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1.V nucepraniiiHoMy JOCIiIPKEHHI BUPILIyEThCS aKTyaJbHE HAyKOBE 3aBAHH4, SIKE T0JISITA€ Y CTBOPEHHI HAYKOBO
OOI'PYHTOBAHOTO METOAY BU3HAYEHHS JOCTAaTHbOI KiJIbKOCTI IapaMeTpiB Ta BU3HAYEHHS iX ONTUMaJIbHUX 3HA4E€Hb
17151 IPUIHSTTS PillleHb aBTOMAaTU30BaHOI0 iHPOPMALiTHOIO CUCTEMOIO MIITPUMKHY OIl€paTopa MoJ0 3MiHN
Po3BuTOK noTeHLiHNX aBapiliHux npoueciB Ha AEC MO>XKHA YMOBHO PO3AiNTU HAa TpU (Pasu: IPOEKTHA aBapis
(aBapii, o0 BpaxoBaHa IPOEKTOM IIPU PO3pOOLi CUCTEM OE3IEKU Ta CYIIPOBOIPKYETHCS HE OLIbII HIXK OJHI€I0
He3aJIeXKHOIO Bil BUXiHOI Moii BigMOBOIO 06J1alHAHHS 260 IOMUJIKOBUMMU [IiSIMU IIEPCOHAJTY), 3a[IPOEKTHA aBapis

(rpoexTHa aBapist IpU BUHUKHEHH] Hellepen6ayeHoi TPOeKTOM cucTeM 6e3IeKH BUXiIHO0 Noieto, abo / Ta 6ibiu



HIXX OJHi€10 He3a/IesKHOI0 BiIMOBOIO 0671alHAaHHS a00 TOMUJIKOBUMU JisIMU I1IepPCOHAY) Ta BaXKKY aBapilo (aBapis,
1110 CYIIPOBOJIKYETHCS MOIIKOIPKEHHSIM SIIEPHOTO T1ajI1Ba). Bu3HaueHHs KpUTEPilo Iepexoay 3alpoeKTHOI aBapii y
BaXKY a3y € BAXJIMBAM HayKOBUM 3aBJAHHSM sike 6€3[10cepeiHbO BIIMBA€ Ha €(PEKTUBHICTD peasisalyii
[IPOTUABapPiHUX NpoLenyp Ta BUOOPY Halle(EKTMBHIMINX il IepcoHany. MeToo qucepTauiiHoi po6oTH €
po3po6Ka MeTo/y aHasi3y OTOKiB BUMiploBaHOi iHdopmallii B aBapiiHUX cUTYyalisx Ta iHpopmallii Bif
yIOCKOHaJIeHoi imiTauiiiHoi komm'iorepHoi Mmoaesi PY tuny BBEP-1000 3 1iisito ygocKoHaeHHS Ta ONTUMi3alii
aBTOMAaTU30BaHOi iHpOpMaLifiHOI cuCTEMH NIATPUMKH OllepaTopa Ha OCHOBI CUMIITOMHO-OPi€HTOBAHUX aBapiiHUX
iHcTpyKuii. [TpegmMeToM AOCIiIpKeHHs € Moiesi, MeTonu (POpMati30BaHOrO OIKMCY Ta KOMITIOTEPHI KOAU 3
[IPOTrPaMHOIO peastidaliielo poTiKaHHs 3aPOEKTHOI aBapii Ta po3poOKU METOly BU3HAUEHHS KPUTEPIIO Iepexony
3anpoeKTHOi aBapii y ¢pasy Baxkkoi aBapii. ¥ xozi BUKOHaHHS HAyKOBOTO JIOCJIiIKEHHSI OTPMMaHO Taki HayKOBi
pesysbTaTi: Biepuie: 1. [11s aBToMaTr30BaHoi iHdopmaliitHoi cuctemu PY Ha OCHOBI KOMITIOTEPHOTO iMiTallifiHOTO
MOJIEJIIOBAHHS CLi€HapiiB 3aITpOeKTHUX aBapiil peakTopis Tuity BBEP-1000 po3po6sieHO METOJ, BU3HAUYEHHS
KpUTEPilo NIepexoy 3allpOEKTHOI aBapii y BayKKy (azy Ha OCHOBi 6araTornapameTpu4yHOro KpUTepilo, SIKUH BKIIIOYaEe
TEeMIIePATypPHi Ta pajialiiiHi MapameTpy, 10 Ha BiAMiHY Bify KOHCEPBATMBHOI'O KPUTEPIIO, IKUI BUKOPUCTOBYETLCS Y
TEeIepillHiil 4ac i He NiATBEPAKEHUN PO3PAXYHKOBO, JO3BOJISIE OTPMMATHA HAyKOBO OOIPYHTOBAHi 'PaHUYHI
3HA4YEHHS NIapaMETPiB 1S IPUNHATTS PillleHb B aJITOPUTMax YIIPaBJIiHHS aBapiiHUMU cTaHaMy PY 3 MEHIIO0
JI0JI€10 KOHCEPBATM3MY 32 PaXyHOK 3MEHIIEHHS HEBU3HAYEHOCTI, SIKa BUIJIMBAE 3 6a30BMX XapaKT€PUCTUK
peakTopHOi yctaHoBKM BBEP-1000 Ta pi3HOMAaHITHOCTI €KCIIlyaTaliiiHMX CTaHiB 1 BUXiGHUWX [IOJiN aBapii.
Po3po6ieHnii MeTO, MOKHA aJalITyBaTU J1s1 PEAKTOPHUX YCTAHOBOK iHIIOTO TUIly; 2. PO3p0671€HO Ha OCHOBI
RELAPS pJist peaxktopi Tuny BBEP-1000 neTtasnizoBaHy KOMITIOTEPHY iMiTallifiHy MOJeJib BUMIPIOBaJIbHUX TEPMOTIAp
Ha BUXOJi aKTUBHOI 30HU Ta OTOYYIOUMX iX KOHCTPYKTUBHUX €JIEMEHTIB, 110 JO3BOJIMJIO BpaxyBaTy iHepLiliHy
3aTpUMKYy iH(pOopMalii 711 aBTOMATU30BaHOI iHPopMaLiiiHOi cuctemu PY B yMOBax MBUIKOIJIMHHUX [IPOLECIB
3MiHU TeMIIEPATyPH y IEPEXiNHNX aBapiiHUX Mpolecax, o 3MEHIIIye HEBU3HAYEHOCTI CTaHy SIIEPHOTO NaJINBa Y
peasibHOMY Yaci. Habysa noganbuioro po3BUTKy KOMITIOTEPHA MOZEJIb MOHITOPUHTY pafiallifiHUX MOJIB y
IIPUMILIEHHSIX T€PMOOOOJIOHKY PEAaKTOPHOTrO BifAiieHHs 1j1s1 peakropis Ty BBEP-1000 y nponecax po3BUTKY
aBapii 3a paxyHOK CUHTe3y I aHasni3y iHpopmallii ycix 3ac06iB MTATHOI CUCTEMU BUMipIOBaHHS pajiallifiHUX
IapameTpiB, 0 JO3BOJIMJIO BPAXYBaHHS pafiallilHOrO KPUTEPIIO Y METOIi BUSHAYEHH S [I0YATKY ITOLIKOKEHH S
aKTMBHOI 30HY PEaKTOPHOI YCTAaHOBKU, YMM IIiJJBULYE€TbCS HANIMHICTh NiarHOCTUKU CTaHy aKTUBHOI 30HU B
aBapifiHMX YMOBax; YI,OCKOHAJIEHO Y LiJIOMY iMiTalliiHy KOMITIOTEPHY MO/I€JIb PeaKTOpPHOi ycTaHoBku BBEP-1000
Ha ocHOBi RELAPS mjisixoM KOPEKTHOTO BpaxXyBaHHSI IPOLECIB 32 yMOB BUCOKUX TEMIIEPATYP TEIJIOHOCIS Ipu
HU3bKIill I'yCTHHI apy IpUTaMaHHUX IIi3HIM CTaflisIM 3alIpOEeKTHO] aBapii npu nepexofi y Baxky ¢asy 3a paxyHOK
6ibIl I€TAILHOTO MOJEJIIOBAHHS CUCTEM BUMIPIOBaHHS TEMIIEPATYPHU TEIJIOHOCIS Ta BpaXyBaHHS €(EKTIB
TEIJIOBOI iHepLii.

2. This dissertation addresses a pressing scientific problem, which consists of developing a scientifically sound
method for identifying a sufficient number of parameters and determining their optimal values to enable an
automated operator support information system to make decisions regarding changes to the accident
management strategy as the accident progresses into a severe phase for a VVER-1000 reactor unit. The
development of potential accident processes at a nuclear power plant can be conditionally divided into three
phases: a design-basis accident (an accident accounted for in the design when developing safety systems and
accompanied by no more than one equipment failure or human error independent of the initiating event), a
beyond-design-basis accident (a design-basis accident in which an initiating event not anticipated by the safety
systems occurs, and /or more than one independent equipment failure or human error occurs), and a severe
accident (an accident accompanied by damage to nuclear fuel). Defining the criterion for the transition of a
beyond-design-basis accident to the severe phase is an important scientific task that directly affects the
effectiveness of implementing emergency procedures and selecting the most effective actions by personnel. The
objective of this dissertation is to develop a method for analyzing the flow of measured information during
emergency situations and information from an improved computer simulation model of a VVER-1000-type reactor
unit, with the aim of improving and optimizing the automated operator support information system based on



symptom-oriented emergency instructions. The subject of the study is models, methods of formalized description,
and computer codes with software implementation of a beyond-design-basis accident, as well as the development
of a method for determining the criterion for the transition of a beyond-design-basis accident into a severe
accident phase. The following scientific results were obtained during the course of this research: For the first time:
1. For the automated information system of the reactor unit, based on computer simulation modeling of beyond-
design-basis accident scenarios for VVER-1000 type reactors, a method was developed to determine the criterion
for the transition of a beyond-design-basis accident to the severe accident phase based on a multiparameter
criterion that includes temperature and radiation parameters; unlike the conservative criterion currently in use,
which has not been confirmed by calculations, allows for the derivation of scientifically sound threshold values for
parameters used in decision-making within reactor emergency control algorithms, with a lower degree of
conservatism due to a reduction in uncertainty arising from the basic characteristics of the VVER-1000 reactor
plant and the diversity of operating conditions and initial accident events. The developed method can be adapted
for other types of reactor units. 2. A detailed computer simulation model of the measuring thermocouples at the
core outlet and the surrounding structural elements was developed based on RELAPS for VVER-1000-type
reactors, which made it possible to account for the inertial delay in information for the automated control room
information system under conditions of rapidly changing temperature processes during transient accident
scenarios, thereby reducing uncertainties regarding the state of nuclear fuel in real time. A computer model for
monitoring radiation fields inside the containment of the reactor compartment for VVER-1000-type reactors
during accident progression was further developed by synthesizing and analyzing data from all components of the
normal-operating radiation measurement system, which made it possible to incorporate the radiation criterion
into the method for determining the onset of damage to the reactor core, thereby improving the reliability of core
condition diagnostics under accident conditions. The overall computer simulation model of the VVER-1000 was
improved overall based on RELAPS by correctly accounting for processes under conditions of high coolant
temperatures and low steam density characteristic of the late stages of a beyond-design-basis accident during the
transition to the severe phase, through more detailed modeling of coolant temperature measurement systems and
consideration of thermal inertia effects.
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KBasidikanis: 1. 1. 1., c.u.c., 21.06.01
InenTudikarop ORCID ID: 0000-0001-5508-7017
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: llenTp iHpopMAaIiITHO-aHATIITUYHOTO Ta TEXHIYHOTO

3a0e31e4eHHs MOHITOPUHTY 00'€KTiB aTOMHOI eHepreTuky HallioHanpHOI akagemii Hayk Ykpainu
Kopg 3a €IPIIOY: 25198635

MiCI.IGSHaXO,I[)KeHHH: np. Akagemika [Nannanina , Kuis, 03142, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cxanosy6oB Bonogumup IBaHoBrY

2. Volodimir I. Skalozubov
KBasigikanis: x. 1. u., npodecop, 05.14.14
Imentudikarop ORCID ID: 0000-0003-2361-223X

JoparkoBa iHpopMawist: laypear JlepxkasHoi npemii Ykpainu B ranysi Hayku i Texniku 2014 3a po6oTy

«Komnnekc MeTogiB Ta 3axo[1iB 3abe3neyeHHs 6e3ne4Hoi ekciutyarauii Ta egpexkruBHocTi AEC Ykpainu»
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuii yHiBepcutet "OfiechbKa MoiTexHika"
Kopg 3a €IPIIOY: 43861328

MicneSHaxo,IpKeHHﬂ: np. llleBuenka, Opeca, 65044, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. KoBaneup IBan BacunbroBuu

2. Ivan V. Kovalets

KBasigikanis: n.r.u., c.h.c., 05.13.06
InenTudgikarop ORCID ID: 0000-0002-5553-3299

JoaparkoBa iHdpopManisi: Scopus Author ID 55943233300
https:/ /www.scopus.com/authid /detail.uri?authorld=55943233300

IloBHe HaliMEeHYBaHHS IOPHAHYHOI 0COOH: [HCTUTYT IPOGIEM MATEMATUYHNX MALIVH i CUCTEM

HaujonanbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417503

Micqesﬂaxo,rm(eﬂna: npocnekT Akagemika ['mymkosa, Kuis, 03680, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasnbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BnacHe IIpizBume Im's I10-6aTbKOBI Bexxenap Poman Bacuibosuy
rOJIOBH pagu

ByiacHe Ilpi3Bumie Im's ITo-6aThKOBI Bexenap Poman Bacunbosnd
rOJIOBYIOYOTO Ha 3aciJaHHi

BiagmoBizasibHHUH 32 MiATOTOBKY Kapesina Haranis [1aBniBHa
00JIIKOBHX JOKYMEHTIB

Peectparop IOpueHko TetsiHa AHaToOiiBHA

KepiBHuKk Bigginy YKpIHTEI, mo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




