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Pedepar:

1. ¥ nuceprauiiiziilt po60Ti PO3IiisaeThCsl BUSIBJIEHHS CTPYKTYPHUX 3MiH Ta Bidyaslisalist BHyTPillHbOI 6y 0BU
00'€KTiB pi3HOi IPUPOJM METOJAMHU PEHTI€HIBCbKOTO Pa30BOro KOHTPACTY, @ TAKOXK AOCIIIPKYIOThCSI 3MiHU
ONTUYHUX BJIACTUBOCTEN MaTePiajliB y PEHTTE€HIBCBbKOMY [ialla30Hi B yMOBax AedopMallii, TENJIOBOTO PO3MINUPEHHS,
($a3oBuUX Nepexo/iiB, Bapiallill e71eMeHTHOro ckuany. JJuceprauniiHa po6oTa CKIaaeThCs 3i BCTYILY, YOTHPhOX
PO3[isiB, BUCHOBKIB, [lepeJliky BUKOPUCTaHUX JKepeJl Ta 0OJHOTo nogaTka. O6csr pucepTalii 158 cTopiHok
MAaIIVHOMKMCHOIO TEKCTY, OCHOBHA YaCTMHA CTaHOBUTH 124 CTOPIHKM Ta MiCTUTh 42 PUCYHKU. CIIMCOK BUKOPUCTAHUX
IpKepeJt BKitovae 151 HaliMeHyBaHHs. Pe3ybTatu aucepralii po60Tu ony6s1ikoBaHi y 4 HayKOBUX NpalsiX, M0

iHIeKCYIOThCSl HAYKOMETPUYHKUMU 6a3zamu Scopus Ta/a6o Web of Science. O6’eKToM LOCIiIKEHHS € TPUBUMIPHI



CTPYKTYPHI HEOZHOPIZHOCTI JOBIJILHOI reOMeTPHUYHOI (POPMU Bif MiKpO- 10 MiKPOCKOIIIYHOTO PO3Mipy y 3pa3Kax
SKMBOI Ta HEKUBOI IPHUPOAU. MeTol0 aHOI pOOOTH € NOCIiIKEeHHS BHYTPIlIHbOI 6Y0BU CKIaAHUX TPUBUMIPHUX
00’€KTIB i3 pi3HUMU 3HAYEHHSIMU IEKPEMEHTIB 3aJIOMJIeHHsI Ta KoedillieHTiB MOTJIMHAHHS METOJaMU
PEHTreHiBCbKOro ()a3oBOro KOHTPAcCTy. Y poOOTi po3p0o6JIeHO HOBUY MifXill MOAEII0BaHHS (PA30KOHTPACTHOTO
PEHTIeHiBCbKOT0 300pa’keHHSI METOJIOM BiJIbHOTO TIOLIMPEHHS Ha OCHOBI Teopii Ppenens-Kipxroda, ctBopeHo
reHepaTop TPUBUMIPHUX KOMITIOTEPHUX MOZeJIel ONITUYHO OJHOPITHUX Ta HEOAHOPITHUX, OJHOIIAPOBUX Ta
6araTouapoBUx, OJHOKOMIIOHEHTHUX Ta 6araTOKOMIIOHEHTHUX 3Pa3KiB [JOBiIbLHOI reOMeTpUYHOi (popmu,
peasi3oBaHO Ha NPAKTULi BIACHUN aJITOPUTM PO3PaxXyHKy TOBIIMH Ta 3CYyBiB (pa3 PEHTTE€HiBCbKOTO
BUIIpOMiHIOBaHHS (PB) mpu poxoKeHHi yepes JoCinKyBaHi 00’eKTH. 3aIIpOIIOHOBAaHO METOAUKY O0UKCIIEHHS
IleKpeMEeHTIB 3aJI0MJIeHHS Ta KoeillieHTiB OTJIMHAHHS METAaJIiB Ta iX CIJIaBiB HA OCHOBI BiIOMUX TEOPETUYHUX
CIiBBiJHOLIEHb Ta PE3YJIbTATiB MOJIEKYJISIPHO- JUHAMIYHOTO MOZEJIIOBAHHS. [IpoBeieHO MoeMoBaHHs AU paKLii
PB y cxeMi BiJIbHOTO NOWMPEHHS Ha 3pasKax 3 JiiHiMHUMY po3Mipamu mopsagky 0.1 MM i xapakTepHUMU 11714
6i0JI0riYHUX TKAHWUH ONTUYHUMU JleKpeMeHTaMu 3ajomiieHHs 107 -6. YV peaysibTarti JOCTiIKeHHsT po3paxoBaHO
posmnoginu inTeHcUBHOCTEN Ta 3MiH a3 PB Ha expaHi (IeTeKTopi), 110 110Ka3al0 MOKJIMBICTb OflepKaHHs 4iTKUX
300pakeHb 00'€KTIiB 3 MAJIMMU 3HAYEHHSIMU IEKPEMEHTIB 3a7I0MJIEHHS]. Peasi3oBaHO Ha NMPAKTULi METOAUKY
BiHOBJIEHHS GOpMU Ta PO3MipiB TPUBUMIPHOTO 06’€KTa 32 JOTIOMOTOIO [IPOTPAMHOTI0 aHali3y pe3yJbTaTiB
Ivdpakiii, oTpMMaHUX MiJ, pisHUMHU KyTamu. Ha OCHOBi CTBOPEHOT0 aJIrOPUTMY '€ HepyBaHHSI KOMITIOTEPHUX
MoJesell 6araTouapoBUx TPMBUMIPHUX 00'€KTiB HENPaBUJIbHOI FT€OMETPUYHOI (POPMU 3 Pi3HUMU IEeKPEMEHTAMU
3QJIOMJIEHHSI [17151 KOSKHOTO IIapy MPOBEAEHO AOCiIKEHHS BHYTPIlIHbOI 6araTomapoBoi CTPYKTypY ONTUYHO
HEOJHOPIIHUX 00'eKTiB 32 JOIIOMOTOI0 PEHTIeHiBChbKOI pa30KOHTPACTHOI Bidyasizalii. BuB4eHO BIIJIMB PO3MIpHUX
edeKTiB Ha B3aEMOJIiI0 MaTepiaiB 3 peHTTeHiBCbKUM BUIIPOMiHIOBaHHSIM. [ToKa3aHo, 110 SKiCTb 306paXkeHHs Ha
eKpaHi 3aJIe>KUTh Bif KizibKOCTi 30H @peHesns, sKi MOTPaNJIAOTh B 06J1aCTh T€OMETPUYHOI TiHi JOCiIKyBaHOTO
3pas3Ka Mpu NOUNPEeHHi XBUIbOBOro GPOHTY. BUBYEHO YyTJIMBICTh METOAY PEHTI€HIBChKOTO (pa30BOro KOHTPACTY
110 BiJHOIIEHHIO [0 MEXaHIYHUX Neopmaliill CTUCHEHHS-PO3TATY [1JIs1 MeTajlleBUX 3pa3KiB Ha OCHOBI ciiaBy Fe-
1.3%Cu-1%Ni. BukoHaHo inenTUdiKawio (pa3oBUX NEPEXOiB y KPUCTANAX YUCTOTO ZI' METOLOM PEHTTEHIBCbKOi
nudpaxkuii. O64yncieHo raubruHy NpoHuKHeHHS PB y meTtanesi crinasu Fe-13%Cr-(2,4,8)%Al npu pisHux
TemrepaTypax. [lokazaHO BUCOKY YyTJIMBIiCTh METO/Y PEHTTEHIBCHKOI0 (pa30BOr0 KOHTPACTY [0 MPOLIECiB,
IOB'SI3aHUX 3i 3MiHOIO €JIEKTPOHHOI I'YCTUHU. JlOCTIiI>KeHO 0CcO6MBOCT] (POpMyBaHHS AUPPaKLiHUX KapTUH
00'eKTiB IIPY BUKOPUCTAHHI IPOTSDKHUX JPKE€PEJl PEHTI€HIBCbKOTO BUIIPOMIHIOBAHHS 3 YPaXyBaHHSIM CTYIEHIO iX
IIPOCTOPOBOI KOT€PEHTHOCTI. BUKOPUCTOBYIOUM TeOPETHUYHI [T0JI0KeHHs TeopeMmu Ban Liutrepra LlepHike, 6yy10
IIPOBEJIEHO PO3PAXYHKU PO3MIipiB 06J1aCTi KOT€pEeHTHOCTI /111 KBa3iIMOHOXPOMAaTUYHOTrO fKepea. [Ipu nbomy
BPaxOBYBAJINCh TaKi BAKJIMBI IapaMeTpH sIK: (i3nyHi po3mipu mpKepesa, XapakTep PO3MoAiNy iHTEHCUBHOCTI
BUIIPOMIHIOBaHHS Ta M0ro JOBXUHA XBUJIi. Ha OCHOBI OTpUMaHuX AaHKUX O6yJI0 BU3HAUYE€HO ONTUMAJbHI BiICTaHi MK
I)KepeJioM BUIIPOMiHIOBAHHS Ta JOCIIKYBaHUM 00'€eKTOM, 110 3a0€31e4yI0Th MAaKCUMaJIbHY YiTKiCTb Ta SKIiCTb
300pa’KE€HHS 3pa3Ka IIpU 33/JaHUX EKCIIEPUMEHTAIbHAX YMOBax. Pe3ysibTaTy 4aHoro gucepTauiHoro AOCaiIpKeHHSs
MO>YTb OyTH KOPHCHI cHleljasictaM y raaysi MaTepiao3HaBCTBa, 6i0s10rii Ta MEAULIMHY, JOTIOMOXYThb
ONTUMI3yBaTU NIPOLeCH NiarHOCTUKY MaTepiaJiB, BUSBISTY NePEeKTU Ta AOCIIIPKyBaTU CTPYKTYPHI XapaKTepUCTUKU
00’€KTiB pi3HOi IPUPOJY 3 METOIO MiJIBUILIEHHS O€3I1eKH Ta IKOCTi IPOLYyKILii, BUPillleHHS OCHOBHUX IPOOJIEM
MEJMYHO] IiarHOCTUKU: 3MEHIIEHHS 1031 OIIPOMiHEHHS, MiJIBUILEHHS PO3A1JIbHOI 31[aTHOCTI Ta KOHTPACTHOCTI JJIs

Bi3yasisanii M'SIKUX TKaHUH.

2. The thesis examines the detection of structural changes and visualization of the internal structure of objects of
various nature using X-ray phase contrast methods. Changes in the optical properties of materials in the X-ray
range under conditions of deformation, thermal expansion, phase transitions, variations in elemental composition
are also investigated. The thesis consists of an introduction, four chapters, conclusions, a list of used sources and
one appendix. The volume of the thesis is 158 pages of typewritten text, the main part is 124 pages and contains 42
drawings. The list of used sources includes 151 names. The results of the thesis work are published in 4 scientific
works indexed by the Scopus and/or Web of Science databases. The object of the research is three-dimensional

structural inhomogeneities of arbitrary geometric shape from micro to microscopic size in samples of living and



non-living nature. The purpose of this work is to study the internal structure of complex three-dimensional
objects with different values of refraction decrements and absorption coefficients using X-ray phase contrast
methods. In this paper, a new approach to modeling phase-contrast X-ray images using the free propagation
method based on the Fresnel-Kirchhoff theory was developed, a generator of three-dimensional computer models
of optically homogeneous and heterogeneous, single-layer and multilayer, single-component and multi-
component samples of arbitrary geometric shape was created, an own algorithm for calculating thicknesses was
implemented in practice and phase shifts of X-ray radiation when passing through the studied objects. A method
of calculating the refraction decrements and absorption coefficients of metals and their alloys based on known
theoretical ratios and the results of molecular dynamic modeling is proposed. Simulation of X-ray diffraction in the
free propagation scheme was carried out on samples with linear dimensions of the order of 0.1 mm and optical
decrements of refraction of 10™-6 characteristic of biological tissues. As a result of the study, distributions of
intensities and phase changes of X-rays on the screen (detector) were calculated, which showed the possibility of
obtaining clear images of objects with small values of refraction decrements. The technique of restoring the shape
and dimensions of a three-dimensional object using software analysis of diffraction results obtained at different
angles has been implemented in practice. On the basis of the created algorithm for generating computer models of
multilayer three-dimensional objects of irregular geometric shape with different refraction decrements for each
layer, a study of the internal multilayer structure of optically heterogeneous objects was carried out using X-ray
phase contrast imaging. The influence of dimensional effects on the interaction of materials with X-ray radiation
has been studied. It is shown that the quality of the image on the screen depends on the number of Fresnel zones
that fall into the region of the geometric shadow of the studied sample during the propagation of the wave front.
The sensitivity of the X-ray phase contrast method in relation to compression-tension mechanical deformations
for metal samples based on Fe-1.3%Cu-1%Ni alloy was studied. Phase transitions in pure Zr crystals were identified
by X-ray diffraction. The depth of X-ray penetration into Fe-13%Cr-(2,4,8)%Al metal alloys at different
temperatures was calculated. The high sensitivity of the X-ray phase contrast method to the processes associated
with changes in electron density is shown. The peculiarities of the formation of diffraction patterns of objects
when using long-range sources of X-ray radiation are studied, taking into account the degree of their spatial
coherence. Using the theoretical provisions of the Van Zittert Zernike theorem, the dimensions of the coherence
region for a quasi-monochromatic source were calculated. At the same time, such important parameters as: the
physical dimensions of the source, the nature of the radiation intensity distribution and its wavelength were taken
into account. On the basis of the obtained data, the optimal distances between the radiation source and the object
under study were determined, which ensure the maximum clarity and image quality of the sample under the given
experimental conditions. The results of this thesis research can be useful to specialists in the field of materials
science, biology and medicine, will help to optimize the processes of materials diagnosis, detect defects and study
the structural characteristics of objects of various nature with the aim of increasing the safety and quality of
products, solving the main problems of medical diagnostics: reducing the radiation dose, increasing resolution and
contrast for imaging soft tissues.
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2. Oleksandr Lebed

KBasigikanis: 1. ¢.-m. u., c.z., 01.04.02, 104

Imentudikarop ORCID ID: 0000-0002-3680-9202

JoparkoBa indpopmamnist:

IToBHEe HafIMeHyBaHHH lopn,rmquoi ocoou: IHcTuTyT npuknagHoi ¢pisuku HanjoHanbHOI akapemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: ByJ. [leTpomnasiniBebka, 6yz. 58, Cymu, Cymcekuil p-H., 40000, Yrpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudikarop ROR:

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacwue IlpizBume Im'a Ilo-6aTbKOBI:

1. JlisyHoB BsiuecsiaB BsiuecnaBoBuy

2. Viacheslav V. Lizunov
KBasidikanis: 1. ¢.-m. ., npodecop, 01.04.07
InenTudgikarop ORCID ID: 0000-0002-3264-0219

JoparkoBa inHdpopmamnist:



IIoBHe HaﬁMeHyBaHHﬂ IOpPI,uH‘{HOi 0COOM: IHcTutyT Metanodisuku im. I'. B. Kypatomosa HanioHanbHoi

akazeMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417331

Micue3HaxoaKeHHS: oysbBap Akanemika Bepnaacokoro, 6yg. 36, Kuis, 03142, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu

InenTudikarop ROR:

Baacue IlpizBumie Im's I1o-6aTbKOBI:

1. OpnopBopeus Jlapuca BasieHTuHIBHA

2. Larysa Odnodvorets

KBasigikanis: n. ¢.-m. ., npodecop, 01.04.01

Inentudikarop ORCID ID: 0000-0002-8112-1933

JoparkoBa indopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMChbKMIi J€PKABHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 05408289

Micuesnaxon)KeHHﬂ: ByJI. XapKiBCbKa, Oy1. 116, Cymu, Cymcopkuii p-H., 40007, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Penensentu

BiacHe IIpizBuie Im'sa ITo-6aThKOBI:
1. Xapuenko JImutpo Osnerosud

2. Dmytro O. Kharchenko

KBasigikamis: 1.¢.-m.1., npodecop, 01.04.02

InenTudgikarop ORCID ID: 0000-0003-3855-313X

HoparkoBa indpopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/IJ.IH‘-IHOi ocoomH: IHcTuTyT npukiagHoi ¢pisuku HanjoHanbHOI akagemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: ByJ. [leTpomnasiniBcebka, 6yg. 58, Cymu, Cymcbkuil p-H., 40000, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:



1. KasyrinkeBuu Osiekciii MUKoO1ai10BUY

2. Oleksii Kalinkevych

KBasigikanis: k. ¢.-m. 1., c.z1., 03.00.02, 104

ImenTudikarop ORCID ID: 0000-0002-4793-7568

JoparkoBa indopmamnist:

ITIoBHe HaﬁMeHYBaHHﬂ Iopu,qnqﬂoi 0COoOM: IHcTuTyT npukiagHoi Ppisuky HanjoHanbHOI akagemii Hayk

Ykpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: ByJ. [leTpomnasiniBcebka, 6yg. 58, Cymu, Cymcbkuit p-H., 40000, Ykpaina

dopma BracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YkpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpizBuie Im'sa ITo-6aTbKOBI

TOJIOBH pajgu

ByacHe IlpizBume Im's ITo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasnbHUI 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peeCTpallilo HAayKOBOi

OisSIIBHOCTI

[TonomaproB Osnekcanzgp 'eopriiosuy

[TonomaproB OnekcaHup ['eoprifioBuy

Bopommuio Onekciii IBaHOBUY

VKpIHTEI

Opuenko TersHa AHaTosIiiBHA



