIVIMBHOrO GaKa COMIEPXHT UYEThIpe mepe-
KPHIBAIOLKXCA KaHala 2, IpH 3TOM OfHA M3 CTOPOH KaXHOro KaHajla CHabXeHa
KamwuiApHo# ceTkoit 325 X 2300 mewr. Yepes okHa B Ieperopopke HUXKHHE
KOHIpI KaHAIOB BBLIXOOAT B HIKHIOI CEKIMIO Gaka, B KOTOPOH TaKXe YCTaHOB-
JIEHO YeThIpe MNEPeKPEIMBAOILMXCA KaHala 6, OMHH M3 KOTOPBIX COERHHEH C
BBIXOOHBIM MNaTpyOkoM. Bce kaHanbl BBINONHEHBI M3 KOPPO3HOHHO-CTOHKOM
CTaNi4, neperopofika H 6ak — M3 THTaHOBOro civiaBa. PacmonoxeHue KaHanoB
obecneynBaeT KOHTAKT C XMAKOCTBIO NMPM /T0GOH ee OpHEeHTalMH BO BpeMs
nonerta,

Ha cnyuait aBapuitHOro Bo3BpalleHus ¢ OpGHTHI yCTaHOBJIEHBI JONOTHHTENb-
Hble aBapHiHbIe 3a00pHbBIE YCTPOHCTBa, 9 KOTOpble 06ecneyuBaT MOJady KOM-
MOHEHTOB TOIVIMBa NpH ACHCTBMH MNEperpy3KH, HaNpaBIEHHOH IOf YITIOM
119° k ocu Gaka. B 3ToM cryuae mONOXeHHe HHMIAKOCTH B Gake onpeensercs
HeHCTBYIOLIEN Neperpy3Koi,

Ycnosus paboTbl HIKHEH CEKLMH Jierye, yeM BepxHeil (MeHbLUHe reOMeTpH-
YeCKHe pa3Mepbl COOTBETCTBYIOT MEHBLIMM IHAPOCTaTHYECKHM CTONIGaM), H ro-
JTOMY OHa MMeeT GOJBLIYI0 HaIeXHOCTb,

42 MACCOBBIE XAPAKTEPUCTHKH TOIUTMBHBIX BAKOB

4.2.1. MATEPUAIJIBI, MTPUMEHSAEMBIE
JIUIS U3TOTOBJIEHUA TOINIMBHBIX BAKOB

Koncrpyxumonnsie Marepuansl. IIpu BpiGope MaTepHanioB Ajisi TOIUTHBHBIX
6akoB HeOOXONMMO YUMTHIBaTh MX pa3sHOOOpa3Hble CBOHCTBa: MEXaHHYECKHE,
¢du3M"ecKMe, TEXHOJIOTHUECKHE, 3 TaK)Ke KOPPO3UiHyI0 CTOHKOCTh MaTePHATIOB
H HX COBMECTHMOCTb C MPUMEHAEMbIMH KOMIIOHEHTaMH TOIUIMBA.

Koppo3uss KOHCTPyKUHMOHHBIX MaTepHallOB CHIDKaeT INPOYHOCTh 6akoB,
COKpalllaeT CPOKM XpaHEHMsi TOIUIMBA, IPUBOJAMT K 3arpsA3HEHHMIO TOIUIHBa Npo-
OyKTaMH KOPPO3HH H yXyALlIaeT 3KCIUTyaTalMIo ABHraTeIbHOM YCTaHOBKH,

Iinsa npemoTBpallieHHs Pa3sBMTHA KOPPO3HH TOIUIMBHbIe OakH M [pyTHe
3JIeMeHTbl [BUraTelbHO# YCTaHOBKHM HOJIXHBI U3TOTaBJIMBATLCA M3 TaKMX MarTe-
pHAJIOB, KOTODPbIe He BCTYNAlOT B aKTHBHOE XMMHYECKOE HIIH 3JIEKTPOXHMHUEC-
KOe B3aMMOJIEHCTBHE C KOMIIOHEHTaMH TOIUIHBa,

IIna moBbIlIeHUs KOPPO3HOHHOH CTOHKOCTH MarepHanbl 6GakoB MOryT
MOJBEPraThCs NMacCHBAMU (BO3ONEHCTBHIO CIIBHBIX OKHCIHUTENei), MOCie Yero
HX NOBEPXHOCTb CTAHOBHTCA GoJlee NacCUBHOM K OKHCITHTENAM,

IInsa GaxkoB, npenHasHaYeHHbIX VI XPaHEHUs OKHUCIIUTENIeH, MCIONb3YITCH
aJIIOMHHHMEBBIE CIUIaBbl TH60 KOPPO3HOHHOCTOHKME CTaJlH, JIETMPOBaHHbIE XPO-
MOM H HHKEJIEM, a TaK)Ke THTaHOBBIE CIUIaBbI,

Baku mns XpaHeHMst a30THOM KMCIIOTHI WM OKHC/IOB a30Ta MOryT ObITh
BBIMOJIHEHBl M3 BBICOKOJIETHPOBaHHBIX KHCIIOTOYNOPHBIX CTajllell Mapok
2X18H12C4TH0 (3U654), X18HIT (341T), X20H6C3T (3U810), 1X21H5T
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(3U811); turaHoBbix cruiasos BT 111, BT2, BTS, BT6 u amoMHHMEBBIX CIUla-
BoB AMr3, AMr5s, AMr6-T, AMu,

Ina GakoB M XpaHeHWS NepeKHCH BOXOpONa HaHOOINbllee MPHMeEHeHHe
HaXOfIMT NMacCHBHPOBaHHBbIA AIIOMHHHMIA WIH JIETMPOBaHHbIE CTaJIH; HempHemiIe-
Ma MefIb, KOTOpas YCKOpseT MpOLEecC pa3jIodKeHUs NepeKHCH BOJOPONa,

Bri6op MaTepuanioB is 6aKoB ¢ ropioYuM OGBIMHO He NpeNCTaBiAeT TPYQ-
HoCTeil, Tak Kak GonpumHCTBO npuMeHseMbIx B JKPII ropiounx Malio arpeccus-
HO N0 OTHOUIEHHI0O K, KOHCTPYKUMOHHbIM MaTepHasiaM, baku i Hearpeccus-
HBIX TOPIOYMX M3rOTOBJIAIOTCA M3 BBICOKOMPOYHBIX CTasleil, Hanpumep 25XT'CA,
12X5MA, 09X15H8I0 (CH-2) , Turanosbix crwiaBoB BT 111, BT6 u anroMuHneBbIX
cmwiaBoB AMré6-T u op.

Bb160op MaTepHaioB TOIUTHBHBIX GaKOB TaKXKe CYILIECTBEHHO 3aBHCHT OT TeM-
NepaTypsl Harpesa 6akoB B MoJieTe: €C/M NMPH KPaTKOBPEMEHHOM HarpeBe TeM-
neparypa cTeHok GaxoB He mpesbimaer 200 — 300 °C, To GakH MOTYT H3rOTOB-
NATBCA M3 AIOMHHMEBBIX CIUIaBOB, NMpH HarpeBe 10 400 — 500 °C — u3 TTa-
HOBBIX CIUIAaBOB, NIpH GOJiee BHICOKOM HarpeBe — U3 CTaJIy,

IIpH nNpHMeHEHMH KPHOT€HHBIX KOMIIOHEHTOB TOIUIMBA B KOHCTPYKLMAX
6aK0B DOJDKHBI HCIIONB30BATCA MaTePHAIIbl C MOBBILIEHHON XJIaOCTOMKOCTHIO:
KOPPO3HOHHO-CTOMKHe cTau (Hanpumep X18H9T), amomMuHHeBbIe CIUIaBbI
(AMu, AMr-5B), menp u np.

Marepuans! 1t BHITECHHTEIBHBIX YCTpOHCTB GakoB, MaTepuaiipi Ui Bbi-
TECHHTEJIbHBIX YCTPOMCTB TOIUIMBHBIX 6akoOB MOJDKHBI 06MamaTh Xopoulei Jac-
THYHOCTBIO, GBITh XMMHUECKH MHEPTHBIMH H HENPOHHMUAEMBIMH [JI1 KOMIIOHEH-
TOB TOIUTHBAa M BBITECHAIOLIEro rasa. JUiA H3roTOBJIEHHA TAaCTHYHBIX Pa3fieNu-
Teyiell MOT'yT NPHMEHAThCA TedJIOH, NMOJHITWIEH U GyTWIOBHIH KayuyK. UTo6b!
MOBBICHTb HENPOHHI[AEMOCTb MX CTEHOK IUIA BBITECHAIOIIMX ra3oB (UTO0 0coGeH-
HO B@XHO NPH IJIUTENIbHOM XPaHeHHH TOIUIMBA), Pa3fielIMTeNH M3 HeMETALIH-
YeCKHX MaTepHaJIOB BBINOIHAIOTCA MHOTOCIIOHHBIMH C NPOCIOHKAMH H3 aIIIOMH-
HHUEBO#H WIH TaHTAI0BO#H GOJIBTH.

IIns ruGxux nuadparmM MoryT NPHMEHATHCA Te Xe MaTepHaslbl, YTO M A
pasmenuTesiedl, a Takke ¢oybra U3 KOPPO3HOHHO-CTOMKO# CTallH M allOMHHMe-
BBIX CIUI2BOB,

YrnoTxHuTenbHble MaTepuanbl. s YIUIOTHHTENBHBIX MPOKJIAIOK MOrYT
HCIIONb30BaThCA METAUIbI (alIOMUHHIA, Melb) , PTOPOpraHHYeCKHe H KPEMHHIA-
OpraHHYeCKHe NOJMMEDBI, HaTyPaJIbHbIA Kayuyk, GTOpKayyyk, HEONPeEH, a TaK-
XKe MATrKHe MeTaJUIbl: WHOMH, 6aG6MT M CBHHell, KOTOpble OGBIYHO 3aMOJHAIT
KapKac MpOKJIaJIKH, BbIIOJIHAEMOR H3 TBEPAOTo MeTajla,

B a30THOKHCIIOTHBIX H KHCIIOPOAHBIX Gakax B KauyeCTBe YIUIOTHEHHI MOTYT
6bITh NPHMeEHEHbI KHCIIOTOCTOKHMe IUTacTMacChl TUNa (GTopoIUiacTa,

4.2.2 TTPOYHOCTB TOIIJIUBHBIX BAKOB

Harpysku, neiictByroime Ha TousHbie Gaku, [IpouHoCcTh HeCcylIMX GakoB
JleTaTeNIbHBIX 2MMapaToB, ABJIAIOLIKAXCSA YaCTbI0 KOHCTPYKLMH KOpITycCa, onperie-
JIAETCA BHEUIMMMM Harpy3KaMH, IefCTBYIOIMMY Ha xopnyc JIA (u3ruGarommumu
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MoMeHTaMH M, ., mepepe3biBaloluMK V), U OceBbIMH CwiaMH N, ), a TaKoke
Harpy3KamH, cO3[laBaeMbIMH BHYTPEHHHMM JIaBJIEHHEM Dg (CM. pHC. 4.2) . +

BHyTpeHHee naBjieHHe B Oake Ha KaX[OM YPOBHe CTONOa XHIKOCTH Pg
CO3[1aeTCA NaBJIEHHEM HajlyBa Py,; M TMIPOCTAaTHYECKHM JIaBJIEHHEM CTONGa
XKHIKOCTH B 6aKe Pry

Pg = Pyap +prm1p-

HaBnenue HapmyBa B 6akaX C ra30BBITECHHTEbHBIMH CHCTEMaMH NOHauH
OGBIYHO COCTABMSAET Py, = (25 ... 50)-10° Ila, a B Gakax ¢ TPyGOHAaCOCHBIMH
CHCTEMaMH NOMauH Py, = (2 ... 6)-10° Ila.

I'nppomyHaMuyeckoe HarpykeHHe GaKoB 3aBHCHT OT BEJIHMMHBI IPOMOJIb-
HOM Neperpy3KH n, :

Pryupp = 8P¢"x hy,

rae h, — paccrosHHe OT CBOGOAHON MOBEPXHOCTH XHIKOCTH OO PacyeTHOro
CeueHHsi; P, — IUIOTHOCTD TOIUTHBA.

Ilon neiicTBMEM BHYTpeHHEro HaBJIEHWA M BHEIIHMX HAarpy3ox oGonmouka
6axa pmedopMHupyerca. Boau oT AHHMIN M LIMIaHroyToB AedhOpMHpPOBaHHaA IO-
BEpPXHOCTb GaKOB He HMeeT pe3KHMX H3MEeHEHHH KpPMBHM3HBI, NIO3TOMY Hamps-
XKEHHA B CTeHKe GaKOB C OCTaTOUHOH CTeNEHbI0 TOYHOCTH MOXKHO CUMTaTh IO
6e3MOMEHTHON TEOpHH, OIJHAKO B TeX 30Hax GaxoB, rae medopmaimsa oGeuaii-
KH CTeCHeHa KpelUleHHeM LIIaHrOyTOB WIHM [HHIL, BO3HMKAalOT H3ruGHbIE Ha-
NPSDKEHHs , TO3TOMY [JIA pacyeTa 3THX 30H GaxoB cliefyeT nonb3oBaThca Gonee
CJIOKHO# MOMEHTHO# Teopueit 06010ueK,

Pacuer oGevaex mwmmpapHueckux GaxoB, CiloxHOe BO3MEHCTBHE BCEX CHI
Ha KOHCTPYKIMIO GakOB MOXKET MPUBOAMTD K Pa3IHIHBIM CIyYasAM pa3pylleHus
obevaex M mHMII 6akoB, KOTOpbIe XapaKTepU3YIOTCA JTHGO noTepeil MPOYHOCTH,
1160 norepeit yCTORIHBOCTH.

Ilpu pacuere oGeuaex GakoB Mcnoib3yercs Ge3MOMeEHTHasA T€OpHA pacyera
TOHKOCTeHHbIX oGonouek. Torga MepUOMOHANIBHbIE HaNPSDKEHUS, NeHCTBYIOIHe
B PacueTHOM CedeHHH 06edaiik¥ TOHKOCTEHHOro IMIMHOpHdeckoro 6aka, Harpy-
EHHOrO OIHOBPEMEHHO OCEBBHIMH CHJIAMH, H3THGAiOIHM MOMEHTOM H BHYT-

PeHHHM faBJleHHeM, Oy oy T

aM N peD
0. =% H3T + x 6 (4 1)
m 2 ’ .
nD“8 nD§ 45
a OKPYXXHBbIE HanpsDKEHUA
pgD
0, = Py “4.2)

rae D u 8 — cooTBETCTBEHHO MHaMeTp M TOJLMHA 06Gedaitin Gaka,
OKBHBAJICHTHOE HanpshKeHHe B oGedailke MoXeT GbITb OMPEMENIEHO MO Teo-
PHM HaHGOJIBIIMX KacaTeIbHbIX HallPsDKEHHI:

0, =0, —03.
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Ok py>xHble HanpspkeHHsA B oOevaiike, Har py>XeHHO# M30BITOYHBIM BHYTPEH -
HUM [1aBJIeHHEM, BCET/ia OJIOXKHTeNbHbI (0, > 0) . MepHIMOHabHbIE HANPSKEHHA
B 3aBMCMMOCTH OT BEJIMUMHBI M 3Haka H3rubaloliero MOMEHTa, OCEBOM CHIIBI U
BHYTPEHHErO [aBJICHHA MOTYT ObITb IOJIOXKMTENBHBIMH M OTPHIATEIbHBIMH
(0,, £ 0), npHieM B mOC/IeTHEM ClTyyae BO3MOXXHA NOTEPA yCTORIMBOCTH 06O-
nouxH, CrieqoBaTebHO, B 3aBHCUMOCTH OT 3HaKa H BEJIMYMHBEI MEPHIMOHAIbHBIX
HanpsDKeHUH pacueTHbIe CITyYyaH HaXOXOCHHMA noTpeGHOM obGevaiiku Gaxa GymyT
OTJIMYATHCA.

Ilpu oTpHuaTeNbHBIX MEPHAMOHAIBHBIX HANpPSIKEHHAX NOIMYCTHMBIE HAlps-
)KeHuA B obeuaiike Gaka ONpENENAITCA M3 YCJIOBHH NMOTEPH YCTOHUMBOCTH IO
BBIPDKEHHIO

]
Okp = kxpE; s 43)

roe kKp — k03 PHLUHEHT KPHTHYECKOTO HANpsIKEHHA CXKATHA, 3aBHCALIMHA OT
XapaKTepa HanpsDKEHWH, BeIMYUHBI BHYTPEHHErO HaBJICHHA M reoMeTpHYeCKHX
napaMerpoB Gaxa, OGbIHO I LWIMHAPHYECKUX GakoB NMPHUHHMAIOT ka =
=03.

Kpome TOro, npu OTpHUATeNbHBIX MEPHAMOHAIBHBIX HaNpMKEHWAX (0, <
< 0) HeoGXOAMMO TaKe IPOBEPATH YCIIOBHA NMPOYHOCTH OGEYaiKH 110 3KBHBa-
JIECHTHOMY HaNpsKEHHIO

AM sy Ny peD
0, = >t + < Op,
nD?s nDs 45

e 0, = 0,/f — pomycTumoe HanpspkeHHe; [ — K03 dHIMEHT Ge30macHOCTH.,
orpe6Has TonumHa obevaiiku 6aka B 3TOM cilyyae

D  AMy; + Ny D Pg
§= — 3 + _) . (4°4)
% nD 4

W3 (4.4) MOXHO ompefeNnuTh NpeaeNbHO AOMYCTHMOE AaBiieHue B 6ake NpH BIG-
paHHO# ToNuMHe 0Geyaiiky ¥ 3aIaHHbIX Harpy3Kax:
1 5 aM %+ Ny D
Pg = 4( ; op -

). 4.5)

aD3

3 cOBMECTHBIX yCIIOBH# IPOYHOCTH H YCTOHYMBOCTH 0Geuaiiku

5 aM H3r N x psD
kgpE — = St — 4.6)
D aD“s aDs 45
MO>eT ObITh onpefiesieHa MHHHMaJIbHasi TOJIILMHA oGevaiiku Gaka
1 4Myar + NyxD Pg
8rmi =D\/ ( - —)- 41
min kxp E D 3 4 ( )
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TIpH MONOXKHTENbHBIX MEPHIMOHANBHBIX HamnpskeHuax (0, > 0) skBHBa-
JIEHTHOE HampsKeHHe ONpeeNsAeTcs TONbKO KOJNbLEBbIMH HaNPAKEHUAMH

pgD

<o
26 P>

OTKYya mOTpeGHasAs TONLUMHA OGeYaiiKH MOJYYHICSA M3 YCNIOBHA NPOYHOCTH Ha
paspsIB:

0,=0_=

pgD

20, . 438)

AHanH3 HaNPSDKEHHOTO COCTOSHHA obevaex WHIHMHAPHIeCKHX GakoB. Criox-
HOe BO3[IEHiCTBHE BCEX CHJI Ha KOHCTPYKIHI0 6aKOB MOXeT NPUBECTH K pa3ivy-
HBIM pa3pyllleHMAM oGevaiixu. CiemoBaTenbHO, TpeGyOTCA pasIMUHbIE METOMBI
pacuera GaKkoB,

IInsa onpemenenns HauBBITOOHEMIMX KOHCTPYKTHBHO-CWIOBBIX cXeM Ga-
KOB HeOGXOOHMO MCCIIE[IOBaTh HAaNpspKEHUs B 06evaiiikax GakoB IpH pa3jIMYHOM
COYETaHMH CHJI Harpy)XeHHA H TeOMeTpHYeCKHMX HapaMeTpoB GakoB, Beemem
CllefyIoLIMe MapaMeTphl:

A, — mapaMerp, XapaKTepH3yIOIHi OTHOCHTENbHYIO TONLMHY OGeuailkH,
onpeeNnseMyio BHELIHHMH Harpy3Kamu;

1 aM +N,D
A, = -
%

A, — napaMerp, XapaKkTepH3YIOILHi HCNOJIb30BaHHE MaTepHala KOHCTPYK-

LMY NIpH 06ecneYeHHH YCTORIMBOCTH 06edaikH:

H3Tr

-

aD 3 (4 .9)

o
A, = 2 (4.10)

3
kypE
KOTOPbIH B OCHOBHOM ONpENENAeTcas MEXaHHYECKHMH XapaKTepUCTHKaMH NpH-
MeEHAEMBIX MaTepPHAJIOB I H3TOTOBJIEHHS TOIUIHBHBIX GakoB,
ToncraBuB 3aHaueHus A; ¥ A, B ypaBHenue (4.1), nmonyuyum norpeGHyio
OTHOCHTENTbHYI0 TOJNIIMHY OO€UYaKH U3 YCJIOBUSA €e yCTOHYHBOCTH NPH AEACTBHM

BHEIIHUX CHIT:
_ 8 / Ps
§= — =VA,(4, - ). 4.11)
D 4op

Uz (4.11) cnemyer, uro npu yBenMYeHUH [aBJicHUs B Gake 0 OMpenesieHHO-
O mpefelia pg MepUAMOHIbHBbIE HATIPSDKEHHA H NOTpeGHasA TouHa oGevaiicu
YMEHBIIAITCA,

IlopcraBuB 3HaueHHe MONMYCTHMOro NpH 3aJaHHO# TONIMHe 06evailku MaB-
nenus B Gake pd B BhIpaxeHHe (4.4), HalileM MHHHMATbHYIO OTHOCHTEJIbHYIO
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ToMuUMHY OGeyalikM INpPH OTPHUATENbHBIX MEPHUOHOHAIBHBIX HAIPSKEHHAX
(0, <0):
5 2282t 4.12)
8min = 2 A, - .
B 3TOM Ciyyae MakCHMAJIbHO ONyCTMMOE [aBileHHe B Oake NMpH 3aJlaHHOM TOJ-
wuHe obGeyaiiku U BHellMeil Harpy3ke Gyner

meax = 40p(6_— Al) . (4-13)

CregoBaTenbHO, B TOIVIMBHBIX Oakax MOXKHO YCTaHOBHTh ONTHMalIbHOE [1aB-
TIeHHe Pg oy, OGecrieunBaoiliee MHHUMIbHYIO TONILMHY ObGeYaliku mpH ycio-
BHMH BHELIHEro HarpyXeHHsA M M3GBITOYHOTO BHYTpPeHHero faBieHus, OHO Moxer
ObITh Hail[leHO TIpH MOJICTaHOBKe BhIpaxeHHs (4.5) B dopmyny (4.6):

Ay
P6 ont = 20p[A2(V1+ 87 — 1) - 244]. (4.14)

Ecnu MepupHOHanbHble HanpspkeHusa GynyT nonoxarenphbr (0, > 0), To
notpe6GHas OTHOCHTeJIbHas TOJNIMHa ObGevaiikn Gyner onpenenarscs mo ¢op-
MyJle

4]

5= (4.15)

2°p

MoX#O yCTaHOBHTb pacUeTHBIH ClIyyad, COOTBETCTBYIOLUIMH DaBEHCTBY
HY/I0 MepHIMOHANBHBIX HaNpsDKeHHil, H HallTH TO mpefeNbHOe JaBlleHHe B Gake,
BBILLIE KOTOPOro pacdyer oGedaiku Oaka IOJDKEH BECTHCh M3 YCJIOBHA NPOYHOC-
TH Ha pa3pbIB:

Py = 40,4, (4.16)

Ananus seipaxennit (4.4), (4.7) u (4.8) mns onpefeneHus OTHOCHTENBbHOM
TONMWMHHBI OGeyadkH B 3aBHCHMOCTH OT COOTHOLUECHHA BeJIHYMH Harpy>KeHHs
BHEIUHMMM CWIaMH H BHYTPEHHHM [aBJIEHHEM I03BOJIAET Pa3[IelIMTb BCe TOIUTHB-
Hble Gaxu Ha TpH rpynms! (puc. 4.30) .

K nepsoit rpynne otHocatca Gaku (3oHa I), 0Geuaiixu KOTOPBIX pacCUMTHI-
BAlOTCA U3 YCIIOBMil YCTOIUMBOCTH, 2 NOTpeGHaA TOJNIMHA HX ONpeeNnaeTcsa U3
Boipaxerns (4.7) . Takue 6aKH “HH3KOro™ gaBjIeHHA, KOTOPbIE YCIIOBHO MOXHO
Ha3BaTh pa3rPY’KEHHBIMHM, HMEIOT COOTHOLIEHHE NapaMeTPOB HAarpY)KeHHs M

YCTOHYMBOCTH < 1, a paBnenue B Gaxe pg < pé, B cBsa3u ¢ TeM, UTO Y

Az

. a4y
GonbumHCcTBa GaKOB JIeTaTebHBIX anmapaTtoB — < 1, To 6aku JBHTraTeNbHBIX
Y]
YCTaHOBOK C HAaCOCHBIMH CHCTEMaMM MOJiauH TOIUTHBA, [JIA KOTOPbIX HaBJIeHHe
HaagyBa pg < (5 ... 6) 10° [la, MOXHO OTHECTH K Pa3rpy)KeHHbIM GaKaMm.
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' F 3
o2 o2 =
s 4, — , 4, L T
L~ ~
10 /
54— ( T
5 . @ 6 ,/./ @ 2
L
4 v N\gs_L—" e
2 7 2 7
g & =50-10a 0725 &= 15107
L= 75107 A= 70-10°¢
0 v 2 X o0psha 0 4 8 3 160%4,M
a g
Puc. 4.30. 3aBHCHMOCTb OTHOCHTE/LHON TOMIIMHEI 0Gedaiiku Gaxa 5 OT BHYTPEHHETO fiaBie-

HHR PGt
a — nyIs CTaNbHEBIX 6akoB; 6 — A AHOMHHHEBBIX GakoB

BaxH, mabenne B Kotopsix pi < pg < pg! (3oma II), Moxaio ycioBHO
Ha3BaTh GakaMH “’CpefiHero’’ MaBJIeHWA WJIH CpeJHeHar py>KeHHbIMH, ITO — BTO-
pas rpynna 6akoB. OTHOCHTeNbHas TONMIMHA obGeyaek is TakuxX 6akoB onpefie-
nsercs u3 (4.4) MCXOOsA U3 YCIIOBHI MPOYHOCTH Ha PacTsDKEHHe,

Y, HakoHel, Gaxw, NaBJleHHe B KOTOPBIX Pg > pgl (3oa III), otrocaTCA
K Harpy>eHHbIM GaxaMm, OTHOCHTeJTbHas TONIIMHA 06€vaiiKyi paCCUNTHIBAETCA H3
ypaBHennsa (4.8) ucxols M3 YCNOBMi NMPOYHOCTH Ha paspmiB. K 3rtoit rpynme
OTHOCATCA GakH ’’BBICOKOro’’ OaBiieHHs, paGoraioume oOGBIMHO C ra30BBITECHH-
TeJTbHBIMM CHCTEMaMH TOflauH IipH pg > 20-10° Ila,

Onpenenenre TOMUMHBEI 00edalikH IMIMHAPHIECKHX 0aKoB IO MEHCTBYIO-
mmM Harpy3kaMm. TonumHa oGevaiikH IWIHHAPHIECKHX 6aKoB “HU3KOro’’ HaB-
JIeHHSL OlpefieNsAeTcA MpeXae BCero BEHYMHOM H3rMGaloliMX MOMEHTOB H OCe-
BbIX CHJI, IEACTBYIOIIMX Ha 0Geuaiiky HeCyLMX TOIUTHBHBIX 6akoB,

Ins rorwmBHoro 6aka, pacrosioKeHHOTo BOJIM3H LEHTPa Mace JIeTaTenbHOro
ammapaTta, MpHGMDKEHHO MaKCHMalbHBIA H3rHOalolMi MOMEHT MOXKHO NPHHAT
PpaBHBIM

n
Mysrmax = 3—2'kakngpcp ny max)“zvl)4 s “4.17)

rae k, — x03hUIMEHT, yIMTHIBAIOIIMA a3pOIHHaMHIeCKyI0 Harpy3Ky Ha Kop-
OyC B 3aBHCHMOCTH OT ajpogMHamuueckod cxeMbi JIA; mig oGprHO#M cXeMbl
ky = 06; mua cxempr “yrKa” — k, = 0,8; p., — cpenHss oGbeMHas IWIOTHOCTh
KOpITyca BMeCTe C Pa3MELUEHHBIMH IPy3aMH; A, — Y/UIHHeHHe NPHBeleHHOro
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LHHWIHHAPHYECKOTO KOpITyCa, UMEIOLLETO onm-lalconmﬁ 06beM H nuamerp c mei-
CTBUTENBHBIM Kopmycom JIA, O6brano A, =~ (0,85 ... 0,9)Ag; Ag, — ymmaHe-
HMe [eHCTBUTENbHOTO Kopmyca; D — muamerp xopnyca, k" — K03 HIHEHT,
YUHTHIBRIOLIMA MaKCHMaJTbHYI0 MacCOBYIO lleperpy3ky Ha kopmyc (06brdHO
ky=0,5..0,7);

_ (mny)max

MoNymax

3necl>lm H My — TeKylliaa ¥ HaualbHas Macca JIA; n,,, Nymax — TeKyIad H
MakcHMallbHasa 60xoBas neperpyska.

OceBast cwa Ny (cp) AEACTBYIOLIAA B CPeJHEM CEYEHMM M0 JUTHHE KOpIIy-
callA,

n
= 3
Nx(cp) - ;gpcpnxmax)‘wD s (4.18)
TIe Ny ax — MAKCHMATbHAsA MIPOMIONIbHASA TeperpysKa.

Torna, noncrasnss Boipaxenus (4.17) u (4.18) B (4 .7) , MOXHO TOITy4HTH
3aBHCMMOCTDb [IIf ONpeNielieHHst MOTPeGHON OTHOCHTENBHOM TONILHMHBI 0Gevaiiku
HWIMHIPHYECKOro 6aka “"HH3KOro’ IaBJICHHA

gi= L

1
[ ';gpcp)\wD(k k )\w"ymax + "xmax) —P5]. (4-19)

91a 3aBHCHMOCTh MOXeT GbITh yNpoOLIeHa MPHMEHHTEJIbHO K DPa3JIMYHbIM
JleTaTeNIbHBIM amnmaparaM. s BbICOKOMaHeBpeHHBIX JIA, y KOTOPBIX OCHOBHas
YacTb Harpy3KH Ha Kopmyc H GakH coanae‘rca 60KOBBIMH Neperpy3KamH, IeicT-
BHEM OCEBBIX CHWI MOXHO npeHeGpeus (1, =~ 0). B aToM ciyyae oTHOCHTeNBHAs
TONLIMHA 06eyaiikKH ITHHOPHIECKOT O 6axa omnpepensercs no popmye

8= — Ky max8PcphiD — Pg). (4.20)

IIna marioMaHeBpEHHBIX JIETaTeBHBIX aMMapaToB, -y KOTODHIX AEHCTBHE
OCEBBbIX CHJI 3HaYHTEJIBHO MpPEBBIIZET AEHCTBHE GOKOBBIX CHI (1, > n ) OTHO-
CHTeNBHas ToMmmuHa o6evaiiku Gymer onpeneneHa no popmye

o ] \/ 11
= — (=M max80cpMwD — Pg) - 4.21)
2 ke E 2
p
Onpenenenre TOMIMHLI JHHII TOWMBHEIX Oakos, IIpu pacuere mHuw TOMN-
muBHBIX GakoB HeoGXomMMo MmO ypaBHeHmio Jlamnaca ompemeNnuTs MepHIHO-
HaJIbHBIE 0, M KOJIbLEBbIE O, HANp/KEHHs, NEeACTBYIOIIHE B PaCUETHOM CEUeHHH

mau (puc.431):
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Om 9, P6x

— e —=

R, R, &

OH

Ile Pgx — BHYTpeHHee M3OBITOUHOE [iaBJicHHe B JaHHOM DaCueTHOM CEYeHHH
Gaka:

P6x = Pyap * 8PrMxhy;
Py — IUIOTHOCTb XHAKOrO TOIUTMBa, 3anonHsiomero Gax; 4, — BbicoTa cToNGa
XHJIKOCTH HaJl PaCUETHBIM CEYEHHEM:

h, = hu + x;

hn — BBICOTa CTOJNIGA )XHAKOCTH B LAJIMHApPHUECKOH 4acTd Gaka;, R; u R, —
r7laBHbIE PaMyChl KPUBH3HBI JHUINA; & qu — TOMMHA IHUINA,

IIna HaxoxmeHUs MePHIHOHATLHBIX HaNpsXKeHHH HeoGXONMMO PacCMOTPETh
paBHOBECHE YaCTH OHMIA, HaXOMALIETOCA HIDKe pacyeTHOro ceweHus. Toraa

COrJIaCHO YCJIOBHIO pPaBHOBECHS IIOJTyYHM

(6)

0, =

(4.22)
2n6 ):u-lR 2 sin%6
rae 6 — yronm Mexny ocbio X ¥ paguycoM R, ; ®(0) — ocesas cocTaensiomas
BCeX BHELHHX CHI, AefiCTBYIOIMX Ha PacCCMaTpHUBaeMy0o YacTb 060JIOUKH:

[
®(0) = 2nf pgyr1rasindcosddd;
0

ry, r; — panMychl rJlaBHOH KPHBH3HbI IPOM3BOJIbHOA TOUKH OTCEYEHHOM YaCTH
o6onoukH; ¥ — yrioBas KOOpAMHaTa pacCMaTpPHBaeMO#l IPOM3BOJIbHOM TOUKH,

Ecnu mHuine BbINONHEHO B BHJIE 3JUIHIICA BpallleHus, a oGevaiika WIHHADH-
4ecKas, TO

) R3 _ (Rz _ ’2)3
4)(0) = 17[)' (pﬂan +gprnxhu) + 2gp‘l‘ "x Im ]’

roe R — Gombllas nojyoch 3JUIMINCA, paB-

Hasi pafiMycy obeyailkH; 7 — paoMyc mpo- o l Prai
M3BOJIbHOM TOUKH OTCEYEHHOil YacTH 060- T f‘h i
noukH (Manas momyocb); m = Rfr —
OTHOLIeHHe GONbIIOHi NMOMYOCH IJUIUICA K
MaJioii NoNyocH (BBICOTe HHMILA) .

Ay

Puc, 431, PacuerHas cxeMa LHWIHHAPHYECKOrO
6aKa C WUIMNTHYECKHM [HHIUEM, YacTHIHO 3a-
MOJIHEHHOTO KHAKOCTBIO

k)



J1s IPOM3BONIBHOTO CeYEHHUA IVTHITHYECKOro NHMIla Gaka

= Pﬁsz .
mT T
R,

0,=0,(2- —R;l—),

I'maBHble 3HaueHusA pafiMycoB KpHBM3HBI R, M R, mia s/uimmnca onpenens-
10TCA CIeqyI0IUM 06pa3oM:

1 b?
— R2_ 1__'.2 3;
" [ ( R,) 1

R,

R »?
R, = —+R* —(1 - =),
2 b ( Rz)

0O603HaYMB OTHOLIEHHME BBICOTHI AHMIIA K GOMNBLIOA MOJIYOCH 3JIIHIICA Yepe3
m =R/b 1 noACTaBUB B BRIPDKEHHA [If Oy, H 0, 3HaUeHHs R; U R,  nomyuum
m?2R?

mz(Rz _’2)+ r2 *

0, =0,[2-
‘Torma HampsDKeHHsA B [JHMILE B MeCTe COCJHHEHHMS OHHILA C IHITHHAPHYEC-

Koii o6evaiikoii, rae r = R = D/2, onpenenarcs Tax:

D D
Um = 1-6—’1—Hlpﬂan +gp'r”x(hu + '3:)], (4.23)
0, = 0y (2 — m?). (4.24)

B TOM e CeueHHMHM IS LWIMHOPHYECKO#N 4YacTH Gaka HampspkeHus OyayT
PaBHBI

D
Oy = T(p..a,Jl + gphyhy); (4.25)
IXH

0, =20,,. (4.26)

Smopsl MepHOHOHANIBHBIX M KOJbLEBHIX HanpsXKeHUil B JHMILE U obevaiike -
6akxa ¢ UCNIoIb30BaHHEM 3aBHCHMoCTei (4.25) U (4.26) , noka3sans! Ha puc, 4.32,
U3 pucyHka cnemyer, 4To NpH nepexope OT IWIKHAPHIECKOH 06evailkH K THHIITY
HabJToMmaeTcs CKayok B HanpsOKeHWAX, B pe3ysbTaTe Yero 1o JINHMH COeMHEHHA
obeuaifki ¥ OHHILA NOABJIANTCA Iepepe3bIBalollide CHIbI H H3rHGalol1e MOMEH -
Th1. M3 3mop Taxike ciefyer, 4To B ONpeneNeHHbIX CEYCHHAX AHMIL MOTYT BO3-
HHKHYTb KOJNBHEBBIE CKHMaIOLHe HaNpAXeHHusA, KOTOpble MOryT NMPUBECTH K
moTepe YCTOWYMBOCTH AHMINA Gaka, B GonbLIMX TOHKOCTEHHBIX Gakax s Mop-
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Puc. 4.32, Jmopsl MEPHAHOHAIBHBIX H OKDYX-
HBIX HanpsxeHnil B o6onouxe u gHuue Gaxa

TN

KpelleHusa [OHMIL, a TaKXe B MecTax
COE[MHEHHsT IHMII C IMWIHHAPHIECKHMH
oGeuaiikaMH  clieflyeT  yCTaHaBJIMBaTb
mmanroyTtsi. [IpuGmivkeHHo norpe6Has én
ToNuMHa [HHUW GakoB MoxeT ObiTh

T

OTpe/ienieHa U3 BHIPDKEHHS G
P6'nn -
8nH  —————— , (4.27) ¢m 61‘
2°p

e 'y, — pagMyc KPHBH3HBI JHHILA,
‘Pgnu.uma ceprueckHx gHHLL Gyner

peD
= (4.28)
p
TomnuuHa noTy JUMITHIeckKnX gy (pu m = 2)
pgD
— . 4.29)
20p

4.2.3. MACCOBBIE XAPAKTEPUCTUKH
TOIUIMBHBIX BAKOB

O0pem TommBHBIX Gaxos. IIpH nMpoeKTHPOBaHMM XMIOKOCTHBIX PaKeTHBIX
[BHTaTeNbHBIX YCTaHOBOK OMNpeAenserca NOoTpebHbiH 06beM TOIWIMBHBIX GakoB
Vs, KoTOpBIit MODKeH 0GecnednTs pa3MellieHHe 3alaHHOTO KOJIHYEeCTBa TOIUIMBa
M BHYTPEHHHX 371eMEHTOB KOHCTPYKIMH GaKoB, a Takoke BbIeJIeHHe CBOGOIHOr0
ob6beMa i ra30BOil MOMYLIKH:

V6 =Vr* Vions * Vion-
rae V. — obbeM TomIMBa, 3ampaBisieMoro B Gak; Vi .. , — oO6bem, 3aHMMae-
MBIHf KOHCTPYKTHBHBIMH 3JIEMEHTaMH, PacHoJIOXEeHHbIMH BHYTPH TOIUTMBHOTO
Gaxa:

VKo:-l.a = ﬁxon.a V‘r.ﬁ;

Byon » — KO3)dHIMEHT 3arpomosxienns Gaka, KOTODBIH onmpefesnseTcs MO CTa-
THCTHKE WIH H3 KOHKpeTHOro pacdera. OGbraHO By oy , = 1,0 ... 1,05; Vo, —
o6beM ra3oBoil nomycH, obecneduBatonmit HaTyB 6aka N0 3aNaHHOro HaYallb-

HOro OaBJ/ICHUA H KOMIICHCpr'IO!Imﬁ Pa3niH4YHbI€ OTKJIOHEHHA 3allpaBKH, a TaK-
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)€ pacyeTHpIX NapaMeTpPOB IPH M3rOTOBJIEHHH H 3KCIUTyaTaluuH GakoB, O6bem
TolMBa V. ompenensercs Mo macce TOIUIMBA M. ¢, 3alpaBJIAEMOrO B TOIUIHB-
HbIi 6aK ¢ yueToM rapaHTHHHOrO 3amaca:

m
T.6
VT = )
Pr

Ifie p; — IUIOTHOCTb TOIUIHBA;

m‘l‘.ﬁ =My akr ¥ My nace + mT.rap - mT.prﬁ -

Macca 3alpasjigieMoro B 6ak TOIUTHBa,

3mech My 4 cr — Macca “akTHBHOro” (paGoyero) TOMUIMBA [JIA BHINOHEHUA
3a1aHHOTO HMITyJibCa ABHTaTelIs, 00eCeYNBAIOILErO BBINOJHEHHE JIETHO-TaKTH-
YeCKHX XapaKTepHCTHK JIA;

My nacc — Macca “aCCMBHOTO™ TOIUIMBA, 3aNpPaBJIsieMOro B TOIUIMBHBIE
6aku, KOTOpOe He CO3[aeT CyMMapHOro HMITyJbca, 0GecreYnBaroILEero ABIKeHHe
JIeTaTeNbHOrO ammnapara,

“TlaccuBHOe™ TOIUIMBO COCTOMT M3 TOIUIMBa, PacXodyeMoro A0 CTapra
(ucnapenue, BeIGpoC yepe3 ApeHax), Ha cTapTe NpPHU BHIXOJE ABUTATeNIA Ha HO-
MUHATBHBIH PEXMM [0 HavyaJla OBM)KEHHMsA JIeTaTeJIbHOrO almapaTa; TOIUIMBA,
OCTaIOLIErocs B JBUraresie, 6aKax ¥ MarHCTPa/ifAX NHMTAHMA NOCJIE BBIKITIOYEHHS
OBMTaTelNsA; TaKXKe TOIUTHBA, pPacXofdyeMOro Ha HaJayB TOIUIMBHbIX 6akoB,
npusop, THA, pyneBbIX rMOpOMexaHW3MOB M JPYTHX CHCTEM, He CO3JaOLIMX
TATH JIBUraTelIs;

My rap — Macca TapaHTHHHOTO 3amaca TOIUIMBA, KOTOPBIA KOMIICHCHpYeT
BO3MOJXKHBIE OTKJIOHEHHA B PacXOfe TOIUTMBA, BbI3BaHHbIE OTKJIOHEHUAMH B CO-
OTHOLUEHHHM KOMIIOHEHTOB TOIUIHBA, JaBJICHHsA Ha BXOAE B HaCOChI, TATH [BHTa-
TeJA, a’pPOOHHAMHUECKHMHM XapaKTepuUCTHKaMH JIA,| TOYHOCTBIO BBINOJHEHHA
o6beMoOB mosocTei GakoB M TpyGONPOBOMOB, TOYHOCTBIO NPOBEHECHHSA 3alpaB-
KH U 1Ip.

TapanTuiHpIA 3amac TowMBa AoGaBnsercs K paboueMy 3amacy TOIUIMBa,
3anpapJiAeMOMYy B TOIUTHBHBbIe OakH, uToGbI ObUIO OGecnedeHO BBINOTHEHHE JIET-
HO-TaKTHYECKOrO 3a/laHHsA ¢ TpebyeMoil HaJleXHOCTbI0;

My 1py6 — Macca TOILIHBA, 3aM0/HAIOLIEr0 TPyGOMPOBO/IbI, KOMIIEHCAIMOH-
Hble GayKH ¥ ApyTHe eMKOCTH B TOIUTHBHBIX MarUCTPIAX [0 3allyCKa JBHIaTelis
H pacXo[lyeMOro BMecTe C OCHOBHBIM TOIUTHBOM,

OGnem rasoBoit nomymkn, CBoGomublii 0GbeM B Gake, He 3alOJHEHHBIA
TOIUTUBOM, Ha3bIBaeTcsi 06beMoM ra3oBoil nopyumku, O6beM ra3oBoil MOQYIIKH
obecrieunBaer B Oake HaualbHOEe MaBJieHHe HaifyBa, moTpeGHOE A 3amycKa
OBHUTaTeNfA; KOMIIEHCHpYeT pacLIMpeHHe KOMIIOHEHTa TOIUIHBa NPH W3MEHeHHH
TeMIlepaTyphl OKpY’KalollieH cpefibl, a TaKXe BO3pacTaHHMe [aBlieHHs B Gake,
BBI3BaHHOE BbIfeJIEHHEM PaCTBOPEHHBIX B TOIUIMBE ra30B, KHIIEHHEM WIH pa3Jio-
JKEHHEM KOMIIOHEHTOB TOIUIMBa; KOMIIEHCHPYeT HETOYHOCTH U3roTOBJIEHHA Oa-
KOB M oumbKky npu 3ampaBke GakoB; obecneunBaer paGoTy ApeHaXHO-Ipeno-
XPaHHUTEITbHOH CHCTEMBI,
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[Ipu orcyrcrBuM cBOGOAHOrO 0O6beMa B Gakax B IepHON XpaHEeHHUs 3ampaB-
JIEHHOTO JIeTaTeJbHOro allapaTa MOXKeT IPOU30MTH Ype3MepHOe BO3paCTaHue
naBnieHus B Gakax, yTo nmpuBelieT K pa3pbiBy MeMOpaH B TOIUIMBHBIX MarucTpa-
JIAX, IPOJIMBY KOMIIOHEHTOB TOIUTHBa Yepe3 IMIpaBIMYeCKHe TPaKThl MarHCTpa-
Jed ¥ ABMTaTeNfA, a A CaMOBOCIUIAMEHMIOLIMXCS KOMIIOHEHTOB — K CaMo-
NPOU3BOIBHOMY 3alycKy ABHrarens, OnHako 06beM ra3oBoi NOOYLUKH He [0J-
XeH GbITh U3NULIHE GONBIIMM, TaK KaK yBelndeHHe oObeMa GakOB NMPHBEAET K
YXYALIEHHI0O MaCCOBBIX XapaKTepUCTHK JIeTaTeNbHBIX aNlapaToB,

HeoGxogumeiii oO6bemM ra3oBoy moagyumky B Oake OGBIMHO ompenensiercs
6O MCXOOS M3 YCJIOBMA BBINOJNHEHUA KOHKpETHbIX TpeOOBaHMi, mpembsB-
JIfieMBbIX K TOIUIMBHBIM GakaM M MX cBOGOIHOMY OGbeMy, TGO H3 obGecreueHHs
AOMyCTHMOTO JMaNa30Ha [aBJIeHHA B 6ake Pgnax ¥ Pgmin, OOYCIIOBJIEHHOrO
YCJIOBHAMH 3KCIUTy aTallMOHHOI O AHaNa30Ha TeMIepaTyp.

O6beM ra3oBoil MOMYIIKH BIMSAET TaK)Xe Ha JHHAMUKY HaBjieHUsa B Oake
BO BpeMs 3allyCKa JBHMrarelisi: PH HEJOCTaTOYHOM O0beMe NMOMYILUKH B Hayallb-
HBI/i MOMEHT 3allycKa AaBiieHHe B Oake ’'TIpOBaJiMBaeTcs’’, YUTO MOXET MpHUBEC-
TH K “TIpOBaity”’ [aBJieHUA MePeN HacOCaMM HIDKe MaBJIeHUA HaChILIEHHbIX NIapoB,
CPbIBY 3alycka ABMraTtels M NOTepe YCTOHYMBOCTH CTeHOK Gaka, 4TO Hemormyc-
tumo, [loaToMy npu ompeneneHun o6GbeMa ra30BOH NOOYLUKHM U HauyaJIbBHOTO
MaBJIeHHA B Hel Mepeq 3alyCKOM [ BUT aTeJIsA IOJDKHBI GbITh YUTEHBI 3TH ABJICHUA,
KOTOpbIe OCOOEHHO CHIJIBHO MPOSABNAITCA NMpU HajgyBe GakoB rOPAYMMH ra3a-
Mmu, [lnis cHwkeHHs mpoBana gaBiieHHs ¥ 0GbeMa ra30BOM MOMYLUKH MOXeT NpH-
MEHATBCA ClleLMalbHasA MyCKOBasA CHCTeMa, KOTOpas B IEPHOJ, OT Hayalla IycKa
70 BBIXOJIa IBHTaTelIA Ha PeXHM MOBBILIaeT JaBJiecHHe B ra30BOi MOy IIIKe,

Ilpu pacuere oGbeMa ra3oBoi NOAYLIKH Vi, HCXONA U3 IOMYCTAMOTO MaK-
CHMaJIBHOTO MaBJIeHHsl B NMOAYIUKE Pponmay B IKCIUTyaTaHOHHOM [MaNa3oHe
temneparyp AT = T, — Tpin (63 yuera pacTBOPHMOCTH Fa30B H pa3jioxe-
HHA KOMIIOHEHTOB TOIUIHBa) MOXHO HCIOJIb30BaTh ypaBHEHHe COCTOSIHHA ra3a
B Daxe:

Vv MmyonRT,

pl'lO)I nong =

Th€ Phons Viop — MaBrneHue M 0GbeM ra3oBOA NMOAYLIKH COOTBETCTBEHHO;
Mpon — Macca rasa B ra3oBoil nogyuke; R, T — ra3oBas NOCTOSHHasA U TeMIle-
patypa rasa B MOAyLIKe COOTBETCTBEHHO,

H3menenne o6bemMa ra3oBoi MOAYIIKH NpH KOJIeGaHMAX TeMIIEPaTyphl TOM-

nuBa B Oake Gyner
AVHOJ:I. = a‘r(Tmax - Tmin) Vr,

rae a; — Ko3pduumeHT 06bEMHOrO TeMnepaTypHOro paCLUMpeHMs TOIUIHBa;
V1.6 — 06beM TOILTHBA, 3aNpaBJIeHHOrO B 6ak,

Torma paBneHue B ra3oBoil NMOAYLIKe NPH MAaKCHMAILHON TEMIEpPAType
XpaHeHHd 3anpaBiieHHOro G6aka Oyaer paBHO

M ponR Tmax

pnonmax = .
Vl'l011 - A Vl'lO)I

11 - 259 321



Moncrapnas BHIpDKEHUA A My ¥ AV, oNyyaeM

7“l'l‘l ax

14 ——
non TO

Phon

Proamax ~ .
Vion — o1 (Tmax — To)Vy

Heob6xonuMplit 06beM ra3oBoil MOJYILKH NpH 3T0M GylleT paBeH

_ ar(Trax = Tmin) Vr
Vion = p , (4.30)
Propmin max

T

Propmax min

OTKY[a OTHOCHTeJIbHBIN 06BbeM ra3oBoil MOmyLIKH (K03¢dHUMEHT > mycTOThI")

Yion _ *rTmax = Tmin)
Bron = = . 431
Vi6 ) Pnogmin  Tmax
Pnogmax Tmin
Torma 06beM TOIWIHBHOrO 6aKa MOXHO ONpPENEHTh M3 BbIpaXeHus
Ve =1+ Byou.s *Prow) Vr
6o
mr6
Ve = BsVz =Bs , (432
Pr
rae
ar(Tmax = Tmin)
66 =1+ ﬂxou.z + (433)
Propmin  Tmax
Ppogmax Tmin

ko3 uument oobeMa Gaka,

OGBIYHO TpH XpaHEHHH BBHICOKOKHIALIMX KOMIIOHEHTOB TOIUTHBAa B Gakax
NPHHUMAETCA Pyonmax/Progmin = 9, TOTAa B IKCIUTyaTalMOHHOM [MaNa30He
K03 dument obpema baxa fg = 1,05 ... 1,08,

O6bem 6aKOBOro OTCEKa, COCTOAIIErO M3 ABYX TOIUIMBHBIX GakOB U MeX-
6ak0oBOro orceKa Mexay HHMH, paBeH

mr6
VM5.0 = ﬁG o= ’ 434)

Pr

roe m, .6 — CyMMapHas Macca 3anpaBJifeMOro IBYXKOMIIOHCHTHOr O TOIUIHBA,
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1+ Kpp)Pr ooy

p'l‘ = — CpefHAA MIIOTHOCTb IBYXKOMIIOHEHTHOT'O TOIUIH-
Pox * Kmer Ba;

Pr, Poyx — IUIOTHOCTb TOpioYero U okucnurensa; K,, — xoapdumment maccoso-
FO COOTHOILIEH!sA KOMIOHEHTOB TOIUIHBA;

B6.0 = BsBue o — KOIPDHIMEHT 06BeMa BakoBOTO OTCEKa,

3necs By 6.0 — KO3 HIMEHT 0GbEMa MexGaKOBOro oTceKa,
B cxeme wwmHapruecikoro Gakooro orceka (cM. pHc. 4.4, a) ¢ nonyan-
JIMITHYECKMMH THHIAMH K03 duIMeHT MexGakoBoro orcexa bymer

1

Bug.o =1+
m6.0 3}\6_0 ’

L6.o

e A\g o = — ymiuHeHue 6aKoBOro oTceKa.

Tlpu orcytcTBHM MexGakoBoro orceka (cM. puc. 4.4, 6 H 8) xoabdumeHT
5M6.o =L

Macca TonymBHBIX GakoB. Macca TomwIMBHBIX GakOB onpeneNnAercsa CyMMon
Macc MX obeuaeK, QHHIL, KOHCTPYKTHBHO-CWIOBBIX 3JIeMeHTOB (LLUNAHTOyTOB,
CTPHHT'€pPOB) M apMaTyphl, yCTaHaBJIMBaeMoi B 6aKax:

Mg =Myg + Myy + My + Mypy -

Macca oGeualiku Mg ¥ OHMUL My, 3aBUCHT OT IUIOLIAJM NOBEPXHOCTH 0Gevai-
KH S, ¥ OHHLL Sy, , TOJIMHDI o%eqaex 8,6 ¥ MHUW ;| IVIOTHOCTH NPUMeHse-
MBIX IS M3rOTOBJIEHHS MaTepHasioB Pg. Ilnomam noBepXHOCTH Gaxa 3aBHCHT
ot o6beMa U popMbl Haka.

Ipu BBIGpaHHOH PopMe U KOHCTPYKTHBHO-CHIOBOH cXeMe Gaka TOMIHHA
obeuaex OmperneNnseTcs COOTHOIUEHHeM BEJIMYMH BHYTPEHHEro H3GBITOYHOTO

OaBJIeHHA ¥ BHELIHMX Harpy3oOK, a TONIUWHA JHHIL — [aBJIEHHEM H rMIPOIMHA-
MHYeCKUMH Harpy3KaMmu,

Macca KOHCTPYKTHBHO-CHIOBBIX 3JIEMEHTOB M apMaTypbl 3aBHCHT OT KOH-
KPETHBIX KOHCTPYKTHBHBIX PellieHHi, IPHHATBHIX [UIA PaCCMaTpPHBaeMOro KJac-
ca JIeTaTeJIbHOTO ammapara, OT cnoco6oB 3a6opa TOWIHMBa U HeMIUPOBaHUA
Kone6GaHuil, OT HarpeBa ¥ OpYyrux ocoGeHHOCTeH IKcIuTyaTaumu Gakos, Mx mac-
ca MOxeT OBITb OTHeceHa K Macce ofeuaek M OHHII Yepe3 KOHCTPYKTHBHO-Mac-
COBBIE KOIDDHIUHMEHTBI dgpyp B by
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IIns onpeneneHus MacChl GaKoB MOXHO MPHHATH CIIEMYIOLLyI0 CTPYKTYPHYI0
3aBHCUMOCTb:

me = Pg (aapMSnﬂanH + bapMsoﬁaoﬁ) . (435)

Macca mummnapugeckux Gakos, Ilis onpeaeneHHs MacChl WIHHAPHYECKOro
Gaica HeoGXOIMMO BBIPA3HTh €T0 eOMETPHYECKHE Pa3Mepbl uepe3 0GbeM Gaka.

06beM WWIHHAPHIECKOro Gaka ¢ MONYJUTHITHYECKHMH HUILAMHA (coorHo-

wenue oceit uunconpa 1 : 2: 2)

D3
Vo= —(1+ 3\

Leg
rae \g = 5 yIJIMHeHHe WWUTHHAPHIECKO#H JacTH Gaxa; Lg, D — mumHa 1

JMaMeTp UWIHHAPHYeCKO#H YacTH Oaka.
TInowaas NOBEpXHOCTH [ABYX IOJTY SJUTHIITHYECKHX THHI

_\/js_—D2~ 8D2
S = 81r =~ (0,87D*,

Tnowam THIHHApPHIECKOo# oGevaliici Gaka

So6 =MD -

Torga IwiomwaAp NOBEPXHOCTH LHIMHAPHIecKoro Gaka MoXHO Gyner Bbipa-
3HTDH Yepe3 oGbeM Gaka B BHIIE

0,8+ A
Sg =12 d

Ve.
(1+ 3ag)D

Macca nwiMHapHIeCKOro TOIIMBHOro Gaka ¢ y4eToM Macchl KOHCTPYKTHB-
HBIX 3JIEMEHTOB M apMaTypbI Gyner

0,8a, Syt Agd
»*“apm®nH apm”*6°06
me =12p V
6 6 1+ 3rg 6> (4.36)

LI

rae 8, = 8,,/D — oTHOCHTeNbHAA ToNUMHA [HHWA; §,q = — OTHOCH-

TeJIbHa# TONIIMHA 0GeYaliKH; dypy, Dypy . — KOHCTPYKTHBHO-MacCOBEIE KO3b-
buimenThI apMaTypsl 6aka; pg — IUIOTHOCTb MaTepHasia Gaka.

Hna womHApHIeCKHX 6akoB C MPOCTEIMH 3aGOPHBIMH YCTPOACTBAMH MOX-
HO NPHHATH dyp,y = 1,4 ... 18; bapM = 1,10 ... 1,25; nns 6aKoB cO CIIOXHBIMH
3a60pHHKaMH, CNIELHATbHBIMU YCTPOHCTBaMH IyiA - HeMNdUpoBaHUA KoNleGaHMi
H CHJIOBBIMH NOMIKPEIUTEHHAMH &y = 1,8 ... 2,2; by = 1,25 .. 1,35,
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OTHOCHTeIbHAA MacCCa LIMIIMHIPHYECK OTO TOIUIMBHOrO Gaka

me 0,82, 58 1t + PapmA6506
= 125 —— : , (4.37)
1+ 3}\6

Qg =
my
rae fg — xoapduument o6beMa Gaka.
HIns GaxoBeix orcexoB obbemoM Vg, cocTosmMX M3 Mg GaxoB, Macca
ompenensercsa no popmye:

m6 .o O’B“apm"tiguu +bapmA 6.0506
mego = =12p4 — V6.0 (4.38)
mq 1+ ‘3}‘6,0

rae \g o, — y/UTHHEHHe WATHHAPHIECKOH YacTH 6ak0BOro orcexa.

TMopcTaBnAs COOTBETCTBYIOLUME CTaTHCTHUecKMe KO3 ULMEHTHI Gapms
b.pM B GOpMyJIibI 1A OnpenAesieHHA OTHOCHTENIBHOM TOJILIMHBI JHHUIL ¥ oGevaek,
0JTyYaeM BbIpaKEeHHs [UIA HaXOXIEHHA MAcChl LWJIHHAPHIECKHX GakOBBIX OT-
CEKOB JIeTaTeNIbHbIX alnapaToB,

IOna mmmppwdeckux GakoB HH3KOro” HaBiieHHA (C HaCOCHBIMH CHCTE-
MaMH [0/1aYd) BBHICOKOMaHEBpEHHBIX JIeTaTelNIbHBIX aNMNapaToB, IA KOTOPBIX
OCHOBHBIE pacyeTHbie Harpy3KH CO3[aloTCA GOKOBBIMH NEperpy3KaMH M, ...
3HayeHHe OTHOCHTENbHOM TOMuMHBI OGevaiiky npumem mno dbopmyie (‘,4.20),

TOoraa
3 1
ng+0,2810 }‘6'°\/k —x
Kp
mi  =0,027pgV, >
6.0 4 6" 6.0
1+ 3k5.°
Ji£ 2
X (?kakn"ymaxpcp)‘wb - Pg)
- , (4.39)

1

rae 3HauyeHus kx , ka ko, Peps A,, BbIGHpAIOTCA B COOTBETCTBHH C PEKOMEHIa-
UHMAMH pa3f. 4.2.2,

Ina munmHppmyecknx 6akoB “HH3KOro’’ JaBlieHHA MalOMaHEeBpPEHHDIX Jie-
TaTeNIbHBIX alNapaToB, U1 KOTOPBIX OCHOBHBIE PacUeTHbIE Harpy3KH CO3[IAI0TCA
NPOMOBHEIMH NEPerpy3KaMH M, ... . OTHOCHTE/IbHasA TOMIHHa obevailkH MpH-
HuMaerca no ¢popmyne (4.21) , Torma

3
ng+0,28:10°A¢ o X
H K
my  =0,027pgV >
6.0 6" 6.0 1+ 3A6,o

1 g
(—n PepAwD — Pg)
x%‘xpE , "xmaxPcphw Pg

(4.40)
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Ins wmmeppudeckux GaxoB “BBICOKOro” naBiieHus, paBoTalolX C BBI-
TECHHTENbHBIMH CHCTEeMaMH INOHayd, Macca GaKOBBIX OTCEKOB MOXET Omperie-
JAThCA N0 GOpMyJIie

P ng+ 0,84A6 o
B _ .
mB  =9pcV . 4.41)
6.0 6" 6.0 o 1+3rg,

3aBHCHMOCTH OTHOCHTENBHBIX MacC IA IPUIMHAPHYECKMX 6GakoB “HH3KO-
ro” M “BBICOKOr0” laBJieHHs g , = Mg /M. MpHBeMeHbI Ha puc. 4.33.

Macca chepmiecknx 6axos (Gawonos). O6bem cheprueckoro Gaka

V6 = TfD3 /6.

IInowanp 6oKOBOH MOBEPXHOCTH

Ve
Sg=mD*=6— .
D

Tomuuna oGonouxku cdepsl onpenensercs U3 yCIOBHH NMPOYHOCTH Ha pa3-
PHIB BHYTPEHHHM [aBJIEHHEM:
pgD

8§ =
6 ’
4op

rae 0, = 0y/f — ROMyCTHMBIA MpefeNl NPOYHOCTH; Oy — MpeJen NMPOYHOCTH
MarepHana; f — ko3dbduumueHT 6e30MacHOCTH,

O6biuHO Wia chepmyecknx GakoB OTHOPa3OBOro MpuMeHenmsa f = 12 ..
1,5, mnsa GaIOHOB BHICOKOTO [IaBJIeHHA OJHOpPa30BOro mpuMexeHus f = 20 ...
2,5, a MHOropa30Boro npuMerenusa f = 40,

X0 (oF73
Nymax=10 “ Pamax=3,5Mla
0,16 04 X
12—\ \& 8 03 \‘\&
\§_ A N — s
0,06 6 g2 %\5. ~ s
- — == 4
SN~—g———— == A
/]
oo Cmans @p=510°K/u? o1 Cmans &p=510°H/n?
o __Amonunvelsrd Gp=45-10%H/n? e Amomunyelsg  Gp=15100k/m?
cnnad cnmal
0 Z 4 6 6 Ag 0 Z ¢ 6 6 Az
a J

Puc. 433, 3aBHCHMOCTb OTHOCHTENbHO Macchl GaKOBBIX OTCEKOB ag o “HH3KOro™ (2) H
*Boicoxoro” (6) maBnetuil OT yUTHHEHHS Ag ot

A — 6ax 3a 6axkoM™ (c Mex6akoBhIM oTCeKOM); B — "6ak 3a Gaxom™ (6e3 mex6ako-
BOTro oTceKa) ; B — “6ak B Gake”
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Puc. 434, Cxembl TOpOBOro (@) H 3LIMNCOHAAND-
Horo (6) 6axos

Maccy coepuueckoro 6Gaxa (GanoHa)
MOJXKHO BBIPa3HTb Yepe3 06beM 3arpaBlisieMoro
B Hero rasa:

2a

Pg
m6 = l,sacq)ps 'o—_ Vs’ (4.42)
p

IO dcy — KOHCTPYKTHBHO-MaCCOBBIH KO03(-

bupeHT chepudeckoro Oaka; pg — IUIOT-

HOCTh MaTepHania Gaka; pg — MaKCHMaibHOe [aBJieHHe B Gake.
Topossie Gaku (GaIOHBI) O6bem TopoBoro Gaka (pHc. 4.34, a)

a 7

n%d .f. D,
Ve =
4
rae a’T — BHYTpEHHMiH [MaMeTp NOMEepPEeYHOro cedeHusa Topa; D, — muamerp no
0CsIM, 06pa3yIoLIHM TOD.
ITnowans 60x0BOMA MOBEPXHOCTU TOPa

Ve

Sg=m*d.D, =4

dT
Tonumsa 060704KH TOpa ONpeNenseTcss U3 YCIIOBHH NPOYHOCTH Ha pa3phiB
B COOTBETCTBYIOLUIMX PaCYETHBIX TOYKAX IO BBIPAXKEHHIO

pﬁd'r D, + 0,5dsing
5. =

T

20p D, + d,sing

Haubonbiime HanpsikeHUst B TOpaX BO3HHKAIOT B Touke C:

Pedr d
oc= [1 +
T

T

b

2Dy - dy)
a HaMMeHbLIME — B Touke A4:

_ p Gd'r dy

OA—

26, 2Dy + dy)

M3 npuBemeHHBIX 3aBUCHMMOCTEH ClielyeT, YTO [JI1 paBHOMPOYHOro TOpa
1enecoobpa3Ho BHYTPEHHIO ero YacTh JienaTh Gojiee TOJICTOM MO CPaBHEHMIO C
BHEIIHEN,



Macca TopoBoro Gaka, MMEWIIEr0O ONHHAKOBYI0 TONIUMHY CTEHKH, COC-
TaBNsAeT

2 il [1+ o 1V, 443
me = 2a.p , 4
6= HnPe 20, —dp (4.43)

re d, — KOHCTPYKTHBHO-MaccOBbIi K03 uImenT Wi Topa,
Inmvmconpambuble Gaxn  (Gaionsr). OGbeM  IIUIUICOMOATBHOro Gaka
(cM. puc. 4 34, 6) pasen

4
Ve = —mabc
3

rae a, b, ¢ — MoNMyocH 3UTHIICOMAA.
Bokopas nosepxHocTs (Ipu a@ = )

4n
Sg = ——b\Va® + b2,

V2
[Ip¥ HaMBBIFOOHEHILIEM COOTHOLICHHH MNapaMeTpoB 3JJuMncoupa bfa =
2/2 TonumMHa 0GOJIOYKH 3IIIHNCOHIA COCTaBIAET

_ v
8,= P 2
Macca amunconpansHoro 6aka (6awioHa)
V2 ]
mg=——(7 (=+ ';)a:oPG Ve, (444

%
rie @, — KOHCTPYKTHBHO-MacCOBBIH KO3()HIMEHT IIUTHNICOMAANbHOro Gaka.

TITABAS
BbIBOP OITTUMAJIBHBIX IIAPAMETPOB XPIY

PaccmotpuM onrumusaimio napaMerpoB JKPIY cTyneHM paxersi-HOCHTeNs
MO KPHTEPHIO MOJIE3HOH Harpy3KH C HCIIOIb30BaHKeM ammapara GaUTHCTHIeCKHX
npousBogHbix, Ha puc. 5.1 npuBemeHa CTPYKTypHas cXeMa B3aHMOCBs3eii napa-
MeTpoB cryneHH JIA u JIY, npenHa3sHzueHHBIX 1A BBIBOJA 3HAYMTENbHBIX MacC
Ha Op6GHMTY HCKYCCTBeHHOro crmyTHuka 3emiH, CTpyKTypHas cXema OTpaxaer
CBAA3b NIaPaMeTpPOB OBHraTeJIbHOH YCTAHOBKH C MacCOBBIMH M 3HepreTHUeCKHMH
XapaKTepHCTHKAaMH CTymeHH (KOHEYHOH MacCOH CTymeHH Mm;, H YIEIbHBIM
umnyibcom Jy JIY). Ceasp napamerpos. [IY ¢ xputeprem 3¢deKTHBHOCTH —
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MacCOBOM IOJIE3HOM HAarpy3Ko# m; , — OCYLUECTBJISETCS ¢ MOMOLIbIO Gastuc-
THYECKHX TTPOM3BOMHBIX (IKBHBAJIEHTOB).

Ecnu xoHeuHyo ckopocTb JIA npencTtaBuTs B BHe HesiBHOH QyHKIMH Mac-
Chbl MOJE3HON Harpy3KH M HekoToporo napamerpa II, koTopyio 3aTeM nponud-
¢epeHLMpOBaTh U IPHUPABHATb HYJII0 1A OTBICKAHMA IKCTPEMYMa, TO TOJTYYUM

aVK E)VK amy y
+ =0,
oll omp y oll
OTKYyIa
Y oV
am” oIl
— = 5.1
all aVK ( )
My u

YacTHble MpPOM3BOAHBIE KOHEYHOH CKOPOCTH no napamerpy Il u nonesHo# Ha-
Tpy3Ke MOXHO MOJyYHTh ciedyrowuM obpazom. IlpubnuxeHHas cucreMa ypas-
HEeHH# OBHXEHHA LeHTpa Macc JIA B CKOPOCTHOH cHcTeMe KOOPOHHAT Ha aKTHB-
HOM yuacTKe TpaeKTOpuH UMeeT BHJ [3]

dv
m d_ = Pcosa — Gsinf — X (5.2)
t
x
g
3 |
Napamemps gr §: Dnoill Oy | Oy
mynewed v| 'R §| | iy a
mpaenmo- N
oo | 7
‘: Thomn. 5; I'——‘ﬁ‘l'{fpmlz"l' U e
——{ Ters EJ—[ Py § | I
§| = / ;I—{ﬂaaal | 7y | Ty |
5'\ Bradwae | 8 |
X |yempodemto §| fn H
St—5— SLJ—4
1 \
m, My [//7(,,—] |m,,,,,,,, I _.| , }
| I J
anm,
O gcr T
an, Mix
OMpn
am,

Puc. 5.1. B3aumocBs3b napamerpoB cucTeMsl muTaHus Y ¢ nokasarennMu 3¢ dexTHBHOC-
TH cTyneHu JIA :
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d
mV—i = Psina — Gcosf + Y; (53)

dt
dH
— = Vsinb; 5.9
dt
dL
— = Vcosb, (5.5)

dt
raoe a — yron ataku JIA; 0 — yron MecrHoro tairaxa. Jlns u3BecTHO# nporpam-

MBI TaHraxa 0 (f) NOCTaTOUHO NPOMHTErpHPOBaTh TONBKO ypaBHeHue (5.2),
9TOGBI ONpeneNuTh cKOpocTh nonera JIA, Koneunan ckopocts V' onpenensiercs

no dopmyne [22]
N
Ve = VEI(AVunv — AV gury — 8Vaspy = BV ynpy = BVrpan) =

K
~ ~ (qu)cps moy .
=1 —Wep — T_]Jy'"']nT —(g,'smli)cptxl +
n K1
N Mov .
+ Z [cosag,,Jy p n—— — (gsind)pty,], (5.6)
v=2 my,
P_ - P,
roe y = L ; Py — 1ara XPIY B myctote; Py — 1ara XPIY Ha 3emue;

n
Pcp — CPemHee OTHOCHTENIbHOE AaBlieHHe OKpYXXalolledl CPeMibl 3a YUacTOK Mo-
neta, p = py/po. Muddepenimpys coorowenne (5.6) nmo Macce nepBoi cTyre-
HH, HMeeM

V.. A (qu)cps me,
=-[1- MWep — y.a1 (5.7
am K1 Plll moym K1
s npoussopHot# [-i cTynenn JIA
WV _ ~~ (cx@)pS me
=[l = Wep - ——— Wy yy—— -
amy Py, moymy,
l My
- Ez(cosa)cp"l"'“" —. (5.8)
oV 'Ky
Insa nocnemmen crynenu JIA
Wy ~~ (€xq)cpS My
=-0-wep- ——— Wy —— -
aml(N Pnl mm"'xl
IEV My
- l’=2(‘;0“m)c1:nr’ y.ny ' ) 5.9
oV ' Kv
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Ecmn nponuddepenimpoBars Boipakenne (5.6) mo moGomy nmapamerpy Y,
NMOJCTaBHTb IOJTy4YeHHBbIA pe3ysbTaT, a' Takxe coorHoiuenue (5.9) B (5.1), 1o
MONYIMM COOTBeTCTBYlouHe GOpMyNIBl I pacdeTa H3MEHEHHA MAacChl NOJe3-
HOH Harpy3KH IO MHTepecyouleMy Hac Napamerpy. B 1a6n. 5.1 mpuBeneHbI Ko-
HeuHble BHIPOKECHUSA [JIA POM3BOMHBIX NOJIE3HON Harpy3KH IO KOHEYHOMH Macce
CTyNeHH, yfielbHOMy HMIynbcy, TATe JIY u 3amacy Tomwiusa,

TaGauya 5.1 [22)

Mpous- Pacuetnas popmyna Homep
BOMHaA CTyNeHH

~e~ (qu)cps | mey

-1 -ypep - J.
P Pl'll y.nl mmmKl

omp ) Vx

amK amn H

~— (cxq)cpS Mry
-1 -pg, - V, -
P Pl'll ym moyMyey

v

Mgy

! Myy .
— Z cosa —_—
=2 pvy.m moy,Myy
e " (5.10)

-1 N

(AVppan, * Vs 1+ AVgap)

moy rpaB1 a1

In

mx1 ym
av.

amy omy

ya v +AV,

mo rpaBy ympl!)

Kv yanl
av

(5.11)

amn H
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Iponmonxenue Tabn. 5.1

IMpous- PacuetHas ¢popMyna .Homep
BOIHaA CTyTieHH
~ (qu)cps m'l'l
—(1+ 5Pl = vPey - Vym
® Py, Y mo1myy
+
Ve
1
amn H
-~ (qu)cps Jy m AVrpan
I _7Pcp - ] -
Py My myy
omy o aVK
am, amn H
Y may
-+ vl -¥Pg - Vym
P Py, YA moimye
v, -
My u }
! ; My
(I+7sp) cosacp, Sy T
v=2 Mo Myy .
Ve
~(5.12)
amn H
Jy_‘.dcosacp, _ AVI‘P“I
Myl . my
vV
amn H
AVrpam + Aprl l
, vV
m
amy amy 4
3Pu AVrpanl _ (gsmocp)r tld I
Ve 3V,
Pnl Py (5.13)
amn_H amnn

332



BriGop onTuMarneHbIX MapameTpoB 1Y nenecoo6pa3sHo MPOH3BOAMTH Ha paH-
HHX 3TalaXx MPOEKTHPOBaHMA, KOTAA HX H3MeHeHHe He TpebyeT nmepemenKu Ma-
TEpHaNIbHOH YacTH, T.e. Ha I3TaNaX TEXHHYECKOro MPEMIOXKEHHH M ICKM3HOTO
NPOEKTHPOBaHMsA, AHAJIN3 H3MEHEHHS YHCIIOBBIX 3HaueHHH OayIHCTHYECKHX
MPOM3BOOHBIX OTP@XKAeT TEHOCHIMIO HX H3MEHEHHA IO CTYNEHAM H IOKa3piBaeT
HauGornee 3¢ deKTHBHBIE TIyTH coBeplueHcTBOBaHuA 1Y ¥ JIA B uenom. B pa6o-
Te [22] npuBeneHbI 3HaueHHA GaUIHCTHYECKHX MPOM3BOIHBIX JIA PaKeT-HOCH-
Tenei Tina “Turan-2" u “Carypu-5”, Mix aHanH3 nokassiBaer Lenecoobpa3HoCTh
COBEpILICHCTBOBaHHA MaCCOBBIX XapaKTEPHCTHK, B NEPBYI0 Ouepelb MOCHEeAHHX
cryneneit, HauGonee miogoTBOpHBIM, HO TPYIOHO peaiH3yeMbIM MyTeM MOBhILLE-
Husa 3¢ dextusHocTH 1Y u JIA aBnsercs yBenuueHne yAeabHOro HMmysca 1Y,

5.1. BbLIBOP ONTHUMAJILHOM TATU XKPAY

PaccMotpum BbiGop ontumaiibHoi Tard JKPIY npHMeHHTENbHO K MHOTO-
CTYINEHYaTON paKeTe-HOCHTEI0 OHOPa30BOro HCIIONb30BaHUA . YBEJIHUEHHE TATH
(3HEproBOOpPYXEHHOCTH) CTYNEHH NPH COXPaHEHHH 3amaca TOIUIHBA YMeEHbILIaeT
Bpemsa paGotel JIY M cokpalliaeT rpaBHTaUMOHHbIE IOTEPH CKOPOCTH, ITOT MeXa-

My

HH3M OTpaxaeT Ga/UTMCTHYECKas TPOM3BOJHASA . OgHaKo NpH 3TOM BO3-

nl
pactalor Macca IIY, ee CTOMMOCTb, a Tak)ke OcCeBasA Ieperpy3ka (0COGEHHO B
KOHIUe paGoThl CTyNmeHH Hocurens) . Yrsxenenne JIY MOXHO ydyecTb NPOH3BOJ-
My u
HOH ————— | a OceBas meperpy3Ka MOXeT YUHTbIBaTbCA KaK OrpaHHyYeHHe
om
Kl
W3ameHeHHe Macchl MOJNIE3HOM Harpy3KH IPH COXpPaHEHHH y[eNbHOrO HMITyJIbCa

Y onpenensiercs no popmyne

om am
nH n.H
amg = » AP+ Amy. (5.19)
287 amyg
om g
IlpousBonHas omnpepensercs no 3aBucumocTaM (5.13), a mpousson-
nl
amp y
Hai ——— — 1o 3aBUcHMOCTsAM (5.10) . aMeHenHne KOHEUHOH MacChI CTyIIe-
am
13

HU Am_; onpeaenseTcs Mo 3aBHCHMOCTAM,IPHBEIEHHBIM B pasfi. 1.1.414.2.3,

B xauectBe npumepa paccMotpum IIY pakersi-Hocurens *Turan-2”, Hexon-
Hble [aHHblEé MJIA pacyeTa, 3aMMCTBOBaHHbIE M3 paGoTbl [22], npuBeleHbI B
1abn, 5.2,

Ha puc. 5.2 npuBeneHsl pe3ynbTaTsl pacyeToB Mo cooTHoluenuio (5.14) ms
nepBOH W BTOPOH CTyNeHeH pakeTbl-HOcHTeNns THMa THran-2”, M3 KOTOPBIX
BH/THO, 4TO 3HEpProBOOPYXEHHOCTb BTOPO# cTynenH (n = 1,38) npaxTHyecKH He
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Ta6auya 5.2 [22)

3naveHus
XapaKTepHCTHKA
I ctynens II cryness
mg-10~, xr 150,1 32,5
my103 kr 40,1 56
m 103, kr 110 26,9

KoMmnoHeHTHI TOIIHBa

N2 04 + a’po3uH

Po,KH
Pp,xH
. Kr
mq, =
c
Viun, M/c
Po
ng = ——

mo

to,C
my g, KT
Yron HakJIOHa TPaeKTOPHH

B KOH1le paGoThI cTyneHu, rpagyc

Vi, M/c
AVW, ”»
A V”p' ”»
A Vm"r, ”

”»

1950
2150 450
0,728-10° 0,148-10°
3820 5260
13 1,38
151 182
36-10°
20 16
2530 7237
1089 409
120 0
81 0
0 144
1290 553

OTJIMYAeTCA OT ONTHMANIBHOH (M, = 1,53) Mo mpHpaleHIo NoNe3HOH Harpy3-
KH (Am, . = 14 xr). JHeproBOOPYXeHHOCTb NepBOii cTynenu (n = 1,42) ue
~ 2) H B CNlyyae ONTHMH3ALMH NIO3BOJIAET YBEJIH-

ABJIAETCSA ONTUMAJIbHOH (N

onT
Ampy, 2
/-i—v

4
m /
100
0

}1’/ 15 17N19 21 23 25 n

_Wi 7

YMTh IOJIE3HYI0 Harpy3ky Ha
375 xr. YBemMueHHe 3Hepro-
BOOPYXEHHOCTH IepBOH CTy-
MEHH MPaKTHYECKH BBUIMBAET-
CA B IOCTAHOBKY TPETbEro
opuratens LR87-AJ-5 u xors
IHEpreTHYECKH ONPaBHaHO, HO
BbI3bIBa€T ONpeeIeHHble KOM-

Puc. 52. BbiGop onTHMambHOH
IHEProBOOPYHEHHOCTH paKersi
THNA “THTan-2";

I — neppas crynens; II — BTOpan
CTYNeHb



TIOHOBOYHHE TPYNHOCTH. POPCHPOBaHHE IHEPrOBOOPYKEHHOCTH TIEPBO CTYTIEHH
daxTiiecKK GBUIO peanM30BaHO BBEICHHEM HyJIEBOH TBEPHOTOIUIMBHOM CTyIe-
Hu (PATT-21A-1205) B mMomudukaumu *Turan-311”, lipu ONpeeNeHHH OITH-

amn

MAIBHOH 3HEProBOOPYXKEHHOCTH CTYINEHH IPOU3BOIHYIO ClIeyeT BBHI-
nl
UHCIIATD B KaXIOH TOYKEe BapbHPYeMOrO IapaMeTpa, TaK KakK ee BeJHUMHa

06paTHO MpONOpPIMOHalIbHA KBafIpaTy TATH,

5.2. BbIBOP ONNTHMAJIBHOI'O JABJIEHHSI KOMITOHEHTOB
TOIUTUBA HA BXOJE B KPJ

B cooTBercTBHH CO CTPYKTYpPHOH CX€MOH, NMpHBeNEeHHOM Ha pHC. 5.1, maBne-
HHE KOMIIOHEHTa MpH BXOME B [ABHraTeNlb BIIHAET Ha MacCy TPeX COCTaBJIAIOLIMX
KOHEYHOH MacChl CTYNEHH: TOIUIMBHOrO Gaka, CHCTeMbl HafiyBa, JABHTaTeNsd.
Ilpu pacuere TOIWIMBHBIX GaKOB Ha NMPOYHOCTb M YCTOMYMBOCTD TONIUMHA HX
KOHCTPYKTHBHBIX 3JleMeHTOB (OGeyaexk, MHMLI, LIMAHrOyTOB, CTPHHIEPOB)
NPONOPIMOHAIbHA PAacUeTHBIM [aBJIEHHAM B PacCMAaTpPUBAEMBIX CeYeHHAX (CM.
pa3n. 4.2). lMockonbky moTpeGHBIE NaBlieHuss Ha BXxoae B IIY B 3HauHMTeNbHON
cTeneHH obecneYHBAIOTCA CHCTEMOH HaJilyBa, TO Macca paGouero Temna, morpe6-
HOTO Ha HajJ/TyB, TaK)Xe 3aBHCHT OT BbIOpaHHBIX NaBJieHH# Ha Bxoze B JIY,

Haxonen, yacrora Bpaitienns Baia THA BriGHpaeTcs ¢ yueToM ycloBHit

Ap:p = pnx - PS(T) - Apgan;
Pex =P6 * pansinO - Apmu':

rfe Py, — HaBlieHHe Ha BXOME B HacOC; Pg — [aBJlIeHHE B ra30BOHA MOAYLIKe
6aka; H — BbicOTa CTONGa XUOKOCTH; P — IUIOTHOCTb KOMIIOHEHTa TOIUIHBA;
ny, — ocepas neperpyska; Apg, — H3GbITOUHOe (CBEpX MaBNICHMA HaCHILIEHHBIX
napoB) faBlieHHe Ha BXole B HacoC; Ap,.. — CyMMapHble IHApaBJIHYeCKHE
norepu pasnenus. Ilostomy macca THA, o6parHo mpomopuMOHa/IbHas 4acToTe
Bpaiuenus poropa [cM. (1.34) ], Takxke 3aBHCHT OT TOro, Ha CKOJIBKO HaBJICHHE
OKHCIIMTENIA Ha BXOfe B HacoC MPEBBIILIAET [JaBJIEHHE €rO HaCBILICHHBIX NapoB.
OpHako npM TNOBbILIEHHH JaBJIeHUA OKHCNHTeNns Ha Bxoge B THA neo6xomumo
YUHTBIBaTh CITEYIOILHE OFPaHHYEHHA Ha 0GOPOTHI pOTOpa,

1. OrpannueHHe NO BBIPOXXOEHHIO LEHTPOGEXKHOrO Hacoca B AHAT OHANIbHBIMA,
Ecnu BbIpa3HTh OTHOLLEHHE AHMAaMETPOB LEHTPODENKHOro Kojleca Hacoca OKHC-
nutens or ko3pduumenTa GbICTPOXOXHOCTH /1, COOTHOLUEHHEM

ng

— —

D
—L=08301-¢ 33, (5.15)
D,
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D,
TO IIPH yBeJIHYeHUH 060pOTOB > < 0,83, Mcnonb3ys M3BECTHOE COOTHOLIEHHE

2
3,650V

H3/4

(5.16)
HEeTPYIHO INOJIy4YHTh OrpaHHYeHHe Ha oGoporbl poropa THA mno Beipoxpaenuio
LEHTPOGEXXHOro KOJieca B AHar OHATbHOE:
H8/4

o

Ecnu uenTpoGexxHbIi Hacoc HMeeT IBYXCTOPOHHHH BXOLI, TO

n<n__ =55

Xp (5.17)

H8/4

2
2. Orpanuyerne no paGoTocnoCOGHOCTH MOUMIHHKOB

n<ss (5.18)

dyn-10° <2,26-10°, (5.19)

C yueToM H3BECTHBIX COOTHOLLEHHH

3 /S,SNHJ. mp App, me,Apy,
dn = ; NH.I‘Op - +

WTkp Mry Pr Mr2Pr

Beipaxenue (5.19) npeoGpasyercs K BULY

2t
n< (2,210 ——2_y 32, (5.20)

5,5:60-N 1

Taxum o6pa3om, ¢ yBenHYeHHEM [aBlIeHHs OKMCIIHTENA Ha BXOE B ABUrarelib
nomyctumbie 060poTel THA pactyT u Macca THA ymeHb11aetcst BIUIOTb 710 Orpa-
HHYeHHi 110 cooTHOowenuam (5.17) wm (5.18) u (5.20).

OnTHManbHBEIM JaBlieHHEM KOMIIOHeHTa Ha Bxofe B THA cunraem 1o, xoto-
poe oGecreurBaeT MaKCHMaJlbHOE 3HAYEHHE MOJIE3HON HArpy3KH NpH HEM3MEH-
HbIX mpouux napamerpax IIY. lna omrumusanmm JIY JIA mo BXOOHBIM [aBlie-
HHAM KOMIIOHEHTOB HE0OGXONMMO HKCIO/Ib30BaTh 3aBUCHMOCTH TPeX COCTaBIIAI0-
IIMX KOHEYHOH Macchl cTyneHu: maccel THA m. .. (P, ), Macchl CHCTeMBI Hafl-
AyBa m , (Pgx) ¥ Macchl TOIIMBHBIX 6aKkoB Mg (Pyy ). IIpu ncnonb3oBanuy B
KauecTBe pabouero Tena CHCTEMbI HaJylyBa CNENMAIbHOTO KOMIIOHEHTa (a He
KOMIIOHEHTOB TOIUIMBa) ONTHMAJIbHBIMH [IaBJICHHSIMH CJIe[yeT CYHTaTh TaKue
OaBJIeHHA OKMCIIMTENS M TOpioYero, CoYeTaHWe KOTOPBIX COOTBETCTBYET MHHH-
MyMy KOHEUHO# Macchl CTyTneHH. MakcuMarbHOe NpHpalieHHe NOJe3HOH Harpy3-
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KM Am'3X npu U3MEHEHWH BXOIHBIX [aBJIEHHH B 3TOM CIIyuyae COOTBETCTBYET
MHHHMaJIbHOMY 3HaYEHHI0 KOHEYHOH MAcChl CTYMEHH KaK (GYHKLUHMH BXOJHBIX

OaBJIEHH:
Am. . = omp u

nH

2 Amy(pgy). (s.21)

amk =1

Ecnu e B KauecTBe paGoyero Tena CHCTeMbl Ha[yBa HCIIOJIB3YIOTCA KOMIIO-
HEHTBI TOIUTHBA, TO ONTHMANBHBIMH [IaBJIEHHAMH Py, ; CTeyeT CYHTATh Te, COYe-
TaHHe KOTOpBIX obecreynBaeT MaKCHMabHOE NMPHpALLEHHE TOIe3HOM Harpy3KH,
OIpefieNIeHHOE MO COOTHOLLIEHHUIO

om i‘)m"H

S Ampy) +—2 Amg (5. (5.22)

E)mK i=1 am.l.

Am =

nH

Ilyctb TpeGyeTcss onmpemenuTs ONTHMaIbHOE [aBJIEHHE OKHCIIMTENA Ha BXO-
ne B THA mnsa nocnenHe#t cTyneHH TpeXCTyNeHYaTO#H paKeThI-HOCHUTENs, HCIOIb-
3yloLed B KaueCTBE KOMIOHEHTOB TOIUIMBAa YETBIPEXOKHCh a30Ta U HECUMMeT-
PHYHBIH AMMETHIrMApa3uH, B xauecTBe pabGouero Tena B cucTeMe HanayBa IpH-
MEHAETCA Ta3000pa3HbIi TeNlHi, 3allaceHHbIH B TUTaHOBBIX GaJIOHaX M NOJOrpe-
BaloLIHMiACA B Tenoo6MeHHuKe, Hacoc okHCHTeNs — ogHOCTyneHvarblii ¢ AByX-
CTOPOHHHM BXO[IOM, HacOC rOpIOYero — ABYXCTyneHuaTsld, Micxomubie maHHbIe,
HCTIOTNIb30BaHHbIE AJIA pacyera, NpefcTaBieHbl B Tabn. 5.3,

Ta6auya 5.3
CoBMelueHHbIH! 6ak THA Cucrema HannyBa
Mapa- 3Have- Pa3- | Ilapa- 3Have-| Pa3- | Ilapa- 3Havue- Pa3-
MeTp HHe Mep- MeTp HUe Mep- MeTp ' HHe Mep-
HOCTh HOCTh HOCTB
Dg 2 M Ho 1850 M V6o 35 M
Kbk
P6r 14715.10° Tla Hpy 3096 ™ R 2,079
kr K
Po 1480 kr/m3  Hp, 1100 ™M T x 350 K
Pr 800 KI‘/M3 Ckan 4200 - € 1,05 - 3
Km 2,67 - g 418  kr/c pmar6an 4430  xr/m
Pmar 2680 kr/mM3  mpy 157  «xr/c Ter 290 K
Kpoc 1,1 - M2 19  «krfc oh 90-107 Ta
opcpm 2943107  Ta  Apgy  0510° T 2o 1,176 -
98.06.0k s
B8 25.10” Ma  Apjay 0,1:10° Tla Zx Loz -
Op 31 Jm 32:107 Ma pgo(M 1510° Ta  pyo 300-10° Ta
98.p6.r

Pax 20-10° Ta
s 120 c



PesynbTathl pacuera npuBeneHbl Ha puc. 5.3. OnTuManbHOe [aBleHHEe B
fake, CBA3aHHOE CO BXOJHBIM [aBlleHHEM COOTHoLIeHHeM (5.14), paBHO
3,6.10° Ila. INocTanoBka GyCTepHOTO arperaTa CHIDKAaeT CyMMapHYI0 MacCy
TpeX COCTaBNMOLMX Ha 15,6 %, MpH 3TOM ONTHUMaJIbHOE [aBJieHHe B Gake okuc-
JIMTENs yMeHbllaeTcs a0 2,5 -10g IMa.

Brnusnue GaxoBoro naBneHus Ha 3¢ PpeKTHBHOCTD FMNOTETHYECKOH TPEXCTy-
neHyaTon paxketsl THMa ~’CaTypH-1" Ha kommoHeHTax TowmBa AT + HIMT npu
pa3NMuHBIX HaYajbHBIX TeMIepaTypax IpefcTaBieHo Ha puc. 5.4, a mua III
CTyNeHH M Ha puc, 5.4, 6 — mnsa | ctynenn, Hcxomubie qaHHEbIe 1S pacuera NpH-
BeJleHbI B Tabn. 5 4,

3MeHeHMe Macchl MOJIE3HOH Harpy3ku NpH BapbHpOBaHMH HaBJIeHHEM B
6axke OKHMCIMTENA W HaYaIbHON TeMIepaTypoil KOMIOHEHTOB TOIUIMBa OIipefie-
TISATIOCH TIO COOTHOILIEHHIO

amn'" am.”l om

Bty = —== ATy o +

LH
Amyon + Ang w5
y.n amy amyp 5 (5.23)

Amk = Am6 + Am.l.Ha + Amﬁﬂla

mg,ne
{ Puc. 5.3, BoiGop onTHManbHOro Aapiaexnsa B Gaxe
r \\ OKHCIIHTENA:

1500 AY ,'/ — — — — npu Haruuu BTHA + THA; -
2\\ B /‘ 6es BTHA; 1 — my; 2 - mg; 3 - Mryas 4 —

m

1000k e o
J ] !

b/ AN { Puc. 5.4. 3aBHCHMOCTD Ampy OT pgx NMPH pa3-
s L JIHIHBIX TEMMNEPaTypax TOIUIKBA:

0__;_4_-H"“ﬁ-— —— - - - — npH Hanwuun BTHA; — Ges

BTHA; 1 - To = 293K; 2 - To = 313 K; 3 -
1A AT 4 T, = 333K °

Ampy, w2 Ampy. xe
AN g p—
NN V4
700 NN mw .
) \~ \ I’
1600 N, ' A2
\\ \\\‘ |
1500 f \ANAY 600 /, —
3 f‘
400 550 ‘N\ﬁ
ANAN /
1300 \ 50
TN VT\N
| A
2 3 6 5 6 7 ple 2 3 4 5 6 1 8 pt0e
a ’
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Ta6auya 5.4

CryneHn
Benuunna PazmepHoCTD
I I I
mg KT 690000 236000 71000
myi KT 410000 153000 45000
my Kr/c 3170 736 193
Jy.n Mm/c 3100 3198 3198
om Kr
8 76 8,83 9,13
3y n M/c
om Kr
—IH - 0,056 -0,26 -1
amy Kr
am KI
i - 0,072 - 0,286 - 1,11
amPs KIr

HUsmeHenue YAENbHOro UMITyJibCa IMpH H3MEHCHHH HayaJIbHOH TeMIepaTrypbl KOM-
ITOHEHTOB TOIUVIHBA ONpPENEIIAJIOCh 110 3aBUCHMOCTAM

Wo=2(J, —J,); Ty =Jo(T); AT, = AW,

TpuBenennbie Ha puc. 5.4, ¢ M 6 pJanHble mokaseiBaioT, uto Wi III crymenn

C YBEJIHUEHHEM TeMIepaTypbl KOMIOHEHTOB TOIUTHBA Macca IOJIE3HOH Harpys-

KM yMEHbIIAeTCa, TaK KaK YTAKeleHHe KOHCTPYKIUMH He KOMIIEHCHpPYeTCs

HeGONBIIMM yBeJIHYeHHeM yIensHoro ummynsca. Ina I crymenu naGmiopaercs
dmpy y My

o6parHblit 3ddext ( < ). s 06oux ciydyaeB IpUMEHEHHe
Myl am e 111

GyCTepHBIX arperaToB IO JIHHHH OKHCIIMTENA HECKONbKO YBEJIHYMBaeT IOJe3-

HYI0 HarpysKy, TaKk Kak IpH 3TOM yMEHBLIAOTCA ONTHMaJbHbIe 6aKoBbIE NaB-

JICHHA.

5.3 BBIBOP ONNTHUMAJIBHOI'O COOTHOMEHHA
KOMITOHEHTOB TOIVIUBA

BrusiHMe COOTHOLIEHHsI KOMIIOHEHTOB TOIUIHBa Ha MNoKa3aTelb 3¢ ¢exTus-
HoCcTH crynend JIA npencraBneHo Ha puc. 5.1. PaGoumit npolecc B kaMepe
OBHTaTeNs, a CIIedOBATE/IBHO, M YHENbHBIA UMITY/IbC 3aBHCAT OT COOTHOLICHMA
KoMmoHeHTOB, OGBIYHO [BHraTellb MPOEKTHPYETCA W [OBOOMICA Ha TaKoe
cooTHolleHHe K,,;, KOTOpoe COOTBETCTBYeT MaKCHMyMy YAEIbHOTO MMITYJIbCa
(IpM  OTCYTCTBMM OrpaHHYEHMil, Hampumep, IO OXJIAKAECHHI0 KOHCTPYKIMH
KaMephl) .

Kpome T1oro, o6bem 6Gakos, pasmepst THA, a crienoBatensHo, 1 Macca, Gaka,
cucTeMbl HanmyBa H THA 3aBHCAT OT IIIOTHOCTH TOIUTMBA, a 3HAYMT, H OT COOT-
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HOLIIEHHsA KOMIIOHEHTOB, C yBe/THUeHHEM COOTHOILIEHHA KOMIIOHEHTOB PacTeT H
IVIOTHOCTb TOIUIMBa P. TakuM 0Gpa3oM, Clie[yeT MCKaTb TaKOe ONTHMalIbHOe
s 3ampaBieHHoit JIY cooTHOlleHMe KOMIOHEHTOB TomHMBa K3, Kxoropoe
oGecrieuw1o Obl 3KCTpeMalIbHOE 3HaYeHHe BHIOPAHHOIO KPHMTEPHA — MAcCChI IO-
JIe3HOH Harpy3Ku My ..

HsmeHeHMe Macchl 110JIE3HON Harpy3KH IIpH M3MEHEHHH COOTHOLIEHHS KOM-
NOHEHTOB TOIUIHBA B COOTBETCTBMM C PaCCMOTPEHHbIMM MEXaHH3MaMH MOXHO

NpeacTaBHTh B BUIE

dmp y My u
amy g Kp)= ——AJy ; (Kp) + am, (Kp,), (5.249)
a.ly'n om

roe AJ y(K ) — TIpHpallieHHe yHIeTbHOrO HMITYIIbCa TATH;
Am (K,,) = Amg(K,,) + Am (K,,)) + Am,. (K,,)

HpH HCITOJIb3OBAaHHMH Ui HaAlyBa OCHOBHbIX KOMIIOHCHTOB TOIUTHBA

om om
nH nH
Am (K )=_—AJ (K )+-——Am+
nH\"'m yn\*m
aJy o am K
amn
+ M 5,25
am c,n( m) ( )

T

Hcnonssyem mns maibHeillero aHa/iu3a 3aBMCHMOCTb IJISA PacueTa MacChl COB-
MEILEHHOro TOIUIMBHOTO HeCylIero Gaka, [yig KOTOPOro ONpeHeNsiouM ABIsA-
eTcA pacyeT Ha NMPOYHOCTh. MOXHO NMPHHATH, YTO BCE TPH JHHILA COBMELLEHHOTO
Gaxa MMEIT OJMHaKOBbIE pa3Mephbl, PaCueTHBIA CiyYail MaKCHMaJIbHOrO JaBJie-
HHA Y CPEIHErO M HIDKHEro JHMINA COOTBETCTBYET BpeMeHH 7 = 0, Te. n, = 1,
8 PacyeTHbIM Cily4yaeM /Ui CPE[HEro JHHILA ABJIAETCA YCIOBHE PaBEHCTBA Hy IO
naeieHus B Gaxe roproyero, Herpymio mokasarb, 9TO IpH NMOCTOAHHOM Macce
TOIUIMBa M, Macca [HHMII ¥ HMIAHTOYTOB COBMELIEHHOro baka He 3aBHCHT OT
COOTHOLUEHUsA KOMIOHeHTOB K, | M U1 Macchl 0GeYaiiKM MOXHO IIONIy4HTb
COOTHOILIEHHE

20ufK6 Po.pKm Prp
m°6 = m.l. + —_
ab pﬁ(Km + l) pr(Km + l)
3
Po.pPs Ky 1
~0,176—E 2 1=N(K +M -1, (5.26)
m.Kg Kp+1  Kytl
rae N = — K=—L2 y= 2
%p Po Pr

I[Ipu 3rom nonaraiocs, uto K. = K, = Kg. Ilponuddpepenimpyem mnocnemsee
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cootHoluerne no K,, ¥ onpenenuM yCIOBHE PaBEHCTBA HYJIO NMEPBOH MPOH3-
BO/HOI:

am NK - M) am D p
6 06 o. r
A =5 =0 npu K=M nmm 2 =—-—p.
m K+ 1) K Por Pr

aK

CrnemoBarenbHO, NpH NMOCTOAHHOM 3aNaceé TOIUIMBA M BBIOPaHHBIX KOHCTPYK-

IIHOHHBIX MaTepHalnax Macca 06e4alKH 3aBHCHT OT COOTHOLUEHHA KOMIIOHEHTOB,

IUIOTHOCTH OKHCITHTENIA U TOPIOYero M ypOBHA MaKCHMAILHBIX aBJIeHHH Halty-
Pop Prp .

= Macca oGevaiikm He

Po Pr

Ba B Gakax okucnurens u ropiovero, Ilpu

Pop
3aBHCHT OT COOTHOLUEHHA KOMIOHEHTOB. [Ipu < Macca o6evaiiku

“Po Pr

Pop > Pr.

Po Pr

CoBpemeHHble GaKOBbIe OTCEKH paKeT-HOCHTelNell OTIIMYAlOTCA JOCTATOYHO
CIIOKHOH KOHCTPYKIMeH, a Tak)ke HUIMYHEM TeIUIOBOH M3omnsauuH, Macca Takux
6axoB onpepaensercsa He TONLKO NMPOYHOCTHBIMH pacyeTaMH, HO M pacueTaMH Ha
ycroiuuBocTh oGonovek. [ToaToMy npu BeIGOpe ONTHMalbHBIX mapamerpoB Y
HeoGXOAMMO YUMTBIBaTh pealbHble BHELUHHE Harpy3KH M ypOBEHb NaBJICHHH B
Gakax, [Ipy M3MEHEHHH COOTHOLLUEHHA KOMIIOHEHTOB H3MEHeHHe Macchl GaKoBO-
ro OTceKa TeM CyIeCTBeHHee, YeM GoJipllie OTIHYHME IUIOTHOCTH OKHCIIHTENA M
ropIoyuero, T.e. H3MeHeHHe MacChl 0COOEHHO 3HAYHTEIBHO U1 KHCIIOPOAHO-BOIO-
POIHBIX cTyneHe#, Macca cucTeMbl HaJiiyBa NIpH H3MEHEHHH COOTHOLIEHHA KOM-
NIOHEHTOB NpONOPLHOHaTIbHA M3MeHeHHI0 OObeMa OakOBOro OTceKa M MpH Hc-
NONb30BaHUM [JIA HaJlyBa COGCTBEHHbIX - KOMIIOHEHTOB TOIUTHBA MOXET 6bITb
omnpeneneHa no popmyie

YMEHBLIAETCA C BO3paCTaHHEM K m,a NIpH — YBEJIHYMBACTCA,

m pE K PE
Moy = —— oo _Pox_ ) (527)
Km+ 1 RDEe,  (RDEpp

IIpu ucnons3oBaHMM HONOJHHUTEJILHOIO KOMIIOHEHTA-BbITECHUTENISA Macca CHCTe-
Mbl HaJIyBa ONpexeNAerca ¢ yYeToM MacChl GaJUIOHOB 1S €ro XpaHeHus,

Kak nokasbiBaioT pacyersl, Macca THA u3MeHseTca He3HaUMTENbHO W MPH
HeoGXOOUMOCTH MOXeT GBITh yuTeHa (cM. pasf,. 1.14):

. Kptd K
a = A+ Bm | ].

3asucumocts Jy = f(K,), CTPOro roBops, onpenenAeTcs Ha OCHOBE IKCHEpH-
MEHTAILHOM orpaﬁorxn asurarensa. OnHako npu OTCYTCTBHM 3Kcnepmemanb-

341



Jyp, OMiny,K8i Py, x3/m7; Puc. 5.5. K BbiGopy ONnTHMansHOro
'/ [ COOTHOILUEHHA KOMIOHEHTOB TOMJIH-
Ba cryneHeid S — 2 u S — 4B pake-
Thi-HOCHTens ~’CaTypH-5";

. 1 - Ampy crynenn S — 2; 2 —
3o —— Ampy crynein S — 4B; 3 — py;

N
/

400,

)

N
4501 4 4-Jyn
m y \‘ Y
/X N\
100 \
44000 0 \
§ %5 5 35 6 65 7 15 fm
' TaGauya 5.5 [20; 22)
me103, | mg10-3, | Ve m3 Kmx | px-105,Ta | pa105,Ma
Kr Kr
s2 440 259 1470 533 49,05 0,1
S4B 103,5 947 373 5,33 49,05 0,1
INpononxenne Tabn. 5.5
omp y amy u Dg, | Tonnuso
_— , M
amk aJy.n
KT KT
KT M/c
s2 ~0423 28 10 0,+H,
S4B -1 22 6,5 O, + Hy

HbIX JaHHBIX B IepBOM NPHOIKEHUH MOXHO BOCIONb30BaThCA Pe3yJbTaTaMH
TEPMOIMHAMHYECKOTO pacyera [2].

Ha puc. 5.5 npuBeneHb! pe3ynbTaThl pacyeTOB ONTHMAIbHBIX COOTHOILIEHHH
KOMIIOHEHTOB TOIUTMBA [UIA CTyneHe# S-2 u S-4B pakersl-Hocutens “’CatypH-57.
Hcxonmble paHHble [yiA pacyeroB, B3sTele M3 paGor [20; 22], mpuBeneHbl B
Tabn. 5.5. OcoGeHHocThIO cTyneHe# S-2 u S-4B ABnserca ucnonb3oBaHKe NBHTa-
Tenei J-2, BHINOJIHEHHBIX NO cxeMme Ge3 moxwuranus. B cBA3m ¢ 3THM cremyer
pa3fiMyaTh COOTHOIIEHHe KOMIIOHEHTOB B Kamepe M GaKOBOe COOTHOLLEHHE
(wanpumep s crynenn S-2 K, = 5,33; K, = 5,18). Kax BumHO u3 puc. 5.5,
COOTHOLLIEHHEe KOMIIOHEHTOB, ONTHMAIbHOE IA CTynmeHH S-4B, oTnmuaerca or
3HaYeHHsA, COOTBETCTBYIOLLETO J')Pa", Ha AK,, = 1,14, CymmapHOe yBelTHUeHHe
I0JIE3HOH Harpy3KH BCJIEIICTBHE Nepexofa Ha ONTUMANIbHbIE IUIA CTyNeHei cooT-
HOLIEHHsA KOMIOHEHTOB cocTaBisaer ~ 440 kr.
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5.4. BHIBOP ONNTHMAIJIBHOI'O JABJIEHHA
B KAMEPE XP[{ .

BeiGop onmrumanbHoro napnenns B kamepe XKPII ne aBnsercsa 3nmeMeHTap-
HOM 3afjauefl HMEHHO NOTOMY, UTO C M3MEHEHHEM D . CBA3aHO M3MeHeHHue pabo-
yero mpouecca B Kamepe C NMPHCYIUHMH eMy OTpaHHUeHHAMH (OXJIaKIOEeHUEM,
yCTOMIHBOCTBIO paGouero mpouecca). s qBHrarens, BHIMOJHEHHOIO IO CXEMe
C NOXHTaHHEM TreHepaTOPHOro ra3a, BbIGOp ONTHMAIBHOrO aBJIEHMS P, Orpa-
HWYeH elle YCIOBHEM 3aMbIKaHuMA cxembl IIo3ToMy nenecooGpa3sHO BHavasie
paccMOTpers BBIGOp ONTHMAIBHOTO P, [UIA NPOCTEMIUEro ABUTaTeNs C BBITEC-
HuTenpHOR mopaveit TowmuBa (BIIT) npu Hanwumu orpanMyeHHit mo pasmepy
AKaMeTpa Ha cpe3e comwia d, ..

OcHoBHbIM HepocratkoM XPIIY ¢ BriTecHHTENIbHOM NOMaveil TOIUTHBA ABJIA-
10TCA Xy[lIHe MacCOBbI€ XapaKTePHCTHKH HM3-3a Harpy)XEHHBIX TOIUIMBHBIX Oa-
KOB, a Takxe GamnoHOB ¢ rasom-BoitechHurenieM, Ilockombky Macca Gakos,
GaUIOHOB M ra3a-BBITECHHTEJIA NMPONOPIHMOHAIbHA [aBJIEHHIO [IOfIauH, Helele-
co06pa3sHO 3HAUMTENILHO yBeJIMYMBAaTh [aBJieHHE B KaMepe, YTO B CBOIO Ouepelp
OrpaHHYMBaeT CTeNeHb DaclMpeHHsA NMPOMYKTOB CTOpaHHA B COIUTE M COOTBET-
CTBEHHO Y[ENbHBIA MMITYJIbC M3-3a raGapMTHBIX OTrpaHUYEHHH IO BBIXOTHOMY
CEueHHIO COTUIa. ‘

B cooTBercTBHH CO CTPYKTypHO# cxeMo# Ha puc. 5.1 uaMeHeHHe IaBJIeHHA
TOaH Ppon (P) NMPHBOOMT K M3MEHEHMIO YAETbHOTO MMIYTbhca M Maccel Y
¢ BCII Ilpu 3TOM M3MeHeHHe MacChl MOJIE3HOW HAarpy3KH MOXHO OIpEeNIUTb
H3 COOTHOMLLIEHHA

am om

H
am = "y AJ’,.u ) +
y.n K

In.H

Ampypen (Px) - (5.28)

3mech

Amny BCI= Amg + Amg,  + Amp‘l. + Amos,r,

HerpymHo moxasats, 94T0 U1 KaX[Oro p, CyLIECTBYeT TONBKO OfHa CTeNeHb
PACUIMPEHHA Ta30B € = P, [P,, KOTOpas 0GecneyHBaeT 3ajlaHHyI0 TATY B IyCTOTe
P, npu OrpaniueHHH raGapHTHBIX pa3MepOB Ha cpese comnad, =d, . .. = const,
C omnoii croponsi,

D+ F P P g
L B z W Fyp = —— (5.29)
Bey Jy(edpyoe Pxly(e)oe
¢ ApyTon —
F anax
=— . 530
X~ Fo (5.30)

PaBenctBom ynxumit (5.29) u (5.30) onmpenensercs wiomwaap KpUTHIECKOro
cevenus npurarens F,,, oGecneunBaiowero 3aanyio tary Py u orpanmienue
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Ampy, K2 Puc. 5.6. 3aBHCHMOCTb Amy y OT [AaBieHHs
B Kamepe asurarenst ¢ BCII Bropoii crynenun
aroji P = 80 xH Ha koMnouentax O, + Hj:
1-Tex=300K; 2 Tg =600K

" // 7 AN no BBIXOAHOMY ceyeHmio comwta. Coor-
Z/— BETCTBYIOIUAA ITOMY YCIIOBHIO CTENeHb

w PacLIMpeHHs € TaKXe OMpefeNnsder H
TEOPETHUECKHil  YyOelnbHbIA HMIYJIbC

0% = A 77 v (© m coorsercrsyloumi pacxon

KOMIOHEHTOB TOIUINBA My,

MaccoBble XapaKTepHCTHKH BBITECHHTEBHBIX CHCTEM M GaKOBBIX OTCEKOB
ONpENENAIOTCA N0 3aBUCHMMOCTAM pasfl. 4.2. iaMeHeHHe MacChl IBUTaTellA Onpe-

[eNAeTcA COOTBETCTBYIOLUMM HM3MeHeHHeM MacChl Kamepbl (cM. pasd. 171.4).
Macca oBTeKarens MOXeT GbITb pacCUMTaHa H3 COOTHOLLEHHs

Moer = [Ec’xp - (Lcrxp)o]ﬂDs’YosT, (5.31)

TH€ Yo 6r — YHAENbHaA Macca obTeKaresis, H3MepsieMas B Kr/m?,

Ilna peabHOrO MCMONb30BaHHUA MAaCCOBBIX XapaKTepPHCTHK HeoGXOIMMO
BBECTH CBf3b MEXIy [aBJieHHEM B KaMepe CTOpaHMA P, W AaBJIeHHEM IOfayH
KOMIIOHEHTOB TOIUTHBA Py, ;, KOTOpas Ha OCHOBaHWM CTaTHCTHYECKO 06paGoT-
KH [JaHHBIX 1o ABHrarenaM (cM. tabn. 1.2 u 1.3) moxer GbiTh mpeacTaBiieHa B
BHIE

Pronr = 12:10° +0,52p,; Pron.o = 1,2Px- (5.32)

Ha puc. 5.6 npuBemeHn! pe3ynbTaThl BhIOOpa ONTHMAJILHOTO [IaBJICHHA B
KaMmepe CrOpaHMs I KHCIIOPOJHO-BONOPOJHOTO JBHTaTells BTOPOM CTYNEHH
¢ BCIT ¢ Ttaroit P, = 80 xH. Mcxomubie naHHBIE [UIA pacyeTa NpHMBENeEHbl B
Tabn. 5.6. YnywuueHue MaccoBbix XapakTepuctHk XXPIY, B uacTHOCTH, MOBBILIE-
HHe TeMIlepaTypbl ra3a-BBITECHHTENS, CIIOCOGCTBYET POCTY ONTHMAJIBHOIO aB-
JIEHUA B Kamepe,

Hcnome3oBanue Ha amMepukaHCKOH pakere IlepliepoH” crexsomiacTika
IUIA H3TOTOBJIeHHs GakoB H OaJLIIOHOB
emie Gonee yBemMYMBaeT ONTUMAaTbHOE
HaBlleHHe B Kamepe cropanus. Ha
puc. 5.7 u B Tabm. 5.7 npuBenmeHb!
300 4 pe3ynbTaTel BbiGopa pQMT mns nmBura-
/ TeNA BTOPOii CTymeHH paxersl “Tlepiue-

: AN POH’ H COOTBETCTBYIOLUME HCXOHHbIE

20
\ TaHHble,
\ YBenuueHHe ONTHMAIIBHOFO HaBJie-

1w { \ Hus B kamepe 10 25-10° IMa s apura-

Ampy,xe

Puc, 5.7, 3aBucumocrs Amy y OT [aBieHus
B Kamepe apurarensi ¢ BCIT BTopoi cryne-
HH pakers! "Tlepuepon”
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tena ¢ BIIT crano BO3MOXHBIM MpPH HCIOJIb30BaHHH JIETKHX KOHCTPYKIHOHHBIX
MaTepHajioB ¥ yMeHbLIEHHH NaBJIeHHA IIOflaYM BCJIEICTBHE HCNONIb30OBaHHMA Ka-
Mepbl, COIUTO KOTOPO# OXJIAX/IAeTCA TUIEHIKOM I OPIoYero.

Jnsa XPIOY ¢ THA 6e3 moxxuraHus reHepaTOpHOro rasa npu BbIGOpe ONTH-
MaJIBHOTO [aBJIeHMA B KaMepe CrOpaHMs IO cooTHOIUeHWio (5.28) ymenbHbli
HMITyTIbC IOJKEH OMnpenensAThes no 3aBucuMoctH (1.12) ¢ yueroM pacxona Kom-
nonentoB Ha npuBoxg THA, a usameHenne maccet 1Y ckiafpIBaercs TONbKO M3
H3MEHEHHs MacChl COGCTBEHHO JIBUraTelis M oGTeKarels,

PaccMOTpeHHBI B HaCTOALIEM pasfiesie MeTofl BblGOpa ONTHMAIIBHBIX Napa-
MetpoB Y OcHOBaH Ha MCIIOIb30BaHMHM amnapara Ga/UTHCTHYECKHX IPOM3BOA-
HBIX, KOTOpbleé MOTYT OBITb MPHOIMXEHHO ONpEMeENIeHbl MO COOTHOLUEHHAM
(5.10) — (5.13) unu Gonee TOYHO, HaNpHMep, HHTErDHPOBaHHEM ypaBHEHHi
neiwkerusa JIA. Meron oGecrieuBaeT yIOBIETBOPHUTENIbHYI0 TOYHOCTb NIPH H3Me-
HeHMM HOMHHAJIbHBIX MapamMeTpoB JIA B npenenax 5 — 7 %, 4TO XapaKTepHO AJis
PacCMOTPEHHBIX B HaCTOAILEM pa3fiernie NPHMEPOB,
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