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BPaXOBYIOTb 6araTOpiuHUI JOCBiM eKCIlTyaTalii siiepHUX eHepreTUYHUX YCTAaHOBOK 3 BOJO-BOJSHUM
€HepreTUYHUM PeakTOPOM; IIEPCIIeKTUBHUMU JJ1s1 MiJIBUIIEeHHS e PEeKTUBHOCTI eKCIIyaTallii aTOMHOi eHepreTHKu
Ykpainu MOXyTb OyTU CTparTerii ekcrlyaTallii siiepHUX peakTopiB Ha MifBUILEHI TPUBAJIOCT] NAJMBHOI KaMIIaHil 3a
PaxyHOK IiBUIIEHHS HOMIHAJIILHOI IIOTYKHOCTI Ta MOJEPHi3alii TepMiYHUX ONOPIB TEMJIOBUAIAIOYMX €JIEMEHTIB,
0COOJIMBY aKTyaJIbHICTh CTpaTerii MiABUIEHOI HOMiHAIbHOI IOTYKHOCTI Ta MiJIBUILIEHO] TPUBAJIOCTI MaJMBHOI
KaMIIaHi/ MalOTh Y Cy4aCHUX €KCTPEMAJIbHMX YMOBAX BOEHHOTO 4Yacy, 10 XapaKTe€PU3YyIOThCS 3HAYHUM 3HIDKEHHSIM
PiBHS IOTY>KHOCTI reHepalii esekTpoeHeprii. BilllloBinHO [0 4AEPHOr0 3aKOHOLABCTBA YKPaiHU, a TaKOX
IepesoBOro MDKHAPOAHOTO OCBiAy MOZEPHI3allisl cTpaTeriil eKcryarallii, IJ1aHOBUX BUIIPOOYBaHb, TEXHIYHOTO
00CJIyTOBYBaHHS i PEMOHTY CUCTEM BRKJIMBUX [1J151 O€3IEKU SIIePHUX €eHepreTUYHNX YCTaHOBOK [TIOBMHHA O6yTU
3aCHOBAHA Ha JIOCTaTHIiX OOTPYHTYBaHHsIX (KBasidikallii) po3paxyHKOBUMU 200 €KCIIEPUMEHTAILHUMU METOaMHU,
110 i BU3HAYA€ aKTyaJIbHICTh, METY T 3aBIAHHS pOOOTU. MeTO pob0TH € pOo3poOKa METOMIB KBasli(ikalii
MOJIEpHi3alliil CTpaTeriil eKcIIyaTallii, I71aHOBUX BUIIPOOYBaHb, TEXHIYHOTO OOCIyTOBYBaHHS i PEMOHTY CUCTEM
BaXJIMBUX J1J1s1 6€3I1eKU SIIePHUX €HePreTUYHUX YCTAaHOBOK 3 BOJIO-BOMISIHUM €HEePreTUYHUM PeakTOPOM JJIst
niABUILEHHS 6e31eKU Ta €(PeKTUBHOCTI eKCITyaTallii aToOMHOI eHepreTuku YKpainu. OCHOBHI 3aBJIaHHS pOOOTH:
aHaJli3 MPOEKTHUX i IEPCIEKTUBHUX CTPATETIN €KCILTyaTalii SAepHUX €HePreTUYHUX YCTaHOBOK, a TAKOX
HOPMAaTHBHOI Ta METOAMYHOI 6231 MoZiepHizalii cTpareriii ekcryryararlii, IJIaHOBUX BUIIPOOYBaHb, TEXHIYHOTO
00CJIyTOBYBaHHS i PEMOHTY CUCTEM BRXKJIUBUX [1J151 0€3I€KU SII€PHUX €HePreTUYHUX YCTaHOBOK 3 BOJ0-BOJSIHUM
€HEPreTUYHUM PeakTOPOM; pO3pOOUTH albTepHATUBHUN AeTepMiHiCTUYHMIT MeToA, KBastidikalii cTpaTerii
eKCIyaTanii peakTopiB Ha NMiIBUILEHIN TPUBAJIOCTI NAJIMBHUX KaMIIaHil 38 paxyHOK IIiABUIIEHHSI HOMIHAJIBLHOI
IIOTYKHOCTI Ta MOJEPHi3alil TepMiYHUX ONOPIB TEIJIOBUISAIOYNX €JIEMEHTIB; aJJallITyBaTH PU3UK-OPi€HTOBAaHUN
niaxin onTumisallii cTparterii J1IaHOBUX BUIIPOOYBaHb, TEXHIYHOIO OOCIIYTOBYBAHHS i PEMOHTY Y peXKUMax
IiABUILEHOI HOMiIHAJIBHOI IOTYKHOCTI Ta,/ab0 MifBUIIEHOI TPUBAJIOCTI IAJIMBHOI KAMIIaHil; aHaJIi3 Pe3y/bTaTiB
onTuMizaLlii NepioguYHOCTI IIJIAHOBUX BUIIPOOYBaHb CUCTEM BaXKJIMBUX [J1s1 6€3MeKU Y pesKMax MiJiBUIeHO]
HOMIiHaJIbHOI IOTY>KHOCTI Ta,/ab0 MifiBUILEHOI TPYUBaJIOCTI NaJMBHOI KaMIlaHiil. [Ipy BUKOHaHHI fycepTaLiiiHuX
IOCJiIKeHb IIPOBEAEHO aHai3 IPOEKTHUX Ta IEPCIIEKTUBHUX CTPATETiil eKCIlyaTallii IfepHNX eHepreTUYHuX
YCTAHOBOK, a TAaKOX METOJMYHOI i HOPMATUBHOI 6a3u MoJepHi3allii cTparerii excryaTatii, 1J1aHOBUX BUIIPOOYBaHb,
TEXHIYHOTO 0OCJIyTOBYBAHHS i PEMOHTY CUCTEM BaXXJIMBUX JJ1s1 6€3I1eKU sIIepHUX €HepPreTUYHUX YCTaHOBOK 3 BOLIO-
BOJISIHMM €HEPreTMYHUM pPeakTopoM. IIpoBesieHo aHasli3 BiloMUX MiAX0iB PO3PaxyHKOBOI KBaidikallii crparerii
eKCIulyaTalii SiepHUX eHEPreTUYHUX YCTAHOBOK 3 BOJO-BOJASIHMM €HEPreTUYHUM PEAKTOPOM B PEXXUMAaX
HiABUIEHOI HOMiHaJIbHOI ITOTYKHOCTI Ta,/ab0 MigBUINeHOi TPUBAJIOCTI IAaIMBHOI KaMIIaHil. Brepie po3pobieHo
IeTepMiHICTUYHUI MeTog, KBasidikalii cTparerii ekcryaratii siiepHUX eHepreTHYHUX YCTaHOBOK Ha IifiBUILEHI
HOMIHAJIbHIN NOTY>KHOCTI 1 IiABUILEHIN TPUBAJIOCTI NIAJIMBHOI KaMIIaHil, 3aCHOBAaHUI HA KPUTEPIIX
TE€PMOJIMHAMIYHOI [TOIiIGHOCTI MPOEKTHUX i MOLEPHI30BAaHUX POOOYMX Ta ABAPIHMX PEKUMIB. AAITOBAHO PU3UK-
Opi€EHTOBaHUI METO[, ONTUMI3aLlii 1epiogUYHOCTI IIJIAHOBUX €KCIITyaTalifHUX BUIIPOOYBaHb CUCTEM BAXXJIUBUX [1J15
0€e3I1eKU SIEPHUX €EHePreTUYHUX YCTAaHOBOK y POOOUNX PEKMMax peakTopa 0 YMOB CTpaTerTii MifjBUIeHO]
TPUBAJIOCTI NAJMBHOI KaMIaHIl Ta MiBUIIEHOI HOMiHAJIBHOI IIOTY>KHOCTI i3 ypaxyBaHHSIM 30i/IbIIE€HHS TPUBAJIOCTI
pobounx pexruMiB peakTopa. Ha OCHOBI ajariToBaHOTO 10 YMOB CTparTerii niABUIeHOi HOMiHAIbHOI IOTYKHOCTI i
IiABUILEHOI TPUBAJIOCT] NAIMBHOI KaMIIaHiil pUBUK-OpPi€EHTOBAHOTO METOY [TPOBEeeHO KBasiQikallito cTpaTerii
ONTHMIi3allii NepiOJMYHOCTI EKCIUTyaTalliiHUX BUIIPOOYBaHb HACTYITHMX CUCTEM GE3IEKU: CUCTEMU aBapPiiHOTO
OXOJIOJ)KEHHS aKTUBHOI 30HU PEAaKTOpa HACOCAMU BUCOKOTO Ta HU3bKOTO TUCKY, CUCTEMU MiJPKUBJIEHHS Ta 60PHOTO
PeryJIoBaHHs TEIJIOHOCIS], CUCTEeMU aBapifiHOTO MiIKKBJIEHHS [IapOreHepaTopiB y poOOUYNX PeXXuMax peakropa Ha
NiABUILEHIN HOMIHAJIBbHIN OTY)KHOCTI i NiZBUILIEHI} TPMBAJIOCTi NAJIMBHOI KaMIIaHil. Y pe3ysbTaTi KBatidikarii
BCTAHOBJIEHO, 1J0 ONTUMaJIbHA NePiOANYHICTb eKCIITyaTalilHUX BUIIPOOYBaHb CUCTEM 6€311eKH y POO0UUX
pekuMax MifBUILeHOi HOMiHAJIBHOI IIOTY>KHOCTI 117151 IIiBTOpapivyHoi nanuBHOi KamiiaHii y 3-4 pasu 6inbiia 3a
[IPOEKTHY.

2. The dissertation is devoted to the modernization of design strategies for the operation, testing, maintenance
and repair of systems important for the safety of nuclear power plants, which are determined by the following
provisions: technological regulations for the safe operation of nuclear power plants with a water-water power



reactor, strategies for scheduled testing, maintenance and repair of systems important for safety are established a
priori without sufficient justification and do not take into account the long-term experience of nuclear power
plants operation. Strategies for operating nuclear reactors with extended fuel campaign duration by increasing
rated power and modernizing thermal resistance of fuel elements may be promising for improving the efficiency of
nuclear power in Ukraine. strategies for increased rated power and extended fuel campaign duration are especially
relevant in the current extreme wartime conditions characterized by a significant decrease in power generation
capacity. According to the nuclear legislation of Ukraine, as well as international best practices, modernization of
operation strategies, scheduled tests, maintenance and repair of systems of nuclear power plants important for
safety should be based on sufficient justification (qualification) by computational or experimental methods, which
determines the relevance, purpose and objectives of the work. The aim of the work is to develop methods for
qualifying modernization of operation strategies, scheduled testing, maintenance and repair of safety-critical
systems of nuclear power plants with a water-water power reactor to improve the safety and efficiency of nuclear
power in Ukraine. Main tasks of the work: to analyze design and future operation strategies for nuclear power
plants, as well as the regulatory and methodological framework for modernization of operation strategies,
scheduled testing, maintenance and repair of systems important for the safety of nuclear power plants with a
water-water power reactor; to develop an alternative deterministic method for qualifying the strategy of reactor
operation for extended fuel campaigns by increasing the rated power and modernizing the thermal resistance of
fuel elements; to adapt a risk-based approach to optimize strategies for scheduled testing, maintenance and repair
in modes of increased rated power and /or extended fuel campaign duration; to analyze the results of optimizing
the frequency of scheduled testing of safety-sensitive systems in modes of increased rated power and /or
extended fuel campaign duration. During the dissertation research, the author analyzed the design and
perspective operating strategies for nuclear power plants, as well as the methodological and regulatory framework
for modernizing the operating strategy, scheduled testing, maintenance and repair of systems important for the
safety of nuclear power plants with a water-water power reactor. The paper analyzes the known approaches to the
calculation qualification of strategies for the operation of nuclear power plants with a water-water power reactor
in the modes of increased rated power and/or increased duration of fuel campaigns. For the first time, a
deterministic method for qualifying the strategy for the operation of nuclear power plants at increased rated
power and extended fuel campaign duration has been developed based on the criteria of thermodynamic similarity
of design and modernized operating and emergency modes. A risk-based method for optimizing the frequency of
scheduled operational tests of systems important for the safety of nuclear power plants in reactor operating
modes has been adapted to the conditions of the strategy of extended fuel campaign duration and increased rated
power, considering the increase in the duration of reactor operating modes. Based on the risk-oriented method
adapted to the conditions of the strategy of increased rated power and extended duration of fuel campaigns, the
strategy for optimizing the frequency of operational testing of the following safety systems was qualified:
emergency cooling systems for the reactor core using high and low pressure pumps, systems for coolant feeding
and boron control, emergency feeding systems for steam generators in reactor operating modes at increased rated
power and extended fuel campaign duration. As a result of the qualification, it was established that the optimal
frequency of operational tests of safety systems in operating modes of increased rated power for a one-and-a-
half-year fuel campaign is 3-4 times higher than the design frequency.
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Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Bi6ik Tumodiit BikropoBu4

2. Tymofii Bibik

KBasigikamis: . t. 1., gouenr, 05.13.22
Inentudikarop ORCHID ID: 0000-0003-0134-6022
JonaTkoBa iHdopmarist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs



CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3ak1104YHi BiZOMOCTI

BaacHe IlpizBume Im's ITo-6aTbKOBI Tys Banepiit OmensaHoBIY

TOJIOBH paju

BnacHe IlpizBume Im's I10o-6aTbKOBI Tys Banepiit OmensgHoBuY

TOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBimasbpHUI 3a IIi,ZLI‘OTOBKy Ocranoseupb Axapint OseKcaHIpoOBUY

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZINOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHarosiiBHA

OisSIIBHOCTI




