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Abstract—We consider the problem on the unique solvability of the inverse problem for a nonlinear
partial Benney–Luke type integro-differential equation of the fourth order with a degenerate kernel.
We modify the degenerate kernel method which has been designed for Fredholm integral equations of
the second kind to apply to the case of the above-mentioned equation. We exploit the Fourier method
of separation of variables. By means of designations, the Benney–Luke type integro-differential
equation is reduced to a system of algebraic equations. Using an additional condition, we obtain the
countable system of nonlinear integral equations with respect to the main unknown function. We
employ the method of successive approximations together with the contraction mapping principle.
Finally, the restore function is defined.
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1. THE PROBLEM STATEMENT

Mathematical modelling of the real world processes often leads to the study of direct and inverse
problems for equations which have no analogs in classical mathematical physics. Partial differential
equations of high orders are of great interest to physical applications. Many problems in gas dynamics,
in the theory of elasticity and the theory of plates and shells are reduced to a consideration of partial
differential equations of high orders [1–3]. There is a large literature devoted to studying partial
differential equations of the fourth order (see, for example, [4–10]).

The theory of inverse problems is a branch of the modern theory of differential equations which is
actively developing now. An intensive investigation of inverse problems is motivated by a necessity
to develop mathematical methods for solving a vast class of important applied problems. An inverse
problem is said to be linear if a given equation is linear with respect to a restore function. Linear inverse
problems have been considered, for example, in [11–22].

In this paper we offer a method for studying an inverse problem for a nonlinear partial Benney–Luke
type integro-differential equation of the fourth order with a degenerate kernel.

We consider the following equation in a domain D:(
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(1)

with the initial conditions

U(0, x) = ϕ1(x), Ut(0, x) = ϕ2(x), (2)
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