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Best orthogonal trigonometric approximations of the
Nikol’skii-Besov-type classes of periodic functions of one and
several variables

Fedunyk-Yaremchuk O.V., Hembars’ka S.B.

We obtained the exact order estimates of the best orthogonal trigonometric approximations of
periodic functions of one and several variables from the Nikol'skii-Besov-type classes B{ (Bfg in
the multivariate case d > 2) in the space B, ;. We observe that in the multivariate case the orders of
mentioned approximation characteristics of the functional classes Bfg are realized by their approx-
imations by step hyperbolic Fourier sums that contain the necessary number of harmonics. In the
univariate case, an optimal in the sense of order estimates for the best orthogonal trigonometric ap-
proximations of the corresponding functional classes are the ordinary partial sums of their Fourier
series. As a consequence of the obtained results, the exact order estimates of the orthowidths of
the classes Bi‘fe (Bl% for d > 2) in the space B, 1 are also established. Besides, we note that in the
univariate case, in contrast to the multivariate one, the estimates of the considered approximation
characteristics do not depend on the parameter 6.

Key words and phrases: Nikol’skii-Besov-type class, step hyperbolic Fourier sum, best orthogonal
trigonometric approximation, orthowidth.
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Introduction

In this paper, we continue to study the approximation characteristics of the classes ng of
periodic functions of several variables and classes By of one variable in the space Be,1, which
norm is stronger than the norm in L.. We recall that some approximative characteristics of
functional classes in the space B, ; were studied in [8, 13, 16,17,31-33,41]. As noted in these
papers, the motivation to study the approximation characteristics (best approximation, widths,
best M-term approximation, etc.) of classes B;/Q and ng in the space By, 1 was the fact that the
questions of their orders, especially in the multidimensional case, in the space L, still remain
open (see also [11]).

The exact order estimates of approximation characteristics of the classes By and B?Q, which
are established in the paper, complement the results of [33,41].

1 Notations, definitions and auxiliary assertions
Let R? denotes d-dimensional space with elements x = (x1,...,x4), and let

(x,y) =x1y1 + ... + xX3Y4
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be a scalar product of elements x,y € R?. Denote T? = H;lzl [0;277). Let Lp(Td ) be the space
of functions f which are 27r-periodic in each variable and such that

xeTd

1/p
Il = ((zm—d /. \f(xwx) <o, 1<p<e, |[fle = esssup|f(x)] <.

In what follows, we assume that for f € L,(T*) the condition

27 p y
x)dx; =0, j=1,d,
™
is satisfied. We denote the set of such functions by Lg(Td). Sometimes instead of L,(T%) and
Lg("ﬂ"d) we use the simpler notations L, and LY, respectively.
We denote the [-th difference of a function f € 191< p < oo, with a step h]- in the variable
x; by the formula

l
ALjf(x) = Z;)(—l)l”C?f(xl, ceoy x]-_l, x]‘ + Tlh]‘, Xj+1, ceey xd).
n=
Forf € LY,1<p<oo,h=(hy,..., hg)and t € ]R‘i we introduce a mixed [-th difference
Al f(x) = Afﬁ . Aédf(x) = A;ld(. . (Aélf(x))) and we denote the mixed modulus of continu-
ity of order I by

(f. )y = sup  [IALFO)lp
|hi|<tj, j=1,d

Let Q(t) = Q(#y, ..., tz) be a given function of the type of mixed modulus of continuity of
the I-th order. This means that the function () satisfies the following conditions:

1) Q(t) >0,t;>0,j=1,dand Q(t) = 0if [T, t; = O;

2) Q(t) increases in each variable;

!
3) Q(ﬂ’llfl,. . .,mdtd) < <H}i_1 m]> Q(f), mj S N,] =1,d;

4) Q(t) is continuous at t;>0,j= 1,d.

Following S.N. Bernstein [9] we call the function ¢(7) of one variable almost increasing on
[a, b], if there exists a constant C; > 0, which does not depend on 13, T, such that

(1) <Cip(rz), a<m <1 <),

and almost decreasing on [a, D], if there exists a constant C; > 0, which does not depend on
T1, T2, such that
(1) > Co(n), a<t <1np b

We assume that the function Q)(t), t € R%, satisfies also the conditions (S%) and (S;), which
are called the Bari-Stechkin conditions [5,35]. This means the following.

A function ¢(7) > 0 of one variable T € [0, 1] satisfies the condition (5*) if ¢(7)/7* almost
increases for some a > 0.
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A function ¢(t) > 0, T € [0, 1], satisfies the condition (S;) if ¢(7)/7” almost decreases for
some(0 <y <[, ] €N.

In the case of d > 1 we say that Q(t),t € R“, satisfies these conditions if Q(t) satisfies
these conditions in each variable ¢; for fixed t;, 7 # j.

We now define the functlonal classes B?Q, which were considered in the paper [40] by
S. Yongsheng and W. Heping.

Let1 < p,0 < oo and let ()(t) be a given function of the type of mixed modulus of conti-
nuity of the order I, which satisfies conditions 1)-4), (§*) and (S;). Then the classes ng are
defined as follows

Bio={f €Ly Ifllsg, <1},

where

d_Jr. 1/6
I\fllggf{/jrd@l({;;) ) Ht—t]} p1S0<eo |flg, = sup 5(1(;;)'

=1 "] >0

Here and subsequently the expression ¢ > 0 for t = (t1,...,4) is equivalent to t; > 0,] = 1,d.

We note that, in the case r = (r1,...,74),0 < rp<lj= 1,d, and Q) = H] 1 t]] the
classes B;?e are identical to analogs of the Besov classes Bj o, which were considered in the
papers [2,19]. In turn, for 6 = oo the classes B;,OO = H; are analogs of the Nikol’skii classes [20].
The classes B,f,),oo =H 19 were studied by N.N. Pustovoitov in [21].

In the following considerations we will use the definition of classes ng in a slightly differ-
ent form. To do this, we recall the definition of order relation.

For two non-negative sequences (a,)5>_; and (b,)$_; the relation (order inequality) a, < by,
means that there exists a constant C3 > 0, which does not depend on n and such thata,, < Csbj,.
The relation a,, < by, is equivalent to 4, < b, and b, < a,.

To every vector s € IN“ we put the set

s)={kez?: 27 < |k;| <2%,j=1,d}
in correspondence and for f € L9, 1 < p < oo, we denote

5(f) = 0s(f,x) = Y flk)e't),

kep(s)

k) = (2m) /T f(Beiar

are the Fourier coefficients of the function f.
Therefore, for f € ng, 1< p<oo,1<6 < oo, where ()(t) is a given function of the type
of mixed modulus of continuity of order I, which satisfies conditions 1) —4), (5%), (S;) and the

where

relations
1/6

(ZQ 6 f)l!i) , 1<6 <o,

195 ()l
P e =

hold. Here and below, )(27%) = Q(27%,...,27%),s5; € N, j = 1,d.

Hf”B;fg = (1)




174 Fedunyk-Yaremchuk O.V., Hembars’ka S.B.

Note that the case 1 < 6 < o0 in (1) was considered in [40] and the case 8 = oo in [21].

For the norms of functions from the classes B? for p = 1 and p = oo we can write relations
analogous to (1) by replacing the “blocks” ds(f) by others. Namely, by V,,(t),m € IN,t € R,
we denote the Vall’ee-Poussin kernel

2m—1 m—k
V()_1+2Zcoskt+2 Y. < )Coskt
k=1 k=m+1 N\

(for the correctness of the definition of V,,(t), we should assume that the last sum in this
formula vanishes for m = 1).
To every vector s € INY, we put the polynomial

d
As(x) = 1‘{ (Vy (x) = Vyy 1 (%)), x € RY,
]:
in correspondence and for f € L%,1 < p < oo, we set As(f) := As(f,x) = (f * As)(x),
where * means the convolution operation. Then the following relations hold:

1/6
(ZQ )| As(f )H;‘i) , 1<0< oo, o
1As(F)lp

o)

1115, =

0 = .

Note that the case 1 < 6 < oo in (2) was considered in [34], and the case 6§ = oo in [21].
In what follows, we consider the classes ng defined by a function of the type of a mixed
modulus of continuity of order I of the special form

d
) =w (H t]-> , 3)
=1

where w(7) is a given function (of one variable) of the type of a modulus of continuity of order
I that satisfies conditions (S*) and (S;).

It is easy to verify that the function Q)(t) of the form (3) satisfies the properties 1) —4) of a
function of the type of mixed modulus of continuity of order /, and satisfies conditions (5%)
and (S;). Therefore, the above mentioned relations (1), (2) for the norms of functions of the
class ng remain true.

Now we define the norm in the subspace B ;. For any trigonometric polynomial ¢, it is
defined by the formula

e, = X 1A
seN9 J{0}

In the same way, the norm || ||, for the functions f € L; under the condition of conver-

gence of the series }. . 1oy [|As(f) || is defined. We note that, in this case, the relation

I lleo <11 - B (4)

holds.
Next, we define the approximation characteristics to be studied.
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Let X be some normalized functional space with norm || - ||x and 6j; be any set of M

d-dimensional vectors kK = (K, ..., K '),j = 1,M, with integer coordinates. For f € X we
denote

SQM(f) = SQM Z i(k ) , X € ]Rd,

where
Fy = @ [ e a

are the Fourier coefficients of a function f, which correspond to the set of vectors 6.
We consider the approximation characteristic

efi(F)x i= inf £ = Sa (Pllx
and for the functional class F C X we put

en(F)x = sup ey (f)x.
feF

Quantity e;;(F)x is called the best orthogonal trigonometric approximation of class F in
the space X. The quantities ey;(F)x for classes of functions Wpur By, g and ng in spaces L,
1 < g < oo, and By 1 were studied in the works [7, 18,23-27, 33, 41], which contain a more
detailed bibliography.

Recall the well-known assertion that will be used below.

Theorem 1 ([18]). Let1 < p < 00,1 < 6 < o0, O(t) = w(l—[;lzl t]->, where w(T) satisfies
condition (S*) with some « > 1/p and condition (S;). Then for any sequence M = (M)’ 4
of natural numbers such that M = 2"n%~1, the relation

e]J\_A(ng)oo = w(27")2"/ Pyld-1)(1-1/6)

holds.

2 Main results
First, consider a one-dimensional case.

Theorem 2. Letd = 1,1 < 0 < oo, and w(T) satisfies condition (S*) with some « > 1 and
condition (S;). Then the relation

ent(BYg)Bo, < w(M™1)M (5)
holds.

Proof. Firstly, we establish upper bound in (5). Note that for 1 < 68 < oo, the embedding
BYy C HY’ is valid. Then it is sufficient to obtain the upper bound for § = oo, i.e. for classes
Hence, let M € IN, f € H{’. Consider an approximation of the function f by polynomials

Su(f) := Sn(f,x):Xn:(Ss(f,x), neN, x€eR, (6)

s=1
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where the number 7 is coupled to M via the relation 2" < M < 21+,
Then, according to the definition of the norm in the space B, ; and the convolution prop-
erty, we can write

ent(F)Boy S IfF=Su(P)llee, < || X (f)
s=n+1 Boot (7)
o0 s+1 00 s+1
= Z As x Z ‘Ss’(f> < Z ”ASH1 Z 55’(f) = 1.
s=n+1 s'=s—1 0o  Ss=n+l s'=s—1 0

To continue the estimation of the quantity I;, we should note that by the relation
| Vas||1 < Cy4 (see, e.g., [36, Ch.1, §1]), we have

[Aslly = [[Vas = Vasa [l < [[Vasfl + [[Vasa 1 < G5 8)

Thus, for the quantity I; we obtain an estimate
00 s+1 00 s+1
h< )} || X &0 < X X (Pl

s=n+1||s'=s—-1 o Ss=ntls’=s—1

%) %) s+1 (9)

< Y Mos(Hllee = X 5s< )3 As’(f)) = L.
s=n s=n s'=s—1 0

Next, given that the norm of the operator s, dsf := J5(f), as an operator from L;(T) into
the Lo (T) does not exceed in order of 2°, we continue to estimate the quantity I, as follows

) s+1 s+1
LY 2 ), Au(f <<Zzs Yo 1A ()]l -
s=n s'=s—1 s'=s—1

Besides, taking into account that || Ay (f) |1 < w(2’ ),s' €N, f € HY, we may write

s+1 s+1 s+1
Y AP = X A< Y w@F) <w(@7). (10)
s'=s—1 1 s'=s—-1 s'=s—1

Hence, taking into account (9) and (10), from (7) it follows that

L <) 2w(2). (11)
s=n
Now, noting that
w27) _ - w2
2—as < C6 2—an ’ C6 >0,
let us estimate the quantity I, as follows
w(2™)

L <

2—an Z 278(“71) < w(27n>2n_
S=n

Finally, taking the relationship between the numbers M and 7 into account, we arrive at the
estimate
erm(Bip)pe, < w(M M.
Concerning the lower bound in (5), note that it is a consequence of Theorem 1 under the
conditions p = 1,d = 1, since according to relation (4), the following is fulfilled

ent(Big)b.o; > en(Bip)eo-
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To formulate the consequence of the Theorem 2, we introduce the notation.
If F C X C Leo(T) is some functional class, we set

En(F)x = sup[|f = Su(f)llx,
feF

where the polynomial S, (f) is defined by formula (6).

Corollary 1. Letd = 1,1 < 6 < oo, and w(7) satisfies condition (S*) with some « > 1 and
condition (S;). Then the relation

5n(Bi‘fe)Bw,1 = w(27")2" (12)
holds.

Note that the upper bound in (12) was established when proving Theorem 2. The corre-
sponding lower bound is also a consequence of this theorem, since for 2" < M < 2"+2 the
following relations hold

En(Bip)B., > enm(Bip)s,, < w(27")2".

Remark 1. Analyzing the proof of Theorem 2 and Corollary 1, we conclude that for 1 < 6 < oo
and w(t) that satisfies condition (§*) with some « > 1 and condition (S;), the following
relations hold

eni(BYo)B.y < em(Bilp)eos  En(BYp)be, < En(Bip)eo.

In the following assertion we consider a multidimensional case (d > 2). We introduce the
additional notations.
Fors = (sl,...,sd),s]- €eN,j=1,d,d>2,and n € N, we set

Qu= U p@s), (s,1)=s1+...+s,

The set Q, is called a step hyperbolic cross. By Sp, (f) we denote the so-called step hyperbolic
Fourier sum of a function f € L;(T¥) of the form

So.(f) :==Sq,(f,x) = Y, &(f,x), xeR™

(s,1)<n

Let X € L{(T") be some functional space with norm | - ||x. Then for the class of the
functions F C X, we set

€0, (F)x = sup [|f = Sq,(f)lx-
feF
In the case, where X = L,(T%), we write £, (F), instead of £q,, (F)x.

Theorem 3. Letd > 2,1 < 60 < oo, O(t) = w< ?:1 tj), where w(T) satisfies condition (S*)
with some « > 1 and condition (S;). Then for any sequence M = (M), of natural numbers
such that M = 2"n%~1  the relation

en (B, < w(27")2m@-1D0-1/6) (13)

holds.
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Proof. First, we establish the upper bound in (13). We show that this estimate is realized by
approximation of functions f € B o by their step hyperbolic Fourier sums Sq, (f) under the
condition M = 2"n4~1,

Hence, according to the definition of the norm in the space B ; and taking into account
the property of convolution, we can write

uf—(g@a«ﬁug | £ sl = £ 4+ T s,

00,1

s'eNd
(s’ 1)>n

< |4 T wpll s Eolah] X e
(sl)>n d [[s—s/[lo<1 (s1)>n—d l[s—5'[lo<1 *© (14)
< ) Yo loDlle<< Y [16:()lleo
(s1)>n—d |s—s'||<1 (s,1)>n—2d

£ (5 a0) -
(s,)>n-2d ls— s'\|oo<1

Further, given that the norm of the operator Js, dsf := ds(f), as an operator from Li(T%)
into the Lo, (T9) does not exceed in order of 2(1), for the quantity I3 we obtain

L< Y 29A.0h< ¥ 29Y)A(N]L

(s,1)>n-2d (s,1)>n—3d
—1/7=(51)\n(s,1) —(s,1) (15)
= ) @ @2V A(f)w@ ) = I
(s,1)>n—3d
Consider several cases depending on the value of the parameter 6.
1. Let 6 € (1, ). Then, taking advantage of the Holder inequality, we have
1/6 1/0'
L Y o '@O)Amnl Y, (2 G
(s,1)>n—3d (s,1)>n—3d
< Hf”BQ Z w@ (27(5,1))2(5,1)0’ < w()’ (27(5,1))2(5 1)0’ = I,
L (s,1)>n—3d (s,1)>n—3d
where1/0 +1/60" = 1.
Let m denote n — 3d. Then, taking into account that
w2 &) w(2™™)
Toa(sl) < C7W! C7>0, (s1)2>m, (17)
we get
1/6 1/6
w2~ _ ’ / w
Is < 2(_am) ( Z 2 (s,l)tx@z(s,l)()) _ ( ( Z - (s,1)(a—1)0 )
(s,1)>m s,1)>m
w(2™™) —i(a—1)0 o1
T Tpam (.22](“ : 1 szlx
jzm (s1)=j j=m

< w(2_m)2mm( -1D(1-1/9),
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2. In the case § = oo, we may write

|[As ()] ]2 —(51)yn(s,1) 1)
L < sup ——— b w (27N 25 < | f]] g 20
s:(s,1)>m w(zf(s,l)) (S,Em Pl sg:z
< ¥ w@ Db =g

(s,1)>m

(19)

Now, taking into account (17), the estimation (19) can be continued as follows

P = o

(s,1)>m jzm (s1)=j
_w(27m)
— o—am

Iy <&
(20)

Z 2—j(zx—1)]~d—1 < w(2—rn)2mmd—1‘

jzm
3. If 6 = 1, the estimate for the quantity I4 is as follows

I, < sup 26Vw(2- D) Y. w 127 As(H)]

s:(s,1)>m (s,1)>m

< sup 20Ww@ CD)||fllgo < sup 20Dew(27CD).

s:(s,1)>m s:(s,1)>m

(21)

Taking into account (17) from (21) we have

sup 2~ M@ = ¢ (27m)m, (22)
s:(s,1)>m

By comparing (14)—(22), from the above we obtain the desired estimate for the quantity
exi(Bih)B,, at1 < 6 < co.

Concerning the lower bound in (13), we note that, according to relation || - [|g,, > || - [|eo,
it is a consequence of Theorem 1. O

Next, as a consequence of Theorems 2, 3 and the previously known result, we obtain an
exact order estimate of another important approximation characteristic. We give a definition
and formulate an auxiliary assertion.

Let {u;}M, be an orthonormal system of functions u; € Leo(T?), i = 1, M, in the space
Ly(T%).

In correspondence to each function f € Ly(T%), 1 < g < oo, we put an approximation
aggregate in the form Y, (f,u;)u;, i.e. the orthogonal projection of the function f on the
subspace generated by the system of functions {u;},. Hereafter,

(Fru) = @) [ f0(x)ex

where 7;(x) are functions complex-conjugate to the functions u;(x). If F C Ly(T%), then the
quantity
M

f- Z(fr Uup)u;

i=1

dyi(F, Lg) = inf sup (23)

{2, CLeo(TY) feF

q
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is called the orthowidth (the Fourier-width) of class F in the space L,(T?). The width dy;(F, L,)
was introduced by V.N. Temlyakov [38]. In addition, in [37] V.N. Temlyakov considered the
quantity d¥ (F, L,), which is close to the Fourier-width and defined by

A8 (F,L,) = inf su —Gf] .. 24
M( q) GELM(B)quFﬁ'ZI))(G) Hf f”q ( )

Here Ly(B), stands for the set of linear operators satisfying the following conditions:

a) the domain D(G) of those operators contains all trigonometric polynomials, and their
range of values is contained in an M-dimensional subspace of the space L, (T4);

b) there exist such a number B > 1 that the inequality HGei(k") Hz < B holds for all vectors
k= (kl,...,kd), k] S Z,j =1,d.

Note that Lys(1); includes operators of orthogonal projection on M-dimensional spaces,
as well as operators defined on an orthonormal system of functions using a multiplier that is
defined by such a sequence {A;} that |A;| < 1 for all I. It is easy to see that according to the
definitions, the relation

di(F,Ly) < dy(F,Ly) (25)

is valid. Clearly, the same relation is obeyed in the case of the space By 1, i.e.
a3 (F, Boo1) < diy(F, Beo,). (26)

Quantities (23) and (24) for various functional classes F-both in the Lebesgue spaces L, (T4),
1 < g < 00, and in other functional spaces, were studied in the works [1,3,4,6,10,12,14, 15,22,
28-30,39]. A more detailed bibliography can be found in the monographs [11,23,36,37].

Before proceeding directly to the presentation of the results obtained, we quote a well-
known statement that will be used below.

Theorem 4 ([13]). Letd = 1,1 < 6 < o0, and w(T) satisfies condition (S*) with some a > 1
and condition (S;). Then the relation

% (BYg, Beo) < w(M )M (27)
holds.

Theorem 5 ([13]). Letd > 2,1 < 6 < o0, QO(t) = w(l—[?zl t]->, where w(T) satisfies condition

(§%) with some « > 1 and condition (S;). Then for any sequence M = (M,)$,_; of natural
numbers such that M =< 2"n“~1, the following estimate is valid
5 (BSY), Boo 1) =< w(27™)2"n(@-1(A-1/6), (28)

Now we formulate some consequences of Theorems 1, 2, 3 and 4.

Corollary 2. Letd = 1,1 < 0 < oo, and w(T) satisfies condition (S*) with some & > 1 and
condition (S;). Then the relation

day ( 9 Boo1) =< w(M M (29)

holds.
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The upper bound follows from (12) under the condition 2n+tl < M < 2112 gince the fol-
lowing relations are fulfilled

d]J\Z( %[4{9/ BOO,l) << g”(Bf9)Bm,1 = w(2_n)2n — (,L)(M_l)M
The lower bound in (29) is a consequence of the Theorem 4 according to relation (25), i.e.

dIJ\_/I( (ffer Beo) > d?/{( fgf By1) < w(Mfl)M.

Corollary 3. Letd > 2,1 < 60 < o0, Q)(t) = w(l—[?zl t]->, where w(T) satisfies condition (S%)

with some « > 1 and condition (S;). Then the following estimate is valid
€0, (Blo)b.,, = (272"l =IZE), (30)

Note that the upper bound in (30) was determined when proving Theorem 3, and the corre-
sponding lower bound can be obtained as a corollary of Theorem 3, since under the condition
M =< 2"n%~1 the following relations are fulfilled

an(B?Q)Boo,l > e]J\_A(B?Q)Boo,l = w(zin)2nn(d71)(lil/9)'

Corollary 4. Letd > 2,1 < 0 < o0, Q(t) = w( ?:1 tj>, where w(T) satisfies condition (S%)
with some « > 1 and condition (S;). Then for any sequence M = (M), of natural numbers
such that M = 2"n%~1  the relation

dﬁ(B?e/ Beo1) < w (272" pd-1(1-1/6) (31)
holds.

The upper bound follows from (30) under the condition M < 2"n%~1. The lower bound in
(31) is a consequence of the Theorem 5 according to relation (25).

Remark 2. Comparing the results of Theorems 1 and 3 with Corollaries 3 and 4, we can con-
clude that, for1 < 0 < co and Q(t) = w( ?:1 tj>, where w(T) satisfies condition (S*) with

some « > 1 and condition (S;), the following relations hold:
eﬁ(Bga)Bm,l = eﬁ(Bf,’a)oo;

an(B{?@)Boo,l = an(B'?G)OO/
d]ﬁ(Bfe, Beo) = d]ﬁ(Bfe, Leo).

d
Remark 3. At the end of the work, we would like to note that in the case Q(t) = []t/",
=1

]:
rp > 0,j= 1,d, i.e. for the Nikol’skii-Besov classes B;/Q, the corresponding statements were
obtained in the work [33].

Remark 4. Analyzing the results obtained in this part of the paper, we get the following con-
clusion. In the one-dimensional case, in contrast to the multidimensional one, the obtained
estimates of the corresponding approximation characteristics are independent of the parame-
ter 6.
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BcranoBaeHO TOUHI 32 TOPSIAKOM OLIHKM HalfKpallyX OPTOTOHAABHMX TPUTOHOMETPUYHMX Ha-
BAVDKeHD TTepioAVMIHMX (PYHKII OAHI€l Ta baraThox 3MiHHMX 3 KAacis Ty Hikoabckkoro-becosa
BYy (Bfg y baraToBUMipHOMY BMITaAKYy d > 2) y mpocTopi By 1. BusiBAeHO, 1110 B 6araToBuMipHOMY
BUITAAKY TTOPSIAKM 3TaA@HMX alpOKCUMAIIMHMX XapaKTePUCTUK KAACiB (PYHKIIIN B?Q peanisyroTbes
3a HabAVDKeHHsI iX cxiauacTo-rinepboaiuammny cymamu Dyp’e, ki MicTsTh HeOOXiAHY KiAbKicTb rap-
MOHIK. Y OAHOBUMIPDHOMY BUTIaAKY ONTMMAABHMMM, 3 TOUKI 30PY HOPSIAKOBMX OLIHOK HaliKpaIImx
OPTOTOHAABHMX TPUTOHOMETPIIHIX HaOAVDKEeHD BiATIOBIAHMX KAACiB (DYHKIIiN, € 3BMUaliHi YacTVH-
Hi cymn ix psiaiB @Dyp’e. B IKOCTi HacAIAKIB 3 OAepXKaHMX pe3yAbTaTiB BCTAHOBAEHO TAKOX TOUHI
3a IIOPSIAKOM OLIHKM OpTOIONepevHNKiB Kaacis By (Bfg npu d > 2) y npoctopi Beo 1. Caip 3a-
3HAUMTH, IO B OAHOBMMIPHOMY BMIIAAKY, Ha IPOTMBAary 6araTOBMMIpHOMY, OIHKM PO3TASHYTIX
aIpOKCUMALIHIX XapaKTepUCTHUK He 3aAeXXaTh Bia mapameTpa 6.

Kntouoei cnosa i ¢ppasu: xrac turny Hikoabcbkoro-becosa, cxiadacro-rimepboaiuna cyma Dyp’e,
HajfKpallle OpTOTOHaAbHe TPUIOHOMETPIUHe HaOAVDKEHHsI, OpTOIIOIePeUHNK.



