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Y  aucepramiiHoMy JOCHIPKEHHI OTpUMaHO e(eKTUBHI MeXaHIYHi
XapaKTePUCTUKH PI3HOMOJYJIBHOTO TMPYKHOTO BOJIOKHHCTOTO KOMITO3UTHOTO
MaTepialy JJig BUNAAKIB pO3TATY Ta CTUCKY. BuzHaueHo epeKTUBHI TeXHIYHI CTall
BKAa3aHOTO KOMIIO3MTY — ITO3JIOBXKHIA Ta IMONEPEUYHUH MOy TPYXKHOCTI Ta
koedimientu [lyaccona. /[y bOro BUKOPUCTAHO KIHEMATHYHI YMOBH Y30 DKEHHS
NEPEeMIIIEHh TOYOK TOMOTCHI30BAaHOTO KOMIIO3UTY Ta HMOTO0 KOMIIOHCHTIB —
MaTpHIli Ta BOJIOKHA — IIPHU CIIUIBHOMY Je(hOpMYyBaHHI.

OcHoOBHa yacTHHA AMCEpTallii CKIAA€ThCS 3 BCTYMY, YOTUPHOX PO3JALIIB Ta
BUCHOBKIB.

VY BcTyni OOTpyHTOBAaHO BUOIP TEMH JIOCTIIKEHHS, CHOPMYJIHOBAHO METY,
3aB/JaHHS, BU3HAYCHO METOAM JOCHIHPKCHHS, HAYKOBY HOBH3HY Ta IPaKTUYHE
3HAYCHHS OTPUMaHHMX Pe3yJbTaTiB. PO3KpHTO 0COOMCTHI BHECOK 3/100yBaya y
JOCITIJDKCHHSIX, BUKOHAaHWX Y CIIBaBTOPCTBI, IMOJ@HO JlaHl I0J0 ampoOarrii
pe3yabTaTIB AUCEPTAILi.

VY mepmomy po3aini kBamidikaiiifHOT HAYKOBOi Mparll JOCHIIKYIOThCS
Cy4yaCHUW CTaH Ta OCHOBHI MIAXOAHW 10 BUPIMICHHS MPOOIIeMH TOMOTEHI3aIil
PI3BHOMOAYJIBHUX KOMITO3HUTIB. JIsi BH3HA4YeHHS CYTHOCTI JaHO1 MpoOJIeMu
PO3TIITHYTO OCHOBHI MEXaHIYHI XapaKTEPHCTUKH KOMITO3UTIB, MO MOTPEOYIOTh
BHU3HAYCHHS y MPOIIeCi TOMOTeHi3alii. BUCBITIIEHO CYTHICTh €KCIIEPUMEHTATBHOTO
MiAXOAy Ta MAaTEMAaTUYHOTO MOJCIIOBAHHSA JJIs 3HAXO/KCHHS e()EeKTUBHUX
MEXaHIYHUX XapaKTEPHUCTUK BOJIOKHUCTUX KOMIIO3UTIB. PO3risHYyTO HaWOiLIBII

BIIOM1 JOCHIIKEHHS Yy 1bOMY HampsMKy. Big3HadeHo, 1m0 1CHyE KUJIbKa



METOJOJOTTYHUX MiJXOMIB 0 BUBYEHHS PI3HOMOJYJIBHUX MaTepiaiiB, HABEJICHO
KOPOTKI XapaKTEPUCTUKH OCHOBHUX MYOIIIKaLIi y MEXaX KOXKHOTO 3 MIAXO1B.

Y mpoMy po3AiNi pO3TIsHYTa TaKOXXK TEOPETHYHA OCHOBA AMCEPTAIIHOTO
JNOCHIDKEHHST — BHM3HAYallbHI  CIIBBIIHOIIEHHS MDK HAamnpyXeHHSIMHU Ta
nedopmarisimu. Bonu copmynboBani 1S 130TPOIMHOTO MaTepially BiIMOBIAHO A0
KJIACUYHOI Teopii PI3HOMOAYJIBHOIO MPYXKHOTO CEPEeAOBHINA, 3alPONOHOBAHOT
C.A. AMOapuiymMstHOM, Ta PO3IMOBCIO/KEHI Ha BHUIAJ0K PI3HOMOAYJIBHOTO
TPaHCBEPCAIBHO-130TPOMHOTO cepenoBuia. [lpu 1ipoMy Oyi0 IPUWHATO TIMOTE3Y
PO CTaJICTh MOAYJIB 3CYBY IPH PO3TATY Ta CTHUCKY.

VY po3auni 2 BuU3HaueHO €(DEKTUBHUN MO3JO0BXKHIM MOAYJbL MPYKHOCTI Ta
KoeirieHT [Tyaccona PI3HOMOIYJIBHOTO TpPaHCBEPCAIBHO-130TPOITHOTO
KOMIIO3UTY B YMOBaX pO3TATY Ta CTHCKY. EleMeHTapHy KOMIpKYy KOMITO3UTY
MIOJITAHO Y BUTJISII LUJIIH/APA, CKIIAJIEHOTO 3 TIOPOKHUCTOTO MUITIH/APA, 0 MOJICITIOE
MaTpUIIO, Ta CYIUIBHOTO IWIIHIpA, M0 MOJEIIOE BOJOKHO. [[nsi BU3HAYCHHS
e(heKTUBHUX TPYXKHUX CTIUX CIOYATKy PO3B’S3aHO 3aJadyy MpO CYMICHE
nedhopMyBaHHS KOMITOHEHTIB MPEICTABHUIIBKOT KOMIPKH KOMITIO3UTY — MaTpPHIIl Ta
BOJIOKHA. PajiasibHI IepeMillieHHs Ta HapyXEHHs Ha MOBEPXHI KOHTAKTY MaTPHIIl
Ta BOJIOKHA MpPU LBbOMY € HENEepepBHUMH. AHAJOrYyHA 3ajladya BU3HAYCHHS
KOMITOHEHTIB HaNpyXeHO-Ie()OPMOBAHOTO CTaHy B YMOBax IMO3JOBXKHBOTO
pO3TATY Ta CTUCKY PO3B’s3aHa ISl OJHOPIMHOTO KOMIIO3HWIIIMHOTO MaTepiairy.
EdextuBHI mpyXHI CTali — TO30BXHIM MOJIYJIb MPYKHOCTI Ta KOE(DIIiEHT
Ilyaccona — BHM3HA4YalOThCS 3 YMOBH PIBHOCTI OChOBHX jedopmallii y TOYKax
€JIEeMEHTApHOT KOMIPKA TOMOTEHI30BAHOT'O KOMIIO3UTY, MAaTpHIll Ta BOJIOKHA, a
TaKOX pajlialbHUX NIEPEMIIIeHh Ha 30BHIIIHINA MMOBEPXHI MATPHUIIl Ta €IEMEHTAPHOT
KOMIPKH OJHOPITHOTO KOMIIO3UTY.

Y  posmimi 3 OOCHIIKYEThCS ~ TOMOTEHI3AIISl  Pi3HOMOJYJIHHOTO
TPAHCTPOITHOTO KOMIIO3UTY B YMOBaX MOIEPEYHOTO PO3TATY- CTHCKY. Crodatky
pO3B’sI3aHO  KpaloBy  3aJayy  3HAXOJKEHHS  KOMIIOHEHTIB  HaIpyXeHO-
neOpMOBaHOTO CTaHy MATPHUIll Ta BOJOKHA TMPU 3aJaHOMY pPaaialIbHOMY

Hampy>XKeHHI Ha 30BHINIHIA mnoBepxHi Marpuuil. llpu 1pomy pamianbHi



MEpPEMIIICHHS] Ta HANpY)KEHHS Ha IOBEPXHI KOHTAKTy MaTpHUIl Ta BOJOKHA
BBAJKAIOTHCS HEMEPEPBHUMHU, OCbOB1 Jedopmallii MaTpuli Ta BOJOKHA PIBHI MIX
co0o10.

Ha nactymHomy erami po3B’sI3ye€ThCSl 3ajada BU3HAYCHHS IEPEMIIICHbD,
aedopmariiii Ta Hampy>XeHb 7S OJHOPITHOTO KOMIIO3UTY MPHU TUX K€ KPaoOBUX
yMOBaX. YMOBaMHU Y3rOJKEHHS € PIBHICTb OCHOBUX IEpPEMILLIEHb OJHOPIAHOTO
KOMITIO3UTY, MAaTpUILll Ta BOJOKHA, & TAKOXX PIBHICTh pajJllaJlbHUX MEPEeMIIIeHb Ha
30BHIIIHIM ~ TOBEpXHI  MaTpulll Ta KOMIPKM  OJHOPIAHOTO  KOMIIO3HTY.
BukopucTaHHS IMX YMOB Y3TOPKEHHS TO3BOJIMIIO OTPUMATH CITiBBITHOIICHHS MiX
e(PEeKTUBHUMU MPYKHUMHU CTATUMH Yy IJIOLIHHI 130TPOMii KOMIIO3UTY.

Y derBepTOMy pO3AUTI BU3HAYCHO €QEKTUBHUN TOMEPEYHHA MOIYIb
npyxHocTi Ta koedinieHT Ilyaccona nais IUIONIMHM 130TPOMii TpaHCBEpCAIbHO-
130TPOITHOTO PI3HOMOAYIBFHOTO KOMITO3UTY. [[JIsl IIbOTO BUKOPUCTAHO MPHITYIIICHHS
PO PIBHICTh MOJYJIIB 3CYBY IPH PO3TSA31 Ta CTUCKY PI3HOMOAYJIBHOTO Martepiaty,
a TaKOoX CIIIBBIIHOIIEHHS MIX €()EKTUBHUMH XapaKTEpUCTHUKAMU KOMIIO3UTY Y
TUTOIIMHI 130TPOITii, sIKi OTpUMaHi y po3aiii 3.

Ha ocHOBI BHMKOHAaHOTO JOCHIIPKEHHS C(OpPMYJIbOBAaHO BHCHOBKH 32
JTUCePTAIIHHOI0 pOOOTOIO.

HaykoBa HOBU3Ha OTpUMaHMX pe3yJIbTaTIB MOJAra€ y TaKOMY: BIIEpILE
3alpOIIOHOBAHO IMAXIJ JO0 TOMOTeHi3alil pPi3HOMOIYJIBHOTO TpaHCBEPCAIbHO-
130TPOIMTHOTO KOMIIO3UTY, IO IPYHTYEThCS Ha BUKOPHUCTAHHI KIHEMAaTUYHHUX YMOB
Y3TO/KEHHSI MEpeMIleHb MPEICTaBHUIBKOIO €JIEMEHTY KOMIIO3UTY Ta HOro
CKJIAJIOBHX; Ha OCHOBI PO3B’S3aHHS 3a/a4yl PO TMO3JOBXKHINA PO3TIAT-CTHCK
NPEICTaBHUIIBKOTO €JIEMEHTa KOMIIO3UTY Ta HOro CKJIAaJ0BHUX OTPUMAHO
AHAMTUYHUANA BHUpa3 g €(PEKTUBHOTO TIO3JOBKHBOTO MOJIYJS TMPYKHOCTI
PI3HOMOJYJIBHOTO TPaHCBEPCaIbHO-130TPOIHOTO BOJOKHUCTOIO KOMIIO3UTY; Ha
OCHOBI PO3B’sI3aHHS 3a/ayl MPO MOMEPEYHHH PO3TAT-CTUCK MPEICTaBHUIIBKOTO
€JIEMEHTY KOMIIO3UTY Ta HOTO CKIAJOBHX OTPUMAHO AHAJIITUYHUI BUpa3 s
€(eKTUBHOTO MONEPEYHOTO MOAYJIS MPY>KHOCTI PI3HOMOTYIBLHOTO

TPaHCBEPCAIbHO-130TPOIMMHOIO KOMIIO3UTY; Ha OCHOB1 pO3B’SI3aHHS 3ajadl Mpo



MONEPEYHUN 3CYB NMPEICTABHULIBKOTO €JIEMEHTY KOMIIO3UTY Ta MOro CKIJIaJ0BUX
OTPUMAHO €(QEKTHUBHUI MOIYyJIb 3CYBY Yy IUIONIMHI I130TPOIMii KOMIIO3UTY Ta
koedimient I[lyaccona s 1i€i MIOMMHYU; TMOOYIOBAHO 3aJIEKHOCTI 3HAWJEHUX
e(pEeKTUBHUX TMPYXKHUX CTAIUX PI3HOMOAYJIBHOIO KOMIIO3UTY BiJl BIJIHOCHOT
00’€MHOT YaCTKH BOJIOKHA y MaTepiaii KOMIIO3UTY.

[IpakTiyHe 3HAa4YEHHS OTPUMAHMX PE3YJbTATIB MOJATAE Y MOXKIMUBOCTI
3aCTOCYBaHHSl OTPUMAHMX €(DEKTUBHUX MPYNKHUX CTATUX IJS PIZHOMOAYIBHUX
KOMITO3UTIB MpPH PO3PaXyHKaX KOMIIOHEHTIB HampyX eHO-1e(OpMOBAHOTO CTaHy
KOHCTPYKIITHUX €JeMEHTIB, BUTOTOBJICHUX 3 TaKUX MaTepiaiiB. 3amporoHOBaHa
y JucepTaliifHOMY JOCHDKEHHI METOJMKa TOMOTEHI3alli TpaHCBEpCaTbHO-
130TPOMHOTO KOMIMO3UTY Yy TMOPIBHAHHI 3 IHIIMMHU ICHYIOUUMH METOJUKAMHU
pO3B’si3aHHS I1i€i 3aJa4l JI03BOJISIE BPAXOBYBAaTH HASBHICTh BIAMIHHOCTEH Yy
MEXaHIYHUX XapaKTePUCTUKAX KOMIIO3MIIIHHOTO Martepiajy MpHU IMO3/10BKHBOMY
PO3TSATHEHHI Ta CTUCKY, TMPU PO3paXyHKaX KOHCTPYKUIMHHUX €JIEMEHTIB,
BUTOTOBJICHUX 3 KOMIIO3UTIB, Ha MIIHICTh Ta IOCIIDKCHHI iX peakiii Ha i
PI3HOMAHITHUX CTaTUYHUX Ta JAWHAMIYHUX HaBaHTaxeHb. Lle J03BoIUTH
BIOCKOHQJIUTU TPOLIEC NMPOEKTYBAHHA KOHCTPYKIHM, y SIKHX BUKOPHUCTOBYHOTHCS

TpPaHCBEPCATbHO-130TPOITHI KOMITO3UTHI MaTepiajiu.

KOMIIO3UT, MATPUILA, BOJIOKHO, PI3BHOMOJIYJIbHUI
MATEPIAJI, E®EKTHUBHI XAPAKTEPUCTUKH, TOMOI'EHI3AIIIA,
TPAHCBEPCAJIbHO-I30TPOITHUM ~ MATEPIAJI, PO3TAII, CTUCK,
MOAVIJIb ITPYXKHOCTI, KOE®ILICHT ITYACCOHA



ABSTRACT

Smoliankova T.M. Mathematical modeling of the mechanical characteristics
of a fibrous composites with multi-modular components. — Qualification scientific
work, manuscript.

Ph.D. thesis in specialty 113 — Applied Mathematics. — Zaporizhzhia
National University, Zaporizhzhia, 2021.

In this thesis, | determined the effective mechanical characteristics of the
multi-modular elastic fibrous composite material at stretching and compression. |
designated the effective technical characteristics of these composites — longitudinal
and transverse modulus of elasticity and Poisson coefficients. So | 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, | 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. | described the personal role in the researches
made in the co-authorship includes. Also | submitted the data of approbation the
outcome measures.

In the first section of the scientific research paper, | 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 |
considered the basic mechanical characteristics of composites. It requires a
definition in the process of homogenization. | expounded the essence of the
experimental approach and the mathematical modeling for finding the effective
mechanical characteristics of the fibrous composites. | also reviewed the best-
known researches in these areas. | noted that there were several methodological
approaches in exploring multi-modular materials. So | provided the short

characteristics of the main publications within each of the approaches.



In this section, | 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, | 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, 1 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, | explored the homogenization of the multi-modular
transtropic composite at transverse stretching-compression. Firstly | 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, | 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, | 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 | 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.

The novelty of the outcome measures is as follows. Firstly, it was newly
suggested the method of the homogenization of the multi-modular transversally-
isotropic composite based on using the kinematic conditions of alignment of
displacements of a representative composite element and its components.
Secondly, | obtained the analytic expressions for the effective longitudinal
modulus of elasticity of the multi-modular transversally-isotropic fibrous
composite based on solving the problem of a longitudinal stretching-compression
of a representative composite element and its components for the first time.
Thirdly, it was newly determined the analytic expressions for the effective
transverse module of elasticity of the multi-modular transversally-isotropic
composite based on solving the problem of transverse stretching-compression of a
representative composite element and its components. Fourthly, | was derived the
effective transverse shift module in the plane of isotropy of a composite and the
Poisson coefficient in this plane based on solving the problem of the transverse
shift of a representative composite element and its components for the first time.
Fifthly, it was newly plotted the formulas between found effective elastic constants

of the multi-modular composite on the volumetric fiber content in a composite.



The practical value of the outcome measures aims at the possibility of
applying the outcome effective elastic constants for the multi-modular composites
for the math of components of the stress-strain state for the structural element
made of these materials. Described methodology of the homogenization of the
transversally-isotropic composite compared with other current methodology of the
described problem allows taking into account the differences in mechanical
characteristics of a composite materials at their longitudinal stretching and
compression, while math the structural elements made of composites. The
composite materials are put under pressure and analyze their reaction on different
statistical and dynamical stresses. It will allow strengthening the process of

engineering the structure made of transversally-isotropic composite material.

COMPOSITE, MATRIX, FIBER, MULTI-MODULAR MATERIAL,
EFFECTIVE CHARACTERISTICS, HOMOGENIZATION,
TRANSVERSALLY-ISOTROPIC MATERIAL, STRETCHING,
COMPRESSION, MODULUS OF ELASTICITY, POISSON COEFFICIENT
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