HALEXHOCTb

N BE3ONACHOCTb
JHEPTETUKHN

Tom 10 N°4 2017

Safety & Reliability

——

Mep..

~ Lnchpoas 3KOHOMMKA M CC
3HEeproo6opyLoBaHms

~ HapexHocTb TennoBbIX CETEl

~ O6ecne4eHne 6e30MacHOCTH
pacnpenenuTenbHbIX CeTen

"~ HoBble TONO4YHO-TOPENoYHbIE YCTPOWCTBA

" WcnbiTaHns nnacTMHYaTbIX
TennoodbMEeHHMKOB

" BubponpoyHocTb Tpy6onposofos ASC

" HuskoTemneparypHas Kopposus
TennoobmeHHukos 'Y TAL

www.sigma08.ru
www.testenergo.ru




by

S
OpraHusatop: HOU «3konorua sHepretuku» HUY «M3U1N» U

)
Z, W
Hr dind®

L
o, e
""’n 3IH 89‘

VI MexayHapogHasa KoHpepeHUnA
«3onownaku T3C - ynaneHve, TpaHCNoprT,
nepepaboTKa, CKnagupoBaHue»

KoHdpepeHuua coctonTtca 19 — 20 anpens 2018 r. B MockBe Ha 6a3e HAY «M3W».,
OduumanbHble A3bIKU KOHPEPEHLMN: PYCCKUN 1 aHIUIACKUIA © K OTKpbITHIO KOHdepeHUMr byaeT n3haH crewuanbHbii Bbinyck
XKYpHana, BxogsLero B nepeyeHb BAK © Matepuanbl KoHdepeHUmMn TakKe byayT pa3melyeHbl B PUHLL © Bo Bpems npoBeaeHus
meponpuaTisa OyaeT obecreyeH CUHXPOHHDI NepeBos Npe3eHTaunii AOKNaA0B 1 AUCKYCCHN.

TemaTuka npoBeAeHNA KOHpepeHunn:
- BUAHNE TEHAEHLMIA N3MEHEHIA NPUPOA0OXPAHHOTO 3aKOHOAATENbCTBA HA Npobemy

1 9_20 an pe NA 00paLyeHuA ¢ 30N10LLNAKAMI SHePreTUKK;

BnuAHNe (npaBouHuKoB no BHeaperuio HAT B sHepreTuky Poccim n cTpaH MpoBoro
0061LLeCTBA Ha pelLeHue NpobemMbl 06paLLeHIA C 30110LLaKAMIA;

2018 roaa,

r. MockBa

npakTiKa 1 npobnembl BHeapeHus HIT MUpoBOro ypoBHA B cuctembl 06paLLieHus
C 30/10LLNaKamI;

06bembl 06pa3oBaHuA 1 HANPaBNEHNA MONE3HOTO NIPUMEHEHWA 30/10LLNIAKOB dHEPreTUKI;
noTpeduTeNbCKine CBOACTBA 11 CEPTUPMKALMSA 30/10LLNAKOB;

BAUAHIE TEXHONOTYIA NOAFOTOBKM U OKMraHA TBEP/bIX 0PraHyecKuX TOMIMB Ha HOTS -
buTeNbCKIe CBOACTBA 30/10LLNAKOB M IKONOF0-IKOHOMIUYECKHe Noka3aTenu paboTbl TIC
B LIEIOM;

BJ'II/IFIHI/IEVTEXHOJ'IOFI/II‘/'I OYNCTKI yXO4ALLMX ra30B OT OKCMA0B a30Ta U CEPbl Ha I'IOTpeﬁI/ITEJ'Ib-
CKune CBOICTBa 30J10LLJ1aKOB;

BNUAHNE TEXHOJ’I\QFVIVI 30J10yNnaB/BaHNA N yaaNIEHUA 30/1bl OT 30ﬂ0y1’|0BVITEJ'I€l71 Ha noTpe-
buTenbCKIe CBOIMCTBA 30/10LLUNAKOB;

1ncnoJib30BaHne 30J10LLJ1aKOB B CTpOI/IT(‘.‘J'IbHOVI oTpaciun;

NCNoNb30BaHue 30/10LL/1aKOB B CeIbCKOM X03ANCTBE;

MPUMEHEHNE 30JI0LLIAKOB SHEPTETUKIN Ha NPEANPUATUAX OPYTUX 0Tpacne|7|;
ManoTOHHaXHbl€ BbICOKOTEXHOJIOTMYHbIE MPON3BOACTBA MO nepepa60TKe 30J10LLJ1aKOB;
nepcnekTUBHbIE CNCTEMDI OﬁpaLLl,EHI/Iﬂ C30/10LWJTAKAMW SHEPTETUKI Ha SNEKTPOCTAHLIUAX;

noBblLLIEHNE KBaJ'II/I(I)I/IKaLl,I/II/I nnepenoarotoBka cneunanincToB B obnactu Oﬁpal.l.lEHI/Iﬂ C
30/10LLIaKaMIA SHEPTETUKN.

Mpurnawaem Bac n cotpyaHnkos Balwen opraHnsayuv
NPUHATb yyacTue B paborte KoHpepeHuun!

LieneBas aygutopus: npeactaButeny dpenepanbHbiX U PErMOHanbHbIX OPraHOB UCTIONHNTENb-
HOW 11 3aKOHOAATENbHOI BNACTM, SHEPTETUYECKNX KOMMAHWI, YrONbHbIX 3N1EKTPOCTAHLWIA,
NPeAnpUATYIA MO CCTEMaM OOPALLIEHA C 30/10LUIAKaMI 1 X NepepaboTKe, NPOUIbHbBIX
BY30B, HayuHO-MCCNe[OBaTENbCKNX MHCTATYTOB U CNELMani3pOBaHHbIX OPraHn3aLiiii.

MnaHupyemoe KonuvecTBo yyacTHUKOB: 100 yenosek.

Appec Oprkomuteta: MockBa, yn. KpacHokasapmeHHas, .14, kopnyc X, ayg. »K-105, K-107.
Mo Bonpocy yuacTua B meponpuATin o6paiatbca no renedony: +7 495-362-7912.
dneKkTpoHHas noyta: MalikovaEA@ecopower.ru, ZhivohinaAA@ecopower.ru

CrpaHuua KoHdepeHuuu - http://www.ecopower.ru/index.php?newsid=137

aXeH hparMeHT MHEMOCXEMbI TPEHaXepa rMaBHOW 3NEKTPUHECKON CXeMbl CTaHLuK «Tomckaa TOLI-3»
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HayuHO-TeXHUYeCKnm XypHar

HapeXHocTb U 6e30MaCHOCTb 3HEPreTUKU

Tom 10
rMABHbIV PEQAKTOP

C. V1. MATU]I — f. . H., ipodeccop, reHepanbHblit fupektop AO «TpeHaXkepbl 97eKTPUYECKUX CTAHIIMIL U ceTell», AupekTop Jemapra-
MeHTa « TexHM4ecKye 06ydaoliye CUCTeMbl B sHepreTideckux TexHonornax» TEST UNESCO (Mocksa, Poccust)

3AM. IMABHOI'O PEOAKTOPA

Ne4 2017

E. H. APXMITIOBA — p. 1. 1., Texamdeckuit aupektop AO «TpeHaxkepbl 9/IeKTpUYecKUX CTaHumit 1 cereit» (Mocksa, Poccust)
B. B. KYIMUMXWMH — x. 1. 1., npodpeccop PIEOY BO «HarmoHabHbIiT NCCIE[OBATENbCKIL YHIBEPCUTET «MOCKOBCKIMIT SHEPre TIYeCK il MHCTH-

1y (MockBa, Poccus)

OTBETCTBEHHbI CEKPETAPb

B. 1. BEJIAEB — k. T. H., 3aMecTuTeNb reHepanbHoro aupekropa AO «TpeHaxkepbl 9/IeKTPUYeCKUX CTaHLMI 1 ceTeit» (Mocksa, Poccus)

PEAAKUMOHHAA KOJIETNA

A.H. BUBYAP — k. 1. 1., 3aMmecTUTeNb UPEKTOpa — AupeKkTop [lemnap-
TaMEHTA 110 BHEUIHNM CBA3AM ) CTPATEINYecKoMy pasButuio Accora-
1y «CoBeT poussoauteseit sHeprun» (Mocksa, Poccus)

H. V1. BOPOIIAM — un.-xopp. PAH, . T. H., mpodeccop, Hay4HbIit py-
xosopurenb PIBOYH «Mucturyt cucrem sHepretuky um. JIA. Menen-
theBa» Cubupckoro ormenenusa Poccuiickoit akagemmn Hayk (MICOM
CO PAH) (MpxyTck, Poccus)

E. IL. TPABYAK — JIupextop [lemapramMeHTa olepaTUBHOTO KOHTPOJIA
¥ YIIpaB/IeHNs B 97eKTpo3HepreTnke MuHucrepcTsa sHepreTnky Poc-
cuickoit Oepeparyu (Mocksa, Poccus)

X.C.JTIPATAHYEB — npodeccop Texundeckoro yHusepcutera (Bap-
Ha, Borrapus)

W. III. BATPETAVTHOB — k. 1. H., rmaBHbii nxeHep AO «Temmoanep-
reTudeckas Komnanusa Mocsnepro» (Mocksa, Poccis)

3.3IMOH — p. 1. H., podeccop, 3aBenyromuit kadeapoit bpanneH6ypr-
ckoro Texuyueckoro YausepcuteTa (Kot6yc-3endrenoepr, lepmaniis)
H. A. 3POMTYMIKOB — 1. 7. H., mpodeccop, 3aMeCTHUTeNb AUPEKTOPA TI0
HayyHoit pabote OAO «DHepreriyeckuit uacTuTyT NM. I. M. Kpxixa-
HoBckoro» (OAO «9HIH») FMOCKB&, Poccis)

M. X. I. UBPATMMOB — p. 1. H., mpodeccop, Ilepsbiit 3amecTnTens
npepcenarens HIT «Texnoakcro» (Mocksa, Poccnst)

H. b. KAPHUIIKUY — p. . H., npodeccop, 3aBexyoimii Kadenpoit
«TemnoBble 5MEKTpUYECKUE CTAHLMM» BelopycCKOro HalMOHAaTbHOTO
TeXHIYeCKOro yHuBepcutera (r. Munck, Benopyccus)

C. A. KPOITAYEB — p. u. H., fouent, Tenepanbhbiit gupextop AHO
«lJeHTp TeperofroTOBKM I IOBBIEHNA KBAMGUKALUM KaJpoB»
(KpacHopap, Poccus)

B. M. TAPUH — . 1. 1., mpodeccop Kadeapsl XUMUN I XUMUIECKIX
texHonoruit B sHepretuke PILOY BO «VBanoBckmit rocygapcTBeH-
HBIIT SHepreTH4ecKuit yuusepcurer umenn B. V1. Jlennna» (VBaHoBo,
Poccns)

M. 10. JIbBOB — p. T. H,, COBETHMK TeHepaibHOro mupekropa AO
«O6DbenHeHHas SHepreTudecKas kommanus» (Mocksa, Poccns)

E. M. MAPYEHKO — k. T. H., mpodeccop, TeHepanbHbLil FUPEKTOpP
00O «9nuB» (Mocksa, Poccus)

B. E. MECCEPJIE — z. 1. H., mpodeccop, IIaBHbIIT HAYYHbI/ COTPYFHMUK
HVI skcnepuMeHTanbHOI ¥ TeOPETUYECKOi ?ASV[KI/I Kasaxckoro Ha-
LIVIOHA/IbHOTO YHUBepcuTeTa M. anb-Papabu (Anmmarsl, Kazaxcran)

C. B. MUIIEPAKOB — pn. ». 1, K. T. H,, [enepanbHbii aupexrop He-
KoMMepueckoro IlapTHepctBa «KoprmopaTuBHEIT 00pasoBaTelIbHbII 11
HayyHbli1 eHTp EpuHoit snepreTuyeckoit cuctembl» (Mocksa, Poccis)
II. MOPBA — poxTop, npOfgeccop Bymanemrckoro nonuTexnuyeckoro
yuusepcurera (Byganenr, Benrpns)

JI. II. MY3BIKA — k. T. 1., fionienT, gupektop OO0 «Pecypc-nepconam»
(Omck, Poccus)

A.H. HA3APDBIYEB — p. T. 1., mpodheccop, pekrop ®TAOY JITIO «Ile-
Tép6yprc1<m71 SHEPreTNYeCKIIT MHCTUTYT MOBBIIIEHN KBATUPUKALIUID
(CaukT-Iletep6ypr, Poccus)

B. A. HEIIOMHAIMI — akagemuk Poccumiickoit akamemun ecte-
CTBEHHDIX HayK, JI. 9. H., ipodeccop, K. T. H. (Cankt-Iletepbypr, Poccis)
B.M. HEYVIMUH — K. T. H., I/IaBHBII clienuamict 1o sHepretuke OO0
«TexHOMOTIYeCKIE CUCTeMBI 3aMTHBIX TOKpbITHID» (MockBa, Poccns)
M. M. ITYEJIMH — Tocypapcrennbiii copeTHnk PO 1-ro xmacca B ot-
CTaBKe, /1a XeaT npemun Cosera Munnctpos CCCP (Mocksa, Poccnst)
H. 1. PO%I JIEB — x. 1. 1., npodeccop, pekrop PTBOY BO «Haro-
HAJIbHBIN MCCTTEJOBATeNbCKIUI YHUBEPCUTET «MOCKOBCKIIT 3HepreTide-
CKMIT MHCTUTYT», IpeficenaTens YueHoro coera (Mocksa, Poccns)

B. CTPMEJIKOBCKU — pokrop Q)MHOCO%I/H/I, npodeccop, HayIHbIit
coTpymuuk KeMOpumpKcKoit 6113Hec-KoMb! KeMOPUIKCKOr0 yHIBEpCH-
tera (AHrms

A. WI. TAIDKVIBAEB — 1. . 1., npodeccop, 3aBexyromuit Kapeapoit
«/Ilmaroctyka snepreTmdyeckoro obopymosarusa» GIAQY IO «Ile-
Tép6yprc1<m71 SHEPreTNYeCKUIT MHCTUTYT MOBBIIIEHNA KBaTUQUKALMI»
(Cankr-Iletep6ypr, Poccust)

A.E.VJKAHOB — k. c. 1., joLjeHT, fupexTop JlenapTameHTa o CBA3AM
¢ obmecTBenHocThI0 TormmBHOM KoMmanuu Pocaroma «TBIJI» (Mo-
ckBa, Poccus)

K. ®PAHA — p.1.H.,, npodeccop, 3amecTutens fiekaHa Qakynbprera
«ManmHocTpoeHue» TexHudeckoro yHusepcureta (. JInbepen, Yexus)
JI. A. XOMEHOK — p. 1. H., Ipodeccop, 3aMeCcTUTeNb TeHepaTbHOIO
IMPEKTOpa IO HAy4HOI paboTe — 3aBeRyIOLINIT OTHeNeHIeM TypOUH-
HBIX YCTaHOBOK Hay4HO-TIIPOM3BONCTBEHHOrO OODBEMHEHNMs 0 MC-
C/IEIOBAHNIO 11 TIPOEKTHPOBAHNIO S9HEPIETIYECKOTO 000PYOBaHNA UM.
VWL TonsyHosa (LIKTV) (Canxkr-Iletep6ypr, Poccus)

M. 1. YNMYNMHCKUN — k. T. H., TeHepa/bHbIl MHCIIEKTOP — Ha-
yajIbHMK [lenapTaMeHTa TeXHMYeckoro Hajzopa 1 ayaura ITAO «Depe-
panbHas ceTeBasd kommanuA Enyuoit snepretyeckon cucremsn» (ITAO
«®CK E9C») (Mocksa, Poccust)

H. I. YMYMPOBA — peiicTBuTenbHbI YieH Poccuitckon akagemun
€CTECTBEHHBIX HAyK, [l X. H., Ipodeccop, AMPEKTOp MHCTUTYTA Te-
ITI0SHEPTeTHKIL, 3aB. Kadenpoit «TernoBble sMeKTpuYecKue CTaHIMM»
(DFBOSP BO «Kasancknil rocyfapcTBeHHbIIT 3HEpreTU4ecKuil YHIBep-
curer» (Kasanb, Poccus)

B. 1. IIAPATIOB — p. 1. H., mpodeccop, 3aBenymoumit kapenpoit «Te-
miorasocHabxenne u BentwAnuss» GIbOY BIIO «YnbsaHoBckumit rocy-
IAPCTBEHHBI TeXHIYeCKIIT yHIBepcuTeT» (YIbaHOBCK, Poccus)

Yupenurennb u usgatenb: HaydHo-Ipon3BoACTBeHHOE 00 beyHeH e «DHEPro6e30macHOCTb».
ITepnopyyHOCTD M3/JAHNA YeThIpe pa3a B rof. Boixogut ¢ 2008 roza.

Kypnan saperncrpupoan B PefepaabHOI CIy>K0e 110 HafI30py B cepe MacCOBBIX KOMMYHUKALINI, CBA3M U OXPaHbI KY/IbTYPHOTO HACTIEAMA.
CsuperenbctBo IV Ne ®C77-31974 ot 14 mas 2008 .

JKypuan Bk/modeH B HOBBIIT Iiepederb BAK MunucrepctBa o6pasoBanst u Hayky PO perjeH3upyeMbIX HayIHbIX U3/AHMI, B KOTOPBIX JO/DKHbI
ObITb OMYO/MMKOBaHbI OCHOBHbIE HAYYHbIE PE3Y/IbTAThI AUCCEPTALVIT HA COMCKAHNE YYeHDIX CTeIleHell, a Takoke B 6asbl faHubix: PVHII, BUHUT,
Google Scholar, Ulrich's Periodicals Directory.

JKypnan accouunposat npu MexpyHapogHoM renTpe oby4daroumx cucrem OHECKO 1 Mexaynaponsoit kadenpe-cetn OHECKO «TVET».
ITOTHOTEKCTOBbIE BEPCUM CTaTel pa3MellleHbl B HAyYHOI! 9/IeKTPOHHOI O1bmorexe elibrary.ru.

IlogmcHble MHIEKCHI:
45024 — OObenyHeHHbIII KaTaIor i UHTepHeT-KaTasor «IIpecca Poc-
cum», E45024 — VInrepret-Kkatanor «Kuura-cepBic».

XymoXecTBeHHbII pefakTop: — Mananbun [I. b.
Texumyecknit pegakrop — Yiwkos B. B.
IMopnucano B mevyars 29.12.2017 r. Ornevarano B OO0 «Ilapurer».

IToutoBsiit agpec pemaxun: 117587, . MockBa, Bapurasckoe mocce, . 125 3K, xopi. 6, 000 «HIIO «9Hepro6e3onacHOCTb»
Tenedon: +7 495 665-76-00, Tenedon/dakc: +7 495 382-79-74; e-mail: sigma08@sigma08.ru; www.sigma08.ru

© 00O «HIIO «9Heprobes3omnacHOCTb», «HazexXHOCTb 1 6€30IIaCHOCTD 9HEPTeTUKI»
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Scientific and Engineering Journal
Safety and Reliability of Power Industry

Volume 11 Ne4 2017

EDITOR-IN-CHIEF

Sergey I. MAGID — Dr.of Tech.Sc., Professor, Director General, JSC «Simulators of power plants and networks», Director of the
Department «Technical educational systems in energy technologies» TEST UNESCO (Moscow, Russia).

DEPUTY EDITOR-IN-CHIEF

Elena N. ARKHIPOVA — Dr.of Tech.Sc., Technical Director, JSC «Simulators of power plants and networks» (Moscow, Russia)
Vladimir V. KULICHIKHIN — Dr.of Tech.Sc., Professor, National Research University «Moscow Power Engineering Institute» (Moscow, Russia)

EXECUTIVE EDITOR

Valeriy I. BELYAEV — Cand. of Tech. Sc., Deputy Director General, JSC «Simulators of power plants and networks» (Moscow, Russia)

EDITORIAL BOARD
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Sc., Professor, Scientific Director of the Melentiev Energy Systems
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(Irkutsk, Russia)
Hristo S. DRAGANICHEV — Professor of the Varna Technical Uni-
versity (Varna, Bulgaria)
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Ilyas Sh. ZAGRETDINOV — Cand. Sc. (Eng), Chief Engineer of JSC
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Sylvio SIMON — Prof. Dr.-Ing., Brandenburg University of
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Krzhizhanovsky Power Engineering Institute» (Moscow, Russia)
Marat H. G. IB¥{AGIMO — Dr. of Tech. Sc., Professor, First Deputy
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Nikolay B. KARNITSKIY — Dr. of Tech. Sc., Professor, head of the
department of thermal power plants, the Belarus National Technical
University (Minsk, Belarus)
Sergey A. KROPACHEV — Dr. of His. Sc., Director General, «Center
for Retraining and Advanced Training» (Krasnodar, Russia)
Boris M. LARIN — Dr. of Tech. Sc., Professor, Department of
chemistry and chemical technology in the power industry, of the
«Ivano)vo State Power University named after V.I. Lenin» &rvanovo,
Russia
Mikhail Yu. LVOV — Dr. of Tech. Sc., Adviser to the General Director
of United Energy Company JSC (Moscow, Russia)
Evgeniy M. MARCHENKO — Cand. of Tech. Sc., Professor, Director,
«Eniv», LLC (Moscow, Russia)
Vladimir E. MESSERLE — Dr. of Tech. Sc., Professor, Head Research
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physics, the al-Farabi Kazakh National University (Almaty,
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Sergey V. MISHCHERYAKOV — Dr. of Econ. Sc., Cand. of Tech. Sc.,
Director General of the Non-profit Partnership «Corporate Trainin
and Scientific Center of the Unified Energy System» (Moscow, Russia%
George MORVA — Sc. Dr., Professor, the Budapest Polytechnic
University (Budapest, Hungary)

Leonid P. MUZYKA — Cand. of Tech. Sc., Director, «Resurs-
Personal», LLC (Omsk, Russia)
Aleksandr N. NAZARYCHEV — Dr. of Tech. Sc., Professor,
Rector of the «Peterburg power engineering institute of professional
development» (St. Peteﬁ)ur , Russia)
Vladimir A. NEPOMNYASHCHIY — Academician of the RANS,
Dr. of Econ. Sc., Professor, Cand. of Tech. Sc. (St. Peterburg, Russia)
Valeriy M. NEUIMIN — Cand.of Tech.Sc., Chief Power Engineer,
«Techr;ological systems for protective coatings», LLC (Moscow,
Russia
Mikhail M. PCHELIN — Class I State Councilor of the RF (retired),
awarde;e of the Prize of the Council of Ministers of the USSR (Moscow,
Russia
Nikolay D. ROGALEV — Dr. of Tech. Sc., Professor, Rector of the
National Research University «Moscow Power Engineering Institute»,
Chairman of the Academic Council (Moscow, Russia)
Wadim STRIELKOWSKI — Ph.D., University of Cambridge, Judge
Business School (Cambridge, England)
Aleksey 1. TADZHIBAYEV — Dr. of Tech. Sc., Professor, head of
the Department of diagnostics of energy systems, «Peterburg power
engine)ering institute of professional gevelopment» (St. Peterburg,
Russia
Aleksandr E. UZHANOV — Cand. of Sociol. Sc., Director of the
PR De)partment, «TVEL, the fuel company of Rosatom» (Moscow,
Russia
Karel FRANA — Prof. Dr. — Ing. habil, Technical University of
Liberec (Liberec, Czech Republic)
Leonid A. KHOMENOK — Dr. of Tech.Sc., Professor, Deputy
Director General of Research/Head of the Department of turgine
installations, I. I. Polzunov Scientific and Development Association
on Research and Design of Power Equipment (St. Peterburg, Russia)
Mikhail I. CHICHINSKIY — Cand. of Tech. Sc., Inspector General/
Head of the Department of technical supervision and audit, PJSC
«Feder)al Grid Company of the Unified Energy System» (Moscow,
Russia
Nataliya D. CHICHIROVA — full member of the Russian Academy
of Natural Sciences, Dr. of Chem. Sc., Professor, Director of the
Thermal Engineering Institute, head of the Department of thermal
ower plants of the «Kazan State Power Engineering University»
FKazan, Russia)
Vladimir I. SHARAPOV — Dr. of Tech. Sc., Professor, head of the
Department of heat and gas supply and ventilation of the «Ulyanovsk
State Technical University» (Ulyanovsk, Russia)

Founder and publisher: Scientific and Production Association «Energobezopasnost».
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M3noxeHbl KOHLENTyabHblE MOMOXEHNA 06ecneyeHns HOBbIX MOAXOAOB K OLEHKEe TEXHNYECKOrO COCTOAHUA aKTUBOB.
IMpw 3TOM 3a OCHOBY B3SIT MOAX0Z SKCMEPTHOIO ONpeeneHms Yepes BeCoBble KO3QOULUEHTbI 3HaUEHNI TPy NMapaMeTpoB
bYHKUMOHaNbHbBIX Y3110B 060pyAoBaHUA. [JOCTaTOUHO NOAPOOHO U3NOXKEHA MeTofAVKa OnpeeneHnst BECOBbIX KO3dduLm-
€HTOB, OCHOBAHHAA Ha MeTofe aHanm3a nepapxui [1]. Ha ocHoBe pacyeToB MHAEKCOB TEXHNYECKOTO COCTOSHUA OTAENbHbIX
bYHKUVOHAMNbHbBIX Y3/10B, B COOTBETCTBUM C PELLEHMEM 3afjaull O HAXOXKAEHUV ONTUMU3MPOBAHHbIX 3HAUEHUI NPY HEeYeT-
KUX YCNOBUAX U OFPaHNYEHMSAX, MO MUHUMAJIbHOMY 3HaUeHWIO ONpefensaeTcs MHTErpasbHbIA NoKasaTesnb 060pyaoBaHUA
(rpynnbl 06opynoBaHus). ABTOp, B COOTBETCTBMU C pa3pabaTbiBaeMol Mo ero PyKOBOACTBOM METOAVKOW OLIEHKU TEXHN-
YECKOro COCTOSIHMSA OCHOBHOTO TEXHOJOMMYECKOr0 060PyA0BaHUA 1 IMHUIA 3NIEKTPONepeaun SNeKTPUYeCKUX CTaHLuiA 1
3NEKTPUYECKIIX CETEN 1 ONpeaeneHrs ONTUMAaNbHOIO BYAA, COCTaBa M CTOMMOCTU TEXHUYECKOTO BO3AeNCTBISA Ha 060pyao-
BaHue (rpynnbl 060py[oBaHMs), BBOAWT NMOHATAA BULOB COCTOSIHWSA 060PYLOBaHWS, COOTHOCA UX C KOHKPETHBIMU MepamMu
TEXHUYECKOTO BO3LEeNCTBUA. ITO NO3BONAET 0ObEKTMBU3MPOBATL MPOLIECC OLEHKN 1 CHOPMUPOBaTb MHPOPMALMOHHYIO
6a3y anA NPUHATWA YNPaBIeHUYECKUX PELLEHMI MO UCMONb30BaHNIO aKTUBOB. [prBEAEHHbIN MPUMEpP pacyeTa MHAEKCa Tex-
HYECKOro COCTOSHMA NO3BOMISIET HAMMAAHO NMPOLEMOHCTPUPOBATb MPAKTUUYECKYH 3HAUMMOCTb NpeasiaraembiX NOLXOA0B
1 METOLOB OLIEHKNM NMPON3BOACTBEHHBIX aKTMBOB. OnpeaeneHHble B CTaTbe NMOAX0Abl CO3Aa0T MHGOPMALIMOHHYIO 1 METOAO-
NIOTNYECKYH0 OCHOBY Nepexofa OT NiaHOBO-MNpeaynpeauTeSibHbIX PEMOHTOB 000PYL0BaHWs 00bEKTOB NEKTPOIHEPTETUKM
K peMOHTaM Mo COCTOAHUIO. B cTaTbe 0603HavaeTca npobneMa KOMMIEKCHON OLIEHKM TEXHKO-3KOHOMUYeCKo 3 deKTrB-
HOCTU aKTMBOB JHEPreTMYeCcKon CUCTEMbI, KOTOPas BKIOUAET MHOXECTBO dHeproobbekToB. PopmrpoBaHme METOLOMO-
FMYECKOW 11 TEXHONIOTMYECKON OCHOBbI CUCTEMbI YNPaBMIEHNA NMPOMU3BOACTBEHHbIMM akTuBamu (CYTA) n obecneveHme ee
bYHKUVMOHMPOBaHUSA OMNpefenseT HayyYHylo LLeHHOCTb U MHHOBALMOHHDBIN MOAXOA K PeLeHnto 0603HaueHHbIX Npobnem,
NMOAHUMAEMBIX B CTaTbe.

KJMFOYEBDBIE CJTOBA: cy6beKTbl SHEPreTVKM, NMPOU3BOACTBEHHBIE aKTUBbI, YPaB/eHVE aKTUBAaMK, NMOKa3aTesin TEXHUKO-
3KOHOMMYECKOIO COCTOAHUSA OOBEKTOB SHEPTETUKM, UHAEKC TEXHUYeCKoro coctosHus (UTC)
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The article outlines the conceptual provisions for new approaches to assessing the technical condition of assets. Here,
an approach through weight coefficients of the values of groups of parameters of functional equipment units is taken as
the basis of expert definition. The methodology of determining weight coefficients based on the method of analyzing the
hierarchies of T. Saaty is described in sufficient detail. Based on the calculation of technical condition indices of individual
functional units, in accordance with the solution of the problem of finding optimized values under fuzzy conditions and
constraints, the integral indicator of equipment (equipment group) is determined by the minimum value. The author,
in accordance with the method of assessing the technical condition of the main technological equipment and power
transmission lines of electric power stations and electric grids and developing the optimal type, composition and cost of
the technical impact on equipment (equipment group), develops concepts of the state of the equipment, correlating them
with specific measures of technical impact. This allows us to objectify the assessment process and create an information
base for making managerial decisions on the use of assets. The given example of calculation of the technical condition
index allows to visually demonstrate the practical importance of the proposed approaches and methods for assessing
production assets. The approaches defined in the article create an information and methodological basis for the transition
from planned preventive repair of electrical power facilities equipment to condition-based repair. The article outlines
the problem of comprehensive assessment of the technical and economic efficiency of energy system assets, which
includes numerous energy facilities. Formation of the methodological and technological basis of the production assets
management system and ensuring its functioning determines the scientific value and innovative approach to solving the

identified problems mentioned in the article.

KEYWORDS: power subjects, production assets, asset management, indicators of technical and economic condition of

power objects, technical condition index

MepBoro aekabps 2016 r. Mpe3unaeHT Poccuninckon Pepepa-
uun B. B. TyTuH B cBOEM exerogHom nocnaHum lNpesngeHTa
DenepanbHomy CobpaHuto gan oprLManbHbIA CTapT CTPOU-
TeNbCTBY LUGPOBOIN S3KOHOMUKM B Poccuu. MpaButenbctay
Poccuinckon Qepepauuy MOpyyeHO COBMECTHO C Agmu-
Huctpauuen Mpesunpenta Poccuinckonn Pepepaunn paspa-
60TaTb 1 yTBEpAMTL Mporpammy «LlndpoBas skoHOMYKay,
npenycMOTPEB Mepbl MO CO34aHUI0 NPABOBbIX, TEXHNYECKMX,
OPraHU3aLUVOHHbIX U GUHAHCOBBIX YCJIOBUM A1 Pa3BUTUA
undpoBo s3koHoMKKM B Poccniickon Peaepaunn 1 ee uHTe-
rpaLmm B NPOCTPAHCTBO LdPOBOI SKOHOMUKI rOCYapCTB-
uneHoB EBpasnincKkoro >KOHOMMYECKOro COl03a, KoTopas
6bina yTBepKaeHa Mpembep-muHnctpom PO [1. A. Measene-
BbIM 31.06.2017 1. [2].

OcHoBOW UMPOBOIN SKOHOMUKYM ABNISETCS YMEHWE oOre-
paTVBHO Mofy4yaTb M OOMeHMBaTbCs OONbWM 06bEMOM
LOCTOBEPHDBIX JaHHbIX 11 CMOCOOHOCTb aHANM3UPOBATb U UC-
Mosib30BaTb MONE3HYI0 UHOOPMALIMIO B PEXUME peanbHO-
ro BpemeHu. bnarogapa 3Tomy MOABNAETCA BO3MOXHOCTb
NPVHATAA 60Mee TOUHbIX 11 OMEPATUBHBIX PELIEHU Ha BCEX
YPOBHSAX YNpPaBfeHNs, OT NMPEBEHTVBHbBIX PEMOHTOB 000pY-
[OBaHNA [0 N3MEHEHVA MHBECTULIMOHHON NOMNTUKN B LieNnsx
6onee 3¢ GEKTVBHOIO NCMONIb30BAHUA BCEX BUAOB PECYPCOB
U MHPPACTPYKTYpPbI.

DHeprocucteMa — 3TO OFPOMHbIA MeXaHW3M, KOTOPbI
TpebyeT 3HauUTeNbHbIX GMHAHCOBBIX BAVBAHWUIA Ha Noaaep-
XaHune TeKyLlero TeXHMYECKOro COCTOAHMA, Ha BOCCTAHOB-
NeHrie M3HOLWEHHbIX GOHAOB, HA MHBECTULMUN B pa3BUTUE.
O6bem PrHAHCUPOBaHKA MPY 3TOM OrpaHUYeH Tapudamu,

YPOBEHb KOTOPbIX KOHTPONIUPYETCA 3aKOHOAATeNleM U pe-
rynUpyowmuMmn opraHamu. TpebyeTcs HaxoxaeHve GanaHca
MeXJly 3aTpaTamMu, NepCrneKkT1BaMu 1 prckamm, C OO4HON CTo-
POHbI, 1 obecneyeHnem Tpebyemol NPOV3BOAUTENBHOCTY
AKTVIBOB, C [PYrof CTOPOHbI, — YMNpaBleHrEe SHEProcmcTe-
MO C CMOJNIb30BaHUEM PUCK-OPUEHTUPOBAHHbBIX METOAOB 1
MOAENU yrpaBfieHusl.

AKTyanbHOCTb YCTAHOB/IEHWsl OTpacieBblX MOAXOMLOB K
onpeneneHnio GpakTNUYeCcKoro TEXHNYECKOTo COCTOSIHNA 00b-
€KTOB 3/EKTPOIHEPreTUKM U X 060pyLoBaHMs 060CHOBA-
Ha HeoOXOAMMOCTbIO Mepexofa Ha NPOAKTMBHBIN (MPeBeH-
TUBHbIN) NOAXOA K YNPaBeHU0 0ObeKkTamy, Npy KOTOPOM
LOeNcTBUA (TeXHMYecKoe OOCNYXKMBaHUE, PEMOHT, 3aMeHa,
TEXHUYECKOE NEPEBOOPYKEHNE U MOAEPHM3ALNA, BbIBOL 13
3KCMyaTaLmm) NIaHNpPYTCA U MPOV3BOAATCA HAa OCHOBAHWU
3HAHUA KONMUYECTBEHHbIX M KaueCTBEHHbIX XapaKTepuCTUK
roka3saTesieil TEXHUYECKOro COCTOSIHMA KOHKPETHbIX eAVHNLY
000pyA0BaHNA 11 MPOrHO30B €r0 M3MEHEHUs C YYeTOM pas-
BUBAIOLLMIXCA TEHAEHLIA.

CBOEBpEMEHHOE 3HaHVEe KOJIMYECTBEHHbIX MOKa3atenel
MHAEKCa TEXHNYECKOTO COCTOAHNIS, UCMOJb30BaHVe METOOB
00paboTKM 6OMBbLIMX MAaCCMBOB UHGOPMALIMU B COYETAHUN
C UCNOMb30BaHMEM OEHUMAPKMHIA, KaK AeNCTBEHHOrO WH-
CTPYMEHTa MOBbIWEHNA SPGEKTVBHOCTM PabOTbl KOMMAHWIA,
6yneT cnocobcTBOBaTb COKPALLEHNMIO (ONTUMM3aLMK) onepa-
LIVIOHHBIX 1 KanuTasibHbIX 3aTpaT Ha MPOU3BOACTBO 1 Nepe-
Jauy SHeprumy noTpedutensam.

B paHHOM HanpaeneHun MuHaHepro Poccum nposeno u
NpOBOAUT NOCIeN0OBaTeNbHO PAA PaboT C Lenblo BbipaboT-
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Mo paHHbIM MCCNefoBaHKA 3a NOC/IeHME [ABA FOfa YBeIUUYMIOCh 0bLiee YMCIO aBapyil Ha TEMOBbIX CETAX, KOTOpoe
CBSI3aHO C MPEBbILLEHVEM HOPMATMBHOMO CPOKAa KCMyaTauun. BeTxve cetn nprBofAT K 6OMbLUIMM TEMIOBbIM MOTEPSM.
lNoBbileHre S3HePro3hPeKTUBHOCTY TENNTOCHAOXKEHNSA CBA3AHO C HAAEXKHOCTbIO TennoBbix ceTel. C noasneHnem ©3-190 «O
TEMNOCHabXeHNV» CTann BHOBb pa3pabaTbiBaTbCs CXeMbl TEMOCHAOXKEHWS HaceNeHHbIX MyHKTOB. Obs3aTenbHbIM Tpebo-
BaHMEM CTaJl pacyeT HafeXKHOCTU TEMSIOCHAOXKEHUS.

Hanbonee nonHo MeTOAUKMU pacyeTa HafeXHOCTM TEMOBbLIX ceTell npeacTtaBneHbl B [1, 2]. Mo meTtoamke [2] pacuer
HaJeXXHOCTU MpeAnosnaraeTcs B NporpaMmMHom Kommnekce 3yny-Tepmo. OCHOBHbIM UCXOAHBIM MApaMeTPOM /1A pacyeTa
ABNAETCA CPeAHAA UHTEHCMBHOCTb OTKA30B. [lJaHHasA BENMYMHA TEOPETUYECKM ABNIAETCA Pe3yNbTaToOM CTaTUCTUYECKUX UC-
CnepoBaHuiA, a GakTmueckn ycpegHseTcs. OTCyTCTBME UMM HeLOCTAaTOYHOCTb CTAaTUCTMUYECKON MHOPMALMK BIIEYET 3a CO-
6011 U3MeHeHMe GaKTNUYECKOro NMoKasaTens HaAEXKHOCTH, MPUONMKas ero K naeasibHOMY 3HaUYEeHNIO.

B [1] npeanoxeHa metoarika cbopa 1 06paboTKM CTAaTUCTUKM 0TKa30B. OfHAKO Mo pAfy NPUYMH NMosTyYeHne JOCTOBEPHbIX
UCXOAHDBIX JaHHbIX B HAaCTOsLLee BPEMS COMPSAXKEHO C ONpeaesieHHbIMU TPYAHOCTAMU. Kpome TOoro, Kak nokasasa NpaKTuKa,
06paboTka AaHHbIX 1 OLIEHKa MOJTyUYEHHbIX PE3Y/bTaTOB TakKe BbI3bIBAET 3aTPYAHEHUS.

Mo pe3ynbTaTam KPpUTMYECKOTO aHav3a NepeunciIeHHbIX METOAMK YCTAHOBIEHO, YTO AJIS MONyYEHUs PAaCUYETOB, KOTOPble
COOTBETCTBYIOT AENCTBUTENIBHOCTY, HEOOXOAVMO MMETb aKTyasibHYyt 633y JaHHbIX MO OTKa3aM.

HoBM3Ha 3aKnoyaeTcs B TOM, YTO M3yUYeHbl NMPUHLMIBI GOPMUPOBAHNA CTAaTUCTUKM OTKA30B 1 BINAHUE PeasibHbIX UC-
XOLHbIX JaHHbIX Ha GpaKTMYeCKoe 3HaueHre nokKasaTens HageXXHOCTU. BbiABneHo, UTo popmrpoBaHme 6a3bl AaHHBIX MO OT-
Ka3aM Ha TEM/IOBbIX CETAX OKAXET MONIOXKMTENIbHOE BUAHME HA NMONYAPM3aLIMI0 TEOPUM HAAEXHOCTY CPeau CreLmanmcToB
TEMMOCHABXAOLLMX 1 SKCMTYaTUPYIOLUX OPraHn3aLni, CBeleT K MUHMYMY BO3MOXKHbIE OTKIIOHEHWs 3HaUEHUI NMOoKa3aTe-
N1 HAAEXHOCTY B pe3ysibTaTe pPacyeToB, MO3BOJSIMT NMPOrHO3MPOBATh PA3BUTHE CUCTEM TEMTOCHAOXKEHNA B LIENIOM 1 NPefoT-
BPATUTb BO3MOXKHbIE KacKafiHble MOBPEXAEHNS XN3HEHHO-BaXKHbIX SHEPTOCUCTEM.

KMIOYEBBIE CJTOBA: TensoBble CeTW, CUCTEMbI TEMOCHAOXKEHNA, HAAEXHOCTb, OTKA3
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According to research, the total number of accidents on thermal networks which is related to exceeding the normative
operation period has increased in the last two years. Obsolete networks lead to significant heat losses. Energy efficiency
of heat supply can be increased with improvement of the reliability of thermal networks. When the federal law No. FZ-190
«On heat supply» was introduced, diagrams of heat supply of settlements began to be developed again. Calculation of heat
supply reliability became an obligatory requirement.

Methods of calculation of thermal networks reliability are provided in most detail in [1, 2]. The [2] technique suggests
calculating reliability in the ZuluThermo software complex. The main basic parameter for calculation is the average failure
rate. This value is theoretically the result of statistical investigations, and on practice uses the average value. Absence or lack
of statistical information leads to a change in the actual reliability index, bringing it closer to the target value.

A technique for collection and processing of failure statistics is suggested in [1]. However, for a number of reasons, there
are certain difficulties of receiving reliable basic data. Besides, as practice shows, data processing and assessment of the
results also causes difficulties.

The results of the critical analysis of the listed techniques has shown that in order to receive calculations which are true it
is necessary to have an up-to-date database on failures.

What is new is that the principles of gathering the failure statistics and influence of real basic data on the actual reliability
value are studied. It is revealed that formation of a database on failures in thermal networks will have a positive impact on
promoting the reliability theory among specialists of the heat supplying organizations and operators, will minimize possible
deviations of calculated reliability values, will allow to predict the development of heat supply systems in general and to

prevent possible cascade damages of the vital power supply systems.

KEYWORDS: thermal networks, systems of heat supply, reliability, failure

B cTaTbe n3naraetca aHanm3 CywecTByOLWNX METOAUK MO
NCCNeoOBaHI0 HALEXHOCTY TEMJIOBbIX CETEl, METOOB 06-
PaboTKM NCXOAHBIX fAHHBIX 1 OLIEHKI MOJTyYEHHbIX pe3y/ib-
TaTOB pacyeTa, pe3ynbTaTbl UCCIEAOBAHNA COOTBETCTBUA
pacyeTHOro NMoKa3aTens HAAEXKHOCTU GpaKTMUECKOMY.

Mo uHpopmaumm MunHaHepro PO, B 2015 rogy Konuue-
CTBO aBapUIMHbIX CUTYyaLU Ha MarncTpasbHbIX TEMIOBbIX
CeTAX, IKCMNYyaTUPYEMbIX CYObEKTaMM SNEKTPOIHepreTy-
Ku (TTK n AO-3Hepro) B TeueHne oTONUTENbHOMO Neproda
2014-2015 rr. ygenuunnocb Ha 16% no cpaBHEHNIO C OTO-
nuTenbHbiM neprnogom 2013 -2014 rr. n gocturno 1122, n3
HUX 53 cnTyaumm CONPOBOXKAANUCH NepepbiBaMy B TEMJ0-
CHabXeHun cbilwe 24 yacos. MNouTtn 70% aBapuii Npounso-
LU0 Ha MarncTpasbHbIX TEMSIOBbIX CETAX C NPEBbILLEHHbIM
HOPMATUBHBIM CPOKOM 3KCrnyaTauum (bonee 25 net), a
CaMO KOJMYeCTBO TaKux ceTel BbIpoco Ha 3,6% [3].

OCHOBHbIMX MPUYMHAMK aBapuUi ABAAETCA CUMbHbIN
M3HOC M KOppo3ua TpyboMnpoBOAOB MpuY SKCriyatauuu
TEMNIOBbIX CETEN CBEPX HOPMATUBHOIO CPOKa Ciy»Obl U
HU3KMX TEMMAX 3aMeHbl BETXMX CeTell. ITO 06bACHAETCA
TeM, YTO AeATeNbHOCTb MPEeANPUATUN TEMNOBbIX ceTel
perynupyetca MecTHbIM/ OpraHamu Bnactu. B nocnegHne
rofbl Tapudbl Ha ras pocnm 6uicTpee, Yem Taprdbl Ha Te-
NNoCcHabXeHre, YTO HEraTUBHO OTPA3WIOCh Ha 3aTpaTtax
Ha TeKYLMI PEMOHT 1 obcnykuBaHue. MpennpuaTuam He
XBaTaeT CpefCTB Ha PEMOHT, B pe3ynbraTe 3Toro 68% ce-

Tel BblpaboTanu ceoi pecypc. CnefcTBMEM 3TOTFO ABSAET-
CA POCT YAENbHOro Yncia aBapum Ha 1 KM TennoBowm ceTu.
BeTxue TennoBble ceTU NPUBOAAT K OGONbLINM MOTEPAM
TennoBon 3Hepruun. Takum 0OpPa3oMm, MOBbILWIEHKE SHEpP-
rospPpeKTUBHOCTU TEMTOCHAOXKEHNA CBA3AHO C HAAEXHO-
CTbIO TEMJIOBbIX CETEW, KOTOPbIE B CBOIO ouepefb TpedyoT
peHoBaLmn.

MnaHbl MOAepHM3aLMN CyLLeCTBYIOWNX CACTEM TEMo-
CHabXeHNA HeobXoaAMMO COMOCTABIATb C NIaHaMU Pa3BU-
TnA ropoga [4]. NMocne npuHatus ®3-190 «O TennocHabxe-
Hum» [5], Bbixoaa MoctaHoBneHus lMpaButenbsctea PO ot
22.02.2012 r. N2154 «O TpeboBaHUsAX K CXeMaM TernioCcHab-
KeHus, NopsAKY UX pa3paboTKn 1 yTBEpKAEHUs» NOABU-
nacb HopMaTKBHasi 6a3a Osid pa3paboTKM CXeM TEMSIOCHAO-
»KEHMA HaCeNneHHbIX NMYHKTOB.

B nakeT [JOKYMEHTOB CXeMbl TeryioCHabXeHunsa ropo-
Ja BxoguT pasgen «HageXHOCTb CrUCTeMbl TeniocHab-
XeHus», TpeboBaHua ®3-190 He pernameHTUpPYHOT Mo-
PAAOK pacuyeTa HAAEXHOCTU CUCTEM TemyloCHAGXeHMWs
M aHanv3a MoyYeHHbIX pe3ynbraTtoB. [locne npuHATMA
®3-190 nosiBunacb Metoauka [2] pacueTta KosdpduumeH-
TOB HAfEXHOCTU CUCTEMbI TEMSOBbIX CETEN, PEKOMEHAO-
BaHHAs K MCMOMIb30BaHMIO NMpPU pa3paboTke MPOeKTHOW
OOKyMeHTaumn. HageXHoCTb pacyeTHOro YpoBHA Tenso-
CHabXeHWA B JaHHOW MeToAMKe OLEHMBAETCA KO3bduum-
eHTaMn roToBHOCTU [6]. MNpoBefeHne pacyeta nokasare-
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O6BbEKTOM MCCefoBaHNA ABNAIOTCS TEMOBbIe CeTU I. Bommkckoro Bonrorpagckoi obnactu. Llenb HacTosAweln cTa-
Tb — ONpefeNieHne KOMUYeCTBEHHbIX NOKa3aTesel HageKHOCTU, BbiPaXKeHHbIX B BUE MHTEHCUMBHOCTEN OTKA30B, Ha-
pPaboTKM Ha OTKa3 1 YCTAaHOBJIEHME 3aKOHa pacnpeaeneHns oTkasos. lNpoBedeHbl UCCef0BaHUSA CTaTUCTUYECKMX JaH-
HbIX MO OTKa3aM TeMJI0BbIX CETel B I. Bomxckom Bonrorpagckoi o6nactu 3a nepuog skcrnyatauyum ¢ 2010 . no 2012 r.
BKJIIOUNTENbHO NOC/e BBOAA B 3KCryaTaumio B 1970 r. Bce BbisiBNIeHHble OTKa3bl NPUBOAMIN K MPeKpaLLeHrIo Nogaun
Tenna n, COOTBETCTBEHHO, BOCCTAHOBJIEHUIO TEMJI0OBbIX ceTel. [TprBeaeHbl MaTeMaTUYeCKE 3aBUCMMOCTU OLEHKN NO-
KasaTeneln HaleXKHOCTU B BUZe MHTEHCVBHOCTE OTKAa30B 1 HapaboTKM Ha OTKa3 no guameTpy TpyO, NPOTAXEeHHOCTH
TEnJIoBbIX CETeN 1 BpeMeHW 3KcnayaTaummn. HoBM3Ha CTaTby COCTOUT B TOM, YTO BriepBble B I. BomKkckom npoBeaeHbl
NccnefoBaHMA HafeXHOCTU TeMJIOBbIX CETer 1 MO UX pe3ysnbTaTaM MoJslyyeHbl KOHKPETHbIe YMCIIOBbIE 3HAUYEHUSA VH-
TEHCVBHOCTEN OTKa30B U OLIeHK/ HapaboTKU Ha OTKa3 Kak Mo AMaMeTpy TpyO, Tak U MPOTAXKEHHOCTU TEMOBbLIX CETEN
1 BPeMEHW MX dKCMyaTauun. YCTaHOBEHO, YTO MHTEHCUMBHOCTb OTKA30B NMOAUYMHAETCA SKCMOHEHUMANIbHOMY 3aKOHY
pacrnpegeneHns no AMaMmeTpy 1 NPOTAKeHHOCTV TPY6 ¢ napameTpamu A = 2,77-1073 (1/m), T = 362 M, a N0 BpEMEHW 3KC-
nayatauuy — c napametpamu A = 35,31-1073 (1/u), T = 28 u. MonyyeHHble OLEHKM NoKasaTesen HaAeXHOCTY peKOMEH-
LYeTCA NCNosib30BaTh NPY CO34aHUN COBPEMEHHbIX TEMOBbIX ceTel. [TprHATan crcTemMa TEXHUYECKOro 06CIyKBaHNA

1 peMOHTa obecneurBaeT HafleXHY0 PaboTy TEMNIOBbIX CeTell C YypoBHeM foBepusi 99%.

KJTKOYEBDIE CJTOBA: TennoBble ceTu, TPyObl Pa3HOro AMAaMeTPa, OLLEHKN NoKa3aTtesiell HafeXHOCTW, UHTEHCUBHOCTb
OTKa30B, HapaboTKa Ha 0TKa3, SKCMOHEHLMaNbHbI 3aKOH, KPUTEPUWIA COrNacus
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Thermal networks of Volzhsky, Volgograd region, are the object of research. The aim of this paper is to determine
quantitative reliability indicators expressed as failure rates, time periods between failures and establishing a failure
distribution law. Research of statistical data on failures of thermal networks have been conducted in the town of
Volzhsky, Volgograd region, during the operation period from 2010 through 2012 after commissioning in 1970. All
revealed failuresled to interruption of heat supply and, accordingly, restoration of thermal networks. The article presents
mathematical relationship between an assessment of reliability indicators in the form of failure rates and time periods
between failures and the pipe diameter, the extent of thermal networks and the in-service time. The novelty of this
article is that research of thermal networks’ reliability has been conducted in Volzhsky for the first time, and the results
of these studies show actual numerical values of failure rates and provide an assessment of time periods between
failures, analyzing its relationship with the diameter of pipes, the extent of thermal networks and the time of their
operation. It has been established that failure rate is subject to the exponential law of distribution depending on the
diameter and extent of pipes with parameters \ = 2,77-103 (1/m), T = 362 m, and the operation time — with parameters
A=35,31-103 (1/h), T =28 h. It is recommended to use the received estimates of reliability indicators during creation of
modern thermal networks. The established system of maintenance and repair ensures reliable functioning of thermal

networks with a confidence level of 99%.

KEYWORDS: thermal networks, pipes of different diameter, assessment of reliability indicators, failure rate, time

between failures, exponential law, acceptance criterion
BseneHune

ObecneyeHne HageXHOCTU TEMJIOBbIX CeTel Mocne ra-
PaHTUIHOIO CPOKa JKCrulyaTauuy ABASETCA aKTyaslbHOW
npob6nemoi. Ans peleHns 3Ton Npobsiembl He0H6XOAUMO
pewmnTb criegyoLve 3agadn:

- cobpaTb CTaTUCTUYECKYIO MHOOPMaLUIO MO AVAMeTpy
TPYyO, UX NPOTSKEHHOCTM, OTKa3aM TEMSIOBbIX CETel;

— OUEHWTb MNoKasaTeNn HaOeXHOCTN B BUE MHTEHCUB-
HOCTU OTKa30B U HApabOTKM HA OTKa3 Kak Mo AuameTpy
TPYy6, TaK 1 MO NPOTAKEHHOCTU TEMIOBbIX CETEN 1 BpEMe-
HU 3KCMyaTauuu;

— YCTaHOBUTb 3aKOH pacnpefeneHunsi OTKa3os.

McxonOHble cTaTUCTUYECKNE AaHHble [1, 2] npeacTaBneHbl
B Tabnuuax 1 un 2.

PacuetHble ¢opmynbl  Ans  OUEHKM
HAZEXXHOCTM MO NPOTAXEHHOCTM [3-6]:

rnokasatenen

Aui= - ’/1nci=l:1 Aa Li=— Lgo=""
O AlLm > 9 Y/

i T.cp.i

rAae m; — YMCNo OTKAa30B, MOMABLNX B i- UHTEPBa NPo-
TAMEHHOCTbIO Al;

M — 4ncno Bcex otkason 3a 2010,2011,2012vnn c 2010
no2012rr,;

A, ; — VIHTEHCMBHOCTb OTKAa30B MO MPOTAXEHHOCTU Ter-
NIOBbIX ceTen, 1/m;

T, ;— HapaboTKa Ha OTKa3 Mo MPOTAXEHHOCTY TPYObI, M.

lMonyuyeHHble  pacyeTHble  OUEHKM  MNoKasaTesen
HalEeXKHOCTU MO MPOTAXEHHOCTU CBefeHbl B Tabnuuy 3.
CTpoKu Tabnuubl OTCOPTUPOBAHbI MO BO3PaCcTaHWUO 4u-

Hbl UHTEepBana. mZOIOj, Myo115 Mag12i> Moy — YNCNO OT-
Ka30B, nonaswux B i-n uHtepsan B 2010, 2011, 2012 rr.
N obliee COOTBETCTBEHHO. Aygi0i Agorii Asorzi Mogmi —
MHTEHCUBHOCTM OTKa30B TennoBbix ceten B 2010, 2011,
2012 rr. n obwasa cootBeTcTBEHHO, (1/M). CpeaHue 3Ha-
YeHUs1 NHTEHCUBHOCTEN OTKA30B U HapabOoTOK Ha OTKas:
— -7 — — -7
>\2010‘cp_34'10 (71 /™M), >\2011.cp_>\06m.cp = 32107 (1/m),
= 30-107 (1/m), T2010.6p=295902 M, Tzou‘cpz

2012.cp
310791 m, T2012‘6p=333591 M, Toém‘cp:312905 M.
PacuetHble dopmMynbl AN OUEHKM  MOKasaTenemn

HaJeXHOCTU NO BpeMeHu 3Kcnnyataumm [3 -6, 10]:

27\‘3.[

i=1

= , T,.=—, T,
PU3AT M

(2)

1
CpT 4 0
B.I 7\’B.Cp

rAe m; — YNCNO OTKa30B B i-M roAy 3KCnnyaTaLmy;
At,— 1 rop skcnnyataumn, T, ., = At,=8760 y;
A\, ; — OLeHKa MHTEHCMBHOCTY OTKa30B, MOJTy4YeHHas no
Kaxxgomy rogy skcnnyatauumu, (1/u);

T'.;— HapaboTKa Ha OTKa3 Mo KaXXA0My rofy dKcriyata-
Luu, 4.

B pe3ynbTate pacyeToB MojyuyeHbl criefyolme 3Haue-
HWA MOKa3aTenen HaAeXXHOCTU MO BPEMEHN KCMyaTaLum:
Ay010=0,0349 (1/u), \,,,; =0,0348 (1/u), Ay;, = 0,0362 (1/u),
Ao, =0,0353 (1/4), Thg o = 28,63 4, Ty = 28,724, Ty, =
27,62 u, Tcp =28,32u.

Mo pe3ynbTaTam MOJMYYEHHbIX OLEHOK WHTEHCUB-
HOCTU OTKAa30B MO MPOTSXKEHHOCTM 1 FOAam 3KChya-
TauMmM MOCTPOEHbl TPadUKM UN3MEHEHUA WHTEHCUB-
HOCTW OTKa30B, MpefCTaB/ieHHble Ha pUcyHkax 1-4.
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B cooTBeTcTBUM C TpebOBaHMAMM AENCTBYOLWMX [paBui 1EKTPOYCTaHOBOK BCE OOBEKTHI, MOyYaloLmne 1eKTpo-
SHEpPruo OT LEHTPANIM30BaHHON CUCTEMbI SNIEKTPOCHAOXKEHUS, JOMIXKHbI UIMETb HEOOXOAUMYIO HAAEXHOCTb SNIEKTPO-
CHabxeHns. OcobeHHO 3TO KacaeTca OObeKTOB HedTerasoBoro Komnnekca. OTK/oUeHe 3TUX OOBEKTOB OT CeTu
371eKTPOCHabXeHUs AaXke Ha HEOONbLUIOW MPOMEXKYTOK BPEMEHV MOXET NMPUBECTY K aBapysaM 1 NPUHECTU GOsbLLION
MaTepuarnbHbI 1 MOPasibHbINA ywep6. [axke ecnvm He Mpou3OLWIo NPAMOro NnonafaHus MOJIHMM B 06OpynoBaHue,
BCE PaBHO MOXET BO3HUKHYTb 3/IEKTPOMArHUTHbIA UMMYAbC MEXAY TyYaMy 1 yAANneHHbIM YAAPOM MOMHUN B 3€MJTIO.
B cTtaTbe npeacTaBneHo cpencTBo 3alWnThl OT MOSIHAM — YCTaHOBKa «[po303aluta», KoTopasa NpPOXoAUT UCMbITaHUA
Ha KneHronckom HedpTAHOM MeCTOpOoXAeHM YOMYPTCKO Pecny6nmKkim un ycTaHOBMIEHA Ha OTAESbHO CTosLLeln onope
B panioHe KTM-6/0,4 KB c yueTom KoHUrypaumm snekTpryeckoin cetn 6 KB MNC 110/6 kB. YctaHOBKY «[po3o3alyuta»
06bIYHO PACMONAralT Ha BO3BbILEHHOCTM B OTAANIEHMM OT BaXKHbIX 06beKTOB UHPPACTPYKTypbl. [MprHUMN ee paboTbl
OCHOBaH Ha CO3[aHnM NCKYCCTBEHHOW 30HbI FPO30BOro paspsaga. MNpobnemori 3Tol YCTaHOBKY ABMAETCA TO, YTO OHa
ABMAETCA KOHLEHTPATOPOM 3NIEKTPUYECKUX 3apAL0B, HAaBeeHHbIX B pe3ysibTaTe PasfivyHbIX aTMOCHEPHbBIX ABEHMIA.
Mo3ToMy Npwu ee 3KCMyaTaLm HeobxoAMO CObOAATh NMOBbIWEHHbIE TpeboBaHWA 6e30nacHOCTM. OnrcaHbl Ha3Ha-
YeHNA OCHOBHbIX Y3/10B FPO303aLlUNTHONM YCTAHOBKM U X GYHKUMOHaNbHOE Ha3HaueHre. 3a nepuog sKcriayaTauum
YCTPOWCTBa He HaboAanocb H OLHOMO NMOMAJAHUS MOJIHM B 060pyAoBaHMe KNEHrONCKOro MeCTOPOXAEHNA HehTK
W IMHWY SNIEKTPOMNEpPeaayY, a TakKe He NPOMU30LLIIO OMACHbIX BO3AENCTBU OT FPO30BbIX NepeHanpsxeHni. Takum o6-
pa3om, yBennumnnach 3almeHHOCTb BCEro 31eKTPoo0opyA0oBaHMSA Kak OT NepenafoB HAaMPsXeHNs, Tak U OT Pe3KUX

CKaYyKOB 1 MMNynbCOB HanpAXeHUA.

K/TIOYEBBIE CJTIOBA: 3awmTta OoT MOnHUK, YCTaHOBKa «[po303alymTar, pacnpefenutesibHble CeTU, IMHNA 3eKTpone-

penay
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In accordance with the requirements of the current Electrical Code, all facilities receiving electricity from a centralized power
supply system must be provided with the necessary reliability of electricity supply. This is particularly true for oil and gas facili-
ties. Disconnecting these objects from the power supply network even for a short period of time can lead to accidents and
bring great material and moral damage. Even if the equipment is not directly struck by a lightning, an electromagnetic pulse
between the clouds and a distant lightning strike to the ground can still occur. The article presents a lightning protection de-
vice — the «Grozozaschita» installation, which is being tested at the Kiengop oil field in the Udmurt Republic and installed on a
standalone support in the area of CTS-6/0.4 kV, taking into account the configuration of the 6 kV electric networkata 110/ 6 kV
substation. A «Grozozaschita» installation is usually located on a hill at some remote distance from important infrastructure
facilities. The operation principle of the installation is based on creation of an artificial lightning discharge zone. The problem
with this setup is that it concentrates electric charges induced by various atmospheric phenomena. Therefore, during its op-
eration, higher safety requirements must be observed. The designation of the main components of the lightning protection
system and their functional purpose are described. During the operation of the device, no lightnings struck the equipment of
the Kiengop oilfield and power transmission line, and there were no dangerous effects from lightning surges. Thus, protection

of all electrical equipment has been enhanced, both against voltage drops and sudden voltage surge and pulses.

KEYWORDS: Protection against lightning, «Grozozaschita» installation, power transmission line

CornacHo TpeboBaHuaAM lNpaBun 31eKTPOYyCTaHOBOK [1]
BCE 0OBEKTbI SHEProCUCTEMbI JOMKHbI ObITb 0becrneyeHbl
Heob6X0ANMON HafLEXHOCTbIO NEKTPOCHABXeHNA 1 BbICO-
KM KauyeCTBOM 3M1eKTPO3Heprum. ABapuiiHble nepepbiBbl
B 3NIEKTPOCHAGXKEHNY NI YaCTUYHOE CHIUXKEHNME ee Kaye-
CTBa MOTYT MPUBECTU K HeXKenaTesSibHbIM NOoC/eACTBUAM,
NPUBOZALMM K GOMbLUMM MOPAbHbIM 1 MaTepuasnbHbIM
ylepbam ansa KOHKPETHOro NpeAnpusaTis U Ans Hapopd-
HOro X03AMCTBa B LefnoM. HoBble nMporpeccnBHblie TEXHO-
Nlorvmn NPOun3BOACTBA BOOOLLE He JOMYCKaloT NnepepbiBOB
3M1IeKTPONUTaHMsA U KonebaHna HanpskeHus. [lo3Tomy He-
06Xx0AMMO PacCMOTPETb METOAbl U CMOCOObI MOBbILLEHMS
HaJEeXHOCTU JJIEKTPOCHAOXKEHNA.

HapexHoCTb aneKkTpocHabxeHna notpebuTenel B 3Ha-
UMTENIbHOM Mepe ornpeaenseTcs HaAeXHOCTblo PaboTbl
BO3AYLWHbIX NUHWIA (BJT). B cuny paga 06beKTUBHbIX U CyOb-
€KTUBHbIX MPUYMH HAAEXHOCTb paboTbl BJ16 1 10 KB ocTa-
€TCA OTHOCUTESNIbHO HU3KOM. OfHOM U3 OCHOBHbIX MPUYMH
aBapun 1 HapyweHnn nutaHuAa Ha BJT 6-10 KB asnatoTca
rpo30Bble BO3[ENCTBUA, KOTOpble cocTaBnAlT Ao 40% ot
obulero uncna oTkYeH. Kpome Toro, npu nonagaHunu
MOnHuK B onopy BJT BO3HMKaeT npouecc ctekaHUA 3apaga
B 3eMJI10, U B MPOBOJAX JINHNA SNEKTponepenay BO3HMK-
HeT HanpsXeHue, CNocobHoe Npobutb n3onauuio. Haxe
€C/IN He MPOoV30Wo NPo6os, MOXET NMPOU30NTN OTKIIIO-
yeHve 1Y HapyLleHre paboTbl, YTO TaKXKe OTPa3nUTCA Ha
paboTe 31eKTPo06OPYAOBaHUSA 1 BbINOSIHEHWV NMPOU3BOA-
CTBEHHOrO npouecca [2 - 6].

OnacHocTb anA 3gaHni (COopyKeHnin) B pesynbraTe Nps-
MOro yfapa MOJHUM MOXET MPUBECTU K: MOBPEXAEHUIO
30aHMA (COOPY>KEHMA) N ero yacTel, OTKasy HaxoaALmnxca
BHYTPY 3MEKTPUYECKNX 1 SJIEKTPOHHBIX YacTel, rnbenu

N TPaBMUPOBAHWIO KMBbIX CYLLECTB, HAaXOAALMXCA Herno-
CPenCTBEHHO B 34aHUM (COOpYXeHnK) unv B6nvsu Hero [7].

Ina 3awuTbl pacnpegenvTenbHbIX ceTell 6—35 KB 1 06b-
eKkToB HedpTenobbium OO0 «YaMypTaHepro» npoBOAWT
CBOW UCMbITaHWA C YCTAHOBKOW aKTUBHOW MOJIHME3aLU-
Tbl «[po303awmTa» NyTem co3faHnaA NCKYCCTBEHHOW 30HbI
rpo3oBoro pa3pagax [8—10].

YcTaHOBKa pacnosioXkeHa Ha BO3BbILLEHHOCTY B oTdane-
HUWM OT BaXKHbIX OOBEKTOB MHOPACTPYKTYpPbl, CMOHTMPO-
BaHa Ha OTAeNbHO CToALLel onope B parnoHe KTIM-6/0,4 kB
KrneHronckoro mectopoxaeHua v nogkntoyeHa K BJT 6kB
MNC KneHron (prcyHok 1).

MNpepnonaraemasn 30Ha 3aWMTbl — 3TO NOLWAAb Pacno-
noxeHus ¢pugepos MNC Knenron. «[po3o3aliyTta» ycTaHaB-
NBanacb UCXOAS U3 KOHOUIypaLmM SNeKTPUYECKON CeTu
6 KB MC 110/6 kB. PazpaboTaHHOe yCTPONCTBO MOAKIIO-
yaetcs K ¢asHomy npoogy BJ1 6 kKB u, B cBOIO ouepepb,
ABNAETCA elle 1 cucTemor cbopa CTaTMUYeCcKoro 3apsga c
TeppuTOpuMK, Ha KoTopon pacrnonaraetca BJ1. MNogknioue-
Hue K pugepy MNMC BbINONHEHO Kabeniem 13 CLUATOrO NOn3-
TUeHa (PUCYHOK 2).

MpuUHLUMN paboTbl yCTaHOBKM OCHOBAH Ha CO34aHUUN UC-
KYCCTBEHHOW 30Hbl FPO30BOro pa3paga. YCTaHOBKa nmeet
cnegytowne GyHKLNOHANbHbIE /TIEMEHTI:

- cuctemy cbopa 3apAdoB C 3alMLiaemMol MyoLWagu.
NaHHyio GyHKLMI0 onpenensoT 1 BbiNonHsoT BJ1 6 KB;

— YCTPOWCTBO MOAKIIOUEHMS, KOTopoe obecneyrBa-
eT CBA3b YCTaHOBKM C BJI, BbInonHAeT dyHKLMIO «Hacoca
3NEeKTPUYECKMX 3apsAA0B» U paboTaeT no npuHumny «Ln-
nnHapa Oapagen»;

— KOHJEHCATOP, KOTOPbIN BbINONHAET GYHKLMNIO KOHLEH-
Tpauun 3apsaoB 1 GpunbTpa Toka NPOMbILLIEHHOW YacTOTbl;
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npe,D,CTaBJ'IeHbI COBpeMeHHble ropesiovHble yCTpOVICTBa AnA SHepreTnyeCcKnx 1 NpomMbllLIIEeHHbIX KOTJIO0B, obecneuu-

BatoLmx Bbibpocbl NO, Npu cxuraHuy npupopHoro rasa — 125 mMr/m3, npy oxuraHum masyta — 250 mr/m3. fopenku
KOMMEKTYIOTCA COBPEMEHHbIMY 3anafbHO-3aLUTHBIMU YCTPOMCTBaMU 1 GOopCyHKamu. TakKe pa3paboTaHbl HOBble
ropesioyHble YCTPOMCTBA AJ1A CKUTAHUA JOMEHHOI0, KOKCOBOTO M MPUPOAHOTro ra3oB. CKUraHue ra3os C pasfinyHbIMU
CBOWCTBaMV BbI3bIBAaET OMNpefesieHHbIe CITIOKHOCTU, CBA3aHHble C 0becrneyeHrieM pabourx NapameTpoB SHepreTuye-
CKMX YCTAHOBOK. Pa3nunuus B xapakTeprcTKax CKMraemblxX TOMIUB ONPeAeNsoT U pasnnuns B NPOTEKAHWM NpoLiec-
COB rOPEHMS, SMUCCUOHHDBIX XapaKTePUCTNKax dpakena, 06beMoB NPOAYKTOB cropaHus. MpriBegeHbl npuMmepbl paboThl

KOMOVIHUPOBAHHbIX FOPEJIOK.

PaccmoTpeHbl 0COBEHHOCTN OpraHn3aLMM TOMOYHOTO NPOoLEecca NPY COBMECTHOM CXKMUMAaHMM AOMEHHOTO, KOKCOBOMO
1 MPUPOAHbIX Fa30B B TOMKax KOTNOB NPOn3BOANTENbHOCTbIO OT 100 go 500 T/u.
MpuBeaeHbl peKoMeHALMM MO CKUTAHMI0 HU3KOKANOPUMHBIX MOGOYHbIX ra30B MPOMbILLIEHHbIX MPeanpusaTuiA (fo-

MEHHOI0, KOKCOBOTO U T. A.).

B Lensax pelueHns 3KONOrMYECKrX Npobnem yTUamn3aLmm XXUaKnx 1 rasoo6pasHbIX OTXOA0B MOLLHbIX MPOMbILLIEH-
HbIX NPEANPUATUIA pa3paboTaHbl creLuanbHble neun 4ia 06e3BpeXKMBaHMA MPOMbILLIEHHbBIX CTOKOB 1 Pa3fiNYHbIX ra-
30B. [laHbl 1Ba BapraHTa KOMMOHOBOK Meyei (BepTuKaibHasA U rOpU30HTanbHas). 3HaUNTENbHbIN MHTepPeC NpeacTaB-
NAET Neyb C FopeNikon ANA CKUraHna BogoyronbHom cycneHsuu (BYC).

MpuBeaeHb MaTepurasbl MO HOBbIM Pa3paboTKam Pas3fiMUHbIX TUMOB TEMIOFEHEPATOPOB: C BHYTPEHHEN OrHEYNOPHOW
1 OTHECTONKOW GyTEepPOBKOM 1 MOSTHOCTBIO BbINMOJTHEHHbIX U3 MeTasifa (BO34yxX00X/1axAaeMble, BHYTPEHHSSA «KapoBasi»
Tpy6a — u3 ctanu X18HIT, HapyXHbIi Kopnyc — r3 ctanm 20). Tak»Ke NOKa3aHo, YTo cneLmasibHble Kamepbl CropaHus
MOTYT 6bITb NCMOJIb30BaAHbI /151 06€3BPEXKMBaHNA ra3000pPa3HbIX U XKUAKUX OTXOLO0B.

KJ/TIOYEBBIE CJTOBA: skonorus, ropenku, kKamepa CropaHus, oTxogbl
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The article presents modern burner devices for power and industrial boilers that provide NO, emissions (when burning
natural gas — 125 mg/m3, when burning fuel oil — 250 mg/m3). The burners are equipped with modern ignition safety
devices and injectors. There are also new burners for combustion of blast furnace, coke oven and natural gas. Combustion
of gases with different properties causes certain difficulties associated with providing operational parameters of power
plants. Differences in the characteristics of combustible fuels also determine the differences in the course of combustion
processes, emission characteristics of the flare, and volumes of combustion products. The article gives successful examples
of the operation of combined burners.

Also considered in the article are the peculiarities of the organization of the furnace process for co-incineration of blast
furnace gas, coke oven gas and natural gas in boiler furnaces from 100 to 500 t/h. The article provides guidelines on
combustion of low-calorific by-products of industrial enterprises (blast furnace gas, coke oven gas, etc.). An important factor
for solving environmental problems is the need to recycle liquid and gaseous wastes of powerful industrial enterprises. We
have developed special ovens for neutralizing industrial effluents and various gases. The main technical solutions for the
organization of combustion of gaseous and liquid wastes are given in the article. Two variants of furnace arrangements
(vertical and horizontal) are presented. A furnace with a burner for burning water-coal suspension is also of considerable

interest.

Materials are presented on new developments of various types of heat generators: with internal refractory and fireproof
lining and those completely made of metal (air-cooled, internal flame tube made of steel X18H9T, outer housing — steel 20).
Special combustion chambers can be used to neutralize gaseous and liquid wastes.

KEYWORDS: ecology, burners, combustion chamber, waste

BseneHune

OAO «HIMO LKTW» nmeeT 60/1bLLIOI OMbIT MO MOAEPHU-
3auum KoTnoarperatos pasnnyHoro tuna (TTME-464, TTM-
84, TI1-80, Tr1-87, TM-230, KBI'M-100, KBFM-180 u 1.4.) 1 1x
TOMOYHO-TOPENOYHbIX YCTPONCTB [1] ¢ uenbio obecneue-
HVA 6e30MacHON SKCNyaTaumy ropeioYHbIX YCTPONCTB B
pexumax pacTonku 1 B peryimpoBOYHOM AMana3oHe Ha-
rPY30K KOT/1a, @ TakXKe MOBbIWEHNA HAafeXHOCTW paboTbl,
TEXHUKO-OKOHOMUYECKNX U DKOJIOTMYECKMX XapakTepu-
CTVK KoTna [2]. Pa3paboTaHbl Tpy TUMNa HU3KOTOKCUYHBIX
rasomasyTHbIX FTOPENoK, KOTOPble K HAaCTOALLEMY BPEMEHN
BHeZpEeHbl Ha pAje dNeKTPOCTaHLUUI CTpaHbl NpU NepeBo-
[le MblNIeyrofibHbIX KOTIOB Ha CXKUraHve NPUPOAHOro rasa
1 MasyTa 1 NpU MOAEPHM3ALMN ra30MasyTHbIX KOTNOB. Tu-
NnopasMepHbIN PAL ropenoKk TeMsIOBON MOLLHOCTbIO 4, 5,
7,10,12,15,17,5, 20, 30, 45 n 60 MBT umeet ceptudurkar
cootBeTCcTBMA TpeboBaHmaMm TP TC 010/2011 «O 6e3onac-
HOCTU MaLUUH 1 060pyAOBaHUS.

MNpumeHeHwne ropenok KoHCTPyKummn OAO «HIMO LIKTW» B
coyeTaHnM C KOMMIEKCOM MEPONPUATUIA MO NOAABNEHNIO
BPEeLHbIX BbIOPOCOB (OpraHM3aLms CTyreHYaToro CKura-
HUA TOMNMBA, BBOA ra30B PELUPKYNALMY B O0LLMIA BO3YX)
no3BossieT 0b6ecneunTb BbICOKUIA ypPOBEHb 6€30MacHOCTY
3KCMyaTaluMm U HU3KWIA YPOBEHb BpefHbIX BbIOPOCOB B
COOTBETCTBMM C COBPEMEHHBIMU SKONOrMYecKmMm Tpebo-
BaHAMMU.

KOHCTpYyKLMA ropesniok NepBoro Tumna C LeHTpaibHOW No-

Jayen rasa ABNAeTCA BUXPEBOW ABYXMOTOYHOW U COCTOUT
13 BO3AYLUHOIrO KOpoba C NeperopoKon, Aensilein BO3ay-
XOHanpasnsAwLiee yCTPONCTBO HAa AiBA KaHana, B KOTOPbIX
YCTaHOBJIEHbI perynvpyemMble fI0MnaTtoyHble 3aBUXpUTENU
aKcmManbHOro Tuna (pMcyHok 1a.)

B nocnepgHee Bpemsa ropenku ¢ LeHTpanbHOM pasgayen
rasa yCTaHaBNMBAKOTCA Ha KOT/lbl Masfion 1 cpefHeln MoLy-
HocTh. lopenkn 3Toro Tmna mowHocTblo 4, 5,7, 10, 15 n
20 MBT ycTaHaBAMBalOTCA Ha CTeHax TOMOYHOW Kamepbl,
OHU HafleXXHbl 1 MPOCTbI B 3KCMyaTaLuu, obecneyrBaoT
XOpoLure rnokasaTenn rno NosiHoTe BbIrOPaHUA N YyMepeH-
Hble BbIOPOCHI BPeHbIX BELLECTB.

KOHCTpYKUMA ropenok BTOPOro Tumna TenaoBOn MOLLHO-
cTbio 15, 20, 30, 40, 45, 52, 60 MBT ¢ perynupyemoi Tpy6-
YyaToln nofaven rasa v perynupyemor nogayern Bosgyxa
nokasaHa Ha pucyHoke 16 [1].

MNopaya rasa BbiNOSIHEHA ABYXMOTOYHOW M COCTOUT U3
Tpy64yaTON CUCTEMbI C Fa30pa3faloLMMU COMTOBLIMU Ha-
cajkamu, yepes Kotopble nogaetca 70-90% rasa, v y3na
LeHTpaNbHOM MOJauun rasa, yepe3 KOTopbI nopaercA
10-30% ra3a. Mazonopatowye TpyOKM MMEKT KOHCTPYK-
LMo, KOTopasi NMO3BOMISIET MPOM3BOANTL NMOBOPOT TPYOOK
BOKPYI CBOEN OCY 1 TemM CaMbIM U3MEHATb HanpasfieHne
NCTEYEHNA Fa30BbIX CTPYA B BO3AYLUHbIA MOTOK U, TaKUM
ob6pa3om, BO3[ENCTBOBaTb Ha KoHobUrypauuio dakena u
€ro A5IMHY.

Bo3gyxoHanpasnstoLee yCTPONCTBO ropesikn BbiNOJIHe-
HO ABYXKaHasbHbIM. Mo neprdepniitHoMy KaHany nogaet-
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B HacTosee BpemMsa niacTMHYaTble TENI00OMEHHUKN UCMOMb3YTCA MOBCEMECTHO, HauuHas oT chepbl KKX 1 3a-
KaHUVBasi aTOMHOW 3HepreTrkon. OHAaKO HOPMaTMBHbIX METOAMK MO UX PacyeTy He CyLIecTBYeT, a nogbop annapaTtos
NnoJ KOHKPETHYIO 3afjauy OCyLLeCTBASETCA GUPMOI-N3roTOBUTENEM C UCMOJIb30BAHUEM CMeLMabHbIX KOMMbIOTEPHBIX
nporpamm. 3a4acTyto OCTyNa K Kogy AaHHbIX MPOrpaMmM He MEIOT axke paboTatoLme B HUX CreluanucTbl. B casm ¢
3TUM BO3HMKAET BOMPOC O NPaBUIbHOCTY PAaCcYeToB MO AaHHbIM MPOrpaMmMaM, 0COGEHHO A1l HEOPAVHAPHBIX PEXU-
MOB 3KCMJyaTaLum TeNI00OMeHHUKOB. 1A pelleHust faHHbIX BOMPOCOB HEOOXOAUMO MPOBELEHVe TEMIOrMapaBn-
YeCKMX UCMbITaHUN MAACTUHYATBIX TEMN00OMEHHUKOB Pa3fnYHbIX GMPM C MOCTeayLWUM CPAaBHUTENIbHBIM aHaNIM30M
1 BbIABIEHNEM BO3MO>KHbIX CJIOXKHOCTEN B TEMMOMMAPABANYECKNX pacyeTax.

B xoae BbINoIHEHUst HAacToALEN PaboTbl Obiya NpeanoXxeHa MeTOANKA UCMbITAaHUI NIACTUHYATLIX TEMNT00OMEHHUKOB
npu O4MHaKOBOM pacxofe Mo KOHTYpaMm, ynpoLuaLLasa nocieayoLyo o6paboTKy SKCNepuMeHTanbHbIX AaHHbIX. [JaH-
Hasi METOAMKA NPVYIMEHVIMa NMPU OAMHAKOBOM KOJIMUYECTBE KaHANIOB MO KOHTypam TennoobMeHHrKa. o npeanoxeH-
Hon meToauKe Ha KomnnekcHom cteHae KC10606 OAO «HIMO LIKTW» BbiNonHEHbl cnbiTaHMs 13 NAacTUHYaTbIX TeMJ0-
0O6MEHHMKOB. [poBeAeHHbIe SKCNEPVMEHTbI 11 aHaNW3 AaHHbIX, NPeAOoCTaBAEHHbIX MPON3BOAUTENAMUN MIACTUHYATBIX
TEnnooOMEHHMKOB, MOKa3any OTCYTCTBME 3aMETHOTO OTIUMA B TEMSOMMAPABIMYECKNX XapPaKTEPUCTUKAX MAacTWH
OAHOro TUMOpPa3Mepa PasnNYHbIX NpoussoauTenei. boino NoaTBepPKAEHO Hanuure «x3dpdeKTa AbiXaHWA» B MACTMHYA-
TbIX TEMSIOOOMEHHMKAX, 3aK/0UaloLLerocs B ynpyron AepopmaLiim Tenonepeaatowyx niacTuH Npu HanMumMm pasHbix
3HaUeHWIN AaBneHUs TennoobMeHMBaLWMXCA cpeq. [okasaHo, YTo AaHHbIN 3POEKT MOXKET CyLLEeCTBEHHO BIUATH Ha
rmapaBnnyeckoe conpoTuereHre. MakcManbHO NOslyYeHHOe oTnume Mexay KoddbduumneHTammn ruapasinyeckoro
COMPOTUBIIEHNSA B KOHTYPAX C MEHbLUVM 1 6ONbLUUM JaBfIEHEM COCTABUIO OKOJO 3,5 pa3. OaHaKo AaHHbIN 3GdeKT He
XapaKTepeH AJ1sl BCeX MNacTUHYATbIX TENTO0OOMEHHWKOB.

K/IOYEBDIE C/TOBA: nnacTuHYaTbll TENTO0OMEHHMK, TENTOTMAPABNYECKME UCTbITaHWUS, KOSGPULNEHT TENO0TAA-
uu, K03POULMEHT MMAPABINYECKOrO CONPOTUBIIEHNS, 3DEKT AblXaHUA
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At present, plate heat exchangers (PHE) are used everywhere, starting from the housing and utilities sector to nuclear
power. However, there are no standard methods for heat and hydraulic calculations for plate heat exchangers. That is why
the manufacturer uses special software to select heat exchangers for a particular task. And often even engineers have no
access to the code and algorithms of these programs. Thus, correctness of such calculations is questionable, especially for
the unusual operating modes of heat exchangers. To solve these issues, it is necessary to carry out thermal-hydraulic tests
of plate heat exchangers from different companies, with subsequent comparative analysis and identification of possible

difficulties in thermal-hydraulic calculations.

In the course of this work, we proposed a test procedure for plate heat exchangers with the same flow rate along the circuits,
simplifying the subsequent processing of the experimental data. This method is applicable for PHEs with an equal number of
channels on their hot and cold sides. Using this method, 13 plate heat exchangers were tested at the KS10606 Complex test
facility of JSC“NPO CKTI" The results of experiments and analysis of the data provided by the PHE manufacturers showed no
significant difference in the thermal-hydraulic characteristics of plates of the same size of different manufacturers. Presence
of breathing effect in PHEs was confirmed. Breathing effect is caused by elastic deformation of heat transfer plates in the
presence of pressure difference between hot and cold sides of PHE. It is shown that this effect can significantly affect the
hydraulic resistance. The maximum observed difference between the hydraulic resistance coefficients in circuits with a lower
and higher pressure was about 3.5 times. However, this effect is not typical of all plate heat exchangers.

KEYWORDS: Plate heat exchanger, heat-hydraulic tests, heat transfer coefficient, coefficient of hydraulic resistance,

breathing effect
BeeneHune

Passutne aTomHOI 3HepreTukn B Poccumn cnyxnt ctu-
MYJIOM 1 ANA ApYyrux oTpacsiern npomblwieHHocTu. MNocto-
AHHOE M3MEHEHMe 1 COBepLUeHCTBOBaHUe npoekToB ASC
BefeT K HeobXoAMMOCTM co3haHunAa HOBOro obopyaoBa-
HUA, Pa3BUTUIO NMEIOLMXCA TEXHOMOTMI 1 HaXOXOEHMIO
HOBOFO MPVMEHEHMSI [ABHO 3apeKOMeH[OBaBLWUM cebs
pa3paboTkam. [ns co3jaHUsi HOBOFO SHEPreTMyecKkoro
060pyaoBaHUs 1, B YaCTHOCTM, TernnoobmeHHUKoB (TO)
HeobxoAMMO peLlaTb 3afaun MO KOHCTPYMPOBAHMIO, pac-
yeTy, MOAENNPOBAHNIO 1 UCNbITaHUIO. Bce 3Tn 3apaunm Tec-
HO CBsi3aHbl MeXJy CO60I 1 JOMKHbI pellaTbcs coobLua.

B cnyvae TennoobmeHHOro o6opynoBaHus B nocnegHne
robl Ha MepBbIA NSAH BbIXOQUT dHepreTmyeckas 1 dKo-
HoMuueckas 3ddeKTUBHOCTb. Ha cMeHy KOXKyXOTpyOHbIM
TennoobMeHH1KaM BO MHOTUX chepax NpuxoasT MiacTuH-
yatble [1, 2], a Ha CMeHy TenIOOOMEHHMKaM 13 NoNepeyYHo
opebpeHHbIX TPY6 — TpybuaTo nnactuHyatble. OfHaKo, B
MoroHe 3a GMHaHCOBOW 1 SHEePreTMYeCcKol BbIroAo B Ha-
YasnbHbI MOMEHT Heflb3s1 3a0blBaTb O CTOMMOCTU SKCMya-
Tauuy o6opyLOBaHNA B TeUEHVE BCErO CPOKa €ro Ciy»Kobl.
3710 0cobeHHo akTyanbHo ana ASC, nepuof sKcriyaTauum
KOTOpPbIX cocTaBnaeT 60 1 6onee ner.

MnactrHyaTble TennoobmeHHrK (MTO) Wupoko nprme-
HAIOTCA B PA3fIMUHbIX OTPAC/AX, HaUMHas oT chepbl KKX

M 3aKaH4yMBaA aTOMHOW SHepPreTMkKon (Hanpumep, Npo-
ekT ADC-2006). A X NOCTOSIHHOE COBEPLUEHCTBOBaHME
N HaMumne Ha pblHKe JOCTaTOYHO 6OJIbLIOro YMcna npo-
n3BoauTenel NPUBOAUT K HEOOXOAMMOCTM MOCTOSIHHOIO
NpoBefeHNA TeNNOrngpPaBANYeCcKUX WUCMbITaHUA U Kop-
PEKTUPOBKM MeToaMK pacyeTa [3-7]. JaHHbIM BONPOCOM
3aHuMatoTcs camum nsrotosutenu MNTO, oaHako, gna ASC B
cootBetctBUM ¢ TOCT P 15.201-2000 Heob6xoaMMO 3Kcne-
pVYIMeHTaNlbHOe NOATBEPXKAEHME TennornapaBanyeckmx
XapakTepuctrk TO akKpeaMTOBaHHbIMU UCMbITaTeNbHbIMK
nabopatopusimu.

3Haummon npobnemoint ana MTO aABnseTcs OTCYTCTBUE
YH/BEpPCAsbHbIX, @ TeM 6051ee HOPMATUBHBIX METOLVIK Te-
MJOBOro 1 rMAPABANYECKOrO pacyeToB. B ¢BA3M ¢ 3Tum
npounssoautenu NMTO Ha OCHOBe UCMbITAHWIA, MPOBOAU-
MbIX Ha 3aBOACKUX CTeHAax, pa3pabaTtbiBalOT KOMMbHo-
TepHble MNPOrpamMmMbl TEMAOrMAPABANYECKOTO U a3po-
ONHaAMMYecKoro pacuyeta. PacueTHble COOTHOLWeEHMA,
MCnosb3yemble B JaHHbIX MPOrpamMmmax, 3a4acTyto UMeroT
pa3mMepHbIN BUA N KOPPEKTHbI Tonbko ana TO gaHHom
KOHCTpYKUUn. Kpome TOro, ucnbiTaHusA, NpOBOAUMbIE
Npou3BOANTENSIMM Ha CBOVIX CTEHAX, HE MOTYT ObITb H6ec-
NPUCTPACTHbIMMW.

B cBA3M C 3TUM ANA OLEeHKM JOCTOBEPHOCTU Tennoru-
OpPaBNYECKMX PAcYeTOB, KOTOPbIE BbIMOJSHAT NPOUN3BO-
antenu TO, HEOOXOAUMO CO3[aHMe YHUBEPCAIbHbIX Me-
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B cootBetctBUM ¢ HIM-096-15 [1], ynpaBneHue pecypcom obopyaoBaHus 1 Tpy6ONpPOBOAOB Ha CTafausaX NMpOeKTu-

pOBaHMsA, SKCMyaTaLumn 1 BbIBOAA U3 SKCMyaTalumU JOMKHO OCHOBbBIBATHCA HA OLIEHKE TEXHUYECKOrO COCTOSHMA U
OCTATOUYHOIO Pecypca; BbIABEHUN JOMUHNPYOLUX (ONpeaensioLx) MEXaHN3MOB CTapeHNs, AerpagaLlumn U noBpex-
JeHnin obopynoBaHuA 1 TPY6ONpPOBOLOB aTOMHbIX CTaHLMIA; NOCTOAHHOM COBEPLUEHCTBOBAHUN MOHUTOPUHIA 3TUX
NpoLeccoB CTapeHus. HecMoTps Ha Nporpecc pa3BUTUS BbIYUCTIUTENBHON TEXHUKU, HabnogaeMblil B Noc/ieH1e aecs-
TUNETUS, ee BO3MOXHOCTY BCE ellle HEAOCTAaTOUHbI AN PELUEHNSA YPAaBHEHU TMAPOAMHAMUKA MPY NPeacTaBAsoLWmxX
NpaKkTUYeCKUn NHTepec BbICOKUX Yncniax Re (HeycTounBoCTb peLleHrs: JOCTaTOYHO Masioe BO3MYLLEHWE PAAMNKANbHO
MEHSET YCTOMUYMBOCTb peLleHns ypaBHeHUn HaBbe-CTokca). OcTaloTca HepelleHHbIMY npobnembl Bepudukauum CFD
KOZOB. V3-3a CNOXHOW MPOCTPAHCTBEHHOWN KOHPUIypauum, pasnnyHoro GpyHKLMOHANbHOro Ha3HayeHms Tpybonpo-
BOAHbIX cmctem ASC, a TakxKe cneuuduKn rmapoynpyroro B3aumMogencTBus notoka n Tpybonposoga BbIGOp pacyeT-
HbIX METO[I0B OLIEHK/ JNHAMUYECKOTO HaNpPsXeHHO-AepOPMMPOBAHHOIO COCTOAHMA MOXET ObITh CleflaH TOMbKO Ha
OCHOBE pe3ysIbTaTOB SKCMEPUMEHTAJIbHbIX U3MEPEHUI NapaMeTpoB BUbpauny Tpybonposogos. MapameTpamu Bubpa-
Lum TpybonpoBOAOB ABSAIOTCA BUOPOYCKOPEHME, BUDPOCKOPOCTb 1 BUbponepeMeLleHre. Bnbpaums Tpybonpososos
C TOUKU 3peHUst pecypca OTHOCUTCA K MHOTOLMKIIOBOW YCTanoCTh, OCOOEHHOCT! KOTOPOW TPebyroT MCMob30BaHUs
KOHCEePBATMBHbIX MOAXOAOB Mpu 060CHOBaHUM BUOPOMNPOYHOCTU TpybonpoBoaos.. MNockonbKy Tpybonposoab! pabo-
TaloT B Npefenax ynpyrux gebopmanuii, To 4jsi NpOBEPKM UX MPOUYHOCTY NMPY 3aBUCALLEN OT BPEMEHN Harpy3Ke MOXHO
B pAfie CJyyaeB UCMOJIb30BaTh KBA3nCTaTUYECKMI pacyeT. Ha npumepe YNCNeHHOro KCNeprMeHTa NoKa3aHo MCMNosb-
30BaHMe KBa3MCTATUYECKOro MOAXOAda, HAKLEro yAoOBNeTBOpUTESibHble pe3ynbraTbhl. O60CHOBAHHOE MPUMEHeHMe
KBa3MCTAaTNYECKOro NMoaxofa OCHOBAHO Ha aHanu3e CneKTpasbHOWM MAOTHOCTY BMbponepemelleHnin TpybonposBoaa
B PA3/INYHbIX TOUKAX M3MEPEHUsI U MOXKET 3PEKTUBHO NPUMEHATLCA AJN1A OLEHKN BUOPOHAMNPSXXEHHOTO COCTOAHNSA,
TPELYMHOCTOMKOCTY 1 060CHOBaHUsA BUOponpoYHocT Tpybonposogos ASC.

KJTKOYEBbBIE CJTOBA: ynpaBneHuve pecypcom, BUbpaLms TpybonpoBOAOB, KpUTEPUM BUOPONPOYHOCTY, MHAMUYe-
CKMe Hanpsa»XeHns, OCTaTOYHbIN pecypc, TPELMHOCTONKOCTb
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Inaccordance with NP-096-15[1], management of equipment and pipelines resources at the stages of design, operation
and decommissioning should be based on the evaluation of the technical condition and residual life; identification of the
dominant (controlling) mechanisms of aging, degradation and damage of equipment and pipelines of nuclear power
plants (NPP); the constant improvement of monitoring processes of aging, degradation and damage of equipment and
pipelines of nuclear power plants. Despite the progress in computer development in recent decades, its capabilities are
still insufficient to solve equations of hydrodynamics when high Re numbers are of practical interest (solution instability:
arbitrarily small perturbation radically alters the stability of the solution of the Navier-Stokes equations). Challenges
remain in the verification of CFD codes. Due to the complex spatial configuration of different functional purpose piping
systems of NPPs, as well as the specifics of the hydro-elastic interaction of the flow and tubing, calculation methods to
evaluate the dynamic stress-strain state can be selected only based on the results of experimental measurements of
vibration parameters of pipelines. The vibration parameters of the pipelines are the vibrational acceleration, velocity and
displacement. Vibration of piping from the point of view of resource is classified as high cycle fatigue, which, due to its
specifics, requires adopting conservative approaches in substantiation of vibration strength of pipelines. As the pipelines
are operating within the elastic deformation, the strength test with time-dependent load can in some cases be replaced
with a quasistatic calculation. A numerical experiment illustrates the application of the quasistatic approach that gives
satisfactory results. Substantiated application of the quasistatic approach is based on the analysis of the spectral density
of the pipeline vibration at different points of measurement and can be effectively used to assess vibrostresses, fracture
toughness and substantiation of vibration strength of NPP pipelines.

KEYWORDS: resource management, vibration of pipeline, vibration strength criteria, dynamic stresses, residual life,

crack resistance

HapeXHoCTb U 3KOHOMMYHOCTb 3KcnnyaTauun ASC B
3HAUNTENIbHOW CTeNneHn onpeaenalTCA HALEXHOW 1 KO-
HOMUMYHOW paboTol ee TpybonpoBoaos. OTaeNbHbIE Y31ibl
n arperatbl ASC coefivHeHbl 60MbLWINM YMCIIOM TPyHonpo-
BOJOB Pa3fIMYHbIX AMAMETPOB 1 KOHOUrypauun [2, 3]. Ana
coBpemeHHon A3C cymmapHasi Macca TpybonpoBonoB
cocTaBnseT oo 12-15% ot obuieli Maccbl Ternsiomexa-
HUYeckoro obopynoBaHus ctaHuuu. CTommocTb Tpy6o-
NPOBOAOB M apmaTypbl cocTaBnAeT npumepHo 15-20%
cToumocTtu obopyanosaHua ASC [2, 4-6]. Boixoa 13 cTpos
OTAEeJIbHbIX 3/IEMEHTOB TPYOOMNPOBOAOB MOXET NPUBECTY
K He06X0AMMOCTY OTKJTIUEHMSA YacT 060pyaoBaHUs 6510-
Ka, YTO BeLET K CHUXKEHMIO MOLYHOCTU N SKOHOMUYHOCTH
YCTaHOBKM, @ B HEKOTOPbIX CJyyasaX K NMOTHOMY OCTaHOBY
SHeprobnoka.

MNpw yBenuyeHnn TensoBOM MOLLHOCTM AENCTBYOLWNX
A3C nosblwaTca pabourie xapakTepuctTukn obopynosa-
HWA, NPOUCXOANUT CMELLEHME YAaCTOTbl CPbIBA BUXPEWN, YTO
MOXeT MPUBECTN K YXYALWEHU BUOPOCOCTOSHUS 060-
pyZoBaHus 1 Tpy6onpoBoaos. Mpu 60nblLNX CPOKaxX IKC-
nnyatauyun (30 neTt u 605ee) NOBPEXAAEMOCTb, BHOCMMAs
MHOTOLIMKIIOBOW YCTanoCTblo, UrPaeT CyLLeCTBEHHYIO POJib.
MeTogbl pacyeTHOM M 3KCMNEPUMEHTANIbHON OLIEHKU BU-
6ponpoyHoCcTU 0bopyaoBaHuA 1 Tpybonposoaos [7, 8], a
TaKXe VX COBEpLUEHCTBOBaHME, JOMKHbI BbICTYNaTb B Ka-
yecTBe UHCTPYMEHTA, ONPeAeNaoLLero yCIoBUA U BO3MOX-
HOCTb MOBbILLEHA SKOHOMUYEeCKol 3ddekTrBHOCTU ADC.

OueHKy nospeXxaaemocTn d, [7] MOXHO BbINOHUTD,

eCc/Ii  M3BECTHO TMofie AVHAMUYECKUX HaMpsiKeHWUN,
onpepesieHe KOTOpPOro NpAMbIMU METOAAMU Ha Teppu-
Topumn ASC CNIOXKHO peann3yemo, NO3TOMY Ha NPaKTUKe
NCMNOJIb3YTCA KOCBEHHbIE METOAbI: U3MEPEeHUE KMHEMa-
TUYECKMX XapaKTepucTuK Bnubpauum (BUbpoyckopeHus,
BMOPOCKOPOCTY) B 3apaHee onpefesieHHbIX TOUKax 060-
pyooBaHus.

Pan ocobeHHOCTeN ryraumknoBom yctanoctu [9] Tpeby-
€T UCMOMb30BaHNsA KOHCEPBATMBHBIX NMOAXO4O0B MPY OLeH-
Ke BMbponpoyHocTn. CKOPOCTb HAKOMIEeHUsi NoBpexae-
HWUIA BO3pacTaeT C yBENYEHMEM KOJIMYECTBA LIUKIIOB, HO
npwu Cy4yaiHOM HarpyeHun 3ToT 3GHEKT CyLLEeCTBEHHOrO
3HaueHua He nmeeT [10]. Mpy amMNIUTygax LMKINYECKOro
Harpy>KeHus, N3MeHsIIOLKXCS CJlyYaliHbiM 06pa3om, npa-
BWJIO JIMHENHOrO CYMMUPOBAHUS JaeT BeCbMa YAOBNETBO-
puTenbHble pesynbTatbl [11].

HanoeHrie BbICOKOYACTOTHOIO TFAPMOHUYECKOTO Ha-
FPY’KEHUS Ha HM3KOYACTOTHbIE UMKIIbl OLEHMBAETCA MO
HOPMATUBHOW METOAMKE [IByX4aCTOTHOrO OJHOOCHOTO Ha-
rpy»eHus. KpyBble yCTanocTyi NOyYatoT NPy NCMbITaHUAX
06pasLL0oB Ha 0gHOM YacToTe. Takum 06pa3om, 41 OLLEeHOK
COMPOTVBNIEHNA MHOTOLUKIIOBOW YCTaNioCTV Y Pa3BUTUSA
nedpekToB Heobxoaumo paspaboTatb MeTod (moaxon) no
NPUBEAEHMNIO PeasibHbIX MPOLIECCOB BUOPOHarpyKeHHO-
CTV TPYOOMPOBOAOB K PACUYETHOMY (rapMOHMYECKOMY)
BUAY.

Ncxops 13 mprHUMNG SKBUBANMEHTHOCTU MOBPEXAae-
MOCTU, Ha OCHOBE MMMNOTEe3bl JINHENHOIO CYMMUPOBAHNA 11
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TepmogMHaMUUECKUii aHaNU3 NPUMeHeHUA pabounx BeLlects
$TOpPYrNepoaHOro COCTaBa B 3/IEKTPOreHepPUPYIOLLMX YCTaHOBKaX

MaJIo 3HEepPreTUKM

Ipan4yenko I1. 1., Cyxux A. A., KysHeyoe K. U.
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[laHa oueHKa TepMoAHaMUYECKON SPPEKTVBHOCTY TEMTOBbIX CXEM YCTAHOBOK Masioll SHEPreTUKM ¢ pabourm Be-
wecTBoM pTOpOopraHmyeckoro coctaBa. CaenaH 0630p CyLLECTBYIOLMNX Ha CErOAHA TEXHOMOMMIA OPraHNYeCKoro LMKa
PeHkurHa (OLP) c pabouvimu Tenamu, OTnYHbIMU OT pabourix Ten GTopyrnepoaHOro CocTaBa. YCTaHOBKA Ha HEBOAHOM
paboueM BeLLeCcTBe, Kak OOBEKT MaJion SHEPreTrKyY, CpaBHMBAeTCs ¢ MUHU-KIC, paboTaloLlen no TpaguuroHHOMY
napoBOAAHOMY UMKy PeHKrHa, C KOTIOM Ha TBEPAOM KOPOApeBeCcHOM Buie Tonnuea. [peacTtaBneHbl pesynbratbl
pacyeta U aHanu3a TepMoMHaAMUYECKON 3PGEKTUBHOCT MHOFOKOHTYPHOW TEMIOBOW CXeMbl C CEKLIVIOHHOW YyTUIIN-
3aumen TennoTbl B KOTNEe-yTUAN3aTope, NPeasIoKEeHHON B KauecTBe afibTepHaTVBbl TPAAULMOHHOMY LMKIY. AHanu3
3bPeKTUBHOCTU MAPOTYPOVHHBIX LIMKIIOB NpeasiaraemMoli CXemMbl NPOV3BOAWMICA s Takmx pabounx Ten ¢ptopyrne-
popHoro coctaBa Kak okTadptopnponaH (C;Fy) n pekapropbytan (C,F,,). Mpn pacueTe LMKNOB 1 NPOLIECCOB HOBbIX
371eKTPOreHepUpYLLMX YCTaHOBOK MCMOJIb30BASINCh SKCMEPVMEHTANIbHO OOOCHOBaHHbIE YPaBHEHMWSA COCTOAHMS, MO-
NlyYeHHble aBTOPaMU HECKOJIbKO paHee. PacueTHbIM NyTem nccnefoBanacb 3aBUCUMOCTb BHyTpeHHero KM ymkna MNTY
HOBbIX cxeM MUHU-KIC OT Taknx NapaMeTpOoB Kak HayasibHOe JaB/ieHre OCTPOro napa 1 temnepaTtypa KOHAEHCaUnN.
OTMeyeHo cylecTBEHHOE yBenunuyeHrie BHyTpeHHero KM/ no cpaBHeHMO C napoBoasHbiM Urkiom. ChopmynmnpoBaH
pPAL TEXHONOMMYECKNX U KOHCTPYKLMOHHBIX NPENMYLLECTB, JOCTUMXEHME KOTOPbIX CTAHOBUTCA BO3MOXHbIM MPY BHE-
LpeHnn pabounx BelLecTB GTOPYrNIEPOAHOrO COCTaBa B KauecTBe Pabouyix Tef TeMIOCUIOBbIX YCTAHOBOK Maslo SHep-

reTnkun.

KJTKOYEBDIE CJIOBA: ycTaHOBKM Manow SHepreTuku, propyrinepopHble paboune Bewlectsa (PB), cBepxkpuTyeckue
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Thermodynamic analysis of use of fluorocarbon working fluids
in power generating units of small scale power plants

Granchenko P. P., Sukhikh A. A., Kuznetsov K. I.
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Krasnokazarmennaya 14, 111250, Moscow, Russia

Estimation is given of thermodynamic efficiency of flow diagrams for small scale power plants with a working substance
of fluoroorganic composition. A review of existing organic Rankine cycle (ORC) 4 technologies with working media other
than those of the fluorocarbon composition has been given. As an object of comparison and replacement by a non-
aqueous power plant, a small scale biomass fuelled power plant has been chosen using solid bark waste biomass as a
fuel. This plant design is based on the traditional water-steam Rankine cycle. The calculated analysis of thermodynamic
efficiency of multicircuit flow diagrams, with staged heat utilization circuits, as well as consecutive heat transfer from one
circuit to another, proposed as an alternative to the traditional cycle, has been provided. The efficiency of steam-turbine
cycles of the proposed arrangement has been analyzed for octafluoropropane (C,F;) and decafluorobutane (C,F, ).

The calculation of cycles and processes for new power generating units involved using experimentally substantiated state
equations obtained by the authors earlier. The influence on internal cycle efficiency of new small scale power generating
units depending on initial live steam pressure at turbine inlet and condensing temperature has been studied. A significant
increase of thermal efficiency is noticed for the staged heat utilization arrangement, compared to the water-steam cycle. A
number of technological and design advantages have been noted that can be achieved through applying working fluids

of the fluorocarbon composition as the working media for small scale thermal power plants.

KEYWORDS: small scale power plants, fluorocarbon working fluids (WF), supercritical cycles, thermodynamic efficiency,

heat recovery, organic Rankine cycle

Ha coBpemeHHOM 3Tane pa3BuTusi BCe 60NbLUNIA BEC NPU-
06peTaloT NPoeKTbl B chepe Masno, Ui pacnpeaeneHHon
3HepretTuknu. [Npeobpa3oBaHMe HU3KOMOTEHLMAIbHOW
TEMN/IOBON SHEPIUV MOXET OCYLUECTBASATHCA B PA3/INYHbIX
TEPMOANHAMMNYECKMX LIMKIJIaX Ha HEBOAHbIX paboumnx Te-
nax [1, 3, 4, 6]. JHepreTNUYeCKMe YCTaHOBKM Ha afibTepHa-
TUBHBIX pabourx BellecTBax, Npobsemy BbIoOpa KOTOPbIX
obcyaanuv, B 4aCcTHOCTY, B paboTax BTOPOM MOMOBUHDI
20 BeKa [7, 8], obecneumBatoT WMPOKNIA AMana3oH pabo-
urx napameTpos. [laBneHve nepen TypbuHon 5-15 MMa,
Temnepatypa 150-500°C; Ha BbixJione TypbyHbI COOTBET-
ctBeHHO 0,1-1 MIMa n 10-40°C. lnana3oH pabourx MoLw-
HOCTEN — OT eCATKOB KMTOBATT 4O AECATKOB MeraBaTT.

Ecnn roBoprTe 0 paboumx napameTpax CyLecTBYOLMX
ycTaHoBOK OLIP, ncnonb3yembix B Manow sHepreTuike, npu
YyTUNU3aLUK, B YaCTHOCTU, OBOMACChI, TO HY>KHO OTMETUTb,
UTO [aHHble YCTAHOBKM OObIYHO PAbOTAIOT MO ABYXKOHTYP-
Holl cxeme. B nepBom (KOTIOBOM) KOHTYpe 06bIYHO B Kave-
CTBe TEMJIOHOCUTENA WUCMONb3YeTCA TEPMUYECKN CTONKOe
Macro. Bo BTOpom KOHType MnapoTypOUHHOWN YCTaHOBKM
MCMOMb3yeTca, Kak NPaBusIo, NoXxapoonacHoe 1 HeTepMOo-
cTonkoe PB (yrneBogopogbl), C Temnepatypol nepeq Typ-
6uHon meHee 300°C. OQHUM 13 OCHOBHbIX MOCTaBLLMKOB
TypbuH OL|P siBnsieTcss komnaHums Turboden [14]. Mpwu o3Ha-
KOMJIEHM C INHENKOWN MPOAYKLUMN STON KOMMAHUN, MOXHO
OTMETUTb, YTO CTAHAAPTHBI YPOBEHb TemmnepaTyp, ycTa-
HaBJIMBAEMbIX [/151 MEPBOrO KOHTYpPa Mo TEPMUYECKMN CTON-
KoMy macny coctanseT 315°C (Ha BXofe B MPOMEXYTOUHbBIV
Tenn006MeHHUK Ans KoHTypa MNTY) n 180°C Ha Bbixoge.

B cTaTtbe chenaHa oueHKa NepcnekTuB 1 NpenmyLLecTs
BHE[PEHMSA B TaKMe YCTaHOBKM pabounx BelectB GpTopop-
raHnyeckoro coctasa (oktadptopnponaH C,F,, okraptop-
umknobytan c-C,F,, peka¢ptopbytana C,F,), umerownx

[OCTAaTOUHYIO TEPMUYECKYID CTOMKOCTb AnA paboTbl [0
550°C 1 BbICOKUI YpOBEHb MOXapo- 1 B3pbiBOGe3onac-
HOCTW. B HacTosee BpeMA pacyeTbl LUMKIOB Ha AaHHbIX
BELLEeCTBAX C MPUEMSIEMON TOYHOCTbIO MOTYT ObiTb Bbl-
MOJIHEHbI TONbKO MO pe3ynbTatam pabot [2, 9], Tak Kak
npenbiayLivie U3BeCTHble CBOWCTBA 3TUX GpTOPYrNEePOAOB.,
B OCHOBHOM, Obl/I PefCTaBNeHbl AN HU3KOTEMMNepPaTyp-
HOro AnanasoHa, a NPy NOBbILEHHbIX TEMMepaTypax B U3-
BECTHOW nuTepaType Takume JaHHble oTcyTcTBOBanu. Cne-
OyeT OTMETUTb, YTO Ha CErofHA YXe NMEelTCA pacyeTHble
paboTbl MO TEPMOAMHAMUYECKOMY aHANN3Y CXEM 3aMelLLle-
HUA MAPOBOASHOIO KOHTYpa Ha (TOpyrnepoAHbiii C 1c-
NMoJib30BaHNEM BbilIe MEPEeUNCIEHHbIX BelecTB. Hanpu-
Mep, B pabote [10] caenaH aHanmM3 TepMOANHAMUYECKON
3bPEKTUBHOCTU CXEMbI 3aMELLEHNA NMapPOBOASHOTO KOH-
Typa Ha GTOPYrNepoaHbI B MNapora3oBbiX YCTaHOBKAaX U
OTMEYEHO CYyLLeCTBEHHOe yBenuyeHne AenCTBUTENbHOrO
KoaddUUMEHTA NONE3HOro AeNCTBUS OMHAPHOrO LUMKNa
(6onee 70%) B cxeme C pereHepaTBHOWN ra30TypOUHHON
yctaHoBkon (I'TY) n  yTunusaumen oCTaTOMHOW TEMOTbI
BbIX/IOMHbIX Fa30B GPeOHOBOV MOACTPONKON.

B HacTofllen cTaTbe B KayecTBe OObEKTa COMOCTaB-
NeHNs 1 npeanosaraeMoro 3amelleHnsa 6bina BbiOpaHa
TernnoBasa cxema MOAY/bHOW TEMNJOBOW 3MeKTpUYecKom
cTaHuum BioPower 5 ¢pupmbl Valmet Technologies Oy [12].
CTaHuMA OCHalleHa KOTNOM, B KOTOPOM NPAMbIM METOLOM
CKUralTCA APEeBECHbIe OTXOAbI NECOMUIbHbBIX U flepPEBOO-
6pabaTbiBaOLLMX KOMOVHATOB, a TakXe KyCcKOBOW U ¢pe-
3epHbI ToOpd onpepeneHHbIX ¢pakuuin. JaHHble BUAbI
TonnmBa (6Momacchl) yxke CerofHA npencTaBaAloT cobomn
nepcrneKkTVBHbIE, C TOUKM 3PEHMS YTUAN3aLMKN, MEeCTHble
SHeproHocuTenn. Hanuume Ha CerogHAWHWA [EeHb Ha
pbIHKe 3HepreTnyeckoro 06opynoBaHNa KOTIOB, CNOCO6-
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PaccmoTpeHa npobnema BO3HMKHOBEHWSA HU3KOTEMMEPaTYPHOI KOPPO31KY NMOBEPXHOCTEN HarpeBa, BO3HMKALLEN
B HEOTOMUTESNIbHBIM CE30H, B TEM00OMEHHbIX annapaTtax ra3oTypOouHHoN TennodukaLMoHHom anekTpocTaHuum (FTY-
T3L) npu paboTe no TemnepatypHomy rpadpuky Ternnocetn 150/70. NMposeaeH 0630p CyLecTByOLWMX CNOCOHOB yCTpa-
HEeHWsi [AHHOTO ABJIEHVIA, laH AHANN3 VX HEJOCTATKOB Y MPefoXeH HOBbIN NMOAXO[ K 0b6ecneyeHrio Heob6xoanMoro
TemrnepaTypHOro YPOBHS BOZbl B TeMI006MeHHKax. Ha ocHOBe npeanoXxeHHOro noaxofaa paspaboTaHbl 1 npeanoxe-
Hbl KOHCTPYKTOPCKME peLleHns npobsiemMbl HU3KOTEMMNEPATYPHOW KOPPO3MU NMOBEPXHOCTEN HarpeBa, BO3HMUKAIOLLEN
B HEOTOMUTESIbHBIN Ce30H. Pa3paboTaHHble pelleHnss OCHOBAHbI Ha OpraHM3aLmn KOHTypa npeiBapuUTebHOro Nogo-
rpeBa, B KOTOPOM Ob6paTHas ceTeBasi BOZA NMOAOIrPEBAETCA 0 MUHMMAaNIbHO JOMYCTMMOW TeMMepaTypbl Ha BXOAE B ra-
30BoAsAHON TennoobmeHHMK (TBTO). MpepaoxeHbl iBa BapriaHTa TEMIOBbIX CXEM C 3aMKHYTbIM KOHTYPOM LIMPKY ALK
TennoHocuTensa. CxeMbl pa3nyalOTCs CNnocobom NMoforpesa rpewlleit cpefbl, noctynakoulen B N/BTO: nepeas — 3a
CYeT HernocpeACcTBEHHOro CKMUraHWA TOMMBa B BOAOrPENHbIX KOT/Iax, BTOpaa — 3a CYeT TensoThl YXOAALWMX ra3os,
NoCTynalLWmX B CreyunanbHO BblAeNIeHHY0 NOBepPXHOCTb Harpesa MBTO. [JocToMHCTBOM NepBOro BapraHTa ABNAETCA
BO3MOHOCTb OTK/IIOUYEHMA KOHTypa NpeABapuTenbHOro NOAOrpeBa Npu HU3KNX TemnepaTypax Hapy>KHOro Bo3ayxa,
Korga TemnepaTypa BoAbl Ha Bxoge ¢ BTO npeBbiwaeT MUHNMANbHO JOMYCTUMYIO, YTO MO3BOMAET CHU3NTb rOAO0BbIe
3aTpaThbl ANEKTPOIHEPIM Ha COOCTBEHHbIE HYXbl. [IpenmyLLecTBOM BTOPOro BapriaHTa TEMIOBOW CXeMbl ABNSAETCA
CHUPKEHUe 3aTpaT d/1eKTPOIHEPIY Ha PAaboTy LIMPKY/ISALMOHHOIO HAaCcoCa 3a CYET CHUPKEHMS Pacxofa TEMIOHOCHTENS,
LMPKYNUPYIOLLEro B 3aMKHYTOM KOHTYpe. Ha ocHOBe npoBeAeHHbIX pacyeTHbIX NCCIedOBaHUN MPeanoXKeHHbIX Tensio-
BbIX CXeM CleflaH BbIBOZJ O TOM, YTO MpeAsiaraemble Cnocobbl opraHM3aLmny 3aMKHYTOro KOHTypa npeaBapuTenbHOro
noJorpeBa ceTeBOV BOAbl 06ecneyurBaoT foNyCcTUMyto TemnepaTypy Bogbl B [BTO ¢ yuetom pexkumos pabotbl TOL, B
TeyeHve rofia 1 NoO3BONAIT NPeAOTBPaTUTb HU3KOTEMMEPATYPHYIO KOPPO3MI0 MOBEPXHOCTEN HarpeBa TEMIO0OMeH-

HbIX annapaToB.
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Design solutions on the low temperature corrosion problem for
heating surfaces of heat exchangers at gas turbine CHP

Kindra V. O., Lisin E. M., Kurdukova G. N., Zhigulina E. V.

National Research University «<Moscow Power Engineering Institute», Krasnokazarmennaya 14, Moscow, Russia.

The article is devoted to the problem of low temperature corrosion of heating surfaces occurring in the non-heating
season in heat exchangers of gas turbine cogeneration power plant when working on 150/70 heating system temperature
chart. An overview is presented of the existing methods of eliminating such corrosion, including the analysis of their
drawbacks. A new approach to ensuring the required temperature level of water in the heat exchangers is proposed.
Based on the proposed approach, design solutions are developed and proposed aimed at eliminating the problem of
low temperature corrosion of the heating surfaces during the non-heating season. The developed solutions are based on
the arrangement of loop pre-heating of the network water where the reverse network water is heated to the minimum
allowable temperature at the inlet to the gas-water heat exchanger (GWHE). Two options of thermal circuits with a closed-
circuit coolant circulation are proposed. The circuits differ in the method of heating the heating medium flowing in WTO:
the first one operates by burning fuels in boilers, and the second one by using the heat of the exhaust gas entering
the dedicated heating surface of GWHE. The advantage of the first option is the ability to disable the loop pre-heating
at low outdoor temperatures when the temperature of the water at the inlet to GWHE exceeds the allowed minimum
which reduces the annual cost of electricity for own needs. The advantage of the second option of the thermal circuit
is a reduction in energy costs of the circulation pump operation by reducing the flow of coolant circulating in a closed
circuit. The calculations of the proposed thermal schemes allowed to conclude that the proposed methods of closed loop
pre-heating of the network water provide acceptable water temperature in GWHE with consideration of CHP operation

modes throughout the year and help to prevent low-temperature corrosion of heat exchangers heating surfaces.

KEYWORDS: gas turbine cogeneration power plant, heating system temperature chart, heat exchanger, low-temperature

corrosion
1. BBepgeHue

KoMOGUHMpOBaHHOE MPOU3BOACTBO TEMSIOBOW U 3MeK-
TPUYECKON SHEPrUn Ha TeroMKaALMUOHHBIX 3NeKTPo-
ctaHumax (T3L) npm opraHm3auumm LeHTPanM30BaHHOIO
TEMNIOCHAOXEHUs1 noTpebuTeneln ABMSETCS OCHOBHbIM
NMoAaxoLoM K 00eCrneyeHuio HafeXXHOro 1 SKOHOMUYHOTO
SHeproobecneyeHus pernoHos Poccum [1, 2].

BBuOy BbICOKOrO YPOBHA rasuduikauuy PervioHoB U
pa3BUTUA pacrnpefeneHHon >SHepreTukM B nocnegHue
LEeCATUNETUA LINPOKOE PacnpoCTpaHeHMe MosyyatoT Ko-
reHepaunoHHble YCTaHOBKM Manon 1 cpefHern MOLHOCTH,
paboTatowive Ha rase [3, 4]. Hanbonee nepcnekTnBHbIMY
pelweHuaMn B obnacTu KoreHepauuu asnaTca ITY-TIL,
obecneurBaloLme Npu HEBLICOKMX KanuTasbHbIX 3aTpa-
TaX BbICOKMIN KO3$OULMEHT MCMONb30BaHWA TOMIMBa U
BO3MOXHOCTb FreHepaLun 3/1eKTPOSHEPIUN Ha TEMOBOM
notpe6neHum [5]. OgHaKo WpPoKoe ncrnonb3oBaHue Y-
T3Ll 3aTpyaHeHO orpaHnyeHrem No MUHUMaNbHOM Temne-
paType TEMNIOHOCUTESA Ha BXOAE B ra30BOAsIHbIE TEM006-
MeHHVKN (TBTO) Bo 136eXKaHne KOpPOo3nn NOBEPXHOCTEN
Harpes.a.

B cnyuae otonutensHown [TY-T3L, paboTatowein no tem-
nepaTypHomy rpaduky Tennocet 150/70, ocoboe BHMMa-
HUe HeobXoAVMO YAEensTb pelleHuio npobnembl HU3KO-
TemrnepaTypHON KOppOo3un TenI00OMEeHHbIX annapaTos,
BO3HMKalLen B HEOTONUTENbHbIN Ce30H. B ctatbe pac-
CMaTPMBAIOTCA CyLIeCTBYIOLME CNOCOObl pelleHns faH-
HOW Npo6nemMbl, NOAYEPKNBAIOTCA X HEJOCTATKN 1 Npef-
nlaraeTcs HOBbIN MoAxod K obecrneyeHnto HeobxoanmMoro
TemrnepaTypHOro YpoBHA BOAbl B TernnoobmeHHMKax. Ha

OCHOBE MPEeANOXXeHHOro MoAxoAa pa3paboTaHbl Temnso-
Bble cxembl I'TY-T3L, n npoBoanTcA nccnegoBaHue BRus-
HUA TemnepaTypbl HapyXHOro BO3AyXa Ha TemnepaTypy
BO/Ibl B ra30BOAAHOM TEMI00OMEHHUKeE.

2. Cnoco6bl pewieHns Npo6aembl HU3KOTeMnepaTyp-
HOI1 KOPPO3UM N X HeJQOCTaTKMN

MpoxoxaeHne rogoBoro rpaduka OTNycka TEnsoThl
TENIO3MeKTPOCTaHUMeN TpebyeT pelleHus 3agauv Mo
perynupoBaHuio TEMNOBOW Harpysku [6]. MuHumanbHas
TemnepaTtypa TennoHocutena Ha Bxoge B [BTO He pomx-
Ha AONycCKaTb HU3KOTEMMEpPaTypHYH KOPPO3UI0 MOBEPX-
HOCTell HarpeBa, a CKOPOCTb TEMIOHOCUTENsA B TPyOKax
[OJKHa 06ecrneyrBatb HEO6XOAVMbIV YPOBEHb TEMI00T-
nauu [7, 8].

Mpu CKUraHMM NPUPOJHOTO ra3a C MasibiM cofepXKaHnem
cepbl TeMnepaTtypa TOUYKMU POCbl HAXOAWTCA B AManasoHe oT
50 no 60°C B 3aBMCUMOCTM OT KO3 durLIMEHTA 130bITKa BO3-
Jyxa B MOTOKe yxoAALmx razoB. CHIKeHne Temnepatypbl
YXOAALMX ra30B A0 TeEMMepaTypbl TOUKM POCbI MPUBOANT K
KOHAEeHCaLMM CePHON KNCIOTbl HAa HU3KOTEMMNEPATYPHbIX
NMOBEPXHOCTAX Harpesa. Bo n3bexaHne KOppO3MOHHOrO
n3Hoca matepuana NBTO TemnepaTtypa nocTynatowiero B
Hero TensioHoCcUTeNs OosmkHa 6biTb He MmeHee 55°C [9].

Haunbonee oueBnAHbIM 1 MPOCTbIM peLLeHneM Npobre-
Mbl HM3KOTEMMEPATYPHON KOPPO3MM MOBEPXHOCTEN Ha-
rpeea otonutenbHbix [TY-TOL ABnAeTcA nogmewmBaHue
ceTeBOV Boabl Ha Bbixoge 13 BTO K Boge Ha Bxoae B [BTO
no nuHMnM peumpkynauyum [10]. HegoctaTKom [aHHOro
cnocoba sABNAETCA OrpaHUYEHHOCTb ero npumeHeHus. B
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npe,EI,CTaBJ'IeHbI pe3ynbraThbl VCCNefoBaHUM BAMAHUA noBpexaaemoctm o6opynosava Pa3nnyHbIX TeXHonornye-

CKMX NMOACUCTEM NapOTYPOUHHBIX ycTaHOBOK (MTY) Ha BbinonHeHne 3Heprobnokom TIC cBomx dyHKUMIA. Ha ocHoBe
aHanM3a rnokasaTteneln HageXXHOCTM SHepProbIoKoB BbIABIIEHO, YTO HENCNPaBHOCTM 0b6opyaoBaHus MTY onpepensiot
25-30% o6Lero uncna o0Tka3oB. /I310xeHbl pe3ynbraTbl aHaNM3a HeMCNPaBHOCTEN 060pyAOBaHUSA PA3NINYHBIX TEXHO-
nornyeckmx nogcnctem MTY, paboTaloLmx B cOCTaBe S3HeProbnokoBs 1 Ha TIC ¢ nonepeyHbIMU CBA3AMN 1 MPUBOOSLLNX
K OCTaHOBY (0TKa3y) Typboarperata. [loka3aHo, YTo KpUTUYeCKUM 060pyaoBaHMeEM, 0TKa3bl KoToporo B 70% 1 6onee
CJlyyaeB BbI3bIBAOT OCTAHOB TypboarperaTa, ABAsSeTcA 060pyfoBaHME TPEX TEXHOIOTMYECKMX NOACUCTEM: KOHAEHCa-
LIMOHHOW YCTAHOBKM, MOACUCTEMbI MaCJIOCHabXeH s, MOACMCTEMbI MUTATENIbHOW BOAbI.

Ha ocHOBe pe3ynbTaToB aHaNM3a 3KCyaTaUOHHOWM JOKYMEHTALMM Ha NIEKTPOCTaHLMsAX Ypano-Cnbupckoro sHep-
reTMyeckoro pernoHa 6osnee yem no 300 6510Kkam MoLHOCTbIo oT 200 o 800 MBT npuBeaeHbl AaHHbIE MO BVAHUIO OT-
Ka30B Pa3IMYHOro 060pPyAOBaHUA TEXHONOMMYECKMX MOACUCTEM HA HEMJTAHOBbIE OCTAHOBbI. PacCMOTpeHbl OCHOBHbIE
Henonagku Hanbonee KPUTUYHOTO 06OPYAOBaHA (KOHAEHCATOPA, AeaspaTopa, RKEKTOPA, CallbHUKOBbLIX MOAOrpeBa-
Teneu, NUTaTeNbHbIX M KOHAEHCATHbIX HACOCOB, MacNooXaauTenen n ap.), NPMBOAALLME KaK K UX MOBPEXAEHUAM, Tak
1 K PYHKLIMOHaNbHbIM OTKa3aM TypboycTaHOBKY. [pefcTaBeHbl CTaTUCTMYECKME JaHHbIE MO pacnpeaenieHno NpuYnH
NMOBpPEXAEHNI KOHAEHCAaTOPOB, XKEKTOPOB, MUTATESNIbHBIX Y KOHAEHCATHbIX HACOCOB, 060PYAOBAHUS MACIIOCUCTEM.

MpencTaBneHHble B CTaTbe JaHHble MOTYT ObiTb MCMOMb30BaHbl 41A pa3paboTKyu Moaynen CUCTEMbl MOHUTOPWHIA
TEXHUYECKOTO COCTOAHWA Y AMArHOCTMPOBAHMA 060PYLOBaAHMA TEXHONOMMYECKMX MOACMCTEM SHEProbIIOKa, a TakXKe
Ins pa3paboTKy MeponpuATUiA, obecrneunBaloLWmx NPeaoTBPALLEHIE OTKa30B 060pyAOBaHNA TEXHONOMMYECKMX NOA-

cncTem.

KJTKOYEBbBIE CJTOBA: TexHonorunyeckue nogcuctembl MTY, NOBpexxgaeMoCcTb SHepreTnyeckoro obopynoBaHus, cTa-
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The effect of damage rate of technological subsystems equipment
on functional failures of steam turbines
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The article presents the results of research on the effect of damage rate of steam turbine technological subsystems
equipment on the operation of a power plant. It was revealed on the basis of analysis of reliability indicators of power
units that malfunctions of steam turbine unit (STU) equipment accounted for 25-30 % of the total number of failures.
The article presents the results of the malfunction analysis for the equipment of various STU technological subsystems
operating in the power units and at cross-links power stations and leading to the turbine unit shutdown (failure). It
is shown that critical equipment causing turbine unit shutdown in 70 or more percent of cases is represented by the
equipment of three technological subsystems: condenser unit, oil supply subsystem and feed water subsystem.

Based on the analysis results for operational documentation obtained at the Ural-Siberian region power plants for
more than 300 power units with capacity of 200 to 800 MW, the article presents data on the effect of equipment failures
at various technological subsystems on unplanned shutdowns of steam turbines. It also studies the basic malfunctions
of the most critical equipment (that is of condenser, ejector, gland steam heaters, feedwater and condensate pumps,
oil coolers, etc.) which can result both in its failure and in turbine unit functional shutdown. Statistical data is presented
on the distribution of the causes of damage to condensers, ejectors, feedwater and condensate pumps and oil system

equipment.

Data presented in the article can be used to develop modules of technical condition monitoring and diagnostics as
well as failure preventing measures for steam turbine technological subsystems equipment.

KEYWORDS: steam turbine unit, steam turbine technological subsystems, power equipment damage rate, failure

statistics

PaboTa anekTpocTaHuuu Ha ONTOBOM PbIHKE 3MeKTpu-
yeckom sHeprum n mowHoct (OPOM), C 0OfHOM CTOPOHDI,
npeabsaBAseT BbICOKME TpeboBaHMA K HafexHoCcTn (6e3-
OTKa3HOCTM) 060pyaOBaHUS, a C 4PYroi CTOPOHbI, TpebyeT
CHWKEHNSA BPEMEHHbIX Y GUHAHCOBLIX 3aTpaT Ha PEMOHT
ONs COOTBETCTBUA TapUHbIM MoKasaTensam. B c¢Basm ¢
3TVMM aKTyaNlbHOCTb MprobpeTaeT npobnema onTUMm3a-
UMM CPOKOB N COAEP)KaHUA pPeMOHTa dHepreTMyeckoro
060pyaoBaHUs C Lenblo NpefoTBPaLLeHNs HEMIAHOBbIX
octaHoBos [TY.

Huxe npencTtaBneHbl pe3ynbTaTthl NCCNeNOBaHNA BNUs-
HUA HaleXXHOCTU O00OPYAOBAHWA PA3INYHBIX TEXHONIOMM-
yeckmx noacuctem MNTY Ha BO3MOXHOCTb 3Heprobsoka
(T2C) BbINONHATL CBOU GYHKLUN B COOTBETCTBUU C Tpebo-
BaHMAMN OPOM. AHanu3 noBpexpgaemocTu dHepreTuye-
CKOro o60pyfoBaHMA C NO3ULMI TEXHONIOTMYECKNX MOACH-
ctem MTY obycnoBneH nogxogamu K paspaboTke crcTem
MOHUTOPWHIA TEXHNYECKOTO COCTOSIHUS U AArHOCTUPOBa-
HUA o6opynoBaHusA. 1A 3TOro cHavana paspabaTbiBaeTcs
060J104Ka CUCTEMbI MOHMUTOPWHTA, @ TaKXKe nepBoovepen-
Hble MOAyNY, NPefaHa3HauYeHHble 4s AMAarHOCTMPOBAHMSA
060pYyAOBaHUSA BaXKHENLLIVIX TEXHONOTMYECKUX MOACUCTEM
SHeproboka. 3aTem crcTeMa NOCTENEHHO HapalUVBaeTCs
Apyrumu mogynamu [1].

Pe3ynbTaTbl aHanm3a nokasartenen HageKHOCTU SHepro-
6110KOB NMokasanu [2, 3], uTo Hanbonbluee KONMUYecTBO MX
OTKa30B CBSI3aHO C HEMCMPABHOCTbI KOTENbHOIO 060py-
[OBaHMsA, @ HENCMPABHOCTY 000pYA0OBaHNA NapOTyPOUH-
HbIX YCTAHOBOK (TYpOUH 1 BCMOMOraTesibHoro obopyno-

BaHMs) onpegensoT 25 -30% obuero yncna otkasos. Ha
pucyHke 1 no pesynbratam 0006LleHNA JaHHbIX [4], a Tak-
e Ha OCHOBe BbIMOMIHEHHOIO aBTOPaMM aHanm3a 3KCnya-
TaUMOHHOWN AOKYMEHTaLMM Ha 3MeKTpocTaHumax Ypano-
CrBUPCKOro S3HEPreTUYECKOro pervoHa 6onee yem no 300
6510Kam MoLHOCTbIo oT 200 fo 800 MBT nokasaHo pacnpe-
[efleHne NPUYMH OTKa30B SHEPro6sIOKOB MO HENCMPABHO-
CTAM, BO3HUKLIVM B 0O0PYLOBAHNM NX TEXHONOTMYECKNX
noacuctem. Ha pucyHke 1a nprBefeHbl JaHHble MO HEeNC-
MPaBHOCTAM CTPYKTYPHbIX 31eMeHTOB (060pynoBaHMs)
3HeprobsIoKa, a Ha pUCyHKe 16 — JaHHble MO HeUCnpaB-
HOCTSAIM TEXHONOTMYECKMX MOACUCTEM MapOTYyPOUHHON
YCTAaHOBKM 3Heproboka, BblAeNIeHHbIX MO GpYHKLMOHASb-
HOMY NMpU13HaKy.

Onpegenum oTKa3 060pyAOBaHUA TEXHONOMMYECKOM
NoACKCTEMbI, NPUBOAAWNIA K OTKa3ly CTPYKTYpPHOro ne-
MEHTA NN SHeprobioKa B LIeNOM, Kak GYHKLMOHANbHbIN
oTKas. [lpyrve oTka3sbl 000pyA0OBaHMA NOACUCTEM Orpe-
[eneHbl B AaHHON CTaTbe Kak noBpexaeHua. Obopyno-
BaHME TEXHONIOMMYEeCKOW MOACMCTEMDBI, OTKa3 KOTOPOro B
70% cnyJaes 1 6onee npuBOANUT K GYHKLMOHANIbHOMY OT-
Kasy, onpefenvm Kak KpuTu4Hoe.

B pamkax BbINOMIHEHHOIO UCCIeAOBAHMA BblAeNeHbI Cle-
Jyiowme TexHonormnyeckue nogeunctemol MNTY

— noacucTeMa MaCOCHabXeHMA (Mac/loHacocChl, Mac-
NOOXNTIaAnTeNn, MacsionpoBoabl),

— KOHAEHCALUMOHHaA YCTaHOBKaA (KOHOEHCATOP, KEKTO-
pbl, KOHAEHCATHbIE HACOChl),

— MOACKCTEMA pereHepauumn HA3KOro AaBneHus (nogo-
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MaTtematuueckme mogenu Ten10PrUKaLUOHHbIX NAPOTYPOUHHDBIX
YCTAaHOBOK Ha OCHOBE 3KCNEePUMEHTA/IbHbIX XapaKTEPUCTUK
TYPOMHHDBIX CTYNEHEN U OTCEKOB

Tamapunoea H. B., Cyeopoe . M., Cywux B. M.
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OnucaHbl Nogxoapl K pa3paboTke MaTeMaTNUYECKMX MOAeNel TennoduKaLoHHbIX NapoTypOMHHBIX YcTaHOBOK (TITY).
Llenbto paboTbl ABNseTCA pa3paboTka, 000CHOBaHME 1 NMPAKTUYeCKas peanv3auns MeTogoB MaTeMATUUYECKOro Mogenu-
poBaHua TIY gna peleHns 3agay NcciefoBaHNA 1 NMOBbIWEHWS SHepreTnyeckon s¢pdekTuBHocTr pabotsl TILL. Mprme-
HeHVie HOPMATMBHbIX XapPaKTEPUCTUK 1A PELUEHMs STUX 3a[lay, TPEOYIOLMX pacyeTa NepeMeHHbIX PEXXMMOB, B 60/bLUNH-
CTBe C/lyyaeB OKa3blBAETCA HEMPABOMEPHbIM, YTO 0OYC/IOBIEHO PALOM KX CyLIeCTBEHHbIX HEAOCTATKOB. [10Ka3aHo, UTo
nprYMeHeHne pa3paboTaHHbIX MaTEMATUYECKX MOAESEN, OCHOBAHHbIX Ha SKCMEPVMEHTANIbHO MOJTYUYEHHbBIX PACXOLHbIX
1N MOLLHOCTHbIX XapaKTepucTMKkax CTyrneHemn 1 OTCEKOB, NO3BONAET pellaTbh PasfiMyHble NpakTuyeckmne 3agayn, BO3HU-
KaloLime B 3KCMnnyaTauuu. NpuBegeH npumep NOCTPOEHNA PAcUeTHON MaTeMaTUYeCKol Mogeny TypOoyCTaHOBKM TuMa
T-50-12,8. OnrcaHa MeTouKa NOCTPOEHUS TOW MOJENU, COCTOSLLEN U3 GOMBLIOrO KOIMYECTBA HEJTMHENHBIX YPaBHEHUI
(cBbiwe 50) 1 NprBefieHa YKPYMHEHHas 6/IOK-CxeMa pacyeTa 3TON TypOVHbI C NCMOb30BaHUEM MOLEPHMU3VPOBAHHOTO
MeToza HbloTOHa C I3MEHEHMEM Luara UTepaLoHHOIO NPOLLeCca) Mo HECKOMbKUM NepeMeHHbIM. B KauecTBe YacTu obule-
ro anropvTMa JaHa MeToZVKa pacyeTa MPOn3BOJSIbHOIO TYPOMHHOIO OTCEKA UM CTYMEHN C UCMOJIb30BAHVEM M MOLLHOCT-
HbIX XapaKTepuUCTUK, YNMOMAHYTbIX Bbile. TakxKe nprBefeHa B KauecTBe nprumMepa Metodrka pacyeta pereHepaTuBHOIoO
noporpesatens MHA-1. MNoka3aHo, Kak Ha 6a3e ONMCAHHOW MaTeEMATUYECKOW MOAENM MOTYT ObiTb pa3paboTaHbl aHano-
rMYHble MOZENN APYrMX YCTaHOBOK. MoKa3aHbl MprMepbl KCMONb30BAaHUA MaTEMATUUECKUX MOAENen TypOOoyCTaHOBOK
INA pelleHns 3afay onpefeneHns Hanbonee SKOHOMUYHbBIX U 6e30MaCHbIX PEXUMOB PAbOThl U NPefoTBPALLEHUA He-
3¢ PeKTUBHBIX pelleHui. MonyyeHHble pe3ynbTaTbl NO3BONAT ONPEAENATb ONTMMAJIbHbIE PEXUMbI PaboTbl peasbHOro
obopynoBaHusa TIL| 1 paccunTbiBaTh VX NOKa3aTeN abCoONOTHOW 1 CPAaBHUTENBbHON SHEPreTMyeckom 3dHeKTVBHOCTU.

KJTIOYEBbIE CJTOBA: TennodurKaLMoHHas napoBas TypOuHa, pacueTHas MOfeslb, XapakTeprCTMKIM OTCEKOB, MeTog Hbto-
TOHQ, HEJIVHENHbIE YpaBHEHUs, NOBbIWeHWe 3GPeKTMBHOCTY paboTbl TIL|
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Mathematical Models of Cogeneration Steam Turbines Based on
Experimental Characteristics of Turbine Stages and Compartments

Tatarinova N. V., Suvorov D. M., Sushchikh V. M.
Vyatka State University
Moskovskaya, 36, 61000, Kirov, Russia.

The article covers approaches to building the mathematical models of cogeneration steam turbine units. The
objective of this work is the development, justification and practical implementation of methods of mathematical
modeling of cogeneration steam turbines for solving research problems and improving the energy efficiency of the
CHP.The use of normative characteristics to solve these tasks, which require the calculation of variable modes, in most
cases turns out to be unjustified, due to a number of their significant shortcomings. It is shown that the application
of the developed mathematical models based on experimentally determined flow and power characteristics allows
to solve various practical tasks arising during operation. We have given an example of constructing a computational
mathematical model of a T-50-12.8 type turbine. The method of construction of this model is described, which consists
of a large number of nonlinear equations (over 50), and an enlarged block diagram of calculations for this turbine
(using the modernized Newton method with a step change of the iteration process in several variables) is provided.
The method of calculating an arbitrary turbine compartment or a stage using some experimental flow and power
characteristics is given as part of the general algorithm. A method for calculating the LPH-1 regenerative heater is
also given as an example. It is shown how similar models of other equipment can be developed on the basis of the
described mathematical model. The article provides examples of the use of mathematical models of turbines for
solving problems of determining the most economical and safe operating modes and preventing inefficient solutions.
The obtained results allow to determine the optimal operating modes of real CHP equipment and calculating their

absolute and comparative energy efficiency.

KEYWORDS: characteristics of compartments, cogeneration steam turbine, computational model, Newton's method,
nonlinear equations, improving the CHP energy efficiency

MaTtemaTtunyeckmne mogenu, B TOM uuciie o60o6LLeHHble
B BUAE AMArpamMm PEXMMOB, LUMPOKO MPUMEHSIOTCS Ons
pacyeToB PEXUMOB PabOTbl TEMOIHEPreTNYECKoro 0bo-
pYyZOBaHWA U onpefeneHns nokasaTtesiell ero SHepreTu-
yeckoll U 3KoHoMuuyeckomn 3ddekTnBHOCTU. CoCTOsIHME
cneuunanbHbIX TEXHUYECKUX AVMCUUMINH YXKe B TeueHune
MHOIMX AEeCATWIETUI TakoBO, YTO U3yyaemoe umu obo-
pyZoBaHve 06ecrneyeHO MaTeMATUYECKUM amnmnapaToMm,
[LOCTAaTOYHbIM [Jj1s1 ONMUCAHNA NMPOLIECCOB, Peann3yemMbix B
pexrmax sHepreTnyeckmx arperatos [1].

AKTYyanbHOCTb paboTbl 06ycroBNeHa HeO6XOANMOCTbIO
noBblweHus 3¢pdpeKkTBHOCTN PaboTbl TOLl B coBpemeH-
HbIX YCI0BUAX (MPY MacCOBOM CTapEeHUN YCTaHOBIEHHOTO
OCHOBHOro 060pYAOBaHUs) U HEAOCTAaTOYHOWN pa3paboT-
KOW BOMPOCOB, KacCaloLWKMXCsl MoJesiel TenoBbIX npouec-
COB B TeMNOdUKALMOHHbBIX MapOTYPOUHHBIX YCTaHOBKAX,
CNoco60B afIeKBATHOW OLIEHKU MePEMEHHbIX PEXKMMOB UX
paboThl Y TaKTMUYECKUX MOAXOA0B K ONTUMM3ALUN X SKC-
nnyaTauumm.

Llenbio paboTbl, pe3ynbraTbl KOTOPOU M3MIOXKEHDI B AaH-
HOW cTaTbe, Obina pa3paboTka, HayuHoe 06OCHOBAHVE U
npakTnyeckas peanusauusa MeTOOB MaTeMaTMYecKoro
MOZENMPOBAHMA  TenNOPUKALMOHHBIX MapOTYPOUHHBIX
YCTaHOBOK [/1s1 peLleHus 3afay NCCiieOBaHNA 1 MOBbILLEe-
HUS SHepreTnyeckon a3 deKTMBHOCTY PaboTbl TILL.

Ona pocTvKeHUs ykKasaHHOW Lenu Obiv MOCTaBEHbI
cnefylole 3afayn: aHanm3 o0 beKToB UccejoBaHusA (Te-
nnopuKaLnoHHbIe MAPOTYPOUHHbIE YCTaHOBKM B COCTaBe
pencTeytowwmx TILL), pazpaboTka HOBbIX, bonee coBepLUeH-
HbIX MaTeMaTUYeCKVX MoZeneln MepeMeHHbIX PeXVMOB

paboTbl TennoduKaLMoHHbIX TypOOyCTaHOBOK Ha OCHOBE
peanbHbIX SHEPreTUYECKUX XapaKTepUCTUK TYPOUMHHbIX
OTCEKOB MO pe3ynbraTaM 0600LEeHNA dKCNeprMeHTab-
HOro matepuana Y JaHHbIX MPOMbILLIEHHbIX UCMbITaHNN,
COBEpLUEHCTBOBaHNE BblYNCIIUTENbHBIX METOJOB MaTe-
MaTMYeCKoro MOAeNVpPOBaHusA, anpobaunsa pesynbraToB
paboTbl Ha page TOL v nogTeepxaeHve 3GpdeKTUBHOCTH
3TUX pe3ynbTaToB MPOBEAEHMEM [eTallbHbIX PacyeTHO-
SKCMepuUMeHTaNbHbIX UCCNIe[OBaHNN.

Mpexnae 3Ta 3afava Obia peLleHa B TOV UV MHOW cTene-
HU TOJIbKO Ha peXxnmax, Onmn3Krx K HOMUHasbHbIM, KOrga
KMNJ otcekoB npyvHMManca NOCTOAHHbIM MapaMeTpoM 1am
€ro U3MeHeHVe YUnTbiBanocb ynpoueHHo [2-6]. Mpume-
HeHVe HOPMATMBHbIX XapaKTEPUCTMK ANA pacyeTa nepe-
MEHHBIX PEXMMOB B OONbLIMHCTBE C/lyYaeB OKa3blBaeTCsA
He TONbKO He LeniecoobpasHbiM, HO U HeMpaBOMEPHbIM,
yTO OOYC/IOBNEHO PAAOM UX CYLLECTBEHHbIX HEJOCTaTKOB
(B YaCTHOCTU, NMHEAPUN3NPOBAHHOCTb XapPaKTEPUCTUK TYpP-
OUHHbIX OTCEKOB 1 FPOMO3[K/NE MHOTOUYUCTIEHHbIE HOMO-
rpammbl). [1ns TennodrKaLMoHHbIX NAPOTYPOVHHbIX yCTa-
HOBOK, paboTaoLWMX B NEPEMEHHbIX PEXMMAX B YCIOBUSAX
CYLLECTBEHHO MEHSIOLWNXCA 0O0BEMHBIX MPOMYCKOB napa
yepes ctyneHn YH v aByx npeabiayLx OTCEKOB, NprMe-
HEeHVA TONbKO AaHHbIX 3aBOACKMX PacyeToOB COBEPLUEHHO
He[OCTaTOYHO AJIA TOro, YTobbl MaTeMaTMUeCKas MOAENb
MOTrJ1a CYnTaTbCA TOUHOM [7 - 9].

B BATCKOM rocyfapCTBEHHOM YyHMBepCUTeTe pa3pabo-
TaHa npefcTaBnfgemMas Jafiee pacyeTHasA MaTeMaTuyeckas
Mogesnb TennoduKaLroHHON NapoTyPOHHONM YCTaHOBKM
T-50-12,8, KoTopasi mpefcTaBnseT COOON COBOKYMHOCTb
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Pa3paboTKa u onbIT COBepLUEHCTBOBAHUA CXEM pereHepauum u ee
obopyaoBaHua TypbuH mouwHoctbio 100 — 800 MBT

EcuH C. b., TpugoHos H. H., Cyxopykoe I0. I, Ezopos 1. B.,

Cunyoea T.T., Ipuzopees K. A.
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B oTeuecTBeHHOI 3HEpreTuKe NAET NPoLecc MogepHU3auun TypboyctaHoBok 100+800 MBT c Lienblo yBenMyeHus ux
MOLLHOCTU U NOBbILLEHNN SKOHOMUYHOCTI NPOTOYHOM YacT. OCHOBHOE BHMMaHMeE NPy 3TOM HanpaB/ieHO Ha KOHCTPYK-
L0 MPOTOYHOI YaCTW TYPOMHbI, YTO MO3BOJISET MNONYYNTb 3HAYUTESbHBIN, HO He MOJHbIN 3$PeKT MoaepHM3aLuy, Mno-
CKOJbKY CXeMa pereHepaLum 1 ee 06opyoBaHNe OCTAlOTCA NPEXHMMN. B nydliem cnyyae ctapoe obopyznoBaHue 3ame-
HSI€TCA BHOBb U3rOTOB/IEHHbIM, MPOEKTHI KOTOPOro pa3pabatbiBanuch B 70+80 rogax NpoLsioro BeKa.

CoBepLUEHCTBOBaHME TEMTOBbIX CXEM SHEPTrOO/TOKOB BCEX TUMOB ABNAETCS OAHOW U3 NPUOPUTETHLIX 3afay A/ NoOBbl-
LUIEHWA SKCMTyaTaLMOHHbIX M TEXHUKO-3KOHOMUYeCKnx nokasatenern TIC. Cxema pereHepauun nosbiwaeT KM umkna Ha
12+14%, no3ToMy ee MofepHM3aLs, OCHALLEHVE HOBbIM BbICOKOIO(EKTUBHBIM 1 HafiEXXHbIM 060pyLOBaHNEM, YMEHb-
LeHVe HeforpeBa OCHOBHOMO KOHAEHCATa U NUTaTeIbHOM BOAbI, TMAPABANYECKOrO CONPOTUBIIEHNA NX TPAKTOB MOXET
[aTb CYLLECTBEHHbIN NMONOXNTENbHBIN 3GOEKT 11 SKOHOMMIO TOTJIMBA.

B cTaTbe npeacTaBieHbl HEAOCTATKY CYLLECTBYIOLIMX CXEM pereHepaLumm, 0606LeHbl TPUHLMIBLI BbibOpa 1 AaHbl Bapu-

aHTbl CXeM pereHepauuy TypboyctaHoBok 100+-800 MBT.

MpennoxeHbl pa3finyHble pelleHrs Kak Mo coCTaBy 060pyoBaHUsA, TaK 1 MO CTPYKTYpPe CXeMbl pereHepauum. Boinon-
HeH KOMIMIEKCHBIV MOAXO0[ B BOMPOCe pa3paboTky 1 MOLEPHU3ALMN CXeM pereHepaLm Typ6oycTaHOBOK. PaspaboTaHbl
KOHCTPYKLUW NOJOrpeBaTenei HU3KOro 1 BbICOKOTO AaB/IEHUS MPUMEHUTENIBHO K MPUHATON cxeme pereHepauumn. 0606-
LLleH HAKOMJIEHHBIV OMbIT BHEAPEHUA CMELVBAOLWMX NOJOrpeBaTeNell U UCNONb30BaHWsA 6e3/1ea3paToOPHbIX TEMIOBbIX

cxem.

I'Ipep,nomeHHble peweHna No MoaepHM3aUnm cxembl pereHepaynn, CoCtaBy 1 Tmuny o6opy,u,osaH|/|ﬂ MoryT 6bITb peann-

30BaHbl 1A TYPOOYCTAaHOBOK Pa3IyHON MOLLHOCTH.

K/MIOYEBDBIE CJTOBA: cxema pereHepauuy, NogorpeBatesib BbICOKOrO AaBfIEHUs, NoAorpeBaTeSib HU3KOro AaBneHus,

cxema pereHepauuu, 6esfeaspaTtopHasn cxema
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Development and experience in improving regeneration schemes
and equipment of turbines with a capacity of 100 - 800 MW

Esin S. B., Trifonov N. N., Sukhorukov Y. G., Egorov P. V., Nabagez E. B., Nikolaenkova E. K., Svyatkin F. A., Sintsova T. G.,

Grigoryev K. A.

Joint-Stock Company «l. I. Polzunov Scientific and Development Association on Research and Design of Power Equipment»

(«NPO CKTl»)
Atamanskaya str., 3/6, 191167, Saint-Petersburg, Russia

In the Russian energy sector, the process of modernization of turbine units with a capacity of 100800 MW is
underway aimed at increasing their capacity and improving the efficiency of the wheelspace of turbine units. The
modernization focuses on the design of the flowing part of turbines, which allows to obtain a significant, but not a
complete, modernization effect, since the regeneration scheme and its equipment remain the same. In the best case,
old equipment is replaced with newly manufactured one which was still designed in the 1970s — 1980s.

Improvement of thermal schemes of power units of all types is one of the priority tasks forimproving operational and
technical and economic indicators of TPPs. The regeneration scheme increases the efficiency of the cycle by 12+14%;
therefore, its modernization, provision of new highly-efficient and reliable equipment, a reduction in the underheating
of the main condensate and feed water, and the hydraulic resistance of their paths can have a significant positive effect
and help to save fuel.

The article presents the shortcomings of the existing regeneration schemes, summarizes the selection criteria and
gives options for regeneration schemes for 100+800 MW turbine units.

Different solutions are proposed, both in terms of the composition of the equipment and the structure of the
regeneration scheme. A comprehensive approach has been implemented in the development and modernization of
turbine regeneration schemes. The designs of low and high-pressure heaters have been developed with reference to
the adopted regeneration scheme. The accumulated experience of introducing mixing heaters and using no-deaerator

thermal circuits is generalized.

The proposed solutions for the modernization of the regeneration scheme, the composition and type of equipment
can be implemented for turbine units of various capacities.

KEYWORDS: regeneration scheme, high/low-pressure heater, regeneration scheme, closed feed system

BseneHune

TpagMumnoHHaA cxema pereHepauny TypOOYCTaHOBOK
MoLHoCTblo 100800 MBT nmeeT npenmyLlecTBeHHO cie-
LYY CTPYKTYpY: TpY noforpesBaTtens BbICOKOro [aB-
NeHVA, NUTaTeNbHbIA HAcoC, Aeas3paTop Ha MOCTOAHHOM
JaBneHUn, YyeTblpe WM NATb NoporpeBaTeNiell HU3Koro
[aBNeHns, caNlbHMKOBbIE NOJOrpeBaTeNn, KOHAEHCATHbIN
Hacoc, KoHpaeHcaTop. OAnA TennoduKauWMoHHbIX SHEpro-
6/10KOB [JOMONTHATENIBHO B CUCTEMY PEreHepaLum BKIoYe-
Hbl CeTEBblE MOAOrPEeBaTENN U CIMBHbIE HACOChI KOHAEHCa-
Ta rperouiero napa.

M3 o6Leit HefoOBbIPAOOTKM INEKTPOIHEPT UM Ha CUCTEMY
pereHepauumn BbICOKOro AaBneHusa npuxoautca 15+20%,
Hu3Koro gasneHusa 8+10%, AeaspauMOHHO-NUTATENbHYIO
yCTaHOBKY 3+5%, Hacocbl 8o 4% [1].

OnbIT 3KCcnnyaTauun sHeprobnokos 100-800 MBT Bbisi-
BUN PAZ 0OLLMX CYLLeCTBEHHbIX HEQOCTAaTKOB CXeMbl pere-
Hepauuu 1 ee 060pyaOBaHUS, @ UMEHHO:

— MOBbILWEHHbIE MO CPaBHEHMIO C PACYETHbIMWU 3Haye-
HUAMMW HeJorpeBbl OCHOBHOIO KOHZEHCaTa B BaKyyMHbIX
noporpeBatenax H1M3Koro gasnexHus (7+10°C);

— MOBbILWEHHbIE MO CPABHEHMIO C HOPMATUBHbLIMW 3Ha-
YeHAMM He[orpeBbl NMUTaTeNIbHOM BoAbl B CNMpPASibHO-
konnektopHbix MB[ (5+7°C);

- ppoccennpoBaHve napa npu paboTte geaspaTopHON
YCTaHOBKM Ha MOCTOAHHOM AaBneHny napa;

— HeycTonuyMBas paboTa CJIMBHbIX HACOCOB KOHAEHCaTa
rpetowero napa MNHZ;

— 6onbluoe ruapasnuyeckoe conpotusieHue MBI no
nUTaTeNbHOM BOJAE;

— OT/IOXKEHVA OKMCIOB Xene3a, BbIHOCMbIX 13 TPYOHO
cuctembl MB B KOTEN Y NPOTOYHYIO YacTb TyPOUHbI, YTO
cHuxaeT KM arperaTtos v TpebyeT NpofyBKM KOT/1a U Npo-
MbIBKY TYPOUHbBI (PUCYHOK 1).

BbinonHeHHbIN B [2-7] aHanu3 cxem BKoueHus MNBM,
nMTaTeNbHbIX HACOCOB U 1ea3PaTopa, a TakXe Bblbop AaB-
NeHVs napa B oTbope nocie npomneperpesa Ha OCHOBA-
HUM TEOPUM NOEHTUYHOW TOUYKNM [8], NoKazanu:

— MPVIHATOE AaBfieHNe B Aeaspatope 7 Krc/cm? (Temne-
paTypa nuTaTenbHOM BoAbl Ha Bcace Hacoca 164,2°C) 3aBu-
CUT OT HavaslbHbIX MapaMeTPOB Mapa, Tak Kak C OA4HOW CTO-
POHbI, C POCTOM NMapaMeTPOB YBENNYMBAETCA HAarpeB BOAbl
B Hacoce, gocturaa ~30% OT HarpeBa B pereHepaTMBHOM
nogorpesatenie, C APYron CTOPOHbI, C POCTOM CpefHen
TemrepaTypbl BOAbl B HACOCe pacTeT noTpebsieMas MoLl-
HOCTb. YUYeT BNINAHUA YKa3aHHbIX MapaMeTPOB MOKa3bIBaeT,
yto AnA TypboyctaHoBok K-200(225)-130, T-110/120-130
n T-175/185-130 onTmanbHOe AaBneHue (Temnepatypa)
BOAbI MOC/e AeaspaTopa Ha BXOAE B MUTATENbHbIA HAaCOC
cocTtaenset 8,5+10 krc/cm? (172+180°C), a ana 610okoB
cBepxkputuyeckoro pasneHus (CKO) c TypboycTtaHoB-
kon K-300-240, K-500-200, K-800-240 — P, =10+12,5 krc/
cm? (180+190°C). ObecneyeHmne yKasaHHOW TeMrepaTypbi
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MpaBuna ana aBTopos

1. MaTepuan cTaTby AOKEH COOTBETCTBOBATb Npodu-
JI0 XKYpHana 1 n3naraTbCa NpegenbHoO ACHO.

2. lMNocTtynuBlwme B pefakumio CTaTbu MNPOXOAAT ABOW-
Hoe cnenoe peueH3npoBaHMe. OCHOBHble KpUTepUM Lie-
necoobpazHOCTM ony6NMKOBaHNA — aKTYasbHOCTb Tema-
TUKW, UHPOPMATMBHOCTb, HAYUYHasi HOBM3HA.

3. CraTbsl NpefCTaBAseTCA B 3MIeKTPOHHOM Buze B $op-
MaTe TekctoBoro pepaktopa Word for Windows. O6bem
CTaTbM He JOSKEH NpeBbIWaTh 14 CTpaHuL, BK/OUYaA TEKCT
(wpwrdT Times New Roman, pasmep 12 n., uHtepsan 1,5),
Tabnuupbl, rpaduryecknin matepran, BCo HEOOXOAVMYIO UH-
dbopMaumIo Ha aHTTINNCKOM S3bIKe.

4. Ha nepBon CTpaHuLUe CTaTbX YKa3blBAOTCA: MHOEKC
YK, Ha3zBaHue cTaTby, pamunmm aBTOpPOB (bamununs ae-
TOpa, C KOTOPbIM CnefyeT BeCTV Nepenunucky, oTMeyaeTca
3BE3[0YKON U yKa3blBaeTCA ero agpec 3NeKTPOHHOM MNo-
YTbl), Ha3BaHMA 1 MOYTOBbIE ajpeca opraHu3auun (ynuua,
HOMep AOMa, UHAEKC, ropod, CTpaHa), B KOTOpbIX paboTa-
0T aBTOPbI, HAa PYCCKOM M aHITIMNCKOM f3blKaXx.

CraTbA BK/OYaeT: aHHoTauuo (B npepenax 200-250
CNOB); KiouyeBble cnoBa (5-6 cnoB); BBeeHMe, B KOTO-
oM OenaeTcs KpaTKuii 0630p CAenaHHOro B MMpPe N KOH-
KpeTHO dopMynupyeTca uenib paboTbl; OCHOBHYIO YacTb;
3aKJltl0UeHre, B KOTOPOM B CXKaToM Buae chopmMynmpoBa-
Hbl OCHOBHbIE MOJIyYeHHble pe3ynbTaTbhl C yKa3aHMeM UX
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SNEKTPUYECKOW CXEMbI
CTAHUWMW

®upma AO «TpeHaxepb! 3NEeKTPUYECKMX CTaHumi 1 ceter» (AO «T3CT»)
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