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Pedepar:

1. AKTyasIbHICTb JOCIiIP)KEHHSI MEXaHIYHUX BJIACTUBOCTEN apMOBAaHMX KOMIIO3ULIHMX MaTepialiB Ta po3poOKU
METO/IiB i METOAVK OIMCY MEXaHI4YHOI NOBEIHKY Ta MILIHOCTI €JIEMEHTIB KOHCTPYKLiM i MalllMH, BUKOHAHUX 3 HUX,
BA3HAYa€ThCSl HEJIOCTATHLOIO BUBYEHICTIO JIESIKUX SIBULL, IO MPOSIBJISIIOTHCS KOMIIO3ULIMHUMY MaTepiasaMu Ta
BILJIMBAIOTh Ha iXHIO ME€XaHiuHy NIOBEiHKY, OOMEXKEHICTIO HassBHUX MaTeMaTUYHUX Mogesiei 11 ii onucy, a Takox
MTO3UTUBHUM €KOHOMIUHUM Ta NPAKTUYHUM €(EKTOM Bifl ONTUMAJIILHOTO BUKOPUCTAaHHS KOMIIO3ULINHNX MaTepiaiB
y BITYM3HSHIA IPOMUCIIOBOCTI. METOIO NOCIIIJI)KEHHS € TEOPETUYHA Ta €KCIIEPUMEHTAJIbHA OL[iHKA aHi30TPOTii
B'SI3KOIIPY>KHUX BJIACTUBOCTEH NOJIIMEPHUX aPMOBAaHMX KOMITO3ULIITHMX MaTepiaiB, CTyIiHb SKOi € He3aJle>XKHUM
Bif CTyII€HSI aHi30TpONii IPY>KHUX BJIACTUBOCTEH, @ TAKOXK PO3P0OOKA PO3PAXYHKOBOTO METOMlY BPaXyBaHHSI
3arajlbHOTO CTYIEHS aHi30TpoMii B'SI3KONPYKHOCTI /17151 aHali3y KOHCTPYKLiMHOI MIlJTHOCTi €JIeMEHTiB KOHCTPYKLH i

MallVH [IpY CTaTUYHUX Ta TEPMOCUJIOBUX HaBaHTaXKeHHSX. O6'€KTOM [IOCIII>KEHHS! € SIBUILA aHi30TPOIHOI



IIPY>KHOCTI Ta B'SI3KOIMPY>KHOCTI MOJIIMEPHUX aPMOBAaHUX KOMITO3ULIIMHUX MaTepiaiB, a TaKOK KOHTAaKTHA
MEXaHivHa MOBE/iHKA €JIEMEHTIB KOHCTPYKILiH i MalllMH, BUKOHAHUX 3 HUX. [IpegMeTOM NOCIiIKEHHS € MeXaHiyHi
BJIACTMBOCTI [10JIiMEPHUX aPMOBAaHMX KOMIIO3ULITHMX MaTepiaiB, 1o NOTPeOyI0Th aleKBaTHOIO BCTAaHOBJIEHHS
IapaMeTpiB aHi30TPOIIHOI B'I3KOMPYXHOCTI, a TAKOXX MaTeMaTU4Hi MOJEI, sIKi 3 JOCTaTHbOIO TOUHICTIO 3[IaTHI
ONKCaTU IXHIO MEXaHIYHYy NOBEMiHKY. TeopeTnyHi N0JI0KEHHs AUCEPTALiHOI POOOTH IPYHTYIOTHCSI HA METOAX
iHXeHepHOI MeXaHiKM Ta MeXaHiKU TBepJoro nedopMiBHOTO Tifla, a came MeToaxX Teopii B'SI3KONPYKHOCTI, METOi
CKiHUEHHUX €JIeMEHTiB, METO/i HalIMEeHIINX KBAZPaTiB, METOZi pO3B'sI3aHHS cucTeM AudepPEHIiHUX Ta
iHTerpasbHUX PiBHSIHb. HayKoBa HOBU3HA OTPMMAaHUX Pe3YJbTaTiB [IOJISITAE Y TOMY, 11O BIEPIIE 3p06JIEHO
HaCTyIIHEe: — BIleplIe po3po06JIeHO METO], 1110 He NIoTpebye HallMCaHHs IoATKOBUX MOAYJIiB 200 NpoLenyp OJ1s
IIPOrPaMHUX KOMILJIEKCIB CKIHUEHHO-€JIEMEHTHOTO aHaJIi3y, IKUHM JO3BOJIMB 3MOJEJIOBATY 3arajbHU CTYIIiHb
aHi30Tpomii B'SI3KONPY>KHUX BIACTUBOCTEN MaTepiajly B LIUX IPOrpaMHUX KOMILJIeKcax. Bysa noBejeHa 3a10BibHA
30DKHICTD I[bOTO METOJLy Ta MOr0 3aCTOCOBHICTD IO PO3B'SI3aHHS IPUKJIAIHUX HAYKOBUX Ta iH)KEHEPHUX 3a11ayd; —
BIIEpIIE 32 JOIIOMOT0I0 CTBOPEHOI YMCEJILHOI METOIMKY FOMOT€Hi3allii Ta eKCIIePUMEHTAIbHOTO TOCJIiI>KEHHS
OPTOTPOIIHMX B'SI3KOIPYKHUX BJIACTMBOCTE MTOJIIMEPHUX aPMOBAaHMX KOMIIO3ULIHUX MaTepiasiB TPy NiJBULIEHNX
TeMIlepaTypax JOBeJeHa HEMIPONOPLiiiHICTh B'I3KONPYKHUX BIACTUBOCTEN MOT0 MPY>KHUM BJIACTUBOCTSIM Ta
HeToJiOHiCTh KPUBUX pejiakcallii TeXHIYHMX [TapaMeTpiB B'SI3KOIPY>KHOCTI, [0 OOI'PYHTOBYE HEOOXITHICTD
BpaxyBaHHS e(EeKTy aHi30TPOIHOI B'SI3KOIPYKHOCTi. OKpiM TOTO BCTAaHOBJIEHO, 10 TEMIIEPATypPHA 3CYBHA (PYHKLs
KOMIIO3UTY KiCHO Ta KiJIbKiCHO CIIiBIIafia€ i3 3CyBHOIO QYHKII€I0 MaTpulLi; — BIIEPIIE 100Y10BaHO aHaliTUYHY Ta
YUCEeJIbHO-aHAITUYHY MOJEJ MJI0CKO] BiceCUMETPUYHOI KOHTAaKTHOI TOBEIiHKY HiISTHKY IIPY>KHOT'O TPYOOIIPOBOLY
i3 B'I3KONPY>KHUM GaHaKeM, 110 103BOJISIIOTh BpaXOBYBaTH Pi3Hi pesKUMU MOHTaXy 6aHJaXa Ta CTyIeHi
aHi30Tpomii B'sI3KONPY>KHUX BacTUBOCTEN. [IpakTUyHe 3HaUY€HHS OTPMMAHUX PE3YJIbTATIB [JIs MAIIMHOOYAyBaHHS
I0JIITa€ y TOMY, 110 NPeCTaBIeHUI B POOOTI KOMILJIEKCHUN MiJXif 40 YACENIBbHOTO Ta €KCIIEPUMEHTAIbHOTO
3HAXO/>KEHHSI [IapaMeTpiB aHi30TPOIIHOI B'I3KOIPY>KHOCTI IOJIiIMEPHUX apMOBaHUX KOMIIO3ULIHHMX MaTepiaiB, a
TaKOX METOJIMKA IXHBOTO MOJIEJIIOBAHHS B IPOrPAaMHUX KOMIIEKCAX CKIHYEHHO-€JIEMEHTHOTO aHalli3y €
3aMKHYTOIO CX€MOIO BpaXyBaHHs TAKOTO SBUILA IIPU PO3PAXyHKAX MIIJTHOCTI KOMIIO3ULiIHMX €JIEMEHTIB
KOHCTPYKLii1 i MamuH. Lle 3HaiiIo cBOIO peaisallilo IpY BU3HAYEHHI HANIPY>)XKeHO-1,e(OPMOBAHOI0O CTaHy JAiJISIHKA
TPYOOIIPOBOY i3 OPTOTPOIIHUM B'SI3KOIIPYKHUM OaHakeM. Po3pobiieHi aHasliTM4Ha Ta YMCebHO-aHaliTU4HA
MoJeJli iIXHbOrO KOHTAaKTy J03BOJISIIOTh MIBUJIKO MOZEJIOBATH NIPOLIEC PEMOHTY Ta i3 BUCOKOIO TOUHICTIO BU3HAYATHU
11oro e(peKTUBHICTS, 110 MOXKE OyTH BUKOPUCTAHO B IPAKTULi PEMOHTHUX POOIT BITUM3HSIHUX MariCTpaabHUX
TPYOOIIPOBOiB. 3B'I130K pOOOTH 3 HAYKOBUMMU IIpOrpaMamy, IijlaHaMu, TemMaMu. Jlucepraniiiny po60oTy BUKOHAHO Ha
Kadenpi fuHaMiKM Ta MilJHOCTI MamKuH HallioHaJbHOTO TEXHIYHOTO YHIBEPCUTETY «XapKiBCbKUH MOJIITEXHIYHUI
inctutyT» (HTY «XI1I») 32 1aHamMu HayKOBO-JOCJIiIHUX POOIT BiINIOBIAHO 1O 3aBAaHb MiXKHAPOJHOrO HAYKOBO-
nocJigHoro npoekty «Innovative Non-Destructive Testing and Advanced Composite Repair of Pipelines with
Volumetric Surface Defects (INNOPIPES)», mo Bin6yscs 3 2012-2016 pp. B pamkax 7-i Pamkosoi nporpamu €C, [ii
Mapii Kiopi (Contr. N2 PIRSES-GA-2012-318874); nep>x6iogxetHoi HIP MOH Ykpainu «Po3pobka MmeToziB
MaTE€MaTU4YHOI'O MOJEJIIOBAHHS [TI0BEJiHKM HOBUX Ta KOMITO3ULIIMHUX MaTepialiB [JIs OLIIHKUA PECYPCY Ta
IIPOTHO3yBAaHHS HAZiHOCTI esleMeHTiB KOHCTPYKLii» (IP N2 0117U004969), B sikux 3100yBa4 6yB BUKOHABLIEM

OKPEMMUX €TalliB.

2. The relevance of studying the mechanical properties of reinforced composite materials and developing methods
and techniques for describing the mechanical behavior and strength of structural elements and machines made of
them is determined by the lack of knowledge of some phenomena that are manifested by composite materials and
affect their mechanical behavior, limitations of mathematical models available for its description, as well as a
positive economic and practical effect from an optimal use of composite materials in the domestic industry. The
aim of the study is a theoretical and experimental evaluation of anisotropy of viscoelastic properties of polymer
reinforced composite materials, the degree of which does not depend on the degree of anisotropy of elastic
properties, as well as a development of a calculation method for a consideration of the general degree of
anisotropy of viscoelasticity for analyzing structural strength of elements of structures and machines subjected to
static and thermomechanical loading. The object of the study is phenomena of anisotropic elasticity and



viscoelasticity of polymer reinforced composite materials, as well as the contact mechanical behavior of elements
of structures and machines made of them. The subject of the study is mechanical properties of polymer reinforced
composite materials that require adequate identification of anisotropic viscoelasticity parameters as well as
mathematical models that can accurately describe their mechanical behavior. The theoretical positions of the
dissertation work are based on methods of engineering and structural mechanics, namely, the methods of the
viscoelasticity theory, the finite element method, the least squares method, the method for solving systems of
differential and integral equations. The scientific novelty of the obtained results consists in the following done for
the first time: - for the first time a method that does not require the writing of additional modules or procedures
for computer-aided engineering programs was developed, which allowed to simulate the general degree of
anisotropy of viscoelastic properties of a material in these programs. The satisfactory convergence of this method
and its applicability to a solution of applied scientific and engineering problems was proved; - for the first time,
with the help of the created numerical methods of homogenization and experimental study of orthotropic
viscoelastic properties of polymer reinforced composite materials at elevated temperatures, a disproportionality of
composite viscoelastic properties with its elastic properties and an unavailability of the relaxation curves of the
technical parameters of viscoelasticity were proved, which justifies a necessity of taking into account the effect of
anisotropic viscoelasticity. In addition, it has been established that the temperature shift function of the composite
qualitatively and quantitatively coincides with the matrix shift function; - for the first time, analytical and
numerical-analytic models of the planar axisymmetric contact behavior of the elastic pipeline with viscoelastic
bandage were built, allowing for taking into account the different modes of a mounting of the bandage and a
degree of anisotropy of the viscoelastic properties. The practical significance of the obtained results for machine
building is that the integrated approach to numerical and experimental identification of anisotropic viscoelasticity
parameters of polymer reinforced composite materials presented in the work, as well as the method of their
modeling in computer-aided engineering programs are a closed scheme for an account of such a phenomenon at
calculations of the strength of composite elements of structures and machines. This was realized in a
determination of the stress-strain state of the pipeline with an orthotropic viscoelastic band. The developed
analytical and numerical-analytical models of their contact enable quick simulation of the repair process and
determination of a repair efficiency with high accuracy, which can be used in a practice of repair works of
domestic main pipelines. Relationship of work with scientific programs, plans, themes. The dissertation was
performed at the Department of Dynamics and Strength of Machines of the National Technical University "Kharkiv
Polytechnic Institute" (NTU "KhPI") basing on the plans of research work in accordance with the tasks of the
International Research Project "Innovative Non-Destructive Testing and Advanced Composite Repair of Pipelines
with Volumetric Surface Defects (INNOPIPES), held from 2012-2016 under the 7th EU Framework Program, Action
by Maria Curie (Contr. No. PIRSES-GA-2012-318874); Scientific Research Work of the Ministry of Education and
Science of Ukraine "Development of methods for mathematical modeling of the behavior of new and composite
materials for resource estimation and prediction of the reliability of structural elements" (DR No. 0117U004969).
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