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Pedepar/anoTanis:

1. Y po60Ti po3B’s13aHO Ba)KJIMBE HayKOBO-TIPMKJIAZAHE 3aBJAHHS — PO3POOJI€H~HS MAaTEMAaTUYHUX MOZesei
PO3paxyHKy 1 onTyMisanii pisMyHUX XxapaKTE€pPUCTHK HEOJHOPIIHUX MaTepialiB, ONPOMiHEHUX aKyCTUYHUM i
esiekTpoMarHitTHuM (EM) nosissmu. Pe3ysibTaToOM pO3B'sI3aHHS L[bOTO 3aBJaHHS € MOZEJli PO3CilOBaHHS aKyCTUYHHUX Ta
EM xBujb Ha CyKyITHOCTI BKJIIOYE€Hb MaJIOTO PO3Mipy, Ha MOBEPXHI SIKUX 3a[aI0ThCs iMIIEJAHCHI TPaHNYH] YMOBH.
Takox po3po6s1€eHO aHATITUYHO-YUCIOBI METONIU NOCiIPKEHHS XapaKTePUCTUK PO3CiIOBaHHS HA TaKUX
BKJIFOYEHHSIX 3 [10JAJIbIIMM BUKOPUCTAHHSM [1JI1 MOZEJIIOBAaHHS MaTepiajliB, IOKa3HUK 3aJIOMJIEHHS Ta MarHiTHa
[IPOHUMKHICTD SIKWX BiZIPi3HAIOTHCS Bifj BIaCTUBOCTEN IIOYAaTKOBOro Martepiaiy. Po3pobiieHe nporpamMHe

3a6e3nevyeHHs MOKe 6YTI/I BUKOPUCTAHE B CUCTEMAX aBTOMATU30BAHOT'O ITPOEKTYBAHHSA MaTepiaHiB 3 HOBUMU



(i3MYHMMU BJIACTUBOCTSIMU, IPUAATHUMU [1J1s1 6QraTbOX TEOPETUYHUX i NPUKJIATHUX JOCTIIKeHb. O6'€KTOM
IOCIIIIPKEHHS € TIPOLLECU B3a€MO/Ii aKyCTUYHUX Ta €JIEKTPOMArHITHUX XBUJIb 31 CTPYKTYPaMU HEOAHOPIIHUX
Marepiais. [IpegMeTOM JOCIIIIKEHHS € MAaTEMATUYHI MOJI€Jli aKyCTUYHOTO i €JIEKTPOMAarHiTHOrO PO3CiIOBaHHS Ha
CYKYIIHOCTi BKJIIOYEHDb MAJIOro po3Mipy. HaykoBa HOBM3HA OEP>KaHUX PE3yJIbTATiB JUCEPTALIMHOI pOOOTH MOJISITae
B TakoMy: 1. Yiepie po3po6sieHO MaTeMaTUYHY MOZEJb PO3CiI0BAaHHS aKyCTUYHUX i €JIeKTPOMArHiTHUX XBUJIb HA
CYKYITHOCTI iMIIEJaHCHUX BKJIIOYE€Hb MaJIOTO PO3Mipy y BUNAAKY iXHBOI'O HEPETYJISIPHOTO Ta XaOTUYHOTO
pO3MilleHHs. 2. 36DKHICTh METOAY MOCiJOBHUX HAOJIMXEHDb PO3B'SI3aHHS TONIOMDKHUX CUCTEM JIHIMHUX
anrebpaiyHUX PiBHSHb BCTAHOBJIEHO HA OCHOBI YMCJIOBUX JJAHUX Ta BUBHAYEHO EMITIPUYHI YMOBU 3aCTOCOBHOCTI
aCUMITOTUYHOTO METOY (TOPOTroBi 3HaYeHHS CHiBBifHOMmEHHs d/a, e d — BifCTaHb MK BKIIIOUEHHSIMU, 2 8 —
iXHill XxapakTepHUI1 po3Mip), 3a SIKUX iTepaliiiHuil npouec 36iraeTsest. 3. TOYHICT aCUMITOTUYHOTO METOLY
BCTAQHOBJIEHO Ha OCHOBI IIOPiBHSHHS 3 €Ta-JIOHHUM PO3B'SI3KOM, OTPMMaHUM 3 BUKOPUCTAaHHSM METOY MOTEHIiaiB
Jeb6as, sKuil aIanToBaHO Ha BUMAJIOK JiMICHUX 3HAYEHb JieJIeKTPUIHOI IPOHUKHOCTI. 4. Po3pobieHo cxemy
00€pHEHOro CUHTe3y e(eKTUBHOI MarHiTHOI IPOHMKHOCTI, Y SIKifl IBHUM aCUMIITOTUYHUI onlepaTop npsimoi EM
3a/1a4i NOeJHAHO 3 OOMEKEHUM r€HETUYHMM aJITOPUTMOM; YMOBHU 3aCTOCOBHOCTI aCUMIITOTMYHOI MOJIei
3a26€311e4yI0TbCsl 6e3M0CcepeaHbO Mif yac POPMYyBaHHS TapaMeTPiB MiKPOCTPYKTYPH, a KIIIOUOBI IIPUMYLIEHHS
NpsAMOi 3a7a4i MigTBEPI)KEHO HE3ATIEKHMMU YMCJIOBUMHU TeCTaMU. [IpakTUYHe 3Ha4€HHS OTPUMAHUX Pe3yJIbTaTiB: 1.
Ha ocHOBi MaTeMaTUYHUX MOJiesIel 3a71a4 PO3CilOBaHHS pO3pO06JIEHO METOIM 1 aJIFTOPUTMU PO3BsI3YBaHHS 3334
akyctudHoro Ta EM po3ciloBaHHS Ha CyKYIIHOCTi BKJIIOYEHB MAJIOTrO POo3Mipy. 2. Po3po6y1eHO e(peKTUBHUI METOZ,
PO3MillleHHA BKJIIOYEHD B OJHOPIZHOMY Ma-TepiaJi, SKUi [Jj1s HEPETyJISIPHOro Ta XaOTUYHOTO PO3IIOLiNY BpPaXOBy€e
0oOMe>KeHHSI Ha CIiBBiTHOUIEHHS] TeOMETPUYHUX PO3MipiB BKJIIOUEHb i BificTaHi Mi>k HUMU. 3. Ha 0CHOBI
PO3pO06JIEHUX aJITOPUTMIB Peasi3oBaHO NPOrpaMHe 3a0e3MeYeHHs 171 PO3PaxXyHKy [10Ka3HUKA 3aJI0MJIEHHS Ta
MarHiTHOI IIPOHMKHOCTI HEOAHOPINHUX MaTepiaiB. 4. OTprUMaHi pe3yabTaTy YUCIIOBOTO MOJEIIIOBAHHSA MOXYTh
CJIYTyBaTU OCHOBOIO 111 peKOMeHAalliil oo popMyBaHHS MaTepiasliB 3 Harnlepe], 3aJaHUMU [TI0Ka3HUKOM
3aJIOMJIEHHSI Ta MArHiTHOIO TPOHMKHICTIO. PO60Ta cKylafaeTbCs 3i BCTYILY, ITSITH PO37iJiB, BUCHOBKIB, IIEPEJIiKY
BMKOPHUCTAHUX JIXepeJ i 4OJATKy. Y BCTYIIi BUCBITJIEHO aKTyaJbHICTb TEMATUKU AOCIiIPKEHD i OOIPYHTOBAaHO BU-0ip
TeMU; CPOPMYJIbOBAHO METY, 00’€KT, IpeIMET i 3aBJjaHHS JUCEPTaLiliHOI poOOTH; BiOGPa’)KEHO HAYKOBY HOBU3HY
Ta [PaKTUYHE 3HAYEeHHS OTPUMaHUX Pe3yJbTaTiB; BKa3aHO 3B’130K pOOOTH 3 HAYKOBMMU ITpOrpaMamMi i HAyKOBO-
OOCJIiZHAMU TEMaMU [HCTUTYTY. Y [IE€PIIOMY PO3JiJli IPOBENEHO OIJILH, JITEPATypy 32 TEMOIO IUCEPTALITHOTO
TOCJIiIPKEHHS], OKPECJIEHO OCHOBHI IIPO6JIeMY, SIKi TOTPEOYIOTh OJAbUIOr0 PO3BSI3aHHS Mifl 4ac AOCIiIKEeHHS
PO3Cil0BaHHS Ha 00’€KTax Majioro po3mipy. Jpyruil po3zisi IpUCBIYE€HO ACUMIITOTUYHUM METOZaM Ta YNCJIOBOMY
aHaJIi3y NpsSMUX 3aa4 PO3CiIOBaHHS Ha CUCTEMAX MaJMX BKJIIOYEHb. [IofaHo 3arajbHy iiet0 aCUMITOTUYHOTO
niAxony, CHiIbHY 17151 akycTUYHUX Ta EM xBuiib. TpeTiil po31in NprCBsYeHO BUKOPUCTAHHIO NTOTeHL amiB [le6as nig
IIOCTAHOBKY 1 PO3B'SI3aHHS 3a7jaui €JIeKTPOMArHiTHOTO PO3Cil0BaHHS 3 METOIO NIEPEBiPKU aleKBaTHOCTI
3aMPOMIOHOBAHOr0 ACUMIITOTUYHOTO MiX0y. Y Y4€TBEPTOMY PO31iji PO3IJISIHYTO MOJIEJIIOBAaHHS MaTepPialbHUX
BJIACTMBOCTEM HEOJHOPIIHUX CEPENOBUIL HA OCHOBI aCUMIITOTMYHOIO PO3B's13Ky NpsiMoi 3aaayi. IT'satuit po3gin
IIPUCBSIYEHO NIOCTAaHOBL ONTUMI3aLifHUX 334a4, HA OCHOBI IKMX OTPMMAHO 3Ha4eHHs! (i3UYHUX TapaMeTpiB
HEOJHOPiHOro MaTepiay, 6;113bKi 70 3aiaHNX. BUCHOBKY NTPHCBSY€HO BUCBITJIEHHIO OCHOBHUX HAyKOBHUX i

IIPaKTUYHUX PE3yJIbTaTiB, OTPUMAHUX Y PE3yJIbTaTi IPOBEJEHHS IUCEPTalLiiiHOi po6OTH.

2. The work solves important scientific and applied problem — development of mathematical models for
calculating and optimizing the physical characteristics of heterogeneous materials irradiated with acoustic and
electromagnetic (EM) fields. The result of solving this problem is the scattering models of acoustic and EM waves
on a set of small-sized inclusions, on the surface of which impedance boundary conditions are set. Analytical and
numerical methods for studying the scattering characteristics on such inclusions have also been developed, with
subsequent use for modeling materials whose refractive index and magnetic permeability differ from initial ones.
The developed software can be used in automated design systems for materials with new physical properties. The
object of the study is interaction processes of acoustic and EM waves with the structures of inhomogeneous
materials. The subject of the study is mathematical models of acoustic and EM scattering on a set of small-sized
inclusions. The scientific novelty of obtained results of dissertation work is as follows: 1. For the first time, a



mathematical model of scattering of acoustic and EM waves on a set of small-sized impedance inclusions in the
case of their irregular and chaotic placement has been developed. 2. The convergence of the method of successive
approximations for solving auxiliary systems of linear algebraic equations is established and the empirical
conditions for the applicability of the asymptotics are determined, under which the iterative process converges. 3.
The accuracy of the asymptotic method is established on the basis of comparison with the reference solution
obtained using the Debye potential method. 4. A scheme for the inverse synthesis of the effective magnetic
permeability is developed, in which the explicit asymptotic operator of the direct EM problem is combined with a
restricted genetic algorithm; the conditions for the applicability of the asymptotic model are provided directly
during the formation of the microstructure parameters, and the key assumptions of the direct problem are
confirmed by independent numerical tests. Practical significance of the results obtained: 1. Based on mathematical
models of scattering problems, methods and algorithms for solving problems of acoustic and EM scattering on a
set of small inclusions have been developed. 2. An effective method for placing inclusions in a homogeneous
material has been developed, which, for irregular and chaotic distribution, takes into account restrictions on the
ratio of geometric sizes of inclusions and the distance between them. 3. Based on the developed algorithms,
software has been implemented to calculate the refractive index and magnetic permeability of heterogeneous
materials. 4. The obtained results of numerical modeling can serve as the basis for recommendations on the
formation of materials with a predetermined physical parameters. The work consists of an introduction, five
sections, conclusions, a list of sources used and an appendix. The introduction highlights the relevance of research
topic and justifies the choice of topic; the goal, object, subject and tasks of dissertation work are formulated; the
scientific novelty and practical significance of results obtained are reflected; connection of the work with the
scientific programs and research topics of Institute is indicated. The first section reviews literature on dissertation
topic research, outlines the main problems that require further solution in scattering on small objects. The second
section is devoted to asymptotic methods and numerical analysis of direct scattering problems on systems of small
inclusions. The general idea of asymptotic approach, common to acoustic and EM waves, is presented. The third
section is devoted to the use of Debye potentials for the formulation and solution of EM scattering problem in
order to verify the adequacy of proposed asymptotic approach. The fourth section considers the modeling of
material properties of inhomogeneous media based on asymptotic solution of direct problem. The fifth section is
devoted to the formulation of optimization problems, on the basis of which the values of physical parameters of
inhomogeneous material close to the specified ones were obtained. The conclusions are devoted to highlighting
main scientific and practical results obtained as a result of work.
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Cdepa praBJIiHHﬂZ HanjjonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odililfiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiuiiiHi OIOHEHTH
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Ipo6axin Oner OneroBuy

2. Oleh O. Drobakhin



KBasigikamis: 1. ¢.-m. ., npodecop, 01.04.01, 01.04.03
InenTudikarop ORCID ID: 0009-0006-9738-4515

JoparkoBa iHdopmanist: ;https://www.scopus.com/authid /detail.uri?authorld=7003374097;
www.webofscience.com/wos/author /record /616760;
scholar.google.com.ua/citations?hl=en&user=7PXaTdMAAAAJ

IloBHe HaﬁMeHyBaHHﬂ IOPUIUYHOL 0COOM: JIHIMPOBCHLKUI HalliOHAIBLHUIA YHiIBEpCUTET iMeHi Osecs

'oHuyapa

Koz, 3a €IPIIOY: 02066747

Micuesnaxomxemm: npocnekt Hayku, [JHinpo, JIHinpoBCcbKuil p-H., 49045, YkpaiHa
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kypunsk Jlosucnas borganosuy

2. Dozyslav Kuryliak

KBasigikamis: g. ¢.-m. 1., npodecop, 01.04.03

ImenTudikarop ORCID ID: 0000-0002-8814-445X

HoparkoBa iHpopmamwist: https://www.scopus.com/authid /detail.uri?authorld=6506358676

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0co0H: Gizuko-mexanidnuii incruryr im. I'. B. Kapnenka

HanjonasnpHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 03534506

Micuesnaxomxeunﬂ: ByJI. HaykoBa, JIbBiB, 79060, YKpaiHa
dopma BiracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂZ HaujjonanbHa akageMid HayK YKpaiHu

Inentudikarop ROR: 02jv3yx22

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Maryc Banepiit BooguMuposuy

2. Valerii V. Matus

KBasidikanis: 1. ¢.-m. n., c.u.c., 01.02.04
InenTudgikarop ORCID ID: 0000-0002-1490-8752

JoparkoBa iHpopManist: https://scholar.google.com /citations?user=VICcOgYAAAAI&hl=uk&oi=sra; Web of
Science Researcher ID: DWQ-5091-2022; Scopus Author ID: 7003699538

IloBHe HaliIMeHYBaHHS IOPUAHYHOL OCOOH: [HCTUTYT NPUKJIAJHUX IPOBIEM MEXaHiKM i MaTeMaTUKM im. f.

C. I[lipcTpuraya HanjionanpHOI akazemii HayK YKpaiHu



Kog 3a €IPIIOY: 03534430

Micue3HaxoaKeHH: ByJ1. Haykoga, JIbBiB, 79060, YKkpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. Tepneupkuii Poctucnas Qenoposud

2. Rostyslav F. Terletskii
KBasigikanis: 1. d.-m. n., c.u.c., 01.02.04
InenTudikarop ORCID ID: He 3acrocosyerbes

JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL OCOOH: [HCTUTYT MPUKJIAJHUX IPOBIEM MEXaHiKM i MaTeMaTUKM im. S.

C. lligcrpuraya HanionanbHOI akazgeMii HayK YKpaiHu

Kopg 3a €IPIIOY: 03534430

Micue3HaxoaKeHHS: ByJ1. Haykoga, JIbBiB, 79060, YkpaiHa
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi
Biiacue IIpizBuie Im's Ilo-6aTbKOBi
TOJIOBH paju

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI
rOJIOBYIOYOro0 Ha 3acigaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisiIBHOCTI

JIpob6enko borpan [lem'sHOBUY

Ipo6enko Borman [lem'ssHOBUY

Anpipiityyk Muxaisno

FOpuenko Tetsna AHaToiiBHA

FOpuenko TersiHa AHaToJiiBHA



