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1. Y pucepTauiiHOMy JOCJIiIKE€HHI PO3B'SI3y€ThCs aKTyaJlbHA HAYKOBO-TIPUKJIafHa Ipo6ieMa MOJIEe/II0BaHHS Ta
€KCIIEPMMEHTAIBHOTO BUBYEHHS HAaKOMIMYEHHS PO3CISIHMX NOMKOAKEHb B aDMOBAaHUX KOMIIO3MTax. Taki maTepianu
IIPOKO 3aCTOCOBYIOTbCA B a€POKOCMIYHIN TEXHIlli, EHePreTUlli Ta BUCOKOHABAHTAXKEHNUX KOHCTPYKIIISAX 3aBISKU
BYICOKIl ITMTOMI} MIIIHOCTI, TUTOMOMY MOJAYJIIO Ta KOHCTPYKTMBHIN afanTUBHOCTI. BogHO4Yac y mpoueci
eKCIulyaTalii B HUX HEMHAHYy4Y€ BUHMKAIOTh MiKPOTPILMHY MaTPUL,i, PyHHYBaHHS BOJIOKOH, 3CYBHi IOMKOIXEHHS Ta
MIXIIApOBE PO3LIAPYyBaHHs, WO CIIPUYMHSIE MTOCTYIIOBY AErPafallilo JKOPCTKOCTI I MILJHOCTI Ta 3PEIITO0
[IPU3BOJUTE 10 PYHHYBaHHS KOHCTPYKILii. BijIbIIiCTh HAIBHUX MOJI€JIEV HEIOCTATHLO BPAXOBYIOTh KyMYJISITUBHUM
e(eKT PO3CisIHUX NOMKOKEHb, 0COOJIMBO Ha PAHHIX CTafisIX pyHHYBaHHS, [0 3HIXKYE TOYHICTb IPOTHO3YBaHHS
HaIpy>XeHO-Ae(OPMOBaHOTrO CTaHy Ta MOMEHTY MOSIBU MaKpOTPilKH. Y poOOTi BUKOHAHO CUCTEMHUI

TEOPETUYHUY aHAJIi3 MEXaHIYHOI OBEIiHKN aPMOBaHMX KOMIIO3WUTIB 3 ypaxXyBaHHSM ixX aHi30TPOIii, CTPyKTypu



J1laMiHaTy, 06’€MHOI YaCTKU BOJIOKOH i MixK(a3HUX BJIACTUBOCTEM. SIK TEOPETUYHY OCHOBY BUKOPUCTAHO MEXaHIKy
CYLIiJIPHOTO IOIIKOIKEHHS Ta I10JIOKEHHS] He3BOPOTHOI TepMoauHamiku. Ha 6a3i pyHKuii BiibHOI eHeprii
1106yJ0BaHO TEPMOJIMHAMIYHO y3rofpkeHy GeHOMEHOJIOTIYHY MO/I€/Ib €BOJIIOLLI [TOIIKOKEHD, Y SIKill BBEJIEHO
YOTUPM 3MiHHi [I71 ONKXCY OCHOBHUX MEXaHi3MiB Jerpanaiii: omKoaKeHHS BOJIOKOH, IIOIIKOIKEHH MaTPULL,
3CYBHi NOLIKOPKEHHSI B IUIOLIMHI MIapy Ta NOMKOPKEHHSI MDXKIIApoBOro iHTepdericy. Monesnb onucye cragii
3apOJKEHHS, CTabiJIbHOTO PO3BUTKY Ta IIPUCKOPEHOI €BOJIOLI ITOMKOKeHb. [JoIaTKOBO 3allpOIIOHOBAHO KpUTEPiit
MILIHOCTi apMOBaHMX KOMIIO3UTiB, C(POPMYJIbOBAaHUI Ha OCHOBi 'PAHUYHOIO CTaHy Ta BIOCKOHAJIEHOT O IIpaBujia
3MmimyBaHHs. EKClepMMeHTa/IbHA YaCcTMHA poOOTH CIIPSIMOBAHA Ha 3a0e3Me4eHHs ileHTU(PIKOBAaHOCTI NapamMeTpiB
MogeJii Ta nepeBipKy il IpUIATHOCTI 1715 IPaKTUYHOIO 3aCTOCYBaHHS. PO3p06ieHO crucTeMaTHYHY [IpOrpamy
CTaTUYHUX OJJHOOCbOBUX BUIIPOOYBAaHb HA PO3TT i IMKJIiB HABAaHTAXEHHSI-PO3BAHTKEHHSI /17151 3pa3KiB 3 Pi3HUMU
CXeMaMU YKJIaJaHHS. Ha 0CHOBI eKclieprMeHTalIbHUX KPUBUX HaNpYyXeHHs-IedopMallii Ta METOAY HaxWUily IijIKU
PO3BaHTaKE€HHA BU3HAYEHO €KBiBaJIEHTHI MOAYJIi IIPY>KHOCTI Ha Pi3HUX eTanax HaBaHTaXXKEHHS, 110 JaJl0 3MOTy
KiJIbKICHO ONKCATH Jlerpajallito >XOpCTKoCTi. TakoK oTpuMaHo 6a30Bi MexaHiuHi xapakTepUCTHUKU MaTepiaty,
HeoOXinHi mJ1s ineHTudikauii napameTpiB moaesi. Ha oCHOBI ekcriepuMeHTalbHUX AaHUX [TPOBEAEHO
ineHTHpiKaLio NapaMeTpiB AJ1s1 Pi3HUX MEXaHi3MiB MTOMKOKEHHS Ta BUKOHAHO BAJIIJALLI0 MOl IJISIXOM
3iCTaBJIeHHS] PO3PaXyHKOBUX i eKCIIEPUMEHTaJIbHUX PE3YJIbTaTiB. 3alIpONIOHOBAHO BJIOCKOHAJIEHUU Ii6pUAHUI
MiXi 10 BU3HAYEHHS TPAHNYHOI MiIJTHOCTI Ta KJII0YOBUX MEXaHIYHUX [TapaMETPiB apMOBAaHUX KOMIIO3HUTIB 3
ypaxyBaHHSM 00’€éMHOIi 4YaCTKM BOJIOKOH, CTPYKTYPH YKJIaJJaHHS Ta MbK(as3Hux edekxTis. Lle nano 3mory niiBumuTu
OOI'PYHTOBAHICTb OLIIHIOBAaHHSI HECYYOi 3JATHOCTI Ta aHI30TPOIHUX 'PAHUYHUX XapPAKTEPUCTUK KOMIIO3UTHUX
MarepiaiiB. Pe3ysnbTaTty JOCIiIPKEHHS [I0Ka3aju, 110 TOBIMKHA mapy 90° iCTOTHO BIIMBA€E HA MIBUIKICTb
HAKOINWYEHHS MaTPUYHUX NIOIIKO/KEHb i MOMEHT BUHMKHEHHSI MAaKPOCKOIIIYHOTrO PyHHYBaHH. ¥ JlaMiHaTax i3
mapamu +45° 1OMiHyIOTb 3CyBHI IOIIKOAKEHHS, SIKi 3HAYHOIO MipOI0 BU3HAYAIOTh HEJIiHINHY Aedopmaliiny
BiATIOBiZb i BHMDKEHHS )KOPCTKOCTI Ha IPOMDKHUX CTalisIx HaBaHTakeHHs. [lo6yoBaHa MoJesib IPOJeMOHCTPYyBaJla
IOOPY y3roJIKEHICTh 3 eKCIIEPUMEHTaJIbHUMU JAaHUMU Ta [ajla 3MOTY BCTAHOBUTH B3a€MO3B'S130K i IOCJIiJOBHICTb
PO3BUTKY OCHOBHMX MEXaHi3MiB [TOMKOAKEHHS — BiJl 109aTKOBOI Jerpazatii JKOPCTKOCTI 0 OCTaTOYHOTO
PyMHYBaHHA JIaMiHOBaHYX aHesie. OTpuMaHi pe3ysbTaTh MAalOTh BaXKJIMBE TEOPETUYHE Ta IIPAKTUYHE 3HAYEHHS
L7151 IPOTHO3YBaHHSI ITOMIKOKYBAHOCTI, OLIiHIOBaHHS HECy4oi 31laTHOCTI 11 3abe3neyeHHs 6e311eYHOro

IIPOEKTYBAHHA KOMIIO3UTHUX KOHCTPYKuifI.

2. This dissertation research addresses the topical scientific and applied problem of modelling and experimentally
investigating the accumulation of distributed damage in reinforced composites. Such materials are widely used in
aerospace engineering, the energy sector and high-load structures due to their high specific strength, specific
modulus and structural adaptability. At the same time, during service, microcracks in the matrix, fibre breakage,
shear damage and interlaminar delamination inevitably occur, causing a gradual degradation of stiffness and
strength and ultimately leading to structural failure. Most existing models do not sufficiently account for the
cumulative effect of scattered damage, particularly in the early stages of failure, which reduces the accuracy of
predicting the stress-strain state and the timing of macrocrack initiation. This work presents a systematic
theoretical analysis of the mechanical behaviour of reinforced composites, taking into account their anisotropy,
laminate structure, fibre volume fraction and interfacial properties. The theoretical framework is based on
continuous damage mechanics and the principles of irreversible thermodynamics. Based on the free energy
function, a thermodynamically consistent phenomenological model of damage evolution has been developed, in
which four variables are introduced to describe the main degradation mechanisms: fibre damage, matrix damage,
shear damage within the layer plane, and interlayer interface damage. The model describes the stages of initiation,
stable development and accelerated evolution of damage. Additionally, a strength criterion for reinforced
composites is proposed, formulated on the basis of the limit state and an improved mixing rule. The experimental
part of the work is aimed at verifying the identifiability of the model parameters and testing its suitability for
practical application. A systematic programme of static uniaxial tensile tests and loading-unloading cycles has
been developed for specimens with different lay-up configurations. Based on experimental stress-strain curves
and the unloading branch slope method, equivalent elastic moduli were determined at different loading stages,



which made it possible to quantitatively describe the degradation of stiffness. The basic mechanical properties of
the material required for model parameter identification were also obtained. Based on the experimental data, the
parameters for various damage mechanisms were identified, and the model was validated by comparing the
calculated and experimental results. An improved hybrid approach is proposed for determining the ultimate
strength and key mechanical parameters of reinforced composites, taking into account the fibre volume fraction,
lay-up structure and interphase effects. This has made it possible to improve the reliability of the assessment of
the load-bearing capacity and anisotropic limit characteristics of composite materials. The results of the study
showed that the thickness of the 90° layer significantly influences the rate of matrix damage accumulation and the
onset of macroscopic failure. In laminates with +45° layers, shear damage dominates, which largely determines the
non-linear deformation response and the reduction in stiffness during the intermediate stages of loading. The
developed model demonstrated good agreement with experimental data and made it possible to establish the
interrelationship and sequence of development of the main damage mechanisms — from the initial degradation of
stiffness to the final failure of laminated panels. The results obtained are of significant theoretical and practical
importance for predicting damage susceptibility, assessing load-bearing capacity and ensuring the safe design of
composite structures.
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