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Pedepar:

1. Tnnumyunaens [.B. PoronopinpHa gudepennianis ekpaHoBaHux akTuHigiB 232Th, 235U 238U i 239Pu -
KsanigikauiiiHa HaykoBa npalisl Ha IpaBax pykomnucy. Jlucepralist Ha 3000yTTsl HAYKOBOTO CTYII€HS JOKTOpa
¢dinocodii 3 ranysi 3HaHb E [IpupogHudi HayKy, MaTeMaTHKa Ta CTATUCTHKA 3a crelianbHicTio ES di3nka ta
acTpoHOMif, — [HCTUTYT eneKTpoHHOI dizuku HAH Ykpainu, Vkropon, 2025. Jlucepraliiio IpUCBSYEHO
KOMILJIEKCHUM CUMYJISILIITHO-eKCIIepUMEeHTaJIbHUM JOCJIIKEHHSM Ipoliecy i30TonHoi nudepeHLiarii
eKpaHOBaHMX aKkTUHiAiB 232Th, 235U, 238U i 239Pu 1o ix 3aTpuMaHuM raMma-KBaHTaM Bif IpoayKTiB (poTonoziny
Ha eJIeKTpOHHOMY npuckopioBadi IEQ HAH Vkpainu - mikpoTponi M-30. ¥ BCTymi 06IpyHTOBAHO aKTyaJybHICThb



06paHoi TeMH, BUBHAYEHO METY Ta OCHOBHI 3aBJIaHHS JIOCJIi/IKEHHSI, OKPECJIEHO HOTO 00'€KT i IpeMeT.
[IpencraBieHO HAYKOBY HOBU3HY OZIEP)KAHUX PE3yJIbTATIB i BU3HAYEHO IX IPAaKTUYHY 3HA4yIiCTh. HaBeneHo
BijoMocCTi po ny6Jlikalii 3g06yBaya 3a TeMOIO AucepTallii Ta anpoballilo OCHOBHUX I10JI0Ke€Hb poboTu. [Togano
iH(opMaLlilo IPO CTPYKTYPY 1 06CAT IrcepTallii, a TaKO>X BUCBITJIEHO OCOOMCTUI BHECOK aBTOPA y TPOBEEHE
IocimkeHHs. Y repuioMy po3ziijii MpoaHasi3oBaHO MeToy i30TonHOI audepeH ianii akTuHIzIB (acuBHi, aKTHBHI),
30KpeMa i3 3acTocyBaHHIM (HOTOHHOI a60 HEUTPOHHOI cTuMyJIsLii. [TpoBeneHo aHani3 PisYHUX IIPOLIECiB, SIKi
BiZOyBalOThCS [IPY BUKOPUCTaHHI IpoLieAypy QoToIoAiNbHOI AudepenIialii ekpaHOBaHUX akTUHIAiB 232Th, 235U,
238U i 239Pu 111 BU3HAYEHHS iX i30TOMHOTO CKJIAZly Ta CIOCO6IB iX ONKMCaHHs TeopeTuYHMMU Mogensmu (bpocy,
3enbuepa-beprepa, bepa-Jlam6epTa), siki € OCHOBOIO cy4acHuX simepHux MonTe-Kapio xoniB GEF, GEANT4 i
komITtotepHux rporam NIST XCom, Phy-X /PSD. CdpopmysnboBaHo 3amaui 17151 3a6e3rne4eHHs] POTONOAiIbHO]
IovdepeHuiaLii: BU6ip ONTUMa/IbHUX Nap IPOAYKTIB MOAiNy, BUSHAYEHHS €HEPril (POTOHIB, ONITUMI3allig CXeMU
IeTEKTYBaHHS Ta [IapaMeTpiB OIIPOMIHEHHS. Y IpYyroMy po31ijii HaBEIEHO PE3YIbTaTU MOJEIIIOBAHHSA IIPOLECIB
¢doronoainy 3a gonomoroto koay GEF. Po3paxoBaHo MacoBi po3Mofiisii, €eHepreTUyHi XapakKTepUCTUKHY YIIAMKIB,
nepioiy HamiBpo3Nay Ta iHIII IapaMeTpu AJ1 BUOOpY ONTUMAJIbHUX NIap NPOAYKTIB N0Ji1y. BcTaHOBIEHO, 1110
napa 89Rb i 138Cs e Halb6inbIL IPUAATHOIO AJ1 fudepeHianii Sk eKpaHOBaHUX, TaK i HeeKPAaHOBAHMX 3Pa3KiB.
BusHaueHO ONTUMAJIbHY €Heprilo rajbMiBHUX (POTOHIB 111 cTUMyJIsiLii poTomnopiny Ha mikpoTpoHi M-30. Y
TPETbOMY PO37iJii ONIMCaHO Pe3yabTaTU MOJEJIIOBAHHS Ta EKCIIEPMMEHTIB 00 CTUMYJISLIi poTononiny
€KpPaHOBaHUX 3pas3KiB. 3a pmornomoroo GEANT4 3Mone1b0BaHO XapaKTEPUCTUKU ITyUYKiB rajbMiBHOTO
BUIIPOMIHIOBaHHSI, BIUIMB KOHCTPYKLIMHMX eJIeMeHTiB cxemu akrupallii (Ta-konseprep, BoC-QinbTp, expaH 3i crami
"12X18H10T"). JleTasibHO ONKCaHi METONVKU [TPOBEJEHHS €KCIIePUMEHTAIbHUX AOCIiIPKEHb 110 BUBHAUEHHIO
XapaKTEPUCTUK CKJIAJ0OBUX KOMIIOHEHT I1y4KiB rajlbMiBHOTO BUIIPOMiHIOBAHHSI Ta BIIUBY KOHCTPYKIIMHMX
€JIEMEHTIB OINTUMAJIbHOI CXEMU OIIPOMIHEHHS 3Pa3KiB €KpaHOBAHMX aKTUHIZIB Ha IX XapaKTePUCTUKMU.
ExcriepuMeHTasIbHI JaHi NiATBepAnIn JOCTOBIpHICTh po3paxyHKiB. CTBOpeHO BiacHy nporpamy “NPMA Raction
Yield” pyist ouiHKM BUX0OiB GOTOsIIEPHUX peakliil. [TokazaHo, o (poHOBI raMMa-KBaHTH BiJl akTUBALlii eKpaHy He
3aBaXXaloTh AudepeHLialii. Y 4eTBepToMy po3aisii po3IJISIHYTO CIEKTPOMETPIil0 raMMa-BUIIPOMIHIOBaHHS. 32
nonomoroto nporpam Xcom i Phy-X /PSD BcTaHOB/IEHO ONTMMAJIbHUI €HEPreTUYHUN [iana3oH 1151 peecTpaliii
ramma-kBaHTIiB 89Rb i 138Cs. Onucano ekcriepuMeHTaIbHY YCTaHOBKY Ha 6a3i HPGe-neTekTopa Ta METOAUKY
posmupeHHs Aiana3zony peecrpauii 1o 3000 keB. Po3pobeHo HaniBeMNipuyHy MOJieJ1b €HEPreTUYHOi
edextuBHOCTI Ta nporpamy “NPMU Detector efficiency”, siky BepudikoBano Ha inmomy HPGe-nerexropi. Y m'ssTomy
PO31Iisi feTaJbHO ONMCAHO METOAMKY BU3HAUYEHHS YACOBUX 3aJIEXKHOCTEN 3aTPMMAaHOr0 raMMa-BUIIPOMiHIOBAHHS
Bif IPOAYKTIB IOy akKTUHIIB 171 3a6e31e4eHHs Mpoliecy ix i3oTonHoi nudepenuiatii. [IpencraBnieHo TexHiyHi
XapaKTEPUCTUKHU 3Pa3KiB €KPaHOBAaHUX aKTUHILiB 232Th, 235U, 238U, 239Pu. V pesysbTaTi IpOBEIEHOr0
KiJIbKICHOTO CIIEKTPaJIbHOTO aHasli3y Ha 6a3i crusnockomny CJI-13 BU3Ha4eHO BilCOTKOBUIA BMICT XiMiYHUX CKJIQ[lOBUX
eJIeMEHTIB 3pa3Ka ekpaHy, BUTOTOBJIEHOTO0 i3 Hep>kasitovoi ctani “12X18H10T”. JetaspHO onucaHi npouecu
CTUMYyJISLIi peakuii poTonoziny ekpaHOBaHUX 3pa3KiB aKTUHIiZiB HAa MiKpOTpoHi M-30 Ta IeTeKTyBaHHS rammMa-
KBAHTIB BiJ] OTIPOMIHEHUX 3pa3KiB €KPaHOBAaHUX aKTHHIIB. Y pPe3yJbTaTi IPOBENEHUX €KCIIEPUMEHTALHUX
TIOCJIiIKeHb BCTAaHOBJIEH] CHIBBiTHOIIIEHHS YaCOBUX 3aJI€XKHOCTEN iHTEHCUBHOCTI raMMa-JIiHii jerkoro 89Rb i
BaXKOro 138Cs nponyKTiB poTONOAINY, SIKi MOXKHA BUKOPUCTOBYBATH /1J1s i30TONHOI AudepeHLjialii ekpaHOBaHUX
akTuHiniB 232Th, 235U, 238U, 239Pu. Kito4oBi cyioBa: akTuHinY, i3oTonHa audepeHiianis, AsKepesa eJeKTPOHIB,
MIKPOTPOH, HETPOHU, TaMMa, rajibMiBHE BUNIPOMiHIOBaHHS, OITPOMiHEHHS, CIIEKTPH, BUXiJ, peakuiil, pparMeHTu
noziny, nonepeyvHi 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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CeKTop HayKH: AkafeMivHuit

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. 3aBinonyso AHaroil MUKOIanoBrUY

2. Anatoliy M. Zavilopulo

KBasigikanis: 1. ¢.-m. ., npodecop, 01.04.04

Imentudikarop ORCHID ID: 0000-0001-8334-2804

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT e1eKTPOHHOI bisukn HaijionanbHoi akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05540008

Micue3Hax0a>KeHHS: ByJ1. VHiBEPCUTETChKa, YKTOPO, YKIOpOZIChbKUil p-H., 88000, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajeMis HayK YKpaiHu

InmenTudikarop ROR:

CeKTop HayKH: AkafieMidHui1

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. Tomonant Osnekcangp Ly
2. Aleksandr Gomonai

KBasigikamis: . ¢.-m. 1., c.n.c., 01.04.04
InenTudikarop ORCHID ID: 0000-0003-4341-699X



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOH: [HCTUTYT enleKTpOHHOI (disnku HanjionanbHoi akagemii Hayk

Ykpainu

Kopg 3a €IPIIOY: 05540008

Micue3HaxoaKeHHS: By/1. VHiBepCUTETChKa, YKTOpO, YKIropoziChbKuil p-H., 88000, Ykpaina

dopma BracHOCTI: JlepxasHa

Coepa ynpaBiiHHS: HaujoHanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: AkafeMidHuiT

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

roJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIOBiZasIbHUM 3a peeCTpallil0o HAayKOBOIi

OisIIBHOCTI

Pemeta €Bren I0OpiioBuy

Pemera €sren IOpiitoBuy

Pomanosa Jllonmusa 'eopriiBHa

FOpuenko Tetsna AHaToiiBHA

FOpuenko TetsHa AHaToJiiBHA



