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VI MexpyHapoaHas KoHbepeHLuA
«3onownakm TOC - ynaneHune, TpaHcnopr,
nepepabortka, cknaguposaHue»

KoHdpepeHuua coctontca 19 - 20 anpena 2018 r. B MockBe Ha 6a3ze HAY «M3W».
OduumanbHble A3bIKM KOHPEPEHLMW: PYCCKUIA N aHITUACKMIA @ K OTKPbITUIO KOHbepeHUMn ByAeT N3faH CrielnanbHbIi BbINyCcK
XypHana, Bxogsllero B nepeueHb BAK ® Matepuanbl KoHdepeHUMM Takxke OyayT pasmelleHbl B PUHL, ® Bo Bpems npoBegeHns
MeponpuaTua byfet obecrneyeH CUHXPOHHbIN MePEeBOA NPe3eHTaLmMii AOKNAA0B W JUCKYCCHIA.

TemaTuka npoBeAeHUA KOHPpepeHLMn:

+ BJIMAHUE TEHZEHLMIA M3MEHEHUA NPUPO0OXPAHHOTO 3aKOHOAATENbCTBA Ha Npobnemy
06paLLeHua C 30/10LLNaKaMMU SHEPTETUKK;

- BnuAHue CnpaBoyHuKoB no BHeapeHuto HAT B sHepreTuky Poccum u cTpaH MUpoBoro
coobLuecTBa Ha peLueHue npobnembl 06paLLieHus ¢ 30n0LLINaKkamiu,

19-20 anpens

201 8 roAaI - MpaKTMKa u npobnembl BHeapenua HAT mupoBoro ypoBHA B cucTembl 06paLyeHms
C 30/10LL/1aKaMHK,
r. MOCKBa - 06bembl 06pa3oBaHNA U HanpasneHna NoNe3HOro NPUMeHeHUs 30/10LLUNAKOB JHEPreTUKY;

- NOTPeBUTENbCKUE (BOICTBA U CEPTUOUKALIMA 30/10LLNIAKOB;

* BNWAHYE TEXHONOMMiA NOATOTOBKY M OKUTaHUA TBEPABIX OPraHYecKMX TONINB Ha nmg -
6uTenbCKue CBOICTBA 30/10LLIAKOB U IKONOT0-3KOHOMUUECKUe NoKasaTenu pabotbl TIC
B LIENIOM;

g BIII/IFIHMEVTEXHOIIOFMI‘/'I OUYMCTKK YXOAALLUX ra30B OT OKCUAOB a30Ta U Cepbl Ha ﬂOTpEﬁMTEﬂb-
CKue CBOMCTBA 30JI0LLIIAKOB;

* BnnAHue TEXHOH9FVII7I 30/10ynaBnuBaHua U yaaneHua 30nbl ot 30110}’J'IOBIIITEJ1€I7I Ha notpe-
butenbckue CBOMNCTBA 30/10LLAKOB;

* UCNOoJib30BaHUE 30J10LLJ1aKOB B CTpOI/IT@IIbHOVI 0Tpacnu;

* UCMO/b30BaHMeE 30/10LLMAKOB B CeNIbCKOM X03ACTBE;

* NPUMEHEHNE 30J10LLIAKOB HEPIeTUKW Ha NPEANPUATUAX APYTUAX OTPHCHEVI;

* MaJIOTOHHaXHbI€ BbICOKOTEXHONIOTWYHbIE NPOU3BOACTBA MO nepepa60TKe 30N10LLJ1aKO0B;

* NepCNEeKTUBHbIE CUCTEMDI 06pal.|.l.eHVIﬂ C 30J10LLTaKaMU SHEPTETUKIN Ha 3NEKTPOCTAHLIUAX;

* NoBblIlLEHUE KBaﬂM(bMKaUMM nnepenoarotToBKa CrnewuanucToB B obnacru 06pall.l,EHIr1ﬂ C
30/10LLJIaKaMU SHEPTETUKI.

Mpurnawaem Bac n coTpyaHukos Bawen opraHnsayvm
NPUHATDb yyacTne B paborte KoHPpepeHLynn!

LieneBan ayauTopma: npeAcTaBuTeny GefepanbHbIX U PErMoHabHbIX OPraHOB UCMONHUTENb-
HOIi M 3aKOHOAATENbHOM BNIACTM, SHEPTETUYECKUX KOMMAHMIA, YrONbHBIX SN1EKTPOCTAHLUIA,
MPEANPUATMIA MO cucTemMam o6palLeHUs € 3o10LWIaKaMm U UX nepepaboTke, NPOoGUbHbIX
BY30B, HayuHO-MCCNEfOBATENbCKIX UHCTUTYTOB W CNELIMani3vupoBaHHbIX OpraHW3aLimii.

Mnanupyemoe KonnmyecTBo yyacTHMKoB: 100 uenoBsek.

Appec Oprkomurera: MockBa, yn. KpacHokasapmeHHas, fi. 14, kopnyc XK, aya. XK-105, X-107.
Mo Bonpocy yuacTus B MeponpuaTum obpauiarbea no TenedoHy: +7 495-362-7912.
JnekTpoHHan nouta: MalikovaEA@ecopower.ru, ZhivohinaAA@ecopower.ru

Crpanuua KoHdepeHyuu - http://www.ecopower.ru/index.php?newsid=137
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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

Ne3 2017

E. H. APXMITIOBA — p. 1. 1., Texandeckuit aupektop AO «TpeHaxkepbl 9/IeKTpUYeCKUX CTaHumit u cereit» (Mocksa, Poccus)
B. B. KYIMUYMXWMH — x. 1. 1., npodpeccop PIEOY BO «HarmoHabHbIIT NCCIE[OBATENbCKIL YHIBEPCUTET «MOCKOBCKIMIT SHEPre TIYeCK il MHCTH-

1y1 (MockBa, Poccus)

OTBETCTBEHHbI CEKPETAPb

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

PEAAKUMOHHAA KOJIErNA

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) (Mpxyrck, Poccus)

E.IL FPAB‘-IAIEI— [lnpexrop [lemapraMeHTa ONepaTMBHOIO KOHTPOJA
¥ YIIpaB/IeHNs B 97eKTpo3HepreTnke MuHucrepcTsa sHepreTnky Poc-
cuickoit Oepeparyu (Mocksa, Poccus)

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

. III. BATPETAVMHOB — k. T. H., raBHbii nxeHep AO «TemmoaHep-
reTuyeckas Komnanusa Mocsnepro» (Mocksa, Poccis)

3.3IMOH — p. 1. H., ipodeccop, 3aBenyromuit kadeapoit bpanneH6ypr-
ckoro Texunyeckoro YausepcuteTa (Kot6yc-3endrenoepr, lepmaniis)
H. A. 3POMYMKOB — z. . H, mpodeccop, 3aBeAyoOIMIl OTee-
HUEM TeXHONMOTMIl WCTONb30BAHNA TOIUIMB ¥ SKONOTMU SHEPreTHKM
OAO «9ueprernyecknit nactuTyT uM. I M. Kpsxiskanosckoro» (OAO
«9HIMH») (Mocksa, Poccus)

M. X. I. UBPATMOB — p. 1. H., mpodeccop, Ilepsbiit 3amecTuTens
npepcenarens HIT «Texuoakcno» (Mocksa, Poccus)

H. 5. KAPHUIIKUI — p. . H., npodeccop, 3aBenyolmii Kagenpoit
«TemmoBble 3/MeKTPUYECKNE CTAHIMN» DEIOPYCCKOTO HAI[MOHATBHOTO
TeXHIYeCKoro yHuBepcuteTa (. MuHck, Benopyccns)

C. A. KPOITAYEB — p. n. H., fouent, Tenepanbhnlit gupexrop AHO
«lJeHTp TeperoAroTOBKM I IOBBILEHNA KBaIMGUKALUM KafpoB»
(Kpacuopap, Poccns)

Bb. M. TAPUH — p. . H., npodeccop Kadenpbl XUMUM ¥ XMMIIECKIX
rexnonoruit B sHepretrke PI'BOY BO «VIBaHOBCKMIT rOCYapCTBEHHbII
SHepreTHyecKuit yHusepcuret uMenn B. V1. Jlennnar» (VBanoBo, Poccis)
M. 10. JIbBOB — 7. T. H,, COBETHMK TeHepaibHOro mupekropa AO
«O6DbegnHeHHas SHepreTudecKas kommanusa» (Mocksa, Poccns)

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

B. E. MECCEPJIE — z. 1. H., mpodeccop, IIaBHbIIT HAyYHbI/ COTPYFHMUK
HUI skcnepuMeHTanbHOI ¥ TeOPETUYECKOi iMSI/IKI/I Kasaxckoro Ha-
1IVIOHA/IbHOTO YHUBepcuTeTa M. anb-Papabu (Anmmarsl, Kazaxcran)

C. B. MUIIEPAKOB — 1. ». H, K. T. H., [enepanbHbii aupexrop He-
KoMMepueckoro ITapTHepctBa «KopmopaTyBHEI 00pasoBaTelbHBbII 1
HayyHbli1 eHTp Ennnoit snepreTnyeckoit cucrembl» (Mocksa, Poccis)
II. MOPBA — poxTop, npo£eccop Bypmanemrckoro nonurexnuyeckoro
yuusepcurera (Byganenrr, Benrpus)

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

A.H. HA3APDBIYEB — p. T. 1., mpodheccop, pekrop ®PTAOY JITIO «Ile-
Tép6yprc1<m71 SHEPreTNYeCKIIT MHCTUTYT MOBBIIIEHNs KBaTUPUKALUID»
(Caukr-Iletep6ypr, Poccus)

B. A. HEIIOMHAIMI — akagemuk Poccumiickoit akamemun ecte-
CTBEHHDIX HayK, JI. 9. H., podeccop, K. T. H. (Cankt-Iletepbypr, Poccis)
B.M. HEYVIMUH — K. T. H., I/TaBHBII cllennamict 1o sHepretuxe 00O
«TexHOMOTIYeCKIE CUCTeMBI 3aIMTHBIX TOKpbITHID» (MockBa, Poccns)
M. M. TYEJIMH — Tocypapcrennbii copeTHnk PO 1-ro xmacca B ot-
CTaBKe, /1a XeaT npemun Coera Munnctpos CCCP (Mocksa, Poccnst)
H. . PO%I JIEB — x. 1. 1., npodeccop, pekrop PTBOY BO «Haro-
HAJIbHBIN MCCTTEJOBATeNbCKIUIT YHUBEPCUTET «MOCKOBCKIIT 3HepreTide-
CKMIT MHCTUTYT», IIpefcenaTens YuyeHoro coera (Mocksa, Poccns)

B. CTPMEJIKOBCKI — pokrop Q)MHOCO%I/H/I, npodeccop, HayIHbIit
coTpymunk KeMOpumpKcKoit 613Hec-Komb! KeMOPUIKCKOr0 yHIBEpCH-
tera (AHrmms

A. WI. TAIDKVIBAEB — 1. . 1., npodeccop, 3aBexyromuit Kapeapoit
«/Ilmarsoctyka snepreTmdyeckoro obopymosarusa» GIAQY IO «Ile-
Tép6yprc1<m7[ SHEPreTNYeCKUIT MHCTUTYT MOBBIIIEHNA KBaTUQUKALMI»
(Cankr-Iletep6ypr, Poccust)

A.E.VKAHOB — k. c. 1., o1jeHT, fupexrop JlenapTamMeHTa 0 CBA3AM
¢ obmecTBenHocThi0 TormBHOM KoMmanuu Pocaroma «TBIJI» (Mo-
ckBa, Poccus)

K. ®PAHA — p.1.H.,, npodeccop, 3amecTutens fiekaHa Qakynprera
«ManmHocTpoeHue» TexHndeckoro yHusepcureta (. JInbepen, Yexus)
JI. A. XOMEHOK — p. 1. H., Ipodeccop, 3aMeCcTUTeNb TeHepaTbHOIo
IMPEKTOpa IO Hay4HOI paboTe — 3aBeRyIOLINIT OTHeNeHIeM TypOuH-
HBIX YCTAHOBOK Hay4HO-TIIPOM3BONCTBEHHOrO OODBEMHEHNMs IO MC-
C/IEIOBAHNIO 11 TIPOEKTHPOBAHNIO SHEPIETIYECKOTO 000PYHOBaHNA UM.
V.VI. TonsyHosa (LIKTV) (Canxr-ITetep6ypr, Poccus)

M. 1. YNMYNHCKUN — k. 1. H., TeHepa/bHbIil MHCIIEKTOP — Ha-
yabHMK [lenapTaMeHTa TeXHMYecKoro Hajzopa 1 aypura ITAO «Depe-
panbHas ceTeBas KommaHus EpyHolt sHepreTideckoit cucteMsl» (ITAO
«D®CK E9C») (Mocksa, Poccus)

H. I. YMYMPOBA — peiicTBuTenbHbI 4ieH Poccuitckon akageMun
€CTECTBEHHBIX HAVK, [l X. H., Ipodeccop, AMPEKTOp MHCTUTYTA Te-
ITI0SHEPTeTHKIL, 3aB. Kadenpoit «TernoBble sneKTpuyeckue CTaHIMM»
(DFBOSP BO «Kasancknil rocyfapcTBeHHbIIT 3HepreTU4ecKuii YHIBep-
curer» (Kasanb, Poccus)

B. 1. IIAPATIOB — p. 1. H., mpodeccop, 3aBenytowmit kapenpoit «Te-
morasocHabxerne u entuwAnus» GIbOY BIIO «YibsaHoBCKumit rocy-
IAPCTBEHHDII TeXHIYeCKIIT yHIBepcuTeT» (YIbaHOBCK, Poccus)

Yupenurenb u nsgatenb: HaydHo-Ipon3BoACTBEHHO 00 beyiHeH e «DHEPro6e30macHOCTh».
ITepnopyyHOCTD M3/JAHNA YeThIPe pa3a B rof. Boixogut ¢ 2008 roza.

Kypnan saperncrpupoan B PefepaabHOI CIy>K0e 10 HAZI30PY B cepe MacCOBBIX KOMMYHUKALINIL, CBA3M U OXPaHbI KY/IbTYPHOTO HACTIEAMA.
CsuperenbctBo IV Ne ®C77-31974 ot 14 mas 2008 .

JKypnan 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 YUeHbIX CTeIleHell, a Takoke B 6asbl faHubix: PVHII, BUHWT,
Google Scholar, Ulrich's Periodicals Directory.

JKypnan accouunposas npu MexpyHapogHoM reHTpe oby4atoumx cuctem OHECKO 1 Mexaynapontoit kadenpe-cetn OHECKO «TVET».
TTOTHOTEKCTOBbIE BEPCUM CTaTel pa3MelleHbl B HayYHOI 9/1eKTPOHHOII 61bmmorexe elibrary.ru.

IlogmcHble MHIEKCHI:
45024 — OObenMHeHHbIII KaTa/Ior i UHTepHeT-KaTasor «IIpecca Poc-
cum», E45024 — VInrepret-Kkatanor «Kuura-cepBic».

XymoXecTBeHHbI pefakTop: — Mananbun [1.b.
Texumyecknit pegakrop — Yiwkos B. B.
IMopnucano B nevyars 01.10.2017 r. Ornevarano B OO0 «Ilapurer».

ITouToBsiit agpec pemaxun: 117587, . MockBa, Bapurasckoe mocce, . 125 3K, xopi. 6, 000 «HITIO «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», «HaexXHOCTb 1 6€30IIaCHOCTD 9HEPTeTHUKI»
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Scientific and Engineering Journal
Safety and Reliability of Power Industry

Volume 10 Ne3 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

Anton N. VIVCHAR — Cand. of Geogr. Sc., Deputy Director/
Director of the Department of External Relations and Strategic
Development of the Association «Council of Power Producers and
Power Indastry Strategic Investor» (Moscow, Russia)
Nikolay I. VgROPAI — Corr. Member of the RAS, Dr. of Tech.
Sc., Professor, Scientific Director of the Melentiev Energy Systems
Institute of Siberian Branch of the Russian Academy of Sciences
(Irkutsk, Russia)
Hristo S. DRAGANICHEV — Professor of the Varna Technical Uni-
versity (Varna, Bulgaria)
Evgeny P. GRABCHAK — Director of the Department for
Ofperational Control and Management in the Electric Power Industr
of the Ministry of Energy of the Russian Federation (Moscow, Russiag
Ilyas Sh. ZAGRETDINOV — Cand. Sc. (Eng), Chief Engineer of JSC
«Heat Power Company Mosenergo» (Moscow, Russia)
Sylvio SIMON — Prof. Dr.-Ing., Brandenburg University of
echnology (Cottbus-Senftenberg, Germany)
Nikolay A. ZROICHIKOV — %r. of Tecﬁ. Sc., Professor, «G. M.
Krzhi-zhanovsky Power Engineering Institute» (Moscow, Russia)
Marat H. G. IBRAGIMOV — Dr. of Tech. Sc., Professor, First Deputy
Chairman, NP «Tekhnoekspo» (Moscow, Russia)
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
Fellow of the Research institute of experimental and theoretical
physics, the al-Farabi Kazakh National University (Almaty,
Kazakhstan)
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».
Frequency of the edition four times a year. Leaves since 2008.

The journal is registered in the Federal Service for Supervision in the Sphere of Mass Communication, Communications and the Protection of
Cultural Heritage. Certificate [TV Ne ®C77-31974 dated May 14, 2008.

The journal is included into the SCADT's List of major reviewed scientific journals and publications, which shall publish the key scientific
ﬁndlr}lgs of theses for academic degrees of Doctor and Candidate of Sciences. The Journal is included in the following databases: RINC,
VINITIL Google Scholar, Ulrich's Periodicals Directory.

The journal is associated with the UNESCO International Center of Training Systems and the UNESCO International Chair Network «TVET».

Artistic editor: Malanin D. B. Technical Editor: Chizhov V. V. Signed in the press on October 01, 2017. Printed in LLC Paritet.

Mailing address of the editorial office: NPO «Energobezopasnost» Build. 6, 125 «Zh» Varshavskoye Shosse, Moscow, 117587.
Tel: +7 495 665-76-00, tel./fax: +7 495 382-79-74; e-mail: sigma08@sigma08.ru; www.sigma08.ru
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Ynen Coseta Oepepauny,
3amectutens Mpepcenatens
Komnteta no 3KOHOMUYECKOW

nonutuke 0. A. Jlunatos

YBaxkaemble coTpyaHUKN HayyHo-nponsBoACTBEHHOro
o6beAnHEHNA NO NCCNef0BaHMIO N NMPOEKTUPOBaHUIO
3HepreTuuyeckoro o6opygosanusa um. U. U. NonsyHosa!

MNosgpasnaAto konnektus HMO LUKTA co 3HameHaTenbHom gaton — 90-netmem co
[IHA OCHOBaHWUs.

Mpeanpuatne, cosgaHHoe B 1927 rogy ana peanusaumn ngen FO3J1PO B uenax
HayuYHO-TEXHUYECKOrO 0b6ecrneyveHns CTaHOBMIEHWA 1 Pa3BUTUA OTeUYECTBEHHOro
SHEPromMalUMHOCTPOEHMSA, MPOLUSIO BMECTe CO BCEW CTPAHOWM CNaBHbIA NyTb CO3MAa-
HWA, 03HaMEHOBAHHbIN BblAAIOLLMMICA HEOCMOPUMbIMU JOCTUMEHMAMMN.

Mo macwtabam cBoel feaTenbHOCTY Bale npeanpuatue nprnobpeno dbenepanbHyto
3HAYMMOCTb — C €50 YYacTeM U Mo HOPMaM, pa3paboTaHHbIM Ha 6a3e ero uccnego-
BaHWI 1 pa3paboToK, CO3AaHO MPAKTMYECKMN BCe AeNCTBYIOLLEe TEMIOMEXaHUYeCKoe
obopynoBaHve TENOBbIX, aTOMHbIX 3/1eKTPOCTAHLUA, NPOMbILLIEHHbIX SHEProyCTa-
HOBOK, a TaKXe rmapoTypOrHHOe obopyaoBaHve rmapoaneKkTpocTaHumii. bonee 30
neT npeanpuATUe NMeSIo CTaTyC FONOBHOMO MHCTUTYTa OTPACIN SHEProMaLLIMHOCTPO-
eHus (B nepuog ¢ 1960 no 1994 rr.), a Nocsie akLUMOHUPOBaHWA Ha NpoTAXeHun 10 net
BXOZMII0 B NepeyeHb akLMIOHEPHbIX 00LLEeCTB, MPOU3BOAALLMUX MPOAYKLMIO, UMEIOLLYHO
CTpaTernyeckoe 3HauyeHmne ansa obecneyeHna HaunoHanbHoOM 6e30MacHOCTU.

HMO UKTU — cuctemoobpasytolee npefnpuatie, KPYnHbl NocTaBLMK Tenso-
BOW U SNEKTPUYECKOW SHEPTIM AN PALA NPOMBILLIIEHHBIX 00bEKTOB 1 XKIWJIbIX JOMOB,
AKTUBHbIV YYaCTHMK PaboT No peLueHmnto Npobniem, CBA3aHHbIX C TEXHUYECKM nepe-
BOOpPY»eHneM sHepreTuyeckmx o6bektoB CaHKT-lNeTepbypra.

MKenato konnektrey HIMO LUKTU panbHenwnx ycnexos B peannsaumm CBOEro Ucro-
pviyeckoro npefgHa3HauyeHus, BbICOKO HeCTU CTaTyC Bedywero WUHXMHUPUHTOBOrO
LileHTpa SHepPromMallrHOCTPOEHNA, BCErAa HaXOAUTLCA Ha NepefHuX pybexax NHHO-
BaLMIOHHOrO Pa3BUTHA.

MKenato kKaxgomy uneny cnasHoro konnekTtrea HIMO LUKTU — Kpenkoro 3a0poBbsA,
6narononyuus, peanvsaumy caMblx CMesbIX MiaHOB.

Bcero camoro o6poro Bamm pofHbIM 1 61M3KKM!

/10. A. lunartos /
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MuHucmp 3Hepeemuku Poccu-
ckol Qedepayuu
A. B. Hosak

YBaxkaemble cotpyaHuku HMO LIKTU!

OT umeHn MuHucTepcTBa 3HepreTrKkn Poccninickon ®egepaunm v ot cebs NMMYHO
nosgpasnsto konnektns HIMO LIKTU ¢ 90-neTnem co AHA ocHoBaHuA u 110-netnem
CO AHA co3gaHMsA dKcnepumeHTanbHon TOL HMO LKTU.

Bawe npepnpuatne 66110 OCHOBAHO B NEpPUOL KOPEHHOIO NMepeBOOPYKEHUA Ha-
POLHOIO XO3ANCTBA Ha OCHOBE 3MEKTpUdMKaLMM CTpaHbl, B Lensax obecneyeHus
HayuyHoO-TexH1YecKkon 6a3bl AN1A CO3haHNA OTeYeCTBEHHOro S3HeproobopyaoBaHMA.

MpeanpuaTre € YeCTblo OMPaBAaANo CBOe NCTOPUYECKOe NpefAHa3HaveHne, 1 Npo-
[OMKaeT BbIMNOMHATL GYHKLUMN BeAyLLero npeanpuaTusa B SHEProMalMHOCTPOUTESb-
HOW OTpacny, KOTopas, Kak U3BeCTHO, CO3[aeT TEXHUYECKYID OCHOBY SHEPreTukn u
onpepensaeT ypoBeHb HaLMOHaNIbHOWN SHepreTnyeckon 6e30MacHOCTY CTPaHbI.

N ceropgHa HNO LKTW HaxoguTcA B LEHTPe MHHOBALMOHHbBIX NPeobpa3oBaHni B
oTpacnv, NPYHUMan aKTMBHOE yyacTre B pa3paboTKax Nno nepcrneKkTUBHbLIM Hanpas-
JIEHUAM B COOTBETCTBMM CO CTpaTerven pasBUTUA POCCUNCKON SKOHOMUKMK (HOBble
SHepreTnyeckne TEXHOMOMMK, BOMPOChI TEXNEPEBOOPYKEHNSA, HAfEXHOCTU, SKONO-
rim, pecypca 1 np.).

Ocobo xouetca otmeTUTb, Yto HIMO LIKTU cambiM akTMBHbIM 06pa3om yuyacTByeT B
pa3paboTke NepCneKkTB Pa3BUTUA SHEPTrOMALLUHOCTPOEHMS B TECHOW YBA3KE C SHep-
reTMyeckomn OTpac/blo B paMKax KOMMIEKCHbIX NporpamMmm defepanbHOro 1 BefoMm-
CTBEHHOrO YPOBHEW, a TakXKe B popmMaTe MeXBeJOMCTBEHHbIX CTPYKTYP. ITO OTHO-
CUTCA, B YaCTHOCTY, K paboTam B cocTaBe MeXBegoMCTBEHHOIO KOOPANHALMOHHOIO
coseTa (MKC) no Bonpocam pa3BuTMA SHEPreTUYECKOro MallMHOCTPOEHNSA, SNEKTPO-
TeXHMYECKON 1 KabenbHOW NMPOMbILWIEHHOCTM MO ConpefceaaTeNi.CTBOM MepBbiX
nuy MunaHepro PO n MunnpomTtopra PO, a Takxe B coctaBe Pabouwnx rpynn npu MKC
Mo HanpaBieHNAM — «IHepreTUyeckoe MalMHOCTPOeHme», «Pa3BuTne KPynHoro ra-
30Typ60CcTpOeHUA», «/IHHOBALMOHHbIE TEXHONOMW 1 060PYAOBaHNMEY.

3HauuTENbHYI POMb WUrpaeT Hanuuue B CTPYKType [MpeanpuAtva sKCNepumeH-
TanbHo TOL. Ee ocHOBHasA OyHKUMA — CHabXeHue 3Heprvei MOLHOW OMbITHO-
3KcrnepumeHTanbHol 6a3bl (036) HMO LIKTW, KoTopas BKIOUAeT OKOMO COTHU
CTEHZOB, MHOTUE U3 HUX ABNAIOTCA YHMKanbHbiMK. O3b co3gaBanach B nepuon mac-
LWTabHOro 3HepreTMYECKOro CTPOMTENbCTBA, Kak OTpac/ieBas, B LIeNAX NCCIe[0BaHNIA
N OTPabOTKM HOBOrO MepPCreKTUBHOrO 060PYAOBaHUA. ITU UCCNEAOBaHNA BHECN
3HauMTeSbHbIN BKMa B Pa3BUTUE POCCUIACKON SHEPTETUKN.

Kenato HIMO UKTW v ganblue 6biTb Ha NepegHUx pybexkax pa3BuUTUA SHepromMalum-
HOCTPOEHMA 1 SHEPreTMKM, 3aHUMaTb aKTMBHYI WHHOBALMOHHYIO NO3MLMIO, @ KOJI-
nektmy HMO LKTU — panbHenwmnx TBOPYECKUX N MPON3BOACTBEHHbIX YCNEXOB Ha
6naro Hawen Poccum. Bcero camoro gobporo Bam 1 Balwm cembsam!

/A.B. Hosak /
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3amecmumens MuHucmpa
NpOMBbIWIEHHOCMU U MOP208/IU
Poccutickol ®edepayuu

B. C. Ocbmakos

YBaxKaemble Konnerm!

OT umeHn MrHUCTEPCTBa NPOMBbILLNEHHOCTY 1 Toproenu Poccuiickon Gepepauun
1 oT ce6s nnuHo nosapasnsto kKonnektns OAO «HIMO LIKTW», npaBonpeemHuKa Bce-
MUpHO n3BecTHoro LIKTU nm. . W. Mon3syHoBa, ¢ 90-neTHmm KO6uneem!

OAO «HIMO LKTW» (nanee — HMO LUKTW), ocHoBaHHOE B Nepuof peanu3auum nna-
Ha TO3J1PO, pabotaeT B 0b6nact co3gaHnua 3HeproobopynoBaHUA ANA TEMOBbIX,
aTOMHbIX W TMAPaBANYECKUX SNEKTPOCTAHUMIA, MPOMbILAIEHHON Y KOMMYHaNbHOWN
3HepreTVKM, IHEProTEXHONOMMYECKUX OOBLEKTOB MeTannyprnyeckon, XMMMYecKomn,
HedTepobbIBatoLen 1 HedTenepepabaTbiBaloLLel, ra30BOW, LIENTION03HO-0YMaXXHOM
MPOMbILLIEHHOCTU, CYAOCTPOEHNA 1 APYruxX OTpacien, obecneyrBas KOMMIEKCHOE
peLueHne Bcex BOMPOCOB HayYHOrO COMPOBOXAEHNA, MPOEKTNPOBaHWUA, N3roTOBe-
HWA 1 3KCMyaTaLmy SHepreTnyeckoro obopyaoBaHums.

Honrue roabl (c 1960 r. no nepuopa akumoHupoBanua) HMO LUKTW BbinonHano
bYHKLUM rOIOBHOTO MHCTUTYTa oTpacnu. U cerogHa ABnAeTcA akTUBHbIM co3faTe-
NleM NHHOBALIMOHHbBIX peLleHn U TEXHONOMNIA ANA Pa3fMyHbIX OTpacsien NPOMbILL-
NIEHHOCTMW.

HakonneHHbI rogammn onbIT U HayUHbIN 3afen, CO34aHHbIA HECKONbKMM NoKone-
HUAMK y4yeHbix 1 cneyunannctos HIMNO LUKTW, Tpagnumm, Kotopble onpeaenatoT camo-
OTBEPXEHHOCTb U NPEeAaHHOCTb 00LLeMy fieny, WWNPOKNI KPYT YHUKANIbHbIX KOMIe-
TEHUUI 1 BbICOKMI NPOodeCccrOoHanbHbIN ypoBEHb OnpeaenaoT BbicoKui ctaTyc HMO
LIKTW Kak 6230BOro MHXUHUPUHIOBOFO KOMMEKCa OTpacsu.

Ocob0 xoueTcs OTMETUTb aKTUBHYIO Mo3uLMi0 [eHepanbHOro AMPeKTopa U Bedy-
wux pykosogutenen O6beanHeHWs, KOTopble B paMKkax yyactusa B pabote HTC, Ko-
mMuccuin, MexBeJOMCTBEHHbIX KOOPAMHALMOHHBIX COBETOB, Paboumnx rpynn ypoBHs
PAH, T, Munnpomtopra Poccnn, Munsnepro Poccun, UHTEP PAO ESC u gp. BHOCAT
CYLLeCTBEHHbIN BKNaf B peLleHre TakiX BOMPOCOB, Kak NPUOPUTETHbIE TEXHONOMNY,
MMnopTo3amellieHre, opraHm3auna 3GdeKTUBHbBIX Mep rocyapCcTBEHHOW Noaaep-
K1, GOPMbI 3aLUMTbl UHTEPECOB OTEYECTBEHHbIX MPON3BOANTENEN HAa KOHKYPEHTHOM
pbIHKE N MHOTOE Apyroe.

3a 311 rogbl O6beanHeHNe BHECNO GONbLIOW BKNaj B pa3BuTMEe OTeYECTBEHHOrO
SHEProMaLUVHOCTPOEHUS, a TaKXKe B 0becrneyeHne SHepreTnyeckor 6e3onacHoCTy
Poccun.

B cBA3u c lO6uneem xenato konnektmsy HIMO LIKTW ganbHeiLwmx TBOPUECKMX U NPO-
N3BOACTBEHHbIX YCNEXOB Ha bnaro Hawel Poccun. ChacTba, bnarononyuus n ygauu!

/B. C. Ocbmakos /
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Llenb ny6nvkaLmm HacTosALLen CTaTbl COCTOUT B TOM, UTODObI JaTb COBPEMEHHOMY YUTATENIO, IHTEPECYIOLLEMYCA UCTO-
puen oTeyeCcTBEHHOrO aTOMHOIO MALUMHOCTPOEHUS, CBEAEHUA 06 OCHOBHBIX 3Tanax MCCNefoBaHUN 1 pa3paboTokK B
3TOI 0611acTu, NPOBeEHHbIX B BEAYLLEM HayYHO-TEXHNYECKOM LIEHTPE SHEProMallMHOCTPoeHMs — LleHTpanbHoM KoT-
noTyp6brHHOM UHCTUTYTE UM. U. U. Mon3yHoBa. Heo6XoaMMOCTb B 3TVX CBEIEHUAX COCTOUT TakXKe 1 B TOM, YTO MHOTUE
pe3ynbTaTbl BbINOSHEHHbIX paHee B LIKTU paboT He yTpaTuny cBoel akTyasibHOCTY U MO Celi AeHb, OHM CO3Janu Hayuy-
HbI 3afen ANs NePCNeKTUBHBIX Pa3paboTOK aTOMHOIO 060PY[OBaHUA COBPEMEHHBIX 1 ByAyLIVX MOKONEHWN.

0630p paboT, AaHHbIN B cTaTbe [1-11], oxBaTbiBaeT nepuog, HaumHasa ¢ 1945 roga, korga UKTW 6611 nprBneyveH K
peLleHnto 3ajay TeNIOTEXHNYECKOrO XapakTepa B paMkax «ATomHoro npoekta CCCP» (Co3aaHre aTOMHOIO Opy»Kus) 1
3aKaHYMBasA HACTOALLMM BPEMEHEM.

CneKkTp 3HeproobopynoBaHUs, B CO34aHUN U OCBOEHUN KOTOPOro MpuHUMan ydyactue LIKTW, oueHb winpok: napo-
reHepatopbl ASC ¢ BBIP n peaktopamu Trna BH, naporeHepatopbl cygoBbix A3Y, cenapatopbl-naponeperpesaTenu
TypboycTtaHoBOK ASC, TennoobmeHHUKN ASC 1 A3Y KOCMMYECKOro NPUMEHEHNS, TEXHOMOMMYECKNe KaHalbl AfepPHbIX
PEaKTOPOB, KOHTENHEePbI A TPAaHCMOPTUPOBaHNA U XpaHeHNa oTpaboTasLwero Tornrea ASC ¢ BOAAHBIM 1 Fa30BbIM
oXNakpeHrnem u gp.

LWnpok cnekTp pabourx NpoLeccoB, MCCIEA0BAHHbIX HA YHUKANIbHbIX CTEHAAX (MOLHOCTb 3TUX CTEHAOB AOXOAUT A0
10 MBT): 3T0 — Tennoo6bMeH, rmapaBnKa, r’MapPoAMHaMIMKa, Cenapaumsa napa, NPoYHocTb. Mpr 3Tom ocoboe BHMMaHWe
YAENANOCh 1 yAenseTcsa MeTolaM VMHTEHCUPUKALIMM STUX NPOLLECCOB, MOBbILLIEHMWIO HAAEXHOCTY, MPOrHO3NPOBAHMIO 1
NMPOAJIEHNIO CPOKA CITY>KObl 000pyL0BAHUS.

Mpy NoAroToBKe CTaTbl MCMONb30BaNMCh MaTepurasbl nyonukaumin LIKTU, oTUETOB 1 MPOEKTOB; HEKOTOPbIE 13 HUX
onybnnKoBaHbl BNepBble, TaK Kak B rofbl BbIMOJIHEHUs PAabOT Ny6NMKaLMm He NPOV3BOAMIINCD M3-3a PEXNMA CEKPET-
HOCTW.

CnncoK nuTepaTypbl, MPUIIOKEHHDIN K CTaTbe, MO3BOJISIET YATATENAM OCYLLECTBUTb Honee feTaibHOe O3HAaKOMIIEHUE
C TEMU VST UHBIMW 3aTPOHYTBIMI B HEl BOMpPOCcamMm.

KJTIOYEBBIE CJIOBA: aToOMHOe 3HepromalumHOCTpoeHne, aToMHbi npoekT CCCP, agepHble 3HepreTMyeckue ycra-
HOBKWU, A9Y, naporeHepaTtopbl A3Y, cenapatopbl-naponeperpeBaTten TypouH fAJY, KocMrnyecKas saepHas SHepreTrka,
BKnag UKTU.

Adpec 0ns nepenucku: Address for correspondence:

Muxadtinos B. E. Mikhailov V. E.

OAO «HIO LUKTW», JSC «NPO CKTl»,

yn. Amamarckas, 0. 3/6, 191167, Cankm-llemepbype, Poccus  Atamanskaya str., 3/6, 191167, Saint-Petersburg, Russia
e-mail: gendir@ckti.ru e-mail: gendir@ckti.ru

Ana yumupoeaHus: For citation:

Muxatinos B. E., Cydakos A. B., ®edoposuu E. []. Bknad HIO  Mikhailov V. E., Sudakov A. V., Fedorovich E. D. [Contribution

LKTW 8 pazsumue amomHot ompacsu. HadexxHocme u 6e3-  of Polzunov Central Boiler & Turbine Institute to development

onacHocme 3Hepeemuku. 2017. - T. 10, Ne3. - C. 183 - 1809. of nuclear industry]. Nadezhnost’i bezopasnost’ energetiki =
Safety and Reliability of Power Industry. 2017, vol. 10, no. 3,
pp. 183-189 (in Russian).

183



HapexHocTb 11 6€30MacCHOCTL SHEPreTkm
2017 .- T.10 - Ne3 - c. 183-189
Muxavinos B. E., Cynaxos A. B., ®efoposuy E. [].

Safety and Reliability of Power Industry
2017, vol. 10, no. 3, pp. 183-189
Mikhailov V. E., Sudakov A. V., Fedorovich E. D.

Polzunov Scientific and Development Association on Research and
Design of Power Equipment (NPO CKTI) maintaining the cutting

edge of nuclear industry

Mikhailov V. E., Sudakov A. V., Fedorovich E. D.

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

This publication intends to familiarize those interested in the history of national atomic industry with the R&D landmarks
contributed by a Russia’s leading engineering centre — I. I. Polzunov Central Boiler-Turbine Institute. This may also be of
interest, since works performed by us have not lost their significance to present, as they comprise a solid knowledgebase
for both current and future generations of nuclear power equipment.

The publication covers the period from 1945 (when NPO CKTl was first involved in the USSR Nuclear Project) and to present.
We have contributed to a widest range of power equipment — steam generators for plants equipped with pressurized-
water reactors or fast breeders; steam generators for marine nuclear energy installations (NEI); separator-superheaters for
nuclear plant (NP) turbines; NP and NEI heat exchanges for space applications; reactor process channels; transportation
and storage containers for spent fuel of water-cooled or gas-cooled NPs; and many more.

At our unique facilities (with the capacity of up to 10 MWt), we have researched a very wide range of physical processes —
heat transfer, hydraulics, hydrodynamics, steam separation, and endurance.

Continually, we work to intensify such processes, increase their reliability, improve forecasting, and extend the equipment

lives.

For this article, we used NPO CKTI publications, reports and projects, some of them being now mentioned for the first
time, as the secrecy regime prevented such publications in the time when the related works were in progress.
If you would like to learn more details, please use the list of sources attached hereto.

KEY WORDS: Atomic power engineering, Atomic project of the U.S.S.R., nuclear power installation, NPI, steam generators
of NPI, moisture separators-superheaters of turbines of NPI, nuclear power for space, contribution of CKTI.

BeepeHune

WcTopua «atomHoro» HanpasneHusa pabot HIMNO LIKTY,
paHee LleHTpanbHbIi  KOTNOTYPOWHHBIA  MHCTUTYT
(LUKTW), HacumTbiBaeT bonee cemuaecaTu eT — HauuHasA
¢ nosasneHua MNoctaHoBneHna Coeeta MunHuctpos CCCP
B Mae 1945 rofa o NpmMBAEYEHNN NHCTUTYTa K KATOMHOMY
npoekty CCCP» 1 KOHYaa HaCTOALWMM BpeMeHeM. 3a 3Tu
rofibl B COTPYyAHMYECTBE C OpraHM3auvaMm u npeanpusa-
™mamn MurHcpegMala cAenaHo MHOroe — [OOCTUMHYTbI
BaXKHble pybexu B cO3OaHMM Y OCBOEHUM 060pyLoBaHMsA
AfEePHbIX SHEPreTUYEeCKUX YCTAHOBOK. DTUMM [OCTVXKEHNA-
My konnektuns HIMO LIKTW 3acnykeHHO MOXeT ropanTbea. B
KpaTKOW CTaTbe HEBO3MOXHO AaTb MOJIHOE OMNMcaHne 3TnX
paboT 1 3TUX JOCTVXKEHWI. [T03TOMY aBTOpPbI CTaTby NOCTa-
BUAN nepep coboil 3apayy 0603HaUNTb OCHOBHbIE BEXU B
paboTax «aTOMHOro» HarpaB/ieHWs, NepeYnc/iTb OCHOB-
Hble, Hanbonee BaXkHble pe3ysibTaThl 3TUX PaboT, CHabamB
CTaTblo CMCKOM NUTepaTypbl, B KOTOPOM MOXKHO HalTu
60nee NoapobHble CBEAEHWA MO TOMY UM MHOMY BOMPOCY.

Hauano nytn

MepBbIMK paboTaMu «aTOMHOro» HanpasneHusa B LIKTU
ObUIM UCMBITAHUA CUCTEM OXJIAXKAEHUS TEXHONOTMYECKUX
AEePHbIX PEAKTOPOB-HAPAOOTUMKOB MyTOHUA. OHU Npo-
BOAWNNCH, HauMHasA ¢ 1946 r., Ha cTeHae «JlabopaTtopun
TPaHCMNOPTHbIX YCTAaHOBOK» (Tak TOorga HasbiBanca npo-

0b6pa3 oTaena aTOMHOW SHEPreTUKU — 3aBefyoLM na-
6opatopuen 6b1 B. M. AHTYdbEB). OTU MUCMbITaHUA OblNK
nopyyeHbl LIKTW pykoBoautenamym «ATOMHOrO npoeKkTa»
W. B. KypuatoBbim 1 A. T. AnekcaHapoBbiM. CcTemMa Ox-
NaXkAeHVsA YypPaHOBbIX O/IOYKOB peakTopa AUAMETPOM U
I/TMHOWN B HECKOJIbKO CAaHTMMETPOB OJIHOBPEMEHHO 6blsia
CUCTEMOW TMAPOTPAHCNOPTa OfIOYKOB Yepe3 aKTUBHYIO
30HY peakTopa Noj HanopoM OXNaXKAaloLen BoAbl. 3aTeM
no npoekTy obpazoBaHHoro B LIKTU Kb (ero nepsbim 3a-
Begytowmm 6b1n A. T. Macnos) 6biny co3aaHbl nepBble na-
poreHepaTopbl CUCTEM YTUAN3ALUN TEMNOTbl TEXHONOI-
yecknx pekTopos. Korga npvinia nopa co3gaHnsa nepsomn
B Mupe ASC (nyweHa 27 nioHa 1954 roga), UCnbiTaHWA CeK-
LM 3TOro naporeHepartopa nposoaunucb cunamm LKTU
Ha Hdy6posckoi TIOL nop JleHnHrpagom. [upektopamu
LIKTW B Te rogpl 6binn (nocnepgosatenbHo) J1. A. LLly6eHko-
LWy6wuH, M. O. Cupebiin 1 H. B. UntoxuH.

[naBHOW 3afayeit CTpaHbl Torga 6bino obecneueHre ee
060POHOCNOCOOHOCTY B YCNOBUSIX HapacCTaHWsA «XOnof-
Hol» BOVHbI. Co3aaBasnicA aTOMHbIA NMOABOAHLIN (GNoT, B
YaCTHOCTN, CKOPOCTHble (UM A0 CUX MOP MPUHABNEXUT
peKkoph CKOpOCTU MOABOAHOIO XOAa) NOABOAHbIE NTOAKM
C peaKkTopamu, Oxnaxx4aemMbiMy TAXKENbIM KUAKOMETaNn-
YyecKMM TenJIoHoCHTeIeM — CrJIaBOM CBUHLA C BUCMYTOM
3BTEeKTUYecKoro coctasa. Nepsble B CCCP nccnenoBaHuma
TennoobMeHa Npu TeUEHUU TSKESIOro CrjlaBa NpPUMEHK-
TENbHO K 3TMM YCTaHOBKaM MPOBOAWINCH TPYMMOn WC-
cneposatenen LIKTU, pykosogumon C. C. Kytatenagse B
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NeHne O TOM CNaBHOM MNYTW, KOTOPbIA MPOLUAN SHepro-
MawmHoctpoutenu HIMNO UKTU — KoHCTpyKTOpbI, nccne-
JOBaTeNu, UCMbITAaTeENN COBMECTHO C MPOMbILUSIEHHbIMM/
npeanpuATUAMY, MPOEKTHbIMU UHCTUTYTamu, Kb, atom-
HbIMW CTaHLUUAMU, 1 B pe3ysibTaTe KOTOPOro Hala CcTpaHa
MUMeeT Pa3BUTYID aTOMHYIK SHEpreTrky um 0OOCHOBaHHO
MO>KET CTPOUTb MJIaHbl ee AafbHENLLEero pa3BuUTus.
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OT1paboTKa nonaTouyHbIX annapatoB 1 ctyneHm TypbuHbI arperarta
IT3-110 c yenblo NOBbILWEHUA HAAEKHOCTU ero paboTbl

Muxadiinoe B. E.", XomeHok J1. A.", 3onomozopoe M. C.", [acyne M. P.2, UeaHoe A. C.2, PomaHoe B. B.3, Ckupma C. M.}
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[T3-110 — egnHCTBEHHas, BbiNyCKaeMas B HacToALee Bpems B Poccmm mowHasA sHepreTuyeckas ['TY. YctaHoBKa npu
COBPEMEHHbIX TEXHNKO-SKOHOMUYECKMX MOKA3aTeNsAX MEET MacCorabapuTHble XapaKTepUCTMKM, 3HAUNTENIbHO npe-
BOCXOZAALIME aHANOMMYHble AaHHble 3apy6exHbIX arperaTtos. [prBneKaTeNnbHOCTb TUPAXMPOBaHUA arperata [T2-110
3HAUMTENbHO CHUXKAETCA M3-32 HEAOCTAaTOYHO BbICOKOW HAafEXHOCTM paboTbl arperata B 3KCryaTalummn. 3HauMTeNb-
Has YacTb HelITaTHbIX KCMyaTaLUUOHHbIX CUTYaLUi CBA3aHA C pa3pylLeHeM paboumnx nonaTok 1 cTyneHn TypOuHbl.
AHanun3 KOHCTPYKUWMK arperarta, paspaboTtaHHoro MHIKT «3opa-MawnpoekT» (YkpauHa) 1o 2000 rofa, BbINMOHEHHbI
OAO «HIMO LIKTW», nokaszan, 4to B NpOeKTe UMEIOTCA Cepbe3Hble OTKIIOHEHWA OT HOPM CTalUMOHapHOro rasoTtypbo-
cTpoeHusa. CoBmecTHble pabotbl MAO «O[K-CatypH», OAO «HIMO LIKTU» n OO0 «MLL «[a30TypOUHHbIE TEXHONOMWY»
MO3BOMUIN ONTUMU3UPOBATb KOHCTPYKLMIO TIONATOYHOrO annapata 1 cTyneHn TypbuHbl. Tak, 3a cYeT BBeAEHUs Nog-
MosoYyHoro Aemndepa ynyulleHbl BUOPALMOHHbIE XapaKTEPUCTUKM Pabourx nonaTok. YMeHbLIEHNO BENMYMHDBI nepe-
MEHHbIX a3POAVNHAMUYECKUX CUJT, BO3OYKZAOLWMX paboume NonaTku, CIy>KUT NoApe3Ka BbIXOAHbIX KPOMOK COMIOBbIX
NoNaToK 1 CTyNeHn U1 yBeNnMYeHre OCeBOrO 3a30pa MeXAy COMIOBbIMY 1 Paboummm ionaTtkamu. TakKe BbINOSIHEHa
noJpe3sKa BbIXOAHbIX KPOMOK pabourix IONaTok 1 ONTUMMU3MPOBAHbI 3a30Pbl B X 3aMKOBOM COeAVHEHN C AUCKOM 1
cTyneHn. ONTYMM3NPOBaHa CUCTEMA OXJaXKAEeHMA pabounx flonaTok B 30He NMEPBOroO KaHasa B MPUKOPHEBOW 30HE.
Kpome Toro, npovsseieHa MOAEPHM3aLMA CUCTEMbl OXNaXXAEeHUA COMOBbLIX IONATOK, 3a CYET U3rOTOBJIEHUA OTBEp-
CTWIA B BbIXOAHbIX KPOMKax AedpneKTopa, YTo NO3BONUIO CHU3UTb TeMMepaTypy BbIXOAHOW KPOMKY NPOPUIbHON Ya-
ctTn. MofepHM3auua cucteM oxnaxkaeHna No3BONNIA YYULLUTb TEPMOHANPAXeHHOe COCTOAHME NOMaTOYHbIX annapa-
TOB 1 CTyneHu TypouHbI.

KJTKOYEBDIE CJTOBA: connoBbie 1 paboune nonatku TypbrHbI, OXNaxzaeHre, TeMMnepaTypHoe, TEPMOHAMNPS>KEHHOE 1
BMOpPALMOHHOE COCTOAHNE.
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Testing blade systems of first stage of turbine unit GTE-110 for
improving its operational reliability

Mikhailov V. E.", Khomenok L. A.", Zolotogorov M. S.", Gasol M. R.?, Ivanov A. $.2, Romanov V. V.3, Skirta S. M.>
"' Joint-Stock Company «l. I. Polzunov Scientific and Development Association on Research and Design of Power Equipment»

(«<NPO CKTl»)

Russia, 191167,Saint-Petersburg, Russia, Atamanskaya str., 3/6

2 JSC «ODK-Saturn»

Russia, 159903, Yaroslavl region, Rybinsk, Lenina Ave., 163
3 Its, 00O «gas Turbine technology»

Russia, 115280, Moscow, Avtozavodskaya str., 14

GTE-110 is the only powerful energy-generating GTU currently manufactured in Russia. With its advanced technical and
economic parameters, the unit is well above its foreign analogs in terms of its weight and dimensions. The attractiveness
of mass-scale production of unit GTE-110 is significantly hampered due to its insufficiently high operational reliability. A
significant part of abnormal operational situations is associated with destruction of rotor blades of the turbine first stage.
Analysis of the design of the unit developed by GENPKG «Zorya-Mashproekt» (Ukraine) before the year 2000 performed by
JSC «NPO CKTl», has shown that the project has serious deviations from the standards of stationary gas turbine construction.
The joint efforts of JSC «ODK-Saturn», OJSC «NPO CKTl» and LLC «IC «Gas Turbine Technology» have made it possible to
optimize the design of the blade system of the turbine first stage. In particular, introduction of a sub-platform damper has
improved vibration characteristics of rotor blades. Trimming output edges of the nozzle blades of stage 1 and increasing the
axial clearance between the nozzle blades and the rotor blades serves to reducing the value of variable aerodynamic forces
exciting the blades. Besides, the trailing edges of rotor blades have been trimmed, and the gaps in their locking connection
with the first stage disk, optimized. The cooling system of rotor blades in the first channel area in the root zone trailing
edges of the deflector, which enabled to reduce the temperature of the trailing edge of the airfoil. Modernization of cooling
systems made it possible to improve thermal stress condition of blade systems of the turbine first stage.

KEYWORDS: nozzle and working blades of the turbine, hydraulics, temperature, thermal stress and vibration condition.

OcHoBHble MVpOBble Npon3BoauTeny (Gupmbl Siemens,
General Electric, Mitsubishi) ra3oTyp6uHHbIX YCTaHOBOK K
HacToALEeMy BpeMeH/ OCBOWIN NPOU3BOACTBO arperaTtos
MoLHocTbio 300500 MBT [3+6].

MNocne npekpalleHnsa Bbinycka arperatoB [T3-150 u
[T3-65 JleHnHrpagckum MeTtannunueckmm 3aBogom n INa-
160 OAO «CrnoBble MaLUVHbI» CaMOW KPYMHOW, MPOU3BO-
avmon B Poccum sHepreTtnueckon I'TY asnaetca [T3-110
MoLHocTbio 110 MBT (MAO «OK-CatypH») [7].

OTmeTVM Hanbornee BaXkKHble MOKa3aTeny, onpenensio-

Tabnuua. CpaBHUTENbHbIE XapakTepucTuky 'Y MowHocTbio ~ 110 MBT.

LMe TEXHNYECKNIA ypoBeHb ycTaHoBKM [ T3-110. KM arpe-
rata coctaBnsieT ~ 36%, a 3SKOHOMUYHOCTb KOMOVHUPOBaH-
HOrO UMKIa BbIpaboTKM anekTposHeprum MY ¢ nomoLbio
IT3-110 ~ 52%. Mpwn 3ToM cobcTBeHHO [TY 1 Bce obopy-
posaHwue MNIY nonHOCTbIo OTeyeCcTBEHHOro NPOM3BOACTBA.
Mpn Xopowmnx TexXHUYeCKMX XapakTepucTuMKax arperat
IT3-110 meeT OTIMYHbIE MaccorabapuTHble NMoKasaTtenu
(cm. Tabnuuy mn3 [1]). Tak, Bec T'T3-110 noutu B 3 pa3a MeHb-
Le, YeM BeC y arperaTtoB 3apyb6eXXHOro Nnpoun3BoaACTBa, Co-
NOCTaBMMbIX MO MOLHOCTH, @ ANIMHA OTeYeCTBEHHOM YCTa-

Table. Comparative characteristics of gas turbines with a power of ~ 110 MW.

I'TY n npoussoautens/ GTU and manufacturer
XapakrepucTku SGT6-2000E GT 11N2 M501DA rTA-110 NAO
Features A i A P

Siemens Alston RERitE Ha0 Hitachi MHI «OJK-CatypH»
MouwHocTb, MBT / Capacity, MW 112 1154 128,2 1124 114 110
KNz, % / Efficiency, % 339 34,1 338 38,2 349 36
Temneparypa 3a Typ6uHoit, °C/ The tem-
perature of the turbine, °C >4 526 >44 >46 243 17
CreneHb cxatna / Compression 12,1 15,9 12,9 19,3 14,0 14,7
Pacxop, ra3os 3a Typ6uHoN, Kr/c / The
flow of gases behind the turbine, kg/s 365 400 416 308 346 360
Pasmepbl, M / Dimensions, m, ) 11,6 x5,8
LW x H 11,6%x104%x7,0 [94%55%10,0| 126x50x5,0 X43 7,1%3,6%x42
Bec, T/ Weight, t 163 190 217 - 145 60
lon Bbinycka / Release year 1989 1993 1992 2010 1980 2002
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pAfa OTBEpPCTUN BMeCTO 2-X U ONTMMU3aumMA Hanpasre-
HUA BblAyBa BO34yXa M3 HMX) MOMYYEHO 3HauuTeNbHOe
ynyylleHne TeMNepaTypHOro COCTOAHMA. Tak, Aaxe Ha
3afiHuUX cBecax nonku O, yBenuumsaetca B 1,65 pasa
(0,29 1 0,175). AHanornyHbIN pesynbTaT NOMAYYeH 1 And
nepridepunHoOm NoNKu.

Ontummusauus oxnaxxaeHusa nonok CJ11 uenecoobpasHa,
0CcobeHHO ¢ yyeTom nposefeHHbix MAO «O[K-CatypH» B
2017 r. ncnbiTaHN HaTYPHOro ABUraTens, KoTopble MokKa-
3anu, 4To None Temnepatyp rasa (t, ) nepen CJ11 xapakTe-
pur3yeTca 3HaUMTENIbHbIM CHUXKEHEM UX YPOBHSA B 30HaX,
6NM3KUX K NepeHMM CBECAM KOPHEBOW 1 NepudepuinHom
Nnosok. Tak, Ha peXXrme HOMWHANIbHOM Harpys3Kkn B 30He
KopHeBoii nonke t, = 970+980°C, a B 30He neprdpepuitHon
nonku t, =560°C 3a cueT CTPYNHOrO Bbi[lyBa BO3[yXa Yepes
OTBepCTMsA B ra3ocbopHuKe. Mpu 3ToM B cpefHEM CeYeHnN
t,=1210°C. B MOAepHM3MPOBaHHON CUCTEME OXaxaeHNA
MosioK LienecoobpasHo KCnonb3oBaTbh CTPYWHbIN 06ayB
NX BHyTPEHHeN CTOPOHbI. Kpome TOro, BO3MOXKHO KapAau-
HaJIbHOE M3MEHEHME OXNaXKAEHUs NepudpeprnHoON NONKK
13-3a CHUXKEHNA TemnepaTypbl rasa nepes Hew.

BbINONHEHHbIN KOMMNEKC pacyeToB rmapaBAnKKM, TEM-
nepaTypHOro, HAMPs>KeHHOTo 1 1epOPMUPOBAHHOIO CO-
ctoaHun CJ11 nokasan, YTo Npu MogepHU3aL MM NoNaTKK
Hanbosiee OMacHbLIMM 30HaMM JIOMATKM C TOYKU 3PeHUs
TEPMOYCTanocTu OyayT ABAATLCA NEPEAHUN CBEC KOPHe-
BOW MOJKW, CepeanHa 3aHero cBeca KOPHEeBOW MOJIKN
1 BbIXOZHAsA KPOMKa Npodus CO CTOPOHbI KopbiTa BO6U-
31 nepexofa K nepudepuniiHon noske (pucyHok 7). Jo-
NyCcTUMOE MUHMMAJIbHOE YNCIIO LMKIIOB TeNSIOCMeH And
YyKa3aHHbIX 30H COCTaBWUI0 COOTBETCTBEHHO ~ 100, 400 n
660 UMKNoB. B wraTHOM NonaTke COOTBETCTBYIOLWME 3HA-
YyeHuVA ONYyCTUMOro YMCNa LMKIOB TEMIOCMEH COCTaBNA-
no 58, 65 n 660.

BbiBoabi

MNpurBefeHHble pesynbTaTbl PaCYeTHbIX U SKCNepUMEH-
TaNlbHbIX MCCNefOBaHNIA COMNOBbLIX U paboumrx fonaTok
1 cTyneHn TypbuHbl arperata I'T3-110 nokasblBaloT, YToO
peanu3oBaHHble 1 AONOMHUTESNIbHbIE Npeasiaraemble me-
pONpUATUA MO MOAEPHMU3ALUNN KOHCTPYKUUN N CUCTEM
oXna)KAeHnA NO3BONAT 3HAUYNTENbHO YBENUUYUTb pecypc
arperaTa Mo CpaBHEHWIO C AaHHbIMK 3KCrlyaTauum wrat-
Hom ['TY.
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OTeuecTBeHHadA rMApPO3HepreTMKa pa3BriBanacb B COBETCKME rOAbl MO MHOWM KOHLENUMW, YeM B HacTosLLee BpeMs.
CraBunacb 3ajaya BCEMEPHOrO yaelleBIeHUA 1 YCKOPEHNA MMAPO3HEPreTMYeckoro CTpoMTeNbCTBa, Toraa Kak cerog-
HSl TAPO3HEPreTVIKa OPUEHTMPOBAHA HA MOJyYeHVE MAKCMMAbHOWM BbIPAabOTKM SHEPrM OT npoxoasLwero obbema
BOAbl. ViccnenyeTca 3aBUCMMOCTb SHEPreTUYECKIMX, KaBUTALMIOHHBIX 1 HAIeXXHOCTHBIX MoKa3aTenein rugpotypouH ot
KOHLlenumy passButus ruaposaHepreTriku. O600LLEH ONbIT NPOEKTUPOBAHNA 1 SKCMTyaTauuy rugpoTypOuriH co cBepxa-
NINTENBbHBIM CPOKOM CITy>KObl.

B otnnume oT cyuecTBytoLen TOUKM 3peHna MHOMMX CeLmnanncToB B CTaTbe NoKasbiBaeTcs, YTo co3gaHHoe 5060
neT Haszaj obopynoBaHue aencTByoLW X [IC COXpaHAET BbICOKYIO HAIEXHOCTb 10 HACTOALLEro BPeMeHU. ITOT BbIBOJ
ABNAETCA Pe3yNbTaToOM aHaNM3a KO3GPMLIMEHTOB FOTOBHOCTY ruapoarperatoB 20 NC 1 n3yyeHrsa COCTOSHUS PeCypCo-
onpeaensoLwyx y3noB TypouH. Takoe NosioxeHne 06bACHAETCS ABYMA NpUUYMHamu. [poeKTHas yCTaHOBMIEHHAsA MOLL-
HocTb '2C BbiGUpanach MMaponpoeKTom 13 yCroBus, YTOObl OHa NpeBbIlWana rapaHTMpoBaHHy 80+90% BpemeH B
rog. O6pa3oBaBLUMICA pPe3epB MOLLHOCTM MO3BOJIAET paboTaTb TYPOUHAM B reHEPAaTOPHOM pexnme nuib 50+70%
KaneHaapHoro BpemMeHu. Bropbim pakTopom ABNAETCA noBbilleHHas B 1,5 pa3a 1 605ee MeTanioeMKoCTb COBETCKOMO
060pYyAOBaHUS MO CPABHEHNIO C COBPEMEHHBIMU MaLLUVHAMU.

3ato ypoBeHb Kl rugpoTypOuH ¢ 60/1bLM CPOKOM CIy»Obl 3HAUNTENIBHO HIXKE COBPEMEHHOT0. ITO 0OBACHAETCS
He TOJIbKO MOpParnbHbIM 1 GpU3NYECKUM CTapeHneM 060pyAOBaHNsA, HO U COBETCKOW KOHLENLMEN Pa3BUTUA TMAPOIHeEp-
reTVKW: YCTaHOBKOW Pabounx KoJsiec B «3a)kaTble» Mo pa3mMepam ruapo0bnoku; ¢opcupoBKoi pacxofa BOAbl; U3roToBs-
NeHneM NPOTOYHONM YacTu TYPOUH 13 MaTepurasnioB C MOHMXEHHON KaBUTALMOHHON CTOMKOCTbIO. K apyrnm daktopam
HU3KOM 3$PeKTVBHOCTM NCNONb30BaHUA BOJOTOKA Ha AenctBytowmnx MIC cnegyeT OTHECTU HECOOTBETCTBUE MPOEKT-
HbIX MAPAMETPOB rMAPOTYPOVH PeanbHO CIOKUBLLMMCA PEXMMHbBIM YCII0BUAM paboTbl 060pyaoBaHus. MpuBegeHve
napameTpOB HOBbIX FTMAPOTYPOUH B ONTMMANIbHOE COOTBETCTBYE C PeasibHbIMU PEXXUMHBIMY YCIIOBUSIMU PEKOHCTPYN-
pyembix MC ABAAETCA OCHOBHbBIM GAKTOPOM, 0becneyrBaioLLM NoBblieHne 3GpPeKTUBHOCTY UCMONb30BaHNA BOLO-
ToKa Ha [3C.

Matepuanbl CTaTby MMEIOT NPaKTUYECKYH0 3HAUMMOCTb [/ 000CHOBaHNA PEKOHCTPYKLMM 060pyAOBaHNA OeCTBY-
towwrx FIC co cpokom cy»Obl Bbillle HOPMaTVBHOTO, @ TakXe BblIOOpa NapaMeTPOB HOBbIX TYPOUH.

K/MIOYEBBIE CJTOBA: koHLUenuma pa3BUTUA MMOPOIHEPreTMKY, SHEPreTUYeCcKre, KaBUTaUUOHHbIE N HaJEXHOCTHble
rokasarenu, rmapoTypObrHa, CPOK CIyKObl.
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Operating characteristics of hydraulic turbines with service life

exceeding the standart one

Ivanchenko I. P., Prokopenko A. N.

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

Domestic hydraulic power engineering developed during the Soviet years according to a different concept than at the
present time. The task was set to make cheaper and faster hydraulic power construction, while today the hydraulic power
industry is focused on obtaining maximum energy production from the passing volume of water. The article investigates
the dependence of energy, cavitation and reliability parameters of hydraulic turbines on the concept of hydraulic power
development. The work is based on the generalization of experience in the design and operation of turbines with an
extremely long service life.

Unlike the existing point of view of many experts, the article shows that the equipment of operating hydroelectric power
plants created 50-60 years ago preserve high reliability up to the present time. This conclusion is the result of analysis of
availability factors of hydraulic units on 20 hydroelectric power plants and the study of the condition of resource-determining
units of turbines. Such situation is connected with two reasons. Design installed capacity of hydroelectric power plant was
selected by the Hydroproject based on the condition that it exceeded firm capacity 80-90 % of the time per year. Appeared
power reserve allows turbines to operate under generating condition only 50-70 % of the calendar time. The second factor
is increased specific quantity of metal of the Soviet equipment by 1.5 and more times in comparison with modern units.

On the other hand the level of efficiency of the turbines with long service life is much lower than today’s. This is due not only
to moral and physical ageing of the equipment but because of Soviet concept of hydraulic power engineering: installation of
runners into «squeezed» in size hydraulic units; forcing of water flow; manufacturing of turbine flow path from materials with
low cavitation resistance. Other factors of low efficiency of water course use at operating hydroelectric power plants include
discrepancy between design parameters of hydraulic turbines and the actual operating conditions of the equipment. Bringing
the parameters of new hydraulic turbines in optimum correspondence with the actual operating conditions at modernized
hydroelectric power plants is the main factor ensuring the increase in the efficiency of use water course at hydroelectric

power plant.

The materials of the article are of practical importance both for the justification of equipment modernization at operating
hydroelectric power plants with service life longer than the standard one and selection of parameters for new turbines.

KEYWORDS: concept of hydraulic power engineering development, energy, cavitation and reliability indicators, hydraulic

turbine, service life.

OCHOBHbIM HarnpaBJfieHVeM PaboT MO TMAPOIHepPreTu-
Ke B Poccum Ha 6nmxaiilyto nepcnektmBy OyneT peKkoH-
CTpyKuusi obopyaoBaHua penctaytowx IC, gaBHO OT-
paboTaBLIero HopMaTMBHbIN CPOK Cry6bl (30 neT). Mpwn
paccMOTpeHUU MpPobIeM PEKOHCTPYKLUMU HeoOXoaumo
NPYHMMaTb BO BHUMAHWE, YTO M3rOTOBNEHHble 50+60 net
Ha3ag rmgpoTypOUHbI CO34aBafIUCh MO COBEPLUEHHO MHOW
KOHLIEMLUN Pa3BUTUA SHEPreTUKM, YeM CyLLeCTBYoLLas ce-
rogHsi. CoBpeMeHHas rmgposHepreTnka oprueHTpoBa-
Ha Ha nosyyeHune MaKCcMMasnbHOI BbIpaboTKu SHeprumn
OT npoxopjsiyero yepes Typ6uHbl o6bema BOAOTOKA,
Torfa Kak nepep ruapo3HepreTuKol npeabigywmx ae-
CATUNETUI CTaBUNachb 3ajavya BCEMEPHOro yaellueBre-
HUSA MMAPOTEXHNYECKOTO CTPOUTENbCTBA 1 YCKOPEHHO-
ro HapalwMBaHUA rMAPO3HepreTNYeCcKoro NoTeHyana
CTpaHbl.

Pa3Hble KOHLENUUN Pa3BUTHA HAXOAAT CBOE OTPaXKeHUe
B IKCM/IyaTaUMOHHbIX XapaKTepucTUKax rMapoTypouH.
Huxe paetca aHanM3 Tpex OCHOBHbIX SKCMIyaTaLMOHHbIX
rokKasaTenein rmapoMalluH C OGOMbLUMM CPOKOM Ciy»KObl
Ha npenMeT UX COOTBETCTBMS COBPEMEHHBIM TpeboBa-
HUAM. K Takum nokasaTensam OTHECEHbl XapaKTepucTu-
KW: SHepreTnyeckue, KaBUTALMOHHblE U HALEXHOCTU.

DHepreTnyecKme XapaKTepuncTukm

PasHuuya no KM coBpemeHHbIX ruapoTypbuH u mno-
CTPOEHHbIX B Npeablaylne OecATUNeTa yBenmunBaeTca C
BO3pacTomM obopynoBaHus. Mo CpaBHEHWIO C JOBOEHHbIM
YPOBHEM MaKcumanbHbifi Kl noBOpPOTHO-NONacTHbIX
TypburH Ha Hanop 20 m yBenunumnca B Poccun Ha 6%, a ans
pacyeTHbIX pacxofoB TypOuHbl — Ha 10%. Poct KM[ ru-
OPOMaALLNH BO BPeMeHW CBOMCTBEHEH BCEMY MUPOBOMY M-
apotypboctpoeHuto. CerogHs yposeHb KM rugpotyp6buH
CLUA B cpegHem Ha 15% Bbiwe no cpaBHeHuio ¢ 1900 r. Mak-
cumanbHbii KN 1yp6uH ¢upmbl «VOITH» Bbipoc Ha 8% 3a
50-neTHun nepuog passutud. MakcumanbHoe 3HauYeHue
KN 94% He ABNAETCA y>Ke HeOObIUHbIM, @ AN1A YHUKaNbHbIX
paboumnx Konec gocturaeT cerogHs 95+96% Ana oceBbIX Ma-
WWH 1 96+97% Ans paguanbHO-0CEBbIX TYPOUH. DTO MUPO-
BOW YpOBEHb, 1 B Poccum nmetotca TypOuHbI, OTBevatoLme
Takomy ypoBHio [1, 2].

CylecTByIOT N peasibHble NepCrneKkTUBbl AajibHENLIEro
noBbllWeHNs 3GHEKTVBHOCTU MCMOMb30BAHUA BOLOTOKA?
Ha 3ToT BOnpoc fomkeH ObiTb JaH MONOXUTENbHBIN OTBET,
NMOCKOJIbKY CpefHesKcnnyaTaunoHHbin KM coBpemeHHbIx
pabounx kKonec (paboTatoWwumx B AMANa30OHe LWMPOKOro 13-
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PucyHok 3. Tonorpammbl pexxumoB paboTbl [IC, B yacax: a) MpkyTckas I3C (2011 r.);

6) KpacHosipckas I3C (2006 T.).

Figure 3. Topogram of operating regimes of HPP, in hours: a) Irkutskaya HPP (2011);

b) Krasnoyarskaya HPP (2006).

B TEUYEHMEe BCEro HOPMATUBHOIO CpoKa Ciy»Obl. YToObI
BbIMOJIHUTb 3TO YC/IOBME, HOBble TypOurHbl Ha Hanop H >
20+25 M gOomKHbI UMeTb 5+6 fonacTein, N3roTOBMEHHbIX 13
Hep»aBeloLen ctanu.

Kamepbl paboumx Konec oceBbix TypOUH ABAAOTCA
BaXXHbIMM pecypcoonpegensowmumy ysnamu. Ecnm kame-
pbl BbIMOJIHEHbI MOSIHOCTBIO U3 HEPXKaBELWEN CTanu unu
MMEIOT 3aBOJCKOE MOKPbITME U3 HEP>KaBEeIOLLIeN CTann, XO-
POLUO Cr/laBleHHOE C OCHOBHbIM METaslsIoM, TO UX 3aMeHa
He TpebyeTcs faxe npu Hanopax H = 60+70 m. KaButayu-
OHHasi CTOMKOCTb MOKPbITVA OKa3blBaeTCA Bbllle YPOBHSA
KaBMTaLMOHHOIO BO3AEMCTBUS MOTOKaA.

Ho Ha nopasnawwem 6onbwmnHctBe AC ¢ 60sb-
WM CPOKOM CJIyXObl Kamepbl rMapoTypOVH BbINOJ-
HeHbl 13 OObIYHOW YrnepoancTon CTanu, KoTopas Mnoj-
BepXeHa WHTEHCMBHOM KaBUTALMOHHOM 3pO3un Mnpwu
Hanopax H=>10m. HeobxoaMmMocTb 3aMeHbl TaKuMxX Ka-
MEep BO3HMKana Hepeako A0 WCTeYeHMs HOPMATVBHO-
ro cpoka cnyx6bl TypbuH (Kamckasn, KayHacckas 3CQ).

6onblurHcTBe 2C).

4. BnuAHWe KaBUTaUUK Ha SHepretu-
YecKne XapaKTepUCTUKM CO3[aHHbIX B
COBETCKME rofbl TYPOUH, NpakTnyecku,
He OT/IMYAIOTCA OT COOTBETCTBYIOLLMX Xa-
PaKTEPUCTMK COBPEMEHHbIX MaluH. Ho
B CBA3M C TeM, UYTO B CTapbIX TypOUHaXx
NPVMEHANCb MaTeprasbl C HU3KOW KaBUTAaLNOHHOM CTON-
KOCTblo (yrnepogucTble CTanu), 10 HaCTOALEro BpeMeHu
Ha TaKuX TYpOUHAxX YCTpaHeHVe KaBUTALMOHHOW 3p03un
TpebyeT 6onblUNX TPyAO3aTpaT.
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PaccmoTpeHa akTyanbHas npobsiema 31eKTPOo3P03MOHHbBIX MOBPEXAEHUN OTBETCTBEHHbIX Y3/10B 1 ieTanen Typboa-
rperatoB. [priBefleH nepeyeHb OCHOBHbIX TUMOB TaKUX MOBPEXAEHUI. YKa3aHO, YTO 3NEeKTPOMArH/UTHbIE MPOLecch
MOTYT TaKXKe MCKaXaTb MOoKa3aHUsA annapaTypbl CUCTEM KOHTPOJA U AUArHOCTUKN Typboarperara.

OnpepeneHbl ICTOUYHVIKY 31EKTPUYECKOTO TOKA, BbI3bIBAOLLETO 3NIEKTPOIPO3MOHHbIE NOBPEXAeHNs 000pyA0BaHNA:

CTaTn4yecKkoe 3M1eKTPUYeCcTBO, HaBeAeHHbIe MMMY/bCbl HANPAXKEHUI Ha BasioNpoOBOAe OTHOCUTENIbHO KOopnyca, napa-
3UTHblE TOKM POTOpa reHepaTopa, yHunonsapHblie C. MogpobHO pacCMOTPEHbI MeXaHU3Mbl PA3BUTUA TaKMX MOBPEX-
JEeHNN, XapaKTepHble ANA KaXKAoro NMCTOYHMKA.

OTmMeyYeHo, UTo B CJTyyae MIoxon paboTbl 3a3eMNAOLWEN WETKM NPUYMHON NOBPEXAEHUIN CTAHOBUTCA CTaTUYeCKoe
371eKTPUYECTBO, HaKamnvBallLLeecs Ha Banionposope Typboarperata. [Mpy CHMKEHWM BENMUMHBI CONPOTUBIIEHUS 130-
NALUN N30INPOBAHHbIX MOAWNMHNKOB A0 HEeJONYCTUMbIX 3HAYEHUIN NOBPEXAEHNA Y3108 1 AeTane MPOUCXoaAaT ns-
3a AeNCTBMA Napa3nTHbIX TOKOB reHepaTopa. BblCOKMIA ypoBEHb OCTAaTOYHOW HAMArHWYeHHOCTH Typboarperata MoXeT
CNoco6CcTBOBATL MOABMEHNIO YHUMONAPHbIX SAC 1 CBA3AHHBIX C HUMW JIAaBUHOOOPA3HbIM BO3pacTaHWEM BENNYVHDI
TOKa, NpoXoAsLLero uepes pabourie NOBEPXHOCTN MNOALIMMHUKOB U MPUBOASALLETO K NX Pa3pyLLIEHNIO.

Mo pe3synbraTam MPOBEAEHHOr0 aHanM3a NpuuYrMH cGOPMYNMPOBaHblI OCHOBHble TpeboBaHWA, CnocobCTByoLiME
YCTPaHEHMNIO NCTOYHMKOB MOSIBJIEHUS 1 PA3BUTUSA 3N1EKTPO3PO3MOHHbBIX MPOLECCOB: obecneyeHne Hagnexallen pa-
60Tbl 3a3eMNAOLLEN WETKN 1 YAOBETBOPUTENIbHOTO COCTOAHNMSA N30MALMY N30/IMPOBAHHbIX MOAWNMHUKOB, HEOOXO-
OVMOCTb BbINOSIHEHUS 3aMEPOB OCTAaTOYHOWN HaMarHUYEHHOCTU TypboarperaToB B Nepriof UX KanuTajabHOro PEMOHTA
1 NPOBEeAEHNsA MPU HEOOXOANMOCTU X Pa3MarHMUMBaHA, @ TaKXKe Pa3paboTKM U BHeAPEHWS CUCTEM aBTOMATU3UPO-
BAHHOMO KOHTPOJIA /IEKTPOMArHUTHOrO COCTOSHUA TYPOUH U CUCTEM MOJAABNIEHNA HaBEeEHHbIX MMYJIbCOB Hamnpsike-

HWA Ha BasionpoBojax.

OTMeuUeHO, YTO BbIMOJSTHEHME STUX Tpe6OBaHI/IVI NO3BOJINT MUHUMU3NPOBATb PUCKKN SNTEKTPO3PO3MOHHbIX NoBpeXae-

HU TYPOUH 1 n36exaTb NPOCTOeB 060PYAOBAHMS.
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Survey of sources and analysis of reasons of the turbine sets

electroerosion damages

Bakaev A. V., Isakov N. Yu., Sandovskii A. V., Sergel A. N.

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

The article is dedicated to the actual problem of electroerosion damages of critical joints and parts of turbine sets.
The enumeration of typical causes of such damages is presented. It is shown that electromagnetic processes may also
deflect the indications of instruments in control and diagnostic systems of turbine.

The sources of electric current are determined which may cause electroerosion destructions of equipment, such as
static electricity, induced voltage impulses on shaft-line elements in relation to static parts, parasite currents of genera-
tor rotor, unipolar electromotive forces. The developing mechanisms of such damages are considered which are indi-
viduated for every particular source.

It is note that due to improper functioning of grounding brush the cause of damage becomes static electricity, ac-
cumulated on the turbine shaft-line. In case of diminishing of isolated bearings isolation resistance down to unallow-
able values the destruction of joints and parts are caused by the action of parasite generator currents. The high level of
residual turbine sets magnetization may bring about the appearance of unipolar electromotive forces and connected
to them avalanche increasing of current value, flowing through working surfaces bearings leading to their destruction.

On the basis of carried out analysis of destruction reasons the main requirements are formed assuring the elimination
of sources of appearance and development of electroerosion processes, that is: security of adequate functioning of
grounding brush as well as satisfactory condition of isolation of isolated bearings, strict demand for fulfillment of mea-
suring of residual magnetization of turbines during their capital repair and in case of necessity carrying out demagne-
tization alongside with development and implementation of automatic systems for on-line control of electromagnetic

control of turbines together the systems for suppression of induced voltage impulses on shaft-lines.
It is stated that the fulfillment of these requirements will allow to minimize the risks of electroerosion destruction in

turbine and to avoid the eventual outing of equipment.

KEYWORDS: turbine sets, electroerosion damages, static electricity, support isolation.

MpakTuka 3KcnnyaTauum TypObrHHOrO 0b6opynoBaHUA
CBUIETENIbCTBYET O PACTYLLEM UMCIIE IEKTPOIPO3UOHHBIX
MOBPEXEHNI OTBETCTBEHHBIX Y3/10B U ieTanen Typboarpe-
raToB, TaKux Kak [1 - 4]:

+ paspyleHus 6abbuTta BKNafbllLen NOAWNMHNKOB;

« Meperpes 1 3aaUp LUEEK, YNOPHbIX FPeOHeN 1 KONoLoK
MOALWVMHVKOB;

+ CBapuVBaHUe 1 paspylueHue 3ybuaTbix MypT 1 nepenay;

« V3HOC JeTasnell 6I0KOB perynvpoBaHus;

+ V3HOC YMJIOTHEHWI U LWEEK POTOPA MOA YMIOTHEHNAMM
(pucyHok 1);

+ CBApMBAHUE W YCWEHHbIN M3HOC Kpenexa, WTndToB
pa3Horo popa.

Kpome TOro, anekTpomarHuTHble MPOLECChl MOTYT CTaTb
NPUYMHON HeHapnexaler pabotbl ACYTI 3Heprobnoka, a
TaKXKe 1CKaXaTb NMOKa3aHUA CUCTEM KOHTPONA U IUArHOCTUKM.

JNeKTPO3PO3NOHHbIE MOBPEXAEHUS MPOUCXOAAT B pe-
3y/nbTaTe NPOXOXAEHUA NIEKTPUUECKOTO TOKa Yepes pabo-
yrie NOBEPXHOCTU Y3/10B U AeTanen (PUCYHOK 2).

MOXHO BbIAENVTb Clleflylole OCHOBHbIE WCTOUYHUKU
3TUX ToKoB [1, 4, 51:

+ HanpsbKeHWe CTAaTMYEeCKOro 3MeKTPUYECTBa OTHOCK-
TeNlbHO Kopnyca TypboarperaTta, HakanjuBaiwlleecss Ha
BaJIONPOBOJAE B C/lyyae OTCYTCTBMSA WM MJIOXOW PaboTbl
3asemnatoLen wetkm (ot 50 B go 800 B B 3aB1CMMOCTM OT
MOLLHOCTU TYpPOVHbI)

« HarnpspKeHVie HaBeEeHHbIX UMMNYbCOB Ha BasionpoBofe

OTHOCUTENIbHO KOpMyca OT TUPUCTOPHbIX (3NEKTPOHHbIX) CU1-
cTem Bo36yxzaeHus (ot 30 B 5o 200 B B 3aBUCMOCTM OT MOLL-
HOCTU TYPOUHDI)

+ HanpsAXeHVe Mnapa3nTHbIX TOKOB POTOpa reHepaTtopa,
obpa3syioleecs Ha KOHLAX pOTopa reHepaTtopa, M3-3a He-
CUMMETPUM 06MOTOK poTopa (oT 1 B go 10 B nepemeHHoro
Hanps»eHna yactoton 50 M4 B 3aBUCMMOCTM OT MOLLHOCTU
reHepartopa)

PucyHok 1. VI3HOC Wweek poTopa.
Figure 1. Surface damages of rotor journals.
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KaloLLlero KOHTYpa, TeM NPV MEHbLUMX 3HAYEHUAX HaMarHu-
UEHHOCTVM BaJIONPOBOLA MPOUCXOANIIO CaMOBO30YyXKAeHMe.
B yacTHOCTK, ObIIO YCTAaHOBNIEHO, YTO CaMOBO30YyXKAeHWe
HauMHaeTCA NPU CONPOTUBEHMAX 3aMblKaKOLWEro KOHTypa
MeHee 0,3 OM 1 HaMarHUYEHHOCTU BanonpoBoga 6onee 3
dpcten [9].

O6pa3oBaHVie KOPOTKO3aMKHYTbIX KOHTYPOB 3aMblKaHUs
yHunonapHown 3C, conpotneneHnem meHee 0,3 Oma MoxeT
NPOVCXOANTb B pe3ynbTaTe 3afeBaHui BanonpoBoia 0 Kop-
nyc Typboarperata, Npo6osa Mac/IfHbIX MAIEHOK NMOAWWMHM-
KOB TypOUHbI CTaTUYECKMM SMIEKTPUYECTBOM, 3arpA3HeHs
Macnia MeTaIMYeckUMn YacTiLammn UM o6BOJHEHNST Mac-
na, NepeKkoCcoB NOAWNMHUKOB. B cBOIO ouepenb, 3apeBaHmA
BasIONpPOBOJa O KOoprnyc Typboarperata BO3MOXHbI NpU ny-
CKax Typboarperata, pe3koMm M3MeHEeHUU BUOPALMOHHOIO
COCTOSIHMA MalUWHbI, MONaZaHWK Barv Ha HarpeTbln PoTop,
CpabaTblBaHUN 3aWWTbI U T. M.

CnepyeT nmeTb B BUAY, YTO HaMarHWYeHHOCTb POTOPOB
cama no cebe co BpemeHeM He 13MeHseTCs. Bo Bpems pas-
OGOpPKM LUMIMHAPOB OHa MAAAET 3a CYET YBENMYEHMs COMnpo-
TUBNIEHVA MarHUTHOMY MOTOKY B BO3AYLUHOM cpefie, TaK Kak
MarHWTHOE MoJsie HaMarHMYeHHOro POTopa 3aMblKaeTca Nno
BO3AyXxy. [pu cbopKe UnNMHAPa HAMarHNYeHHOCTb POTOPOB
BOCCTaHaB/IMBAETCA, B NyylleM CJlyyae OHa MOXET YMeHb-
wrTbcA Ha 10+20%. Mo3Tomy npu pa3bopke LUANHOPOB
cneflyeT KOHTPONMPOBATb OCTAaTOUYHYK HaMarHUYeHHOCTb
POTOPOB 1 BKNagblel MNOAWNMHMKA, U €C/I OHa MpPeBbI-
LIaeT YpOBeHb HaMarHMYeHHOCTU B 3 DpcTeAa, ux cnegyet
pa3marHuymeathb [2, 9, 10].

BbiBoabI

M3noxeHHoe Bbile MO3BONAET OMNPEAENUTb OCHOBHbIE
TpeboBaHuWs, CNOCOOCTBYWOLME YCTPAHEHNID UCTOYHUKOB
3N1EKTPO3PO3MOHHBIX MPOLLECCOB NPY SKCMayaTaumm Typboa-
rperaTos:

+ Hagnexalyas paboTa 3a3eMNisoLLel WEeTKU TOKOCheMHO-
ro yCTPOWCTBa;

+ COOTBETCTBYIOLLME 3HAUYEHUA COMPOTUBNEHUA MOACTY/O-
BOW M30MIAILMN M30NMPOBAHHBIX MOALUMMHWUKOB Y COMPOTUB-
NeHUA MACJISIHBIX MIEHOK NMOALUMIMHUKOB;

+ HeobXoAMMOCTb NPOBELEHNSA 3aMEPOB BO BPEMS KaXXA0oro
KanuTasbHOro PeMOHTa TypboarperatoB HamarHUYeHHOCTH
POTOPOB U BKNaZblLEeN NMOALIMMHUKOB U1, B CJyyae HeobXxoau-
MOCTM, UX pa3marHuyrBaHue (pUcyHok 4);

+ pa3paboTka 1 BHefpeHUe Ha eicTBytoLeM 060pyaoBa-
HUWU aBTOMATU3UPOBAHHBIX CUCTEM SKCMYaTaLUVOHHOTO KOH-
TPONS 3NIEKTPOMArHUTHOTO COCTOSIHMA TypOOarperaTos, a Tak-
e CMCTEM NOAABNEHUSA HaBeeHHbIX UMMYJIbCOB HANPSKeHWS
Ha BafioNpoBofax TypOvH.

BbinonHeHue 3Tux TpeboBaHM NO3BONIAET CBECTU K MUHU-
MyMy BEPOSITHOCTb MOSBMIEHNSA 1 PAa3BUTUA NEKTPO3PO3UOH-
HbIX MOBPEXAEHWI Y3/10B U feTaneln TypboarperatoB 1 CBs-
3@HHbIX C 3TUM NPOCTOEB TYPOUHHOTO 060PYAOBaHUA.
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B HacToslee Bpems B Poccrmn Ha MaricTpanbHbIX ra30npoBOAax HaXOAATCS B SKCMyaTauum okono 600 ra3oTypOuH-
Hbix arperatoB [TK-10-4. AHanu3 gaHHbIX 1 pe3ynbratoB 6onee 200 06cnefoBaHNA TEXHUYECKOTO COCTOSIHNA Y3/10B U
LeTanen ra3otypbuHHbIx arperatoB [TK-10-4 ¢ pa3nuuyHoi HapaboTKoOW MO3BOJSAET CAENATb BbIBOA, UTO dJIeMeHTaMu,
orpaHuumBatowmm pecypc I'TK-10-4, aBnsioTca AncKku TypbriH BbicOKoro aaBneHus (TBL), KOTopble MOABepPXeHbl IKC-
rnayaTauyoHHOMY TPEeLMHO06Pa30BaHNI0.

Ounckn TBL n3roTaBNmMBatoTCA 13 XKapONpPOYHON CTany MapTeHCMTHOTO Knacca 428, HommnHanbHaa TemnepaTtypa npo-
LYKTOB CropaHus nepep TypbuHon TBL 780°C.

PacueT HanpaXeHW NPy HOMUHANbHOWN YacToTe BPaLLeHNA BbIMOMHANCA NO NporpaMmMme And pelleHnsa 3ajayun C yye-
TOM MOJI3yYecT MaTePUAsnoB ANCKA U Paboumx JIONATOK NP MIOCKOM HamnpsXeHHOM OCeCVMMETPUYHOM COCTOSIHIM
MeTOAOM KOHeUHbIX 351eMeHTOB. /Icnonb30Banoch cTaurioHapHoe TeMnepaTypHoe rnosie, nepemMmeHHoe B pajnanbHOM Ha-
npaBfieHNN 1 NepeMeHHoe B pafnanbHOM HanpasBieHn, HO OCpefHeHHOe Mo TOoNLWMHe CTeHKKU. Paccmatpursanoch ynpy-
roe HanpsXeHHOe COCTOAHME B HauyaslbHbIl MOMEHT BpeMeHU 6e3 yueTa nnacTnyeckrx aebopmaluin npy Hanps>keHnsax
BbllLe Npefena TeKyyecTv U METOAMKA, yUUTbIBaloLLasa Masible AepopMaLiv 1 Masble nepemeLleHus. Nocne nnactnyecko-
ro 06MATNA KOHTAKTHbBIX MOBEPXHOCTEN UMEET MECTO MHTEHCVMBHOE MacTUYECKOe TeUeHUe 13-3a MOJI3yYecTn MaTepurana.
3T0 0OMATME CONPOBOXAAETCA NepepacnpefeneHreM Harpy30K OT JIONATOK MeXAy BCEMU Mapamim 3yObeB XBOCTOBMKA
[0 HacTynneHnA YCTaHOBMBLUEroCA COCTOAHMA.

MpoBefeHHble pacyeTbl HAMPSXKEHHO-AeDOPMUPOBAHHOTO COCTOAHMS NMO3BONUIIN OLEHUTb BO3MOXHOCTb BO3HUKHO-
BEHUs TPELUVIH B eJIOYHbIX Ma3ax AMCKOB, a TakKe CPOK CNYKObl ANCKOB A0 06pa30oBaHUA TPELLMH NpY TemnepaTypax
3KCnnyaTaumy Bbile HOMUHaNbHOMN.

MokasaHo, uTo neperpes MeTaia rpebHs ancka Ha 35 -70°C Bbllle HOMVHAJMIbHOTO 3HAYEHUsA TEMINepPaTypbl Bbi3blBaeT
YMEHbLUEHME B Pa3bl CPOKa Cy>KObl U MOXET NPUBECTY K 00Pa30BaHMIO TPELLMH HAa KOHTAKTHbIX NMOBEPXHOCTAX 3yObeB
U LeeK MEXNa30oBOro rpebHs Npu BpeMEHU SKCITyaTaLum, 3HaUNTENbHO HUKE Ha3HAYeHHOTO 3aBOIOM-U3rOTOBUTENIEM.

Mpwy 3KcnnyaTauum He criepyeT AOMNycKaTb AaXke KPaTKOBPEMEHHbIX 3abpOoCoB TemnepaTypbl rasa nepepn TypouHou
CBEPX HOMUHANbHON. PEKOMeHZyeTCA CieauTb 3a UCMPABHOCTBIO PaboTbl CUCTEMbI OXJIAXKAEHUA MOBEPXHOCTY AMCKa
OoXnaxJaloLWwmm BO34yXOM 1N aHTUMNOMMAXKHbIM YCTPONCTBOM.

KITIOYEBbIE CJIOBA: ra3oBas TypOuHa, TpewmHooOpa3oBaHMe B [WCKaX, MEPErpeB, pPacyeT HAMPsKEHHO-
nedbopMMpPOBaHHOIO COCTOAHNSA, Pecypc.
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The estimated assessment of the impact of operational stress on
the cracking of the disks of rotors of gas pumping units GTK-10-4

Kryukov I. I., Levchenko A. I., Moshnikov A. V., Rybnikov A. I.

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

About 600 GTK-10-4 gas-turbine units are currently in operation on trunk gas pipelines in Russia. Data analysis and
results of over 200 surveys of the technical state of assemblies and parts of GTK-10-4 gas-turbine units with different
running time leads to the conclusion that the elements limiting the service life of GTK-10-4 are disks of high pressure
turbines (HPT), which are subject to operational cracking.

The HPT disks are made of heat-resistant steel of martensite class EP428. The rated flue gas temperature before the
HPT turbine is 780°C.

Calculation of stresses at the rated rotation speed was performed under a program to solve the problem with taking
into account the creep of the materials of the disk and rotor blades in the plane stress axisymmetric condition by the
finite element method. A stationary temperature field was used alternating in the radial direction and alternating in the
radial direction, and averaged over the wall thickness. The elastic stress state at the initial moment of time without regard
to plastic deformation at stresses above the yield limit as well as a technique taking into account small deformations and
small displacements were considered. Plastic crumpling of contact surfaces is followed by intense plastic flow due to
creep of the material. This crumpling is accompanied by redistribution of loads from the blades between all the pairs of

teeth of the shank till the onset of the steady state.

The calculations of stress-strain state enable to estimate the possibility of occurrence of cracks in fir-tree grooves of
disks and the lifetime of disks to cracking at operating temperatures above the rated one.

It is shown that overheating of the metal of the drive crown by 35-70°C above the rated value causes a multifold
decrease of service life and may lead to formation of cracks on contact surfaces of teeth and necks of the inter-groove
crown by the running time significantly shorter than that assigned by the manufacturer.

At operation, even short-term deviations of the gas temperature before the turbine above the rated value should be
avoided. It is recommended to monitor the serviceability of the system for cooling the disk surface with cooling air and

an anti-surge device.

KEYWORDS: gas turbine, cracking in disks, overheating, calculation of stress-strain state, service life.

BsepneHune

Hanbonee nopBep»eHbl 3KCMyaTaLUMOHHOMY TpeLu-
HOO6Pa30BaHUIO ANUCKM POTOPOB TYPOVH BbICOKOTO AaBJie-
HuA (TBL) [1-2], n3roToBfeHHbIe 13 XapPOMNPOYHON CTanun
MapTeHcuTHOro Knacca JlM428. HomnHanbHasa Temnepary-
pa npoaykToB cropaHus nepeg TBA 780°C.

Mpu obcnefoBaHM AUCKOB POTOPOB MO CreuuanbHO
pa3paboTaHHbIM METOAVKAM Hepa3pyLUAoLLEro KOHTPOSA
(HK) [3-5] B gocTaTouHO 6OMbLIOM KONMYECTBe OOHapy-
XVBaNVCb TPELMHbl B 30HE KOHTAKTHbIX MOBEPXHOCTEN
BEpPXHeW napbl 3yObeB MeXna3oBoro rpebHs. [anbHen-
LWee pa3BuTME TPELUH MOXET MPUBECTU K CKONIaM MeTasl-
na BepxHero 3yba rpe6Hs.

OpnHol 13 Hanbonee BePOATHbBIX MPUUNH TPELLMHOObpa-
30BaHUsi MOXHO CYMTATb Neperpes MeTasa rpebHsa o6oga
[VCKa 13-3a HeLITaTHOro MOBbILIEHWSA TeMMepaTypbl rasa
nepepn TypouHONM.

Pacuet npouHocTu n pecypca ancka TB[l npm pasnnu-
HbIX TeMmnepartypax

B KauecTBe KpuTepuma paspyLieHus Ancka NPYHMManochb
nosiBJIeHNEe TPELLUH B H/XKHEN LUEIKe MEXNa30Boro rpet-
HA AUCKa C pacyeTHon TemnepaTypon 515°C. Welika — 3to

camoe TOHKOoe MecCTo Ha rpebHe obopaa AnCKa Mexay ABY-
MA ranTensMmm — BnaguHamu (neBow 1 npaBo).

Ecnu gns oueHKM 3anaca Ucnosnb3oBaThb JaHHbIe MO Ann-
TenbHOW NpoyHocTM 3a 100 Tbic. yacos ctanu ¢ KI65, To
nonyymm:

npu T,=515°C n,=162<[n, 1=18; (1)

n”u.H =1,8=[n

npu T, =500°C -

B paHHOI paboTe 6bIv pacCMOTPEHbI TPU BapuaHTa pe-
XNUMOB 3KCnyaTaumm gmuckos TBI ¢ NOCTOAHHbIMY BO Bpe-
MEHU CPeaHMY TeMMepaTypamMm MeTasnsia rpebHa AncKa u
XBOCTOBUKOB pabouux NonaToK COOTBETCTBEHHO:

+ 515°C 1 580°C (MCXOAHbIN HOPMATUBHbIN),

+ 550°Cn 615°C (neperpes Ha 35°C),

+ 585°Cn 650°C (neperpes Ha 70°C).

PacueTtHaa cxema gna onpepeneHna HanpsA»KeHHOro
1 ae$popMMpPOBaHHOIO COCTOAHNA aucka TBA

PacueT Hanps)xeHUN Npyv HOMWHANbHOW 4YacToTe Bpa-
LEeHNA BbINOAHAMNCA MO NporpaMmme AnA pelleHns 3aga-
UM C YYETOM MOM3yyecT MaTepuanoB AnCKa 1 pabourx
NIONATOK MPU MAIOCKOM HaNpAKeHHOM 0CeCUMMETPUYHOM
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OpHUM 13 06A3aTeNbHbIX YCoBuiA KcnnyaTtauun ASC npu cobnogeHn TpeboBaHM Mo 6e30MacHOCTM ABNAETCA MaK-
CMMasibHas BblpaboTKa 3NEKTPO3HEPTMN NPW MOCTOSIHHOW TEMIOBOM MOLUHOCTU peakTopa. C Lenblo COOTBETCTBYIOLLETO
OOHapYXeHUA yXy[LeHNI TENIOTEXHNUYECKMX MOKa3aTeniell paboTbl 060PY[OBaHMSA U BbIABNEHNSA PE3EPBOB MOBbILIEHUS
3NEKTPUNYECKON MOLLHOCTY, HEOOXOANMO PErynsipHO NPOBOAWTD TEMIOBbIE UCTITAHUI TYPHOYCTaHOBOK. BaXkHbIM 3Tarom
anropvitMa 06paboTKM JaHHbIX UCMbITaHWI ABMAETCA COrMacoBaHVe TEMIOBbIX U MaTepurasibHbIX 6anaHCoB Mo TEMnjIoBON
CXeme 3HeprobsoKa. ITo AOCTUrAETCA 3a CYET pPa3paboTKM TemnoruapaBanyeckon mogenu TypbooycTaHoBKU. PesynbraThl
NPOBeAEHHbIX TEMIOBbIX UCMbITAHUI MOKA3bIBAIOT, UTO Pe3ePBbl MOBbILIEHUA MOLHOCTY AeicTBYOWMX ASC COCTaBAAIOT OT
6-8 0o 20-30 MBT. Kak noka3sblBaeT NpOBEAEHHbIV aHanM3, OCHOBHble Pe3epBbl CKPbITbl B COBEPLLEHCTBOBAHUM PaboThI
KOH[EHCALMOHHBIX YCTAHOBOK NMapOoBbIX TYPOUH. IMEHHO OTKJIOHEH e NoKa3aTesnell KOHAEHCAaTOPOB TyPOUHbBI U onpegens-
€T OCHOBHY0 COCTaBJIAOLLYIO MOBbILLEHNA MOLLHOCTM SHEProb/10Ka. B KauecTBe HanpaBneHys NOBbILLEHVA YPOBHS KOHTPO-
151 TEMJI0BOW SKOHOMUYHOCTM PaboTbl SHeprobnoka ASC cnefyeT paccMaTpuBaTh NOLAXOA, KOrfa pa3pabaTbiBatOTCS NMOJHO-
MacluTabHble MoZenv SHeproboKa, ageKBaTHble peasibHOMy 060pyAoBaHUt0. PaboTa 3Tx Mogeneli cBA3aHa C MOCTOSHHbIM
MOHUTOPUHIOM MoKasatenen pabotbl ADC 1 CpaBHEHMEM MOYUYEHHbIX Ha MogensX. [1py OTKNIOHEHMAX BbiLLe AOMYCTMOrO
BKJIOYAETCA CMCTEMA ANArHOCTVKM, MOKa3blBaloLLasi BO3MOXHbIE MPUUMHBI MOYYEHHbIX PACXOXKAEHWN.

KJMFOYEBbIE CJTOBA: A3C, TennoBble UCMbITaHUA, TEMIOrMAPaBAnYeckas Mofesb, TYypboycTaHOBKa, SHEPro3dPpeKTNBHOCTb.

Thermal test of steam turbines: objectives and results

Kondurov E. P., Kruglikov P. A., Smolkin Yu. V., Sukhorukov Yu. G.

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

Russia, 191167, Saint-Petersburg, Russia, Atamanskaya str., 3/6

One of the main NPP operation condition is maximum electricity production under constant reactor core thermal power
with safety requirement implementation. It is necessary to carry out thermal tests of steam turbines. The objectives are
to find out thermal efficiency reduction of equipment and reserves of electricity production. The important stage of
thermal test data processing algorithm is to adjust mass and thermal balances over cycle arrangement of power unit. This
is achieved by thermohydraulic model development of steam turbine cycle arrangement. The results of thermal tests show
that electricity production reserves of NPPs under operation are from 6-8 MW(e) to 20-30 MW(e). The analysis shows
that electricity production reserves are hidden in improvement of steam turbine condenser operation. The rejection of
steam turbine condenser performance parameters defines main component of power production increasing. The course
of thermal efficiency control level improvement of NPP power units is developing power unit mathematical models. These
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models must adjust characteristics of real equipment. The performance of these models is associated with comparison NPP
performance parameters and models ones. When rejection is increasing over set margins the monitoring system is put into

operation and show possible reasons of available rejection.

KEYWORDS: NPP, thermal tests, thermohydraulic model, steam turbine, energy efficiency.

KoHeuHOoM Lienbio co3aaHnA aTOMHOW SN1eKTPUYECKON CTaH-
umm (A3QC) npu cobniogeHnn TpeboBaHMi Mo 6e30nacHOCTH
ABNAETCA MPOU3BOACTBO 3NIEKTPO3HEPrnM, Mo CTOUMOCTU
KOHKYPEHTOCMOCOOHOW MO CPABHEHWIO C APYTUMU UCTOYHN-
Kamy 3NeKTPO3IHEPTUN. IKOHOMMYECKUM MPErMyLLECTBOM
A3C nepep TeN0BOW 3neKTpryeckon ctaHuumen (TIC) Asna-
€TCA CYLeCTBEHHO MeHbLUas CTOMMOCTb TOMUBa (TOMMBHaA
COCTaBNAKLAA 3NEKTPO3Heprum). Tem He MeHee, TENIOBas
3KOHOMMYHOCTb ANna ADC He MeHee BakHa, yem ans TIC.
JKOHOMMYECKM LieniecoobpasHo akcnyatupoBats ASC npu
HOMMHaJIbHOW TENI0BOW MOLLHOCTU peakTopa. B aTom cnyuae
MOBbILLEHKE TENNOBOW SKOHOMUYHOCTU NPOABAAETCA B COOT-
BETCTBYIOLLEM MOBbILLEHWM SIEKTPUYECKON MOLLHOCTA SHep-
robnoka. Ha cerogHsALWHNA fieHb BaXKHENLLYIO POJib B aTOMHOW
SHepreTnKe MWrpaet MoBbileHVe MOLHOCTU AENCTBYOLWNX
3Hepro6sokoB [7, 8]. NMogobHble paboTbl BegyTca Mo Bcemy
MUPY 1 Ceilyac B 3TON O6MACTM JOCTUIHYTbl 3HAUUTENIbHbIE
ycnexu. Crout npusectn onblT CLWA, roe B pesynbrate pas-
HOro poja MeponpuATAA NO MOAEPHU3aLMN Ha OeNCTBYlo-
wux A3C, anekTpuyeckasa MOLWHOCTb NocneaHnx ¢ 1977 r. no
2005 r. 6bina yBenuyeHa Ha 4417 MBT, 4To conocTaBrMo C BBO-
LOM B 3KCrTyaTaLmio YeTbipex HOBbIX SHeProbmokos [1].

C uenbio BbIABNEHNA BO3MOXHOCTM MOBbILLEHWA SHEPro-
3¢bdekTUBHOCTU pencTByoLlero obopynoaHua ASC Heob-
XOZAMMO PerynsipHO NPOBOAMTb UCTIbITaHWA TYPOOYCTaHOBOK
[2]. MpaBunbHOE BbINOMHEHME 3TON 3afaun 1 HagneXalyui
aHanu3 pesynbTaToB MCMbITaHWU MO3BONAET:

- nosnyyaTb MHGOPMALMIO, AAIOLLYIO NPeACTABMEHNE O NO-
TEeHLManax noBbIWEHUs SHepreTmyeckon 3GpHeKTNBHOCTY U
MyTAX COBEPLIEHCTBOBAHUA TEMIIOMEXaHNYECKOro 06opyao-
BaHuAa A3C;

- MJIAHUPOBATb MPOBEAEHNE PEMOHTHbIX PAbOT 1 3aKyn-
Ky 3anacHbIx YacTei ans 06opynoBaHus.

- oueHuBaTb 3OPEKTUBHOCTb MPOBEAEHNSA PEMOHTHbIX
paborT;

- pa3pabaTbiBaTb Ha OCHOBE WCMbITAHUA HOPMATUBHbIE
TennoBble XapaKTEPUCTUKKM, MO3BOJMAKOLWME KOHTPONMPO-
BaTb KaUeCTBO IKCMyaTaLumm TypO6OoyCTaHOBOK.

LleHHOCTb aHanM3a 3aBUCUT OT TOYHOCTU UCXOAHON NHOP-
Mauun. CIOXHbINA TEXHOMOMMYECKUI NpoLecc npeanonaraet
npoBefeHMe HGONbLIOrO KonmuecTBa n3MepeHuin. K coxane-
HMIO, OpraHmM3auma MOJIHOLEHHbIX TEMOBbIX UCMbITaHUIA C
MOJSIHBIM HABOPOM M3MEPUTENBHBIX MPUOOPOB HeEOOXOANMO-
ro Knacca TOYHOCTU MPAKTUYECKM HEBO3MOXKHA U3-3a CJTOXK-
HOCTEI OpraHM3aLun N3MepPeHna BNaXHOCT Napa B MPOTOY-
HOW YacTU TYPOMHbI, pPa3paboTKN HOBbIX METOAVK U3MEPEHNS.
MprxoauTtca, B OCHOBHOM, OPUEHTMPOBATbCA Ha MOKa3aHuA
WITaTHBIX KOHTPOJIbHO-M3MEePUTENbHbIX Mpubopos  (KWM).
OpHako, BMIOTb [10 HACTOALLErO BPeMeHW, Npobneme KOH-
TpOns TennoBow 3PpdeKTMBHOCTY PaboTbl SHeproboka yae-
NAETCA HeJOCTAaTOYHOE BHMMaHMe 1 yCTaHOBMEeHHble Ha ASC
KM dakTyeckn BbINOMHAIOT QYHKLUUM TEXHOMOMMYECKOro
KOHTPOSIAA, NO3TOMY MpY MPOBEAEHUW UCMbITaHUA Ha Aen-

CTBYHOLUMX SHEPrO6/IOKax B 0COOO OTBETCTBEHHbBIX Y3/1ax Te-
M0BOW CXeMbl TypPOOYCTAaHOBKM (pacxo NTaTeNIbHON BOAbI,
abCconTHOE faBneHVie B KOHEHCATOpe) HEOOXOANMO YCTa-
HaB/VBaTb NPMOOPbI MOBbILLEHHON TOYHOCTY. Hanpumep, co-
BpPEMeHHbIE MEePEHOCHbIE YIbTPa3BYKOBblE PacxoLoMepbl B
YCNOBUSIX JENCTBYIOLLErO SHEPro6/I0Ka NMO3BOSIAT M3MEPATb
pacxon nuTaTenbHOM BOAbI C MOrPELHOCTBIO ~ £1%.

OCHOBHbIM YCNOBMEM KOPPEKTHOrO aHanm3a nokasare-
nen pabotbl TypbOYCTaHOBKM ABNAETCA cobnogeHve Mma-
TepuanbHbIX 1 TEMOBbLIX 6alaHCOB MO €€ TEMJIOBOM CXeMe.
Mo3TOMy Ba*XHO OTMETUTb HeOOXOAVMMOCTb pPa3pPaboTKy
TennorMapaBanyecknx mofenein TypboycTaHoBOK. Llenbio
3TOro ABNAETCA COrMlacoBaHMe mMaTepuanbHbIX U TEMIOBbIX
6anaHcoB no Tennosoi cxeme [3]. Mo cyTu, 310 ABNAeTCA
3aBepLUaloLLel YacTblo anroputmMa obpaboTku AaHHBIX C
Lienblo KOPPEKTUPOBKN pe3ynbTaToB n3MepeHun. B metpo-
NOTNYECKON MPAKTUKe Takne N3MepeHns HOCAT Ha3BaHue —
N3MepeHVA Npu Hanmumm ceasen [4]. B kauecTBe ypaBHeHUN
CBSI31 BbICTYMAOT OCHOBHbIE GU3UYECK/E 3aKOHDI (B HalleM
cjlyyae Knaccmyeckum npumep — ypaBHeHue KnanenpoHa-
Knay3sunyca, cBA3biBalollee Temnepatypy W [aBneHue B
obnacTn HacblweHus). B Tabnnue 1 B KauecTBe nmpumepa
npeacTaBfieHbl OCHOBHblE [aHHble MO HACTPOWKe Tensno-
rMAPaBIMYECKON MOAeNV ofHOro 13 sHeprob6sokos ADC.
Tabnviua 1 4EMOHCTPUPYET COMNAacOBaHHOCTb MOZENN 1 pe-
3yNbTaTOB M3MEPEHNIA, @ TaKXKe NO3BOJIAET BbIABUTb MOKa3a-
HuYs, Tpebytowwme NGO KOPPEKTUPOBKY y3/1a Mogenu, Mmoo
MOBEPKM M3MEPUTENBHOIO KaHana [5]. MockonbKy owmnokuy
M3MepeHnin MOryT ObiTb Kak B 6ONbLLYIO, TaK Y B MEHbLLYIO
CTOPOHY OT MCTMHHOIO 3HaYeHNd, TO MPU HaCTPOKe Mofe-
nn, U3-3a 6OJIbLLIOrO KONIMUYECTBA CBA3EN MO TEMNOBON CXeMe
TypOOYCTaHOBKM, OHV MOTYT KOMMEHCMPOBAaTh Apyr Apyra.
Ha pucyHke npepgctaBneHa ructorpamma MaoTHOCTM pac-
npefeneHns BePoATHOCTEN OLIMOOK HACTPOWKM JAHHOMN MO-
Lenv AN HECKOMbKUX Pa3JIMUHbIX PeXMMOB paboTbl 6110Ka.

BaxHOCTb 3Tana pa3paboTKy TennornapaBInyeckon Mo-
fenv TypboyCTaHOBKM TaKKe 3aK/IoUaeTcs B TOM, YTO B OT-
nnune ot TIC, TypbuHbl ASC ¢ PBMK (peaktop 6onbluoi
MOLLHOCTM KaHanbHbIN) 1 BBOP (BogoBoasHOM aHepreTnye-
CKUI peaKkTop) paboTaloT BIaXKHOM Mape. OTO He No3Boss-
eT HenocpeacTBeHHo onpepenatb KM (koadduumeHT no-
NEe3HOTro [AEelCTBMSA) MPOTOYHBIX YacTell TypOuHbI, KOTopble
OKa3bIBAlOT HaubosblUee BVSHNE Ha TEMIOBYI0 SKOHOMIY-
HOCTb 3Heprob6sioKa [6]. /13-3a NpaKkTMUeCcKon HEBO3MOXHO-
CTN KOHTPONA 3$PEeKTUBHOCTU paboTbl COOCTBEHHO TypoOU-
Hbl 6€3 TLIaTeNbHOro aHaM3a MaTepPUaNbHOIO 1 TEMIOBOrO
6anaHca TypOOYCTaHOBKM U COMOCTABMIEHUSA SHEPrO6OKOB,
KaK Ha gaHHoi A3C, Tak U C aHaJIOTMYHbBIMI SHEProb/IoKamMu
apyrux ASC, MOXHO AenaTb HernpaBUibHblE BbIBOAbI, KOTO-
pble MOTyT BNOCNEACTBUN JOPOro 000NTHCD.

OAO «HIMO UKTW» noCTOAHHO COBEpLUEHCTBYET pacyeT-
Hble MoZienu TypboyCTaHOBOK Ha OCHOBAHUM MHOTOJIETHEFO
OrbITa MO MPOEKTUPOBAHMIO TEMTOMEXAHNYECKOTO 060pYy-
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Ta6nuua 2. AHany3 HeloBbIPAabOTKM 3NeKTpo3Heprun 6nokom AIC.
Table 2. Analysis of reduced electricity production of the NPP unit.

AN,, MBT /
SnemeHT Tennosoit cxembl / | AN, MWe Mpumevanne /
Flow diagram element =X/ | TrY/ Comments
SG-X | SG-Y
[na TI-X: KoadduumeHT Tennonepeaaun 2335 Br/(M?*K) BMecto HopmaTreHoro 3264 Br/(m?*K); ans
MHa-1/ 03 04 TI=Y: KoabduymeHT Tennonepegaun 2222 Br/(m?*K) Bmecto HopmatusHoro 3273 Br/(m?*K). /
LPH-1 ! " | For SG-X: heat transfer coefficient is 2335 W/(m?*K) instead of normative value of 3264 W/(m?*K); for
SG-Y: heat transfer coefficient is 2222 W/(m?*K) instead of normative value of 3273 W/(m?*K).
[na TI-X: KoadduumeHT Tennonepeaaun 1423 Br/(m?*K) BMmecto HopmatreHoro 3316 Br/(m?*K); ans
MHa-2/ 07 08 TI=Y: koadduymeHT Tennonepegaun 1319 Br/(m?*K) Bmecto HopmatusHoro 3326 Br/(m?*K). /
LPH-2 ! ' | For SG-X: heat transfer coefficient is 1423 W/(m?*K) instead of normative value of 3316 W/(m?*K); for
SG-Y: heat transfer coefficient is 1319 W/(m?*K) instead of normative value of 3326 W/(m?*K).
[na TI-X: KoadduumeHT Tennonepeaaun 1679 Br/(m?*K) BMmecto HopmatreHoro 3411 Br/(m?*K); ans
MHO-3/ 07 03 TI=Y: KoadduymeHT Tennonepesaun 2401 Br/(M?*K) Bmecto HopmatusHoro 3421 Br/(m?*K). /
LPH-3 ! | For SG-X: heat transfer coefficient is 1679 W/(m?*K) instead of normative value of 3411 W/(m?*K); for
SG-Y: heat transfer coefficient is 2401 W/(m?*K) instead of normative value of 3421 W/(m?*K).
[na TI-X: KoadduumeHT Tennonepeaaun 3042 Br/(m?*K) BMmecto HopmatreHoro 3518 Br/(m?*K); ans
MHO-4/ 01 02 TI=Y: KoabduymeHT Tennonepesaun 2846 Br/(M?*K) Bmecto HopmatsHoro 3529 Br/(m?*K). /
LPH-4 ! "“ | For SG-X: heat transfer coefficient is 3042 W/(m?*K) instead of normative value of 3518 W/(m?*K); for
SG-Y: heat transfer coefficient is 2846 W/(m?*K) instead of normative value of 3529 W/(m?*K).
Ana TI-X: koapduumeHT Tennonepepaun 2730 Br/(M**K) BMecto HopmatueHoro 3221 Br/(m**K), a
KHA/ 48 01 |TaKxe y4&T 190 oTrnyLweHHbIX TPy6OK; [inA TI-Y: yuéTt 242 oTraylueHHbIX TPy6OoK. /
Steam turbine condenser ! " | For SG-X: heat transfer coefficient is 2730 W/(m?*K) instead of normative value of 3221 W/(m?*K) and
it is taken into account 190 deafened pipes; for SG-Y: it is taken into account 242 deafened pipes.
Wroro: / 65 18 C yyéTom BNMAHKA B Cxeme. /
Total value ! "™ | Flow diagram equipment influence is taken into account.

KOHZEHCALMOHHbIX YCTaHOBOK, MOCKONbKY WMEHHO OHMU
onpenenAioT OCHOBHYIO YacTb pe3epBOB YBENNYEHUA MOLL-
HocTu pgencteytowmx ASC.

4. UenecoobpazHo Ha A3C ucnonb3oBaTb cregyiowwmi
MOAXOA: Ha OCHOBE UCMOJIb30BaHNA COBPEMEHHON N3Mepu-
TeNIbHOW 1 BbIYNCIIUTENBHOWN TEXHUKW YCTaHaBBalOTCA JO-
nonHutenbHble KMIM NoBbIlLEHHON TOYHOCTH, U pa3pabaTbl-
BaeTCA MaTeMaTuyeckas Mogenb SHeprobsioka, aiekBaTHas
Mo XapaKTeprcTMKam peanbHOMY SHeproboKy. To No3Bo-
NAeT B peasibHOM BPeMEHMN OTCNEeXMBaTb XapaKTepuCTUKN
3HeprobIoKa, U NPY UX OTKIIOHEHWI BbINOJIHAETCA ANArHO-
CTVIKa NPUYNH TaKOTO OTK/TOHEHUA.
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MNpwn pnnTenbHOM BbICOKOTEMMEPATYPHOW SKCNyaTaumm OQHOPOAHbIE CBapHble COeANHEHMA »KapOMNpPOYHbIX CTanen
beppUTHOrO U MapPTEHCUTHOTO KNaccoB pa3spyluatoTca no [V Tuny — no mMarkon npocnoiike (MI1) B 30He TepMUYECKOTO
BAuAHUA (3TB), COOTBETCTBYIOLLEN yYaCTKaM MEIKOro 3epHa U MEXKPUTMUYECKOrO MHTEPBasa, a Pa3HOPOHbIe CBApHbIe
coeflvHeHUs1 — No 06e3yrnepoxeHHon MI B 30He crinasneHus. Mpu 3ToM KO3GOULMEHT CHUXKEHUA MPOYHOCTU CBap-
HbIX COAUHEHNI CYLLLeCTBEHHO YMEHbLUAETCA C yBe/IMYeHeM BpeMeH 1 TemnepaTypbl SKCnayaTaunmn.

Ha ocHoBaHMM 3KCnepuMeHTabHbIX NCCIIeA0BaHNIA MOCTPOEHA pacyeTHas Mogesb NOoN3yyecT 1 paspyLleHns ceBap-
HbIX COeIVIHEHUI XaPOMPOYHbIX CTasiel, MO3BOMAIOLLAA MPOrHO3NPOBATb KOIOPULMEHTbI CHUXKEHNA MPOYHOCTY CBAp-
HbIX Y3/10B C YYETOM KOHCTPYKTVBHO-TEXHONMOTMYECK/X GAKTOPOB Y U3MEHEHUS MEXAHU3MOB Pa3pyLUEHUS HA CTaguu
NpPOeKTUPOBaHMs. [poBeAeHbI UCMbITAHNA HA ANUTENIbHYIO0 MPOYHOCTb 00Pa3LIOB 113 O4HOPOAHBIX CBAPHbBIX COEAUHEHMN
MapTeHCUTHOW cTanu P91 n pasHopofHbix coegmHeHuin P91 n xpomomonnbaeHoBaHagneso ctanu 15X1TM1® npu Tem-
nepatype 620°C. [Ina nccnepgosaHna meTanna 3TB BbiNOfHEHa UMMUTaLMA TEPMUYECKOTO LMK CBapKM Ha YCTaHOBKaX
MMET-LIKTW 1 Gleeble-3800. Takxe 6bl/10 BbIMOIHEHO YNCIIEHHOE MOAENMPOBaHNE HAa OCHOBE YPaBHEHWI COCTOSIHNA B
¢dopme KauaHoBa-PaboTHOBA C yUeTOM Tpex CTafuii NON3yYecT, BIUSAHNA TPEXOCHOCTM HAMPSXKXEHHOTO COCTOAHNSA, U3-
MEeHeHUA NnokasaTenien CTeneHn B YypaBHEHNAX MON3YYeCT 1 pa3pyLUeHNA OT HanpsaKeHW.

Mo pe3ynbTaTaMm pacyeToB BbIsIBIIEHbI U OMUCAHbI 33KOHOMEPHOCTY U3MEHEHUA ASINTENIbHON MPOYHOCTA CBapHbIX 00-
pa3uoB 13 ctanu P91 ot oTHoCUTeNnbHOM WpKHbI MIT 1 COOTHOLWEHNA CKOPOCTEN NOM3yYecT OCHOBHOIO MeTanna u
M. MonyyeHa KONMYeCcTBEHHAA OLeHKa AJIMTENbHOI MPOYHOCTY Pa3HOPOLHOIO CBAPHOIO COeUHEHNsA Ha Mogenu 06-
pa3ua ¢ gsyma MI1 c oanHaKoBbIMY CBOMCTBaMU, COOTBETCTBYIOLMMY MeTasly pasynpoyHeHHown yacti 3TB ogHopoaHo-
ro CBapHOro coeguHeHusa. BoifiBneHo nepemelleHve paspyLlweHna B 30HY CaBeHNA NPU CHUXEHUN HAaNPAXeHUI, YTo
NoATBEPXKAEHO dKCNeprMeHTanbHO. ofyyeHHble 3aKOHOMEPHOCTM XOPOLLO COrNacyoTCA C TEOPETUUECKUMN U SKCne-
pviMeHTanbHbIMK nccnegoBaHuamuy J1. M. KauaHoBa, [l. P. XarixapcTa, B. H. 3em3unHa, P. 3. LUpoHa u gp.

KJTKOYEBbBIE CJIOBA: pnuTenbHas NpOYHOCTb, MON3yyecTb, MOBPEXAAEMOCTb, TpewuHbl [V Tna, oCHOBHOM MeTann
(OM), markana npocnorika (MI1), 30Ha Tepmmyeckoro BanaHuA (3TB), 30Ha menkoro 3epHa (M3), MeXXKpUTUYECKNIA NHTEP-
Ban (MK), Tepmuyecknin umkn csapku (TLC), pasHopogHoe CBapHOe coeamHeHMe, obe3yrnepoxeHHas aAndpdy3roHHas
npocnomnka.
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Prediction of strength reduction factor for welded joints of
turbines with ultra supercritical steam parameters

Lanin A. A., llin S. A., Prokhorova T. V., Reva V. V.

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

During long-term operation heat-resistant ferrite and martensitic steel welds have type IV cracking in a so-called ‘soft layer;
which contains part of fine grain region and inter-critical region of heat-affected zone (HAZ). The rupture of dissimilar welds
occurs in the carbonless soft layer near fusion line. Therefore the strength reduction factor of welds decreases significantly
with increasing lifetime and operating temperature.

Based on experimental investigations the design model is constructed to predict the welds strength reduction coefficient
at the design stage, taking into account different structural and technological factors, also changes creep and fracture
mechanisms. Creep strength tests of martensitic steel P91 welds and dissimilar welds P91 + Cr-Mo-V steel were performed at
temperature of 620°C. The HAZ metal investigation was performed after the thermal welding cycle simulation at the «IMET-
CKTI» and «Gleeble-3800» units. In addition, numerical modeling was carried out, using the Kachanov-Rabotnov constitutive
equations, taking into account the three stages of creep, the influence of complex stress state, changes creep and fracture
mechanisms.

Based on the calculation results, the life time of P91 welds depends from the soft layer relative width and the creep rate
ratio the base metal vs. the soft layer metal. A quantitative evaluation of the dissimilar welds creep strength is obtained using
a sample model with two soft layers. Both have the same properties corresponding to the weakened region HAZ metal of the
similar weld. According to the calculation results, the dissimilar welded samples rupture location moves to carbonless zone
at lower stress level. Calculation results have good agreement with the experimental data. The obtained dependences are in
good agreement with the theoretical and experimental studies of L. M. Kachanov, D. R. Hayhurst, V. N. Zemzin, R. Z. Schron et al.

KEYWORDS: creep rupture time, creep, damage, IV type cracking, base metal (BM), ‘soft’ layer (SL), fine grain region of heat
affected zone (FG HAZ), inter-critical region of heat affected zone (IC HAZ), thermal welding cycle (TWC), fusion line (FL),

dissimilar weld, carbonless zone.

[MaBHbIM HaMpaBfieHNeM pPa3BUTAA SHEProMalUMHO-
CTPOEHVA B HACTOsLLee BPEMSA SIBISETCA HE TOJNIbKO Mo-
BbILUEHVE MOLLHOCTM 1 3KOHOMUYHOCTU SHeproobopy-
[OBAHMSA, HO U CHUXKeHUe cebecToMOCTM N3rOTOBNIEHNA.
CyLLeCcTBEHHbIM PE3epPBOM B CHWPKEHUU CebecTommocTu
ABNAETCA CO34aHMe KOHCTPYKUMWIA, OMNTUMU3UNPOBAHHbIX
Mo pacnpenenieHrlo TeMNEPATYPHO-CUTOBbIX HArpy30K.
MpumeHeHe B Hanbornee TEPMOHArpy»KeHHbIX 30HAX Bbl-
COKOMPOYHbIX 1 JOPOroCTOAWMUX MaTepranos nNpuBoanT
K HEOOXOAUMOCTY Pa3paboTKy CBapHbIX KOHCTPYKLUUIA 13
Pa3HOPOAHbIX CTANen 1 CrIaBOB.

M3BecTHO, UTO CBapHble COEAMHEHUsI SJIEMEHTOB dHep-
reTmyeckoro obopynoBaHNsA 13 TEMOYCTOMUMBBIX XPOMO-
MOJIMOEHOBBIX, XPOMOMOJIMOAeHOBaHaANeBbIX U 9-12%
XPOMUCTbIX CTanel, paboTatoLime B YCIIOBUAX BbICOKOTEM-
repaTypHO NMOM3yYyecTy UMeIOT MOBbILIEHHYO MOBPeXaae-
MOCTb.

B oiHOPOAHbIX CBapHbIX COEANHEHUAX NPU ANTUTENBHOWN
BbICOKOTEMIMEPATYPHOI 3KCMlyaTauum npermMyLLecTBeH-
HO pa3BuMBaloTCA paspyLweHus IV Tuna no y3kom pasynpou-
HeHHol obnactu 3TB, NnpuneraoLwWwen K OCHOBHOMY MeTasl-
ny. OCOGEHHOCTBIO CBAPHbIX COEAMHEHUIN PAa3HOPOAHbIX
CTanein fABNAETCA Hanuuue B 30HE CrUIABNIEHWsA Hayrie-
POXeHHOW 1 0be3yrnepoxeHHoW obnacTen, bopmupyto-
wuxca BcneacTere anddysnoHHOro nepepacnpeneneHms
yrnepopa npu cBapke, TepMmnyeckori 06paboTke 1 BbICO-
KoTeMnepaTypHOM BO3AENCTBUM NPY SKCMyaTaLuu.

B [1-4] nokazaHo, uto B MI1 peanu3yeTcs »ecTkoe 06b-

eMHOe HamnpsAXeHHOe COCTOAHME 3a CYeT CTeCHeHuA fe-
dopmauun. B ycnoBusx nonsyyectu NOsIBNEHME XPYMNKUX
pa3pyLleHnin B pa3ynpoYHEHHbIX MPOC/IONKax 3aBUCUT OT
OTHOCUTENIbHOW TOMLWMHbI MPOCAONKM N pacTeT C MOBbl-
WeHneM QINTENbHOCTW SKChnyaTaumm U C yBennyeHnem
pa3HLbl CONPOTUBAEHMA NOA3YYeCT! NPOCIONKN U OKPY-
xarolero meTanna.

B ctaTbe npuBedeHbl 3KCnepuMeHTasnbHble pe3ysnbTaTthl
NCCNefoBaHn NIOKabHOW CTPYKTYPHOW HEOOHOPOAHO-
CTU CBaPHbIX COEAUHEHUN U3 Pa3sHOPOAHbIX cTanen. Ha
OCHOBE BbINOJSIHEHHbIX 3KCNEePUMEHTaNbHbIX WCCNefo-
BaHUN MOCTPOEeHa MaTemMaTMyeckasa MOfeNb pPa3BuUTUA
NIOKanbHbIX pa3pyLleHnin Npu NoAsyyecTy, C Lenblo nNpo-
rHO3MPOBAHMSA NPU NPOEKTUPOBAHNM KO3PPULIMEHTA CHU-
XeHNA NPOYHOCTHbIX CBONCTB CBAPHbIX COEANHEHUN.

[nAa peweHna NnocTaBneHHbIX 3afay NCCNefoBanuncb pas-
HOPOAHble COeANHEHNA N3 XPOMOMONNOAeHOBaHaANEBbIX
CTanei NepanTHOro Kiacca 1 BbICOKOMPOUHbIX 9+12% Cr
CTanen MapTeHCMTHOrO Kacca, AOMOMHUTENIbHO Nernpo-
BaHHbIX Mo, V, W, Nb, N, kotopble npegHasHaueHbl gns
3KCnyaTaumm npu Temneparypax sbiwe 600°C. Micnonb3o-
BaJ/INCb OTEUECTBEHHbIE 1 3apybeXkHble cTanu.

Ona nccnepoBaHna metanna 3TB npumMeHANMCb yCTaHOB-
kn UMET-LIKTU n Gleeble-3800 ¢ uenbio nmutupoBaHums
Tepmunyeckoro yukna ceapku (TLUC) n nonyueHna metanna
Pa3NMyYHON CTPYKTYPbl, COOTBETCTBYIOLLEN Pa3HbIM yyacT-
kam 3TB.

M3BeCcTHO, UTO NpM CBapke U JanbHenwwen 3Kchnyarta-
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PucyHok 6. [lnutenbHas NpOYHOCTb CBAaPHbIX 06pa3LioB OAHOPOAHOO 1 Pa3HOPOAHOIO CBAPHbIX COeAVHEHNI U3 cTany P91 npu pasnmyHon
OTHOCUTENbHON WpUHE MArkoi npocnoiiku (K) npu 625°C: 1 — 0CHOBHO MeTass; 2 — MeTas MArkom NpoC/onku; 3 — cBapHoil obpasel
Markon npocoikoi k=0,02; 4 — ceapHoit 06paseL; c Markoi npocnoikoi k=0,3; 4 — mogenb 06pasiia 13 pasHOPOJHOTO CBAPHOTO COeAnHe-
HUA ¢ aByma npocnoiikamu (k=0,02 n k=0,3); ML — meTann wea; JIC — nuHMA cnnasneHus.

Figure 6. The similar and dissimilar welding joints creep strength for different relative width of the soft layers (k) at T=625°C: 1 — base metal; 2 —
soft layer metal; 3 — the weld sample model with the soft layer k=0,02; 4 — the weld sample model with the soft layer k=0,3; 4 — the dissimilar
weld sample model with two soft layers (k=0,02; k=0,3); WM — weld metal; FL — fusion line.

HOFO COEAUHEHMA MPU CHUXKEHUW HanpsxeHUn [26].

Ha prcyHke 6 no pe3ynbTaTam YMC/IEHHOro MOAeNnpo-
BaHMA MpuvBeAeHa AmarpamMmma OJUTENbHOW MPOYHOCTU
Pa3HOPOOHOro CBAPHOro COeAUHEHNA C ABYMA MPOCION-
KaMu 11 OQHOPOAHbIX C OTHOCUTENIbHOW LWVMPUHOW MPOCHO-
€K, COOTBETCTBYIOLNX YAaCTUYHO 06E3yrNiepOXeHHON Npo-
cnoiike (k=0,02) 1 pasynpouHenHoit yactv 3TB (k=0,3).

Bpema pgo paspyweHua pasHOPOAHOro CBApPHOrO CO-
eQNHEHNA MPU BbICOKUX HANPAXKEHUAX HecCyLeCcTBEHHO
OT/INYaeTCcA OT OAHOPOAHOrO CBAPHOro COeaMHEHNA C Ta-
KOW e OTHOCUTENBbHOW LIMPUHOWN 0CNabneHHOro yyacTka
3TB, Npu HU3KNX HaMNPSAXEHUAX BpeMA [0 pa3pylueHus
Pa3sHOPOAHOro CBAPHOrO COeAVHEHUA PaBHO cpedHemy
reomeTpruyeckomy BpemMeH [0 pa3pyLlleHns OQHOPOAHbIX
CBapHbIX COedMHEeHU C COOTBETCTBYIOLWEN OTHOCUTENb-
HOW LWNPWHOW MArKOW MPOCIONKN. VIHbIM1 cnoBamu, ons
OAHOPOAHOrO M PA3HOPOAHOrO CBAPHbIX COeAVHEHUN
onpegenalWNM GaKTOPOM SABMAETCA HanuumMe MArkux
NPOC/OEeK.

BbiBoapbi

1. BbINONHEH KOMMeKC pacyeTHO-3KCNePUMEHTaNbHbIX
paboT Mo nccnefoBaHUIO NPOYHOCTM M pecypca MeTasnna
Pa3sHOPOAHbIX CBApHbIX coefnHeHnn 9% XPOMUCTON Wn
XPOMOMONU6AEHOBAHAAVEBON CTanel AN ycioBui anu-
TeSIbHOW BbICOKOTEMMEpaTypPHOW SKCrayaTaunm.

2. JKCNepuMEHTabHbIM NMYTEM YCTAHOBEHO, UYTO Ha-
nnyme B PasHOPOAHbIX CBAPHbIX COEAMHEHMUAX Kapo-
NPOYHbIX CTanen ANPOY3NOHHBIX MPOCIOEK LUMPUHON
0,2-0,4 MM ABNAETCA MPUYNHON NOKaNbHbIX XPYMNKNUX
paspylweHnin CBapHbIX COeAWHEHUA Npu [AUTeNbHOWN
BblCOKOTEMMNepaTypHOW SKCyaTaunm.

3. Ha ocHOBaHMK 3KcneprMeHTanbHbIX UCCedoBaHNN
NOCTPOEHa pacyeTHasA MOAENb NON3yYyecTy 1 pas3pyLLeHms
CBapPHbIX COeANHEHN 13 XapOMNPOYHbIX CTasen, No3BoNA-
foLlas NPOrHo3rpoBaTtb K03pdrLMEHTbI NPOYHOCTLN CBap-
HbIX Y3/10B C YYETOM KOHCTPYKTUBHO-TEXHOOIMMYECKNX
baKTOpPOB U U3MEHEHNA MeEXaHU3MOB Pa3pyLLIEHNA Ha CTa-
OV NPOEKTUPOBAHUA SHEPreTUYeCcknx yCTaHOBOK.
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Kak nokasbiBaeT OMbIT SKCM/yaTaLMm, Ha OTEYECTBEHHDBIX 1 3apybexHbix MY oTMevaeTca 60nbLIOe KONMYECTBO Mo-
BpexaeHun Tpy6 MHJ KOTNOB-yTUAN3AaTOPOB C eCTECTBEHHON 1 C MPUHYAWUTENbHON LMpKynaumnen. B ocHoOBHOM no-
BPEeXAeHUs BbI3BaHbl yTOHEHMEM CTEHKM MeTaslfia rnbos Tpyo.

B psape pabot yToHeHre meTanna rmbos Tpy6 VIH[ o6bscHsAeTcA BbICOKOCKOPOCTHON Koppo3uel (FAC) u Kanney-
ZJapHow 3po3uein. MHTeHcnBHOCTb FAC 3aBUCHT OT CKOPOCTM MOTOKa, TeMMepaTypbl BOAbl, MaTeprasna CTEHKM, BOLHO-
XrMmyeckoro pexuma (BXP), koHctpykumn NH[. K coxaneHuto, B ony6nKoBaHHbIX paboTax He NMPUBOANTCA KOHKPET-
HbIX PeKOMeHZaLMI Mo BbIOOPY ONTMMasbHbIX MapaMeTPOB MNOTOKA, MaTeprana Tpy6 1 ontumanbHoro BXP kKoTtnoson
BOJbI.

Ha ocHoBaHMM NoMyYeHHOro OMbiTa ONpefeneHbl MPUYKHbI 3PO3UOHHOIO M3HOCa MeTasla rMboB Tpyb ncnaputenb-
HbIX NOBEPXHOCTEN HarpeBa.

AHanuv3 noBpexaeHni rMboB NOKa3blBAET HANIMYME 3aBUCMMOCTU SPO3NOHHOTO YTOHEHUSI CTEHKN TPYO OT CKOPOCTU
NapoBOAAHON CMeCH.

MospexgeHusa VIH[ Bbi3BaHO pa3pyLueHeM OKCUAHOW 3aLLMTHOW NAIEHKN Ha BHYTPEHHEN MOBEPXHOCTU TPYO, BCred-
CTBUE VIHTEHCMBHON TypOynu3aLmm NpUCTEHHOTO C/I0S BOAbI, MPOTeKalLLen B rmbe, MMeOLLen TemnepaTypy Hacbille-
HUSA, YTO BbI3bIBAET KAaBUTALMIO BCIeACTBME 0OPa30BaHMsA My3blPbKOB Mapa 1 Ux KoHaeHcauun. MoaTBepKaeHnem faH-
HOro MexaHM3ma NOBPEXAEHUN CNYXXUT OTCYTCTBUE SPO3MOHHOIO M3HOCA MeTasfla Ha BOrHYTbIX M MPAMbIX YYacTKax
TPY6, a Tak»Ke OTCyTCTBME NOJOOHBIX ABNEHNI B KOHTYpax VIC[ v VB[l KOTNOB-yTUIM3aTOPOB.

HaunbonbLuyio ycTOMUMBOCTb UMEET 3aLLMTHasi OKCMAHAsA MileHKa, 06pa3yoLancsa Npu ruapaTHOM BOAHO-XUMUYECKOM
pexunme (BXP).

KJTKOYEBDIE CJTOBA: naporasoBas yctaHoBKa ([TY); 3p03MOHHbIe NOBPEXAEHMWA TMOOB; KaBUTALMIOHHBIN N3HOC Me-
Tanna Tpy6; pexkumbl TeueHns AByxda3Hol cmecy; BnusaHme BXP.
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Analysis of causes of erosive damage to elements of low-pressure
evaporation circuits (LPE) of CCGT boilers
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As the operating experience shows, a large number of cases of damage of natural gas pipes with natural and forced
circulation are observed at domestic and foreign CCGTs. Basically, the damage is caused by the thinning of the wall of
metal tubing bends.

In a number of studies, the thinning of the metal of the bends of the low-pressure evaporator (LPE) pipes is explained
by high-speed corrosion (FAC) and droplet-erosion. The intensity of FAC depends on the flow velocity, water temperature,
wall material, water-chemical regime (WCR), and the LPE design. Unfortunately, published papers provide no specific
recommendations on selection of optimal flow parameters, pipe material, or the optimal boiler water-chemical mode.

On the basis of the experience obtained, the causes of erosion wear of metal tubing bends of evaporation heating
surfaces are determined.

Analysis of damage to bends shows the presence of dependency of erosive thinning of the pipe wall on the speed of
the steam-water mixture.

The damage to the evaporative tubes of the LPE is caused by destruction of the oxide protective film on the inner surface
of the pipes, due to intense turbulence of the wall layer of water flowing in the bend having a saturation temperature,
which causes cavitation due to formation of vapor bubbles and their condensation. The aforesaid mechanism of damage
is confirmed by the absence of erosion wear of metal on concave and straight sections of pipes, as well as the absence
of similar phenomena in the circuits of the medium pressure evaporator and high pressure evaporator of waste heat

boilers.

The protective oxide film formed during the hydrate water-chemical mode is characterized by the highest sustainability.

KEYWORDS: combined-cycle plant; erosive damage to bends; cavitation wear of metal pipes; flow modes of two-

phase mixture; effect of water chemistry mode.

Ha >snekTpocTaHumax Poccmn nepBaA napora3o.as
SHepreTuyeckas yctaHoBka (MNI'Y) mowHocTbio 450 MBT ¢
razoBow Typ6uHow V-94 n KOTNOM-yTUIM3aTOPOM MpPOun3-
BoacTea MNogonbckoro 3aBoga (3M0) 6bina BBeieHa B KC-
nnyaTauuio B gekabpe 2000 r. Ha CeBepo-3anagHoi TOL|
(C3T>2U) NleHuHrpapckoi obnacTu. B HacTosee Bpems Ha
T3C Poccun Haxogutca B skcnnyataumm MY pasnuyHbIx
TUMNOB 00LLe MOLLHOCTbIO 6onee 20 BT.

B aBrycte 2006 r. Ha KOT/e yTuaunsa-
Tope C3T3L nponsowny noBpexaeHns
rméos Tpy6 NHL.

Koten-ytunmsatop, yCTaHOBJIEHHbIN
Ha C3T3L, BepTMKanbHOro TMna, ¢ Npu-
HYAUTENbHOW UMPKyNALMen TeNNOHOCU-
TenA B UCnapuTeNibHbIX Tpy6Hax, pacnono-
MEHHbIX rOpPM30HTaNbHO. [oBpexaeHus
npoucxoannu B paioHe rmbos mcnapu-
TeNbHbIX TPYO B MecTe NpuUcoefHeHWs
UX K BbIXOQHOMY KOJIEKTOPY 1 Bbi3BaHbI
YTOHEHMEM CO CTOPOHbl MOTOKa Mapo-
BOASIHOW CMECK, CTEHKW HAPYXHOW 06-
pasytoleli Tpybbl uepe3 = 28000 yacoB
3KCMnyaTaummM KoTna-yTunausaTopa, a
yepes ABa roga OTMEYanuCb aHanormy-
Hble MOBPEeXAEHUA MpeawecTBYOLWNX
U-06pa3Hbix rmbos.

Ha pucyHke 1 npuBeseHa ¢poTorpacdus
yyacTka rmba VIH[ kotna-ytunmsaTtopa

"
S

\ 8
\
\'x\\\\\\\\\\\\s\\\m\nnhm\unlnn 111

HOro Tmnna.

vertical type.

[l

\

\

C3T3L, n3 KoTopol BUAHO, YTO NOBPEXAEHNE UMEET He-
pPaBHOMEPHbIN XapakTep MO NepUMeTPY BbINyKION YacTn
TpyO6bl, B BMAE OBYX CKBO3HbIX pa3pyLueHunin. MoBpexae-
H/e BbI3BaHO YTOHEHMEM CTeHKM BCefcTBMe 0bpaso-
BaHNA KaBepH, cornpurKacalowmuxca gpyr ¢ Apyrom n Ha-
KNaapblBalOWMXCA OAHA Ha Apyrylo. KaBepHbl AviaMeTpom
1-2 MM VMEIOT BbITAHYTYIO B HanpaBiieHUN ABUKEHUA

PucyHok 1. MospexpeHue Tpy6bl rmba ucnaputens MHA kotna-yTunmsatopa BepTuKasb-

Figure 1. Damage to the pipe of the evaporator of the waste heat recovery boiler of the
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NOBPEXAEHNA M3-32 BO3HVKHOBEHUA CKBO3HbIX TPELUUH,
Pa3BMBABLUMXCA B OCHOBHOM C HAaPYXXHOW CTOPOHbI TPYyO6.
YTOHEHUs1 CTEHKM B MeCTax r’MboB He OTMeYanocb, BHY-
TPEHHAS MOBEPXHOCTb TPYO MMena rMagkylo 3aliuTHYO
NSIEHKY MNPY OTCYTCTBUW KaBEPH Y PbIXJTIbIX OTIIOXKEHUN.

MeTannorpaduyecknii aHanM3 MoKasbiBasi Hanuuune
CTaHZaPTHOWM ANA JaHHOW CTav MUKPOCTPYKTYpPbl MeTan-
113, HO NOBbILWEHHOW TBePAOCTH, UMeIoLen 3HaYeHne no
BpuHento bp =220, uto, No-BUAMMOMY, Bbi3BaHO HapyLle-
HMeM pexrMa TepMoobpaboTkm Tpy6b rnbos.

KoTnbl BTOporo 6noka MI'Y, BBefeHHble B SKCUTyaTaLuio
B 2007 r., umetoT rmbbl Tpy6 MHA 13 ctanu 20 1 sKkcnnyatu-
pytoTca Ha rugpatHom BXP.

B HacToALlee BpemaA Ha KoTnax-yTunusatopax Y, ycra-
HoBneHHbIX Ha TIC Poccun, npumenatotca BXP ¢ ucnonb-
30BaHMEM aMMIaKa, rmapasunHa, pocdaTtos, NOIMaMUHOB
n epkoro HaTpa. Hambonbluyio Hapabotky (6onee 70000
YacoB) NPV OTCYTCTBMM SPO3MOHHbIX MOBPEXAEHNI TMOOB
Tpy6 VH nmetoT KoTnbl yTunmzatopbl C3TIL, paboTato-
Wwue Ha ruapaTHoM BXP npu gosuposanum egkoro NaOH
B 6apabaH VIH[ n ammmnaka NH, Ha Hanop KoHfeHcaTHOro
Hacoca. He oTMevaeTca 3p03MOHHbIX NMOBPeEXAeHWI TPYO
WHJI kotnos npu BXP ¢ ncnonb3osaHnem cmecu nonvamu-
HOB (xenamunHa) u egkoro HaTpa [6—10].

BbiBoabi

1. OCHOBHOV NPUYNHOW MOBPEXAEHUN BHYTPEHHEN
BbIMYKJ/10/ MOBEPXHOCTY rm60B Tpy6 VIH] siBnsieTca spo3u-
OHHbIV M3HOC MeTanna BCNeacTeme Typbynmsaumm noToka
MapoBOAAHON CMeCH, Bbi3biBalolLlel 06pa3oBaHue napo-
BbIX MYy3blPbKOB B MPWUCTEHHOW MJIeHKe BOAbI, MMeloLen
TemnepaTypy HacbllWeHns, 1 NX KOHAEeHcauuto, Yto npum-
BOAUT K KaBUTaLMOHHOMY Pa3pyLUEHNIO OKCUAHOW 3aLwuT-
HOW MNIeHKM N N3HOCY MeTasnna.

2. lNMoaTeBepaeHNeM [aHHOTO MexaHM3Ma MnoBpexpae-
HUM CAYXXWUT OTCYTCTBME SPO3MOHHOrO M3HOCa MeTanna
Ha BOMHYTbIX U MPAMbIX y4YacTKax TpyO, a TakkKe OTCyT-
CTBUE NOLOOHbBIX ABNEHUN B KOHTYpax NC[ n VB[ KoTnos-
YyTUIN3aTOPOB.

3. /IHTEHCMBHOCTb 3PO3MOHHOMO M3HOCa MeTana rmbos
onpenensaeTcs, rMaBHbIM 00pPa3oM, CKOPOCTbIO MAPOBOASA-
HOW CMeCy MOTOKa, NP 3HaUYeHUM KoTopo meHee 10— 12 m/c
Ha 3PO3MOHHbBIN NPOLEecC MPaKTUYEeCKN He OKa3biBaeT BNUA-
HVA BOQHO-XUMUYECKUI PEXIM 11 MaTepuan Tpyobl.

4. na obecneyeHnsi HAAEXHOCTY KOT/IOB-YTUIM3AaTOPOB
NIy B TeyeHne TpuguaTuneTHero pacyeTHoOro pecypca cie-
AYyeT BbINOSHATb UCNapuUTeSibHbIe 31eMeHTbl TOPU30HTasb-
HbIX KOT/IOB C NMPAMbIMM BbIXOAHbIMU YYacTKamu 6e3 rmbos.

5. Ana MMHYMU3aumMy MHTEHCMBHOCTY M3HOCA MMOOB 1C-
napuTenbHbIX KOHTYpoB H[ KOTnoB-yTnnn3aTtopos peko-
MeHAyeTCA NPUMeHATb rngpaTHbin BXP ¢ ncnonb3oBaHu-
€M e[IKOro HaTpa 1 Tpy6 13 IerMpoBaHHOM CTasu.
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PaspaboTaHHble B 70+80-x rogax npoLioro Beka HOPMaTVBHbIE AOKYMEHTbI, onpegensioLne TpeboBaHna K 06b-
emam, NopsaaKy 1 MeToAMKaM OLIEHKM MPOYHOCTU 1 pecypca obopypoBaHus TIC, ASC u I3C, onupanncb Ha cylye-
CTBOBaBLUVE B TO BPeMsl TEXHNYECKNE BO3MOXHOCTM. PacueTbl 6a3npoBanncb NPerMyLLeCTBEHHO Ha aHANIUTUYECKNX
NMoAXofax 1 COrfacoBbIBANNCH C KO3QPULIMEHTaMN 3aMaca, YYMTbIBAIOLMMN HETOYHOCTM pacyeTa, BOSMOXHOCTM TEX-
HOJTOMUI N3rOTOBJIEHWUA U ANATHOCTUPOBAHNA PeCypCoonpeaensaoWwmnx S1eMEHTOB, 0COOEHHOCTU 3a/TO>KEHHbIX Ha CTa-
AN NPOEKTMPOBAHNA YCIIOBUIA SKCMNyaTauum.

B HacToslee Bpems WNMPOKOEe pacnpoCTpaHeHUe NONyYUnIN YACTIEHHbIE NMOAXOAbI, 6a3upyoLmecs Ha MeTole Ko-
HeuHblx 3nemMeHToB (MK3). BO3MOXHOCTb OTKa3aTbCA NPy MOAENMPOBaHMM OT PasIMYyHOro pPoaa AONYyLUeHNU, npea-
MOJSIOXKEHUN U YNPOLLEHUN ABNAETCA OOHUM U3 CyLeCTBEHHbIX NpeumyLects Metoda. OgHako TOYHOCTb pacyeTa B
3HauMTeNbHOW Mepe 3aBMCUT OT KauyecTBa PacyeTHOM Mofenn: 3a4aBaeMblX BHELUHUX HAarpy30K, YCNOBUN CONPAXKeHUA
3N1€eMeHTOB, NOCTaB/IEHHbIX FPAHNYHbIX YCIOBUN.

Llnsi ANUTENbHBIX 1 CBEPXAJIUTENIbHBIX CPOKaX 3KCMyaTaumy SHeproobopyaoBaHNs, MPEBbICUBLLNX MPOEKTHBIN pe-
CypC B AiBa 1 bonee pas, NPUMEHEHME KITACCMYECKUX NOAXOA0B, OCHOBaHHbIX Ha HOPMATUBHBIX TpeboBaHMAX, MPUBO-
[T K HEBBIMOJTHEHWIO KO3 MLIMEHTOB 3anaca, XOTA TEXHUYECKOE COCTOSIHME He BbI3bIBAET HapeKaHuiA. B 3Tom cnyuae
Heo6xoAVM YCOBEPLUEHCTBOBAHHDIV MOAXOA, YUMTbIBAOLMIA MHAUBUAYANbHOCTb 060PYAOBaHNA U LUIMPOKME BO3MOX-
HOCT/ COBPEMEHHbIX BbIUNCIINTENbHbIX METOOOB.

B cTaTbe NpuBOAATCA OCHOBHblE NMPUHLUUMbI NCMONb3yeMbIxX B HacToAlee Bpema «OAO «HIMO UKTW» nogxopos K
OLleHKe MPOYHOCTU U pecypca SHeproobopynosaHms [1-3].
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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

The normative documents, which determine requirements to the scope, procedure and methods of assessing

the strength and lifetime of equipment of TPP, NPP and HPP developed in the 1970s-1980s relied on the technical
capabilities available at the time. The calculations were mainly based on analytical approaches and were consistent
with the safety factors taking into account the inaccuracy of calculation, possibilities of technologies of manufacture
and diagnostics of resource defining elements, features made inherent at the stage of design of operating conditions.

Currently, numerical approaches based on the finite element method (FEM) are widely used. They enable to perform
simulation without adopting various kinds of assumptions, suppositions and simplifications, which is one of the
significant advantages of this method. However, the accuracy of the calculation largely depends on the quality of the
design model: specified external loads, conditions of matching of the elements, set boundary conditions.

For long and ultra-long useful life of equipment, exceeding the design life two-fold or with a larger factor, application
of conventional approaches based on regulatory requirement would lead to failure to meet safety factors, although
their technical state is satisfactory. In this case, an improved approach is required, which would take into account
specific features of particular equipment and extensive opportunities offered by modern computational methods.

The paper describes the basic principles of approaches currently used by JSC «NPO CKTI» to assess the strength and

lifetime of power equipment [1-3].

KEYWORDS: power equipment, strength, lifetime, vibration characteristics, defect, damage, reliability, safety,

technical condition.
BeeneHune

B HacTosllee Bpemsi 3HaUUTENbHasA YacTb SHepreTuye-
cKoro obopynoBaHus, sKkcnnyaTmpyemoro Ha T3C, ASC un
'3C, paboTaeT ganeko 3a npepenamm NPOeKTHOro CpoKa
cnyx06bl (MapKoOBOro pecypca) U He BCerga ABNAeTcs fo-
CTaTOYHO IGPEKTUBHBIM Y SKOHOMUYHbBIM. YUMTbIBAsA XO-
poluee TeXHNYECKOe COCTOAHME MHOMMX arperaTtoB nocne
NPOJOSIXKNTENIbHOW IKCMyaTauun 1 CIIOKUBLLYIOCA K Ha-
CTOAWEMY BPEMEHN SKOHOMUYECKYIO CUTyauuio, He npu-
XOAUTCA OXKUAATb ObICTPOro 3amelleHns Ha HOBOe 000-
PYAOBaHMA SNEeKTPOCTaHLMIA, B TOM uncie ¢ Huskum KIMNA.

K noTeHUManbHO OMACHbIM 3HEPreTUYeCcKM OObeKTaM,
C TOUKM 3peHus KatacTpoduryeckux, rnobanbHbIX paspy-
LUEHUI, OTHOCATCA rabapuTHble BpaLyaioLimecs ¢ 60nbLIoi
CKOPOCTbIO POTOPbI, MMObI BbICOKOTEMMEPATYPHBIX TPYHO-
NMPOBOAOB, WNWIbKN OTBETCTBEHHbIX Pa3beMHbIX Coefu-
HEeHUI COCY0B BbICOKOIO f1aBfieHMs 1 ¢praHLeBbiX coefu-
HEHUM Ha rpaHuue pasgena cpep. HakonneHHbIn onbIT
pacyeTHO-3KCNepPUMEHTalbHbIX UCCIedOBaHNA MPOYHO-
CTU N pecypca, OLUEHKN COCTOAHMA MeTanana B npouecce
3KCMyaTauum nog AencTeriem pabourx Harpy3oK 1 arpec-
CUBHBIX Cpef, Hapsigy C COBEPLUEHCTBOBAHMEM TEXHOJO-
rMU N3roTOBJIEHUs!, MO3BONUIM ObeCcneynTb QNIMTENbHblE
CPOKM 3KCMyaTauuu, CyLeCcTBEHHO MpeBbilWwaLe nep-
BOHauasibHO YCTAaHOBJIEHHbIN Pecypc B fiBa 1 bonee pas.

B pamkax paboT no 060CHOBAHVID BO3MOMXHOCTU 3KC-
nnyatauum obopynosaHua TOC n ASC 3a npegenamu Ha-
3HAUEHHOrO CpoKa Cy»bbl ObUIM pa3paboTaHbl pacyeT-
Hble MOJeNV, NCMoJib3yloLlre AaHHbIe MO AeCTBYIOWM
Harpy3kam, HanpsXeHHO-4edOpPMUPOBAHHOMY COCTOS-

HUIKO N ONAarHOCTUKe COCTOAHMA MeTallsia. 3TO NO3BOAWIIO
CMPOrHO3MpOBaTb NHANBMAYASIbHbIA OCTaTOUHbIN Pecypc
arperatoB, UCKNIOYNTb BO3MOXXHOCTb aBapmVlelx cnTya-
Ui, obecneyrB HaflexHyo 1 6e30MacHyIo SKCNIyaTauumio
Ha npopaJsieBaemMbl neproa.

B HacToAlee BpeMA Npu ydyactunm 1 nogpepkke reHe-
pVpyOWNX KOMNAHWIA, SKCNYaTUPYIOLWNX U SKCAEPTHbIX
OpraHv3auunii, a Takke 3aBOJOB-V3rOTOBUTENEN BeAeTCs
aKTMBHasA paboTa Nno co3gaHmio HayuHou 6a3bl Mo 060CHO-
BaHMIO OLIEHKM pecypca rmaposHepreTmyeckoro obopyno-
BaHWA Ha BCeX 3Tanax KU3HEHHOTO UunKna.

JeicTByiolwasn B HacTosllee Bpems HOpMaTuBHas 6a3a,
onpegensiLas TpeboBaHUA K SHePreTnyeckomy obopyano-
BaHWIO, 3a4acCTyt0 HE YYUTbIBaET pAda CyLLeCTBEHHbIX C TOY-
K 3peHnsi 060CHOBaHUA MPOYHOCTY 1 pecypca GpakTopoB:

— cBepxpnuTenibHble CPOKW 3KCnyaTaunn (B ABa-Tpu
pa3a 60blue NPOEKTHbIX);

— MNCNONb30BaHME HOBbIX MaTepuanoB U M3MeHeHWne
TEXHONOMMU MPU U3rOTOBJIEHUN 1N PEMOHTE 0bOOpynOBa-
HUS;

— CYLWWeCTBEHHOE M3MeHeHMe PeXxrnmMoB paboTbl 0bopy-
[lI0BaHVIA: nepexof 13 6a30BOro B MMKOBbIV UV MOJYTMNKO-
BbIl PeXMMbl, U3SMEHEHVe NapaMeTpoB cpefbl;

- (I)aKTI/NECKI/Ie yQioBUMA 3aKpennieHnAa U B3anMoBnma-
HVA 3N1eMEeHTOB OOOPYAOBaHMS, UTO OKa3blBAeT CyLlie-
CTBEHHOE€ BJINAHME Ha Bl/l6paLlI/IOHHbIe XapakKTepuctnkn.

[ToBbllIeHNE MOLLHOCTUA o6opynOBava npnBOAUT K POCTY
JNINHENHbIX Pa3mepoB, MacCbl N COOTBETCTBEHHO K CHUXKEHWIO
MECTKOCTW KOHCTPYKUMU. Hanpumep, y TypboreHepaTopoB
Marnom 1 cpefiHel MOLHOCTM COOCTBEHHAA YacToTa Koneba-
HIWI KOpyca CTaTopa 0ObIUHO Bbille YacTOTbl BO3MYLLatoLL el
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nynbcaumﬁl [aBJ/ieHNA B NPOTOYHbIX TPaKTax rv-

1 JpOTyp6OuH. M3BecTus Poccuiickon akagemun
— Xpymxoe/BszKoe paspylueHis HayK. MexaHunKa xungkocTtu 1 rasa. 2015, No5. C.
Brittle / viscous fracture
- 3-15.
— Oumupirieckas auarpanna (EN) 9. ypasnes [. H., lantowesckuii 1. A. Mpu-
K Empirical diagram .
r MeHeHWe [ByXmapameTpuyecKkol Auarpammbl
06 — Huarpanma Xappucora-Munsera pPa3pyLUEHVA 1 SHEPreTUYecKoro noaxoaa Ha
Harrison-Milnen diagram )
Tuarpasesea s1s ASME XI zs oxpysiaisrs OCHOBE YMpYro-niaacTyeckoro J-nHterpana
04 =" aKCHATBHBIX TPEMMH E Tpybax [N OLEHKM TPeLMHOMNOAOOHbIX AedeKToB B
Diagram from ASME XI for circumferentill and  npambix Tpy6ax // MexayHapoaHblit uccneno-
axial cracks in pipes M
BaTeNbCkmi xypHan. N210(32), uactb 2. Ekate-
02 = TuarpamMma Ha ocHoBe J-MHTerpana
Diagram based on the J-integral puH6ypr, 2016.C. 4-12.
10. Ainsworth R. A, LeiY. Creep crack growth
0 ).L. assessment methods // Anales de Mecanika de
02 04 06 08 1 r

PucyHok 4. [lnarpamma paspyLueHns Ana yMepeHHbIX Temneparyp.
Figure 4. Fracture diagram for moderate temperatures.

OCHOBHbIe NOAXOAbI U NPUHATbIE KOIdPULMEHTbI 3anaca.

2. HakonneHHbIi OOMbLIOW OMbIT PacYeTHO-IKCNepU-
MEHTaNbHbIX NCC/IefO0BaHMI MPOYHOCTU 1 pecypca SHep-
roo6opyanoBaHua TIC, ASC n MNC no3sonsaeT afekBaTHO
NMoJoNTN K BOMPOCaM OLEHKM MPOYHOCTU M pecypca 3a
npenenamm NPOeKTHOro CPOKa Cy»KObl, MCKMNOYMB NOTEH-
LiasibHO OnacHble CLieHapuu.

3. MNpepcTaBnsaeTcs LenecoobpasHbiIM MPOU3BECTY Me-
pecmMoTp HOPMATMBHOW 6a3bl C y4ETOM COBPEMEHHbBIX BO3-
MOKHOCTE 1 HaKOMIEHHOTO OMbITa.
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B paHHoOWM cTaTbe NpuBeAeHbl TeXHMYECKNe NpeanoXeHna No pacyeTy MakCMMasibHOW Pa3mMosibHOM NPOV3BOANTENb-
HOCTU CpeHEXOAHBIX MeNbHUL, C MOMOLLbI0 GOPMYJIbl, MOSTYyYEHHOW HAa OCHOBE OMbITa PaboTbl CPeAHEXOAHbIX MeNb-
HUL, AeNCTBMEe KOTOPOW MOATBEPXKAAETCA CPaBHEHNEM PAaCUYeTHbIX Pe3ysibTaToB C SKCMepPIMEHTaIbHbIMU JaHHbIMU,
TaKXKe oMnuvcaHa pa3paboTka TEXHNYECKUX NPEASIOKEHWI MO CTAaTUYECKOMY U AMHAMMYECKOMY CEMApaTopaMm K CpeaHe-
XOAHbIM MefibHMLaM, MpefHa3HavYeHHbIM A4 BblAeNeHNA roTOBOro NpoAyKTa U3 pa3mMosioTOro LLIeMeHTHOrO KiIMHKepa.

PaccmoTpeHa pa3paboTka TMNAaXHOro pAfa MOLHbIX MeflbHUL-BEHTUAATOPOB (MB) ¢ nponssoautenbHoCTb OT 60 Ao
120 T/4, OCHaLLEHHBIMU COBPEMEHHBIMU MHEPLIIOHHBIMI CenapaTopamu, obecneyrBaoLLiMm 6051ee TOHKYIO Mblfib MO
CpPaBHEHMIO C NpeablayLWMy MOgeNAMM, YTO, B CBOKO OYepefb, MOHUKAEeT NPUMEpPHO B [iBa pa3a NpoTMB NPOEKTHOro
3HaYeHUs NOTePM C HEMOJSIHOTOWM CroOpPaHNUA TOMANBA U, COOTBETCTBEHHO, MPUBOAMUT K noBblweHuto KM kotna. OnncaH
1 NPOWINIIOCTPUPOBAH WHEPLMOHHDBIN CenapaTtop HOBOW KOHCTPYKUMN C ABYXCTYNEHYaTon CXeMOW BO3BpaTa Hefo-
MOJIOTOro TOMnNMBa. PaccMoTpeHO HOBOE peLleHre Mo YCTaHOBKE B MOABOASALLEM MATPYOKe MeNbHULbI-BEHTMAATOPA
HanpaBeAOLLMX TOMIMBHbIX KAHANOB, 06eCneyrBaloLLMX Pa3HOYPOBHEBDIN CXOA TOM/IMBA Ha JIONaTKY poTopa Npu pas-
HOMEepPHOM pacnpefefieHN yKa3aHHOro TOMvBa Mo WYPVHE NaTpybKa, YTo CyLeCcTBEHHO MOBbICKIO pecypc paboTbl
pa3mMonbHbix 3neMeHToB MB. TakXe onmncaH onbIT SKCMyaTauny MefibHUL-BeHTUAATOPOB Tina MB 4100/1300/420 T2C
«XoHLwa» (JTaoc), KOHCTPYKLMA KOTOPbIX pa3paboTaHa No TEXHNYECKON AOKYMEHTaLUmM POCCMNCKUMI CieLManncTamu.

MprBeaeHa cOBpeMeHHas KOHCTPYKLMA pa3paboTaHHOro ManorabaprTHOro cenapaTopa, M3roTOBIEHHOTO C Liefbio
MOBbILLEHWs] KaueCcTBa FOTOBOW Mbifiv U B3PbIBOOE30MaCHOCTA MOJIOTKOBbIX MeJIbHULL, 3@ OCHOBY KOTOPOro Oblia npu-
HATa TeXHOMOrMA Knaccudrkaumm npofyKra pa3morsa cenapatopoB MB, a Takke npuBefieH ONnbIT SKCryaTalummn faH-

HOro cenapartopa Ha kotnax lycuHoo3sepckon MP3C.

K/MIOYEBBIE CJIOBA: MenbHMLA-BEHTUNATOP, NHEPLMOHHbINA cenapaTop, AMHAMUYECKUIA Cenapatop, MONOTKOBas

MeJbHMLa, ManorabapuTHbI cenapaTop.
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The article presents technical proposals for calculating the maximum grinding capacity of medium-speed mills using an
equation based on the practice of operation of medium-speed mills, the effect of which is confirmed by comparing the
calculated results with experimental data, and the development of technical proposals for static and dynamic separators for
medium-speed mills designed to isolate the finished product from the milled cement clinker.

Besides, development is considered of a series of powerful mill fans with a capacity from 60 to 120 t/h, equipped with
state-of-art inertial separators, providing finer fuel grinding in comparison with previous models, which in its turn reduces
approximately to a half the losses due to incomplete combustion of fuel and, accordingly, leads to an increase in the boiler
efficiency. In addition, an inertial separator of a new design with a two-stage scheme of return of partially ground fuel
is described and illustrated. A new solution for installation of guide fuel ducts in the inlet branch of the mill fan is also
considered. This provides a multilevel supply of fuel to the rotor blades with uniform distribution of the specified fuel along
the width of the branch pipe, which has considerably extended the service life of grinding elements of mill fans. The practical
record of operating mill fans of TPP «<Honsha» (Laos) developed according to technical documentation by Russian specialists

is also described.

The article describes a modern design of the developed small-sized separator made for the purpose of improving the
quality of finished coal dust and explosion safety of hammer mills. It is based on the technology of classification of separators
of mill fans. The practical record of operation of this separator on boilers of «Gusinoozerskaya» GRES is presented, as well.

KEYWORDS: fan mill, inertial separator, dynamic separator, hammer mill, small-sized separator.

OAO «HIMO LIKTU» n AO «TAKMALL» Ha NpOoTAXKEHMN MHO-
rUX JIeT COTPYAHUYaloT B 0611acT pa3paboTkm HOBbIX 06-
pa3L0B MblIENPUroTOBUTENBHOIO 0O0PYAOBAHMS, YTOUHE-
HUA MeToAMKM MX pacyeTa. 3a nocnegHee Bpema OAO «HIMO
LIKTW» no porosopam ¢ AO «TAXMALL» paspaboTano:

1. TexHUYECKME NPEAJIOKEHNSA MO COBEPLLUEHCTBOBAHUIO
pacyeta NpPOU3BOAUTENBHOCTU CPEAHEXOAHbIX MeSIbHUL
[1], no pa3paboTke ANHAMMYECKOrO U CTaTMYECKOro cena-
paTopOoB ANA LeMeHTHbIX MenbHuy Tuna MBC-265C (ana-
MeTp pa3mornbHoro ctona 2.65 m) [2, 3,4, 5, 6];

2. TexHMYeCKUe NpefnoXeHns No pa3paboTke MenbHML -
BeHTMNATOpPOB Tna MB 3600/1000/490 (grnameTp poTopa
3.6 M, lWMpKHa poTopa 1 M, uncno o6opotoB 490 06/MUH),
MB 4100/1300/420 n MB 3850/1150/460 ona T2C Kuras,
Jlaoca, Cepbun;

3. TexHMYecKue NpensioXKeHnsa no pa3paboTke HOBOM
KOHCTPYKUMUM ManorabaprTHOro cenapatopa K MONOTKO-
BbIM MeJibHMLaM, paboTaloLMm B MblfleccTeMax KOT/I0B,
OKurawowmx Oypble U BbICOKOPEAKLMOHHbIE KaMeHHble
YFIN Ha 3neKTpocTaHuumax Poccun.

Hwxe 6onee nogpoOHO U3M0XeHbl MaTepurasbl MO Bbl-
LIeYNnoMsAHYTbIM pa3paboTkam:

CpepHexoaHble MeNbHMLbI

[lo HacTosAlEro BpemMeHn Ansa pacyeTa MakCcMMasbHOW

Pa3MOJIbHON MPOU3BOAUTENBHOCTM MenbHUy Tuna MBC
ucnonb3oBanacb dopmyna (astop B. 1. OcokmH), koTopas
nmeeT cneayoLwnn BUa;

B _ (800 + 100) . Kyo'Der Dy bz Tl Preac K
- 100
max Ko 1910.1‘[Kp.(1na)0.6

=, (D)

roe K, — KoadppurumeHT pasmonocnocobHocT! Tonm-
Ba, D, — nnametp ctona, D, — anameTtp Banka, b — wn-
pUWHa Basika, Z — YWCJIO BaJIKOB, 1 — YKCI0 06OPOTOB,
IT,, — Ko3dpPuLMEHT, yunTbiBaOWMI BANAHNE BIAXKHO-
CTV Ha Pa3MONOCMOCOBHOCTb YA, P, — Kaxyllaaca
nnotHocTb yrna, K . — KoadduumeHT, yuntbiBaowmin ns-
HOC GaHAaXkel BaJikoB, pr — KO3GPUUMEHT, yumnTbiBatO-
WU BENMUYNHY NPEeABAPUTENIbHOrO ApobNieHrsa TOMvBa,
Ry, — ToHKOCTb NOmona Ha cute 90 MKM.

B TO e BpeMs cyielyeT OTMETUTb, YTO YKa3aHHas Gopmy-
na MeeT pAf HeJOCTATKOB:

— yncnoBble K03¢drLMEHTbI B popMyrie NoyUeHbl Npu
pa3faBnvBaHWM CNOS YT HA HEMOABUXKHOM Mpecce B OT-
NIMYMM OT PeasibHOro HaXaTus BPALLAKLWUMIKCA BaslkaMu
Ha cnou yrns.

— K OCHOBHOMY He[OCTaTKy 3Toli GopMysibl MOXKHO OT-
HecT oueHb cnaboe BAMAHVE W3MEHEHUs BENUYVHbI
koadodurumeHTa pasmonocnocobHoctn (K ) Ha makcu-

710
MalibHY0 Pa3MOJIbHYIO MPON3BOAUTENIBHOCTb MeEJIbHUN-
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PucyHok 3. ManorabaputHbiii cenapatop.

1 — BXOAHOW NaTpy6OK Ass TOM/MBA 1 CYLUMIbHOTO areHTa, 2 — BXO4HO NaTpy6oK
cenapaTtopa, 3 — oTpakaTeNbHas NnTa, 4 — HENoABUXHble HanpaBAALLVe NTONaTKK,
5 — perynupyiowuii KnanaH, 6 — cenapaLyoHHas Kamepa, 7 — BbIXOAHOI NaTpy6ok

cenapatopa.
Figure 3. Compact separator.

1 — inlet for fuel and drying agent, 2 — separator inlet, 3 — reflector plate, 4 — fixed
guide vanes, 5 — control valve, 6 — separation chamber, 7 — separator outlet.

[yKTa 13 pPa3MosIoTOro LIeMEHTHOro KinHKepa. Paspabo-
TaH pAg MowHbIX MB ¢ cOBpeMeHHbIMN UHEPLIMOHHBbIMIA
cenapaTtopamu, obecneumBaWUMU 6osiee TOHKYIO Mblib
No CPaBHEHMIO C NpeablayLWwMy MogensamMmuy, YTo COOTBeT-
CTBEHHO, MPUBOAUT K nosbiweHuio KM kotna. PaspaboTaH
WHEPLMOHHbIN CcenapaTop HOBOW KOHCTPYKUWWN C ABYX-
CTYNeHYaTon CXemoW BO3BpaTa HefoOMOSIOTOro TOMJMBa.
Pa3paboTaHO 1 UCMbITAaHO HOBOE PELLEHNE MO YCTaHOBKe
B nofsogsulem natpybke MB HanpaBnswowux TOMAMUB-
HbIX KaHanoB, obecneuynBaloLLX Pa3sHOYPOBHEBBIN CXO[
TOMNAMBA Ha SIONATKM pOoTopa NpU PaBHOMEPHOM pacnpe-
LEeNeHUN yKa3aHHOro ToMvBa No WuypuHe natpyoka, 4to
NO3BOMWIO MOBLICUTb PecypC Pa3MOJSIbHbIX S/1IeMEHTOB
pabouunx konec 6onee yem B ABa pasa. CNpoeKTMpoBaHa
COBPEMEHHAA KOHCTPYKLUA ManorabaprTHOro cenaparo-
pa, NO3BONALWErO NOBbICUTb KAaYeCTBO rOTOBOW MbiU ©
B3PbIBOOE30MACHOCTb MOJIOTKOBbIX METbHMULL,

AO «TAXMALL» n OAO «HMO LUKTWU» npopomxatoT co-
TPYAHUYATb B 06/1aCTV pa3paboTKy HOBbIX OOPa3LIOB Mbl-
NENPUroTOBUTENBHOIO 0OOPYLOBAHNSA, YTOUHEHNSA METO-
AVKK X pacyeTa [7-10].
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AHanu3 u Bbibop KoHcTpyKuuu NBA ana AIC HOBOro NoOKoneHUA

C peaKkTopHou yctaHoBKou BH-1200

OpueHko A. 10.7, Cyxopykoe I0. I.", Tpu¢poHoe H. H.", Ezopoe 1. B.’, Habaze3 E. b.", Ecun C. b. ', Ceamkun ®. A.", Hu-
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Mpwu pa3paboTke COBPEMEHHbIX MAPOTYPOUHHBIX YCTaHOBOK (MTY) 605bLwO MOLWHOCTU 0CO60e BHUMAaHWe yaens-
€TCA NPOEKTMPOBAHMIO HAAEXHOIO 11 SKOHOMWYHOIO Mogorpesatena Bbicokoro fAasneHuvs (MBM), cnocobHoro nog-
LEepXrBaTb 3afjlaHHble TEMIOrMapaBInyeckme XxapakTepucTuKu B TEYEHUE BCEro Cpoka ciy»bbl. NpoBeaeH cpaBHU-
TeNbHbIN aHanM3 N3BECTHbIX KOHCTPYKUMK MBI, Taknx, Kak CnvpanbHO-KONIEKTOPHbIE, KONNIEKTOPHO-3MEEBNKOBbIE,
KOJNEKTOPHO-LUMPMOBbIE, MOAYJIbHbIE, KamepHble. OTMeUeHbl HeJOCTaTKM M NPENMYLLeCTBa KaXKAoN KOHCTPYKLNN.
[na HarnAQHOCTN CpaBHEHMA NogorpeBaTeny pasgenieHbl Ha AiBe rpynnbl — BepTuKalibHble U FOpU3OHTanbHble. [Mpu-
BeZleHbl MacCorabapurTHbIe XapaKTepPUCTUKU, MaTepurasibl OCHOBHbIX 3/IEMEHTOB 1 OCOOEHHOCTM KCMyaTaLm pasnmny-
Hbix MBL. Mpw aKcnnyaTauum cnpanbHO-KoNNeKTopHbIx MNBJ, ncnonbyembix B 60MbLUNHCTBE pEreHePaTUBHBIX CXEM
Bbicokoro aasneHus MTY TIC n A3C, BbiABNEHbI HEAOCTATKU, CHIXKAKOLME SKOHOMUYHOCTb U HAIEXKHOCTb MX PaboThl.
M3noxeHbl pekoMeHAaumn, HanpasfieHHble Ha yBenuyeHue HagexHoctu B[, cHuXeHrne HegorpeBa nuTaTesibHOM
BOZbl, MOBbILLEHME KOMMAKTHOCTW, HEKOTOPbIE 13 KOTOPbIX pa3paboTaHbl cneumanuctamu OAO «HMO LIKTU» n ycneww-
Ho peanu3ytotca Ha TIC 1 ASC. MpeanoxeHbl TEXHUYECKUE PeLleHms MO CHYXKEHNIO CTOMMOCTN CUCTEMbI pereHepaumnn
1 Maccbl KamepHbix B[, o6ecneyeHrio HAAEXHOCTM BCTPOEHHbIX B Kopnyc MNBJ] oxnagutenen napa u KOHAeHcaTa BO
BCEX IKCMyaTaLMOHHbIX pexrMax. OnmrcaHbl KOHCTPYKTUBHbIE pPeLLEHNs, KOTopble Obiv peanu3oBatbl B MBI cucte-
Mbl pereHepaumm TypbrH mowHocTbo 1000 1 1200 MBT ¢ BOgOBOASHBIM SHEpreTnyeckum peaktopom (BBIP). Bbibpa-
Ha onTUMasnbHas KOHCTpyKuus MBI ons cucTembl pereHepaumy BbICOKOrO AaBneHus TypOOYCTaHOBKN C PEAKTOPOM

BbH-1200.

K/MIOYEBBIE CJIOBA: peaktopHas yctaHoBKa bH-1200, MBI, kamepHble, CNpanbHO-KOMIEKTOPHbIE, KOJINEKTOPHO-

3MeeBNKOBbIE, KOJINEKTOPHO-WIKPMOBbIE 1 MOAYNbHbIE.
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Analysis and Selection of High Pressure Heaters Design for a New
Generation of NPP with BN-1200 Reactor Plant

Yurchenko A. Yu.', Sukhorukov Yu. G.’, Trifonov N. N.”, Egorov P. V., Nabagez E. B.’, Esin S. B.", Svyatkin F. A.",

Nikolaenkova E. K.", Prikhod’ko P. Yu.? and Nazarov V. V.2

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

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

2 JSC Power Machines

ul. Vatutina 3A, St. Petersburg, 195009 Russia

Development of advanced high-power steam-turbine plants (STP) involves paying a particular attention to design of
reliable and economical high-pressure heater (HPH) capable to maintain the specified thermal hydraulic performance
throughout its service life. Comparative analysis has been performed of the known designs of HPH, such as the spiral-
collector HPH, the collector-coiled HPH, the collector-platen modular HPH, and the chamber HPH. The advantages and
disadvantages of each design are pointed out. For better comparison, the heaters are divided into two groups — horizontal
and vertical ones. The weight and dimension characteristics, the materials and features of the basic elements, and operating
features of different HPH are presented. At operation of the spiral-collector HPH used in most of regenerative arrangements
of high-pressure STP of thermal and nuclear power plants, the disadvantages reducing the economy and reliability of their
operation have been revealed. Recommendations are presented aimed at raising the reliability of HPH, reducing under-
heating of feed water, making the dimensions more compact. Some of these were developed by specialists of OAO «NPO
TsKTl» and are successfully implemented at thermal power plants and nuclear power plants. Technical solutions have been
proposed to reduce the cost of the regeneration system and the weight of chamber HPH, and to ensure reliability of the
steam and condensate coolers built in the HPH housing under all operating conditions. Design solutions are described that
have been implemented in HPH of the regeneration system of 1000 and 1200 MW turbines with a water-moderated water-
cooled power reactor (WMWCPR). The optimal design of HPH for the high-pressure regeneration system of a turbine plant

with BN-1200 reactor has been selected.

KEYWORDS: reactor unit BN-1200, high pressure heaters, chamber, spiral-collector, collector-coil, collector-screen and

modular, power engineering in Russia.

B HactosAwee Bpemsa MNMAO «CunoBble MalMHbl» BefdeT
pa3paboTky npoekta MTY c TypbuHown K-1200-16.0/50 ans
HOBOro 3Hepro6noka benospckon ADC ¢ peakTOpHOW
yctaHoBkon BH-1200. TemnepaTtypa cBexero napa, no-
[aBaeMoro B Typ6uHy, 505°C, naBneHue napa 16.0 MMa.
Cnctema pereHepaumm BbICOKOTO AaBNeHUA NPOeKTUpY-
eTcAa B ABe ctyneHun. B nogorpesatenax MBO-5 v MBO-6
noJorpeB NUTaTesIbHOM BOAbI MPOUCXOAMUT B pe3yfbraTe
oTAauv Tensa Napom NepBoro 1 BTOPOro 0TbopoB LUIVH-
Lpa BblCOKOro AasnieHnsa LB TypOUHbI U KOHAEHCATOM
rpetowwero napa (pucyHok 1). ina obecneyeHns 3KOHO-
MUYHOCTW paboTbl MB[ MMeOT BCTPOEHHbIe OX1aanTenu
napa n KoHfeHcata. [lapameTpbl napa nepBoro otbopa:
t=367.8°C, p=6.24 Mlla; napameTpbl Napa BTOPOro ot6o-
pa: t=280.7°C, p=3.11 Mla. PacueTHoe gaBneHve nurta-
TenbHow BoAbl 26.5 Mla.

MNpoekTtnpyemble NMAO «CunoBble MallUHbI» COBPEMEH-
Hble [1TY, npegHa3HayeHHble AN NPUMEHeHNA B COCTaBe
sHepro6noko ASC ¢ BBIP mowHocTbio 1000- 1200 MBT,
komnnektytotca B[] KamepHOro Tuna BepTUKaNbHOrO
WCMNOMHeHUs], NockonbKy 3Tu MBI obnapaloT onTtumarsb-
HbIM COYEeTaHMEeM TemnsioBblX WM TMAPABANYECKUX XapaK-
TEPUCTMK, MaCCcorabapuTHbIX MOKa3aTenel, BbICOKOW
HafeXHOCTblo. Kak npaBuio, cnctema pereHepauum Bbi-
COKOrO AaBneHna NPOeKTUPYeTCA B IBE HUTKM, YTO onpe-
JenaeTca npexae BCcero TexHonorven nsrotosnenus NBJ
onpeneneHHOro Tina, PacXo4oM v AaBfieHeM NUTaTeslb-

HOW BOAbI, PeXUMamMu pPaboTbl 3HepProbnoka, TEXHUKO-
3KOHOMUYECKUMY MOKa3aTensiMu paboTbl CUCTEMbI pere-
Hepaumn Npu OTKAOYEHUN OQHOWN Nan ABYX HUTOK B[,

YcnoBusa pab6otbl MB[ B coctaBe MTY ans sHepro6oka
C peakTopHon yctaHoBkon BbH-1200 mumeloT cywecTseH-
Hble 0COGEHHOCTM: ABYKPATHOE MOBbILEHVE PACYETHOTO
JaBneHna NUTaTeNIbHOW BOAbl MO CPaBHEHUIO C SHep-
robnokamu BBOP 1 noporpeB Boabl 4O 6onee BbICOKOW
Temnepartypbl (275 Bmecto 220°C), KOTOpble He NO3BONA-
0T MCMONb30BaTb TPAAULMNOHHbBIE CXEMbI U KOHCTPYKLNN
060pynOBaHNA CUCTEMbI PEreHepaL BbICOKOrO AaBie-
HUA.

B OAO HMNO UKTWN coBmectHO ¢ NMAO CunoBble mawu-
Hbl, MPOBefeH aHann3 pasAnyHbiX KoHCTpyKumn MBO n
BblOpaHa Havbornee npeanoyYTMTeNbHas KOHCTPYKLMA C
[OBYXCTYMNeHYaTon CXeMoW NOJOrpeBa, yaoBAeTBopPAoLLan
UCXOAHbIM TEXHUYECKNM TPebOoBaHUAM, NPY CeayoLmx
pacyeTHbIX MapamMeTpax: pacyeTHOe [aBfieHMEe nuTa-
TenbHOM BoAbl 26.5 Mlla, pacxopn nuTaTtenibHOM BOAbI Ha
OQHY HWUTKY noporpesaTtenen 2397 T/4, faBneHue napa
5.87 MTla, TemnepaTypa napa 364.6°C, Hegorpes nuTa-
TenbHow Bopbl 2.5°C, cpok skcnnyaTauum 40 net. Opuen-
TMPOBOYHbIE pacyeTbl TEMIOTEXHUYECKMX MNapameTpoB
Ka)QoW KOHCTPYKUMM NpoBeaeHbl no [1].

PaccmoTpeHbl cnegytolve BapmaHTbl KOHCTpyKUmi MB/:
CNUPanbHO-KOMNEKTOPHbIE, KOJINEKTOPHO-3MEEBMKOBbIE,
KONNEKTOPHO-WIMPMOBbIE 1 KamepHble [2-10].
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pereHepaunn BbICOKOro faBfeHUsA, BbINOJIHEHHOW B [Be
HUTKK), YTO OBNIeryaeT ycioBus paboTbl MaporeHepaTopa;

— Ol v OK pa3HeceHbl Mo BbICOTE.

B pesynbrate aHanu3sa pasnuyHbIX KOHCTpyKuuin MB
MPUHATO peLleHre O MPUMEHEHWM Ha SHeprobnoke ¢
peakTopHou yctaHoBKkon bH-1200 ropusoHTanbHoOro co-
BMeLleHHoro MB[] kamepHoro Tvna. Belbop faHHON KOH-
CTPYKUMM 06YCNOBIIEH TPEOOBAHMAMYN K SKOHOMUYHOCTMY,
HaJeXHOCTN, SPrOHOMNYHOCTU U COOTBETCTBYET COBpe-
MEHHbIM TEHAEHUUSIM KOHCTPYMPOBAHMWA TEMI000MeEH-
HbIX anMnapaToB Ha BbICOKUeE NapamMeTpbl Napa v BoAbl.
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IOBUTIEN

PepakunoHHasa konneruns Hay4YHO-TEXHNYECKOTO XKypPHalla «HapeXHoCTb 1 6e30mMacHOCTb SHEPreTnkmn»
PEKTOpaT YNbsAHOBCKOTO rocynapCTtBeHHOro TeEXHNMYECKOro YHMBEPCUTETA

Kadenpa «TennorasocHabXeHune 1 BEHTUNALWS»

TeppuTopranbHoe ynpasneHve no TenNOCHAOXeHIo I. YNIbAHOBCKa

HO3/IpaB/AI0T podeccopa, JOKTOpa TeXHIYECKUX HayK, 3aCTyKeHHOTO
nsoobperarens PO, mouerHoro sueprernka PO

IlTapanoBa Bragumupa lBanoBuya ¢ 70-nmetuem

V1 JKeTAIOT 3[I0POBbS U YCIeX0B B paboTe!

LUlapanos Bnagumnp VMBaHoBuMY, 1947 roga poxpeHus,
nocne OKOHYaHKSA BbiCLIEro y4ebHOro 3aBeieHUsi Npopa-
60Tan 6onee 18 neT Ha NPON3BOACTBE, MPOLUES 3aC/yKeH-
HbII TPYAOBOWN MyTb OT PALOBOMO MHXXeHepa OO0 PYyKOBO-
OnTena KPpyrnHoOWM TensioBOM 3NeKTPOCTaHLNN.

C 1999 r. Bnagumup MBaHoBMY — 3aBepylowmin Kade-
npon «TennorasocHabXXeHue 1 BEHTUNALUS» YNbAHOBCKO-
ro rocyfapCTBEHHOro TEXHNYECKOro YHMBEPCUTET], UleH
ONCCepTaLMOHHbBIX COBETOB MO 3aluTe KaHAWOATCKMX Y
OOKTOPCKUX Ancceptauun, uneH lMpesmgnyma MexxgyHa-
POAHON 3HEPreTUYEeCKon akageMuu, YneH pegakLMoHHbIX
KONNernm nATM HayuYHO-TEXHUYECKMX >KYPHANIOB, B TOM
yncsie HayyHO-TEXHUYECKOro »KypHana «HapgexHocTb n
6e30MacHOCTb SHEPTETUKIY.

MNopn ero Hay4YHbIM PYKOBOACTBOM 3alluLLeHbl 16 KaHaW-
[aTCKMX U Of4Ha JOKTOPCKasA auccepTayus.

Wapanos B. I. — cneumanuct Bbicoyarwen Keanudu-
KaLMn MeXAYHAapOAHOro YPOBHA B 00acTh TEMO3HEp-
reTVKN 1 TEMSIora30CHabXeHMs ABNAETCA aBTOPOM boree
1300 HayuHbIX 1 MeToAMYecKux paboTt, 24 MmoHorpadui,
12 yuyebHbIx nocobuin, bonee 740 crtatet n 6onee 500
N306pEeTEHUN 1 MPOrPAMMHBIX MPOAYKTOB U MO AAaHHbIM

PVHL, Bxogut B «TOMM-100» Hanbonee pe3ynbTaTUBHbIX
yyeHbIx B 06nactu sHepreTmku u B «TOM-100» Hanbonee
LUTUPYEMbIX YUYEHbIX.

Lllapanos B. W. HarpaxaeH mefanbio «3a ykpenneHune
aBTopuTeTa PoCcnincKom HayKm», yROCTOEH HarpaxkaeHus
30M10TbIMY MeJaNAMN Ha MeXAYHapPOAHbIX BblCTaBKax.

Co3paHHas um npu Kadpegpe nabopatopus ycnewHo pe-
LIaeT BOMPOCHI TEMIOra3oCHabXeHUs U BEHTUAALMM pa3-
JINYHBIX SHEPreTUYECKNX OOBEKTOB.

YyeHnkun n cotpygHukn Lapanosa B. . — naypeatbl
NPECTUXKHbIX POCCUNCKUX N MeXAYHAaPOAHbIX KOHKYPCOB
1 NpemMunn.

Jopoeoti Bnadumup MeaHosuu!

Teoe nezkoe, HO cnpasedsIUBOE U MHO20MyOpoe nepo
MoXem 6bimb U pazawuM, eciu 8Cmpemamcs Ha meo-
eM nymu dagaHmiopucmel om Hayku. Tak depxams! U
nycme 8 domax Haweli PoOuHsl 3umoli 6ydem mensio, a
J1IemomM — NPOXJIA0HO.

lMo3opasnsem mebs ¢ KObuneem u xenaem 0os200, Ny1o-
0omaopHoU U cyacmsiueoul XXU3HU.

Teou Opy3bA U Kosie2u.
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XPOHUKA, INYBJINKALUN

+ Huskum ypoBeHb Boabl B BogoxpaHunuwax Cu-
6upu yBenuumnT 3MMoii Harpy3Ky Ha TennoBble 3JeK-
TpoCTaHUMM, MiaTexu notpebuTenen BbIPACTyT Ha 8
mnpa pyo.

B sHeprocucteme Cnbuvipy HeT BoAbl, Mpegynpenun
3amnpeq npaBneHua «CuctemHoro onepatopa» Cepren
Maenywko.

M3-3a 3TOro NporHo3Haa Harpyska Ha TernyioBble deK-
TpocTaHumy CbUpK B OCEHHE-3UMHWIA NEPUOS BblpacTeT
Ha 12% wn gocTturHet 67,5 KBT u, nuwet «CucTemHbIn one-
paTop». 3To NpeaynpexxaeHve reHeprpyLWMM KOMMNaHU-
AM — MM HEOOXOAUMO 3aMacaTbCs YriieM 1 Ma3yToMm, 06b-
ACHUN npepcTaBuTenb «CMCTEMHOrO onepaTopan.

3anacbl Boabl B AHrapckom Kackage (Mpkytckas, bpat-
ckan, Ycrb-innmckaa n boryyaHnckaa 9C) cHusmMnmcb
6onee yem Ha 40%, NOYTV AO MUHMMAJIBHO JOMYCTUMBIX
06beMOB CHU3WJICA YPOBEeHb BoAbl B boryyaHckom Bofo-
XpaHunuule, oH efBa obecneunBaeT 4OCTaBKY rpy3oB Mo
pekam, onucan cutyaumto lNaBnyLwko.

CunbHee BCero CHM3UTCA BbipaboTKa Ha KpacHosipcko
n bpatckon NC — go 20% mowHocTn. MNporHo3Has Bbl-
paboTka apyrux NC (Mpkytckon, Yctb-Unumckon) bypet
Ha 30-40% HwXe cpefHen MHoroneTHen. Bce oHm BxogaT
B «EBpocn63Hepro» Onera [depunacku. YCTaHOBNEHHas
MoLwHOCTb ee [PC — 15 BT.

Tmpponornyeckasa obctaHoBka B Cubupu B CBS3U C
ManoBOAHOCTbIO Balkana n BogoxpaHunumy, AHrapckoro
Kackaga OeCTBUTEIbHO OCTaeTCA CJIOKHOW U HaxoamTca
Ha 0CO60M KOHTpone MUH3IHepro, CKasan npeacTaBuTeNb
MUHUCTEPCTBA, HO 3amnac MOLHOCTM TEMOBbIX CTaHLUN
NO3BOJNIAET MOBbLICUTb HAarpy3Ky Ha HMX B 3aBMCMMOCTU OT
o6cTaHoBKMU. [MoKa, No AaHHbIM «CUCTEMHOIO onepaTopay,
3anacbl yrna Ha T9C Cuburpu coctasnsaoT 189% ot HopMa-
TVBa, @ MasyTa — 210%.

MpepnoxeHne snekTposHeprum NPC — oAgUH U3 OCHOB-
HbIX GPaKTOPOB LieHbl Ha pbiHKe Ha cyTKu Bnepes (PCB). PCB
B Cubrpw, roBOPUT PYKOBOAUTENb FPYMMbl NCCIIeAOBaHNI
1 nporHo3nposaHua AKPA HaTanba MNopoxoBa 1 Bcnomu-
HaeT, KaK B YCNI0BMAX Masnion BOAHOCTY 3umon 2015 1. LeHbl
Ha 3N1eKTpo3Hepruio npesbiwany 1000 py6. 3a 1 MBT u. B
yeTBepr CpefHsA LeHa 3neKkTpoaHeprun Ha PCB B Crnbu-
pu cocTtaBnsana 987,3 py6. 3a 1 MBT u. icxoga n3 nporHosa
«CUCTEMHOrO onepaTopa» U3-3a PocTa LieH NnoTpeoutenu
Crbupwu MoryT noHecT B okTA6pe 2017 r.— mapTe 2018 1.
0KOJI0 8 MNpA Py6. AOMOMHUTENBHBIX PacxofoB (+2,5% K
KOHEeYHOoW LieHe), nocumTana NopoxoB.a.

Bo BTOpom nonyroauu 2017 r. pocT BbIpaboTkm cmbup-
cknx TIC moxKeT cocTaBUTb 7% 1 CylecTBYeT BepoAT-
HOCTb pocTa ueH Ha PCB Ha 5- 15%, oLeHNBaeT gupeKkTop
no snekTposHepretuke Vygon Consulting Anekcen u-
XapeB, Tak yTo Bbipyyka TIC MoXeT BbipacTy Ha 7-10%
(5-7 mnpp py6.). BoivrpbiBaeT yronbHas reHepauus Cnbu-
pu, cornawaetca lNopoxoa: IC cmoryT KoMneHcMpoBaTb
naseHvie BbIpaboTKM pocTom uUeH Ha PCB, HO HenosnHo-
CTbl0 — NPOLEHTOB Ha 70.

Mo nporHo3y «CuCTeMHOro onepaTtopa», noTpebrne-

Hue 3Heprum B CuMOUPW B OCEHHE-3UMHWUIA MNepuog
2017-2018 rr. BbipacteT Ha 0,7% o 114,4 mnpg KBT u. Yto-
Obl YIOBNETBOPUTb 3TOT CMPOC, NoHagobutca ot 30,2 BT
(npu cpegHux Temnepatypax) 4o 31 BT (Mpu HU3KKMX TeM-
nepatypax). Ho «CucTemHbI onepaTop» He oXugaeT ae-
¢duunTa, CKazan ero npeacTaBUTENb.

Bce crtaHumm CunbMpPCKON reHepurpylowen KomnaHuu
(CTK - 4 TP3C, ogHa ra3oTypburHHas ctaHuus n 12 T3 06-
Len MoLWHOCTbo 7855 MBT) roToBbl K NMOBbILEHHON Ha-
rpy3Kun B OCEHHE-3UMHUI Nepuopg, ckasan npeacTaBuTesb
KOMMNaHuu: B Nepuog Hu3kon BogHoctn 2015 r. anekTpo-
ctaHuum CTK yxke 6panu Ha cebs CyLeCTBEHHYHIO YacTb Ha-
rpysKu.

B nepsom nonyroaun 2017 r. Tennosas reHepauus Cnoum-
pu, HAO6OPOT, OTMEeYasa CHYXKeHre BbipaboTku. CTaHUMK
«HOHMMpPO» 3a 3TOT Nepuoa NPOV3BENM SHEPTUN MEHbLLE
Ha 12,5% (24,5 mnpa KBT 4), uTO NPMBENO K CHUKEHWIO
BbIPYYKM Ha 4,6% fo 37,8 mnpg pyb. Bo mHorom 310 cBs-
3aHO C npocTtoeM 060pyAOBaHWA B XONOLHOM pe3epBe
13-3a MOBbIWEHHOW BOAHOCTM B CMbUpwW, oTMeYana Kom-
naHusA. NMpon3BoACTBO 3NEKTPO3HEPIrN ra30BbIX U YrOfb-
HbIX CTaHLMI «EBPOCMO3HEPro» CHMU3UNOCh Ha 6% [0 6,56
Mnpg KBT u, a BblpaboTka IC KoMNaHWM yBENUYMAACH HA
9% po 27,34 mnpp KBT u. Mpoussogcteo cuburpckmx MC
«Pycrngpo» B nepsble wecTb mecaues 2017 . 1oUT He 13-
MeHUNOCb. [PUTOK BOAbl B BOJOXPAHMIULLAX B LiesIOM Oblsi
B Npegenax HopMbl, OTMeYasa KoMNaHus.

Kakoe TonnamBo MCnonb3yeTca Ha POCCUNCKIMX DNIEKTPO-
CTaHUMAX

Egg?cnmex ;K;Sa‘;s%/zb Cnbupsb, %
T3Cra3 57 4
T3Cyronb 8 5
T3C masyt 0,2 o1
r3C 8 o
A3C 24 -
apyrve 2,8 09

o MpaBuUTeNbCTBO MNOBLICUIO MNpeAesibHYI0 LieHY
MowHocTN B 2021 r. TONbLKO Ha ypoBeHb UHnALUN.
DHepreTuKam 3TOro Masno, OHM MOTYT BbIBECTY CTaHLWW 13
3KCMUyaTaumm, YToobl MOAHATb LiEHDI.

MNpaBuTenLCTBO onpefennnocb C npedenbHbIMU - Lie-
HaMK Ha MowHocTb B 2021 r. PacnopsikeHne o6 3Tom
6b110 ony6nvkoBaHO. B eBponeiickon vyactn Poccum un
Ha Ypane (nepBas LeHOBaA 30Ha) MMHMMaNbHas LeHa Ha
MOLLHOCTb cocTaBut 119 000 py6./MBT, MakcMmanbHas —
163 000 py6./MBT. B Cnburipu (BTOpas LieHoBas 30Ha) LieHo-
BOW non 6ygeT Ha ypoBHe 163 000 py6./MBT, notonok —
228 000 py6./MBT.

Mo cpaBHeHMIO C NPOLLbIM FOAOM OPUEHTUPbLI NPaBU-
TenbCcTBa BbIpOCAn Ha 4-5%. [pn 3TOM KOHeuHasa ueHa
MOLLHOCT OyfeT onpefesieHa Ha KOHKYPEHTHOM OT6o-
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MpaBuna ana aBTopos

1. MaTepuan cTaTb/ AOKEH COOTBETCTBOBATb Npodu-
10 XKypHana 1 n3naratbCa npegenbHoO ACHO.

2. MNocTtynuBlwme B pefakumio CTaTbu MNPOXOJAT ABOW-
Hoe cnenoe peueH3npoBaHme. OCHOBHble KpUTepUK Lie-
necoobpazHOCTM ony6NMKOBaHNA — aKTYaslbHOCTb 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
(wpwndT Times New Roman, pasmep 12 n., uHtepsan 1,5),
Tabnuupbl, rpadryecknin matepran, BCo HEOOXOAVMYIO UH-
dbopMaumIo Ha aHTTINNCKOM SA3bIKe.

4. Ha nepBon CcTpaHuLUe CTaTbX YKa3blBAOTCA: MHOEKC
YK, Ha3zBaHue cTaTby, Gamunmm aBTOpPOB (bamunus ae-
TOpa, C KOTOPbIM CnefyeT BeCTV Nepenunucky, oTMeyaeTca
3BE3[0YKON M yKa3blBaeTCA €ro agpec 3NeKTPOHHOM MNo-
YTbl), Ha3BaHMA 1 MOYTOBbIE ajpeca opraHu3auun (ynuua,
HOMep AOMa, UHAEKC, ropod, CTpPaHa), B KOTOpbIX paboTa-
0T aBTOPbI, HAa PYCCKOM Y aHTTIMNCKOM f3blKaXx.

CraTbA BK/OYaeT: aHHoTauuo (B npepenax 200-250
CNOB); KioueBble cnoBa (5-6 cnoB); BBeeHMe, B KOTO-
oM penaeTcs KpaTKuii 0630p CAenaHHOro B MMpe N KOH-
KpeTHO dopMynupyeTca uefib paboTbl; OCHOBHYIO YacTb;
3aKJltl0UeHre, B KOTOPOM B CXKaToM Buae chopmMynmpoBa-
Hbl OCHOBHbIE MOJIyYeHHble pe3ynbTaTbhl C yKa3aHMeM UX
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HAY4YHO-TEXHMYECKYH
3KCnepTu3y u
rocyAapCTBEHHYHO
perncTpaumio B
®depnepanbHOi cnyxée no
NHTENNEeKTyanbHoM
CO6CTBEHHOCTHN, NAaTEHTaM
M TOBApHbLIM 3HAKaM.

MOXET NPUMEHSATbCA

ANS NOAroToBKM
ONepaTMBHOro Nnepcosana
Ha TeNnNoBbIX
ANEKTPNYECKUX CTAHLUAX,
B y4€06HbIX LeHTpax,
BbICIUMX U CPeHMX
yueoHbIX

3aBefleHunXx.

Tpernaxep NI'Y-450

QOupma AO «TpeHaxepbl ANEKTPUYECKUX CTAHLIMN N CETEN»
(AO «TOCT») paspaboTana v BHegpuna KOMMbIOTEPHbIN
TPEHaXXePHO-aHaNMUTUYECKMN KOMMNJIEKC 3Heprobrioka
MNry-450 MBt ¢ ACYTIT Siemens Ha 6a3e MTK SPPA-T3000
ona KOxHon T TMK-1 OAO «['a3npom aHeproxonguHr».

Cocrtas NY-450 MBT

* [IBe ra3oTyp6uHHbIe ycTaHoBKM Tuna [[T3160

* 1Ba Kotyia-ytunusaropa 1-96

* 0f1Ha NapoTyporHHAsA yCcTaHoBKa TernouKaumoHHoro tuna T-125-150-7,7
e 1Ba reHepatopa T3®-160-2MY3

* reHepatop T3®dI1-160-2MY3

HomuHanbHast moLuHocTb 6rioka 450 MBT

TennoBas mowHocTb 341 [kan/4ac

Tonnmeo — NpUPOLHbIA rad

CoctaB TpeHaxepa lNMNY-450

® aKTUBHbIE IMHAMUNYECKME MHEMOCXEMbI 136 LT

* BCepexmmHas dmanyeckas Mofieslb 6/10Kka (BKIoYas 1EKTPUHECKYHO HaCTb)

* mogesis ACYTI (mofesb 3almT, 6JI0KUPOBOK, CUrHANM3aLIMIA, MOLLIAroBbIX
nporpamm, ABP)

* pa3BuTasd KOHPUrypaums cetu

* MyJIbT UHCTPYKTOPA

* KOMINJIEKT aBapUHbLIX CUTYaLMI

* KOHTPOJIMPYHOLLIAA MporpaMma

® KOMIMJIEKT aBTOMAaTU3MPOBaHHBIX CLIEHAPUEB TPEHMPOBOK C OLIEHKOM

* cLieHapuu aid paboTbl Mo AUCTIETHEPCKOMY rpacuKy C OLIEHKOM

* ornpeferneHne TEXHUKO-9KOHOMUYECKUX NokasaTeriei aHeprobioka

* rpadpornocTpoeHune

* MacLUTabypoBaHe BPpEMEHU

® COXpaHeHne pexnmoB

* cucTema MoAfepXKu orneparopa

* [IPOTOKOJbI: [EUCTBUIA OMNepaTopa, OLLUMOOK, CUrHaIM3aumm, 3aLLuT, 6J1I0KMPOBOK

of a0 e 0] /] 9] < [rma
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FA30BAR TYPSUHA ITé1

AKTMBHARA MOLHOCTb
SHEPTOBIOKA4

450 MBT
wrrere | 1600 MBr
wrre | 160 MBT

wr- | 130 mBT

+|| TENNOBAA HATPY3KA

117587, r. MockBa, BapLuasckoe wiocce, g. 125 XK, kopn. 6

Ten. (495) 665-76-00, dakc (495) 382-79-74
e-mail:magid @testenergo.ru, www.testenergo.ru



TpeHaxep

Fnam‘-tg@

3ﬂeKTpI/I‘-IeCKOI7I €CXeMbl CTaHUUUN

il
KB

KPY9:500)
w

l'apaHTMH HafieXXHOCTH NepcoHana

* BCEPEXUMHOCTB IT-TpeHaxkepoB, nonHas afeksaTHoCTb
Mozenv o6beKTa U paboyero Mecta orneparopa
3HEprooBLEKTY-NPOTOTUNY

* HOBEMLLME KOMMBLIOTEPHbIE METOALI 06Y4EHUS LUTATHOMY
¥ NPOTMBOABAPMIAHOMY YNPaBIIEHMIO

* UIHhOPMALIMOHHOE W AUAAKTUHECKOE KaHeCcTBO
obyuatoLLmx nporpamMm

* CO3[laHNe equHOro TPEHAKEPHOro KOMMEKca s
MOJrOTOBKW BCEro NEPCoHana 3HepronpeanpuaTus

CoBpemeHHble HH(hOpMALHOHHbIE TEXHONOTHH

* peaiusauus Jitlo6bIX SHEProo6LEKTOB U CUCTEM
ynpasneHus

* peann3auus COBPEMEHHbIX AMAAKTUHECKMX
Web-npunoxeHruii

* 3HAYMTENBHOE CHXEHME CTOMMOCTM MY POCTE KavecTsa
1 PYHKLIMOHAITBHOCTH

* F’MOKasn UHTerpauus B KOMNbIOTEPHYIO CETb MPEANpUATUS

Poccuickuii 1 MEeXAYHApOAHbIN ONbIT

* 40 nieT Ha POCCUIACKOM 1 3apyBeXHbIX PbIHKaX,
akkpegutauws npu MNpasutensctee P® n IOHECKO

* pOCCUiACKas HOpMaTVBHaA cepTudmKalma

» MeXayHapogHas cepTudukaums kaqecTea

» anpobaLms Ha POCCUIACKUX U MeXOyHapOQHbIX
BbICTaBKaX

« othuLmansHas A heKTMBHOCTL BHEAPEHUs Ha 06beKTax
3NIEKTPOIHEPreTUKM

* NATEHTHaA 3aLUMLLEHHOCTb NPOTrPaMMHOTO NPOAYKTa

Poccus, 117587, r. Mocksa,
Bapuiasckoe wwocce, 125X
Ten.(495) 665-7600, (495) 382-7974
http://www.testenergo.ru,
e-mail:magid @testenergo.ru
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