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Ob1rasg xapakKTepucTuKa padoTHhI.

AkTyasilbHOCTH TeMbl. PazpuTue Teopuu (pyHKIHH TOOYIUIO BBECTH U U3Y-
YUTh BayKHbIE CUHIYJISPHbIE HHTEPaJIbHbIE OLEepaTOPhl HECBEPTOUHOro TuIia. [lep-
BbIil IpuMep 1oj100HbIX orepaTopos paceMorpes Kasbjaepon. B pabore 2] jo-
Ka3aHO, UTO COOTBETCTBYIOIIMI oneparop jeicreyer uz npocrpancrsa LP(R) B
upocrpancrso LP(R). Coyuait upsimoit onenku B nopme LP(R) paccmarpusadics
takxke B pabore [1]. 3arem Koiibman u Meitep B [3], a Takxke Koitpman, Makun-
tom u Meitep B [4] 06061muu onpeenenue onepatopa Kasibepona.

BaskHocTh u3ydenust moJoOHBIX OIEPATOPOB CBsI3aHa B Cjlydae HpsAMOH H ¢

OJJHUM M3 BO3MO2KHBIX IIOJIXOJ0B K OI€HKE MHTEI'DaJla THIIA Kormn

J

Jutst Kpusbix 1) siBiistronuxces rpadukamu GyHKIMNA, YJIOBJIETBOPAIONIMX YCJIOBUIO

Jluninuna, Xorsi BlepBble Takas oleHKa Obuia nosydena Kasbjeponom [5] 6e3
IpUMEHEHHSI KOMMYTaTOPOB.

Anajsiorn kommyTaTopoB KasjbrepoHa Jjis KOMILIEKCHOW IIJIOCKOCTH OBLIH
ompeJiesieHbl B pabore 6], B Heil e ObLTa jloKa3aHa OrPaHUICHHOCTh TUX OIepa-
topos B HopMe LP(C), 1 < p < 0o. OkasbiBaercst, 4T0 TaKue Oneparopbl Orpa-
HUYEHBI U BO BCEX BECOBBIX npocTpancTBax LP(w) ¢ BECOM W, yJIOBJIETBOPSIONIUM
Ha 11ockocTy ycinosuio Makenxaynra Ay, D11 pe3ysibraTbl MOKHO UCIOJIb30BATH
JIJIsT OTIEHKU HEKOTOPBIX CHHIYJISIPHBIX HHTErPAJbHBIX OIEPATOPOB CIENUAILHOIO
BHJIA.

IHeas paborwl. Jluccepralius MOCBSINEHA UCCJEIOBAHUIO BOIPOCA OIpaHU-
YEHHOCTU CUHIYJIPHBIX MHTEIPaJbHBIX OIEPaTOpPOB, aHAJOIMYHBIX KOMMYTaTO-
pam Kajibjiepona, Ha KOMILJIEKCHON TLJIOCKOCTH B BECOBbIX TpocTpaHcTBax LF(w)
C BECOM W, YJIOBJIETBOPSIONIMM Ha, IJIOCKOCTHU ycjioBUiI0 Makenxayrita.

Metoapr mcciaenoBaHmii. B pabore npuMeHSIOTCsi CUJIbHbIE PE3YJIbTaTbl

rapMOHHUYECKOI'O aHaJIn3a — ONEHKHU NHTEI'PaJIbHBIX OIIEPATOPOB C BECaMu, YIOBJIC-
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TBOPSIOIKUME yCaoBUI0 MakeHxaynTa, a TakxKe IIPUeMbl aHAJI3a pa3paboTaHHbIe
aBTOPOM, TTO3BOJIAIOIINE BOCIOJIb30BATHCA MUMEIOIIECA TeOpueii.

OcHoOBHBIE PE3YJIbTATHI.

[Tostyaenbl BecoBbIe OIIEHKN CHHTYJISIPHBIX WHTETPAJbHBIX OMEPATOPOB HA KOM-
IIJIEKCHOM TIJIOCKOCTH JIJIsi BECOB, YJI0BJIETBOpsioiux yciaoBuio Makenxaytra. [Tpu
9TOM CHHIYJISIPHBIE HHTEI'PAJIbHBIE ONEPATOPbI OKA3bIBAIOTCS HECBEPTOUHOIO TH-
112, YTO UCKJIOUAET MOIyUeHIe JJIs HUX OIeHKH B L2 ¢ MOMOIIIbIO Tpeobpa3oBaHms
Dypnbe.

Hayunasa HoBuU3HA. Bee ocHOBHBIE Pe3y/ibTaThl JUCCEPTAIUU SBJIAIOTCS HO-
BbIMU.

Teopernyeckass u mpakTUdeckasi IIEHHOCThb. Pabora HOCHT TeopeTnte-
ckuit xapakrep. Ee MeTopl MOryT UCITOIb30BATHCS B APYTUX 3a/1a9aX, CBI3aHHBIX
C OIEHKOW CHHIYJISIDHBIX MHTEIPAJIbHBIX OIEPATOPOB, AHAJOTMYHBIX KOMMYTATO-
pam KajbepoHa, Ha KOMIIJIEKCHO# IIJIOCKOCTH.

Amnpobarus paboTsl. Pesyibrarhl paboThl JOKJIA/IbIBAINCH HA CEMUHAPE 110
TeOpUHU ornepaTopoB u KoMmiiekcHomy anasndy B [IOMU PAH B 2013 rogy.

ITy6aukammu. Ilo Teme jauccepranyuu onyOJIMKOBaHBI 3 PAOOTHI B »KypHAaJIe
u3 crcka BAK.

CrpyKrypa u 00bem jguccepramuu. yuccepraiist COCTOUT U3 BBEJEHUS 1
JeTbipex rias, pa3burbix Ha 11 naparpados, uzioxkena Ha 57 crpannnax. Crncok
JINTEpaTyphl BKIOUYaET 9 Ha3BaHUIA.

CopepxxaHue padboThbl

IlepBasi rjiaBa IOCBsIEHA M3YUYEHHIO KOMMYTATOpoB KajibjiepoHa Ha KOM-
IJIEKCHO# TJI0CKOCTH B BecoBoM npocrpanctee LF(w). TiaBHoil nesbio siBjsiercs
0000IIEHIEe PE3YJIBTATOB, MOJyYeHHbIX B [6] Ha ciyuail Beca, yJI0BI€TBOPSIONIETO
ycsiopuio Makenxay1ira.

B nepsom naparpade jgaiorcs ocnosnbie onpejesenust. [ycrs V(z) — kom-

IIJICKCHOSHaYHaA (byHKLH/IH, onpeneJieHnas1 Ha KOMILJICKCHOI IIJIOCKOCTH YAOBJIE-



TBOPSAIONIAST COOTHOIIEHITIO
V() =V <wlz=(], e z,¢eC. (%)

Bec w > 0, onpenenennnlii na koMmiekcHoii miaockoctr C, HA3LIBAIOT YI0BIETBO-
psaromuM yerosuio Makenxaynrta A,, 1 < p < oo, ecnn gy moboro kpyra B

CIIpaBelJINBO HEPaBEHCTBO

p—1

1 / g 1 / 7Ld <
e wao r—— w pr-lao C
| B B =

B B

rje o — miaockast Mepa Jlebera, |B| — momans B, ¢g = ¢p(w).

Paccmorpum oneparop

T £(2) = sup / <V(C)—V(2))"(f(é) do(C) |,

e>0

|(—z|>¢

re o(¢) — miockas mepa Jlebera 8 C, f € LP(w).
Qukcupyem § > 0 u obosnaunm uepes £(z) uamepumyto byukinuio wa C, s

KOTOpOii £(2) > 0. OupejeiuM onepaTophbi:

O B e e L]
|(—2[>¢(2)
L)\s 5f(> Z( >/\nTn€ 5f()

rjie A — KOMILIEKCHOe 1HCI0, [A| < &, W B3ATO U3 yCIIOBHS ().

OCHOBHBIM pPE3YJILTATOM 3TOTO Iaparpada siBJIsSIeTcs OIeHKa,

A)
/ [Lactrsf (I w()do2) < ¢ ble, TKI\'N ) / f(2)Pw(z)do(2).
C



Bropoit naparpad cojepkut (popMyJIUpPOBKY TeOpeMbl 1 1 ee JI0Ka3aTe/bCTBO,
OCHOBaHHOE Ha CBA3U MexKJy oneparopaMu 1y, o) s U Ly ()5, KOTOpas IO3BOJIACT

ONEHUTDb CHadasa 1p, ()5, & noToM u 1) cieyromumM o06pasoM:

1

/ (T2 eodo | < b(p, n)w” / | Pwdo
C

C

Bropas riiaBa co/iep:KuT IpUMeHeHHe OJTYIeHHbIX Pe3yJIbTATOB K OTIeHKE OITe-
pPaToOpOB CIENUaJIbHOrO BHAJIA.

ITycTh w — Bec Ha MJIOCKOCTH, yJIOBJIETBOPSIONUil yejiouio Makenxayrira,
V(z) — komiiekcHozHadHas Py HKIMA, ONPeIeJeHHast Ha, KOMIJIEKCHOH 1JI0CKOCTH

¥ yI0BJETBOpsIIONIas cooTHomenuio (%), [ € LP(w). s nenoit dynknuu
(0. ¢]

F(z) =ap+ Z a,2" pacCMOTPUM OIIEPATOP

n=1

PrF(2) = sup / F(V(C)—V(Z)) f(©) 4o (C)

e>0
|¢—z|>¢

U ero 4acCTHBIN cirydai

EER IV I = C

|C—z|>¢e

B nepsom naparpade popMysupyoTcs CJIegAyIoNne YyTBEPK ICHUS.

Teopema 2. Cnpasedausa ouenka
1Prfllpw < 2M (2w)CLA f I,

ede M(2w) = max |F(2)|.

|z|=2w



CaencrBue. /[ra onepamopa P* eepro
1P fllpew < 2C2A] fllp-

Bropoit maparpad mocBsiIeH n3yueHnio BCIIOMOTaTe/bHBIX olnepaTropoB F. n

Pr ., onpeJieleHHBIX CJIeAYIONIM 00pa3oM:

_ VO -V 1O,
e Cz[dz) g ( (—=z ) (€ — Z)Qd (©);

) e [
R | o).

(—2|>e(2)
Tperuit naparpad 3aBeprnaer JOKa3aTeJTHCTBO, UCMTOJIB3YsT MOJTYUYeHHbIE OIleH-

K1 JJigdl BCIIOMOTI'aTE€JIbHBIX OIIE€PaTOPOB!

1Prefllpe < M2w)CLA]flp.w,

|1 P-f

b < C2A[ fllpeo-

B Tperneil rnase nporcxoauT 0600IIenne nonaTa KoMMyTaTopa Kanbiepona.
B nepsom naparpade paceMmarpubaercs ciydait aByx dyuxmuit Vi (z) u Va(z),

Takux, 9To Vo = V1. DTO NPUBOANT K PACCMOTPEHHUIO HOBOI'O OllEpaTopa

V() —VEI™_fQ)
(C—2)  (C—2)

Sif(2) = sup /

e>0

7do(C) |,

|(—z]>¢e

JIUIsl KOTOPOI'o (pOPMYJIUPYETCst TeopeMa, 3 ¢ COOTBETCTBYIOIIEH OIEHKOM

3
190 f lpw < brn2 | fllpe-




Bo Bropom naparpade olpenessioTcs BCIoOMOraTebHbIe OllepaTopbl

[ VO-VER s©
S R e e

¢—2l>e(2)
My (A, 1)(2)

/ f(Q)do ()
(CH+ AV +uV(Q) = (2 + AV(2) + uV

[(—2|>2(2)

a TaK>Ke JJOKAa3bIBa€TCA OIICHKaA

t/W#wmuwmawms
C

Sb@mmMDMM{/u@ww@wda.
C

Tpernit naparpad CojepKUT 3aBepileHne JI0Ka3aTeIbCTBa, TeOPEMbl 3 OCHO-
BalHOe Ha CBA3M MKy omeparopamu Sy u My (A, (1), KOTOpas HCIOIb3yeTcs
ISl TIOCJIEIOBATENILHOTO TIOJIy9eHNs OIEHOK JTIA Sy, . 1 .S

B derBepToil 1y1aBe moJiyyaeT jiajbHeliee pa3BuTe ujest 0000IIeHsT KOMMY-
Taropos Kasbepona na ciydait Heckoabkux dynkimit Vj(z).

[Iepsblii naparpad omnuchbiBaeT CUTYALUUIO ¢ YE€ThIPbMsi (DYHKIUSAMU, YIOBJIC-

TBOPAIOIIMMI COOTHOIIIEHHNTIO
Vi) VOl <]z =¢l, 1<i<4

Torpa cooTBeTCTBYIONIMI OmIEpaTop OYIET UMETh BH]

/ C«%:?wvnca%:?@»”x

|C—z|>¢

U, f(z) = sup

e>0




x(%«w;%@5“<www—wu»”(ﬂozmﬂg.

(—z2 (—= ¢—2)
B sTom cirydae TakaKe yiaeTcs MOJIyIUTh ONMEeHKH JiJist HopMbl U ¢ moMombio pac-
CMOTDPEHHsI JIONOJHATEIBHBIX 01epaTopoB S -(2, A1, A2, A, Ag) 1 Uy, - cBA3aHHBIX
c Uy, Ecim onenka jiist S7o(2, A1, A2, A3, A1) € O4E€BHHOCTBIO CJICJYET U3 TPETbei
IJIaBbl, TO COOTBETCTBYIOIINE pe3ynbTarsl s Uy, . chopMynnpoBaHbl B Ka4ecTBe
JIEMMbI, JI0OKa3aTeJbCTBO KOTOPO BHIHECEHO B OT/Ie/ibHbIN naparpad. dasee dop-

MYJIUPYyeTcs U JIoKasbiBaercs TeopeMa 4 juist oneparopa U ¢ olleHKOi

U2 fllpew < b1(p, co)n? log(n + 1)|| f]

pw-

Bropoit naparpad HOJHOCTBIO IOCBSAIIECH JJOKa3aTeIbCTBY JieMMbl Jst Uy, ..

OcHOBHO# pPe3ysIbTaT UMeeT BU/I

b1 s
|Unefllps < 5 log(n + 1] f]

bw

M II0JIy4aeTCst [P IIOMOIIN CBA3K Mex/y oneparopamu Sfe(2, A1, A2, Az, \y) 1
Une.

B Tperbem naparpade OnUChLIBAIOTCS YaCTHBIC CJyday JJIs paHee U3y4eHHbIX
onepaTopos. Ilocie HeCKONLKUX TPUBUAJILHLIX PUMEPOB PACCMATPUBAIOTCS OO-

iv(z)|

see coxubIe cuTyarun s Gynxmit V(2) = el u W(z) = e , HO HauboJee

MHTEPECHBIM peJicTaBisercs ciaydait V;(z) = 7“]19:?“(2), re Vj onpejesieHbl Ha 3a-
MKHYTBIX MHOKecTBax E; mepsl nonb (Ey = Ey, By = E3), rp(z) = dist(z; E).

Torya 1ipu ycjioBun

Vi(2) = ' (2), Va(z) = Vi(2), Vs(2) = 15" (2), Va(2) = V(2)
onenku Jijist oneparopos U u S BBINJIsIAT CJ1e/yI0nuM 00pa3oM:

1T fllpeo < b1(p, c0)37"n2 log(n + 1) f I



152 fllpew < ba(p, c0)3™n log(n + 1)]| f |-

3aBepiaer paboOTy PacCMOTPEHUE CJIyUast
V(z) = T(Z)Hiw(r(Z))’

rie 7(z) = dist(z; ), £ — 3aMKHYTOe MHOXKECTBO MepbI HOJIb, ¢(a) BEIeCTBEH-

HO3HAUHAA (DYHKIWSA, VIOBICTBOPSIONAsl YCIOBUAM:
lp(a)] < Ch,al¢'(a)logal < Cyya > 0.

B sroit curyanuu onenka jiiig S’ TpUMET BUJT

1S5 fllpew < b3(p. o) C5" 2 log(n + 1) f e

rie Cy = /14 (C) + Cy)2.
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