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Tounble HepaBeHcTBax Tuna JI>keKcona B BECOBOM

npocrpascrse Ly ,(R?)

Touni HepiBHOCTI TNy /I>keKcoHa oTpuMaHO Ha KJjacax audepeHiiiioBaHnx QyHKITiH
JIBOX 3MIiHHUX y BUIQAKY HAWKPAIIOro HAOGJIMXKEHHs ’KyTaM’’ 3 ajJreopaiyHmx moJiiHOMiB
y Merpuui npoctopy Ls ,(R?) 3 Baroro Yebumesa-Epwmirta.

KmrouoBi cjosa: y3arajJbHEeHUII MO/IyJIb HEIEepPEepPBHOCTi, HaliKpamie HaOJIM>KeHHsI
”KyTom”, MmHOroudyienu debumiesa-Epwmira

Tounble HepaBeHcTBa Tuna JI>kekcoHa mOJyYeHbl Ha KJjaccax audepeHrupyemMbix
dbyHKIMT JAByX I€epEeMEHHBIX B CJIydyae HaWJIydllero npubJimkeHus ’yriaamu’ wus
asrebpanvecKux IIOJUHOMOB B MeTpHKe mnpocrpaHctBa Lo ,(R?) ¢ Becom YebGblimesa-
Dpmura.

KroueBbre ciioBa: 0BOGIIEHHBIH MOMYJIb HENPEPBLIBHOCTH, HAWJIydYIllee NPUOIIMKeHUe
YyriioM’’, MHOTOYJIeHbl debbIlieBa-dpMuTa.

Exact inequalities of Jackson type, connected with the best approximation by ”angles”
of algebraic polynomials have been obtained on the classes of differentiable functions of
two variables in the metric of space Ls ,(R?) of the Chebyshev-Hermite wieght.

Key words: generalized modulus of continuity, best approximation by ”angle”,
Chebyshev-Hermite polynomials.

[Mycts Lo(R?), e R? := R® R = {(z,y) : —o00 < mz,y < 00}, ecTh
IPOCTPAHCTBO M3MEPUMBIX (DYHKIHH CyMMHPYEMbLIX Ha IIOCKOCTH R? ¢ KBajpaToM
moysts. CumsostoM Ls ,(R?), rie p(z,y) := exp(—(2* + y?)/2), 0603HaIMM MHOKECTBO
byukmuit f, 11st KoTopwix f-p € La(R?). Ormernm, uro HOpMa B ipocTpancTse Lo ,(R?)
onpejiensiercs (popMyJIoit

1/2

V1= [l = // (@) - ple,y)Pdedy

R2

B npocrpancrse Ly ,(R?) pacemorpum onepatop 0606meHHoro ¢isura [1]

Fo(f) == Fnf(z,y) = %//f (95\/1 —h?+ hu,yvV'1 — h% + hv) p? (u, v)dudv,
R2
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e 0 < h < 1. Kak u B KJlaccmyeckoM cJiydae, OIpPeIe UM aHAJOIM KOHEYHBIX
Pa3HOCTEl epPBOro 1 BBICIINX NOpsiKoB dbyukiun | € Ly ,(R?), ncnonbsys st 3T0ro

omnieparop Fj,(f):
AL(f) = Ay(fi2,y) = Fuf(e,y) — fz,y) = (Fa = D f(2,y),
AL(f) = A (AT Ay (AR y) = (B =D f(a,y) =

1)
Y ( ) Fif(a,y) 1)

(2

=0
Snecy I — C/AMHUYHBLI OIEPATOP B IPOCTPAHCTBE Ly ,(R?); F)(f) == f; Fi(f) :== Fu(f);
Ffl(f) = I (F;Zfl(f)), 1=1,....,k; k € N. Benuuny

Ok(f,t) = sup {|AR(N]| : 0 < h <t} (2)

rae 0 < t < 1, Oyzem Ha3bIBaTH OOOOIIEHHBIM MOJLYJIEM HEIPEPBIBHOCTH Kk-TO TOPSIKA

byukiun f € Ly ,(R?).
[Iycrs Hy(x), n € Z,, ecTbh OPTOHOPMUPOBAaHHAST CUCTEMA [TOJIMHOMOB DPMHUTA (CM.,

Harpumep, [2|) u .
Flay) =D eyi(f)Hi(x)H;(y) (3)

=0 7=0

— agoitaoit psit Pypee-Apmura Gyakimn f € L ,(R?), rae paBeHCTBO IOHUMAaeTCs B
CMBICJIE CXOJIMMOCTH B METPUKE IPOCTPAHCTBaA Lgyp(RQ), a

cij(f / S, y)Hy(z)H;(y)p* (z, y)dady

— koabdurments Pypre-Dpmuta nis f. Cumsosnom L 5(R), rme R = {z: —oo <z <
oo}, p(x) := exp(—x?/2), 0603HAIUM MHOMKECTBO U3MEPUMBIX (DYHKIHUH f TAKUX, UTO
dyukmun f - p cymmmupyemsl Ha JeiictBuTebHOM ocn R ¢ kBajpaTom mosyis. [lycers
Ls 52)(R) (coorBercrBeHHO Lo 5 (R)) ectb nmpocrpancrso L 5(R) B ciaywae, xorjma B
kaudectBe R BoicTynaer ock aberee OX (coorBercrerno och opauuar OY'). [lomaraem,
910 My 11 C Lo ) (R) 1 Masy1 C Lo jy)(R) ecTb KonedwHOMEpHBIE OAIPOCTPAHCTBA, C
Gasucamu {H;(z)}Ly n {H;(y)}}L, coorsercrenno, rae N, M € Z,. B npocrpancrse
Ly ,(R?) paccMoTpuM MHOKECTBO DyHKIHIA

G (My11, Nar1) = Lojy)(R) @ M1 @ Loy (R) @ Nargr,s (4)

rje CUMBOJIAME & U @ 0003HAYEHBI COOTBETCTBEHHO OIepaIlui TeH30PHOTO ITPOU3BE/Ie-
HUsI U IPSIMON CyMMBI MHOYKECTB. DJIEMEHTHI MHOXKeCTBa (4) UMEOT creyforuii BuI:

gn (2, y) = Zs@i(y)Hi(x) + Z¢j($)Hj(y), ()
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rne {pitity € Lape)(R) m {¢;}Ly C Lo (R) ects mpomssosbHble HAGOPHI
dbyHKIWA u3 ykazaHHbIX npocTpancTB. Pynkiun Buga (5) HasbBAOT yriaamu” w3
asrebpandecknx moauHoMoB [3]. OTmernM, 4ro Blepsbie moHATHe yria”; KaK OJHOIO
3 3PHEKTUBHBIX METOJOB TEOPUM AIMPOKCUMAINN (PYHKIINNA MHOIUX IEPEMEHHbIX,
6euto Beegeno M.K.Iloramoseim B pabore [4] m HALIO HIMPOKOE NPHMEHEHHE B
UCCJIEJIOBAHUSAX JIPYTUX MATEMATUKOB.

s npowssoabHoit dynkumn f € Lo ,(R?) cumsomom Eya(f) obosnaumm eé
HaWIydIlee MPUOJINKEHUe 3JIeMEeHTaMi MHOXKecTBa (4) B MeTpHKe HPOCTPAHCTBA

L, ,(R?), re.

Enm(f) =inf{||f —gnml : gy € G My, Nars1) }-

CumvBoraMu Sy oo(f) B Seonr(f) 0b03HATIM dacTHBIE cyMMBI psina (3) dynknun f €
Lg,p(R2) nopsaakoB N 1o x u M 10 Yy COOTBETCTBEHHO, KOTOPbIE UMEIOT CJIeTYIONTNI
BUI;

Sneo(f37,y) = ZZcij(f)Hi(:v)H](y),
Soom(fi2,y) = Z > () Hi(w)H;(y)

Mo Sy a(f) moHmMaeM NPsAMOYTOJIBbHYIO YacTHYIO cyMMmy psia Pypbe-Dpmura (3)
byukuuu f € Ly ,(R?) nopsaakos N 1o z u M 1o y

Swar(fie,y) =Y > ci(F) Hilw) Hy(y).

i=0 j=0

D yHKITITIO

gN,M(f;f,y) = SN,oo(f;xvy) + Soo,M(f;xvy) - SN,M(f;iU,?/) =

= Z Z cii(f)Hi(x)H;(y) + Z Z cii(f)Hi(x)H;(y) — Z Z cii(f)Hi(x)H;(y) (6)

i=0 j=0 =0 j=0 =0 j5=0

2
OyzmeM Ha3bBaTh 0000MIeHHbIM HOMHHOMOM Pypre-Dpmura Gynrmun f € Lo ,(R?)
nopsiika N 1mo x u M 1o y. MoxHo mokazarh, uro byHKIwms (6) IPHHAIIEKUT
MHOXKeCTBY (4), T.e. mmeeT MecTo npejcrasienne (5). Vcnonb3ys uiero JoKa3arebersa
aeMMbl 1 13 paboTsl [5], MOXKHO MOKA3aTh CIIPABEJIMBOCTL PABEHCTBA

o w 1/2
En—im-1(f) = Hf — gNA,MA(f)H = {_Z _Z C?j(f)} ; (7)

T.e. CPeIM BCEX 9JIEMEHTOB ¢n_1a—1 Buga (D), NPHHAJJIEXKAINNX MHOXKECTBY
G(My_1,9M—1), Hamwryamee npubmmkenne ynkuun f € Lo ,(R?) gocrasisier eé

19



C. b. BAKAPYYK, M. 6. BAKAPYYK

0006mIeHHbBIN TosIMHOM Pyphe-DpmuTa S N-1.m-1(f) mopsnkoB N —1mo x u M — 1 o

Y.
Pacemorpum omeparop |1]

Cumpomom Ly (R?), 7 € N, obosmaunm xmacc dymxmmii f € Lg,(R?), mverommux
0606IIECHAbIe YacTHBle Npou3BoAnble O™ f/0x'0y!, @+ + j = m; m = 1,..,2r,
upuHaIeKamue npocrpanctsy Lo ,(R?). IIpu stom DOf = f, D" f := D(D"'f) €
Ly ,(R?). meeT MeCTO Clie/yiomas Teopema.

Teopema 1. ITycmv N, M, ke Nur € Z,;0 <t < 1. Toeda cnpasedaruso pasencmeo

. —k
sup 2"(N + M) En-1m-1(f) _ (1 — (1 — )N +D2)qp : (8)

fery (R2)

t k
%conSt {f(:);/k(D’"f, h)dh} 0
0

2de LY ,(R?) = Ly ,(R?).

Jlokasamenvcmso meopemv, 1. B pabore [1| 6buto mosydeHo pasioxkenue QyHKINH
Fyf B pan @ypbe-Opmura. C yaerom Toro, uro f € Lgﬁp(RQ), f # const, u numeer
MecTo pasnoxkenue (3), s Fy, f 3amumem

Faf(e.y) = 323" (D1 = 1) Hia) Hy ). (9)

OrmeruM, 9TO paBeHCTBO (9) NOHMMAETCS B CMBICJIE CXOJUMOCTH B METPHUKE
upocrpanctsa Ly ,(R?). U3 dopmya (3) u (9) norydaem

Ay (f;m,y) iic — B3 1) Hy(x)Hy(y). (10)

=0 5=0

Ucnonbzyst dopmyser (1) u (10), Ha ocHOBaHMEM MeTO/a MATEMATHICCKON WHJLYKIUH
uMeeM

A Fry) =30 e () (- B2 — 1) Hya) iy (), (1)
=0 7=0

rae k = 2,3, ..., upudeM pasencrso B ¢dopmyste (11) moHmMaeM B CMBICJIE CXOAUMOCTH
B MeTpHKe npocrpanctsa Ly ,(R?). C yuerom coornomennit (2) n (11) sanumenm

0o oo 1/2
:ak<f,t>:{ (1-(- >“+J>/2)2kc;3<f>} . (12)

i=0 j=0
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Ucnonbays dopmyity (7), moaydaem

() 3 0 (IR =357 (1) (1 (1) =
i=N j=M =N j=M
N e T S I
i=N j=M

B pabore [1] b0 nokasano, 4ro jyist GyHKImun f € Lgvp(Rz) UMEIOT MECTO
PaBEHCTBA

cii(f) = (—1)TW%(DTJC)7 (14)

rae i,j € N. Ucnonbsys wepasencrso Lesbiepa, paBercrsa (13)—(14) u coorHomeHwst
(7) u (12), 3anumem

1
(N + My7TF”

y {5]%717M71(f)}1—1/ (2k) {5N L 1<f)}1—1/(2k) S

Y 1/(2k)
’ {Z > D) (1= (1= h2)<i+j>/2)2k} <

5/ (D f,h)

5 1-1/(2k)
<{&x1ma(N} TN A

s JaHHOI'0O COOTHOHICHUA IIOJIydaeM

_ DTf h
B alh) < (B ) T R
L3S - (1)

i=N j=M

21



C. b. BAKAPYYK, M. 6. BAKAPYYK

Unrerpupyst obe gactu HepaserncTsa (15) mo h B npegenax or 0 o ¢, tie 0 <t < 1,
ucnosib3yst popmyity (7), umeem
t

1-1/(2k) 1 ~1/k 1y
& () <G 0) Y g [ B0 e

0

+8]2V_1’M . / h2 (N+M)/2dh
0

Orcro/ia mojrydaeM OIEHKY CBEPXY

. —k
2'"(N + M) En_1.m—
sup 2+ M) Enorar 1<,;f) < [ (A= @ =p)ND2yan s (16)
rerg @) [ L g
f#const fwk (.DTJC7 h/)dh 0
0
JIJist 110JTyUeHrst ONEHKH CHU3Y YKCTPEMAaJIbHON XapaKTepUCTUKU, PACIOJIOKEHHOM
B JieBoii uactu Hepasencrsa (16), pacemorpum dyurimo fo(x,y) = Hy(z)Hpy(y),
KOTOpas NPUHAJIICIKAT Kiaccy L p(Rz). B cuy dopmysist (7) nmeem
En—1m-1(fo) = [ foll = 1. (17)

[Tockosbky, Ha ocHOBaruU (hopmyIbl (14),
en (D" fo) = (=1)"2"(N + M) en,u(fo),
TO U3 cooTHoIeHus (12) moydaem
(D" fo, h) = (1= (1= B3N ey (D )| =

— "N+ M) (1 — (1= p2)Nem/2)F (18)

Ucnonw3ys pasencrsa (17)—(18) , 3anummem

2"(N + M) En_1m—1(f)

sup ; e
T 2
ey { [&/M(Drf, h)dh}
0
. -k
2 (N + M)"En1m-1(fo) _ /(1 — (1 — R2)N+D/2y gy : (19)

k
{f~1/k Drf(), h)dh} 0

Conocrapisst ornenky cepxy (16) ¢ omenkoii causzy (19), moaydaem Tpebyemoe
pasercTBo (8). Teopema nokazamna.
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CanencrBue. Ilycmv N, M,k € N ur € Z,; 0 < t < 1. Toeda umeem mecmo
PABEHCMBEO

¢ -k

T 2
f€L2yp(]R

k
) [ L
f#const {fwi/k(DTf, h)dh} 0
0

ede ey v (f) — woappuyuenm Pypve-Ipmuma dyrryuu f.
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