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2. Radiation-induced segregation in concentrated Fe-Cr and Fe-Cr-Ni metal alloys

Pedepar:

1. luceprarito NpUCBSYEHO NOCIiZOBHOMY MOJIEJIIOBAHHIO pafliallitHO-iHAYKOBaHOI cerperallii B KOHIIEHTPOBAHUX
crutaBax Fe-Cr ta Fe-Cr-Ni Ha OCHOBI cucTtemu HeiHiMHUX gudepeHIialbHUX PiBHSIHb B YACTUHHUX MOXITHUX,
YMCJIOBUM PO3PaxyHKaM i [IOPiBHAJIbBHOMY aHaJIi3y BU3HA4YaIbHUX KUJIbKICHUX XapaKTEPUCTUK pafialiiiHo-
iHIlyKOBaHOI cerperatii 3a pisHMX YMOB ONIPOMiHEHHS Ta TEOPETUYHOMY NOCIIIIKEHHIO Ii3HLOI CTaAil piIBHOBa)KHOI
cerperallii TOMIIIKA Ha MDK3epeHHi MexXi 110 MexaHi3aMy BuspiBanHs OcTBanba. [JuceprauiiHa po6oTa
CKJIaJIaeThCs 31 BCTYIy, YOTUPbOX PO3[IiJliB, BUCHOBKIB, [1IepeJliKy BUKOPUCTaHUX JXKepeJl Ta fodaTky. Oocsr

nucepraii ckiagae 161 cTOpiHKy MaIIMHOMMCHOTO TEKCTY, 0OCAT OCHOBHOI YaCTHMHU CTaHOBUTH 115 cTOpiHOK Ta



MICTUTb 75 pUCYHKIB. CIMCOK BUKOPUCTAHUX IPKepel CKIaaeThes i3 199 HalimeHyBaHb. Pe3ybTaTty Auceprarii
pob0TH OIy6IIiKOBaHi Y 3 HAYKOBUX MpalsX, o iHIeKCYeThCsl HAayKOMETPUYHUMU 6azamu Scopus Ta,/a6o Web of
Science. O6'eKTOM JOCTiIKEHHS € BUILE PafiallifHO-iHAYyKOBaHOI cerperallii B KOHLIEHTPOBAaHUX METaJEeBUX
CIIJIaBax Ta SIBUILE PiBHOBAXKHOI cerperartiii JOMilKy Ha MixK3epeHHill Mexi. MeTolo auceprauiiiHoi poboTH €
MIOCJIJOBHE YK CEJIbHE NOCIIIKEHHS IBUIA PalialliiHO-iHIYKOBAHOI cerperalii B KOHIEHTPOBAHMUX METAIEBUX
cruaBax Fe-Cr i Fe-Cr-Ni 3a pi3HMX yMOB OIIPOMIHEHHS Ta TEOPETUYHUI aHaJIi3 Mi3HbOI CTaflii piBHOBAXXHO]
cerperatii JOMIIIKY Ha MIXK3ePEHHIN MeXi 10 MexaHi3aMy BU3piBaHHA OcTBasbia. [Ipy BUKOHaHHI JucepTauiiHol
PO6OTH BUKOPUCTOBYBAJIMCSI METOIM MAaTEMATUYHO]I (Pi3UKM Ta YMCIOBOTO MOJIEIIOBAHHS. 30KpeEMa, IIpU
IIEPETBOPEHHI CUCTEMU PiBHSHb pafliallitHO-iHAYKOBAHOI cerperatiii 114 ii NoJanbIoro YucjaoBOro aHamiisy
BUKOPUCTOBYBAJIMCS NIPOLEAYPU 06€3p03MipIOBaHHS, MacCIITabyBaHHS Ta METOJI, CKIHUEHHUX Pi3HULb. [Ipu
IocimKeHHi Bu3piBaHHs OcTBanbga c(PepUYHUX BUIZIEHb HOBOI (Pa3y BUKOPUCTAHO ACMMIITOTUYHUM aHAIi3
Jipmnug-Cabo3oBa. B po6oTi po3paxoBaHO BU3HAYaJIbHI KiJIbKiCHI XapaKTEPUCTUKY pafialliiHO-iHIyKOBaHOI
cerperatii nyis1 crsasiB Fe-9Cr ta Fe-20Cr-8Ni 3a pi3Hux 3HaueHb MIBUAKOCTEN IPOJYKyBaHHS TOUYKOBUX Je(EKTiB,
HaOpaHUX J103 OIIPOMiHEHHS i TEMIIEpPATyp Ta IPOBELEHO aHali3 3aJIeXXKHOCTEN BU3HAYAIbHUX KiJIbKICHUX
XapaKTEPUCTHK Bifl HA3BaHMX YMOB ONPOMiHEHHs. [IpOIeMOHCTPOBAHO, 1O B [P Pi3HUX IIBUIKOCTSIX
IIPOyKYBaHHSI TOUYKOBUX NleeKTiB, HAOpaHUX 032X OIIPOMIHEHHSI Ta TeMIlepaTypax JUCJIOKalilfiHa Mmigcucrema
nopasiisie epekTy pafialliiHO-iHAyKoBaHOi cerperatiii. [IpoeMOHCTPOBAHO SK BIJIMBA€ BUOIP IPaHUYHUX YMOB Ha
[IOBEPXHI 3pa3Ka Ha pe3yJsIbTaTh MOJEJIOBAHHS padialiiHO-iHAYKOBaHOI cerperauii. Biepiie merogamu
KOMITIOTEPHOTO MOJIEJIIOBAaHHS MIOKAa3aHO, 10 BIUIUB 30i/IbIIE€HHS IIBUAKOCTI IPOAYKYBaHHS TOYKOBUX e(EKTiB Ha
edeKkTy pagialiiHo-iHAyKOBaHOI cerperallii Mo>kKHa 3 JOCTaTHbO BUCOKOIO TOYHICTIO KOMIIEHCYBaTH BiTHOCHO
HEBEJIMKMM MiIBUILEHHSIM TEMIIepaTypu. Briepliie TEOpEeTUUHO PO3IJISIHYTO KiHETUKY CPePUIHUX BUiTIEHb HOBOI
a3y Ha MDK3EPEHHIN MeXi, PiCT SIKUX JIIMITY€eThCSI IOBEPXHEBOIO KIHETUKOIO, 3 YPaxXyBaHHIM AUQY3iliHMX [IOTOKIB
aTOMiB TOMIIIKY 3 IIMOMHY 3€pHA 10 MiDXK3epeHHOI MeXi Ha cTafiii Bu3piBaHHsa OctBanbaa. OTpuMaHi B qucepTariii
PEe3yJbTaTU MOXKYTb OYTH BUKOPUCTAHI IpY MOJEJIIOBAaHHI 11 IPOTHO3YBaHHI 3MiH JIOKaJIbHOTO CKJIaZy
KOHILIeHTpoBaHuX cIulaBiB Fe-Cr ta Fe-Cr-Ni 3a yMOB OIIPOMiHEHHS, a TAKOX CJIYTYBaTU OCHOBOIO 1171 TOCIIiIKEHHS
pagianiiiHo-iHAyKOBaHOI cerperatii B cIijlaBax 3 6i/IbIIMM YMCJIOM KOMIIOHEHT. KpiM TOro ofepskaHi pesysbTaTi
MOXXyTb OYTU BUKOPUCTAHI IIPY JOCIiI)KeHH] KiHeTUKM pocTy cpepruyHUX BUAiIeHb HOBOI a3y, sKi po3TanoBaHi Ha
MiX3epeHHill mexi. Pe3ysibraTu fucepTaniiiHoi po6otu MoxyTb 6yt Bukopuctasi B ITIO HAH Vkpainu, HHIT XPTI
HAH VYkpainu, I51]1 HAH Ykpainuy, IEPT HAH Ykpainu, HAEK «EHeproatomM» Ta B iHIINX HAYKOBUX LIEHTPAX.

2. The thesis is devoted to the sequential modeling of radiation-induced segregation in concentrated Fe-Cr and
Fe-Cr-Ni alloys based on a system of nonlinear partial differential equations, numerical calculations and
comparative analysis of the governing quantitative characteristics of radiation-induced segregation under
different irradiation conditions and theoretical research of late stages of equilibrium segregation of impurities at
the grain boundary by the Ostwald ripening mechanism. The thesis consists of an introduction, four chapters,
conclusions, a list of used sources and an appendix. The volume of the thesis is 161 pages of typewritten text, the
volume of the main part is 115 pages and it contains 75 figures. The list of used sources consists of 199 items. The
results of the dissertation work were published in 3 scientific works, which are indexed by the scientometric
databases Scopus and/or Web of Science, The object of research is the phenomenon of radiation-induced
segregation in concentrated metal alloys and the phenomenon of equilibrium segregation of impurity at the grain
boundary. The aim of the thesis is a consistent numerical study of the phenomenon of radiation-induced
segregation in concentrated Fe-Cr and Fe-Cr-Ni metal alloys under different irradiation conditions and a
theoretical analysis of the late stage of equilibrium segregation of impurities at the grain boundary according to
the Ostwald ripening mechanism. The methods of mathematical physics and numerical modeling were used in the
dissertation work. In particular, when transforming the system of equations of radiation-induced segregation for
its further numerical analysis, the procedures of dimensionless, scaling, and the finite difference method were
used. The Lifshits-Slyozov asymptotic analysis was used to study the Ostwald ripening of spherical precipitates of
the new phase. In the work, the governing quantitative characteristics of radiation-induced segregation for Fe-9Cr
and Fe-20Cr-8Ni alloys were calculated for different values of the production rates of point defects, radiation



doses and temperatures, and an analysis of the dependence of the governing quantitative characteristics on the
mentioned irradiation conditions was carried out. It was demonstrated that the dislocation subsystem suppresses
the effects of radiation-induced segregation at different production rates of point defects, radiation doses, and
temperatures. It is demonstrated how the choice of boundary conditions on the surface of the sample affects the
results of simulation of radiation-induced segregation. For the first time, computer simulation methods showed
that the effect of increasing the production rate of point defects on the effects of radiation-induced segregation
can be compensated with a sufficiently high accuracy by a relatively small increase in temperature. For the first
time, the kinetics of spherical precipitates of a new phase at the grain boundary, the growth of which is limited by
surface kinetics, was considered theoretically for the first time, taking into account the diffusion flows of impurity
atoms from the depth of the grain to the grain boundary at the stage of Ostwald ripening. The results obtained in
the thesis can be used in modeling and forecasting changes in the local composition of concentrated Fe-Cr and
Fe-Cr-Ni alloys under irradiation conditions, as well as serve as a basis for the study of radiation-induced
segregation in alloys with a larger number of components. In addition, the obtained results can be used in the
study of the growth kinetics of spherical precipitates of the new phase, which are located at the grain boundary.
The results of the dissertation work can be used in the IAP of the National Academy of Sciences of Ukraine, the
NSC KIPT of the National Academy of Sciences of Ukraine, the INR of the National Academy of Sciences of Ukraine,
the IERT of the National Academy of Sciences of Ukraine, NNEGC "Energoatom" and other scientific centers.
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dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuit



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Toxman Onekcanap Padainosuy
2. Oleksandr R. Hokhman

KBasigikamis: 1. ¢.-m. ., npodecop, 01.04.13
ImenTudikarop ORCHID ID: 0000-0002-0533-2114
JonaTkoBa iHdopmanist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I[H‘IHO'l' 0COO0M: JepxxaBHun 3axiaf, "[1iBgeHHOYKpaiHChKMI HAlliOHAIbHUN

neparoriyHuu yHisepcuret iMeHi K. JI. YimmHucpkoro”

Kopg 3a €IPIIOY: 02125473

Micue3HaxoaKeHHS: ByJ1. CTaponoprodpaHKiBCcbKa, 0y1. 26, Oneca, 65020, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCHTETChKUI

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. barypin Bosnogumup AHnpifioBry

2. Volodymyr A. Baturin

KBasidikanis: k.¢.-m.u., c.H.C., 01.04.20

InenTudikarop ORCHID ID: 0000-0001-6171-8575

JoparkoBa iHdpopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0COOM: IHCcTUTYT NpUKAanHoi Gisuku HanjonanbHoi akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: ByJ1. [Tetponasnischbka, 6y1. 58, Cymu, CymchbKuii p-H., 40000, Vkpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akajeMis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

CeKTop HayKH: AkafieMidHui1

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. JIncenko Ozner bopucosnuy

2. Oleg B. Lysenko
KBasidikanis: k. ¢.-m. 1., 01.04.04
InenTudikarop ORCHID ID: 0000-0002-0459-4964



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOH: [HcTUTYT npuKiagHoi ¢isuku HanjonansHoi akanemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: ByJ1. [Tetponasnischbka, 6y1. 58, Cymu, CymchbKuii p-H., 40000, Vkpaina

dopma Bi1acHoCTI:

Coepa ynpaBiiHHS: HaujoHanbHa akazemist HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH: AkafeMidHuiT

VIII. 3aKkJII04Hi BiZoMOCTi
BnacHe IlpizBume Im's I10-6aTbKOBI XapueHko /Mutpo Osnerosuy

roJIOBH pagu

BaacHe IlpizBuie Im's [10-6aTbKOBI XapueHko JMutpo Oserosud

rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY Bopommo Onexciii IBaHOBIY

00JIIKOBHX JOKYMEHTIB

Peectparop VYkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peeCTpallilo HAayKOBOIi IOpyenko TeTsaHa AHaToiiBHA

OisIIBHOCTI




