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Jucepraliisi CTOCY€TbCSI JOCHIIPKEHHS TEPMO-, MarHiTo-, €JIEeKTPOHAIPYXKEHO-
1e(popMOBaHOIO CTaHy HE11ealIbHO NOETHAHNUX KyCKOBO-OJHOP1IHUX
TEPMOMArHITOEIEKTPOIPYKHUX TBEPJIUX TUI 13 BHYTPIIIHIMUA TOHKUMHU CTPIYKOBUMU
BKJIFOUEHHSIMH Ta TyHEJIbHUMHU OTBOpamMu. MeToro AucepTauiiHoi poboTu € po3podka
MaTEeMaTHYHUX MOJENed Ta BHUCOKOMPOAYKTUBHHUX AaHANITUYHUX 1 aHaJITHYHO-
YUCJIOBUX METOJIB aHaNMI3y IUIOCKMX (PI3UKO-MEXaHIYHUMX TIOMIB Yy KYCKOBO-
OJHOPIAHMUX (IIBOPOCTOPH, OiMarepiaau Ta iXHI (parMeHTH) Tijax 31 3MIlIAaHUMU
TEPMOMEXaHIYHUMU KpallOBUMHM YMOBAaMHM Ha iXHIX TOBEpPXHsSX (30KkpeMa W
KOHTAaKTHHMX) 3 YpaxyBaHHSM HAasBHOCTI TOHKHX CTPIYKOBHX BKJIIOYEHb (y T.U.
TPIIIMH).

O0’ekTOM JTOCHIIPKEHHS € KyCKOBO-OJHOPIAHI 130TPOIHI, aHI30TPOIIHI,
'€30€JIEKTPUYHI, TEPMO- Ta MArHITOCIEKTPONPYXKHI Oe3MexH1 (TIBOE3MEXHI)
OimaTepiajibHI CTPYKTYpM Ta Tida CKIHYEHHUMX pO3MIpIB 3  HEl€aJbHUM
TEMIEPATYPHUM KOHTAKTOM IXHIX KOMIIOHEHT, a TaKOX MiBIPOCTOPH 31 3MIIIAHUMU
KpallOBUMH yMOBaMHU Ha MEXI, II0 MICTSATh TYHEIbHI OTBOPU Ta TOHKI CTPIYKOBI
BKJIFOUEHHSI (K 4YacTKOBUM BHUIAAOK TpiuHu). IIpenmMeToM HOCHiKEHHS €
JBOBUMIPHUHN TUTOCKHH (TIOCKa nedopmariisi) TepMO-, MarHiTO- €JIEKTPOHAINPYKEHO-
neOpMOBaHUI CTaHW, PO3MOALT Ta KOHUEHTpawlis (i3UKO-MEXaHIYHUX TMOJIB Yy
MaTepialibHUX MIBIPOCTOpax Ta OIMaTepiaibHUX TijdaX 3 TOHKUMH CTPIYKOBUMHU
HEOJHOPITHOCTSIMH 32 BPaxXyBaHHS 3MIIIAHUX TEPMOMEXaHIYHUX KPArOBUX YMOB Ha

BHYTPIIIHIX MeXaX Ta IHTep(ericy BUCOKOT TEIUIONPOBIAHOCTI y OiMaTepiai.



HeoOxiaHICTH CTBOPEHHSI HOBUX METO/IIB aHajizy
TEPMOMArHITOEIEKTPONPY>KHUX MaTepialiiB 3yMOBJIEHA iX ITMPOKUM 3aCTOCYBAHHSIM Y
TaTy3siX MIKPOCICKTPOHIKH, O10TEXHOJIOTIM, CHEPTreTUKH, aBlalliiHIM Ta KOCMIYHIN
TEXHIII1 TOIIO0. BaXKJIKB1 /ISl MPaKTUYHOTO BUKOPUCTAHHS BJIACTUBOCTI IUX MaTepialiB
OoOyMOBJIEHI 3JaTHICTIO BHYTPIIIHBO MOEJHYBAaTH Ta TMEPEPO3NOAUIATA EHEPrito
JEKUTBKOX TOJIIB Pi3HO1 (hI3WYHOT MPUPOIH, IO BIAITPAE ICTOTHY POJIb Y Cy4aCHOMY
1HKEHEPHOMY TMPOEKTYBAHHI 1 HA BUCOKOTEXHOJIOTIYHUX BUPOOHUITBAX. 3 METOIO
OTPUMaHHS yHIKAQJIbHUX BJIACTUBOCTEH TEPMOMATHITOCTNCKTPUYHI  MaTepiaiu
BUTOTOBJISIIOTH HUIIXOM MEXaHIYHOTO MOE€JHAHHS MIPOEICKTPUYHOI Ta MIPOMArHiTHOI
da3, ske, 3a3BUYall, BUKOHYETHCS 3a JOMOMOTOI0 3B’SI3yIOUOro IMPOIIAPKY, IO
JI0JIaTKOBO ~ BIJIUBA€ HA  TEPMOMATHITOEJIEKTPONPY>KHI ~ BIACTUBOCTI  Takoi
MYJIbTUMATEPiaIbHOT KOMITO3HIII] .

Kpim 1mporo, sik 1 Oynp-sKi 1HIII, TEPMOMArHITOEIEKTPONPYk HI Marepiaiu
MOXXYTh MICTUTH PI3HOTO POAY HEOJHOPIAHOCTI (BKIJIFOUEHHSI), 30KpeMa, M TOHKI.
OcTanHHl MOXYTh OyTH HPUPOAHUMHU, LIJIECIPSIMOBAHO BIPOBAIKEHUMH 3 METOIO
3MiHU (YHKLIOHAJBHUX MakKpo- Ta MIKPOBJIACTUBOCTEM, a00 * BUHHUKATH Y IMpPOILIECi
BUPOOHHUIITBA, OOpOOKM uM eKkciuTyaTallii. Takok B eleMeHTaX KOHCTPYKIIN uu
JeTaNsIX NPUafiB MOXKYTh BUHUKATH PI3HOTO POAY CTPYKTYpHI 3MIHH, 11O B CBOIO
yepry y OUIBIIOCTI BHUIIAQJKIB CHPUYMUHSIOTH TOSBY TpimuH. HasBHICTH Takux
HEOJTHOPIAHOCTEN HEPIAKO MPU3BOAUTD 0 BAHUKHEHHS KOHIICHTPAIIli HAaMpy>KeHb Ta
1HIIUX  (I3UKO-MEXaHIYHUX TOJIB 1, BIJAMOBIAHO, 3HWXEHHS HAIIMHOCTI Ta
eKCIUTyaTaI[lfHUX XapaKTepUCTUK BUPOOIB.

VY 3B’s3Ky 3 IMM BUHUKA€ HEOOXIAHICTh PO3POOKH HOBUX BUCOKOMPOIYKTUBHUX
AHAJITUYHUX Ta aHAITHYHO-YHMCIIOBUX METOIB, IO JAJIH O MOMKJIMBICTH 3IIHCHUTH
KUIbKICHY OI[IHKY IHTEHCUBHOCTI Ta PO3MOALTY (D13UKO-MEXaHIYHHX ITOJIIB, 1[0 MOXKYTh
B3aEMOJIIATA Y KYCKOBO-OAHOPITHUX MYJbTUMATEpiaIbHUX TUIAX  CKJIAAHOL
reoMeTpuyHOi KOH(piryparii i3 TpillUHAMHU, BKIIOYEHHSIMH Ta I1HIIUMH TOHKHAMU
HEOJHOPITHOCTSMH. Kpim 1bOTO, PO3paxyHKOBI Mozei
TEPMOMArHITOCIEKTPOIPY>)KHUX  CEPEIOBHIN TOBHHHI  BPaxOBYBaTH  BEIIMKE
PI3HOMaHITTS (hI3MYHUX BJIACTUBOCTEH MOJIB, MO JIIOTh Yy HUX. BHaCHiIOK 1OTO

OCTa€ HEOOX1THICTh PO3POOKH HOBUX IIOPA3 CKIAIHIIINX MAaTEMAaTUYHUX MO/JIETIEH.



JHuceprartiiitHa poO0Ta CKJIAAE€ThCS 13 YOTUPHOX PO3ALUTIB. Y MepuiomMy po3aim
3IIACHEHO OIJIAJ JITepaTypHUX JDKEPET, Y SIKUX BUBYAIOTHCS MUTAHHS TEOPii TOHKUX
HEOJHOPITHOCTEH, a TaKOX BHCBITIIOIOTHCS OCHOBHI METOIW JOCHIKEHHS T
(aHI30TPOIHUX I’ €30€EKTPUYHHUX, 11" €30MArHITHUX, TEPMOMATHITOCIEKTPOIIPYKHUX )
13 TOHKUMH HEOJHOPITHOCTSIMHU. Y pE3ynbTaTi aHamizy JITEpaTypHUX DKEpel
3’COBAaHO, 10 HAa JaHWM Yac Maylo JIOCHIPKEHHMH € IHTEerpayibHi (opmynu Ta
CUHTYJISIPHI IHTETpaJibHI PIBHSAHHS JII MAaTEMAaTHYHOTO MO/ISTIOBAaHHS aH130TPOITHOTO
TEPMOMArHITOCIEKTPONPYKHOTO MIBIPOCTOPY 3 BKJIIOYEHHSMH, OTBOpaMH, 1
TpimmHamMu. Jlo 1pbOro yacy He OyJ0 CTBOPEHO MaTEMaTHYHOrO amnapary s
PO3B’s3yBaHHS BIANOBIIHOI IJIOCKOT 3a/1a4l TOHKOCTIHHUX BKJIIOYEHb 3 YpaXyBaHHIM
yCIX MOXIJIMBUX 3MIIIAHUX MEXAHIYHUX 1 TEIJIOBUX KpaOBUX YMOB Ha MEXi
miBIpocTopy 4M Horo ¢parmMeHTy. Takoxk He Oyl0 CTBOPEHO BHCOKOE()EKTHBHHX
MoAU(IKALI YHUCIOBUX METOIIB THUIy T'PAHUYHUX EJIEMEHTIB ISl PO3B’SI3yBaHHS
BIIMOBIHOT 3amavi. Ha ganumii yac He chopMyIbOBaHO MiJIXONy, SKUW JaB Ou
MOXJIUBICTh €()EKTUBHO aHAJI3yBaTU pO3MOAUT (PI3UKO-MEXAHIYHHUX IOMIB Yy
HaJIJICHUX TOHKOCTIHHUMHU BKJIIOUEHHSIMU CKIHUCHHHMX JIBOKOMIIOHEHTHHMX TUIax 13
iHTepdeicoMm BHCOKOI TEIUIONPOBITHOCTI. Binrak icHye HEOOXIJHICTH y po3poOIn
LHUTICHUX ~ MaTeMaTUYHUX  MoJeled 1 MeToAlB  aHamuizy  OiMarepiaabHUX
TEPMOMATHITOEICKTPOIPYKHHUX TUT, K1 MOKYTh MICTUTH SIK Ie(DEKTH CTPYKTYPH, TaK
1 LIJIECTIPSIMOBAHO BBECHI TOHKI TIPOIIAPKH, K1 3MIHIOIOTh BJIIaCTUBOCTI ITuX Ti1. Jloct
He 0yJI0 MOOYJ0BaHO CXEMU MPSIMOTO METOAY IPAaHUYHUX €JIEMEHTIB ISl BIMOBITHUX
3amad. Jly)ke Malio JIOCHIPKEHb CTOCYEThCS HECKIHYEHHHX Ta OOMEXEHUX
TEPMOMArHITOEIEKTPONPYKHUX OIMaTepialbHUX TI 13 TOHKUMU HEOJHOPIAHOCTIMHU
3a HasIBHOCTI 1HTep(]eicy BUCOKOI TEMIOMPOBIIHOCTI.

VY napyromy pos3mini gucepTaiii MICTATBCS OCHOBHI CHIBBIIHOIIEHHS TEPMO-
MarHiTOeJIEKTPOINPYKHOCTI IS aHI30TPOMHUX T, a TaKOXK (HOPMYJIH PO3IIUPEHOTO
dopmanizmy CTpo, Ha OCHOBI SIKOTO y poOOTI MOOYIOBAaHO IHTErpajbHi PIBHSHHS
chopMyIbOBaHUX 3a7ad. TakoX TyT OMUCAHO MPHHIUI CIPSKEHHS KOHTHHYYMIB
PI3HOI BUMIPHOCTI Ta KOHLEIIII0 MeToay (QYHKIIIM cTpuOKa, Kl 3aCTOCOBYIOTHCS JUIsI
MOJICTIOBAHHS TN 13 TOHKMMH HEOJHOPITHOCTSIMHU, HaABEICHI MOJCI TOHKOTO

MarHiTOEJIEKTPONPYKHOTO Ta TEPMOMArHITOCIEKTPONPYKHOTO BKIIOUYEHb. Kpim



bOTO, ONHUcaHa cxemMa MOAM(IKOBAHOTO METOAYy TPAHUYHUX E€JIEMEHTIB s
pPO3B’s3yBaHHS CUCTEM CHHTYJSIPHUX IHTETPAIBHHUX DPIBHSHB IJIOCKUX 3a7ad Teopii
TOHKOCTIHHUX BKJTFOUCHb.

Y TperboMy pO3AUII HAa OCHOBI KOHIIEMI[I TPAaHUYHOEJIEMEHTHOIO METOY
byHKIIH cTpuOKa CTBOPEHO MWiAXiM ISl JOCTIDKEHHS 3a7ad  TePMOIPY>KHOCTI
HEOJHOPITHOT'O aHI130TPOITHOTO MIBIPOCTOPY 31 3MIIIAHUMHU KpaHOBUMH YMOBaMH Ha
fioro Mexi. /{5 1bOro 13 BUKOPUCTAHHIM po3iirpeHoro gopmainizmy Ctpo Ta Teopii
(GYHKIIT KOMIUIEKCHOI 3MIHHOI 1TOOyI0BaHO 1HTerpanbHi ¢hopMynu Tuny COMUIBSIHU
Ta BIJMOBIIHI CUHTYJISIPHI 1HTErpaJibHI PIBHSHHS, Spa SIKUX 3alMCaHO y SBHOMY
BUIJISIAl 1 SIKI HE MICTATh IHTETpyBaHHS NO 00’€My YM MEX1 MIBOPOCTOpPY. 3a
JIOTIOMOTOI0 TIPUHIIMITY CIPSDKEHHS KOHTHHYYMIB Pi3HOI BHUMIPHOCTI MOOY/IOBAHO
MaTEeMaTU4YHy MOJIEJIb aH130TPOITHOTO TEPMOMATHITOCIEKTPONPYKHOTO MIBIIPOCTOPY
31 3MIIIAHUMHU KpaHOBUMH yMOBAaMH Ha MOT0 MEXK1 Ta CUCTEMaMU BHYTPIIIHIX TOHKUX
nedopMiBHUX BKIIOYEHb, OTBOpPIB Ta TpimuH. OTpuMaHi CHCTEMH PIBHSHb
PO3B’SI3yBAJIUCS 32 JIOMIOMOIOK0 MOAM(DIKOBAHOIO METOJy TIpPaHUYHUX EJIEMEHTIB,
3aBJSIKM YOMY OTPUMAaHO PO3B’SA3KM HOBUX 3aJ]a4 JUIsl aH130TPOIHOTO MIBIPOCTOPY 31
3MIIIAHUMHU KPalOBHUMH YMOBaMH Ha MOTO MeX1 Yy pasi, KOJU TUIO TaK0X MICTHUTh
TOHKE TPSAMOJIHIMHE BKJIIOYEHHS, HaXWJICHE TiJ KyTOM JIO MOBEPXHI MaTepiaiy.
[TobynoBano rpadiuni 3amekHOCTI KOEQIIEHTIB 1HTEHCHBHOCTI HAMpyXeHb BiJl
B1JIHOCHO1 ’KOPCTKOCTI Ta KyTiB HaXWJITy TOHKOI HEOJHOPITHOCTI. 3MIMCHEHO YUCIIOBHUMA
aHajii3 BIUIMBY KpallOBHMX YMOB Ha MEXI MIBIPOCTOPY Ha y3arajibHEHI KOe(IiLI€HTH
1HTEHCHUBHOCTI HaIPYy>KE€Hb Y BEPIIMHAX BKIIOUCHHS. TaKoX JOCIHIHKEHO Mii0 e(heKTy
3TUHY BKJIIOUCHHS HA 3HAUYCHHS WX KOe(]III€HTIB.

Y YETBEPTOMY po3aLI PO3TIISIHYTO KpaioBi 3ajaa4i TSt
TEPMOMATHITOEICKTPOIPYKHOTO OIMaTepialIbHOTO MPOCTOPY UM HOTro (hparMeHTy 3
HelJIeaJIbHUM TEIUIOBUM Ta 1J€aJlbHUM MAarHIiTOCJIEKTPOMEXaHIYHUM KOHTaKTOM
CKJIAJIOBUX, KOTpPl, Y CBOIO 4epry, MOXKYTh MICTHUTH TyHEJbHI OTBOPH, TPIIIMHU Ta
BHYTPIILIHI TOHKI CTPIYKOBI HEOJHOPIAHOCTI. Ha ocHOBI Teopii QyHKIIIT KOMIIEKCHOT
3MiHHOI Ta po3umpeHoro ¢opmanizmy Ctpo y 3amMKHYTiH GopMmi moOyI0BaHO CYyTO
KpaloBi IHTErpabHI1 PIBHAHHA C(HOPMYITHOBAHOT 33241 JIJIs BIATIOBIIHKUX 3a71a4 TeOPii

TOHKOCTIHHUX BKJIIOYEHb, y SKHUX HelJleaJibHa TEPMOMArHITOCICKTpOMEXaHIuHa



B3a€MO/I11 KOMIIOHEHT KyCKOBO-OJIHOP1IHOIO Tijla BpaxoBaHa y siApax UX pPiBHsAHb. B
OCTaHH1 BXOJSTH JIUIIE 1HTErpaIn Y3I0BXK JiHIN CTpUOKIB (13UMKO-MEXaHIYHUX TOJIIB
(7St TPIIIMH Y TOHKUX BKJIIOUEHB) Ta IHTETpaiv y3JJ0BK MOKIIMBOT 30BHIITHBOT MEXI,
sIKa BUXOJUTh Ha MEXY IIBIPOCTOPY, Ta OEPEriB BHYTPIIIHIX OTBOPiB. PO3B’s13yBaHHs
32 JIOMOMOTOI0 MOAM(PIKOBAHOTO METOAY TPaHUYHUX EJIEMEHTIB OTPUMaHUX
IHTEeTpaJIbHUX PIBHSAHB JaJI0 MOXJIMBICTh MOOYAYBATH YHMCIIOBI PO3B’A3KH JICKITBKOX
HOBHUX 3a/1a4 JUII CKIHUCHHUX Ta 0€3MEKHUX OIMaTepiaJIbHUX T, IO CKIAAal0ThCs 3
OJIHAKOBHX Ta PI3HUX aHI30TPOMHUX TEPMOMATHITOCICKTPONPYKHUX MaTepiamiB, a
TaKOXX MICTATh TOHKI JedopMiBHI CTpiukoBi BKJItoueHHs. [loOymaoBaHo rpadiuHi
3QJIEKHOCT] y3arajJbHEHUX KOE(ILIEHTIB IHTEHCHUBHOCTI HAIPY>KEHb, €JIEKTPUUYHUX
3MIIIEHb Ta MarHiTHOI 1HAYKINT BiJ apaMeTpa TEIJIONPOBITHOCTI BHYTPIIIHBOI MEXI
noauty marepiaiiB. OTpumani pe3yibTaTH IOKa3ylTh, 10 1HTepdeic BHUCOKOi
TEIUJIONPOBITHOCTI ICTOTHO BIUIMBA€E Ha MOJS HANPYXEHb y BEPIIMHAX TOHKHUX
BKJIFOUYEHb. Y TOMY YHCII BiH 3/1MCHIOE 3HAYHUN BIUIMB HA 3HAYEHHS y3arajibHEHUX
KO€(II1€EHTIB IHTCHCUBHOCTI €JIEKTPUYHUX 3MIIIEHbD.

Ha ocHOBi1 3acTocyBaHHS pPO3BUHEHb KOMIUIEKCHHX noTeHwiamB CTpo y
CTENIEHEB1 PSAM, 3 MOJAIBIINM 33J0BOJICHHSM KpallOBUX YMOB Ha OCHOBI MiAXOMy
HallMEHILMX KBaJApaTiB MOOYJOBAHO HaIlIBaHAIITHYHUNA OOYHUCIIOBAIBHUN METOJ
aHami3zy (i3uKO-MEXaHIYHMX MOJIB y OiMarepialbHUX CTPYKTypax 13 HelJeallbHUM

KOHTAKTOM CKJIaJOBHX.

Ku1i04oBi ci1i0Ba: TepMOMarHiTOCIEKTPONPYKHICTh, TIJIOCKA 3a7a4a, MBIPOCTIp,
O6iMatepial, iHTepdelic BUCOKOI TeIUIONPOBITHOCTI, HelAcalbHUN TEIJIOBUN KOHTAKT,
TOHKE BKJIIOUEHHS, TpimmHa, dopmanizMm Crpo, MiX(a3zHUN TPOIIAPOK, METO]

IPAaHUYHUX €JICMEHTIB.



ABSTRACT
Vasylyshyn A.V. Thermomagnetoelectroelasticity of imperfectly bonded

structures with internal thin inclusions. — Manuscript copyright.

Thesis for the Doctor of Philosophy, speciality 113 “Applied Mathematics™ (11 —

Mathematics and statistics). — Ivan Franko National University of Lviv, Lviv, 2023.

The dissertation concerns the study of the thermo-, magnetic-, electro-elastic-
deformed state of imperfectly connected piecewise homogeneous thermo-magneto-
electroelastic solids with internal thin ribbon inclusions and tunnel holes. The purpose
of the dissertation is the development of mathematical models and high-performance
analytical and analytical-numerical methods for the analysis of flat physicomechanical
fields in piecewise homogeneous (half-spaces, bimaterials and their fragments) solids
with mixed thermomechanical boundary conditions on their surfaces (in particular,
contact ones) taking into account the presence thin ribbon inclusions (including
cracks).

The need to develop new methods for analyzing thermomagnetoelectroelastic
materials arises from their widespread applications in fields such as microelectronics,
biotechnology, energy, aviation, aerospace, and more. The practical utility of these
materials is driven by their ability to internally combine and redistribute the energy of
multiple fields of different physical natures, which plays a significant role in modern
engineering design and high-tech manufacturing. To achieve unique properties,
thermomagnetoelectroelastic materials are fabricated by mechanically combining
pyroelectric and pyromagnetic phases, typically through the use of a bonding layer,
which, in turn, affects the thermomagnetoelectroelastic properties of such multi-
material compositions.

Furthermore, like any other materials, thermomagnetoelectroelastic materials can
contain various types of heterogeneities and inclusions, including thin ones. These
inclusions can be either natural or intentionally introduced to alter the functional

macro- and micro-properties, or they may arise during the manufacturing, processing,



and usage of the materials. Additionally, structural changes can occur in components
of structures or device parts, which, in most cases, lead to the formation of cracks. The
presence of such heterogeneities often results in the generation of stress concentrations
and other physicomechanical fields, thereby reducing the reliability and operational
characteristics of products.

Therefore, there is a need to develop new high-performance analytical and
analytical-numerical methods that would allow for a quantitative assessment of the
intensity and distribution of physicomechanical fields interacting within complexly
shaped, piecewise-homogeneous multi-material solids with cracks, inclusions, and
other thin heterogeneities. Additionally, computational models for thermomagneto-
electroelastic materials must account for a wide range of physical properties of the
fields acting within them, necessitating the development of more complex
mathematical models.

The dissertation consists of four chapters. The first chapter provides a literature
review focusing on the theory of thin inhomogeneities and highlights the main research
methods for solids (including anisotropic  piezoelectric, piezomagnetic,
thermomagnetoelastic) with thin inhomogeneities. The analysis of the literature reveals
that there is currently limited research on integral formulas and singular integral
equations for modeling anisotropic thermomagnetoelastic half-spaces with inclusions,
voids, and cracks. Up to this point, no solution has been developed for this problem
that accounts for all possible mixed mechanical and thermal boundary conditions on
the half-space boundary. Moreover, numerical methods such as the boundary element
method have not been devised for solving this particular problem.

Currently, there is no formulated approach that would enable the analysis of the
distribution of physicomechanical fields in finite two-component solids with a high
thermal conductivity interface. There is also a need to develop comprehensive
mathematical models and analysis methods for bimaterial thermomagnetoelastic
solids, which can include structural defects and intentionally introduced thin layers
altering the properties of these solids. A direct boundary element method scheme for

these tasks has not been constructed to date. Additionally, there is very limited research



on infinite and bounded bimaterial thermomagnetoelastic solids with thin
inhomogeneities in the presence of a high thermal conductivity interface.

The second chapter of the dissertation contains the fundamental relations of
thermomagnetoelectroelasticity for anisotropic materials, as well as formulas of the
extended Stroh formalism, which are used to formulate integral equations in this work.
Additionally, this chapter describes the principle of coupling continua of different
dimensions and the concept of the jump function method, which are applied for
modeling solids with thin inhomogeneities. Models for thin magnetoelectroelastic and
thermomagnetoelectroelastic inclusions are presented. Furthermore, the chapter
outlines the scheme of the boundary element method for solving systems of singular
integral equations in two-dimensional problems.

In the third chapter, based on the concept of the boundary element method with
the jump function approach, an approach is developed to investigate the problems of
thermoelasticity in an inhomogeneous anisotropic half-space with mixed boundary
conditions on its boundaries. To achieve this, Somigliana type integral formulas and
corresponding singular integral equations are derived using the Stroh formalism and
the theory of complex variable functions, with their kernels expressed explicitly. By
applying the principle of coupling continua of different dimensions, a mathematical
model is constructed for an anisotropic thermomagnetoelectroelastic half-space with
mixed boundary conditions on its boundaries and systems of internal thin deformable
inclusions, holes, and cracks. The resulting systems of equations are solved using a
modified boundary element method, which allows obtaining solutions for several new
problems involving an anisotropic half-space with mixed boundary conditions on its
boundaries, including cases with thin rectilinear inclusions inclined at an angle to the
material’s surface. Graphical dependencies of stress intensity factors on relative
stiffness and inclination angles of the thin inhomogeneities are constructed. A
numerical analysis is also conducted to investigate the influence of boundary
conditions on the half-space boundaries on the stress intensity factors at the inclusion
vertices. Additionally, the effect of the inclusion bending on the stress intensity factor

values is examined.



In the fourth chapter, boundary value problems are considered for a thermo-
magnetoelectroelastic bimaterial solid with imperfect thermal and perfect magneto-
electromechanical contact between its components, which may, in turn, contain holes,
cracks, and internal thin inhomogeneities. Using the theory of complex variable
functions and the Stroh formalism, a closed-form formulation is developed for
boundary integral equations of the formulated problem. These equations incorporate
the imperfect thermomagnetoelectromechanical interaction of the components of the
piecewise homogeneous solids within their kernels. The integrals in these equations
only include those along the lines of jJumps in the physical field variables (for cracks
or thin inclusions) and integrals along the external boundary and shores of internal
voids. Solving these integral equations using the modified boundary element method
has enabled the construction of numerical solutions for several new problems involving
finite and infinite bimaterial bodies composed of identical and different anisotropic
thermomagnetoelectroelastic materials, including those containing thin deformable
strip-like inclusions. Graphical dependencies are established for generalized stress
intensity factors, electric displacements, and magnetic inductions as functions of the
thermal conductivity parameter at the internal material interface. The obtained results
demonstrate a significant influence of the high thermal conductivity interface on stress
fields at the vertices of thin inclusions, including its substantial effect on the values of
electric displacement intensity factors.

Based on the application of complex expansions of the Stroh potential in a power
series followed by the satisfaction of boundary conditions using the least squares
approach, a semi-analytical computational method has been developed for the analysis
of physicomechanical fields in structures made of two materials with non-ideal contact

between components.

Keywords: thermomagnetoelectroelasticity, planar problem, half-space,
bimaterial, high-temperature conducting interface, non-ideal thermal contact, thin

inclusion, crack, Stroh formalism, interfacial layer, boundary element method.
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