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1. BusgByieHHs 3MiH ONITUYHUX BJIACTUBOCTEN Ta CTPYKTYPHHUX HeOILHOpiﬂHOCTeIZ MaTepiaJ’[iB METOJaMU

PEHTreHiBCbKOrO (pa30BOro KOHTPACTY.

2. Detection of changes in optical properties and structural inhomogeneities of materials by X-ray phase contrast
methods.

Pedepar:

1. Y pucepraniiiHiii po60Ti pO3IJISIaeThCs BUABIEHHS CTPYKTYPHUX 3MiH Ta Bidyaslisallis BHYTPilIHbOi Oy10BU
00’eKTiB Pi3HOI IPUPOJY METOJAMHU PEHTT€HIBCHKOTO (Pa30BOTO KOHTPACTY, & TAKOXK JOCJIIIPKYIOTbCS 3MIiHI
ONITUYHUX BJIACTUBOCTEN MaTepiasliB y peHTTeHIBCbKOMY [lialla3oHi B yMOBax AedopMaliii, TEIIJIOBOrO PO3MINPEHHS,
(a3oBUX NIepexo/liB, Bapiallill e71eMeHTHOro ckiany. JJuceprauiiHa poboTa CKIalaeThCs 3i BCTYILY, YOTUPbOX

PO31IiiB, BUCHOBKIB, ITepeJIiKy BUKOPUCTAHUX J3KepeJl Ta OOHOTO nopaTka. Obcsr nucepTanii 158 cTopiHOK



MAaIIMHOMKMCHOIO TEKCTY, OCHOBHA YaCTVMHA CTaHOBUTH 124 CTOPIHKM Ta MiCTUTH 42 pUCYHKU. CIIMCOK BUKOPHCTAaHUX
mxeper Bkioyae 151 HafimeHyBaHHS. Pe3ysbraty gucepralii po6oTH oIy6s1iKoBaHi y 4 HAyKOBUX IIPALsX, 110
iHIeKCYIOTbCSl HAYKOMETPUYHMUMU 6a3zamu Scopus Ta,/ab6o Web of Science. O6’eKToM LOCHiIKEHHS € TPUBUMIPHI
CTPYKTYPHI HEOZHOPIZHOCTI JOBIJILHOI reOMeTPHUYHOI (POPMU Bif, MiKpPO- 10 MiKPOCKOIIYHOTO PO3Mipy y 3pa3Kax
JKMBOI Ta HEXXUBOI IPUPOAX. MeTo0 AaHOi po6OTH € INOCTiIKEHHS BHYTPIlIHbOI Oy/10BY CKJIAIHUX TPUBUMIPHUX
00’€KTIB i3 pi3HUMM 3HAYEHHSIMU IEKPEMEHTIB 3aJIOMJIeHHs Ta KoedillieHTiB MMOTJIMHAHHS METOJlaMU
PEHTreHiBCbKOro (azoBoro KOHTPAcTy. Y po0OTi po3p0o6sieHO HOBUH MifXil MOAEII0BaHHS (Pa30KOHTPACTHOTO
PEHTreHiBCbKOT0o 306pakeHHSI METOJIOM BiJIbHOTO TIOLIMPEHHS Ha OCHOBI Teopii @penens-Kipxroda, ctBopeHo
reHepaTop TPUBUMiPHUX KOMITIOTEPHUX MOZEJEN ONTUYHO OJAHOPIIHUX Ta HEOOHOPIIHMX, OGHOMAPOBUX Ta
6araToiapoBux, OGHOKOMIIOHEHTHUX Ta 6araTOKOMITIOHEHTHUX 3Pa3KiB IOBLIbHOI reoMeTpuyHOoi hGopmy,
peasi3oBaHO Ha NPAKTULi BIACHUN aJITOPUTM PO3PaxXyHKy TOBIIMH Ta 3CYyBiB (pa3 PEHTT€HiBCbKOTO
BUIIPOMiHIOBaHHS (PB) Ipy npoxoIKeHHi yepe3 AOoCiIKyBaHi 06'€KTU. 3alIpOIIOHOBAHO METOAUKY O0UHUCIIEHHS
IleKpeMEHTIB 3aJI0MJIeHHSI Ta KoeillieHTiB OTJIMHAHHS METAaJIiB Ta iX CIJIaBiB HA OCHOBI BiTOMUX TEOPETUYHUX
CIIiBBiJHOLIEHb Ta PE3YJIbTaTiB MOJIEKYJISIPHO-JUHAMIYHOTO MOJEJIIOBAaHHS. [IpoBejeHO MofeMoBaHHs AU paKLii
PB y cxeMi BiJIbHOTO NOWMPEHH Ha 3pasKax 3 JiHiMHUMY po3Mipamu mopagky 0.1 MM i xapaKTepHUMU 1714
6i0JI0TIYHUX TKAHWUH ONTUYHUMU JleKpeMeHTaMu 3asomyieHHs 107 -6. YV peaysibTarti JOCTiIKeHHsT po3paxoBaHO
po3noiny iHTeHCUBHOCTe Ta 3MiH ¢a3 PB Ha ekpaHi (meTekTopi), 1110 MOKa3anio MOXKJIUBICTb OJIEP>KaHHS YiTKUX
300pa’KeHb 00'€KTIiB 3 MAJIMMU 3HAYEHHSIMU JIEKPEMEHTIB 3aJIOMJIEHHS. Peasnii3oBaHO Ha MPaKTULi METOAUKY
BiZIHOBJIEHHS! (OPMU Ta PO3MIPiB TPUBUMIPHOTO 06’€KTa 32 AOMOMOTOI0 IIPOrPAMHOTO aHali3y pe3yJbTaTiB
oudpakiii, oTpUMaHuX Mif, pisHUMHU KyTamu. Ha OCHOBi CTBOPEHOT0 aJIrOPUTMY '€ HEPYBaHHSI KOMITIOTEPHUX
MoJeJsiel 6araTouapoBUx TPMBUMIPHUX 00'€KTiB HENIPaBUJIbHOI FeOMETPUYHOI (POPMU 3 Pi3BHUMU IeKpEMEHTAMU
3aJIOMJIEHHS )11 KOKHOTO MIapy MPOBEIEHO NOCIiIPKEHHS BHYTPIIIHbOI 6araTomapoBoi CTPYKTypU OIITUYHO
HEOJHOPIIHUX 00'€KTiB 32 JOTIOMOTOI0 PEHTIeHiBChbKOI Pa30KOHTPACTHOI Bidyasizalii. BuBUeHO BIIJIMB PO3MIPHUX
edeKTiB Ha B3aEMOJI{I0 MaTepiasiB 3 peHTTeHiBCbKUM BUIIPOMiHIOBaHHSIM. [T0Ka3aHo, 1[0 SIKiCTh 306paXkeHHs Ha
€KPaHi 3aJIE>KUTB Bifl KiZIbKOCTi 30H PpeHes, sKi NOTPaIJIsioTh B 06J1aCTh T€OMETPUYHOI TiHi JOCIIKYBaHOTO
3pasKa I1py MOMMPEHHI XBUJIbOBOrO (GPOHTY. BUBYEHO 4y TIMBICTb METOMly PEHTTEHIBCHKOTO (pa30BOr0 KOHTPACTY
I10 BiJHOIIEHHIO JJ0 MEeXaHIYHUX Neopmaliill CTUCHEHHSI-PO3TATY /1JIsl MeTajleBUX 3pa3KiB Ha OCHOBI criaBy Fe-
1.3%Cu-1%Ni. BukoHaHo ineHnTU}iKaLio (a30BUX NEPEXOiB y KPUCTANAX YUCTOTO ZI' METOJOM PEHTTEHIBCbKOi
nudpakuii. O6uncieno raubuny npoHUKHeHHs PB y meTanesi ciinasu Fe-13%Cr-(2,4,8)%Al ipu pisHux
TemrepaTypax. [IokazaHO BUCOKY UyTJIMBICTh METOJYy PEHTI€HiBCbKOTO (pa30BOr0 KOHTPACTY /10 NMPOLECIB,
IIOB'SI3aHUX 3i 3MiHOIO €JIEKTPOHHOI I'yCTUHU. JlOCTiI>KeHO 0co6aMBOCTi (popMyBaHHS AUPPaKLiTHMX KapTUH
00'eKTiB IIPY BUKOPUCTAHHI IPOTSDKHUX JKEPEJl PEHTI€HiBCbKOTO BUIIPOMiHIOBAHHS 3 YpaxXyBaHHIM CTYIEHIO iX
IIPOCTOPOBOi KOT€PEHTHOCTI. BUKOPUCTOBYI0UM TEOPETHUYHI NOJI0KEHHS Teopemu Ban Llutrepra LlepHike, 6yi1o
IIPOBEJIEHO PO3PAaXyHKU PO3MipiB 06J1aCTi KOTepEeHTHOCTI /1151 KBa3iMOHOXPOMATUYHOTO Kepeia. [Tpu nbomy
BPaxOBYBaJIUCh TaKi BAKJIMBI IapaMeTpH sIK: (i3nyHi po3mipu IpKepesia, XapakTep Po3Mo/iny iHTEHCUBHOCTI
BUIIPOMIHIOBAaHHS Ta MOr0 JOBXMHA XxBUJi. Ha OCHOBI OTpUMaHUX JaHUX 0YJI0 BU3HAYEHO ONTHMMAJIbHI BiICTaHi MK
I)KepeJioM BUIIPOMiHIOBAHHS Ta JOCJIIKYBAaHUM 00'€KTOM, 110 326€3Me4YyI0Th MAKCUMaJIbHY YiTKiCThb Ta SIKICTbh
300pakKeHHS 3pa3Ka IPY 3aJJaHUX €KCIIEPMMEHTAIbHAX YMOBaX. Pe3yibTaTy JaHOTO IUCEPTALiTHOTO JOCTiIKEHHS
MOXYTb OyTH KOPHUCHI cIlelliajlicTaM y rajysi MaTepiajlo3HaBCTBa, 6i0J0rii Ta MeIULIMHY, OTIOMOXYTb
ONTUMI3yBaTU MPOLECH NiarHOCTUKM MaTepiasliB, BUSBJIATY NePEKTU Ta AOCIIiIPKyBaTU CTPYKTYPHI XapaKTepUCTUKU
00'€KTiB pi3HOi IPUPOJY 3 METOIO MiIBUILIEHHS 6€3I1eKH Ta IKOCTi IPOLYyKILii, BUpillleHHSI OCHOBHUX IPO6JIEM
MEJUYHOI IiarHOCTUKU: 3MEHIIEHHS 031 OIIPOMiHEHHS, MiJIBUILEHHS PO3A1JIbHOI 3aTHOCTI Ta KOHTPACTHOCTI 115

Bisyasisanii 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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1. Jle6enp Onexkcannp AHaTOiNOBUY

2. Oleksandr Lebed

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

Imentudikarop ORCHID ID: 0000-0002-3680-9202

JoparkoBa iHdpopmamnist:

IToBHE HaﬁmeHyBaHHH Iopn,zmqﬂoi ocoomu: [ncTuTyT npukiagHoi ¢isuku HanioHanpHOI akamemii Hayk
Ykpainu

Kog 3a €IPIIOY: 05399225

Micue3HaxoO KeHHS: By [letponasiBebka, 6ya. 58, Cymu, Cymcbkuii p-H., 40000, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHmi1

VII. BizomocTi npo odilliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. JlisyHoB BsiyecsiaB BssyecnaBoBuy

2. Viacheslav V. Lizunov

KBasigikamis: 1. ¢.-m. ., npodecop, 01.04.07



I,T.[eHTI/I(l)iKaTop ORCHID ID: 0000-0002-3264-0219
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI OPUAHUYHOI 0COOH: IncTUTYT MeTanodisuku im. I. B. Kypaomosa HaujoHambHoi

akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05417331

Micue3HaxoaKeHHS: 6ysbBap Akazemika Bepnapacekoro, 6ya. 36, Kuis, 03142, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

CeKTop HayKH: AkafeMivHuit

BaacHe IlpizBume Im's I10-6aThKOBI:

1. OpnopBopens Jlapuca BaseHTuHiBHA

2. Larysa Odnodvorets

KBasigikamis: 1. ¢.-m. ., npodecop, 01.04.01

Imentudikarop ORCHID ID: 0000-0002-8112-1933

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHUIHYHOI 0COOM: CyMCbKUIl A€PKaBHMUIA YHIBEPCUTET
Kopg 3a €IPIIOY: 05408289

Micue3HaxoaKeHHS: By/1. XapkischbKa, 6y1. 116, Cymu, Cymcbkuii p-H., 40007, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUIL

PeuenseHTu

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. Xapuenko [Imutpo Osierosud

2. Dmytro O. Kharchenko

KBasigikanis: 1.¢.-m.1., mpodecop, 01.04.02

InenTudikarop ORCHID ID: 0000-0003-3855-313X

JoparkoBa indpopmamnist:

IToBHE HaﬁMCHyBaHHH Iopn,zmqﬂoi 0Cco0H: IncTuTyT npukiagHoi ¢isuku HanjioHanpHOI akapemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05399225

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



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂZ HanjonanbHa akageMid HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafieMivHuiT

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KaninkeBn4y Osekciii MukosaioBu4

2. Oleksii Kalinkevych
KBasigikanis: k. ¢.-m. 1., c.z1., 03.00.02, 104
InenTudikarop ORCHID ID: 0000-0002-4793-7568

JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOH: [HcTUTYT npuKiagHoi disuku HanjoHansHoi akagemii Hayk

Ykpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: ByJ1. IleTponasiiBcbka, 6ya. 58, Cymu, Cymcekuit p-H., 40000, Ykpaina

dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkaneMidHuit

VIII. 3aKkJIr04Hi BiZoMOCTi

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBi

rOJIOBH pagu

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBI

roJIOBYIOYOroO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

[TonomaproB OnekcaHup ['eoprifioBuy

[TonomaproB Onekcanzgp 'eopriiioBuy

Bopommuio Onekciii IBaHOBMY

VKpIHTEI

[Opuenko TersHa AHaTosiiBHA



