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TEPMOJAUHAMIYHA ONTUMI3ALIA 3PA3KOBOI'O IIUKJY BIHAPHOI
nry 3  KOTJOM-YTHWIIBATOPOM  3A  JOIIOMOI'OK0  CYYACHHX
IHOOPMAINIMHUX TEXHOJIOI'TAX

Ha ocHOBe MareMaTHuecKoro MOJCIUPOBAaHKSA, C HCIHOJB30BAHUEM COBPEMEHHBIX HMH(MOPMAIMOHHBIX
TEXHOJIOTHH, B CTaThe IPEJICTABICHHbIC pPE3YIbTaThl HCCICIOBAHUS ONTHMH3ALMH OOpa3mOBOTO IIHKIA
ounapHOit [II'Y ¢ KOTIIOM-YTHIM3aTOPOM C IIETBIO MMOTydeHII MakcuMaibHoro BHyTpeHHero KK/ nukma

On the base of mathematical modelling with the help of modern information technologies the article gives results
of optimizing investigation of exemplary cycle of Gas-Steam Combined Cycle Plant with the purpose of
increasing inner efficiency

[lepcnekTHBHMIA HANIPSIM PO3BUTKY €HEPTETHKH TMOB'si3aHmid 3 ra3oTypoinaumMu (I'TY)
ta mapora3oBumu (I1['Y) eHepreTHUHNMHU YCTaHOBKAMH TEIIOBHX CJICKTPUYHHX CTaHMii [1].
Haiibinpm auHaMigyHO ChOTOMHI po3BHUBatOThCs OiHapHi [II'Y 3 kotmom-yrunizatopom (III'Y
KYV).

3aranmom, nuisxu miaBumieHHs edextuBHOocTi [II'Y 3arajiom 10 KIiHIM i€ HE
JIOCITIJKEHHI 1 IPeACTaBIISIIOTh CO000 CKIIAJHY OaraTonapaMeTpudny npobnemy [2, 3, 4], sKy
B 0araThb0X BUIIAJKaX MOKHA BUPILIMTH 3a JOTIOMOTOK0 MaTEMAaTUYHOTO MOJIEIIFOBAHHS.

BusHaueHHs, AOCHIPKEHHS Ta aHani3 3pa3koBoro muxiy OiHapHoi IIT'Y 3 koTiaoMm-
yrunizaropom (III'Y KVY) HaBeneno, 3okpema, B podotax [1, 2]. Ajne pa3oMm 3 TuM, Ha Halry
IYMKY, JaHe MUTaHHA MOTpedye NOJaibIIOro JOCHIKEHHS Ta yTouHeHHs. OCKiIbKH,
Hampukiag B pobori [2], mpu mociimpkeHHi 3paskoBoro 1wkiny IIT'Y, 3poGieno psin
CIPOILEHb, 30KpeMa 0araTocTyNeHeBUI CTUCK IMOBITPS y KOMIpecopi Ta OararocTyrneHeBuit
niasig remaotu y I'TY 3aMiHeHi 130TepMIYHUMU ITPOLIECaMH, K1 B 11IMCHOCTI HE MOXKYTh OyTH
peamnizoBani. Kpim Toro, B po6orti [2] He BpaxoByBasiocst 0X0JI0KeHHs ra3oBoi TypOinu (I'T),
0 MPU CyYacHUX Temmeparypax ra3iB Ha Bxomi y I'T € oOoB’s3koBuM. B poboti [2] B
OCHOBHOMY pO3IJIS/IalOTHCS BUIIAJKH ONTUMI3allil MapamMeTpiB MapoTypOiHHOI YCTaHOBKU
(IITY) sax cknagoBoi yactunu [II'Y KVY. Pasom 3 tum ontumizauis napamerpiB I'TY sk
cxanoBoi [1I'Y KY B naniit poboTi npakTHyHO He po3risinaerscs. KpiMm Toro, B podori [2]
nociimpkytoteess cxemu [II'Y KY Ha piBHI Cy4acHOro poO3BUTKY Ta MOXIJIMBOCTEH
€HEepreTUYHOro MamuHoOy TyBaHHsA. MOXIMBOCTAM po3BUTKY cxeM III'Y KV B maiiOyTHpOMY
3a paXyHOK YCKJIaJHEHHS IIUKITY TAKUX YCTAHOBOK B po0OTi [2], Ha HaNIly JyMKY, IPUIIIEHO
HEJ0CTaTHbO yBaru.

3aBOSKM IIMPOKOMY BIPOBADKEHHIO MOTykHHX [IEOM Ta 3pyunux mid
BUKOpUCTaHHs mporpamuux makeriB (Mathcad, Matlab, Mathematica, Maple i in.),
MOJICITIOBAHHS CKJAJHUX TIPOIECIB, IO BIAOYBAIOTHCS MPU POOOTI TEIIOEHEPTETUYHUX
YCTAHOBOK, CTa€ JIeAaIi MOMUPEHNUM 1 MOXKIIMBHUM ISl IIUPOKOTO KOJIa CHEIiaIiCTiB.

ABtoputetHe B obOmacti iHdopMmamiiiaunx TtexHosorii (IT) Bumanns PC World
(www.pcworld.com) ony6mikyBano crnmcok 10 «IT-nepeBopoTiB» - momuiil, ski cepio3HO
3MIHATB KUTTS KOPUCTYBadiB KOMIT'FOTEPIB MPOTATOM HaOmmxk4voro yacy. Ha nmepmomy miciri



CTOITh PO3BUTOK TaK 3BaHUX «XMapHHX oOuucieHb» («cloud computing») — HamgaHHS
BUJAIICHUX OOYHCIIOBAIILHUX TIOTY>KHOCTEH, JTUCKOBOTO TIPOCTOPY 1 KaHAIIB 3B'SI3KY
3amMoBHHUKY. Ilim «Xmapammu» poO3yMiIOTbCS OOUYMCITIOBAJIBHI IIEHTPH, SKI € Ha TOPSIOK
HNOTYXKHIIIMMHU 32 cepiio3Hi iH(pacTpykTypu pocBimueHux B IT opranizamiii. 3amicTh
GI3BUYHUX CEpBEPIB 3aMOBHHUKAM BHUIUISIOTHCS BIpTyallbHI CepBEpH, 110 OYAyTh PO3TOPHYTI
Ha PO3MOALIEHIH Mepexi KOMIT'FOTEPiB TPOMHUCIOBOI MOTYKHOCTI.

@axiBusiMH MOCKOBCHKOTO €HEPreTUYHOr0 1HCTUTYTY 3@ y4YacTH0 HAYKOBIIB 1HIIHUX
oprasizaiiii CTBOPEHHH cepBep, Ha KU MOXHA BHHTH 3a aJpecoro WWW.VPU.ru/mas, mio
MoOke OyTH KOPUCHUM I THUX, KOMY, 30KpeMa, HeoOXiJHI BJIACTUBOCTI pOOOYMX TIN 1
TEIUIOHOCIIB €HEPreTHKH, a TAKOXK PO3PaXyHKH 1 Bizyastizallisi MpoIeciB, o BiIOYBAIOTHCS Ha
TEIIOEHEPTeTUYHUX YCTAaHOBKAX.

Pesynpratu nmocmimxkens Ta aHami3z pizHux cxem III'Y KY Moxna 3Haiitm y
crerianizoBaniil jitepatypi (Monorpadii, aucepTarii, mOCiOHMKH, CTATTI TOMIO), KA HE
3aBXKAM € JOCTYITHOIO, 1 sIKa, BPaXOBYIOUM Oarato(pakTOpHUH BIUIMB PI3HHX MapaMeTpiB Ha
poOOTY TakuX YCTAaHOBOK, A€ HE 3aBXKIM MOBHY KAPTHUHY IPO 3alIeKHICTh MOKA3HUKIB X
po0OTH Bij BIUTMBAaOUUX (HaKTOPIB.

OT1xe, naHa pob0Ta CTOCYEThCS JTOCIIKEHHIO Ta aHANII3y 3pa3KOBOrO IUKITY OiHApHOT
[I'Y 3 KOTIOM-yTWII3aTOPOM B IHTEPAKTHBHOMY pPEXHMi 3a JIOTIOMOTOI0 CalTy
http://twt.mpei.ru/ochkov/VPU_Book New/mas/index.html 3 metoro onrtumizamii 10ro
UKITY.

J71g peaibHUX TETIOCHEPTETUYHHUX YCTaHOBOK, 1110 BUPOOIISAIOTh EIEKTPUUHY €HEPTil0
HaNOUIbII MOBHUM ITOKa3HUKOM, SIKMH BpaxoBye Bcl BTpaTH eHeprii, € enekrpuunuit KKJ|
BCi€l YCTaHOBKH, SIKMIl pIBHUI BIJHOIIEHHIO €HEprii, L0 BIJNA€THCS CIIOKUBAYEBl, 10
IiIBE/ICHOI 330BHI TEIUIOTH. BUXOSUM 3 1OTO, UK TAKOI TEIJIOCHEPTeTUYHOT YCTAHOBKU
HEOoOX1JJHO BUOMpATH, BUXOJMUHM 13 OTPUMAHHS MakCUMalbHOTo enekTpuynoro KK/I.

MoskHa TOKa3aTH, M0 TEPMOAMHAMIYHUN IHKJI, SIKUA B 3aJaHUX YMOBax HOTO
3a1icHeHHs Mae HaiOuibmmi BHyTpimHIN KK 77; , 3a0e3neuye 1 HaHOUIBIIMI €JIeKTpUYHUN

KKJI ycranoBku. lle 103BO/sSIE TOJOBHMM MOKa3HUKOM TEPMOJWHAMIYHOI €(EeKTHBHOCTI
pealbHUX BHYTPIIIHHOHEOOOPOTHHUX LHUKIIB MpUiiMaTu BenuuuHy 77; [3], sika BU3HA4Ya€THCS

3a popmyIor
|.

m=—, 1)
q;

ne |, — muroma BHYTpiHS poboTa AIHCHOTO IHUKITY;

(, — AilicHa MMTOMA TEIUIOTA, 110 MiJBOAUTHCS 330BHI /10 YCTAHOBKH.
3pobumo peski neperBopeHHs popmyiu (1) 3riqHO METOIUKH, 1110 HaBeaeHa y [3].
Baytpimas pobota mukmy [IT'Y KV, y cBoro "epry, Bu3Ha4aeThCs 3a HOPMYIIOH0

| L o -m
_ t_comp t_fp st
I _(It_gt “Moi_gt th st "Myt '770i_st)_ + ) (2)
770i_c0mp 770i_fp

ne | g4, li ¢— muToma poGoTa i30€HTPOMIYHOTO PO3MIMPEHHS BIANOBIIHO y rasoBidl Ta
napoBii TypOiHi BIAHOCHO 1 Kr poOoUoro Tijia BIANOBIAHO Y Ta30Bii Ta mapoBii TypOiHaX;
li comp» li f, — TMHTOMa poGOTa i30€HTPONMIYHOrO CTMCKY BiATOBIHO y KOMIPECOpi Ta

KUBHJIBHOMY Hacoci BIZHOCHO 1 Kr poOoyoro Tila BiANOBIAHO y Tra3oBiii Ta mapoBii
TypOiHax;
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My, - MMTOMA BUTpATa MapH y MapoBii TypOiHi, BiiHeceHa 10 1 Kr rasy y rasoBiil TypOiHi
(I'T);

Moi_gt» Moi_st — BIANOBLHO BisHocHui BHyTpimHilk KK/ ra3osoi Ta maposoi TypOiH;
Moi_comp» Moi_fp — BIANOBiMHO BimHOCHMA BHyTpimmHid KKJ[ xommpecopa Ta >KMBUIBHOTO

Hacoca.
BBiBIIM TO3HAYEHHS

(It_gt “Toi_gt +h_st- My '770i_st)
(It_gt + & 'mst)

IE ey, — upuBenenuit BHyTpimHiA KK/ mpouecy posmdpeHHst y ra3osil Ta mnaposii

, (3)

Nexp =

TypOiHax peanbHoro nuxiy [II'Y KV,

It_comp + It_fp -m

st
Necomp = | | ’ 4)
t_comp t_fp Mgy

77Oi_comp 770i_fp
IE Teomp — TpuBeneHui BHyTpimHiA KKJI nponecy crtucky y komMnpecopi Ta KHBHIBHOMY
Hacoci peansHoro uKiTy [IT'Y KY,
Ta (;=0; 1"y, A€ G ; — KiIBKiCTb TEIUIOTH, WO MiJBENEHA 330BHi Y TEOPETHYHOMY
obopornomy mukii III'Y KV; w — koedinienT, mo BpaxoBye 3MiHy (; IO BIJHOIIEHHIO JI0
0 1 popmyny (1) MoxkHa 3anucaTH sK

It_comp + It_ fp Mgy

(It_gt + It_st ' mst)'nexp - n
;= = / ®)
Q v

BpaxyBaBmym, 10 BIAHOWIEHHS 77, = l(lt_gt +h & -mst)—(lt_comp My )J/qt_l €
tepmiunnil KK/ nukny II'Y KV, nicns aesxux neperBopeHsb Gopmyny (5) MokHa 3amucatu
K

Nexp 1
n = M — Peomp —-1
4 Mexp * Meomp

(6)

€ Poomp = (It_comp +l My )/ 0 1 — BiZHOCHA poOOTa CTHCKY.
I3 hopmynu (6) MOxkHA 3pOOUTH TaKi BasKJIMBI BUCHOBKHU:
- Ha BHyTtpimHIA KK 7; III'Y KY BrumBatots, 30kpema, tepmiuauii KK 7,, Ta

BiJIHOCHA POOOTa CTUCKY @Peomp ;
- Kpamum, 3 TOYKH 30pYy OTpHMaHHS MakcumyMmy BHyTpimHbOoro KKJ{ 7, II'Y KV,
Moxe Oyru He nukn 3 OutemmMm tepmiunuMm KK 77,, a muxi, mo Mae MeHIINi

tepmiunuit KKJI 7, , ane i Menuie 3naueHHs BIIHOCHOT pOOOTH CTUCKY @Pgomp, -



Tepmiunuit KK 7, [I'Y KY MoxHa mIBUIIUTH IUIAXOM 0araToCTylEHEBOIO

MiJBOJlY TEIUIOTH Yy Ta30BOMY LMK, CTUCHEHHSM MOBITPS Yy KOMIIPECOPi 0 MaKCHMAaJbHO
MO>KJIUBUX THUCKIB Ta BUKOPUCTAHHSIM 3BEPXKPUTHUHOTO TIOYATKOBOTO THUCKY ITAPH.

BinHocHy poOOTY CTUCKY @Pgomp Y III'Y MOXKHA 3HM3UTH — LUIAXOM 3MEHILEHHS
TEOPETUYHOT POOOTH CTUCKY (It_comp + -mst) Ta 30UIblIeHHS miaBeaeHoi 330BH1 10 [II'Y

TEOPETUYHOI KUTBKOCTI TEIJIOTH 0 ;.

Buxoasiuu 3 mporo, sk 3paskoBuit uki [II'Y KV, mo moxe 3a0e3neunTy 301UIbIIeHHS
BHyTpimHboro KKJI, Mo>kHa MpUWHSTH [UKJI, 1110 HAaBEJACHUH Ha puc. 1.

I3 puc. 1 6aunmo, mo nuka [II'Y KY cknanaerbes i3 muxiny razoBoi yactunu 1-2-3-4-
5 Ta mapoBoi yacTuHu 5-6-1.

30UTbIICHAST OBKMHHU JUISTHKH 1-2 (CTHCK TOBITpS y KOMIpecopi) Ta HasBHICTb
TOPU3OHTAIILHOI TUISHKH 3-4 (130Tepmiuami miaBin Teriotu 1o II'Y KY) HabnmmkaroTh UK
[I'Y KV no nukiny Kapno (36inmbmrytots Tepmiunuii KKJT).

3 iHII01 CTOPOHM, YUM MEHIIIA JIOBXKUHA TUISHKH 1-2 Ta OUIbIa TOBXUHA TIISHKHA 3-4
— TMM MEHIIIA BiTHOCHA POOOTY CTUCKY @eomp -

Kpim TOrO, BiIHOCHY POOOTY CTHUCKY @om, MOXHA 3MEHIIMTH HUISXOM 301IbIIEHHS

MIMPUHUA LUKy Y JIIBY CTOPOHY — 1€ 30UIbIIYy€ KiJBKICTh MiJIBEACHOI TEIJIOTH Ta 3MEHIIYE
pOOOTY CTHCKY.

B ocranHpoMy BHMAgKy BHHHMKAae HEOOXigHicTh 3actocyBanHsa y III'Y KV
130TepMIYHOr0 CTUCKY 1-a MoBITps y KoMmmpecopi (puc. 2).

[3oTepmiunmii ctuck (1-a) moOBiTpPS y KoMIpecopi Ta i3oTepmiuHuid mifBin (3-4)
TEIUIOTH y IIACHUX YMOBaxX MOJKHA 3JIHCHUTH LIUIIXOM 3aMiHM IMX IMPOLECIB aaiadaTaMu Ta
1300apamu (puc. 3).

3

N 3 3 N 4
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h 3 4 h 3
1 ¢ s £ < . &1 ¢ s
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. Puc. 2. 3paskopuii nukn IIT'Y KV, L .
Puc. 1. 3pa3koswuii rukn [II'Y 1110 MOYe 320e3MeUHTH 361IbIICHHS Puc. .3. 3aM11.1a i30TepMiTHIX
KV, mo moxe 3abe3nedantu fioro BryTpimuboro KK/l musxom  1POLECIB Ha aniabaTtHO-1300apHi y
301IbIIEHHS HOTO {30TepMiYHOTO CTHCKY TIOBITPS Y 3paskosoMy uukii [II'Y KY

BHyTpimHBOr0 KK/ KOMIIpecopi

Buxoasun i3 BUKIAACHUX BHINE TCOPETUYHHUX MiaxoxiB, mis podotu [II'Y KV 3a
3pa3KoBUM LIMKJIOM Oyia BuOpaHa yCTaHOBKa, SIka HaBe/leHa Ha puc. 4.

[Tpu cknamanHi MarematuyHoi mojeini aanHoi [II'Y BukopucToByBanu pekoMeHalii,
(dopmMynu Ta piBHSHHS, sKi HaBeaeHi B [1]. 3okpema, kpuTHyHHi TeMneparypHuid Hamip y KY
cragosuB 10 °C, temneparypruii Hamip Ha Bxoxi ra3is y KY cranosus 20 °C. Temmneparypa
KOHJICHCATY Ha BXO[i y rasoBuil migirpisauk xougencary (I'TIK) cranosuna 60 °C. B cxemi
nepajabaueHa 3akpuTe mapoBe oxojomkeHHs [T, po3paxyHok skoro OyB MpOBEIACHUN 3a
meromukoro [3]. Jlis BH3HAuYeHHS TEPMOAWHAMIYHMX TapaMeTpiB  poOOYMX  Til
BUKOPHUCTOBYBaJlach  ceprudikoBana mporpama WaterSteamPro  (WwWw.Wsp.ru), sika
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po3pobiiena ¢axiBusMu MOCKOBCHKOTO eHepreTudHoro iHcrutyry [4]. Pasom 3 Tum, Ha
MEPIIOMY €Tami JOCIiPKeHb Oynu 3po0iieHi aeski crhpoiieHHs. 3okpema, B ['TY pobGounm
TUJIOM OYJI0 MPUUHSATE MOBITPS HA BCIX AUISHKAX YCTaHOBKH. KpiM TOro, HE BpaxOBYBaJIHCh
BTPAaTH THUCKYy pOOOYOro Tijla MpH TPAaHCHOPTYyBaHHI. Takok B cXxeMmi NpUHHATHN
oaHokoHTypHuUi KVY.

o5 o Henue Puc. 4. Cxema

[Ty KV, ska
MOXE
MpaloBaTH 3a
3pa3KOBUM
LIAKJIOM

...... K KC

B nanux pospaxynkax Oymno mociimkeHHs dotupu cxemu ['TY sk cxmagosoi III'Y
KVY: I'TY npoctoro nukiy; ['TY 3 oqHOCTYynIEHEBUM CTUCKOM MOBITPs Ta 0araTocTyrneHeBUM
posmupenHsM razy; ['TY 3 GaraTocTyneHEeBMM CTHCKOM IMOBITpS Ta 0araToCTyNEHEBHM
posmmpenHsam razy; I'TY 3 OGararocTynmeHeBUM CTHUCKOM MOBITPS Ta OAHOCTYIIEHEBUM
po3mupeHHsM raszy. KpiM 1poro, B KOXHIM 13 HHUX CXeM pPO3IIISIIAINCS JBa BUIAJIKH
TEMIlEpaTypu Ta3iB Ha BXoxai y mepiry 1o xomy rasie I'T: 1200 °C rta 1500 °C. Ilpu
temreparypi 1200 °C, y Bumaaky 6araTtocTyleHEBOTO CTHCKY IOBITps, repeadaduiii Tpu
KOMIIPECOPHU: BIJIOB1IHO KOMIIPECOP HU3bKOrO, cepeaHboro ta Bucokoro tuckis (KHT, KCT,
KBT); a y Bunaaky 6aratoctyneneBoro posmmupenss ray y I'T takox tpu ['T: BignoBizHO
I'T Bucokoro, cepennboro ta Huzbkoro TuckiB (I'TBT, I'TCT, I'THT). Ilpu temnepatypi Ha
sxomi y I'T 1500 °C, y Bumajiky 6ararocTyreHeBOTO CTHCKY moBiTpst, nepenbauriu KHT ta
KBT; a y Bunanky 6ararocryneneBoro posmmpenss razy y I'T — I'TBT ta I'THT. bBinbia
KUIBKICTh MPOMI)KHUX CTYTICHIB, Ha HAIIly 1YMKY, HE € JIOL[IIbHOIO Ta TEXHIYHO HEMOXKJIMBA.

[pukmang OMOKy BHXIOHMX JaHUX, MATOTOBJIEHHH 3a TexHosoriero Mathcad
Calculation Server [4] (TexHoJoOrisl, IO JO3BOJISIE MyOJIIKYBaTH PO3PaxXyHKH B TMpOrpami
Mathcad B m™epexi Internet 3 moskiuBicTIO poOOTH 3a TakMMH pO3paxyHKaMu B
IHTEPaKTUBHOMY pe€XHMi), HaBeieHUW Ha puc. 5. [lpm npomy, B JaHUX JOCTIIKEHHSIX
3MIHIOBAJIMCS TUTBKU JaHi, IKi CTOCyBaluCs yckiagHeHHs mukny ['TY.

OTxe, 3HAXOISTYHNCh Ha caiti
http://twt.mpei.ru/ochkov/VPU_Book_New/mas/index.html, BUOpaBILN HEOOX1JHUH
PO3paxyHOK, 3MIHIOIOUM B IHTEPAKTUBHOMY pEXHMI BHXIIHI JaHi, K1 3HAXOAATHCA Y
cnenianpHux Komipkax (texHosoriss Mathcad Calculation Server), i HaTHCKalO4H <OKUBY»
kiaBinry Recalculate, MmoxkHa BHKOHATH MepepaxyHOK YCTAHOBKH y BiJIIOBITHOCTI IO CBOTX
notpeo.

JUia  movatky, MNpHUBEAEMO pe3yJbTaTH PO3PAXyHKIB 3 JIOCHIIKEHHS BIUIUBY
yeknaaHeHHs mukny I'TY BinkpuToro Tuiy Ha HOro xapakTepuUCTHKH (IuB. puc. 6). Ilpu
1bOMY, cTemniHb cTucky nositps y KHT npuiitmascs piBauMm 1,2, a cTeniHp pO3LMIMPEHHS ra3y y
['TBT npuiimMaBcs piBHUM 3. Taki 3HaueHHS NPUNHHATTI Michs GaraTOKpaTHUX PO3PaxyHKIB
nukiy ['TY sk taki, mo garoth MakcumyM BHyTpintHboro KK/ nuxiy.

OTtxe, 13 rpadikiB Ha puc 6. BHJIHO, II0 BUKOPHCTAHHS JBOCTYIIEHEBOTO CTHUCKY
MOBITPS Y KOMIpPEcOpi Ta ABOCTYNEHEBOTO TIABOAY TEIUIOTH JO3BOJISE ITiABUIIUTH
BHyTpimHIA KK I'TY B aianma3oHi 3aransHOro cremneHs crucky mositpsa z =40...100 Ha

4...9 %.
Bapro 3BepHyTH yBary, mo B JaHOMY BHIIaJKy MaeMO 301JbIIEHHS BHYTPILIHHOTO
KK]I ne3Bakaroun Ha 3meHmeHHs Tepmiunoro KK/ (Bigmamenns Bin nwkiny KaprHo ms
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3aJIaHOT0 TEMIIEpaTypHOTO 1HTEpBaly pobouoro Tina) (auB puc. 6, 6). B manomy BuUmaaxy
BHyTpimHii KK/[ 3pocTae 3aBasku 3MEHIIIEHHIO BiTHOCHOT pOOOTH CTUCKY (pHC. 6, B)).

Came Take TeXHIYHE pillleHHs, 30KpeMa, BUKOPUCTaHO y oAHiH 13 moxeni ['TY dipmu
General Electric [5]. Jns minBumienns KKJ[ maHoi ycTaHOBKM y MPOCTOMY LHKJI JI0
pekopaHux 45 % BHKOpHCTaHa CXeMa 3 JIBOCTYIICHEBUM CTHCKOM MOBITPS Yy KOMIIPECOPI.

Creninp nigsunienns Tucky Takoi I'TY 7, =40.

Napametpul ITY Bo¥ BaHHE, A4 SMHIOBATHCA B JaHHE pO3payHKax

Temnepatypa tSr, ey |1500  OBWian cTeneHs NOBLILEHMA JaENEHMA B KOMMPECCOPE T, (95
brox
FonMyecTED KOMMPECCOROE M |1 FonuyecTen razoewy Typhud K |2 OaHHH,
CTeneHb NOBLILIEHMA AAENEHMA B NPOMEXYTOUHBIE KOMNPeCCOpax T, | (1.2 A HE
- 3MIHIO-
CTeneHb PACLUMPEHMA ra30B B NPOMEXYTOMHEIK ra30eelx TyplkHax T |3 BANHCA

QNyCTMMAA TRMNEPAaTYa NOBepxHOCTH pabodmx nonatok §
Hony paryp R P cT,°c 300 Pafoyee Teno af air

Daenenve Pqr pg |01 BHyTtpeHnnit oTHocuTeneHeil KM komnpeccopa Mg ¢ o, |35

Temnepatypa typ o |15 Brytperunit oHocutensnet KO TT mgi o 56.4

Foad. MHTEHCHBHOCTH oxnakaeHra C, 1/10000 K 2
MapawmeTtpol MTY

Daenenne napa Ha exone 8 HBO P mpa |24 [aenenne napa 6 oTBope Ha Agaapatop, Pan ppg 0121
Temnepatypa napa Ha exofe & HBO tyq < |560  Oaenenue napa va sexoge va 1T, N5 kpg |5

Daenenne napa Ha sbixoae wa NN, Don wypa 3.5

B cnyvae 0TCYTCTEMA NpoMNeperpeea napa Heofixogumo 3anate Pop PaEHEM [1qn

MakcncansHan Temnepatypa npoaykTos cropakua & M (B chyyae asToHomHod pabote MTY) tp gy = (2000
BHyTp. oTH. KMNO nuT nacoca Mgy o 67 BHyTp. oTH. KNI napogai TypBrHel Mgj o1 o |55

MapawmeTtpel MY (pononHuTenbHo)

TemnepaTypa KoHaeHcaTa Ha Bxoae B [TIK, t7n o0 50

hAWH. Temnepar. Hanop Mexay rasom v ool B akoHom. KY, dtyin 5 =0 |10 Recalculate
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i [T 3 COHCCTYIEHEBHM CTHCKEO M HOBi‘I‘pH Ta IBECCTYIEHEEHM HmBOﬂOM TEIINOTH
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Mathcad
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po3paxysky III'Y

Puc. 6 Pesynbpratn
JIOCIIKEHD
YCKJIAIHEHHS
uukiny I'TY
BIZJKPUTOTO THITY
Ha ioro
nmapamMmeTpu:
TeMIeparypa raszy
Ha Bxomi y [TBT
1500 °C; creninp
CTHCKY Y
KHT=1,2;
CTEMIHb
PO3IIMPEHHS Ta3y
y I'TBT=3.



BukonaeMo NOCHIPKEHHS 3 TEPMOJIMHAMIYHOI onTUMi3alii 3pa3koBoro nukiy I[I'Y
KV.

Ha puc. 7 HaBeneHi pe3ynbTaTvl I CXEeMHU 3 TeMmIeparyporo ra3zy Ha Bxomi y ['TBT
1500 °C.

baunmo, mo 3aranom yckimaaeHHs uukiay I'TY sk ckimanosoi III'Y KV noszBosse
nigsunmtu BHYTpimmHIA KK]I ycranoBku mo 66 %. Pazom 3 TuM, HEOOXiTHO BiIMITUTH
HasBHICTH, MakcumyMy BHYTpimHboro KK/I. Take po3mimenHs rpadikiB Ha puc. 7, a MOXKHA
MOSICHUTH HACTYITHUM YHHOM.
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a) ) muky [IY Ha
H0ro napameTpu;
TeMIieparypa

ra3y Ha BXOJi y
I'TBT 1500 °C;
CTEMiHb CTUCKY Y
KHT 1,2;
CTEeMiHb
PO3IIUPEHHS
rasy y 'TBT 3.
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siie [TV 2 0OHOCTYIEHEEHM CTHCKOM IOBITPA Ta OQHOCTYIEHEEHM MIGEO0 M TEIIOTH
i [T 2 0MHOCTYIEHEEHM CTHCKOM IOBITPA T SEOCTYISHEEHM MIGECToM TEMMOTH
== [T 5 IBEOCTYIEHEEHM CTHOKOM MOBITRA Ta JBCCTYIEHEEHM MNE0I0M TEIIOTH
syl [T 2 IEOCTYIEHEEHM CTHCKOM HOBITRA TA ONHOCTYIEHEEH M [MNE OO TEIMGTH

[Ticns HEeCKJaAHUX MEPETBOPEHD MEPEMUIIIEMO 3aIeXKHICTh (6) y BUIIIs I
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4 Toi_gt “Moi_comp
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+ (It_st “Myy '770i_st)_ =2 = 01 =7 gc +Mp,
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ne 1; g - BHyTpimHid KK iukny Bpairona (uukn I'TY);
M . - MOKa3HUK, 10 PIBHUH BIJHOIIEHHIO BHYTPILUIHBOI pOOOTH peanbHOro UKy PeHkiHa
(muka IITY) mo midicHoi TerotwH, mo miaseaena no [1II'Y KV.



Otxe, npy 301IbLIEHH] 3arajJbHOrO CTENEHs CTUCKY 7 HOBiTps BHyTpimHil KK
ity I'TY 36inbiyerses (1uB. puc. 6, a). 3 iHIIOI CTOPOHH, NOKAa3HUK M . 3MeHIIyeThCS
(muB. puc. 7, 6), OCKUIBKM 3MEHIIY€TbCS MMTOMA BUTpaTa Mapu y mapoBiil TypOiHi Mg 3a

paxyHOK 3HW)KEHHS TeMmepaTypu rasiB Ha Bxoai y KV Tta 3pocTanHs Temmeparypu rasiB Ha
Buxoni 13 KY (muB. puc. 7, B, T). X0o4a npu IbOMY 3MEHIIYETHCS KUIBKICTh TEIJIOTH, IO
nigsaBoautecss o III'Y KY. Ockinbkn napametpu I[ITY B maHux pospaxyHKax He
3MIHIOBAJIMCh (1MB. PUC. 5), TO BENUUUHH | ¢ 7o ¢ Ta | ¢ /nOi_fp Oynu moctiitHumu. B

pe3ynbrati 30inbmenHs BHyTpimHboro KK/ mukiny I'TY ta 3meHmeHHs BenuuuHun Mg,

Ma€eMO CIIOYATKy 30UTBIICHHS, a MOTiM 3MeHIIeHHs BHyTpimHboro KK/ mukny IIT'Y KVY.
Jlane TBep/UKEHHS MOJKHA IMOSICHUTH TAaKOX HAa OCHOBI NMPHUHLUIIB MaTEeMaTHYHOTO
aHam3zy.

. . . . a’7i_BC oM Re ..
Ha puc. 8 nHaBenmeni nmani mpo 3MiHYy MOXiTHUX ———— Ta ——— TIpU 3MiHI
Oy oy
3arajlbHOr0 CTENEHs CTUCKY 7. Omke, 0auuMmo, IO y BCbOMY Jiala3oHi 3MIHH 7Ty

on

C i B . .y
3HAYEHHS ITOX1THOT 8I—_C € nogatHiM — T06t0 BHYyTpimHIN KK/ nukny I'TY 3pocrae (nuB.
g
My, . .
puc. 6, a). Pazom 3 TM moxigHa p - Big’eMHa. Iloxigna BHyTpimHboro KKJI nuxmy
Tk
. . . Oni_ge M . . .. .
[II'Y KV piBHa cymi MOXITHUX 5 Ta p . B pesynbraTi B Aiana3oni 3MiHH Ty B[
g g

30 o 50 moxigna BHytpimHboro KKJI mukny III'Y KV e nogartus (KK 3pocrae), a npu
3MmiHi 7 Bix 50 go 100 — Big’emna (KK] cnagae). Pazom 3 tum, npu 7 =50 mae micue
TOouKa 3710My ((PYHKIS MOXiTHOI M€ PO3PUB), SIKA MOSCHIOETHCSA MEPEXOJIOM MiHIMAIBLHOTO
TEMIIEpAaTypHOTO HAmMopy BiJ XOJIOAHOTO KiHI exoHomaizepa KY nmo rapsworo. Ilpum
7k =30..50 MiHIManbHMI TeMIepaTypHHi Hamip 3HAXOJWTHCS Ha XOJIOJAHOMY KIHII
exoHoMaitzepa KV, a mpu 7, =50...100 - Ha rapsuomy. IIpu 7, =50...100 € Mox1UBICTH
nojanbinoro miasuiieHHs BHyTpimHboro KKJI muxny II'Y KV 3a paxyHok aomzatkoBoi
yrumizanii tertotu ra3iB 'y KY mnmsxom 3acrocyBaHHs OaraTokoHTYpHHX KV, ockinbku
TeMIepaTypa ra3iB Ha BUXO/I 13 0fHOKOHTYypHOTo KV € noctaTHho BUCOKOIO (IUB. pHC. 7, B).

I3 puc. 7, a TakoXk BUIIHO, 110 3aCTOCYBAHHS CTYNEHEBOI'O MiIBUILICHHS TUCKY MOBITPS
npu 7, = 50...100 He nae cyrreBoro niasumeHHs BHyTpimHbsoro KK II'Y KY.

Ha puc 9. maBeneHi pe3ynbTaTtu AOCTIIHKCHHS BIUIMBY CTETICHS PO3IIMPEHHS Ta3y y
I'TBT (npu MakcuManbHil Temneparypi rasis y I'TY 1500 °C) Ta crenens po3mMpeHHs Tasy
y I'TBT i I'TCT (npu MakcumanbHiit Temneparypi rasis y I'TY 1200 °C) na aytpimmiin KK]T
[II'Y KV npu 3araabHOMY CTENEH1 CTHCKY MOBITPs 77 = 950.

baunmo, mo npu crenensx posummpenHs razy y I'TBT ta I'TCT, saxuit piBHHI 3,
BHyTpimHii KK [II'Y KV nocsrae MmakcumMaabHOTO 3HAYEHHS.

Jlnst mosicHeHHsT 1IbOTO BUKOpHcTaeMo puc. 10, Ha SKOMY HaBeIEHI 3MIHU BEITUYHH
M e T@ My, , a Takox Buytpimnboro KKJI uukiy II'Y KV Bin crenens posumpenus razy

y I'TBT 1a I'TCT npu MakcuMansHii Temmneparypi rasis y I'TY 1200 °C. HesBaxarouu Ha Te,
110 npu miaBuIeHHI creneHs posmupenHs razy y ['TBT ta I'TCT, suyrpimniin KK muxmy
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[Tpu crenensix posmmpeHHs razy y I'TBT meHmmx 3 € MOXIUBICTH 3aCTOCYBaHHS
6ararokoHpyHux KVY mis nogatkoBoi yruimizanii TeroTu rasis (qus. puc. 11).

I3 puc. 9, a 3HOBY  Taku BHJIHO, 10 3aCTOCYBaHHS CTYIEHEBOI'O MiJIBUILIEHHS TUCKY
HOBITPs HE Aa€ CyTTeBOro niasuieHHs BHyTpimHboro KK III'Y KY npu 7, =50.

I3 cyuacnux III'Y KV, ne 3actocoByeTbcsi ABOCTyneHe po3mupeHHs razy y I'TY Tta
nBo- 1 TpukoHTypHI KY, MoxHa Ha3Batu yctaHoBku 3 ['TY tuny GT24 ta GT26 dpipmu ABB

[1]. V mux I'TY Takok Mae Miciie BiTHO BUCOKH 3arajbHHI CTCMiIHb CTUCY TOBITPS, SKHIA
cranoBuTth 30.
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CTEMHE posmmpeHHA razy ¥ L 1B 1a TTCT Cremue posmnperEArasy ¥ L IBT ta I'TCT

Puc. 10 Brumus ctenens po3muperns razy y [TBT ta  Puc. 11 B crenens posmmpenss razy y [ TBT ta

I'TCT (upu makcumanbHii Temneparypi razis y ['TY I'TCT (npu MmakcumanbHii Temmeparypi razis y ['TY

1200 °C), na nesixi xapakrepuctuku III'Y KY npu 1200 °C), na Temneparypy rasis Ha Buxozi i3 KY npu
3arajJbHOMY CTETIeHi CTUCKY TOBITps 77K =50 3araJlbHOMY CTEIIeHi CTUCKY MOBITpA 7K =50

Buxozs4u 3 BUIIEHaBEIEHOTO MOYXHA 3pOOUTH TaKi BUCHOBKHU:

1. B 3aranpHomy Bumanky 3paskoBuM mukiaom III'Y KV e nukin, ne
nepeabaveHuii OaratocTyrneHeBuil MiABiM TemoTu (0araTocTyneHeBe PO3MIMPEHHS Taszy) Y
['TY, 6aratocTyneHeBUil CTUCK MOBITPS, @ TAKOK MPOMIKHHIA IeperpiB napu.

2. Pa3zom 3 Tum, B Haitbnmxuomy mMailOyTHboMy, cyTTeBe nigsuiienns KK/ ITI'Y
KY npanyre cxemu 13 NiABUIIEHOI0 MaKCHUMajbHOK Temmeparyporo raszis y I'TY Ta
3aCTOCYBaHHsI IBO- 200 TPUCTYNEHEBOTO MiBoAYy TeroTu A0 ['TY. bararoctyneneBuit cTuck
noBiTps 3a0e3neuntsb cyrTeBe niaBumeHHss KK mpu 3aranpHux crenensx ctuky 6iibiie 100,
110 MOKU € HEJOCSHKHUM JJIs eHeproMammnHooyayBanss. Kpim toro, nigsumenns KK/ TII'Y
KV 3a6e3neuyrots cxemi i3 6araTokoHTYpHUMH KVY.

3. Hocnimxenns 3paskoBoro mukiay [1I'Y KV 13 BUKOpUCTaHHSIM MaTeMaTUYHOTO
nakery Mathcad, mepexxuum mybuikatropom sikoro € Mathcad Calculation Server, nozsonuio
JIOCUTh TIPOCTO OTPUMATH I[iHHI pe3ylbTaTH, HE BJAIOYKHCHh JO JIOMOMOTH CTOPOHHIX
IPOTPaMicCTiB.

4. Caiir http://twt.mpei.ru/ochkov/VVPU_Book New/mas/index.html moctymnoBo
PO3LINPIOETHCS, PO3PAXyHKH KOPEKTYIOThCS Ta CTBOPIOIOTHCS HOBI.
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