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JlaeTcst onmcanne Kjiacca MYJIbTUILIHKATOPOB MIPOCTPAHCTBA IEbIX (DYHKITNN, 33JaBAEMOT0 HEPAHATb-
HBIM JIBY4IEHHBIM BecoM. [IpumBomurcs GYyHKIIMOHAIBHBIN KPUTEPUl 3aMKHYTOCTH 0Opa3a oOlepaTopa
YMHOYKeHUsI Ha, (PUKCUPOBAHHBIN HETPUBUAJBHBIN MYJIBTUILINKATOD B TAKUX IMPOCTPAHCTBAX.

KurodueBrnie ciioBa: onepaTop yMHOXKEHUs, MYJIBTAILIMKATOD, Iesast PyHKINA.

1. BBeagenue

ITycTs u u v — HeoTpHIATEIbHBIE Bo3pacTaonue Ha [0, 00) dyHKIMM, pacryimme Ha 6ec-
koneunocru 6bicrpee Int. Tlosmaraem u(z) : = u(|z|) upu Becex z € C u v(x) : = v(|z|) upu Beex
z € R. o u u v u aucaam r u s u3 (0,00) onpejesum 6aHaX0BO IPOCTPAHCTBO TesbiX B C
byHKIMT

£ (2)]
Hru, sv - = {f S H((C) : Hf”ru,sv F= ilelg eru(Re z)+sv(Im 2) <00
[Tpu dukcupoanubix p u g u3 (0, 00| BBejeM JHMHENRHOE IPOCTPAHCTBO

Hfjjg L= U Hru,sv

r<p,s<q

U HaJEJIUM €ro TOIOJIOTHell BHYTPEHHEr0 HHAYKTUBHOIO mpefesa ceMeicTBa {Hyy s 1 7 < P,
s < q}.

[IpocTpancTBa TAKOTO BUA UTPAIOT 3HAYUTEIBHYIO POJIb B Teopun pacupeieneruit [IIsap-
1a, ee 0600IIEHUIX U MPUJIOKEHUSIX. DTO CBI3aHO € TEM, UTO JJIst psia nmpocTpancTs Operrre
FE 6eckoneuno jnuddepeniupyembix GyHKImit npeobpazosanne Pypoe — Jlamaaca dyHKim-
OHAJIOB

F: e E v ¢(z):=pe™), z€C,

yCTaHaBJINBAET TONOJIOTTYECKHIT M30MOP(MU3M MEKy CUILHBIM COIPSKEeHHBIM ¢ F mpocTpan-
creoM B} u HY'} npn noxxoxsmenm Boibope u, v, p u ¢. B wacraocrn, npu u(t) = In(1 + t),
v(t) =t up = g = oo moCyIeAHEe yTBEPXKICHUE CJie/lyeT u3 Teopembl [Iagun — Bumepa —
Isapra, a mas TuX %, v, p U q u3 ee aHajoros |1-6|.

M ) b
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Bamerum, 4To npu p = ¢ = 00 NpocTpaHcTBO Hiy ™" siBisieTcss aire6poil OTHOCHTE b
HO omnepaluii MOTOUETHOro CJIoyKeHus: U ymHoxkenusi dbynxuuit. [losromy ama Hy ;™ umeer
CMBICJT HICCJIEIOBATE 33,18y 00 ONMCAHNN 3aMKHYTBIX IVIABHBIX HieasioB. Hamommmm, 1To riias-
HBIM UJIeAJIOM 3TOf ajreGpbl, HATSHYTHIM Ha 3jeMeHT p € Hy ™, HasblBaeTcs ujean BUja
I,:={uf: f € Hgy» }. B paguanbaoM ciaydae, KOLAa ¢ = v, KaXKIbli [VIABHBLH H1eal 3a-
MrHYT B Hy 3™ |7, upensioxenue 4. [Ipu oTkaze oT paJuajbHOCTU TIOC/Ie/IHEe YTBEPK IeHHe
He Bcerya BepHO. [TosToMy mMeeT cMBICT paccMOTpeTh 334ady 00 OIMMCAHUE BCEX 3aMKHYTBIX
uneanos B Hy 3™ IpU ycJI0BUH, KOTJ/IA UMEEeTCsl CyIeCTBeHHas HePaInabHOCTb, COCTOSIIAsT B
npesnosioxkennn, 910 u(t) = o(v(t)) upu t — co. Ona paccmarpusasach JI. Dpennpaiicom (8],
P. Maiize, B. A. Teitiopom u JI. @orrom [9] qyst KorkpeTHbIX u n v(t) = t. Hanbosee obmme
pesyibrarhl Oblan noaydensl 3. Mommvowm B [10]. OH jast nosHOe onmcaHne 3aMKHYTHIX [JIaB-
HBIX HJI€aJI0B areOpbl Hy 3 0 1pu ycjoBum, 9To v — BbinyKias Ha [0,00) QyHKIMSA, n 4TO
Ha GECKOHEYHOCTH MMEIOT MECTO CJIyOIUe aCUMITOTHIECKIe PaBEeHCTBA:

Int = o(u(t)); (1)

B nacrostieit pabore 11pu Tex ke orpaHudenusix, 4to u B [10], u jponosHuTebHOM TpebGoBa-
HEUK O TOM, 4T u(€e”) — BhimyK/as Ha R dyHKIms, nccaemyores Te ke, aro u B |10], Bompocs
it npoctpancTBa Hy »?) tie 0 < g < 00. DTO NPOCTPAHCTBO yKe He SBJISeTCs aareGpoil.
[ToaToMmy aHaJsIoOT 387890 O TJIABHBIX UjeajiaX BBITISIUT JIJIsT HETO CeayiomuM obpasom. Pac-
cMoTpuM oneparop Ay, f +— pf ymMHoxenus na bUKCHPOBaHHYIO Hesyto hyHKIumIo ji. Tpeby-
eTcst yCTAaHOBHUTD, KOrjla 06pas npocrpancrsa Hy, 3¢ orHocuresao oTobpazkenus A, 3aMKHyT
B H; »?. flcno, uTo npexje, 4eM U3ydaTb 3aMKHYTOCTb i - Hy p?, criemyer naTh onucanue
BCeX TexX HenbiX MyHKIUi f1, 1y1st KoTopbix i Hy 3! C Hyp? (ApyruMu cioBamm, MyJIbTHILIH-
kaTopos Hy ;7). VIMeHHO 3THM JBYM BOIIPOCAM U IOCBSAIICHO OCHOBHOE COJIEPYKAaHUe PabOTHL.
Kpowme Toro, mpuBOmSTCS MPUIOKEHUS K 3a7ade O CIOPBHEKTUBHOCTH OMEPATOPA CBEPTKH B

POCTPaHCTBax yabTpaauddepeHnupyeMbix Ha naTepBaje GyHKiuili Tuna bepsmara.

2. IIpocTpanctBa

OTMeTHM HEKOTOpBIE HY?KHBIE JJIsl [TOCJIe/IYOIIUX JI0KA3aTeJbCTB CBOMCTBA [IPOCTPAHCTB
Hy? (Beio u t t t
w, 1y ¢ < 00). I3 toro, uro u(t) — oo m v(t) — oo mpu t — 0O CTaHZAPTHBIM
0bpas3oM cieslyeT, uTo ecin r1 < rg U 81 < S2, TO Hy 4y 5,0 KOMIAKTHO BJIOZKEHO B Hpypy sou-
¢lcHO TakzKe, UTO B 3aJAHUM NPOCTPaHCTBa HY'# M TOMONOrMU B HEM NPH NPOU3BOJIBHBIX P
U ¢ MOYKHO OIDAHHYUTHCS IIPOU3BOJIBHBIME HOCIEA0BATEILHOCTAMA (7)00 1 U (S5)00 |, BO3-
pacrasi CTPEMAIUMUCT K p U ¢ cooTBercTBeHHO. [losromy HY'% u, B wactnoctn, Hy »? mo
TOIIOJIOTHYECKOit cTpyKType siBistercst (DFS)-npocTpancTBoM, T. €. CHIBHBIM CONPSIZKEHHBIM K
npocrpancrBy kiacca Ppemte — HIsapra (1o mosoxy (DFS)-npocrpamcrs cm. [11]). Samernm
emme, uTo U3 yeaosnit (2) u (4) caemyer, uro B onpenesnennn Hy, ! BMecTo Hyyy 5y MOKHO B3STH
[POCTPAHCTBA

Hpy, 50 1= {fGH((C): | flru, sv ::sup& <oo}.
zeC

eru(z)+sv(Im z)
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B camom nere, mostoxxkum Hﬁ:g = UKP <a H,y, sy ¥ HajJeIuM 3TO JHMHEHOe IpocTpaH-
b

CTBO TOTIOJIOTHEH BHYTPEHHEr0 WHIYKTHBHOTO TIpeJiea cemMeiicTBa GaHaXxoBBIX MPOCTPAHCTB
{Hpu sv 1 7 <p, s <q}. Tak xax u Bospacraer, 0 u(Re z) < u(z) upn scex z € C. ITosromy
Hyy 5o — I}m’ sv (< — cuMBOJI HenpepbIBHOTO BjoxkeHusi). Tem Gosiee, Hﬁjg — f[ﬁjg IJISE
npousBoiibHbIX p u g u3 (0, 00]. Hasee, mycrs 1 < 0o u s < ¢ < 0o. B cuiny Bospacranust u u
yeaosus (2) maiimercst Takoe ri, 1 < r1 < 00, 9T0 npu Beex z € C

ru(z) < ru(|Rez| + [ Im z|) < ru(2max(|Re z|, | Im z|))
< rp(u(max(|Rez|, |Im z|)) + 1) < m(u(Re z) + u(Im z) + 1).

Bosbmem s1 Tak, urobel s < s1 < q. U3 (4) caenyer, uro cymecrByer takoe C' > 0, uro
u(t) < #=2v(t) + C npu seex t > 0. Torga s mobeix z € C

ru(z) + sv(Im z) < up(Rez) + spv(Im z) + (C + 1)ry.

Mosromy | flru, siv < e(CHDm || fllru, s 21t mpomsBosibHON mesoit dyukuum f. SHAadMT,

I7 7700 0

H,\ 5o — Hyjy, s,0- O1ciona ciegyer, uro Hy, TN H,, »1, OTKyla 3aK/II09aeM OKOHYATEIBLHO,
00, q 7700, q

uro H, ;" coBnagaer ¢ Hy y I1103JIEMEHTHO U TOLOJIOTUYIECKU.

3. MyapTunamkaTopbl

Hamomumnwm, ato menas GyHKIUsT (4 HA3BIBACTCI MYALMUNAUKGMOPOM HEKOTOPOTO MHOYKE-
crBa H nenbix dyuknnit, ecomm p- H C H,tne p- H :={pf: f € H}. Kinacc Bcex Myiib-
rurnkaTopos H obosnadum cumsosiom M (H). B ciaydae, Korjja JONOJHATEIBHO U3BECTHO,
uro H — JIOKAJIbHO BBIIIYKJIOE IIPOCTPAHCTBO, MYJILTUILIUKATOD (i HA3BIBAETCS HEIIPEPBIBHBIM,
ecau oneparop ymuoxkenuss A, geiicrByer HenpepnisHo u3 H B H. Herpyano BuueTb, 4To
ecJi Ipu 3ToM Tomosiorust H maykopupyetr Torosoruio norodevdnoit cxogumoctu B C, s H
“MeeT MEeCTO TeopeMa O 3aMKHYTOM rpaduke u H sBjsieTcs yJIbTPabOPHOJIOITIECKUM IIPO-
CTPAHCTBOM, TO KaKJIblil MyJabTUILIMKaTOp H Oyier HempepbiBHBIM. JleficTBUTENIHHO, IyCTH
cetb (fo, b fo)aca cxomurcs B H X H k snementy (f,g). Torna, rak kax romnosorust H ma-
>KOpHUPYET TOIOJIOTHI0 ToTouevdHoM cxomumoctu B C, To

9(2) =lim p(2) fu(2) = p(2) f(z) Vze€C.

3uaunrt, rpadux oneparopa A, samknyT. V3 Toro, uro Tonomorua H MaxkopupyeT TOIOJIO-
ruio notodednoit cxoxumoctn B C, crenyer eme, uro H otnemnmo. Takmm obpaszom, A, —
JIMHEHHBIN ollepaTop, MeUCTBYIOMUI U3 mpocTpancTsa H, 1y KOTOPOro Mo mpeoIoKeHuIO
CIIpaBeJINBa TeOPeMa O 3aMKHYTOM TI'paduKe, B OTIEIUMOE YIHTPAOOPHOJIOTNYECKOE IIPO-
crpancTBo H u umeromuii 3aMKkHy T rpaduk. Ilostomy A, : H — H nempepbiBeH.

Bepuemcst k npocrpanctsam Bujia Hy ¢, Jlerko Buners, uro tomnosorus HY'{ maxkopu-
pyer Tonosoruio norodednoit cxomumoctu B C. Kpome toro, HY'{ ynbrpaboprosornano kak
UHIYKTUBHBINH TpeJesl ceMeiicTBa HaHaXOBBIX MPOCTPAHCTB. A TaK Kak OHO, KaK OTMEYEHO
BBIIIIE, SBJISIETCS BHYTPEHHUM WHIYKTUBHBIM IIPEIeI0M IIOC/IEI0BATEIbHOCTH OAHAXOBBIX IIPO-
CTPAHCTB, TO JIJIst Hero 1o TeopeMe I'porennka [12, ¢. 230| cipaBeyinBa reopeMa 0 3aMKHY TOM
rpaduke. [ToaToOMy KazK/Iblil MyJIbTUILIMKATODP npocTpancTsa Hi{ npu mobeix p u g nenpe-
peiBer. [locieHee 03BoJIsIET HAM IPUMEHUTD Pe3ysbTarhl 3 [13| 06 onucanun mpocTpaHCcTB
HEIIPEPBIBHBIX MY/JILTUILINKATOPOB MHIYKTUBHBIX IIPE/IE/IOB IIOCIEI0BATE/ILHOCTEH OaHAXOBLIX
npocrpancts. Ham norpebyercst ciemyromas jieMMa.
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JIemma. Ilycrb v — HeorpuiaTesbHasi HeyObIBalolast BbllyKJias Ha [0, 00) dyHKIus, aist
KOTOpPO# BhIoIHEHO ycaosue (3). Torna

u(t+1):v(t)<1+@), t — 00, (5)
u, rem bo.Jee, ( )
o(t+1)
R T I

< 13 Beimyksoctn v Ha [0, 00) caeayer, 9To

2t) —v(t
v(t—i—l)—v(t)éw Vt>1.
Bocnonbzosasmmucsk (3), umeem npu wekoropom C' > 0, 4To
v(t)
o+ 1) <o)+ C—L+C Vi1

t
YuureiBasi HeyObIBaHUE v, TOJIydaeM oTciona (5). >

ITpengioxxenne 1. Ilyctb u u v — HeoTpunarebHbie HeyObIBatorue Ha [0, 00) QyHKIHM,
v BoiIyk/a Ha [0,00), u(e”) Boirykia na R u Bomosnenst yeaosust (1)—(4). Torga npu jirobom

q € (0,00)
M(HZY) = (U Hrw, co-
e>0r>0

< B coorsercreun ¢ ormeuennsiM Boie Hy o? = Hys? npu mobom g € (0,00), npudaem

oo o
tonosiorust Hy, »? coBnajiaer ¢ Tonosorueil BHyTpEHHEro UHIYKTUBHOTO TIpeJiesia Tocye[0Ba-
[e.e]

TEJTHLHOCTH OAHAXOBBIX IPOCTPAHCTE (Hnu (4—q /n)v) . HaJee, 3aMeTM, 9TO U3 BBITYKJIOCTH
’ n=1

v U BBIYKJIOCTH U HeyObiBanust u(e®) ciemyer |14, yreepxKenue 6) Ha c. 63 u Teopema 2.1.2],
qro byukiyn v(Im z) u u(z) cybrapmornuanst B C. Ilosromy n dyuxmu

wp(z) 1= nu(z) + <q - g) v(Im 2)
n
cybrapmonnusbl B C npu jsro6om n. IIpu arom, juist Beex z u3 C ¢ |z| = 1 umeem

wy (2) 1= sup wy(z + ¢) < nu(2|z|) + <q - 2) v(|Imz| + 1).
¢I<t "

Orcrona, yaursiBas (1), (2) u (5), moaydaem, 4o cymectByioT Takue m > n u C' > 0, 4ro

wl(2) +2In(1 + |2]?) < mu(z) + <q — %) v(Imz)+C VzeC.
Torza B cooTBeTCTBHE ¢ npetoxennem 5 u3 [13] npocrpancrso Hy? mwim, 4o To e camoe,
H.;! sengerca rycteiv (eM. B ¢Bsizu ¢ 9TuM yrounenue B [15] semmbr 1 A. B. AGanuna u3 [13],
Ha KOTOPYIO OIUPAETCsl JI0Ka3aTeIbeTBO peoxkenust 5 B [13]). Orcioga 1o npeioxkenuto 4
u3 [13] (¢ yuerom oTMedeHHOIl Bbllle HelpepblBHOCTH MyabTHILIMKaTopos u3 M (Hy?)) sa-
KJIIOUAEeM, 9TO

M(Hff;,q) = {,u € H(C): (Vn)(3dm) sup |,u(z)|e(”_m)“(z)+(i_%)“(lmz) < oo} — M.
zeC

Jlerxo Buzern, a0 M = (.50 U,>0 Hru,ev, OTKyza cemyer Tpedyemoe. >

r>0
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4. Oneparop yMHOX>KEHUS

[TpuBenem PyHKIMOHAJIBHBIN KPUTEPHUI TOIO, ITO ,HJIH JAHHOI'O0 HETPUBUAJIBHOIO MYJIHTH-
mwmKaTopa i u3 M (H;f {)q) IOIPOCTPAHCTBO (i Hyp p? 3aMkHyTO B Hyppl.
o 0, q
IIpennoxenune 2. Ilyctb p HETPUBHAJIBHBII MyJIbTHILIHKATOD U3 M (Huyv ) Iox-
(oe] o0
HIpOCTPAaHCTBO (i~ Hy, »1 saMKHYTO B Hu,{,q B TOM H TOJIBKO B TOM CJIydYae, KOIL/a JJIsT JTFIOOBIX

r € (0,00) m s € (0,q) cymecrsyror takue 11 € (0,00), s1 € (0,q) u C > 0, uro

wp WO oo WL e o

2€C er1u(Re z)+s1v(Im 2) 2eC eru(Re 2)+sv(Im 2)

< Kak ormedeno Bblme, omeparop yMHOXKeHust A, geiicTByer menpepbieHO n3 Hy,! B
H; 1. Kpome Toro, oH UHBHEKTHBEH B CUILY TeopeMbI e,ZLI/IHCTBeHHOCTI/I aHaﬂHTquCKHX cl)yHK—
IlI/II/I Takum o6pazom, pu Haeennn obpasa - Hy, ! unpymuposannoit uz Hy, ;7 Tononorueit
Ay Hiy — - He! — nuneitnbrit HereprBHbH/I 6I/I€KTI/IBHI)II/I orepaTop.

Taxk kak Hy,? — (DFS)-upocrpancrso, T0 p - Hy ' — samkayTOE Ho;anOCTpaHCTBO B
H.'»? B TOM 1 TOJIBKO B TOM CJIydae, KOrJa UHjaynupoBannast B i - Hy »? us Hy 3 Tonosorus
COBITAJIACT B HEM C TOIOJIOTUEH BHYTPEHHEIO I/IH,ZLyKTI/IBHOFO npegena cemeiicrsa {p- Hyy sy

r <00, s < q}. ITo Tem ke coobparKeHUsIM, UTO U ISt Hu o', IpocTpancTBo  ind  p-Hyy, sy
r<oo, s<q

orHocutcst K Kiaaccy (DFS)-pocrpancrs.

W3 cka3aHHOTO € MOMOIIBIO y2Ke YIIOMUHABIIEHCsT BBINIE TeOpeMbl ['pOTeHIMKa ClIemyerT,
qTO0 M-Hif’i,q 3aMKHYTO B Hio{,q TOTJIa W TOJBKO TOTJ/a, KOTJa A# : H&o{,q — /L-H{f{,q —
TOTIOJIOTHYECKUH M30MOP(MU3M, ITO PABHOCHILHO HEIPepBIBHOCTH obpaTHOro K A, omeparo-

pa A;l. B cBoto ouepennb, HENIPEPBIBHOCTH A;l : ind  p-Hpysp — ind  Hyy g B cuity
r<oo, s<q r<oo, s<q

dakropuzanuonnoii Teopembl I'porennuka [16, Teopema 6.5.1] sxBuBanenTna (6) (3mech uc-
0JIb3YeTCs, YTO B 3aJaHuu npocTpancTsa Hy ;! u Tonosoruu B HeM MOXKHO ODAHUYIUTHCS
[POM3BOJILHBIMU IIOCJIEI0BATEIBHOCTAME (1)00 1 1 (85,)00 4 ¢ 1y T 00 1 Sy T Q).

V3 npepjoxkenus 2 u OTMequHoﬁ B § 2 Boamoxkuoctu 3amennl u(Re z) Ha u(z) B ompe-
JeJICHUN IIPOCTPpaHCTBa Hu vy W TOIIOJIOI'MU B HEM HO.HyLIaeM TaKOe II0JIESBHOE B ITPUJIO?KCHUAX
CJIeJICTBHE.

o (oo}
CJ‘Ie;{CTBI/Ie. IlycTp p — HeTpuBHa BHDBIN MyabTUILTHKATOD U3 M (H u, {,q). Ionnpocrpan-
M (Hgp? M (Hygp? © 6.
CTBO [4- w,v ) 3aMKHYTO B w,v ) B TOM H TOJBKO B TOM CJIydae, KOIJa JJId JIIOOBIX

r € (0,00) u s € (0,q) cymecrByror takue 11 € (0,00), s1 € (0,q) u C > 0, uro

|f(2)] |1(2) f(2)] .y
Zegm<cgggm Ve HZ (7)

5. OnepaTop cBeEpPTKU
[TIycrb w : [0,00) — [0, 00) — HeybbiBatomas Ha [0, 00) QyHKIWs, J1Jisi KOTOPOIi
Int =o(w(t)), w(2t) =o0(w(t)), w(t)=o(t) uput — oco.

Kpowme Ttoro, mpesmnosaraem, uro dyakuus ¢,(r) := w(e®) pbmykiaa na R. Ilosaraem
@5 (y) = sup,>o(ry — ¢ (z)) mpu mobom y > 0 ( — conpsikennas ¢ @, o HOnry dynkmus).
Bosbmem ¢ € (0,00) m paccMOTpHM TIPOCTPAHCTBO &) (—¢, ¢) Beex beckoneuno mbddepen-
[IPYeMbIX Ha HHTEpBase (—¢,q) KOMILUIEKCHO3HAYHBIX (DYHKIMA f, 11 KOTOPBIX

[f®) ()]

[flln:=sup sup ——5~<oo VneN
k20 |z]<q-1  €"P0(n)
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Hagemum &,y (—q, q) Tonosorueit, 3anasaemoit nabopom npeauaopm (|| - ||,)5%, BMecTe ¢ Ko-
Topoii oHO siBisiercst npocrpancrBoM Ppemte — [eapra ((FS)-npocrpancrsom). DsieMeHThI
8(w)(—¢, q) maswBatorcs yabTpannddepennupyembivu Ha (—q, q) byrknusavu tana Bepamn-
ra. 3aMeTHM, UTO MBI He TpebyeM HeKBa3HAHATUTHIHOCTH Kacca &(,)(—q, q).

Us [6, reopema 6.5.1] cienyer, uro npeobpazosanue Pypre — Jlamiaca dyHKIMOHATIOB

YCTAHABJIMBACT TOTIOJOTHICCKUH N30MOP(MU3M MEXK/Ty CHILHBIM CONPSKEHHBIM C &(4,)(—¢, q)
/ m7q [ype— —_—
IPOCTPAHCTBOM é"(w)(fq, q) n upocrpancrBoM Hy, o, rie u(t) : = w(t) mv(t) = ¢, 1yst KoTOopoOro

Oy/1eM UCIIOJIb30BaTh clienuaibHoe obosHavenue HJ. flcno, 4To yist JaHHBIX U U U BBINOJHEHDI
BCE IIPEJIIIOJIOZKEHNS], IEPEINCICHHbIE BO BBEICHIM.

Badukcupyem NpousBOIbHBI HETPUBUAILHBIN MYJIBTUILIMKATOD f IpocTpancTea He. V3
upezyoxkenns 1 caepyer, uro M(HY) = (..o HE. Bamernm, aro HE, C H{ npu mo6om
e € (0,q). Orcrozia 3a cyer CTaHIAPTHBIX PACCYK/ICHUI CJIEyeT, YTO e 0003HAUNTH Yepe3
), byHKIMOHAT U3 é"(/w)(—q, q), npeobpazosanue Pypbe — Jlammaca KOTOPOro CoBIAIALT C fi,
TO [IPABUJIIO

f €&y (=¢,9) — (T.f)() : = (W, f(& +))

ompe/ie/iseT JIMHEH BN HenmpephIBHbIi onepatop u3 E(,,)(—q¢,q) B E((—q, q), xoTOpHIil Ha-
3BIBAETCST ONEPATMOPOM CEEPMKU, TOPOKIEHHBIM MYJILTUILIMKATOPOM fi. IIpu sTOM, conpsi-

. ! . q q
xkenuplii ¢ T), oneparop T), OTOXKECTBIACTCS € OLEPATOPOM yMHOMKEHHSI A, - HE — HS.
Hockomeky A, mabexTusen, o T),(E(,)(—¢,q)) miorao B Ey(—q,q). B cumy obmumx pe-
3yJILTATOB Teopuu jBoiicrBeHHOCTH [16, Teopema 8.6.13] 3akirouaeM Torja, 4ro OIEPATOP
Ty Ew)(—=¢,9) — E()(—¢,q) CIOpbeKTHBeH B TOM W TOJIBKO B TOM CIIydae, KOT/a TMOJITPO-
crparcrso A, (HY) samxayro B HY. Takum o6pasoM, HCHIOIb30BAB LpeIoXKeHne 2 U CJIel-
CTBHUE U3 HEro, MPUXOIUM K CJIe/IyIOIIEMY Pe3YJIbTATY.

IIpennoxkenue 3. Ilycrs w yAOBIETBOPSET MPEANOIOKCHASAM, IPUBCACHHBIM B HAYaJIe
TeKyIero naparpada, u |, — (pUKCHPOBAHHBIH HETPHBHAJIBHDBIH MYJILTHILIHKATOD HPOCTPAaH-
crea HY. Jlnst toro urober ypasuenne T),(f) = g mmesno pemenne f € 8wy (—q,q) mra moboit
npapoii qacTh g € &(,)(—q, q), HeOOXOAMMO U JIOCTATOTHO, ITOOBI JIs |4 BBHIIOJHANOCH YCIO-
sue (6) miu, aro To ke camoe, (7).

B zaksiouenne mpuBeseM HEKOTOPBHIE KOMMEHTAPUU U IIEPEUUC/IUM 3a[a91, KACAIOIIUECs
3aTPOHYTHIX B HACTOSAIIEN CTaThe BOIIPOCOB.

1) Ilpescrasisier nHTEPEC reOMETPUYECKAs XapAKTePU3aliusl IIOBEIeHUsT TeX HETPUBUAJIb-
HBIX MYJIBTUILIMKATOPOB TIpocTpancTBa Hy p?, IU1s KOTOPBIX ToAnpocTpancTBo f - Hy h! 3a-
mrnyTO B Hyp?. B cyuae npocrpancrtea Hy ;™ Taxast xapakTepusanust Obuia gana B [10)].
OrmeruM B cBsi3u € 9TUM, 910 B [17] ObLIa MOJIyUeHa HOBasi MHTEPIIPeTaIsi OCHOBHOIO De-
sysbraTa u3 [10].

2) Hamommmm, 9TO OTJIMYHAST OT TOXK/IECTBEHHOTO HYJIS Tieast (DYHKIMS (i HA3bIBACTCS
deaumenem kitacca H 1ieqbix yHKIUN, €C/IM CIIPABEITHBA UMILIUKAIIHST

feH,ieH((C) :>£EH.
1% 1%

CraHIapTHO yCTAHABIMBAETCS, UTO JJIsl BCIKOIO JENUTeNst (i nmpoctpanctsa Hoy. ! moampo-
crpanctBo - Hyp? samkuyro B Hy . Tlosromy yemosue (6), mpuBeieHHOE B HPEJIOKe-
Hun 2 (mam (7) B CJIEICTBUU M3 HETO) sIBJISIETCsI HEOOXOJMMBIM JIJIsl TOTO, 4TOOBbI i ObLIA
nemurenem Hy ;7. Cnpammsaercs, Bepuo jmm obparHoe? OTMeTHM, YTO M3 reOMETPUYECKOIl
xapakrepuzanuu 3. Momma B [10| B KauecTBe HOGOYHOrO BBIBOJA CJIEJYET, YTO 9TO TaK
JUISL TVIABHBIX HJeatoB anrebpol Hy ™ . Anbrepuarusubiii [10] Gosee mpsiMoii myTh cocTo-
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UT B [IPOBEPKE TOrO, YTO IOIIPOCTPAHCTBO {ip : P — IOJUHOM} IIOTHO B HPOCTPAHCTBE
{uf € Hy': f — nenas dbynxuus} (1o sToMy 10BOJYy cM., Harmpumep, [18]).

3) B pabore [4] paccmarpuBanuch npocrpancrBa E 6eckoHedHO nuddepeHimpyeMbix Ha
BEIeCTBEHHOM ocn (DYHKINIA, 38/ 1aBaeMble C TIOMOIIBIO OIEHKHU BCEX ITPOU3BOIHBIX Yepe3 HEKO-
TOPYIO BECOBYIO MOC/IEIOBATEIHHOCTD MOJIOKUTEIbHBIX YUCE/T U BECOBYIO (DYHKITUIO, OTPAHUIH-
BAIOILYIO POCT 9TUX MIPOU3BOAHBIX Ha Oeckoneunoctr. C omoripio npeobpazosanust Oypbe —
Jlamnaca yHKIMOHAIOB Oblia HoJaydeHa peanusaiysa H cONpszKeHHOro IpocTpaHcTBa
KOTOpasi IPEJICTaBIAeT cOOOM MPOCTPAHCTBO HeJIbIX (DyHKIUI, 3a/1aBaeMoe MOC/IeI0BaTe IbHO-
CTbIO JABYYJIEHHBLIX BECOB. B KadecTBe HpI/I.HO)KeHI/Iﬁ 6I)IJII/I MOJIy9I€HbI JJOCTATOYHBIE YCJIOBUA
CIOPBEKTUBHOCTHU OIIEPATOpa CBEPTKHU B MCXOAHOM NpocTpancTee E. Crepyer oTMeTUTDb, YTO
npocrpanctBa H u3 [4] u HY{ we conagaior nu npu Kakux u, v, p u q.
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