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In this article, we will study the problem arising in the study of the processes of diffusion or filtration of a
liquid (gas) in multilayer layers, taking into account convective transfer [1,2,3].

In the case of a 3-layer reservoir, the problem is formulated as follows:
Define in
D={0<x<1,0<2z<10<t<T}u D, ={0<x<1 0<t<T}

Correspondingly, continuous functions u(X,t), u,(x,z,t),U, (X,Z,1) satisfying the system of equations:

1 0 au, h

m&(k( )—) A(X, t)—+ B(x, t)K(X)&JFZA(X)Ki(Z)EHJF f(x,t,u)+.[|;R(t,s)u(x, s)ds o
1 |

m(z)a_( () ) A(z t)—+f(XZtU)

initial conditions u(X,0) = @(x), U;(X,z,0) =@ (X,2) (2) and boundary conditions

(KX Z-aou] =0

x=0

< 400 (3)

(K(X)Z_i+a2(t)u)|x_l =0 eciu j.

au, B
(Kz(Z)E a, (t)u;)],_, =0,
u(x,t) =u,(x,1t), i=12

Here

F(xt,u), F(X2,tu),0(x), @ (% 2), K(x),m(x), K (x), A(x, 1), A(z,1), B(x,1), A(X),8 (1), (k=12),R(t,Ss) a,(t)
given functions, and

K(x),m(x) >0, A(x,t) > A>0, A(z,t)>A, >0, A(X)>0,K;(0) =0, K,(z) u m,(z) - positive for z—0.
We will assume that the solutions themselves and all known functions in the equations are smooth
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< 40, then the condition (K, (z) —a12 (tu, )|Z _, =0 isreplaced by the

condition ‘ui(x,z,t)|zzo‘<+oo, i=12.

The peculiarity of these problems is that the desired function enters the equations of the problem in such a way that
each of the equations has a "Main" unknown function, while the rest are either not contained or are represented by
their own boundary conditions.

.. T
Introducing division t; = jz, ] =0, N :{—} we will look for an approximate solution {uj(x) u u; (x,2)} using
T
Rote schemes

2 ou =
Lu, = A(X,t)S.u, + B(x,t.)K(x)%+ZA(x)Ki(z)—IJ +F(tu ) +7) R,
J J J J dX ) az L 17 — In (3)

Lu; = A(z,t;)0u; + fi(x 2,15, U5 )
Uy (X) = (X), Ujp (X, Z)=(p(x 2),i=12

_ dv.
‘K(x)%—al(t,-)u,-) O(K(x) +a(t)u)|

ou..
(KD -a,t)u)| =0 u,(x2)=u,(9) @)
Uj_Uj_l _ d d o
where o, =———". I_LJ"_m(x) ax Uy = m(z) 62( () )

task for j everyone (3) (4)- linearly relative {u; (x), u; (X, Z)} and has the only solution[1,2,3]. Introducing the

norm ||u|| < T&X|uk| u |[{|=max|{ according to the maximum principle, the evaluation [2]
A(x,t. L
H ( ) Ujat f(X’ i Jfl)+TZ Rjiu H A(Z t ) |j—1+ f(X’ Z’tj’uj—l)H
{‘uj‘,‘uij‘}<max H A(X 3 i1 ,maxH A1(X 3 H from here
T T

{HujH;Huij H} <@+, Tr)ymaxful ;fu | F+cr.

By induction
o ;<m0 e + 2 (e -y

C,,C, — some constants depend on input functions.
Functions @, =d;u;, @ (X t) =o;

U, satisfy the system of equations of type a (3), (4).

Uj
For solutions @ (X) u @; (x,t) by induction we uniformly estimate

exp(c,T)-1

{H@j H’H@ij H} <cyexp(e, ) +¢, =M,

4
In the future, through M, we will denote constants depending on the input data of the problems. Let us establish

By} {2

<M 5(//(X) !

the uniform boundedness of the families of quantities.

ol kel ol e

From the established estimates, we have

aty [ {0 e o an .

du. do
_1 <M X), |—
‘dx W (X) ‘dx
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Where w(X) =2————- uniformly bounded function. And for the function /,(X)=2——— consider the
K (x) Ki(2)

following cases:
Case 1. Limit |ing!,V(Z) finite. Then the right-hand side of (6) is bounded by a constant that does not depend

on the partitioning method. In the limit z — O linear interpolations u”(x,t) u u’(X,z,t) accordingly in D and D,
coinciding with U(X, jz) U U.(X,z, jz) at t = jz and linearly depending on t inside the layers jz <t <(j+1)z give
a solution u(x,t) u u;(x,z,t),i=12 inarea D u D, respectively

Case 2. If i nmy, t( is infinite or does not exist, then we cannot use estimate (6) to prove the

Z—> + ©

equicontinuity of families. However, using the boundary conditions at z=0, one can be convinced of the equicontinuity
of the families in this case as well.
Note 1
For the numerical solution, a modified version of the differential sweep is used [2] and is implemented by the Maple
software system
Note 2
The approximate solution constructed by the method of lines converges to the exact one with the speed o(z), 7—

time step
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