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Pedepar:

1. lMunumuuHens 1.B. doTtononinbHa nudepeHianis ekpaHoBaHUX akTuHIAIB 232Th, 235U 238U i 239Pu -
Kgasnigikaniiina HayKoBa npalisl Ha [paBax pyKonucy. JlucepTraiis Ha 3100yTTsl HAyKOBOTO CTYII€HsI JOKTOpa
dinocodii 3 ranysi 3Hanb E [IpupogHudi Hayky, MaTeMaTrKa Ta CTaTUCTHKA 3a crieljanbHicTio ES Pisuka ta
acTpOHOMis, — IHCTUTYT enekTpoHHOI ¢izuku HAH Ykpainu, Vkropon, 2025. Jlucepraliiio IpUCBSIY€HO
KOMIIIEKCHUM CUMYJISILITHO-€KCIIEPUMEHTAJIbHUM JOCJIIKEHHSM NPOLECY i30TONHOI AudepeHLialii
eKpaHoBaHMX akTuHiniB 232Th, 235U, 238U i 239Pu no ix 3aTpuMaHuM ramMmma-KBaHTaM Bif] IPOIYKTiB GOTONOLITY
Ha eJIeKTpOHHOMY npuckopioBadi IEQ HAH Ykpainu — mikpoTpoHni M-30. V BcTyni 06rpyHTOBaHO akTyaylbHICTh
06paHoi TeMU, BUBHAYEHO METY Ta OCHOBHI 3aBJJaHHS IOCJIiIKEHHSI, OKPECJIEHO HIOT0 00’€KT i IpeIMET.
[IpencraBieHO HAYKOBY HOBU3HY OJEP>KaHUX PE3YJIbTATIB | BU3HAYEHO IX IPAKTUYHY 3HAYyLliCTh. HaBeneHo

BijomocTi npo nyb6Jiikanii 3706yBada 3a TeMOIO JucepTallii Ta arrpobaliilo OCHOBHUX I10JI0KeHb poboTu. [Togano



iHdopMmallilo Npo CTPYKTYpy ¥ 06CAT AucepTallii, a TAKOXK BUCBITJIEHO 0COOMCTUI BHECOK aBTOPA Y IIPOBEAECHE
IoCimKeHHs. Y repuioMy po3ziji MpoaHasi3oBaHO MeToU i30TonHOI audepeHLianii akTHHIzIB (TacUBHi, aKTHBHI),
30KpeMa i3 3acTocyBaHHIM (POTOHHOI 260 HEUTPOHHOI cTUMyJIsLii. [TpoBeneHo aHai3 Pi3UYHUX IIPOLIECIB, SIKi
BiIGyBalOThCS IPU BUKOPUCTaHHI npouenypu poronofinsHoi qudepenuianii ekpaHoBaHux akTuHiaiB 232Th, 235U,
238U i 239Pu 115 BU3HAYEHHS iX i30TOIMHOrO CKJIZly Ta CIOCO6IB iX OnrcaHHs TeopeTuyHUMU Mogensmu (bpocu,
3enbuepa-beprepa, Bepa-JlambepTa), siki € OCHOBOIO cydyacHux sinepHux MonTe-Kapio xoniB GEF, GEANT4 i
komIr'torepHux rnporam NIST XCom, Phy-X /PSD. CdpopmysboBaHO 3aaaui [j1s1 3a6e3rned4eHHs! POTONOAiIbHO]
InvdepeHLianii: BU6ip ONTUMAa/BbHUX N1Ap IPOAYKTIB MOAiNy, BUSBHAYEHHS €HEPril (POTOHIB, ONITUMI3aALlig CXeMU
IeTEKTYBaHHS Ta NNapaMeTpiB ONIPOMiHEHHS. Y IPYyroMy PO3[Iijli HaBE€IEHO PE3yIbTaTH MOJEJIIOBAHHS MTPOLECIB
¢doronoainy 3a gonomoroto koay GEF. Po3paxoBaHo MacoBi po3Nnofiisii, eHepreTUyHi XapaKTePUCTUKHU YIIAMKIB,
nepioiy HamiBpo3Nay Ta iHIII IapaMeTpy AJ11 BUOOPY ONTUMAJIbHUX NIap NPOAYKTIB NOiny. BcTaHOBIIEHO, IO
napa 89Rb i 138Cs e Haii6inb NPUAATHOW AJ1 udepeHLialii Sk eKpaHOBAHUX, TaK i HEEKPAHOBAaHUX 3Pa3KiB.
BusHaueHO ONTUMAaJIbHY €Heprito rajJbMiBHUX (POTOHIB 11 cTuMyIsLii poTonoainy Ha MikpoTpoHi M-30. Y
TPETbOMY PO37iJli ONIMCaHO Pe3yabTaTU MOJEJIOBAHHS Ta EKCIIEPMMEHTIB IOA0 CTUMYJISLIi poTononiny
€KpaHOBaHUX 3pasKiB. 3a pmornomoro GEANT4 3Mone1b0BaHO XapaKTEPUCTUKU ITy4YKiB rajbMiBHOTO
BUITPOMIHIOBaHHS, BIUIMB KOHCTPYKLINHUX eJleMeHTiB cxemu akTusallii (Ta-kouseptep, BoC-dinbTp, expaH 3i crasi
"12X18H10T"). leTanbHO onMcaHi METOAUKY ITPOBEAEHHS eKCIIePUMEHTaIbHUX NOCTiIKeHb 10 BU3HAYEHHIO
XapaKTEPUCTHUK CKJIAJOBUX KOMIIOHEHT ITy4KiB rajlbMiBHOTO BUIIPOMiHIOBAHHSI Ta BIUIMBY KOHCTPYKLIMHUX
€JIEMEHTIB OINTUMAJIbHOI CXEMU OIIPOMIHEHHS 3Pa3KiB eKpaHOBAHMX aKTUHIZIB Ha IX XapaKTePUCTUKMU.
ExcriepuMeHTasbHi 1aHi NiATBepAnIN JOCTOBIpHICTh po3paxyHKiB. CTBOpeHO BiacHy rporpamy “NPMA Raction
Yield” pyist ouiHkM BUX0OiB (POTOSIIEPHUX peakiil. [TokazaHo, mo (poHOBIi raMMa-KBaHTH BiJl akTUBALlii eKpaHy He
3aBaXXalOTh AudepeHLialii. Y 4eTBepToMy po3ijli po3IJISIHYTO CIEKTPOMETPIil0 raMMa-BUIIPOMIHIOBaHHS. 32
nmorniomoroio rporpam Xcom i Phy-X /PSD BcTaHOBJIEHO ONTUMAaJIbHUI €HepreTUYHUI Jiana3oH J1sl peecTpatii
ramma-kBaHTiB 89Rb i 138Cs. Onucano ekcriepuMeHTaIbHY YCTaHOBKY Ha 6a3i HPGe-neTekTopa Ta METOAUKY
posmupeHHs Aianasony peecrpauii 0 3000 keB. Po3po6eHo HaniBeMnipuyHy MOJieJ1b €eHEPreTUYHOl
edextuBHOCTI Ta nporpamy “NPMU Detector efficiency”, siky Bepudikoano Ha inmomy HPGe-nerexropi. Y m'sstomy
PO37iJi JeTanibHO OMMCAHO METOAMKY BU3HAUYEHHS YaCOBUX 3aJI€)KHOCTEH 3aTPMMAHOr0 raMMa-BUIIPOMiHIOBaHHS
Bif IPOAYKTIB I1OJily aKTUHIIB 114 3a6€31e4eHHs MTPoliecy ix i30TonHoi nudepenuiatii. [IpencrapneHo TexHiyHi
XapaKTePUCTUKY 3Pa3KiB eKpaHOBaHUX akTUHiAiB 232Th, 235U, 238U, 239Pu. ¥V pe3ysbTati NpoBeLeHOro
KiJIbKICHOTO CIIEKTPaJIbHOTO aHasi3y Ha 6a3i ctunockory CJI-13 Bu3Ha4eHO BiflCOTKOBUI BMICT XiMiYHUX CKJIalOBUX
€JIEeMEHTIB 3pa3Ka eKpaHy, BUTOTOBJIEHOTO0 i3 Hep>kasitoyoi crani “12X18H10T”. JletaspHO onucaHi npouecu
CTHMMYJISLIi peakuii GoTonoziny eKkpaHOBaHUX 3pa3KiB aKTUHIiMiB HA MiKPOTPOHi M-30 Ta IeTeKTyBaHHS raMMa-
KBAHTIB BiJj OTIPOMIHEHUX 3pa3KiB €KPaHOBAaHUX aKTHHIIB. Y pPe3yJbTaTi IPOBENEHNX €KCIIEPUMEHTAILHUX
IOCJIiIKeHb BCTAaHOBJIEH] CHIBBiTHOIIIEHHS YaCOBUX 3aJIeXKHOCTEN iHTEHCUBHOCTI raMMa-JIiHii jerkoro 89Rb i
BaXKOro 138Cs ponyKTiB (pOTONOAINY, SIKi MOXKHA BUKOPUMCTOBYBATH /1J14 i30TONHOI AudepeHLjalii ekpaHOBaHUX
akTuHiniB 232Th, 235U, 238U, 239Pu. Kito4oBi cyi0Ba: akTuHizY, i30TonHa audepeHLjianis, AsKepea eJ1eKTPOHIB,
MiKPOTPOH, HEUTPOHM, FaMMa, TaJIbMiBHE BUIIPOMiHIOBaHHSI, OTIPOMiHEHHS], CIIEKTPU, BUXiJl peakilil, pparmeHTu
nozisny, nonepeyHi nepepisu, cnekrpomerpist, GEANT4, GEF.

2. Pylypchynets 1.V. Photofission differentiation of shielded actinides 232Th, 235U, 238U and 239Pu - Qualifying
scientific work as a manuscript. Dissertation for the degree of Doctor of Philosophy in the field of knowledge E
Natural Sciences, Mathematics and Statistics in the speciality E5 Physics and Astronomy, - Institute of Electronic
Physics of the NAS of Ukraine, Uzhhorod, 2025. The dissertation is devoted to complex simulation and
experimental studies of the process of isotopic differentiation of shielded actinides 232Th, 235U, 238U, and 239Pu
by their delayed gamma quanta from photofission products at the electron accelerator of the Institute of Electron
Physics of the National Academy of Sciences of Ukraine - the M-30 microtron. The introduction substantiates the
relevance of the chosen topic, defines the goal and main objectives of the research, and outlines its object and
subject. The scientific novelty of the results obtained is presented, and their practical significance is determined.
Information about the applicant's publications on the topic of the dissertation and the testing of the main



provisions of the work is provided. Information about the structure and scope of the dissertation is provided, and
the author's personal contribution to the research is highlighted. The first section analyses the methods of isotopic
differentiation of actinides (passive, active), in particular with the use of photon or neutron stimulation. An analysis
of the physical processes that occur when using the procedure of photofission differentiation of shielded actinides
232Th, 235U, 238U, and 239Pu to determine their isotopic composition and methods for describing them by
theoretical models (Brosa, Seltzer-Berger, Beer-Lambert), which are the basis of modern nuclear Monte Carlo
codes GEF, GEANT4 and computer programs NIST XCom, Phy-X/PSD. The tasks for ensuring photofission
differentiation are formulated: selection of optimal pairs of fission products, determination of photon energy,
optimisation of the detection scheme, and irradiation parameters. The second section presents the results of
modelling photofission processes using the GEF code. Mass distributions, energy characteristics of fragments,
half-lives, and other parameters for selecting optimal pairs of fission products were calculated. It was established
that the pair of 89Rb and 138Cs is the most suitable for differentiating both shielded and unshielded samples. The
optimal energy of bremsstrahlung photons for stimulating photofission on the M-30 microtron was determined.
The third section describes the results of modelling and experiments on the stimulation of photofission of shielded
samples. Using GEANT4, the characteristics of bremsstrahlung beams, the influence of structural elements of the
activation scheme (Ta converter, BoC filter, screen made of steel "12X18N10T") were simulated. The methods of
conducting experimental studies to determine the characteristics of the components of bremsstrahlung beams
and the influence of structural elements of the optimal irradiation scheme of shielded actinide samples on their
characteristics are described in detail. Experimental data confirmed the reliability of the calculations. The own
program “NPMA Reaction Yield” for estimating the yields of photonuclear reactions was made. It has been shown
that background gamma rays from screen activation do not interfere with differentiation. The fourth section
discusses gamma-ray spectrometry. Using the Xcom and Phy-X/PSD programs, the optimal energy range for
recording gamma quanta of 89Rb and 138Cs is established. The experimental setup based on the HPGe detector
and the method for expanding the recording range to 3000 keV are described. A semi-empirical model of energy
efficiency and the program “NPMU Detector efficiency” were developed, which were verified on another HPGe
detector. The fifth section describes in detail the method for determining the time dependences of the delayed
gamma radiation from the fission products of actinides to ensure the process of their isotopic differentiation. The
technical characteristics of the shielded actinide samples 232Th, 235U, 238U, and 239Pu are presented. As a result
of the quantitative spectral analysis carried out on the basis of the SL-13 styloscope, the percentage content of the
chemical constituent elements of the screen sample made of stainless steel “12X18H10T” was determined. The
processes of stimulating the photofission reaction of shielded actinide samples on the M-30 microtron and
detecting gamma rays from irradiated shielded actinide samples are described in detail. As a result of the
conducted experimental studies, the time dependences of the intensity of gamma lines of light 89Rb and heavy
138Cs photofission products were established, which can be used for isotopic differentiation of shielded actinides
232Th, 235U, 238U, 239Pu.
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Imentudikarop ORCID ID: 0000-0001-8334-2804

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH: [HCTUTYT es1eKTPOHHOI diznkn HaujoHanbHoi akazgemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05540008

Micue3HaxoaKeHHS: ByJI. YHIBEPCUTETCHKA, YKIOPOZ, Y>XropoACchkuii p-H., 88000, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasnbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. Tomonaint Osnekcangp Ly

2. Aleksandr Gomonai

KBasigikamis: k. ¢.-m. 1., c.n.c., 01.04.04

InenTudikarop ORCID ID: 0000-0003-4341-699X

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: [HCTUTYT e1eKTPOHHOI bisukn HaijionanbHoi akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05540008

Micue3Haxoa>KeHHS: ByJ1. VHIBEPCUTETChKa, YKTOPOI, YKIOPOIChKUil p-H., 88000, Ykpaina

dopma ByacHOCTI: [lepxasna



Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Pemera €pren IOpiioBid
rOJIOBH pagu

BaacHe IlpizBume Im'st II0-6aTbKOBI Pemeta €pres lOpiiioBid
rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUMH 3a HiATOTOBKY Pomanosa Jlronmua l'eopriiBaa
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




