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2. Structural-modular method of jump functions to study the deformation of bimaterials with cracks and physically
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Pedepar:

1. ¥ nuceprauiiiniii po60Ti po3po6seHi MaTeMaTUIHi MOoZeJii i MeTOAM NOCiIKeHHsS] MeXaHIYHUX I0JIiB y Tijax 3
TOHKUMMU (Pi3UYHO JIiHIMHMMY | HesiHIMHUMY HEOHOPIAHOCTIMY 3 YpaxyBaHHIM MO>KJIMBOI HeineasbHOCTi
KOHTAaKTHOI B3aeMO/Iil i BIUIMBY IIOBEPXHEBOI €HePrii Ha inTep@eiicax MaTepiasiB Ta JOBIJIIBHOTO TUIIY i PEXXUMY
KBa3iCTaTUYHOTO HABAHTAKEHHA-PO3BaHTaXEeHH. Ha OCHOBI 3arajibHUX CIiBBiIHOLIEHb T€OPIi IPYKHOCTI
nobyoBaHa 1iijlicHa cucTeMa MaTeMaTUYHUX MOJiesiel TOHKOTO (Pi3YHO HeJliHIHOTO BKJIIOYeHHS. 3
BUKOPUCTAHHSM [IPUHLUITY CIIPSIKEHHSI KOHTUHYYMIB Pi3HOI BUMIPHOCTI, CHiBBiIHOIIEHD 3a7,a4i CIIPSIKEHHS
IPaHMYHUX 3HAYEHb aHAJIITUYHYX (PYHKLIN Ta KOHLENLii MeTony QyHKILil cTprbKa 3alIpOIIOHOBAHO CTPYKTYPHO-
moaynbHU MeTo[, GyHKLiN cTtpubka (CMMOC) , gxuil jae 3MOTy po3B’s13yBaTU 33[1a4i T€OPii TOHKUX BKJIIOYEHb 3
ypaxyBaHHSM HeJIiHiHOCTi KOHCTUTYTUBHUX PiBHSIHB i HeilleasbHOro KOHTaKTy. JJocigkeHo KOMOiHOBaHi [1710CKO-
AHTHUILIOCKI 337a4i 1J151 KyCKOBO-OJIHOPiAHOrO MacuBy 3 GPUKLiMHUM IPOKOB3YBaHHSM Ha MEXi KOHTAKTy B YyMOBax
6araTOKpOKOBOTO HaBaHTaXXyBaHHSI-PO3BAHTAKYBAaHHSL. [I71s1 BUBHAYEHHS allpiopi HEBiTOMUX 30H IIPOKOB3yBaHHS
3aCTOCOBAHO iHKpeMEHTAIbHUH MiIXiT 1O YpaxXyBaHHS 3aJIMIIKOBUX HaIlpyKeHb il 4ac 6araTOKPOKOBOTO
HaBaHTaXyBaHHS—PO3BAHTAKYBAHHS CUJIOBMMU i AUCJIOKALINHUMY YNHHVMKAMU. PO3paxoBaHO pO3CisSIHHS eHeprii,
KPUTAYHE HAaBAaHTAXEHHS 32 YMOB HAsIBHOCTI OOMEXXEHb HAa PO3Mip 30H IPOKOB3YBaHHS. B paMKax KOHILEMILii
MeXxaHiKy gedOpMiBHOTO TBEPAOTO Tijla JOCTIIKEHO BIVIUB [l JUCIOKaLill HA MAaCUB 3 TOHKUM OPTOTPOITHUM
MiKPOBKJIIOYEHHSIM 32 iICHYBaHHS JOJATKOBUX IIOBEPXHEBUX HAIPYKEHb HA MEXKi KOHTAKTY. 719 MOl TOHKOi
6araTomapoBoi Mixk(a3HOI HEOJHOPINHOCTI NOCIIIIPKEHO 30HU «0€e311eKM» PO3TallyBaHHS TOYOK [IPUKJIAJIaHHS
30cepeKeHNX CUJIOBUX YMHHUKIB. PO3p06s1€eHO METOAMKY pO3B’s13yBaHHs 3a1a4 JedOopMyBaHHs 6imaTepiaris i3
TOHKMMMU MiXK(a3HUMU HENTiHINHUMU 1ePOPMIBHUMYU BKIJIIOYEHHSIMU 32 YMOB [IOBIJIBHOTO KBa3iCTaTUYHOTO
6araTOKpOKOBOTO IIPOLIeCY HaBaHTaXKyBaHHsI-PO3BaHTaKyBaHHsI. 3a OMOMOrolo 3anpornoHosaHoro CMMOC
OTPUMAaHO Pe3yJIbTYIOUi CUCTEMU CUHTYJIIPHUX iHTerpaibHUX piBHAHb (CCIP) i3 3MiHIOBaHHMU KoedillieHTaMn-
(dyHKLiIMY, SIKi BUHUKAIOTh [IPY ypaxyBaHHi (i3WYHOI HEeNliHIITHOCTI MaTepiany BKIOYEHHS. 17151 pO3B'a3yBaHHs
takux CCIP onpanpboBaHo Ta aripo60BaHO iHKpEMEHTabHO-iTepaliiiHuil MeTosl. BUKOHAHO KOHKPETHi po3paxyHKU
OCHOBHUX IIapaMeTpiB HaPy>KeHO-1e(pOPMOBAHOr'0 CTaHy JJIs1 Pi3HUX IIapaMeTpiB Jiarpamu 1edpopMyBaHHS
Pamb6epra-Ocryza, ineanbHO IPYKHO-IIJIACTUYHO] 3 JTiHIMHUM 3MilJHEHHSIM Ta iH. Pe3ynbTat pO60TH MOXYTb OYTH
3aCTOCOBaHI 1151 IPOEKTYBAaHHS HOBUX MaTepiaJiB i3 6as)kaHUMU eKCILTyaTaliiHUMU BJIaCTUBOCTSIMH,
nporuo3dysaHHsa HJIC ta ontrmisanii HaBaHTa>KyBaHHS TiJl 3 TOHKMMU CTPiYKOBUMU HEOJHOPITHOCTSIMU 5K Y

MEXaHilli KOMIIO3UTiB, TaK i B MiIKPO- Ta HAHOMEXAaHIlli.

2. This dissertation work develops general mathematical models and methods for investigating mechanical fields in
bodies with thin physically linear or nonlinear inhomogeneities considering possible non-ideality of contact
interaction and surface effects as well as arbitrary type and regime of quasi-static loading-unloading. Based on the
general relations of theory of elasticity, a system of thin physically nonlinear inclusion models is constructed.
Using the principle of conjugation of continua of different dimensions, the relations of the problem of conjugation
of limit values of analytical functions, and the concept of the jump function method, a structural-modular method
of jump functions (SMMJF) is proposed which allows one to solve the problems by considering the nonlinear
constitutional equations and contact conditions. Combined plane-antiplane problems for a piecewise
homogeneous bulk with frictional slip at the contact boundary under multistep loading-unloading conditions are
investigated. An incremental approach is applied to determine the a priori unknown slip zones to account for
residual stresses during multistep loading-unloading by force and dislocation factors. Energy dissipation, critical
load in presence of limitations on the size of slip zones are calculated. The effect of dislocation loading on a bulk
with thin orthotropic microinclusion in the presence of additional surface stresses at the contact boundary is
investigated within the concept of mechanics of a deformable solid. For a multilayer model of a thin interphase
inhomogeneity, the "safety zones" of points of application of concentrated force factors have been studied. A
method for solving the problems of deformation of thin interfacial nonlinear deformable inclusions in an arbitrary
quasistatic multistep loading-unloading process was developed. This allowed us by the developed SMMIJF to obtain
the resulting systems of singular integral equations (SSIE) with variable coefficients-functions that arise when



physical nonlinearity of the inclusion material. An incremental iteration scheme is developed and tested in detail
for solving such SSIE . We made specific calculations of the main parameters of the stress strain state for different
Ramberg-Osgood, elastic-plastic and other types of strain diagrams. The results of the work can be used for
designing new materials with desired performance properties, predicting the deflected mode of action and
optimizing the loading of bodies with thin ribbonlike inhomogeneities both in composite mechanics and in micro-
and nanomechanics.
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