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O HEKOTOPBIX KPOCCHOPMAX HA TEH3OPHBIX ITPOMU3BEJIEHNAX
YIIOPAOJOYEHHBIX BAHAXOBBIX ITPOCTPAHCTB

Jleitgia M. DHeeBa

IMycrs E — ynopsimouennoe 6anaxoso npocrpanctso (YBII) ¢ 3aMKHYTBIM KOHYCOM
E, ([1]) u HOpMOIi, YIOBIETBOPSIONIEH CIIEAYIOMIAM JIBYM YCIAOBUSIM:

(1) Vz,y € E nz +z < y crenyer ||z < |yl;

(2)Vz€e EmuVe >0 3ye E, takoit, uto £z <y, u ||y|| < (1+¢) |[z].

B atom ciiyuae konyc Ey HazwBaoT pezyaapuuim, a BII E — pezyaapro ynopadoven-
nowm (mamyt (E € (R)).

Ha rensopuom npoumssenenun F ® X ([2]) mpomssonpubix YBII E € (R) u BII X
PACCMOTPUM KPOCCHOPMY

n n
kp(z) = inf{H ZekﬂkaH tz = Zek ® Tk, e =0, k= l,n},
k=1 k=1

CBsI3aHHYIO ¢ nopsiakom B npocrpancree F. (Hamomuum, uro, o Ilarreny [2], xpoccrop-
Mot Ha, TEH30PHOM npousBesiennn F @ X HOpMUPOBAHHBIX TpocTpaHcTB F n F HasbiBaerca
HOPMa @, y10BJIeTBOpsionas yciaosuio a(e®x) = ||e|| ||z||.) Dra kpoccHopma ncciegoBasachy
B paje paboT. Buln u3ydeHbl CBORCTBA TEH30PHBIX KOHYCOB B TEH30PHBIX TPOU3BEICHAAX C
sroit kpoccropmoii ([3], [4]). B [5] pyst npoussossubix YBIIL E, F € (R), F' ¢ aggurusHO# Ha
KOHyCe HOPMOii M IIPOM3BOILHOrO 6AHAXOBA MPOCTPAHCTBA G TIOMyYeHa HOBAS XapaKTepPHUC-
THKA 9TON KPOCCHOPMBI B TEDMHUHAX M30METPHUU MPOCTPAHCTB onepatopoB Ly(E ®k, F,G)
u Ly(E,L(F,G)). DTa XapaKTE€pPUCTUKA CYIIECTBEHHO HMCHOJIB3YETCS TPU JOKA3ATEHCT-
Be m3oMeTpuH mpocTpancTs f-onepaTopoB Li(E®y, F,G*) u Li(E, Li(F,G*)), a yx&e 3T0T
Pe3yJIbTAT BJIEYET aCCONMATUBHOCTH T€H30PHBIX NMPOMU3BEJACHUI GaHAXOBBIX MPOCTPAHCTE C
KpoccHOpMO#t kg [5].

B [6] npu nomomu kpoccropMbl kg Gbliia NOCTPOEHA KPOCCHOPMA K, 3aBUCSIIAS OT 110-
PAJKA y2Ke He B OJHOM, a B 000MX MPOCTPAHCTBAX — COMHOXKHTEIIX TEH30PHOTO IPOU3BE-
nernst. ConpsizkeHHOE K TeH30pHOMY npoussenennio FQ F neyx YBII E u F' ¢ KpoccHOPMOIi
k TpOCTPAHCTBO OMUCHIBACTCA KJIACCOM £, 1m-0IepaToOpOB.

B oaroit pabore OymayT TOMyYEHBI:  WUBOMETPHUsl TPOCTPAHCTB £, M-0mIepaTopoB
Lom(EQrF,G*) u Lgy(E, Lim(F,G*)), 1 accONUMATHBHOCTh TEH30PHBIX MPOU3BEICHUIL
YIIOPSI0YEHHBIX OAHAXOBBIX MTPOCTPAHCTB ¢ KPOCCHOPMOI k.

19, Ilycts E, F € (R).

OnPEAEJEHUE. Oneparop 1T : E — F* uazosem £, m-onepatopom, eciiu 1 : . — F*
p i F'— E* gapasiorcs OfHOBPEMEHHO m-onepaTopamu [7].
Tlomoxmm

uT*

1T

tan = SUD { [T, | T [l }-
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Ilpennoxerane 1. T : EE — F* apusercs £, m-onepaTopoM TOTJa W TOJBKO TOIJA,
korga T u T sapasrorcest oaroBpemento (-oneparopamvu ([7]),

1T

£,m = Sup {HTHh ||T*”l}-

ITpocrpancreo Bcex ¢, m-omeparopo u3 E B F* ¢ wmopmoit |.|s, ob6o3HAIHEM

Lom(E, F*).

Ilpennoxxenne 2. Ly, (E, F*) = Ly, (F, E*).

ITpu srom omeparopy 1" u3 NEpBOTO MPOCTPAHCTBA MOCTABUM B COOTBETCTBHE Orpa-
HUYeHUe Ha F' COMpsaXKeHHOro eMy onepaTropa 1™, dBJIAIONErocs 3JIEMEHTOM ITPOCTPAHCT-
Ba Ly, (F,E*). Ananormamas curyanus OymeT UMeTb MecTO W Jjs omeparopa U u3
Lym(F, E*) — orpanuuenue Ha E conpsixxennoro emy oneparopa U* Gyjer £, m-oneparopom
w3 £ B F*.

20, PaceMoTpEM KPOCCHOPMY A Ha TEH30PHOM HMPOU3BEJICHUN JBYX PEryJsapHO yHOPs-
JOYEHHBIX TpocTpaHcTB. [lockombKy s11060it 3nemMenT z € F® F' MOXHO NMPEJICTABUTH B BUJIE
Z=21+22, TA€ 21 = 221:1 ek®fkc ep > 0,k :la—nla uzo = Z?il a; @by, by 2 0,1 :1,—”2,
TO TIOJIOKUM

k(z) = inf{kg(z1) + kr(22) : 2= 21 + 22}.

Herpynauo nposeputs, uto k — kpoccaopma vHa E Q@ F.
CupasejnuBa

Teopema 1. (EQyF)* uzomerpuuno Ly, (E, F*).
< Iyers g € (EQ,F)*. Ilocrponm oneparop T, : E — F* 1o mpasuy

Ty(e)(f)=gle® f), e€E,feF.

[Mokazkem, uro T, asuagerca £, m-onepaTopoMm. JlocraTouno mokasaTs, 9To oneparopsr Ty :
E—F'unT;|,: F— E" apnai0Tca OAHOBPEMEHHO {-0mepaTopamu (cm. mpegioxkenue 1).
HyCTb €1,€2,...,6, € E+ n fl,fg,...,fm € F+.

Nmeem
n n n
S oTyer)lle- = sup > (Tyler): fi)| = sup |D gler ® fi)| =
k=1 Ifell<1 k=1 el <1 (k=1
k=1,n k=1,n
n n
= swp lg( D er@fi)|< sup fikllglks (Y e ® fi) <
lfrll<2 k=1 lfell<1 k=1
k=1,n k=1,n
n n
< sup llgll|| D2 exllell]| < gl D e
Il fxlI<1 k=1 k=1
k=1,n

Ananornuno jna T, monydaem

bl

ST Gl < lgll]| S 1.
=1 =1
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orkyna Ty : E — F* — {, m-onepatop.

O6parno, nycrs T' € Ly (E, F*). 910 03Ha4YaeT, N0 ONPEJETICHHIO, YTO OIEPATOPHI
T:E—F‘n T*‘ 1+ F'— E* aBnaiorca omHOBpeMeHHO (- m m-oneparopamu. Ilokaxew,
9TO MOPOXKIAEMBIi oneparopoMm 1’ simHelnblil pynkimonan g ua F ® F, Takoii, 9To

n

g<i€k ®fk> = (Tex, i),
k=1

k=1

mernpepbiBed. JlelicTBuTesbHO,

9 =|g(Der e fi)| =
k=1
= ‘Q<Zek®fk+zai®bi>‘ < ‘Q(Z€k®fk)‘+ ‘Q<Zai®bi>‘ =
k=1 =1 k=1 i=1
= |0 Tews fid |+ |3 (Tai b | < 301 Tens fi) |+ 3 s, T8 | <
k=1 =1 k=1 =1

n1 no ni n2
< ITerlllfill + D NailllT=ball = D> NT(enll fD + DN Ballail) <
k=1 =1 k=1 =1

\ <

ni n2
<UTNel| S enll el + 17 1el| S bilal
k=1 i=1

I+

ni n2
< sup{ITlles 17 e || 2 exl il + || D il
k=1 =1

[Tepexonga k wHGUMYyMY IO BCEM MPEICTABICHUIM 21 U Zo, Oy TUM
9(2)| < T lle.m (ke (21) + kr(22))-

B3as wadumym mo Bcem pa3bueHusiM z Ha CyMMY 21 U Zo YKA3aHHBIM BBIIIE CIOCOOOM,

oIy 9aeM
19(2) < IT[le,mk(2).

Teopema mokazana. >
3%, Cormacuo Teopeme 1 gna mpocrpancts E, F, G € (R), F u G ¢ aqiuTuBHOi Ha

KOHYCEe HOPMOU CIpaBeIJInBhI H30METPUMN:

L [(B@rF) @G| = Lom(E o F,GY),
2. [E o (F G)] > Lom(E, Lo (F,G*)).

Teopema 2. L, (E Q F,G*) nzomerpuao Ly, (E, Ly (F,G*)).

< Hyers T € Lo (E ® F,G*). On nopoxmaer oneparop T : E — L(F,G*), neiict-

ByIOIIuii Mo popmyite .
Te)(f)=T(e® f) Yec E, f € F.
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Iycts e € Ey, |le = 1, 1 S = Te. B cury teopemsr 2 m3 [5] 3aKmouaeM, 4To
oneparops S u Te sBasoTcst (-oneparopamu.

Ocraercs nokazaTh, 4to S*|g u T*| Fea OynyT Takxke f-oneparopamu. CHadasia moka-
x)eM, aro S*|g : G** — F* asasiercs f-oneparopom. Ilycrs g1,92,...,9, € G4. Ionyunm

n n

ZHS gellpe = sup D (S*gr. fi)| = sup |D_ (gk, Sfr)| <
Ifxll<1 [k=1 Ifell <1 k=1
k=1,n k=1,n

< sup Y llgell 1SFell = sup D IIS(frllgrlDIl <

[[fell<1 k=1 [[fell<1 k=1
k=1,n k=1,n
< sup 8% Hszngan ISe sup S el ol < ||S||4\ng
Ifxll<1 Ifell <1 k=1
k= 1n k= 1n

orkyya S* — £-oneparop, u [|S*|, < [|S][¢-
IIycrhb Tenepw 21, 22,..., 2, € K, E FQ G, n k(zzzl zk> < 1. Torma

n
ZHT zi)|lg+ = sup Z<T*zk,ek> = sup zk,Tek> <
Ifxll<1 [k=1 Ifell <1 k=1
k=1,n k=1,n
n n
< sup Y K(z) [Terl = sup Y ||T(exk(zr))| <
I f&lIST k=1 I f&lI<T k=1
k=1,n k=1,n

n

n
<ITle sup Hzekk 20| <IThe sup D7 llewll bz < 11k (D ).
Ifrll<1 lfell<1 k=1 k=1
k=1,n k=1,n

3amMeTnM, ITO W3 IIATHBHOCTA HOPM Ha Kouycax F, m Fy B mpocrpanctBax F u F
cIeIyeT aJJUTUBHOCTh HOPMBI k Ha komyce K, B cuiy yreepxienus 3.2.2 u3 [4]. Takum
ob6pazom, nokazanu Brioderue Lo, (E Qx F,G*) C Ly m(E, Lom(F,GY)).

ITokaxem obparnoe Brimodenue. Ilycts T € Ly (E, Loy (F,G*)). On nopoxmaer
omepaTop T:-EQF — G*, nmeiictytomuii mo (opmyJre

(Zek®fk> :Z<Tek7fk>7 €k eEafk EFak:Ln'

k=1

ITokazxkem, uro T — ¥, m-oneparo JId 9ero JOCTaTOYHO IIOKa3aThb, uTo 1*|q — /-
3 3 3 b 3 G
oneparop, Tak Kak B cuiy Teopembl 2 u3 [5] T' siBisiercst f-omeparopom u3 E @ F B G*.



I'pannanas 3aga49a JAHEHHOTO CONMPSIXKEHUST CO CABUIOM 4-59

Nneem ot g1, g2,---,9n € G4 € H ZZ:l ng <1

n n n

Z”T*ng(E@kF)* = sup Z<T*gk,2k> = <gk,TZk> <

k=1 lfelIST [k=1 k=1

k=1,n
n n
< s Yol 17 < HZ%H sup [Tzl < T || Y2 gf| < U1l Y 9

I £klIS1 k=1 =1 I frll<1 k=1 k=1
k=1,n k=1,n

9TO U TPeOOBATIOCH JTOKA3ATD.

CaexncrBue 1. Ilycte E, F, G € (R), F, G — ¢ agquTuBHOi Ha KOHyCE HOPMOH.
Torna
(E®r F)®r G2 EQ (Fe Q).

HelicTBuTE/IbHO, YKA3aHHBIE TPOCTPAHCTBA aJaredpandaecKu H30M0p(beI TaK KaK MOXK-

HO yCTAHOBHTH COOTBETCTBHUE, COLOCTABJISIS STEMEHTY £ = » (ZZ_ ef® fl ) ® g TEepPBO-

ro mpocTpancTBa 3ement ¢ = Y, S ek @ (fF ® ;) Broporo npocrpancrsa. A Tak Kak
(Teopema 2) coOnpsiZKEHHbIE K 3TUM IIPOCTPAHCTBAM COBHAJAIOT, TO JAHHBIE TIPOCTPAHCTBA
COBHAJAIOT W TOIOJOTHICCKH.
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