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CJIABOE UHTEI'PAJIBHOE ITPE/ICTABJIEHUE
MAZKOPUPYEMBIX OPTOTOHAJIBHO AJJIMTUBHBIX OITEPATOPOB

A.T. Kycpaes, M. A. Ilaues

Hacrogmas 3amerka sBisieTcs npojgoikennem paborsl [4]. 3meck u3ydaorcss opToro-
HAJIBHO 3 [JIATUBHBIE OMEPATOPHI B MPOCTPAHCTBAX M3MEPUMBIX BEKTOP-DYHKIHUI n HA OC-
HOBE UCIIOJIb30BAHNS TEXHUKU MAsKOPUPYEMbIX ONEPATOPOB CTPOUTCA C1ab0e MHTErpabHOe
MPEJICTABJIEHAE MasKOPUPYEMOTO OPTOTOHAILHO &IIMTHBHOTO OTepaTopa. JacTHBIM CJIyda-
€M TIOJIyYeHHOTO pe3yJibraTta saBisgerca Teopema Cerypsl jie Jleona 06 MHTErpaJbHOM TIPEeI-
craBjeHun abCTPAKTHOIO onepaTopa Y PhICOoHa, nostydeHHast B pabore [6]. Bee neobxoaumbie
cBeJieHns 06 MHTErpajJbHBIX OMEPATOPAX W BEKTOPHBIX PEIIeTKax cOOpaHbl B MOHOTpadusix
[1] u [2]. Pemerouno HOpMUPYEMBIM TPOCTPAHCTBAM TOCBsIIeH 0630p [3]. OpToroHambHO
aJTITUBHBIE OTIEPATOPHI, IEUCTBYIONIUE B TIOPSAIKOBBIX MJI€AJIaX MPOCTPAHCTBA M3MEPUMBIX,
HOYTH BCIOJY KOHEUHBIX (hYHKIUiI M3ydasuch B pabore [5].

80. Beenenue

0.1. Beemem meoOxommMmbie oOo3HadeHus:: F m F — mnopsiakoBwie wmameanbl B K-
npocrpancTBax Lg(v) u Lo(p) coorBercrBenno. Yepes A 0003HAUTAETCS TPOM3BEICHIE MEP
v Q@ pu. X — cenapabespHoe 6aHAXOBO TPOCTPAHCTBO; YA — CUE€THOE BCIOAY TJIOTHOE MHO-
xkecTBO B X Takoe, uro ||z|| € Q, Vr € A, Y — 6aHaxoBO MpPOCTPAHCTBO TAKOE, UTO CYy-
nIecTByeT cenapabesibHOe HOpMEpPYyIoIee noanpocTpanctso Z B Y* u'Y C Z*; E(X) u
F,(Y, Z) — npocTpaHCTBa CUJIBHO U (JIA00 U3MEPHUMBIX BEKTOP-(DYHKIWIA, HOPMUPOBAHHBIX
nocpeacteoM E u F. Uepes 14, 1p obo3naunm xapakrepucrudeckne (hyHKIIUN U3MEPHU-
MbIX MHOXKecTB. Omeparop 7', meiicTByIOuii B MOPIIKOBBIX uaeasax F u F Ha3biBaet-
cs abCMPaKMHbLM ONEPAMOPOM Y PHICOHA, €CITU OH OPTOTOHAJIBHO AJJUTUBEH U TIOPSIKOBO
orpanudeH. MHOXKeCTBO Bcex abCTpaKTHBIX OmnepaTopoB YpbicoHa u3d F B F' ob0o3navaeTcs
U(E,F). Oneparop T € U(E,F) naszsiBaercs nosooscumesvrom, ecma Te > 0, Ve € E.
Konyc monoxurebubx oneparopos 3aaaer acruanbiii mopsok va U(E, F'). Ecin E Bek-
TopHag pemerka, a F' mpocrpanctso Kanroposuua, To U(E, F') 6yaer mopsiIKOBO TOTHO
BeKTOpHOI pererkoit. [Ipm aTom cynpemym, napEMyM, MOLYJIH OTIEPATOPOB BBIYUC/ISAETCS
o popMmymam:

(SAT)(e) =inf{Se; +Tex: e1 +ex =¢€; e1Lea};

(SVT)(e) =sup{Ses +Tey; e1 + €2 =€; €1 Lea};
|T|(e) =sup{Te; —Tez: e1 +e3 =e¢; e1Lea}.

Beesem Hy:KHOE 7151 JasIbHEAIEro n3ioxenns MHOXKeCTBO Ugy (E, F'). Byaem roBoputs,
aro T € UL (E, F) npunagnexur Ugn(E, F), eciu T Bospacraer va Ey u T(—e) = Te.
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Omnepatopsl, npunaexaiue Uy, HA3BIBAIOTCA cummempuyno.my. Omnepatop G, meiict-
sytommii u3 PHII (V, E) 8 PHII (W, F') Ha3bBaeTcs mMasicopupyemvim onepamopom Y poico-
Ha, ecmu G OpTOroHAIBLHO ajyuTuBeH u cymectByer T € Ugy, (E, F') Takoii, 9To BBIMOTHSI-
eTCsl KAHOHUIECKOe HEPABEHCTBO:

|Gol < IT| |v] .

0.2. PaccmoTpum onmH KJiacC HEOOXOAMMBIX B JaJjbHelnem BekTop-dyukmuii. [Iycrs
(A,X1,v) u (B, X5, 1) — TPOCTPAHCTBA € 0-KOHEUHBIME Mepamu, a U:B x A x X — Y.
Bynem rosoputsh, uro dyukimua U npunagjiexut kiaccy K, eciim U yI0BJIeTBOPSET CIIEILy-
IOIAM YCJIOBUSIM:

1) U(s,t,0) =0 A-mw.B. agia (s,t) € B x A;
2) U(-,-,x) byner Z-cnabo u3MepuMoi Jijis Beex € X;

3) U(s,t,-) A-m.B. Z-cnmabo paBHOMEPHO HeMpepbIBHA HA KAXKJOM 3aMKHYTOM OIDAHMU-
genHoM mape X.

C kaxJI0it TaKOi BEKTOP-(DYHKIIMEH CBSIXKEM ee PEIIeTOYHYI0 HOPMY IO TIPABUITY:
UL (s, 2, 7) = sup{[{(z, U(s, t,2))| « [[z]| <75 2z €2 2] <1; 2 € 2}

BozbMmeMm Temneph CHIBHO M3MEPUMYIO BEKTOP-GyHKIMO U: A — X, W TpeamnosoRuM 9To
JJI BCEX 2 € Z W mOYTH BCeX S € B CyIecTByeT MHTErpaJ

w(s, z) = /(z,U(s,t,ﬁ(t)))dV(t)

A

U JINHEeAHBIA (DYHKIMOHAI z — w(z, $) HEIpepbIBeH Npu mouTH Beex s € B. Torma onpeese-
Ha cs1ab0 m3mMepumas BeKTOp-byHKIms § — w(s, z). Jljis Kiracca SKBUBAJEHTHOCTH BEKTOD-
dbyukmun 4 oboznaunM dyepe3 T'i KIacC IKBUBAJIEHTHOCTH BEKTOP-DYHKIMHA § — w(S, ).
Ecmu T4 cymectyer u |T4U] € F, To onpejeseH OPTOTOHAJBHO AJIUTHBHBIN OTIEpATOD
T:E(X) — Fs(Y, Z). TIpu 5T70M TOBOPAT, 9TO ONPEIEJEH CAAOT UHMELPANLHYIT ONEPAOP
T c agpom U u, momnyckast HEKOTOPYIO BOJBHOCTD, THUIILYT

(2, T (s) = / (2, U (5,4, (1)) du(t).

A

81. YcjioBus Ma>kOpUPYEMOCTH ¢JIabOro MHTErpajIbHOTO OIEepPaTopa

1.1. B stoM maparpade MBI IOJYYUM KPUTEPHI MarKOPUPYEMOCTH cIaboro MHTer-
pajbHOro onepaTopa. s penieHusi NOCTaBJIEHHON 33/1a9i HaM HOTPeOYIOTCs HEKOTOPbhIe
BCIIOMOTATeNbHble KOHCTpyKnuu. Ilycts F' — BekTopHas pemeTka, a F — BeKTopHad
noppemerka 8 F. Oueparop T: E4(Y, Z) — Fy (Y, Z) naspiBaerca onepamopom KoMmymu-
pyrowum ¢ npoexmopamu, ecia T o = mo T 1 mo60oTo TOPAIKOBOIO TPOEKTOPA

mF,(Y,Z) = F,(Y, Z),

takoro uro m(Eg(Y,Z)) C E4(Y,Z). lupokwmii Kiacc omepaTopoB KOMMYTHUPYIOIIUX C
MIPOEKTOPAMH, KOTOPHIE AEHCTBYIOT B ITPOCTPAHCTBAX BEKTOP-(DYHKIW, TOCTABJISET Ciie-
ayomuii npuMmep. PaccMmorpum BekTop-dyHKImio N: A X X — Y, yIoBJIeTBOPLIONIYIO
CJIELYIOIIAM yCJIOBUSIM:
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1) N(t,0) = 0 g nourn Beex ¢ € A;

2) N(-, f()) — cnabo namepuma st J11060oii ciabo uamepuMoil BekTop-byHKIIH f €
Fy(X)).

Torma oneparop T: E(X) — Lo(v, X), onpeaensemsrit popayaoit T'(f) () = N(t, f(t)),
Gy/IeT KOMMYTHPOBATE C MTPOEKTOPAMH. JIeHCTBUTENLHO, KAXKIBIH TPOEKTOP B IIPOCTPAHCT-

Be Lo(v, X) umeer Bug wf = flp, tne 1p — xapakrepuctudeckas (pyHKIWS HEKOTOPOTO
N3MEPUMOTO MHOXKECTBaA. HO3TOMy MOZXKHO HaIIUCATh

— — — — — —

(Tom)(f)(t) = T(f1p)(t) = N(s, f(H)1p(#)) = N(&, f(#)1p(t) = T(f)(#)1p(t) = (woT)(f)().

B [4] ycranosaeno, uro oneparop, KommyTupyomuii ¢ npoekropamu 8 PHII, oproronassho
AJINTUBEH U JIATEPATIHHO HEIPEPLIBEH.

1.2. JIemma. ITycrs T : E(X) — Lo(v) oproronaabno aganrusabiii oneparop. Torga
BBITIOTHSIIOTCS CITELYIOIHE YCIOBHSL.

1) s mo6bix KoHeuHbIX nocaegoBareapaocted (f;) 15 (gi)", €E(X) HaiijlyTcs TaKue

anementrl U, U € E(X), uro BemmonHsirorcss coornomenwst | — v < sup | fi— gzl u |Td —
1<ign
1<ign

2) Jlns mobbix xomeunsix mocieosarensnocrei (f;)'y, (7)), € B(X) m smemen-

Ta i € E(X), |d] = suplle naiigerca anement ¥ € E(X), |[9] < sup |gl, |4 — 0] <
1<i<n
sup | fi— gzl TAKOH, 9TO BBIIOJIHSIIOTCS COOTHOIIICHUS
1<ign
sup (Tf; —T§)>Ta—T7> inf (Tf; —T§).
1<ign 1<i<n
< 1): Tyers D' = {t : Tfi(t) — TG(t) = sup( Tfi —Tg)} (i =1,....,n) m A =
. n n
DY, A' = D'\ (Ui, Dy) moist i = 2,...,n. Torna i Z filas, Z Gilai.

2): Tycrs C' = {t : |§i| = sup|g;|} (1 = 1,...,n). Onpe,);[eJH/IM MHO)KecTBa, B

cieyomum obpasom: B = Cl, BY = O\ (u;;llck), rae 1 = 2,...,n. dcno, aro U =
n

n -
> filp,. Duement ¥ onpejesnm paBeHCTBOM U = Y §;1gi. JlokazaresbcTBO 3aBepIieHo. >
i=1 i=1

1.3. Yepes E*(X) o603HAIMM MHOXKECTBO BEKTOP-(DYHKIUI l_i(s, t) TakuX, 9TO
|7(s.1)| € E @ Loc ().

JIemma. ITycrs T: E(X) — F,(Y,Z) maxopupyemsrii ciabprii MHTErpaJbHBIH OI1€-
parop. Torma mms mobsix h € E*(X), z € Z, ||z| < 1 n mourn Bcex s € B KoHnedna
yuKIHIS

sn—>/|(z,U(s,t,ﬁ(s,t)))|du(t).
A
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< JTocTaToOYHO MOKA3aTh, YTO WHTErpaJl CyIEeCTBYeT Jid BeeX BeKTop-byHKumii h(s, t)
TAKUX, ITO |h| (s,t) < 191 (£)1B(s), rme § € E(X)). Tak kak oneparop T — maxopupye-
MBIii, TO (~-TIOYTH BCIOJY BBIOIHAETCS KAHOHUIECKOE HEPABEHCTBO

/ (2 U (s, 1 G(0)du(t) = (2. T)(s) < 1731 (s) < IT] 1] (5).
A

B cmimy monoronnoctu oneparopa |T'| 3T0 HepaBeHCTBO OyAeT BHIIOMHATHCA U JJIA BCEX
f € E(X), | f] < |gl. dasa xaxmoro z € Z, ||z|| < 1 BBemem BcomoraTesbHyo (hyHKIHIO
V,:B x A x R — R Takyio, 910

V.(s,t,r) = [(z,U(s,t,7G(t)))|.

Torma MOXHO HAIUCATH

sup [ 16Ut Flants) : [7] < 1a1: 2 € Z: el <1 =
A

—supq [ V(o top®)do(®) s (0) < La(0): 2 € Z [] < 1
A

3uauuT OyaeT crupapesuBa (OpMyIia

sup / (2, U (s, (s, ) |dv(t): |B] (5,8) < 191 ()1B(s); 2 € Z; |2l < 1 p =
A

— sup / Vi (s t,1p(s, )du(t): 1h(s,1) < Lpxa(s,t); 2 € Z; ||z < 1
A

Tlokazkem, uTO

sup / Va(s, t4p(s,1)) = (s,8) < Lowa(s,8); 2 € Z: |2l < 1% < IT1 131
A

IIycTs
n (i)

P(s,t) =Y aulpxals,t) =Y aijla,xp,(s.t).
k=1

i=1 j=1
Baech A;;, B; n3aMepuMble MOMAPHO JU3bIOHKTHBIE TOAMHOXKeCTBA A 1 B COOTBETCTBEHHO
15y D1 )
a a;j € R, ||a;j|| < 1. Teneps umeem

1(@) 1(3)

A/VZ <s,t,j§aij1Aiiji(s,t)) dv(t) < 1Bi(s)A/vz <s,t,jZ:1a,-j1Aij (t)) dv(t) <

<1,(s) IT1g1 < IT11g1-
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IIycts 1) Takag dpyukmua, ato ¥ = 01 — o9, e 0; = 0, 1 = 1,2 1 jj1d Kaxka0# 0; HalAeTCsI
HOCJIE/IOBATEBHOCTD TPOCTHIX byHKIuit (pl')o2,, uro 0 < pl! 1 0. Hanee p, = pP Alpxa—
py N 1pxa. Torna 6yner cupaBemymBa dhopMmysia

/ V. (5,1, pn (5, )du(t) < IT1 131
A

Bossmem mipousBosibHOE m3mepuMoe MHOXKecTBO D C B u npumenss Teopembl Oybunu u
Dary, norydaem:

/ Ve(s,t,1h(s,1))dA < liminf / Vz(satapn(sat))dA:/ITl |91 dv;
D

AxD AxD

/ Vi (s, £, 1b(s, £))dA < / IT) 131 d.

AxD D

Tak kak maOX)KecTtBO D C B npOM3BOJIBHO, TO MTOJIYIa€M:

/ V. (s, (s, £))dv < IT] 171

A

ITycrs 1(s,t) npowssosbhas dyukuus, takas 49ro |(s,t)] < lpxa(s,t). Bosb-
MeM ee OTPHUIATEJHHYIO W MOJIOKUTENbHYI0 JacTu. Torma HaliyTcs IOCIeI0BATEIHHOC-

™ (00)%2,,4 = 1,2 mpocreix dbynkumit, Takux [aro o} 1 ¢4, 02 1 ¢_. Torma o, =

ol ANlpxa — 02 Alpxa. Orciona cienyer, uto |o,| < lpxa u lim, 0,(s,t) = (s, ).
I/ICHOJII)3y5[ aprMeHTbI, MN3JIOZKEHHbIC BLIIHe, HOJIyLIa,eM:

/ V. (s, (s, £))dv < IT] 171
A

JlokazaTeabCTBO 3aKOHYEHO. [>

1.4. B sroM mnyHKTe JOKaXKeM OJHO BaxkHoe yTBepxkjenume. C KaxkJO#l BEKTOD-
dynaknueit § € E(X) cBsaxkem HEKOTOPYIO (DYHKIMIO JIByX TEPEMEHHBIX:

My(s,t) = sup { |z, U(s, £ hls, )|+ [F] (5,8) <131 ()15(s); = € Z; |12l <1}

Jlemma. Onpenenennas Boiie Qyuxnus Mg (s,t) copnagaer c |U| (s, t,|g] (1)) A mourn
BCIOJLY.

< JlokazaTesbcTBO pa300beM Ha HECKOMbKO dtamoB. 1) Ilycrs g(s,t) = xlp(t), toe
D C A. Jlajmee MoXkeM HANUACAThH

sup { (2, U(s, t.A(s, )| [R] (,8) < ol Laxp(s,t); b € B*(X);

2 € Z; |12 <1} < U (sl ).
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VKazaHHOe HEPABEHCTBO BBIMIOIHIETCSI A-IIOYTH BCioay Ha MHOXkectBe DD X B. C apyroii
CTOPOHBI,

sup { {2, Uls, t, (s, )] =[] (5.0) < ol Lps Fo € BA(X); 2 € Zi ol < 1} >

> sup {|(z,U(s, 2" 1oxp (s )| /Il <lloll, o’ € X3 2 € Z: |2 < 1.

CaenosaresbHo, Moxkuo Hanucarb My, = |U] (s, t, ||z]|).
n
[Tycrs renmeps §(t) = Y z;lp,, tue (D;)!_; — nomapHO JU3BIOHKTHBIE M3MEPUMbIE
i=1
— — n — —
MHOXKeCTBa, npuHajiexamue A. Torma ecian |h| < lgl1B, To h = h;, toe |h1| <

=1
llz;||1p, xB- Orciona ciemyer

Mj(s,t) = sup { (2, U(s, i, )| = [A(s,0)] < ) Lp(s); b € B*(X); 2 € Z3 ||2]) < 1} =

= sup {|(=. U5, 3N+ Il < llzill1pyxms 2 € Z: 2l < 1} =

=1

= Z IUI (Sata ||$'L||]‘D1 (t)) = IUI (S’t’ Igl (t))

IMycrs, nakonen, dbyuknusa §(t) € F(X) npoussosbna. Torga maligercs mocieaoBaTeh-
HOCTB TPOCTHIX QyHKIWiA (g, )02 C E(X) takux, uro |g,| T |g]. fAcno, aro Mz (s,t) <
M;5(s,t) A-mournm Bcromy u Mg, 1. Hokaxewm, aro My(s,t) = sup, My, . HeiicrBurensno,
aycrs H(s,t) > Mjy, (s,t). Ilpennonoxum, aro |l_i| < |9l 15 7 BBegem BekTOP-DYHKIHIO Bn

TaKyI0, 9TO |l_in| = |gnl1B A |i_£| Torna
(2, U (s, t, 7)) < Mg, (s,t) < H(s, t).

Tax kak |h_7;| 0 |l_i|, TO |(z,U(s,t,E(s,t))| < H(s,t). Tlepexoms kK cympemymy 1o BCeM
BeKTOP-(DYHKIUIM l_i, |l_i| < 141 1B, momyuaem Tpebyemoe. >

1.5. Teopema. Ilycres T : E(X) — F,(Y,Z) — caabpbiii uaTerpaabHblii oneparop.
Torma cremyrommue ycia0BAS SKBUBAJICHTHBI:

1) T —maxopupyembrii onepaTop;
2) u3 E B F onpenenen narerpaabusiii oneparop Ypoicona S ¢ sapom |U|. Ipu srom
S Oymer TouHOIH MaxkopaHToiH oneparopa T

<1) = 2): Babdukcupyem Bekrop-pyukuuio § € E(X). TTokaxkem, 9410 Jj1st HEKOTOPOIA
BekTOp-byHKIMU ho(s,t) Takoit, aro hg € E*(X) u ho(s,t) < §(t)1p(s), Bomonusercs
PaBEHCTBO

My(s,t) = sup { (2, U (s, t. o s, )] = € 73 [|2l] < 1}
Beegem noaxogsinue 0bo3HaYEHU ST

V(s,t, h(s,t)) := sup{|(z, U(s,t, h(s,t)))|; z € Z; ||2|| < 1}.
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CymecTByer Takoe CIeTHOe MHOXKECTBO ()52, |un| < |9l 1B, aTo

M;j(s,t) = sgp{V(s,t,u}(s,t))}.

Torma oneparop G : E*(X) — Lo(\) takoit, uto (Gh)(s,t) := V(s,t, h(s,t)) 6yaer kommy-
TI/IpOBaTL C TPOEKTOPOM. PaccMOTpUM JiBeé KOHEUYHBIE MOCIEIOBATEIHHOCTH {Ul,. .. Uy},

.0} u Bocnombsyemcs stemmoit 1.2, Torma cymectsyor h, € E*(X) rakume, uro
|h | sup{|u;]; i = 1,...,n}. Kpome roro, Gh, = sup{Gi;; i = 1,...,n}. Ilocaeno-
BaTesabHOCTH (Gi,)0%, OyaeT MOHOTOHHO BO3pacTalomei, ¢ cynmpemymoM My (s,t). Ilycrs
P(s,t) := limsup |l_in| (s,t) u ho(s,t) Taxas BekTOp-yHKIWMS, 9TO |l_iO| (s,t) = 1(s,t). Pac-
CMOTPUM TOCJIETOBATETHHOCTH (|l_ik|)z°:n Jnst mioboro n € N. B cuity perysispHOCTH IPOCT-
paucTBa Lg(u) cymectByer Takoii Homep j(n) > n, 9ro |7ig| (s,t) = lign 191 (s,t), Toe P,
Takas BEKTOP-PYHKIHSI, YTO CIPABEJIMBO PABEHCTBO |y | = |l_in | VeV |Ej(n) | OunstTs npu-

MensieM JiemMMy 1.2 K KOHEYHBIM MOCIeI0BATENbHOCTAM {hy, ..., hjmy}, {0,...,0}. Torma
MOZKHO HAIIACATD

Ghjtmy = Ghp V-V Ghjn) = GPp > Ghy A+ A Ghj(y.

Tak kak |EO| (s,t) = limpy,(s,t), TO MbI HMeeM
n

Gho(s,t) = lim GP, (s, t) = lim Ghy, (s, t).

CrenoBaresbHO,

Gho(s,t) = My(s,t) = U] (s,1,13] (£))-

Jokaxkem nmiummkanmio 2) = 1).

(2, TF)(s) = / (2, U s, 1, F())du(t) < / U1 (s, . | 7] (8))du(2)

A A

[Mepexons k cynpemymy 1o BceM z € Z, ||z|| < 1 momyanm
7] (s) /|U| s.t, 7] @)

970 o3nauaet, uro oneparop T — maxkopupyem u |T| < Wy, tnme Wy — wHTErpasbHbIit
onepatop Ypsicona ¢ sapom |U]|. Ho

/ U1 (s, .| ] () dpu(t) = sup{ / (2, U (s, 8, ho(s, ))|du(t) = = € Z;
A A

|70] (s, 1) < |7] (t)13<s)} <I71|7] ()
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Otrcioma nonyuaem, uro |T'| = Wy. >
Huzke MBI OYyYUM KPUTEPUi CJ1AO0T0 UHTETPAIHLHOTO MPEJICTABJICHUS MAXKOPUPYEMO-
rO ONepaTopa, OMPEAeJIEHHOTO HA, TPOCTPAHCTRE CTYNEHIATHIX BEKTOP-DYyHKINIA.

1.6. Yepes E'(X) o603HauMM MHOMKECTBO M3MEPUMBIX BEKTOD-DyHKImil BUga p =

n
S ila,(t), e AiNA; =@, A; € $q, ||lz:]] €A, A; C suppE. PHII E!(X) nopmuposatno
i=1

n
BexTOpHOi pemetkoit B!, tme B! = {Y A\ila,; A; € Q). Vcrnonbsys Temeps pesysbTaTh,
i=1
HoJIydeHHbIe B [5], BHIBOJUM CJIEYIOUIYIO TEOPEMY.
Teopema. ITycrs T : EY(X) — F,(Y,Z) — maskopupyeMblii OPTOrOHAJIBHO A/ JUTHE-
Heli oneparop. Torga ciaeayromme yCaOBHAS SKBHBAJTCHTHBI:

1) T — cnabblit HHTErPAJTbHBIH OIEPATOD;

2) s moboi orpamwaennoii nocaenopareasrocTn (i,)%%, C EY(X) tako#, [ro
li,| % 0 crenyer [Tii,| D 0.

<l HamomuawmM, 9T0 B MOPSIIKOBBIX M/I€AJIaX MPOCTPAHCTBA U3MEPUMbBIX ITOYTH BCIOLY KO-
HEYHBIX (DYHKIHUH (*)-CXOAMMOCTH COBIAJAET CO CXOIUMOCTHIO MO Mepe, a (0)-CXOAUMOCTD
CO CXOIMMOCTBIO TIOoUTH Beiogy. Ilycrs T — cyiabwiit maTErpasbubiii oneparop. Torma |71
6y/IeT MHTerpaJTbHBIM OHepaTopoM Ypeicona u3 B! B F. B [5] mokazano, 9To i BHITIEyKa-
3aHHBIX MMPOCTPAHCTE UHTETPAJBHBIE OMIEPATOPHI ¥ PHICOHA, IEPEBOIAT TOCIEI0BATETHHOCTH
CXOIAIIHAECS TIO0 Mepe B MOCIEIOBATENHHOCTH, CXOAANNECS TOYTH BCIOMY. Bocmomnayemcs
KaHOHUYECKUM HEPABEHCTBOM

- N R (o
IT,| < || Gnl; (IT11a]) < 0.

Takum o6pazom nepexos 1) = 2) ycranossien. Jlokaxkem ummankarwmio 2) = 1). ITycts ome-
parop T yJ0BJIEeTBOPSET YCIOBUIO 2) TeOpeMbl. BOCTIONB3yeMCsl 9aCTHIHO PAa3/I02KMOCTHIO
MarKOPaHTHON HOPMBI. 3ameTnm, 94To B [5] yCTaHOBJIEHO, YTO /U1 CHMMETPUYHOTO OII€PATO-
pa ero MpoeKIrs Ha HHTErPAJIbHYIO KOMIIOHEHTY TaKKe OyIeT CAMMETPUIHBIM OTIEPATOPOM.
Tereps MoXkeM HaNUCATH

|T) = S1 + So; T =T, +T; |T1| = Si; |To] = So; S1 € (B} F) 8, € (Bf @ F)*.

Bnech (EF®F)11 — xommonenTa nHTErpasbHLIX OMEPATOPOB, AeHCTBYIONIIX MK LY TPOCT-
pancramu E' u F. Scno, uro oneparop Ty = T — T, obmamaer cpoiictsom 2). ITokaxkem,
uro T pasen mymio. BozbMmem npoussosbHBIL snement 4 € F'(X) u nonoxum |i] = e.
IIycTs

Re:=1g(s) [ |e(t)|dv(t), ee€ E.
/

Bosbmem Jist mpocrothl € = gl 4(t).
(IT2] A R)e = inf{|T3] (e — e1) + Rey : e1L(e—e1)} =0.

Beenem muoxectrsa D, C Lo(u) Takme, aro

Dm = {IT2| (e - 61) +R€1 : R€1 <

}.

1
m
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Torma cnpasemmubl BriodYenus D11 C D, u inf(D,,) = 0. B cuny peryngprocTu
K-upocrpancrea Lg(p) naiigyrcs takue koHeunwle mMuHoxectsa D), uro D! C D, n
(0) — liminf(D},) = 0. Ilocrpomm mocitenOBATETBHOCTE (€),), MEPEHYMEPOBAB 3JIEMEHTI
(en), monagaromme B D! . fcHo, uro nmocaenoBaTesbHOCTH (€),) CXOAMTCsS K HYJIO 110 Me-
pe. IlocTpomM Temeps mociemoBatensuocTs (i,) C E'(X) makyio, uro |i,| = e,. Taxas
HOCJIE/IOBATEJILHOCTh CTPOUTCS CJIEAYIOINM 00pa3oM: Uy, = lguppe, U. Tak Kak mocsiegona-
rebHOCTD (|U,]) cXomuTest K HYIIO IO Mepe, TO MOCIEI0BATEILHOCTD (|T2ﬂ’;l|) CXOIUTCA K
HYJII0 ouTH BCIomy. Ilycrs Temepnh K-mnpocrpanctBo Lo(u) peamusosano B Buge Coo(Q).
Torna F' 6yner dyumamentom B Cop (Q)). Bo3bMeM OTKPBITOE BCIOY MJIOTHOE MHOMXKECTBO

Qo C Q Taxoe, 9TO

lim |T2u | (t) =0; inf{|T2| (e — €;,) + Re, } = 0.

n—oo

ITepexo/st ecytu HAJIO K HOTOCIIEI0BATENLHOCTH (€], (k)), MO’KEM HaINCATh:

Jim | To] (e = €, (2) = = lim Re;<k>(t);
| Tou) (¢ |T2 U — U (k) | |T2Un(k)| 1721 (e — n(k) |T2un(k)|

Teneps umeen, |Tyi] (t) = 0 m1a Beex t € Qp. B cmny mpomssomsnoctn @ € E'(X) momy-

qaem Ty = 0. Wrak mbl nogyawsm, 9to y oneparopa T', yJOBJIETBOPSIONErO YCIOBUIO 2)

TEOPEMBI, TOUHAS MaXKOPAHTA ABJISETCS MHTErPAJbHBIM ONepaTopoM. Tak Kak MpPOU3BOJIb-
n

Hetit amement @ € EY wmeer sug @ = Y. x;1p,, a onepatop T OpPTOTOHATBHO a/TATHBEH,

i=1
TO UM€EEM CJIeyIolee:

(2. T(a1p (1)) () < AT (2l () (s); poms.

Tax xak |T| — WHTErpaJbHBINA ONEPATOP, & WHTEIPAJTLHBIE ONEPATOPHI 06PA3yIOT KOMIIO-
nenty B E'(X), To cupasemmmsa dbopmyna

(2, T(2 p () (s) = /wz(s,t,m)du(t).

D

Onpenenum Teneps BeKTop-dyukimo U : B X A X A — Y ciaenxyiommum o6pazoM:
<Z’ U(Sa ta .’L‘)> = wz(sa ta ‘/E)

Pasencrso mpemmonaraercst s Beex ¢ € A, z € Z, ||z]| < 1 u nourn Beex (t,s) € B x A.
dcuo, aro dysknumst U ygoBJaeTBOpsieT BCEM YCJIOBUSIM, HajaraemMbiM Ha siapo. Ciaboe
MHTETPAJIbHOE MIPEJICTABIIEHNE TIOCTPOEHO. [>

§2. Kpurepuii c1aGoro mHTErpajibHOrO MPeaCTABJIEHUS

B mnacrosiieit ryiaBe nosiyduM ycsaoBust cjiaboro MHTErPaJIbHOIO IPEJICTABJIEHUS IS
OIIEPATOPOB, OIPEJIEJIEHHBIX Ha BceM mpocrpancTse F(X). B kauecTBe mpeaBapuTesIbHOTO
pe3yabTaTa JOKAKEM CIEeLYIONIYI0 TEOPEMY.
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2.1. Teopema Ilycre T : E(X) — F,(Y, Z) — maxkopupyemblii onepatop YpbICOHA H
T| g1 (x) cnabpiii uarerpapHblii oneparop. Kpome Toro, st 06X MOCTEA0BATETEHOCTEH

(fn), (@) C E(X) rakux, uro

/o] 151 <9, neN, g€ By,

CTIPABEIINBA WMITIHKAIIAST |f7z - gn| (ig 0= |Tf;l — Tg'nl (i; 0. Torma pyukmua U(s,t,-)

Z-cnabo paBHOMEPHO HenpepbiBHa Ha MHOecTse AN B(c), A-1.B. g1 (t,s) € Bx A. 3aech
Ble)={zeX:|z| <c¢, c€Q}.

< s kaxgoro ¢ € (Q onpegennm muoxectso D, C B X A rmakoe, uro ecau (t,s) €
D., To U(s,t,-) Z-cnabo paBHOMepHO HempepbiBHag dynkmusa Ha 2 N B(c). JdoctaTodano
nokazars, aro A\(D.) = 0. Byaem cunrars, aro 14(t) € E', a max xax T'|pi(x) — caaGorit
MHTerpabHbIA oneparop, To u |T'| 6yaeT mHTerpasbHBIM onepaTopoM Ypbicona u3 F! B F.
Torna, dynkius |U| 6yaer sapom oneparopa |T'| u aus moboro p € EN(X), |p] < cla(t)
BBITIOJHAIOTCA COOTHOIICHUS:

1) sup{|(z,U(s, t,p(&)))|; = € Z; [[2|| < 1} < U1 (s,¢,cla(2));

2) Oyukuus |U| (s, t,cla(t)) v-unrerpupyema juisi mouTu Beex s € Bj

3) @yukuusa hy = [ (U] (s,t,c14(t))dv(t) nexur B F;

A
4) Cymecrsyer u koneuen unrerpan [ h(s)du(s), Vn € N, B € UL, B,,.

By
Bce namme TIOCTPOEHUE Pa3ae/IMM Ha HECKOJIBKO 9TallOB.

i

Dram 1. Ompenesum ma EY(X) mopmy mna p € EYX) p = Y xla, (1), ||IP]] =
i=1

max ||z;|. Paccmorpum orobpaxenne F : EY(X) — R, tae
1<ign

tpi=supd [ (5 UG, 70)) )
BxA
Cynpemywm Geperca no Beem z € Z; ||z|| < 1 m |p] < ¢l 4(t). Unrerpan cymecTsyer B cuity
YKA3aHHOTO BBIIIE YCJIOBHA MaXKopupyeMocTH. IIokazkem, 94To oToOpaxkenne ® paBHOMEPHO

HENpepPHIBHO. IT0 OyJeT 03HAYaTh, 9TO Jjsa JHOOBIX (P, ), (§,) Takux, aro ||, |g.] <
cla(t), n3 ycnosus |||py, — gnll| = 0 crenyer, uaro |®p,, — ®g,| — 0. HeiicTBurensuo, tax

Kak |||py — Gulll = 0, 0O |Pr — Gl (i; 0. CoenoBaTennHo,

. L () . .
| TPy — TGnl = 0; /ITpn —Tgnldp(s) < 2h(s).

B

Ucnonsays, reopemy B. Jlepn, nonyuaem |®p,, — g, | — 0.

Dtamn 2. PaccMoTpum mpocTpaHCTBO

El(X) = {ﬁ* D pr(st) = Z‘/EilDi(Sat); |zil| € Q; D; € B x A} .

=1
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Omnpenenum Ha 3TOM TpocTpancTse HOpMY: |||P]|| = max |lz;]|, m mo cBoiicTBY omepaTopos
\ \

VYpoicona, neiicTyiomux n3 E! B F, nomyuaem: eciam |p s,t)l < clpxa(t,s), To
sup{(z,U(s,1,p(s,1))); z € Z; ||zl <1} < |U|(s,2, clpxa(s,t)).

Orob6paxenne ® pacimupum 10 P* : E(X) — R Tak, uro
= sup / z,U(s,t,p(s,1)))dA(t, s); z € Z; ||2] <

Bmecn |p(s, )| < clpxal(t,s). Hokaxkem, uTo 510 0TOOpaKeHHEe PABHOMEPHO HEIIPEPHIBHO.

Paccmorpum p*, g* € El(X) takue, 9ro |p*| < clpxa(t,s), |g*] < clpxa. Tpebyer-

cs1 mokazarh, yro Ve > 0,35 > 0, |||p* — §*||| < 0, rorma |®*p* — &*G*| < e. Ilycrs
n n

= > x;lp,(t,s); g~ = > xilp,(t, s) rme A m3mepumvbie MHOKeCTBa ([);) mMONApHO AU3B-

1=1
oHKTHBI. Kaxoe maoxkecTBo D; ecth KoneaHoe obbeanHeHne 0000IEHHBIX MTPSMOYTOJIb-

HHUKOB, TOTrJ1a

m U(r)

m ()
o . /
=YD wnlpoxay(ts) G=) E Tlp, xa. onl <ozl <c
r=11[=1 r=11=1
MmuoxectBa (B,); HNONapHO AW3BIOHKTHBI, W JJIs KaxkKJ0ro r = 1,...,m MHOXKeCTBa

U(r)
(Ay);,— mOMApHO AM3BIOHKTHBL. TOrZa MOXKHO HAIMCATH
I(r) I(r)

/
g Trla,, — g Tpla, || <03 r=1,---,m.
=1 =1

Byner cnpaseguBa dpopmysia

U(r) I(r)
sup{ / (2,U(s,t, Y mpila,) — Uls,t, Zmrlu NdA(t,s); z € Z; ||| <1} =
Bx A =1
l(’!‘) l(r)

= 2" (Y wnila,) = @Y ala,)| <e
=1 =1

Torma

@~ @7 —

m Ur)
Sup{ /A[; ]<< sthrzlAN>>
(0 (X))o sz <1}

< €.
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Teneps Oymem cumrarh, 9ro MHOXKecTBa (D;)"_; mpomsBosmbHBL. Tak kKak (yHKIuSA
U] (s,t, ¢l 4(t)) A-unrerpupyema, To mas kaxaoro n > 0 cymecrsyer k > () Takoe, 91O
eciu §) ecTh A-m3MepumMoe MHOXKeCTBO U A({2) < K, To cupaBejmBa (opmyia

K
/|U| (s,t,clpxa)dA(t,s) < o
Q

Sadukcupyem k > 0 u onpejesm KOHEIHOE 00BEIUHEHHE TIOMAPHO AUIbIOHKTHBIX MHO-
xkects (£2;)!=] Takux, 4ro §); ecTh KOHeUHOE 0ObeauHenne 0O0OIIEHHBIX IPSIMOYTOILHIKOB
u \(Q; A D;) < k. Torpga cnpasepymsa dhopmyia

(2,U(s,t,2:)dA(t, 8) < —.
2n
Q;AD;

Tlokaxkem, aTo

< €.

i=1 1=1

HeiicTBuTe/IHHO,

275" — @77 < |@7 (D wile,) — () zila,) + @7 (D wilp,)-
=1 i=1

=1

n n n
=0 (Y wila)| + (2" (Y ailp,) — (D #ila,)| < e+ .
i=1 =1 =1

Tak Kak Kk TIPOM3BOJILHO, TO |P*p* — &*F*| < e.

Oran 3. [ag Kaxkmgoro A-m3Mepumoro MHoxkecrsa D C B X A, u gjig xkaxgoro 6 > 0
OTIpeTeTTNM

w(D,d,c) := sup { / |((z,U(s,t,z)) — (2, U(s,t,z")))|d(t, s)}
D

Baecow ||z, ||z']| € Q, ||z — || <6, ||z||, |2'|| < ¢; 2 € Z; ||z]| < 1. Temepsp mus kaxgoro
0 > 0 ompemenum

w(d,c) := sup{Zw(Di,é,c); D;NDj=0;i#j;Bx A= U?ZlDi}.

=1

Ecmu 0 < ¢, rorma w(D,d,¢) < w(D,d',¢) masa aoboro muoxkecrsa D;. CiemoBaTesibHO

w(d,¢) < w(d',c). TlocnemoBareabaocTsh W(d,, ¢) yopiBaeT, korma o, — 0. Torpa cymecrsyer

npejest §li£now(5, ¢). Tlokaxewm, uro stor npenen pased 0. Ilpeamosoxum mpoTwBHOE,
—0+

rorga cymecrByer € > () takoe, aro w(d,c) = € Vo > 0. Us JIOKa3aHHOT'O BBIIIE CIIEJlYeT,
aro T moboro € > 0 maiimerca § > 0 Taxoe, aro ecimm g, §* € EY(X); |9*],15] < clpxa,
7" —g*[I| <6, ro|®*p*—P*g*| < §. C apyroii croponsr, eciin w(d, ¢) > € MbI MOXKEM HAHTH
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TaK#e A-M3MepHMBble ONAPHO IU3bIOHKTHBIE MHOXKecTBa (D;); uto Y ! w(D;,d,¢) > §.
Torma cymecTByIOT CIIeLyIONIye JIeMEeHThI

o .
ziyr; € X, ||zill 125l € Qs 20 € Z; llzoll < L llzi —2ill < =5 Hlaill. |2l < ¢ i =1, .

Tenepb MOXeM HAITUCATH

Wl ™

Z/(<207U(57taxi)> —(2,U(s, t,27)))d(N) (s, 1) >

i=1p),
PaccmoTpum MHOX)ECTBA

D; :={(s,t) € D; : (z,U(s,t,x;)) — (2,U(s,t,2})) < 0}; D} = D; — D} .

TTonoxum
n n n n
i=1 i=1 i=1 i=1
Tora
7. 3" € B(X); 15°1.15° < clBxa.
CrnenoBaTtesbHO,

Hp" = g*lll < 4;

n

D

1=1

/NmU@u%D—%U@t%mM@ﬁ
J

k3

< -.

/N%ﬂ@mmn—%U@témﬁ®ﬁ
BxA

>

Ilomyunnm nmpoTuBOpeUne.

Oram 4. Jdna gaxmoro § > 0 u a1 Kaxkaoro € > 0 onpeaeauM MHOXKECTBO
D(b.€,¢) i={(s,1) € B x A: sup|(,U(s, t,)) — (2, U(s,t,2'))]| > ek
Izll, 2| € Q; llz — 2'|| <& [lz]], |2']| < ¢ 2 € Z; |2 < 1.

Muoxectso D (4, €, ¢) A-usmepumo. TTokaxkem, aTo 5 linger AD(6,€,¢) =0 pa moboro € > 0.
_)

ITycts z, 2’ TakoBsl, ato ||z, ||2']| € Q; ||x—2'|| < &; ||z|], ||2']] < ¢. Onpenemum MHOKECTBO
D(z,a' ) ={(t,s) € B x A:sup{|(2,U(s,t,z)) — (2,U(s,t,2")[; z € Z; |lz]| < 1} > .

Torpa muoxkectBo {(z,2') € Ax A : |z — 2’| < 6; ||z|, [|2'|| < ¢} cuerno. Paccmorpum
MOCJIEJ0BATENBHOCTD (T, 2})$C ), ¥ ONpPEIeSUM JU3BIOHKTHYIO TIOCIEI0BATETBHOCTD U3Me-
PHUMBIX MHOXKECTB

Di(€) :== D(z1,2%,€);  Dpii(e) := D(@pt1, 2,41, €) \ Ufmy D(z4, 2, €).



4-34 A. I'. Kycpaes, M. A. Iliues

Torna
AD(d,e,¢) = 3 ADy(e);
=1
AD;i(e) < 1/sup{|<z,U(swhaw)) (z,U(s,t,z7)); z € Z; ||2]| < 1}dA(t,s) <
€
D;
> 1 & 1
< w(D;, 6, ¢); ;ADZ(e) << < ;w(Dz(e),é, ¢) < Zw(a, o);
AD(,€,¢) < 2w(d, )
€

Tak kak lim w(d,¢) =0, o lim X D(d,¢,c) =0 mna moboro € > 0.
§0+0 §—0+0

OTAII 5. PaccmorpuM yOBIBAOILYIO TMOCIEI0BATEILHOCTD JAEHCTBUTEIBHBIX YUCES
(0k)72 ;. cxomamyiocss K mymo. Jasa soboro € > 0 ompenernnm muoxkectso D(e,c) =
Ny D(0k,€,¢). Torma AD(e,c) < AD(dg,€,¢); Vb € N. Tomyuaem, aro A D(e,c) =
0; Ve > 0. PaccMoTpuM ApyTyio yOLIBAIOILYIO MOCIEA0BATEILHOCTD TOJOKATEILHBIX JTEHACT-
BUTEHHBIX YUCEJI:

(e’m)'rc;zozl hm €m = 0; Dc = U'rC;zole(emac); >‘Dc - 0

m—» o0

[Iycts (s,t) ¢ D.. Torga MoxkeM HAUCATH
Ve>03dImeN; 0<e€, <€ (s,t) ¢ Diep,c) =Nz, D(k, €m,c).

Torpa cymecrsyer k € N, (s,t) ¢ D(k, €m, ). D10 03Ha9aer, uro ecin z, ' € A, ||[z—z'| <
d; ||lzll, lz"|| < c. Torna

sup{|(z,U (s, t,2")) = (2,U(s, t,2))]; 2 € Z; ||| <1} < em <.

Buaunt dyukums U(s,t, ) Z- paBHOMEPHO HempepbiBHA HA A N é(c) korma (s,t) ¢ D.. >

2.2. B aToMm myHKTE TIpUBE/EM KpuTepuii cyiaboit MHTErpajJbHON MPeICTABUMOCTH Ma-
KOPUPYEMOTO OmepaTopa ¥ phICOHA.

Teopewma. Ilycts T maxkopupyembrii onepaTop Yprbicona. Torna caemyromue yCIOBAST
9KBUBAJICHTHHI:

1) T — caaberit uHTErpaJbHBIT OIIEPATOP;
2) Just mobbix nocaenoparesuocreii (), (Gn) € E(X), |ﬁ| Jgnl < 9, 9 € Ey, ciipa-
BEJJIHBA UMILITUKAIIHSL:

70— 3| D o= |17 - 13| Do

< 1) = 2): Iycrs T — caabwiii maTerpaabubiii oneparop ¢ sjapom U. Paccmorpum
OrpaHYEHHBIC TOCTEI0BATETLHOCTH

—

(), @) € BCO; |l 180l < 909 € B | — 5| ©

= 0.
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Omnepatop T MaxkopupyeMblii, To9TOMY, B cuiay 1.5. maxkopanta |T'| GymeT nHTErpasbHBIM
omneparopom Ypeicona uz E B F. Jlaa moboit BekTop-dyHkmmuu p takoii, aro |p] < g,
CIIPABEJJINBO HEPABEHCTBO

|<Za U(S,t,ﬁ(t))” < IUI (Satag(t)) A-ILB.

BBegewm ciiemytomme MHOXKECTBA, MEPHI HYJIb

D :={s€ B: dyukuus |U](s,t,g(t)) e 6yaer v-unrerpupyemoi };
D':={s€ B: wuoxecrso [t € A: dyukuus sup{|(z,U(s,t,-)); z € Z; ||z|| < 1}]
He OyJieT paBHOMEDHO HenmpepbIBHOi Ha orpeske [0, g(t)]] uMeer HEHYIIEBYIO Mepy V};

D, := {s € B : mmoxectso [t € A : sup{|[{(z,U(s,t, fr(t)))|; z € Z; ||2|| <1} >
> U1 (5,1, g(1)), mm sup{) (s U(s, £, Ga () ]; 2 € Z |2l] < 1} >
> |U] (s, t,g(t))] umeer nenyneByio mepy v}.

Heobxoaumo mokasats, aro ecm s ¢ DU D' U (J,—,), To cupaseuusa dhopmymna

lim /sup|<ZaU(sat, Fa(£)) = (2,U(s., G (1)) ]dv (1) = 0.

n— oo

A

Badukcupyem s ¢ DU D' U (|J°—, D,,) u nokaxem, 4to

n=1
sup{{z, U (s, fn())) = (2. U(s,-,Gu()); 2 € Z; ||2]| < 1} = 0(v).
IIycts € > 0. Oupeenm MHOXKECTBO
Gy i={t € A:sup|(2,U(s,t, fu () — (2. Uls, t,Ga ()] > € 2 € Z; ||2]| < 1}.

Hazo nokazars, uro lim v(GS) = 0. Onpeesnm MHOXKECTBO
n— oo

A ={t € A: [z, [|2"]| < g(t), lz — 2’|l < % =
sup |(z, U (s, t, fu (1)) = (2,U(s, 1,2 (1)))] < €}.

Jlerko BmjieTh, 9TO TAKUM 0OPA30M OIpEJIeIeHa MTOCIIEI0BATEIHHOCTh HEYObIBAIOIIMX MHO-
xkecTB Ay m A = U2 | Ay, Ilycrs

G;:={t€ A: dyukuusa U(s,t,-) ne 6ymer

Z-cnabo paBHOMEPHO HempepbiBHOU Ha B(i); i € Q).

Tak kak s € D', 10 G; — MHO)KecTBO Mepsl HyJIb. Torga G := U2, G, rae i mpoberaer MHO-

JKECTBO PAIMOHAJBHBIX YHCEJI, TAKYKE MHOKECTBO Mepbl Hysb. s so60ro € > 0 Bo3bMeM

d > 0, Takoe, uro ecimu || z||, ||'|| < g(¢t) u ||z—='|| < 0, sup [{(z,U(s,t,z))—(2,U(s,t,z")| < e.

Bossmem k € N, makoe uro + < €. Torma t € Ay. B cuny HenpepbIBHOCTH MepHI U
n

juis moboro n > 0 maiinercs kg € N, v(Ay,) > v(A) — 4. Ilycrs reneps pis n € N
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W, :={teA: |f—,;(t) —g’n(t)l > %} Tak kak |f—;l - §n| ) 0, To li_>m v(W,) = 0. Torna
n [e0)

maiigercs ng € N, takoit uaro v(W,) < 3,Vn > ng. Eam t € Gf, N Ay, Torma t € W,.

Jaee mmeem

v(Gy) S V(AN Agy) +v(Wy) <n, Vn > ng.

Teneps nomygaem lim v(G5) =0n
n— oo

sup(z, U (s, fu () = (U (s, Gu ()] = 0().

C apyroit ¢TOpoHbBI | f:ll Ngnl < g mecn s ¢ D, Torna

sup |(z, U(s,t, fu(1))) = (2,U(s,4, 32 ()] < 2101 (s, 1, 9(t)).

IIpumensasa Temeps Teopemy B. JleBu moxkem mammcarsb

Tim [ sup |(2,U (s, £, £ (£))) — {2, U s, 1, (6)) | (t) = 0.
A

Hokaxewm reneps mvmmkammo 2) = 1). Pacemorpum cyxenne T na E'(X) rorna Tipi(x)
cnabbIii MHTErpaTbHBIH onepaTop u cymecTsyer ¢yukius U : B X A X A — Y, Takas, 9To
BBITIOJTHATIOTCA CJIEYIOIINE yCJIOBUAA:
1) U(s,t,-) = 0\ nourm Bcriogy mis (s,t) € B x A;
2) U(+,,x) A — m.B. Z-cnabo mamepuma, Jjis Beex © € 2A;
3) newm € E'(X), o bynkuus s — [(z,U(s,t,p(t)))dv(t) p-nouru scrogy Koneuna
A

¥ CIIPABEJIJINBO PABEHCTBO

(2, Ti)(s) = / (2, U s, £, 7(8)))d(8).

A

®yukmus U (s, t,-) Z-cinabo paBHOMEPHO HenpephiBHa Ha MuoxecTse AN B(c). Heobxommmo
pacmuputsb U (s,t, ) mo dbyukuun U'(s,t, ), Takoit uro U’ : B x A x X — R u KoTopas 6bl
cosmastasia ¢ U wa muokectBe B X A x . Kpowme ycopuit 1 —3 dbyukuua U’ (s, t, -) momkHa
ObITH Z-Cj1a00 PABHOMEPHO HEMPEPHIBHOM HA JI000M 3aMKHYTOM OTPAHUIEHHOM Iape B X
Juig moutu Beex (t,8) € B X A. PaccMoTpuM NOCIeI0BaTeNbHOCTD, (1,) € 2 cxoasuryocs
1o HOpME K , Torja 3uadenne dyuknun U’ B TOUKe I Onpesensiercs CaeayIomuM 00pa3oM:
U'(s,t,z) := nli_)rroloU(s,t,mn). Bommosnenne yeinosus 1) mis dyakmun U’ oueBupno. Tak

kak U(-, -, x,) A\-cnabo uamepuma Vn € N, to u U'(-, -, z) A\-ctabo usmepuma. Ilycrs zy €
X. TlokaxkeMm paBHOMEDHYIO HENPEPLIBHOCTH. BosbmeMm € > 0, Tak Kak U’ paBHOMEpPHO
HenpepbiBHA Ha 2, TO cymecTByer ¢ > 0 u 1Jist JIIOOBIX

0.4 €A 2€ Z; 2| <15 lg—d|l <= (2,U'(s.t,9)) — (2. U'(s, 1, ¢')| < e.
IMycrs Teneps 2,y € X u (2,) u (y,) NOCAEI0BATENLHOCTH 31EMEHTOB 13 2, CXOAAIIUEcT K
Z W Y COOTBETCTBEHHO. TOrma MoOXKeM HAIIACATD:

2 — ynll < |lzn — 2l + [z =yl + lyn — yll;
(2, U (st 7)) = (2, U (s, ,9))| < [z, U’ (5,8, 20)) — (2, U’ (5., 2))|+
(2. U (s, t,20)) — (2, U" (st yn))| + (2, U (s, 8, yn)) — (2, U (5,2, 9))]-
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Jnsa mobeix z, y € X, Takux uto ||z —y|| < & momywaen: [(z,U(s,t, 7)) — (2, U(s, t,9))| <e.
IIycts f € E(X). Torna maiigercsa mocIe0BATEIBHOCTD CTYNeHIATHIX (DYyHKIWI ), TaKuX,
91O

(Fa)izs € B'(X) 1 B (|1]): |7 = 7] D0

Torma |Tf— Tﬁnl © . 31ech BE(X)(|f1) 910 pemmerounslii map B F(X), To ecrb MHO-

—

xkectBo {p: |p] < |f1} cno, aro (z,U'(s,t, f(t))) = lim

n—oo

z € Z ||z|| <1 u mourn Beex s € B. s moGoro p,, uarerpan [(z,U’(s,t,py,(t)))dv(t)
A

(z,U'(8,t,Pn(t))) musa mobbx

CyIIECTBYeT B CHJIy KAHOHHYIECKOTO HEPABEHCTBA!
[0 s o) < i),
A

Tenepb MOXeM HAITUCATH

—

(z,Tf)(s) =

Tim (=, T, )(s) = lim [ (2, U" (s, 1.5, (1)) () = / (2, U' (s, , F 1) )du ().
A A
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