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KO2®DPUNUNEHTBI ®YPbE — PAAEMAXEPA
OYHKUMNA N3 CUMMETPUYHbBIX MPOCTPAHCTB

C. B. Acramknu

Amnsoranus: Paccmarpusaercs 3ajada onncanus npocrpancrsa F'(X) nocienosaress-
Hocreit koaddunnentoB Pypre — Panemaxepa, cOOTBETCTBYIONIETO DYHKINOHAILHOMY
CHMMETPHYIHOMY IIPOCTPAHCTBY X Ha OoTpe3Ke. VICIIoIb3yeTcs: BeIeCTBEeHHBIM METOJ HH-
Teprnossuu. [IpuBogarcsa KoHKperHble nmpuMepsl. Bubamorp. 23.

1. IIpenBapuresbHbIE 3aMEYaHUs U ONPEaEJICHUS

ITycrs {wi}72, — paBHOMEPHO OrpaHHYeHHAsT OPTOHOPMUPOBAHHAS CHCTEMA
dbyukuuit na orpeske [0, 1]. Jusa bdbyukuuu « € L1]0, 1] gepes ¢ = cx(x) obo3nadnm
ee ko3 puimentol Pyphe 10 3TOi cucTeme.

Eciun F — oneparop, crasmmii B cooTBeTcTBUEe (PYHKIUU T IOCJIEI0BATE -
HOCTH ee Koaddunuentos Pypre, T. e. Fr = (cx(x))7,, TO OH OrpaHUTIEHHO Heii-
crByer u3 Lo B Iy u no Teopeme Mepcepa [1, ¢. 181] uz Ly B ¢o. Iosromy mia
MPOU3BOJIBHOM = € L1 BBITOJHEHO HEPABEHCTEO

%(tan;COaZQ) S Alj(tax;LhIQ) (t>0)7 (1)
rje
H(t,x; Xo, X1) = inf{||zo]| x, + tl|x1llx, : € = zo + 21,2 € X;}
— A -dyukuuonasn Ierpe, onpenenennsiii 1 ¢ € Xo+ X7 ((Xo, X1) — upoussosin-
Has Ganaxosa napa) u t > 0, a A; = max{1,sup{|wg(t)| : k=1,2,..., t € [0,1]}}.
Ha ocHoBe nHepasencrsa (1) B pabore [2] mosiydeHa cieiyromasi OleHKa JJIst
ko3 dunmenroB Pypbe dyHkruu x € Ly:

" 1/2 1/n 1 1/2
Y@t <adva [eoar| [oral bo@
k=1 A Vi
rnen =1,2,..., agepes z*(t) u (cf ()72, 0603HAUEHBI yOBIBAIOIINE [IEPECTAHOBKH

dyukun |z(uw)| 1 nocrenosarensrocTa (|¢;(x)])52, cOOTBETCTBEHHO.

CoorHomenne (2) MOXKHO paccMaTpUBaTh KaK HEPABEHCTBO Beccesst st cyM-
MHUPyeMbIX (QYHKIUHA, 1 OHO SIBJISIETCSI B OIIPEJIEJIEHHOM CMBICJIE TOUHBIM B CJIydae
TPUTOHOMETPHUECKOH cucTeMbl [2]. B To ke Bpems jist JJaKyHAPHBIX CHCTEM, Ha-
puMep IS cucTeMbl Pajiemaxepa

re(t) =signsin28"nt (k=1,2,...),

HEPaBEHCTBO (2) MOXKHO CYIIECTBEHHBIM 0OPA30M YCUIIATh.
HanomanM, 910 6aHAXOBO IPOCTPAHCTBO X M3MepUMBIX Ha orpeske [0, 1] dbyHk-
it © = 2(f) Ha3bIBAETCH CUMMEMPUYHBIM, €CIn U3 Toro, 4ro y*(t) < z*(t) n
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z € X, cnenyior coornomernus y € X u ||y|lx < ||z]|x. Teopust cummerpuusbIx
upocrpaucts (CII) noxpobuo uznoxena, Haupumep, B MoHorpaduu [3].

Hapsiny ¢ npocrpancrsamu L, (1 < p < 0o) BaxubiMu npumepamu CII sBis-
torcst mpocrpancTBa Opimnya, Jloperra u MapiuakeBuda.

Eciau S(t) > 0 — Beinykias HenpepwiBHas ¢yHKiwms Ha [0,00), S(0) = 0, To
upocrpasctso Opanua Lg cocrout us Beex © = 2(t), ISt KOTOPBIX

1
t
]|y = inf u>o:/s(@) g <1 <o
0

Ecin ¢(t) > 0 — BoruyTas Bospacraomas Gyukuus Ha [0, 1], To npocrpancTBo
Mapuuukesuua M (¢) cocrout us Beex x = x(t) TaKux, 4TO

ot
Z||pmo) =sup — [ 2¥(s)ds: 0 <t <13 < oo,
s el RS

a npocrpancrso Jloperna A,(p) (1 < p < 00) — u3 Becex © = x(t), A1 KOTOPLIX

1/p

1
lellayo =4 [l @ doe p <.
0
B uacrHocru, A;(yp) Gymem oboznauars uepes A(p).

ITycrs N(u) = v’ — 1, Ly — upocrparcrBo Opjnda, IMOCTPOEHHOE IO ITOM
dyukiym, a G — 3ambikanne Lo, B L. Kak mokazamm B. A. Pogun u E. M. Cemenon
B pabore [4], cucrema {ri}7°, B CII X skBuBa/eHTHa CTaHZAPTHOMY 0a3uCy B lo
TOTZA U TOJIBKO TOrAa, Korna X O G. DKBuUBaJEHTHOCTD {7 }7° | B X cTaHIapTHOMY
6asucy B lo o3HauUaeT cymiecrBoBanue KOHCTaHThI C' > 0 Takoii, 4To

00
§ ATk
k=1

C (a2 < < Cll(ax)ll2, (3)

X

o 1/2
rue |[(ak)lle = (Z ai) . Hoznuee C. Monrromepu-Cyur yenmia copmyiin-

POBaHHBII pe3yabraT, Haiing pacupenenenue cymm Pamemaxepa [5]. Ilpm srom on
UCII0/Ib30BaJ J¢ -bDyHKIIMOHAI, COOTBETCTBY oMM Ganaxosoii nape (I1,12).
Kpowme Toro, eciu Hopma CII X 1OpsiIKOBO TOJIyHENIpepbIBHA (T. €. W3 TOro,
910 Ty, = Tp(t) > 0 u 2, () T x(t) npu n — oo mouru ey Ha [0, 1], caegyer, uto
lznllx — llz||x), TO ero mogupocrpancTBo, HOpOXKIEHHOE cucTeMoii Panemaxepa,
JonosasieMo B X TOTJIa U TOJIBKO ToTa, Korma G C X C G ([6] wm (7, 2.b.4]).
Bmech n manee X' — mpocrpanctso, asoiictennoe Kk CII X. Ono cocTonT m3 BCex
y = y(t) Takux, 9To
1
lollx =sup s [y®a)at: afx <1 <.
0

JlonomHATEILHO 3aMeTHM, 9TO IpH BhimoJHenun yejaoeua G C X C G/ B CIT X
OrpaHUYEH OPTOIOHAJIBHBIN IPOEKTOD

Pa(t) = er(@)ri(t),
k=1
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1
rae cx(x) = [ z(t)ry(t) dt — xosddurmentsr Pypre — Pagemaxepa dyHkiun .
0

W3 mpuBeqeHHBIX PE3yJIBTATOB ClIemyeT, IT0 omeparop Fz = (cx(x))f, orpa-

HUYEHHO JeiicrByer u3 npocrpancrsa G’ B ly. elicrBurensio, BBuiy (3) u orpanu-
gennoctu P B G’

1Fz]l2 = [|(cr(@))iLa ]|, < CllPzller < CllPlle—c llzllcr-

Takum o6pazomM, 1Mo ompejieneHno J£ -hbyHKIIMOHAJIA JIJIst CUCTeMbl Pajiemaxepa
BMecTO (1) MBI TIOJIyYaeM HEPaBEHCTBO

H(t,Fx;co,lo) < Ao (t,2;L1,G') (¢ > 0). (4)

Bamenum £ -DyHKINOHAJBI U3 3TOTO COOTHONIEHUS SKBUBAJICHTHBIMYU BbIPAZKEHHUSI-
MHU.

Kak uzBectno [8], npocrpancrso Opinua Ly coBuanaer ¢ npocrpascrsom Map-
mmmkesmaa M (1), tae ¢ (u) = uln'/? e/u. Tosromy G/ = A(ihy) [3, c. 158]. Tax
kak Lq Takxke nupocrpanctso Jlopenna, nocrpoennoe no Gynkmuu ¥o(u) = u, 70

1
H(t,x; L, G') < /x*(s) d(min(s, tsn'/? ¢/s))
0

[3, c. 164] (310 03HAUAET BHIIOJHEHNE HEPABEHCTB, AHAJIOIMIHBIX HepaBeHCTBaM (3),
C KOHCTaHTO, He 3aBucsied or ¢ € Ly ut > 0). Tlocie HecsoKHbIX Ipeobpa3oBaHuii
[TOJIY9UM, ITO

1
H(t,x; L, G') < /x*(s)ds—l—t/x*(s)lnl/Qe/sds, (5)
(®)

o
N

rye v(t) = exp(l — 1/t2).
IMonarag t = 1/y/n(n =1,2,...), uz (4), (5) u Toro, uro no dbopmyse Xoabm-

crenra (9] 1/2
H (%,(ak);co,lz) = Ln <Z[az]2> ’

IIPUXO/IUM K HEPaBEHCTBY

" 1/2 el " 1
1 1
—{Z[ci(x)f} < Ay / x*(s)ds + — / *(s)In'/%e/sds y
n n
k=1 0 el—n

nJjimn

0 el—n

rae koncranTa As > 0 we 3aBucur or x € Ly un=1,2,....
C moMoIIpo oreparnun
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MOXKHO TIOJIyYUTh HEPABEHCTBO, aHajornaHoe (6), B mpaBoil 9acTu KOTOporo Gyzer
JIMIITH OJTHO BBIparKeHUe.
IIpex e Bcero mrs sroboro 0 <t < 1

t 1 1

/1x**(s)ds/z*(u)/%dqu/x*(u)/l%du
i 0 t i u

ln%/z*(u)dqu/l:E*(u)ln%du. (7)
0 t

_ 1/2
Bamernym, 4o mpu 0 < u < e~ 2 BBIIOIHEHO HepaBeHCTEo In'/ e/u <Inl/u. Iosro-
My

e ? e ?

1
/x*(u)lnl/uduz /x*(u)lnl/uduz /x*(u)lnl/Qe/udu,
t t i
mecm 0 <t <e 3, To

6—2

jx*(u)lnl/uduz /z*(u)lnl/uduz

e—3

2(e—1)

1,* 672
()

Taxum obpazom, mpu 0 < t < e™3

1

1

1

* Inl >_ - * 11/2

/ac (u)Inl/udu > e(e+2)/x (u)ln'/“ e/udu,
i

t

orky/a BBuny (7) mis Bcex n > 4

1 el " 1
/ ™ (u)du > (n—1) / ¥ (u) du + m / 2*(u)n'/? e/u du
el—n 0 el—n

1—

n 1

1

Zm Vn / " (u) du + / 2*(w)n'/? e /udu
0 el—n

B urore u3 HepaseHcTBa (6) mosydaem

1

n 1/2
{Z[ci(z)f} < A3 / o™ (u) du, (8)

k=1 el—n

riae koucranTa Az > 0 me 3aBucur or © € L1 u n > 4.

OzHako (M ZI0KA3aTeIbCTBO 3TOrO — IVIABHAS eb PaboThl) s Kosdbdunu-
entoB Oypbe — Pajemaxepa dyukimit uz CII MOXKHO mojryduTh U ropaso 6oJee
TOYHYI0 HHMDOPMAINIO, HexKean coorHomeHust (6) u (8).
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Host mamepunvbix Ha [0, 1] dyaximit @ = x(t) u y = y(t) nosoxum

1
(x,y) = / x(t)y(t)dt (ecam mHTETrpas CYIIECTBYET).
0
Anamornaso nys nocremoBaTenbHocTelt a = (ag)pe, 1 b= (b)),
oo
(a,b) = Zakbk (ecam psij cXOQUTCST).
k=1

Torna ecu
Ta(t) = axri(t), (9)
k=1

TO JJisl TIPOM3BOJIbHBIX byHKIMKU & = 2(t) u GUHUTHON 110CIIEIOBATEILHOCTH @ =
(ax)$2 | BBIIOJIHEHO COOTHOIIEHIE

1

(Fz,a) =Y cx(w)ay, = / 2(t)Y axri(t) dt = (z,Ta). (10)
k=1 0 k=1

Wcnonb3yst ABONCTBEHHOCTD, HETPYIHO MTOJYINTEH OMMCAHNE MHOYKECTBA KO-
dunuentop @ypre — Pagemaxepa CII X, ecim X C G'. Ilpexie Bcero BBUIY
HepaBeHCTBa XMHUMHA JiuIs pocTpancTia Ly [10]

1
ﬁl\TallLQ <|Tallz, < |TallL,-
Crenosarensro, u3 pasercrsa ||Tallr, = |la|2 ciaeayer, uro T — HHbLEKTUBHBLIL
OoTrpaHImYeHHbI omepaTop u3 I B L. Ho Torma conpsizkennsiit T — CIOPHEKTUBHBIIH
orpaHuYeHHbIi oneparop u3 Lo, B lo [11, c¢. 20]. Beuumy (10) T* = F u, 3nauwur,
F(Ls) = la. Tak xak mus moboro CII X ua [0, 1] umeer mecto Bioxkenne X D Lo
[3, c. 123], Tem Gosee F'(X) D la. B To e BpeMmsi, Kak 1mokazaHo panee, F(G') C ls.
Taxum obpazoM, 1mosrydaeM

IIpengoxenune 1. Ecmm cummerpuanoe npocrpanctso X cogepxkurcea B G, To
COOTBETCTBYIOIEE €My IPOCTPaHCTBO K03 puimenroB Pypre — Pajgiemaxepa ecthb
F(X)=ls.

IlepeiineM Temepb K m3ydenuio 6oJee mATEpecHoro caydas: X O G,

Tak kak cucrema Panemaxepa obianaer csoiicrBom Cuyiona, 1o F' — clopbek-
TUBHBIN OrpaHWYeHHBIN onepaTop u3 Ly Ha ¢g [1, c. 295], 1. e.

F(Ll) = Cp- (11)
O,D;HOBpeMeHHO BBUAY TOJIBKO YTO C(i)OpMyJII/IpOBaHHOI‘O OpeaIOZKeHN A
F(G) = l,. (12)

Mb1 nokazkeM, 4ro coorHoltenus ciopbekrusaocTu (11) u (12) MoxKHO «11pouH-
TEPIOJMPOBATE» U JIJIT TPOCTPAHCTB, IIPOMEXKYTOUHBIX MexK iy G’ m L1, mpocTpan-
crBa koaddunmentop Pypre — Pajiemaxepa Takske sIBJISIOTCS BIIOJIHE ONPEIEJICH-
HBLIMH CUMMETPUYHBIMU IPOCTPAHCTBAMHE ITI0CJIeI0BATEILHOCTEI.

ITycrs (Xo,X1) n (Yo, Y1) — Ganaxossl napel. Tpoiika npocrpancts (Xg, X1,
X), XonNX; € X C Xy + X1 HasblBaercd UHMEPNOAAYUOHHOT OMHOCUMENDHO
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mpotru (Yp,Y1,Y), YoNYy CY C Yy + Y1, ecsn smo6oit smHeitabiil onepatop A,
orpannyenubiit u3 Xg B Yy u u3 X; B Y7, orpanmden u3 X B Y. Ecim npum stom
JIOTIOJTHUTEJTHHO

[Allx—y < max{||Al|x,~y, : i = 0,1},

o Tpoiiky (Xo,X1,X) Ha3BIBAT MOYHOU UHMEPNOAAUUOHHOT OMHOCUMENLHO
mpotixu (Yo,Y1,Y). Ecom X; =Y; (i = 0,1) u X =Y, 10 rosopar, yro X —
(mounoe) unmepnoasyuonnoe npocmparcmeo omuocumenvio napv, (Xo, X1).

BaxxHyt0 posib B JAMbHEHIIEM UIPAET BemeCTBEHHBIA MeTOJ, WHTEPIIOJIAIH.
Hanomuum ero onpejienenue.

ITycrs E — 6anaxoBo ujeasbHoe npocrparcTso (BUIT) nBycTOpOHHUX YUCIO-
BBIX TIOCTIeIoBaTebHOCTel @ = (a;)72 . Ecmm (Xo, X1) — npoumssosbnas 6ana-
XOBa T1apa, TO npocrpancTBo J£ -metona (X, Xl)g cocrouT u3 Beex r € Xg + X1,
JIUTST KOTOPBIX

[l = (' (27, 25 Xo, X1));l| & < 0o

B mpocrpancrso _Z -MeTona (XO,Xl)ng BXoaaT Bce ¢ € Xo + X1, JlomycKaromiue

pejcraBjieHue
o'}

T = Z uj (cxomumocts B Xo + X71), (13)

j=—0c0

rae uj € Xo N X;. Hopma B (X, Xl);f [I0JIAraeTCsl PaBHOI
{inf} 1,7 (27, u; Xo, X1)); &,
uj

IJle HIPKHAS TPatb Gepercs 1o BeeM MoCIeIoBaTebHOCTAM {1 } 52 _ o, JUIS KOTOPBIX
BBIIIOJTHEHO cooTHoIenue (13).

Eciu E — BUII nBycropoHHEHX mOCiIeqoBaTeNbHOCTEH U o = (ag)i _ o
[OCJIE/I0BATENBHOCTh HEOTPUNIATENbHBIX YHCeJ, TO TpocTpaHcTBo E(ay) cocromt
u3 BCeX a = (ap)pe_ . TakuX, 4T0 (arar)ie_ € E u |a||g@,) = |(arar)||Ee.

Ipeonoxiy, ato E D A(lse) = loo(max(1,27%)) (coorsercreenno {0} # E C
Y(l1) = Ii(min(1,27%))). Torma oroGpaxenue (Xo,X1) — (Xo,X1)# (coorser-
creenno (Xo,X1) — (Xo,X1)% ) onpezessieT TOUHbIA HHTEPIOJIANNOHHbIN (HyHK-
TOp. DTO O3HAYAET, UTO JUIs IIPOM3BOJIbHBIX GaHaxoBbix nap (Xo, X1) u (Yo, Y1)
TpOIKa
(XO,X 1, (X0, X 1){ ) ABJISIETCS TOYHOU WHTEPHOJSIMOHHON OTHOCHTEHHO TPOUKHI
(YO,Yl, (YO,Yl)‘g ) (n amagormuano must _Z-meroma). COBOKYIHOCTb BCEX TaKHX
(bYHKTOPOB HA3LIBAETCS 6ewecmeenhvim J - (COOTBETCTBEHHO 7 -) Memodom UH-
MEPNOAAUUL.

B wacrtrOCTH, M1 0 < 0 < 1, 1 < p < 00 1oJiy4aeM KJIACCUYECKUEe MHTEPIIOJIsi-
[UOHHBIE TTPOCTPAHCTBA

(X0, X1)op = (X0, X1) 5 40y = (X0, X1)7 010

2. OcHOBHbIE Pe3yJIbTAThI

Kaxk ormeuasiocs panee, mpocrpancTso G coBmagaer ¢ mpocTpancTBoM JIopeH-
1a A(uln1/2 e/u). Tlosromy oHO g-BOrHYTO mpH JitoGoM ¢ > 1 [12] u ssacruvro B
cmbicsie padorst [13]. Ho Torga no caegcrsuo 5.10 u3 [13] unrepnonsnus B 6axa-
xoBoii mape (G', L1) onmuceiBaercst £ -MeTOZ0M. DTO 03HAYAET, UTO JIJIs IPOU3BOJIb-

HOTO TPOCTPAHCTBA X , HHTEPIIOJIAIIMOHHOTO OTHOCUTEIBHO ITON MAPBI, BBHIIIOJIHEHO
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PaBEHCTBO

X=(G L)y (14)

upu mexkoropom BUIL E' aByCcTOPOHHUX OCIEI0BATEILHOCTEN, KOTOPOE MOXKHO CYIHU-
TATh TOYHBIM MHTEPTIOIAMMOHHBIM OTHOCHTEIBHO AP loo = (loo, loo (27F)) [14].

Teopema 1. Ilpexnosoxum, aro X — cenapabeabroe CII, marepnossimuon-
Hoe orHOcHTestbHO napel (G, L), Takoe, uro BeimosHeHO coorHourenue (14). Torna
COOTBETCTBYIOIIEE IPOCTPAHCTBO Koddduimenro Pypbe — Pagemaxepa F(X) cos-
majaer ¢ cernapabebHBIM TPOCTPAHCTBOM

R = (ly,co) % . (15)

JIOKA3ATEJILCTBO. Beuay coobpaskennii npsoiicrsennoctu [11, c. 20| mocra-
TOYHO ITPOBEPUTD, UTO COINPS2KEHHBIHN oniepaTop F* Oyrer nabekTuBen u3 R* B X*.
IIpexne Bcero BUIT E B coorHomennu (14) MOXKHO B3sTh TaK, 4TO OY/YT BbI-
TTOJTHEHBI YCJAOBUST TEOPEMBI TBONCTBEHHOCTH /I BEIECTBEHHOT'O METOJIa WHTEPITO-

ssn (14, c. 128]:
A(Z_;o) BCIOJly IJIOTHO B E (16)

E¢le u E¢l27%). (17)

s nokasareasersa (16) oGosmaumy gepes Ey sambikanne A(ls) B E 1 noka-
KeM, 9TO
_ ! K
X = (G, L)%, (18)
Tak kak X cenapabesibHO, B HEM BCIOJLY IIJIOTHO IPOCTPAHCTBO Lo [3, ¢. 138]. TlosTo-

My IO OIPEJIEeIEHHUIO IIPOCTPAHCTB J# -MeTOAa [JIsl IPOU3BOJIbHON dyHKImN & € X
CYIIECTBYET HOCIEOBATEIBHOCTD {Tn 152 C Loy TaKasi, 9TO IPU N — 00

ln — ol = (28 20— 2: G L)l — 0.

IMpu kaxgom t > 0 # -dyuruunonasn JH (t, x; Xo, X1) dBjsiercs HOPMO#i HA IIPOCTPAH-
crBe X + X;. CuesoBaresibHO, €CliM . — 00, TO W3 MPEIBIIYINEr0 COOTHOIIEHWS
BBITEKAET, 9TO

H(%(2k,1’n; leLl))k - (‘%/(kax;leLl))k”E — 0. (19)

ITo omrpenenenmio ¥ -pymakmmonana mpn k < 0 mmeem # (2% 2,,; G, L) < 2F||2, |z,
ampu k > 0 6ymer # (2%, 2,;G', L1) < ||znllgr. Tem cambivm mpu xazaom n =
1,2,... mocaenosarensuoctsb (£ (2%, 2,3 GY, L1))5S _ JexuT B Aly) u u3 (19)
caepyer, uro (A (2%, 2;G', L1))i2 o € Eo, . e. x € (G', L1)# . Coornomenne (18)
JIOKA3aHO, U, 3HAYNT, ycaosue (16) MOKHO CUATATH BBIIOJHEHHBIM.

ITepeitnem reneps K ycmosusim (17). Tak xak ||y||L, < 2|lyllgr, To mst y € Ly n
0<t<1

1
tlylle, < 2ty G Le) < tlyllr,-

Hostomy BeHIY Bokerns E D A(ly) = lo(max(1,27%)) moxmo npeamonoxuts,

aro E' D ¢ (unage BMecto E Bo3bMeM npocTpancTBo F+cg, B KOTOPOM IIO-IIPEXKHEMY

oyzet Beroy mwiotHo A(ly)). Otciona, B wacTHOCTH, BRIBOANM, 9T0 F ¢ 1 (27F).
Ecmm ke E C ls, TO 13 mosHOTH TpocTpancTBa G’ oTHOCHTENBHO L1 IOy 9aem

G'CcX=(G L)E C (@ L) =¢
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[15, p. 384], ™. e. X = G’. Cosepmmenno ananorudno (lz, co)7 = l, 1 yTBEPKICHIE
TEOPEMBbI COIEPKUTCs B cooTHOIeHnn (12). Takum 06pa3oM, MOXKHO IIPE/IIOIOXKHUTD,
a10 E ¢ lo 1 yenoBus (17) Takske Oy/ieM CINTATH BBIIOJTHEHHBIMI.

Tak kak (G')* = Ly, N(u) = e’ —1 [16, c. 97], mo Teopeme JBOHCTBEHHOCTH
JUTs BEIeCTBEHHOTO MeTo/a [14, c. 128] momydaem

X*=(Ln,Loc)ge w0 R =(l2,1) 7, (20)

rae £ — BUII aBycToponHnx HocaeIoBaTe bHOCTe, Ayaibioe K E oTHOCHTEIbHO
OMIMHEHOTO (DYHKITMOHATIA

(aab> = Z akbk2_k7 a= (ak)lzifooa b= (bk)zozfooa

k=—o0

lall g+ = sup{{a,b) : [[bllz < 1}.

N3 coornomennii (16) u (17) caexyer, uro ly Bcrogy miorHo B R [14, c. 106] n,
3naqnT, R cenapadenbuo. IloaTomy comnpsizkennbie mpoctpanctsa X * u R* coBma/ia-
10T ¢ jBoiicrBennsiMu X' u R’ coorsercrsenno [17, c¢. 254], u BBuny (10) F* = T.
Hanee, Tak Kak F — TOYHOE WHTEPIOJSIIMOHHOE TPOCTPAHCTBO OTHOCHTEIBHO Ia-
pbl loo, To ET — TOUYHOE MHTEPHOJISAIUOHHOE HPOCTPAHCTBO OTHOCUTEIHLHO TIAPbI
I = (I1,1:(27%)). Kpowme Toro, uz (17) cremyer, uro E* ¢ Iy u E* ¢ [;(27F).
ITostomy, npumensis [14, c. 68|, _#-npocrpancrsa B cooTHOneHnn (20) MOXKHO 3a-
MEHHUTD £ -[IPOCTPAHCTBAMHU

X'=(Ln, L)% m R =(l,)%,
rae B = (l;@gi Beuny pasencrsa (¢, x; Xo, X1) = t£(1/t,2; X1, Xo) orciona
TIOJTY 98aeM

v e
XI:(LOO;LN)EI n RI:(ll’l2)El’

rze [|(ar)llz, = (2% a—i)kl 5-
Tak xak Lo, C G u G — noanpocrpanctBo Ly, aua z € G

H(t, 25 Loo, G) = A (t,2; Loo, LN). (21)

Iosromy mpocrpancTBo Y = (Lo, G)JEK uzomerpudecku Bioxkeno B X', ITo Teope-
1

Me 1 n3 paborsr [18] (eMm. Takzke [19]) oneparop T uHBEKTHBEH n3 nmpocTpancTsa R/
B IpOCcTpancTBo Y, a 3HaunT, n B X'. OTcrosa, KaK OTMEYAI0Ch B HAYAJE JOKA3a-
TeJIbCTBA, cielyer, 4To cam oneparop F' ciopbektusen uz X B R, 1. e. F(X) = R.
Teopema J10Ka3aHA.

Tak kak 1o Teopeme Cruappa [20] unrepnossnus B nape (la, ¢p) TakzKe ONUCHI-
BaeTCsd £ -METOJIOM, COBEPIIEHHO AHAJOTUIHO JOKA3BIBAETCS CJIETyTONIEe YTBEPKIe-
HIe.

Teopema 2. Ilpemmosoxum, aro R — cenapabesibHoe 6aHAXOBO IPOCTPAHCTBO
[I0CJI€JI0BATEIbHOCTEH, HHTEPIIOJISIIMOHHOE OTHOCHTEIbHO napbl (2, ¢p), a1 KoTO-
poro BbiosHeHo coornomenue (15). Torma mis cenapa6easuoro CIT X, yrosierso-
pstrorriero coorromrenuto (14), umeer mecro pasencrso F(X) = R.

ITocnennee yreepzKieHre pe3Ko KOHTpacTupyer co ciaydaeM X C G', paccmor-
PEHHBIM B TIpeIOKeHun 1.
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Teopema 3. ITycres Xog n X1 — cenapabesnbusie CII na [0,1], unrepmnosim-
onnbie orHocuresabHo napol (G', Ly). Eciu cooTBeTcTByIOIIe UM IPOCTPAHCTBA KO-
sppurmenros Pypre — Panemaxepa F(Xo) u F(X;) coBuagator, to Xg = X1 ¢
9KBHBAJICHTHOCTHIO HODM.

JIOKABATEJIBCTBO. Kak oTmedasioch nepej; Teopemoii 1, nHTepnonsmnus B na-
pe (G', L1) onuceiBaercsa £ -meromgom. ITosromy cymecrsyror BUIT nycroponanx
nocsegoBarenbaocTeil By m Ey, TOYHbIE WHTEPIOIANMOHHBIE OTHOCHTEIHHO ITAPHI
loo, TAKUE, UTO

X;=(G',L)Z (i=0,1).
Tora 110 ycioBuIO U TeopeMe 1
F(Xo) = F(X1) = (Ia, c0) 7, = (I2, ¢0) 7, -

O603HaYNM 3TO TIPOCTPAHCTBO Yepe3 R.

TouHo Tak ¥e, KaK IPH J0KA3aTelbCTBE TeOPeMbl 1, MOYKHO CYUTATH, 9TO IS
E; (i = 0,1) semonnenst yenoeust (16) u (17). Cuenosaressro, T (em. (9)) —
HMH'BbEKTUBHBIN OrpaHmdeHHblii oneparop u3 R’ B X u X{. nade roopst, Jiis jiro6oit
HIOCTIeIOBATEIbHOCTH @ = (ak)5e, € R/

00 0
Zakrk = Zakrk = ||a||R/.
k=1 k=1

X
)
Eciu Y; — sambikanve Lo B X! (i =0,1), T0

o0 oo
E AT = E AT
k=1 k=1

Tak kak X u X{ sBASIOTCS £ -MHTEPIOJSIIMOHHBIME POCTPAHCTBAMHA OTHOCHU-
TesibHO napbl (L, Loo) (CM. JJOKa3aTeapcTBO TeopeMsl 1), BBiLy cooTHomeHns (21)
upocTpaHcTBa Yo U Y] MHTEPOJLAIMOHHBL oTHOCHTEIbHO 1aphl (G, L,). Crenosa-
TeJIbHO, JIJIsl HUX BBIIIOJIHEHBI YCJIOBHsI TeopeMbl 3 u3 paborsl [18] u, 3nauut, Yy = 7.
W3 onpenesierust ABOHCTBEHHOIO IPOCTPAHCTBA ojtydaeM, 4ro Yy = X/ (i =0,1) u,
trakuM obpazom, X = X{. Orcrona Beumy cenapabesbHocT Xo 1 X 3aK/I0UaeM,
a10 X9 = X1 € 9KBHUBAJEHTHOCTHIO HOpM. Teopema joKa3aHa.

X0

Yg Yl

3. 3akio4ynuTesibHbIEe 3aMeYaHUud U npuMepbl

3AMEYAHME 1. Ilycrs Zg = {z € L1 : Fx =0}, Z; = {z € G’ : Fz = 0}.
Torya dakrop-ipocrpancrBo G’ /Z] ecrecTBEHHBIM 00PA30M BJIOXKEHO B (DAKTOD-
upocTtpalctBo Ly/Zy: & = x4+ Z1 — x + Zy ¥ 5T0 BJIOXKEHNE HENPEPHIBHO OT-
HocuTesbHO hakTop-HopM. Ha Ly /Zy onpesennm JuHEHHBIH onepaTop F: Fi =
f‘(ac + Zy) = Fx = (ck(x))72,. Beuny coornomenuii (11) u (12) sror oneparop 6y-
net uzomopdusMom upocrpancts Ly /Zy u co, a rakxke G'/Zq u la. CrenoBaresbHo,

H(t, %G )2, L1 ) Z0) = H (t, FF;la, o) (22)

C KOHCTaHTOI, He 3aBucsmeii or & € L1/Zy ut > 0.

IIpeamonoxum, uro BUIl E AByCTOPOHHUX IOCJIEI0BATEILHOCTEN YIOBIETBO-
psier ycaosusiv (16) u (17). Torma 1o Teopeme 1 omeparop F apnsiercs n30Moppu3-
mom npoctpancts (G, L) # /Zg u (Io,c) %, tne Zg = {z € (G',L1){ : Fx = 0}.
Iosromy cornacuo (22)

(G')2Z1, L1/ 20)E = (G, L)% |Z5
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(HOpPMBI SKBUBAJIEHTHBI).

3AMEYAHUE 2. Beuny mepasencrBa Xunguna [1, c¢. 153,154] g 1 < p <
oo BbInosiHeHo paseHcTBo F(L,) = lo. Tem ne Menee yrBepKieHus teopeMm 1 u 2
epecTaloT O6BITh BEPHBIMH, eCu B uX GopMmyuposke G’ 3aMeHnTh Ha L), IpU KAKOM-
6o p u3 roro npomexxyrka. Heiicrsurensuo, (Ly, L1)gy = L4, ecn 6 € (0,1)
takoe, yto ¢ = p/(pfd — O + 1) [21, c. 157]. OguoBpemenno st Tex xe 6 u ¢ umeer
MecTo paBeHCTBO (l2,€0)o,q = lr.q, THe T = 2¢(p — 1)/p(¢ — 1) [21, c. 146]. Tax kax
g <p, 07T >2 mnosromy F(Lg) =1ls # lrg.

ITosrydenuble pe3yJIbTaThl IO3BOJISIOT HAXOIUTH CUMMETPUYHBIC IIPOCTPAHCTBA
dyHKIUi ¢ 3aganHBIME TpocTpaHcTBamu Koddduinuentos Oypre — Pagemaxepa.
IIpuBenem nBa mpumepa.

IMpuMmEP 1. Ilycte R = I, 2 < p < oo. Taxk xak [, =
(p — 2)/p [21, c. 146], mpocrpancTBo X, A1 KoToporo F(X,)
dopmyite

(ZQ)CO)Q,])) Fﬂe 9 =
= [, HAXOIUTCs 1O

X, = (G', L1)gp-
IIpocrpancrsa G’ u L1 coBnasaoT ¢ npocrpancrsamu Jlopenia A(ulnl/ Ze Ju)u A(u)
cooTBeTcTBeHHO. [loaTomy

G' = (L1, L),

11 (2-F(1—k)—1/2)> L= (LhLoo)/

l1(27k)7

npuyem, Tak Kak paccmarpusatorca CIT dyuknuii, onpenenennnix Ha [0, 1], B Kaue-

crBe mapamerpoB _# -Meroza Gepem BUII mocsemoBaressroCTEl 0 = (aj)j;og [22].

IIpuMensist Tenepb TeOpeMy peHTepanun st _# -MeTO/Ia, IOJIyYaeM, 9TO IIPOCTPAH-
— 1/p

crBo X, coBmazaer ¢ mpocrpancTBoM Jloperma A, (¢p), toe gp(u) = uln/Pe/u.

ITpuMEP 2. Ilycrs R = A(1/k) — npocrpancrso JIlopenma Beex moc/iejoBaTeib-
Hocreil a = (ag)p;, A/l KOTOPBIX KOHEYHA HOPMA

o0 a*
lallxa/m = Zf
k=1

DTO MpOCTPaAHCTBO cenapabesibHo; moabupas monxoxasgamee BUIT nocemoBarensHo-
creit B, MoxkHO mokazath, 4To (la, o) = A(1/k). MbI, ofHAKO, TOCTYIHM TIO-
JIPYrOMy, UCIIOJIb3Ysl upumep 2 u3 paborsl [18] (moxpobuee cm. B [19]).

Ormerum, 9TO

M1/k) = M1/k) =1L(log) u I1(log) = A(1/k), (23)

rje upocrpadcrso Mapnurkesuua [ (log) cocTonT M3 Beex I10CII€I0BATEIBHOCTE
a = (ag)$2, JJist KOTOPBIX KOHEYHA HOPMA

k
HaHh(log) = kfug log;l(Zk) Zaf

=hS i=1
[23, c. 190]. Tak xak npocrpascTso l1(l0g) HHTEPHOISIIIMOHHO OTHOCUTENHHO TIAPHI
(I1,12) (em. mpumep 2 B [18]), ¢ yaerom (23) npocrpanctso A(1/k) nHTepronsaruoHto
ornocurebao napsl (I, ¢p). Takum obpazom, 1o Teopeme 2 oneparop F clopbek-
tuBeH u3 HekoToporo cenapabessroro CIT X B A(1/k). IIpu sT0M CONpsizKeHHBIN K
Hemy omeparop T siBsiercss nabexiueit u3 A(1/k)" = 1;(log) 8 X’. Torma us pe-
3yabTaToB [18] momywaem, uro X' = M(yp), rue p(u) = ulogy logy(16/u). Ciemosa-
TEJIbHO, BBUJLY CernapadebHOCTU IPOCTPAaHCTBA X OHO COBIIAJAET C MIPOCTPAHCTBOM

Jlopenna A(yp) [3, c. 138]. Urak, F(A(p)) = A(1/k).
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