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We study fully nonlocal problem for the Poisson equation when the classical boundary condi-
tion is not given on any part of the boundary of the integration domain. The paper represents
generalization of investigation carried out by the authors in [1, 2].

We investigate finite difference scheme for the equation
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+
∂2u
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2

= −f(x), x ∈ Ω = (0, l1)× (0, l2), (1)

together with the integral constraints

ξ∫

0

u(x) dxα = 0,

lβ∫

lβ−ξ

u(x) dxα = 0, 0 ≤ xβ ≤ lβ, ξ ≤ lα/2, β = 3− α, α = 1, 2. (2)

We assume that the solution u of the nonlocal boundary-value problem (1), (2) belongs to the
Sobolev space Wm

2 (Ω), m > 1.
Consider the grid domains: ωα = {xα,iα = iαh; iα = 0, 1, . . . , nα, h = lα/nα}, α = 1, 2,

ω = ω1 × ω2. Let ξ = (m + θ)h, 0 ≤ θ < 1.
Let H be the set of all discrete functions v = v(x), defined on the grid ω and satisfying conditions
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i (v) = 0, 1 ≤ i ≤ n1 − 1,

where
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We approximate the problem (1), (2) by the difference scheme

Ux1x1 + Ux2x2 = −ϕ(x), x ∈ ω, U ∈ H, ϕ = T1T2f, (3)
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where Uxα , Uxα denote forward and backward difference quotients in xα directions respectively,
and T1, T2 – some averaging operators.

An a priori estimate of the solution of the difference scheme (3) is obtained with the help of
energy inequality method, from which it follows the unique solvability of the scheme.

To estimate the truncation error , we apply the well-known technique [3], which uses the gene-
ralized Bramble–Hilbert lemma.

It is proved that the discretization error of the difference scheme (3) in the discrete weighted
W 1

2 -norm is determined by the estimate

‖U − u‖W 1
2 (ω, ρ) ≤ chs−1‖u‖W s

2 (Ω), 1 < s ≤ 3.

References

[1] G. Berikelashvili and N. Khomeriki, On the convergence of difference schemes for one nonlocal
boundary-value problem. Lith. Math. J. 52 (2012), No. 4, 353–362.

[2] G. Berikelashvili and N. Khomeriki, On a numerical solution of one nonlocal boundary value
problem with mixed Dirichlet–Neumann conditions. Lith. Math. J. 53 (2013).
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