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Abstract

A theorem on structure of spectrum of operator L determined by the differ-
ential expression

l (y) = −y′′ +Q (x, y)

and boundary conditions y′ (0) = y′ (π) = 0 in Hilbert space L2 [0, π] is proved.

Let H be a separable Hilbert space. In the Hilbert space H1 = L2 (H; [0, π])
consider the operator L generalized by the expression

l (y) = −y′′ +Q (x) y (1)

and boundary conditions
y′ (0) = y′ (π) = 0. (2)

In the paper, the structure of the spectrum of boundary value problem (1)-(2) is
studied. To this end, we also consider a self-adjoint operator L0 obtained from the
operator L for Q (x) ≡ 0.

Assume that the operator function Q (x) subisfies the following conditions:
10) The operator function Q (x) is twice weakly differentiable on the segment

[0, π] and for any x ∈ [0, π] the operators Q(i)
(x) (i = 0, 1, 2) are self-adjoint operators

in the space H;
20) ‖Q (x)‖H1

< 1
2 ;

30) In the space H there exists an orthonormed basis {ϕn}
∞
n=1 satisfying the

condition
∞∑

n=1

‖Q (x)ϕn‖H1
<∞;

40)
∥∥Qi (x)

∥∥
σ1(H)

< ∞ (i = 0, 1, 2) are bounded and measurable functions on
the segment [0, π].

It is easy to show that λ(0)
m = m2 are infinite-to-one eigen values of the operator

L0. The functions
ψ(0)

mn = dm cosmx · ϕn (n = 1, 2, ...) , (3)

where

dm =

{ 1√
π
, m = 0√
2
π , m = 1, 2, ...

(4)

are appropriate orthonormed eigen values.
We denote the resolvents of the operators L0 and L by R0

λ and Rλ, respectively.
At first we prove the lemma.
Lemma. If the operator function Q (x) satisfies condition 3 0) and

λ∈
{
m2

}∞
m=0

= σ (L0) ,




