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In the Euclidian space Rn+1 of the variables x1, . . . , xn, t we consider the semilinear equation
of the type

Lλu := �2u+ λ|u|α sgnu = F, (1)

where λ ̸= 0 and α > 0 are given real numbers, F is a given and u is an unknown real functions,

� :=
∂2

∂t2
−

n∑
i=1

∂2

∂x2i
, n ≥ 2.

For the equation (1) we consider the boundary value problem: find in the cylindrical domain
DT = Ω × (0, T ), where Ω is an open Lipschitz domain in Rn, a solution u(x1, . . . , xn, t) of that
equation according to the boundary conditions

u
∣∣
∂DT

= 0,
∂u

∂ν

∣∣∣
∂DT

= 0, (2)

where ν = (ν1, . . . , νn, νn+1) is the unit vector of the outer normal to ∂DT .
Let

◦
Ck(DT , ∂DT ) :=

{
u ∈ Ck(DT ) : u

∣∣
∂DT

=
∂u

∂ν

∣∣∣
∂DT

= 0

}
, k ≥ 2.

Introduce the Hilbert space
◦
W 1

2,�(DT ) as the completion with respect to the norm

∥u∥2◦
W 1

2,�(DT )
=

∫
DT

[
u2 +

(∂u
∂t

)2
+

n∑
i=1

( ∂u

∂xi

)2
+ (�u)2

]
dx dt

of the classical space
◦
C2(DT , ∂DT ).

Definition. Let α < n+1
n−1 and F ∈ L2(DT ). The function u ∈

◦
W 1

2,�(DT ) is said to be a weak

generalized solution of the problem (1), (2) if the integral equality∫
DT

�u�φ dx dt+ λ

∫
DT

|u|α sgnuφ dx dt =

∫
DT

Fφ dx dt

is valid for any φ ∈
◦
W 1

2,�(DT ).

It is not difficult to verify that if a weak generalized solution u of the problem (1), (2) belongs

to the class
◦
C4(DT , ∂DT ), then it will also be a classical solution of that problem.

Theorem. Let λ > 0, α < n+1
n−1 . Then for any F ∈ L2(DT ) the problem (1), (2) has a unique weak

generalized solution in the space
◦
W 1

2,�(DT ).
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