O13b1B 0pUIHATBHOTO OMITOHEHTA
Ha auccepranuio MepkymoBa Asekces CepreeBuda
“HekoTopble THIIBI CUHTYJIAPHBIX HHTEIPAJIbHBIX ONEpaTOpPOB Ha IJIOCKOCTH
IpeICTaBJIeHHON Ha CONCKAHUe YIEHOU CTemeHH KaHIuaara (PH3NKO-MaTeMaTHIeCKUX HAyK
o crenuaabHocTu 01.01.01 — BentecTBEeHHBIH, KOMILIEKCHBIN U (DYHKIMOHATBHBIM aHAJIHS.

[IpescraBnennas K 3amure padora MepKyioBa MOCBAIEHA BaXKHBIM U TPY/IHBIM BOIPO-
caM TEOPUHU CHHTYJISPHBIX UHTErpasioB. B obmMuUpHOM clieKTpe HCC/IeOBAHUM CHHIYISPHBIX
HHTErpaJioB aBTOP U30PaJI HampaBIeHnue 3aJ0:KeHHOE B CEMUIECATHIX TOAAX IBA/INATOrO BEKa,
Kauib/iepoHoM n 110JIyduBIIIee MOIIHOE Pa3BUTHE B pa0OTaX MHOI'MX MAaTEMaTUKOB TOM YHCJIE
Koitdpmana, Meiiepa, Creitra. [losryaenabie mMu pe3yabTaThl OKA3aJHCh BOCTPEOOBAHHBIMI
BO MHOT'HIX OTPAC/IgX MaTeMAaTHKH, & UJIEH U MEeTO/IbI JIeZKalllie B UX OCHOBE CYIIECTBEHHO 000-
raTuid MareMaTuky. IlpeBparuBmuch B MOIIHBIN, aKTHBHO PAaOOTAIOIIMII MaTeMaTUIeCKuit
arnmapat, Teopus KaibaepoHa craja pa3BUBaThCS B MHPD, MOACTPAUBASICH O/ MOTPEOHOCTH
pa3HOO0Opa3HbIX 3a/a4.

Juccepramusi pecTaBisger coboi pa3BUTHE TeOopWHU olneparopoB KajgepoHa mpenom-
JIEHHOE B CBETE MCIIOJIb30BAaHNs CHHIY/ISIPHBIX HHTEIPAJIOB B APYTHUX 3a7a9aX. ABTOP TOJIBKO
YIOMHUHAET 00 X CYIIECTBOBAHUM, HO IIPUBEJICHHBIE IPUMEPDI TOKA3BIBAIOT, JIJIsSI KAKUX 33124
MOTYT OBITH HOJIE3HBIMHU TOIOOHBIE KOHCTPYKIIHH.

Hennocts aucceprannoHHONR PAOOTHI BO MHOT'OM OIIPEJIE/ISIeTCS TeM, KaKuM 00pa30M aB-
TOP HAXOAWUT BBIXOJ W3 TPYAHBIX CHTYAIU, MUCIOAb3yd TJIyOOKHe W HEeTPUBUAJIbHBIE CBA3H
MEKIY PACCMATPUBAEMBIME B J0KA3aTEILCTBAX CTPYKTypaMmu. Takue geificTBUsT BO3MOYKHBI
TOJIBKO IIPH IJIYOOKOM IMOHMMAHHH HCCJEIYeMOro MaTepuaJsa. JTO MO3BOJIUIO aBTOPY H3JI0-
JKATH 00JIbINE KOJMIECTBO COIEPKATEIbHBIX MATEPUAIOB B HEOOBIIOM TeKkcTe. OO bsicHeHu
TOI0, KAK 3TU COOTHOIIEHUs ObLIM OOHAPYZKEHbI, (POPMaJIbHO, HE BXOJAT B 0043aHHOCTH aB-
TOpa, HO OCTABJISIOT XOPOIIWit 34161 /sl JajabHelmeil paboTbl B 9TOM HalpaBjIeHun. AKTY-
AJIHOCTh TEMBI IUCCEPTAMOHHON PabOTHl HE BHI3BIBAET COMHEHUS.

Hucceprausg cOCTOUT W3 BBeJEHUS, YeThIPeX IJIaB U CITUCKA JIHTEPATYPHI.

L[eJIbIO Auccepranguu ABJjadioTCd OHCHKHW JJid CHUHI'YJIAPHbBIX HHTEI'PAJIbHbIX OlIepaTOpOB
3aJIAHHBIX B BECOBBIX LP-npocTpancTBax (BYHKIUNA, 33JaHHBIX B KOMILIEKCHOl ILJIOCKOCTH.
Takwue 3ama4un /15 BelecTBeHHBIX PYHKINH B R JTOCKOHAJIBHO W3YYeHbI, HO JIJIST KOMILIEKC-
HOH IepeMEeHHOI 3TH BOIPOCH CHCTEMATHYECKH HE pacCMaTpUBAIMCh. TeXHHUecKylo 6asy
paboThl, KAK U B BEIIECTBEHHOM, NPEJICTABILIOT OLEHKH COOTBETCTBYIOIMNX MAKCHMAIbHBIX
OIEePaTOPOB.

OcHOBHO# TexHIYeCKUI IpueM (BHEIIHe PUCKOBAHHBIH, HO KaK MOKA3bIBAET ABTOP PHCK 3/1ECh
ONpaBJaH U IPUHOCHT JKeJaeMble ILIOJBI), COCTOUT B TOM, Y4TO yTBEpKIeHne 00 OIeHKe T10-
CJIeJI0BaTeIbHOCTH OIIepaTopoB ''mepeBoauTcsa'B 3a1a4y OIEHKHU OoJiee CJI0KHOI0 — ''Ipons3-
BOJIAIIEr0' omeparopa. DT0 OKA3BIBAETCS BO3MOXKHBIM 0J1aromaps HAJIUYIUIO B KOHCTPYKITAH
apaMeTpoB, IMPABUILHBIA 1I0100p KOTOPHIX, MO3BOJISAET PACCMATPUBATL PAJ KaK FeOMeTpHU-
YECKYI0 MPOTPECCHI0 U JIOBECTHU JIEJIO JI0 OIEHOK MPOU3BOJSINErO ONeparopa. DT OIEeHKH
B CBOIO O4YepeJb IMO3BOJAIOT IPHUMEHUTH CTaHJaPTHBIC OIEeHKH IJIA KOSCI)CI)I/H_[I/IGHTOB IIpo-
M3BOJAIIETO OflepaTopa. Takoil BaprmaHT J0Ka3aTeabCTBa MPOXOAUT Ojarogapss CKpyIyses-
HBIM OIleHKaM KO3 UIHEHTOB BO3ZHUKAIOIIUX PAJOB M TOYHOM HOAGOpPE YYACTBYIOIIUX B
pabore mapaMeTpoB. Pasymeercs, Takoii crocod OIeHUBAHHS BO3MOXKEH TOJBKO I JIMHEMH-
HBIX OLIEPATOPOB, & MAKCUMAJIbHbIE OIIEPATOPbl TAKOBBIMU HE SABJISIOTCH. 100l 000iiTH 3TY



TPYAHOCTH aBTOP 3aMEYaeT, 4YTO MAKCUMAJLHBLIA OlepaTop BCEraa MOXKHO OLEHUTH depes
"Momyas" COOTBETCTBYIONIEr0 JTUHEHHOIO OMepaTopa, y KOTOPOro WHTEIPHPOBAHUE TTPOUCXO-
JIAT 110 ILIOCKOCTH C BBIPE3aHbI KPYIOM, IPaBJa, PaJUyC 3TOr0 Kpyra sapjgercs (yHKIUed
0C000I TOYKH,HO 3TO OOCTOATENHLCTBO HE ABJISAETCS KPUTUUHBIM, T.K. KOHEYHBIE OIEHKH OKa-
3BIBAIOTCS HE 3aBUCAIIMMU OT PAJINyCa KPyra.

B mepBoii ri1aBe paccMOTpeH TOYHBIN aHAJIOT MaKCHMAJIbHOTO omepaTopa Kaabaepona

/ V() =V(2)\" f(Qdo({)
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T, f(z) = sup

e>0

snech [ € LP(C,w), o — mnockasa mepa Jlebera. CylecTBoBaHBIM TpeGoBaHHEM K (DYHKIITH
V' gaBigeTcsa ee mMpuHAIIEXKHOCTH K KJaccy Jlumrmena

V(O = V()| <wl¢ = 2|.

['naBublil pesysbrar IVIaBbl — TeopeMa 1, yTBep:kIaer, 4To oneparop I, orpaHUYeH B HPO-
crparcrBax LP(C,w), 1 < p < oo. [Ipu ycaoBuu, aro Bec ymopiaerBopser ycaoBuio Makenxa-
ynra A,.

B coorsercTBun ¢ 00meil ¢xeMoii 10Ka3aTeaLCTB, ABTOP IOAMEHIeT MAKCHMAJbLHBINA OIre-
paToOp alllIpOKCUMallMOHHBIM CHHTYJAPHBIM OIIE€paTOPOM

(V(C) - V(Z))" f(Q)do ()
(=2 (€—2)

The)of(2) = /

I¢—2]>e(2)

Jlajiee oH 3aMedaeT, 9TO ONEHKU ITUX OLUEPATOPOB MOYKHO HOJYYHUTH U3 ONEHKU MPOU3BOJIS-

IEero oreparopa
oo

Lyez)sf(2) = Z(” + DAL e2),5f (2)

n=0

snech A € C, |A| < 1 Crangaprable TOXKIECTBEHHBIC TPEOOPA30BAHHA,0CHOBAHHLIC HA,
w

TOM, 4TO MaJjOCThb MapaMeTpa A rapaHTUPyeT CXOJUMOCTH BO3HUKAIOIINX T'€OMETPUYECKHUX

Nporpeccuil MO3BOJISIOT 3alIUCATh ONIEPATOP B BUJE

i F(Qdo(0)
besf@= | A O

JanbHeiime OMEHKN OKa3bIBAIOTCS BO3ZMOYKHBIME 0J1aT0apst TOMY, 9TO oTobpazkenne A(z) =
z — AV(z) okasbiBaercsi 06paTHMBIM. DTO MO3BOJISET CAEIATH 3aMeHy MePeMeHHO, MPHBO-
JISATIY IO OTEHMBAEMOE BBIPAYKEHWIO K BUY CTAHJIAPTHOTO CUHTYJISIDHOTO MHTErpaJsa. BaykHo,
4TO HaJOXKeHHoe Ha dyHKIumio V' yciaosue Jlumiierna mo3BoJigeT MOJYyYUT IHPOCTYIO OIEH-
Ky [/ AKoObuaHa oToOpazkeHus. B mTore HyzKHasd OLEHKa omeparopa Ly () MOJydaeTcs U3
KJIaccuuecKux HepapeHcTB, Kaabnepona, Koitdmana, Meitpsl. [locie 3Toro aBTop Bo3Bpailra-
ercsi K onenke oneparopa 1, .(z)s, OCHOBaHHOI HA TOM, uro dbynkunn 1), ..y 5 f(2) aBisiorcs
ko3 dunuentamu Teitopa B pas/IoykeHud aHaJIUTHYECKOR onepaTop-pyHKIumM Ly (,)s 10
mapameTpy A. OTciofia JIerKo TOyYHTh OLeHKY TpebyeMoro BHJa JIIA onepaTopos 1), .(1).s.
[Ipuvem OleHKA OKA3BIBAETCS He 3aBHCSINEH OT mapamerpa £(z). DTo 06CTOATebCTBO M03-
BOJISIET TEePEHECTH MOJYUEeHHYIO OIEHKY HAa MAaKCHMAJILHBINA OIepaTop W 3aBepIIUTh J0Ka3a-
TEJIbCTBO TEOpeMbl 1.



Bo Bropoii riaBe anajorndHasl OneHKa JI0Ka3aHa, /sl OIepaTopOB BU/IA

[ e

rf(2) =sup
e>0

00 n o o
rne F(z) =Y ,a,2" — upoussBosbHas nesas dynkius. OCHOBHO Pe3yJbTaT STOH IIaBbl
— TeopeMa 2 yTBEPIKJIAET, 9TO ONepaTop ABJIAETCA OrPAHUIEHHBIM B npocTpancTse LP(C, w),
we A,

|| Pr|| < const max |F(z)|

|z|=2w

Kak u B HepBOfI TJIaB€ B HadaJie OIl€eHKa JOKa3blBaeTCd AJId alllIpOKCUMAIIMOHHOT'O OIlepaTopa

) v v . .
n=0 —z|>e

Hanee aBrop npuBouT HoAPOOHOE JoKazaTeabcTBo st F(2) = exp(z) u moscusier cxemy
IPOBEICHHS JTOKA3aTeNLCTBA B 00meM ciydae. CymecTso Jea CBOAUTCA K TOMY, YTO OIle-
paTopsl P, f.(.) OIlEHUBAIOTCS 110 TeopeMe 1, CyMMUPOBAHIE ITHX OIEHOK JAET OIEHOK JaeT
oleHKy il Pp. (). Bce oneHku He 3aBHCAT OT mapaMerpa €(z) U HO3TOMY II€PEHOCITCS Ha
MaKCHMAJBHBIA OIepaTop.

TpeTbst ri1aBa UMeeT J1eJI0 ¢ HeKOTOPBIME aHAJ0TaMHi KoMMyTaTopoB Kanbaepona. Haun-
HAETCsl PACCMOTPEHHE C OTlePATOpa

S, f(2) = sup

e>0

/ V(Q) = V()" f(Qdo(C)
c—alve (C—2) (C—2)?

ABTOp MHTepIpeTHpyeT TOT Oleparop Kak o6obieHme oneparopa 17 W3 1epBOil IVIaBBI,
kKorna oxgHa ¢yuknust V' 3amengerca na npy dbyukmuii Vi, V5. B paccmaTpuBaemom ciaydae
Vo = V1. [ajiee 110 craniapTHOil cxeme BBOJUTCS AIIPOKCUMAIMOHHBIN ollepaTop

B V(Q) = V() £(Q)do(0)
S"’af(z)‘/g_zbs =™ (-2

Y10 OB BOCIIOIB30BATHCS OIEHKOH TeopeMbl 1, aBTOP HAXOAMT He TPUBHAJIbHBIE XOIbl. BBO-
JTUTCS eTTe OJTUH BCIIOMOTATELHBIN oTlepaTop

) £(Qido ()
My (A p)(2) = /|gz|>s (CHAV() +uV () — (2 4+ AV (2) + uV(2)))?

Paccykaenms aHaaorndHbe TeM, 9TO OBLIN HUCIIOJIb30BAHBI IPH J0KA3aTEIbCTBE TEOPEMBbI 1
MO3BOJISIIOT YCTAHOBUTD, UTO OMEpaTop orobpazxkaer mpoctpanctBo LP(C,w) B cebsa. Cpsasb
9TOIO OIEPATOPA € AMIMPOKCUMAIMOHHBIM, 00HAPY KEHHAS ABTOPOM JIOCTATOYHO HEOXKH IAHHA.
Bo-nepBbix, onepaTop MOXKHO 3alUCATb B BUJE

M) = |

c—aze (€= 2)°(1+q)*




Ecim nonoxuts ¢ = 1 — ﬁ, A= te' = te? ro oxawxercs, uto |g| = 1 — % U BO3MOZKHBI

JlasbHefte mpeobpa3zoBaHus

Mye(h p)(z) =Y (=) (k + 1)/ #1940

|(—z|>¢ (C - Z)2

[anee aBrop mokassiBaer, 4To (n,n)-it kosddunuent paznoxenus My (A, 1)(z) B 1BOitHOM
psge Pypbe UMb HA MOCTOSHHBIE MHOKUTEIb orndaercs or Sy, f(z). Ilocie sroro ocra-
eTCd IMPOBECTU CTaHAAPTHbBIC BBIKJAAKM, 9YTO 6bI 3aBEpPIIUTDL JOKa3aTEeJIbCTBO.

BaKJII0UNTEILHAS YeTBEPTAA IJIaBa COACPIKUT YCUJICHHE pe3yJbraTa TeTeil riaasel. B Ka-
4ecTBe aHAJIo0ra KOMMyTaropa KaibaepoHa paccMaTpUBaeTCs

4

/ (Vin(€) = Vin(2))" f(Qdo (¢)
O P B (S (€—2)

Unf(z) = sup

e>0

Hokazano, 910 9T0T OmEepaTop To ke orobpazkaer mpocrpanctBo LP(C,w) B cebsa. Texnuka
JIOKa3aTeJbCTBa Ta Ke, IYTO B TpeTeil riaBe.

BaBepiraercs pabora cepueil IPUMEPOB, HJLIIOCTPUPYIONUX IPUMEHEHHS JOKA3aHHBIX
TEopeM.

OnenuBasi paboTy B IIEJIOM CJIEIAYeT ellle pa3 IMOBTOPHTL, YTO OHA HAIKMCAHA Ha aKTy-
aJIbHYIO TeMmy. Bpimosnena pabora Ha BBICOKOM TEXHHYECKOM yPOBHE C IVIyOOKHM IPOHUK-
HOBEHUEM BO BHYTPEHHHE CBSI3U HCCJIEAyeMbIX 00beKTOB. Bee mpuBejeHHbIe B JuCCepTalun
VTBEPKICHNS SABISIOTCA CTPOTO MOKA3aHHBIME HaydIHbIMH (bakTamu. PesyabraThl mmccep-
Tali MOJHOCTHIO M CBOEBPEMEHHO OBLIM ONMyOJIUKOBAHBI B TPEX CTAThdIX B JKypHaIaX W3
HepedHs peleH3npPYeMbIX HaydIHBIX KYPHAJIOB M U3JaHHH, pekomMeHgoBaHHbBIX BAK MuHo-
opuayku PO.

ABTOpedepaT IpaBIILHO U TMOJHO OTParKaeT COAep:KaHue IUCCePTAIUN.

Pesyabrarsl guccepraiini, HHTEPECHbIE U BaykKHbIE caMU 110 ceOe, BayKHbI HE B MEHbIIIe
CTEITeHHW TeM, 4UTO /I UX JOKa3aTeabCTBA ObLIM HailIeHBl HOBBIE TEXHHYECKHE IIPUEMBI, KO-
TOpble MOTYT 3P deKTUBHO pabOTaTh U B JIPYTHX 3a/1a49aX.

B kadecrBe HegocTaTKoOB pabOTHI CJeAyeT OTMETHTH, UTO H3 0030pa IpeIIiecTBY IONIX
paboT He CHO, UTO ObLIO U3BecTHO 10 pabor A.C.MepkynoBa. PaGoTa 3HaunTe 1bHO BHIUTPA-
J1a, Obl, ecjin ObI COJleprKaIa YKa3aHus Ha BO3MOXKHbBIE IPIJIOKEHUST Pa3pa00TaAHHON TeXHUKN
OIEHOK CHUHTYJISIPHBIX omnepatopoB Kajbmepona, B MHOTOYHCIEHHBIX 33/1a9aX, UCIOJIb3YI0-
IUX TaKue Oleparopbl, KAK TeXHUIECKoe cpejicTBO. OTMedYeHHbIe HeJO0CTATKH He CHUZKAIOT
obIIIero XOpoIero Buevdar/ieHus: 0T paboThl.

Ha ocnoBanum BBIIIE W3JI0:KEHHOTO CYUTAIO, YTO JIHCCEpTAlMOHHAs padoTra MepkyaoBa
Anekcest Cepreesuua "HekoTopbie TUIIBI CHHTY/ISIPDHBIX HHTETPAJIBHBIX OMEPATOPOB HA ILJIOC-
KoCTH'" COOTBETCTBYET BCeM TPEOOBAHUSIM, HPEIbIBIAEMBIM K KaHIXIATCKHM JIHCCEPTAIN-
aM, B ToMm unciae .9 "[lomoxkennst o mMoOpsiake MPUCYKIEHWsT YUEHBIX CTeMeHeil a ee aBTOp
3aCJIY2KHBACT IIPHUCYKICHUS €My YUIeHOU CTeleHH KaHIu1aTa (PHU3HKO-MAaTeMaTHIeCKHX Ha-
yK 110 cueruasbaoct 01.01.01 — BemmecTBeHHBIH, KOMILIEKCHBIN H (DYHKIIMOHAIHLHBINA aHAINS.

3aB. kadeapoit BM-2 CII6GI'YTY
JIOKTOP (pH3.-MAT. HAYK
A.M.Korounros



