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VI MexayHapoaHasa KoHpepeHUunA
«3onownaku TIC - yaaneHne, TpaHCNopT,
nepepaboTKa, CKnagupoBaHue»

KoHdepeHuma coctontca 19 — 20 anpensa 2018 1. B MockBe Ha 6a3e HAY «M3W».
OduumanbHble A3bIKU KOHOEPEHLMN: PYCCKUN 1 aHIUACKUIA © K OTKpbITUIO KOHdepeHUM ByaeT N3AaH CrewluanbHbii BbINycK
XKypHana, BxoasLlero B nepeyeHb BAK ©  Matepuanbl koHdepeHLmm Takxke 6yayT pasmelueHbl 8 PVHL, © Bo Bpems nposegeHua
meponpuaTUa ByaeT obecneyeH CUHXPOHHDIV NepeBof Npe3eHTauuin [OKNAA0B 1 AUCKYCCUI.

TemaTuka npoBegeHna KoHpepeHuUn:

- BNMAHNE TEHAEHLMI N3MEHeHINA NPUPOLOOXPAHHOTO 3aKOHOAATENBCTBA HA NPpobemy
00palLeHua ¢ 30N10LLTaKaMU SHEPTeTUKY;

BnuAHNe (NpaBouHIKoB No BHeaperuio HAT B sHepreTuky Poccum n cTpa MUpoBoro
000LLeCTBA Ha peLLeHme NPobeMbl 00paLLeHIA C 30110WWAaKaMUA;

npaKTuKa u npobnembl BHeapeHus HAT MpoBOro ypoBHA B ccTeMbl 0bpalLieHna
C 30/10LUNaKaMM;

06bembl 06pa3oBaHMsA 1 HANPABNEHNA MONE3HOTO NPUMEHEHIA 30/10LLNIAKOB SHEPTeTUKI;
noTpebuTenbCKiMe CBOMCTBA U CEPTUGUKALIMSA 30/0LLNAKOB;

BANAHNE TEXHONOTUIA NOATOTOBKY U CKUraH!A TBEP/bIX OPraHUUecKX TONVB Ha nmg -
buTenbCKIe CBOICTBA 30/0LLNAKOB M IKONOT0-IKOHOMUYECKIE NoKa3aTenn pabotbl TIC
B LIEJIOM;

° BJ'II/IFIHI/IevTeXHOJ'IOFI/IVI OYNCTKN yXO4ALLMX ra30B OT OKCMO0B a30Ta U CEPbI Ha I'IOTpEﬁI/ITEJ'Ib-
CKune CBONCTBA 30J10LLJ1aKOB,

* BNAHNE TeXHOJ'IpFMI‘/II 30J10yNaBNBAHNA 1 yaaJIEHUA 30/1bl OT 30H0yJ'IOBVIT€‘J'IEI7I Ha noTpe-
buTenbCKme CBOIMCTBA 30/10LLUNAKOB;

1CnoJib30BaHne 3010LLJ1aKOB B (TpOVIT@J'IbHOVI 0Tpacnu;

NCMONb30BaHe 30/10LL/1AKOB B CEIbCKOM X03AICTBE;

NPUMEHEHNE 30JI0LLIIAKOB JHEPTETUKI Ha MPEANPUATUAX APYTUX 0Tpacne|7|;
ManoTOHHaXHble BbICOKOTEXHOJIOTYHbIE MPON3BOACTBA MO nepepa60TKe 30J10LL1aKOB;
nepcnekTUBHbIE CMCTEMDI oﬁpameumn C30/10WJ1aKaMI SHEPTETUKI Ha NEKTPOCTAHLNAX;

* MoBblLIEeHNe KBEiJ'II/I(i)I/IKBLI,I/II/I nnepenoaroTtoBka CneunanncToB B obnactu 06an.I,EHI/IFI C
30J10LLINAKAMIA SHEPTETUKN.

19-20 anpens
2018 ropa,

r. MockBa

Mpurnawaem Bac n cotpyaHnKoB Bawen opraHnsauyvm
NPUHATb yyacTue B pabote KoHpepeHynn!

LieneBas ayguropus: npecraButeny denepanbHbiX M PervoHanbHbiX OpraHoB UCMIONHNATENb-
HOIA 11 3aKOHOAATENbHOI BNACTW, SHEPreTUYECKNX KOMMaHMIA, YrofbHbIX INEKTPOCTAHLWIA,
NpeanpuATHiA No CCTeMam 06paLLEHIA C 30/10LUNAKaMI 1 X NepepaboTke, MPOGUNbHBIX
BY30B, HayuHO-MCCNE[OBATENbCKNX UHCTATYTOB U CNELMan3upoBaHHbIX OPraHN3aLii.

MnaHnpyemoe KonnyecTso yyacTHUKoB: 100 yenosek.

Appec OprkomuteTa: MockBa, yn. KpacHokasapmeHHas, 4.14, kopnyc X, ayg. XK-105, K-107.
Mo Bonpocy yyacTua B MeponpuATin o6pallatbca no Tenedony: +7 495-362-7912.
dneKTpoHHas nouta: MalikovaEA@ecopower.ru, ZhivohinaAA@ecopower.ru

CrpaHunua KoHdepeHumu - http://www.ecopower.ru/index.php?newsid=137

OpaxeH hparMeHT MHEMOCXEMbI TPEHaXepa CTaHLMK ¢ nonepeyHbIMU cBA3AMU Yehumcekor TOL-4
Balukmpckor reHepuypyoLLien KoMnaHum
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HapeXHocTb U 6e30MaCHOCTb 3HEPreTUKU

Tom 11
MMABHbIA 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

Ne1 2018

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

1y (MockBa, Poccus)

OTBETCTBEHHbI CEKPETAPb

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

PEAAKUMOHHAA KOJIETNA

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

H. /1. BOPOIIAM — u.-xopp. PAH, . T. H., mpodeccop, HayuHbIit py-
xosopurenb PIBYH «Mucrturyr cucrem suepretuxu um. JLA. Menen-
theBa» Cubupckoro ormenenusa Poccuiickoit akagemmn Hayk (MICOM
CO PAH) (MpxyTck, Poccus)

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

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

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

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

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

H. b. KAPHUIIKUY — p. . H., npodeccop, 3aBexyoimii Kadenpoit
«TemnoBble 5MEKTpUYECKUE CTAHLMM» BelopycCKOro HalMOHAaTbHOTO
TeXHIYEeCKOro YHMBepcuTeta (T. MuHCK, benopycs)

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

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

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

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

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

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

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

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

B. A. HEIIOMHSAIINWN — akamemux Poccmitckoit akajjieMun ecre-
CTB%HHI)IX Hayk, Ji. 9. H., Tpogeccop, k. T. H. (Cankr-Ilerep6ypr, Poc-
cns

B.M. HEYVIMUH — K. T. H., I/IaBHBII cllennamuct 1o sHepretuxe 00O
«TexHOMmOTMYeCKIE CHCTEMBI 3aIMTHBIX MOKpbITHil» (MockBa, Poccus)
M. M. ITYEJIMH — TocypapcrBennbiit copeTHuk P® 1-ro xmacca B ot-
CTaBKe, /1a KCaT npemun Coera Munnctpos CCCP (Mocksa, Poccnst)
H. . PO%’ JIEB — n. 1. H., mpodeccop, pekrop PIBOY BO «Harmo-
HaJIbHbII MCCTIEOBATeNbCKII YHUBEPCUTET «MOCKOBCKMIT 9HEpreTmye-
CKMIT MHCTUTYT», IIpefcenaTens YueHoro coera (Mocksa, Poccus)

B. CTPMETTIKOBCKI — goxtop dunocodun, mpodeccop, HaydHbI
coTpymunk KeMOpumpKcKoit 613Hec-Komsl KeMOPUIKCKOr0 yHIBEpPCH-
tera (AHrms)

A. 1. TATJKUBAEB — p. 1. H., npodeccop, 3aBeaymomuit kadeapoii
«[lmarnoctyka sHepretuyeckoro obopynosanua» G®IAOY NIIIO «lle-
TepOypPrcKiit 9HEPreTUIeCKMIT MHCTUTYT TOBBILICHNA KBaIU(IKALIII»
(C};HKT-HeTeptS pr, Poccus)

A.E.YKAHOB — k. c. H., [o1eHT, fupexTop JlenapTamMeHTa o CBA3AM
¢ obmecTBeHHOCThI0 TommmBHOM KoMnanuyu Pocatoma «TBIJI» (Mo-
ckBa, Poccus)

K. ®PAHA — p.1.H.,, npodeccop, 3amecTutens fiekaHa Qakynbrera
«ManmHocTpoeHne» TexHudeckoro yHusepcureta (. JInbepet, Yexms)
JI. A. XOMEHOK — p. T. 1., mpodheccop, 3aBefyIOIIiT aHATUTIIECKIM
otaenom Hay4HO-IIpON3BOACTBEHHOrO 0ObefHEHIIS 110 HCCIET0BAHMIO
¥ IIPOEKTMPOBAHNIO SHepreTnyeckoro obopynoanus um. V.V Ilonsy-
Hosa (LIKTN) (Canxr-Ilerep6ypr, Poccus)

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

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

B. 1. IIAPATIOB — p. 1. H., mpodeccop, 3aBepytoumit kapenpoit «Te-
miorasocHabkerne u BentwAus» PrbOY BO «YnpaHOBCKmit rocy-
IAPCTBEHHBI TeXHIYeCKIIT yHIBepcuTeT» (YIbaHOBCK, Poccus)

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

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

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

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

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

XymoXecTBeHHbII pefakTop: — Mananbun [I. b.
Texumyecknit pegakrop — Yiwkos B. B.
INopnucano B nevyars 27.03.2018 r. Ornevarano B OO0 «Ilapurer».

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

© 00O «HIIO «9Heprobes3omnacHOCTb», «HazexXHOCTb 1 6€30IIaCHOCTD 9HEPTeTUKI»
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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
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Nikolay D. ROGALEV — Dr. of Tech. Sc., Professor, Rector of the
National Research University «Moscow Power Engineering Institute»,
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Wadim STRIELKOWSKI — Ph.D., University of Cambridge, Judge
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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
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Russia
Karel FRANA — Prof. Dr. — Ing. habil, Technical University of
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Leonid A. KHOMENOK — Dr. of Tech.Sc., Professor, The head of
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Mikhail % 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
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State Technical University» (Ulyanovsk, Russia)
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COAEP>XXAHUE

OBLWKE BOMPOCHbI HABEXXHOCTU U BE3SONMACHOCTU SHEPTETUKHN

Jle6epesa J1. M., KoBanés I. ®., KpyneHés [. C. HopmmpoBaHme 6anaHcoBOW HaexHOCTU
3NeKTPO3HepreTUYecKnx cuctem 1 GopMmpoBaHne pesepaa reHepPaToPHOI MOLLHOCTY

@®ununnosa A.T., Hypuesa A. 3., HaymkuH E. A., Kysees W. P. OueHka noTeHUManbHOM 0MacHOCTY 06BbeKTOB
NpeanpPUATAA TONJIMBHO-3HEPreTUYEeCKOro KOMMeKca
Henomuawwmn B. A. ccnegoBaHune HagexHocTn O3C HOra B CBA3U C NPUCOE[NHEHNEM HOBbIX COCPEAOTOUYEHHbIX
Harpy3ok (4actb 1)

NPOEKTUPOBAHUE, NCCNEAOBAHWA, PACHETDI

KauypuHep 0. 1., Kpyrnukos 1. A., Fpuropbes K. A. VIHXeHepHbI MeTo pacyeTa napaMeTpOB HayaslbHON
KOHAEHCaLMm B BbICOKOCKOPOCTHbIX MOTOKax BOAAHOro napa
FaBpunos C. H., laeB A. B., Hukutut B. U., NMurposa I. . Oco6eHHOCTV 1CMob30BaHWA MeTofa yAapHbIX
MMNYNbCOB NPU BUOPaLMOHHON AMarHOCTMKe CTaTopoB TypboreHepaTopos
Bbicoropet, C. IN. PazpaboTka METOAMKM SKCMPECC-aHanm3a napameTpa KauecTBa N30AALNOHHOTO MACTIA ..uucewwussmeessssssnnns
JlanteBa E. A., LarneBa . K., JlJanteB A. I. Ounctka BofAbl OT paCTBOPEHHbIX FAa30B B MJIEHOYHOM annaparte

C ANCKPETHO-LLIEPOXOBATbIMU CTEHKaMU
®epoposa H. B., Epumos H. H., ®egopos 0. B. Bribop cnocoba yTunmsauum 30n0LWnakoBbix MaTepranos
Hosouepkacckoi P3C ¢ nprMmeHeHrem meToaa aHanmsa nepapxun T. Caatn
TpyxaHos B. M., CyntaHoB M. M., Kyxtuk M. ., KypbsaHoBa E. B., Top6aHb 0. A. [naHnpoBaHue o6bemoB
MCNbITaHWI OMbITHBIX 06PA3L0B Ha 3Tane co3daHuA TENIo3HepreTnyeckoro obopynosaHms

onbIT SKCMNYATALIMA

Heyiimun B. M. O 3ameleHnmn TypbuHbl T-250/300-23,5 cT. Ne9 Ounuana «TIL-22» MAO «MOCIHEPTOY ...eeceerveeceeeriennneee
Cypakos A. B., Jlerkoctynosa B. B., [puropbes K. A., Kpyrnukos 1. A. MogepHu3aLua cenapatopos-
naponeperpeBatesniel 3HeprobnokoB AIC ¢ peakTopamu BBIP-440 1 BBOP-1000

WHOOPMALMA
NAMATU B. B. KYAPABOTO
XPOHUKA, NYBJIMKALIAM
META®OPU3MbI U ®AKTbI

CONTENTS

GENERAL ISSUES OF RELIABILITY AND SAFETY OF ENERGY
Lebedeva L. M., Kovalev G. F., Krupenev D. S. Standardization of the adequacy of electric power systems and

14

21

30

36
41

48

54

62

68

75
83
84
85
90

formation of the reserve of the generating capacity
Filippova A. G., Nurieva A. Z., Naumkin E. A., Kuzeev l. R. Evaluation of potential hazard of installations of fuel
and energy complex enterprises
Nepomnyashchiy V. A. Investigation of the reliability of the IPS of South in connection with the acquisition of new
concentrated loads (part 1)

DESIGN, RESEARCH, CALCULATIONS

Kachuriner Y. Ya., Kruglikov P. A., Grigoryev K. A. Engineering method for calculating initial condensation
parameters in high-speed water vapor streams
Gavrilov S. N., Gaev A. V., Nikitin V. I., Pigrova G. D. Main features of using the shock pulse method for
vibration diagnostics of turbogenerator stators
Vysogorets S. P. Development of method for quick analysis of isolation oil performance parameters
LaptevaE. A., Shagieva G K., Laptev A. G. Purification of water from dissolved gases in a film unit with
discrete-rough walls
Fedorova N. V., Efimov N. N., Fedorov Yu. V. Selection of a method of recycling ash and slag materials
of Novocherkassk power plant (Novocherkassk GRES) using the Saaty analytic hierarchy process
Trukhanov V. M., Sultanov M. M., Kukhtik M. P., Kuryanov E.V., GorbanYu. A. Planning of Prototype Test
Amounts at Creation Stage of Heat-power Equipment

OPERATIONAL PRACTICE

Neuymin V. M. The replacement of the T-250/300-23,5 turbine at power unit no. 9 Of CHPP-22, MOSENERGO PJSC............
Sudakov V. A., Legkostupova V. V., Grigoryev K. A., Kruglikov P. A. Modernization of moisture
separator-reheaters of NPP with VVER-440 and VVER-1000 reactors

14

21

30

36
41

48

54

62

75




HapexHocTb 11 6€30MacCHOCTL SHEPreTkm
2018r.—=T.11=Nel-c. 4-13
[lebenesa J1. M., v ap.

Safety and Reliability of Power Industry
2018, vol. 11, no. 1, pp. 4-13
Lebedeva L. M. et. al.

OBLWE BOlMNPOCKLI HAOEXXHOCTU U1 BESOINACHOCTV SHEPTETUIKU

DOI:10.24223/1999-5555-2018-11-1-4-13
YOK: 621.311

HopmupoBsaHue 6anaHCcoBOI HaAEXKHOCTU 3/1eKTPOIHEPreTUYEeCKUX
cuctem u popmupoBaHue pe3epsa reHepPaToOpPHON MOLLHOCTH
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CTaTbsA NOCBALLEHA AaKTYa/lbHOMY BOMPOCY OnpefeneHus HeoOX0AMMOrO NMOJIHOFO pe3epBa reHEPATOPHON MOLLHOCTY
[J151 33jlaHHOTO YPOBHA 6anaHcoBol HagexxHocTu (BH) npu ynpasneHnn pa3sutrem n GyHKLMOHUPOBaHUeM EqnHoN
3reKTpo3HepreTuyeckomn cnctemnl Poccuiickon Qegepaunn. NMpobnema pe3epBrpOBaHNA SHEPreTUUYECKUX MOLLHO-
CTe — 3T, Mpexe BCero, npobnemMa obecneyeHns HaeXHOCTN CUCTEM SHEPTETUKM, CUCTEM SJIEKTPOCHabXeHUs no-
TpebuTenen. Hannune pe3epBoB — 3TO NULLIb OAMH (XOTA U OCHOBHOW) 113 CNMOCOO0B 0becneyeHrsa HaleXHOCTH (B TOM
urcie, HaleXXHOe U KaueCTBEHHOe 060pyAOBaHMe, PErysipHbIE 1 KAUeCTBEHHbIE PEMOHTbI, BbICOKOMPOhECCMOHab-
HOe 06CnyK1BaHVe, MaTepranbHOe 1 GUHAHCOBOE CHabXeHre 1 Apyrrie Mepbl). B nnaHe HOPMMPOBaHNA HAOEXHOCTU
3neKTponoTpebneHuns LenecoobpasHo HopMKPoBaTb bH, a He pe3epBbl FeHepPaTOPHbIX MOLLHOCTEN. TO CBA3AHO Kak C
06LLEeNPUHATON NPaKTNKON (B TOM YMciie 1 3apybexHOoN), Tak 1 € TeM, YTo HopmaTus BH onpegenseT n Heo6xoaVMbIN
pe3epB reHepaTOPHON MOLLHOCTA 1 ero pa3MelleHne B cmctemMe C YYeTOM NPOMYCKHbIX CMOCOBHOCTEN MexcmcTem-
HbIX CBA3el. B cTaTbe genaeTca akueHT Ha TeCHYI0 B3auMo3aBrcMMocTb BH 1 nonHoro pesepsa mowHocTn. OueBMaHoO,
yTo YeM Bbiwe BbH, Tem 6onbLie fomKeH 6bITb pe3eps. Micxoaa u3 TpeboBaHUsA, MPUHUMATL TOT UIN UHOW HOPMaTKB
BH, aBTOpamuy npepnaraeTca OLEHMBATb 1 PAaCCUUTLIBATL €€ MOKa3aTenu, B TOM YMC/ie BEPOSTHOCTY 6e30TKa3HowM pa-
60Tbl. Pe3epB, Nnonyyaemblii B pesynbraTte pacyeToB U COOTBETCTBYIOWMIA HOpMaTuBy BH, cnefyeT cumTaTb NOSHLIM 1
Heo6xoAMMbIM (HO He HOPMATUBHbLIM) s NoAAepPKaHNA 3ajaHHOro ypoBHsa BbH. B ctatbe Ha npumepe O3C Crnbupu
NpoaHann3npPOBaHbl 1 MOKa3aHbl pe3yfbTaTbl TONIbKO Tpex pacyeToB. MHOroBapmaHTHble pacueTbl 4eCTBUTENIbHO MO-
Kasasu, YTo aHanu3 nokasaTenein afeKBaTHOCTY NMO3BOJISIET MOYYNTb HE TONIbKO HEOOXOANMbIV Pe3epPB MOLHOCTH, HO

nonpenenntb Tepputopun, rae HEO6XO,D,VIMO NPUHATbL COOTBETCTBYIOLME Mepbl ANA obecneueHusn HageXXHOCTW.

KJ/TIOYEBBIE CJTOBA. banaHcoBas HaleXXHOCTb, pe3epB MOLLHOCTM, MOMHbIN pe3epB, BEPOATHOCTb, HOPMATKB, Teppu-
TOpWanbHasa 30Ha, MPOMYCKHas CMOCOBHOCTb, pacrosiaraeMas MOLLHOCTb.
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Standardization of the adequacy of electric power systems and
formation of the reserve of The generating capacity

Lebedeva L. M., Kovalev G. F., Krupenev D. S.

Melentiev Energy Systems Institute of Siberian Branch of the Russian Academy of Sciences (ESI SB RAS)

Lermontov Street, 130, 664033, Irkutsk, Russia

The paper is devoted to the topical issue of determining the required total capacity reserve for a given level of ade-
qua-cy when managing the development and operation of the Unified Electric Power System of the Russian Federa-
tion. The problem of reserving energy capacities is, first of all, the problem of ensuring the reliability of energy systems,
electrical power supply systems. Whereas the reserves themselves are only one of the ways (though the main one) to
ensure reliability, in particular, reliable and high-quality equipment, regular and high-quality repairs, highly profes-
sional services, material and financial supply and other measures. In terms of standardization the reliability of power
consumption, it is advisable to standardize the adequacy, and not the reserves of generating capacities. This is due
both to the generally accepted practice (including foreign ones) and to the fact that the adequacy standard determines
both the required reserve of generating capacity and its placement in the system, taking into account the capacity of
the ties. However, in this paper, the main emphasis is on the close interdependence between adequacy and total ca-
pacity reserve. Obviously, the higher the adequacy, the larger the reserve should be. Based on the requirement to apply
one or another adequacy standard, authors offer to assess and calculate the adequacy indices including the probability
of failure-free operation. Moreover, the calculated reserve should be considered complete and necessary, but not nor-
mative, to maintain the given level of adequacy. The paper analyzes and shows only three calculations on the example
of the IPS of Siberia. Multivariate calculations have really shown that analyzing the indicators of adequacy allows you
to get not only the required capacity reserve, but also see those territories where it is necessary to take appropriate

measures to ensure reliability.

KEY WORDS. Adequacy, capacity reserve, total reserve, probability, reliability, standard (normative), territorial area,

transmission capacity, available capacity.
BeeneHune

ObecneyeHne HaOeXHOro CHabXeHua noTpebuTe-
e dneKTpo3Heprven ABAAETCA MNPUOPUTETHOW 3aja-
yem NPV yNpPaBAEHUN SNEKTPOIHEPreTUYECKUMN Cu-
ctemamm (33C). Mpm 3TOM HOpMMpPOBaHME NoKasaTesen
HaleXKHOCTU MCMOMb3yeTcsl Ha BCEX 3Tanax ¢OyHKUMOHU-
poBaHMA 1 BO BCex nepapxmyeckmx ypoBHax 3C. Cos-
[JaHne KOMIMNEKCHOM CUCTEeMbl B3aMMOCOrMIACcOBaHHbIX
(HempoTNBOpPEUNBbIX) HOPMATUBOB HAAEXKHOCTY A BCEX
TepPUTOPUANbHbIX Y BPEMEHHbIX YPOBHEN yrnpaBiieHUs
TeXHoNornyecknmm 3BeHbsAMM 3C M pasNyHbIX egu-
HUYHbIX CBOWCTB HAfEXHOCTM — 3TO CJIOXKHAA Hay4HO-
TeXHMYeckaa U opraHusaunoHHasa 3afayva. [na peweHus
3TON 3afjaun TpebyeTca oObefMHeHNe yCunuin cneyuanu-
CTOB pa3Horo npodunsa (TEXHNKOB, MAaTEMATUKOB, SKOHO-
MUCTOB, GMHAHCUCTOB, OPUCTOB) N3 Pa3HbIX OPraHM3aLuii
M KOMMAHWUA: HAyYHO-UCCNEeAO0BaTENbCKMX, MPOEKTHbIX,
3KCryaTauMOHHbIX, MPaBUTENIbCTBEHHbIX, 3aKOHOAATENb-
HbIX, CTPaxoBbIX U T. 4. DopMa SKOHOMMYECKMX OTHOLLIEHNI
B 00OLLECTBE, KaUeCTBO XKMU3HW, 0COBEHHOCTU GpOPMUPOBaA-
HUA 33C 1 Ux ob6beanHeHNN — BCe 3TO OKa3blBaeT BNUS-
HMe Ha CUCTEMY HOPMATMBOB. DTUM OOBACHAETCA pasnu-
yMe CUCTEM HOPMATMBOB HAfEXKHOCTW Pa3HbIX CTPaH ”
pa3HbIX SHeprokomnaHui [1].

HopmupoBaHMe HafeXHOCTM B 3SNEKTPO3HepreTuke
MMeeT JOCTaTOUYHO ANnTeNbHY nctoputo. OHO opraHuny-
HO CBA3aHO C HOPMUPOBAHMEM W CTaHZapTM3aLMen BCex
acnekToB GopMUPOBaHUA 1 dKcnyaTauum 33C Kak npo-
N3BOACTBEHHOW oTpacan. Bce Hopmbl 1 cTaHgapTbl, B TOM

yrCsie U MO HAAEXHOCTK, KaK MPaBUio, GUKCUPYIOTCS B An-
PEKTMBHbIX MaTepuranax: PykoBogAwWwmX yKasaHuMAX, HOP-
MaTMBax, NMpaBuiax yCTPOMCTBa M 3KcnnyaTaumn, CHull,
CNpaBOYHMKax, CTaHJapTax opraHusauui u 1. n. opmu-
poBaHMe [OKYMEHTOB, COAepKalMX TONbKO HOPMaTUBbI
HageXHOCTU 06bekToB I3C, TakKe BO3MOXXHO. HopmaTu-
Bbl MepuoanYeckn MOABEpPralTca NnepecmMmoTpy, U3MeHe-
HUAM, [ONONIHEHNAM B CBA3WN C M3MEHEHWEM BHELIHUX Y
BHYTPEHHUX YCNOBUIN GpyHKUMOHUPOoBaHMA 33C un ee 3ne-
MEHTOB, MOABJIEHVIEM HOBOTO 060PYAOBaHNUA U HOBbIX TEX-
HOMOrniA, Pa3paboTKON HOBbIX METOOB M CPeACTB yrnpaB-
NeHus, pasHbix GOpPM COOCTBEHHOCTY, HOBbIX MOAXOA0B K
npob6neme HafEeXHOCTU N T. A.

[oBOpA O 4OCTAaTOYHO MOMHOW M B3aMMOYBA3aHHOW CU-
CTeme HOPMaTMBOB B 3/IEKTPO3HepreTrKe, cnegyeTt otMme-
TUTb, YTO NpPoOGsIeMa OCTaeTCA OTKPbITOW 1 TpebyeT CBOEro
peleHus. Y cneunanncTtoB NMeKTCA pa3finyHble MHEHMA
Mo COCTaBy HOPMATMBOB HagexHocTu B 93C. OgHM cumuTta-
IOT, UTO HOPMMPOBAHUE HAJEXHOCTUN [ONMHO CBOANTLCA K
BbIOOPY KONMMYECTBEHHOW OLEHKU MUHMMANbHOMO YMC/Ia
nokasaTefiell HaleXXHOCTW BMOTb 4O OJHOMO — BEPOAT-
HocTu 6e3peduryutHom paboTbl 33C [2]. [pyrue 3a TO, UTo-
Obl pernameHTVPOBaHbI ObININ 1 MPAMbIE XapPaAKTEPUCTUKY,
N KOCBEHHble «MpaBuia HafleXKHOCTW», npoueaypbl Npu-
HATUA peleHni No HageXHoCcT 33C N BbIYNCINTENbHbIE
Modenu AnA pacyeToB HAAEXHOCTW, a TaKXe pacyeTHble
CXEMbI, YCNOBUA U UCXOAHbIe AaHHble. [prmepom Takoro
noaxoda Cny»aT CTaHA4apPTbl HAAEXHOCTU AN KPYMHbIX
sHeprocuctem CeBepHont Amepukm [3].

B npuHUMNe, OTHOWEHNE K HOPMATMBaM HaAeXHOCTU
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JKkcnnyatauma obopyaoBaHNA Ha 06beKTax TOMIMBHO-IHEPreTYeCckoro KOMMeKca COMpsiMeHa C MOBbILUEHHbIM
YPOBHEM MOTEHLMANIbHOW OMacHOCTN BO3HWKHOBEHMA aBapuUHOW CUTYaumUn. ITO CBA3AHO C TEM, YTO B TEXHONOIU-
YeCcKoM NpoLecce UCMONb3YeTCA 3HAUNTESNbHBIM 0ObeM B3PbIBOMOXKapPOOMNacHbIX BelecTs. [pu 3Tom o6opynoBaHme
SKCMNyaTUpPyeTCA NpY NOBbILLEHHbIX TeMnepaTypax 1 AaBAeHUAX, @ MHOrMe cpefbl, UCNoJib3yemble Mpu KOHTaKTe C
MaTepuanom, ob6magatoT NMoBbILEHHOV KOPPO3UOHHOW aKTUBHOCTBIO. [pun pa3pyLueHnn o6beKToB Ha Nobon cTagum
pPa3BUTMA aBapUNHOW CMTyaUny Hanbosnee BECOMbIN HEraTUBHbIN BKAZ BHOCAT TPU GpaKTopa — MOXKapoonacHOCTb,
B3PbIBOOMACHOCTb N TOKCMYECKOe 3apaxeHue.

CornacHo OencTBYOWNM HOPMATUBHO-TEXHUYECKM OOKYMEHTaM CyLLeCTBYET HECKONIbKO MOAXOQOB K onpeaene-
HUIO 3TMX onacHocTel. OgHaKo, NCMONb3yA MOJTyYeHHbIe Pe3yfbTaTbl, CI0KHO NMPUHMMATb PELLUEeHNA 1 MAaHMPOBaThb
MepOonpPUATUA MO CHUKEHWNIO NOTEHLUMAbHOW ONacHOCTY aBapuUIHOINO pa3pyLlleHna 1 Npefcka3aHunio CPOKOB JOCTU-
YKEeHUA KPUTNYECKOTO COCTOSAHMSA OOBbEKTOB TOMIVIBHO-3HEPreTMYECKOro KOMIJIEKCa.

B cBA3U € 3TM paHee Ans OLEeHKM NOTeHUMANbHOW 0NacHOCTY 060pyL0BaHMA OMACHbIX MPOU3BOACTBEHHbIX 00BbEK-
TOB OblI0 NPEANOXKEHO MCMONb30BaHWE UHTErpasibHOro napametpa (MM1), KoTopbli OTpaKaeT BCe KaTeropum onacHo-
CTW, onpefensieMble COrfacHO CyLeCTBYIOLMM MeToAnKam pacyeTta. OfHako, pacyeT UM B faHHbIX paboTax yumTbiBaeT
TONbKO GU3NYECKYI0 MPUPOAY NPOUCXOXKAEHUS ONMACHOCTEN, HO He JaeT BO3MOXHOCTY OLEHUTb TEKYLLEEe COCTOSIHUE U1
CNPOrHO3MpOBaTh Nepuof 6e3onacHol 3KCrIyaTauuu.

Takm 06pa3om, 0cobyto akTyaslbHOCTb NPUOOPETAET COBEPLIEHCTBOBAHKE METOA OLEHKN OMACHOCTU Ha OCHOBE
KOMMJIEKCHOTO aHasM3a KOJIMYeCTBEHHbIX XapaKTepPUCTMK aBapuii Ha HepTerazonepepabaTbiBaloLiviX NpeanpuaTUsX,
OCHOBOW KOTOPOrO AOMKeH CTaTb KoMMieKcHbi VN noTeHumanbHOM ONacHOCTH, YUMUTbIBAKOLWMIA He TOIbKO B3PbIBO-
OMacHOCTb, MOXapPOOMACHOCTb, TOKCUYECKOE MOPAXEHNEe, HO U CTEMEHb Aerpajauny Matepuana Kaxgoro obopyno-
BaHMA.

K/MIOYEBBIE CJTIOBA: noxapoonacHOCTb, B3PbIBOOMACHOCTb, TOKCMYECKOE 3aparkeHNe, MOHUTOPUHI HaKOMJIEHHbIX
NOBPEXAEHNN, NHTErpasbHbIA NapameTp ONacHOCTU.
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Operation of equipment at facilities of the fuel and energy complex is associated with an increased level of potential

hazard of an emergency situation. This is due to the fact that a significant amount of explosive and fire hazardous substances
is used in the technological process. At the same time, the equipment is operated at elevated temperatures and pressures,
and many media used for contact with the material have increased corrosive activity. When-ever objects are disrupted at
any stage of the emergency development, three most significant adverse contributing factors are fire hazard, explosion

hazard and toxic contamination.

According to the current regulatory and technical documents, there are several approaches to identifying these hazards.
However, using the results obtained, it is difficult to make decisions or plan actions to reduce the potential hazard of
emergency destruction and predict the timing of the critical state of the fuel and energy complex facilities.

In this regard, earlier, in order to assess the potential danger of equipment of hazardous industrial facilities, it was proposed
to use an integral parameter that reflects all hazard categories calculated according to the existing calculation procedures.
However, the calculation of the integral parameter in these works only takes into account the physical nature of the origin
of the hazards, while not enabling to assess the current state or to predict the safe operation period.

Thus, improvement of the hazard assessment method on the basis of comprehensive analysis of quantitative characteristics
of accidents at oil and gas refineries, to be based on a complex integral parameter of potential hazard, taking into account
not only the explosion hazard, fire hazard, and toxic damage, but also the degree of degradation of the material of each

equipment, is of particular relevance.

KEYWORDS: fire hazard, explosion hazard, toxic contamination, monitoring of accumulated damage, integral hazard

parameter.
BseneHune

Ha npepnpuAatuax TIK peanusytotca npouecchl nepe-
pPaboTKN PasnnUHbIX BMAOB YrNIEBOLOPOAHOIO ChipbA U
Npon3BOANUTCA HGONbLLION 06beM TOBAPHbIX HedTENPOAYK-
TOB. B KauecTBe cbipbsi, NPoAYKTOB U MnonydabprkaTos
YCTaHOBOK HedTenepepaboTKu BbICTYNAT CMECU YrneBo-
LOPOZOB, KOTOpble 006MaaloT B3PbIBOMOXAPOOMNACHbIMU
CBOMNCTBaMU. TV NPOV3BOACTBEHHbIE OOBEKTbI BCErga co-
MPs>KEHbI C MOTEHLMANbHOW OMaCHOCTBIO Af1A YENOBEKA U
aKocucTembl [1].

Mopaxatowwme GpakTopbl pasHOOOPa3Hbl N0 GUNUYECKON
NPYPOAE 1 BO3HUKAIOT Ha Jt0ObIX CTaAmMAX Pa3BUTUS aBa-
puUIA, HO HanbONbLUWIA BKNAA BHOCAT Tpu ¢pakTopa — no-
»KapOoOoMacHOCTb', B3PbIBOOMACHOCTb? 1 TOKCMYECKOoe 3a-
paxeHunes,

! DepepanbHble HOPMbI M NMPaBuNa B 06NacTy MPOMBILLNEHHO 6e30-
nacHoctn «O6Lume npasuna B3pbIBO6E30MaCHOCTY 1A B3PbIBOMOXaPO-
OMacHbIX XUMUYECKIX, HedpTeXMMIUYECKNX 1 HedTenepepabaTbiBaloLnX
npoussoacte». Cepua 09. Bbinyck 37. - 2-e n3a., gon. - M.: 3akpbiToe
aKLMOHepHoe 06LLecTBO «HayuYHO-TEXHNYECKNIA LIeHTP UCCIefoBaHuUN
npo6nem npombiLLneHHo 6esonacHocTy, 2013. - 126 .

2 TOCT 12.3.047-2012 «HauuoHanbHblin ctaHgapt PO. CCBT. Moxap-
Has 6e30MacHOCTb TeXHoMornyecknx npoteccos. Obuye TpeboBaHus.
MeTopbl KoHTponsa» — Beea. 01.01.2014. - M., 2014. - 86 ¢.

3 P[ 52.04.253-90 «MeToamKa NporHo3npoBaHnsA MacluTaboB 3apa-
XKeHNA CUNbHOAENCTBYIOWMMU AROBNTLIMIA BELeCTBaMMU NpK aBapuax
(pa3pyLieHnax) Ha XMMUYECKN OMacHblX OObeKTax M TpaHcropTte» —
Beep. 01.07.1990. - CI16, 2000. - 19 c.

Kpome Toro, npu gnvuTenbHOM 3Kcnyatauum obopyno-
BaHUA HedTenepepabaTtbiBaolwmx npomvssoacts (HIM)
Hen30eXHO BO3HVKAT MOBPEXAEHNUA WAN HapyLUueHWs
paboTOCNOCOOHOCTM €ro 31eMeHTOB axe NPU OTCYTCTBUM
nedeKTOB U3roTOBNEHUS U COONMIOAEHN NPABUIT SKCMya-
Tauuu.

AHanm3 CoCTOSIHMA MPOMbILLTIEHHOW 6e30MacHOCTM No-
KasaJl, YTO M3HOC OCHOBHOIO TEXHONIOMMYecKoro obopy-
[IOBaHVA OMacCHbIX NMPOU3BOACTBEHHbIX 06bekToB (OlO)
noxoaut po 70%*. ObopynoBaHMe NPOAOIKAET SKCMITya-
TMPOBaTbCA TOMBbKO 3a CYET 3arnaca NPOYHOCTU, KOHCTPYK-
TVMBHO 3aJIOKEHHOr0 NpW €ero W3rotoBNeHUWU. 3ameHa
060pynoBaHMA Ha NpeanpuATUAX BeAEeTCA KpallHe meg-
NEHHbIMM TEMMaMU, He Bceraa obecneyrBaeTca CBOeBpe-
MeHHOe npoBefeHMe SKCNePTU3bl 3[aHNN N COOPYHKEHNN
Ha OlNO, He cobniofalOTCA CPOKU BbIBOAA U3 SKCrUTyaTa-
LUN 1 3aMeHbl N3HOLIEHHOIO 060PYAOBAHMSA.

Mo3ToMy BO3HMKAeT HeoOXOAMMOCTb B OMpefeneHun
NMOTEHUMANbHON OMACHOCTM 060pyAOBaHNA 1 ONTMMallb-
HOro neprofa BbiIBOAA €ro U3 sKcrnyartaymm.

B cBA3n ¢ 3>Tmm pAg wuccneposatenen [2-5] anA
OLEHKM  MOoTeHUManbHOW  omacHoCcTM  obopyao-
BaHuAa OlIO npegnoxun wcnonb3oBaHue WM, ko-
TOPbIA OTpaxkaeT BCe KaTeropuMm OMacHOCTM, Ta-
Kne KakK  B3pbIBOOMACHOCTb,  MOXapOOMacHOCTb,

4 TopoBoii oTyet o feAtenbHocTy MegepanbHom Cy6Obl Mo SKoNo-
rYeCKOMY, TEXHOTOrMYECKOMY 1 aTOMHOMY Haf3opy B 2016 roay. — M.:
«HayyYHO-TeXHUYECKNI LIeHTP NCCNeA0BaHMIA NPO6eM NPOMbILLIEHHON
6e3onacHocTMy, 2016. - 397 c.
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UccneposaHue HagexxkHocTn OI3C Ora B cBA3M C npucoeanHeHnem
HOBbIX COCPEeAOTOYEHHbIX Harpy3ok (4actb 1)
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PaccmaTpuBaloTcst BOMPOChl HAZeXXHOCT QYHKLMOHMPOBAHNA MarncTpasbHbix cetein 500-220 kB O3C tOra v BansHue

NPUCOeNHEHUSA HOBbIX HAarpy30K Ha 1x paboTy.

B 1-# yacTu cTaTb NOKa3aHo, UTO YXKe B HacToALLee BpemMa JeNCTBYIOLME MarncTparbHble CETU UMEIOT YPOBEHb HAeHOCTU
(BeposATHOCTb 6ecnepeboHom paboTbl) 0,980, UTO COOTBETCTBYET NMPOAOIKUTENBHOCTY aBaPUINHBIX COCTOAHMI ceTeld 175 u/rop.

C nogKntoyeHieM HOBbIX NMOTPebUTenel 3arpy3ka MarucTpanbHbix ceteri 500 — 330 KB cyLecTBeHHO BO3pacTaeT, UTo Pe3Ko
CHW>KAeT pe3epB KX MPOMYCKHON COCOOHOCTM 1 MOHMXAET HAZEXHOCTb X QYHKLIVOHMPOBAHNSA, 0COOEHHO B MepUobl Npo-
BEEHUs MNIAHOBO-NPOdUIAaKTUYECKMX PEMOHTHbIX PaboT B ceTAx 500 KB.

Mepepaya anekTposHeprun n mowwHocTy 13 O3C tOra B JOMONHUTESNIbHYIO HOBYIO SHEPrOCUCTEMY MO AENCTBYIOWMM Maru-

CTpanbHbIM ceTam B npefenax 800-850 MBT 0cobeHHO B neTHWI nepuop (B Nepriof NpoBefeHNs PEMOHTHbIX KaMMaHMI)
CYLECTBEHHO CHUXAET HAZIEXHOCTb UX PaboTbl 1O BEPOATHOCTU becnepebonHoro GpyHKLUMoHpoBaHusa 0,965. 310 yBenu-
UMBAET BEPOATHYIO ASINTENIbHOCTb aBapUMHbIX COCTOAHMI ceTr Ao 300-310 u/rog 1 MOXET CTaTb UCTOYHNKOM CUCTEMHbIX
aBapuii, 0COBEHHO B PEXMMaX C MIAHOBbIMY PEMOHTaMU OCHOBHBIX J13M 500 KB, NprBOAALLVMY K MOHUXEHUIO MPOMYCKHON
CMoCOBHOCTU CceTU.

bnuskaa K npefenbHbIM 3HaYeHWAM 3arpy3ka MarmctpanbHbix ceter 500-330-220 KB B goaBapuiiHbIX HOPMasbHbIX
peXrmMax CO3AaeT JOMOHUTESNbHbIE HEraTUBHbIE YCIOBUS NX GPYHKLMOHNPOBAHUSA, TaK Kak B 3TUX ClyYasxX aBapuliHble OT-
KNOYeHNA AaXke ManoOTBETCTBEHHDIX B PEXXVMMHOM OTHOLLEHNW IMHWIA dNeKTponepedayun MoXeT CTUMYNPOBaTb Pa3BuTne

CUCTEMHbIX aBapuMn.

KJMFOYEBbBIE CJTOBA: HageXXHOCTb, CUCTEMHbIE aBapuy, YLLePO, CXeMa NEKTPOCHABXKeHMSI.

Investigation of the reliability of the IPS of South in connection
with the acquisition of new concentrated loads (part 1)

Nepomnyashchiy V. A.

Lipovskiy proezd, 3a, fl.15,188541, Sosnovy Bor, Leningrad region, Russia

The paper considers the matters of operational reliability of 500—220 kV trunk networks of the IPS of South and the

impact of connection of new loads.

Asis shown in part 1 of the paper, at present the operating trunk networks have had the reliability level (the probability of
failsafe operation) at 0.980, which corresponds to the duration of emergency conditions of networks at 175 hrs per annum.
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With the connection of new consumers the load on 500-330 kV trunk networks has increased significantly, which has
sharply reduced their throughput capacity margin and lowered their operational reliability, particularly at periods of
scheduled maintenance work on 500 kV networks.

The transfer electric energy and power from the 1JS of the South in additional new energy system on existing backbone
networks in the range of 800-850 MW, especially in the summer (during the maintenance campaigns) significantly
reduces their operational reliability considerably to the failsafe operation probability of 0.965. This extends the probable
duration of emergency conditions of network up to 30-310 hrs a year and may become a source of systemic emergencies,
especially in operating modes with scheduled repair of the main 500 kV power transmission lines that would predetermine

a decline in the throughput capacity of the network.

Loading the 500-330-220 kV trunk networks to levels close to the limit values in pre-emergency normal operating
modes creates additional adverse conditions for their operation, as in these cases emergency shutdowns of even low
criticality power transmission lines could stimulate development of systemic emergencies.

KEYWORDS: Reliability, system emergencies, damage, power supply arrangement.

B HacTosAwee Bpema OObeAUHeEHHass >HeprocucTe-
mMa (03C) tOra BknouaeT B ceba AcTpaxaHckyto, Bon-
rorpagckyto, [arectaHckyto, Kanmbiukylo, Kapauaeso-
Yepkecckyto,  KabapauHo-bankapckyio,  KybaHckyto,
PoctoBckyo, CeBepo-OceTuHcKkyto, CTaBpOMnosbCKyio,
YeyeHckyto 1 NHrywckyto sHeprocuctemsl, a ¢ 2015 roga
K Hell 6bina npucoeanHeHa un KpbiMckas sHeprocucre-
Ma. O3C lOra obbeguHsieT MarucTpasbHbIMK CETAMM
500-330-220 kB PoctoBckyto A3C, HoBo-Yepkacckyto
IP3C Ha yrne u rase, CraBponosnbckyto 1 HeBUHOMbIC-
ckyto POC Ha rase, Bomxkckyto [3C a Takxe pag T n MC

cpeaHen M Manoi molHocTn PoctoBckon obnactu, Ce-
BepHoro KaBkasa n KpacHogapckoro Kpas. O3C obecne-
UMBaeT TaKXe napannenbHyto paboty ESC Poccuu ¢ aHep-
rocrctemamu YkpauHsol, AzepbaiigkaHa n pysun. O6was
yCTaHOBNeHHaa reHepupyowaa mowHoctb O3C KOra B
2016 ropgy coctasnana 20,6 mnH. KBT npn pacnonaraemon
MOLLHOCTN 19,62 MITH. KBT 1 rooBOW BbIpaboTKe 3/1eKTpo-
3Hepruun 96,24 mnpg. KBT-u. InHamrka ycTaHOBMEHHbIX U
pacnonaraembix reHepupyowmnx mowHocten O3C tOra B
2013-2016 rr. nprBeaeHa B Tabnuue 1.

Mpw 3TOM Npon3BOACTBO 3neKkTpo3Heprum no O3C KOra ¢

Ta6nuua 1. YcTaHOBNEHHbIE 1 pacrofiaraemble MOLWHOCTY 1 NPOU3BOACTBO NEeKTPO3Heprum anekTpoctaHunamm O3C Ora B 2013-2016 1.

Table 1. Installed and net dependable capacities and electric power output of the IPS of South in the period of 2013-2016.

2013r./2013 2014r./2014 2015r./2015 2016r1./2016
Mpows- : Mpows- :
YcTaHoBNEH- BOLCTBO YcTaHoB- Mpousson YcTaHoB- BOLCTBO YcTtaHoB- Mpousson
HaA MoLL- 3NeKTpO- neHHan TCTOB;HZHEF:M neHHanA 3neKTpo- neHHanA TCT::HZ”?;_M
HavMeHoBaHMe CTaHUMK HOCTb SHeprMM | MOLWHOCTb P P MOLLHOCTb | 3Hepruy | MOLLHOCTb P P
u MJH. KBT-y MJH. KBT-y
Types of stations MAH. KBT MAH. KBT-u | MnH. KBT MIH. KBT MIH. KBT-Y MAH. KBT
Installed Electric Installed E)l(e;l\tlzrc Installed Electric Installed E;if;grc
capacity, power capacity, capacity, power capacity,
million kW output, | million kW rr?i:JItE\L/l\}-’h millionkW | output, | million kW n'?iﬁtFIZ\l/Jvt-'h
mill. kW-h ’ mill. kW-h )
ﬁgg 113827 | 426174 | 111895 | 490436 95397 | 486732 | 98126 50084,8
I?PICD 56349 22048,6 5646,6 188793 5756,1 184229 5931,2 21049,1
ﬁ“a)g 2000,0 17135,7 3070,0 157049 3000,0 205093 3000,0 24.000,7
B3C
WPP 0,0 0,0 0,0 0,0 1600,0 38 1600,0 28
bnok-ctaHuun npomnpea-
npuATA 284,8 10403 2639 1130,0 221,0 947,9 257,9 1103,7
Isolated generating plants ! ’ ! ! ! ! ! !
of industrial enterprises
Bcero no 03C10ra
The IPS of the South, total 193024 82842,0 20170,0 84757,8 20116,8 88556,2 20601,7 96 241,1
Pacnonaraemas molHOCTb
Net dependable capacity 17181,0 XXX 18 045,0 XXX 19227,0 XXX 19620,0 XXX

Mpumeyanue: 30ecy u danee sce nokazamesnu no O3C 0za npusodamcs no daHHbIM omuyemos CucmemHo2o Onepamopa ESC Poccuu’.

' Otuetsl 0 dyHKUMoHMpoBaHun E3C Poccum B 2013-2016 rr. Pecypcbl WHTepHeTa. http://so-ups.ru/fileadmin/files/company/reports/
disclosure/2017/ups_rep2016.pdf.

22




HazexHocTsb 1 6e30nacHOCTb SHEPreTVKm
2018r. - T.11=Ne? -c. 30-35
KavypuHep fO. 4., Kpyrnukos 1. A., [puropses K. A.

Safety and Reliability of Power Industry
2018, vol. 11, no. 1, pp. 30-35
Kachuriner Y. Ya., Kruglikov P. A., Grigoryev K. A.

NPOEKTUPOBAHWVE, NCCJIEQOBAHUA, PACHETHI

DOI: 10.24223/1999-5555-2018-11-1-30-35
YOK 621.175.1

UHxceHepHbIl memo0d pacyema napamempos Ha4anbHol
KOHOeHCcayuu 8 8bICOKOCKOPOCMHbIX MOMOKAX 8005IHO20 napd

Kauypunep 10. 4., Kpyanukoe I1. A., [puzopees K. A.
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M3naraetca npnbnuXeHHbI METOL pacyeTa ra3o- 1 TEpMOAVHAMUYECKIX MAapaMETPOB FOMOTEHHO KOHIEHCMPYHOLWMXCS
BbICOKOCKOPOCTHbIX MOTOKOB Mapa, B TOM YMC/ie B MPOTOYHBIX YACTAX MApPOBbIX TYPOVH 1 APYroM SHEpreTmyeckom o6o-
pyaoBaHUW. TOYHBIA PAacyeT CMOHTAHHOW KOHAEHCaLUmK, 6a3upyoLuniics Ha obLLell Teopur MHOTOda3HbIX TeUEHNI U K-
HeTUYeCKoW Teoprm AAPo0Opa3oBaHKs B Nape, yUNTbIBAET KMHETUKY NpoLecca U TpebyeT NCMonb30BaHNSA COBPEMEHHDIX,
LOCTAaTOYHO CIIOKHbIX KOMMbIOTEPHbIX NMPOrpamMm. Pa3paboTaHHbIN NPUONUMKEHHBIV METOS, YUUTbIBAOLWMIA BCE MPUHLMNU-
arnbHble GU3NYECKe 0COOEHHOCTM PEeaNibHOro NMOTOKa, MO3BOSIAET OMNPEAeNMTb NapaMeTPbl MOTOKa AOCTaTOYHO MPOCTO,
NCMONb3yA pe3ynbraTbl CMCTEMATUYECKMX TOYHbIX PacyeToB. B COOTBETCTBMM C peasibHbIM MOTOKOM TeYeHne pasgenaerca
Ha Tpw1 06nacTy: NOJIHOrO NepeoxnaxaeHus, PoHTa KOHAEHCALMU, TEPMOAUHAMUYECKOTO PaBHOBeCKS. PacueTbl B 0b6nactu
nepeoxnaxxaeHua 1 TepMoAMHaMMNYECKOro PaBHOBECKA BbIMOMHAIOTCA Kak A1 N303HTPOMNUAHO paclumpAioLweroca nae-
aribHOTO ra3a C pasHbIMY N1 KaXKaoM 13 obnacten 3HaueHNAMU NoKasaTtens aanabatbl. KoHel ob6nactv nepeoxnaxaeHus
OnpefenseTcs 3HaYeHeM MOPOroBOro NePeoxXnaXaeHNs, a Hayano 061acT TePMOAMHAMUYECKOTO PaBHOBECUA — MPO-
TAXKEHHOCTbIO COOCTBEHHO pOoHTa. Kputepuamu, onpefensowmm 3T napaMeTpbl, BbIOpaHbl rpagneHT pacluMpeHms npo-
XOAHOW NMOLWAAN KaHana 1 AaBneHne Ha MIMHUM HacbIWEeHWA NPY M303HTPOMHOM paclpeHnn NoTtoka. MectononoxeHne
U NPOTS>KEHHOCTb KOHAEHCALMOHHOIO GPOHTa ONpeAensioTcs no 06061 eHHbIM AMarpaMmam, MOCTPOEHHbIM MO pe3ynbTa-
Tam CUCTeMaTUYeCK/X PacyeToB, BbIMOMHEHHbIX MO NPOrPaMMHOMY KOMMNEKCY «BnaxkHbin nap». MIi3meHeHne napameTpoB
B CAaMOM KOH[IEHCALMOHHOM (POHTE onpefenseTca No U3BECTHbIM ra304UHAMUYECKUM COOTHOLIEHVSIM AJil TEMSIOBOrO
conna. [MprBoAMTCA CpaBHEHWE TOYHOTO 1 MPUOXKEHHOTO PacyeTa C OMbITOM, MOKa3biBaloLLee YI0BIETBOPUTENbHYIO TOY-

HOCTb MeTofa.

KJTIOYEBbBIE CJTOBA: nHXeHepHbI MeTOA pacyeTa, HayanbHas KOHAEHCaUMs, BOAAHON Nap, BAaXXHOMapOoBble CTyrNeHu
TypOUH, onpeaensLe KpUTeprm, NapameTpbl MaPOBOI 1 KanesbHOW Baru.
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Engineering method for calculating initial condensation parameters
in high-speed water vapor streams
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An approximate method for calculating the gas and thermodynamic parameters of homogeneously condensing high-
speed steam streams is described, including calculation of steam turbines and other power equipment flow sections. The
exact calculation of spontaneous condensation, based on the general theory of multiphase flows and the kinetic theory
of nucleation in a vapor, takes into account the kinetics of the process, and requires the use of modern, rather complex
computer programs. The developed approximate method that takes into account all the fundamental physical features
of the real flow makes it possible to determine the flow parameters quite simply, using the results of systematic accurate
calculations. In accordance with the actual flow, the current is divided into three regions: total supercooling, condensation
front, thermodynamic equilibrium. Calculations in the supercooling region and thermodynamic equilibrium are performed
for an isentropically expanding ideal gas with different adiabatic values for each of the values. The end of the supercooling
region is determined by the threshold supercooling value, and the beginning of the thermodynamic equilibrium region is
determined by the extension of the front itself. The gradient of the channel area expansion and the pressure on the saturation
line under isentropic expansion of the flow are chosen as the criteria determining these parameters. The location and
extension of the condensation front are determined from generalized diagrams constructed from the results of systematic
calculations performed by the «Wet Steam» program complex. The change in the parameters in the condensation front
itself is determined from the known gas-dynamic relations for the heat nozzle. A comparison of the exact and approximate

calculation with experiment is given, showing the satisfactory accuracy of the method.

KEYWORDS: engineering calculation method, initial condensation, water vapor, wet steam stages of turbines, defining

criteria, steam and capillary moisture parameters.

B BbICOKOCKOPOCTHbIX MOTOKax cflabo neperpeToro nnm
HaCbIWEHHOro napa, B TOM YMCie B MPOTOYHbIX YacTaX
BIA’>KHOMAPOBbIX TYPOVIHHbBIX CTyrneHel, HayallbHas KOH-
[EeHcauma HOCUT, eC/IN He NPVHMMAETCA COOTBETCTBYHOLLMX
Mep, TOMOTEHHbIV XapaKTep 1 MNPOUCXOAUT C GOMbLUMM
OTKNOHEHUAMU OT TEPMOANHAMUYECKOTO pPaBHOBECKUA
[1-2]. Mpouecc npoxoauT uyepes ABe CTagum — nepe-
OXNaXAEHUsI N KOHAEHCAUMOHHOro ¢POHTa («CKauka
KOHAEHCaLnn»), pa3BMBaloOWEroca no AOCTUXEHUU [O-
CTaTOYHO BbICOKOrO MOPOroBOro nepeoxnaxneHus. Bo
bpoHTe BCeacTBme pe3koro BnaroobpasoBaHus Bblaens-
eTcsi Oonbluoe KONMYECTBO TeMsa, NepeoxnaxaeHue na-
[aeT' NPaKTUYeCcKn A0 HYSIA, U JanbHellwee paclumpeHve
NOTOKa BNAXHOro mapa NpomncxoamuT C MafbiMy OTK/TIOHe-
HUAMKU OT TepPMOAMHAMUYeCKoro paBHoBecuA. OgHoBpe-
MEHHO BC/IeCTBME KOHAEHCAL MM YMEHbLUAETCA U Pacxoq
napoBoW ¢asbl, YTO NPUBOANT K YMEHbLIEHWNIO CKOPOCTY 1
MOBbILIEHWNIO AABNEHNA.

PaspaboTaHHble Ha 6a3e obLien Teopun MHOrodasHbIX
NOTOKOB [3] 1 KMHETMYeCKOn Teopun Hykneaumn [4] me-
TOAbl pacyeTa 1 CO34aHHble peanusyoLie Ux pacyeTHble
nporpaMmbl, MO3BOAAOLWNE AETaNbHO OMNpPefenATb Xa-
PaKTepUCTUKIN NAPOBOW 1 XUAKoW dpa3 NoToka B npoLecc
HayanbHOW KoHAeHcauum [5-6], 4OCTaTOUHO CIIOXKHbI U
TPebytoT cneymanbHOM NOArOTOBKN sl UX UCMONb30Ba-

B LO3BYKOBOM MNOTOKE B obnactu OKOJI03BYKOBbIX CKOpOCTeVI
nepeoxnaxaeHne MOXeT yBeJInumBaTbCA, 0CO6EHHO npuv manbiX rpa-
ANeHTax paclinpeHna NnoToKa.

HuA. [To3TOMY Ha HauanbHbIX 3Tanax MNPOeKTUPOBaHMUA
»KenatenbHO UMETb NPUOGNIMKEHHbIE UHXKEHEPHbIE METOAbI
onpeaeneHnsi XapakTepPHbIX NapameTPoB NOTOKa B 0bna-
CTW HayanbHOWM KOHAeHcauun. K H1m, B nepByio ouepefp,
OTHOCATCA MECTOMOJIOXKEHNE U MHTEHCUBHOCTb KOHAEH-
CaLMOHHOro GpPOHTA, MAapaMeTPbl MOTOKA 3a HUM U Ha Bbl-
XOAe V3 KaHana Win peLlleTKn JIONaTouHbIX npodunen, a
TaKXXe oLeHKa OMacHOCTM BO3HWKHOBEHMA KOHAEHCauu-
OHHOW HeCTaLMOHAPHOCTM.

HuXe wm3naraloTca OCHOBHble MOJNIOXKEHMA TAKOro Me-
Toda, B OCHOBE KOTOPOro NEXWUT ¢Gusnyeckass Moaenb
HEPABHOBECHOW TOMOFeHHOW HayanbHOW KOHAEeHcauumn
B OOHOMEPHOM MOTOKE, M UCMONb3YIOTCA pe3ynbTaTbl Ch-
CTEMATMUYECKUX PAaCUYETOB TaKMX MOTOKOB B LUMPOKOM Auna-
na3oHe NapameTpoB PaboTbl BNAXKHOMAPOBbIX TYPOUHHbBIX
cTyneHen [7]. [pm 3TOM, Kak 3TO MPUHATO B MPaKTUKe pac-
YeToB, MOTOK B LIESIOM MPUHUMAETCA aamabaTnyecknum u
WN303HTPOMNUINHbBIM, @ MOTEPU YUNTLIBAIOTCA NMOMPaBKaMU K
KOHEeYHOMYy pe3ysnbTaTy pacyeTa. TOUHOCTb TaKMX pacyeToB
unncTprpyeT rpadrik Ha prcyHKe 1, rae NoKasaHo CpaB-
HEeHMe PacyeToB C OMbITaMN MHOTMX aBTOPOB. Kak BUAHO,
NMOrpeLHOCTb PacyYeToB MO OnNpedeneHnio MONOXeHWA
KOHOEHCALMOHHOro ¢GpoHTa B 06N1aCTV HMU3KMX AABNIEHNN
He npesblwaeT 5%.

O6nacTb nepeoxnakaeHuns

Mpn pacwmpeHnn napa HUXe MNOrpaHNYHON KPUBOW
NOTOK CYMTAeTCA MOIHOCTbIO MepeoxnaxaeHHbIM U OQHO-
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CraTbsl NOCBSALLEHA PACYETHO-IKCMEPUMEHTASIbBHOMY UCC/IEA0BAHMUI0 BUOPALIMIOHHOIO COCTOAHUS 3/IEMEHTOB TOPLIEBbIX
30H CTaTOPOB MOLLHbIX TYpHOreHepaTopoB.

B cBA3U C 0COBEHHOCTAMM KOHCTPYKLMN 11 YCIIOBUAIMM PaboTbl MPU COBMECTHOM BO3LENCTBUM TEMMNEPATyPHbIX U HeCTa-
LIIOHAPHBIX 3M1EKTPOMArHUTHbIX MOJEN, KOHCTPYKTUBHbBIE 3/IEMEHTbI TOPLIEBbIX 30H CTAaTOPOB MOLLHbIX TYpOOreHepaTopoB
rofBepXeHbl BUOpaLmu. YpeamepHble ypOBHY BUOPALIMM B KOHCTPYKLMU BeAYT K BO3HVKHOBEHUIO YCTaNOCTHbIX TPELLUH B
BMOPOHArpy»eHHbIX 3/IEMEHTaX U BbIXOAY UX 13 CTPOA C NOCNEAYOLWM OCTAHOBOM FreHepaTopa U, Kak ClefCcTBME, LIeNoro
SHeprobnoka.

B cBA3M C 3TMM Cco3aaHMe HAAEeXHO PAbOTAKOLLEN MEKTPUYECKOW MALLUHBI ABAETCA BaXKHOWM W aKTyalbHOW HayyHO-
TEXHNYECKOW 3afaYel.

[lns peweHns Nogo6HbIX 3afaY B HACTOsLLEE BPEMS aKTUBHO MPUMEHSIOTCS PasfNyHbIE PacUeTHbIE 1 SKCMEPUMEHTASTb-
Hble MeTOLMKM, KOTOPbIE 3a4acTyI0 MCMOJb3YIOTCA HE3aBUCKMO APYT OT Apyra.

OCo6eHHOCTbI0 HacToALENn PaboTbl ABNAETCA COBMECTHOE UCMOJNb30BaHME COBPEMEHHbBIX PAacUETHbIX Y SKCNEePUMEH-
Ta/lbHbIX METOAOB ANS PELLUEHWS 33[jaum MO 06eCneyeHuno BUOPOHAAEXKHOCTY 3IEMEHTOB TOPLIEBbIX 30H CTaTOPOB MOLLHbIX
TypboreHepaTopoB.

PaccmoTpeHbl BOMpochbl BMOPaALMIOHHOW AUArHOCTUKU CTAaTOPOB TypbOreHepaTopoB METOLOM YAAPHbIX MMMYSIbCOB C
Lienblo MOBbILIEHUA BUOPALMOHHOW HaleXXHOCTW. BbINONHEHO UMCNIEHHOE MOAENMPOBAHUE UMMYNIbCHOMO AVHAMMYECKO-
ro BO37eCTBMS Ha MOJENb BbIBOLHOMO KOHLIA MOLLHOrO TypboreHepaTopa. Mofenb COCTOUT 13 LUMHOAEPKATENs, XKECTKO
3aKPEniIeHHOro MO OCHOBAHWIO 3IEMEHTA HaXKUMHOW MNTbI, Y BbIBOGHOMO KOHLA C KOMMO3UTHON mn3onaumen. Orsnko-
MeXaHMyecKne CBONCTBA N30NALMM NPUHATbI B COOTBETCTBUM C pe3yNibTaTaMUn PacyeTHO-IKCMEePMEHTaNIbHbIX NCCNIE[0Ba-
HUIA. Pe3ynbTaTbl pacyeTHbIX NCCefOBaHNIA NMO3BONUAN ONPeaenuUTb 3aBUCUMOCTN PEFNCTPUPYEMbIX OTKIIMKOB OT MecTa 1
LJIMTENTIbHOCTM YAapa, a TakxKe BbIOpaTb TOUKY NMPUSIOXKEHWS MMMy bCa B 3aBUCMOCTM OT popMbl KonebaHuin. PazpaboTaHbi
peKoMeHZaLMm1 Mo NPOBefeHNI0 BUOPALIMIOHHOW ANArHOCTVKA METOLOM YAAPHbBIX UMMY/IbCOB Ha MPUMEpPE BbIBOAHDIX LUVH
CTaTOPOB TypOOreHepaTopOoB, MO3BONSAIOLME YBENNYNTL YPOBEHD MOyYaeMblX CUTHANIOB 1 MOBbLICUTb BEPOATHOCTb OOHa-
pyxeHus Bcex Gopm KonebaHuii B TpebyemMoMm [imana3oHe YacToT.

KNMOYEBBIE CNTOBA: TypboreHepatop, cTaTop, BUOPaLMIOHHas AUArHOCTVKa, COOCTBEHHbIE YacTOTbl, GOPMbI KONIEGAHMIA,
YnCNIeHHOE MOJENPOBAHME.,
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Main features of using the shock pulse method for vibration
diagnostics of turbogenerator stators
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The present work is devoted to the calculation and experimental study of the vibrational state of the stator end zone
elements at high-power turbogenerators.

Due to the design features and operating conditions under the combined effect of temperature and non-stationary
electromagnetic fields, the structural elements of the stator end zones at powerful turbo generators are subject to vibration.
Excessive levels of the structure vibration lead to the appearance of fatigue cracks in the vibration-loaded elements and
their subsequent failure, leading to the stop of the generator and, as a consequence, the whole power unit.

In this regard, the creation of a reliable electric machine is an important and urgent scientific and technical task.

To solve such problems, various computational and experimental methods are being actively used at present, which are
often used independently of each other.

A feature of this work is the joint use of modern design and experimental methods for solving the problem of ensuring
vibrational reliability of the end zone elements of stators at powerful turbo-generators.

The paper considers the use of the method of shock impulses for vibration diagnostics of turbogenerator stators, in order
to increase the vibrational reliability. Numerical simulation of the impulse dynamic impact on the end winding element of
a powerful turbogenerator is performed. The model comprises a bus holder rigidly fixed on the base of the pressure plate,
and an output end with composite insulation. The physical and mechanical properties of insulations are assumed according
to results of design and experimental studies. The results of computation studies have made it possible to determine the
dependencies of the recorded responses on the location and duration of the impact, and also to select the point of pulse
application, depending on the shape of the oscillations. Recommendations for conducting vibration diagnostics by shock
pulses have been developed on the example of output busbars of turbo generator stators, which allow to increase the level
of received signals and the probability of detecting all forms of oscillations in the required frequency range.

KEY WORDS: turbogenerator, stator, vibration diagnostics, natural frequencies, vibration modes, numerical simulation.

BnbpaLoHHas AMarHOCTMKa — 3TO MeTof AUAarHOCTU-
POBaHUS TEXHUYECKMX CUCTEM U O6OPYAOBaHUS, OCHO-
BaHHbI HA aHanu3e MapamMeTpoB BMOpauuMn (4YacToTa,
BMOPOCKOPOCTb, BUOpOMNepemMeLLeHre, BUOPOYCKOPEHHUE).
OCHOBHbIM WCTOYHVMKOM BUOpaALMX SN1EMEHTOB CTaTopa
ABNAETCA CEepPAEYHMK, WCMbITbIBAOWNA FapMOHUYECKOoe
3NEeKTPOMarHUTHOe BO3aencTBMe ¢ yactoton 100 Iy (ana
LBYXMOJIOCHOrO reHepatopa). [oBbilweHHasa Bubpauua
ABNAETCA OCHOBHOM MPUYMHOWN, NPUBOAALLEN K NOBPEX-
[AeHNAM 3neMeHToB cTatopoB [1]. ns obecneueHus Bu-
6PaLMOHHON HAAEXHOCTY KOHCTPYKLUN HEOOXOAUMO Bbi-
MOMHUTL BUOPALMOHHYIO OTCTPONKY COOCTBEHHBIX YacTOT
3/1eMeHTOB cTaTopa B Aunana3oHe 90-120 . B cuny nme-
oWenca 3HauNTeNbHOW HeonpeaeseHHOCT B YCIOBUAX
3aKpernyieHUs 31eMeHTOB Ha 3Tamnax U3roToBJIEHMA Y MOH-
Taka CTaTopa OCHOBOW NpY BUOPALIMOHHOW OTCTPOWKE fB-
nAeTCA 3KCNepPMeHTanbHoe onpeaeneHne amnanTygHo-
YaCTOTHbIX XapakTepucTrk (AYX) cuctemol.

Mpu npoBegeHUN BMOPOAMArHOCTUKM Ha HepaboTato-
LWeM reHepatope 4acTo WCNONb3yeTcA MeTon YyAapHbIX
numnynbcos [2, 3]. CTaTbA NOCBALLEHa aHann3y 0cobeHHo-
CTel UCNOMb30BaHUA JAHHOrO MeTofa Npwu NpoBeAeHUN
BMOPOAMArHOCTMKI. PacCMOTpeHbI pe3ynbTaTbl YNCSIEHHO-
ro MoAenMpoBaHnsa 1 BeprdrKaLyy Ha TECTOBbIX 3aavax.

Ona pelweHnsa 3ajaynm UYUCNIEHHOTO MOAEeNMpPOBaHMUA
npouecca BUOPOAUArHOCTUKA yAAPHbIM MeTofoM Obina
CO3[jaHa KOHEYHO-3/IEMEHTHasi Mofesb, pa3paboTaHHas
C CMOJIb30BAHMEM METOAVKM aHaNv3a 1 OLeHKU Bnbpa-

LMOHHOTO COCTOAHMA TOKOBEAYLUNX 3NIEMEHTOB SNEKTPU-
YeCcKnx MalLlMH C KOMMO3UTHOW nsonauuen [4-6]. Mogenb
COCTOUT U3 LWMHOAEPXKATeNA, XeCTKO 3aKpernjieHHOro no
OCHOBaHNIO 3/IEMEHTA HaXKMMHOW MNAUTbl, U BbIBOAHOIO
KOHLIA C KOMNO3UTHOWM n3onsumein. Dusnko-mexaHnyeckmne
CBOWCTBA M30MALMM NPUHATbI B COOTBETCTBUN C pe3ysib-
TaTaMy  PaCUYETHO-IKCMEPUMEHTAsIbHbIX  UCCIe[oBaHWM
[7-10]

C nomoulblo pacyeTHON MOLENN pelleHa cepua AuHa-
MUYECKMX 33afia4y O BO36YyXAeHUn BMOPaLUM BbIBOGHOTO
KOHUa YAapHbIMW UMMYIbCaMy Pa3fINYHON ANNTENbHOCTN.
Bbin BbIMNOSIHEH AHANM3 OTK/IMKA CUCTEMbI U BANAHUA Me-
CTa NPUIOXKEHNA YOAPHOWN Harpy3Ky, a TakxKe AnnMTeNbHO-
CTV UMNynbca.

YucneHHoe moaenupoBaHne BM6poANarHoCcTuKy
MeTOAOM yZiapHbIX IMMYJ/1IbCOB

lposedeHa oueHKa 8/IUSHUS Mecma NpusIoXKeHus U O71u-
meslbHoCmu y0apH020 UMNY/ibCa HA MOYHOCMb noJiyyde-
MbIX pe3y/ibmamos.

OnAa npoBefeHMA YyKa3aHHOW OLEHKM  BbINOSIHEHO
UNCSIEHHOEe  MOJeNupoBaHMe UMMYAbCHOrO  AMHaMU-
yeckoro BO3QENCTBMA Ha MOAENb BbIBOOHOIO KOHLaA
MOLLHOro Typb6oreHepaTtopa. C LEenbl CHWKEHUs pas-
MEPHOCTM 33faun pa3paboTaHa pacyeTHas Moaenb,
COCTOAWAA W3 LUMHOZEPXaTeNd, »KeCTKO 3aKpenseH-
HOrO MO OCHOBAHUIO 3M1IEMEHTA HAaXXMMHOW MNTbl U Bbl-
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DOU3MKO-XVMWUYECKUA aHaNU3 TPaHCHOPMATOPHbIX Macen ABMAETCA HAAEXHbIM WHCTPYMEHTOM, MO3BOJIALUM
BAUATb Ha 3QDEKTUBHOCTb pereHepaLmoHHbIX PaboT: KOHTPONMPOBATb TEXHONIOTMYECKNI LUK, ONPeaenaTb TOUKY
3aBepLUeHnsa npouenyp npu NPOBEAEHUN PEMOHTHbBIX PAbOT. MNMpaBuIbHbIN BbIGOP KOHTPOJIbHBIX MApPaMeTPOoB C Mo-
cnepytolell pa3paboTKON MeTOLOB KX SKCMPeCcc-aHanr3a no3BONUT NepeHecT GrU3NKO-XUMUYECKU KOHTPONb 13
CTaUMOHapHbIX labopaTopurii K MecTy HeNMoCpPeACTBEHHOTO NMPOBEAEHUS PEMOHTHbIX PaboT (B MosieBble YC/I0BYSA), UTO
MO3BOJIUT MOBbICUTb KauyecTBO 1 3GHEKTUBHOCTb PEMOHTHOW AEATENIbHOCTU.

MwuHepanbHoe TpaHchopMaTOpHOE Mac/Io ABMSAETCA 3HAUVMMbIM /IEMEHTOM MAC/IOHAMOJIHEHHOTO 060PYAOBaHUS,
B/IMAIOW MM KaK Ha ero HafleXHOCTb, TaK 1 Ha JONTOBEYHOCTb. BaXHenWwmnmm sKcnayaTauMoOHHbIMU XapakTepucTMKamm
TpaHCHOPMaTOPHOrO Mac/a ABAATCA XMMUYECKas CTabUIbHOCTb U XMMUYECKasa CTOMKOCTb. [JoKa3aHo, YTo KUC/IOT-
Hoe uucno (KY) sBnaeTcs KnoveBbiM NMoKasaTesieM KauyecTBa, MO3BOMAILVM KOCBEHHO C BbICOKOW CTeMeHbto JOoCTO-
BEPHOCTY OLIeHMBaTb U3MeHeHMe (YXyALleHre) BbllleyKa3aHHbIX CBOMCTB Macsia 1 ero pecypca.

MocTaBneHa 3afjavya pa3paboTkm FKCNpecc-aHanu3a nokasatens KY. B xoge peanvsaumy npo6HOro sKCcneprumeHTa
NPeasIoKEHO NCMOJIb30BAHME CMELLAHHOTO UHAMKATOPA, NPOAEMOHCTPUPOBAHO ero 3G deKTMBHOE NPUMEHeHNe Npu
peanusaunn pa3paboTaHHOro 3KCNpPecc-MeToAa.

Ha ocHoBe pe3ynbTaToB UCCe[0BaHMIN pa3paboTaH anropyuTm NOATrOTOBKY 1 MPOBELEHNA SKCnpecc-u3mepeHus K4,
M3M10’KeHbI KPUTEPUIN OLIEHKIW pe3ysibTaToB ero NoNyKOIMYeCTBEHHOMO M3MePEeHNA SKCNPeCcc-MeTOL0M.

B xope skcnepumeHTanbHbIX n3mepeHnin KY skcnpecc-metogom nposefeHa oLeHKka KOMMNOHEHTHOro CoCTaBa OKpa-
CKM peaKLMOHHbIX PaCTBOPOB B MPOOMPKaxX NPy peakumy HeMTpanu3aLmm ¢ NOMOLLbI NPYKIAAHOrO NPOrPamMMHOro
obecneueHus «LiBeToaHanusatop ColorAnalyzer» cornacHo mogenu RGB. Ha nenectkoBow guarpaMmme npogeMoHCTpu-
pOBaHa 3aBUCMMOCTb U3MEHEHWA XapakTepa pacnpeneneHns LBeTOBOW rammbl B aHanusnpyemon mogenu RGB ot Ko-
NINYECTBEHHOIO COAEePKaHUA KUCNOT (M3MepeHHOro 3HaueHuna KY).

KJTKOYEBbIE CJTOBA: oueHKa, TpaHCPOpPMaTOpHOE MAC/I0, MOKa3aTen KauecTBa, MeToArKa.
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Physico-chemical analysis of transformer oils is a reliable tool that allows to increase the efficiency of regeneration
works: to control the technological cycle, to determine the point of procedures completion during repair work. Correct
choice of control parameters with subsequent development of methods for their quick analysis will allow to transfer
physico-chemical control from stationary laboratories directly to the site of repair work (in the field), which will improve
the quality and efficiency of repair activities.

Mineral transformer oil is an important element of oil-filled equipment, affecting both its reliability and durability.
The most important performance characteristics of transformer oil are chemical stability and chemical resistance. It
has been proved that the Acid Value indicator is a key quality indicator which allows indirectly to assess the change in
/ deterioration of the above properties of oil, and oil resource.

The task is set to develop a quick analysis of the Acid Value indicator. During the implementation of the pilot
experiment, it was suggested to use a mixed indicator, and its effective application was demonstrated in the developed
quick method.

Based on research, an algorithm was developed for preparation and carrying out the quick analysis of Acid Value,
and the criteria were outlined for estimating the results of Acid Value semiquantitative measurement with the use of
the quick method.

In the course of experimental measurements of the Acid Value with the use of the quick method, the colour
component composition of reaction solutions in test tubes was evaluated during a neutralization reaction using the
«LiBeToaHanuzatop ColorAnalyzer» software according to the RGB model. The dependence of the change in the colour
pattern on the quantitative content of acids (the measured Acid Value) in the analysed RGB model was demonstrated

on a petal diagram.

KEY WORDS: evaluation, transformer oil, quality indicators, methods.

BseneHune

Crapetowuii napk obopynoBaHuA HeU3BEXHO BeaeT
K pOCTy 3aTpaT Ha CepBMCHOe 0b6CNyXUBaHWE, B T. M.
peMOHTHble paboTbl. ConyTcTByOWMMY paboTamu npu
CPenHMX 1N KanuTasbHbIX PEMOHTAX MAC/IOHAMOIHEHHO-
ro obopynoBaHuA ABAATCA PaboOTbl MO pereHepauuu
TpaHchOPMaTOpHbIX Macen. KauecTBO BbIMOHEHHbIX
pereHepaLoHHbIX PabOT HENMOCPEeACTBEHHO BNMAET Ha
NPOJONIXKUTENBHOCTb MEXPEMOHTHOIO Meproaa, a, clie-
[lOBAaTe/IbHO, HAa HAAEXHOCTb, AONTOBEYHOCTb U 3P PeK-
TUBHOCTb 3KCMjlyaTauUn OTPEMOHTUPOBAHHOIO Maclio-
HamnonHeHHOro o6opyaoBaHMA.

DU3MKO-XMMUYECKUI  aHanu3  TpaHCHOPMaTOPHbIX
Macen ABMAETCA HAAEXHbIM WHCTPYMEHTOM, MO03BO-
NAWUM BAUATb Ha 3PPEeKTVBHOCTb pereHepaLioH-
HbIX PaboOT: KOHTPONMPOBATb TEXHONIOTUYECKNIA LMK,
onpepenATb TOUYKY 3aBeplieHMs npouenyp. Bmecte
C 3TUM TMpOBefeHMe KOHTPOJIbHbIX J1abopaTOpPHbIX
V3MEPEHNI COMPSXKEHO C HeoOXOAUMOCTbI TPaHC-
NMOPTUPOBKU MPO6 B CTaLMOHAPHbIE XMMUYECKUE Na-
6opaTopri CO 3HAUUTENbHBIMK MOTEPSIMU BPEMEHMU.
Mouck MMHMMANbHOro Habopa KOHTPOJbHbLIX Mapa-
MEeTPOB U pa3paboTka MeTOLOB MX IKCMpecc-aHanm3a
MO3BOMINT MOBBICUTb KaK KayeCTBO BbIMOJIHEHMA pe-
MOHTHbIX PabOT Mac/IOHaMNoJIHEHHOro obopyaoBaHMs,
Tak N UX 3PPEKTUBHOCTb CO 3HAUYMTENIbHbIM COKpa-
LWeHneM BPEMEHU Ha BbIMOJIHEHME pAda onepauuii.

MwuHepanbHoe TpaHcpOpMaTOpPHOE MAC/IO KaK
3/1eMeHT, BANAIOWNI Ha HaAeXKHOCTb 1 JO/IFTOBEYHOCTb
MacC/IOHaNoJIHEHHOro 06opyaoBaHus

Mpouecchl, NpoTeKawLme B N30MALNM MAC/IOHAMNOHEH-
Horo obopynoBaHWsA, 3aTParuBaloT, Npexae BCero, npo-
NUTbIBAOLLEE MUHEPASIbHOE MACJIO 1 PAcipPOCTPAHATCA
Ha TBepZble Liefiono3Hble MaTepuanbl (bymary, KapToH). B
HacTosllee Bpems pa3paboTaHbl TeopeTUYeCcKme Nonoxe-
HUA O GyHAAMEHTANIbHbIX MPOLeCcax CTapeHUs OTAeNbHbIX
KOMMOHEHTOB M30nAUNY — Macna u bymaru [1, 2].

Tak, HaiexkHasi paboTa CMNoBbIX TPAaHCHOPMATOPOB Ha-
NPAMYIO 3aBMCUT OT KauyecTBa 3aNMTbiX TpaHchopmaTop-
HbIX Maces 1 MPOoLeCccoB, NPOTeKaLWMX B HUX. Mpy 3ToM
OCHOBHOI CPOK C/y»KObl CWOBbIX TpaHCPOpPMaTopoB
onpepensaeTcs CTerneHbio paspyLUeHs TBEPAON N30nALnr
(ee MexaHUYECKM COCTOsIHMEM), KOTOpas TECHO CBA3aHa
C OKUCIIUTENbHBIMU NPOLeccamu, NMPOTEKALWNMY B IKC-
nayaTaLMoOHHOM TPaHCHOPMATOPHOM MACIe, @ MUMEHHO, C
npoayKTamu, obpasyrowmmmcs B npouecce ctapeHus [3].
BaKHO, UTO BOCCTAHOBUTb MEXaHUYECKYHO MPOYHOCTb Lief-
JIIONO3HOWN U30MALUN HEBO3MOXHO, @ BOT NPeAoTBPATUTb
€e paspyLLeHMe BMOJIHE peasnibHO, MPY 3TOM KauyecTBO Bbl-
NofHeHUs PaboT Mo pereHepaLmn Macsia HeNmoCcpPeaCTBEH-
HO BNISIET HA cofleprKaHue NPOAYKTOB OKMCIIEHNA B Mac-
e, CKOPOCTb X 00Pa30BaHMs, 8, B KOHEYHOM MTOrE, 1 Ha
COCTOsIHME LIeTI0NI03HON N30MALMM 060PY[0BAHMS.

MoBpexaeHna K30MALMM  SBASIOTCA  Pe3ysibTaToM

42



HapexHocTb 11 6€30MacCHOCTL SHEPreTkm Safety and Reliability of Power Industry
2018r.-T.11=Nel -c. 48-53 2018, vol. 11, no. 1, pp. 48-53
[lantesa E. A. v ap. Lapteva E. A., et al.

DOI:10.24223/1999-5555-2018-11-1-48-53
YOK 621.311.22

OuuncTKa BOAbI OT PAaCTBOPEHHDbIX ra30B B NJIeHOYHOM annapare
C ANCKPETHO-LIepoxoBaTbiMU CTEHKaMM
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[lns peweHus 3agay NoBbllWeHNA Pecypco3ddEKTUBHOCTM 1 HAZEXHOCTY Pa3fIMYyHOro o6opynoBaHMs, paboTaloLe-
ro ¢ NPUMeHeHNemM BOAOOOOPOTHBIX CUCTEM HA MPOMbILLIEHHbIX NpeanpuaTuax u TOC, pacCMOTPEH BbICOKOIGdeK-
TUBHbIA NMNEHOYHbIN annapaTt O4YNCTKMN BOAbl OT PaCTBOPEHHbLIX KOPPO3NOHHO-aKTUBHbIX ra30B. AnnapaT CcoCTouT "3
nyyKa BEPTUKAJIbHbIX TPYD, 3aKpeneHHbIX B TPYOHbIX peLlleTKax, U paboTaeT B pexrmMe BOCXOASALLErO NPAMOTOKA ra3a
1 >KUAKOCTW MO TPYGHOMY MPOCTPaHCTBY. [a3 ABMXKeTcA co ckopocTbio 10-30 m/c (cunbHOe B3anmogencTere as) 1
yBNneKaeT XUAKYIO MIeHKY CH3Y BBEPX. B Takom pexnme nponcxognT 3HauYUTeNbHaA I/IHTEHCVI(I)I/IKaLl,VIH Tenao- N Mmac-
coobmeHa (B 5—-15 pas) no cpaBHEHNIO C NPOTUBOTOKOM. Kpome 3TOro, BHyTPeHHre NOBEPXHOCTY TPYO MOryT UMeTb
VNCKYCCTBEHHYIO AVCKPETHYIO LIEPOXOBATOCTb (MPAMOYrOfibHbIE BbICTYTMbI), YTO JOMOSIHUTENBHO NOBbILAET 3P HEKTUB-
HOCTb NPOBOAMMbIX MPOLeCcCcoB. HPEACTaBHEHbI MaTeMaTnyeckada Mofesib 1 pe3ynbTaTbl pacyeTa Bd)d)eKTVIBHOCTVI nne-
HOYHOIo KOHTaKTHOIro yCTpOIZCTBa C lLepoxoBaTbiMn CTeHKaM npu CUIbHOM BBaMMOﬂeﬁCTBMM d>a3. MaTtemaTtnueckoe
onucaHvie 6a3npyeTcs Ha MOJENAX CTPYKTYpbl NOTOKa 1 AUPPY3MOHHOTo NorpaHnyHoro cios. MpuBeneHbl Bbipaxe-
HUA AN pacyeTta Ko3dPurLIMEeHTa MAacCOOTAAUM B TYPOYNEHTHON MIEHKe NPU NPsSIMOTOKE C ra3oM, a Tak»Ke NapameTpoB
MoZene CTPYKTYPbl MOTOKOB B KOHTAaKTHOW Tpy6Ke. OCHOBHbIMU MAapamMeTpaMu ypaBHEHMA ANiA pacyeTa Koadouuu-
€HTa MacCoOTAAUM ABASETCA AUHAMMYECKasa CKOPOCTb TPEHMS Ha Mexda3HOWM NOBEPXHOCTU MIIeHKU 1 6e3pa3mepHas
TOJIWMHa BA3KOIro noacnosA. ﬂVIHaMI/IHECKaﬂ CKOPOCTb HaxoanTCA U3 ypaBHEHNA 6anaHca cui B KOHTaKTHOMN pr6Ke, a
6e3pa3mepHas TOJILLMHA BA3KOIO MNOACI0SA — Ha OCHOBE V3BECTHOrO 3HAYEHUs Ha MiacTMHe C KoppeKuuen Ha yco-
BUA BBaI/IMO,D,eVICTBI/Iﬂ c|>a3. Vlcnonb3oBaHa AaueeyHas mMogenb CTPYKTYpPbl MOTOKa 1 MOJTy4eHO BblpakeHne anAa pacyeTa
npodunsa KOHUEHTPALMM PAaCTBOPEHHOTO ra3a B BOAE MO BbicoTe TPy6. [peacTaBneHO BbipaXkeHWe s pacyeTta uncna
AYeeK NMOoJIHOro nepemelinBaHuA.

[laHbl pacyeTHble U SKCNepUMeHTasIbHble 3aBUCUMOCTY 3P EKTMBHOCTY fieKapboHU3aumy ansa TPYOOK C ragKumm 1
LepOoxXoBaTbiIMN CTEHKaMW. [Moka3aHo BNMAHME LWara MeXxay sJieMeHTaMI WepoxoBaToCTn (BbICTyI'IaMI/I) Ha Bd)d)eKTVIB-
HOCTb OUYNCTKWN BOAbl. C,u,enaHbl BbIBOAbl O KOHCTPYKTUBHOM UCMONHEHUM annapaTa C BOCXOAFILIJ,EVI NnaeHKon npwn NOBbI-
LLEeHHbIX KOHLUEeHTPaunAX pacTBOPEHHbIX ra30B B BOJeE.

K/TIOYEBBIE CJTOBA: ouncTKa BoAbl, MaTeMaTMyeckasa Mofe b, MeHOYHbIe annapaThbl, LLEPOXOBATOCTb MOBEPXHOCTH,
[easpatop, AekapboHu3aTop.
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Purification of water from dissolved gases in a film unit with

discrete-rough walls

LaptevaE. A., Shagieva G K., Laptev A. G.
Kazan State Power Engineering University
Russia, 420066, Kazan, st. Krasnoselskaya, 51

This paper analyzes the use of a highly effective film unit for water purification from dissolved corrosive gases,
in order to increase the resource efficiency and reliability of various equipment using water circulation systems at
industrial plants and thermal power plants. The unit consists of a vertical bundle of tubes contained in tube grids
and operates in the upward co-current gas and liquid in a pipe. The gas moves at a speed of 10—-30 m/s (strong
interaction of phases) and carries a liquid film from the bottom up. In this mode, there is a significant intensification
of heat and mass transfer (5-15 times) in comparison with counter current. In addition, the inner surface of the
tubes may have artificial discrete roughness (rectangular projections), which further increases the effectiveness of
the processes. The paper presents the mathematical model and the efficiency calculation results for a film contact
device with rough walls at strong phase interaction. The mathematical description is based on the models of the
flow structure and the diffusion boundary layer. Expressions are given for calculating the mass transfer coefficient
in a turbulent film with co-current gas, as well as parameters of the flow structure model in a contact tube. The
main parameters of the equation for calculation of the mass transfer coefficient are the dynamic friction velocity
on the interfacial film surface and the dimensionless thickness of the viscous sublayer. The dynamic speed is
calculated using the equation of balance of forces in the contact tube, and the dimensionless thickness of the
viscous sublayer-based on the known values on the plate adjusted for the phase interaction conditions. The cell
model of the flow structure is used, and an expression is obtained for calculating the concentration profile of gas
dissolved in water at the height of the pipes. The paper also presents an expression to calculate the number of cells
in a complete mixing.

The paper presents the calculated and experimental dependences of decarbonization efficiency for tubes with
smooth and rough walls. The influence of spacing between roughness elements (projections) on water purification
efficiency is shown. Conclusions are made about the design of a unit with a rising film at higher concentrations of

dissolved gases in the water.

KEYWORDS: water purification, mathematical model, film-type units, surface roughness, deaerators,

decarbonators.
BeeneHune

B cTatbe paccmoTpeHa 3afjaya OUNUCTKM KUOKOCTU
OT pPACTBOPEHHbIX ra30B B annapaTax C [AUCKPETHO-
LIEPOXOBATbIM/A CTEHKaMU M C AMCNEPCHO-KOJbLEBbIMA
notokamu. Takre 3afiaun akTyasibHbl A5 NOBbILEHUA pe-
Cypco3dpdEKTUBHOCTM 1 HAEXHOCT 000pYyAOBaHWA Ons
pPa3NnyHbIX NPEeanpUATMA U TEMNOBbIX 3MIEKTPUYECKUX
ctaHuymn (T3L n T2C). PacTBOpeHHbIMM ra3amm yalle Bce-
ro agnaTca CO,, O,, H,S n ap. Mpoueccol ounctkm opra-
HU3YIOTCA B HaCafOYHbIX, TapeNbyaTblX, CTPYNHbIX U KOM-
OGUHVpPOBaHHbIX annapatax [1-8]. Huxke npepcTtaBneHa
MaTemaTMyecKasa MmoZesb Y NpUMepP pacyeTa AN KOHTaKT-
HOrO YCTPOWCTBA C LUEPOXOBATON CTEHKOW NP NPAMOTOKE
(pucyHok 1). MaTemaTnyeckoe onucaHvie 6a3upyeTcs Ha
MOZensAX CTPYKTypbl MOTOKOB 1 Mogenu Anddy3noHHOro
NOrpaHNYHOro cnod. HuexogAawmim nnm BOCXOAALNN Nps-
MOTOK OPraH13yeTca Npu CKOPOCTyW rasa w, >7 -8 m/c (npw
HOPMaJIbHbIX YCNTOBMSAX) B KOHTAKTHbIX TPYOKax 1 Ha3blBa-
€TCA PEXUMOM CUIbHOTO B3aMIMOAENCTBMA ra3a v NieHKu
xXngrocTtu. Mpu Takom pexnume NpoLecchl Teno- u Macco-
obmeHa nHTeHcbUUUPYIOTCA B 5— 15 pa3 no CpaBHEHNIO C
npotnsotokom [9-13].

B annapatbl MOXeT nogaBaTbCA TeMnoareHT Ana cosaa-
HUA HEOOXOAUMOrO TEMMEPATYPHOIO PEXMMA.

3¢ PpeKTMBHOCTb OUNCTKN BOADI

Ons pacueTta 3pPeKTMBHOCTU Macconepenayun TeopeTu-
YecKrM MnyTeMm, Npexze BCero, HEOOXOAUMO OnpeaenuTb
nonsi ckopocTei ¢a3 Ha KOHTAKTHOM YCTPOWCTBE, a 3a-
TEM M3 PELLIEHNA YPaBHEHMA MAacCOMNepeHoca PaccumTaTh
none KOHLEHTpauui 1 OnpeaennTb KOHLEHTPaUuio Ha
Bbixoze. Torga 3¢pPpekTNBHOCTb (KO3DDULMEHT NonesHoro
[eNCTBUSA) pa3fenieHns CMecu UMeeT BUf

CH — CK
=S (1)

c,-C
rae C,, C, — HavanbHaA 1 KOHeYHasa KOHLeHTpaLusA
KOMMOHeHTa B xugkoctn; C* — paBHOBECHas KOHLEH-
Tpauus, 3aBMCUT OT TEMNepPaTypbl U NApUMANbHOIO AaB-
nenua. Mpn C, = C* nmeem sppextneHoctb E, =1 (100%),
UTO Ha MpPAKTUKe He pocTuraetcsa. [ns gekapboHum3aTo-
POB U TEPMUYECKMX [easpaTopoB AOCTAaTOYHO WMETb

E, =0,98-0,99.

[inA cokpalleHns BpeMeHn pacyeToB Gpr3NYeCcKrX nonem
1 3bPEeKTVBHOCTU pa3feNeHuns WNPOKOe NPUMEHEHME Mo-
NYyYnny MOZenu CTPYKTYpbl MOTOKOB (Anddy3moHHasa u
flyeeyHasn), KoTopble MO3BOJAT C JOCTAaTOYHON 1A NpaK-
TUYECKUX Liefiel TOYHOCTbIO PeLLaThb NMOCTaBNIEHHbIE 3aAauln.
Mpumem AveeuHylo Mofenb C AefeHUEeM KOHTAKTHOro
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Bbi6bop cnocoba yTuamMsauumm 3010LW1AKOBbIX MaTepuanos
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YTnnusauumsa 301bl U Wnaka yrofbHbix TOC siBnseTca npobnemMon Ans BCex CTPaH, NCMoJb3YoLWKX Yrofb B SHepre-
Tuyeckux uensax. B Poccumn 20% anekTposHeprnn Nnpon3BoAnTCA Ha TEMIOBbIX SNEKTPOCTAHUUAX, CKUTAOLWMNX Yronb,
M cornacHo SHepreTuyeckon ctpaterum Poccum Ha nepuog Ao 2030 r. He NnaHUpyeTca CHMXKaTb 3Ty Josnto. Bcero B
MMpe B 30/10LL1aKO0TBaNIaxX K HaCTOALLEeMY BPEMEHUN HAKOMMEHO CBbllwe 1,5 -2 mapg T 3010LWnakoBbix 0Txogos (3LLUO).
Mnowaab 3onownakooTsanos B PO gocturaet 28 TbiC. ra, NpY 3TOM YTUAU3MPYETCA 1 UCMONb3yeTcs He bonee 8% ro-
pooro Bbixoaa 3O, koTopbii cocTaBnAeT okosio 30—50 mAH T. 3aTpatbl Ha cogepxaHue 3O coctaBnaT 5- 7%
ceb6ecToMMOoCTN NPOK3BOACTBA SHEPrM Ha yronbHon TIC. B HacTosilwee BpemMs pa3paboTaH psaj cnocoboB yTunmnsa-
LM 30/10LLAKOB, YUMTbIBAIOLLMX NX GU3UKO-XUMUYECKUE CBOMCTBA, 0COOEHHOCTV GOPMMPOBAHMSA 1 CKAAMPOBAHMS,
NOTPEOGHOCT U BO3MOXHOCTY NepepaboTKy TEXHOTEHHOTO Cbipbs. Ha pbiHKe CMeUTeXHVKY NpeanaraTcs TMHENKN
COOTBETCTBYIOLLEro 060pyAoBaHNsA, CO3LATCA NPeAnpPUATAA U OpraHM3aLun, roToBble YTUAN3MPOBATL 30JI0LLTAKN.
Bo3HuKaeT 3ajaua MHOroKpUTEPMaNbHOro BbIGOpa ONTUMANbHOIo cnocoba ytunusauun. Ana pelweHus 3agay Bbibopa
CTpaTeruun 13 psaga anbTepHaTUBHbIX BapraHTOB € 70-x rogoB XX BeKa yCneLwHo NpuMeHAeTCA MeTo aHanv3a nepap-
X1, pa3paboTaHHbI amepuKaHCKM MmatemaTkom T. Caatu. [laHHasa paboTa nocBsleHa NprMeHeHno Metoaa Caatu
K BbI6Opy cnocoba yTunusauum 30510LWnakoBbix matepranos HoBouepkacckoi MPIC.

KJTKOYEBDIE CJTOBA: yTunu3auus 301bl 1 Wiiaka yronbHbix TIC, BbI6GOp cTpaTernn mogepHm3aLmum npombILLIEHHOTO
06beKTa, MeTol aHanmnsa nepapxun CaaTu.
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Selection of a method of recycling ash and slag materials of
Novocherkassk power plant (Novocherkassk GRES) using the Saaty

analytic hierarchy process

Fedorova N. V.", Efimov N. N.’, Fedorov Yu. V.?
" Platov South State Polytechnic University (NPI)

Russia, 346428 Rostov Region, Novocherkassk, Prosveschenia Str., 132

2 Southern Federal University

Russia, 344006, Rostov-on-Don, Bolshaya Sadovaya Str., 105/42

Recycling of ash and slag produced by coal-fired thermal power plants is a problem of all countries that use coal for
energy purposes. In Russia, 20% of electric energy is produced by thermal power plants that burn coal. According to
the ‘Energy Strategy of Russia for the period until 2030’ that part is not going to be reduced. Globally, ash dumps have
accumulated more than 1.5 -2 billion tons of ash and slag waste (ASW) to date. In Russia, ash dumps cover an area of
almost 28 thousand hectares. At the same time, less than 8% of the annual ASW output is recycled and reused (30 to
50 million tons). The cost of the ASW handling is 5-7% of the total net price of the energy produced by thermal power
plants. Currently there are several methods to recycle the ASW that consider their physical and chemical properties,
peculiarities of forming and stockpiling, needs and possibilities for recycling technogenic raw materials. The market
of special purpose machines offers ranges of relevant equipment, new factories and companies ready to recycle ASW
are being created. This leads to a multivariate problem of choosing the optimal way to recycle the waste. Since the
1970s, the analytic hierarchy process developed by the US mathematician T. Saaty has been used to solve problems of
choosing a strategy out of a number of alternative options. This paper is devoted to application of the Saaty process to

selection of a method for recycling ash and slag materials produced by Novocherkassk power plant.

KEYWORDS: recycling of ash and slag of coal thermal power plants, choice of strategy of industrial facility

modernization, Saaty analytic hierarchy process.

Hosouepkacckaa PIC (HUIP3C) yctaHOBNEHHOM MOLL-
HocTu 2,4 BT paboTaeT ¢ cepeaunHbl 60-x rogoB XX BeKa.
OcHoBHbIM TOMAMBOM ABNAeTCA yronb [JoHeukun AL n
NpUpPOoAHbIN ras. B otBanax Hosouepkacckom MPIC celtyac
HakornieHo 6onee 52 MnH ToHH 3LWO," xpaHeHre KOTOpbIX
CBA3AHO C PAJOM IKOJIOTMYECKNX, SKOHOMUYECKNX 1 UHBIX
npo6nem. MNnowaab 30/0LWIaKOOTBANIOB YBENNUYNBAETCA
exerofHo Ha 1 ra. Mpy 3Tom B 30/0LWWNaKax COAEPXKNTCA
PAL LEHHbBIX XVMUYECKIMX 3NIEMEHTOB 1 COEAMHEHWIA%, UTO
Mo3BONAeT paccMaTpMBaTb MX Kak TEXHOreHHOe Cbipbe,
T. €. 30/110WW1aKoBble MaTepuansl (3LLUM). B HacTosALee Bpe-
MA pa3paboTaH pAf TEXHOMOrMI No cenapauum 1 yTunm-
3auun 3LM [1-5]. KpynHoToHHaxHaa ytunmsauua 3LLUM
BO3MOXXHa B MPOMbBILLIEHHOM, FPaXAaHCKOM 1 fOPOXHOM
CTPOVTENbCTBE, MPY MeNMopaLn.

Bbibop HanpasneHusa ytunusaumm 3LUM pgomxeH yuwn-
TbIBaTb Kak COCTaB 1 GU3MKO-XMMMYECKMe CBOMCTBA 30-
NOLUMAKOB, TaK N BO3MOXHOCTW U MNOTPEOHOCTN pervoHa
pacnonoxenus TIC. ina Bbibopa cTpaTernn 13 paga anb-
TEPHATVBHbIX BapMaHTOB B Pa3fiMyHbIX chepax yenose-
Yyeckol AeATeNIbHOCTY, B TOM UniCie NPU MOAEPHMU3aLnn

! WMHBeCcTUUMOHHbI nopTan  OKTAGpbCcKoro paiioHa PocTos-
CKol obnact [InekTpoHHbI pecypc]. — Pexum goctyna: http://
octobinvest.ru/region/news/news_337.html. — 3arnasue c 3kpaHa
(mata obpauyenus: 12.12.2017).

2 TennoBoi pacuyeT KOTNOB. HopmaTuBHbIA MeTof / KONnekTns
aBTopoB.; nog pen. H. B. KysHeuosa v gp. — 2-e u3g., nepepad. /
PenpuHTHOE BOCMpou3BegeHue msganua 1973 r. — M.: SKOJIAT,
2011.—29%6 c.

MPOMBbILLNIEHHBIX 0OBEKTOB, ¢ 70-x rogoB XX Beka ycnelu-
HO MpUMeHsAeTCA MeTof aHanmn3a nepapxmi Caatu [6-14].
[NaHHas paboTa nocesLeHa NpyMmeHeHno Metoga CaaTt K
Bbl6opy cnocoba ytunmsaumm 3LLM HulP3C.

MpuHYMaem orpaHuyeHus: CTpaTernio Bbibopa onpege-
naet cobctBeHHNK HUMPSC — OAO OrlK-2; oH e asnaeTca
WHBECTOPOM, KOTOPbIN NPV MUHUMKM3ALUN 3aTPaT XKenaet
MoNyYnTb MaKCUMasbHYO NPUObIb; yBENNYEHME MOLa-
[ 30/10WWNaKOOTBANOB He AONYycKaeTcd, T. . Heo6XxoANMO
yTUnn3npoBaTb MuHUMyM 80— 100 1/4 3LLUM,

Llenb npo2Ho3uposaHus — BbIOOP crnocoba yTunvsa-
umm 3WLM HulP3C.

PaccmatpuBaemble aslemepHamueHbie npoekmeol (pu-
CYHOK 1):

1) BN /WR — 6e3 nepepabotku / without recycling (bi-
B03 3LUM c uenblo KPYMHOTOHHAXHOrO CTPOUTENbCTBA,
MenMopaunu, IMKBUAALN FTOPHbIX BbIPaboToK, Ans nepe-
paboTku 3a npegenamu NP3C),

2) MC / MS — ppobneHue 1 npocTeiwas NHEBMATU-
yeckad MexaHuueckas cenapauua cmecn 3LWLM / grinding
and mechanical separation (nonyyeHue ¢pakuuin, npu-
MEHSEMbIX B [aJibHellleM B CTPOUTENbCTBE, LOPOXKHOM
CTPOVTENbCTBE, B OUNCTHBIX COOPYXKEHUSAX),

3) YM / CM — BblgeneHne Hegoxora yriepoga 1 mar-
HWUTHaA cenapauua xenesocofepxallenn ¢ppaxumm 3onbl /
collection of unburned carbon and magnetic separation
(Bo3BpaT HepoXora B 3HepreTnyeckne kotibl NPIC, npo-
Jaxka MarHUTHoW ¢pakumy noTpebuTento 3a npegenamu
PocToBcKkol 06M1acTu), a Takke ApobneHe U MexaHude-
CKaf cenapauus LWnaka,
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PaccmatpuBaeTtcs npobnemMa niaaHUpoBaHUs 06beMa MCMbITAaHMI KOMIIEKTYIOLUX COCTaBHbIX YacTel TeniosHep-
reTnyeckoro obopynoBaHKA Ha Tarne UCMbITaHWI OMbITHbIX 00pa3yoB. CyLiecTByOLE METOAbI MIAHMPOBAHWA UCHbI-
TaHWI OTHOCATCA K U3AENNAM KPYNMHOCEPUIHOIO U MaCCOBOrO NMPOV3BOACTBA, KOFAa Ha UCMbITAHVA MOXHO MOCTaBUTb
60nbLIOE KOMMYECTBO INIEMEHTOB; B TMAPOMEXaHNYECKX CUCTEMaX MPU UCMbITAHUAX HOBbIX OOPa3LOB YNIOTHEHUN,
KnanaHoB, NOALUMMHKKOB U T. M. KOMNeKTyLue coCcTaBHbIe YacTy TEMIO3HEPreTUYeCcKoro o6opyaoBaHma npeacTas-
NAT COO0I YCTPOWCTBA, COCTOSALLME U3 COBOKYMHOCTU 3IEMEHTOB MEXAHNYECKOT O, INTIEKTPOHHOTO, MM PaBMYecKoro,
NMHEeBMaTMYECKOro U APYroro Tvna, Hanpumep, TypouHbl, NOALMIMHNKK, FreHepaTopbl, MAcI0CKCTEMa, MAPONPOBOAbI
1 T. N. [epeyncrieHHble YCTPONCTBA ABAAIOTCA JOPOrOCTOAWMMY, 11 MO3TOMY CYLLIECTBYIOLIME METOAbI MaHNPOBaHNA
obbema ncnbiTaHWi TPebyIoT yTOUHEHNA.

B ocHOBY npeanaraemMoro MeTofia NiaHNPOBaHNA 06bemMa MCMbITaHUN MOMOXKEHO YC/IOB/E BOCCTAHABIVNBAEMOCTY
UCMbITYEMOrO OMbITHOro 06pasLa nocsie oTKasa nyTeM NPOBOAVMbIX KOHCTPYKTUBHBIX JOPAaboTOK. B 3TOM ciyyae puck
pa3paboTumka (M3roToBUTENs) NPUHUMAETCA 6IM3KUM K Hyfto a=0,00001. JopaboTka cuutaetca 3pPeKTUBHOM, ecnm
NpoBeAEHHbIE NCMbITAHWSA HA CTEHE B TOM »Ke 00beMe, UTO 1 10 JOPaOOTKU, OKAXKYTCH YCNELUHbIMU.

Takrm 06pa3om, HOBMU3Ha NpefiaraeMoro MeToAa NaHVPOBAHNA UCTbITaHWIA NMO3BOJISIET HAa OQHOM WU ABYX OMbIT-
HbIX 06pa3Lax NoNyYnTb Tpebyemble BbIXOHbIE XapaKTEPUCTUKN, HaNpPUMep, HAAEXHOCTb, 6€30MacHOCTb 1 T. M.

PaccmoTpeHbl MeTofbl MNaHUMPOBaHMsA OObemMa WCMbITaHUN ANA Pas3fiMUHbIX 3aKOHOB pacnpefeneHus QyHk-
UMM HAafEXHOCTM, B YACTHOCTY, AJIA 3aKOHOB OMHOMMHANIbHOrO U SKCMOHEHUMANbHOro pacnpepeneHuns GyHKLum
HaleXKHOCTU.

B cTaTbe npuBegeHbl popmMysibl 06 bEMOB UCTbITaHWUI 7151 [BYX 3aAaHHbIX YPOBHEN MoKa3aTensi HAfeXHOCTH.

KJTKOYEBDBIE CJTOBA: nnaHMpoBaHWe UCMbITaHWUI, TEMIO3HEPreTuYeckoe 060pyaoBaHMe, HAAEXHOCTb, 3aKOHbI pac-
npegeneHus.
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The article is devoted to a problem of planning of tests' amounts of the completing components of the heat power

equipment on a test phase of prototypes. The existing methods of test planning belong to large-lot products and mass
production when it is possible to deliver a large number of elements on tests; in hydromechanical systems in case of
testing new samples of multiplexing, valves, bearings, etc. The feature of the completing components of the heat power
equipment is that they represent the devices consisting of set of elements of mechanical, electronic, hydraulic, pneumatic
and other type, for example, turbines, bearings, generators, an oil system, steam lines, etc. The listed devices are expensive
and therefore the existing methods of planning of test amounts demand specification.

The condition of restorability of the examinee of a prototype after refusal by the carried out constructive completions
is the basis for the offered method of planning of tests amounts. In this case the risk of the developer (manufacturer) is
accepted close to zero a=0,00001. Completion is considered effective if the carried-out tests at the stand in the same

volume, as before completion, are successful.

Thus, the novelty of the offered method of planning of test amounts allows to receive on one or two prototypes the
required output characteristics, for example, reliability, safety, etc.

In this article the methods of planning of test amounts for various laws of distribution of function of reliability are
considered. In a particular, methods of planning of volume of tests for the law of distribution of function of reliability of a
continuous random variable in the form of normal and exponential laws.

In this article the formulas of test amounts for two set reliability indicator levels are given.

KEYWORDS: planning of testing, heat-power equipment, reliability, distribution laws.

M3BecTHO, UTO B NpoLecce NCMbITaHWI OMbITHbIX 0Opas-
LIOB KOMMEKTYIOLMX COCTaBHbIX YacTell Temjo3Hepre-
TUYECKOro 060PYL[OBaHMA NoCieaHne OPakoBKe He noa-
BEprawTca M3-3a 60nblon mux ctoumoct. OTKasaBlune
COCTaBHble YacTU MOC/Ee BbIABIEHNA MPUYMHBI OTKa3a
[opabaTbiBalOTCA, a 3aTeM UCMbITaHuA npogoskatoT [1,
2]. Onsa noateepxaeHna 3GHEKTUBHOCTM AOPAbOTKM He-
06x0AMMO MOBTOPUTL WCMbITAHUSA MO TOW »Ke NMporpaMme
1 B TOM e obbeme. [lopaboTKa cuntaetcsi 3GdeKTUBHOM,
€C/IN Nocsie NOBTOPHbIX NCMbITAHMIA OTKA30B He Habnoga-
nocb.

B TennosHepreTuke, Ha 3Tane CO3[4aHUA COBPEMEHHbIX
MOZyfnell aBTOMATU3MPOBAHHbIX CUCTEM YNPABNIEHNSA TEX-
Honoruyeckumun npoueccamu (ACY TI) ¢ PpyHKumeln pac-
YeTOB U MPOTrHO3MPOBaHNA MOKa3aTenell SKOHOMUYHOCTY
reHepupyowmx mowHoctern TIC TeopeTnyeckne mccne-
[OBAHMSA MO MJIaHUPOBAHMIO MPOBELAEHNSA NCMBbITAHWIA HO-
BOro AOPOrocTosilero obopyaoBaHNA HUXKHETO 1 BepX-
Hero ypoBHen ACY Tl aBnaeTcA Becbma aKTyanbHbIMU.
AHanorvnyHble 3agauv npecsefyoT NPOeKTUPOBLUMKA MO
CO31aHUNI0 HOBOTO TEMJIOIHEPreTUYECKOro 060PYLOBaAHMSA
pacnpefeneHHol reHepauun, Hanpumep, Pa3paboTurKky
MUHU-TIC C ra3oTypOUHHBIMY 1 MAapOra3oBbIMU reHepa-
TOpamyi, aHanU3 1 MjaHNUPOBaHNE OOBEMOB WCMbITAHUN
KOTOPbIX 10 CO3faHusA COOBCTBEHHO OOBEKTOB TpebyeTt
TEOpPeTNYECKUX WNCCIIefdOBaHN MO OLEHKe MokasaTesen
HaleXKHOCTU.

CyLlyecTBYyIOT pa3fivyHble METOADI MIAHNPOBaHNA 06be-

MOB VCMbITaHUI, B YaCTHOCTU, NMTAHNPOBAHWE NCMbITaHUN
MEeTo0M PpUKCUPOBAHHOTO obbema [3 - 6].

C uenblo CoKpalleHNsi 06beMOB WCMbITAaHUA B HACTOS-
Len cTaTbe pacCMaTpMBaAETCA METO NOC/Ief0BaTeIbHOroO
aHanusa C ABYXCTOPOHHEWN [OoBepuTenbHOW rpaHuuen. B
OTNINYKMe OT CYLIeCTBYIOLLEro MeTofa nocnefoBaTenbHOro
aHanu3a [7-10] B HacToAWeN cTaTbe NpeanaraeTca pucK
MOCTaBLUYMKa (M3roTOBUTENA) NPVHUMATb GNIM3KUM K HYJIO
a=0,00001 = 0,001% 3a cyeT NPOBOAUMBIX JOPAOOTOK.

OcCHOBHOE OTNIMYMe NOCNIe[OBaTENIbHOIO aHanm3a oT Me-
Tofa GMKCUPOBAHHOIO OObeMa COCTOUT B TOM, YTO KO-
YeCTBO WCMbITAaHUN ANA NOATBEPXKAEHUA OLIeHUBAEMOro
napameTpa GyHKLUN HAOEXHOCTU SBASETCA CJlyYalHOW
BE/IMYMHON N He onpepfendeTca 3apaHee. CyTb meTofa
nocnieoBaTefIbHOro aHann3a COCTOUT B TOM, YTO Ha OCHO-
BaHMM OTHOLLEHWA NPOV3BEAEHNI NIOTHOCTEN pacnpeae-
NeHNA OLIeHNBAEMOro napameTpa NpUHUMAETCA peLleHmne
0 npaBuibHOCTM runoTesbl H, nnn H,. Takoe oTHowweHMne
Ha3bIBalOT OTHOLLEHMEM MpaBAonofobus, KOTopoe 3anu-
CbIBaeTCA B BUE

H. m,,e) (1)

rae P, — ponyctumasn BepoATHOCTb 6e30TKa3HoW pabo-
Tbl; P, — Tpebyeman BepoATHOCTb 6e30TKa3HOW paboTbl;
n — 4yucno I/ICI'IbITaHVIIh,' 1 — UYMNCO OTKA30B B i-OM UCHbI-
TaHuy; 0, — AoNyCTUMOE 3HaueHVe HapaboTKV [0 OTKa3a;
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O 3ameLueHum TypbuHbl T-250/300-23,5 cT. N29 dunmnana «TIL-22»
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B Poccuu yctaHoBneHo 22 3Heprob6noka ¢ TypbuHamu T-250/300-23,5: 19 sHepro6nokos Ha TIL, MockBbl 1 3 3Hep-
robnoka Ha ToL CaHkT-lNeTepObypra. MonHbIN YCTaHOBNEHHDIN CPOK CNY»O0bl MAapPOBOM TypPOVHbI COCTABMAET HE MeHee
40 net, No3ToMy TypOVHbI, BbiMyLieHHble B 70-X rofax, y»e npeacTonT 3aMeHWTb, PEKOHCTPYMPOBATb MK Mofep-
Hu3mpoBaTb. MNpuHATaa OO0 «lasnpom sHeproxonguHr» 1 NMAO «Moc3Hepro» NONUTUKA HE COOEPXKUT KOHKPETHbIX
TEXHUYECKMX PELUEHMI MO 3aMeLLeHMI0 TYPOVH yYKa3aHHOrO TrMna uin 3Heprob/0KOB Ha X OCHOBE, YTO BbI3BaJO He-
KOTOpble TPYAHOCTU MpPU BbIOOPE BapuaHTa /s 3aMeHbl BbIBEAEHHOW 13 SKCMyaTaumm TypOuriHbl SHeprobmnoka No9
dunurana «T3U-22» MAO «MocaHepro». TIL-22 — eauHcTBeHHasA TIL, MOCKOBCKOrO permoHa, CnocobHas Cxxuratb npu-
POZIHbIV Fa3 1 MblfieyrofibHOe TONAMBO. Ha anekTpocTaHumy BMecTo TypbuHbl T-250/300-23,5 ¢ TemnepaTypoli napa
nepep TypObrHON 1 TemnepaTypol npomneperpesa 540/540°C npeanonaraeTcs yCTaHOBUTb TypOuHy T-295/335-23,5
C TemnepaTypor napa nepeg TypobrHom 1 TemnepaTypoii napa npomneperpesa 565/565°C. KOHTpaKT Ha PEKOHCTPYK-
uuo obopynoBaHMSA He NpearonaraeT 06HOBAEHUs SKCMTyaTUPYEMOro NaporeHepaTopa SHeproboka 1 NpoBeseHns
COOTBETCTBYIOLMX PaboT MO COKPALLEHMIO BIOPOCOB MPU CKUTFAHUN MbINIEYrOfIbHOrO TOMNBA. DT OOCTOATENbCTBA
npuBeayT K TOMY, YTO SHeprobIoK He CMOKET SKCIMITyaTUPOBaTbCA NP MOBbLILLEHHOW TemMnepaType napa, He OyaeTt u
BO3MOXHOCTM Mepexofa OT CKUraHUA NPUPOLHOTO ras3a K nbifeyronbHOMY TOMAUBY; NPUAETCA UCMONb30BaTb UCKI0-
YMTENIbHO NMPUPOLHLIN ra3. [PUHATbIN BapuUaHT PEKOHCTPYKLUM 3Heprobnioka N29 T3L-22 MAO «MocaHepro» npuse-
[T K MOBbILIEHHbIM 3aTpaTam SHEPreTUKOB Ha MPOBOAMMYIO PEKOHCTPYKLIMIO 000PYLOBaHWA SHEPrOOSIOKa, UTO MOXET

NPUBECTU K YBENIMYEHNIO TapndOB Ha SNEKTPOIHEPTIO U TEMJIO.
Heobxonnmo onepatuBHO onpepenntbcs ¢ 3GEKTMBHLIMU HaNpaBneHsMU 06HoBNeHNA TypbuH T-250/300-23,5
1 3HepPro6/10KOB Ha NX OCHOBE, BbIHECTU MPEAJIOKEHHOE PeLLeHNe Ha O0CYKeHVE C yYacTUeM 3aUHTEePECOBAHHOM

Hay4HOW 06LeCTBEHHOCTU CTPaHbI.

KJTKOYEBDIE CJTOBA: aHeprobnok, TypbrHa, 3amelleHmne, Ha3HaYeHHbIN Pecypc, YCTAaHOBEHHBIN CPOK CITy>KObl, KOH-

KYPEHTOCNOCOOHOCTb, 3GHEKTUBHOCTD.
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The replacement of the T-250/300-23,5 turbine at power unit no. 9

Of CHPP-22, MOSENERGO PJSC
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There are 22 power units with T-250/300-23,5 turbines in Russia: 19 power units at CHPPs in Moscow and 3 power units
at CHPPs in St. Petersburg. The total specified service life of a steam turbine is at least 40 years, therefore, the turbines
produced in the 1970s already need to be replaced, reconstructed or modernized. The technical policy adopted by Gazprom
Energoholding LLC and Mosenergo PJSC does not present any solutions for replacement of the said turbines and units. This
made it difficult to choose an option for replacing a decommissioned turbine of power unit No. 9 of CHPP-22, Mosenergo
PJSC. CHPP-22 is the only CHPP in the Moscow region, capable of burning natural gas and pulverized coal. The plant plans
to replace the T-250/300-23,5 turbine with the turbine-entry steam temperature and the reheat temperature of 540/540°C
with a T-295/335-23,5 turbine with the turbine-entry steam temperature and the reheat temperature of 565/565°C. The
equipment reconstruction contract does not involve any update of the steam generator used at the power unit or carrying
out works to reduce emissions from the combustion of pulverized coal. This will make it impossible for the unit to operate
at higher steam temperature, and there will be no possibility to switch from natural gas to pulverized-coal fuel; it will only
be possible to use natural gas. The adopted version of the reconstruction of power unit No. 9 of CHPP-22, Mosenergo PJSC
will lead to increased costs of the power unit equipment reconstruction, which may lead to increased tariffs for electricity
and heat supply.

It is necessary to quickly come up with an effective way to upgrade T-250/300-23,5 turbines and units using those, and
to submit a solution for a comprehensive discussion with the participation of the interested national scientific community.

KEYWORDS: power unit, turbine, replacement, assigned resource, specified service life, competitiveness, efficiency.

CyuwiecTByloujee coctoaHme

Ha T3L Mocksbl 1 CaHkT-lNeTepbypra skcnnyaTnpyoT-
cA 22 3Hepro6noka ¢ TennodrKaLVOHHbIMI MAPOBbIMY
Typ6uHamu Tuna T-250/300-23,5 (T-250). MpoeKT TypOUHbI
pa3paboTaH B 1967 r.; cepuiiHOe NPOn3BOACTBO HAUaTo C
1971 r.

MONHbBIN YCTAHOBNEHHDbIV CPOK CIYXObl 3TOW TYPOUHbI
cocTaBnsieT He MeHee 40 net'. PacueTHbI CPOK CNTy>KObl
SHepreTUUecKnx KOTnoB 3Heprobnokos TIC Takke co-
cTaBnset He meHee 40 neT?. Takom e CPOK Ciy>KObl MetoT
1 Typ6oreHepaTopbl®. PacueTHbll pecypc naponpoBogos
B 3aBUCMMOCTW OT HOMMHAJIbHbIX MapamMeTPOB OCTPO-
ro nmapa u TMNOpPa3mMepoB ornpefenaeTca TeXHUYeCKNMn
YCNOBMSAMY Ha UX NOCTaBKy. [oNHbIN CPOK Cybbl cumno-
BbIXMaC/IAAHbIX TPaHCHOPMATOPOB COCTaBNAET HE MeHee 25
net*. Mpu NOAroToBKe K PeKOHCTPYKLUK S3HeprobokKa -
60ro Tuna unu TOC ¢ nonepeyYHbIMY CBA3AMU CPOKU CITyX-
6bl MCNONb3yemMoro B TEMSIOBOM CXeMe 3N1eKTPOCTaHLMM
060pYyn0BaHA JOMKHbI YUUTbIBATHCA (COrNAcoBbIBATHCS).

' TOCT 24278-89 YcTaHOBKU TypbUHHbIE MApOBble CTaLMOHAPHbIE
ANA npuBoAa anekTpuyecknx reHepatopos TIC. Obwme TexHWYe-
cKue TpebosaHuA. — M.: U3g. CrangapTos, 1989.

2 TOCT P 50831-95 YcTaHOBKM KOTenbHble. TennomexaHuyeckoe
obopyposaHve. Oblme TexHnyeckne TpeboBaHua. — M.: UMK W3p.
cTaHgapTos, 1996.

3 TOCT 533-2000 MawwuHbl 3neKTpryeckmue Bpalatwmecs. Typ6o-
reHepaTopbl. Obwme TexHnueckre ycnosus. - M.: UMK U3a. ctaHaap-
ToB, 2001.

4TOCT 11677-85 TpaHcdopmaTopsl cunoBble. O6LLMe TEXHUYECKNE
ycnosus. — M.: U3g. ctanpapTos, 1985.

AHanu3 pabotbl anektpoctaHuuin O3C «LleHTpa» 1 nepe-
TOKOB MoLHocT! 13 apyrnx O3C eanHON 3HeprocmcTe-
Mbl CBUAETESNIbCTBYET 00 M3ObITOYHOCTY YCTAHOBJIEHHOW
MOLLHOCTW MO OTHOLUIEHMIO K TeKyLlemy ClpoCy Ha dreK-
TPO3HEPrunio; OCHOBHbIE CUCTEMOOOpa3syLMe SeKTPO-
CTaHLMK HA 6a3e SHepro610KOB MAPOCUIIOBbIX YCTAHOBOK
(NCY) yctynatoT no ce6ecToMmMoCTy NPOV3BOACTBA dJeK-
TPO3HEPrMN AHAMOMMYHBIM MOKa3aTesisiM SHepProb1oKoB
NIy (0co6eHHO € POCTOM Li€H Ha SHEPrOHOCUTEN BHYTPY
CTpaHbl). DHeprobnoku MNCY BBefeHbl B dKCMlyaTauuio B
nepson nonosuHe 70-x rofoB MWHYBLLEro Beka. Ha Hux
ncnonb3yTca TYpOUHbI MOLHOCTbIO 200 - 800 MB (K-200,
K-300, T-250 n K-800). Ha ceroaHs nponCcXoguT BbITECHE-
HMe CyLeCcTBYIOLMX reHepupyoLWwmnx MmowHocTen Ha TOC B
EBponenckon yacTu ctpaHbl [1]. B cpegHecpoyHon 1 otaa-
JIeHHOW MepcrneKkTuBe CyLWeCTBeHHbIN POCT 3HepronoTpe-
6r1eHVA 1 TennonoTpebneHns B CTPaHe He NPOCMaTpUBa-
eTca.

B mockoBckon sHeprocucteme go 2010 r. mapKoBbIn
pecypc (MP) [2] BbipaboTaH nsATbio TypbuHamu T-250, B
2011 — 2020 rr. [P BblpaboTaloT ABeHaguaTb TypOuH
T-250, a nocne 2020 r. — elye ABe TypouHbl. OTMETUM, UYTO
MNP 3KBMBanNeHTeH CPOKY 3KCrjlyaTauum TypOuH CBepx-
Kputnyeckoro gasneHus (CKI) B TeueHune 24 net npu umx
MCMNonb30BaHUN B cpegHem 6400 u/rog 1 obuem uncne
nyckoB He 6onee 600. Kpome Poccuu, nokasatens MNP B
MVPOBOW NMpPaKTUKe HUTAe He Ucnosnb3yeTtca. B anekTpos-
HepreTMKe CTpaHbl AENCTBYET HOPMATUB, B COOTBETCTBUN
C KOTOpbIM M3-3a $aKTopa HeonpeAeneHHOCTU MpU Ha-
3HaueHun pecypca (HP) nnmn Ha3HaueHMM cpoka ciy<6bl
(HCC) obopynoBaHuA He paspeluaeTca efVHOBPEMEHHO
npogsieBatb ero bonee, yem Ha 50 TbIC. Y UK Ha 8 neT (He-
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Cenapatopbl-naponeperpesatenu (CMIM) npegHasHayeHbl 4nA cenapayumy Bnarv 13 napa 1 nocsiegyoLlero ero nepe-
rpesa. [poeKkTHas BNaXHOCTb Napa nocsie ocywku B cenapatope CIIM gonxHa 6biTb He 6osnee 1%, ofHaKo B IKCMyaTa-
LM OHa NPEBbBILLIAET 3TOT YPOBEHb, YTO CKa3blBaeTCA Ha 3PPEKTUBHOCTY 1 HALEXHOCTU TYPOUHDI.

B ¢BA3M C CTEUEHUEM MPOEKTHOTO CPOKa dKcryaTaumn annapatbl CMNM-220M r CMM-1000 TpebytoT 3ameHbl 60
mMogzepHum3aumu. KoHctpykuum CMM-220M n CMN-1000 yHuduumposarsl ¢ CMM-500-1, 1 BCe 3Tu annapaTbl UMeoT 06-
Lme JOCTOVNHCTBA Y HeQOCTaTKMU.

OTmeyeHo, uTo BefyLive 3apybexHble dprpmbl, noctasnstowe CMM Ha ADC, TakxKe BeyT paboTbl MO COBEPLUEHCTBO-
BaHMIO CBOUX annapatoB. /13noxeH onbIT HemeLKol ¢upmbl Balcke Durr, npuHnmaswen yyactue coBmectHo ¢ OAO
«HIMO LKTW» B moaepHm3auum CIIM-500-1 Ha ASC B Poccnu, a TakKe camoCTOATENbHO B NpoekTe mogepHu3auumn CIM
Ha A3C JloBunca B QuHnaHgnn.

MpuBeaeHbl pesynbtatbl pa3pabotok OAO «HIMO LUKTW» no npoektam mogepHusauum CMNM-220M gns sHeprobnoka
C peakTtopom BB3P-440 1 CIM-1000 ansa sHepro6noka ¢ peaktopom BBOP-1000. MpoeKTbl BbINOIHEHbI HA OCHOBE CO6-
CTBEHHOTO OMbITa U C YYETOM OMbITa COBMECTHbIX Pa3paboTok ¢ ¢upmoin Balcke Durr. OHu pa3paboTaHbl Npu cobnto-
LEHUM Criefyowmx YCIOBUIA: HOBbIE annapaTbl YCTAHABVIBAKOTCA Ha NPeXXHUe GpyHAAMEHTbI; anmnapaTbl BIMCbIBAKTCS
B MpeXKHMe rabapuTbl; PacronoXeHne NprucoeanHUTENbHbIX GpraHLEeB MO3BONIAET COXPAaHUTb CYLLECTBYIOLLYIO OOBA3KY
annapaToB Tpy6onpoBogamu. PacueTHoe 060CHOBAHVE NMPOEKTA BKJTHOYANO BbIYNCIIUTENBHBIN SKCMEPUMEHT Ha OCHO-
Be pa3paboTaHHoM aBTopamu mogenu CIM, a TakxKe TennornapaBanyeckre pacyeTbl. YucneHHOe MogenpoBaHye no-
3BOJSIAJIO MPOBECTY ONTUMIM3ALNI0 KOHCTPYKLMM CenapaLuoHHbIX 6/I0KOB, a TEMNOrMApPaBInMyeckre pacueTbl — OnTu-
MM13aLMI0 KOHCTPYKLUUKM NaponeperpesaTtens.

Ha ocHoBe pacueTHbIX OLlEHOK NMOKa3aHo, YTO MOEPHM3aLMSA anmnapaToB MOXKET 06ecrneynTb OCYLLKY BIaXXHOMO napa
Ha ypoBHe 0,6%, NOHN3NTb FMAPABANYECKOE COMPOTUBIIEHME MO TPAKTY BAAXXHOro napa Ha 26% anda Crr-220M v Ha
36% pna CIM-1000, a TakKe YMeHbLUNTb MaccCy annapaToB Ha 12%.

MNpepnoeHbl pekoMeHZauumy No MOAEPHM3ALMN CYLLECTBYIOLWX 1 CO3AaHMI0 NEPCNEeKTUBHbIX KOHCTpyKuwmi CIT.

KJTKOYEBbBIE CJTOBA: cenapatop-naponeperpesatenb (CMMM), TypboycTaHOBKa, BOJO-BOASHOWN SHEPreTUyeckun pe-
akTop (BB2P), atToMHas anekTpunueckan ctaHuma (ASC), MoagepHM3aLms.
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Modernization of moisture separator-reheaters of NPP with
VVER-440 and VVER-1000 reactors

Sudakov V. A., Legkostupova V. V., Grigoryev K. A., Kruglikov P. A.
Joint-Stock Company «l. I. Polzunov Scientific and Development Association on Research and Design of Power Equipment»

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

Moisture separator-reheaters (MSR) are designed to separate the moisture from steam and its subsequent overheating.
The design moisture of the steam after drying in the MSR separator should not be more than 1%, however, in operation it
exceeds this level, which affects the efficiency and reliability of the turbine.

In connection with the expiry of the design lifetime, the SPP-220M and the SPP-1000 devices require replacement or
modernization. The structures of SPP-220M and SPP-1000 are unified with SPP-500-1, and all these devices have common

advantages and disadvantages.

It is noted that the leading foreign companies that supply the MSR to NPPs are also working to improve their devices.

The experience of the German company Balcke Durr, which took part jointly with JSC «<NPO CKTl» in the modernization of
SPP-500-1 at nuclear power plants in Russia, as well as independently in the project of modernization of the MSR at the
Loviisa NPP in Finland, is presented.

The results of the development of JSC «NPO CKTl» on the modernization of an SPP-220M for the power unit with a
VVER-440 and an SPP-1000 reactor for the power unit with a VVER-1000 reactor are presented. The projects are executed
on the basis of JSC «<NPO CKTI»'s own experience and taking into account the experience of joint development with the
Balcke Durr firm. The projects are designed taking into account the following conditions: new devices are installed on
existing foundations; devices are fit into the old dimensions; the location of connecting flanges allows to keep the existing

pipelines.

The design basis for the project included a computational experiment based on an MSR model developed by the
authors, as well as thermal hydraulics calculations. Numerical simulation allowed to optimize the design of separation
units. Thermohydraulic calculations made it possible to optimize the superheater design.

Based on the calculation results, it is shown that the modernization of the apparatus will allow to dry the wet steam at
0.6%, to lower the hydraulic resistance along the wet steam path by 26% for the SPP-220M and 36% for the SPP-1000, and

to reduce the weight of the apparatus by 12%.

Recommendations are proposed for the modernization of existing and the creation of promising structures for MSR.

KEYWORDS: moisture separator-reheater (MSR), turbine unit, water-water energetic reactor (VVER), nuclear power plant

(NPP), modernization.

B HacToAwee Bpema Ha ASC B mupe 3KcnyaTumpyet-
cA 23 sHeprobnoka ¢ peaktopamy BB3P-440, 36 — ¢
BB3P-1000 n 11 — ¢ PBMK-1000. TypburiHbl 3TUX 3Hepro-
6nokoB (K-220-44, K-1000-60 n K-500-65/3000 cooTBeT-
CTBEHHO) PabOTaAlOT Ha HACbILEHHOM Mape W OCHALLEHbI
cenapatopamu-naponeperpesatenamu Crr-220M, Crr-
1000 wn CIMM-500-1. CIMNMN npegHa3HauyeHbl AnA OCYLWKM U
neperpesa BAa)KHOro napa, NOCTynawLwero 13 LuanHapa
BblcoKoro gasnexus (LIB) B uunvHAp HU3KOro AaBfieHus
(UHO) Typ6uHbI, C Lenblo CHXEHNA BEPOATHOCTA 3PO3U-
OHHOrO M3HOCa B NpoToyHou yactn LHI v noBbiweHuA
HageXHOCTN ee PaboTbl, a TaKXe MOBbILEHWUS TEMNJIOBOW
3KOHOMUYHOCTU TYpOUHbI. poeKTHas BRa)XHOCTb Mapa
nocne ocywkn B cenapatope CMIM gonxHa 6biTb He 60-
nee 1%¥, ogHako B 3KCryaTaumn OHa MpeBbiaeT 3TOT
ypoBeHb [1, 2], uTo cKa3biBaeTcss Ha 3OEKTUBHOCTU U
HafeXHOCTN TYPOUH.

Annapatbl CMM-220M, CMM-1000 u CMM-500-1 6binu
pa3paboTaHbl [MOAONbCKUM MALLUMHOCTPOUTENbHLIM  3a-
BogoM (310) B 70-x rogax NpoLUIOro CToNeTHA, U CerofHsA

* PTM 108.020.107-84. Cenapatopbl-naponeperpesateny TypouH
A3C. PacueT 1 npoekTrpoBaHue.

OHU TPeOYIOT 3aMeHbl MO0 MoZepPHM3aLMKU B CBA3M C MO-
HUXXEHHOW Hafile’KHOCTbIO N CTeYEHNEM NPOEKTHOro CPo-
Ka aKcnnyaTtauumm.

KoHcTpykuma 3tmux CMM yHndurumpoBaHa U npeacTas-
nAeT cobol annapaTt BepPTUKANbHOMo TUMa, B BEPXHEN Ya-
CTU KOTOPOTrO PaCnoOXeH Xanto3nnHbIA cenapaTtop, a B
HUXXHeN — ABYXCTyneH4yaTbl Maponeperpesaresb C Bep-
TMKanbHOW OpreHTauunen naponeperpesaTe/ibHbIX KacCeT.
Annapatbl pa3nuyarTca rabapuUTHbIMU pa3MepaMun Kop-
nyca, a TakXke KONM4yeCcTBOM 1 pa3Mepamm cernapaumnoH-
HbIX 6/TOKOB U MaponeperpeBaTesbHbix KacceT. CenapaTtop
CMNN-220M coctout 13 16 6nokos, a Cr-1000 n CMM-500-
1 — u3 20. MaponeperpeBatenb CIM-500-1 BbiNOAHEH 13
rnagkux Tpy6 n3 ctanu 08X18H10T, a naponeperpeBatenu
CMNN-220M u CMMN-1000 — 13 opebpeHHbIX TPY6 13 CTanu
20% [2].

O6wwe Buabl CMM-220M un CIMIM-1000 nprBeaeHbl Ha pu-
CyHKe 1.

K ocHoBHbIM goctonHcTBam 3Tux CIIT MOXHO OTHeCTU
UX YHUOUKALMIO N MOAYNbHBIA MPUHLMM, CYyTb KOTOPOro
3aK/I0YaeTCA B BO3MOXHOCTY OTK/IOYaTb OTAefbHble d/ie-
MEHTbI (CenapaLMoHHble 650K/ 1 NaponeperpeBaTesibHble
KacceTbl) 6e3 OCTaHOBKM TypbuHbl. AnnapaTtbl CHabXeHbl
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NHOOPMALWA

Pa3paboTKa ceT KOMMNbIOTEPHDbIX TPEHaXKePHbIX KAaccosB B KazaHCKom
rocyAapcTBEHHOM 3HEepPreTMYecKomM yHuBepcuTeTe

Ha kadenpe TennoBbix anekTpuuyecknx ctaHumii (T3C)
Ka3saHcKoro rocynapCcTBEHHOrO SHePreTMyeckoro yHuBep-
cuteTa (KI3Y) co3paHa ceTb KOMMbIOTEPHbIX TPEHAXEePHbIX
KNacCoB M HaKOMMEeH 3HAuYMTESIbHbIA OMbIT UX WUCMOMb-
30BaHUs B yyebHoM npouecce. OgHMM K3 CaMblX BOC-
TPeOOBaHHbIX ABMIAETCA KOMIMbIOTEPHLIA TPEHAXKEPHO-
aHANMUTUYECKUA  KOMIJIeKC  3HeprobnokoB  MIY-450,
Mry-410, T3C c nonepeyHbIMU CBA3AMMN.

Bce TpeHaxepbl pa3paboTaHbl cneumann3MpoBaHHON
dupmoit AO «TpeHaxxepbl SNEKTPUYECKMX CTAHLUNA 1 Cce-
Te» — AO «TICT» (www.testenergo.ru)

B yHMBepcuTeTe OHM NCNOMb3YIOTCA ANA NPOBEAEHNA Te-
OpeTUYECKIX, 1abOPaATOPHBIX 1 MPAKTUUYECKUX 3aHATUN CO
CTyAeHTaMu, 0byvaloLwyMmcs No HanpaeieHUsam 6akanas-
pvaTta u marucTpatypbl No CneumanbHOCTAM «TennosHep-
reTrka v TenjoTeXHMKay, «DNEKTPOIHEePreTnKa 1 NeKTpo-
TEXHMKa», N0 06pa3oBaTeNbHbIM NPOrpamMmmMamM «TemnsioBble
JNeKTpMYeCKMe CTaHUUW», «INeKTpuyeckme CTaHunum,
«JHepreTMka MXUIMLHO-KOMMYHANIbHOTO  XO3ANCTBa»,
«TexHONOrMA NPON3BOACTBA /IEKTPUYECKON W TEMIOBON
SHeprum», «/IHHOBaLMOHHbIE TEXHONOIMM B SHepreTuke

XKUMLLHO-KOMMYHANIbHOTO  XO3ANCTBa», «DNeKTPOoyCTa-
HOBKW 3MTIEKTPUYECKUX CTAaHLNI N MOACTAHL A,

3aHATNA Ha TpeHa)kepax MpedyCcMaTpuBaloT BbIMOJHe-
Hrie obyuyaloLWMMMCA HECKONbKUX rpynn 3agaHuii. B nep-
BYIO U3 HUX BXOAAT 3afaHus, CBA3aHHbIe C MOATOTOBKOW K
MYCKY 1 NYCKy OTAENbHbIX arperaToB, CUCTEM 11 SHEProbs1o-
KOB B Lienom. Bo BTopyto rpynny — 3agaHunsa No OCTaHOBY
obopynoBaHus 1 6noka MNry-450.

Konnektneom cotpygHukoB Kadeapbl TIC nop pyko-
BOACTBOM AMPEKTOpa MHCTUTYTa TEMIo3HepreTuku, 3as.
kadenpon TIC KI3Y, a.x.H., npod. H. . Ynumposon pas-
paboTaHbl NPaKTUKyMbl MO TpeHaxxepam MIY-450, Mry-410
1 yyebHoe nocobue no TpeHaxepy TIC ¢ nonepeyHbIMY
cBAsAMU. OHK BKIIIOYAOT B Ce0A TEOPETUUECKUI MaTepu-
an, TeXHNYeCKoe onrcaHe KOMMbIOTEPHOIO TPeHaxkepa 1
nepeyeHb 3aHATUN, MPOBOAUMBIX Ha 6a3e ogHOro 13 Knac-
COB KOMMbIOTEPHbBIX TPEHaXXepoB Kadeapsbl.

KoMnbtloTepHble TpeHaXepHOo-aHaNUTUYeCKNE KOMIMIEK-
Cbl MOTYT ObITb UCMONIb30BAHbI /151 IEPENOArOTOBKM 1 MO-
BbILUEHNS KBanUpuKaumm paboTHUKOB SHepPreTuyeckom
oTpacnu.

MUHWCTEPCTEO OEPA3OBAHWUA 1 HAYKW
GEAEPALLHI

POCCHACKON

lﬂ‘n M

NPUKNAOHBIE 3A0A4N -
TPEHAXKEPA SHEPIOBINOKA Nry-410

Ha doTo: 06n10KM yuebHOI NTepaTypbl N0 paboTe C TPEHAKEPHO-aHATIMTUYECKMU KOMIIEKCAMU.

83



HapexHocTb 1 6e30MacHOCTb SHEPrETUKM
2018 r.—T.11 = Nel

Safety and Reliability of Power Industry
2018, vol. 11, no. 1

PefakuMoOHHasa Konnerna Hay4yHo-
TEXHUYECKOro XypHana «HaaexxHoCTb
1 6€30MacHOCTb SHEPreTUKN»
rny6oKo ckop6uT B cBA3M CO
CcMepTbio Npodeccopa, fOKTopa
TeXHU4YeCKNX HayK Bukropa

BacunbeBuya Kyapsasoro

Buktop BacunbeBuu Kyapsasbili popunca 4 oktabps
1937 ropa B ropoge CrpyHuHO Bnagumumpckoii obnactw.
MNocne okoHuyaHUA B 1961 . IBAaHOBCKOro sHepreTnyecko-
ro MHCTUTYTa paboTan B dHeprocucteMe «KpacHoApPCK-
Heproy», a ¢ 1967 r. no 1989 r. B cucteme «MocaHepro». B
3TOT Nepuoj B CBOEN NPON3BOACTBEHHON AEATENIbHOCTY
OH Mpolen NyTb OT MOMOLWHKKA MalmnHUCTa Ha Kpac-
HoApckon TOL go rmaBHOro uHx«eHepa «MocCaHepro» —
KpynHeLuel SHeprocncTemMbl, KOTopas CHabXaeT Tensiom
N 3neKTpo3Hepruel r. MockBy, MOCKOBCKYO 0611acTb 1
elle pAg ApYrux ropofoB 1 obnacTen.

B 1987 r. Buktop BacunbeBuny 3akoHumn focypapcreen-
HbI yHMBepCMTET ynpaBneHuna n 8 1989 r. 6bin HanpaBneH
B MurHUCTEPCTBO 3HepreTnkn u snektTpudumkayum CCCP
Ha JO/MKHOCTb pyKoBoauTena [MaBHOro TeXHU4YeCKoro
ynpaBfieHus.

Mocne pacnaga CCCP po 1996 r. paboTan rmaBHbIM UH-
»eHepom OAO «PAO ESC Poccuny, a 3atem go 2004 r. —
3aMecTuTenemM MMHUCTPa TonnrBea v sHepreTukn PO. B 31o
e Bpems (1994-1998 rr.) 6611 Mpencenatenem coseta

OUPEKTOPOB U30NMPOBAHHbIX 3Heprocuctem [danbHero
BocToka.

PaboTy Ha pa3nnUHbIX JOMKHOCTAX YCMELWHO coYeTan ¢
Hay4yHOW JeATeNbHOCTbIO, 3aWmnTB B 1991 . ancceprtaumio
Ha cTeneHb KaHAuAaTa TeXHUYeCKUX Hayk, a B 1998 r. —
JOKTOpa TEXHNYECKMX HayK.

BukTtop BacunbeBuy 6bin npeacenaTesieMm KOMUTETa MO
Hale>XHOCTW, SHepProsapPeKTMBHOCTM U MHHOoBaUMAM Co-
BeTa gupekTopos MAO «Pyclngpo», uneHom KomuteTa no
nHHoBauuam npu CoseTte aupekTopoB [MAO «Poccetu»,
COBETHMKOM npe3ngeHta komnaHum AO «EBPOLIEMEHT-
rpymn»

Bce noctcoBetckme rogbl Buktop BacunbeBuy nocrto-
AHHO BbICTYMan NPOTUB NpoBoAMMbIX B 90-e 1 Hauane
2000-x rogoB pedpopmM SHEProcMCcTeM CTPaHbl, NpeaBuas
HeraTuBHble NOC/IeACTBUS 3TUX NPeobpa3oBaHui.

Ero Tpyn otmeueH [lpaBUTeNbCTBEHHbIMU Harpagamu:
B 1958 r. HarpaxaeH Meganbio «3a OCBOEHME LeNNMHHbIX
3emenby, B 1970 — mepfanbio «3a fOONeCTHbIN Tpya», B
1984 r. — opgeHom «TpygoBoro KpacHoro 3HameHu».

PedakyuoHHas konnezus svipaxxaem 2;1y6okue coboses-
HOBAHUA POOHbIM U 67uU3KUM Bukmopa Bacunsesuya
Kyopseoezo.
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MpaBuna ana aBTopos

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

2. lMNocTtynuBlwme B pefakumio CTaTbu MNPOXOAAT ABOW-
Hoe cnenoe peueH3npoBaHMe. OCHOBHble KpUTepUM Lie-
necoobpazHOCTM ony6NMKOBaHNA — aKTYasbHOCTb Tema-
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Tabnuupbl, rpaduryecknin matepran, BCo HEOOXOAVMYIO UH-
dbopMaumIo Ha aHTTINNCKOM S3bIKe.
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0T aBTOPbI, HAa PYCCKOM M aHITIMNCKOM f3blKaXx.

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