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Abstract: This paper investigates the uniqueness of the solution to a boundary value problem for
a nonclassical parabolic-type differential equation. The problem is considered in a general form,
and through appropriate substitutions the equation is simplified and formulated in a given
domain with specified boundary conditions. The uniqueness of the solution is proved using the
energy integral method, and it is shown that the corresponding homogeneous problem admits
only the trivial solution. The obtained results are of significant importance in the theory of
equations of mathematical physics and can be applied to the study of nonclassical boundary
value problems.
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Problem statement

We consider the following equation.

v d*u o'u ou
—_—— + ai(xy)—+b(xy)—=1x 211
o o _Fol(y)ax,b(y)axf(y) (211)
If in equation (2.1.1) b(x))eC®1(D) is satisfied
y

1
uxN=9(xy)exp| 5  blxdat
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without loss of generality, by means of an appropriate substitution

2 .
3u 0%u o'u
———+  ax))—=£Ax)) (21.2)
e 9y ax

=0
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For equation (2.1.2), we consider the following problem in the domain O=(0<x<1, 0<y<1)
In the domain D, find a boundary value solution t(x))eC>1(D)nC®?(D) of equation (2.1.2)
such that it satisfies the following boundary conditions [22]:

() UX0)+a (Nux)=@y(x), 0=x<1, (2.1.3)
Bo)ux1)+B () u(X1)=@1 (), O0=x<1, (214)
YW uON+yNuI)=¢p(0), 0=y<l, (215)

u(0)=¢r (), O0=y<1, (2.1.6)

U(l,)/):lllz(y) ) OSJ/S]-’ (217)
Here a(x)),b(xy),Axy),a00.8).¢(x), (=01), (%) (/=0.1,2) and ¢;(x) (/=0,1,2) are
given functions continuous in their respective arguments.

Moreover, o+ @& #0, o+ F#0, 3+ )220
Uniqueness theorem

Suppose that for equation (2.1.1) the functions
; 1 1
ai(xy) C°D), a(xN=0, =7 a1+ ap=0X))=0

and that one of the following conditions is satisfied:

1) If aoﬁoyoa-oio and ,
a1 =0, BoB=0, Yo 1=0, y6)»=0,8,8,=<0, (—1)(a(iY)—a,(iy))=0 =01, _1S%+%32(0J/);

or
2) If O’lﬁlyzdlio and 5 aoa]_SO, ,80,8120, 5051S0, y0y220,
~1=8-2,0)=0, (-1 [ay (i)~ i) +i20 =01

2

Then the solution of problem A is unique. Above, we consider only the second case; however, by
imposing different conditions on the given functions, various types of problems can be
formulated.[1-9].

PROOF OF THE THEOREM

We present the proof of the theorem for the first case. The second case and the remaining cases
can be proved in the same manner. The proof is carried out using the energy integral method. For
the given problem, we consider the corresponding homogeneous problem and show that it admits
only the trivial solution. The homogeneous problem is of the following form: [10-12].

L(w)=0 (22.1)
ap () uU(x0)+a u,(x0)=0, 0=x<1 (22.2)
BoOOUXD+B ()1 (x1)=0, 0=x<1 (2.2.3)
VOU/)U(OyJ/)"'Vl(J/)Uy(OyJ/)"'VZ(J/)Uxx(O’y):Oy (224)
50(J/)u(11y)+51(J/)UXX(11J/):01 (225)
u(1,))=0 0=y<l1, (2.2.6)
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We show that its solution is ¢(x;))=0 We consider the identity ¢/L(¢)=0 and integrate it
over the domain D, obtaining the following results.

Fu P
@) (5);/ Jyg az(XJ/) 5)(2 +a1 (%)) (51) +a0u(x,y)> axdy=0

By performing the appropriate substitutions in this identity, we obtain the following:

1 1
1 1
o (—aytp+CLP ) axay— (uuy) ax+ (uuy) ax+ [quX+a2 Ut U o+ > (a—a )P 1
X=
0
Using the homogeneous boundary condltlons (2.2.2)—(2.2. 5) and the inequality
kabzz (a2+b2) , k<O
we obtain the following result
1
Bo(X) a(X) l {[ %)
(P—a LB+ ClP) axdy+ | 5= tP(x1)— (P(x0)| dx+ a (1, a 1, L7
. ( Y 2UYx ) y ﬂ( ) ( ) (X) ( ) . l( J/) 2X( y) 51()/)

According to the conditions of the uniqueness theorem, all terms on the left-hand side of
inequality (2.2.7) are nonnegative and vanish only when t/(x,))=0 That is,

U (xy) = U (x))

This proves the uniqueness of the solution of the problem. [13-18].
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