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HRABOVA U.Z., KAL'CHUK I.V.

APPROXIMATION OF THE CLASSES WE,OO BY THREE-HARMONIC POISSON

INTEGRALS

In the paper, we solve one extremal problem of the theory of approximation of functional classes
by linear methods. Namely, questions are investigated concerning the approximation of classes
of differentiable functions by A-methods of summation for their Fourier series, that are defined
by the set A = {A;(+)} of continuous on [0, ) functions depending on a real parameter J. The
Kolmogorov-Nikol’skii problem is considered, that is one of the special problems among the ex-
tremal problems of the theory of approximation. That is, the problem of finding of asymptotic
equalities for the quantity £(0; Us)x = sup ||f () — U (f;-; A)||x, where X is a normalized space,

en

N C X is a given function class, Us (f; x;fA) is a specific method of summation of the Fourier series.
In particular, in the paper we investigate approximative properties of the three-harmonic Poisson
integrals on the Weyl-Nagy classes. The asymptotic formulas are obtained for the upper bounds
of deviations of the three-harmonic Poisson integrals from functions from the classes Wg,w. These
formulas provide a solution of the corresponding Kolmogorov-Nikol’skii problem. Methods of in-
vestigation for such extremal problems of the theory of approximation arised and got their devel-
opment owing to the papers of A.N. Kolmogorov, S.M. Nikol’skii, S.B. Stechkin, N.P. Korneichuk,
VXK. Dzyadyk, A.l Stepanets and others. But these methods are used for the approximations by
linear methods defined by triangular matrices. In this paper we modified the mentioned above
methods in order to use them while dealing with the summation methods defined by a set of func-
tions of a natural argument.

Key words and phrases: Kolmogorov-Nikol’skii problem, three-harmonic Poisson integral, Weyl-
Nagy classes.
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1 INTRODUCTION

Let L be a space of 27r-periodic summable on a period functions f equipped with the norm
7T

Ifll. = [ |f(#)]dt; C be a space of 27-periodic continuous functions f in which the norm
-7

is set by means of the equality || f|lc = max |f(t)]; Lo be a space of 27t-periodic measurable
essentially bounded functions f with the norm ||f||c = esssup |f(t)].
t
Assume that f € L and S[f] = 2 4+ ¥ (axcoskx + by sinkx) is the corresponding Fourier

k=1
series. Let, further, r > 0 and B € RR. If the series

1:1 < <ak cos <kx + ’377-() + by sin <kx + ﬁ%))
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is the Fourier series of a summable function ¢, then we call the function ¢ a (7, §)-derivative
of f in the Weyl-Nagy sense and denote it by fﬁ (see, e.g., [14], p. 130). A set of functions for
which this condition is satisfied is denoted by Wg. If f € Wy and, besides, fE() |, <1, then
f belongs to the class W5 oo

Let f € L, 6 > 0. Functions of the following form

o

P f;x) = 612—0 + Zeilg (ay coskx + by sinkx),
k=1
> k 2.\ _k .
P (5 frx —EO ;( 2 (1—e" 5))6 o (a coskx + by sinkx) ,

P3(6; f;x) = % +) <1 + 31(3 — e’%)(l - e’%)k%— %(1 — e’%)zkz)e’]% (ay cos kx + by sinkx),

are called the Poisson integral [10], the biharmonic Poisson integral [16] and the three-harmo-
nic Poisson integral [2] of the function f, respectively.
The paper is devoted to investigation of asymptotic behavior as § — co of the quantity

E(We0i P3(0))c = Sup 1£() = P3(6; £ )l (1)

If the function ¢(4) is found in an explicit form, such that £(Wj ; P3(6))c = ¢ (6) +
0(p(d)) as 6 — oo, then according to Stepanets [14, p. 198] we say that the Kolmogorov-
Nikol’skii problem is solved for the class Wy ., and the three-harmonic Poisson integral in the
uniform metric.

The Kolmogorov-Nikol’skii problem for the Poisson integral on classes of differentiable
functions have been solved in [7,9,12,15,18,19]. The papers [5,11,20] are devoted to an investi-
gation of analogous problem for the biharmonic Poisson integral. Asymptotic properties of the
three-harmonic Poisson integrals were considered in [2], [17]. Nevertheless, the Kolmogorov-
Nikol’skii problem have not been solved for the three-harmonic Poisson integral on the classes

5 «- Therefore a question arose of finding asymptotic equalities for the quantities (1).

2 ASYMPTOTIC EQUALITIES FOR UPPER BOUNDS OF DEVIATIONS OF THREE-HARMONIC

POISSON INTEGRALS FROM FUNCTIONS FROM THE CLASS W ..

For the three-harmonic Poisson integral, analogous to the relation (6) from [8], let us
rewrite a sum function 7(u) in the following form

() = { (1— (14 yu+6u?) e‘”% S, 2

1
57
(1= (1+yu+6u?)e ™ @)

where y = () = 13 —e 3)(1—e74)5, 8 =0(6) = L(1—e7)262, 5> 0.
The following statement is true.

Theorem 1. Let0 < r < 3. Then the asymptotic equality holds as 6 — oo

1

1 1
EWhoi PO = A +0 (5 + 557 )



APPROXIMATION OF THE CLASSES ng o BY THREE-HARMONIC POISSON INTEGRALS 323

where the quantity A(T) is defined by

A(r) = p- / /r cos <ut+ 7)6114 dt 3)
- 0
and the estimate M
O(1), 0<r<3,
AlT) = { O(Ind), r=3, @

takes place.

Proof. To conduct the proof let us use theorem A from [1]. We now check if its conditions are
fulfilled. For that reason let us show a summability of the Fourier transform 74(t) of function
T(u) of the form

- 17 B

Tp(t) = — /T(u) cos <ut + —)du 5)

7T
0

i.e., a convergence of integral A(t) of the form (3). According to theorem 1 from [1], for prov-
ing a convergence of the integral (3) it is necessary and sufficient to show that the following
integrals are convergent

/iu\dT'(u) 7\1{—1‘ |47’ (1) 7!T(uu)
' 0

1
As while investigating the first integral of (10) from [6] let us estimate the first integral of
(6) on each segment [0 1] and [ 5 2] (assume, that § > 3). Taking into account that v/ (u) > 0

/1 TU-w-tlru)l,

u

NI

ifue [0, o] 0 > 3, and the inequalities

e <1, e*<1l—u+—, u>0, (7)

we get

5'1| _
N2
_l_
(o)
IA
I\\JI [¢8)
2
)
o
g
-
o5}
=
=

In view of estimates 1 5 —0<

/u }dT <%> asd — oo. (8)
0

Let further u € [%, %} . We set

4 1
T (u) = (1 — (1 +yu+0u?)e ™ — a2t~ guz - 8u3> u’, (
9)
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then t(u) = 7y (u) + 1o (u) and

wldt' ()| < [ uldr(u)| + [ uldo(u)|. (10)

=

Nl—=
=

NI—
=

Nl—=

To estimate the first integral from the right-hand side of inequality (10), we first investigate
the following function

i _ 4 1 1
() = 1= (1 qu+ )™ — s — <u? — 2t )
Taking into account, that

4 2 1
~N 2\ ,—u _ s SR B
w(u)=(14y+06ue (v +20u)e a2 5Tk

i'(u) = —(14+y+0u?)e ™ —2(y +20u)e " — 20" — % —u,

4
~ - /\// - _ o
H0)=0,(0) =17~ 35 <0,
we can show that if u > 0, then
ji(u) <0, '(u) <0, #"(u) <0. (12)
In view of (12) and the inequalities (7) and

2 3 4

u u u

U <1 — R T U1 -
e " <1 u—|—2 6—|—24,e >1 u+2

we have
ol <u(r-14 ) - 2§ e it (F o) (4 ),
Pl (vt ) sy os D) rai(G-0) eo(b o)

" (u)] < 2(% —v+9+§) +6u(% 0) +1u?(5 +66).

Further, using the estimates

4 3 1 3 v 2 1 0 1
-1 0+-< >, ~—0<Z, —+-<1, 2 +60<3, 2+20<2
we obtain
3 5 3 4 |~ 2 3
A ( )!_53u+5—2u +50 [ ()] < 5+ u+ st + 20, w
2
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Taking into account (9), (11) and relation (13), in the case u > % we get

1 1 1
2 2 2
1/u|dl'1’(u)| < 1/ <5% + 15—2u +3u2> ul~"du + rl/ <% + é—gu + 15—2u2 +4u3>u_rdu
s s s
. (14)
3 3 2,253 4\ —r1
+r(r+1)/ <5—3u+ﬁu +gu +u )u "du < Kj.
%
One can easily verify that the estimate
1
2
/u|dr2’(u)| =0(1) aséd — o0 (15)
%
is true. Combining (14) and (15), we have
1
2
/u|dr’(u)| =0(1) asd — oco. (16)
0

Now we move to an estimation of the second integral from (6). If u > 1 from a representa-
tion of function T(u) of the form (2) we obtain

T'(u) =e"((2y—20—1) +u(46 —y) — Ou?))u~" — 2re " (1 — ) + u(y —26)

17
+ 0 )u " r(r - 1)(1 = (1 yu + 6u2)e ™ Ju 2 (17)

The relaton (17) yields
u —1|dt’ (u)| <

uldt' (w)] < [ e ((2y —20 — 1) + u(40 — ) — 0u?))u'"du

I\Jb—‘\ 3
I\Jb—‘\ 3
I\Jb—‘\ 3

+ Zr/e’”((l — ) +u(y —20) +0u?)u"du+r(r +1)

1
2

(1— (14 yu+60u?))e "u=""du.

ND—‘\S

(18)
Further, taking into account the following estimates for u > 0

1—(1+qut06u?)e <1,
ue (1 — ) 4+ u(y —26) 4+ 6u?) <2, (19)
(27 —20 —1) + u(40 — ) — 6u? < 8,

from (18) we have

lu —1||dt’(u)| = O(1) asé — oo. (20)

NIH\g
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Let us estimate the third integral from (6) on each segment [0, 1], [},1] and [1, ). In view

of (2) and the inequality

1—e % —que ™ —0ue ™ < %u + %uz +u®, u>0,

1 1 1
|T(u)| _ 4 / —r 1 1-r 1/ 2—r O(1>/ r<3,
1/ du = / u"du + u du—l—6 u " "du + O(ng), r=3,
; ;

[ 0(1), r<s3
| O(Ing), r=3,

Taking into account the formula (2) and the first inequality from (19), we get

oo [ee) oo 1
/T(uu / (1—(1+qyu+0u?)e )u"du < /u_’_ldu =7
1 1 1

From (22)—(24) the estimate follows

u)|du _ { o), r<3,

o(Ins), r=3, as 0 — oo.

0\8
=

1 1 1

3 ; P
/‘T(uﬂdu o /(1—6 ”—7ue”—9u26”)d7u§5r/<2 +2u—|—u>du§ M
0 0 0

(21)

(23)

(24)

(25)

Now we estimate the fourth integral from (6). Similarly as to obtain the formula (39) form

[3], we can get the equalities

/]rl—u);rlJru /Ml—u (1+u)’du—|—O(H(T)),

where H(7) is defined by equality

H(T) = [7(O)] + 7)) + [ u]de' ()] + [ ju=1]|a'(w)
0 1

2

(26)

(27)
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1

and A(u) = (1+ ~yu + 6u?)e . Taking into account, that [ [A(1 —u) — A(1+ u)|d7” = 0(1)
0

and using the estimates (16), (20), we have

1
/|T(1_”);T(1+u)|du:0(l), 5 — oo, (28)

Therefore, in view of theorem 1 from [1], integral A(7) of the form (3) is convergent. Using
inequalities (2.14) and (2.15) from [1] and the formulas (16), (20), (25) and (28) we obtain the
estimate (4).

Hence, we proved that for the function 7(u) defined by (2) the conditions of theorem A
from [1] are fulfilled. Then, as § — oo, the equality

E (Wi P(6))c = 5A(r) +0(5a(x)) (29
holds, where
a(t) = / %4 (t)|dt. (30)
[{ESs

Let us estimate the integral (30). First, we represent a transform T (t) in the form

:%(/%—k]o)T(u)cos <ut + 52 ) du. (31)
0 3

Integrating both integrals from the right-hand side of the equality (31) twice by parts and
taking into account that 7(0) = 0 and lgn T(u) = lgn v'(u) = 0, we have
Uu—00 Uu— 00

~ 1

0=~z (1= o = (10 o (5 )

S— .

7 :3_ 'B_
+ [ v"(u)cos <ut +5 )du / '(u) cos <ut +5 )du)
%
Further, in view of inequalities (21) and 1 — ¢ < 52, we obtain

|75 ‘—tz(gz y mz(/"’ "’/) u)|du. (32)
0 1

Taking into account that 7”"(u) > 0if u € [0, ] (6 > 3) and using inequalities v — 26 < %,
0 < %, we get

%IH\
—_

17 (u)|du = e s ((1—7)+L+—> —0(1—-9)< (33)

O\oﬂb—-
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Letu € [%, 1]. Repeating the argumentations used to estimate the first integral from (6) on
the segment [%, %], we can easily verify that the estimate

1
‘T//(M)’du =0 <1 + W) , 0 — 00, (34)

S
—_

holds.
Consider now u € [1,c0). Taking into account the relation (17), we get

1" )l < [ etu (27 =20~ 1)+ u(46 — ) — bu)du
1 1

o]

—{—Zr/e_”u_’_l((l — )+ u(y —260) + 0u?)du
1

r(r+1) /1— (1+ yu + 0u?)e " )u~""2du.
1

In view of the first and the third inequalities from (19) and the inequality
T =) Fu(y —20) +0u*) <2, u>1,

the last relation yields
/yr"(u)\du < K. (35)
1

Combining formulas (32)—(35), we obtain
~ 1 1

a0 = [ [bld=0 <%+53i_> as 6 — oo. (36)

‘t|>¢5n

Therefore,

From the relations (29) and (36) the equality follows. Theorem 1 is proved.

Theorem 2. Ifr > 3 the following asymptotic equality holds as 6 — oo

5(wg,w;P3<5>)C=— s H SO0+ 0| roven), @

Y(6;r) = 121_45, r=4,
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Proof. Asin the paper [4], let us represent function 7(u) defined by the relation (2) in the form
T(u) = ¢(u) + p(u), where

2 1
v (352u+ +1u3 ou>
(u) = 1= (1+qut 0ul)e™ — su—ju =g ) &', 0<u<y, (39)
" 1—(1+qu+6u?)e™ — sou—Ju? — b ) u™, u>;3

Now we show a convergence of the integrals A (¢) and A (i) of the form (3).
To prove a convergence of the integral A (¢), in view of theorem 1 from [1], let us show a

convergence of the integrals

/ 1 1

u|de'(u)],

7 lo(u)
ol

O\Nb—-
NIH\ 8

and find their upper estimates.
From (38) we get that for u € [0,1],6 > 2,

1 1
; :
2 K
/u|dg0’(u)| = (V/ <5u+u2> du < 53;. (41)
0 0
] . .
Since [u|dg'(u)| < [u|d¢’(u)|and f lu —1{|d¢’ ()| < [u|d¢’(u)|, then it is sufficient to
1 1 1
5 s 5 5

get an estimate of the integral f uldg'(u)|. If u > 1 we have

J
i 72 r(4 2 1
/ </ = —r+1 / -r
1/u]d(p (u)]du_1 <(5+u>u du + 2r 352+5u+2u du
5 ; 3 (42)

+r(r+1)/<3§2u+(15u +é”> —r=lgy < ;;zr_
1
5

/u\dq)’(u) :O<%> /\u—lHd(p( )| = O<%> as § — oo. (43)
0 1
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i 1 B K,
1/(@—{— u+6u>urdugm.
o

%h—l\ 8
‘S

Hence,

—~

l? u”duzO(%) as d — oo.
u 53-r

Analogous to (26), the formula

1
/|qo<1—u>— (1 +u)| /M (1—u) (1+u)|du+O(H(90)) (44)

is true, where A(u) =1 — 3 02” — +u? — 1u3, and H(g) is defined by formula (27). In view of

u

1
the relation [ A=) =A Q)] g, O(1) and (43), from (44) we have
0

h 1 1 1
Jnmnenenly, o( 1) o
u (537
0

Therefore, all integrals from (40) are convergent. Further, applying Theorem 1 from the
paper [1] we conclude that the integral A(¢@) converges and the estimate

Alg) = O(%) asd — oo

holds.
Now we prove a convergence of the integral A (y). For this reason, according to Theorem 1
from [1], let us show a convergence of the integrals

ju‘dl/(u) 7!u—1’ |y’ (u) 7!]15;1)
" 0

1
Repeating the argumentations used to estimate the first integral of (24) from [4], we divide
the segment [0, 1] into two parts: [0, 5] and [}, 1], § > 2. From the representation (39) of
function p(u), for u € [0, %] we have p"(u) = ji"(u)é", where ji(u) is defined by equality (11).
Then, taking into account the third inequality from (13), we get

/1 P g e
u

NI

: K
uldy (u /<—u+ ~u*+3u )d = 54;. (46)

3 O(1), 3<r<4,
/u\dy’(u)\ ={ O(Ing), r=4, as § — . (47)
1 O<%>, r >4,
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Combining (46) and (47) we get the estimate

3 O(1), 3<r<4,
/u\dy’(u)\ ={ O(Ing), r=4, as § — . (48)
0 O<54 ,), r >4,

Let us move to an estimation of the second integral from (45). In view of (39), for u > %
holds

()] < r(f+u1r)+|2ﬂ(u)| +2r|5+(:t)| n Iﬂu(ru)l‘ (49)

To make further estimations, we take into account inequalities (12) and

u
e <1, e‘”<1—u+7, e >1—u, u>0,

and, hence, get

4 1 1 v 1
)l <u(=1tr435) +idG-r+0+5) +w(5+ ),

o 4 2 3 1

F)] < (=147 +55) Fu(l =27 +20+3) + (37 +0+ 5),

" (u)] < (1—2y+20+ %) +u(B3y+1) + (6u2 + 40u)e™"

Then, using estimates

4 2 1 1 2 4 1 3 1
_1 —<_/__ 9 _<_/_ _<1I_ 6 _§4/
BT I S A I T S M A
37+1<6, (40u+0u*)e ™ <2u, u>0

we obtain

2 4 - 4
+ —u 4 4u?, \y”(u)]§5+8u,u20. (50)

2 2 ~
)] < ut 50+, 7 (W) < 55+ 5

)
In view of (49), (50), we have

(e 9]

[l =1l )] <

+2r/ ((522 +§u+4u ) u_rdu+/ <§+8u> u "y <Ky, r> 3.
1
3

2

uldp' (u)| <r(r+1) <£u—|— 2.2 +u ) u" "y

52 )

NIH\S
NIH\S

NI—=

(51)

Let us estimate the third integral from (45). We devide the segment [0, o) into three parts:
[0,3], [3,1], [1, ). From formula (11) using the first inequality from (13) and (50) we obtain

1 1 1
o o 8

[ (u)] 2 K; |
0/ ” du:5r0/| / 53 _u+§u +u dUSF,
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1 1 Kz, 3<7’<4,
/ pu /( —u~|— u 24w ) u"du<{ Kzlno, r=4,

] 4 %, r>4,

) o °

/( + - u+u>u’du§K5, r > 3.
1

1
Combining last relations, we have

7 i)
/

To estimate the fourth integral from (45) we use the formula

0(1), 3<r<4,
O(Ind), r=4, as & — oo. (52)
O(5=), >4,

1
d
[ =) —p+u) )= /IA (1= ) = A(L+w)|°" + O(H(w)), (53)
0
where A(u) = e (1 + yu + 0u?) + W” + 3u? + tu®, and H(y) is defined by formula (27).

1
In view ofbf IAM(1T—u)— A1+ u)\%” = O(1), using relations (48) and (51), from (53) we get

1 i O(1), 3<r<4,
/]y(l ) —u(1+w)|™ =] ons), r=4, as 6 — oo, (54)
u 1
0 O(F), 7’>4,

Hence, taking into account Theorem 1 from [1], according to formulas (48), (51), (52) and
(54) we can verify that the integral A(p) is convergent and the following estimate holds

O(1), 3<r<i4,

A(p) =< O(Ind), r=4, as § — oo. (55)
O(%), r>4,

In view of the fact, that the Fourier transform 74(t) of the form (5) is summable on a whole
real axis, for an arbitrary function f € WE,OO and x € R the equality

f(x) —Ps(6; f;x) =6"" / i <x+ g) T(t)dt, 6 >0, (56)

is true.
Using (56), (38), (39), for the quantity (1) we get

t
E(Whoo: P3(8)) = sup |67 / A <x+ —> Tg(t)dt
< B )c fEWI;m ) fp 5)F c
—r ji T t oy 7
= sup |6 / 8 (x + 5) (@p(t) +pp(t))dt (57)
FEWE o o C
(e9) t R -
= sup |[6" / 8 <x+ 5) Pp(t)dt]| +O (67"A(p)) .
fEW’,oo o C
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It is easy to show, that the Fourier series of a continuous function

fo(x) :_7 f (x + g) Pp(t)dt

(e 9]

takes the form

S [fo) :qu)(g)kr(ak(f)coskx—i-bk(f)sinkx), (58)

(see speculations used in proving Theorem 1.3.1 from the paper of A.L. Stepanets [13], p. 54).
Due to (58), taking into account (38), we obtain the equality

S

S [fe] = 531_r 1; (%k—l—kz + %k3> (ag(f) cos kx + bi(f) sinkx).

On the other hand,

[%fo(l)(x) +f(§2)(x) + %fé?’)(x)} = 531_r ko:il (%k + K+ %k‘o’) (ax(f) coskx + by(f) sinkx).

In view of (58), we get for all x € R

7 £\ 1 4 1 2 1.3
[ 5 (x4 5) a0 = 5 (G0 4220+ 10 ). 9
Therefore, from (57), in view of formulas (55) and (59), we get the equality (37). Theorem 2
is proved. O
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Pob6ora npucBsideHa po3B’sI3aHHIO OAHIET 3 eKCTPeMaABHMX 3aAa4 Teopil HabAVDKeHHsT (pyHKIIio-
HaABHMX KAACiB AiHIVHMMM MeTOAAMM, a caMe AOCAIAKEHHIO IMTaHb PO HabAVDKEHHS KAaciB Av-
depeHiioBEMX (PyHKIII A-MeTopaMM IACYMOBYBaHHS iX psiaiB @yp’e, 3apaHMMI CYKYIIHICTIO
A = {As(-)} HenepepsHuX Ha [0,00) dpyHKIIN, 3aAeXHMX Bia AjiicHOro mapamerpa J. PosrasiHy-
To 3apauy Koamoroposa-HikoabchKoro, 1o 3aiiMae 0cObAMBe MicIle cepea eKCTpeMaAbHMX 3apad
Teopil HabAVIKeHHsI, TOOTO 3apady IPO 3HAXOAXKEHHS acMMITOTUYHMX PiBHOCTEN AAS BeAVUMHMN
EMLU;s)x = sup ||f () —Us (f; 5 A)|lx, Ae X — HOpMOBaHMiA poctip, 91 C X — 3apaHmii Kaac

fen

dyuxuin, Us (f;x; A) — KOHKpeTHMIA MeTOA IiaCyMOByBaHHs psiaiB Dyp’e. 3okpeMa, B poboTi
AOCAIAXYIOThCSI allPOKCMMATMBHI BAACTMBOCTI TpUTapMOHIiVHMX iHTerpaaiB IlyaccoHa Ha xaacax
Betirs-Haast. OTprMaHO acMMITOTIYHI (POPMYAM AASI BEPXHIX I'paHelf BIAXMA€HD TPUrapMOHIHIIX
inTerpanis Ilyaccona Bia pyHKIIN 3 KAaciB Wé,oo, sIKi 3abe3reuyroTh PO3B’SI30K BiAIOBiAHOI 3aha-
4i Koamoroposa-Hikoabcbkoro. MeToay AOCAIAKEHHST eKCTpeMaAbHNX 3aAad HaOAVKEeHHs TaKOTO
TUITYy BUHVMKAM i OTpMMaAM CBilf po3BUTOK 3aBAsSKM poboTam A.M. Koamoroposa, C.M. Hikoabcbko-
ro, C.b. Creuxnna, M.I1. Kopareituyxa, B.K. Azsanka, O.I. Crenaniist Ta iHIINMX, are BOHM BUKOPU-
CTOBYIOTBCSI AAST HAOAVDKEHD AIHIHMMM METOAAMM I ACYMOBYBaHHsI, IO 3aAQIOTHCS TPUKY THAMM
UNMCAOBMMM MaTpUIISIMUL. B AaHIl Xe po6oTi 3rapaHi MeTOAM MOAMIKOBAHO AASI METOAIB TiACYMO-
BYBaHHSI, III0 33 AQI0ThCSI MHOKXIMHOIO (DYHKIIIJ HATypaAbHOTO apryMeHTY .

Kontouosi croea i ppasu: 3apava Koamoroposa-Hikoabcekoro, Tpurapmosivami inTerpana Ilyac-
coHa, kAaacu Berasi-Haast.



