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Pedepar:

1.V puceprauniiHoMy TOCIiIKEHH] BUKIALEHO MifXiz O TOMOTreHi3allii OMHOCIPSIMOBaHMX KOMIIO3UTIB i3
TPaHCTPOITHUMU MaTPULEIO Ta TOPOXKHUCTUMHU BOJIOKHAMU. 3a JOIIOMOT0I0 METOY IIPELICTaBHUILKOTO 06'€MHOTO
eJIeMEeHTY PO3B’s13aHO KparoBi 3ajaui PO O3 0BXKHIl Ta ITOIIepEeYHUIl PO3TAT, IO3JOBXKHIl Ta ITOIlepeyHuil 3CyB
111 HEOJHOPIIHOrO Ta TOMOT€HI30BaHOro Marepiany. OTpMMaHO aHaIITUYHI CNiBBiIHOLIEHHS [J151 BU3HAYEHHS
e(peKTUBHUX NIPYKHUX XapaKTEPUCTHK BKa3aHUX KOMIIO3UTIB. 3a OCHOBY 00paHO KiHEMaTUYHUN KpUTEPil
y3roJpyKeHHs. BUCBIT/IIOI0THCSI OCHOBHI MiTX0¥ 10 BUBHAYEHHS HAIPY>KEHO-TepOPMOBAHOTO CTaHy BOJIOKHUCTHUX
KOMITO3ULiliHMX MaTepiasiB Ta KOHCTPYKLil, CIIPOEKTOBAHHUX 3 iX BUKOPUCTAHHIM. OCO6IMBY yBary npumijieHo
BpPaxXyBaHHIO CIIeLU(IYHMX BJIACTUBOCTEN CKIJIAIOBUX, TAKUX SIK B'SI3KOIPYKHICTb, aHI30TPOIIS Ta iHINUX, MPU
BU3HA4YEHH] €(DEKTUBHUX MEXAHIYHMX XapaKTePUCTUK KOMIO3UTa. OKPEMO BUCBITJIEH]I MUTaHHS TOMOTeHi3allii

KOMIIO3UTiB, apMOBaHUX [IOPOKHMCTUMU BOJIOKHAMU. BindHaueHi nepeBaru Ta HeJloJ1iKu YMCEIbHUX Ta



€KCIIEPMMEHTAJIBHUX MiTX0MiB O BU3HAYEHHS HAIIPYKE€HO-I,e(POPMOBAHOIO CTaHy TaKMX KOMIIO3UTIB Y IIOPiBHSHHI
3 aHJIITUYHUMU MeToAaMu. PO3BUHEHO METO]] IIPeJCTaBHULILKOIO 06'€MHOTO €JIEMEHTY JiJIsl TOMOTeHi3alii
OJHOCIIPSIMOBAHOTI'0 KOMIIO3ULIITHOTO MaTepiany 3 TPaHCTPOITHUMU MaTPULIEIO Ta TIOPOSKHUCTHM BOJIOKHOM IIPU
[IONIEPEYHOMY Ta MO3[IOBXXHbOMY PO3TATY i 3CYBi, 1[0 IPYHTYETHCSI HA BUKOPUCTAaHHI KIHEMaTUYHUX YMOB
Y3rO/IKEHHSI TIEPEMillleHb KOMITO3UTY Ta MOr0o CKJIaloBUX. YIIEpIle, HA OCHOBI PO3B'sI3aHHS 3a7ja4i TOMOreHi3allii 1po
MIONEPEYHUI PO3TAT Ta YUCTUH NIONIEPEYHUN 3CYB, OTPMMAHO aHAJITUYHI CHiBBiIHOIEHHS AJ151 BU3HAYEHHS
[IOTIEPEYHOr0 MOJYJIsl IPY>KHOCTI Ta KoediljienTa [TyaccoHa 0AHOCIPSIMOBAHOTO KOMIIO3UTY 3 TPAHCTPOIIHUMU
MaTpULEIO Ta OPOKHUCTUM BOJIOKHOM, IIO 3aJ1€3KaTh Bifl MPY>KHUX XapaKTEPUCTUK MOT0 CKJIAZOBUX Ta 06'€MHOTO
BMICTy MaTepiajy BOJIOKHA Ta IOPO>KHUHU Y KOMIIO3UTI. YIieple, Ha OCHOBI pO3B’s13aHHS 3a/1a4i roMoreHisatii mpo
[TO3[I0B>KHi} PO3TAr Ta YACTUM MTO3L0BXKHIN 3CyB, OTPMMAHO aHAJITUYHI BUPA3U IJ1s1 PO3PAXYHKY I103[0BXHBOTO
MOJyJIsl IPY>KHOCTI, KoediljienTa [TyaccoHa Ta N03H0BKHBOTO MOJIYJIS 3CYBY OJHOCIIPSIMOBAHOTO KOMITO3ULITHOTO
Marepiasny 3 TOPO>KHUCTHMMU BOJIOKHAMU y BUNIAAKY TPAHCTPOITHOCTI 060X KOMIIOHEHT KOMIIO3UTY, 110 3aJI€XKaTh Bif,
IIPY>KHUX XapaKTepUCTUK MOro CKIaJ0BUX Ta 00’€MHOI0 BMICTy MaTepiajly BOJIOKHA Ta IOPOKHUHU Y KOMITO3UTI.
[IpoBeneHO po3paxyHKM 3a OTPMMaHUMU GOPMYJIaMU Ta IOOYA0BAHO 3aJIE5KHOCTI €(PEKTUBHUX MPYKHUX CTATIMX
KOMIIO3UTIB 3 IOPO>XKHUCTUMHU BOJIOKHAMHU BiJj 06’€MHOTO BMICTy MaTepiajy BOJIOKHA Ta IOPOXXHUHU Y
KOMITO3ULiliHOMY MaTepiasi. Po3paxyHKy e(peKTUBHUX MeXaHIYHUX XapaKTePHUCTHUK BOJIOKHUCTUX KOMITO3ULITHUX
MarepiaiB 32 OTpUMaHUMU GOPMYJIaMU IEMOHCTPYIOTb BUCOKY 30DKHICTh Pe3yJIbTaTiB 3 OOUNCJIEHHSIMU 32
criBeigHomeHHaMHU I'. A. Banina Ta [I. M. Kapninoca. [IpakTuiHe 3Ha4€HHs pe3yJbTaTiB POOOTHU MOJISITAE Y
MO>KJIMBOCTi 6€3110CepeIHbOr0 BUKOPUCTAHHS OTPUMAHUX aHAITUYHUX CIIiBBiIHOIIEHD [17151 BU3HAYE€HHS
ePeKTUBHUX NPY>KHUX CTAJINX JBOX()A30BUX OJHOCIPSIMOBAHMK KOMIIO3ULIIMHUX MaTepiasiB 3 TOPOKHUCTUMU
BOJIOKHAaMH, 110 CKJIQJAIOThC SIK i3 i30TPOIHUX, TaK i TPAaHCTPOIHUX KOMIIOHEHTIB. [IpefcTaBieHi y poboTi
aHaJIITUYHI 3aJ1€>KHOCTI JO3BOJISIIOTh HA CTAAIl IPOEKTYBAHHS, BAPiIOI0YM MATEPiaJioM MaTpulli, MaTepiaiom
BOJIOKHA, 060'€MHHM BMiCTOM BOJIOKHA Ta 06’€MHMM BMiCTOM IIOPOXHUHU Y HbOMY, OTPUMYBATU KOMIIO3ULIilHI

marTepiany i3 palioHaJbHMMU XapaKTE€PUCTHUKAMU.

2. In the dissertation research, the approach to a homogenization of unidirectional composites with transtropic
matrix and hollow transtropic fibers is stated. Using the method of a representative volumetric element, the
boundary value problems of longitudinal and transverse elongation, longitudinal and transverse shear for
inhomogeneous and homogenized material are solved. Analytical ratios to determine the effective elastic
characteristics of these composites were obtained. The kinematic criterion of coordination is chosen as a basis.
The first section covers the main approaches to determining the stress-strain state of fibrous composite materials
and structures designed using them. Particular attention is paid to taking into account the specific properties of
the components, such as viscoelasticity, anisotropy, and others when determining the effective mechanical
characteristics of the composite. The issues of homogenization composites, reinforced by hollow fibers, are
covered separately. The advantages and disadvantages of numerical and experimental approaches to determining
the stress-strain state of such composites, compared to analytical methods, are noted. Main tasks, that need to be
solved during the research, are formulated based on analysis. Developed a method of representative volumetric
element for homogenization of unidirectional composite material with transtropic matrix and hollow fiber at
transverse and longitudinal elongation and shear. It is based on the use of kinematic conditions of coordination of
displacements of composite and its components. For the first time, based on the solution of the problem of
homogenization on transverse elongation and simple transverse shear, were obtained analytical ratios for
determining the transverse modulus of elasticity and Poisson’s coefficient of a unidirectional composite with a
transtropic matrix and hollow fiber, depending on the elastic characteristics of its components and volumetric
content of fiber and the cavity inside the composite. For the first time, based on the solution of the problem of
homogenization of longitudinal elongation and simple longitudinal shear, were obtained analytical expressions for
calculating the longitudinal modulus of elasticity, Poisson's ratio, and longitudinal shear modulus of unidirectional
composite material with hollow fibers in the case of transtropeness of both components of the composite,
depending on the elastic characteristics of its components and volumetric content of fiber and the cavity inside
the composite. For the first time calculations according to the obtained formulas were performed, and the



dependencies of effective elastic constants composites with hollow fibers on the volumetric content of fiber and
cavity inside the composite material were constructed. Calculations of the effective mechanical characteristics of
fibrous composite materials according to the obtained formulas demonstrate a high convergence of the results
with the calculations based on the ratios of G. A. Vanin and D. M. Karpinos. The practical significance of the work
results lies in the possibility of direct use of the obtained analytical relations to determine the effective elastic
constants two-phase unidirectional composite materials with hollow fibers, which consisting of both isotropic and
transtropic components. The analytical dependences presented in this thesis allow to obtain composite materials
with rational characteristics at the design stage, varying the matrix’s material, fiber’s material, volumetric fiber’s
content, and volumetric content of the cavity in it.
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