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Abstract

Essentially mixed transmission-boundary value and interior and interface crack type 3D
problems for partial differential equations system of dynamics arising in the fully coupled model
of thermo-electro-magneto-elasticity theory for piecewise homogeneous and inhomogeneous
elastic multi-component composite structures are investigated. The most general Green-
Lindsay’s model of generalized thermo-electro-magneto-elasticity and Green-Naghdi’s model
of generalized thermopiezoelectricity without energy dissipation is analyzed. Both models
predict that heat propagation has a finite speed unlike the classical model.

Well posedness of the problems is established and detailed description of regularity and
asymptotic properties of solutions are studied near the exceptional curves.

The thermo-mechanical and electro-magnetic field singularities are described explicitly and
efficient algorithms for calculation of stress singularity exponents are worked out.
It is shown that the stress singularity exponents essentially depend on the material parameters.

The main tools in the analysis are the potential method, theory of pseudodifferential
equations, Fourier-Laplace transform technique, method of fundamental solutions, localized
parametrix method, Wiener-Hopf method, Banach and Leray-Schauder fixed point theorems,
monotone operators.

Applying artificial domain decomposition method and theoretical results for the mixed
interface problems, the fundamental solutions method for crack type problem is developed and
justified.

Localized boundary-domain integral equations method for PDEs systems with variable
coefficients arising in the mathematical models of inhomogeneous solids is developed. This
approach seems very convenient from the point of view of numerical analysis, since after mesh-
based or mesh-less discretization they lead to systems of algebraic equations with sparse
matrices. Here the most principal and crucial points are investigation of the Fredholm and
spectral properties of the corresponding localized boundary-domain integral operators and
establishing their invertibility in appropriate function spaces.



The localized boundary-domain integral equations method is applied to some quasilinear
partial differential equations related to the nonlinear heat transfer and diffusion equations. By
the fixed point theorems and theory of monotone operators it is proved that the corresponding
nonlinear LBDIE are solvable. Moreover, it is shown that, in some special cases, they can be
solved by successive approximation method.



