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In some problems of mathematica physics the following system of differentia
equations appears [1]:

ou U o
E:f(x,t,u,v,&, Zj’ (x,t)mx (0,T], 1

[)4

‘;—\t/: g(xtU.Vv), (xt)mx (0,T], 2)

where f = f(x,t,u,v,p,q) and g=g(xt,u,v) are given functions of their arguments,

% >0, U =U(xt)and V =V (xt) are unknown functions, T =const >0, Q =(0,1).
The solution of the system (1),(2) is considered under the following initial-boundary

conditions:
U(x0)=Uy(x), x@; U(0tE g(t), ULtE @(t), O (OT], @3

V(x,0)=V,(x), x@ . 4)
The problem similar to (1)-(4) was studied in the works [2]-[6] and in a number of
other works as well.

In the work [2] for the case
ou 0°u 0%u
f| x,t,u,v,—,— | = alx,t)— + h{x,t,u,v
[t 2 28 <o) 2 st

the problem (1)-(4) and its multidimensional analogue are investigated.
In the case

du 9°u a°u ou
f| x,t,u,v,—,— | = a(x,t,u)— +b(x,t,u)— +c(x,t,u,v
( 0X axzj ( )6x2 ( )ax ( )
the problem (1)-(4) was studied by the finite difference method in the work [3].
This problem (1)-(4) and its multidimensional analogue for the case

ou 0°u) _ ou)o‘u ou
f XtLu,v,—,— |=a xt,u,— —2+b X, t,u,—
0X 0X 0X ) 0X 0Xx

in the papers [4],[5] are investigated.
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The comparison theorems for the case of different coefficients and different initial-
boundary data if

ou 0°u d°u _
f[x,t,u V,— ™ Wj = a(u)y+b(u v), g(xt,u,v)=h(u,v)

in the work [6] are proved.

The initial-boundary vaue problems for nonlinear parabolic equations are studied in
the works [7],[8],[9] and in a number of other works as well.

In this work the convergence and existence of the solution of the difference scheme for
problem (1) — (4) are proved.

Enter a grid on area Qx[0,T| on variables x and t respectively:
w, ={x =kh,h>0,k=01..,M;hM =3}, @, ={t, = jr,7>0,j=01,..,N; N =T}.
Put to a problem (1)- (4) in conformity implicit discrete analogue:

U-j+1 uj u]+l u]+l u]+l 2U~j+l +u.j+1 )
i = f tl+1 ul+l Vl+l i+1 1 i+1 i i1 0= 2,...,|\/| -1, 5
T [X' 2h h? J . ®)
j=041,..,N-1,
ij+l_\/ij :g( tj+]_ uj+1 Vj+1) | :Ol, M (6)
T )ﬁ, 1 M 1 VY 1 1y 1
uw=U,, i=0L..,.M; v =¢, u, =¢d, j=12..,N, (7)
ViO:VOi, i=01...,M. (8)
Theorem 1: Let |9 <L |9 < L9 <L [990< 19 <1 X 5550, there exists
au ov ap ou ov 0q
2] 2
solution {U,V} of the problem (1) - (4) such, that g U <M %?;U%_ M %a V§_ M . Let
x*

also, exists an unigque solution of a problem (5), (8) for small values 7 and h. Then the
following estimation takes place:

Ju=UJ +[v-V] =C(r +n%).
Let's construct for solving equations (5), (6) iterative circuit:

k k k k k
K K k | —11 + _
=(1-68)u +6 rf[x,t,ui,vi,u'*1 u"l, 1”24 HU J+ui' , 9)

k+1

2h h?

j +viJ} . (10)

k+

-(1-6)4:+6) ra[ e,

0
where 0<6<1, u =Uu,V, =V,.
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Theorem 2: Let <L, <L,|— <L, <L, L,O<Jsgst.Thenif

q

-1
r<2—1L h <% and 0<9<(1+%+TLJ , the solution of (9), (10) converges to the

solution of equations (5), (6) and the following estimation is true:

k+1 k k+l k k k-1 k k-
+ v—v‘ =(1-6(1 —2rL))( u j
C

u-u —-u *{V—V
c c

Theorem 3: Let f=f(xtuv,p,q) and g=g(xtuv) are not decreasing

functions with respect of arguments v and u respectively, and also satisfy the following
conditions:
of

of of of ag ag<L F 550
au EY ap ou ov Jq

Let also, {u,v} and { ,V} are two pairs of the net functions determined on a grid

C

<L, <L, <L, <L,

w, X w, , satisfying the following inequalities:

=i+l

l'Ii _ﬁij _f x tJ+l uJ+l VJ+l u|ﬁl ulel |{i-Il 2u]+l +u]+l >
T 2h h?
i=42...M-1 j=01.. N-1,
ZUijﬂ_Uij —f X| t]+1 u]+1 VJ+1 ulLIl ule1 |l+Il 2uJ+1 +u]+l
r 2h ' h? ’
\7]+l_§j j+1 =i+ S \7]+1_\7j [ [ Ry
i - i _g()ﬂ,t]l,q] l'\_/i] 1)2 i - i _g()ﬂ,t]l,q] l’\_/iJ 1)’
i=01..,M, j=01..,N-1,
and for
u’=u’, v°= vo i=01..,M,
o =ul, Ul =u), j=12,.

Then for r<% and h<2—L5 wehave. U'>0',v'>v', i=01..,M, j=01,...,N.

Theorem 4: Let f, = f, (x,t,u,v, p,q) and g, =g, (xt,u,v), k=12 aretwo pairs
the functions satisfying inequalities:
f,(x,t,uv, p,q)= f,(xtuyv,p,q)
g,(xt,u,v) = g (xt,u,v)
and one of pairs ( f,,9,), (f,,g,) satisfy the following conditions:

of, afk
ou ov

<L, |agk|<|_ |agk|<|_ i>5>0

<L, afk < <
lou|” | av]|

op

<L,
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Let also, net functions {1, v} also {T,V} are solutions of the following difference

equations:
o't -u 3 i in Uj++1 _gin Uj++l 2wt 4l B
| - i _fl[)g,tl ,uil ’Vil 1 |12h|11 i+ h|2 i i=12,...M -1,
j=01..,N-1
\_/ijﬂ_vij — [T e QY )
S =g (X YY), =01, M
q

1 ui aVi ) )
2h h?

" _Fi i i EiN o =i
il u[xx“lz“laﬂlhl Gy G Z2 +qﬂj,i=lzqu—1,

J>u', v >v', i=01..,M, j=01..,N.
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