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Ma3zypox O.C. YAOCKOHAJICHHS METOAWKH TEIUIOTiAPaBIIYHOTO aHami3y B
paMKax poOiT MO MPOJIOBKEHHIO PECYpCy KOpHMYCHHX peaktopiB. - KBamidikariiiina
HAyKOBa Ipalld Ha [paBax PyKOIUCY.

Hucepranisi Ha 3700yTTS HAyKOBOrO CTymeHs JokTopa (dimocodii 3a
cnemianpHicTio 143 «AtomMHa enepretuka» (14 - Enextpuuna iHxeHepis). -
Opecbkuil HalllOHAMBHUN TEXHIUYHUH yHiBepcuTeT, Oneca, 2020.

Ha cphoroanimHiii 1eHb YKpaiHa Ta psJl IHIIUX KpaiH peasli3yloTh Mporpamy 3
NpOJOBKEHHsI ekcrutyaTaiii eneproonokie AEC y monagnpoextHuit tepmin. [lpu
IIbOMY, OCOOJIMBa yBara MPUIISETHCS OIIHII TEXHIYHOTO CTaHy Ta MPOJIOBKECHHS
TEPMIHY eKCIUTyaTalli KOpPIyCiB peakTopiB. TakoX peasi3oBYEThCS Mporpama
YOPaBIiHHS CTAPIHHAM MICNIA MPOAOBXKEHHS TEPMiHY Ta MOXYTh OyTH peani3oBaHi
3axX0JM 3 MiJBHINEHHS TEIJIOBOI MOTYXKHOCTI peakTopiB. [Ipum mpomy, sk mig dgac
YOpPaBIiHHSA CTapiHHAM, TaK 1 MpU MIJBUIIECHHI MOTY)XHOCTI € 000B’SI3KOBUM
BUKOHAHHS OLIHKY TEXHIYHOI'O CTaHy KOPITYCIB PEaKTOPiB.

JInst iboro, 30KpeMa, JjIsl TeIJIOT1APABIIYHOTO aHaJIi3y B CBITI 3aCTOCOBYIOThCS
CHeliaJibHI METOAMKU. Tomy, B Mepuly d4epry, y JaHid poOOTi MpoaHaIi30BaHO
OCHOBHI ICHYHOYl METOJMKH TEIUIOTiAPaBIIdYHOTO aHalli3y, 10 3aCTOCOBYIOTHCS B
VkpaiHi Ta CBiTi, 3 METOI0 BH3HAUEHHS iX aKTyaJbHOCTI MO BIJHOLICHHIO [0
cnenudikd Ta MOTOYHOrO craHy eHepro6mokiB AEC VYkpaiHu 3 BpaxyBaHHAM
NPaKTHYHOTO BITYM3HSHOTO JOCBimy. 3a pe3yiabTaTaMH aHali3y, BKJIIOYAIYU
anmpoOarfifo BITYM3HSHUX METONWUK, OYJMW BHU3HAUYEHI HEBIAMOBIAHOCTI JIFOYMX
METOMK CTaJii BITYM3HSHIA MPAKTUII Ta 3aPONOHOBAHI IUISIXM ONTUMI3allii BUMOT
710 TEIUIOT1IPaBIIYHOTO aHalli3y, 30KpeMa, 32 paXyHOK OOIpYHTOBAHOTO 3MEHIIICHHS
00’eMy PO3pPaxyHKOBOTO aHami3y (KUIBKOCTI ciieHapiiB). basyrounch Ha mpoMy Ta
nocBil 3700yBada, Oyyno po3po0JICHO YIOCKOHANeHY (ONTHUMI30BaHy) METOIUKY
OOTpYHTYBaHHsSI OMNOPY KPHUXKOMY pYHHYBaHHIO KOPIYCY pEaKTOpy B YaCTHHI
TETJTIOT1APABIIYHOTO aHATI3Y.

VY Beryni oOrpyHTOBaHO aKTYaJIbHICTh 1 BAXJIUBICTh POOOTH, BUZBHAUCHO METY,
3aBAaHHS JOCTIPKCHHS, HAYKOBY HOBHU3HY Ta MPAKTHUYHE 3HAYCHHS OTPUMAHUX

pe3ynbTaTiB, BIIOOpaXeHO i1 3B 430K 3 JEp:KaBHUMU Ta rajly3eBUMH MpPOTpaMaMi, a



TaKOXX 3 HayKOBO-IOCHIIHUMH poOOTaMH, IO BUKOHYBaluCh B OnecbKoMy
HalllOHAJILHOMY TIOJITEXHIYHOMY YHIBEPCUTETi, BIIMIYEHO OCOOMCTHI BHECOK
3n00yBaya.

Y  nepmiomy  po3mili  BHKOHAHO  aHANI3  ICHYIOUHX  METOJUK
TEIJIOTIIPABIIYHOrO aHami3y AJis OOIPYHTYBaHHSI OMOPY KPUXKOMY PYHHYBaHHIO
(TepMmoynapy) Koprycy peakTopy. PO3IissHyTOo BUMOTM METOAMK Ta BHKOHAHO
CHIBCTaBJCHHS 3 BITYM3HIHUM JOCBIJIOM TMPOJOBKEHHS TEPMIHY EKCILTyaTaii
enepro0siokiB AEC Ykpainu. BuzHaueHO METy MOJaIbIINX JOCIIKEHb.

Y apyromy po3aijii mpoaHami30BaHO pe3yJbTAaTH OIIHKH TEXHIYHOTO CTaHy
kopmyciB peaktopiB BBEP-1000 enepro6iiokis Ne3 PAEC, Nel XAEC ta Ne4 3AEC,
Ha TIACTAaBI YOr0 MOXKHA 3pOOWTH BHUCHOBOK, 10 TpymyBaHHS (BUOIp)
PO3pPaxXyHKOBHX CIIEHApiiB I  TEIUIOTIAPABIIYHOTO aHaNI3y MOXe OyTH
MEePErITHYTO 3 METOK ONTHUMI3alliil (3MEHIIEHHS KIJTbKOCT1 Ta MIJBUIICHHS SKOCTI).
JIist  Takoro JOCHIKEHHS Yy SKOCTI TIJIOTHOTO €Heprob6soky Oyino oOpaHo
eneproosok Ne3 FOVAEC.

KpiMm 1poro, BHUKOHAHO aHaji3 aKTyaJlbHOTO cTaHy eHeproojokie AEC
VYkpainu. AHani3 MigTBEPAUB, 10 BIAMIHHOCTI MIXK €HEproOJIOKaMH 3 peaKTopaMu
BBEP-1000 € HecyTTeBMMH, TOMY HE MOXYTh BIUIMBaTH Ha IepedIir aBapiifHOTO
CIIeHapil0 ad0 TaKUMH, 110 BIUIMBAIOTh HA PE3yJbTaTH TEIIOTAPABIIYHOTO aHAII3y
TaKUM YMHOM, IO B KIHIEBOMY pe3yibTaTi 301IbIIYIOTH 3amac 10 OKPUXYEHHS 3a
pe3yJbTaTaMu  pO3paxyHKy Ha MiHICTh. [ligTBepaKeHo, 10 yAOCKOHAJEHa
METO/IMKA, SIKa TPYHTYEThCS HA PO3PAaXyHKaxX [Jsl MIJIOTHOTO €Heproosoky Ne3
KOYAEC, moxe OyTu 3acTocoBaHa Jijisl BC1X eHepro6siokiB 3 peaktropom BBEP-1000.

Tpetiii po3ail MICTUTH CTUCIHNA OINUC PO3PAXyHKOBUX MOJENEH IS
temtorigpaBaiyaux komaiB RELAPS5S Tta GRS-MIX, a Takox, JOIMOMDKHHX
MporpaMHUX 3aco0iB IS MIATOTOBKM BUXIAHUX JIaHMX III0JI0 BUTPATHHUX
XapaKTePUCTHK HACOCIB CUCTEMH aBapiitHOr0 OXOJIOKEHHS aKTUBHOI 30HU PEAKTOPY
1 OJIOKY KIHETHKH, Ta MIArOTOBKHM I'paHUuYHUX yMOB. Lli Mozeni Ta nmporpamHi 3acoou
Oyau 3acTOCOBaHI y JOCHIDKEHHI Ta JIO3BOJSIIOTH CHPOCTUTH  PO3POOKY
PO3paxyHKOBHX MOJENeH, 3amoOirTh TNOMMJIOK KOpPUCTyBaua 3a paxyHOK

aBTOMATU3MY Ta CKOPOTUTHU Yac TEIUIOT1IPaBIIYHOTO aHai3Yy.



Y  4yerBepTOMYy PpoO3aidli BHUKOHAHO TMOBHUH  IIUKI  PO3paxyHKIB
(TerutorizpaBaiYHUX, IMOBIPHICHMX 1 Ha MIIHICTB) JUIS IMIJOTHOTO €HEProOJOKy 3
METOI0 MIATBEP/UKEHHS CY/DKEHHSI 1100 OOIPYHTOBAHOIO BUKIIIOUEHHS CLEHApIiB,
0 HE € TMpPeICTaBHUIBKMMHM Ta HE BH3HAYAIOTh PECYpC KOPIYCYy peakTopa.
IMOBIpHICHUI aHaNI3 AO3BOJMB BU3HAYUTH I'PYIH CLIEHAPIiB, 10 XapaKTEPU3YIOThCS
BHCOKOIO 1MOBIipHICTIO peamizamii. TemmorigpaBnidyHuii aHami3 BUKOHAHO s 54
PO3paxXyHKOBHX CIIeHapiiB. 3a pe3yibTaTaMu PIIICHHS HECTAIllOHApHOI 3ajadvi B
MIOCTAHOBIIl JIHIAHOI MEXaHIKM pyHHYBaHHS Oyjo o0OpaHo 1o 1-2 creHapii-
MpeCTaBHUKA JJIsl KOXKHOT rpynu. [{ist mux creHapiiB miciia aHaizy nepeMillyBaHHS
OyJi0 BHUpINICHO 3a7a4y B TOCTAaHOBIl HENIHIHHOI MEXaHIKM pYHHYBaHHS Ta
BHU3HAUEHO HaMOUIbII HeOe3MeuHud CcleHapii, 110 BHU3HAYA€ pecypc MiJIOTHOTO
eHepro6sioky. Kpim 1iporo 3 54 crieHapiiB, Juisl SKUX BUKOHAHO TETLIOTiIPaBIIYHHMA
aHaji3, OyJio BU3HAYEHO CIICHApli, JIs SKUX PO3paXyHKH IMOKa3adul HU3bKUU 3armac
KPUXKOi MIIIHOCTI, IO JO3BOJMJIO 3pOOMTH BHCHOBOK IIOAO CIIEHApiiB, fIKI HE €
PEICTaBHULbKUMHU.

3anponoHOBaHO KUIBKICHUM KPUTEPIM OI[IHKHU BIUIMBY MPOTIKAHHS aBapiiHUX
ClieHapliB Ha (OpPMYBaHHS yYMOB TEpPMOYJapy KOPIIyCY peakTopa, SIKHW J103BOJISIE
3pOOUTH BHCHOBOK IPO HEMOXKJIMBICTH TEPMOYAApy 1, BIAMOBIAHO, JOIIBHICTh YU
HEJOUIIBHICT MOAAIBIINX PO3PAXYHKIB Ha MILIHICTb.

Y m’aToMy po3aiji J0CHiIKeHO MOXKIMBICTh 3aCTOCYBaHHS METOIMKHU y pasi
N1JBUILIEHHS MOTY>KHOCTI peakTopiB. [lopiBHANIBHUI aHaMI3 PE3YNbTATIB PO3PAXYHKIB
st 6 po3paxyHKOBUX cIieHapiiB Ha 0azoBomy (100%) Ta migBumeHomy (107%)
PIBHSIX HOMIHAJIBHOT TEIUIOBOi MOTY>KHOCTI I[IOKa3aB, W0 BIUIUB MiABUIICHHS
MOTY>KHOCTI Ha TPOTIKaHHsS aBapii MoTpedye A0JAaTKOBO JOCITIIKEHHS, a came
pPO3paxyHKy Ha MIIHICTh METOAAMM HENIHINHOI MexaHiKu pyiiHyBaHHs. Hapasi,
HaBITh JUIA CIICHApil0, 110 BHU3HAYAE PECYpC KOPIYCY PEaKTOPY CIOCTEPIraeThes
3MEHIIIeHHs 3Ha4eHHs 3amnacy Kpuxkoi mirHocti Ha 3.81 °C 3 10.52 °C go 6.71 °C,
TOOTO JJIS MMiJIBUIIIEHOT TOTYXHOCT1 KPUTEP1i KPUXKOI MIITHOCTI BUKOHYETHCHA.

VY mocTroMy po3aijii BUCBITJIIEHO pe3yJIbTaTH anpoOallii BITYM3HIHUX METOIUK
Ta PO3pOOJIEHO YIOCKOHAJEHY METOJUKY HJisi OOIPYHTYBAHHSI OMNOPY KPUXKOMY

pyWHYBaHHIO KOpITyCiB peakTopiB eHeproOiokiB AEC Vkpainu. 3a pesynbTaTamu



ampoOarrii Oysmo po3poOJieHO pPEeKOMEHMAIlli 3 METOK OCSTHEHHS BiIMOBITHOCTI
BITUM3HSIHUX METOJMK BITYM3HSHIA MPAKTHUIll TEIUIOT1APABIIYHOTO Ta IMOBIPHICHOTO
aHajizy, 10 pa3oM 3 KiJIbKICHUM KPUTEPIEM OIIHKW BIUIMBY MPOTIKAHHS aBapiiHUX
ClieHapiiB Ha (hOpMyBaHHS yMOB TEPMOYIapy KOPILYCy peakTopa 0yJo BpaXxOBaHO IiJl
gac po3poOKH YIOCKOHATICHOI METOIUKH.

HaykoBe 3HaueHHs maucepTariiiHoi poOOTH TOJIATAE y TOMY, IO BIIEPIIE
3alpONOHOBAHO KUIBKICHUM KpHUTEpid OI[IHKM BIUIMBY TNPOTIKaHHA aBapidiHUX
creHapiiB Ha ¢GopMyBaHHS YMOB TepMOyAapy KOpIycy peakTopa y Buriai P-T-
JaiarpaMu, 1€ BUAUIEHA 00JIacTh, TMOMAJaHHA B SKy CBIIYUTH MPO 3arpo3y
TEepMOyapy; BUAiIEHA 00JacTh, TOMAJaHHS B SIKYy CBIJYUTH MPO YHEMOXKIUBICHHS
Tepmoygapy P<5.2 MIla ta T>88.5°C, ta Buminena oGmacte, B sKiil 3aBISKH
3aIpPONOHOBAHOMY KPHUTEPII0 BUSHAYAIOTHCS CTYIIHb HAOJMKEHHS CTaHy TEIJIOHOCIS
0 KpuTU4YHOI obisacti. Uepe3 yuciaoBe 3HAYEHHS I[LOIO KPUTEPIO B 1HTEpBal
0<®<0.95 moxxHa 3pOOUTH BUCHOBOK PO HEMOKJIMBICTh TEPMOYIApY 1, BIAMOBIIHO,
HEJOIIIBHICTh TMOJATBIINX PO3PAaXyHKIB Ha MIIHICTh, NMPU 3HAYEHHI KPUTEPIIO
©>0.95 nns 0cTaTOYHOTO BUCHOBKY HEOOX1THO MPOBOIUTH PO3PaXyHKH Ha MIIHICTb.

[IpakTyHa WIHHICT JUCEpTallli BHU3HAYAETHCS THM, IO PO3poOJeHA
yIIOCKOHAJIEHA METOJMKAa MO)KEe OyTH 3acTOCOBaHa JJIsA MPOJOBXKEHHS EKCILTyaTarlii
eneproosiokieB. AEC Vkpainu 3 peakropamu BBEP-1000, nms skux BiamoBigHi
poboTtu mie He posmodaro. Kpim mporo, mMeroanka Moxke OyTH BUKOpPHCTaHA IS
YOpaBIiHHS ~ CTapiHHAM KOPIIYCYy pPEaKTopy Ticls TMPOJOBXKEHHS TEPMIHY
eKCIUTyaTarlii Ta OOTPyHTYBaHHS OMOPY KPUXKOMY PYWHYBAHHIO KOPITYCY PEaKTOpy 3
METOI0 MIABUINEHHS TEIJIOBOI TMOTY)XHOCTI €HeproOJoKiB, Tak fAK JAiroul
OOTpYHTYBaHHS y IIbOMY pa3i BTpadyarOTh aKTyalbHICTh T4 BUHUKAE TOTpeda y HOBUX
aKTyaJIbHUX JTOCIIKEHHSX.

PesynbraT guceptanii BOPOBAHKEHO TMPH BUKOHAHHI TOCIHAOTOBIPHHUX
HayKoBo-nocaigHux pooit (JJorosip Nel768-42 Ha cTBOpeHHs (mepenady) HayKOBO-
TexHiyHOT Tpoaykiii «Po3pobka METOMONOTIYHMX MIAXOMIB /10 BHUKOHAHHS
TEIUIOTIAPABIIYHUX Ta IMOBIPHICHUX PO3PaXyHKIB JIJIsi OIIHKH TEXHIYHOTO CTaHY 1
nepenpu3HadeHHs] TePMiHY eKcIuTyaTtarlii peakropa eHeproosioky Ne 3 BIT FOYAEC)

(maxonu 6ynu nmoromxeni y AT «HAEK «Eneproatom» Ta Jlep:katroMperyiroBaHHsS



Ykpainu y ckiazi JOKyMeHTallii, HaJaHo1 JJIsl IPOJAOBKECHHS TEPMiHY eKCIUTyaTallii),
noroBip Nell-1/19 wna cTBopeHHs (mepenady) HAayKOBO-TEXHIYHOI MPOIYKIIIT
«Anpo0arrisi «TumoBoi mporpaMyd OLIHKA TEXHIYHOTO CTaHy Ta IIPOJIOBKECHHS
TEpPMiHY €KCIUTyaTallli KOpIyCiB, BEpXHIX OJIOKIB Ta TOJOBHHUX pPO3’€MIB pEaKTOPiB
eneproosokie ~ BBEP-1000»  TIM-T.0.03.415-16» 'y 4acTuHI  pO3paxyHKy
TEIUIOT1IPABIIYHUX TapaMmeTpiB» (pe3yibTatu ampoodamii Oynau moromxeHi y JI1
«HAEK «Eneproatom» Ta 3acTOCOBaHI JUIsl yIOCKOHAJIEHHS! TUIIOBOI MpPOTpamu) Ta
noroBip Nell-2/20 wa cTBopeHHs (mepenady) HayKOBO-TEXHIYHOI MPOJYKIIIi
«Arnpo0ariisi mojoxkeHb «MEeTOIUKHU OLIHKM KPUXKOI MIIIHOCTI KOPIYCIB PEaKTOpiB
BBEP» COY HAEK 177:2019» 3 wmeroto yHidikamii BUMOr 70 pO3paxyHKY
TEIUIOT1IPABIIYHUX TMapaMeTpiB Ta IMOBIPHICHUX OLIHOK B paMKax OILIHKH
TEXHIYHOTO CTaHy Ta NPOJOBXKEHHS TepMiHy ekciutyaTaiii eHeproosokis AEC
VYkpainn» (pesynabTaTd ampoOailii  3aCTOCOBaHI IS yJAOCKOHAJCHHS THUIIOBO1
OporpaMu OIIHKM TEXHIYHOIO CTaHy Ta TMPOJOBKEHHS TEPMIHY EKCILTyaTamii
KOpITYCIB, BEpXHIX OJIOKIB Ta T'OJIOBHMX PO3’€MIB peakTopiB eHeprootsiokiB BBEP-
1000) Ta y wnaBuanebHuii mporiec kKadeapu AEC Opecbkoro HaiioHAJIBHOTO
MOJIITEXHIYHOTO YHIBEPCUTETY, MPO IO € BIAMNOBIIHI aKTH.

KitouoBi cnoBa: TemnoriipaBiniyHuil aHami3, KOPIIYC pEakTopa, OIyCKHA
JUISIHKA PeakTopa, peakTOpHa YCTAaHOBKA, METOJMKA, OMIp KPUXKOMY PYHHYBAaHHIO,
TEpMOYyap, BUXiHA TIO/Iisl, YAOCKOHAJIICHHS, TPOIOBKEHHS TEPMiHY €KCILTyaTallii.
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At the moment, Ukraine and other countries are implementing a program of
NPPs lifetime extension. At the same time, special attention is paid to the assessment
of the technical condition and lifetime extension of the reactor pressure vessel. An
aging management program after the lifetime extension is also being implemented

and upgrades to increase the reactor thermal power can be implemented. In this case,



it iIs mandatory to assess the technical conditions, including the reactor pressure
vessel.

For this purpose, in particular, special methodologies are used for thermal-
hydraulic analysis are used worldwide. This paper analyzes the main existing
methodologies of thermal-hydraulic analysis used in Ukraine and worldwide, in order
to determine their relevance in relation to the specifics and current state of Ukrainian
NPPs power units, taking into account practical domestic experience. According to
the results of the methodologies analysis, including approbation of domestic
methodologies, the inconsistencies of existing methodologies with sustainable
domestic practice were identified and ways to optimize the requirements for thermal-
hydraulic analysis were proposed, in particular, by reasonable reduction of the
calculation analysis scope (number of scenarios). Based on this and the author’s
experience, an improved (optimized) resistance to brittle fracture substantiation
methodology of the reactor vessel in part of thermal-hydraulic analysis was
developed.

In the Introduction, the relevance and importance of work are substantiated,
the purpose, research tasks, scientific novelty and practical value of the received
results are defined, connection with state and industry programs is reflected, as well
as with research work performed at Odessa National Polytechnic University, the
personal contribution of the applicant is noted.

In the first section, the analysis of existing thermal-hydraulic analysis
methodologies for justification of reactor pressure vessel thermal shock is performed.
The requirements of the methodologies are considered and a comparison with the
domestic experience of Ukrainian NPPs lifetime extension is performed. The purpose
of further research is determined.

In the second section,the results of the WWER-1000 reactors technical
condition assessment for RNPP-3, KhNPP-1 and ZNPP-4 are analyzed. Based on the
analysis, it can be concluded that the grouping (selection) of calculation scenarios for
thermal-hydraulic analysis can be revised for the optimization (quantity reduction
and quality improvement). For this study SUNPP-3 was selected as a pilot power

unit.



In addition, an analysis of the current state of Ukrainian NPPs power units was
performed. The analysis has confirmed that the differences between power units with
WWER-1000 reactors are insignificant, so they cannot affect the course of the
accident scenario or affect the results of thermal-hydraulic analysis in such a way
that ultimately increase the margin before embrittlement based on strength
calculation. It is confirmed that the improved methodology, based on calculations for
the pilot power SUNPP-3, can be applied to all power units with WWER-1000
reactors.

The third section contains a brief description of the calculation models for
RELAPS and GRS-MIX thermal-hydraulic codes, as well as assistive software tools
for preparing initial data for the mass flow rate characteristics of the emergency
reactor core cooling system pumps and the kinetics block and the boundary
conditions preparation. These models and software tools were used in the research
and help to simplify the development of computational models, prevent user errors
through automation and reduce the time of thermal-hydraulic analysis.

In the fourth section, a full cycle of calculations (thermal-hydraulic,
probabilistic and strength) for the pilot power unit was performed in order to confirm
the statement about the reasonable exclusion of scenarios that are not representative
and do not determine the reactor vessel lifetime. Probabilistic analysis allowed to
identify groups of scenarios characterized by a high probability of implementation.
Thermal-hydraulic analysis was performed for 54 calculation scenarios. Based on the
results of solving the nonstationary problem in the formulation of linear fracture
mechanics, 1-2 representative scenarios were selected for each group. For these
scenarios, after mixing analysis, the problem of setting the nonlinear fracture
mechanics was solved and the most dangerous scenario determining the resource of
the pilot power unit was determined. In addition, scenarios were identified for which
the calculations showed a low margin of fragile strength, which allowed us to draw
conclusions about non-representative scenarios.

A quantitative criterion for assessing the impact of emergency scenarios on the

formation of reactor vessel thermal shock conditions is proposed, through which it



can be concluded that thermal shock is impossible and, accordingly, whether further
strength calculations are expedient or not.

In the fifth section, the methodologies applying possibility in case of
Increasing the reactor power is researched. A comparative analysis of the calculations
results for 6 calculation scenarios for the base (100%) and increased (107%) levels of
nominal thermal power showed that the effect of increasing power on the accident
requires additional research, namely the calculation of strength by nonlinear fracture
mechanics. Currently, even for the scenario determining of the reactor vessel
resource, there is a decrease in the value of the brittle strength reserve by 3.81 °C
from 10.52 °C to 6.71 °C, ie for increased power the criterion of brittle strength is
fulfilled.

In the sixth section, the results of domestic methodologies approbation are
highlighted and the improved methodologies for substantiation of resistance to brittle
destruction of the Ukrainian NPP power units reactor pressure vessel is developed.
Based on the approbation, recommendations were developed to achieve compliance
of domestic methodologies with domestic practice of thermal-hydraulic and
probabilistic analysis, which together with the quantitative criterion for assessing the
Impact of emergency scenarios on the thermal shock conditions formation of the
reactor pressure vessel was taken into account during the development of improved
methodologies.

The scientific significance of the dissertation is that for the first time a
quantitative criterion for assessing the impact of emergency scenarios on the
formation of the reactor pressure vessel thermal shock conditions in the form of P-T-
diagram, where the selected area, hitting which indicates the threat of thermal shock;
the selected area, hitting which indicates the impossibility of thermal shock P <5.2
MPa and T> 88.5 °C, and the selected area, which due to the proposed criterion
determines the degree of approximation of the coolant to the critical area. Given the
numerical value of this criterion in the range 0<®<0.95 it is possible to draw a
conclusion about the impossibility of thermal shock and, accordingly, the
unreasonableness of further strength calculations, and in case of criterion value

©>0.95 it is necessary to perform strength calculations for the final conclusion.



The practical value of the dissertation is determined by the fact that the
developed improved technique can be used to continue the operation of power units
of Ukrainian NPPs with WWER-1000 reactors, for which the relevant work has not
yet begun. In addition, the technique can be used to control the aging of the reactor
vessel after extension and justify the resistance to brittle destruction of the reactor
vessel in order to increase the thermal capacity of power units, as the current
justification in this case loses relevance and the need for new research.

The results of the dissertation were implemented in the economic contract
research performing (contract Ne1768-42 for the development (transfer) of scientific
and technical products "Development of methodological approaches to thermal-
hydraulic and probabilistic calculations to assess the technical condition and
reassignment of the SUNPP-3 reactor" (approaches were agreed in NNEGC
Energoatom and SNRIU as part of the documentation provided for the lifetime
extension), contract Nell-1/19 for the development (transfer) of scientific and
technical products "Approbation of the "Typical program for assessment of technical
condition and lifetime extension of vessels, upper units and main connectors of
reactors WWER-1000" PM-T.0.03.415-16" in terms of thermal-hydraulic parameters
calculation” (approbation results were approved by NNEGC Energoatom and used
for typical program improvement) and the contract Nel1-2/20 for the development
(transfer) of scientific and technical products "Provisions approbation of the
"Methodologies for assessing the brittle strength of WWER reactors”
SOU NAEK 177:2019" in order to unify the requirements for the calculation of
thermal-hydraulic parameters and probabilistic estimates in the assessment of
Ukrainian NPPs technical condition and lifetime extension™ (approbation results used
to improve typical program for assessment of technical condition and lifetime
extension of vessels, upper units and main connectors of reactors WWER-1000) and
in the educational process of the Odessa National Polytechnic University NPP
Department, about which there are relevant acts.

Keywords: Thermal-hydraulic analysis, reactor pressure vessel, reactor
downcomer, reactor facility, methodology, resistance to brittle fracture, thermal

shock, initial event, improvement, lifetime extension.
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