Ananmuz 12: KoMnakTHBIE OIE€PATOPHI Muma Bep6umkuit

s 3a9eTa 0 KaxX JOMY JUCTKY HaA0 CIATH BCE 33,Ja49U CO 3BE3M0YKaMU, 1100 BCe 3a,1a4u 6e3 3BE3 J09EK.
3a1a4m ¢ IByMA 3BE3MOYKAMU MOXKHO He caaBaThb. CrapmuM k 32134 ¢ AByMsA 3BE3L0YKAMU PA3PEIIAeTCs He
cmaBaTh 2k 33439 CO 3BE€3N0YKAMU W3 TOT'O XK€ JUCTOYKA. 3anaau, o603nadenuue (1), crenyer caaBaTo BCeM.

Anamm3 12: KoMnakTHbIE OmepaTopbl

12.1. Cnaabasa cXO0IUMOCTh M CHUJILHAA CXOIMMOCTDb

Onpepaenenune 12.1. IocaegosarensnocTs {2; } B rumsbepToBoM npocTpancTee H HasniBaeTcsa ciabo cxo-
AAIMIENCSA, eCIU [ TI0O0T0 HePepLIBHOTO byHKIuoHaMa i € H* | mocregosaTeabrocTs p(z;) € C cxomuTcs.
OO6EIMHYIO CXOIMMOCTE NOCIEI0BATEILHOCTH HA3EIBAIOT CIUILHOM CXO0AMMOCThIO. TOmoIornio, KoTopas MH-
IynupyeT caabyio CXOAUMOCTh, HA3EIBAIOT C1a60M TOIOJOrHeH.

3agaua 12.1. [IpuBenuTe npumep MOCIEIOBATEILHOCTHA, KOTOPAsA CXOAUTCA B CIabOU TOMOJIOCMM, HO HE B
CUJILHOU.

3apgaga 12.2 (*). CymectByeT Ju auHEeRHOE 0TOOpakeHre MMILOEPTOBEIX npocTpaucts H — Hj, KoTo-
pO€ He HEIPEPLIBHO B CIA00M TOMOJOrUU?

3apgaga 12.3 (!). [Iycre H — ruisbepToBo npocTpancTBo. JokaxuTe, 9T0 e AMHAYHEN map B H koMnakTen
B CJIa00U TOMOJOTUN.

Yxazanme. Bocnomeayirecs Teopemort Tuxonosa o kommakTaOCTH [—1, 1] B TOmOMOrNMM MOTOUEIHOM CXO-
IAMOCTH.

Onpepenenne 12.2. HanomuuM, 9T0 OpEJKOMIIAKTHOE MHOXKECTBO €CTh MHOXECTBO, 3AMBIKAHUAE KOTO-
POro KOMIAKTHO, 8 KOMIAKTHBIM OIepaTop €CTh HEIPEPHIBHLIA ONEPATOp, HEPEBOAIIAN OrPAHNICHHEIE
MHOXECTBA B IPEIKOMIIAKTHEIE.

3agadga 12.4. IlycTs HenpepruiBHb onepaTop H — H; Ha ruib6epTOBEIX IPOCTPAHCTBAX MEPEBOLUT JIO-
Oyt caabo CXOALIYIOCS MOCIEA0BATENHLHOCTD B CUIBHO CXOIAINYIOCsS. [JokaxuTe, YTO OH KOMIIAKTEH.

Ykazaume. Bocnombsyurech mpensIayInen 3aaen.

3apaaga 12.5. Ilycte {z;} — mocrenoBaTensHOCTE, KOTOpas €1ab0 CXOANTCA K %, & A — HEIPEPLIBHLIN Olle-
parop. Joxaxure, uro {A(x;)} cnabo cxogures k A(x).

3agaga 12.6 (!). Joxaxwure, 9T0 OrpanmIeHHb1 oneparop H — Hi KOMIAKTEH TOTJA U TOJBLKO TOTAA,
KOT'[Ia, OH IIEPEBOAUT MO0 C1a00 CXOMSMLIYIOC MOCIEI0BATEIBLHOCTD B CIIBHO CXOIALLYIOCH.

12.2. KomMmakTHBIE OTIEPATOPHI

3agauya 12.7. [lycts K xomnaxkTabM onepaTop, A nenpepoBabm. Jokaxute, uto AK n K A KOMOakTHEHI.
Onpepaenenne 12.3. KoHedYHOMEpHBIN oIepaTop €CTh OHEPATOP, 00pa3 KOTOPOr0 KOHEIHOMEPEH.
3agaga 12.8. [JokaxuTte, YTO KOHEYHOMEDPHBIA OMEPATOP KOMIAKTEH.

3agaga 12.9. [TocTponTe KOMIAKTHLIN OIEPATOP, KOTOPLEIA HE KOHEIHOMEDEH.

3agadga 12.10. OnpegenuM omepaToOpHYO HOPMY (HOPMYJION

|A(z)|
IIA]| := sup .
z#0 |$|
[okaxuTre, 9TO [/ HEIPEPHIBHOTO onepaTopa A, ero HopMa MeHbIine oo. [Jokaxure, 9To || - | 3agaeT HopMy

Ha IPOCTPAHCTBE KOMIIAKTHBIX OIIEPATOPOB.
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Ananmuz 12: KoMnakTHBIE OIE€PATOPHI Muma Bep6umkuit

3apgaga 12.11 (!). PaccmoTpum TOMOMOrmMiOo Ha MPOCTPAHCTBE ONEPATOPOB, 33JAHHYIO ONEPATOPHOM HOD-
Mo || - ||, u mycTs A — omepaTop, Jexamuil B 3aMBIKAHUA [IPOCTPAHCTBA KOHEYHOMEPHEIX 0neparopos. [Jo-
KaxuTe, 9T0 A KOMIIAKTEH.

Ykazauwme. [Jokaxute, 9T0 A MEPEBOAUT KAXKIYIO CIa00 CXOIAMYIOCA MOCAEIOBATENLHOCTD B CHIBHO CXO-
JALTYIOCH.

3apgaua 12.12 (*). [JokaxuTe, 9TO IPOCTPAHCTBO KOMIIAKTHBIX ONEPATOPOB 3aMKHYTO B ONEPATOPHOM
HOpMe.

3agaga 12.13. Ilycte K — KOMIOAKTHBLIM OMEPATOP HA MAILOEPTOBOM MPOCTPAHCTBE, a8 1 — OPTOTOHAIB-
-K

noe ponosmenue K ker(1 — K). Jokaxure, uro cymectyer C' > 0 Takoe, 910 WT‘(zﬂ > C, mas a060ro

HenyJaeBoro € T'.

|zi —K(zi)|

Ykazaume. Ecian [27] CTPEMUTCA K HYJIO A KaKOU-TO IOCIeI0BATEIBHOCTH €IMHUYIHBEIX BEKTOPOB
T

|z;—z|

EH
CTpeMuTCs K HyJII0. BriBeguTe U3 5TOrO0, 94T0 |2; — | cTpeMuTes K HyI10, TO ecTh {z; — K (z;)} cxoguTes x
HYJIIO B CUJILHOU TOIOJOTUM.

{z;}, BLIGEpEM M3 Hee MOANOCIEIOBATEIBHOCTD, AdsA KoTopon K (z;) CXOAUTCS K I, MOJIYydUM, UTO

3aaaga 12.14. Iycte K — KOMIOAKTHEIM OmepaTop Ha ruib0epToBoM npocrpancree H, a {x;} — mocme-
IOBaTEIBHOCTD, Takas, 4To {z; — K(z;)} cxogurcesa x z B cunbHOn Tomonoruu. Ilycts T — opTOroHANBHOE
nonosnenue K ker(1 — K),all : H— T — opTOroHaIbHaA TPOEKIU.

a. okaxwre, uTo nocaegosareasHocTs {II(z;)} orpanmaena.

6. Iycts {z;} orpannyena. Joxaxure, uTo 2z € im(1 — K).

Yxazanwme. [[1s nepBo¥ 9acTH, BOCHOJIL3YNTECH NpeasIAyen 3agadern. s Bropon dacTu, 3amenure {z; }
Ha, TOATOCIENOBATEILHOCTE, Takywoo, 9T0 K (r;) cxomuTcs K y, m yOoeauTech, 9To {r;} cxomuTca K 2 + .

3apgaga 12.15 (!). [Iycre K — xomnakTHEM onepaTop. Jokaxnre, 94To 06pas 1 — K 3aMKHYyT.
Ykazaume. Bocnombsyurech npeasIayInen 3a aen.

12.3. O6paTumbie OIEPATOPHI

3apgaua 12.16 (!). Iycrs F' : H; — Hy — xomnaxraem oneparop, Ha 6eckoneanomepno. [Jokaxure,
aT0 F' HE CIOPBLEKTHBEH.

Ykasamwme. PaccmoTpum 0TOOGDaKEHUE IPOEKTUBHBIX IPOCTPAHCTE
P(H,/ker F) 2 PH.
(H1/ ker F) 2,
ungyuuposannoe F. Moxaxure, uro o6pas ¥ cosmagaer ¢ npoextusumsauuen F(R), rge R = {x € H; :
| 1< |z| < 2}, a sHauuT kommakTeH. Bocnoassynrecs Teopemon Pucca, uTobnr ybeguthes, uto PHy He

MOXeT OBLITH KOMIIAKTEH.

3aaaga 12.17 (!). Oycts F : Hy; — H> GUEeKTUBHLIM OrPAHUYEHHEIN ONEPATOD HA TUIbOEPTOBEIX IPO-
crpancTBax. [Jokaxure, 9T0 OOPATHHIN ONEPATOD TOXKE OTPAHUIEH.

Yxazanwme. B mpeanonoxkenunn, uro He cymecrsyer C' > 0 Takoro, uro |F(z)| > C|z|, nocTtpoute mogupo-
crparcteo Hi C H;, B orpanmyennn Ha koTopoe F' xommakTeHn. Bocnoap3oBaBmmcs npegbIymen 3anagen,

pokaxuTe, 9T0 F' He MOxeT 0TOGpaxkaThC CIOPLEKTHBHO HA 3ambikanue F(Hj).

3agaga 12.18 (!). Iycrs F' @ H; — Hy OrpaHW<eHHBI ONEPATOP Ha MMILGEPTOBHIX MPOCTPAHCTBAX.
JoxaxuTe, 4TO ClIeAyIOIME YCIOBUS PABHOCIILHEL.
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(i) Cymecteyer omepatop F’ : H; — Hp, Taxon, uto FF' = |dy, (B TakoM caydae, F' HasmiBaeTcs
06paTUMBIM CJI€Ba).

(ii) cymectsyer uncao C > 0 Takoe, uro |F(z)| > C|z|, ana moboro z € Hj.

(iii) ker F =0, a im F' 3aMKHyT.

Ykazanwme. Unnimkamus (i) = (ii) owesmana u3 ompenenenmin (B xagectse C' Bozbmem HOpMy F'). Wm-
kanus (i) = (iii) Toxe oueBnana, u6o us |F(z)| > C|z| crenyer, 4To mus 110607 MOCIEZ0BATEIBHOCTH
Koum Buga {F(2;)}, z; € Hy, {2;} — Toxe mocaegoBarensHocTs Komm. Nvmmukarnums (iii) = (i), cregyer us
MPEIBIIYINEN 3a,0a41.

3apgaua 12.19 (!). IIycrs F : Hy — Hy — orpanmdeHHOE, OMEKTUBHOE OTOGPAKEHNE IMIEOEP TOBEIX IIPO-
crpaucTB. [lokaxurte, 910 F' — romeoMopdusm.

Ykazaume. Bocnombsyurech mpensIayInen 3a aen.

12.4. PpearoabMOBEI ONIEPATOPHI

Onpeaenenue 12.4. Orpanuyennusiu oneparop F : Hy — Hj Ha ruab0epTOBEIX IPOCTPAHCTBAX HABHIBA-
erca dppearonsmoBeiM (Fredholm), eciu ero 06pas 3aMKHYT, a AAPO U KOAAPO KOHETHOMEPHHL

3agaga 12.20. Ilycrs F': Hy — H; — dpearoasmos oneparop. Jokaxwure, 9T0 OH MHAYIUPYET OMEO-
Mopdusm u3 Hy/ ker F' B im F.

Yxkazaume. Bocnombsyurecs 3anaqen 12.19.

3agaga 12.21. Ilycrs F': H; — Hs — dpearoasmoB onepatop. [loxkaxwure, 4TO CymecTByeT (HPEearoab-
MoB omeparop Fy : Hs — H; Taxon, aro oneparop ldg, —FF; xoHedHnoMepeH (AMeeT KOHEIHOMEPHBIN
o6pa3s).

Ykazaame. Bocmoab3ynTech nIpeabiayIen 3a 1 a49en
3ameuaHue. U3 sToro yrBepxkgeHus creayer, B YacTHOCTH, 4To ldg, —FF) xoMnakTeH.

Omnpegenenmne 12.5. HazoeeMm sunennyio ¢popmy A : H — R Ha runs6epTOBOM IPOCTPAHCTBBE OrPaHM-
geHHoH, ecau cymectsyer C' > 0 Ttakoe, uto |\(z)| < C|z|.

3agaua 12.22. Ilycre H — ruas6epToBO IPOCTPAHCTBO, H* — mpOCTPaHCTBO OrpaHnYeHHEIX (hopM Ha H
a x — (-, ) ecrecTBerHOe OTOOpaxenue u3 H B H*, nepesogsamee x B popmy y — (y, ). Jokaxure, 910
3TO U30MOPDPU3M.

3agaua 12.23. Ilycrs F' : H; — H, — orpaduveHHLn omeparop, a F* : Hs — H; — omeparop,
nepepogsum & € Hy B BekTOp y € Hi, KOTOPHII ¥IOBIETBOPAET

(z, F(h)) = (y,h)
s aroboro h € Hy.
a. [loxaxwure, 9TO 9TO ypaBHeHue onpegenser F* 0qHO3HAYHO.
0. okaxwuTe, 9T0 Takou oneparop F* Bcerga cymecTByer.
B. [okaxwuTe, uTo F* — OrpaHUYeHHLIN OMEPATOP.
r. [loxaxure, uTo F' dppearonsmMoB Torga u TOILKO TOraa, korga F* ¢gpearomsmos.

. oxaxwurte, uTo F' KOMIAKTEH TOT4a M TOJIBKO TOrAa, Korga F* kommakTeH.
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Yxkazauwme. [[nsa TOro, 9TOOB NOKA3aTh CYIECTBOBAHUE COMPIXKEHHOTO OMEPATOPA, BOCIOIL3YUTECH Mpe-
OBIIYIIEN 3a0a9€1

3amedanue. B sTux ycinoBusx, F'* HasbBaeTCs CONPsIXKEHHBIM omepaTopoM k F.

3aaaua 12.24. Ilycte F : Hy — Hy — orpauudenHsm onepaTop, F* — ero conpsxenusm. /Jokaxure,
urto ker F* = Hy /im F, rge im F — 3ameikanue o6pasa F.

3apaaga 12.25 (). Hycrs F': Hy — Hy, G: Hy — Hj - OrpaHUYeHHLIE OIEPATOPHL.
a. [okaxwure, yro GF ppenroasmos, eciu F' u G ¢dpearoisMoBHL.

6. [lycte GF u FG dppearonsmoser. [Jokaxure, uro F' u G 06a GpearoisMOBH.
3agadga 12.26. Ilycte GF dpearoasmoB. Bepuo au, uro F' u G dpearoisMoBwr?

3ameuanue. [lisa yoporirnenus 0603HaAYMEHIN, OTHEIHE MBI Oy €M PACCMATPUBATL TOJBLKO (DPEATONBMOBHI OIIe-
PATOPHI, IEUCTBYIONME U3 TPocTpancTsa H B cels.

3agaga 12.27 (!). Oycrs K : H — H — xomnakTaem onepatop. [Jokaxure, ato Idfr +K dpearoasmos.
Yxazaume. Bocmoabsyurecs zagaden 12.15, urobur yoeauThes, uTo ob6pas 1 + K samkuyt. [laa koHeIHO-

meproctu ker(l + K), npumenure Teopemy Pucca. [Jas xoneunomepuoctu coker(l + K), Bocmoassyurecsh
KOMIAKTHOCTBHIO K ¥ u mpumenunte 12.24.

Omnpepenenue 12.6. JIBycTopoHEUN naean B amrebpe A a1o Takoe mognpocrparctso I C A, wroal C I
u Ia C I gnsa Bcex a € A. @axropupocrpanctso A/l mo nByCTOPOHHEMY HAealy HALEIEHO eCTECTBEHHOU
CTPYKTYpPOU anrebphi.

3agaga 12.28. Ilycre C — aare6pa OrpaHMYEHHBIX OIEPATOPOB HA IMabLOEpPTOBOM mpocrpaHcree H, a
K C C — npoCTpanCcTBO BCEX KOMIAKTHBIX ONepaTopoB. [Jokaxure, 910 K — nBYyCTOPOHHUN MIEAT.

Onpegenenue 12.7. Paxropanrebpa C/K nasmbaerca arre6pon Kanrkuna ruis6epToBa IPOCTPAHCTBA
H (Calkin).

3agaga 12.29 (*). [Moxaxwure, uro aarebpa Kamxuna mpocTta (He COAEPKUT HETPUBUAILHBIX ABYCTOPOH-
HUX H/eaJoB).

3apgaga 12.30 (!). lycrs F : H — H — orpauwdensunn omeparop. [Jokaxkure, uto F ¢dpearorsMos
TOTJ]a ¥ TOTLKO TOT/A, Korja ero kracce [F] B arre6pe Kamkuna o6paTtum.!

Ykazaume. Bocnombayurecs 3agaden 12.21 u sagagen 12.25.
Onpepeneane 12.8. HanomuuM, 9T0 06paTHMBIM OMEPATOPOM HA I'MILOEPTOBOM NPOCTPAHCTBE HA-
3eBaeTca orpanmieHHel onepatop F € End(H) Takou, 9TO CymecTByeT OrpaHwdeHHEN omepaTtop Fi :

H — H, opuuem FFy = FAF = Idg.

3apgaga 12.31 (*). Ilycts F': H — H — dpearoasMoB onepaTop, [F] — ero knace B anre6pe Kankuna.
Bceerga an y [F] cymecrByer npescrasurens F'| koTopem o6paTum?

Ykazaume. THaeKcoM ppearosbMoBa, omeparopa F' Ha3LIBaeTCA 9mUCIO
dim ker F' — dim coker F.

HoxaxuTte, uro nuaexc F/ He 3aBucut oT BEIGOpa mpeacTaBuTens B kaacce [F.

1310 3mauur, uro cymecrsyer G1,G2 : H — H, uro FG1 — 1 u G2 F — 1 kOMOaxTHEL.
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3apgaga 12.32 (!). IIycrs omeparop F': H — H ¢dpegroasmos. Jokaxure, 4To cymecTsyeT € > 0 Takoe,
uaTo mis a6oro oneparopa G € End(H), ynosrersopstomero |G — F| < €, onepatop G Takxke Gppearorsmos.

Ykasanme. I[IposepbTe 5TO mjIs Ciaydas TOXIeCTBEHHOro F', 3ammcas
(Idg +Gy) ' =Idg — G, + G? — G2 + ...
rae G; = G — F. 3aTeM BOCIOML3YUTECH TEM, UYTO
GF, =ldyg +G1F + G1 K
rae Fi — oneparop, ygosaersopstomuu FFy = ldg +K.
3apgaua 12.33 (*). Ilycrs C — anre6pa BCex OrpaHMYEHHEIX ONEPATOPOB HA FUIBOEPTOBOM IPOCTPAHCTBE,
a F C C — MHOXeCTBO BCeX (pPeAroIbMOBBIX OMepaTOPOB. V3 mpeasifymen 3a,0a491 CIeayeT, 9T0 F OTKPHITO,

B TOMOJOTWH, 33aHHON HOpMOU. Hauaure BCe CBA3HBEIE KOMITOHEHTH J .

Yxkazauwme. [lompobyure n0Ka3aTh, ITO MHOXECTBO (PPEATOILMOBLIX OMEPATOPOB C (PUKCUPOBAHHLIM WH-
JEKCOM CBSA3HO.

12.5. CnekTpajbHaa TeopemMa

Onpeaenenune 12.9. lycts F' : H — H — OrpaHUYeHHBIN ONEPATOP HA TMILOEPTOBOM MPOCTPAHCTBE.
CoekTpoM F masmBaetrca MHOxecTBO Spec F' C C Becex uncen A € C takux, uro oneparop F' — A\ldg ne
obpaTum.

3agaua 12.34. Ilycrs F' : H — H — orpauuvensnin oneparop, A € C uucno. Jokaxure, 9T0 Caeqyromme
YCJIOBUSA PABHOCUIBHEI.

(i) X\ ¢ Spec F

(ii) Agzpo F — Aldg nycro, a o6pasz F — Ald H coenagaer ¢ H

3apgaga 12.35 (!). Iycrs F': H — H — orpanmdeHHb onepaTop, a A € C 4ucio, He nexainee B ero
cnexrpe. Jokaxwure, uro cymecteyer C' > 0 rakoe, uro |F(z) — Az| > C|z|, gas mo6oro x € H.

3agaga 12.36 (!). Joxaxwure, uro Spec F' 3amkuyT B C.

Ykazaume. Bocnombsyurecs 3agaqen 12.32.

3agaga 12.37 (!). doxaxwure, uTo Spec F' orpanmder (COAEPKUTCA B KPYTe).

3apgaga 12.38 (*). IlocTpouTe onmepaTop, CHEKTP KOTOPOI'O — HTO 3aAMKHYTHIN KPYT.

3agaga 12.39 (!). Iycre K : H — H xommaxTten, A € Spec K, A # 0. [Jokaxure, 9T0 IPOCTPAHCTBO
H) ,, = ker(K — Aldy)™ HemycTO M KOHEIHOMEPHO, L/ JIOGOO LEI0r0 1, IPUYEM €ro PasMepHOCTb Orpa-
Hu4eHa KOHCcTaHTOU mult(\), He 3aBucsamen ot n. Jokaxure, uro K(H)y ) C Hy p.

Yxazaume. Bocmoabsyurecs Tem, uro K — Aldg dpearoasmos.

3agaga 12.40. IlycTb € — MOIOXKUTEIBLHOE BEIIECTBEHHOE Yucia0, & K — koMnakTHe oneparop. Jokaxu-
Te, 9T0 MHOXKECTBO {\ € Spec K | |\ > £} xoneuno.

Ykazaume. Bocnoabsyurecs Teopemon Pucca.
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3ameuanue. CornacHO MpeqLIAYINER 330a4€, CIIEKTP KOMIIAKTHOTO OMepaTOPa CIETEH U HE UMEET TMPeNeib-
HBIX TOYeK, KpoMme Hyussi. Cormacuo 3anade 12.39, kaxgoe HeHymeBoe 4ucio o € Spec K saBasercs co6CTBEH-
HBIM 3HadYeHreM K. JTU yTBEPXKAEHUA B COBOKYIHOCTY HA3LIBAIOT ~ CIEKTPAILHON TEOPEMOU s KOMIIAKT-
HBEIX OIIEPaTOpPOB”.

3agaga 12.41 (*). IlocrpouTe mabeKTMBHBI KOMIAKTHHIY onepaTop K : H — H ¢ HyJeBbIM CIIEKTPOM.
Moxer qu 06pa3 K OwiTh mioTen B8 H?

3agauya 12.42. Ilycte K — MHBEKTUBHBLIA OTIEPATOP HA TMILOEPTOBOM MPOCTPAHCTBE, KBAIPAT KOTOPOrO
koMmakTeH. Bepuo qu, ¥To K Toxe KOMIakTeH?

12.6. CamoconpakKeHHbIe KOMOAKTHEIE OIIEPATOPHI

Onpegenenme 12.10. Oneparop A : H — H Ha ruas6epTOBOM NPOCTPAHCTBE HA3LIBAETCS CAMO COIPSA-
xeHHbIM, ecau (Az,y) = (z, Ay) nas mobbix z,y € H.

3agaua 12.43. Hycts A: H — H camoconpsuxennuii. [Jokaxure, 9To (A(x),2) BemecTBeHHO A1 MH060-
rox € H.

3agaga 12.44. Ilycre Hy C H — nognpoCTPaHCTBO B THILOEPTOBOM IPOCTPAHCTBE, A CaMOCONPAKEHHEIN
oneparop, npuuem A(H;) C H;. lokaxure, 410 A coxpamseT OpToroHambHOE fononuenue Hi .

3agaua 12.45 (!). [JokaxuTe, 9TO CHEKTD CAMOCONPAKEHHOIO ONEPATOPA BEIIeCTBEHHBIN, TO €CTh Je-
xut B R C C.

Yxazanwme. U3 Bemectsennoctu (A(z), ) momydunre, 910
[Im(A(z) — Az, z)| > [Im(A)] - |z].

BriBeaure u3 storo, uro |A(z) — Az| > C|z|, gua xkaxoro-to C' > 0. U3 sToro momyumre, uro obpas A
3aMKHYT, a a1po mycTo. Teneps BOCIOIB3yTECh T€M, YTO KOAApO A paBHO agpy A*.

Omnpegenenne 12.11. CamoconpsxeHHEN 0ePaTOp A HA3LIBAETCS MOIOXKUTENbLHBIM, ecan (A(x),z) > 0,
U CTPOr'O MOJIOXKUTEIBHBIM, €C/IA 5TO HEPABEHCTBO CTPOrOe AJIs J060r0 HEHYJIEBOI'O X.

3agaua 12.46. [Joxaxure, YTO KBaAPAT CAMOCOIPSKEHHOI'O OMEPATOPA BCEr'A, MOJOKUTEIEH.

3agauva 12.47. [[okaxuTe, YTO CIEKTP MOJOKUTEILHOTO KOMIAKTHOTO OMIEPATOPA, JEKUT HA, MOMOKUATETb-
HOU BEIIECTBEHHON OCH.

Ykazanme. BocCmooab3yuTech CeKTPaIbLHON TEOPEMOU

3apaaga 12.48. ITycts K xoMmmakTHEIM omepaTop Ha H, a {z;} mocrenoBaTerbHOCTD €INHAYHEIX BEKTOPOB,
KOTOpEIE CX0AaTcsa B caabon Tononoruu K ¢ € H. Hokaxwure, uro lim (K (x;),z;) = (K(z), ).

Yxazanwme. [okaxwute, uro B cuibHon Tonosoruu {K(z;)} cxomurcs x K(z). BeiBegure m3 sToro, 9ro
lim(K (z;),z;) = lim(K (x), z;). [Ipumenns onpexenenue crabon Tononoruu, ybeaurecs, uro lim(K (z), z;) =
(K(z), ).

3agaga 12.49 (!). [Iycre K — xoMmakTHBEII omeparTop, a § — cynpeMmyMm dyukimmn ¢ — (K (z),z) Ha
eguumaHOoM 1mape By. Jokaxwure, uto s = (K(zg),Zo) A1A KAaKOro-To Tg € By

Ykazanme. BocCmooab3yurecs npeabIIyInen 3a1ad9en.

3agaua 12.50. IIycte K — caMOCONpPsXEHHBIN KOMIAKTHLIN onepaTop Ha H, s > 0 — cynpemym dyHxnnm
K(z),
r— %, a S C H — MHOXeCTBO BEKTOPOB, I'je OH peammsyercs. [lokaxure, 4To S eCTb HEIyCcTOE

COOGCTBEHHOE TIPOCTPAHCTRO OnepaTopa K, COOTBETCTBYIOIMEE COOCTBEHHOMY 3HAYEHUIO S.
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Ananmuz 12: KoMnakTHBIE OIE€PATOPHI Muma Bep6umkuit

Yxkazauwme. [Jokaxute, 9T0 S €CTh HyJb-TIPOCTPAHCTBO HEOTPUIATEILHO ONPENEICHHON OUINHENHOU CUM-
MeTpuiecKoir popmst z — (z,z) — (K (z), z).

3aaaga 12.51 (!). Hycte A — caMOCONPAXKEHHBIN, KOMIAKTHBIN ONEPATOp, npudeM Spec A JIeXuT Ha 1o-
JMOXUTENLHOU BEIECTBeHHOU ocu. [JokaxkuTe, 9T0 A TOTOXUTEIEH.

Yxkazanme. Iycts (A(z),z) < 0 gia xkaxoro-to z. IlpuMenuB npeapaymyo 3a4a4y K oneparopy —A, Mur
[IOJIy IMM HEHY.IEBO€ COOCTBEHHOE IPOCTPAHCTBO, COOTBETCTBYIOIEE OTPUIIATEIFHOMY COOCTBEHHOMY 3HAYE-
HUIO.

3ameuanue. Ml 10Ka3a11, 9TO CIEKTP KOMIIAKTHOI'O CAMOCOIPSKEHHOr 0 onepaTopa aexut B [0, oo mozda
U MOALKO M020a, KOT 13, OH TIOJOXKUTEICH.

3agaga 12.52. Ilycte A — CaMOCOMPAXKEHHBIN KOMIAKTHLIA OMEPATOP C HYJEBHIM CHeKTPOM. [JokaxuTe,
aro A = 0.

Ykazanme. Bocmoab3yurech npenbiayinen 3a  ad9en.

3apgaga 12.53 (!). [Iycte A — KOMOAKTHEIN, CAMOCOIPSIKEHHEIN ONEPATOD Ha MMILGEPTOBOM NPOCTPAH-
crBe H. O603uaqum 3a H, mpocTpaHcTBO

| ker(4 —aldp)"

neN

(mockombKy A KOMMAKTEH, 5TO O0LENUHEHNE CTAOMIN3UPYETCA Ha KOHEYHOM IMare, a, 3HaImT, Bce H, Ko-
HeIHOMEpHEH). JlokaxuTe, 91O
D He

acSpec A

mioTHO B H.
Ykazaume. Bocnonb3ynTech CeKTPAIBHON TEOPEMOU, ¥ MPUMEHUTE MPEABIIYILYIO 33,039y .
3apaaga 12.54 (*). BepHo au 5T0 6€3 IPeanoNOKeHnsa O CaMOCOIPSKEHHOCTH A?

3apgaua 12.55 (!). IIycte A: H — H — KOMIAKTHEIN, CAMOCONPSKEHHBIN onepaTop. [Jokaxure CIek-
TPaJbHYIO TEOPEMY [IJIA CAMOCOIPAXKEHHBIX OIIEPATOPOB: B KAKOM-TO OP TOHOPMAJILHOM 6asuce 6asuce
Z1,%2, ..., JEACTBAE A 3aNUCHIBAETCA QUATOHAIBHO: A(L;) = ;2.

Yxkaszaawme. [[oxaxuTe aHAJOIMIHYIO TEOPEMY [IJISI CAMOCOIPSKEHHBIX OIEPATOPOB B KOHEYHOMEPHKIX IIPO-
CTPAHCTBAX, U BOCIOJIL3YUTECH PABI0XKEHUEM
o .

acSpec A

3apgaga 12.56 (*). Ilycte A, — ceMerCTBO MONAPHO KOMMYTHUPYIOIMX CAMOCOIPSXKEHHEIX ONEPATOPOB
(Bo3moxHO, GeckoHeuHOe). [JoKax)uTe, 9TO HAUAETCA OPTOHOPMUPOBAHHLIN 6a3UC, B KOTOPOM Bce A, aua-
FOHAMLHEI.

3agaga 12.57 (*). Oneparop U Ha ruis6epTOBOM IPOCTPAHCTBE HA3EIBAETCA YHATAPHBIM, eciu UU* =
U*U = Id. [TokaxuTe, 9TO CHEKTP YHATAPHOTO OMEPATOPA JEKUT HA €TUHUIHOU OKPYKHOCTH.

Ykaszanwme. [loxaxwure, 94TO
(U + ald(z),U — ald(z)) = (1 — |af*)|z|

3agava 12.58 (*). Ilycte U — ymurapsbm onepatop, takou, uro U — |d xommaxTro. [Jokaxure, aro U
IMATOHAMM3YEM B KAKOM-TO OPTOHOPMUPOBAHHOM 0a3mce.

3apgaga 12.59 (*). Bepro au 570 6e3 npegnonoxenus, 4o U — |d xommakTHO?
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