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1. Incepraniiina po60Ta IpUCBIYeHa MiABUILEHHIO JOCTOBIPHOCTI OLiHKY PafialiiHOl CTIMKOCTi 061afHAHHS
SlepHUX €HeproyCTaHOBOK Ha MPUKJIaZi KabeabHoi MpoayKiii cucTem, BaXIUMBUX AJ1s 6e3neku. [lokazaHo
0OME>XEHICTb TPaAMLiHMX KBasipikaliHUX BUIIPOOYBaHb i3 BUKOPUCTaHHSIM i30TOIHUX O-IKepeJl, Ki He TOBHICTIO
BiATBOPIOIOTh 3MillIaHMI O—0 XapaKTeP aBapilHUX IOJIB i €(PEKTH BUCOKOI IOTYXHOCTI 703u. OOIPyHTOBAHO
3aCTOCYBAHHS JIiHITHOTO MPUCKOPIOBAYa €JIEKTPOHIB /17151 IPOBEI€HHS IIPUCKOPEHUX BUITPOOYBaHb Y KEPOBAHOMY
3MillaHOMy 0-0 110J1i. PO3po6ieHo Ta aripo6oBaHO MeTOAUKY (POPMYBaHHS TaKOTo I0JIsl, yJOCKOHAJIEHO CUCTEMY
KOHTPOJIIO MOTY>KHOCTI 103U, CTBOPEHO i BaJiloBaHO MoAesb peakliiiHoi kamepu (TOPAS, GEANT4).
EKcriepuMeHTasIbHO BCTaHOBJIEHO OCOOJINBOCTI Aerpazganii nosiMepHoi izomsmnii ka6emo PK 75-9-13 ta Bumy
CTilKiCTh KabeJito 3 MiHepaJIbHOIO i30J1411i€10. 3aPOIIOHOBAHO PYHKIIOHAJIbBHUI KPUTEPil BTPATH i30J15LiHOI
3/1aTHOCTI 32 CTPYMOM BUTOKY (1 MKA nipu 2 KB) i BUBHaY€HO KPUTHYHY [IOTY)XXHICTb 03U [1J15 [10JIiMEPHOTr0 KabeJito.
PesynbTaT MOXYTb OyTH BUKOPUCTAHI 7151 BLOCKOHAJIEHHs ITporpam keasidikauii o6sagHanus AEC Ta oLiHIOBaHHS
pecypcy KabenbHOI npoxykuii. Kio4yoBi cioBa: sifiepHa eHeproycTaHOBKa, aTOMHA eJIeKTPOCTaH1is, 6e3neka AEC,
pazianiiiHa cTifikicTb, KBanidikalis o61agHaHHS, KabesibHaA IPOLYKIlisl, KabesbHa i301411is, 3MilllaHe 0-0 I10J1e,
IIOTYKHICTb 403U, CTPYM BUTOKY, JIIHIMHUI ITPUCKOPIOBaY €J1eKTpoHiB, MoHTe Kapio, TOPAS, GEANT4.

2. The dissertation addresses an important scientific and technical problem of improving the reliability of the
assessment of radiation resistance of nuclear power plant (NPP) equipment, using safety-related cable systems as

a case study. The work demonstrates that conventional qualification approaches based mainly on isotopic o-sources
do not fully reproduce the actual conditions of accident irradiation inside reactor containments, as they do not
adequately account for the mixed o-o nature of the radiation field and the effects of high dose rates. The study
includes an analysis of the regulatory and scientific-methodological framework for NPP equipment qualification,
an investigation of the formation conditions of accident radiation fields in the containment of VVER reactor plants,
and a substantiation of the use of a linear electron accelerator for accelerated testing in a controlled mixed o-o field.
A methodology for generating such a field using an accelerator-based irradiation facility has been developed and
experimentally validated. In addition, the dose-rate measurement and control system under high-intensity,
including pulsed irradiation conditions, has been improved, and a comprehensive model of the irradiation chamber
has been developed and validated using the TOPAS Monte Carlo code. A two-stage scheme for the formation of the
mixed o—o radiation field has been proposed and implemented, based on electron beam conversion into
bremsstrahlung followed by spatial and spectral conditioning of the radiation field within the irradiation chamber.
The developed approach ensures controllable variation of radiation parameters, including dose rate, particle
composition, and energy distribution, enabling a more realistic simulation of accident conditions. The
experimental setup provides flexibility for testing various types of cable products under representative high-dose-
rate scenarios. Experimental studies were carried out for an RK 75-9-13 coaxial cable with polyethylene insulation
and for a cable with mineral insulation. It was demonstrated that, for polymer insulation under intense irradiation,
both radiation-induced conductivity and cumulative degradation mechanisms are significant, while in the dose-
rate range of approximately 130-160 kGy/h a transition occurs to a regime dominated by irreversible degradation
processes. In contrast, cables with mineral insulation exhibit significantly higher radiation resistance and much
less pronounced irreversible effects within the investigated dose-rate range. The validated computational model of
the irradiation chamber enables detailed analysis of dose distribution non-uniformity, secondary radiation effects,
and energy deposition profiles in cable materials. This provides a basis for correlating accelerated test conditions
with real accident scenarios in reactor containments and supports the optimization of irradiation regimes. The
model can also be used as a predictive tool in the design of qualification procedures. A functional criterion for the
loss of insulating capability based on leakage current at a test voltage of 2 kV has been proposed. The critical level
is defined as a leakage current of 1 yA, corresponding to an equivalent insulation resistance of 2x10™9 Q fora 5 m
sample. For the RK75-9-13 cable, the critical dose rate corresponding to the functional insulation failure criterion
has been determined, whereas for the cable with mineral insulation no critical condition was reached within the
investigated dose-rate range up to 300 kGy/h. The scientific novelty of the results lies in substantiating and
implementing an approach to accelerated qualification testing of cable products in a controlled mixed o-o radiation
field, developing a two-stage scheme for its formation, improving the methodology of dose-rate measurement and



control under high-intensity irradiation, developing and validating a Monte Carlo model of the irradiation
chamber, and proposing a physically justified functional criterion for insulation failure based on leakage current.
The practical significance of the work lies in its applicability to improving NPP equipment qualification programs,
enhancing the reliability of radiation resistance assessment, optimizing testing procedures, evaluating the residual
life of cable products, and supporting decision-making on life extension and replacement planning for cable
systems during long-term operation of nuclear power units. Keywords: nuclear power plant, NPP safety, radiation
resistance, equipment qualification, cable products, cable insulation, mixed beta-gamma field, dose rate, leakage
current, linear electron accelerator, Monte-Carlo, TOPAS, GEANT4
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2. Olexander V. Yefimov

KBastidikanis: n.1.1., npodecop, 05.13.07
InenTudgikarop ORCID ID: 0000-0003-3300-7447
JoparkoBa indpopmamuist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHUIl TEXHIYHNMIA YHIBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By/. Kupnuyosa, Xapkis, XapKiBchkuii p-H., 61002, Vkpaina
dopma BiracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kyxoupbkuir Osiekcanap BacuiaboBud

2. Oleksandr V. Kukhotskyi

KBasidikamis: . . u., 05.14.14
Imentudikarop ORCID ID: 0000-0002-0909-511X
JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOH: JlepkaBHe MianpreMcTso "Jlep>kaBHuUil HayKOBO-TEXHIYHUIA

LIeHTP 3 S7epHOi Ta pafianiiiHoi 6e3nexku”

Kop 3a €IPIIOY: 14282338

Micue3HaxoaKeHHS: Bys1.Bacunsa Cryca, Kuis, 03142, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: [lepkaBHa iHCIIEKLiS SIEPHOTO PETYIIOBaHHS YKpaiHU

InenTudikarop ROR:

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue Ipizsume Im's [10-6aTbKOBI Bespognuit Muxaino KocTaHTUHOBUY
rOJIOBH pagH

BaacHe IlpizBuie Im's [10-6aTbKOBI bespognunit Muxaiino KocTaHTUHOBUAY

rOJIOBYIOYOroO Ha 3acCiiaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

OcTarneHko IBaH AHATOJIIIOBUY

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



