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SUMMARY

The Boundary Value Problems for Some Class of Nonlinear Second Order
Hyperbolic Systems

The dissertation thesis is dedicated to the research of the Goursat and

Darboux type problems for some class of second order nonlinear hyperbolic

systems. Particularly, the main purpose of the work is to study boundary value
problems for these systems in the angular area, where on different parts of the

border are given the Dirichlet, Poincare or Robin conditions, which implies the

study of the questions on existence, absence, uniqueness and smoothness of a
global solution of these problems.

It is noteworthy that, on a plane, i.e. in the case of two independent

variables, in the theory of hyperbolic partial differential equations and systems and

their applications, the boundary value problems such as the Goursat, Darboux and

22


http://www.gmu.ge/batumi2017
http://www.viam.science.tsu.ge/enlarged/2018/

similar type problems acquire a great significance together with the Cauchy and
mixed problems. In some sense, these problems can be considered as a limiting
case of the mixed problems when the initial data carrier turns into one point. By
these problems are described the absorption of gas by sorbent, harmonic oscillation
of wedgein the supersonic stream, oscillation of a string in a liquid, and
generally,oscillation processes in the wave scattering theory. It should be noted
that in the case of nonhomogeneous boundary conditions the mixed problems
cannot be investigated by use of spectral theory of elliptic equations, whereas this
is possible with the method of characteristics, in particular, by representation of
the solution of mixed problem in different parts of the domain by solutions of the
Cauchy, Goursat and Darboux problems.

If in the linear case the Goursat and Darboux type problems are well
studied for a scalar hyperbolic equation, there are additional technical and
theoretical difficulties and new effects when moving to systems.This was first
noted by A. Bitsadze in his work where he constructed second order hyperbolic
systems for which homogeneous problem, correspondent to the Goursat problem,
has finite and in some cases even infinite number of linearly independent
solutions, and in his next work, the simple examples of hyperbolic systems explain
the impact of lower terms on the correctness of the Goursat problem. The results
obtained in this direction are especially important for non-linear hyperbolic
systems in the wave scattering theory.

In the dissertation work for some classes of nonlinear second-order
hyperbolic systems it is investigated the Goursat and Darboux type boundary value
problems in the angular domain, when on one side of the angle coming out from
the origin of coordinates, which represents the characteristics, is given the
Dirichlet condition, and on the second non-characteristic side is given the
Dirichlet, Poincare or Robin condition. In the dissertation, a new approach is
elaborated, which without use of the Riemann function allows to reduce
equivalently a problem setting in the class of continuous functions to the Volterra
type system of nonlinear integral equations. The corresponding integral operator is
compact in that class of continuous functions and due to the Schauder’sfixed point
principle this provides local solvability of the boundary value problem. In certain
conditions imposed on the data of the boundary value problem for generalized
solution a priori estimate is obtained and due to the Lerray-Schauder’s fixed point
principle the global solvability of the boundary value problem is established.The
issue of uniqueness and smoothness of a generalized solution is also discussed and
the scheme of construction of a global solution is proposed.When the order of
nonlinear term of the system with respect to unknown vector-function exceeds
one, there are given cases when we have no global solution despite the existence of
a local solution.
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