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1. MeTopn noCiIKEHHS €J1eMEHTIB KOHCTPYKLil 3 QyHKI[IOHaJIbHO-HEOQHOPIJHNUX MaTepiajliB NPy BeJIUKUX
nedopmarisx

2. Method of research of structural elements from functionally inhomogeneous materials at big deformations

Pedepar:

1. Incepranist npucBsYeHa METOY [OCJIiIP)KeHHS eJIEeMEHTIB KOHCTPYKLii 3 PyHKLiOHATIbHO-HEOLHOPiAHUX
MarepiasiB IpU BeJUKUX AedopMallisgx Ta po3podli e(peKTUBHOIO YMCEIBHOIO METO/Y PO3B'I3aHHS
HECTalliOHAapHUX JBOBMMIPHUX Ta TPMBUMIPHUX 33a4 TEOPii TEPMOMEXaHIKU. PO3pP0O6IEHO Ta €KCIIEPMMEHTAJIEHO
OOGI'PYHTOBAHO HOBY HEJIiHilIHY (PEHOMEHOJIOTIYHY MOJI€JIb IOBEiHKY [1CEBI0-TIPYKHO-TIJIACTUYHUX MaTepiasiB 3
naM’siTTIo GOPMH, B SIKiil BpaXOBY€ETHCSI TEILIO, 110 BUAI/ISETHCS B IpoLeci (pa3oBUX NIEPexOliB B MaTepialbHUX
TOYKax Tizia. PO3po6s1eHo HOBUI e(pEeKTUBHUI METOJ, PO3B'SI3aHHS HECTAlliOHApHUX IIPOCTOPOBUX 3a4a4 TEOPii
IIJIACTUYHOCTI Y BUNIAAKY Ae(dOopMyBaHHS QYHKIiOHATBHO-HEOJHOPIIHOrO MaTepiay Npy BeJIUKUX AedopMalisx.

3anpornoHOBaHoO Ha [AiJISHII AiarpamMmu MaTepiany 6J113bKOi [0 ieasnbHOi [1J1IaCTUYHOCTI 3aCTOCOBYBATU



(PeHOMEHOJIOTIUHY TeOPilo MJIACTUYHOI Tedii 111 MaTepiasiB 3 MalaHYNKOM IJIMHHOCTI. YIOCKOHAJIEHO
(y3arasibHeHO) CIiBBiZHOLIEHHS Teopii IJIaCTUYHOCTI Ta Teopii Tedii 3 KiHeMaTuYHUM i TPAaHCHSLIHUM 3MIITHEHHSIM
Ha BUIIAJOK e(pOPMYBaHHS TEPMO-TICEBAO-TIPYKHO-TJIACTUYHOT0 MaTepiay. 3alpolloHOBaHO (Ha OCHOBI Teopil
HaMpPYXEHUX CIJIAaWH-(QYHKLiNA) HOBi €KCIIEPUMEHTAJIbHO MiATBEPAKEHI iHTEPIOJILIHI (GOPMYJIU IJ1s1 ONIMCAHHS
IiZSHOK JiarpaMuy Marepiajy Ipy pO3BaHTaXKEHHI 3 JOBIIbHOI TOYKY, SIKi JO3BOJIAIOTh OTPUMYBATU TPETIiil MOPSAILOK
METOJy allpOKCUMallii 32 YyacoM Ta TpeTill i YeTBepTUil NOPSIOK 10 KoopauHaTax. [locTtaByieHo i po3B’a3aHO HOBUM
KJIac 3a/1a4 PO HecTallioHapHe AedOpMyBaHHS IPOCTOPOBUX TiJl 3i CIIJIABIB, IO MAIOTh BJIACTUBOCTI MaM'sITi
¢dhopmu, TEPMO-TICEBIO-TIPY>)KHO-TJIACTUYHOCTI I1PY 3HAYHUX Aedopmallisx. BUsiBiIeHO Ta JOCIiI)KeHO HOBI
MeXxaHiuHi epeKTH, 10B’A3aHi 3 ypaxyBaHHSM JIOKAJIbHOTO TEIJIOBUIITIEHHS B IIpoleci pa3oBUX I1epeTBOPEHb B Tilax
3 [1ICEBAO-TIPYKHO-IJIACTUYHUX MaTepiais. [JoBeneHo 30DKHICTh HOBOI iTepalliliHoi mpolieypy po3B'si3aHHs
HecTaljoHapHUX IPOCTOPOBUX 3a/1a4 TEOPii JIACTUYHOCTI Y BUNAJKY AedOopMyBaHHS (PYHKIIOHATbHO-
HEOJIHOPiHOTO MIaCTUYHOroMarepiauy Mpu BeJMKUX gedopmalisx. Kiodosi coBa: pyHKI[iOHAIbHO-
HEONHOPITHUN MaTepias, mam'saTb GopMu, Besuki nedopmaliii, HesiHiliHa GeHOMEHOJIOTiYHa MOIEJb, TeOpis
[ICEBIO-TIPYKHO-ILJIACTUYHOCTI, IBOBUMIPHI CIIJIAlHU

2. This dissertation focuses on the main methods of research of behavior of structural elements made of
functionally inhomogeneous materials under large deformations. Functionally heterogeneous materials (FHMs) or
intelligent materials are widely used in science and technology. One of the representatives of this class of materials
is shape memory materials or materials with the property of pseudo-elasticity. Their physical or mechanical
properties differ sharply from the behavior of ordinary structural, heat-resistant or tooling materials or polymeric
materials. The mechanical behavior depends to a large extent on the external conditions (temperature, pressure)
and the prehistory of their change. Materials that exhibit shape memory, pseudo-elasticity, and pseudo-elastic-
plasticity properties are usually referred to as nasties: NiTi AgCd, AuCd, CuAINi, CuSn, CuZn, FePt, MnCu, FeMnSi,
CoNiAl, CoNiGa, NiFeGa, TiPd, NiTi, NiTiNb, NiMnGa . Materials with shape memory (MPM) at low temperatures
under load accumulate deformation, and after heating are fully or partially capable of shape recovery. These alloys
can be the basis of composite materials that are more or less capable of shape recovery. The main mechanism in
such processes is the martensitic transformation between solid phases, which can occur with a relatively small
change in temperature. In our opinion, the study of such a problem is the development of a new section of the
mechanics of a rigid deformable body. To model the behavior of such structural elements, it uses geometric
nonlinearity, a new nonlinear phenomenological model of the behavior of shape memory materials, the apparatus
of integro-differential partial differential equations, and an improved method of component-wise splitting. The
dissertation consists of an introduction, five chapters, a conclusion, a list of references, and appendices. The first
chapter analyzes the literature on the topic of the thesis research. The analysis of existing models of phase
transformations, which can take place in functionally inhomogeneous materials, has been carried out. The criteria
by which phase transformations in materials can be classified are analyzed. The methods for numerical solution of
problems for bodies with pseudo-elastic-plastic materials are considered. The problems of the thesis research are
formulated. In the second section, a complete system of equations is written down and a method for determining
the elastic-plastic nonstationary stress-strain state of three-dimensional bodies with functionally inhomogeneous
materials at large deformations is developed. A physical formulation of the problem of conception is made. To
solve the above problem, it is necessary to determine the temperature, three components of the displacement
velocity vector, six components of the stress tensor, and six components of the strain tensor. This means that it is
necessary to determine sixteen unknown functions of time and three coordinates. For this purpose a complete
system of integrodifferential equations with geometric nonlinearity in mind has been formed. It consists of the
equation of motion, geometric and physical equations, and the equation of heat conduction, which are satisfied
under certain initial and boundary conditions. Using an approach based on the idea of a component-wise splitting,
a new variant of the method of reducing a three-dimensional geometrically nonlinear nonstationary problem of
thermoelastic-plasticity to a sequentially solvable system of three one-dimensional problems is proposed. Key
words: functionally inhomogeneous material, shape memory, large deformations, nonlinear phenomenological
model, pseudo-plasticity theory, two-dimensional splines.
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