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Ilpeonosicen HOGuIL Mun KOMOUHUPOBAHHBIX 2A30MYPOOOEMAHOEPHBIX IHEPLeMUYECKUX
YCMAHOBOK Kak d¢hgpexmusHoe cucmemuoe peuienue 01 y8eludeHus 8blpabomKu dJieK-
Mmpu4eckoll dHepauU U nosvileHus mennogou sxonomuunocmu TIL]. Pazpabomansr men-
JI08ble cXeMbl U npuseden NPUHYUN pabomvl KOMOUHUPOBAHHBIX IHEPSEMULECKUX YCAHO-
80K HOB020 MUNA 05l MEN0Gol snekmpocmanyuu. IIposeden mepmoOuHamuyecKuil ana-
JU3 NApamMempos meniosoix cxem KOMOUHUPOBAHHBIX IHEPSEMUUECKUX 2a30mypoodemaH-
OEPHBIX YCMAHOBOK 6 3A8UCUMOCTU 0N MEMNEPAMYPbl HAPYHCHO20 B030YXd, dlleKMmpuye-
ckoul u mennogou nHaepysoxk TOLl, a makoice pacxooa npupooHoeo easa, nompeobiiemozo
T3L], uepes 2azopacnpederumenvhoiii nynkm. Ilo pesyrbmamam pacuema npogedena on-
MUMU3AYUS NAPAMEMPO8 YUKIA DHEP2emudeckux YCMaHo8oK, obecneuusaowjas 3d0a-
HYy10 271eKkmpuyeckyro mownocms u KIIJ[ eazosotl snepeemuyeckoii mypounvl. Yemanogne-
HO, ymo ee 2nekmpuyeckas mowHocms u KIIJ] 3a6ucam om eaudunsl pacxooa npupooHo-
20 eaza, nooasaemoco Ha TOL] @ pasHvle mecaybl 2004, U COOMBEMCMBYIOUUX MeMnepa-
myp 6030yxa. Haubonee s¢ppexmusnas Komounuposanuas ycmanHoska npeocmasisiem co-
oot cucmemy, 6 KOmopou mypoooemanoepvl C6513aHbl ¢ MYypPOOKOMNPECCOPHLIM BATOM
munogou I'TY unu dononnsiower munosyio I'TY mypbodemanOeprbim KOMNPeccopHbiM
bnokom.

Knrwuesvie cnosa: mennosas INIEKMPOCMAHYUA, KOMNPECCOPHAs CIMAHYUAL, 2a30myp6uH—

Has ycmaHosxa, mypoodemarnoep, RPUpoOHbIll 2a3, 2a30PACnpedesiumebHblil RYHKNM, 2d-
30MYPOUHHAS INEKMPOCMAHYUS.

B Poccuiickoit denepanyin 3KCIITyaTUPYeTCsl camasi MOIIHA W MPOTSHKEHHAs

ra3oTpaHCIOpTHAas cUcTeMa. EjquHas cuctema ra3oCHa0XEHUS — BBICOKOTEXHOJIO-
TUYHBIA WHXEHEPHBIM KOMIUICKC, OOBEAMHSIOMUN H00bIYy, TPAaHCTIOPTUPOBKY, pac-
MIpeJieieHne, XpaHeHue 1 nepepaboTKy MPUPOTHOTO Ta3a.

[Ipupoanslii raz mo TpyOONPOBOJHON MarkucTpajibHOW CUCTEME TPaHCIOPTHPY-

ercs ¢ gaBiaeHueM ot 5,5 mo 11,8 MIla. Ilepen momadeli HOTPEOUTENISIM B CICITHANTB-
HOM JPOCCEIHFHOM 000pYIOBaHUH Ha TazopacipeneauTebHbx cTanmusax (I'PC) nas-
JIeHWe Tra3a cHmkaeTcs. i1 moTpeburteneit mpUpoOaHBIN Ta3 MogacTcs ¢ JaBICHHEM
nopsanka 0,6 — 0,003 MIla, cOOTBETCTBYIOIIUM TEXHUYECKUM XapaKTEPUCTUKAM Ta-
30BOTO 000pyAOBaHUs, OpsAKa. TeXHOIOrHIeCKUi MPoIecc Ta30CHa0KEHHS TIOTpe-
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ouTeneil compoBOXKIAETCS KOJIOCCATBHBIM 00BEMOM HEJOWCITONB30BAHHON SHEPTUHU
JIABJICHUS TIPUPOTHOTO Ta3a.

Jns moBBIIEHUS SKOHOMUYECKOW 3¢ (EeKTHBHOCTH HMCTOIB30BAHHUSA ITOTEHIIU-
agpHOW HEepruu npupoaHoro raza (I1I7) mmpoko MPUMEHSIOTCS CTEIHabHBIE pac-
MIMPUTEIEHBIC MAIIMHBI — TYypOOJeTaHIepbl. B 3THX ycTaHOBKaX MPOMCXOIUT CHU-
JKEHHUE JIaBJICHHS ra3a ¢ OTHadel BHEIIHeW padoThl Ha Bas MammHbl. Kak mpaBuiio,
MoJTydeHHasl moJjie3Hasi paboTa TypOoaeTanaepa HAET Ha MPHUBOJ AIEKTpOreHepaTopa
WM IPYTOTO MEXaHWIECKOro 006opymoBanus (KoMmpeccopa, Hacoca) [1].

B eBpormetickux crpanax u B Poccum yke moiaydeH OOJBIION OMBIT MCIIOJIE30Ba-
HUS JeTaHAep-TeHePATOPHBIX SHEPreTHYecKux arperatoB. Vx mpumenenune nHa ['PC
C MPOM3BOAHTEIBHOCTEIO OT 100 T.M’/4ac SIBISETCS BECbMa 060CHOBAHHBIM.

[Ipumeps! ycnenHo#i peaim3anyy BKIIOYAIOT YCTAHOBKY KPYITHBIX TypOOJCTaH-
nepHbix arperatoB Ha TOIl-21, TOI-23, Cpenneypanbckoit [ POC u JlykoMiabckoi
I'POC. Onnako ObpUIH 3aMedYeHBI HEKOTOpPBIE MPOOJIEMBI, CBSA3aHHBIC ¢ M3MCHECHHUEM
MOIITHOCTH TYpOOJETaHACPOB U WX BJIHMSHUEM Ha HAJCI)KHOCTh U SKOHOMUYHOCTH KO-
TEIBHBIX arperaToB, KyJa nmojaaerca pacmiupeHHbiii B JIUA TOMIMBHEIN ra3 ¢ HU3KOH
temriepatypoit [2]. [lo atum nprunaam Ha TOI-21 u TOI[-23 JI'A ObLTH BBHIBEICHEI
U3 DKCIUTyaTalHu.

[Tpumenenre Ta30TypOOACTAHACPHBIX HEPTETUUYCCKUX YCTAaHOBOK IPECTABIIS-
ercss Hambosiee dPGEKTHBHBIM PEIICHUEM IS YBEIMUYCHHUS BBIPAOOTKHU DJICKTpHUE-
CKOW 2HEPrHH W TOBBIMICHUS TEIIOBOW »KoHOoMmuHOCTH TOJII [3, 4]. B 3amagHbprx
CTpaHaX y»e MPHUMEHSIOTCS JeTaHep-TeHeparopHele arperathl ([I'A), koTopkie Te-
HEPUPYIOT 3JIEKTPOIHEPTHIO C UCTIONB30BAHUEM H30BITOUHOTO JABJICHUS MIPUPOIHOTO
raza Ha TOC. Ha 6a3e 3aBoma «Kpuokop» 6putn ycranosneHsr JI'A-5000 na TOII-21
u TOLI-23 Mocanepro, a Takxe Ha Cpenneypanbckoil [POC u Jlykomasckoit 'POC.
Js moeimnenust dddexrusHoctr [I'A mepen HUMU MPOU3BOAMTCS MPEBAPUTEITh-
HBI TOAOTPEB Tra3a C WCIONb30BaHHMEM TeIyla CEeTeBOW BOABL.  3aBOIOM-
M3TOTOBUTENIEM OBLIM yCTAHOBIIEHBI OTPAaHUYEHHUS 10 MaKCHMaJbHOW TeMIleparype
III" nepen AT'A ne Boite 80 °C u TemnepaType rasa Ha Boixozie He Huxke -20 °C. Ilpu
HU3KOM KoHeuHo# Temmeparype III" 3a JI'A yBenuuuBaeTca pacxoj] TOIUIMBA B KOT-
JaxX, CBSA3aHHBIA C TeM, 4TO TpH psaae padoumx pexumoB TOL] temmepartypa I1I7 3a
JT'A craHOBHTCS OTPUIATEIHLHON U MIPUBOIUT HE K YBEIMICHUIO, 2 K CHIDKCHUIO TETI-
noBoit sxoHoMuyHOCTH TOLl. B 3THX yC/OBHSX BBIOOp MCTOYHHMKA MOJOTPEBa rasa
SIBJISIETCSI OJTHUM M3 OCHOBHBIX ITpH co3fanuu 3 dextuBHbIX J'A.

BakHO OTMETHTBH, YTO pEIICHHS MO Co3AaHui0 dGheKTHBHBIX J['A 111 UCITONb-
30BaHUSl M30BITOYHOW DHEPIHU JABIICHUS raza MPH €ro PeAyIUPOBAHUHM HUMEIOTCS
MIPEUMYINECTBEHHO ISl MPOU3BOJCTBA JJIEKTPUUECKON 3Hepruu. OgHAKO MpH aana-
0aTHOM pacCIIMPEHHWH Ta3a ¢ OTAA4el BHEIIHEW paboTHI TeMIeparypa pabodero Tena
TIOHIKACTCS, YTO MOXKET MPUBECTU K CHIDKEHUIO TETIOBOM 3koHOMHYHOCTH TOII,

ITo mHeHMIO aBTOpPOB, Hauboee FPPEKTUBHBIM HANPABICHHEM, 00CCIICUNBAIO-
MM yBETUYECHNE BBIPAOOTKHU 3JEKTPUUIECKOW IHEPTHU U MOBBIIICHHE TETTIOBON KO-
HOMHYHOCTH, SBJIsSIETCs NMpuMeHeHrne Ha TOL| KoMOMHHMPOBAaHHBIX Ta30TypOOJETaH-
JepHbIX sHepretrndeckux ycranoBok (KI'TZ1Y). Ha puc. 1 npuBenena terioBas cxema
HOBOTO THIIa KOMOMHAPOBAHHOU dHEPTETHIECKOM ycTaHoBKY TOII,

Ha TOII torumsHeli ras nocne I'PC ¢ naBnennem P,. =1,2 Mlla nocrynaer

B OJIOK peryaupoBaHUs TOILIMBHOTO ra3a Jis KoTesbHOH ycraHoBkH (KVY) ¢ naBinenu-
eM P ...y =0,125 Mlla. CymmapHas creneHbs noHuwkeHus nasineHus B TS u T/16

COCTAaBUJIA Ty, = 8,37 . Ona onpenenseTcs Mo nepenany AaBicHus Ha Bxone B TS
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u Beixoqie u3 T/I6 ¢ y4eToMm ruapaBiIndecKux MOTEPh B TPYOONPOBOIHBIX KOMMYHH-
KalusIX, KOTOphIe COCTaBISIIOT He Oonee 4 %. 3amaeMcst TemrepaTypol MpUPOIHOTO
rasza Ha BBIXOJIE U3 TEIUIOOOMEHHEIX anmaparoB 2 u 3 nepen typooaeranaepamu (T/1)
5 u 6. llpu 3amanHOM Tiepenane naBiaeHus temmeparypa [1I7 Ha BeIxoge w3 TypOoe-
TaHAEPOB 5 U 6 JODKHA UMETh MOJIOKHUTEIPHOE 3HAUCHHE, YTOOBI HCKITFOUUTh THIIPA-
ToOOpa3oBaHUeE.
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Puc. 1. Cxema sneprerudeckoit 'T/IY B cocraBe TOII:

1 — ra3ompoBo BEICOKOTO naBieHus 1,2 Mma; 2 — Terioo0MeHHEIH ar-
napar I1II"; 3 — renmooOMenHblit anmapat [1I7; 4 — koTenbHBIN arperar;
5 — TypOoneTanziep BBICOKOTO JaBieHHUs; 6 — TypOoJeTaHiep HU3KOTIO
JIaBJICHUS; 7 — BO3IYIIHBIH KOMIIpECCOp; 8 — TEIII0OOMEHHBIH anmapat
KI'TADY; 9 — razosas typOuHa; 10 — anexkrporeneparop; 11 — kamepa
cropanusi KI'T/IDV; 12 — tpybonpoBoa ropsiuero teroHocuress; 13 —
TEII0O0OMEHHBIN ammapaT TormBHOTO Ta3a KY; 14 — termnooOMeHHbIiH
arnmapat ToTuIMBHOTO ra3za KVY; 15 — ra3oBoassHON yTHIIM3AIIMOHHBINA Te-
MI000MeHHUK; 16 — TpyOOTIPOBOIBI CETEBOM BOJBI TEIUIOCETH; 17 — Te-
MI00OMEHHBIN ammapar MoJoTpeBa ceTeBOi Bobl; 18 — TpyOompoBOabI
CETEBOI BOJIBI TEIIIOCETH

I'a3 ¢ naBnenuem 1,2 Mlla nomorpeBaroT B TeruioooMeHHom ammapare (TA) 2 Te-

wioM temnonocurens ot T, s =100 °C, pacmupsitor B8 T/I BbicOKOrO faBienus 2 10

nasnenus 0,5-0,6 MlIla, nogorpesator B TA uuskoro pasinenus 3 T, s =80 °C, pac-

mupsroT B TI Huzkoro masnerus 6 go 0,120,125 MIla, mogorpeBarT TEIIIOHOCUTE-
neM B TA mogorpesa raza 14 no temneparypst 40—-50 °C u mozmarot B 0JI0K pETyIHpO-
BaHMS TOIUIMBHOIO rasa JAJisi TOpeiok KoTedabHbIX arperatoB TOII 4. TemnoHocuTenb
st TA 2, 3 n 14 HarpeBaroT B yTuiau3auoHHoM TA 15 Teriom yXoJsIux ra3oB Io-
cJie pacmupenus B ra3oBoi Typoune 9. [anee mocie TA 15 Termmom BEIXJIONMHBIX Ta30B
MOIOTPEBAIOT CETEBYIO Boy TemtoceTH B TA mogorpesa ceTeBoii BoasI 17.

B xamepy cropanus 11 ra3oBoii TypOuHBI 9 MOJAIOT CKATBIA BO3AYX HOCIE KOM-
npeccopa 7. Ilonesnyio paboty TypOoaeTaHmepoB 5 u 6 WCIONB3YIOT JJIA MPUBOAA
KOMITIpeccopa 7, a MoJIe3HYI0 paboTy ra30BOi TypOWHBEI 9 — IS TOTIOJTHUTCIHLHONW BHI-
PpabOTKH DIIEKTPOSHEPTHH.

VYnenwHas pabota pacmupenus B T/] 5 u B T/ 6 onpenenseTcs mo 3aBUECUMOCTSIM
[5, 6], xkIx/kr:
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= kgr —1
Ligs.e) =Cpy  Tacus.s) '(1 - “T%%) ) ‘N7y(5,6) > Mpr :ZF—,
Ir

rae 1y — usooHTpormyeckuit KIIJ{ Typ6unst; 77, =0,9; Cpyy — n3zobapHas yaeinb-
Has TEIIOEMKOCTb MPUPOAHOro rasa; Cp =2,208 kJLx/Kkr; kpr — nokasarenb

anuaOartel 1T, k- =131.
Temrepatypsl pabodero Tena 3a T 5 u T/1 6, K:

T — LTﬂ(iﬁ)
Ta(s56) — texraese) -
PHF

[Ipu BEIOpaHHBIX TeMIIEpaTypaxX TOIUIMBHOTO T'a3a Ha BBIXO/JIE U3 TEII00OMEHHBIX
anmapaTtoB 2 U 3 IOCIie pacIlIMpeHus B TypOOJeTaHaepax 5 u 6 TeMreparypa TOILTUB-
HOTO Tra3a cocraBuia 6osee 26 u 10 °C cooTBeTCTBEeHHO. ECnu 1Mo TeXHUYECKUM Xa-
pakTepucTHUKaM JaBjicHHe pupoaHoro raza mociie I'PC 6yzaer 2,5 Mlla, To Temmepa-
Typy TOJOTPEBa B TEIUNIOOOMEHHBIX allaparax Hy»HO YBEJIIMYUTh JJIs U30€TaHus THJI-
paTooOpa3oBaHHs B TPYOOTIPOBOIHBIX KOMMYHHUKAIHIX.

MormHOoCTh TypOOIeTaHASPHON ycTaHOBKH, MBT:

Npg = (LT5 + LT6)' Goxy M »

riae G.xy — pacxo] TOILIUBHOrO rasa ja komios TOI, kr/c; #;, — KIIJ] mexanuye-
CKHX TIOTEPb.
Ha puc. 2 nokasaHo n3MeHeHHe pacXoja TOILIMBHOIO raza G p;; MO MecAlaMm ro-

na ais TOL ¢ HomuHansHOU MomHOCTEIO 450 MBT. B 3aBHCcHMOCTH OT BpeMeHU roja,
BEITMYHMH DJICKTPHUICCKON U TETUIOBOM Harpy3ok TOIL] pacxom TOIIMBHOTO Tasa, moja-
BaeMoro I'PC, u3mensiercs ot 5 no 37 xr/c.

Cymmapnas MomHocts T/ 5 u T/l 6 mpsAMo mponopiMoHalbHa pacxony Ipupoa-
Horo Ta3a uepe3 TOL] u usmensercs ot 11,85 no 1,95M Br. Bcro mommuoCTh TYpOOIE-
TaHAEPOB 5 U 6 HCIIONB3YIOT JUIA MPUBOAa KoMiipeccopa 7. OTleHMM OCHOBHBIE TETIIO-
(hm3nueckue mapamMeTpbl KOMIIPECCOpa C YY4E€TOM PACIONaraeéMoro MOTEHIMaNa Ta30-
BEIX TypOojeTaHaepoB. bamanc MomHOCTH TypOOoaeTaHIepoB 5, 6 U MOIIHOCTH, IO-
TpeOIIIeMOl BO3TYIITHBIM KOMIIPECCOPOM 7:

N4 :(Nrs + NTG)'”M u L1<7GsrTy :(LTS +LT6)'szKy My >

rne G,rry — pacxon Bosmyxa uepes kommpeccop 7 aus I'TY, kr/c; Ly, — ynenbHas
paboTta cxkaTus B KoMIpeccope, KJK/kr.

IIpupomnsrit ra3, nocrynatontuii ¢ ['PC ma TOL, pa3gensercs Ha aBa motoka. Oc-
HOBHOM NOTOK — TorummBHBIN ra3 anst KY TOL; nonomHUTENbHBINA MOTOK — TOILTUBHBIHN
ra3 g I'TY. CymmapHbIi MaccoBBIN pacXxoj MPUPOIHOTO ras3a:

G
KY
A m=—2282

Grpc =Gy + Gy G
rpc

rje m — OTHOIIEHUE pacxoja TOIIMBHOIO rasza yepe3 KY k cymmapHomy pac-
xoxy rasa uepe3 TOLI.
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Pacxop TonnueHoro raza ana T34 MowHocTe T

Grr, Kric
8
NTO, MBT

15 4

10

—w

6 8 10 12 2 6 8 10 12
Mecaubl Mecaukl

Puc. 2. M3menenne pacxona npupoanoro raza Grr, momaBaemoro Ha TOIL ot I'PII,
1 pacroiaraeMoi MOIHOCTH TypOOAEeTaHIEPOB 110 MECsIaM roja

e
e
o

B cooTBeTcTBHUM ¢ METOMWUKOM, IPUBEACHHOH B [2, 3], yaenpHas paboTa cyKaThs
B KoMIipeccope, K[ /Kr, onpeaensercs mo Gopmyiie

m, 1). 1 k,—1

Lyq =c¢py T s '(nﬂ - I
N7 6

rae fx; — usosHTponnyeckuii KI1JI kommpeccopa; ¢p — n300apHast yenbHas TEILIO-

eMKOCTb Bo3ayxa, ¢, =1,01 xJ[/Kkr; k., — mokasaTtens annadartsl Bo3ayxa, k. =1,4.
Yy Py 8 yx 6

[MoxcraBnss ynenbHyIO paboTy cxatus Lg; B ypaBHEHUE OallaHCa MOITHOCTH, T10-
Jly4aeM ypaBHEHHE, CBs3bIBatole napametpsl TJ1 1 komipeccopa:

G .

Ps 'TBxK7

MoiHOCTh, TOTpeOIseMas KOMIIPECCOPOM, 3aBHUCHT OT CTCIICHU IOBBIMICHUS
JIABJICHUS 77 U PACXO0/a BO3yxa depe3 komrpeccop Gyrry. 3aiaeMcs mx; B TUAIa3oHe
oT 2 10 14 1 paccuUTHIBAEM pacxo]l BO3IyXa MO 3aBUCHUMOCTH

Grry = Crrc .nKrZ (LT5 + LT6)m Ny -
Cpe I percs '(TEK“7 _1)

ITo pe3ynbpTatam pacuera Ha puc. 3 TTOCTPOCHBI TpadUIeCKHE 3aBUCIMOCTH U3Me-
HeHus pacxona Bo3ayxa B KITY.

Bo Bcem mmamazone pacrioiaraeMoil MOITHOCTH Ta30BbIX TypOOAeTaHIEepOB pac-
XOJl BO3yXa 4Yepe3 KOMIIPeCCOp M3MEHSeTCs B 3uMHUU mnepuoa oT 140 go 25 kr/c
u B ietHUi niepuox ot 30 1o 5 kr/c. C pocTOM CTENCHH TIOBBIIICHUS JIaBICHUS B BO3-
IYITHOM KOMIIPECCOpPE pacxoj Bo3Ayxa cHmkaercsa. ClemoBaTenbHO, Ha AJIEKTpHUe-
ckyto momHOCTs KI'TJIKY BiamsiHuE OKa3pIBacT pacxoi MpupoaHoro ra3a depe3 TOLI,
U YCUJIMBAET 3TO BIMSHHUE 3aBUCUMOCTH MapaMETPOB BO3AYIIHOTO KOMIIpeccopa OT
pacxopa raza gepe3 TOLI.
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=== Grpc=max
. —— Grpc=min
\

L)

3 2
Mecsaubl

4 & 8 10 12 14
CTeneHs NOBLILLEHWA O3aBMIeHWA B KOMNpeccope

Puc. 3. M3MeHeHne pacxoja BO3/yXa yepe3 KOMIIPECCOp B 3aBUCHMOCTH OT pac-
X0/1a mpupoHoro rasza Gy, nogaBaemoro Ha TOII, U cTeneHu MOBBILICHUS AaBJe-
HUsI B KOMIIPECCOpe

VYaensHas paboTa TypOHUHEI dJIEKTPOTeHEpaTOPa OMPEACIIICTCS:

-m kz —1
Lyg=cp Ty (l—nng )nm , M, = P Trg =Tg7 " Ooups
ped
rae 1r — Temmeparypa rasa nepen TypouHoi, K; 7y — cTeneHs OHWKESHUS JaBICHUS

B TypOUHE; 0., — TUAPABINYCCKUEC MOTepH NaBieHus B Tpakte [ TY; 179 — U303HTpO-

nuyeckuit KIIJ| typOunbl; ¢p — u300apHast yienbHas TCIIOCMKOCTb rasa, Cp = L15
kJlx/Kkr; k, — nokasarens aguabatsl rasa, k, =1,4.

VYnenbHas paboTa TypOWHBI IPOIIOPLIMOHATIFHO 3aBUCHT OT TEMIIEpaTyphl B KaMe-
pe cropaHus M CTENEeHH MOBBIIICHUS aBIeHUS B KoMipeccope. Taxke Oyner yBemu-

yuBaThcs U KII/| ycranoBku. Vcnonb3ys 3aBHCUMOCTD, MPEATIOKCHHYIO B METOIMKE
[5, 6], a>pdexrunniii KI1J] onpemenum no hopmyre

Lo .

0 Nkc -

VnenbHas TEIIOTA, MOJBOIUMAS B IUKIIE C TOILIUBOM, KJK/KT:

Ne

Or=¢cpTrVogiexro =Cp TR Vg7 1 Ty :r'(T3T9 _TK7)+T

K7>»
Vex—exK7 zl_qym Yo 1 VexK7—exT9 zl_qym “Yoxn +qmon >

THC Ve ak?> Vokr-eres — KOIQOUIHEHTH H3MEHEHHSI MacChl pabodero Teja Ha BXOJE

B KaMepy Cropanus u B TypOuny; Ty u Tx— Temmneparypsl pabodero Tena Ha BBIXOJE U3
KOMIIPECcopa U U3 TEIUIO0OOMEHHOTO ammapara 8; #xc— KO3(PQOUIMESHT MOJIHOTHI Cropa-

HHUS TOIUINBA; 59005 imon — OTHOCHTENBHBIE PACXObI PAOOYETO TEIa HA OXJIAXKIE-
HHE U YTEUKHU TOIUTUBA (334al0TCs U3 OmbITa dKcruryaTauu [ TY).

Ha puc. 4 noctpoeHsl rpaduueckie 3aBUCUMOCTH YACIBHOU TOJE3HONW PadOTHI
TypOuHEI 3nekTporenepaTopa u KIIJI yctaHoBKH.
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YpensHan pabora T3l SddexTrewin KINQ ycTaHoBKW

_r’.

700
701

Le, kx/Kr

--- Tr=1550K
— Tr=1350K

=== Tr=1550K
— Tr=1350K

200

2 4 6 8 10 12 14 2 a 6 8 10 12 14
CreneHs NOBLIWWEHWA O3BNeHWA B KoMnpeccope CTeneds NOBLILLUEHWA OABNEHWA B KoMnpeccope
Puc. 4. Usmenenme mapamerpoB 3¢ddekruHoctn KI'T/DY B 3aBucUMOCTH

OT CTCTICHU TIOBBIIICHUS JABJICHUS B KOMIIPECCOPE Tx7 U TEMIICPATYPHI ra3a mepes
TypOUHOM

D¢ deKTHBHOCTD TpemIoKeHHOH cxeMbl odeBumHa. st TOILl ¢ HOMHHAIBEHOI
MomHocThi0 450 MBT, paboTaromieii Ha MPUPOJHOM Tasze, NPUMEHEHHE KOMOMHUPO-
BaHHOW Ta30TypOOJETaHAEPHOW YCTAHOBKHU TIIO3BOJIUT TOJYYHUTH JOMOIHUTEIHHYIO
JIEKTPUIECKYIO MOIIHOCTH 33 CUET MUCIOIB30BaHMS Ta30TypOnHHON ycTaHoBkH ¢ KITJI
65-70 % ycTaHOBKHU.

Onexrpuueckas MoutHocTs KI'TAKY ms cxemsl, ykazaHHOH Ha puc. 1, paccuu-
TaHa 1o MeToauKe [5, 6] B mHama3oHe pacxoia MpupoaHoro raza yepe3 TOL] B TedeHme
roja:

Npo=G,rg - Lpg My =cp T (1 — Ty’ )nmnM >
rae G.rg— pacxoj raza 4epe3 SHEPreTHUECKYIO TYpOHHY, KI/C, OTPeaeseTCs:
G.ro =Gurry *Veak7-6x79> Verk7-aext9 =1~ Dym —Yoxn + Dmon -
Jns Temnepatypsl rasa nepes Typounoi 7, =1350 Ku 7, =1550 K nnsa crene-

HY NOBBIIIEHNUS JABJIEHUA 7T, =2 WU 7T,- =10 B guama3oHe pacxoja NpPHUpPOJTHOro ra3a
K7 K7

yepe3 TOL[ mocTpoeHsl rpaduyeckie 3aBUCUMOCTHA M3MEHEHUST MOITHOCTH TYpPOWHEI
aeKTporeHeparopa (puc. 5).

MomHoCcTh TypOHMHBI 3JIEKTPOT€HEpaTopa 3aBHCHUT OT pacxo/ia BO3AyXa uepes
kommpeccop. Kak ObI0 yCTaHOBIICHO paHee, pacxo]l BO3yXa Yepe3 KOMIPeccop ¢ Po-
CTOM CTEIICHHU TIOBBIIICHUS JIABICHUS B HEM CHIDKaeTcs. ClieoBaTeNIbHO, 3TH JBa Ta-
pameTpa TPOTHUBOMOJIOXKEHO BIMAIOT HAa MOIIHOCTh TYpOHWHBI 3JeKTpornpuBoma. Ha
puc. 6 npuBeacHa rpaduyecKas 3aBHCUMOCTb M3MCHEHHUS AJIEKTPUYCCKONH MOIIHOCTH
TypOHHEBI 3JICKTPOT€HEPaTOpa OT CTETICHU TIOBBITIICHUS JaBICHUS B KOMIIPECCOPE 7x.

HecMmotps Ha pocT ynenpHOH pabOThl pacIMpeHust TYPOUHBI JIEKTpOreHepaTopa
(cM. puc. 4) MOIITHOCTL TYPOUHBI CHIXKAETCS C POCTOM CTEIICHHU TTOBBIIIICHUS ABICHUS,
TaK KaK CHIDKACTCS PacXojl BO3JyXa 4epe3 KOMIIPECCcOop. Y CTaHOBIICHO, YTO yBEIINYE-
HUC CTEINICHHW TIOBBINICHUS NABICHHUS Ty B BO3MYIIHOM Kommpeccope K7 mpuBogut
K pocty KIIJ[ ycTaHOBKHM, HO MpHU 3TOM CHIKAET €€ DIIEKTPUUYECKYIO MOIIHOCTh
Y TIPUBOJIUT K OJHOBPEMEHHOMY YIOPOXKAHUIO KOHCTPYKIMH CaMOTO KOMIIpeccopa.
IIpu cTenenu moBbIICHUS JaBiacHUs B Auamna3one oT 4 1o 10 moxxuo nomxyuuts KII
ot 55 o 70 % u MOmHOCTH ycTaHOBKH OT 12 10 16,5 MB 1t cpeHerogoBoro 3Have-
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Hus pacxoza rasza uepe3 TOLl G p- =22 kr/c. OTO J0Ka3bIBAET BBICOKYIO 3D PEKTHB-

HOCTB Hpe).'[,J'IO)KCHHOﬁ CXCMBEI.

MowHocTe TIl, MBT; (NK=2) MouwHocTe T30, MBT; (MK=10)
Sl --- Tr=1550K 200] % --- Tr=1550K
P — Tr=1350K & — Tr=1350K
25 4
20 <4
[
[aa]
=
@
=2 151
10 -
S -
Mecaubl Mecsaubl
Puc. 5. VI3mMeHeHne 3JIEKTPUIECKON MOIIHOCTH TYpOMHBI 3JICKTpOTreHepaTopa B 3a-
BHCHUMOCTH OT pacxofa mpupogaHoro rasza G, nogasaemoro Ha TOL]
MowHocTe T3l Tr=1350K MowHocTe T3IN Tr=1550K
@ 30 { &
25 A .
.\\ .\
"\ ‘\
o 5 o
. .
20 ‘.__‘ ‘l..._‘
T . R
~~o- 20 .""-’..,
5 ‘-..* . 5 1--.._ .
s 15 { === Grpc=max s === Grpc=max
< —— Grpc=min g5l Grpc=min
=2 =
10
10
: k‘**".—g—._._._._._._. 5 H*O-._._._

T T T T

2 4 6 8 10 12 14 2 4 6 8 10 12 14
CTeneHb NOBbLIWEHWA OABNEHWA B KOoMnpeccope CTeneHs NOBbLILEHWA NABNEHWA B KOoMnpeccope

Puc. 6. lI3MeHeHUE 3JICKTPUIECKON MOIIHOCTH TYPOUHBI 3JICKTPOTreHEpaTopa B 3a-
BUCHMOCTH OT CTETICHU MOBBILICHHUSI IABJICHUS B KOMIIPECCOPE Tx7

Tem He MeHee MoOmOOHAas cXxeMa MMEET CYIICCTBEHHBIH HEIOCTATOK — 3aBHCH-
MOCTh ITapaMeTPOB BO3AYLIHOTO KOMIIpeccopa OT pacxoja TOILTMBHOro rasa Ha TOLI.
CHIKeHHEe pacxola BO3IyXa dYepe3 KOMIpeccop B JIETHHH IEpUOJ MPHBEICT
K BOSHUKHOBEHHUIO KPUTHYECKHX TTOJIOKHUTEIBHBIX YIJIOB aTakKd Ha JIOMATKaxX KOMIIpec-
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copa u nomnaxy. Heobxomuma A0mOMTHUTENFHAS MOITHOCTD, MTOBOANMAS K KOMIIpec-
copy, JJIs TIOJIICpKaHMsI pacxoia BO3AyXa 4epe3 KOMIPEeccop B 3aJaHHBIX Ipeeniax,
YTO AOMOTHUTEIHHO CKaXETCS M Ha MOIIIHOCTH YHEPTeTUIECKON TYpOUHBI.

Taxxe HYXHO yYWTBIBATh BIHSHUE TEMIIEPATypPhl OKPY>KAIOIIEro BO3/AyXa Ha Ma-
pametpsl kommpeccopa. OnpeziesieH pacxo]] Bo3Iyxa depe3 KoMIpeccop 7 U ero mo-
TpeOasieMast MOIIHOCTD IO 3aBUCUMOCTSIM

G PKXK7 aY; 288 N N ng[(7 \Y T(fo7

el TY enpl TY 101,3 TKXK7 s K7 npK'7 101,3\/ﬁ s
/i€ 3a npuBefieHHbIe TapaMeTPsl Gy,,rry U N, k7 B3SITBI paCX0]] M MOIIIHOCTD, OIpe/ie-
JICHHBIE TIPU CTaHIAPTHBIX aTMOcepHbIX yenoBusx (P =101,3 klla, T =288 K).

Ha puc. 7 mpencraBieHs rpadudecKre 3aBUCUMOCTH KO3 (QHUITMEeHTa KITMMaTHIe-
CKOTO BIIMSHUS TEMIIEpaTypbl aTMOC(HEPHOTO BO3TyXa Ha PacxXo]l BO3AyXa U MOIITHOCTh
KOMIIpeccopa OT TEMIIEPATyPhl OKPYKAIOIIETO BO3yXa H KOJIMYECTBEHHOE N3MEHEHUE
yaenbHOH nosie3noi padoter KI'T/Y.

Ko3(hpULMEHT KNMMATUYECKOT0 BNMAHWUA A3mMeHeHWe yaenbHoh nonesHon paboTel KITAY

19.4

19.2

]
°

ANe,%; AGB,%
Le, k K/Kr

-4

18.4
5 — Tr=1550

T T T T 1 T ¥

“1o -5 0 5 v 15 20 -0 -5 0 5 1 15 20
TemnepaTtypa,®C TemnepaTtypa,®C

Puc. 7. Koa¢ppuumeHT KIMMaTHYECKOTO BIMSHUS Ha MOLIHOCTH M Pacxoj BO3IyXa
B KI'T/IY 1 n3meHeHue ynesIbHOHM HOJIE3HON paboThl OT CpeHEMECSIYHOI TeMIepa-
TYpBI OKPY’KaIOIIEro BO3AyXa

MomHoCTh, TOTpebsieMast KOMIIPECCOPOM, B 3UMHHIM Iepro| CHIbKaeTcs Ha S5 %o,
a JIETOM, B apKoe Bpems, yBenuuuBaercs Ha 1 %; CIeIoBaTeNbHO, TOJE3HAS MOIIl-
HOCTh DHEPreTUYeCKON TypOUHBI 9 M3MEHHUTCS aHamoru4yHO. CHIDKEHHE pacxojia TOll-
JTUBHOTO Ta3a i TOLl CHU3UT MOIITHOCTH SHEPTETHICSCKOM TYpOHUHEI B 6 pas.

CremoBaTelbHO, HEOOXOIUMO PETYJIUPOBATh PabOTy KOMIIpECcopa P HAIMIUH
JIBYX BO3MYIIAIONINX BO3JACUCTBUN: H3MCHEHHUS TEMIICPATypPhl OKPYKAOIIETO BO3IyXa
1 pacxoaa mpupoaHoro raza depes TOIl. Mcmomb3oBaHue BXOAHOTO PETYIMPYEMOTO
HAIPAaBJIAIONIETO ammapara OyAeT HeAOCTaTOYHO, Hy)XKeH eIle OMH PETyIUPYIOUIUil
(hakTOp, B Ka4ecTBE KOTOPOTO MOXKET OBITh TOIUIMBHBIA KJIAllaH KaMephl CTOPaHUS
I'TY. Ho nmns 3Toro HE0OX0AUMO YCTAHOBUTh MEXaHUYECKYIO CBSI3b MEXIY KOMITpPEC-
copoM 7 ¥ TypOUHO# 9. DTO MO3BOJIUT YUTH OT 3aBHCUMOCTH BHIPaOaTHIBAEMOM DIICK-
TPUIECKON MOIITHOCTH OT pacxoja rasa B Korie-yTwim3atopa TOLl. B netamii nmepuon
CTaOMIBLHOCTh BHIPA0ATHIBAEMOW MOIIHOCTH YCTAaHOBKH OYACT MOJICPKUBATHCS YBeE-
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mugeHueM pacxona tommmBa KI'T/Y um crabmnmm3aruei mapaMeTpoB KOMIIPECCOpa.
CxeMa npuBejicHa Ha puc. 8.

Puc. 8. Cxema oTHOBaJILHOW KOMOMHHPOBAHHOW SHEPTETUIECKON Ta30Typ-
OonerannepHor yctaHoBku TOLI: 1 — ra3ompoBOX BBICOKOTO JIaBIICHHS
1,2 Mmna; 2 — terutoooMenHbId anmapat [117; 3 — TennooOMeHHbBIH ammapaT
IIT"; 4 — xoTeNmpHBIN arperat; 5 — TypOoJeTaHAEp BHICOKOTO TaBJICHHS, 6 —
TypOomeTaHnep HU3KOTO AaBJICHHUS; 7 — BO3AYIIHBIA KOMIIpeccop; 8§ — Ter-
noobomennbii ammapar KI'TJIDY; 9 — ra3osas TypOuna; 10 — anekTporene-
patop; 11 — kamepa cropanus KI'TDY; 12 — Tpy0onpoBoI TOpsiYero Tem-
noHocurenst; 13 — penykrop; 14 — TemooOMEHHBIH anmapar TOIUIMBHOTO
raza KY; 15 — ra3oBoAsiHON yTHIM3aLMOHHBIH TEILIOOOMEHHUK; 16 — TpY-
60mpoBOJIBI CETEBOI BOJBI TeroceTH; 17 — TerI00OMEeHHBIH anmnapar Io-
JIOTpeBa CeTeBOU BOJBI; 18 — TpyOOIPOBOIBI CETEBOM BOJBI TEILIOCETU

[IprUHIHUITHATHHBIM OTINYHEM 3TOW CXEMBI SBIISETCS MEXaHUYeCKasl CBA3b MEXITY
kommpeccopoM 7 u Typounoit 9. Komnpeccop 7 uepes peaykrop 13 ces3an ¢ TypOoe-
TaHaepamu 5 u 6. Mcnons3ys 3aBUcUMOCTH B MeTonuke [1, 2], paccuutaeM OCHOBHEIE
TePMOAMHAMHUYECKHIE TTOKA3aTeNN JaHHON CXeMBI U ONPEJeNIMM UX ONTHMAJbHBIE 3Ha-
YeHHs JUIS OICHKM MaKCHMaJbHON 3(PQEeKTHBHOCTH YCTaHOBKH i1 JAHHOTO THIIA
TOL.

bananc MomHOCTH MaHHOW YCTAHOBKH BKIIFOUAET MOIIHOCTH, BhIpabaThIBacMbIe
typooxeranmepamu T/15, T/16, sHepreTndeckoit razoBoit TypouHOH T9, 1 MOIIHOCTS,
noTpedIiieMyI0 BO3AyIIHBIM KommpeccopoM K7 u anextporeneparopom 10, u omnpene-
JsieTcsl ypaBHEHHEM

N, + Ny, :I:(NTS + Nrg) M peo +NT9:|'T]M .
VaenbHas monesHas paboTa KOMOMHHPOBAHHOM JHEPreTUYECKOM YCTAHOBKHU OIlI-
penenseTcs o 3aBUCUMOCTH

I - [szl(y (Lrs+Lrs )M peo +LT9]'nM L,

e
GBFTV

TIE #peo — KITJI penyxropa.
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Mexannyeckas, KecTKasi CBA3b MEXIy KOMIIPECCOPOM M SHEPreTHIECKON TypOu-
HOW JaeT BO3MOXHOCTh C YUETOM OIBITa MMPOSKTUPOBAHUS OCEBBIX KOMIIPECCOPOB 3a-
JaTBCS PACcXOJO0M BO3IyXa depe3 KoMmpeccop oT 25 mo 125 kr/c.

KIIJl ycTaHOBKHM OMNpenenseTcsl aHAIOTHYHO cxeme puc. 2. IS oCpeaHEHHOTO
pacxoaa TorumBHOTO ra3a st TOLl, paBHoro 20 Kr/c, B 3aBUCUMOCTH OT CTEIICHH T10-
BEIIIICHUS JIaBJICHUSI B KOMIIpeccope 7 PacCUUTAaHbl M3MEHEHUS YICILHOW IOJIE3HOM
pabots Typounb! 9 1 d3ddexTuBHOrO KII/] yeranoBkm (puc. 9).

YnenobHas nonesHas pabota KITAY SpbexTuewin KNQ KITAY
- a4 -
350 P GRER SR o PRoih g e,
325 1 42
300 40
x
S s .
P * »
g =0 g
a £
— 225
200 4 3
175 1
- Tr=1550K 2 === Tr=1550K
— Tr=1350K — Tr=1350K
150 1 T r . T T T T r ' . r T :
2 4 6 8 10 12 14 2 4 & 8 10 12 14
CTeneHb NosbileHUA AaBneHus CreneHb NosbiWEeHUA AaBneHna

Puc. 9. 3aBucumocTy ynenbHO# nonesnoi padotsl u apdexrusroro KIIJI KI'TAY
OT CTETEeHH MOBBILIEHUs AaBJIeHUs B KoMnpeccope K7

ITpu temnepatype 7, =1350 Knepen T 9 MmakcumaibHble 3HaueHUs 3P EKTUB-
Horo KIIJI momy4JaroTcs IIpy CTENEHH IIOBBIICHUS NaBICHUS B KOMIIPECCOPE T;; =6,
yaenbHoi noneszHoi pabotsl KITAY —npu 7., =9. I[Ipu remnepatype 7, =1550 K
MakcHuMasbHble 3Ha4eHus Y dextuHoro KIIJ — npu 7, =8, ynenpHoi none3Hon
pabotel KITAY —npu 7, =12 . [1o BennuuHe ¢ pocToM TemrepaTypsl 7, mapaMeTphbl
3¢ $EKTUBHOCTH YBEIUIUBAIOTCS B cpeaHeM oT 7 110 30 %.

Ha ocHoBe mony4eHHBIX JaHHBIX LIEIECO00Pa3HO 3adaThCsl BRICOKOW TeMIepaTy-
poii raza 1550 K u creneHpro NOBBILIEHNS JaBIcHUS He Oonee 8 (3amaemcst my, =8).
PaccunTtaem napameTpsl 3¢ EeKTHBHOCTH yCTaHOBKH (puc. 10) B 3aBUCUMOCTH OT pac-
X0J1a TOTUTMBHOTO Ta3a uepe3 TOL n pacxoma Bo3myxa depes3 KOMIIpeccop B AWANa30He
ot 25 mo 125 xr/c.

CoOTBETCTBEHHO, YeM OOJIbIIIE pacxo]l BO3AyXa Yepe3 KoMmIpeccop 7 IpH 3a1aH-
HOM CTeIeHH NOBBIIIEHHs JaBlIeHus (7, =8 ), TeM Oojee MoliHa ycTaHoBKa, HO KITJ]
Takoi yctaHoBkH npubmmkaercs K KI1/[ o6sranoit I'TY perenepaTHBHOTO IMHUKIIA.

Jns tumoBoro pacxona Bozayxa yepe3 I'TY B cpenneM 60 Kr/c mpu MHHAMAIIb-
HOH pacmojaraeMoil MOIIHOCTH TypOoneTaHiepa MOXKHO TOJYyYHTh MOLIHOCTb
KI'TAY ot 20 MBT ¢ KIIJI 6onee 36 %. Ilpu yBenmueHnnn pacxomaa raza uepe3 TOL]

KILJ] ycranoBku yBenmuuBaercs 6omnee 45 %, U eciiu HET HEOOXOIUMOCTH B yBEIHYe-
Huu MommHocTH ['T, sxoHomuuHocTh KI'TY yBenuuuBaercs.
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3ddexkTuBHan MowHocTs KITAY SddekTusein KNQ KrTay

— GB=125krfc » — Gs=125kr/c
a5 —-= Ga=60kr/c o N —:= Ge=70kr/c
-=- Gs=25kr/c N\ --- Ga=25kr/c »
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Puc. 10. 3aBucumoctu 3¢ pekruBHON MomHoCcTH B dpdexTusnoro KITI KI'TIY
OT pacxoja TOILTUBHOTO Ta3a yepe3 TOL]

HenocraTok cxembl — 3T0 Hanu4Ke peaykropa 13, 94To CHIKaeT MOIHOCTB, Iepe-
JAIONIYIOCS KOMIIPECCOPY 7, U er0 TepMOANHAMUYECKHe apaMeTpbl. YacToTa Bpaiie-
Hus poropa KI'TJ Bo BceMm muamazoHe pekrMa paboThI JOKHA OBITH MOCTOSHHOM
(50 I'm). CnenoBaTellbHO, YCTAHOBKA PACCUMTHIBACTCS HA MUHUMAIILHBIC MapaMeTpPhI
ToruBHOTO Ta3a yepe3 TOLI. [Ipu yBenmmaenun pacxosa rasa depe3 TOIl maBienne 3a
KOMITpeccopoM 7 OyneT yBemnduBaThes W pacxon TorumuBa st KI'TAY cHmkaercs
JUTSL TIOAJIEPKAHUS TIOCTOSTHHBIX 000POTOB TypOUHBI 9.

JlanHbIX HepocTaTkoB nuineHa TpexBanmbHas cxema KI'TJY (puc. 11). Kommpec-
COp HHU3KOTO JaBJICHUS 7 MEXaHWIECKH CBSI3aH C TypOoaeTanaepamu 5 u 6. Ero mpowus-
BOJIMTENHLHOCTD 3aBUCUT TOJIBKO OT pacxona mpupoaHoro rasa yepe3 TOL[. Obecneue-
HHUE 3amaHHoro pexuma paborsl KI'TAY mpu m3MeHeHHM pacXoia TOILUTUBHOTO Tasa
WA KITUMATHYECKUX YCIIOBHU OCYIIECTBIISIETCS 3a CUET PEeTyINPOBaHUS pacxojaa Toll-
nuBHOrO Taza mst KI'TIY.

JaHHas cxema MO3BOJSET MCKIIOYUTh HAIMYME pexyKTopa y KoMIpeccopa 7
Y COXpaHUTh pacxon Bozayxa yepe3 ['TY npu M3MeHEeHUHM pacxoja MPUPOHOTO rasza
yepe3 TOL[ Ha TOCTOSHHOM ypOBHE 3a CUET M3MEHEHHWS YacTOTHI BpalleHHUs poTopa
ra3oreHeparopa, Ipu TOCTOSHHBIX 00OpOTax poTOpa IHEPreTUYecKoil TypOWHBI 9.
Paznenenne kommpeccopa Ha ABa Kackaja MOBBILACT 3alac YCTOMYUBON ero paboThI
B I[EJIOM, a HaJlW4yue CBOOOMHOIN CHJIOBOM TYpOMHBI 3JIEKTPOT€HEpaTopa MO3BOJSET
MOJIEPKUBATh YacTOTY BpAIIEHUS pOTOpa 3JIEKTPOreHeparopa BO BCEM AHana3oHe
BO3MYILAIOMIUX (HaKTOPOB (M3MEHEHHE MOIIHOCTH TypOOJETaHAEPOB, TEMIIEPATyphI
OKPY’KaloIIIEero BO3/AyXa) 3a CUET OAHOTO PEryIHPYIONIEro OpraHa — pacxoja TOTUIUB-
Horo raza uepe3 KI'T/Y.
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Puc. 11. Cxema tpexBampHON 3Hepretuueckoil KI'TAY B cocraBe TOII:
1 — ra3ompoBoJ BEICOKOTO AaBicHus 1,2 Mma; 2 — TemnooOMeHHBIH anmapar
IT"; 3 — TerutooOMmenHsIi ammapar [11°; 4 — koTenbHBIH arperart; 5 — TypOoe-
TaH/AEp BBICOKOTO JNaBIeHUsS; 6 — TypOomeTaHaep HU3KOTO JaBICHUS; 7 —
KOMITpECCOP HU3KOTO JaBJIeHUs; 8§ — TeruiooOMeHHbIi ammapar KI'TADY; 9 —
raszoBas TypOuna; 10 — sanexrporenepartop; 11 — kamepa cropanust KI'TIDV;
12 — TpybGompoBOx TOpSYEro TEIUIOHOCHTENS; 13 — KOMIIpeccop BBICOKOTO
naBneHus; 14 — TemnooOMEHHBIN ammapaT TorummBHOTro raza KY; 15 — raso-
BOJISIHOW YTHIU3AIIMOHHBIN TeII000MEHHUK; 16 —TypOnHa KOMIIpeccopa BhI-
COKOTO JIaBJieHus; 17 — TeIUIOOOMCHHBIN ammapaT MoJOTrPeBa CETEBOU BOJIBI;
18 — TpyOOmpOBOABI CeTeBOM BOABI TerwioceTr; 19 — TypOuHa KoMmIpeccopa
BBICOKOTO JIaBJICHHUS

Onenka 3¢()EeKTUBHBIX TapaMeTPOB JAHHOW CXEMBI IPOBOIUTCS ¢ YIETOM OaslaH-
ca MOIIHOCTH, BbIpadaTeiBaeMoi TypOoaeranaepamu TJ[ 5, T 6, 1 MomHOCTH, IMO-
TpeOasieMoll BO3MyIIHBIM KoMIipeccopoM K7, mamee — TypOoneTaHIepHBIN KOMIpec-
copusrit 610k (TJKDB):

Ny =(Nps+ Npg )My -

W3 nanHoro ypaBHEHMs, 3aJaBIIMCh pacxojoM Bozayxa uepe3 KI'TIY, onpene-

JIsieM CTEeIeHb NMOoBbINIeHUs AaBieHus B kommpeccope TKD:

L L m
( st T(;)szl(ynMnm R

T =
* cplkr - Gorry
PacueTHas creneHb MOBBINICHUS AaBJIEHUA B KOMIIpECcope 7 JJisl IBYX 3HAUYECHUI
pacxona Bozayxa dyepe3 KI'TIY B 3aBUCMMOCTH OT pacxojia MpHUPOJHOTO rasa 4epes
TOL npencrasiena Ha rpaduke (puc. 12).
bananc momnoctu 1nga KI'TJY cocTouT u3 IByX ypaBHEHUM:
N3 =Nrio My B No=Npg-my, -
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Puc. 12. 3aBUCUMOCTb CTEIEHH MOBBILMIEHUS JaB-
nenus B kommpeccope T/IKb B 3aBucuMoctu OT
pacxoja TOIIMBHOTO ra3za uepe3 TOL]

VYaenwHas mone3Has paboTta KOMOMHHPOBAHHOW IHEPrEeTHUYECKOW YCTAHOBKH OII-
penensieTcs o 3aBUCUMOCTH

— g m,
Ly = LygV g guro Mar » Le =Cp Toxro (1 Try )nTQnMVexK—ngQ )

Ty Mgz * O L L
_ K7 K13 2u0 _ _ 119 _ _ K13
Mpg=—————2 U Typg=Tp —- =T, )
Tr1g Cp, Cp "Vek-ar19 "Ny

rae T,.r9 — TeMIlepaTypa rasa nepes Typounoi 9, K; 7y — cTeneHs MOHMKEHUS aBie-
HUSI B TypOMHE; 0,,, — TUIPABIMUYECKHE TIOTepH AaBieHus B Tpakte ['TY; #r — U303H-
tponmyeckuit KIIJI TypOunsr; v — K03 HUIHEHT U3MEHEHHS Macchl pabovero

tema B KI'THY.

s cxemsl ¢ ogHoBanbsHOM KI'TJLY (cM. puc. 8) Oblia onpezeneHa onTuManbHas
crenieHb noBbieHus AaBieHus B nukie KI'TAY. C yderoM TOro, 4ro BCE CXEMBI
KI'TAY BbINONIHEHBI MO pEreHEPaTUBHOMY LMKIY, JJI TOCTUXKEHUS MaKCUMaJbHOMN
3¢ (peKTUBHOCTH TaKOro IUKIa HEOOXOAMMBI HEOObINE 3HAUEHUS CTEIICHH TOBBITIIE-
HUS IaBJICHUS B KOMIIPECCOPE U BBICOKKE TEMIIEPATyphl ra3a nepea TypOuHOH. AHaI0-
rugHO u 1y TpexBabHON cxeMbl KI'TJLY (cM. puc. 11) MmakcuManbHbIe 3HAUCHUS d¢-
tdextuBHoro KIIJI w ymenpHOW mone3Hoit paborer KI'TIAY mnpm Temmeparype
T, =1550 K mocturarorcs mpu CyMMapHOW CTEIEHH MOBBIIIEHUs AABJIECHUS B KOM-

6xK—6xT 19

npeccopax 8 < iy <12 COOTBETCTBEHHO.

OnTuManbHBIME TTapaMeTpaMu TpexBabHON cxeMmbl KI'TY mis 3amaHHOTO pac-
xoza npuponHoro raza TOLl sBistoTcsa TemnepaTypa nepea Typounoit 7. =1550 K
U CyMMapHas CTEleHb MOBBIIICHUS [aBJIEHHS B KOMIIpEccopax, COOTBETCTBYIOIIAs
makcuMmanbHOMy KIIJI ycTaHOBKM 74y =8 . Pacxon Bozmyxa yepes KI'T/Y ¢ yuerom
rpaduueckoil 3aBucuMoct (puc. 13) momken ObITh He MeHee oT 45 kr/c. IIpu meHb-
meM pacxojie Bo3ayxa B KITIY 45 kr/c Ha pexxumMe MakKCHMAaTbHOH MOITHOCTH TYp-
OozxeraHnepoB 5, 6 CTEeNeHb MOBBIIIEHHUS ABICHUS B KOMIpPECCOpe 7 yBEIUUUBACTCS
U cTaHeT Oouibllle CYMMAapHOH CTEIEHU MOBBILICHUS NaBJICHUs. JTO IPUBEAET K OT-
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KITFOUCHHIO Ta3oreHepaTopa (kKommpeccopa 13, kamepsl cropaHus W TypOWHBI 19) u
MOJIYYMM YCTAaHOBKY, BBIMIOJTHEHHYIO 1O cXeMe puc. 1.

Paccunransr mapamerpsl dddextuBHOCTH TpexBaapHOM KI'T1Y npu temrepary-
pe B mukne 1, =1550 K B 3aBUCHMOCTH OT pacxoja TOIUIMBHOro rasa vepes TOL|

M pacxojia Bo3AyXa uepe3 KoMIpeccop B auamazone ot 45 no 125 xr/c.

dthdekTnBHan MmowHocTs KITAY dpdexTuewin KNO KITAQY
-9 === GB=125krfc === Ga=125kr/c
LAY —— Ga=45kr/c o 701 —— Ga=45kr/c
40
(2]
- 0 50
% ES
- )
Qv
= <
20 4
30
10
20 4
2 4 6 8 10 12 2 3 6 8 10 12
Mecsuel Mecsuel

Puc. 13. 3aBucumoctu mapamerpoB sddexrrnBHocTH TpexsanpHod KI'TAY
0T pacxoja TOIUIMBHOrO rasa uepe3 TOL]

Momaocts KI'THAY coctaBuma ot 4 1o 45 MBT (B 3aBUCHMOCTH OT IIPOU3BOJIH-
tenpHOCTH TOLl) M yBenuuMBaeTcsl MPOMOPLUUOHAIBHO 3aJaHHOMY Pacxody BO3IyXa
B KI'THAY. Camxenne KIIJ ycTraHOBKH OymeT CyIIeCTBEHHEE ¢ YMEHBITEHHUEM MOIII-
HOCTH TypOOJETaHIepOB 5 u 6 (IIPU OJMHAKOBBIX MapaMeTpax IUKIIA C pereHepaInei
TETUTOTHI YXOSIIMX T'a30B) JUIsl MEHBIIIETO 3HAUEHUS pacxojna Bo3ayxa depe3 KI'THAY,
IpU peXUMax MOHWKEHHOU mpou3BoauTenbHocTd TOL 1 mpu HeGoNbIIMMH pacxonax
pabouero Tema y KI'TJ1Y.

[TomydeHHBIe BBIBOIBI TMTO3BOJIAT MPUMEHUTH YK€ HAXOJAIINECS B dKCILTyaTaIllH
SHEPreTHUECKUE Ta30TypOMHHBIE YCTAHOBKH C HECKOJIBKMMH KacKaaMH KOMIIPECCO-
POB ¥ CBOOOHOM CHJIOBOM TypOWHOH. Vcmonb30BaHNe PHEPTUH IPUPOTHOTO Ta3a MpH
€ro JpOCCEeNNPOBaHUHU aKTyaJbHO Ha BCEX MPOU3BOJCTBEHHBIX 00BekTax. Jlns Tumo-
Boii I'TY co cBOOOAHOI CHIIOBOM TYpOMHOM (ITacOPTHBIC TaHHBIC MPUBEACHBI B Ta0-
nuie) oreHuM 3 (HEKTUBHOCTD €€ NCTIONIb30BaHus A BeiOpanHoi TOLI.

T'azoTypOunnsie ycraHoBku aBuanmonHoro tuna HK-37CT u HK-16CT (cm. Tab-
JIMILY) UMEIOT MHOTOBaJIbHBIN razoreneparop, HK-12CT cHaOxxeH 0qHOBaJILHBIM Ta30-
renepatopom. g ycranoBok HK-37CT u HK-16CT xommpeccop HU3KOTO JaBICHUS
oTkiIovaeTcs ot Typounsl [ ' TY u monmkmodaercs k Typooaeranmepam 5 u 6. Jlns yc-
taHoBk HK-12CT mpenmBapuTenbHO H3rOTaBIMBACTCS TYypOOKOMIIPECCOPHBIN OJIOK,
cocrosmMid U3 TypOoJaeTaHaepoB 5 u 6 M KOMIpeccopa 7 ¢ pacxoJoM BO3IyXa, paB-
HeM ['TY G, =56 xr/c.
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IacnopTHble 1aHHble TUNOBOM I'TY co cB0OOaHON CHII0BOI TYPOMHOM

No Mapane Ycranoska
° pametp HK-37CT HK-16CT HK-12CT
| | Tewneparypa nepen T, K° 1460 1083 998
TypOuHOI
2 CTCHCHL ITOBBIILICHUA ’IEKHH 2,63 2,72 8,8

napyiennst B KHJ|

3 CreneHb MOBBIIEHUS x 580
nasnenus B KCJI e ’

CrereHb NOBbILIEHHs
4 | rapnerus 8 KBJI KB/ 2,85 3,57 -

CymMmapHas CTeTIeHb

3 TIOBBIIIICHUS TaBJICHUS 2 21 9,7 8.8
6 | DddexruBnprii KI1[ n: , % 36 29,0 26,1
7 | Pacxox Bo3myxa Gp, X1/C 103 105 56
8 | Momnocts I'TY N,, MBt 25 16,0 6,3

C yuetom npousBoautenpbHocTH TOLI, TeMmIepaTypbl OKpyKaromel cpepl o Me-
csAIaM Tojia M pacxoda Bozmyxa depe3 I'TY Gp Obuta paccunrTaHa pacronaraeMast CTe-
TICHb MOBBINIEHUS JTaBICHUS B KoMmpeccope 7 (puc. 14).

TeMmnepaTypa okpy*awien cpeasbl,C CTeneHb NOBbIWEHWA AaBNeHWA B KoMnpeccope TOKB

—-= HK-37CT
A

20 45 ’ — HK-16CT

1
& |\ === HK-12CT

15 40

5 20

T T T T T T T T T T T T

2 4 [ 8 10 12 2 4 [ 8 10 12
Mecsaubl Mecsusl

Puc. 14. Knumartudeckas xapaxrepuctuka paifona TOLl u 3aBHCHMOCTb CTENEHM IO-
BBILLIEHHS B KOMIIpeccope 7 OT pacxoja TOILIMBHOTO rasa yepe3 TOL]

CrerneHb MOBBIIEHUS JABICHUS B KOMIIpeccope 7 TMOBIHUSET HA CYMMapHYIO CTe-
neHb nosbimeHus AasineHus B ycranoBkax HK-37CT m HK-16CT. Haubomnsiuee ee
3HAa4YCHUE JOCTHraeTCsl HA MaKCUMalbHOHU mpousBogutensHoctu TOL n npubmmxaer-
Csl K pacueTHOMY 3HAUCHHUIO Ty (cM. Tabnuily). Ha ocTanbHbIX peskumax oHa MEHb-
IIIe, 1 COOTBETCTBEHHO CHH3UTCS CyMMapHas CTETIeHb MOBBIMICHUs aapieHus B ['TY.
Hns ycranoBku HK-12CT cHmXeHHE CTETIEHH MOBBIIICHUS AABICHUS B KOMIIPECCOP-
HOM OJI0Ke 7 KOMIICHCHPYETCSI IIOBHITIICHUEM NaBlieHus B KoMripeccope ['TY.

s BeiOpanHbx ['TY ¢ ydeToM HOBOHM CXEMBI pacCUMTAaHBI MapaMeTphl dPdek-
TUBHOCTH YCTaHOBOK IPH W3MEHEHUH TeMIIepaTypbl aTMOC(HEPHOTo BO3IyXa U Pacxo-
na TorumBHOro rasza ;i TOL. Ha puc. 15 npuBeaens! rpaduieckue 3aBUCHMOCTH U3-
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MeHeHus MorrHocTd U KIIJ] TypOoneTannepHbIX yCTAHOBOK OTHOCHTEILHO MX 3HAUe-
HUH JUISl TUTIOBBIX CXEM, HO C YYETOM TeX JK€ aTMOC(EPHBIX YCIOBHIA,

M3MeHeHWe OTHOCHTeNbHOMW MOLLHOCTH M3MeHeHWe oTHOCWTensHOTo KMNO
—= HK-37CT o == HK-37CT
60 —— HK-16CT 1251 &7\ — HK-16CT »
-=-=- HK-12CT * -=- HK-12CT /
100
40
7
=
o (-
a“- Q 50
é 20 I:
il
01 0
25 \ ;
-20 "-...,.r-"
T T T T T T -50 T T T T T T
2 4 6 8 10 12 2 4 6 8 10 12
Mecsusl Mecaubl

Puc. 15. U3menenune otHocureabHoil momHoctd U KITJ] tumoBeix I'TY B 3aBu-
CHUMOCTH OT pPacxo/ia TOTUTUBHOTO ra3za yepe3 TOL]

[ Bcex ycTaHOBOK B JIETHUH MEPUOJ CHH)KEHHE pacxojia TOIUIMBHOTO Ta3a JUIs
TOLI (B cpaBHEHHH C TIOBBIIICHHEM TEMIEpPaTyphl aTMOC(HEPHOIO BO3AyXa) SBISETCS
npeobnamgaromuM pakropom cHmkerwst KI1/ u MmormHOCTH.

s yecranosku HK-37CT npupoct s dhekTuBHOCTH HAOII01aeTCS TOIBKO B 3UM-
HUH TepHOJ ¢ HauOOJNBIIMMHU PACXOAaMHU TOIUIMBHOTO Ta3a. YBEIMYCHUS MOIIHOCTU
MOXHO AOcTHTHYTH 110 40 %, yBemwmuenus KIIJ — nopsaka 20 % (3Tu 3HaYeHHUS Xa-
pakTepHBI TOIBKO IS 3aMaHHBIX mapamerpoB TOLl B 3umuMiA niepuox). [lpu cHmke-
HUM Pacxo/a TOIUTUBHOTO ra3a CHIKACTCS CyMMapHas CTENCHb HMOBBIIICHUS B KOM-
npeccope I'TY u mapamerpsl 3QPEeKTUBHOCTH CYIIECTBEHHO YXYAIIAIOTCS OTHOCH-
TensHO 0azoBoit ycranoBkun HK-37CT.

Bonee maBHOE M3MEHEHHE MapaMeTPOB Ha PEKUMAX CHUKEHHUS TOIUIMBHOTO Ta3a
TOL nabmonaercs y HK-16CT. B nernuii nepuon pacuetnsie MomHoctd u KIIJ He-
3HAYUTENFHO CHIXKAIOTCS (ropsaka 2 %), B 3UMHHI meproj, HaOIromaeTcsl CyIiecT-
BEHHOE YJTy4llleHHE XapakTepucTuk ['TY.

ITo pesynbratam mpeaBapuTeNbHOro pacuera ocHaimleHue yctaHoBku HK-12CT
TypOOAeTaHICPHBIM KOMITPECCOPHBIM OJIOKOM YBETHYHBAET ¢ dPPeKTUBHOCTD. Jlaxe
Ha MUHHUMAJBHBIX pacxofax TOILTUBHOTO rasza st TOLl B ieTHHi meproa 0HO T03BO-
it yBennuuth MommHocTh HK-12CT Ha 7 % u nossicuts KIIJ[ Ha 12 %.

B cocraBe komOuHupoBanHOH ycTaHoBKH TOLI mienecooOpa3Ho NpUMEHATH THU-
nmoBeie ['TY TOMBKO MU HAMMYUN TypOOIETaHIAECPHOIO KOMIIpEeCcCOpHOTO Oyioka. Ha
npumepe ra3oTypOunHoil yctanoBku HK-12CT npu MuUHMManbHOW TEIUIOBOM Ha-
rpy3ke TOIl komOuHMpOBaHHAs ra30TypOo/eTaHAepHAs YHEPreTHYeCKasi yCTaHOBKA
BbIpabateiBaeT nopsiaka 10 MBT momraoctu ¢ KILJL 30 %, a B 3umawmii mepuog KI1/]
YCTaHOBKH yBenuanBaetrcs 10 53 %.

[IpoBeneHHBIN pacyeTHBIH aHANIN3 TOKAa3al, YTO €€ DJIEKTPUYECcKask MOIIHOCTD
u KIIJ] 3aBHCAT OT BEIMYHUHBI pacxojia MPUPOTHOTO rasa, momasaeMoro Ha TOLI, mo
MecsIaM TOoAa M COOTBETCTBYIOIIMM MM TeMIlepaTypaM aTMoc(epHOro BoO3myxa.
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Hawnbonee > dexrnBHa KOMOMHIPOBAHHAS YCTAaHOBKA, B KOTOPO#l TypOoIeTaHACPhI
cBsi3aHbl ¢ o0muM BajoM tunoBod ['TY. B kauectBe tumoBoii I'TY Hambonee -
(heKTUBHA II0 CBOMM TEpPMOTa3oquHaAMHUYECKUM MapameTpam ycraHoBka HK-12CT,
KOTOpasi xopomio ce0si 3apeKOMEeH/I0Bala B OKCIUTyaTalllii Ha KOMITPECCOPHBIX CTaH-
LUSIX MarucTpajbHBIX T'a30IPOBOAOB. YCTAHOBIEHO, YTO TYpOOJAETaHAEPHBIA KOM-
npeccopHslii 010K nobimaet napameTpsl d¢pdpextnBnoctn HK-16CT, HK-12CT, ko-
TOpBIE HE COOTBETCTBYIOT COBPEMEHHBIM TEXHUYECKIM TPEOOBaHISIM.
Pazpaborannas temmoBas cxema KI'TAY MOXeT MPUMEHATHCS HE TOJIBKO IS
TOL, ona BeceMa > dexTuBHA U 17151 MogepHu3auuu [ TY, KOTOpble UCTIONB3YIOTCS
B Ka4yeCTBE NMPUBOJIOB HA KOMIIPECCOPHBIX CTAHIIMSIX MaruCTPaIbHBIX Fa30MPOBOIOB.
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OPTIMIZATION OF COMBINED THERMAL CIRCUITS GAS TURBINE
EXPANDER POWER PLANTS
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Abstract. In this paper, thermal schemes are proposed and the principle of operation of
combined power plants of a new type for a thermal power plant is given. Thermodynamic
analysis of parameters of thermal circuits of combined power gas turbine expander plants
was carried out depending on the outside air temperature, electric and thermal loads of
the thermal power plant, as well as the flow rate of natural gas through the gas distribu-
tion point consumed by the thermal power plant. Based on the results of the calculation,
optimization of the power plant cycle parameters was carried out, providing the specified
electric power and efficiency of the gas power turbine. It has been found that its electric
power and efficiency depend on the flow rate of natural gas supplied to the thermal power
plant in different months of the year and the corresponding air temperatures. The most ef-
ficient combined plant is a system in which turbo expanders are connected to the turbo-
charger shaft of a typical GTU or complementary to a typical GTU by a turbo expander
compressor unit. The use of a new type of combined gas turbine expander power plants
seems to be the most effective solution for increasing the generation of electric energy and
increasing the thermal efficiency of thermal power plants.

Keywords: thermal power station, compressor station gas turbine plant, turbo expander,
natural gas, gas distribution point, gas turbine power station.

REFERENCES

1. Strebkov A.N., Osipov A.V., Zhyvronsky S.K. Termodinamicheskie osnovy ispol'zovaniya de-
tander-kompressornoj GTU [Thermodymnamic Bases for Using the Expander Compressor
GTU] // Bulletin of the Moscow State Technical University named after N.E. Bauman. Ser.
Mechanical Engineering. 2021. No. 1. Pp. 166—181. (In Russian).

2. Kulichikhin V.V., Tyunyaev M.V. Consequences of the introduction of expander-generator
units into the thermal scheme of the thermal power plant // Heat Supply News. 2017. No. 5
(201).

3. Gulina S.A., Shelud’ko L.P. Modelirovanie termodinamicheskogo cikla GTD, rabo-
tayushchego na gazoobraznom toplive proizvol'nogo sostava [Modeling of the thermodynamic
cycle of a gas turbine engine operating on gaseous fuel of arbitrary composition] // Sbornik
trudov XXIX mezhdunarodnoj nauchnoj konferencii «Matematicheskie metody v tekhnike
i tekhnolo-giyah MMTT — 29». T. 12. Saratov, 2016. Pp. 67-73. (In Russian).

4. Gulina S.A. Gazoturbinnye ustanovki [Gas turbine units]. Samara: SamGTU, 2023. 180 p. (In
Russian).

5. Tkachenko V.V., Girsht S.M. Analiz i obosnovanie effektivnosti primeneniya detander-
generatornyh agregatov v energeticheskih sistemah [Analysis and justification of the effective-
ness of using expander-generator units in energy systems] // Vestnik Izhevskogo gosu-
darstvennogo tekhnicheskogo universiteta. 2019. Ne 1. Pp. 82-92. (In Russian).

6.  Yudin Yu.V., Khovansky Ya.V., Artemyev S.N. Sovershenstvovanie sistemy teplosnab-zheniya
s primeneniem detander-generatornyh agregatov [Improvement of the heat supply system us-
ing expander-generator units] / Vestnik Udmurtskogo universiteta. Seriya: Tekhnika
i tekhnologii. 2017. Ne 2. Pp. 5-10. (In Russian).

7. Khudoley V.I., Kokotkin A.M. Modelirovanie i analiz ekspluatacionnyh harakteristik detander-
generatornyh agregatov [Modeling and analysis of operating characteristics of expander-

* Svetlana A. Gulina (Ph.D. (Techn.)), Associate Professor.
Leonid P. Sheludko (Ph.D. (Techn.)), Associate Professor.
41



42

10.

11.

12.

13.

14.

15.

16.

17.

18.

generator units] // Scientific Bulletin Chernivetskogo universitetu. Mekhanika, materialoz-
navstvo, inzhenerne possession. 2016. No. 795. Pp. 33-39. (In Russian).

Potekhina N.V., Sorokina O.P., Pashenkin V.I. Optimizaciya parametrov raboty detander-
generatornyh agregatov dlya povysheniya energoeffektivnosti gazotransportnoj sistemy [Op-
timization of the parameters of operation of the expander-generator units to increase the en-
ergy efficiency of the gas transmission system] // Industrial Energy. 2018. No. 6. Pp. 24-28.
(In Russian).

Baranov G.G., Shabalina G.M. Vliyanie granic temperatur na parametry raboty detander-
generatornyh agregatov [Influence of temperature limits on operating parameters of expander-
generator units] // Thermal Power Engineering. 2015. No. 12. Pp. 40-43. (In Russian).

Kiselev S.V., Ryzhenkov D.V. Analysis of Combined Cycle Power Plant Integration with Ex-
pander-Generators for Electric Power Generation // International Journal of Environmental and
Science Education. 2021. Ne 16 (12). Pp. 8576-8588.

Chen H.Yu.C., Zhang C. Thermodynamic analysis of combined cycle power plant integrated
with expander-generator and cooling heat pipe // Applied Thermal Engineering. 2019.
Ne 161. Pp. 114165.

Sangeetha G., Srinivas T. Thermodynamic analysis of combined gas turbine and organic
Rankine cycle using expander-generator // Materials Today: Proceedings. 2017. Ne 4 (2).
Pp. 1080-1090.

Hui S., Min J., Jiandong G., Chao H. Thermoeconomic optimization and performance analy-
sis of a combined cycle power plant based on an expander-generator // Energy Conversion
and Management. 2016. Ne 108. Pp. 343-355.

Li J, Shu G, Yan J.,, Li G., Zhou B. Performance analysis of gas turbine power plants with
expander-generator unit // Energy Procedia. 2016. Ne 8. Pp. 487-492.

Yuan Z., Degelaen P., Lecompte S. Analysis on the application of a sliding pressure cycle in

a combined cycle power plant with an expander—generator // Applied Sciences. 2018.
Ne 8 (6). P. 878.

Bai Z., Lei W., Xie H., Xu Y. Comparative assessment of working fluids for Organic Rankine
Cycles based on combined expander-generator. Energy Sources, Part A: Recovery, Utiliza-
tion, and Environmental Effects. 2021. Ne 1.

Villanueva F., Ahmadi P., Patterson R., Inger G. Feasibility analysis of combining a Brayton
and organic Rankine cycle with an expander-generator in a combined heat and power plant //
Applied Thermal Engineering. 2019. Ne 146. Pp. 538-548.

Honggiang Y., Xingiang Y. Thermodynamic performance analysis of combined cycle power
plant with steam extraction from bottoming cycle // Energy Conversion and Management.
2015. Ne 94. Pp. 1-12.



