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THE HEAT EQUATION ON LINE WITH RANDOM RIGHT PART FROM ORLICZ
SPACE

In this paper the heat equation with random right part is examined. In particular, we give condi-
tions for existence with probability one of the solutions in the case when the right part is a random
field, sample continuous with probability one from the Orlicz space. Estimation for the distribution
of the supremum of solutions of such equations is found.
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INTRODUCTION

The Cauchy problem for the heat equation with random factors is a classical problem of
mathematical physics. Several researchers have investigated solutions of the heat equation
depending on various types with random conditions [1,7,10-12]. In this paper we consider
the Cauchy problem for the heat equation on line with random right part. We consider right
part as a class of random fields from the Orlicz spaces.

Similar problems for the parabolic type equations are considered in [2], for the hyperbolic
type equations are considered in [3,4, 8,14, 15].

The paper is organized as follows. Setion 1 contains necessary definitions and results of the
theory of the Orlicz space. In section 2 we consider heat equations with random right part. For
such problem conditions of existence with probability one of classical solution with random
right part from the Orlicz space are found. The estimation for distribution of supremum of
solution of this problem has been got in Section 3.

Using this results one can construct modeless, which approximate solutions of such equa-
tions with given accuracy and reliability in the uniform metric (see [9,13]).

1 STOCHASTIC PROCESSES OF THE ORLICZ SPACE
Definition 1 ([3]). An even, continuous, convex function U (x), x € R such that U(x) > 0 for
x # 0 is called a C-function.

Definition 2 ([5]). We say that a C-function U satisfies g-condition if there exit constants zg > 0,
k > 0 and A > 0 such that the inequality

U(x)U(y) < AU(kxy)
holds for all x > zg and y > z.
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Definition 3 ([5]). Suppose that (T,p) is a nonempty metric space and ¢ > 0. Denote by
N, (t,&) the smallest number of points in e-net for the set T with respect to the metric p. The
function (N, (t,€), € > 0) is called the massiveness of the set T with respect to the metric p.

Let {Q), B, P} be a probability space.

Definition 4 ([3]). The space Ly () of a random variables ¢ (w) = ¢, w € (), is called the
Orlicz space generated by a C-function U (x) if, for any ¢ € Ly (Q)) there exists a constant r¢

such that EU (%) < oo.

The Orlicz space Li; (Q) is a Banach space with the norm

¢l = inf {r >0: Eu <%> < 1},

Definition 5 ([3]). A stochastic process X = {X (t),t € T} is said to be from the Orlicz space
Ly (Q) if for allt € T the random variable X (t) belongs to Ly; (€)).

Definition 6 ([3]). Let U(x) be a C-function such that U(x) is stronger than V(x) = x> that is
V(x) > cx? as x > xg,c¢ > 0. The set of random variables ¢ (E¢ = 0) from the space Li; (Q))
is called strongly Orlicz family of random variables if there exists a constant Cp such that for
& € A,i€land forall A; € R! the following inequality holds (I is any finite set )

N 172
< Ca (E (ZMQ) ) :
Ly iel

Definition 7 ([3]). A stochastic process X = {X (t),t € T}, (X € Ly (Q)) is called a strongly
Orlicz process if the family of random variable X = {X (t) ,t € T} is a strongly Orlicz family.

Y Al

i€l

Theorem 1 ([3]). Let A be a strongly Orlicz family of random variables. Then the linear closure
A of the family A in the space L(Q) is a strongly Orlicz family.

Theorem 2 ([3]). Let X; = {X;(t),t € T,i € I} be a family of strongly Orlicz stochastic pro-
cesses. Let (T, ®, u) is a measurable space. If

pr(t), i€l k=1,...,00

is a family of measurable function in (T, ®, i) and the integral
&= [ (O () dp (1)
T

is well defined in the mean square sense, then the family of random variables
Al; = {gki/i €Lk= 1/—00}

is a strongly Orlicz family.
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Theorem 3 ([15]). Let R* be the k-dimensional space,

d(t,s) = ti —si|,

(1) = max |t s

T={0<t<T;,i=12,...,k}, X, = {Xu(t),t € T},n =1,2,... be a sequence of stochastic
processes belonging to the Orlicz space Li; (Q2), and let the function u satisfy the g-condition.
Assume that the process X, (t) is separable and

sup sup [ Xu(t) — Xu(s)|| < o(h),
d(ts)<hn 1oo

where o = {c(h),h > 0} is a monotone increasing continuous function such that o(h) — 0 as
h — 0. We also assume that

/u ( ((T)(u)~|—1>>du<oo,

where o{~1) (1) is the inverse function to o(u). If the processes X, (t) converge in probability
to the process X (t) for allt € T, then X,(t) converge in probability in the space C(T).

The following result contains for the existence of partial derivatives for stochastic processes
of Orlicz space.

Theorem 4 ([14]). Let T = {a; < x; < b;, i =1,...,m}. {(X), X € T, be a separable random

field such that ¢(X) is a strongly Orlicz stochastic processes. Let Boooo (X, Y) = E¢(X)E(Y) and

assume that the partial derivatives Bjy;o(X,Y) = 9 an(g(yY), i=1,

.,m, and

0*B(X,Y)

Bua(X.Y) = 55 awane’

exist. Let there exist a monotone increasing continuous increasing functions o (h) > 0, h > 0,
that o,(h) — 0ash — 0 forz = (0,0,0,0), z = (4,0,i,0),i = 1,...,m and z = (i,k,i,k),
i=1,...,mk=1,...,m Assume that

N—=

sup  (Bz(X,X) + B.(Y,Y) — 2B,(X, Y))
‘xz ]/1|<h
i=1,..

T
/ v ((m ><u>+1> <2a§”<u>+1>>d”<°° ?

for all z and for sufficiently small ¢, then with probability one the partial derivatives

< 0z(h). @)

If

o5(X)  9%(X)
axi ! axiax]-'

i,j=1,...,m
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2 THE CAUCHY PROBLEM FOR THE HEAT EQUATION WITH A RANDOM RIGHT PART FROM
ORLICZ SPACE

We consider the Cauchy problem for the heat equation

ou(x,t %u(x, t
u(ai ):a2%+§(x,t), (3)

—oo < x < 400, t>0,
subject to the initial condition
u(x,0) =0, —oo < x < +oo. 4)

Let the function (x,t) = {{(x,t), x € R, t > 0} is a random field sample continuity with
probability one from the Orlicz space such that E¢(x,t) = 0, E(&(x, t))? < +o0. Let us denote

B(x,t,y,s) = E¢(x,t)G(y, 9).

Let B(x, t,z,s) be a continuous function.
Problem with the nonrandom function ¢(x, t) is seen in [6].

Theorem 5 ([10]). Let the conditions [ \/E(¢?(x,t))dx < oo be satisfied and let
R

t +o0
1 2(-0g . 1 /
- 7 / 7 - 7 d 7
= = 0/ T L) = o [ coslym gt
and
+0c0
u(x,t) = /cos(yx)G(y,t)dy. (5)
If the integrals
+00 +o0
/ ysin(yx) G(y, t)dy, / y®cos(yx) G(y, t)dy, s=0, 2,

exist and for all A > 0 and T > 0 there exists a sequence a, with a, — oo for n — oo such that
the sequence of integrals

+an +an
[ wsin(x) G0y, [ v cos(yx) Gly, )y, s =0,2, 6)

converges in probability, uniformly for |x| < A, 0 < t < T, then the function u(x,t) is the
classical solution to the problem (3)—(4).

Indeed,

2
au(ai't) / y-cos(yx) G(y, t)dy + — / cos(yx) ¢ (y, t)dy = aZ% +&(x, t).
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Lemma 1 ([11]). Let a function X(A,u) ,A > 0 and u > 0 be such that:

1) sup |X(A,u)| <B;

0<u<o0,0<A <00
2) |X(A,u)—X(A,v)| <CAlu—v| forallu >0, v>0.

Let ¢(A), A > 0 be a continuous increasing function such that ¢(A) > 0 for all A > 0, and the
function ﬁ is increasing for A > vy, and for some constant vy > 0. Then

¢(A +00)
o (e + )

|X(A,u) — X(A,v)| < max(C,2B)

forallA > 0 and v > 0.

Let

an

an
uly (e, ) = [ cos(yx) Gy )y, ) (v,t) = [ ysin(yx) Gly, 1)y,
—a

—an n

an
ugi)(x,t) = /yzcos(yx)G(y,t)dy.
—a

n

Theorem 6. Let (x,t) be a random field, sample continuous with probability one from the
Orlicz space. Let

1) g\/E(gz(x,t))dx < o0

okB (x,t,0,5)
oxloom 7

2) the derivatives k=0,...4, | + m = k exist;

~+00 400

) | ]

o*B (x,t,0,8)
oxlov™m

dxdx < B(k,I,m) < oo, k=0,...4, |+ m=k;

4) akB(x,t,v,s)

pyREwT —0,k=0,...4,]+m=k asx — c0orv — oo;

5) sup T, (uf,i)(x, ) — ugi)(xl,t1)> < oy(h), fork = 0, 1, 2, where oy (h) is a monotone
—xi|<h
‘\ch—fl\‘gh

increasing continuous function such that o (h) — 0 ash — 0, moreover

S uty ((%H) (++1)>du<oo, 7)
0+ o, — 1) (u) 20, —1)(u)

where 0, ' (¢) is the inverse function to oy(e)

Then the function u(x, t), which is represented in the form (5), is a classical solution to the
problem (3)—(4).

Proof. This theorem follows from Theorem 3 and Theorem 5. O
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Example 1. Assume that{(x), (x) are strongly Orlicz processes Li;(Q2). Letu(x) be a function

such that u(x) = |x|P for some p > 2 and all |x| > 1. Then condition (7) of Theorem 6 holds
the function oy (h) = Cy|h|® for0 < 6 < 1. Indeed fore > 0

_ faen (A T U < oo
: 0/ . ((a,&”(u)“) <za,§”<u>+1>>d =

1
&
AC‘S TC‘S
Ig/ - 1 du < D/—du
0 us  2us uré

The latter integral converges under § > 2

Theorem 7. Let {(x,t) be strongly Orlicz processes Li;(Q)) where u(x) is a function such that
u(x) = |x|P for some p > 2 and all |x| > 1, sample continuous with probability one. Let

1) I{\/E(gz(x,t))dx < o0;

2) the derivatives PBLstLs) ()

“oxloom s --4/ l+m:keXISt,
+00 400 K
3) 7f 7f % dxdx < B(k,1,m) < oo, k=0,...4, |+ m=k;

k
4) %—)OJ{:O,..A, l+m=k asx — 00 orv — oo;

2\ 2 +o0
) < 0Qy; f(E

Then the function u(x,t), which is represented in the form (5), is classical solution to the

problem (3)—(4).

+o0

5 [ (E |€(x,r)|2)% dx < ©; jfoo (E ‘%

—00

aZ§(x,T) 2
dx?
>0 0, >0 0, >0.

1
2
) < O, for some

Proof. 1t follows from the condition 1) (see Lemma 1 of [10]) that the integral Fourier transform

&y, 7) \/_/cos yx) &(x, T)dx

exists and

¢(x,t) \/_ / cos(yx) ¢(y, t)dy.

It follows conditions 2)—4) (see Lemma 2 of [10]) that there exist with probability one integrals

/ ysin(yx) G(y, t)dy, / y®cos(yx) G(y, t)dy, s=0, 2.
Then by Theorem 5 the integrals in (6) converge in probability to integrals

—+o0 —+o0

/ ysin(yx) G(y, t)dy, / y®cos(yx) G(y, t)dy, s=0, 2,

—00 — 00
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for x| <A 0<t<T.
According to Theorem 3 and Example 1, when the conditions in the probability space C(T')
required that the conditions

NI=

1
N
(E lta, (x,£) = 10, (31, 10)7) * < OB, <E utD (x, 1) — uﬁ)(xl,tl)) )2 < Gy,

(e

1
~N
ugi)(X,t) — ugi)(xl,tl)) )2 < Coh"

hold, where
Ay an
s, (6,t) = [ cos(yx) Gy, )y, by (v,t) = [ ysin(yx) Gy, Oy,
—ay —ay
an
ufl (1) = [ o cos(yx) Gy, Dy,

then the integrals in integrals (6) converge in the probability space C(T).
Using the generalized Minkovski’s inequality we obtain

1

(Eluta, (v, ) = ta, (31, 11) )

o o 2\ 2
= | E /cos(yx)G(y,t)dy—/cos(yxl)G(y,tl)dy
—a, —ay
1
0 2\ 2

= | B| [ Icos(yx) Gy, 1) — costyx1) Gy, 1)) dy

—ay,

1
ay 2\ 2

= |E /[(COS(WC)—COS(yxl))G(%h)+(G(yrf)—G(yrtl))COS(yX)]dy

—ay,

(e 9]

< [ [Icosto) — sty (160102 + (ElG0) - Glw )]
Using the inequality |sinx| < |x|* for 0 < « < 1 and arbitrary h, |x — x1| < h we have
|cos(yx) — cos(yx1)| <2 sin@ < 27Hy|ant,
Consider
% : h ) 2\ 2
(EIGt)P)" == (E 0/ e~ Iy, )
<L / e ) (EIE(y r>|2)%dr
_\/EO )
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) oo 2\ 2
(BlEw D) =—— | E| [ costym) a(x,m)ax

Therefore

1
(E’G(y’ tl)’z)z = %/Geazyz(t”)df < %9%5121% ‘1 —a2h|
0
Let t; < t, then
%
(EIG(yt) - Gy, ) P)
2\ 2

B~
:l

t i
E / eI (y, T)dr / eV DE(y, T)dT
0 0

t t
I Py P
0 tq

—_ ﬁ‘»ﬁ
|

o -

V21

Ueazyz(tr) . efuzyz(tlfr)

(E!é‘(y,w\z)j d [ e <E§(y,r)2)%dr>.

Using Lemma 1, we obtain the estimate

‘efazyz(tfr) _ efuzyz(tlf"r)

— ‘eiazyz(tliﬂr)

‘efuzyz(tftl) _ 1‘

<e~V(h=T) max(l,az)yz"‘|t —t|* < ey (h=T) max(l,az)yz‘xh“.

Therefore

Nl—=

(EIGW.t) - Gy, 1)P)

<

)=

f t
/ e~ max(1,a%)y* O dt + / eazyz(tﬂ@%dT)
0

5]

t
+ / e”zyz(tT)dT)
f

. t
_ 9 max(l,az)hi ’1 — et —|—/e*“2y2(t’T)dT .

1
= _— max(l,az)yz“h“W ‘1 _emh

(1) t
1
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Then

N—=

(E futa, (1) = 0, (31, 11) )

—+00
C) 1— 1 22 & 22
< = ol—ay apa ’1_ a‘y°t s 1,2 ‘1_ a‘y
< 2”_4 [ ly |a2y2 e + h* max(1,a )azyz(l Py e
t o) +o0 he
+ /e—aZyZ(t_T)dT dy — ; / |:21—0(a2y2_a 1 . e_azyzfl
t 0
+ h* max(1 aZ)L ‘1 — e Yh| /te_azyz(t_f)dr d
R /
51
1
(©) h* 2.2 n 2
_ = 21704 1— —a‘y°ty Ko 1 2 ‘1_ faytl
- {O/ [ PRy e + h* max(1,a )azyz(l — e
_ h* 2.2
+/ ”ytT)dr]dy+/{21“ yzlxl—e”yt1
fy
2 h* 2.2 t 2.2 Q)
+ h* max(l,a )m ‘1 —e ¥yh + /eiﬂ y (t*T)dT dy = ; (Il —+ 12) .
f
Consider
1
h* 2.2 x 2.2
_ 1—- — t 2 - t
11—0/|:2 lxa2y2—0¢ 1—e %V h —I—hlxmax(l,a )m‘l—g ay i
t —aP(t-1) 2l-ape 1 —a%Ph
+ [ dr | dy == /yz_ 1 dy
tq 0
N 1 1 1 t
+ — max(l,az)/ 5 ‘1—3*“?/ h dy+/ /e v t=Tdr | dy
a y (1-a)
0 0 t1
Zl—aha n
= Elz 111 + > max(l,a )112 + 113
Since ‘1 _ e Y| < a’y*t; < a®y?T,
Pl 2T Pl
N S R T3 < aL — /7 _ 0P <
I /yZ(lrx) L—e dy ~“a+1 ha yz(lfrx) l—e dy
0 0

Using that e~V (t=7) < 1, we have

1 t 1
113/(/ a]/(tTdT)dy /t—tldy<h<h“TllX
0

0 \h

a’T
~20+1
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So we have

a(ZLWT meﬂﬂf)T%_TL%>‘

L <h
1= a+1 20+ 1

+0c0
Ko
b::/‘Pkﬂﬂﬁixl_eﬁ@%‘W
1
t
+ h* max(l az)ilx 1_e—a2y2t1 + e—azyz(t—r)d,r i
Tty (1 - a) , 4
1
+00 oo
Zl—mha 1 22 h 1 )y
= — eyt — 2 _ —ayst
== /yZIX 1—e 1 dy+a2 max(1,a%) / i ’1 e 1 dy
1 1
e f 21—thzx B

+ / /eiazyz(tiT)dT dy = " I + 2 max(l,az)lzz + Ips.

1 \h

s | 1
121:/ﬂ‘1_e—a2y2t1 dyg/ dy =
1 y

—_

+00 too

+o0 t +00
_ —ayP(1-1) :i/l _ o (1)
I3 / /e dt | dy 2]y (1 e )dy
1 \h 1
o o d @ 1
< 2 Y _ 2 .
o max1,a / 202 5 max(1,a )1 —
1

Therefore

Then for 0 < & < %, we have

where

c_© 21=%T  max(1,4)T 2l=a 1 N 2max(1,4?)
o \a+1 20 +1 2 1—ua a? '
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Consider

(e

1
2\ 2
ugi)(x, t) — ugi)(xl,tl)) )

Nl—=

ay an 2
= |E / ysin(yx) G(y, t)dy — / ysin(yxl)G(y,tl)dy)

. N
= | E| [ vlsin(yx) G(y,t) = sin(yx1)G(y, t1)] dy

. N
=|E /y[(sin(yx)—sin(yxl))G(y,tl)+(G(y,t)—G(y,tl))sin(yX)]dy
< [ |ty —sinty)| (E 16 1))+ (EIG(,0) ~ Gl ) | ay
= [ |isinm) = sinty)| (PEIC(,0)P) "+ (PEIGWN - Gl t)F) | v

Since
|sin(yx) — sin(yx1)| < 2 sin@ < 217x |y | pe,
(PECI 1P < —— 0/ ) (PEIE, D) de

1 " |
<]/2E|§(%T)|2)2 - L E /]/cos(yx) §(x,r)dx)

V2
oo 2\ 2 +oo 2\ 2
1 , 9&(x,T) 1 G (x,T) 1
< Nz E [o sin(yx) o dx < EZO (E' Ix > < m@y

Similarly,

1

~N
ufz,l)(x,t) - uéi)(xl,tl)‘ >2 < k",

(e

@1 (2'7*T  max(1,a4*)T 2l=a 1 2max(1,4?)
Ci=— . + .

where

Tl—a
x+1 20+ 1 + +a2 1—uw a2
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Consider
(g

an an
= |E / y* cos(yx) G(y, t)dy — / y* cos(yx1) G(y, t1)dy
—a —a

n n

1
2\ 2
uc(li) (xl t) - uﬁ(li) (xll tl) ’ )

1
2\ 2

1
2\ 2

=|E / y? [cos(yx) G(y, t) — cos(yx1) G(y, t1)] dy

an

o 2\ 2
= (E /yz[(COS(yx)—COS(ym))G(yrtl)Jr(G(y,t>—G(y,h))cos(y@]dy
-
i : :
</ [\coswx)—cos(yxl)\(y4E|G<y,t1>2) + (VEIG(y,t) — Gy, ) ) ]dy.
1 1 ! 1
4 2\2 —a?y (t—7) (L, Ar|E 2\2
(vEIG(y,1)P)” < mo/ O (PEEW P dr.
1
| . +oo 2\ 2
4E~,722:—E/2 ,T)d
(FEIEWDP)" = = | oot gt i
2 % 1
+oo Fo0 2\ 2
1 02&(x, T) 1 02¢(x, 7) 1
< 25V ) < e\ ) < —0,.
SNz E _[O cos(yx) 5 dx < \/E_[o E 2 < JE@Z
Then
(E ugz)(x,t) —up(l )(xl,tl)‘ )2 < Gh*,
where
Oy (27T max(1,a®)T 4.,  217% 1 2max(1,a?)
C2 ?(a—l—l 20 +1 A a2 1—ua a? ’
for0 <a < %

According to Theorem 3, the conditions of Theorem 7 hold for 0 < a < %

3 ESTIMATES OF THE DISTRIBUTION OF THE SUPREMUM OF A SOLUTION OF THE HEAT
EQUATION

Theorem 8 ([11]). Let (T, p) be a compact metric space and N (u) the metric massiveness of the
space (T, p), that is, the minimum number of closed balls of radius U that cover (T,p). Let X =
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{X(t), t € T} be a separable stochastic process from the space Ly;(Q2), and let the function U
satisfies the g-condition. Assume that there exists a monotone increasing continuous function

oc=o(h), 0 <h < supp(ts) such that
tseT

sup [ X(t) — X(s)|lu < o(h).
p(t,s)<h

If for some ¢

/Xu <N <(T(_1)(u))) du < oo, (8)

where

B n, n<U(zp);
xu(n) = { cuu=Y(n), n> U(zs),

Cu= k(1+U(z)) max(1, A), zg, k, A are constants from definition of C-function and o~V (h)
is the inverse of o(h), then the random variable sup |X(t)| belongs to the space L;(Q)) with

teT
probability one and
1 (,4}09
sup [X(O]| < IX(o)llu+ gy [ xu (N (¢ (w)) du = Blto, 0),
teT u 9

where tg € T, wy = o(supp(ty, t)), 0 < 6 < 1. In addition, for all ¢ > 0 the following
teT

P {ng) X(8)] > s} < (u (%))f

Theorem 9. Let in conditions of Theorem 8

inequality holds:

T = {(x,t): x€[AA], t€[0,T|,}, p(x,x1,tt1) = max{|x — x1]|, |y — v1|}

Let
“+00
u(x,t) = / cos(yx) G(y, t)dy,
where
;!
Eo/e ,T)dt, ¢y, T) \/_ / cos(yx) ¢(x, T)dx,

be a separable stochastic process from the space Li;(Q}), and let the function U satisfies the
g-condition. Assume that there exists a monotone increasing continuous function ¢ = o(h),

0 < h < sup p(x, x1,t,t1) such that
t,seT

sup Ty (u(x,t) —u(xy, t1)) < ogh).
|x—x;|<h
[t—t|<h
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If for some ¢

0:u<—1> ((ﬁ;(u)ﬂ) (FTU(L[)H))M < oo,

where o~ 1) (h) is the inverse of o(h), then the random variable sup |u(x,t)| belongs to the

(x,t)eT

space Li;(Q)) with the probability one and

sup |u(x,t)||| < [Ju(xo,to)llu
(x,t)eT u

X ﬁ ;7)9 Oi G <<U(%}(u) + 1) (ﬁ + 1)) du = B(xo, to, 0),

where (xo,ty) € T, wy = o(sup p(xo, x,to,t)), 0 < 0 < 1. In addition, for all e > 0 the

teT

following inequality holds:

-1
€
P sup |lu(x,t)|>e, < |U| =—— .
(x,t)ET’ ( )’ ( <B(x01t0/6)>>

Proof. This Theorem follows from Theorem 8 since
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(3]
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B poboTi po3rasiaaeThest piBHSHHS TEIIAOIPOBIAHOCTI Ha IPsIMill 3 BUTTAAKOBOIO ITPaBOI0 YacTH-
HOIO 3 mpocTtopy Opaiva. 3HaliaeHO YMOBM iCHYBaHHSI 3 JIMOBipHICTIO OAVHMIISI pO3B’SI3KY 3aadi
Komi Taxoro piBHsHHS. OTpMMaHO OLIHKY AASI PO3IOAIAY CYIIpeMyMy pO3B’sI3KY AaHOI 3apadi.

Kntouosi cnosa i ¢ppasu: piBHSIHHS TeTIAOIPOBiAHOCTI, mpocTip Opaiva.

Camska-Tuanmax A.M. YpasHerue menionposooHocmu Ha npsmoii co cayuaiiHotll npasoti uacmoto ¢ npo-
cmpancmea Opauua // Kapnarckme matem. my6a. — 2014. — T.6, Nel. — C. 134-148.

B paboTe paccMaTpmBaeTcsl ypaBHEHMe TEIIAOIIPOBOAHOCTM Ha IIPSIMOM CO CAyYaifHOM IIpaBou
YacThIO ¢ pocTpadcTBa Opanda. HaliaeHb! yCAOBMSI CYIIeCTBOBaHMSI C BEPOSTHOCTBIO EAVHMIIA Pe-
menust 3apauy Ko aAast Takoro ypasHeHmsl. IIoAydeHbI OLIEHKM AASI pacTIpeAeAeHMs] CyTpeMyMa
PpelIeHNs] AAHHOM 3aAaui.

Kntouesvie cno6a u (ppasvl: ypaBHeHME TETIAOIIPOBOAHOCTY, IpOCTpaHCcTBO OpAnya.



