Math-Net.Ru

A. T Kycpaes, C. C. Kyraresyaj3e, Boiyk/ible 5KCTeHCHOHAJIBHBIE OIIEPATOPHI,
Baaduraex. mamem. orcypn., 2004, Tom 6, Homep 4, 3141

https://www.mathnet.ru/vmj220

UcnonszoBanme Obmmepoccuiickoro maremarndeckoro moprasisa Math-Net.Ru mogpasymeBaer, uTo Bel nmpouunTaim u
COIJIACHBI C II0JIb30BATEJLCKIM COIVIAIIEHUEM
https://www.mathnet.ru/rus/agreement

[lapaMeTps 3arpys3ku:
IP: 18.97.9.172
23 amBapa 2026 r., 07:55:03



https://www.mathnet.ru/vmj220
https://www.mathnet.ru/vmj220

BiiajmkaBkasckuii MareMaTHIeCKHil Ky pHAJT
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VJIK 517.98

BHIITYKJIBIE 9 KCTEHCUOHAJIBHBIE OITEPATOPHBI

A. T. Kycpaes, C. C. Kyrarenaase

Baadumupy Muzatirosuwy Tuzomuposy
x e2o0 T0-aemuro

B pabore npemjoxken Oy1€eBO3ZHAYHBIN MOAXOM, K M3YIE€HUIO BBIMYKJIBIX IKCTEHCHOHAJIBHBIX OIEPATOPOB.
YkKa3aHbI HEKOTOPBIE HAIIPABJIEHN JAJIBHENIINX UCCIEJOBAHMI.

Bsenenune

OTrobpazkenue, JgeficTByIoNee B (DyHKIIMOHAIBHBIX IPOCTPAHCTBAX, HA3BIBAIOT IKCIMEHCU-
OHAALHBILM, €CTTH OHO He CyKaeT MHOXKECTBO TOUYEK COBITQJIEHUS JIFOOBIX JIBYX (DYHKIIMU U3
obJtacTu ero ompejeseHus. Todnee ToBOpsi, ecyn pocTpancTsa V u W coctoar u3 GpyHKIHIA,
OIIPEJIEJIEHHBIX HA OJHOM U TOM »Ke MHOXKeCTBe {2, TO SKCTEHCHOHAJBHOCTH OTOODArKEHUsI
f :V — W osnagaer, 4To paBeHCTBO J1ByX dyHKIHil v, v’ € X Ha HEKOTOPOM IIOJMHOMKECTBE
Qo C Q Breuer pasenctBo o6pazos f(v) u f(v') ma Tom xke nommuoxkectse Q. Pazymeercs,
9TO OIpeeeHne OCMBICIEHO U B TOM CIydae, KOrja (PyHKIIMOHAJbHBIE IPOCTPAaHCTBA V u
W zamaHbl Ha PA3HBIX MHOXKECTBAX, €CJU IPU TOM 00JIACTDb ompejencHus GyHknuit u3z W
oIpeJieSIeHHBIM 00pa30M BJIO2KEeHA B 00J1aCTb onpejenenns dyHkimuit u3 V.

Knaccuaecknii mpuMep HEJTMHEHHOTO 9KCTEHCHOHAIBLHOIO OTOOPaYKeHNs IIPEJICTABIISIET CO-
6oit oneparop Hembirkoro. Ilocmemnuit »Ke BXOAUT KaK HeJIWHEHHAsI COCTABJIAIONIAS YaCThb
B KOHCTDPYKIMIO JAPYTUX ONEPATOPOB M ypPaBHEHMI KaK, HAIpUMeEp, OIEPATOPOB Y PHICOHA U
TFammepireiina (cm. [5, 6]). DkcTeHCHOHAIBHBIE OTOOPAYKEHNUS] IPUCYTCTBYIOT U B T€OPUU MH-
TerpanToB, Bocxozsmei kK P. Pokadenapy (cm. [13, 15, 16, 17, 19]). Kpome Toro, sror kiacce
0IIepaTOPOB HESIBHO ITPUCYTCTBYET B BEPOSITHOCTHOM (DYHKITHOHAJBHOM aHAJIM3E, T. €. DU U3Y-
YEeHUM CTOXACTHIECKUX AHAJOTOB PA3/IMIHBIX KOHCTPYKINI aHAIIM3a: N3MEPUMOCTD OOPATHDBIX
WJIA CONPSI?KEHHBIX, CIIEKTPaJIbHBIE CBOCTBa cIydaitHbix oneparopos u T. u. ([1, 14, 18, 21]).
Ob61me cBOICTBa YKCTEHCHOHAJBHBIX OTOOPAYKEHUI COCTABJISIOT CYIIECTBEHHYIO JacThb alllla-
para OysieBo3HAYHOrO aHayau3a [9|, a Takxke ¢ HEOOXOIUMOCTHIO MOSIBJISIIOTCS B BBIILYKJIOM
aHaJIM3e OIEPATOPOB, MOCKOJBKY TAKOBBIM SIBJISIETCSI, HAIIPUMED, COIPSI?KEHHBIN BBITYKJIbII
oueparop ([10, 11, 12]).

Takum 06pa30M, SKCTEHCHOHAJBHBIE OTOOPAXKEHUsI SIBHO WJIM HESIBHO BCTPEYAIOTCST IIPU
MCCIIOBAHUU PA3JINIHBIX aHAJIUTUIECKUX 33189, U IIPU 9TOM HCIOJIb3YeTCsT PA3HOOOPa3HBIiI
MaTeMaTUIeCKUil MHCTpyMeHTapuii. B To »Ke BpeMsi aHAJIMTHIECKIE CBOMCTBA OOIIUX SKCTEH-
CHOHAJIbHBIX OTOOParKeHHWil He IMOIBEPTAJIMCh JOCTATOYHO JeTajbHOMY m3ydenwio. llesnp Ha-
crosmeil paboThl — BBIIEIUTH KJIACC BBIMTYKJIBIX 9KCTEHCUOHAJBHBIX OIEPATOPOB U HAMETUTH

(© 2004 Kycpaes A. I'., Kyrarenanze C. C.
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OyJIeBO3HAYHBIN TIOJIX0/ K UX u3yueHnio. HeobxoiuMble CBejieHUsT U3 TEOPUH PEIIETOYHO HOP-
MHUPOBAHHBIX ITPOCTPAHCTB, CyOnuddepeHnnaabHOro NCIUCIEHNs U Oy I€BO3HATHOTO aHAJI3a,
cobpaHbI COOTBETCTBEHHO B KHHTax |8, 9, 10, 11].

1. IlonyHenpepbIBHOCTD

Bresiem kitacc orobpazkeHuit, COOTBETCTBYIOINIIX HHTEPIIPETAIIMY B OYJIEBO3HATHON MOJIETN
[IOJIYHEIIPEPBIBHBIX CHU3Y BBIMYKJIBIX (DYHKITUI.

1.1. Ilycrs E — mekoropoe K-npocrpancrso u PB(E) — nosnast Oysaesa anrebpa mopsiji-
KOBBIX 11poekTopoB B E. B nekaprosom npoussenennn E X P(FE) Bbliesum MHOXKeCTBO E*
cocrosiiiiee u3 Takux mnap (z,m), aro mx = 0. Hajeaum muo)ecTBO E* Cll0XKEHHEM, YMHOXKe-
HUEM Ha TOJIOXKHUTEJIbHbIE YUC/Ia U OTHOIIEHUEM TOPSIKa ¢ IOMOIIbI0 (hopMy.I:

(@, m) + (. p):=((mAp)(x+y),7mVp) Az, m):=(Az,m)
(z,7) < (y,p) = 7 < p&pta < ply
(x,y € E; m,p € P(E); A€ R).

Herpyaso npoBeputrsb, uro E* — mopsiikoBo 1osiHast R-koruueckast perrerka (em. [10, 1.5.1]).
OTrobpazkenue, comnocrapisitoniee stementy © € E mapy (z,0), cayxkur Baoxennem E B E* ¢
coxpaHeHueM ollepanuil u nopsiaka. Byaem oroxaecTBiaaTb E ¢ COOTBETCTBYIOIMM IOIMHO-
skecrBoM E*. Tlpoekrop m € P(E) MOXKHO HPOJOJDKUTEL [0 HpoeKTopa Ha E* ciemyromnmm
obpasom: ecm z := (x,p) € E*, To nomaraeMm 7z := (mx,mp). MHoxkecTBO Bujga mE* Ha-
seiBatoT nosiocoii E*. Iapa (0,7), obo3HauaeMast CUMBOJIOM + Xi=0r, Oy/JieT HAMOOIBIITIM
9JIeMEeHTOM B mojioce mE*. DueMenT +00:= 00:=7 — Haubosblmii sement B £*. Tak, B
KayK 1011 11osioce mH* nMeercst ¢BOsi GECKOHETHOCTD X, IPUYEM STH YaCTHBIE OECKOHETHOCTH
CJIy2KaT OCKOJKAMU OECKOHEYHOCTH 00, T. €. Xz A X 1= 0 1 X V o, 1= 00. OueBUIHO, ITO
MHOXKECTBO BCeX OECKOHEUHBIX 9JIEMEHTOB X, C UHJYIIUPOBAHHBIM U3 [* mopsiikoM obpasyer
nostHyTo 6yIeBy anre6py, msomopdnyio L(E). O6oznauny E:= E* U —E*.

1.2. U3 reopemsl [opgona (cm. [9, 5.2.2|) jierko BBIBOAUTCSI CIIEYIOIIUIT PE3YJIBTAT.

Hycre #, #° u # — taxme snementsr Gyaeposnadnoro yausepcyMa, aro VB =« —
noste Bemectsennbx wucet, #° = X U {oo} n # = # U {+00}». Anrebpamieckne cucreMbr
R | u R| anrebpamiecku i mopsroBo mzomopusl (Z)* u #| coorercrsenno. Ipu sTom
cytectByer uzomopgusm X 6yseBoii aiarebper B Ha GyseBy aiarebpy mpoexktopos Pr(Z |)
TAKOH, ITO HMEIOT MECTO IKBHBAJICHTHOCTH

x(b)x = x(b)y <

b< [z =y,
x(b)r < x(b)y < b< [z

Yl

NN
N

Jptst Beex ©,y € A | mb € B.

<1 OrpaHmduMcst JIOKA3aTeIbCTBOM yTBEPXKIeHHsT oTHOcHTebHo Z . BEem © € %' | n
by := [xr = 0], 10 b} = [x € Z]. llonoxkum T := mix{bix,b;0} u h(x):= (z,x(by)). Tem
CaMBIM OIIPE/IEJICHO B3ANMHOOJHO3HAUHOE oToOpazkenue h : #° | — #|*. Jlna napsl (/7)€
Z\|* 6yner h(x) = (2',7), ecn snement x € %" | onpenesuth coorHomenusaMu b= x ()
u x := mix{b*z,boo}. Tor dakr, uro h coxpansier ajreGpaudecKue Oleparuu U HOPsJIOK,
creyeT u3 onpeaeneHuit. Hampumep, 77151 aIMTHBHOCTH h HYKHO JIUIIB 3aMETUTD, UTO €CJIH
B(z) = (7, X (), hy) = (5 x 1)) 1 h(z +y) = @EFHx (d), To d = [5+y = ] =
[t=oc]V]y=x]=bVcud(z+y) =d"(z+y)=dz+dy=2+7y. >
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1.3. Ilycrs C(Q,R) — MHOXkKecTBO Becex HempepbiBHBIX dyHkimii n3 @ B R, tie R :=
R U {400, —00} — nByxroueunast komnakruduranus mnosst R. O6o3uadum cumposom Cy (Q)
MHOKECTBO BCEX HelPepLIBHBIX byHKImit 3 B R, TPUHIMAIONIX 3HATEHIe —00 Ha HUT/Ie He
wiorHoM MHOKecTBe. Beestem B C (Q), ) olieparnuu cyMMbl U yMHOXKEHHsI HA [10JI0?KUTEJIbHBIE
crasispsl, mosarast (u + v) (t) = u(t) + v(t) u (Au) (t) = X - u(t), npudeM npaBble YaCTH STUX
COOTHOIIIEHUI UMEIOT CMBIC JIsl KazKJIoro ¢ M3 HEKOTOPOro Koroliero MHoxkecrsa Qo C Q.
[Mopsinok B Coc(Q) BBOAAT HOTOYETHO, T. €. U < ¥ O3HAYAET 110 onpeesieHnio, 910 u(t) < v(t)
qutst Beex ¢ € Q. Torna Co(Q) — nopsiikoso nosHast R-konmdeckast perterka (eu. |10, 1.5.1]).
deno, uto Coo(Q) C COx(Q) C C(Q,R), npudem mopsiyiok u omnepanun B Coo(Q) mHTyIH-
posanbl 13 Cx(Q). Hopsnok u oneparmuu B C(Q, R) onpeensiorcss aHaJIOTHIHO, OCTABIIAS
HEOIPEJIeIeHHBIME JIMIIb BbIpakeHus: oo — oo u 0 - 0o. U3 pesynbraroB o byHKIMOHAIBHOM
npeJicTaBieHnn K -IpOCTPAHCTB BBITEKALT CIIE/LYIONIee YTBEPIK ICHE.

1.4. IIycrs E — npoussosbaoe K-npocrpancTBo u () — CTOYHOBCKHIT KOMITAKT OyJI€BOH
anreopol P(F). Torua cymecrsyer mnosyauHeinbii n3omopgusm R-konndeckoii pemrerkn E*
B R-konmueckyto penietky C (Q). Obpasz E orHOCHTE/IEHO 5TOr0 H30MOP(U3MA CJLYKHT (PYH-
aamerToM Coo(Q), a obpaz E* cosnagaer ¢ Cx(Q)) B TOM U TOIBKO B TOM ciy4ae, ecin E
pacmmpenso. 9ToT H30MOphbH3M ecTecTBeHHO IpogoLKaeTcs 1o nzomoppmsma E n C(Q, R).

1.5. [Iycrs V' — npocrpancreo Banaxa — Kanropouya u paccMoTpuM oTobparkeHue f :
V — E*. ToBopsT, 9T0 [ 9KCMEHCUOHAADHO WA UTO f COTPAHAEM NOAOCHL, €CIIA JJIs JTFOOBIX
u, v €V umw e P(F) paBencro mu = v Biaeder 7 f(u) = 7f(v). Orobpaxkenue f:V — E*
HA30BEM NOAYHENPEPLIGHBIM CHUIY 6 movke vy € V| ecn

f(vo) = 5161111\)I inf {f(v): veV,|v—uv|<1/n|vl}.

[ToauepkHeM, 9T0 B 9TOM (DOPMYyJIe TOUHBIE TPAHUIIBI BRIMUCJSIOTCH B E*. BBuy skcrencno-
HAJIBHOCTH [ PaBHOCHJIBHOE OIIpejie/IeHNe IIOJIyUNTCsI, €CIM B IIPABON YacTH OIIPeJIeIsIONero
paBeHCTBa 3aMeHnTh |vg| Ha mo6oit saement 0 < e € E, ms koroporo |ug| € {e} .

MOo2KHO MOKa3aTh, 9TO JIJIsl SKCTEHCHOHAIBHBIX OTOODAXKEHNT UMeeT MeCTO KPUTEPHl o-
JIYHENPEPBIBHOCTH, AHAJTOTUIHBIN CKATSIPHOMY CJIYTAI0.

st skcrencnonanbroro orobpakennsi [ : V. — E* paBHOCHJIBHBI Yy TBEPK ICHUS:
(1) f momymenpepbiBHO CHU3Y;
(2) muokecrBO {v € V @ f(v) < e} cexBeHnmaBLHO br-3aMKHYTO JiIsI JTI060IO
0<ecE;
(3) epi(f) cexpenmanpno br-samxuyro BV X E (¢ mopmoii |(v,e)|:= [v] + |e|).

1.6. Teopema. Ilycrb E — pacmmpennoe K-npocrpancrBo, B := SPB(E) u # — nose

(B). Ilycrs V' — npocrpancrso Banaxa — Kanroposmia Haz

BEIECTBEHHBIX IUCeJ BHYTPH W
E, a (¥ ,1) — ero 6ymeBozaadnast peasmsarusi. /]jist 1106010 9KCTEHCHOHATBHOTO OTOODAaXKEHUST
f: V — E* cymecrByer equucrsennbiii anement ¢ € VB | s koroporo ¢ + ¥ — %Z° u
[f(w) =¢(z)] =1 (v e ¥]). IIpu 910M CHIPABEIIHBBI Y TBEPK ICHHSL:

(1) orobpaxenue f noiynenpepbiBao cHu3y (B Touke vg € V) TOM H TOJBKO B
roum ciayaae, ecn VB |=«pynknus ¢ nomyrenpepesaa cauzy (B Touke wo € ¥)»;

(2) orobpazkenne f Beiykiio (cybgMHEHO, IMHEHHO, OrPAHHYEHO) B TOM U TOJIb-
ko B Tom V&) = «yHKmmst ¢ BoiIyKa (cyOanHeiHA, THHEHA, OTPAHIIEHA) ».

< U3 6ysmeBosnatHoro anaamsa m3BecTHO (cM. [9, 3.2.12 m 3.3.11]), 4ro MHOMKECTBO

BCEX SKCTEHCHOHAJBLHLIX OTOOpaxkenmii u3 V B E* OMEKTHBHO CIIyCKY 3J€MeHTa %, Iie
AVAY [=«.Z —MmoxecTBO Beex yHKIMA u3 ¥ B X' ».
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[Tokazkem crpaseymuBocTs (1). Tomoxkum

D.:={veV:|v—uv| <el}, d(e):=supf(D:);
De:={ve?V: |v—uw <e}, d():=supep(Z:).

B cuny (9, 3.3.11(2)] Bepuo [f(De)1 = ¢(Z:)] = 1 u, creposarensno, [d(e) = d(¢)] = 1.
Ecm A := (0,00) C R, To orobpaxkenuss d : € — d(e€) (¢ € A)méd : e — d(e) (e € A")
cBs3anbl coorHommennem § = d ] (em. [9, 3.5.5]) u, nosromy [sup(A) = supd(4")] = 1. B
ety m3oronHocTH byukmun §, mrotHocTH AN B A= {t € # : 0 < t < oo} BBmOIHsETCS
[sup6(A") = sup §(A)] = 1. Tem caMbiM, PABHOCHIBHBI CIEIYIONIE COOTHOITCHILS:

f(vg) = sup inf{f(v): veV,|v—uv| <el},
O<eeR

¢(vo) = sup inf{p(v): ve Y, [lv—uvl <e}.
O<eeZz

JokazarenbcTBo (2) 1eMeHTapHo. >

2. JIBOIiCTBEHHOCTDH

N3y4enue BHITYKJIBIX OIIEPATOPOB OOBIYHO IIPOBOISIT OTHOCUTE/ILHO BEKTOPHOMN JBONCTBEH-
Hoctn X «— Z (X, E), rme X — Tomnosorntveckoe BeKTOpHOe mpocrpanctso, £ (X, E) — upo-
CTPAHCTBO JIMHENHBIX HEIIPEPBIBHBIX OIIEPATOPOB U3 X B yIOPAI0UEHHOE TOTIOJTOTTIECKOE BEK-
TOpHOE TpoCTpaHcTBO E, a GminHeiiHblil oneparop gpoiicrBennoctu umeer sujn (x, 1) — Tx
(em. |7, 10]). B ciryuae ke BBILYKJIBIX 9KCTEHCHOHAIBHBIX OIIEPATOPOB HAnboJiee eCTeCTBEHHOMN
SIBJISIETCS JIBOMCTBEHHOCTh MEZK Iy IIPOCTpaHcTBOM banaxa — KanTopoBuda u ero orneparopHo
COTIPSIZKEHHBIM [IPOCTPAHCTBOM |[8].

2.1. IIycts V — pererouno nopmupoBanHoe npoctpanctso Hajg F u E* := Orth(E). O60-
3HAYUM CHUMBOJIOM V* COBOKYIHOCTH BCEX JIMHEWHBIX orepaTopoB v* : V' — E| s KaxkI0ro
13 KOTOPBIX CYIECTBYET CBOM IOJIOKUTEIbHBIN opToMOpdu3M e* € E* Takoii, 94To

(o) < e ol (veV).

Hnst mroboro v* € V* cymiecTByeT HAMMEHBIUN TOJOXKUATEIBHBIN djieMeHT € € E* ynosie-
TBOPSIIOIIUI YKa3aHHOMY HEPABEHCTBY. DTOT 9JIeMEeHT Mbl 0003HaunM cuMBojoMm |u*|. Jlerko
BUJIETh, 4TO orobpaxkenue v* +— |v*| aBisiercss paznoxumoit Hopmoii. Ilpu srom (V*,|-])
peacTaBisieT coboil mpocTpancTBo banaxa — KanTopoBuua, Ha3bIBAEMOE CONPANCEHHBIM K
V' mpocrpancreom (nompobroctu cMm. B |7, 9]). 13 manHOrO omnpeseneHus u U3 MOPSAKOBOI
HEIIPEPBIBHOCTU OPTOMOP(MU3MOB cjiejyer, 9To V™ cocTtouT u3 bo-HempepbIBHBIX OIEPATOPOB,
T. e. ecin v* € V¥, 1o u3 bo-lim, v, = 0 crenyer bo-lim, (v,,v*) = 0 (cm. [8, 3.3.2(2), 4.3.1]).

2.2. Ilycte V — perreroYHO HOPMHPOBAHHOE MPOCTPAHCTBO Haj F:= X |. Oboznadnm de-
pe3 ¥ ero GyJIeBO3HAYHYIO pean3annio, a depe3 ¥’ — 6aHaxoBO CONPSIXKEHHOE IPOCTPAHCTBO
k ¥ sayrpu VB . Torga orobpaxenne v — v| (v € ¥'|) ciayxur mumeiinoii msomerpueii
Mezk 1y npocrpancTBamu Banaxa — Kanroposmaa V' | u V*.

< Cwm. |7, 3.4.7, 3.4.8], [8, 8.3.7], [9, 5.5.9, 5.5.10]. >

2.3. Conpasicennuiii onepamop wim npeobpasosanue FOnea — Denzeasn f* : V¥ — E
orobpazkenust f : v — E* orHocUTeNbHO jABoiicTBeHHOCTH V > V™ ompenensitor (hopmyJoii

[*(v*) =sup {{v,v*) — f(v): veV} (W eV
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Bmopoti conpsasicenmniti onepamop f** BBOAAT IIyTeM HOBTOPeHUs YKA3aHHOI IIPOIe Ly Phl:
™) =sup{(v,v*) — f(v): v € V*} (veV).

C oueBUIHBIMUI OTOBOPKAME ¥ MO2KHO PACCMATPUBATL Kak dj1eMeHT npocrpanctsa V**. C tou-
HOCTBIO JI0 TAKOI'O OTOXKJECTBJIEHUsT BTOPO#l COIPSIZKEHHBIN ortepaTop f** ciiyKuT cykeHuem
noBTOpHOTO Ipeobpasoanns FOura — Penxens (f*)* ma npocrpancrso V. Herpyauao Bujers,
aro f* — HOJIyHEeIpephIBHBIN CHU3Y BBIMYKJIBIH OLEPATOP.

2.4. (1) Ilycts f u @ — 1e xke, uro u B 1.5. Torpma f* = ¢*|.

< Tpebyemoe oznagaer, aro jyisi jioboro v € ¥ | snement f**(v) ymosierBopsier paBeH-
CTBY

f7 () = sup {{v,0") —p(v) : w7 €} (veV)

sryrpu V(B) . Tlocie mee MOXKHO YCTAHOBUTH TEMHU 7K€ PACCY K IEHHUSIMI, 9T0 U B 1.5. >
(2) st orobpazkennst f : V. — E* umeer mecro pasencrso f = f** B tom u
TOJILKO B TOM CJIydae, KOIjia OHO 9KCTEHCHOHAJBHO, BBIIYKJIO H MOJIYHEITPEPHIBHO CHUZY.
< Hyxno npumenuts teopemy Penxensi — Mopo BHYyTpH W(B), 9TO 3aKOHHO B cmity 1.5
u(l). >
2.5. Ilycrs V' — npocrpancrso Banaxa — Kanroposuua, a I'y(V, E) — MHOXKeCTBO Beex
9KCTEHCUOHAJIBHBIX TOJYHETPEPLIBHBIX CHU3Y BBIMYKJILIX omeparopos f : V. — E*. Jlerko
BuieTh, 9ro 'y (V, E) — sro A-koHndeckas nosypemterka, rjge A := Orth(E) (em. [9, 1.5.1]).
O6osnaanm cumBosioM I'(¥, ) snement u3 V(B) | u306paskatonumii MHOKECTBO BCEX II0-
JIyHEIPEePHIBHBIX CHU3Y BBITYKILIX byuakuuit uz ¥ 8 % . Iousrtro, uro I'(¥, %) asnsaercs
Z-KOHUIECKOM IOy PEIIeTKOI.
(1) [Lnst pacmmpennoro K-npocrpancrBa E := %] orobpazkenne ¢ — @] ciy-
JKHT HOJLyIHHeHHbIM n3oMopdusmoM A-konnveckux nosypererok I'(V , Z)| u T'y(V, E), co-
XPAHSIIONAM TOYHBIE BEpXHHE T'DAHHUIIBI KOHEUHBIX MHOXKECTB. DTO K€ OTOOpa’keHHe OCy-
mecTsJIseT n3oMopgusM npocrparcts Banaxa — Kanroposuyda ¥'| u V*.
< To, aro ¢ +— @] cuyxur oueknueit mexay (¥, Z)| u T'y(V, E), cienyer uz 1.5. st
nposepku A-niosrysmHeitHOCTH BO3bMeM @1, w2 € I'(¥V, Z)], mHo)uTen oy, a0 € A:= %] n
Touky v € ¥ |. Io onpenenenuio cuycka, suyrpu V&) Gyner

(11 + agp2) [ (v) = (11 + agp2)(v) = (a1 - p1(v) + a2 - p2)(v)
= (a1 - p1l(v) + a2 p2)[(v) = (1 - 1] + a2 - p2)])(v),

9T0 U TpebOBAJIOCH. [>
(2) Ecin E — pacumpennoe K-npoctpancTBo, To orobpazkenue f — f* ciayxur
6ueknueii mexkty muoxkecreamu L'p(V, E) u T'p(V* E).
< Crepyer n3 2.3 u (1). >

3. Cy6aud dpepeHiiupyemMocTnb

3/1ecb MBI YCTAHOBUM BapHAHT TEOPEMBI DKJIAHIA JJIsI IOy HEIIPEPBIBHBIX 9KCTEHCUOHAJb-
HBIX OTOOPAXKEHUl U J1a MM HEKOTOPBIE ero IpuMeHennd K cyOmuddepeHnupyeMocTn.

3.1. Bosbmewm Boinykiibtii oneparop f @ V. — E* touky vy € dom(f) u dukcuposan-
HbIit ssemenT € € ET. Oneparop v* € V* nasbiBaror e-cybepaduenmom f B TOUKe Vg, eCn
(v,v*) — (vg,v*) < f(v) — f(vo) + € s Bcex v € V. MHO)KeCTBO Beex £-CyOrpaJeHToB OIre-
paTtopa f B TOUKe vy UMEHYIOT &-cybduddepervyuarom f B TOUKE vy U 0O03HATAIOT CUMBOJIOM
O: f (vo). Kak obprano, npu € = 0 mummem Jf(vg) := o f(vo). B [10, 11] e-cybanddepennman
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onpeiesieH Ha ocHoBe jpoiicrBernoctn X < Z (X, E) u, crajo ObITh, BBEIECHHBIH BbIIIE £-
cybuddepennnan cienosano 6bl onpenenutsb Kak J: f(vg) N V*. Oxnnako B jJaHHOII pabore
MBI pacCMaTpPUBAEM TOJIBKO JBORCTBEHHOCTE V = V'™, [I03TOMY HCIOIb30BAHIE OJHOIO U TOrO
Ke cuMBojia Oz He BeserT K nyrtanuie. CyliecrBeHHO pasHble e-cyoanddepeHaibl MOXKHO
[IOJIYIUTh, Bapbupys apoicreerHocTr. OqHAKO, IPOCTEINNe CBONCTBA CONPSI?KEHNST IIPH 9TOM
IO CYIIECTBY HE MEHSIIOTCS.

13 Brmodennst v* € 0, f(vy) ceayer, aro vy € O f*(v*). Ecim xe f**(vg) = f(vo), TO
v* € 0. f(v) rorma u Toapko Torga, Korga v € O f*(v*).

3.2. Kak Bugno usz 2.4, ecm f 1 ¢ — Te e, 9ro u B 1.5, T0 myis mobeix v € ¥/ |, vy € V|
u0 < e € F:=%| pasaocwibHbl coorHomenust [V € 0-¢(vg)] = 1 u v| € 0-f(vg). Takum
obpasom, orobpazkenue v — v ocyiiectsisier abduanyto ouekimo MuoxkecTB (D0 (vg))| u
aaf (UO)'

Ecmn V' — mpocrparcrBo Bamaxa — Kanrtoposwua wag F := Z|, a f : V — E* —
I10JTyHEIIPEPBIBHBIH CHU3Y BBIIYKJIbIH 9KCTeHCHOHAJIBHDIH oriepaTop, To s jiiobbix 0 < € € K,
E = {e}**, mvy € dom(f) 6yrer 0. f(vo) # 3.

< UzBectHo, uTo £-cybmuddepeHima moayHenpepbIBHON CHU3Y BBIMYKJION (DyHKINNA
Ha GaHAXOBOM IIPOCTPAHCTBE HeEIycT B J0boit Touke vy € dom(yp) (em., mampumep, [20]).
Ocraercst Bocnonb3oBaThest buekimeit Mex iy (J:¢(vg))] u Oef(vg). >

3.3. Teopema. IIycts V — npocrpancrBo Banaxa — Kanroposnya Haa K-npocTpaHCTBOM
E:=%|, a f — nomyHenpepbIBHOE CHH3Y 9KCTEHCHOHAJIbHOE oTobpazkerne u3 V B E*. Jlomy-
cruM, 4T0 Jist Hekoropeix 0 < € € E vy € V' cupaseuuso Hepasernctso f(vg) < inf{f(v) :
v € V} + . Torga st smioboro obparumoro 0 < X € E cymecrByer zy € V' takoii, 4ro

f(zx) < f(vo), l2x —wol <A,

f(zx) =inf {f(v) + X telzy —v]: vE VL

<1 CoruracHo 1.5 MOXKHO cauTaTh, 90 f = @], r1e ¢ : ¥ — #° — HojyHenpepbIBHASI CHI3Y
dbyuxus VB Bonee roro nmeer mecro coorromenne [¢(vg) < inf{p(v) : v € ¥}+¢] = 1. B
city GyIIeBO3HAMHBIX IIPUHIMIIOB MakcuMyMa 1 rneperoca BayTpu V (B) cripasepymsa Teopema
Akuanga (em. [17, Teopema 6.1], [20, memma 3.13]). Caenosarensho, Haiigyres 0 < A € Z,
z)x € V|, 1j1s1 KOTOPBIX

@(z2) < @(vo), laa —woll < A,
o(zx) = inf {p(v) + A 'ellza — 0] = veE ¥}

Orcrona ciemyer Tpebyemoe. >
Paccmorpum Tereps BapuanT Teopembl bpéncreqa — Poxadesapa s BBITYKIIBIX 9KC-
TEHCHOHAJbHBIX OTOOPasKEHMUIA.

3.4. Teopema. Ilycte f : V — E* — nosyHenpepbIBHbIH CHU3Y BBITYKJIbIH 9KCTEHCHO-
HaJbHbIH orepaTop. Jomycrum, 4To 11 HeKOTOphIX vg € V, 0 < e € E m vy € V* Bemmons-
ercst v € Oc f(vo). Torza st smoboro obparumoro 0 < A € E cymecrsyior vy € V nv* € V*
TakKHe, ITO

lox —vol <A, oy —v5| <A 7'e, v} € 9f(un).

< JlokassBacrest Tak ke, kKak u 3.3. Hyxuno suyrpn VP npumennts x dysxiun ¢
teopemy Bpéucrena — Pokadesmapa (em. [17, reopema 6.2], [20, Teopema 3.17]). >
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3.5. Teopema. Ilyctb f:V — E* — cobcTBeHHBIH MOIYHENTPEPHIBHBIN CHU3Y BBITYKJIBIH
SKCTeHCHOHAJIBHBII oneparop. Torya st siroboro uw € dom(f) mmeer mecro npejcrapieHue

f(u) =sup{{u —v,v*) + f(v) : v e dom(df), v € df(v)}
=sup{(u,v*) — f*(v*): v* € Im(9f)}.

Hupivu cioBamu, 10/1yHeIpepbIBHBLE CHU3Y COOCTBEHHBII BBIITYKJIbLH 9KCTEHCHOHAILHBIH OITe-
patop Ha 6aHAXOBOM IIPOCTPAHCTBE SIBJISIETCSI BepxXHeil ormoarorreil cemericTBa agdUHHBIX
oIIepaTopoB, OIpPEeISeMbIX €€ CyOrpaueHTaMA.

< Moxno cunrars, uro V =%, E = %Z| u f = ¢| (cm. 1.5). Bamernm, aro dom(f) =
dom(p)]. Hycrs dbyukuus 1 uz dom(p) x ¥’ B % BHYTpPH VB peficrsyer mo upasmiry
(v, v*) == (u — v,v*) + ¢(v). Torna g:= 1| neiicreyer uz dom(f) x V* B E no npasuiy
g(v,v*) = (u—v,v") + f(v). Urak, g(df) = ¢ ((9¢)]) = (d¢p)], nosromy f(u) = sup g(df),
tax kax BHyTpu V(B) Bepro ¢(u) = sup(dy). >

3.6. I3 moKa3aHHOIO BUHO, YTO KaK U B CIydae CKAJIAPHBIX (DYHKOMiA, TOYKH Ccy0mud-
depenmmupyeMocTn u cyOrpagueHThl IOJTyHEIIPEPBIBHON CHU3Y BBIMYKJIONH 9KCTEHCHOHAJILHOTO
onepaTopa 06pa3yIoT IIpeJCcTaBUTeILHOe MHOXKECTBO.

Ilycre f 1V — E* — cobcTBEeHHBI HOJLyHEIPEPBIBHBIH CHU3Y BBIILYKJIbL SKCTCHCHOHAIb-
Hb1ii oneparop. MuoxecrBo tex z € dom(f), st koropeix 0f(z) # &, miorno B dom(f).
Tounee, mst mobbix 0 < € € R u zg € dom(f) masigercs z € dom(9f) rak, aro |z — 2] < el.

< Hust mponsBosibHOl Toukn vg € dom(f) B coorBercTBUU C mpejyioKenneM 2.4 (2) nmeer
MECTO MPEJICTABIICHIE

f(vo) = sup{{vg, v*) — f*(v*) : v* € V*}.

Hoa moGoro € > 0 cymecrsytor pasbuenue eaununpl (m¢) C P(E) u cemeiicrso (vg) C V*
TaKue, ITo

me(vo, vg) — me fT(vg) = me f(vo) — emel

st Kazkaoro €. Eemm vi= 37, Teve m 0T 1= 30, Tevf, TO B CUJY SKCTEHCHOHAJIBHOCTHU Olle-
paropos v*, f u f* 6ymer (vo,v*) — f*(v*) = f(vg) — €1l. Crenosarensno, v* € Oq1 f(vo).
[Tpumenus Teopemy 3.4 npu \:= /e, noxbepem z € V u 2* € V* mak, aro |z — vg| < /21,
|z* —v*| < Vel m z* € 0f(2). >

3.7. Paccmorpum pe3dynbraThl THHA TeopeMbl Bumona — @Pejrca o mwrornoctu. Muoxke-
crBo C' C V Ha30BeM IMUKJIUYECKH 3aMKHYTBIM, €CJIM OHO br-3aMKHYTO W JIJIst JIIOObIX ceMeii-
crBa (ve) C V u pasouenust equumip (1¢) C P(E) cymecrsyer Taxoit snement v € C, 910
e |v — U§| = 0 ay1sa Becex &.

Homycrum, aro omeparop vy : V. — E orpaHmveH Ha HeIyCTOM BBIIYKJIOM I[HK/IHIECKH
zamkHyTOM MHOYXKecTBe C' C V. Torma jgst jroboro € > 0 HaiyTes oneparop v* € V* u rouka

v € V takwe, 94TO
|[o* —vs] <elwol, C*(v*) = (v,v%).

<! Unpimu cioBamu, Jiiist orpannydentnoro na C' oreparopa vg CyIIECTBYET CKOJIb YT'OJIHO
6/3Kuil (B CMBIC/IE BEKTOPHON HOPMBbI) oreparop v, jgocruramoimmii makcumyma Ha C. st
JI0Ka3aTe/IbCTBA HYKHO IMOJOXKUTE B 3.6 f:= d¢. >



4-38 A. I Kycpaes, C. C. Kyrareangze

4. Paccioenus

B sTom maparpade MBI pacCMOTPHUM BBIITYKJBIE 3KCTEHCHOHAJILHBLIE OIEPATOPBI OTHOCH-
TEJIBHO r[[BOI'./'ICTBQHHOCTI/I Me)Kﬂy IIpOCTpaHCTBaMM CequHﬁ7 CBsASaHHBIMU C HENIPEPBIBHBIM 6&—
HAXOBBIM PACCIOCHHEM HaJ SKCTPEMAJIbHO HECBI3HBLIM KOMIIAKTOM U CONPSIKCHHBIM C HHUM
paccioenneM. Heobxopumble ceejiennst umetorcst B (2] u [8].

4.1. [peamonoxum, 910 () — KCTpEMATIHHBINA KOMIIAKT U 3a/[aH0 HellPpepbIBHOE 6aHAXOBO
pacciioenne 2 Has Q. Eciau u — HenpepbIBHOE OYTH [VI00AJIBHOE CeUeHne pacciaoenus 2, To
dynkims ¢ — ||u(q)|q onpenenena u HenpepeiBHa Ha KoToieM MHOxKecTBe dom(u). Crremo-
BaTeJIbHO, cyilecTByer enuncrBenHass QyHKIus |u| € Coo(Q) Taxas, uro |ul (¢) = |lu(q)|lq
(q € dom(u)). B MHOXKecTBe BCeX IIOYTH HENPEPBIBHBIX Iy100asbHbIX cedenuii IMM(Q, Z7)
paccioenusi 2  BBOJSIT OTHOINIEHKE SKBUBAJIECHTHOCTH, TOJIaras % ~ ¥ B TOM CJIydae, KOTja
u(q) = v(q) upu Beex ¢ € dom(u)Ndom(v). Jyist 5KxBuBaIeHTHBIX U 1 v BhiosHsieTcst |u| = [v].
3HaYNT, MOKHO TIO OTIPEIETEHUIO TOTOXKUTD |U| := |u|, /e @4 — Ki1ace SKBUBAJIEHTHOCTH TTOYTH
riobasbHoro cedenust u. O6ozHaunm dakrop-muozxectso M(Q, 27)/~ cumsosom Coo (Q, Z7).
B 5T0 MHOYXKECTBO €CTECTBEHHBIM 00PA30M MOXKHO BBECTH CTPYKTYDY PEHIeTOYHO HOPMHUPO-
BAHHOI'O IIPOCTPAHCTBA.

Ecmn E — mnnean B Coo(Q), To muoxkectBo E(2):= {u € C(Q, Z) : |u|] € E}, cnab-
JKEeHHOe orepanusivMu, uuaynupoBadabivu 13 Coo(Q, Z7), npejcrasisier coboii mpOCTPaHCTBO
Banaxa — Kanroposuua mnan F.

4.2. HenpepoiBHoe GaHaxoBO pacciaoenne 2 HaJ SKCTpeMabHBIM KOMIIAKTOM () Ha3bl-
BAIOT HACHIWEHHDIM I NPOCMOPHBIM, €CIIA KaXKJI0€ OTPAHMYEHHOE HEIPEPBIBHOE CeYeHUe
pacciaoenust 2, onpeesieHHOe Ha ILIOTHOM IIOJMHOXKECTBe (), MOXKeT OBITh IIPOIOJIZKEHO JI0
r106aJIbHOTO HEIPEPBIBHOIO ceveHust. B 3ToMm maparpade Mbl paccMaTpuBaeM TOJBKO IMPO-
CTOpPHBIE DAHAXOBBI PACCIOCHUSI.

Teopema. Ecin 2 — npoctopHOe 6aHAXOBO PACCTOCHUE HAJT IKCTPEMATBHBIM KOMIIAK-
Tom @, a E — muean B Cx(Q), o E(Z) — npocrpancreo Banaxa — Kanropouya HaJp
E nu Cx(Q,Z) — ero makcumasproe pacuiupernue. Haobopot, /st Besskoro mpoctpaHcTBa
Banaxa — Kanropouva V' Has E cyiecTByeT e€JIWHCTBEHHOE C TOYHOCTBIO 10 H30MOPHU3-
Ma TTPOCTOPHOE GAHAXOBO pacciaoerne Z Takoe, 4To V JIHHEHHO H30METPUIHO TPOCTPAHCTBY

< JlokazarenbeTBO cM. B [2, §]. >

4.3. PaccMoTpuM HeNpepbIBHOE 6AHAXOBO PACC/IoeHre 2 U MPEJINON0KIM, 9TO I KazK-
JIoit Touky ¢ € Qo HEKOTOPOTO KOTOIIEro MHOXKecTBa (g C () ompejiesieHa Moy HellpepbIBHAST
CHH3y COOCTBEHHAs BbINyKIad QyHKIMA fq @ Xy — R’. O6osuaunm V := Coo(Q, ) u
Vo := Eo(Z), tne Eg — nexoropslii uiean B E := Cu(Q). Homycrum, 9ro jyist Kax0ro
v € Vy bdynaknus ¢ — f,(v(q)) nenpepeiBaa Ha dom(v) N Qo U, ClleJOBATEILHO, HMEET €J[IH-
CTBEHHOE NPOJIOIIZKEHHE Ha Bee (. DTO IPOoIzKenue 0603HauuM cHMBOIOM f(v). TeM caMbiM
BOBHMKaeT orobpaxkenne fo : Vo — [E*, KOTOpOe OMCBHIHO BBITYK/IO M 9KCTCHCHOHAILHO.
CyLIecTByeT eIMHCTBEHHOE IIPOIOJLKEeHHE [ oneparopa fo Ha Bee V, oupeeisemoe hopiy-
0t f(v) == 0= ¢ e fo(ve), tne (m¢) — pasbuenne emmmmpt B B(F) u (ve) — mponssombHOE
ceMmeiicTBo B V).

4.4. OmepaTop f : V' — E* sBiistercst BBIIYKJIBIM, SKCTEHCHOHAJIBHBIM H IOy HEITPEPbIB-
HBIM CHH3Y.

< BBIIyKJIOCTb U 9KCTEHCHOHAJIBHOCTL onepartopa [ odeBujHbl. J{okaykeM IosyHenpe-
PBIBHOCTb CHH3Y B IIPOM3BOJIbHOI Touke vg € V. Ilomoxkum e := sup,cn inf {f(v) : v €
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V, lv —wvol < 1/n|vgl}. CymecrByer koromee mMuoxkecTBo @ C ) Takoe, 4o Ha ()f, BBIIOJ-
HEHO ITOTOYEYHOE PABEHCTBO

e(q) = SIEl]IIzI inf {f(v)(q) : v eV, |v—uwol <1/nlvol}.

Hns smoboit Toukn ¢ € Q N dom(vg) Gymer {v(q) : |lv—wvo] < elwl} = {z € Z4
|z — vo(@)llqg < €llvo(@)lq}. BuaunT, yaursiBast mosryHenpepeIBHOCT CHU3Y (DYHKIUH fq, MBI
ITOJTY TaeM

e(q) = sup inf {f,(v(q)) : = € 24, |lz —vo(a)lly < 1/nllvo(a)llg} = folvo(a)) = F(vo)(@)-

neN

Buauut, e = f(vg), 9T0 U TpeGOBAIOCDH. [>

4.5. JIjis1 IPOCTOPHOIO HENMPEPBIBHOIO GaHAXOBA PACCIOCHUS 2 MOYKHO OIPENEJIUTh CO-
npasicennoe banaroso paccroenue 2, KoTopoe Takxke OyJeT IpocTOpHBIM. Ilpu 3TOM TIpO-
crpancreo Z'(q) sBnasercs nomupocrpancrsom B 2 (q)', nopmupyomum 2 (q); Goree Toro
llz]lq = max{(z,z') : 2’ € Z7(q), ||2'||q < 1} aus Bcex z € Z'(q).

ITycrs (-, -)q — KanoHn4deckast Gunneiinast popma gpoiicrsennocru 2 (q) < 2 (q)'. Bosb-
MeM U € Coo(Q, Z)uv € Coo(Q, Z'). @Pynknust ¢ — (u(q), w(q)), HENpepsIBHA, a ee 06/1aCTH
onpenenenns dom(u)Ndom(v) Beroxy mwrorHa B (). CiienoBaTeabHO, 9Ta (DYHKINST NMEET €/INH-
cTBeHHOe TIpojiosizKerne 0 vyieMenTa Co (Q)). BosHukamoomuit s1eMeHT Mbl 0603HAYUM CUMBO-
aoM (u,v). Oupenesennas Takum obpasom dbopma (-, -) npusogut npocrpancTsa Coo(Q, Z)

(@, Z") B Coo(Q)-3naunyio npoiicrernocts (cM. [7]). Ilpu srom B K-npocrpancrse
Coo(Q)) UMEIOT MECTO COOTHOIICHUST:

lul = max {(u,u*) : u* € Cx(Q, 27),|u*| <1} (ue€ Cx(Q,2)),
|| = sup {(u,u*) : veCu(Q, 2),lul <1} (v €Cx(Q, 27)).

4.6. Teopema. Ilycrb & — npocropuoe HBP nayn Q u E — npean B Co(Q). Torga npo-
crpanctBo Coo(Q, Z) mmuneiino nzomerpuano Coo(Q, Z7)*, rye uzomerpust ocymecTBisiercst
conocrapyiennem cedennio u* € Coo(Q, Z”') omeparopa u — (u,u*) uz E(%Z") B E. B 4acr-
HocrH, ecin X — peasiM3allHOHHOE DACCIOEHHE JIJIsl PACIIMPEHHOrO NpocTpancTBa Banaxa —
Kanroposuua V', To 2 — peannzanuonnoe paccioeHue JJisi COINPSZKEHHOTO IIPOCTPAHCTBA
Banaxa — Kanroposuua IIBK V*.

< Jokazaresbcrso cM. B [2]. >

4.7.Ilycrp 0 < € € E nvg € dom(f). Onmeparop v* € V* Bxoaur B e f (v) B TOM 11 TOJIBKO B
TOM CJIydae, KOrJa Jijisi HEKOTOPOro KoTomero MHoxkecTsa @y, C ) BBIIOIHSIETCS IIOTOYCTHOE
COOTHOIIIEHHE

v*(q) € Be(g) fa(v0(q)) (g € Qp)-

< I'o onpenerennio oTobpazKeHMsT f Ha KOTOIeM MHOXKecTBe Qf):= Qo N dom(vg) BbIION-
ustercst f(vo)(q) = fy(vo(q)). Torma muast npomssonbHOro v* € V* Gyzer

(v(@),v"(@))g — (v0(a);v"(2))q < fo(v(a)) = fo(vo(q)) (g € Qo N dom(v™)).

Ecmn x € 25, 10 v5(q) = & 1y1 HEKOTOPOro ITI00AIBHOTO HEIIPEPBIBHOTO CedeHus vy. Cremo-
BaTEILHO, TIOJIATad U:= Uy, MBI IOJYIAM

(z,v"())q — (v0(2), v"(0))q < fo(@) = fo(vo(q)) (x € 24, g € Qp N dom(v7)),
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910 1 TpebOBaIOCh. [>

4.8.Teopema. Ilycrs % — npocropHoe 6aHaxoBo paccioenue, 2 — collpszkeHHOe pac-
croerne. Iycrs f : V — E* — BbUIyK/IbIH 9KCTeHCHOHAIBHBIH omepaTop u3 4.3 n st HeKo-
Topbix Vg € Coo(Q, Z27),0< e € E nvf € Cxo(Q, Z"') Bomomusiercst v € 65f(v0). Tora sist
smoboro obparumoro 0 < A € E cymectBytor vy, € Coo(Q, Z7) u v* € Coo(Q, Z”') Takme, uro
Ha HeKOTOPOM KOTOIIeM IOJMHOKeCTBe () BBIITOJIHSIIOTCS II0TOYEUHbIE COOTHOIICHHUS

lva(g) = vo(@)llq < Al9);
13 (@) = w5 (@)llg < Ma)~'e(a),
vA(9) € Afq(va(9))-

< Cnenyer u3 3.4 u 4.7. >
AHAJIOTUYHO MOXKHO BBIBECTU MOTOUYEYHBbIE BapuaHThI TeopeM buimomna — Pejtrca.

5. HekoTopsbie 3aga4yn

B zakmodenne Mbl cpopMyIupyeM HECKOIBKO 3aat, IPU PEIeHNH KOTOPBIX MOT'YT OBITDH
ITOJIE3HBI U3JI03KEHHBIE BBINIE COOOPAYKEHUSI.

5.1. Ilycrs (92, X, ) — mpocTpancTBO ¢ Mepoii (ob1ajaolee CBOCTBOM MPSIMOl CyMMBbI)
u 2 — usmepumoe GaHaxoBo paccioenue Hasx ) (em. |2, §]).

[TycTs pu ouTn Beex w € ) 3ajiaHa BBINYKJasl OJIyHEIPEePbIBHAS CHU3Y (DYHKIHA f, :
X, — R Tonowxum Q @ 2 = {(w,z) : w € Q, 2 € 2.} u onpegemum bynxmumio f
Q® 2 — R dopmymnoit f(w,z) = f,(x). Jomycrum, uto Kommozumusa w +— f(w,u(w))
u3MepuMa JJIsl BCeX U U3 HEKOTOPOI'o IPOCTpaHcTBa L u3MepuMmbix cedenuii u :  — 2. B
STOH CHTYaIiy IPHHSTO ONPEJIENATh HHTerpatbhbiit dynkmmonan I : L — R’ crenyromum
obpazoM:

Ip(u)i= /Q £, u(w)) du(w),

ecn dynkuus w — f1(w,u(w)) cymmmpyema u If(u) := 400 B mporusHoM ciay4dae. ITycrs
E:= L%, %, u) — sr0 K-npocTpancTBo (KJIaccoB 9KBUBAJIECHTHOCTH ) N3MEPUMbIX (byHKITHII,
al: LY(u) — R — mnarerpan JleGera. Toryma mveeT MecTo mpejcTabienue | yf=10F, rne
oueparop F' : L — E* oupegenen dopmysoit F(u) : w— f(w,u(w)). Kak Bugso, oneparop F
9KCTEeHCHOHAJIeH. BarkHO BhIpas3uTh cBOiicTBa omepaTopa F' depe3 cBoiicTBa cemeficTBa pyHK-
unii (f,,). anee narepecHo n3yunTh CBOCTBa MHTErPAIBHOIO QyHKIHOHAIA [ £, HCIONB3Ys
JUUTST 9TOH 1eJTM BBIMYKJIBII 9KCTEeHCHOHAJIBHBIN ortepaTop F' u pazpadborannyio A. E. ['yrmarom
B 2| TeXHUKY MCCIIeI0BAHUS M3MEPUMBIX GHAHAXOBBIX PACCIIOCHHH ¢ TIOMOIIBIO TPOCTOPHBIX Oa-
HaXOBBIX PAaCCIIOCHUN.

5.2. B monorpacdun B. JI. JleBuna |13] ucciie/joBanbl BOIpOChl peryJisipHOro HHTErPaIbHO-
ro npejcrasienns cyouddepennuana 01 f(v) 1 CONPAKEHHOTO BBILYK/IOro GyHKIHOoHAIa, | ;
muist 1§ B Ccilydae IMOCTOSTHHOTO GaHAXOBa, PACCIOeH s (T.€. B IPOCTPAHCTBE H3MEPHMBIX BEKTOD-
dbynkiwmit). B paborax A. /1. Mobde n B. M. Tuxomuposa [3| usydasach 1BOHCTBEHHOCTD
oIepalyy UHTEIPUPOBAHUS U KOHTUHYAJIbLHON MH(MUMAaJIbHOM KoHBosomun. [Ipeacrasisiercs
MHTEPECHBIM PACIPOCTPAHUTDL YKA3AHHBLIE TEOPUU Ha OOIIUIl MHTErpPaJbHBIN (DYHKIIMOHA U3
5.1.

5.3. IIpencraBisioT mMHTepecC Te Ke 33/1a9M, 9YTO U B 5.1 u 5.2, HO B CUTyaInu, KOrJaa IpH
mouTH Beex w € ) 3aJaH BBINYKJbI omepaTop f, @ X, — FE, rme E — NOPSIKOBO IOJIHAST
6amaxosa pemerka, a I : L'(u, E) — E — unrerpan Boxmepa.
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5.4. BBISCHUTD yCJIOBUS, TPU KOTOPBIX IOJIYHENPEPBHIBHBIA CHU3Y BBITYKJIBIH 9KCTEHCHO-
HaJIBHBII ollepaTop MMeeT BUJ U3 4.3 JJis HEKOTOPOT'O PACCIOEHUS MOTYyHEIPEPBIBHBIX CHU3Y
BBINYKJIBIX (DYHKITU, OIpeJIeIEHHBIX Ha CJIOSX HENPEPBIBHOTO HGaHaxoBa paccioenus. To xe

caMoe IJId u3MEepUuMoro OaHaxoBa, paccjioeHud.

5.5. Nzyunrh cBA3b auddepeHIImpyeMOCTH BBIITYKJIONO 9KCTEHCHOHAIBHOTO OIeparopa ¢
nocyiofinoit nudHepeHInpyeMOoCThIO IPU MIPEICTABICHUS €r0 B BUIE HEIPEPBIBHOTO WU MU3-
MEPUMOI'0 PACCIOEHUs BBIIYKJILIX pyHKIM. UTo mpeacrapisier u3 cebsi MOCIOMHAS acILLyH-
nosocrh? Ilocnoitroe cBoiicrBo Pajgona — Hukomuma? u . 11.
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