AHOTANIA

Cmanicnasoé B. Kpamigikamis HaIlHOCTI CHUCTEM pPEryJIOBAHHS THCKY
NaporeHepaTopiB EHEPrOyCTAHOBOK B €KCTpeMalibHUX yMoBax. — KBamiikairiiina
HayKOBa Ipallsl Ha MpaBax PyKOMHUCY.

Huceptamiss Ha 3700yTTS HAYKOBOTO CTymeHs JokTopa dinocodii 3a
cnemianpHicTIO 144 — Tennoenepreruka. — HamionansHuit yHiBepcuter «Onecbka
noJiiTexHika» MiHiCTepcTBa OCBITH 1 Hayku YKkpainu, Opneca, 2026.

VY po6oTi TpOBEIEHO PU3HK-OPIEHTOBAHUM aHAJI3 BIUIMBY E€KCTPEMaJIbHUX
YMOB €KCIlTyaTallli eHeproyCTaHOBOK Ha HaJIMHICTh CUCTEMHU PETyJIIOBaHHS TUCKY
B o0'emi maporeneparopiB (CPJl III'). Hacmigkamu BigmoBu CPJ III' B
eKCTpeMaJbHUX yMOBax MoXxe OyTu aBapiiiHi cuTyauii 3 KPUTUYHUMHU
NOIIKOJKEHHSIMA ~ OOJIafHAHHA  €HeproyctaHoBok. Ha miacraBi  pu3HK-
OpIEHTOBAHOTO aHaJli3y BCTAHOBIIEHO:

— y pa3l MOCTYJbOBAHOI BIIMOBH BCIX CHCTEM 3HWKEHHS THCKY Y JOBKLLIA
(BPY-A) cymaphna 6a3oBa rimoBipHicTh BiamoBu CPJI I1I" 3poctae y 740 pas3is;

— HaWOUIbII 3HAYHWM BIUIMB BiMOB BPY-A Ha WMOBIpHICHI MOKa3HUKU
HAJIMHOCTI €HEepProyCTaHOBOK BCTAHOBJICHI ISl TPyIl aBapiil 3 MIKKOHTYPHUMU
T€4aMH y NaporeHepaTopax;

— B yMOBax aBapiii 3 MDKKOHTYPHHUMH TE€4YaMHU Yy TaporeHeparopax
eneproycranoBok (EY) wmoxe Oytu HekBamipikoBaHl eKcIUTyaTal[iiHUMU
BUINPOOYBAHHIMU PEKUMHU MAPOBOJIIHOI/BOASHOT Teul y BPY-A;

— HEJOCTaTHbO OOIPYHTOBAaHO BpAXOBYETbCS BIUIMB Ha HaAIMHICTD
€HEeProyCTaHOBOK €KCTPEMAJIbHMX YMOB €KCIUTyaTallii 3 TaaiHHSAM BEIUKHX/
BUOyXOHEOE3MMeuyHnX O0O0'€KTIB Ta Cy4aCHUX pe3yJbTaTiB pPEaTbHOTO CTaHy
celcMIYHOiI- Ta cMepueHebe3neKkn pailoHiB po3TairyBanHs EY Ykpainu.

[IpoBeneHnii  TMOPIBHSUIBHUN  aHaM3  pe3yJIbTaTiB  MIPOEKTHOI  Ta
yAaockoHaneHoi kBaidikamii HamiiiHocTi BPY-A cepiitHoro eHepro0jioky B

CKCTpEMAJIbHUX YMOBaAx eKcrmyaTaui'i BCTAaHOBUB.



— IPAaHUYHO AONYCTUMHUH ceiicMiuHMil BIUIMB HAa BPY-A piBHs 7 OainiB 3a
mkanoro MSK;

— rPaHUYHO JOMYCTUMHUMN TuHaMiYHUH BIUIUB Ha BPY-A BHacmiiok magiHHs
BEIUKHNX/BHOYXOHEeOe3MeuHnX 00’ €KTIB €KBIBAJICHTHE YMOBaM 3€MIIETPYCY DPiBHSA
7 Gamis.

Po3pobneno meTon aganraiiii pe3yiabTaTiB eKCIIEpUMEHTANbHO1T KBaTiikarii
HajiiHocTi BPY-A y pexxumax nBoha3HOro moToKy Ha MOJIETbHUX YCTAHOBKAX 10
YyMOB aBapii 3 MDKKOHTYpPHUMM Te4aMHu y mnaporeHeparopax EY Ha ocHOBi
1IGHTUYHOCTI KPUTEPIiB TepMOIMHAMIUYHOI ToAiI0HOCTI. Ha mijicTaBl BCTaHOBIECHUX
KpUTEpPIiB MPOBEACHO aHali3 pe3yJIbTAaTIB EKCIEePUMEHTANbHOI KBamidikaiii
HaJ1MHOCTI 3aKpUTTS KinanaHiB bPY-A y pexxumax qBo¢da3HHX NOTOKIB, OTPUMaHUX
y MogenbHil yctaHoBUI FRAMATOM, Ta BCTaHOBJIEHO HEIOCTaTHIO
OOTPYHTOBAHICTH ITUX PE3YIHTATIB MO0 MPAKTUIHOTO BIIPOBAKECHHSI.

Po3pobiieHo AeTepMIHICTHYHMI METOJ] PO3PaXyHKOBO-EKCTIEPUMEHTAIBLHOT
kBanmidikamii HamiiHOCTI 3akputTa BPY-A B pexkumax mapoBOJSHOTO/BOJSIHOTO
MOTOKY.

Ha mincraBi po3po0sieHOr0 METONy TOJIOBHI pe3yJbTaTH PO3PaXyHKOBO-
eKCIUTyaTaliitHo1 kBasiikaiii HaaiiHOCT1 3aKpUTTS 2-X MOU(DiKaIliil KOHCTPYKITIH
bPY-A EVY nonsraioTe y HACTyIHOMY:

— BCTaHOBJICHI YMOBHM KBaji(ikailii BUKOHYIOTHCS y BChOMY Jliala3oHi
napoyTpuMaHb TOTOKY Ha BXOJli B MPOTOYHY 30HY KJamaHa Ta MPOMIDKHOTO
MOJIOKEHHS IITOKA B MPOIEC] 3aKPUTTS KJIANaHa,

— BCTAHOBJIEHUM YMOBaM KBatidikarlii He BIAMOBIIa€ peKUM OHO(DA3ZHOTO
MOTOKY BOJM Ha BXO/Il B IPOTOYHY 30HY KJjiarnaHa 3 Temneparypoto meniue 373 K.

[IpoBeieHO KOHCEPBATUBHUM aHalI3 HAIIMHOCTI 3aKpUTTs KianaHiB BPY-A
B YMOBaX MaKCHUMAaJIbHHUX T1APOAMHAMIYHMX HABaHTAXCHb HA IITOK OJHO(A3HOTO
BOJAHOTO TOTOKY 3 Temmeparyporo Mmenmie 373 K. B pesynbprari mpoBemeHOro
aHaJi3y BCTAHOBJICHO JIOCTATHIO HAJIIMHICTh 3aKpHUTTS KJIalaHIB Ha BCIX eTamax
pyXy IITOKA — BiJl MOMEHTY IOBHOTO BIKPUTTS MPOXITHOTO Mepepi3y KiamaHa J0

MOMEHTY 3aKpUTTSL.



Y Berymi mpenctaBieHO OOIpYHTYyBaHHS BUOOpPY TEeMH JOCIIIKEHHS,
BUCBITJICHO 11 aKTYaJIbHICTh Ta 3B'130K 3 HAYKOBUMHU MporpamMamu. Ha ocHOBI 11bOTO
chopMOBaHO METy 1 3aBJaHHS JOCHIJKEHHS. 3a3HAYEHO HAYKOBY HOBHU3HY
OTPUMaHHUX Pe3yJbTATiB Ta X MPAKTUUHY LIHHICTh I EHEPTEeTHKH.

B nmepmomy po3aiai BUKOHAaHWK aHai3 JIOCBiAY eKCIUTyartarii Ta
MEPCIIEKTHB PO3BUTKY TEIJIOCHEPTETUYHOTO OONaJHAHHS, 30KpeMa CHCTEM
pETYJIOBaHHS THUCKY HaporeHepaTtopiB. Pe3ynbTaToM mpoBeIeHOr0 aHaiily CTaB
BUOIp OJHOTO 3 MPIOPUTETHUX HAMPAMKIB MiJBUIIEHHS €()EKTHBHOCTI CHCTEM
TEIUIOGHEPreTHKH, a came KBamidikailis HaIIIHOCTI CHCTEM pEryJiOBaHHS B
eKCTPEeMaJIbHUX YMOBAX.

Y napyromy po3aiji BUKOHAaHWM aHaN3 BIUIMBY HAJIMHOCTI CHCTEM
PEryJIIOBaHHS CUCTEM PETYJIIOBAHHS TUCKY B €KCTPEMAJIbHUX aBapIMHUX CUTYAIIIsX
Ta BHU3HA4YCHI WMOBIPHICHI TIOKa3HWKM BIUIMBY HaniiHocTti BPY-A  Ha
€HEProyCTaHOBKH 3 ITaporeHepaTopamu.

B TperboMy Ppo31iJli BHKOHAHO TOPIBHSUIBHUN aHali3 pe3yJbTaTiB
IPOEKTHOI Ta YyAOCKOHaJeHOoi Ksamidikamii HamaiiHocti BPY-A  cepiiiHoro
€HEepro0JIOKy B EKCTpEMaJlbHMX YMOBaX €KCIUTyaTallii — MOXJIMBUX aBapiil 3
MDKKOHTYPHHMH T€YaMH y MapOreHepaTopax, CEMCMUYHOI- Ta cMepuYeHeOe3neKn
paitoniB po3ramyBanHd AEC Ykpainu.

B 4eTBepTOMY PO31iJIi MpEACTAaBICHO PE3yibTaTH 3aCTOCYBAHHSA METOAY
aganTarii pe3yJbTaTiB eKCIepuMEHTaNbHO1 KBamidikarii HamiitHocTi BPY-A y
pexxuMax JBO(GA3HOIO MOTOKY Ha MOJEIbHUX YCTaHOBKAax N0 yMOB aBapiil 3
MDKKOHTYPHUMH Tedyamu y iaporeHeparopax AEC.

B m’sitomy po3aini mpeacTaBieHO pe3ysibTaTh aHali3y Ta Po3poOsieHUi
Meroy KBamidikamii HamgiiHOcTi BPY-A mpu MakcuManbHHUX TiAPOAMHAMIYHHX
HAaBaHTA)XXCHHAX Yy 3aPOEKTHUX Ta €KCTPEMATbHHUX aBapiiHUX YMOBaX.

HaykoBa HOBU3HA OTPUMAaHHX PE3yJIbTATIB.

1. Brepiie po3po0iieHO AeTepMIHICTHUHI MeToAW KBamidikaiii HagilHOCTI
bPVY-A B EKCTPEMAIbHUX YMOBAaX HEKBaJTi(hIKOBAHUX pexuMax

EKCIIEpUMEHTAIILHUX BUTIPOOYBaHb.



2. Po3pobneno meronm  amanramii  pe3yabTaTiB  €KCIIEPUMEHTAIbHOI
kBanmidikamii BPY-A, orpuMaHux Ha €KCHEPUMEHTAIBHUX YCTAaHOBKAaX/CTEHHAX,
1010 HEKBaTI(PIKOBAaHUX PEXHUMIB ekcTpemanbHux ymoB y EVY III' Ha mimcrasi
Teopii MOAIOHOCT1 TEPMOIUHAMIYHUX TTPOIIECIB.

3. BcranoBiieHO WMOBIpHICHI OIIHKY BIUUBY HaaiitHOCTI BPY-A/CPT III" Ha
Oesneuny ekcmyaramito EY III' B ekcrpemManbHMX YMOBaxX KpPUTHUYHOTO
CEHUCMIYHOTO BIUIUBY.

IIpakTHyHe 3HAYEHHS] OTPUMAHMX Pe3YJbTATIB NOJATAE Y TOMY, LI0:

1. Ha ocHOBi oTpumaHuxXx y poOOTI pe3yJbTaTiB PO3POOJIIEHO MPOEKTH
rajly3eBUX TEXHIYHUX pileHb kBamidikamii HagiitHocti BPY-A EVY III' B
eKCTpeMaIbHUX aBapiiHUX yMOBaX.

2. Po3pobneni meToad MOXYTb OyTH BUKOPUCTaHI MHpH MNPOEKTYBaHHI,

eKCIUTyaTarlii Ta IPoJIOBXKEHH1 eKCIUTyaTallii TeI0eHEPTeTUYHOr0 00IaHAHHS.

KirouoBi cjioBa: €JEKTPOCTaHIIS, €HEPrOyCTAaHOBKH, KBasl(ikawis
oOnasHaHHS, MAPOTEHEPATOPH, PEAKTOPH, EKCTPEMalbHI YMOBH €KCIUTyaTarlii,
CUCTEMH PETYJIOBaHHS THCKY, TIOKa3HHWKH, CTIHKICTh, TEpPMOJMHAMIYHA
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ABSTRACT

Stanislavov V. Reliability qualification of pressure control systems of steam
generators of power plants in extreme conditions. — Qualifying scientific work as a
copyrights manuscript.

Thesis for the degree of Doctor of Philosophy by specialty 144 — Heat Power
Engineering. — Odessa Polytechnic of the Ministry of Education and Science of
Ukraine, Odesa, Ukraine, 2026.

A risk-based analysis has been carried out to assess the impact of extreme
operating conditions at power plants on the reliability of the steam generator pressure
regulation system (SGPRS). Failure of the SGPRS under extreme conditions could
lead to accidents resulting in critical damage to power plant equipment. Based on
the risk-oriented analysis, the following has been established:

— in the event of a postulated failure of all ambient pressure relief systems
(BRU-A), the total baseline probability of PGPRS failure increases by a factor of
740;

— the most significant impact of BRU-A failures on the reliability probability
indices of power plants has been established for accident groups involving inter-loop
leaks in steam generators;

— in the event of accidents involving out-of-contour leaks in the steam
generators of power plants, the steam-water/water leak modes in the BRU-A may
not be adequately assessed by operational tests;

— the impact on the reliability of power plants of extreme operating conditions
involving the fall of large/explosive objects, and the latest findings regarding the
actual seismic and tornado hazard levels in the regions where Ukraine’s power units
are located, are not sufficiently taken into account.

A comparative analysis of the results of the design and improved reliability

qualification of the BRU-A of a serial power unit under extreme operating conditions

has established:



— the maximum permissible seismic impact on the BRU-A is 7 points on the
MSK scale;

— the maximum permissible dynamic impact on the BRU-A resulting from the
fall of large/explosive objects is equivalent to the conditions of a magnitude 7
earthquake.

A method has been developed for adapting the results of experimental
reliability qualification of the BRU-A in two-phase flow regimes on test benches to
accident conditions involving out-of-loop leaks in steam generators of nuclear power
plants, based on the identity of thermodynamic similarity criteria. Based on the
established criteria, an analysis was carried out of the results of the experimental
reliability qualification of BRU-A valve closure in two-phase flow regimes, obtained
on the FRAMATOM model facility, and it was established that these results lack
sufficient justification for practical implementation.

A deterministic method for the computational and experimental qualification
of the reliability of BRU-A closure in steam-water/water flow regimes has been
developed.

Based on the developed method, the main results of the computational and
operational reliability qualification of the closure of two modifications of the BRU-
A EU designs are as follows:

— the established qualification conditions are met across the entire range of
steam content in the flow at the valve inlet and the intermediate position of the stem
during valve closure;

— the single-phase water flow regime at the valve flow zone inlet with a
temperature below 373 K does not meet the established qualification conditions;

A conservative reliability analysis of BRU-A valve closure has been carried
out under conditions of maximum hydrodynamic loads on the stem from a single-
phase water flow with a temperature below 373 K. The analysis carried out has
established that the valves close reliably at all stages of the stem’s movement — from

the moment the valve’s flow passage is fully open until it closes



The introduction presents the rationale for choosing the research topic,
highlights its relevance and connection with scientific programs. Based on this, the
goal and task of the research were formed. The scientific novelty of the obtained
results and their practical value for the energy industry are indicated.

In the first section, an analysis of operating experience and prospects for the
development of thermal power equipment, in particular pressure regulation systems
of steam generators, is carried out. The result of the conducted analysis was the
selection of one of the priority directions for increasing the efficiency of heat energy
systems, namely the qualification of the reliability of regulation systems in extreme
conditions.

In the second section, the analysis of the influence of the reliability of
pressure regulation systems in extreme emergency situations is performed and the
probable indicators of the influence of BRU-A reliability on power plants with steam
generators are determined.

In the third section, a comparative analysis of the results of the design and
improved reliability qualification of the BRU-A series power unit in extreme
operating conditions - possible accidents with inter-circuit leaks in steam generators,
seismic and tornado hazards in the regions of the Ukrainian NPP location - was
performed.

The fourth chapter presents the results of the application of the method of
adaptation of the results of the experimental qualification of BRU-A reliability in
two-phase flow modes on model plants to the conditions of accidents with inter-loop
leaks in NPP steam generators.

The fifth chapter presents the results of the analysis and developed a method
for qualifying the reliability of BRU-A at maximum hydrodynamic loads under
design and extreme emergency conditions.

Scientific novelty of the obtained results.

1. Deterministic methods of reliability qualification of BRU-A in extreme

conditions of unqualified EI regimes were developed for the first time.



2. A method of adapting the results of the BRU-A experimental qualification,
obtained at experimental installations/stands, with respect to unqualified regimes of
extreme conditions in EU PG based on the theory of similarity of thermodynamic
processes has been developed.

3. Probabilistic estimates of the impact of BRU-A/SRT PG reliability on the
safe operation of PG UEs in extreme conditions of critical seismic impact have been
established.

The practical significance of the obtained results is that:

1. On the basis of the results obtained in the work, projects of industry
technical solutions for the reliability qualification of BRU-A EU PG in extreme
emergency conditions were developed.

2. The developed methods can be used in the design, operation and continued
operation of thermal power equipment.

Keywords: power plant, power plants, equipment qualification, steam
generators, reactors, extreme operating conditions, pressure control systems,
indicators, stability, thermodynamic instability, method, modernization,

characteristics, heat exchange, temperature.



LIST OF APPLICANT’S PUBLICATION

The main scientific results of the thesis have been published in the following
scientific articles:

1. Stanislavov Volodymyr. Pressure regulation systems of power plants.
Monograph. LAP LAMBERT Academic Publishing (Germany). Approved by the
decision of the Academic Council of the National University «Odesa Polytechnic»
(protocol No. 8 dated March 11, 2026) 2026 - 69 p. ISBN 978-620-8-45626-9.

2. Stanislavov Volodymyr. Qualification of the reliability of the pressure
regulation system. Monograph. LAP LAMBERT Academic Publishing (Germany).
Approved by the decision of the Academic Council of the National University
«Odesa Polytechnic» (protocol No. 8 dated March 11, 2026) 2026 - 72 p. ISBN 978-
613-9-77076-2.

3. Stanislavov Volodymyr. Qualification of the reliability of pressure control
systems of steam generators of power plants in extreme conditions. Monograph.
LAP LAMBERT Academic Publishing (Germany). Approved by the decision of the
Academic Council of the National University «Odesa Polytechnicy. (protocol No. 8
dated 11.03.2026) 2026 — 144 p. ISBN 978-620-6-71314-2.
https://www.morebooks.shop/shop-ui/shop/product/978-620-6-71314-2.

4. A. Mazurenko, V. Kravchenko, G. Luzhanska, V. Shavrov, V. Stanislavov.
Peculiarities of the organization of the boundary layer flow in the interdisc space of
Tesla turbines. Proc. of Odessa Polytechnic University (Odes kyi Politechnichnyi
Universytet. Pratsi. Vol. 1(67), 2023, PP. 49 - 54.
https://pratsi.op.edu.ua/index.php/pratsi/article/view/19. DOI:
https://doi.org/10.15276/0pu.1.67.2023.06.

5. A. Mazurenko, A. Pustovit, P. Shylov, D. Shylov, V. Stanislavov.
Determination of the probability of failures in the operation of elements of urban
heat supply systems in extreme operating conditions. Proc. of Odessa Polytechnic

University (Odes ’kyi Politechnichnyi Universytet. Pratsi. Issue 1(71), 2025, PP. 98-



103. https://pratsi.op.edu.ua/index.php/pratsi/article/view/510. DOI:
https://doi.org/10.15276/0pu.1.71.2025.11.

6. Mazurenko, A., Kandeeva, V., Chichenin, V., Pustovit, A., Stanislavov, V.
(2025). Assessment of the risks of ensuring reliable heat supply to consumers in
conditions of external destruction. Refrigeration Engineering and Technology,
61(3). DOI: https://doi.org/10.15673/ret.v6113.3274.

7. J.F. Doroshenko, V.D. Stanislavov, Yu.K. Bessatyan, S.I Hryshchenko,
A.Yu. Kaverin. Application of renewable energy sources in shopping and
entertainment centers for heat supply needs, taking into account operating modes.
Refrigeration technology and technology, 61(4), 2025.
https://journals.ontu.edu.ua/index.php/reftech/article/view/3331. DOI:
https://doi.org/10.15673/ret.v61i4.3331.

Scientific papers certifying the approbation of the dissertation materials

8. Luzhanska G.V., Sergeyev [.V., Bessatyan Yu.K., Tarasyuk O.S.,
Stanislavov V.D. Increasing the energy efficiency of buildings. Proceedings of the
XIV International Scientific and Practical Conference «Actual problems of
personality psychology in the modern world” (April 09 - 12, 2024) Rome, Italy.
International Science Group. 2024. PP. 294 - 297. https://isg-konf.com/actual-
problems-of-personality-psychology-in-the-modern-world/

9. Mazurenko A.S., Luzhanska G.V., Furkalenko O.L., Stanislavov V.D.,
Murenko I.V. Alternative installations of independent energy supply systems.
Proceedings of the XXV International Scientific and Practical Conference. San
Francisco, USA. 2023. PP. 454-456. URL: https://isg-konf.com/theoretical-
foundations-of-scientists-and-modern-opinions-regarding-the-implementation-of-
modern-trends/. DOI: https://doi.org/10.46299/1SG.2023.1.25.

10. Luzhanska G.V., Anufriev S.S., Kaverin A.Yu., Kostin K.K., Stanislavov
V.D. Basic instruments of instrumental energy survey // Proceedings of the 3rd
International scientific and practical conference. «Scientific achievements of

contemporary society» (October 10-12, 2024) Cognum Publishing House, London,


https://doi.org/10.15673/ret.v61i4.3331

United Kingdom. 2024. PP. 180-183. URL: https://sci-conf.com.ua/iii-
mizhnarodna-naukovo-praktichna-konferentsiya-scientific-achievements-of-
contemporary-society-10-12-10-2024-london-velikobritaniya-arhiv/

11. Luzhanska G.V., Stanislavov V.D., Furkalenko O.L., Hryshchenko S.I.,
Rak O.V. The use of polyurethane foam as insulation of building enclosure
structures // Global trends in science and education. Proceedings of the 3rd
International scientific and practical conference. (April 7-9, 2025) SPC «Sci-
conf.com.ua». Kyiv, Ukraine. 2025. PP. 377 - 380. URL: https://sci-conf.com.ua/iii-
mizhnarodna-naukovo-praktichna-konferentsiya-global-trends-in-science-and-

education-7-9-04-2025-kiyiv-ukrayina-arhiv/



		2026-05-05T16:08:18+0300




