International
Chair-Network

ICES [E==

W [ES(
HayuHo-TexHnuYecKni XypHan

HapeXHoCTb 1 6e30MacHOCTb SHepreTUKM

Tom 16 Ne4
rMABHbIV PEQAKTOP

E. H. APXUITIOBA — p. . 1., 3acimy>keHHbIi1 9HepreTux Poccun, renepanbubiii gupextop AO «TpeHaxepbl 3/eKTPIYeCKIX CTAHIMIL U ceTel»
(Mocksa, Poccus)

PEAAKTOPDI PA3SLENIOB

A. 4. INEITUHCKUI — p1. 7. 1., mpoceccop kadenpsi « IpoMblIIiieHHbIe TenTosHepreTIrdeckue cuctemsi», GIBOY BO «HatmonanbHstit nccie-
JOBATENbCKMIT YHUBepcUTeT « MOCKOBCKII 9HepreTdeckuit MHCTUTY™» (MockBa, Poccust) — paspen «[eHepalyis 9/IeKTpOSHEPIMH 1 TETIa»

H. II. YMIYNPOBA — peiicTBUTENbHBIIT YieH POCCUIICKOI aKaleMIy eCTECTBEHHBIX HayK, . X. H., Ipodeccop, 3aB. Ka(geupoﬂ «TemmoBble amex-
tpudeckue crautym» PIBOY BO «Kasancknii rocygapcTBeHHBIN 9HepreTdeckuit yuusepcutet» (Kasanb, Poccust) — paspen «Ixcrvyaranys
SMEKTPIIECKUX CTAHIMI»

B. CTPMETKOBCKU — moxtop dunocodun, mpodeccop, HayuHblit coTpyaHnk Kembpumxckoit 6usHec- Ko KeMOpHpKcKoro yHuBepcuTeTa
(AHDIMA) — paspen «IeKTporeHepawyis 3apyOesKHbIX CTPaH»

J.T. AXMETOBA — p. T. H., IpOPEKTOp IO Hay4HOI1 paboTe, 3aB. Kadenpoit IKoHoMuKy 1 opranusanyy npoussonctsa PIOY BO «Kasanckuit
TOCYZlapCTBEHHDIIT 9HepreTIdeckuit yHuBepcuteT» (Kasaus, Poccysa) — paspgen «LndpoBble TeXHOMOTUHU 1 SKOHOMMKa»

H. H. IIIBEII — 7. . H., mpodeccop, 3aB. kadenpoit «Muposas anekrposneprernka» MITVIMO MUJI Poccun — paspen «IHepreTideckiue acieKTsl
MEX/YHapOJHBIX OTHOLIEHNI

A. WM. TAIDKVIBAEB — 3acnyxenHsiit sHepretnk Poccmiickoit Pefeparyi, eiicTBUTeNbHbIN YieH AKaieMIN S7TeKTPOTeXHNIECKNX Hayk,

1. T. H., 3aB. Ka(geupoﬁ «[[MarHoOCTUKA ¥ YIIpaB/IeHIe TEXHIIECKIM COCTOSHIEM SHepreTideckoro obopyrosaums» OIAOY [IIIO «IIOUIIK»
(Cankr-Iletep6ypr, Poccns) — pasgen «TexHudeckas AMarHOCTIKA M Hepa3pyIIAIOIINil KOHTPOMb B SHEPIETUKeE»

A.E. Y)KAHOB — k. c. H., fonieHT Kadenpsl «MypoBas s1eKTpO3HepreTiKa» MeXIyHapOJHOTO MHCTUTYTa SHEPTeTUYeCKOI IOIMTUKY U V-
wiomaryy MITVIMO MUJI Poccun, uieH-KOppecioHeHT AKafieMun BoeHHbIX HayK (MockBa, Poccusi) — paspen «CoLmomnorys B SHepreTuKe»

PEAAKUMOHHAA KOJIIErnA

ISSN print: 1999-5555
ISSN online: 2542-2057

2023

A. H. BUBYAP — k. r. ., Havanbhuk nmxenepuoro ynpasnennsa [IAO «Moc-
snepro» (Mocksa, Poccus)

A.B.BOJIKOB — 5. . 1., mpoceccop, 3aBemytomuit kapenpoit IngpoMexanmnku
VI TUJPABIMIECKIX MaliH, HalMoHambHbI MCCTe0BATENbCKII YHIBEPCUTET
«M3W» (Mocksa, Poccus)

E. II. TPABYAK — 3amecrurens munuctpa Munucrepcrsa snepretuxu Poc-
cuitckoit Oegeparmu (Mocksa, Poccns)

X.C. %PAFAH‘{EB — npodeccop Texnnyeckoro yHusepcutera (Bapxa, bon-
rapus )

A. A. JKAPKOBCKUN — p.1.H, npodeccop, npodeccop Bricieit mkomsi
SHEPreTHYecKoro MammHocTpoenna Mucturyra suepretuxu, ®IAOY BO
«Canxr-Tlerepbyprckumit monmurexuudeckuii yusepcuter Ilerpa Bemikoro»
(Cankr-Iletep6ypr, Poccus)

A. M. 3ATPEBAEB — pn.¢.-M.H., mpodeccop, 3aBeaytommit kapenpoit «Ku-
GepHetika» / VIHCTUTYT MHTE/IEKTYa/lbHbIX KiOepHeTHYecKux cucreM, Ha-
uMOHan)beU?I VICCTIeNOBATEIbCKII AnepHbit yHuBepcuter «MVIDV» (Mocksa,
Poccus

M. 1II. BATPETIIMHOB — x. 1. 1., renepanbublii gupektop AO «/MucTuTyT Te-
II71097EKTPONPOeKT», (Mocksa, Poccns)

M. I. 3SUTAHIIIMH — p.1.H., fouent, mpodeccop Kadenpsl «ATOMHbIE U Te-
710Bble anekTpyyeckie cranmy» OIBOY BO «Kasanckmit rocyapcTBeHHbI
sHepreTiyeckuii yansepcutet» (Kasanb, Poccns)

3. 3UMOH — p. . 1., mpodheccop, 3aBenyrouuit Kadeapoit Bpaupenbyprckoro
Texunueckoro Yuusepcurera (Korbyc-3endrenbepr, lepmanns)

. M. UBPATUMOB — p1. . 1., BeyIwuii Hay4Hbli COTPYAHUK AKYCTIYECKOTO
uHcTHTYyTa MMeHn akafjemyka H. H. Angpeesa (Mocksa, Poccist)

M. C. UBAHMIDKUN — p.1.H., foueHT, mpodeccop Kadeapsl «IHepreTu-
ka» ¢puwman PIBOY BO «HauyoHanbHbI MCCTe[OBATENbCKIIT YHIBEPCUTET
«M3¥» B T. Bomkckom (Bomkckuit, Poccus)

H. B. KAPHUIIKMM — p. 1. 1., mpodeccop, 3aBenyrouuit kapenpoit «Temo-
Bble 37EKTPIYECKIe CTaHIUM» Denopycckoro HaroHalTbHOTO TEXHMYECKOTO
yHuBepcuTeta (r. Munck, benmapycn)

C. A. KPOITAYEB — 7. 11. H., peKTOp OHEPreTMyeCKOro MHCTUTYTa IIOBBIIIEHN
kBamudukarym AO «Moco6nanepro» (Mocksa, Poccus)

B. B. KYIMYNXMH — 7. T. H., akajieMuK AKafieMii IPOMbILIIEHHOI! 3KO7O-
ruyt PO, ujieH-KoppecIoH/ieHT AKafieMu BOCHHBIX HayK MO PO, nocrosHHbI1
npepcraButens PO B MexXpyHapogHO CeTH eBPONeIICKIX TeXHITYeCKUX YHU-
BepcutetoB NESEFF, unen Coiosa sxxyphaimictos Mockssl (Mocksa, Poccusi)

B. 1. TEBEJEB — f. 1. H., ipoheccop, 3aMecTUTeNb AMPEKTOpa HHCTUTYTA
sapepuoit suepretuxi GTAOY BO «Cankr-Iletepbyprekmit momTeXHIIeCKi

yuusepcurert Ilerpa Bemnkoro» (Cauxr-Ilerep6ypr, Poccits)

M. 0. TbBOB — z. 1. H., COBETHIK TeHepanbHOro gupekropa AO «Obbenn-
HeHHas SHepreTideckas Kommanusa» (Mocksa, Poccus)

H. 4. o. MAMEJTIOB — k. 1. 1., mpocheccop, 3aBegyrouit kadenpoit «Crpo-
MTENbCTBO MHKEHEPHDBIX CHCTEM I COOPYXKeHMit», AsepbaitipkaHckuil Apxu-
TeKTypHO-CTpouTenbHbli YruBepcutet (Baky, Asepbaiimkan)

M. E. MAPYEHKO — k. T. H,, rerepanbusii gupekrop OO0 «Juus» (Mo-
ckBa, Poccus)

B. E. MECCEPJIE — £. . 1., ipopeccop, IaBHblit Hay4HbiiT corpyaunk HUN
SKCIEepUMeHTaNbHOI 1 TeopeTndeckoit usmky Kasaxckoro HaipmonanbHoro
Yuusepcurera uM. amp-Papabu (Amvarsl, Kasaxcran)

C. B. MUIIEPAKOB — p. 5. H., K. T. H., [eHepanbHblit anpekrop Hexom-
mepyeckoro ITaprHepctBa «KoprmoparuBHbiit 06pasoBaTelbHbIA ¥ Ha-
yuHblit neHTp Emumoit aHepretmueckoit cuctembl» (Mocksa, Poccs)
II. MOPBA — pokrop, npodeccop Bypamemrckoro nonmrexHin4eckoro yHu-
Bepcurera (byganet, Berrpus)

JL II. MY3bIKA — k. T. H, fouent, aupekrop OOO «Pecypc-nepconan»
(Omck, Poccust)

A. H. HABAPBIYEB — z. T. 1., podeccop, pexrop ®TAOY JITIO «Iletep-
OyprcKuit SHepreTHUYecKuil MHCTUTYT TOBbIlIeHNs KBa/mukanyu» (CaHKT-
ITerep6ypr, Poccus)

M. E. OPTIOB — k. T. H., JOLeHT, foueHT Kadeapsl «TemnorasocHabxerne u
senTinAnMA uM. B. V. [lapanoBa» YIbAHOBCKOTO TOCYAapCTBEHHOTO TEXHM-
4ecKoro yHuBepcuTera (. YbAHOBCK, Poccus)

M. M. TYE/IUH — TocypapcTennslii coetHnk PO 1-ro kmacca B 0TCTaBKe,
naypear mpemun Coera Munncrpos CCCP (Mocksa, Poccis)

10. A. PAJJVIH 7.7.H., TIaBHBIi CTIEIMANUCT B CTyXb6e BUOPOAMArHOCTUKY U
HaIaKN MHKeHepHoro yrpasiaenns [TAO «Mocanepro» (Mocksa, Poccs)
C.M. CEHJIEPOB — . T. H., C.H.C., 3AMeCTUTe/Ib JUPEKTOPa, 3aBe/yIONINI1 OT-
TierioM sHepreTirdeckoit 6esonacoctit PIBYH VHcTHTYT cicTeM SHEpreTHKy
um. JI. A. Menentbea CO PAH (Mpkyrck, Poccns)

K. ®PAHA — 7. 1. 1., mpodeccop, 3amecTuTenb fekaHa (axynapreTa «Marmm-
HocTpoeHue» TexHideckoro yunsepcuteta (r. JInbepet, Yexs)

M. N1, YMYMHCKUN — K. 1. 1., [eHepanbHblil MHCIEKTOP — HayabHUK
JlemapramenTa TexHmdeckoro Hapzopa u ayauta [IAO «DegepanbHas ceTeBast
KoMmanust Exunoit sHepretnyeckoit cyctemsi» (ITAO «DCK E9C») (Mocksa,
Poccus)

B.J1. IEPBA — p.7.1., podheccop, 3aBegyomit Kadeapoit «[ippomexaHmka
u TpancropTHble MauyHb PTAOY BO «OMckuit rocyapcTBeHHbII TeXHN-
gecknit yHusepcuter» (OMck, Poccns)

Yupenurens 1 usnarens: HayuHo-pou3BoACTBEHHOE 00befyHEHNE «DHEPro6e30nacHoCTb.

[TepropyyHOCTD M3AaHUA YeThIPe pa3a B rofl. Boixopurt ¢ 2008 ropa.

JKypuan sapernctpuposat B PefiepanbHOI C1y>K6e 10 HaA30pPY B chepe MacCOBBIX KOMMYHMKALIMIA, CBSI3U 1 OXPaHBI Ky/IbTypHOro Hacnenus. CBu-
netenbcTBo [TV Ne ®C77-31974 ot 14 mag 2008 1.

JKypHan Bkro4eH B HOBBI lepedeHb BAK MuHmcTepcTBa Hayku 1 Bbiciuero o6pasoBanus PP pereHsupyeMbIx HayIHBIX U3HAHMIT, B KOTOPBIX
JODKHBI OBITH OIY0O/IMKOBAaHbI OCHOBHBIE HAYYHbIE Pe3Y/IBTATBL AMCCEPTALIMI HA COMCKAHME YUEHDIX CTeNleHell — KaTeropus 1 (K1), a Takxe B 6a3b1
maunbx: PVHII, BUHNTH, Google Scholar, Ulrich's Periodicals Directory.

JKypuan accounnpoan npu MexxayHaponsoM HenTpe obyyaromux cuctem IOHECKO 1 Mexaynapopnoit kadenpe-cetn FOHECKO «TVET».

Iogmucuble uHmeKChr: 45024 — OO beqHEHHbIN
Karajior 1 uHrepHeT-Karanor «IIpecca Poccum,
E45024 — VnrepreT-KaTanor «KHuUra-cepBuc».

XHY,HO)KECTBEHHbIﬂ penakrop: Manmaupyn JI. b, Texnuueckmii penaktop Kytbko H. E.
opmucaso B mevars 30.12.2023 r. Ornevarano B OO0 «Kop-Ilomrpady,
125009, Poccns, Mocksa, mip. leBuubero Ilons, a. 4.

ITouToBbIit agpec pegakiy: 117587, r. MockBa, BapiaBckoe mmocce, . 125 )X, kopi. 6, 000 «HITO «3Hepro6e3onacHoCcTb»
Tenedon: +7 495 665-76-00, +7 495 382-79-74; e-mail: sigma08@sigma08.ru; www.sigma08.ru

© 000 «HIIO «3Hepro6e3onacHoCTb», «HageX>XHOCTh 1 6€30IaCHOCTD SHEPTeTUKI»



ISSN print: 1999-5555
ISSN online: 2542-2057

Scientific and Engineering Journal

International
Chair-Network

ICES

CENTRE

Safety and Reliability of Power Industry

Volume 16 N

04

2023

EDITOR-IN-CHIEF

Elena N. ARKHIPOVA — Dr. of Tech. Sc., Honored Power Engineer of Russia, General Director, JSC «Simulators of power plants and

networks» (Moscow, Russia)
SECTION EDITORS

Aleksandr Y. SHELGINSKY — Dr. of Tech. Sc., Professor of Heat Power Industry Department, National Research University «Moscow Power
Engineering Institute» (Moscow, Russia) — section «Electric power and heat generation»

Nataliya D. CHICHIROVA — full member of the Russian Academy of Natural Sciences, Dr. of Chem. Sc., Professor, head of the Department of
Thermal power plants of the «Kazan State Power Engineering University» (Kazan, Russia) — section «Operation of power plants»

Wadim STRIELKOWSKI — Ph.D., University of Cambridge, Judge Business School (Cambridge, England) — section «Power generation in

foreign countries»

Irina G. AKHMETOVA — Dr. Eng., Vice-rector for research, head of the Department of Economics and Information Technologies, of the
«Kazan State Power Engineering University» (Kazan, Russia) — section «Digital technolol%ies and economy»

Nikolay. N. SHVETS (PhD (Ec.)), Professor, Head of the World Electric Power Industry

epartment, MGIMO University of the Russian

Federation Ministry of Foreign Affairs — section Energy Related Aspects of International Relations
Aleksey I. TADZHIBAYEV — Honoured Power Engineer of the Russian Federation, full member of the Academy of Electrical Engineering
Sciences, Doctor of Engineering, Head of FSAEI of Advanced Professional Training «PEIPK» (St. Petersburg, Russia) — section «Technical

Diaﬁnostics and Non-Destructive Testing in Power Engineering»
Ale

sandr Ye. UZHANOV — Cand. of Sociol. Sc., Associate Professor of World Power Industry Department, International Institute of Energy

Policy and Diplomacy, MGIMO of the Russian Federation Foreign Ministry, Associate Member of the Academy of Military Sciences (Moscow,

Russia) — “Sociology in Energy Industry”

EDITORIAL BOARD

Anton N. VIVCHAR — Cand. of Geogr., Head of Engineering Directorate,
PJSC Mosenergo (Moscow, Russia)

Alexandr V. VOLKOV — Dr. Eng., Professor, Head of Department of Fluid
Mechanics and Hydraulic Machines, National Research University MPEI
(Moscow, Russia)

Hristo S. DRAGANICHEV — Professor of the Varna Technical Uni-
versity (Varna, Bulgaria)

Evgeny P. GRABCHAK — Deputy Minister of the Ministry of Energy of
the Russian Federation (Moscow, Russia)

Aleksandr A. ZHARKOVSKII — Dr. Eng., Professor, Full Professor of
Higher School of Power Engineering, Institute of Energy, “Peter the Great
St. Petersburg Polytechnic University” (St. Petersburg, Russia)

Andrey M. ZAGREBAEV — Doctor of Sciences in Physics and
Mathematics, Head of Department of Cybernetics/ Institute of Cyber
Intelligence Systems, National Research Nuclear University MEPHI
(Russian Federation, Moscow)

Ilyas Sh. ZAGRETDINOV — Cand. Sc. (Eng), Director of JSC «Institute
Teploelectroproject» (Moscow, Russia)

Malik G. ZIGANSHIN — Doctor of Technical Sciences, Associate
Professor, Professor of the Department of Nuclear and Thermal Power
Plants )FGBOU VO "Kazan State Power Engineering University" (Kazan,
Russia

Sylvio SIMON — Prof. Dr.-Ing., Brandenburg University of Technology
(Cottbus-Senftenberg, Germany)

Ildar M. IBRAGIMOV — Dr. Eng., Leading Researcher of the Andreev
Acoustic Institute (Moscow, Russia)

Maxim S. IVANITSKY — Doctor of Technical Sciences, Associate
Professor, Professor of the Department of Energy Branch of the FGBOU
VO «National Research University «MPEI» in Vo%zhsky (Volzhsky, Russia)
Nikolay B. KARNITSKIY — Dr. of Tech. Sc., Professor, head of the
department of thermal power plants, the Belarus National Technical
University (Minsk, Belarus)

Sergey A. KROPACHEV — Dr. of Hist. Sc., Rector of the Energy Institute
for Advanced Studies of JSC Mosoblenergo (Moscow, Russia)

Vladimir V. KULICHIKHIN — Dr. of Tech. Sc., Full Member of the
Russian Federation Academy of Industrial Ecology, Associate Member
of the Academy of Military Sciences of the Russian Federation Defense
Ministry, Permanent Representative of the Russian Federation at the
NESEFF International Network of European Engineering Universities,
member of the Union of Journalists of Moscow (Moscow, Russia)

Valery I. LEBEDEV — Dr. Eng,, professor, Deputy Director of the Nuclear

Power Institute of the «Peter the Great St. Petersburg Polytechnic University»
(St. Petersburg, Russia)

Mikhail Yu. LVOV — Dr. of Tech. Sc., Adviser to the General Director of
United Energy Company JSC (Moscow, Russia)

Nurmammac( Y. MAMMADOV — professor, head of Department
“Construction of engineering systems and facilities”, Azerbaijan University of
Architecture and Construction (Baku, Azerbaijan)

Mikhail E. MARCHENKO — Cand. of Tech. Sc., Director, «Eniv», LLC
(Moscow, Russia)

Vladimir E. MESSERLE — Dir. of Tech. Sc., Professor, Head Research Fellow
of the Research institute of experimental and theoretical physics, the al-Farabi
Kazakh National University (Almaty, Kazakhstan)

Sergey V. MISHCHERYAKOV — Dir. of Econ. Sc., Cand. of Tech. Sc., Director
General of the Non-profit Partnership «Corporate Training and Scientific
Center of the Unified Energy System» (Moscow, Russia)

George MORVA — Sc. Dr., Professor, the Budapest Polytechnic University
(Budapest, Hungary)

Leonid P. MUZYKA — Cand. of Tech. Sc., Director, «Resurs-Personal», LLC
(Omsk, Russia)

Aleksandr N. NAZARYCHEV — Dr. of Tech. Sc., Professor, Rector of the
«Peterburg power engineering institute of professional development» (St.
Peterburg, Russia)

Mikhail Ye. ORLOV — Cand. of Eng. Sc., Associate Professor of the
Department of Heat and Gas Supply and Ventilation named after V.
I. Sharapov of the Ulyanovsk State Tecﬁ)nical University (Ulyanovsk, Russia)
Mikhail M. PCHELIN — Class I State Councilor of the RF (retired), awardee of
the Prize of the Council of Ministers of the USSR (Moscow, Russia)

Yuri A. RADIN — Dr. Eng, Chief Specialist, Vibration Diagnostics and
Adjust)ment Service, Engineering Department, Mosenergo PJSC (Moscow,
Russia

Sergey M. SENDEROV — Dr. Eng,, Vice-director for research, head of Energy
Security Department of the Melentiev Energy Systems Institute SB RAS
(Irkutsk, Russia)

Karel FRANA — Prof. Dr. — Ing. habil, Technical University of Liberec
(Liberec, Czech Republic)

Mikhail I. CHICHINSKIY — Cand. of Tech. Sc., Inspector General/Head
of the Department of technical supervision and audit, PJSC «Federal Grid
Company of the Unified Energy System» (Moscow, Russia)

Victor E. SHERBA — Doctor of Technical Sciences, Professor, Head of the
Department "Hydromechanics and Transport Machines” FGAOU VO "Omsk
State Technical University" (Omsk, Russia)

Founder and publisher: Scientific and Production Association «Energobezopasnost».

Frequency of the edition four times a year. Published since 2008.

The journal is registered in the Federal Service for Supervision in the Sphere of Mass Communication, Communications and the Protection of

Cultural Heritage. Certificate ITM Ne ®C77-31974 dated May 14, 2008.

The journal is included into the SCADT's List of major reviewed scientific journals and publications, which shall publish the key scientific
findings of theses for academic degrees of Doctor and Candidate of Sciences — category 1 (Cat 1). The Journal is included in the following
databases: RINC, VINITI, Google Scholar, Ulrich's Periodicals Directory.

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

Artistic editor: Malanin D. B. Technical Editor: Kutko N. E. Signed in the press on December 30, 2023.
Printed in LLC «Code-Poligraf», Proyezd Devich'yego Polya, 4, Moscow, 119121, Russia.

Mailing address of the editorial office: NPO «Energobezopasnost» Build. 6, 125 «Zh» Varshavskoye Shosse, Moscow, 117587.
Tel: +7 495 665-76-00, +7 495 382-79-74; e-mail: sigma08@sigma08.ru; www.sigma08.ru



HadexHocme u 6e30nacHocms 3HepzemuKu Safety and Reliability of Power Industry
20232.-T.16 - N4 2023, vol. 16, no. 4

COAEPXAHME

OBLWKE BOMPOCblI HAREXXHOCTU U BESONMACHOCTU SHEPTETUKWN

Mwuxainnos B. E., Kpyrnukos I1. A., XomeHok J1. A. [yTn nepenpodununposaHuna A3C, BbipaboTaBLImx
pecypc Ha CyLIeCTBYIOLMX NoLafKax

INEKTPOTEXHNUYECKNX KOMMJ1EKCOB MPOMbILLJTIEHHbIX I'IpGAI'IpVIﬂTI/II;I

MPOEKTUPOBAHMUE, NCCNEAOBAHNA, PACHETDI

MVHepanbHbIX yA0O6peHNI

Kamep cropaHua I'a3OTyp6l/IHHbIX YCTaHOBOK

XKUKNepa ApOoCCenbHOro YCTPOMCTBa Ha 06pa3oBaHMe KaBuUTaLum

obnacTy TMna «nnacTMHa» ¢ MoaNGULIMPOBAHHO MOBEPXHOCTHIO

YCTAaHOBKK C MPAMOTOYHbIM MapOBbIM KOT/IOM

NNHWI HanpsaxeHnem 10 KB
OnbIT SKCNNYATALIUN

204
ba6aHoBa U. C. CoBpeMeHHOe COCTOAHME 1 MPOOSIEMbI HAZLEXKHOCTY CUCTEM SJ1IEKTPOCHaBXEHNA

210
Ymxos B. B., Jlazapes J1. 1., YepHbix A. I1., Muxannos C. 1. Xapaktepuctukn TypbofeTaHepHOro arperara,
NCNonb3yemoro Ana NoAroToBKM NPUPOAHOro rasa K TpaHCNoOpTUPOBKe 220
3BoHueBckuil A. I, LenrnHckum A. l. AHanu3 nokasatenen SHeProeMKoCTV B MPOV3BOACTBE

226
MacnaHos C. H., boros . A., CyxaHoB B. A. JxcneprMeHTanbHble NCCIef0BaHUA BIUAHUA 030HMPOBaHNA
BO3[yXa Ha SMUCCIIO 3arPA3HAIOLLMX BELLECTB B BUXPEBbIX 3aManbHO-CTabnn3npyoLwmnx Mogynax

235
bawapuna T. A., Mukanos U. C., Enbuos U. C., JleBuH B. C. iccnegoBaHune BINAHNA reOMETpUM OTBEPCTUA

241
PbikeHkoB A. B., lacaeB M. P, lpuropbes C. B., Bonkos A. B., Apy»uHuH A. A., ipo6Hnykun H. A.,
TpywwH E. C. SKkcnepumeHTanbHble NCCNefoBaHNA TMAPOAMHAMNYECKUX XapaKTepUCTUK KAHOHNYECKOM

248
Kyckap6ekoBa C. U. M3onaums 6aka NuTaTeNbHON BOLbI B CXEME TPAHCMOPTabenbHOM KOTeNbHOM

256
Lnyonb U. U., FpaueBa E. U. MeToguka pacueta TemnepaTypHbIX NapaMeTpoB U CpoKa CyObl KabenbHbIX

263
JNlenée C. H., Munses P.T.,, Oxnonkos A. B., LLlymos I.B., BuBuap A. H. [pobnembl nepexoaa

270

OTeYeCTBEHHOW 3HEPreTUKN Ha UCNONb30BaHME OTHECTONKMX XKUAKOCTEN POCCUNCKOTO NMPOU3BOACTBA .vvurvesreserssersnenee

couuonorna U 3HEPFETUKA

MasuHoBa . A., YkaHoB A. E. CNH-JOKTOPUHT — TEXHONOIMA NPEOAONEHNA KPU3NCOB B SHEPTETUKE ..vvevrverresnseens

275

XPOHUKA, NYBJINKALUN

GENERAL ISSUES OF RELIABILITY AND SAFETY OF ENERGY

exhausted their service life at existing sites

of industrial enterprises

286
CONTENTS

Mikhailov V. E., Kruglikov P. A., Khomenok L. A. Ways of conversion of nuclear power plants that have

204
Babanova I. S. Current state and problems of reliability of power supply systems of electrical complexes

210
Chizhov V. V., Lazarev L.Ya., Chernykh A. P., Mikhaylov S. P. Characteristics of turboexpander unit used

220

to prepare natural gas for transportation

DESIGN, RESEARCH, CALCULATIONS

Zvonchevsky A. G, Shelginsky A.Y. Analysis of energy intensity indicators in production of mineral fertilizers..........

Maspanov S. N., Bogov I. A., Sukhanov V. A. Experimental Studies of Air Ozonization Influence on Pollutants

226

of throttling device on formation of cavitation

a modified surface

Emission in Vortex Ignition-Stabilizing Modules of Gas Turbine Combustion Chambers 235
BasharinaT. A., Pikalov l. S., Yeltsov I. S., Levin V. S. Investigation of influence of geometry of jet orifice

241
Ryzhenkov A. V., Dasaev M. R., Grigoriev S. V., Volkov A.V., Druzhinin A. A., Drobnitsky N. A., Trushin E. S.
Experimental studies of hydrodynamics of the «plate» type canonical region with

248
Kuskarbekova S. I. Insulation of feed water tank in arrangement of transportable boiler plant with

256

direct-flow steam boiler

Tsitson I. I, Gracheva E. I. Method of calculation of temperature parameters and servic life of 10 kv cable lines

OPERATIONAL PRACTICE

Lenev S. N., Milyaev R. G., Okhlopkov A. V., Shumov P. V., Vivchar A. N. Problems of transition of Russia’s
energy sector to using domestically produced fire-resistant fluids

263

270

SOCIOLOGY IN ENERGY INDUSTRY

Mazinova P. A., Uzhanov A. E. Spin doctoring is a technology for overcoming crises in the energy sector...............



