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Pedepar:

1. Y nuceprauiiiHoMy JOCTiIKeHHi OTpUMaHO e(PeKTUBHI MeXaHiuHi XapaKTepUCTUKU Pi3HOMOYJIbHOTO IIPY>KHOTO
BOJIOKHMCTOT'O KOMIIO3UTHOT'O MaTepiasy AJ1s1 BUIIQAKiB PO3TATY Ta CTUCKY. BusHaueHO epeKTUBHI TexHiuHi cTai
BKAa3aHOT'O KOMITO3UTY — [IO3[0BXHIH Ta MONepeYHuil MOIyJli IPYKHOCTI Ta KoedinjieHtu [lyaccona. [Jns 1poro
BUKOPHMCTAHO KiHEMaTU4YHi YMOBHU Y3TOJI)KEHHS [I€PEMIIIEHb TOYOK TOMOTE€HI30BaHOTO KOMITO3UTY Ta MO0
KOMIIOHEHTIB — MaTpUlli Ta BOJIOKHA — IIpY CIiJIbHOMY JiedopMmyBaHHi. OCHOBHA YaCTUHA JUCEPTallii CKIagaeThCs 3
BCTYIIy, YOTUPbOX PO3[iJliB Ta BUCHOBKIB. Y BCTYIIi OOI'PYHTOBAHO BUOIp TEMHU AOCIiIKEHHS, COOPMYJILOBAHO METY,
3aBJaHHS, BUBHAYEHO METOIY OOCIiIP)KEHHS, HAyKOBY HOBU3HY Ta IPAKTUYHE 3HAUYE€HHSI OTPUMAHUX Pe3yJIbTaTiB.

Po3kpuTO 0cOOGUCTHI BHECOK 3[100yBaya y LOCIiI)KeHHIX, BUKOHAHUX Y CIIiBAaBTOPCTBI, [10ZaHO JIaHi 010



anpobaliii pe3ysbTaTiB fucepralii. ¥ nepumomy po3fini kBasidikaliiiHoi HayKoBOi Mpalli JOCTiIKYIOTbCS CydacHU
CTaH Ta OCHOBHI MiJIX0J¥ 10 BUPilleHHs Ipo6ieMu roMoreHisatlii pisSHOMOyJIbHUX KOMITO3UTIB. [IJis1 BUBHAUYEHHS
CYTHOCTI J1JaHOi Np0o06JieMU PO3IJISIHYTO OCHOBHI MEXaHiYHi XapaKTepUCTHUKYU KOMIIO3UTIB, 10 NOTPEOYIOTh
BA3HA4YEHHA Y IIPOLECi rOMOreHisauii. BUCBITIIEHO CYTHICTh €EKCIIEPUMEHTAJILHOTO MiJX04Y Ta MAaTEMAaTUYHOTO
MOJeJIIOBaHHS 7151 3HaXOIKeHHS e(PEeKTUBHUX MEXaHIYHNX XapaKTePUCTUK BOJIOKHUCTUX KOMIIO3UTIB. PO3I/ISIHYTO
HaNOI/IbII BilOMI LOCHIIKEHHS Y IbOMY HaIlpSIMKY. Bifj3HaueHo, 1110 iCHye KijlbKa MeTO0JIOTIYHUX TiTX0MiB 1O
BMBYEHHS Pi3HOMOJYJIbHMX MaTepiaiB, HaBeJJeHO KOPOTKi XapaKTepUCTUKN OCHOBHUX NyOJIiKalLill y MeXKax
KO>KHOTO 3 MiAXOLiB. Y IbOMY PO31ijli PO3IJISIHYTA TAKOXK TEOPETUYHA OCHOBA JUCEPTALIMHOTO OOCIIIKEHHS —
BM3HAYaJIbHI CIIBBiIHOIEHHS MK HanpyKeHHsSIMU Ta Jedopmanismu. Boru copmysiboBaHi AJ1s1 i30TPOIIHOTO
Marepiasny BifIIOBiIHO 10 KJIACUYHOI TeOopii pi3HOMOZYJILHOTO IIPY>KHOTO CEPENOBUILA, 3alIpONOHOBAaHOI C.A.
AMmO6apIyMsIHOM, Ta PO3NOBCIOKEHI HAa BUNIAJ0K Pi3HOMOYJIbHOTO TPAHCBEPCAIbHO-i30TPOIIHOIO CEPENOBUILA.
[Ipu uboMy 6yJI0 IPUITHSTO TiNOTE3y MPO CTaliCTh MOAYJIIB 3CYBY IIPU PO3TATY Ta CTUCKY. Y pO31ii 2 BU3HAUYEHO
epeKTUBHUI 030BXKHIN MOYJIb IPYXHOCTI Ta KoedilieHT [lyaccoHa pi3BHOMOIYIbHOTO TPaHCBEPCATIbHO-
i30TPOIHOrO KOMIIO3UTY B YMOBAax PO3TATY Ta CTUCKY. EleMeHTapHy KOMipKy KOMIIO3UTY IIOJAHO Y BULJISIAI
LUUJIHAPA, CKJIAAEHOTO 3 IOPOKHUCTOTO UUJIIHAPA, 0 MOJEJIE MAaTPULIIO, Ta CYLiIBHOTO UUJIHAPA, 10 MOLEIIIOE
BOJIOKHO. [I7151 BU3HAUYeHHS e(DEKTUBHUX IIPYKHUX CTAJIMX CIIOYATKy PO3B’I3aHO 3a7ady IIpo cymicHe nedopMyBaHHS
KOMIIOHEHTIB IIPEeACTaBHULbKOI KOMIPKY KOMITO3UTY — MaTPHLi Ta BOJIOKHA. PafiiayibHi epeMilleHHs Ta
HaIpY>XEHHS Ha IOBEPXHi KOHTAKTy MaTPULli Ta BOJIOKHA IIPU LIbOMY € HEllePEPBHMMU. AHaJIOrYHA 337,a4a
BM3HAYEHHS KOMIIOHEHTIB HalPy>KeHO-11e(pOPMOBAHOTO CTaHy B YMOBaXx MO37JOBXXKHBOI'O PO3TATY Ta CTUCKY
PO3B’s13aHa /1151 OGHOPiJHOTO KOMIIO3ULiiHOTr0 MaTepiany. EQeKTHBHI Npy>KHi cTasli — 030BXHII MOIYJIb
IIPY>XHOCTI Ta KoedilieHT [lyaccoHa - BU3BHA4YalOThCsl 3 YMOBHU PiBHOCTI OCbOBUX fedopMaliiil y TouKax
€JIeMEeHTapHOI KOMipKY FTOMOT€Hi30BaHOTO KOMIIO3UTY, MaTpHIli Ta BOJIOKHA, a TaKOX pajiiaJIbHUX NEepeMillleHb Ha
30BHIIIIHi/ TOBEPXHi MaTPULIi Ta €JIEMEHTAPHOI KOMiPKU OJHOPiTHOTO KOMIIO3UTY. Y PO37isi 3 LOCHiIKY€eTbCS
rOMOT€Hi3allisl Pi3HOMOAYJIbHOTO TPAHCTPOITHOTO KOMITO3UTY B YMOBAX IIOIIEPEYHOTO PO3TAry- CTUCKY. CIIOYaTKy
PO3B’13aHO KPaloOBY 3aa4y 3HAXO[K€HHS] KOMIIOHEHTIB HaIlIpyK€HO-A,e(POPMOBAHOI0 CTaHy MaTpHLi Ta BOJIOKHA
[IpY 3aJaHOMY pafiiaJibHOMY HaIlpYKE€HHi Ha 30BHIIIHIN [TOBEPXHi MaTpuLi. [Ipy 1boMy pamiasbHi epeMilleHHs Ta
HaIpYKeHHS Ha [TOBEPXHi KOHTAKTy MaTPULli Ta BOJIOKHA BBaXKAIOThCSl HEllepepBHUMH, OCbOBi fedopMallii MaTpulli
Ta BOJIOKHA PiBHi MiX co6010. Ha HacTynHOMY eTarli po3B’sI3yeThCsl 337ja4a BU3HAUEHHS [lepeMilleHs, gedopmaliiin
Ta Halpy>keHb [J151 ONHOPITHOTO KOMIIO3UTY NPU TUX K€ KPAallOBUX YMOBax. YMOBaMU Y3TO/>)KEHHS € PiBHICTb
OCBOBUX M€PEMIllleHb OJHOPIZHOrO KOMIIO3UTY, MaTPHIIi Ta BOJIOKHA, a TAKOX PiBHICTb pajiiaJIbHUX NE€PEMillleHb Ha
30BHIIIIHI/ [TOBEPXHi MAaTPULi Ta KOMiIPKU OJHOPiZHOIO KOMIIO3UTY. BUKOPHUCTaHHS LIMX YMOB y3rOJIKEHHS
IO3BOJIMJIO OTPUMATH CIIiBBiIHOMIEHHS MDK €(peKTUBHUMU NIPY>KHUMU CTaJIMMU Y ILUIOLIKHI i30TPOIlii KOMIIO3UTY. ¥
4eTBEPTOMY PO3[Iijli BU3BHA4€HO e(PEKTUBHUI MTONIEPEYHNI MOy Ib IPYKHOCTI Ta KoedilieHT ITyaccona s
IJIOIIMHMU i30TPOTIii TpaHCBEPCaIbHO-130TPOIIHOTO PiI3HOMOYJIbBHOTO KOMIIO3UTY. JI71 IbOTO BUKOPUCTAHO
[IPUIYIIEHHS [IPO PiBHICTb MOAYJIB 3CYBY IIPY PO3T3i Ta CTUCKY PI3HOMOYJIBHOI'O MaTepiaiy, a TaKOX
CIiBBiJHOLIEHHS MK €()eKTUBHMMHU XapaKTE€PUCTUKAMU KOMIIO3UTY V IJIOLMHI i30TpOIii, sIKi OTpMMaHi y po3aini 3.

Ha ocHOBi BUKOHaHOTO JiocimKeHHsT chOPMYJIBOBAHO BUCHOBKY 3a AMCEPTALIIHOIO pOOOTOI0.

2. In this thesis, I determined the effective mechanical characteristics of the multi-modular elastic fibrous
composite material at stretching and compression. I designated the effective technical characteristics of these
composites - longitudinal and transverse modulus of elasticity and Poisson coefficients. So I used the kinematic
conditions of displacements for points of the homogenized composite and its components such as matrix and fiber
at their common deformation. The main part of the thesis consists of an introduction, four sections, and
conclusions. In the introduction, I proved my choice of thesis theme, clearly defined the main aim and tasks,
determined the methods of researches, scientific novelty, and practical value of outcome measures. I described the
personal role in the researches made in the co-authorship includes. Also I submitted the data of approbation the
outcome measures. In the first section of the scientific research paper, I explored the current situation and main
approaches in solving the problem of the homogenization of the multi-modular composites. To define the entity of
the following problem I considered the basic mechanical characteristics of composites. It requires a definition in



the process of homogenization. I expounded the essence of the experimental approach and the mathematical
modeling for finding the effective mechanical characteristics of the fibrous composites. I also reviewed the best-
known researches in these areas. I noted that there were several methodological approaches in exploring multi-
modular materials. So I provided the short characteristics of the main publications within each of the approaches.
In this section, I also defined the theoretical grounds of the thesis as the main formula between tensions and
deformations. These formulas are formulated for the isotropic material according to the classic theory of elastic
materials. It was suggested by the Ambartsumyan and distributed for the case of the multi-modular transversally-
isotropic material. While, it was assumed the hypothesis about the stability of the shear module at stretching and
compression. In the second section, I determined the effective longitudinal modulus of elasticity and the Poisson
coefficient of the multi-modular transversally-isotropic composite at stretching and compression. An elementary
cell of a composite represents by a cylinder. It consists of a hollow cylinder as a matrix and a solid cylinder as a
fiber. Firstly, I solved the problem of joint deformation of the components of a representative composite cell as a
matrix and fiber to obtain the effective elastic constants. The radial displacements and tensions on a surface of
contact of matrix and fiber thus are continuous. A similar problem of determining the components of the stress-
strain state at longitudinal stretching and compression is solved in the case of homogeneous composite material.
Effective elastic constants such as a longitudinal modulus of elasticity and the Poisson coefficient are determined
from the equality of the axial deformation in the point of the elementary cell of a homogeneous composite, matrix
and fiber. And it is also based on the equality of the axial displacements at the outer surface of matrix and
elementary cell of homogeneous composite. In the third section, I explored the homogenization of the multi-
modular transtropic composite at transverse stretching-compression. Firstly I obtained the boundary problem of
determining the components of the stress-strain state of matrix and fiber at given radial stress on an outer surface
of the matrix. Nevertheless, radial displacements and tensions on an outer surface of matrix and fiber are
continuous; the axial deformations of matrix and fiber are equal. At the next stage, I solved the problem of finding
the displacements, tensions and deformations for a homogeneous composite at the same boundary conditions.
The conditions for the alignment of displacements at the points in a homogeneous composite cell are the equality
of axial displacements for the arbitrary point and the radial displacements at the outer surface of the matrix and
homogeneous composite cell. Using these conditions for the alignment allowed us to obtain a formula between
effective elastic constants in the plane of isotropy of a composite. In the fourth section, I found the effective
transverse shift module of elasticity and the Poisson coefficient in the plane of isotropy of a transversally-isotropic
multi-modular composite. So I used the assumptions of equality of the shift module at stretching and compression
of the multi-modular material; the ratio between effective characteristics of a composite in the plane of isotropy
from the third section. The conclusions were formulated based on the completed thesis.
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