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2. Analysis of generalized thermopiezoelectricity problems and projection-mesh schemes for their solution

Pedepar:

1. Incepraniiina po60Ta IpUCBIYeHAa JOCTIIKEHHIO i po3BUTKY uncenbHux cxeM MCE nyis 3apa4 K1acM4HOI Ta
y3araJlbHEHOi TEpMOII'€30€JIeKTPUKHU. [17151 3a7a4i PO BUMYILIEH] KOJIMBaHHS MipOeIeKTPUKA y BUMAIKY KJIaCUYHOI
MogeJi nodbymosaHo h-apantusny cxemy MCE. [I71s1 3a7a4i IpO BUMYIIEHi KOJIMBaHHS MipOeJIEKTPUKA Y BUIIaAKaX
y3arajabHEHHUX Mozesiel Tepmorn’e3oesnekTpuku Jlopga-Illynpmana ta I'pina-Jlingcest [oBeieHO KOPEKTHICTh
BiANOBinHUX Bapialilinux 3anady, Ha ocHoBi MCE po3po6ieHo uncesbHi cxeMu ix po3B’a3yBaHHs Ta IIPOBEIEHO
aHaJli3 CTiMKOCTI Ta 361KHOCTI KX cxeM. JI71s1 3a71a4i HeCTalioHapHOI TEPMOIT'€30€JIEKTPUKHU Y BUIIAZKaAX
y3araJibHeHUX Mojesel TepMmoIr'e3oenekrpuku Jlopaa-Illynsmana ta I'pina-Jlinzaces: moBeeHO KOPEKTHICTD
BiANOBinHMX BapialiliHux 3a1a4, Ha ocHoBi MCE Ta 0OJHOKpPOKOBOI peKypEeHTHOI CXeMHU PO3PO6IIEHO YMCEIIbHI CXeMU
ix po3B’s3yBaHHs. Po3po6iieHo IporpamHi 3acobu, 3 IOIIOMOTOI0 SIKUX ITPOBEIEHO Psifi YMCEJIbHUX €KCIIEPUMEHTIB,
SIKi NiATBEPAKYIOTb IIPaBUJIbHICTh TEOPETUYHUX AOCIIIPKEHD Ta JEMOHCTPYIOTh €(PEKTHBHICTb PO3POOJIEHMX
MeTOoziB. 3p06JIeHO NOPIBHSIHHS PE3yJbTATIiB NEIKUX €KCIIEPUMEHTIB 3 Pe3yJIbTaTaMy, 10 OTPUMAJHN iHIIi

IOCJIiTHUKU.



2. The thesis is devoted to investigation and development of numerical FEM-based schemes for problems of
classical and generalized thermopiezoelectricity. In the introduction the relevance of the thesis topic is
substantiated, the scientific novelty and practical value of the work are defined, the subject and the goal of the
research are formulated. Besides, the list of the applicant’s publications on the thesis topic is given here. In
Chapter 1 the problem of the interaction of mechanical, electrical and heat fields in pyroelectric materials is
considered. Firstly, the classical mathematical model of thermopiezoelectricity is discussed, and its drawbacks are
pointed out. Then the generalized models of thermopiezoelectricity, namely Lord-Shulman and Green-Lindsay
theories, are described. The corresponding initial boundary value problems of these models of
thermopiezoelectricity are formulated. Various methods of solving such kind of problems are discussed, in
particular, the finite element method (FEM). Chapter 2 is dedicated to the numerical solution of the problem of
forced harmonic vibrations of pyroelectric materials in case of the classical thermopiezoelectricity models. The
existing numerical schemes have been verified by a set of numerical experiments and their analysis. Besides, a
special h-adaptive FEM scheme has been proposed for solving such kind of problems. Chapter 3 is devoted to the
numerical solution of non-stationary problems of classical thermopiezoelectricity. The existing numerical schemes
have been verified by a set of numerical experiments. The obtained numerical results have been compared to the
solutions of piezoelectricity problem and are in agreement with the solutions of the classical
thermopiezoelectricity problem provided by other researchers. In Chapter 4 the Lord-Shulman
thermopiezoelectricity problems are considered. For forced harmonic vibrations of pyroelectrics under the Lord-
Shulman model the well-posedness of the corresponding variational problem has been proved. Based on FEM, the
numerical scheme for its solution has been constructed. The analysis of this scheme robustness and convergence
has been performed. For non-stationary Lord-Shulman thermopiezoelectricity problem the well-posedness of the
corresponding variational problems has been proved too. Based on FEM and one step recurrent scheme, the
numerical scheme for its solution has been constructed. A set of numerical experiments has been carried out and
the obtained results are in agreement with the ones obtained by other researchers using different solving
methodologies. In Chapter 5 the Green-Lindsay thermopiezoelectricity problems are considered. Like in case of
Lord-Shulman model, the well-posedness of the corresponding variational problems of forced harmonic vibrations
and the non-stationary one has been proved. Numerical schemes, based on FEM and one step recurrent scheme,
for solving such kind of problems have been constructed. The robustness and convergence of the numerical
scheme for Green-Lindsay forced harmonic vibrations problem have been proved. A set of numerical experiments
has been performed. The basic provisions and the results of the theoretical research have been confirmed by the
results of the numerical experiments, which were carried out using self-developed software.
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