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

Реферат:
1. Дисертаційна робота присвячена дослідженню і розвитку чисельних схем МСЕ для задач класичної та
узагальненої термоп’єзоелектрики. Для задачі про вимушені коливання піроелектрика у випадку класичної
моделі побудовано h-адаптивну схему МСЕ. Для задачі про вимушені коливання піроелектрика у випадках
узагальнених моделей термоп’єзоелектрики Лорда-Шульмана та Гріна-Ліндсея доведено коректність
відповідних варіаційних задач, на основі МСЕ розроблено чисельні схеми їх розв’язування та проведено
аналіз стійкості та збіжності цих схем. Для задачі нестаціонарної термоп’єзоелектрики у випадках
узагальнених моделей термоп’єзоелектрики Лорда-Шульмана та Гріна-Ліндсея доведено коректність
відповідних варіаційних задач, на основі МСЕ та однокрокової рекурентної схеми розроблено чисельні схеми
їх розв’язування. Розроблено програмні засоби, з допомогою яких проведено ряд чисельних експериментів,
які підтверджують правильність теоретичних досліджень та демонструють ефективність розроблених
методів. Зроблено порівняння результатів деяких експериментів з результатами, що отримали інші
дослідники.



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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