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1. lucepTariito npucBsYeHO BUPIlIeHHIO TpobiemMu 3abe3redeHHs sepHoi 6e3neku cucremu HoBuitl besneynui
KongaitumeHT — O6'ekT «Ykpurtsi» (HBK-OV) npu nosrorpusanomy 36epiraHsi naamBoBMicHUx Martepiainis (TIBM),
110 YTBOPUJIACS BHACIOK aBapii Ha 4-my eHepro6soni YAEC y 1986 p. Pu3uku BUHMKHEHHSI CaMOMiATPUMHOI
nanorosoi peakuii (CJIP) nos's3aHi 3i 3MiHOIO TeMIIepaTypHO-BOJIOTICHOTO PEXUMY Iicsi BcTaHoBneHHs: HBK Ta
HasBHICTIO cKynueHHs [IBM i3 KpUTMYHOIO Macolo ypaHy B 30Hi IIPOILJIaBjieHHs onopHoi iuty (OI1) maxTu
peakTopa. flzepHa Hebe3neka 3yMOBJIeHa clieli(iko0 BOJO-YPaHOBUX CUCTEM i3 HU3bKO30aradeHuM
PO3MHOKYBAJIbHUM CEPELOBUILIEM, [IJIS] SIKUX XapaKTEPHi 1Ba 3HAYE€HHSI KPUTUYHOCTI 3aJIEXKHO Bifl [YyCTMHU BOIN.

[ToBTOpHA KPUTUYHICTb AOCSTAETHCS [IPY HAIXO/IKEHHI BOAM B Cyxe siiepHo-HebesneyHe ckymyeHHs (SIHC), a



«3BOPOTHAa» — IIPY BUXO/Ii BOIU 3 iepe3BosiokeHoro cepenosuma SIHC. Iicas BctanoBnenHs HBK npunuHeHHs
IOCTYITy OIaliB CIIPUYMHUIIO BTPATY BOJIOTHY Ta IOCTiMHE 3pOCTaHHSI LIiIbHOCTI NOTOKY HelTpoHiB (ILUITH) Ha
nepudepii SIHC, mo nigBuiye pu3uk «3BOPOTHOI» KPUTUYHOCTI. Y IIEPIIOMY PO37iji HaBEJEHO OIJIsif, MOJEJIbHAX
Ta €KCIIEPUMMEHTAJIBHUX JOCiIKeHb IIPOAYKTIB B3aeMOZii po3miaBy nanusa 3 6eToHoM (BPB) kopiymHOro
noxopxeHHs. COOPMOBaAHO YSBJIEHHS PO XiMIYHMI CKIaf, CTPYKTypy Ta reomerpito SSHC [1BM. OuineHo
HeUTpoHHO-(i3nuHI NapameTpu icHytouoi U-Si ¢iznyHoi Mogei Ta 06IpyHTOBAaHO HEOOXiIHICTh BUKOPUCTaHHS
HOBOI Bepcii ximiuHoro cknaay SIHC Ha ocHOBI npoaykTiB BPE. ¥ gpyromy po3paisi npoaHasnizoBaHo 6araTopiuHui
moHiTopuHr guHamiku IITTH y npumimensi 305 /2 3a nepiog 1988-2023 pp., 30KkpeMa HeUTpOHHY aHoMasio 1990 p.
BusnaueHo BuxinHi nai s gisnynoi mogeri SIHC, yrouneHo ii siokanizauito B OIT Ta reoMeTpilo 3a pe3ysbTaTamu
3aMipiB Temrneparyp i 6ypiHHS cBepIJI0BUH. Y TPETbOMY PO37iJi 3alIpOIIOHOBAHO ClieHapiil aBapiliHUX MPOILleCiB
YTBOPEHHSI PO3IIaBy NaJIMBA i IUPKOHIiI0 000JIOHOK TBeJIB (KOpiyMy) B A3, itoro Buxoay Ha OII Ta B3aeMogii 3
6etoHOM. Ha 0CHOBI MaTepiasibHO-eHepreTUYHOro 6asaHcy cOpPMOBAaHO BUXIIHI faHi A4J1g ypaH-LIUPKOHieBOi
mogeri. 3monenboBaHo auHamiky IITTH 3a nonomoroio cucrtemu audepeHLiiHuX piBHSAHD. [TokazaHo, 110
MaKCHMMaJlbHA PEAKTUBHICTb IIPU «3BOPOTHI» KPUTUYHOCTI € OiJIbIIOI0, HDK ITPY IIOBTOPHIH, 4epe3 NO3UTUBHUIN
TeMIIEpaTypPHUI KoeillieHT PeaKTUBHOCTI. BiockoHasneHo ¢isudny mogens SJHC yepes CTpyKTypy €KBiBaJl€HTHO]
reTeporeHHOI KOMipKY Ta po3pO06JIeHO aJITOPUTM OLIiHKU PiBHSA NiakpuTudHOCTI B Kogi MCNP6. ¥ ueTBepTomy
PO3[iji HaBeleHO PO3PaxyHKOBI JOCIiKEHHs apaMeTpiB (isu4HOiI Moiei (reoMeTpist, Maca, 36arayeHHs 3a 235U
ta 239Pu, XiMiYHMI CKJIafl, IOPUCTICTh, FETEPOreHHICTh) Y Kofi MCNP6. OTprMaHO KOHCEPBAaTUBHI OL[iHKU
IIBUAKOCTI BBE€JIEHHS [TIO3UTUBHOI PEAKTMBHOCTI [1pY BTPATi BOAY. PO3IJIAHYTO METOAY ONIEPaTUBHOIO Ta
IIPEBEHTUBHOTO 3aN106iraHHs JOCSTHEHHIO aBapiliHuX PiBHIB NiAKpUTUYHOCTI. HaykoBa HOBU3HA Oflep>KaHUX
pesysbTaTiB: Briepie: - po3po6yIeHO aJIrOPUTM OLIIHKY [I0TOYHOTO Ta IPOTHO30BAHOTr0 PiBHIB NigkpuTUYHOCTI SJHC
[1BM B 30Hi npomasineHHs OI1y npumimensi 305 /2 kommiekcy HBK-OVY 3a 1ornomMorooo peTpoCneKTHBHOTO
aHasizy MoHitopuHry lIITH, skni1 BpaxoBye BIJIMB CE30HHUX KOJIMBAaHb TEMIIEPATYPH i BOJIOTOCTi; - BUKOHAHO
pO3paxyHKu B porpamHomy Konii MCNP6 ypaH-1upkoHieBoi ¢piznynoi mogesni STHC, sika OpiBHSHO 3 ypaH-
CUJIIKATHOIO [103BOJIsI€ TOYHIlIE OLiHUTH ii HEUTPOHHO-(Pi3NYHi XapaKTEPUCTUKU. BIOCKOHANIEHO: - MaTEMAaTUYHY
MOJeJIb 115 JOCJiJI)KeHHSI MOKJIMBOCTI BUHUKHEHHS], PO3BUTKY Ta BiacTuBocTell CJIP B [IBM 06’ekTy «YKPUTTSI» i3
BpaxyBaHHSIM TeMIIEPATypPHOro eeKTy peakTUBHOCTI; - IOPiBHSIHO XapakTep po3Butky CJIP npu noBTopHii Ta
3BOPOTHiN kpuTHuHOCTI B SIHC I1BM. 3Haim nojganbinil pO3BUTOK: - MiTXOAU 0 BUOODY Jliana3oHy NapaMeTpiB
KpPUTUYHOCTI ¢iznunHoi Mogesni SHC migxom onTuMisallii BXiZHUX JaHUX [J1S1 pO3PaxXyHKiB; - ypaH-LIUPKOHieBa
¢disnuna mogesns SHC i3 BUKOpUCTaHHSIM IKPIIOTr0 HAOOPY NAHMX IJIs1 PO3PaxXyHKy XiMidHOTO ckiany. Kiodosi
cnoBa: HoBuiil besneuHuit KoHdaitHMeHT, sfiepHa 6e3reKka, peakTUBHICTh, [IOBTOPHA KPUTUYHICTh, «<3BOPOTHA»
KPUTUYHICTb, MOZIEJIIOBAHHS, KOPiyM, AlEPHE MAJIMBO, N1aJIMBOBMICHI MaTepiaay, CamONiATPYUMHA JIaHLIIOTOBA
Al€pHA peaKlis.

2. Confinement - Object "Shelter" (NSC-SO) complex during the long-term storage of fuel-containing materials
(FCM) formed as a result of the Chornobyl NPP accident in 1986. The risks of a self-sustaining chain reaction (SCR)
arise due to changes in temperature and humidity after the NSC installation and the presence of FCM
accumulations with a critical mass of uranium in the reactor shaft base plate (BP) penetration zone. The nuclear
danger is determined by the specific behavior of water-uranium systems with low-enriched breeding media, which
feature two criticality values depending on water density. Re-criticality occurs when water enters a dry nuclear-
dangerous cluster (NDC), while "recurrent” criticality occurs when water exits an overmoistened NDC medium.
Following NSC installation, the restriction of precipitation caused continuous water loss and a steady increase in
the neutron flux density (NFD) on the NDC periphery, raising the risk of recurrent criticality. The first chapter
reviews model and experimental studies on molten corium-concrete interaction (MCCI) products. It establishes
the chemical composition, structure, and geometry of the NDC FCM. The neutronic parameters of the existing U-
Si model are evaluated, and the necessity of a new corium-derived chemical composition is justified. The second
chapter analyzes the long-term monitoring of NFD dynamics in room 305/2 for 1988-2023, including the 1990
neutron anomaly. The initial data, localization, and geometry of the NDC are refined based on well borehole
samples and temperature fields. The third chapter proposes a scenario for the sequence of accident processes



involving corium formation in the core, its relocation to the BP, and subsequent MCCI. Based on the material-
energy balance, initial data for the U-Zr physical model are derived. SCR dynamics are simulated using a system of
differential equations, showing that maximum reactivity is higher for recurrent criticality due to the positive
temperature reactivity factor. The NDC model is improved using an equivalent heterogeneous cell structure, and a
subcriticality assessment algorithm is developed via the MCNP6 code. The fourth chapter presents MCNP6
calculation studies across a range of physical parameters (geometry, mass, enrichment in 235U and 239Pu,
composition, porosity, heterogeneity). Conservative estimates for the positive reactivity insertion rate during
water loss are obtained. Operational and preventive methods to suppress emergency subcriticality levels are
evaluated. Scientific novelty of the obtained results: For the first time: - an algorithm was developed to estimate
the current and forecasted subcriticality levels of the FCM NDC in the BP melting zone of room 305 /2 using
retrospective analysis of NFD data, accounting for seasonal temperature and humidity fluctuations; - MCNP6
calculations for the uranium-zirconium physical model of the NDC were performed, providing a more accurate
assessment of its neutronic characteristics compared to the uranium-silicate model. Improved: - the mathematical
model for studying the occurrence, development, and properties of SCR in the FCM of the "Shelter" object by
incorporating the temperature effect of reactivity; - a comparison of SCR development characteristics during re-
criticality and recurrent criticality was conducted. Found further development: - approaches to selecting the
range of criticality parameters for the NDC physical model by optimizing input data; - the uranium-zirconium
physical model of the NDC using a wider set of input data to calculate its chemical composition. Keywords: New
Safe Confinement, nuclear safety, reactivity, re-criticality, "recurrent” criticality, modelling, corium, nuclear fuel,
fuel-containing materials, self-sustaining nuclear chain reaction.
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Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. [TaBnoBuY Bosiogumup MukosianoBuy

2. Volodymyr Pavlovych

KBasigikanis: 1. d.-m. 1., npodecop, 01.04.16

InenTudikarop ORCID ID: 0009-0009-7495-0379

JoparkoBa iHdpopmamnist:

IloBHEe HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: IHCTUTYT AepHUX HOCTimKeHb HanioHanbHOT akazeMii HayK
Ykpainu

Kop 3a €IPIIOY: 23724640

Micuesnaxo;pxeunn: npocrekt Hayku, Kuis, 03028, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. Konpminz Banepiit IBanHoBuY

2. Valerii I. Konshyn

KBasigikanis: k.r.u., nouenr, 01.04.14
InenTudgikarop ORCID ID: 0000-0003-2591-3589
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHu# TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHU IHCTUTYT iMeHi Irops Cikopcekoro”
Kog 3a €IPIIOY: 02070921
MiCHCBHaXO,T.[)KeHHH: npocnekT Bepecrericekuii, Kuis, 03056, Ykpaina

dopma BaacHOCTI:



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

BsacHe IIpizBuie Im'sa I1o-6aThKOBI:

1. Bi6ixk Tumoiit BikropoBud

2. Tymofii Bibik

KBasigikamis: . t. u., gouenr, 05.13.22
Inentudikarop ORCID ID: 0000-0003-0134-6022

JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocrnekT Bepecreiichkuit, Kuis, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZmoOMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
TOJIOBH paju

Baache IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUIH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallilo HAyKOBOi

OisSIIBHOCTI

Konppariok Bagum AHatosiioBruy

Konppatiok Bagum AHatosiioBruy

Cymenko KoctsHTrH OsleKCaHIpoOBrY

Opuenko TersHa AHaTosiBHA

IOpuenko TeTsHa AHaTOJiiBHA



