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1. IEJIX OCBOEHUA N CHUIIJINHBI

Iensro kypca "JInHEHbBIE OnlepaTopsl U onepaTop-QpyHKIHH" ABISCTCS U3ydeHUe (hyHIaMEHTAIBHBIX KOHIEIIIIHA 1 METOIOB
TEOPUH JTHHEHHBIX ONIEPaTOPOB, ACHCTBYIONINX B OAHAXOBBIX U THIBOCPTOBBIX IPOCTPAHCTBAX, & TAKKE UX HMPIIIOKESHUN K
HCCIIEIOBaHUIO OnepaTop-QyHKIMH ¥ CBA3aHHBIX ¢ HUMH 3a1a4. Kypc HaueneH Ha GOpMHpOBaHUE Y CTYEHTOB NIyOOKOTO
MOHUMaHHS a0CTPaKTHBIX MaTeMaTHYECKUX CTPYKTYP U HX POJIM B aHAJTH3E IIHPOKOTO CIIEKTPa MaTeMaTHIECKAX 1
(bI3UYIECKIX MOJIEIICH.

3agagamu HU3YYCHUA JUCHUITIMHBI SABJIAKOTCA:

e O3HaKOMJIEHHE C OCHOBHBIMH ITOHITHAMH U TeoOpeEMaMu (I)yHKLlI/IOHaJ'lI:HOFO aHaJlu3a, HCO6XOD,I/IMLIMI/I JUTL U3y4CHUA
JMHEHHBIX OIIepaTopoB: M3ydueHne cBOHCTB OaHaXOBBIX M THIBOEPTOBBIX IPOCTPAHCTB, JIMHEHHBIX ONIEPATOPOB, UX
HENPEephIBHOCTH M OTPAaHWIEHHOCTH, a TAaK)Ke€ OCHOBHBIX TeOpeM (YHKIIMOHAJIBHOTO aHanm3a (Teopema banaxa-IllTeiinraysa,
Teopema XaHa-banaxa, Teopema 00 OTKPBITOM OTOOpa’KeHUH).

* M3ydeHue CeKTpaabHOU TEOPUH JTMHEHHBIX 0nepaTopoB: OCBOECHUE NOHATUH CIEKTPA U PE30JIbBEHTHI JMHEHHOIO
orepaTopa, KilacCH(pUKalu CIEeKTpPa, a TAKkKe METOA0B BEIUHCICHHS CIIEKTPa U PE30JIbBEHTHI JUIS Pa3IUYHBIX KIacCOB
OIepaTopOB.

+ OBnaJxeHHe METOAMHU aHANK3a onepaTtop-QyHKIwiA: 3ydeHne cBOMCTB onepaTop-QpyHKIKi, X Tu(GdepeHIPOBAHHS 1
WHTETPUPOBAHUS, & TAK)KE METOJIOB ITPEICTABICHUS onepaTop-QYHKIMH B BUE CTETICHHBIX PSAOB U HHTETPAJIOB.

+ dopMHUpOBaHUE HABBIKOB MPUMEHEHHUS TEOPHHU JIMHEHHBIX ONIEPATOPOB K MCCIIEN0BAHMIO NU((PepeHIIHANBHBIX 1
MHTETPAIBHBIX YpaBHEHHUIT: PaccMoTpenne mpuMepoB penteHus AndQepeHIInaabHbIX 1 HHTETPATbHBIX YpaBHEHHH C
HCIIONIb30BAaHUEM METOJI0B (DYHKIIHOHATHHOTO aHAIN3a U TEOPHU OIEPATOPOB.

* M3yuenue pa3ianyuHbIX KJIACCOB JIMHEHHBIX ONEPATOPOB: AHAIU3 CBOMCTB KOMITAKTHBIX OTMIEPATOPOB, CAMOCOIIPSKEHHBIX
OTIEPaTOpPOB, ONIEPATOPOB B TMILOEPTOBOM MPOCTPAHCTBE, HHTETPAIBHBIX OMEPATOPOB U IPYIUX KIACCOB ONEPATOPOB,
BaXHBIX IS IPUIIOKEHUH.

* M3ydyeHune npuMeHEHHs TEOPUH JIUHEHHBIX ONEPAaTOPOB K UCCIEIOBAHUIO YCTOMUYMBOCTH U ACUMITOTHYECKOTO TIOBEICHUS
peweHuii: PaccMoTpenue npuMepoB IPUMEHEHUS TEOPUH JIMHEHHBIX ONIEPaTOPOB [Vl aHaJIU3a YCTOWYUBOCTU
JUHAMHYECKIX CHCTEM U NCCIEAOBAHNS aCHMITOTHIECKOTO MTOBEACHUS PEIICHUH PAa3IMYHbIX THUIIOB ypaBHEHUH.

+ Co3naHne IeOCTHOW KapTHHBI COBPEMEHHBIX MAaTEMaTHIECKHX METOIOB B 00IaCTH (hYHKIIMOHAIEHOTO aHAJIN3a U TCOPHU
orepaTopoB: POopMUPOBAHIE TOHUMAHUS O B3aUMOCBSI3H A0CTPAKTHBIX MAaTEMAaTHUECKUX KOHIETIINH ¥ UX TIPUMEHEHHS JUIS
pELIEHNsT KOHKPETHBIX 3a/1a4.

* Pa3BuTHe HaBBIKOB CAMOCTOSITEIILHOTO U3Y4EHHsI COBPEMEHHOM HayqHOU nuTepatypsl: [loAroToBKa CTYIEHTOB K
CaMOCTOSITEIILHOMY MCCIIEIOBAaHHIO MTOCIEAHUX JIOCTHXKEHUH B 00JIACTH TEOPUH JIMHEHHBIX ONEPaTOPOB U UX MPHUIIOKEHUH, a
TaKKe K y9aCTHIO B HAYYHBIX MMPOEKTaX.

PCSyﬂLTaTH 06y‘~I€HI/IH 0 IUCUUINUIMHE HAIpaBJICHbI HA JOCTHKCHUC NHIAUKATOPOB!:

VYK-2.1. OnpenensieT 3Tamsl JKI3HEHHOTO IIUKIIA MPOEKTa U BHICTPAaUBAET MOC/IEN0BATEIBHOCTD UX Pealu3alui

VYK-2.2. ®opmynupyeT mpobieMy, Ha penieHre KOTOPOi HAaIpaBIIeH MPOEKT, TPAMOTHO OIpeeIsieT Helb IPOeKTa

VYK-2.3. IIpoexTupyeT perieHre KOHKPETHBIX 3a1a4 MPOeKTa, BRIOUPast ONTHMAIIBHBINA CITOCO0 MX perIeHHs

ITK-1.1 leMoHCTpHpYeT 3HAHHE OCHOBHBIX TEOPETHUECKUX MOJIOKCHUI U METOIOB B 00JIaCTH ITPOBOANMBIX HAYIHBIX
HCCIEN0BaHMI

ITK-1.2. lemoHCTpHpYeT yMEHHUS cOopa M aHaIn3a HHGOPMAIIUH IT0 TEMATHKE IIPOBOUMBIX UCCIIETOBAHUH

ITK-1.3. IMeeT mpakTHYeCKHii OIBIT YCTAHOBJICHNS HOBBIX (DaKTOB M 3aKOHOMEPHOCTEH B 00IaCTH HaydHBIX HCCIIeI0BAHUN

2. MECTO JUCIIHUIIJIMHBI B CTPYKTYPE OIIOII

Huka (paznen) OIOIT: K.M.01.01

2.1 TpeGoBaHus K NpeBAPUTEIbHOI MOAr0TOBKe 00y4alomerocs:

JI71s yCTIeNIHOTO OCBOSHHUS AUCIHUILTMHBI HEOOX0AUMBI 3HAHHS JUCUUILTHH «MaTeMaTHIeCKUi aHau3y, «JInHeiHas
anrebpay, «duddepenmansabie ypaBHEHUD», « DYHKIIMOHATBHBIN aHaIN3», « KOMIJIEKCHBINA aHamu3y. A Takxke

ITpeo6pa3zoBanue Pypre BEKTOPHOZHAYHBIX (PyHKIMIT

ITpeo6paszoBanme Jlamraca BEeKTOPHO3HAYHBIX (DYHKITHI

I[OHOJIHI/ITCJIbeIe TJ1IaBbl KOMIIJICKCHOT'O aHAJIUu3a
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2.2 IucuMIUINHBI M IPAKTHKH, JJIs1 KOTOPBIX 0CBOCHHE JAHHOI JUCHMILINHBI (MO1YJIs1) HE00X0AUMO KaK
npeamecTByloumee:

3HaHUA 110 )IaHHOﬁ JUCHUTIUINHE MOTYT OBITh OJIE3HEI JJIsL Hay‘IHO-HCCJ’Ie}IOBaTeJIBCKOﬁ pa6OTLI CTYJACHTOB.

JlokanbHO BBIITYKJIBIC ITPOCTPAHCTBA

Mertons! pemenns audQepeHIaabHbIX ypaBHEHIH

O06001mIeHHBIe CHMMETPHHU TU(dEpSHIIMATEHBIX YPaBHCHHI

BeIposkeHHBIE 3BOJIIOLMOHHBIE YPaBHEHNS B 0aHAXOBBIX IIPOCTPAHCTBAX

3. KOMIIETEHIIMHN OBYYAIOIIEI'OCs, ®OPMHUPYEMBIE B PE3YJIBTATE OCBOEHUA JUCHUTIINHBI

(MOJYJIS)

YK-2: CnocoGen ynpaBjisiTb IPOEKTOM Ha BCeX ITANAX €ro ;KU3HEHHOr0 HKJIa

3HaTh:

3TaIBI HCCIECOBAaHMS B 00IaCTH IMHEIHBIX OIIEPaTOPOB U ONepaTop-(QYHKIUHA U CIIOCOOBI BEICTPaNBaHHS
[IOCIEJ0BATEILHOCTH UX U3y4EHUS.

YMmers:

(hopMymupoBaTh MPoOIEMy, CBI3aHHYIO C IPUMECHCHHUEM JIMHEIHBIX OTIEPaTOPOB U OrepaTtop-QyHKIUii, TpaMOTHO
OTIPEIEIATH [eNTb HCCICAOBAHNUS.

Baanern:

HaBBIKAMH TIPOSKTHPOBAHMUS PEIICHUH MaTeMaTHIECKHX 3a]ad, CBI3aHHBIX C JIMHEHHBIMH OIIepaTopaMHy M OTIepaTop-
(YHKIISIME, BEIOMPAst ONITHMAIBHBIHA CIIOCO0 MX PEIICHHS.

ITK-1: CnocodeH NpoBOIUTH HAYYHO-HCCIIEN0BATENLCKYIO PAa6oTy B 00/1acTH 1H(pdepeHIHANLHBIX yPaBHeHHIT

3HaTh:

OCHOBHBIC TCOPCTHUCCKHUE ITOJIOKCHUA U METOAbI TCOPHUUN JIMHCHHBIX OIICPaTOpOB U OHepaTOp-(i)yHKL[PII:I.

Ymers:

coOMpaTh, aHATTM3UPOBATh U JaBAaTh KPUTHUYECKYIO OLICHKY HH(OPMAIIUH IT0 TEMATHKE JIMHEHHBIX OIIEpaTOPOB U ONEePaTop-
(YHKITNH, BKITIOYas MX TEOPETHICCKUE aCIEKTHI ¥ IPUIIOKCHUS.

Baanernb:

HaBBIKAMH NPIMEHEHHS METOAOB TCOPUH THHEHHBIX OIIEPaTOPOB U OTEpaTOP-(hYHKIMH UTI aHAIN3a, PEIICHHS H
UCCIIEIOBAHUS MaTEMAaTHUECKUX 3a/1a4, a TAK)Ke YCTAaHOBIICHUS HOBBIX (DAKTOB M 3aKOHOMEPHOCTEH.

B pesysbTaTe 0cBOCHHUS JUCHMILINHBI 00yYaIOLIUICS J0JKEH

3.1

3HaTh:

3.1.1

9TaIlbl UCCIICI0OBAHHS B 00J1aCTH JTUHEHHBIX OIICpaTopoB U onepaTop-(byHKuHﬁ U CITIOCOOBI BbICTpanBaHUs
TIOCJIENOBATEIIBHOCTHU UX U3YICHUA.

3.1.2

OCHOBHBIC TCOPECTHUCCKHUE TTOJIOKCHUA U METOABI TCOPHUU JIMHEHHBIX OIICPpaTOpOB U OHepaTOp—(l)yHKHHﬁ.

3.2

YMmerh:

3.2.1

(hopMynupoBaTh podIEMy, CBA3aHHYIO C IPUMEHEHHEM JIMHEHHBIX ONepaTOpOB U ONepaTop-(QyHKIUH,
TPaMOTHO OIPENEIIATh LENIb UCCIEN0BaHus.

322

coOUpaTh, aHATU3UPOBATh U AaBATh KPUTHUECKYIO OLIEHKY HH(POPMALIUH [0 TEMATHKE TMHEHHBIX ONIEepaToOpOB
U onepaTop-(QyHKINH, BKIFOYast UX TEOPETHYECKHUE aCTICKThI M TIPHUIIOKEHHS.

33

Baanernb:

33.1

NIPOEKTUPOBAHNUS PEIIEHUH MaTEMAaTUYECKUX 3a/1a4, CBA3aHHBIX C IMHEHHBIMM OIIEPaTOpaMu U OIIEpaTop-
(YHKITSIME, BEIOMpast ONTHMAIIBHEIHA CITOCO0 MX PEIICHHS.

332

NPUMEHEHUSI METOJIOB TCOPHH JIMHEHHBIX OTIEPaTOPOB U OliepaTop-(QyHKIHUI 11 aHaN3a, PeIeHUs U
HCCIICIOBAHUS MAaTEMAaTHYECKUX 33]1a4, & TAKXKE YCTAHOBIICHUST HOBBIX (DAKTOB M 3aKOHOMEPHOCTEH.
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4. OFbEM JUCIHUIIJIMHBI (MOAY JIsT)
OOwas TpyaoeMKocTb 73ET
YacoB 1o y4eOHOMY IIaHy 252 Bunb koHTpONIS B cemecTpax:
B TOM YHUCIIe
ayAUTOPHBIC 3aHITHS 68 9K3aMeHHl 1, 2
caMocCTosiTeNbHas paboTa 96,4
4acoB Ha KOHTPOJIb 81
KOHTaKTHas pabora: 74,6
UKP: 6,6
5. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIUHBI (MOAY JIST)
Kon HaumeHoBaHue pa3/1e/ioB U TeM /BUJA 3aHATHSA/ Cemecrt | Hacos JlutepaTtypa
3aHATH p / Kype
Pa3gen 1. Tpu ocHOBHBIX NPUHIIMIIA JIMHEHHOT0 aHAJIM3A
1.1 IMpuHnun paBHOMEpHOI orpaHndeHHOCTH /JIek/ 1 2 JI1.1J11.2
JI1.3J12.1 J12.2
J12.3712.4
3103233
1.2 IMpuanMT oTKpBITOCTH 0TOOpaXKeHus /JIex/ 1 2 JI1.1 JI1.2
JI1.3J12.1 J12.2
JI2.3 J12.4
313233
1.3 Teopema XaHa - banaxa /Jlex/ 1 2 JIT.1J11.2
JI1.3J12.1 J12.2
JI2.3J12.4
313233
Pa3gen 2. MaTerpupoBanue u (pyHKIMH MHOKECTBA
2.1 KoneuHo ajgmuTuBHBIE GYHKINU MHOKeCTBa /JIek/ 1 2 JIT.1J11.2
JI1.3J12.1 J12.2
J2.3J12.4
313233
2.2 Jle6eroel mpocTpancTsa /Jlek/ 1 2 JIL.1 J11.2
JI1.3J12.1 J12.2
J2.3J12.4
313233
2.3 CueTHO aJyTUTHUBHBIC (YHKIIUU MHOXKecTBa /JIek/ 1 2 JIT.1J11.2
JI1.3J12.1 J12.2
J2.3J12.4
2102233
2.4 [ponomkenns GpyHkInit MHOXKecTBa /JIek/ 1 2 JIT.1J11.2
JI1.3J12.1 J12.2
J2.3J12.4
2102233
2.5 B3aumMocBsi3b GyHKIMIA MHOXecTBa /JIek/ 1 2 JI.1J11.2
JI1.3J12.1 J12.2
J2.3J12.4
2102233
2.6 Teopema Buranu - Xana - Cakca u npoctpancTsa Mep /JIex/ 1 2 JIT.1J11.2
JI1.3J12.1 J12.2
J2.3J12.4
2102233
2.7 Teopema Panona - Hukomuma /JIex/ 1 2 JI.1J11.2
JI1.3J12.1 J12.2
J2.3J12.4
2102233
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cTp. 6

2.8 [IpousBeneHme NpocTpancTB ¢ Mepoit /Jlek/ 1 2

JI1.1 J11.2
JI1.3J12.1 J12.2
J12.3J12.4
0135233

2.9 Huddepennmponanue /Jlex/ 1 2

JI1.1 JI1.2
JI1.3J12.1 J12.2
J12.3J12.4
0103233

Paznen 3. Onepatopbl 1 UX CONPSIKEHHbIE

3.1 B-nipoctpanctsa /JIex/ 1 10

JI1.1 J11.2
JI1.3J12.1 JI2.2
J12.3J12.4
013233

32 BeImonHeHre JoMaIrHuX padoT, MOATOTOBKA K KOHTPOJIBHBIM padoTaM. 1 34,7
IMonroToBka k 3x3ameny. /Cp/

JI1.1 J11.2
JI1.3J12.1 JI2.2
J12.3J12.4
013233

33 IIpoekTops! /JIex/

JI1.1J11.2
JI1.3J12.1 J12.2
J12.3J12.4
013233

34 Cnabo BIOJIHE HENPEPBIBHBIC onepaTtops /JIek/ 2 4

JI1.1J11.2
JI1.3J12.1 J12.2
J12.3J12.4
013233

35 BriosiHe HenpepbIBHBIE onepaTopsl /JIek/ 2 4

JI1.1J11.2
JI1.3J12.1 JI2.2
J12.3712.4
013233

3.6 OmnepaTopbl ¢ 3aMKHYTOH 00J1acThI0 3HaUeHUH /JIek/ 2 4

JI1.1J11.2
JI1.3J12.1 J12.2
J12.3 J12.4
013233

3.7 OO6muit Bu muHEHHBIX ornepatopoB B C(S) /JIex/ 2 4

JI1.1J11.2
JI1.3J12.1 JI2.2
JI2.3 J12.4
013233

38 OOwuii BUj TMHEHHBIX ONEPaTOPOB B JIeOErOBOM mpoctpaHcTie /JIex/ 2 2

JI1.1J11.2
JI1.3J12.1 J12.2
J12.3J12.4
213233

Pa3gen 4. O61mas cnekTpajbHas TeOpUs

4.1 CrexTpanbHas TeOpHsi B KOHEYHOM IpocTpaHcTBe /JIek/ 2 4

JI1.1J11.2
JI1.3J12.1 J12.2
J12.3712.4
012233

4.2 Oynkiuu oneparopa /Jlex/ 2 2

JI1.1J11.2
JI1.3J12.1 J12.2
J12.3J12.4
0102393

43 CrexTpanbHast TEOpHs BIIOJIHE HEMPEPBIBHBIX onepatopoM /JIex/ 2 2

JI1.1 J11.2
JI1.3J12.1 J12.2
J12.3712.4
0102353
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4.4 OnepaTopHOE UCUUCIIEHUE HEOTPAHUYEHHBIX 3aMKHYTBIX 2 2 JI1.1 J11.2
onepatopos /Jlek/ JI1.3J12.1 J12.2

JI2.3 J12.4

0109233

4.5 [omyrpymms! onepaTopos /JIex/ 2 2 JI.1J11.2
JI1.3J12.1 J12.2

J2.3J12.4

0102233

4.6 BrmonaeHne roMamHuX padoT, MOATOTOBKA K KOHTPOJIBHEIM paboTaMm. 2 61,7 JI1.1 J11.2
[onroToBka k 3x3ameny. /Cp/ JI1.3J12.1 J12.2

J2.3J12.4

2102233

Pasnen 5. Unast koHTakTHas padora

5.1 VHmuBrayanbHbIe KOHCYIBTAINH, TeKyIHit KoHTpotb /UKP/ 2 3,3 JI1.1 J11.2
JI1.3J12.1 JI2.2

J2.3J12.4

5.2 WHnuBuayanbHble KOHCYIBTAIMH, TeKyIIHi KOHTpob /UKP/ 1 3,3 JI1.1 JI1.2
JI1.3J12.1 JI2.2

JI2.3 J12.4

6. POHJI OIEHOYHBIX CPEJACTB

6.1. ITepeyennb BUIOB OIEHOYHBIX CPEACTB

1. Jlokman
2. Bormpochl k 3k3aMeHy

6.2. TunoBbie KOHTPOJIbHBIE 32JaHUS M MHbIE MATEPUHAJIBI IS TEKYIIeil aTTecTauuu

Tembl TOKTaI0B!

. HYacTHYHO yIopsIoYeHHBIE MHOXKECTBA

. Tononorugeckoe npocrpancTBo. OCHOBHBIE CBOICTBA

. HopmanbHble 1 OMKOMIIaKTHBIE IPOCTPAHCTBA

. MeTpuueckne mpocTpaHcTBa

. CXOIMMOCTh ¥ paBHOMEpPHASI CXOUMOCTH 0000IICHHBIX MOCIEI0BATEIEHOCTEH
. TOIOJIOTHYECKOE TPOU3BEICHUE IPOCTPAHCTB

. I'pynnsr

. JIuHeiHbIE IPOCTPAHCTBA

. AnrreOpbI

. IIpuHLIUT paBHOMEPHOI OrpaHUYEHHOCTH

. [IpHHIAT OTKPBITOCTH O0TOOPaKEHUH

. JIeberoBeI mpocTpaHCTBA

. CnenuanbHble IPOCTPAHCTBA

. IIpocrpancreo B(S)

. [Ipoctpancreo C(S)

. IIpoctpanctBo AP

. [Ipocrpancrea Lp(S)

. IIpoctpancTBa QyHKINI MHOKECTBA

. BekTopHO3HauYHBIE MEPBI

. [Ipoctpancro TM(S)

. OyHKIIMY OTPAaHUYEHHON BapHaluu

. BeImmykitere MHOXKeECTBa B JIMHEHHBIX IIPOCTPAHCTBAX

. JIuHelHbIE TOMIOJIOTUYECKUE IPOCTPAHCTBA

. Cnabsble Tonosiornu. OnpezieneHust 1 OCHOBHBIE CBOICTBa
. Cnabp1e Tonoorny. bukoMmakTHOCTE U pedIeKCHBHOCTh
. Cnabsle Tononornn. Merpusyemocts. HeorpanndaeHHbIE MHOXKECTBA
. Cnabpbie Tonosoruu. Cnabast GUKOMIIAKTHOCTh

. Kpaiinue Touku

. KacarenmpHbIe GyHKIIMOHAET

. Teopema 0 HENOIBU>KHOM TOUKE

O 01N DN A~ Wi —

[N (O TIN NS T (O RN (O RN NS NS R O B N B N R N R e i R
SO XTI UNHAELWVWND—~,LODOVITNNNDE WD —O

6.3. TunoBbie KOHTPOJIbHBbIEC BOIIPOCHI M 3aIaHUA I l'lpOMe)KyTO‘IHOﬁ aTTrecTalumn
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BOHpOCH K DK3aMCHY 3a 1 CEMECTP:

O 001N Nk~ W —

10
11
12
13

. IIpyHIMI paBHOMEPHOH OrpaHUYEHHOCTH

. IIpuHINIT OTKPBITOCTH 0TOOPaXKEHHS

. Teopema Xana — banaxa

. KoneuHo ajutuBHbIe (DYHKINH MHOXKECTBA

. JleOeroBeI pocTpaHCcTBa

. CueTHO agmuTUBHBIE (PYHKIIMU MHOXECTBA

. [Ipopomkenust GyHKUMIT MHOKECTBA

. B3anMocCBs13b QyHKITHIA MHOXKECTBA

. Teopema Buranu - Xana - Cakca 1 IpoCTpaHCTBa MEp

. Teopema Panona — Hukoauma

. [Ipou3sBeieHre NpOCTPAHCTB ¢ MEPOH
. Duddepenumpopanue

. B-nipoctpancrsa

Bompocs! k sx3amMeHy 3a 2 ceMecTp:

e S I I I e

— O

IIpoexTopsl

Cnabo BIOJTHE HENPEPHIBHBIE ONEPaTOPEI

BronHe HenpepbIBHBIE ONEpaTOpPHI

OmnepaTopsl ¢ 3aMKHYTOM 00JIACTHIO 3HAYCHUIT

OOmmit Bux IuHEHHBIX onepatopoB B C(S)

OOwwuil Bu JMHEHHBIX ONEPaTOPOB B JIEOETOBOM MPOCTPAHCTBE
CrekTpalibHasi TEOPHS B KOHEYHOM IPOCTPaHCTBE

DyHKIIMU omnepaTopa

CrexTpanbHasi TeOpUs BIOJIHE HEMPEPHIBHBIX OIEPATOPOM
OmnepaTopHOE NCYHCIICHHE HEOTPaHUYECHHBIX 3aMKHYTBIX OIEpPAaTOPOB
INosmyrpynnsl oneparopos

6.4. Kputepuu oneHUBaHUA

Ha sk3ameHe BeImaeTcs 2 BOIpoca U3 CITUCKA BOIIPOCOB MO TeMaM NPaKTHIESCKUX 3aHATHH.

IMpomomxuTensHOCTH 3k3aMeHa — 90 MUHYT. 3a KaXx/J0€ BBIITOTHEHHOE 3aJaHNe OmIeTa CTyIeHT MOJKET IOJTyduTh oT 1 110 3
6amnoB. Ecnu 3aanue BBINOTHEHO NIPAaBUIIBHO, TO OHO OLleHHBaeTcs 3 6amnamu. Eciy 3a1aHue BBIIONHEHO ¢ OIIHOKaMH, TO
0aJUTBI CHIDKAFOTCS B 3aBUCHMOCTH OT KOJIMYECTBA JIOIMYIIEHHBIX omMOoK. Ecim momyiiena oHa onmmoOKa, To 31aHHe
omeHHuBaeTcs 2 6aamMu, JOIMyYIEeHs! 1Be omHOKky — 1 6amt. Eciu momymeno 6osee ABYX OmMOOK B 3a{aHUN WJIH CTY/ICHT HE
BBIMOJIHWII Kakoe-T100 3aJaHue u3 OuieTa, To 3a Hero oH nouydaet 0 6annoB. MakcuManbHOE KOJIMYECTBO OAJIOB 3a
9K3aMeH — 6.

ITpu moBeIeHUH UTOTOB YUUTHIBAIOTCS PE3YNIBTATHI TEKYIIeH aTTecTanuy. [10TydeHHBIE 32 TEKYIYIO aTTECTAIIUIO OaIThI
CYMMHUPYIOTCS ¢ OaJIaMU, IOTYYEHHBIMH 33 KQXKIBIH 3Tl PU MPOXO0KACHUH IPOMEKYTOYHON aTTECTALIUH:

Orenka "He ynmoBneTBopuUTeNIbHO" BBICTABIISIETCS 32 18 U MEeHee 6allioB;

Ormenka "Y IOBIeTBOPUTENEHO" BEICTaBIAeTCA 32 19-25 Gamtos (ypoBeHs 1);

Onenka "Xopomro" BeicTaBisercs 3a 25-29 6amios (YpoBeHs 2);

Ornenka "Otanyno" BeicTaBiseTcs 3a 30-36 0amnoB (YpoBeHb 3).

Onucanue nmokaszaTeield 1 KpUTEPHEB OLIEHIUBAHUS KOMITETCHIIUH JUIsl TOKIa 1a:

B cemectpe 3 noxnana. Ha noknaa orBoautcs 15-20 MUHYT B KOHLE mapsl (Kaxayio napy 1 gokmnan). Kaxnaelii crygeHT
TOTOBHT JOKJIA[] 110 OJJHOM M3 MPEIIOKEHHBIX TeM. MaKCHMallbHOE KOJIMYECTBO OaJIIOB 3a Jokman - 10.

Ouenka "3auTeH0" BeICTaBsIeTCs 3a 6-10 O0anos, "He 3aureHo"” - MeHee 6 OaIoOB.

[TonHOTa HOKIAaaa OLICHUBAETCS 110 CJIICAYIOIIUM KPpHUTCPUSIM:

1.

L

IonHOTa N3TOKEHNS TEOPETHUECKOTO MaTepHaja

JlocTaToYHOE KONMYECTBO MPUMEPOB K TEOPETUUECKOMY MaTepHaILy

[IpuBeneHs! mpUMeEpHI K ONpeNeeHUIM U TeopeMaM

IIpuBeneHsl KOHTPIPUMEDPHI, IEMOHCTPUPYIOLIME MPU KAaKUX YCIOBUSAX HE NPUMEHHUMBI TEOPEMBI.

7. YHEBHO-METOIUYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHHUE JUCIIUIIJIMHBI (MO Y JIs)

7.1. Pexomenayemasi Jinteparypa

7.1.1. OcHoBHasi IUTEpaTypa

ABTODBHIL, | 3arnaBue | W3zpatenscTBoO, | Pecypc
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ABTOpBI, 3arnaBue WznarensctBo, | Pecype
JI1.1 | Bapsrmesa 1. B. Mepa u nnrerpain Jlebera: yaebHOe mocodme Jlumenk : 3bC
(https://biblioclub.ru/index.php?page=book&id=700303) Juneuxui
rOCyJapCTBEHHBI
i
[eJaroru4eckui
YHUBEPCUTET UM.
ILII. CemenoBa-
Tsan-Illarckoro,
2022
JI1.2 | Kupumios K.A., OYHKIMOHATBHBIN aHANMN3: yueOHOe mocodre Kpacnosipek : 9BC
Kupuiosa C.B., (https://znanium.com/catalog/document?id=432928) CHOHMpCKHiA
KbrrmanoB A A (benepatbHBIH
YHHBEPCHUTET,
2022
JI1.3 | Bugenckuii B. C., JIuHelHpIe MOJT0KUTENBHBIC OTIEpaTOPhl KOHEYHOT'O PaHra. CaHkKT- 9BC
bynaes B. /1., MHorounensl bepHmTeiina: yaeOHOe mocooue T By30B [etepOypr :
Bunenckuii U. B., (https://e.lanbook.com/book/383447) Jlansb, 2024
Sxybcon M. 4.
7.1.2. JlonoiHUTEIbHAS JIUTEPATYPA
ABTOpBHI, 3arnaBue WznarensctBo, | Pecype
JI2.1 | Aandopa H., IIBapu | JIuneiiHble onepaTopbl: HaydHas JUTEpaTypa Mocksa : Mup, 9BC
J. T., KocTroueHko (https://biblioclub.ru/index.php?page=book&id=456615) 1974
AT.
JI2.2 | Handopa H., HIsapn | JInHelHbIe onIepaTOpPEL: HAyIHAs IUTEpaTypa Mocksa : Mup, 9BC
. T., KoctioueHko (https://biblioclub.ru/index.php?page=book&id=456616) 1966
AT.
J12.3 | Haudopa H., llIsapi | JIuHeliHbIe oniepaTophl: HaydHas JTUTEPATypa Mockga : 9bC
1. T., KoctioueHko (https://biblioclub.ru/index.php?page=book&id=456617) WznarenbcTBO
AT. HMHOCTPaHHOU
JIUTEPATYPHI,
1962
J12.4 | Kapuesckuii E. M., | JIuHeliHble oniepaTopbl B KOHEUHOMEPHBIX [IPOCTPAHCTBAX: Kaszans : 9BC
JlaBpentneBa E. E., | ydae6HOE mocoOue IS MpaKTHUECKUX 3aHATHH 0 anredpe u Kasanckuit
Anekcanaposa U. JI. | reomerpuu: yuebHOe nocodue (dbenepanbHbIi
(https://biblioclub.ru/index.php?page=book&id=682415) YHUBEPCHUTET
(KDV), 2018

7.2. Ilepeyens pecypcoB HHGOPMALMOHHO-TEJIeKOMMYHHKANMOHHOI ceTn "UHTepHeT"

o1

LIBRARY.RU [DnextporHsIii pecypc] : anexTpoHHas 6ubmmoreka / Hayd. anextpon. 6-xa — URL:
http://elibrary.ru/defaultx.asp

92

Poccuiickuii o pynnamenransHbix uccnenoanuii (PODOU) - odunmansueiii caift http:/www.rfbr.ru/rffi /ru

93

Hayunas snexkrponnas 6ubianoreka. MoHorpaduu, u3nanible B u3aarenscTBe Poccuiickoit Akagemun
EcrecTBO3HAHMS MOJHOTEKCTOBBIN pecypc HaydHbIX U yueOHbIX n3nanuii PAE https://www.monographies.ru/

7.3 Ilepevyenb HHGOPMAIMOHHBIX TEXHOJIOT Ui

7.3.1 IIporpammHoOe obecnieyenmne

LMS Moodle

Adobe Reader

7.3.2 IIpodeccnoHaTbHBIE 6a3bI TAHHBIX H HH(POPMALNOHHO-CIPABOYHBIE CHCTEMBI

1. Web of Science (https://apps.webofknowledge.com) Web of Science : MmynsTuaMCHXTIIHAPHAS pedepaTuBHas 0aza
naHHbIX / koMmmauus Thomson Reuters. — Pexxum goctyma: mist 3apeructpup. nosib3oBareneit Yenl'Y. — Tekcer :
JIEKTPOHHBIH.

2. SpringerLink MexxayHapoanas pedepaTuBHas 0a3a JaHHBIX HaydHbIX u3nanui (https://www.springer.com)

8. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHMUE JUCIUITIJIMHBI (MOJY JISA)
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JLis peanm3ariiy AUCIUTUINHBI HCIIOIB3YIOTCS yaeOHBIe ayTUTOPHH IS POBEACHHS 3aHATHH CEMHHAPCKOTO THUIIA,
TPYIIOBBIX U UHIUBUIYaJIbHBIX KOHCYAbTALUNI, TEKYLETO KOHTPOJIS U IIPOMEKYTOUHOM aTTECTalliH, @ TAKKE IOMEIICHUS
JUISL CAMOCTOSITENIbHON pabOTHI.

Y4eOHbIE ayTUTOPUH YKOMILIEKTOBAHBI CTICLIUAIN3UPOBAHHOI MeOEIbI0 U TEXHUUECKUMH CPEICTBAMU OOYIEHHS: JOCKa,
HapThl, MyIbTUMEAUIHHOE U ayAn0000pyI0BaHHE.

JLis ceMUHApPCKUX 3aHATHI UCTIONB3YIOTCS ayAUTOPUHU OCHAILCHHBIC OOBIYHOM JOCKOIL, TapTaMHu, IIePEHOCHBIM
MYJIBTUMEIUHHBIM U ayTH0000pyI0BaHUEM (B CITydae HCOOXOAUMOCTH).

IToMereHus U1 CaMOCTOSITENEHOM PabOTh 00YJAIOIIMXCST OCHANICHBI KOMITBIOTEPHON TEXHHKOH € ITOIKITFOUYCHAEM K
cetu "MHTEpHET" M 00ECTICYCHNEM JTOCTYIIA B 3JICKTPOHHYIO HH(POPMAIIHOHHO-00pa30BaTeIbHYIO CPEy YHUBEPCUTETA.

9. METOIUYECKHE YKA3AHUA JJIAA OBYYAIOIIUXCA 110 OCBOEHUIO JUCHUITIJIMHBI (MOAY JIS)

[Tpu n3ydeHnn qaHHOW TUCIUILIMHEI HCIOJIB3YIOTCS JICKIIMOHHBIC 3aHATHS M CAMOCTOsTeIbHAs paboTa cTyneHTa. Ha
JIEKIIMOHHBIX 3aHATHIX H3JIaraeTcsi OCHOBHOE COJIep KaHUE TEM MPOTPAMMBI, pACCMATPUBAIOTCSI OCHOBHBIE METOJIBI U
MOIXOBI.

Jis Haubonee 3(h(pEeKTHBHOTO M3y4EHHs TUCIUILIHHBI 00YIaroIeMycs PEKOMEHYeTCs:

* [TOCENIATh 3aHATHS, KPATKO M BAYMYHBO KOHCIIEKTUPOBATH MaTEpHal, C yKa3aHHEM JaThl IPOBEIICHUS 3aHATHS U TEMBI;
* CAMOCTOATENILHO MPOPadaThIBATh MaTepHall KakK MOCIe KaKI0TO 3aHATHS, TaK U MO 3aBEPIICHUIO TEMBI, YTO TIO3BOJISET
CBsI3aTh BOCIUHO MOJYYCHHBIC CBEACHHS M COCTABUTD LICIBHYIO KAPTHHY.

B cnysae npuMeHeHus Tpu 00ydeHUH AUCIUTUTMHEL SJIEKTPOHHOTO 00Y4YEHNS, TUCTaHIIMOHHBIX 00pa30BaTENbHBIX
TEXHOJIOTHH O0IIeHHe 00YJarOMUXCSI U MIPEHOAaBaTeNs OCYIIECTBISIETCS B PEKUME PEaIbHOTO BpeMeHH (OHNAHH-IeKIUN
(BeOMHAPBI), YaThl, BUCO-KOH(PEPEHLMHU H JIP.) UM OTI0XKEHHOTO BPEMEHH ( CHCTEMa JUCTAaHIMOHHOTO 00y4enust Moodle,
(hOpyMBI, HIIEKTPOHHAS TI0YTA U JIp.).

Bosbiryro uacTs BpeMeHH 00ydalouecs CaMOCTOSTENBHO Pab0TAIOT ¢ yaeOHO-METOANIECKIMH MaTepruanaMu. CTyIeHTHI
UMEIOT BO3MOXKHOCTh KOHCYIIbTHPOBATHCS € NIPENoAaBaTeNIeM 110 BCEM BOIIPOCaM, BOSHUKAOIUM B X0J€ CAMOCTOSATEIbHON
PabOThI HOCPEACTBOM 3JIEKTPOHHOH MOYTHI, COIMAIBHBIX CETEH H T.IN.

Joctyn o0yqaromerocst K yaeOHbIM PecypcaM B PEKHME OTI0KEHHOTO BPEMEHH, CAMOCTOSTEIILHONH paboThI
OCYIIECTBIISICTCS Yepe3 ceTb IHTepHeT B yTOOHOM JJIS HEro MecTe, BpEMEHH U TeMIIe.

ITpu 0Oy4eHny ULl C OTPAHMYEHHBIMH BO3MOXKHOCTSIMH 37I0POBBSI JJICKTPOHHOE 00y4eHHUE, TUCTAaHIIMOHHBIC
00pazoBaTebHbIC TEXHOJIOTHH MPEIyCMaTPHBAIOT BOSMOXXHOCTH IIpHeMa-Tiepeiadi HHOPMauH B JOCTYITHBIX IS HIX
(opmax.

Peanu3anust UCHUILUIMHBI ¢ TPUMEHEHUEM 3JIEKTPOHHOTO 00ydeHH s, TUCTaHIMOHHBIX 00pa30BaTeNbHBIX TEXHOIOTHUI (anee
— 30, JOT) ocymecTBnsiercs Ha ocHOBaHUU «IlonoKeHUs 0 peann3aly OCHOBHBIX U IOTIOJHUTEIBHBIX 00pPa30BaTENbHBIX
MpOrpaMM C IPUMEHEHHEM 3JIEKTPOHHOTO 00yJeHNS M AUCTAaHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHH B (herepaaIbHOM
TOCYIapCTBEHHOM OIOPKETHOM 00pa30BaTeIbHOM YUPEXICHUH BBICIIETO 00pa3oBaHus «HeIsIOMHCKUH rocynapCcTBEHHbIH
yHHBEpcUTET», «[10o10keHus 0 Topsiike 3aueTa 00yJatoIMMHCS IO OCHOBHBIM IIPO(ECCHOHAIBHBIM 00pa30BaTelIbHBIM
nporpamMam Beicirero oopasosanus B PI'BOY BO «Uenl'V» pe3ynsTaToB OCBOSHHUS B OPTaHU3AIMAK, OCYIIECTBIISIONIIX
00pa3zoBaTeNbHYIO AESTEIBHOCTD, YIEOHBIX IIPEAMETOB, KYPCOB, AUCIUILIHH (MOIYINIeH), IPaKTHK, JOTMOIHUTEIBHBIX
00pa30BaTeNbHBIX MIPOrPaMM» MOCPENCTBOM JIEKTPOHHON HHPOpMAIIMOHHO-00pa3oBaTenbHOi cpeasl @PTHOY BO
«YenI'Y». B uckmounTensHbIX cirydasx (Gopc-Makop u T.IL.) IpH peann3aiui 00pa3oBaTeNbHON JEATENEHOCTH C
npumeHerueM D0, JIOT Moryr IpuMeHATh KOMITIOHEHTHI, HE BXOAAIINE B TIEpEeUeHb AJIEKTPOHHON HH(OPMAIFIOHHO-
00pa3zoBaTeNbHO Cpesbl.

10. CHEIIMAJIBHBIE YCJIOBUS OCBOEHUSA JTUCIUITIJINHBI OBYYAIOIIUMHUCH C
HHBAJIMJHOCTBIO U OTPAHUYEHHBIMHA BO3MOXKHOCTAMM 310POBbA

OcBoeHUE TUCHUIUIMHBI HHBAIMAAMH M JIMIAMH C OTPAaHHYCHHBIMH BO3MOXKHOCTSMH 3/0pPOBBS OCYIIECTBISETCA C
UCTIONIb30BAaHUEM CIEIHATbHBIX TEXHUYECKHX CPEICTB U HH(POPMALMOHHBIX TEXHOJOTHUH, MPEeJOCTaBIAeMbIX PecypcHbIM
y4e0HO-METOANYECKUM LEHTPOM MO OOY4EHHIO WHBAIMIOB U JIMI C OTPaHUYECHHBIMH BO3MOXKHOCTSIMH 310poBbst Uenl'V 1o
3ampocy oOydaromerocst (MOOWIBHBIC CHEIMATbHBIE TEXHWYECKHE CPEICTBA IS JIMI C HAPYMICHHAMH 3pPEHHS H C
HapyIIEHUEM CIIyXa, ACCUCTUBHBIC HH()OPMAI[OHHBIE TEXHOIOTHH).

ITpu HeoOxoammocTH Ul OOYYAIOMIMXCS C HAPYIICHUSIMH 3pEHHMS Ha pabOdMX MecTax Ul NPOBEICHUS IPAKTHYECKHX HWIIH
7a00paTOPHBIX 3aHATHH YCTaHABIMBAETCSA CIICNHATBHOE IPOTpaMMHOE oOecnedeHne (IporpaMMa pedeBOW HaBHTAIIUH,
pedeBbIe CHHTE3aTOPHI, SKPAHHbIE JIYIIb).

B yueOuple ayauTopumn obecrieynBaeTcsi OECHpensTCTBEHHBIM JAocTyn s oOydalomuxcss C HMHBAJMIHOCTBIO U C
OTPaHMYCHHBIMH BO3MOXHOCTSIMH 3I0pOBbsl. B Kaxknoi aymuropuu, riae oOydaroTcss MHBAJIHMABI M JIMIA C OTPAaHUYCHHBIMH
BO3MOXXHOCTSIMH  3/I0POBBS, IPELyCMAaTPHUBAETCS COOTBETCTBYIOMIEE KOJNMYECTBO MeECT Ui OOydJaromUXCs C y4eTOM
HapYLICHUH UX 3J0POBbL.
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y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

MIMHOBPHAYKHU POCCHU
@” denepanbHOE rOCYIaPCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE

Pa6ouas nporpamMma aucouminHe! "JInHEHHBIE ONepaTOpEl ¥ onepaTop-(QyHKIMU'" 110 HANIPABIEHUIO IIOATOTOBKH
(cnermansHocth) 01.04.01 "Matemaruka" HanpasieHHOCTH (TIpoduitio) YpaBHEHUs ¢ JPOOHBIMYI HPOU3BOIHBIMH crp. 11
OI'BOY BO «Henl'V»

Jist OCBOGHUS JUCIUIUTUHBI WHBAIUIAM W JIMIAM C OTPaHUYEHHBIMH BO3MOXHOCTSMH 3JIOPOBbBSI MPENOCTABISIETCS] TOCTYIT K
MEYaTHBIM HMCTOYHHMKAM, MMEIOIUMCcs B HaydHoll Oubnuorexke Yenl'V, ¢ mOMOIIBIO CHENMAJIbHBIX TEXHHUUYECKUX CPENCTB;
JIOCTYIT C MOMOIIBIO CHEIHAIBHBIX TEXHUYECKUX W MPOTPAMMHBIX CPEJICTB K AJIEKTPOHHBIM HCTOYHUKAM, MPEICTABICHHBIM B
(hopMe FIIEKTPOHHOTO TOKYMEHTa B (oHAe HaydHOH OnbmroTeku Yenl'Y i 31eKTPOHHO-OMOIMOTEIHBIX CHCTEMAaX.
Y4eOHO-MeTOIMYeCKue MaTepHaibl Uil OOYJaroMIMXCS M3 YHCIa HHBAJIHIOB WM JIUI] C OTPAaHMYEHHBIMH BO3MOXKHOCTSIMH
3I0pPOBbS MPEOCTABISAIOTCS B (OpMax, aAanTUPOBAHHBIX K OTPAaHUYCHUSM HUX 3I0POBbSI U OCOOCHHOCTSM BOCIIPHUSTHS
nH(pOpMAIIH.

JisT MHBANMHUIOB W JIUII C OTPAaHMYEHHBIMH BO3MOXKHOCTSIMH 3JI0POBBSI OCBOCHWE JHMCIUILIMHBI MOXET OBITh YaCTUYHO WIIH
MOJTHOCTHIO OCYIIECTBIICHO C MCIIOJIB30BAHUEM TUCTAHIIMOHHBIX 00pa30BaTeNbHBIX TEXHOJIOTHH.

[Ipn mpoBeneHMM TPOMEKYTOUHOH AaTTECTAIMU I10 JUCIHMILIUHE OOYYaIOIIMMCS C WHBAJIMIHOCTBIO W C OrPaHUYCHHBIMH
BO3MOYKHOCTSIMH 37I0POBBsSI 00ECIIEUMBACTCS MO WX 3asBJICHUIO NPENOCTABICHUE B JIOCTYMHON ()opMe B 3aBHCHMOCTH OT UX
WHIWBUAYATbHBIX OCOOCHHOCTEH HMHCTPYKIMH O MOPSAKE MPOBEIEHHS MPOMEXKYTOYHOH aTTECTAallMH, OLEHOYHBIX CPEACTB H
BO3MOKHOCTH OTBETOB Ha 3a/aHusl (IMCbMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIbIOTEpE, MUCbMEHHO Ipudrom bpaiins, ¢
WCIIOJIb30BaHNEM YCIIYT aCCUCTEHTa, YCTHO).

[Ipu mpoBeneHNWU NPOLEAYPHl OIEHUBAHUS PE3YIHTATOB OOYUEHUS WHBAIUIOB W JIUI C OTPAHUYEHHBIMH BO3MOKHOCTSIMH
3M0pOBbS TPEAYCMATPUBAETCS HCIONb30BaHUE MpeAocTaBleHHBIX YenlY wuiau coOCTBEHHBIX TEXHHYECKUX CpPEACTB,
HEOOXOJUMBIX WM B CBfA3M C WX WHAMBUAYAJIbHBIMH OCOOCHHOCTAMH. I[IpH HEOOXOMUMOCTH HWHBAIUAAM M JIHIAM C
OTPaHUYCHHBIMH BO3MOKHOCTSIMH 37I0POBbSI TIPEIOCTABIISCTCS OTOJHUTEIBHOS BPEMs JUIsl MMOJATOTOBKM OTBETA HA 3aJIaHUs,
MpoIeypa OLEHUBAHUS PE3YIbTATOB O0YUSHHUS TI0 AUCHHUIIIMHE MOXKET MPOBOAUTHCS B HECKOJIBKO ITAIOB.
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1. GOALS OF MASTERING THE COURSE

The purpose of the course "Linear Operators and Operator Functions" is to study the fundamental concepts and methods of the theory of]
linear operators operating in Banach and Hilbert spaces, as well as their applications to the study of operator-functions and related
problems. The course aims to provide students with a deep understanding of abstract mathematical structures and their role in analyzing
a wide range of mathematical and physical models.

The goals of the course include:

* Introduction to the basic concepts and theorems of functional analysis necessary for studying linear operators: The study of the
properties of Banach and Hilbert spaces, linear operators, their continuity and boundedness, as well as the basic theorems of functional
analysis (Banach-Steinhaus theorem, Hahn-Banach theorem, open mapping theorem).

+ Studying the spectral theory of linear operators: Mastering the concepts of spectrum and resolvents of a linear operator, spectrum
classification, as well as methods for calculating the spectrum and resolvents for various classes of operators.

* Mastering the methods of operator function analysis: Studying the properties of operator functions, their differentiation and
integration, as well as methods for representing operator functions in the form of power series and integrals.

+ Formation of skills in applying the theory of linear operators to the study of differential and integral equations: Consideration of
examples of solving differential and integral equations using methods of functional analysis and operator theory.

+ Study of various classes of linear operators: Analysis of properties of compact operators, self-adjoint operators, operators in Hilbert
space, integral operators and other classes of operators important for applications.

* Study of the application of linear operator theory to the study of stability and asymptotic behavior of solutions: Consideration of
examples of the application of linear operator theory to the analysis of stability of dynamical systems and the study of the asymptotic
behavior of solutions of various types of equations.

+ Creating a holistic picture of modern mathematical methods in the field of functional analysis and operator theory: Forming an
understanding of the relationship between abstract mathematical concepts and their application to solve specific problems.

+ Developing skills of independent study of modern scientific literature: Preparing students for independent research of the latest
achievements in the field of linear operator theory and their applications, as well as for participation in scientific projects.

The results of training in the course are aimed at achieving the following indicators:

UC-2.1. Defines the stages of the project life cycle and establishes the sequence of their implementation

UC-2.2. Formulates the problem that the project is aimed at solving, correctly defines the purpose of the project

UC-2.3. Designs solutions to specific project tasks, choosing the best way to solve them

PC-1.1 Demonstrates knowledge of the basic theoretical principles and methods in the field of scientific research

PC-1.2. Demonstrates the ability to collect and analyze information on the subject of ongoing research

PC-1.3. Has practical experience in establishing new facts and patterns in the field of scientific research

2. PLACE OF THE COURSE IN THE STRUCTURE OF THE EDUCATIONAL PROGRAM

Cycle (section) curriculum: |C.M.Ol .01

2.1 Requirements for the student's pre-training:

To successfully master the discipline, knowledge of the disciplines "Mathematical Analysis", "Linear Algebra", "Differential
equations", "Functional Analysis", "Complex Analysis" is required. And also

Fourier Transform of Vector-Valued Functions

Laplace Transform of Vector-Valued Functions

Advanced Complex Analysis
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2.2 Courses and practices for which the development of this course (module) is necessary as a precursor:

Knowledge of this discipline can be useful for students' research work.

Locally Convex Spaces

Methods for Solving Differential Equations

Generalised Symmetries of Differential Equations

Degenerate Evolution Equations in Banach Spaces

3. COMPETENCIES OF THE STUDENT, FORMED AS A RESULT OF MASTERING THE
COURSE (MODULE)

UC-2: Able to manage a project at all stages of its life cycle

Know:

stages of research in the field of linear operators and operator-functions and ways to build a sequence of their study.

Be able to:

formulate a problem related to the use of linear operators and operator-functions, and correctly determine the purpose of the study.

Possess:

skills in designing solutions to mathematical problems related to linear operators and operator functions, choosing the optimal way to
solve them.

PC-1: Able to carry out research work in the field of differential equations

Know:

the main theoretical principles and methods of the theory of linear operators and operator-functions.

Be able to:

Collect, analyze, and critically evaluate information on linear operators and operator functions, including their theoretical aspects and
applications.

Possess:

skills in applying methods of the theory of linear operators and operator-functions to analyze, solve and study mathematical problems,
as well as establish new facts and patterns.

As a result of mastering the course, the student must

3.1|Know:

3.1.1|stages of research in the field of linear operators and operator-functions and ways to build a sequence of their study.

3.1.2|the main theoretical principles and methods of the theory of linear operators and operator-functions.

3.2|Be able to:

3.2.1{formulate a problem related to the use of linear operators and operator-functions, and correctly determine the purpose of]
the study.

3.2.2|Collect, analyze, and critically evaluate information on linear operators and operator functions, including their
theoretical aspects and applications.

3.3|Possess:

3.3.1|designing solutions to mathematical problems related to linear operators and operator-functions, choosing the optimal
way to solve them.

3.3.2|the application of methods of the theory of linear operators and operator-functions for the analysis, solution and research
of mathematical problems, as well as the establishment of new facts and patterns.
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4. SCOPE OF THE COURSE (MODULE)
Total labor intensity 7 Credits
Curriculum hours: 252 Types of control in semesters:
including:
classroom training: 68 Exams 1, 2
independent work: 96,4
hours for monitoring: 81
contact work: 74,6
OCW: 6,6
5. STRUCTURE AND CONTENT OF THE COURSE (MODULE)
Class Name of sections and topics /type of lesson/ Semester | Hours Literature
code [ Course
Section 1. Three basic principles of linear analysis
1.1 The principle of uniform limitation / Lec/ 1 2 L11L12L13
L2.11L221231L24
W1 W2 w3
1.2 The principle of open display /Lec/ 1 2 L11L12L13
L2.11L221231L24
W1 W2 w3
1.3 The Hahn-Banach theorem /Lec/ 1 2 L1.1L1.2L1.3
L2.11L22123124
W1 W2 w3
Section 2. Integration and set functions
2.1 Finite additive set functions /Lec/ 1 2 L1.1L12L13
L2.11L221231L24
W1 W2 w3
2.2 |Lebesgue spaces /Lec/ 1 2 L1.1L12L13
L2.11L221231L24
W1 W2 w3
23 Countably additive set functions /Lec/ 1 2 L1.1L1.2L13
L2.11L22123124
W1 W2 w3
2.4 Continuations of set functions /Lec/ 1 2 L1.1L1.2L1.3
L2.11L221231L24
W1 W2 w3
2.5 Relationship of set functions /Lec/ 1 2 L1.1L1.2L1.3
L2.11L221231L24
W1 W2 w3
2.6 The Vitali-Hahn-Sachs theorem and measure spaces /Lec/ 1 2 L11L12L13
L2.11L221231L24
W1 W2 w3
2.7 The Radon-Nikodim Theorem /Lec/ 1 2 L1.1L1.2L1.3
L2.11L221231L24
W1 W2 w3
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2.8 The product of spaces with measure /Lec/ 1 2

L11L12L13
121122123124
W1 W2 W3

2.9 Differentiation /Lec/ 1 2

L11L12L13
121122123124
W1 W2 W3

Section 3. Operators and their conjugates

3.1 B-spaces /Lec/ 1 10

L11L12L13
121122123124
W1 W2 W3

32 Doing homework, preparing for exams. Preparation for the exam. /IndW/ 1 34,7

L11L12L13
121122123124
W1 W2 W3

33 Projectors /Lec/ 2 4

L11L12L13
121122123124
W1 W2 W3

34 Weakly completely continuous operators /Lec/ 2 4

L11L12L13
121122123124
W1 W2 W3

3.5 Completely continuous operators /Lec/ 2 4

L11L12L13
121122123124
W1 W2 W3

3.6 Closed-range operators /Lec/ 2 4

L11L12L13
121122123124
W1 W2 W3

3.7 General view of linear operators in C(S) /Lec/ 2 4

L11L12L13
121122123124
W1 W2 W3

3.8 A general view of linear operators in a Lebesgue space /Lec/ 2 2

L11L12L13
121122123124
W1 W2 W3

Section 4. General spectral theory

4.1 Spectral theory in finite space /Lec/ 2 4

L11L12L13
121122123124
W1 W2 W3

4.2 Operator functions/Lec/ 2 2

L11L12L13
121122123124
W1 W2 W3

43 Spectral theory of completely continuous lines /Lec/ 2 2

L11L12L13
121122123124
W1 W2 W3
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4.4  |Operator calculus of unlimited closed operators / Lec/

L11L12L13
121122123124
W1 W2 W3

4.5 Semigroups of operators /Lec/

L11L12L13
121122123124
W1 W2 W3

4.6 Doing homework, preparing for exams. Preparation for the exam. /IndW/

61,7

L11L12L13
121122123124
W1 W2 W3

Section 5. Other contact work

5.1 Individual consultations, ongoing monitoring /OCW/

33

L11L12L13
121122123124
W1 W2 W3

5.2 Individual consultations, ongoing monitoring /OCW/

33

L11L12L13
121122123124
W1 W2 W3

6. FUND OF ASSESSMENT MEANS

6.1. List of types of assessment tools

1.
2.

Report
Questions for credit

6.2. Typical control tasks and other materials for current certification

Topics of the reports:

0N L bW~
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. Partially ordered sets

. Topological space. Basic properties

. Normal and bicompact spaces

. Metric spaces

. Convergence and uniform convergence of generalized sequences
. Topological product of spaces

. Groups

. Linear spaces

. Algebra

. The principle of uniform limitation

. The principle of openness of displays

. Lebesgue spaces

. Special spaces

. Space B(S)

. Space C(S)

. Space AP

. Spaces Lp(S)

. Spaces of functions of a set

. Vector-valued measures

. TM(S) space

. Functions of limited variation

. Convex sets in linear spaces

. Linear topological spaces

. Weak topologies. Definitions and basic properties
. Weak topologies. Bicompact and reflexivity
. Weak topologies. Metrizability. Unlimited sets
. Weak topologies. Weak bicompactness

. Extreme points

. Tangent functionals

. The fixed point Theorem

6.3. Typical control questions and assignments for interim certification
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Exam questions for 1 semester:

. The principle of uniform limitation

. The principle of open display

. The Hahn—Banach Theorem

. Finite additive functions of a set

. Lebesgue spaces

. Countably additive functions of a set
. Continuations of set functions

. Interrelation of set functions

. The Vitali-Khan-Sachs theorem and measure spaces
10. The Radon—Nikodim theorem

11. The product of spaces with measure
12. Differentiation

13. B-spaces

O 001N N K W —

Exam questions for the 2nd semester:

. Projectors

. Weakly completely continuous operators

. Completely continuous operators

. Closed-domain operators

. General view of linear operators in C(S)

. General view of linear operators in Lebesgue space
. Spectral theory in finite space

. Operator functions

. Spectral theory of completely continuous operators
10. Operator calculus of unlimited closed operators
11. Semigroups of operators

O 001N N K W

6.4. Evaluation criteria

On the exam, 2 questions are given from the list of questions on the topics of practical exercises.

The exam duration is 90 minutes. For each completed ticket assignment, a student can receive from 1 to 3 points. If the task is completed
correctly, it is rated with 3 points. If the task is completed with errors, the points decrease depending on the number of mistakes made.
If one mistake is made, the building is rated with 2 points, and two mistakes are made with 1 point. If more than two mistakes are made
in the assignment or the student has not completed any task from the ticket, then he receives 0 points for it. The maximum number of
points per exam is 6.

The results of the current assessment are taken into account when summarizing the results. The points received for the current
certification are summed up with the points received for each stage during the intermediate certification.:

The grade "unsatisfactory” is given for 18 or less points.;

The "Satisfactory" rating is given for 19-25 points (level 1);

The "Good" rating is given for 25-29 points (level 2);

An Excellent score is given for 30-36 points (level 3).

Description of indicators and criteria for assessing competencies for the report:

There are 3 reports per semester. The report is given 15-20 minutes at the end of the pair (1 report for each pair). Each student prepares
a report on one of the proposed topics. The maximum number of points per report is 10.

The score "credited" is given for 6-10 points, "not credited” - less than 6 points.

The completeness of the report is assessed according to the following criteria:

1. Completeness of the presentation of the theoretical material

2. A sufficient number of examples for the theoretical material

3. Examples of definitions and theorems are given.

4. Counterexamples are given to demonstrate under what conditions the theorems are not applicable.

7. EDUCATIONAL, METHODICAL AND INFORMATIONAL SUPPORT OF THE COURSE
(MODULE)

7.1. Recommended literature

7.1.1. Basic literature

Authors, compilers Title Publisher, year | Resource
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Authors, compilers Title Publisher, year Resource
L1.1 (Barysheval. V. The Lebesgue measure and integral: a textbook Lipetsk : Lipetsk State ELS
(https://biblioclub.ru/index.php?page=book&id=700303) Pedagogical University
named after P.P.
Semenov-Tyan-Shansky,
2022
L1.2 [Kirillov K.A., Functional Analysis: a textbook Krasnoyarsk : Siberian ELS
Kirillova S.V., (https://znanium.com/catalog/document?id=432928) Federal University, 2022
Kytmanov A.A.
L1.3 [Vidensky V. S., Linear positive operators of finite rank. Bernstein polynomials: a [Saint Petersburg : Lan, ELS
Budaev V. D,, textbook for universities 2024
Vidensky . V., (https://e.lanbook.com/book/383447)
Yakubson M. Ya.
7.1.2. Further reading
Authors, compilers Title Publisher, year Resource
L2.1 [Dunford N., Linear operators: scientific literature Moscow : Mir Publ., ELS
Schwartz D. T., (https://biblioclub.ru/index.php?page=book&id=456615) 1974
Kostyuchenko A. G.
L2.2 |Dunford N., Linear operators: scientific literature Moscow : Mir Publ., ELS
SchwartzD. T., (https://biblioclub.ru/index.php?page=book&id=456616) 1966
Kostyuchenko A. G.
L2.3 |Dunford N., Linear operators: scientific literature Moscow : Publishing ELS
SchwartzD. T., (https://biblioclub.ru/index.php?page=book&id=456617) House of Foreign
Kostyuchenko A. G. Literature, 1962
L2.4 (Karchevsky E. M., [Linear operators in finite-dimensional spaces: a textbook for Kazan : Kazan Federal ELS
Lavrentieva E. E.,  [practical classes in algebra and geometry: a textbook University (KFU), 2018
Alexandrova I. L. (https://biblioclub.ru/index.php?page=book&id=682415)
7.2. List of resources of the information and telecommunication network “Internet”
W1 |eLIBRARY.RU [Electronic resource] : electronic library / Scientific Electronic Library - URL: http://elibrary.ru/defaultx.asp
W2 |Russian Foundation for Basic Research (RFBR) - official website http:/www.rfbr.ru/rffi /ru
W3 [Scientific electronic library. Monographs published in the publishing house of the Russian Academy of Natural Sciences
full-text resource of scientific and educational publications RAE https://www.monographies.ru/
7.3 List of information technologies
7.3.1 Software
LMS Moodle
Adobe Reader

7.3.2 Professional databases and reference systems

1. Web of Science (https://apps.webofknowledge.com) Web of Science : multidisciplinary abstract database / Thomson Reuters
Company. - Access mode: for registered users of CSU. - Text : electronic.

2. SpringerLink International Abstract Database of Scientific Publications (https://www.springer.com)

8. MATERIAL AND TECHNICAL SUPPORT OF THE COURSE (MODULE)
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For the realization of the course are used classrooms for seminars, group and individual consultations, current control and interim
certification, as well as rooms for independent work.

The classrooms are equipped with specialized furniture and technical means of education: blackboard, desks, multimedia and audio
equipment.

For seminars, classrooms equipped with a blackboard, desks, portable multimedia and audio equipment (if necessary) are used.

The rooms for independent work of students are equipped with computer equipment with Internet connection and access to the
electronic information and educational environment of the University.

9. METHODICAL INSTRUCTIONS FOR STUDENTS TO MASTER THE COURSE (MODULE)

When studying this discipline, lectures and independent work of the student are used. In the lecture sessions, the main content of the
program topics is presented, the main methods and approaches are considered.

For the most effective study of the discipline, the student is recommended:

« attend classes, briefly and thoughtfully take notes of the material, indicating the date of the lesson and the topic;

« independently work through the material both after each lesson and at the end of the topic, which allows you to link together the
information you have received and create a complete picture.

In the case of application of e-learning, distance learning technologies in teaching the course, communication between students and
teacher is carried out in real time (online lectures (webinars), chats, video conferences, etc.) or delayed time (distance learning system
Moodle, forums, e-mail, etc.).

Most of the time students work independently with teaching and learning materials. Students have the opportunity to consult with the
instructor on all issues arising in the course of independent work through e-mail, social networks, etc.

Access of the student to learning resources in the mode of deferred time, independent work is carried out through the Internet at a
convenient place, time and pace.

When training persons with disabilities, e-learning, distance education technologies provide for the possibility of receiving and
transmitting information in accessible forms.

Implementation of the course with the use of e-learning, distance education technologies (hereinafter - EE, DOT) is carried out on the
basis of the “Regulations on the implementation of basic and additional educational programs with the use of e-learning and distance
education technologies in the federal state budgetary educational institution of higher education ‘Chelyabinsk State University’,
”Regulations on the procedure for crediting students on basic professional educational programs of higher education In exceptional
cases (force majeure, etc.) in the implementation of educational activities with the use of E-Learning, DOT may apply components that
are not included in the list of electronic information and educational environment.

10. SPECIAL CONDITIONS FOR MASTERING THE COURSE OF STUDENTS WITH
DISABILITIES AND DISABILITIES

The mastering of the course by disabled persons and persons with disabilities is carried out with the use of special technical means and
holo-information technologies provided by the Resource Educational and Methodological Center for Education of Disabled Persons
and Persons with Disabilities of CSU at the request of the student.

1. Mobile special technical means for persons with visual impairments: portable computer with Braille input/output with speech
synthesizer “ElBraile-W14J G2”; laptops with NVDA screen access software; electronic magnifiers for remote viewing; portable video
magnifiers; tiflo player; digital dictaphones.

2. Mobile special technical means for persons with hearing impairments: free sound field system with built-in compatibility with FM
devices; radio class “Sonet-RSM” with transmitter, behind-the-ear inductor and induction loop; information system for the hearing
impaired portable “Istok” A2 with built-in player - sound informer; document camera; programmable hearing aids for individual use.
3. assistive information technologies: screen access software with speech synthesis NVDA; screen magnification programs; speech
synthesis programs for computers and laptops; speech synthesis programs for mobile devices; on-screen keyboard; screen magnifier.
If necessary, special software (NVDA speech navigation program, speech synthesizers, screen magnifiers) is installed at workplaces for
practical or laboratory classes for students with visual impairments.

Unimpeded access to classrooms is provided for students with disabilities and students with disabilities. In each classroom, where
students with disabilities and persons with disabilities, provides an appropriate number of seats for students, taking into account their
health problems.

To master the course, disabled people and persons with disabilities are provided with access to printed sources available in the CSU
scientific library, with the help of special technical means; access to electronic sources, presented in the form of electronic documents in
the collection of the CSU scientific library or electronic library systems, with the help of special hardware and software (workstation for
blind users with screen access software with speech synthesis NVDA, workstation with computerized.
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Educational and methodical materials for students with disabilities and persons with disabilities are provided in forms adapted to the
limitations of their health and perception of information:

For persons with visual impairments:

- in printed form in enlarged font,

- in the form of an electronic document,

- in the form of an audio file,

- in printed form in Braille.

For persons with hearing impairments:

- in printed form,

- in the form of an electronic document.

For persons with mobility impairments:

- In printed form,

- in the form of an electronic document,

- in the form of an audio file.

This list can be specified depending on the contingent of students.

For persons with disabilities and persons with disabilities mastering the course can be partially or fully implemented using distance
education technologies (Moodle, Adobe Connect Pro, etc.).

In the mastering of the course by disabled people and persons with disabilities is used individual work. Individual work means two
forms of interaction with the teacher: individual training work (consultations), i.e. additional explanation of the educational material
and in-depth study of the material with those students who are interested in it, and individual educational work. Individual consultations
are aimed at individualizing learning and establishing educational contact between the teacher and a disabled student or a student with
disabilities.

When conducting the procedure for assessing the learning outcomes of disabled people and persons with disabilities in the course
provides the following additional requirements depending on the individual characteristics of students:

a) instruction on the order of the assessment procedure is provided in an accessible form (orally, in written form, in written form in
Braille, orally with the use of sign language interpreter);

b) accessible form of providing assessment tasks (in printed form, in printed form in enlarged font, in printed form in Braille, in the form
of an electronic document, tasks are read out by an assistant, tasks are provided with the use of sign language interpreter);

¢) an accessible form of providing answers to tasks (in writing on paper, typing answers on a computer, in writing in Braille, using the
services of an assistant, orally).

When conducting the procedure for evaluating the learning outcomes of persons with disabilities and persons with disabilities, the use
of technical means necessary for them due to their individual characteristics is envisaged. These means may be provided by CSU or the
university's own technical means may be used. If necessary, persons with disabilities and persons with disabilities are given additional
time to prepare an answer to the tasks, the procedure of assessment of learning outcomes in the course can be conducted in several
stages.

The procedure of assessment of learning outcomes for persons with disabilities and persons with disabilities is allowed using distance
learning technologies.
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