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We consider the Cauchy problem for the nonlinear di�erence equation

∆y(x) = hf(x, y), y(0) = y0, h > 0, (1)

in which the function f(x, y) we shall assume as given on the Cartesian
product ΩN × R, where ΩN = {0, 1, . . . , N − 1}. Here and below ∆y(x) =
= y(x+ 1)− y(x) is the �nite di�erence operator.

It is required to approximate with a speci�ed accuracy de�ned on ΩN+1

function y = y(x), which represents the solution of problem (1).

Let us consider the system of polynomials τα,β1,n (x,N), (n = 0, 1, . . . , N),
also de�ned on the net ΩN+1 and orthogonal in the Sobolev sense with respect
to the following scalar product

〈τα,β1,n , τ
α,β
1,m〉 = τα,β1,n (0)τα,β1,m(0) +

N−1∑
j=0

∆τα,β1,n (j)∆τα,β1,m(j)µ(j),

where α, β > −1, µ(x) � discrete weight function given by equality

µ(x) = µ(x;α, β,N) =
Γ(N)2α+β+1

Γ(N + α + β + 1)

Γ(x+ β + 1)Γ(N − x+ α)

Γ(x+ 1)Γ(N − x)
.

Polynomials τα,β1,n (x,N) are determined through the classical Chebyshev
polynomials of discrete variable by the following expressions:

τα,β1,0 (x,N) = 1, τα,β1,k+1(x,N) =
x−1∑
t=0

τα,βk (t, N).
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In current work we propose a new approach to the approximate solution
of (1), based on decomposition of the function y(x) on the grid ΩN+1 into a

�nite Fourier series by polynomials τα,β1,n (x,N):

y(x) = y(0) +
N−1∑
k=0

ŷ1,k+1τ
α,β
1,k+1(x,N), x ∈ ΩN+1.

where

ŷ1,k+1 =
N−1∑
t=0

∆y(j)τα,βk (j,N)µ(j), (k ≥ 0).

We note that the obtained results can be generalized to systems of
di�erence equations of the form ∆y(x) = hf(x, y), y(0) = y0, with
f = (f1, . . . , fm), y = (y1, . . . , ym).

Moreover, problem (1) is of interest in connection with the fact, that
the issue of the approximate solution of the Cauchy problem for ordinary
di�erential equation

y′(x) = hf(x, y), y(0) = y0, h > 0,

can be reduced to it.
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Ïóñòü f � ôóíêöèÿ îãðàíè÷åííîé âàðèàöèè íà ïðîìåæóòêå [0, 1) è

∞∑
k=1

ckwk(x)

åå ðÿä Ôóðüå �Óîëøà. Ðàññìàòðèâàåòñÿ ñèñòåìà Óîëøà â íóìåðàöèè Ïý-
ëè. Êàê èçâåñòíî, ðÿäû Ôóðüå ôóíêöèé îãðàíè÷åííîé âàðèàöèè ïî òðè-
ãîíîìåòðè÷åñêîé ñèñòåìå âñþäó ñõîäÿòñÿ. Â ñëó÷àå ñèñòåìû Óîëøà òà-
êèå ðÿäû ñõîäÿòñÿ â êàæäîé òî÷êå íåïðåðûâíîñòè ôóíêöèè f (è äàæå
â òî÷êàõ, ãäå âûïîëíÿåòñÿ áîëåå ñëàáîå óñëîâèå íåïðåðûâíîñòè), íî ìî-
ãóò ðàñõîäèòüñÿ â òî÷êàõ ðàçðûâà, õîòÿ è îãðàíè÷åííî. Ïóñòü {nj} �
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