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Pedepar:

1. Inceprarist Ha 30O0OYTTSI HAYKOBOTO CTyIeHs gokTopa ¢inocodii 3a cnenianbHicTio 104 «Pizrka Ta acTPOHOMIsI»
(10 - TIpupopuundi Hayky) — IHCTUTYT eseKTpoHHOI Pisuku HAH Vkpainu, Yxxropog, 2023. [Juceprauito IpUCBIYEHO
KOMIIJIEKCHUM €KCIIEPUMEHTAIbHUM Ta TEOPETUYHUM AOCJIIP)KEHHSIM CTPYKTYPU MaCOBUX PO3MOLiiB BUXOLiB
nponykTiB poronopiny aktuninis 232Th, 238U, 239Pu, cTUMYJIbOBaHUX TaJIbMiBHUM BUIIPOMIHIOBAaHHSIM
eJleKTpoHHoro npuckopiosayda IE® HAH Vkpainu - mikporpona M-30, 6is1s1 nopory apyroro mascy. Y BCTyIi
OOI'PYHTOBAHO aKTyaJbHICTb 0OPaHOI TEMU IUCEPTALiiHOI POOOTH, BKa3aHO METY, 3a7adi, IPeIMET Ta 00'€KT
IOCIigKEeHb. BUKIaleHO HAYKOBY HOBUM3HY OTPUMMAaHUX PE3YJIbTATIB Ta ii MIPaKTUYHY 3HAYMMIiCTh. BKazaHo

ny6Jiikalii 3a TeMoI0 JrcepTallii Ta HaBeeHo JaHi po anpobariiio poboTu 3n00yBadeM. Buknaneno ingpopmariiro



IIPO CTPYKTYPY Ta OO6CSAT AUCEPTALINHOI POOOTH, IIPO OCOOUCTUI BHECOK AucepTaHTa. [lepmuii po3znin «Poronopin
aKTUHIZiB: aHAi3 eKCIIEPUMEHTAIBHUX JAHNUX Ta METOLIB NOCIIIKEHb» [IPUCBSIYEHNN aHAi3y HAsIBHOI JliTepaTypu
I10 BUXOJlaM IIPOAYKTIB (yJ1aMKiB), sIKi € OHUM i3 OCHOBHUX IIapaMeTpiB, 1110 XapaKTePU3YIOTh [IPOLEC NOAINY sinep
aKTVHIJIiB Ta BifoOPa’KaloTh CTPYKTYPY Y iX MacOBUX pO3IOJinax. BcTaHOBIEHO, 10 OJHMM i3 IEPCIIEKTUBHUX
HaIpsIMKiB BUBYEHHS L€l CTPYKTypH € GOoTOoNnoHil. BcTaHOBIEHO, IO I71 CTUMYJISLIL peakuiil GOTOnominy
aKTHHIiZIiB ONITUMAJIbHUM € BUKOPUCTAHHS €JIEKTPOHHUX IIPUCKOPIOBAYIB, 8 CaMe MIKPOTPOHiB, OCKiJIbKH, BOHU
3aBISIKMA CBOIM TEXHIYHUM XapaKTE€PUCTHKAM 3a0€3I1e4yI0Th iIHTEHCUBHI IOTOKY TajIbMiBHUX (POTOHIB /17151 IUPOKOTO
IiarnasoHy eHepriil. BcTaHOBJIEHO, 1[0 TPU BUKOPUCTaHHI KOMITIOTEPHOTO MOJIEJIIOBAHHS 3 METOI0 OTPUMAaHHS
indopmarii Ipo xapaKTepUCTUKY IIy4KiB rajibMiBHOTO BUIIPOMIHIOBAaHHS Ha €JIEKTPOHHUX ITPUCKOPIOBaYax, 110
CTHMYJIIOIOTh PeaxLii pOoTONOo Ny akTUHIiB, ONTUMAJIPHUM € Iporpamuuil kog MonTte-Kapso - GEANT4. Anarni3
iCHYI0YMX €KCIIEPUMEHTA/IbHYX JAHUX [10 MAaCOBUM PO3IOijIaM BUXOiB IPOAYKTIB (POTONOiNy OKPEMUX aKTHHIMIB
y paMKax MyJIbTUTayCOBOi MOJIeJli € HeOOXiZHUM 7151 TOCTiIPKEHHSI iX CTPYKTypH, OCOGJIMBO Yy OKOJIi IOPOTY JPYTroro
maHcy. B npyromy posagini «Ctumysnauist peakuii GoTononiny akTHHIAIB 6ijis IOpOry Ipyroro maHCy Ha MiKpOTPOHi
M-30» npoBefeHo aHani3 (paKkTopiB, 10 BIVINBAIOTh HA XapaKTEPUCTUKU ITyUKiB TaJIbMiBHOTO BUIIPOMiHIOBaHHS,
YTBOPEHUX Ha €JIEKTPOHHUX IIPUCKOPIOBAYaxX. BCTaHOBJIEHI ONITUMAJIbHI MIAPAMETPHU CXEMU CTUMYJISIL] peakuii
doTronoainy 3pas3KiB aKTUHIiNIB HA €JIEKTPOHHOMY IIPUCKOPIOBadi — MiKpoTpoHi M-30 npu rpaHuyHil eHeprii
rasbMiBHUX OTOHIB - 17.5 MeB y pe3ysbTaTi IpoBeJeHNX TEOPETUYHUX PO3PAXyHKiB 3 BUKOPUCTAHHIM
incrpymenTapiio GEANT4. Bysio gocnigKeHo BHECOK CYITYTHIX AJE€PHUX PEaKIliil, a caMe eJIEKTPO- Ta HEUTPOHHOTO
noginy, y ¢poronogin akruninis 232Th, 238U, 239Pu nipu ix akTuBallii Ha €JIEKTPOHHOMY IPUCKOPIOBaYi —
MikpoTpoHi M-30 s ¢ikcoBaHOi T04aTKOBOI eHeprii esleKTpoHiB 17.5 MeB y pe3ysibTaTi IpoBeJeHUX CUMYJISLIN.
BcraHOBJI€HI 3HAUE€HHS MTOPOTIB IPyroro maxcy doronopiny aktuHigis 232Th, 238U, 239Pu, y pesysibTaTi
[IPOBEMIEHNX TEOPETUYHMX PO3PAXYHKIB 3a JONOMOror nporpamuux naketiB TALYS i GEF, gKi y3rogKyoTbcs MK
C000I0 Ta KOPEJIIOIOTh 3i 3BHAaUEHHSIMU iCHYIOYMX €KCIIEPUMEHTaJIbHUX TAaHUX. Y TPETbOMY PO3iJi
«ExkcrniepuMeHTasIbHi LOCHII)KEHHS BUXOJiB IIPOAYKTIB GOTONOLTY aKTUHIIiB HAa MiKpoTpoHi M-30» netanbHO
OIIMCAHO NPOLEC [IPOBEJIEHHS €KCIIEPUMEHTAJIBHUX JOCIIKEHb BUXOLiB IPOAYKTIB poTOnOA Ny akTuHinis 232Th,
238U Ta 239Pu Ha eJIeKTPOHHOMY ITPUCKOPIOBavi — MikpoTpoHi M-30; po3po6eHi komm'tioTepHi nporpamu “NPMA
Prompt neutron yield version 1.0.2301” i “NPMU Prompt neutron parametrization version 1.0.2302” ns
IIPOBEJEHHS PYTUHHUX PO3PaxyHKiB HEMTPOHHOI MHOXKMHHOCTI — [I0BHOTO BUXO/ly MUTTEBUX HEUTPOHIB Ta ix
3aJI€KHOCTI Bifj Mac yJIaMKiB. Y 4eTBEPTOMY pO34ii «JOCIIigKEHHS CTPYKTYPU MaCOBUX PO3IIOLIIIB IPOLYKTIB
doTrononiny aKTHHIZIB» IpeacTaBIeHi OTPUMaHi eKCIIepUMEeHTasIbHI 1aHi BITHOCHUX KyMYJISTUBHUX BUXOXIB
IIPOJYKTIB Ta [IOBHUX BUXO/iB i300apHMX MAaCOBUX JIAHIIIOKKIB, yTBOPEHUX y Pe3yJbTaTi GOTONOAINY aKTHUHIIB
232Th, 238U i 239Pu, npu rpaHn4Hiil eHeprii rasbMiBHOrO BUNpoMiHIOBaHHS 17.5 MeB: g5 232Th o 3HayeHHs 23
nponykTis (17 orpumani Briepliue), 3 IKUX 3HaiieHi IOBHI BUXoau 22 i306apHUX MAaCcOBUX JIAHLIOXKKIB; ajs1 238U 0
3HaYeHHs AJ1s1 29 nponyKTiB (14 oTpuMaHi BIeplue), 3 IKUX 3HalAeHi TOBHI BUXoAu 26 i306apHUX MacOBUX
JIAHLIIOXKKIB Ta 17151 239Pu 0 3HaueHHs 13 npoayKTiB (yCi oTpuMaHi Blieplie), 3 SKUX 3HaiifieHi NoBHi Buxonu 13
i306apHUX MaCOBUX JIAHIIIOKKiB. MOIM(PiKOBaHO MOZEJIb MYJIbTUTayCOBOTO ONMCAHHS CIIEKTPiB MaCOBUX
PO3IIOZiNiB BUXOZiB aCUMETPUIHUX IIPONYKTiB (OTONOLINY aKTHHIIB, IJISIXOM BBEJEHHS JOAATKOBOIO rayca, Ta
BMKOPHMCTAHO /1151 ONIMCaHHSI CIIEKTPiB MAaCOBUX PO3MO/iJiB BUXO/iB IPOLYKTiB poTononiny aktuHiznis 232Th, 238U i
239Pu. KimouoBi cyoBa: porosuepHi peakuii, poronoain, 232Th, 238U, 239Pu, Buxin NpoayKTiB NOAiNY, Iepepi3
peaxiii, MeTO, aKTUBallii, MIKDOTPOH, YTBOPEHHS rajIbMiBHOTO BUIIPOMIHIOBaHHS, BUIIPOMIHIOBaHHS, FTaMMa-CIIEKTP,
HentpoHu, GEANT4, GEF, TALYS

2. The thesis is submitted to acquire the scientific degree of Doctor of Philosophy in the specialty 104 “Physics and
Astronomy” - Institute of Electron Physics NAS Ukraine, Uzhhorod, 2023. The dissertation is devoted to
comprehensive experimental and theoretical studies of the structure of mass distributions of the photofission
products of actinides 232 Th, 238 U, and 239 Pu stimulated by the bremsstrahlung radiation of the electron
accelerator IEP of the National Academy of Sciences of Ukraine - microtron M-30, near the threshold of the
second chance. The introduction substantiates the relevance of the dissertation's chosen topic and indicates the
research's purpose, tasks, subject, and object. The scientific novelty of the obtained results and their practical



significance are outlined. Publications on the dissertation topic are indicated, and data on the approbation of the
work by the applicant are given. Information about the structure and scope of the dissertation work and the
personal contribution of the dissertation worker is presented. The first chapter, “Photofission of actinides: analysis
of experimental data and research methods,” is devoted to the analysis of available literature on the yields of
products (fragments), which are one of the main parameters characterizing the fission process of actinide nuclei
and reflect the structure in their mass distributions. It has been established that one of the promising areas of
study of this structure is photofission. It was established that the microtron, is the optimal for stimulating actinide
photofission reactions. It has been established that when using computer modeling to obtain information about
the characteristics of bremsstrahlung beams that stimulate photofission reactions of actinides, program code
GEANT4 is optimal. The analysis of existing experimental data on the mass distributions of photofission products
of individual actinides within the framework of the multi-Gaussian model is necessary to study their structure,
especially around the second chance threshold. In the second chapter, “Stimulation of the photodissociation
reaction of actinides near the threshold of the second chance at the M-30 microtron,” an analysis of factors
affecting the characteristics of bremsstrahlung beams formed at electron accelerators was carried out. The
optimal parameters of the stimulation scheme for the photofission reaction of actinide samples on the M-30
microtron electron accelerator at the maximum energy of bremsstrahlung photons of 17.5 MeV were determined
as a result of theoretical calculations using the GEANT4 toolkit. The contribution of accompanying nuclear
reactions to the photofission of actinides 232 Th, 238 U, and 239 Pu was investigated in the result of the
simulations. The second-chance threshold values of photofission of actinides 232Th, 238U, and 239Pu were
established as a result of theoretical calculations using the TALYS and GEF software packages. The third chapter,
“Experimental studies of photofission product yields of actinides on the M-30 microtron,” describes in detail the
process of conducting experimental studies of the photofission products of actinides 232 Th, 235 U and 238 U on
the electron accelerator - the M-30 microtron; the computer programs “NPMA Prompt neutron yield version
1.0.2301” and “NPMU Prompt neutron parametrization version 1.0.2302” were created for routine calculations of
neutron multiplicity - the total yield of instantaneous neutrons and their dependence on the fragment mass. The
fourth chapter, “Investigation of the structure of mass distributions of actinide photofission products,” presents
the obtained experimental data of relative cumulative product yields and total yields of isobaric mass chains
formed as a result of photofission of actinides 232Th, 238U, and 239Pu, at the maximum energy of bremsstrahlung
radiation 17.5 MeV: for 232Th o values of 23 products (17 obtained for the first time), from which total yields of 22
isobaric mass chains were found; for 238U - values for 29 products (14 obtained for the first time), from which total
yields of 26 isobaric mass chains were found, and for 239Pu - values for 13 products (all obtained for the first time),
from which total yields of 13 isobaric mass chains were found. The multi-Gaussian description model of the mass
spectra of the photofission product yields of actinides was modified by introducing an additional Gaussian and was
used to describe the mass spectra of photofission yield products of the actinides 232Th, 238U, and 23 Pu.
Keywords: photonuclear reactions, photofission, 232Th, 238U, 239Pu, yield of fission products, reaction cross
section, activation method, microtron, production of bremsstrahlung, radiation, gamma spectrum, neutrons,
GEANT4, GEF, TALYS
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VIII. 3aKkJIr04Hi BiZoMOCTi



BaacHe IlpizBumie Im's ITo-6aTbKOBI Masyp Bosrogumup MuxainnoBud
TOJIOBH pajgu

BiiacHe IIpisBuie Im'sa ITo-6aTbKOBI Masyp Bonogumup MuxainoBu4d
rOJIOBYIOYOrO Ha 3acCimaHHi

BignoBigasbHuUI 3a MiATOTOBKY Pomanosa Jlionmuna ['eopriiBHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




