ISSN 1683-4720 IIpaui ITIMM HAH VYkpaiau. 2021. Tom 35, Ne 2

UDK 517.95
DOI: 10.37069/1683-4720-2021-35-10

(©2021. Yu. Kudrych, M. Savchenko

REMOVABLE ISOLATED SINGULARITIES FOR SOLUTIONS OF
ANISOTROPIC EVOLUTION p-LAPLACIAN EQUATION
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form, one of the model cases of which is anisotropic evolution p-Laplacian equation. New pointwise
estimates near an isolated singularity and sufficient condition of the removability of isolated singularity
were obtained.

MSC: 35B40, 35K65, 35K67.

Keywords: anisotropic evolution p-Laplacian equation, removable isolated singularity, pointwise esti-
mates.

1. Introduction and main results.
In this article we study solutions of the quasilinear parabolic equation in the
divergent form

ug — div A(z, t,u, Vu) = b(x, t,u, Vu), (x,t) € Qp \ (x0,0), (1)
satisfying a initial condition
u(z,0) =0 ze€Q\{zo}, (2)

where 2 is a bounded domain in R™, n >3, xg € Q, Qp :=Q x (0,7),0< T < 0.
Throughout the article, we suppose that the functions A : Qp x R x R™ — R™ and

b:Qp x Rx R" — R™ are such that A(-,-,u,s), b(-,-,u,s) are Lebesque measurable

for all w € R,¢ € R", and A(x,t,-,-), b(x,t,-,-) are continuous for almost all (x,t) €

Qp, A = (a1,a3,...a,). We also assume that the following structure conditions are
satisfied:
n n
Z a;(x,t,u,¢)g = 11 Z (ST
i=1 i=1
1—L
n Pq
|ai(xat7uv g)‘ S Z‘gj’pj , i=1,n, (3)
j=1

n 1
|b(l’,t,u,§)| <1y E |§i|pi<1_;)
i=1
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with some positive constants v, 1.
We further suppose that the following conditions are satisfied:

k
< <. —
2n/(n+1) <p1<pz<pn, max <2+, (4)

where some p; can be less than 2 (so called “singular” case), the other p; can be greater
than 2 (so called “degenerate” case), and

1 11
kE=nlp—-2)+p, —=-— —. 5
R A o (5)

Let us denote by D(r),r > 0 the following set

n \x-—xgo)] P t
D(T):{(x’t)GQT:Z<Zrkil> +Tk§1}, (6)

=1

where
g, = PEnP =P (7)
D
We formulate the removability result in the term of behavior of the function

M(r) = esssup{| u(z,t) |: (x,t) € D(Rp) \ D(r)}, (8)

where Ry is some sufficiently small fixed positive number such that D(Ry) C Qp. It
follows from [1] that M (r) is finite number for any r > 0.
Let us remind the reader the definition of a weak solution to (1), (2).

DerINITION 1. We will write V,(Qr) for the class of functions ¢ € C(0,T, L2(2)) N
= . n Pi 0
L(0,T; WHP(Q)) with 32 [[ ‘57*0 dadt < o0 and V() = { € V(1) : 0|00
i=1Q

= 0}, where WP(Q) = {90 EWLQ): 2 € L, (), i = 1,7} .

DEFINITION 2. We say that u(x,t) > 0 is a weak solution to the problem (1), (2) if
for an arbitrary function ¢ € C°°(Qr), vanishing in a neighborhood of (x¢,0), we have
an inclusion uy) € V,(Q7) and the integral identity

/(usozb 7)dz —/
+Zn:/7/az‘<x,t,u,gz> Do, ) gt - // <a:tu x) e dxdt =0 (9)
0 Q

=1 0

holds for every ¢ € ‘(}p(QT) and for all 7 € (0,7).
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Removable isolated singularities for anisotropic evolution p-Laplacian equation

The properties of the above-mentioned Sobolev spaces can be viewed in [1-4].

Many authors researched problems of singularities for solutions of parabolic equa-
tions with Laplace of p-Laplace operators in principle part. Review of these results
can be found in monograph [5]. We are concerned here to find pointwise conditions on
solutions of (1), (2) to guarantee that the singularity at (z¢,0) is removable. And in
the following sections we prove that the singularity at the point (xg,0) is removable
(that is the integral identity (9) holds for ¢ = 1) if

lim M (r)r"™ = 0. (10)

r—0

The equation

n )
0 ou |P7° du
_ =0 11
Ut Zz; (9121' ( axi 8%’) ( )
is the simplest model of equations from class (1). For nonnegative solutions of problems
(1), (2) with p1 = p2 = ... = pp, = p = 2 the result analogous to (10) follows from

the paper of D.G. Aronson and J. Serrin [6]. In isotropic case (2 < p;1 =p2 = ... =
prn, = p) condition for removable singularity was obtained by F. Nicolosi, I.I. Skrypnik,
I.V. Skrypnik [7]. For anisotropic evolution p-Laplacian equation (11) local boundedness
of solutions has been obtained in [2] and the question of removability of isolated
singularity with p; > 2 was studied in [8]. The important difference our research lies in
the fact that part of p; < 2 and another part of p; > 2.

Let’s formulate the main results:

Theorem 1. Assume that conditions (3), (4) are fulfilled. Let u be a weak solution of
the problem (1), (2). Then the singularity of solution u at the point (x,0) is removable
if condition (10) is satisfied.

Using the standard approach, the proof of Theorem 1 is obtained from the following
two theorems.

Theorem 2. Let the conditions of Theorem 1 be fulfilled. Then there exists a positive
constants Ky, depending only on vi,ve,n, p1,...,pn, 0, Ry such that the following
inequality 1s true

M(p) < Kip™™*?, 0 < p < Ry. (12)

Theorem 3. Let the conditions of Theorem 1 be fulfilled. Then there exists a
positive constant Ko depending only on vi,vo,n, P1, ..., Pn, P, Ry such that the following
inequality is valid

R
u(e, 0] < Ko, ¥(a,t) € D (20) (13)
The rest of the paper contains the proof of the above theorems.
2. Auxiliary integral estimates of solutions.

We accomplish proof of the main result in the several steps. First, we obtain some
integral estimates of the solution under consideration. Without loss of generality it can
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be assumed that the function M (r) defined by (8) satisfies

lim M(r) = o0 (14)
r—0

and fixe sufficiently small the number Ry : M (Rp) > 1.

For every p : 2p < Ry we define ug,(z,t) = (u(z,t) — M(2p))4, Eop = {(z,t) €
D(2p) : u(z,t) > M(2p)}.

We further denote by ~ constant, depending only on the known parameters vy, vo,n
D1, ---, P, P, Ro, which may vary from line to line.

Let n, € C*°(Qr) be the cut-off function such that

(1) 0 < ne(x,t) < 1in Qp,

(ii)) , =0 in D(r), n, = 1 outside D(2r),

(iii)’an’“ —k 90| < ypki where k, ki, i = 1,n are defined by (5), (7).

ST ’ ‘ ox;
Introduce the following notations:

@) 2p(u(z, 1)) = min{ugy, M(p) — M(2p)},

E(p,2p) = {(z,t) € Q7 : 0 < ugp(w,t) < M(p) — M(2p)},
e(r) = M(r)r™ + r2(M(r)r™)P~1 + Z mypi=l,

Lemma 1. Let the conditions of Theorem 1 be fulfilled. Then the following inequality
1s valid for everyr: 0 <r < p < Ry

pi
ess sup/uz(a:,t)nz( n2dxdt < yM(r)e(r). (15)

0<t<T
Q

Proof. Testing integral identity (9) by

90(337t) = u2p($at)"7r(x7t)> 1/)(%75) = nr(xat)'

Applying structural conditions (3), we obtain:

n
au pi
2 2 2
esssup/u z,t)n x,td:c+// nrdxdt <
0<t<T 2o ) (@, 1) ; Or;| "
Q E2p
-
pj * 87%
dxdt
72//“2,0 81‘j O Ny axat+

nrdadt.

pi\ 1— 11,
> nrd:ﬂdt—&—’y//uzp

- ou
+’YZ//U2p (‘&x
i:1E2p v
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Removable isolated singularities for anisotropic evolution p-Laplacian equation

Now we use Holder’s and Young’s inequalities:

esssup/uzp(:n tn?(z,t) diL‘—FZ//‘

o<t<T
Q
VZ//ug; ddt—i—’)///qumdxdt—i—’y//qu

Using the definitions of M(r) and n,(z,t), we get:
Z//ué’; ddt—l—//uQP
=1y

<7 (Z M (r)rphi 4 Mﬂ(rv‘k) D@\ D(r)] <

i=1

2
rd:vdt <

on |7

Zi

nydxdt. (16)

ony

nydxdt

n

<YM (r) (Z:(M(T)T")’”1 + M(T)T") = yM(r)e(r). (17)

=1

Estimating the second term in the right-hand side of (16), we derive
[ i< [ atasi < aaroermy = meer). 09
Es, E2,\D(r)

Combining estimates (16)—(18), we obtain the required estimate (15). O
Integral estimates (15) is used in the proof of the following lemma.

Lemma 2. Let the conditions of Theorem 1 be fulfilled. Then the following estimate

18 true
esssup/¢§’2p(u(x,t))n3(x,t)da:+Z // ‘ 3da:dt <
0<t<T J T
<y(M(p) — M(2p) Z// D Pz ’ n?dxdt+
+e(r) (M (p) — M(2p)) + v M (r)e(r) +~(M(p) — M(20))*"", (19)

where 01 € (O,%),O<r<p<R.
Proof. Testing (9) by

p(,t) = Ppap(ula, t))n,(x,t),  ¢(x,t) =nr(z,1).
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Using structural inequalities (3), we have

esssup [ @2 x,t))n:(z, t)dz + // 7%alnvdt <
sssup [ 82, u(z. )1 Z
Q E(p,2p)
1,i
<A (M(p) — M(2p)) Z// O | vt +
= 8x] x| "

ou |P
836

pi(1-3)
P ony
nfdwdt—l—’y//@%gp(u(:c,t))’ (,;7

P

nydxdt. (20)

—I—’yZ// p2p(u(z,t))

Applying Holder’s inequality and Lemma 1 to the first term on the right-hand side of
estimate (20), we derive

1_f

ony 2
Ldxdt <
2// ij 8:6Z
pi—1 1
n n D Pi 8 D Pi
Ou [/ 2 M |™" o
< — dxdt dzxdt <
Sl WTDSIFC e JJ 5| e
=1 I J=1 B
P p
-4
ntk g, - 0 2
<Y ro > | mrdads <
i=1 =1
n(p;—1) 11 9
<YYo M) m < ye(r) (21)
i=1

Estimating the third term on the right-hand side of (20), we get

J[ astutan |5

P

nrdrdt < yM(r)e(r). (22)

The second term on the right-hand side of (20) can be represented in the following way:

n pi(l—%> n (1_7)
V;Zp/%,zp(u(az,t)) n2dzdt < ;Zp/q»p,zp(u(x,t))

Ou |” n2dzdt+
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Removable isolated singularities for anisotropic evolution p-Laplacian equation

30 [ vnatutein |2 " e )

Estimating the second integral on the right-hand of the last inequality, we have

"~ Pi 1*%
Z // ®p,2p(u(, 1)) ‘gg ( ) n2dzdt <

3da:dt+ // O o (u(x, t))npddt <

VZ // " mydadt +~(M(p) — M(2p))* . (24)

Combining estimates (20)7(24), we obtain (19). This completes the proof of the
Lemma 2. [

Lemma 3. Let the conditions of Theorem 1 be fulfilled. Then the following estimate

e

< (M (p) = M(2p))** D +~4(M(p) — M(2p))"~%(r) (25)
holds with 1 < ¢ < 1+ min [2, 1].
Proof. Testing identity (9) by

Ou ‘ ntdxdt <
Ox;

o = ([M(p) — M(2p)]" "7 — [maz(uzp, M(p) — M(20))""9)  1p; ¥ =1y

Using conditions (3) and Young’s inequality, we obtain

n n
—q
> [y
=1 Ep =1

ou | ,
—_— <
Py | n.dzdt <

1

o | (=] 0w "
<2(M(p) ~ M(20)) WZ / / e +
8:& = 833j
n -3
+y(M(p) — M(2p))'~ ‘12// > 61: n2drdt+
— J
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oy (M(p) — M(2p))20~9 / / "
Ep

Estimating the terms on the right-hand side of (26), we obtain

>/

1
= o [P 4 [ ou [P
< — _-
S\ ] e |\ V15
E, =g,

=1
" -1 pi—1
<y>or o (yM(r)e(r) T < ye(r)

i=1

ony

dxdt.

1—L
bj P

ou
(9:1; j

ony
ox;

Nrdrdt <

1—1

J
77,% dxdt <

(M(p) — M(2p)) 2d:Edt
1 q ou |7 2
< (M(p) — M(2p)) u2p n?dxdt + Z u2p oz ny.dxdt.

Combining estimates (26)7(28), we derive required 1nequahty (25). O
Combining lemmas 2 and 3, we obtain:

(26)

(27)

Lemma 4. Let the conditions of Theorem 1 be fulfilled. Then the following estimate

18 true
,?dxdt <

esssup/‘l’;%gp( (2, )y (1) d$+z // ‘

0<t<T —
Q =B (p.20)

+ye2(r) (M (p) — M(2p)) +yM (r)e(r) + (M (p) — M(2p))* " +
Y(M(p) — M(2p))*% + (M (p) — M (2p))* %(r),
where 0 < 61,09 < 1.
Proof. By the Young’s inequality, we have

ri(1-3)

8u n2dzdt <

ou

a .

vz//%p

n2dzdt + / / u§ P V2 dudt.
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Removable isolated singularities for anisotropic evolution p-Laplacian equation

We estimate the last integral on the right-hand side of (30) similarly to (18)

// ugf)p 2dxdt < 7. (31)

Combining inequalities (19), (25), (30), (31), we obtain estimate (29). O
Taking into account condition (10), we can pass to the limit as 7 — 0 in (29) and
obtain the following statement.

REMARK 1. Let the conditions of Theorem 1 be fulfilled. Then the following estimate

is valid
esssup [ ®2 (x,t))dx + // mi—1 ) 2 d dt <
0<t<T/ p2p Z Zu z
Q
< v(ﬂf(P)—-A4(20D2_51*‘7(ﬂ4(0)—-ﬂf(20»2_5% (32)

where 41,92 € (0,1).

3. The pointwise estimate of solutions.

In this section we prove Theorem 2. First, we obtain the additional integral estimate
for the solution of the problem (1), (2).

Let (Z,t) be an arbitrary point in D(Rp)\ D(p). For any p: 0 < 7 < p < R and any
positive h we define the sequences of numbers p; := £(14277), h;:=h(1—-277), j=
1,n and the families of sets:

n ~ y<3 ~
T — X4 t—t
Q%%Z%%ﬂijomg +‘k’<1}
i=1 Pj Pj
Aj = {(z,t) € Q(pj) : ugp > hy}.
We denote by ¢; € C5°(Q pj+§j“)) the cutt-off function such that: (i) ¢;(z,t)

(
1 outside Q(p;), ¢jx,t) = 0 for (z,t) € Qpja1); (i) |G| < v2%pF, |52
27k p=ki § =T n.

N

Lemma 5. Let the conditions of Theorem 1 be fulfilled. Then the following inequality
is valid for every r: 0 <r < p < Ry

" ou
ess su s, — hi)2C2dr + //’
0<t<7P / (u2p = hy)36; ;A ox;

j

Gt

pi
Gdadt <

<727 p P |45 (33)

Proof. Testing identity by
= (uzp — hj)4Gy Y=g
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From the conditions (3), Young’s inequality and properties of the cut-off functions
(j, we obtain

pi
Cdrdt <

2 2
ess sup / (uzp — hj)3C;
o<t<T

Aj t

/i

UQp — hj)ijric]'d$dt+

a .
+y //(’U,Qp — hj)z % ¢jdxdt + 7//(UQp — h]):ic;dxdt (34)
Aj j

Using the definition of M (p), we have

S

g , t P
(ugp — hy)5i¢ydwdt <y ) 2% p7Piki g (g) 4] =
=1

=3t (w (5) (5)) 14l () < e a9
//(uzp — )2 ag ¢idadt < 420%p k2 (g) 14;] =
Aj
— ik y=k (Mu (g) <g>n)2 A (g)in < 72k Pt D) | 4 (36)
//(Wp — hy)i GGdwdt < yMP (g) |A;| =
Aj
= (M (2) (8)) 141 (5) " < e 1441, (37)

Combining inequalities (34)-(37), we derive the required integral estimate. O
Now we are ready to prove Theorem 2. Applying Holder’s inequality, Lemma 7 from
the appendix with a; =0, ¢ =1, ..., n, we derive:

j+1 // UQp — h]+1 dl‘dt

J+1

j2
n+p

_b
Ul essip | [ (- )i ds |
o<t<T
Ajra(t)
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Using Lemma 5 and the properties of the functions (j;, estimate the second multiplier
in the last inequality

_n_
n+p

(UQp - hj+1)3_idl‘dt . (38)

pi

ou
aﬂfi

I¢;
(%:i

Di
¢ dadt + ‘

n ou P . a¢; [P _
3 / / ‘ g’.’ldwdt—i—' 5 (unp — by )Pidadt | <
=1 A;
<277 p M Ay 4+ 207 |A5] 2 p ke g < 2 pr D A4 (39)

=1

Depending on the value of the exponent p, we estimate the first multiplier as follows

_p_

n+p
p<2: ess sup / (u2p — hjt1)(Fdx <

0<t<T
Ajy1(t)
v o
2 +2 2=p
< esssup (u2p — hjt1)iGdr | |Aja(t)] 2 <
o<t<T
Ajya(t)
. 7“102(P+1) P
<2 T a7 (40
_pP_
n+p
-2
p>2 esssup | [ (g~ hy) gy~ i)t dn | <
0<t<T
Ajy1(t)
_p
n+p
p(p=2) 9 9
< (M(0)) 57 ess sup (usp — by )2 | <
0<t<T
j+1(t)
. np(2p—1)
<y2pT Ay (41)
Applying (39) to estimate (38) and choosing m = min { e 512}:;1)7 ngféi;)l )} from (40),
(41), we get
1+.0

}/j-i-l < fYQJ"fom ‘Aj_,_l’lJr"L*P < Qj“/p*mh_p(l-i-#-p) // (qu — h])i dxdt
A.

J
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Choosing h from the condition

_ntp
. _ . )
//u2pd:zdt < [QWp_mh p(1+"if’>} T gt > 27 e //u2pdxdt.
Q(p)

Q(p)

Using the Lemma 6 from the appendix, we obtain

(M <g) — M(2p)>n+2p < fyp_w // uQdedt

Q(p)

or
1
n+2p
_ m(n+p)

M (g) — M(2p) < yp i) / / oy ddt . (42)

To estimate the integral on the right-hand side of (42) we apply Lemma 7 with a; =
0,2 =1,...,n and Remark 1

[[ ittear < wzjfkﬂﬂmmwwM@—MmWJ. 13)

Qp)
Eventually, from (42), (43), we derive

p _
M (5) — M(2p) <7p~ ", (44)
where
np(n +2p) —m(n +p) +p* —np(1 - ) ,
8= >0, § = min{dy, do}.
p(n +20) o 02}
Iterating inequality (44), we obtain estimate (12). This proves Theorem 2. O

4. Proof of Theorem 3.

Let & € C(D(3,), 0< & <1, & = 1 in D(pjs1) and \ai
y2I Ry i = 1, n, where k, k; are defined in (5), (7) and 0 < )\ < mm{m %}
with f§ from (12).

Testing the integral identity (9) by

Y= (u - h)i 532'7’7”) ¢ = Mr,

where 7, was defined in Section 2, for every h > 0. Using conditions (3) and the Young
inequality, we obtain

/\+1 2 -1
ess sup/ &n dw + //
g [ [ o
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Removable isolated singularities for anisotropic evolution p-Laplacian equation

where
et o ™ o
Jy = Z / / B §]nrd:cdt,
Jo = / / (u—h)i“ 8”’” Enpdudt,
1 |og; |
)\+p1 1 XA 2
Z / / oy gn?dadt,
Ji = / / h)nZe; %ij dxdt,

Js = / / (u— WMPIE R dadt.
Qr

Denote by A(k) the following set
A(h) :={(z,t) € D(Ry) : u(x,t) > h}.
Condition (12) imply that
i < Ar D (B=n) ik et o MB=n)+B(p 1)

Jy < ,yr(/\-i-l)(,é’—n)r—krn-&-k: AB—n)+8

=r ,

Jy < 7297 Ry PP / / h)MPLddt, (46)
A(R)

Jy < 72 RyMPHTP / / (u — R)MPLdzdt,

J5§'y//(u— /\+p 1 2§ dxdt.
A(h)

We combine estimates (45), (46) and pass to the limit in the resulting inequality as
r — 0. Eventually, we obtain the boundedness of u(x,t) in D (%) analogously to the

argumentations from Section 3. This proves Theorem 3. U
5. Appendix.
Lemma 6. [3]
Let {Y;}, 7 = 0,1... be a sequence of positive numbers, satisfying the recursive
inequalities

v 1+a
Yj1 < CYYe,
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where C,b > 1 and o > 0 are given numbers. If

then Y; converges to zero as j — o0.

Lemma 7. [9] Let Q@ C R,,n > 3 be a bounded domain. Let v be an arbitrary

function from the Sobolev space VVOL1 such that

where p; = 1,1—{—% >0,i=1,...,n

1,.

//|u|°‘i dx < oo,

Q Eg

1. Then

M:

EEEN
zlp

n
np 1 Qay
veL,(Q),q= 1+ — — 1,
e G o

n
where = % Z pi and there exists a positive constant K depending only onn, oy, p;, 1 =
“hat

, 1, such the following inequality is valid

17 o< KH /W

o |
ox;
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10. Kyapuu, M. CaBuyenko
VcyBHi i30JbOBaHiI 0COOJIMBOCTI pPO3B’s3KiB aHI30TPOITHOrO €BOJIIOLIMHOIO pPiBHAHHA pP-

Jlanaca.

Y poboTi HoCHiIzKEHO MUPOKUiT KJjac KBa3iMiHIfHUX 1apabosivyHuX piBHAHB JIPYroro MOPSJIKY B JIH-
BepreHTHiN HopMmi, OTHUM 3 HANIPOCTIIINX MOJIEIbHUX MPEJICTABHUKIB TAKUX DIBHSHDB € aHI30TPOITHE
eBoJTIOIIiiTHE piBHsAHHA p-Jlarmracy. Bigomo, 1o 3arajbHa sikicHa Teopis /i aHI30TPOITHUX EJIITUIHAX
i mapabosiuanx piBHAHB He mobymoBaHa. Kpim Toro, Tounmit BUriass pyHIaMEeHTATHLHOTO PO3B 3Ky
JIJIsl TAKUX PIBHSIHb HEBITOMUIT, TOMY TMPUPOJTHO MOCTAIOTH MUTAHHS PO JOCJIiIXKEHHS JIOKAJIBHOI 1O~
BEJIIHKU PO3B’SI3KiB BUINEBKA3aHUX PIBHAHL B OKOJII CHHIYJISIPHOI TOYKH Ta PO OTPUMAHHS TOYHOL
YMOBH yCYHEHHsT 0COOIMBOCTI. X0o4da KBa3iTiHINHI PIBHSAHHS 3 aHI30TPOMIEI0 MAJIO BUBYEH], OMHAK JIJTsT
X JIOCJIPKEHHST MOYKHA 3aCTOCYBaTH JIesIKi 3 HAPOOJIEHUX METOJIIB, & CaMe JJIsi BUPIIIIEHHSI ITOCTABIEHIX
3aa1 6yJI0 BUKOPUCTAHO TaKi METOIN: METO] JJOKAJTLHUX €HEPTeTUIHUX OIHOK, iTepariiiina TexHaika /e
J2Kop/Ki, MeTo/1 TOTOYKOBUX OIiHOK. HaM Birastocst /iurst ciiabKux oOMeXKeHUX HeBiJI €MHUX PO3B’sI3KiB
aHI30TPOITHOTO €BOJIIOIIHOTO piBHsIHHS p-Jlammacy BCTaHOBATH HOBI iHTerpaJibHI OIIHKH, MTOTOYKOBI
OIIIHKYU Ta OTPUMATH JIOCTATHIO YMOBY YCYHEHHSI i130JIbBAHOI OCOOJIMBOCTI PO3B’SI3KiB Y BUIVISIII ACHMII-
TornaHol orinku. [Ile ogHA CKJIAIHICTH JOCIIPKEHHs] BUHUKAE 3 PISHUMM 3HAYEHHSIMU ITOKA3HUKIB
aHizoTpoOIii, a camMe BOHA IOJISITA€ B TOMY, IO PO3IJISIAETHCS BUIAIO0K, KOJU YACTUHA MOKA3HUKIB
anizorpormil p; < 2 (Tak 3BaHMil “CUHIYIApHU BUNAIOK”), & iHIIa YacTuHA p; > 2 (Tak 3BaHWN “BUpO-

JKeHUI BUNAJOK”).
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