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COURSE DESCRIPTION
Course title Field of science Faculty Institute
Equations of Mathematical Mathematics Faculty of Institute of Applied
Physics (N 001) Mathematics and Mathematics

Informatics

Study method Number of credits | Study method Number of credits
Lectures 0 Consultations 1
Individual work 4 Seminars 0

Course summary

1. The theory of Sobolev spaces. Generalized derivatives and their properties. Definitions of Sobolev spaces.
Extension of functions from Sobolev spaces. Integral operators with weekly singular kernel. Embedding
theorems. Equivalent norms in Sobolev spaces. Interpolation and multiplicative inequalities. Traces of
functions from Sobolev spaces.

2. Elliptic equations. Dirichlet boundary value problem. Definition of week solution. Existence and uniqueness
of week solution. Regularity of week solution. The spectrum of formally self-adjoint operator. Different
boundary value problems. Strongly elliptic systems.

3. Parabolic equations. Formulation of the initial boundary value problem. Dirichlet problem. Definitions of
week solutions. Existence and uniqueness of week solutions. Poof of the existence by Fourier method. Poof
of the existence by Galerkin method. Regularity of week solutions. The case of different boundary
conditions. Cauchy problem.

4. Hyperbolic equations. Formulation of the initial boundary value problem. Dirichlet problem. Definitions of
week solutions. Existence and uniqueness of week solutions. Fourier and Galerkin methods. The case of
different boundary conditions. Cauchy problem.

5. Variational methods. Semi-continuous from below functional. Minimum of non-differentiable functionals.
Differentiation of nonlinear functionals. Minimum of differentiable functionals. Subgradient and
subdifferential. Minimizing sequences. Dirichlet principle.

Applications: Neumann problem, minimum quadratic functional. Variational inequalities. Variational
inequalities in Hilbert spaces. Non-coercive variational inequalities. Monotone operators. Variational
inequalities with nonlinear monotone operators.

Topological methods. Banach fixed point theorem. Browder fixed point theorem. Schauder fixed point
theorem. Leray-Schauder fixed point theorem. Extension by parameter method.

Generalized functions. Sequences of Delta-type functions. Properties of generalized functions. Series of
generalized functions. Fundamental solutions of differential operators. Fourier transforms of generalized
functions.
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