Jleknuu IlpoexTupoBanue I'MLI'II u cpeacts I'TIA

1. 1 lIpumeHeHHe cHCTEM I'HAPO- M MTHEBMOINPUBO/I0B

TexHUYeCKHil ypOBEHb MAIlIMH BO MHOI'OM 3aBHCHT OT COBEPIICHCTBA IIPHUBOIOB. JlJIst
MOBBIIICHUS YPOBHSA aBTOMATH3AI[MH IIPOM3BOJICTBEHHBIX IPOIIECCOB MAIIHHBI
JOJDKHBI HMMETh AaBTOMATH3HUPOBAaHHBIC MPUBOABL, COJASPIKAIIME AaBTOHOMHBIC
pPEryasATOpbl ~ WIM  yIOpPaBiIsAeMble  ICHTPAJIM30BAHHBIMH  aBTOMATHYECKHMH
YCTPOMCTBAaMH BILIOTH 10 DOBM.

PaccMmaTpuBaeMble OOBEMHBIC THAPO- W ITHEBMOIPUBOABI BO3HHMKIM JAaBHO, HO
MHTEHCUBHO pa3BHBaThCsA CcTaad Tolbko B XX B. BHauajne mTHEBMOIIPHBO.
MPUMEHSIICS 11 BPYOOBBIX MAIIIMH, a THAPOIPHUBOA B KOpaOEIBbHBIX MEXaHHU3MaxX
(mampuMep, O PYJIEBOrO YIPaBICHHS W MOBOPOTa OPYAMHHBIX OamreH). B 20-x
rojax THAPO- W ITHEBMOIPHBOJAMU OCHAIAIN YK€ MeTaUIopexymue cTaHku. C
cepeaunbl 30-X TOJOB THAPONPHBOIbI HAYAIH MPUMEHATh B aBHAIIMOHHON TEXHHUKE.
HpI/I CO3JaHHMHM Pa3JIMYHbIX CaMOXOJHBIX MAIIMH CTaJId HCIIOJIB30BAaTh THAPO- u
IIHEBMOIIPHUBOJABI B PYJICBBIX M TOPMO3HBIX MCXaHH3MaxX.

Haumnast ¢ cepemguabel XX B., B Hallel CcTpaHe pa3BEPHYIHUCH pabOTHI IO
MTPOEKTHPOBAHUIO, N3TOTOBJICHHUIO M IPUMEHEHHIO THIPO- U ITHEBMOIIPUBOOB ITOYTH
BO BCEX OTpacCIIX HApPOMHOTO Xo3sgiicTBa. CeWdac THAPOIPHUBOALI YCIICIITHO
HCIIOJIB3YIOT B TPAHCIIOPTHBIX, TOPHBIX, CTPOHMTEIHHBIX, JTOPOXKHBIX, ITyTEBHIX,
METHOPATHBHBIX M CEIBCKOXO3SHCTBEHHBIX MAIMHAX, Ha CyIaxX, JeTaTelbHBIX MU
MMOABOMHBIX aIlllapaTaX, B CTaHKax, IMOAbEMHO-TPAHCIIOPTHBIX MEXaHW3MaX M aB-
TOMAaTHYCCKUX JIMHUSIX Ha MAITMHOCTPOUTEIBHBIX, METAUTYPTHICCKUX, XUMHUICCKHX
U JpYruxX MPeANpUATHAX. [IHEBMONPHUBOABI MPEHMYIICCTBCHHO NPHMCHSIIOTCS B
MTPOM3BOCTBAX C MOBBIITICHHBIM YPOBHEM 3aITBLICHHOCTH, TEMIIEPATYPHI U TTOKapHOM
OIacHOCTH (IepeBooOpabaThIBaroIIee, JTUTEHHOE, CBAPOYHOE, KY3HCUHO-IIPECCOBOL,
He(TenepepadaTriBaromee). DPGHEKTHBHOCTL, THEBMOIPHBOIOB IPOSBISCTCS IPH
aBTOMATH3aIlMH BCIIOMOTATENBHBIX ONepalnuid (MECTHBIC ITePeBO3KH, KaHTOBaHHE,
(bUKcalys ¥ 3aKUM JIeTajei, coopka y37I0B, YIIAKOBKA TOTOBOM MPOJYKIIHH).
OCO6CHHOCTI/I OPpUMCHCHUA THUAPO- W ITHCBMOIIPUBOJOB B Ppa3/IMYHbIX MalllhHaXx,
arrIaparax 1 TCXHOJIOTHYCCKUX KOMINICKCax HCO6XO):[I/IMO n3ydarthb I10 CHCHHaJIBHOﬁ
nuTeparype. PaccMOTPHM JIUIIL HECKOIBKO XapaKTEPHBIX IIPUMED
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Puc. 1.1 Cxema rpy30BOro aBTOMOOWISA C THIAPABINYECKUM PYJICBBIM MEXaHU3MOM H
MTHEBMAaTUYECKOM TOPMO3HOM CUCTEMOI

st obneryeHuss Tpyna BOIMUTENS B CUCTEME PYJIEBOTO YIPABICHHS TPY30BOTO
apromobmiist  (puc. 1.1) mpemycMOTpeH THIPABIMYCCKUN CISISIINN MPUBOJ,
ColepXKAIMA PYJIEBOM MeXaHM3M 1 C THApoABHTATeIeM W JIPOCCEITUPYIOIIAM
pacrpenenureieM W HACOCHYI0 yCTaHOBKY 2. biaromaps 93roMmy cuia,
MPUKJIapIBaeMas BOJWUTEIEM K pylieBoMy Kkojecy 3, He mpeBbimiaer 50 H, a
TUAPOIBUTATENH MPU TIOBOPOTE KOJEC aBTOMOOWIISI pa3BUBAET CHIIy Ha PYJIEBOM
comke 10 8 kH. [Ipudem yros moBopoTa mepeaHNX KOJIeC BCeraa MpOIopIHoHaTeH
yIay TOBOpOTa pyleBoro kojeca. Crhemdmmuii THIPONPHBOA  OTIWYAETCS
KOMIIaKTHOCTBIO U HEOOIBIION MacCOH, IOITOMY pa3MelIaeTcs Mo KalloTOM BMECTe
C IBUTaTeNIeM BHYTPEHHETO CTOPaHusl.

JlerkocTs ToONMy4YeHHs (IIOCPEACTBOM KOMIIpECCOpa) H IPOCTOTa Tepenadu
SHEPrOHOCHUTEISI — CKaroro Bo3ayxa (mo TpyOompoBodaM) — OIPEACIHIIH
MPEUMYIIECTBEHHOE  NPUMEHEHHWE Ha  TSDKENBIX  TPY30BBIX  aBTOMOOMIISIX
MTHEBMOIIPUBOJIOB JUII TOPMOXEHHS Koyiec. (CKaThlii BO3IyX HAKaIUTUBAcTCS B
pecuBepe 5 W IpU BO3ACHWCTBUU BOJUTENS Ha TOPMO3HYIO Iefallb 4 MOCTYIAeT B
nmHeBMoJIBUTaTeNb /. [lociieqHuii TpMKUMaeT HEMOIBHKHBIEC TOPMO3HBIE KOJIOAKH 6



Kk OapabaHy, BpaIlaroeMycss BMECTE ¢ KOJIECOM, M TOPMO3HT ero. Tak MpoMCXOIUT
paBHOMEPHOE M OJTHOBPEMEHHOE TOPMOKEHHUE BCEX YETHIPEX KOJIEC aBTOMOOHIIS.
I'maponpuBOIEI JIETATENBHBIX aNMapaToOB IMPHBOIAT B IBIDKEHUE PabOYHMe OpraHBI
CHCTEM YIIpaBJICHUS U dHeprocHadxkeHus. K pabounm opraHaM CHCTEM yIpaBICHUS
OTHOCSTCS DJICPOHBI, PYJIH HAMPABJICHUSI U BBICOTHI, MEXaHH3MBI TIOBOPOTA KPBHLIHEB,
K CHCTEME DJHEProCHaO)KCHHS — THIPOIPUBOABI CTAOMIHM3AIMH  CKOPOCTH
3JICKTPUUYECKUX T'CHEPAaTOPOB, MPHBOJLI BO3AYX03a00PHHKOB, PETYIUPYIOLUIUX
MmoJauy BO3AyXa B aBHAI[MOHHBIC ABUTAaTeld. B kadecTBe mpumMepa Ha puc. 2
MoKa3aHa VIpOINeHHas cxema. [IMIoT Bo3aedcTBYyeT Ha megank 1 W pelyarn 2
TUAPOMEXAaHUYECKOM CHCTEMBI YIIPABICHHUS PYJISIMHA HAMpaBiICHUS W BBICOTHI
camoJjiera. DTO BO3JICHCTBUE MEXaHMYCCKOW MPOBOJKON 3 mepenaeTcss Ha BXOJbI
CIACHSINNX THAPONPHUBOAOB 4 © 6, KOTOpBIC BBIMOJHSIOT ITOBOPOTHEI Pyt
HampaBjeHUs 5 W pyas BbICOTHI 7. CleAsimpe THAPOIPHBOABI IIPEOI0JICBAIOT
BHEIIIHEE BO3/ICHCTBHE MTOTOKA BO3AyXa Ha PYJICBBIC IOBEPXHOCTH U 00€ECII

Puc. 1.2. Cxema ruipoMexaHuyecKoii CHCTeMbl YIPaBJIeHusl PyJsSIMH HANPaBJIeHHs] H BbICOTbI
camoJieTa

YUBAIOT MX TIOBOPOT IIPOIMOPIHOHATIBHO OTKIOHEHHIO YITPABIISIOLIX OPTaHOB.
[IpyuMeHEHHMIO THOPONPHBOIOB B  JICTATENBHBIX — amlmaparax CIIOCOOCTBYIOT
KOMITAKTHOCTh M MEHBIIIAg Macca, 4YeM IIPHBOJOB JIPYIMX THUIIOB, BBICOKHE
CTAaTUYECKHE M JMHAMHYCCKUE CBOMCTBA M HE3HAUMTENBHBLIC 3aTpaThl SHEPIMU Ha
ynpapienre. K HemocTarkaM TUApOIPHBOAOB JIETATCIILHBIX alllapaToB CIEIyeT
OTHECTHU CJIOKHOCTh MCTOYHHKA ITUTAHUA pa60qel71 KNUIKOCTBKO U ITOBBIIIICHHBIC
3aTpaThl TPyJa Ha OOCITy)KHBaHUE.

[TpeumyIiiecTBa THAPONPUBO/IA ITEPE]T ITHEBMO- M SJICKTPOIPHBOIAMU — CJICICTBHE
IpUHIOMUIIA TIEPEAaAY SHEPIUM € IIOMOIIBIO KHMJIKOCTH I10J BBICOKHMM [JAaBJICHHUEM
(10 ... 32 MIla u Gonee). baaromaps 5ToMy TMIPOABUIATE JIM UMEIOT HAUIYUIIINE
yIIeNbHBbIC TOKa3aTeId W HMX YJIOOHO BCTpawBaTh B pabOYMe OpraHbl MalllHH.
VYkazaHHbIC MPEUMYIIECTBA ONPEACTWIN IIMPOKOE MPUMEHEHNE THIPOIPHBOIOB B
SGWepOﬁHBIX U IOPHBIX MallIMHAaX.

HcnonauTenbHbIMA MEXaHM3MaMH pabouero 000pyI0BaHus THIPO-(QHIIMPOBAHHOIO
T'YCEHHYHOro ’KckaBaropa (puc. 1.3) ciykaT npeaeibHo IPOCTRIC IO YCTPOHCTBY
ruapomiHApel 3, 4, 7, KOTOpble KOMIIOHYIOTCS Ha MaIlliHE BMECTE C
HEPA3bEMHOM CTPENION 2, pyKOATEIO 6 1 KoBIIOM 5. IIpy OTHOCHTEIBHO MaJbIX
MOMEPEYHBIX pa3Mepax THAPOLMIUHAPBI MOTYT Pa3BUBaTh 3HAYUTEIHHYIO CHUITY.

Puc. 1.3. Cxema ruipoMIHpOBAHHOI0 I'yCEHHYHOI'0 IKCKABaTOPa
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Puc. 1.4. Cuema ruapopuuMpPOBaHHBIX YTIEA00OBIBAIOIINX MEXaHU3MOB

Tak, pu HapyXHOM auameTpe rugpomwinaapa 105 MM 1 gaBneHun xkugkocta 25 Mlla
TojKaromas cmia Ha mToke gocturaer 120 xH. IlpuBoxmbl moBopoTa OamiHud
TYCEHUYHOTO JBIKHTENS | THApaBIMYecCKHe. 3/1eCh NPHUMEHEHBI THAPOMOTOPEI.
HcTOYHMKOM THUTaHUS CIOY>KHT LIEHTpalU30BaHHAs HACOCHAas CTaHIUsA (HAa cXeMe He
MoKa3aHa). YIpaBJseT IBUKCHUEM OJIOK CEKIIMOHHBIX PACTIPEICIUTEIICH.,

Ha yrompHBIX IIaXTaX MPHUMEHSIOTCS KOMIUIEKCHI 00OPYIOBaHHS C  €IUHBIM
TEXHOJIOTHYCCKUM ITUKIoM. OIMH M3 TaKMX KOMIIEKCOB — MEXaHHW3WPOBAHHAS KpEllb,
y3KO3aXBaTHBIH KOMOaWH M IepeABuKHOM KoHBekep [34]. YciaoBus pabOThI FOPHBIX
MallliH B IIaXT€ OTIWYAIOTCA BECbMa CTECHEHHBIM IPOCTPAHCTBOM, OOJBIINMHU
IIyCKOBBIMH M XOJOBBIMH HAarpy3kamMM M HEOOXOAHUMOCTBIO IOCTOSIHHO MOJACP)KHUBAThH
KpOBJIIO, II03TOMY B MEXaHM3HPOBAHHON Kpemd M yriedoObIBaroleM KoMOaiiHe
HCIIONB3YIOTCS THAPOIIPUBOIBI. [ MapaBIHuecKuii MEXaHN3M To1aun KomOaiina / (puc. 1.4)
HMEET PETyJIUPYyEeMbIH HACOC, BBHICOKOMOMEHTHBIM THAPOMOTOP MW THJPOANIapaThl,
pa3MeleHHbIe  Ojarogapss BBICOKHMM ITOKAa3aTelsM yICIbHOW MOITHOCTH B KOpITyCe
OTPaHUYCHHBIX TaO0apUTHBIX pa3MepoB. [WApompuBOA TOJAaYM OOCCICUYHMBACT IUIABHOE
CKOIIEXKEHHE KopIlyca KomOaiiHa 1 1o crtaBy (pame) KoHBeliepa 7 Ojaromgaps
B3aUMOJICHCTBUIO 3BE3I0YKH C IPOJOJILHO PACIOJOKCHHON W 3aKpEeIICHHOH IEIbIo.
W3BecTHO TIpHMEHEHHE THAPONPHBOIA I PEXKYIIEH dacTh KoMOaiiHa, 4TO IO3BOJIICT
ITOBBICUTH ITPOM3BOIUTEILHOCTD YIJIeIOOBIBAIONIETO KOMILIEKCA M YIIYUIIUTh COPTHOCTD
YTIIA.

MexaHu3upoBaHHAs KPEIb I OYMCTHBIX BBIPAOOTOK COCTOUT M3 00JIBIIOro uncia (50—
100) ceknmii, pacHoI0OKEHHBIX BIOJb JIaBbl Ha 3HAUMTEeIbHOM paccTosaun (100 ... 250 m),
M BKJIIOYAET HACOCHYIO CTAHITUIO, THAPOMATrHCTPAIA U ICHTPAILHBIA ITYJIBT YIIPABIICHHUS.
Kakmass cekmust CONEp)KHT, HampuMmep, ABE THAPOCTOHkM 4 w 5, mepekpeitne 2,
OCHOBaHME 3, THIPOAIIapaThl I THAPOJOMKpAT 6, COSTUHEHHBIN CO CTAaBOM KOHBeHepa 7.
CekIst KpernH YACP)KUBAeT THIPOCTOHKAMH KPOBIIO OT OOpyIIeHWs, oOecIeuynBacT
[EPEABIKKY CTaBa KOHBeHepa MOCiIe BEIEMKHA KOMOAHOM MOJI0CH! YISl BOJb BCEH JIaBbI
U TIOCJIeAYIOIIee MOATATUBAHUE CEKIIMU K KOHBEHEepy MOCPEACTBOM THAPOIOMKparta. Tak
Kak Harpy3ka Ha croiiky poctmraet 400 .. 1800 xH, Tto wucmonp3oBaHme
MEXaHU3WPOBAHHON Kpemw 0e3 TUAponpuBoga ObI0 Obl HEBO3MOXKHO. JlaBieHwme
JKHUJIKOCTH, CO37aBaeMO€ HaCOCHOM YCTaHOBKO# B Maructpaiu, coctasiser 20 ... 32 MlIla,
a B THIPOCTOMKE MpH 3anupaHuu ruapo3aMkom — 30... 50 MIla. [{ns ruaponpuBoaoB
MEXaHU3UPOBAHHBIX KpeIed MPUMEHSIOT HETOPIOYHE KUIAKOCTH: BOJIHBIC AMYIbCHH WK
CHHTETHYECKHUE KUIKOCTH.

OmHo W3 BaXHEHINX CPEACTB aBTOMATH3AIlMK TIPOM3BOICTBA — POOOTOTEXHHUKA.
[IpombInieHHEBIE PpOOOTHI BCE IIHPE MPUMEHSIOTCS Ha IMPOM3BOICTBE, 3aMEHSIS YeIOBeKa Ha
Y9acTKax C ONACHBIMH, BPEITHBIMH, TSDKEJIBIME FUIM MOHOTOHHBIMH YCIIOBHSIME Tpyna. B mpo-
MBIIUICHHBIX PO00TaX WCHONB3YIOT OJICKTPUYECKUE, THIPABIMYICCKHAE, ITHEBMATHUCCKUEC |
KOMOMHHpOBaHHBIC MPUBOABL. Okoio 40% MHPOMBIIUICHHBIX POOOTOB MMEIOT THAPOIPHBOIBI 1
6omnee 40% — mHeBMONPUBOABL. CIepKUBArOITM (HaKTOpOM IS IPHMEHEHHS JISKTPOIIPHUBOIA
MOYKHO Ha3BaTh OTHOCHTEIBHO HHU3KUH MOKA3aTellb YACIBLHOM MOITHOCTH. UTOOBI YCTaHOBUTH
AJICKTPOIBUTATEIIN Ha UCIIOJHHUTEIILHBIX 3BEHBSIX IMPOMBIIUICHHOTO po00Ta, €ro yaeibHas
MOII[HOCTE JO/bKHA ObITh He MeHee 150 Br/kr. OpHako NpHMEHEHHE SIIEKTPOIPUBOIOB
MOCTOSIHHO BO3PACTacT, YTO CBA3AHO C IMPEHUMYIICCTBAMH JJICKTPOMEXaHHUSCKHUX pPOOOTOB
(JIETKOCTh YCTaHOBKH W HaJaJKH, IPOCTOTA B SKCIUTyaTalllH, HU3KUH YPOBEHb IIyMa MPH
pabote).

Haunbonee »>(hGheKTUBHO NPHMEHEHHE IMHEBMOMNPHBOAOB B MPOMBIIUICHHEIX PO0OTaX IMIpU
LIMKJIOBOM  VIpPaBIICHWM, OTPAaHMYCHHOM  4YMCJIE  TOYEK  IO3WIIMOHUPOBAHUA U
rpy3onogbeMHocTd 0 10 kr. ITHeBMOmpHBOA 0OeCIeUHBAET BHICOKOE OBICTPOACHCTBHE.
[To3unmonnpoBaHue ¢ TpeOYeMOH TOYHOCTBIO OCYIIECTBISCTCS MO yrmopaM. Kak mpaBuio,
ITHEBMOIIPUBOJIBI  JIOTIONHSIOT THApOIEMITpepaMH I  Oe3ylapHOM OCTaHOBKH pabodero



oprasa.
B po6oTH3MPOBaHHOM TEXHOJIOTMYECKOM KOMIUIEKCE IS epepaboTku miactMace (puc. 1.5)
PpO0OT 4 3aXBaThIBACT IIOAOIPETHIC 3aTOTOBKY HA BBIIAYHOM TO3UIIMK HarPEBaTEIbHOM IIeUH 2,
[OJaeT OOYEPEIHO B THAPABIMYCCKHE ITPECChI /, 3 1 CKIIAABIBACT U3AC/INA B HAKOIUTEID 5
116]. TlompeM © OIyCKaHHE KOJOHHBI, BBHIIBIKEHHE PYKH, IIOBOPOT OTHOCHTEIHHO
BEPTUKAIBHON OCH M JBIKCHHE 3aXBaTHOTO YCTIPOMCTBA OCYIIECTBJISIOT ITHEBMOIPHBOJIBL
VYIpaBIsiioT KOMIIEKCOM C ITyJbTa 6.

B mpOMBIIIIEHHBIX pO0OTaX TIPY30MOABEMHOCTBIO OT 20 KI' M BBIIE IPHUMEHSIOTCS
riaponpuBoabl.  OcoOeHHO 3(deKTHBHBI CeAdIMe THAPOIPHUBOABI B COYCTAHHH C
SNICKTPUUYCCKUMH  YIIPABISIOMIMME K KOHTPOJUPYIOIIMMH  YCTPOMCTBAMK, YTO IO3BOJISIET
CO3/1aBaTh YHHBEPCAIBbHBIC MPOMBIILICHHBIC POOOTHI, BHIMONHSIONINE CIOKHBIC ONEpalliM ¢
MPOCTPAHCTBEHHBIM TTO3UIOHUPOBAHKEM PAabOUYEro OpraHa

Puc. 1.5. Cxema p060TI/I3HpOBaHHOFO TEXHOJIOTUYCCKOTO KOMIIJICKCA JIsd nepepa60TKH miacTMace

Ha cBapoyHOM ydacTke aBTOMAaTHUECKOU JTUHUU JUIsl COOPKH Ky30BOB aBTOMOOHIICH
(puc. 1.6) nBa pobOoTa 5 ¥ 5 co cBapOYHBIMHM armaparaMd 1 U 2 OJHOBPEMEHHO BEIYT
CBapKy Ha IIpaBOi M JieBoi cropoHax Ky3oBa 4 1321. Kaxmeni cHaOkeH
3aITOMHHAIOIMMH YCTPOHMCTBAMH ¢ HECKOJIBKUMHU ITPOrpaMMaMH paOOThI U BBITIONHSIET
cBapKy 10 19 yJacTKkoB Ky30Ba aBTOMOOWIS. MaHHIYIATOp poOOTa MMEET IISTh
CTEIEHE! IOABIDKHOCTH M paboTaeT B CEpHUYSCKOM CHCTEME KoopauHar. TOYHOCTB
MMO3UIMOHUPOBAHNS B IIPOCTPAHCTBCHHON 30HE ACUCTBHS 2 MM, YTO, B YAaCTHOCTH,
NpUEMJIEMO JUIA TOYECYHOM CBapKh Ky30BHBIX JeTalell CJIOKHOH KOH(DUTYpALHH.
IlonoOHBIE MPOMBIIUICHHBIE POOOTHI YCIEIIHO HCIONB3YIOT, KPOME TOro, W TpU
aBTOMATH3ALMHN JIPYIMX TEXHOIOTMYCCKHMX ITPOLICCCOB: JIMThS ITOM JABICHUEM, IIITaM-
MOBKU, MEXaHUYECKOIM 00pabOTKHU, YIIaKOBKH.
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Puc. 1.6. Cxema cBapOYHOT0 yyacTKa Ha aBTOMAaTHUECKOMN JTUHUM COOPKH Ky30BOB aBTOMOOMJICH:
1,2 — cBapouHsble anmmapatsl; 3, 5 — poOOTHI ¢ AMEKTPOTHAPABINYCCKMMHI TIPUBOAAMHU; 4 ~ Ky30B aBTOMOOHIIS

[IpuBeneHHbIC MIPUMEPHI HE OTPAXKAIOT BCEIO0 MHOT000pasus 00acTei MPUMEHEHUS
THAPO- W ITHCBMOIIPHBOJOB B PAa3JIMYHBIX MAaIIHHAX M TEXHOJOTHYECKOM
000pyIOBaHUM.



1.2 DrTanbl NpOeKTHPOBAHUS I'HAPO- U THEBMOCHCTEM

OMNBIT OpraHU3aliy Mpolecca MPOSKTUPOBAHUS MAIIIMH U MEXaHHU3MOB 0000IIEH B
Hallel CTpaHe U IPEICTaBICH B BUIC KOMIUIEKCA TOCYIapCTBEHHBIX CTaHIAPTOB —
Enunoit crucTeMbl KOHCTPYKTOPCKOM JOKyMeHTaIuu. [Ipu 3TOM yCTaHOBIEHBI
CJICIYIOITHAE OCHOBHEIEC 3TAITHI TIPOSKTHPOBAHUS:

COCTABJICHHE TEXHUIECKOTO 3aJaHMs B pa3padOoTKa TEXHUICCKOTO TPETOKEHU;
ACKHU3HOE M TEXHUUYECKOE IIPOCKTHPOBAHUE;

pa3paboTKa TOKYMEHTAITUH ISl OMBITHOTO o0pasla M CepuifHOTO WJIM MacCOBOTO
MIPOM3BOJICTRA.

s kakmoro nfTama peKOMEHIOBaHAa HOMEHKIATypa Tpaduueckux H
TEKCTOBBIX JIOKYMEHTOB, KOTOPBIE TOJKHBI COACPKATH BCE HEOOXOAMMBIE JTaHHBIC.
Texamueckoe 3amaHue Ha pa3pabOTKy NPHBOJA B IEPBOHAYATHHOM BHIC OOBIYHO
(hopMyIHpyeTCs 3aKa3UMKOM ¥ COICPIKHT:

JIOCTaTOYHBIC CBEICHIS O pabodeM OpraHe MeXaHF3Ma W MaIlTiHET,

MIPEABAPUTEILHYI0 KOMIIOHOBKY W TpeOOBaHMS K Macce M Ta0apHTHBIM pa3Mepam
00BEMHOTO TIPUBO/IA;

XapaKTEPUCTUKHU YIPABIISIONIETO BO3ICHCTBHS U BHEIIIHEH HATPY3KH;

PEKUMBI IBMKEHHS BEIXOJHOTO 3B€HA U PabOTHI IIPHUBO/A B LICIIOM;

TpeOOBaHUS K TOYHOCTH [BIOKCHHS WM MO3UIMOHHUPOBAHUSI U K KadeCTBY
IepeX0HOTrO MpoIlecca;

TpeboBanue k KI1/] u orpanndyerne mo MOITHOCTH,

YCAOBHSI  OKCIUTyaTaluM (TeMIieparypa, JaBi€HHE, BJIaKHOCTb, 3aIlbLICHHOCTD,
BHOpaIiH, IePEerpy3Ku U T. 11.);

TpeOOBaHUS K HAIEKHOCTH, OOCITYKUBAHUIO U PEMOHTY IIPHUBO/IA;

crienaigbable TpeOoBaHUs (YpOBEHb IIyMa, CIIOCOOBI KOHTPOJS M JHATHOCTHKU,
HEOOXOIAMMBIE OJTOKMPOBKH H 1IP.).

Pa3pa'0oTuuk mpoeKTa aHAIM3UPYET, YTOUHSCT M COIJIACOBBIBAET C 3aKa3uHMKOM
3a/laHKe U. CPOKH BBIITOJIHEHHS IPOSKTHBIX PadoT.

IIpu pa3paboTKe TEXHMYECKOrO MPEMIOKEHHS AETal0T aHATUTHYSCKHA 0030p
MATEHTHOM W TEXHHYECKOW JIMTEpaTyphl. THIT TIpHMBOAA BBIOMPAIOT B pE3yibTaTe
CPaBHCHHUS M3BECTHBIX CBOKMCTB, C YUETOM HOMEHKJIATYPHl KOMIUICKTYIOIINX H3ICITHIA,
BBIITYCKAEMBIX IPOMBIIICHHOCTBIO.

Ecimm HeoO0XOIMMO CYIIECTBEHHO YIIYUIIUTh TEXHHYSCKHE XapaKTCPHCTHKH
MIPUBOJIOB, TO TIPOBOAAT HAy4YHO-HICCIeAOBaTeNnbekyo pabdory (HUP). Ilpum stom
MoieMpoBanre Ha OBM H 3KCIIepUMEHTAILHOE MCCIICIOBAHNE MaKeTa 00sS3aTeIbHEI,
a pelleHne TEXHUUECKOH 3a/1a4M * Ha YPOBHE H300pETEHUSI — KEJIATEIBHO



OCKH3HOE€ M TEXHHYECKOE IPOCKTUPOBAHHUE CHCTEM IIPHUBOJOB OTHOCSAT K
CTaIuHU OIBITHO-KOHCTPYKTOPCKOH pa3zpadboTku (OKP). B ackusHOM IpoekTe
popalaThIBalOT TMPESABAPHTCILHBIE, 4 B TEXHUYECKOM — OKOHYATEIbHBIC
TEXHUYECKHE peIICHUs, 3aKlaJblBacMble B IIPOEKT MPUBOJAA HIM IPYIIIbI
MIPUBOJIOB. JTall ACKU3HOI'O IIPOCKTHPOBAHUS HEOOXOAMM ISl OOCYXKICHHUS C
3aKa3YMKOM IPUHATHIX PEIICHUM M YTOYHSHHS TEXHUYECKOI0 3aaHus.
OcCHOBHBIC KOHCTPYKTOPCKHE JOKYMEHTBI 3CKH3HOIO0 M TEXHUYCCKOI'O IIPOSKTOB
MPUBOJIa — YEPTEXKHM HOBBIX arperaroB WM aIllapaToB, KOMIIOHOBKH CEpUITHO
BBIIYCKAcMOro  OOOpYJIOBaHUS, IPUHIMIIMAILGHBIC  TUAPABIMYCCKUC WA
IMHEBMATHUYCCKNE, KMHEMATHYCCKUEC M DJICKTPHUYECKHUE CXEMBI, IIOSCHHUTEIIbHAS
3aIlCKa M BEIOMOCTh IIPOCKTa. TeXHUISCKHUI NPOCSKT JOLKEH COAEpKaTh, KPOME
TOr'0, YEPTEIKU HOBBIX Y3JI0B U JIeTalIeii M TEKCTOBBIC TIOKYMEHTEI C Pe3y/IbTaTaMu
HWCIBITAaHUN M DKCIUTyaTaIluH.

B nmoscHuTenpHON 3amMCKE  YKa3blBAIOT —HA3HAUCHHE IIPHUBOJA M €TI0
MpEAIojiaraeMyl0 TEXHHUYECKYI0 XapaKTepPUCTHKY, [al0T OIHMCaHHE |
OOOCHOBAaHME BBIOPAaHHBEIX CXE€M M KOHCTPYKIWI, TIPHBONAT  PAacyeThl,
TIOATBEPIKIAIONTME TTPAaBIILHOCTh TPHHATHIX pPEIICHMA. B 1poriecce MpHHSATHS
PEIICHUM  BBRIIOJHSIOT  SHEPIeTHYCCKMIM, THAPABIMYCCKUIN, TCIUIOBOM U
JUHAMUYCCKUI PacueThl MPOSKTHPYeMOro mprBoaa. IlyreM COOTBETCTBYIOIIMX
pacueToB ONpPEACISIOT OCHOBHBIC ITApaMeTphl Y3IIOB U arperaTroB U OLCHUBAIOT UX
paborocriocoOHOCTh. [Ipr pacyeTax ycTaHaBIMBAIOT HEOOXOAUMOCTH ONTHMH3ALUIHI
9THX IIApaMeTPOB M BBIOMPAIOT CIOCOO PEIICHUS ONTUMM3ALMOHHON 3aJauH.
DddexTBHOCTL pa3padaThIBACMOro IPHUBOJA CJICAYST OLCHUTH TEXHHKO-KO-
HOMMYECKH M CPAaBHUTH ¢ 0a30BBEIM 00Pa3LIOM.

Cnemyronmii 3Tall IPOEKTUPOBAHUS — pPa3pabOTKa B IIOJIHOM oOObeMe!
KOHCTPYKTOPCKOM M TEXHOJIOPUYCCKOM JIOKYMEHTALIMM, HCOOXOMUMON ISt
M3TOTOBIICHUS. U MCIBITAHUS OIBITHOrO 0Opa3ia. B cocraB KOHCTPYKTOPCKOM
JOKYMEHTAIIMA BXOAST YEPTEXKH JeTaneld, COOPOUHbIA M Ta0apUTHBIA YEPTEXKH,
YepreXk OOIIEro BUA, CIICHM(DUKALNK, TEXHUYSCKUE YCIOBUS, CXEMBI, PacyeThl,
BEIOMOCTH M JOKYMEHTALWS IJII OIBITHOM SKCIUTyaTamuu. TeXHoJIorndyeckas
JOKYMCHTAllMSI  JO/DKHA ~ COACPXKATh  TEXHOJOTMYCCKHE  MHCTPYKIIHH,
TEXHOJIOTUIECKHE (MapIIpyTHBIC) KapThl, YePTEKN Ha TEXHOJIOTHYECKYIO OCHACTKY
M TPUCIIOCOOTIECHUS W APYrMe HOKYMEHTBI, HEOOXOOMMEIE IS HM3TOTOBJICHUS
OIIBITHOT'O 00pa3Ia Ha 3aBOJIC.

IIpn NoNOXUTETHEHOM PE3yIBTAaTe UCTIBITAHUS OIBLITHOIO 00pasiia MPHUCTYIIAI0T K
3aBEPIIAIOIIEMY dTAIly IIPOCSKTHPOBAHUS — 3aITyCKY B CEPHMHOE MIJIM MacCOBOE
mpon3BOACTBO. HaumHaoT €ro 0 KoppeKTUPOBaHMS TEXHUICSCKOM JOKYMEHTAITUN
B COOTBETCTBHHU C PE3ylbTaTaMH HCIIBITAHHN WM ONBITHOM SKCITyaTallHH
oOpasia IpUBOo/IA.

TexHomorHs CEPUHMHOIO MM MAacCOBOIO MPOM3BOJICTBA  CYIICCTBESHHO
OTIIMYACTCS OT TEXHOJIOIMH SKCIICPUMEHTAIHLHOIO HIIM OIBITHOIO IPOHM3BOJCTRA,
IOTOMY Pa3padaThIBAIOT BCIO TEXHOJIOTMYECKYIO JOKyMeHTaruro. CepHifHbIE
SK3EMIUIIPHI IPHBOJIOB IIPOXOAST HPHUEMOCHATOYHBIE HCIBITAHUS, ITOCIE YEro
YTOUYHAIOT TCXHUYCCKYIO XapPAKTCPUCTHUKY CO3AaHHOI'O 06'[)33]_13. OpuBOAA.
KauectBo paSpa6aTBIBaCMBIX IOpUBOAOB B 3HAYUTEILHON MEPE 3aKIaabIBACTCA Ha
CTagun IPOCKTUPOBAHHA, YCIIEX KOTOPOIO CBiA3aH C YPOBHEM TCOPCTHUCCKHUX
3HAHUN HMHXCHEPA-KOHCTPYKTOPA, 06’LCMOM €TI0 MPAaKTUYICCKHUX HABBIKOB 1 YMCHHEM
'pa60TaTI> TBOPYCCKH. OCHOBy TCOPETUIYCCKUX 3HAHUHA COCTaBIAIOT IOHHUMAaHUE
(1)I/I3I/I‘-ICCKI/IX OponecCcoB B THAPO- U ITHEBMOIIpUBOJAaX, YMCHUC MPCACTaBIIATh UX B
MaTEMAaTHYECKOHN (bopMe A a”aah3 CBOICTBa IOPpUBOAOB II0 MATEMATHYCCKHUM
MOOCIAM. H‘paKTH‘IeCKHe HaBBbIKHM MHXXCHCPY HYXXHBI IJI IIPOBCACHUA paCud€TOB HaA
OBM, BHIIOJHECHUS YEPTECIKHO-TCXHUYSCKOM JOKYMCHTAIlMM W ydacTus B
OKCIICPUMCHTAJIBHBIX HCCJIICAOBAHUAX. Baxnoe YCIOBHE TBOp‘-ICCKOfI pa60TLI
HHXCHEpPA — H3YUYCHHC H KPHUTHYCCKOC OCMBICIICHHC HAaKOIIJICHHOI'O OIIbITa
pa3pabOTKH M SKCIUTyaTaIlil THIPO- ¥ ITHEBMOTIPHUBOIOB.



2.1. Haznauenue, kaaccuukanus u xapakrepuctuxku ['TIC

[IpuBoaBl — cocTaBHAs YacTh BceX MamuH. OHU IPHBOIAT B JIBIKEHHE pabOUYre OpPTraHbl
MAallldH C OMNpEeAeICHHOW 3aKOHOMEPHOCTBIO, B OOJBIIMHCTBE CIydacB OOECIICUYHMBAIOT
HEOOXOIUMYIO CKOPOCTh ABMKCHHS, 3aJJaHHOE MOJIO0KEHHE (TIO3UIUI0) WIH HYXKHYIO CHITY
Ha pabodeM oprase.

OObeMHBIH THUAPOIPHUBOJ WM ITHEBMOIIPHUBOJ (COKpAIICHHO — OOBEMHBIN IPHUBOI)
OTITUYAeTCS OT TPHUBOJOB JAPYTUX THIIOB THIPOCHUCTEMON WM ITHEBMOCHCTEMOW, B
KOTOPYIO BXOOUT OIWH WM HECKOJIbKO OOBEMHBIX THAPOJABUTATEIICH WM
ITHEBMOJIBUTATeNle (COKpalleHHO — OOBEMHBIX ABUTaTelci). B oObeMHOM mpuBOC
MEXaHHUYeCKas SHEPrHs IepegacTcs padodel cpemod (GKHAKOCTBIO WM Ta3aMH) ITOJ
napineHneM. OOBEMHBIN ABUTATEb IPEOOPa30BBIBACT SHEPTHUIO ITOTOKA padodeit cpeanl B
SHEPI'HI0 BBIXOIHOIO 3BeHA (IITOKA WJIM Bajia) B IPOLIECCE HMOMEPEMEHHOr0 3aroTHEHUS
paboueit kamepbl paboueii cpeIoil U BEITSCHEHHS €€ U3 padouel KaMephl.

MecTo 00BEMHOT0 IPUBOJA B MAIlIMHE ITOKa3aHo Ha puc. 1.1. Pexxum paboThl 00BEMHOTO
IPHBOJA 3aJacT YIPaBIAIOMUA opraH. PasnnuyaroT 00beMHBIC MPHBOIALI C PYYHBIM H
aBTOMAaTHYECKUM yIpaBicHHEM. PydHoe ympaBjieHHe OCYIIECTB/ISCT YCIOBEK-OIIepaTop,
aBTOMATHYECKOe — CICIHAIbHOE YCTPOHCTBO MM B 0O0IIEeM clydae CcHcTeMa
yIOpaBJIeHHs. YTPaBJIAIOUMHA CHUTHAA X MOET OBITh MEXaHHYCCKHM, DJIEKTPUYCCKHM,
TUAPaABIMYCCKUM UIIH ITHEBMATUYCCKUM.

B 3aBUCUMOCTHU oT 3aa4yu YIIipaBJICHHUA pas3janyaroT O6’I)CMHI)I€ IIPpUBOJBI
CTaOMIM3UPYIONIMHA, MPOTPaMMHBIA M CIEOSIIuid. B cTaOMIM3UPYIOIIEM CKOPOCTD
JABUKCHHA BBIXOJHOI'O 3BCHA IIOAACPKUBACTCS HOCTOHHHOP'I, B IporpaMMHOM —
M3MEHSETCS 10 3aJaHHOM mporpaMmme. Y CIEISIIEro MPUBOAA PeryIupyeMbIi mapaMeTp
BBIXOAHOI'O 3B€HA U3MCHACTCA 110 OIIPCACICHHOMY 3aKOHY B 3aBUCHMOCTH OT BHCIIHETO
YIPABIISIIOIIETO BO3ACHCTBUSA, KOTOPOE 3apaHee HEU3BECTHO.

K pabouemy oprany Mammibl 3HEpPrust A mepemnaeTcs MEXaHHYECKUM Y3JI0M, KOTOPBIM
Ha3bIBACTCA BBIXOAHBIM 3BCHOM IIpUBOJA. ITo XapakTepy ABUKCHHUA €ro pasjindaroT
O6’bCMHI>IC IOpHuBOJAA IIOCTYHATCIBbHOI'O, IIOBOPOTHOI'O HJIM BpallaTCJIbHOI'O JIBWXKXCHHA.
Mexzay OObEeMHBIM [BHraTejieM HM paboYyuM OpraHoM MAIMHBI MOXKET OBITh
JIOTIOJIHATENIBHO YCTAHOBJIEHA MEXaHHUYECKas Iepeaada (3youarasi, pelyaskHasi, LeHas U
T. L)



O0was cTpyKTypa 00beMHOr0 NPUBOAA

O01yro CTPYKTYpy 0OBEMHOTO MPUBOJIA MOXKHO TIPEJICTABUTDH B BUE YETHIPEX

MecTo npuBOJa B MallIMHE

Hemowsur HomovHuK Ynpalnawowie v Ofvermubiv
MEXAHUYETKOU padoved sl Boriorigeamenatiog el dBucamens
IMepRUY cpadst yompoucmia v ngpgegaya

coctaBHbIX yacteil (puc. 1.2). MICTOUHUKOM MEXaHMYECKOW DHEPrHMHU B OOJIBIITHHCTBE
CIy4yacB CIYXHUT TEIUIOBOM WM  AJIEKTPUUECKHM  JBUraTelb, Ha3bIBAEMBIN
OPUBOASIIMM. B 3aBUCHUMOCTHM OT THIIA MPUBOJSMIETO JBHUraTels JOMYCKArOTCS
TEPMHUHBI  «3JICKTPOHACOCHBII» WM  «IU3€Tb-HACOCHBIM» TUIPONPHUBON,  «IJICK-
TPOKOMIIPECCOPHBIN HITH «TH3ETh-KOMIIPECCOPHBIN» THEBMOIIPUBO | T. 1. M3BeCTHBI
pYYHBIC ¥ HOJKHBIE THIPOIIPUBOIBI, IJIT KOTOPBIX HCTOYHUKOM MEXaHHYECKON SHECPTHH
CITY)KUT YEITOBEK.

Jns mpeoOpazoBaHHsS MEXaHHYECKOW DHEPTHUH TPHBOIIICTO IBHTATEIS B SHEPTHIO
MMOTOKa paboueit cpeasl IO JaBJICHHEM HCITOJIB3YIOT B 00BEMHOM ITPHBOJIC HACOC HITH
koMIpeccop. Hacoc momaer *KUAKOCTH ITOA MaBICHHEM, KOMIIPECCOpP — CXKaThIM ras
(Bo3myx). B HEKOTOPBIX clydasx HAcoC MM KOMIIPECCOp HE BXOASAT B COCTaB
00BEMHOI0 MPHBOAA, IOITOMY II0 MCTOYHHKY Iogadd pabodedl cpeapl 0O0BEMHEBIN
MPUBOJ  HA3BIBAlOT  HACOCHBIM  (KOMIIPECCOPHBIM),  aKKYMYJIITOPHBIM  HJIH
MarvcTpalbHbIM. B akKymMyasTopHOM ruaponpuBojae (IIHEBMOIIPHUBOE) padouas cpena
IoJaeTcsl B OObEMHBIN ABUTATENh , U3 THAPOAKKYMYJIATOpa (ITHEBMOAKKYMYIISITOPA),
3apsOKEHHOTO OT BHEITHEr0 MCTOYHMKA. B MarucTpabHOM THIAPONPHBOAE (ITHEBMOIIPH-
BOJi¢) pabouas cpema IIOCTymaeT B OOBEMHEINM [BHUIaTelb OT THAPOMArHCTPaId
(THEBMOMATUCTPAJIH), HE BXOIAIICH B 00bEMHBIH IPUBOI.

Ot o0beMHOro ruapojaBUTaTes (IMTHEBMOJBUTATEIIA) IKUAKOCTH (BO3IYX) MOXKET
MOCTYNaTh B THAPoOaK (OKPYKAIOIIYIO Cpely) WK . Ha BXOJ Hacoca (KoMmIipeccopa). B
MIEPBOM CJIydae 00bEMHBIH TPUBO] HA3BIBAIOT T'HIPOIIPUBOAOM (ITHEBMOIIPHUBOJIOM) O
Pa30MKHYTHIM TIOTOKOM, BO BTOPOM — C 3aMKHYTHIM.

BcnomorarensHbIe yeTpoiicTBa (THAPO- WM MTHEBMOANIAPATE) B 00HEMHOM MPUBOJIC
00ecrevnBaOT KOHAUIIMOHUPOBAHUE paboueii cpelbl (OUMCTKY, OXJIKIACHHUE U T. I1.),
MPEAOXPAHIIOT OT IMIOJIOMOK V3Bl M TPYOONPOBOIBI, KOHTPOJIUPYIOT TIPOIECC
9KCIUTyaTallid W BBIIOJHSIOT Jpyrue GyHKuur. OObeMHbIE THAPOMAIIMHBI (ITHEBMOMa-
MMHBI) W TWapoanmapartel  (MHEBMOAMIaparhl)  COCAWHEHBI  THAPOIMHISMH
(MTHEBMOJIMHMAMH), TIPESCTABRISIFOIIMMU CO00M TPYOBbI, pyKaBa, COCIMHEHHS U KaHAaJbl B
KOPITyCax ¥ COCTUHUTEIBHBIX IUIATaX.

Hawnbomee BakHBIH KiTacCH(DHKAIMOHHBIA NPU3HAK OOBEMHOIO IPHUBOAA CBS3aH C
THIIOM VIPABISIONIEr0 ycTpoiicTBa. OT HEro 3aBHCHT CIIOCO0 pPeryJIMpOBaHHS
CKOPOCTH, TIOTEpH DSHEPrUM M MHOTHE XapakTepucTuku. I[lo ympaBisromemy
YCTPOHCTBY paziIndaroT 00bEeMHBIE MPHUBOIBI C JPOCCEIBHBIM, MAITUHHBIM W MAITHHHO-
JIPOCCENLHBIM yIIpaBiieHHeM. Kpome Toro, BBIAEISIOT OOBEMHBIC MPUBOJBI C YIPaB-
JICHUEM MTPUBOISAIIAM JABUTATEIIEM U POTUBOIABIICHUEM.

HpoccenbHoe ~ ympaBieHHME  JBIDKEHHEM  BBIXOJHOTO  3BE€HA  OCYILUECTBIISIETCS
PETYIMPYIONUM THIpoanmnapaToM (ITHEBMOAINIaparoM). B TexHWYeckoW muTepaType
pacmpocTpaHeH TakKe TEPMUH «APOCCEIBHOE peryiupoBaHue». Bo MHorumx ciyvasx
€ro MO’KHO CUHTATh MPUEMIIEMBIM, TaK KaK TEPMHUH «PETYJTHUPOBAHKE» — YaCTHBIH CITy-
yail TOHSTUS «YTIPABICHUEY.

MamuHHOe yHIpaBlieHHE JBIKCHHEM BBIXOJHOTO 3BEHA TMPHMEHHMO TOJNBKO K
TUAPOTIPUBOAY U BBITIONHSICTCS PETYINPYEMBIM HACOCOM, PETYIUPYEMBIM THIPOMOTOPOM
WM 00€UMH peryJimpyeMbiMu TuapoMarimaamu. Tepmun ycranosien [OCT 17752—81
B3aMeH TEPMHHA «00BEMHOE peryaupoBanue», pekomeHmoBanaoro 'OCT 17752—72 u
WCTIOJIE3YEMOTO B TEXHHUYECKOW JIMTEpaType, IMOCBSIIICHHONW THIAPOIIPHUBOAAM Pa3IMIHBIX
MaIITiH.

VparieHre TPUBOISIIKM JBUATATEIEM TIPUMEHUMO K 00BEMHOMY THIPOIPUBOLY U COCTOHT B
YTIPaBJICHUH CKOPOCTHIO JIBIDKEHHMST BEIXOJIHOTO 3BEHA ITyTEM W3MEHEHHMS YaCTOTHI BPAIICHHS
TIPHUBOJIAIIICTO

JBUTATENIS. YTIpaBIeHHE ITPOTHBOIABIICHIEM HHOTAA OCYIIECTBIISIOT

B ITHCBMOIIPUBOJIE CO3/IAHHEM ITPOTHBOIABIICHHSI HA BBIXOJIE ITHEBMO-

JIBUTATEJIS.

Iepeuncnennas knaccubukarys OObemMHbR THAPO- ¥ ITHEBMOIPUBOIOB ITOKa3aHa HA CXEMe
puc. 1.3. B Hell mpuBeneHbI TOJBKO OCHOBHBIC (YCTOSIBIIHECS) KIACCH(DUKAIMOHHBIC
npu3Haku. [Ipu paccMOTpeHMH OpyruX, MPU3HAKOB BO3HHUKAIOT JOMOIHUTEIBHBIE HAUMEHO-
BaHUsI 0OBEMHBIX MMPUBONIOB. Hammprumep, BO MHOTHX CITydasx BaXKEH XapakTep YIPaBJISIOIIIX
CHTHAJIOB, OTpabaThIBACMbIX OOBEMHBIM MPUBOJIOM. [Ipu 3TOM I1€51ec000pa3HO BBLICIUTH
00BEMHBIE TPUBOJIBI C PEIICHHBIM M MTPONOPIUOHALHEIM yripaBieHueM. Ceifuac MHTEH-



CHBHO Pa3BUBAIOTCS OOBEMHBIC IIPHUBOJABI, YIIPABISIEMBIC JPICKPETHHIMU (MMITYJIbCHBIMH)
CUTHAJIaMH M OCYIIECTBIISIONINE JHUCKpPEeTHOE (IIAaroBoe) IepeMelicHrue padodyero opraHa.
Takre 00OBEMHBIC NPUBOABI HA3BIBAIOT JUCKPETHHIMH (IIATOBBIMM) THOPO- HJIM
ITHEBMOIIPHUBOIAMH.

OYHKIMOHAJIBHBIC CBOMCTBA OOBEMHBIX IIPUBOIOB MPHHATO OLEHMBAThH 0 CTATHYCCKUAM H
JMHAMHYIECKAM XapaKTEPUCTHKAM, OINPEICSIEMbIM OKCIICPUMCHTAIBHBIM HJIM  PACcUCTHBIM
MyTeM. IKCIICpUMEHTAIILHBIC JaHHbIe HanOoiee JocToBepHBIC. OmMHAKO HA CTAAMH MPOEK-
TUPOBAaHUS OOBEMHOIO TMPHBOJA XAPAKTEPUCTHKH MOXKHO TOJIBKO PACCUMTaTh IO
ypaBHEHHSIM M (hopmynamM. UTOOBI CYIIECTBEHHO COKPATHTh YHCIIO YPaBHEHHH U (hopMyIL,
LIEJIECO00PAa3HO MPUHSTE O0IIEe OYKBEHHBIE 0003HAYEHINST KUHEMATUIECKUX, TUHAMUYECKUX 1
MHEPLHOHHBIX BEIUYMH MIPUMEHHTEILHO K IBYM OCHOBHBIM BHIAaM JIBH-
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2.1 Knaccndukanust 06beMHBIX IPHBOI0B

JKCHUA BBIXOJHOTI'O 3B€HA: ITOCTYIATCIIbHOMY (1'[. ,Z[.) " BpalllaTCIbHOMY (B. ,Z[.)Z
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rJ1e y — 0000IIEHHOE TIepeMelieHue; | 1 ¢ — JMHEeHHOe U YTIIOBOE IepeMEICHus; V —
000011IcHHAsT CKOPOCTh; u U Q — JMHEeNHas U yriioBas cKopocTu; S — 00o0IeHHas
JUHAMHYECKash BeMMuMHA; P — cwia; M — MOMEHT CWIbL, m. — OO0O0OIICHHAs
WMHEPIMOHHAS (TPaBUTAIIMOHHAS) BEIIMYMHA; M — Macca; J — MOMEHT HHEPIIHH.
Kpome Toro, obGo3HaumM dYepe3 Xx — BHEIIHEE VIIPABISIONICE BO3JICHCTBHC
(MEXaHUYECKHM, SJIEKTPHUYCCKHIN, THAPABIMICCKIIN WITH ITHEBMAaTHUSCKU CUTHAIT) Ha
00BEMHBIIN IPUBO/I.

Cratryeckne XapaKTEepUCTUKHA OTPaKaloT CBOMCTBA OOBEMHOTO IIPHUBOJA TIPH
YCTAaHOBHBIIIMXCS PEKAMax paOOThI, TOATOMY TOYKH ISl TTOCTPOCHHS CTaTHUCCKOM
XapaKTePUCTUKNA  OMPEICIIIIOT TP YCTAHOBHMBINMXCS  (TIOCTOSIHHBIX) — 3HAYCHHSIX
CKOPOCTH O U CHJIbI (MOMEHTa CHITbI) S Ha BBIXOIHOM 3BeHE. PaccMOTpUM OCHOBHBIE
CTaTUYECKUE XapaKTEPUCTUKH O0BEMHBIX TTPUBOIOB.

PerymupoBouHast xapakTepucTika OOBEMHOTO TIPHBOJA OTPAKAECT 3aBHCHMOCTH
CKOPOCTH O WJIM CHJIbI (MOMEHTA CHJIbI) Sl Ha BBIXOJJHOM 3BEHE OT. YIIPABIISIOLIETO
Bo3zericTBuA x. 1o rpaduKy peryinmpoBoUHo xapakrepucTuku u =D (x) nnu H = ©
(x) OLOCHHUBAKOT JIMHEWMHOCTD PEryJIupoBaHuA, 30HY HCUYBCTBUTCIIbBHOCTH U BO3MOKHBIN
THUCTEPE3UC 00BEMHOTO OpuBOAA.

Harpy30qﬂaﬂ XapaKTEePUCTHUKA ITOKA3bIBACT 3aBUCHUMOCTh CKOPOCTH BBIXOOIHOT'O 3BCHA
V OT CHJIbI (MOMCHTa CI/IJ'IBI) [‘I, paSBHBaeMOfI I IIPpCOJOJICHUA BHEIIIHEN Harpys3KHu.
Mauiast KpuBM3Ha U HEOOJBIIONW HAKIOH Tpaduka Harpy304HON XapakTepucTUku V = O



(51) cBUACTEILCTBYIOT O CTAOMIBHOM paboTe 00BEMHOIO IPHBO/IA.

XapakTepucTHKa JHepPreTHYeCKHMX MNOTepb (COKpAmeHHO — JSHEepreTudeckas
XapaKTepHUCTUKA) IpeacTaBisieT coboii 3aBucumocTh KIIJ oObeMHOro mpuBoga m OT
CKOPOCTH V WM cHiIbl (MOMeHTa cuibl) H Ha BBIXOAHOM 3BeHe. Ha rpadukax n = @ (V)
un = @ () BugHa 061acTh YPPEKTUBHON IKCILTyaTaIllid 00bEMHOIO MPUBO/IA, B KOTOPOM
KIIJI mmeeT mpruemieMble 3HaYCHUSI.

K auHAMHYeCKMM  XapaKkTepHUCTHKAM OTHOCAT BpPEMEHHBIE UM YaCTOTHBIC
XapakTepucTUKH. [loJ BpeMEeHHBIMM XapaKTEPUCTHKAMH IOAPa3yMEBAaIOT IpaduKu
JIBIDKEHNS BBLIXOAHOrOo 3BeHa BO BpeMeHn V = @ () u y = @ (t) npu tumosom
VOPABISIONIEM WIM HarpyKarolleM BO3ACHCTBUU. DTH XapaKTEPUCTHKU OTpPaKaroT
MepPEXOaHbIC MPOIECCH B 00BEMHBIX IMMPUBOAAX M IMO3BOJISIOT OLICHUTH OBICTPOACHCTBHE
1 K0j1e0aTeabHOCTh BBIXOJHOTO 3BEHA IMPH PE3KOM HM3MEHEHUHU YIIPABJISIONIETO HWIH
Harpy»arolero BO3AEHCTBYSI.

YacTOTHEIE XapaKTEPUCTHKM IMPEACTABIAIOT co00i oTHomeHus ammautyny W (W) u
CIBUT 1O (ha3e BBIXOJHOI'O M BXOAHOTO CHTHANOB (W) B (DYHKIIUH KPYTOBOHM YacCTOTHI
W IIpu rapMOHHYCCKOM JIBHXCHHH OGT)CMHOFO IIpuBOaA. YacToTHBIE XapaKTCPpUCTUKU
MO3BOJISIIOT B OOJBIIMHCTBE CIIy4aeB KOCBEHHO OLEHUTh JUHAMHUYECKHE CBOMCTBA
oobeMHoro mnpuBoga. OOHAKO pacCUMTAaTh HMX M0 alreOpandecKuM BBIPAKCHHUSIM
3HAYMTEIHLHO TIPOINE, YeM ONPEIASIATh BPEMEHHBIC  XApaKTEPUCTHKH  PEIICHHEM
nudhepeHIUaIbHbIX  YPaBHEHHUI.

KOHCTPYKTHBHOE COBEpIIEHCTBO OOBEMHBIX IIPHBOAOB BO MHOIOM 3aBHCHT OT
TEXHUYECKOTO YPOBHS BXOISMIINX B HETO OOBEMHBIX T'HAPOMAIINH WX ITHEBMOMAIIIHH.
UTOoOBI OICHUTH TEXHUYCCKHH YPOBEHb OOBEMHBIX MAITHH W IPHBOIOB, HCIIOIB3YIOT
pasIUYHBIC YICNBbHBIC TIOKa3aTeNId, HaIpuMep, VACIBHYI0O MacCy Vi, OOBEMHOTO
MIPUBOJA, YACIBLHYIO pab0TOCIIOCOOHOCTD ajys 00BEMHOIO IBUTATEIIS:

Top ™ mnp/”mn; Qgp = Amfvgm (23)

rae Mop 1 NHOM — moHas Macca ¥ HOMHHAJIBHAS MOIIHOCTE OOBEMHOTO ITPHBOJIA;
Az — pabora 00bEMHOI'0 JIBHTATEISA 32 OJUH 0O0OPOT Bajla MIIW ITOJIHBIH XOJT ITOKA;
Vs — 00BEM IPOCTPAHCTBA, 3aHUMAEMBIH 00BEMHBIM JIBUTATEIICM.

DddekTrBHAA IKCIUTyaTaIusl 00bEMHOTO TPHUBOJA 3aBUCHT OT ()aKTOPOB HAICIKHOCTH,
K KOTOPBIM OTHOCSTCS O€30TKa3HOCTh, JOJTOBEYHOCTH, PEMOHTONIPHUTOIHOCTH U
COXpaHsSEMOCTb  NpHBOJA.  beszomkaznocmv  XapaKTEpU3YETCS  HENMPEPHIBHBIM
COXpaHEHHEM pPabOTOCIIOCOOHOTO COCTOSHHUS B TEUEHHE HEKOTOPOrO BPEMEHH WIIH
HEKOTOPOH HapaboTKu. /Jo1208euH0oCmb OTICHUBAIOT CPOKOM CIYAHCOBL U pe-



cypcom, TOA KOTOPBIMH IOApPa3yMEBAIOT COOTBETCTBEHHO KAJICHIAPHYIO MPOIOKHTEIBHOCTh H
HapaOoOTKy (B Yacax) OT Hauajla SKCIUTyaTalliM WX €€ BO300HOBIICHMS IIOCIAC PEMOHTa 0
mepexoja B IPEACIbHOE COCTOSIHHUE. Pemonmonpueoonocms OTpaXkaeT IPUCIOCOOICHHOCTh K
BOCCTAHOBJICHHIO PAOOTOCIIOCOOHOTO COCTOSHHUS IIyTEeM TEXHHUYECKOTO OOCIY)KHBaHHUS H
pemonTa. CoxpaHeHHE 3HAYCHHMH IIEPCUMCIICHHBIX IIOKa3aTelaed IOCiIe XPaHEeHUA H
TPAHCIIOPTUPOBAHUS HA3bIBAIOT COXPAHAECMOCMbIO TIPUBOIA.

PaccMoTpuM OCHOBHBIE TIPEHUMYIIECTBA M HEOOCTATKM OOBEMHBIX IMPUBOAOB. I HApO- H
MTHEBMOIIPHUBOIBI 110 CPAaBHCHHIO C MEXaHHYECKMMH IPHUBOJAAMHU OOJIBIIC IPHCIOCOOICHBI K
aBTOMATHU3AlMK MPOU3BOJACTBEHHBIX MPOIIECCOB Ojarogaps MIpPOCTOTE YIIPABICHHS, MaJIOi MOIII-
HOCTH YIIPABJSAIONIECrO CHrHajda W HEMOCPEACTBEHHOMY COCOUHCHHUIO C THAPABIMYCCKHMH HIIH
MHEBMATHYECKUMH YIIPABJISIONIMMU YCTPOH-, CTBaMHU. [ MAPO- M IMHEBMOJIWHUH, COCIUHSIOIINE
HMCTOYHHMK TOJa4M paboueill cpeabl ¢ OOBEMHBIM JABHTaTelieM, KOHCTPYKTHBHO IIPOIIE, YeM
MexXaHUYeCKue Iepegadd (3yOuarble, IEMHBIC, PEMEHHBIE), II0ITOMY OCHOBHBIC arperaThl
00BEMHOT0 TMpHBOAA yAOOHEe KOMIIOHOBaTh Ha MarmmHe. OOIMH HEeZOCTaTOK 00BEMHBIX
npuBo0B — Menkbee 3Hauenue KI1J (mo 0,8), uem Mmexannueckux nmpuBoaos (0oiee 0,9).

B PE3YIbTATC BHICOKOI'O HOMHMHAJIBHOI'O JaBJICHHA XHUIAKOCTHU O6’I)CMHI)IC TUAPOIIPHUBOABI UMCIOT
HAaWIydImue yaedabHble mokasatemu (yop = 0,3 ... 2 kr/kBt, as = 60 ... 200 Jx/m°). K
CYIICCTBCHHBIM HCAOCTaTKaM HeO6XOI[I/IMO OTHECCTHU 3aBHCHUMOCTD XapaKTCPHUCTHUK THAPOIIPHUBOJOB
OT YCJAOBHMM 3KCIUTyaTaldd (TEMIEpPaTyphl) M BO3MOXHOCTh HApYXKHBIX yTE€YeK pabodeit
JKUAKOCTH (MUHEPAIBHOIO, CHIIMKOHOBOI'O MJIM IPYIOr0 Macia).

binaromapsi HCIOJNIB30BaHUIO CHKATOTO BO3AyXa OOBEMHBIC ITHEBMOIPHBOIBI POMBIILJIEHHOTO
HA3HAYEHUS HMMCIOT KOHCTPYKTHBHBIE, SKCILIyaTAl[HOHHBIE M DKOJOTHYECKHE IIPEHMYIICCTBA,
COCTOSIIIME B IPOCTOTE YCTPOMCTBA IHEBMOJBUIATENS IIOCTYIIATCIILHOTO IBMIKCHHS, IOJHOMN
[0Kapo0e30MacHOCTH W OTCYTCTBUM 3arps3HCHHS OKpysKaroiied cpenbl. OgHako u3-3a
CXKMMaeMOCTH pabodeld cpeisl OaBleHue y HUX orpanudeHo (mo 1,6 MIla) yciaoBuem
Oe30macHOCTH O0CITYKHBAKOIICTO IIepCOHAA.

IIpu BRIOOpE THIIA MPUBOAA KOHCTPYKTOPY MPUXOAMTCSA YUHUTHIBATH HE TOJIBKO MEPEUUCIICHHBIC
(haxTOphl, HO ¥ HOMEHKIJIATYPY BBIIYCKAEMBIX IPOMBIILIEHHOCTBIO THAPO- U IHEBMOYCTPOMCTB, a
TaK)KE IIPOM3BOICTBCHHBIC YCIOBHSL.

2.2 MyabTunmmkanuonHbii 3¢ dexr B I'TIC

IMuoponpuBog MOMOOHO MEXaHWMYECKOMY phlUary WM 3yO4aToil Iepemadye  MOXKET
MHOTOKPATHO YBEJIMUYUBATh JCHCTBYIOIIYIO CHIIy. JTOT MYIbTUILTMKAIIMOHHBINA d(deKT
o0ycnosieH 3akoHoM Ilackans I TUIpOCTATHUECKOrO NABJICHMS JKUIKOCTH B Kkaue-
CTBE. IpUMEPA PACCMOTPUM IIPOCTEHINMI OOBEMHBIN THAPOIPHUBOJ, COCTOSIIUNA U3 JIBYX
THAPOLIMIIMHAPOB, COEAMHEHHBIX TpyoOompoBogoM 2 (puc. 2.2). Ecmu mopiieHb
TUAPOIWIIMHApPA 1 co3/maeT JaBlieHWe p.moja JekcTBueM cuiabl Hy TO Takoe ke
JIaBJICHUE TI0 3aKOHY
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Puc. 2.2 Cxema npocreiiiero 00beMHOro ruJipornpuBoaa

[Tackans repemaercs Ha MOPIIEHb TUAPOLMIMHAPA 3, co31aBas Ha HeM cuity Hy B
HIeTHHOM ciTydae (0e3 oTeph Ha TPEHHUE)

p=HofFa, Hy=Fyp, (24)

rae Fu, F — > dekTuBHBIE IUIOMAIH THAPOIMINHAPOB 1 1 3. PenuB cCOBMECTHO
JIBA PaBEHCTBA, TIOJYYUM

Hl = F'HJFQ. (25)



IIpu Fx > Fy cuna Hy > Hy.

JleficTBUTEIIbHBIE YCIIOBHSL PAOOTHI OOBEMHOIO THAPONPHBOIA OTIMYAOTCS OT
YCIIOBHH, OrOBOpeHHBIX B 3akoHe Ilackaist. Ilpu ycTaHOBUBIIEMCS IBHYKEHHU
MOPIIHEN W KUJIKOCTH BO3HHUKAIOT JIONOJHUTENbHBIE CHIbI TpeHus. Ho onHm
3HAYUTENBHO MEHBIIIE CHII JIABJIEHUS YKUJIKOCTH, [I03TOMY
MYJIbTUIUIUKAIIMOHHLIM  3(h@dEeKT MposBISeTcs ©U B PEaJbHOM
TUIPOIPHUBOJIE.

JUit  omeHKHM — paccMmarpuBaeMoro  d(M@dexkra - MOIB3YIOTCA  [TOHATHEM
KoO(pUIEHTa MYJISTHIVIMKAIME CIUILI (MOMEHTA CIUI) TWIPONPUBOJA, IO
KOTOPBIM TOJPa3yMEBAIOT OTHOIIEHUWE CHJIbI (MOMEHTA CHJI) Ha BBIXOJHOM
3BEHE THJIPOABUTaTeII K CHiIe (MOMEHTY CHJI) Ha BXOJTHOM 3BEHE Hacoca:

b o = Hy/Ha. 20

BriBenem opmyny uis onpeneneHns KoddduimenTa MyabTHIDMKAIIH Ky, C
9TOM TIETIBIO BOCIIONB3YEMCSl BBIPOKEHUSIMH U CHJIBI (MOMEHTa CHII) Ha
BBIXO/THOM 3BeHE Hacoca (1.28) u cuiibl (MOMEHTa CHJT) Ha BBIXOJHOM 3BEHE
ruapoasurarens (1.29):

Hy = gy (Pn — OaPs)/Mm. wi H;=¢n (Pg — OaPo) Na u- @7

JlomonmauTensHO BBemeM MmoHsTHe ruapasm4yeckoro KIIJ[ ammapatoB u
COCTMHUTEILHBIX THAPOIMHUI N OTa BCIMUMHA OTPKACT I'MIIPABIIAUCCKHC
IIOTEPH JABIICHUS IIPH TEUCHHH, >KMIKOCTHA OT HAcoca K THAPOABHUTATEIIO U

oOparHo: i
T, o = TR (28)
"8 Pu—0mps

COBMECTHO PEIIHUB MTPEICTABICHHBIC BRIPAKEHUS, TIOTYIUM (GOPMYITY JUIS
pacuera ko3P puIreHTa MyJIbTUTUIMKAIIUN THIPOITPHBOIA

Ry o = (x/0e) M. uMe. 2N, u- (2.9)

OCHOBHBIC BEJTMYMHBI, OITPECIISIOIINE MYJTBTUILTMKAIMOHHBIN A (hEKT
THIPOIPUBOJIA — YACIBHBIC Pabourie 00beMBI Hacoca Oy M THAPO-

il

Ha

Puc. 2.3 T'uapaBianueckuii JoMKpat

nBuratelts (7. BeTUIUHBI Muw, Nra ¥ Naw, (9acTHBIE KI1/]) HE CKOMBKO CHIKAIOT
MYJTbTUTLTHKAIMOHHBIN AP EKT 13-3a CUII TPEHUS B IBIDKYIIUXCS MEXaHU3MaX
u xuakocty. JlocroBepHbie 3HaueHUs yacTHbIX KITJ[ ycranaBimmBaroT
AKCIIEPUMEHTAITBLHO. PacyeTHBIM ITyTeM MOXKHO TOJTY4UTS JIUILh
oprieHTupoBoYHbIE BermunHbl KT 11, @opMymna 1y1st onpeaeaeHus Naw, N,
npuBeneHsbl B 1. 1.3. [Ist pacuer N,

HEOOXOIMO ONPeNIeTUTh IO (hopMysIaM, MPUMEHSEMbIM B THAPABIIMKE, TOTEPU



JIABJICHUS1 B HATTOPHOUN APy U CJIMBHOW AP JIMHUAX U allmaparax.
AHanmMTAYecKas CBSA3b MEX/1Y JaBJICHUSIMU B HATIOPHOM JIMHUM HAcoca p,, U
MIOJJBOAHOM JIMHUY JIBUTATEIIS P, BBIPAKACTCS YEPE3 THIPABIMYECKUE TOTEPU
Hp,,, @ MEXIY NaBIECHUSIMU B CIIMBHOM ITOJIOCTH JIBUTATENS Pe U BCACBIBAIOLLIEH
TMOJIOCTH Hacoca ps — uepe3 Ape.



Pn=Pu— Apsi Po=Po+ Ap,. (2.10)

ITocrte moacTaHOBKY MOCTICTHUX BABUCHMOCTEH B BhIpakeHHE (1.08) momyunm

— Pa—0zPpn _ _Apwtoxhp, (2.11)
SR Ry wer i ug Pu — OuPs

Jlns pacuera 1enecooOpa3sHO BBECTH MOHSATHE OTHOCHUTCIIBHBIX
TUAPABIIMYCCKUX TIOTEPh JABJICHHS B JIMHUSX M allllapaTax:
(2.12)

er.a = (AP + Ox APo)/(Pu — OuPa)-
Korna oy = 64 i ps << PH, MOHO T0JIb30BaThCsl HAKOOJIEE POCTON
dbopmynoii, momydaemoit u3 Beipaxenus (1.60):

Moo =1—ena (2.13)

MyJIbTUILTMKALMOHHBIA CHJIOBOM 3((MEKT 00BEMHBIX THAPOIPUBOIOB IIIMPOKO
WCTIONB3YIOT B TEXHUKE, HAIPUMEP, B IOJBEMHBIX MEXAHM3MaX, TOPMO3ax
aBTOMOOMJICH, THIPABIMYSCKHX IIPeccax U APYruX MalliHax. B kauecTBe mpumepa
paccMOTpPUM THApaBIMUecKHii- JoMkpar (puc. 2.3). OH COOEepKUT OCHOBHBIC
3JIEMEHTBl OOBEMHOI'0 THAPOIPHBOJA: HACOC, TMIPOABUTATCIIb, TPYOOIIPOBOLI,
pabouYyIO JKUAKOCTH U YIIPABJISIONIee YCTPOUCTBO. Hacoc IpUBOAUTCS B IBIKEHUE
BPYYHYIO H BKIIFOYACT KOpITyc 5, knananel 7 u 8, nopmeHs 9, pykosarky 10 u peraar
11. OcHOBHEIC YAaCTH THAPOABHUTATEIS — LWIMHAP /, MOPIICHL, 2 W BO3AYIIHAS
nmpoOka 3. YHOpapisIOMIHUM YCTPOMCTBOM CIYKHT BeHTWIh 6. IlepememeHusMu
pykosatkn 10 Bmepem W Hazad OCYIIECTBISASTCS BO3BPATHO-TIOCTYIATEIHHOE
JBIDKCHHE TIOPITHSA 9, BcachIBaHHME XKHUIAKOCTH M3 Kopmyca 5 depes kiamaH 8 u
BBITECHEHHUE e¢ B TpyOompoBox 4 yepe3 kimamad 7. [lopmieHs 2 moj jaeWcTBUEM
JKUAKOCTH, TOCTYMAIoUie mo TpyodomnpoBoay 4 B mwimHAp /, nogHumaercs. Jlius
OIYCKaHUsl TMOPIIHS 2 TPEAYCMOTPEH BEHTHJIb 6, NPU OTKPHITHH KOTOPOTO
TpyOOmIpoBo A 4 ¥ COOTBETCTBEHHO Kamepa IUIMHAPA / COOOIIAI0TCS ¢ BHYTPEHHEH
MOJIOCTBIO KOPITyca 5, cliyKalliel MaclIsTHbIM 0aKoM.

I'uapoaoMkpaT npenHa3HaYeH I MOIHATHS BPYYHYIO OOJIBIIMX TPY30B, MIO3TOMY
JIOJDKEH MMETh 3HAYUTENIbHBIA MYJIBTHIUIMKAIUOHHBIH 3¢ dekt. Paccmotpum
npumenenue popmynsr (1.59) k ganHOMY cay4aro. YIenbHBINH padoumii 00beM (u
Hacoca TPECTaBIseT cO0OM BEIIMYMHY, HA KOTOPYH H3MEHseTcs 00beM pabodeit
KaMepbl Hacoca MpH NepeMenieHnd pykosaTku 10 Ha JIMHEHHYO eAMHUILY:

95 = (nda/4} (rafr1), (2.14)

rae d,, — aquameTp nopiig 9 Hacoca; I, ¥ Tx — IUIEYM IIPUIOKEHHUS CHJI K phiyary 11
u pykositke 10.

YV nenpHbIN pabounii 00beM Oy THIPOABUTATEINS B JAHHOM CITydae paBeH

3 PeKTUBHOI TUIOIAAN TOPIIHS 2

g = ndif4, (2.15)

e Og — JuaMerp mopIiHs 2.
Ilocne momCTaHOBKM BBIPQXECHUH M (u W (n B 3aBUCUMOCTH (1.59) momydmm
hopmyity st onpeaeseHns KodQduIMeHTa MyJIbTUILITUKALIMN CHJIbI THIPOAOMKpaTa

ku. o= (-:'E')z ':TL Na. V. a¥lg. u- (2.16)

Yro6sl monyuuTh Kye > 1, HeoOxomumo obecmeunts dy > dy u > r. Ilyrem
BapebUpOBaHMsa cooTHomeHMHA dJdy W [rjfi MOXKHO YBEIWYHMTHL KOI(D(GHUIUEHT
MYJIbTHIUTMKALAN CHJIBI.

Yactasie KITJ] HECKONBKO YMEHBIIAIOT BENMUUMHY Ky, TaK KaK CKa3bIBAIOTCS CHJIBI
TPEHHS B TIOABKHBIX YacTsIX THAPOAOMKpara. I1py HaTMYNUKM MaH)KETHBIX YIUIOTHEHHH
Ha MOPIIHAX 9 M 2 BEIMUMHBI MM U M MOXKHO ONPEICIMTh pacyeTHbIM IMyTeM. B
paccMaTprBacMOM CJIydae Gy = Oy = | M Pr = Po = Par, THA€ Par — aTMOCHEpPHOE
JIaBJICHHE.

WneansHble CUITHI Ha PYKOSATKE HACOCA U TIOPIITHE THAPOIMIIMH/PA COTJIAaCHO (hopMyIie



(1.26) paBHbl

Hl- =G (Px— Pur) = i‘di _r_(p' Paz)h: (2.17)

Hy.z =gz (Pg — Pas) = ﬁ"‘"‘ (Px — Pax)- (2.18)

Cunel TPEHUA Ha IIOPIIHAX C MAaHXXCTHBIMH YIUIOTHCHUAMH, IIPUBCIACHHBIC K
BXOJHOMY H BBIXOAHOMY 3BCHbAM, MOXHO IIPCACTaBUTh B aAHAJIUTHYCCKOH

dbopme
AH g = tdyhy (Pa — Pax} feralry (2.19)
AHJI = “'dnhn (pn “— Pax) f‘rt (2.20)

rae hy u hp— mmpuHa MamkeTsl Ha mopinssx 9 u 2; fr — xoah durmenT TpeHus
MaHKEThI 0 METAJUIMUYCCKYIO IIOBEPXHOCTh. OTHOCHUTEIbHBIC IIOTEPH Ha
TpeHue

€y, » = afofdpi 85w = dhgfe/dy. (2.21)

Yacraele KII1JI Hacoca ¥ T'UApOABHIaTelId Tuy H MM HAXOMATCA 110 (GopMyliaM
(1.38) npu WU3BECTHBIX 3HAYCHHUAX Euy U Er. VI3-32 HMBKHX CKOPOCTEH TEUCHUS
JKUJIKOCTH THAPABIMUYCCKAE TIOTEPH JABICHUS B THUAPOJOMKpATe OOBIYHO
HEBCJIMKH, TO3TOMY MOXKHO IIPUHSATH Nra = 1,0.

MyabTHIUIMKALMOHHEIN 3()(PEKT TUApPONpHBOAA 3HAYUTEILHO BO3PACTET,
eciu [IPUMEHUTH TH/IPABIMYECKUI peoOpa3oBareiib JIABJICHUS
(TUAPOMYIBTUIUIMKATOP). 1akoe YCTPOMCTBO  IO3BOJSET MHOTOKPATHO
YBEJIMYUTH JIABJICHUE KHMJIKOCTH, TIOCTYITAIOIIEH OT HACOCHOM ycTaHOBKH. OHO
IIPUMEHSETCS B THAPOCUCTEMAX IIPECCOB U UCIIBITATENIHLHBIX CTEH/IOB.

['uapomynabTHIIIMKATOP OOWMHApHOrO nedctBus (puc. 2.4) wuMeer 1Ba
COBMEIIICHHBIX MIIUHAPaA 1 © 2, 1Ba COCMMHEHHBIX MOPIIHA 3 U 4 U OTBEPCTHS
JUISL TIOABOJHOTO W OTBOJHOIO TPYOOIpPOBOJAOB. LIMIMHAPHI ¢ HOpIIHIMU
00pa3yroT TpH padboure KaMephl: HU3KOro aasienus (1), Bricokoro gasienus (B) u
pesepca (P). Ilpu padouem xoze O10Ka mopiHeii kamepa H coenuHeHa HallOpHBIM

TPYOOIIPOBOIO
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Puc. 2.4 . Cxema rugpoMyJIbTUIUIMKATOPA OJUHAPHOTO IEHCTBUS

C HaCoCOM, KaMeEpa B — mnonBogHbIM Tp}/601Tp0BO,I[0M C THIPOABUIATCIICM,
HarmpuMep ¢ THAPOIUIIMHAPOM IIpECCa. YDaBHCHI/IC CHJI Ha ITIOPIIHEBOM OIoke IIpH
€0 paBHOMCPHOM JAaBJICHWH MOXXHO IIPCACTAaBUTH B BUAC

prFy = poFy + AH,, (222)
Iae pi1, p2 — JaBleHHS >KUOKOcTH B Kamepax H, B, Fi, F» — sbdekTrBHBIE
IJIONIAM TTOpIIHEH B kKamepax H, B, AH), — pe3ynbTHpYOIIas CUJI TPSHHA.

W3 jpgaHHOrO  ypaBHEHMs  IIOAydaeM  BhIpaKeHUME UId  Kod(pdHimeHTa
MYJIBTHIDTAKALMN JaBleHust Kvi=pyp2/liist 3Toro mpuBoauM ypaBHEHHE K BUIY

ng, = p‘Fl [l - AH!’(pIFl)L (223)



BBOJIMM JIOIIOJIHUTEC/IEHBIC BEJIUUMHbL
OTHOCHUTEJILHYIO ITOTEPIO HA TPEHUE

(2.24)
B = AHW /(P Fy):.

Mexanndeckuid K11/ rynpoMynpTUmmmkaropa
_ﬂg.i = | — gy u. (2.26)

B pesynerare moiryanM ymoOHOE I PacUeTOB BBIpaskeHHe KodhhUIIMEHTa
MYJIBbTHUIIIMKAIIUW JAaBJICHUA XUAKOCTHU

br.x = (FufFs) e e (2.25)

V ruApOMYIIBTUINIMKATOPOB IIPOMBIILIEHHOrO HazHaueHus Kood ¢puruent Kvp=8
0

YroOel ompeneanth kodhduiment Ky 00bEMHONO IMAPOIPUBOLA, MMEIOIIETO
THAPOMYJIbTUILTAKATOP, MOYKHO BOCIIOJIB30BaTHCS (DOPMYJIIIOH

Ru.g= ku.okx.n- (2.27)

®dopmyina (1.66) cripaBemIrBa, €ClIM MOXKHO IIPESHEOpEUb BEJIMUMHAMU PB U Po KaK
MAaJIBIMU 10 CPABHEHHIO CO 3HAYCHUSMH PH U Py B BeIpaxkeHuH (1.58).
['MapOMyIBTUIUIMKATOP OAMHAPHOTO JCHCTBHSA (CM. puC. 2.4) KOHCTPYKTHBHO
IPOCT, HO OH MOXET II0JiaTh B THAPOIBHMIATEIIb OIrPAHHYEHHOE KOJIMYCCTBO
JKHJIKOCTH, II03TOMY B THIpOIpeccaXx ¢ OOJBIIMM OOBEMOM PAOOUMX IMJIMHIPOB
MPSHMYIIIECTBEHHO HCIIOJIB3YIOT THAPOMYJIBTUILIMKATOPBI JTBOMHOIO JICHCTBUSL.
OnHM cHAaOYKCHBI 30JI0THUKOBOM U KIIAIIAHHOM PacHpeICIIUTEILHOM aIraparypoi 1
YCTPOMCTBOM, 00ECIICUMBAOIIMM aBTOMATHUCCKOE TIEPEKITIOUCHHIE

3.1 JpocceanHoe peryaupoBanue ckopoctu B I'TIC

JpoccenpHBI  CIIOCOO  PETYIMPOBAaHUS CKOPOCTH  IPEAYCMAaTpPHBACT
MPUMEHEHHE B THIPOIPUBOJIEC OTHOCHTEIBHO MPOCTOr0 YCTPOWCTBA, HA3bIBAEMOIO
peryJiupyeMbIM  JpocceiieM. V3BeCTHbI JBa OCHOBHBIX THIIA JIpocceliei,
KOHCTPYKTHUBHBIC pPa3IdniusaA KOTOPBLIX IIPHUBOJAT K ABYM pa3jiIMYHbIM pPEXKUMaM
TEUCHHS JKHJIKOCTH: JamMuHapHoMy u TypOyiaentHomy [3, 13]. Jlpoccenb c
JaMHHApPHBIM ~ PEKUMOM  TEUEHUS]  KHUAKOCTH  (JaMHHAPHBIA  JIPOCCEIND)
MPEJCTaBISIET COOOM JJIMHHBIA KaHall ¢ OTHOCHUTEIBHO MallbIM IPOXOJHBIM
CCYCHUEM (HI/IJ’II/IH}IDI/I‘ICCK&H aI€iab, BUHTOBAasA KaHaBKa U )Ip) 3aBI/ICI/IMOCTL MCKIY
MepernagoM JaBJICHUH U PACX00M JKUAKOCTH Yepe3 JaMUHAPHBIN Apoccesib OI13Ka
K NMUHEHHOMN. JIpoccellb ¢ IPEeUMYIIECTBEHHO TYPOYJICHTHBIM TEUCHHEM >KHIKOCTH
(TypOyIeHTHEII poCCeNb) MPENCTaBIsIeT cOO0W MECTHOE COINPOTHUBIICHHUE B BHUIC
KOPOTKOIO M B€CbMa Majoro Mo IUIOIaJd OTBEPCTUA KPYIJION, KOJBIEBOMW WIIU
MPSIMOYTOJIEHOW  (hOopMBI. TedueHHe >KUIKOCTH B TAaKOM OTBEPCTHH, KaK IIPABHIIO,
TYpOYJIEHTHOE, 3aBUCUMOCTh MEX/Ty MepernaioM AaBJICHUN 1 PACXOI0M HKHUIKOCTH —
KBaJpaTU4HasA.

Jlns  peryaupoBaHUs CKOPOCTH OOBEMHBIX THIPONPUBOJIOB IMPEHMYIIECTBEHHO
UCIIOJIb3YIOT TYPOYJICHTHBIE IPOCCEIIH.

[Tpu paBHBIX YCIOBUSIX MPUMEHEHHS OHH MEHBIIIE 110 TabapUTHBIM pa3MepaM 1 Macce, YeM
namuHapHbIe. KpoMe Toro, ipu TypOyJICHTHOM peKMMe TEUEHHUS JKUAKOCTH 3aBUCHMOCTh
COIIPOTUBJICHMS ITOTOKY OT BA3KOCTHU XKUIKOCTH MU COOTBECTCTBCHHO OT TEMIICPATYPHhI
KHUJIKOCTH U OKPYXKAOIIEH Cpellbl 3HAUMTEJIBHO MEHBINAS, YeM IPU JIAMHHAPHOM. Y
TypOyJICHTHOTO JAPOCCEIs] COMPOTHBICHUE TIOTOKY PETYJIUPYETCsS W3MEHCHUEM
IUTOIIa I MPOXOJHOTO CedyeHus pabouedt mienu (oTBepctus). KOHCTpyKTHBHOE
HCTIOJTHEHNE PETYIHPYEMBIX ApOCCcesiei 3aBUCHUT OT YCIIOBHM IpHUMEHEHMS. V3BECTHBI
PETYIMpYIOIHE DJIEMEHTHI THIAPOAPOCCEIei B BHAEC KOHWYECKHX JIEeTajcH,
MTOBOPOTHBIX KPAHOB C IMPOPE3SIMH, 30JIOTHUKOB C TIOSICKaMH 1 JIP.

OcTaHoBUMCS TIOAPOOHO Ha (PM3MUECKUX IpoIleccax, MPOTEKAIIUX B TYPOYJICHTHOM
mpoccene (puc. 3.1), u (dopMax €ero MareMaTUYEeCKOr0 OIMUCAHUS. BemuuuHEL,
XapaKTEPU3YIOIIUE IIOTOK BO BXOJHOM CEUCHHH JPOCCENsA, OTMETHM HYJICBBIMH
MHICKCAMH.

BxomHas 1 BBIXOHAS TOJIOCTH THAPOAPOCCEIST OOBIMHO MMEIOT OAMHAKOBYIO IIONIAIh



npoxoHoro sedenus (Fo = F). Jlns sxuakoctu
B - " B Ipemenax  OOLIENPUHATOrO  JAWana3oHa

A _ -3 1 p * - AISMCHCHHS MaBJICHUH  MOXKHO TPUHATH
Pe 4 § DAaBCHCTBO IUIOTHOCTH ITIOTOKAa BO BXOIHOH H
Fop ! é - BBIXOJHOM mojoctu (po = p). Ilpum stom Ha
o | £$1¥ ocHOBaHMM ypaBHEHMSI HEPA3PHIBHOCTU IIOTOKA
Pe b/ P2 FopoUu=Fpu MoOXXHO Tpemmonarath pPaBEHCTBO
7| 2 T cpemmuux ckopocTeil MOTOKa BO BXOZHOM £
I T g .- " BXomsdoM ceueHusX (Uo = u) M PaBEHCTBO
Puic 3.1 . Cxema Teuenms paGoucii cpemn s~ KOOQQUIMEHTOB  yIENBHOH — KMHETHYECKON
TypOYJIEHTHOM Jpoccerie SHEPIUM IOTOKA (0o = at).

[Ipu moaxoe K APOCCENUPYIOIMIEMY OTBEPCTHIO (IIEJIH) IOTOK PE3KO CYXKAeTCs, TakK
Kak Iuromans f orBepcTHs MHOTOKpaTHO MEHBIIE ILIOMAaIu Fo ceueHus BXOMHOTO
kaHana. B mpoccenupyroieM OTBEPCTHH BO3HHKAET CTPYS C BEICOKOH CKOPOCTBIO U
teueHus. CooTHOIIEHHE U B Uy MOXKHO ONPEISINTh U3 YPaBHEHHS HEepPa3phIBHOCTH
MOTOKA

(3.1)

Fopotte = $fpite,

riae Y — K03 UIMEHT CxKATUS CTPYH, 3aBUCSIINI 0T ()OPMBI U JITHHEI
JPOCCETMPYIOIIETO OTBEPCTHSI K CKOPOCTH TeUeHHs )KuakocTu (uncia Re) [81.

O6bryno y = 0,7 ... 0,9.
B mporecce cyxkeHHS MOTOKAa M MPOXOXKICHHUS Yepe3 OTBEPCTHE YACTh YISIHHOM
MEXaHUYCCKOW SHEPTrHH 3aTpadyMBacTCs Ha TPEHHE W BHUXpeoOpazoBaHue. Takwe
MOTEPH B THIAPABINKE MPHHATO YIUTHIBATh KOA(P(HUIIMEHTOM IMOTEph £ B JOJIX
YIASIbHON KHHETHICCKOM
aHPIITUUX CTPYH (3.2

Aa, = Loudf2.

JoctoBepHoe 3HaueHne & OIMPEENseTcsl JKCIEPHUMEHTAIbHO. JIIs MPUKHIOYHOMN
OLICHKM KO3 uimenTa & MOXKHO BOCIIONB30BATLCS TOIYIMITMPUUECKOM hopmysioi U.
E. Unenpunka:

(3.3)

Le = (1 — {IF/2.

[Ipu pe3koM cy:keHUHU IMOTOKa K03 durueHt & = 0,5.

B BBIXOIHOM KaHaJIe THAPOApOCccess (DU3HUSCKHI IPOLIECC MPOTEKACT HHaYe (CM. PHLC.
3.1). Ecmu BOo BXOAmHOM monoctd oOpasyercs 3acToiiHas 30Ha A € MajbIM
BHXpe0OPa30BaHUEM, TO B BEIXOJIHON — BOHA B pa3BUTOr0 BUXpeoOpasoBanus. CTpys
JKHUIKOCTH C BBICOKOM HA4albHOM CKOPOCTBIO Ho TOPMO3UTCS B BBIXOIHOM KaHAJC
THAPOAPOCCENE B PE3ylbTaTe BUXPeoOpa3soBaHMS M TPEHUSA MEXKIY OBICTPO-
JBIDKYIIMMICS YaCTHLIAMH CTPYH U YaCTHLIAMH IIOTOKA B BBIXOJHOM KaHaJIe, HMEIOIMU
OTHOCUTCIIPHO MAajyl0 CKOPOCTh M. IIpy 3TOM 3Ha4YMTENIbHAS YacTh YAEIBHOM
KHHETUYECKOH SHEPTHHM CTPYHM Tepsercs, T. €. IpeoldpasyeTcsi B HeOoOpaTUMYIO
TEIJIOBYIO HEPTHIO. B ruipasivke MpUHATO MOTEPH YACTBHON SHEPIHY aHATUTUYECKH

BBIpaXKaTh TaK [8]:
ty 3.4
Aap = Cp T‘ .o ( )

Jnst mpuOMmmKEeHHOH OIEHKH KO3(h(HUIMEHTa TOTEPh YIACIBHOW DHEPIHH IIPH
BHE3AITHOM PaCIIMPEHUH TTOTOKA MCIIONB3YIOT (DOpMYITy, IMOJYUYSHHY0 Ha OCHOBAaHHH
TeopeMmbl bop na:

- s (3:5)

Cp = (1 — fIF,).

IIpenencHoe 3Hauenue BenuuuHbl &,=1 Oymer mpu f/Fo=0, uro coorBercTBYET
MOJTHOMY  TIPeoOpa30BaHMIO  YACIBHOM  KHMHETHUYSCKOHW DHEPrUM  CTPyd B
TEIUIOBYIO. YPaBHCHHS YISAbHBIX MEXaHHYECKHX DJHEPrHM [JIi BXOZHOTO U
BBIXOJIHOT'O CEUYCHUH KaHAJI0B TypOYyJEHTHOIO apocceis coriacHo Gopmyiie (1.12)
0e3 ydera HEeCYIIEeCTBEHHBIX YJICHOB HMCIOT BH]I

=& ﬁ‘ (3'6)
Go =5+ %35

P .
a =5t a5, (3.7)

P A3HUIY MCXKAY 3HAYCHHUAMU O, U a4 COCTABJIAIOT IIOTCPHU y,Z[CHBHOfI MEXaHUYECKON
OHCPTHHU IIOTOKA

ay — a = Aa, + Ag,.



Ha ocHOBaHMM NpuBeIEHHBIX BRIPAKECHHUHI TOTydaeM o0liee ypaBHEHHE TeUCHHS
JKUJIKOCTU uepe3 TypOyJIeHTHBIN Ipocceib

) . “ 3.8
B L et (38)



OTC}O,I[a CKOPOCTb TCUCHUS )KUIAKOCTH B CTPY

e =V 2/p) (po— p) » (3.9)

rie® = UV {e + &b — xooddumment ckopoct

B cootBeTcTBMM C IPUBEACHHBIMH OLICHKAMH BETMYMH EC U EP MUHUMAIBHOE TEOPETHIECKOE
3HauCHUE Pmin=0,815, MakcuMaIbHO Qmin = 1. OOBEMHBIH PacXo )KUIKOCTH Yepe3
JPOCCeTh MOKHO BBIPA3UTh Yepe3 CPEHIOI0 CKOPOCTh Uc TSUSHNUS KHUIKOCTH B CTpPYE,
momak f mpoxoHoro cevenns apoccens 1 KO3PPUILMEHT Y CKATHS CTPYH:

Q= ¥fuy = ot V) (0o — p) - (3.10)

B ruzppaBinke v ruApoOaBTOMATHKE HCIONB3YETCS BETMUUHA Y=/, Ha3BaHHAS
koddumenTom pacxona:

Q=p VTR Pe—7) -

B HeKOTOphIX Cly4yasx yOOOHO IIONB30BAThC BEIIMUMHON, HAa3BaHHOW A((EKTHBHOM
IJIONIAALIO ITPOXOAHOro ceuenus, fa = po.

JlocToBepHble 3HaucHHs KOI(DGUIMEHTa pacxoda |l OMPEHESIOTCS 3KCIIEPUMEHTAIBHO.
CraOunpHOE 3HAUCHHME BEIMUYMHA LI MMeeT npu uuciax Re > 350. M3BecTHbI 3HAUEHUs
KO>(GHUIMENTa | JUIS Pa3IM4YHbIX KOHCTPYKIHM TypOyIeHTHEIX apocceneit (1, 3, 6]. Qs
rugpoapoccenei 3omoraukosoro Tuna w= 0,4 ... 0,6.

B ruaponpuBogax mpUMEHSIOTCS pEryIUpyeMble ApOCCeNd pa3lIndyHOi KOHCTpyKuuH |10,
35]. OOwee mid HUX—W3MeHeHue Iuiom@aa f mpoxomHoro ceyeHus IOCPENCTBOM
YIIPABIISIONIErO BO3AECHCTBYS X. B Hanbojee MpocToM BHIE CBSI3b MEXIY BearurHamu f u x
MO>KHO BBIPa3HTh Yepe3 KO3DPUIMEHT D, 3aBUCSIIII OT KOHCTPYKIIHH:

(3.11)

f = bx. (3.12)

q
|| ey
|z [ et

=
]
o

] L ;
b '—IIA
) %

A

8
Puc. 3.2 CxeMH rHAPONPHBOOB ¢ ApoccesieM, YCTAHOBIEHHBIM: a- I10C/Ie0BaTebHO; - apaLIebHO

[Tpu b — const Habnrogaercs sxenaemast JIMHEHHast 3aBUCUMOCTS / OT X. [1Ipu
KOHYCHOH (hopMe 3artopHO-PEryIHPYIOIIEro dJIeMeHTa

b = nd, sin (Pu/2), (3.13)

rjie dp — IuaMeTp 30J0THHKA; (03 — YT0J KOHYCHOCTH JPOCCETUPYIOIIETO MOsSCKa.
Takum 00pazom, o01ast hopMyrna pacxoia JKUIKOCTH Yepe3 peryInpyeMbIi
JPOCCENb BBITIIAIUT TaK:

Q = wbx V (2/p) o= - (3.13)



PaccMoTprM KOHKpETHOE IIPUMEHEHHE PETYIIMPYEMOIr0 JPOCCEN B 00bEMHBIX
ruaporpusoaax (puc. 3.2 a, 0). O01ee 111 HUX — HaIM4YHe OCHOBHBIX MAIlIMH KU
armmaparoB. Hacoca 1, ruapomoropa 4, knamaHa 2, apoccens 3 u Oaka b.
Paziiure coCTOMT B MECTE YCTaHOBKHM JIPOCCEIIst 3. B cxeme Ha puc. 3.2, a
apoccenb 3 pasMeNleH B HAIIOPHOM TMIPOJIMHKUY, B CXeME Ha puc. 3.2, 6 — B
OTBCTBIICHHH OT HANOPHOM TUApPOIMHUK. [lepBblii BapHaHT PACIOJIOKCHHS
JIPOCCEIISl HAa3bIBAIOT MOCJICIOBATEIBHOM, a BTOPOU — IapalIC/IbHON YCTaHOBKOM
PEryJInpyeMOoro JIpoCcers.

JlpoccelbHOE peryJIMpoBaHUEe CKOPOCTH OOBEMHOIO THAPOIPHBOJA COCTOMT, IO
CYIIECTBY, B peryjIMpoBaHud pacxoga Qp JKHIKOCTH, IIOCTYHAMOMICH B
ruapoaBurarelib.  CKOpOCTh V; BBIXOJHOTO 3BEHA TIMAPOJIBHTATSIs CBS3aHA C
pacxomoM (Qp, yaenbHbIM 00beMOoM Qi TuApoaBurareiss u oobemasiM KIITJ 770
ypasuenueM (1.32). I3 3Toro ypaBHeHHUs

= QuMy, of Gx- _ (3.14)

JaBneHue )KUAKOCTH B MOABOJHON I'MIPOJIMHUM U HATIOPHOU Kamepe
THIPOJBUTATENS Py B YCTAHOBHUBILEMCSI pEKUME PaOOTHI COOTBETCTBYET BHELITHEH
Harpy3ske H,.. 3 ypaBHenus (1.29) umeem

(3.15)
o= Hn/(%ﬂn. u) + OnPe-

Jias  rugpoMoTopa  pOTOPHO-TIOPIIHEBOTO THIA KOI(D(HUIHMEHT acCHMMETPHHU
nonocte 6, = 1. JlaBieHHe B CIIMBHOM MOJOCTH MPU PA30OMKHYTOH ITUPKYIALUN
paboueii )KHUIKOCTH MOXKET OBITh OJM3KHM K aTMOC(EepHOMY.

IIpm mociemoBaTeILHON YCTAaHOBKE PETYIUPYEMOTO JApoccells B OOBEMHOM
rugponpusoe (puc. 3.2, a) MOTOK KUAKOCTH OT Hacoca (mogava Q) pasBeTBiseTcs
B O0OLIEM ClIydae Ha ABa: dyepes Kiamad Ha cauB (pacxon Qk) M dyepes Apoccensb B
rugpoasurarens (pacxon Qn):

QH = Qn +Qn

Ilpu mocrosHHOM momade Qn Hacoca pEryjMpoBaHHE CKOPOCTH Vk THOPOIBHIATEIIS
HAYKMHACTCS C MOMEHTA OTKPBITHS HAIIOPHOIrO KiamaHa. [laBieHHE >KHIKOCTH IEpes
JIPOCCEIIEM MOKHO IIPH 3TOM MPHHATH OPUOIMKEHHO PABHBIM JABJICHUIO HACTPOHKH
KJIalaHa Py=Px. a AaBICHUE XKHIKOCTU II0CIE apocceis 0e3 ydeTa morepb B Tpybo-
MPOBOJIE — paBHBIM BedWYuHE Py ClemoBaTenbHO, MPUMEHHUTEIBHO K
paccMaTpuBaeMOMy THIPOIIPUBOLY YpPaBHEHHE OOBEMHOIO pacxojia depe3 IpPOCCellb
(1.70) MOKHO MPECTABUTEL B BUJIE

(3.16)

- (3.17)
= pbx ¥V (2/p) (Px — Pu)

C y4eToM 3alMCAHHBIX BBIPAKEHUH U1 Vi M Py TOIyunM oOIlee ypaBHEHHE
XapaKTCPUCTUK O6’LCMHOFO TUApONIpHuBOJa C IIOCICAOBATCIIBPHO YCTAHOBJICHHBIM

JpoccelieM:
f'l o . 2 H
l b 9 I/ P ( ® dnlin. u 0)

TIpu mapasnensHON YCTAHOBKE PETYIUPYEMOro APOCCEs B 00bEM HOM THIPOIPHUBOJIE
(puc. 3.2, 0) MOTOK >KMIKOCTH OT HACOCA PAa3BETBISACTCS HA JBA. Yepe3 JAPOCCeNlb Ha
CJIUB | B ruzipoBUratens. [lpu sTom (3.19)

Qn =Qp — Qc-
JlapieHue KHUIKOCTH Tepejl JpoccesieM 0e3 ydeTa MoTepb B TPyOOIPOBOIE MOMKET
OBITH MPUHSATO PABHBIM Py, TOCIIE IPOCCETS — PABHBIM Pe.
TIpUMEHHTENBHO K paccMaTpuBAEMOMY THMPOIPHBOIY YPABHEHHE PACcX0ja KMIKOCTH

4epes Ipocceb
- 3.20
= pbx V&70) B — o) (3.20)

C y4eToM NPUBENCHHBIX O0LIMX BLIPAKEHUMA. IS Va M Py U B COOTBETCTBHM C YPABHEHSAMU
it Q,, u Q,, moy4unM olItiee ypaBHEHHE

XapaKTEPUCTUK 00HLEMHOIO THIPOIIPUBOIA C TApaJIIC/BHO YCTAHOB

JIEHHBIM JIPOCCETIEM

S = = I

(3.18)




B ypasuenun (1.72) AOMONHHUTENBHO NPUHATO G,p.-pc = 0, Ilpu pacuere Harpy3odHOI
Vi=®O(H;) u perymupoBodHoil Vh=®(x) XapaKTEPHUCTUK OOBEMHBIX THIPOIPHBOAOB C
JIPOCCETBHBIM PETYINPOBAHMEM CKOPOCTH HEOOXOAMMO 3HAaTh NPEIeIbHBIC 3HAYCHUS
BenmmuuH V,, Hy u x. MakcnMansHas CKOpOCTh 00EMHOTO THAPOABUTATEIIS OMPEACIIASTCS
MOJTHOM moiauei Hacoca:

Un max = QuMa. o/'?_u- (3.22)

MakcuManbHas opeoaojacBacmas 00BEMHEBIM TUAPOABUIaTCICM BHCHIHAA Harpys3ka
3aBHUCHUT OT OABJICHUA Dy HaCTpOI‘/'IKI/I OpCaAOXpPaHUTCIbHOI'O MJIM HAIIOPHOI'O KilallaHa:

- 3.22
My max = Gx (Pr — O3P¢) Mn. me ( )

Jnamna3oH peryaupoBaHus IPOCCEIIs 3aBUCUT OT IOJIHOH moaadu Hacoca Qu U TaBICHUH
JKHIKOCTH JI0 M TIocie npoccens. [Ipuanmaem

Xmax = Qu/lpb V' (2/p) (px — oapc) }- (3.23)

Jns  aHagm3a  XapaKTePUCTHK  OOBEMHBIX  THAPONPHBOIOB C  JPOCCEIBHBIM
pPETYIUPOBAaHUEM CKOPOCTH VAOOHO WCIIOJNIB30BaTh OTHOCHUTEIBHBIC IIEPEMCHHBIC
BEITNINHBI:

5}!. = oll/.ﬂn maxs En = Hn/Hn max; X = X{X max. (3.24)

ITpu 5TOM BETUYUHEL W, D, Hox, Hag B Pe IPHHUMAIOT IIOCTOSHHBIMH. I10CIIE ITOACTAHOBKH
BeIpaxkeHuit (1.73)—(1.76) B ypaBHenus xapaktepuctuk (1.71) u (1.72) momywarot
IPHOIMKECHHBIE, HO MPOCThIE M HALISAIHBIC YPABHEHUSA XapaKTEPUCTUK THAPOIPHUBOIOB C
JIPOCCEIIbHBIM PETYJIUPOBAHUEM CKOPOCTH.

ITpu mocnenoBaTENIbHOM YCTaHOBKE APOCCEIS

R - = 3.25
TpH Mapaentrol & _ < YT F (3.29)
o,=1—xVH, (3.26)

Vpasuenuss (1.77), (1.78) mO3BOIAIOT pacCYUTaTh M IOCTPOUTH 00OOIIEHHBIE
XapaKTePUCTUKH  JIPOCCEIBHBIX  THUAPONPUBOJOB. Harpy3ounble XapaKTepHCTHKH
v=D(H,) rugponpusoaa ¢ mociaeaoBaTeILHON YCTAHOBKOM apoccens (puc. 3.3, a) UMEroT
CIaJaroNui» BUI ¢ OONBIION KPYTH3HOHM B 30HE OOIBIINX 3HAYeHHH H,y. DTO cBHIeTe b-
CTBYET O CYIIECTBEHHOMN 3aBUCHMOCTH CKOPOCTH THIAPOJBHUTATEIISI OT BHEITHEH HArpy3KHu.
[Tomo6HBIE XapaKTEPUCTUKH HA3bIBAIOT «HEIKECTKHUMHU.

PerynupoBounble xapakrtepuctuku V,=®(x) rugponpuBoma (puc. 3.3, 0) HMEIOT
JUHEWHBIM Bua. OJHaKo claeayeT HWMETh B BHAY, 4YTO 3TO B 3HAUHUTEIBHOM Mepe
Uealu3uPOBaHHbIE XapaKTEPUCTUKH, OIpeAelcHHBIE IPH ITOCTOSHCTBE BeMuuH b,
Nav , Hamu M Pe. Onpenensroniee BIUSHAC Ha JTUHEWHOCTH PETYJIUPOBOYHOM XapakTe-
PHUCTHKH OKa3bIBa€T KOHCTPYKIHS 3alOPHO-PETYIHPYIONIEr0 3JIEMEHTa THAPOAPOCCEIs.
CrpeMaTcst K TOMy, 4TOOBI TUTOMNa b f IpoxomHor

Puc. 3.3 Xapaxrepuctuku 00beMHOTO THIPONPHBOAA C IOCIEI0BATEIHEHO
YCTaHOBJICHHBIM JPOCCEIIEM: @ - Harpy304Hast; 6 - pEryIHpOBOYHAS



CCUCHHUST HW3MEHSIACh TIPOMOPIMOHATIBHO PETYJIHPYIONIEMY BO3JICHCTBHIO X, T. €. K
b = const.

KpyrsHa «aneHus» Harpy304Hoi xapakrepuctuku V; = @ (Hy) ruapompusoma ¢
ImapajuieIbHO YCTAaHOBJIICHHBIM JpocceneM (puc. 3.4 a) 3aBUCHT OT CTCICHU
OTKPBITHSL €r0 IMPOXOIHOTO CEUYCHHS, COOTBETCTBYIOIIETO OTHOCHTEIILHOM BEIMIUHE
perymupyromero Bosaericteusd x. B 30ue 0,5 <x < 1,0 m 0 < H; < 0,5 ckopocTh y ru-
JIPOITPHUBOJIA C MApaILICIIBHOM YCTAHOBKOM APOCCENS CHIDKACTCS 3HAYUTEIbHES, YeM Y
THJIPOIIPUBO/IA C TTOCIIEA0BATEIbHON YCTaHOBKOM.
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Puc 3.4 . XapakTepucTHKH 00bEMHOTO THIPOTIPHBOA C MAPAILICIBIO YCTAHOATICH-
KBII IPOCCEJIEM: W — HAIrPyao4Hasi; 6 — pery;IMpoBoYHast

B3one 0 <x<0,5u 0,5 <H;<1 Hao00poT. PeryanpoBoyHble XapaKTEPUCTUKH Y= D (x)
THUAPOIIPHUBO/JIA C TTAPAJUIETHFHO YCTAHOBJICHHBIM JpoccenieM (puc. 3.4 , 6) IMEIOT BH/I,
OOpaTHBIN aHATIOTMYHBIM XapaKTePUCTHKAM THAPOIPUBO/IA C MTOCIICI0BATEIBHO
YCTAHOBJIEHHBIM JIPOCCENIEM.

Pacecmorpum KIIJI ruaponpuBoaa ¢ ApoCCeNbHBIM PEryIHPOBAHUEM CKOPOCTH. 13
COOTBETCTBHM C TMPHUHATHIM TMoHsATHEM obmiero KIIJ rugponpuBoaa

n = NiNn (3.27)

rae Ny u Ng — MOIIIHOCTB Ha BBIXOJIHOM M BXOJIHOM 3BEHE THIPOTIPUBO/A.

M3BeCcTHO, YTO MOIIHOCTH CHJIbI pPaBHA CKaISIPHOMY MPOM3BEACHUIO 3TOM CHJIBI Ha
CKOPOCTh TIEpEeMEIICHHUS TOUKH e puiiokeHus. B paccmarpuBaemom cirydae Ny = ViHq 1
NH = VBHH.

ITpUMEHHUTENBEHO K THAPONPHBOAY C IIOCIEIOBATENFHO YCTAHOBIEHHBIM JIPOCCETIEM
cornacHo popmymnam (1.28) u (1.31) npu  ps =p,,

Ug = Qn/(‘?u"ln 0); Hn = qll (pn _ Unpn)/nn. M (328)



[Mpunsareie Bepaxenwust (1.76), (1.73) u (1.74) i1 OTHOCUTEILHBIX BEIMYHMH MTO3BOJISIOT
3aIUCaTh MPH Py = P
_ — (3.29)
Uy = UyQaNr. of §us Hn = Huln (Pr — OzPe) Mg ne-
Jns paccMmarpuBaeMoro rugponpuBoja (cM. puc. 3.4, a) MOXHO NIPUHATh GuPs = OxPe.
Tlomawie KIIJ] Hacoca my ruapoaBuraTens 1y cBs3adbl ¢ yacTHeIME KIIJ[ 3aBHCHMOCTSIME
(1.36). Ilocine MOACTaHOBKH M alreOpandecKuX IMPeoOpa3oBaHHM MOIYYUM CICAYIOIICE

BeIpaxkeHne s obmero KIIJI ruapomnprBoga ¢ MOCIEIOBATEIBHO YCTaHOBICHHBIM
JpoccerieM:

1= 5yt (3:30)

Jns rumponpuBoAa ¢ MapalyieIbHO YCTAaHOBICHHBIM JPOCCENeM

IIPHA Pu = Pa
v = Qaf(GuMs. o) Hx = gal(Pn ~ OuPs)/Mn. wi (3.31)

Oy = 03QuMy, o/ Hux = 4n (Pa — OuPo) Nz - (3.32)
Hns obmero KI1J] rumponprBoia ¢ mapaielbHO YCTaHOBIEHHBIM POCCENEM

fn= ﬁﬂthn_ (3.33)

W3 BeIpakenuii (1.79) u (1.80) MOKHO BBIIECIUTH YaCTh, OTPAXKAIOIIYIO IIOTEPH SHEPTUU B
npoccene u kinamade. st atoro BBeaem noHstue KIIJ m, ammapaToB ruapoIpuBoaa ¢
JIPOCCEIBHBIM peryJInpoBaHueM ckopoctu. [Ipu sTom
(3.34)
N = Ma"ls"a-
st runpornpuBoma ¢ TMOCIEAOBATENBHO YCTAHOBICHHBIM JPOCCEIIEM

gj =10 5]
' oF
52 /"’ 06

6,1 =T 0,41

N

L }I=£f,f

7 6,2 g4 06 48 H,

Puc. 3.5 . Xapakrepuctuku KI1/] annaparoB ruiponpuBo/ia ¢ nocie10BaTeIbHO
YCTaHOBJIEHHBIM J[pOCCEIeM

C HapaJ]ﬂeHBHO YCTaHOBJ'ICHHBIM I[pOCCCHeM
m=d=1_%VT. (3:36)

o

AHaM3 XapakTepUCTHK Na = D (Hy) (puc. 3.5), paccuutanubix 1o (opmysie (1.82),
TIOKa3bIBaCT, YTO MakcumaibHoe 3HaueHne KIIJ] ammaparoB (poccens W KiarmaHa) mpu
TIOCIIC/IOBATENIbHOM YCTaHOBKE Jipoccenist Ma = 0,385 mpu x = 1 u Hp= 0,667. Ilpu
OCTaJIbHBIX 3HAYCHUsIX X U H; BelMMunMHa Ma CYIIECTBEHHO HIKE. [IpHuMHON CIy>KUT
MOCTOSIHHOE TEYCHHE IKUAKOCTH 4Yepe3 HaNOpHBIM KJamaH Ha CIHB IpU
MaKCHUMaJIbHOM JIaBJICHUH.

KIIJ] armapaTroB B rMIpONpUBOJIE C MapayUIeIbHOM YCTAaHOBKOM JIpOCCemsi HECKOJIBKO
BBIIIE, HO TOJBKO B 30He X<0,5uH ;<0,5 (cm. puc. 34, a). IlpyunHa morepb
SHEPIUM — MOCTOSTHHOE TEUCHHUE YKUIKOCTH M3 HAIOPHOW JIMHUH Yepe3 POCCEITh Ha CITUB
NIPY TIEPEMEHHOM JIaBJICHUH.

W3 anami3a XapakTepruCTHUK THIPOITPUBOIOB C IPOCCETBHBIM PETYIMPOBAHUEM CKOPOCTH
MOXKHO CJeJlaTh BBIBOJl O IIEIECOOOPAa3HOCTH TIPUMEHEHHS WX TIpH  HEOOJIBIION
MOIIHOCTH ITOJIBOMMO# Hepruu (He 0osee 5 kBT).



3.2 MammHHoe peryjaupoBanue ckopoctu B I'TIC

Yarme Bcero Ui MalIMHHOTO PETYJIHPOBAHMSA CKOPOCTH B THAPOIPHBOIAX HCITOIB3YIOT
peryaupyeMbie HAacOCHl M HEPEryJIUpYyeMble THAPOIBUraTeNid  (THIPOMOTOPHI WU
TUIPOIIHHAPEI). M3BecTHO

7 2 J & X
f‘fnx* ; r77_7;i7/_’_"<] ,_/ ﬂ,/ - Ha
A e Wiz
Vi R ) s —-—— N 7 g

Puc. 3.6 YnpoueHnHasi cxeMa THAPONPHBOA ¢ MAINMHHBIM PeryJHpoOBaHHeM CKOPOCTH

1 IPUMEHEHHE HEPETYIMPYEMBIX HACOCOB U PErYIIMPYEMbBIX THIPOMOTOPOB. PerypyemMbie
HACOC U THIPOMOTOP B THPOIPHBO/IE UCITONB3YIOT peako. Ilocmentuii BapuaHT HO3BOJISIET
PaCIIMPHTH JUAIa30H PEryIMPOBaHKs CKOPOCTH THPOIPHUBO/IA. Bee ciryyan mpuMeHeHust
PErYIMPYEMBIX THAPOMAIIMH OOECIIEUMBAIOT 3HAYMTENILHO Oosee BoIcokuil KIIJI mo
CPaBHEHHUIO C JPOCCEIBHBIM PEryJIMPOBAHUEM CKOPOCTH M 3HAYMTEIBHO MEHBIIIECE
M3MEHEHHE CKOPOCTH BBIXOIHOIO 3BEHA IPH KOJEOAHMSIX Harpy3kd. PaccMoTpuM, uem
00€eCeYnBarOTCs YKa3aHHbIC CBOMCTBA.

Ha puc. 3.6 mokaszansl ynpoIeHHas: cxeMa 00BEMHOIO THAPOIPHBO/IA BpallaTeIbHOTO
JIBW)KEHHS C 3aMKHYTBIM IIOTOKOM JKHIKOCTH M OOECUMH DPEryIMpPYEMBIMH
ruapoMarmHaMy. Ban Hacoca 1 Bparmaercss OT HPUBOAHOIO JBHraress (Ha cCXeMe He
rokasan). Ban rupomoropa 4 nprBoyT BO BpallieHHe pabourii OpraH MalMHbI (Ha CXeMe
He mokasaH). Hacoc M THapoMOTOp COEQMHEHBI MEXKIY COOOM TPyOOIpOBOIAMH, a C
Mac/IIHBIM OakOM — OOpaTHBIMM KJIamaHaMH 3. TpyOOIpoBOABI  COEOMHSIIOTCS
MIPEIOXPAaHUTEIBHBIMI KiaanaHamu 2. OO0 TUapOMaIIiHbl aKCHATIBHO-TIOPIIHEBOrO THIIA
PETYIMPYIOTCS M3MEHEHHMEM HAKJIOHA OMOPHBIX a0 COOTBETCTBEHHO HA Yroji Xy U
X1

bnaromapst 3ToMy U3MEHSIFOTCS y/IelIbHbIE padoure 00beMBI Hacoca O M THAPOMOTOpa .
[Tpn yrimax moBopoTa Xrmax Xmex 10 0,4 pag MOKHO C TPHUEMIIEMOM TOTPEITHOCTHIO
NPUHSATH

9 = (9 o/ X5 max) ¥} G = (Gx max/Xn max) ;tn. (3:37)

M3meHeHneM yaeabpHOro pabodero oobema (y Hacoca Peryarpyercs Moaada >KUIKOCTH B
THJIPOMOTOP M COOTBETCTBEHHO CKOPOCTh V7 €ro BbIXOAHOrO Baia. Ilpu m3meHeHHH
yIEIBHOro pabouero odbema <?,, THIPOMOTOpPA CKOPOCTh M BBIXOIHOIO Bajla TaKXKe
u3MeHsieTcs. JIJI1  YCTAaHOBIIGHMS CBS3M MKy BEIMYMHAMU Vg W (y Wid (g
BOCIIOJTb3YeMCsl YPaBHEHHEM PacXoI0B JKUIKOCTH B HAMIOPHOM YaCTH TUIIPOITPUBOIA

Ialy = qutx — AQ, (3.39)

e AQ — cymMapHBIe 00bEMHBIE TIOTEPU B HAITOPHBIX MOJIOCTSIX MAILMH K
TUpoaniaparax.

Vpasaenue (1.113) 3amicano Ha OCHOBaHMM TOTO, YTO MAcalbHAasd nogada Hacoca Quu =
0rVH ¥ UIICAIBHBIN pacxof uepe3 THapoMoTop Quu = Q;Vy7 IpU HEPa3PLIBHOCTH ITOTOKA U
YCTAHOBUBILIEMCS PSKIME

pabOThI THIPOIPUBOAA (CKOPOCTh U HArPY3Ka IMOCTOSHHBI) OTJIMYAIOTCS OHMH OT IPYTOro
CYMMapHbIMH 00beMHBIMHU MToTepsamu AQ:

AQ = AQq + AQ, + AQ,, (3.39)

rme AQn, AQa m 4Qn — o00beMHBIE IOTEPM B HAcOCe, THpoanmaparax H
TUIPOJIBUTATETIE.

OCcHOBHYIO 4acTh 1oTeph AQ B paccMaTprBacMOM THIPOIPHUBOIE COCTABIISIOT YTCUKU U
MEPETEUK JKMIKOCTH uepe3 IIeIM MEKAYy TOABIKHBIMUA JETaIsIMH  HAcoca,
THIpOAIIapaToB W TUApoaBHTareis. TedeHne pabouedl KHIKOCTH B IICNSIX, Kak
MpaBUJIO, JaMuHapHoe [3, 27], mo3ToMy B IIEpBOM HpHOMKeHNH MoTepd AQ MOXKHO
CUMTATh MPOIOPLMOHATGHBIMA CPEIHEMY JABICHUIO Pran JKUIKOCTH B HATIOPHOM YaCTH

TUAPOIpHUBOIA: 3.40
AQ = kyPupn, 340

rzae K, — Koa(dHUIMEHT CYMMapHEIX yTeUeK U MEPETEUEK.

[Ipencrapmsiercs Tak:ke BO3MOKHBIM 110 (hopmysie (1.29) mpuHSTh IpUOMKEHHYIO CBSI3b
MEXIy CPEIHHUM JABJICHHEM B HAIIOPHOM YacTH THAPOIPHBOJA M BHEIIHEH Harpy3KoM
Hj; Ha tupoiBUTATENh B BUJIC



(3.41)
Pasa = Hy/(@n"a. u)-

B cooTBeTcTBHM ¢ IPUHSTHIMU BhIpaKEHHSIMH ToTydacM 3 ypaBHeHus (1.113) oOree
YpaBHEHHUE PErYJIMPOBOYHON M HArPY304HOM XapaKTEPUCTUK OOBEMHOTO THAPOIPHBO/IA C
MAIIMHHBIM PEryIMpOBaHUEM CKOPOCTH (3.42)

Un = Oun/Gu — RyH 2 /(G3Nx. v)-
Jna  ymoOctBa  rpadHMuecKoro  H300pakeHHMs W aHaM3a  XapaKTEPHCTHK
paCCMa”[pI/IBaeMOFO THAPOIIPHUBOAA BBCACM OTHOCUTCIIBHBIC.BEJIMY N HBI

Fx = Yn/tnmaxi Ty = Xp/lpmexi (3.43)
O = Uy/Uy, nows Hy = Hy/Hy, nou: (3.43)
B kauecTBe HOMHHAIIBHBIX CKOPOCTEH BBIXOIHOTO 3BEHA U BHEILIHEH HATPY3KH MPHMEM
Uy mou = Dap mux/Jx ouex B _ (3.44)
Hy, sou = Gy maxPr. mou"z. - (3.45)

Homunaneaoe paBneHne Pjuow KHAKOCTH B THAPOJABHIATEIIC, YITIOBYIO CKOPOCTH Vi
MPUBOAHOrO Bajla Hacoca W Mexanmueckuid KIIJI Mgy TeapomBuraresrst IpHHAMAEM
(bukcuposanaeM. Jlanee mno ypasHenuro (1.114) ¢ yuerom 3asucumoctd (1.112) u
MPUHATBIX BBIPAKSHUM I OTHOCHUTEILHBIX BEIMYMH BBIBEIEM YpaBHEHHE XapaKTe-
PUCTHK THIPOIPHBOAQ B MAIIMHHBIM PETYIMPOBAHMEM CKOPOCTH B OTHOCHTEIIHLHBIX
BCIIMYHNHAX: (3.46)

Bo. mou = RyPy, mou/(Vnlx max):

'€ €o.nov—HOMHMNHAJIBbHBIC OTHOCHUTCIIBHBIC 00BbEMHBIE IIOTCpH,

(3.47)

Va ' I f T
| IR/

Puc. 3.7. PerynupoBouHblE XapaKTEPUCTHKU THIPOIPHBOAA C
MalIMHHBIM PEryJIUpOBaHUEM CKOPOCTH



Ha puc. 3.7 mokaszaHbl peryaMipOBOYHBIC XapaKTEPUCTUKH THIAPOIPHUBOJA C
MAIIMHHBIM PErYJIMPOBaHUEM CKOpocTd V; = @ (X, /x;z) TpH PasIdIHON
OTHOCHTEJILHOM BHEIIHEH Harpy3ke M IOTepsaX &momw = 0,15. B 30HE
perymmpoBadusa Hacoca 1,0< xz < 1,0 perynupoBOYHBIC XapaKTEPUCTUKHA UMEIOT
NpSAMOJIMHENHBI BuA. B 30He perymaposanus ruapomotopa 1,0 > x, > 04
3aBUCMMOCT,  V;, = @ (x;) wHemmdelinag. Ilokasannele rpaduku
CBHJICTEIILCTBYIOT O CYIIECTBEHHOM (B 2,5 pa3a) pacIIMpeHHH Iuana3oHa
PETyIMPOBaHUS CKOPOCTH BBIXOAHOTO 3BE€HA THAPOIPUBO/IA.

J1s peryampyeMoro rmpoMoTopa JMara3oH M3MEHEHHs1 padouero odbema D=
Ozmax/Qzmin 0OBIMHO He mpeBbiiacT D7 = 3,5. Bonbive 3Hayenusa Dy HelpreMiIeMsl
Benenacreue peskoro cHrbkenws KITJ] rumpomoropa. Ilokasannbie Ha rpadukax
YUacTKd KpPYTOTO TIAJICHWS XapaKTEepHUCTHK CBS3aHbI CO cpabaThIBAaHHEM
MIPEIOXPAHUTEIBHBIX KilaraHoB. OTHOIIEHHE MAKCUMATBHOTO JABJICHHS KHUIKOCTH
(maBneHWE HACTPOMKK  KJlalmaHa) K~ HOMHUHAJILHOMY B JaHHOM  ClTydac
Py max/Po.nom=1,4.

Ha puc. 3.8 usoOpakeHBl Harpy304HbIC XapaKTCPHUCTUKH THAPOIPUBOAA C
MalIUHHBIM perynupoBanueM ckopoctd Vq = @ (Hp) npu Bo.Bom = 0,15 n
Pa3IMYHBIX TapaMeTpax PEeryMpoBaHUs X|Xn. XapaKTEPUCTUKH OTIAYAIOTCS OT
AQHAJIOTUYHBIX Yy THAPOIPHBOJIA C JIPOCCEIILHBIM PETYJIUPOBAHHEM Majlon
KPYTHU3HOM TajieHust ckopocTr O BEIXOIHOTO 3BE€HA TIPU YBEIIMYCHUN HArPY3KU
H,. 3oHa kpyroro mageHus (00phIBa) XapaKTEPUCTHK CBA3aHA CO CpadaThIBAHHEM
MPEIOXPAHUTENHHOTO KJTAIaHa MPU Po.max=1,4 Po.om.
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Puc. 3.8 . HarpyBouHble K ap aKkTe pUCTUKU THIPOTPUBO/IA C MAITMHHBIb
PEeryJIUpOBaHUEM CKOPOCTH



PaccmoTrpuM, kak mepemaeTcs MomHOCTh u oneHmBaeTcs KIII rumapompuBoga c
pPETYIIMPYEMBIMH THAPOMAIIMHAMHA. MeXaHWdecKass dHEpThs ITOJaeTCs HAcoCcy OT IIpH-
BOJHOTO ABHUTATENSI depe3 BXOJHOE 3BEHO — Bay Hacoca. MomrHocTh Ng Ha BXOIHOM
3BEHE HACOCa M3MEPSCTCS MMPOU3BEIACHIUEM KPYTSIIEro MOMEeHTa Hy Ha yTIoByrO CKOPOCTh
VH (cM. maparpag 1.3).

IIpenenpHOE 3HaYeHME MOITHOCTH Np. ;p Ha Bay HAcoca 3aBHCHT OT MaKCHMAaJIBHOTO
IaBlneHUS Pyax JKHMAKOCTH B HANOPHOM TIOJOCTH, COOTBETCTBYIOIIEIO HACTPOMKE
MPEIOXPAHUTENBHOTO KiTanaHa (1mo3. 2 Ha puc. 3.7), ¥ mapameTpa peryInpOBaHHS X,:
N op = Uas max®e (Pmax — OuPa)- (3.49)

3uauenne Npam cOOTBETCTBYET X¢ = 1,0, HyneBoe 3HaueHue MOIIHOCTH Ng — x; = 0.
TaxoBa 0COOCHHOCTH OTOOpa MOIIHOCTH PEryIUPYEMBIM HACOCOM OT IPHUBOJHOIO
JIBHTATEJ.

DHeprus OT Hacoca K THAPOABUTATENIO MepeaaeTcs JKHAKOCTBIO, IepeMelaeMoi Mo
JasinenueM. Ilpu 3TOM HMeEIOTCS OOBEMHBIC W THAPABIMYECKHE IIOTEPH DHEPTHUU.
OO0beMHBIE TIOTEpH B HACOCE W THUAPOJBHUTATENE YYWUTHIBAIOTCSI B COOTBETCTBHH C

Ny = UsGa (Pn ~ Oule}/Mn. u- (3:50)

BoIpaxxeransmu (1.31) u (1.32) wactabimu o6beMubiMU KT Tlh.0 1 %,,:
va = Qu/(@atla. o) (3.51)
%% = Qufly, o/da- (352)
OO0BeMHBIC TIOTEPH B THUApOANTIapaTax, HaxXOSIUXCS MO MyT* KUAKOCTH U3 HAcOca B

THIPOABUIATENb, HANpPUMEP B KIAMaHaX, LEJecooOpa3sHO TaKKe YYUTHIBATh
nocpeactsoMm oobemuoro KI1J ruapoanmapatos T, ,,. [Ipumem

M. o = Qa/Qn. (3.53)

I'mapaBarYecKue MOTEPU DHEPTUU IPU TCUCHHM JKHUAKOCTH B THAPOJUMHHUSAX M KaHajdax
THPOAMIAPATOB MPHHSATO ONPEAESSTh 1Mo hopmyie (1-58):

Y. s = (Pg —~ OxP0)/(Pu — OnPs)- (3.54)

Jl1s HacocoB U THAPOMOTOPOB POTOPHOTO THIIA ds = d, = 1. MomHocTh Ny, pa3BuBacMas
TUAPOABUIaTCIIEM HAa BBIXOJAHOM 3BCHE,



paBHA MPOU3BEACHUIO CHJIBI WM MOMEHTAa CHUIIBI S, Ha JTUHEHHYIO WM YTJIOBYIO
CKOPOCTh Y, BBIXOAHOTO 3BeHa. C yueToM Beipaxkenus (1.29) umeem

Ny = 085 (Px — OzP2) N w- (3.55)

Hpeﬂeanaﬂ MOIIIHOCTH NR- npy Pa3BUBAacMas THAPOABHUIATCIIEM, 3aBHCHUT OT
MAaKCUMAJIbHOI'O JaBJICHUS PBI/IX, KHUJIKOCTH B HaHOpHOﬁ IIOJIOCTH, IIapaMETpa
peryjaupoBaHus x, 1 CKOPOCTU Yy — yI[TaXAIL JBHXXCHHUS BBIXOIHOI'O 3BCHA:

I 3.56
Ny op = Un maxn max TnXx (Pmax — OnP0) Mg, meo ( )

BrIpasum cymMapHBIE IOTEPH PHEPTHH B 00bEMHOM THIAPOIIPUBOA< ¢ MAITHHHBIM
peryJIupoBaHUEM CKOpOCTH IocpeAcTBoM obmiero (mosrHoro) KITJ. ITox oGurum
KIIJI rumpompuBoAa pacCMaTPHUBAEMOI0 THIIA TOAPAa3yMEBACTCS OTHOIICHHE
s¢hdexkTrBHON MOIIHOCTH Na Ha BBIXOJHOM 3BEHE THIPOJIBHTATENS K MPUBOIHON
MorrHocTH Nk Ha BXOJHOM 3BEHE Hacoca IpH YCTAaHOBHMBIIEMCS peXuUMe PabOTHL,
T. € MPY MOCTOSIHHOM CKOPOCTH Y, Y IIOCTOSIHHOM HArpy3ke Hy:

Mo w = Ny/Na. (3.57)

ITyTeM TNOACTaHOBKM B 3Ty (GopMyly BenwmuuH u3 ypasHenuit (1.117), (1.119),
(1.118), (1.58), (1.31) u (1.32) momyuum obutuit KI1/] runponpuroia
M. o = Ta. ulx, oMr. _a"la. oM, wTn. o-

Bripaxxenne (1.120) MOXXHO 3amucaTh B COKpAICHHOM BHAE, €CIH Yy4YecTh
dopmyner (1.37) mms KIIJl Hacoca Ny ¥ rmapoasBuratenas N, u BBectu KIIJ
TUAPOAIapaToB U THIPOIHHAN

(3.58)
Na = M. a%a, o-
B pesynprare momyuum dopmyny obmero KII/ ruaponpusona B Bume
Mr. o = TNeMatln- (3-59)

Ananu3 BeanunH KIIJ] Hacoca Ny u ruapoaBurateiis Ny JaH panee. Ha puc. 3.7, a,
6 TIOKa3aHbl MIPUMEPHBIE 3aBUCUMOCTH Ny = @ (pu) 1 Ny = D (Vy). 3HaUeHHE Nra
packpsITo B hopmyinax (1.42)—(1.44).

Pa3Beprem nononautesbHO Gopmyny (1.118) mis BenuuuHbI Ny Pacxonm Q, uepes
TUAPOJBUTATEIb OYIEeT OTIMYAThCA OT moaayu Qm Hacoca yTeuKaMH JKHUIKOCTU B
rugapoanmapatax AQa:

3.60
Qn == Qn - AQ&- ( )

OTtHocHTENbHBIE 00BbEMHBIC TIOTEPH B THIPOATIIapaTax
ee. o = AQu/Qn, (3.61)

toraa ¢ yaetroM dopmynsr (1.118)
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Puc. 3.9 .Cxema OByXIIOTOYHOH THAPOMEXaHUYECKON TIepeaadu



o= 1—2 o (3.62)

VTeuku KUAKOCTH B TUIpOANIapaTax OnpeesatOTCss SKCIEPUMEHTAIBLHBIM TyTeEM
WA PaCCUMTHIBAOTCS ITO U3BECTHBIM M3 THIApaBIUKH Gopmynam [3, 8, 27, 35].
HocrtoBepubiit  cnocod omnpenmenennst KIIJ[ ruapompuBoga — CTEHIIOBEIC
ucnbiTanuss. HomuHanpabie 3HadeHus oomero K11 o0beMHBIX THAPONPHBOIOB C
MAIlIMHHBIM PETyJIHPOBAHHEM CKOPOCTH JIeKAT B mpeaeiax N = 0,65...0,85. Ot
BEJIMYMHBI 3HAYUTEIBHO BBINIE, YeM Y THIPOMPHUBOJOB C JIPOCCEIBHBIM
pPEryIupoOBaHKEM CKOPOCTH (CM. 1. 1.6), MO3TOMY [j1s1 00BEMHBIX THAPOIPUBOIOB C
HOMHHAJIBHOH MOIIHOCTBIO Oojiee 5 KBT NMPHUMEHSIOT, KaK IMPaBHIIO, MAIIMHHBII
CHoco0 peryIrupoBaHus CKOPOCTH.

[Ipu 3HAYUTENBHBIX MOIIHOCTSIX MPHBOAOB THAPOGMUIMPOBAHHBEIX MalllMH (0ojce
50 xBT) Bo3HmKaeT mpobiema mobimeHus KIIJ o6bemMubIx mpuBomoB. OnHO u3
HaIlpaBJICHWH pEIICHHS JTOH MpOoOJeMBl — COYETAaHHWE THAPABINYCCKOH U
MexaHudeckoil mepenad. B kauecTtBe mpumepa Ha puc. 3.9 mokazaHa cxema
JIByXIIOTOYHOW THAPOMEXaHWYECKON mepenadd. Takue mepejadyd MpUMEHSIOT Ha
TPAHCIOPTHBIX MaIllrHaX. [IpUBOASIIMM JBUTATEIEM Y HHX OOBIYHO CIIYKHT
JBUTaTe)Ib BHYTPEHHETO CropaHus, pabourM OPraHOM Y HAa3eMHBIX TPAHCIOPTHBIX
MallliH — KOJECHbIE WM TyCEHWYHBbIC JBIDKUTENH. BxomHoi Bam 1
THJIPOMEXAHUYECKOM TIepefayd COCIUHSIETCS C MPUBOMSIIUM JIBUTATEJIEM,
BBIXOAHOHM Bal 8 — ¢ pabouuM opraHoM MamuHEL IloTok 3Hepruu or Baia 1
pacopenenseTcs IO THAPOIPHUBOAHON M MEXaHHYSCKOH IWMHHAM. [l 3alIuThI
THAPOCUCTEMBI OT TIeperpy3KH MpeIyCMOTPEHA KilaaHHast KopoOka 4.

0y = vg + 2og/is, (3.63)

e j, — MepeaaToqHoe YUCiIo 3youaroi nepemnaqn 6.

Ban Hacoca 3 mpuBOIUTCS B ABIDKCHHE Uepe3 3y0uaTyro nepegady 2. I'mapomorop
5 cBsi3aH ¢ HAacocoM 3 TPyOOIPOBOAAMH, MEPEAAOIIMMH MTOTOKH KHAKOCTH. Bai
THPOMOTOpA 5 TepeiaeT IBIKEHNe K paboueMy opraHy uepes 3y04aryro rnepeaady
6. Ilpsmoe nBrokeHue Bajga / CyMMHpPYETCs (BBIYMTAETCS) C JBMIKCHHEM Baja
rugpoMoTropa 5 mocpeAacTBoM 3yOuaroro auddepeHIHaNbHOr0 MexaHu3Ma 7.
KunemaTtuueckass CBS3b MEXIY CKOPOCTHIO Vg BEIXOJHOI'O Bajla 8, CKOPOCTBIO Vp
IIPUBOJHOIO Baja 1 ¥ CKOPOCTBIO Vy Balla THAPOMOTOpa 5 UMeeT Buj

IIpu v, = const BenuunHa V, U3MEHSIETCS B pe3yJibTaTe PEryJIHMpOBaHUSI CKOPOCTH

Ya. B cBow ouepenb, CKOPOCTh Vj, BKIIOYas PEBEpCHPOBAaHWE (M3MEHEHHE

HampaBlieHUS  BpAIlleHWss © COOTBETCTBEHHO 3HaKa V), peryJupyercs

YIPaBISIONINM BO3IEHCTBHEM X, HAa HacocC 3.

[ToTok MexaHHUYECKOW PHEPrUU Ha BXOJHOM Bally pa3BETBIISICTCS Ha JIBA.
NHENH-I_NQ’ (364)

rae Nn — wmomrHocTh Ha BxogHOM Bainy 1; Nw — MOIIHOCTH Ha BXOJiEe MPSAMOI

MeXaHW9IeCcKOil BeTBHU; Ny — MOIIIHOCTH Ha BXOJHOM BaJly Hacoca.

OddexturHas  MomHOCTh  Np  Ha  BBIXOJHOM  Bajly  JBYXIIOTOYHOMH

THAPOMEXAHWUECKOW TIepeaud paBHAa CyYMME MOIITHOCTEH, Pa3BHBAEMBIX

MEXaHUYECKON U TUAPONPUBOIHOM BETBIMU:

Nn = Nu‘nu + Nn'rlr. o» (3-65)

rae Ny — KIIJI mexannueckoit BeTBy; Nrin — KIIJI ruaponprBoaHoil BETBU.

Db dexT CHIKEHHUS MOTEPh SHEPIHHU B JABYXIIOTOYHOM TMAPOMEXaHMIECKON Tiepeade 1o
CPaBHEHUIO C OIHOTIOTOYHBIM THIPONPHBOIOM IOCTHTAETCS Oiaromapsi TOMY, 4YTO
KII mexanuueckoit nepenauu Boiie KIIJI runponpusosa.

Hamuue muddepeHnmansHoro Mexanusma / B pacCMaTpUBaeMON THIPOMEXaHUYECKON
repeaaye MpeacTaBIsieT co00M ONpeieIeHHBI KOHCTPYKTHBHBIA HEIOCTATOK, TO3TOMY
pa3paboTaHkI IBYXIIOTOYHBIE THAPOMEXaHUIECKUE Tiepenadn 0e3 auddepeHImaIbHoro
MEXaHU3Ma.



3.3 Oco0eHHOCTH PeryJIMpPOBaHUsI CKOPOCTH B THEBMOCHCTEMAaX

CpoiictBa pabodell cpeapl THAPO- M ITHEBMOIIPUBOAA CYIIECTBECHHO
pasnuyaroTcs. [a3pl oTimdYaroTcs OONbIIeH CKUMAaeMOCTBIO, YeM KallelbHBIC
JKUIKOCTH. J[71s mpuMepa COMOCTaBHM JIOKaJIbHBIC MOIYIHM YIPYTOCTH pabOuuX
cpen. Y KHUIKOCTEH, MPUMEHAEMBIX B THAponpuBoAax, Ex = 1400 ... 1900 MIla, y
Bo3ayxa Ep = Kp, uTo mpu mokasarene aarabaTHOro mpoiecca K = 1,4 u maBiaeHuu
Bo3ayxa p = 0,2 ... 0,6 MIla cocrasnser E, = 0,28 ... 0,84 MIla. Kak Bumuo,
pa3HHIIA MKy 3HAUCHUSIMH Ex v Ep BecbMa CYIICCTBEHHASL.

Pabounii nmporecc B 00bEMHOM MaIlIMHE 3aBHCHT OT CKMMAeMOCTH padoueii cpebl.
C)XMMaeMOCTh Tra30B  HCKJIIOYAeT BO3MOXKHOCTh IPHMEHEHHS MAIMHHOTO
(obbeMHOr0)  crmocoba  peryiaupoBaHus — ckopoctd — mpuBoja.  CKOpOCTh
MTHEBMOIIPHUBOIOB PETYIHPYETCS TOJIBKO APOCCEIbHBIM MM CTPYHHBIM CIIOCOOOM.
[Ipy 3TOM MPEHMYIIECTBEHHO MPUMEHSIOTCS B ITHEBMOIIPHUBOIAX TYpOYJIEHTHBIC
JIpoccend. JlJaMiMHapHbIE HCITONB3YIOT B MAJIOMOIIHEBIX YIIPABISIOIINX YCTPONCTBAX.
C MOMOIIBIO PEryIupyeMoro APOcCCeNs M3MEHSIETCS PacXol ra3oB OT MCTOYHHKA
SHEPrUH K OOBEMHOMY JBHIaTeli0. B 3aBHCHMMOCTH OT YyKa3aHHOIO pacxoja
HM3MEHSETCS CKOPOCTh IBIKEHHUS BHIXOJHOTO 3BEHA ITHEBMOJBUTATENA. Beiencrare
BBICOKOM CXKHMAaeMOCTH Ta30B IIEJIECOOOpPa3HO NpH pacueTe ITHEBMOIIPHUBOIOB C
JIPOCCENBHBIM PETYIHPOBAHHEM CKOPOCTH TIOJIB30BaThCS TOHATHEM MAacCOBOTO
pacxofia gepe3 Ipocceb.

Amnanutndeckas CBSI3b MKy 00beMHBIM pacxoaoM Q u MaccoBbIM pacxoaoM G

G = pQ, (3.66)

Tae p — IUIOTHOCTH paboueii cpebl.

[110THOCTE p Ta30B B Pa3IMIHBIX CCUCHUAX MTOTOKA HeoauHakoBa. OHA 3aBHUCUT OT
JIaBJICHUS M TeMIIepaTyphl ra3oB. B cooTBeTcTBHHU ¢ ypaBHeHUeM Kianeiipona [29,
30 ] MOXHO IJI HAYAJIBLHOTO W KOHEYHOI'O CCUYEHHIH pacCMaTpHBAEMOro y4acTKa
IIOTOKA 3aIlliCaTh YpaBHCHHA COCTOAHUA UACAJIbHBIX I'a30B (3 67)

Po = PoRTy; p = pRT,

rae Po 1 p — JgaBjaeHUs B HAYaJIbHOM M KOHEYHOM CEUEHHUSIX MTOTOKA I'a30B; Po U P
— IUIOTHOCTH T'a30B B HAYaJbHOM M KOHEYHOM cedeHusx; To u I — abcomoTHas
TeMIIepaTypa ra3oB B HA4YaJIbHOM M KOHEYHOM CEUYCHHSIX IOTOKa, R — yaenbHas
rasoBasi ToOCTOssHHas. BenmnunHa R dmciieHHO paBHa paboTe, coBeplaeMoi
HJeallbHBIM Ta30M Maccou 1 kr mpu m3o00apHoM HarpeBanuu Ha 1 K. Jlns cyxoro
Bo3ayxa R = 287 JIx VY (xr-K).

®du3ryeckas KapTHHA MPOLIECCOB B TYPOYJIEHTHOM JIpOccelie TIoKa3aHa Ha puc. 3.9 u
ommcaHa Bbime. K W3I0KEHHOMY ClenyeT J00aBUTh, YTO U3-3a MaJou
MPOTSHKEHHOCTH TYpPOYJIEHTHOrO APOCCENsS MPOIECC pPacCIIMpPEHUs Ta3oB IpU
mepexojie M3 BXOJHOTO KaHalla 4epe3 IPOCCEIUpPYIONIee OTBEPCTHE B BHIXOMHOM
MpUHUMAETCs afguadaTHRIM (0e3 TeII000MeHa C OKPYIKAIOIUMH CTEHKaMHU). Y paB-
HEHHE TaKOTO IpoIlecca WAcaTbHOr0 Ta3a MPUMEHHUTEIHLHO K HaYaIbHOMY (MHICKC
0) 1 xoHeuHoMYy (0€e3 MHZEKCa) CEUCHUSIM IOTOKA B TYpOYJICHTHOM APOCCENie HMEET

By [40] 3.68
pJps = plpt, (369

rae k = 1,4 — nokasaTens aguabaTHOro mporecca.

Jlis  BbIBOJA ypaBHEHHMS TEYEHHS Tra30B dYepe3 TypOYJIEHTHBIH  Jpocceib
BOcHoB3yeMcst ypasHenrieM (1.14) W BeIIEJMM TpU CEYEHMS [MOTOKA B JpOCCEdIE:
HavajbHOe (mHIeke 0) Bo BXOJHOM KaHaie, cpefHee (MHuekc C) B ¢KaTOM CeUCHHU
chopMHUpOBABITIECHCS CTPYH U KOHEUHOE (0€3 MHIeKCa) B BRIXOJHOM KaHaJle IPOCCEIIs.
[IpuMEeHHUTENBHO K YKa3aHHBIM CEUCHUSIM O€3 ydeTa HECYIIIECTBEHHBIX IPABUTAIIMOHHBIX
YIECHOB MOJIyYUM CIIEAYIOIIME YPAaBHEHUS yICIbHON MEXaHUUECKOM SHEPTUH ITOTOKA:

=_k _ P L
Qg = P —1 p. + Sy g (369)
__k _p “ . 3.70
% =TT po T % 7 (3.70)
UL u* (3.71)

G=3=1 5 T3

Pa3anmia Mexay ynenTbHBIME MEXaHMYECKUMH SHEPTHSAME B BBIIEICHHBIX CEYCHHSIX
MOTOKAa CBS3aHA C THAPABIMYECKVMH TOTEPSMH, KOTOpBIE B COOTBETCTBHH C
MIPUHIAIIOM JWHAMAYECKOTO MOJO0OWS TPHUHATO BBIPAXAaTh B JONAX YJIEIbHOU
KUHETUYECKON DHEPTUU:

ap — a5 = Lotie/2; (3.73)
G — @ = {plcf2,



e & u §, — K03 OHULMEHTEI TOTEPh YAEILHON MEXaHUYECKOM SHEPIHM IIPH PE3KOM
CY)KEHHU W PaCIIMpPEHHH TI0TOKA. OpHEHTHPOBOYUHBIE 3HAYEHVS & U p, TIPUBENCHHEIE B
maparpade 1.6 s )XUAKOCTEH, IpPHEMIIEMBI U IJIS Ta30B.

B pesynbrare COBMECTHOrO PEIICHHS IPUBEACHHBIX YPaBHCHUI HMEEM

k i ud ul 3.74

P (B L) tadt—ay =Gt O

Kak mokazan aHanm3 wIieHOB ypaBHEHHS IOJHOM YICIEHOM MEXaHWYECKON SHEPIHHU B
naparpade 1.2, 3HaUEHUS YICITHHON KHHETHUYECKON SHEPIHH IIOTOKA B TPyOe U KaHAJe
MEHBIIlEe, YeM VACIbHOM MOTCHIMAIRHOW sHeprud. Tem Oolice MOXHO IpeHeOpedb
Pa3HOCTHI0 3HAYCHUHN YAEITHLHOM KHHETHUYECKON sHeprud. B wrore momydum oOlee
ypaBHEHUE TEYEHHUS Ta30B Uepe3 TYpOYyJIEHTHEIN IPOCCEb B YIIPOIIEHHOM BHUIE:

[ “a
=1 (%:' - %‘) = ({e + gp) = 3.75)

OOBIYHO TIPH pacueTe MAcCOBOTO pacxoja Ta3oB depe3 TYpPOYICHTHBIA Ipocceih
3aJal0TCs JABJIIEHUE po U TemIeparypa 7o ra3oB BO BXOJHOM KaHaie, miomans f
MIPOXOJHOTO CEUEHHUS IPOCCETUPYIOMETO OTBEPCTHSA W JABICHHE P B BBEIXOTHOM
ka"Hae. Ha ocHoBaHWM ypaBHEHHI COCTOSIHHS HICATHHOTO Ta3a M ypPaBHCHHS
ananabaTHOTO PAaCUIMPEHUS Ta30B IMEEM

Po = Po/(RT,); (3.76)

P = po (p/po)’*; (3.77)
k=1

T =To(p/pe) ¥ . (3.78)

W3 ypaBHenus (1.92) monydum GopMyiy Ijis OIpeACIeHUs CKOPOCTH
TEYCHHSI Ta30B B CTPYE, T. €. B JPOCCEIUPYIOIIEM OTBEPCTUH:

B "% [P _ P (3.79)
rne @ =1/,/& + &, - koadunment ckopocTy.
Oco0eHHOCTh TEYCHMS T'a30B uepe3 TYypOYJICHTHBIH APOCCEIh — OrpPaHUYCHUC

CKOPOCTH JIBIDKCHHUS YaCTHUI[ B IPOCCEIUPYIOMIEM OTBEPCTUH MECTHON CKOPOCTBHIO
3ByKa (Uc < Usg). CKOPOCTh JBIDKEHUS YACTHIl, PABHYIO MECTHOW CKOPOCTH 3BYKa,
HA3BIBAIOT KPUTUYECKOH. PexnM TeueHus: ra3oBOi cpembl TP 4. < Uz HA3BIBAIOT
JMOKPUTHYECKAM, a TIPH U=l - HagkpuTHYecKuM. Dr3UYecKHUil  CMBICT
MTPOUCXO/ISIIIETO SIBIICHUSI COCTOUT B TOM, YTO TPU JIOKPUTUYECKOM TEUYECHUU Ta30B
yepe3 JAPOCCENNPYOIee OTBEPCTHE NaBleHHe B MUHHUMAILHOM CEUEeHUH CTPYyH (B
30HE JIPOCCEIHMPYIOIIEro OTBEPCTHS) MPUOIMKEHHO PAaBHO JIABJICHHUIO B BBIXOIHON
MOJIOCTH TTHEBMoJpoccens (P«=p), Kyaa crpys Brekaer. [lpm moctmxkeHHn
CKOPOCTH TIOTOKa B CTpye, PaBHOH MECTHOHW CKOPOCTH 3BYKa, T. €. CKOPOCTH
pacmpocTpaHeHus] BO3MYIIECHHUH, CBSI3b MEXKIY BEIMUYMHAMH Per U p HAPYIIAETCS.
JanpHellliee CHUXEHUE NABJICHUS p B BBIXOJHON IMOJOCTH JPOCCENS YXKE HE
CKa3bIBaCTCsl Ha JABJICHUM CTPYH B APOCCEIUPYIOUIEM OTBEpCTUHU. JlaBieHHe po1
CTAHOBUTCS 3aBUCUMBIM TOJBKO OT JaBJieHUs po. [Ipu po = CONSt U HAIKPUTHYIECKOM
TedeHnH paboyel cpelbl Per= CONSt M pEXUM TeUeHHsl Yepe3 JAPoccellb CTaOuITH3U-
pyercsi.

OnpenenuM COOTHOIICHUE JaBJICHUN p/po, TPH KOTOPOM IMPOMCXOIUT CMEHa
PEKUMOB TEUEHHUS Ta30B uepe3 TYpOYJIEHTHBIH Apoccellb. 3a OCHOBY IIPHMEM
ycinoBue Ue £ usy. Benmnmuuny uo npeactaBuM B Buze BeipaxeHus (1.96), ckopocTh
pacmpocTpaHeHHs 3ByKa B Ta30BOM cpelie MpH aauadaTHOM IpOIecce HaWAeM o

dopmyie [30]
tan =V TBTP- (3.80)



Taxum 06p830M, HUMEEM aHAIIMTHYCCKYHO 3aBUCUMOCTDb

EG-D<ViE o

OTKyJa IpY BO3BEIECHUH OOEMX 4YacTell BBHIPAKEHHMS B KBapar, COKPAILICHHH
OJTMHAKOBBIX MHOKUTENIEH, TPYIIUPOBKE BEIMYMH M IIOACTaHOBKE (po/p) =
(po/p)Y HOHy‘-II/IM nocsie MpeobpasoBanHii

2> [ramvmer )

(3.82)

Kputraeckum COOTHOIIIEHNEM IABJICHII Ha BXOJIE U BBIXOE ITHEB-MOIPOCCEII P/Po
= pw OyIer Takoe, Npud KOTOpoM up = ms3p. CliemoBaTesIbHO, KPUTHYECKOE
COOTHOILICHHE IABJICHUH MOKET OBITh OIPEACIICHO O (hopMyJie

s 1 /(A1) 3.83
Po=[Tra=mmer] (3.83)

B wactHOM ciydae, npu <p = 1 momy4yaeM u3BectHy0 popmymy [29, 30. 401

*
- r 2 T (3.84)
Po=[z57]""

Koahduriment ckopoctr () 3aBHCHT OT CONPOTHRICHHS IOTOKY NPI CY’KEHHH H

pacmmpenur B nHeBmoxpoccene @ =1/,/&. +& Tlpu  @=0,8 ... 1,0

KPUTUYECKOE COOTHOIIICHHWE JAaBJICHWH OyJIET COOTBET CTBEHHO PaBHO Pixp —
0,3861 ... 0,5283.

IIpn pacuere pacxogHO-TIEPENANHON  XapaKTEPUCTUKU TYpOYJIEHT HOTO
ITHEBMOJIPOCCEIIS 1IEJIECO00Pa3HO UCIIOIB30BaTh MAacCOBBIE pacxo GG, KOTOPbIH
Ipu YCTaHOBUBHICMCA PCKHMME TCUCHUA OIH/IHaKO) BO BCEX XapaKTCPHBIX
TCUCHUAX ITOTOKA: Ha BXOAC, B APOCCCIIMPY HOIIEM OTBEPCTHH H HA BBIXOJAC
MTHEBMO/IPOCCETIS: (3.85)

G = plpfuc'

rre Y — ko> UIMenT cxxatus cTpyH; f — reomerpryeckas miomnaim
IIPOXOIHOT'0 CeYEeHMs Apoccermpyromero otepetus. C yuerom dhopmyisl (1.96)

HOTYYHM
? (3.86)
6= ufe l/k Po _T) '

rae M = WY@ — KO3 UIISHT pacxoaa depe3 TypOyJIeHTHEIM IPOCCellb, CYIIIECTBEHHO
3aBHCAIMH OT urcia Re. 3HadeHus 11 crabmmsupyroTes npu gucie Re > 350. Jlns

JIpoccee ¢ 30JIOTHUKOBBIM  3alIOPHO-PETYJIUPYIOIIMM  3JIEMECHTOM
ko3¢ dumuent 11 = 0,6 ... 0,8.
B HeKxoTOpBIX CiTydasx BMeCTO BeamunH I U f ucnons3yror monstue 3(phekTrBHOI
IJIOIAIM IIPOXOIHOro ceuenust apoccens f, =uf

3aIaHHBIX 3HAYEHUH Po, 70 ¥ P MOXKHO OIPENEIUTh 1o (popmynam (1.93),

(1.94) 1 (1.98) MaccoBbIiT pacxo[ uepe3 TYpOYIEHTHLIA MTHEBMOAPOCCceNb. [Ipu
9TOM JOJDKHO YUHTBIBATHCS OTPAHUYCHHE IS IABIICHHS B CTPYE po=p= Pippo.
[Tpu p > prpPo HAOTIOAACTCS JOKPUTHUYECKHUI PEKUM TEUEHHS Ta30B, IIPH P < PipPo
— HaZLKpI/ITI/I‘{eCKI/Iﬁ. B ClIyda€ HAIKPUTUYCCKOI'O PEXKUMa TCUCHHUA I'a30B B BbIpa-
skerus (1.94) i1 (1.98) moxacraBiaseTcs BeNMYHHA P= Puypo.
B TexHmyeckoil IWTEepaType 4YacTo IPUBOAMTCI Oojiee CIIOXHas (GopMyia s
pacuyc€Ta MaCCOBOI'0O pacxoJa ra3oB 4€pe3 Typ6y.]'[eHTHblf/’I JAPOCCEIIb. Omna IoJIy4acTCsAa
COBMECTHBIM pemeHHeM Belpakeruit (1.93),

~winl 2 o L) (&) e

OI’paHI/I‘-IeHI/Ie, CBA3aHHOC C IIEPEXOoAO0M OT JOKPHUTHYCCKOIo K
HaAKPpUTUYICBKOMY TCUYCHUIO I'a30B, BbIPAKACTCA 3aBUCUMOCTBIO

< Pl < pnp (3.87)

IIpu HagKpHUTHYECKOM TedeHHH ra3oB B (hopmyiry (1.99) moacraBisercs MOCTOSHHOE
3HAYEHHE p/Po = DPxp. DPopmyma (1.99) Obura BOepBble MOJydYeHA IS
W303HTPOITMYECKOTr0 UCTEUCHHUS Ta30B U3 HEOTPAHMUYEHHOTO 00bheMa U Ha3BaHa (popMyIIoi



Cen-Benan n Banmerns.
Jlns pacuera MHEBMOIPHBOJIOB I1ENIECOO0OPA3HO HCIIONL30BATh YIPOILCHHYIO (hOopMyTy
MAacCOBOTO pacxo/ia padoueii cpebl uepe3 TypOysieHTHbIi apoccens [13]:

pf V”ﬁ:p (po — P) MPH po 32 P > Papbe; (3.88)

uipe ]/-‘k'?ﬁﬁup - Prp) NPU P < PrpPo-

CpaBHUM pe3yNbTaThl pacueTa MaccoBOro pacxoza rasos o gopmyaam (1.99) u (1.100).
Jlist 5TOr0 0003HAYMM PacXOo MO yIpoIeHHoi Gopmyse O0ykBoit Gy U mpeobpasyeM
3aBUCUMOCTH (1.100):

=) | .
Gyu = BfPo I/-ﬁ«; L (1 —~-L) npu 1 > p/po> B

OTHOCUTENBHYIO TOTPEIIHOCTD, TIOIYIaEMYIO IIpH 3aMeHe (opmyis! (1.99)
BeIpaxxerneM (1.100), 3anumem B BuIe (3.90)

Jnst ynporenus 3anucu 0003HAYHUM p = p/po U TOIYYUM 00I1Ie€ BEIPAKEHHE
OTHOCUTEJIBbHOU ITOTPELTHOCTH

k=1 _p=p L
BG:]/ F3 pﬂk__ﬁ(k-)i-l}fl IIDH ]}p}_p“p.

« IIpu pacuete mo 3toi dopmyie a1 p, papaoro.0,9; 0,8; 0,7; 0,6 u 0,5, moiydeHo
eor paBHOe 0,003983; 0,008962; 0,015285; 0,023496 u 0,034489. Takum 00pazom,
MaKCHMallbHasi TOrPEIIHOCTh paBHA 3,4%, 4ro BHonHe mpuemiiemo. Kpome Toro,
MOrPEIHOCTE MOKET OBITh KOMIICHCHPOBAaHA OJKCIECPUMEHTAILHO OIpEAcIsIecMOi
BEJIMYMHOM 11 viu L.

(3.89)

(3.91)
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Puc. 3.10 Cxema ABYXIMOTOYHOH IHIpOMEXaHHUYECKOH Mepeaadn



Ilo ykazanabpIM coobOpaxeHusM B nuamazone 0,9<p/po<l MoxHO mpeHeOpedbh
W3MEHCHMEM IUIOTHOCTH M HCIOJb30BaTh (OPMYNIy I MacCOBOIO pacxoia
JKUJIKOCTHU Yepe3 TypOyJIeHTHBIN Ipocceb

G=pfV2 (po—p}- (3.92)

IlorpemHocTs pu 3TOM HE MpeBbIIAET 5,5%.

PaccMoTpuM ITHEBMONPHBOA Ha IIPHMEpPE ITHEBMATHUECKOTO IOJAbEMHHUKA C
JIPOCCETBLHBIM PETYINPOBaHUEM CKOPOCTH. B pecuBepe 1 HakamamBaeTCs CHKAThIM
BO3IYyX JUISI MardCTPaJIbHOTO TPYOOIIPOBOMIA M CTAOMIIM3HPYIOTCS NABICHUE ps U
Temrieparypa 7, CkaToro Bo3Ayxa. Pabodas mojocTh NHEBMOIWIMHIpa 4
COEIMHEHA C PECHUBEPOM / IOCPEICTBOM ITHEBMOPACIPEACIUTENIS 2 KPaHOBOIO
THIIA M [THEBMO-APOCCEIs 3 ¢ KOHHYECKHUM 3allOPHO-PETYIUPYIOIIMM 3JE€MEHTOM.
[THeBMOpacnpeneuTelb 2 TMpeaHa3HAadeH JUISI IO0OYEPEIHOTO  BKIFOYCHHS
IMHEBMOIIMJIMHAPA HAa TOIBEM IIOPIIHA M oOmyckanue. TpeOyemas CKOpOCTBH
IBIDKCHUS TIOPITHS yCcTaHaBIUBaeTcs ApocceneM 3. [locaeaauit — perymupyercs
OCEBBIM TIEPEMEIICHUEM X 3allOpPHO-PEryIupyro-mero osieMeHTa. I[Ipm 3ToM
M3MEHSETCS ILIOMAAb IMPOXOTHOTO CEUCHHUS IPOCCEINPYIOMIETO OTBEPCTHS
(3.93)

[ = bx,
rae b — xoadduimenT IponpPpPUMOHATLHOCTH, 3aBUCSIIHA OT (HOPMBI 3aIIOPHO-
PETYJIUPYIOLIETO 3JICMCHTA.
YT00BI 3aBUCHMOCTE MaccoBOro pacxoaa Gn uepes Ipocceilb OT BETHYMHEI X OblIa
JTUHEHHON, KOHCTPYKTHBHOE HMCIIOJHCHHE 3allOPHO-PErYIUPYIONIETO JJIeMEHTA
JIOJKHO OBITH TAKHMM, IIpU KOTOpoM Koaddumment b = const.
O6paruMcsi K ypaBHEHHsAM IS pacyeTa HArpy304HOM M PEryIHPOBOYHOM
XapaKTePUCTHUK ITHEBMOIIPUBO/A C IPOCCEIbHBIM PETyINPOBAHHEM CKOPOCTH.
Ces3p MeXIy BHEIIHeH cuiod H, (Harpyskoii), JAeCTBYIOIICH Ha MOPIICHb, U
JIaBJICHUEM B ITHEBMOLIMJIMH/IPE BhIpakaeTcs ypaBHeHueM (1.29); oTkya

Pz = Hpl(gyng, w) + 0P, (3.94)

r1ie (g — YAeNbHBIN pabourii 00beM THEBMOIWIMHAPA; N — Mexanudeckuid KI1/]

MTHEBMOIWINHAPA; 0, — KOIPPHUIIUEHT aCHMMETPHH MTOJIOCTEH; pc —
MIPOTUBOJIABJICHHUE HA ITOPIIECHb.
Y paccmarprBaeMoro mHeBMOIprBoia K03 uIMenTa 6, = 1 ¥ 1aBjieHUE p. PaBHO
atmocepHomy. Kak  ycraHoBieHO, JaBJeHHE B  BBHITEKawoIlell  cTpye
TypOyIEHTHOTO Jpocceisi He MOXKeT ObITh MEHBIIEC ONPEACICHHOTO 3HAYCHHUS,
PaBHOTO Py, P, TAC px — AABICHHUE B HAIOPHOM TPYOOIIPOBO/IE TIEpel APOCcCeseM,
MIOATOMY BBEJIEM 3aBUCHMOCTH

P = { _Pn NpH  Py/Pa > {’np; (3.95)
PupPan  TPH  Pn/Pa < Prp.



IIpu 3ToM ypaBraenwue (1.100) MaccoBOro pacxoja BO3ayxa depes Ipocceab MOKHO
MPEJICTAaBUTh B BUJIC

_ T (] x) (396)
Gu=pbira V' gry ( Pa /'
Buipaxxerus (1.103) u (1.104) 3ammcansl 0e3 ydera IOTEph MABICHHS IPH TCUCHUU
CKaToro Bo3Ayxa o TpybompoBogaM. Takoe HOMyIICHHE MPUEMIIEMO TP MaJIOW ITHHE U
JIOCTATOYHOM ITPOXOJTHOM CEUCHHH TPYOOIIPOBOIOB.
CooTtHomieHrne a0CONIOTHBIX TEMIIepaTyp CKaTOro BO3AyXa B IHEBMomWIWHApe Ty U
pecuBepe T 3aBHCHUT OT YCJIOBUI TeIIooOMeHa ¢ oOKpy»Karomieii cpenoi. [Ipu pacmupeHun
BO3IyXa IOCIIE IPOCCENIs €ro TeMIIEpaTypa YMEHBIIAETCS 110 CPABHCHHIO C BETMYNHON 1.
Tak kak mociemHsss 0OBIYHO COOTBETCTBYET TEMIIEpAType OKPYXKAIOIMIEH Cpembl (CTEHOK
TpyOONPOBOJOB, UIHHAPA U aTMOc(hEpHl), TO cpa3y Mocie APOCCes BOSHUKAET IIPOIECC
Iepeladd TEIIOTHl OT OKpY’KaroIleld cpelbl K padouel cpeme mHEBMOIpHBoma. Kpome
TOTO, IPX TEUYESHUH BO3AyXa depe3 APOCCENh BOZHUKACT BHYTPECHHEE TCIUIOBBIICIICHUE H3-
3a TPEHUS MEXIY YacTUIIAMH U cTeHKaMu. OpueHTHpYsCch Ha ypaBHeHue (1.95) u monmaras
B 0OIeM ciIydae IPOIECC PACIIMPSHHS BO3AyXa IIOCIE APOCCENS IOJUTPOITHYSCKHM,
MOJKHO ITPUHATH

(3.97)

Ty = Ty (pa/pe)"—""",

rJe n — MOKa3aTeNlb MOJUTPONEL. Jluama3oH 3HaYeHUN 71 JIEKUT B npenenax 1 <n <14,
Menpige 3HAYEHHST 71 BBEIOMPAIOT MPH  MalBIX CKOPOCTSIX JBMDKEHUS TOPIIHS
MTHEBMOIIObEMHHUKA, KOT/Ia MPOIECC TEII000MEHa CTAHOBUTCS 3HAYUTEIBHBIM.

Jl1st BBIBOJIA (hOPMYIIBI, CBS3BIBAIOIIECH CKOPOCTh H,, IBMYKECHUS MOPIIHS C BEIHUYUHAMU Py,
Gy u Ty, ucnonszyeM ypaBHeHue py = = PzRT; COCTOSHUS Ta30B B THEBMOIMIMH/IPE,
ypaBHeHue Gy = pyQy cBs31 MaccoBOro pacxona ¢ 00beMHBIM U ypaBHeHHE (1.32)
00BEeMHOTr0 pacxona padodeit cpesl B apurateie. [lomydanm

[TocnenoBaTenbHbIi pacueT o ypaBHeHUM (1.102)—(1.106) mo3BONISET MOIYIHUTH
HMCKOMYIO HAarpy304YHYIO WM PEryJIMPOBOYHYIO XapaTePUCTUKY ITHEBMOITPUBO/IA C
JIPOCCEIBHBIM PETYJIUPOBAHUEM CKOPOCTH V= @ (HX).

Un = (R, o/qx) (GaT'n/Pn)- (3.98)

IIpn pacyerax wHOrma ymoOHO oOBeAWHHMTH ypaBHeHHA (1.105)u (1.106):

_ RTuin o (_Pe \'/* (3.99)
Un = Pafn ( Pa ) Gn'

JIJis HAarJSIAHOCTH U OOIIHOCTH I'Pa)UKOB XapaKTEPUCTHK JAPOCCEIBHOTO IMHEBMOINPHUBOIA
1eJIecooOpa3Ho BBECTH OTHOCHUTEJIbHBIE
BeJIMYUHBII p, = pa/pamax ; PC = Pc/Pc max; Pn = Pn/max; X = X/X,u; Hi = Ho/Hx wax; G,= Gu/Gx max; v ~Vu/v,

max-

OHpCZLeJ’II/IM MAaKCUMAJIbHBIC 3HAYCHUA TMCPCUHCIICHHBIX BCIIMYWH!

Pr mex = Pry Pomsx = PalOn; (3.100)
Pmax = Pai Xmax = fmax/b} (3.101)
Hy max = qqMg. w (Px — 9 (3.102)
Gy max = WOXmaxPe V 1/(2RTYy) ; (3.103)
. . "
onm,x:-RT:;l;u ?i;_c-) " G mmas- (3.104)

ITocie TOACTAaHOBKM TPHHATHIX BeIpakeHuii B ypaBHenumst (1.102) - (1.104), (1.107)
MOJIYYNM CHCTEMY YPaBHEHHI B OTHOCHTEIBHBIX BEINYNHAX:

P = Hy (1 — be) + Pos
- _ﬁ{ Bp TPH Py > Pupi
Po= U by PH Px < B (3.105)
an = 2x } )-o-n {1 _‘oan);

vy = Gy (Po/Pn)'"™




Bu Harpy304HbIX XapaKTEpPUCTUK ITHEBMOITPUBO/IA C APOCCEIbHBIM
PETYJIMPOBaHUEM CKOPOCTH, PACCUMTAHHBIX MO ypaBHEHUsM (1.108)
mpu px = 0,6 MlIla, p. = 0,1 MIla

Po=04 u n = 12 (puc. 3.11), v
CBUJICTCIIBCTBYET O «majaronieM™

xapakTepe uXx (OCOOCHHO B 30HE gz
0<H; < 0,3) npu QUKCHPOBAHHBIX \

3HaYEHUSIX X. OJTO O3HayaeT, 4To
mpu  TepeMeHHOW Harpy3ke Ha &4 Q

ITHEBMO/IBUTaTEIIb CKOPOCTh

JIBKCHUS TTOPIITHS oyner 04 N N A=
CYIIECTBEHHO  W3MEHATBHCA  MpH ' N \ Lo g6
HEU3MEHHOM YIIPAaBIAIONIEM BO3- \

NEWCTBUM HA IHEBMOJAPOCCENb, g2 P~ -...._"“‘\
Puc. 3.11 . Harpy3ouHble XxapakTepu- H:?-,?Q?'

CTUKH IMHEBMONIPpUMBOAA IIPH pmn'moﬁ
CTCNICHU OTKPBITHUSA IPOCCeIsAd a

&
i)
=
L -

Ho ecin Harpy3ka Ha ITHEBMOIIOJABEMKHK IIOCTOSIHHAs, TO YKa3aHHOE CBOMCTBO
ITHEBMOIIPMBO/IA HE UMEET OTPULIATEILHOIO 3HAUSHHSI.

Ouenum KIIJI mHeBMONpHBOAA C aKKyMYJSITOPOM Ha BXOJIe W JIPOCCEIbHBIM
peryiaupoBanueM ckopoctu. B mannom cirydae KIIJI maeBMonpuBoaa

N = Ny/Nq, (3.106)

rae Nn — 3¢ deKkTuBHAsS MOIIHOCTh, Pa3BUBacMasl MOPIIHEM MHEBMO-IMIHHAPA; Na
— MOIITHOCTh TOTOKA pabodeii cpedpl, MOCTyMaromeld W3 aKKyMyJsTopa depes
Jpoccerh B KaMepy ITHEBMOMIIMHIPA.
LlemecooOpa3Ho B TPHBEICHHOM COOTHOIIIGHHH MOIIHOCTEH BBIICINUTH IOTEPH
SHEPTHM HEMOCPEIACTBEHHO B OOBEMHOM JBHraTelie (ITHEBMO-IIMIHHIAPE) (CM.
naparpad 1.3):

g = No/N g (3.107)
rae Ny, — K1/ oosemuoro aurarens; N,; — MOIIHOCTh MOTOKa paboyeid cpepl,
MIOABOIUMOTO K 0ObEMHOMY JIBUTATEJIIO.
Bregem momstue KIIJ] perymupyeMoro apoccensi ¢ MTHEBMOJIHU-HUSMH:

Na = Np o/N,. (3.108)
IIpu stom o0mmit KIIJ axkkymyiasSTOPHOTO ITHEBMOIIPHBOAA C APOCCEIBHBIM
pPEeryIUpPOBaHUEM CKOPOCTH MOIYIUTCS B BUE MPOU3BeaeHNs 1ByX yacTHRIX KII/I:
N = Naly- (3.109)
[Ipeobpasyem Beipaskenune mist KI1 1], apoccenns ¢ THEBMOIWHUAMH ITyTeM
BBE/ICHUSI OTHOCUTENIbHON TTOTEPU MOILLIHOCTH

L4 =(N'. “‘Nn.n)/Nn.n- (3.110)
[Tocne nmpeoOpa3oBaHus U MOACTAHOBKU OyIeM UMETh
N 1 1 '
L 1§ = (3.111)
'II. Na ]+(N“‘“’Nn.l),”vn‘n ’+3N *

Panee nmonyueno Beipakenue (1.35). B cOOTBETCTBUU ¢ 3TUM I PE3yAbTUPYIOLIEH
MOIIIHOCTH ITOJBOAMMOIO K OOBEMHOMY JABHraTeII0O IOTOKA padodeil cpemabl H
OTBOJMMOTO OT HETro

(3.112)

No.x =y (Px — GnPo)-
PazHocTh MOIIHOCTEH MOTOKA paboveil cpeibl 0 IMHEBMOJPOCCENS U TOCIe HEro
MOJKHO BBIPa3UTh Yepe3 MacCoBbIi pacxon G, ¥ Pa3HOCTh yIEIbHBIX MEXaHUIECKUX
SHEPTUi a.u a;

Ny — No.x = Gy (@2 — 03) = Qupy (eta — a). (3.113)

Ha ocmoBanuu mposenenHoro B maparpade 1.2 amammsza u3 Beipaxkena (1.14)
MMOJTHOM  YJENbHOM MEXaHMYEeCKOM DSHEPrMM y4TeM TOJIBKO OCHOB  HOM
MOTCHIHANBHBIA wiIeH. EcaM NOpHHATH MNOpOIECC pacIIMpeHHs Ta3o! Ipu
JPOCCEIMPOBAHMM M TEYCHHHM 110 TpyOOmpoBOAy B  pabodyro  Kamep)
MOJINTPOITUYECKUM, TO
" (P Px (3.114)
a."_ a‘ = — —— -
a1 Pu Px



Puc. 3.12 3aBucumocts KIIJ{
JPOocceTHPYIOLIero yeTpoiicTBa
AKKYMYJISTOPHOTO THEBMOIIPUBO/1a OT BHELIHei
HATpy3KH

IMocne NoACTaHOBKH M ey
MpeoOpa3oBaHUs MOIYIUM

N. b Nl.t‘n s (3115) ANEEE

L P Y ek _] 1
e s QnPnL( pg) . 07

[ToacTaBuB B hopMyity OIS En
Hal/ICHHbIC BRIPAKCHHUS | BBEAS
OTHOCHTEIIbHBIC BEITMYMHBI Py =
Pi/Pn ¥ Pc=0 1P/ Pu, OyIEM UMETH
n ,5;:"" - By (3.116)

-

ey == =
¥ a1 Thg—B
J1s Bo3myxa IOKas3aTellb IOJUTPOIBI HM3MeHseTcs B mpegenax 1<n<1,4. Ilpu
u30TepMuYeckoM  mpomecce  (n=1) mo  ¢opmyme (1.111) momyuaem
HeonpenaeiaeHHocTh Trma 0/0, KOTOPYI0 pacKpbiBaeM 1o mpaBwiry JlomuTas, B3sB
MIPOU3BOHBIC OT BHIPAKEHHUI B YUCIUTEIIC U 3HAMEHATEJIE 10 IEPEMEHHOM 71

o B g g, (1) e (3.117)
Nimey = lim Px—Po = T—(oltw

Paccuntaem u mnoctpoum 3aBucumocTh KIIJI n. apoccenupyromeid Yactu
ITHEBMOITPHBO/Ia OT OTHOCHTEILHOM BHEITHEeH Harpy3ku Hj mo ¢popmymam (1.108),
(1.111) u (1.110). Pesynprarsl pacuera mpH py = 0,6 MIla, p. = 0,1 MIlanoc= 1
JUTSL JIBYX PEKHMOB pacUIMpeHust BO3Ayxa: wu3orepmmuyeckoro (N = 1) u
agnabarHoro (n = 1,4) mokasansl Ha puc. 3.12. HekoTopoe MOBBIIIEHHE 3HAYEHUS
x\; ¢ YMEHBIIIEHHEM TIOKA3aTelis 71 TIOJIMTPOIIMYECKOr0 MPOIIECcca CBA3AHO C YBEIH-
YEeHHEM TIPUTOKA TETUIOBOW SHEPTHH W3 OKPYXKAIOMIET0 MPOCTPAHCTBA depe3
CTEHKH B pab0YyIO Cpemy.

Cpasuenune KI1J] n, npoccenupyrommx yCTpOWCTB THAPO- U ITHEBMOTIPUBOA (PHC.
1.16 u 1.23) HaDISIIHO ITOKA3bIBAaeT, YTO MIPH HUCIOIB30BaHMH akKymyssiTopa KIT/]
00BEMHOTO TIPUBOJIA C JIPOCCENBHBIM PETYIHUPOBAaHHEM CKOPOCTH CYIIECTBEHHO
TTOBBITIIAETCSI.



3.4 Cradnau3anusi,CHHXPOHHU3ALMs, MPONOPLHOHAIbHOE PeryJiipoBaHue

IIpu ucrons30BaHMY 0OOBEMHBIX THAPOIIPUBOIOB C HEPErYIMPYEMBIMU THAPOMAIIMHAMUI
BO3HHUKAET HEOOXOIUMOCTh IO KAHUS IOCTOSIHHON CKOPOCTH THAPOABUTATENS IIPU
IIEPEMECHHOM Harpy3Ke WM 00eCIIeYeHUs OJMHAKOBOM CKOPOCTH JIBIDKCHHUS HECKOJIb-
Kux ruapoxsurareineit [15, 35]. ag 3TOro MNpUMEHSIOT aBTOMATUYCCKHU
JIEHCTBYIOIME APOCCENIbHBIC ycTpoiicTBa. KOHCTPYKTHBHOE HMCIONHEHHE, MX MOMKET
OBITh Pa3JIMYHBIM, HO IPUHIMII ACHCTBUS OAMHAKOB. OH COCTOUT B IMOAJCPKAHUM Ha
PErYIUPYIOIIEM JIPOCCEIC MOCTOSHHOrO Meperanga AaBJICHUS C IMOMOIIbIO THAPaBIII-
YECKH YIPaBIIIEMOro KilarnaHa. biiaronapst TocTOSIHHOMY TIepernany JaBJIeHUs Ha OJTHOM
WO HECKOJBKUX JPOCCENISIX CTAaOMIM3UPYETCS OJUH WM CHHXPOHU3HPYIOTCS
HECKOJIBKO ITOTOKOB KUIKOCTHU.

PaccMotpum  npoccensb HO-KIIAIaHHEBIC PEryIMPYIOMNE YCTPOMCTBA HA KOHKPETHBIX
npuMepax. Haznauenue perysasaropa notoka ;kuakoct (puc. 3.13), mocrynarolien ot
Hacoca | - crabmm3upoBaTh cCKopocTh O THAPOABUraTe s IIPH PA3IMYHON BHEIIIHEH

Harpyske

Puc. 3.13 . Cxema rugponpuBo/a ¢ peryJsiTopoM MOTOKA KUAKOCTH

Ha Hero. OTHenbHO B3ATHIM Jpoccellb 3 HE 00ECHedMBAeT IOCTOSHCTBA CKOPOCTH
TUAPOABUTATENI 4 U IIEpEMEHHOM Harpy3ke. (OTo oApoOHO pacCMOTPEHO B II. 1.6.)
JIng  crabunm3any  TIOTOKAa JKUJAKOCTH B THIPONPUBOIE C  JPOCCETBHBIM
PETyJIMPOBAaHUEM  CKOPOCTH  HEOOXOJMMO  JOIOJHUTEIHHOE  aBTOMATHUECKH
JCHCTBYIOIEE YCTPOMCTBO, HAIIPUMEP KJjlamlaH 2.

Knaman ynpapisieTcss IpYKHHOM W ABYMS JABJICHUSMU JKUJIKOCTH: IO APOCCENS P,
nocie Hero py. KiamaH apoccemupyer 4acTh MOTOKa >KUIKOCTH, TOCTYMAOIIEro M3
HAmOpHOM JHMKM B Oak 5. brmaromapss TakoMy YCTpOWMCTBY M JICHCTBHIO KJIariaH
TIOICP)KMBACT TIOCTOSIHHBIN TIeperiay] JIaBIeHU JKUIKOCTH Ha apoccene 3. [lepeman
JIABJICHUIA 3aBHICUT OT HACTPOMKM (TIOKATHSI) MPYXKHMHBI KiarnaHa. OObIMHO Tiepemnajy
cocraiser 0,1 ... 0,3 Mlla. JlaBnenune p; XKUAKOCTH 3a JpocceiaeM 3 B KaMepe
TUIPOJIBUTATENSl W3MEHSETCS B 3aBUCUMOCTM OT BHEIIHEM Harpysku f,, Ha
TUIPOJBUTATEIIb.

JlaBiieHre py *KUAKOCTH B HAIIOPHOM JIMHHMH JIO JIPOCCEI 3 PEryaHpyeTcs KiaraHoM 2
TaK, YTOOBI Pa3HUIIA JIABJICHUH Py-Py OCTaBAJIACh MOCTOSHHOM. CIIeI0BaTEIBHO, H PACXO]]
Qu KHMIKOCTH Yepe3 Ipoccellb 3 B THIAPOIBUTATE b OY/IET IOCTOSIHHBIM. JTO BHIHO U3
ypasrenws (1.69) ¢ yuerom BenmarHbI f=0x 1 HOBBIX 0003HAYCHHMIT TABICHUH KUIKOCTH

Q= pbx YV (2/p) (Pa — Py)-

IIpu pu-pp=const Bemuumua Qn = const. OmHako ciaeayeT OTMETUTh, YTO Ieperas
JABIIEHU Ap = pu-px Ha Apocceile 3 KiamaH 2 IOJUIEPKMBAET C HEKOTOPOH
MOrPEIIHOCTEIO. JIyIs aHasM3a MPIYMH TOrPEIHOCTH PACCMOTPHM yYPaBHEHHE PABHOBECHS
CHJT Ha 3aITOPHO-PETYIUPYIOIIEM JIEMEHTE KilaraHa 2:

(3.118)

F(pn—po) = cto+ D) + Pn (3.119)

rae F — sddexkTruBHas MIomaas B KaMepax THApaBInYecKoOro YIIpaBaeHHs KIIallaHOM, ¢
— JKECTKOCTh MPY)KUHBI KiamaHa, lo — MpeaBapUTEIbHOE TMOMKATHE MPYXKHUHBI
KJIallaHa TPYU HACTPOWKE; / — OTKIOHCHHE 3arop HO-PErYIIMPYIOLIETO JJIEMEHTa OT
HCXOHOTO ITOJIOXKEHHS



pu padoTe kianaHa; Pr — CHila KOHTAKTHOT'O TPEHHS Ha 3alI0OPHO-PETYIUPYIOIIEM
3JIEMEHTE.
WneanpHe1ii perynupyeMblil mepernas 1aBIeHI JKUIKOCTH 6yz[e(T3nlpZIE1))l =0uP,=0:

Apy = cl/F.
JlelicTBUTENBHBIN TIepernaj] JaBlieHu Ha JApoccelie 3, peryJMpyeMblil KIamaHoM 2,
— th L Px 3.121
A p= F (l + T _Cf_ﬁ_- f ( . )
OTHOCHUTENbHAS TIOTPENTHOCTD PETYINPOBAHNUS NIepenaia JaBIeHUH Ha Jpoccerie
Ap— Ap !
v PRy sl ph b (3.122)

WaeanbHbIH pacxo, 00ecmeYnBaeMbli PEryIsITOPOM IIOTOKA, COMIACHO (hOpMYyIIe

(1.84) paBen
Qx. = = pbx V@I9) &ps - (3.129)

JleficTBUTELHBIN pacXo/l >KUAKOCTH C YUE€TOM IMOTPEIIHOCTH PEryJIMPOBaHMS TIepenaaa
JlaBJICHU I

Qu=pbxV 2/p) Apa (1 + &0 )+ (3.124)

OrHocuTenbHasi MOTPEIHOCTh CTa0MIN3alMK TOTOKA (pacxopa) KUIAKOCTH

o0 = (Qn ~ Qu.a)/Qun=VTF ooz~ 1. (3.125)

Cuna P; KOHTaKTHOI'O TPEHUS MOXKET UMETh HOJIOKUTCILHBIM WIH OTPULIATSIILHBIN 3HAK
B 3aBUCHMOCTH OT HamIpaBICHHUS IICPEMEIICHUS 3allOPHO-PETYIMPYIOIICTO AJIEMEHTA
KJIamaHa 2 30J0THUKOBOro THra. COOTBETCTBEHHO PA3MYHBIM 3HAK MOXKET UMETh U
OTHOCHTEIILHAS TIOTPENITHOCTD €o.; CTAOMITHM3AIMH pacXxoda KUIKOCTH. OCHOBHBIE CIIOCOOBI
CHIDKCHMSI BEJIMYHMHBI €0y — THUAPOCTATHYSCKAas M THAPOJMHAMHYCCKAS pasrpy3Ka
3aIOPHO-PETYIUPYIOIIETO 3JIEMEHTA U YBEIIMUEHNE B3aUMHO CBSI3aHHBIX MapaMeTpoB F, c u
lp xanana.

CKOpOCTh My ABMKEHHUS BBIXOJHOIO 3BEHA THIPOJBHIaTeNsl CBsI3aHA C PAacXOJ0M
JKHJIKOCTH uepe3 peryiasrtop mnotoka Qn 3aBucuMocTeio (1.32), oTkyma mocie
MOJICTAHOBKH BhIpakeHus (1.87) moiaydaem

Uy = pbx (Mg, of9z) V (2/p) Apa (I + &u. o) (3.126)

s ymobctBa  Tpaduueckoro HM300paKEHHMsT M aHAIM3a BBEIEM OTHOCHTEIbHBIE
MEPEMEHHBIE: V; = Vi/Vimax B X = X/Xmax, L€

Vom = ubx(-2).[2 ap, (3:127)

B pesynbTate mojyuuMm ypaBHEHHE CTaOHIU3UPYEMOM CKOPOCTH BBIXOJHOI'O 3BEHA
TUJIPONIPUBOJIA C PETYJIATOPOM MIOTOKA

Op = Ety o VT F n.x = Fp.o (1 + £6.0). (3.128)

O6nemablii Tl 0 THAPOABHUTATEIS M OTHOCHTEIILHAS TIOTPEITHOCTD °0. T PEryIUPOBAHUS
IIOTOKa 3aBUCAT OT HABJICHUA Py KUIAKOCTHU

M COOTBETICTBCHHO HArpy3ku fy Ha ruapoaBurareib. IlpuMepHas Harpy3odHas
xapa13<T1eRHCTHKa THZIPOIIPHBOJIA C PETY/ISATOPOM ITOTOKA KUJKOCTH ITOKa3aHa Ha
puc.3.14.

Perynsaropsl 1oToka KHIKOCTH MOT'YT UMETh Pa3INyYHbIC KOHCTPYKTHBHEIC
momupukanmu 13, 35]: ¢ npemoxpaHUTEIbHBIM KJIAIIAHOM, PEAYKIIMOHHBIM,
0oOpaTHBIM M BKJIIOYAIOTCS B THAPOCHCTEMY IIPUBOJA PA3IMYHO. PacCMOTpEHHBII
PErYIISATOP IIOTOKa, KaK HauOosee SKOHOMHUYHBIH, MIPUMEHSCTCS
MIPEUMYILIECTBEHHO.

B rpymmoBoM TuAponpuBOAE, COAEpIKAIeM OAWH HACOC U HECKOJIBKO
MapaUicIbHO  MOAKIIOYCHHBIX —THIPOJABUTATCIICH, OJMHAKOBAasI CKOPOCTh HX
BBIXOJHBIX 3BCHBEB IPH PA3IMYHOM HArpy3Ke OOECIICUMBACTCS JIPOCCEIbHO-
KJIaIIlaHHBEIM YCTPOMCTBOM, HA3BIBAEMBIM JCIUTEIIEM ITOTOKA.

B runpaBiandeckoM ITOJBEMHHKE ¢ JENIMTEIEM IToToKa (puc. 3.15) moabeMHHUK
AMEET J1Ba THAPOLMIMHAPA, KOTOPhIC IMOJHMMAIOT IUiardopMy 7 ¢ Tpy3oM 8 u
IUTAOTCS OT OJHOIO Hacoca (Ha pUCYHKE He Ioka3aH). [Ipm BHeEUEHTpeHHOM
PACIIONIOKEHUH Tpy3a Ha InIatgopMe CHIIOBOS BO3ICHCTBHE Ha TOPIIHU 6 JIBYX
THAPOIIMHIAPOB Oyaer HeoauHakoBeIM (Hyi# Hy2). Ecii mpu 5T0M OAKIFOYNTE
TUAPOIIMH/IPEI K HACOCY 063 CHHXPOHU3HMPYIOIIETO YCTPOMCTBA, TO B JBMKCHHE



NPUAET TOJILKO TOT ITOPIIEHbL, Ha KOTOPBIA Harpyska Oyzer MeHsle. Ilnardopma
MIEPEKOCHUTCS U MOJBEMHMK HE BBITOJIHUT CBOETO Ha3HadeHus. /111 OMHOBPEMEHHOTO
JBIDKEHUST 000X IMOPIIHEH HEOOXOOUMO YCTPOMCTBO, CHHXPOHH3UPYIOIIEE ITOTOKH
JKUIKOCTH, HAPaBJIEHHbIE B IIWIMHAPHI 5. OIHO U3 TAKMX YCTPOMCTB — APOCCENIhb-
HBIM JEIUTENh IIOTOKA.

B xopmyce 1 menurens MOTOKA pacIooyKeHbI IBa OJQMHAKOBBIX Ipoccensd 2 U 3 |
CBOOO/IHO I1JIABAOIIMI 30JI0THHK 4, BEITOHSIOIIAN

(byHKHI/HO JAPOCCEIMPYIOLICTO

JIBYCTOPOHHEr0 Kiamana. IIoTok )
JKUAKoCTH ¢ pacxomoM Qn mmoxn _ 1
JIABIICHUEM Pu pas/iBavBacTCs Ha 7
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Puc. 3.14 . Harpysounble xapakre- Ppc. 3.15.TmapaBiamdecKuii NOXbeMHHK €
PUCTHKHA THAPONPHBOAA € PEryJIsITO-  fneJIMTEIEM MOTOKA JKHUAKOCTH
POM IOTOKA KUAKOCTH

IIOTOKH

¢ pacxomamu Qm u Qmu. Ilpum 5TOM KHIKOCTh B KaKIOW JIMHUU MPOXOAHUT Yepe3
MTOCTOSIHHBIN JpOccelb 2 WK 3 U IEPEMEHHYIO IPOCCEITUPYIONIYIO MIeNb, 00pa3yeMyro
TOPIIOBOM KPOMKOM 30JI0THWKa 4 W pacTtoukoii B kopmyce 1. 3onotHmk 4
nepeMelaeTcd MoJ JEeWCTBHEM JaBJI€HUWM Pt U p2 B TOpPLOBbIX Kamepax. [lpu
MEpEMEIEHNHA  30JI0THUKA  BOCCTAHABJIMBACTCS  NPUOJIM3UTEIBLHOE  PaBEHCTBO
JABJICHUHN px U p. B pe3yJIbTaTe W3MEHEHHS MPOXOIHOTO CEUEHUS TPOCCETUPYIOUTUX
mieneit. Takum criocoOoM KITarmaH 30JI0THUKOBOTO THTA 4 MOJep>KUBaeT OTMHAKOBEIN
WM MaJlo OTJIMYAIOIIMICS Tepernaj] NaBjICHUI Ha MOCTOSHHBIX JAPOCCeIsaX 2 u 3 npu
pasznuuHOM Harpyske Ha rmopumau 6 rugpoumnuaapoB (Ha# Hp) u coorBercTBeHHO
Pa3IMYHBIX JABIEHUSAX B TOABOASANIMX TpybompoBogax (Pni# Px). B pesyiprate

obecrieunBaeTCs CHHXpOHM3aIws MOTOKOB (Qp = Q) W ABWKEHWE TMOPIIHEH C
OJIMHAKOBBIMU WJIM OJM3KkuMH  ckopocTsimMu. [lpu 3tomM tuiardopma W rpy3 He
MePEKaINBalOTCA.

PaccMoTpuM  miporiecchl, TIPOMCXOMAIME B JCIUTENE TIOTOKA, M HMX MaTeMaTHYecKoe
ormcanpe. Jlemrens MoToka YCTPOSH TaK, YTOOBI JPOCCETUPYIOIMINN 30J0THHK 4 Mor
TIepEMeIaThbCs W M3MEHATh NMPOXOJHBIE INIOMAIN MEePEMEHHBIX IIEIeH, MOKa CHIIBI,
JEHCTBYIOLINE HA HErO, HE YPABHOBECATCS. Y paBHEHHE PABHOBECHS CUJI HA 30JIOTHUKE

F (py — ps) = Pn, (3.129)

rane F — baddekruBHas momags TOPIOBOM IMOBEPXHOCTH 30JI0THHKA; P, — cuia
KOHTAKTHOI'O TPCHUS, BOZHHUKAIOIIAS MCEKIY 30JI0THIKOM M KOPITYCOM.

VpaBHEeHUST PacxoJ0B JKUAKOCTH Yepe3 OJMHAKOBBIC IOCTOSHHEBIC JPOCCEIM B MPABON H
JIEBOM BETBSAX JEIUTENS IOTOKA COINIacHO BhIpakeHHIO (1.69) ¢ yd4eToM HOBBIX
0003HAYCHUIA TTEPEMEHHBIX UMEFOT BH]T

Qu=aVpu— i Qu=aVpa—ps - (3.130)

[IpoBoAUMOCTD HETMHEHHOTO IPOCCETS

o= uf ¥V @fp) (3.131)

ypaBHeHI/IG JCJICHUSA ITOTOKA XXUIAKOCTHU OT HACOCa Ha IBC BCJI

Qe = Qu + Qna- (3.132)
OTHOCUTENbHAS IOTPEITHOCTh CHHXPOHU3ALIUH TIOTOKOB
o0 = 2 (Qne — Q;u)an (3.133)

I[IpeoOpasyeM UCXOTHOE BBIPAKEHHE

€o. ¢ = 2 (Quz — Qur) Quz + Qu)/Q3 = 2 (Qre — QR/QL. (3.134)



IloncraBuB BeTUYHUHBI U3 ypaBHCHHﬁ, OITMCBIBAIOIINX ITPOLICCCHI B ACIUTCIIC ITIOTOKA
KUAKOCTH, IMMOJTYIUM

to. s = 20*P,/(QLF). (3.135)

®opmya (1.91) mokaseIBaeT MyTH YMEHBIIEHUS OTHOCUTEILHOM OIPEIIHOCTH
CHHXPOHHU3AIIUH ITOTOKOB JKHMJIKOCTH B TPYIITIOBOM THIAPONPUBOJIC. Y MCHBIIICHUE
BEJIMYMHBI 4 IMEET IIPEeN, CBA3aHHBIN ¢ JOIMyCTHMOM TuTomansio f mpoxomuoro
CEUYCHHS TIOCTOSTHHBIX Apoccenel. [IpudrmHa coCTOUT B 3aCOPAEMOCTH MaJTbIX
otBepcTuil. Kpome Toro, Majasi mpoBOAUMOCTD a HEIMHEWHBIX APOCCENICH IIPUBOAUT K
3HAYHUTEIBHBIM SHEPTETHUECKUM ITOTEPSIM B THAPOIIpHBOIe. OCHOBHOM CITOCO0
CHIDKCHISI OTHOCUTEIHHON TIOTPEITHOCTH CHHXPOHHM3AIIMH ITOTOKOB JKHUIKOCTH —
yBemuuenne d; ruamerpa 30moTHUKa. Crita TpeHust Py, IpOIOpIMOHAIbHA THAMETPY B
MIEpBOM cTeneHH, a 3 GeKTUBHAS IUIOMANh F — nuamerpy BO BTOpOii:

PofF = (kpndy)(nds/4) = 4kplds, (3.136)

rae Kp — k03 GHUIHIEHT IPOIOPIHOHATLHOCTH CHIIBI KOHTAKTHOI'O TPEHMSL.
CyIecTBEHHBIN HEJIOCTaTOK APOCCEIbHBIX CHHXPOHH3UPYIOIMINUX YCTPOUCTB COCTOHT B
HaKOIICHUH PacCOTIaCOBAHMS IOJIOKCHUH BBIXOAHBIX 3BEHBCB CHHXPOHH3UPYEMBIX
rugpoaBurarenaei. Jaxke mnpum  Majgold  IOTPENIHOCTH  CHHXPOHHM3aUuHd U
COOTBETCTBEHHO MAajJOM OTJIHYHH CKOPOCTEH HBIKCHHS BBIXOIHBIX 3BCHBLEB
paccorjiacoBaHHe MEXIy HHMH C TEYCHHEM BPEMEHH MOJXKET CTaTh 3HAYHTEIIHHBIM,
IIOTOMY BO MHOTHX TPYNIOBBEIX CHHXPOHH3HPYEMBIX THAPOIPHBOIAX IIpemIycMa-
TPUBAIOT  PSKHM  TEPHOAUYECCKOTO  COTJIACOBAaHMS  BBIXOJHBIX  3BCHBCB
THIPOBUTATEIICH.

OO0mIast TCHACHITAS aBTOMAaTHU3allMK MAIlliH W TIPON3BOACTBEHHBIX IIPOIIECCOB IpHBEIa
K CO3MAaHHI0 W TPUMEHCHHIO B OOBEMHBIX MPHBOJAX TWAPOANIAPATOB C
MPONOPIHOHAIBHBIM JIEKTPUYECKUM ynpaBjienueM. K HHM OTHOCATCS IPOCCEINH,
PETyIATOPHl pacxoja, KIamaHel W pactpeaenurend [35]. BXomHpIMH 31eMEHTaMH
YKa3aHHBIX THIAPOANIAapaToB CIY>KAT IPOMOPIMOHATILHBIC 3JICKTPOMAarHUThI, KOTOPHIC
BO3JICUCTBYIOT Ha YIIPABJSIONIYI0 CTYIEHb amnmnaparoB. 3allopHO-PETYIUPYIOITHi
AJIEMEHT OCHOBHOHM CTYIEHH TUApoarmapara (Ipocceisi, PeryasTopa pacxoaa Wiu
pacIpenenuTeNs) TEpeMeNaeTcsl JaBICHWEM JKHJAKOCTH, TIOCTYMAalomel w3
THAPOMOCTa  YIpaBISOImIeH  crynmeHd.  I[IpomopryoHaabHYI0  3aBHCHMOCTH
MIepEMEITICHHS 3alOPHO-PETYIN-PYIOIETO DJIEMEHTa OT BXOJHOTO 3JIEKTPUIECCKOTO
CUTHAJIa 00eCIeunBaIOT dJEKTPOHHBIN OJIOK yIIpaBIeHUS U JATUYUK OOPAaTHOM CBS3H.
bnarogapss  perymaropy pacxoga ¢ MPOIOPHHOHAIBHBIM  JJIEKTPHUYECKUM
yIpaBJICHUEM B THIPOIPUBOJE OCYIIECTBIISCTCS HE TOJBKO CTaOMIM3alMsl pacxojia
JKUJKOCTH C TMIOTPEIIHOCThI0 He Oosiee; +5%, HO W JMCTAHIIMOHHOE WJIK
ABTOMATHYECKOE YIIPABJICHHUE PACXOIOM KHUIAKOCTH M COOTBETCTBEHHO CKOPOCTHIO
BBIXOJHOTO 3BEHA THJAPOABHUTATENSA. [ MCTepe3nuc peryiIupoBOYHON XapaKTEPUCTHKH
MOXHO CHHU3HWTH C IOMOIIBIO 3JICKTpOHHOro Onoka g0 2%. Bpems cpabaTwiBaHMsS
paccmarpuBaemoro ruapoanmnapara 0,08 ... 0,18 c.

I'uapopacnpeaeuTeTn ¢ MPOHOPIIMOHAIBHBIM JJICKTPHYSCKHM YIIPABIICHHEM 10
(hYHKIHOHATBHBIM  BO3MOXKHOCTSAM  MPHOMMKAIOTCS K DJIEKTPOTHIPABIHYCCKIM
ycunutensaM. IlepBble KOHCTPYKTMBHO TIPOIlE W MEHEE UyBCTBUTENIBHBI K
3arpsA3HCHMIO )KHIKOCTH, HO BpeMs cpadaThiBaHus y HUX mpesbiaet 0,04 ¢, mosTtoMy
THIPOpACIIPE/ISId C MPONOPLMHAIBHBIM YIIPABJICHUEM YCIICIIHO MNPUMEHSIOT B
THIPONPHUBOIAX C PA3OMKHYTOM IIE€MbI0 YIPaBICHHUSA, a 3JIEKTPOTHIpaBINYECKHUE
YCUJIUTEN — B CIIEAAIIMX THIPOIPHUBOIAX.

4.1 Cnoco6sbl ynpapjeHus ABH:KeHUeM ABYyxno3uunoHubiMu I'TIC

bonbiasa I'pyIiia 06’BCMHBIX OPpUBOAOB PA3JIMYHBIX MAIIWMH W TEXHOJOIHYCCKOI'O
000pyIOBaHUS UMEET B Iporiecce paboThl TOJILKO ABAa (PMKCUPOBAHHBIX ITOJIOKECHHS
(mo3umum). Takvie TPUBOBI HA3KIBAIOT JABYXITO3UITMOHHBIMA. B KadecTBe mBurareieit
B HUX OOBIYHO HCIIOJIB3YIOT HamOoliee MPOCThIE MO KOHCTPYKIIMH THUAPO- WU
ITHEBMOJIBUTA-TEJIH BO3BPATHO-TIOCTYTATEIILHOTO HJIM BO3BPATHO-TIOBOPOTHOTO JBH-
JKEHUs. YTIpaBJICHHE MepEeMEICHNEM BEIXOAHOTO 3BCHA ITPUBO/IA W3 OJTHOH MO3UITNH B
JIPYTYIO BBIMOJHSAETCS HanOOJIee IPOCThIM PEICHHBIM CIIOCOOOM TTOCPEACTBOM THAPO-
WJTU TTHEBMOPACIIPEACITUTENCH.

B kauectBe mpumepa Ha puc. 4.1 MOKa3aHBl B YCIIOBHBIX OOO3HAYECHUSAX DSTaIlbl
peJICHHOr0 yIpaBICHHS JBIJKCHHEM JBYXIO3HIIMOHHOTO THAPOIMIMHIApa. Ilpu
OTCYTCTBUU VIPABIIAIOIIETO BO3ICHCTBUSA Ha TPEXIMO3UIIMOHHBII
THAPOPACIPEACIIUTEIbL 3 €ro 3allOPHO-PEryIHPYIO-IIUHA 3JICMEHT HaXOIUTCS IO
BO3JICHCTBHEM IICHTPUPYIOIIUX TPYXKHH B CPETHEM TOJOKEHUM U 3alupact



JKUIKOCTh B KaMepax THAPOIMIINHIPA 5. YIIPABISIONINM BO3IEHCTBHEM MOXKET OBITh
PYYHOE MEXaHHYECKOE, THAPABIMYECKOE, ITHEBMATHICCKOE WIIH AJICKTPOMArHUTHOE.
Ilocne mocTymieHHs  yHPaBISIOMIEIO BO3IASHUCTBUS — 3aIIOPHO-PETYIIH-PYIOITHA
AJIEMEHT THIAPOPACHPEISIUTENS CMEIaeTCs B OJHO U3 KpaWHHX ITOJIOKCHHM.
brraromapss sToMy KaMepsl THIAPONMIWHAPA 5 COCTUHSIOTCS HWCHOTHUTEIHLHBIMU
THAPOIUHMSIMH 4 1 7, COOTBETCTBEHHO C HAIOPHOW | M CIMBHOW 2 THAPOJHMHHSIMH, U
BBIXOJHOE 3BEHO 6 ImepeMelaeTcs U3 O4HON KpaliHel MO3UIMU B APYTYIO 10 YIOpa.
Jns ysicHeHnus mporieccoB Ha puc. 4.1 mokazaHbl TPU MOCJIECIOBATEIFHO 3aHUMAEeMbIC
MOJIOXKEHUS 3alOPHO-PEryIUpPYIOmIero 3meMenTa. Ha oOmmx cxemax ruapo- HId
ITHEBMOIIPUBOAOB O3TH OTalbl YIOPaBICHHS OTIACIBHO HE H300pakaloT, HO
MOoJIpa3yMeBaloT.

IIpocToTa KOHCTPYKIMHM HMCIOJHUTEIBHOW YacTH MPHUBOJA, COJEpIKaIleld AIEMEHTHI,
IoKa3aHHble Ha pHUC. 4.1, U BO3MOXXHOCTh YIPABJICHHS PEICHHBIMH CHTHATAMH X
ONPEACIUIN IHPOKOES MPUMEHEHHUE ABYXIO3UIIMOHHBIX THAPO- W ITHEBMOIIPHBOJIOB
MpY MEXaHW3allUM ¥ aBTOMATHU3aIlMU MPOW3BOACTBEHHBIX IMPOIECCOB B PA3TUYHBIX
oTpaciiixX MallHuHOCTPOCHUSI. OTHOCI/ITCHBHO IOPOCTHIC THUKIBI IIPOTPAaMMHOIO
YIIpaBJICHHUSA ABYXIIOSHIIMOHHBIMHU IIPUBOJAAMH MOKHO OCYIICCTBUTH IIYTEM BBCIACHUS
B ITpUBOJ HG6OJ'H)H10F0 YHoJia JOIMOJHUTCIIBHBIX aIlliapaToB
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Puc. 4.1 . Dranbl peneiiHOro yrnpasieHus IBH:KEHHEM JBYXIIO3HIIMOHHOTO IIPUBO/IA;
a — (uKcausi BLIXOJHOIO 3BeHa; § — NPSIHOIi X0/1; 6 —0OPATHBIN X0

[TpuMepb! MPOCTHIX LUKIIOB, aBTOMATUYECKA OTPA0AThIBACMBIX JIBYXITO3UIIOHHBIMH
IIPHUBOJIAMH, TIOKa3aHbI Ha pHc. 4.2. [IukiorpaMme!l H300paskeHbI B KOOpPAUHATAX: T —
BpeMsl, y — IepeMelleHre BBIXOAHOro 3BeHa. Ha puc. 4.2, a, 6 — 2 rpaduku
JIBIDKEHHST BBIXOJIHOTO 3BEHA IMPHUBOA IMTOKa3aHbI YIIPOIIEHHO, a Ha puc. 4.2, 0
BBIJICJIEHBI 30HEBI PA3roOHa U TOPMOYKEHUS.

JIJ11 aBTOMATHYECKOIO BBIITOJIHEHHS ITPUBEICHHBIX IMKIOB HEOOXOAUMBI THIPO- MK
[MHEBMOAITIAPaThl, BBHINOJIHSIOIIME YIIPAaBIEHHE MPHUBOAOM II0 IIyTH, HArpy3Ke MU
BpPEMEHH. YIIPaBJICHHE IO ITyTH OCYILIECTBIIICTCS OOBIMHO ABYXITO3UIIMOHHBIMHU TPEX-
WA YETBIPEXIMHEHHBIMH PACIIPEICIUTEISIMA C MEXaHUYECKUM BO3JICHCTBHEM Ha
HUX OT KYJIQYKOB MJI YITOPOB, 3aKPEIUIEHHBIX HAa BHIXOIHOM 3BEHE MPUBOA WIIM  Ha
WCITOJTHUTENIHHOM MEXaHM3Me MaIllMHBL Pacripenenmrem
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Puc. 4.2 . [IpuMepHbIe HUKJIOrPAMMBbI IBYXNOAHIHOHHBIS IIPUBOI0OB:
a — «npsiMoii X0 — 00paTHBI X0 — OCTAHOBKA»; 0 — «NPSIMOH X0 — BBICTOH — 00paTHLIA xo1 —
0CTAHOBKA»; « — «OBICTPbIA M0ABOJ — Padouuii X014 — 00PaTHLI X014 — OCTAHOBKA»; 2 — IEPHOAHYECKOe
BO3BPATHO-NOCTYNATE/IbHOE (IIOBOPOTHOE) IBHKEHHME; 0 — «IPSIMOMi X0J — BBICTOIi — O0OpaTHBLI X0H —

OCTAHOBKA» € BbIIEJICHHBIMH 30HAMH PA3rOHA H TOPMOXKeHHs; th M {u — MOJIHBIH X0/ U BpeMsl BLIXOJHOI'O 3BEHA;
111 - nepemeiienne 1 Bpemst Ipu pasroue; L, u t, — T0 ke, IpH TOPMOKeHUH; t; — BpeMsi 0TpadOTKH HUKJIA
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Puc. 4.3. Cxema rugponpusosa ¢ myre- Puc. 4.4 . Cxema TUAPONPUBOIA C TEPHO-
BbIM YIIPABJIECHUEM 110 LHKIY «IIPAMOH JHIECKUM BO3BPATHO-IIOCTYIIATEIbHBIM
KO — 06paTHLH71 KOJI — OCTAaHOBKa» JBMKCHUEM

pa3MEIAlOT TaK, YTOObI MX BXOOHOM OJJICMEHT, HAIPUMEP pbluar < POJIMKOM,
B3aUMOJICHCTBOBAJ C KYJAUKOM B KOHEUYHBIX IOJIOKEHMS} BBIXOJHOTO 3BeHa. Bo3Bpar
3alOPHO-PETYIMPYIOLIETO 3JIEMEHTA | 3THUX PacHpeIeiuTeneii 0ObIMHO IPOMU3BOIUTCS
NpYKHHOW. Pacrpene nauWTend ¢ MyTeBbIM MEXaHWYCCKHUM YIPABICHHUEM BBIIONHSIOTCS
MaJio rabapuTHBIMH. Y ITYTEBBIX THIPOPACIPE/ICIUTENICH YCIIOBHBIIN ITPOXOII COCTABIISET 6, 8
n 10 MM, y mHeBMopacpenenurened — 2, 5 m 8§ MM. IO3TOMY B IPHUBOAAX CO
3HAUUTENILHBIM PacXoIoM pabodeli cpedbl MPUMEHSIOT BTOPYIO CTYIICHb YIIPABJICHHS —
pacIpeIeIMTEIN ¢ JOCTATOYHBIM MPOXOJHBIM CEYCHHEM 1 JIBYCTOPOHHUM THAPABINICCKIM
I ITHEBMATUYECKUM YIIPABICHHEM.
[Tprmep cxeMbl HCHOHUTEITLHOM YaCTH THIPOIPUBO/IA, ABTOMATHUYESCKH OTPa0aThIBAIOILICTO
TIPOCTOM ILIUKII «IIPSMOM XOJI — OOpaTHBIA XOJI — OCTaHOBKay, IMOKa3aH Ha puc. 4.3.
[uaporpuBog, BKIIOYACTCS KpParKOBPEMEHHBIM BO3ACHCTBHEM HA ABYXIO3UIIMOHHBIN
TUIIPOpaCIIPEACINTEIb 1 ¢ PyYHBIM YyIIpaBICHUEM U BO3BpaTHOHN mpy:kuHou. [Ipy sToM
THIPOPACIIPEACIUTEITh 2 BTOPOM CTYIICHH YIPABJICHHS BKIFOUACT MPSMOM XOJ] BBIXOIHOIO
3BeHa (IIITOKA) MYTEeM COCIMHEHUS ITOPIIHEBOM TIONOCTH THIPOIIMHAPA S C HAIOPHOM
TUAPOIIMHYCH, a INTOKOBOM — €O CIMBHOH. PeBepcupoBanme BBIXOIHOIO 3BEHA
mz[poné)maona BBITTOJTHSICTCS TTOCTIE BO3ICUCTBHS Kyiladuka 4 Ha ITyTeBOM THAPOPACTIPEICITH-
Tenb 3. Ilpm 3TOM THApOpacHpenemTell 2 TEPEKIoYaeTcsi W COOTBETCTBEHHO
COCIIMISIIOTCS IIITOKOBAs IIOJIOCTh THAPOLIMHAPA 5 C HANOPHOM THUAPOIMHUCH, a
ITOPIIIHEBas — CO CAMBHOM. Ecim HET pydHOro BO3ACHCTBHS HA THAPOPACIPEICITNTEIID
1, TO MoOpIIeHb CO IITOKOM
OCTaHABJIMBACTCSA Ha YIIOPE B HAYAITLHOM ITOJIOKEHHH. [ Mapopacip aeiuTenb 2 CHaOKeH
JIPOCCEITbHO-KJIAMIAaHHOW TUTMTOM, Ojarojaps 4YeMy ero BallOpHO-peryJIUpYIOIIAHA
3JIEMEHT (30JI0THHK) TUTABHO TIEPEMEIIACTCS, TEM CaMbIM IIPEIOXPaHsIS THAPOCUCTEMY
OT PE3KUX BO3PACTaHUH (CKAYKOB) JIaBIICHUSI.
UroObl ~ OOCCIICUMTH  HEPHOIUYCCKOE  BO3BPATHO-TIOCTYHATCIIBHOE  JIBHYKEHHE
ruapoyHapa 5 (puc. 4.4) - BBIXOZHOrO 3BeHa TuaponpuBoia (cMm. puc. 4.2, 2),
LIEJIECO00Pa3HO HMCHOIB30BaTh ABYXIIO3U-IIMOHHBIA KPAHOBBIH THAPOPACIPEACIUTEIb 3
(puc. 4.4), mepexarovYacMblii IOABMXKHBIMH yIOpamu 4, KPTOphIE COCIMHCHBI C
MOJBIKHOH YaCThl0 THIPONPUBONA. [ MApopacipeneinTelh 3 TUAPABIAYECKU
YIpaB/IIeT THAPOPACIIPENEIUTEIEM 2 BTOPOH CTYIIEHH C APOCCEILHO-KIANaHHOM IIIIUTOM.
BKIIOUCHUS W BBIKIIOUCHUS JBIDKCHMS TUAPONPHBOAA  HPSAYCMOTPEH
TPEXIO3UIMOHHEIN THApopacnpeacauTeiab 1 ¢ pyddsM yrpasicHueM. [lpu cpemmem
MOJIOKEHUH THApOpacipenenuTelss | >KHUAKOCTh B IOJOCTAX THAPOLMIMHIpPA 5
3alepTa, a HacOCHas YCTaHOBKA pasrpy:keHa (HarlOpHas THAPOJIMHMS COCIUHEHA CO
ciuBHOM). Ilpm mokazamHoM Ha puc. 4.4 MOIOXKCHUW TUApopacnpeaciurens 1
MPOUCXOIUT HEPHUOAMUCCKOS BO3BPATHO-TIOCTYIATEIBHOS JABIDKCHIE THAPOILIINHAPA 5.
B TperheM monokeHMH THIapOpactpencauTess | THIPOUMIMHIAP 5 mepeMeniaeTcs B
OJIHO U3 KpallHUX MOJIOKEHUH.
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Puc. 4.5. Cxembl IPUBOJIOB C aBTOMATHYECKHUM YIIPABJICHUEM I10 LIUKITY
«IPSIMOM X0 — BBIACPKKA Ha yIIOpe — OOpaTHBIN XOm»:
a — ruiponpuBoaa; 0— MHEBMOIIPUBOJA

IIyreBoe ympapiicHHE ABIDKCHHMEM IIPHBOAA IOCPEACTBOM KYJIAYKOB M ITYTECBBIX
pacopenemrereil He o0ecreYMBaeT BHICOKOM TOYHOCTH OCTAaHOBKHM BBLIXOIHOTO 3BEHA B
KpaliHeM 1oiokeHnr. OCTaHOBKA C TOYHOCTBIO 10 JIEBITH JOJICH MIJUIMMETPA BO3MOXKHA
C TIOMOIIBIO «CHJIOBOI'O» YIIOpa B COYCTAaHWU C VIIPABIICHHEM II0 Harpyske. IIpmmepsl
COOTBETCTBYIOIINX CXEM I'MAPO- U ITHEBMOIPUBO/IA TTOKa3aHbl Ha puc. 4.5, a, 6. CymHoCTb
VIIPABJICHUS MO HArpy3ke COCTOMT B TOM, YTO HCIHOJB3YSTCS MOBBILICHUEC JABJICHUS
paboucii cpedpl IIPH OCTAHOBKE BBIXOJHOIO 3BEHA OOBEMHOrO JBHMrareias 5 Ha
HEMOJBIKHOM yIope 6. /laBjeHde MNOBBLILAETCS A0 3HAYEHHs, NPH  KOTOPOM
cpadaTpiBaeTu IPEJOXPAHUTENBHBIA KIIallaH B  HACOCHOM yCTaHOBKe (HA cXeme He
MoKa3aHa) WK JI0 TaBJICHUS Ta30B B aKKyMyJIATope (Ha cxeMe He MTOKa3aH).

N3-3a yBenuueHHs JaBiIeHUs Bbille pabouero cpabarbiBaeT pacrpenenurens 7 (puc. 4.5, a)
Wi KianaH gasienus 8 (puc. 4.5, 6), NpyXHUHBI KOTOPBIX HACTPOSHBI HA MaKCUMaJIbHOE
JaBlieHne pabodell cpempl. UToOBI OOECIICUMTh ONPEICICHHYIO BBIICP)KKY BPEMCHH B 30HE
OCTAHOBKH BBIXOJHOIO 3Be€Ha mpuBoma Ha ymoope (puc. 4.2, 6), B cxXemMe IpHUBOAA
npeaycMaTpuBaeTcs KiamnaH 4 BeIIep:KKku BpeMenH (puc. 4.5, a, 6). Ilpu 3ToM pacnpeaenurens 3
BTOPOH CTYIICHU YIIPABIICHHS MTEPEKITIOYACTCS HEe Cpasy Iocie cpadaThIBaHUA PactpeacIuTess 7
WM Ki1amaHa 8, a depe3 OINpeAeICHHOE BpeMs, COOTBETCTBYIOIICE HACTpOWKe Kiamana 4,
Ha3bIBAEMOIO TaKXKe pejie BpeMeHHW. [IpuHImm neiicTBUS KiamaHa 4 COCTOWT B 3aMEIJICHHOM
Oyaromapst peryJIupyeMoMy APOCCENO 3aroTHEHMH pabodell cpenoil BHYTPSHHEH YIPaBIIFOIICH
kamepbl. Kmaman 1 oOecrieunBaeT cBOOOMHOE OOpaTHOE TEUCHHE JKUAKOCTH B YIIPABJISIOIICH
ruapoymHun. Pacipenenurens 2 HEoOXOAWM I HAYaabHOTO BKJIFOYCHHUS THAPOIPHBOIA.
Pacripenenurenu 9 u 10 Hy»KHBI IS ITEpEKITFOUCHIS ITHEBMOIIPUBO/IA Ha aBTOMATHIECKYIO PadoTy.
BecbMa pacrpocTpaHEHHBIH UK PaOOTBHI THAPONPHUBOIOB CTAHKOB — «OBICTPBIA ITOJBOJ
MHCTPYMEHTa — PabOuMii X0 — OBICTPBIM OTBOJ — OCTAHOBKa» (CM. pHC. 4.2, B), TOITOMY B
CTaHKOCTPOSHHH TPUMEHSFOTCS KOMOMHHPOBAHHBIE aIapaThl, MPEACTABIIONINE COO0M EoucTanme
IIyTEBOI'O paCIpe/IesnTes, PEryIITopa MoToKa U oopaTHoro kinamada [35]. Ha OeicTphlii moaBoz
MHCTPYMEHTA MPUBOJ, BKIFOYAETCS [P 0ade AIIEKTPHYECKOr0 CHIHAIA B THAPOPACIIPEICTHTEIE
2 ¢ DIEKTPOMArHUTHBIM yIpaBienueM (puc. 4.6). Ilepexmrouenne Ha pabOUMil X0 BBIIOIHIETCS
BO3/ICHiCTBIEM Kyiadka 4 Ha IyTeBOW THAPOpACIIpeleInuTellb KOMOMHHUPOBAHHOrO armapaTa 1.
IIpu sToM paboyas >KMAKOCTH W3 IITOKOBOH IOJOCTH THAPOLMIMHAPA 3 HAIPaBisIeTCs B
PEryAsATOp IMOTOKA, HACTPOEHHBIH HA 3aJaHHYI0 CKOPOCTH JBIDKEHHS BBIXOJHOTO 3BEHA.
DIIeKTpUYECKU CHTHAI Ha peBEpPC K THAPOpACIpe-AEIUTENI0 2 MOCTyHmaeT oT
MHUKpoImepekaodarenss 5. OTBOA HMHCTPYMEHTa BBIMOJIHIETCS OBICTPO, TaK KaK IIOTOK
JKUIKOCTH TIOCTYIAeT B INTOKOBYIO ITOJOCTh THAPOLMIMHIAPA 3, MHHYS PETYISITOP, Yepe3
00paTHBINA KiIalaH.

Koncrpykius TUapo- W ITHEBMOIPHUBOAOB C LHKJIOBBIy YIIPABICHHEM CYIIECTBEHHO
yOpomiaercs IpPH  KCIOJB30BAaHHM  MAJOrabapHTHBIX  JJICKTPUYCCKHUX  MYyTEBBIX
nepexmouareneii (puc. 4.7). KoHeuHple 3IeKTpUUECKHE MEPEKIIOYaTeId 5 U 7 MOJAI0T
CHTHAJBl K JBYXCTyIeHYaTOMYy (IBYXKacKaJawoMy) THApoOpacHpeienure o 1 ¢
3JICKTPOMArHUTHBIM yIIpaBiIeHueM. [ mapopacipeneanTeasb 2 ¢ JISKTPHUSCKUM YITPaBICHHEM
MOJYYaeT CHTHAJ OT MPOMEXYTOYHOIO 3JICKTPHUECKOro Iepekmodares 6 M ympapiser
KJIallaHOM TIOCIICIOBATeIbHOCTH 3. PerympyeMslii Aapoccelb 4 HacTpauBaeTCs Ha 3aJaHHYIO
pabouyt0 CKOPOCTh JBIIKCHUS BBIXOJHOTO 3BEHA THAPOIMIMHApPA 8. DICKTPOrHIpaBIH-decKas
CHCTEeMa VIIPAaBIICHUS TPHBOIOM OOCCIICUMBACT IMK;T «OBICTPBIA IIOMBOA — pabOuMii Xom —
OBICTPBII OTBOJ, — OCTAaHOBKY». CllemyeT OTMETHTh, YTO THAPOMEXaHHYECKas YacThb IPHBOJIA
YIIPOIIACTCS TIPH YCIIOKHEHUH ICKTPHUSCKOM YaCTH.
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Puc. 46. Cxema rtuapompuBoma ¢ YCT-
POYCTBOM JIJIs1 aBTOMATUYECKOTO YIPABJICHHS
[0 LMKIy- COBICTPBIA IMOABON — paboumii
KOJT — OBICTpPBIi OTBOJI — OCTAHOBKA)
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Puc. 4.7. Cxema TruaponpuBoaa C 3JICH-
TPOTHIPABITYESCKIM [IHKIIOBBIM YIIPABICHU



JUI1  TMKIIOBOTO  VIIPaBICHWS THAPO- W ITHEBMONPHBOIAMH CEPHHMHO  BBITYCKAFOTCS
COOTBETCTBYIOIIME armapatsl [29, 35]. CpencTBa MHEBMOABTOMATHKH UMEIOT O0JIee IIIMPOKYIO
HOMEHKJIaTYPy 3JIEMEHTOB BBICOKOTO YPOBHSI TABJICHIS, YeM CPEACTBA THAPOABTOMATaM: pas-
HOOOpa3HbIC TI0 KOHCTPYKIMM YCTPOWCTBA JUIS PYYHOTO BBOAA HWH(MOPMAIMH, WHIMKATOPHI
JIABJICHUS, DJICKTPOITHEBMATHICCKHE H.ITHEBMO-JICKTPHUYECCKUE MTPeoOpa3oBareiy, KiarnaHbl H
JIOTHYECKUE 3JIEMEHTBL. JTH YCTPOHCTBA OOECIICYMBAIOT pa3IHuHbIC OJOKHPOBKY} a TaKKe
BO3MOKHOCTb COYETAHHUS PYYHOTO M aBTOMATUYECKOro yIpapieHus mpuBogaMu. Ha puc. 2.8
IOKa3aHa CXeMa IMHEBMOIIPHUBOJA C PYYHBIM M aBTOMATHYECKMM ITyTEBBIM YIIPABJICHHEM H
OmnokrpoBkamu. [ lepekiTioueHre ¢ PydHOTo PeXKMMa YIIPaBJICHHUS Ha aBTOMATHUCCKHI BBITIOJIHS-
eTcs mHeBMopacmpenemuTeneM 1 (TymOnepom). Mumukatop 2 JaBieHHS  BU3YaILHO
CHUTHAJIM3MPYET O BKIIOYEHHOM pEKMME pabOThl MHEBMONpuBoAa. Jlasg IyTeBOro
ABTOMATHYECKOTO YIIPaBJICHUS IIPHBOIOM IpHUMEHEHbI HeBMopacpenemurean 8 (1) u 8(2) ¢
MIEPEKITIOYCHHIEM OT KyJiauka. PydHoe yIpaBieHrne o0ecreYrBaOT MTHEBMOPACIPEACIIUTEIH
3(1) u 3(2) ¢ xaonkamu. J{jIst CTEIKOBKH YCTPOMCTB aBTOMATHYECKOIO M PYYHOTO YIIPABICHMS
OHH COCIUHEHBI TPYOOIPOBOJAMH C YIIPAB/SIOIIMMH KaMepaMH ITHEBMOpacIpeaeIuTess 5
BTOPOH CTYIIEHH IIOCPEACTBOM JIorHyeckux snaemeHtoB «MJIM» 4(1) u 4(2). Mexaumsmel
MammmHbel (Ha puc. 4.8 He IOKa3aHBI) B3aUMOICHCTBYIOT C OJOKHPOBOYHBIMU JBYX-
[O3MIMOHHBIMK TTHeBMopacnpenenuTeasMu 6(1), 6(2) u 6(3). JIBwxeHne BBIXOAHOIO 3BEHA
ITHEBMOIMJINHIpa 7 B aBTOMAaTHICCKOM PEKHMME BIIepe] HE HAUMHACTCS, TIOKa He cpaboTaroT
BCE TPH ITHEBMOPACTIPEICITMTENSA 6, YTO COOTBETCTBYET MPABIIILHOMY UCXOTHOMY TOJI0KECHHIO
MEXaHU3MOB MAaITHHBI.

302

Puc. 4.8. Cxema MHEBMONIPUBO/IA C PYYHBIM M aBTOMATHYCCKUM MyTEBBIM YIIPABICHHEM U
GIOKMPOBKAMHU

IIpy wCIONB30BaHMKM B MAIIMHAX WM TEXHOJIOTHYECKOM OOOpPYJIOBAHWM TI'PYIIIOBOIO
IIPUBO/JA  HEPENKO  BO3HHMKAET  HEOOXOAMMOCTH B OOECHEeUeHWH  3a/JaHHOM
MOCJIEIOBATEALHOCTH  JBMIKEHUS BBEIXOJHBIX 3BEHBEB M CBA3AHHBIX C  HHMH
HCIHOJHUTENBHBIX MEXaHH3MOB. CXema TpyIIOBOr0 MHEBMOMPHUBOJA C aBTOMATHUUECKH
o0ecreunBaeMoil IOCIENOBATEILHOCTLIO JBIDKEHHI HCIOJHUTEIBHBIX MEXaHHU3MOB
mokasaHa Ha puc. 4.9. B rpynnoBoM OpHBOJE NPEIyCMOTPEHBI TPH ITOCIENOBATEILHO
ngericteyronux nHeBMormuHapa 4, 9 u 13. IlyreBoe ympaBieHHE KaKIbIM K3 HUX
o0ecreunBalOT MHEBMoOpacpeaeautend 2 u 3, 6 u 7, 11 u 12, B3auMoaeiCcTBYIOIHUE C
KyllaykaMd Ha INTOKaX. BHelIHee ympaBieHHE TPYMNIOBBIM IPUBOJOM OCYILECTBIISIET
[THEBMOpacnpeae-IuTelb 14 ¢ pyddsiM yrpaBieHueM. [Ipn 0IHOM IOJO0KEHUH 3aIIOPHO-
PETYIHMPYIOIIET0 JJEMEHTA STOT0 PACHPENCIUTENS MTHEBMOLMINHAPKI OCIEI0BATEIHLHO
0TpabaThIBAIOT IMONYIUKI «XOJ BIIEpE] — OCTAHOBKA», MPH APYIOM, IOKAa3aHHOM Ha
cxeme, — IMONYIHKI «XOJ Ha3ajg — OCTaHOBKa. I[lociaemoBaTenbHOCTh OTPaOOTKH
JBIDKEHUH Ka)KIbIM [THEBMOLMIMHAPOM JOCTUTAETCSA COEIUHEHHEM ITyTEBLIX ITHEBMOpAC-
peAennTeaei, OTHOCSIIMXCA K  OJHOMY IHEBMOLMIMHIAPY, C  OCHOBHBIMH
[THEBMOPACIIPEAETUTEISIMA BTOPOH CTYIIEHH, YIPABISIOMUMHU JBIKEHUEM ITOCIIETYFOIIIX
[MHEBMOLMIUHAPOB. [lpu mpsMOM Xoze IyTeBble ITHeBMoOpacupedenurenu [2 s 7
VOPaBISIOT OCHOBHBIMHM  ITHEBMOpAacIpemeinureasMd 5 u 1 ¢ JBYCTOPOHHHM
[THEBMATHYECKUM yIIpaBieHHeM. [Ipu oOpaTHOM ABMKEHHM ITHEBMOLIMINHIAPOB ITyTEBBIE
[THEBMOpAacIpeAeanuTeNn 2 u 6 yupaBssioT OCHOBHBIMU IMHEBMoOpacnpeaenureasmu 5 u 10
TaKke C JBYCTOPOHHHM ITHEBMATHUYCCKMM YyrpasiaeHHeM. [IHeBMopacmpenenuTens 8 ¢
MMHEBMATUYCCKUM YIIPaBICHUEM HNPEIYCMOTPEH B CHCTEME IHEBMOIPUBOAOB IS
Pa3BETBICHNUS YIPABJISIIOIIUX MOTOKOB Padoueii epe/ibl ¥ YCHICHUS HX 110 PacXOiy.
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Puc. 4.9. CxeMa rpymoBoro mHeBMOIIPHUBO/IA C ABTOMATUYCCKIM YIIPABICHAEM
TIOCIIEZIOBATENIHHBIM IBIKEHUEM ITHEBMOISUIUHPOB

Paccmotpennbie B jaHHOM Taparpade mprMepsbl CUCTEM IMKIIOBOTO YITPABJICHUS THIPO- U
ITHEBMOITPHUBOJIAMI HA3bIBAIOT JICIICHTPAIM30BAHHBIMU. J[JISI OTHOCHTEIIBHO CIIOMKHBIX
IIUKJIOBBIX IIPOrpaMM aBTOMATHYECKOTO YIpaBJICHHUS MPUBOJAMH IPHMEHSIOT CITIOCO0
[ICHTPATM30BAaHHOTO yIpaBjieHus. JI1 3TOro ycraHaBiIMBAIOT KOMaH]IO-armiapaThl,
MaTpUYHbIE KOMMYTATOpPhl M JIOTWYECKHWE yhpaBmomye Omokn. Ecom  mpm
MIPOEKTUPOBAHUK TIPUBOIOB C TPOCTHIMHU ITMKJIAMH PAaOOTHI BO3MOKEH HWHTYHUTHBHBIN
TTOZIOOP aIapaToB M COCTABIICHUE CXEMBI IT0 CJIOBECHO BBIPAKEHHOM IpOrpamMme, TO IS
peanm3aliy  CIIOKHBIX IWKIOB TIPOrpaMM HEOOXOIMMO TIONB30BaThCs  (hOpPMaT30-
BaHHBIMH METOJIaMH TIPOCKTUPOBAHUS CUCTEM IPHBOJIOB.



5.1 Dnepreruueckuii pacuer I'TIC u BbIOOp ABUTATENS

[IpoeKTHPOBOYHBIM pacyeT ABYXIO3WIMOHHBIX IIPHUBOJOB HAUMHACTCS C YTOYHCHMS
yCII0BHIH paboThI IIPHBOIA. MOXKHO BBIICIUTH ABa HANOOJICE TUITMYHBIX BapUaHTa PaOOThI
JIBYXTO3UIMOHHBIX TIPUBOJIOB. IIEPEMEIICHAE W3 OJHOM IIO3WLMH B JPYIyI0 IIpU
MTOCTOSIHHOM MJIM MaJOM3MEHSIFOIIICHCS BHEIIIHEH HAarpy3Ke M JBKEHHE CO CTYIEHYATO
U3MEHSIEMbIMU CKOPOCTSIMU u Harpy3Kamu. YcmoBus JIBUOKCHYS
IPHUBOJAOIPEICIIAIOTCS 3aJaHHON MUKIorpaMmor (cM. puc. 5.1). BHemmHsAs Harpyska Ha
TIPUBOJT PACCUUTHIBACTCS TI0 JTAHHBIM: pabodero mporiecca MamuHbL. Cloma OTHOCSITCS CHIIBI
(MOMEHTBI CHJI) COIIPOTHUBJICHUS BHEIIHEH Cpelbl, HHEPIUH U TPEHHUS I UCIIONMHUTECIBHOM
MEXaHU3ME.

PamccmoTprM pa®oOTy THIIOBOrO JIBYXIMO3HIIMOHHOTO NPUBOJA PEJICHHBIM YIpaBICHUEM
MpU TEpeMEIeHNH BBIXOJHOTO 3BEHa M3 OJHOM MO3MIMM N Apyryr. IlpumepHas
LUKJIOTPaMMa TaKoro MpUBOJa U300pakeHa Ha puc. 5.1, 0. Ha nukinorpamMme BBIICICHBI
XapaKTepHBIC YYACTKHU: PAa3roH, ABIKCHUE C. YCTAHOBUBIICHUCS CKOPOCTHIO M TOPMOXKECHHUE,
penu BpeMsl cpalaThIBaHUS PACHPENCIIMTENS 3HAYUTEILHO MEHBIIE BPEMEHM BILKCHMS
BBIXOJHOI'O 3B€HA, TO XapaKTCp ABWKCHHA 3aBUCHUT HC OT YIIPABJIAIOIICTO BO3)Z[CI71CTBI/I$1, a oT
MMapaMeTpPOB MPHBOJA M BHENIHEH Harpy3ku. Kak Ioka3bIBaeT OIBIT MPOCKTUPOBAHUS
JABYX-IIOBUIIMOHHBIX IIPHWBOJ0B, OAMHAKOBOC IIOJIHOC BPEM tn IEPEMCIICHUS BBIXOJHOI'O
3BE€HA U3 OJHOM MO3WIMM B APYIYIO Ha paccTossHue Lp MOXKeT OBITh JOCTUTHYTO IPH
OJIMHAKOBOHM BHEIIHEH HArpy3ke pa3jMYHbIM COYCTAHUEM [apaMETPOB OOBEMHOTO
npuBona. OT coveTaHHs IapaMeTPOB IPHBOMA CYIIICCTBEHHO 3aBHCAT €ro TabapHTHBIC
pa3Mephl, Macca B CTOUMOCTb. ClleIoBaTeIbHO, ITPH MPOSKTHPOBAHUN JIBYXITO3H-ITHOHHBIX
MIPUBOJIOB BO3HHUKACT 3a/ada ONTHMHU3AIIMH OCHOBHBIX MapamMeTpoB. HauWHaTh perreHne
9TOW 3amayu IMelecoo0pa3sHo Ha HAYaJbHOM dTalle MPOSKTHPOBAHHS IBYXITO3UITHOHHOTO
MIPUBOJIA ITyTEM BEIOOPA ONTUMAIHLHOTO 3aKOHA JBM)KCHHS BBIXOIHOT'O 3BCHA.

Hawnbonee HarisimHo 3akoH ABM)KCHHS BBIXOJHOTO 3BCHA W3 HAYaILHON ITO3HWIIHHA B
KOHEYHYIO TTOKa3aH Ha TaxorpaMMe, 0TOOpaKaromel 3aBUCHMOCTb CKOPOCTH V IBIKCHUS
ot BpeMenH L. [Ipn mocTpoeHNH UACATBHBIX Taxorpamm (puc. 5.2) IPHHAMAIOT YCKOPEHUE
1 3aMeJICHHE TIOCTOSTHHBIMA M OJUHAKOBBIMH II0 MOJYJIIO, CKOPOCTh YCTAaHOBHBIIIETOCS
IBIDKCHUS TIOCTOSHHOW. IlpM TakuX MOMYIIEHUSAX YYACTKH HIACAIBHBIX TaxorpamMm
MIPEACTABISIIOT COOOH OTpEe3KH MPSAMBIX JUHHUH, Bpems ty pasroHa paBHO BpeMeHH I,
TOPMOYKEHUS.

W3 Bcero pa3HOO6pa3I/Iﬂ UACAJIBHBIX TaXOr'paMM MOXHO BBIACIINTE TPU IPUHIUIINAIBHO
pa3MYHbBIE 10 BHIY: TPEYTOJNBHYIO, MPSIMOYTONBHYIO M Tparenenaanbayo (puc. 5.2).
I'eomeTpuyeckoii OOIMHOCTHIO TPHUBEJACHHBIX (UIYP JOJKHO OBITh PABEHCTBO HUX
IIoIIaaeH. DTUM oTOOpaXkaeTcsi 00IIee JUIsi BCEX 3aKOHOB JIBMDKEHHUS BBIXOJIHOTO 3BEHA
YCIIOBHE TOJHOTO MIEpeMEIIeHUs Ha paccTosiHue Ly 3a TpeOyemoe Bpems th. CBsi3b MEXITY
OTUMHU BCIMYHMHaAMH YCTAHABIUBACTCA T'COMCTPHUYCCKHM HMCTOJIKOBAHUECM MHTEIrpalia
byukimn V=@ (t):

fn (5.1)
Lo= J vdf,

st Tpex OCHOBHBIX BHJIOB TaxorpamMm (puc. 5.2): TpeyroJbHOW, MPSMOYTOJIHHOU H
Tpaneren1aaIbHON MOTyIUM COOTBETCTBYIOIIHNE 3aBUCIMOCTH

Ly = Umayin/2; Ly = Uynlp; Lp =ty {ta — tp)- (5.2)
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Puc. 5.1. WaeanbHble TaxorpaMMbl IBUKCHUS BBIXOJHOTO \ 7
3BEHA JBYXIO3HMIIMOHHOI'O MPHUBOJA IPH PEJIEHHOM YII- [T
paBieHHN 2 |65
L o]
Puc. 5.2. 3aBHCHUMOCTh OTHOCHUTEIILHOW MpEIeIbHONH MOII- K —
HocTH Nn Ha BBIXOJHOM 3BEHE OOBEMHOIO IBHUTATENs OT . =05
OTHOCUTEIBHON MPEACTFHON CKOPOCTH Va IBWIKCHHS IPH 97 95 47 ; 7 - =
r r » a

Pa3JINYHBIX 3HAYCHUAX IMOKA3aTEIIA €x HArPpy3KN

Bennuuny Vy Ha30BeM OpeaenbHON CKOPOCTHIO IIPH TpallelleHaIbHOM TaXorpaMMe.
Beipaskenuss (2.1) TO3BOJAIOT CAENAaTh CYIIECTBEHHBIE BBIBOJALI. CKOpPOCTH
YCTaHOBHBIIIETOCS ABMKCHHS BBIXOIHOTO 3BEHA HAXOUTCS B TPAHUIIAX

Lofte < vg < 2Lyt (5.3)

YCKODGHI/IG, IOPHUHATOC IIOCTOSAHHBIM IIPHM PA3roHE BBIXOAHOI'O 3BCHA IIPHUBOJA,
MOJXHO BbIPa3nuTb 3aBUCUMOCTBIO (5 4)

Wy = O/l tn el U‘I!f(vntn - Lu)-

IMonHast BHEIIHSS HArpy3Ka Ha BEIXOJHOE 3BEHO IIPU Pa3rOHE IIPHBOIA
Hy = mywy 4 H, (5.5)

rie m, — MPUBEACHHAS K BEIXOAHOMY 3BeHY Macca (MOMEHT WHEPIHH) pabodyero
MEXaHuU3Ma U IICpEMCIIACMOTIO I'py3a, So— OPpUBCACHHAA K BBIXOAHOMY 3BCHY
PEIYIbTUPYIOIIAA BHCITHHUX CTATUYCCKUX (HOTGHHH&HBHLIX n ,Z[I/ICCI/IHaTI/IBHLIX) CHUJII
I MOMCHTOB CHII. HpOI[eJ'IBHaSI MOITHOCTb Ha BBIXOJHOM 3BCHC IPHUBOJA

Ng = vuffs. (5.6)

OnpenenuM 3aBHCUMOCTD TTPEIETBHON MOIITHOCTH OT TpeneiabHoN ckopocTH Ny = @
(on) mpH TpameneuaaabHON TaxorpaMMe IBIKCHHS BBIXOJHOIO 3BeHa mpuBozia. Ee
MOKHO HaWTH, €CIIU MTOACTABUTE B (hopmyiry (2.5) Beipakenus (2.4) u (2.3):

N = myt/(@yty — Lo) + 0aH,. (5.7)

Jns amanmmza ypaBHeHUs (2.6) ymoOHO BBECTH OTHOCHTEIIBHBIC
BeanUUHBI V = Vi/Viviax ¥ Na = N/ (VimaxHc) 1 0003HaunTE  KOMITIEKC BENUYMH

En = MyUpen/(2H L) (5.8)



BenuunHy €, MOXKHO Ha3BaTh IOKa3aTeJeM BHJAa HArpy3KH, TaK KaK OHA IMPEICTaBIISIET
c000i1 OTHOIIICHHE MAaKCUMAJIbHOW KWHETHUECKON SHEPTUH JBIUKYIIUXCS MAcC K IOJHOU
paboTe cTaTWYecKWX BHEIIHWX CHI. BenmunHa €, MOKa3bIBaeT, Kakas M3 HArpy30K Ha
MIPHUBOJI ITPE00IaTaeT — CTaTHYeCKas iIH JTUHAMHIYECKAI.

B cooTBeTCTBUM C PHUHATHIMU BEIHYWHAMH HAaXOIUM W3 BRIpakeHUs (2.6) 3aBUCHMOCTH
OTHOCHUTEIILHOU TPEeNIbHOM MOIMHOCTH Ny OT OTHOCHTENBHOMN MPEAEIbHOM CKOPOCTH Oy
BBIXOJ/IHOTO 3B€HA MPUBOJIA! (5.9)

ﬁn = BRB?I/(GII — 0,5+ Ug.

O6nacth cymectBoBanust GpyHkuuu Na =@ (V) orpannyena quanaszonom 0,5< vp< 1,0. Ha
puc. 5.3 moka3aHa 3aBHCUMOCTB 3TOH (ZYHKIMH IIPH PA3IUYHBIX 3HAUCHHSX €. Kak BUIHO,
IIPH  JBYX-TIO3UITMIOHHOM JIBIDKCHHHM IIPHBOJA WMECTCS SIBHO BBIPAKCHHBIH 3KCTPEMYyM
(MUHAMYM), 9YTO TIOATBEPIKAACT IEIecO00pPa3HOCTh ONTHMH3AIUH BEIUYHMHBI Vn [lpn
KKIOM 3HAUCHHUH TTOKa3aTeysd £, UMEETCs CBOM MUHUMYM BenmdauHBI Nn. C Bo3pacTaHmeM
BEITUYHMHEI €4, T. €. TIPH MPEOOIATaHNN THHAMHYECKONH Harpy3KH, SKCTPEMYM CTaHOBHUTCS
bomnee rryookuM.CireyeT OTMETHTh, YTO CHIDKCHHE TPeAeTbHOM MOIITHOCTH Ha BBEIXOIHOM
3BEHE IIPH MIPOYHX PABHBIX YCIOBHIX ITO3BOJISET YMEHBIIUTH Ta0apUTHBIC pa3Mephl, MacCy
Y CTOUMOCTb JIBYXIIO3UITMOHHOTO TPUBO/IA.
AHaTUTHYECKOE YCIOBHE MHHHMMAILHOrO 3HaucHus GyHKuud Np=d(V,) HaxoguM, B3sB
MPOU3BOJIHYIO 110 Va OT BbIpaskeHUsI (2.8) v IpUpaBHSB €€ HYJIO:
dVa _ , 3o(0—05—% e (5.10)
dog e (%2 — 0,5 ’
52 (26, — 1,5) {—o0
e —ogr 1=

(5.11)

Pemenne IIOJIYYCHHOI'O YpaBHECHUSI OTHOCHUTCIBHO BCJIWYHHBI Vn T'POMO3AKO, IO3TOMY
1[eJIECO00pa3HO IPUMEHNUTH TPa(HK, CBA3BIBAIOIINA BEIHYNHEI €5 U Vn . [0 OTHOCHTENBHO
MPOCTOM 3aBUCUMOCTHU

£ = (O — 0,5)/[5% (1,5 — 20,)]

paccuutaH M 1ocTpoeH rpapuk 0, =®(®H). oTpaxkarommii 3aBUCHMOCTH ONTHMAJILHOMN
OTHOCHTEILHOMN TIPENENLHON CKOPOCTH 0, BEIXOJHOIO 3BEHA OT IoKaszareis €, (puc. 5.3).
[Tonyuennast rpaduueckas 3aBUCHMOCTh OXBaTbIBaeT OoJbmiol auana3oH BeauuuH 0,001
<g,; <10, moaTOMY Ha OCH aOCITMCC UCIOJB30BaHa JIorapuMHuUecKas ceTka. AHAIU3 3TOH
3aBUCUMOCTH TIO3BOJISICT ~CJAEJaTh BBIBOA O TOM, YTO OINTHMAJIbHBIC 3HAYCHHS
OTHOCHUTEILHOM TIPEeAEIbHON CKOPOCTH Jiexkat B npeaenax 0,5 < vy, <0,75. CooTBETCTBEHHO
JUTSE aOCOTFOTHOW BEJIMYMHBI IPEAEITFHON CKOPOCTH UMEEM 30HY ONITUMATBHBIX 3HAYCHHN

Lyfty << vg << 1,6L /5.

(5.12)

(5.13)
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Puc. 5.3. 3aBHCHMOCTH ONTHMAJIBHOW IO MOLIHOCTH IPHBOJIA OTHOCUTENBHOM TpeeIbHON

ckopoctu Vi IBMXKEHMS BBIXOIHOTO 3BeHA €

AHanmm3 MBWKEHUS BHIXOIHOTO ABYXHUO3UIIMOHHIIIO TPUBOIA W ONITUMHU3ANINS TIPEISITHHOMN
CKOpOCTH TIpH TIEPEMEIICHUN HCITOJIHUTEIFHOTO MEXaHW3Ma W3 HAdaJbHOHM ITO3WINH B
KOHEUHYIO TO3BOJILI!! pEKOMEHIOBaTh TAKyIO IOCIEAOBATCIILHOCTh JHEPTETHUICCKOTO
pacdeTa TUAPO- WK ITHEBMOIIPHBO/IA.

Vmax = 2L/t (5.14)

n = MgUhax/(2H o Lo); (5.15)



HcxomHBIMA HaHHBIMH CIYXKAT TOJMHBIM IMyTh Lj TepeMeIeHus BBIXOJIHOTO 3BCHA,
MMOJIHOE BpeMs {7 TepeMeleHus, NpuBeIeHHAas Macca (MOMEHT HWHEPIHMH) M H
MpUBEJICHHAs cTaTHUecKas cuiia (MoMeHT cuit) He. ITo dhopmyiiam omnpeneiseM

BTopoii THNWYHBIN BapHaHT YCIIOBHU PaOdOTHI ABYXITO3UIIHOHHOTO IIPHBOIA PACCMOTPHM
Ha mOpuMepe padOTBl arperaTHON TOJIOBKM aBTOMATHYECKON cTaHOYHON nuHmu [35].
VhpolnieHHas UKIoOrpaMMa padoThl THAPONPHBOAA MOKa3aHa Ha puc. 5.4, 6. Beigenum
TIEPUOJIBL:

HaXOJIUM 3HAa4YCHHUE Vn 10 TpaduKy Ha pucb.3, ganee paccuuThIBacM

Uy, == Umu_t.’n; (5.16)

Wp = /(s — L) (5.17)
Hy = mywy + Ho; (5.18)
N, =0,H,. (5.19)
(5.20)

o= ta -t 4+ tatbo

1) ObicTpoe nBmkeHMe Brepes (IIOABOJ HMHCTPYMEHTa K 0OpabaThiBaeMOM JeTaiu) Ha
paccrosiaue L, 3a Bpems t, ipu BHemHeH Harpy3ke Hg;

MeIJICHHOE JBIDKEHUE BIlepe (padoyas rmogaya MHCTPYMEHTA IPH 00padOoTKe AETalIl) Ha
paccrostaue Ly co CKkopocTbhio ¢y IpH BHEIIHEH Harpy3ke Hy; 3) ObIcTpoe IBUKEHHE Ha3a]
(oTBOA MHCTpYMeEHTa) Ha paccrosHue Ly + Ly 3a BpeMs t,; mpu BHewHel Harpyske Hs; 4)
BBICTOH BBIXOJHOI'O 3BEHA IIPHUBOJIA U arperaTHOM I'OJIOBKU B HCXOIHOM IIOJIOKEHUH B
TeyeHue Bpemenu tg. [lonHoe Bpems 1ukina Bpemst Ty HMKIA M BpeMs Iy BBICTOS
00BIYHO 3aJar0TCs. Bpemst MejIeHHOTO JBIKEHHS Briepe]r (pabouei IMoaun) BEIXOJHOTO
3BCHA HAXOIUTCS II0 3aJaHHBIM ITyTH M CKOPOCTH paboUei oJauu arperaTHoi rojJoBKH ty =
Lm/Vm. Eciti IpHHATE OAMHAKOBEIM MAaKCHMAJIBHEIN PacXol JKUAKOCTH B IIEPBOM U TPETHEM
eproaax padoThl THAPOIPUBOAA, TO

521
talts = 0y (L + L)L, (®21)
Bpemst 6pIcTporo xoja Briepei U OICTPOro X0ja Ha3a .
5.
{1, = ‘l-'l —in— I B ( )
2 1 + Oll (LN + Lﬂ)an ! (523)

ly == by — by — by — Lg.

[IpenenbHas CKOPOCTh BBIXOJHOTO 3BEHA TUAPONPHUBOJA IPHU OBICTPOM JIBHIKECHHH

BIIEpEN]
oy = 1,25Lgjly. (5.24)

Harpy3ka Hp u npenenbHas. momHocth Nn Ha BBIXOZHOM 3BEHE THAPOIPHUBOJIA
OTIPENIETISTIOTCS TI0 TpeM ocienHuM BeipakeHusM (2.10). Harpyska H,, Ha ruaponpusos
BO BTOPOM IIEPHOE PACCUMTHIBAETCS 1O (POPMYIIaM, OMPEASSIONIUM CHIY PE3aHMs IIPH
00paboTke neTany MHCTpyMeHTOM. IIpu 3ToM 3(hdeKTHBHAs MOIIHOCTH Ha BBIXOJHOM
3BeHe Nv = VmHwm. YIpoleHHbIe CKOpoCTHAS U Harpy304Has THarpaMMbl THAPOIPHBOIA
arperaTHOM TrOJIOBKH IPH XOJE BIEPE N300paKeHbI Ha pHC. 5.4.

B wurore sHepreTMYecKoro pacdera HMCIHOJHUTEILHON 4YacTH TIPHUBOAA BBIOHMPAIOT
THIIOpPa3Mep OOBEMHOIO JBHUTATENsI, KOTOPBIH JODKEH OOSCHeYUTh IPEaCIbHYIO
CKOPOCTb Vp JIBHDKEHHUSI BBIXOJIHOT'O 3B€HA W MPEOJI0JICBaTh MAaKCUMAJIbHYIO BHEIIHIOKO
Harpy3ky S, wm Sl,. PacdyetHas dbopmyna s omnpeiclieHHs TJIaBHOTO IapamMeTpa
00BEMHOI0 JBUTaTe/Isl — €ro yAeIbHOro padouyero oo0bemMa (Ja BRIBOAUTCS COBMECTHBIM
peurenrieM ypaBHeHHH (1.29) v (1.58) puow = pu — ParIpH O = 1 ¥ P = Par

dn = Hp/{(Puosetic. aNx. ) (5.25)

TJI€ Puow — HOMUHAJIIBHOE JIaBJIEHHE pabodelt cpelibl; Par — aTMochepHoe JaBIeHHE.
Jewxkymas cmia H, (MomeHT cwi) oO0bemHOro nBuraTesnsi B BeIpakeHun (2.13)
MIPUPABHUBAETCS MAaKCUMAJIBHOH BHEITHEH Harpyske S, wm H,. HomunamsHoe naBienne
Puov BBIOMPAETCS COOTBETCTBEHHO TMIPHUHATOMY B OTPAcidl MAIIMHOCTPOCHHUS, TIe
MIPEJINoIaraeTcsl MCIIONBb30BaTh IMPOEKTHPYEeMbIH mpuBoA. B oOmem mis o0BeMHBIX
MIPUBOJIOB

v H
Va H’”
Puc. 5.4. [luarpamMmbl IpHBO/Ia arperaTHON rOJIOBKHU IPH XO/IC B
a4 — CKOPOCTHasi; 6— HarpysOYHasi .
¥ el H r
in L ¥ Ly |im ¥

a) 5)



HCIIOJIB3YIOT CIEAYIOMINE 3HAUYEHNS HOMUHAIBHBIX JABIICHUH (Pnoy, MIIa): 0,1; 0.16; 6,25; 0,4;
0,63; 1; 1,6; 2,5; 4; 6,3; 10; 12,5; 16; 20; 25; 32; 40; 50; 63; 80; 100; 125; 160; 200; 250.
Haubomee ymoTpeOWTENBHBI TakuWe AWAma30HBl HOMHWHAJIBHBIX JABIICHUH: B ITHEB-
MOINPHUBOAAX MPOMBIIUICHHOTO MPHUMEHEHHUS Puoy =0,63... 1 MIla, B THApOmIpUBOIAX
TEXHOJIOTHYECKOTO  00OpYZOBaHUSA  Puon=06,3... 12,5 Mlla, B rHaponpuBOAax
CEITbCKOXO3SHUCTBEHHBIX MAIlUH Puow =060,3... 16 MIla, B ruaponpuBojax JeTaTEIbHBIX
afmapaToB Pron=10...25 Mlla, B THAPOIPHBOAAX JOPOIKHO-CTPOUTEIBHBIX H KOMMYHAIbHBIX
MaliuH Puov=16. ..32 MIlla, B ruapompuBofax ropHeix MammH 16..50 MIla u B
THUAPOGHUIMPOBAHKEBIX TIPECCaX Proy =32...50 MIla.

B dopmyny (2.13) moactaBinstroT nprOmkeHHOe 3HaYeHre Mexanmdeckoro KI1/1 Ny 06beMHOro
JIBUraTessd, COOTBETICTBYIOIIeC  THIMy  apurateas.  OpHEHTHpPOM  MOIYT  CIIYXKHTh
SKCIIEPUMEHTAIBHBIC 3HAUCHUS Ny, MPHUBEICHHBIC B KaTajorax Ha THAPO- U IMHEBMOOOOPYIOBA-
Hue. Hampumep, BelnMuMHA Ny THAPOLFUIMHIPOB C MACTHUHBIMK YIUIOTHEHUSIMH COCTAaBIISICT
0,85...0,95, mHEBMOLMIMHAPOB IIph auamerpax mopriHer 25..400 mm — 0,75...0,95,
IMOBOPOTHBIX IUIACTHHYATHIX ruapoapurarencii — 0,8...0,9, akCHMaIbHO-TIOPIIHEBBIX THAPO-
MOTOPOB C HakJIOHHOI miaitoon — 0,85...0,9.

3navenus ruapasiandeckoro KITJI Nr, AMHMI 1 armapaToB BEIOUPAIOT C YUSTOM ITOTEPh, SHEPIUH U
ra0apUTHBIX pa3MepOB TPYOOIIPOBOIOB U anmapaToB. J{Jist pHUBOIOB C pacyeTHOH MOIIHOCTBIO Ha
BEIXOMHOM 3BeHe 0,5...5 KBT B mmepBoM OpHOIMKEHHH MOKHO IPHHATH Nr=0,75...0,9. Ilpn
JTAJIEHEHIIEM pacdeTe 3Ty BelIMIUHY KOPPEKTUPYIOT.

d; =V g jx.

ITocne pacdera mo (opmyne (2.13) raBHOro mapamerpa 00bEMHOIO JBUTATCIIS — YICIEHOTO
pabodero odwema (; HOAOUPAIOT M3 KATaJOroB Ha THAPO- WK ITHEBMOOOOPYIOBaHiie oOpaserl
JIBUTATEJIS] COOTBETCTBYIOILIETO THITOPa3Mepa. Y THAPO- M ITHEBMOIWIMHAPOB 00BeM (7 PaBEH
3¢ PeKTUBHON MIIOMIa 1 TOPIIHS F 7, TOITOMY pacyeTHBIH THaMETO MOOIITHS

g = ndy/4 (5.27)

(5.26)

[Tocre BhIOOpa OirKaiiiiero 6oJbIIero 3HaYeHus d;7 o KaTanory

Y OIPEAETSIOT KO3(PPHUIUEHT COOTHOLICHHS 3(P(PEKTHBHBIX ILIOMIAACH ()11 OTHOIMITOKOBOTO
JIBUTATEIIS)

oy = 1 — {dy/d,)?, (5.28)
rae d,, — auaMerp mroka.

JlmMHa TuIpo- WK MTHEBMOLIMIIMH/IPA J0JDKHA 00ECTIEYNTE TPEOYEMBII TOMHBIH X0 Imax BIXOIHOIO
3BeHa. O0beM (; CEPUIHO BBITYCKAEMOr0 ITOBOPOTHOI'O JBHTATENS CBS3aH C MaKCHMAIbHBIM
pabourM 00BEMOM  Vjyoax, MAKCUMAJIBHBIM YIJIOM TOBOPOTA (/X — 3aBUCHMOCTBIO

Oy = V;; sax/ H wmx (5.29)

s

Y nenbHbiil pabounii 00beM MEMOPAHHOTO TKAPO- WIIN ITHEB.MOK
3¢ (EeKTUBHOM IO MEMOPaHbI

gy = Fy = 1 (d% + dudy -+ d2)/12,

rae v —auamerp 3amemMireHus: MeMOpaHsb; 0, —IuaMeTp sKECTKOrO LIEHTPA.

Hekotopeie ¢hopMyibl, CBS3BIBAIOININE VACIBHBIA pabouuii 00beM JBHTATEICH C HX
rmapamMeTpaMH, IpuBeAcH B maparpade 1.3.

Ecnu TpeOyeMblii THIIOpa3Mep THAPO- WIIH ITHEBMOJIBUTATEIS OTCY'" CTBYET CPEId CEPHHHO
BBIIYCKA€MbIX IIPOMBIIIICHHOCTBIO, TO COCTOBIIIIOT 3aJaHHE Ha €ro paspaboTKy.
OCHOBHBIMH HCXOJIHBIMH JaHHBIMH IIPH 3TOM CIy>KaT YIOSIbHBIA pabounii 00beM (g,
MpeaebHas CKOPOCTh Vn JIBHXKEHHS BBIXOAHOTO 3BEHA, MAKCHMAJIBHOE IEepeMEIICHUE Lmax
BBIXOJTHOTO 3BeHA M TpeOyeMBIH pecypc padOThI (YHCIIO IUKIOB MM Yackl HAPAOOTKH JIO
MIEPBOTO OTKA3a).

JIUHAPA COOTBETCTBYCT

(5.30)



5.2 I'mapaBanueckuii pacuer I'TIC

Crenyromuii 3Tal MPOSKTHPOBOYHOTO pacdyeTa ABYXIO3U-IIMOHHOTO MPHUBOMA C PEIICHHBIM
VIpaBICHHEM 3aKJIIOYaeTCs B OINPEACIICHHH TPOXOAHBIX CEUEHUH TpyOONpOBOMOB U
amnmapaTroB W THAPABIMYCCKUX MOTEPh NaBIICHUS MPH TeUeHWH padoueii cpeasl. IIpm sTom
HEOOXOAMMO OTMETHTh CYIIECTBEHHOE ITPOTHBOPEUYNE, BO3HHUKAIONIEE TIIPH  BBIOOpE
TpyOOIpoBoAOB 1 anmnapatoB. C yMEHBIIEHHEM IIPOXOJHOTO CCUCHHUS rabaprUTHEBIC pa3Mephl
¥ Macca TPyOOIIPOBOIOB YMEHBIIIAIOTCS, & THAPABINICCKUE MMOTEPH NaBIICHUS TIPH MPOYHUX
PaBHBIX YCJIOBHSX YBEIMYHUBAIOTCS, TOITOMY IIETh THIPABIMYECKOTO pacdeTa MPHBOIA—
o0ecneunTs MUHMMAJIbHBIE MACChl M TaOApUTHBIE pa3Mephl TPYOOIPOBOIOB U aIllIapaToB IPH
JIOIIYCTUMBIX THAPABIMYSCKHX IIOTepSAX OHeprud. Bo3HMKaiomas Ha JaHHOM JTarle
MIPOCKTUPOBAHMS ONTHMH3AI[MOHHAS 3aJada pelIacTcs METOJOM IIOCNIeI0BATSIBHBIX
MPUOIIKEHUH.

[Ipu mepBoM MPHOIMKEHHH ITPOXOIHOE CCUCHHE TPYOOIIPOBOJOB U aIllapaTOB BHIOMPAIOT
Ha OCHOBaHHH PEKOMEHIYEMBIX 3HAUE€HHH CKOPOCTH TeueHus paboueil cpemnl. [amee
OLICHUBAIOT MaccorabapuT-Hble MMOKa3aTeau TpyOOIPOBOAOB U allapaToB M PaCCUNTHIBAIOT
THAPABINYCCKUE TMOTEpH B HHUX. JlOMyCTHMBIE THOpABIMYECKHE TIOTEPH JaBICHUS
MPUHUMAIOT TP SHEPTeTUYECKOM pacuere MpuBoaa B Bujae ruapasnuyeckoro KIIJ[ nra
JIMHUH U allliapaToB.

Bo BTOpOM mNpUOMWKEHWH TPOXOJHOE CEUCHHE KOPPEKTHPYIOT B COOTBETCTBUH C
MIPOBEACHHOM OLICHKOM IEPBOT0 BapuaHTa, U BHOBb
BBIIIOJHSAIOT BEIOOp TpyOONpPOBOAOB MW  ammapaToB M

:::,; _ PACCUMTHIBAIOT THAPABIMYECKHE TOTEPU JaBIICHHI. B 00ib-
7 )o 2 MIUHCTBE CIIyYacB ABYX-TPeX MPHOIMKCHHHA JOCTATOYHO IS

Teh| #a Peppe peLICHHs] TOCTaBICHHOW ONTUMU3aUOHHON 3a1a4u.
-7 ;J-’ HcxonHpIMU JaHHBIMM TIPU pacyeTe IMPOXOJHOTO CEUCHUS
TpyOOIIPOBOJAOB M aIlllapaToB CIYXKAaT PACCTOSHUS MEKIY

T4 arperaTaMd TIpHBOJa MW TPEOCHbHBIA OOBEMHBIH HIIH
MAcCCOBBIN pacxojl pabodeit cpembl. UHCIO M THITHI aIllapaToB
1 TpyOOIIPOBOIOB ONPEACIIAIOT HA OCHOBAHHH COCTABJICHHOMN
B CaMOM HadvaJie TPOSKTHPOBAHHUS IIPUBOIa TPUHITUITHATBHON

e=2 [F1PENA

CXEMBI.
. B kauecTBe mpuMepa Ha pHUC. 5.5 TOKa3aHa YMNPOIICHHAS
- 15 CXeMa JBYXIO3WIHOHHOIO THAPOIPHUBOJA C pelICHHBIM

ynpasierreM. HacocHast ctannmst cogepkut 6ak 1, Hacoc 2 u
MPEIOXPAHUTEIbHBIN KJIamaH 3. B Ha-nopHo#t ymHUN
TUAPOIIPUBOIA PACIIONIOKEHBI TEPBbIA y4acTok 4 HarmopHOTro
TpyOOmpoBoAa, (GHILTP 5, BTOpPOH ydacTOK 6 HAIOPHOIO
5 . % TpyOOIIPOBO/Ia, 0OPATHBIH KJanaH 7, THAPOpacHpeenTelb 8 ¢
"‘7'__‘ SIIEKTPUYECKUM YIIpaBIeHHeM M y4acTok 9 tpybomposoma. K
CJIMBHOM JIWHHM THAPONPHBOAA OTHOCATCS ydacTok 11

Puc. 5.5 Mpunmunuansuas TPy00apoBoJia, TOPMO3HOM jpoccens 12, yuactok 14
cxema JBYXNO3MUMOHHOIO TI'MI- cTHBHOIO TpyOompoBoda! mepepacmpeneian-Teib 8, y4acTOK
D aon ¢ PICHHRIM VIPA™ 15 cisroTO TpyGONpOBOaa 1 TIOAMOpHKI Kinanal 16. J{mHsr
Y4aCTKOB TPYOOIPOBOJOB YCTaHABIMBAIOT MPHUOIMKEHHO s

COOTBETCTBUU C IMPEIIojaraeMoid KOMIIOHOBKOM NpHBOAa Ha MaimuHe. [ 'ujapaBiundeckue
IIOTEPH JaBIICHUS B TNPHBOJE PACCUMTHIBAIOT OTACIBHO JJI1 HAINOPHOM MM CIIMBHOM
(BBIXJIOITHOM) JMHHMHA. 3TO He: O00XOOUMO JUIS  TMOCICAYIOMIETO  ONPEIACICHHS
ruapasanyeckoro KIIJ nra TpybompoBoaoB u ammapaToB mo dopmyie (1.58). YpaBHeHus
CBsI3el MEXK/Ty JaBIICHUSMU UMEIOT BUJT

5.31
Pg = Puow + Pasi (5.31)
.32
Pa= Pu— Ay (:_;’ 23)
pc=pa'r+dpct ( . )

TJIE Prov " Pan— NABTICHHE HOMHHAIBLHOE M aTMOC(EPHOE; Py M P — JABJICHUC B HATIOPHOM U CITMBHOM
(BBIXJIOIHOM) Kamepax 00beMHOro ABMratelist; Ap; u Ap. — IHApaBIMYECKHE [TOTEPU JaBICHUS
IIPH TCUCHUH paboyeli CpeIbl B HAOPHOM U CIIMBHOM (BBIXJIOITHOM ) JIMHHSIX ITPHBO/IA.

Jlmsa pacyera THOPABIMUCCKUX IMOTEPh JABJICHUS JKUIKOCTH YIOOHO ITOJB30BAThCSI OOBEMHBIM
pacxomoM. Ilpu TeyeHmn ra3oB B TpyOompoBomax M ammaparax BCICACTBHE CYIICCTBEHHOTO
HM3MEHEHUS INIOTHOCTH MPUXOAMTCS MCIIOIb30BaTh MACCOBBIM pacxoj paboueii cpe/ibl.
OOBeMHBIE pacxopl pabodeii cpelbl B HAIIOPHON M CIIMBHOM (BBIXJIOITHOM) JIMHHUSX OOBEMHOTO
MIPUBO/IA OIPEETISIFOTCSI B COOTBETCTBUH C BhIpaxkeHUeM [1.32) mo gpopmymnam

Qx = ¢n¥s/Ma. o5 (5.34)
Q¢ = 9x0n¥nMa. o- (5.35)



VaenbHbI pabourii 00beM (n IBUraTelIs U MpeAeibHas YCTAHOBUBIIIASACS CKOPOCTD Vj
= Vj IOBWKCHHS BBIXOJHOTO 3BEHA OIpPEACNICHBI B IIPOIECCE DHEPreTHUSCKOTO
pacuera npuBoja. OoweMubIid KI1/ 1jo aBurarens HaxoauTcs 1O JaHHBIM KaTajaora-
CIpaBOYHHUKA Ha THIPO- MIIH ITHEBMOOOOPYTOBAHHE.

MaccoBble pacxo/ibl Ta30B B HAIIOPHOM M BBIXJIOMHON JIMHUSIX ITHEBMOIIIMBOJIA

Gy = paQns Ge = peQe. (5.39)

IImoTHOCTB ra30B B HAIIOPHOM 1 BRIXJIOITHOM KaMepaxX ITHEBMOABU-TATEIISI OIPEACIITIOTCS
TI0 YPaBHEHUSIM COCTOSIHUS HJICaTbHBIX Ta30B (KianelipoHa)

Pa = Pu/(RT ) po = pel(RT ). (5.35)

IIpn m3oTepmMudeckoM mporiecce (Hanbosee pacmpocTpaHEHHOM) TCUCHUS Ta30B
B TpyOOMpoOBOJIaX TEMIIepaTypa B Kamepax JBUTATENs NPU YCTAHOBHBIIEMCS
ABWJKCHUM BBIXOJHOI'O 3BCHA BLIPABHUBACTCA W CTAHOBUTCHA 6J'II/13KOI\/'I K
Temrepatype Tar OKpyKaromei aTMocepbl, TO3TOMY MOYKHO MPHHAT |, = T, =

Iar. YaenpHas razoBast HOCTOSHHAS s cyXoro Bo3ayxa R =287 Jlxk/(kr-K).
OpHEHTHPOBOYHBIC 3HAYCHUS JaBIICHUH B KaMepaXx 00bEMHOr0 ABUTATENS Py U Do
IIPH YCTAaHOBUBIIEMCS ABMKCHUH BBIXOIHOI'O 3BEHA C IPEIEIbHONH CKOPOCTHIO Vn
¥ BHEIIHEHN HArpy3Kou S, MOKHO HaWTH, MOIL3YACH 3aBucHMOCTIMH (1.29), (1.58)
u (2.14) u upuHSIB ONpeAcIeHHOS 3HAYCHUE COOTHOIICHHS THIPABIMYECKHX
MOTEPb JABJICHHUS B HAIIOPHOM M BBIXJIOITHOM JTHHUAX:

(5.35)
eap = ApgfAp,.
COBMECTHO pEIIMB HA3BaHHBIC BBIPAKCHUS O y4eTOM Oy =1, Py= Purn
MIPHUHSB, YTO Py~ OsPar ~Ps-Par, MOTYIUM

Po = Paow (1 — 1. )/(0x + 2ap) + Pari Pz = H/@xNn ) + GaPo- (5.39)

B mneprom mpuOmwkeHud 3HadeHue ruapasiauueckoro KITIA  nra,

TpyOOIPOBOIOB U aIapaToB HA3HAYAETCS TAaKUM, KAKUM OHO OBLIO IIPHHSITO MPHU
SHEpreTHYeckoM pacdere mnpuBoja. Cuia (MOMEHT CHJI) Ha BBIXOJHOM 3BEHE
00BEMHOr0 JIBUTATENIs IPH YCTAHOBHBIICHCS NPENEIbHOM CKOPOCTH JBHKCHUS
MpUHUMAETCS paBHOW BHemHed Harpyske H, = Hsg. Ilpeamonaraemoe
COOTHOIIIEHUE THUAPABINYCCKHX TIOTEPh €rp MAaBJICHUS B JIMHHUAX IIPUBOAA
Ha3HAYaeTCs B IEPBOM MPHOIMKEHHH PaBHBIM OOpAaTHOM BEIMUYMHE KBaapaTa
cootHoIeHus 3(P(HEKTUBHBIX ILIOMIAAeH pabounx Kamep OObEMHOIO JIBUTATENs
€rp = 1/0%,. *O0ObsAcHAETCS 3TO TeM, YTO THAPABIMYECKHE IMOTEPU JaBIICHHs
MIPOIIOPITMOHATIEHEI KBaJpaTaM CKOpOCTed pa®odeil cpelbl B JMHHSAX IPHBOIA.
[Ipu BTOpOM MPHOIKEHHH 3HAYCHHE €p, MOXKHO YTOYHHTH II0 PE3yJIbTaTaM
TUJIPABIMYECKOr0 pacyeTa.
Tlocne ompezaeneHuss UCXOMHBIX JAHHBIX PACCUUTHIBAIOT MPOXOAHBIC CEYEHUS U
BBEIOMPAIOT B MEPBOM MPUOIKCHUH THUIIOpa3Mephbl TPYOOIIPOBOIOB U alapaToB.
OCHOBHO# TapaMeTp TPyOONpPOBOAOB THAPO-U ITHEBMOAIMIAPATOB — YCIOBHBIN
mpoxon dy, moJ KOTOPhIM IOApa3yMeBalT AMaMETP Kpyra C ILIOLIAaabi0, PABHOM
MIPOXOTHOMY CEUYCHHIO TPYOOIPOBOIa HIIM KaHajla B Kopiyce. Y TpyOOIIpOBOIOB C
KPYIJIBIM ITPOXOIHBIM CeucHHEM 3HaueHHe d, cooTBeTcTByeT AuameTpy O BHYT-
PEHHEN I[WIMHAPWYECKOM IIOBEPXHOCTH. Y THAPO-U  ITHEBMoanmnapaToB
(pacmpenenurenei, oOpaTHBIX KJIalaHOB, (PHILTPOB) 3a YCIOBHBIA mpoxox dy
OOBIYHO MPHHHMAIOT JAWAMETP Kpyra, IDIOMaJb KOTOPOrO paBHA MHUHHUMAJILHOMN
IJIONIAIM TIPOXOJHOI0 CeYeHUs ycrpoiicTBa. IlpucoemuHuTeabHAs apMarypa
TaK)K€ XapaKTEepU3yeTCs YCIOBHBIM IPOXOIOM. B COOTBETCTBUU C YCIIOBHBIM
IMPOXOJOM Ha TpyOOmpoBOJaxX, apMarype H B allaparax Hape3arT
MIPUCOEINHUTENRHYIO Pe3b0y. Takum 00pa3oM 00ECHEeUYMBAIOT COBMECTUMOCTH
3JIEMEHTOB TPUBOJIA TIPH COOPKE.



2.1. [Mapamerpu pacnpenesnvent i
[TuepMopacnpeseadTesd ] TuapopacnpegeAnTen
TMapamerp dy, MK
i 12 16 20 | w6 | 2 | s
Vas aud 0,98 Li5 2,3 3.4 10,2 16,9
My, ur 2,7 3,2 6,3 8.6 16,5 45




B mepBoM npuOmmkeHry TpeOyeMblii YCIOBHBIM Ipoxo Oy ONpeeNsroT Ha
OCHOBAaHMH PEKOMEHIYeMBbIX CKOpOCTeH TedeHHs pabodueil cpembl B
TPYOOIIPOBOAX THIPO- M ITHEBMOMPHUBOIOB. /ISl HAIOPHBIX TPYOOIPOBOIOB
THAPOIIPUBOIOB PEKOMCHIyeMasl CpeaHss CKopocTh U = 5 wm/c, mus
IMHEBMOINPUBOIOB MOXKHO IIpHHATHL Ur = 50 M/c. BHyTrpeHHHii auamerp
TpyOOIIPOBOIA, COOTBETCTBYIOMIMII pacxony Qn M CKOpocTH Uy,

d =V iQz/inu,) - (5.35)

ITo Bemumze 0 MOAOMPArOT U3 CIIPABOYHKMKA Ha TPYOOIIPOBOIBI COOTBETCTBYIOIIICH
OTpaciii  MallIMHOCTPOEHMsI OJbKaiiiliee M3 HOPMAILHOTO psifa 3HAYEHHE
yciaoBHOro mpoxoja Oy. T'ocymapCTBEHHBIM CTaHZapT —IpPELyCMaTpHBACT
CIIEAYIOIIME 3HAYEHNS YCIOBHBIX MIPOX0I0B, MM: 2,5; 3,2; 4; 5; 6; 8; 10; 12; 16;
20; 25; 32; 40; 50; 63; 80; 100; 125; 160; 200; 250 [35]. Ilo Beymuune dy
BBIOMPAIOT TOAXOASIINE THIIOPa3MEPHI TPYOOIIPOBOIOB M apMaTyphl (COSTUHEHIUI

Y IIPUCOCAUHCHMI ).
Brenmmii 06beM VT 1 Maccy TpyOOIIpoOBOIOB MPHOIIKEHHO OLIEHNBAIOT TaK:
(5.35)
Vi==x (dy + 28, Le/4s
(5.35)

M, =N (d'y + s'r) s'rl'rp'n

rae St— ToNIMHA CTeHKH; | — cyMMapHas mmHa TpyoornpoBoaoB? pr —
IUIOTHOCTH MaTepuajia TpyoOoIIpOBOIOB.

I'iapo- wWiIM  IHEBMOAIMIIApaTypy IEPBOHAYAILHO TaKXKe BBIOMPAIOT 10
YCIIOBHOMY Mpoxoxay Oy W3 Karajaoros-CIpaBOYHHMKOB Ha THAPO-HIIH
ImHeBMOOOOpyoBaHKe. KpoMe  TOro, OpUCHTUPOM  MOXKET  CIIY>KHTH
PEKOMEHIYEMbII B TEXHUUECKON XapaKTEPUCTHKE arliapara HOMUHAIBHBIM Pacxo/l
QHOM- Bremmmii 00beM 1 Macca armiapaToB CYIIECTBEHHO 3aBHCST OT YCIOBHOI'O
npoxona Oy, modToMy JOIyCKaeTcss BLIOMpAaTh ammaparbl ¢ YMEHBIIEHHBIM [0
MOJIyTOpa Pa3 YCIOBHBIM IIPOXOJIOM. TpyOOmpoBOIBI HPH 3TOM  OCTArOTCS
npexare. Bo3HHKaeT HeOOXOIMMOCTh B IEPEXOMHBIX JJIEMEHTaX I MOHTaXKa
npuBoja. B xadecTBe mpuMepoB B TaOJ. 2.1 mpHBeIeHBI JaHHBIC O BHEIIHEM
00BbEME a U Macce m, B 3aBHCHMOCTH OT YCIIOBHOTO Ipoxoja Oy s deThIpex-
JIMHEHHBIX THEBMOpACIpeaeIuTeIck ¢ THEBMOYIPABICHHEM U YeThIPESX IMHEHHBIX
TUAPOPACOPEACTUTEIICH C DICKTPOTrHAPABIMYCCKIM YIIPABICHUEM.

[Tocne mepBOHAYAIIEHOIO BBHIOOpAa THIIOPA3MEPOB TPYOONPOBOIOB U
alfmapaTroB paCcCUUTBIBAIOT THAPABIWYCCKHUE IIOTCPHU AABJICHHUA Ha BBIACICHHBIX
OJICMCHTAPHBIX Y4YaCTKax IIpuBOJa. B kadectBe OCHOBHOU FHI{paBJ’IH‘IeCKOﬁ
XapaKTCPUCTUKHU KaXIOro 5JCMCHTAPHOI'0 y4daCTKa IIpHUBOAA4 (J'II/IHI/II/I, MECTHOTI'O
COIPOTHUBJICHUS WIIH ammnapara) yaIoO0HO HCIOIb30BaTh d(DPEKTUBHYIO ILIOMAIb Fr
nm Ty nmpoxoguoro ceuenwmsi. Kak mokaszano B maparpade 1.4, y 0JHOPOIHOIO
TpyOOIIPOBO/IA MTPH TEYEHUH JKUIKOCTH

P 5.35
Fa"_—FTIV)"II‘d; ( )

IIpU TCUYCHHHU CIKATOT'O BO3yXa

Fy = F./V Mid 4 2/n)In(p/p)-

(5.35)

ITnomans F. = md%/4 npoxogHOro cedeHuss TPyOOIPOBOIA OMPEICISIETCS IO
BLIOpanHOMy ycimoBHOMy mnpoxoxy d = dy. Jmmma / ywgactka TpyOGompoBona
Ha3HA4YacTCs HpI/IGHI/I)KeHHO B COOTBCTCTBHUU C HpennonaraeMof/'I KOMITOHOBKOH
mpuBoga Ha MammHe. Kosddumpment X THAPaBIAYECKOrO COIMPOTUBIICHHS
TpyOOIIPOBOA ONIpPEAEIICTCS MO0 IMPUMEHSIEMBIM B THJIPABIIMKE ASMITUPUYCCKUM
3aBUCUMOCTSIM (cMm. maparpad 1.4). Ilpum »TomM 1emecooOpa3HO YTOYHHTH
pPacUETHYIO CKOPOCTH TeUeHHs padodeil cpeabl B TpydOax. JIIsi HamopHOW M
cnMBHOM JmHMM rupponpusoga u = Qi/Fr, u u = Qc/Fr. JJI HamopHOH H
BBIXJIONHOE JHHMI mHeBMOopuBoga u = G RT/F:p,) 1 u = Ge X RTc/F:pc.

IIpu YcTaHOBHBIIEMCS IBHXKEHHUH BBIXOAHOIO 3BEHA IPHMBOJAA IIPOLIECC TE€YE HUS
paboueii cpeabl B TPyOOOpOBOJAX MOXKHO IPUHATH HM30TEPMUYECKHM, a
TEMIIEPATypy — COOTBETCTBYIOLICH TeMIieparype OKpy:Karomeii armochepsl (1x
=T¢ =Tum). Tloay4aemele cCpegHHE CKOPOCTH B CEUCHH ACTKOB OJIM3KH K
pPEeKOMeHyeMbIM M jJajieku oT ckopocrrd 3Byka U, =+/KRT . CnenoarensHo,
peXKUM TEUEHHUS BO3AyXa B» TpyOax OyaeT, Kak MPaBHUIO, JOKPUTHUYCCKUM.



Bemuuunoii (2/n) In (po/p) B BeIpakennu (2.23) BO MHOIMX CIIydasXx MOYKHO IIpe-
HeOpeusb. OIHAKO MOCIIe OIpENEIeHUs NaBIeHNH po U p B Hadajle M KOHIIE yUacTKa
TPYOBI HEOOXOIUMO CpaBHUTHL >T0T wieH ¢ Al/d u, ecnu HYXHO, CKOPPEKTUPOBATE
s dexkTuBHYIO IIomanas Fa, TpydomnpoBoja.

Jns MeCTHBIX CONPOTUBICHWM B BHAE H3rHOa TPyOONpOBOAa, CYXKCHUA b
pacIIMpeHns KaHaJIOB B IEPEXOTHBIX AETAIIAX MOXKHO IIPHHATH

Fa = F-r/Vc_u’ (5'35)

rae &M — Kod(P(HIIHEHT MECTHOTO COIPOTHBIIEHHS, OIPEHEISEMBbIii TI0
CIIPaBOYHBIM JaHHBEIM [1, 29].

DddektuBaple wiomamd fr NPOXOTHBEIX cedeHMit anmaparoB (pacIpeneiuTenei,
(GUIBTPOB, KJIAMMAHOB) HAXOAAT 10 3KCIEPUMEHTAIbHBIM JaHHBIM, IPUBEACHHBIM B
Karajorax Ha THOPO- WIM  IIHEBMOOOOpYy-ZOBaHHE. B TexHHYeCKHX
XapaKTePUCTHKAX THAPOAIIapaToB AKCICPUMEHTAIbHBIC OAaHHBIC MOIYT OBITh
IIPEACTABICHBI: B BUe IpadMKOB 3aBUCUMOCTH IIepenaaa JaBjIeHus oT pacxona Ap
= @ (Q) wm B BHIE ONHOTO 3HAYEHMs Ilepelaga maBieHus Ap 1pu
(huKcupoBaHHOM (HOMHHANBHOM) pacxone Q depes ammapart. IlepBelii BapHaHT HE
TpeOyeT ompeneneHus Iiomaau /s. st BToporo B cOOTBETCTBUM C maparpadom
I1.69) umeem

- (5.35)
fo = QIV (2j0) Ap .

B TEXHMYCCKHX XapaKTEPHUCTHKAX ITHEBMOAIIAPATOB OKCICPHUME TalIbHbIC
JAHHBIE MOTYT OLITh npeacTasieHsl rpadpukamu Q =@ (Ap) npu onpeaeaeHHOM
JABIICHUH Po Ha BXOJIE B alliapaT; IepenaaoM ganeHus Ap npu (pUKCHpOBaHHBIX
00beMHBIX pacxomax Qo M JaBIEHM po Ha BXOIE, IHapaMmerpoMm Ky,
XapaKTEPU3YIOILIHM IPOIYCKHYIO CIIOCC HOCTh IHEBMoamnmnapara. Ha ocHOBaHHHU
3apucumocteit (1.99), (1.93) Qo= G/pon 5 = uf nonyqyaem

fo = Qupo/V 2RT, (po — Ap) Ap . (5.35)

ITox mpoIycKHOI CII0COOHOCTELIO IMHEBMoarnmapara K, mogapasymesaercst pacxon Qs
_ 8 — 6

BOJIBI IUIOTHOCTEIO py = 1000 xr/M° nipu nepenane pasiaenus Ap, = 0,98-10° ITa. U3

ypaBHEHUS ISl 00bEMHOT0 pacxoza BOAbI

Qu = [V TA5./1000 (5.35)

MOCJIe TOJACTAHOBKM YHCJIOBBIX 3HAYCHUN BEIMYUH IOJIYYMM 3aBHCUMOCTH JIS
onpezaencHus 3hGEKTUBHOM oA, M*, IPOXOIHOTO CEYCHHUS amapaTa

fo = Qs/14. (5.35)

Pasmeprocts Qg m0/KHA ObITH BeIpakeHa B cucteMe CH, mostomy npu Ky B M%/u
BeimunHa Qp = f¢,/3600, mpu ky B 1/mun Qp = 0.00&y.
ITotepro (mepeman) paBileHWS Ha KIanaHe C MOMNPYXHHEHHBIM 3allOPHO-
PErYJIUPYIOIIUM  BJIEMEHTOM  OHNPENENSI0T IO  MepenagHO-pac-XOIHOM
XapaKTePUCTHUKE B COOTBETCTBHH C HACTPOUKOH KIaraHa (ITopKaTHEeM TPy KHUHBI).
l'unpaBnuveckre moTepu NaBlIeHUS B 00BEMHOM IPHUBOJE IPH YCTAHOBUBIIEMCS
JIBIDKEHUU BBIXOJHOTO 3B€HA PACCUMTHIBAIOT OTACNIBHO AJI HAIOPHOU U CIUBHOU
(BBIXJTTOTTHOW) JHWHWKA TpuBoAa. [Ipm 3TOM 3a OCHOBY NIPHHHMAIOT IIPHHIIHIT
HaJIOKEHUA TUIPABINYECKUX MTOTEPh, COTJIACHO KOTOPOMY

n

- oR . e (5.35)
Apy = tgl Apyg; Ap, = i§| Apey,

roe Apy u Ape — THOPABIMYCCKHE IOTEPH [OABICHHS B  OTIACIBHBIX
MTOCJIETOBATEIFHO PACIIONIOKEHHBIX 3JIEMEHTAPHBIX yUacTKaX HAIMIOPHOU U CITMBHOM
(BBIXJIOITHOM) TUHUSX TIPUBOAA; Ny, #e — YHUCIIO YKa3aHHBIX YUACTKOB.

Ilox rugpaBnrueckoii moTepeli JaBIeHMs Ha KaKI0M TPyOOIIPOBOZE | armapaTe
MOAPa3yMEeBaETCs Pa3HOCTh JABICHUI (5.35)

Ap = py —p,
TJIe Po U p—IaBJIICHUE B HAYaJILHOM U KOHEUHOM CEUCHHSIX TPYyOOIIpoBOJa HIH

alirnapara 110 HalipaBJICHHUIO TCUCHUA pa6oqe171 CpCabI. IIJ'ISI THAPOIIPUBOIOB
MMOCJICAOBATCIILHOCTD pacdye€Ta rmIpaBJIMUCCKUX IMMOTCPb AABJICHUA B 3JICMCHTAX



HAIIOPHOM W CIIMBHOW JTWHUK Oe3pa3nmuHa. Ho mjis pacueTa MHEBMOIIPHUBOAOB B
CBSI3U C I3MECHEHHMEM TIOTHOCTH IPH TCUCHUH pabodeii Cpebl IPUXOIUTCS
MIPHUIEP’KUBATELCS OMPEACIICHHOTO TOPSIKA ONPEICICHIS THAPABITHIECKIX TTOTEPh
naBieHus. J{ns eamHO00pasus MpuMeM TaKyo MTOCIIeIOBATEIFHOCTb.
I'mapaBmuyeckne TOTEpHM B HAMOPHOW JIMHWM TIPHUBOJA  IIEJIECOOOPa3HO
pacCUHTHIBaTh, HAYMHAS C dJIeMeHTa (TpyOoIpoBoAa WU anmapara), ONrpKaiIero
K HACOCY, aKKyMyJsATOpY WU pecuBepy. lIpm 3TOM HM3BECTHOH BEIUYMHONW B
HayaJle KakIOro pacuera OyIeT JaBlICHHE Po B HAaYaJlbHOM CEUCHUH YYacTKa.
ITepen mepBBIM IEMEHTOM Po = Puow + Par. 151 Kakm0T0 NOCHEAYIOIEro | + 1-r0
3JeMEHTa HadallbHOE MaBJICHHE IOJYYMUTCS BBIYUTAHHUEM ITOTEPH JABICHUS Ha
IPEIBIIYIIEM 3JEMEHTE Do, i+1= Po,1 — Api.

[ToTepu maBieHHs B TpyOOIPOBOAE MPU H30TCPMHUYCCKOM TEUCHHUH JKHIKOCTH U
BO31yXa OYIyT coriacHo 3aBucUMOCTSIM (1.47) u (1.56) BeIpakaThbcst opMyIaMH

Aps = (0/2) (Qu/Fo)*;
Apy=po—V p6— RTa(GJF.).

[ToTepu maBiieHHs B TUAPO- M ITHEBMOAIIapaTax MpH YCTAaHOBUBIIIEMCS IBHKECHUH
MIPUBOJA PACCUUTHIBAIOT 1O (hopMysiaM, MOTyYCHHBIM Ha OCHOBAHHHU BBIPAKCHHUI
(1.69) u (1.100):

Aps = (p/2) (Qnffa)*

bo=5-—V () -2 ()

[Totepu paBiaeHUS B MECTHBIX COMPOTHUBICHUAX MOXKHO OIpPENeNsTh II0
3aBucuMocTsaM (2.31) u (2.32), nozjcraBuB BMECTO /, 3HaYeHUe Fa, HalijeHHOE IO
dbopmyie (2.24).

['unpaBnuyeckue TOTEPU NABICHUS B CIMBHOM (BBIXJIOITHOW) JIMHUHM TMPHUBOAA
MPUXOJIUTCS PACCUUTHIBATh, HAYMHAs OT BbIXOJAa B 0Oak wiu arMmocdepy, TIe
JIaBJICHUE p = Par. [Ipu 3TOM TIEpen pacueToM KaXKIOTo MOCIEAYIOMIEro AIEMEHTa
JIOJDKHO OBITH H3BECTHO JaBICHHE p B KOHEUHOM ero ceuenmu. s i+1 1-ro
aeMenTa piv1 = Pi + Api.

DTa 0COOEHHOCTh MPUBOAMT K BUAOU3IMEHEHHIO PACUETHBIX (DOPMYII.

[ToTepn nmaBiaeHHS B TPYOOIPOBOJE NPH H30TCPMHUYECCKOM TCUCHHH >KHIKOCTH H
CKaToro BO31yXa B COOTBETCTBUU ¢ BhIpaxkeHusamu (1.47) u (1.56)

Apr = (pr2)(Q/F g}’;

Apy =V p* + RT,(G/F,)* — p.

Tlotepu naBneHus B anmaparax CIMBHOW M BBIXJIOITHOW JIMHUM PacCUUTHIBAIOTCS
o hopmymam, MOJYYEHHBIM M3 BBIPAKECHUM
(1.69) u 1.1.100) Apy = {p/2) (Qo/fo)*:

Apy = (RTW(ZoN Golof".



I'mapaBiamdeckre TOTEPH B MECTHBIX COINPOTHUBICHHUAX IS paccMaTpUBaEMOM
JIMHHAM TIPUBOJA ONpeAesaioTcs 3aBucumocTaMu (2.35), (2.36) npu MmoacTaHOBKE
BMecto f, 3Hauenns F», paccuurannoro o ¢popmyie (2.24).
CyMMapHble MOTEPH JABJIEHHMS B HAIOPHOW Ap, M COIMBHOM (BBIXJIOMHOM) Ap:
JHHHUSAX TOpHBOAA Haxomar mo ¢opmyne (2.28), maBieHUs p; U pc B padounx
KamMepax oOBEMHOro JBHTATelIs — C IOMOIIBI0 3aBHCHMOCTH (2.14),
ruapasnrueckuit KI1/] muHuu v anmapaToB — 1o BepakeHuto (1.58) npu 0x=1
UpB= paT:

Np. a2 == (pn — Un.pc)/(pn — pa-r)- (5'35)
[TonydeHHoe 3HAYEHUE Tr,a CPABHUBAIOT C TMPHHATHIM TIPH DHEPTETUICCKOM
pacdere (N = 0,75 ... 0,9). Ecinm nenaroT BHIBOJ O HEOOXOTUMOCTH
KOPPEKTHPOBAHMS YCJIOBHOTO IMPOX0Aa Oy, TO BBHIMOIHSIOT BTOPUYHBINA BHIOOD
THUAPO- WM ITHEBMOJIMHIK 1 aIllapaToB 0 CIIPABOYHHUKAM W KaTajoraMm Ha THIPO-
WU THeBMOOOoOpyaoBaHue. JlomyckaeTcs BRIOMPAThH aImapaTsl ¢ YMEHBIICHHBIM
[0 CPaBHEHHUIO C TPYOOIPOBOJAMH YCIOBHBEIM IpoxojaoM Oy. IIpu 5TOoM BHOBBL
OIICHMBAIOT BHEIIHKMI 00bEM M MacCy TPyOOIIPOBOIOB U alIapaToB o (GopMmyiie
(2.21) 1 copaBouHBIM AaHHBIM. Jlajee IMOBTOPSIOT IOJIHBIA THAPABIMYCCKUN
pacueT mpuBoza. Ilepes 3TUM KOPPEKTHPYIOT BEIWYHHY €;p IO BBIPAKCHUIO
(2.18) m momydyeHHbIM 3Ha4YeHUSAM Jlp; U Ap. YTOUHSIOT JABICHHE Pc, Pn IO
dhopmyne (2.19), IWIOTHOCTH Py, Pe 1O BhIpakeHuto (2.17), pacxomsl Gy, G¢ mo
3aBucuMocTH (2.16). B OonpIIMHCTBE CiydaeB A1 BbIOOpa TPyOOIIPOBOIOB U
ammapaToB OKa3bIBACTCS JOCTATOYHBIM JBYX-TPEX MPHOIMKCHHUI.
B 1mporecce mpoexkTHpoBaHHS OO0BEMHOIO MPHUBOAA HEOOXOAUMO OIPEACIUTE
KOMIIOHOBKY THAPO- WM IIHEBMOAIIapaToB Ha Mammue. Jlas ymgoOcTBa
o0cnyxrBaHUS M 0€30MAaCHOCTH HApYKHBIX YTEUYEK IeJIeco00pa3Ho ammapaThl
pa3MelaTh Ha MaHEeIM HACOCHON yCcTaHOBKU. OIHAKO B CIOXKHBIX THAPOCHUCTEMAX
THUAPOAIITapaThl IPUXOINUTCS TPYIITHPOBATH BOJIHM3U THAPOIBUTATEIICH.
I'mapo- W ITHEBMOYCTPOHCTBA MOXKHO COCHHMHSITH TPYOONpPOBOIAMH, IUTHTAMH
CTBIKOBOTO WM  MOXIYJBHOTO  MOHTaXa. COOTBETCTBEHHO  3TOMY
IIPOMBIIIUICHHOCTh BBIITYCKAET ammaparsl TpyOHOTro (pe3n00BOr0) COCTWHEHUS,
CTBIKOBOTO W MoOAyJiIbHOro wucnoiHeHus. CoelnHEHHEe TpyOaMu HauoOojee
YHUBEPCAIbHO, HO TPOMO3/IKO ¥ HEYTOOHO JIIT MOHTa)Ka M OKCILTyaTaIlHH.
Y rHapo- W MHEBMOAINIAPAaTOB CTHIKOBOTO HCIIONHEHHS BCE KaHAJIBI I0JBOAA,
OTBOJIA, CITMBAa M YIIPABJICHHUS BHIBEJCHBI Ha OAHY HApYKHYIO ITOBEPXHOCTH, IO
KOTOPOH ITPOMCXOJUT CTBIKOBKA. Ammaparbl MeXay COOOH COCTUHSIOT ITUTOM
CTBIKOBOTO MOHTa)Ka, B KOTOPOH BBITIOJHEHBI COCAUHHUTCIIBHBIE KaHAIbI M
KpernexHble oTBepcTHs. COeIUHEHUS IUIMT M aIlllapaToB YILIOTHSIOT KPYTJIBIMH
PE3MHOBBIMHM  KOJIBIIAMH, PACIOJOKCHHBIMH B  yIAyOJICHUSAX Ha INIATaX.
yHI/I(bI/IKaHI/ISI OPpUCOCANMHUTCIIBHBIX W MOHTAaXXHBIX OTBepCTI/Iﬁ CTBIKOBBIX IIJIO-
CKOCTEH TO3BOJISIET OECIPENITCTBEHHO BAMEHSTh ammapaThl W YIIPOIIAeT
YCIIOBHS SKCILTyaTal[ik M PEMOHTa 000PYI0BaHUS.
FI/IIL]’)O' W THEBMOaAIIIIapaTrbl MOAYJIBHOI'O HCIIOJHCHHA HMCIOT JBC CTBIKOBBLIC
IJIOCKOCTH C OJWMHAKOBBIMU KOOpAMHATAMHU IIPUCOCAMHUTCIIBHBIX OTBepCTHﬁ,
PacTONIOKEHHBIX CBEPXY M CHU3Y Kopityca. MoaylbHbIE anmapaTbl COSIUHSIOT
MEXJIy COOOM HEMOCPEACTBEHHO WM Yepe3 IUINThI MOAYJIHLHOTO MOHTaxka. B
pe3ynbTare IOJAydYaroT €IWHBIM TIAKeT, 3aMbIKaeMbId CBEPXy M CHH3Y
pacrpeienuTesieM WIM IUIMTOW-3arayimkod. Jiig — ynopaBiasommx — yacten
00BEMHBIX TPHUBOJIOB ITPOMBIIIICHHOCTh BBITYCKAET MOJAYJIBHYIO aIllaparypy
MHUHHATIOPHOI'O UCIIOJTHCHUA. HpI/IMeHeHI/Ie arraparoB MOAYJIBbHOI'O WCIIOJTHCHHA
YOpo1macT U3roTOBJICHUE THAPO- U ITHEBMOIIPUBOI0B.



6.1 Bp10op u dJHepreTnyecKnii pacyeT HACOCHON YCTAHOBKH

OCOOCHHOCTh THAPOIPHBOIOB C IMKIOBBIM IIPOrPaMMHBIM  YIIPABIICHUEM —
MEPUOIUYCCKH  M3MCHSIOIIMICS  pekuM  paboTtel.  lIpumep — cxeMbl
HCTIOJIHUTEIbHOM YacTH OJHOTO M3 TaKHMX THIPOIPHBOAOB IOKA3aH Ha puc. 6.1.
VnpoleHHas 1UKIIorpaMMa paboThl THAPOIIPHUBOIA M300pakeHa Ha puc. 5.1, rae
CYILIECTBEHHO Pa3IM4arOTCs YeThIpe meproja; 1 — OBbICTpOe ABMKCHUE BIICpeN, 2
— MEJIEHHOE JBIDKEHHUE BIIepe]T 3 — OBICTpOE IBIKEHHUE Hazall, 4 — BBICTOM BbI-
XOJIHOT'O 3BCHA B HCXOJIHOM IIOJIOKCHUU.
OHEPreTHYeCKUA  pacyeT UCHONHUTCIILHOM YacTH MPHBOJA C  IUKIOBBIM
IIPOrPAaMMHBIM ~ YIIPABJICHUEM pPAcCMOTPEH  HA MPHUMEPE TUAPOIPHBOIA
arperaTHoOM I'OJIOBKM aBTOMATHYECKOM CTAaHOYHOM JuHHMHM. B pe3ynbrare Takoro
pacueTa OIpeCIISIOTCS U IPUHUMAIOTCS CICAYIONHC KMHEMATUUCCKIC, CUJIOBBIC 1
BPEMEHHBIC BEJIMUUHBL: TIPEAeIbHAS CKOPOCTh V,; IPU OBICTPOM JBHIKEHUH, CKO-
pOCTh VH MEUIEHHOI'O [BMKEHHs (paboyeil mojgaud HHCTPYMEHTA), CHJIbI
(MomenTa cribl) Hy v Hjys BHEIIHEH HArpy3Ky IIPY OBICTPOM (XOJIOCTOM) K MEJJICHHOM
(paboueM) IBIKEHUH BBIXOHOIO 3BE€HA, ITPOAOIKUTENBHOCTD Ty, ty, T, 1 13 KaxKaoro
M3 YEThIPEX IIEPUOIOB. YIPOILUEHHBIE M300paskKeHMsI CKOPOCTHOM M HArpy304HOM
JyarpaMM THAPOIPHBOJA arperaTHOH TOJOBKHA MpPU JBIDKCHUU BIEpEN
IOKa3aHbl Ha pHUC. 5.2, Ie HArISIHO MPEICTABICHA OCHOBHAS OCOOCHHOCTh
pabOThI ABYXIIO3UIIMOHHOIO IMPUBO/JIA C IHUKIOBBIM ITPOIPAMMHBIM YIIPABICHHUEM:
HECOBIIa/ICHHE MAKCUMAIIbHBIX CKOPOCTH Vi M CHJIBI [, BHEIIIHEH HArPY3KH.
OHEPreTHYecKyii pacueT HACOCHOM YCTaHOBKM T'HJIPONPHBOJA PacCMaTpHUBAEMOIO
THIIA HEOOXOIUMO HAYMHATH C ONPEACIICHHUS ITOJa4YM U JABIICHUS KHIKOCTH B
Ha3BaHHBIX Iepuogax padoTel. B coorBercrBum ¢ dopmynoit (1.32) u yuerom
oobemuoro KI1/] Jla. o anmaparoB umeeM 3aBUCUMOCTH JUIS pacdera TpeOyeMbIX
BEJIMYHUH IT0a4YH pabOUCH YKUIKOCTH HACOCHOM YCTAHOBKOM B IIEPBOM M BTOPOM
repruoAax padoThl IPUBO/IA:
(6.1)
Qm = ¢x¥a/(Mn. oMa. o)

Qns = §ulu/(Nx. oM. o)-
I[aBJ'IeHI/Ie KHUIOKOCTH B HepBOM nu BTOpOM nepﬂoz[ax paGOTBI B COOTBECTCTBHHU C

BeIpaxkeHuneM (1.29) mpu 04 =1, ps=pPar U ydeTe rumapapmitaeckoro KILJI Nra,
anmapaTtoB, HaimeHHoro o gopmyiie (1.58):

(5.35)

Pu = Ho/(gaNe. aTa, w) + Pari (62)

Prs = Hul{@nW. aNz. ) + Par- (6.3)

Jlns Tpethero meproia padboThl pacCMaTPUBAECMOTr0 THAPOIPUBOAA MOKHO
MIPUHATH

Qus = 03Qum; Pma = Pm/Op. (6.4)



VieneHbl pabounii 00beM ,0n apurarens W ruapasmdeckuid KIIJT nra
THIPOANIapaToB OMNPEICICHbBI B HTOIe SHEPIeTHYCCKOr0 M THIPABIMYECKOrO
pacUeToOB HUCIOJHUTEIBHOM YacTH nprBoaa (cM. naparpadsl 2.2 u 2.3). YacTHbIe
KII ngo 1 Nam 00BEMHOIO THAPOABUTATENIS HAXOAATCS T10 TAHHBIM TEXHUIESCKOM
XapaKTEPUCTUKN BLIOPAaHHOrO THApoABHrarels. I[IpuMepHbIC 3HAYCHHUS STHX
KIIJI npusenens! B 1. 1.3. 3aBucuMOCTh [uIs onpeneienuss oobemuoro KIT/J
Nao ammaparoB AaHa B 1. 1.9. Bo MHOruxX cirydasx 3HadeHue Nao=0, 92 . 0,96.
CrangaptHoe aTMOc(hepHOE TaBICHUE Par IPUHATO paBHBIM 1,013+ 10° Ia.
UroObl 00ECIIEUNTh WCIOJIHUTEIBHYI0 YacTh T'MAPOINPHBOAA C  IMKIOBBIM
IIPOrPpaMMHEIM YIIPAaBICHHEM pabOueH KHIKOCTBIO ¢ TPeOyeMbIMH moadamu QHi,
Qnz, On3 ¥ JaBIEHMSIMH Pul, P w2, P 13, MOI'YT IIPUMEHITHCS HACOCHBIE YCTAHOBKHU
Pa3IMYHBIX THIIOB. PaccMOTpHMM XapaKTEpHBIC Pa3HOBHUIHOCTH TAKUX YCTAHOBOK:
OJTHOHACOCHYIO C TIEPEIMBHBIM KJIAllAaHOM, JBYXHACOCHYIO C JIByMs KiIallaHaMH,
HACOCHO-aKKYMYJIITOPHYIO C aBTOPEryJaupyeMbiM HacocoM. OCTaHOBMMCS Ha
METOAMKE pacyeTa M BbIOOpa OCHOBHBIX arperaroB HACOCHBIX YCTAHOBOK H
CPaBHUM KX I10 KOHCTPYKTUBHEIM M SHEPICTHUCCKUM IOKA3aTCIISIM.

Om = Va of(27) nam QH Qaon/ (VaMe. o), (6.5)

rae Vo o, — patownit ofbeM Aacoca; Qgon — HOMHHANLHAA Nogava
HACOCA; Uy — CKOPOCTh MPHBOAHOIO BaJa; My , — oOnemuuft KILJ
Hacoca (cu. m. 1.3

Hawnbosee npocTod BapuaHT YCTAHOBKM — OMHOHACOCHAS C IEPEIMBHBLIM

KmamadoM (puc. 6.1, «@). B Hell nOpuMeHEHBI HEPETYIMPYEMBIi
CaMOBCACBIBAIOIIMI HACOC S, NMPUBOAAIIMI JIEKTpOABUrarenb 4, mepearuBHOM
Kianad 6, GuasTp 2 B CIAMBHOM JIMHUH 8, TEIIO0OOMEH-HBIH ammapar 3 U

MaciasHbli  O0ak 1. Tumopasmep Hacoca BbIOMpaeTCs IO KarTaliory,
BBIITYCKAEMOMY JAaHHOW OTPaciibl0 MAIIMHOCTPOCHUS B COOTBETCTBHU C
TpedyembiMu TioadaMu Qrom > QHi ¥ TaBlieHUsIMH Puov™> P2, Hampumep, mpu
HOMMHAJILHOM JABIICHUU XUIKOCTH 10 6,3 MIla nenecooOpa3Ho HMpUMEHSTh
IIECTEPEHHBIC WIN IUIACTUHYATBIC HACOCHI, NpU JaBlieHuH Bbimie 10 MIla —
aKCHUaNbHO- WIM paayaibHO-TiopiiHeBble. OCHOBHOM pacueTHBIM IapamMerp —
VAEIBHBIN padourii 00beM (, ONPEACIIACTCS O JAHHBIM TEXHUUCCKON XapaKTepH-
CTHKHU BBIOPAHHOI'0 HACOCA C UCIIOIb30BaHueM (hopMyisl (1.25) nin

Puc. 6.1. TunoBble cxeMbl HACOCHBIX YCTaHOBOK
THApPONpPUBOAOB ¢ HUKJIOBBIM IIPOrPpaMMHBIM YIIPpaBJI€HUEM



Kpyrsmmii MOMEHT Ha Baay Hacoca corjiacHo gopmyie (1.28) mpu on =1,
pB = PaT u npuBosIIasi MOIIIHOCTH PABHBI:

Hy = qg (Prs — Par)Ma. w) Ng=v,Hg. (6.6)
Mexannuecknii  KITJI %. v Hacoca ompenensercsi €3  TEXHUYECKOU
XapaKTepUCTUKH Hacoca. IIpuMepHEBIe 3HAYeHUS TMuw IpuBeneHel B 1. 1.3. Ilo
BenmunHaM Hy u Ny moaOuparoT IpuBOASIIHMI ABUTATENb. Id THAPOIIPUBOIOB
CTALMOHAPHBIX MAIIMH W TEXHOJIOIMYECKOI'O 000PYHOBAHIS OOBIMHO HCIIONB3YIOT
ACHHXPOHHBIE JJICKTPOJBUrareId. B MOOMIBHOM MAaIMHE HACOC MOXKET
MIPUCOCIUHATLCS K Baly 0TOOpa MOIIIHOCTH OT TEIJIOBOT'O JBUTATEIs.
TurmopasmMep NepeMBHOIO KiallaHa TakyKe BBIOUPAIOT ¢ y4eToM 3HaueHHH Qg u
P2 MakciManbHb pacxol Qmax depes KiIamaH M JaBICHHE Pmax HACTPOUKHU
KJIaraHa JOJKHBI ObITh  Qmax > Q1 1

Pmax >Pu2. IIpu Qmax wmenee 1 JIM3/C 00bIYHO HCHONB3YIOT

KJIaITaHHBI
IPSAMOro ACHCTBHS, NP OONBIIMX pacxojax IPEANOYTCHHE OTJAIOT KilaraHam
HenpssMoro  JiehcTBrsa. OUIbTP, PACIONOKEHHBII B CIMBHOM THIPOIMHUH,
moabuparoT no pacxomy Qp KHIKOCTH WIM IO YCIOBHOMY auameTpy dy,
HalIeHHOMY THAPaBINYECKUM pacdeToM (cM. I 2.3).

CyIlmecTBEHHBIM HEIOCTATOK OJHOHACOCHOH YCTAaHOBKH C TIEPEIMBHBIM
KJIallaHOM — 3HAYUTENbHAsA HoTepst MOIIHOCTH ANy IOTOKA JKUIKOCTH BO BTOPOM
rmepuone pabOTBI  THAPOIPHBOAA. IIpWUMHON CIOy)KHT TepeauB  OOIBIIOTO
KOJTMYECTBA KUAKOCTH dYepe3 KilamaH IPH ITOJIHOM padodeM MaBIIeHHH pPy. Ha
ocHoBanuu Gopmyi (1.17)— (1.19) moaydaem 3aBHCHMOCTH JJIsI pacuera ITOTCPHU
MOITTHOCTH

ANy = {Prs — Pas) (Qaore — Q- 6.7)

OTpHIaTeNbHBIA PE3yIbTaT MOTEPH MOIIHOCTH IIOTOKA JKUIAKOCTH COCTOUT HE
TOJBKO B HEMPOH3BOJUTEIILHOM PACcXOJOBAaHHH DHEPrHHU, HO M B HarpeBe pabouei
KUIKOCTH. [IpH 3TOM MPUXOAUTCS MPUHUMATH MEPBI VIS OXJIAXKIACHHUS KUIKOCTH C
ITOMOIIBIO TEIIIO0OMEHHOTO ammnapara WiIM 3HAYUTEIBHO YBEIHYMBaTh 00beM Oaka.
Jl1st peanu3anyy yKa3aHHBIX MEP BBIIOJIHAIOT TEIJIOBOK pacdyeT THAPOIPHBOAA (CM.
. 2.6).

[ToTeprr  MOIIHOCTH TIOTOKA JKHOKOCTH  CYIICCTBEHHO CHIDKAIOTCA — TIpH
HCITOJIB30BAHUH ABYXHACOCHOHW YCTAHOBKH C ABYMS IIEPEIUBHBIMH KJlallaHAMU (pHcC.
6.1, 6). DddekT gocTUraeTcss KOMOMHALIMEH HACOCA BHLICOKOTO JABJICHHUS M Malloi
IoJa4d ¢ HaCOCOM HH3KOI'O JIaBJICHHS M OOJbIION momadu. Hacockl coderarorcs
COOTBETCTBEHHO C KJIarlaHAMH BBICOKOTO M HH3KOT'O JAaBJICHHS, KOTOPBIE JTOJKHBI
OBITH HACTPOCHBI Ha 3HAYCHUS Py M pn2. MeXOAy HacoCaMHU YCTAHOBJICH OOpaTHBIN
KiamaH //. B IepBOM M TPEThEM IepHoIax pabOThI THIPOIPHUBOAA 00a HAacoca MpH
HH3KOM JaBJICHHHM Pu1 TOJAIOT JKHUAKOCTH B HAMOPHYIO TUAponwHHio 7. Hx
CyMMapHas Iofada JOoJDKHa OBITh He MeHbIne 3HadeHus Q. Bo BTOpOM mepunome
paboTBl THAPONPHBOAA JaBICHHE B HAIMOPHOW THIPOIWHHAM BO3pacTacT o
BEIIMYUHBI Pr2. [Ipu 3TOM 00paTHBIN KnamaH 11 3akpeiBaeTcsa. Hacoc 9 momaer »xua-
KOCThb d4epe3 kimamaH Huskoro gasineHust 10 ma ciamB. Hacoc 5, coemmHeHHBIH ¢
KJIammaHoM 6 BBICOKOrO JaBIIEHHUS, IMOZAET KHIKOCTh B HMCIOJHUTEIBHYIO YacTh
ruAponpuBoa. [logaya Hacoca 5 qoimkHa ObITh HE MeHee Q2.

B cooTrBeTcTBMM C yCIOBHAMH pa0OTHl JABYXHACOCHOW YCTAaHOBKM HAcoc 5
MOAOHMPAETCS U3 KaTalora Ha ruApoo0OpyIOBaHKE 0 HOMHHAIBHOM mogade Quop2 =
Qu ¥ HOMUHATBLHOMY JABIECHHUIO Prov 2 = Pu. Hacoc 9 BeiOupaercs mo momade Quom 1
2 Qui - Quom 2 M JNABICHUIO Puow 1 =Pui. ClEOyET OTMETHTL, YTO B
CTAHKOCTPOUTEIHHOM  MPOMBIIUIEHHOCTH  BBIIYCKAIOTCS  KOMIUIEKTBI  JBYX
Pa3IUYHBIX HACOCOB C OJJHUM IIPHBOIHBIM 3JIEKTPOJIBUIATEIEM.

VY nenbHbIe paboure 00beMBbI HACOCOB HU3KOTO M BBICOKOTO JaBIICHUS OMPEICIISIOT B
cootBercTBrU ¢ naparpadom (1.31) mo hopmymnam:

Go1 = Quon t/(VmMa.1);  Jm = Quon o/ (VasNe. 0a)- (6.8)

Kpytsime MoMEHTHI Ha BajlaXx HACOCOB COTIIACHO (hOpMyIIe

Hu = Gui (Par — Par)/Ma. i Hus = Gun (Pma — Pax)/Mesn-  (6.9)



IIpuBOAHBIE MOILIHOCTH HACOCOB: (6.10)
Na =t Na = vaallg. .

Ecnu oba Hacoca MpHUBOASTCS B JIBUKCHHE OT OJHOTO AJICKTPOJBUTATENS, TO ITOCIICTHHIMA
MOJOUPAIOT TI0 CyMMAapHOMY KpPYyTSIIIEMY MOMEHTY Hp ¥ cyMMapHOW MOIIHOCTH Ny

(6.11)

Hu=Hm+Hn; Nao=Nm+ Nus.
MOHIHOCTI) IIOTOKAa KUJOKOCTHU B HAaCOCHOH YCTaHOBKE BO BTOPOM IICPHUOAC pa6OTI)I
TUIPONPHBOAA TEPSICTCSA B OCHOBHOM H3-3a IIepeIrBa JKHAKOCTH, ITOAAaBaeMOMU
HacocoM 9 uepes kinanaH 10 mpu OTHOCHUTEIBHO HU3KOM JAaBJICHUH Py

ANy = (Pm — Par) Quons- (6.12)

Tak kak JlaBJIeHUE Py1 3HAYUTEIHLHO MEHbIIIE BETUUUHBI Py2, TO TMTOTEPS MOIITHOCTH B
IIBYXHACOCHOH YCTaHOBKE CYIISCTBEHHO MEHBIE, YeM B OIHOHACOCHOM.
Henocratok paccMOTpeHHOM HAaCOCHOM YCTAaHOBKH — YABOCHHOE YKCJIO OCHOBHBIX
THUApPOArperaTos.

[ToMHOCTHIO YCTPAHUTD IOTEPIO MOIIHOCTH BCACACTBHE MEPEIIMBA KUIAKOCTH Yepes3
KJIaITaH MOYKHO IIPU UCIIOJIb30BAHHUH HACOCHO-aKKYMYJISTOPHOM YCTaHOBKHU (Ha PHC.
6.1, B). Knmaman 6 B Hell WMIrpaeT TOJBKO MPEIOXPAHUTEIBbHYIO poJib. M30BITOK
JKUJKOCTH BO BTOPOM

nepuojie padoTH THAPOIIPUBOAA ITOCTYHAET B akkymysTop 13. ITocnenonnoit
3apAOKH  aKKyMYJISTOpa SKMIKOCTBIO JJEKTPHYECKOe pelegaBiacHus 14
BKJIIOYACT Pa3rpy304HbId THApOpacIpeneauTens 15.

IIpu 3TOM KHUAKOCTH CIIMBAETCS 10 OTKPLITOM THAPOJIMHUN B 0aK H,
CIe0BATEILHO, HACOC 5 pasrpyskaeTcs. B mepBoM u TpeTheM mepuogax padoTel
THIPONPHUBOAA HAcOC 5 1 akkyMynsTop 13 0IHOBpEMEHHO MOAAIOT PAd0UyYIO
JKUIKOCTH IO JaBJICHHEM B HarHETATEIbHYIO THAPOIUHUIO 7. JIJIs orpaHuYeHHS
MpeAeNIbHOM CKOPOCTH ABMKEHHS IPU OBICTPBIX XO0JaX BBIXOJHOTO 3BEHA
MIPEAYCMOTPEH PETYINPYEMBII Apoccelb 12. AKKYMYJISTOP JOJKEH 3apsKaThCs
YKUIKOCTBIO ITPH IIOBTOPSIFOIIENCS [IMKINYECKONH paboTe THAPOIIPHUBOIA BO BTOPOM
1 YETBEPTOM IIEPHOLAX.

Jlst pacueTa OCHOBHBIX IIapaMETPOB HACOCHO-aKKyMYJISTOPHOM YCTaHOBKH YI00HO
HCIIONB30BaTh ypaBHEHUsT OajaHca OOBEMOB JKMIKOCTH B YETHIPEX IEPHOAX
paboTHI THAPOIIPHBOIA!

D) Qata+ Via = Quila: (6.13)
2) Qulw = Qutu+ Vs (6.14)
3) Quta + Via = Quala; (6.15)
rome Qu — momauya Hacoca; Yw1 ¥ V.3 - 00bEMBI KHIKOCTH, BBITECHSEMEBIC U3

aKKyMYJISITOpPa B MIEPBOM U TPETheM Iepuoax; tn, ty, tu 4 ts - MPOAOIKUATETBHOCTH
IIEPBOTr0, BTOPOT'0, TPETHETO M YETBEPTOTO MEPHUOAOB pabOTHI THAPOIIPUBO/A.

COBMECTHBIM PENICHHEM BTOPOTO YPAaBHEHHS C TPETHHM U MEPBOTO C YETBEPTHIM
rorydaem (OpMyJIBI JJIs pacuera TpedyeMol mogadn Hacoca:

Qu = (Quatw + Qs + ta)  Qu = Quatw/lla + 1), &)

W3 monydeHHBIX 3HaYeHMH Qp NMpUHMMAIOT OOJIbIIee W IO HEMY BBIOMpAIOT W3
KaTajora tumopasMep Hacoca. [1o HomuHansHOM nogade QuMJIU paboueMy 00beMy
VHoym BBIOPAHHOI'O HACOCA HAXOMT, KaK OMUCAHO, YAEIbLHBIA pabounii 00beM (.
W3 npuBeNeHHBIX MCXOAHBIX YpaBHEHUM mpu moacTtaHoBKe Qu= Quom OMpeacnsioT
00BEMBI JKHIKOCTH, IMOCTYHAIOIIHE U3 aKKyMYJIATOpa B HAIIOPHYIO THAPOJMHHUIO B
MIEPBOM U TPEThEM TMIEPHOIAX:

Via = Qua — Qo te Voo = Qur — Quowd b~ ©19)

bonpimee w3 mONYYeHHBIX 3HAYCHWH Vmi Wi Vuz TPUHAMAIOT B KadecTBE
MaHEeBpOBOTO o00BeMa V,ay akkyMmynsaTopa. HmwkHuiT ypoBeHb IaBICHUS B
AKKyMYJISITOpE MPUXOIUTCS YCTAHABIMBATEH MO YCIOBHIO PAOOTHI THAPOIPHUBOIA
BO BTOPOM IEPUOAE Pmin = Pu2-

Haiinennbie 3HaueHUS Vyaw M Pmin — HCXOMHBIE Ui BBIOOpa THIIOpa3Mepa



aKKyMyJsTopa. M3 Tpex THUIIOB THAPOAKKYMYJISTOPOB: TPY30BOTO, NMPYKHHHOTO H
ITHEBMATHYECKOTO YaIlle BCEro BBIOMPAIOT TOCIACHHHM, 00eCIIeunBarOTi
MHHHMAaJIbHBIE TabapuTHBIE pasMepbl W Maccy. /[l HopMamsHOW paboThHI
ITHEBMOTHAPABIIMYECKOTO  aKKyMYJIATOpa  PEKOMEHIYETCS  MPHACPKUBATHCS
CJICIYIOMIETO COOTHONICHUS MHHHUMAJIBLHOTO M MAaKCHMaIbHOTO IaBICHUH IpH
pa3psIKe U 3apsIKe KUIKOCTHIO:

Pax = Poun/Peax = 0,7 ... 0,8. (6.19)

KDOMG TOTO, OABJICHUC 3apsAAKH ITHCBMOTIHAPOAKKYMYJISITOpPAa TIa3oM (06LI‘1HO
a3OTOM) IDPUHUMAIOT HHKC MUHUMAJIBHOI'O JABJICHUS X XKUIKOCTU !

p!lp = paap!pn-im = 0,9 .4 0,9\4. (620)

YTO 00CCICUNBACT B aKKYMYJIATOPE OCTATOYHBINA 00BEM KHUAKOCTH Y oc,
HEOOXOIUMBIN It CpabaThIBAHUS JJIEMEHTOB TI'HAPOABTOMATHKH.
[lepeuunciennble peKOMEHAALNN YAOOHO CBA3aTh C OTHOCUTEIHHBIM MaHEBPOBBIM
00BEMOM aKKyMYIIITOpA

exan = Vigan/Vars (6.21)

rae Vauc— IONHBIH 00bEM Ta30BOM IOJIOCTH aKKyMyssTopa (IIpu OTCYTCTBUU B
HEM >KUIKOCTH).
[Ipu BEIpOBHSBIICHCS TEMIIEPAType ra3a OCTATOYHEINH 00bEeM JKHIKOCTH

Voo = Vax{l — pmp)' (6.22)

YpaBHEHUE CBSI3M PACCMaTPUBAEMbIX OOBEMOB ITHEBMOTHAPOAK-KYMYJISATOpPA C
Y4ETOM IOJIMTPONMYECKOrO0 IpOLEcca CXaTUusl MACAIBHOIO ra3a  MOXKHO
MpEJICTaBUTh B BUJIE

Vex = V‘l“ + Vee + (Vu — Vo.) ﬁ:ﬁ'. (6'23)

CoBMeECTHOE pellIeHHe TPeX MOCISAHINX YPaBHCHHH JaeT YIOOHYIO IS
MIPOEKTUPOBOYHOTO pacueTa (popmyiry (6.24)

Buan = ﬁsap“ = ﬁfa’:l)'

ITokazaTenbs n MOJUTPOIMYECKOTO IIPOILIECCA 3aBHUCHUT OT BPEMEH PACIIHPEHUS
(cxkatmst) rasa B akKymylsTope. M3BeCTHO, 4TO 3HA YEHHE 7 HM3MEHSAETCS B
npexaenax or 1 go 1,4 B guama3oHe BpeMeH m3MeHeHus napineHus 180 ... 15 ¢. B
YaCTHOCTH, MPH Pasap = 0,92 pan = 0.75 u n — 1,3 noxaygaem mo dopmyie (2.65)
OTHOCHUTEJIbHBI| MAHEBPOBBII 00beM Eyay = 0,18. TpeOyeMblii BHYyTpeHHUI 00beM
Vax Ta30BOM TOJIOCTH aKKYMYJIATOPAa HaXOAHUTCS MPH MPOCKTUPOBOY HOM pacuere
110 3aBUCUMOCTH (2.64):  Vax = Vyan! €xvan.

Turmopa3smep THEBMOTHAPOAKKYMYJIATOPA BBEIOMPAIOT IO HO MHHAJIBHOMY
JABIICHUIO KUJIKOCTU Prov= Pmin I HOMHHANBHOM €M KOCTH aKKyMymsTopa View =
Vax. I[lociie BEIOOpa MTHEBMOTHAPO aKKYMYJIATOPA YTOUHSIOT BETHUYHHBI Cyas U Pax U
OTIPEACIIAIOT MaK CHMAJbHOE JABICHHE Puax T'd3a B 3apsHKEHHOM JKHIKOCTBIO
AKKyMYJISTOPE:

(6.25)
(6.26)

Euan = Vian/Viuon:
Pax = {1 — (ewan/Paap}]™;
Pmax = Ponn/Pan: (6.27)



IlpuBoasimuii  ABUTATEIh HACOCHO-aKKYMYJISTOPHON YCTAaHOBKH BBIOMPAIOT
MTOCJIC pacyeTa KpyTSAIIero MOMEHTa W MOIITHOCTH Ha TIPUBOTHOM BaJIy Hacoca:

Ha = gg {Poax — Par)!Ms. wi Ny = tgfa. (6:28)

ITo BenmnuuHamM Qu M Puax  HOAOHMPAIOT IPEAOXPAHUTEIBHBIM KiIamaH 6 u
pa3Tpy304HBIH THAPOpacIpeAcIUTeNb 15.

OCHOBHO# HEIOCTATOK HACOCHO-aKKyMYJISATOPHOW YCTAaHOBKHA — 3HAYUTEIILHEBIC
rabapuTHBIE pa3Mepbl M Macca aKKyMyJsaTopa. 3HAYUTEIBLHO MEHBIIHE
rabapuTHBIE pa3Mepsl M Macca y HACOCHOW YCTAaHOBKH C aBTOPETYIHPYEMBIM
HacocoM (puc. 6.1, 2). B Hell, kak M B IpeAbIAyIIEM ClIy4ae, OTCYTCTBYIOT
HEITPOU3BOAUTEIBHEIC TTOTEPH DHEPTUU BCJCACTBHE IEPEIMBA KHUIKOCTH ITOL
JaBlieHHeM 4epe3 KiamaH. Bo BTopoM mepuozae paboThl THAPOIPHUBOJA TOJaYa
JKHJIKOCTH CHIDKACTCS MyTeM PEryIMpOBaHUs Hacoca 16 mo JaBiacHHUIO B HarHe-
TaTenbHOM  ruApoauHMH. Ilogadya  KHMIKOCTHM  HACOCHOM  yCTaHOBKOM
aBTOMATUYECKH IMpHUCIocadauBaeTcs K TpeOyeMOMy pacxomy €€ B HC-
MOJTHUTEIBLHON YacTH THAPOIpUBOJA. [IpuMepHas cTaTudyeckas XxapakTepUCTHKA
aBTOperynmmpyeMoro Hacoca O = @D (ps) mokaszanma mHa puc. 6.2, Ilpwm
WCIIOJBb30BAaHUM B MEXaHU3ME PEryjsiaTopa UWIMHIPHYECKON IPYKHHBI
pPEryJIupOBOYHAS BETBb XapaKTEPUCTHUKH MMEET MPSAMOJMHEHHBIN Buia. Bo
BTOPOM IIepuojae paboThl THAPONPHUBOAA IIPH OABICHUU Pz B HAIOPHOMH
THAPOJIMHMM  yOEAbHBIA paboumii o0bem @a Hacoca yCTaHABIMBACTCS
pPEryasTOpoM, YTO oOeclmeunBaeT HEOOXOAMMYIO IIOfady JKHIKOCTH B
HCITOJIHUTEIbHYIO YaCcTh THAPONPHUBOAA IpHU padodeM XOJe BBIXOJHOI'O 3BEHA

Gu

T max

qb’l ______ ‘f' -
| ] -
Pmin  Pu2 Pmox Px

Puc. 6.2 CraTnueckasi XapakTepUCTHKA aBTOPETYJIMPYEMOTr0 Hacoca:

'max - MaKCUMaJbHBIi yjeabHblil pabounii 00beM Hacoca; Pin, Prax — HavanbHOE M KOHEYHOE JABJIECHUE PEryJIMpPOBOYHOM
BE€TBH XapaKTEPUCTHKH

HomuHanbHast momada Hacoca, CHAOKEHHOIO aBTOMATHUYECKHM DEryJISTOPOM,
JIoJnKHA OBITh Qrom= Qui, HOMUHATIBHOE

HaBnenue - Puow2 Pra. Y cTaHaBIMBaeMbIil HACTPONKON MaKCHMATBHBIH YACITBHBIN
paboumii 00beM Hacoca

Jmax = me(UH'I]E o}- (6.29)



VY ienbHBIN pabounii 00beM Hacoca BO BTOPOM IIEPHOJIC Pa0OTHI THAPOIIPHUBOIA
JOJKEH COCTaBJIATh

as = Qua/(VaNa. o)- (6.30)

[To ycioBHIO OrpaHUYECHUST MOIITHOCTH Ha TIPUBOAHOM Bajly HACOCa MHHUMAJILHOE
JaBJICHUE HACTPONKH PETYISITOPa IIeJieco00pa3HO IPHHUMATH PaBHBIM

Pmie = GusPus/Fmex- (6.31)

HDI/I 9TOM C YUYETOM HpHMOHHHeﬁHOﬁ XapaKTCPUCTUKHU PETYIIATOpPA I10JIydacM

Poux = Pmn + H Fmax- (6.32)

HoMuHaneHble KpyTAIINHA MOMEHT M MOIIHOCTh Ha IPUBOJHOM Bajy Hacoca I10
YCIIOBHSIM BTOPOTO Ieproia paboThl THAPONPHUBOAA HAXOIAT 110 (hOpMyIaMm:

Hl = 0m (Pns - pa'r)h'lﬂ. M3 Nn = Un-Hn- (6-33)

ITo >TrM BeTMUUHAM BBIOMPAIOT MIPUBOISIINAN IBUTATEITD.

Henocratok aBTOperynmmpyemMoil HAaCOCHOM YCTaHOBKH — BBICOKAs CTOHMMOCTH
PETyIHPYEMOTO, Hacoca o CpaBHEHUIO c ,HEpETyITUPYEMBIM.
YBEeTUUNBAIOIMINNCS BBITYCK PETYIUPYEMBIX HACOCOB C aBTOMATHYCCKHUMH
peryasaTopaMH, HECOMHEHHO, TIPUBEICT K CHIDKCHHIO WX CTOWMOCTH.
CTaHKOCTpOUTENbHAS IPOMBINUICHHOCT, OCBOMJIA  BBITYCK  KOMIDICKTOB
HAaCOCHBIX YCTAHOBOK CO BCell HEOOXOIHMMOM BCIOMOTraTEILHOM ammapaTypoil.
OHU Ha3BaHBl CTAHIMAMH THIAPOIPHUBOAA W YIOOHBI A MPaKTHISCKOTO
MIPUMEHEHUS.

[lpy NPOEKTHUPOBAaHMM HACOCHOW YCTAHOBKHM HEOOXOAMMO IPEIYyCMOTPETh
NpUMEHEeHHe (QUIBTPOB Ui OYUCTKH paldouell JKHUIKOCTH B IPOIECCE
SKCIUTyaTallMd THIPONPHUBOAA. TpeOOBaHUS K YHUCTOTE JKUIKOCTU 3a3Jar0T
HOMHUHAJIBHOM TOHKOCTBIO (DMIBTPALMM KM KJIACCOM YHCTOTHI KMAKOCTH. [lox
HOMMHAJILHO# TOHKOCTBIO (HJIBTPAIIMH [10/Ipa3yMEBAOT MUHUMAJIbLHBIN pa3zMep
3arpsA3HSIONINX YaCTHII, 3afepKuBaeMbiX (uiabTpoM Ha 90%. Kiacc 4HCTOTHI
KHJKOCTH yuuThIBaeT umciao uyactur, B 100 cm® npu pasmepe He Goiee
ONPEACIICHHON BEIUYNHBI.

[To MecTy pacnojiokeHusl B THUAPONPUBOJC (PUILTPHI Pa3iCAOT Ha

mmpueMHble (BCAChIBAIOIINE), CIAMBHBIE W HAIOpHbIE. [Ipuemuvlie Guibmpsi
YCTaHABIMBAIOT MEpPEe]] HACOCOM Ha BcachIBaromiel TuHUKA. OHU TPEOTBPAIIAIOT
MOMAaJJaHle B HACOC CPaBHUTEIBHO KPYIHBIX YacTHI[ (MMEIOT TOHKOCTh
¢unbrparuu 80 mxm). [lepeman naBneHus Ha (UIBTPOIIEMEHTE HE JOJDKEH
npessimiats 0,02 Mla.
Cruenvle ¢urbmpsl  pa3MeIaloT Ha CIMBHOM JIMHUM I yJAJICHUS
00pa3yromuxcs B THAPOCUCTEME 3arps3HeHni. Tak Kak 3TH (UILTPBI pabOTAIOT
IIPpA  HHU3KOM JIABJICHHHM, TO OYHIIAIOT HEOOJBIIME pa3Mepbl W MOTYT
BcTpauBatbes B. Oakum. ToHKOCTh (uubrparuu ux 10 ... 25 mxMm. OpHako
CIMBHBIC (PHIBTPHI HEIMOCPEACTBEHHO HE 3alllMIIAIOT PaOOTAIONIHNE 3JIEMCEHTHI
THAPOIPHBOJIA OT 3arps3HeHui. [IpyM MX MPUMEHEHUH BO3pPACTalOT TPEOOBAHMS
K F€pPMETHYHOCTH OAKOB.

Hanopuvie ¢unbmpur  00eCnICUMBAIOT TOJHOIMOTOYHYIO MIJIH  IIPO-
MOPIMOHATILHYIO OYHCTKY padodeil kuakocTH. X ycTaHaBIMBAIOT,B HATIOPHOM
JIMHUY TIOCTIEAOBATEIbHO WIH MapalieabHo. TOHKOCTD (DHIBTPAIlMH COCTABISCT
10 ... 40 mxM. Hamopsele (QMIBTpBI II€)IeCO00pa3HO TakKe MPUMEHATH IS
HEMNOCPEICTBEHHOM 3aIIUThl OT 3aCOPEHUS BHICOKOUYBCTBUTEIIBHBIX 3JIEMEHTOB

THUAPOCUCTEMBI.
Bce ¢uabTphel IEepeUMCIICHHBIX THIIOB HEOOXOAWMO CHAO0XATh IEpPEITyCKHBIMH
KJIallaHAMH, cpabaThIBAIOLIUMHU npu Ype3MEepPHOM 3arpsI3HCHUH

(bumpTpOdIEMEHTA U CYIIIECTBEHHOM ITOBBHINICHUH Ha HEM IIeperana JTaBJICHUM.
Ecoun B KOHCTpyKIIMM (rIbTpa HE MPETyCMOTPEH IEPEeNyCKHOW KiamaH, TO
HE0OXOAMMO TTapaJlICIbHO YCTAaHABIIMBATH MPEIOXPAHUTEIBLHEIN KITammaH.



7.1 Tensosoii pacuer I'TIC

IIpu paboTe 00BEMHOIrO THIAPONPHBOAA padoyas >KHAKOCTh HarpeBaeTCs.
[IprumHa 3aKiItOYaeTCs B TOM, YTO B PE3YJITaTe TPEHUSA B KUIKOCTH M MEKITY
JIETAIMH 9acTh MEXaHHMYCCKOW DSHEPrHHM THIPOIPHUBOMA TIpeodOpasyercs B
TEIUIOBYIO, IIOATOMY TIPH IPOESKTUPOBAHMH OOBEMHOIO THIPOIPHUBOAA
o0sI3aTeNIeH TEIUIOBOM pacuer. B wWTore TemmoBoro pacuera OLECHHUBAIOT
TeMIepatypy padoueii )KUIKOCTH MPH padbOTe THAPOIPHBO/IA, BEIOUPAIOT 00bEM
rufpobaKka MW OINPEACIAIOT IPH HEOOXOJUMOCTH OCHOBHBIE —ITapaMeTpPhI
Term1000MeH-HOPO armapara.

OntuMmaibHas  TeMmmepaTypa paboueld  JKMAKOCTH  JJI1  OOJIBIIMHCTBA
THIPONPHUBOIOB MpOMBIIUICHHOTo HazHaueHus 50 ... 60 °C. Jlomyckaercs
KpaTKOBpeMEHHOE TOBbIIeHHE Temmeparypel g0 75 °C. IloBelieHue
TeMIIepaTypbl padodel KMIKOCTH COIPOBOXKIAECTCS CHIDKCHHEM €€ BSI3KOCTH U
MOBBIINICHUEM WHTCHCUBHOCTH OKHUCJICHUS. Y MHHEpalbHBIX Macel IpHU
MoBhIIICHHH TemmepaTypel Ha §... 10 °C  UHTEHCHBHOCTH OKHCJICHMS
MNpUOIM3UTENLHO yABauBaeTcsA. I[Ipu BBICOKHMX TeMIepaTrypax B IKHIKOCTH
WPOUCXOMHUT BBHINAJCHUEC U OTJIOXKEHHE CMOJ. VCKiIIoueHHe COCTaBISIOT
CHHTETHYECKHE >XHAKOCTH, KOTOpHIE AomycKaroT Temmeparypy ao 150 °C u
Oonee. Ho X IIPUMEHSIOT TOJIBKO B CHCIHMATBHBIX THAPOIPHBOIAX, HAIIPUMED,
Ha JeTaTeIbHBIX ammaparax, IBIDKYIIHXCS CO CBEPX3BYKOBOH CKOPOCTHIO.
W3-3a CHMKEHHUSA BI3KOCTH JKHIKOCTH IIPH IOBBIMICHUH TEMIIEpaTyphl CBEpX
PEKOMEHIOBAHHOW CYIIECTBEHHO VBEIMYHMBAIOTCSA YTCYKH YEpe3 3a30phl U
VXYOIIAaeTcs CMa3Ka TPYIIUXCS MOBEpXHOCTEeH paeraime. B pesynprare
camkaercs KIIJI u cokpamaercs TEXHHYECKHH pecypc THIAPOIPHUBOIA.
MuHUManbHasg KHHEMAaTHIeCKast BI3KOCTh padodell KUIAKOCTH JODKHA OBITh HE
MeHee 15 MM%/c s mecTepeHHbIX, 12MM%/c s IIACTUHYATBIX U 8 MMZ/C it
POTOPHO-ITOPITHEBBIX HACOCOB W THIPOMOTOPOB. VCKITIOYEHHE COCTABIISIOT CIIyJdan
IIPUMEHEHUST BOJTHO-MACIISIHOM SMYJILCHH B THAPONPUBOIAX JUIS OOCCIICUEHHS II0-
’kapoOe3onacHocTH. KnHeMaTHdeckas BI3KOCTh 5%-HOM BOAHO-MACIISIHON SMYJIBLCHI
cocrasnsger npu 60 °C 0,85 mm?%/c. PekoMeHIyeMblil IUana3oH BA3KOCTH M THIl
pabouel KMIKOCTH HEOOXOJMMO YCTAHABIMBATH IO JAHHBIM  TEXHHYECKOM
XapaKTEPUCTUKHA THAPOMAIIIMHBI.

IIpu TeroBoM pacueTe THAPONPHBO/IA PACCMATPUBAIOT MECTHBIM M OCPEIHECHHBIN
10 THAPOCHCTEME HarpeB paboder >KMIKOCTH. MeCTHBI HarpeB BO3HUKACT TPH
TEUECHUH KHJIKOCTH Yepe3 CYIIECTBEHHOE MECTHOE CONPOTHBIICHHE: APOCCENb WU
kinanad. [lToreps moimHocTH JIMwm NOTOKa YKUJIKOCTA TIPU TEUYEHWH YEPE3 MECTHOE
COTPOTHBIICHHE BBIpaKaeTcsi B coorBerctBuM ¢ opmymamu  (1.17)—(1.19)
YpaBHEHHUEM

ANy = ApuQu, (1)

rae Apy — moreps (mepenan) gasieHust; Qum — 0OLEMHEIN pacXoll JKUIKOCTH
gepe3 MECTHOE COIIPOTUBIICHUE.

MomHocte Nriys BBIIEIISIEMOTO TPH 3TOM TEIUIOBOTO ITOTOKA MOXKHO CBSI3aTh C
rmapamMeTpaMy U MECTHBIM HarpeBOM KHUIKOCTH 3aBUCUMOCTBIO

Na s == CupmQu AT\, (7.2)

TJIE Cx — Y/IeTbHAS TETUIOEMKOCTD )KUIKOCTH; Px — INIOTHOCTBH sKUIKOCTH; ATy —
MECTHOE IIPUPAIICHUE TEMIIEPATYPHI KUIKOCTH.

B cBs3u ¢ OBICTPOTOH TIpoIecca TEUCHUSI KUAKOCTH Yepe3 IPOCCEIh WM KIlaraH
TEII0OOMEHOM CO CTEHKaMH B 30HE THIpoAIapata MOXXHO IpeHeOpeUb.
CrnenoBaTelnbHO, 0 3aKOHy coxpaHeHus sHeprud Np, = ANw. Iloxcrasus
BeIpakeHne (2.67) B (2.68), moayumm GopMyiTy [jIs pacuera MECTHOIO MPUPAICHIUS
TeMITepaTypsl (HarpeBa) >KUIKOCTH TIPH TSUCHUH Yepe3 MECTHOE CONTPOTHUBIICHHUE:

ATy = Apu/(Cxprn)- (7.3)

OIreHNM YHCIICHHO PaccMaTpUBacMbIi Ipoliecc. B cpefHeM y MUHEpaJIbHBIX Macel
Px = 900 xr/M8, ¢ = 1880 JIx/(xr- °C). IIpu stom ATy = Apy, /(17-10° °C). Taxum
00pa3oM, Ipu Iepemnaje AaBleHus Ha Jpocceie win kianane Ap, =100-10° ITa
MECTHOE IpUpaICHUE TEMIIEPaTyphl OTOKA kuaKkocT oyaer ATy = 6 °C.



OnpezeneHre OCPESAHEHHOIO MpHUpAIleHUsT TeMIlepaTyphbl (HarpeBa) >KUAKOCTH Ha
BBIJICJICHHOM YyYaCTKe THAPOIIPMBOAA MM BO BCEH TMAPOCHUCTEME C YYETOM HE
TOJIBKO TEIUIOBBIACIACHHS, HO M TEIUIOOTHAYH IPEACTABISET CIIOKHYIO
TeXHUYECKYI0 3amady. Ilpu TemIoBOM pacueTe OOBEMHOI0 TI'MIPOIIPHBOIA
HCIIOJIB3YIOT YIPOILICHHOE MaTeMaTHYECKOE OMHMCAHHE IIPOIEecCca IMPUPALCHHS
TEMIIEPATYPhI KUIKOCTH

(7.4)
AT = ATge— ¥ -+ (NT. w/' P oy (1 — e-"if)’
rae ATy — HavanabHas pa3sHUIA TEMIIEPATYpP KUIKOCTH M OKPYKAIOIIEH Cpembl;
Nty - MOIMHOCTh MCTOYHHUKOB TEIUIOBOM 3HEPrUu; Py — yaenbHass MOIIHOCTH
TEIJIOOTAAYU B OKPYKAIOIIYIO Cpeny IpHu nepemnane remmeparyp 1 °C;

ATa=Ta—To (75
T= Py o/Cri 76
o (7.6)
P'r Il=2k'l' ntii'
v ‘=| . 1] (7.7)
Ci=m meé
L ] ﬂ‘cﬂl + Leha -} ] (78)
rae 7y — HavallbHas TeMIIepaTypa *KUAKOCTH, 1o — TeMIlepaTypa OKpy Karomien
cpeasl; Ny —  BEHIACIEHHOE  YHCIO  DJIEMEHTOB, PAa3sHOPOAHBIX IO
TeIIoNnepealomuM  cBoiicTBaM; Kyn i — KOd(OUIMEHT TemIonepesayud oT
JKUJIKOCTU 4€pe3 I-10 CTEHKY B OKPY)KaroIlee NPOCTPaHCTBO; Fci — momans
MMOBEPXHOCTH |- CTEHKHU; M, U M, — MACChI KUJIKOCTH U CTEHOK; Cyc M Cc —

yIEIbHBIC TCINIOEMKOCTH KUJIKOCTH U CTCHOK.
MOoOIIHOCTh HCTOYHUKOB TEMJIOBOM 3HEPTUU

(7.9)
NT.I=NB.!+AN!

rae Ny — MOITHOCTB TEIUIOBOTO MOTOKA, TIOTJIONIAEMOT0 THJIPO TIPUBOJIOM OT
BHEINHUX WCTOYHMKOB, AN — TmOTepd MOIIMHOCTH B TUAPONPHUBO/IE,
OTpaXkarolye mpeodpa3oBaHKe YaCTH MEXaHUIECKOI SHEPTHHU B TEILIOBYIO.
[TprMepoM BHEIIHET0 MCTOYHMKA TEIUIOTHI MOXKET OBITh Harpe! crenox
THIIIOArTIETAaTOB COTHEYHbIM H3iydeHueM ['51. B atom cimyuae

(7.10)
Npw = gcForllans

/e J. — COJIHEYHAs [TOCTOSTHHAS JIJIS IAHHOTO paioHa; I pa3IuvHbIX paHOHOB
ge = 350 ... 950 B1/M?%;, Fcr — miomiazib HarpeBaeMoii OBEPXHOCTH CTEHOK; Oy
—  KO3(p(UIMEHT YEpHOTHI OO0Jy4aeMOH IMOBEPXHOCTH (CTEHOK); JyIs
[TOJIMPOBAHHOM MMOBEPXHOCTH 0= 0,1, s mepoxosaroii o, = 0,9.

[ToTepu MOIIHOCTH B THAPOIIPUBO/IE B LIETIOM ONPEACSIOTCS Pa3HOCTHIO MEXKITY
MOIIHOCTBIO Ny Ha IPHUBOJHOM Bajly Hacoca U MOIIHOCTBIO N Ha BBIXOJAHOM
3BEHE TMIPOIBUTATEIIS:

(7.11)
AN = Ny — Ny

[ToTepu MOIITHOCTH B THAPOIIPHUBO/IE BhIpaxkaroTcs uepe3 oomruit KIT/ Ne. =
Nz/Ny ypaBHEHUAMU:

AN =Nog(l = Mo.0); AN =Ng(tmea—1). (712

O6mmmit KITJT N MoxkeT 6bITh Haiimen o opmyite (1.120) kak mponsBeaeHne BCex
gyacTHbIX KIIJ, B3SITBIX H3 TEXHUYECKHX XapaKTEPUCTHUK THAPOMAIIUH U
MOJTy4YeHHBIX B PE3yNbTaTe MPEeABAPUTENFHOTO THAPABINYECKOTO pacyera.
Yame Bcero Benuunny AN onpenenstoT mo yactsaMm. B o0Omiem Buae

f,

]
7.13
AN = 3 AN, (7.13)
=}
TI€ 75 — YHMCIO BBIIEIEHHBIX DJIEMEHTOB THAPOIPUBOIA, MPEOOPasyrOMIUX
MEXaHWYECKYI0 dHepruto B TemioByio; ANi — mmoTeps MOIIHOCTH B I-M

OJIEMCHTE, T. €. IOTEPA MEXaHUYECKON OHEPruu B 3JIECMCHTE B CAVMHUIY BPEMCHU.



B TpyOompoBomax ¥ MECTHBIX CONPOTHBIEHUSX (ApOCCENAX, KilallaHax,
pacrpenenuTessax, GUiIbTpax) MOTEPH MOITHOCTH MOTOKA KHIKOCTH BBIPAKAIOTCS
B cOOTBETCTBHH C BhIpaxkenusmu (1.17)— (1.19) uepes nepemans! gasienus Ap
u o0beMHbIe pacxomsl Q:

r/Ie MHICKCAMH «T» W «M» 0003Ha4YeHa MPHUHAMIC)KHOCTh IOTOKA KHIKOCTH K
TpyOOIIPOBOIY U MECTHOMY COIIPOTHUBIICHHUIO.

[ToTepro MOITHOCTH B THAPOMHMAX U THApOANTIIapaTax MpruBoaa B
COBOKYITHOCTH MOKHO ITPHOJIMYKEHHO BEIYUCIIHTE 110 THApaBiraeckomy KIT/I Nra,,
HOMUHAJILHOMY JaBJICHUIO Puow ¥ 0OBEMHOM TIO7aue Hacoca Qu:

ANy = PuonQu (1 — M. 0} (7.14)

IToTepst MOIITHOCTH B THAPOMAIIIMHAX OMPEACTISCTCS PA3HOCTSIMHU MOJIBOJIUMBIX U
OTBOJIUMBIX MOIIHOCTEMN:

(7.15)
aN1=N5—Nn.n; AN;=NB_E—N5,
rae Ny m Ny — MOIIHOCTE Ha BXOJHOM 3BEHE HAacoca M BEIXOJHOM 3BEHE
rugpoasurarens; Npy u Npg — pe3yasTupyromas MOIIHOCTE MOABOJUMBIX U
OTBOJUMBIX TIOTOKOB >KHIKOCTH, OTHOCSIIAACS COOTBETCTBEHHO K HACOCYy U
TUIPOIBUTATEIIO.
Ha ocHOBaHMHM NpHBEICHHBIX pPa3HOCTEM MOIMHOCTEH H BhIpakeHuii (1.33)
TMOJTy4aeM pacyeTHbIE (POPMYIIBI TSl HACOCA U THIPOIBUTATEIIS: (7.16)
AN¢ = ApyQui AN, = ApuQu
(7.17)

AN = Nx(l — na); AN =Ny (l/mz — 1),

rae NuNg - KIIJI Hacoca u rugpoaBUrarens.

Benmnunnbl Ng 1 Na 3aBUCAT OT gaBiaeHuU# py U py 1 pacxonoB Qs v Qn KUAKOCTH,
MO3TOMY MHOTAAa YJOOHEe IIOJb30BaThCs (HOPMYJIaMM, TIOJYYCHHBIMH Ha
ocHoBanum 3asucumocrteii (1.28), (1.29), (1.31), (1.32), (1.36), (1.37) u (1.58). dus
HAcoca U MHJPOJIBUTATE sl TOTEPS] MOIIIHOCTH COOTBETCTBEHHO paBHA

7.18

ANy = Qu(pa — ) (1/Me — 1); (7.18)

AN = Qx(pg — Po) (1 — M) (7.19)
2. IlnotHoCTH | TemnoeMKOCTH MAaTEPUAJIOB, KHAKOCTEI U ra3oB
Marepual, KHIKOCTb H [Tn0THOCTH P. Kr/M° VaenpHas TEMIOEMKOCTb,
rassl

JLx/(kr°C)

Bpon3a 8800 400
Crann 7700 480
Yyryu 7500 540
AIoMUuHMI 2700 910
Pe3una 1200 1400
MusnepajbHOe MACJI0 900 1880
Bona 1000 4200
Boznyx 1207 1010

Momnrocte Nty BHYTPEHHHX HCTOYHHKOB TEIUIOTHI  ONpEACHseTcs s
OTJETbHBIX YYaCTKOB W JUIi BCETro TuapompuBoma. Kpome Toro, dgacro
MPUXOJNUTCS  BBIACIATh W OIEHUBATh  OTHACIbHBIC TIEPHOILI  PaOOTHI
ruaponpuBoja. Eciiu HeoOXOAMMO paccuuTaTh CPEAHIOK 3a IMKIJI MOIIHOCTb
HWCTOYHUKOB TEIJIOBOM S3HEPTUM, TO UCIIOIB3YIOT GopmMyJ1y



g

Newtl 7.20

N-r.cp= 2:"‘%""“!‘. ( )
=i

rae 1, — YUCIO MepHOoAoB B IHKiIE, Nty — MOIIHOCTh MCTOYHHKOB TEIJIOBOM
SHEPrUM B i-M mepuoje; tj — MpomoIDKUTENLHOCTh I-ro mepuona; t, — momHoe
BpeMs LIHUKJIa pabOThI THAPOIPHBO/IA.

[IpumepHbIe JaHHBIE O CPEOHHX 3HAUEHUSAX IUIOTHOCTH M TEINIOEMKOCTH
MaTepHaoB CTCHOK, )KHAKOCTEH M ra3oB mpuBelaeHbl B Ta0a. 2.2. Kosdhdummenr
Temionepeaadn K oT pabodei )KUAKOCTH Yepe3 CTEHKY B OXJIAXKIAIONIYIO CPELY
(BO3OyX WM BOJYy) 3aBHCHUT OT TE€OMETPHYECKOW (OPMBI, TOIIIUHBI U
TEILIONPOBOAHOCTH CTCHKH U OCOOCHHO OT YCIOBHH KOHBEKIIHH.

3nauenus koddpdunuenta kry B1/(M>°C):

ITpu oTcyTCTBMM IUPKYJISIAA BO3AyXa. . 8..12
IIpu ecTeCTBEHHOI IUPKYISAIMH BO3AyXa 15...30
B BO3IYIIHOM TETUIOOOMEHHUKE. ........ccuvvreeirreeeiireeesineannnnnas 70 ...90
B BOISIHOM TEILIOOOMEHHHMKE  ...... 100 ... 200

ITnomamu Fi moBepxHOCTEH CTEHOK TPYOOIPOBOIOB U TMIPOArpPEraToB HaXOIATCS
110 COOTBETCTBYIOIIHM TI'E€OMETPHUYECKHM 3aBHCHMOCTSM. Ilpu ompeneneHUN
mIomanyu F¢ Temnonepeaaomux MOBEPXHOCTEH THApodaKka ymoOHO MOJIB30BATHCS
YpaBHEHHEM CBSI3M OJTOM INIOIMIQAM ¢ TONe3HBIM oO0beMoM Vs ruapoOaka.
B3anmocssa3s BennuuH Fcr m Vs 3aBUCUT OT (GopMbl ruapodaka. Jlms muimuHapa,
Ky0a 1 mapajuienenurieia ¢ COOTHOIIeHnEM cTopoH  1:2:3

For = 5.5V§"’3; . F.‘ — evgfa; F.-, = 6,7V%/3. (721)

IIpu nepBOHAYaILHOM BEIOOPE TOJE3HOro oobema Vs ruapodaka (M%) monb3yrorcs
peKOMEHIaIel 0 ero BEJIMYMHE, COOTBETCTBYIOIIEH TpeX- WU TSTUMHHYTHOM
noJiaue Hacoca:

(7.22)

Vo= (180 ... 300) Qy.

B 1mpuBeneHHOM Marepuaie COAEPKATCS IPUMEPHBIE YHCIOBBH JIaHHBIC,
PEKOMECHOAINNU U (bOpMy.]'[bI JJIA OIIPEACIICHUA BCIIMYWH BXOAAIINWX B YPABHCHHC
(2.70) mpomecca npupalieHusl TEMIIEpaTyphb (HarpeBa M OXJIKICHHS) KUJIKOCTH
mpu pabore rHapounpuBoaa IIpuHSATass SKCIOHCHIMAIbHAS 3aKOHOMEPHOCTh
M3MEHEHHUSI TeMIIEpa TYPbl JKHUAKOCTU IIO3BOJISIET MPUOIMKEHHO OIPEAEIUTh
BpEMsI JIOCTH JKEHUS YCTAHOBHUBIIIETOCS TEIUIOBOTO PEKUMA THIPOIPHBO/IA

ty = (3 ... /. (7.23)

I[Ipy TakoM 3Ha4YeHWH BpPEMEHHM OKCHOHEHUMalbHas  QyHKOUs  Oyner
coOTBeTCTBEHHO paBHa Yy == 0,05 ... 0,02 u ee MOXKHO IPUPABHATH HYJIIO.
Vpasuenue (2.70) npu t = t, mpeoOpasyercst B (OpMyITy ISl pacueTa IPUPAICHHUS
TEeMIepaTypbl JKHJKOCTH TPH YCTAHOBHBIIEMCS TEIUIOBOM pEXHME paboThI
THAPOTIPUBOJIA

(7.24)

AT = N'r.an-r. -



Hckomast TeMrieoatyoa pabodeil KUAKOCTH
T;g el Tn + AT.

Bennuuna 7, cpaBHHMBAaeTCs C JOMYCTHMBIM [JII HOPMAalbHOW pPabOThI THAPOIPHUBOIA
3HAYCHHEM.

Hawnboiee mpocToii BapuaHT TEIIOBOTO pacdyeTra — OINpeACIICHHe OCPEIHEHHOH IS BCETrO
'THAPONPUBOJA YCTAHOBHBIICHCS B TEYCHHE MHOTMX ILHKJIOB pPa0OTHI TeMIIEpaTyphl The
KUIKOCTH. Takoi pacyeT MPUMEHUM M JOCTATOYCH, €CIIM B THAPOIPUBOAC C PA30OMKHYTHIM
ITOTOKOM JKHJIKOCTH HET CYIIECTBESHHBIX 110 Mepenaay JaBICHUS MECTHBIX COIPOTHBIICHHIH,
NPUBOAAIIMX K 3HAYUTCIHPHOMY MECTHOMY HAarpeBy JKHIKOCTH. MOXKHO TakKiKe
HCIIONIB30BaTh IIPOCTOM BapHaHT pacdeTa I OLICHKH TEIUIOBOI'O PEKHMMAa THAPOIIPHBOIA C
MAIIUHHBIM PEryYJIUPOBAHHEM CKOPOCTH M 3aMKHYTBIM ITOTOKOM YKHIKOCTH.

Bo MHOrmx cimydasx TeMIepaTypa KHAKOCTH B Pa3jHYHBIX YacTIX THAPOIPHUBOIA
HEOAMHAKOBA JaK€ IIPH YCTAHOBHBIIEMCS TCIUIOBOM pEXHUME, ITOITOMY IPHUXOIUTCS
ompeAeNAT, STy TEMIIEpaTypy OTAEIBHO Ieped HacocoM (B THapoOake), mepen
TUAPOABUTATEIIEM H TIOCTIE IpocCellel U IepeIMBHEIX KiTammaHoB. HavaneHas temriepartypa 7,
JKHJIKOCTH B TUApoOaKe IPHHUMAETCS paBHOW TemmepaTrype 1, OKpyKawIliedl cpeapl
(atmMocdeprl). 3a HayaNnbHYK TEMIEpaTypy JKHAKOCTH IIepel THAPOJBHrarelieM
HEoOXOAMMO TIPHHHMATh YCTAaHOBHBINYIOCS TeMIlepaTypy B TuapoOake. Ecmu Bpems i,
JOCTHIKEHHSI YCTAaHOBUBIIETOCS TEIUIOBOTO pPEXXUMa 3HAYMTEIbHO (B 2 pasa u Oolee)
MIpeBhIIIaeT BpeMs tn IuKIa paboTel THAPOIIPHUBOAA, TO TEMIEPATYPy 1y KUIAKOCTH IEpPel
HAacOCOM W THAPOABHUTATEIIEM MOXKHO ONPEICISITh MPHU CPETHEH 3a MUK MOITHOCTH Nr.gp
HCTOYHUKOB TEIUIOTHI 10 opmynam (2.82) u (2.83). IIpu consMepuMbIX 3HAYCHUSX ty U 1y
TeMIiepaTtypa J>KHIKOCTH B THIPOIPHUBOAC KOJCOJIETCI BO BPEMECHH W €€ TPHUXOIUTCS
PACCUUTBIBATh TOCICIOBATEILHO B KKIOM IIEpHOAC padOTH THAPOIPHUBOIA 0 (GopMyIaM
(2.70) 1 (2.83). MecCTHEIIM HArpeB KUAKOCTH BEIYUCIIAETCS 110 popmyiam (2.69) u (2.83).
IIpenenbHple 3HAYEHHS TeMIEpaTyphsl padodel KHUAKOCTH Ha HE(PTAHON OCHOBE IEepes
HAacoCOM M THJAPOJBHUIaTeJIeM HE JOJDKHBI IPEeBBINATh cooTBeTcTBeHHO 50 m 60 °C.
JlomyckaeTcss KpaTKOBpEMEHHBIM MECTHBIN HarpeB xkujakoctH 10 75 °C. Ecim paccuntanHas
TeMIIEpaTypa >KHUAKOCTH IMPEBBIMIAET JOMYCTHMYIO MM PEKOMEHIYEMYIO0, TO HEOOXOIHUMO
MMPUOETHYTh K KOHCTPYKTHBHBIM MEpaM: YBEIIMYWTh IIOJE3HBIH 00beM Oaka, MPUMEHHTH
TEIIO00OMEHHBIN anmapaT (TEII000MEHHHK), H3MEHUTh CTPYKTYPY THAPOIIPUBOIA C LEIbIO
CHIDKCHHUSI TOTEpPh MexaHudeckor osHepruu. C yBeaHUYeHHEM IToJie3HOro obnema Ve
THapoOaka Bo3pacTaeT coriacHo (opmyie (2.79) miomans Fcr ero Temmomnepenaroreit
[MOBEPXHOCTH, YTO CIIOCOOCTBYET CHIDKEHHIO YCTAHOBHMBIIEHCS TEMIIEPATYPBI KHUIKOCTH.
HemoctaTtok Takoro KOHCTPYKTHBHOTO MEPOIPHUATHS — CYIIECTBEHHOE YBEIHMUYECHHE
rabapyUTHBIX Pa3MEPOB HACOCHOH YCTAaHOBKH.

st oxnaxkaeHus pabouell  JKMAKOCTH B THAPONPHBOAAX  MAIIWH  MPHUMEHSIOT
TEIUTOOOMEHHUKH JBYX THIIOB: BOJSHBIC M BO3AYIIHBIC. BOAsSHBIC MEHBIIE 110 TaOAPUTHBIM
pasMepaM, YeM BO3AYIIHBIC, HO JJII HUX HYXXEH BOJOIPOBOJ, IOTOMY B THAPOIPHBOIAX
MOOWJIBHBIX MAaIllMH HCHOJB3YIOT MPEUMYIIECTBEHHO BO3IYIIHBIC TEINIOOOMEHHUKH
(paguaTopel U Kamopudepsl). IIpu BbIOOpe TEMI000MEHHUKA HEOOXOAUMO OIPEACIUTh
MOITTHOCTE Ny, OTBOJMMOTO B HEM TEIUIOBOT'O ITOTOKA: (7.26)

N'r.a=N-r.n— P-r.n(Tﬁ_ To)’

rae N — IoMHas MOIHOCTh HMCTOYHHKOB TEIUIOTHI (B paccMaTpHBAacMOM IICPHOAC WU
cpensss); Pr. n — yaenabHas MOIIHOCTH TEILIONEpeAadr depe3 CTCHKH TPyOOIpPOBOJOB H
THUApoarperaroB 0e3 ydera TCEIUIOOOMEHHHKA; 15 — JONYCTHMas yCTaHOBHMBIIASICS
TeMIlepaTypa XUIAKOCTH B TruapodOake; 1, — TeMIeparypa OKpYKaroIleH aTtMochepsl
Kpome Toro, HeoOX0IMMO HAWTH TEMIIepaTypy pabodei KHIKOCTH U OXJIAXKIAIOIICH Cpe/Ibl
(BOJBI MM BO37yXa) Ha BXOJE M BbXOJC TEIIOOOMeHHHKA. C ATOH IEIBIO UCIOJIB3YIOT
YpaBHCHHUS CBS3HM; MOPHIIHOCTH N TEIIOBOrO IOTOKA € MPHPAIICHUAMU TEMIIEPATyp
JKUJKOCTH U OXJIAXKIAIOUIEH Cpe/Ibl: (7.27)

CuPuQu (Ta 0 — T 0) = N s

(7.25)

7.28

CopsQs (Ta.a — Th0) = Nru, ( )
rae Qm u Qs — 00BEMHBIN pacxon paboyel >KHAKOCTH M OXJAKIAIOIIEH CPensl uepes
TCHH006MCHHI/IK; T)KO nu T)K a —— TeMIIeparypa XHIKOCTH Ha BXOAC W BbIXOJC

TEIUIOOOMEHHHMKA; C; U Ps — YyJAEIbHAs TEIIOEMKOCTh M INIOTHOCTh OXJIAXKIAIOIIEH Cpebl
(Boxwl unu Bo3ayxa); Ts, u Ty, —TeMIIepaTypa OKPYKAIOLIEH Cpeabl HAa BHIXOAC U BXOJE
TEINIOOOMEHHHUKA.



Puc. 7.1 . T'uapaBnudeckasi cxemMa HAaCOCHOM YCTaHOBKH C
‘r 5 ( TEIUI000-MCHHBIM aIapaToM:

1 — ruapobak; 2 — CHOBOEHHBIH Hacoc; 3 — NPUBOIHON
— 7 ajekTpoaBUratTensb;, 4 — Guwibtp; 5 — o0paTHBIA KianaH; 6 —
MaHOMETp, [ — THUAPOPACIPENETUTENb Il BKIIOUEHHS Ma-
HOMeTpa; 8 — pas/ieuTellbHas NaHelb; 9 — MOANOPHBIH KilanaH,
10 — dwibTp  TOHKOH oumcTKH; 11 —  BO3AYIIHBIN
TEIUI0O0OMEHHHUK; 12 — npenoXpaHuTe bHbIA KiianaH

s TernooOMEHHUK OOBIYHO YCTaHABIUBAIOT B KOH-
Ile CIMBHOM THAPOJHMHHHA, T. €. Iepen
ruapobakom (PUC. 7.1). mosTomMy Temmeparypa
Txa DOpHHHMAaeTCS paBHOM TemmepaType 15
KHIKOCTH B TuApobake. Temmeparypa ['xo
HaxoguTcs U3 ypaBHeHUA (2.85), roe ocTanbHBIE
BEJIMYMHBI HM3BeCTHBL. Temmeparypa T., paBHa
teMmriepatype 1, WIH TeMIepaType BOJFI,
MMOJBOJUMOK IO BojompoBoxy. Ilpu BeIOOpE

TeMIepaTrypsl Ts., BO3HHKAaeT ONTHMH3AIlMOHHAS 3amada. Uem BbIIE 3HAYCHUE Tg.., TEM

MeHbIle pacxod Qg BOABI WIM BO3AyXa, HO OOJNBINIE IUIOMIAAb TEIUIONIEpeaaud H,

CICAOBATEILHO, TrabapuUTHBEIC pa3Mephl TEIIOOOMeHHHKA. llenecooOpa3Ho OIEHHBATH

COYETaHUs MMapaMeTPOB HECKOIBKHUX BapHAHTOB. B TepBOM MPHUOIMKEHUH MOYKHO TPHUHSTH

Ts.a=Ts0ot (20 ... 30) °C. IIpu 3TOM HEOOXOOMMO MMETh B BHIY OrpaHUYCHUE T5 o < T.

Pacxon Qg oxmaxkgaronieit cpeabl HaxoauTcs mo dopmyde (2.85).

ITocne ompemenacHUs W BBHIOOpAa HA3BAHHBIX BEIMYHMH HAXOMIT CPEIHHN TeMIICPATypPHBIHA

maop ATe B TemnooOMenHuke. IIpu  BCTpeYHOM  HAIpaBICHUH JBIDKECHUS B

TeII000MEHHUKe paboueii )KMIKOCTH U OXJIaXKIaoIel Cpeabl

' 7.29
ATr:,p = (Two— Toa+ Tin— Ta o)/2. ( )

[Tmomane Teruronepeaammed MOBEPXHOCTH TeIuIooOMeHHHKa |5, 40]
Fo.a= N a)‘(k‘r. a ATsp)- (7.30)

Kosdpduuument K., Temmonepenauyd NPUHMMAETCS I10 H3BECTHHIM OKCIEPHMMEHTAILHBIM
JAHHBIM (cM. 3HaYeHus K., Ha c. 121).

ITo mommuoctr Nr., oTBOAMMOro moroka u TpeOyemoii miomanu Fc., Temmonepenaromei
IMOBEPXHOCTH MO0UPAIOT THIIOpa3MeEP TEIMIOOOMEHHHKA, BBIITYCKAEMOI'0
MPOMEBIIUIEHHOCThIO, WK IPOSKTUPYIOT HOBEIA. B cTalMoHapHBIX THIPONPHBOAAX
MIPUMEHSIOT 3MEEBHKOBEIC H KOXKYXOTPYOHBIE BOJASHBIE TCITIOOOMEHHUKH. M3BECTHEI BOS-
Hble MaclooxJaautenu tuna MO ¢ HOBEPXHOCTBIO oxyaxkaeHus Fe., = 0,63 ... 10 M®> u
MOIIIHOCTBIO OTBOAUMOro TeruioBoro motoka Nr. , = 5,8 ..93 xBt. B ruapomnpusogax
MOOHMIIBHBIX MAIIMH HCIOIB3YIOT  BO3AYIIHBIE TEIUIOOOMEHHMKH — KaJopu(epsl TUIA
I'44-2 ¢ maomaneto Fe a = 1,7 ... 5,1 M? u momnuocthio N1 .= 1,7 ... 4,5 kBrT.

[Ipu ycraHoBKe TEIIOOOMEHHHMKA B CIAMBHON THAPOJMHHNA OOBEMHOIO THAPOIPHBOAA (CM.
puc.7.1) He0OXOAUMO MPEIYCMOTPETH 3AIUTY TOHKOCTEHHBIX TPYOOIIPOBOIOB CIICIIHATIbLHBIM
KimamaHoM 12 OT Ype3MepHOro MJaBJIEHHs B IIEPUOJ IIyCKa HACOCHOH YCTaHOBKH C
«XOJIOJIHOI™> paboyeil >KHIAKOCTHIO.

B cnyuasx, korga HEOOXOAMMO IMOAJAEPKMBATHL TEMIIEpATypy padodeil IKHUIAKOCTH
THAPOIPHBOAA IOCTOSHHOW M PAaBHOM TEMIIEPATYPE OKPYKAIOMIETO BO3AyXa, HMPHMEHSIIOT
ABTOMATHIECKYIO XOJIOIMIHHYIO MAIIIHY.



8.1 O0001meHHOe MaTeMaTHdecKkoe onucanue guHamuku ['TIC

B mponecce mpoeKkTUpOBaHUS THUAPO- M IMHEBMONPUBOJOB OBICTPOJECHCTBYIOIINX
MAaIIMH IPUXOJUTCS MPOBOAUTH TWHAMHUYECKUN aHAIU3 PacYEeTHBIM MyTEeM. OTO IMO3BOJISIET
CHM3WUTh 3aTpaTbl BPEMEHH MU CPEACTB HAa OHKCIEPUMEHTAJbHYIO AOPA0OTKY OIBITHBIX
00pa3oB M CIOCOOCTBYET IOBBILIEHUWIO MX KadecTBa. OIHAKO NPH HHIWBUAYAIHHOM
oAX04e K MAaTeMaTHYECKOMY OIMCAHMIO KOHKPETHBIX THAPO- U IHEBMONPHBOAOB U
JalIbHEMIIIEM COCTaBIICHUH W OTIAJKe CIIEHANIbHOMN IporpaMMel pacueta Ha DBM 3aTpaThl
BPEMEHM Ha AMHAMHMYECKMH aHAJIM3 OKAa3bIBAIOTCA 4Ype3MEpHBIMH. BBIXOIOM U3 Takoro
MOJIOXKECHUSI MOKET OBbITh OIHOpa30oBasi pa3paboTKa U MOCIEAYIOIee MHOTOKPATHOE
HCIIOJB30BaHWE ISl  OONBINOM TPYIIBI THAPO- W ITHESBMOIPHBOAOB O0O0OOIIEHHOIO
MaTeMaTHYEeCKOr0 ONMCAaHWA M YHUBEPCAJbHON IMPOrpaMMbl AMHAMHUYECKOI'O pacyera Ha
OBM.
st cocTarieHus: 0000MICHHOTO MATEMAaTUYECKOTO OITUCAHUS TMHAMUKH JBYS-TTO3UIIMOHHBIX
NPUBOJIOB  CYIIECTBYIOT  ONpeAeieHHble  nIpearnocbulku.  CrnocoObl  ympaBlieHHS
JIBYXTIO3UIIMOHHBIMHU THIPO- U THEBMOIPUBOJIAMHU UMEIOT MHOTO 001mero (cm. maparpad 2.1).
Kak mokazano B maparpade 2.7, BIOJNHE BO3MOXHO eIuWHOE MO (hopMe MaTeMaTHYECKOe
OIMMMCAaHNEC BHYTPCHHUX IIPOLCCCOB B IWMApPO- W ITHCBMOIIpHMBOIAX. ypaBHeHI/Iﬂ JABUXKCHUS
BBIXOJHBIX 3BCHBEB T'MIpPO- U IHEBMONPHBOAOB OCHOBAHBI Ha OOIIMX 3aKOHaX MEXAHHKH.
Bonpiryro Tpynmy KOHCTPYKTHBHBIX BAapHAHTOB JBYXMO3UIMOHHBIX IIPUBOJOB yIaeTcs
MIPUBECTHU K €IMHOMN pacueTHOM cxeMe.

OO01mas pacueTHas cxeMa UCTIOJIHUTEIBHON YacTU JBYXIIO3UIIMOHHBIX IIPUBOIOB ITOKa3aHa Ha
puc. 8.1 Ha cxeme wu300pakeHBI ABYXIO3WIIMOHHBIA JBHTATeNlb, HAMOpHAs, CIHMBHAS
(BBIXJIONIHAS) MW JpEHaKHas JIMHWUU THIPOCHCTeMBl. TpyOompoBoimsl U ammapaThbl
MMPEACTABJICHBI SKBUBAJICHTHBIMHA PCTYIUPYEMBIMU JPOCCCIIAMU C IIPOBOAUMO-CTSAMU 0.1 U O2.
enmn u 3a30pel B pabouyMx Kamepax W IOJOCTAX, Yepe3 KOTOpbIe MPOUCXOIST YTEUKH
paboueil cpensl B IPEHAXKHYIO JIMHUIO, IIOKA3aHbl Ha CXEeMe JIAMHHAPHBIMH APOCCEISIMHU C
MPOBOJMMOCTSIMU S1 U Sz. JlaBleHHe U TeMrieparypa pabodell cpeibl B HAYaJIbHOM CEYCHUHU
HaIlOpHOW BETBM OOO3HA4YEeHBl Py W 7, a B KOHEYHOM CEUYEHHH CIHMBHOW (BBIXJIOITHOWN)
muHui—p; H Ts. Ha BbIXOmE apeHakHOW JIMHMM JaBliCHHE M TEMIepaTypa COOTBETCTBYIOT
BEIMYMHAM DPar U Tar. B JByX paboumx kamepax IBUTATelNs YAENbHBIH padoumii 00beM,
JIaBJICHNE W TeMIepaTypa 0003HaYeHbl COOTBETCTBEHHO (1, p1, 11 ¥ Oz, p., T2. BykBamu vV u y
0003HaYeHbI CKOPOCTh M MEPEMEIIEHUE BEIXOAHOTO 3BeHa, OYKBOI /m — IpHUBEIECHHAs Macca
MOJIBMKHBIX YacTell MpHBOIa ¥ pabovYero opraHa MalluHbL.

OKBHBAJCHTHOE 3aMellleHHe TpPyOONpPOBOJIOB M allapaToB HAMOpPHOW W  CIUBHOH
(BBIXJIOITHOMN) JIMHUH MTPHUBOJIA YCIIOBHBIMHU PETYJIMPYEMBIMH JIPOCCEISIMUA B PACUETHON CXeMe
OCHOBBIBAETCSl HA PABEHCTBE OOIIMX MOTEPh AABJICHUS B OTIEJIbHBIX Ha3BaHHBIX BETBIX Ap, U
Apc. Benmmaunsr Ap, 1 Ape ONIpeenstoT THAPABINIECKIM PACYETOM HCIIOJHUTENFHOW YacTh
NPYBOJIAa IPU NpeAeTIbHBIX 00BEMHBIX MM MacCOBBIX pacxoaax padoueit cpeabt Qn u Q¢ min
Gn m Gc. 3arem ans SKBUBAJCHTHBIX YCIOBHBIX Jpocceieldl B HAlOPHOH M CIUBHOMN
(BBIXJIOTTHOM) JIMHHUSAX HAXOMAT COoOTBeTcTByIomuUe d3ddextuBHbie mmiomanun f,; u f
IIPOXOJHBIX ceueHul. [IpuMeHnTensHo

K TUApONpuBOAY 1o (hopMyrnaMm

— % , fou = Quf V EIF) 3% ®D
\ m] =~ -
Ja] f; ['7] 1] L]
fer = Q/V (2/0) Ap,. (8.2)
Sy 52 i i
o Ny
Py Pam Ps
T Tam Ts

Puc 8.1 . PacueTHas cxeMa UCIIOJIHATEIHLHOW YaCTH ABYX IMO3WIIMOHHOTO TIPHBOIA



Jlis ycoBHBIX qpoccerei mHeBMonpuBoa mo gopmyne (1.100) ¢ yuetom Beipa senus (2.14) nmeem

for = { GRJV[QE"(RTH)] App(pa—Apy) Opa pg— Apg > PupPri (83)
Gu/pa V' [2/(RTg)] Prp (1 — Prp} BPH pg — Apy <T PrpPr;
foum { Go/V IZ/(RT ¢)] APoPar UPE Pax + AP¢ << Pan/Pup: (8.4)
Go/(Par + Ape} V I2/(RT )] Pp (I — Pxp) MpR Par + AP 2 Par/Pxyp-

B npuBeneHHbIX hopmynaax o6braHO puHAMAT Ty = T = 293 °C, par = 10°Ilau
pxp=0,5.

[TocpencTBOM JIaMUHAPHBIX JIPOCCENCH ¢ TIPOBOAMMOCTSIMH S1 4 S2 B PaCYETHOM
cxeMe 00beMHOro mpuBojaa (cMm. puc. 8.1) oTpakeHbl yTeuku paboueil cpensl u3
Kamep

| mostocTeit nBUTATENS U alapaToB, Paclo0KEHHBIX COOTBETCTBEHHO B HAITOPHOM

u CITMBHOW (BBIXJIONTHOWN) JIMHUSX. Jl0OCTOBEpHBIE CBENIEHHsSI 00 yTeYKaX >KUIKOCTHU B
THIpPOMAIIMHAX M amlaparax MOXHO IOJIyYUTh TOJBKO AKCIEPUMEHTAIbHO. B
TEXHUYECKOH XapaKTePUCTHKE OOBEMHOrO THAPOJBUTATENSI  MOXHO  HaWTH
BEJIINYNHY

00beMHOT0 KI1/] Nox, CHATYIO NIPH HOMHUHAIBHBIX pacxojae Qrow 1 JaBICHUH Puou
KuIKoCTH. OOBEMHBIC YTEUKHU TPU 3TOM MOTYT OBITh ONPEICIICHBI 10 popMylie

Qy.n = Qmown (1 — Mg, o) (8.5)

B TexHWYeCKMX XapaKTepHCTHUKaX THIPOANIapaToB COAEPIKATCS JaHHBIE 00
00beMHBIX yTeukax Qy. a MPpM HOMUHAJIBHOM JAaBiieHHMH puoM- OO0mue yreuku Qy B
paccMaTpuBaeMoOil JTIMHUM TPUBOJA ONPEACISIIOT CyMMHUpPOBaHHEM 3HaueHHid Qy.; H
Qy.a. O6BEMHYI0 TPOBOJMMOCTD SKBUBAIIEHTHOT'O JITAMHUHAPHOT'O APOCCEINS BBIYUCIISIOT B
COOTBETCTBUU ¢ ypaBHeHUeM (2.108) o ¢popmyie

o = Qy/Puon- (8'6)

B OomblMHCTBE ClTydaeB JKCHEpPUMEHTAIbHBIE JlaHHble 00 yTeukax BO3dyXa B
IMHEBMOMAIIIMHAX W ITHEBMOAIaparax OTCYTCTBYIOT. B TNICpBOM l'IpI/I6J'II/I)KeHI/II/I MOKHO
HUCIIOJIb30BATh JAHHBIC 06 yTquax KNIOAKOCTU B aHAJIOTUYHBIX MAIlIMHAX U annapaTax nu
bopmyny CBSI3M MacCOBOW M 00bEMHOI IPOBOANMOCTEHN TAMUHAPHOTO APOCCEIIS:

e = (Gophe/ o) /(2RT), (8.7

rne , Mx U Ps, — K03 PUIIHEHTHI TUHAMUYECKON BI3KOCTH KHJIKOCTH U BO3yXa.
C yuerom npuHsTOro oouiero o6oznauenus (2.112) npoBoguMOCTH JaMUHAPHOTO

Jpoccens UMeeM
TIpH H
s£={ tgy LAR MEIpONPHBOZA (8.8)
Clpet EAA MHEPMONPHBOKA.

Nunexc 1=1 o0o3HayaeT MpUHAIUICKHOCTh H HAIOPHOHM JIMHUM MPUBOJA, 1=2 — K
CIIMBHOM (BBIXJIOMHOM).



8.2 MeToauka THHAMHYECKOI0 pacdueTa

JIBYXTIO3HITIOHHBIMH TIPUBOJIAMU YTIPABIISIOT ITyTeM BO3IEHCTBHUS HAa paclpeneuTeIbHbIe
U JPOCCETUPYIONIUE anmapaTsl. BEIACNSIOT 1Ba OCHOBHBIX THIIA BO3JCHCTBUS: BHEIIIHEE
YIpaBIISIONICe U BHYTPEHHEE perynupyloniee. BHenmHee Bo3aelCcTBUE OBITh PYYHBIM WITH
ABTOMATHYECKUM (TIOCPEACTBOM SIIEKTPHYIECKOTOTHAPABINYECKOT0 HIIM THEBMAaTHIECKOTO
cUrHaioB). Pe3ynprar BceX BUIOB YIPABILIIOMIMX BO3ACUCTBHN — IIEPEMEIICHUE X
3alIOPHO-PETYIMPYIOIIETO AJIEMEHTa PACIIPEACIUTENS WA IPOCCelisi B (DYHKIIMA BPEMEHU
t. Texymee BpeMs B KaXIbI JAaHHBIIT MOMEHT MOXeT OBITh BBIPAKEHO Yepe3 HavdaJhbHOoe
t (0) B mpuparenue At:

£=1(0) + AL, (8.9)

iy X
Xog Xui /'
Ari _"‘"“‘—‘*"'—7

i Ty 3 Yudir ¥x ¥
a) 5}

Puc. 8.2. IlpumepHsie rpaduKi BHEUIHHX BO3ACHCTBUI Ha PETYIMPYIOIIHE
anmapathl JBYXIO3UIIMOHHOTO MMPUBOJA: @ — YNPABJIAIOIIEr0 BO3AEHCTBYSA; 6
— o0paTHO# CBsI3H

J1J11 OCHOBHO# TPYTIIBI ABYXIO3UIIMOHHBIX PUBOJIOB 3aBUCHMOCTB X OT | MOXHO BBIPa3HTh
OTHOCHTEJILHO MPOCTOI KycOouHO-NMHEeitHOW ¢(yHKimeit (puc. 8.2, a)

0 LI R TH
_ Xmt — . (8.10)
= Toi—Tar (t—tm) DU Iy <<t<fys; {=1m2
e npr. 5 g

rre thi — BpeMs Havyaja ABIKCHUS BallOPHO-PETYIHPYIOMIETO 3JIeMeHTa (BpeMs 3aJepIKKH CUTHATA);
fi u x, — TmoONHOEe BpeMs yIpaBieHHUs (cpabaTeiBaHWs) M TOJHOE IIEpPEeMEIICHUE 3alopHO-
PETYIUPYIOIETO IEMEHTA.

BenuuuHbl X, U ty 3aBHCAT OT THIIOpa3Mepa ammapara, CBSI3aHHOTO C YCJIOBHBIM MPOXoJoM Oy, u
criocoba ympaBJeHMsl pacmpeneiuTesieM. B OONpIIMHCTBE CydacB MOXKHO TPUHATH X, = dy/2.
OpHEeHTHPOBOYHOE BpeMsi cpabaThIBaHMs pactpeenuTesiel IpuBeeHo B Ta0m. 2.4.

BHyTpenHee perynmpyromniee BO3ACHCTBHE B IBYXIO3WUIIMOHHOM IPHBOJE BBIIIOJHSIET TOPMO3HOE
YCTPOHCTBO — TOPMO3HOH ApocceNb ¢ HAKMMHBIM KyJTa4KOM HITH AeMIipep, BCTPOSHHBIH B 00BEMHBIN
nmeuratens (cM. maparpad 2.4). JlelicTBHe TOPMO3HOTO YCTPOWCTBA CBSI3aHO C MEPEMEIICHUEM )
BBIXOJJHOTO 3B€HA IPHUBO/IA, YTO COOTBETCTBYET MOHITHIO BHYTpEHHEH 00paTHOI cBs3m. Ilepemenienne
Xi BallOPHO-PETYJIMPYIOIIETO 3JIEMEHTa TOPMO3HOTO YCTpOMCTBA MO JIEHCTBHEM OOpaTHOM CBS3H
MO>KHO OMTUCATh KYCOUYHO-TMHEHHON QyHKIneH (puc. 8.2. 0)

0 ¢ < g

gy = %y — ga)/(fr — oa) MPE fa<<FoaPy i1 (8.12)
“Xre + Ot — Xrt) (7 — §2)/(Gn — Gr) UPR  Pp < ¥ < fui
Xnt - OPE g2 O

2.4 BricTponeiicTBue pacnipeaeauTeei

Pacnipenesureib; ciocod ynpasjieHue dy’ MM ty,c
I'mapaBnuueckuii u mHeBMaTndeckuit; | 4... 10 0,02...0,06
DNEKTPOMarHUTHBIH;

I'mapaBnyeckuii; 20...32 0,1...0,2




3JEKTPOTUAPABINIECKUM;

ITneBMaTHYeCKUIA; 10...20 0,06...0,2
3NEKTPOITHEBMATUICCK U
I'mapaBnryaeckuii ¢ APOCCEINBHO- 16... 32 Ho 3

KJIAaHHOM TUIMTOM; THAPaBIMYECKUN

3 CBs13b HCXOTHBIX JAHHBIX CO CTPYKTYPOH JBYXPO3HIMOHHOTO IIPHBO/IA

BapraHuT npeBoaa HexoanHe i8HUbe
C ABYXKaMePHHM JHBATATENEM H tm = fuz Lyp = bym
OfIHM CHAPOPACHPeleNHTENEM Xnp = ¥ng, ¥p1 == Xm
C OIHOKaMepHEIM JBAFaTeseM fys =0, lmy = —1, xpg =0,
(ONHOCTOPOHHETO ABHKeHAR) tm=—Ll fa=1
Bes TopMosHHX ycTpolicTs B Ka- Y1 =Yg = w1 = A2 = 0,
MEpaX IBHFATEAd HAH JHHHAX Pa=po Gr=fnt L, x=pu+ 2
_ FBApOCHCTeMR
. C TOPMOSHEM ApOCCR/ieM B CAHB- Yr1= O Nya ™ ¥ma
. wofl (prixnomHOR) THHHA K HaXHM- if, Crus — ag) (1 — fa. nf"fs:)»
* HEIM KYJMA9KOM Ha RHXOAROM 3BeHe Fa = fr — ¥m Pu = §m ¥r = ¥u— Ly
._wbeunoro hBHTaTens
rc RpocceNbHEM  femndepon, ot = Yt = -;7
ACTPOSHEEM B CAHBHYIO (BHXAOR- Yors = {Xg — xm) (1 — fa fea)
) xamepy obbeMuoro Apura- P = ¥ Fr = Fn—
_%_mm&l

1€ Yu, Yr U Y« — KOOPAMHATHI BEIXOJHOTO BBEHA, COOTBETCTBYIOLIME Hayary Bo3-LIOicTBus
00paTHO# cBs13U, HauaTy 3((EKTUBHOIO TOPMOXKEHHS M KOHILy BO3/1eHcTBIs KpaTHOii cBsi3y;
Xyi 1 Xy - IepeMeIlieHrs I-TO BallOpHO-PETyISPYIONIEro 3ieMeHTa, KroTBeTCTBYIOIIETo
KOOPIMHATAM ),y U Vi BBIXOJIHOTO 3BEHA.

LI- B pe3ynbTaTe BO3ACHCTBUI YITPABISIONIETO CUTHANA B 00paTHOH cBs3u u3Me-Hbrores
2 deKTHBHbIE TIPOBOJMMOCTH aNlapaToB B HAMOPHOM M CIMBHOM (BBIXJIOMHOM) SIHHHSIX
NpHBOJA, TIO9TOMY HEOOXOAMMO CBsPaTh 3((EKTHBHBIE MPOBOAUMOCTH  YCIOBHBIX
Jpoccenel B pacueTHON cxeme (CM. puc. 8.1 ) ¢ MPUHATHIMU ITepeMeHHbIMU Besn-L{punamu
Xoni u Xii . C 10CTaTOYHOM CTENEHBIO TOYHOCTH MOYKHO 3aINCaTh:

e 10 npy xp — Y1 £, Xai; (812)
oot 20 = fus (31 = Xt — o)/t — ) D 5t <t — <ot {=
E} _ Iat ) mpH Xy — %4 = ut’ |

rae Xui — TOJIOKUTEIIbHOE TIEPEKPBITHE I-I0 BAJOPHO-PETYIIUPYIOIIETO ajieMeHTa, T, —
nosiHast 3Q(eKTUBHAS IUIOMAb I-f0 SKBHBAJICHTHOTO (YCIOBHOT0) Apoccens. 3HadeHue f,i
ompenenstoT mo gopmynam (2.123)—(2.126) s HamopHOW W CIUBHOM (BBIXJIOIHOWN)
nuHAR nipuBona. [IpnbmmkeHHO MOXHO TpHHATH Xo— 0,2X;. TodHbIe 3HAYeHWS TOJHOTO
X0la X, W TIOJNIOKUTEIIBHOTO TEPEKPBITUS X, 3allOPHO-PETyJIUPYIOMIETO 3JIeMEHTa
pacrpeAeuTeIbHOrO WK APOCCETUPYIOIIETo annapara mojaydatoT SKCIIEPUMEHTATBHO WIN
TI0 YePTEKHO-TEXHUIECKON IOKYMEHTAIHH.

3aBucumoctr (2.131)—(2.133) cmpaBemmuBel A1 OOJNBIION TPYHIBI PA3TUIHBIX 10
CTPYKTYpE JBYXIIO3UIIMOHHBIX ITPUBOJIOB. BapuaHTHI PUBOIOB OTPKAOTCS B 0000-IIIEHHOM
MaTeMaTHYeCKOM  OIMMCAHWM TIOCPEACTBOM  HCXOIHBIX JIaHHBIX, T. €. TIPUHATHEM
COOTBETCTBYIOINTHX 3HAYCHUH TIOCTOSHHBIX BEIIMUMH, BXOMSIMX B 3aBHCHMOcTH (2.131)—
(2.33). HekoTopbie peKOMEHIAIMH O HA3HAYCHUH MCXOJHBIX JAHHBIX MpHUBEACHBI Tao.
2.5. B Heii AOMOTHUTENBEHO 0003HAYCHO: ), — TOJTHOE MEPEMECHUE BBIXOHOTO 3BeHA; Tyn
— mnonHas 3pdEeKTHBHAS TUIOMIA/b TPOXOJHOTO CEYCHHUST TOPMO3HOTO JIpOCCEllsl B Hadaie



HHTECHCUBHOTO TOPMOXeHus, Lt — Topmo3HO# myTh; f,, - adexTrBHOE mpoxomHOe
CeUeHHe TMOCTOSIHHOTO Jpoccensi B aAemndupyromeM ycrpoiictBe. Bemmumny L,
Ha3Ha4yaloT Ha OCHOBAHHH MpeIBApUTEIbHON OLEHKH Mpolecca TOpMOXKeHHs (cM. 1. 2.4),
snauenue f,. , onpenensior mo popmyie (2.47), f,. , — mo (2.43). IIpu pacyere Ha IBM
HEOOXOUMO HWCKJIFOUUTh CIydaW JeJICHHsS Ha HOJNb. OJTO VYCIOBHE YYTEHO B
PEKOMEHAIMAX 10 BBIOOPY HUCXOAHBIX JaHHBIX (L2=-1, Xix =-1. Vm = Vn+ 1 u yc =y,
+2).

Tekymiee 3HaueHne dS(Q(EKTHBHBIX IUIOMANCH TPOXOJHOTO CEYCHUS  YCIOBHBIX
(9KBUBANICHTHBIX) Jpocceneit /»(*r, %i), rame | — 1 1 2, MOXKHO BBIYUCIATH HE TOJIBKO MO
dopmymnam (2.131)>—2.133), HO W TO JAPYI'MM, COOTBETCTBYIOIIUM OCOOCHHOCTSIM
KOHKPETHOTO O0BEMHOTO MpHBOJa. Bce mocnenyronye BETUYUHBI IEIeco00pa3Ho
pacCUYUTHIBATH 10 €MHBIM JJIS1 BCEX BapUAHTOB YpaBHEHHUAM U (popMyiam.

PacyerHble 3aBUCHMMOCTH [UIsl ONIpeeIeHUs POBOAMMOCTEH THAPO- ¥ THEBMOJPOC-CENISI B
COOTBETCTBHH C BeIpakeHUsIMU (2.114) u (2.116) umeroT Bu

=ftn Ve i=1rY (8.13)
ar=fo(xe, X) VIRT): i=1m2.
TemmnepaTypa razon (8.14)

Teg npr I=1)
T =
Ts npu =2,
rae Ty, — TeMrieparypa ra3oB B Ha4aIbHOM CEYEHUH HAITOPHOW ITHEBMOJIMHUM.
TemmepaTypa ra3oB B BBIXJIOIHON KaMepe MHEBMOABUTaTENs

Ty= ITE'! (Py/Par) (ne—1)/ts,

rae Tar — TemrepaTrypa ra3oB B KOHEYHOM CEYEHHH BBIXJIOIHOM JTMHUM (B atMocdepe); p2 1
Par — JIABIICHHE TA30B B BBIXJIONHOW Kamepe IMHEBMOJIBHTATENSl M B KOHEYHOM CEYCHHH
BBIXJIOITHOW ITHEBMOJIMHHM (B atMocgepe); Nz — MOKa3aTeslb MOJUTPOIYECKOro Mporecca
CKaTHsI Ta30B B BBIXJIOITHOM KaMepe MTHEBMOBUTATEIS.

[Ipy HOpManbHBIX YCIOBUAX Ta = 293 °C, par = 10° Ila. Jlns ogHOKamMepHOro
mHeBMoBHTaTeNs Ny = 1, uto obecreunBaet no dopmye (2.136) mpu P2 = par aOCONFOTHYIO
temreparypy T2 = Tar.

Jnst cokpameHusi 3anucyl TIOCIENYIOIMNA YpaBHEHUI MpUMeM OOOOIICHHYIO BEMUUHY
WCXOJTHOTO JIaBJICHUS

pu mpm =] 8.16
Pa {p, npe f==2, ( )

(8.15)

TZI€ py — JABJICHUE B HAYAJILHOM CEYCHUM HAIIOPHOM JIMHUU IIPUBOJA; Ps — JABIIE-
HUE B KOHEUHOM CEYEHHUH CIUBHON (BBIXJIONHON) TMHUH.

BenmmuuHbl py ¥ ps OTHOCATCS K MCXOMHBIM JaHHBIM. OOBIYHO TPUHUMAIOT py =
PuowtPar m Py = Par. Ilpu muddepeHIMansHOM NOMKIFOYEHUH THAPO- WIH
THEBMOIWIINHAPA P = Pa.

VpaBHenus nepenaaHbix GyHkuuii gi = @ (pr) u 6 = O(Pi) mpencraBum mo
dopmynam (2.113)—(2.115) u (2.117) ¢ y4eTomM BO3MOKHOTO TE€UYEHHUS paboueit
Cpelibl uepes Jpocceiu B 00e CTOPOHBHI.

Jns runponpocceneit

Bl"'ﬂar"ﬂi; iemin?;

{ VPe—pPt  DPE prepy; i=1u2. (8.17)
Voir—po mpr py > po
Jnst HHGBMO,Z[pOCCCJICI/I

o=



. Oy mpi,—pf fe=lu2;
P Viup(l—Bup)  UPR Py & PePrpi
Vri(os— 1) OPR Pofup<Prsspe femlm 2.
— Vs (pi —Po) PR Py << Py << Po/ Pups
—pt Vixg (i — Pup)  0PR 9y 5> PofPrp.

gt =

Wunexc i = 1 o003HauaeT NPHHALISKHOCT K HAIOPHOW Kamepe OOBEMHOrO
JIBUTATEIIS,

I= 2 — K cnuBHOM (BBIXJIONHOI) kamepe. [Ipu quHaMHYECKOM pacueTe MOXKHO
OpUHATH pkp = 0,5.

Br1OpanHbIi METOT JIMHEAPHU3AIMU PACXOTHO-TIEPETIATHBIX PYHKIIUN TOCPEICTBOM
MHTEPIONISIIIMOHHOTO MHOTOUJIEHA TIepBO cTenenu (cM. maparpad 2.8) onupaercs
Ha JIBa 3HAYCHHS apryMeHTa W (YHKIMH: HAaYaJlbHOC W TrpaHudHOc. HavanbHbIe
snavenus gasienuii p1 (0) u p2 (0), mpousBoaHbIE 110 BpeMeHu oT AaBieHuii p1 (0)
u p2 (0), mepemerienue BoixoaHoro 38eHa y (0) CKOPOCTH U YCKOPEHHUS BBIXOTHOTO
3BeHa V (0) u v (0) COOTBETCTBYIOT BHIOPAHHOMY ISl JAHHOM 30HBI JIMHEAPHU3AIHH
HavanbHOMY 3HaudeHuio BpeMeHu t (0). 'panuunblec 3HAYEHHS TEPEUUCICHHBIX
BEJIMYMH MOYKHO OIIpe-

MAJIATD 110 POPMVYIJIE 317UIEPA .

- —

21 (&) = py (0) 4+ p (O) AL
Py (A) = py (O) + §y (O AL,
¥ (4) = y {0) 4+ v (0} A2,
v (8) = v (0) 4 3 (0) A4,

rae At — BLI6paHHa$I MaJias BEJIMYMHAa BPEMCHHOI'O 1Iara.

(8.18)

Havanbhble u rpaHudHble 3HaueHus mnpoBomumocteil ai (0) u oi (A) SKBUBAICHTHBIX
Jipocceriell BBIMUCISIFOT 1o 3aBUCHMOCTSIM (2.131)—(2.136) mytem mojcTaHOBKH BennvuH t
(0), ¥ (0) u y (A). HauanbHble U rpaHuyHbie 3HaueHus nepenaanbix Gyukiwii 6i (0), gi (0) u
i (A), g (A) onpexernsitor o hopmyiam (2.138)—(2.141) ¢ moACTaHOBKO# COOTBETCTBEHHO
sermund Pi (0) u pi (A), rae i = 1 u 2. TTosydeHHbIe BETHYHHBI

' TIO3BOJISIOT HAMTH KO3 (UIMEHTHI THHEAPH3AIWH &, i 1 ¢i PYHKIH TPOBOIHUMOCTH 0j
= (y) u nepenanubix Gpyakuuit 6; = ® (pi) u gi = O (p;). s aroro ucnons3yror
pacuetHbie (OPMYJIBI, COOTBETCTBYIOIINE BBIBEJCHHBIM pPaHEE BBIPAKCHUSIM

; (2.118), (2.119) u (2.122):

0o opr o{0)=0;
. 8.19)
“"‘{ oy (A) —ay (0) L, =l (
TO—y@ O cORs
0 npr ﬁf (0) =0 (8 20)
b‘“{ g (8)—gs (0) o i=1aY '
@Y —p@ PH AORO
0 npr Py {0) =0; (8.21)
€t =1 0;(A)— 8 (0 i=1a=n 2
o: EA%—D: EO{ mpH 1 (0) v O;
Jluneapu3oBaHHbIC BbIpaKEHHS (GyHKIMHA TpoBoauMocTH o = D (y) U mepenagHbIX
by gi = © (p)) u 6= @ (pi), tne | = 1 ¥ 2, UMEIOT BHJ WHTEPIOJSIIUOHHBIX
MHOTOWICHOB MEePBO cTenenu (cMm. 1. 2.8):
o = oy (0) + ag [y — v (O}); (8.22)
g1=g1(0) + b lpp—ps (O)]; i=1m2

B¢ == 0 (0) + ¢ [p: — 21 (O
CyMMapHBIii TIOTOK pabodeil cpefibl B KaKIOW JTUHAU UCIIONHUTEIBHOW YacTH MPHUBOJA B
COOTBETCTBHH C TPUHATON pacdeTHOW cxemort (cMm. puc. 8.1) m obozHaueHmsMU (2.112)
BEIpa)XaeTcs ypaBHECHUEM
P My=ayg 58 i=1u2
Hcronb3yst onrcaHHbIid B 11. 2.8 METOT IMHEapU3alid  PacXOIHO-TIEPEaTHbIX (QYHKITHHA,

(8.23)



pa3nenuM nepeMeHHbIe

gy == oy (0) +og (0} gy — s (0) g2 (0); i=1n2
*B [MOJICTABUM WHTEPITOJISIMOHHBIC MHOTOYJICHBI TIEPBOM CTEIICHH IO BhIpakeHuro (2.146). B
pe3yJbTaTe NOJYy4YUM JIMHEAPU30BaHHbIE YPABHEHHS] CYMMAPHBIX MOTOKOB padoyeii

cpenbl B HanlopHO# (I = 1) 1 ciuBHOM (BBIXJIONMHO#) (I = 2) JIMHHAX ABYXITO3UIIUOH-HOTO
MpUBOJA:

(8.24)

S = aige (00 9+ b0 (0 py + s -8 i=112, (825
rhe At = o (0 gt (0) -+ 5¢8y (0) — sglt (0)  (0) — byce; (0) P (0) — Cusep (0)-

B . 2.7 monyueno obmee quddepennmansuoe ypasaenue (2.100) BHyTpeHHHX
NEPEXOAHBIX MIPOLECCOB B IOJIOCTH 0ObEMHOr0 NpuBoAa. [IpuMenuTensHO K paccMma-
TPUBAEMOM PACUYETHOW CXEME MCIOJIHUTEIbHOW YacTU ABYXMO3UIMOHHOTO IMPHUBOJA
I QepeHInaNbHbIE YPaBHEHHS YKa3aHHBIX MTPOIIECCOB B HAIOPHOW M CIIMBHOU
(BBIXJIOITHOM) KaMepax U JIMHUSX OYIyT UMETb BUJ

dpyfdt = D Tafos ¥ qpoffes i=1142,

rJe 3HaK «—» COOTBETCTBYET HANMOpHOW Kamepe u JuHUM (i= 1). 3HaK «+» CIMBHOI
(BBIXJIOMHOW) Kamepe U iuHuu (= 2).

O606mmenHbie K03hUIMEHTH 00beMHOM JedhopMau X; ¥ Pi BEIUUCIAIOT MO GopMyIam
(2.92), (2.99), (2.106) u (2.107) otmenbHO &mS KXKIOH IWHUM TPUBOMAA yAEIbHBIC
paGoune oOBeMbl KaMmep JBUraTelsl COOTBETCTBEHHO paBHBL: (1=0Qy u# O =Opp
VYpapuenusmu (2.147) u (2.148) 3aBepiiaeTcs MaTeMaTHUECKOE OMKCAHHE BHYTPCHHUX
MEPEXOAHBIX TPOIECCOB B MCIOJHHUTENBFHON YacTH 00BbEMHOTO MpHBOJa. B HUX yUTeHBI
oOvemHas medopMarus pabodeil cpelbl, N3MEHEHHE MTPOXOJHOTO CEUYEHUS amiapaToB B
3aBHCUMOCTH OT YINPAaBISIOIIEr0 CHIHajla W IEPEMEIICHHUs] BBIXOJHOIO 3BEHA, Iepe-
MEHHBIH pacxoj paboyeii cpelibl, THAPaBIMYECKHe MOTEPH JIABICHUS B JIMHUSAX MPUBOJA
W yTeukd pabodell cpeibl M3 Kamep M MOJOCTeH depe3 3a30pbl MEKAY IMOJABHKHBIMH
JETaJSIMH.

PaccmoTpum MaremaTHueckoe ONMMCAHWE BHEUIHUX MEPEXOAHBIX MPOLECCOB JBYX-
MIO3UIIMOHHOTO TPHBOJIA. B KauecTBe MCXOMHON 3aBUCUMOCTH MPUMEM ypaBHEHHE OJIHO-
MEpHOro (OIHOKOOPAMHATHOI'O) MOCTYNAaTEIbHOTO MM BPALIATENbHOTO JBW)KEHUS
BBIXOJJHOT'O 3B€HA IIPUBOJIa B BUJIE

(8.26)

8.27
d (mdidi= H, ®:27)
rae m=m; + M, + M, — IpuUBEIEHHAs K BHIXOJAHOMY 3BEHY Macca (MOMEHT MHEPIIMH)
NOJBIKHBIX YacTei; M, — MpHUBEJCHHAs Macca (MOMEHT WHEPLHH) IBHKYILETOCS
BHEIIHETO MEXaHu3Ma; my — Macca (MOMEHT WHEpPLHUM) MOABIKHBIX JeTajel

00BEMHOT0 JBUTATEINS; My — MPUBEACHHAS K BEIXOJHOMY 3BEHY Macca padoueii cpebl B
TpyOOIIpoBOAax MpuBoaa; H — pe3ynbTupyromas BceX ACHCTBYIOMIUX CHJI (MOMEHTOB
cuI).
Benuunny m, onpenenstoT mo Gpopmysie (2.88), 3HaueHuE M, Yalle BCEro PacCYMTHIBAIOT
TaK:

my = m, /L5, (629
rjae Me— Macca (MOMEHT WHEPIMH) BHEITHETO MEXaHU3Ma; I, — MePEeIaTOYHOE YHUCIIO OT
BBIXOJIHOTO 3BE€HAa OOBEMHOro JBurareis (IITOKAa WIM Baja) K BHEIIHEMY pabodeMy
MEXaHHU3MY.
JeiicTBytomre Ha BBIXOAHOE 3B€HO CHJIBI (MOMEHTHI CHJI) LeJIecO00pa3HO pa3JeuTh Ha
MOTCHITMAIbHBIE Hy W HemoTeammansHble (TUCCUTIATHBHBIC) Hyn B CBSA3M C pa3IMIHBIM
XapaKTepoM UX BO3JEHCTBHA. B Trpymme MOoTeHIIMANbHBIX CHII BBIICTNM BHYTPEHHIOIO U
BHEIIHIOK CHIIBI (MOMEHTHI ciil) Hy 1 Ha. I'pynny HenmoTeHIMabHbIsI CHIT TIPEACTaBUM B
BUJIE TIPUBEIEHHON CHIIBI (MOMEHTA CHII) TPEHHSI MEXIy NeTalsiMU IBUTATeNs pabouero
MEXaHM3Ma W CO CTOPOHBI BHemIHEH cpemsl Hq u oTmenpHO cmib (MOMEHTa CHII),
pa3BHBAaEMOU TOTIOTHUTEIBHBIM THAPABINYECKAM YCTPOHUCTBOM, H;.
Takum 00pa3oM, OXBaTHM MPAKTUYCCKH SEE CHJIbI, BO3HUKAIONINE Ha BHIXOIHOM 3BEHE
JBYXTIO3UIIMOHHBIX TMPHUBOAOB. CBS3p MEXAYy HA3BaHHBIMH CHJIaMHd (MOMEHTaMH CHII



IPEICTaBUM YPAaBHEHUEM: .

H=Hy— Hy, g
rae Hi==H;v—Ha; Ha o= He +H:
K BHyTpeHHMM NOTEHIMAJIbHBIM CHJIAM OTHOCATCSI CHJIBI AAaBJICHUSA pabodell cpensl
Ha BBITECHUTEIN 0ObEMHOI0 ABUraTesisl. Bo3HuKaromas npu 3ToM uaeanbHas
cuna (MOMEHT CHIT) Ha BBIXOJHOM 3BEHE B COOTBETCTBUM C (opmynoii (1.26) u mpuHs-
THIMHU B PacUeTHOM cxeMe 0003HaYeHUSIMH BEJTMYMH PaBHA

(8.29)

Hy 5= ¢181 — @by (8.30)

Bremmss morennuanbHas (akTUBHAS) cuiia S, BOSHHKAET BCIICICTBHC BO3ICHCTBUSA Ha
pabounii MEXaHW3M CHIIBI TSDKECTH, BETPa, YIIPYTOro COMPOTHUBICHHUS BHEITHEH Cpeisl
U Jpyrux T[OTCHIMANBHBIX CHWJI. MHOTHE W3BECTHBIC BApUAHTHI  BHEIIHHUX
MOTEHIMAIBHEIX CUJI MOYKHO MaTeMaTUYECKH OIMCATh TaK:

H 0 nps ¥ < Yo (8.31)
* Ho.g+ kel — ) npa g5 60,

T€ Yo — KOOpAWHATa Havajla JeHCTBHs BHEIIHEH MOTeHIUATbHOW cwibl; H, . —
MOCTOSTHHAS COCTABIISIONIAS YACTh BHENTHEH MOTEHIMATBHONW CHIIBI, Ka 11 V — K03 du-
[UEHT MPOMOPIHUOHATLHOCTH M TIOKa3aTellb CTEMEHU MEPEeMEHHON COCTaBIISIONMICH
MMOTCHITNATLHOM CHIIBI.

Ecnu BHEmIHSIS mOTEHITHAIBHAS CHJIa HE 3aBUCHUT OT IIEPEMEIIIEHHUS BEIXOTHOTO 3BE€HA, TO
Ke = 0 u VvV = 1. [IpuMeHUTENIEHO K OOBEMHBIM JBUTATEISIM OJHOCTOPOHHETO JCHCTBUS
BO3BPATHYIO MPYXHHY MOKHO YYHTHIBATh KaK BHEIIHIOK MOTEHIHAIBHYIO cuiy. [Ipu
stoM V= 1, @ Ka COOTBETCTBYET >ECTKOCTH NPYXWHbI. HauaipbHOe 3HaUeHHE
PE3YIBTUPYIONIEH TMOTEHIIHANBHEIX CHJ COOTBETCTBYET HadajdbHbIM 3HaueHusM Pi (0),
P2 (0) u Ha (0):

(8.32)
Hu, p=@1P1 (0) — qaP4 (0) — Hy (0).

PesynpTupytomas cun TpeHuss H, B oObeMHOM jaBuratene, pabodeM MexaHH3ME U
BHEIIIHEW CpeJie 3aBUCHUT OT MOTEHIIMANBHBIX CHII U CKOPOCTH IBIKeHMs. Kpome Toro,
CHWJIa TpPEHWs] TIOKOS BO MHOTHX CIy4asx OOIbII€ HAYaIBHOTO 3HAYEHHS CHIIBI
KHMHEMaTH4YeCKOoro TpeHwusl. [lepeunciienHbie (akTopbl MOXKHO OTPa3HTh 3aBUCUMOCTSIMH:

8.33
Huo= Hyon+ b 1910 0) — 403 OO ;. Hopoo = ke ublngs  C0)
Hu, p npr =0 u |Ha pl<< Hy

He.n npR =0 u |Hopl> Heny  (834)

Hy =
" ky. ot + Hyy upn v>>0;

ky. g0 —Hyy mpn 0 <0,

rae Hu — HayabHOE 3HAaYeHHEe CHIIBI KHHEMATHYeCKOTO TpeHus;, H « — MOoCTOsHHAS
YacTh HAYAJLHOTO 3HAUCHHS CHJIBI KMHEMATHUECKOTO TpeHUs;, Kk r — Ko3(hpHIHEeHT
IMPONOPHUHUOHATIBHOCTU CHUJI MEXAHUYCCKOI'0 TPECHHA NMOTCHIHAJIBHBIM CHJIAM; HT. I —
npenesibHas CHia TpeHHs MOKOs; Kr. n — KO3 HUIMEHT NpeBbIMIeHHs CHIIbI TPEHHS
MOKOS HAJT HAYAJIbHOU CHIIOW KMHEMATHUYECKOTO TPEHHS; K. + — KOI(DPHUIIHESHT BAZKOTO
TPEHHUSL.

IIpumepnas 3aBucumocts Hy, = @ (V) nmokazana Ha puc. 8.3, . O0bIYHO KO3 (UIHUCHTBI
Kr. n > 1 ucuna Hr n > H.. HaxioH. nuHUYM Ha PUCYHKE 3aBUCHUT OT
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Puc. 8.3 . [IpumMepHbIe 3aBUCEMOCTH UCCUTIATHBHBIX CHIT:
a— CIJI TPEHUSA B paﬁoqu MeEXaHHu3Me; 6— CHJI COITPOTHBJICHUH NONMOJHUTEJIbHAA
TUAPABJIHYECKHX YCTPOMCTB



9.1 Ocobenoctu pacuera caeasmux I'TIC ¢ gpocceibHBIM yIIpaB/ieHHEM

Ilpy pydHOM M aBTOMATHYECKOM VYIIPABJICHUM MAIIMHAMUA YacTO BO3HHKAET
HEOOXOIMMOCTh  OOECTIeUMTh KOHTPOJIMPYEMOE TMepeMelleHre padoyero opraHa |
TMO3UIMOHUPOBAHKE €T0 B JIFOOOM MPOMEKYTOUHOM TOJIOKEHUH € TpeOyeMOl TOYHOCTBIO.
DTy 3314y YCIIENTHO PEIIAOT MTOCPEACTBOM CIEISIINX MPHBOIOB, KOTOPHIE IEPEIAIOT JIBU-
KEHHE PYKH YeJIOBEKa WM YIIPABIISIOIIETO BO3ICHCTBHS aBTOMATHYECKOIO YCTpOMCTBA
paboyeMy opraHy MalldHbI C 33JAHHBIM COOTHOITICHUEM M MHOTOKPATHBIM YCHJICHHEM TIO
MOIIHOCTH. B Ha3BaHHBIX (DYHKIMOHAIBHBIX CBOMCTBAX CIEISIMX IMPUBOIOB MOYKHO

Bblpa31/ITb ynpOH_[eHHbIMI/I 3aBUCHUMOCTIAMU (9.1)
g = kex; 0
N, = kyN,, (9.2)

rJie y — TNepeMelleHIe BBIXOIHOrO 3BeHa MPHUBOJA; Kx — TiepeaTouHblii KoddduimeHt
CJIeIAILEro NpUBOJIA; X — BXOJHOE yrpasisioriee BosneicTaue; Ny 1 Nx — MOIIHOCTB
BBIXOJTHOTO M BXOJTHOTO BO3JCHCTBHIT; KN — KO3(D(MUIIMEHT YCUIICHHS IO MOIITHOCTH.
BxoaHol BenTMUMHON X MOXeET OBbITh NepeMelleHne, JaBlieHue ; padoueil cpesibl Win
aneKTpuueckoe HampspkeHue. Crieniyie TMpUBOABI  COOTBETCTBEHHO HA3bIBAIOT C
MEXaHMYECKUM, T'MIPABIMYECKUM, MHEBMATUYECKHM WIM SJIEKTPUUYECKHM YIIPABICHUEM.
KoapprimeHnT ycrneHust Ho MOIIHOCTY Y CIEUIIIMX THAPO- U ITHEBMOIIPUBOJOB B OOJIb-
IIMHCTBE CiTydaeB JiexuT B npeaenaax Ky = 100 ... 10 000, HO y 3/IeKTPOTHIPABINICCKHIX
CIIEIAIINX MPUBOJIOB MOYKET JIOCTHTATh U OONBITNX 3HAYCHHIA.

bnarogapst Ha3BaHHBIM CBOWCTBAM CIENAIINE THUAPO- U IMHEBMONPHUBOABI IIMPOKO
MPUMEHSIOTCS  BO MHOTMX OTPACIIsIX MAIIMHHOW TEXHHWKU: B MEXaHU3MaX PYyJIEBOTO
yIpaBlIeHUs] aBTOMOOMJIEH U Tpak-TopoB, B PYyJEBBIX MOBEPXHOCTSAX CaMOJIETOB, B
CTaHKaX C KONUPOBAIGHBIMA YCTPOMCTBAMHM WM  YHCIIOBBIM  IPOTPAMMHBIM
yIpaBJICHHEM, B TIPOMBILIUIEHHBIX POOOTaX M aBTOMAaTUYECKUX MAHUITYJIATOpax, B
MEXaHU3MaxX yOpaBJeHUs paOdOYMMH OpraHaMH TMOABEMHBIX, TPAHCHOPTHBIX,
CTPOMUTENBHBIX, TOPHBIX U APYrHMX MammH. Crensiie npu-|Boabl MOTYT BXOJUTH B
coctaB 0oJiee MOIIHBIX TMAPO- WM ITHEBMONPH-|BOAOB, BBIONHSA — BCIIOMOrATENbHbIE
(obcmyxuBarorie)  pyHkimu. VX Has3bIBatoT MpUOOPHBIMHU CIESIIMMU TPUBOIAMH,
TUJIPOYCHUIIUTE-
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Puc. 9.1. Caeasimii ruiponpuBojl NpUOOPHOIo THIIA

JSIMM WJIA CEPBOIPUBOJAMH. MOIITHOCTD CIICAANIMX MPUBOIOB IPUOOPHOTO THIMA OOBIYHO 1 ... 2
KBT. BONBIIMHCTBO W3BECTHBIX CIEAANIMX TPUBOIOB C JPOCCEIBHBIM YIIPABICHAEM HMEIOT
MOITHOCTH 2 ... 10 kBT. MomHocTs Cleqsmx TMIpONpHBOAOB C MAIMHHBIM YITPABJICHAEM [0~
cturarotr 200 xBrT.



ITpuniyn aeficTBUS CENAIIMX MPUBOIOB COCTOUT B HEMPEPHIBHOM CPaBHEHHH BXOIHOTO
YIPaBISIIOMIETO CHIHAJIA C TIepEMELICHHEM BBIXOHOTO 3BEHa U B PETyTMPOBAHUH MOTOKa padoueit
Cpelbl PONOPLMOHATBEHO PacCOrNIaCOBaHUIO Ha3BaHHBIX BEIWYMH. /{711 ysICHEHMs yKa3aHHOTO
TIPUHITATIA ISHCTBHIS PACCMOTPHM KOHKPETHBIHN cesmwii mpusoa,. Ha prc. 9.1 nokazan ciemsiii
THAPOTIPYUBOA TIPHOOPHOTO Tuma (TUAPOYCHIINTENb), TPEAHA3HAYSHHBIA IS PEryMpOBAHUS
MOAa4YM MOIIHOIO 00BEeMHOT0 Hacoca. B Kopmyce / pacronoskeHa HCTIONHHUTENbHAS YacTb
CIIEAIETO TIPHBOAA, JPOCCENMPYIOMIMN THAPOPACTIPECTUTEh M OOBEMHBIN THAPOBUTATEINb.
Jpoccempyrommii - pactpeiesTellb COACPKAT 30JI0THUK 4, yAepKUBacMblii B CpemHEM
noJjokeHnu (ukcatopoM 6, U pacnpenenuTeIbHYI0 BTYIKY 5. B 00beMHBIN THAPOIBUraTEIh
BXOIAT LAIMHAD 2 ¢ KpbIIKaMy 1 JuddepeHIranbHblil MopIIeHb 3. YTIpaBJsroliee BO3ACHCTBIE
OCYILIECTBIISIETCS TIEPEMEIICHUEM TSTH 7, COSMHEHHOM C 30JI0OTHHKOM 4.

BBIXOMHBIM 3BEHOM JIAHHOTO CIEMAIIETO TPHBOJA TPHOOPHOTO THIIA CIY)KHT BIUIKA 8,
CBSI3aHHAs C IIMJIMHIPOM 2 1 BO3ICHCTBYIOIIAS Yepe3 1andy Ha MOBOPOTHBIN OJIOK HMIMHIPOB
0o0bpeMHOro Hacoca (Ha puc. 9.1 He mokazaH). JKWiKOCTh TION IaBJEHHEM OT BCTIOMOTATENTBHOM
HACOCHOW YCTaHOBKH (Ha prc. 9.1 He TIoKa3aHa) MOCTyIaeT K BXOJHOMY OTBEPCTHIO A, TIPOXOIUT
B TOATMOPHYIO MOJIOCTh LWIMHIApa 5 W TMomajgaeTr aajee B MEXIOICKOBYIO Kamepy B
pacrpenenurens. [Ipu cMeleHnn cpeHeTo Mosicka 30JI0THHKA 4 BJIEBO MM BIPaBO paboyast
MOJIOCTh IIMH/APA [ COSUHSIETCS C KUIKOCTBIO, HAXOMAMICHCS B KaMepe B MoJ aBJIeHUEM,
WJIH CO CIIMBOM B KOPITYC /.

OddexTuHas r1iomane padodeit mojoctd [T mpubIM3MTENEHO B 2 pasa  OoJbliie
addexTrBHON oMM TonoctTr b, LunmuHap 2 mBKercs mojx JeHCTBHEM pPasHOCTH CHIT
JIABJICHIST KUKOCTH B Ha3BaHHBIX TorocTsx. [IpudeM HarpapieHWe ABIDKEHHS IHUIMHApA 2 C
BBIXOJIHBIM 3BCHOM 8 COOTBETCTBYET HANPABIICHHIO CMEIICHNSI 30JI0THUKA 4 TT0JT IeHCTBUEM TATH
7. PacnpenenurtenbHas BTyJKa 5 coelMHEHA C MUIMHIPOM 2 U ABHXETCS BMECTE C HHM.
CpaBHEHHE BXOJHOTO YIIPABIISIONIETO BO3ICHCTBUS (IIEPEMEIICHUS TATH 7) C BBIXOIAHBIM
curHasoM (TepeMeleHreM BWIKKH 8) OCYIIECTBISETCS PaCIpeaeIuTeNbHON mapoii:
30710THUKOM 4 H BTynKO# 5. 30JIOTHHK CMEIMIAETCS TATOM, a BTYJKA JBIKETCS BMECTE C
IWIMHIPOM W BHIKOH. B mporecce nBmkeHHs mpuBoja MOTOK kull“°ctu perymmpyercs
HPONOPLHOHATIBEHO paboyeii menu, oopazyemoi P! " ieHnn 3010 THIUKA OTHOCUTEIBHO
BTYyJIKH. BTynka 5 nBrKeTCS ¢ HUIMHIPOM 2 BCJIE] 32 CMEICHUEM 30JI0THUKA 4 ¢ TATOH 7.
DTOT mpolecc MOXHO Ha3BaTh ciexxeHueM. OTCI0ja BO3HHKIO HAaNMEHOBaHHE —
CIIEJISITIINE TIPUBO/IBI.

[To3urroHpoBaHye BBHIXOJHOTO 3BE€HA MPOUCXOIUT MPU OCTAHOBKE TATH 7 M 30JIOTHHUKA 4.
B mMomeHT, Korna BTYJKY M 30JO0THHK 3aiMyT OTHOCHTENIBHO OJWH APYroro cpeaHee
(HeWTpallbHOE) TIOJIOKEHHUE, JaBIICHUE B IOJIOCTH /' CTAHOBHUTCS MPUOIU3ZUTEIEHO PABHBIM
MOJIOBUHE JIaBJieHNs B Tiosioctu b. brnarogaps otMeueHHOMY COOTHOIIEHHIO 3 ek THBHBIX
oIl NWINHAPa 2 THAPABIMYECKUE CHIIBI YpaBHOBEUIMBalOTCS. BrixoqHoe 3BeHO 8
ocTaHaBnMBaercs. Eciau moa AeldcTBHEM CHII, Harpy>KarolluX BBIXOJHOE 3BEHO, LMJIMHID
HAYHET CMELIAThCS BMECTE CO BTYJKOW OTHOCHUTENHHO HEMOJBIKHOTO 30JI0THHKA, TO B
pesynbTaTe mepepacrpeieseHrsi MOTOKa W M3MEHEHHs MAaBlieHHs B mosoctu [ Oyner
BO3HUKATb CHJIa, IPOTHBOAEHCTBYIOMIAs CMEIIEHNIO. TaK BRIXOJHOE 3BEHO YACPKUBACTCA B
3aJJaHHOM MO3HULIMH-

Paccmotpenne npuHIMNa ASWCTBUS CIAEASIINX MPUBOIOB II€JIeCO00pa3HO MPOJOKUTE Ha
npocTeuiell MarereMaTudeckoil Monenu. IIpu NOCTOSIHHOW BHEIIHEW Harpyske u
YCTAHOBUBIIEMCSI IBMKEHUH BBIXOAHOTO 3B€HA OCHOBHBIE MPOIIECCH CPAaBHEHHS CUTHAJIOB
peryaupoBaHHE TMOTOKa B  CIEISIIEM MPHUBOJE MOMKHO YIPOILEHHO COCTaBHUTH
YpaBHEHHSIMU:

Ko = kot — kot Tl =huto; 0=kl y=(q/5)0, ©3)

IIe X. — pe3yIbTHPYIOIIMI CHUTHAJ olepaunuu cpaBHeHue;, K, u K, — mnepenaTounsie
K03(h(UIMEHTBI BXOAHOTO ycTpoiicTBa " oOpaTHoii cBsi3u; I — motok (pacxon) paboueit
Cpelbl Yepe3 IPOCCeNHUPYIOMINI pachpenenuTens; Ky — Kod)GHUIHMEHT MNpOornopIHOHab
HOCTH PETyJIMPYIOIIEr0 YCTPOMCTBA; V — CKOPOCTh JBWKCHHS BBIXOAHOTO 3BEHA; Kk —
K03 durmeHT pabouei kKamepbl 00beMHOT0 JABUraTens; 1/S — oneparop HHTErpHPOBAHUSL.

[lepBoe ypaBHEHHE OTpaxkaeT [EHCTBHE CpPaBHUBAIOLIETO YCTPOWCTBA. YIPaBIISIOIIMN
CUTH&I X CpAaBHUBACTCS C BBIXOAHBIM IIEPEMEIICHHEM ) C YYE€TOM IepelaTOYHbIX
KO3(GHULUMEHTOB (CYMMHpPYIOTCSI C TPOTHUBOMNOJIOKHBIMHA 3Hakamu). B criepsmem



THIPOIIPHUBOE IPHOOPHOTO THIIA, IIOKa3aHHOM Ha puc. 9.1, 3Hauenus kg= 1, K, =1, a Benu-
YHHA X, OTPaXKaeT CMEIIECHUE 30JIOTHUKA 4 OT CPEIHETO IOJIOKEHHSI OTHOCUTEIBHO BTYJIKH
5.

Bropoe ypaBHeHHE OMUCHIBAET PETYIMPOBAHNE MOTOTKA padoueit cpenbl. [IpumenuTensHO
K PaCCMOTPEHHOMY CIEASIIEMY THIPOIIPH
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Puc. 3.2. CrpykTypHas cxema ympoIIeHHOH MaTeMaTHYeCKON MOJENH CIACAAIIETO MPUBOIA

BOAY NPHOOPHOTO THINA TIPH YCIOBHM NOCTOSIHHOH HAarpy3kd M YCTaHOBHBIIETOCS
JBWXEHUs] MOXHO 3allcaTbh yPAaBHEHHE pacxoja uepe3 IPOCCEIHPYIOIIYI0 INeNlb I10
tdhopmyne (1.69), ypaBHEeHHE CHJI Ha BEIXOIHOM 3BeHE 10 BhIpaskeHUIo (1.29) 1 3aBucHMOCTH
TUIOIIA/IN APOCCEUPYIOIEH eI OT CMELIEHUs 30JI0THUKA B BUJIE

M= pf VP (x— P Ho= (o — uPa) Mo | =Tldopure. O

ITocne penieHus ATUX YpaBHEHMM U NMPUBEACHHS K BUIY BTOPOIO YPaBHEHUS CHCTEMBI
(3.3), momyynM B JaHHOM YaCTHOM CITydae Pa3BEPHYTOE BBIpAXKEHHE JUIA KOd(pHUIHEeHTa
MPOIIOPIMOHATEHOCTH JPOCCEIHPYIONIETO YCTPOHCTBA

ko = ndea VIV — 03) o — Hol@arin s (©.5)

rie M — xoddouiment pacxoma; O, — auamerp 30JI0THHKA;, Yy — KO3(D(OHUIIMEHT
HCTIOJIb30BAHUS NIEPUMETPA 30JI0THHUKA; P — IUIOTHOCTH KMIKOCTH; Oy — COOTHOIIECHHUE
3¢ GEeKTHBHBIX TUIOMAAeH pabounx KaMmep JBHUTATENs; p, — JaBlicHHE B HATIOPHOW JIMHHU;
H. — BHemiHsisl craTHyeckasi Harpy3ka; Q7 — yJeNbHbIA pabounii 00beM JABHTATENS,  MNau
— Mexannueckuit KITI geurares.

VYpaBHEHHE CBSI3M CKOPOCTHU BBIXOJIHOTO 3B€HA C TIOTOKOM HJKOCTH B Pab0UyI0 Kamepy
nBurares coriaacHo gopmyne (1.32) umeer BUa

v == [Ny o/gy- ©.6)

CrenoBatenibHO, MpEACTaBICHHBIA B cucteMe ypaBHeHHH (3.3) xoadduuument paboueit
KaMepbl 00bEMHOT'0 IBUTATENIsl B PACCMAaTPHBAEMOM YaCTHOM Cllydae OyaeT paBeH

Ry = Mp_offm: ©.7

rae Ngo— oobemusbid KI1J[ pBuraTens.

JIsl HaTJIATHOCTH YMPOIICHHYI0 MaTeMaTHYecKyro Monaens (3.3) cieasmiero mpuBoja
MPECTaBUM B BHJE CTPYKTYpHOW cXxeMbl (puc. 9.2) B COOTBETCTBUU C NpPaBUIAMH,
MPUHATHEIME B TEOPHUH aBTOMATUYECKOTO peryaupoBaHus. [IpuBescHHas cxema OTpa)xaet
TNIABHYI0 OCOOCHHOCTh CIENSNICr0 TMPHBOJAA — HAIWYAE 3aMKHYTOTO KOHTYpa
peryNHupoBaHus, 00pa3yeMoro TMOCPEJCTBOM OTPHUIATEIHHONH OOpPATHOW CBS3H.
Koadduuument ycuneHuss Bcero KOHTypa pPEryIMPOBAHMA PABEH IIPOU3BEICHHUIO
MepeaToYHbIX KOA(P(GUIMEHTOB MOCIeIOBaTEIbHO PACTIONOKEHHBIX 3BEHBEB:

ko = knknko- (9.8)



Benmunny Ky Ha3bIBaroT JOOPOTHOCTBIO CIIEISIIErO MPUBO/A [0 CKOPOCTH.
PaccmoTprM BimsiHuE TOOPOTHOCTH Ha OIMIMOKY ClieykeHHs1. V3 cucteMbl ypaBHEHHHA
(3.3) ¢ yuerom 3aBucumMocTH (3.6) moaydaem

Yy = kxx - Uzkm
rae kx = Ko/ko — nepenarounsiit koaddurmenT cnesiero npusoaa. CpaBHUBAs
MOJTy9E€HHOE YPaBHEHUE C HCXOAHBIM (3.1), BBISICHSIEM, YTO IPU YCTAaHOBUBILIEMCS

ABMKCHHUH CICAAIICTO IIPUBOA CO CKOPOCTBIO V BCETIa MMECTCs CKOPOCTHAA ommoKa
CJICKCHUA

(9.9)

Ay —olke. (9.10)
®opmynst (3.4) u (3.5) ans kodpdurmentoB kn u K, BXomsammx B J0OPOTHOCTH
KOHTYpa PperyJMpoBaHMs, IO3BOJLSIIOT CYAUTh O BIMSHUU IapaMETPOB CIEAAIIETO
NpUBO/a TPHOOPHOTO THIIA HA CKOPOCTHYIO OIIMOKY ciexeHus. s cHmkeHus
OILIMOKH CIIC)KEHHSI HEOOXO/IMMO YBEITMUHUBATH JOOPOTHOCTH Ky KOHTYpa.

Kosddurment ycunenust criefsiiiiero npuBofa MO MOIIHOCTH TMPU  YCTAHOBUBIIIEMCS
JBIDKCHUH BBIXOJTHOIO 3BEHA MOXKET OBITh HaiijieH 13 cooTHoLIeHHH ¥ = KX, Nx = Hyx
u Nv — H,y, rtne Hx u H, — cuibl (MOMEHTBI CHIJI) Ha BXOJHOM 2JIEMEHTE U BBIXOHOM
3BEHE CIEASIEro MPUBOAA.

Beenem nonsiTre kodQUIMeHTa yBEIMUSHNUS CHIIOBOTO BO3JICHCTBHS

g = H,H,. (9.11)

N3 3aBucumoctrt (3.2) W TIPENCTaBIEHHBIX COOTHOIICHHHA MEXKIy (Pu3rmyecKumMu
BEJIMYMHAMH MOIIHOCTEN, CHJI U CKOPOCTeH HaxXOAWM BbIpaKeHHe I KoddduimeHTa
YCHJICHHSI TTO MOIITHOCTH CJIISIIETO MTPUBO/IA B PEIKUME YCTAHOBHUBIIIETOCS JIBHIKECHUS

b = bk, ®.12)

B xadectBe mpumepa pacCMOTPUM YHCIIOBBIC JaHHBIC CICIAIICIO THIPOIPUBOJIA
npuGOpHOTO THIIA, H300pakeHHOro Ha puc. 9.1: k=1, A, = 30 H, q7 = 2,3-10° M?,
0:=0,5, ps =3 MIla u n 5= 0,95. B coorBercTBrU ¢ BhipaskeHueM (1.29)

Hy = qupu(l — ) Mg,y = 2,3-10°2. 3. 10%(1 — 0,5)0,95 = 3280 H;
frg = 3280/30 = 109; ky = 109.

[MpocToTa KOHCTPYKIIMKM PACCMOTPEHHOTO CJEMSIICr0 THIPOIPUBOIA OO0YCIIOBIICHA
MEXaHHUYECKUM YIIpaBJICHHEM O3 BXOMHOro phruakHoro mexanmsma (Ks = 1) wu
BHYTpeHHEl equHnaHOi oOpatHoi cBs3bi0 (Ko — 1). TIpu sTtoM (yHKIWIO CpaBHEHHS
BXOJIHOTO ¥ BBIXOJTHOT'O CUTHAJIOB BBITIOJTHSIET JIPOCCEIUPYFOIINIA PaCPEIeUTEb.



10.1 Bpi6Op CTPYKTYPHI H pacyeT OCHOBHBIX mapamMeTpoB ciaeassmux ['TIC
¢ MAIIMHHBIM YNIPaBJIeHUEM

CkopocTh paccMaTpUBaeMbIX B JaHHOM IJlaBe CIEIMIIMX HPUBOAOB DPErYIHUPYETCs
JIPOCCEMUPYIOUIMMHU  PACTIPENCIUTESIMA  [IyTeM M3MEHEHHsl IUIOINAACeH MPOXOTHBIX
ceueHni paboumx wmieneil. Takoil crmoco0 perynupoBaHusl MOTOKOB pabouell cpensl U
BBICOKME TpeOOBaHUS K TOYHOCTH M YCTOMYMBOCTH CIEIIIMX HPUBOJOB OIPEAEIIIOT
OCOOEHHOCTU KOHCTPYKIHMU JAPOCCENUPYIOLUIUX pacHpeaenuTencii.

B crensmux mpuBomax NPEHMYMIECTBEHHO MPUMEHSIOTCS LUIMHIPHYECKHE 3arlOpHO-
PEeryIupYIOLINE 3JIEMEHTBhL: 30JIOTHUKM M KpaHbl. winHapuueckas (opma mapbl
30JIOTHUK—BTYJIKa HauboJiee TEXHOJOTMYHA U MO3BOJISIET BBIIIOJHUTH CONPSKEHHBIE T10-
BEPXHOCTH C BBICOKOH TOYHOCTBIO M MHHUMAaJbHBIM 3a30poM. Kpome Toro,
IWIMHApAYecKass opMma 30JI0THHKA JaeT BO3MOXKHOCTH Hambosee MPOCTHIM CHocoOoM,
HamnpUMep, MOCPEICTBOM KOJBIEBBIX KaHABOK, YPAaBHOBECHTh T'MAPOCTATUYECKUE CHIIB,
BO3HUKAIOIME OT JaBieHus pabouelt cpenbl. OOLMM HEJOCTATKOM LMJIMHIAPHYECKUX
JPOCCENUPYIOLIUX paclpeaenuTeel cieayeT Ha3BaTh BO3MOXKHOCTb 3aKJIMHUBAHUS Maphl
30JIOTHUK — BTYJIKa IPH MONAJAaHUHU TBEPAbIX YACTHUI] B 3a30p MEKAY HUMH. Y CTPAHSIOT
YKa3aHHOEe 3aKIMHUBAaHWE COOTBETCTBYIOINEH  (uibTpamueir pabodeir  cpemsl.
MaxkcuManbHBId pa3Mep YacTHIl, MPOIyCKaeMbIX (HIBTPOM, JODKEH OBITh MEHBIIE
3a30pa MEXAY CONPSDKCHHBIMU IMJIMHIPUYECKHMHU MOBEPXHOCTSIMH.

Hpoccenupyomue pacupeieNnuTeNd ¢ IUIOCKUM 3alOpHO-PEryu-pyIOMUM 3JIeMEHTOM
MOT'yT OBITH BBITIOJIHCHBI Cc OAHOCTOPOHHHM IIPUKUMOM K KOJIJICKTOPHO-
pacnpeeTuTeIbHOMY 3JIEMEHTY IMOCPEACTBOM INPYKUHBI U JaBlIeHUS paboueil cpensl.
Takoil ycTpOWCTBO MO3BOJSIET HCKIIOYUTHh 3aKJIMHUBAaHHE IUIOCKOTO 30JOTHHKA, HE
CYILECTBEHHO YBEJIMUUBAET CHIIY, HEOOXOAUMYIO /Ui ero nepemerieHus. KoHcTpykuus
JPOCCENUPYIOMIET0  pacHpeNieNIuTeNsi C  OJHOCTOPOHHUM  IPWKUMOM  IOTy4YaeTcst
CIIO)KHOW, a rabapUTHBIE pa3Mepbl 3HAYUTEIbHBIMH.

HauOonee pacnpocTpaHeHHBIE BapHaHTBl APOCCETUPYIOLIMX —paclpelenuTened ¢
HWINHAPHYECKIMH MapaMU 30JJI0THUK—BTYJIKA MoKa3aHbl Ha puc. 10.1, Tae n3o0paxkeHs
YeTHIPEXIIEIeBbIe IPOCCENUPYIOIIME PaCIIPENENIUTENM. [IBYXIIIENeBbIe PACIIPEACITUTENN
MIPUHIMITUATIBHO OT HUX HE OTIIMYAOTCS, HO M3TOTOBHUTH X TPOILE. Y JPOCCEIUPYIOIINX
pacripenenureneit  CaeSIMX [PUBOIOB JUAMETPhI  COIPSTracMbIX LIIMHIPUYECKUX
MOBEPXHOCTE W JIMHEHHbIE pa3Mepbl MEXAy pabounMHU KpOMKAMH PUXOAUTCS
BBITIOJTHAT C BBICOKOM TOYHOCTBIO, YTOOBI OOECIEUUTh B Ka)JIOM HM3TOTOBISEMOM
oOpaslie 3aJjaHHble OCHOBHBIE MapaMeTpbl Mapbl 30JO0THUK—-BTYJIKa. K OCHOBHBIM
mapaMeTpaM JIPOCCETUPYIOIIEro PaclpeeuTesis OTHOCAT auamerp O3 30JI0THHKA,
pamMaibHBI  3a30p Op MEXKIYy CONpSTacMbIMH  TIOBEPXHOCTSIMH M BEJIMYUHY
otpuriarenbHoro ho wmm monokurensaoro JIn mepekpeitusi. C MEpeKphITHEM CBA3aH
pabounii X0 Xp 30JI0THUKA B KAKIYIO CTOPOHY OT CpeAHero nonoxenus. [Ipu mmpune
hp paboueii 30HbI XapaKTePUCTHKK MPOBOAUMOCTH (cM. puc. 10.1):

hy +- Ap NPH NOJOKHTENLHOM MEPEKPEITHH;
xp=1{ h, NPH YyCNOBHOM HYJN€BOM MNepeKPHTHH;
he NpH MaJOM OTPHIATENLHOM MNeEpPeXRPHITHH.

MakcHMAaILHBIA XOI X max 30JI0THHKA OOBIMHO 3HAYMTEIBHO OOJBIIE BETUIUHEL X),.
OpHEHTHPOBOYHEIE 3HAYEHHS OCHOBHBIX IIApAMETPOB  PaCHpENS/IUTENLHON — Iaphbl
30JIOTHUK—BTYJKA Y CHEIAIMX IIPHUBOAOB Pa3IMUHONO Ha3HAUYEHHS IPUBEIEHBI B
Tadi. 3.1.
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Pre. 10,9, 3anopRo-peryARpYOMEe B EOAICKTODHO-DACHpefeNHTeNbHEE SAEMEHTH
EpOCCeNEPYIOMBY pacopeneantened:
1 == SOACTHHE; ¥ — BYYAKA; § —= CexIia BTYAKSE; # ~ Kpad; § ~— ROROPOTHAR BTY/EA

3amaroliee BO3ACHCTBUE HA CIESIIME MPUBOIBI KOMMPOBATGHBIX CTAHKOB — MEXAHMUYECKOE
YIIPaBJICHUE JBMKEHUEM 30JI0THUKA OT KOIUPA, IO3TOMY JPOCCEIMPYIOLIMI PACIIPENETUTED
y TaKuX TPHUBOJOB B OCHOBHOM OIpEEISsIET TOYHOCTh CiekeHHs. Kak ObUTO MOKa3aHO B
naparpade 3.1, onmobka ciexenus Ay cBsI3aHa ¢ MIEPEMEILICHUEM X0 30JIOTHUKA OTHOCHTEIILHO
BTyJKU. Tak. mon equHUYHON 0OpaTHOMU cBsizu Ay = Xc . JlomycTumsie owubKu CIeKEHNUSI
IpU KOMUPOBAIBHBIX paborax jexar B npeaeiax AH= 0,05 ... 0,1 MM, oTcroa HEOOXOIUMOCTh
MaJioro OTPUIATEILHOTO TepeKphITHs No U Masbiit padounit xox 4, < 0,1 MM 3010THHKA. YTOOBI
00€eCreunTh OJITHAKOBBIE pa3Mepbl MEKIY KPOMKaMU 30JIOTHHKA M BTYJIKH Y CUMMETPHYHBIX pa-
00uMX IIeJIel, MPUXOJMTCS BBHIMOJHATH JIMHEHHBIE pa3Mepbl MEXJY KPOMKaMH C OCOOEHHO
BBICOKOH TO4YHOCTBIO (+0,005 mMm). Takyro TOYHOCTH JMHEHHBIX Pa3MEPOB BTYJIKHA yHAETCS
MOJYYHTh: Hapy>KHBIM (ppe3epoBaHHEM U MOCIEAYIOMIMM LUUTU(QOBAHHEM TOPLIOB HPSMOYTOJb-
HBIX OKOH (puc. 10.1, 6) a Takke H3rOTOBICHHEM BTYJIKH B BHIE HAaOOPHBIX KOJEL C
MOCJICAYIONICH 3alPECCOBKOM B KOPIYC M NPUTHPKOH 1o 30i0THHKY (puc. 10.1, 2). TounocTh
n3rotosaeHus kosel npu 3rom +0,002 mMm.



4. OcHOBHBIE MapaMeTPhI (MM) APOCCeTUPYIOLINX pacnpeneanTeei

Pacppeae- ;
MHTeN: H
HasHoueHNe dy 4 LS by *p
caemsAero
NpHBOAA

Tuapapan- | 10 ...40 | 0,004 .., 0,008 | 0,05 ... 0,10 — 0,05 ... 0,10
Seckufl aan
KONHPOBANE-
BHX CTAHKOB
To we, ¢ | 12...15 | 0,008 ... 0,01 —_ 0,65...0,10] 1,0..2,0
QHCAOBHIM
nporpaM-
MHBIM
yupasae-
HHEM
BnexTpo- 5 ... 10 | 9,003 ...0,008 _— 0,005 ... 9,2..058
THpaBAH- 0,02
9ecKAfl ycH- )
AUTENL AL
ACTATEALHHX
ANnaparos
T'mapasnun- | 36 ... 50 0,02 ... 0,06 62..05 — 05..1,5
yeckuft and :
MeXAHHIMOB
pyJReBOrD
yopaBaeRns
apromobaref

[Tosy4aemble OTpULIATEbHbIC IEPEKPBITHSI KOHTPOJIUPYIOTCS THAPaBIndecKiM criocobom [19]. Tlpu
BBIITOJIHEHUHN BO BTYJIKE TPSIMOYTOJIBHBIX OKOH TIEPHMET] 30JI0THHKA YYACTBYET B IPOCCETMPOBAHUI
MOTOKa paboyeii cpeabl He MoHOCThIO (puc. 10.1, 6). ITOT dakT yUUTHIBaIOT KOIPPHUIIUEHTOM
HCIIOJIb30BaHUs IEPUMETPA

(10.1)
Yo = bc{("fds)s

e b, — cyMMapHEBIi pasMep OKOH II0 IIEPUMETPY B OJHOM CEYEHHMH PaCIIpeIeINTENLHON BTYIKH.
MakcumaibHOE 3HAYCHHUE Y, TIPH TIPSMOYTOJIBHBIX OKHAX OIPaHMYECHO pa3MepaMy IepeMbIuek (5 ...
10 MM), 0OECTICUMBAIOIIMMH TTPOYHOCTh BTYJIKH. PacrpenenmrelbHas BTYJIKA ¢ KOJBICBHIMUA BHYT-
peHHuMU pacToukamu (puc. 10.1, a) umeer Yy, = 1.

[Tpr M3roTOBICHHN OKOH B PaCHpEACIMTCIIEHON BTYJIKE MPUMEHSIOTCS TaKKe ICKTPOMU3MISCKUC
CHoCcOOBI, B YAaCTHOCTH, 3JIEKTPOIPO3HOHHAs 00padoTka. .OHHM TO3BOJISIOT BBITIONHATE OKHA IIPSIMO-
yrolbHOM U cTyneHdatoi ¢opmel (puc. 10.1, ¢). s rugpocTaTHUeCcKOR pa3rpy3KH 30J0THHKA
OKHa JeIaloT OOBMMHO mapaMH. [10 TEXHOJOrMYeCKHM YCIOBUSM MHHHMAIBHBIC Pa3sMEphbl OKOH
0,25x0,25 mm. Ilupuna kaxkmoro w3 jaByX OkoH bg = 0,750, MakcumanbHbii Ko3(hdUIUEHT
HCIOIB30BaHMUS TIepuMeTpa coritacHo dopmyie (3.46) @, = = 0,48.

B crensimpx ruponprBoiax CTAHKOB C YKMCIIOBBIM IIPOrPaMMHBIM YIIPABJCHHEM -TIPHMCHSTIOT
JPOCCEIHPYIOLIME PACIPENCINTEIN C KPaHOBBIMH 3allOPHO-PEryIHPYIOIINME 3aeMentamu [19].
Paboure 1iem B pacpeaeIuTeIbHON ape KpaH-BTyika (puc. 10.1, 0) 00pa3yroTcs MmosckaMu KpaHa
W KPYyIJIbIMH OTBEPCTUSMHM BO BTYJIKE. TOYHOCTH M3TOTOBJEHHS MOSICKOB M oTBepcThit +0,03 MM.
PaGouas 1mmrens uMeeT CerMEHTHBIH TPO(HIb U, Kak CIEeACTBHE, IepEeMEHHYIO IHpuHy. KpaH y
paccMaTpHBaEMBIX CIEASIINX IIPUBOLOB IIPHUBOIUTCS BO Bpa-IIaHKUE OT IIArOBOTO JJIEKTPOIBHUIATEIS,
BTYJIKa HEMOCPEACTBEHHO CBA3aHA C BAJIOM I'HIPOMOTOpa. PacrpenenurenbHas mapa KpaH— BTYJIKa
OTJIMYAETCS KOHCTPYKTMBHOM TpocTOTOM. OOHAaKO, YTOOBI YBEIMYWTH IIPOXOJHOE CEUCHIHE
pactpeneuTeNs, B CASOSIIMX THAPOIPUBOJAX CTAHKOB C YMCJIOBBIM IIPOIPAMMHBIM, YIIPABIEHHEM
MPHAMEHSIOT TAK)KE PACIIPEICINTELHYIO TIapy BOJOTHHK — BTYJIKA C BHUHTOBBIM IIE€PEIaTOYHBIM
MexaHu3MoM. IIpuMepHbIe 3HAYEHHS TapaMeTPOB TaKHUX paclpeie/nTelei IpuBeaIeHbl B Ta0II.
3.1
Pacder OCHOBHBIX MMapaMeTPOB IPOCCEIUPYIOMHUX PACIPEACITUTENICH CICIAININX TIPUBOIOB C
MEXaHHYECKHM YIIPaBICHHEM HAYMHAIOT C BBIOOpAa BEIMYMHBI Tepekpuiths ho wim hy u
oTIpeieNieHMsI pabovero CMEIIECHUS X, 30J0THHKAa OTHOCHTEIHHO BTYJIKH. VICXONHBIMH BelH-
YHHAMH TIPU 3TOM CJIyXaT JOMyCTHUMas omuOka Ayg ClIeKEHUS IPH OCHOBHOM PEKHME pabOThI
NPUBOJA W TPHHATHIE ITEpeIATOYHbIe KOI(D(MHUIMEHTH CHIIOBON MEXaHHUeCKON mepemadn K., u
rienu oopatHo cBa3u koo. Ha ocHoBanuu Beipakenust (3.11).

Xp = (Ro, o/ke. u) Atfo. (10.2)



AHaM3 BEJIMYUH MIEPEKPHITUS B APOCCETUPYIOILEM PACIPEIEITUTENE TIOKA3all, YTO IIPH BHICOKOU
TpeOyeMOil TOUHOCTH CJIEKEHMS 1LIEIeCO00Pa3HO MPUHATH MAIOE€ OTPHLATENLHOE MEPEKPHITHE
(fto — 0,5ftp). D10 moNoXkKeHHME B IONHOM Mepe OTHOCHTCS K CIEASIIHAM THAPOIPHBOIAM
KOIUPOBAJIBHBIX CTAHKOB. JIs IPOCCENUPYIONIMX paCIpPENEIuTeNed CUCTEM PYIEBOIO
yrpaBiaeHus aBToMo-OuiIer IPUHUMAIOT 6oNbIoe oTpruarensHoe nepekpbitue (ho > hp). OxHako
[OpH 5TOM TMAPABIMYECKUIN JIIOPT X, Ha PYJEBOM KOJECE aBTOMOOWIISA HE JOJDKEH IPEBBILIATh
JOITyCTUMOTO 3HaYeHus. [IpuHuMaroT

10.
ho = ks, wXrs (103)

20e Kg 1 — K03 GhUIMEHT BXOIHONM MEXaHHYECKON mepeaayr. UToObl CHH3HMTH IEPETECUYKH U3
HAIlOPHOW JIMHUM B CIHMBHYIO (BBIXJIOIHYIO), IPOCCEIHPYIOMIYIO PACHOpEACIUTEIA MHOTHX
CHEIAIINX THAPO- U THEBMOIIPHBOIOB JEIAIOT C MOJOKHUTEIbHBIM MIEPEKPHITHEM A
DHepreTHYEeCKUi pacder CIemdIIuX IpuBOAOoB (cM. maparpad 3.3) MO3BOJMI ONPEACIIHTh
ONTUMAIIbHOE 3HauYeHHE S(P(EKTUBHOM IUIOIIAIN /3 MHPOXOJHOrO0 CceuYcHUs pabodeil mmenu
pacIpeaeauTeNs IPH OCHOBHOM PEXXUME paOOThI CIEIIIIEro MpUBoAa. Tereps mMpeacTaBsacTCs
BO3MOKHEIM PacCUMTaTh AuaMeTp (3 30J0THHKA HAa OCHOBAaHWMH NpHHATON 3aBucumoctu f, =uf,
rae U - kodhduImenT pacxoma, f — reomerpuueckas IUIOMAAb IIPOXOTHOro cedeHwus. Ilpu
paboTe cleaAIIero IPUBOAa B PEKUME py = CONSt

= {faf[ﬂmpn(xp-f-ho)] NPH OTPHIATE/NBHOM ITepeKPHITHH; (10.4)
fo/lwba (xp — hg)) DPH NONOKHTENBHOM RepeKPHITHH

B pesynpTare SHEPreTHYECKOrO pacyera I CICOAIIEro IIPHBOAAa CHCTEMBI PYJIEBOIO
yIIpaBIeHNs aBTOMOOMWIIS HalieHa HadanabHas 3¢dekTuBHas miomans T, mpoxomHoro ceuenns
paboueii menu pacupenenurens (cM. maparpad 3.3). JlmameTp 30J0THHKA APOCCEIHPYIOIIETO
pacrpenenuTessi MeXaH|u3Ma PYJIEBOTO YIPaBICHHUS

da = fa. a/(l-l-ﬂho) (10-5)

Ipu pacuere BearunHb! d; KOX(PPUIHEHT [, OIS THAPOPACIPEISIH-TENEH IPH JaBIeHUN
Puon = 6,3 ... 20 MIla npuaumarot paBabiM 0,6 ... 0,8, 111 DHEBMOpacOpeAciauTelIeil npu
IABIEHUH  Puon = 0,63 ... 1,0 MIla — pasueiM 0,8. Halinennoe 3nauenue ds OK-pyrisioT 1o
I'OCTy no HopManbHOTrO AuameTpa, MMm: 4; 5; 6; 8; 10; 12; (14); 16; (18); 20; (22); 25; (28); 32;
(36); 40; (45); 50; 56; 63; (70); 80; (90); 100 u T. 1. B ckoOKkax HmPUBEACHLI 3HAYECHHUS IO-
MMOJTHUTEILHOTO PAJIA.

DIIEeKTPOTHAPABIMYECKHE CCASIINE NPHBOALI CHAOXKEHBI OJHO-, [ABYX- WU
TPEeXKaCKaJIHBIM 3JICKTPOTHAPABINYECKUM YyCUIUTeNeM. PaccMarpuBaeMasi pacipeaeuTeNIbHO-
JIpoCCeIupyroIias mapa 30JIOTHUK—BTYJIKA IMPEJCTaBIIIeT COOOM BBIXOJHON KackKaj 3JIEKTPO-
THAPABINYECKOTO ycunurtens. [losToMy HeT HeoOXOJMMOCTH OOecIeuMBaTh BeChbMa MalbIi
pabounii xoy 3010THHKA (X, < 0,1 MM). TpeOyemMyr0o TOUHOCTh CICKEHHSI MOKHO JOCTUTHYTh IPU
x, — 0,2 ... 0,5 MM Omaromaps kodhdHuIHEHTAM YCHICHUS MPEABIAYIIUX KACKaJ0B DJIEKT-
POTUAPABINYECKOTO YCHIIMTEIS U AJIEKTpUIecKoro 0noka. OHAKO ¢ YBEIHUCHUEM 3HAYCHUS X
6oiee 1 MM CYIIIECTBEHHO CHUKAETCS OBICTPOACHCTBUE DIIEKTPOTHIPABINUYECKOr0 YCHIIUTES.
YUToOBI OrpaHUYNTh YTEUKH KHIKOCTH B ITApe 30JIOTHUK—BTYJIKA MPH 3HAUYNTEIILHOM JIaBICHUN
KUIKOCTH (Puor—16 ... 20 MIIa), cTpeMsaTcs BbLAEpKATh MAaJBIA PaaHaTBLHBIN 3330p MEXITY
COMpsAraeMbIMM LHIMHAPUIECKHUMH moBepxHocTaMu (0o = 0,003... 0,008 MM) M NPUHHUMAIOT
nepekpoitre h, monoxurensHeiM. Ho pu 3T0M BO3HHKAeT mpodjiemMa 00ecIeueH s IPUEMIIEMOM
30HBI HEUYBCTBUTEIIBHOCTH 3JIEKTPOTHAPABIMYECKOr0 ycunutens. [IpuxoauTcs mpuHUMaTh Co-
orHomenue Xp/hy = 25 ... 50. B coOTBETCTBMM € 3THM IOJIOKHUTEILHOE IEPEKPEITHE Ny TOHKHO
onITh 0,005 ... 0,02 MM. BeImoTHUTE Bee paboYHre MIeTH Maphl 30JJOTHUK—BTYJIKA ¢ OJU3KUMU U
MaJbIMU BeIMYHHAMHM hn MOKHO JIHMIOb IPH BBICOKOM TOYHOCTH BBHIIOJHEHHS JIHHEHHBIX
pasMepoB MEXIy pabOuYMMH KPOMKAaMH ITIOSICKOB 30JIOTHHMKA W OKOH BTYJIKH. JIJIS 3TOTO
MIPOM3BOJICTBO AJICKTPOTHAPABINICCKUX YCHUITUTENIEH JOKHO OBITh CITCIIUATH3UPOBAHHBIM.

CnenoBaTenbHO, TIPU MPOEKTUPOBAHUHU 3JIEKTPOTHIPABIMYECKOTO CIEASAIIETO MPUBOIA
C JIPOCCENBHBIM PETYIHPOBAaHUEM HEOOXOIUMO B MEPBYIO OUepelb PACCMOTPETh BO3MOXKHOCTH
WCIIOJIb30BAHUS  AJIEKTPOTUIPABINUECKOTO  YCHIIUTEIS TOIXOJISIIETO THIIOpa3Mepa,
BBIITYCKaEeMOI'0 CEpPUIHO.

DJICKTPOrHAPABINYCCKHI YCUIUTEIb BRIOUPAIOT 110 JaBJICHHI0 PHOM. IJIOIIaaM /3 MPOXOIHOIO
CCUCHMs JPOCCEIIMPYIOIIEro paclpeieiiuTeisd, pacxoAay GATax M IapaMeTpaM BXOIHOIO
3JIEKTPUIECKOTO CHTHAJIA.

IIpu TIPOEKTUPOBAHUM JIPOCCETUPYIOMIETO PACIpPENCTUTENsI C Tapod 30J0THUK—BTYIIKA
HEOOXOJMMO MMETh B BHAY, uTO (DacKM Ha 30JIOTHHKE HEKeJaTeJIbHbI, TaK KaK IIPH ATOM
YBEITMYHMBACTCS BEPOATHOCTh 3aKIIMHUBAHHS €TO BO BTYJIKE TBEPABIMH YACTHIIAMH, BBITOITHITH
mpodIbHBIE a3kl HA TOSACKAaX, 30JIOTHHUKA HETCXHOJOTHYHO. B CBSI3M ¢ 3TMM HambOoJbIIce



[PUMEHEHHE IMOJYYWIM 30JOTHHKH C HOPSIMOYIOJbHBIMH OypTaMH M  BTYIKH C
IPSIMOYTOJBHBIMH, CTYIEHYaTBIMH M KpyribiMH okHamu (puc. 10.1). K mapamerpam
IPSIMOYTOIBHOTO OKHA OTHOCATCS MHpUHA Dox 1 muHa lo. Kpyrieie oxHa uMeror auamMetp og.
Crynenuatsiii pouiis OKHA TMONTydaroT Ojaromapst 10-

Puc. 10.2 . CxeMbl B3aMMHOT'O PacIiONIOKEHHS OKOH BO BTYJIKE U MOSICKOB Ha 30JI0THHUKE:
1— xpoMka okHa; 2— KpOMKa MNOsICKa

HOJTHUTEILHOMY Ta3y MUPHHON Dy HagoOHOCTh B CTyIeHUaTOM Mpodusie OKHA BOSHHUKAET MPH
00eCTIeYeHNN YCTOMYMBOCTH CIESIIETO MPUBOJIA B 30HE (DUKCAIMH BBIXOAHOTO 3BCHA.
3akaHYMBalOT pacyeT OCHOBHBIX napamMeTpoB  JIPOCCEIUPYIOIIETO  PacIpeaeTuTeIs
OMpeNieNICHUeM  XapaKTepPUCTHK  pabouumxX  MIeNel, , MOoJ KOTOPBIMH IOJPa3yMeBaioT
3aBHUCUMOCTHh 3()(PEKTUBHBIX MPOBOAM-MOCTEH paboYMX IeJIeH OT CMEIICHUS 3alOpHO-
PEryIUpYIONIETo SJIEMEHTA :

For = O (x5), (106

rae i — "HoMep paboueil 1wenH.

[IpumeMm HyMepaluio IpOBOIUMOCTEH a, Kak moka3aHo Ha puc. 10.1, e. IlepBas menn
(01) COeqUHSIET HAIOPHYIO JTHHUIO C MOJOCTHIO HAITOIHEHUS 00BEMHOIO JBUraTess, BTopas (o 2)
— YKa3aHHYIO MOJOCTh CO CIMBHOM (BBIXJIOIHOM) MTUHMEHN, TpeThs (0L 3) — IIENb PacHIoIOKeHa
MEKIY HAIOpHOW JIMHUEW W IIOJIOCTHIO BHITECHEHHUS [BUTATENs, deTBepTas (04) — MEKIY
YKa3aHHOM TIOJIOCTBIO M CIIMBHOHM (BBIXJIOMMHOM) JIMHHMEH. XapaKTEPUCTHKH IIEIeCO00pa3Ho
pacCUMTHIBATh IOCIENOBATENBHO: ONPENEINTh 3aBUCHMOCTB OCEBOTO pa3Mepa i-i Imemu OT
cMertenns 30J0THHKA Ni = @ (X;), BBIYUCINTh TEOMETPUUIECKYIO TUIOMIAIb MPOXOTHOTO CEUCHHMS
men fi = @ (hi) u xoadhdurment pacxoma Ui = @ (hi) 1 HalTH HCKOMBIE XapakTepUCTHKH fyi=

[Tpu oTpumarensHOM mepekpoiTan (puc. 10.1, a) I3MEHEHNE OCEBRIX pa3MepoB pabodmnx mienei
OT CMEIICHUS 30JIOTHUKA MOXHO OITMCAaTh 3aBUCUMOCTAMM:

h;=

{x°+ho, mpi ¥o<lox—hos; i=1mn 4. (10.7)

lon NpH Xg 2> Low = Aoy,



10.2 Bb10Op CTPYKTYPBI M pacuyeT ocHOBHBIX mapaMerpos ciaeasmmx I'TIC ¢
MAIIMHHBIM yIIpaBJeHHEeM

O6beMHOE (MAIIMHHOE) PEryIMPOBAaHHE CKOPOCTU THMAPOMPUBOIOB OCYILECTBISETCS
n3MeHeHueM pabouero obwvema ruapomammH. [lepegaua u mpeoOpa3oBaHHE JHEPTHH
perynupyeMbIMH THIpPOMAIIMHAMHU paccMOTpeHbl B maparpade 1.3. Crarmyeckme Xapak-
TEPUCTHKH TUAPOIIPUBOAOB C MAIIMHHBIM YIPaBICHUEM paHee OTMEYEHBI MIPEUMYIIECTBa U
HEIOCTaTKH 00BbEMHOTO CIIoco0a PEeryIMpoBaHusl CKOPOCTH Tepes ApoccenbHbIM. HazoBeM nx
eme pa3. K mpeumymiectBam ciieayeT OTHECTH 3HAYMTEIBHO MEHBIINE IOTEPU SHEPTUHM U
Oosiee JKECTKYIO Harpy30uHyl XapaKTepUCTHKY, K HEIOCTaTKaM — KOHCTPYKTHUBHYIO
CIIO)KHOCTh M TIOBBIIICHHYIO CTOMMOCTb PETYJIHPYEMBIX TuapoMamnH. [lepeuncieHHble
q)aKTOpI)I MPpUBCIIM K NPCUMYHICCTBCHHOMY HCIIOJIB30BAHUIO THUAPOIIPUBOAOB C MAIIMHHBIM
yOpaBlIeHHEM TpH CPEAHHX MOIMHOCTAX paboumx wmexanm3moB (10 ... 20 Br) u
00s13aTeIbHOMY MIPUMEHEHUIO TIPU 00JIBIINX MOIIHOCTAX (O0osee 50 kBT).

IIpoekTpoBaHuE THUAPONPHUBOJOB C MAIUMHHBIM PETYIMPOBAHUEM CKOPOCTH
HAYMHAIOT C BBIOOPA CTPYKTYPHl U COCTAaBJICHUS NMPUHLUIHNAIBHON CXEMBbl MIPaBIMYECKON
cucTeMbl. M3BECTHBI pa3iM4HbIE CXEMbl T'MIPONPHBOAOB C MALIMHHBIM PEryJIUPOBAHUEM.
BOonpIIMHCTBO M3 HMX MOXHO CIPYIIIHMPOBATH B IIECTh THUIIOBBIX CTPYKTYPHBIX CXEM,
MMOKa3aHHBIX Ha puc. 4.1. CXeMbl pa3iudaroTcsl HUPKYISIIued padodeld KHUIKOCTH, CIOCOO0M
MAIIWHHOT'O PETYIMPOBAHUS U PA3BETBICH-HOCTHIO IIOTOKOB SHEPIHH.

W3BecTHBI THAPONPUBOIBLI C 3aMKHYTOW M PAa30MKHYTOW LUPKYJISIUEH pabdodel >KUIAKOCTH.
PerynupoBaTh CKOpOCTh THAPONPHUBOJIA MOXKHO TIOCPEICTBOM DETYIMPYEMOro Hacoca,
peryaupyemMoro THApoOMOTOpa WM C IOMOLIBIO ABYX PErYJIHUPYEMBIX THIPOMAIINH BMECTE.
PaznuuaroT 1UiaBHOE W CTyNEHYaTOE peryiaupoBaHue pabouero oObeMa THUIPOMAIIHHBL
Hapssty ¢ ONHONMOTOYHBIMH  THApOINEpeAadaMd  TPUMEHSIOTCS  JIBYXIOTOYHBIE,
MpeAcTaBIsomre CcO0OM coveTaHWe MapajulelbHO JACHCTBYIOLUIMX TMAPABINYECKOW U
MexaHn4yeckoil nepenad. CTpyKTypHBIE CXeMbl OOBEMHBIX T'MIPONPUBOJOB, ITOKA3aHHBIE HA
puc. 4.1, ynpomeHel. B sSBHOM Buje BbIIENEHBl MPHUBOMASAIIME JBUTATEIH, HACOCHI,
THAPOJBUraTeI, MarucTpajbHble THAPOJIMHUM W THIpopacnpenenurend. Perymaupyromue
MEXaHU3MbI U BCTIOMOTaTeIbHbIE YCTPOHCTBA OyAyT MOIPOOHO PACCMOTPEHBI B MOCIIETYIOLINX
naparpadax, IMO3TOMY 31eCh OHH TIpeJICTaBlIeHbl O0OOIIEHHO B BHIE MPSMOYTOJBHUKOB,
COE/IMHEHHBIX ¢ MarCTPaIbHBIMU TUAPOIMHUSME U THAPOMAIINHAMHU.

PaccmoTpiM 0cOOEHHOCTH BBIIEJICHHBIX CTPYKTYP THIPONPHBOIOB M X NPUMEHEHUE B Pa3iny-
HBIX OTPACIIAX TEXHHUKH.

CxeMa 0OBEMHOTO THIAPONPHBOAA C PA3OMKHYTOW MHUPKYJsImuen xuakoctu (puc. 4.1, a)—
€IMHCTBEHHO BO3MO>KHAS NIPY MCIOJIb30BAaHUH THIPOJIBUTATEIIEH ¢ pa3muuHbIMU 3()(HeKTUBHBIMU
mwiomaaaMu pabounx kamep (0,#1). Ecim pabouwii opraH MamvHbl TPUBOJUTCS B JBIDKCHUE
OJTHOIITOKOBBIM HJIA TEJIECKOIMMMYECKUM THAPOIMIMHIPOM, TO TIOTOKA B HATIOPHOW M CIMBHOMN
THJPOJIMHUSX CYIIECTBEHHO OTIMYAIOTCS OJHA OT JPYroil. ITO BBIHYXKIACT NPUMEHSIThH
Pa30MKHYTYIO LUPKYJSLHUIO KUIKOCTH, HCIONb30BaTh PEBEPCUBHBINA THIPOPACIPEACIUTENb U
YCTaHT BIIMBAaTh CAMOBCACBHIBAIOIIMIA HAcOC. Perynmupyrommii MexaHu3M HepeBe]: CHBHOI'O Hacoca
npoie, yeM peBepcuBHOr0. Ho rabapurtHele pazMep| caMOBCACBHIBAIOIIETO HACOCA CYIIECTBEHHO
Oonbllie, yeM Hacoca C 10; NUTKOH. HeoOXoauMo OTMETHTH TakKe 3HAYMTENbHOE M3MEHEHH
o0beMa JKHAKOCTH B THApoOake NpH padOTe OFHOLITOKOBOIO WJI  TEJIECKOIMHYECKOTO
rugpoimHapa. Takol TuapoOak JOKEH UMET 3HAUUTENIbHBIE Pa3Mephl.

OObeMHBIE THAPONPHBOJBI C PETYIMPYEMBbIM HACOCOM W PAa30MKHY TOH IMPKYJSIINCH
KHUIKOCTH TPUMEHSIOTCS B  TNPOTSDKHBIX — CTaHKAaX THAPABIMYECKUX  Mpeccax, B
THIPOQHUIMPOBAHHBIX 3KCKaBaTOpPa W CTPENOBHIX KpaHaxX OOJBIION MOIIHOCTH M APYIUX
MammHax. O0beM Hble TUAPONPUBO/BI C 3aMKHYTOH LUPKYJAUeNd padoueil )KUIKOCT: HUMEIOT
CPaBHUTEIBHO MEHBIINE Ta0apuUTHbIE pa3Mephl M MacCy Ip: NPOYMX PABHBIX YCIOBHUSX.
3aMKHyTass LHUPKYIsIIus pabodyeld JKMAKO CTH TNPUMEHSETCS NpPU  HMCHOJIb30BAaHUH
THIPOJIBUTATENICH C OTMHAKC BHIMU d((PEKTUBHBIMH ILIOIIAAIMH pabounx kamep (O, = 1).



Puc. 10.3 CrpykTypHBIE CXEMBI THAPOIIPHBOJIOB ¢ MAIIMHHBIM PETYIHPOBAHUEM:

I1)] — npuBoaHoit nBurarens; H — Hacoc; [ /{ — ruaponsurarens; [ P -runpopacrpe-nenurens; PM — peryaupyromuii Mmexanusm; B YV —
BCriomMoraTtesbHbie yeTpoiictBa; CI1 —e cusoBas nepenaya; /1P — miaHeTapHOH PEAyKTOp

Baxnsie cBoiicTBa 00BEMHBIX THAPONPUBOIOB C 3aMKHYTOM HUPKYJISIIHUENH >KUIKOCTH —
BO3MOXHOCTb TOPMOXEHHSI pabouyero MexaHW3Ma M CONPOTHUBIIEHHE MOIMYTHOH Harpyske
MOCPEJICTBOM TPUBOJISIIETO JIBUTATENS] BMECTO JPOCCENMPOBAHMS ITOTOKA >KUJIKOCTH, YTO
CYIIECTBEHHO CHIKAeT HArpeB >KWJKOCTH M 0OeCIeurBaeT B YKa3aHHBIX peXuMmax paboThl
PEKYIEpaIIo SIEKTPUYECKOI SHEPTHH.

Ilo cmocoby peanuzaunu 0OBEMHOrO CIIOCO0a PEryJHMpPOBAaHUS CKOPOCTH BBIIETICHBI TPH
CTPYKTYpPHBIE CXEMBbI THIPOIPHBOJIOB: C PETyIHUPYEMBIM HACOCOM MW HEpETyIUPyEeMbIM
runpoasuraresieM (puc. 10.3, 6), ¢ HeperylIupyeMblM HACOCOM M PETYJIMPYEMBIM THAPO-
motopoM (puc. 10.3, 6) u ¢ obeumu perymupyembiMu TuapoMammHamu (puc. 10.3, 2).
W3BecTHBI THIPOMOTOPHI C HEMIPEPHIBHBIM M CTYIIEHYATHIM PETyJIHpOBaHHEM pabouero oobema.
K cryneHuatoMy peryiMpoBaHHIO THIPOIPHUBOJA MOXHO OTHECTH MEPEKIIOUCHHE C
MapajyielbHOTO  COCIMHEHUS] Ha  IIOCIIE0BATEIbHOE HECKONBKHX  THIPOJBUTATENEH,
COBMECTHO MPHUBOJSALINX B JABIKEHHE paOOUMi MEXaHU3M WM MauHy (puc, 10.3, 0).
OOBEeMHBII I'MAPONPUBOA C PETYIUPYEMBIM HACOCOM M HEpPEryIMpYeMbIM THAPOABUraTeIeM
(em. puc. 10.3, 6) Hambonee pacmpocTpaHEHHBIH. [MAPONPHBOABI C TaKOH CTPYKTYpOH
MPUMEHSIOTCS] BO MHOTHX MalllMHaX U MEXaHU3MaXx: B ITOJJbEMHBIX M MOBOPOTHBIX MEXaHU3MaX
THAPOGUIMPOBAKHEIX  KPaHOB, OCHOBHBIX MEXaHM3Max TPAHIICHHBIX JKCKaBaTOPOB-
IPEHOYKJIQAUUKOB,  PyIHMYHBIX  IOJBEMHBIX  MallMHAX,  MEXaHuW3Max  IoJauu
yIIIe00BIBAIOIINX KOMOAHHOB, MEXaHM3MaX NEPEIBMKEHUSI CAaMOXOAHBIX JOPOKHBIX KAaTKOB,
B CJIEISIIUX TMAPONPHUBOAAX C MAaIIMHHBIM peryjaupoBaHueM. PaccMaTpuBaeMblil TIpoONpu-
BOJ oOecreuyuBaeT IUIABHBIA IIyCK M O€cCTyNeHYaToe peryjaMpoBaHUE CKOPOCTH ABHKCHMS



MAIlKHBI IOCPEACTBOM OJJHOTO YIPABJISIOLIEIO OpraHa.
OCHOBHOW MpPUYMHON TpPUMEHEHUS OOBEMHBIX THIAPOIPUBOJOB C  PETYIUPYEMBIMH
rugpomotopamu (cM. puc. 10.3, 6, 2) MOXKHO CUMTATh CTPEMIICHWE CHH3HUTH YCTAHOBOYHYIO
MOIIHOCTh HAaCOCOB B YCIJIOBUSIX Pa3HOPEKMMHON PadOThl IMIPOQHUIMPOBAHHBIX MamMH. B
TaKUX YCIOBUSIX pabOTalOT MEXaHU3MBbI EPEABIDKEHHS (TPAHCMHUCCUN) MHOTHX CaMOXOIHBIX
CEJIbCKOXO3SIICTBEHHBIX, TOPHBIX, CTPOUTENBHBIX M Ipyrux MamuH. OHM UMEIOT JBa peKuMa
paboTH: OCHOBHOHM MPU MaKCUMaJbHON Harpy3ke M OTHOCHTEIBHO HEOOJBIIONW TEXHOIOTHYE-
CKOM CKOPOCTH 1 BCTIOMOTaTENbHBIN (MaHEBPOBBIH WM TPAHCTIOPTHBIN) MPHU MAJIOH Harpy3Ke
MaKCHUMaJIbHOM CKOPOCTH.

[Ipu HeperynmupyeMoM THAPOMOTOPE HACOCHYIO YCTAHOBKY HPUXOAUTCS BBIOMpATh IO
YCIIOBHIO COYETaHHUS MAKCHMAJIbHONW CKOPOCTH ¢ MakCHMaJIbHOW Harpy3KoM, 9TO MPUBOIUT K
MHOT'OKPaTHOMY 3allacy HOMUHAJIbHON MOITHOCTH PEryJIHUpyeMOro Hacoca U COOTBETCTBEHHO
K HENpuemyIeMbIM Ta0apuTHBIM pa3MepaM M Macce. IJTO OOCTOSTEIBCTBO IMOIPOOHO
paccMOTpUM HIDKE.

Ilo ¢yHKUHMOHANBHBIM CBOMCTBAM CTPYKTypa OOBEMHOI'O THUAPOIPUBOAA C PEryIHPYEMbIM
HAaCOCOM M pErylupyeMbiM ruapoMoTopom (cMm. puc. 10.3, 1) npeamouturesbHee s
MEXaHHU3MOB MepeABM:KEHMs CAaMOXOIHBIX MamMH. Takod TUApPONPHUBOJ  HMEET
MAaKCUMAaNbHBIA THANa30H CKOPOCTHOIO M CHJIOBOrO perynupoBaHus, nmpuemnembii KIIJ[ B
OCHOBHBIX peHMax paboThl M JOMyCTUMBIE MaccorabapuTHbIe okaszatend. OHAKO CIO0KHOCTh
U BBICOKasi CTOMMOCTB JBYX DPETYJIHPYEMBIX THIPOMAIINH C PEryaupyeMbIMH MeXaHH3MaMH
CIIEP>KMBAIOT IIMPOKOE IPUMEHEHNE 0OBEMHBIX THAPOIPUBOIOB 3TOTO TUIIA.

CTpyKTypbl 00bEMHBIX THAPOTIPUBOJIOB, TIOKa3aHHbIe HA puc. 10.3, 6, 0, OTpakaloT TOIBITKH
KOMIIPOMUCCHOTO pEIICHHs Ha3BaHHBIX NpoOieM. lIpiMeHeHWe HeperyampyeMoro Hacoca
CHIDKAET CTOMMOCTbH runponpusoaa. OnHako ApocceTMpoBaHUE MPU PasrOHE U TOPMOKEHUH
BBI3bIBACT JOMOJHUTEIbHBIA HATPEB JKUIKOCTH, [IOITOMY THAPONPHUBOA C TaKOW CTPYKTYpPOH
MpUEeMJIEM JIMIIb JUISI MAalldH M MEXaHU3MOB C JUIMTEIbHBIM LHKIOM YCTaHOBHBIIETOCS
nBwkeHnd. K TakuM MammHaM M MEeXaHH3MaM OTHOCSTCS KOHBEHepbl (TPaHCIIOPTEPHI),
LIHEKOBBIE MIOTPY3YHMKH U BpallaTeTyd OypOBBIX CTAHKOB.

OOBbemMHbIE THAPOTIPUBOABI CO CTPYKTYPOH, Moka3zaHHOW Ha puc. 10.3, 0, opueHTHpOBaHbl Ha
MIPUMEHEHNE B TPAHCMUCCHIX CAMOXOJHBIX MAIIMH C KOJECHBIMHU JBIDKUTENSMH. [Ipu 3TOM
YHCIJIO THAPOMOTOPOB OOBIYHO PAaBHO YMCITy BeIyluX Kosec. IlepexioueHne ruipoMOTOpOB
NapajyielbHOTO COCAMHEHHMsS Ha II0CJEI0BATEIbHOE II03BOJSIET HE TOJBKO CTYIIEHYAaTo
YBEJIMYUTH CKOPOCTh, HO M UCKITIOUUTH OYKCOBaHUE KOJIEC.

[IpuMenenne ABYXMOTOYHBIX THUApOMExaHWYeckux mepemad (cm. puc. 10.3, e) mo3BossieT
nosbicuth KI1J[ mpuBoJa v CHU3UTH YCTAHOBOYHYIO MOLITHOCTH THAPOMAIIIKH 110 CPABHEHUIO C
OJHONOTOYHOM  Tuapomnepenadeid.  I'mapomexaHuueckue  (ABYXIOTOYHBIE) — IepeAaqn
KOHCTPYKTHBHO CIJIO)KHEE OJHONOTOYHBIX THApOIEpenad, HO MpU OONBIIONW mepenaBaeMon
MOIITHOCTH HMEIOT JIy4llhe MaccoraOapuTHBIE IMOKa3arenu. M3BecTHbl mHpuMepbl 3¢dek-
THBHOTO WCIIOJIb30BaHUs JABYXIMOTOYHBIX THUAPOMEXAaHMYECKHX IEepead B TPaHCMUCCHUAX
TPaKTOPOB, IPUBOJIaX ABUAIIMOHHBIX M CYAOBBIX T€HEPATOPOB, B MIPOKATHBIX CTAHAX U APYTUX
MalIfHax.

Bbi0op cTpykTypbl OOBEMHOIO THIPONPHUBOAA COIMPOBOMKAACTCS MOATOTOBKOHW HCXOMHBIX
JMAHHBIX JUIS pacueTa W MpeNBapUTEIbHON ONEHKOW MOIIHOCTH THapoMamuH. K ucxoaHsm
JAHHBIM B TIEPBYIO OYEpEAb OTHOCITCSA: BO3MOXKHOCTH pa3MEIIEHHs NMPUBOJA HA MAIIWHE;
ycinoBus paOOThl MAIIMHBI B OKPY’KAaIOLIEH cpele; OCHOBHbIE KHMHEMAaTHYECKHE U CHJIOBBIC
BEJIMYMHBI, XapakTepHusyouye aeiictBue pabodero mexanmsma. Iloxg pabounm mexaHHM3MOM
MOJIPa3yMeBalOT, HANpUMep, KOJEeCO TPAHCHOPTHOW MAIIWHBI, 3BE370YKY T'YCEHHYHOTO
JBIDKHTEIS], BpalaTesb OypoBOro CTaHKa, CTpely WM TPOCOBBIM OapabaH MOIBEMHOTO KpaHa,
PYKOATH C KOBLIOM WJIM HOBOPOTHYIO IUIAT(OpPMY 3KCKAaBaTOpa, 3aXBaT aBTOMATHYECKOI'O
MaHHUITYJIITOpa, CYIIIOPT METAJIO PEXYILEro CTaHKa.

OcHoBHBIE (DaKTOPBI, OMpPECISIIONKE BHIOOP THAPABIMYECKUX MAIIMH W amllapaTtoB IpH
MPOEKTUPOBAHUK OOBEMHOTO THIPOINPHUBOAA, — TMPUHATAsE CTPYKTypa TUAPONpPUBOAA (CM.
naparpad 4.1), HeoOxomumasi HOMHHaJIbHas (YCTAaHOBOYHAS) MOIIHOCTh T'HIPOMAIIMH H
KOHKpPETHAasi HOMEHKIaTypa THUAPOOOOPYAOBAHHUS, BBIIIYCKAEMOTO  COOTBETCTBYIOIICH
OTpacibio MPOMBINUICHHOCTH. B TuaponpuBogax cpemHeld n Oonbinoit MomHocTH (Gonee 10
KBT) mpenMyIecTBeHHO MPUMEHSIOTCS POTOPHO-TIOPIITHEBBIC THAPOMAIIIMHBI ¢ HOMHHAIEHBIM
TABJICHUEM Prow, PaBHBIM 16, 20, 25 u 32 MIla. OHH OTIHYAIOTCS OT APYTHX THAPOMAIITAH



6omnee BeicokuM KI1JT (0,85 ... 0,92) s npueMiieMbIMu MaccorabapuTHbIME TTokasaresmu (0,5
... 10 xr/BT).

[TpoeKTHPOBOYHBIN pacyeT THIPONPUBOJA C MAITMHHBIM PETyJIMPOBAHUEM CKOPOCTH YIOOHO
BBINIOJIHATh B TAaKOM IOCIENOBATENLHOCTH. BHayane ONpenensioT OCHOBHBIC MapaMeTphI
WCTIOJIHUTENEHOW YacTH TPUBOJA, COJepXkamnied OOBEeMHBIA THIPOJBUTATelbh W CHIOBYIO
MEXaHUYCCKYIO Tiepeady. 3aTeM pPacCUMTHIBAIOT MapaMeTpbl HACOCHO-TIPUBOIHOM YacTH, K
KOTOpPOH OTHOCSATCS OCHOBHOW HAcoc W BXOJHAs MeXaHHWYecKas Iiepejava. 3aBepIiaroT
SHEPreTHYeCKui pacyer 00BEMHOT0 THPONPUBO/A OMpEeICHHEM MMapaMeTpoB M BBEIOOPOM
BCIIOMOTATEIbHBIX  YCTPOWCTB. [l THOpPONpPHBOAA CTAaIlMOHAPHOH MAIMHBI OOBIYHO
MOJIOMPAIOT aBTOHOMHBIM TPUBOJSINMN  AJIEKTpoABUTaTeNb. [IpuBOAsAIMK  JBHraTElb
CaMOXOJIHOW MAaIlIMHBI (JIBUTATENIh BHYTPEHHETO CrOPaHus), Kak PaBUIIO, ObIBACT 3a/1aH.

CxeMy MCHOJHUTEIBHOW YaCTH THAPOTNPHUBOAA BEIOUPAIOT B 3aBUCHUMOCTH OT yCJIOBUIA
pasMelleHdss Ha MallMHe M OCOOCHHOCTEH [BMKEHHS pabodero MexaHusma. llpu
OTPaHUYEHHOM JIMHEHOM WIJIH YTJIIOBOM IepeMeIeHn: padodero Mexanm3Ma (Yumax < 1 M mmm
Vumar < 7/4) 1enecooOpa3sHO B KayeCTBE JIBUTaTels WCIOIb30BaTh TUAPOIMINHIP.
[locTynaTenbHOe JBWKEHHE MOXHO TIpeOOpa3oBBIBATE B TIOBOPOTHOE IIOCPEACTBOM
pBIYQXKHOHM, 3yOuaTo-peeyHOW WM BWHTOBOM mepemadd. llepemaTodnsrii KoapUIMEHT
CHJIOBOM MEXaHUYECKOU Tiepeaun (108)

Re.o = Yu max/Yn max+

l/re.n TIPH pHIYAKHOH nepegaye; (10.9)
ke g =1 Zidom NPH 3y6uato-peeunofi mepenase;
2nfl, npu BUHTOBOH nepenave,

20e Yymar ™ Yy max — MaKCUMAJILHOE MEpeMeIIeHHe Pabouero MeXaHu3Ma 1 TUAPOJABUTATENs; Ic. o
— IUIeYO phIYaKHOHN nepenaur; doy — AUAMETpP ACIUTEIbHON OKPYKHOCTH IIeCTepHH; |, —
XOJ BUHTA.

[lpu nuHEHHOM mepeMenieHnd pabdodero MexXaHW3Ma Ha paccTosHHe o 1 M cuioBas
nmepefaya, Kak TpaBwio, He HyXHA U Kc » = 1. Ilpm yrimoBoM mepemereHnn pabodero
MeXaHU3Ma Ha BEIMUYUHY Y, max <37/4 11€1eco00pa3HO MPUMEHATh HOBOPOTHBINM (IUTacTHHYA-
TBIN) THIPOABUTATEIb TaKKe 0€3 CHIIOBOM MEXaHMYECKOH Iepenadn

(Ken = 1).

Jnst BpalaTenbHOrO IBIKEHHs pabdovero MexaHm3Ma HeoO0XoauM ruppomotop. Poropno-
MOPIIHEBBIE THAPOMOTOPHI MOKHO Pa3leNIUTh Ha JABE IPYIIIbI: BEICOKOOOOPOTHBIE aKCHATIBHO-
MOPIIHEBBIE C YACTOTOH BpameHus V.wom = 2400 ... 900 006/MUH U KPyTANIMMH MOMEHTaMH
Hyiom < 1000 HM 1 BEICOKOMOMEHTHBIE PaIHaibHO-TIOPIIHEBBIE THAPOMOTOPHI € Vi HOM = 200
... 50 MMH U Vymow > 1000 HMm. BbicOK00OOpOTHBIE THAPOMOTOPHI Yallle BCETO COEAUHSIOT C
BpallalonMucs pabouyMMH MEXaHW3MaMH 3y04aThIMU PEIyKTOpamMH. BBICOKOMOMEHTHEIE
THIPOMOTOPHI  TTO3BOJIAIOT  OCYIIECTBIIATH OE€3pEeAyKTOp-HOE COeNWHEHHE C pPabodyuMu
MeXaHU3MaMH{, HalpuMmep, KojlecaMH TpPaHCIOPTHOH MammHbel. Bo MHoOrmx ciyuasx
1es1ecoo0pa3Ho KOHCTPYKTHBHO HpopaboTaTh M MpOoaHaIM3UpoBaTh 3(PQEeKTUBHOCTH NpH-
MEHEHHS Ha3BaHHBIX BAPHAHTOB THAPOMOTOPOB HA KOHKPETHOW MalllHHE.

Br10op rupomMoTOpa HAYMHAIOT 10 MPHOIMKEHHOMY 3HAYEHUI0 HOMUHAIBHON MOITHOCTH Nj.
wov, BBIUHCIIEHHOMY paHee (cM. maparpad 4.1). Ilpu 3TOM CpaBHHUBAIOT HOMHHAJIBHBIE
CKOPOCTb M. now M MOMEHT CHJII H; 4ou, B3ATBIE W3 TEXHUYECKOW XapaKTEPUCTUKH
THIIPOMOTOPA, C UCXOIHBIMHU 3HAYCHUAMH VM max 1 Hy wax Ha pabouem mexaamnsme. Eciin BeIOpan
BBICOKOOOOPOTHBIH THAPOMOTOP C PELyKTOPOM, TO OIpENENAIOT NepeaTouHOoe
oTHOUIeHHE K. ; CWJIOBOW Tepeaud M NepeJaToOYyHOe YHCIO lc. n PEIyKTopa IO
dhopmymnam:

ke o= *Hn. mos o, nf Fl maxs (10'10)

lo.n 2= like, s (10.11)

rae N c. — KIIJ] cunoBoit nepenaumn.
KIIJ] 3y0uaTeix mepenad (peaykTopoB) M c.n = 0,97 ... 0,87 mpu i ¢ o = 10 ... 400. YepBsunbie



peayKTOpbI UMEIOT 1 ¢ = 0,6 ... 0,7. [Ipu BeIOOpE MM TPOEKTUPOBAHUH 3y0UaTOrO peayKTopa
YUYHUTBIBAIOT CTAHJAPTHBIN PsAJ MEPEAaTOYHBIX Yuces. Tak, u3BecTeH psf ot i1 = 1,25 1o is1 =
400 co 3HaMeHaTeleM reoMeTpuueckoil nporpeccuu i = 1,12:

, (11.12)

fa=6i""", roe n=1..,5I.

ITocse BbIOOpa nepeaaToyHOro yucia /c. ,, PEAYKTOpa yTOUHSIOT EPeAaTOUHbII

KO3 pHLHEHT (11.13)
kc. r = /ig. p-

[Ipu BBIOOpPE BBICOKOMOMEHTHOI'O THIPOMOTOpA M MpU Oe3peAyKTOP-HOM €ro COCIUHCHHH C
pabounm MexaHusMoM Ky =1 unc o= 1.

Crenyronuii mar MOPOSKTHPOBOYHOTO pacyeTa HCIOJHUTEIbHONH YacTd OOBEMHOrO
THIIPOTIPUBO/Ia — OINPEJICIICHHE PACUCTHBIX 3HAYCHUM CKOPOCTH Vi.pac, KPYTSIIETO MOMEHTA
WA CHIIBI Hy.pao ¥ YACITBEHOIO pabouero o0beMa Qy, pac BBIOUPAEMOro TUAPOIBUTATEIIS

(11.14)
U;I.'pac = Uy mxfkc. m
Hy, pac = Hy maxke. n/Me. (11.15)
= HIL pac
x pac (Pruom — Pp) M. atlm M (11.16)

HomunansHOe maBrmeHUe puow W MexaHmdeckuil KIIJ[ 1, OOBIYHO yKa3aHBI B IMAaCIIOPTHBIX
JaHHBIX TUApoABUraTesns. I30bITOYHOE [aBlIEHHME BO BCACBIBAIOIIEH MarucTpamd y
THIPOTIPUBOIOB € 3aMKHYTOH wnupkymsiuueid p, = 0,8 ... 1,3 MIlla. Koadduuuent ru-
JPaBIMYECKUX TIOTEPh B TPyOONPOBOIAX ¥ TMApOANIapaTtax B IEPBOM MPUOIMKEHHUH MOKHO
MIPUHSATE N 2 = 0,95.

HyxHblil THnOpasMep HEPETyJIMpPYEeMOIro THAPOJBUraTeNsl OKOHYATENIbHO BBIOMPAIOT 10
YCIOBUSM:

Gy > Gn, pac B Up gom = Vg, pacs (11.17)

rac Ogq U Vi wom — YZ[G)J'IBHBII\/II pa6oqnﬁ 00bEM U HOMUHAJILHAS CKOPOCTb T'MAPOABHUTATECIIA;

ndi/4 AAS THAPORHAMHADA; (1118)
Pr=1{ Vao/2n ANSL THEPOMOTOPE;
Vi max/¥n max AJISL NOBOPOTHOTO THAPOABHIATENS,
rae O, — AUaMeTp MOPIIHS; Vi o — paboumii 0oObEM TMAPOMOTOPA; vx max M Y7 max —

MAaKCHUMAJIbHBIC pa6oq1/1ﬁ 00BeM U YroJi mnoBOpoOTa MIIaCTUHYATOT O TMAPOABUTATCIIA

Koncrpykrusubie mnapametpbl U7 Vio, Vimax M Vjmer HAXOAST B TMACHOPTHBIX JaHHBIX
BBIOMpaeMoro TuapoaBuraTesisi. HoMuHalbHAsS CKOPOCTB V. wow THIPOMOTOPA TAKKE UMEETCS B
TEXHUYECKOM XapakTepucTtuke. B KauecTBE HOMMHAJIBHOM CKOPOCTH THAPOLMIMHIpA B

OOJBIITMHCTBE CIIYIa€B MOXKHO MPUHSATH
(11.19)
Un zow = 0,3 Mfc.

HpI/I BBI60pe TUAPOABUTATECIIA C INIABHBIM UJIM CTYIICHYATBIM PETryJIMPOBAHUCM pa60qero

o0beMa He0OX0AUMO COOIIOAAT YCIIOBHSL:
(11.20)

[+ — pac H Ug, mom > Uy, pacs
1€ Qjimax — MAKCHMAIILHBIN yIEIbHBINA Pabourii 00bEM THAPOABUIATENS; Vy oy — HOMHUHAILHAS
CKOPOCTb BBIXOIHOT'O 3B€HA TP MUHUMAIILHOM YIEIBHOM padoueM 00beMe Q7 min.
JIiist TMIPOMOTOpA € GECCTYIIEHYATBIM PETYIMPOBAHUEM



Grmax = Vi max/(270); (11.21)
qJI mn — ¥x mlm’(zn); (1122)
Dz = g max/fn win> (11.23)

T€ Vimax U Vimin — MaKCUMaJIbHBII W MUHUMAIBHBIA  paboumii 00beM; O — nuana3oH
peryaupoBaHus TUAPOMOTOPA.

[Ipu crymeHYaToM peryaupoBaHUU THIPOMPHUBOAA MyTEM MEPEKIIOYCHUS THAPOMOTOPOB C
MapauIeIbHOTO COSUHECHUS Ha MmociienoBareibHoe (cM. puc. 10.3, 0)

QJI max — 2‘];;;

Gx min = Qg-

(11.24)
(11.25)

CryneHuaToe peryivpoBaHHE THAPOMOTOpa IIyTEM IEPEKII0UEHHUs] HEOANHAKOBBIX CEKIMH

Oonee dpdexTrBHO. DTO BUAHO U3 cpaBHeHHUs 3aBucumocted (4.13) u (4.14). [dns takoro
pPEryjainpoBaHuAa UCIIOJIb3YIOTCA 3aBUCUMOCTH!

(11.26)

G max = ¢ + Gues (11.27)
dn min = Jnys

(11.28)

Gn max/Tg min = Vz—w

re Qu ¥ Qu — YACJIbHbIC paboure 00beMbI CEKITUI TUAPOMOTOpa; Zm - MOKA3aTeih
pa3Hoo0pa3us peXKUMOB PadOTHl THAPONPUBOJA, OIIpeesieMblii mo Gopmye (4.1),

OTCrOaa
Teron (11.29)

I = Gr max/V Zoa: (11.30)

9z = I max — Fuz+
[Tociie OKOHYATEJIBHOTO BHIOOPA KOHCTPYKTHBHBIX I1aPAMETPOB CTYIEHYATO
PEryJIMPYEMOTO MHAPOMOTOPA YTOUHSIOT BETMIUHBI Oy max U Qx min

[lepBoHaYaNbHBIA THIIOpa3Mep POTOPHO-TIOPIIHEBOTO HAcoca BHIOMPAIOT HA OCHOBaHUH
OPHEHTHUPOBOYHOH HOMHHAIBHON (YCTaHOBOYHOM) MOIIHOCTH N, 4ov, IOJYYEHHOU I10
bopmyinam (4.12)—(4.15). 3aTem yTOUHSIOT HEOOXOIUMBIE MTOa4y U MPUBOIHYIO MOLIHOCTh
OCHOBHOT'O Hacoca:
. QH. pac =
_ { 9xUn. pac/(Ng. oMa. o} MIPH HEPELYJHPYEMOM IHAPOABHrATENE; (11.31)
9r minln. pac/{Ylx. o7la. o) TIPH PETYAMPYEMOM THADOHBHTATENE;

(11.32)
Ng pac — G pae {(Pron — pn)f’(Dunm oY )

TIE M o Ma o Mu. o — OOBemaABIe KIIJ| THApOABHraTENs, THIPOAIAPATOB, HACOCA, Mum —
mexannueckuii KIIJ[ nacoca; Dv— nuama3oH perynupoBaHMs B PEKHUME ITOCTOSHHOM
MOII[HOCTH.

KITZI HaxomAT MO TEXHUYECKMM XapaKTEPUCTHUKaM THJIPOMAILIMH M THIPOAIIAPATOB.
IIpumepHbIe 3HAYCHUS T)u-o = 0,95, T]uw = = 0,93, T)x.0 = 0,96 1 T]a. 0 = 0,98. Bennuuny by
omnpenessioT no Gopmyne (4.18); mpu oTcyTcTBUM peryistopa Momuoctd Dv = 1.

[Ipn okoHUaTETHFHOM BBIOOPE TUTIOpa3Mepa OCHOBHOTO HACOCa CPAaBHHUBAIOT HOMUHAIBHYIO U
pacueTHyro nojaun padouei ®uakocTu: Qu. HoM > Qu. pac Mpy HOMHHAILHOM JIABJICHUH Prow U
HOMHHAIBHOH CKOPOCTH VYirjow NMPUBOAHOTO Baia. CTpemsarcs K ToMy, 4TOObl HOMHHAJbHAsS
CKOpOCTh Hacoca Obuta OMM3Ka K HOMHHAIBHON CKOPOCTH Vy. 5 MPUBOISIIETO JBUTATENS.
MakcrManbHO-TIOPITHEBBIE HACOCH! M ACHHXPOHHBIE 3JIEKTPOABUTATENIM BO MHOTHX CITydasx
UMEIOT OJIM3KUE 3HAYCHUS VH.HoM H Vi, JIOKamue B mpeaenax 2400 ... 960 o6/mun. OgHako
JBUTaTeNI BHYTPEHHETO CTOpaHHS MMEIOT 3HAYUTENBbHO OONBLIYI0 YacTOTy BpallleHHsS B

pEXMMe MaKCUMAJIbHOH MOIIHOCTH: Vn_ 5 = = 3500 ... 4500 munl. Ilpu sTOoM HeoOXoaMMa
BXOJHas 3y0Ouaras nepeaada ¢ KoaphUIrueHTOM
P (11.33)

e. 1 = Un, nomt/Un, 1. gom-

(OpuruHATBHBIA YACTBHBIN padounii 00beM BEIOpAaHHOTO Hacoca
Ju. mon = Va-_ 0/(211;), (11.34)



rae Vuo — paboumii oO0beM Hacoca IO TEXHHUYECKOH XapakTtepucTHke. llocme BwIOOpa
OCHOBHOTO Hacoca W THJIPOABHUraTelis, 00pa3yrIIuX O MarUCTPAIBHBIMU TPyOOIPOBOIAMHU
CUJIOBOU KOHTYP 00BEMHOT'O THAPOIIPUBO/IA, IPUCTYIAIOT K pacueTy MapaMeTpOB U BHIOOPY
THUTIOPa3MEPOB BCIIOMOTATENbHBIX ycTpoiicTB. Ha puc. 10.4 mokazaHsl MpUMEpHBIE CXEMBI
THIPOTIPUBOJIOB €  Pa3IMYHBIMU  BCIIOMOTATELHBIMH ~ YCTPOWCTBaMH. MUHHUMAIILHO
HEOOXOJUMBIMH  BCIIOMOTATEIbHBIMUA ~ YCTPOWMCTBAMH  CIIYXaT TPEJOXPaHUTCIbHBIC U
nmoAnUTOYHBIe (00paTHEIC) KianaHsl. Hamboee mpocTas cxema 00beMHOT'O THIPOIIPHUBO/IA C
3aMKHYTBIM TIOTOKOM JKHJIKOCTH M Ha3BaHHBIMH KJanaHaMu Hu300pakeHa Ha puc. 10.4, a.
[IpenmoxpaHuTeNbHBIC KJIANaHbl 3alIUIIAIOT THAPOIPHUBO]] OT Meperpy3ku. X HacTpauBarOT
Ha MaKCUMAJILHO JIOITYCTH-

Pnc. 10.4 . Cxema 00BEMHBIX THAPOIPUBOIOB C 3aMKHYTHIM OTOKOM U BCHIOMOTATEIbHBIMH YCTPOHCTBAMH:

Sl — ocHoBHOW Hacoc; OK — oOpatHele Kknmanauel; KI/I — mpenoxpaHHUTENbHbIE Kiamassl, / M— ruppomorop; PM —
PETYIUpPOBOUHBI MexaHu3M; @ — QUIbTp C KinanaHoMm; //7H — momnutouHslil Hacoc; [IK —. nepenuBHO#N xranan; BH —
BCIIOMOTaTeNbHBIH Hacoc; PI”— pacnpenenutens ¢ ruapoynpasienueM; 'O — TemiooOMeHHbIH ammapar

MOE JIABJICHUE >KUAKOCTH Puax = (1,25 ... 1,5) puoM- Y peBepCHBHOrO THIPONPHBOAA C
3aMKHYTBIM TTOTOKOM MPEIOXPaHUTENHHBIX KIIAMIAHOB JODKHO OBITH HE MeHee IByX. Ux
O0OBITHO KOMITJIEKTYIOT B €MHBIN OJIOK.

BreIOMpaloT MpesoXpaHuTENbHBIC KJAamaHbl MO0 YCIOBHOMY Mpoxoay dy

d‘!’ > V4Qa pac/ (Tl max)y (11.35)

TJ1€ Umax — MAKCHUMAJIBHO JOIYCTHMAsi CKOPOCTb TEUEHUS KUAKOCTH Yepe3 KilalaH,
nprHUMaeMmas paBHoit 15 ... 25 m/c.

IIpenoxpaHurtenbHbple KIalaHbl MPSAMOro JeMcTBUS (OAHOCTYNEHYAThIE) OTHOCUTEIHHO
IOPOCThl IO YCTPOMCTIBY, HMMEIOT Majloe 3amas3jiblBaHue Ipu cpabareiBaHud. OnHAKo
OTpaHMYMBAEMOE VMM JAABJICHUE CYIIECTBEHHO 3aBUCHT OT pacxofa *KHUAKOCTH U MOITOMY
m3mensercs Ha 0,3 ... 0,6 MIla. IIpemoxpaHuTenbHble KiamaHbl HENPSMOrO AEWCTBHA
(mByXCTymeHUaThle) CBOOOAHBI OT YKa3aHHOTO HEIOCTATKa.



Kpome  Toro, OHM  JONYCKAlOT  JUCTAHUMOHHOE  YIOPAaBICHUE  HACTPOUKOIL.
IMpenoxpaHuTeNbHBIC KITaaHbl IPAMOTO JCHCTBHS MOYKHO MCITOJL30BaTh nipu d7, paBHOM 10,
16 u 20 MM, a HEPAMOTO — TIpH 0y >25 MM.

Uepes oOparTHple KIamaHbl, COEAWHEHHBIE C MaruCTPAIGHBIMH  TPYOOIPOBOJAMH,
BOCTIOJTHSIFOTCSl yT€YKH (TIOJMNHTKA) >KAAKOCTH TIOM 3aMKHYTOM TOTOKe. OpHEHTHPOBOYHO
pacxo/1 KHUIKOCTH Ha YTEYKH U TIEPETEYKU B 00BEMHOM THIIPOIIPUBO/IC

Qy'r = Qu, mose (1 — M. oMa. oM. o} (11.35)

O6nemusie KIIJI HaxomaT mo MacHOPTHBIM TAaHHBIM THAPOMAIIMH M THApoamnmapatoB. B
THIIPONPUBOJE, TOKa3aHHOM Ha puc. 10.4, a, yTeuku BOCHIOIHSIOTCSI €CTECTBEHHBIM 00pa3oM,
T. €. TIOA OOLIUM JaBJICHUEM >KUAKOCTH B KOPIyCe Hacoca, KOTOPBIA CIYKUT THAPOOAKOM.
N36wiTounoe gasnenue 0,02 ... 0,03 MlIla co3maercs mocpeACTBOM YIIPYroro KOMIIEHCATOPA.
YpoBeHb 3arps3HEHHS OJKHUAKOCTH B TAaKOM THIAPOIPUBOJIE OrPAHUYMBAIOT IIyTEM
MEPUOJUYECKOM 3aMEHbl Maclla C IOCIHEAYIOIIEH €ero O4YUCTKOM U BOCCTaHOBIICHHEM
9KCIUTyaTallMOHHBIX  CBOMCTB. Hacoc perynupyroT Bpy4yHYHO HWIM C  ITOMOUIBIO
AIIEKTPOMEXaHIIECKOTO YCTPOMCTBA (Ha CXeMe HE ITOKa3aHo).

OOBeMHBII THAPONIPHUBOJ, CXeMa KOTOpOro m3oOpaxkeHa Ha puc. 10.4, 6, oTmmuaercs OT
PacCMOTPEHHOTO BCIIOMOTATEJIbHBIM HCTOYHHUKOM paboyeil IKHIKOCTH. ODTOT HCTOYHHUK
COJIEPKUT TOANHUTOY-HEIN Hacoc [/H, mepenuBHoi kianaH [IK u ¢uibtp ¢ kiamanom @. B
pe3ynbpTare, BO BCACHIBAIOIIEH TOJIOCTH HACOCA M CIIMBHOW ITOJIOCTH THAPOMOTOPA ITOCTOSHHO
nojiepxuBaeTcs n30biTounoe aapnenue Pn. 1 = 0,8 ... 1,3 MIla. Takas nmoanuTka mo3BoJseT
WCIIONB30BaTh THIPOMAIIMHEI C YyIYYINIEHHBIMH MAacCOTa0apUTHBIMUA IIOKa3aTesIMH |1
CYIIIECTBEHHO CHIDKAET COJIEPKaHUE Ta30B B 3aMKHYTOM KOHTYpE IUPKYIISALNHN KUIKOCTH.
JOMOTHUTENBHBI MCTOYHUK >KUAKOCTH, MOCTYMNAIOIIEW MO [1aBJI€HUEM, MCHOJb3YeTCS B
JAHHOM ciy4Yae Y i IIATaHUsA TUJIPABIMYECKOrO CEPBOIIPUBOJAA B PErYIUPYIOLIEM
MexaHn3Me Hacoca. OpUeHTHPOBOYHBIN PACXO/1 KHUIAKOCTH IPH paboTe CepBOIPUBOIA

ITocne pacuera u BEIOOpa yKa3aHHOTO CEPBONPHUBOAA 3HaUeHNE Qc. L YTOUHSIOT.

Qo.n=(0,1...0,15) Q. nom- (11.36)

Tpe6yeMasI nmogayda ImoAIIMTOYHOIO HacocCa

Qu w22 Qyr + Qo (11.37)

[ToTOK KHIKOCTH OT MOAMUTOYHOTO HACOCA OUYMIIAETCS (PHIBTPOM C TOHKOCTHIO (QUIIbTPAIH
10 ... 30 mxM. TemaoBO# peXUM OCHOBHOTO 3aMKHYTOTO KOHTypa IUPKYJALWU >KHIKOCTH
MOYKHO OLEHHUTH 10 (opMmyse, MOJYyYEHHOH W3 ypaBHEHHUS YCTAaHOBHUBILETOCS TEIUIOBOTO
bamanca (cMm. maparpad 2.6):

T = Ng. pac {1 — M. . aFwor) + To, (11.38)

ra¢ Nupac — MOIIHOCTh, ompenensemas 1o ¢opmyne (4.22); T u T, — Temneparypa
KHUIKOCTH M OKpyxXaromed armocdepsl; M . o — obmuit KIIJ ruzponpusona,
paccunTtsiBaemelit 1o popmyite (1.120); K ; n — xodddunmeHT Temmonepenadn (3Ha4YeHHE €T0
BbIOMpaeTcs Mo JaHHBIM 1. 2.6); Fry — CyMMapHas IUIOm@aab TEIUIONepeaadd KOHTypa
UPKYJISIAH KUAKOCTH (HAcOCa, THAPOMOTOPA U MAaruCTPAIbLHOTO TPYOOIIPOBOIA).

Heo0XxoauMOoCTh CYIIECTBEHHOTO YIYYIICHUS MPOIECCOB (MIBTPAlMM W OXJIAXKICHUS
paboueli JKUAKOCTH B THAPOIPHBOJAX 3HAYUTEIHHON MOIIHOCTH MPUBOAUT K YCIOKHEHHUIO
BCIIOMOTATEIbHBIX YCTPOWMCTB, KaK 3TO TMoka3aHo Ha puc. 10.4, 6 [36], yToOBl 0o0ecneunuTh
MHTEHCUBHYIO CMEHY XUAKOCTH, LIUPKYIUPYIOLIEH B OCHOBHOM KOHTYpE, JOMOIHUTEIBHO K
0o0paTHBIM KJIallaHaM yCTaHABJIMBAIOT paclpeieNuTeNs ¢ THapoynpaBienneM P/. bnaromaps
3TOMYy B TIporiecce paboThl THAPONPHUBOAA W3 MAarMCTPAIBHOTO TPyOONMpOBOAA C HHU3KUM
JTABJICHUEM Yepe3 paclpeieUTeNb U IePETUBHON KialaH MOCTOSHHO MepeTeKaeT B THAPoOaK



3HAYMTEILHOE KOJHMYECTBO JKHIKOCTH, Onm3koe K mozade Qn. W MOAMATOYHOro Hacoca. B
MIEPBOM MPHUOIKSHUH TPUHUMAIOT

Qn. B = (0,15- . -0»25) QH’. AoM (11'39)

Best kMOKOCTh OT TOMMUTOYHOTO HACOCAa HENPEPHIBHO (MIBTPYETCS M TIOCTYIaeT B
MarucTpajipHBI TpyOompoBoa, aaBieHue B Kotopom Pn. n = 0,8 .. 1,3 Mlla
TOJIIEPKUBACTCS TIEPETMBHBIM KIIATIAaHOM.

Korma st 3ddexTuBHON pabOTHl CEPBONPHUBOJA WM TUAPABIMYSCKOH CUCTEMBI
JIUCTAHIIMOHHOTO YITPABJICHUS THIPOIPUBOAOM HEOOXOAMMO Oo0Jiee BBICOKOE JaBJICHHC
MUTAHAA Ps. u = 2,5 ... 3,5 Mlla, qOTIONHUTENFHO YCTaHABINBAIOT BCIIOMOTATEIHHBINA HACOC
(BH) co cBouM mepenuBHBIM KiamaHoM. [logaga atoro Hacoca gomkHa OBITh Qs u > Qc. i .
Jiist muTaHusl BCIOMOTATEIbHOTO M PETYIMPYIOMIEr0 YCTPOMCTB OOBEMHBIX T'HIIPONPHBOIOB
O0OBIYHO WCHONB3YIOT MIECTEPEHHBIC WM IUIACTUHYATHIE HACOCHL, TaK KaK OHHU HMEIOT
HAWITy4IINe MaccorabapuTHbIE TIOKAa3aTel .

[ HHTEHCUBHOrO OXJaXAEHUS JKUJIKOCTH, MEPETEKAIOUIEd W3 MarucTpajbHOro
TpyOOIIPOBOIa B THAPOOAK Yepe3 MEepeIMBHON KIlalaH, MpeAyCMaTPUBAIOT TEIUIOOOMEHHBIN
armmapat (70) BoastHOTO MK BO3AyIIHOTO Tuma. [lomHas mMomiHOCTE NTii MICTOYHMKOB TETLIO-
BBIJICJICHHS U HE00X0auMasi MOITHOCTh N7y a TEIUIOBOTO 710MOKd, OTBOJUMOTO aIapaToM:

Niea=Nupsc(l — M) + QuaPn s+ Qs uPe. s (11.40)
Nea=Nyg— ke oFron (T — To), (11.41)

e Tx — JOMyCTHMAasl TeMIlepaTypa KUAKOCTH B 3aMKHYTOM KOHTYPE IUPKYJISAIHH.

st BBIOOpA MITH MTPOEKTUPOBAHUS TEIIOOOMEHHOI'O armapara Hy»HO 3HaTh MOIMTHOCTh Nrt.,
U pacxoj] pabodyeil JKUAKOCTH uepe3 TEIIo0OMeHHUK Q. = Qn (em. m. 2.6).
MarucTpaibHble ¥ BCIIOMOTaTelIbHBbIE TPyOONPOBOJABI THIPONPHBOJA BBIOMPAIOT O
METOJIMKE, U3JT0KEHHOH B 1I. 2.3.

CymMapHas IpyUBOJIHAS MOIITHOCTh TIOITUTOYHOTO ¥ BCIIOMOTaTeIbHOIO HACOCOB

N, v = Ql:[. ePo. a/Ma. w Qa. wPa. 1/Ms. v (11'42)

TICNew U Mew — KIIJI MOANMUTOYHOTO W BCIOMOTATENBHOTO HACOCOB. 3HAYCHUS M.y U
Neu TPUBOJATCS B MACTIOPTHBIX JIAHHBIX HACOCOB U COCTABJIAIOT IprOan3uTensHo 0,75 ...
0,85. MomHoCTh MPUBOAAILIEIO ABUTATENS

N, ___{ (Mo snow + Ny y)/Me. n 6€3 peryaatopa MoOLLHOCTH; (11.43)

{Ng. pac + N5 §}/fs. o € PETYAATOPOM MOHIHOCTH,

rae Ny =0,98 — KII/I BxomHOM MEXaHHYECKOW nepeaayn.

ITo Benwumne N,; BBIOMpAIOT NPUBOIANIMI JBUTATEIb. B TPYNIOBOM THIPONPUBOIC
paccMaTpUBaeMbli CHJIOBOH KOHTYP C 3aMKHYTBIM IIOTOKOM HCIOJIb3YEeT TOJIBKO 4YacTh
MOIIHOCTH OOIIIEr0 MPUBOISINETO IBUTaTEIIs.



11.1 Ocooennoctu npoexktupoBanusa I'IIC nuckperHoro aeicTeus

WCKPETHBIC IPUBOABI 3aHUMAIOT 3HAUUTEIBHOE MECTO CpPEAH COBPEMEHHBIX
CPEICTB aBTOMATHU3AlMH MAllMH M TEXHOJOrMYecKoro obopyaoBaHus. C UX MOMOIIBIO
YCIIEITHO PELIatoTCsl 331a4i TO3WIHOHUPOBaHUs pabouMX OPraHOB MAIMH U CTAaHKOB C
TpeOyeMOll TOYHOCTBIO. biaromapst AuCKpeTHOMY CmOCOOy yHOpaBiIEHHs TaKUMHU
NpPUBOJAMU BO3MOXKHA X HETOCPEICTBEHHAs CTHIKOBKA C HU(MPOBBIMH YIPABISIOUIMMHA
YCTPOHCTBaMH, K KOTOPBIM OTHOCSITCS MUKpomporieccopsl 1 DBM. JluckpeTHsle THApO-
¥ [THEBMONPHUBOIB! OTIMYAIOTCA OT CIEAALIMX IPUBOJOB MPOCTOTOW KOHCTPYKLHUH H
MEHbBILIEH YyBCTBUTEIBHOCTBIO K YHUCTOTE paboueil cpenpl, H3MEHEHUIO YPOBHS
VIOPaBISIONIET0 CHTHajla W KoJeOaHWsM MJaBJeHHWs HCTOYHHMKAa mNuTanus. Bce 3TO
oOecrieunBaeT MpU OTPAaHMUYCHHOM 4YHCIE MO3MIUH M AOIYCTHMOM IHCKPETHOM
JIBIKCHUH paboyero opraHa MallWHbl 3KOHOMHYECKYIO 3((eKTHBHOCTh NMpUMEHEHUs
JAUCKPCTHBIX IIPUBOAOB U HAJICKHOCTD UX B SKCILITyaTalluu.
N3BecTHO 0OJIBIIOE YMCIIO KOHCTPYKIIUN JUCKPETHBIX FHAPO-U ITHEBMONPUBOA0B. Cpemu
HUX MOJXKHO BBIJCJIUTH [03aTOPHBIE THAPONPHUBOIBI, OOBEMHBIC NPHBOIBI C MHOTO
IMOPIIHCBBIMA ABUTATCIIAMU, TUAPONPHUBOJALI ¢ MHOTOKaHAJIbHBIMHU (MHOFOILI)IpO‘IHI)IMI/I)
ABUTaTCIIAMH, IIAroBbeIC r’uapo- U IMHCBMOIIPUBOALI C MEXaHUYeCKOM pe):[yKuHeﬁ mrara u
[IaroBble THAPONPHBOABI C THAPABIMYECKON penykuueil mara. [losHakomumces c
NPUHIMIIAMHE JEHCTBUSI HAa3BaHHBIX IMCKPETHBIX NMPHBOAOB M CPaBHUM HX OCHOBHBIE
CBOMCTBA.

anboJsiee MPOCTHI 10 YCTPOMCTBY IUCKPETHBIN THIPONPHUBOJ 103aTOPHOIO THIIA
(puc. 5.1). O obecreunBaeT IUCKPETHOE IBIDKCHHWE BIIEPEN W ITO3UITMOHHPOBAHUE
BBIXO/IHOTO 3BEHa (IITOKA) MPH pEJIeHHOM 3JIEKTPUYECKOM YIPABICHUU TaKTOBBIM
pactpenenutenem (7P). Bo3BpaTHoe NIBIKEHHE HEMPEPHIBHOE U BBHITIOIHSAETCS MPH
BKJIIOUEHHH PEBEPCUBHOIO pacnpeaenurens (PP) no ynopa. Ilociie Kaxaoro BKIFOUEHHS
M BBIKJIOUYEHHUsS] DBJIEKTPOMArHUTA TAKTOBOTO PpACIPEACINTEN IITOK C IOPIIHEM
Omaromapst mosupyoomeMy TWIHHAPY (/[L]) mepemerniaeTcs BIEpEI Ha ONpPEAeTICHHYIO
BenuurHy Ale. IIpd HEM3MEHHOM COCTOSIHMM TaKTOBOTO PACIIPENCIHMTENs BBIXOHOE
3BCHO YIEPKMBAETCSl B 3aJaHHOM IMO3ULIMU B Pe3yJbTaTe IOCTOSHHOTO NaBJICHHUS B
MOPIITHEBOM TMMOJIOCTH TuApouwiauHapa (/1)) u 3anmupaHds >KUIKOCTH B IITOKOBOH
MOJIOCTH, UCTIOJIHUTEIIbHON THIPOJIMHUHU M KaMEpPE JI03UPYIOLIETO HUIIMHIPA.
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Puc. 11.1. Cxema TUCKPETHOTO Puc. 11.2. Cxema MO3MIIMOHHOTO THAPO-
THAPOTNIPUBO/IA JI03ATOPHOTO THTIA MPHUBOJIA C MHOTOIOPIITHEBBIBI 00bEMHBIM

JABUTaTCIIEM



Jns yscHeHHMs TpPHUHIMIIA JEUCTBUS J03aTOPHOTO THUJPONPHUBOAA W OICHKH
TOYHOCTH MO3UITMOHUPOBAHUS COCTABHUM YMPOIIECHHOE MaTeMaTHYECKOE OIHUCAHHE
U3MCHECHHMS  KOOPJWHATBHl  BBIXOJHOTO  3BEHAa IPH  TMO3UIMOHHWPOBAHUU
THIPOLWIMHAPA;

(11.44)
Y = Yoty -+ Ay e = Folo/(0u42),

rme y; — KOOpAWHATa BBIXOJHOTO 3BEHA THAPONWINHAPA; ), — HICATHHOE
TIepeMeITeHIe BRIXOAHOTO 3BEHA B IIpeesiaX OJHOTO YIIPABJIAIONMIETO TakTa; Ny —
YUCIIO OTPaOOTAHHBIX YIPABIISIONINX TaKTOB; Ay; — OIINOKA TMO3UITHOHHPOBAHUS
BBIXOJTHOTO 3BCHAa THOpoumiauHApa, Fo m lp — mmmomame W XOm MOPIITHS
MO3UPYIONIETO0 MWIWHAPA, G — dS(QQexTuBHAs IUIOMAne MOPHIHA; On —
COOTHOIIIEHHUE TUTOIMACH MOPIIHS B IMOJIOCTIX THAPOIMINHAPA.

Benuunnaa 7, COOTBETCTBYET 4YMCIY BKIIOUCHHII M BBIKIIOYCHHH TaKTOBOI'O
pacnpenenutens. OnuOKa MO3UIMOHUPOBAHMS 3aBUCUT OT CKMMAEeMOCTH M yTeUYeK
paboueii cpeasl B IITOKOBOM ITOJIOCTH THAPOIMIMHApA. [ OLEHKH ONINOKHU
MTO3ULIMOHUPOBAHHMS IPUEMIIEMBI (POPMYIIbU

. 11.45
Po = PufCg — H J(0pqxMy, u)i ( )
(11.46)

By = ezton (o (3) o Ty (e Y,

y Do Par Qy. nou‘noa . A
m= Puom ~— Par Oxin LA

n == A + Ann (11.47)

TIe po U p, — JABIICHUS B IITOKOBOM M IOPIIHEBOH ITOJIOCTIX THAPOIMINHAPA; H.
— BHEIIHASA CTAaTHMYCCKas Harpys3Ka Ha. BBIXOAHOC 3BCHO; T}y w — MEXaHUYECKHH
KIIJI rugporunuHgpa; p4r — arMochepHoe naBiacHHUE, V,e, Vy 1 Va1 — 00BEMBI
JKUIKOCTH, YIPYTHX CTEHOK M BO3AyXa IPH aTMOC(HEPHOM [ABJIECHHHM B IITOKOBOMH
[IOJIOCTH, UCIIOJHUTEILHOM THAPOIUHUH U JO3UPYIOIIEM HUIUHAPE; Eye — MOIYIIb

YIOPYTOCTH KHUAKOCTH, £, — TPHBEACHHBIH MOIYJIb YIPYTOCTH CTCHOK, n —
ITOKa3aTellb MOJUTPOIHIECKOr0 TPOIecca CXKATHSA Ta30B, Pwov — HOMHHAIBLHOE
JaBJIcHUC SKUAKOCTH; Qy.How — HOMHHAIBHBIC YTCUKH JKHIKOCTH M3 IITOKOBOM

MOJIOCTH THIPOUWIWHIAPA, B JABYX THAPOPACHPENCTUTENSIX W U3 IOJOCTH
JIO3UPYIOIIEr0 HUIUHAPA, thos — BpeMs MO3UIIMOHUPOBAHHUS BEIXOHOTO 3BEHA.
[TonoxuTenpbHOE CBOMCTBO J03aTOPHOTO THAPOIIPUBOIA — BO3MOXKHOCTH M3MEHEHHS
OJTHOTAKTHOTO TMEPEMEIICHHSI Yy, TOCPEACTBOM PETYJIMPOBAHUS XOJa IOPIITHS
no3atopa. OCHOBHOM HETOCTATOK — CYIIECTBEHHAs OITHOKa AY); TO3UIIMOHUPOBAHHUS,
MIpUYEM OHA YBEIIMIMBACTCS C TEUECHHUEM BpeMeHH, [103ToMy HauaabHOE MOJOKEHUE
BBIXOJTHOTO  3BEHAa  MPHUXOAWTCS  CHUCTEMAaTHYECKH  COTJIacOBBIBATH  ITyTEM
HETIPEPHIBHOTO XOJa Ha3aa Jd0 ymopa. [wapompuBOabBl 103aTOPHOTO THIIA
MIPUMEHSIOTCS TIPH aBTOMATH3aIlMH CBAPOYHBIX PadoT.

ToOYHOCTh TO3WIHOHUPOBAHMS THIAPO- W ITHEBMOIIPHBOJOB C MHOTOIOPIIHEBBIMU
JIBUTATEISIMU HE 3aBHUCHUT OT CKMMAaeMOCTH M yTedek paboueit cpeasl. [IpmmepHas
cXxeMa MHOTOIIOPITHEBOTO O0BEMHOTO JBUTATENs ToKazaHa Ha puc. 11.2.
JMcKpeTHBIN IBUTATENIh UMEET IUIUHIP, BHIXOAHOM IITOK M HECKOJBKO MOPIIHEH,
CBSI3aHHBIX 3aMKOBBIMH yCTPOWCTBaMU. Pasmephl 3aMKOBBIX YCTPOMCTB BBITIOJIHEHBI
TaKUMH, YTOOBI TOPIITHH MOTJIH IEPEMEINAThCd OJUH OTHOCHTEILHO APYroro Ha
BenmnuuHel 11 = y,,, l2 =2y, |3 = 4y., ls = 8Yy. u Tax nanee, rue y. — €IMHUYHOE
MepeMeICHIe BBIXOJHOTO 3BeHa. [lojocTh Mexy HOpIIHAMU 00pa3yroT pabdouue
KaMepbl JTUHEWHOTO JBUTATENs, KOTOPhIE COSAWHEHBI WCIOJHUTEIbHBIMUA JIMHUSMHU
JI1—JI4 ¢ ynpaBasomuMu pacnpenenurensmu P/—P4. IlltokoBas MOJOCTh C
ITOJIOBUHHOM 3(()EeKTHBHON IUIOIIAIBI0 MOCTOSHHO COCIWHEHA ¢ HAIOPHOM JIMHHUCH.
Pacnpepgenurenn  P/I—P4 ¢ DJEKTPUYECKHM  yIOpaBIEHUEM B  3aJaHHOM
MTOCJICIOBATEILHOCTH COCIUHAIOT HWCIOJHUTEIbHbIC JTUHUU JII—/[4 u paboune
KaMephbl IBUTATENs C HAIOPHOW WUJTM CIMBHOM MaruCTpajbHBIMH JIMHHUSAMU.
KoopanHaTy BBIXOJHOTO 3B€Ha MHOTOIOPIIHEBOTO JIBUTATENIsi MOXHO BBIPA3UTh C
TTOMOIIIBIO TBOMYHOTO KO/A:



I mpr H;
y = P ’ (11.48)
0 mpu C;
N (11.49)
- .
Z=3 a2™"
b=l
— 11.50
Yn = ZYet Ayy, ( )
rae a, — 3HauyeHHe NHU(PBI JABOMYHOIO KOAA, 3aBHCSIIEE OT COCTOSHHS
HCHOJMHUTENbHOHW auHnn, H 1 C — yclloBHOE 0003HAUCHUE COCAUHCHUS ¢ HAIIOPHOM
W CIUBHOM (BBIXJIOIHONM) MAarucTpajibHBIMHA JIMHHSAMH, Z — YHUCJIO, 3aJaHHOE
VOPaBISIONIMMHM  CuUrHajgamu; N —  49ucio  paspsaiaoB  JABOMYHOIO — KOJa,
COOTBETCTBYIOIIEE YHCIIy MCIIOJHHUTENBHBIX JIMHWMA WM TopmiHed; K — Homep

paspsaga IBOMYHOI'O KoJa, COOTBGTCTBYIOHII/Iﬁ HOMCPY HCIIOJIHUTEIIFHON JTUHHM.
YToO5I YCTaAaHOBHUTH BBIXOTHOC 3BCHO MHOTI'OIIOPIIHEBOI'O ABHUI'aTCIIA B IIO3UIIMIO

Yg = ]{)ye + Aym (11.51)
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Puc. 11.3. CxeMa NO3UIHOHHOTO THAPOIPUBOLA C MHOTOKAHAIBHBIM
TUIPOABHUTATEIICM

HYXHO BKJIIOUMTH 3JIeKTpoMaruutbl P2 u P4. IIpu 3TOM UCIIOJIHUTENbHbIC TUHUU JI2
u JI4 coenuHs0TCS ¢ HAopHOH, a JI/ u JI3 oCcTaHyTCS COCTMHEHHBIMU CO CIMBHOM.
IlepemelieHre BBIXOJHOTO 3BeHa OyJeT COOTBETCTBOBATH CYMME II€pEMEIICHHMIMA
MOPITHEN:

Yx = lo+ I £ Ay = 24, + 8ye ok Ayy = 10y, == Agy. (11.51)



CormnacHo dopmye (5.3) uncio
Z=0224+124+0224+122=2+8= (11.52)

OO6I1ee YHCI0 OUCKPETHBIX IMOJOXKCHHH BBIXOAHOI'O 3BE€HA MHOI'OIOPIIHEBOrO IABUTATEISA
3aBHUCUT OT YHCla N MOPIIHEN UM UCTIOJIHUTENIBHBIX JIMHUHN C paclpeaeuTe MU U PAaBHO
coorBercTBeHHO 2", OmmMOKa MO3UIMOHUPOBAHUS Ay 3aBUCHT OT TOYHOCTH H3TOTOBIICHHUS
JeTajeil 3aMKOBEBIX YCTPOMCTB U cocTaBiset Ay = +(0,05 ... 0,2) mm.

N3BecTHBI TUHEHHBIE U IOBOPOTHBIC THAPABIMYCCKHE U MTHEBMAaTUUECKHUE MHOTOIIOPIITHEBBIC
WM MHOTOIIOJIOCTHBIC JIBUTaTeIN. BBICOKass TOUYHOCTH MO3UIIMOHUPOBAHUS M BO3MOXKHOCTh
VIIpaBJICHUS B JBOWYHOM KOJIe — MPEUMYIIECTBO pPacCMaTPUBAaEMbIX IMO3UIIMOHEPOB. K
YHCIy HEIOCTATKOB OTHOCATCSA 3HAYUTENIbHBIC Tra0apHTHBIC pa3Mepbl U CI0KHOCTH
KOHCTPYKIIMH MHOTOTIOPIITHEBOTO ABUTaTeNss. KpoMe Toro, B HEKOTOPBIX CIIy4yasx BOSHUKAET
HEYIIpaBIIIeMOe ABHKEHHUE BBIXOHOTO 3BCHA B MEPHO/ NIEPEKIIOUCHUS JBUTATEIIs U3 OJHOM
MO3ULHUK B JPYryl0. DTO CBA3aHO C Pa3jIMYHBIM O00BEMOM KaMep MEKIy MOPIIHAMHU B
MWIMHAPE, KOTOPBIE  3allOJIHAIOTCS M ONOPOXKHSIOTCS ~ HCOOWHAKOBOE  BpEMSL.
MHOTOIIOPITHEBBIE JABUTATEI TPUMEHSIOT B PA3IMYHBIX THUCKPETHBIX VIIPABJISIOIIIX
YCTPOMUCTBAX.

MHoOTroKaHaIBHBIA (MHOTOIBIPOYHEIN) THAPOABUTATEIb UMEET OIWH ITOPIICHb W OOBIYHBIC
JUIS TUAPOLIMIMHApPA radaputHeie pa3Mepsl (puc. 11.3). B cTeHKe HHMIMHApPA BHITOJHEHBI
OTBEPCTHsI, KOTOPBIE COSIWHEHBI HCIIOJHHUTEIbLHBIMH JUHUSIMH JI/—J/I5 ¢ paclpenenure-
M P1—P5. Yucao oTBEpCTHI COOTBETCTBYET YHCIY MO3UIUN BRIXOAHOTO 3BEHA (IIITOKA).
O0Oe MOIOCTH TUAPOLMIIMHIAPA COCAWHEHBI 4Yepe3 IHHUH JIS u JI7 W MaructpaibHbIC
npoccenu /{1, /{2 ¢ HanopHoli rupponuHucii. [lomoxkenne (IO3UIHKS) MOPIIHSA CO IITOKOM
3aBHCUT HOMEpa OTBEPCTHSA, COCAMHECHHOTO B pPAaCcCMaTPHUBAEMBIi MOMEHT BpeMEHH
IIOCPEACTBOM pacHpeAcIuTeII CO CIMBHOM THApOIMHHEH. Tak Kak B COSOIWHEHHOM CO
CJIMBOM TIOJIOCTH THAPOLNMIWHApPA JaBJICHHEC CHIDKACTCSA, TO TIOPIICHh CO INTOKOM
MepeMENIaeTcsi B CTOPOHY YKA3aHHOTO OTBepcTHs. PaBHOBecwe Cui, JCHCTBYIONIMX Ha
MOPIIEHb, HACTYIUT B MOMEHT, KOIJIa €ro IOSCOK IEPEKPOET COCIMHEHHOE CO CIHMBOM
OTBEPCTHE.

UToOBI OICHUTH CBOMCTBA IMO3WIIMOHHOTO THIPOIPHUBOJA ¢ MHOTOKAHAJIBLHBIM JBUTATEIIEM,
BOCIIOJIb3yEeMCSl CIIEAYIOIIMMH YIIPOIIEHHBIMM 3aBHCUMOCTSAMHU (0€3 ydeTa CONPOTHUBIICHHS
TUIPOJIMHUN U TUAPOPACTIpEeTUTENIeH) 11 KOOPAUHATHI V9 BBIXOJHOIO 3BEHA, MPEACTHHON
CKOPOCTH Va ABHKCHHUA TOpIIHA M HECIIPOU3BOJUTCIIHLHOI'O pacxoga Qc,ql JKUIKOCTHU HaA CJINB B
IpoLecce ABMKEHHS ITOPIIHS:

(11.52)
On = foffe — AYys  Up == —Vpa Ho/(gaMg, w) — Pos
_ (11.53)
Qen = %y VPH -~ Pg
rJe n, — TOPAIAKOBBIH HOMEP OTBEPCTHs, COEJAMHEHHOIO CO CIUBOM; Y, — €JAMHUYHOE
NEPEMCIICHUE BBIXOAHOT'O 3BCHA, Oy — IPOBOJUMOCTb MarucCTpaJbHOI'O APOCCCIIA;, py U

Ps—aBIIEHUE KUJIKOCTH B HAIOPHOW M CIIMBHOW TMAPOIUHUAX.

AHanmu3 TPUBENEHHBIX 3aBUCHUMOCTEH IIOKA3bIBA€T, UYTO MAaruCTPajbHBIE JIPOCCETH
OTPHUIIATEIHLHO BIUAIOT HA OBICTPOACWUCTBHE IMO3UIMOHHOTO THUIPOIIPHBONA W BBI3BIBAIOT
3HAYUTEIIbHBIC TIOTepHU dHepruu. C yBEIHYCHUEM ITPOBOJAMMOCTH Oy Bo3pacTaeT pacxo Qcy,
a MIPU YMEHBIIICHUH 0 3HAYCHHUSI CHIKACTCSI CKOPOCTB V.

Ommbka Ayj; TTO3WUITMOHUPOBAHUS 3aBUCHT OT (hOPMBI M Pa3MEpOB TOSCKAa Ha TIOPIIHE H
OTBEPCTH B CTEHKE MWIMHIApa. 3HadeHwe AYj; NPUOIM3UTEILHO pPaBHO TMEPEKPHITHIO
mosickoM oTBepcTusi. CyIIEeCTBEHHBIH HEIOCTAaTOK IMO3WUIIMOHHOTO THAPOIPUBOIA C
MHOTOKaHAJILHBIM THPOJIBUTATENEM — OOJIBIIOE YUCIIO PACIIPEACIUTENEH C AIIEKTPHUECKUM
ynpasienueM. Tak, 49toObl oOecnieunth 20 TO3WIMIA, TPHUBOJ C MHOTOKAHAIHLHBIM
TUAPOABUTATENIEM JAOKEeH coxaepxkarh 20 ruapopacnpeaenurencii. YCTpaHUTb 3TOT
HEJOCTATOK YAAJIOCh CO3JAaHUEM IIaroBbIX TUAPO- U MHEBMOJBHUrareieil C IUKIOBBIM
YIPABICHUEM.

Hcropuuecku nepBbIMU MOSBUIUCH IIarOBbIe ABUTATEIN C MEXaHMUYECKOW pemyKuuen mara
[39]. IIpumepnl cxeMm Takux JBHTaTeldeH IokazaHbl Ha puc.11.4 m 11.5. MexaHHYecKyrO
PEAYKIUIO Iara 0OeCIeYnBacT B PaJualibHO-TIOPIIHEBOM IIIarOBOM JBHraTene (puc. 5.4)
POJIMKOKYJIAUKOBBIM mepenaTounblii MexanusM. [loouepenHoe coenuHeHre OJHON U3 MATU
MOPIIHEBBIX KaMep C HaNoOpPHOM JIMHUEHW TMpPU COEAUHEHUH OCTAIbHBIX CO CJIMBOM
JIOCTUTAETCS TIOBOPOTOM BBIXOJHOTO 3BeHA (BaJia) HA BeJIUYUHY, PABHYIO

Brsr = 28/{naty), (11.54)

rae Ny - Yucjao nopumel“d; Ny — Y410 KYJAQYKO0B Ha CTaTopeE.
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Puc. 11.4. Cxema paguaibHO-TIOPILIHEBOTO IIATOBOI'O IBUTATENIS C POJIMKOKYIAYKOBBIM
NepeaaTOYHBIM MEXaHU3MOM:
/7 pacrupeaciureiibHaa oCh, 3 — PpOTOD, 3 — BBIXOJHOC 3BCHO, 4 — IIOPUICHb, 5 — POJIUK: B — KVJ'Ia‘{KOBBIﬁ
TaT

)

Puc. 11.5. CxeMsrI:

a — aKCHaJIbHO-TIOPIIHEBOTO IIAr0BOrO JIBUTATENS C IUIAMETAPHO-3y0UYaThIM MEPEIATOYHBIM MEXaHU3MOM; 6 —
HCIOJIHUTEIBHOM YaCTH [Iar0BOT0 NMPHBO/IA; / — OJIOK IMJIMHAPOB; 2 — Kopné/c; 3 — nopens; 4 —
Ka4aromasCcs IIAHeTapHas IECTEPHST; 5 — BOTOD C TOPLIOBBIM 3yO4aThIM BEHIIOM; b6 — MepeHss KpbIIKa; 7 —
BBIXOJIHOE 3B€HO; 8 — CHUJIOBOM KapaH; 9 — HemoABUKHAsL 0Ch; [1[/] — 1iaroBslii asurarens, JI1—JIS
HCTIONHHUTENbHBIE nHuN, P[—PS — pacnpenenurenu

IIpy KOHCTpYMpOBAaHMM IIIATOBBIX JBUTATENIC pacCMaTpHBAacMOro THIIA
HEOOXOJMMO BBIJIEPXKUBATh COOTHOIIECHHS: 1, > 3, nx > 1 U ne #np.
PonrkoKynauKkoBEIi MEXaHU3M 00ECIIEUMBACT 3HAYMTEIILHEIN KPYTSIIMA MOMEHT
Ha BBIXOJHOM Bally W MPHUEMJIEMYIO JOJTOBEYHOCTD . ABHrareiss. OaHako Takas
KOHCTPYKITUSI HETIPUTOHA JIJISI OCYIIECTBICHUS MaJIbIX IIaroB.
AKCHAITbHO-TIOPIITHEBOM ~ IMArOBBIi  JIBUTATENb C  IUIAHETapHO-3y04a-ThIM
meperaTouHbiM - Mexanu3MoM (puc. 11.5, a) Taxke BBIOJHSAET IIAroBOS
TIepeMEITICHIE BBIXOIHOTO 3BSHA TIPH TT00YEPESTHOM BKITFOUCHHUHN pacIIpeIeTTeeH
PI—P5 v coequiHEHNI TOPIITHEBBIX KaMep ¢ HAIIOPHOM U CIIMBHOM (BBIXJIOITHOM )
MarvcTpaibHbIMUA JIMHUSAMHU. biiaro-. maps IuraHeTapHO-3y04aToMy MEXaHH3MY
OH 00eCrieunBacT BeChMa MaJIbIi YTIIOBOM IIar

Gmer = 25%{(renig), (11.55)



rne Ip = zp/(zn — 2zp) — nepenaTodHoe YKCIIO IUIAHETAPHOIO PELYKTOPA; Zp U Zn —
YHUCJIO0 3yObEB BpaIAFOIICHCS POTOPHOM M Kadarolielcss 0e3 BpallleHus IIaHeTapHOH
HICCTEPCH.

Yarie Bcero nmpuHUMAarOT Zn — Zp = 1. K HemocTaTkaM ImiaHe-TapHO-3y04aToro MexaHn3Ma
OTHOCHUTCS TIOBBIILICHHBIA U3HOC 3YObEB OPH 3HAYUTEIILHBIX IEPEAaBaCMbIX KPYTSIIUX
MOMECHTAX.

Bombliioe YuciIo MIaroBeIX THAPO- U MHEBMOIBHMIATENICH MMEET MEXAHUYCCKYIO PEIYKIIHIO
mara, K HUM OTHOCSATCS NOPIIHEBBIC, AUadparMeHHbIE, CHIL(OHHBIC M CTPYHHBIC
IIArOBBIC IBUTaTeIM BPAILATE/IbHOIO M IIOCTYNATS/ILHOIO ABIKeHMs. YacToTa 0TpaboTKH
VIIPABJISIOMIMX 3JICKTPUUYECKUX CHTHAJIOB IMO3UIMOHHBIMU IPUBOJAMU C IIIArOBBLIMHU
THIPO- M IHEBMOBUIATC/IIMA OTPAHUYMBAETCS, INIABHBIM 00pa3oM, OBICTPOACHCTBHEM
pacnpeneymreneii ¢ dnekrpoMarauramMu . cocrasisteT Ty = 10 ... 100 T'm. OOrmit
HEJIOCTATOK IIIAarOBBIX ABUTATEICH ¢ MEXaHMYSCKOM PEAYKIMEH Iara — 3aBUCHMOCTD
ommoOKu Ay, TMO3WLUMOHUPOBAHKMS OT H3HOCA CHJIOBOIO IIEPEAATOYHOIO MEXAaHM3Ma,
MOPTOMY HMX MPEHMYIIECTBEHHO IIPUMEHSIOT B aBTOMATUYCCKUX  YCTPOMCTBAX
HeO001b1110H MolHOoCTH (110 3 KBT).

JlanpHeiiee pa3BUTHE OOBEMHBIX IPHBOJOB AMCKPETHOIO JICHCTBUS IIPUBEIIO K
CO3JIAHUIO IIIArOBBIX THAPOJBHUIATENICH C THUAPABIMYSCKON PEAYKIMEH Iara, KOTOphbIe
MPaKTHYCCKH HE HWMEIOT OIpaHMYECHHM 10 MOIMHOCTUA. Takue TIuapOoABHIaTesIHM
MPEACTABIISIOT COOOM COUETAHNE CEPHIHO BRITYCKAEMOI0 THIPOIBUTATENIS HEIIPEPHIBHOIO
JCUCTBUS U CIEHHAIBHOIO IIAaroBoro pacupeaenurens. [Ipumepbl cXeM IaroBbIX
THIPOIPHUBOJIOB, COACPYKAIIMX IIIarOBhIC paCIpeC/IMTEM, I0Ka3aHbl Ha puc. 11.6.
IToaBr>KHAS YacTh IIATOBOT'O PACHPEICIIATENIS COSIUHCHA C BRIXOJHBIM 3BCHOM (BAJIOM
WJIM IITOKOM) 00BEMHOI0 THIpoaBurareis. I1onBoaHbIe OKHA COSIUHEHBI MCTIOTHUTEITh-
HBIMH THIpOJMHUSIMHA JII—/I4 ¢ runpopactpenemmrensamu P/ u P2, OTBogHBIC OKHA
IIIArOBOT0  PACIIPEACIUTENSI COSAMHEHBI KaHAJIaMHA WM TPYOONPOBOJIAMHU C TIOJOCTSIMU
THIPOABHUTaTEIIs. HcnomaurennsHpie THIPOJIMHAN TIEPEKITIOYAFOTCS
{Hﬂgopgc):npenemenmm [UKIIMYHO B OINPEICIICHHON TaKTOBOM IOCIIEAOBATEIILHOCTH
Tabm1. 6).
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Puc. 11.6. CxembI IIAroBbIX rHIPONPHBOI0B ¢ THAPABINYECKON pexyKIueii mara:
a — BpallaTeJIbHOT0 IBHKCHUS 0 — TO Ke. MOCTYNNATECJIBHOI'0; I—ZI— THAPOABHUIATEb:
IHaroBbI pacnpeaeanTeb: K - HCIOJTHUTEC/IbHBIC THIAPOJIMHHM: u P2-.
THApPOpAcHpeNeTuTeTH a aJeKTPHYEeCKHM YyNpaBJIeHHeM



6. Ipumep yerpipextakTioro  [Ipy  KaKIOM IEPEKIIOYEHHMH  KOMMYTHPYIOIIMMU

TEPCICTIOUCHHUSA MCNOTHHTEILHEX nacrpenenurensimd P/ w1 P2 WCIIONHUTENBHBIX
THI00JIHMHHUHA

N taxta | JII |12 |13 JI4 Tanpoivami  JII—/[4 B yKasaHHOW

TIOCIICAOBATEIILHOCTH BBIXOJJHOE 3BEHO

THIPOJIBUTATENS TIepeMeIacTCsl Ha OAWH IIar.

| H |II C IT  OrpaboTKa KaKIOro Iara OCYIIECTBISIETCS

5 g n ¢ TWIPOJIBUIATENEM B PEIIEHHOM PEKUME (CM. PHUC.

3 c i H n 116, a). B Havajge mara S>KAAKOCT U3

4 II|C I H HamopHOW THAPOJIMHUMM TMOCTYIAeT 4epe3
COOTBETCTBYIOILICE

Dpumeyanue. H—nanop; OKHO IIArOBOIO PACHPEEIIATENS B HATOPHYIO

I — nepekpbiTo; C — cauBb. MOJIOCTh  ruapozaBurarenss. M3  mojoctu

BBITECHCHUS JKHUAKOCTh Yepe3 BTOPOE OKHO
neperekaeT Ha ciuB. | 'HapoaBurarenh IMpUXOAUT B JIBIDKEHHE. B KOHIE 1Iara
ITOBYDKHBIN 3JIEMEHT I1IarOBOI0 PACIPEACIUTEIII IICPSKPRIBACT Ha3BaHHEIC OKHA, B
pe3yabTaTe 4Yero THAPOABHUIATENIb TOPMO3HTCI. lIpy IociemyroneM TaKTOBOM
IIEPCKIFOYCHUMY  UCIIOJHUTEIBHBIX  TUAPOIMHUNM THJIPOABHUIATCIL BBIIOJHICT
CJICIYIOIIMH IIIar M TaK Jajee.

Pesepc  rmuapomBuraresis  OCYIIECTBISIETCS NP OOpaTHOM  TaKTOBOM
MEPEKITFOYEHNH MCIIOIHUTEIBHBIX THAPOIMHMN. B pexuMe (prkcamy BBIXOIHOIO
3BCHA B 3aJaHHOH IIO3UIIMH THAPOJABUTATEIbL C INArOBBIM pPacCHpeACIUTEIICM
JIEHCTBYET IOAOOHO CIIEAsIIEMy IIPUBOAY C MEXaHUYECKOM 00OpaTHOM
CBS3BIO.

IIlaroBele TUAPOABUTATEIIN C THAPABIMYCCKOM PEAYKIIMCH Ilara MMCIOT TaKHe
VIJIOBBIE W JIMHEWHBIE IHaTH: Ve =4,5... 22,5° U Ve =2 ..40 MM,
MaKCHMaJIbHYIO 4acTOTy OTpabOTKM ympasisomux curaainos fy, =20... 100
I'm. Ommoka nosunmonuposanus Ay; =(0,1 ... 0,2) yuq. . Cuna, pasBuBacMas
I1IArOBBIMH THAPOBHTATESIMU TIOCTYIIATEIbHOTO aBrkeHus, Hy = (5¢ 10? ... 3-10°)
H, xpyTsampmii MOMEHT y maroBbIx ruapoMotopoB Hyy =50 ... 500 Hm.
HekoTtopbie 00pa3iibl MaroBbIX THAPONPUBOIOB C THAPABINYESCKON PEIYKIMEH
Iara IIpUMEHSIOTCS B CUCTEMax JUCTAHIMOHHOTO YIIPABICHHUS ITOIBEMHOIO KpaHa
u OypoBOIO CTaHKa, B CHUCTEME pYJICBOrO VIPaBICHUS MOOUIHLHOTO
SHEPIOTEXHOIOIMYECKOTO CPEICTBA, B IMOALEMHOM MEXAHHU3ME JIMCTO3arpy3drka
ABTOMATMYECKOM  INTAMIIOBOYHOH JIMHUM W B  CEPUMHO  BBITYCKAcMOM
ABTOMATUYECKOM KOHBEHEPHOM MaHMIIyIsTope. B Oymymem, 1o Mepe
aBTOMAaTH3allid  IMMOAbEMHO-TPAHCHOPTHBIX,  ITOTPY30YHO-PA3rpy304YHBIX U
YCTAaHOBOYHBIX oOnepaiuii, 3(p(PeKTHBHOCTh MPUMEHEHUS JUCKPETHBIX THIPO- U
MTHEBMOTMIPUBOJIOB OyJIET BO3PACTaTh.



