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Best m-term trigonometric approximations of the isotropic
Nikol’skii-Besov-type classes of periodic functions
of several variables

Fedunyk-Yaremchuk 0.V™ Hembars’ka S.B., Romanyuk LA.

We obtained the exact order estimates of the best m-term trigonometric approximations of the
isotropic Nikol'skii-Besov-type classes By of periodic functions of several variables in the spaces
Bjiforl < p < g < oo, g > 2. A peculiarity of these spaces, as linear subspaces of Ly, is that
the norm in them is stronger than the L;-norm. It was found that the obtained estimates of the
considered approximation characteristic coincide in order with the estimates of the corresponding
characteristic of the classes By, in the spaces L.
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Introduction

In the paper, we investigate the best m-term trigonometric approximations of the isotropic
Nikol’skii-Besov-type classes By, of periodic functions of several variables in the spaces By,1
for1 < p <gq < oo,g > 2. The norm in these spaces is stronger than the L;-norm.

In the number of papers [5,10-12, 17, 18, 20, 24, 32-35, 38, 43], the questions were inves-
tigated concerning approximation of classes of periodic functions of several variables with
mixed smoothness, namely, the classes of Nikol’skii-Besov-type Bl’w, Sobolev classes Wy, , and
some their analogs, in the spaces with slightly modified norms comparing to the norm of the
spaces B, 1, which we consider.

It is important to note that in the mentioned works, in almost all situations, there were
found differences in the order estimates of approximation characteristics in the spaces L; com-
pared to the spaces B, ;.

An essentially different situation is observed in the study of the isotropic Nikol’skii-Besov-
type classes By in the spaces B;1, 1 < g < co. According to the results of our research on the
best m-term trigonometric approximations of the classes By, it turned out that their estimates
in the spaces B, and L, have the same orders. Note that a similar circumstance was noted in
the work [15] when studying other approximation characteristics of the classes B‘I;’, 0

The work consists of three parts. The first part plays an auxiliary role. Here we introduce
necessary notation and define the classes of functions By, and spaces Bg,1, in which we es-
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timate the approximation error. In the second part we obtain estimates of the best m-term
trigonometric approximations of the classes By, in the space By for1 < p < g < co, g > 2.
The third part of the work is devoted to comments on the obtained statements. The main
results are contained in Theorems 1-3. They complement and generalize the corresponding
statements obtained in the works [7,13,27,37,46].

1 Functional classes Bgﬂ and spaces B, 1

Let R? be a d-dimensional space with the elements x = (x1,...,x4). Forany x,y € RY, let
(x,y) = x1y1 + - - - + x4y, be their scalar product.

By L,(T%), T := ?:1 [0,277), we denote the space of 27t-periodic in each variable func-
tions f, for which

Ifllp == ”f”L,,(Td) = <(27T)d /Td \f(x)!de>F <o, 1<p<oo,
| flloo := || fll 1., (ra) = esssup [f(x)] < co.

xeT4

For f € L,(T?), we denote Ay, f(x) := f(x+h) — f(x), h € R% Then the multiple dif-
ference of the order I € IN of the function f(x) at the point x = (x1,...,x;) with the step
h = (hy,...,h;) we define by the formula

Af(x) == DA F(x),  ARf(x) o= f(x).

On the basis of the multiple difference A! f(x), let us determine the module of continuity
of the Ith order of the function f € L,(T?) using the formula

wi(f,t) := sup ||ALf(-)|l,, where h| = /B3 + -+ h3

|h|<t

Let w(t) be a function of the type of modulus of continuity of the /th order, i.e. w(t) satisfies
the following conditions at t > 0:

1) w(0) =0, w(t) >0att>0;
2) w(t) is continuous;
3) w(t) increases;

4) forevery n € Z, = N U {0}, w(nt) < Cin'w(t), where the constant C; > 0 does not
depend on n and t.

We also assume that w(t) satisfies conditions (§*) and (S;), which are called the Bari-Stech-

kin conditions [2]. This means the following.
A function w(t) > 0 satisfies the condition (S%) if % almost increases for some a > 0,

i.e. there exists a constant C, > 0 independent of 71 and T, such that

w(n) _ C, ()

0<t <.
o — o 7 —
T 0



Best m-term trigonometric approximations 69

A function w(t) > 0 satisfies the condition (S;) if w( ) almost decreases for some 0 < v<lI,
i.e. there exists a constant C3 > 0 independent of 7 and Ty such that

w@m) o o)

’y P 3 ’)/ 7
)

0< <.

We say that a function f € Lp(Td) belongs to the space B;",e, 1 <p, 0 <oo(see e.g.,[13]),if

1
00 0 [4
(/ <M) ﬂ>9<oo, 1<0 < oo supm<oo, 0 = oo,
0

w(t) /¢ o0 w(t)

where w(t) is a function of the type of modulus of continuity of the /th order.
The norm in the space By is defined by the formula

s (f Cﬁ%>f§f,1ge<%

s, = t
Il +sup 2,

0 = oo.

If w(t) = #',0 < r < I, then the spaces B;",Q coincide with the Besov spaces B;/Q [6]; in
particular, B}, ., = H}, at f = co, where H), are spaces introduced by S.M. Nikol’skii [22].

Note that as the parameter 6 increases, the spaces B,y expand, i.e. the following embed-
dings are valid for 1 < 0; < 6, < oo:

w w w — w
“) C By, C BYy, C Bye, = HY.

In what follows, it will be convenient to use the equivalent (with accuracy to absolute con-
stants) definition of the norm in the space By,

For f € Lp(Td), 1 < p < o9, let us introduce the notation

-~ -~

kep(s)

where ju(s) = {k € Z9:2°71 <maxj_y_4lkj| <2}, (k,x) = kix1 + -+ - + kgxg, and

fk) = (2m)~ f()_”“

are the Fourier coefficients of the function f.
Then, for 1 < p < oo and under the conditions 1)-4), (S*) with some &« > 0 and (S;), the
following relations hold (see, e.g., [13]):

Hm%x(zw Wu§,159<&
Il

seZ w(z )I

(1)

| fllsg, = su
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Hereafter, for positive sequences a(n) and b(n), n € IN, we use the notation a(n) =< b(n),
which means that there exist the constants 0 < C4 < Cs such that Cqa(n) < b(n) < Csa(n).
If only b(n) < Csa(n) (or b(n) > Csa(n)) is satisfied, then we write b(n) < a(n) (or
b(n) > a(n)).

Below, we will consider classes of functions B, from the spaces B}y that are defined by

Byo:={f €Byy: I fllpe, <1}

Note that from the viewpoint of their approximation characteristics, the classes B}/ were
studied in a number of works (see, e.g., [13,15,36,40,46,47] and the references therein).

Now let us define the norm || - ||, of functions f € Ly(T?) in the spaces By1, 1 < q < oo,
which is similar to the decomposition norm of functions from the spaces of the Nikol’skii-
Besov-type B;Q (see (1)).

We also note that for trigonometric polynomial P according to the multiple trigonometric
system {¢/(*¥)}, _4, the norm || P|| B,1, 1 < g < oo, is defined by the formula

I1Pll3,, == D 1I1Ps)llg
S

Similarly we define the norm ||f|[p ,, 1 < g < oo, for any function f € L,(T%), such that the
series Y scz, ||f(s)llq is convergent. Note that for f € B;1, 1 < g < oo, the following relation

1£llq < W f 13,

holds.

2 Best m-term trigonometric approximations

Let us define the approximation characteristic that will be investigated in this part of the
paper.

Let X be a normed space with the norm || - || x and ®,, be a set of m arbitrary d-dimensional
vectors with integer coordinates. Let us denote by

P(©n) :=P(Ou,x) = ) et o e,
kcO,

a trigonometric polynomial with “numbers” of harmonic from the set ®,,. For f € X, we
consider the quantity

en(f)x 1= infinf [f — P(@u)][x,
which is called the best m-term trigonometric approximation of f. For a class F C X, we set

em(F)x :=supem(f)x.
feF

The quantity en(f)2 := em(f)r, (r) for univariate functions was introduced by S.B. Stechkin
[42] in order to formulate a criterion of absolute convergence of orthogonal series in the general
case of approximations by polynomials with respect to arbitrary orthogonal system in a Hilbert
space.

Further the quantities e;,(F)x for certain functional classes and spaces X = L, (T4),d > 1,
as well as other normed spaces, were studied by many authors. The detailed overview can be
found in the papers [1,3-5,7,14,20,23,28,30,31,37,39,41,46] and monographs [8,26,44,45].

Before proceeding directly to the obtained results, let us formulate the well-known state-
ments that we will use.
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Lemma A ([4]). Let2 < g < oo. Then for any trigonometric polynomial P(®,,x) and any
m < n, one can find a trigonometric polynomial P(®,,, x) such that

1P(®n) = P(Om)llg < Cola)/ - Z11P@)l2,
and, moreover, ©®,, C ©,,.

Theorem A. Let

Z Ckei(k,x)’

|kjl <nj
where nj € N,j=1,...,d. Then for 1 < p < q < oo the following inequality

1

]l < ZdHn"

_1
"Il

holds.

The above inequality was obtained by S.M. Nikol’skii [22] and is referred to as the inequal-
ity for different metrics.

Theorem B ([46]). Let 1 < p < g < o00,q>2,1<6 < oo, and w(7) satisfies the condition (5%)
with o > max{% ; 2} and the condition (S;). Then for any m € N the following estimate

en(BYy)y = w(m~hym G L)
holds, where a. = max{a;0}.
Next, we proceed to the formulation and proving of the obtained results.

Theorem 1. Let 1 < p <2 < g < oo,1 <0 < o0, and w(t) satisties the condition (S*) with
somex > d(— — 1) and the condition (Suin{a/;13)- Then for any m € N the following estimate

q
(-

N

) @)

N
<=

em(Byg)p,, =< w(m 2d)m

is valid.

Proof. First, we prove the upper estimate. The right-hand side in (2) does not depend on the
parameter 0. We also note, that due to the embedding B‘;e C By, = H‘;;’ ,1 <60 < oo, itis
sufficient to get the required estimate for the quantity e,,(Hy)p, ;.

So, let n € N be such that 27" < m < 24(n+1) and fe H‘l;’ . Then we can write

s=0
and
1fis)llp < w(277). €)
We will approximate the function f € H} by the polynomials P(®y,) of the form
n—1
P(On) := P(On,x) =) f5)(x)+ Y. P(Ou,x), 4)

s=0 n<s<pn
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where P(@p,, x) are the polynomials that approximate the “blocks” f(s)(x) according to
Lemma A. We choose the numbers  and m; as follows

ds

B = g; ms = (29727341, 1(2-F )2 w(2*5)} +1, (5)
where [a] denotes the integer part of the number a.

Let us show that with this choice of the numbers  and m;, the polynomial P(®,,) contains
no more than m harmonics in order.

By |11(s)| we denote the number of elements of the set j(s). Then we can write

2

n<s<i n<s<i

n—1 _dqn ds
Y+ Y me<2ty (To)ns2i v o 27F) L 2re@ ) =k ()
s=0
Further, since w(t) satisfies the condition (Syin{a/p;1}), then the relation
qn

w27  w(277) qn d
e < - 0<s<, O<7<mm{;,l}

holds. Taking it into account, the estimation of the quantity I; can be continued as follows

_dqn g w(ZfS) d_

d d 1 s Y

h<atezrr Horiet) ¢ g2e()
n§s<q7 (7)

dn dn — ~1(n-1 — 4y 2 M(E—Y) dn
L2422 W w T (27T )w (27T )27 27y < 2" =< m.
Therefore, comparing (6) and (7), we conclude that the number of harmonics of the poly-
nomial P(®,,) does not exceed m in order.

Thus, according to the choice of the polynomial P(®,,) and taking into account the prop-

erty of the norm | - || ,, we can write

If = POu)lls,, < || X (fis —=POw))| +| X fi| =Lk+5h ®)
n<s<it Bya s>1 B;1
Let us first estimate the quantity I3. Taking into account the definition of the norm || - [[p,,,

by the inequality of different metrics (Theorem A) and the estimate (3), we get

Y fs)

qn
527

I — = Y ol < ¥ 256D rg 1, < ¥ 226D o)

qn qn qn
.1 525 525 525

B

Since w(t) satisfies the condition (S*) with a > d (% — %) , then the relation

w(2™) _ w(2?)

—_ (an 7 -
2708 2=

holds, and therefore the estimate (9) takes the form

s>1 s>t (10)
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Moving to estimation of the term I, we use Lemma A, Theorem A, and estimate (3). Hence,
we get

2ds 1
L=| ¥ (fo-P@uw)| = L Ifg-P@)ly< ¥ (5)Ifislh
n<s<i Byi n<s<¥ n<s<i: 5
2 27°
< Py 2" ol y 2wz’

1 1
n§s<% m§- n§s<% mg- n§s<'12—” msz

Substituting the values of m; from (5) into (11), we obtain the estimate of the quantity I,:

ds g\ dn dm 1 gy ds 1
L< Y 2rw@®)2 22%wi(272)2 ¥w 2(277)
n§s<%
dqn n ds
<227 %) Y 25w
n<s<%
n n L9—s
Wi Y) ¥ wz(_zﬁ ) 55(4-%)
n§s<% 27z
| ()t (12)
dqn n 2 2 s
< 2‘%2%60%(2—%)“) EM ) 25 (5-1)
272 n§s<%
q gny _aqn _4an  yqn

Combining (12), (10) and using (8), we obtain the required upper estimate for the quantity
em(Hy)p,,, and hence for em(B;},e)Bq,lr 1<6 < oo.

Let us get the respective lower estimate in (2). Note that due to the embedding B ;1 CBY oy
1 <8 < oo, it suffices to obtain it for the classes BY;.

We will use for f € B, the relation following from a more general result of S.M. Nikol’skii

(see, e.g., [21, p. 25]). In our notation it takes the form

em(f)B,, > em(f)g = mf sup (13)
On pert (@
Il /<1

where % + % =1, and L1 (©®,,) denotes the set of functions that are orthogonal to the subspace
of trigonometric polynomials with “numbers” of harmonics from the set ©,,.
First, we construct a function P; (x) that satisfies the conditions (13) for the function P(x).
Let the numbers m,n € N be such that 29" < m < 24(1+1) j e the relation m = 29" holds.
Consider the function
s = ¥ o,

and put
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where Zke®m*e"(k"‘) is a polynomial that contains only those harmonics ¢!(k*) of the function
¢(x) that have “numbers” from the set ©,.
Further we use the known relation (see, e.g., [19])

‘ Y i)

|k]‘ <21
So, taking into account that 1 < 4’ < 2 and using (14), we can write

j=1,...d
Z *ei(k")

ke®y,

= Zdl(l_%) 1<g<oo. (14)

4

4 (1-1) dn | dn
Ig1lly < llglly + <22V 4 m =27 427 <27,

2

From this we conclude that the function Pj(x) = C;2~ 7  ¢1(x), with the corresponding
constant C; > 0, satisfies the conditions of the relation (13).
Now consider the function

filx) = G2 5)2¥ G Vg(x), o>,

and show that it belongs to the class BY; with certain constant Cg > 0.
Using the estimate (14) and taking into account that w(t) satisfies the condition (5%), we
have

Aillas, = L0 @A)l

s=0
dn
<w@®2%0) ¥ w1295,
O<s<q
xw(ZJT Z w (2™ (17%)
O§s<q”

n n n —1(p—s
<w@ ¥Rt ¥0) o e 2 255 ) yus
O<s<q”

)w—l —'77 —% Z Dus

0<s<+45 q"

7

)
s

™)

< w(2”

agn _agn

<w@ w(277)27 T 2T = 1.

So, we conclude that f; € B;’,l with the corresponding constant Cg > 0.
Thus, using the relation (13) for the functions f(x) and P;(x), we obtain

n dqn (1 _ n
enl i), >>w<z-%>zz G124 (g3 = m)

w2 B2 TG4
= w(2” %) 4 (-1
= w(m #)miG=3).
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Let us formulate a consequence from the obtained result, which concerns the quantity
em(B‘;’G)q = em(BZ},G)Lq(Td)'

Corollary 1. Let 1 < p <2 < g < 00,1 <6 < 0o, and w(t) satisties the condition (S*) with
somea > d(% — %) and the condition (Sin{4/p;1})- Then for any m € IN the following estimate
By = () md

em(Blp)g = w(m™21)m

N

) (15)

==
Q=

holds.

Proof. The upper estimate in (15) follows from Theorem 1 and the relation | - [[; < [| - [|,,- The
corresponding lower estimate was also established in the proof of Theorem 1. O

Remark 1. If w(t) = t',r > 0, then, as noted above, B‘;;’g = B; o

%) <r<%,1<p§2<q<oo,from(2)weobta1’n

and therefore, under the
condition d(% —
G(r_1,1
r o —3G—3+1
em( ﬁ,Q)Bq,l = m Z(d p '1).

The above estimate was established in the paper [23].
In the following statement, we establish the order of quantity e, (B;’,Q) B, for other values
of the smoothness parameter « and, accordingly, other behavior of the function w(t).

Theorem 2. Let 1 < p <2 < g < oo,1 <0 < oo, and w(t) satisties the condition (S*) with
some x > % and the condition (S;). Then for any m € N the following estimate

em(Bjg)B,, = w(m’%)m

==
N—=

(16)
is valid.

Proof. First, we obtain the upper estimate in (16) for the quantity e, (Hy')p ,. To approximate
the function f € Hj we use the polynomial P(®y,) of the form (4). In this case, we choose the
numbers f and m; as follows

(17)

+|+
| NI
3
@
I
[ —
g
L
—~~
N
N
SN—
N
E\
€
—~~
N
©
N——
N
-
| I
+
=

oS
I
QUIR | auR
|
T ===

where % + % =1
Then, taking into account that w(t) satisfies the condition (S*) with some a > %, for the

number of harmonics of the polynomial P(®,,) we obtain the estimate

n—1 dn
Yo+ Y me<2M 4y (p-Dn+w (2727 ) w(27)28

s=0 n<s<fn n<s<fn

dn
<24 (B-Dn+w t2 M2 Y

n<s<pn

dn d
< 2dn + (ﬁ . 1)1’[ + w—l(z—n)2p/w(2—n)2an Z zfs(rxfﬁ)
n<s<fn
dn

an dn
<2 (B—1)n+2727 <27 < m.
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Further, by analogy with (8) for f € H} we write

If = P@w)llp, < | Y. (fis) = P(Om))

n<s<fn

Y fs)

5>PBn

=1L+ I5, (18)

B B

g1 g1

where the numbers B and m; satisty (17).

Let us first estimate the term I;. We repeat the same considerations that were used to
establish the estimate of the quantity I;. Taking into account the values of § and m;, as well as
the condition & > %, we obtain

—S _dn ds
L < Z )<<w 2272 Y ) w%(z—s)zﬁ
n<s<fn ms n<s<fn
n —S s
:w%(z—”)z’zd_p’ y e (2“5 )3 («f)
n<s<pn 2 (19)

N—=

N

L P Wy V! *i(afi)
<w?(27M2 Pwr(27M27 ) 271\
n<s<fn

dn

< w@ 2524 = w2 G < o Hym?

Similarly to (9), taking into account the value of B and the condition & > % we obtain the
following estimate of the quantity I5

—s
E< ¥ 26 Dwes) = ¥ 2d5(%%)‘”2(3a5> —as
s>pn s>pn
< (2‘/3”) Z 2—5(0&—61(%—% ) <<w(27ﬁ")2’3nd(%_%)
27 SR 20)
(27P") _pu(a—d(1-1 w(2™") a(1-1
< >—apn ﬁn(zx (p q))<< >—an 2~ ("‘ (p 2))
—w@ 261 < wmHymrt,

Combining (18), (19) and (20), we obtain the upper estimate for the quantity e,,,(H )B ,-and
hence for e, (B ,Q)Bq,l’ 1 < 6 < co. The lower estimate in (16) is a consequence of Theorem B
and the relation || - [|5,, > || - [|4- O

Remark 2. Ifw(t) = t', r > ,1<p<2<g<oo,1<6 < oo, then from (16) we obtain the
following relation
em( ;,9)qu1 =m

The above relation was established in the work [42].

At the end of this part of the work, we formulate and prove a statement that is a conse-
quence of Theorem 2 and Theorem B.
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Theorem 3. Let 2 < p < g < 00,1 < 6 < o0, and w(t) satisties the condition (S*) with some
« > 4 and the condition (S;). Then for any m € N the following estimate
_1
em(Bjyp)p,, =< w(m 1) (1)
is valid.

Proof. The upper estimate in (21) follows from Theorem 2 for p = 2, due to the embedding
B‘;’/Q C Bgfe, 2 < p < co. Therefore, according to (16) we have

1
em(Bjyg)p,, < em(Byg)p,, =< w(m ).

The corresponding lower estimate in (21) is a consequence of Theorem B and the relation

W8y > 1l - [lg Le
_1
em(B‘;;’,e)Bq,1 > em(B‘;;’,g)q = w(m~d).

Remark 3. If w(t) =t",r > %, 2<p<g<oo,1<0 < oo, then the following relation

em(Bg)B,, =< moa,

holds.

The above estimate was established in the work [23].

3 Comments

First, let us recall the definition of the approximation characteristic, which is close to the
best m-term trigonometric approximation e, (F)x.
For f € X, we denote

-~

So,(f) = S, (£,x) = L Jk)e

ke®,,

and consider the quantity
e (f)x = inf £ = Sa, ()lx.

If F C X is a functional class, then we put

e (F)x := sup e, (f)x-
feF

The quantity e;; (F)y is called the best orthogonal trigonometric approximation of the class
F in the space X. The quantities e;;(F)x for different functional classes F in the Lebesgue
spaces Ly(T“) as well as in some of their subspaces were investigated in many papers (see, e.g.,
[9,15,16,25,29,35,37,38]), where the interested reader can find a more detailed bibliography.
Note, that from the definitions of the quantities e, (F)x and e;,(F)x we get the following
relation
em(F)x < ey (F)x-

Let us formulate two well-known statements with which it is worth comparing the results
of Theorems 1-3.
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Theorem C ([15]). Let 1 < p,q,0 < o0, (p,q) ¢ {(1,1), (o0, 00)}, and w(t) satisfies the condition

(S*) with some a > d(% - %)+ and the condition (S;). Then for any m € IN the following
estimate
1_1
ei(BZJ,G)Bq,l = w(m_%)m(f_ﬁh (22)
is valid.

Corollary A ([15]). Let 1 < 6 < 00,1 < p <g<2o0rl1 <g < p < oo, and w(t) satisties
the condition (S*) with some a > d(% - %)+ and the condition (S;). Then for any m € IN the
following estimate

_1y o (1-1)
em(Byyo)B, = w(m=d)m\r 1/ +
holds.

So, moving directly to the comments, we note the following.

a) Comparing the results of Theorems 1-3 with the estimate (22), for the respective values of
the parameters p, g, 8 and «, we observe differences in the orders of quantities ¢, (B";’ 0)B,1

and e;; (B‘;;’,Q)qul.

In addition, by studying the quantities em(B‘;Q) B,,, We discovered the so-called
“small smoothness” effect, which consists in the following. When the parameter « crosses

the limiting case a = %, a “jump” in the estimate of the quantity em(B‘;g) B,, appears. In

other words, the estimates of this quantity for d (% - %) <a< % (Theorem 1) and a > %
(Theorem 2) differ in order.

Note that when studying the quantities e;; (B(;,e) B,; (Theorem C), no such effect was
observed.

b) The orders of quantities considered in Theorem C and Corollary A are realized by ap-
proximating the classes B}y by the trigonometric polynomials with the spectrum in cu-
bic regions. In connection with this circumstance, we note that the orders of quantities
em (B;’,e) B,,» Which are obtained in Theorems 1-3 by the mentioned polynomials, are not
realized.

¢) Analyzing the results of Theorems 1-3, Theorem B and Corollary 1, we conclude that for
the corresponding values of the parameters p, g, 6 and a the following relation

EM(B‘;SJ,G)B[,J ~ em(BZJ,Q)q

holds.
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OaepXaHO TOUHI 3a IOPSAKOM OLIHKM HalIKpaIlMX 11-IA€HHMX HaOAVIKEHb i30TPOIHMX KAACiB
. w . - .

Tty Hikoabcbkoro-Becosa By mepioamarmnx dyHKurii baraTbox 3MiHHMX y TpocTopax B, i mpu
1< p<q<oo,q > 2 OcobAMBICTIO LIMX MPOCTOPIB, SIK AIHIHMX TATIPOCTOPIB Ly, € Te, 10 HopMa
B HUX € CUABHILLIOK, HiX Lg-HOpMa. BUSIBAEHO, 10 OAeP>KaHi OLIHKU PO3TASHY TOT aIPOKCUMALIAHOT
XapaKTePUCTMKM CITIBIAAAIOTH 3a IIOPSIAKOM 3 OLIHKaMM BiAITOBiAHOL XapaKTepUCTUKIM KAACiB B;’e y
mpocropax L.

Kntouosi ciioea i ppasu: mepioaraHa PYHKIISI baraTbox 3MiHHMX, KAac vy Hikoabebkoro-becosa,
HaliKpallle /-IAeHHe TPUTOHOMEeTPIYHe HaOAVKEeHHsI.



