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HayKoOBa Ipalisi Ha 1npaBax pyKoOIIHuCYy.

Hucepranist Ha 3700yTTS CTyNeHs JokTopa (imocodii 3a  CremialabHICTIO
113 “Ilpuxnanna matemaTuka” (raimy3p 3HaHb 11 — MaremaTuka Ta CTaTHCTHKA). —

JIpBIBCHKHMIA HallIOHATLHUHN YHIBEpCUTET iMeH1 IBana ®panka, JIbBiB, 2026.

JuceprariiitHa poOoTa MpUCBSYCHA JOCIIKEHHIO HAMIPYKEHO-1e(hOPMOBAHOTO
cTaHy OiMaTepialibHUX TIJ 13 ABOX MIBIPOCTOPIB 3 TNIOCKUMH TPIIIMHAMU/TIPYKHUMHU
TOHKUMHU BKJIIOUEHHSMH 3 HEKJIACMYHUMHU KpallOBUMH YMOBAaMH KOHTAaKTy Ha
iHTepdeiici. Metoro auceprauiitHoi poOoTH € po3po0JIeHHS MaTeEMaTUYHUX MOJENEn
TPUBUMIPHUX TOJIIB MEPEMIIIEHB 1 HATIPYKEHB Y MPY>KHUX KyCKOBO-OIHOPIIHUX TLIAX
OimMaTtepiabHOI CTPYKTYpH 3 JOBLIILHO pO3TallIOBaHUMU TJTIOCKUMH
TPIIMHAMU/TOHKOCTIHHUMU ~ TIPY)KHUMH ~ TOJATIMBUMH  BKJIIOYEHHSMU 11032
IHTEp(PEHCHOI TOBEPXHEI pO3MEXKYyBaHHS MaTepialiB MiJ J1€0 CTaTUYHHUX
HaBaHTa)XCHb.

OO0’ eKTOM JOCTIKEHHS € TPUBUMIPHI MPYXKH1 OiMarepiainbHi TiIa, CKIAJCHI 3
JIBOX MIBIOPOCTOPIB 3 TPIILIMHAMH/TOHKUMH MPYKHUMHU BKIIFOUEHHSIMH Ta 3 IUIOCKOIO
MDK(}A3HOIO TIOBEPXHEI0, Ha fAKIH peali30BaHO HEIJCANbHUM KOHTAKT THITY
IPOKOB3YBAaHHS Ta HAasABHICTh TOHKOIO TMOAATIMBOrO mpomapky. Ilpeamerom
JOCIIIJIKEHHSI € CTAlllOHApHUW PO3MOJIT TPUBUMIPHMX TIOJIB MEPEMIIIEHb 1
Halpy>keHb y OiMaTepiaibHUX TUTaX 13 TOHKOCTIHHMUMH JedextamMmu Ta 3
HEKJIACMYHUMHU KpalOBUMH YMOBAMH CIIPSKEHHST KOMIIOHEHTIB OimaTepialy Ha
1HTEpPEiici.

MaremaTudHa CKJIaJIHICTh TaKMX 3a7a4 OB’ s13aHa 3 HEOOX1THICTIO KOPEKTHOT'O
3aJJ0OBOJICHHS KpPAallOBHX YMOB Ha MOBEPXHSX N€(PEKTIB Ta PI3HOTHITHUX YMOB KOHTAKTY

CKJIaI0BUX OlMaTepialbHOrO KOMIMO3UTY. JloJaTKOBI TPYOHOILIl BHUHHUKAIOTH 3a



HAssBHOCTI B TIJIaX MHOXXMHHUX JIOBUIBHO pOo3TamioBaHux JedektiB. ToMy akTyaasHUM
€ 3aBJaHHs PO3POOJICHHS J1€BOTO MiTXOIY B JOCTIIKEHHI CTAaTUYHUX TPUBHUMIPHHUX
3a/ay, SIKHA ypaxoBye OararonapamMeTpUyHICTh BXITHUX JAaHUX, 30KpeMa: KiIbKICTh,
OpI€EHTAIlisl Ta PO3TalTyBaHHS JAE(MEKTIB Y T, BUJ PI3HOTUIIHUX YMOB KOHTAKTy Ha
iHTepderici, KOHTPACTHICTH MPYKHUX MapaMeTpiB MaTepiaiiB KoMno3uty. [loTykHum
Ta BHCOKOIPOIYKTUBHUM IHCTPYMEHTapieM Yy I[bOMY CEHCI 3apeKOMEHIyBaB cebe
METOJI TPaHUYHHX 1HTeTrpajibHuX piBHAHB (['1P).

3anponoHOBaHI TPaHWYHO-IHTETPAIbHI MOJEi TepeadadaroTh 1HTETpaIbHI
MOJIAaHHS TIEPEMIIIECHb 1 HANpPyXeHb y KOKHINA KOMITIOHEHTI Tila Y BUTJISI MEBHOI
koMOiHaIii HpI0TOHIBCHKHMX MOTEHIIIAJIB 3 IHTEIPYBaHHSAM I10 IBOBUMIPHUX 00J1aCTsIX
TPIIMH/BKIIIOYEHb Ta 1HTep(deicHIi noBepxHi. HeBigoMi TyCTMHM NOTEHLIAJIB
XapaKTepU3yIOTh PO3KPUTTHA/3CYyB TOBEPXOHb JehEKTIB 1 HEBIIOMI CTaTH4HI
nepemiieHHs: MbK(pa3zHoi NoBepxH1 OiMaTepiary. TOTOKHIM 3aI0BOJICHHSIM KpallOBHX
YMOB HEIJICAJIbHOIO KOHTaKTy Ha I1HTep(EiCHI MOBEpXHI MiClsd 3acTOCYyBaHHS
JIBOBUMIPHOTO IHTETPAJILHOTO MepeTBOpeHHsT Dyp’e 3a MPOCTOPOBUMU 3MIHHUMHU, B
omnepaTtopHii (popMi oTpuMaHO (GOPMYJH B3aEMO3B’SI3KY MIX MEPEMINICHHSIMU
iHTepdenicHoi ToBepxHI 3 (DYHKIISIMA PO3KPUTTS TOBEpXOHb naedextiB. I3
BUKOPUCTAHHSAM ITMX CHiBBIIHOIIECHh Ta 3aJ0BOJICHHSM KpalOBHUX yMOB 3aJIaHHS
HaBaHTaXXE€Hb Ha  TOBEpXHAX  JAedekTiB  3adgady s Oimartepiany 3
TPIITMHAMM/BKIIOUEHHSIMH 3BEJICHO 10 cucTteM aBoBuMipHuX ['IP mepmoro/mpyroro
poly, SIKi MICTATH JMIIEe (PYHKIIi CTATUYHOTO PO3KPUTTSA MOBEPXOHb Ae(eKkTiB. B
orpuManux ['IP yMOBM HEKIIACHYHOTO KOHTAKTy IIBIPOCTOPIB BPaXOBAHO SIBHO
MoaudikoBaHUMH (GYHKIISIMH ['piHa, SKI XapaKTepus3yloTh (EHOMEH B3a€MOJIIi
nedekTiB 3 1HTepdeicHo0 moBepxHew OiMarepiany. CTpykTypa BKazaHUX (DYyHKIIIHA
3aJIeKUTh BIJ TUITy KpallOBHMX YMOB KOHTakTy Ha iHTepdeici, ¢i3MUHUX Ta
r€OMETPUYHUX MTapaMeTpiB MaTepialliB MIBOPOCTOPIB 1 TOHKOTO MPOIIAPKY MK HUMH.

Po3pobieno  BucOkoe(eKTHMBHI  301KHI  aHATITUYHO-YMCIIOBI  METOIU
po3B’sizyBaHHs oTpuMmaHuX ['1P 3 rimepcuHTyIsIpHUMH SIpOM, SIKI TPYHTYIOTHCSI Ha
BpaxyBaHHI MPUPOJHOI MOBEAIHKUA PO3B’SI3KIB B OKOJII KOHTYpY 0OjacTi aedeKTy,

perynspusaitii ['IP BigoMumu aHamITHYHUMH 1HTErpajiaMyd 3 HACTYITHOIO TPAHHYHO-



eleMeHTHOW auckpetusamieto ['TP. Bukopucrano MeTOAUKY aHaIITUYHOIO
OOYHCIICHHSI XapaKTEepHUX JUII KYCKOBO-OJHOPITHUX MaTepialiB 13 IIJIOCKUM
iHTep(dericoM KpaTHUX OE3MEXHUX IHTErpaliB 13 MOJAJBIIUM 3BEIACHHIM iX /0
MiBOE3MEXKHOr0 1HTErpayia 31 IMIBUJIKOCTAJIHOIO MiJIHTerpaibHO ¢yHKIieo [piHa.
BucokoTouHMii 4YMCIOBUH pO3paxyHOK BKAa3aHWX IHTErpajiB BUKOHAHO 3
BUKOpHUCTAaHHAM JlareppoBux KBaapatyp.

HuceprariiiftHa po0oTa CKIAAAETHCA 3 ITSITH PO3AUTIB. Y MEPIIOMY PO3ALT
3MIACHEHO OTJISA JITepaTypHUX JDKEped HI0J0 CYYaCHOTO CTaHy OKPECICHUX Y
aucepTaiii mpoOsjeM. AHaii3 HAyKOBHX JDKEpEN CBIAYUTH, IO PO3POOJICHHS
e(eKTUBHUX IMIJIXOJIIB T4 METOJIB PO3B’A3aHHS TPUBUMIPHUX 3aJlad CTATUYHOTO
HAaBaHTAXEHHS KYCKOBO-OJIHOPIJHUX TUI OiMaTepiadbHOI CTPYKTYpHU 3 JIedekramu 3
ypaxyBaHHSIM KpallOBUX YMOB HEIJI€aIbHOTO KOHTAKTy Ha 1HTep(elcl € HeA0CTaTHBO
3aBEpIICHUM €TaloM, a TOMY 3aJMIIAEThCS BaXJIMBOIO HAYKOBO-TEXHIYHOIO
po0JIeMO10.

VY npyroMmy po3auii MiCTATbCS OCHOBHI 3acajiy 10JI0 TOCTAHOBKU Ta TPAHUYHO-
IHTErpajJbHOTr0 MOJIEIIOBAHHS TPUBUMIPHUX CTATHYHUX 3a7ad TEOpii MPY>KHOCTI ISt
OJTHOPITHOTO  TPYXXHOTO  130TPOMHOTO  Tila 3  TMOOJAMHOKOK  IJIOCKOIO
TPIIMHOIO/TIPYKHUM  BKIIOYCHHSIM Ta MHOXHHHUMH TIUIOCKUMHU  TpPIIIMHAMHU.
[HTEerpanbHi NOaHHS TPUBUMIPHUX IOJIIB EPEMIIIEHb Ta HANPYKEHb 3MOJEIbOBAHO
KJIaCHYHUMHU HBIOTOHIBCHKMMHM MOTEHITIaJIaMU 3 HEBIJIOMUMHU TYCTUHAMH PO3KPUTTS
NOBEPXOHb edeKTiB. Takok OMMCaHO CIHIBBIIHOIICHHS, Kl OB’ A3YIOTh LI TYCTUHU
31 cTaTUYHUMH KoedimieHTamu iHTeHcuBHOCTI HampyxeHb (KIH) B okomi Toudok
KOHTYpY JAedekTiB. OKpeMO OINHCAaHO METOJIUKY PpEeryJsipHOrO MpEeICTaBICHHS
XapakTepHOro ABOBUMIpHOTO ['IP 3 rinepCUHTyISpHUM SIIPOM Ta PETYIISPHUM SIIPOM,
K€ BPaxoBY€ B3a€MOIit0 Ne(eKTiB 3 IHTep(ENCHOIO MMOBEPXHEIO.

VY TperboMy pO3ILIl 3alpONOHOBAHE T'PAHUYHO-IHTErpaiabHe (OPMYITIOBAHHS
BUNPOOYBAHO Ha Moel OiMarepainy 3 ABOX MPYKHHUX 130TPONMHUX MIBIPOCTOPIB 32
iXHBOTO TJIAJIKOTO KOHTAaKTy 3 TIPOKOB3YBaHHSM Ha IHTep(EiCHIN TMOBEpXHI.
Po3risitHyTo BUNAAOK MEPHEHAMKYJSIPHUX 10 1HTEPPECHOI MOBEpXHI MOOJAMHOKOI

KpPYyTOBOi TPIIUHU BIAPUBY Ta OJTHONEPIOUIHOTO OE3MEKHOTO MACUBY TAKOTO THITY



TpilyH. 3A1HCHEHO KOMIUIEKCHUI aHali3 BBy Ha ctatuuHi KIH BigpuBy rimbOunu
3QJIATaHHS TPINIUH, KYTOBOi KOOPJMHATH TOYKH KOHTypa Ae(eKTy, BIACTaHI MIX
nedexkraMd B OJHOINEPIAMYHOMY MAacHBl Ta CHIBBIJHOIIEHHS MOJIYJIB 3CYBIB
MatepialiiB MiBIPOCTOPIB.

Y derBeproMy pO3AiTI 3ampOINOHOBAHI TPAaHUYHO-IHTETPAJTbHI MIIXOIU
MOJICTIIOBaHHSI TOIIUPEHO NJIsi MOJENI MPYXHOTo OimaTepiany 3 JBOX PI3HOPIIHHUX
MIBIPOCTOPIB, CKOHTAaKTOBAaHUX MK COOOI0 TOHKHM TMpPY>KHUM TOJATIMBUM
IPOIIAPKOM MaJjioi KOPCTKOCTI. [3 BUKOpUCTaHHSIM MPYXUHHUX KpallOBUX yMOB Ha
CEpelIMHHIN MOBEepXHI npomapky (iHTepdelcHii MOBepXH1) TPUBUMIPHY 3a/iauy JJist
Oimarepiany 3BeA€HO 10 po3B’sa3yBaHHA cucremu [IP tumy HeloToHIBCBEKOTO
NOTEHI[IaTy BIJHOCHO HEBIIOMHUX (PYHKUIA PO3KPUTTS TPIUH 3 MOAU(PIKOBAHOIO
¢yskuiero I'piHa, sfika XapakTepu3ye iX B3a€MOII0 Yepe3 TOHKMW mIpomrapok. Sk
MPUKIIAJ, PO3TISTHYTO BUMAJA0K TTOOAMHOKOT KPYTOBOI TPIIIMHU CKPYTY, MapaieabHOT
OpoIIapKy, Ta JABOX OJHAKOBUX KPYTOBHX TPIMIMH, PO3TAIIOBAHHUX IapayieIbHO
IpolIapKy B OJHAKOBUX HiBIpocTopax. Ha ocHoBi po3B’s3kiB ['IP nmpoananizoBaHO
3anexHocTi ctatnuHux KIH 1mo3noBxkHBOro 3CyBY Uil TPILIMH BiJl CHIBBILAHOIIEHHS
GI3UYHKUX MMapaMeTpiB MaTepialiiB KOMIIOHEHTIB TiJ1a, TIHOUHU 3ajsiraHHs Je(eKTiB
BIJIHOCHO 1HTEep(PECHOI MOBEPXHi, TOBIIMHHU MPOLIAPKY.

VY m’sToMy po3auii METOAUKY TPaHUYHO-THTErPAIbHOTO MOJIEIIOBaHHS 3aa4i
CTAaTUYHOTO HABAHTAXKCHHS TPUBUMIpPHOTO OiMmarepially 3 HEKJIACUYHUMU YMOBaMHU
KOHTAaKTy Ha 1HTep(eiici Ta 3BeIeHHSM 1i 0 cucTeM ABoBUMIpHUX ['IP mommpeno Ha
BUIAJ0K MPUCYTHOCTI B TUIl TOHKHMX IJIOCKUX MOJATJIMBUX BKJIIOUEHb, K YACTKOBUX
BUMAJKIB 3aJIKOBAaHUX 1H €KIIIMHUM MarepiaioM TpilMH. PO3riIsHyTO BHITamoOK
KPYTOBOT'O BKJIFOUEHHSI, MEPIEHIUKYIISIPHOTO 0 1HTepdEHCHOT MOBEPXHI, Mif JI€I0
CTaTUYHUX 3yCHJIb PO3TATY Ta KPaOBUX YMOB IJIaJJKOTO KOHTAKTY 3 POKOB3yBaHHAM
Ha iHTepdeiici. Jpyruil po3riasHyTHII BUIAI0OK OMUCY€E PO3TAILYyBaHHS JBOX KPYTOBHX
BKJIFOUEHB B OJTHAKOBUX MIBIPOCTOPaX, PO3ALICHUX TOHKUM MOAATIUBUAM MPOIIAPKOM.
bimatepian 3a3Hae kpyTHUX HaBaHTaxeHb. [{ocmimkeno BB Ha KIH HOpMmanbHOTO

B1JIPUBY/TI03/I0OBKHBOT'0 3CYBY B TOUKAaX KOHTYPY 1€(PEKTIB CIIBBIAHOMIEHHS (PI3UYHUX



napaMeTpiB MarepiajiiB KOMIIOHEHTIB Tija, BUAY KpalOBHUX YMOB KOHTAaKTy Ha
iHTepdeiici, TOBIIMHYU IIPOIIAPKY Ta BKIIOUYCHb, ITTHOMHU 3aJIsITaHHs Ae(hEKTiB.
3a pe3yabTaTaMyd YUCJIOBOTO aHAJ3y HAa OCHOBI CITIBCTaBJICHHS 3 BiIOMHUMH
aHaJoraMu Jisi 0€3MEKHOTO OTHOP1THOTO TijIa Ta BIILHOTO MIBIIPOCTOPY 3 TPIIITUHAMHU
BUsIBIICHO edekTu miacuiaeHHs Ta 3MeHeHHs KIH B GiMaTepianbHuX Tiax 3ainexHO
BiJl CIBBIJHOIICHHS TMpPYXKHUX TapaMeTpiB KOMIIOHEHTIB TuI (MaTepiajiB
MIBIPOCTOPIB, MPOIIAPKY, BKIIOYECHB), TTTMOMHU 3aJSITAaHHS Ta Opi€eHTaIlli JAedeKTiB
BITHOCHO 1HTEp(ECHOT MOBEPXHI, BUAY KpallOBUX YMOB KOHTaKTy Ha MikdazHil
MOBEPXHI; TOBIIUHU MPOILIAPKY Ta BKIIOYCHHS.
PesynbraTti poOOTH MOKHA 3aCTOCYBAaTH y MEXaHIIll CTATUYHOTO PYWHYBaHHS Ta
M1l Yac OI[IHIOBAHHS MIIIHOCTI KOMIIO3UTIB, Yy 3aJadyax reo(izuku Ta HEpyHHIBHOMY
KOHTpOJIi, B 1HTepmpeTamii JaHUX TCOPO3BIAKH, B 1H EKIIMHUX TEXHOJOTISIX

B1IHOBJIFOBAJIBHOTO OY/IIBHUIITBA.

KirouoBi cioBa: mnpyxHuii Oimarepiai, IUIOCKI TPIIIUHHU, TOJATIUBI
BKJIIOUCHHS, HelJealbHU MDK(a3HUN KOHTAKT, KOE(IUIEHTH 1HTEHCHUBHOCTI

HaIpy>KeHb, TPAaHUYHI IHTETPAJIbHI PIBHIHHS.



ABSTRACT
Stankevych N. V. Interaction of plane cracks in an elastic bimaterial with non-
classical boundary conditions at the interface. Qualifying scientific work as a

manuscript.

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

Mathematics and statistics). — [van Franko National University of Lviv, Lviv, 2026.

The dissertation is devoted to the study of the stress-strain state of bimaterial
bodies consisting of two half-spaces with plane cracks/elastic thin inclusions with non-
classical boundary conditions at the interface. The dissertation aims to develop
mathematical models of three-dimensional fields of displacements and stresses in
elastic piecewise-homogeneous bodies of a bimaterial structure with arbitrarily located
flat cracks/thin-walled elastic compliant inclusions outside the bimaterial interface
under static loads.

The object of study is three-dimensional elastic bimaterial bodies composed of
two half-spaces with cracks/thin elastic inclusions and a flat interfacial surface on
which a non-ideal contact of the slip type and the presence of a thin compliant layer
are implemented.

The subject of the study is the stationary distribution of three-dimensional
displacement and stress fields in bimaterial bodies with thin-walled defects and with
non-classical boundary conditions of the conjugation of bimaterial components at the
interface.

The mathematical complexity of such problems arises from the need to satisfy
the boundary conditions on the surfaces of defects and from the different types of
contact conditions between the components of the bimaterial composite. Additional
difficulties arise in the presence of multiple defects arbitrarily located within the
bodies. Therefore, the task of developing an effective approach to the study of static
three-dimensional problems, which takes into account the multiparametric nature of

the input data, in particular, the number, orientation and location of defects in the body,



the type of different types of contact conditions at the interface, the contrast of the
elastic parameters of the composite materials, is relevant. The method of boundary
integral equations (BIE) has proven to be a powerful and highly productive tool in this
sense.

The proposed boundary-integral models provide for integral representations of
displacements and stresses in each component of the body in the form of a certain
combination of Newtonian potentials with integration over two-dimensional regions of
cracks/inclusions and the interface surface. Unknown potential densities characterize
the opening/shifting of defect surfaces and unknown static displacements of the
bimaterial interface.

By identically satisfying the boundary conditions of non-ideal contact on the
interface surface after applying the two-dimensional integral Fourier transform in
spatial variables, formulas for the relationship between the displacements of the
interface surface and the functions of opening the defect surfaces are obtained in
operator form. Using these relations and satisfying the boundary conditions on the
defect surfaces, the problem for a bimaterial with cracks/inclusions is reduced to BIE
systems of the first/second kind, which contain only the functions of static opening of
the defect surfaces. In the obtained BIE, the conditions of non-classical contact of half-
spaces are taken into account by explicitly modified Green’s functions, which
characterize the phenomenon of interaction of defects with the interface surface of the
bimaterial. The structure of the specified functions depends on the type of boundary
conditions of the interface contact, the physical and geometric parameters of the
materials of the half-spaces, and the thin layer between them.

Highly efficient convergent analytical-numerical methods for solving the
obtained BIE with hypersingular kernels have been developed. These methods
incorporate the asymptotic behavior of solutions near the defect contours and employ
analytical integrals in the BIE regularization. The resulting equations are then solved
using boundary-element discretization. The method of analytical calculation of
multiple infinite integrals characteristic of piecewise homogeneous materials with a

flat interface has been used, with their subsequent reduction to a semi-infinite integral



with a rapidly decreasing Green’s integrand function. The specified integrals were
evaluated with high precision using Laguerre quadrature rules.

The dissertation consists of five chapters. The first chapter reviews the literature
on the current state of the problems outlined in the dissertation. The analysis of
scientific information shows that the development of effective approaches and methods
for solving three-dimensional problems of static loading of piecewise-homogeneous
bodies with a bimaterial structure with defects, taking into account non-ideal contact
boundary conditions at the interface, is an incomplete stage and therefore remains an
important scientific and technical problem.

The basic principles of the formulation and boundary-integral modeling of three-
dimensional static problems of elasticity theory for a homogeneous elastic isotropic
body with a single plane crack/elastic inclusion and multiple plane cracks are described
in the second chapter. Integral representations of three-dimensional displacement and
stress fields were modeled using classical Newtonian potentials with unknown
functions of defect surface opening. The relationships that relate these densities to
static stress intensity factors (SIFs) in the vicinity of defect contour points are also
described. A method for regular representation of a characteristic two-dimensional
boundary integral equation with a hypersingular and regular kernel that accounts for
the interaction of defects with the interface 1s described.

In the third section, the proposed boundary-integral formulation is tested on a
bimaterial model of two elastic isotropic half-spaces in their smooth contact with slip
at the interface. The case of a single circular separation crack perpendicular to the
interface surface and a single-period infinite array of circular separation cracks is
considered. A comprehensive analysis of the influence of the crack depth, the angular
coordinate of the defect contour point, the distance between defects in a single-period
array, and the ratio of the shear moduli of the materials of the half-spaces on the SIFs
of Mode I was carried out.

In the fourth chapter, the developed boundary-integral modeling approaches are
extended to the model of an elastic bimaterial consisting of two heterogeneous half-

spaces, joined by a thin, compliant layer of low stiffness. Using spring boundary



conditions on the midsurface of the interlayer, the three-dimensional problem for a
bimaterial is reduced to solving a Newtonian potential-type BIE system with respect to
unknown crack opening functions with a modified Green’s function that characterizes
their interaction through a thin interlayer. As an example, the case of a single circular
torsion crack located parallel to the interlayer and two identical circular cracks located
parallel to the interlayer in identical half-spaces is considered. Using BIE solutions, the
dependence of the SIFs of Mode III on the ratio of the material’s physical parameters
of the body components, the depth of the defects relative to the interface, and the
thickness of the layer was analyzed.

In the fifth section, the method of boundary-integral modeling of the problem of
static loading of a three-dimensional bimaterial with non-classical contact conditions
at the interface and its reduction to systems of two-dimensional BIE is extended to the
case of the presence of thin flat, ductile inclusions in the body, as partial cases of cracks
healed by injection material. The case of a circular inclusion perpendicular to the
interface surface under the effect of static tensile forces and boundary conditions of
smooth contact with sliding at the interface is considered. The case of two circular
inclusions embedded in identical half-spaces, separated by a thin, compliant layer,
subjected to torsional loads, was also investigated. The influence of the ratio of the
physical parameters of the body components, the type of boundary conditions of the
contact at the interface, the thickness of the layer and inclusions, and the depth of the
defects on the SIFs of Mode I/Mode III type at the points of the defect contour was
studied.

According to the results of numerical analysis based on comparison with known
analogues for an infinite homogeneous body and a free half-space with cracks, the
effects of strengthening and reducing the SIFs in bimaterial bodies were revealed,
depending on the ratio of the elastic parameters of the body components (materials of
the half-spaces, interlayer, inclusions), the defects depth and orientation relative to the
interface, the type of boundary conditions of contact on the interfacial surface; the

thickness of the interlayer and inclusion.



The results of the work can be applied in static fracture mechanics and for
assessing the strength of composites, in geophysics and non-destructive testing, in the
interpretation of geoexploration data, and in injection technologies for restoration

construction.

Keywords: clastic bimaterial, plane cracks, thin-walled compliant inclusions,
non-classical contact conditions at the interface, static stress intensity factors, boundary

integral equations method.
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