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INVESTIGATION OF GENERALIZED SOLUTION
OF ONE-DIMENSIONAL MIXED PROBLEM FOR A

CLASS OF FOURTH ORDER SEMI-LINEAR
EQUATIONS OF SOBOLEV TYPE. I.

Abstract

The paper deals with the existence and uniqueness of the generalized solution
of one-dimensional mixed problem with Rickier type conditions for fourth order
semi-linear equations of Sobolev type. The notion of the generalized solution
of the mixed problem under consideration is introduced. After applying the
Fourier method, the solution of the input problem is reduced to the solution of
some denumerable system of nonlinear integral equations with respect to Fourier
unknown coefficients of the desired solution. Then the global uniqueness, small
existence and global existence theorems of the generalized solution of the mixed
problem under consideration are proved.

In the paper we study the existence and uniqueness of the generalized solution
of the following one-dimensional mixed problem:

utxx(t, x)− αuxxxx(t, x) = F (t, x, u(t, x), ux(t, x), uxx(t, x), uxxx(t, x))
(0 ≤ t ≤ T, 0 ≤ x ≤ π), (1)

u(0, x) = ϕ(x) (0 ≤ x ≤ π), (2)

u(t, 0) = u(t, π) = uxx(t, 0) = uxx(t, π) = 0 (0 ≤ t ≤ T ), (3)

where α > 0 is a fixed number; 0 < T < +∞; F, ϕ are the given functions, u(t, x)
is a desired function, and under the generalized solution of problem (1)-(3) we un-
derstand the following:

Definition. Under the generalized solution of problem (1)-(3) we understand
the function u(t, x) having the following properties:

a) u(t, x), ux(t, x), uxx(t, x), ut(t, x) ∈ C ([0, T ]× [0, π]) ;
uxxx(t, x), utx(t, x) ∈ C ([0, T ] ;L2(0, π)) ;

b) all the conditions of (2) and (3) are satisfied in the ordinary sense;
c) the integral identity

T∫

0

π∫

0

{utx(t, x)Vx(t, x)− αuxxx(t, x)Vx(t, x) + F (u(t, x))V (t, x)} dxdt = 0 (4)

is fulfilled for any function V (t, x) having the properties

V (t, x) ∈ C ([0, T ]× [0, π]) , V (t, 0) = V (t, π) = 0 (0 ≤ t ≤ T ),

Vx(t, x) ∈ L([0, T ];L2(0, π)), (5)

where
F (u(t, x)) ≡ F (t, x, (t, x), ux(t, x), uxx(t, x), uxxx(t, x)). (6)


