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(epeHUnaNbHBIE YPaBHEHHSI B YaCTHBIX IIPOU3BOJHBIX, oneparop Jlamnaca, kpaesas
3ajaya.

BBenenue

Hamryunryio xapakTepuCTHKY HETIPEPHIBHBIM ()YHKIIHSAM OTHOCHUTEIHHO UX TIPHMe-
HEHHS K PEIICHUI0 MHOTHX 3a/1a4 MPUKJIaTHOW MAaTeMAaTHKA MOKHO TOJYYHTH ITOCPE/-
CTBOM IOHATHA MOOYJId HENIPCPHIBHOCTH. CaMO TIOHATHUE MOAYJISA HEIIPECPBIBHOCTHU MEP-
Boro nopsijaka BeeneHo A. Jleberom B mamexom 1910 romy. 1 ¢ Tex mop OHO HE TOJBKO
HE YTPaTHIIO aKTyallbHOCTH, HO M MPHOOPEIO emie OOBITYI0 3HAYUMOCTh TP PEIICHUH
MHOTHX COBPEMEHHBIX 33a]1a4 HAPOTHOTO X035 CTBA.

Kitaccsl ¢pyHKIMid, onpeesseMble ¢ TOMOIIBIO MOJTYJIsI HEPEPhIBHOCTH, — TOHKHIA
MaTEeMaTUYECKUH armapar, IPUMEHIEMbIH K PEIICHII0 MHOTHX 331ad IPHUKIATHON MaTe-
MaTtrkd. OCOOCHHO 3TO OTHOCUTCS K UTPOBBIM 33/1a4aM TUHAMUKH [ 1—7], KoTopbIe Ha CO-
BPEMEHHOM JTalle HAy4YHO-TEXHUUECKOTO Mporpecca 3aHUMAaI0T KITFOUEBbIe TTO3HIINH.

C Jpyroii CTOPOHBI, KJIaCChl HEMPEPHIBHBIX NMeproandeckux Qpynkuuii H®, onpe-
ACTAEMBIE C TIOMOIIBIO MOAYJISI HCIPEPBIBHOCTHU NEPBOTO MOPAAKA, ABJIAOTCA Ba)KHEM-
OIMM WHCTPYMEHTOM IIPH W3YUYCHHH alMIPOKCHMATHBHBIX XapaKTEPUCTHK ONEPaTOpOB
tuna Abens—Ilyaccona [8, 9]. Onepatops! Tuna Abensi—Ilyaccona — penienus ypaBHe-
HUM B YaCTHBIX MMPOU3BOAHBIX SJIJIMIITUYCCKOI'O TUIIA — B YAaCTHBIX CJIydasaXx MIpeBpalia-
FOTCSI B XOpOIIIO u3BecTHbIe oneparopsl [lyaccona [10—14] u SIkobu—Beitepmtpacca [15, 16].
VIMeHHO MO3TOMY B JaHHOH paboTe paccMaTpHUBAIOTCS aIlIPOKCHMATHBHBIE CBOICTBa
ornepatopoB tuna Abens—IlyaccoHa Ha Kjaccax HENpEepBIBHBIX NEPHOANYECKHX (PyHK-

it H® B mensix pajpHeifero IIPUMEHEHUS K TEOPUU UI'POBBIX 3aJa4 JMHAMUKU.
ITocranoBka 3agaun

Omneparop tuna Abens—Ilyaccona [17] o603HaunM

A (Fi0 =2 [ Fx+0 K, @)k, M
rae N
Kp,|(t)=%+§:pkl coskt, 0<p<1, 1>0. @)
k=1
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Crenyer oTMeTHUTD, yTO oneparop (1) sBisercs pelieHreM KpaeBoii 3a1a4u (B eau-
HUYHOM KpyTre) JUIsl ypaBHEHUS

2 N
6_l;+16_u+( 1)2 au leJ =0 3)
op= POP  p° X

(I — natypanbHoe wncno, 0<p <1, —w< X <), npH ycnoBuH, 4to GyHKous U(X, p)
B (3) orpanndeHa B €IUHAYHOM KpyTe

2={0<p<l—n<x<m}

u(x, p)lpa= 1 (), @
rae f(X) — 2n-nepuoanueckas GyHKIUSL

Ecmu | =1, to oneparop (1) — nuHEHHBIH NOT0KUTENBHBIN oniepaTtop Abems—I1y-
accona [8, 9], nim, 9o TO ke camoe, oneparop Ilyaccona [18, 19].

Ilpu | =2 omneparop (1) ABASETCS TMHENHBIM MOJIOKUTEIBHBIM ONIEPATOPOM SIKO-
ou—Bettepmrpacca [15, 16].
[Tycte f(X) — HempepsiBHast 27 -nepuoauyeckas ¢pyuknus, T.e. T (X) € C ¢ Hopmoit

fl.= max |f . 5
" "C —n§x§n| (X)| )
Torma anajgornyso [20, ¢. 9] 0603HaUNM

EOM Ayp)e = fug’ﬁ“ fO)-A(F; ‘)"c' ©

Ecnu B ssBHOM Buje Haiinena gynknus g(p) = g(9; p), Takas, gro mpu p —>1-0

EOM Ay e =9(p) +o(g(p)),

T0, cenys A. U. Crenmanmy [20, c. 9], Oyaem roBopuTh, 4To pemeHa 3agada Koiamoro-
poBa—Hukombckoro 1u1st JaHHOTO Kitacca U u oneparopa tuna Abens—Ilyaccona, 3a-
Ja"HOTO cooTHOIeHUsIMH (1)—(2), B MeTpuke npoctpancTa C.

Tpubamxenue pynkumii kiacca H® oneparopamm tuna Adeas—Ilyaccona

[IpuBenemM HEeKOTOpbIE HEOOXOANMBIE B IAIEHEHIIIEM OTIPEJICIICHHSI.
Onpeoenenue 1 [20, c. 12]. Moaynem HenpepbiBHOCTH QyHkuun f (X), Henpepsis-

HOIi Ha otpeske [a, b], HaseBatoT Qynkimio () =w(f;t), ompenenennyro s Beex
t €[0, b—a] mocpencTBoM cooTHOIECHUS

o(t)=o(f;t)= sup maxh|f(x+h)—f(x)|: sup | f(x)—f(x")].

O<hstasxsb-— xX'—x"|<t
X', X"e[a,b]

Crieyer OTMETHTb, YTO COTJIACHO OmpeaeieHuto 1 Moxynb HenpepbiBHOCTH o T, t)
oyukuun f(X) mpu kaxgom ¢ukcupoBannom te[0,b—a] ykaspiBaeT Ha BeNHUHHY
MaKCHMAJIBHOTO KoJieOaHus (pyHKIMH Ha [IPOU3BOJILHOM CEMEHTE JUIMHBI 1, comepka-
memMcs Ha [a, b].

Onpeoenenue 2 [20, c. 15]. ITycte @=o(f) — Npon3BOMBHBIA (HHKCHPOBAHHBIH
MOJAyJIb HempepbiBHOCTH. Bynem roBoputs, uto ¢ymkimsa f(X), ompexeneHnas Ha
[a, b], mpunamnexuT Kmaccy H[(?a,b] (fe H[Oa)l,b])’ €clI €€ MOJyJb HENPEPHIBHOCTH
o(f,t) yrosierBopser ycioBuio

o f;1) <oft). @
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Ecin f e Hpppy, TO At mpousBosbHbIX Touek 4 1 tp €[, b] Beerna Bepro coor-

HOIIICHUE
| () - f ()] <ot 1z ])- ®)
Bepro u obpaTHOe: ecinu 171 MOOBIX ABYX Touek iy, t, €[a, b] Bemomaeno Hepa-

BeHCTBO (8), T0 f € H[‘;b]. B camom nene

o(f;t)= sup |f(t)—f(tr)|< sup (|t —t]) =oft).

It —t,|<t It —t,|<t

Takum o6pazom, H[O;,b] —xnace gynknuit f(X), xoTopsle Ha oTpeske [, b] ymo-
BJIETBOPSIOT YCIIOBHIO (8).
B uactHoctH, ecmu o(t) =M1t* O0<a<l, M =const, M >0, To xmacc Hia ]

Ha3bpIBaOT KiaccoM ['enmpaepa (v Jlummmmia) mopsaka o ¥ 3amuceiBaioT f e MH[Oa‘1 b]

(umu f e M Lipo). ITpu M =1 nonarasor 1- H[Oé,b] = H[%,b] [20, c. 15].
ClielyeT OTMETHTb, Y4TO pelleHuIo 3a1aun Konvmoroposa—Hukonbcxoro tuna (6) Ha

pa3iIu4HbIX Kiaccax Gyukiuit I s oneparopos tuna Adensi—IlyaccoHa u uM momo0-
HBIM TIOCBSIICH IHKI pobor [21-36]. Uro KacaeTcs M3ydUeHHs aNIPOKCHMATHBHBIX

CBOMCTB paccMaTpHBaeMbIX oneparopos (1) Ha Kinaccax 27 -nepruoJuYecKux HerpephbiB-

HbIX QyHKIWii knacca H®, To 31€ech yenexu Gosnee ymepeHHb. IMEHHO O3TOMY OCHOB-

Hasl IIeJIb pa00Thl — HAX0XKJCHUE TOUYHBIX BEPXHUX I'PaHel yKIOHEHNH (QYHKINH Kilacca

H® ot onepatopos tuna A6ens—Ilyaccona (1) B paBHOMEPHOI METPUKE, T.€.
E(H® A1) = sup [ TO-A, ()] .. )
feH?

Hmeet MecTo cienyroliee yTBep KIeHHE.
Teopema. [[j11 npoU3BOIILHOTO (PUKCHPOBAHHOTO MOAYJsS HenpephBHOCTH () B

MPUHSTBIX BhILIe 0003HaueHus1X st Becex 0 < p <1 crpaBeyIuBO paBEHCTBO

4" © (1 =
E(H®; =—[ot)[p? | = cos 2nkz |cos zt dzdt. 10
(H Aone ng"’(’gp [2+kz:1 n ] (10)

Jokasamenscmeo. OueBuaHo, uto st sapa (2) omepartopa tuma Abens—Ilyaccona (1)
HMEET MECTO PABEHCTBO

1 T

= [ Kpdt=1.

TC—TE
CJ'IeI[OBaTeJ'IBHO, nMeEeM

. 17 B 1 &
,%J(f,x)—f(x)_n_jn(f(xﬂ) f(X))[Z—i-kZ::lp coskt)dt. (11)

Hapsiny ¢ ¢pynkumeii f(t) e H® pacemorpum dynxkmmio fy(t) = f (t+X). Torna
f1(0) = A, (f1;0) = F(X)— A, (f; X). Tax kak ¢pynkunu f(t) u f;(t) onHospemento

YIIOBJICTBOPSIFOT COOTHOIICHUIO (9), 3aluIleM clenyromee:

EH" A )c = fsuﬁm" f(O)—Ab,I(f?O)"c' 2
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Hanee mns kaxpoi ¢ynxouu f(X) xmacca H® moctpomm dynkmmo s (X) =
2

= f(x)— f(0). Ouesnano, uro pynxumst fy(X) npunagnexur k kmaccy H®, npudem

f5(0) =0. Orcrona cnemaeM BBIBOA, 9TO

Ao (F:0)=A, 1 (f;0)—1(0),

UMEHHO 1no3toMy u3 popmyn (9), (11) u (12) nomyyaem

T ©
E(H® Ayl)c = sup : | f(t)(LfZPk coskt]dt ' (13)
fere T (2 A
£(0)=0

Benencreue wernoctn sapa K (t), onpeneneHHOro nocpeacTBOM COOTHOUIE-

Hus (2), orpaHUYMMcs ciaydaeM 4eTHeIX QyHkuumid f(X). Takum obpazom, u3 (13)

cIeayeT, 4To

£ Al = 2l rok ), (14)
eH ™o

rie H — muokecTBO ueTHbIX Qynkuuit f € H®, Takux, uto f(0)=0.
OueBuaHO, 4TO KaKkoil Obl HU OblLta pyHKIMs f € H, Bcerma nmeer mecto Hepa-

BCHCTBO

[RESLSIGL
0

< Too(t) Ko (t)dt. (15)
0

C npyroi#t CTOPOHBI, TaK KaKk

1 2
Kp’|(t)=5+2pk coskt >0,
k=1

ans ynxiuu fo(t) e H, fo(t) = co(|t|), |t| <7, uMeeM

% [ fo K, )dt = % [o®) K, @ dt. (16)
0 0

[Moatomy, 00BbenuHssa cooTHOIeHUs (14)—(16), momy4aeM paBEeHCTBO

E(H®; Ayp) =2 [olt) Ky (Ot an
0

T

Jis 3aBepIieHHs JOKa3aTelNbCTBA TEOPEMBI 3aludIIeM sapo (2) omeparopa THIIA
Aobens—IlyaccoHa B Bue

Kpa®) =5+ 0 coskt ==, 10)+ 3. 0,1 (K),
k=1 k=1

|
rie ¢, (k)= pk coskt. TIpumensist K MOCTIEAHEMY COOTHOIIEHUIO (POPMYITY CYMMHUPO-

Banus [lyaccona [17], moryaum

Ko (t) = NS (%@p,, (0)+ ichJ (2nk)J, (18)
k=1
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rae @, (u) — xocunyc-npeodpazoBanue Oypbe GpyHKINU Pp)l (u), re.

2% 2% 4
D, (u) = —I(pp |(z)coszudz =, |— I P~ COSzt COS zu dz. (19)
' To To

U3 (18) u (19) cnenyer, 4to

Kp’|(t)=2(%lpz cosztdz+|(Z:1Ipz cosztcosZrckzdzJ. (20)
0 =10

Haxkonen, moacrasisist (20) B (17), momywaem paBeHcTBo (10).

Teopema nokaszana.

Kak oTmedueHo paHee, paccMaTpuBaeMbIii B pabote omepaTtop Tuma Abems—Ilyac-
coHa (1) B 4aCTHBIX ClTy4asiX IpeBpaIlaeTCs B XOPOIIO U3BECTHEIE onepaTopsl [lyaccona

(mpu 1=1), Te. A,1(f;x)=F,(f;x), u oneparopsr SlkoGu-Beiepmrpacca (npu
1=2), re. A2 (f;x) :Wp( f; X). OT™MeTuM, 94TO U3 TOKA3aHHOM BBIIIEC TECOPEMBI B YacCT-
HBIX CITyHasx CJIey 0T PE3yJIbTaThl O MpUbIMkeHuu QpyHkuuit knaccos H omneparopamu
Iyaccona B, (f;x) u flkoGu-Beiiepurrpacca W, (f; X), momyuentbivu B [17].
Creocmeue 1. Ecrm B paBenctse (10) momoxxuts (t) =t, TO B IPUHATHIX BHIIIE

0003HAYECHHUSIX UMEIOT MECTO CJICAYIOMNE aCUMIITOTUYCCKUC PaBCHCTBA:

E(HY A1)c = E(HY P)e :zlnp-ln(lni}o(lnlj, 0 >1-0,
T p p

b 2
E(HY Av2)c =5(H1;Wp)c _2 In1 +0 InieInp , p—1-0, O<91£n—.
! Je\p P 4
Cneocmeue 2. Eciu B pasenctse (10) monoxuts o(t) =t* (0< o <1), To B npuns-

TBIX BBIIIE 0003HAYCHUIX 6y,I[yT HUMCETb MCCTO TaKHUC ACUMITOTUICCKHUC PABCHCTBA!

ol
E(HY A1) = E(H% P )e =— (lnij +o[|n3j, 0 >1-0,
! T p p
COS7

EMH Av2)e =EHW,)c =

2% (a+1)(, 1\* 22 n°
:—F[TJ[In—j +0 €Inp ,p—)1—0,0<92 <E.

N P

3aki0ueHue
B pesynbTare BRINOMHEHHBIX B paboTe MCCIESIOBAHMI J0Ka3aHa TeopeMa O HaXOoX-

JIEHMH TOYHOM BEpXHEH rpaHy ykjIoHeHus GpyHkuuii knacca H® ot ux oneparopos tuna
Abens—Ilyaccona. Takum 00pa3om perieHa Kiaccuueckas 3amaua Kommoroposa—Hu-
KOJILCKOTO B TepMuHOJI0THH A.J. CrenaHua o npuOImKeHNH HeNPEPHIBHBIX TIEpUOANYe-
CKUX (DYHKIMH, OIpeeIeHHBIX C MOMOIIBI0 MOAYJ/ISI HENPEPHIBHOCTH MEPBOTO MOPSIIKA,
nx oneparopamu tuna Abens—Ilyaccona. Kak ciencrsue U3 goKa3aHHOW TEOPEMBI Clie-
IYIOT paHee M3BECTHBIE Pe3yiIbTaThl, KacaroIuecs MpuomkeHus oneparopos [lyaccona u
orneparopoB SIkoon—Beiieprtpacca ¢pynkuusiMu kiacca [ enpaepa.
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10.1. Xapxesuu, O.I'. Xanin

AITPOKCUMATHBHI BJJACTUBOCTI
OIIEPATOPIB THUITY ABEJIA-ITYACCOHA
HA V3AT'AJIbHEHUX KIIACAX I'EJIBIEPA

PoboTy npucBsiueHO aKTyaJbHUM HpoOiieMaM Cy4acHOI NPHKIAJHOI MaTeMaTHKH, a
caMe BUBYCHHIO allpOKCMMATHBHUX BIACTUBOCTEN orepaTopis Tumy Abensi—Ilyaccona
Ha TaK 3BaHHX y3arajlibHeHHX Kiacax (yHkuii ['enbaepa. Binomo, mo mix y3aranbHe-

HUMHU Ki1acamu (yHKuii ['enbiepa npuidHsITO HA3UBATH KJIACH HEMEPEPBHUX 27t -TIEPio-
JIUYHUX (YHKLIMH, 1110 BU3HAYAIOTHCS 32 JOMIOMOTOK0 MOJYJIsl HEIIEPEPBHOCTI MEPIIOro
nopsaky. Came HOHSATTSL MOAYJISl HETIEPEPBHOCTI MEPIIOTo MOPSAKY cHOPMYIBOBAHO
B poboTax BigomMoro (panily3pbkoro Marematuka Jlebera Ha mo4aTKy MUHYJIOTO CTO-
JITTS 1 3 TUX Mip € HABaXKIIUBILIOW XapaKTEPUCTHKOO [IAIKOCTI HENlepepBHUX (yH-
KL, SKHMH MO)KHAa ONUCYBATH BCI MPHUPOIHI MPOLECH B MATEMAaTUYHOMY MOJIEITIO-
BaHHi. Y Toii xe 4yac cami 1o cobi onepatopu tumy Abens—Ilyaccona € po3s’s3kaMu
nudepeHIiabHAX PIBHSIHb B YaCTHHHHUX MOXiAHHUX edintudHoro tuiy. Came ToMy
OTpUMaHi B JIaHiil poOOTi pe3ysIbTaTH MAOTh BAXJIMBE 3HAYCHHS IS MOAANIBIIHNX J10-
CJIIJDKEHb Y Tajly3i NPHUKJIaHOI MaTeMaTuky. JloBeaeHa TeopeMa XapaKTepHu3ye Bep-

XHIO MEXKY BIIXMJIEHHS HENIEPEPBHUX 27 -[IEPIOANUHMX (YHKIIH, BU3HAYEHHX 3a JO-
[IOMOTOI0 MOJYJISi HEINEPepBHOCTI IEepIIOro MOpsAKy, BiX IX omepaTopiB THUILy
Abensi—Ilyaccona. Takum ynMHOM pO3B’s3aHO KiacuuHy 3amady Kommoroposa—Hi-

KoJbChKoro B TepMinosorii O.1. Crenauus npo nadmwxenns Gpyukuii kiacy H® ix
oneparopamu Tuiy Aobems—Ilyaccona. Bigomo, mo onepatopu tumy Abens—Ilya-
CCOHa B OKPEMMX BHIIa/IKaX MEPETBOPIOIOTLCS B 1I00pE BiJOMI B IPUKIIAHINA MaTeMa-
Tuni onepatopu [lyaccona i SIko6i—Beiepiirpacca. Tomy 3 moBeaeHoi B po0OOTi Te-
OpeMH SIK HACJIZOK 3allMCAHO aCUMITOTUYHI PIBHOCTI BEPXHIX I'paHel BiIXHIECHb
¢yukuiit knacy T'enbiaepa nopsanky o (0<a <1) Bin ix onepatopis ITyaccona i

Sxo6i—Beitepmrpacca BianosigHo. OTpuMaHi piBHOCTI y3arajlbHIOIOTh paHillle BifioMi
B IIbOMY HAIPSIMKY PE3yJbTaTH 3 00JaCTi NPUKIAJAHOI MATEMAaTHUKH.

KuirouoBi ciioBa: Moaysib HEMEpPEepPBHOCTI, y3aranbHeHi kiacu ['enbaepa, audepeHii-
asibHI PIBHSIHHS B YaCTHHHHX MOXiJHUX, oneparop Jlamnaca, kpaiioBa 3a1aqa.

Yu.l. Kharkevych, A.G. Khanin

APPROXIMATIVE PROPERTIES
OF ABEL-POISSON-TYPE OPERATORS
ON THE GENERALIZED HOLDER CLASSES

The paper deals with topical issues of the modern applied mathematics, in particular,
an investigation of approximative properties of Abel-Poisson-type operators on the so-
called generalized Holder’s function classes. It is known, that by the generalized

Holder’s function classes we mean the classes of continuous 2w -periodic functions
determined by a first-order modulus of continuity. The notion of the modulus of con-
tinuity, in turn, was formulated in the papers of famous French mathematician Lebes-
gue in the beginning of the last century, and since then it belongs to the most important
characteristics of smoothness for continuous functions, which can describe all natural
processes in mathematical modeling. At the same time, the Abel-Poisson-type opera-
tors themselves are the solutions of elliptic-type partial differential equations. That is
why the results obtained in this paper are significant for subsequent research in the
field of applied mathematics. The theorem proved in this paper characterizes the upper

bound of deviation of continuous 2r-periodic functions determined by a first-order
modulus of continuity from their Abel-Poisson-type operators. Hence, the classical
Kolmogorov—Nikol’skii problem in A.L Stepanets sense is solved on the approxima-

tion of functions from the classes H® by their Abel-Poisson-type operators. We
know, that the Abel-Poisson-type operators, in partial cases, turn to the well-known in
applied mathematics Poisson and Jacobi—Weierstrass operators. Therefore, from the
obtained theorem follow the asymptotic equalities for the upper bounds of deviation of
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functions from the Holder’s classes of order o (0<a <1) from their Poisson and

Jacobi—Weierstrass operators, respectively. The obtained equalities generalize the
known in this direction results from the field of applied mathematics.

Keywords: modulus of continuity, generalized Holder classes, partial differential
equations, Laplace operator, boundary value problem.

Chikrii A.A., Chikrii V.K. Image structure of multivalued mappings in game problems of motion
control. Journal of Automation and Information Sciences. 2016. 48, N 3. P. 20-35. DOI:
10.1615/JAutomatInfScien.v48.i3.30.

Vlasenko L.A., Rutkas A.G., Chikrii A.A. On a differential game in an abstract parabolic system.
Proc. Steklov Inst. Math. 2016. 293 (Suppl 1). P. 254-269. DOI: 10.1134/s0081543816050229.
Chikrii A.A., Chikrii G.T. Matrix resolving functions in game problems of dynamics. Proc. Steklov
Inst. Math. 2015. 291 (Suppl 1). P. 56—65. DOI: 10.1134/S0081543815090047.

Chikrii A.O., Chikrii G.T. Matrix resolving functions in dynamic games of approach. Cybernet.
and Systems Anal. 2014. 50, N 2. P. 201-217. DOI: 10.1007/s10559-014-9607-7.

Chikrii A.A., Eidelman S.D. Control game problems for quasilinear systems with Riemann-Liou-
ville fractional derivatives. Cybernet. and Systems Anal. 2001. 37, N 6. P. 836-864. DOI:
10.1023/A:1014529914874.

Chikrii A.A., Matichin I.I. Game problems for fractional-order linear systems. Proc. Steklov Inst.
Math. 2010. 268 (Suppl 1). P. 54-70. DOI: 10.1134/s0081543810050056.

Chikrii A.A., Matichin I.1. Riemann-Liouville, Caputo, and sequential fractional derivatives in dif-
ferential games. In: Breton M., Szajowski K. (eds). Advances in Dynamic Games. Annals of the
International Society of Dynamic Games. Boston : Birkhduser. 2011. 11. P. 61-81. DOI:
10.1007/978-0-8176-8089-3_4.

Kharkevych Yu.l., Zhyhallo T.V. Approximation of (y, B)-differentiable functions defined on the

real axis by Abel-Poisson operators. Ukrainian Math. J. 2005. 57, N 8. P. 1297-1315. DOI:
10.1007/s11253-005-0262-z.

Zhyhallo K.M., Kharkevych Yu.l. Approximation of conjugate differentiable functions by their
Abel-Poisson integrals. Ukrainian Math. J. 2009. 61, N 1. P. 86-98. DOI: 10.1007/s11253-009-
0196-y.

Kharkevych Yu.l., Pozharska K.V. Asymptotics of approximation of conjugate functions by Pois-
son integrals. Acta Comment. Univ. Tartu. Math. 2018. 22, N 2. P. 235-243. DOI: 10.12697/
ACUTM.2018.22.19.

Kal’chuk 1.V., Kharkevych Yu.l. Complete asymptotics of the approximation of function from the
Sobolev classes by the Poisson integrals. Acta Comment. Univ. Tartu. Math. 2018. 22, N 1.
P. 23-36. DOI: 10.12697/ACUTM.2018.22.03.

Zhyhallo T.V., Kharkevych Yu.l. Approximation of (v, B)-differentiable functions by Poisson in-
tegrals in the uniform metric. Ukrainian Math. J. 2009. 61, N 11. P. 1757-1779. DOI:
10.1007/s11253-010-0311-0.

Zhyhallo T.V., Kharkevych Yu.l. Approximation of functions from the class cg’w by Poisson in-

tegrals in the uniform metric. Ukrainian Math. J. 2009. 61, N 12. P. 1893-1914. DOI: 10.1007/
$11253-010-0321-y.
Kharkevych Yu.l., Stepanyuk T.A. Approximation properties of Poisson integrals for the classes

Cg’HO‘. Mathematical Notes. 2014. 96, N 5-6. P. 1008-1019. DOI: 10.1134/S0001434614110406.

Kal’chuk I.V. Approximation of (y, B)-differentiable functions defined on the real axis by Weier-

strass operators. Ukrainian Math. J. 2007. 59, N 9. P. 1342-1363. DOI: 10.1007/s11253-007-0091-3.
Kharkevych Yu.I., Kal’chuk 1.V. Approximation of (v, B)-differentiable functions by Weierstrass

integrals. Ukrainian Math. J. 2007. 59, N 7. P. 1059-1087. DOI: 10.1007/s11253-007-0069-1.
Baskakov V.A. Some properties of operators of Abel-Poisson type. Math. Notes. 1975. 17, N 2.
P. 101-107. DOI: 10.1007/BF01161864.

Zhyhallo K.M., Kharkevych Yu.l. Complete asymptotics of the deviation of a class of differentiable
functions from the set of their harmonic Poisson integrals. Ukrainian Math. J. 2002. 54, N 1.
P. 51-63. DOI: 10.1023/A:1019789402502.

Kal’chuk I.V., Kharkevych Yu.l., Pozharska K.V. Asymptotics of approximation of functions by
conjugate Poisson integrals. Carpathian Math. Publ. 2020. 12, N 1. P. 138-147. DOI: 10.15330/
cmp.12.1.138-147.

ISSN 0572-2691



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Crenanen A.1. PaBHOMepHBbIE PUOIMIKEHUS TPUTOHOMETPHUUECKMMU noiinHoMaMu. Kues : Hayk.
nymka, 1981. 340 c.

Kharkevych Yu.l., Zhyhallo T.V. Approximation of functions defined on the real axis by operators
generated by A-methods of summation of their Fourier integrals. Ukrainian Math. J. 2004. 56, N 9.
P. 1509-1525. DOI: 10.1007/s11253-005-0130-X.

Kharkevych Yu.l. On approximation of the quasi-smooth functions by their Poisson type integrals.
Journal of Automation and Information Sciences. 2017. 49, N 10. P. 74-81. DOI: 10.1615/
JAutomatInfScien.v49.i10.80.

Kharkevych Yu.l. Asymptotic expansions of upper bounds of deviations of functions of class W "
from their generalized Poisson integrals. Journal of Automation and Information Sciences. 2018.
50, N 8. P. 38-49. DOI: 10.1615/jautomatinfscien.v50.i8.40.

Zhyhallo T.V., Kharkevych Yu.l. Approximating properties of biharmonic Poisson operators in the
classes I:\él,l' Ukrainian Math. J. 2017. 69, N 5. P. 757-765. DOI: 10.1007/511253-017-1393-8.

Kharkevych Yu.l., Zhyhallo T.V. Approximation of functions from the class ég’w by Poisson bi-

harmonic operators in the uniform metric. Ukrainian Math. J. 2008. 60, N 5. P. 769-798. DOI:
10.1007/s11253-008-0093-9.

Abdullayev F.G., Kharkevych Yu.l. Approximation of the classes Cg’H“ by biharmonic Poisson

integrals. Ukrainian Math. J. 2020. 72, N 1. P. 21-38. DOI: 10.1007/s11253-020-01761-6.
Kal’chuk L.V., Kharkevych Yu.l. Approximating properties of biharmonic Poisson integrals in the classes

WB"H“. Ukrainian Math. J. 2017. 68, N 11. P. 1727-1740. DOI: 10.1007/s11253-017-1323-9.

Kharkevych Yu.l., Kal’chuk I.V. Asymptotics of the values of approximations in the mean for
classes of differentiable functions by using biharmonic Poisson integrals. Ukrainian Math. J. 2007.
59, N 8. P. 1224-1237. DOI: 10.1007/s11253-007-0082-4.

Kal’chuk I.V., Kravets V.I., Hrabova U.Z. Approximation of the classes Wﬁr H< by three-harmonic

Poisson integrals. J. Math. Sci. (N.Y.). 2020. 246, N 2. P. 39-50. DOI: 10.1007/s10958-020-
04721-4.

Hrabova U.Z., Kal’chuk 1.V. Approximation of the classes Wﬁr ., Dy three-harmonic Poisson inte-

grals. Carpathian Math. Publ. 2019. 11, N 2. P. 321-334. DOI: 10.15330/cmp.11.2.321-334.
Zhyhallo K.M., Kharkevych Yu.I. On the approximation of functions of the Holder class by tri-
harmonic Poisson integrals. Ukrainian Math. J. 2001. 53, N 6. P. 1012-1018. DOI: 10.1023/
A:1013364321249.

Zhyhallo K.M., Kharkevych Yu.l. On the approximation of functions of the Holder class by bi-
harmonic Poisson integrals. Ukrainian Math. J. 2000. 52, N 7. P. 1113-1117. DOI: 10.1023/
A:1005285818550.

Zhyhallo K.M., Kharkevych Yu.l. Approximation of differentiable periodic functions by their bi-
harmonic Poisson integrals. Ukrainian Math. J. 2002. 54, N 9. P. 1462-1470. DOI: 10.1023/
A:1023463801914.

Zhyhallo K.M., Kharkevych Yu.l. Approximation of conjugate differentiable functions by bi-
harmonic Poisson integrals. Ukrainian Math. J. 2009. 61, N 3. P. 399—413. DOI: 10.1007/s11253-
009-0217-x.

Zhyhallo K.M., Kharkevych Yu.l. Approximation of functions from the classes cgfw by
biharmonic Poisson integrals. Ukrainian Math. J. 2011. 63, N 7. P. 1083-1107. DOI: 10.1007/
$11253-011-0565-1.

Zhyhallo K.M., Kharkevych Yu.l. Approximation of (v, B)-differentiable functions of low

smoothness by biharmonic Poisson integrals. Ukrainian Math. J. 2012. 63, N 12. P. 1820-1844.
DOI: 10.1007/s11253-012-0616-2.

Ilonyueno 29.07.2020

MedswcoyHapoOoHblil HAYYHO-MEXHUYECKUTL HCYPHATL
«IIpobnemvl ynpasnenus u ungopmamuxuy, 2021, Ne 1 83



