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IlnenapHi jgekiii

A relation between maximum norm and minimum norm
for entire curves of bounded [-index in /¢

BaNDURA A. 1.

Tvano-Frankivsk National Technical University of Oil and Gas

andriykopanytsia@gmail.com

We will use notations from [1,2]. Let ¢>° be a sequence space whose
elements are the bounded complex sequences. The space is equipped with
the norm ||z|lcc = sup, |zn|. Let F : C — {¢* be an entire curve, i.e.
F = (fi,f2,..., fn,...), where every f; is an entire function, j € N. By B> we
denote a space consisting from functions F' : C — ¢°° which are bounded on
every compacta, i.e. F' € B> if for every compacta G C C there exists C' > 0
such that for any z € G one has ||F(z)]|cc < C. Let [ : C — R, be a positive

continuous function. The notation F*)(z) stands for (fl(k)(z), e ,(lk)(z), ce)e

Recently, there was presented [1,2] a generalization of concept of bounded
l-index for entire curves in [,,. Also there was proved one criteria describing
local behavior of these curves. Here we continue these investigations and present
another criteria for the class B*°.

Let us remind a main definition from [1,2]:

Definition 1. A function F € B> is called a function of bounded l-indez, if
there exists mg € Z4 such that for every m € Z4 and for all z € C one has

e - 1P
mlm(z) ~ 0<k<mo KNk (2)

(1)

Let us denote )\b('r]) = Suptl,tze(c {% |t1 — t2| S m} . By Q

we denote a class of positive continuous function [ : C — R, satisfying the
condition (Vn > 0): Ap(n) < +o0.

Using results from [1,2], we obtain the next criterion of i-index boundedness
for functions from B°°. Similar result was firstly deduced by G. H. Fricke [4]
for entire functions of bounded index. Further it was generalized for various
classes of holomorphic functions [5,6]. Our main results are following:



Theorem 2. Letl € Q. If the function F € B> is of bounded l-index then for
each R > 0 there exist P2(R) > 1 and n(R) € (0, R) such that for every zy € C
and some r =r(z) € [n(R), R] the inequality holds

max{[|F(2)[|oo © [z = 20[=7/l(z0)} < Pominf || F(2) [0 : |2 = 20[=7/U(20)}. (2)

Theorem 3. Letl € Q, F € B*®. If there exist R > 0, P, > 1 and n € (0, R)
such that for all zyp € C and some r = r(z) € [n, R] inequality (2) is valid,
then the function F' has bounded l-index.
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(2]

(3]

[4]
[5]
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The nonlocal problem with multipoint perturbations of
the boundary conditions for an ordinary differential
equation with involution
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The fundamentals of the theory of linear differential equations in parti-
al derivatives with constant coefficients were investigated in the works of
L. Ehrenpreis, L. Hermander, L. Garding, V. Malgrange, V.P. Palamodov,
I.G. Petrovsky, B.Yo. Ptashnyk.

The classes of uniqueness and existence of the solution of boundary value
problems in bounded domains for equations with constant coefficients were
studied in [3]- [7]. Mixed boundary value problems mean such problems when
the boundary lines of various types are located on the surface of the region.
Boundary value problems with mixed conditions arise in hydrodynamics, the
mathematical theory of elasticity. In this report we considered the problem
with nonlocal boundary conditions which are multipoint perturbations of mixed
boundary conditions in the unit square G with using Fourier method. The
properties of a generalized transformation operator R : Lo(G) — Lo(G), which
maps the normalized functions of the operator Ly of mixed boundary conditions
in the root functions of the L for perturbed nonlocal problem, are studied.

Also we construct a commutative group of a generalized transformation
operators I'(Ly). We show that for any transformation operator R € I'(Lg) :



Ls(G) — L2(G) corresponds some abstract nonlocal problem and vice versa.
We construct system V(L) of root functions of operator L. In case, if V(L) is
a Riesz basis in the space Lo(G), we obtain sufficient conditions under which
nonlocal problem has unique solution in form of Fourier series by system V' (L).

Let G := {x := (21,72) € R?: 0 < 11, 72 < 1}, Dy, Dy — are the operators
of differentiation by the variables z1, 2 respectively; W3"(G) — be a Sobolev
space with a scalar product and norm respectively:

(u,v; Ha) == (u,v; Lo(@)) + (D"u, DI"v; Lo (G)) + (D3™u, D3"v; Lo (G)),
llu; Ha|| := +/ (u, u; Ha),

where [L2(0, 1)] — be a set of linear continuous operators over the space L2 (0, 1).

Let’s consider the nonlocal problem

L(=D%,—D3)us= 3 a,D¥ D" = f(z), z € G, 1)
q=0
Coqu = D Pulg o + DY Pulpy—1 + L u=0, s=1,...,n, (2)
lpgsit = D%szu\zlzo — Dfsfzu(l,xg) =0,s=1,...,n, (3)
by ou = D3 2|y, —0 — D3* 2ulp,—1 + E;QU =0, s=1,...,n, (4)
lpgs ot == D3 u|yy—o — D3 Mulpy—1 = 0,5 =1,...,n, (5)
where

ksj nj
ly ju = Z Z bs,qriDiu(r1, 22)|2,=a,,, s =1,...,m, (6)

q=0r=0

0= Tj1 < Tj2,..s Tjn, <1, bs7q,7~,j € R,
g=0,1,.., ks, ksj <2n,r=0,1,...,n;, s=1,...,n, j=1,2,
ik = w2k?, Hom = 4r?m? k=1,.., m=0,1,...

Let L : Ly(G) — L2(G) — be the operator of the problem (1)-(6);
Lu := L(—D%},D3)u, w € D(L), D(L) := {u € Wi (G) : lsju =0, s
1,....2n,j=1,2}.

Let us consider the following assumptions.

Assumption P; : bsgr; = (—1)j(—1)qbq71,nj,r,j, Tjr=1—=Tjpn, p, 7=
0,...,m5, s=1,2,...,n, j=1,2.

Assumption P : ks ; <25 -2, s=1,..,n, j=1,2.

Assumption Pj : for any real numbers i1, po the positive number C; exists,
that the inequality Cy|u|® < |L(u1,u2)| holds, where u = (ui, u2), |u|? =
|1 ? + |2l
Theorem 1. Let Assumptions P1—P3 and aga, # 0 hold. Then, for arbitrary
function f € L2(G) the unique solution of problem (1)—(6) exists.
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Local Versions of the Wiener-Levi Theorem
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Let h(z) be an analytic (or real-analytic) function in the neighborhood
of some compact set K on the plane C. We show that for any complex
measure 4 on the Euclidean space R? of a finite total variation without si-
ngular components there is another measure v without singular components
such that its Fourier transform 7(y) coincides with h(ji(y)) for each y € RY,
for which fi(y) € K. If K contains the set i(R%) and p is a pure point or an
absolute continuous measure, we get the known versions of the Wiener-Levi
theorem [1]. Also, some applications to the theory of quasicrystals are given

(1], [2)-
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®akTopu3aIliiiiHi TOTOXKHOCTI B Teopil BUNagAKOBUX
mpoiiecis
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Bukopucranns dakropusaniiinux TOTOKHOCTEH B CTOXACTHIIl PO3IIOYATIOCH
3 pobGitT ®. Cminepa (F. Spitzer) cepemunu 50-x pokis XX-ro cTopiuys, 1m0 cTO-
CyBAJINCs BUTIQIKOBUX OJIyKAHb HA I'PATII [JINX 9HCEN [ilicHOl oci. B cepemumi
60-x pokiB cubipchkmit MmaTemMaTnk B. A. Porosin orpuMas aHagor pe3yabraTy
Crinepa [ 3araJbHOTO MPOIECY 3 HEe3aJeKHUMU mpupoctamu. Mu HazuBae-
MO BifmmoBigay ToroxKHiCTH hopmysoio Porosina-Crinepa. Liny nusky 3acrocy-
BaHb (DAKTOpU3ANIMHUX TOTOXKHOCTEN /10 IPOLECIB MACOBOIO OOCJIyIOBYBAHHS
MOXkHa 3HalTh B poborax A. A. Boposkoga, /I. B. I'ycaka Ta 6ararhox iHImmx.

B wamomy gochimxkenni mu crapryemo 3 ¢opmyimu Porosina-Cuinepa i
OTPUMY€EMO HOBi (POpMY/H, IO XaPAKTEPU3YIOTh IEBHI BJIACTHBOCTI CHMETPH-
YHUX Q-CTiKWX MpoIleciB Ha AificHi# oci.

Hexait na mificHiit oci 3a1aHuit CTOXaCTUYIHO HEMEPEPBHUN OIHOPIIHMIM TIPO-
nec (X (t))e>0 3 HE3ATEKHUME IPUPOCTAMH, 10 CTapTye 3 Hy/ad. Bel ckingen-
HOBUMIDHI PO3MOIIIN TAKOrO TPOIECY MOYKHA BUPA3UTH Uepe3 (DYHKINI0 PO3-
noziny Bemuunnau X (t) mpu goslibHOMY bikcoBanomy ¢ > 0

Fi(z) =PH{X(t) <=z}), xR



Bimowmo, 1110 TpaeKTOPil TAKOTO MPOIIECY MOXKHA BBAXKATH HETTEPEPBHUMU CITPABA,
i TakUMU, MO B KOKHUM MOMEHT iCHYIOTH IpaHUINl 3jiBa. TOmdl IMiJIKOM BU3HA-
YeHWMU € BUIAIKOBI mporecn

Xi(t)= sup X(s), Ta X_(t) = inf X(s), ¢t>0.
0<s<t 0<s<t

®Dopwmysa Porozina-Crinepa moB’s3y€ pO3MOIiIN MUX MPOIECIB 3 PO3MIOIIIOM
senmaunan X (t), robro, byukuieo (Fi(z))zer-

Teepaxenns (dopmysa Porosina-Crinepa). IIpu A > 0 ma £ € R suxonyio-
MbHCA PIBHOCTNI

A/OOO M [/Ri i€ 4P ({ X o (¢) <y})1 dt =

exp {/ODO e M l/ugi(eiiy —1)dFy(y)

deRy ={x €R:z 20}

dt
t )

Posrisgaemo Takuii miakmac 3ragaHux BUINE MIPOIECIB, I SKOTO (PYyHKITiS
(F(y))yer upu t > 0 € abCOMIOTHO HElEPEPBHOIO BIIHOCHO j1e6eroBol Mipu Ha
R 3i miabHICTIO

1 [ .
g(t,y) = */ e " cos(¢y)dé, t>0, y eR,
0

™

me a € (0,2] Ta ¢ > 0 — bikcosani napamerpu. Ile i € cumerpnani a-cTifiki
nporecu. Ilpu @ = 2 ni mporecu € Bineposumu. Hac Oyme miKaBuUTH BHIIAIOK
a € (1,2).

Hns y > 0 noxknagemo o, = inf{t > 0: X(¢) > y}.

Teopema 1. Ilpu eciz y > 0 cnpasdacyemvpea pieHicms

2 1
li )\71/2 1-TF —Aoy) — a/2
e (1—TEe™) ay/eD(a/2)”

st nopiBHAHHS HaBEAEMO IMOMIOHUI PE3yJIbTAT, SAKM OTPUMYETHCSA 3 J0-
TTOMOTOI0 iHTINX MipKYBaHb.

IIpu y € Ry = R\ {0} posrnsmemo Bunaaxosy Beamuuny 7, = inf{t > 0 :
X(t) = y}. Bimomo, mo mpu « € (1,2] maemo pisuicts P({r, < +o0}) =1,
axuM 6u me Oyio y € Ry.

10



Teopema 2. Ilpu eciz y € Ry cnpasdocyemoves pisHicmo

»T2-a) . Ta
lim AVl (1 —Ee™™) = =22 gin —[y|o?
A—0+ ( ) mc a—1 2 v
de » = ac'/*sin(r/a).
OueBnano, mpu o = 2 Teopemu 1 Ta 2 3BOAATHCA IO OJHOIO i TOTO K

TBEP/IZKEHHS.
Hacaigok. a) ITpu eciz y > 0 ma B € (0,1/2) maemo E(o,)? < oo.

6) Ilpu sciz y € Rg may € (0,1 —1/a) maemo E(1,)7 < oo.

Quotient of a weighted sum of /;-spaces associated with
supersymmetric polynomials

JAawAD F.

Vasyl Stefanyk Precarpathian National University

farah.jawad @yahoo.com

ZAGORODNYUK A.

Vasyl Stefanyk Precarpathian National University
andriyzag@yahoo.com

Let X = ¢ @ ¢;. We represent each element z of X by z = (y|z), z,y € ¢;.
Let us consider polynomials T;,: X — C,

o0
T (2) = Fp(z) — => (= — )
k=1

Polynomials T;,,, m € N are algebraically independent and form an algebraic
basis on the algebra of supersymmetric polynomials on X. In [3] the algebra of
supersymmetric polynomials was investigated and a commutative ring structure
on the corresponding quotient set X/ ~ was described.

In the talk we will consider a complex Banach space X which is a wei-
ghted direct sum of infinity copies of ¢; @ ¢; and polynomials which are
supersymmetric on each term of this sum. We show that under some assumpti-
ons, X/ ~ is a real locally convex algebra which contains a normed subalgebra.
This is an extension of results, obtained in [3], [4].

11
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CexkiriitHl JO1OBi Il

CexkIiig Teopii iiMmoBipHOCTEit

ITpo 36ixkHicTs Maiike HameBHE BiACTaHI MiXK
PO3B’A3KAMU CTOXAaCTUYHOTO AN(pEPEHIiaJILHOTO PiBHAHHS
3 HeperyJagpHuMn KoedimieHTamMmn

ApsicoBa O. B.

Incmumym eeofisuxu im. C. I. Cybbomina HAH Yxpainu

oaryasova@gmail.com

B pounosini BuBuaerbcs croxacruune audepeniianbue pipusuusa (CP) 3
HeperyasapHuM KOoedilieHToM IepeHocy, AKuil, B3araji KaxKydi, € HeOOMEeKeHUM
i pospusHUM. [Ipunycrumo, 1o koedilieHT mepeHocy Moxke OyTH mpeacTaBe-
HUN y BUTVISAL CYyMHU IACHMATABHOTO MOJAHKY i BUMIDHOTO OOMEKEHOTrO YjIeHA.
Koedinient audy3ii BBaKa€THCs JIMIMAIEBAM T, HEBUPOZKEHIIM.

Baypaxkumo, 1m0 3a takux mpunyimens CJP wae enuunii  cuabHMit
PO3B’SI30K.

Posrnsgaemo mBa po3B’sa3Ku piBHAHHS, IO CTAPTYIOTH 3 Pi3HUX TOUOK. Jlo-
BOAMTHCS, IO JJIS JOCTATHHO BEJIMKWX 3HAYEHBb JIUCHUIIATUBHOIO KoedilieHTa,
BiJICTAHb MiXK IMMU PO3B’SI3KAMU TIPAMY€E 0 HyJIs Maii’Ke HANEBHE 3 EKCIIO-
HEHIAJIHHOIO MIBUIKICTIO, KOJIU ¢ IPSMYE /10 HECKIHYEHHOCTI. AHAIOTiYHI pe-
3Y/BTAT OJEPKYETHCA TAKOK JA7d 301KHHOCTL B Ly, p > 2.
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Posp’a30k ,zmcl)epeHula.anoro plBHﬂHHH ,I[.TISI TBlpHOl
(l)yHKIJ;u riIgcToro npounecy 3 Mll"paI_UGIO
basuieBuy 1. B.

JIHY im. Isana Ppanka
i_bazylevych@yahoo.com

Axnmninna X. M.

HY "JIveiscvra nosimexnixa”

yakymyshyn hrystyna@ukr.net

Posrsisinemo riuigcruii nponec 3 Mmirparieo Ta HernepeHBHUM dacoMm u(t),

t € [0,00) [1]-

Teopema 1. [1] Teipna dynrxuia npouecy u(t), t € [0,00), npu |s| < 1 ma
s # 0 3adosoavhse dudepenyianvre PieHAHHA

OButs3) _ ()2l | g(s) 1,0+
+Y P{u(t) = n}( st + Z rk> > P{u(t) =n}s"r(s) (1)
n=0 k=n+1 n=m+1
3 No4YamKoeoto Ymoeoro
F.(0,s) =s. (2)

i maHoro mporecy Mae€ Micrie TBep/IzKeHHS

Teopema 2. Pisnanus (1) 3 nowamxosoro ymoeow (2) mae pose’sasox

f( (F(u,s))+r(F(u,s)))d
F(t,s) = P(t,s)en e

t t—x
- - ~ (9(F (u,8))+r(F (u,5)))du
+ Z/P{u(m) =n} Z re(l—F"""(t —z,s))e G dz,

n=0 0 k=n-+1
(3)
arul edunul Y KAaci HenepepeHo-duPeperyitiosanus PYHKUIT HaA NPOMIHCKY

Ale) ={s:s€[g1],0 < e <1}, a F(t,s) — meipna Pynkyia 2isscmozo
npouecy b6e3 Mizpayii 3 HENepepPeHUM 4aCOM.

14
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AcuMmnroTruka fiMOBipHOCTI GAHKPYTCTBA 32 YMOB BEJIMKHNX
BUILJIAT Ta MPU iCHYBaHHI BiJICOTKOBOI CTaBKHN Ha
pe3epBHUii KamiTaJa

BummHcbKuin A. 4.

Jlvei6corutll Hayionarvrut ynisepcumem imens Isana Ppanka

andrii.bilynskyi@gmail.com

Kigamor O. M.

Jlvei6corutll Hayionarvrul ynisepcumem iment Ieana Ppanka

Okinasch@yahoo.com

Acumnroruky #imMopipHOoCTi 6aHKPYTCTBA 33 yMOB BEJIMKMX BUILIAT PO3LJisi-
HyTO, 30Kpema, B [1], TyT BUBEIEHO aCMMNTOTHKY HWMOBIDHOCTI GAaHKPYTCTBA
st posnozainis Ilapero, Beiibymna, Bekranaepa tumy I Ta II. Ognrak 1i pe3ysib-
TaTU HE MPAIOIOTh Y BUIAJIKY ICHYBAHHS BiICOTKOBOI CTaBKW HA PE3EPBHU
KariTaJt.

[Ipomec pusuky y Bumaaky kiaacuaunol momeni Kpawmepa-Jlyunbepra, xosm
KpIM CTPAXOBUX BHECKIB, CTPAXOBa KOMITaHisI OTPUMYE BiICOTKM HA Pe3epPBHUI
KamiTaa 3 BiACOTKOBOIO CTaBKOIO 0 > (0 BU3HAYAETHCA AK

t t
Us(t) = ue® + c/eét”dv - /e‘s(t_”)dS(v),t >0,
0 0
N(t)
e S(v) = X,,, IHT@HCUBHICTH CTPAXOBUX BHECKIB ¢ > (0, 4 — mOYaTKOBU
n=1
Kamitas. [2]
Kironensbepr ra [lraamiosnep [3] BuBuamu Taky MOIesb y BUIAJKY, KOJIU
dyuxuis posnominy F(z) mae "XBOCTH O PEryasipHO 3MIHIOIOTHCS.

Hawmu, 3 BpaxyBanusam [3], 3naiizneno AMOBIpHICTD GAHKPYTCTBA Y BHIAIKY
BUILTIAT, 0 MaoTh po3noaiiu [lapero Ta Bektangepa.
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[1] Bimuncekuit A. Ouinka tmosiprocms bankpymemea y sunadky 6unaam po3nodi-
AEHUT 30 cybexcnonenyitnumu 3akonamy // Bicauk JIbBiBCHKOTO yHIBEPCHTETY.
Cepis npukiajina Mmaremaruka ta indgopmaruka. Bumyck 25, 2017.- C. 56-63

[2] Bimuenko H. M. Maremaru4ni Meroqu B Teopil pusuky: HaBYaIbHUN MOCIOHUK -
K.: BIIII "Kuiscpkwmit yuiBepcurer”’; 2008. - 224 c.

[3] Kluppelberg C., Stadtmuller U. Ruin probability in the presence of heavy tails
and interest rates // Scand. Actuarial J. - 1998. - N 1 - P. 49-58.

CraTuctuynunii aHaIi3 TEKCTIB nmepeaBubopuYnx IIporpam
Ta iX 3B 430K 3 pe3yjabTaTamMu BHOOpPiB

T'yvrpasub I. M.

Isano-Ppankiscoruli HAUIOHAALHUT METHINHUT YHIsepcumem Hadmu i 2a3y

math@nung.edu.ua

Ocunuyk M. M.

Ipurapnamcorull HoutoHaavHul yrieepcumem imeni Bacuas Cmeganura

myosyp@gmail.com

CMmoJ10BUK JI. P.

Isano-DPpankiscoruli HayionasbHul MmerHivHul yHisepcumem nadmu i 2a3y

math@nung.edu.ua

CydacHwuii eTan PO3BUTKY JIIO/ICTBA XaPAKTEPU3YETHCS OYPXJIMBUAM 3POCTa~
HHAM KiTbKocTi indopmarii. Ilosuominae i edekTuBHE 3a0€3M€UEHHS CYCIiIb-
CTBa HOBITHBOIO iHGOPMAIIE0 € HEOOXiTHOIO IepeayMOBOIO MiABHUINEHHS ede-
KTUBHOCTI HayKOBUX J0caimKkerb. Oaieio 3 Haltblibim nommpenux gpopm 36epi-
rauHs iHdopMarii € indopMmarris, TpeaCTaBlIeHa Y BUTJISIII TEKCTOBUX PECYPCIB
Ha MOBi TEBHOI KpaiHW, TOMY aHaJi3 TEKCTiB € OJHUM 3 HAWBAXKIUBINIHAX Ha-
MIPSMKiB JTOCJTiT?KEHb.

B nanwmit wac Besmmkuii inTepec y npeacTaBHUKIB pizHuxX cdep misibHOCTI
BUKJIMKAIOTh MOJITUYHI MOl Kpainu. Pe3yabraTu momiTuaamx BUOOPIB MAKOThH
NpAMUil BILIMB HA Mai0yTHE Kpainu i HaceleHHs. MOTHBY TOJIOCYBaHHS BA3HA-
JaoThcd OararbMa (pakTopamu. Xoda B CEPeIOBHIN MOJITHKIB iCHYE mAyMKa,
1110 BUOOPIIL TOJIOCYIOTh HE 3a Mporpamu i mmatdopMu, a 3a 0COOMUCTOCTI, came
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repeIBNOOpYIa TPOrpaMa € KOHIIEHTPOBAHNM BUPA30OM IIijIei, 3aBIaHb i HAMipiB
KaHIWIATIB, MOJITUIHUX MMAPTiii, BHOOPUINX OJIOKIB.

3a [I0MOMOroO0 CTATHCTHYHUX METO/IB aBTopaMu OyJio IIPOAHAI30BAHO
TEKCTH TepeIBHOOpUNX MporpaM KauauaaTis Ha moct Ilpe3ugenTta YKpainu Ha
Bubopax 2019 poky. 3 omepKaHOr0 HADOPY TEKCTiB BUOMPAEMO CJIOBA i, CIOYa-
TKY MiPAXOBYEMO YaCTOTH, 3 IKUMHU KOKHE CJIOBO 3yCTPiIAE€ThCS B KOXKHOMY 13
TekcTiB. /lasi Ha OCHOBI CEHTUMEHTATBHAX KATEropiii MOBH BH3HATAEMO TACTO-
TH, 3 SKUMU 3yCTPIYAlOTHCS CJIOBA KOXKHOI Kareropil B IUX TEKCTaX. 3aCTOCO-
ByIOUM MeToj 6AraTOBUMIPHOTO NMIKAJTIOBAHHS BU3HAYAEMO TIO OMHIN HAWOIILIT
Baromiii XapaKTEPUCTHIN cepes, KiTbKICHUX Ta CEHTUMEHTAJbHUX XapaKTepH-
cruk. TakuM YUHOM, yTBOPIOETHCS HADID MAHUX, SAKUN CKIIAJAETHCSA 3 JBOX
YUCIIOBUX XaPAKTEPUCTHUK, 110 OMUCYIOTH OCOOIUBOCTI PO3IIAHYTUX TEKCTIB.

Maioun Ha MeTi BUSICHUTH iCHYBaHHS 3B’SI3Ky MiK TeKCTaMU TepeaBubop-
YUX MPOrpaM KaHIUIATIB Ta Pe3yJbTaraMu BHOODIB, a TaKOXK, KiiacudikyBaTu
Il TPOrPaMHU Ta BCTAHOBUTHU OCOOJMBOCTI MOOYIOBAHUX KJACIB, 3aCTOCOBYEMO
METO/I¥ KOPEJISIiHHOro Ta KJIaCTePHOro aHai3is. B kopensamiiinomy anaisi Bu-
KOPHUCTOBYEMO panrosuii Koedinient kopessnil Cripmena, Mo mpoJIuKTOBAHO
BIJTHOCHO HEBEJIUKOIO KLIBKICTIO CIIOCTEPEKEHb (KAHAUIATIB) Ta, THM, IO el
KOeMIIEHT € IHAMKATOPOM TiCHOTH 3B’s13Ky MiXK XapaAKTEPUCTUKAMU, TKUH 3a-
JIAETHCS MOHOTOHHOIO (He 000B’A3K0BO JiHiiiHOW) dyHKiiero. Kpurepiem nass-
HOCTI 3B’I3Ky MiXK XapaKTEePUCTUKAMU € 3HAYUMICTD BiAIOBiaHOTO KoedimienTa
Kopessril. st BUBHAYEHHSA 3HAYUMOCTI BUOMPAEMO CTAHIAPTHUN TPAHUIHUI
piBenn 3HauyImocTi, pisauit 0,05. B mpomenypax KjiacTepHOro aHaIi3y BUOpAHO
MeTo/1, Yop/ia, SKni 3a3BUYail MPUBOIUTH 0 Kpallle CTPYKTYPOBAHUX KJIacTe-
piB.

[TliaroToBKy maHWX Ta BCi CTATHCTUYHI OOYMCJEHHS 3JIIHCHEHO 3 JIOTTOMO-
TOI0 CEPEJIOBUINA CTATUCTUIHUX po3paxyHKiB R. Bukopucrano rakox rpadiusi
MOYKJIMBOCTI IIbOTO cepemopuia. CeHTHMEeHTHI KaTeropii CIiB BU3HAYAINCH 33,
JIOTIOMOr00 MOpdoToriaHOr0 Bu3HaYHUKa 1151 yKpaincbkoi moBu UGTag.

BceramoBeHO 3B’s130K MiXK TEKCTaMU TEpeIBUOOPYNX MPOrpPaM KAHIWUIATIB
Ta OMIMiHUME pe3yJIbTaTaMy MEPIIOr0 TYPy BHOOPIB, a TAKOXK PE3yIbTATaAMU
3araJbHOHAIIOHATHLHOIO EK3UT-TIONY. 3ACTOCOBYIOYU TPOIEJAYPH KIACTEPH3a-
il MmeTomoM Yopaa, BUAIIEHO YOTHPH TPynu KaHauaaris #a moct lIpesummen-
ta Ykpainu. Beranosiieno ocobsmBocTi TekcriB nporpam mody0BaHux rpyn i
CTBOPEHO XMAPKW KJIFOUOBUX CJIB JJIs MBUIKOTO CIPUAHSATTS HANOLIBIT BXKU-
BAHWUX CJIiB 1 iX PO3MOIINY 3a MOMYJSPHICTIO OJIMH BiTHOCHO OJTHOTO.
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AcumvmnroruyHuii po3noAisi BUOIpKOBOI OIiHKU OeTa
KoedirienTa moprdesga 3 MaKCUMAJAbLHUM BiTHOIIIEHHAM
IITapnoa

SABOJIOILKUM M. B.

Jveiecorutll nayionarbruli yrnisepcumem iment leana Pparka

mykola.zabolotskyy@Inu.edu.ua

3aposionbKuit T. M.

Jveiecorutll Hayionarbruli yrnisepcumem imens leana Pparnka

zjabka@yahoo.com

IToprdens 3 makcumaasanM BimnomenusM [[lapma 3aiimae ocobuBe Mmicie
y MHOXKHUHI epeKTuBHUX mopTdenis, ockinbkn Bignomenus Ilapma € oganm 3
POJIOBHUX [IOKA3HUKIB yupasiinds noprdesem dinancosux akrusis [1]. Bua-
CTUBOCTI BUOIDKOBUX OIIIHOK XapPAKTEPUCTUK TOPTdEs 3 MAKCUMAIHHUM BiJl-
nomenusiv [lapra mocmipkyBamucs B Gararhbox mpansx. Jokpema, B [2] i
[3] BizmoBizHO JOBeAEHO, IO Jist BHOIPDKOBHX OIHOK Bar Takoro moptdess
He iICHY€ MaTeMaTHIHOrO CIOIIBAHHS Ta HEMOXKJINBICTH MOOYIOBH HE3MIIMIEHOI
OIiHKY ITUX Bar. BpaxoByioun BUIIEHABEIEH] HEIOMIKH TOPTQEs 3 MAKCUMATIb-
uuM BigaomenusMm Illapma, BUHUKAE MUTAHHS: YM MOKJINBO BUKOPUCTATH HA,
npakTuri nopTdensb 3 KpAIUMHI BJIACTUBOCTAMEA (HAMPUKIIAJ, 31 CTAJIMMU Ba-
raMu) Ta XapakKTEepUCTUKAMU, 10 ICTOTHO HE BIAPI3HAIOTHCS Bl XapaKTEPUCTUK
noprdens 3 makcumaabauM BinnomenusaM [lapma. g Biamosiai Ha e mura-
HHs HEOOXiHO OOy yBATH CTATUCTUIHUH TECT, AKUAN JACTh 3MOT'Y OIiHUTH BiJi-
MiHHICTH MiK Xapakrepucrukamu noprdenis. s modymoBu Tecty moCaianMo
HWMOBIpHICHI BJIACTHBOCTI OmiHKY OeTa KoedimienTa y BUMaAKy, KOIU MOPTQETh
3 MakcuMayibHuM Biguomenusm Illapna € erajonauM, a Iiab0BUil — MOPTQEh
3i cTaJlMMK BaraMu.

3a yMOBH Bi/icy THOCTI 6€3pU3UKOBOrO PO3MIIIEHHS KOIMITIB (DOPMYEMO MOPT-
dens 3 k dinmancosux akrusie. [Mozmaummo X; = (Xyg, Xop, ..., Xke) Be-
KTOp JOXiTHOCTEH akTWBiB MOpTdeNss B MOMEHT 4acy ¢ Ta MPUILYCTUMO, IO
BeKTOp X; Ma€ k-BUMIpHUII HOpMAJbHWI PO3MOII 3 MapaMeTPAMU (4 Ta X
(Xy ~ Ni(p, X)). 3 [2] ra [4] orpumaemo

/ /y—1
_ wWp'E" ) 1
Bsr = oy, (1)

©n ©
ge 1 — k-BumipHHMIT BEKTOp, €JIeMEHTAMHW SIKOTO € OIWHHUI, W — BEKTOp Bar
iJ1b0BOTO TIopTdes, gKi € craaumu. OCKIIBPKY TapaMeTpu PO3MOALLY BEKTOPA,
JoxigHocTeit akTWBiB X; HEBIAOMI HA MPAKTHUIN, TO BUKOPHCTAEMO BHOIPKOBI
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OIIIHKY, SKi OTPUMYIOTHCSI HA, OCHOBI BHOIpKHU MONEpPEIHIX 3HAYEHH BEKTOPIB

npoximaocTeit aktuBiB X1, Xa,. .., Xy, TOOTO
S 1¢ .1 ¢ - y
N:EZXJ Ta 2=nilz(xj—u)(xj—u)- (2)
j=1 j=1

Migcrasusiiu oninku (2) y (1), orpuMaemo BUGIPKOBY OIIHKY IapaMeTrpa Ssg,
SAKY TIO3HAYUMO SSR.

Teopema 1. 3a nowuzr npunyuiens Maemo

ﬁ(BSRfﬂSR)iN(O,Uz), n — +00o,

de
L 2WWPISTY) WP e | (1S (wEw)
wWE (W= ) (W= )2
L EwWRWRT) 2 w) (U )~ 2wV )
(WE'p)?

d . . .
ma — NO3HAUAE 30IXHCHICTL 30 po3n00m0m.

[1] Xoxmos B. YO., Mamemamuuni memodu 6 ynpasainni nopmePesem yinhus nane-
pis, K.: Konnop-Bunasaunrso, (2017), 298 c.

[2] Okhrin Y., Schmid W., Distributional properties of optimal portfolio weights,
Journal of econometrics, 134 (2006), 235-256.

[3] Schmid W., Zabolotskyy T., On the ezistence of unbiased estimators for the
portfolio weights obtained by mazimizing the Sharpe ratio, ASTA — Advances in
Statistical Analysis, 92 (2008), 29-34.

[4] Bodnar T., Gupta A. K., Vitlinskiy V., Zabolotskyy T., Statistical inference for
the beta coefficient, Risks, 7 (2019), 56.
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ITpo namirpyny ®essiepa a9 OJHOBUMIPHOTO IIPOIECY
andysii 3 pyxomuMu MmeMOpaHamMu

Kormurko B. 1.

Yencmozoscvkul nosimerHivwull ynisepcumem, Yewcmozosa, Hoavusa
bohdan.kopytko@im.pcz.pl

IITeBuyYK P. B.

Hauionarvrut ynisepcumem «J/Iveiecvra [lorimernixas, Jveis

r.v.shevchuk@gmail.com

JlomoBiib TpUCBSYEHA [ABOM B3AE€MOIIOB SI3aHUM MUTAHHSM: BCTAHOBJIEH-
HIO KJIACHIHOI PO3B’SI3HOCTI OHIET ITOYATKOBO-KPAioBOl 3a1adi [A7ist JTHIHHOTO
OJTHOBUMIPHOI'O mapabOsIidHOr0 PiBHAHHSA JPYTOro MOPSAAKY 3 PO3PUBHUMHE KO-
edimienTaMu 3 HEJOKAJBHUME CKJIAJOBUME IHTETPAJBHOTO TUIMY B KPAOBUX
YMOBAX Ta 3HAXO/XKEHHIO 3 JOMOMOTOI0 i1 pO3B 3Ky iHTErpaibHOrO 300parke-
HHA gBomnapamMerpuvnol HamiBrpynu Pesmepa, sakiili BiAmosizae Ha 3amgaHOMY
MPOMIKKY TPAMOIl JesKuil HeomHopimHuit MapkoBcbkuit mporec. O6’ennanmns
LIUX [IBOX IUTAHb IIPEJCTABJIAE TAaK 3BAHY 33/a4y IIPO CKJICIOBAHHS JIBOX JIH-
dby3iiiHuX TmpoIeciB, 33JaHUMHU CBOIMHU TBipHUMHU Iu(EpPEHIiaJbHIMIA OMepa-
TOpaMu B TiZ00ACTSIX 3aJaHOTO MPOMIXKKA, AKY Ie MOXKHA TPAKTYBAaTH SIK
3a/a4y mpo moOyI0BY MaTEMATHIHOI MOJAEl hi3udHOro siBuina qudy3il B ce-
pemosurti 3 membpanamu. Ilpu 11bOMY 10/IATKOBO MPUITYCKAETHCS, IO B MEXKO-
BUX TOYKAX PO3IVIAJyBaHuX obsiacreii, je po3ramoBadi pyxomi membpanu (ue
O3HAYAE, IO TOJIOKEHHS ITUX TOYOK HA YNCIOBIH MpaMiii BU3HAYAETHCA 34 J0-
nOMOroI0 3aJauuX (BhyHKIH, gKi 3a/1exkaTh BiJl 9aCOBOI 3MIHHOI), BBAXKAIOTHCS
3a/[aHUMU BiANOBiIHI BapiaHTH 3arajJbHOI KPAHoOBOi yMOBH a00 YMOBHU CITPSIZKe-
uus Pestepa-Bentuens [1].

Posp’sa30k mapabositnol 3a/1a4i CIpszKEeHHsT OTPEMAHO METOIOM I'PAHUTHUX
iHTerpaJbHUX PIiBHAHL i JOBEJIEHO, IO BiH BOJIOIIE HATIBIPYTOBOIO BJIACTUBI-
crio. HasBHicTh iHTErpasibHOrO 300parKeHHs [JIs 3HAMIEHOI HAMIBIPYIH I0-
3BOJISIE BiJIHOCHO JIETKO OOIPYHTYBATHU TBEPKEHHS TIPO T€, IO I HAMBIPYIIa
MMOPOJIZKYE HA 33 IAHOMY ITPOMIXKKY TPSIMOI JIETKU HEOTHOPITHUM MAPKOBCHKUM
mporiec.

[1] Bemwmueav A.JZ]. ITomyrpynmsl OmEpaToOpOB, COOTBETCTBYIOIIHE OGOGIIEHHOMY
mubdepenimanisHOMy omeparopy Broporo mopsaka // Hoxia. AH CCCP. Ma-
Temaruka. — 1956. — 111, Ne2. - C. 269-272.
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ITpo morenmnian mpocToro mapy Ajag JAedKoro
nceBaoAn(pEPEHITiaIbHOTO PIBHAHHS, OB ’A3aHOTO 3
JiHIHIM MepeTBOPEHHAM CHMETPUYHOIO (-CTIiAKOTO

BUIAIKOBOTO IIPOIECY

Mamasura X. B.
Ipurapnamcorul HauioHaabHul yrieepcumem imeni Bacuasa Cmeganura
mamalygakhrystyna@gmail.com
Ocnumuyk M. M.
Ipurapnamcorut HoutoHaavHul yrieepcumem imeni Bacuasa Cmeganura

mykhailo.osypchuk@pnu.edu.ua

Posrastremo nponec Mapkosa (2 (t))i>0 B d-BUMIpHOMY €BKJIiZOBOMY LPO-
cropi RY (d > 2) 3i mimbHicTIO #iMOBIpHOCTI IepexoLy

1 : o
90(t:7.9) = a /R JelemmTRag, 1> 0,0 e RYy € R

KU 1 HA3WBAETHCS CUMETPUYIHNM (-CTIHKNM BHIAIKOBUM IPOIECaM 3 TOKa-
saukoM « € (0,2]. Mu posrasmarnMemo curyariito, koan « € (1,2).

Hexaii P nesika nesupomzkena d X d-marpuus i x(t) = Pxzo(t), t > 0. Toui
iIBHICTD #MOBIpHOCTI nepexoxy mpornecy (x(t));>0 33/JaBaTHMETLCS PiBHICTIO

1 i(§,x—y)— 5
g(t,z,y) = 2n) /Rde@v WHRED > ge . >0,z eRLyeRY (1)

B gKiit Q = PP*.
Oyukuia (1) € dbyngamenraibHuM PO3B’s3KOM 1CEBA0MbEPEHIIAILHOIO
PIBHSIHHS
Ou(t, x)
ot
B gKoMmy TceBmoaudepeHiia bauii  oneparop A 33Ja€ThCH  CHMBOJIOM
(*(vaf)%)geﬂ&d' Oneparop A e remeparopom mporecy Mapkosa (z(t)):>o.

= Au(t,)(z), t>0,zeR? (2)

Hexait 3aana neska noBepxus S ta HemepepsHa GyHKUiS (Y (¢, T))1>0,0€5,
JUtst sikol Tipn KoxkHOMY T' > 0, 11st Beix ¢ € (0; 7], x € S BUKOHY€THCS

| ¥(t,2) |< Crt ™7

3 peskumu crasnon § < 1 ta cranoo Cp > 0, ska, MOXKJIUBO, 3aJ1€KUTh Bij 7.

[Tomo moBepxHi S B 1iit AOMOBiAI Oy/1€MO MPUTYCKATH, 0 BOHA, HAJIEKUTD
1o kaacy H'1Y 3 neskum v € (0;1) Ta ALIUTH MHOXKUHY R? ma nBi BiIKpHUTi
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i avEOKIH: BEYTpinTHIO D_ Ta 30BHIMHI D, (Tak, mo RY = D_USUD,)
i, KpiMm TOro, € abo OOMERKEHO0I0, ab0 YK HEOOMEYKEHOIO 1 TaKOIO, 10 B KOXKHUX
JBOX 11 TOYKaX 30BHIITHI HOPMAaJI YyTBOPIOIOTH KYT, KOCUHYC SIKOTO BiJTiTeHuit
Biz Hyssg. Q4UeBUIHO, MO TIMEPIJIONMHA HAJIEXKUTD JI0 OCTAHHBOTO BHUIMAJIKY.

Oynxunis (v(t, T))i>0 zerd, 334aHa piBHICTIO

t
mezﬁdﬁémn¢wwwwwm%,t>axeRﬂ 3)

B fAKi#f BHYTPINIHI# iIHTErpaJ € TOBEPXHEBUM IHTETPAJIOM TIEPIIIOTO POJLY, 3BETHCS
HOTEHIaJIOM IIPOCTOrO MAapy Ha moBepxHi S 3 rycTuHoIo ¢ s piBHsaHHA (2).

Busnaunmo oneparop B cumsosom (i|€|*2)¢cpa. Hecxkmani mipaxymnku
MIPUBOJIATH JO CITiBBiTHOIIIEHH S

Ap(@) = (V,Bp(Q")) (7). zeRY,

npaBujIbHE Jjid KOXKHOI (byHKIT (¢ 3 objacTi Bu3nadenns omeparopa A. He-
xaif ¥ — meaxuii dikcosanuit opt i3 R?. Posrasaemo mncesnomudepentiaapuumit
oneparop B, = (Qv,B), skuil MoxkHA PO3IJIANaTH K AHAJIOL IIOXiIHOI B KO-
HaMpAMi BEKTOpa V.

I[oTermian mpoctoro mapy (3) € HemepepsHoio Ha (0, +-00) x R? dbynkmiero,
aka upu t > 0, x € R?\ S 3a0B0mbuse piBusnns (3), a TaKOXK CIPABIKYETHCs
HACTYIIHE TBEDP/I2KEHHS.

Teopema. 3a chpopmyavosanux suwe npunyuens oaa xoocnuxr t > 0, x € S
BUKOHYEMBCA

. 1

t (4)
/di/Bmw@—ﬂwMWWWWW%a
0 S

de z — v+ o3navae, wo z = x + ov(zr) i 0 — 0+, a v(z) — opm 306HIWNHBOT
HOPMAAL 00 nosepTHi S 6 Mouyi .

3ayBaxkeHHs. [nmezpas y npasit wacmuni pienocmi (4) nasusaemvbes npsi-
MUM 3HAGUEHHAM 0i onepamopa B,), T € S Ha nomeHyian NPocmozo wWapy
(3) 6 mowyi z € S.
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ITpo oguy MomenbHy 3amady 1Jid nmapaboJiidHOTO
PiBHAHHSA APYroro HOPAJKY Ta MOB’SI3aHY 3 HEIO
HaniBrpymny ®Pesepa

HoBocganno A. @.
JIHY im. I. Ppanka

nandrew183@gmail.com

Posrasimaerses apyra MomesibHA MOYATKOBO-KPailoBa 3aja4a JJjid mapabo-
JIIYHOTO PIBHAHHS JPYrOro MOPSAKY Ipy 0araTboX MPOCTOPOBHUX 3MIiHHUX 3a
YMOBH, KOJIU KOEMIIEHTH DPIBHSIHHS MOYXKYTb MaTH PO3PUBU TMEPIIOTO POILY
B3/I0BXK J1eAKOI (DIKCOBaHOI moBepxHi (BOHA PO3/LIE 3aJaHy 00/JacTh HA MBI
nizobsiacti), Ha fKif 3a4a0ThCs ABI yMOBHU crpsizkeHHs. Ilpu npomy omna 3
X YMOB € BiJIOOPasKEeHHAM BJIACTHBOCTI HEMEPEPBHOCTI IMIYKAHOTO PO3B’SI3KY
3a/adi, a Apyra MpeICcTaB/s€e OJNH 3 BAPiaHTIB 3araibHOI KpaioBoi ymoBu Ben-
tress [1], 10 siKoi, KpiM moxizmHux mo HopMmauli Big HeBizmoMol dyHKII, BXOAATH
TAKOXK 11 TOXigHI TMEPITOro i APYroro MOpPsIKiB 33 JOTHYHUMY 3MiHHUMU. 3a-
YBaXKUMO, 110 OCOOJIMBICTIO JAHOI 33729l € Te, IO BOHA HE € MapabOJIivHOI B
TOMY CEHCi, IO JJ1s Hel He BUKOHYEThCS TaK 3BaHA YyMOBa CyMiCHOIO HaKpuUBa-
Hus [2] (y BUIAAKY 109aTKOBO-KpPAloBOI 3aa4l /iiis 1apabosigHOro PiBHSHHS
JPYTOro MOPSAAKY 3 IVIQJKAMH KoedilieHTaMu aHaJOrY9Hy yMOBY HAa3HBAOThH
YMOBOIO [IOTIOBHSAJIBHOCTI). A e o3Hadae, IO Ig 337a4a HEe BKJIAJAETHCA B
KJIAC TIOYATKOBOIO-KPAHOBHUX 3a7a9 JJIA MapaboIidHnii piBHAHD i CHCTEM, st
sSKuUX 100ymoBaHa 3arajabHa Teopis. Haragaemo rakox [3], mio noaibuoro Tumy
MOYATKOBO-KPAHOBi 3342t J7isT TapabOiIHOrO PIBHAHHS APYTOrO MOPSIKY 3
po3puBHUME KOedilli€HTaMi BAUHHKAIOTH, 30KPEMa, B TEOPil BHIAIKOBUX IIPO-
IIECIB MpY PO3B’SI3aHHI AHAJITUIHUMHU METOJAMHU TAaK 3BAHOI 337a4i PO CKJIE-
I0BaHHS ABOX audy3ifiHUX MPOIECIB Y CKIHIEHHOBUMIDHOMY €BKJIITOBOMY TPO-
cTopi abo, Mo Te X came, Ipu MOOYA0BI MaTEMATHIHUX MOesel (hbi3udaHOro
apuina audysii B cepemoBHINax, a6 Ha (PIKCOBAHWX MOBEPXHAX PO3TAIIOBAHI
membpanu. Knacudny po3B’sa3HiCTh pO3IISIyBAHOL 33139l CIIPSIKEHHS Y IPO-
CTOpPi OOMEKEHUX HemepepBHUX (DYHKINH OTPUMAHO HAMU METOIOM MPAHUIHUX
iHTerpaibHUX piBHAHB. JIOBOAUTHCS TAKOXK, IO 33 JOMOMOTOI0 PO3B’S3KY IIi-
€1 3a7a49i MOXKHA, MOOyAyBaTH OJHOMApaMeTpudHy HamiBrpymny Pesepa, ska
MTOPO/IZKYE v BiAMOBIAHIN 00/aCTi CKIHIEHHOBHMIPHOTO €BKJIIOBOTO IIPOCTOPY
JeAaKuil OMHOPIMHUN MapKOBChKHit mporec. KpiM Toro mokasamo, 1o modyaoBa-
Huil B onucanuii cuocib npormec, MOKHA TPAKTYBATH dK y3arajibHeHy Judy3iio
B posyminni M. L. IToprenka [3].
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[1] Aemkwn E.B., Mapkoscrue npoyecco, -M. : @®usmarrus, (1963), —859 c.

[2] 2Kupamy H.B., Diinensman C.J., Ilapaboauueckue epanuunvie 3adavuu, -
Kwnmunes: Hltunamna, (1992), —328 c.

[3] Hoprernxo M.L., IIpoyecu Jdugpysii e cepedosuwar 3 membpanamu, - Incruryr
varemarukn HAH Vkpaian, Kuis, (1995), —199 c.

ITpo npobaemy BubOpy po3B’a3kKy audepeHniaabHOTO
piBHgHHSA 3 HejJinmuneBuMu koedirienramm, axmii
36y pPIOETHCA MAJINM IIIyMOM

IMTununesko A.IO.

Inemumym mamemamuru HAH Yxpainu

pilipenko.ay@gmail.com

Posrnsgaemo 3puuaitie qudepentianibue PiBHIHHSI
dXo(t) = a(Xo())dt, Xo(0) = 0 (1)
Ta #0r0 30yPEeHHS] MAJIUM IIIYMOM
dX.(t) = a(X.(8))dt + eb(X. (t-))dZ (), X.(0) = 0, (2)

ne Z — nporec Jlesi.

Axmo dyskil a,b 3a70BOIBHSAIOTH JOKAIBHY yMOBY Jlinmmuis ta yMOBY
JIIHIHOTO POCTY, TO OOWMIBA DPIBHAHHS MalOTh €IWHI po3B’a3km. Ilpm mpomy
HEBAXKKO TIEPEeBIPUTH, 0 MAE€ MicIie piBHOMIpHA 30iKHICTH 38 HMOBIPHICTIO

VT >0 sup |X.(t)— Xo(t)] 50, e—0.
t€[0,T)

[Ipunyctnmo, Tenep, mo ymosa JIinmmurg 1s a mopymyerbea. fKimo mryM
HEBUPOJIPKEHNIT, TO PIBHSHHSA (2) Mae €IuHWI pO3B’si30K [2,4-6] mpu mocurhb
3araJlbHUX yMOBaX Ha a, Ha BimMiny Bix (1).

Mu BuB9aEMO 3a7a49y PO 3HAXOMKEHHsI TPAHUII 338 PO3IMOIIIOM TIOCTiI0B-
uocri {X.} npu € — 0 y BUma Ky, KOJIU MEPEHOC @ MPABUIBHO 3MIHIOETHCS B
oKoOJIi Hyns 3 ingekcom [ < 1.

Bignosigna rpaHuild 3 MeBHUMHU HMOBIPHOCTAMU 00MPAE MAKCUMAJILHAN T
minimanbauil pos3s’asku (1). Leii pesyabrar € y3aranbaenusm pobir [1,3].
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cs, 6, 1. 3, (1982), 279-292.

[2] Engelbert, H. J. and Schmidt, W. Strong Markov Continuous Local Martingales
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Random Operators and Stochastic Equations, 2(3), (1994), 211-224.

[6] Tanaka, H., Tsuchiya, M., and Watanabe, S. 1974. Perturbation of drift-type for
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I'panunyHa moBeAiHKa BUMAAKOBUX OJyKaHb 3 3aTPUMKAMU
y HYyJIi

IMpuxoabko O. O.

Kuiscokuti nosimexmivnut incmumym

o.prykhodko@yahoo.com

Posrasmemo Bunakose 6aykanns {S(n)}, sKe moBoauTh cebe SK CAMETpH-
YHEe BUMAAKOBE OJyKaHHH 13 iIHTErpOBHUMU 3 KBA/IPATOM CTPUOKAMMU, 33 BHHSI-
tkoM Touku 0. [Tpm morpamsmui B Touky 0, BOHO 3aTPUMY€EThCST HA BUTTAIKOBY
KinbkicTb wacy 7; > 0 (H.0.p.); a gaji MPOJOBIKYE iTH 9K 3BUYAiiHE BUNAIKO-
Be Oykanns. B poboTi g0C/ipKy€eThes rpanuIHa MOBEIIHKa TAKOTO OJIyKaHHS,
HOPMOBAHOTO K y Teopemi /loHCKepa, % g sunaaxky En; < co omepxa-
HO 301KHICTH 10 3BHYANHOrO BiHepiBChKuit mporiecy. st BUMIAAKy cXeMu cepiit
{nf ~ Geom(-%)} Bcramosieno, mo MOXK/IHMBI JIMIIE HACTYIHI DEeXKUMH: BiHe-
piBcbKuil ponec, BinepiBebkuil npouec 3ynunenuit B 0, Binepiscbkuil npouec i3
JIUIKOI0 TOYKOIO (.

25



Haiinpocrimni Mmoaesi cTaHZapTHOTO AJTOPUTMY
Monre-Kapsao po3B’a3yBanud 3aga4i lipixae ajia
piBHguHg Jlammaca

CEHMUAK B. B.

Isano-Ppankiccoruli HAUIOHAALHUT METHINHUT YHIGEPCUMEM HaPMU i 2a3Y

wsenyc@gmail.com

JunckperHa Moaes b BUIIAJKOBUX OJIyKaHb

B ocuoBy Ha#TpOCTiImoOi cxeMu TUCKPETHOTO BapiaHTy CTAHIAPTHOTO aJIro-
putmy meromy Monte-Kapio uncenbHOro po3s’si3yBanus 3amaqdi ipixme s
piBHsHHS Jlammaca B TOBiIbHIN 0071aCTI TOKIAIEHO IPUHITAIA BUIATKOBHX OJTy-
KaHb I10 By3/1aX IIJ0YHCEIbHOI PEIITKN 3 METOI0 OTPUMAHHS IIEBHOI “BUHAIO-
poau” 3a BUXi/ YACTHHKM 13 BHYTPINTHBOT BY3J0BOI TOUYKM OOJIACTI B TPAHUYHY.
IIpu npomy “BuHArOpPOIa” BU3HAYAETHCSA BiITHOCHOK YACTOTOM KiJIBKOCTI JT0OCS-
HEHb BUIIAQIKOBOIO YaCTUHKOIO KiHIEBOI (IPAHUYHOI) TOYKH.

B poGori [1] onucano aaropuT™, 3a SKUM MOXKHA OTPUMATH HAGIMKEHWUH
PO3B’30K B OfHiil Oyab-akiii BHyTpimmHiil Touni A obmacti 2 3a dopmy100

1 N
=1

ne N — gucso (Kinbkicrb) By3siB Ha rpanuii obsacri §);

7 — 3arajbHe YUCI0 MAPIIPYTiB YACTUHKH, IO 3/iCHIOE BUIAIKOBI OIyKa-
HHSI 3 TOYKH A;

n; — ancyo (KiabKIiCTh) JOCATHEHb YACTUHKOIO TPAHUYHUX BY3JiB B;;
U; — 3navenns ¢yukuii U B roukax B;: U; = U (B;).

Baazkaerncst, 1110 HeoOXiqHa TOUHICTL BaroBux KoedimienTis (BiqHOCHUX Ya-
cToT ) Moxe OyTm 3abe3nedena JIUITe TIPH JTy’Ke BEIUKHX 1y BiAMOBizHOCT
10 3akoHy Besmkux umces (y ¢dpopmi Bepuysii). B rakomy Bumaaky BigHOCHI
9aCTOTH BUSBIAIOTH BJIACTUBICTH CTIHKOCTI, TOOTO
. Uz

lim — = L;,

n—oo N

ne aucia L; € fimoBipHocTsiMu niepexojy dactuHku 3 104k A B TOuky B;.
Takum 4uHOM, Teopema BepHyii rapanTye 36ikHicTh (110 MOBipHOCTI) MOCTI-

,ZLOBHOCTefI Bi,Z[HOCHI/IX 9aCTOT OO0 JE€AKOTO I'DAaHUYIHOI'O 3HAYEHHA.
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VY migcyMKy 3a3HAYMMO, IO JUCKPETHA CXEMa BUMAIKOBUX OJyKAHB, KA,
TPYHTY€ETHCS TiIbKY HA KOMOIHATOPHWX BJIACTUBOCTSX, MPUBOIUTH IO PE3YIIb-
TaTiB, AKi € COpPaBeIJUBAMHE i y CBOIM rpanndHiit ¢popwmi. I'pannannit mepexin
A€ 3MOTY 3aMIiHUTH MHOTOYHCEIbHI 3Ur3aromomibHi MapIipyTH y CXeMaX BH-
naaKoBux OJlyKaHb HA OJAMH LPAMOJIiHIAHMIA (rpaHudnuil) y BiauosiaHOCTI 110
dizuaHOrO 3MicTYy.

HenepepBHa Mogesib BUNAJKOBUX OJIyKaHb

Iero mobymoBY aaropuTMYy, IO TPYHTYETHCS HA MO/IEIIOBAHHI TOYOK TOCJIi-
JIOBHOTO BHUXO/y TPAEKTOPIil i3 AedKuX MpocTUX obJacTei, HAMPUKIAM, cdep
(“npouec 6aykanus 1o chepax” abo “ccepuunuii npouec”) s piBasHHg Jla-
nyaca 3anpononysas Ixx. Bpoyn. Maremaruune obrpynryBanus (K HaCIi10K
BIZIOMOI TEOpEMU TIPO CEPEIHE 3HAYEHHS JJIsi FapMOHIAHOT DyHKIIT) B 3HAYHIN
mipi Hasexurs M. Mionaepy [2].

Mix cxemoro Bpoyuna-Miosuepa “6Guykanns no cdepax (1o xonax)” i me-
XaHI3MOM PO3TTOBCIO/IZKEHHS] YaCTUHOK € TIPSAMUI 3B’s30K: K TLIHKM OJIyKaroui
YACTUHKHU JOCATHYTh KPaiB 00J1acTl (TOPKHYTHCsI TPAHMIL ), BOHU MOYHYThb TIPHU-
Jnary 10 rpasuni (HOrIMHATUCH HEIO), IO CTAJI0 MOXKJIMBAM IHTEPIIPETyBATH
“onykannsg 1o cdepax”’ gk crapgapTHuil anroputMm Meroay Monte-Kapio.

Otxe, “cdpepuunnii nmporec”’ mepegdavac HAOIMKEHHS BUIAIKOBOI YACTHUH-
K 70 rpanuni objacri (rpanuunol Touku B;) mo cdepax (kosax) paaiycom
r = r(t) 3a gac t. B [3], 3okpema, 3a3uageno, o “cepudne Giaykanus” cyrre-
BO edeKTHBHINIE 32 OJyKAHHA IO CITI, OZHAK 3 WMOBipHicTIO 1 O/IyKaHHS IO
cdepax He BUXOAUTH HA TPAHUINO 33 CKIHUEHHY KiJbKICTh KPOKIB.

Bucnosknu

Awnayis mafinpocrimux Mozeneil BUNaKoBux OJyKaHb (IUCKPETHOL 1 Heme-
PepBHOI) 1oKa3aB, IO IepexijHa fiMoBiphicTh (“BuHAropoza” 3a BUXiJ YaCTHH-
KM 3 BHYTPILIHBOI TOYKHU 00J1aCTi B TPaHUYHY) He 3a/1eKuTh Hi Bij hopmu Map-
HIpYTY, Hi BiJ iX KiJbKOCTI, Hi BiJl 4acy, a BU3HAYAETHCH JIMIIE KOOPJIUHATAMU
TTOYATKOBOI 1 KiHIIEBOT TOYOK.

[1] B.M. Cenmuak, B.B. Cemmwax. HmosipHicua iHmepnpemayis CcriHvenHo-
DIBHUYUEBUT Ma CKIHYEHHO-EAEMEHTMHULT GNPOKCUMAULT Y KPATL0BUT 3a004aT eni-
nmuunozo muny, Ilpukapnarcekuit Bicank HTII Yucmo, 38 (2) (2017), 57-70.

[2] M. Muller. Some Continuous Monte Carlo Methods for the Dirichlet Problem ,
The Annals of Mathematical Statistics, 27 (3) (1956), 569-589.
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1982. — 296 c.

Discrete models and probabilistic schemes for the
boundary value problem solution of elliptic partial
differential equations

SENYCHAK V. M.

Tvano-Frankivsk National Technical University of Oil and Gas

wsenyc@gmail.com

SENYCHAK V. V.

Tvano-Frankivsk National Technical University of Oil and Gas

wsenyc@gmail.com

The Dirichlet problem for the Laplace equation is one of the most important
problems in mathematical physics and is widely used in engineering calculati-
ons. Such a problem arises in the study of stationary temperature fields, bendi-
ng of plates of arbitrary shape, torsion of prismatic rods, filtration through
a porous medium, eddy motion of an ideal fluid, distribution of electric or
magnetic potential, etc.

The discretization of problems formulated in terms of differential or integral
equations is accomplished by well-crafted finite difference, finite element,
boundary element and control volume methods, or the ubiquitous Monte Carlo
algorithm. However, traditional versions of discrete methods lead to large-scale
problems and creation and solving of appropriate systems of linear algebraic
equations, which to some extent impede the widespread practical use of these
methods.

The simplest models of the random walks serve as a foundation of the
statistical algorithm of the Monte Carlo method for numerical solving of the
Dirichlet problem for Laplace’s equation. The analysis of such models revealed
that a transitional probability (a "reward"that particle receives after leaving
the boundary) does not depend on the shape of the route, nor the particle’s
number, nor time. However, it is determined only by the coordinates of the
particle’s start and end points. In this case, the boundary crossing makes it
possible to replace the numerous zigzag routes in the schemes of random walks
by one straight boundary line in accordance with the physical content.

A simple way of an explicit constructing of the basic functions of simplex
elements of linear type based on geometric probability, which is consistent with
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the physical and mechanical content in the real processes of the Brownian
motion, justifies the establishment of the barycentric coordinates equivalent
to the simplex element by transitional probabilities in the schemes of random
walks.

For practical implementation of the aforementioned problems, a workable
and effective analogue was suggested and proved to be correct according to
probabilities, physical and computational aspects of the model - Simplex Movi-
ng Method, which is advantageous due to significant reduction of the volume
of preparatory and computational work by eliminating grid discretization with
its bulky operations.

The computational template uses only one simplex element of linear type
(in the form of a triangle in the two-dimensional case, and in the form of a
tetrahedron in the three-dimensional case) with vertices at the boundary of the
study area. It is envisaged to move it systematically so that new boundary nodes
are included in the calculation. The computational procedure of sequential
movement, of the simplex element implements the process of wandering of the
Brownian particle, and the value of the function at the inner point is determined
in the form of an average reward for the exit of the particle to the boundary
nodal point.

On the basis of the discrete equivalent of the fundamental principle of the
mean value for harmonic functions, a technique for selecting the minimum
number of nodes at the boundary of the study area was developed, and the
most reliable results can be obtained involving the nodes in the computational
process.

A series of computational experiments carried out with the help of computer
programs that implement the Simplex Moving Method clearly demonstrates
the advantages and benefits of the proposed approach while effectively solving
boundary value problems of mathematical physics. In this case, the results of
the calculations do not depend on the location of the study area in the selected
coordinate system relative to its center, and the value of the desired function
can be calculated for any number of arbitrarily placed points, including one.

Above mentioned algorithms and programs are informative enough so that
they can be successfully used in solving problems of fluid dynamics, heat
conduction, theory of elasticity, etc.

A new approach to solving boundary value problems of elliptic type offers
great opportunities for raising a number of problems in the futher theoreti-
cal and experimental research and development of modern technologies of
computerised implementation.
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Ob6paxynok ctpaxoBoro Tapudy y Bunaaky F-momesti

Yopuun P. O.

JIHY im. Isana Ppanka
rostykchornyy@gmail.com

Kiaam O. M.
JIHY im. Isana Ppanka

okinasch@yahoo.com

Byno posrsunyTo 3amady Ha BHU3HAYEHHS CTPAXOBOro Tapudy B yMOBaX
dakruposauiitnol mozesni[aus. [1], cr.248]. BuBeneno dbopmyity Jjisi Bu3HAYEHHS
ONTHMAJBHOI CTPAXOBOI CTaBKM. TaKOK PO3TJIAHYTO DS MPUKJIAIIB 33 yMOB
BUILJIAT PO3MOALIEHUX 33 3akoHaMu Beiibyma, [Taperro Ta Bekrangepa 1-ro ta
2-TO THTIIB.

[1] Kopones B.FO. Mamemamuueckue ochosw meopuu pucka./ B.XO. Kopones, B.E.
Benunr, C.41. loprun. - , M.:@u3marmr, (2011). - 620 c.

HocaimgkeHHs acCHMOTOTUKHU pajiyca Ta crabimizaiii kyrTa
PO3B’s3KY ABOBHMiPHOTO CTOXACTHUYHOIO
aundepeHniaabHOTO PiBHAHHS

KOcbkoBuy B. K.
HTYY «KIII im. 1. Cixopcvrozos

viktyusk@gmail.com
Posrsremo croxacrugne audepennianbie pisuanag (CIP)
dX(t) = a(X(¢))dt + o (X (¢))dW (t),

e X (t) = (X1(t), Xa(t)), W(t) = (Wi(t), Wa(t)) — neoBumipHmit BiHepiBChKmit
npouec.
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[MpunyckaeTbes, 110 KoedimienTn
a:R? 5 R? o :R? - R?X?

3a/I0BOJIbHSAIOTH YMOBH icHyBanHs Ta €aunocti po3s’3ky CIP (mus. [1]).

Brenemo monapui KoopanHaTH

R(t) = |X(1)], D) =

Mu BuBuaemo ymoBu Ha koedimientu C/IP, mpu axux:

e R(t) = 0o,t — 00 Maiizke HAIIEBHO;

e icuye rpanung lim; ., @(t) Maiike HanEBHO, —

Ta JOCJLIRKYEMO acCUMUTOTUKY 3pocrants R(t) upu t — oo.

[1] Tuxman 1. 1., Cropoxox A. B. Cmozacmuueckue duddepenyuarvroe ypasre-
nua. — K.: Haykosa gymka (1968). — 356 c.
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CexkIlig MaTeMaTUYHOTO AHAJIIZY

Estimate of maximum modulus on the skeleton of
analytic vector-function in ball

Baksa V. P.

Ivan Franko National University of Lviv
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BANDURA A. 1.

Ivan Franko National University of Lviv

andriykopanytsia@gmail.com

Skaskiv O. B.

Ivan Franko National University of Lviv
olskask@gmail.com

For R = (r1,r2) € R% := (0,+00)?) we denote by D?((z9,wo),R) =

{(z,w) € C?: |z — 29| < 71, |w — wo| < 72} a polydics, and by B?((2g,wp),r) =
{(z,w) € C : /|z— 2>+ |w—wo|> < r} a ball of the radii r > 0,
B? = B2((0,0),1).
An analytic vector-valued function F' = (fi, f2) : B> — C? is said to be of
bounded L-index in joint variables, if there exists ng € Zy such that (V(z,w) €
B?) (V(i,j) € Z})

IFCD (z,w) { |F%™) (2, w)]|

G (2, )l (2, w) kAl (2, )18 (2, w)
Here ||| = max{/f;|: j € {1,2}}.

We put

:k,meZ+,k+m§no}.

M (R, (z0,wo), F) = max {||F(z,w)|| : (z,w) € ']I‘Q((zo,wo),R)} ,
where (zg,wp) € B?, R € RZ. Then
M (R, (z0,wo), F) = max {||[F(z,w)|| : (z,w) € DQ((zo7w0)7R)} ,

because the maximum modulus of the analytic vector-function in a closed bidisc
is attained on its skeleton.
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Theorem 1. Let L € Q(B?), F : B2 — C? be an analytic vector-function. If
there exist R\, R” € R%2, R’ < R"|R"| < 8 and p1 = p1(R', R") > 1 such that
for each (z9,wo) € B2

then F' has bounded L-index in joint variables.

For every f € EP denote by K(f,Z) class of entire functions of the form
flz,w) = Zﬁm}:o anZy(w)z", where {Z,(w)} is a Rademacher sequence, i.e.
a sequence of independent random variables such that P{w: Z,(w) = =1} =
P{w: Z,(w) =1} =0,5 (n € N).

Theorem 2. Let L € Q(B?). If analytic vector-function F : B> — C? has
bounded L-index in joint variables then for all ', R" € R, R' < R", |R"| < 3
there exists p; = pi(R', R"”) > 1 such that for every (z9,wp) € B? inequality
(1) holds.

ITpo MHOXKUHY GOpPENiBCHKUX BUKJIYHUX BEKTOPIB A4
MiINX KPUBUX

Bauagyra A. L

Isano- Ppankiccoruli HAUIOHAALHUT METHINHUT YHIGEPCUMeEM HaPmu i 2a3y

mh@nung.edu.ua

CaBuvyK 4. I.

Isano-Ppankiscoruli HAUIOHAALHUT METHINHUT YHIsepcumem Hadmu i 2a3y

mh@nung.edu.ua

Bynemo BukopucTOByBaTH OCHOBHI Pe3y/IbTaTH TEOPil IMiINX KPUBUX, a Ta-
KO TIO3HAYEHHsI, BUKopucTai B [1].

Posrnsgnarumemo mijii Kpusi 3 JiHIAHO He3aJeKHUMHM KOMTIOHEHTaMH 1 0e3

CHITBHUX HYJIiB.

Bigmosigso m0 o3mHadeHHs OOPETiBCHKOIO BUKJIIOYHOTO 3HAYEHHS [IJIS Me-
pomopduol dbyHKIil HeHYTHOBHH BeKTOp d € CP HazBeMo 6opesiscvkum 6u-
KAIOUHUM 6eKMOPOM Oas yinol kpueoi G : C — CP, axmio KaTeropis pocry

N (r, a, é) HIZKYa 32 KaTeropito pocty 1' (r, é)

Bimomo (aums., Hanp. cr. 130 B [2]), mo TpancueHaeHTHA MepoMopdHa hyH-
KITisT He MOXKe MaTH OijIbIe JBOX OOpeTiBCHKUX BUKJ/IIOYHUX 3HaUYeHb. HaMm Bia-
Jocs Tl pe3yabTaT MEePEeHeCTH Ha BUMAIOK IINX KPHUBHUX.
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Teopema 1. Jlasa dosiavhoi mpancyendenmuoi uyinoi xpueoi G : C — C?P
boydv-axa JONYCMuUMa Cucmema 00Pesi6CLRUL SUKANOYHUL BEKMOPI6 MICTNUMD
He biabULe P 8EKMOPIE.

I Teopema He Ja€ TIOBHOIO OMUCAHHS CTPYKTYPU MHOXKHHU DOPETiBCHKUX
BHUKJIIOYHUX BEKTOPIB AHAJIOIIYHO JI0 OIMCAHHSA CTPYKTYPHU MHOXKUHU HEBAHJIIH-
HIBCHKUX MedeKTHUX BeKTOpIB B [3]. st MpuKiIaay po3risHEMO TiIy KPUBY

G(2)=(1,2,...,2"72, &%), (1)

AKa, OYeBU/IHO, MA€ llepIuil 110p/I0K, OTKeE,

nr=o(r(r.G)).

15 OBIIBHOIO HEHYJILOBOIO BEKTOPA

icB = {gz(bl,bz,...,bp_l,O):bj ec,j:71,p_1}

MaeMo 1 (T, a, é) = O (1), Tobro N (r, d, é) = O (Inr), Tomy yci BekTOpH i3

B\ {6} OyayTh BUKIIOYHUME GOperiBchKuMMI st 1ol kpusoi (?7). Takox
BUKJIIOYHUMHU GopesiBchkumu 0yayTh Bektopu Buay @ = (0,0,...,0,a), a # 0,
60 /11 KOXKHOI'O 3 HUX N (r, a, é) = 0, i Bignosiguo, N (7“, a, é) = 0. BayBa-
JKUMO, 110 By — mignpocrip posmipuocti (p — 1) i3 CP. O4eBuano, p BEKTOPIB
ér =(1,0,...,0), & =(0,1,0,...,0), ... ,&, = (0,0,...,0,1) € oproHOPMOBa-
nuM 6asucom B CP i yrsoprowrb gomycrumy cucremy B CP. KoxeH 3 Hux €
GopesiBchbkuM BukIOIHAM Ay G Bugy (1).

MHuokuHY ycix O0pPEeTiBCHbKUX BUKJIIOYHUX BEKTOPIB JJIs IiJI0T KPUBOT G mo-

3HaUATIMEMO B (G) CTOCOBHO 11i€] MHOYKUHHM OTPUMAHO TaKy BIACTHUBICTD.

Teopema 2. /Jlasa dosiavhoi mpancuyendenmnol uinoi kpueoi G:C — cr
MHootcuna B (Cj) U {6} € ckinuennum 06 ’ednannam nidnpocmopie A; C CP

posmiprocmi < p — 1, npuromy icnye He Oiabuwie P ATHITUHO HE3ANEHCHUL Ge-
KMopie, wo Koscen 3 A; € MHIliH0I0 000A0HKOI0 AKUTOCH 3 YUT 6EKMOPI6.

Hawm me Bpanocs po3s’si3aTn obepHeHy 3a7a9y /10 MHOXKUHKA OOPETiBChKAX
BUKJIIOYHUX BEKTOPIB 11JIOT KPUBOI aHAJIOIIYHO /10 TOrO, sK 1e 3pobsieHo B [4]
JIJIST MHOXKWHW HEBAHIIHHIBCHKUX TEMEKTHUX BEKTOPIB.

[1] IIerpenko B.IIL. Ilessre kpusbie. Y.: Buma mkosa, 1984. — 136 c.
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[2] TomsaGepr A.A., Ocrpoeckuii I1.B. Pacnpenesnenue 3nauenuii MepoMopdbHBIX
dyukmumit. — M.: Hayka, 1970. — 592 c.

[3] Capuyk S1.11. CrpykTypa MHOXKECTBA Ae(DEKTHBIX BEKTOPOB LEJIBIX U AHAJUTH-
YeCKUX KPUBBIX KOHEYHOTO MOPsIKa. — Y KP. MaT. XKypH., 1985, 7. 37, Ne 5, c. 609
- 615.

[4] Cauyk A.U. O muOXkecTBE MedEKTHBIX BEKTOPOB IEJIBIX KPUBBIX. — YKP. MAT.

KypH., 1983, 1. 35, Ne 3, c. 385 -389.

Omninka mBUAKOCTI 30i2KHOCTI TiJLIACTIX JIAHIIOTOBHUX
apobiB 3 HEPIBHOZHAYHIME 3MIHHUMI

Boauap . 1.

Teproniabcokuti HOULOHAALHUT eKOHOMIYHUT YHIBEPCUMEM
bodnar4755@Qukr.net

Buianuk I. B.
Incmumym npukaadHuT npobaem METAHIKY | MAMEMAMUKY
im. . C. ITidempuzava HAH Yxpainu
i.bilanyk@ukr.net

Bo3ugak O. I

Teproniabcokuti HOUIOHAALHUT eKOHOMIWHUT YHIBEPCUMEM,

olvoz@Qukr.net

TCingsicri sanmiorosi apobu (IJIJ1) 3 nepiBHO3HAYHUMY 3MiHHUMEU TIpHU (bi-
KCOBAHUX 3HAYEHHSX 3MIHHUX 3BOAsThCs 10 ['JI/] creniaabHOTO BUTUISALY 3 KOM-

IIJIEKCHUMHU €MeHTaMn .
oo tk—1

b+ 3 (1)

)
k=1ip—1 (k)

ae ig = N, N — dikcoBane HATypajbHE YHCIO, IO BU3HAYAE PO3MiPHICTH
Fﬂﬂ, I= {Z(k) = (i17i2,...,ik) 01 S ik S Z'k,1 S S ’io; k 2 1}

Teopema 1. Hezai eaemenmu ['JIJ] (1) 3adososbraroms ymosu:
3(bi(2p—1)) > Oa %(bz(2p)) < 07 p= 13 27 B (2)

R(bo) > 0, N(bjxy) >0, 6 >0, i(k) € Z,
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0<ajw <M, M>0,ik)cT.

Toodi I'JITT (1) s36izacmves i 0as weudkocmi 30191CHOCTE CIPABOAHCYEMBCA OUTH-

Ka
5% +4aM)'* 5
|fm_an|<D ( )1/2 s man,
(62 4+4M)7" 46
de D — Jdesxa dodamna cmanaa, wo He 3asexcums 6id m i n.

SayBaxkeHHs 2. Teepiiicernns Mmeopemu 3aAUNUWAEMBCA BIPHUM, AKULO YMOBY
(2) saminumu ymoeoro

S(bi2p—1y) <0, S(bi2p)) >0, p=1,2,....

Continuity of solutions for a class of fourth-order
quasilinear elliptic equations via Wolff potentials

Voirovyca M. V.
Institute of Applied Mathematics and Mechanics of NAS of Ukraine

voitovichmv76@gmail.com

We consider a class of quasilinear elliptic fourth-order partial differential
equations in the divergence form, which prototype is

Z D*(|D*ulP~2D"u) — Z D*(|Du|'?D*u) = f(z), z€Q, (1)

lor]=2 la=1

where ) is a bounded open set in R", f € L}(Q), 1 <p <n/2,2p < q < n.
Such type of equations were first considered in [7] and subsequently became
the subject of numerous studies in the context of existence and regulari-
ty of generalized solutions to high-order nonlinear PDEs (see, e.g., [5, 8] for
references). In particular, in the recent work [8] the famous result of T. Ki-
Ipeldinen and J. Maly [4] on the pointwise W{7q—potential estimates of soluti-
ons to the g-Laplace equation div(|Vu|¢~2Vu) = f was extended to equati-
ons of the form (1). The pointwise estimates obtained in [8] provide the local
boundedness of solutions to Eq. (1) if sup W{q(a:;R) < +oo for any R > 0.
e

Here, the function f is extended by zero on R™ \ Q and, by definition (see, for
instance, [1,4]),

s R 1/(q—1) dr
wiwn = [ (o [ i)
0 By (x) T
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is the Wolff potential of the function f in the ball Br(z)={y€R": |[y—z| < R}.

The proof of the interior continuity of solutions to Eq. (1) in terms of the
potential Wfq requires further studies which are the subject of this report.
The main result of the report is the following inequality for the oscillation
osc{u; By(w0)} = esssupp, (y,) u — essinfp, (4,) u of an arbitrary generalized
solution u to Eq. (1) in the balls B,(x¢) C Br(zo) C Bar(zo) C

osc{u; B,(z0)} < C(p/R)” osc{u; Br(xo)}
+ C(°R0)2 P + Csup W (z;4p°R'79), @
€N

where 6 € (0,1) is arbitrary, and C = C(n,p,q) and 9 = 9¥(n,p,q,0) are
some positive constants. The proof of this inequality is based on the use of the
modified Kilpeldinen-Maly method (see [8]) and the pointwise W/ -botential
estimates of superpositions of solutions and Moser-type logarithmic functions
[6,7].

Asin the case of second-order equations (see, e.g., [4,5]), estimate (2) implies
the continuity of the solution u at the point zy €  if

lim sup W1 () =0, (3)

and also the local Holder continuity of solutions of Eq. (1) under the assumption
that f belongs to the Morrey space M7 () with some 7 > n/q.

We also apply estimate (2) and condition (3) to prove the continuity of
solutions of Eq. (3) in the following borderline cases:

(i) n > q and f belongs to the Lorentz space L"/%/(a=1)((Q));
(ii) n = g and f belongs to the Orlicz-Zygmund space

L(log L)" ! (loglog L)*~2--- (log - - -log L)"?(log - - - log L)"2%¢(), € > 0.

This results are the sharp analogues of those valid in the case of second-order
equations (cf. [2,3]).

[1] D.R. Adams, L.I. Hedberg, Function Spaces and Potential Theory, in:
Grundlehren der Mathematischen Wissenschaften, vol. 314, Springer-Verlag,
Berlin, 1996.

[2] V. Ferone, N. Fusco, Continuity properties of minimizers of integral functionals
in a limit case, J. Math. Anal. Appl., 202 (1) (1996), 27-52.
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[3] R. Jiang, P. Koskela, D. Yang, Continuity of solutions to n-harmonic equations,
Manuscripta Math., 139 (1-2) (2012), 237-248.

[4] T. Kilpeldinen, J. Maly, The Wiener test and potential estimates for quasilinear
elliptic equations, Acta Math. 172 (1) (1994), 137-161.

[5] A.A. Kovalevsky, I.I. Skrypnik, A. E. Shishkov, Singular Solutions of Nonlinear
Elliptic and Parabolic Equations, Walter de Gruyter GmbH, Berlin/Boston, 2016.

[6] J. Moser, A new proof of De Giorgi’s theorem concerning the regularity problem
for elliptic differential equations, Comm. Pure Appl. Math., 13 (1960) 457-468.

[7] I. V. Skrypunik, Higher order quasilinear elliptic equations with continuous
generalized solutions (Russian), Differentsial’'nye Uravneniya, 14 (6) (1978),
1104-1118.

[8] M. V. Voitovych, Pointwise estimates of solutions to 2m-order quasilinear elliptic
equations with m-(p, q) growth via Wolff potentials, Nonlinear Anal., 181 (2019),
147-179.

Hypercomplex monogenic approach to the theory of
isotropic plane media

GRYSHCHUK S. V.

Institute of Mathematics of NAS of Ukraine, Kyiv
gryshchuk@imath.kiev.ua

We seek, among of all two-dimensional commutative associative algebras of
the second rank with the unity, a totally of all their bases {e1,ea}, such that
ef +2e2e2 +e3 = 0, €2 + €3 # 0. This set is found in an explicit form and
complete the previous its subset which was found in [1]. Considered an approach
of algebra-valued “analytic” functions ®(ze; + yes) (z and y are real variables),
such that their real-valued function-components satisfy the biharmonic equati-
on. The similar approach to the orthotropic media (which is not isotropic) is
considered in [2, 3].

This research is partially supported by the State Program of Ukraine
(Project No. 0117U004077).

[1] I. P. Mel’nichenko, Biharmonic bases in algebras of the second rank, Ukr. Math.
J., 38 (2) (1986), 224-226.

38



[2] Gryshchuk S.V., Commutative complex algebras of the second rank with unity
and some cases of plane orthotropy. I[Ukrainian, English summary|, Ukr. Mat.
Zh., 70 (8) (2018), 1058-1071; English translation (Springer): Ukr. Math. Z., 70
(8) (2019), 1221-1236.

[3] S.V. Gryshchuk, Commutative complex algebras of the second rank with unity
and some cases of the plane orthotropy. II [Ukrainian, English summary|, Ukr.
Mat. Zh., 70 (10) (2018), 1382-1389; English translation (Springer): Ukr. Mat.
Zh., 70 (2019) (10), 1594--1603.

TpaekTOopHO peryJigpHi Ta OoagHOCTAliHO MOCTYIIAJdbHI
omepaTopu MepeTBOPEHHs KOOPAWMHAT

I'pymika 41.1.

Inemumym Mamemamuxu HAH Ykpainu

grushka@imath.kiev.ua

B uiit gonosiai mix xoopdunamHum npocmopom OyaeMo po3yMiTh Ma-
remarnaHuii 06’€KT £ OJHOrO 3 HACTYIHHMX TPHOX THUIIIB:

1. Q = (X,7) — ronosoriunuii npocrip;

2. Q = (X,K, +, x) — Bekropuuii npocrip;

3. Q= (X,K,+, x,T) — ronoyoriyauii BEKTOpHUIi IPOCTIp,
e T e romosoriero na muokuui X, K € {R,C} — mome gificaux abo KoM-
IJIEKCHUX 9UCEN, a + Ta X € OlHADHWME ONepallisiMéA J0JaBAaHHS BEKTOPIB 3

X ta mHOXkeHHs BeKTOPiB 3 X Ha ckassapu 3 moisg K. B ycix Tppox Bumamkax
MHOKHHY X mosHadaruMeMo depe3 Zk(Q):

Zk(9Q) = X.

ITpu upoMy B HEPLWIOMY BULIAAKY KOOPMHATHUI HPOCTIp O HA3UBATUMEMO TMO-
NOA02IUHUM KOOPOUHAMHUM NPOCMOPOM, & B IPYLOMY Ta TPETHOMY BH-
HAJKY — BEKMOPHUM Ta TNONOAOLTHHUM SEKTNOPHUM KOODINHATHAM IIPO-
cTopoM (BiANOBiIHO).

Osnauennsi 1. Hezad, Q1,9 — xoopdunamui npocmopu, a T; = (T1,<4) i
Ty = (T1,<s2) (T1, T2 # 0) — dosinvni ainitino ynopadkoeani mrosxrcuny (B
cenci [2, crop. 12]). Josiavuy Giexuiro % : T1 x Zk (1) — T x Zk (Q2) Mmiotc
Ty x Zk (1) @ To x Zk (Q2) 6ydemo nasusamu onepamopom nepemeopens
xoopdunam (OIIK) 3 (T1,9Q1) 6 (T2,Q2). Muoowcuny eciz OIIK 3 (T1,Q1) 6
(T2, Q2) 6ydemo nosnavamu uepes:

Pk (T4, 01; T2, 0Q9) .
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Tpaexmopiero toukn x €  Zk(Q;) sBimmocno OIIK % €
Pk (T1,Q1; Ta, Qo) GymeMo HABUBATH MHOXKHHY:

trj, (x) = {% (t,x) |t € T1} C Ty x Zk (Qy).

Osunauenns 2. Hexatli, Q1,02 — eexmophi koopdunammi npocmopu. OIIK
U € Pk (Ty,0Q1; Ty, Q2) bydemo nasusamu:

1) mpaexmopro pezyasprum, sxuio das 008iavhozo X € Zk (Q1) mpa-
exmopia trj, (x) e dynryiero (mobmo v (71,y1),(11,y1) € trigy (x) 3
YMOBYU T] = To BUNAUBALE PIBHICTO V1 = Y2,

2) odnocmatlino-nocmynaasbHum (CKopoweHo — 0O0HOCTNATHUM), AKULO
OIIK € % mpackmopHo pezysapHum i 0as do6iabHUT X1,Xe € Zk (Q1)
icnye makuti sexmop ¢ = (x, x, € Zk (Q2), wo:

trjy (x2) ={(r.y + Q) | (1,y) € trjy (x1)} .

Oanocraitni  OIIK  onmcyiorh HepeTBOpEHHsI KOOPAMHAT 3  PyXOMOI
OJTHOCTANHO-TTOCTYTAJIBHOI CUCTEMN BiJJIiKy B 3aJaHy HEPYXOMY CHCTEMY BiJ-
JIIKYy y BEKTOPHUX yHiBepCaJbHUX KiHemMaTukax. OIHOCTAHO-TIOCTYTAIbHI CH-
CTEMH BiJIJTIKYy IiKaBi THM, IO JIJI TAKUX CHCTEM BiJIJTIKY MOXKHA JIATU YiTKe
i OJIHO3HAYHE O3HAYEHHsI MEePEMIillleHHsI PyXOMOI CUCTEMHU Bi/IJTIKy BiJIHOCHO He-
PYXOMOI, siKe He 3aJIeKUTh Bi/l BUOOPY HEPYXOMOI TOYKK B PYyXOMiil cucreMmi
Bimmiky [1,3].

Hexait, Q1,9 — JOBLIBHI KOOPAWHATHI TPOCTOPH.

Osnavenns 3. OIIK % € Pk (T1,01; T2, 02) 6ydemo nazusamu:

1) nacododammnum, axuo oas dosisvnur (t1,x1), (ta,x2) € Ty x Zk (Q1)
ma (Tl,yl),(TQ,YQ) e Ty x Zk(QQ) 3 Yymoe %(ti,Xi) = (Ti7Yi) (Z S
{1,2}) 71 <2 T2 iy1 = y2 6unausae nepienicms t; <j to (de <1 ma <o —
BI0HOWEHHA CMPO2020 NOPAIKY, MOPOOHCEHT BIOHOWEHHAMY HECTPO2020
nopadky <1 ma <o 6idno6idno).

2) wacoeid’emuum, axuo oaa dosiavnuz (t1,x1), (t2,x2) € Ty x Zk ()
ma (71,y1),(72,y2) € T2 x Zk(Q2) 3 ymos % (ti,x;) = (1i,yi) (i €
{1,2}) 11 <2 T2 i y1 = y2 6unausac nepishicms to <i t1.

3) wacosnaxosusnavenum, sxwo % € uacododammurum abo waco-
610 ’emHuM.

Teopema 4. Sxwo dan % € Pk (Tq1,01;Ta, Qo) obepuene sidobpasicerms
-1 e Pk (T2,9Q92;T1,91) € wacosnarosusnauenum OIK, mo OIK U ¢
MPAEKMOPHO PE2YAAPHUM.
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KonTprpukiaam noka3aTuyTh, [0 B 3araJlbHOMY BUIIAIKy Te€OpeMa, 00ep-
HeHa 70 Teopemu 4, micisa He Mmae. IlpoTe, AKINO HAKJIACTH TIEBHI JOJATKOBL
YMOBH TOIIOJIOTITHOrO XapakTepy Ha dacosi mkaau Ti, To, KOOpAUHATHI TIPO-
cropu Q1,85 i OIIK %, 10 Teopemy 4 moxkHa “obepryru’. Ilpu npomy mimiii-
HO ynopsiakoBaHi MHOKHHA T1 i To BBA2KAIOTHCST TOMOJOTIIHIMHA TPOCTOPAMUI
BiHOCHO TOPsiIKOBOI Tomosiorii [2, crop. 314], To6T0 TOMOIMOTIT, TOPOAIKEHOT
BCEMOKJIMBUMHU BiIKpuTuMU inTepBajgamu Ha T i Ts.

Teopema 5. Hexzati Q1,2 — monoaoziuni koopdunammui npocmopu i % €
Pk (Ty,91;T2,0Q2) — mpackmopno peeyasprut OIIK. xuwo monoaoziumni
npocmopu Q1 i Tq € 36’asnumu, a eidobpasicenns % : T1 x Zk(Q;) —
Ty x Zk (Q2) € napizno nenepepenum, mo OIIK %=1 € Pk (T3, Qo; T1, Q1)

€ YaCO3HAKOBU3HAYEHUM.

Teopema 6 ([3]). Hezatl, Q1,02 — eexmopni Koopdunamni npocmopu. Bid-
obpasicenns % : 'T1 x Zk (Q1) — T2 x Zk (Q2) € odnocmatnum OIIK modi
i miavku modi, xoau icnyromo dynruii ® 1 Ty x Zk(Qy) — Ty, F: Ty —
Zk () i g: Zk (1) = Zk (Q2), wo 3a00804bHA0MD MAKE YMOBU:

1) [as dosisvrozo x € Zk (Q1) dynwuia @ (t) == @ (t,x), t € Ty € bie-
xutero mioic Ty 1 To.

2) Qyuxuia g e Giexyiero miore Zk (Q1) 1 Zk (Qo).

3) Jas dosinonot napu (t,x) € Ty x Zk (Q1) sukonyemves pienicmo:

U (t,x) = (@ (t,x) , F (@ (t,%)) + g(x)) - (1)

[1] Ya.l. Grushka. Self-consistently Translational Motion of Reference Frames and
Sign-definiteness of Time in Universal Kinematics. Methods Funct. Anal.
Topology, 24 (2) (2018), 107-119.

[2] T. Bupkrod. Teopus pewemorx. “Hayka”’, Mocksa, (1984).

[3] 4.1 Ppymxka. Kpumepit 001ocmaiinoi nocmynasbHocmi cucmem 6idaiKy 6 yHi-
eepcanvHux kinemamurar. Bicuuk Hepkacbkoro yniBepcurery: Cepis dizuko-
maremarnuHi Hayku, (1) (2017), 122-137.
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Koriay M.I.
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ITykay IT.41.

HY ’7JIveiscvra nosimexrnixa”

petro.y.pukach@lpnu.ua

V3aranpbHeHHSM KJIACHYIHOI Teopil inTepmnosmoBanus DyHKIH omniel 3miH-
HOI, Ha BHTMAIOK HEMHIAHUX (DYHKIIOHATIIB Ta OIEPATOPiB, IPUCBAIEHO HAraTo
pobit. OneparopHi inrepnossiiiai popmysiu tuiy Heorona nocigaiors Ty mo-
umiTHe micie. OCKibKE B 6ararhoxX BiIoMuX (DOPMYIaX BUKOPUCTOBYETHCS KOH-
TUHyAJIbHA iH(OPMAIIis PO OMEPATOPH, 110 IHTEPIOJIIOIOTHCA, MHOXKWHA, BY3JIiB
JUCKPETHA, TOMY OyIeMO PO3TJISAIaTH IHTEPIONAIIHHAN TOJTIHOM BUTJISLY

1

Pr(x()=F(x0 () + K1 (z1) [z (21) — mo (21)] dz1 + . ...
/ / / K H zz — Ti—1 (Zz)] dZn . le,
=1
nobynoanuit mua dymkuionasa F: Q (0, R' ma KOHTUHYAJIbHLHI

[2i (1) =i ()], £ =

n —
muOKuHI By3miB 2" (-, &") = xo(-) + Yy H( &)
< zp < },,ZLe.’EZ()GQ[O,l],

(51)527"')571)7 gn € Qz” = {Zn : 0 S 21 S
i=1,n, H (t) — byunkuia lesicaiina.

Ha i#oro ocHOBi IpOMOHYETHCA KOHCTPYOBATH (DYHKIIOHATBHEN MOTIHOMMK
tury Teitsiopa, BUKOPUCTOBYIOUN KPATHICTH BY3JIiB 3a JOIMMOMOrOI0 IPAHUIHOIO
nepexony. Orpumana dbopmyna Teitnopa P (z(+)) 3 dopmymn Hpiorona rpa-
HUYHUM TIEPEXOI0M Oyle €IWHOK Ta, iHBAPIAHTHOIO MO0 MOJIHOMIB TOTO K
camoro cremens [1].
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[1] Baranetskij Y.O., Demkiv L.I., Kopach M.I., Obshta A.F. The interpolation functi-
onal polynomial: the analogue of the Taylor formula, MaremaTwani crynii, 50 (2)
(2018), 198-203.

Interpolation integral continued fraction with twofold
node
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Ivasiuk 1.YA.
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vanobsb@gmail.com

KorAacH M.I.
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In the article [1] interpolation integral continued fractions (interpolation
ICF) was introduced and it has been proved that the introduced there definition
of kernel is a necessary condition that the ICF are interpolative for a functionals
F :L;(0,1) — R on the continual set of nodes

n

2" (") =wo() + Y H(- = &) (wi(-) — w1 (), (1)

i=1

where Q.n = {2":0<2; < ... <2z, <1} " =(&,&,...,&) € Qun.

Sufficient conditions of an integral fraction interpolativity (see [1]) were
discovered in the work [2]. These conditions state that the substitution rule
takes place. In the article [3] there are given sufficient conditions for functional
F(x(+)) to fulfill the substitution rule.

Investigated in [1,2] ICF has the following problem. In (1) we set z;(z) =
x; = const, i =0,...,n, x(z) = x = const. Then the interpolation ICF will not
transform in a interpolation continuous fraction for a function of single variable.
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To solve this problem in [4] it is introduced the new class of the interpolation
ICF of type

Qua()) = K4 + WD, ®)
where g, (x {f [ 5 I () = (e dan

In [4] it is proved that the necessary condition for interpolativity of ICF
(2) for a smooth functional F(x(-)) : Q[0,1] — P! on continual nodes set (1) is
following: its kernel must be defined by formulas

P P

p(. P
KI (€P) = H xi (&) — mi— 1(&)) o6 0E, zlzp)l QP—z(aii € ))7
: m
m (2P (-, €P)) = KL (2 H z(z1, ) — m_1(z)) da,
// Zm/1 =1 (3)

Qo (2P (7)) = F(xo(-) — F(2"(-,€7)) + 1, K§ = F(xo()),
K{(€") = —(z1(&) — wo(&1))~ %F(%( )+ H(- =& )(z1(-) — 20(+))),
m=13,....p=2,3,...,n,

and the sufficient condition is: the substitution rule

P
([ F(xPtI(. grt1 )
021022 ... 0% ( (@, 2 ))|Zp+1:Zp
o 4)
_ (F(l‘p+1(~ Zp—i—l))) xp+1(zp) — 'T;D—l(zp)
021022 ... 0% ’ =2z Tp(2p) — Tp_1(2p)
p=1,...,n, must takes place. Here QI0, 1] is the space of piecewise continuous

functions on [0, 1] with finite number of a break points of first type.

Lets us consider a functional F : L1(0,1) — R! on continual notes set (1)
for n = m + 1 and suppose that for this functional substitution rule (4) holds.
Then we want to construct interpolant QZ . | (x(+)) with kth twofold node using
interpolative ICF of Newton type (2), (3) and prove that constructed ICF is a
interpolant of Hermitian type, i.e.

m—+1

Qmar | @)+ Y (@) () H( &)

1=1,1#k+1

m—+1

=Flazo()+ Y, @) —zma()H(-&)],

I=1,l#£k+1
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m+1
=y (330(') + > (@) =@ () H(-— Ez)> O (VH (- = &kv1)
it ©)
=r <$0(') + > (@) —ma ()H( - 61)) O (VH (- = pt1)-
=1

The following theorem holds true.

Theorem 1. Let the substitution rule (4) takes place and some modified
gm(x(+)) exist on Q[0,1]. Then continual interpolation conditions (5), (6) take
place for interpolant of Hermitian type and it does not depend on direction of
differentiation.

[1] B.R. Mykhal’chuk, Interpolation of nonlinear functionals by integral continued
fractions, Ukrainian Math. J. 51(3) (1999), 406-418. doi:10.1007/BF02592477

[2] V.L. Makarov, V.V. Khlobystov, B.R. Mykhal’chuk, Interpolational
Integral Continued Fractions, Ukrainian Math. J. 55(4) (2003), 576-587.
doi:10.1023/B:UKMA.0000010158.50027.08

[3] V.L. Makarov, L.I. Demkiv, B.R. Mykhal’chuk, Necessary and sufficient conditi-
ons of interpolation functional polynomaial existence on continual sets of knots,
Dopov. Nac. akad. nauk Ukr. 7 (2003), 7

[4] V.L. Makarov, I.I. Demkiv, New class of Interpolation integral continued fracti-
ons, Dopov. Nac. akad. nauk Ukr. 11 (2008), 17

3agada npo A0OyTOK BHYTPIIIHIX pajiyciB HENEepPETUHHUX
obaacreii, NedKi 3 AKUX CUMETPUYHI BiTHOCHO
OIMHUYHOTO KOJIa

3apoJsioTHUI 4. B.

Inemumym mamemamuru HAH Vxpainu

yaroslavzabolotnii@gmail.com

Basadi mpo ekcrpeMasibHe PO3OUTTS KOMILJIEKCHOI IIOMIAHN CKIAIAI0Th Bi-
JOMU# KJTACUIHUH HAMPSIM MeOMeTPUIHOT Teopii (DyHKITiH KOMTITIEKCHOT 3MIHHO.
Hawna remarnka Oyia 3amogarkosana B ctarti M.O. JIaBpenTrhesa 1934 poky [1]
i morim pasBuBasiacsi B paboTax 6araTbox aBTOpiB (AmB., HampukIad, [2], [3] i
HaBeneny Tam 6ibaiorpadiio).
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Hexait N u R — MHOXUHI HATypaJbHUX i mAificHux uwncesn Binmosimuo, C —
KoMmTIIeKcHa, TommmHa, i Hexait C = C|J{oo} — posmupena KoMmILIeKcHa TT0-
muna, RT = (0,00). Ha po3suupeniii KoMIIeKCHiil ILIOMUHI PO3MISHEMO CH-
CTeMy JOBITbHHUX HEIePeTHHHUX MHOTO3Ba3HUX obiacteit { By }7_,, mpudomy n
obsacreit {By}]l_, cuMmerpudni BiIHOCHO OAMHMYHOrO Koua i mexail r(B,a) —
BHyTpinTHi#i pasiyc obmaacti B C C BigrocHo Touku a € B.

B pobGori [2] 6yio chopmynboBaHO HACTYLHY €KCTPeMaJibHy 1PobJeMy.

IIpoGaema 1. 3natimu mowHy 6ePIHIO OUIHKY 0AA GYHKUIOHAAY

n
I,(y) = r7(Bo,0 H (Bk, a),
dey € RY ap =0, |a1| =... = |ay| =1, ax € By € C, de BiB; = 0
npu 0 < i,5 < n ii#j — nenepemunni obaracmi, u By, ..., B, cumempusni

6I0HOCHO 00UHUYHO020 KOAA.

IIpaBusibHA HACTYITHA TEOpeMa.

Teopema 2. /Jlaa 006iabH020 HabOPY MO%OK aj, Mmakuz, wo ag = 0, |ak| =1,
ay =1, k = 1,3, i dosiavnozo nabopy 63aemmo Henepemunnux obaacmet Bk,
apg = 0 € BO c C,a, € B, C C, k = 1,3, npuuomy obaacmi By, k =
1,3, cumempuuni 6idnocho 0dunuumo20 koaa |w| = 1, i dosiavrozo diticnozo 7,
maxozo, wo 0 < v < 1.233 npasusvra HepieHicMb

: N et (3o ym Y
7(Bo,0 H (Br,ar) < | 5 EY .
Pt 3 27(9_27)2 3 \ 3+ 27

3nax pienocmi 6 yitll HepieHOCME JOCAZAEMBCA, 30KPEMA, Y BUNAIKY, AKUO Qf =

0 0 — 0) . (0 — . ) )
a,(C ), By, = Blg ), k=0,3, de aé) i B,(C ), k =0,3, e, 6idnosiono, noarocamu i
KPY208UMU 00AGCTRAMY KEGIDAMUYHO20 Jupepenyiary

_yw’ 42(9 — y)w? T g2,

Q(w)dw2 = wg( . 1)

[1] JIaBpertses M.A. K meopuu xongopmuoz omobpasicerud , Tp. ®us.-mar. un-ta
AH CCCP., 5 (1934), 159-245.

[2] Ay6burna B.H. Memod cummempu3ayuu 6 2eomempuneckoti meoput Pynrkyud
KOMIAEKCHO20 Nepemento20, YCIexn MarT. Hayk., 49, Ne 1(295), (1994), 3-76.

[3] Baxtun A.K., Baxruna I.II., Se/muckuit F0.B. Tonoaozo-aszebpauueckue cmpy-

KIMYDPL U 2C0MEMPUIECKUE METOODbL 6 KOMNAEKCHOM anaaude, [Ipami iH-Ty mMaT-
xu HAH VYxkp., 73 (2008), 308 c.
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JudepeHiiroBaHHg B IIPOCTOPi CUMETPUYHUX ITOJIIHOMIB
Ha 51

3ATOPOJHIOK A. B.

Ipukapnamcorut nayionarvrut ynieepcumem im. B. Cmepanura

azagorodn@gmail.com

dyartein B. 1.

Inecmumym npursaOHUT NPobaem METGHIKU Ma MAMEMAMUKY tm. 5.
ITidempuzaua

v.i.fushtei@gmail.com

Hexait X kommiekcuwnii banaxis mpoctip. P nomginomu 3 X — C, ne koxHwMii
Py, k-ommopigunii, venepepsHuii, | Py|| = 1. X = {1, Py(¢1) — amrebpa Bcix
CAMETPUIHHUX TOTIHOMIB Ha £1.

IToninomu Burmamy:
Gn(x) = E Tiy oo T,
i< <

YTBODIOIOTH asrebpaivunuii 6asnc G cumerpuyannx nosinomis B Pg(¢). Takox
icaytors 6azucu F, H:

F,(x) = ZIZ,
k

=1

H,(z)= Z Ty - Ty,

115 <y

Posrasmemo nactymnui onepatopu audepeHIioBanus Ha Hy,:

00 f () = tim L2 DY) — /(@)

t—0 t

,f € Hys, k € N. (1)

HudepenitoBannst 0y 3aJ0BLIbHIIOTH TPaBuio JleitbHina:

Ok(fg) = Ok(f)g + fOk(9)

Vf,g y obmacri Busnadenust Jy. Takox, O BusHadeHi Ha mojinomax y Hys. 3

TOr'0, IO
Fp(z e (tD)YF) — F, (z) = F,, (t1)Y/*,
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BUTLIUBAE
0, k#m,

k, k=m @

3ka(.13) = {

Posrnsinemo komnosuuito Binobpaxkens f(g(x)) me f € Hps,g € Ps(fy).
Bukonyerbca nacTyina Teopema

Teopema 1. /laa onepamopis Oy 6uxonyemsves ananoz hopmyau dudepenyi-
106AHHA KOMPO3UYIT PYHKYIT

[1] I. Chernega, P. Galindo, and A. Zagorodnyuk, Some algebras of symmetric
analytic functions and their spectra, Proc. Edinburgh Math. Soc., 55 (2012),
125-142.

[2] 1. Chernega, P. Galindo, and A. Zagorodnyuk, The convolution operation on the

spectra of algebras of symmetric analytic functions, J. Math. Anal. Appl., 395
569-577.
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ITpo oane maTpuyHe iHTerpo-KBasigudepeHiiaapHe
PiBHAHHS BHUCOKOTO MOPAIKY

InbkiB B. C..

Hauionasrvnutl ynisepcumem "J/Ivsiecora nosimexnixa”

ilkivv@i.ua

ITaxonok B. B.

Hauyionasrvnuti ynisepcumem "J/Ivsiecora nosimexnixa”

bogdanbp@ukr.net

ITENEX 4. M.

Hauyionarvnut ynisepcumem "J/Ivsiecora nosimexnixa”

pelekh ya m@ukr.net

Posrismemo na mpomixkky I C R siniiine oguopinne marpuvsne kBasigude-
peHuiasibHe piBHsAHHS (N + M)-10 HOPAAKY

Zn:zm: AgX =D — 0 (nm) e N2, (1)

=0 j=0

e mykana ksaaparna marpund X = X(t) i 3amani kBagparsi marpuni
A;; = A;;(t) matorp nopsanok . Ilpunyckaemo, mo Marpudni koedinientn A;;
pisnsuns (1) 3a70B0MbHAIOTL Ha POMixkKY I Bimmosimmo ymosn: (i) Ay — Bu-
mipHa #t obMmexena, (i) A;o ta Ag; — cymosui 3a JleGerom, (iii) A;; € mipamu.

Kgazinudepennianpunit Bupas K,,,[X] Moxna GaraTbma pisHEME CIIOCO-
6amn sarmcarn y surasam cymn Ko [X]+ K2, [X], ne

=3 S ()AL X DAY = dBY

1=0 j=0

upuaomy B, = Bl(t) 1a BY; = B;(t) € Marpunamu 10KanIbHO 00MeKEHOT Ha
I Bapiarii. I_[e 306pa}KeHHH 1 mosHaveHHs | mis KBas3iMmoXimHWX 3a 3MIHHOIO ¢
ta {-} 3a gBoicTuMuU 3MiHHEME T i o 3 POGOTH [1] BUKOPHCTOBYETHCS HUXKIE Y
Teopemi mpo poss 3ok pisnauna (1), e K1(t,a) — marpung-dynkmia Komri
piBasmasa Kl [X] = 0 ana seix (t,a) € 12, C; — nosinbai cram marpui
MOPSAAKY [, & * O3HAYAE OIMEPAII0 ePMITOBOrO CIIPSAXKEHHSI.
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Teopema 1. Koowcnuti poss’asox X pienanna (1) cnpasdocye marooic cucme-
MY THMEZPO-K6a310UPEPEHUIANOHUT PIBHAHD HUNACU020 TOPAJKY T, MObMO

n+m

X[k'] (t) — Z (Kl(t)Oé))[k]*{n%»mfi}*Ci N /ti (ICl(La))[k]*{mfj}* y
a G0

P t,a t,T

n—1
x Y dB2_ (nXF(r),  k=0,1,...,n—1
s=0

[1] Tamiit P. M., ITaxosmok B. B. IIpo cmpyxmypy dyrdamenmanrvhoi mampuyi xea-
sidugpepenyianvrozo pisnanna, JAH YPCP, Cep. A (4) (1989), 25-28.

ITpobaemu gociaimzkeHHs BJAACTUBOCTEN MHOXKUHI
HEMOBHUX CYyM 30i2KHUX OJATHUX PAIiB

KapBanibkuin 1. M.

Inemumym mamemamuru HAH Yxpainu

karvatsky@imath.kiev.ua

Haramaemo, mo axmo M € 2V, a6o inmmvu ciosavu M C N (N — wmmo-
JKUHA HATYPAJbHUX YUCEIT), TO YHUCIIO

r=a(M)=Y u,= isnun,
n=1

neM

ze
_J 1, npu ne M,
=\ 0, npu n¢ M,

HA3UBAETHCA HENOGHON CYMOIO pﬂdy.

[Ipobsiema, moCTiIKEHHS BIACTUBOCTEN MHOXKWHN HEMIOBHUX CyM PSAIY € I0-
CHATH TTHOOKOI0 B icTopuaHOMY ceHci. Tomomoro-merpudni Ta ¢ppakTaabHi Bia-
CTUBOCTI MHOXKUHH HEIIOBHUX CYM PsiJIy CYTTEBO 3aJI€2KATh BiJI CIIiBBIIHOIIIEHHST
MixK #Oro 4yreHaMu Ta 3aJIUIIKAMU.

VY 1914 poui S. Kakeya nosis [1], w0 MHOXKUHA HELIOBHUX CyM JOBLIBHOIO
301KHOTO JOJATHOTO PSALY € :

1) 1OCKOHAJIOI MHOXKUHOIO;

a0



2) ckimueHHUM O0’€IHAHHAM BiAPI3KiB TOA i JuIe TIILKA TOMl, KOJIU He-
piBHICTH
Up < Upy1 + Unt2 tUpypz +- =1y

BUKOHYETHCS JIJI BCIX N, MOYUHAIOYH 3 JIESTKOTO HOMEPA;

3) romeoMopdHOIO JI0 KJIaCUIHOI MHOKUHKU KaHTOpa, AKIO HEPIBHICTH
Up, >un+1 +un+2+un+3+"' =Tn

BUKOHYETHCS /I BCIX 1, MOYAHAIOYH 3 JIeIKOTO HOMEDA.

Hum Gysio BHCyHyTe NPHUNYINEHHS, IO SIKINO [JIsT JEsKOro DIy yMOBa
Uy > Ty, BUKOHYETHCS HECKIHYEHHY KITBKICTH pa3iB, TO MHOXKWHA HETOBHUX
CyM € Hijie He IIITHHOI MHOXKUHOWI (IpuyieHHs 0yJ0 HenpaBuibuum). J1os-
Ui Iepiof Yacy BBaXKAJIOCS, 0 MHOXKUHA, HEIIOBHUX CyM JOBLIHLHOTO 3012KHOTO
JOJATHOIO PsIy € CKiHIeHHUM O0’€IHAHHAM Bi/IPi3KiB aO0 MHOKHHOIO KAHTO-
piBCHKOTO THMy. ZK BUSBUIOCS 3rOI0M, MHOXKWHA, HEITOBHUX CYM PSIIy MOXKE
MIiCTHTH BiZpi30K, aje He OyTu cKirdenHnM 00’¢qHanasaM Biapiskis. [leprri mpu-
KJI/IM TaKUX psAJiB Oyin onyossikoBani Ha mouarky 80-x pokis XX cromiTrs y
poborax [2] Ta [3]. OgauM 3 TAKUX IPUKIAIB € P

3 2 3 2 3 2

Z+Z+472+472++E+E+,

MHOKMHA HENOBHUX CyM SKOTO JIicTajla Ha3By KAHTOPBAJI.

B poGori J. A. Guthrie ta J. E. Nymann [4] (y3aranbueno B [5]) Bcra-
HOBJIEHO, 1110 MHOXKMHA HEIIOBHUX CYM JOBLIBHOIO 3012KHOI'O JI0JATHOIO Psily €
OJIHIEIO 3 TPHOX THIIB: CKIHUEHHUM 00’ €IHAHHAM BiIpi3KiB, rOMeoMOp(HOIO 10
vuOkuHE KanTopa abo KaHTOPBAJIOM.

Ha cporommimmsiit menb HeoOXimHI 1 JOCTATHI yMOBH TOTO, IO MHOXKHUHA HE-
MOBHUX CyM 301KHOTO JOJATHOTO sy € KAHTOPBAJIOM ab0 € TOMeOMOPGHOIO
710 MHOKIHA KaHTOpa 3auIaioThCsa HeBijoMuMu. ToMy HayKOBIIl PO3B’ I3y 0Th
IO 33/1a4y JJisl IIeBHUX KJIACiB psiziB (6ireoMeTpuyHUX, MYJbTHUI€OMETPUIHUX,
Ps/IB 3 LIEBHOIO YMOBOIO OJHOPLAHOCTI).

Y jgonoBiai OyayTb BUBYATUCH MHOXKHUHHU HEIOBHUX CYM JOJATHUX PAJIIB
(kaHTOpBANN, HiZe He MILIBHI MHOXKWHE HomarHol Mipu Jlebera abo HyseBoi
mipu JleGera Ta apoGosoi posmipHocri Laycaopda-Besukosuya), dienn axux
MOB’si3aHi 3 y3arajbHEHUMH MOCIiMOBHOCT MY PiboHATTI.

[1] Kakeya S. On the partialsums of an infinite series / S. Kakeya // Téhoku Sci.
Rep. — 1914. — Vol. 3, Ne 4. P. 159-164.
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[2] Baiirmreitn A. 1. O cmpoenuu mmuoscecmsea a-npedcmasumut wuces |
A. 1. Baitamreiin, B. 3. Illamupo // II3BecTust BhICUIMX y4eOHBIX 3aBEICHUIA.
—1980. — Vol. 216, Ne 5. C. 8-11.

[3] Ferens C. On the range of purely atomic probability measures / C. Ferense //
Studia Mathematica. — 1984. — Vol. 77, Ne 3. P. 261-263.

[4] Guthrie J. A. The topological structure of the set of subsums of an infinite series
/ J. A. Guthrie , J. E. Nymann // Colloquium Mathematicum — 1988. — Vol. 55,
Ne 2. — P. 323-327.

[5] Prus-Wisniowski F. Beyond the sets of subsums / F. Prus-Wisniowski. — 2013,
— 37p. (avaible in http://atom.math.uni.lodz.pl)

Ob6uucaoBanabHa cxeMa MpaMoro metoay Jli-anredbpuaHux
ANCKPETHUX ANMPOKCUMAI OJd 3BUYaiiHnx HeJiHIHTX
audpepeHniaIbHNX PiBHAHB
KIHaAnBAJTIOK A. A.

3Shape Ukraine, Kyiv
kindybaliuk.arkadii@outlook.com

ITpuTyna M. M.

Jveiscorutll Hayionaavrul ynisepcumem iment Isana Pparnka

mykola.prytula@gmail.com

3anpornoHoBaHo # OOrpyHTOBAHO HpsiMuil Meros Jli-ajireGpudHuX AuCKpe-
THUX aIIPOKCAMAIIIH JJIsi 9MCEeTbHOIO po3B’a3yBanHd 3aaa4i Kol s mesminii-
HOTO UPEPEHIaTILHOIO PIBHIHHS 3 0OMEKEHOI0 9acoBOI0 Mexker 1T < 400!

anatimu gynxyito u = u(t) maxy, wo

du
% = (uvt)7
u(0) = wuy,

ne dyukuis f(u,t)—noBiabHa riaagka QyHKIGA, fKa 3310BOJIbHIE JT0JATKOBL
YMOBHU:

f(u,t) obmescena, mobmo || f(u,t)||cc < M,
flu,t) sadosoavnac ymosy Jlinwuya 3i cmanoro L, mobmo:

|f(ur(t),t) — flua(t), t)] < Lluy — ua|.
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Inest MeToy moJsiTae y MOEJAHHI METOMY TOCHiZIOBHUX HabmuxkeHb [1] Ta
OoOY/I0BY CKIHYEHHOBMMIDHHUX KBa3i3o0paskeHb exemeHTis aarebpu Jli [2] i Bu-
KOpHCTaHHI miaxoais 3 [3].

O6umcIIoBAIBHA CXEMa, TTPOITOHOBAHOTO METO/LY - 1€ PEKYPEHTHE CIiBBiTHO-
IMIeHHA
1 -1
up () = uo + 271 (fup(t),1)),

SAKe € CKIHIeHHOBUMIPHUM KBa3i300parkeHHsIM METO/Ty OC/IiTIOBHIX HADTHKEHD
t
) =+ [ (F (), )
0

Hosemeno, mo 069uCTI0OBATbHA cXeMa 30i7KHa Ta HOPMa IMOXHOKH XapaKTe-
PU3YETHCS OIIHKOO:

2Ln+1Tn+2 T ‘

L"M 4
" o ¢ vl

— < - -
||U uthBh — (n+1)

3a3HaMIMO, IO BBEJIEHHI HAMHI OIepaTop Z |, Mo Ji€ y CKiHIeHHOBIMipo-
t

My IIPOCTOPI HOJHOMIB, apocHuMy€ onepaTop inrerpysanns 0~ (u) = [ u(7)dr
0

Ta € 00EpPHEHUM [0 OIepaTopa /, AKHi € CKHIIeHHOBUMIPHUM KBa3illpe1CcTaB-
serHsM 6a3oBoro enementa anre6pn Jli d/dt.

BuBueno ampokcuMaliiini BiaactusBocTi oneparopa Z !, a came moBenenHo
TEoOpeMy, sIKa XapaKTePU3ye MOXUOKY AIIPOKCUMAIII] IPH iHTEPIIOTIOBAHHI TOJTi-
nomamu Jlarpanzxa.

Teopema 1. Hezat gynruia v = v(t) obmesicena pazom 3 ycima norioHumu
006iavH020 NOPAJKY, a Marodc 0as wei icnye nepsicna na npomiscry [0,T].
DQynxuyia v; = vr(t)—inmepnosayitnul nosinom Jaeparoica, nobydosarul Ha
clmul 8Y3aie {ti}:;o. To0i, cnpasediusa MaKa OUIHKAG:

2Tn+2

[0~ (v) =0~ (vr)]leo < CE

[ .

O6uncaoBabHI €KCIEPUMEHTH 3aCBITIUIN e(DEKTUBHICTD MPOIIOHOBAHOTO
MiAXOMY fK JJis JIHIHAX TakK 1 HeMHIHHNX 3BUYaiiHuX audepenniatbHux piB-
Hsiib. CyTTEBOIO IIepeBarow € Te, 10 IHTerpyBaHHA 3aMIHEHO MHOXKEHHSIM Ma-
TPUIlh, IO € BaXKJIUBUM ACMEKTOM TPHU TOOYIOBI OOYUCTIOBAIBHUX CXEM [IJIst
HeJTHINHUX 3a7a4.
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[1] H.C. ITuckynos, Juppeperyuasvroe u unmezpaibroe UCHUCAEHUA AL 6MY3086,
T2 (13) (1985), 560.

[2] F. Calogero Interpolation, differentiation and solution of eigen value problems in
more than one dimension, Lett. Nuovo Cimento, 38 (13) (1983), 453-459.

[3] A. Kindybaliuk, M. Prytula Direct method of Lie-algebraic discrete approwzi-
mations for advection equation, Visnyk of the Lviv University, Series Applied
Mathematics and Computer Science, 26 (2018) 70-89.

ITpo moBeainky oaHOro Kjacy romeoMopdgizmiB Ha
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Hexait 3amano cim’o I' kpuBux v B mpoctopi R™, n > 2. BopeneBy dyukimio
p: R™ — [0, 00| nazupators donycmumoro s Iy numyrs p € adm I'; gxuio

IS BCiX (JIOKAJIBHO CHPSMJIIOBAHUX) Kpubux v € T
Hexaii p € (1,00). Toui p-modysaem cim’i T' Ha3uBa€ThCs BEJIMIUHA
M,(T) = inf P(x)d .
W) = inf [ e am(o)
RW,
Tyt m — mipa Jlebera B R™.

Has noeimbanx muoxkun E, F i G B R™ uepes A(E, F, G) no3zuaunmo civm’io
BCIX HemepepBHWX KPHMBHUX 7 : [a,b] — R", axi 3’exuyiors F 1 F B G, 100TO
v(a) € E, v(b) € Fi~(t) € G upua <t <b.

Hexaii D — obaacts B R™, n > 2, xg € D i dy = dist(zg, dD). Iloknanemo
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A(zg,r1,7r2) ={z € R" 1 r; < |z — 20| < 12},

Si = S(xg,ri) ={z eR": |x —xo| =1}, i=1,2.

Hexait Q : D — [0, 00] — BumipHa 3a JleGerom byukmia. Byaemo rosopuru,
mo romeomopdizm f @ D — R™ € kinbieBuMm Q-romeoMopdizMOM BiIHOCHO
P-MOMYJISI B TOUIL Xo € D, 9KIIO CIiBBITHOIIEHHS

My(A(fS,, fSa, D)) < / Q@) 7| — wol) dm(z)
A

BUKOHYEThCS JUIsT Oyab-sikoro Kimblist A = A(zg,7r1,72), 0 < r1 < 19 < do,
dop = dist(xo, dD), u s koxHOI BuMipHOT DyHKIIT 7 @ (r1,72) — [0, 00] Takoi,
o

r2

/n(r)dr:l.

T1

Hexait w,,_1 — mmoma omuananoi chepu S~ = {z € R" : |z| = 1} B R",
1

Gz (1) = T | Q(z)dA — cepenne interpanbhe 3nadenus 1o cdepi
- S(zo,m)

S(zo,r) ={z € R": |[x—x¢| =r}, dA — snement nnomi nosepxHi. [Tozxatunmo

L(zo, f,R) = sup |f(z)— f(xo)-

lz—zo|<R

Teopema. IIpunycmumo, wo [ : R™ — R™ — gisvuesut Q-2omeomopdiam
610HOCHO D-MOJYAA 6 MOwyL To Npu p > n, de ro — dearxa mouxa 6 R™ i das
dearux wucen rg > 0, k > 0 eukonyemovca ymosa

Gz (1) < K t°
das m.6. t € [rg,+00).

1) dxwo o € [0,p —n), mo

p—1

L - p=n
i L0 LR) (p) > 0.
p

e p—n—a
R—oo R p—n —n—w

2) Sxwo o =p—n, mo

95



p—1

R=oo (InR)r— p—1

Hilbert Nullstellensatz theorem for block-symmetric
polynomials on /,(C").
KravTsiv V.

Vasyl Stefanyk Precarpathian National University

maksymivvika@gmail.com

Let n € N and p € [1,400). Let us denote £,(C") the vector space of all
sequences

x=(21,Z2, .., Tn,...), (1)
where z; = (xg.l), .. ,xgn)) € C™ for j € N, such that the series »§1 Zi:l xgs) :
is convergent. The space £,(C™) with norm —

o n »
Jall, = [ 23]« 2)

j=1s=1

is a Banach space. Let us denote P, (£,(C™)) the algebra of all block-symmetric
continuous polynomials on £,(C").

Proposition 1. Let Py,..., P, € Pys({,(C™)) such that ker PiN...Nker P, =
@. Then there are Q1,...,Qm € Pys(€p(C™)) such that

m
ZPiQi =1
i=1

Theorem 2. The algebra Pys(¢,(C")) is factorial.
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Nonlocal - integral problem for system of partial
differential equations of first order

Kupuk G.

Faculty of Mathematics and Natural Sciences University of Rzeszow,
Graduate of University of Rzeszow, Poland

gkuduk@onet.eu
Let H(R4 x R) be a class of entire functions on R, K, is a class of quasi-
polynomials of the form ¢(z ZQ x) exp [az], where o; € L C C, ,

ar # ap, for k£ 1, Q;(x) are given polynomlals

Each quasipolynomial defines a differential operator ¢ (:&) of finite order
on the class of entire function, in the form

i 0 0
>0 (35) e [ovgs)

In the strip Q = {(t,z) € R% : t € {[T1, T>] U [T3,T4], = € R} we consider of
the system of equations

o, & d\ U, ,
ot Qi <ax> 87;(25,.1') =0, =12 (1)
j=

satysfies nonlocal-integral conditions

T Ty
/Ul(t,a:)dt +/U1(t,:1c)dt = pa(x), (2)
T1 Ty

P(2) o

rr(@)ven| - faeo-pe. o

1

T5
1=1,2,
where a;; ( ) ” ( ), are differential expressions with entire functions
a;;(A) #0,b;5(N) #0, (8%) (7) are given differential polynomials.
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Denote be
P={xeC:n(A) =0} (4)

Let be n(A f W'(t, \)dt is a certain function,
Theorem. Let o;(x) € Kz, i = 1,2, then the class K\ p exist and unique

solution of the problem (1), (2), (3), where P is set (4). Solution of the problem
(1), (2), (3) can be represented in the form

1 .
Z%p (8x) { o Tip(t, N) exp[/\x]} , =12
A=0
where
T(t, \) is a solution of the equation L (<, ) T'(t, A) = 0, satisfies conditions
R\ =1 TN =0
t=0 t=0

Solution of the problem (1), (2), (3) according to the differential-
symbol [1-3] method exists and uniquess in the class of quasipolynomials.

[1] P.I. Kalenyuk, Z.M. Nytrebych, Generalized Scheme of Separation of Variables.
Differential-Symbol Method. — Publishing House of Lviv Polytechnic National
University, 2002. —292 p. (in Ukrainian).

[2] PI. Kalenyuk, Z.M. Nytrebych, LV. Kohut, G. Kuduk, Problem for
nonhomogeneous second order evolution equation with homogeneous integral
conditions, Math. Methods and Phys.- Mech. Polia., 58 (1) (2015), 7-19.

[3] P.I. Kalenyuk, G. Kuduk, I.V. Kohut, and Z.M. Nytrebych, Problem with integral

conditiond for differential-operator equation J. Math. Sci., 208 (3) (2015), 267—
276.
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ITpo mepriie piBHOMipHE Halikpaiile HaOJIM>KEeHHS.

Kvimair A.C.

Yepriseuprutl nayionasvrul ynisepcumem im. FOpia @edvrosuua

kigayip500@seo-mailer.com

MacmouyeHko B.K.

Yepriseubkul HaUioHaAbHUT yHieepcumem im. FOpis Dedvkosuua

vmaslyuchenko@ukr.net

MEeabHUK B.C.

Yepriseubkul HauioHarvHul yrieepcumem im. FOpis Dedvkosuya

windchange7@Qgmail.com

Posrasinemo Gaxaxoewuit mpocrip Cla,b] Beix HemepepBHHX (yHKIiR f :
[a,b] — R 3 piBnomipuoo wopmomwo ||f]| = Igai(b\f(zﬂ, foro siniftHuil mig-
a<z<

upocrip P, [a,b], 110 ckiIanaeThes 3 yCix MHOIOYJIEHIB
g(x) =ap +arx + ... + apa”

crenenst < n 3 aificaumu Koedirienramu, i s Koxuol GyHkiii f € Cla,b] Ti
Haiikparre piBHOMipHE HaOJIMKEHHS

En(f) = d(f, Pala,b]) = nf{[[f — gl| : g € Pula, 0]}

mHOrOwIeHaMu 3 Py [a, b]. Tlocaigosricrs HeBim emunx wucen o, = E,(f) cna-
Jae i 3rimHo 3 Teopemoro BeitepmTpacca mpsMye 10 HYIS 71T KOXKHOT (DYHKITIT
f 3 Cla,b]. 9k Bcranosus C.H. Bepmurreiin [3] i HaBmaxu: Jyis KOXKHOI CIa-
JIHOI 10 HyJIs TOCJIiOBHOCTI Ymcesn «, > 0 icHye Taka HemepepBHA (OYHKILis
f:la,b] = R, mo E,(f) = a, nng koxuoro n =0,1,... .

Ile TBepmKenHs, MO BigoMe Tij HAa3BOIO OOepHEHA Teopema BepHInTeiina,
y3araJbHIOBasoch 1 MoaudikyBasoca bararbMa MareMarukaMu (JUB., HAIPU-
kaan, [4] i Brazany Tam miteparypy). 3okpema, ansa dynkmii f : [0,1]2 — R, axa
HellepepBHa BLIAHOCHO APYrol 3MiHHOI, MOXKHA BBecTH GYyHKUIT oy, : [0, 1] — R,
() = En(f%), ne *(y) = f(z,y) a2,y € 0, 1]. Tz cykynmo menepeps-
vol dysknii f GyHKIIT «,, HEMEpPepBHi, a I HAPI3HO HEMepepBHOI — HaJe-
JKaTh 110 mepinoro kiacy Bepa. ¥ mnpari [3] 6ys0 mocTaBieHo 3a1ady PO OMHC
dyHKIOHATIBPHUX TOCTITOBHOCTEH (i, )00 IS CYKYIHO 1 Hapi3HO Hemepeps-
mnx byskmii f : [0,1]> — R. Jlna cykymro HemepeppHmX (byHKIi# 3amada
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pO3B’si3aHa JIMIE JUisi CKiHYeHHOro umcaa GyHKIGH [4], a qis wHapisHOo Here-
pepBrHUX — qumte st n = 0 [5].

Tyr moBa fitume npo uepuie pisHomiphe Habsukenus oy = FEq(f) ana
HerepepBHOI byHKIil f 1 fforo dyHKIioHanbHuil anamor aq(z) = F1(f*) ans
Hapi3HO HemepepBHOI MyHKIHT f.

Hns xoxuol Gyskuii f : [a,b] = R posrasuemo ciany g = S(f) : [a,b] — R,
siKa 3a1a€Tbes dhopumyiiow g(z) = f(a)+k(z—a), ne k = f(b) f(a) . Bona 3’ennye
kinui (a, f(a)) i (b, f(b)) kpusoi y = f(z), a < x <b. Mu Ka}KeMO o GyHKIisg

f aenp onykaa /Bruyra/, skmo f(z) < g(z) /f(x) > g(z)/ na [a, b]. fcuo, o
onykJji ¢GpyHKHil OyayTh i Jeab OMyKJIUME, & BIHYTI — JI€Jib BIHYTHMU.

Teopema 1. Hezaii f : [a,b] — R — nenepepsna i aedv onyxaa “wu 62HYymMa
Pynwuyia, g = S(f), h = |f —g| i p = 3||h|| = Fh(c), de ¢ € [a,b]. Todi
Ev(f) = 1= IIf ~ goll, de go(x) = F(c) + p+ k(x — ©), axwo | acdv onyraa, i
go(x) = f(e) — p+ k(z — ¢), akwo [ aedv eenyma.

[puxnasn Gynkuii f(xr) = 2 wa sinpisky [—1, 1] nokasye, mo ymosa Jejb
OTMYKJIOCTI UM BFHYTOCTi B Teopemi 1 icToTHA.

[Tozraunmo cumBosom C, BIACTUBICTH HETIEPEPBHOCTI i JIe/Ib OIMyKJIOCTI 9n
srayrocti. Jdasg npamokyrauka P = [a,b] X [¢,d] camBonom CC,(P) mu mo-
3HAYAEMO MHOYKHUHY BCiX Hapi3zHo HemepepeHux ¢yukmii f : P — R, Takwnx,
o JIJIsi KOXKHOTO x € [a,b] dyukuis f* : [¢,d] — R Oyne jeap ONyKIIomw 4u
BrHYTOI0. 3 pe3yibrariB mpari [5] Bummsae

Teopema 2. Hezati f € CCo(P). Todi pynxuisa ai(x) = E1(f*) nanienene-
pepena 3nu3y na |a,bl.

Buxkopucrosyrouu izel upaui [5], Moxkua BcranouTu i 06epHeHuil pesysibral.

Teopema 3. Hezal o : [a,b] — R — nesid’emna nanienenepepena 3nusy
Pynryia. Todi icnye maxa pynxuia f € CCL(P), wo E1(f*) = a(z) na [a,b].

[1] Bernstein S.N. Sur le proble me inverse de la theorie de la meilleure approximati-
onn des fonctions continues // Comp. Rend. — 1938. — 206. — P.1520-1523.

[2] Bonowmun I'., Macmouenko B. Y3sarambuenns oxmiel teopemu Beprmreiina //

Mar. Bica. HTIII. — 2009. — 6. — C. 62-72.

[3] Baacrok I''A., Macsouenko B.K. Muorounenn Bepamreiina i napizno menepeps-
ui dynxnii // Hayx. Bica. Yepnis. yu-1y. B.336-337. Maremaruka. — YepHisi:
Pyma, 2007. — C. 52-59.
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[4] Bonomuu I''A.; Macrouenko B.K. @yHkiioHAIBHE y3arajbHEHHs OHIET TeOpe-
mu Bepumreitna // Mar. cryail. — 2010. — 33, Ne2. — C.220-224.

[5] Bonomuu I'.A., Macmouenko B.K., Mensauk B.C. ITapu lana i nyssosa obep-
mena 3ajga4a // Mar. cryzii. — 2017. — 48, Nel. — C.74-81.

P yHKITIOHA/IbHE YUCJEHHS B KJIACaX MOJIHOMiaJIbHUX
W—yJIbTPAPO3MOAiIiB

JIo3uHCbKA B. 4.

Inemumym npursaOHUL NPOBAEM METAHIKY | MAMEMAMUKY
im. S1.C. Ilidempueavwa HAH Yxpainu, Jlveie

vlozynska@yahoo.com

PobGora crocyerbest HeckiHgeHHOBUMIpHOTO aHamizy. CKIIag0BOO HECKiHIEH-
HOBUMIiPHOTO aHAJI3Y € JTOCTIIPKEeHHS Pi3HOMAHITHIX MPOCTOPIB OCHOBHUX i y3a-
raJibHeHNX (PiHKIIIH HECKIHIEeHHOT KiJIbKOCTI 3MIHHHX, 8 TAKOXK PI3HUX OMEepaTo-
piB i onepariit Ha X npocropax. B [1], [2] 3ampornoroBano HOBHIA miaxis 10 10-
CHIKEHHST TAKUX MPOCTOPIB. 3aCTOCOBYIOUM JaHuii miaxim y poboTi JO0CiIKy-
I0ThCs 3rOPTKOBI airebpu MoJaiHOMIAIbHUX W—YyJIbTPAPO3NOALIB (HeCKIHYeHHOT
Kinbkocri 3minnux) tuny Boopuinra i runy Pym’e. B kaacax @yp’e—obpasis
MOTIHOMIAIbHUX W—YABTPAPO3MOILIIB TOOYIOBAHO (DYHKIIOHAIBHE YHCJIEHHS
JUIs 3JIi9€HOr0 HADOPY TEeHEPATOPIB CHJIBHO HEMEPEPBUHUX TPYI OMEPaTOPiB,
3aJaHUX Ha IriTp0epToBOMY TpocTopi H.

[1] O. Lopushansky, Polynomial ultradistributions: differentiation and Laplace
transformation, Banach Center Publications IM PAN. 88 (2010), 195-209.

[2] O. Lopushansky , S. Sharyn, Polynomial ultradistributions on R‘i. Topology. 48,
(2009), 80-90.
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ITobynoa dpyHIaMEHTATIHLHOI MATPUIIL PO3B’A3KiB 3ada4i
Kot gasg onguoro kaacy cuctem Kosmoroposa
MajinupbkA I I1.

JIBH3 IIpuxapnamcvrud Hayionarvhud ynieepcumem im. B. Cmepanura,
Isano-Dpankiecor, Yxpaina

malytskagp@gmail.com

BbypTHAK I. B.

JIBH3 IIpuxapnamcvrut wayionasvhut yrisepcumem im. B. Cmegpanura,
Isano-Ppanxiecvr, Yrpaina

bvanya@meta.ua

Mu posrasimaemo 3amaqay Korri qyist cucremn piBHsIHB [1]

2 n
Opuy (t, ) Zx] e U (b, ) = Z Zaﬂ”(t,m)@%m(t,x), (1)

k=0 r=1

n, (t, :c) S H[O,T]'
Uy (t, @) |t=r = u(t, z), (2)

ne Mo 7 = {(t, ), t € (0,7],T > 0,2 € R™,ng > 1}.

Oyw(t, x) ZZG kwr(t x), (3)

k=0r=1

cucrema (3) € pisromipro mapabomivnoio B cenci LT Tlerposcrkoro B I 7
T* = T2, ..., Tp,- MTaPAMETPH.

3pobumo mpuiyiieHHs Ha Koedimienru

(A1) a3 (t,x),j = 0,2,v = 1,n,r = 1,n nemepepsHi Ta oomexeni B [y 7,
Kpim TOrO, a}”, 7 = 2 HenepepeHi 1o ¢ pisHOMipHO BigHOCHO (t,7) B Iljo 77

(A2) xoedinientn a}” 3aJ0BOJIBHSIIOTH 2yMgBy Tenbaepa (3 MOKA3HUKOM
a = (01,02,...,05,),0 < a < 1,0 < a; < 2;—_1),3 = 2,n() 1O X PIBHOMIPHO
BigHOCHO (X,t) B OOMEKEHUX MiIMHOKUHAX jo,7), XpiM TOTO CTapmmi MOXimHi
3a/I0BOJIBHAIOTH yMOBY lesbepa (3 MOKasHUKOM a = (a1, Qg, ..., Qn,),) 1O T
piBHOMipHO BimHOCHO (t,2) B [ 7
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Teopema 1. Hexatll 6UKOHYI0OMbCA 6CT 8UULE HA3BAHT YMOBU OAA CUCTLEMU Pi6-
Hano (1). Todi icnye Pyndamenmanvnuil pose’asor cucmemu (1) T(t,x;7,8),
t>1,£€ R,z e R™

t
F(tvx;7—7 g) = Fo(t,x;’ﬂg,f*) + fR‘[ Fo(t»$;57777*)f(ﬁa7§T7§)d’V

To(t, z; 7, &, &) —pyndamenmanvruti po3e’asok cucrmemu
no n

Oty (t, ) = 3. 5 O,y un(t, ) = 37 ab” (£, €)% un(t, ),
j=1 r=1

& —napamempuuna mouka, f—wyrana GyHKYis, U0 360080AbHAE 6i0N06I0-
HY CUCTNEMY THMEZPANLHUL PieHAHb Bosvmeppu.

[1] Manunsxka I'. II., Byprusk I.B. IIpo ¢yndamernmanvrud poss’asox sadawi Kowi
oan cucmem Koamozoposa dpyzozo nopadxy Ykp. mar. xyp., 70 (8) (2018),
1650-1663.

ITibarop i ManeBuu: moaudikarii "Hopuoro kBaapara"

Macmouyeako B.K.

Yepriseuybkul HaUuioHarbHUT yrieepcumem im. FOpis Dedvkosuua

vmaslyuchenko@ukr.net

MACHIOYEHKO T-2K. 4.

Yepriseubkul HauioHarvHul yrieepcumem im. FOpis Dedvkosuya

galarta@ukr.net

[Mepri momudikarii 3aamenuroro "HYopuoro kBagapara'" Kazumupa Masesu-
4a, i€l IKOHW CympeMaTu3My, 1o OyJia Ha MOKYTi y BUCTABKOBOMY 3aJi y 1915
pori [1, c. 61] mopyd 3 GaraTbMa IHIIUMHA CYyHPEMATHIHIMHI TBOPAMH, HAJIEKATh
camomy aBTopy. Hanmpukia, y HbOro KpiM 9OpHOrO € it 4epBOHUil KBagparT. 3a
MasieBudyem 4HOpHUil KBAJAPAT KOHIEHTPYE HOYyTTs, & Olie 10 — HImo mo3a
unM. [leBHO, Te caMe BUparkae i 9epBOHMI KBAAPAT, TITHKU MOYYTTS BKE iHITTE.
MozxuBo, 1e Tak sk y micHi: "YepBone — TO J1I000B, a 9opHE — TO Kypba."

Y K. ManeBuua, 3acCHOBHUKA CynpeMaru3Mmy, Oyio 6araro moc/i0OBHUKIB.
ITpo uBOTO i TPO HUX HIITIOCS, 30KpPeMa, y TOMepeIHiX mparsx apropis [2-7]. Tyt
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MU PO3IJISTHEMO TBOPH BiJJOMOr0O YepHIBEIIHKOTO XYI0KHUKA, MAWCTPA eKCIi0OpH-
cy, Opecra KpuBopyuka. ¥ #HbOro € Kijbka moaudikariii kapruau MaJsieBu4a.
Mepma ("dianexkruka 2013) ekcrnonysanaca ua Jpyriit BceykpailuchKiil Tpie-
Haste abcrpakTHoro mucrenrsa [8, c. 29]. Boua sBiisie coforo aBa KBaaparu 3
rmapajelbHIMA CTOPOHAMH, MEHINHH BMillleHu# y Olnpmuit i po3aiieHuii HaB-
OiJl Ha JBa NPSIMOKYTHUKHM, Oinwii (Bropi) i wopnuit (BHH3Y), a 00aCTh Mixk
HuMu po30uTa Ha 20 KBAAPATHKIB, YEPBOHUX 1 3€JIEHUX, 110 Y€PTYIOTHCS OIUH
3a ogunM. TurymadenHs niel kapruau naHo B [7]. Jpyra i Tpersi ekcrionyBasacs
Ha YeTBePTiil TpieHase abTPAKTHOrO MUcCTenTBa 17 KOBTHH - 5 aucromana 2019
poky mizx HazBamu "Cynpemaruana immnposizarnisa'i "Cynpemarudsa KoMIo3u-
mist". Ha apyriit 300paskeHo KBaApaT, CTOPOHU SIKOTO TOCJIiIOBHO Po30WTi Ha
JIBa BiApi3km a i b i Toukm po3duTTs 3’€MHAH] BiIpi3kaMu Tak, IO YTBOPIOETHCS
HOBWII KB3IpaT 31 CTOPOHOIO ¢, BIUCAHUN Yy BEJUKWI KBAJAPaT, i YOTUPU TPS-
MOKYTHUX TPUKYTHHUKH 3 KaTeTaMmu @ i b Ta Timoreny30i0 ¢. ¥ BHYTPIITHHOMY
KBaJIPaTi 3iCHIOETHCS TaKa K MOOYI0BA i B HAMEHIIIOMY TPETbOMY KBaIPaTi
BuiHO yucsio 100 — piunung nosisu "Yopuoro kBajgpara.

Towmy, XTO 3HAWOMUIT 3 OTHUM 3 TEOMETPUIHUX J0BeaeHb Teopemu llidaro-
pa, 3pa3y CTa€ ACHO, IO ifes Ii€l KapTUHYW B34Ta 3BiATH. KO miapaxysaTtu
nony S BeJMKOTO KBaJpaTa, To 3 OIHOTO 60Ky, S = (a + b)? = a? + 2ab + b2,
a3 apyroro: S = c? 44 - %b = 2 + 2ab. 3Bincu HerailHO OTPUMYETHCA TEOPEMa
IMidaropa: ¢? = a? + b2. Ha rperiil, ax i Ha nepimiit, 300paz<eHo 1Ba KBaIpa-
THU 3 MapaJeJbHIMU CTOPOHAMH i CIJIBHUM TIEHTPOM, OJINH BCEPEIWHI IPYTOTO,
npuaoMy B MeHruit Oinuit KBagpar Bnmucano Yopuuii Kpyr. O0aamiBKka — dep-
Bona. Ha mpyri#t KapTwHi TPUKYTHHKHA 9OPHi, HANMEHIINH KBAJAPaT IePBOHMIL,
BiH Brucanuit y Oimumit kBagapar. CKpi3b NaHye 9ePBOHO-YOPHA raMa KOJBOPIB.

Aue € e onne nosenenns reopemu I[liparopa, koam Becepeauni Kkpaapara, 3i
CTOPOHOIO € TOMIIIAIOTHCSA YOTUPH TPAMOKYTHUX TPUKYTHUKHU 3 TIiTOTEHY30I0
c i3 kareramu a i b, 7e a < b, Tak, MO BCEPEAWHI yTBOPIOETHCS KBAApAT 3i
croponoio b — a. Tyt teopema Ilicdbaropa susoauThesa 3 piBHocTi ¢2 = (b—a)? +
4- %b. Pozsusaitoun i mogudikosyoun inero KpuBopydka, 1m0 mobym0By MOXKHA
3IICHUTH 3 IEPIINM BHYTPIIIHIM KBaJparoM. Buiine mikaBa KoHIrypariis,
KA
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Ja€ OJHOYACHO nBa JoBenennss teopemu llidaropa. TpukyrHukwm, 110
3’€IHYIOTHCS MMOMAPHO B YOTHUPHU MPIMOKYTHHKH, MOXKHA po3dapOoByBaTu B
JopHHUH 1 yepBOHMIT KObOpH Bimmosimuo i Buiime "Iloscrancbkuit xsagpar".
SIKIO K BUKOPUCTOBYBATH CHUHIM 1 2KOBTHiT KOIBOpH, TO Buiife "YKpaincbkuit
kBazpar". MoxkHa 1i KoJibopu 1 3Milnaru K 1e poOUThCA HA Cy4aCHUX [IATPi-
oTnvyHUX 3axomax. OTak KUBOMKC JOMAMATAE i MATEMATHIIL, i TATPYOTHIHOMY
BUXOBAHHIO.

[1] Crkunpka Yngma. # Hami ma xapri ceity. — JIbsiB: Bum-Bo Craporo Jlesa,
2019. — 320 c.

[2] Macmouenko B., Macmouenko I.-2K. Maremaruka i Kazumup Manesua // Ma-
Tep. MiXKHAp. HayK. KOH®., mpucs. 50-piuwio dak. mar. Ta ind. YHY im. IO.
®PenproBuda, 17-19 Bepecus 2018 p. — Yepwmismi: YHY, 2018. — C.184-186.

[3] Macsouernko B.K., Macmouenko I'.-2K.4. Maremaruka i skusomuc // Heniniiini
mpobsemu amamizy: VI Beeykp. koud. im. B.B. Bacumumuna. Te3u momosimeit.
(26-28 Bepecus 2018 p., Isano-®pankiscok- Mukysmuann). — IBano-OpankiBepk:
Tomineit, 2018. — C.35.

[4] Macmouenxo B.K., Macarouenxo I'.-2K. 4. TIpo BumByr MaTeMaTuku Ha MUCTe-
ureo // Bicuuk JIbeie. yu-Ty. Cepis mex.-mar. — 2018. — 86. — C. 39-44.

[5] Macmouernko B.K., Macmouenxko I.-2K.4. Cynpemarusum i maremaruka // VIII
mixkuap. koud. "Maremaruka. Ind. Texmomorii. Ocsita."/Iynpk-Csirazs, 2-4
uepBua 2019p. — Tesu ponosigeii. — Jlyupk: 2019. — C.102.

[6] Macsouenko B.K., Macmogenko I'-2K.51. Maremarudsi MOTUBH y TBOpax Cy-
9acHUX yKpalHChbKuX XynoxkHuKiB // Mixmap. xkoud. npucs. 100-piaaio 3 gas
map. B.K. /I3samka (1919-1998). 20-26 uepsma 2019p., Ceitasn. — K.:2019. —
C.49-50.

[7] Macsouernko B.K., Macmouenxko I.-2K. 4. Cuipasi y TBOPYOCTI Cy4acHUX MUTIIB

2019. — Jaimpo: 2019.

[8] Apyra Bceykpaincpka Tpiemane aberpaktHoro mucrentsa "ART-AKT". 4-26
xkoBTHe 2013 poky. — Yepnisui: IpykApt, 2013. — 40 c.
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On the closest to zero roots and the second quotients of
Taylor coefficients of entire functions from the
Laguerre-Pdélya I class

THU HIEN NGUYEN

V.N. Karazin National University
nguyen.hisha@gmail.com

ANNA VISHNYAKOVA

V.N. Karazin National University

anna.m.vishnyakova@Quniver.kharkov.ua

Definition. A real entire function f is said to be in the Laguerre- Pdélya
class of type I, written f € L — PI, if it can be expressed in the following form

f(z) = came’ ﬁ <1 + “T) : (1)

T
k=1 k

where ¢ € R, 8 > 0,2, > 0, n is a nonnegative integer, and >~ x;l < 0.

Various properties and characterizations of the Laguerre-Pdlya class of type
I can be found in [1], [3] and other works.

The following theorem is a new necessary condition for an entire function
to belong to the Laguerre-Polya class of type I in terms of the closest to zero
roots.

Theorem 1. (see [6]). Let f(z) = > peyaxz®, ai, > 0 for all k, be an enti-
ai—l
An—20n
condition: q2(f) < q3(f). If the function f belongs to the Laguerre-Pdlya class,

then there exists zo € [—¢1,0] such that f(z0) < 0.

re function. Suppose that the quotients q,(f) := satisfy the following

We also present a necessary condition for an entire function to belong to
the Laguerre-Polya class of type I in terms of the second quotients of its Taylor
coefficients.

We obtained a sufficient condition for the existence of such a point zj.

Theorem 2. (see [6]). Let f(2) = > po axz®, ar, > 0 for all k, be an entire
function and 3 < 2(f) < 4,as(f) > 2, and aa(f) = 3. If a5(f) < ooy, where
d = min(g2(f), qs(f)), then there exists zg € [—5%,0] such that f(z0) < 0.

We also present other related results.
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Hypercyclic behavior of the Dunkl operator
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Lviv University of Trade and Economics
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Let X be a Fréchet linear space. An operator T' : X — X is called
hypercyclic if there is a vector z € X whose orbit under T'

Orb(T,z) = {x, Tz, T?x,...}

is dense in X. Every such vector x is called hypercyclic for T

The Dunkl operator on R has been introduced by C.F. Dunkl [1]. One
remarkable example is the Dunkl operator

Ao : H(C) = H(C), a > —%,

Aa(f(2)) = %f(z) L2041 (f(z) f(z)) |

z 2

Let E be a Hilbert space and H, (E) be the Hilbert space of analytic functions.
We consider a differentiatial-difference operator A, : H,(E) — H,(E) and
investigate hypercyclic behavior of an operator e«
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[1] C. F. Dunkl, Differential-Difference Operators Associated with Reflections
Groups, Transactions of the American Mathematical Society, 311 (1989), 167—
183.

Jlesiki BAIaCTUBOCTI CUCTEM KYJIb, 9Ki CTBOPIOIOTH TiHbH B
TOUIIl

Ocinuyk T. M.

Incmumym mamemamuru HAH Yxpainu

osipchuk.tania@gmail.com

[Mounnaroun 3 2015 poky rpyma Buenux 3 lucturyry maremarnku HAH
Vkpainu na goni 3 FOpiem Bopucosuuem 3emiHcbkuM mpalfoBaia HaJ [AKIOM
3a/1a4 PO TiHb HA OCHOBI 3a7a4i, mocrasienol y 1982 poui I'. Xynaitbepranosum
[9]. ITepediik pe3ysbrariB 3 UBHOIO LUKJY BUKJIAJAEHO LEPEBaxKHO B poborax [3],
[5], [6]- HaBememo psin pesyabraris, siki 6ysam orpuMani misuime ta He yBiffnm
JI0 BKA3aHUX POOIT.

Cxkaxkemo, 1m0 Habip Kyab y mpocTopi R™ CTBOPIOE TiHB y A€sKii TOYIN IIHOTO
MIPOCTOPY, SKIIO JTOBLIHHA MPSMa, IO MPOXOINTDH Yepe3 JIaHy TOUKY, TepeTHHAE
xo4a 6 oxHy 3 Kyib. Ilpm mpomy, B poboti [7] € mommnika y dopmymnoBanHi
TEeOpPEeMH, KA BUIIPABJICHA TYT.

Teopema 1. ( [7]) Hezati S*(r) cfepa 3 yenmpom 6 nouamsxy xoopduram ma
padiycom v y npocmopi R3. Ioznanumo uepes ni(x) natimenuwe wucao 6idxpu-
MUT KYAb, WO He NEPEMUNAOMBCA, 3 yenmpamu na chepi S (r) i maruz, wo
ne micmamo gircosany mowky x € R® ma cmeoprotoms 6 uiti mouwyi mino.

Todi ny(x) = 3, daa woorcnoi mowku x € R® maxoi, wo 9" < x| <.

B po6ori [2] Gyno BcraHoBiEHO, ImIo A movarky KoopawHar nq(0) = 4.
JImst iHIIAX TOYOK BHYTPINTHOCTI chepu 1ie TUTAHHS 3aIUIIAETHCA BIAKPATHM.

B macrynniit 3amadi 3HIMAOTHCST OOMEXKEHHSI HA, PO3TAITYBAHHSA IEHTPIB
KyJIb, ajle HaKJIAJAOThCs Ha iX pajiycu. B pobori [2] ng 3amada po3s’s3ana
s mpocropy R3. Hacrynma Teopema mae i pos3s’s30x gy mpocropy R,
3<n<o0.

Teopema 2. ( [8]) Hexaii no(x) natimenwe wucio 6i0Kpumur (3aMEHEHULT)
Ma NONGPHO HENEPEMUHKUL KYAb 3 00HGKOSUMU PAdiYcamu & MaKuT, wo He
Mmicmamos gikcosany mouky r € R" 3 < n < oo, ma cmeopwroms 6 il
mowyi miny. Todi no(x) =n+ 1.
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ITpu noeenenni Teopem 1, 2, sk i mpu PO3B’sI3aHHI HU3KU IHIUX 331249 PO
TiHb, KJIIOYOBY POJIb Biflirpajia HACTYTTHA

Teopema 3. ( [6]) Hexal 3adano dei eidkpumi (3amxneni) xyai {B; = B(r;)},
i = 1,2, y npocmopi R™, axi me mepemunaromscs, 3 UeHMPAMu Ha cHepi
S™=1(r) ma padiycamu vy < 11 < r. Todi xodicra Kyaa, 20mOMeMUNHA KYAL
By sidnocno uyenmpa cdepu, 3 koepiuienmom zomomemii ko, He mepemunae
KOJCHY KYA10, 20MOMeMuUuHy Ky Bi eidnocho uenmpa cepu, 3 xoepivien-
mom zomomemii ki, axuwo ko > k1.

[1] A. Author, Name of the paper, Comp. Math., 23 (2) (1971), 185-188.

[2] O. Bemuuckuii , 1. Berosekast , M. Credanuyk, O606wénno swnykase mHo-
orcecmea u 3a0a%a 0 menu, YKp. Mar. xKypH, 67 (12) (2015), 1658-1666.

[3] ¥O. Benuuckuit, O606uento 6onykave 060A04KU MHOAHCECTE U 360a4G 0 TNEHU,
Vkp. mar. Bicauk, 12 (2) (2015), 278-289.

[4] }O. Bemunckmit, 1. Berosckaa, X.K. Hakxwur, 3adaua o menu oz wapos ¢u-
KCuposarnozo paduyca, YKp. mar. sicauk, 13 (4) (2016), 599-603.

[5] FO. Bemmuckwuii, Bapiauii do 3adaui npo mins, 36. mpamp Ia-Ty matemarnkn HAH
Yxpainu, 14 (1) (2017), 163-170.

[6] T. Ocumayx, M. Tkauyk, 3adaua 0 menu das obaacmetli 6 e6KAUIOEHBLT NPO-
cmpancmeaz, YKp. mat. Bicauk, 13 (4) (2016), 278-289.

[7] T. Ocimayxk, Jeaxi 3aysaostcerna npo cucmemy Kyiv, AKi CMEOPOI0OMb Minb 6
mouyi, IIpami IIIMM HAH Vkpairu, 31 (2017), 109-116.

[8] T. Osipchuk, 3adawa o menu dan obaacmetd 6 €6KAUOSHEL NPOCMPAHCMEAL,
Bulletin de la societe des sciences et des lettres de Lodz, Recherches sur les
deformations, LXVIII (2) (2018), 77-84.

[9] T. XynaiiGepranos, O 00H0POOHO-NOAUHOMUGALHO BUNYKAOT 06040%Ke 06BedU-
Henua wapos, Pykommucsr men. 8 BUHUTU 21.02.1982 r. Ne 1772 — 85 [em.
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ITpo He3nmiueHHi piBHI dyHKIIT epiioro kiaacy Bepa

CA®OHOB B.M.

Hoauionarvrut ynisepcumem xapuosuxr mexrnonozit, Kuis

safonov_v_m@ukr.net

Hexait 3anana JoBlibHa ogHo3HaYHA GyHKIA [ : [a,b] — R. KoxHy MHO-
xuny f~l(y) = {z : f(x) = y,x € [a,b]} nassemo piBHeM byHKHil f, 10
BiamoBimae 3nadenuio y. Ak Bimomo, Oyayun piBHeM (DYHKIIT IEPIITOTO KIacy
Bepa, muoxkuna f~1(y) e Gs-muokunOW0. 30Kpema, pisni HenepepsHOT (yH-
Kl f ABJISIOTH cO0OI0 3aMKHEHI MHOXKUHH B [a, D], ckinuenui abo HeCKiHdeHHi.
Binwbm Toro, icayiors HemepepBHi GyHKIINI, ¥ SKUX BCi PiBHI He TiJIbKU HECKiH-
JeHHi, ase i He3ymiveHHi. 3HAHHA BIACTMBOCTEH CYKYMHOCTI BCiX piBHIB (yH-
KIIii 9acTO M03BOJISIE OXapaKTepU3yBaTH 11 cTpyKTypHi ocobauBocti. Hactymme
TBep/KeHHs [1] € JonOBHEHHAM 10 Pe3y/abTrariB JOC/ILAKEeHb MHOXKUHK DiBHIB
HeTlepepBHAUX JificHuX QyHKIH [2].

Teopema 1. Hezati pynruyia nepwoezo kaacy Bepa f(x), x € [a,b] 3adosoavhse
saacmusicms Japby. rxwo odun 6ydv-axud 3 pisnie gymnxuii f(x) — ecrodu

HE3NIUEHHUMU.

[1] Cadonos B.M. IIpo ¢ynruii nepwozo xaacy Bepa 3 eaacmusicmio Japby / B.M.
Cadonos // 36iprux mpans Iucturyry maremaruku HAH Ykpainu. — K.: Inctu-
ryr marematuku HAH Vkpaiau, 2017. — T.14, Nel. — C. 222-229.

[2] Cadonos B.M. IIpo neckinuenni pieni nenepepsnoi gynkuii / B.M. Cadonos //
36ipuauk upanp lacturyry maremarukun HAH Vipainu. — K.: Iacruryr marema-
tukn HAH Vkpaian, 2015. — T.12 , Ne3. — C. 220-224.
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ITpo kBaziHenmepepBHICTHL 0O6EPHEHOTO BigOOpakKeHHI

CaooHOBA O.B.

Jleporcasruti ynisepcumem menexomyuixayit, Kuie
olechkadeadin@ukr.net

OcranHi JeCATHIITTS TOCiI2KEHb AHAJIOTIB HEMEPEPBHOCTI BiI3HAYEH] TIH-
OOKMMHU pe3y/bTaTaMyu IepHIBEIbKOI MaTeMATHUHOI IIKOJIH, OTPUMAHUMHU Y
npamngx B.K. Macaiodenka Ta #ioro y4driB, 30KpeMa, BaXKJIUBUMHU Pe3yIbTaTa-
vu B.B. Hecrepenka mpo ociabieHy HemepepBHICTb 0OEpHEHOro BigoOparKeH-
Hs [1-3]. ¥V HAcTymHOMY TBep/KEeHHI BCTAHOBIIIOIOTHCS YMOBH, 3a SIKHX 00ep-
HeHe BiZOOpakeHHs € KBasiHermepepBHUM [4].

Teopema 1. Hexat X, Y — noeni mempuuni npocmopu (npocmip X cenapa-
beavrut i nesaivennut) i f : X =Y — sidobpasicernna, npuwomy dasn 006iabHOL
muootcuny A C X, IntA # & euxonyemues Int f(A) # & ma icnye muodicuna
Q scrodu dpyeoi xameeopii 6 X, maka, wo 38yorcenns eidobpascernna flo Ha
MHoocuny QQ € biekmusHum 6idodpascennam. SAKuo 0aa K0HCHOT HANIBBIIKDU-
moi mnooicunu V- C Y i npoobpas f~1(V) e naniseidxpumoro mmosicunoro 6
npocmopi X, mo obeprene 6idobpasicenns f~1 — xeaszinenepepena Giekuis.

[Ipukmaaun mOKa3yiOTh, IO BCI yMOBH B TEOPEMi € iCTOTHUMH.

[1] Macsouerko B.K. Hapisno nenepepeni sidobpascenna i npocmopu Keme: nuc. . ..
nokT. ¢iz.-mar. mayk: 01.01.01 / Macmouenko Bomomgumup Kupunosma. — Hep-
mismg, 1999. — 345c.

[2] Muxaitmok B.B. Koopdunamuudi memod i meopia Hapidno nenepeperur 6i0o6pa-
orcend: qEc. ... nokr. diz.—mar. mayk: 01.01.01 / Muxaiunok Bonomumup Bacu-
mpoBud. — Yepmismi, 2008. — 333 c.

[3] Hecrepenxko B.B. Anasozu nenepepsnocmi: 36 °A3Ku MidC HAPIZHUMU | CYKYNHUMU
6AACTNUBOCTNAMUY A MEOPEMU NP0 JeKOMNO3UYII0: TUC. ... TOKT. (di3.-MaT. HAYK:
01.01.01 / Hecrepernko Bacump Bomogumuposua. — Yepnisni, 2016. — 320c.

[4] Cadonosa O.B. Ocaabaenna nenepepenocmi ma 3aivenna Kpamuicmo 61006pa-
ocenn. | Cadonosa O.B. // BykoBuucbkuil Maremarudnuii xypHar — 2018. —
6, 3-4. — C.127-133.
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Uniform approximations by Fourier sums on classes of
convolutions of periodic functions
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Let L, be the space of 2r—periodic functions f : R — R summable on
[0,27), in which the norm is given by the formula || f||z, = [ |f(t)|dt; C be

0
the space of continuous 2n—periodic functions f : R — R, in which the norm is
specified by the equality ||f|lc = max |7 ()]
Let 1(k) be an arbitrary fixed sequence of real, nonnegative numbers and
let 8 be a fixed real number.
Further, let Cw be the set of all functions f, which are represented for all
x as convolutions of the form

1 s
f@ =2+ 1 [eOUsle -, ar R, g e BY,

where
B(l) = {4,0: HL)O”LI < 17 @ 1 1}'
and ¥z is a fixed kernel of the form

Ws(t) =Y (k) cos (kt—%r 0, > (k) < oo, BER.
k=1 k=1

For the classes Cgl we consider the quantities

En(CE 1) = sup [|f(+) = Sn-a(f3-)lle, (1)
fECﬁ 1
where S,,_1(f;-) are the partial Fourier sums of order n — 1 for a function f.

We consider Kolmogorov—Nikolsky problem about finding of asymptotic
equalities of the quantity (1) as n — oc.

The following statement holds.
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Theorem 1. Let Z ky(k) < oo, ¥(k) >0, k =1,2,... and 8 € R. Then as

n — oo the followmg asymptotic equality holds
O(1) &
£.(C} Z Wk 7(1 DS kith + ), 2)
k=1

where O(1) is a quantity uniformly bounded in all parameters.

Formula (2) becomes an asymptotic equality for the sequence ¥(k), whi-
ch decreases to zero faster than arbitrary power function. In the case, when
Y(k) = e " a >0, r > 0, the equality (2) was established in [1] and [2].

[1] A.S. Serdyuk, Approximation of classes of analytic functions by Fourier sums in
uniform metric, Ukr. Math. J. 57 (8) (2005) 1275-1296.

[2] A.S. Serdyuk, T.A. Stepanyuk, Uniform approximations by Fourier sums on
classes of generalized Poisson integrals, Analysis Mathematica 45 (1) (2019),
201-236.

Anpokcumaiiigs cymamu @Pyp’e kiaciB audepeHiiioBHuX
dyHKI Tpu BUCOKNX MOKA3HUKAX TJIAAKOCTI
CepaoK A. C.

Inemumym mamemamuru HAH Vxpainu, Kuie

serdyuk@imath.kiev.ua

CoKkoJiEHKO I. B.

Inemumym mamemamuru HAH Yxpainu, Kuie

sokol@imath.kiev.ua

Hexait C'i Ly, 1 < p < 00, — TpOCTOPW 27-MePiOANIHNX i iCHO3HATHIX
dbyukuiit 31 crangaprauMu HopMaMa || - [lc 1 || - [|p-

Hexait, nani, Wy — xnacu 2r-nepionnanx QpyHKIii f, mo 300pazkyoTbes
Yy BUIJISI/II 3TOPTKU

fay=24 % /(p(m B s(D)dt, ap € R, (1)
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3 siapamu Beitna-Hazns B, g(-) Bunisay

Br,ﬁ(t):ik (kt—?), r>0, peR, (2)
k=1

byukujit ¢, Taknx mo ¢ € U) = {gp eL,:|el, <1, f p(t)dt = O}

Kitacu Wﬁr,p HasuBaloThb Kiacamu Beitnas—Haus., dxkmo 7 € Ni g = r,
o dbyukuil Bursany (2) e Bimomumu gapamu Bepmymii, a Bianosigmi kaacu
Wg’p 36iralorhes 3 BitoMumu Kiaacamu W, 0 CKIaAaI0ThCA 3 27-TIepio i THIX
dbynkuiit f, gaxi maoTh abcosmoTHo HenepepsHi noxiaui 10 (r — 1)-ro MOpAIKY
priouno i Taki, mo |||, < 1. Tlpu upomy maiizke ais Beix @ € R ¢(x) =
f)(x), ne ¢ — bynxmisz 3 (1).

JocnigzKyerbes 3aja4da Ipo 3HAXOIZKEHHs CUILHOI ACUMIOTOTUKY BETHYUH
Sn<Wg,p>C: sup Hf_snfl(f)HC'a 1§p§007
fEWg,p

e Sp—1(f) — vacrunna cyma ®@yp’e dbyukuii f nopsaky n — 1, npu Besiukux
r(r>+yn+1).

MaroTh Micite HACTYIIHI TBEPIKEHHSI.

Teopema 1. Hexati 1 < p < oo, 8 € R, r > 1 in € N. Todi 3a ymosu
vn+l1<r<n+lnpup=1

T -Tr 1
&Wialo = (Cr==m

+0(1)nr?), (3)
anpul<p<oo
||COSt||p p p —2r/n —2
En(W5 o =n" (fF (5 it/ ) +Oo(1)nr ) (4)
de F(a,b;c;z) — 2inepeeomempuuna pymnxyis Taycca

F(abcz_1+z (’jk o @r=a+ D@ +2). (k- 1), (5)

I/p+1/p =1, a O(1) — seaununu, pieHOMIpHO 0bmediCEHi 610HOCHO BCIT
PO32AAYGAHULT NAPAMEMPIE.

Teopema 2. Hezxati 1 < p < oo, 8 € R, r > 1 in € N. Todi 3a ymosu
n+l<r<n?npup=1
1

EnWg1)e = ”7T<m

+ O(l)rnfzefr/”), (6)
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anpul <p<oo
£aWp e = (LMot i (B 2y o2/ L o(1yem2777), (1)
n B,p/C p 2 ) 2 y Ly )

de F(a,b;c;z) — zinepzeomempuuna dynryia Taycea (5), 1/p+1/p =1, a
O(1) — seaununu, pieHOMIPHO 0OMENCEHE BIOHOCHO BCIT PO32AAOYSAHUL NAPA-
Mempis.

ITpu p = co Teopemu 1 i 2 BunmmBators 3 poboru C.B. Creukina [1].

Onepkani TeOpeMn JOTOBHIOIOTE PE3YILTATH ABTOPIB [2], me, 30kpema, ais
npoBimpHEX 1 < p < 00 OyI0 BCTAHOBJIEHO CHJILHY ACHMIITOTHKY BEJIHYUH
2
En(W} ,)c y Bumasxy r > n?.

[1] C.B. Creukun Ouenka ocmamxa pada Pypve dan dupdepenyupyemos Gynryus
// Ipubmkerne dysknmii nosmuomamu n ciuraiinamu, C6opHuk crareii, Tp.
MUAH CCCP. - 1980. — 45. — C. 126-151.

[2] Serdyuk A.S., Sokolenko I.V. Approzimation by Fourier sums in classes of di-
fferentiable functions with high exponents of smoothness // Methods of Functi-
onal Analysis and Topology. Vol. 25 (2019), Ne 4, pp. 381-387.

On removability of isolated singularities of
homeomorphisms with the inverse Poletsky inequality
SEVOST’YANOV E. A.
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esevostyanov2009@Qgmail.com

SKVORTSOV S. O.

Zhytomyr Ivan Franko State University
serezha.skv@gmail.com

In what follows, M denotes the n-modulus of a family of paths, and the
element dm(x) corresponds to a Lebesgue measure in R", n > 2. For given sets
E and F and a given domain D in R® = R" U {o0}, we denote by I'(E, F, D)
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the family of all paths 7 : [0,1] — R" joining E and I in D, that is, v(0) € E,
v(1) € F and y(t) € D for all ¢ € [0,1]. Let zy € D, g # oo,

S(zg,r)={x € R": |z —xo| =7},S5; = S(xo, 1), =12,

A= A(zg,m1,m2) ={x € R":ry < |z —xo| <ra}.

Let @ : R" — R" be a Lebesgue measurable function satisfying the condition
Q(z) =0 for x € R™\ D. The mapping f : D — R" is called a ring Q-mapping
at the point xg € D\ {o0}, if the condition

M(f(T(S1, 82, D))) < / Q) - n"(|lz — xol) dm(z) (1)
AND

holds for all 0 < r; < r9 < dp := sup |x — x| and all Lebesgue measurable
xeD

ro
functions 7 : (r1,72) — [0, 00] such that [n(r)dr > 1.

T1

Theorem 1. Let D and D’ be domains in R*, n > 2, and let g be a
homeomorphism of a domain D' onto a domain D, the inverse f = g~' of
which satisfies the condition (1) at every point xo € dD. If Q € L*(D) and 1o
is an isolated point of the boundary of the domain D', then the mapping g has
a continuous extension g : D' U {yo} — R" to yq.
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On removable singularities of mappings in uniform spaces
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In what follows, (X, d,u) and (X',d’, u’) are metric spaces with metrics d
and d’ and locally finite Borel measures p and p’, correspondingly; M, denotes
the p-modulus of a family of paths. Given 2 < o < oo and 1 € ¢ < «,
the space X = (X,d,u) is called («,q)-admissible source, if (X,d, ) be
locally compact and locally path connected upper Ahlfors a-regular metric
space, moreover, for each point z¢ € X there is v > 0 such that u(B(zo,2r)) <
v - log“_2% - w(B(xg,r)) for some rog > 0 and for all » € (0,7y). Similarly,
given p > 2, the space X' = (X',d’,p’) is called p-admissible target, if
(X',d’,n’) admits a weak sphericalization, besides that, (X', h) be locally
connected p-uniform metric space. Let X := X U{oo}, andlet h: X x X — R
be a metric. We say that h satisfies the weak sphericalization condition, if
(X, h) is a compact metric space while h and d generate the same topology on
X. A metric space X is called a space admitting a weak sphericalization,
if there exists a metric h : X x X — R satisfying the weak sphericalization
condition. Given p > 2, a space X is called p-uniform if, for each r > 0,
there is § = §(r) > 0 such that M,(I'(F, F*, X)) > § whenever F and F* are
continua of X with h(F) > r and h(F*) > r.

Theorem 1. Fiz 2 < a < 00,2 < p<ooand 1l < g < a. Let D be a
domain in X, let (X,d, p) be an («, q)-admissible source and let (X', d’,u") be
an p-admissible target. Suppose that G := D\ {(p} is a domain in X, which is
locally path connected at {y € D, Q € FMO((p) and that balls Bp(A,r) = {y €
X' : h(y,A) < r} do not degenerate into points for each A € X' and every
r>0.If f: D\ {Co} — X' is an open discrete ring Q-mapping with respect to
(p, q)-moduli at (o, and (o is an essential singularity of f, then f(U\ {(o}) is
dense in X' for an arbitrary neighborhood U of (.
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Nonlocal problem with integral conditions for linear of
system of partial differential equation of second order
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In the strip Q(T) : {(t,z) € R? : ¢t € (0,7),z € R} we consider nonlocal
problem with integral conditions

L(a a)mt’x)a?ﬁ(g,xu 82T (t, ) Aa?ﬁ(t,x)iﬁ

ot’ or ot otox 2T g2

7 () %7

where ﬁ(t,m) = col (U(t,2),...,U™(t, ),
1,2, Ay, Ay are squert matrix m x m, (8@)
¢ (55) = col (¢" (57) - a™ (55)) »

Assuming that the real parts of roots the polynomial L(\,1).

t=T

Reli <, ..., < Redam, Rel; #, j=1,2,...,2m. (4)
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Main determinand of the system (1) in the form

Wi eN&de o Rk, [T ermnttay
1Jo mn JO
wp [l enstar o [ P
A) =
h [ an—leMet gy hl Jo tn—leAmnglqy
Ly R
WL, [lr=ten&tqr o [T leAmndtqy

Let H,,a > 0 be a Sobolew space with norm

+oo
meHM=¢;/:(LHw“¢@%%<w

where $(€) is a Fourier transformation of the funktion ¢(z). H, is a vector
space of the funktion (), with norm

lp(x), Hall = max ||’ (z); Ha |

Theorem. Let conditions occur (4), let A(&) # 0 for everyone £ € R\ {0}.
If ?j € ﬁz, ) = as +m(C’,2L—|—1), as > 1, 7 = 1,...,n, then the space
C([0,T),H,') exists and unique solution @ (£, z) of the problem (1), (2), (3)
which still is depending on vector-function ?j, 7 = 1,...,n. Solution is the

represented in the form

1, zxﬁ )\ 5
2, Jf/ S 2208 e e (5)

J,q=1

where A; ;(£), j,g=1,...,mn, £ # 0, — algebraic complement the standing
element j this poem and ¢ for this column of indicator A(¢),

col(1h1(£), - - -, mn(€)) = col(B1(€), -, BT (€)5- -3 B0 (&) - - - BN (£)),

i @?(5) is a Fourier transformation of the funktion <p§(x), j=1,..,n q=
1,....,m.
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ITpo jmokambHI BiaacTUBOCTI po3B’a3KiB HediHITHUX
piBusgHL BeabTpami

CanmosB P. P.

Inemumym mamemamuru HAH Yxpainu

ruslan.salimov1@gmail.com

CTE®AHUYYK M. B.

Incmumym mamemamuru HAH Yxpainu

stefanmv43@gmail.com

Hexait G — obnacrp y komiekcuiit mwionuni C, 10610 38’4304 Ta Bigkpura
nigmuoxkuaa C, 1 Hexait p: G — C — sumipna byskuis 3 |u(z)| < 1 M.c.
(maitxke ckpisb) B G. Pishannim Beabmpami HA3UBAETHCS DIBHIHHS BUILY

fz=n2)f, (1)
ae fz=3(fatify), fo=3(fo —ify), 2 =a+1iy, fu i f, — 9acTunni mOXigHi
BijoOparkenns f mo x Ta y, BiAIOBIIHO.

Hexait 0: D — C — Buwmipna dyukiis i m > 0. Po3risiHemo y mosisipHiii
cucremi KoopauHatT (1, ) HACTyIHE DiBHSAHHS:

fr=a(re’) | fo™ fo, (2)

ne fr i fg — vacTunni nmoxinui BimoOpaskenus f mo 7 i 6, BigmosigHo. Bpaxosy-
049n GopmyIn

rfr - Zfz +2f57 f9 = Z(Zfz 72f?)7

piBHsHHS (2) MOXKHA 3aIUCATU y KOMIUIEKCHIN hopmi:

o(z)|z|i|zf. —Zf=™ — 1
o(z)|zlilzf. —Zfz|™ + 1

fe (3)

I
Il
INTRIRN
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Bimgmitumo, mo npu m = 0 piBusaHs (3) 3BOAUTHCA 0 3BUYANHOTO PiBHSA-
HHs Besprpami (1) 3 kKommiekcHnM KoedinieHTom

z o(2)]z]i—1
Z) == —/————.
M2 = 2 el 1
Axwo B (3) noknactu m = 010 = —i/|z| , T0 Mu upuxoAUMO 10 BimomOT

cucremu Kormi-Pimana. Beronu mami Oymemo BBazkaru, mo m > 0.

Pezyasprum 2omeomopprum pose’sskom piBuguns (3) Oyaemo HazuBaTu
peryssipauit romeomopdizm f: G — C, gxuii m.c. B G 3a70BOJIbHSAE PIBHAHHS

(3).

Teopema 1. Hezati f: B — B — pezyasapruil 2omeomopdrutl pose’sasox pie-
Hanns (3) xaacy Coboacsa WI})S 3 nopmysanuam f(0) = 0. Hdxwo dan deaxuz
yucea A > 1, 7> 0 ma Cy > 0 surxonana ymosa

Ae J
ET/< r >CO

m+1 =
= 5L [ (ma(z) "7 ds)

Yr

o dosinvhozo € € (0,eq), €9 € (O, %), mo

lim inf
z—0 ‘z

_ 1 1
E

Hacainok 2. Hexati f: B — B — peeyaaprutli 20omeomopdrutl po3e’s30x pie-
Hanns (3) xaacy Coboacsa WI})CQ 3 nopmysanmam f(0) = 0. Hxwo das desxuz
yucea A > 1 ma ¢y > 0 sukonana ymosa

m—+1
1

ﬁ/(lmﬁ(z))_ﬁfl ds <cord
7

Yr

das m.6. 1 € (0,e0), €0 € (07 %)’ mo

lim inf |f(/i)1‘ <,

m

z—0 |Z

de vy — dodammna cmana, AKG 3aAeAHCUMD MIALKY 61d M, cg ma A.

Hacainok 3. Hexatl f: B — B — peeyaaprutli 2omeomopdrutl po3s’s30x pie-
nanua (3) xaacy Coboacea Wli)f 3 nopmysarnam f(0) =0, a > 2. Sdxwo

dxdy
J = <
/ 220D (Tma)™ ~ ™
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oas dearoeo ro € (07 %), mo

lim inf 1£(2)] < I/QJ%,
z—0 |z|”

der=1-— ﬁ u vy — dodamma cmana, AKG 3GAEHCUMD MIAbKY 610 M Ma .

A mean value characterization for some classes of
functions

TROFYMENKO O. D.

Vasyl’ Stus Donetsk National University

odtrofimenko@gmail.com, o.trofimenko@donnu.edu.ua

KorLuBovska A. V.

Vasyl’ Stus Donetsk National University

kotlubovska.a@donnu.edu.ua

The classical Gaussian theorem has received further development and
elaboration in many papers (see, for example, reviews by LNetuka and
J.Vesely, L.Zalcman and monographs by Volchkov V.V. "Integral Geometry
and Convolution Equations” and Volchkov V.V., Volchkov Vit.V. "Harmonic
Analysis of Mean Periodic Functions on Symmetric spaces and the Heisenberg
Group”, with extensive bibliography). One of the main ways in this study is a
description for classes of functions. This classes satisfy given integral equati-
ons, that have certain geometric meaning. There are mean value theorems that
characterize harmonic polynomials (see papers by T.Ramsey and Y.Weit), bi-
analytic functions (see papers by Maxwell O. Reade), a solution of convolution
equations with finite convolver and others. In addition, similar results are very
important in integral geometry and various applications. In present work the
mean value theorem for polyanalytic functions is studied. There are results for
special type of function in terms of mean value formula on the circle domains.
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Growth estimates for the maximal term and central
exponent of an Dirichlet series and its derivative

FEDYNYAK S.I.
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FiLevycH P. V.
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Let A € (—o0,+o0] and @ : [a,A) — R be a real function. We say that
® € Oy if @ is continuous on [a, A) and xo — (o) — —o0 as o 1 A for every
r €R.If ® € Qyu, then let & be the Young-conjugate function of @, i.e.,

®(x) = max{zo — ®(0): 0 € [a,A)}, z€R.
Note (see for instance [1]), that ®(z) = ®(z)/z and I'(z) = (®(2) — Inz)/x are
continuous functions on (zg, +00) increasing to A.

Suppose that (\;,) is a nonnegative sequence increasing to +oo, and denote
by D% the class of all Dirichlet series of the form F(s) = 3" a,e**» such that
F(s) # 0 and its maximal term y(o, F) = max{|a,|e* : n > 0} and central
index v(o, F) = max{n > 0 : |a,|e°*" = u(o, F)} are defined for all o < A.

For a Dirichlet series F' € D% and a function ® € 24 we put

lo (F) = E o /;)((Z_’)F)

The following theorems generalize some results of [2].
Theorem 1. (i) For each Dirichlet series F' € D% with to(F) <1 we have

— (o, F)
lm ————~2 <
4 (o, F)® (o)

(i) There exists a Dirichlet series F' € DY with t$(F) =1 such that

— (o, F')
hm D EEEe——
otA p(o, F)® ~1(0o)
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Theorem 2. (i) For each Dirichlet series F € D% with to(F) <1 we have

—_ )\V(U F’)
Tim 24 g,
otd T-1(o) =

(i1) There exists a Dirichlet series F' € D% with to(F) =1 such that

m )‘V(J,F’) _
T4 T (o)

[1] T.Ya. Hlova, P.V. Filevych, Generalized types of the growth of Dirichlet series,
Carpathian Math. Publ. 7(2) (2015), 172-187.

[2] M.N. Sheremeta, On the mazimum term of the derivative of the Dirichlet series,
Russian Math. (Iz. VUZ). 42(5) (1998), 66-70.

Omninkyu anpoKCMMAaTUBHUX XapaKTEPUCTUK KJIACiB
nepioanyanx PyHKIil 6araTbox 3MiHHUX i3 33aHOIO0
Ma>KOPaHTOI0 MIillIAHUX MOJYJIIB HEMEPEPBHOCTI B
nmpocTopi L,

PE/IYHUK-APEMYYK O.B.

Cridnoesponelicokull Hayionarbrull yrisepcumem imeni Jleci Yxpainku
fedunyk@ukr.net

JocaimKyoTbesa Kiaacu B;lo nepioguuaanx (yHKIH GaraTbox 3miHHEX [1],
sIKi € anasioramu Bizomux kiacis Becosa. Hexait £2(t) — dbyukuis tuiy mimasoro
MO/LyJisi HEIIEPEPBHOCTI HOPSJIKY | IeAKOr0 CHeniaJibHOrO BUJLY

d
" L
J -, akwo ¢ >0, j=1,d,
. logi) j
Qt) = Q(tl, coytg) = j=1 ( 4+ ) ()
0, akmo [] ¢; =0,
j=1

Jie PO3IIAMAIOTHCS JOTapudMu 33 OCHOBOIO 2 i (log ti)+ = max{l,log ti}
J J

Bpaxaemo Takoxk, mo 0 < r < I, b; € Ry, j = 1,d. B npomy BuUnmajky s
dbyuxuii Buay (1) Bukonytorhest ymosn Bapi-Creukina [2].
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Hexait L,(mq) — mpocrip 27-mepiofudHAX MO KOXKHIN 3Minmil dyHKIiit

f(z) = f(x1,...,74) 31 crammaprrOO HOpMOIO, {u;}}L, — opTOHOpMOBaHa CH-
M

crema byukuiit u; € Loo(m4), Y. (f, u;)u; — oproronanbua npoekmnis GyHkiii f

=1

HA MiITPOCTiP, MOPOIKEHNH CHCTEMOIO (DYHKIIiH {ul e 1

Onep2kano TOYHI 32 OPSIAKOM OIIHKM OPTONPOEKIIHHIX MONEPEIHHKIB KJ1a-
. Q . .
cis By y npocropi Lg(mq), Kl BUSHAYAIOTHCA HACTYIIHAM IMHOM

M
dy(Byg, Lg) = inf  sup Hf Z frug)ui (- (2)
i=1

{ui 3L, fEBQ

q

ChopMymaoeMo ouH i3 OfepKAHUX Pe3YTbTATIB.

Teopema 1. Hezali 1 <p < g < 00, ¢ <8 < oo, a Q(t)— (ﬁymcum sudy (1).
To@inpu%—%<r<l,b1§. <b<q <bl,+1< . < by, mae micue

CNIBBIOHOWEHHA

1 —by—...— v—1)(r—142_1
dﬂ(B]S},G?Lq)xM_T—F%_E(IOgM) bi—e b,,+( 1)( P+q 9)'

Leit pesyabrar m1sa KiaaciB Hff = B}?,oo onepxkannit M.M. IlycToBoiiToBuM
[3]-

3Haii1eHo TaKoXK TOYHI 38 MOPSIKOM OIIHKY BeJIUUuH (2) Ipu JeAKuX 1HIHx
CTiBBiIHONIEHHSX MIXK mapamerpamu p, q,6,r, by, ..., bg [4].

[1] S.Yongsheng, W.Heping, Representation and approzimation of multivariate peri-
odic functions with bounded mired moduli of smoothness, Tp. mar. wmH-TaQ
nm. B.A. Creknosa, 219 (1997), 356-377.

[2] H.K.Bapu, C.B.Creuxkun, Hauaywwue npubsusicenus u Jdupdepenyuanvroie
ceoticmea ey conpascennnr ynryud, Tp. Mock. mart. 0-Ba, 5 (1956), 483-522.

[3] H.H.IIycrosoitto, OprmononepesHuky KAGCCO8 MHOZOMEPHOLT NEPUOOUHECKUT
PYHKUUT, MANHCOPAHMA CMEULAHHBLT MOOYAET HENPEPLLEHOCTMU KOMOPHLL COOEDP-
oHCUM KK cmenennvie, max u sozapudpmuveckue muoocumenu, Anal. Math., 34
(2008), 187-224.

[4] O.Fedunyk-Yaremchuk, S.Hembars’ka, Estimates of approzimative characteristi-
c¢s of the classes B;{e of periodic functions of several variables with given majorant
of mized moduli of continuity in the space Lq, Carpathian Math. Publ., 11 (2)
(2019), 281-295.
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The Chebyshev polynomials T, (x) of the first kind, the Chebyshev
polynomials U, (z) of the second kind, and the Fibonacci polynomials F,(z)
are respectively defined by the recurrence relations as follows [3,4]: for n > 2,

To(z) =1, Ti(x)=z, T,(z)=22Th_1(x)—Th_o(z),
Us(z) =1, Ui(x) =2z, U,(x)=2zU,_1(x)— Uy—s2(x),
Fo(z) =0, Fi(z)=1, F,(v)=aF,_1(z)+ F,_2(z).

We establish new connection formulas between Fibonacci polynomials and
Chebyshev polynomials of the first and second kinds (see Theorems 1 and 2,
respectively). This is achieved by relating the respective generating functions
to each other; see [1] and [2] for more details of this method.

Theorem 1. For n > 1, the following identities hold:

Fo(2) = To_1(z) — :g(xTn_k_l(x) T, o ()) Fi(x);
P Fan(&) = Tonir(0) = Tan-1(2) = (30 = 0) 5. ot (@) To-sy1 0

Fon(x) — (22% — 1) Fay—o(x) = 2Ton_2(z) — (322 — 4) :z::ing(m)Tg(n_k_l)(x);

rF,(x) + (423 — 2% — 32)F,,_1(2)
=Top-1(7) — ];::1 (42 — 2 = 2)To(n—p)-1(x) — 2To(n—py—3(2)) Fi(2);
Fo(z)+ (222 — 2 — 1)F,,_1(x)

=Ty, _o(x) — :2?((412 — 2= 2)To(n—p—1) () = 2o o2y (2)) Fi();

86



F2n+1(1') — (2.’E2 — 1)F2n,1($)

n—1

= Ton(x) — Ton—2(z) — (32* — 4) ;::0 To(n—1—1) (@) Fag1(2);

n—1
$2F2n,1(l‘) = .’I?Tgn,l(l‘) — (3.1’2 — 4) Z Tg(n,k),l(x)ng(x).
k=1

Theorem 2. For n > 1, the following identities hold:

Fo(z)+2F,_1(x) =Up_1(x) — :z::j(xUnkl(x) = 2Up—p—2(2)) F(2);
20 Fop11(7) = Uzpir () — Uzp—1(2) — (32% — 4) :Z_:: Fary1(2)Us(n—)—1();

Fon(2) + Fana(z) = 2Us_s(z) — (322 — 4) kzi For(@)Usn 1y ():

22 F, (z) + (823 — 222 — 42)F,,_1(z)
n—2

= U2n71($) - Z ((4562 —T— 2)U2(n—k)—1(95) - 2U2(n—k)—3($))Fk(9€)3

k=1
. Fo(z) + (42 — 2 — 1)F,_1(x)
= Uzp—2(z) — k2=:1((4x2 — & = 2)Us(n—p—1)(2) = 2Us(n—p—2)(x)) Fi(x);

Fopii(x) + Fop—1(z)

n—1

= Usgn(z) — Uzpz(x) — (32 — 4) kX::o Us(n—k—1) () Far41(x);

90 Fon () = 2Usn 1 () — (322 — 4) :zi Us(nry—1(2) Fau ().

[1] R. Fromtczak, Some Fibonacci-Lucas-Tribonacci-Lucas identities, Fibonacci
Quart., 56 (3) (2018), 263-274.

[2] R. Frontczak, Relations for generalized Fibonacci and Tribonacci sequences,
Notes Number Theory Discrete Math., 25 (1) (2019), 178-192.

[3] T. Koshy, Fibonacci and Lucas Numbers with Applications, 2 ed., Wiley, New
York, 2017.

[4] J.C. Mason, D.C. Handscomb, Chebyshev Polynomials, Chapman and Hall/CRC,
Boca Raton, 2002.
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Algebras of analytic functions generated by sequences of
polynomials

CHERNEGA I. V.
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Let X be a complex Banach space and P = {P,}52, be a sequence
of complex-valued n-homogeneous polynomials such that ||P|] = 1 and
{Py,...,P,} are algebraically independent for every positive integer n. Also
we set Py = 1. Let us denote by H the closed in H,(X) linear span of
{P,}, that is H = {37 anP, : Yool ganP, € Hp(X)}, where Hy(X)
is the algebra of all entire analytic functions of bounded type on X. So
H is a Frechet subspace of H,(X). Let us denote by & = {3 cnPn
> oo o cat™ is a function of exponential type, t € C} and by Hy(€) the algebra
of entire analytic functions of bounded type on €. Also, we denote by H;(PP) the
closed subalgebra of H;(X) generated by polynomials in P. The main questions
which we consider are: under which conditions #H(€) is isomorphic to H;(P)
and what is the spectrum of H,(P)?

3angaya Komii /19 HeCKiHUY€EHHOBUMIPHOTO PiBHIHHSA
TEIJIOIIPOBIAHOCTI B MPOCTOPi MOJIiHOMIAJIBHIX
w-yJabTpaaundepenitiiioBHnX QyHKILii

IITarun C. B.

IIpuxapnamevrut Hayionarbrul yrisepcumem imeni Bacuas Cmegpanura

serhii.sharyn@pnu.edu.ua

JIo3uHCbKA B. 4.
Inecmumym npursaOHUT npodaem METaHiKy 1 mamemamuky imeni .C.
ITidcmpueawa HAH Yxpainu

vlozynska@yahoo.com

Y pobori [1] 6yno Bsegeno mpocropu &) Ta 8(’w) w-yabTpaaudepenti-
HoBHUX (DYHKIIIH Ta wW-yITPAPO3MOIiIiB Tuity BepiiHra 3 KOMIAKTHAME HO-
ciamm Bignosizno. Bimomo, 1o 5(’w) € anepanM mpoctopoMm @pere. Tomy 3
pe3yabrariB crarti [2] BUMIMBaE, M0 MOXKHA MOOYIYyBATH MYJIbTHILUIIKATHBHY
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/
(w) w)?
KOXK CHJIbHO CTIPSiZKEHy J0 Hel 3ropTKoBy anrebpy P’ (Sgw)) TOJIIHOMIaIBHIX
W-YABTPAPO3TO/ILTIB.

anrebpy P(E/ ) HemepepBHAX CKaJSPHWX MOJIHOMIB HA MPOCTOPI 8(’ a Ta-

Omneparop ciigy 7 BU3HAYUMO 32 (POPMYIION0

<7-7 @®w> = /Rd @(t)w(t) dt7 2 ¢ € g(w)

. ®2\/ , cI®2

3po3ywmiso, 1mo T € (S(W)) ~ &5 -

Jlanmacian I'pocca Ag 3a o3HadeHHaM (quB., Hamp., [3]) € HacTymHEM Ore-
paTopom

m m—2
Ag:P=> (- 0% — AgP:= Y (n+2)(n+1)(r,0®?)( - ", o),
n=0 n=0

Je ¢ € 5(w).
JLst JOBLTEHOTO TIOMIHOMIAIBHOTO W-yITpaposnominy U € ’P’(Eéw)) BU3HA-
9uMO (DOPMATIbHII P

1
eV = g —yu me U™ =Ux---xU.
' ) \ ,
neZy n n

3ayBaxKuMo, IO KOXKHA YACTHHHA CyMa I[HOTO PSIy HAJIEKHUTH TPOCTOPY

PI(EL,)-

Teopema 1. 3adava Kowsi

0 1

—X; = -AgX R
ot t 2 Gty te [0704]’ € Ry,
Xg =P, Pe 'P(g/(w)),

Ons pienanna menaonposionocmi, nopodscenozo aansacianom I pocca, mae
edunuli pose’azor 6 P(E(,)), AKull 3000€MbCA HACTYNHUM “VUHOM

Xt — e*tUT * P,

de noainomianvrul w-yavmpaposnodia Uy € P'(E(,)) mooice bymu sanucanui
y gopmi Uy = (0,0, (7, -©2),0,...).

[1] Braun R.W., Meise R., Taylor B.A. Uliradifferentiable functions and Fourier
analysis, Results Math., 17 (1990), 206-237.
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[2] Lopushansky O., Sharyn S. Polynomial ultradistributions on R‘fr, Topology, 48
(2009), 80-90.

[3] Kuo H. White Noise Distribution Theory. CRC Press, Boca Ration, FL, 1996.

BaacTtuBocti cumerpudHuUX JginmmuneBuX byHKITii

MAPIIHKIB M.B.
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JIABA4YK O.B.
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Posrasinemo cumerpuuni dyHKIi Takoro Burisny F, = > xx", G, =
k

> Ty *Thy oo Tk, A€ | 2 |< 1, € X, X— merpuunnii npocrip. Bera-
k1<ko<...<kn
HOBJIEHO JIIIIHIIEBICTH BinobpazkenHsa F,, Ta 3HAKIEHO JINIIUIEBY KOHCTAHTY

Lp, = n A1 HeCKIHYeHHOBIMIPHOTO IPOCTOPY X, & TAKOXK JOBEJEHO, 1m0 G €
JITIATEBAM i3 KOHCTAHTOW LG, = p—1, A7 CKIHYeHHOBUMiPHOTO MpocTOpy X
BUMIpPHICTIO p. ¥ IONOBii OyayTh MPEICTaBIeHI BJIACTUBOCTI Ta B3AEMO3B’ AI3KU
MiXK JIOITANEBAMA CUMETPUIHAME (DYHKIISAMA T IX CTENEHSIMH.

Hermite-Poulain theorems for linear finite difference
operators

ANNA VISHNYAKOVA

Kharkov National V.N.Karazin University

anna.m.vishnyakova@univer.kharkov.ua

We present some results obtained in the joint with Olga Katkova and Mi-
khail Tyaglov works [2] and [3].

We establish analogues of the Hermite-Poulain theorem for linear finite
difference operators with constant coefficients defined on sets of polynomials
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with roots on a straight line, in a strip, or in a half-plane. We also consider the
central finite difference operator of the form Ag ,,(f)(z) = €% f(z+h)—e= f(2—
h), 6 €[0,7), h e C\ {0}, where f is a polynomial or an entire function
of a certain kind, and prove that the roots of Ag ,(f) are simple under some
conditions. Moreover, we prove that the operator Ay ; does not decrease the
mesh (i.e. the minimal distance between the roots of a polynomial) on the set of
polynomials with roots on a line and find the minimal mesh. The asymptotics
of the roots of Ag ;,(p) as |h| — oo is found for any complex polynomial p.

For example, we obtain the following result.

Theorem 1. Let Ly, ., = {ae™" +c1, a € R} and Ly, ., = {ae?? +¢o, a €
R}, ¢1,¢2 € C, 1,02 € [0,7), be two lines on the complex plane. The formula

T(p)($) = Zakp(x - kh)’ amay 7é 0,
k=l

defines operator T : Clz] — Cl[z|. This operator sends any polynomial with
zeros on the line Ly, ., to a polynomial with zeros on the line L, ., if and
only if the following conditions hold:

1) w1 =@ = @ for some ¢ € [0,7);
2) (l+m)h=2Im(e % (c; —c1)) - ei(igﬂ’);

8) All the zeros of the generating function Q(t) = >\, axt® lie on the unit
circle T:={ze€C:|z| =1};

Some other interesting roots preserving properties of the operator Ay, are
also studied, and a few examples are presented.

[1] P. Brandén, I. Krasikov, and B. Shapiro, Elements of Pélya-Schur theory in finite
difference settings, Proc. Amer. Math. Soc., 144, (11) (2016), 4831-4843.

[2] O.Katkova, M. Tyaglov and A.Vishnyakova, Linear finite difference operators
preserving Laguerre-Pélya class, Complex Variables and Elliptic Equations, 63,
(11) (2017), 1604-1619.

[3] O.Katkova, M. Tyaglov and A.Vishnyakova, Hermite-Poulain theorems for li-
near finite difference operators, arXiv:1901.06398.
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JliniiiHi i KOJIMOTOPOBCHKI MONEPEYHNKY KJIACIB
nepiognuaunx QyHKIHi# oaHieT Ta 6araTbox 3MiHHUX

I’'EMBAPCBKUI M.

Czidnoesponeticokutll Hayionarbrutl yrisepcumem imeni Jleci Yepainku,
Jyuvk, Yrpaina

hembarskyi@gmail.com

T'EmBAPCBHKA C.

Czidnoesponeticokutll Hayionarbrul yrisepcumem imens Jleci Yxpainku,
Hyuyvr, Yrpaina

gembarskaya72@gmail.com

VY 1onoBizi #erses npo TOYH] 33 HOPAIKOM OLHKH JIHIMHUX [IOIIEPEeYHUKIB
. Q . . .
Kyacie B,y [1,2] mepiogmunux dyHKIi d 3MinHEX (d > 2) y mpocropax JleGera
L, 3a meBHUX 0OMesKeHb MO0 TTapaMeTpis p,q i 0, a TakokK, y BUMAIKy d = 1
— PO TOYHI 3a MOPSAKOM OIIIHKH KOJMOTOPOBCHKUX 1 JIHIHHUX MOMEpPEeYHUKIB
e .
knacis By, , y mpocropi Lg, 1 < ¢ < oo.

JocaiKeHHsT CTOCYIOThCS KJIACIB B]%, SKi BU3HAYAIOTHCS 3a JIOMOMOTOI0
,
cuerudivnol GyHkuii ) Try MIIAHOrO MOYJsS HelepepBHOCTI HopaaKy [, a

d
came §(t) = w( I1 tj>, aet = (ti,...,ta) € RL, a w(-) — dynkuia oxuiel
j=1
3MIHHOT THITYy MOJLYJISt HEMIEPEPBHOCTI MOPSAIKY [, siKa 3370BOJIbHSAE YMOBH (S¢)
i () [3,4] (rozmi mumemo w € @4 ).
Hexait X — mopmosanumii npocrip 3 mopmoro || - || x, L£a(X) — cykynnicrs
nignpocropis B X, posmipHicte sikmx He mepepuirye M, L(X,Ly) — cy-

KynHiCTh JiHiftHUX HenepepBHuX Bimobpaxkenb X B Ly € Ly(X) i W —
MEeHTPATLHO-CAMeTPHYIHA MHOKIHA B X .

Beanunna
)\JVI(W,X) = inf sup ”w_Aw”Xv
Lyelm(X) wew
AEL(X,Lar)

Jle HUKHIO TPaHb B3d4TO 10 Beix mignpocropax Ly B L (X) 1 Beix siniiiaux
HernepepBHux oneparopax A, mo girorb 3 X B Ly, HasupBaerbest AiHitHum M —
nonepexwnurom Muoskuan Wy mpocropi X [5].

Cdopmyaroemo pesynbraTi, sKi yKIaJalThCd y IIeplly i3 3a3HaYeHuX da-
CTHH JOIOBIiIi.
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d
Teopema 1. Hezatid >2, 1<p<2, ;23 <g<ooi Qt) ZUJ( Hltj); de
=

wePy, a>1-— é, 1l € N. Todi npu q < 0 < 0o cnpasedause CniBeIOHOUWEHHSA,

)\M(Bf}e’ L,) =< w(2*m)2m(%—%) m(d—1)(%_é)7
de M = 2mmd—1,

d
Teopema 2. Hezati d > 2, 2 < p < g < oo 1 Qi) = w( Htj>, de
j=1

W E Doty &> % - %’ 1 € N. Todi npu q < 0 < 0o cnpasedausa oyinKa
)\M(B;?,«% L) =w(27™) om(F=15) p(d=1)(F—5)

de M = 2mma-1,
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Math., 20 (1994), 35-48.

[2] Sun Yongsheng, Wang Heping, Representation and approzimation of multivariate
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B. A. Creknosa, 219 (1997), 356-377.
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