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Bernstein-Nikolskii-type inequalities for algebraic
polynomials in Bergman space

F.G. Abdullayev

Let C be a complex plane and C := C U {oo}; G C C be a bounded Jordan
region with boundary L := G such that 0 € G; Q := C \G = extl; A =
A(0,1) := {w: |w| > 1}. Let w = ®(2) be the univalent conformal mapping of
2 onto A such that ®(co0) = oo and lim,_, @(Zz) >0;UV:=d ! For R>1, we
take L := {2z : |®(2)| = R}, Gg := intLg and Qp := extLg. Let @, denotes the
class of all algebraic polynomials P, (z) of degree at most n € N.

Let {z;};_, be the fixed system of distinct points on the curve L. For some
fixed Ry, 1 < Ry < 00, consider generalized Jacobi weight function h (z) which is
defined as follows:

m
= H |z — 2|V,  z€Gpg,,

where v; > =2, for all 7 =1,2,...,m
Let 0 < p < o0 and ¢ be the two-dimensional Lebesque measure. For the
Jordan region G, we introduce:

1/p

1Bl = 1Pl gy = // Pdo.| L 0<p< oo,

1Pl = = HPnHAOO(LG) = me%X‘Pn( z)|, p= o0,

and A,(1,G) = A,(G).
We study the following

1P x < Xa(G B p) | Pally

Bernstein (X =Y = Ay )-Markov (X =Y = A,,p > 0)- type and Nikolskii
(m=0;X=A4,Y =A4,, 0<p<q<oo) - type inequalities in Bergman space
for all polynomials P, € @, and any m = 0,1, 2, ..., where A, := X, (G, h,p, m)> 0,
Ap, — 00, n — 00, is a constant, depending on the geometrical properties of the
region GG and the weight function A in general.

Kyrgyz-Turkish Manas University, Kyrgyz Republic,
Mersin University, Turkey
e-mail: fahreddin.abdullayev@manas.edu.kg



Jackson type inequalities in
the Musielak-Orlicz type spaces

F.G. Abdullayev, S.O. Chaichenko, A.L. Shidlich

Let M = {Mg(u)}rez, u > 0, be a sequence of nondecreasing convex functi-
ons, My(0) =0, Mg(u) — oo as u — 0o. The modular space (or Musilak-Orlicz
space) S is the space of 2m-periodic Lebesgue summable functions f, defined on
the real axis such that the following quantity (the Orlicz norm of f) is finite:

Il = sup { SOAFR) s A= 0, D MuOw) <1,
keZ keZ
where f(k) = = 027T f(x)e **dz are the Fourier coefficients of the function f.
Consider the set @ of all continuous bounded nonnegative pair functions ¢
such that ¢(0) = 0 and the Lebesgue measure of the set {t € R : ¢(t) = 0}
is equal to zero. For a fixed function ¢ € ® and for any f € Sy, we define the

generalized modulus of smoothness w,, of a function f € Sy by the equality:

wa(f,8)7, = sup sup { S Ml FR) 2 M= 0, Y M) < 1}, 5>0.

Iy kez ke

For any function f € Sy, denote by E,( f);/I its best approximation by the
trigonometric polynomials of the order n — 1 in the space Snp.

Let M(7), 7 > 0, be a set of bounded nondecreasing functions p that differ
from a constant on [0, T].

In the following assertion, we present the Jackson type inequalities in the
spaces Sy with the constants that are the best possible in some important cases.

Theorem. Assume that f € Snp. Then for any >0, n € N and o € ®, the
following inequality holds:

T

Bulflyy < Cnplm (1.7

n

where

T

Con(r) = int MOZHO p oy / go(k—u)dﬂ(u). (1)

HEM(T) In,go(Ta U) ’ keN:k>n n
0

There exists a function p* € M(T) that realizes the greatest lower bound in (1).

Kyrgyz-Turkish Manas Donbas State Institute of Mathematics
University, Mersin University Pedagogical University of NAS of Ukraine
e-mail: e-mail: e-mail:
fahreddin.abdullayev@manas.edu.kg  s.chaichenko@gmail.com shidlich@gmail.com
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Widths of functional classes defined by majorants
of generalized moduli of smoothness in S?

F.G. Abdullayev, A.S. Serdyuk, A.L. Shidlich

Let 8P, 1 < p < oo, be the space of 2m-periodic complex-valued Lebesgue
summable functions f, defined on the real axis (f € L) with finite norm || f||, :=
(> kez |F(k)[P)M/?, where f(k)= O%f(:c)e_ikxg—ﬁ are the Fourier coeflicients of f.
Let also v = {9(k) }rez be a sequence of complex numbers. If ), (k) f(k)ek
is the Fourier series of a certain function F' € L, then F' is called v-integral of f.
In turn, the function f is called the v-derivative of the function F' and is denoted
as f = FY. The set of ¢-integrals of f € S is denoted as LYSP.

Further, let ® be the set of all continuous bounded non-negative pair functions
©(t) such that p(0) = 0 and mes{t € R: ¢(t) =0} = 0. Let also M(7), 7 > 0,
be the set of all functions p, bounded non-decreasing and non-constant on [0, 7].
For a fixed ¢ € ®, define the generalized modulus of smoothness of f € SP by

~ 1
ool )y = s (Suen @ WRITROP) 120
and the average value of w,(f,t), with the weight ;1 € M(7) by the equality

Qu(f, 7, 1,u), = <m/ouwp(f t) du(Tt)> /p, u > 0.

For arbitrary fixed ¢ € &, 7 > 0 and u € M(71), we set

Lw(QO,T,/L,Tl)p = {f c LVSP . Qw(fd’,T,,u,T/n)p <1, ne N}.

Theorem. Let1 <p<oo, 7 >0, Y ={Y(k)}rez be a sequence of complex
numbers such that |Y(k)| = [ (=k)| > |[¢(k + 1)|, the function ¢ € ® be non-
decreasing on [0, 7] and p € M(7). Then for any n € N and N € {2n — 1,2n},

(Mﬂ—u@ Mﬂ—umv”%MMh

1/p
g) W@NSPWQW%ﬂmnMSWS(

fo @p M( In,%p(Tv ,LL)
where I ,p(T, 1) = . I1\Inkf Jo P8 (B)du(t), and Py is linear, projectz've
eN:k>n
Bernstein or Kolmogorov width. If, in addition, I,, , (T, 1) fo , then
1/p
) — M(O)
P(L (o) = (0 V().
Jo er()dp(t)
Kyrgyz-Turkish Manas Institute of Mathematics  Institute of Mathematics
University, Mersin University of NAS of Ukraine of NAS of Ukraine
e-mail: e-mail: e-mail:
fahreddin.abdullayev@manas.edu.kg  sanatolii@ukr.net shidlich@gmail.com
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Korneichuk—Stechkin Lemma for L-space Valued
Functions and Some Applications

V.F. Babenko, V.V. Babenko, O. V. Kovalenko

We prove an anlogue of the Korneichuk—Stechkin lemma for functions with
values in L-spaces. As applications, we obtain sharp Ostrowski type inequalities
and solve problems of optimal recovery of identity and convexifying operators, as
well as the problem of integral recovery, on the classes of L-space valued functions
with given majorant of modulus of continuity. The recovery is done based on
n mean values of the functions over some intervals. Moreover, on the classes
of functions with given majorant of modulus of continuity of their Hukuhara
type derivative, we solve the problem of optimal recovery of the function and the
Hukuhara type derivative. The recovery is done based on n values of the function.
We also obtain some sharp Landau type inequalities and solve an analogue of
the Stechkin problem about approximation of unbounded operators by bounded
ones and the problem of optimal recovery of an unbounded operator on a class
of elements, known with error. Consideration of L-space valued functions gives a
unified approach to solution of the mentioned above extremal problems for the
classes of multi- and fuzzy-valued functions as well as for the classes of functions
with values in Banach spaces, in particular random processes, and many other
classes of functions.

Dniprovski National Drake University
University Des Moines, USA
e-mail: babenko.vladislav@gmail.com e-mail: vera.babenko@gmail.com

Dniprovski National
University
e-mail: olegkovalenko90@gmail.com



Optimal recovery and best approximation in
function L-spaces

V.V. Babenko, V.F. Babenko

We consider the problem of approximation of unbounded positively
homogeneous operators in L-spaces using Lipschitz operators. In this talk, we
discuss its connection to the problem of computing modulus of continuity of the
unbounded operator on the class of elements, as well as, to the problem of optimal
recovery of an unbounded operator by a Lipschitz one on the class of elements
given with an error. As applications, we consider the problem of approximation
of unbounded operator, that for functions with values in some L-space puts in
a correspondence Hukuhara-type derivatives, by Lipschitz operators. Further, we
discuss the solution of the problem of the optimal recovery of this operator on the
class of functions that have Hukuhara-type derivative with the given majorant of
the modulus of continuity:.

Drake University Dnipro National University
e-mail: vira.babenko@drake.edu e-mail: babenko.vladislav@gmail.com



Sharp Inequalities for the Norms of Multiple
Closed Operators on Hilbert Space

V.F. Babenko, Yu.V. Babenko, N. A. Kriachko, D.S. Skorokhodov

We present a unified approach to obtain sharp mean-squared inequalities of
Hardy-Littlewood-Polya and Taikov types for multiple closed operators acting
on Hilbert space that is based on the paper [1]. As direct consequences, we
demonstrate how sharp multiplicative forms of these inequalities can be deri-
ved. We apply our results to establish new exact inequalities for the norms of
powers of the Laplace-Beltrami operators on compact Riemmanian manifolds that
include the well-known Taikov and Hardy-Littlewood-Polyd inequalities for functi-
ons defined on a period and on d-dimensional sphere as particular cases, and on
d-dimensional space as a limiting case. Among other applications of our results
we consider the problem of the best approximation of unbounded operators by
linear bounded ones and the problem of the best approximation of one class by
elements of another class.

In addition, using a technique unrelated to above results, we prove sharp
Solyar-type inequality for unbounded operators.

Theorem 1. Let H be a Hilbert space over C, X be a Banach space over C
and X* be its dual. Let A : X — H be closed operator with domain D(A) having
closed range and A* : H — X* be its dual operator. Then, for everyx € D (A*A),

1Az7 < llollx]|A" Azl x-.

This inequality is sharp in the following sense

A 2
wp AslE
agker 4 || || x[|A* Az | x-

Above result relies on its analogue for bounded operators established in
paper |2]. Also, we obtain consequences of Theorem 1 for powers of Laplace-
Beltrami operators on compact Riemannian manifolds.

[1] V.F. Babenko, A. A. Ligun, A. A. Shumeiko, On the sharp inequalities of Kolmogorov
type for operators in Hilbert spaces. — Visnyk DNU, Ser.Matem., — 2006. — 11. — P. 9-13.

[2] V. Babenko, O. Samaan, On inequalities of Kolmogorov type for operators acting into
Hilbert space and some applications. — Visnyk DNU, Ser. Matem. — 2003. — 8. — P. 11-18.

Oles Honchar Kennesaw State

Dnipro National University University

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

Oles Honchar Oles Honchar

Dnipro National University Dnipro National University

e-mail: nadiakriachko@gmail.com e-mail: dmytro.skorokhodov@gmail.com



Study of Padé-type approximants for
pseudo-twovariate functions

L..O. Chernetska

Generalized moment representations are used to study the so-called pseudo-
twovariate functions

~ ~

f(z,w) _ i igk+mzkwm _ Zf(Z) —w (w>,

Z—w

where

k=0
We construct Padé-type approximants explicitly for Humbert confluent
hypergeometric series

flzow) = (L, Lv+0+2,2,w0) =

21 (Lv+o+2;2) —w Fi(Lv+ o0+ 2;w)

= ,v,0 > —1.
2 — W
We consider the partial case for v + o0 = —1:
we’ — ze?
flz,w) = ——.
w—z

The Institute of Mathematics of NASU
e-mail: liliia.cher.liliia@gmail.com



Best approximation constants for trigonometric
functions

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 = G, =it {Ilf = Cll,: 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. The hypothesis of the monotonicity of
these sequences for the functions of monotonic and convex ones was put forward.

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 changes the direction of convexity and monotonicity. Trigonometric
functions were considered.

Some of the results: for functions 1) f(t) = sint on the segment [0, 7],
2) f(t) = sint on the segment [0,7], 3) f(t) = sin3t on the segment [0, 7]
the sequences of the best-approximation constants {C,(f)} have a monotonous
behavior.

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

Oles Honchar Dnipro
National University
e-mail: chernitskaya.olga@ukr.net
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Spectral Convergence and Stability of a B-Spline
Method for Heat Equation

O. Davydov

We consider Galerkin discretization of the heat equation

%u(w,t) — Au(z,t) = n(x,t), t >0, u(x,0)=uy(x), =cQ=(01)7
with either periodic or homogeneous Dirichlet boundary conditions, using tensor
products of the spaces X of 1-periodic splines of degree p with equidistant
knots th, 7 =1,..., N, or respectively, the spaces Xg P of splines vanishing at the
endpoints of [0, 1]. Tensor product B-splines are used as basis functions.

Spectral (exponentially decaying as p — oo) error bounds are obtained for
the semi-discrete approximate solutions under appropriate assumptions about the
smoothness of the data n and ug, as well as for the solution obtained after applying
the #-scheme in time.

In addition, we investigate conditions for the stability of the time stepping
scheme in the case 1/2 < 6 < 1, and show that the largest CFL constant o that
guarantees stability of the §-scheme when the time step dt satisfies 6¢/h* < o is
given in the periodic case by

2K2p+1 16
< 1
(29 — 1)d772K2p_1 o (29 — 1)d7‘(’4’ ( )

g =

where K,, denotes the Favard constant. In the Dirichlet case the CFL constant
satisfies

7= 20 - Ty i) @)

where ng is the L?-norm Markov constant for Xg P defined by

h7
8, = sup{[[v 20 2 v € X2, (ol o) < 1. (3)

7'('2

2(20 — 1)d(p + 2)*
numerical evidence suggests that o behaves as ¢/p* when p — oo if h is sufficiently
small. Knowing more about asymptotic behavior of ,ugp as h — 0 and p — o0
would help to provide better estimates of ¢ in this case.

This is a joint work with Mark Ainsworth and Hongrui Wang.

Since hup, < 2(p + 2)*/, it follows that o > . However,

JLU University of Giessen
e-mail: oleg.davydov@math.uni-giessen.de
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Adaptive approximation by sums of piecewise
polynomials on sparse grids

O. Davydov, O. Kozynenko, D. Skorokhodov

Let Q ¢ R d > 2, be a bounded domain. We call a partition A of Q convex
if every cell w € A is convex. For N € N, denote by Py the set of all convex
partitions of {2 comprising at most N cells.

For a function f € L,(2) we define its N-term approximation error by

N
on(f, D), = giep’iiriiin‘ f— ;cigi L) where ¢; € R fori = 1,..., N and
D is an arbitrary set of functions in L,(Q2) (dictionary). In our case of piecewise
constant approximation, we consider dictionaries: D¢ — set of characteristic functi-
ons of arbitrary convex sets, and Dg — set of characteristic functions of arbitrary
simplexes.

It is easy to see that on(f, De)oo = % for any measurable function.

[t has been shown in [1] that piecewise constants on a partition which consi-
st of N convex polyhedra provide the L,-approximation order O(N~%(4+1)) for

functions from Sobolev space qu , where d is the number of variables, 1 < p < oo

and 1 < g < oo satisty inequality d%l + 1—1) — % > 0. This order cannot be further

improved for any function whose Hessian is positive definite at some point [2]. This
implies on (f, Dg) = O(N?@*D) for such functions. Although still suffering from
the curse of dimensionality, this bound is significantly better than the standard
order O(N -1/ 4) expected from piecewise constants on isotropic partitions.

On the other hand, it is easy to see that piecewise constant sparse grids
approximation implies oy (Dg), = O(N~'In**"Y N) for functions in Sobolev
spaces with dominating mixed derivatives. We improve this bound and show
that piecewise constant sparse grids approximation as linear combinations of
Haar tensor product functions leads to to onx(Dg), = O(N'In*"1/2 N) for
1 < p < oo Case d = 2, p = 2 was previously proved in [3|. Also, using a
modification of the sparse grid approximation by employing some techniques of
[1-2], in the 2D case we improve this error from oy (f, Dg)ee = O(N~'In* N) to
on(f,Ds)oe = O(N1In N).

1. O. Davydov, O. Kozynenko, D. Skorokhodov, Optimal approximation order of piecewise

constants on convex partitions, arXiv:1904.09005.

2. O. Davydov, Approximation by piecewise constants on convex partitions, J. Approx.
Theory, 164 (2012), 346-352. doi:10.1016/j.jat.2011.11.001

3. P. Oswald, On N-term approximation by Haar functions in H*-norms, in Approximation
and Fourier Series (S. M. Nikolskij, B. S. Kashin, A. Izaak, eds.), AFC, Russian Academy of
Science, 1998

University of Giessen Oles Honchar Dnipro National University
e-mail: Oleg.Davydov@math.uni-giessen.de e-mail: kozinenkoalex@gmail.com,
dmitriy.skorokhodov@gmail.com
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The Abstract Approximations of the Identity

G.A. Karagulyan, [.N. Katkovskaya, V.G. Krotov

Let X be the metric space with metric d and Borel measure u, such that
da, >1 p(B(x,2r)) <aupu(B(z,r)), xzeX,r>0,

31C,Co > 1 p(B(x,Cir)) > Cop(B(z, 7)), ze€X,r>0.
The following weak type inequality is true

p{NAf > A} < (C, + CP) (%) L A>0, fe LX)

Here
Fif(@) = [ el 1) duto)
X
Naf () = sup{|Fif(y)] : d(z,y) < At)},
where the function A : (0, 1] — (0, 1] increases, A(4+0) = 0,

1/q

Cti= swp suplu(B A | [ e oldu) |
te(0,1] xeX A®)

forl<p<oo, 1/p+1/qg=1,

C) = sup sup u(B(z,A(t))) sup @iy, 2)|
te(0,1] zeX y,2€B(xz,A(t))
and

Cp := sup sup ||y (2, )| 1 (x) »
te(0,1] zeX

where
i (z,y) = sup{|p(z, 2)| : d(z,y) < d(z,2)}.

Our inequality give exact form of Fatou domains for many classic approxi-
mations of the identity.

Institute of Mathematics of NAS RA Sakharov Institute, BSU
e-mail: g.karagulyan@gmail.com e-mail: katkovskaya.irina@mail.ru
BSU

e-mail: krotov@bsu.by
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On Some Finite Difference Properties of
Conformal Homeomorphisms

O.W. Karupu

Let G1 and G5 be the simply connected domains in the complex plane bounded
by the smooth Jordan curves I'y and I's. Let 7(s;) be the angle between the
tangent to I'; and the positive real axis, s1(z) be the arc length on I'y. Let 75(s5)
be the angle between the tangent to I'y and the positive real axis, so(w) be the
arc length on I'y. Let w = f(2) be a homeomorphism of the closure G of the
domain G4 onto the closure G5 of the domain Gs, conformal in open domain Gj.

Let wy.(f(2),d) be a noncentralized local arithmetic modulus of smoothness
of order k (kK € N) of the function w = f(z) at a point z on the curve ~y
(see [1]). Let consider the integral modulus of smoothness of order k for the
function w = f(z) on the curve 7 introduced [2]| by the formula &k (f(z),0) =

1/p
(f [wk,z(f(z),é)]pd)\(z)> , 1 < p < 400, k € N, where A(z) is the linear
0}

Lebesgue’s measure on the curve.
Let integral moduli of smoothness @wy(71(s1),9) and Wi (72(s2),0) of order k
(k € N) for the functions 71(s1) and 7»(s2) satisfy conditions wg(7i(s1),0) =
Ow(9)) (0 — 0), Wr(1a(s2),0) = O(w(9)) (6 — 0), where w(d) is normal
l

majorant satisfying the condition [ @dt < 4o00. Then integral modulus of
0

smoothness wy(f/'(z),0) of the derivative of the function w = f(z) on I'; sati-
sfies the condition Wi (f'(2),6) = O(a(6)) (6 — 0), where o(9) is some integral
majorant.

In partial case (see [3]), when integral moduli of smoothness Wy (71(s1),d) and
Wk (12(82),0) of order k satisfy Holder condition Wy (711(s1),9) = O(6*) (§ — 0)
and Wy (m2(s2),d) = O(0Y) (§ — 0), 0 < a < k, integral modulus of smoothness
Wr(f'(2),0) on I'y satisfies Holder condition with the same index «.

[1] P. M. Tamrazov, Smoothnesses and polynomial appoximations, Kiev:
Naukova dumka, 1975. [in Russian|.

2] P. M. Tamrazov, Finite difference identities and estimates for moduli of
smoothness of composite functions, Kiev: Institute of mathematics of Ukrainian
Academy of sciences Publishers, 1977. [in Russian].

[3] O. W. Karupu On some properties of integral moduli of smoothness of
conformal mappings, Bulletin de la société des sciences et des lettres de Lodz.

Recherches sur les déformations. LXII (2012), no. 2, 111-116.

National Aviation University
e-mail: karupu@ukr.net
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Asymptotics of Approximation of Functions from
Lipschitz Classes by Conjugate Poisson Integrals

Yu.l. Kharkevych, K.V. Pozharska

Let C' be a space of 2m-periodic continuous functions equipped with the norm
I flle = max | f(2)]. Denote by W™ a set of 2m-periodic functions with absolutely

continuous derivatives up to order r — 1 such that esssup ‘ f (’“)(t)‘ <1
t

The set of functions that are conjugate to those from the class W is denoted

by W'. That is W' {f f(z) = f flx cotidt, f e WT}. Any
f € C is contained in the class Lip 1, if th,tg eR |f(t1) f(ta)] < |t1 — tol.
The quantity P,(f;z) = P,(f;2) = —= f flz+1) Zp sin kt dt is called
k=1

the conjugate Poisson integral of the function f.

Approximation properties of the method of approximation by Poisson integrals
on the classes of differentiable functions are well studied (here we mention the well-
known names of Natanson, Timan, Malei, Stark, Baskakov, etc.). Simultaneously,
on the classes of conjugate functions this method is studied not enough. Here
we mention the papers by Nagy [1] and Baskakov [2|. The talk is devoted to
the results on the Kolmogorov—Nikol’skii problem [3], i.e. complete asymptotic
decomposition of the quantity

£ 1:P)p = s [T0) = Polf: )|

The decomposition gives a possibility to write down the Kolmogorov—Nikol’skii
constants of arbitrary order.

1. Sz.-Nagy B. Sur l'ordre de I'approximation d’une fonction par son intégrale de Poisson,
Acta Math. Acad. Sci. Hungar. 1 (1950), 183-188.

2. Baskakov V.A. Asymptotic estimates for approximation of conjugate functions by

conjugate Abel-Poisson integrals, Application of Functional Analysis to Approximation Theory.
5 (1975), 14-20. (in Russian)

3. Stepanets A.I. Uniform approximation by trigonometric polynomials, Naukova Dumka,
Kyiv, 1981. (in Russian)

Lesya Ukrainka Eastern European Institute of Mathematics of NAS of Ukraine
National University 01024 Kyiv, Ukraine
e-mail: kharkevich.juriy@gmail.com e-mail: kate.shvai@gmail.com
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On correlation sharp Kolmogorov type
inequalities with sharp Kolmogorov-Remez type
inequalities

V.A. Kofanov

We establish the theorem on correlation the sharp Kolmogorov type inequali-
ties with the sharp Kolmogorov-Remez type inequalities. As a special case, we
prove new sharp Kolmogorov-Remez and Bernstein-Remez type inequalities.

Let I5; be the unite circle which is realized as interval [0, 27| with coincident
endpoint. Denote by ¢, the 27-periodic spline of Euler of order r and let L(x), :=

sup {HxHLM [, b] C Lo, 2(t)] > 0, t € (a,b)} .

Some new results are presented in the following theorems.

Theorem 1. Let k € N; ¢ > 2, p < 1. Then for arbitrary function v € L*,
satisfying L(x), < 27 |zl z,(1,) s and any measurable set B C Ipr, pB <

B/, where X is such that Hx||Lp([2ﬂ) = H@A,H
inequality holds

Ly (Loe) 1775, the following sharp

Il 1 oo
ux“”uqsusokuq{ USVIR QNCEITRS
2| 2, 1o\ B)

where o = (k+ 1/q)/(2k + 1). The inequality become equality for x(t) = . (t)

and B = By := [4_26/2, _W;’B/ﬂ U {—W_Qﬁ/z, —Hf/?] :

Theorem 2. Letk,n € N, p >0, 8 €[0,2n). If a trigonometric polynomial

T of order at most n is such that L(T), < 27 |T ||z, (1) » then for any q > p
and arbitrary measurable set B C Io., uB < 3, the following sharp inequality
holds

11 |[sinC) |z, (zn)
||T(/€)”Lq L. S nk-l-p q : q\d2r
(fzr) | sin() ||z, (1. \B)

The inequality become equality for T(t) = sint and B = Bj.
We prove also the same theorem for polynomial splines.

1T\ L, (5 \B) -

Dniprovski National University
e-mail: vladimir.kofanov@gmail.com
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On optimal recovery of integrals of random
processes

Oleg Kovalenko

Let {Q,F, P} be a probability space, which will be the domain of all
random variables considered below. For a random variable 7, set |||l :=
esssup,cqo|n(w)|. Denote by R the space of all random variables n such that
n(w) € [0, 1] for all w € €. For a concave modulus of continuity w denote by H*
the set of all measurable random processes &, t € [0, 1], such that

E| — & < w(||T —0||) for all n, 7 € R.

Let n € N and random variables 7y,...,7, € R be given For an arbitrary
function ¢: R" — R, the operator S = 599(5,7'1, ey Tn) = @&y, 60 8

called a method of recovery of the integral f &dt of the random process £ € HY.
0
The number

e(ti,...,7;S) == sup E /&dt P& T, Th)
EeHY

is called the error of recovery of the method S. We consider the following problem.
For fixed n € N and 7,...,7, € R, find the value of the optimal recovery

E(1,...,m) = i%fe(ﬁ, e Ty S),

and the optimal method of recovery S, on which the infimum is attained.
t

For t > 0 set I(t) := [w(s)ds. The following theorem gives a solution to the
0

integral optimal recovery problem in a special case, when 74, ..., 7, contain "one
degree of randomness”.
Theorem. Let n € N, 7 € R and the numbers 0 = t; < ... < t, be

such that 7 +t, < 1 almost everywhere. Set 7, := 7+ t;, k = 1,...,n, and

t* = HT—lat" - Then
n—1
thor — 1—t, 1—t,
E(r,....,7)=2) [I|—— I * I ).
(71,,7);<2>+<2 >+<2+)
The optimal recovery method is S = Z:l ci&r,, where ¢ = 7425 tl c. = %,
k=2 ....n—1landc,=1—7— %

Oles Honchar Dnipro National University
e-mail: olegkovalenko90@gmail.com
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On the Sleszynsky-Pringsheim Theorem for

Three-dimensional Generalization of Continued
Fraction

K.Y. Kuchminska

A large number of analytic functions are known to have continued fractions
representations. Frequently a given function will be represented by several different
continued fractions, each with its own behavior.

One of the approaches to represent analytic functions by continued fractions
is the construction of a corresponding continued fraction. This formal continued
fraction expansion is obtained by requiring that the Laurent expansion of the nth
approximant agree term by term with a given Laurent series L up to the v,, power
of z, where z tends to infinity with n. Continued fractions defined in this way are
said to correspond to the series L (or to the function f(z) of which L is a Laurent
expansion).

For the function of n (n > 2) complex variables, the corresponding multidi-
mensional continued fractions are also constructed, the study of which requires
knowledge of their properties. From this connection we consider both a three-
dimensional generalization of a continued fraction and the absolute convergence
of this generalized fraction. Using the majorant method an analogue of Sleszynisky-
Pringsheim’s theorem is proved.

Correspondence definition is being formulated, and algorithms of the formal
multiple power series expansion into the corresponding multidimensional conti-
nued fraction with the order of correspondence of its n-th approximants n and
2n + 1 have been constructed.

Pidstryhach Institute for
Applied Problems in
Mechanics and Mathematics
of the NAS of Ukraine

e-mail: khkuchminska@gmail.com

18



General Forms of the Menshov—-Rademacher,
Tandori, and Orlicz Theorems

V.A. Mikhailets, A.A. Murach

The classical Menshov-Rademacher, Tandori, and Orlicz theorems remain
valid for orthogonal series in the direct integral Lo of an arbitrary measurable
collection {H (z) : © € X} of (either real or complex) Hilbert spaces [1]. Here,
(X, i) is any measurable space with an arbitrary (o-additive) measure p > 0.
Specifically, these theorems hold for the space Lo(X,du; H) of functions taking
their values in a Hilbert space H of an arbitrary dimension [2].

Let @ := (,)7°, be an orthonormal system in Ls. Consider the series

Z anon(x), where a:=(a,)ie; CR (or C), =€ X. (1)
n=1
Let S*(®, a,x) be the supremum of norms in H(x) of partial sums of (1).
Theorem 1 (a general form of the Menshov—Rademacher theorem). If

L= Z |a,|* log3(n 4+ 1) < oo,

n=1
then (1) converges p-almost everywhere (a.e.) on X, and ||\S*(®,a, )| r,(xdu) <

K VL, where K > 0 is some absolute constant (we may take K = 4).
Theorem 2 (a general form of the Tandori theorem). Assume that

00 Vi1 1/2
S (X lfogn) <
k=0 n=vi+1

where vy, := 22", Then series (1) converges unconditionally p-a.e. on X.
Theorem 3 (a general form of the Orlicz theorem). Assume that

Z|an\ (logsn)w, < 0o and Z < 00

log2 n) wy

for some (nonstmctly) increasing sequence of numbers wy, > 0. Then series (1)
converges unconditionally p-a.e. on X.

[1] V.A. Mikhailets, A.A. Murach, General forms of the Menshov-
Rademacher, Orlicz, and Tandori theorems on orthogonal series, Methods Funct.
Anal. Topology 17 (2011), 330-340.

2] V.A. Mikhailets, A.A. Murach, On the unconditional almost-everywhere
convergence of general orthogonal series, Ukr. Math. J. 63 (2012), 1543-1550.

Institute of Mathematics, NAS of Ukraine Institute of Mathematics, NAS of Ukraine
e-mail: mikhailets@Qimath.kiev.ua e-mail: murach@imath.kiev.ua
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A "surprise"in optimization of quadrature
formulas on classes of periodic functions

K.I. Oskolkov

Results and conjectures associated with the following "optimal extrapolati-
on"problem

sup \f(O)—Z Wy f (zm)] — inf in the weights{w,,} and the nodes, |z,| > 1.
feB(rx) N

will be discussed. Here 7 denotes the subspace of polynomials of degree N in
complex variable z, f(z) = 321 ¢,2”, B - the unit ball un a functional norm, say
L2 or C of the boundary values f|,_,2x». There are no restrictions imposed on
complex-valued weights w, nor the nodes, except that the nodes are banned from
entering the unit disc. If the nodes are all on the unit circle, then this problem
can be interpreted as optimization of quadrature formulas with n nodes for the
Cauchy integral formula

0= 5 [ 12

2m Jiy=1 2

dz.

The ’surprise"consists un the observation (partly in the form of theorems) that
in the process inf of optimization, the nodes {z,,} seem to converge, or collapse,
to a single point on the unit circle, with unbounded weights {w,}. It is likely
that the optimal choice of quadrature formulas would be the limiting differential
operator, of order n — 1, whose action should be measured at this single point on
the boundary.

As for the quantitative side, the values g,(BY) of the error inf sup of such
"limit-optimal quadrature formula"satisfies the two-sided estimates of the type

[\v]

n n

({( eV <<q(BY)<<e v )

In particular, if n > N2 where ¢ is a fixed positive number, then ¢ (BY) — 0
as n, N — oo, and on the other hand ¢,(BY) - 0 if n < Nz.

Peculiar relations of such type of optimization problems with free ridge
approzimation will be also discussed.
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The best approximation of classes of differentiable
functions by splines

N. V. Parfinovych

Let Ly, 1 < p < oo, be the spaces of 2m-periodic functions f : R — R with
norms | - ||z, = || - ||, M C L, be a class.
The quantity
B(M. ), = sup inf [l =k,

we will call the best approximation of class M by set H in L.

Let C™ (r =0,1,...,0° := C) be the spaces of r times continuously differenti-
able (continuous for r = 0) 27-periodic functions, w(¢) be an arbitrary fixed
modulus of continuity. By W"H% denote the class of functions f € C", such that
£ () — fOt+0)|le < w(6), 6 >0, and function

1
fro(w;t) = { %w(% —7n/n), w/2n<t<m7/n;

fono(t) = —foolt —7/n), n/n <t < 27/n.

By fur(w;t) (r =1,2,...) denote r-th 27 /n-periodic integral of f, o(w;t) with
zero-mean value on the period.

By Sanm, n,m € N, denote the space of 2m-periodic polynomial splines of
order m defect 1 with knots at the points *%, jEe .

In 1970-th N.P. Korneichuk proved, that for all » = 0,1,..., n = 1,2, ...,
m >

EW"H®, Sanm)i = | far(w; )1

We will consider the issues of further development of this topic and present
some new results.

Oles Honchar Dnipro National University
e-mail: nat-vic-par@i.ua
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The pointwise one-sided approximation to the
class Wl , 0 <r <1

A .M. Pasko

Consider the number r > 0,7 ¢ N. Let W be the class of functions f, defined
by the equality

1 T

F@) = o [ @ty @i+ P, we -1
L'(r) J

where I'(r) is the Euler gamma function, the function f is measurable and almost

everywhere |f(t)] < 1, P is an algebraic polynomial of degree not greater than

[r—1] ([a] is the greatest integer less than or equal to a). Let W7, be the the class
of all functions defined by Cauchy principal value integral

1
st == [ T, pews,

where x € (—1;1).

Our main result is the following theorem.

Theorem 1. For every function f € Wgo, 0 <r <1, there is a sequence of
algebraic polynomials P,f, of degree not greater than n such that Vx € (—1;1)

0< Pr(x) - fla) < 2or(y/T— g2yt 4 St (1 N g 9:) |

n’ n2r n

Note that the analogous estimation of the pointwise one-sided approximation
to the class W, » > 1, has been established by A.M.Pasko, O.0. Kolesnik earlier.
Dniprovski National
University
e-mail: pasko08@meta.ua
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Recovery of Non-Periodic Functions from
Random Samples in the Uniform Norm

K.V. Pozharska, T. Ullrich

Let H(K) be a reproducing kernel Hilbert space (RKHS) of multivariate
complex-valued functions f(x) = f(z1,...,24), * € D C R with the kernel
K: D x D — C. Consider an identical operator I;: H(K) — F, F O H(K).

Let further f(x!),..., f(x") be the given data, where X = {x! ... x"},
x' € D, i = 1,...,n, are the nodes. The corresponding quantity g,(I;) that
measures the recovery error using “standard” information about functions is called
sampling numbers.

So far sparse grid techniques have been used in studying sampling numbers, the
history overview can be found in the recent monograph [1, Ch. 5]. Our goal is to
take random samples — function values at independently drawn nodes according
to a probability measure gp. The main feature of this approach is that the nodes
are drawn once for the whole class in contrast to the Monte-Carlo method.

We solve the problem of the optimal order of convergence among algori-
thms that use standard information in the uniform norm under certain additi-
onal assumptions on eigenfunctions and eigenvalues of the corresponding integral
operator and show that in the considered case standard information is as powerful
as linear information. For the results on the optimal order of convergence in

Ly-norm see [2-5].

We consider also examples of particular non-periodic RKHS where the kernel
is built on the system of Chebyshev polynomials. Further we write down the worst
case recovery guarantees with high probability (asymptotic and preasymptotic)
for functions from these RKHS for the least squares approximation using random
samples drawn according to the Chebyshev measure.

1. D.Dung, V. Temlyakov and T. Ullrich, Hyperbolic cross approximation, Birkhauser, 2018.

2. F.Y.Kuo, G. W. Wasilkowski, H. Wozniakowski, On the power of standard information
for multivariate approximation in the worst case setting, J. Approx. Theory 158 (2009), 97-125.

3. D.Krieg, M.Ullrich, Function values are enough for Ls-approximation,
arXiv: 1905.02516v3, 2019.

4. L. Kammerer, T. Ullrich, T. Volkmer, Worst case recovery guarantees for least squares
approximation using random samples, arXiv: 1911.10111, 2019.

5. M. Moeller, T. Ullrich, Ls-norm sampling discretization and recovery of functions from
RKHS with finite trace, arXiv: 2009.11940, 2020.

Institute of Mathematics Technical University of Chemnitz,

of NAS of Ukraine 09107 Chemnitz, Germany

01024 Kyiv, Ukraine e-mail:

e-mail: kate.shvai@gmail.com tino.ullrich@mathematik.tu-chemnitz.de
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On uniform convergence of Fourier series
E.I.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<qg < oo. Also, a condition was found when this derivative is continuous
and its Fourier series uniformly converges to it.

Let L, be a space of measurable 27m-periodic functions f(x), and

27
[1f(@)|Pdx < 00,1 <p < oo; E,(f), be the best approximation of the function
0

f(z) in the metric of L, by trigonometric polynomials of the order of at most
n—1 and wi(f, ), 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(:c) a (v, 6)-
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) > cp(t) (c is some positive constant), and let the
best approximations of the function f € L, , 1 < p < ¢ < oo satisfy the condition

< .. . E
> kot k(f)p<oo.

— W (k)
Then the function f has the (¢, 8)-derivative which belongs to L,, and
00 - . 1
ka / wP(f)E)<OO
k=1

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

(0

Then the function f has a continuous (1, 8)-derivative and its Fourier series
converges uniformly to it.

S l—lEk(f)p 00
;k w <%

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

National University of Food Technology

Kyiv
e-mail: radzlena58@gmail.com
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Asymptotic estimates for the best uniform
approximations of classes of convolution of
periodic functions of high smoothness

A.S. Serdyuk, I.V. Sokolenko

Denote by C’w " 1 < p < o0, the set of all 2w-periodic functions f,
representable as convolut1on

ap 1

f(SU) = 5 + %/QD(QJ — t)\IfB(t)dt, ay € R, Y e Bg, (1)

={pel,: |, <1, ¢ L1},

with a fixed generated kernel W5 € Ly, 1/p+1/p" = 1, the Fourier series of
which has the form:

St Zw yoos (k= 57, € R, v 2

A function f in the representation (1) is called (1, 3)-integral of the function ¢
and is denoted by jggp (f = jggp). If (k) # 0, k € N, then the function ¢ in

the representation (1) is called (10, 3)-derivative of the function f is denoted by fg

(p = fg’) The concepts of (1, 3)-integral and (v, 3)-derivative was introduced
by A.I. Stepanets.

We find two-sides estimates for the best uniform approximations of classes
C’w . 1 < p < o0, of convolutions of 27-periodic functions from unit ball of the
space L, 1<p< oo, Wlth fixed kernels, modules of Fourier coefficients of which

satisfy the condition Z Y(k) < (n).
k=n+1

(0.¢]
In the case of > (k) = o(1)y(n) the obtained estimates become the
k=n+1
asymptotic equalities.

This work was partially supported by the Grant H2020-MSCA-RISE-2019,
project number 873071 (SOMPATY: Spectral Optimization: From Mathematics
to Physics and Advanced Technology).

Institute of Mathematics Institute of Mathematics
of NAS of Ukraine of NAS of Ukraine
e-mail: serdyuk@imath.kiev.ua e-mail: sokol@imath.kiev.ua
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Uniform approximations by Fourier sums on
classes Cgl

A.S. Serdyuk, T.A. Stepanyuk

Let CW be the set of all functions f, which are represented for all x as
convolut1ons of the form

™

1
f(x) = % + ;/go(t)\llg(x —t)dt, ap € R, ¢ € B?,

-7

where
B ={¢: llell, <1, ¢ L1},
and Wp is a fixed kernel of the form

Us(t) = iw(k) cos (kt — %T ), w(k) >0, i_o:zb(kz) < o0, feR.

k=1 =1

For the classes CEH we consider the quantities

E(Ch e = sup [|f() = Sua(f3)le
fe Cﬁl

where S,,_1(f;-) are the partial Fourier sums of order n — 1 for a function f.
The following statement holds.

Theorem 1. Let Z k(k) < oo, (k) >0, k=1,2,... and B € R. Then

as n — oo the followmg asymptotzc equality holds

£(Cie =+ 3w + P S kg +m), )
k=n k=1

where O is a quantity uniformly bounded in all parameters.

Formula (1) becomes an asymptotic equality for the sequence v (k), which
decreases to zero faster than arbitrary power function.

The first author is partially supported by the Grant H2020-MSCA-RISE- 2019,
project number 873071 (SOMPATY: Spectral Optimization: From Mathematics
to Physics and Advanced Technology; the second author is supported by the
Alexander von Humboldt Foundation.

Institute of Mathematics University of Lubeck,
of NASU Germany
e-mail: serdyuk@imath.kiev.ua e-mail: stepaniuk.tet@gmail.com
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Reverse Holder inequality

R. Shanin

We got a new estimation of the equimeasurable rearrangement of functions
which satisfy the reverse Holder inequality.

Let o # 0 and |R| be the Lebesgue measure of the segment R C R? For a
non-negative function f, we denote by M,(f, R),

A@@R%:Q%Lj%@mym,

the mean of order . For o, 5, n € R, a < 3, affn # 0 and the fixed segment Ry,
the class of functions satisfying the reverse Holder inequality on Ry is defined as

RH), 5, (Ro) = { f € L*(Ro) N L*(Ro): (f)asny < 00},

where

(Fasa = sup (MI(f, R) = MI(f, R))

RCRy,

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

We obtained a sharp estimation of the growth rate of the equimeasurable
rearrangement f* of a function f € RH; 5, (o). The main result is contained in
the following theorem.

Theorem. Let 0 < a < 8,7 >0 and a > 1. Then there is a positive real number
C such that, for every f € RH,, 5, (Ro), the inequality

C ‘Ro‘a
In
Ina t

MD2(F)E) — MU2(F)(|Ro]) <

1/2
B/2 B/2 <f>oz,ﬁ,77

holds with 0 < t < |Ry|, where f* is the non-increasing equimeasurable
rearrangement of the function f.

Odessa 1. I. Mechnikov National University
e-mail: ruslanshanin@gmail.com
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Interpolation Formulas with Nodes of the Third
Multiplicity Containing Variational Derivatives

L.A. Yanovich, M.V. Ignatenko

Suppose that a functional F' : X — R is defined on the set of functions

X = Cla,b] or X = Ls[a,b]. Let the values F(z,), the values of the first 5F(x”)

ox(t)
and also the values of the second variational derivatives 55%% at the nodes

{z,(t)},_y € X (t € [a,b]) be known. It is required to construct an interpolation
polynomial Hs,.o(F; x) : X — R satisfying the conditions

H3n+2(F§ xu) = F(:UV), (1)
(5H3n+2(F;331/) o 5F(:Cl/) 52H3n+2(F;IV) _ 62F($V) U = n
dx(t) - ox(t) T Sx(t)dx(s) (5x(t)(5x(s)( =01 wm). (2)

By Hok(x), Hig(z) and Ho(x) (kK = 0, 1, ..., n) we denote the fundamental
polynomials with respect to an arbitrary Chebyshev system of functions

{¢p,(x )}??ZJr2 in the Hermite interpolation formula with nodes z, € X (v =

0, 1, ..., n) of the third multiplicity. These polynomials satisfy the conditi-
ons Hok(%) = Hj(z)) = Hy(z)) = 5kw Hy () = Hy () = 0, Hip(w,) =
HY (z,) = 0, Hy(z,) = Hy(z,) = 0 (k, v=0, 1, ..., n), where 0y, is the
Kronecker symbol, and the corresponding Hermite formula for scalar functi-
ons with interpolation conditions Hg,io(F; xzx) = Fl(xy), Hy, o(F; xp) =

F'(z), Hy, o(F; o) = = F"(x) (k= 0, 1, ..., n) has the form
Hspo(F; x) Z {F(zg) Hog(z) + F'(xy) Hip(z) + F"(x)) Hop(x)} . (3)

We obtain an analog of the formula (3) in the class of functionals F(z), for

which the equalities 5?:2(5552@) = 522(5%2”&) (r=0, 1

Theorem 1. The functional Hs,io(F; x) =

_ biaz::F(xk)/a Hog (x(t))dtJr;/a 5(5;(;];)11[% (x(t)) dt+
+s Z / [ S (o(0) Hue (a5 s

15 the Hermite mterpolatwn polynomzal for F(x) with respect to nodes of the third
multiplicity {xi(t)}i_y on X satisfying the requirements (1), (2).

n) are valid.

Institute of Mathematics Belarusian State
of the NAS of Belarus University
e-mail: yanovich@im.bas-net.by e-mail: ignatenkomv@bsu.by
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A New Upper Bound for Sampling Numbers
T. Ullrich

We provide a new upper bound for sampling numbers (g,)nen associated to
the compact embedding of a separable reproducing kernel Hilbert space into the
space of square integrable functions. There are universal constants C, ¢ > 0 (which
are specified in the paper) such that

where (0y)ren is the sequence of singular numbers (approximation numbers) of
the Hilbert-Schmidt embedding Id : H(K) — Lo(D, op). The algorithm which
realizes the bound is a least squares algorithm based on a specific set of sampling
nodes. These are constructed out of a random draw in combination with a down-
sampling procedure coming from the celebrated proof of Weaver’s conjecture,
which was shown to be equivalent to the Kadison-Singer problem. Our result is
non-constructive since we only show the existence of a linear sampling operator
realizing the above bound. The general result can for instance be applied to
the well-known situation of H2, (T?) in Ly(T?) with s > 1/2. We obtain the
asymptotic bound
n < Cyan” " log(n) - 1sH1/2

which improves on very recent results by shortening the gap between upper and

lower bound to \/log(n). This joint work with N. Nagel and M. Schéfer (TU
Chemnitz).

Technical University of Chemnitz,
09107 Chemnitz, Germany
tino.ullrich@mathematik.tu-chemnitz.de
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Hannayuamee nosmHOMEBabHOEe NPUOJIMKEHNE B
IIPOCTPaHCTBE Lo

M.A. A6y 1xaMIHOB

[Iycte Lo := Lo[0,27] — mpocTpancTBO CYMMUPYEMBIX € KBAJPATOM MOLYJIsI

1o JIebery 27-nepuoanmaeckux dynkiuii ¢ koneunoit nopnmoit || fll2 == || f||z,j0,2+] =
2m

L \1/2
(a/m [ ire)rar) "
Yepes AJ'(f,x) obo3HaunM KOHEUHYIO PAa3HOCTDb k-ro nopsjka GyHxnun f €

Ly B TOuKe x ¢ marom h, To ectb AY(f, x) 1= i (- 1)m_/ZC (") f (z+kh). Crenys

pabore [1, 2|, moj yepenHenHoit xapakTepucTukoil riagkoctu Gyakimi f € Loy

¢ 2 1/2
Oyzem onuMaTth Besnanny Ay, (f,t)q = ((1/t)/ HAZ%(f)H dh) , t > 0. Cnm-
0

BOJIOM Lg) = L;T) 0,27], r € N oboznauum kiace Gyukiuii f € Lo, y KOTOPBIX

npoussojubie (1 — 1)-ro nopsxa fU Y (x) abcomorHo HenpepBIBHBL, a HPOU3BO-
aupie 7-ro nopsyika f) € Ly. Ilyerb Ton_1 - HOMIPOCTPAHCTBO TPUTOHOMETPIIYe-
CKHUX MOJIMHOMOB Topsiyika 1 — 1. JIist npousBosibHoil dyskimn f € Lo, umerorneii
paznoxkenne B psajg Oypoe f(x) = # + > ey (ar(f) cos kx + by (f) sin kz) Benu-
quHA €8 HAWJIYJIIero IpUuO/IzKeHs 3JIeMeHTaMI TI0AIPOCTPAHCTBa To, 1 paBHA
. o0 1/2
Eya(f)e = inf{|lf = Thalla : Tor € Tona}= {> 02, (@i (f) +03(H)} .
u SN2
[onoxkum Jj m(u) = ((l/u)/ (1 — coskh) dh) , e k,m € Nuu> 0.
0

Teopema. I[Tycmo m,n,r € N0 < h <27 u 0 <p < o0, p(t) — secosan 1a
0, h] pynruyua. Toeda umerom mecmo pasencmea
—1/p

h
sup (2770 B, (£)2) / AL(FO, 1) p()dt | =
0

feLy”
f#const

h —1/p

_ / TP (nt) o(t)dt

CaexnctBue. [lyemvm,n,r € N, s € Z,,r>s0<h<2r/nul<p<o0.
Tozda umeem mecmo paserncmeo

h —1/p
sup (2’”/27’/"_8 n_1(f(s))2> /Aﬁl(f(r),t)z o(t)dt =
feLy’ .
f#const
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—1/p

= / JT () o(t)dt

B cayuae 0 < p < 2 teopema foKazama B [2].
JIuteparypa

1. Pynoscrut K.B. O npubiamkeHnn ceMeicTBAMU JTUHEHHBIX MTOJTUHOMMIAb-
HBIX OllepaTopoB B IpocTpancTBax L,, 0 < p <1 — Marem. coopnux. 1994,
T.185, Neg§, C.81-102.

2. Baxapuwyx C.B., 3abymnas B.V. HepaBencrBa MeK Ty HAWTYIIIAME TOJIH-
HOMMAJIbHBIMU HPUOJIMKEHUSIMA U HEKOTOPBIMU XapaKTepUCTUKAMU TJI1al-
KOCTH B IMPOCTpPaHCTBe Lo W TOMEpeYHNKN KjaaccoB (pyHKIuit — Marewm.
zaMeTkn. 2016, 1.99, BbIN.2, €.215-238.

Texnosiornuecknii yuupepcurer Tajzkukucrana, 1./lymanbe
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Hannydinee nmpubanm>kKeHne «yrjiom» B
npocrpascree Lo ,(R?) ¢ Becom YebbineBa-dpmura

M.O. Akobupmoes, B./l. Caiinakos

[Iyctb Lo, (R?), u(z,y) = exp{—(2* + y*)}, R := (—o0,+0), R = R x R
— npocrpanctso yukimit f, s kKoropeix pul/2f € Ly(R?). B Merpuxe mpo-
crpanctBa Lo ,(R?) nosyuensl Tounble HepasencTsa Tuia Jxekcona — Creukn-
Ha, CBA3BIBAIONINE BEIMYHHBI &y 1,-1(f)r,, — HamIydIIee CpelHeKBaIpaTHye-
CKOe TIPUOJIMZKEHUE «YTJIAMI», COCTABJICHHBIC U3 MTOJUHOMOB eObleBa-DpMUTa
¢ 0600mEHHbIM MoJy/IeM HenpepbiBHOcTU (21 (D'f;t, 7)), B Ly-HOpMeE, Tiie D =

0 0
A—2xr— — an—, A — oneparop Jlamraca. Jlokazana cieyrorast
)

ox
Teopema. [Tycmo m,n,k,l € Nyr;s € Z,,r > s, 1 < p < o0, q(t,7) —
secosasn pynruyua na Q = [0,h] x [0,19] (0 < h,n < 1). Tozda cnpasedruso

PAGEHCTMEO

27+ m)" w1 (Do
feLl) :
2, // Qi I(Drf; t 7)27” Q(t’ T)dth
@

JIureparypa

1. Baxapuyx C.B., Illsauxo A.B. O mawaydiem HTpUOINKEHUN <«yTJIOM»> B
cpeiHeM Ha 1tockocTn R? ¢ Becom Yebbimesa-dpmura. — 36. mparm n-

cry marematuku HAH Ykpannbr. 2014, .11, Ne3, ¢.35-46.

2. Illabozos M.III., Axobupwoes M.O. CpeanekBagparnieckoe MpudINKeHe
«yTsioM» Ha 1ockocT R? ¢ Becom Yebbimena-dpmuTa. — [IpobieMbl BLIYH-
cauTesbHON 1 npukaaaHoit maremaruku. 2019, Ne2(20), ¢.96-104.

Texnomornyuecknii yuupepcurer Tajzkukucrtana, 1./lymanbe
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3ajiaga IIpo BiIHOBJIEHHS 3HAUYeHb HOPMAaJbHOTO
oreparopa

B.®. Babenuko 1 P.O. Bijniyenko

Bararo 3a1a4 064nc/oBaIbHOl MATEMATHKHI, Teopil PYHKIII € HeKOPEeKTHUMI
3a//a4aMI BIJIHOBJICHHS 3HAYeHb JEsKOro oneparopa A ma enemenrtax kiaacy @ y
HNPUIIYIIEHH], IO eJIEMEHTH JaHOro KJIacy 3aJaHi i3 BiZIOMOIO ITOXHOKOIO.

st aucna § > 0 1 omeparopa T 3 muoxkuan L(N) JiHIfiHIX 0O6MEKEHIX
olepaTopiB, HOpMa AKUX He 1epesullye N, HOKIa1eMO

Us(T) =Us(T; A, Q) = sup{||[Ax = Tn|ly :x€Q,ne X, ||z —n|x <d}.

Bernunny

65(£) = 65(5; A, Q) = inf{U(g(T) T e ,C}

HA3MBAIOTh BEJIMYNHOI HAWKPAIIOro BiJHOBJIEHHs oreparopa A 3a I0IMOMOro
MHOXKHHHI BijloOpazkeHb L Ha ejleMeHTax Kjacy (), 3aJaHuX 13 MOXUOKOIO .

PosristneMo 3a,1a4y BiIHOBJIEHHS! 3HAUYEHb HOpMaJIbHOIO oreparopa AF na ejie-
mertax kiaacy Q@ = WD(A") = {x € D(A") : ||[A"z|| < 1} (k,r € N, k < 1),
SIKIIO eJIeMEHTH KJIacy 3aJaHi 3 BiJOMOIO IMOXHOKOIO 0. 3riJHO i3 CIEeKTPaJIbHOO
Teopiero HopMaTbHOMY otieparopy A Bijnosinae poskias ojunuii F, (jgeraibHi-
e quB. [1]).

Teopema. Hexait A — HOpMaJIbHEIT, y 3arajJbHOMY BHUIIQJKY HEOOMEXKEHHil
orepaTop, II0 Ji€ B riazbbeproBomy npocropi H, k,r € N, k < r, nupudomy s
orrepaTopa A BUKOHYETHCS yMOBa

Ep,p.D (A™) # {0}, Vs,t e R,0< s <t,

ae Bj = {z: |z < j,7 € R} — kpyr komiutekcrol wionman. Tozi st 6y1b-sIKOro
0 > 0 cupasenBa PiBHICTD

SIE

es(L; AF WD(A™)) = 817+,

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

JIHinpoBCHKUiT HAITIOHATBHIIT JluinpoBchKuil HAITIOHAIBHUIT
YHIBEpCUTET YHIBEPCUTET
e-mail: babenko.vladislav@gmail.com e-mail: roman.bilichenko@ukr.net
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HepiBuictb JIebera-Jlanmay Ha kjacax
andpepenifiitoBEnX PyHKIIH KOMILJIEKCHOI 3MIHHOI]

B.B. boscynoscbka, M.B. TI'aeseokuii, I1.B. 3aaepeii

Hexait T = {z € C: |z| = 1}, L1(T)+; L(T)+; C(T)+ —upocropu dbyHKIIi,
BI/IIIOBIJIHO, CYMOBHUX, CYTTEBO O6M€)K/€\HI/IX Ta HelepepBHUX Ha T (pyHKIII 3 psi-
namu @yp’e creneresoro tuiy, To6to f(k) = 0 npu k € N. Hexait Takox 3a/1ama
nocsitoBHicTh KoMInekenux dncen ¢ = {1 (k)}, k € N, sika 3a/10Bo/IbHsIE yMOBH
Cinona—TenstKOBCHKOro, TOOTO :

1) lim ¢(k) =
k—o0
2) I{AL}, Taka, 1m0 khm A = 0, Y (k+1)|AAg| < oo, |AY(k)| < Ay,
AAp = Ap — A1
Yepes f¥(e') bynemo nosnagarn -noxigny y posyminmi O.I. Crenanng dyn-
kuii f € Li(T),, a gepes L%(T)JF—MHOMMH}/ dbyukmiit f € Ly(T)y, v gaxkux

icryrors th-noxiami, kpis Toro C¥(T), = C(T)y N LY (T),.
Teopema Hexati nocaidosricms komnaexcrnux wucea v = {1 (k)} sadosonn-

nae ymosu Cidona—Teaaroscvroeo iy Mkk)l < o0. Todi Vf € C¥(T), npu

k=0
Vn € N surxonyemvces nepiericmy
; 1 < [o( n+ k)| L1 =
1£(e) = Sulfie)le < (WZ Ly bl
k n+1
+0(1) 3 (k= n+ DIAA) B )e.
k=n+1

de O(1) — seaunumna picnomipro obmescenanon i f, a E,(f¥)c = inf ||f(e)—

n n

to(eM)||c, T — mmoorcuna mpuzoromempunrus noairnomic t,(€7) = S ypet”
. no .« .
Sulfre) = 3 fk)e™.
k=0

KIII im. Irops Cikopcbkoro [HenTpaabHOYKpaTHCHKUI
e-mail: bovsunovska@matan.kpi.ua JITY im. B. Bunaugenka

KIII im. Iropsa Cikopcbkoro
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Ouinky morepevYHunKiB KJaciB (pyHKIIlT JBOX
3MIHHUX Y BaroBomy npocropi Lo . (R?),
2 2
v = exp(—2” —y)
C.B. Bakapuyk, M.DB. Bakapuyk

Hexait Lo(R?) € npoctip sumipaux na miomuni R? dbynxuiit, siki cymoBHi Ha
R? 3 kBagparom. Yepes Lo (R?) nosuaunmo npocrip dbynxmiit f : R* — R s
axnx Y2 f € Ly(R?). Hopma B Ly, (R?) BusHataeThest 3a Ghopaysiorn

1/2

I/

oy = 11l ity = / / (2, y) 2, y)dedy
RQ

Cumsosiom Qp, ~(f, 1), t € [0,1], m € N, nosnaunmo ysarajibHeHI MOJLYJIb Helle-
pepBHOCTI M-10 nopsiaKy bynKii f € Lo, (R?). @ynxuio V(t), t € [0, 1], Gyaemo
Ha3MBaTH MayKOPAHTOIO, SIKIIO BOHA € HEIIEPEPBHOI, MOHOTOHHO 3POCTAl0UO0I0 1 Ta-
koo, 110 W(0) = 0. [Toznaunmo uepes Wo(€2y, o, ¥), m € N, Ki1ac, 1110 CKIa1a€ThCsl
3 dynkuiit f € Lo, (R?), st sikux 1pu Gy ib-sikomy ¢ € (0, 1) BUKOHY€eThCsl Hepib-
Hictb Qo (f, 1) < U (¢). dna gosinbhoro kinacy N C Lo, (R?) uepes E,—1(M)2.,
n € N, mosHauuMo BeJIMYuHy HaiKpamol arnpokcumaril O miampocTopoM asire-
opaiunux noinomis Py_1 = {po_1(z,y) = Y.  a;x'y/,a;; € R} B MeTpuni
0<itj<n—1
npocropy L (R?). Hasesiemo oyl 3 OTpUMaHUX PE3yJIbTaTIB.
Teopema. Hexait n,m € N; k = 0, n, i mazkopanta ¥ 3a/10B0/IbHSIE YMOBY

(L+ (1))t w(t)

inf = 2" lim —~.
0<t<1 t2m t—0+ t2m

Tomi MatoTh Micile HACTYTTHI PIBHOCTI:

pn(n+1)/2+k(W2(Qmm \I’)Q L2,7(R2)) = Enfl(WQ(Qmm \Ij))?ﬁ
2\ —— W
= ( ) lim ()

n/ 50t 2m
1€ Pugni1)/2+k(Wo(Qny, ©); Lo o (R?)) € Gyab-sikuit i3 nonepeunuxis — Gepurreii-
HIBCHKHII, KOJIMOI'OPOBCHKUIA, rejibaHI0BChKUIL, JIIHIITHNI, TPOEKIIiHII, OpTO-
HOIIEPETHIUK.

[1] Vakarchuk S., Vakarchuk M. On the estimates of the values of various
widths of classes of functions of two variables in the weight space LQ,V(RQ), o=
exp(—2? — y?). Journal of Mathematical Sciences. Vol. 248, issue 2, July 2020. P.

217-232.

Vuisepcurer imeni Abdpena Hobesst JIninpoBchKuii HAIIOHAJILHUN YHIBEPCUTET
e-mail: sbvakarchuk@gmail.com e-mail: mihailvakarchuk@gmail.com
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OpTonpoexIiiiiHi monepevYHuKN KJacis
nepiognyHnx PyHKINN dararbox 3MIHHIX

['"M. Biacuk, [.B. Sampiit, B.B. [lIkana

JocmpKyerhest  allpOKCUMATHBHA  XapaKTePUCTHKA dﬁ(l)g’p) JUIST KJIaciB
nepionIHuxX QYHKIIH Oararbox 3MIHHUX, $KI Jyid  QYHKIHT OJiHi€l 3MiH-
moi Oymm 3ampoBajzkeni O.. Cremammem (mus., mampuk., [1, T.1, ¢.132]).
3azHaunMo, 110 KJacu Lg’p € ysaraJbHEHHsIM Bijjomux KJjaciB Beiis-
Hapa W5 o (nus., nanpuk., [1, T.1, ¢.131]) Ta cniBnagaiors 3 HuMH 1IpH
by ([Kjl) = [k |77,y > 0,k € Z\{0}, j = 1, d.

Hexait L,(7g), 1 < g < 00, — npoctip 27-1epiondnux 110 KOoyKHifl 3minmiii
byukiiit f(x) = f(z1, ..., 4) 31 crangapraoio HopMoro. Posristnemo s f € L,
AIPOKCHMATHBHI XapaKTePUCTUKIH:

M

f Z (fa ui)uz

1=1

dy;(F,L,) = inf sup
{uz}z 1 fEF

d8(F,L,) = inf sup
i o) GeLy(B)g feFND(G)

Y

q

‘f—Gf

ne {ui b, - opTOHopMOBaHa cucrema ¢yukniit u;(x) € Lo(mg), (f,u;) =
(2m) df f(x)ui(z)dx; Ly(B), — muoxuna miniiinnx oreparopis G (obiact
BHU3HAYEHHST D(G) MICTUTH BCl TPUTOHOMETPUYHI TOJIHOME, 00JIACTH 3HAYEHHSI
micturbest B mignpocropl Ly(mg) posmiprocti M); uucio B > 1 1 s Beix
k = (ki, ..., kg) Buxonyerncs nepismicrs ||Ge'®®)||, < B.

Yepes D mozHaUnMO MHO}KI/IHy JOJIATHIX 1 HE3POCTAIYNX MOCJI0BHOCTEl

¥;(1), | € N, raxux, 1o fﬂ < C, ne C' — nesaka abCOJIIOTHA CTaJIA.

Teopema. Hezatil <p<gqg<oo,y; €D, ;eR,j= 1.d, i, xpim mozo,

11 .
nocaidosnocmi ; (|k;|) |k;|» 7 ne spocmaromn. Todi das namypasvrux wuces M
t n maxux, wo M < 2"nd=1 enpasedause cnissionoweris

B(n) M7~ (log M) < afy (LY L) <
< diy (LY, Ly) < W(n) M+ i(log M) DG,
de ®(n) = min(s1)—, H?:l ¥;(2%), ¥ (n) = max(s 1) szl i (2%9).

1. Crenanens A. M. Meroanr Teopun npubsmkennit: B 2 7. — K., Ma-1 mare-
matukn HAH Vkpaunsr, 2002. — T.1. — 426 c.

epxkaBHUil yHIBEpCUTET epkaBHUil yHIBEpCUTET epxkaBHUil yHIBEpCUTET
TeJIEKOMYHIKaITii TeJIeKOMYHIKaIiif TeJeKOMYHIKaITi it

e-mail: e-mail: e-mail:
annawlasik@gmail.com irinafraktal@gmail.com vshkapa@ukr.net
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Habmmkennst KjiaciB y3arajJibHEHO
andpepeniiiiioBanx pyHKiin cymamu Pyp’e

M.B. T'aescokuit, [1.B. 3azgepeit, H.M. 3azgepeii, I'. /1. Hedbbogona

Hexaii T = {z : |z| = 1}; C'— npoctip HenepepBHUX 27-TIepIoANIHIX QYHKIIiiT
f(2), samanux wa T, 3 HOpMOIO || f|lc = maﬂg<|f(z)|; L,(T)+,1 < p < oo, —
ze

npocrip 2m-nepiopnunux gyukuiit f(e) 3 psauamu Oyp’e Buy

SIf1 =2 Flk)e™
k=0
i ckinwennoro nopmoto || f|l, = || fllz,(r), :

2T 1
(% I f(e“)\pdt)p mpi 1 < p < oo,
0

esssup | ()] npu p = oo,
t

1Fllp =

U]g) ={g € Lpy(T)+: |lgll, <1,9 L1},1<p< oo
Axmo ¢ = {Y(k)},k € N — nocsijioBHicTh KOMIUIEKCHUX THCET TaKUX, 10
Y(k) # 0, klim Y(k) = 0, To uepes f¥(e') Gymemo nosmadaru -noxigny (y
—00
posyminni O.1. Crenanr) byl f € Li(T),. Muoxuny dyukiiit f € Li(T),
y AKHX ICHYIOTDH t)-TIOX1/IHI, TTO3HAYIMO Yepe3 Iff (T),. Knac dynkiit f € Ly(T)
Takux, mo f¥ € U,) 6ynemo nosnadary Llﬁp(T)Jr. Hexaii C’;f(T)Jr =CnN Lzl/}’p(T)Jr.
CupaBe/jinBa HACTYIIHA TeopeMa.
Teopema 1. Axwo Vk € N : |¢p(k)| > |(k + 1)], klim Y(k) =0 ma B, =
—00
<Z;O:1 wq(k:)qu)q <00, 1 <p< oo, ]l)-l—% =1, mo Vn € N wmaromv micue

CNIBBLOHOUWEHHA

MO (¢, p)By() < sup || f(") = Sulf, el < MP(¢, p)By(1)
feCy(T)4

de M (1, p), v = 1,2, — 6eaununu, AKi 3a$1€HCAMB, MOHCAUBO, Auwe 610 Y i p.

[HerTpaabHOYKpPATHCHKUIT JIepzKABHUIMA Hamionaysbunii TexHivHmil yHiBEpCUTET YKpai-
e JaroriYHuil yHiBEpCUTET o1 «KHUIBChbKM# TOMITEXHIYHUI 1HCTUTYT iMeHi
iMeni Bosiojmvupa Bunnudenka Irops Cikopcbkoro»

e-mail: mgaevskij@gmail.com e-mail: zadereypv@Qukr.net
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MyabTuiiikaTopu B IpocTopax Xap/ai

M.B. T'aescokuit, I1.B. 3azgepeit, H.M. 3azgepeit, I'. /1. Hedpbogona

Hexait m — jgesxe narypasibie dynciio, Z'' — MHOKIHa BIOPAJIKOBaHUX Habo-
piB minnx #epij emuux uncesa, C” — MHOXKUHA BIOPSIKOBAHIX HAOOPIB KOMILIE-
KCHUX 4UCe]I Z = (21,...,%y). depes D™ ={z € C" : |z;| < 1,1 < j < m} no-
3HAYMUMO OAUHIYHUI Ho/IKpYT 3 Kictakom T™ = {z € C" : |z;| =1, 1 < j < m}.
Yepes Hi(D™) no3HaunMo MHOXKUHY aHAJITHIHUX B MOTKpy3i D™ dyukuiit f,
JUTSl IKUX BUKOHYETHCA YMOBa,

2T 2T
HfHH1(Dm) = sup / dt1/ ’f(?“lenl,...,Tmeztm)|dtm < Q.
0 0

O0<r;<1,1<5<m

B kparHOMY BHIIQJIKYy JJIsi aHAJITHIHUX (DYHKIIH 3pYyIHO PO3IJIALATH PsiJIn

o
Teiinopa 1o TpukyTHUM obacTaMm f(z) = . cz¥ = > F,(2), ne
v=0

ez
F(2)= Y o2k
ki+...+tkn=v
3a JI0MOMOror0 MOC/IIOBHOCT] KoMILIeKCHIX wncet A = { A}, k € Z, xoxwiii

(0.9]
f € Hi(D™) 3 psiiom Teitopa f(z) = Y F,(z) nocraBumo y BimnosignicTs (yH-
v=0

o
kiito Af(z) = > A F,(2) Ta 03HAYNTHUMO HACTYIIHUM IHHOM MYJIBTUILTIKATOD.
v=0

[TocmimoBHICTE KOMILIEKCHAX dHces A Ha3MBAETHCA MYJILTUILIIKATOPOM, IO JIE 3
H(D™) B Hi(D™), axmo [|Af] m,om) < M| f||@,pm), M > 0.

CrpaBe iyinBa HACTYIIHA TEOPeMa.

Teopema 1. /Jlas mozo wob nocaidoswicmsd Komniekchur wuces N =
{\e} k€ Zy 6ysa myasvmunaixamopom 3 npocmopy Hy(D™) 6 Hy(D™), ne-
001010 1 docmammvo, U0 ICHYBAAA MAKAE NOCAODOBHICNG KOMNAECKCHUL “YUCEN

Mk, WO
2 n n
sup/ E e 4 E ukem‘dt < 0.

A ) k=1
[enTpaabHOYKpalHCHKHUN JTeprKaBHUI Harmionanmpuuit Texmiunmit yniBepcuTeT YKpai-
e Jaroriyuuii yHiBepcuTeT Hu «KuiBcbKuil moTiTeXHIYHMI IHCTUTYT iMeHi
iMeni Bosnognvupa Bunnndenka Iropst CikopcbKoro»
e-mail: mgaevskij@Qgmail.com e-mail: zadereypv@Qukr.net
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JlocrarHi ymoBE 301KHOCTI psiiB Pabepa B
cepeauHl obJjiacTi

M.B. Tl'aescokuit, [1.B. 3azgepeit, H.M. 3anepeit, I.I'. Kimoanuk

Hexait ) — onnosp’st3na obsiacth B KoMIuiekcHii miommai C, Mexkeio Kol €
3aMKHeHa KopjaHoBa kpusa ['. Bimobpaxkenus w = ®(z) xkoudopmHo Ta ojHO-
JMCHO Bifobpazkae 3oBHimuicTs obstacti 2 = {w € C : |w| > 1} na obmactsb
Do, — zosrimuicts omunmanoro kpyra D = {w € C : |w| < 1} npn ymoBax
®(00) = 00, P'(2) =~ > 0. Yepes z = V(w) nosnaunmo obeprere 10 w = $(2)
BijI0OparKeHHs.

3a goromororo dyukiii W(w) mis obracti 2 MOKHA O3HATUTH CHCTEMY OJTi-
nHomiB Mabepa F,(z), z € gk koedinienru Jlopana B poskiaii byl K (z, w)

- _ _ V) _ 5 B
B OKOJIi TquHw—ooK(z,w)—W— > e, 2 € Q.
k=0
Hexait L.(I') — mpocrip icrotHo obmexkenux Ha ' ¢yHKIiit 3 HOpMOIO

| fllz.ry = esssup,cp|f(2)], ne |I'| — nosxuma kpusoi I'.
PosriisineMo MHOXKMHY aHAJITUIHUX QPYHKIII B 00s1acTi §2, KoTpi MO}KHa Hpe;L—
craputi interpasom tuity Ko i3 niisbaictio f € Loo(I) K f(2) = 27” d(

Hexait K f(2) ~ > a,F,(z) — pan @adepa (byHKLLi'l' Kf(z), e KoecbiuieHTM
n=0

1 fOP(QdC f FE(t))dt +
tn 1 7

Dabepa BusHAUAIOTH 1O (OPMYI Ay = 5 <I>”+1(C
T

0,1,2,...

CrpaseiBa HACTYIIHa TeOpeMa.

Teopema 1. Hexati ) — desaxa obmesicena 00H036°A3Ha 00AGCMY, MEHCEID
axoi € cnpamaosana scopdanosa kpusa I' ma f € Loo(I'). Arwo das f € Lo(T)
nocaidosnicmo il xoepiytenmie QPyp’e ar, k = 0,1, ... 3adosorvrae ymosu

1. lim a; =0,
|k|—o00

2. lim n Z |Aay| =0, de Nay = ap — aj1,

n—oo
|k|=n

3. K(z,w) = \I,\I(I;E;U_)Z € Hi(Dy) 0as xoorcnoeo z € S,

mo inmezpan muny Kowi K f moorcna poskaiacmu 6 pad Pabepa, wo piHOMIPHO
30iotcnuti 6 cepeduni obaacmsi €.

[enTpaabHOYKpPATHCHKUIT JIeprKaBHUIMA Hamionaspunit TexHivHMil yHiBEpCUTET YKpai-
1eJIaroriyuuil yHiBepcuTeT Hu «KuiBcbkuil moTiTeXHivHmil IHCTUTYT iMeHi
imeni Bosiojmmupa Bunauvenka Iropst CikopcbKoro»

e-mail: mgaevskij@Qgmail.com e-mail: zadereypv@Qukr.net
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JIiHIiiHI Ta KOJMOTOpOBCHKI MOMEePETHUKU
D YHKITIOHAJILHIX KJIACIB THUITY
Hikoabcbkoro—becoBa

M.B. I'embapcobkuit, C.B. I'embapchbka

I nerbest 1po TOUHI 38 MOPSIKOM OIIHKH KOJIMOTOPOBCHKHX 1 JHHIHHIX IOTIe-
peuHNKiB KiaciB BY , nepiojuunux dyHKuiil ojuiel 3Minnol y npocropax Jledera
Ly = L,([0,27]), 1 < ¢ < 00, 3i crangapTHOO HOPMOIO || - Iz,

Kunacu B}y BU3HAYAIOTbCs HA OCHOBI KJIACHYHOI [VIQJIKICHOT XapaK TePUCTHKH X
eJIeMEeHTIB — cbyHKun W THUITY MOJYJIsSI HEIIEPEPBHOCTI MOPSJIKY [, siKa 3aJ10BOJILHSIE
Bijomi ymoBu (S%) 1 (S) (Toai mmmmenmo w € Py, ), & TAKOK INCJIOBHX [APAMETDIB
pi6. Orxe, gaxmo w € $,;1 1 < p,0 < 00, TO NOKIa1AEMO

Bry={f€Ly: Iflps, <1},

175z, = 171 + (/( i{t)t)) 7) 1<h<o

wl(f’ t)
w(t)

Tyr Ly == {f € Ly([0,2x]) : Off(w)daf = 0}, wilf 1)y = supp<y (A Fllp —

e

1 llBs., = 1F1l +

z
MOLyJIb TaikoeTi opsiiky | dyukuii f, a Al f(z) = S (=1 Cn f(x + nh) —

n=0
[-Ta pizHung GyHKIl f € Lg 3 KPOKOM A.

Hexait X — mopmoBanuii npocrip 3 nopmoio || - ||x i W — nenrpanbro-
cumerpudna MuokuHa B X . Yepes Ay (W, X) 1 dy (W, X)) nosnaanmo Bijmnosigao
AHITHUT 1 Koamoz20poscokutl M —nonepevnuru muoxnaun Wy mpoctopi X.

Mae Miciie Take TBepI2KEHHSI.

Teopema 1. Hexait 1 <qg<oo, 1 <0< o0twe Py, dea>0,1cN.
Cnpasedaust nopadkosi prenocmi

dar(B5 g, Lg) < Ar(B g, Lg) < w(M7).

Bosmachknit HaltioHaJILHUN yHIBEPCHTET Bosmmacbknit Hariona/ibHUN yHIBEpCHTET
imeni Jleci Ykpaluku imeni Jleci Ykpaiuku
e-mail: hembarskyi@gmail.com e-mail: gembarskaya72@gmail.com
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OnTuMaJjibHe BIJTHOBJIEHHS N-JIIHIITHWX
dbYHKITIOHAJIIB 3a JIHIITHOIO 1H(MOPMAITIEIO

M.C. I'yubko, O.0. Pynenko

Bynemo BuBYaTu 3aja4dy onTHMIizallll HaOJIUXKEHOI'O0 OOYUCICHHA N-JIHIAHIX
dyHKIIOHAIB 3a JIiHITHOIO iH(OpMali€e y HacTylHil mocraHosii. Hexait X
— JIHIAHWIT HOPMOBaHUI TTPOCTIP HAJI 1OJIEM KOMILJIEKCHUX a00 JIHCHUX ducesn,
M, ..., M, C X nearpanbHO-cuMeTpUYHI MHOXKUHA. [Ipumycrumo, mo ma mpsamMo-
My J00yTKy JiHifiHuX obosionok span(M;) muoxun M; 3a1aH0 n-iiHifiHuii ore-

paTop "
Q- Hspan(Mj) — T,
j=1

ne 7 — miHifiHAE HOPMOBAHMII NIPOCTIP HAaJ IOJIEM KOMILIEKCHUX abo JificHIX
qpces 1 Jyst KoxkHOro j = 1,...,n Ha muoxuHi span(M;) 3agano nabip 7; =
(Tj1, ..., Tjm,) ninifinux nenepepsnux dynxiionans, [ = 1,...,m;. Bekropn
Ti(xzj) = (Tja(x)), ..., Tjm,(x;)), x; € M;, OGynemo masusaTu (mi, ..., my)-
iHpopMalliero 1po xy, Ta,..., T,. HoBiabay dyskiio F Big mq + ... + my,
3MIHHUX Oy/IleMO HasWBATH METOJIOM BIJHOBJIEHHs oreparopa ) 3a (my, ..., my,)-
nndopmariieio. Bennunny

R(xy,..wp; T, ., Ty F) = sup ||Qxq, .., ) — F(Th (1), . To(xn)| |7 (1)

IjEMj,
J=1,

Ha3BEMO ITOXNOKOIO MeTo 1y F' BijHOB/IEHHS ortepaTopa {2 Ha Muoxknuax My, ..., M,
3a indopmarmiero 11, ..., T},
[Torpibno mis samanux §2, My, ..., M, abo my,...,m, 3Haitn Bejuauny (1),
ONTUMAJIBHY (M, ..., My, )-iHdopMaIiiio i onTumaibHuit MeTo BijHOBICHHS F.
Oszuauenns. /[iamempom ingpopmavii 1,..., T, 0ra 6idnossermts onepamopa
Q nassem seaununy d(Ty,Ts, ..., T, ), wo zadaemuves popmyaoro

d(Ty, Ty, ..., T,,Q) = sup sup 1922y, .y ) — QU ooy 20 || 7
rjeM; ;€ M;|T;(25)=T}(x;)

Hacrynny jiemy MOYKHA PO3IJISIATH sIK y3arajbHeHHs jemu 1 3 [1].
Jlema. Hexati sadani dosiavri 2, T4, ..., T, My,....M, 11 <5 <mn. Tood

d(Ty, ..., Ty, Q)
2

R(xq,..xp; Ty, o, T F) > > sup sup |[|Q(x1, ..., hj,..xn)|] T

*/'EkEMk: hjEMj
Tj(hj):()

[1] Baberko B.®. O npub/inzKeHHOM BBIYUCIEHUN CKAJIAPHDBIX IPOU3BEICHNI, YKD. MAT. XKyPH.,

40, No 1, 15-21(1988).

Dniprovski National Dniprovski National
University University
e-mail: gunko.marina.2017@Qgmail.com e-mail: Rudenko.lm@gmail.com
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O1leHKI CKOPOCTU CXOJMMOCTU
«TUIEPOOINIEeCKIIX» YaCTHBIX CYMM JIBOITHOTO

psiga @ypbe 110 OOHIIM OPTOTrOHAJILHBIM
MHOT'O1JIeHAM

O.A. [I:KypaxoHoB

[Iycts Ly = Lo((a,b) x (¢,d);p(x)q(y)) — HpOCTPAHCTBO CYMMHUDPYEMBIX C
kBasipaToM byskiumit f: (a,b) x (¢,d) — R ¢ Becom p(x)q(y) u HOpMOTi

1lls = (/ / (z y)da:dy)l/2 < oo,

{Pk }k‘GZ , {Qi( )} ey,  MOJHIBIC OPTOHOPMUPOBAHHLIE CHCTEMBL MHOIO'IC-

HoB ¢ Becamu p(x) u q(y) coorBercrBenno. s dyukiun f € Lo 3ammiiem pa-
3JI0KeHne B JIBOIHOIM psji Dypbe clie/1yIonero Buja:

chkl Ql( )

k=0 (=0

chkl /b /dp f(z,y)Pr(x)Q(y)dzdy.

k=0 1=0
OboszHaunMm yepes

Sv-i(fiz,y) = Z Ckl(f) 5 (2)Qu(y),

w\
N\

N =3,4,..;v =max(l,v),r =0,1, ...,

— ero «runepbosmueckney YacTHble cyMMbl. Eciau P, MHOXKECTBO MOJTMHOMOB
JBYX TepeMeHHbIX crerenn He Oosee (N — 1) Buga Py_p = g ak,lajkyl ,

0<k,I<N-1
TO JIerKo yoemurnest [1],

En_1(f)2 :==inf {||f — Px_1lla: Pn—1 € Pn_1} =

— 1 =Sl = { ¥ e f>}”2.

k>N

B Lo PACCMOTPUM byHKIUIO T(x,u;y,v;h) =

> Y Pu@) Piw)Qu(y)Qu(v)h* e h € (0,1), (w,u) € (a,b) x (a,b), (y,v) €
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(¢,d) x (c,d). BBegem omepatop c¢iBura Caeayromero Bujia

b d
Epf(z,y) =/ / p(u)q(v) f(u, )T (2, u;y,v; 1 — h)dudv, 0<h<1.
a C
OrpeiesiiM KOHEUHbIE PA3HOCTH 11€PBOI0 U BBICIIErO MOPSIJIKOB paBEeHCTBaMU

AL(fizy) = Fuf(z,y) — flz,y) = (F, — E) f(z,y),
AP (frz,y) = A (AP (fr2,y) = (B — E)" f(z,y) =

_ sz;(nmi @) Fif(z,y), m €N,

re F f(z,y) = flz,y), Fif(x,y) = Fr (Fy ' f(zy) (i = 1,2,...,m;m € N), a
E — epuamanblit orepatop B mpocTpancTBe Ls. ITpocThie BBIKIAIKI TOKA3BIBAIOT,
q9TO

Qm(fv t)L2 = Sup {HA;Ln(f? = )H2 0<h< t} -

00 00 om 1/2
XS (-a-0")"an}
k=0 1=0
Teopema. I[Tycmo m, N € N;0 < p <oo,h € (0,1), g(t) — secosas na [0, 1]
dynxyus. Toeda npu aobvix N = 4,5,0, ... cnpasediuso HEPaBEHCMBO

En_1(f)2 h 2N\ P v
p— <[ (- a- ) awa T
[ o 0,00a}

npuyem npu Kavrcdom purcuposannom N = 4,9, 16, ... nepasencmeo (1) obpauwsa-
EMCA 6 PABEHCMNEO.

Cnencrsue. B ycaosuar meopemv npu N = 4,56, ..., g(t) = 2v/N(1 —
t)2\/N_1, 0 <t <1 umeem mecmo HepaseHCMEO

En_1(f): (mp +1)
Sup T < (1— (1 — h)2VNym+1/p’

Lo [ a0 - 02 )
0

(2)

B wacmmocmu, us (2), npup =1/m uh =1/2y/N,N =4,9,16, ... evumera-
em pasencmeo
sup su En(f), = 2"
b Sup [ — e 1)2m’

A Jet {gm/hﬁ%m (f,t)z(l_t)m—ldt}m (
0

Hekoropbie apyrue pe3y/abTaThl [0 9TOi TeMaTHKe 1oJIyYeHbl HeJIaBHO B |2, 3.
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Komonoronne nHaban>keHHs
TPUTOHOMETPUYHUMM TOJIHOMAaMM

["A. /Iz100eHKo

Hexait C' — npoctip HenmepepBHUX 27-nepiognaanx Gyukmiin f : R — R 3

Hopmoio || f|| = ma§<|f(x)\, reN C"={f: fWeC}, neN T, -
S

IPOCTip TpuroHoMeTpudHux nosinomis T, crenenst < n (mopsaky < 2n + 1) i
Ha [—m,7) 3agan0 28, s € N, mouek 1; : —7 < s < Yoso1 < -+ < yp <
T, & JIId PeIlnTH iHJEKCIB i € 7, TOYKHU ¥; BU3HAYAIOTHCS TMepiogndHo (To6To
Yo = Yos + 27, ooy Yosr1 = Y1 — 27, ...), Vs := {y; biez. Yepes AD(Y,) nozuaunmo
mHOKHIHY yeix f € C) gki He cnajaioTh Ha (Y1, Yo|, HE 3pOCTAIOTH HA (Y2, Y1, He
CIIaJIaloTh Ha [ys3, yo] 1 1.1, Hexai

(1) — ' _
B ) Tne’ﬂ‘nlr?Af(l)(}g)Hf Tl

— BeJIMYMHA HAMKPAIOro KOMOHOTOHHOrO Habmzkenns f nosainomamu 1), € T, N
AW(Y}). Hoseseno jsi Teopemu (pismicTs (5) nosa).

Teopema 1. Axwo f € AW(Y,), mo das woorcnozo n € N maromv micuye
HEPIBHOCTN

EN(f,Y,) < C(Yy)ws (f,7/n), (1)
B0 < (7w, fec®, 2)
C(Ys,r k)

EW(f,Y,) < w(fO m/n), feC? r>2 keN,  (3)

n'l"
de C(Ys) 1 C(Ys,r, k) — cmaai, axi 3aaescamsv miavku 6id min  {y; — yip1} @

1=1,...,25

r, k, 6idnosiono, a wi(g, ) — modyav eaadkocmi k-20 nopadky dynryii g.
Teopema, 2. B mnoocuni AV (Yy) icnyromo dsi dynxuii g1 i go € C mani,

w0
By (g1, Y,
lim sup M = +00, (4)
n—oo ws(g1, m/n)
By (g2, Ys
lim sup 1 /(92’ ) = +o00. (5)
n—oo T wy(gy, /)

Orxe, oriaku (1) 1 (2) Touni 3a mopstakom. [Ipeacraisierbes, mo crasi B Teopemi
1 He MOXKHA 3aMIHUTU CTAJUMU, He3aJIeXKHUMU BiJl Y, OJHAK Il He JOBEJIEHO.

Iacturyr maremarnkn HAH Vkpainn, Kuis
e-mail: dzyuben@gmail.com
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Ok moXnboK HabJJIMXKEHb JIJIs

bararoBuMipHOro S-Apo0y 3 HEPIBHO3HAYHNMU
3MIHHIMUA

P.I. JImuTtpuimun

Hexait N — dikcoBane HaTypaJibHE YUCJIO,

T ={i(k): i(k) = (i1,d2,...,0), 1 <ip,<ip1, 1 <p<k, k>1 iy=N}
— MHOXKHHA MYJIBTHIHICKCIB 1 Z = (21, 29,...,2N) € CN,
['iisicTuii TaHIOroBuil 1pid BUIVISIILY

11

Z Ci(1)%iy Z Ci(2)%iy lZQ Ci(3)%is
1+ 1 +

1
. 2 4 (1)

7,1=1 7:321

ae ¢y > 0 e Beix i(k) € Z, nasusaioTs 6araropumMipauM S-apobom 3 HepisHo-
3HAYHUMU 3MIHHUMU.

Teopema. Hexati dasn 3adanozo L > 0 nocaidosnicmv {c;) tigez dodamnux
Yucen 3a0060AbHAE HEPIGHOCTN

L .
Ci(1) < 7 1 <i1 <N, ¢

L
< —— dua scizi(k) €L, k> 2,
201

i nexat fn(z) — n-uti nidrionud dpi6 bazamosumiphozo S-dpoby 3 HEPIGHO3HG-
wrumu 3minrumu (1). Todi das ecix z, = |z|e™, 1 < k < N, makxuz, wo

sin 2« 7T 7r
<———F— 1<kE<N, i—<a< <
‘Zk‘_L‘COSSOé‘7 == S Asg
1cHYE
f(z) = lim f(z)
’ N—1prn+1
Cyo,M"
— f.(2) < tn . n>1,
1 f(2) f(z)|_d0(M2+d)”/2 "=
de 09
= sm—oz’ dy = |sinal, d = |sin acos22al.
2| cos 3a|

JIBH3 "llpukapnarchbkuit HaIliOHAILHII
yHaiBepcurer imeni Bacunsg Credanuka
e-mail: dmytryshynr@hotmail.com
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Ouinky anpokcumariil YHKINT 31 3HAYEHHSIMU B
rJIbOEepTOBOMY HPOCTOPI

C.B. Konapesna

Hexait Lo ([0;27]; H) — npoctip 27-niepiopnanux QyHKIH 31 3HATCHHIMU Y
cenapabesibHOMYy TiboepToBoMy mpoctopi H. Posrisgmemo moctioBHICTL orepa-
TopiB Qk, k € Z, B skiit Qo = I it Q (k # 0) — KOMIAKTHI OmepaTopH, Mo J0Th
y mpocropi H.

Oyukuii f(t) € Ly ([0;27]; H) 3 pagom @yp'e f(t) = > cre’ nocrasumo

k=—o00

Cx> .
y Bignosimmicrs nosy dyukuio fo(t) = Y. Qy (cr) e*. g xoxuoro k # 0
k=—00
3allUIIeMO KaHOHIUHEe 300parkeHHst orneparopa Q:

Qrr = E Skj (T, 1) Vg,
J
Je Apj BIIacHI 4nciia onepatopa @ * Qr, 1g0kj — BIAIIOBLAHI BJIACHI €JICMEHTH, S =
\/Akj — s-uncia oneparopa Qp i Yy = %ngpkj.

BayBaxknmo, 1o Jyist goBlibHoro k # 0 || Q)| = sk
OyukIiil f mocTaBUMO Y BIOBIIHICTD I1ie OJIHY (DYHKIIIIO

= Z %Qk (Ck) eikt.

k40

Teopema 1. drwo onepamopu Q. maxi, wo nocaidosnicms nopm {||Qr||} He
apocmae 3 pocmom k|, mo das dosinvnoi dynruii f ma eidnosionoi it dymnruyii
fgl)(t) = > Qp (cx) €™ wmae micye mouna nepisnicmo

kA0

w/n

<fQ ) %M/w(f,t)dt

0

Bnax pienocmi docazaemuvcs na Gynxuiar f(t) = @n1et
(Ey < fé;l)) — BeJIMYNHA HAMKPAIIOro HaOJINKeHHs (DyHKITIT fé_l) MHOKIHOTO

y3araJbHeHNX TPUTOHOMETPUIHUX MOJIHOMIB TOPSIKY He BHUIIE 1.)
Bucnosmoro mupy nojsaky npodecopy B.D. babenky 3a moctaHoBKY 3ajadi
Ta KOPUCHI TOpa/In.

JHinpoBCchbKuit HAITIOHATBHII

yaiBepcuter imeni Outecs ['onuapa
e-mail: ssvet0502@gmail.com
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O aemmMme Pucca o BocxoasimneM coJiHie”
A.A. Kopenosckuit

[Ipu uccseoBaHnn CBONCTB CHHTYJISIPHBIX HHTETPAJIOB, MAKCHMAJTBHBIX (DY H-
KITHI U B psijie IPYTHX BOIIPOCOB BAYKHYIO POJIb UTPaET creyionias jemma . Prc-
ca 0 BOCXOJIAIIEM COJIHIIE .

Jlemma (®@. Pucc, [1]). Hycmo gynxuyus f € L (1), Iy C R u wucio a >

— 71 % <
fr, = | fjof(x) dx. Tozda natidemcesa Jussronkmuenvl HabOP UHMEPEAN0E
{1}, maxuz, wmo

J=a J7=12,.,., (a)
f(x) <a ne na Iy\ U]j : (b)

i>1

B pabore Creitna [2] mo moBojy 9T0i JIeMMbI TPUBOJUTCSI CJIEIYIONIEE BBICKA-
spiBanme "...had implicity played a key role in the earlier treatment of the Hilbert
transform".

Pazmmanble jgoKa3are/bCTBa 9TOH JIeMMbl OCHOBAHBI HA HCIOJIL30BAHUU Pa-
3JI02KEHIUsI OTKPBITOIO MHOYKECTBaA 13 R Ha cOCTaBIAONINE MHTEPBAJIbI I HE MOI'YT
OBITH II€pEHeCeHbl Ha MHOI'OMEDHbIH ciryJaii.

MHOTrOMEpHBIM aHAJIOIOM JIEMMbI Prcca MOXKHO CUNTATH CJIELYIONIYIO JIEMMY
Kaspiepona — 3urmysa.

Jlemma (Kamabaepon, 3urmynn, [3]). [lycms neompuuamenvras ¢ym-
wuyus f € L(Qq), 2de ky6 Qo C R u wucao a > fg,. Toeda natidemes dussion-
kmuerwl Habop xkybos {Q;} i>1; MAKUT, Mo

a< fo, <2%, j=12,..., (a)
flx) <a ne na Qp\ UQj : (b)
Jj=1

Jlokazare/IbCTBO 3TOI JIeMMbI OCHOBAHO Ha IIPUMEHEHNH TaK Ha3bIBaeMoil 'Te-
XHUKI MOMEHTOB OCTAHOBKU .

Jlemma Kamnbnepona — 3urmyHja oTndaercst oT JeMMbl Pucca Tem, 9TO B
11. (@) BMECTO paBencTBa f7, = (v TApaHTHPYETCs JIMIIDL ABYCTOPOHHAA OlleHKa o <
Jo, < 2. D10 OTIIMUME YACTO CKA3BIBAETCH HA TOUHOCTH OIEHOK, HOJIYYaeMbIX
C IIOMOIIBIO ITHUX JIEMM.

Herpyao yoeurbest B Tom, aro tipu d > 2 B 11. (a) jgemmbl Kanbaepona — 3u-
IMyH/Ia, BOOOIIE rOBOPS, HeJIb3sd rapaHTHPOBATh BLIOJIHEHIEe paBeHcTsa fo. = a,
kKak B jemMe Pucca. Kak okazajioch, coBceM nHade oOCTOUT JI€JIO, €C/IM BMECTO
KyOOB paccMaTpuBaTh MHOTOMEpPHBIE IHapaJsiieenuneabl. KoppekTupysi cooTBer-
CTBYIOIIUM 00pa30M JI0Ka3aTe/IbCTBO JieMMbl KaJjibiepona — 3urMyH,ia, a IMeHHO,

48



IPUMEH 'TeXHIKY MOMEHTOB OCTAHOBKH , B KOTOPOIl Ha KayKJIOM Iare pon3Bo-
JIUTCs "McrpaBiieHne” MoJIydaeMbIX HMapaJlIeIeniie/oB, MOyKeM Oy IUTh TaKoe
yTBep:K/IeHNE.
Jlemma 1 ([4]). IIyemo dynxyua f € L (Ry), 2de naparnesenuned Ry C RY
u wucao o > fr,. Toeda natidemes dussronkmuensili nabop napasnesenunedos
{R;};5, maxuz, wmo
fr,=a, j=12.., (a)

u dan n.e. x € Ry \ (Uj>1 Rj) = E cywecmsyem nocaedosamesvrocms cmazu-

saWUTCA K T napassesenunedos Ry maxux, wmo

fr, <. (0)

IIpu d = 1, B cusmy usBecTHoil TeopeMbr Jlebera o quddepennmpoBanny NHTe-
rpaJjioB, u3 1. (b) semmbr 1 ciemyer, 9To

f(x) <a m B HA E (0')

1, TaKIM 00pa30M, MbI [IOJIydaeM ellle OHO JI0Ka3aTe/IbcTBO JeMMbl Pucca, 6oee
IIPOCTOE, Ha HAIll B3IVISI, 110 CPABHEHUIO ¢ M3BECTHBIMU PaHee.

Kak usBecrno, nipu d > 2 u3 1. (b) semmbl 1 He cyepyer (0'). Eciu ke B jiem-
Me 1 jjononuurensio npeanonoxuts, aro f € Llog?™! L, to us reopemsr Mecce-
Ha — MapIiumHkeBrn4a — SUCMyH/a Cpa3y HOJIYyIUM, ITO B JJeMMe 1 MOXKHO IrapaHTH-
poBaTh BbinojiHeHne cBoiicta (b'). Bo MHOrUX cirydasix jijis IPUJIOKEHUiT 9TOT0
OBLIO JOCTATOUHO, HO BCE 7K€ BOIPOC 0 Heobxoammoctn yeaosusi f € Llog? 'L
OCTaBAJICSI OTKPBITBIM.

B pabore Besnkosuua [5] pacemarpuBaiach BO3MOKHOCTh MEPEHECEHHsT JIeM-
Mbl Pricca Ha MHOTOMEpHBIIT ciiydail 1o napaJuiesenuienaM. B 9Toit pabore, a Ta-
K»Ke B U3BeCTHOI KHure ['ycMaHa, nMeeTcs JieMMa, 13 KOTOPOil MOXKHO II0JIYUUTh,
gro ipu d = 2 B jiemmMe 1 yrBepxkjeHue (b) MOXKHO 3aMEHUTH 0OJiee CHUTBHDBIM
yrBepkienneM (b') 6e3 monosHuTesbHOro npejnooxkenust f € Llog L. B pabore
[4] mpuBomMTCS MpOCTOE JOKA3ATENIbCTBO 3TOTO akTa. Ecm xe d > 3, 1o j0-
KA3aTe/IbCTBO MOKHO ObLIO mposectn jyis ciydast [ € Llog? 2 L, no s f € L
TaKoe JIOKa3aTeTbCTBO TEPSIeT CHUTY.

B pesyibrare 60jiee THIATEIHLHOTO aHAJN3a CBOMCTB IapaJlie/elnnie/10B, KO-
TOPbIE BO3HUKAIOT BCJIEJCTBUE IPUMEHEHU TeXHUKI MOMEHTOB OCTAHOBKHU JIJIs
JIOKA3aTeJIbCTBA, JIEMMbI 1, BBISICHHJIOCH, UTO 3THU IapaJlieseluIe/ibl 00/1a/1al0T
TaK Ha3bIBAEMbIM ~AUAJUIECKIM  CBOMCTBOM, KOTOPOE CJIYYKUT OCHOBOI JIJIs1 TOTO,
YTOOBI COBOKYITHOCTH TaKUX IapaJijiesielnie 0B oopa3oBbiBaia JuddepeHinaib-
Hbiit 6asuc. ITocsie 9TOr0 OCTABAJIOCH JIUIIIH, KAK 1 MPU JI0KA3aTE/ILCTBE TEOPEMbI
Jlebera o nuddepeHupoBaH HHTErPAJIOB, BBECTH COOTBETCTBYIOILYIO MaKCH-
MaJIbHYT0 (DYHKIINIO U JIOKA3aTh, 9TO OHA mMeeT cjiadbiil Tun (1—1). B pesynbrare
B coBMmecTHOI ¢ Jlepraepom u CtokojiocoM padoTe ObLIa MOTydeHa Ce/yIorast
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Jlemma 2 ([6]). Ilycmv mepa p abcomomno nenpepvisna, dynkyus f €
L, (Ro), 2de napaaneaenuned Ry C RY, w wucao o > (1 (Rg)) ™" Jg, f(2) dp(z) =
JQou- To20a natidemca dussronkmuenvill nabop napassesenunedos { R;}
KU, 4mo

j>1s Ma-

ij#:Oé, ]:1727 (a)

flz)<a wpw— ne na Ry\ (U Rj) : (b)

Jj=1

nTepecHo oTMETHUTH, YTO B 9TOI JileMMe Ha Mepy i, KpoMe abCOJIIOTHON He-
IIPEPLIBHOCTH, HUKAKIX JIOTIOJIHITETHHBIX OIPAaHNYeH il He HaK/1aJbiBaeTcsd. B qa-
CTHOCTHU, HEe TpedyeTCsl MPUBLIYHOTO B BOIPOCAX JUMEPEPEHITNPYEMOCTH YCIOBUA
YJIBOEHUSI. 3aMEeTHM TaKKe, YTO pacCMOTPEHNE BECOBOTO BapuaHTa JieMMbl Prcca
IIPOJINKTOBAHO HE CTPACTBIO K 0DODOIIEHNIO, & TeM, 9TO NMEHHO BECOBOIl BapuaHT
OKa3aJICs TTOJIE3HBIM JIJ1s TTPUJIOXKEHTI.

Crmncok aurepaTyphbl

[1] F. Riesz, Sur Uezistence de la dérivée des fonctions monotones et sur
quelques problemes qui s’y rattachent, Acta Sci. Math. Szeged 5 (1932), 208-221.

2] E.M. Stein, Singular integrals: the roles of Calderdn and Zygmund, Notices
Amer Math. Soc. 45(1998), no. 9, 1130-1140.

[3] A.P. Calder6n and A. Zygmund, On the existence of certain singular
integrals, Acta Math. 88 (1952), 85-139.

[4] A.A.Kopenosckuii. Jlemma Pucca ”o Bocxogsitem cojtate” Jijist MHOTHX T1e-
peMeHHBIX 1 HepaBeHcTBo [Ixkona - Hupenbepra. Marem. samerku, 77 (2005), Ne 1,
C. 53 - 66.

[5] A.S. Besicovich, On differentiation of Lebesgque double integrals, Fundam.
Math. 25 (1935), 209-216.

6] A.A. Korenovskyy, A.K. Lerner, and A.M. Stokolos. On a multidimensional
form of F. Riesz "rising sun” lemma. Proc. Amer. Math. Soc. 133 (2005), Ne 5,
1437 — 1440.

Opeccknii HAIMOHAJIBHBII
YHUBEPCUTET

nmenu .M. Megynuxkopa
e-mail: anakor1958@gmail.com
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3aKOH CIIIBICHYBaHHSI TOMOKJIHITYHAX TPAEKTOPiii
NJid BlgoOparkeHb HaJl IIPOCTOPOM HellepepBHUX
b yHKITIIH

M.B. Kysnemnon

Host dyskii f @ X — X KaxyTh, 10 TpaekTopis {xg, T1, T2, ...} € TOMOKJIiHi-
GHOIO JI0 IUKJTY {P1, P2, -y Pn }, SKIIO TOUKA T HE € [EPIOIUYIHOI0, 1T w-TPAaHNIHA
MHOXKIHA criBnajgae 3 {p1, pa, ..., P}, TA ICHYE JesiKA MOC/IIOBHICTE TPo0Opas3iB
{r_1,2_9,...} € X mna axol f(z_g_1) = x_g, k > 0, 1 MHOKHHA BCIX JaCTKOBHX
IPAHUIb TH€ET TOCTIIOBHOCTI CIiBIAIAE 3 {P1, P2, vy Pn }-

st HenepepBHUX BijIoOparkeHb BiJpi3Ka MOPSIIOK CITIBICHYBaHHsST NOMOKJIiHI-
YHUX TPAECKTOPIil BUIVIsSIas HACTYITHUM YMHOM:

135 7p9>...0202-302-502-7> ...
L >22p22.3p22.5p22. 7T ..02" 2" 32" 52" T ..

dxmo f € C°(I, 1) mae n-roMOKIiHIYHY TPAEKTOPIIO, TO JJIsl KOZKHOTO 177, J/Ist
SIKOrO 1 > m, PYHKILST f Mae TaKoyK M-TOMOKJIIHIUHY TPAEKTOPIIO.

Bunnkae muTaHHs: 9¥ MOYKHA IIepeHeCTH Iieil 3aKOH Ha MHOXKHUHK (DYHKIILII,
sIK1 JIIIOTH HE Ha BIIPI3KY, a Ha OLIBIN CKJIa/IHIMi, 30KpeMa, HeCKIHIeHHOBUMIPHIil,
MuoxkuHi. [likaBuM Kamm1aToM Ha POJIb TAKOI MHOYKUHY € MPOCTIp HellepepBHIX
byukniit Bigpiska CO(I, 1), Haj gKkuM Jie Bi1oOpaskeHHs, SKe TaKOkK 3a/1a€Thcs
nenepepsHoto dynkiieo Biapiska: F(¢(z)) = f(o(z)), ¢ € C°(I,1), ta [ €
CY(I,1).

Taki HeCKIHYEHHOBUMIDHI CUCTEMU €, 3 OJIHIE] CTOPOHHU, BIHOCHO IPOCTUMU
JIUIsL JIOCJILJIZKEHHs, a 3 1HIIOIo OOKY, BOHI MalOTh BayKJIMBe TEOPETUUIHE 3HAUEHHSI,
30KpeMa, JI0 HUX 3BOJIATHCI PI3HUIEB] PIBHSAHHS 3 HEIEPEPBHUM YacCOM BULJISILY
2t +1) = f(z(t), t € R.

Teopema

Mae micue nacmynmut nopador CniBiCHYSAHHA 20MOKAIHIMHUL MPAEKMOPIL
daa eidobpasicens nad CO(I, 1) euenady F(¢p(z)) = f(o(x)), f € CUIL,I) :

135> 709>...0202-302-52-7T> ...
L >22p22.3p22.5p22- 702" 2" 32" 52" T ..

Hrwo sidobpastcenmns F' mae n-20MoKATHIYHY MPAEKMOPII0, MO OASL KOAHCHO20
m, OAA AK020 BUKONYEMDBCA 6AACTIUBICMS NB>M, F' Mmae makooic m-20MoKATHINNHY
MPAEKMOPLIO.

KwuiBchbkuit narionaabHul yHIBEPCUTET
imeni Tapaca IlleBuenka
e-mail: mkuzniets@gmail.com
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O KOMMYTATUBHOCTH aJreOphbl TEILINIEBBIX
oepaTopoB

3.M. JIbicenko

[Tycts R = (—00; +00), Ry = (0; +00), C — MHOKECTBO KOMIIJIEKCHBIX THCE,
122 = |21 +. .+ |2)? te 2 = (21, ..., 2,) € C". O6oznaunm yepes D,, 061acThb
Buresst B C", onpejieisieMyio CJIeIyIOMNIM 00pa30M:

D,={z2=(2,2,)€C" ' xC: Imz, — [/]* > 0}.

[lycrs dv(t) = dxy dy, - . . dxy, dyy,, € 2y = Ty + 1 Ym, m = 1, n. Begem onHO-
HapaMeTPUIECKOe CEMEeICTBO BECOBBLIX Mep

F(n+A+1)

Imz, — |22 d A> —1.
47T”F(/\+1)(mz 21)" dv(z), A >

dpa(z) =

O6osznaunm uepes A3 (D,,) Becosoe npocrpanctso Beprmana, cocroginee u3
aHaINTHIeCKX (DyHKIWA npoctpancTBa Lo( D, djy).

IIycrs Bp, \ — opToroHaibubiii mpoektop Lo(Dy, duy) na A3(D,,).

BsejieM Termmnesblii oneparop

T, = Bp,,al: A, — A3(D,),

rJle CUMBOJI
a=a (yn - |Z,|2) S LOO(R)7
I — TOXKIeCTBEHHBIN OIIepaTop.

Yepesz M oboznaunm C*-anaredpy, NOPOXKJACHHYIO BCEMU TEILIUIEBBIME Ollepa-
Topamu 1y, a gepe3 7 — C*-ajaredpy, MOPOKICHHYIO CKAJISIPHBIME (PYHKITHSIMI

Ya(§) = m/a(u)e_%“ o Ndv, € ER,.
I'(A+1) ’
R4
[Tycts Cyp(R ) — anrebpa Bcex HENPEPBIBHBIX OrpaHNYeHHbIX (DyHKIWH Ha R .
Teopema. C*-aneeopa M wommymamusena u udomoppra C*-nodanzebpe T
anzeopor Cyp(Ry). Vrazannoti uzomopdusm nopoosicden caedyrousum omobpasice-

rnuem obpasyrowux anseedp M u T:

v Ta = ’Ya:’}/a(g)'

Opeccknit HAIMOHAJILHBII
YHUBEPCHUTET

nmenu V.M. Megnukosa

e-mail: ivanpribegin@rambler.ru
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TaybepoBi ymoBH 3012KHOCT1 aOCTpaKTHHUX Ta
TPUTOHOMETPUIHUX PsIIiB

B.A. Muxaitnens, O.B. Huranox

Hexait X — nificanit abo koMiutekcHuit iniitnnii Hopmoasuit mpocrip (JIHIT)
JOBLIBHOT po3mipHocTi, {x;} — BekTopn 3 X.

(0.9]
Teopema 1. Hexat pad >, xp ¢ (C,1)-cymosnum do S € X i dan dearozo
k=0

p > 1 surxonyemoca ymosa

4) % e = 0w ), n— .
k=n+1
Todi ueti pad 3bteaemuvea do S 6 JIHIT X.

3ayBazkiMo, 110 ymoBa (A,) crabima, HixK KoKia 3 YMOB:

n

1 (0.¢]
|z,|| = O <—> , M — 00 abo an_lHﬂanp < 00.
n=1

Kopuctyiounch Teopemoio 1 i JledKnMu IHITUMEI Pe3yJIbTaTaMu, MOYKHA JIOBe-
CTU HACTYIHI TBEPKEHHS 1TPO 3012KHICTL psijty Pyp’e

(e.¢]

f -~ Z Cneinx (1)
Nn=—00
bynxuii f € LY(T).
Teopema 2. Hexatl pynruia [ nareorcums desxomy oonopionomy dyrriio-
HasvHomy banarosomy npocmopy X wa T 1 euxonani ymosu

le™[x = O(1), n| = oo,
> lalP=0m""?), n-oo, px1 (2)

|k[=n

Todi pad Qyp’e (1) sbizaemuves do f 6 banazosomy npocmopi X .

Baysaxkumo, 1o dyukiionasbhi mpoctopu LP(T), 1 < p < oo, cenapabesibhi
npocropu Opoiiva, cenapabesbhi cumerpuani npocropu, mpoctip C(T), aiiichmii
npoctip ['ap/ii € ogHOpITHUMU.

Teopema 3. frwo xoediuienmu pady @Pyp’e (1) 3adosorvharoms maybeposy
ymosy (2), mo pad (1) sbicacmoca do [ pi6HOMIPHO Ha KOHCHIT KOMNAKMNIT
NIOMHOHCUNT 17 TOYOK HENEPEPBHOCTNI.

[ncTuTyT MaTemaTukn HTVY ,KIII imeni Iropsa Cikopcbkoro*
HAH VYxpaiun
e-mail: mikhailets@Qimath.kiev.ua e-mail: tsyhanok.ok@gmail.com
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Metoan 3pi3ku ISt TACETbHOTO
AudepeHIifoBaH sl MEPIOIMIHNX (DYHKILA JTBOX
3MIHHIX

C.B. Ilepesepzes, €.B. Cemenona, C.I'. Costoakuii, C.A. Cractok

O0’eKTOM HAIIOrO JIOCIIKEHHSI € TepioJinyHi TUiaJiki (PyHKIIT JBOX 3MIHHUX
3a MPUITYIIeHHd, Mo X Koedimientn Pyp’e BijtoMi e TpudIM3HO.

Harmoro meToro € 1modyaoBa Ta oOIPYHTYBaHHsI HOBUX e(DEKTHBHUX BapiaHTIiB
MeToy 3pizku Dyp’e s 3a1a4i IUCETBLHOTO AudepeHIitoBaits (MYHKIINH TBOX
3MIHHUX 3 KJ1aciB LY, Kl y3arajibHIOI0Th Kiacu (DyHKIH 3 JIOMIHYI0U00 MIIIAHOIO
ITOX1/THOIO.

Ha crworoani icaye JeKijbKa IJIXOJMIB IMOJ0 TOrO, SIK BHOpaTu 00JIacThb IIiJI-
tpuMmkz (), sika mictuth "Homepn" koedimientis Pyp’e. Mu posrisgmaemo 1Ba
HaHIONy IApHimuX Ta HaiedexrupHimux mijaxomu. [epruii (crangaprHuit) -
XiJT oJIsATae B TOMY, IO 3a 00J1acTh §) BUOMPAEThCsT KBajparT, a Apyruii (Mo iudi-
KOBaHNUit) mijxis 10 Bubopy §2 moB’st3anuit 3 rinepOo/IiTHIM XPECTOM.

B pesynbTaTi mpoBegeHnx JOCTIKEHb OTPUMAHO TaKi pe3yIbTaTu:

— Ha IiJCcTaBl CTAHJIAPTHOIO Ta MOJANMIKOBAHOI'O IiIXOIIB PO3PO0JIEHO pi3HI
BapianTu MeTojty 3pizku Dyp’e;

— I pO3pOOJIEHNX METO/IIB 3HAlIeHO ONTUMAJIbHE 3HAYeHHs TTapaMeTpa JINc-
KpeTusalil B 3aj1a4i uncenabnoro audepenniosanis GyHKI 3 knacis Lh;

— OIIHEHO HaMKpallly MOYKJIMBY TOUYHICTH HAOJIMKEHHS MOXIJIHIX Ta 00CsT BU-
KOPUCTAHOI JINCKPeTHOI iHdopMaIiiil y BurisA il koedimnientis @yp’e;

— IMPOBEJICHO TIOPIBHSILHUI aHa i3 ePEKTUBHOCTI METOJIIB 38 TaKUMU Xapak-
TEPUCTUKAMU K TOUYHICTb HaOJIMKEHHS Ta 00csr iHpopMallii;

— HaJAaHO PeKOMEHIallil o0 BUOOPY HalO1IbIT e(heKTUBHIUX METO/IIB YNCE/Ib-
HOT'O JIn(pepPEHITIIOBAHHSI;

— IPOBEJIEHO YNCE/IbHI eKCIIEPUMEHTH Ha TECTOBUX MPUKJIa/Iax 3 METOIO Iepe-
BipKH e(DeKTUBHOCTI 1100y I0BAHUX METOJIIB.

YacTuna HaBejgeHUX BUIIE JIOCI/IKEHb Oy/jia BUKOHaHA B paMKaX IPOEKTY
(mHomep mpoekty 645672) MSCA-RISE-2014 €C-Topusont 2020 mix wac Bijsi-
JyBaHHS [HCTUTYTY OOUHC/IOBAJIBLHOI Ta IPUKJIAIHOT MaTeMaTuku iM. Vloranxa
Pajgona (RICAM) aBropamu 3 Incruryry maremarukun HAH Vkpainu. Bucios-

JIIOEMO BJIsTaHicTh 3a raphi ymonu npaii B RICAM Ta nigrpuMky KoHcOpiiymy
AMMODIT.

[ncTuTyT O6UMC/TIOBATILHOL TA [ncTuTyT MaremaTuku

MIPUKJIaTHOI MaTeMaTuKN HAH Vxkpaiun

im. Voranma Pasona e-mail: semenovaevgen@gmail.com
e-mail: sergei.pereverzyev@Qoeaw.ac.at solodky@imath.kiev.ua

stasyuk@imath.kiev.ua
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ITpo yzarajibHeHHs] TIOTOYKOBUX IHTEPHOJISIIIAHIX
OIIIHOK OITYKJIOro HabOJJamKeHHs PYHKIIIA, 1110
MaIOTh JPOOOBY MOXIJHY JOBLJIBHOIO HOPSIAKY

T.O. Ilerposa, [.JI. IlerpoBa

Hexait W",r € N knac dyukuiit f € C|0, 1], Takux, 1o MamTh abCOTIOTHO
werepepsuy (r — 1) moxiamy i ‘ f (r)(a:)’ < 1 maiizke ckpisp Ha [0,1]. TesikoBebKuit
[1] anst 7 = 1 ra Tonenrays misa r € N [2] nocummum mpsimy Teopemy Hikosib-
cbkoro — Timmana joBiBmn, 1o KoxkHy dyukmiio f € W' moxkua nabansnru
asreOpalTHIM MHOTOUJIEHOM P, CTerneHs < 7 Tak, 10

n

£(2) = pula)] < efr) (L> e ()

Jie ¢ - abCoJII0THA CcTaJa.

DeVore Ta Yu posesu, 1o npu r = 1,2 omiaka (1) cupasemba i pu HabJ1-
JKeHHI MOHOTOHHOT (pyHKIIT MOHOTOHHUM MHOIOUJIEHOM. A came, K0 MOHOTOHHA
dbyuxiis f € W' To icHye MOHOTOHHUI MHOTOWIEH Py, TaKuii, 1mo mae micte (1).
Gonska, Leviatan, Shevchuk, Wenz josesn, 1o jiist HaTypaabHOTO 1 > 2 OIliHKA
(1), Bzarani kaxkyuu, Hesipaa. [ljist omykjoro Habjuxkenns npu r > 2,7 € N
JIOBEJIEHO, 1110 OIiHKa (1) TaKOXK € HEBIPHOIO.

s r € R seegemo kiac dyuxniit W0, 1], taxnx, mo Dj ' f abcomorio
nenepepsha i |Df. f| < 1 maiike ckpisb na [0,1] (tyr Dy, 'f - siBocTopomus
poboBa TIOXiTHA).

Bynemo noznauatn depes I1,,- MHOKUHY BCiX ajredpaldHux MOJIHOMIB CTEIeHs
< n i uepes A% muoxkuny onykiux suus Ha [0, 1] dynkmiii.

OCHOBHIM Pe3yJIbTaTOM € TeOpeMa, sIKa, y3arajabHIOE pe3yIbTaT POOIT Ha KIacH
Wr0,1]NA%23r>4,r €R.

Teopema. Hexati r > 4. Todi das koorcnozo n icnye pynxuyia F = F,., €
Wr0,1] N A% maka, wo das xosicrozo noainoma p, € I, N A2 i das 6ydo-
akoi dodammoi ma (0;1) ¢dynruii v, maxoi, wo :1612’(1)@&(:5) =0 }JL% Y(x) =0

C’I”Lpd@@d/LUSG o0na 3 Mmaxuxr eaacmusocmeri:

| F(2) = pu(e)

=0 @' (z)(z)
abo
| F(x) — pn(x)] _
lim = +00
0 (@) ()
KuiBcbkuit HamioHaIbHIH KuiBcpkuit HamioHAIbHIHN
YHIBEpCUTET YHIBEPCUTET
imeni Tapaca IlleBuenka imeni Tapaca IlleBuenka
e-mail: tamarapetrova2703@gmail.com e-mail: irynapetroval411@gmail.com
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Y3araapaeni MoMmenTHI 300pakeHHs Ta

JIBoBumipHi JIBoTOUYKOBI AnpoKcuMmariil
Tuny Ilaze

O. [Hoxkapcbkuii

Metos y3araabuennx MoMeHTHIX 300paxkenb B.K. JI3guka, axuit OyB 3ampo-
nonosauuit y 1981 p. [1], maB Moxk/MBiCTH Gy yBATH Ta JOCJIIZKYBATH AllPOKCU-
ManTu [Iaje Ta pisHoMaHITHI IX y3araJibHeHHS JIJIsl IIMPOKUX KJIACIB aHAJITUIHUX
Ta creriagpaux yukiiit [2]. Takox 1eit meTon OyB 3acTocoBanuii 10 mobyI0BU
Ta JIOCJIJIZKEeHHsT JIBOX- Ta bararoroukosux anpokcumant [age [3], [4]. ¥V [5], [6]
OyJI0 3aIIPONOHOBAHE MOIUPEHHsT METO/Iy Ha BUIIAI0K OAraTOBUMIPDHUX TTOCII0B-
HocTefl. Y JionoBijii MoBa Oyjie fiTu ipo 3acTocyBanns metony B.K. [Izsnnka jrs
JOCJTJIZKeHHs JIBOBUMIDHUX JIBOTOYKOBUX arpokcumanT Tuiy [lase [7].

1. Izanuk B. K. IIpo ysaranmpaennsa nmpodsiaemu momentis. JJon. AH YPCP, 1981, 6, 8 - 12.

2. Tony6 A.1I. ¥Y3arayibaeni MmoMmenTHI 300paxkenust Ta anpoxkcumariii [lame. — Kuis.: Ta-1
maremaruku HAH Vkpainn, 2002, 222 c.

3. Tony6 A.Il. Ilpumenenne 0b0OOIIEHHOM MPOOIIEMBI MOMEHTOB K armpokcumMaruu [lae
nekoropbix dyukrmit. — Kues, 1981, 16-56. — (IIpenpuar / AH YCCP. Un-T1 maremaruku;
81.58)

4. Tory6 A.II. ¥Y3arajbHeHi MOMEHTHI 300parkeHHs Ta 6araToTodkoBi ampokcumarii [lae.
VYkp. mMat. xKypH., 2004, 56, Ne7, 991 —995.

5. Tony6 A.Il., Yeprenpka JI. O. /IBoBuMipHi y3arajbHeHI MOMEHTHI 300parKeHHST Ta pa-
IiOHAJIbHI arrpokcuMaliil (OyHKINH 1BOX 3MIHHUX. YKP. MaT. XKypH., 2013, 65, Ne8, 1035 —1058.

6. lony6 A.1l., Yepnerpka JI. O. BaratoBumiphi ysarajgbHeHi MOMEHTHI 300parKeHHsT Ta

anpokcuMmariil Tumy Ilage s dyskiin bararbox 3MiHHEX. YKp. MatT. XKypH., 2014, 66, N9,
1166 —1174.

7. Tony6 A.I1., IToxxapceokuit O. A., Yepuenpka JI. O., Y3arajabHeni MOMEHTHI 300pazKeHHs

Ta OaraToBuMipHi HGaraToToukoBi anpokcumariil Tuiy Ilage. Ykp. mat. xKypu., 2019, 71, Ne10,
1331 —1346.

Iacturyr maremarukun HAH Vipainn,
Kwuis, Ykpaina
e-mail: PozharskyiO@gmail.com
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IIpo pgeski HepiBHOCTI TuIiry /I>kKekcoHa
O.B. Ilonsgkos

Hexait C' - npoctip HenepepBHUX 27 - nepiojnannx GyHKIii 3 Hopmoro || f||.

Yepes O noznadaemo npoctip dyukuii f(t) rakux, mo f) € C Bignosigmo.

Hexait w(f;9), wa(f; ) BiAMOBIAHO MO/ HEIIEPEPBHOCTI T MOJIYJIb TJIA KO-
cti dyukmii f € C.

Hexait N- ckingenosumipanii mignpocrip. E(f; N) = infyen ||f — g]| - naii-
kpaiie nadbmmkennd ¢yuxl f € C mignpocropom N

B poui nignpocropy N 6ynemo posriagar Th,_1 - HiIIPOCTIp TPUTOHOMETPH-
YHUX I0JIIHOMIB opa Ky < n — 1 Ta So, - HIAIPOCTIP HOJiHOMIAJIBHEX CIIaiHIB
MIHIMAJTBHOTO JIe(heKTy MOPAJIKY [4 ¢ 21 PIBHOBLIAJEHUMI BY3JIaMU.

Teopema 1. (Jlueyn A.O.) Hexatin,r =1,2,3, ..., u > r. Todi

E(f; T E(f; Ss, K,
wp EUTa) B S

—\Jozanml) _ : 1
JECT f#const w(f(r); 5) feCr f#const W (f(r), 5) 2n’" ( )

de 0 > % dan nenaprux v i 6 > 27” ors naprux v, K,.- xoncmanwma Dasapa.
Hexait k € N. I dyukuis ¢gor41(2) - Henapna, KycKoBO HelepepBHa, 27-

nepiojinyna, Ta BusHaueHa npu posoutti {555}, j € Z HacTyIHUM YHHOM:

jr (J+1)m
2k+1" 2k+1 |’

Vook+1(0), Yoorr(z) =2j+1, x € <

km T T
Voprr1(z) =2k + 1,2 € (m; 5] , 0,2k+1 (5 + SC) = 0,2k+1 (§ — JU) ,

ze[0;5].
Jost marypaiabuux 7 ¥y ok+1(x) € r-M 27-nepiogmannm inTerpasom QyHKIHT

Y0 2k+1(2) 3 HYJIBOBUM CepeHIM 3HAUEHHSIM Ha PO, ¥y, ,op+1(T) = %%;—,M

Teopema 2. (Iliuyeos C.0.) Hexatin = 1,2,3,..., r = 1,3,5,..., u > r.
Todi das 6ydv-axoi pynkuii f € C" sukonyemovca pieHicms
sup E(fv TQTL—1> _ Sup E(f7 SQn,u) _ er,%:l H ’
feCT f#const () <f(7")’ m) feCr f#const <f(7’), m) 2n
Teopema 3. Hezatin = 1,2,3,..., r = 1,3,5,..., > r i nidnpocmip N
e Th,—1, abo Sy, . Todi icnye xorncmanma My, das Oydv-axoi pyrkuii f € C"
suxonyemuvca moyuna nepishicmo E(f; N) <

1 . T _ . T
< 5 (M (1% s )+ Qs = Mg (575 ) ).

[Is1 Teopema € anasgorom nepiBHocti [HlanmaeBa B.B. 3 miniiinoto kombinaliieio
: o : Cx
MO/LyJIsl HEIEPEPBHOCTI B TOYILL 7 Ta MOJLYJIsl TJIQJIKOCTL B TOUIIL 5.

(2)

uinponieTpoBebkuii obiacHuil JTineii-inrepaar (hiznKo-MaTeMaTUuIHOTO TPOMILITIO
e-mail: polyakovolegvladimirovich@gmail.com
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O npubinmxennn PyHKINI 1 €€ TPOU3BOJIHBIX
TPUTOHOMETPHUYIECKNMU MOJIMHOMAaMMI B Lo

@. Panmszo/ia

B pabore periena 3ajgada oJJHOBPEMEHHOIO TPUOIKEHUS PYHKIINH U €€ T0-
CJIeJIOBATEIbHBIX TPOU3BOIHBIX TPUTIOHOMETPUIECCKUMHI ITOJIMHOMAaMU B Lo Ha He-
KOTOPBIX KJlaccax PYHKITUI, 3a/1aBaeMbIX yCPEeTHEHHBIMI 3HAYeHUSIMI HOPMbI pa-
3HOCTH TI€PBOTO Topsika. 1lycts Ly := Ly[0, 2] mpocTpaHCTBO CyMMUPYEMBIX C
KBaJIpaToM 110 Jlebery 27-niepuogndecknx AeficTBUTEIbHBIX (PYHKIINI ¢ KOHETHOI
HOPMOIA

2m 1/2
1
51l = llpan = | 5 [ #2200 |
0

MHuozkecTBO TpuroHoMerpudeckux mojnHoMos 1, 1(x) mopsiika n — 1 o6o-
sHaunM So,—1. Ecm S,_1(f,x) — gactHas cymma nopsiiika n — 1 psua @ypbe

dyuxmun f :

f(z) = aoéf) + Z (ar(f) cos kx + by(f) sin kz),
k=1
Sn—1(f,z) = aoéf) + ; (ar(f) cos kx + by(f) sin kz),
k=1

TO XOPOIIIO M3BECTHO CBOMCTBO YaCTHYHON cyMMbI psijia Pypbe dyHKumit f, 410
HautydIinee npuonzkenn GyHKiuit f € Ly TPUrOHOMETPUIECKUME TTOJINHOMAMI
Th-1(x) € S9,—1 peanusyercs dacTudaHol cymmoii psaga @ypbe S,_1(f, x) :

En—l(f)Q = 1nf{“f - Tn—l”? : Tn—l S %2n—1} —

50 1/2
= ||f = Sur(F)|, = {Zpim} ,
k=n

rie pi(f) = a2(f) + bi(f), k € N. Yepes Lg) (r € Z, Lgo) = Lo) 0603Ha~
9UM MHOXKeCTBO (yHKIWA f € Lo, y KOTOPBIX IpousBojHble (r — 1)-mopsiKa
=1 agcomorno merpepoisubl, ) € Ly. Moyiib HeIpepbIBHOCTH M-T0 TOPSLI-
Ka IIPOU3BOJILHON 27T-IIEPUOINYIECKONl M3MEepUMONl 1 CyMMUPYEMOi ¢ KBaJIpaTOM
dbyuximn f € Ly onpemesnnm paBeHcTBOM |1, 2]

wn(F,0) = sup L A7y = 0] <t}
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rae A f(x) — pasnocts m-ro nopsika dyskuun f B Touke ¢ marom h. Umeem

|27 FDO5 =23 (1 = coskh)" K 63(f), B2 (f9)2 = k()
k=1 k=n

Teopema 1. Ilpu mobwix r,s € Zy, v > s, n € Nuh € (0,7/n] cnpasedruso
PaBEHCNE0

2(r—s)E2 (f(s))2 n
~ 2(nh — Si(nh))’

sup
h

feLl”

fyéconst/ /HA H dh | dt
0

ede Si(t) — unmeeparvnviti cunyc.
Yepes W(R) (r € Zy, h € (0,7/n]) obosnaunm MHozKecTBO ByHKIMil f €

,
Lé ), KazkJlasl U3 KOTOPBIX YJIOBJIETBOPSET YCJI0BUIO

[(;

Tpebyercs npu JTOOBIX 7,5 € Z, r > S HAUTU TOYHOE 3HAYECHUE BEJIMIUHBI

(’“)(-)szu> dt < 1.

0

éa(s)

n—1

(W(h)), := sup { En1(f),: f€ W“‘)(h)}.

Teopema 2. IIpu mobvx r,n € Ny s € Z,, r > s, h € (0,7/n] cnpasedauso
PABEHCNBO

. 1/2
& (W (h)), = nrl—s | {Q(nh - Sz‘(nh))} |

JImreparypa
1. Tatixos JI.B. Hannyumne npubiamzkenns auddepeHnupyeMbix GyHKINN B
MeTpuKe npocTpancTBa Lo, — Marem. 3amerku, 1977, 1.22, N4, ¢.535-542.

2. Illabozos M.III., Mamadaesos H.M. O mnepapencrBax tuia JIxKekcoHa-
CredkuHa U 3HAYEHUs MONEPEIHNKOB HEKOTOPBIX KJIacCOB (PYHKIIN, 3a/1a-
BaeMbIX yCPEJIHEHHBIMU MO/IYJISIMI HEIIPEPBIBHOCTH B IIPOCTPaHCTBE Lo. —
Nss. AH PT. Otn. dus.-mar., xum., reost. u tex. u., 2012, Ne1(146), ¢.7-17.

Texnomoruveckuit yuupepcurer Tapkukucrana, r./lymnranoe
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AnpokcuMmarmniiiii xapaKTepuCTUKU
1 BJIACTHUBOCTI OIlepaTOpPiB HANKPAIIOrO

HaOJIM>KeHHsd KJaciB PYHKIIIA 3 OpocTOpiB
CoboseBa Ta Hikoabchbkoro—becoBa

A.C. Pomantok, B.C. Pomanrok

JoToBIIb CKIaTA€THCS 3 JTBOX YaCTHH.

Y nepmiiit gacTwHI MOBa HTUMe PO PO TOYHI 3HAYEHHS OPTOINONEPEYHUKIB
(a TakoK cXOKHMX 3a BU3HaueHHsM Besnini) Kiacis Hikosschkoro-Becosa B
1 Cobonesa W7 , nepiogmianux (ynxuiit 3 ojmieio ta 6araTbmMa 3MIHHUME y TIPO-
cropi By 1. OcobmusicTio npocTopy Bao 1, 4K JIHIRHOIO HmiApocTopy B Lo, €
Te, M0 HOro HOPMYyBaHHs 3JIICHIOETHCS Ha OCHOBI PO3KJIATLY (DYHKINN 3 Loy Y
psta Dyp’e 38 TPUTOHOMETPUUHOIO CUCTEMOIO {ei(k’w)}kezd 1 BIIIIOBIJIHA HOpMa Y
IIbOMY TIPOCTOPI € OLJIBIT “CUJIbHOI” |, HIXK Ly —HOpMA.

B apyriit vacTuHi 00’€KTaMi aHAJII3Y € JIHIAHI onlepaTopH, SKi € ONTHMAaJIb-
HUMM B 33Ja4l IIPO TOYHI 3a MOPSIKOM 3HAUEHHs HaiKpallnxX HaOJIMKEHb KJIaciB
]B;,e y 1pocTopi B 1 3a JOIIOMOIOI0 TPUIOHOMETPUYHUX IOJIHOMIB, HOPOJZKe-
mux cucremoio {e'®® Yo | ne muokumn Q,, n € N, — Tak 3pani cxiguacro
rinepbostiuni xpectn B Z%. OJHHM i3 KJIIOYOBUX TYT € HUTAHHS, 110 CTOCYETHCS
IOC/IIJIOBHOCTI HOPM TAKUX OIEPATOPIB (SIK OMEpaTOpiB, MO [HIOTh i3 Lo B L),
a caMe — IIUTAHHY I10JI0 0OMEKEeHOCTI 91 HeOOMEKEHOCT] 1€l OCII JOBHOCTI.

Bye mokazano, 1o Ha BijMiHy Bij ogHOBUMIpHOTO BUna Ky (d = 1), y Bumai-
Ky d > 2 JiHiitHI onepaTopH, siKi peasi3yoThb MOPSIAKOBI 3HAYEHHSI HallKpalumx
HaOJIMYKEHb KJIaCiB IB%ZO’Q y npocTtopl By 1 3a JOIOMOIOI0 TPUTOHOMETPUYHUX 110~
JIIHOMIB BKa3aHOI CTPYKTYpH, — HeoOMexKeHi. Ha nomadqy npuBoggaThes MOPSIKOBI
3HAYEHHS 3HU3Y JIJIsi HOPM KOXKHOI'O 13 €JIEMEHTIB IIOCJI1JIOBHOCTI TaKUX OllepaTo-

pIB.

Iacturyr maremarukn HAH Vkpainu [acturyr marematuku HAH Vipainn
e-mail: romanyuk@imath.kiev.ua e-mail: vsromanyuk@imath.kiev.ua
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PiBricth ominok MHK ra Eiitkena mapamerpis
KBaIpATUIHOI MOJIE/Il PETrpecil y BUMAJKY
reTepocKeIacTUYHIX BlJIXMJIEHD

M.FO. Caskina

Posriianemo Mozmens KBaIpaTUIHOl perpecil
y; = at? + bt; + ¢ + €, i=0,1,...,n, (1)

Jle €, ..., €, — HE3aJIEXKHI y CyKynHOCTi BUIlaIKOBl BesimunHn 3 Fe; = 0 Ta
DEZ:)\O' A >0,1=0,1,.

[TocTaBumo 3ajady 3uaiiTH yMOBI/I Ha JucIepcii BiIXWIeHb, IPU AKUX 30ira-
foThest oriakn Eiftkerna Ta MHK koxxuOro mapamerpa mozeni (1) okpemo (ozno-
YaCHO JIJIsT TPHOX MapaMeTPiB Il OMiHKK Oy1yTh 30iraTucs TIIHKH y BUIAJIKY BCiX
piBHUX Jcriepciit). Y BHIaJKy MApHOTO 1 Jia GicuMeTpudHOl KoBapiamiitHol Ma-
TPUIIi JIOBEJIEHO JOCTATHIO YMOBY It 30Iry BIIIIOBIIHUX OIIHOK TapaMeTpa a.

Hexait n = 2k. PosrystHeMo piBHSIHHS BiJIHOCHO 3MIiHHOI \j

3(k—1)(k+2) 8(—k*—k+3)
AMeAp—1 — 6 X2 i1 — Y.V
Kk + 1) kAk—1 k—2A\k—1 Y kAk—21
PV b i Gl e Ui DRETN o o
e pars VjAe—2 + GAb—1 = BjAk o
(&
: C_ 2KP—k(6j+1)+34% E_iV2_4 (¢ — _1, 2(2k2+4+2k—15)
aj = k(k+1) » Vi = ( _]) - 7CJ - ( ) BJ k(k+1) .

Teopema. fxwo 6 modeni (1) A\—1 nputimac 6ydo-axe dodamme 3navens;
Ak—9 = Ap_9, de A\p_o— Oydv-aKe 3HAYEHHA 3 THMEPBANLY )

VGt Mot /i -1, VG Aot /i), 7 = [k — k(K +1)/3], v =522
Ak = AL, de Ni— po3e’asok pishanna (2) na npomiscry

(i M2 + GioMem1)/ Bies (Vir—1 M2 + Gt Xi—1)/ Bie—1]

C— \* 45— _ R TE N COY R Y I
)\] _)\]7 ] _Qj ]-7-.-7k 37 &6 >\j — ’ij\k72+Cj)\k71—Bj)\z’
A]<:—|—j :)‘k—jn J = 1727"'7k7
mo ouinku MHK ma Etumxena napamempa a 6 modeai (1) sbiearomuvca.
IncruryT maremarnkn HAHY

HAHY

e-mail: marta@imath.kiev.ua
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Onuc kaacy lllypa B TepmiHax KoeIIIEHTIB pAIy
3a 0a3ucoM Jlarepa

B.B. Capuyk, M.B. CaBuyk

Hexait ¢ = {¢}}3°, — moBHa opronopmoBana cucrema B npocropi Lapi H? i

Hexal
o0

Z Cr Pk (1)
k=0
— dopMaIbHUN OPTOTOHAJILHUN PsIJ] 3 KOMILIEKCHIMHU Koedimientamu. Skumu €
HeOOXi/THI Ta JIOCTATHI YMOBH Ha IIOCJIJOBHICTH KOedillieHTiB {ck}zozo JIJIsT TOTO,
06 cyma f psmy (1) 6yna dyukiieto [Hlypa, To6To Gysia rooMmopdHO0 GYHKIHEO
B kpy3l D :={z € C: |z| < 1} i 3agoBosbHsIa YMOBY SUp,cp | f(2)] < 17
[. Iyp naB po3p’si30K i€l 3ajiadi y BUIAJIKY, KOJU CUCTEMa © Ma€ BUIJISI
or(2) = 2%, a pazn (1) e bopMATLHIM CTEIeHEBHM PSIOM.
Mu posrisgayn BUIIAI0K, KON CUCTeMa ¢ € Oa3ucHolo cucremolo Jlarepa B
kpy3i D, Tobro, Ko/n

pr(2) =

\/1—‘a‘2<2—a>k7 E—0.1...

1—za 1—za

Je a — dikcoBana Touka B Kpy3i .

Teopema 1. Hexaiia € D, ¢ — cucmema Jlazepa i {c}72, — nocaidosnicmo
romnaekcrur wucen. Cyma pady (1) e dynxuiero [lypa modi i miavku modi,
KONU HEPIBHICTD

2

<(1—la) )

n 2
k=0

n

2

k=0

n

Z Cj—k)\j

k=0

> (ay TN
k=0

cnpasodcyemuea 0aa 6cix uiaux n > 0 1 6ydo-AKx0i nocAi008HOCNE KOMNAECKCHUT
wucen {cg -

IIpu @ = 0 (maeThes Ha ysasi, mo 0° = 1) Teopema 1 36iraeTbea 3 BimoMuM
kputepiem Ilypa.

Ax macaigok TeopeMn 1 MaeMo, HAIIPUKJIA, TaKe CIIiBBIIHOIICHHI:

n

DoISN@BI<1+al, neZs, ft =1,
k=0

1
+1

sup

Jie cynpeMyM 6epeThbes 1o MHOXKIHI yeix dyukiiit [lypa, a Sy — gacTunna cyma
pany (1).

Iacturyr maremarukun HAH Vkpainu KIII im. Iropsa Cikopcbkoro
e-mail: savchuk@imath.kiev.ua e-mail: marynalsavchuk@gmail.com
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ITopsimkoBi omiHKM piBHOMIPHUX HaOJIMXKEHb
cymMamMu SUTMyH/a HA KJiacaX 3rOPTOK
rnepiognIHnX PyHKITI

A.C. Ceparok, ¥.3. ['pabosa

[Tozraunmo vepes C’g ,  KJIAC HENEepepBHIX 27r—nepio;LMqHMX dbynkuiit f, sxi
300pazKyI0TbCsl Y BUIVIsLAL 3TOpTKN f(7) = B4 2 f Us(t)p(a—t)dt,ap € R, ¢ L 1,

HSOHp < 1,1 <p < oo 3 TBipHNM apom Wg(t ) E Ly, 1/p+1/p =1, sursny
Ws(t) = Zk L W(k) cos (kt — Z7), (k) €R, B €R.

Posrisitaerbes 3a/1a9a Ipo 3HAXOJIZKCHH [OPSIIKOBIX ol1i-
P _
HOK  BeyiuunH & (Cﬁ’p, _ ) = sup ||f — a1 (Dlles ne
c W
fecﬂ,p

st = @+ S, (1- (%)s) (a coskt + bysinkt),s > 0, — cymn
Surmynja mopsiiky n — 1 ¢y f i3 C’}J{’p Ta JOC/JKYEThCA TUTAHHSI: TTPU
SIKIX O0OMEXKEHHAX Ha ¥, p, s 1 S cymum 3urMynjia Ha Kjiacax Cgp 3a0€31eUyI0ThH
MOPSAJIOK  HAKpaInX HaOJIMKeHb En(ngp)c = sup tinf 1f() — ta1()]le
fecy
TPUTOHOMETPUYHUMU TOJIIHOMAMU t,_1 MOpAaKy 1 — 1.
Iokmanemo mpu § > 0 gs(t) := Y(t)t?, t € [1,00). Hoznaunmo uepes My
MHOKIHY HENepepBHUX OMyKJIUX JoHu3Y (yHKIHHA g : [1,00) — R, Takux, 1o
lim g(t) = 0 i ast sikux icuye crana K > 0, mo a(g;t) := L0 > K > 0.

500 tlg' (1)

J11s1 HEBiI' €MHOT TTOC/IIOBHOCTI g = { gk} 1 oynemo ucatn ¢ € GM ™, axmo
JA > 1Vny,ne € N, ny < ng: ay, —1—27,?:_”11 lar — api1| < Aapy,, m = ng, ng. dxio
de > 03K > 0Vny,ne € N, ny < ng: gp,ny° < Kgp,n,°, TO Jyis HEBLI eMHOT
nocizosrocti g = { gk}zozl sammmenmo g € GA™T.

Teopema. Hewaiis > 0,1 < p <00, g1y € My, gop1/p € GMT N GAT,
Be€Rin €N. Todi: npul < p < 0o 3a suronanma ymosu Y pe ¥ (k)k? 2 < o0,

4

5, Ma0mMb  Micye nopadkosl  PIGHOCTNI

ma  HepIGHOCMI litnfoz(gl/p;t) >

En(Cg,p)C = S(Cﬂp, )c = (gwpl(k)kpl_z)l/p/’ 1/p+ 1/p = 1;

npu p = 1 sa eukowanna ymosu y o (k) < oo ma mHe-
PIBHOCTN %1;1foz(g1;t) > 1 wmaromv  wmicue  nopadkosi  piBHOCMI

- _ 2ol v(k), cosBm/2 # 0;
En(Cg}’l)CAg (C6 1 - )c/\{ ¢(;€1)n, cos B /2 = 0.

[HcTUTYT MaTeMATHKY Bosmmacbkuii HAIIOHAIBHITI
e-mail: serdyuk@imath.kiev.ua yHiBepcuTer iMmeHi Jleci Ykpainkn
e-mail: grabova_u@ukr.net
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Habmxennga 3agad Kol 3agavavn Komnri
06e3 po3B’dA3KIB 1 3 bararbMa po3B’d3KaMu

B.FO. Chtocapuyk

CrpaBzKyIOThCSI TaKi JIBa TBEP/IZKEHHSI.

Teopema 1 ([1]). Hexatu E i f : R X E — E — 006iabHi HECKIHYEHHOBUMID-
HUT 6aHaATI6 NPOCMIpP | HENEPePEHe 61000paxtcerns 610n06I0HO.

Todi dnn dosinvnux mouku (ty, xg) € R X E i wucaa € > 0 icnye maxe nene-
pepene sidobpasicenns g - R X B — E, wo

sup |lg(t, x) — f(t,2)| <e
(t,x)eRxE

1 3ada4a

dz(t)
dt
HE Mae 21C00H020 PO36 A3KY OAA K0dHCHO020 O > ().

Teopema 2 ([2]). Hexat G — obaacmv y npocmopi R x E i f : G — E -
dosiavre nenepepene 6idobpascerna (banaxic npocmip E mooce mamu dosinvhy
POBMIPHICTY ).

Todi dns dosinvruxr mouky (tg, xg) € G i wucaa € > 0 ichye make nenepepse
sidobpaoicenns g : G — E, wo

=g(t,2(t)), t € (tg— 0, tg+0), 2(ty) = 20

sup |lg(t, ) — F(t, )] < =
(t,x)eG

1 3adava
dx(t)
dt

Ma€E Otavue 00H020 P03 A3KY.

= g(t, (1)), 2(to) = o

[1] B.E. Curocapuyk, ILromuocmo mmoocecmea nepaspewumvr 3aday Kowu 60 mmoocecmee scex 3a0ay
Kowu 6 cayuae beckoneunomeprozo banarosa mpocmpancmea, Heminitiai xkomumBannas, 5, Ne 1, 86-89

(2002).

[2] B.IO. Carocapuyx, liavhicms muoorcuru 6ciz 3aday Kowd 3 HeeOuHuMUu po3e adkamu iy MHONCUNT GCIT

3aday Kowi, YKp. mat. )KypH., 64, Ne 7, 1000-1006 (2012).

Hamnionaspuuit yHiBepcurer

BOJIHOI'O T'OCIIOJIApCTBa Ta
MPUPOJOKOPUCTYBAHHS

e-mail: V.E.Slyusarchuk@gmail.com
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Kpurepiii esiemeHTa HAiKpaoro HabIMKeHHsI
dyHKHi 6ararboxX 3MIHHUX y IPOCTOPL Li,, .

M.€. Tkauenko, B.M. Tpaxkruncbka

Hexait L, (1 <p; <o00,1 <i<n) - upocrip cymosuux na K = I X I X
X I, e I; = ag, b, 1 < i <n, dyuxiii f: K — R i3 HOpMOIO

T—_— / / / F@Pdn | des| o de|
1, I 1

Pr+2

Pk+1 Prt1

Pk

Hosuaunmo | flpe. o= | [ | [ | [ |f(x)[Prdxy dry1 coodxy| e
I; T+
1<k<i<n.
Hexait H,, = span{pi,...,@mn} Wi JedKol CHcTeMU JHHITHO He3aJesKHIX
byukiiit {p1,...,0m} C Lip, ., (1 < pi < 00,4 = 2,...,n). Toxl erementn
m
muoKuEN H,,, (mosisomu Pp,) mofgarors y Bursam Py, = Y Mgk

k=1
Posrusgaerbes BunaJJok Hab/mzKeHHa GyHKIIN y MeTpuli npoctopy Li,, . p.

(1 <p; <o00,i=2,...,n) NOJTIHOMAMU MHOKUHI H,),.
YBegaeMo yHKITT

71 - n n
Fo=|f=Pulr |f = Bolt 2l f = Bl b o 1 f = Pl sen(f — P,
Fy = o e P € Hy,. Hua (xg,....,x,) € Is X ... X I, mo3HAINMO

T .
e(xe,....xn) ={x1 € h: f— P =0}
Hexait f € Ly, ., Taxa, mo gt koxuoro P, nopma ||f — P,|| > 0.
Teopema. Jlaa mozo wob nosimom P, 6y6 noaiHomom Haixpau020 Habiu-
orcenns onn pynwuii fy mempuyi Ly p, . (1 < p; < 00,1 = 2,3,..,n), He-
001010 1 docmammvo, wob das 6ydo-arxozo nostwoma P, € H,, sukxonysairacs
YMOBA

/P - Fydxy...dz,| < / / / | P |dxy [ess sup |F5‘\] dxs...dz,.
r1€ly
L

va 75571

JHinpoBCchbKUil HAITIOHAIBHUI YHIBEPCUTET JlHinpoBchbKuil HAITIOHAJILHUN YHIBEPCUTET
imeni Outecst ['onuapa imeni Outecs ['onuapa
e-mail: mtkachenko2009@Qukr.net e-mail: traktynskaviktoriia@gmail.com
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HepaBeHCTBa MeEzK/1ly Han/1lydlaimMm|m COBMECTHDBLIMMU

ITIOJINMHOMMNAJIbHBIMMN HpI/I6JII/I}KeHI/I$IMI/I n
HEKOTOPbIMU XapPaKTEPUCTUKAMM I'VIaJKOCTHA B

mpocTpancTBe beprmana %4,
M.III. [Iabozos, H.Y. Kajamioes

PaccmarpuBaeTcs 3ajgada cpeIHEKBAIPATIIECKOTO TOJMHOMUAJILHOTO TPH-
OJIMZKEHUsT aHAJIMTUIECKIX B enHndHoM Kpyre U dyHKImi f, npuHajieKarmx
npocTpaHcTBY beprmana %y ¢ KOHEUHONW HOPMOIt

1/2
ﬂwu%<gﬁwuﬂw) < oo,
)

rje MHTerpaJi IoHuMaeTcs B cMmblcie Jlebera, do — syement miomaan. IlycThb
,@g) (r € N, %go) = PBy) — mHOKecTBO GyHKIU f € Py, y KOTOPBIX POU3BO-
mmas r-ro nopsaka f) € By. Cuvsosom A(f; p,u, ) — 0603HAUNM KOHEUHYTO
pasHocTb m-ro nopaaxa dyuxuuit f(pe’) € 9By no aprymenty t B TOUKe U C
marom h u ImoJIOYKUM

1 27

m 1 m 2
187 =~ [ [ A7 i) dpdu
0 0

Pagencrsom wy,(f,t)s 1= sup{‘AZ@(f)Hi : |h| <t} onpesemm Monysb He-
PEPBIBHOCTH 1M-10 Topsijika GyHKImnn [ € HABy. [loj yepeHeHHON XapaKTepucTi-
Kot riagkoctn GyHkinuu f € HBy Oyjem nonumarsh Bejunauny |1, 2|

t 1/2
1
0

[lycts &2, — MHOXKECTBO KOMILIEKCHBIX aJINeOpamvdecKuX MMOJIMHOMOB CTerneHn <
n, a

En—s—l(f(s))Q = 1nf {Hf(S) - pS)lHQ - Pn—1 S f@n—l}

— HaujIydIlee COBMeCTHoe rnpubkenue pyHkiuit f € @S"’ 1 e 1oC/1e/I0BaTe Th-
HBIX TPoM3BOHBIX ) (s =1,2,...,7) NpPHHAIEKAIIIX f%’ér).

[TpuBeiéM OCHOBHBIE Pe3yJIbTATHI pAOOTHI.

Teopema 1. Ilyemv m,n,r € Nys € Z,n>r >sut e (0,2n/(n—71)].
Tozda daa npousdsoavroli pyrruuy f € ,%’ér) CNPaBedAUBO HEPABEHCTNEO

1 « n—r—+1
E, . (s)), < L gL — 1)) A,, (r) ¢ 1
) S o g (= ) A 0 (1)




T

1/2
ede Jypm(T) = {(1/7)](1 — cosu)mdu} . Hepasercmso (1) mounoe 6 mom
0

cmuicae, wmo oas gynrkyuu fo(z) = 2" € %’5” obpauiaemca 6 paseHcmao.

Teopema 2. ITyemv m,n € N, r,s € Zy,n >r > s, h € (0,2n/(n — )],
q(t) — HEOMPUUAMEADHAA CYMMUPYEMAA HEIKEUBANEHMHAA HYAWO HA OMPEIKE
[0, h] secosan Pynryua. Tozda daa npoussoavrozo p € (0,+00] cnpasedauso
PABEHCNBO

/00 )OS T D 0 =7 T 1) By () _

sz%)(T) h 1/p
[P ( / AP (F7, 1), Q(t)dt)
0

= (/Oh I (0 — r)t)q(t)dt> Up .

CaencrBue. B ycaosuax meopemo, 2 npup =2, q(t) =1 uh =x/(n—71)
UMEEM MECMO PAGEHCMEO

(anpfoms)/(n—s+1)/(n—r+1)Eps1(f®)s 7 {L}m
( e

1/p T om | 2m—1

sup

e _ m/(n—r)
0

/i

JIureparypa
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2. Baxapwyx C.B., 3abymnas B.V. HepaBencrBa MexKIy HAWTYJIIAME TOJTH-
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HepaBencTrBa MexK/Iy HANJIydNIUM ITPUOIMKEHIIEM
I HEKJIACCUYECKUM MOJIyJIEM HENPEPbIBHOCTU B

IIpocTpaHcTBe Lo

ML.III. ITTabozoB, Anaa Caitdynpaxman-an-Kypaiimm

B pabote mojiyueHbl TOUYHBIE OLIEHKH BEeJMYUHBI HAWUIYUIIEro CpegHeKBaIpa-
TUYECKOTO TPUOJIMKEHIS TPOU3BOJIbHON KOMILJIEKCHO3HAYHO 27T-11eprojIniecKoii
pYHKIIMU TPUTOHOMETPUUECKUMU TOJUHOMAMI TIOpsJ/IKa He Bbillle N — 1 u
YCPEeJHENHBIM 3HAUEHNeM KBaJipaTa HEeKJIACCHIeCKOr0 MOJIYJId HelpPePbIBHOCTU
Wom—1(f"),t) ¢ npoussonabubiM Becom ¢(t) B mpocrpancrse L. Ilycrs Ly :=
L[0, 2] — mpocTpaHCcTBO 27-MEepHOINYECKIX KOMILIEKCHO3HATHBIX N3MEPUMbIX
dyukun f, KBaapaT MojLyJsisi KOTOPHIX CYMMHUPYEM Ha IEepPUoje ¢ HOPMOit

2w 1/2
I fll2 ==l fllz, = (%/0 |f(x)\2dx> < 00.

Lg) (r e N, Léo) = Ly) — MuOKecTBO pyHKIMI f, v KOTOPBIX 1poussoausie f1)
nopsijika (1 — 1) abComoTHO HelpephIBHbL, a IPOU3BOHEIE r-ro nopska f) €
Ls. Yepes Tg,_1 0603HAUUM TIOAIPOCTPAHCTBO TPUTOHOMETPUIECKUX MOJTMHOMOB
MOpsiJIKa He Bbillle n — 1 ¢ KOMILIeKCHbIMU Koaddunuentamu Buja T, 1(x) =

S° ape’*® a;, € C u pasencrsom
|k|<n—1

Buer(f)2 = Buca(f, Tont)e = inf {|If = T llo: Tua(@) € T} (1)

OlIpeJIeJINM BEJINUUHY Haujiydiiero npubjmkenuss Gyuknuit f € Lo 1OIIpoO-
CTpaHCTBOM g, 1. V3BectHO, 4TO Ccpejin BCEX TPUTOHOMETPUUIECKUX IOJIMHO-
MoB T),_1(z) € 7Tap—1 TOUHYIO HIKHIOIO T'DaHb B IpaByio dacTh (1) peasm3y-

er vactHast cymma S, 1(f,x) = Z cr(f)e™™ nopsiaka n — 1 psg @ypse
|k|<n—1
flx) = > cu(f)e™. Tlpu stom
kEZ
2\ /2 — vz, 2 2
Boa(2= (D elDR) = (3o a80) 7 a0 = el D+ le-n(N),
|k|>n k=n

k > n.
Badukcupyem uncio m € N u cienyst |1, 2, 3| BBejieM pasHOCTHBI oriepaTop

2m—1

Al f(a) = Y (—1)" (o + vt

v=0
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neficrBytonnii u3 Lo B Ly. OupeaesuM cOOTBETCTBYIONINI MOJLY/Ib HEITPEPBIBHOCTH

Dam1(f,1)2 = sup{[|A7"(f)ll2 2 [h] <8}, ¢ >0.

Husm,n,r €N, 0<p<2 0<t<h,he(0,2r/n] ¢ — Becosast ua [0, h)
bYHKIUSA BBEIEM B PACCMOTPEHUE CJIeYIONLYI0 SKCTPEMaIbHYIO XapaKTePUCTUKY

Enfl f

feLg) h
JE e

0

Teopema 1. ITycmv m,n,r € N, 0 <p <2, h € (0,21/n], ¢ — secosas na
0, h] pynruyua. Tozda cnpasedausv, pasercmea

{hmmd%hﬂflﬁxmmmﬂ%h)S{mgib&mmA%hﬂfﬁ (2)
2de
h 1/p
1 — cos2mkt
Lorn(q h) = [ P P/2(kt)q(t)dt (kt) =
nsala ) = (17 [P GO) . Polhe) = T

Teopema 2. IIyemv nom € Nyr € Z,, 0 < p < 2, h € (0,2n/n] —
npoussoavhoe wucao, q(t) = 1. Toeda

ann—l(f) 1
h

p h 1/p’
N , PP/ tdt)
/ o (f0, 1)t </0 m ()

0

sup
reLs”

u, 6 wacmuocmu, npup = 2 u h = 7/n noaywaem

"B, 1
sup o 1) = m>2, méeN.

rers) [ m/n V2 V2m]

JIureparypa
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Tounbie HepaBeHcTBa THna Jlxxkekcona-CredukuHa
nasg nuddepeHInpyeMbIX B cMbiciie Beiias
byukmuii B8 Ly|0, 27|

A A. IIIabo3zoBa

[Ipu perernn psijia SKCTpeMaJsIbHbIX 3a/iad TEOPUN alllIPOKCUMAIIN (DYHKIINI
B IIOCJIE/IHEE BPEMs 9aCTO HCIOJIL3YIOT PA3/JINIHbIe MOIM(DUKAIIIT KJIACCHIECKOIO
olpejiesIeHIsI MOJYJIsI HellpepbIBHOCTH. BBelleHne Takux MOAu(UKAINNi MOLYJIs
HEIPEPBIBHOCTH TI03BOJISIET COPMYJINPOBATH €CTECTBEHHbIE aHAJIOIN 3a/1a9 TEO-
pun npubJIMKEeHNS U HOJIYUYUTh CoJeprKaTesbHble pe3y/bTaThl. B ciydae alipo-
KCUMAIUN 27T-1epUonIecKux (PYHKIUNA TPUTOHOMETPUUECKUME IOJTMHOMAME B
paborax |1, 2| Bmecto omeparopa ciasura Ty(f) := f(x + h), z,h € R 6buia
ncrosib3oBana dyukimst Creknosa Sy (f), npuBeieHHasT HIZKE. 371eCh TPOIOJZKIM
YKa3aHHYI0 TeMATUKY 1 0O0OIINM HEKOTOPbIe pe3y ibTarhl |1, 2| mis kiaccos yH-
Kiuii, nuddepenimpyembix B eMbicse Beitist. [lyers Ly := Lo[0, 2] — mpocTpanc-
TBO CYMMUPYEMbIX C KBaJ[paToM MOo/IyJisi 110 Jlebery 2m-repuopndeckux yHKII
C KOHEYHOII HOPMOII

1 2m
Ifli= Ul = (5 [ IroPac)

st mpousBosibHOIN byHKIMN f € Lo 3anumiem GpyHKImo CTekIoBa

1/2

h

Sh(f,l’) = % )

fx+t)dt, h>0

u nosnokeM Sp; = Sp(Shi—1(f)), i € N u Spo(f) = f. Obosnaaum wepes I
— eJUHUYHBIN onepatop B Lo u, cieiys paboram |1, 2|, onpejesinM KOHEUHbIE
Pa3HOCTH NIEPBOTO M BBICIIMX HOPAIKOB (PYHKIMN f paBeHCTBAMU

Aill(fv x) = Sh(f7 x) - f(x) - (Sh - H)(fv l‘), A;zn(ﬁ $) = A}L(A?_l(f7 ),l‘) -

m

= (S, —=D)"(f,z) = z:(—l)m*lf (T) Shi(f,x), m=2,3,...

k=0

BrejieM 0000MIeHHBIIT MO/ Th HEMTPEPBIBHOCTH 1M-T'O TOPSA/ KA PABEHCTBOM

Qo (f,1)2 = sup {[[AF(f; )2 - O < h <t}

znaraemble jgajiee pe3yabTaThl CBA3AHBI ¢ ONpPeeIeHreM JTPOOHON TTPOU3BOTHOM
B cmbicsie Beitnst [3|. Pacemorpum mist byukimu f € Ly ¢ psiiom @ypbe

ap

fx) ~

;f) + Z (ar(f) cos kx + by(f) sin kx)
k=1
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IIPOM3BOJINYIO TopsiKa o € R. B cMmbicsie Beilsd, onpeneaennyio paBeHCTBOM

(0.9]
f9(z) = Z k* (ak(f) cos (k:x + a2_7r> + br(f) sin (kaz + a—;)) : (1)
k=1
Yepes Lga)(oz € RJF,L;O) = L,) obozHaunMm MHO)KeCTBO GyHKIuil f € Lo,
Y KOTOPBIX CYIIECTBYeT Mpou3BoAHas B cMbicie Beiina f(@ € Lo(a € Ry).
Ecmn S,,_1 (f(o‘), :c) — gacTudHasi cymma (n — 1)-ro mopsizika psiza (1), To Jer-
KO JIOKa3aTh, 4TO Hamiydmee npubmmxenne Gynxmun @ € Lo smemenTamm
T,—1 € Fap—1 pPaBHO

o

1/2
‘2 :Th1 € f2n—1} = {Z kmpi(f)} ;

k=n

En (f(o‘))2 = inf{Hf(a) — TT@I

rie pr(f) := a;(f)+bi(f), k € N. Chopmyaupyem ocHOBHOIT pe3ysibTaT paGoThL.
Teopema. Ilyecms m,n € N0 < p < oo, € Ry, 0 < h < 37/(4n), ¢ —
secosan na ompeske [0, h] pynxyus. Toeda cnpasedruso paserncmeo

—~1/p

h
Xnm.ap(Q h) = {no‘p/ (1— sincnt)mpq(t)dt}
0

Caencrsue. [lycmo o, € Ry, a > 3, m,n € N, 0 < p < 00, ¢ — 6ecosas
na [0,h] (0 < h <37/(4n)) dynryua. Toeda umeem mecmo paserncmeo

n®8E, 1 (f®) ~1/p

h
sup 2 7y = (/0 (1— Sincnt)mpq(t)dt>

(@) h
e ([ o, (51), at0ar)
0

Bousiee nosiibie pe3ysibTaThl n3/10KeHbI B pabore [4].
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Bukopucranns ciuiaiiHiB JIst 3MIHI PO3MIPY
300pazKeHb

0.0. lywmeiiko

CraiiHy IIIPOKO BUKOPHUCTOBYIOTHCSI B PISHOMAHITHHX 3ajadaX KOMII FO-
TepHOI rpadiki, B TOMY ducjai 1 B 3aJadi peceMIIHTY (3MiHU IeOMeTPUIHUX
po3MipiB pacrpoBoro 3o06pazkennst). Takumu zagadamu saiivanuca A.O.Jluryw,
B.®.Babenko, J.A.Parker, R.Kenyon Ta if.

3alpooHOBaHO JJjIsI JAaHOI 3a/a4l BUKOPUCTOBYBATH TEH30PHUI JOOYTOK JI10-
KaJIbHUX 11apaboJIiuHIX CILJIaiiHIB

So2(Pu,v) = > PiiNpo (u— (i+%),v— (g+%))

(i,j)eZ?

ne (u,v) € R? Nys = By(u) - By(v)- nopmasizosanuii tensopuuii 106yToK B-
CILTAWHIB JIPYTOTO TMOPSIKY Ha TpaTkax (i, 7).

[ToOynoBani Ta Bukopucrani crutaitim - Sg o ; Maiizke iHTeproAniiini Ta So.94
Malizke IHTepHOJISIIIHI Y cepeHbOMY.

J11s1 TOPIBHAHHS OTPUMAHNX PE3Y/IbTaTiB BUKOPHUCTaHa 0a3a TecTOBUX 300pa-
»kerb TID2008 Ta MHOXKIMHA, BiJIOMIX METOJ/IB PECEMILIIHTY 300parKeHb.

TecToBi 300pakeHHs crio4aTKy OyJir 30i/IbIIeH] BJBIYi, ITOTIM KOHBEPTOBaHi J10
OPUTIHAJILHOTO PO3MIpPY OJHUM 1 THM K€ aJrOPUTMOM, TiCd Y0oro 0yJI0 3Hail1eHO
Binxuaenns y PSNR:

255
Vitw S S (1) — J(6.9))°

e H x W po3mip opurinaJibHOro 300parKeHHs.
PesynbraTtn naBejieni Ha HacTYIHINM Jliarpami.

PSNR(I, J) = 2010g10

—e— Near et Neighbour
—e—Bilinear
—a—Hermite
—e—Gaussian
Be

—e—EBspline
—a—Mitche
—e—Llanczos
——Hanning

g L 3T

—e—Our_method - pointwise

10,00 —g— COur_method - integral

JHinpoBCchKuil JIeprKaBHUi
TeXHIYHUI yHIBEpCUTET
e-mail: shumeikoalex@gmail.com
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O HamIyd4imeM cOBMECTHOM HPHUOJINKEHUN
dbyHKIIIII B IIpOoCTpaHCTBE Xapau

["A. FOcynos, [Ix./Ix. 3aprapon

B pabore maiijienbl HOBBIE TOUHBIE HEPABEHCTBA MEXK/Y BEJMUHHAME HAV-
JIydIIero COBMECTHOTO CPETHEKBAJIPATHICCKOTO MPUOJIIZKEHIST AHAJIITHICCKIX B
eIMHITTHOM KpyTe (DYHKIN{ 1 MHTErpagaMi, COIEPKAINMU YCPETHEHHbIE 3HATe-
HIIsT MOJTYJIeil HeTPEPBIBHOCTH 7-I'0 TIOPSIJIKA IPAHNYHBIX 3HAYCHUIT B IIPOCTPAHCTBE
Xapmn. Anamnrudeckasi B exuananoM kpyre U = {z : |z| < 1} dynkius [1]

e.¢]

O(2) = chzk, z=pe’, 0<p<1, 0<t<2m,
k=0
IPUHAJJICZKUT IPOCTpaHcTBy Xapau #,, 1 < p < oo ecin
2m 1/p
. N E 1 wy|p
@], = 8l =t § o= [ @GPty <.
0

[Ipoussosmyto m-ro nopsiiika dyuknnu ®(z) € J, onpegennm 1o dopmyie
oRk> >
oM (2) 1= &Z—m(Z) = 1; Qe m (@) 27,

rae Qpm = k(k—1)---(k—m+1), k > m, m € N. I[lognpocrpancTso KoMILIE-

KCHBIX aJIrebpanvyeckux MHOIOYJIEHOB BUja P, (2) = E ap?®, a, € C, |a,| # 0,

k=0
cTereHn n 0003HAYNM CUMBOJIOM Z2,,. Bemmanny

By o 1(@) 5 = int {0 = pl [, poy € 20

HA3bIBAIOT HAWIYYIINM COBMECTHBIM Hpud/nm:kennem yHxkiun @ u eé mocieno-
BaTeJbHbBIX TPOU3BOIHBIX P(s) (1 < s <m) nosmHOMaMHU p,_1 € Pp_1.

Teopema 1. /[aa npoussosvroti pymnrxuyuu ® € %(m), npu a0bvx n,m €
N, s€Z,,n>m2> s umeem Mecmo HepaseHcmeo

On,s m
= Ep 1 (9) (1)

Enfl(q)(s))% <

n,m

Cywecmsyem pynxyua G € %(m), das Komopot nepasencmeo (1) obpausa-
10MCA 68 PABEHCMEBO.

XapaKTepucTuKy VI KOCTH HponsBobHoil Gyuknnn P(z) € 77, (1 < p <
00) Oy/ieM XapakTepr30BaTh CKOPOCTHIO YOBIBAHMS K HYJIIO MO/TYJIsT HEIIPEPBIBHO-
CTH T-TO TIOpsijiKa €€ TpaHnIHbIX 3HadeHnit P (1) :

wr (@, 1), := sup { H i(—nl Lo (- + (r — 1)7)‘

=0

. :Tgt}. (2)
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Hanee, paccMaTpuBaercd ciaydait p = 2. B 3ToM ciydae Hermocpe cTBEHHBIM
BbIYKC/IeHTEeM U3 (2) moJjiydaeM

W2 (D 1) = 2 ‘sht|1p Z oz,2€7m|ck(<l>)|2(1 — cos(k —m)h)".
stp—1

B cieyoniem yTBepzKieHuy IPUBEICHO TOYHOE PABEHCTBO, COJIeprKalllee Hal-
JIydlinee IpubJIMzKenne En_s_l(@(s)) s byuxim ¢ € %(m) 1 yCpeIHEHHOe 3Ha-
yenne Mojyiist nenpepbisaoctu w, (P 1) 4.

Teopema 2. /as mobvx n,r € N, m,s € Z,, n > m > s u 4100020 wucaa
h € Ry, dasa komopoti 0 < h < w/(n —m), cnpasediuso pasencmeso

n,m/ ®n s En—s— (I)(S)
sup (Qnm/ns) 1(2) _
h " r/2

‘I’G%(m) 1
/ —/wf/r(@(m),T)% dr | dt

i
0 0

r/2
n—m

2((n —m)h — Si((n — m)h))

u

, sin T 5

ede Si(u) = / dr — unmezparvrovili cunyc.

T
0

OrmernM, 4TO aHAJONMYHBIE 3aJa4i ObLIM PACCMOTPEHBI TakxKe B paboTax

12, 3, 4].
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Hanay4niee coBmecTHOEe Npud/IM2KeHne
aHaJNTIYecKnX PyHKIINI B IIpocTpaHCcTBe Xapau

["A. FOcynos, M.M. MupxkaJjionoBa

Pabora mocasiieHa HaXOXKACHNIO TOTHOTO 3HAYCHUST HAMJIYUIIEero COBMECTHO-
ro HPUOJINKEHNST AHAJIUTHICCKUX B €JIMHUIHOM Kpyre (bYHKIUI KOMILIEKCHBIMI
aareOpanvIecKuMn TIOJMHOMAME B IpocTpaHcTBe Xapjn 43. Ilycrs N, Z, =
NU{0}, Ry := (0, +00), COOTBETCTBEHHO, MHOYKECTBO HATYDPAJIBHBIX, TIEJIBIX HEO-
TPUIATENbHBIX, MOJOKUTENbHBIX dnces. C — MHOXKeCTBO BCeX KOMILIEKCHBIX M-
ceq Buja ¢ :=a +1b, a,b € R.

Bynem roBoputs, uro anajutndeckas B equnnanom kpyre U = {z : |z| < 1}
pyHKIHS

o0
d(z) = ch(@)zk, z=pe", 0<p<1,0<t<2n (1)
k=0
IpHHAJIEKUT HpocTpancTBy Xapan 4, (1 < p < 00), ecin |1, 2]

1/p

2T
. 1 ;
@], = 8l =t | oo [I0G)Pat) < ox. @)
0

p—1-0

IIpu sTOM yryoBoe rpanudHoe suadenne ®(z) obozmaunm ®(t) := P(e) =

lil{nocb(pe“). [IpousBomuyio m-ro nopsiyka byaxiuu $(z) onpejennnM paBeH-
p—1—
CTBOM

oM (z) = ——H = i k(k—1)- - (k—m4 1)ep(®)2™, (3)

rie o =k(k—1)---(k—m+1), k >m, m € N. Ilycrs

A = {CID(Z) e A, |0, < oo}, 1<p< oo

p

Yepes &2, 0603HATNM TOIIPOCTPAHCTBO KOMILIEKCHBIX aredpandecKux MHO-

o m
POYJIEHOB CTeIeHN n. XOPOIIo U3BECTHO, YTO HapasHe ¢ yHKimel $(z) € %( )
eé nociegosaresnburie npoussoaupie ) (2) (s = 0,1,2,...,m) Taxxke npuHa-

m o
JJIe’KaT MPOCTPAHCTBY 45 ~, & IOTOMY HECOMHEHHBIII MHTepec IpejCcTaB/ser
OTBICKAHUE TOYHOI'O 3HAYEHUS BEJINYUHBI

Ejn—s—l((I)(S))L%ﬂ2 ;= inf { H(I)(s) — pgls)

:me@&. @)

02

meet mecTo citemytormas
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Teopema 1. ITyemv n,r € Nym,s € Zy,n>m>su0 < (n—m)h <m.
Tozda cnpasedauso pasercmeo

) By (89 psnitn—mnf2)\?) "
et}

sup

(m) h (n —m)h
- 0w @0 g}
0

Hanmy4riee coBmecTHOe CpeJIHEKBaIPATHIECKOE TPUOIMKEHNE MHOZKECTBA
m ™) 110 IPOCTPANCTBOM TPHIOHOMETPIYECKIX TOINHOMOB 7,1 0003HATIM CHM-

BOJIOM

@@(8)1 (m(m)) = éa(s) (m(m)’ %71)% = sup {Ensl (@(8))3@ US m(m)} (5)

n—
[t Tpon3BOILHBIX HATYPAILHBIX m, 7 1 0 < h < 27 BBeJEM B pacCMOTpeHne
caeyIoNuit Kjaace pyHKITuii

h
W(h) :={ & e 4™ /(h —t)wir (@™ ), dt <1
0

Teopema 2. Ilpu 6cex r,n,m e N, n>m, s € Z,,r > s u mobvxr h > 0,
das komopvir 0 < (n —m)h <, cnpasedausv, pasencmea

. 9 —r/2
(gjgi)m_l(me)(h))% _ Qns oy {1 B <2 sm((q(ln_—mﬂ;;lh/m) } :

On.m
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Habmmkennst pyHKIT 3 aHI30TPONHNX KJIACIB
Hikosbcbkoro—becoBa

C.4A. fnuenko
Hexait L,(R?), 1 < p < oo, — mupocrip Bumipuux dyukuiit f(z) =
f(xy,...,14) Busnauenux na R?, d > 1, 3i cTangapTHOIO CKiHYEHHOIO HOPMOIO,
B]’;Q(Rd) (r =(r,...,rq),r; >0, =1, d) — anizorponni Kiaacu Hikoabebkoro—

Becora (quB., mHanpukiasn [1]).
Hauti, nexait dbyuxuist f € L,(R?) upejcrasiena interpaiom ®@yp’e

f(x) = (2771)d/2 FNEM AN, ne f(N)— nepersopenns @yp'e bynkiii f,

i Das = Dys..ay — d-sumipnuit napaeneninen: |\;| < aj, j = 1, 1,d, s > 0,
['gs = Dgs — Dgs—1 ipu s > 1 1a I'go = Dgo. Iloknagemo

fas 1= Sas(f) = Sasr1(f) = . FNEMAN, s> 1, fao = Sa(f),

1 a® a;®
SaS(f) = (27T)d/2 /_als ce /_ads f(A)el(A x)

Posrustemo sesmuauny Ep, (f)p = || f = San-1(f)llp,n €N, f € Ly(RY), i s
dynxuionansnoro knacy F C Ly(R?) noknauemo Ep,. (F)y = supser Epyn (f)p.
E,(f)y: mf I f — gull, — naiikpame nabmkennsv gynxnii f € L,(RY), ne

g(x) € L, mﬂa byHKIIA cTenens v = vy, ...,V 10 KOXKHII 3MIHHIA 21, ..., T4
BIJIIOBITHO.
Teopema 1. Hezxatil < p < qg<oo,1 <0< o00. Todi das g(r) > d(% — %),
MAE MICUE NOPAJKOGE CNIBEIOHOULEHHA
1 1

Ear(Bg)g < Epy (Byg)y < 2700 ~1G730)),

b,

_ ézg? , TL} =20/ 5 =T d.
TeopeMa 2. Hexai 1l <p<oo,1 <0< o00. Todi das g(r) > MAE MICUE
nopadkose cniseloHOWEHM.A

1. JIuzopkun II. 1. O6o6meHHble rejibJIEPOBBI ITPOCTPAHCTBA B(Te U UX COOTHOIIEHHS C
[IPOCTPAHCTBAMMI C060ﬂeBaL . Cub. mat. xKypH., 1968, 9, N5, C. 1127-1152.

IHCTI/ITyT MaTEeMaTHUKN

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