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Approximation properties of some extremal
polynomials in complex plane

F.G. Abdullayev

Let G C C be a finite Jordan region, 0 € G; L := 9G, 2 := C\G.
For p > 0 let A)(G) denote the set of analytic in G functions f(z) normalized
by f(0) =0, f/(0) =1 and such that

gy i= [ [ 17 do < o0,
G

where o is a two dimensional Lebesgue measure.

Let w=¢(z) be the conformal mapping of G onto the disk B(0, pg) := {w :
|w| < po} normalized by ¢(0) =0, ¢'(0) = 1.

Let us consider the following extremal problem for p > 0:

{Ilp = Pallayic)» Pu € 9} — inf (1)

In this work, we will investigate the some approximation properties of the
extremal polynomials, which is the solution to the extremal problem (1), in di-
fferent regions of the complex plane. Some analogous questions was investigated
in [1], [2], [3], [4] and in references in them.

JlitTeparypa

[1] F.G.Abdullayev, Uniform convergence of the generalized Bieberbach
polynomials in regions with non zero angles. Acta Math. Hung. Vol.77, No:3,
(1997), pp. 223-240.

2] F.G.Abdullayev, Uniform Convergence of Generalized Bieberbach
Polynomials in Regions with zero angles, Czechoslovak Mathematical
Journal, 51(126), (2001), pp.643-660.

[3] V.V. Andrievskii, Uniform convergence of Bieberbach polynomials in
domains with piecewise quasiconformal boundary (Russian). In: Theory of
Mappings and Approzimation of Functions. Kiev, Naukova Dumka (1983),
pp.3-18.

[4] M.V.Keldych, Sur I'approximation en moyenne quadratique des fonctions
analytiques. Math.Sb., 5(47), (1939), pp.391-401.

Kyrgyz-Turkish Manas University, Kyrgyzstan.
Mersin University, Turkey.
e-mail: fahreddinabdullayev@gmail.com



On estimates of the best approximations of

functions in the generalized Lorentz space
Gabdolla Akishev
Let a function v continuous, non-decreasing, concave on [0, 1] and ¥(0) = 0,
0 < 7 < oo. Moreover, let Ly, denote the generalized Lorentz space, which
consists of all measurable funct1ons f(@) = f(z1,...,zy) of period 27 for each

variable such that /T
Hf\hwz(/f 0 (1) ) < oo,

where f*(t) is a nonincreasiflg rearrangment of the function |f(2rz)|,z €
[0, 1]™. )
Let Sos(f,272) = > ... > aze'®?™) — partial sum of the Fourier series
|k1|<28 |k | <28
of a function f € L. Let 1 < 6 < oo, r > 0. We consider the space B of

all functions f € Ly, for which Z 257911 Sgs (f) — Sas1(f )HZT < oo and in it

the unit ball Bj, ,. E n(for — the best approximation of the function f € Ly -
by trigonometric polynomials of order at most n in each variable. Denote by
SV'L the set of all non-negative functions continuous on [0, 1] (), for which

(log 2/t)%(t) 1 +oo and (log 2/t) ¢ (t) | 0 for t | 0 for any number, ¢ € (0, 00).
oy = lim, f/j((z t)) By = mmo%- Estimates of the best approximations of the
best approximations of the functions f € By, _ , in the norm of the space Ly, r,
are established in various relations between the parameters 7, 79, 6. In particular,
proved

Theorem. Let functions 11,12 be such that supy_; G 8 <oo, 1l <ay =
Qy € By, = P, <27 1< <2and 2 € SVL 1< 0 <oo If 7 <7,

r >0, then sup E,(f)y,mn <n TZ?E%Z; (log(n + 1))712_%,71 e N.

In particular, some results of A. S. Romaniuk, S. A. Stasyuk (see the bibli-
ography in [2]) and [2| follow from the proved statements.

JlitepaTrypa

[1] Akishev G. An inequality of different metrics in the generalized Lorentz space
// Tr. Inst. Mat. i Mekh. UrO RAN, 2018, 24, N2 P.5-18

|2] Akishev G. Estimates for best approximations of functions from the logari-
thmic smoothness in the Lorentz space// Tr. Inst. Mat. i Mekh. UrO RAN,
2017, 23, N3, P. 3-21.

L.N. Gumilyov Eurasian National University
and Ural Federal University
e-mail: akishev_g@mail.ru



Approximation of Operators in a Hilbert Space
and Some Applications

Vladislav Babenko, Yuliya Babenko, Nadiia Kriachko

In this talk we discuss the problem of approximating an operator in a Hilbert
space on a class of elements defined with the help of another operator. We then
apply the results to solve the following problems:

(i) the problem of finding sharp inequalities of Hardy-Littlewood-Polya type,
Taikov type, etc.,

(ii) the problem of approximating a function of an unbounded self-adjoint or
normal operator by bounded operators,

(iii) the problem of best approximation of a certain class of elements from a
Hilbert space by another class, and

(iv) the problem of optimal recovery of an operator on a class of elements
given with an error.

Dniprovski National Kennesaw State

University University

e-mail: babenko.vladislav@gmail.com e-mail: ybabenko@kennesaw.edu
Dniprovski National

University

e-mail: nadiakriachko@gmail.com



Asymptotically optimal recovery of integral
operators by the values of functions with given
majorant for the modulus of continuity

V.F. Babenko, Yu.V. Babenko, N.V. Parfinovych, D.S. Skorokhodov

Let X, Z be linear spaces, Y be normed space, A : X — Y be linear operator
with domain D(A), W C D(A) be a class, Z be the class of information operators
I : span W — Z. The problem of the best recovery of operator A on the class W
based on information from the class Z consists of finding the quantity:

¢ (A W) = }E%%EYfQP Az — @ ()]

where the second inf is taken over all mappings ® : Z — Y, called methods
of recovery, and finding optimal information I* € Z and method of recovery ®*.

Let w : [0, +00) — R satisfy growth condition if w(0) = 0, w is increasing and,

for any given s > 1, the quotient w((‘ig) is decreasing and is bounded from above

for ¢ > 0. This ensures (see [1]) that there exists a number a = «, € (0, 1] called

the growth index such that lim <Y —
t—0+ w(t)
In this talk we will present some new results on the problem of the best

recovery of integral operators with non-negative kernels on classes H“(€2) of
functions defined on a compact Q@ C R? d € N, having given majorant w for
their modulus of continuity. As class Z =7, n € N, of information operators we
consider the set of operators I : C(2) — R", Q C 2 and card ) < n, mapping
a continuous on €2 function into the vector of its values at points from (). Under
certain general assumptions, we prove existence of a constant C' > 0 such that

C (A HYQ)T,) = C - (1+0(1)) - w (n—a/d) . n— oo

s, for every s > 0.

Also, we construct asymptotically optimal sequences of information operators
{I*}n 1, It € T, and methods of recovery {®*}°,, ¥ :R" =Y, i.e.

sup |[Az — @) (L;z)|ly = (1+0(1)) - € (A; HY(2);Z,), n — oo.
x€HY(Q)

In addition, we will demonstrate some consequences of these results to the
problems of asymptotically optimal recovery of solutions to classical integral
equations and partial differential equations.

[1] Gruber P. M. Optimum quantization and its applications / P. M. Gruber // Advances
in Mathematics. — 2004. — 186. — P. 456-497.

Oles Honchar Dnipro National University Kennesaw State University

e-mail: babenko.vladislav@gmail.com e-mail: ybabenko@kennesaw.edu

Oles Honchar Dnipro National University Oles Honchar Dnipro National University
e-mail: nat-vic-par@i.ua e-mail: dmitriy.skorokhodov@gmail.com



Some unlimited convergence domains of branched
continued fractions of the special form

Dmytro Ilkovych Bodnar, Iryna Bohdanivna Bilanyk
and Olha Grygorivna Voznyak

Rational approximations of functions that are represented by the formal multi-
ple power series can be constructed by using the approximants of branched conti-
nued fractions (BCF) with independent variables. These rational approximations
often have better truncation error bounds, and their convergence regions are wi-
der than ones for corresponding multiple power series. If we put certain fixed
numbers instead of variables in BCF with independent variables we obtain BCF
of the special form

where by, a;r), biry € C, i(k) € Z,
I:{Z(]{Z) = (il,ig,...,ik) :1§ik§ikf1 < .. Sio; kZ 1; iOZN},
N — fixed natural number.
Relevant question is to establish efficient convergence criteria for these fracti-
ons. Some theorems of convergence for BFC with independent variables are obtai-
ned in papers of D. Bodnar, T. Antonova, R. Dmytryshyn, O. Baran.

There are obtained unlimited convergence regions of BCF of the special form,
namely:

— a criterion of convergence for fractions with real positive elements;

— parabolic theorems of convergence for fractions whose partial denominators
are equal to the unit and partial numerators are complex numbers from

Pix) (7,6) = {z € C: |z| — Re (ze_m) < (1 —¢)cos*y/ (2i5-1) },
that is a;) € Pik) (7,€), i(k) € Z, where (0 <e < 1), |y| < 7/2;

— angular theorems of convergence for fractions whose partial numerators
are equal to the unit and partial denominators are complex numbers from
domain

Ge)={2€C:z#0,|largz| <7/2 -0}, 0 <e<7/2.

The truncation error bounds in some parts of previous domains are obtained.

Ternopil National Economic  Pidstryhach TAPMM Ternopil National Economic
University NASU University
e-mail: bodnar4755@ukr.net  e-mail: i.bilanyk@ukr.net e-mail: olvoz@Qukr.net
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On the Voronoi Summability of Fourier Integrals
and Its Conjugate Integrals

Liliya Boytsun and Tamara Rybnikova

Let p(t) be an integrable function on the real axes. If f(u) is integrable in

(0,00), P(y) = Ofyp(t) dt # 0, and yh_)rgo %OfyP(y —u)f(u)du = I, then the

integral [ f(u)du is said to be summable by the Voronoi method, or (W, p(t)) is
0

summable to I.
Theorem. a) Let \(t) be a function defined in t > 0, positive and monotone
non-decreasing.

At
Suppose that - 1S momnotone non-increasing, % = 0(1) ast — oo and
j” "ot t = 00 fora> 0 as fived
SO 0 as oo fora as fixed.
If ply) is continuously differentiable and satisfies the conditions:
ylp(y)| v tlp' ()]
= O(P(y)]) as y — oo, dt = O(|P(y)|) as y — o0
s (1PW)) I8 (1PO))
’ P(t) |
fora >0 and [ mdt = O(|P(y)]) as y — oo, and if

t
)\(%)> ast— 0, (1)

then the Fourier integral associated with the function f(t) is summable by Voronoi
i.e. summable (W, p(y)) to the f(x) at the point t = x.
b) If we replace condition (1) in a) by the condition

\If(t)—%/tf(x+u);f(x_u)du—o<i) ast — 0,

<I>(t)Z/If(x+U)+f(9:—U)—2f(:c)|du=0<

M%)
and if g(z) = llim}O (z+1) ; flz—?)

conjugate integral associated with the function f(t) is summable (W, p(y)) to g(x)
at the point t = .

dt, ewxists and is finite, then the

Oles Honchar Dnipro National Oles Honchar Dnipro National
University University
e-mail: lgboytsun@gmail.com e-mail: t.rybnikova@gmail.com
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Multipliers Between Musielak-Orlicz
Sequence Spaces

Stanislav Chaichenko and Andrii Shydlich

Let M = {M,(t)}72,,t > 0, be a sequence of Orlicz functions. In other words,
for every k € N, the function My(¢) is a non-decreasing convex function such that
M;.(0) = 0 and My(t) — oo as t — oo. The Musielak-Orlicz sequence space Iy
defined by the sequence M is the linear space of all sequences x = {x}}?°, of real
numbers such that the following quantity is finite:

Jll, . = inf {a >0: 3" My(jail/a) < 1}.

k=1

Let N = {Ny(t)}?2, be another sequence of Orlicz functions, In be the
corresponding modular space, and let A = {A\;}72, be a sequence of positive
numbers. If, for every sequence x = {x}32; € lm, we have Az = { A\ }72, € In,
then we say that the sequence A defines a multiplier acting from the space Iy in
the space In. The space of all sequences defined by the multipliers from Iy in In
is denoted by SmN.

The following result gives a description of the space of all multipliers between
Musielak-Orlicz sequnce spaces.

Theorem 1. Let M = {M;(¢)}22, and N = { Ny () }72, be any two sequences
of Orlicz functions satisfying the condition HekHlM < KlHGkHZN < Ky, k € N,
where Ky and Ky are positive constants, Ko > Ky > 1. Let also Q = {Qx(t)}32,

be the sequence defined by the relations Qk(y) := supyep (Nk(yt) — Mk(t)),

y>0,k=1,2,... Then the spaces Smn and lg coincide as sets and, in addition,
are isomorphic as Banach spaces.

Corollary 1. Let P = {t"/pp}2,, R = {t"™/ri}72,, where {pr}2, and
{re}2, are any sequences satisfying condition 1 < ryp < pp < K, k € N. Then
the spaces Spr and lq, Q = {t%/qr}3>,, where the numbers q; = ]%, k€N,
coincide as sets and, in addition, are isomorphic as Banach spaces.

In Orlicz sequences spaces, an assertion similar to Theorem 1 was obtained in
[1].

1. Djakov P. B., Ramanujan M. S. Multipliers between Orlicz Sequence Spaces,
Truk. J. Math., 24 (2000), 313-319.

Donbas State Institute of Mathematics
Pedagogical University of the NAS of Ukraine
e-mail: s.chaichenko@gmail.com e-mail: shidlich@gmail.com



The behavior of the constants of the best
approximation

O.V.Chernitskaya

Let C,(f) be the constant of the best approximation of the function f in the
metric of space L,[a, b], that is, such a constant that

I = Gl =it {Ilf = Cl,: C € R},

The criterion for the best approximation constant in spaces Ly[a, b] is proved
in [1]. The properties of the best approximation constants and the behavior of
the constants’ sequences {C,(f)} were studied in [2,3]. The hypothesis of the
monotonicity of these sequences for the functions of monotonic and convex ones
was put forward. In [3| it was proved that the sequence of constants of the
best approximation {Cn(ﬂ)} is monotonically decreasing. The properties of the
constants of the best asymmetric approximation were studied in [4].

Students of the Faculty of Applied Mathematics have created programs to
calculate the constants of the best approximation. The programs investigated
the behavior of sequences of constants {C,,(f)} with respect to monotonicity for
functions having the following properties: 1) the function is monotone and convex,
2) the function is convex and changes the direction of monotonicity, 3) the function
is monotone and changes the direction of convexity. Degree and trigonometric
functions were considered.

One result: for functions f(t) = 3, f(t) = t° the sequences of the best-
approximation constants {C,(f)} have a monotonous behavior. The nature of
the monotony is determined by the type of segment [a,b] . If a < 0 and |a| < b ,
then the sequence increases. If a < 0 and |a| > b , the sequence goes down.

1. Kopueitayk, H.I1. Tounbie koncrantol B Teopun mpubsimxenus / H.IT. Kop-
neftayk. — M., 1987. — 424 c.

2. Yepnuikasi, O.B. [loBejienne KoHCTAHT HANUIYUIIEro HPUOJIMXKEHUS I
BBIYKJIbIX byHKImit // Becrn. nenpornerp. yu-ra. Cep. «Maremarukas — 2006.
— Bpim. 11. — C. 110-114.

3. Uepnnikasi, O.B. MoHOTOHHOCTE II0C/I1€10BATE/ILHOCTI KOHCTAHT HAaMIY-
qmero npubaizKenns g dynximun v/t // Beern. duenponerp. yu-ta. Cep. «Ma-
remarukay — 2011. — Bemr. 16. — C. 129-132.

4. Monsikos, O.B. O wanmyummx (a, B) - TpubIMKeHNSX MOCTOSHHBIMU BH-
MyKJIBIX (QYHKIMI B MHTErpajbHbIX MeTpukax //Ykp. mar. xKypH. — 2013. — 1.65,

Ne7. — C. 1015-1020.
Oles Honchar Dnipro

National University
e-mail: chernitskaya.olga@ukr.net
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Error Bounds for Meshless Finite Difference
Methods

Oleg Davydov

Meshless finite difference methods discretize a differential equation
Lu=f, u, f: Q= R, (1)

on a set of irregular nodes X = {xy,...,zx} C Q with the help of numerical
differentiation formulas

Lu(z;) =~ Zwiju(ajj)a JicJ:={1,...,N}, iel,
JE€J;

where the coefficients w;; € R are obtained by requiring that the formula is
exact for certain finite dimensional spaces of functions, for example polynomials,
and the size of the sets of influence X; = {x; : j € J;} is bounded by a fixed
number n. In particular, kernel-based formulas are exact for all linear combinati-
ons . ¢ K (-, xj), ¢; € R, where K : 2 x Q — R is a positive definite kernel.
The discrete approximate solution & € RY of (1), such that @; ~ u(z;), is obtained
by solving the sparse linear system

Zwijﬂj = f(l'l), 1€ 1.

JjeJ;i

Methods of this type based on radially symmetric positive definite kernels (RBF-
FD) have shown very good numerical performance for problems on the sphere and
other manifolds. By allowing I to contain multiple instances of the same index
i € J (with different sets of influence J;), overdetermined systems arise and
may be obtained by least squares minimization.

The presentation will be devoted to an introduction to meshless finite di-
fference methods, and well as the convergence analysis of a least squares version
of it, giving for the first time sufficient conditions on X and {X;,i € I} that
guarantee convergence ||t — u|x|| — 0 as N — oo in the meshless setting. The
convergence results apply to the case when {2 = M is a smooth closed manifold,
K is a reproducing kernel for a Sobolev space on M, L is an elliptic differential
operator positive and self-adjoint with respect to the inner product generated by
K, and wu is sufficiently smooth.

University of Giessen
e-mail: oleg.davydov@math.uni-giessen.de
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Bojanov-Naidenov and Erdos problems for the
positive (negative) parts of the functions.

Vladimir A. Kofanov

We solve the extremal problem
o8 1,00 = sup, R EN{J{0},  p>0,

over the set of pairs (z,I) of functions z € Sb and intervals I = [a,b]
such that o is the comparison function for =, i = 0,1,...,k, satisfying
restrictions L(x), < L(y), (for k = 0) and u{supp[mb]ng)} < u, p > 0,

where L(x), := sup {HxHLP[a?b] : la,b] C R, |z(t)| >0, t € (a, b)} and ¢ is 2w-

periodic, odd about 0, even about w/2, concave on (0,w) and strictly increasing
on [0,w/2].

Set L (p,p) = {(x,]) rw € S): L(x), < L(p),, p{suppsrs} < ,u} and

Sor(p) = {(x,f) cx e Sy, (suppfw(f)> < M}, k€N,
Let us represented u as follows

p=n-w+20, neN[J{0}, ©c[0, w/?2),
and choose [4, B] C R and 77 > 0 such that
B—-—A=2n-w-+20,
k k
HAaro+r)=(B-0+7) = ng(’“)Hoo, ke N|_J{o}.

Denote by W the set of continuity, nonnegative and convex functions ® defined
on [0, 00) such that ®(0) = 0.
Theorem. For any function ® € W, p,u > 0 and for any k € N

sup {/j‘ﬁ(l‘i(t))dt  (x, [a,b]) € L (p, M)} = /B‘P (Ph(t+ 7)) dt,

A
sup {/ab@ <;z:(f)(t)> dt : (z,]a, b)) € s;k(ﬂ)} = /AB O (gpg@(t + T,f)) dt.

In particular, we solve the same problems over the classes W (R) and over the
bounded sets of the spaces of trigonometrical polynomials and splines. Besides,
we solve Erdos problem for positive (negative) parts of polynomials and splines.

Dniprovski National

University
e-mail: vladimir.kofanov@gmail.com
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On Image Segmentation Problem via Piecewise
Constant Approximation of a Target Mapping

Peter 1. Kogut

Mostly motivated by the crop field classification problem and the automated
computational methodology for the extraction of agricultural crop fields from
satellite data, we propose a new technique for the satellite image segmentation
which is based on the concept of piecewise smooth approximation of some target
mappings. We show that the remote sensing satellite image segmentation problem,
based on the analysis of the slope-based vegetation indices, is a particular case of
the proposed setting.

In particular, in agricultural crop field classification, one of a fundamental
problem is to provide a disjunctive decomposition of a fixed domain  C R?
onto finite number of nonempty subsets €2 = 2y Uy U --- U Qf such that each
of these subsets could be associated with a crop that is grown in this area, or
with a forest regions, or water zones, and so on, and this correspondence must be
established at rather high level of accuracy. The accurate crop maps (or crop field
classification) are needed to update agricultural statistics, to provide agricultural
crop yield prediction, and are often used in environmental modeling. Typically,
such association between a given region and some agricultural crop can be made
through the detection and quantitative assessment of green vegetation which is
one of the major application of remote sensing studies. The information obtained
in this way is a source of knowledge used for environmental resources management.
One of the way enabling to get such information is determination of the so-called
vegetation indices. Since over years many vegetation indices have been proposed
for determining the vigor and health of vegetation, the reliability of information
about vegetation directly and strictly depend on the fidelity, preciseness, and
smoothness of the corresponding vegetation indices within an each particular crop
field.

We focus our main intension on the rigor mathematical substantiation of the
proposed approach. We discuss in details the consistency of the new statement of
segmentation problem and its solvability. We derive the corresponding optimality
conditions and provide their substantiation. We show that the proposed coupled
optimization problem is rather flexible and powerful model to the study of vari-
ational image segmentation problem. We illustrate the accuracy and efficiency
of the proposed algorithm by numerical experiences with images that have been
delivered by satellite Sentinel-2.

Oles Honchar

Dnipro National University
e-mail: p.kogut@i.ua
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On maximally oscillating perfect splines and some
of their extremal properties

Oleg Kovalenko

We study analogues of the perfect splines for weighted Sobolev classes of functi-
ons defined on half-line. These splines play important role in the solution of certain
extremal problems.

Let X be C|0, 00) or Ly[0,00), fi € C[0,00) be positive functions. For z € X

set
max{z(-),0} = max{—x(), 0}
(EPWANAES + .
S+ () /() X
If fo = fy = f, we write ||z||x s instead of ||z||x,¢ r . For positive functions

f+,9 € C[0,00) and natural r set

fugl0,00) = {x € C[0,00): [|z[lco,00). 1.1, < 00 2"V e AC,.,

210000 < 00}

and
Wi, [0,00) = {& € L, ,[0,00) : ]l r. oy <1}
For k=1,...,r — 1, we call the function

wW(Wj, 4[0,00), D*,0) := sup 2™ 0,000 6 > 0

er?i,g[OaOO% ||'7;HC[0700),f_}f+ S(S

a modulus of continuity of k-th order differentiation operator on the class
Wi, ,10,00).

Under several assumptions on the functions fi and g, we characterize the
function w(W7y, [0, 00), D¥ .) in terms of perfect g-splines that oscillate maxi-
mally on [0, 00).

Oles Honchar

Dnipro National Univeristy
e-mail: olegkovalenko90@gmail.com
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Kolmogorov-type inequalities for the norms of low
order fractional derivatives

Oleksandr Kozynenko, Dmytro Skorokhodov

Let R, = [0, +o0). For f: R, — R and k € R, \Z, denote by D* f the right
hand side Marchaud fractional derivative (see [1]).

For 1 < p,s < oo and r € N, let L, be the space of measurable functions
f : Ry — R that are integrable in the power p (essentially bounded if p = 00),
with the standard norm || f[|,. By L, we denote the space of functions f € L,
such that "= is locally absolutely continuous on Ry and f) € L.

Let T = {(a,b,c) € R®: 0 < a < b < c < 1}, for every (a,b,c) € T and
1 < p < 00, define functions

1

(u—a 1 (k(1—Fk)\s Lk |4 Ltk
b_a-l_c( ) b0 =) = (1= ), we o,
1tk 1tk
Hape(u) = ¢ 1_C( = ) (1—crt) = (1—c3)), u e [b1],
k(1 — k)N
() w € (1,+00),

and Wope(-) = |pape(-)P - sgn(piape(-)). By ¢!l and ¢l denote the first and
second order antiderivatives of g € L; such that ¢gl'1(0) = 0 and ¢/(0) =

(9%)'(0) = 0.
Theorem. Let k € (0,1) and 1 < p < oo. Then system:

— k,

has at least one solution (a*, b*,c*) € T, and for every f € L2, there holds true

sharp inequality

L

_k+1lp
1+1/p

HD Ma* b c* Hoo

H a*,b*,c*

ID* fllo < LI 711

In additions, we solve closely related problems of the best approximation of
operator DF by linear bounded ones and the best recovery of operator D¥ on
elements of the class given with error.

1. Samko S.G., Kilbas A.A., Marichev O.1I. Fractional Integrals and Derivati-
ves: Theory and Applications. — London: Taylor&Francis Books Ltd, 2002.

Oles Honchar Dnipro National University Oles Honchar Dnipro National University
e-mail: kozinenkoalex@gmail.com e-mail: dmitriy.skorokhodov@gmail.com
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ON SIMULTENEOUS APPROXIMATION IN AVERAGE
OF A FUNCTION AND ITS DERIVATIVES

Oksana Motorna!, Vitalii Motornyi?

! Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2 Oles Honchar Dnipro National University , Dnipro, Ukraine
omotorna@ukr.net, motornyivp1940Q@Qgmail.com

We consider some properties of the integrable on the segment functions. Esti-
mates for approximation of function and its derivatives are obtained. Say, we
prove the following
Theorem. Let the function f(x) belongs to W"H (1 < p < oo) , where w(t)
15 an arbitrary modulus of continuity. Then there is an algebraic polynomial
P, (f,z) of degree n, such that
() = PL(f:) In?
@ (g, n)n)g (. m))

H S Cr

(—1;1]

nr—k’ ’

where g(x,n) = V1 —a22+1/n,x € [—1;1], and C, is independent of f and n..
This result is a generalization of the results by R.N. Kovalchuc, L.I. Filozof
and L.B. Khodak.
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On the belonging of (¢, 3)-derivatives to Lebesgue
spaces

Elena Ivanovna Radzievskaya

In terms of the best approximations of a function in the space L, was found
the condition of existence (¢, 3)-derivatives of the function belonging to L, when
1 <p<g< oo

To state the result, we give the necessary notations and definitions.

Let L, be a space of measurable 2m-periodic functions f(x), for which

[1f(@)|Pdx < 00,1 <p < oo; E,(f), be the best approximation of the function

0
f(z) in the metric of the space L, by means of trigonometric polynomials of the
order of at most n — 1 and wy(f,d), be the modulus of smoothness of the k-th
order (k is a natural number) in the space L,(0,27). According [1] we denote
through fg’(:p) a (1, B)-derivative of a function f.

The following statement has been proved.

Theorem 1. Let 1 (t) be such positive nonincreasing function which is defined
for all ¢ > 1 such that ¥(2t) > () (c is some positive constant), and let the
best approximations of the function f € L, , 1 < p < ¢ < oo satisfy the condition

oo

Ex(
S ki 'f o _
s ()
Then the function f has the (¢, 8)-derivative which belongs to L, , and
00 - . 1
Z kv wy(f ,E) < 0
k=1

Corollary. Let the best best approximations of the function f € L, satisty

the condition
o0

l—lEk(f)p
2 B

Then the function f has the a continuous (1, 5)-derivatives whose Fourier series
converges uniformly.

[1]Stepanets A. 1. Methods of Approxzimation Theory. I [in Russian|, Inst. Math. of the
NASU, Kiev (2002).

National University of Food Technology
Kyiv
e-mail: radzlenab8@gmail.com
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Approximation of holomorphic functions by
Cesaro means!

Maryna Savchuk and Viktor Savchuk

Let f be a function holomorphic in the disk D := {2 € C: |z| < 1} (f € H)

and "
=) fi#, fi= v( )
=0

Vi

its expansion in Taylor series.
The (C, ) Cesédro means of function f are defined by

on(f)(z) = AgljzoAnj 1f] , Where Aj, '_F(k+1)F(a+1)_< N )

Our main result is the following theorem. _
Theorem 1. Assume that o > 1. Then for any natural n and z € D,

—

n—

max {Z (A2 1F(2) = (D) f € Bl} = 7Y (437)".

k=0 0

o~
|

This mazimum is attained for the function f(z) =az+0b, a,b € C, |a| = 1.
A particularly interesting case is when o = 1. Then it follows from Theorem

1 that for arbitrary z € D

o0
: 1 T
max{z 1f(z) —or(f)(2)]: f€B } - \z|€.
k=1
Ukrainian State Employment Institute of Mathematics of NAS of Ukraine
Service Training Institute e-mail: savchuk@imath.kiev.ua

e-mail: marynalsavchuk@gmail.com

IThe research of the second author was supported by the grant of President of Ukraine for Doctors of Science

to carry out research in 2019
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The Best Approximation of Holomorphic
Functions?

Viktor Savchuk

Let HY(B,) be the Hardy space consisting of all functions f holomorphic in
the unit ball By := {z € C?: |z| < 1}, |z| < 1}, |z| := /|21 + ... + |24/?, for
which

1/q
sup If(pZ)\qu(Z)> , 0<g<oo,
+00 > [|fllg = 4 pepo.n) ( Sa

SUPgcB, |f(Z)|, q = 00,

where do is the normalized Lebesgue surface measure on Sy := {z € C?: |z| = 1}
and pz == (pz1,...,pzd)-

Let function g € H'(B,) and g(z) = > oo ®,(g9)(z) be its homogeneous
expansion at 0 := (0,...,0). The radial Hadamard product of g and the function
Y(z) = > 7 g 1yz” holomorphic in the unit disk By is defined by (g ® ¢) (z) =
> o oW ®,(9)(2). In case when f = g @ we say that the function g is the radial
y—derivative of f and we denote it by RY f. So, if [1,| > 0 we have in this case
RVf(z) = g(z) = 3207 5 @u(f)(2).

Welet E,(f), == infpep, , || f—P||, be the best approximation of the function
f € H? by homogeneous polynomials P of degree < n — 1. We proved that

En(f)oo . = '@Dk—i—n k 1
max ——— = |1,| <= minRe —2z |2 =, Y| > 0. 1
f:RefeHaBy) || RY fll4 [tn] 2€B, (kzg " 2 [l (1)

Our main result is the following theorem, where we set

)
06 o= | 156 = 51 = )y

Theorem 1. Let1 < q < o0, d,n € N and suppose that i) satisfies condition
(1). Then

E " 1
max 1n(f)q = — i ((n + 1))n+1 |1, ].
f: ROFEHIBY) (—,R%‘") n n
n
q

This maximum is attained for functions of the form f = a + ¥, P, where a € C
and P is a homogeneous polynomial of degree n.

Institute of Mathematics of NAS of Ukraine
e-mail: savchuk@imath.kiev.ua

2Supported by the grant of President of Ukraine for Doctors of Science to carry out research in 2019
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Asymptotically best possible Lebesque-type
inequalities for the Fourier sums in uniform metric

Anatolii Serhiiovych Serdyuk and Tetiana Anatoliivna Stepanyuk

Denote by C3"C, a >0, r >0, 8 € R, the set of all 2r—periodic functions,
representable for all x € R as convolutions of the form

flx) = / Ze cos k(x— t)—%)dt, aweER e lL1l,peC. (1)

k=1

The function f in the equality (1) is called generalized Poisson integral of the
function ¢. The function ¢ in equality (1) is called as generalized derivative of
the function f and is denoted by f5".

Let E,(f)c be the best approximation of the function f € C' in the metric of
space C', by the trigonometric polynomials ¢,,_1 of degree n — 1, i.e.,

E.(f)c = tinf 1f = talle

n—1

Our aim is to obtain of asymptotically best possible Lebesque-type inequali-
ties, for functions from the class C’g’rC where norms || f(:) — Sn-1(f;")]|c are
estimated via best approximations £, (f5")c for 0 < r < 1. Here S,_1(f; ) is the
partial Fourier sums of order n — 1 for a function f.

Our result clarifies the result of Stepanets and gives more exat estimate for
the reminder term.

For arbitrary o > 0, r € (0, 1) and 1 < p < oo we denote by n; = ny(a,r)

(1 +In ) + 45 < g
Our main result are the following theorems.

Theorem 1. Let0 <r <1,a >0, € R andn € N. Then for any function
e C"C and n > ni(a, 1), fthe following inequality holds
g

the smallest integer n such that —

1—r
£ = Soalile < e (S 40 ) B 5o @)

Moreover for any function f € C’g’TC’ one can find a function F(x) = F(f;n;z),
such that E,(F3™")c = Eu(f3")c and forn > ni(a, ) the following equality holds

o4 T
7O = Sa(Flle = (™4 ) BT O
In (2) and (3) the quantity v, = (a7, B) is such that |v,| < (20m)*.
Institute of Mathematics RICAM
NAS of Ukraine Austrian Academy of Sciences
e-mail: serdyuk@imath.kiev.ua e-mail: tania_stepaniuk@ukr.net
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Reverse Holder inequality

Ruslan Shanin

We consider classes of functions satisfying the reverse Holder inequality. This
functions studied in works of many authors.
Let R be a segment on RY, d € N, and let f be a non-negative function on R.

Denote by /
1
M1, 1) = (o [ 72w

the mean of order o, where o # 0 and |R)| is the Lebesgue measure of R.

Let a, B, n €R, a < B, aBn # 0, and let Ry be a fixed segment on RY. The
classes of functions satisfying the reverse Holder inequality on Ry are defined as
follows

RH, p(Ro) := {f € L*(Ro) N L°(Ro): [flas < o0},
RH,, 5, (Ro) := {f € L(Ro) N L°(Ro): (f)apy < 00},
where
- Mps(f, R) o
[flap == S0 V(L R) (Flapn = sup (Mg(f, R) — My(f, R))

and the supremum is taken over all segments R C Ry.

The classes RH, g were well studied for all values of parameters «, 5. The
classes RH, g / 5, were studied only for values of parameters a = 1, 8 = n. We
study the classes RH, 4 ! B for all values of the parameters 0 < a < 6, n > 0. We
obtained sharp estimates of the growth rate of equimeasurable rearrangement f*
of function f satisfying the reverse Holder inequality. The main result is contained
in the following theorem.

Theorem. Let 0 <o < 3, n>0, f € RH], 5, (Ro) and a > 1. Then

A2 n/2 £ Ca,ﬁ,n,a<f>;/,;,n | Rola
5/2(f )(t) — Mﬁ/2( )(1Ro|) < na In , 0<t<[Ryl,
where
an/ﬂﬁ max (17 = a) ) n> B,
e max ((Z:;Zﬂ)w , w> max (1, 5%) ., 0<n<§B.

Odessa 1. I. Mechnikov National University
e-mail: ruslanshanin@gmail.com
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The approximation of the surface by spherical
splines

Shumeiko Oleksander

This paper offers one of the possible approximations of a convex surfaces with
fragments of the spheres which form a piecewise smooth surface.

Ligun A.A., Timchenko S.V. and Shumeiko A.A. ("Geometry of Convex
Surfaces East Journal on Approximation. vol.8, no.3, pp. 15-57, 2002) showed
that if there is some (natural) condition for the function p(u), the surface z(p, u)
is a convex (strictly convex) surface, and the support function of this surface is
equal to O(x(p),u) = p(u),u € S,, and, moreover, any smooth strictly convex
surface can be represented as

z(p,u) = ((p(u) = (Vp(u), u)) u+ Vp(u))ls, -

Based on this result, we obtain the main theorem.
Theorem 1. If for any value of ¢ € [0,27] and ¢ € (0,7) the support
function looks as follows:

0(p, 1) = R+ xycos psiny + yosin psiny + zy cos 1, (1)

then
x = Rcos psiny + x,
y = Rsinpsiny + y,
z = Rcosy + 2.

If the surface on each elementary portion of the sphere coincides with its fragment,
such a surface will be called the spherical spline for the given segmentation.
We introduce a segmentation of the surface of the unit sphere

An,m = {[(pi—b(pi] X [¢j—17¢j] 77: = 17 "'7n7j = 17 7m} :

Approximating the support function 6(p, 1) of the surface II(p, 1)) at each cells
[0i—1,@i] X [1j_1,1;] of the partition by the function (1), we obtain an approxi-
mation of the convex surface I1(ip, ¥) by the surface f[(cp, ), which, on each cells,
coincides with the fragment of a sphere with the radius R and with the center at

the point M (xg, 30, 20). Therefore, f[(go, 1) is a spherical spline for the partition
Ap -

Dniprovsk State
Technical University
e-mail: ShumeikoAlex@gmail.com
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Approximation on R by classical orthogonal
polynomials with Chebyshev-Hermite weight and
the widths of functional classes in L ,(R)

Sergiy Vakarchuk and Mihaylo Vakarchuk

Here we represent the one of our new results, which continues the theme [1].

Let Ls(R) be the space of all measurable functions f : R — R, which are

summable on R with square. By symbol Lo, (R), where v(z) = exp(—z?), we

denote the space of such functions f, for which f - ~"/? € Ly(R). The norm

in Ly, (R) is defined by formula || f|l2, = {[g v(z)f*(x)dz}/?. Let D, be the
2

differential operator of the next form D.: % — 255% and let Ly(D.,R) be the

class of functions f € Lo (D), having absolutely continuous derivatives of (2r—1)-
th order and D!(f) € Ly~(R), 7 € N. We suppose that D(f) := D, (D] ~(f)),
reN; DI(f) = fand LY(D,, R) = Ly, (R). Let Q5 (f,1) (t € [0,1], m € N) be
the m-th order generalized modulus of continuity for f € Ly, (R) and ¥(¢) (t €
[0, 1]) be a majorant. We assume W5 (2, ,, ¥) = {f € Ly (R) : Q,,,(D"(f), 1) <
U(t) Vt € (0,1)}, » € Z,, m € N. For an arbitrary set 9 C Ly, (R) we denote
by E,—1(9M)2 (n € N) the value of the best approximation of the 9t by algebraic
polynomials degree < n — 1 in the space Lo, (R).

Theorem 1. Let n,m € N, r € Z, and a majorant V satisfies the condition

: U(t) L W(t)
01<Itl£1 (1 — (1 — t)”)m o tli%i(l _ (1 _ t)n)m' (1)
Then
P Qi U)o (R)) =By (W3 (g )= inf 2 o)

(2n)" o<t<1 (1—(1—t)")™

Here p,( W3 (., U); Ly o(R)) is any of the n-widths: Kolmogorov’s, Gelfand’s,
Bernshtein’s, linear, projective, ortoprojective.

If, for example, U(t) = (exp(at) — 1)™, where an arbitrary constant a > 0,
we obtaine p, (W5 (Qumqy ¥); Loy (R)) = By 1 (Wh (s, ©))ay = a™2 "0~ (M)
from (1) and (2).

[1] S. B. Vakarchuk, “Mean Approximation of Functions on the Real Axis by

Algebraic Polynomials with Chebyshev—Hermite Weight and Widths of Function
Classes”, Math. Notes, 95:5 (2014), 599-614.

Alfred Nobel University Dniprovski National
Dnipro University
e-mail: sbvakarchuk@gmail.com e-mail: mihailvakarchuk@gmail.com
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ExcrpemasbHi 3ajia4di Teopil allpoKCUMAIIil A1
dbyHKII 31 3HaAUeHHIMHI y L-IIpocTopax

Brnagucnas @enoposnd Babdenko?

Posrisan 3a1aa anpokenmaliil (OyHKINN 31 3HAUEHHAME Yy L-TTpOCTOpax J103BO-
JISI€ 3 €JIMHOT TOUKU 30Dy JIOCJIJIXKYBaTH 3a/1a4i Teopil allpOKCUMAIIT 10 PYyHKIIIi
31 3HAUEHHSAMEI B HOPMOBAHUX ITPOCTOPAX, MHOTO3HAYHNX (PYHKITIH, (DyHKIIIT, 3HA-
JEeHHAMHU IKNX € HeJiTKI MHOXKUHM, Ta iHI. Mn JoKI1a/1H0 3ymmTHIMOCH Ha 3a/1a-
YaxX ONTUMAJILHOTO BIJIHOBJICHHS OIEPATOPIB, IO JIIIOTH Yy IpocTopax (pyHKIIH 3i
3HAUYEHHAMHI Y L-TpocTopax.

J11s1 MUpOKOro KJiacy orepaTopiB IO JII0Th y MpocTopax pyHKIN, siKi 03Ha-
JeHi Ha METPUIHOMY KOMIIAKTI I IpuiiMaioTh 3HaueHHs y L-tipoctopi (130TporHo-
MY HaIIBJIHIIHOMY METPHYHOMY ITPOCTOPI) PO3B’si3aHa 3a/1ada ONTHMAIBLHOTO BiJI-
HOBJIEHHs Ha KJiacax (PYHKIIH, 1110 MaIOTh 3a/jaHy MayKOpaHTY MOJIYJIiB HellepepB-
HOCTI, 110 HETOYHO 3a/IlaHIM 3HAUYEHHAM (PYHKIIIi B 1 TOUKax 00/1acTi BUBHAUYEHHSI.
Kpim Toro, po3p’sa3ana 3aja4da ONTUMAJLHOIO BIIHOBJIEHHST MOHOTOHHUX OIlE€pa-
TOPIB, IO JUIOTH y MpocTopax (PYHKINN, K O3HAUEHI HA CKIHYEHHOMY BIIPI3KY
JificHol oci 1 mpuiiMaioTh 3HadeHHs y L L-mpocTopax (4acTKOBO YHOPSIKOBAHUX
L-tipocropax), Ha Kjgacax MOHOTOHHUX (DYHKIIH [0 TOYHO BiJOMUM 3HAUEHHSIM
dyHKII# B n TouKax 00/1acTi BUSHAYCHHSI.

B gKocTi TpuKJ/IaIiB 3aCTOCYBAHHS OJIepyKAHNX PE3Y/IbTATIB HABEJIEMO PE3YJ/Ib-
TATU 110 ONTHMAJBLHOMY BIJIHOBJIEHHIO PO3B’SI3KIB IHTerpaJibHUX pPiBHAHL Dpe-
nroibma 1 Boabrepa II poay BimHocHo dyuKINN 31 3nadennsmu B L- ta LL-
IIpOCTOPax.

OKpeMuME BUTIAKAME OJIEPKAHIX PE3YJIbTATIB € (HOBI) pe3ysIbTaTl M0 OINTH-
MaJIbHOMY BIJTHOBJIEHHIO OIEPATOPIB, IO JIIOTH y MPOCTOPAaX MHOTO3HAUYHUX (DYyH-
KIIiii, & TaKOyK PYHKIIIH, 3HAUEHHSIME SAKIX € HeUiTK]I MHOXKUHK. Jlestki pesyabraTu
€ HOBUMU 1 JIJISI OIIEPATOPIB, IO JIIOTH y ITPOCTOPaX YMCJIOBUX (PYHKITII.

Dniprovski National
University
e-mail: babenko.vladislav@gmail.com

3 Tama pobora BuKOHaHA cIriibHO 3 B. B. Babenxko, O. B. Kosanenxom i M. B. ITosinyx
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HabivmkeHHsI HeoOMeXKeHnX (PYHKITIOHAJIIB
0OMerKeHMH B I'iJIbOepTOBOMY ITPOCTOPI

Buayincnas @ejoposuny babenko 1 Poman OJsierosuu Bistitenko

Hexait A — mopmasibHmit oriepaTop, 1o Jiie B riikbeprosomy mpocropi H, D(A)
— obsiacthb BusHadennsi oneparopa A, f € H k,r e Nk <r,z € D(A"), N > 0.
Besimunnoro naiikpaioro nabsimzkenns Qynkiionana [y = (AFx, f) niniitmam
obmerkennmu dynkiionasamu Ha kiaaci Q = {x € D(A") : ||A"z|| < 1} nasuBae-
ThCsI BeJIMUNHA:

uy = i sup p|Fy(z) — g(z)|.

st HopMmaJibHOrO omeparopa A, BIANOBIIHOIO ifoMy poskiamy oxuuuii F,
(merasbHime mpo poskiaa oguHuIl auB. [1]), eremerTa TiEOEPTOBOrO MPOCTOPY
f € Hih >0 Busnaunmo

1/2 1/2
|Z‘2(T+k)

o = [mmdwsny e =1 [

C C

Teopema 1. Hezati wucaa N i h > 0 nos’asani cniesidnowennam N = ®(h).
Todi cnpasedauea pisHicms

unN = h\P(h)
Teopema 2. Jlaa oydv-axuxr x € D(A") 1 h > 0 cnpasediusa nepiericmo

(A2, £)| < WU () || A7a]| + B(h) ]|

Hepisnicms nepemesoproemuvcesa wa pienicms 0AS eaeMerma

Zk
= ——dFE. f.
Th /1+mwr d
C

Hagejieni Teopemu € ysarajbHEHHSIM De3yJIbTaTiB |2, ojepKaHux jijist camo-
CIPSI?KEHIX OIEPATOPIB I'JIbOEPTOBOTO IIPOCTOPY.

1. Bepesanckuit F0. M. ®yuknnonaspubiii anamns / FO.M. Bepesanckuii,
[ ®. Ve, 3.I'. [ledrens. - K.: Bumia mkosa, 1990.

2. Babenko B.®. [Ipubymmkenne HeorpaHUICHHBIX (PYHKITMOHAJIOB OI'PaHIICH-
HbIMU B TujibbepToBoM mpoctpanctee /| B.D., Babenko, P.O. Bumuyenko // Bi-
cauk /JIHinmporerpoBcbkoro yH-Ty. Maremaruka. — 2012. — Bun. 17. — C. 3-11.

JIHinpOBCHKM# HaIllOHAJIHLHUN JHIIpoBChKHil HaIllOHAJIbHUIMA
YHIBEPCUTET YHIBEpPCUTET
e-mail: babenko.vladislav@gmail.com e-mail: roman.bilichenko@ukr.net
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OnruMaJjibHe BLIIHOBJICHHS KOMIIAKTHOTO
omepaTopa 3a HEeTOYHO 3aJJaHNMM KoedlIlieHTaMu’
POyp’e iioro 3HaveHb.

B. ®. babenko, M. C. I'yubko, H. B. Ilapdinosuu

Hexait X — 6anaxosuii mpoctip, Y — fesika (indopmariiita) muaoykuna, Py(Y') —
MHOYKITHA HEIOPOXKHIX MIMHOXKIH MHOKUHK Y, W C X — nedxuii Kjac ejemMeH-
tis ta [ : W — Py(Y) — indopmariiiine Bijobpazkenusi. [loBisbHe BijobparkenHs
® : Y — X naszBeMo MeTOJ0M BiJIHOBJIEHHsI ejieMeHTIiB MHOKuHu W 3a 3a/1aH010
iHpOpMAIIIETO.

Bemmanna e(W,1,0)= sup |z —P(y)|x

xeW, yel(x)
Ha3UBaEThCsl 1oXnOKor0 Metoja @ Ha kiaci W 3a indopwmariero 1,
a BEJIMYUHa E(W, I) — 12{‘6(”/7 [’ (I)) (1)
HA3UBAETHCS TTOXMOKOIO ONTHMAJILHOIO BiJIHOBJIEHHS eJIeMeHTiB Kjiacy W 3a iH-
dopmariero 1. Meron &, skuii peasizye TouHy HIZKHIO MeXKY B (1), HA3UBAETHCS
ONTUMAJIbHIM.

Hexait X = H cenapabenbnnii risibbeprosuit npoctip, A : H — H - KoMm-
naxtauii oneparop, W4 = {x = Ah : h € H, |h|lg < 1}. Hexail Takox

Ah =" sghiy, - kanoHiuHe mpejicTaBjieHHst oneparopa A, T06TO ¢y, -

BJIACH] ©JIeMeHTH oneparopa A*A, s - s-uncna A, ¢ = iA(ﬁk, hi = (h, ¢r) i
T — ($,¢k) = (Ah,¢k) = Skhk.

PosrisineMo 3ajady BigHoBieHHSI esleMeHTiB kiacy WAy BHIAIKY, KO-
i indopmariiiine Bimobpaxkenusi [(z) 3amaerbea dopmynoio I(x) = {x1+
+B(e1),...,xn + Blen)}, me B(e) = {2 € C: |z| < e} i {ep}]_, — 3ananmuit
HabIp HEBlJI EMHUX ULCEJI.

Teopema 1. Hexati wucro m, 0 < m < n, maxe, uo
mo 2 mo 2

Tooi k=1 k=1 m n 82
EWHI? = e(WH L) =570+ ) ei(1=) 50,
de (@) = YLy ax(l = =)

AmnaJiorigsi pe3y/ibraTi OTpUMAaHI JJIsT IHITNX CII0CO0IB 3a/1aHHsT iHOpMaIiHIX
BijloOpazkenb. PosrisgayTa, TakoXK, 3ajiada ONTUMAIbHOTO BiTHOBJIEHHS CKaJIsP-
HUX 7100yTKIB eementis 3 kiacis W4 ta WP 3za merounoro indopmariero mpo
koedinientn Pyp’e eleMeHTIB 3 1UX KJIACIB.

Dniprovski National Dniprovski National Dniprovski National
University University University
e-mail: e-mail: e-mail:

babenko.vladislav@gmail.com gunko.marina.2017@gmail.com xvector2016@gmail.com
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HepiBaocti tuny /I>Kekcona 3 y3arajbHeHIMU
MO/IYJIIMU HellepepBHOCTI

Bitajuciias @enoposuu babdenko ta Csitiiana Bikropisaa Konapesa

PosrisiaroTbcsi HOBI XapaKTEPUCTUKH €JIEMEHTIB T1JIb0epTOBOIO IPOCTOPY -
y3arasbHeni Moy nerepepsHocTi wy, Ly, ([0, 6]) 1 orpumani HOBI ToUHI HEpiBHO-
cti Tuny J/I>kekcona-Creukina 3 MUMEI MOJIYJISMEI HEMIEPEPBHOCTI JIJIsT allPOKCHMa~
1il eJIeMeHTIB riibbepToBOro npoctopy. Ll pesysrbraTn BK/IIOYalOTh B cebe OaraTo
BIJIOMUX HEPIBHOCTEI JIJIsd allpOKCHMAIlil MepiojniHnx (PYyHKIINH TPUTOHOMETPH-
YHUMH TIOJIHOMAaMM, allPOKCUMAIIil HelepiognIHux PYHKINH nimmMu QyHKIISIMA
€KCIIOHEHI1aJIbHOTO THUITY, aHAJOTIYHI Pe3yIbTaTh JIJId MalizKe mepiognIanx (yH-
KIIiif Ta inmi. Pga pe3ypTaTiB € HOBUME BKe B IINX KJIACUIHUX CHTYAITIIX.

JIHImpoBCHKMIT HAIIOHATBHUAN YHIBEPCUTET JIHimpoBCHKMIT HAIIOHAJILHAN YHIBEPCUTET
imeni Outecs ['onuapa imeni Outecs [onuapa
e-mail: babenko.vladislav@gmail.com e-mail: ssvet0502@gmail.com
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XapakTrepusallis eJileMeHTa Hailk paroro
Hab/Im>KeHHsT (PYHKI[IH 6araTbox 3MIHHUX Y

IIPOCTOpPax 31 3MIIIIAHOIO lHTeI‘paJII)HOIO METPHUKOIO
3 Baroro

Ousbra CepriiBaa Bina Ta Bikropis MukosaiBia TpakTuHcbKa

[Tosnaummo depes K = [y x Iy % - -+ x [, - n— BUMIpHHII TapaJiesiemine, e
I; = [a;,b;],1 <7 < n. Hexait Q(x) = Q(x1,...2,) - HeBix'emua, cymoBHa Ha K
dbynkiida, gxa Malizke Bclogu He JlopiBHIoE Hyso. Posrianemo npoctip Ly o BuMip-
wux K bywkuii f(x) = f(xq1,...x,), g SKUX HOpMa 38J1a€ThCst (POPMYJIOIO:

p3 =

11l = 11l = / [ / [ / | Q(x)\f(m)!mdxl] g dx2] Cdm| )

1 ckinuenHa. Iloksagemo

P42

Pk+1
dl’]ﬁ.l ce d.fl]'l y

Pk+1

o= | [ - [ [ [ snsopan]”

el <k<il<i<n.

Teopema. Jlas mozo, w06 nosinom Pl(x) = > cioi(x) 6y noainomom
HAtKPa,020 Habauscenta oan dynruii f(x) 6 mempuyi L., docmamuso i (kKoau
zowa 6 0dne 3 p; = 1 y eunadky, xoau pisnuys f(x) — Pt (x) # 0 matiorce ckpiso
no K =T xIyx---x1,, de I; = [a;,b;],1 <i < n - n-sumipnui naparesenined)
HEOOXIONO BUKOHAHNA CNIBBIIHOULEHHA

/ Q(x)Py(x)g(x)dxy ... dx, = 0,V P, € Hp, (3)
K
de
1 p p Prn—Dn
= Bl = Pl 1 = Bl 5,0 esn(f = o),
g(x) = |f P* |p17"'7pn—170 # O

07 ‘f o P’:i pla"'apnfl;ﬂ - O
JIHinpoBCHKUi HAITIOHAJIBHUI YHIBEPCUTET JIHinpoBchbKuii HAIIOHAJILHUN YHIBEPCUTET
imeni Oustecst [onaapa imeni Ourecst ['onaapa
e-mail: o.krasicka@ukr.net e-mail: traktynskaviktoriia@gmail.com
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JIiH1ITH] TonepeYHuKN KJIaciB NepiloamIHuIX
b yHKITIiT B]?@ y mpoctopl B

Muxaitno Bitamiitosma ['embapcebkuit
Csitiana BopuciBna ['embapchka

JocmizKyI0ThCs MATAHHS PO MOPSIKOBI OIMIHKY JIHIITHIX MTONEPETHUKIB KJ/la-
ciB B]?ﬂ |1] mepiopmannx dbynkiiit ogmiel Ta 6araThbox 3MiHHIX Y pocTopi B 1,
HOpMa B sKOMY € OULIbIT cuibHOIO HiXK Li-nopma. Hagami €2 — dynkmisg tumy
MOJLyJIsl HETIIEPEPBHOCTI TOPSIIIKY [, sika 3a,10BoJibHsI€ yMOBH Bapi—-Creukina (S)
ta (S;) (2], 1 A meBroOl dynKIT {2 KIac ng 30iraloThCst 3 BIAOMUMU KJIACAMHE
Hixosscpkoro-becosa B .

Hexait W — nenrpaibHO-cHMeTPUYHA MHOXKIHA Y TIPOCTOPi X 3 HOpMOTO ||+ || x -
Bemmmanna

Ay (W, X) = inf sup ||w — Aw||x,
A wew

Je indimym B3sTO 10 BCix jgitounx B X JiHiifiHux omneparopax A, po3mipHicTb
00JstacTi 3HaUYeHb SIKUX He mepeBuilye M, Ha3MBAETbCS JIHITHIM OIEPETHIKOM
muoxkunu Wy npoctopi X.
d
Teopema 1. Hezaii 1 < p, § < oo, Q(t) = w( [[ t;), de w(r) sadosorvnsae
j=1
ymosy (S*) 3 deaxum o > 0 i ymosy (7). Todi dan 6ydv-aK0i nocaidosrnocmi

M = (M), namypasvnux wucea maxoi, wo M, < 2"n*"! cnpasedause cnis-

B10HOWEHHA

)\M(ng, Bl,l) = w(2—n)n(d_l)(1_é).

Amnastoriyne TBEPIA2KEHHA CIIDaBEIJINBE 1 JJIZl TDPUT'OHOMETPHUYIHOTI'O IIOIIEPEIHUN-

Ka d]—&(B}?ﬁ, Bl,1)~

[1] Sun Yongsheng, Wang Heping. Representation and approximation of multivariate peri-
odic functions with bounded mized moduli of smoothness. // Tp. mar. ua-ta um. B. A. Crekio-
Ba — 1997. — 219. — C. 356 — 377.

[2] Bapu H. K., Creukun C. B. Hauaywwue npubausicerus u dugddepernyuarvhve ceoticmsa
deyx conpascennux gynkyud. // Tp. Mock. mar. o-Ba. — 1956. — 5. — C.483 — 522.

CxiTHOEBPOIIEHChK I HAITIOHATHHUIT CxiHOEBpOTIECHK T HAIIOHATBHI
yHiBepcuTet imeni Jleci Ykpainku, JIyipk yHiBepcuTeT imeni Jleci Ykpaiuku, JIympk
e-mail: hembarskyi@gmail.com e-mail: gembarskaya72@gmail.com

29



O1inka moxnObKm Maiizke KOOIIYyKJIOTO HaOJIM>KEeHHS
TPUTOHOMETPUIHAMHU ITOJIIHOMAaMM

['epman /I3100eHKO

Ao HenepepBHa Ha JiificHiil oci 27m-mepiojuyna (GyHKIIsT f 3MIHHIOE CBOIO
ONMYKJIICTh y 25, § € N, TouKax Mmeperuny y; : —m < Yos < Yos_1 < ... < Y1 < T, a
JIst ettt ¢ € Z, i; BU3HAYeH] mepioJuaHo, TO B 1] //1s1 KOXKHOTO HATYPaIbHOIO
n > Ny, 3Hali1eH0 TPUTOHOMETPUYHUI ITOJIIHOM P, OPAJKY ¢n Takuii, mo P, 3Mi-
HIOE CBOIO OIIYKJICTH TaK caMo, siK f, CKPi3b, 38 BUHSITKOM, MOXKJIMBO, MaJIEHIKIX
oKouiB y; : (y; — m/n,y; +m/n) i

1f = Pall < e(s)wa(f, m/n), (1)

ae Ny, — crajia, 10 3aJeKNTh Juie Bl min_  os{vyi — yix1}, ¢ 1 c(s) — crad,
1o 3aj1eKarh Jjmie Bij s, wy(f,-) — 4-it Mmoaynb rrajgkocti gyukmii f 1] - || —
PIBHOMIpHA HOPMA.

st "anero" KoormyK/Ioro HabJIMKeHHsT OTiHKa (1) ClipaBzKyeThCst JIIIe JIsT
w3 1 XubHa JJIsl Wy 1 BUIILE.

[1] dzrobenko I. A., Matiorce koonykae nabauscens nenepepeHuT nepiodusHus Gynryid, YKp.
Mar. ZKypn., 71 (2019), Ne3, 353-367.

IacruryT maremarnkn HAH Ykpainu
dzyuben@gmail.com
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OulHKky MOXuOOK HaOIMXKEeHDb JJId JeaKUX
(pyHKIIOHATBHUX TJUIACTUX JIAHIIFOTOBUX JIPODIB 3
HEepPIBHO3HAYHNMUI 3MIHHUMMN

Poman IsanoBud JIMuTpummmn

Hexait N — dikcoBane HaTypaJibHE YUCJIO,
Ik‘ = {Z(k) : Z(k) = (ilai%-"aik‘)? 1 Szp < Z'p—17 1 <p< kv io :N}7 k> 17

— MHOXKUHHU MYJIBTHIHIEKCIB 1 (21, 22, ..., 2N) € CN.
BeranoBiieHO HOBI OIMIHKY TOXNOOK HAOJIMKEHD [1J1s1 6araToBUMIPHOTO S-1po0y
3 HEPIBHO3HAYHUMU 3MIHHUMU

Ci(1)%i; < Ci(2)%iy & Ci(3)%i3
1 +Z 1 +Z Lo+

in=1 iz=1

-

—_

1=

1€ gy > 0 jist Beix i(k) € Iy, k > 1, i itoro ocobMBOr0 BUIIAIKY GAraTOBIMID-
HOT'O ¢-JIpO0Y 3 HEPIBHO3BHAYHUMM 3MIHHUMU

N 11 12
50 Z 9i(1)%i, Z 9i(2)(1 - 9¢(1))Zz'2 Z 9¢(3)(1 - gz‘(2)>Zz‘3
1+ 1+ 1 + 1 +

21 1 i2:1 i3:1

ae so > 0,0 < gip < 1 anascixi(k) € Iy, k > 1, B geaxux oOMezKennx 00/1acTsx
iz CV.

3a3HaunMo, 110 1 PYHKIHOHAIBHI IJIILCTI JIAHIIONOBI Apo0Ou 3 HEPiBHO3HA-
YHUMH 3MIHHUME € edeKTUBHUM IHCTPYMEHTOM JIJid HaOJIMKEHHS aHAJITUIHIX
dyHKIII# baraThoX 3MIHHUX, 3aJJaHUX (POPMAJILHUMI KPATHUMU CTEIICHEBUME Psi-
JIaMU.

JIBH3 "llpukapnarchbkuil HaIliOHAIbHII

yHaiBepcurer imeni Bacunsg Credanuka
e-mail: dmytryshynr@hotmail.com
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YMOBHI 3HAKOCTAJIOCTI TPUTOHOMETPUIHUX PAIIB

[Terpo BacunwoBuu 3azepeit, Mukosna BikToposuu ['aeBebkuii Ta
Muxkosia AnarosiitoBud Bepewmiii

Bynemo rosopurn, mo mocminosricts {7,} 3amoBosbHsie ymoBu bBoaca-
TesiKoBCbKOI0, SIKIIO:

1) lim v, =0,
|k]—o00
2) > [Avk| < oo,
k=0
oo 1 [k/2] A A
3) 21 20 Wmm Tt | < 00, e DAYk = Vi — Vi1
k=2"'m=1

Teopema. Hexati {7,} — nocaidosnicmsv KOMNACKCHUT “ucen, U0 3600604b-
naec ymoeu Boaca- Teaarxoscvkoezo, v, = a, + 18,. las mozo, w06

1 (0]
E—l—;akcoskx-l—ﬁksmkx >0

HeoOTIOMHO0 1 docmamHbo w00

oo
Z kapyr = o(n), n — o
k=0

<2

1+ Zawk

k=1

sup
ag

Y

o0
de f(z) = 14+ S ap2¥, 2] < 1 € ananimuunoro obmesicenoro dynruis, mobmo
k=1

sup [f(2)] < 1.

|z|]<1

Harmionabuuit Texuivnuit yuisepcurer HenTpaibHOYKpalHCbKMIT JIep2KaBHUN
Vkpainu "KuiBchbkuit mostitexuivnmit e Iarorivauit yHiBepcuTeT

incturyT imeni Irops Cikopebkoro” imeni Bonoguvmupa Bunnudenka
e-mail: zadereypv@ukr.net e-mail: mgaevskij@Qgmail.com
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IIpo BigHOCHI KOJIMBaHHsS (PYHKIIIT

Amnarosiit OsiekcanipoBnd KopeHoBCbKuil

Cepe HiM iHTErpasbHIM KOJIMBAHHSAM HeBin emuol Ha Ky6i Q C RY dyukuii

f € L(Q) nasusators sesmuuny Q(f; Q) = |Q| ™ fQ |f(x) — fol dx, a BignocHIM
koymBanuaM Hassemo Q(f;Q)/ fo, ne fo = Q| fo(x) dx (axmo fg = 0, To

Beazkaemo, 1o Q(f;Q)/fo = 2). Babikeyemo ky6 Qo C RY. Jlna dbyuxuii f €
L(Qo) (f > 0) noBezinky ii BIIHOCHNX KOJMBAHD 110 MATIM KyOaM XapaKTepH3ye

pyHKIIIS O f.
v(f;0) = sup (f—’Q) 0<o<|Qo]),
Qi<e  Ja

Jle TOUHA BepxHsI Mexka OepeTbcsi 110 BciM Kybam ) C (g, JieberoBa Mipa SIKIX
|Q| < 0. Bracrusocri byHKIHT v(f; o) cx0XKi Ha BIACTHBOCTI 3BHYAHOTO MOTYJIsT
HelepepPBHOCTI.

OcHoBHU{l pe3y/bTaT JIAHOIO MOBIJIOMJIEHHSI MICTUTBCA Y HACTYIIHINA Teopemi
(mus. [1]).

Teopema. Icnyroms maxi dodammi cmani c1 i Co, AKL 3GAEHCAMD NAU-
we 610 eumipnocmi d, wo s 6ydv-axol nesid’emnoi pynxuii f € L(Qp)

(1/ (f;1Qo]) < (e(1+ Qd))l) i dna 6ydv-aKoi sumipnoi nidmmoocunu E C Q)

(|E| <27%|Qol) cnpasedausa nepisnicmo

Qo
d
lnf—E Scl—t—CQ/V(f;T)—T. (1)
Qo T
27|E)|

[{s1 Teopema j1a€ 3MOTY OTPUMYBATH BKJIaJIeHHs Kiacis Tuity ['yposa — Pere-
THsIKa y Kjaacn Lepinra ta Maxkenxaynra i monibmi jgo nux (mus. [2]|). Kpim Toro,

34 YMOBH fO|Q°| v(f;7)dr /T < 400 orpumyemo, 1o GyHKIiisg f icTorHO OOMeKeHa
1 BIJIOKpeMJieHa BiJT HYJIs.

Panime nepisuicts (1) Oysia Bijomoro Jiiie y BUNAJIKY, KO B 11 JIiBiii qacTuHi
BicyTHift 3HaK Momyns (nuB. [2]).

JloBeJileHHsT TeopeMU 3acHOBaHE Ha OIIHKAX PIBHOBUMIPHHUX II€PECTAHOBOK
yHKIIN, SKi, Ha HAII MOTJIsI/I, CKJIaJIal0Th 1 caMOoCTiitHuil iHTepec.

[1] Kopenosckuit A. A. Ornenka ckopoctn yobiBanus (MCUe3HOBEHNsT) (DYHKIMI B TEPMUHAX
OTHOCHUTEJIbHBIX KoJiebaHuii. YKp. Mat. xKypH., 2019, 71, 2, 246 —260.

[2] Korenovskii A. Mean oscillations and equimeasurable rearrangements of functions. Lect.
Notes Unione Mat. Ital., Springer-Verlag Berlin Heidelberg, 2007, 4, 189 p.

Otecbkuil HaIlOHAJILHEI yHIBEpCHTET

imeni I. I. MeunukoBa
e-mail: anakor1958@gmail.com
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CmipaJjii y TBOpax cy4YacHHUX MUTIIIB

Macaouenko B.K. ta Macsmouenko [-2K. 4.

Maremaruuni ifiel 3/1aBHa MPOHUKJIN Y TBOPU MHUCTEITBA, 30KpeMa, B KapTUHN
xyjoxkHuKiB. Ta Kosu, Hanpukiaj, y «Menanxosils AnsdpexTta Jlropepa MHOrO-
IpaHHUK Y1 MarigHuii KBaJparT SK penpe3eHTaTOph MaTeMaTUKH 3aiiMaiOTh JIUIIE
JACTUHY ITPOCTOPY, TO B¥KE 3aCHOBHUK CYIIPEMATU3MY, BUJATHUI yKPalHCHKUI XY-
JIO?KHUK TI0JIbCHKOT'O ITOXOKeHHs Kazumup MaJjeBud, aBTop 3HaMEHUTOro «Jop-
HOT'O KBa/IpaTay, BBayKaB 3a HEOOX1/IHE BECh IIPOCTIp KapTHH 3all0BHIOBATH TPUKY-
THUKAMU, KBaJlpaTaMi, KpyraMu, IpgMOKYTHUKAMU Ta 1HIIUMHU IeOMeTPUIHUMU
dirypamu. XX cTOJHTTS IPUHECJO HOBI 3pa3Ky BILIMBIB MaTeMaTUKN Ha, MICTe-
IITBO, 3rajaiiMo xoda O JuBOBMKHUIT cBIT KaptuH M. Emepa um dantactnuni
KpaeBuu TBopiB A. PomMmeHKa, 1110 JIFOCTPYIOTh HeTPUBiaJIbHI TOIIOJIOTIUHI i/1el Ta
modyoBu. A dpakrasu, mo ix yBiB y Mmarematuky B. Manuenb0pot, 3ycTpiuaro-
ThCsI 1 B MUCTEIITB, 30KpeMa y TBopax XyIoxKHuKiB-abcrpakionicris (. Kymka, B.
Kannacekuit Ta inrmi.) 3B’sg3kaM MaTeMaTHKU 1 MUCTEITBA IIPUCBSIIEHO OAraTo
CydacCHUX JIOCJI[KeHb, 30KpeMa, juB. mpartii [1-5]. ABropu npucsatuin miit Temi
BiciM JIOIIOBIIeil Ha MaTeMaTUIHUX KOHMEPEHIIisdX BiJ| YepBHSI MUHYJIOI'O POKY, IO
3 IIKaBICTIO OY/IN CHPUIHATI MATEMATUIHOIO TPOMA/IONO.

B miit monosigi, KpiM 3raJlaHuX BHUINE MUTaHb, M TOPKHEMOCS TEMU CIipaJi
B MucTenTBi. € Jyke baraTo pisHOBHHOCTEN cripasieii, aarebpaiannx (rimep6o-
iuni, napa6oniuni, cnipani Apximesa, Laines, ®epma), ncespocmipadeii (ora-
pudmivna, cripaas Kaphio) ta iHmuX, mpo gki MOXKHA OTpUMATH 1HMOPMAILTO 3
[6] abo 3 [7] um 3 Bikinemil. CripaJi, moaibui 1o cripasi Apximesa, € Ha KapTuHi
BijloMOro 4depHiBenbKoro xyjpoxkunka Opecra KpuBopyuka, MaiicTpa ekcaidopucy,
Ky BiH Ha3BaB «7KuTTd - MoB 3e0Opar, jgaroBaniit 2015-m pokom. JIBi cripaJi
pPO30UBaIOTH ILJIOMINHY Ha JIBl 3B’SI3HUX YaCTUHM, OJIHA 3 sIKNX 3adapboBaHa y I0-
MapaH4YeBUIl KOJIp, JApyra K po30uTa Ha YOpHi 1 Ol YacTWHU CIipaJeBUIHUMN
KpUBUMH, 1 Mae 3e0pononionuit Burys. e nidoun Bepeuka JHiB 1 HOUEll, pajgocTi i
nevasii, Mo Hac CylIpPOBOJZKYE B YKUTTI B rapsidoMy OTOYEHHI IToMapaH4IeBol JTF000-
Bi. € y O. KpuBopyuka ii iHIII KApTUHU 3 CYNPEMaTUYHOI TeMATHKHI, HAIIPUKJIA/T
kapTuHa <«/liasekTukas, 2013. e — KBajgpar, po3d0UTHIT Ha JiBa TOPU30OHTAJIbHI
PiBHI IPAMOKYTHUKU, YOPHUII 1 OLIUil, 1 o0JIsIMOBaHUT JIBaIIIATHMA KBaJIpaTHKa-
MU, YePBOHUMH 1 3€JIEHUMH, SIKi BKYIIi YTBOPIOIOTH HOBHIl OiibInii KBajpatT. Bire
1 YOpHEe CUMBOJIBYIOTH €JIHICTh ITPOTU/IE;KHOCTEN, JIeHb 1 Hiv, AHb Ta [Hb, 1 Bee 11e
OITOBUTO YEPBOHO-3€JICHUM CEpIIAHKOM JII000BI 1 »kuTTsd. CripaJii 3ycTpivaroTbes i
y MOJIOJIOTO YKpalHCHKOro XynoxKHuka bormana Jlokarupa Ta opuriHaJabHOTO iTa-
Jjiiicbkoro mutig Mapio Mepia, po sIKux jeraJjibHile MoBa, fiTuMe y JOIOBIJI.

Jlireparypa
1. Bosnommuuos A.B. Maremarnka n uckyccrBo — M.: IIpocsemenne, 2000. — 400 c.
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nerTpa. — 2004. — Bem. 1(22). — C.231-244.

3. Macmouenko B.K., Macmodenko [-2K. 4. Marematuka B MucTeITBi: icropid i cyda-
cuicts // Ilpukapnarcekuii Bicauk HTIIL. Yuncno. — 2018. — 1(45). — C.230-234.

4. Macmouenko B.K., Macmouenko ['-2K.4. IIpo BimBi mMaremaTnku Ha MECTENTBO //
Bicuuk JIbBiB. yu-Ty. Cepis mex.-mar. — 2018. — 86. — C. 39-44.

5. Fomenko A.T.Mathematikal impressions. American Math. Society, USA, 1990.

6. CaBesibeB A.A. [lnockue kpussie. Cucremaruka, cBoiictsa, npumenenns. — M.: Ousma-
Taut, 1960. — 293 c.

7. Maremaruueckas sunukoneausa. — M.: «Cos. sui.», .5. — 1985. — 1246 k. (k. 141-
142.)
YepHiBenbKuil HalllOHAJILHIIT YepuiBenbkuil HaIionaIbHUM
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Ilapu I'ana Ta 1x 3acTocyBaHHH

Macirouenko B.K. ta Mensuuk B.C.

[Tapa T'ana (g, h) Ha TomosorivnoMy mpocTopi X CKJIQJIAETHCSA 3 JBOX HAIIIB-
HelepepBHUX BIIIOBIIHO 3BepXy 1 3HuM3y pyHKIiil g : X — R i A — R, Taknx,
mo g(z) < h(x) ma X. fdxmo g(x) < h(z) va X, To mapa lana (g, h) nasu-
BaeTbcs crporot. Pyukuiss f : X — R HazuBaeTbCsd IMPOMIKHOIO UM CTPOIO
npomizkaoto st apu Fana (g, h) wva X, axmo g(z) < f(x) < h(x) na X un
g(x) < f(z) < h(z) upu g(z) < h(x) i g(z) = f(x) = h(z) mpu f(x) = h(x)
BiAoBiiHO. L1 TepMiHOJIOris, 1110 BBE/ICHA aBTOPAMU, ITOSICHIOETbCST PE3YJILTATOM,
BCTAHOBJICHIM BIIOMUM aBCTpificbknM MareMarukoM [amcom [amom (1879-1934),
podecopom Hepwiserproro (1909-1916), Borncwkoro (1916-1921) a Bigenchko-
ro (1921-1934) yuisepcureris y 1917 pori [1,2]: koxxua napa lana (g, h) Ha me-
TPUIHOMY ITpocTOpi X Ma€ HelepepBHY NMPOMiXKHY (YHKILO f.

[1s1 Teopema ['ana mictaia 3HaqHuil pO3BUTOK Yy IPAIAX MaTeMaTHKIB XX CTO-
JATTS 1 TOCIZKEHHsT y 1IBOMY HAIPSIMKY MTPOJIOBKYIOThCH 1 B Ha ac [3]. [likaso,
IO 1151 TeMaThKa BUSIBUJIACS TICHO OB’ I3aHOIO 3 TEOPIEI0 HAOINKEHD.

B nepuiit yacTuHi OrisiIoBOI JOMOBIAI Oy/e BUCBITIEHO PO3BUTOK Teopemu ['a-
Ha y mparpx Taknx Maremarnkis: 7K. 'enonne, I. Tour, M. Kareros, K. Taykep,
E. Maitkrt, K. Tyn, SI. Crape, K. SImasaki, a TaxozK HOBITHI 10CILIKe s aBTOPIB,
1110 CTOCYIOTHCST 30KpeMa POMIKHUX JinepeHIiiioBanx (byHKILii [4].

Jpyra gactuna JomoBigl Oyae IpucBddeHa 3acToCyBaHHIo map ['ama y Teopil
HabsmkeHb |5,6], 30kpeMa OyiyTh po3MIstHYTI (DYHKIOHATBHI OOepHEeHi 3a/adi
JJIs CYKYTIHO 1 HAPI3HO HemepepBHUX QyHKI [7].

1. Macaouenko B.K. 3naitomctBo 3 T'ancom [amom — Yepnisui: Bumasauirso YHY,
2014. — 108 c.

2. Hahn H. Uber halbstetige und unstetige Functionen // Sitzungsberichte
Akad.Wiss.Wien.Math.-naturwiss.K1.Abt.Ila. — 1917. — 126. — S.91-110.
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3acTtocyBaHHs JIAHIIFOTOBUX JPO0IB 10
HaOI>KeHHsT (PYHKITIT KOMIIJIEKCHOI 3MIHHOIL

Muxaitno Muxaitnosma Ilarips

Hexait dynknig f Busnadena Ha komnakTi K C C. ®yHKIifo MOXKHA Ha-
OJIKaTH MHOTOUJIEHOM, y3arajJbHEeHIM MHOIOWIEHOM, CILIAHHOM, pallioHaJIbHOIO
dyHKIIi€0, anpokcuManToro Ilaje, JaHIIOroBUM JIpoOOM TOIIO.

PosrisgnyTo criocobn HadmmkeHHsT (PYHKINNH KOMIJIEKCHOT 3MIHHOI JEeTKUMU
TUIIAMY JIAHIIOIOBUX JIPOOIB

ai(z)  a2(2) ar(2) _ K
TG W+t b I

[Topsif i3 obepuennmu moxigaumu Tine ™f (2),n € N, dyHkIil f BBEgEHO 710 PO3-
sty obepreni noxijgni 2-ro rumy "™f(z), obepreni g-moxinui ™f,(z) Ta obep-
Heni g-noxijgui 2-ro Tuiy "f(z). O6rpyHTOBAHO BIACTHBOCTI 3AIIPOIIOHOBAHIX
obepHEeHNX TOXiIHNX, (POPMYJIN 3HAXOJ/IKEHHST 0OEPHEHNX IMOXITHUX CYMH, Pi3HU-
1, JI0OyTKY Ta 4YacTKU JIBOX (PYHKIIN JIjId KOXKHOI'O TUITY OOEpPHEHUX TOXiTHUX,
PEKYPEHTHI CIIiBBIIHOIIEHHS JIJIsi 3HAXO/?KEeHHsI 3HAUEHHsT 00epHEHOT 1OX1/IHOI.

Binomo, mo dopmyna Tine € anasorom dpopmyan Teitysiopa B Teopil JiaHIIO-
ropux npo6iB. Hosemeno dopmynn tuiy Tine, 9Ki IPYHTYIOTbCS Ha PO3TJISIHYTHX
y3araJibHeHHsIX 00epHeHuX MoxXijHuX. /JloBegeno Teopemu 301:KHOCTI Ta piBHOMIpP-
HOIO 301’KHOCTI PO3BUHEHL (PYHKIII B JIAHIIONOBI JIpo0OH, siKi OTPUMAaHO 3a JOI0-
Moroto gpopmyst Tumy Tine. Po3risgayTo npukiaim.

Myxka4iBcbK1ii HaIllOHAJILHU
YVHIBEPCUTET
e-mail: pahirya@gmail.com
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IToTouKoOB1 OMIHKN HANKpaNIIX OJHOCTOPOHHIX
Habamkenb kiaacis W, npum 0<r<1

Amnarouiit Mukosaitouu Ilackko Ta Basentuna JImurpisaa Credypa

Hexaii r — nerisie nogarne unciao, W2 — xiac dbyukuiit f,(x), Bu3Hadenux ma
Bijipisky [-1; 1| piBricTio

@) =7 [ @0 0+ P,

e I'(r) — rama-dyukiia Eittepa, dyukmis f(¢) — BumipHa Ta Maiizke CKpisb
|f(t)] < 1, P(z) — anrebpaiunuii mojiinom crenensi He Bumioro 3a [r — 1] ([a]
— nisa yacruda a). B.I1. MoTtopruit BcTaHOBUB aCHMIITTOTUYIHO TOYHI OIIHKN HAii-
Kpalmx HaOmmxKenb Kiaacis W nipn Hensiomy 7 > 0 ajreOpalyHUME ITOJIHOMAMU
3 ypaxyBaHHsIM I0JIOKeHHsT Toukn Ha Bipizky. A.M. Ilacbko omeprkaB aHajorun
IIIX OIIIHOK JIJIsl OJIHOCTOPOHHIX HAOJIMKeHb IIpU Herijaomy r > 1.

Hammm ro/ioBHUM pe3yabTaToM € Taka TeopeMa.

Teopema 1. Hexati 0 < r < 1. Jlaa oydv-axoi ¢ynwwii f € WL icnye
NOCAId08HICTNG GA2EOPATHHUT NOAIHOMIE P;Lf (x) ecmenena ne suwgo20 3a n, maxux
wo daa ecix x € [—1,1] enpasdorcyemves nepienicmo

0< PL(x)— @) < o (Viea2)

nr

1 1 —\"" 1
+Cr <n—_:l1 <_ + 1 — 55'2) + n2n> .
n’ n-"

n
Tyt
4gin It & 1
Kr: 2 )
S

a C, - craja, 3HaYeHHsI K01 3aJIeKUTh JIUIIe BiJ 7.

JlHinpoBCchbKuil HAIlOHAILHI JIninpoBchbKuii HAITIOHAIBHUIT
YHIBEPCHUTET YHIBEPCUTET
e-mail: pasko08@Qmeta.ua
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ITpo inTepmoJisIiio onepaTopiB, ssKi KOMYyTOBaHi 3
PO3TATYBAHHSIM, B TPAHMYHIX BUIIaKaX

Bopuc 'naropuu Ilenemnenko

Hexait & — o6’equannsa yHkiil ¢(t) = signt i MHOXKHHU JOJATHUX, 3DO-
crafounx BrayTux Ha [0, 00) DyHKIH ¢, dKi 17 SKIX tlimogo(t) = »(0) = 0,
—+

tlim e(t) = 001 p(2t) = O(p(t)), ko t — +0, t — oo. [Mozmaaunmo S(R™)
—00

npocTip jificHux BuMipHuX 3a Jleberom dyukiiii Ha R™ i f*(t) — me 3pocrarouay
nepectaHoBKy Moy dyekiii f € S(R™). Hexaii a € (0,00] i ¢ € ®. IIpoctip
Jlopennst Ay, ,(R™) cxitagaernes 3 (i)yHKLLiﬁ f € S(R™), nist sikux CKiHYeHa KBa-

a

sinopma || f[[a,, = { J( f*(t))“dgo(t)} 3 byngamenTabaoo Gynkiieo o(t)
0
akmo @(t) # signt, 0 < a < oo abo ksasinopma |[f|[a, .. = sup f*(t)e(t),

0<t<oo
SIKINO @ = 00. Y BUNJKY, Ko ¢(t) =t, 0 < a < 0o, 10 Ay 4(R") = L*(R"),

Akio p(t) = signt, 1o Ay oo(R") = Loo(R™). st 3pocratouoi yHkuil ¢o/¢1
na (0,00) npocrip A@o(Rn) + A(pl(R”), Ko p1(t) # signt, ckiagaeTbes 3

f € SR, mis sxux ff* Ydpo(t dt+ff Ydp1(t) < oo. ko ¢1(t) = signt i
sup My, (u)(1—Inw) § 1, o A%(R”)Jrl)oo’l(R") —npoctip dynkmiii f € S(R"),

0<u<1
1110 ff )doo(t)dt + [ f*(t)t dt < oc.
1
Theorem 1. Hezaii Tf(z) = lim [ SYWf(z —y)dy, de [ Q(t)do = 0,

e—0 ly[™ 9
ly|>e S
de do imdyrosana eskaidosa mipa. HAxwo sup |[Qt) — Q)| = § daa |t| =
[t—t'|<d
1
it = 1, mo fw(é)dé < 00. B sunadky 0 < a < 1, dp(t) = t* 14
7 0 0 ‘ Y - 7 h(t)’

¢
o(t) = { [ ﬂ -1 dT —|—t“fﬁ}, de h € S(0,00) nosiAvHO 3MIHHA PYyH-
0

o0

t a
. . . o [(n2) S+ [ 5
KULA 6 HYAL Ma HA HECKINeHOCME, 1 Sup =0 < 00. Ienye xon-
0<t<oo
cmarma Cq > 0, wo das ecix pynxuit f(x) € Ay o(R )+ LY R™) suronyemves

oo

nepieHicms Of{Tf (1)t }a dt < f( (1)) de(t).

JIHITpOBCHK M JIep2KaBHUIM
arpapHO-eKOHOMIYHUI yHIBEpCUTET
e-mail: dsaupelesh@ukr.net
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Ominka 3Hu3y BiaxuieHHs cym ®eiiepa Ha Kjacax
iHTerpaJis Ilyaccona

Oubra I'ennajiiiBua PoBencobka

Hexait Cy,; — npocrip Henepepsaux 27— nepioguaaux gyukuiit f(x), || fllc =
max | f(z)|, x € R ta CF  — ninvmoxkuna byukiiit f € Cyyr, AKi MOXHA TIOATH
Y BULJISAJ 3rOPTKN
1 [ - Iols
f(z) = A0+—/<p(a:+t)Pq(t) dt, Pj(t) = qu cos(k‘t+7), qe (0;1), BeER,

k=1
ne Pg(t) — siipo Ilyaccona, a dyHKIis ¢(x) Maiizke CKPI3h 38,/10BOJIBHSIE YMOBY

lp(z)] < 1. Muoxuna Cqm MICTUTL 27-nepiogndsi (DYHKIII, 0 J03BOJISIOTH
aHAJITHYIHE TI0J0BKeHHs 10 yHKiii F(z) = F(x + dy) y BianoBimHy cmyry
1Sz < In %, i HasuBatoThCst iHTerpasamu [lyaccona.

st 3ajanol gysknil f € L cymu CDeﬁepa BU3HAYAIOTHCs CIIIBBLJIHOIIEHHAM

ne Sy(f;x) — JacTKoBi cymu psijry CDyp e dynkuil f.

st Besmmaunn
£ (CBOO, ) = sup |f(z) —on(f;2)ll

fecs
y dactuHHuX Bunajkax § = 0, § = 1 BcTaHOBJIEHO aCUMIITOTUYHI PIBHOCTI
4q q"
g (CY =— 4+ 0(1)— € (0;2—-+3
( Ooo’ ) 7m(1+q2)+ ( )TL’ q ( ) \/_)7
4q q"
& (O] =—F 4+ 0(1 e (0;1
( oo @ ) 7Tn(1—q2)+ () (7 )7

n(l—q)%

ne BesmanHa O(1) piBHOMIDHO 0OOMeKeHa Moo 1, ¢.
3 IIbOr0 BUILIMBAE OYEBUJIHA OIIHKA 3BEPXYy BeJIUINHU &£ (Cﬁ o n) OcHos-

HUM pe3yJIbTATOM POOOTH € OJIepKaHHs OIIHKU 3HI3Y TOYHOI BEPXHBOI MeXKi Bij-
xmiternb cyMm Deitepa na kiacax interpaJis Ilyaccona. Mae miciie Teopema.
Teopema 1. Hezati ¢ € (0;1), 8 € R. Todi npu n — 00 sukonyemvcsa

ACUMNIMOMUYHE HEPIEHICTIND 5 5
4q cos 4q sin

g<05°°’ > = 7m(1—|—q ) +7m(1—q )
de seaununa O(1) pisnomipro obmescena wodo n, q.
Jliteparypa
1. Novikov O.0., Rovenska O.G. Approximation of periodic analytic functions
by Fejer sums / Matematychni Studii. — 2017. — 47, 2. — P. 196-201.

3 B qn
+ 0(1)—n(1 —

Jlonbacbka JiepzKaBHa
MaITuHOOY/ [iBHA aKa IeMisd
e-mail: rovenskaya.olga.math@gmail.com
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KoamoropoBchki norepevHnki 1 eHTPOIIitHI Yicyia
KJIACiB mepiogniaHux pyHKIIA 6ararbox 3MIHHUX

Amnarouniit CepriitoBuu Pomaniox

B nomosiji Oy1yTh 00r0BOPIOBATUCS IIUTAHHS, IIOB si3aH1 3 KOJIMOTI'OPOBCHKIMUI
MOMePEeTHNKAMI 1 EHTPOMIITHIMI YUCIaMU KJI1ACIB TepioguaHuX (PYHKILIH OaraTbox
3MIHHUX IB%;,Q Hixombebkoro-becosa y mpoctopi Bog 1. 3ayBazKiMO, 110 HOpMa IIPo-
cTOpY Bso 1 € OLIBIN CUIBHOIO HIZK Lo —HOPMA.

Hexait X — 6anaxis mpoctip 3 HOpMOIO || - || x 1 A—kommaxkTHa MHOKHIHA B X .
Hnsy € X ta R > 0 noswaunmo Bx(y, R) :={z € X : ||z —y||x < R}, TobT0
Bx(y, R)— kyasg 8 X 3 neatpom y Touri y i pagaiycom R. g k € N pennanna

2k
ex(A, X) := inf {g >0: 3y, eX| AC U Bx (1, 5)}
j=1

HA3UBAETBCS eHMPONITIHUM “ucAsom MHOKUHU Ay nipoctopi X.

Hexait Y — nopmosanwmit npocrip 3 wopmotwo || - ||y, Ly (Y) — cykymnwicrs
iJITPOCTOPIB B Y, pO3MIPHOCTI KNX He repeBuniyior M, i W — nenTpaabHO—
cuMeTprdHa MHOXKHUHA B Y . Bennunna

dy(W,Y):= inf  sup inf [|w— ully
LME,CM(Y) wGWUELM

HA3WBAETHCS K0AMo20poscvkum M —nonepeunuxom muoxkunun Wy npoctopi Y.

BraxkaTumemo, 110 KOOpAUHATH BeKTOpa T = (r1,...,T4), AKU BXOIUTH B
O3Ha4YeHHs KJAaCiB, BHOPAJKOBaHI Tak, mo 0 < 7y =19 = ... =71, < 1y <
e S Tq.

Teopema 1. Hezati 1 < 0 < oo, r1 > 0. Todi npu d > 1 cnpasediusi
cNI6BIOHOWEHHA

(BT g Boet) = dys (B g, Boot) =< M7 (log? ™ M)+,

00,09
Teopema 2. Hexati 2 < p < oo, 11 > % Todi npu d > 1 cnpasedausi
CNIBEILIHOULEHIA

enr(B) 2, Boot) = dar(Bp g, Boo1) =< M (log” ™" M) 2.

[HCTHTYT MaTeMATHKY
HAH VYxkpainu, Kuis
e-mail: romanyuk@imath.kiev.ua
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Kparnanii 6a3uc Xaapa B 3ajiadax JiHIAHOL
Ta HeJIHIHOoI armrpoKcnMalil pyHKITii

BikTop CepriitoBuu Pomaniok

Y J0TMOBIII TIpejcTaBeH] BUOpaHi pe3y/IbTaTu aBTOpa, SIKUMH JIEMOHCTPYIO-
ThCsl MOZKJIMBOCTI OftHOTO 3 Kparnux Gasucis Xaapa H? = (h;);o, dbyukuiii 3 d
3MIHHUMHI B 3ajladax JIHIIHHOI Ta HeJIHIHHOT anmpoKcuMallil JesdKuxX KJ1aciB TJia/l-
Kux yHKIiil y npocropax Jlebera. Basuc H? € pe3y/braToM HasIesKHOIO BIOPSi-
KyBaHus cucremu HY = {hz} e 24 yHKIII{, BU3HAYECHUX HA OJUHUYHOMY KyOi

19 := [0,1]?, d > 2; ug cucrema 1oGyI0BaHa Ha OCHOBI OJHOBHMipHOro 6Gasu-
cy Xaapa i cucTreMu XapakKTepuCTUIHUX (PYHKIN JBIIIKOBOrO po30UTTS BiJIpi3Ka
[0, 1] (momo Gasucnocti cucremu HE noseeno BiamosiaHe TBepIKenHs ).
JlociizKeHHsS CTOCYIOThHCs, 30KPEMa, 0P IKOBUX OLIHOK BeJUYUH HajiKpalio-
ro m—ujentoro nab/uzkenns 3a cucremoro H (y npocropax L, (I?) 3i crangap-
THOIO HOPMOIO || - [|4) omunuunux xyns SBy, B isorponnnx npocropax Becosa

o C L,(1%). Vinerbest npo Besnumim

Jm(SB;ﬁ;Hd; L,1%):= sup inf inf

f o anha

fesBr, /;X:Z;L ca€R vy q
Teopema 1. Hexaii 1 <p,0 <oo, 1<g<oo 1 maX{O,;—f—g} <r< %.

Todi

uls

om(S By g; HY Ly(17)) < m ™.

3a3HaunMO, TeOpeMoIo 1 OXOIIeHuil TaKOXK BUIAI0K d = 1, 1 onTUMa/JIbHUMU
; r . Hd. d
B CeHci ojleprKaHHs HOPsAJIKOBUX 3HaUeHb Jyis Besuniun o, (SB) o HY Ly (19)) B
TeopeMi €, TakK 3BaHi, g-IpiJl allpOKCUMaHTH BUIJIALY

GL(fiz) =Y (fiha)ha(z), m=1,2,..,

ag A

ae = (21,...,7q) € 1% (f hy), o € Z, — xoedinientn Oyp’e bynxuii f 3a
cucremoro HY, a MHOKIHA AIJ?aX BU3HAYAETHCS, 13 3a/1ydeHHAM QPYHKINT f € Lq(]ld))
3 ymoB AP =m i

min{[[(f, ha)hally, @ € AP} > masc{|[(f, ha)hally, @ € Zy \ AP},

[HCTHTYT MaTeMATHKH
HAH VYxkpainu, Kuis
e-mail: vsromanyuk@imath.kiev.ua
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TouHl OIIIHKN NOXNOKM B JUHAMIYHIX CHCTEMaXx 13
ANCKPETHNUM YacOM

Basentun Isanopuu Pyban|i Ogekcanjip Osekciitopua Pyenko

JuHamiuHa cucremMa — 00'€KT, 10 CKJIAJaeThCd 3 JIBOX ejieMeHTiB. Ilepruit i3
HUX — MHOKIHA X, Ky HaJIaJi Ha3UBATHMEMO (Pa306uUM Npocmopom; TOUKN da-
30BOTO MIPOCTOPY — T€ CMAHU cucmemu. JIpyruM ejeMeHToM TUHAMIYHOT CUCTEMU
€ OJTHOTIapaMeTpUIHa I'pyTia BiobparkeHb MHOKIHN X y cebe (mepeTBopeHb MHO-
»unu X ), To6To cyKynHicTh Bigoopaxkens f': X — X, et € I C R, nupuiomy,
no-tieptre, fiT° = flo f* nna Beix t, s € I, no-npyre, 0 € I i f° — ToToXKHE
BijloOpazkenns X y cebe.

ko I € MHOXKIHA BCIX jificHnx dncest R abo Hepix eMHUX AificHnx dnces R,
MAEMO QUHAMIYHY CUuCmemy 3 Henepeperum wacom. fxio I — MHOXKHMHA BCiX
nmx yncen Z abo HeBLUE€MHIX HIINX 9nuces ZT, MaeMo QuHamivny cucmemy 3
JUCKpEMHUM YACOM.

BparkaTumemo, 1110 MHOXKMHOIO 3HAUYCHb 4acy B JMCKPETHIN JUHAMIYHINA CH-
cremi € muozkuna Z . 3posymino, mo gis t € ZT\ {0}, fi = floflo...ofl ne
CyTIepIo3uIio 3actocoBano (t — 1) pas.

Touxy xg, ana axoi xg, f (zo),..., f™ 1 (xg) — nomapno pisui eementTn i
f (xg) = g, HABUBAIOTH NEPIOIUUHON MOUK0NW Nepiody m. MHOKUHY TUX €je-
MEHTIB OyJeMO Ha3UBATH IIUKJIOM MOPSIKY M.

B poboti [1| mocikyBaiack 9acoBa CKIaIHICTh TUHAMITHUX CHCTEM 3 JIHC-
KPETHUM YaCOM.

B naniit poboTi po3IJIAHYTO JMHAMIYHI CUCTEMH 3 KOMII IOTEPHUMHE JificHUMU
32-6iTHumu uncaamu Gopmary IEEE 754. Ix BignocHo Masa KijgbkicTs j103Bosisie
PO3POOJISITH AJTOPUTMU TOTHOIO OOUHMCICHHSI BaXKJINBUX ITIapaMeTPiB iTepaliitHmx
IIPOIIECIB, & caMe MOPSJIKA BCIX MOKJ/IMBUX IUKJIIB, JIIaMEeTPIB IUKJIIB K MHOXKUH,
3aJIE’KHICTD JIiaMeTPIB IUKJIIB Bijl oYaTKOBOI yMOBH. OOUYUC/TIOIOTHCS TAKOXK Ma-
KCUMaJIbHa TOYHICTH CUCTEMH B 3aJIe?KHOCT1 BlJI II0YaTKOBOI YMOBH, MIHIMaJIbHa
Ta MaKciMaJibHa KIJIBKICTb iTepalliil, siKi HOTpiOHI M JOCATHEHHsI HeoOXiTHOI
TOYHOCTI.

1. B. I. Pyban. HacoBa ckJ/1aJHiCcTh aJI'OPUTMIB IIOBHOI'O JIOC/IiIKEHHsI JIMHAaMI-
YHUX CHCTEM i3 JIMCKPETHUM YACOM, BU3HAYEHIUX HA CKIHICHHIN MHOYKWUHI CTaHIB /

B. I. Py6an, O. O. Pynenko // Bicuuk [dninponerposeskoro yu-Ty. Maremaruka.
— 2016. — Bum. 21. — C. 95-98.

Dniprovski National University
e-mail: dnu.maitf@gmail.com
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HabJimxkennsi cymamu @yp’e Kiacis
AudepeHIiiioBHnX cbyHKum BUCOKOI IVIaJIKOCTI B
PIBHOMIPHII MeTpPH’IIi

A.C. Cepmaiok Ta [.B. CokoJjienko

Hexait C'1 L,, 1 < p < 00, — npocropu 2m-IepiondHux AillcHOZHATHUX
dbyukuiit 31 crampapranvu Hopmami || - [[o 1 || - |-

Hepes W ,,r > 1, g eR,1<p< oo, noznaunmo Kiacu Beitig-Hagsi, To6To
MHOYKIHHI BCIX 27r-11epioanannx PyHKINH f, SKi 300pasky0ThCs Y BULISIII 3TOPTKN

on) 1 [ - T ﬁ
f(ﬂi):3+;/s0(x—t);k os (k=) it e R el <1 oL

—T

HocmimKyeTbed 3ajiada Mpo 3HAXOMKEHHS CUILHOI aCUMITOTUKN BEJTNINH

EWs )0 = S 1f = Sna(Hlle, (1)

EWﬁp

ne S, 1(f) — uactunna cyma @yp’e dynkuii f nopaaxy n—1, npun+1 < r < n?
Teopema 1. Hexatil <p<oo, SE€R in €N. Todi npun+1<r <n?
PIBHOMIPHO BIOHOCHO BCIT PO3AAYBAHUL NAPAMEMPLE

TL_T<W+O(TH e r/n)) p:1,

<||Cosf|pF (2’ 271 _27”/")4—0(7% e r/n))) 1<p<oo,

de ]% + ]% =1, F(a,b;c;z) — 2inepeeomempuuna dynruis [aycca:

Sk

F(a,b;c;2) Z ik L () =z(x+D(z+2)...(r+k—1).

[Ipu p = 0o Teopema 1 Bummsae 3 poboru C.B. Creukina [1].
OnepkaHa Teopema JOTMOBHIOE De3yJIbTaTH aBTOPIB [2|, e, 30KpeMa, I J10-
BibHEX 1 < p < 00 OyJI0O BCTAHOBJIEHO CUJIbHY aCUMITOTHKY Besndnd (1) y

BUNIQJIKY T > n2.
[1] Creukun C.B. Ouenxa ocmamxa pada Pypve dan Juddepenuyupyemor dyrnkuud // pubmukenue
dyukmmit nomuHoMamu u crtaitnamu, Coopauk crareit, Tp. MUUAH CCCP. — 1980. — 145. — C. 126-151.

[2] Serdyuk A.S., Sokolenko I.V. Approzimation by Fourier sums in classes of differentiable functions with
high exponents of smoothness // arXiv:1906.02531.

[HCTHTYT MaTeMATHKY [HCTHTYT MaTeMATHKN
HAH VYxkpainn HAH VYxkpainn
e-mail: serdyuk@imath.kiev.ua e-mail: sokol@imath.kiev.ua
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Haiikpari nadmxkeHHda (pyHKIli 6araTbox
3MIHHHX Yy IIPOCTOpax 31 3MINIaHOIO 1HTEerpaJibHOIO
METPUKOIO

Mapuna €srenisaa Tkauenko 1 BikTopig Mukomnaisna TpakTuncbka

[.C. CMupHOB BUBYaB IIUTAHHS XapaKTepu3allil eJJeMeHTa HallKPaIoro Hao. -
JKeHHsT (PYHKILN JIBOX 3MIHHUX Y IIPOCTOpPaxX 31 3MIMIAHOK IHTEI'PAJILHOIO METPH-
Kot0. Mu y3arajgbHI/IN #0ro pesyybTaT Ha BUINAJI0OK HECUMETPUIHIX HAOJIMKEHD
dyHKIIiil baraTbox 3MIHHUX.

Hust Bexkropa p = (p1,p2,---,Pn), 1 < pi < 00,1 < i < n uepe3 L; =
L;(K) 6ynemo nosuadarn npoctip cymoBHux Ha K dynkiiit n svinnux f(z) =

f(x1,...,2,) 3 HECUMETPUIHOIO HOPMOIO
1
% % Pn
I, I 1
[Toxkaaemo
1
et it
Tit1

mel<k<i, 1<i<n.

Teopema. Hexali 1 < p; < oo, 1 <i<mn,aH, =span{p,...,on} 0 de-
AKOT cucmemu A0 Hesaneschur GynKuit {e1, . .., om} C Ly.Jaa mozo, wob
noatnom P € H,, 6ye esemermom natixpawsoeo (o, 5)-HaAOAUNCEHHA Y NPOCTMODI
L;(K) dna dpynxuii f ¢ H,, neobxiono i docmammnsbo 8UKORAHHA CNI66IOHOUEHHA

/Pm(x)g(x)daz =0, VP,(x)€ Hpy,

K
de
*pll * |[P2—D1 % |Pn—Dn—1 *
= Palas 1f = Palpias 1 = Pl as 58000 (f = Pr),
— %
g(x) — ‘f P |p17._.7pn 7é 07
" =0
‘f P |p17 -Pn ’
JIHITpoBCHKMIT HAIIOHAIBHUN YHIBEPCUTET JIHITpPOBCHKMIT HAIIOHAJILHAN YHIBEPCUTET
imeni OJiecsa [orgapa imeni Ouiecs ['ongapa
e-mail: mtkachenko2009@Qukr.net e-mail: traktynskaviktoriia@gmail.com
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XapaKkTepusaliisd MiJIIPOCTOPIB €ANHOCTI eJIeMeHTa,
HaliKpaIroro («, J)-HabJMXeHHs 3 Barolo

Mapuna €srenisua Tkadenko Ta Biraniit Oneropund TpaxkTuncbKuii

Posrnsmaernest npoctip C(Q, X)) HenepepBHUX HA METPUIHOMY KOMITAKTI ()
dbyukiii 31 3aavenasivu y KB-tipocropi X 3 Hopmoro || - || x. Hepes © nosuadmmo
MHOXKIHY BCIX p-BUMipHEX gificnux dyukiiil § na @ rakux, mo 0 < inf{f(z) :
r € Q) < sup{f(z) : z € Q} < 00, e u — HeBiM'eMHA, CKiHYeHHA, HE3aTOMHA
Mipa, J0JiaTHa Ha Oy/Ib-sIKiil HeIOPOXKHIN BIAKPUTIH MiMHOKIHI ().

Y mpocropi (Q X) yBejeMo  HecUMeTpPHUHY  BaroBy  Lji-HOpMY

1 llsp:08 = f9 W @) xzapdp(z), ne [|f(@)|lx0s = lla- fr(z)+ 8- f-(2)llx,

fe(z) = (:I:f(x)) V0, a>0,6>00¢c0.
[Hosnaunmo Zy = {z € Q : f(z) =0}, Ny = Q\Zy.
Hna f, g € C(Q, X) noxaagemo

00 gy = tim, 119 ins ~ W@l

Hexait H — ckinuennomipuuii mignpoctip C'(Q, X),
H={heC@Q,X): FJgoeH VreQ hzx)==+gy(x)}.

Ckingennomipuuit mignpoctip H C C(Q, X) HasuBaerbest A-T1iipocTopom,
skiio Vh € H'\ {0} snaitnerses dbyukiis g € H taka, 1110
(i) g(x) = 0 maitxKe Bcrojm Ha Zp;

(ii) 7 (o ’5)(h(x), g(x))x > 0 maitxke Bcrogn Ha Np,, Ta 1151 HEPIBHICTH € CTPOrOIO
Ha, TJIMHOXKIHI MHOXKUHK N}, JTOZATHOI MipH.

Knac H' i mousirrst A-tipoctopy BBiB Lanc Hltpayc mig @ = [a,b], X = R,
a = [ = 1, Aagpeac Kpoo yzaraJbHUB 010 pe3yjabTaT Ha BHIIAI0K, Koan () €
kommnakToMm B R”, a X — banaxoBum npocropoMm. HacrymHa Teopema € po3IoBCIO-
JokerHsaM pesyiabraTi [anca IlTpayca ta Angpeaca Kpoo na Bumajok necume-
TpudIHOTO Hab/mKenHst hyHKIiil mpoctopy C(Q, X).

Teopema 1. Hexati X - cmpozo Hopmosanuti eaadxuti KB-npocmip 31 cmpozo
MOHOMOHHOW Hopmoto, H — cxinwennomiprut nidnpocmip C(Q, X). Todi das
moeo, wob kootcrna Ppynkyia f € C(Q, X) mara edunuti eaemenm watikpau,020
(c, B)-nabausicernna 3 eazoro 0 € © eaemenmamu nidnpocmopy H das 6ydv-sarol
saeu 0 € ©, neobxidno 1 docmammnvo, wob H 6ys A-nidnpocmopom.

JIHinpoBCchbKUil HAITIOHAIBHUI YHIBEPCUTET JIninpoBchbKuii HAITIOHAJILHUN YHIBEPCUTET
imeni Oustecst [onaapa imeni Outeca [onaapa
e-mail: mtkachenko2009@Qukr.net e-mail: traktynskyivitaliiQgmail.com
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3acToCcyBaHHs y3arajJbHEHIX MOMEHTHIX
300pakeHb g0 No0ya0Bu OaraToBUMIPHIX
OaraToToukoBHUX anpokcuMaliiii tuny Ilazge

JI1.O.YepHenbka

3acToCOBAHO y3araJibHeHI MOMEHTHI 300parkKeHHsI JI0 BUBUEHHsI DAaraToOBUMIip-
HUX OaraToToYKoBUX alpokcuMariiit Tumy Ilae.

CdopmymroemMo o3HaveH s JBOBUMIPHOI JIBOTOYKOBOI allpoKcuManTn Tuiry [la-
Tie.

Hexait dbynxiig gsox sMinnmx f € anagitnanoo B obmacti D C C?, mo wmi-
ctuth TouKu (zg, wo) = (0,0) Ta (21, w;) 1 pO3BUBAETHCA B OKOJII IMX TOYOK B

CTEIeHEeBl psJin
(0 ¢)
= E s;ﬁmzkwm

k,m=0
Ta, .
f(z,w) = Z s,(ﬂla)n(z — 2)F(w —w)™
k,m=0

Byjiemo HazuBaTn JBOBUMIPHOIO JIBOTOUKOBOIO allpokcuMaHToro Tumy Ilage dyn-
KIlil f parioHaJbHy (QPyHKIIIO

N/Diy < (0.0), (z1,w1) Zw) _ Dy(zw)

o, &1 Qp(z,w)’
e
PN Z pkmzw ,QDZUJ Z kazw
(k;m)eN (k,m)eD

TaKy, 1110 MalOTh MicIle PO3BUHEHHS

> ek,mzkwm mpu (z,w) — (0,0),
f(z w)—M _ (k;m)€Z3\&
| oz, w) 2 e,(;}n(z — z1)F(w — wy)™ upn (z,w) — (21, w1).

(k;m)eZ3\&

The Institute of Mathematics of NASU

e-mail: liliia.cher.lilila@gmail.com
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AnpoKcuMaTHBHI XapaKTepUCTUKU (PpyHKIIA 3
kuacie Hikonbebkoro-Becosa ST, B(R?)
9

Cepriit fkoBuu SHUYEHKO

Y JIOTOBiII ITUMETBhCS TTPO TOYHI 3a TMOPSIJIKOM OIIHKM HAOJIMXKEeHHsT (PYHKITIi
3 kiacie ST, B(RY) 1] 3a jomomororo 1imx hbyHKI eKCIOHeHIIAILHOTO THITY 3
TEBHIME OOMESKEHHSIMI I10JI0 IXHBOT'O ‘‘CIIEKTPY .

Hexait L,(R?), 1 < ¢q < oo, — upocrip sumipuux ¢ynkuiii f(x) =
f(x1,...,24) BusHauennx na R?, d > 1, 3i crangapTHOIO CKiHUEHHOI HOPMOIO.

Haui, nexait £ C Z¢ — nesika ckinvenna muozkuna, 9 = M(L) = Usez @3
Je s € Zi 1 Q;s = {)\ = (/\1, ...,)\d)i 77(83')251'71 < |)\J| < 28j,)\j eR, j= 1,d}
Toui mist f € Ly(R?), 1 < g < 00, nozuaunmo

Si)ﬁ(fvw) — 25;(f7$)7

sel
ne 05(f, ) = § ' (Xy. - 8f), Xy, — XapakTepncrnana QYHKIig MHOKHHE (s,
25 25
aFfig 'f BignmosigHo mpsMe it obepHeHe nepersopennsa Pyp’e GyHKIIT f.
s f € Ly(RY) posriisinemo allpoKCUMATHBHY XapaKTePUCTUKY

S, (f),= . inf f() = Sm(f,-)l,

L: mes MM
i s STyB(RY) C Ly(R?) mosuasimmo

‘3 T _ 3
ey (SpeB), = sup ey (f
ner=(ry,...,rq),0<ri=---=1r,<r, < <1y
CupaBeJlyinBe Take TBepPJIZKEHHS.
Teopema 1. Hexatiry > 1, 1 < 60 < 0o, modi

€3 (ST,B) =< (M log”™" M)" " (log" ™ M)* 7.

Poboma suxonana 3a wacmxosoi niompumru epanmy HAH Vrpainu docaidnuyvrum aabo-
pamopiam/epynam morodux ewenur HAH Ykpainu das nposedenns docaidocens 3a npiopume-
MHUMU HANPAMAMU POZBUMEKY Hayky i mexniku y 2019 p., npoexm N 04—-02/2019.

1. Amanos T. U. Teopembr ipejicTaB/IeHnsT U BJIOYKEHUS /11 (DY HKITMOHAIBHBIX TIPOCTPAHCTB
SYB(R,) n Sy B (0 < x; <2mj=1,...,n). Tp. Mar. m-ra AH CCCP, 1695, T. 77, C. 5-
34.

2. Wang Heping, Sun Yongsheng. Approximation of functions in S’Ti, STH by entire functi-

ons. Approx. Theory and its Appl., 1999, V.11, N4, P. 88—93.
[HCTUTYT MaTEMATHKY

HAH VYxkpainn
e-mail: yan.sergiy@gmail.com
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