O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUM 00J1iKOBHI HOMeP: 0826U003984
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 27-07-2026

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. llumaHoBCHKUM AHZIPit PoMaHOBUY

2. Andrii Shymanovskyi

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crIeniaIbHOCTI: 105

Ha3zBa HayKoBoi creniaJbHOCTI: [TpukiajgHa disvka Ta HaHOMaTepiany

T'anyss / ranysi 3HaHb!

OCBiTHbo—HayKOBa nmporpama 3i CreniaJbHOCTI: ITpuknanHa Gisuka Ta HaHOMaTepiau

JlaTa 3axHcCTy:

CnenianbHICTB 32 OCBiTOMO: IIpukiasHa disuka Ta HaHOMaTepianu

Micue po60oTH 34,00yBava: XapkiBcbKuil HaljioHaIbHKI yHiBepcuTeT imeHi B. H. Kapasina

Kopg, 3a €IPIIOY: 02071205

Micuesnaxo,szeHHa: mangaH CBobonu, XapkiB, XapkiBcbkuil p-H., 61022, Ykpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi CleliaJai30BaHOi BYEHOI pazu). PhD 15064
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XapKiBChbKUil HALOHAJIBHMIT YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micueanaxonmeﬂnﬂ: mangaH CBobonu, XapkiB, XapkiBcbkuil p-H., 61022, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0COO0M: XapkiBCchbKMil HalliOHAIbHUI YHiBepcuTeT iMeni B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micue3HaxoaKeHH: maiinan CBo6ou, XapkiB, XapkiBCbKUi p-H., 61022, YkpaiHa

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi Ipo aucepTailiio
MoBga guceprTallii: Vkpaincoka
Koau remaTHYHHX py6an: 29.19.15, 29.19.21, 29.19.35, 29.19.03

Tema gucepranii:
1. CumerTpis, KOHCOMAAL A, MOLYIbOBAHI CTPYKTYPH IIaPaMETPY MOPSALKY

2. Symmetry, consolidation, modulated structures of order parameter

Pedepar/anoTamis:

1. lumaHoBchkuM A. P. CruMeTpist, KOHCOMMiaLlisl, MOLLy/IbOBaHi CTPYKTYPH IapaMeTpy NnopsuKy. — Ksamidikanifina
HayKoBa Ipalsl Ha IIpaBax pyKonucy. Jlucepralis Ha 3100yTTs HAYKOBOTO CTyIIeHs oKTopa ¢inocodii 3a
crienianbHicTio 105 - TIpuknagHa ¢isuka Ta HaHoMarepianu (Famyss 3HaHb 10 - [IpupogHUYi Hayky). — XapKiBCbKUN
HallioHa/IbHUH YHiBepcuTeT iMeHi B. H. Kapasina MiHicTepcTBa OCBiTH i HayKu YKpainu, Xapkis, 2026.
JuceprauiiiHa poboTa IIpUCBsiY€Ha KOMIIJIEKCHOMY TEOPETUYHOMY Ta (PEHOMEHOJIOTIYHOMY aHali3y BJIaCTUBOCTEN
IIPOCTOPOBO-MO/yJIbOBAHUX CTPYKTYP Pi3HOI PiznyHOi Mpupoau y TBEPAMX TijIaX (30KpeMa CErHETOEJIEeKTPUKaX Ta
meTanax). OCHOBHA yBara 30cepe/isKeHa Ha eBOJIOLi Ta cTabinbHOCTI X 06’€KTiB HAa OKOJINII TOYOK (Ha30BUX
nepexofiiB. Y BCTyIi 0O6IrpyHTOBAHO aKTyaybHICTh TEMH, BU3HAYEHO METY, 00'€KT, IpeMEeT Ta METOAU JOCJIiIKEeHHS.
CdopMysIbOBaHO HAYKOBY HOBU3HY Ta IPAKTUYHE 3HAUE€HHS Pe3yJbTaTiB, HABEIEHO BilOMOCTI ITPo anpoobariiio Ta
CTPYKTYpy po6oTu. Po3zin 1 MicTUTh O iTepaTypy oo Qpisuku NpoCTOPOBO HEOLHOPILHUX CTaHIB Y TBEPAUX
Tinax. PO3risiHyTO cucTemMu 3 OTHOKOMIIOHEHTHUM [IaPAaMETPOM MOPSAKY, IPUPOLAY HeCHiBMipHUX (a3 y

cerHeroesnekTpukax I ta I TumiBs, a TakOX Cy4acHi y3araJbHeHHs Teopii Jlanmay. Okpemy yBary nIpuzijieHO BILJIUBY



iHTEHCUBHOTI'O BUIIPOMIHIOBaHHS Ha (pa30Bi IEPETBOPEHHS B MOJIiOAEH]. Y pO31ii 2 ONMCaHO METOIUKY
OTIPOMiHEHHS MOJIi6IeHOBUX MileHel Ha mpuckoproBadyi TEMII-A Ta KOMIIJIEKC METOiB AOCITiIKeHHS iXHbOi
cTpykTypu 1 BinactuBocteil (CEM, PCA, mikpoTBepaicTs). Po3po6ieHO MaTeMaTU4Hy MOJeJib TEIJIOBUX IIPOLECiB Y
LUWIIHIPUYHUX KOOPAMHATAX, peasidoBaHy Ha MoBi Python. Moziesb 6a3yeTbcs Ha YMCEIbHOMY PO3B'sI3aHHi
HEJIiHIMHOTO PiBHSIHHS TEIJIONPOBIAHOCTI 3 ypaxXyBaHHSIM (Pa30BUX MEPEXO/iB Ta TEMIIEPATYPHUX 3aJI€KHOCTEN
BJIACTMBOCTe Martepiainy. Po3nin 3 npucssiyeHo po3poobii peHoMeHOoI0riyHOI Mozesti pa3oBUx repexois i3
BUHUKHEHHSM MOJYJIbOBaHUX CTPYKTYP. [IpoaHanizoBaHo ¢i3nyHMI 3MIiCT IrpalieHTHUX IOHAHKIB Y
TepMOAVHaMiYHOMY noTeHuiani. JJocmimkeHo cuenapii BuHUKHeHHS bell-conitoHHux Ta kink-cosiTonHux
CTPYKTYp, BU3HAY€HO YMOBHU iXHbOI TEPMOJIMHAMIYHO]I CTIIKOCTi Ta M0o6y0BaHO BifnoBinHi $Ha30Bi giarpamu.
Po3rsssHyTO 0CO6IMBOCTI pesiakcalii napameTpa NopsAKY B OPraHidyHUX cepefoBuIlax. Y po3fini 4 oTpUMaHO TOYHI
Ta HaOJIVKEHI aHAJIITUYHI pillleHHs 171 IPOCTOPOBUX PO3MOiJiB IapameTpa NOPSIKY, BUPAXEH] Yepes eJliNTUYHi
¢dyHkuii Sko6i (cuHyc, KOCUHYC, Ie/bTa-aMILIiTyly). TakoxX OTprMaHi yMOBHU iCHyBaHHS (a3, Ta yMOBaM MIOBHOI
eBoJioii (a3 BopsiakoBaHa-HecyMipHa-cymipHa. Po3zin 5 npucssueHo aHani3y ¢pa3oBux epeTBopeHb Ta eeKTiB
NOPYLIEHHS CUMETPii B MOJi6I€HOBUX MillIEHSIX Mif, [liel0 KOHIIEHTPOBAHUX IIOTOKIB iOHi3yl04Oro BUITPOMiHIOBAHHSI.
HaBeneHo pe3ybTaTy MOJEJIIOBAaHHS CTPYKTYPHUX 3MiH y MaTepiaji B eKkcTpeMaabHUX yMOBax. HaykoBa HOBU3HA
pOo6OTH MOJIsITae y HACTYNHOMY: 1. YI0CKOHa/IEHO (P€HOMEHOJIOTIYHMI ONUC (PA30BUX N1€PEXOLIB IJIs1 CUCTEM 3
MOJlyJIbOBAaHMMM CTPYKTyPaMU LHISIXOM JE€TaJILHOTO aHai3y rpalieHTHUX BHECKIB. 2. BUsIBI€HO yMOBH peastisalii Ta
CTabiJIbHOCTI HOBUX TUIIIB COJIiTOHHUX pileHs (bell- ta kink-Tuny) 3anexHo Big napameTpiB TEPMOIMHAMIYHOTO
noTeH1jany. 3. 3aCTOCOBaHO IPyNoBUi aHami3 (MetToau Teopii Ji) 1o BapialilHUX PiBHSHB, O ONUCYIOTh
HEeCIiBMipHi CTaHH, 10 JO3BOJIUJIO 3HAWTH Pi3Hi TUMIX PO3B’SI3KiB. 4. OTPUMAHO CIMENCTBO TOYHUX aHAJII TUYHUX
pillleHs 4J1s1 IPOCTOPOBOrO PO3MOAiNY IapaMeTpa NOopsAKY y popmi eninTuyHux QyHKLiN SIko6i. 5. BctanoBieHO
3aKOHOMIipHOCTI OpyILIeHHs CUMETPii Ta Ppa30Boi HeCTabiTbHOCTI MOJIIOIeHY Mifl, BIJIMBOM iHTEHCUBHOTO
OIpOMiHeHHS1. Pe3ysibTaTy BKJIIOYEHI IO IIPOrPaMu BIIPOBAIKEHHSI 32 BilOMYOI0 TEMOIO [HCTUTYTY €J1eKTPOQi3uKH i
pazianiiinux rexHosorit HAH Vkpainu «HaHomaciiTabHi CTPYKTYpHY B MeTasax i CIjlaBax Ik YMHHUK BILJIMBY Ha
pagianiiiHy CTiMKiCTb, €1eKTPO(i3nyHi Ta MEXaHi4Hi BJIACTUBOCTI».

2. Shymanovskyi, A. R. Symmetry, consolidation, and modulated structures of the order parameter. — Qualifying
research paper in the form of a manuscript. Thesis for the degree of Doctor of Philosophy in the speciality 105 -
Applied Physics and Nanomaterials (Field of Knowledge 10 - Natural Sciences). - V. N. Karazin Kharkiv National
University of the Ministry of Education and Science of Ukraine, Kharkiv, 2026. This thesis is devoted to a
comprehensive theoretical and phenomenological analysis of the properties of spatially modulated structures of
various physical natures in solids (in particular, ferroelectrics and metals). The main focus is on the evolution and
stability of these objects in the vicinity of phase transition points. The introduction justifies the relevance of the
topic and defines the aim, object, subject and methods of the research. The scientific novelty and practical
significance of the results are formulated, and details regarding the validation and structure of the work are
provided. Chapter 1 contains a review of the literature on the physics of spatially inhomogeneous states in solids.
Systems with a single-component order parameter, the nature of incommensurate phases in type I and II
ferroelectrics, and modern generalisations of Landau’s theory are considered. Particular attention is paid to the
effect of intense radiation on phase transitions in molybdenum. Chapter 2 describes the procedure for irradiating
molybdenum targets using the TEMP-A accelerator and details the comprehensive methods used to study their
structure and properties (SEM, XRD, and microhardness). A mathematical model of thermal processes in
cylindrical coordinates was developed and implemented in the software using Python. The model is based on the
numerical solution of the nonlinear heat equation, accounting for phase transitions and temperature-dependent
material properties. Chapter 3 is devoted to the development of a phenomenological model of phase transitions
involving the emergence of modulated structures. The physical meaning of the gradient terms in the
thermodynamic potential is analysed. Scenarios for the emergence of Bell-soliton and kink-soliton structures are
investigated, conditions for their thermodynamic stability are determined, and corresponding phase diagrams are
constructed. The peculiarities of the relaxation of the order parameter in organic media are examined. In Chapter
4, exact and approximate analytical solutions are obtained for the spatial distributions of the order parameter,



expressed in terms of elliptic Jacobian functions (sine, cosine, delta-amplitude). Conditions for the existence of
phases are also derived, as well as conditions for the complete evolution of phases from ordered to non-
commensurate to commensurate. Chapter 5 is devoted to the analysis of phase transformations and symmetry-
breaking effects in molybdenum targets under the action of concentrated ionising radiation fluxes. Results of
modelling structural changes in the material under extreme conditions are presented. The scientific novelty of the
work lies in the following: 1. The phenomenological description of phase transitions for systems with modulated
structures has been refined through a detailed analysis of gradient contributions. 2. The conditions for the
realisation and stability of new types of soliton solutions (bell- and kink-type) have been identified, depending on
the parameters of the thermodynamic potential. 3. Group analysis (methods of Lie theory) has been applied to
variational equations describing incommensurate states, which has enabled the discovery of various types of
solutions. 4. A family of exact analytical solutions for the spatial distribution of the order parameter in the form of
elliptic Jacobi functions has been obtained. 5. Patterns of symmetry breaking and phase instability in molybdenum
under the influence of intense irradiation have been established. The results are included in the implementation
programme under the departmental theme of the Institute of Electrophysics and Radiation Technologies of the
National Academy of Sciences of Ukraine: ‘Nanoscale structures in metals and alloys as a factor influencing
radiation resistance, electrophysical and mechanical properties’.
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