CEKIMHA 4. IToynpoBOJHUKOBAS MUKPO- 1 HAHOJIEKTPOHUKA B
penieHuM nNpoodIeM HHPOPMAIMOHHBIX TEXHOJOTHH U ABTOMATH3AIMHU

ON THE PROPERTIES OF SOLUTIONS OF A NONLINEAR
FILTRATION PROBLEM WITH A SOURCE AND MULTIPLE
NONLINEARITIES
Z. R. Rakhmonov, A. A. Alimov
National university of Uzbekistan
E-mail: zraxmonov@inbox.ru, akram.alimov18@gmail.com

In this paper, we studied the conditions for global solvability and
unsolvability of a nonlinear filtration equation

ou ofloum”" aum ,
T_Y , 1) eR, x(0,
p(X)at a)({ | ox J+p(X)u (x,t) € R, x(0,+x)
(1)
with nonlinear boundary condition
m|P2 m
- a; a; 0.)=u’(0,t), t>0
X X (2)
and initial value condition
u(x,0)=u,(x)>0, xeR, 3)
where P>1+1/m, 5,d>0, p(X)=x", neR, u(x) _ bounded,

continuous, non-negative and non-trivial initial data.

Equation (1) occurs in various areas of natural science [1, 3-5]. For
example, equation (1) is considered in mathematical modeling of the thermal
conductivity of nanofluids, in the study of problems of fluid flow through
porous media, in problems of the dynamics of biological populations, polytropic
filtration, structure formation in synergetics and nanotechnologies, and in a
number of other areas [1-4].

Equation (1) is called a parabolic equation with variable density [1] and in

case m(p-1)-1>0 corresponds to the equation of slow filtration [2-3].
Problem (1)—(3) has been intensively studied by many authors (see [2, 6-17] and
references therein) for various values of numerical parameters.

In [17], the authors, considering problem (1)-(3) in the case
m=1 p(x)=1 oroved that for 0<A<1 and 9<(P-D@-M/(P-1) any non-

trivial solution of problem (1)-(3) is global. If #<1 and 9> (P-D@-n/(p-n)
then each solution of problem (1)-(3) is unbounded in a finite time.
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In work [5], the condition of global unsolvability in time of the solution of
the Cauchy problem for equation (1) at was obtained that m=1 p(x)=1 and

the critical exponent of the Fujita type p=2p-1 was established.

Some properties of solutions to problem (1)—(3) at p(x)=1 m=1 were

studied in [9]. They obtained the critical exponent of the global existence of the
solution and the critical exponent of the Fujita type by constructing the lower
and upper solutions.

In [7], the unboundedness of the solution of the following reaction-

filtration model with a nonlinear boundary condition was studied
u =Au"+u”, (x,t)eQx(0,T),

ou

on

u(x,0) =u,(x), xeQ,

=u?, (x,t)eoQ2x(0,T),

where Qe R" js the bounded area. The authors showed that all positive

solutions exist globally in the case M>1 if and only if P qgl’ and in the case
m<1 when B <L g<2m/(m+1)

As is known, degenerate equations may not have classical solutions.
Therefore, its solution is understood in a generalized sense.
Definition 1. A function is called a weak solution to problem (1)-(3) at

aum i au

0<u(x,t) eC(QQ),

Q:{R+X(O’T)}, if , and if it satisfies
(1)—(3) in a generalized sense at €2, where T > 0 s the maximum lifetime.
1. Main results

Below, we will determine the condition of solvability and unsolvability in
general in terms of time for solving problem (1)-(3) in the case of slow

filtration. It is assumed that p>1+1/m_
m(l n)+1( _1)
Theorem 1. If p—n and0<A=<1  then any solution to

problem (1)—(3) is global.

Remark 1. Theorem 1 shows that the critical exponent of the global
existence of a solution to problem (1)—(3) is equal to
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{ﬂzl,oqgw}u{q:w,ﬁﬂ}
p-n p—n

4> M=) +1(p-1)

Theorem 2. If A<l and (p-n) , then the solution of
problem (1)—(3) is unbounded in a finite time.

Theorem 3. If p>2p-1 and 4< (p=1)(m-mn+1)/(p-n) , then the
solution of problem (1)—(3) is unbounded in a finite time.

Theorems 1-3 are proved in the same way as in [13, 16].
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MOJIEJIb ®OPMUPOBAHUSI OITUMAJBHON
WHBECTHUIIMOHHOM ITPOT'PAMMGBI ITPU 3ATAHHBIX BIOJI)KETE
N IMMPOI'PAMME ITPON3BOACTBA

N.3. Xynaiibepauesn
Hayuonanvnoui ynusepcumem Y3zbexucmana
[Ipu BIOKEHUHM WHBECTUIIMNA B pEaIbHYIO YKOHOMUKY OaHKaM U JAPYTUM
MHBECTOpAM  11€J1IeCOO0pa3HO  YYUThIBaTh HE TOJIBKO HWHBECTHIIMOHHYIO
nporpaMmy, HO © ()MHAHCOBYIO, TPOU3BOJACTBEHHO-XO3SAMCTBEHHYIO W
COLIMAJIbHO-D)KOHOMHYECKYIO JIeSITeNIbHOCTh Tpeanpuatuto. [lostomy  auio
npuHumMatomux pemieaue (JIIIP) m ero komaHae HWHTEPECHO HCCIEI0BATH
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