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1. Introduction and main results

This work studies the critical curves of a degenerate parabolic equation with doubly nonlin-
earity in non-divergence form with a source

Ou _ ki m—1
ot b or (u

Initial condition and nonlinear boundary condition are

P72 By
5x> +u?, (z,t) € Ry x (0;+00). (1)

Jdu
ox

u P~ du
_m—1 — .4 .
u(z,0) =up (x), xr € Ry (3)

wherep > 2, m > 1, ¢,8 >0, 0 <k <1 are given parameters and ug (x) is bounded, nontrivial,
nonnegative and continuous function.

Particular case of equation (1) is a classical reaction-diffusion equation that arises in many
applications like population dynamics, chemical reactions, heat transfer, etc. (see, for example,
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[1,2] and the references therein). Equation (1) is also a model of heat propagation with gradient-
dependent thermal conductivity in a medium with chemical reaction and with nonlinear radiation
law at the boundary [3].

Distinctive feature of equation (1) is that it degenerates at points where v = 0 and Vu = 0.
Thus, it may not possess classical solutions so we consider only weak solutions in the following
generalized sense.

Definition 1. A nonnegative function u (x,t) is called a weak solution to problem (1)—(3) if u
satisfies the following conditions

1) ue L*Qr), uy € L* (Qr), Vu e L

loc

(Qr) where Qr =Ry x (0, T),

T
2) [[ {utcp — ™ VP VY (ukp) — uﬁcp} drdt + [, uop (2,0) =0,
0

for all test functions ¢ € L} (1) provided that ¢ > 0.

Definition 2. Let T < oo be the largest time of existence of a solution w such that ||u||e,0 — 00
att — T. Then we say that solution u(x,t) blows up in finite time. Otherwise, if T = oo we say
that solution is global.

Conditions of global solvability and the blow up depend on coefficient 8 and the gradient-
dependant diffusion in equation (1).

Problem (1)—(3) in divergence case (k = 0) have been intensively studied by many authors
(see [4-11] and the references therein). Let us give some examples.

A global solution of a reaction diffusion problem with multiple nonlinearities

w= V(™) +uP, (z,t) € Qx(0;T),
g;; =ul, (z,t) €00 x(0;T),
u(z,0) =up(x), €

in a bounded domain 2 C RY was investigated by Song and Zheng [9]. They showed that the

solution of the problem is global if p,¢ <0 at m>1 and p< 1, ¢ < m

t < 1.
m+1 at m s

The critical curves for problem (1)—(3) in the case k = 0 and m = 1 was obtained [4].

Since 0 < m < 1, the introduction of new variable v(z,t) := (1 — k)%ul_k(x,t) trans-
forms equation (1) into a non-Newtonian polytropic filtration equation in divergent form. The
exponents of the equation were studied [12].

The critical exponents for a p-Laplacian equation with variable density and source were
obtained [6]. The results of this work are given below. Any solution is global at ¢, 3 >0 from the

region Rg:{0<6<17 O<q<%} U {B >(p—77;3)q——pw&-1, g>2-n)(p—-1) } Any

-n -1
solution blows up when parameters are in the region R’g.
The degenerate parabolic equations in non-divergent form were considered by many authors
(see [13-18] and the references therein). Let us give a couple of examples.
Some qualitative properties of a p-Laplacian equation in non-divergent form were studied by
Raimbekov [13]. Asymptotic solution of the Cauchy problem was also analysed at ¢ — oo for
slow and fast diffusion cases.
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Jin and Yin [14] considered the doubly degenerate diffusion Cauchy problem
up = umdiv(|Vu|P~DVu) + M, (z,t) € Qx (0;7T),

u=0, (z,t) €0Qx(0;T),
u(x,0) =up (z), €9,

where m > 1, p > 1. The critical exponent ¢. = p + m — 1 was obtained, namely, the solutions
are global if ¢ < ¢., and there exist both global and blow-up solutions if ¢ > ¢.. In the critical
case ¢ = ¢, solutions are dictated by the size of the domain.

The main objective of this work is to define the critical curves and the region of parameters
where global solutions and blow-up solutions exist. The results of the present work are the
following theorems.

Theorem 1.
(i) In the region of parameters

G_{0<5<1 O<q<p(1—k)+(k+m+p—3)}

p

any solution of problem (1)-(3) is global in time.
(ii) In the region

R_{B>1}U{q>p(1k)+(k+m+p3)}7

p

there exist solutions of (1)-(3) that blow up in finite time.

Remark 1. Theorem 1 defines the critical global existence curve of problem (1)-(3) as
1—-k k -3 1-k k -3
PR L ERUES RN L Y O PRI R (R R )
p p
(see Fig. 1).

Theorem 2.
(i) In the region R, C R

R,={8>1,¢q<p(l—-k)+(k+m+p-3)}U
p(1k)+(k+m+p3)}
p )

U{Bép(lk)+k+m+p2, q>

any solution of problem (1)—-(3) blows up in finite time.
(11) In the region Ry C R

Ry={B>p(l1—k)+k+m+p—2,¢>p(l—Fk)+(k+m+p-—3)},
there exist both global and blow-up solutions of problem (1)—(3).

Remark 2. Theorem 1 defines the critical Fujita curve of problem (1)—(3). It is given by
{B=p(l—k)+k+m+p=2, ¢=p(L—k)+(k+m+p—3) }U{B = p(1—k)+k+m+p—2, ¢ =
=p(l—k)+(k+m+p—3)} (see Fig. 1).

In what follows we give proofs of theorems.
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————  :critical global existence curve

--------- : critical Fujita curve

p(=k)+(k+m+p-3))———

p(l—k)+(k+m+p73)
p

: R
Rul .

u3

(0,0) p(1-k)HHm+p-2 B

Fig. 1. Critical curves

2. Ciritical global existence curve

Proof of Theorem 1 (i). Let us consider the following globally defined in time supersolution
in the self-similar form
u(t,z)=e" (K+e ™M), ¢ =ae

gtl—m P _ k+m—1 B
with parameters K > |lugl| ., M > (K +1) oo , L >M (m+p=2) K —;(1) + (K +1)
and J:% L.

One can obtain that
P
8—1: = Lel (K + efME) + JMge~ JHIA=ME > Le*t (K + e*Mg) > KLeLt,
= e’BLt(K—i—e_Mf)B < PHEK 4+ 1),
Oy re(E=dyt g~ Mg
ox ’
0 ou "% ou ktm—2
kY m—1| 9 ouy _ kLt —M¢ (m+p—2)Lt—Jpt—Mpé
= MP 1 K
U o <u o 633) (m e ( +e ) e +

+MP(p— 1)ekLt (K + e—Mf)k+m—1e(m+p—2)Lt—th—M(p—1)£ <

< MP (m +p— 2) (K + 1)k+m*1e(k+m+p—2)Lt—th—M(p—1)§,

and we have on the boundary

oulP 2 ou M1+ D
r %(O,t)—(K—Fl) M

_,m—=1

—1 (m4p=2)Lt—J(p—1)t
U e

By the definition of K, M, L, J and the assumption (3, ¢q) € G we have
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ou _ 0 [ .o loaP?ou) | 4
s g L gmr |2 & , £) €Ry x Ry,
o “aa;(“ oz| ow) T (@HERexRy
ou "% ou
_gml 2= i > 74 . ]
e Ee (0,t) = u?(0,t), t € (0;4+00)
Thus, @ is a supersolution of problem (1)—(3). It implies that every solution of problem (1)—(3)
is global solution provided (3, q) € G. O

Proof of Theorem 1 (ii). Let us consider a blow-up solution of the Cauchy problem
au _ k 8 m—1
o "o <“
u(0,t) = ug (z),

P72 By,
ax>+u5, (z,t) € R x (0; +00),

@
ox

where 8 > 1. It is symmetric and satisfies

0 (i |0ulP?Ou 5
at—uax<u aix % +u", (.T,t)ER+X(0,T),

ou|"™* ou (5)
_,ym—=1 Y™ et _

o =0, te@),

u (z,0) = up (z) .

It can be shown that solutions of problem (5) are always subsolutions of problem (1)—(3) for the
same initial value. It is known [14] that solutions of problem (5) for sufficiently large uy blow
up in a finite time interval. It follows from the comparison principle that solution of problem
(1)—(3) also blows up.

If ¢ >p(1 —ktktmtp=3) then it follows from [7] that the problem

p
du .0 [ i |oulP?ou
at—u(%(u % aix s (x,t)€R+><(0,+oo),
du|"~* du (6)
_,m—=1 Y% el — 4
u" ol gy (01 =ul(0,8), e (0,400),

u(z,0) = ug (x)

has a solution that blows up. We use them as subsolutions of problem (1)-(3). The result
immediately follows from the comparison principle. a

3. Critical Fujita curve
Proof of Theorem 2 (i). Let us introduce the following designations

Ru={1<B8<pl—k)+k+m+p—2}U
U{p(l—k)+(k+m—|—p—3)
p
p(l—k)+(k+m+p—3)}
D

<q<p(1—k)+(k+m+p—3)},

Rus={ﬁ>p(1—k)+(k+m+p—2)7 q<
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Because R, = R,1 U Ry2 U Ry3 (see Fig. 1) the proof is divided into three parts.

Case 1. (8,q) € Ry1. Since each solution of problem (5) with nontrivial initial value blows up
ifl<fB<p(l—k)+k+m+p—2 (see [14]) and every solution of problem (6) with nontrivial

PA=RFktmEp=3) k)4 (k+m+p—3) (see [7])

p
we can consider them as subsolutions of problem (1)—(3). The result immediately follows from

data also blows up when

the comparison principle.

Case 2. (,q) € Ry2. Let 8 < 1 and the following self-similar subsolution of problem (5) has
the form
u(z,t) =t%¢(§), &=uzt7", (7)
1 _k+m+p—2-p
-5 T T pa-p)

One can obtain that

where oo =

O 1 a0 (€) — 189 (€)
| 24O bt g g2 ), (®)
u* aax (u % e gZ) — ((kmtp=2)a—py 4k (Qsm*l |¢>’|”_2 qs’)/ €.
Then we have
;(u % e ?gf), (2,1) € Ry x (0,400)
u %p 8—(02&) 0, te(0,+00)

if ¢ (&) satisfies

S (67187 8) (©)+7E0 (€ +6° () — ap () 2 0

(9)
—m T (0) =0
Let us define
b\ FTET S
0(€)=4(a—g57) ", (10)
where parameters a, A are to be determined. One can obtain that
(b/ (5) _ —A$ (a _ gﬁ) k+71r)z:~1pf§*1 é‘ﬁ
k+m+p-—3 + ’
- PN e B
m—1 /P~ / _ _Am+p—2 sy m+4p—:
om0 (©) ry—s) (et T e .
k( om—=110P=2 0\ e\ gk+mtp—2 p b _ = e o
A A (GRS el UL (RS gt
p—1 p—1
_ Akt+mtp=2 p _ei
<k+m+p—3 (a ¢ >+
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Since 5 < 1 we get

B(p—1)

¢5 (€)= A8 (a - gﬁ) FEm¥p—=3 _
+
= e \ =Y (B=1)(p=1) b\ FFRTEE
— AB (af ﬁ) me (a, ﬁ) TP S ABg FTmAr—3 (a, pﬁ) rmEeTs
¢ + ¢ + ¢ +
Assuming that
p—1
Ak+mtp—3 p >
E+m+p—3 -0
(B-D(p=1) D p-1
a Frmir—3 > Ak-‘rm"!‘P—Q—ﬁ _r +A1_BOZ,
k+m+p—3

we can verify that (9) holds. The subsolution u defined in (7) and (10) has zero initial value.
Hence it is a subsolution of problem (5) with any nontrivial initial data.
If 8 = 1 we construct a compact support self-similar solution to problem (5) of the form

Uz, t)=e""7g(¢), &=ae 777,

B (1—k)p _ (A=K (k+m+p-3)
Wherea_(k+m+p73)+(1*k‘)p’ 7_(k+m+p*3)+(1*k)p and

_(kAmAp=8\FEI [ (htmip-3) ]m L\ e
¢(€)_< p ) [(k-l—m-l—p—?»)-i—(l—k)p (a ¢ ) '

One can obtain that

ou —r
o= e(t=7) (ap (&) —v€¢' (9)),
-2
- %U b %U — o mp=2) (=) =y (=1 (=) gm—1 | 1P=2 4/ (¢ |
r ZT
—2 !
Ukaa(Uml 387(/' b ZU> = elaktmip=2)—ypl(t=7) 4k (¢m*1 || ~2 qﬁ’) &).
T T €z

It follows from equalities given above and (11) that

p—2
U’“i(Uml ?9% ?ag>+U=o, (z,t) € RT x (0,T),
U P72 ou
—um S8 SR =0, te(0,T).

If 7 > 0 is large such that U(z,0) < ug(x) then U(x,t) is a subsolution of problem (5). Any
subsolution of problem (5) is also a subsolution of problem (1)—(3) with the same initial data.
Thus there exists a finite time ¢¢ such that solution of problem (1)—(3) is greater than the initial
value of the blow-up subsolution of (6)

vie)=(T-t)"¢(E), E=z(T-t)",

where | = (g+2-p=—m) s = (p—1) and
plg+k=1)—=(k+p+m=3)" " plag+k-1)—(k+p+m=3)’

p—1
) k+m+p—3

b(€) =B (d- ¢

- 118 —



Mersaid M. Aripov, Jakhongir R. Raimbekov The Critical Curves of a Doubly Nonlinear Parabolic. ..

Parameters B and d are some positive constants [7]. Note that v is a subsolution of problem (6)
and it is also a strict subsolution of problem (1)—(3). Hence, the solution of problem (1)—(3)
blows up in a finite time ¢t < T + .

Case 3. (8,q) € Rus. Ifpg<p(1—k)+ (k+m+ p—3) we consider the following self-similar
subsolution of problem (5) in the form

u(t,r) =t (§), &=at™7, (12)

m+p—2—¢q o= p—1
(k+p+m—-3)+p(l—k—q)’ (k+p+m—-3)+p(l—k—q)
We obtain from (8) that

where v =

) oulP? ou

2 <u [ ax>’ (@,1) € Ry x (0,40)
oulP™
830 8:1: (0 t) t e (0,+oo),

if ¢ (&) satidfies

S (67187 8) (9 +7E0 (€ +6° () — ap () 2 0

(13)
—m "¢ (0) < ¢ (0).
Then we take s
P =Cle=&y ™", (14)
where C, ¢ are constants to be determined. It is easy to see that
/ _ p—1 =
-1
m— —2 m+p— p— 1 P w
o (§) =~ <k+m+p—3) (=&

/ _ p (p=1)
o (o) @ =t (i) e 0T )

Taking into account that

-1 % 517;— -1 3 7;:1.7;—‘ -1
W (€) = a6 (§) > A g e(e— O —aCe(e - =
-1 p—1 —
- (lm + 0‘) (=TS for0<E< A,

and pg < p(1 — k) + (k+m+ p —3), we can choose C and ¢ such that they satisfy

—1 P 7(p—1)
Cktm+p=3 (1 _ b= >(—= 7
=M =3 Ftmip—319)°
p—1 p-l (p=1)(a+k=1)
Fxmip—3) ST

It is not difficult to verify that (13) holds. Subsolution (12) has zero initial value. Thus
defined in (12) and (14) is a subsolution of problem (6) with every nontrivial data. If pg

Cm+p—2—q (

e
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=p(1—k)+ (k+ m+ p— 3) then we also construct a self-similar subsolution to problem (6) in
exponent type
ulet) =), E=aeT T,
p(l—Fk) (1-Fk)(k+m+p—3)

where a = 1 , Y= 1 . Let
p—1
-1 p Efm+p—3
—co(cktmies( P ) .
¢(8) ( k+m+p-3 ¢

Using (15), we obtain for arbitrary C' > 0 that

’

& (6m ST ) (€ €0 (€) —ap(€) 0, for 0<E < CRimird (pet )Y

p(1—k)+(k+m+p—3)
P

7¢m71 ‘¢/|P*2 ¢/ (0) g QI)

Using (12) and inequalities given above, we have

0).

ou w0 i |oulP? ou

=< —_ - -

at S % o (u ox ox )’ (2,2) € Ry x (0, +00),
p—2

m-1 % %(oﬂs) —ul, te(0,+00).

If we choose large 7 > 0 and suitable C' such that u(z,0) < ug(x) then u(z,t) is a subsolution of
problem (6) and it is large enough. The proof follows from the results of Jin and Yin [14] where
a blow-up subsolution to problem (5) is constructed. ad

Proof of Theorem 2 (ii). Taking into account that
Ry={pg—p(1—-k)=(k+m+p=-3)<(p-1)(B~-1), ¢>p(l—k)+(k+m+p—3)}jU
Ufpg—p(1—k) = (k+tm+p=3)>(p-1)(B-1), B>p(1—k)+ (k+m+p-2)}
(see Fig. 1), we divide the proof into 2 cases.

Case 1. pg—p(1—k)—(k+m+p-3)<(p-1)(B-1), ¢>p(1 —k)+(k+m+p-23).
Let us introduce the auxiliary function

w(zt)=(t+7)""f(§), E=a(t+7)" (16)

g—(m+p—2) o= p—1)
g—p(l—k)—(k+m+p-3)"" pg—p(l—k)—(k+m+p-3)

with 7 > 0 and fy:p

One can obtain that

o .
5 =+ (—af (©) —Er (©),
ou|"? ou — (mp—2)a— (o _
—m—1 (m+p—2)a—(p—1)y pm—1|p1P—2 p1
| 7. =+7) A Vil
ox ox
_1p—2 _
’L_Lkaa<ﬂm1 ? p gu> _ (t+7_)—(k+m+p—2)a—pfy fk (fm71 |f/|p72 f,)/-
X X X

Therefore, @ is a supersolution of problem (1)—(3) with small initial data if the function f (&)
satisfies

PP P2 1) af £ef + ()T <,

VPR A (0) > £9(0).

(17)
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Inequality ¢ > p (1 — k) + (kK + m + p — 3) implies that p(l—k)+(k1+m+p—3) —a>0. Let
1

eE== —« and we first consider
p(l—k)+(k+m+p—3)

PP ) ks + (et £ <0,

ST (0) = £0). (18)
Let us assume that -
F(©) = A (W) = (g +0)77) T (19)
+
where constants A, A > 1, b > 0 are to be determined. One can obtain that
p—1 -1 1
"€ =-A—P ()T ()T b)7 T
1€ = At (007 = e+ 0)7r)” (E+0)7T,
) , , » p—1 ., » | EERO=B)
L PP = AT Ab)TT — (b)) T b
PP O (i) (00 = 0™) 77 (o,

P ) =

= aremerr gy () (et e ) T eyt
k+m+p—3 +

_ pktmip-2 P IH(()\b)p"H_ €+ b)ﬁ)“s‘;ﬁ‘”‘ _
k+m+p—3 +

Substituting f and f’ into (18), we obtain

P
mTp— __r 7o p e
AT +p3(1_k><k+m+p—3> (E+0)7 _7k+m+p—3§(§+b)p +

+

(@ + ) — AR+mEp=3 (k L - _3)p_1] (Q0)7 — € +n)7T) <0 (20)

for 0 < &< (A—1)b,

P Pl mir—3)4p—k) » el
Amtp—2 Fp—— b k+mFp—3 (()\) =1 1) >
+m4p— +
> ApFFmtr=3 (\p-T — 1 N . (21)

Setting n=¢ + b and taking into account that a (k +m + p — 3)=1 — vp, we can rewrite (20) as

1 e p .
- | AktmE3 1 k B D (P 1=
k+m+p3[ (A=R)p+ktmtp =3I o3

— (k -3 p—1 - =  bpP1-—
(ktm+p )5]77 T map-3"
p—1
e (atms) e ot e e @

For simplicity we introduce the following designation
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p—1
= |Aktm=3 (1= k) p o+ (k )| e R N (2 -
9(y) (L=K)p+(k+m+p 3))<k+m+p_3 (k+m+p—3)e|x
yP P k-+m+p—3 p o L
by — | AP — Ab)r—T,
“Frmtp-3 kim+p-3" [ <k+m+p3> (a+5)]( )
Then we have
/ _ P p k+m+p—3
= b A P 1-k
9 k+m+p—3 +k+m+p—3[ (¢ )t
p—1
b -1
k -3 _ —-1—(k -3 LS
+(k+m+p >)<k+m+p3) (k+m+p )s]y

Therefore, to prove (22) one need to prove that g (nﬁ> <0 for b<n <A
1
p(1—k)+(k+m+p—3)

k —3\7!
(+m+p) (a+e) <

— o we choose A such that

Since € =

p
_ 1 k+m+p—3 p=t
Ak+mAp—3 1+ (k _ .
< TEmETTT ) (Gt Emee-99
Hence, we have
p—1
((1—k)p+(k:+m+p—3))(k_i_mip_3) ARFTMAP=3 o L (k4 m +p—3)e.

It implies that ¢ (y) reaches maximum at y., where
1

_( (k+m-+p—3)" "4 )
v (k+m+p—3)"""+ (k+ m+p—3)e—((1— k) p+ (k+ m+ p — 3)) pp—L Aktm+p=3 .

Therefore g (nﬁ> < g (y«). To prove (22), we assume that g (y.) < 0, that is,

1

p—1
k+tmip—3 [Ak+m+p3 (1=k)p+(k+m+p—3)) <p> -

k+m+p—3

P

—(k —3 T ¢ — S T
(k+m+p )e}y*+k+m+p_3y

p—1
_ [Ak+m+p3 <W> —(a+s)] (AD) 7T < 0.

By substituting the value of y, into the above inequality, we obtain
p 2

— 1|1 k —3)e—

ktm+p—3 ( Flktmtp=3)

p—1 - 7T
p ktmtp—3Y) ©
—((1-k)p+(k+m+p— A p <
(( )+ P 3))<k+m+p—3> )

1

2

p—1
< |Afrmte=s (p ) —(ate)| (7.

k+m+p—3

If we choose the constant A > 1 such that

- 122 —



Mersaid M. Aripov, Jakhongir R. Raimbekov The Critical Curves of a Doubly Nonlinear Parabolic. ..

P p% p p—1 _%
A> | ——m——— AkAmap—3 (P _
(k+m+p—3> 7[ k+mtp—3 (a+e) X
p Pl 2\ 7
X<”(“m+p3>€(<1k>p+<k+m+p3>)(zm+p—3) ““m”)

then g(nﬁ> < 0 for any b < n < Ab. In particular, inequality (20) holds. For fixed A, A\ we
notice that ¢ > p(1 — k) + (k+m+p — 3). We assume that b is small enough such that (21)
holds.

Inequality pg—p(1—k)—(k+m+p—3)<(p—1)(8—1) implies that —af+a+1 < 0.

We can choose large enough 7 to obtain
B(p—1)

(b4 7) P P = ()T ()P — (6 0)7T) T <

< (t+ 7)7 P 481 (\p) jﬁ:"*% f<ef.

It follows from above inequality and (18) that (17) holds. Therefore, @ given by (16) and
(19) is a supersolution and any solution of problem (1)—(3) with initial data ug lying below
@ (xz,0) =77%f (xz777), and it is global in time. Moreover, it tends to zero as t — oco.
Case 2. Let pg—p(1—k)—(k+m+p-3)=2@p-1)(B-1), B>p(1—-k)+(k+m+p—2).
We found that the global solution for p¢g —p(1—k) — (k+m+p—3) < (p—1)(8—1) and
q>p(l—k)+ (k+m+p—3) goes to zero. We can assume that it is less than one. Therefore,
for every pair of exponents (B, q‘) such that 3 > 3, § > g, it is also a supersolution to problem
(1)—(3) with small initial data.

Thus we have a global nontrivial supersolution for every pg —p(1—k) — (k+m+p—3) >
> (p—1)(B—1) with f>p(1 —k) + (k+m+p—2). According to the comparison principle,
the solution of problem (1)-(3) is global solution if the initial data wug is small enough. |
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Kpnrndyeckue KpuBble IapadboInmdecKoro ypaBHEHUS
C JIBOMHOM HEJIMHEMHOCTHhIO HEAMBEPTEHTHOI'O BU/JIA
C UICTOYHUKOM M HEJIMHENHBIM I'DAHUYHBIM IIOTOKOM

Mupcaung M. ApurioB
Hanmonansubrit yauBepcuter Y36eKncrana
Yuusepcurerckas, 4, Tamkent, 100174
VY3bekucran

2Kaxonrup P. PaumbekoB
Yuusepcurer uxa B ropojse Tarmkenre
Buémnap, 9, Tamkent, 100041
VY3bekucran

B darnroti pabome uccaedyromes Kpumureckue Kpusvle ypasrenus ¢ 080TUHOT HEAUHETHOCTDIO Hedusep-
2eMMH020 6UDA C HEAUHETHBIM 2DAHUNHDBIM NOMOKOM. A UMENHHO NOAYUEHA KPUMUIECKAA KPUBAA 2A0-
0aAbHO20 CYUWECTNBOBAHUA U KPUMUYECKAA Kpusaa Dydocuma.

Karoueswie crosa: ypasHerue ¢ 080UHOT HEAUHETHOCTIBIO HEOUBEP2EHMMHO020 6UDd, KDUMUYECKAA KPUBAA
Dyodoicuma, KPUMUIECKAA KPUBAA 2A00GAHO20 CYULECTNEOBAHUA.
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