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Pedepar. [IpencraBicHbI CXEMBI MOJUTCHEPAIIMOHHBIX YCTAHOBOK HA OCHOBE JMOKCHIA YTIIEPOJa,
B KOTOPBIX UCTOYHUKOM DHEPTUH CIY’KAT BTOPHYHBIC SHEPTETHUCCKHE PECYPCHl U Ta30TypOMHHAS
ycTaHOBKa. J[aHHBIC CXEMBI TIOJIMTCHEPAIIMH TO3BOJIIOT OJJHOBPEMEHHO MPOU3BOIUTE JJICKTPUYIC-
CKYI0 HEPrul0, TEIUIOTY, XOJIO/, JUOKCU YIIIepoa B KUIKOM U Ta3000pa3HOM arperaTHOM CO-
CTOSIHMM, a TaKKe YTHIM3UPOBaTh 4YacTh BHIOpAachIBAEMOro B arMocdepy AMOKCHIA yriepoja
3a c4yeT abcopOLUMH U3 MPOIYKTOB CrOPaHHs M MCIONb30BaHHUS B KOMMEPUYECKUX U TEXHOJIOTHYe-
ckux mensix. [IpeacraBieHa CTpyKTypa MaTeMaTHIeCKOH MOIeH pa3paboTaHHON MPOTPAMMBI ISt
MPOBE/ICHUST IKCEPTEeTUUECKOr0 aHAIK3a CXeM MOJUreHepannu. lIlpu momonm pa3paboTaHHO
MIPOTPaMMBbI MIPOM3BENICH IKCEPIETUICCKUI aHAIN3 CXEM IMOJHUICHEPAIH, B KOTOPOM CpaBHHBa-
JIUCH MOJMTCHEPAUOHHBIC TypOOYCTAHOBKH C Pa3IMYHBIMHU ITapaMeTpaMH THOKCHIA YTIepoja
nepea TypOHHOM, a TaKKe OJHOKPATHBIM M JBYKPATHBIM MEPErPeBOM JHOKCHIA yriepoaa. B ka-
YEeCTBE CPABHUBACMbBIX KPUTCPHEB MPUHUMAIKCH SKCepreTuueckuii anekrpudeckuii KITJ[ momure-
HEepaLHOHHBIX YCTAHOBOK B IIEJIOM U OTICJIbHBIX ee dneMeHToB. Haunbounbiei 3¢ dexTuBHOCTBIO
00J1alaf0T MOJIUICHEPALMOHHBIE YCTAaHOBKH C JIBYKPAaTHBIM MEPETPEBOM U CBEPXKPUTHUCCKHUMHU
napaMeTpamMu JAHOKCHIA yriepoaa mepexa Typounoi. [IpencraBieHa METOAMKA PacueTa SKOHOMH-
YECKHUX I0Ka3aTelell CXeM MOJIUIeHePAIiU, KOTOPask II03BOJISIET YIUTHIBATh BIMSHUE [BYKPATHOTO
meperpeBa M MapaMeTpoB IUOKCHIA YIiepoJa B CTOMMOCTH MOJHICHEPAIHOHHON yCTAaHOBKH.
[Monyd4eHsl MOKa3aTeIH IKOHOMUYECKON d()(PEKTHBHOCTH Pa3IMYHBIX BAPUAHTOB CXEM IOJUTCHE-
paiuu, Takue Kak BHYTPEHHSST HOPMa JIOXOJHOCTH, YHUCThIA TUCKOHTHPOBAHHBINA TOXOJ, CTaTHYC-
CKUIl U IMHAMHUYECKUIN CPOKHM OKYITaeMOCTH. Y CTAHOBJICHO, YTO BCE BAPHAHTHI CXEM MOJHMICHEPA-
Uy 00JIaaf0T MPUEMIIEMBIMU ITI0KA3aTe/sIMH DKOHOMHUUYECKOH 3 (PEKTHBHOCTH, CTATHYSCKUIl
CPOK OKYIIaeMOCTH MPEAJIOKEHHBIX CXEM MOJUTEeHEePAllMy He MPEBBIIIACT [ISTH JIET, @ BHY TPEHHSS
HOpPMa JOXOJHOCTH He CHIXaeTcst MeHee 22,8 %.
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Feasibility Study of Polygeneration Turbine Plants
Based on Carbon Dioxide

A. V. Ovsyannik”, V. P. Kliuchinski"
YSukhoi State Technical University of Gomel (Gomel, Republic of Belarus)

Abstract. Schemes of polygeneration plants based on carbon dioxide are presented, in which the
energy source are secondary energy resources and a gas turbine plant. These polygeneration
schemes make it possible to simultaneously produce electricity, heat, cold, carbon dioxide in liquid
and gaseous aggregate state, as well as to dispose of part of the carbon dioxide emitted into the
atmosphere, due to its absorption from combustion products and use for commercial and techno-
logical purposes. The structure of the mathematical model of the program that has been developed
for the exergetic analysis of polygeneration schemes is presented. With the help of the program,
an exergetic analysis of polygeneration schemes was performed, in which polygeneration turbine
units with different parameters of carbon dioxide in front of the turbine, as well as single and dou-
ble overheating of carbon dioxide were compared. The exergetic electrical efficiency of polygen-
eration plants as a whole and its individual elements were taken as the criteria to be compared.
Polygeneration plants with double overheating and supercritical parameters of carbon dioxide in
front of the turbine have the greatest efficiency. A method for calculating of the economic indica-
tors of polygeneration schemes is presented, which makes it possible to take into account the in-
fluence of double overheating and carbon dioxide parameters in the cost of a polygeneration plant.
The economic efficiency indicators of various versions of polygeneration schemes, such as the
internal rate of return, net discounted income, static and dynamic payback periods are obtained.
It has been established that all variants of polygeneration schemes have acceptable indicators
of economic efficiency, the static payback period of the proposed polygeneration schemes does
not exceed 5 years, while the internal rate of return does not decrease by less than 22,8%.

Keywords: carbon dioxide turbine plant, low-boiling working fluid, carbon dioxide production,
exergy analysis, efficiency, improving efficiency, polygeneration, feasibility study, optimization,
computer program, recommendations, polygeneration schemes, economic efficiency indicators,
carbon dioxide, double superheat
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BBenenune

Juokcun yriaepona — o30H0O€30MacHOE, IMUPOKO PaclpocTpaHeHHoe pabo-
yee TeJIO0 ¢ HU3KUM MOTEHIAIOM III06aabHOro noTeruienus. J{nokcusa yriaeposaa
HaxoAWT Bce OoJiee MIMPOKOE pPACIPOCTPaHEHHE B Ka4yeCTBE XOJIOIMIEHOTO
areHTa, a TaKXXe XJIaJIOHOCUTENS. YTICKUCIOTa HaXOJUT IPUMEHEHHE B Pa3IIny-
HBIX OTPACJISAX MPOMBIILICHHOCTH: IEJUIIOI03H0-0yMaKHOM, MUIIEBOH, (apma-
[IEBTHYECKOM, TOPHOIOOBIBAIOIIEH, XUMHIECKON U JIp.

st mpou3BOACTBAa YTACKUCIOTHl B HACTOSIIEE BpEeMs MOIYUYMIH Pacmlpo-
CTpaHCHHUC CIICHUAJIbHBIC MNPOMBINUICHHBIC YITICKUCJIOTHBIC YCTAHOBKH, 00JIb-
IIMHCTBO M3 KOTOPBIX UCTIONB3YIOT B KAYECTBE NCTOYHHMKA MPOTYKTHI CTOPAHUSI.

IToMUMO YTJIEKUCIOTH MPOMBILUICHHBIE MPEANPUSTUS TaKKe HYKIAIOTCS
B DJIEKTPUUECKOH, TEIUIOBOM 3Hepruu M xosoxae. Kak mpaBuio, Bce 3T0 JMOO
3aKyIaeTcsl U3BHE, JHO0 MPOM3BOAUTCS MO OTACIHFHOCTH (HAIpUMED, SIEKTPH-
YyecKkas U TeIIoBasi sHeprus — Ha MuHU-TILl, X010 — B MapOKOMIIPECCUOHHBIX
XOJOJWJIBHBIX YCTAaHOBKAX, a YIJICKHUCJIOTA — B YITICKUCIIOTHBIX yCTaHOBKaX).
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JIsi COBMECTHOIO MOJY4eHHUsl pa3iINyYHBIX BUJOB 3HEPTrUu B paborax [1, 2]
MPEIOKEHBl CXEMBbl TPUTCHEPAIIMOHHBIX U IOJMTEHEPAMOHHBIX YCTaHOBOK
C TPOM3BOJCTBOM YTriEeKUCIOTH (puc. 1). s mpou3BOACTBA YIIIEKHCIOTHI
MPEUIOKCHHBIC YCTAHOBKH WCIOJB3YIOT JIBIMOBBIC Ta3bl HPEINPUATHH OO
BEIXJIONHBIE Ta3bl ['TY, 4To mo3BoMsIeT OTOMPaTh YacTh BHIOpacCKIBAGMOW B aT-
Mocdepy YTIeKHCIOTHl U TEM CaMbIM CHHXKATh KOJIOTHYECKOE JIABJICHHUE TPe]l-
MPUATHS Ha OKPYXKAWIIYI cpedy. B pa3paboTaHHBIX cXeMax IMOJMTeHepalu-
OHHBIX YCTaHOBOK [UISI TPOHM3BOJCTBA JJIEKTPUYECKONH HSHEPTHH MPEITOKEHO
WCTIONh30BaTh TYpPOOYCTAHOBKM Ha TUOKCHJIE YTJIEpPOJ]ia, YTO OOYCIOBIMBAET
LEJBIA psifl MIPEUMYILECTB: HU3KHE TEMIIEPAaTypbl HCTOYHUKA YHEPTUH, IPOCTOTA
KOHCTPYKITHH, BBICOKAss aBTOMAaTH3AIHs MPOIECCca, OTCYTCTBHE XUMBOIOTIOATO-
TOBKH, OTCYTCTBHE KOPPO3HOHHBIX OTIIOKEHUH, DPO3NOHHBIX pa3pylIeHHH po-
TOpPOB TypOUH U Ap.
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Fig. 1. Diagram of a polygeneration plant
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Boszayx u3 atMocdeps! moctymnaet B komnpeccop 1. B kommnpeccope Bo3myx
C)KMMaeTCs U TIOZaeTCs B KaMepy CTOpaHus 2T, KyJa OJHOBPEMEHHO MTOCTYIaeT
u toruuBo. [locne cropaHus ropsdne MpOAYKTHl CTOpaHUs MOCTYMAT B Ta3o-
ByI0 TypOuHY 3T, I/ie COBEpIIAOT paboTy MO BpallleHUIO Bajla TypOMHBI U I'eHe-
partopa 4r. Jlanee npomykthl cropanus I'TY mbo BeIcokoTemMneparypabie BOP
(B 3aBHCHMOCTH OT BapHWaHTa CXEMHbI) IMOCTYIAIOT B IMOAOTPEBATEINb, T/IE Mepe-
JAlOT YacThb CBOEH TEIUIOTHl TEMJIOHOCHTENI0. 3aTeM MPOAYKTHI CTOpaHHS
HarpasisoTes B KoTen-yTrm3arop (KY) 11, roe u oTmaT oCTaBIIyIOCS 9acTh
TEIUIOTHl JAUOKCUAY yTiepoja. YTIIEKHCIOTa, MPEBPATUBIINCH B Tap B KOTIe-
YTHIU3aTOpE, a P HEOOXOIUMOCTH M MPOUI MPOLECC Meperpena, MmocTynaeTt
B TypOHHY 2T, TJ¢ coBepIaeT paboTy 10 BpaIICHHUIO Baja TYpOMHBI U TEHEPATO-
pa 31. JInsg cxembl ¢ IBYKpPaTHBIM NEperpeBOM padoyero Tena YTIIEKHCIOTa,
PO YacTh BBICOKOTO JAaBJIEHUS TypOHHBI, HAIIPABISAETCS B IPOMEKYTOUHBIH
TeperpeBareih U Jajiee B 4acTh HU3KOTO JaBieHUs TypOunsl 2'T. [Ipolins Bce
CTYIIeHH TYpOWHBI, YTJIEKUCIOTa IOCTyNaeT B TEIIOOOMEHHBIA ammapar OT,
rac Harpe€BacT CKOHACHCUPOBABIIMCCA B KOHACHCATOPC 4t napbl YIJICKUCIOTHI.
Jlanee HacocoM ST YTJIEKHCIIOTa Yepe3 TeIIOOOMEHHEIN ammapaT OT momacTcst
B KOTeN-yTuian3atop. [IpoayKTel cropaHusi MOCTYMAIOT B OUUCTUTEIBHYIO YCTa-
HOBKY, I'’I€ OUUINAIOTCA OT MEXAaHUYCCKUX anMeceﬁ " CCPHUCTBIX COCIII/IHGHI/Iﬁ
U ToatoTcs B abcopoep, a 3aTteM B JieccopOep, TIe U3 MPOIyKTOB CTOPaHHS OTIC-
JSIeTCS YMCTasl YIAIEKUCIIOTa, KOTOpasi MPHU MOMOIIM UHXEKTopa 6 MmojaeTcs B pe-
cuBep 7. M3 pecuBepa CKaThIi B KOMIIpECCOpE 8 MUOKCHI yTJIepoa IOJaeTCs
B TEIUIOOOMEHHUK-KOHIeHcaTop 9. YacTh CKOHICHCHPOBABIICHCS YTIICKUCIIOTHI
OTIIPABIISICTCS. HA CKIIAJ, a YacThb JIPOCCENUPYETCs B perynupyromieM BeHtuie 10
U cenapupyercs B cemnapaTtope 11. M3 cemaparopa »xuzKasi yriIeKuciaoTa pasiess-
eTcs Ha 11Ba ToToka. [IepBrIii OTOK MOCTYIIAET B TEIIOOOMEHHHUK-HCIIApUTENh 13,
BTOPOI — Ha BTOPYIO CTYIIEHb JpOoccenupoBaHus 14 u cemapupyercs B cemaparo-
pe 15. Ilomy4yenHast kuaKas YIIEKUCIOTa WCIIONIB3YETCs ISl TMOyYeHHsT X0JI01a
B TEIUI0OOMEHHUKe-Hcraputene 16. YacTh MCHapuBIIEHCS B TEIUIOOOMEHHHKE-
rcnaputene 16 yriaeKucaoThl MOCTYIAST Ha CKJIAJ, a 4acTh OTIIPABISETCS CHOBA
B KoMIipeccop. [loanuTka yriaekucioToil KoHaeHcaTopa 41T mporu3BOAUTCS HACOCOM
TTOJIATKY [UKJIA 7T.

Yci10BUA TEXHUKO0-IKOHOMUY€ECKOT0 aHAIN3a

YcnoBus npoBeieHNs] TEXHUKO-9KOHOMUYECKOTO aHaN3a MOJIMTeHEePaIlHOH-
HBIX YCTaHOBOK NPEJCTaBIICHBI B Ta0d. 1. AHaNM3UpyeMbIe BapUaHThl YCTaHO-
BOK IIPEJICTaBJIEHBI Ha pUC. 2.

Tabauya 1
YcnoBusi npoBeieHUs] TEXHHKO-)KOHOMHYECKOI0 aHAIN3a
Conditions for conducting feasibility study
ITapamerp 3HayeHne
Pacxox tomwmsa I'TY, m*/g 1000
KII/] ra3oBoii TypOounsI, % 85
KIIA xommnpeccopa I'TY, % 85




A. V. Ovsyannik, V. P. Kliuchinski
Feasibility Study of Polygeneration Turbine Plants Based on Carbon Dioxide

391

Oxkonuanue maoban. 1

[Tapametp 3HaveHue

Mexannueckuii KI1/] razoBoii TypOunsl, % 98
KI1J reneparopa I'TY, % 97
Husmas teruiora cropanus tormsa LTY, klhi/m’ 35800
Temneparypa BOP, °C 135
Temnoas momuocTs BOP, kBT 10 000
Buyrpennnit orHocurensHslii KITJ Typ6uHs! Ha yriuekucnore, % 82
Mexanmdeckuii KI1J TypOuns Ha yriekuciore, %o 98
Nuaukatopnsnii KITJl Hacoca mogauu yriekucioTel, % 80
KIIJ] reneparopa Typ60yCTaHOBKH, % 97
KIIJI Tenmoo6mMeHHoro anmnapara, % 98
Mexanmdeckuii KT/l yrnexucnorHoro kommpeccopa, % 88
Buytpennuii orHocutensHblii KIJI yriaexucinoraoro kommpeccopa, % 75
TeMnepaTypHBbIi HANOP B KOHIEHCATOPE YIIIEKUCIOTHON ycTaHOBKH, *C 5
KIIJ] anextpoasuraresis yriekMcIOTHOrO KoMmpeccopa, % 94
Temneparypa okpyxarommei cpeasl, °C 15
MoIHOCTh NOTOKA TEIJIOTHI Il HOJOTPEeBa TEINIOHOCUTENS, KBT 1000
MOIIHOCTB MOTOKA X0JIo/a ¢ TeMieparypoit +4 °C, kBt 200
MOIIHOCTB MOTOKA X0JI0a ¢ TemnepaTypoi —18 °C, kBt 300
Heo0xommmoe KOMUYeCTBO YTIEKUCIOTHI, KI/4:

B )KMJKOM arperaTHOM COCTOSHUH 190

B Ta3000pa3HOM arperaTHOM COCTOSIHUH 380

Ha CyOKpPHTHYECKHX
napaMeTpax

HA CBEPXKPHTHYECKHX
HapaMmeTpax

Ha CyOKPHTHUECKHX
mapaMmeTpax

HA CBePXKPHTHICCKHX
IapameTpax

HA CYOKPHTHYECKHX
HapaMmeTpax

HA CBEPXKPHTHUECKUX
mapaMmeTpax

Ha CYOKPHTHYECKHX
mapaMmeTpax

OIHOKpPAaTHEI
neperpes g
Y cTaHOBKA
Ha BOP 1 KY
I EYKPATHELL
IIEPErPER 7
OJTHOKP aTHBIIi
TMEpPErper ‘
VeTanoBka
cI'TY u KY (
IBYKpPaTHEIH
eperpen ’

Ha CBePXKPHTHYECKHX
mapaMeTpax

Puc. 2. BapI/IaHTI)I UCCIICAYCMBIX NTOJIMT'CHEPAIIMOHHBIX YCTAaHOBOK

Fig. 2. Versions of the scheme of polygeneration under study
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MeToauka TEPMOAUHAMUYIECCKOI0 aHaJInu3a

AHanu3 NOJUTeHEPallMOHHBIX YCTAaHOBOK MPOU3BOAMIICS MPH IMOMOIIU pas-
paboTaHHOHN MpPOTrpaMMBbl ISl MOACTHPOBAHUS, HPOBEICHUS SKCEPTreTUIECKOTO
aHaIM3a ¥ ONTHUMHU3ALUN TPUTCHEPALMOHHBIX U IOJUI€HEPALMOHHBIX YCTaHO-
BOK Ha OCHOBE HM3KOKMILAIIMX pabounx ten [3]. B ocHOBe MeToauku 3kcepre-
TUYECKOTo aHanu3a nexar Tpyast S. Illapryra, P. Ilerena, B. M. bpoasuckoro,
B. ®pamrepa u np. CTpykTypa MaTeMaTHYecKOW MOJEIHM MIPOTpaMMbI Tpen-
CTaBJieHa B Ta0I. 2.

Tabauya 2
CTpykTypa MaTeMaTH4eCKOH MO/ieJIH NPOrPaMMbl

The structure of the mathematical model of the program

Oran HaumenoBanue Ilosichenus
Omnpenenstorcs UCX0oHbIe TaHHbIe (3()(HEKTUBHOCTH
1 |HcxonHble naHHbIE 3JIEMEHTOB YCTaHOBKH, TAPAMETPbI, 00BEMBI
MPOU3BOAMMOM MPOIYKIMU U JIp.)
[MTapameTpsl B XapaKTepHBIX Ha ocHoBaHuu npezcraBiieHUH 0 IPOTEKAOIUX IIpoLeC-
2 |TOYKax MONUTCHEPAIMOHHOW  |cax B DJIEMEHTaX yCTAHOBKHU ONPEAEIAIOTCS MapaMeTphl
YCTaHOBKH B XapaKTePHBIX TOUKAX MOIUTE€HEPAIIMOHHOH yCTAaHOBKU
OKceprust B XapaKTepHBIX Ha ocHOBaHUM MOTyYEHHBIX TAPAMETPOB OIIPEACIIAETCS
3 |ToYKax INOJUTCHEPalMOHHOW  |3HAUCHUE YKCEPIHH B XapaKTEPHBIX TOUKaX MOJIUTeHepa-
YCTaHOBKH IOHHOH yCTaHOBKH
TTOTCpH SKCCPTHH B SICMEHTAX [Momyuenusie 3Ha‘IEIjI/I}I SKCEPrUHU B XapaKTEPHBIX TOUKAX
R —— MOJIMIC€HEPALIOHHOM yCTaHOBKU MO3BOJISIOT ONIPEECIUTh
4 —— MOTEPU SKCEPTUM B 3IEMEHTAX YCTAaHOBKH, BBIABIIAS
3IIEMEHTHI, B KOTOPBIX HAOIIOA0TCSI HANOOIBIINE
HOTEpH
B o6mmem Buze sxcepreruyeckuit KI1/I onpenensercs
Oxceprerugeckuil KIIJ KaK OTHOLIEHHE II0TOKA dKCEPIUHU, COOTBETCTBYIOLLETO
5 |momureHepanuoOHHON noJie3HOMY 3 (HEKTY, K IOTOKY SKCEPrUH, OTpaXKatoIeMy
YCTaHOBKH 3aTpaThl. XapaKTepH3yeT CTEIIEHN COBEPIICHCTBA
npouecca [4-6, 8]

OI[HI/IM 13 OCHOBHBIX aHAJIMU3UPYCEMBIX 3KCEPTECTUYCCKUX okKazarejiell cxeM
TToJTATeHepariy siBisiercs sxcepreruaeckuit KIT/ (1).

®dopmyna ompenenenus skceprerudeckoro KIIJ| tepMmoauHamuveckoi cu-
CTEMBI BBITVISIIAT CIIeAYIonuM odpa3om [4—8]:
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TEPMOMEXaHUYECKAsE IKCEPTHUS j-TO MOTOKA BEIISCTBA HA BXOJE M BBIXOJE W3

v 1
TECPMOANHAMHUYCCKON CUCTEMbI COOTBCTCTBCHHO, H)K/KI‘; epr,, — TpaH3UuTHaA

TCPMOMEXAaHNYICCKaA BKCGPFI/Iﬂj-FO IIOTOKa BC€HIICCTBA, H)K/KI‘; e .,e

V. — XHMH-

2

YeCKas 3KCGpFI/I$[j-FO IMOTOKa BCUICCTBA HAa BXOAC U BhIXOAC U3 TCPMOJUHAMUNYC-
% 1

CKOHU CHCTEMBI COOTBETCTBCHHO, I[)K/Kl"; exrj — TPpaH3UTHAass XUMHYCCKasl SKCep-

THsl j-TO MMOTOKA BemlecTBa, JIK/KT.

Metoaunka onpeaejeHusi JIKOHOMHUYECKUX MOKa3aTeell d3pPeKkTUBHOCTH
NMOJUTeHEPALMOHHBIX YCTAHOBOK

HawnbGomee crmokHOM 3amadedl Mpu OmNMpeneicHUH IoKazaTeleld SKOHOMHYe-
CKOH 3((PEKTUBHOCTH TMOJIMTCHEPAIIMOHHBIX YCTAHOBOK SIBIISIETCS] OTIpEEIICHIE
UX CTOUMOCTH.

CTOMMOCTh TIOJUTEHEPAIMOHHON YCTAaHOBKH MOYKHO ONPEIENUTH CIEXyIO-
M 00pa3oMm:

SnonnreH — SHI[ + SFTY + STY_I_ SyI/IX’ (2)

2

Ty
S

11,
rae S A _ CTOMMOCTBH IOOOTPEBATEIIA TCINIOHOCUTEIIA, py6, — CTOUMOCTDb

ra3oTypOMHHOI ycTaHOBKH, py0.; S'° — CTOMMOCTH TYypOOYCTaHOBKH, pYO.;

X
Syn — CTOUMOCTH YCTaHOBKHU COBMECTHOI'O ITPOU3BOJACTBA YITICKUCIIOTBI U XO-

mona, pyo.
CTOMMOCTb MOJOTPEBATEIS TSILIOHOCUTEIS

S = NGV 3)

II
rac NH'H — MOIIOHOCTH IMOAOrpeBaTECIIA, KBT; N A _ yAcibHasA CTOUMOCTD ITOAO-

rpesarels, pyo./kBT.
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Ty I'TY ITY
S =N ""s
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CroumMocTb TypOOYyCTaHOBKH
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X Sam L=k ) + Sgu ko,
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T T o
rae T, Y, Tﬁa;/ — nedcTBUTeNbHAS U 0a30Basi TeMIlEpaTypa AMOKCHIA YyIiIepoa

T T o
nepen UBJI typOunsl, °K; Pﬂy, PYY — jeiictBuTenbHOE M 0a30BOE JaBIEHUE

6a3



A. B. Oscannux, B. Il. Knrouunckuti
394 TeXHUKO-DKOHOMUYECKHI aHAIU3 TIOJUTEHEPAIMOHHBIX TYPOOYCTAHOBOK. ..

nrokcuna yriepoaa nepen UBJl typounsr, klla; ktT Y — ko durment ypemude-
HUSl CTOUMOCTH TypOOYCTaHOBKH HPU W3MEHEHUHU TEMIIEPaTypbl JHOKCHIA yT-
nepona nepen YBJ TypoOunsl, en./ °K; k;y — k03 punMeHT yBenTHUCHUS CTOH-
MOCTH TypOOYCTaHOBKM TpU HM3MCHEHHH JIABJICHHS JHOKCHIA YyTiIepoja
nepen UBJ TypOunsl, en./klla; kg&’ — KO3 QUINEHT YBEINYCHUSI CTOUMOCTH
TypGOYCTAaHOBKH TIPH HCTIONB30BAHHE BTOPHYHOTO TEperpesa, ei.; Ay, — Ko-
3G OUIKEHT YBEIUYCHUS! CTOUMOCTH TYpOOYCTaHOBKHU IIPH MCIIOJIb30BAHUH BTO-
PHUYHOTO Neperpesa, ei.; k,, — Ko3((ULUEHT, YUUTHIBAIOMINI JIEMEHTHI, CTOU-

MOCTB KOTOPBIX HC 3aBUCUT OT NapaMCTPOB Typ60y0TaHOBKI/I, c.
CTouMoCTh YCTAaHOBKH IO NIPOU3BOACTBY YIJTICKUCIIOTHI U X0JIOAA

Synx :ngaB n i(NiYHXS

i=1

YuX V.V YuX YuX
yai _]vi Si )+Suon.060p kpe ’ (6)

v o
rae S6a3 — CTOHMMOCTL 0a30BOr0 BapuaHTa YTJICKHMCIIOTHOMW YCTAaHOBKH, p}/6,
YuX
Ni " — MOIIHOCTb JJICMCHTA YCTAHOBKHU MJISI MPOU3BOACTBA YIJICKHCIIOTHI

" X0J10/1a, KBT; S;:;;X — yA€lbHad 3JIEMCHTA YCTAHOBKHU JIA IPOU3BOACTBA YyIJIC-

v

KUCIIOTBI U X0noja, py6./kBt; N, — MOIIHOCTb 3JIEMEHTa YCTaHOBKH AJsl IIPO-
v

U3BOJICTBA YITIEKUCIIOTHL, KBT; 5, — yzAenbHas dleMeHTa yCTaHOBKH JUI HPOU3-

BOJICTBA YIJICKHCIIOTHI, py6./kBT; §)"X

on.o6op — CTOMMOCTB JIOTIOJHUTENBHOTO 000-

o o YuX
pynoBaHus (MCTIapUTENEH, JApOccenel, cemapatopoB u T.h.), Py0.; k'

KO3 UITUCHT, YYUTHIBAIOIIHIA CTOUMOCTh CTPOUTEIHLHO-MOHTAXHBIX, ITyCKOHA-
JIAJIOYHBIX U IPOEKTHBIX padoT, €.

OnpenenuB CTOMMOCTh ITOJMTEHEPAIIMOHHOW YCTaHOBKH, PacyeT YUCTOTO
JTUCKOHTHPOBAHHOTO JTOXOJa, CTATUYECKOTO U TUHAMHUYECKOTO CPOKOB OKYyIIae-
MOCTH | T. JI. HE COCTaBUT TpyJa.

Pe3yJ’lLTaTbI TEPMOAUHAMHUYECCKOI'0 aHAJIU3a
MOJIMTCHEPAIIMOHHBIX YCTAHOBOK

[MapameTpsl AnOKcHIa yriepoAa mepes 4acTbio Beicokoro Aasnenus (UBJI)
u yacTthio Hu3koro naminenHus (YHJ) typOuHBl mpencraBieHsl B Tabm. 3.
B kauecTBe CBEpPXKPHUTHYECKHX ITapaMeTPOB pabodyero Teixa MPHHUMAIHCH Tep-
MOJIUHAMHUYECKH ONTUMAaJIbHBIC TapaMeTphbl, T. €. HapaMeTpbl, IPH KOTOPBIX A0-
CTHTAeTCsl MaKCUMallbHasl dKcepreTHueckas 3QPeKTHBHOCTh TYpOOYyCTaHOBOK Ha
IMOKCHIE YTIepoa.

VY4uThIBas, 4TO Ui BCEX HMCCIEAYEMBIX BAPHAHTOB CXEM IOJHIEHEpaluu
KOJINYECTBO TEIUIOBOM SHEPTUH, XOJI0/a, YIIIEKUCIOTHI, BEIpa0daThIBaEMbIX B T10-
JUTeHEPAlMOHHON YCTaHOBKE, U MX IapaMeTphbl OMHAKOBEI, TO CPaBHUTEIBHBIN
aHaJM3 BBILEYTIOMSIHYTHIX CXEM MOYXHO BECTH IO BBIpabaThIBaEMON M MOTPEO-
JSIeMO B yCTaHOBKE JJICKTPHUECKOW SHEpruu. Pe3ynbraThl TepMOIUHAMHUYE-
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CKOTO pacueTa NOJUIeHEPAIMOHHBIX YCTAaHOBOK IIPEICTABJICHBI B TaOm. 4.
B 1a6n. 4 mpencTaBieHoO pacupeneIieHne dKCEPTHH dIECKTPUICCKON dHEPTUN TI0
MPOU3BOSIIAM ¥ MOTPEOISIONINM AJIEKTPUIECTBO 3JIEMEHTaM IOJIUTeHepally-
OHHOM YCTaHOBKH, CYMMa KOTOPBIX MPEICTABISET AIEKTPUUECKUM dKcepreTuye-
ckuit KIIJI monurenepaliluiOHHON yCTaHOBKH.

Tabnuya 3
IMapameTpsl AMOKCHIA yTiiepoaa
Carbon dioxide parameters
Temnepatypa JaBnenue Temneparypa Jasnenue
Cxema nepen UBJ{ nepen UB/J] nepen YHJL nepen YHJ{
Typ6unsI, °C TypOunbl, MITa Typ6unbl, °C | TypOunbl, MIla
Cy6kpuTuueckue 250 6,0 - -
apaMeTpbl 250 6,0 250 5,0
CBepXKpUTHUECCKHIE 250 21,3 - -
napaMeTphbl 250 26,4 250 13,7
Tabruya 4

PeSyJ’lLTaTLl IKCEePreTuveCcKoro pacuera nmoJureHepaluoOHHbIX YCTAHOBOK

Results of exergy calculation of polygeneration plants

BapHAHT CXeMbI Dkceprust BEIpadaThIBAEMOro
Herounuk P 1 TOTPeOIIEMOTO AIEKTPUIECTBa, %
SHEPTUHn
[eperpes [TapameTpsl I'TY TY H K z
. CyOkpHTHYECKHE 28,8 1,1 -0,2 -1.4 28,3
OnHOKpaTHBIH
ITY CBepXKpUTHYECKHE 28,8 11,7 —4,1 -1,4 35,0
N CyOkputnueckue 28,8 0,8 -0,1 -1,4 28,1
JByKpaTHbIi
CBEpXKpUTUYECKUE 28,8 13,5 —4.9 -14 36,0
. CyOkpHuTH4eckue - 2,5 -04 | 23 -0,2
OnHOKpATHBIH
BOP CBepXKpUTHYECKHE - 41,5 | -144 | 23 24,9
N CyOkputnieckue - 2,3 -03 | 23 | 03
JIBykpatTHbIi
CBepXKpUTHYECKHE - 479 | -17,5 | 2,3 28,2

CpaBHHTEnbHBIN aHamu3 cxeM ¢ ['TY u BOP mexmy co0oii He TPON3BOIUT-
s, TaK KaK JaHHBIE CXEMBI IMEIOT pa3INYHbIe 00JIACTH MpuMeHeHus. Tak, mpu-
MEHEHHUE CXEM IMOJUTCHEPAMOHHBIX YCTAHOBOK Ha BTOPUYHBIX SHEPTeTUIECKUX
pecypcax obycioBieHo HaamaneM BOP ¢ HeBBICOKOW TemrepaTypoii. A mpuMe-
HEHHE CXEeM TNOJUIeHEPallMOHHBIX yCTaHOBOK Ha JHoOKcHue yriepona ¢ [TV,
cornacHo [9, 10], umeeT MecTo HpH pacIpeleNeHHON TIeHepaluu SHEPrHH B
YCIIOBUSIX OTPUIATENHFHBIX TEMIIEpaTyp, KOTAa HENb3s JOIyCTHTh BOSHUKHOBE-
HUS aBapyH BCJICJCTBHE 3aMEP3aHUs BOJBI B MAPOTYPOUHHOW YCTAaHOBKE, a TaK-
K€ B COCTaBE yCTAaHOBOK Majoil MOLTHOCTH.

W3 tabmn. 4 BUIHO, UTO MONMUTeHEPAIIIOHHBIE YCTAHOBKU C CYOKPUTHIECKIMH
napaMeTpaMy JIHOKCHAA YIiiepoJia OO0NaZaroT HEBBICOKOW AKCEPTeTHUECKON
sapdexruBHOCTRIO. Tak, mis cxem ¢ ['TY skceprernueckas 3(dekTUBHOCTD
He mpesbimaeT 28,3 % 3Kcepruu TOIUINBA, a JJisi cxeM Ha BOP mmeer otpuma-
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TENIbHOE 3HAYEHHE, T. €. MOJUreHepeallnoHHas YCTaHOBKa MOTpebisieT Goplie
JIEKTPUIECKON SHEPTUH, YEM TIPOU3BOIUT.

CpaBHUB CXeMBbI CyOKPUTHUYECKUX MOIUTEHEPAIMOHHBIX YCTAHOBOK C OJIHO-
KpaTHBIM U JABYKpPaTHBIM MEPErpeBOM, BHIHO, YTO NMPHUMEHEHHE ABYKPAaTHOIO
meperpeBa pabodero Tena NMpU HEW3MEHHOM namieHuH mepen UBJl TypOu-
HBI TIPUBOJUT K CHIKCHHIO 3(D(PEKTHBHOCTH TMOIWTEHEPAIIMOHHON YCTAaHOBKH.
Tax, Hampumep, SKCeprusi AEKTPUUECKO IHEPTHUH, BbIpabaThIBAEMON B IOJIH-
reHepanoHHon ycraHoBke ¢ I'TY ¥ OZHOKpaTHBIM MEPETrpeBOM YIJIEKUCIOTHI,
coctapisier 28,3 % 3kcepruu, nocrynaromieit ¢ TommusoM B I'TY, a qis cxeMbl
C IByKpaTHbIM neperpeBoM — 28,1 % COOTBETCTBEHHO.

[loBBImIeHME TTAPaMETPOB YTIIEKUCIOTHI O CBEPXKPUTHUYECKUX, TEPMOINHA-
MUYECKH ONTHMAJIbHBIX 3HAYCHHWU TO3BOJSET 3HAYUTENHHO YIYUIIHTh 3Pdek-
TUBHOCTh TypOOYCTaHOBOK Ha AMOKCHE YIIIEPOa U TMOJIUTeHePallMOHHBIX yCTa-
HOBOK B 11eJIoM. Tak, IoBBIIIIEHHEe TapaMeTpOB TypOOYCTaHOBKH C OTHOKPATHBIM
neperpeBom pabodero Tena Jis cxembl, paboraromeii Ha BOP, mo3Bonser mo-
MIOJIHUTENFHO TPEBPATUTh B 3KCEPTHIO EKTpuuecKoi snepruum 25,1 % sxcep-
run BOP, a uta cxeMbl ¢ AByKpaTHBIM nieperpeBoM — 28,5 % sxceprun BOP.

[IpuMmeHeHue NBYKpaTHOTO MEperpeBa B CXeMax MOJUTEeHEpallld CO CBEpPX-
KPUTHYECKMMU MapaMeTpaMH IUOKCHAA YIIIepoAa MO3BOJISET YIYUIIUTh TEPMO-
TUHAMHYECKYIO 3(Q(EeKTUBHOCTh MOJUTeHepanuu. lIpn 3TOM MOMOIHUTENHHO
B DJIEKTPUUECKYI0 PHEpruro npespamiaercs ot 1,0 1o 3,3 % (B 3aBUCUMOCTH OT
BapHaHTa CXEMBI MTOJUTEHEPAIMOHHON YCTaHOBKHM) IKCEPTUH TOILIMBa Win BOP
COOTBETCTBEHHO.

Pe3yabTaThl aHAJM3a IKOHOMHYECKUX MOKa3aTeJIei
3¢ (peKTUBHOCTH MOJUIeHEPALUOHHBIX YCTAHOBOK

s TpenyioKeHHBIX BapUAHTOB CXEM IOJMICHEPAIMOHHBIX YCTaHOBOK
OTIpEIICIICHB YKOHOMHUYECKHE TToKaszarenu 3 dekTuBHOCTH (Taba. 5): craTtmde-
CKUH CPOK OKYIIaeMOCTH, BHYTPCHHSSI HOPMa JIOXOJHOCTH, TUHAMHUYECKUIN CPOK
OKyTIaeMOCTH, YUCThIN aucKoHTHUpoBaHHEIN moxon (YJ1). Heobxomumo obpa-
TUTh BHUMaHHE, YTO BAPUAHTHI CXEM ITOJIMTEHEPAINH C JIBYKPATHBIM Teperpe-
BOM M CyOKpUTHYCCKHMHU TapaMeTpaMH IHUOKCHJA YIriiepoja Mepen TypOHHOM
00J1a1al0T MEHbBINIEH TEPMOAUHAMUYECKOH 3P PEKTUBHOCTHIO, YEM aHAJIOTHYHBIC
BapHaHThI CXEM C OJHOKPATHBIM TeperpeBoM. Ilpu sTom u3 (5) BUIHO, YTO BTO-
PUYHBIA TEperpeB MPUBOAUT K YAOPOKAHUIO TAaKHX CXeM. Takum o0pasom,
MOKHO OJIHO3HAYHO yTBEPXKIATh, UYTO CXEMbI C JIBYKPATHBIM MEPETPEBOM JTHOK-
cUa yriaepoja U CYOKPUTHICCKHUMH IapaMeTpaMu, o0ianas MEHBIeH dddek-
TUBHOCTBIO U OOJIBIIEH CTOMMOCTBIO, OyIyT SKOHOMHUYECKH MEHEe 3PPEKTUB-
HbI, YeM CXEMbI C OJHOKPATHBIM meperpeBoM. [1oaToMy pacder U aHanu3 Mmoka-
3aresei nX SKOHOMUYecKor A3 PEeKTUBHOCTH HeleaecooOpas3eH.

B Tabn. 5 npencrapineH aHaNM3 CIEAYIOIUX BapUaHTOB CXEM: BapUaHT
Ne 1 — monureHepanvoHHas YCTaHOBKAa C OJHOKPATHBIM TIEPEIPEBOM U CYO-
KPUTHYECKAMHU TapaMeTpaMH YTIIEKUCIOTH Mepel TypOuHOMH: BapuanT Ne 2 —
CO CBEPXKPUTHYCCKUMHU IMapaMeTpaMHu YIJICKUCIOTHI Nepe] TypOuHO; Ba-
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pUuaHT Ne 3 —co CBEPXKPUTUUCCKUMU MapaMETpaMUu U IBYKPATHBIM IIEPETPEBOM
YIJEKUCIIOTH B KOTIIE-yTUiau3aTope. IIpu 3ToM st CXeM Ha BTOPHYHBIX SHEpre-
THUYCCKUX peCypcCax, KaK MpaBUio, HCO6XOI[I/IMO MMpOU3BOAUTH OYHUCTKY NPOAYK-
TOB CropaHus, 4TO OTPAKaCTCA Ha CTOUMOCTHU BceH YCTaHOBKHU.
Tabruya 5
DKOHOMHYECKHE MOKA3ATe] M I(P(PEKTUBHOCTH MOJTUT€HEPAIIHOHHBIX YCTAHOBOK

Economic performance indicators of polygeneration plants

I'Ty BOP
Bap. No 1| Bap. Ne2 | Bap. Ne 3 | Bap. Ne 1 | Bap. No 2 | Bap. Ne 3

IToka3zarens

OTITyCK 3JIEeKTPUIECKOM
SHEPruu, X 10° MBt-u/rox 21,07 26,06 26,81 968 10424 11839
OTITyCK TETI0BOW YHEPTHH,
x10° MBrT'u/rox 7,37
Ormyck xomoza (+4 °C),
x10° MBru/rox 1,49
Ornyck xonoxa (18 °C),
x10° MBt-4/ron 2,23
Otnyck xkunkoro CO,,
x10° 1/ron 1,42
Otmyck razoo6pasnoro CO,,
x10° T/TON

DxoHomuyeckuii 3 pexr,
x10° py6./rox 8,25 9,68 9,90 2,19 5,44 5,91
CTOUMOCTh yCTaHOBKH,
x10° py6. 9,94 12,78 13,20 4,53 10,72 11,66
Pacxonp! Ha KcILTyaTaluio,
x10° py6./rox 8,25 9,68 9,90 0,41 0,96 1,05
Crarudeckuii Cpok
OKYIIaeMOCTH, JIET 4,3 3,7 3,6 2,5 2.4 2.4

5 b

2,83

BuyTpennsst Hopma
IOXOIHOCTH, % 22,8 27,0 27,5 39,3 41,7 41,7
IIpu craBke auckoHTHpoBaHus 10 %

Junamuueckuii cpok
OKYIIaeMOCTH, JIET 5,9 4.8 4.7 3,1 2.9 29

Y, ThIC. pYO. 9,66 16,83 17,91 10,63 27,41 29,73
IIpu craBke guckoHTHpOBaHUA 15 %

Junamuueckuii cpok
OKYIIaeMOCTH, JIET 7,5 5,8 5,6 35 32 3,2

Y/, ToIC. pYO. 4,47 8,99 9,67 6,62 17,31 18,77
IIpu craBke guckonTHpoBaHus 20 %

Junamuueckuit cpox
OKYIIa€MOCTH, JIET 10,9 7,3 7,0 3,9 3,6 3,6

YJIJT, x10° py6. 1,27 4,16 4,59 4,14 11,09 12,01
IIpu craBke puckoHTHpOBAHUS 25 %

Junamuueckuit cpox
OKYIIa€MOCTH, JIET >20 11,3 10,5 4,6 4,1 4,1
YJa, x10° pyo. - 0,97 1,25 2,51 6,99 7,56

W3 momyuyeHHBIX pe3yJbTaTOB BUAHO, 4TO cxema mnonureHepauuu ¢ ['TY
Ha CyOKpUTHYECKHX MMapaMeTpax JUOKCHIA YTiiepoja nepen TypOuHOH He OTIu-
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4aeTcs BBICOKON 3KOHOMHYECKOH 3((HEeKTUBHOCTHIO. [IMHAMUYECKUI CPOK OKY-
ITAaeMOCTH JTAHHOTO BapHaHTa CXEMBI IPH CTaBKe AUCKOHTHpoBaHUA 25 % co-
ctaBisieT 6osee 20 IIeT, YTO MPEBHIIIAET CPOK CIYIKOBI TAKOTO POAA YCTAHOBOK.

[loBBIIIIEHNE TapaMeTPOB YIJIEKHUCIOTH B TypOOYCTaHOBKE O CBEPXKPUTH-
YECKUX, TEPMOJMHAMHUYECKH ONTHMAIbHBIX 3HAUCHUH YIydIIaeT MMOKa3aTelIu
3¢ (HEeKTUBHOCTH CXEM TOJUTeHepanuu. J[aHHOE YTBEPKICHHUE CIIPABEIIUBO KaK
JUTS TIOJTUT€HEPAaMOHHBIX ycTaHOBOK ¢ ['TY (BHyTpeHHss HOpMa JTOXOAHOCTH
yBenmuuuBaetcs ¢ 22,8 1o 27,0 %), Tak 1 A7 YCTaHOBOK, pabOTarOIIUX Ha BTO-
PUYHBIX YHEPTETHICCKUX pecypcax (BHYTPEHHSSI HOpMa JOXOJIHOCTH yBEIHUH-
Baercs ¢ 39,3 o 41,7 %).

IIpuMeHeHne NBYKPATHOTO IEpErpeBa YIJIEKUCIOTH B KOTIIE-yTHIU3AaTOPE
TaKKe YJIy4IlIaeT TOKa3aTed JKOHOMHUYECKOH 3(P(PEKTUBHOCTH COBMECTHOTO
MMPOU3BOJICTBA PA3IMYHBIX BUIOB SHEPTUM WM YIIIEKUCHOTHI (s cxem ¢ ['TY
YBEJIIMYCHUE BHYTPEHHEH HOPMBI J0XOAHOCTH coctaBisieT 0,5 %). OgHako s
CXeM ToJHureHepanuu, pabotaromux Ha BOP, ucnonp3oBanme ABYKpaTHOTO
meperpeBa okas3bpiBaeT BiusHUe jumb Ha YJIJl or peanm3anmm mpoexTa, KOTO-
pBIN TIpU CTaBKe AWCKOHTHUpOBaHUS 25 % yBemmumBaercsa ¢ 6,99 no 7,56 %.
OOBICHSIETCS 3TO OTHOCHTEIHEHO HEOOJNBIIAM CPOKOM OKYITAeMOCTH TaKHX
YCTAaHOBOK (/IO TATH JIET), YTO HE MO3BOJISIET B MOJHOW MEpE MPOSIBUTHCS JKO-
HOMHYECKOMY 3((EKTy OT JOMOJIHUTEILHO BhIPA0ATHIBAEMOMN 3JIEKTPHUCCKOM
SHEPTUM MPU MPUMEHEHUU JIBYKPATHOTO MEeperpeBna.

B menoM monureHepanMoHHBIE YCTAHOBKM Ha OCHOBE JUOKCHIIA YTIIepoja
00J1a1al0T XOPOIINMHU TIOKA3aTeNIMU 3KOHOMHYECKOH 3(h(DEeKTUBHOCTH, UTO CBH-
JIETENBCTBYET O IeIeCO00Pa3HOCTH MPUMEHEHHUS JaHHBIX CXEM IS MIPOU3BOJI-
CTBa DJICKTPUYCCKON SHEPTHH, TCIIOTHI, X002, >KHIKOW U Ta3000pa3HoH yTie-
KHUCJIOTEL.

BbIBO/Ibl

IIpenyioxkeHsl CXEMBI MOJUTEHEPAIIMOHHBIX YCTAHOBOK, KOTOPBIC O3BOJISIOT
OJTHOBPEMEHHO TIPOHM3BOJUTH AJIEKTPHUYECKYIO M TEIUIOBYIO JHEPTHI0, XOJIOJ
Y AHUOKCHUJ YTIEpOo/a.

[IpencraBnena cTpykTypa MaTeMaTHYECKOW MOZEITH MPOrpaMMBI TSI TIPOBE-
JIEHUSI DKCEPreTHYecKOTO aHaIM3a CXeM IIOJIMTeHepalnd, a TaKKe MEeTOIHKa
omnpe/iecHHs T0Ka3aTeaeii IKOHOMUUECKON 3PPEKTUBHOCTH MOJUTCHEPALINOH-
HBIX YCTaHOBOK.

YcTaHoBIeHA 00JIACTh TPUMEHEHUS MOJUTCHEPAMOHHBIX YCTaHOBOK ¢ ['TY
Ha TUOKCHUE YIJIepoja: MPU paclpeeICHHON MeHepalud SHEPTUH B YCIOBHUSIX
OTPHUIIATETHHBIX TEMIEPATYp, KOT/Ia Hellb3s JOITyCTUTh BO3HUKHOBEHUS aBApHUU
BCJIE/ICTBUE 3aMep3aHHs BOIBl B MapOTYpOMHHOW YCTaHOBKE WM B COCTaBe
YCTaHOBOK MajIOil MOIIIHOCTH.

Ha ocHoBe pa3paboTaHHON MporpaMMBbI TIPOU3BENCH dKCEPTeTHUCCKIN aHa-
JIN3 NPCAJIOKCHHBIX CXEM IMOJIUTC€HEpAlUU, MO PE3yJIbTaTaM KOTOPOro MOXKHO
CeTNaTh CenyIoIIe BEIBOIBL:
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o MIOJIUTEHEPALMOHHBIE YCTAHOBKH C CYOKPUTHYECKUMH TapaMeTpaMH JAUOKCH-
Ja yriiepofa He OTIMYAIOTCS BBICOKOH TEPMOAWHAMHYECKOH S(PPEKTHBHOCTHIO
(oxcepretrdeckuii anexrpudeckuit KI1J{ Takux ycraHoBok He mpeBbIimaet 28,3 %);

e MPHUMEHEHHE IBYKPAaTHOTO IeperpeBa padodero Tena NpU HEU3MEHHOM
cyOKkpuTuueckoM aasieHud nepen UBJ/] TypOMHBI MOKET MPUBOIUTH K CHIDKE-
HUIO TEPMOJMHAMHYECKONW S(PQPEKTUBHOCTU IOJUTECHEPAIIMOHHOW YCTaHOBKH,
Tak a1 cxembl ¢ ['TY 3HaueHHMe SKCepruM TOILIMBA, IIPEOOPa30OBBIBAEMOIO B
ANEKTPUUYECKYIO SHEPTHI0, CHIKaeTcs ¢ 28,3 mo 28,1 %;

e TIOBBIIIEHUE MAapaMeTPOB YIVIEKUCIOTHl JO CBEPXKPUTUUYECKHUX, TEPMOIH-
HAMHUYECKH ONTHUMANbHBIX 3HAYEHHWH TO3BOJSET 3HAYUTEIBHO YIYUIIUTH 3(-
(eKTUBHOCTh TypOOYCTaHOBOK Ha TUOKCHAE YIJEpoJa M IOJUICHEPALMOHHBIX
YCTaHOBOK B LiejoM. Tak, nis cxeMbl Ha BOP konuyectBo skcepruu BOP, npe-
BpalllaéMBbIX B 3JEKTPUUECKYIO SHEPIHI0, yBenuuuBaercs ¢ 2,1 % mo 27,1 %;

e IPUMEHEHHE JIBYKPaTHOTO MEperpeBa B cXeMax MOJIMTeHEpaIi CO CBepX-
KPUTUYECKUMH IapamMeTpaMu AMOKCHJA YIJIEpPOAa YJydllaeT TepMOIUHAMHYE-
CKyI0 3(QQEeKTUBHOCTh NOJIUIeHEepaLuH (KoaudecTBO 3kcepruu BOP, npespama-
€MOM B AJIEKTPHUECTBO, yBenuurBaercs Ha 3,3 %).

Ha ocHoBanuM mpou3BEIEHHOTO AIKOHOMHUYECKOTO aHaJIN3a CXeM IOJHUreHe-
panuy MO>KHO yCTaHOBUTD:

e MOJMI'CHEPALMOHHBIC YCTaHOBKH ¢ I'TY Ha CyOKpUTHUYECKHMX TapaMmeTrpax
JUOKCHA yIiiepoaa mnepen TypOMHOH He OTJIMYaloTCsl BBICOKOH IKOHOMUYECKOM
3P PEKTUBHOCTBIO (IMHAMUYECKUH CPOK OKYIIAeMOCTH IIPH CTaBKE AMCKOHTHPO-
BaHus 25 % mnpessiiaet 20 ser);

e [IOBBIIICHUE [TAPAMETPOB YIJIIEKUCIOTH! B TYpOOYCTaHOBKE 10 CBEPXKPHUTHU-
YEeCKUX, TEPMOANHAMHYECKH OINTHMAJIbHBIX 3HAYCHUH 3HAYUTENHHO yIydIIaeT
nokasaresu 3()(HEeKTUBHOCTH CXEM MOJHUTeHepaluH (CTaTHUECKH CPOK OKyTae-
Moctu st cxem ¢ ['TY camxkaercs ¢ 4,3 no 3,7 ner);

e IIPUMEHEHHE JBYKPATHOI'O IEPErpeBa yIJeKHCIOThHl B KOTJE-yTUIN3aTOPe
yIIydIIaeT MOKa3aTedd 3KOHOMUYECKOH 3(eKTHBHOCTH COBMECTHOI'O MPOU3-
BOJICTBA Pa3IMUYHBIX BUJOB 3HEPTUHU U YITIEKUCIOTH! (YBEJINYEHHUE YUCTOTO JTUC-
KOHTHPOBAHHOTO JTOXoAa Kak /it cxeM Ha BOP, Tak u g cxem ¢ I'TY Gozee
geM Ha 250 ThIC. pyOmeit).

MOXHO 3aKIIOYUTh, YTO MOJUTCHEPALMOHHBIC YCTAHOBKH HAa OCHOBE JHOK-
cuza yriepoja obJanaroT XOpPOIIMMH MOKa3aTelsIMU KaK TePMOANHAMHUYECCKOM,
TaK U SKOHOMHYECKOH 3(P(PEKTHBHOCTH, YTO CBHIETEIBCTBYET O IIelecoodpas-
HOCTH NPUMEHEHHUS AaHHBIX CXEM Ul IPOM3BOACTBA 3JICKTPUUECKON SHEPTHUH,
TEIUIOTHI, X0JIOa, KUIKON M ra3000pa3HOM yIIEKUCIOTHI.
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