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BeKTopHble npocTpaHcTBa
Abenesa rpynna. lNone. BektopHoe npocTpaHcTBO. CTeneHb BEKTOPHOro
npoctpaHcTBa. OBewecTtereHne. Isomopdunam. PuHNTHbIE cemencTaa n nx
CyMMbI. BekTopHO€E noanpocTpaHCTBO. JInHenHasn obonoyka. dakTtop-
NPOCTPaHCTBO.

Ba3suc n paamepHoOCTb
basuc Namens. JInHenHo He3aBucMMmoe MHOXecCTBO. Jlemma LlopHa.
CywecrtBoBaHue 6a3uca. Teopema KaHtopa — Lpenepa — bepHwTenHa.
OueHkn mowHocTn. PaBHoMowHOCTL BasuncoB. PasmepHocTtb. O6uwmin Bug
BEKTOPHOro npocTtpaHcTBa. Kputepuit nsomopdgHoctn. CBs3b Mexay
MOLLHOCTbIO N pa3MepHOCTb0. PasnoxeHue B NpsiMyto CyMmMmy U
anrebpaunyeckoe gononHeHne. KopasamepHoCTb.

JlnHenHbIe onepaTopbl
JInnenHbIn onepaTop. NpocTpaHcTBO onepaTopoB. Obpas 1 sapo onepaTopa.
CHwmxeHmne onepartopa Ha dakTop-npocTpaHcTBO. Koobpas. JInHenHble
NpoeKTopbl. 3agaHne onepaTopa 3HaYeHusaIMn Ha 6asuce. AQANTUBHBIE, HO He
oAHopoaHble oyHKUMKW. [NpoaorkeHne onepaTtopa. PasamepHoCTb
COMpPSXKEeHHOro NpocTpaHcTBa. Pa3peluMmocTb ypaBHEHUI OT ONepaTopoB.
Kputepun nuHenHasa 3aBuCUMOCTN PYHKLMOHANoB. bnopToroHasnbHble
BEKTOPbI U (PyHKLUMOHarbl. OBeLLEeCTBIEHME N KOMMNSIEKCUPUKaLnS.

HopmupoBaHHble NnpocTpaHCcTBa
SKcKypc B Teoputo nHterpana Jlebera. Hopma. Tononornyeckme NOHATUS.
3aMKHyTble noanpocTpaHcTea. lNonyHopma. dakropmsaumnsa no NonyHopme.
MpuMepbl HOPMUPOBAHHLIX NPOCTPaHCTB. HopMupoBaHHOe dhakTop-
npocTpaHcTBO. CyllecTBOBaHME HOPMbI C 3aaHHbIMU 3HAYEHUSIMU.
"eomeTpuyeckoe onncaHne eguHNYHoro wapa. CpaBHeEHNE HOPM.
OKBMBanNeHTHble HOpMbl. HOpMUpoBaHHbIe pelleTkn. MNMNnoTHbIe
NOAMHOXeCTBa U cenapabernibHOCTb.

OrpaHunyeHHble NIMHeNHbIe onepaTopbl
OnepaTtopHada Hopma. [prumepbl orpaHUYeHHbIX U HeOrPaHUYEHHbIX
onepaTtopoB. TONOMOrMYeCcKkM Conpsi>keHHoe NpocTpaHcTBO. Cxema
Bbl4MCNEHUA HOPMbI onepaTtopa. Kputepun orpaHn4YeHHOCTU onepartopa.
JInHenHoe npeobpasoBaHue psiaa. OrpaHMYeHHOCTb onepaTopa Ha
KOHEYHOMePHOM NpocTpaHcTBe. Hopma CHMXeHus onepaTtopa. 3aMKHYTOCTb
obpasa npoekTtopa. Hopma oBeLecTBNeHUs U KOMMMEKCUguKaLmm.
HenpepblBHOE NpogosmkeHne pyHKumMoHana. JlinHenHas nsomeTpus.



ConpsikeHHble HOpMUPOBaHHbIE NPOCTPAHCTBA
3agada onncaHmsi CoONPsXKeHHOro NPoCTpaHcTea. Peanuaaumst MIMHENHON
nsomeTpumn GunuHenHom popmon. OnNncaHne ConpsKEHHbIX K KIacCU4eCcKnm
HOPMUPOBAHHbLIM NpocTpaHcTBaM. [1pobrema onMcaHus COMPSPXKEHHOTO K
NPOCTPAHCTBY OrpaHMYEeHHbIX nocregoBaTenbHocTen. Anrebpa NnogMHOXeCTB
n ctyneHyatble oyHKUMKN. 3apsag Ha anrebpe. MHTerpan no 3apsay. PunbTpsbl
n ynbTpacmnbTpbl. MNMprnoxeHne K ONUCaHUIO CONMPS)KEHHOMO NPOCTPaHCTBA.

BaHaxoBbl NpocTpaHcTBa
lNonHble MeTpuyeckme npocTpaHcTBa. baHaxoBbl NpocTpaHCcTBa.
MononHeHue. MonHoTa npsimor 6aHaxoBon cymmbl. Kputepuin NonNHOTLI B
TepMuHax psgoB. [lonHoTa npocTpaHcTBa onepaTopos. [NpuMepbl 6aHaxoBbIX
npoctpaHcTB. Npegensl ceten. Cymmmpyemble cemencTsa. NonHota dakTop-
NPOCTPaHCTBA.

MMnbbepTOBLI NPOCTPaHCTBA
CkansipHoe npowusBeaeHue. Npumepsbl rmnb6epToBbIX NPOCTPAHCTB.
HepaBeHcTBO Kowmn — ByHakoBckoro. MNonspusaymMoHHoe TOXAeCTBO. 3aKoH
napannenorpammMa u Teopema coH HeiimaHa — Moppaana.

MinbbepToB 6as3uc
OpTtoroHanbHble cemenctBa. Teopema lNudaropa. HepaBeHcTBO beccens.
OKBMBaneHTHble onucaHus rmnbbepToBa 6asuca. Teopema CTeknosa.
PaBeHcTBO NapceBans. CywectBoBaHue rmnbbepToBa 6asmca. Cessb C
6asncom MNamens. MMnbbeptoBa pasmepHocTb. OpToroHanusauus. Kputepui
cenapabenbHocTn. Teopema Pucca — duwiepa 06 nsomopdcunsme. Teopema
Pucca o wrpuxoBaHun.

OpMUTOBO conpsikeHHble onepaTopbl
CyliecTBoBaHNe 3pMUTOBO COMPSXKEHHOrO onepaTopa. APMUTOBBI,
NONOXWUTENbHbIE, HOPMaribHblE U YHUTaPHbIE OnepaTopbl. XapakTepusauus
3pMUTOBbLIX OnepaTopoB. BelllecTBeHHas U MHMMas YacTy onepartopa.
XapakTepusaums yHuTapHbIX onepaTopoB. [onoxuTenbHble onepaTopbl.

OpTonpoeKkTopbl
OpTonpoekuunsi. MeTpuyeckasi xapakrepusaumns opTOnpoeKLnn.
CywectBoBaHue optonpoekuun. OpToroHasnibHoOe AOMOSTHEHNE U
OPTONPOEKTOPbI. AKBUBASNIEHTHbIE ONMCaHUA opTonpoekTopa. MNpumepsi.

Teopema XaHa — BbaHaxa u ee cnencTBuA
CybnuHenHbIn oyHKUMoHan. Teopema XaHa — baHaxa. lNpogomkeHne
orpaHn4eHHoro yHkumoHana. Cneactensa 0 MHoXecTBe (PyHKLUMOHANOoB.
[1BOMHOE WTpUxoBaHMe n pednekcMBHoCTb. Teopema 06 OTAENMMOCTM.
BuopToroHanbHble BEKTOPbI U OrpaHnYeHHble PYyHKLMOHanbl. PaamepHocTb
TONOSIOrMYECKN CONPSXKEHHOro NpocTpaHcTBa. [JononHAeMoCTb
KOHEYHOMEPHOro NOANPOCTPAHCTBA.



Teopema bapa o kateropuu u ee cneacTeus
Huroe He NNOTHbIE M TowWwKMe MHOXecTBa. KaTteropHble CBOMCTBA BEKTOPHbIX
nognpocTtpaHcTe. Teopema bapa o kateropmn. OrpaHMyYeHne Ha pa3amMepHOCTb
6aHaxoBa npocTtpaHcTBa. OcHoBHOM NpuHUKMN baHaxa. MpuHumn
orpaHmyeHHocTn. Cnabas n cnabasa* orpaHMYeHHOCTb U CXOAUMOCTb.
CooTHOLWEHNA MexXay pasHbIMU BUAAMU OrPaHUYEHHOCTN N CXOOUMOCTM.

NpaeanbHO BbINyKible MHOXECTBA
MaoeanbHO BbINyknoe MHOXeCTBO. BHyTpEHHOCTb 3aMblkaHUSA naeanbHO
BbIMYKNOro MHoxectea. OcHoBHOW npuHUMN BaHaxa Ana naeansHO BbIMYKNbIX
MHOXeCTB. VigeanbHo Bbinyknoe cooteseTcTeme. Teopema baHaxa o
romomopduame. Teopema o npoobpase nocnegoBaTenbHOCTU.

Kputepum cnabomn cxogmmocTu
Cnabas cxoanmocTb B KOHEYHOMEPHbIX NPOCTpaHcTBax. Teopema baHaxa —
LWTenHraysa. [loctatouHble yCroBus CuibHON, cnabon n cnabon®
cxogumocTtun. Kputepum cnabon cxoanmMocTy B KNAcCUYeCKUX NpoCcTpaHCTBax.

Cnab6as Tononorus
SKcKypc B 06Lyt0 Tonosnoruto. PasnuyHele nogxoabl K BBEAEHUIO TONOMOrMn n
NX 3KBMBANEeHTHOCTb. OnpeaenMmocTb TONOMOrMN CXOOUMOCTbLIO CETEN.
CpasHeHune Tononorun. basa Tononoruu. Tononorust Hopmbl 1 cnadas
Tononorusa. CeoncTtea cnabon okpecTHocTU. Kputepun coBnageHus cnabomn
Tonosiormm ¢ Tononornen Hopmol. Tononorna dpetue.

Teopema baHaxa o 3aMKHYTOM rpaduke
3aMkHyTble onepaTopbl. Kputepui orpaHN4eHHOCTM KOHEYHOMEPHOIO
onepatopa. Teopema o0 3aMKHYTOM rpacuke. Kputepum orpaHM4eHHOCTH
npoektopa. MNMpuHuun gononHaemocTtn. Teopema baHaxa 06 nsomopdgusme.
MpuHUMn aByx HopM. PasnoxeHune B NpsiMyto cymmy GaHaxoBbIX
nognpocTtpaHcTe. OnncaHne 6aHaxoBbix 06pa3oB. Kputepun Karo.

ConpsiXeHHble onepaTopbl
OnpefgeneHne 1 CBOMCTBA CONPsXKeHHOro onepaTtopa. CBsA3b 3pMUTOBa U
TOnosiorm4yeckoro conpspkeHns. OToXxaecTBneHe NPoCcTPaHCTB NOCPeLCTBOM
BuUnMHEenHoOn hopmbl N METOAbI BbIYUCIIEHNS CONPSXKEHHOrO onepaTopa.
Mpsamasn n obpaTtHasa nonsapbl U nX cBOMCTBA. Jlemma o0 nondpax u Teopema
®pegronbma. HopmarnbHO paspelummble onepaTopbl. Teopema Xaycgopda.
CBs3un Mexay cBoNCTBaMM onepaTopa U CONpPsiKeHHOro K Hemy. ConpsixeHue
anpa u kosgpa.

KomMnakTHOCTb B 6aHaxoBbIX MPOCTPaHCTBaX
CBowncTBa KOMMAKTHbIX MHOXECTB. NeprneHanKynapbl 1 NovTu
nepneHavkynspbl. Kputepun Pucca. BnonHe orpaHMyeHHble 1 OTHOCUTENbHO
KOMMakTHble MHOXecTBa. Kputepun Xaycaopda. Kputepmm KOMNakTHOCTU B
Knaccumyecknx 6aHaxoBbIx NpocTpaHcTBax. KomnakTHbIM onepaTop —
onpeaeneHue, cBomcTaa u npumepbl. CBOMCTBA NPOCTPAHCTBA KOMMNAKTHBIX
onepatopoB. Teopema Waynepa. Teopema ®pearonbma 06 onepatope / — K.



®pearonbMoBbI onepaTopbl
HéTtepoBbl 1 hpearonbMoBbl onepaTopbl, MHAEKC onepatopa. ConpsikeHne
HéTepoBa onepartopa. AnbTepHaTnea Ppearonoma. Moyt obpatnmble
onepaTtopbl. Kputepun Hétepa. Komnosnums HETEPOBbLIX ONepaTopos.
ToxpgecTtBo Aunepa. Teopema ATKMHCOHA. TeopeMa 0 KOMNaKTHbIX
BO3MyLeHnAX. Kputepun Hukonbckoro.

CnekTp u pe3onbBeHTa
Anrebpa orpaHmyeHHbIX onepaTopoB. [NMNonMHoMmnaneHoe yHKLUMOHaNbHoe
ncuncneHune. Llenoe gpyHkumMoHansHoe ncuncnenune. Cnektp onepatopa.
Teopema o psge Hermana. OrpaHn4yeHHOCTb cnekTpa. Teopema baHaxa 06
obpatnmbix onepatopax. 3aMKHYTOCTb criekTpa. Pe3onbBeHTa oneparopa.
HenpepbIBHOCTb onepauun B3sTus obpaTtHoro onepatopa. HenpepbIBHOCTb
pe30nbBeHTbI. VIHTerpasn ot HenpepbIBHOW BEKTOP-YHKLUM MO CKanAapHOn
mepe. KOHTYpHbIN nHTerpan. lonomopdHble BEKTOP-PYHKLNN.
"lonomopHoOCTb pesonbBeHTbl. HenycToTa cnektpa. VHTerpan Pucca —
[aHdopaa. Teopema enbhanga — aHdopaa. lonomopdHoe
dyHKUMOHanNbLHoe nucuymcneHme. Teopema o6 otobpaxxeHumn cnektpa. Teopema
Handopaa o cnoxHon pyHkumn. Kputepuin Benns. Teopema o rpaHuuax
cnektpa. CnektpanbHbii paguyc. Popmynel 'enbdaHaa n bépnnHra —
"enbdaHga.
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