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PABOYASA NPOrPAMMA YYEEHOW AUCLUUNIUHbBI
B1.B.07 3nemeHTbI cnekTpanbLHOM Teopun

1. Koa n HaumeHoOBaHMe HanpaBfieHUA NOAroTOBKU/cneuynanbLHOCTU:
01.05.01 ®dyHOoameHTanbHble MaTeMaTnka 1 MexaHuka

2. Mpodcdunb noaroroBku/cneumannsaymsa:
CoBpeMeHHble MeTOAbl TEOPUN (PYHKUMI B MaTEMATUKE N MEXAHWKE

3. KBanudwmkauusa BbinyckHuka: Cneumnanucr.
MaTtemaTtuk. Mexanuk. lNpenogaBatens

4. dopma obyyeHusn:
oYHas

5. Kachegpa, oTBevarLan 3a peanmsaumo QUCLUNIIUHDI:
Kadpegpa Teopun PyHKUUIA U reomeTpum

6. CocTtaBuTENM NpOrpaMmmbil:
HenucoB M.C., K.cb.-M.H., goueHT kadeapbl TeopUn YHKLMIA N TEOMETPUN

7. PexomeHpgoBaHa: HMC matemaTtunyeckoro cakynsteta, npotokost Ne0500-04 ot 18.06.2020
8. YuebGHbIN roa: 2023-2024 CemecTp(bl): 7

9. Llenn n 3apaum y4e6HON ANCUUNIIUHDI

Llensmn ocBoeHunst yuebHOM OMCUMNNMHBI SBASOTCS:

- rmybokne 3HaHuUs CTygeHTaM O MeTodax, 3ajadax U TeopemMax CnekTpanbHOW Teopumn
NMMHENHbIX ONEpPaTopoB B r’MbOEepTOBbIX NMPOCTPAHCTBAX;

- MNPUMEHEHMEe CTygeHTaMu MOMYYEeHHbIX 3HaHWMA NpUM  NPUKNIagHbIX  3agad
€CTEeCTBO3HAHUA.



3apaum yyebHoN gMCUMNNHBI

- HAyYUTb CTYAEHTOB BNnageTb TEOPETMYECKMM MaTepuanom;

- Hay4YUTb CTYOEHTOB pellaTb 3agadn, MCMNoNb30BaTb COBPEMEHHbIE METOAbI U NOAXOAbI
hYHKLMOHANBHOIO aHanm3a nNpy peLleHnn NpuKknagHblx 3agau.

10. Mecto y4yeGHOM AucuunnuHbl B CTpyKType OOIl: (06s3amenbHas yacmb unu yacme,
opmupyemasi ydacmHukamu obpasogamersibHbIX omHouwleHul (eapuamueHasi) 6noka b1, Kk komopol
omHocumcs ducyunnuHa; mpeboeaHusi K 8XOOHbIM 3HaHUSIM, YMEHUSIM U HaeblkaM; OucyuruHbl, Orns
Komopsbix daHHas OucyurnuHa siensemcs npedwecmeyrowel))

AncumnnuHa «3nemMeHTbl cnekTpanbHOM Teopum» BXoanT B 6510k b1 BapuaTuBHOM Yactu
nporpamMmbl U u3yyaetca B 7 cemecTpe. [JaHHbIn KypC HEnocpeAcTBEHHO CBSA3aH C
ancumnnnHamm «MaTemaTtnyeckni aHanmay, «OdudpdepeHunanbHble  ypaBHEHUS»,
«PyHKUMOHANbHBIA aHanu3y», «YpaBHEHUS C YaCTHbIMW MNPOU3BOAHBIMUY» U3yYaeMbiMU B
paMkax nporpaMmmbl NOAroTOBKM.

11. MnaHupyeMble pe3ynbTaTbl OOY4YEeHUA MO AUCLUNIMHE/MOAYMO (3HAHUSA, YMeHwus,
HaBbIKM), COOTHECEHHbIE C NNaHUpyeMbIMU pe3yribTaTaMW OCBOEHUS ob6pa3oBaTeribHOM
nporpamMmmMbl (KOMNETEHLUMSAMU) U UHAUKATOPAMM UX AOCTUKEHUS:

Kog HasBaHue Koa(bl) WHamnkaTop(bl) lMnaHnpyemble pesynbTaTtbl 06y4eHns
KOMMeTeHUMn
MKB-1 CnocobeH MKB-1.1; | Obnapaet 3HaThb: OCHOBHbIE dakThbl [ MeToabl
BbISIBMATD, 6a3oBbiMU crnekTpansHon Teopun orneparTopos B
NPUMEHSATD, 3HAHUAMM, rMnNbOepTOBbLIX MPOCTPaHCTBaX
pa3pabartbiBaTb U Nosly4eHHbIMU B
LeneHanpasneHH obnactun YMeTb: [oOKasblBaTb OCHOBHble pe3ynbTaTbl
0 UCMonb30BaTb MaTtemaTU4eCKMX | CheKTpanbHOMW Teopun onepaTopoB C MOMOLLbIO
MeToabl Teopun n (unn) METOAONOrMYECKOro annapata CoOBPEMEHHOro
dyHKUNA B €CTEeCTBEHHbIX dyHKUMOHaNbHOro aHanunsa.
3agavax Hayk,
MaTemaTUKu U nporpaMmupoBaH | BnageTb: HaBblkamMy peLleHUs NpakTUYECKUX
MeXaHWKK nsa un 3afady C MCMonb30BaHMEM CMEeKTpanbHOW Teopun
WMH(POPMAaLIMOHHBLI | onepaTopoB
X TEXHOMOrnn
MKB-2 CnocobeH MKB-2.1; | 3HaeT 3HaTb: npumepbl  3adady eCTeCTBO3HaHUA,
nNpPoBOAUTb COBPEMEHHbIE pellaeMbiX C NOMOLLbIO annapaTa CneKkTpasnbHON
nccnenoBaHus no MeToabl Teopun onepaTopos
obpaboTke n pa3paboTku n
aHanuay Hay4yHowm peanusaunn YMeTb: NPUMEHATb Ha MpPaKTUKE OCHOBHbIE
MHdOopMaLUKN K Moaenen, MeTobl Teopun dyHKUUIA 7] MeTo bl
pe3ynbTaToB ncnonb3ys crnekTpansHon Teopuu oneparTopos,
ncecnegoBaHun TEOPUIO PYHKUMIA | OENCTBYIOLLMX B dPYHKLNOHAMBHbIX
MeTodamu NpOCTpaHCTBax.
Teopun PyHKLMNA.
BrnageTtb: HaBblkaMu peLUeHUsT MPaKTUY4EeCKUX
3agay
MKB-2 CnocobeH MKB-2.2; | Ymeet 3HaTb: OCHOBHble MaTemaTuyeckue Moaenm
nNpPoBOAUTb pa3pabatbiBaTb METOAbl CNeKTpanbHOM Teopumn
nccnenoBaHns no MaTtemaTuyeckme
obpaboTke u Moaenu B YMeTb: NPUMEHATb Ha NPAKTUKE YNCNEHHOE
aHanuay Hay4yHom obnactu
MHdOpMaLnK K €CTeCcTBO3HaHus, | BnapgeTb: metogamum v noaxodaMm YMUCHEHHOTO
pe3ynbTaToB 3KOHOMUKM U 3KCMEepMMeEHTa NpU UcCnegoBaHUs HEKOTOPbIX
nccnegoBaHum yrnpaBerneHus, a 3aja4y eCTeCTBO3HaHUSA MeTogamMu CreKTparibHon
MeTodamu Takke Teopun onepaTopos.
Teopun PyHKUUN. peanu3oBbiBaTb
anropuTmbl




MaTteMaTn4eCckux

Mopaenen Ha
6a3e nakeToB
NpUKNagaHbIX
nporpaMmm
MOLEeNMPOBaHNS
MKB-3 CnocobeH k MKB-3.1 | 3Haet 3HaThb: OCHOBHblE MaremaTuyeckue "
NOCTPOEHMIO COBpPEMEHHbIE dusnyeckme mMoaenu, ucnonb3ytoLine
mMoaeneu u MeToAabl MOHATUMHBIA annapaTt CneKkTpanbHOW Teopuun
ONTUManbHOMY pa3paboTku n onepaTopoB.
peLleHnto peanu3auuu
TEOPETUYECKUX U MaTeMaTn4ecknx
NPWKNagHbIX mogeneu YMeTb: uccriegoBaTb MatematuMyeckme mogenu
3apad MeTo4aMm CnekTparibHOM TeOpMM OnepaTopoB.
MaTemMaTuku n
MEeXaHuKnN Ha Brnapets: mMeTogamm " noagxogamu
OCHOBE METoa0B ncecnegoBaHus HEKOTOPbIX 3agad
Teopun PyHKUMIM €CTeCTBO3HaHus MeTogamu crnekTpansHon

1 reomeTpum TEopuM ornepaTopoB.

12. O6bEeM AUCUUNIIMHBI B 3a4eTHbIX eaMHMUax/yacax (s coomseememsuu ¢ y4e6HbIM aHoOM) —
4/144.

CDopma npomex(yTquoﬁ aTTeCTalMUN sKk3ameH

13. TpyaoeMmkocTb No Buaam yyebHomn paboTbl

TpygoemkocTb
Bupg y4ebHol paboTbl Bcero Mo cemectpam
7 cemecTp
KoHTakTHas pabota 50 50
nekumm 16 16
npakTnyeckme 34 34
B TOM 4mcne:
nabopaTopHble 0 0
kypcoeas paboTa 0 0
CamocTtosiTensHas paborta 58 58
IMpomexyTouHasa aTTecTauuna (018 sKk3ameHa) 36 36
NToro: 144 144

13.1. CopepxaHMe QUCLUMNIUHDI

n/n Peannsauus
pasgena
HaunmeHoBaHue pasgena AVUCLUMNANHBI C
CopepxaHuve pasgena QUCUMNIVHBI
AVCLUNIWHBI MOMOLLbIO
OHIamnH-Kypca,
QYMK *
1. lekuum
1.1 MnbbepToBo HepaBeHcTBO Kowwu-ByHsikoBckoro, cnabas u cunbHas -
NPOCTPaHCTBO. CXOAMMOCTH B rmMne6epToBOM npocTpaHCcTBe.
JInHenHbIN onepaTop HepaBeHCTBO Beccens, paBeHCTBO MNapceBans.
OrpaHu4eHHble n HenpepbIBHbIE onepaTopebl.
OKBMBANEHTHOCTb. 3aMKHyTble IMHEWHbIE OnepaTopsbl.
CsowctBa. Teopema baHaxa.
1.2 ConpsiKeHHbIN CsowicTtBa COMpsKeHHOro  ornepaTtopa. Mpumepsl -
oneparop. COMNpPSKEHHbIX onepaToposB B pPasnuyHbIX
npocTpaHcTBax.OCHOBHblE  TEOpeMbl O  CXOOAMMOCTU




JNIMHEeNHbIX ONepaTopoB

1.3 CnekTp v perynsipHble 3aMKHYTOCTb cnekTpa, OTKPbITOCTb MHOXecCTBa
TOYKUN NIMHENHOIO perynspHeix  Todek. CyllecTBoBaHMe cnektpa U
3aMKHYTOro onepartopa. | perynspHbiXx TOYEK Yy HenpepbiBHbIX  OMNepaTopoB.

[MpuMepbl 3aMKHYTbLIX ONepaTopoB C MYCTbIM MHOXECTBOM
perynspHbiX TOYEK U C NyCTbIM cnekTpom. CBA3b YacTemn
cnekTpa

1.4 CamoconpsiKeHHbIN MpocTenwne cCBOMCTBA CaMOCOMPSHKEHHbLIX OMNepaTopos,
onepaTop. CBOWCTBA CMNEKTpa W PerynspHbIX TOYEK, ChnekTpanbHas
CummeTpuyeckme dyHKumna. Kputepun cyLecTBoBaHMS CaMOCOMPSKEHHbIX
onepaTopbl. pacLUMpPEHWNIA. Onuncanuve CaMOCOMNPSIKEHHbIX

pacLumpeHuin, 0bobLleHHasa pe3orbBeHTa.

15 KpaeBas 3agaya n ee OpHomepHble kpaeBble 3agayn. MHOromepHble KpaeBble
onepaTop 3agaum.

1.6 O6o6uieHHoe pelweHne | CMMMETPUYECKME U MONOXUTENBHO ONpeaerneHHble
onepaTopHOro onepaTtopsl. MNMpumepbl. HepaBeHcTBO Pprapmxca.
ypaBHeHWUsI DyHKUMOHAN SHEpPrun. SHepreTnyeckoe NPoCTPaHCTBO.
Pacwwupenue [(MaBHblE N eCTeCTBEHHbIE KpaeBble yCrioBums. To4ka
NONOXUTENBHO MUHMMYMa (DYHKLMOHANa 3Heprum B 3HEPreTU4eCcKoMm
onpeferneHHoro npoctpaHcTse. [Npumepsl. MNpeactasneHne 0606LeHHOro
onepaTopa pelweHus B Buge paga. ConpshkeHHble u
3agayn Ha cobCTBEHHbIE | caMOCOMNpPsKeHHbIN onepatopbl. Pacwmperve ®puagpumxca
3Ha4YeHus C COXpaHeHneM HWkHen rpaHn. CBoMcTBa COOCTBEHHbIX

3MNEeMEHTOB 1 COBCTBEHHBIX 3HAYEHWI CaMOCOMNPSKEHHbIX
onepatopoB. O606LEeHHbI COOCTBEHHbIN CNEKTP
NONoOXMTENBbHO OnNpeeneHHoro onepaTopa.

1.7 BapuaunoHHas BapuvaunoHHbI NpyHLMN ANst NepBOro CO6CTBEHHOTO
dopMynunpoBKa 3agaqu 3HayeHns. MMHUMU3MpyoLas nocnegoBaTenbHOCTb AN
0 COOCTBEHHOM CMEKTPE. | HaMMEHbLUErO COBCTBEHHOMO 3HAYEHMS.

OcCHOBHbIE TEOPEMBI O
cnekTpe

1.8 MakcuMnHMManbHbIN OnpepeneHune guckpeTHOro crnekTtpa. Teopema o
NPUHLAN. AVCKpPeTHOCTU cnekTpa. [peacTaBneHne NonoXuTensLHO
MpunoxeHus onpeaeneHHoro oneparopa v ero ApobHbIX CTENEHeN ¢

NMOMOLLbIO COBCTBEHHbIX 3HaYeHun n 6asmca u3
CODCTBEHHbIX 311IEMEHTOB.
2. NpakTnyeckue 3aHATUA

2.1 MNnbbepToBO HepaBeHcTBO Kowwu-ByHsikoBckoro, cnabas u cunbHas
NPOCTPaHCTBO. CXOAMMOCTM B rmne6epToBOM NpoCTpaHCTBe.
JInHenHbIN onepartop. HepaBeHcTBO beccens, paBeHcTBO [lapceBans.

2.2 MnbbepToBO OrpaHu4eHHble n HenpepbIBHbIE oneparopebl.
NPOCTPaHCTBO. OKBMBANEHTHOCTb. 3aMKHyTble IMHEWHbIE OMnepaTopbl.
JInHenHbIN onepaTtop. CeoiicTtBa. Teopema baHaxa.

2.3 ConpsiXeHHbIN Onpepenenne. CyllectBoBaHWE W  €OWHCTBEHHOCTb.
oneparop. CaoicTBa.

2.4 ConpsiKeHHbIN lMpocTpaHcTBOo rpadmka NMHENHOro oneparopa.
onepaTop.

25 CnekTp v perynsipHble [MpuMepbl 3aMKHYTbLIX ONepaTopoB C MYCTbIM MHOXECTBOM
TOYKM FNIMHENHOTO perynsipHbiX TO4EK M C NycTbIM crnekTpom. CBs3b 4YacTen
3aMKHYTOro onepartopa. | cnekrpa.

2.6 CnekTp v perynsipHble 3aMKHYTOCTb cnekTpa, OTKPbITOCTb MHOXecCTBa
TOYKUN NIMHENHOTO perynspHoeix  Todek. CyllecTBOBaHWe cnektpa U
3aMKHYTOro oneparopa. | perynsipHbix TOYEK Y HENPEPLIBHbIX ONEpaTopoB.

2.7 CamoconpsiKeHHbIN MpocTenwne CBONCTBA CaMOCOMPSHKEHHbLIX OMNEpaTopos,
onepaTop. CBOWCTBa CMNeKTpa W perynsipHbIX TOYEK, ChnekTpanbHas
CummeTpuyeckue dyHKUMS.
onepaTopbl.

2.8 CamoconpsiKeHHbIN Kputepun CYLLIECTBOBAHUSA CaMOCOMNPSKEHHbIX
onepaTop. pacLUMPEHWIA. OnucaHve CaMOoCONPsHKEHHbIX




CummeTpuyeckme pacmpeHuii, 0606LLeHHast pe3onbBeHTa.
oneparopsl.

2.9 KpaeBas 3agaya u ee OpHomepHble KpaeBble 3agaun. MHOromepHble KpaeBble
oneparop 3apaun.

2.10 MonoxnTenbHO CymmeTpu4eckme 1 NoNoXuTeNsHO onpeaeneHHble
ornpeaeneHHble onepartopsl. Mpumepbl. HepaseHcTBO ®puapuxca.
onepaTopsl

211 OHepreTnyeckoe DyYHKLIMOHAN aHEeprun. AHepreTuieckoe NPoCTPaHCTBO.
NPOCTPaHCTBO [(MaBHblE N eCTECTBEHHbIE KpaeBble YCIOBMS.
NOMNOXMNTENbHO
onpegeneHHoro
oneparopa.

2.12 O6o06LieHHOe pelweHre | Todka MMHMMYMa OYHKLMOHaNa SHeprum B
onepaTtopHOro 3HepreTn4eckoM npoctpaHcTee. Mprumepsi.
ypaBHeHus lMpencTtaBneHne 0606LLEHHOrO peLleHns B BUae psaa.

2.13 Pacwupenue ConpsikeHHble M CaMOCOMNPSIKEHHbIA  OnepaTopbl.
NONOXUTENBHO PacwunpeHne ®pugpuxca ¢ coxpaHeHNEM HUXKHEN rpaHu.
onpeaerneHHoro
onepaTopa

2.14 3apayn Ha cobeTBeHHble | CBoncTBa COOCTBEHHbBIX 3NEMEHTOB U COOCTBEHHbIX
3Ha4eHus 3HAYeHWI CaMOoCOoMpPsKEHHbIX onepaTtopoB. OBO6LLEHHbIN

COBCTBEHHbIV CNEKTP MOMOXMTENBHO ONpeaeneHHoro
onepartopa.

2.15 BapuaunoHHas BapuvaunoHHbIM NpyHLMA ANs NepBOro CO6CTBEHHOTO
dopmynnpoBka 3agauu 3HaveHus. MuHnMmnsnpyroLwas nocregosaTenbHOCTb A1
0 cOBCTBEHHOM CMEKTPEe. | HaMMeHbLIEro COOGCTBEHHOIO 3HAYEHMS.

2.16 OCHOBHbIE TEOPEMBI O OnpepeneHne  OUCKpPETHOro  cnektpa. Teopema o
cnekTpe anckpeTHocTu cnekTpa. lMpeacraBneHnMe NOMOXUTENbHO

onpefeneHHoro onepaTtopa M ero ApobHbIX CTeneHen ¢
MOMOLLBD  CODCTBEHHbIX 3HayYeHMn u Oasuca U3
CODCTBEHHbIX 3NIEMEHTOB

2.17 MakcMmnHnMmansHbIn MpuHumn KypaHTta. Teopema 0 MOHOTOHHOCTU CreKTpa.

npuHUMN
MpunoxeHus

CneTpanbHas 3agaya ¢ ABYMS NONIOXUTENbHLIMMW
orneparopamu.

Bapgava LWrypma-Jinysunnsa. Knaccnyeckue
CcrneKkTpanbHble 3a4a4v MmaTeMaTU4eckon (OU3KKK.
CnekTpanbHas 3agava ans annMnTn4eckoro onepartopa
obLwero Buaa.

13.2. Tembl (pasaenbl) AUCUUNIIUHBI U BUAbI 3aHATUN

Ne
n/n

HanmeHoBaHue TeMbl
(pasgena) gucumnmuvHel

Buapl 3aHATUI (KONMYECTBO YacoB)

Jlekunn MpakTuyeckme | JlabopaTopHblie

CamocrTosiTenbHas
paboTta

Bcero

MNnbbepToBO
NPOCTPaHCTBO.
JluHenHbIn onepaTop

6

ConpsikeHHbIn onepaTtop.

6

CnekTp v perynsipHble
TOYKW IMHENHOIO
3aMKHYTOro oneparopa.

10

CamoconpsiKeHHbIN
oneparop.
CvmmeTpuyeckune
onepaTopbl.

16

KpaeBas 3agaya u ee
onepartop

16

O600L1eHHoe pelueHne
onepaTopHOro ypaBHEHUS
PaclwumpeHnune
NONOXUTENBHO

16




onpeaeneHHoro
onepaTopa

3apgayvn Ha cobCTBEHHbIE
3Ha4YeHn4d

BapwuauwnoHHas
dopmMynnpoBKa 3agadu o
7 | cobCTBEHHOM CrEKTpe. 2 6 8 16
OcCHOBHbIEe TEOpEMBI O
cnekTpe

MakcMMnHMMansHbIN
8 | npuHumn. 2 6 8 16
MpunoxeHus

WUtoro: 16 34 0 58 108

14. MeToau4yeckue ykasaHMA Ans ody4yarowmxca no 0CBOEHUIO AUCLUNIIUHDbI
(pekomeHOayuu 0bydarouUMCs Mo 0C80EHUK0 BUCUUNIUHBIL: yKa3aHue Haubosiee crioxHbIx pa3denos, paboma c
KOHcriekKmamu fiekyud, npe3eHmayuoHHbIM Mamepuasriom, pekoMmeHOayuu rno 8bIfoHEeHUK Kypcosol pabomel, fo
opaaHu3ayuu camocmosimesnbHoul pabomai o ducyunauHe u 0p.)

MeToanyeckne ykaszaHus ans o6y4arolmxcs No OCBOEHWIO ANCUNMIIMHDI

AyanTOpHbIE U BHEAyOUTOPHbIE (CaMocTosATeNbHblE) opMbl y4ebHOM paboTbl CTyAeHTa UMEKT CBOEWN
uenbio NpuobpeTeHre UM LEenoCTHOM CUCTEMbl 3HAHUW NO AUCUMNIIUHE «IONEeMEHTbl CMeKTparbHON TEeopumy.
Mcnonb3ys nNeKkuMoHHbIN mMaTtepuan, y4ebHuKu, OONOMHUTENbHYIO nutepaTypy, MPOSBNAsS TBOPYECKUA nogxon,
CTYAEHT roTOBUTCS K NPAKTUYECKUM 3aHATUSIM, pacCcMaTpuBas UX Kak nononHeHue, yrnybneHune, cuctematmsaumto
CBOMX TeopeTumdeckux 3HaHun. CTygeHT pormkeH npuntv B BY3 € nonHblM nOHMMaHuem TOro, 4TO
CaMOCTOSTENbHOE OBMafeHne 3HaHWAMU ABMSETCH rMaBHbIM, onpegensoowum. Beicwasa wkona nuwbe cosgaet
Ansi 3TOro HeobxoauMbIe yCrnoBus.

N3ydyeHune kaxgonm TemMbl crnefyeT HauyMHaTb C BHUMATENbHOro 03HaKoMreHus ¢ Habopom BonpocoB. OHu
OPUEHTUPYIOT CTYAEHTa, MNOKa3biBalOT, YTO OH [JOSPKEH 3HATb MO [JaHHoOW Teme. Bompocbl Tembl kak Obl
HaknagblBalOTCs HAa COOTBETCTBYHOLLYIO rMaBy m3bpaHHOro yyebHuka unm ydyebHoro nocobusi. B uTore OOMmKHO
ObITb SICHbIM, Kakue BOMPOCHI TEMbl NMPOrpammbl y4eOHOro Kypca, M C KakoW rnybuHON packpbiTbl B OAHHOM
y4yebHOM MaTepuarne, a kakve BoobLLEe OnyLLEHbI.

OcBoeHve ancumninHbl NpeanonaraeT cregyrolme HanpasneHus paboThbi:

- N3y4yeHue NOHATMMNHOIO annaparta QUCUUNIWHGI;

- N3y4yeHne TeM CaMOCTOATENbHOW NOArOTOBKN MO y4eBOHO-TeMaTUYeCKOMY MraHy;

- paboTy Hag OCHOBHOW ¥ AONOMHUTENBHON NUTEPaTypPONn;

- N3yYyeHne BONPOCOB A1 CAMOKOHTPONSA (CaMonpoBepKH);

- CamMonoAroToBKa K NPakTU4EeCKUM 1 APYruM BUAAM 3aHATUN;

- camocTosaTernbHasi paboTta cTygeHTa nNpy NoAroTOBKE K 3K3aMEHY;

- camocTtosaTenbHasi paboTta cTygeHTa B OMbnmoTeke;

- U3y4yeHune canToB Mo TeMaM AUCUUNNUHBI B ceTu MHTepHerT.

TpebyeTcsa TBopYeckoe OTHOLLEHWE U K camow nporpamme y4ebHoro Kypca. Bonpochl, coctaBnsawowme ee
copepxaHue, o6nagatoT pasHOW CTEMNeHbl BaXXHOCTW. ECTb BOMPOCHI, BbIMOMHSAKLWNE (OYHKLMIO FOrM4eCcKomn
CBSI3KM COAEepXaHMs TeMbl U BCEro Kypca, UMetTCH BONPOChl ONUcaTerNbHOro UM pasbsaCcHUTENbHOrO Xapakrepa.
Bce 311 BONpOChl HE COCTaBNAT CyTWU, MOHATUAHOMO, KOHLENTYanbHOro COAEpPXaHWsa TeMbl, HO HeobxoaMMbl Ans
LLeNOCTHOMo BOCMPUATUS U3ydaembix npobnem.

MpopaboTka NEKUMOHHOIO Kypca SBMASIETCS OAHOM U3 BaXKHbIX aKTMBHbLIX (hOPM CaMOCTOATENbHON paboThl.
Jlekums npenogasatens He SABMSETCH 03BYYEHHbIM y4eBHWKOM, a NpeAacTaBnsAeT Nfo4 ero MHAUBMAYarbHOro
TBOpYecTBa. OH YnTaeT CBOM aBTOPCKUA KYpC CO CBOEM FIOrMKON CO CBOMMU TEOPETUYECKMMU U METOAUYECKUMMU
nogxogamu. J3TO pfenaet NEKUMOHHbIM KypC KOHKPETHOro MpenogaBaTtens WHOAUBMAYarnbHO-ITMYHOCTHBIM
cobbITMEM, KOTOPbIM BPSiA NN CTYAEHTY CTOMT npeHebperatb. Kpome TOro, B CBOMX nekuusix npenogaBaTerb
CTPEMUTCS NPEO[OoNieTb MHOTME HeOoCTaTKu, MpUcylimMe onyobIIMKOBaHHbIM y4ebHMKaM, Yy4eBHbIM MOCobUsIM,
NEKLUOHHbIM KypcaM.

KonuuecTtBo 4acoB, oTBeAEHHbIX AN NEKLUUOHHOro Kypca, He No3BOMSET peanu3oBaTb B NeKUUSX BcCew
y4ebHol nporpammel. icxoas n3 aToro, Kaxablil NekTop co3gaeT CBOK TEMATUKY NEKUUA, KOTOPYK B YCTHOM MK
nMCbMEHHOM hopme npeacTaBnseT cTygeHTam npu NnepBon BCTpeYe.

B cosgaHum cBoero aBTOPCKOrO MEKUMOHHOIO Kypca npernogaBaTeNnb PyKOBOACTBYETCA [ABYMS
AokyMeHTamn — PepepanbHbiM rOCYyOapCTBEHHbIM 0OOpasoBaTernbHbIM CTaHZAPTOM U y4ebHOW nporpaMMon.
CoBepLueHHO HeJOCTaTOYHO TOMbKO ChywaTtb NeKkumn. BaxHo CTyaeHTy MOHATb, YTO Nekuus ecTb cBoeobpasHast
TBOpYeckas popmMa camocToAaTenbHOM paboTel. Hago neltatbCA CTaTb aKTUBHBIM COYYaCTHUKOM NEKLUKU: oyMaTb,
CpaBHMBATb M3BECTHOE C BHOBb MOJSTy4aeMbIMU 3HAHUSMW, BOWTU B JIOTUKY U3MOXEHUS maTepuana nekropom, no
BO3MOXHOCTW BCTYNaTb C HUM B MbICNIEHHYIO Monemuky. Bo BpeMs nekuum MOXHO 3afaTb NeKTopy BOMpoc.
Bonpocbl MOXHO 3afaTb M BO BpeMsi nepepbiBa (MUCbMEHHO MMM YCTHO), a Takke nocne nekuum unu nepeg
Hayanom oyepepnHow. Jlektop HangeT hopmbl M cnocobbl pearMpoBaHnsi HA BOMPOCHI CTYAEHTOB.




MeTogonormyeckme pekomMeHaaunm no OpraHn3aLmn cCamoCcToAaTeNbHOW paboThl CTYAEHTOB

MeTogonormdyeckue pekoMeHZauuMnm npu3BaHbl MOMOYb CTyOEHTaM OpraHv3oBaTb CaMOCTOATENbHYIO
paboTy npu M3ydyeHMM Kypca: C maTtepuvanamu fnekuMi U CeMUHAPCKUX 3aHATUW, nuTepaTypbl Mo obwum u
crneumanbHbiM Bonpocam. CamoctosiTenbHas paboTa CTygeHTa A0MKHa onupaTbCst Ha CPOPMUMPOBaHHbBIE HABbIKA
N yMeHus1, npuobpeTeHHble BO BpeMsi 00yyeHns B cpegHen wkone. B BY3e cTyaeHT gomkeH NoBbICUTL YPOBEHb
camocTosaTenbHoCTU. COCTaBnsAKOWNM KOMMOHEHTOM ero paboTbl AOMKHO CcTaTb TBOp4YecTBO. Pabortaa ¢
nuTepaTypomr No TeMe 3aHATUI, AenanTe BbINMUCKM TEKCTA, COAEpPXKaLLero XxapakTepucTuky Unm KOMMeEHTapum yxe
3Hakomoro Bam ucrtouHuka. YmMeHue paboTtaTb C nuTepaTypori 03HayaeT Hay4nTbCH OCMbICNIEHHO MOMb30BaTLCS
ncToyHkamu. MNpexage 4em NpUCTYNUTb K OCBOEHWIO HayYHOW nMTepaTypbl, PEKOMEHOYEeTCH YTeHUe y4ebHMKOB U
y4ebBHbIX Nocobui.

Ons  ynydweHus o6paboTkm wHPOPMAaUMM O4YEeHb BaXHO YCTAHABMMBATb OCMbICIIEHHbIE CBS3W,
CTPYKTYypMpOBaTb HOBble cBeAeHus. MdyyeHre HayyHOW, y4ebHOW 1 MHoW nuTepaTypbl TpebyeT BegeHns paboumx
3anucen. dopma 3anucenn MoxeT OblTb BeCbMa pasHOOOpasHOM: MPOCTOM WU pas3BEPHYTbIA MNNaH, Te3WUcChl,
uuTaTthbl, KOHCMEKT.

MeToanyeckue pekoMmeHaaLmm No NoAroToBKe K 9k3aMeHy

lMpyn noaroTtoBke K 3K3aMeHy crneayeT B MNOMHOM Mepe UCNONb30BaTb MEKUUOHHBIA MaTepuan u
akagemMmyecknii Kkypc y4ebHuka, pekoMeHa0BaHHOro npenogaBaTenem.

15. lMepeyeHb OCHOBHOM WU [OOMNOJIHUTENILHOW nUTepaTypbl, PECYpPCOB WHTEpPHeT,

HeoOGXxoAUMbIX ANA OCBOEHUA AUCLUUNIIUHBI (criucok numepamypbl 0pOPMIISEMCs 8 COOMEememeauu
¢ mpebosaHuamu FOCT u ucrionb3yemcs obwast ckgo3Has Hymepauyusi 0551 8cex 8u008 UCIMOYHUKO8)

a) ocHOBHas nuTepartypa:

Ne n/n McTOYHNK
Konayvesckuii H.4., OnepamopHbie Memodsl mamemamuueckol ¢usuku / Konavesckul H.A. — Cumepepomnons, 000
1 «®opma», 140 c. http://nikolay-d-kopachevsky.com/posobia.html

6) gononHuTenbHasa nuTeparypa:

Ne
UcTouHuk
n/n
Konauesckuii H.4., OnepamopHele MemoOb! 8 uHeliHoU 2uOPOOUHAMUKE.  380/IOYUOHHbIE U CIEKMPAsbHbIE
3a0a4u / H.[. Konavesckuli, C.I. KpeliH, Hzo 3yii KaH .— M. : Hayka, 1989 .— 413,[3] c. — bubauoep.: c. 398-410 .—
2 lpeom. ykas. : c.411-413 .— ISBN 5-02-014203-4.
lMokopHbil FO.B., OcyunnsayuoHHbIl memod LLimypma e cnekmparbHbix 3adayvax / FO.B. NokopHbit [u 0p.] //
3 .— .— 191 ¢. — Bbubnuoep.: c. 184-187 .— [pedm. yka3.: c¢. 188-191.
4 Xenemckuli A.A. Jlekyuu no pyHKUUOHANbHOMY aHanusy. M.: YPCC, 2004

Tonbko Te OBC, ¢ koTopbiMM 3akntoveH gorosop y BI'Y (3BC «KoHcynbTaHT cTygeHTa», 3BC «JlaHby, 36C
«YHuBepcutetckasa bubnmorteka online»)

B) MH(hOpMaLIMOHHbIE SNEKTPOHHO-06pa3oBaTenbHble pecypchl (odmLnanbHble pecypcbl UHTEPHET):

Ne n/n Pecypc

4 www.lib.vsu.ru — 3oHanbHas Hay4yHaa 6ubauomexa Bry

16. MNepeyeHb y4eOHO-MeTOAUYECKOro obecnevyeHUss ANsi CaMOCTOATENIbHOW paboTbl
(yyebHo-Memoduyeckue pekoMeHOayuu, rocobusi, 3adaqyHuKku, MemodoudyecKue yKa3aHusi MO 8bIMOMTHeHUIO
npakmu4yeckux (KOHMpPOosbHbIX), Kypcoabix pabom u dp.)

Ne n/n MCcTOYHMK

1 AHmoHesuY A.b., KHsa3es 1.H., PadbiHo A.B. 3ada4u u ynpaxcHeHUs rno hyHKYUOHAA6HOMY aHaau3y. M.: YPCC, 2004.

17. OO6pasoBaTtenibHble TEXHONOrMK, MUCNOJSIb3yeMble MNpu peanusaumum y4ebHoOM
ANCLUMNSINHBI, BKMKOYasi AUCTaHUUOHHble oOpa3oBaTtenbHble TexHonorum (OOT),
anekTpoHHoe obyyeHue (J0), cmewaHHoe obGy4eHue): ([lpu peanuszayuu OUCUUNIUHbI
Mo2ym rnpo8odumbcs pas/fiudyHble murbl f1eKyul (8800Hasi, 0630pHass u m.0.), CeMUHapcKue
3aHamusi  (npobriemMHble, OUCKYCCUOHHble U m.0.), MPUMEHSIMbCS  OucmaHUUOHHbIEe
obpasosameribHble MEXHOI02UU 8 Yacmu OCB0EHUS NIEKUUOHHO20 Mamepuarna, npoeedeHust
mekywel ammecmauyuu, camocmosimernibHol pabomsi no ucyurniauHe unu omoeslbHbIM ee


http://nikolay-d-kopachevsky.com/posobia.html

pasdenam u m.0. lNpu npumeHeHuu 30 u JOT Heobxodumo 6 .15 8) ykaszamb UCMOMb3yEMbIE
pecypcsl (cM. rnpumep ebilie)

Mpw peanusaunn y4ebHOM ANCUMMNNNHBLI UCMONb3YIOTCA MH(POPMALMOHHbBIE 3NEKTPOHHO-
obGpasoBaTtenbHble pecypcbl Www.liv.vsu.ru u https://e.lanbook.com.

18. MaTepnanbHoO-TeXHUYECKOe obecneyeHme QUCLUNIINHDI:
cneunanbHoro obopyaoBaHus He TpebyeTcsa

19. OueHou4HbIe cpeacTBa ANsl NPOBeAEHUA TEKYLEN U NPOMEXYTOYHOM aTTecTalum

MopsiAok OUEHKM OCBOeHMs1 obyvawlmmucs yd4ebGHOro maTepuana onpepensietcs
COoAEepXXaHNeM crieqyrLmMx pasaenos ANCUMNINHGIL

HanmeHoBaHue WHankaTop(bl
.L\I/Qn pasgena QUCUMUnInHbI Kou“l’/'l';?;;a"' ﬂ(ﬂ:TM)KerISIH) OueHouHble cpeacTea
(mopyns) KOMNeTeHummn
MNMnebepToBo

1 | npoctpaHcTBO. MKB-1 MKB-1.1 -
JInHenHbIN onepaTop

5 ConpsiXeHHbIN MKB-1 MKB-1.1 MpaKTMKO-OpMEHTUPOBaHHbIE 3a4aHus.
onepaTop. KoHTponbHas pabota
CnekTp v perynsipHble MKB-1 MKB-1.1

3 TOYKN NIMHENHOTO [MpaKTMKO-OpMEeHTNPOBaHHbIE 3a4aHuns
3aMKHYTOrO KoHTponbHas pabota
onepartopa.

CamoconpsiKeHHbI MKB-1 MKB-1.1

4 | oneparop. MpaKTMKO-OpUEHTUPOBaHHbIE 3a4aHuns
CvmMmmeTpuyeckune KoHTponbHasi pabota
onepaTopbl.

5 KpaeBas 3agaya n ee MKB-2 MKB-2.1 MpaKTMKO-OpMEHTMPOBaHHbIE 3a4aHus.
onepaTop KoHTponbHasi pabota
O606LLeHHoe MKB-2 [MKB-2.2
pelleHve
onepaTopHOro
ypaBHEHUsI
PaclwumpeHune n

6 | nonoxutensHo PaKTUKO-OPUEHTMPOBAHHbIE 3a4aHWS.
ONpe/EeneHHoro KoHTponbHasa paboTa
onepaTopa
3agaun Ha
CoBCTBEHHbIE
3HaYeHus
BapuvauuoHHas MKB-3 MKB-3.1
dopmynmnposka
3agaym o

7 | coBeTREHHOM MpaKTMKO-OpUEHTMPOBaHHbIE 3a4aHusl.
cneKTpe. KoHTponbHasi pabota
OCHOBHbIE TEOPEMbI O
cnekTpe
MakcMMnHUManbHbIN MKB-3 MKB-3.1

MpaKTMKO-OpMEHTNPOBaHHbIE 3a4aHus.

8 | MpuHumn. KoHTponbHas paboTta

[MpunoxeHus. pon P
MpomexyToyHas aTTectauusi Mepeyetb 80Mpocos
cdhopMa KOHTPOrst — 9K3aMeH Mpakmuyeckoe 3adaHue

20 TuvnoBble OLEHO4YHbIe cpeAcTBa M MeToAMYECKMe MaTepuanbl, onpeaensroLwme
npoueaypbl OLeHUBaHUS

20.1 TeKywWwMWN KOHTPOSb yCreBaeMocTun


http://www.liv.vsu.ru/
https://e.lanbook.com/

KoHTponb ycneBaemocTu No AUCLMMNIANHE OCYLLECTBNAETCA C NOMOLLBIO CrieyoLwmxX
OLE€HOYHbIX CPeACTB:
lMpakmuko-opueHmupogaHHble 3adaHusi/0omauiHUe 3adaHusi
KoHmpornbHas paboma

(8 sude pazsepHymbix omeemos Ha criedyroujue 8orpockli ¢ 0bocHogaHueM U Heobxo0uMbIMU
npumepamu)

1. Uem omnuyaromcesi nuHelHble MHO2006pa3usi om JIUHelHbIX
rnodnpocmpaHcme?

2. lNpusedume npumep fuHeliHO20 MHOo2006pa3usi 8 npocmpaHcmee C[0, 1],
Komopoe He sigrisiemcsi noOnpocmpaHCmeom.

3. BoinonHsemcs iu moxoecmeo naparsnesnogpamMmma 6 npocmpaHcmee
HernpepbI8HbIX yHKUUU?

4. Kak ocywecmensiemcsi npoyecc opmozoHanusauyuu?

5. Kak npumeHsiemcs ripoyecc opmoeoHanusayuu 0118 nocmpoeHusi cucmem
OpMO20HasIbHbIX MHO204/1eHO8?

6. B yem cocmoum akcmpemarbHoe ceolicmeo KoaghghuyueHmos Pypbe?

7. Yem omnudaemcsi opmoHOPMUPO8aHHbIU 6a3uc om OpmMOHOPMUPOBaHHOU
cucmembl?

8. Kak onpedensiemcs opmozoHanbHoe 0onosiHeHue 0115 pou380/ibHO20
MHOXecmea eunbbepmosa rnpocmpaHcmea?

9. Aenssemcs nu 3mMo MHOXKecmeo 3aMKHYMbIM ?

10. Kak onpedenissiemcs 3aMKHymasi OpmoHOPMUpO8aHHas cucmema?

11. lNpusedume npumepbl OPMOHOPMUPOBaHHbIX 6a3ucos.

12. Slensiemcsi nu fIUHelUHbIlU o0epaHuUYeHHbIl oriepamop & JIHI HernpepbigHbIM?
13. BepHo nu obpamHoe ymeepxxoeHue?

14. Kak onpedensiemcs HopMa 02paHu4eHHo20 orepamopa?

15. Kak oueHusaemcs Hopma uHmezpasnbHo20 orepamopa 8 npocmpaHcmee
K8adpamu4HO CyMMUpPYeMbIX hyHKUUU?

16. Kak gpopmynupyemcs meopema o npodosmkeHUU oriepamopa rno
HernpepbisBHOCMU?

17. Kak onpedensomcs 0elicmeusi Had nuHelHbIMU oriepamopamu?

18. Npu KaKux ycroeusix nosHo npocmpaHcmeo ornepamopos?

19. Kak onpedensemcs conpsixxeHHoe ripocmpaHcmeo K JIHI1?

20. Noyemy oHo ecezda rnonHoe?

21. Kak onpedensaromcs nomoyeyHas u pagHoMepHasi cxodumocmu
rniocrieGosamesibHocmeli oriepamopog?

22. Kak cesizaHbl amu rnoHamusi?

23. Kak noHumaemcsi mnomo4yeyYyHasi nosiHoma rnpocmpaHcmea orepamopos?
24. B yem cmMbicn npuHyuna ¢gukcayuu ocobeHHocmu?

25. Kak cesisaHa obpamumocmb orepamopa € paspeliuMocmbro OepamopHO20 ypasHeHUs ?
26. Hensemcs nu nepexod K 0bpamHoMy ornepamopy HernpepbI8HOU
onepayued?

27. Kak noHumaemcsi 6rusocms oriepamopa K e0UHUYHOMY unu obpamumomy
8 coomeemcmeyruux meopemax ob obpamumocmu?

28. Kakoli eud umeem onepamop, obpamHbil K oriepamopy auda "eOQUHUYHBLIU + UHMezparbHbIl ¢ manol
Hopmou"?

29. Kak pewaromcsi uHmezparsbHble ypagHeHUs ¢ 8bIpOXOeHHbIMU sdpamu?
30. Asnsaemcsa nu peaynspHbIM 3Ha4eHUEM YUCIIO a, ecriu

ypasHeHue (A- a l)x=y umeem eduHcmeeHHOe pelweHue rnpu obol

npaeod yacmu y ?

31. Kak 8 dokaszamenbcmee meopembl XaHa - baHaxa ocyuiecmerisemcsi
rnpodosmkeHUe hyHKUUOHana Ha 00HO usMmepeHue?

32. B kakom cmbicrie ¢hyHKUUOHas Moxem pa3desnsmes 3rieMeHm u
nodrnpocmpaHcmeo?

33. Kak onpedensiemcs conpsixxeHHoe rnpocmpaHcmeo K IUHelHoOMYy
HOPMUPOBaHHOMY fpocmpaHcmasy?

34. Kak onpedensemcsi HopMma 8 COnpsi>keHHOM npocmpaHcmee?

35. SAsngemcs nu conpsikeHHoe MPoCMpPaHCcMeO MOIHbLIM?

36. Kakoti obwuti 8ud nuHeliHo20 oepaHU4eHHo20 hyHKUYUOHana 8
aunbbepmosom ipocmpaHcmee?



37. Kakoui obwuti 8ud nuHeliHo20 oepaHU4eHHo20 hyHKUUOHana 8
npocmpaHcmee Hernpepbi8HbIX OyHKUUU?

38. Kak onpedernsiemcsi 8mopoe COMnpsiXXeHHoe MpocmpaHcmeo?

39. Kak ocyuiecmernsemcs erioxeHue baHaxoga npocmpaHcmea 80 8mopoe
COrPsKeHHOoEe?

40. Kak onpedernsiemcsi conpsikeHHbIl ornepamop?

41. Kak cesi3aHbl Mampuubl oriepamopa U CornpsiXXeHHOZ0 orepamopa 8

Rn ?

42. Kak onpedensemcs crnabas cxodumocms riociedosameribHocmel
yHKUUOHanoe?

43. Kak ces3aHbl cnabasi cxodumocme U cXo8UMOCMb 10 Hopme?

44. Kak sornpoc o cxodumocmu KgadpamypHbIXx ¢popmys c80OUMCS K 80rpocy
o criaboli cxodumMocmu pyHKUUOHano8?

45. lNpu kakom ycrosuu u3 cnaboli cxodumocmu rocriedosamesibHOCMu
anemeHmMos 8 eunibbepmosom rpocmpaHcmee criedyem ee cxoOuUMOCMb 10
Hopme?

46. Kak onpedernsiemcs noHamue criabol KoMnakmHOCmMu MHoOXecmea
351eMeHmos?

47. Kak onpedernsiemcsi 6rosiHe Hernpepbi8HbIl orepamop?

48. Asnsgemcs nu OH o2paHUYeHHbIM?

49. Asnaemcs nu eUHUYHBIU oriepamop 6roJiHe HerpepPbI8HLIM?

50. Ha ocHogaHuUU Kakoz20 pe3yrbmama ycmaHasnueaemcs nofHas
HernpepbIBHOCMb UHMe2pasibHO20 orepamopa 8 rpocmpaHcmee Hernpepbl8HbIX
yHKYUG?

51. Kak ycmaHasnueaemcs rnosnHasi HerpepbisHocmb onepamopa unsbepma - LLImudma?
52. lNoyemy si0po onepamopa euda "edOUHUYHbIU MITHOC 8r0JIHE
HernpepbI8HbI "a8/19emcsi KOHEYHOMEPHbIM M100NpPOCMpaHCcmeom?

53. Moxxem nu 70po ernosnHe HernpepbigHO20 ornepamopa bbimb
6€eCKOHEeYHOMEPHbIM?

54. Aenssiemcs nu o6pas onepamopa esuda "eOUHUYHBIU M10C 810/IHE
HernpepbI8HbILU" 3aMKHYMbIM?

55. Cnedyem nu u3 meopemMbl O crieKmpe 8rofIHe HerpepbIsHO20 ornepamopa

cyujecmeosaHue HeHyrneeoao cobcmeeHHo20 3HaYeHus1?

56. Moxxem nu enonHe HenpepbI8HbIU ornepamop 07151 HEHy1e8020

cobcmeeHHO20 3HayeHus1 umemb 6ECKOHEYHYH NTUHeUHO He3agucuMyo

cucmemy cobCcmeeHHbIX 8EKMOopo8?

57. [Nycmb npu HekomopoU ¢hukcuposaHHOU Npasol Yacmu orepamopHoe

ypasHeHue ¢ onepamopom suda "edQUHUYHBIU MIIHOC 8M0IHE HerpepblIeHbIU"

umeem eOUHCMBEHHOe peuweHuUe. Ymo MOXHO cka3amb O pa3peliuMocmu 3moao ypasHeHUs npu aobod npasol
yacmu? CoxpaHumcs jiu eOUHCM8EeHHOCMb?

58. Kak chopmynupyromcs ycrosusi pa3pelwumMocmu 0rnepamopHO20 ypPasHEHUSI.

59. Kak onpedensgemcs aunbs6epmoego ConpsixXeHHbIU orepamop?

60. Ha ocHosaHuu Kakol meopemMbl ymeepxdaemcsi e2o cyujecmeosaHue?

61. Kak ycmaHasnueaemcs eewiecmeeHHoCmMb cO6CMBEHHbIX 3HaYeHUU

camoconpsi>keHHo20 onepamopa?

62. Kak ucrnionb3yemcsi gewjecmeeHHocmb cobcmeeHHbIx 3HaqyeHuld CCO &

dokasamersibcmee meopeMbl 0 Pe2yrisiPHOM 3Haq4eHuU?

63. Kak ycmpoeH criekmp 8roJiHe Hernpepbi8BHO20 CaMOCOMNPSXKEHHO20

oriepamopa?

64. N3 kakux pe3ynbmamos criedyem cyujecmseosaHue HeHyrnegozo

€co0bCmMBeHHO20 3HaYEHUSs y CaMOCOIPSKEHHOZ0 8IMOJIHE HENPepbIBHO20

oriepamopa?

20.2 MNMpomexyToyHasa aTrecTauus
lMpomexyToyHas aTtTecTtaumsi No AUCUUNIINHE OCYLLECTBIISAEeTCA C MOMOLLbLIO CreayroLmnX
OLEHOYHbIX CPeacTB:
lpakmuko-opueHmuposaHHble 3a0aHusi
KoHmpornbHas paboma



I'Iepequb BOMpPoOCOB:

HepaseHcTBO Kowwmn-bByHsakosckoro.

Cnabas v cunbHas cxoauMocTmh B rnb6epToBOM NPOCTPaHCTBE.

HepaseHcTtBO beccens, paseHcTBO [lapceBans.

OrpaHnyeHHble 1 HenpepbiBHbIE OnepaTopbl. OKBUBANEHTHOCTb.

3aMKHyTble NMHeliHbIe onepaTopsl.

CeolicTtBa. Teopema baHaxa.

Onpegenenne. CywecTBoBaHMe W eAuMHCTBEHHOCTb. Csonctea. [lpocTpaHCcTBO rpaduka fIMHENHOro

onepaTtopa.

3aMKHYTOCTb CNeKTPa, OTKPbITOCTb MHOXECTBA PerynsipHbiX TOYeK.

CyLecTBOBaHWE CNekTpa 1 perynspHbIX TOYEK Y HenpepbIBHbLIX ONepaTopoB.

0. MNprMepbl 3aMKHYTbIX ONEPaToOpPOB C NYCTbIM MHOXECTBOM PErynsipHbIX TOYEK U C NycTbiM cnekTpoMm. CBs3sb

yacTewn cnekrpa.

11. MNpocTenLine cBOMCTBA CaMOCOMPSXEHHbBIX ONepaTopos,

12. CovicTBa CnekTpa v perynsapHbIX TOYeK, cnekTpanbHas yHKUNs

13. KpuTepum cyLecTBOBaHMSA CaMOCOMPSXEHHbLIX pacLUMPeHUi.

14. OnncaHne camoCOnpsKeHHbIX paclumpeHnin, 0600LLeHHas pe3onbBeHTa.

15. OgHomMepHble KpaeBble 3agavn. MHoromepHble KpaeBble 3a4auw.

16. CvMMeTpuryeckme 1 NoNoXUTenbHO onpegeneHHble onepatopsl. [NpymMepbl. HepaBeHcTBO Pprapuxca.

17. ®yHKUMOHan aHeprum. AHepreTmyeckoe NPOCTPaHCTBO. [NaBHbIE U eCTeCTBEHHbIE KpaeBble YCIoBuS.

18. Toyka MMHMMYMa yHKUMOHaNa 3Heprum B 3HepreTudeckom npocTpaHcTee. [lpumepsl. lNpegcTtasneHve
0600LLeHHOro pelleHnst B BUae psaa.

19. ConpsiKeHHble 1 CaMOCOMNPsKEHHbIV onepaTopsbl. Paclwimperne ®puapuxca ¢ COXpaHEHNEM HDKHEWN rpaHu.

20. CBowicTBa COBCTBEHHbBIX ANIEMEHTOB N COBCTBEHHbBIX 3HAYEHUI cCamOoConpsiXKeHHbIX onepaTtopoB. O606LeHHbIN
COBCTBEHHbIN CNEKTP MONOXUTENbHO ONPEAENeHHOro oneparopa.

21. BapviaumoHHbIA NPUHLMN AN NePBOro COGCTBEHHOro 3HavYeHns. MMHMM3npyioLwas nocnegoBaTenbHOCTb ANS
HaumeHbLUero COGCTBEHHOMO 3HaYeHuNs.

22. OnpepeneHne AMCKPETHOrO crnekTtpa. Teopema O AMCKPETHOCTM crnekTpa. [peactaBneHve MONoXMTeNbHO
ornpegeneHHOro oneparopa u ero ApobHbIX CTerneHenW C MOMOLLbO COBCTBEHHbIX 3HadeHW n 6asnca w3
COBCTBEHHbIX 3MIEMEHTOB.

23. MNpuHumn KypaHTta. Teopema O MOHOTOHHOCTWM crekTpa. CneTpanbHas 3agada ¢ OBYMSI MONOXUTENbHbIMU
onepaTtopamMu.

24. 3apava ltypma-NnyBunns. Knaccuyeckue cnektparnbHble 3agadn maTematmdeckon dumsmku. CnektpanbHas

3agava gns annunTuyeckoro onepaTtopa obuiero smaa.

Nog,rwhE

B ©ox

MepeyeHb 3apav:

3amaua 1. JlokasaTph, 4TO MHOXECTBO HenpepbiBHO auddepeniupyempix Ha [0;1] Gpynkunit X(t) takux, 4ro |X(O)| <K,

1

J.|X'(t)|2 dt < K2 rre Ki,K; > 0 — nocrosinubie, komnaktHo B npoctpancte C[0;1].

0
VYka3zanue. CormacHo Teopeme Apiiena- ACKOJH, ISl MPeIKOMITAKTHOCTH cemeiictBa ¢yukunit McC[a;b] <> paBHOcTeneHHast
HEMPEePHIBHOCTh ¥ PABHOMEPHAsI OTPAHUYEHHOCTh 3TOr0 ceMercTBa. ECiiu MpeKoMITaKTHOE MHOXECTBO 3aMKHYTO, TO OHO
KOMIIAKTHO.

3agaua 2. ByjieT 1M KOMIIAKTHBIM MHOXKeCTBO Beex creneneii X' (neN) B npoctpanctse C[0;1].

Orteer. Her.

Pemenue. 113 nociieoBaTeIbHOCTH AJIEMEHTOB JIFOOOTO MOJIHOIO KOMITAKTa MOYKHO BBIIEJIUTH CXOJISIYIOCS B HEM
noJnocne10BaTebHoCTh. Ho Jr06as 6eckoHeuHas NOoANocIea0BaTenbHoCTh 13 {X"} cxoautes k paspbiBHOi Qpynkiuu f(X) =
{1, if x = 1; 0 otherwise}.

3amaua 3. JIokasaTh, 4TO HE BCIKOE OTPAHUYEHHOE MHOXKECTBO B METPUIECKOM MPOCTPAHCTBE BIIOJIIHE OTPAHUYEHO.
VYkaszanue. Equnnunas cdepa S B mpoctpanctse |, orpanuuena. PaccmoTpuM Touku Buza €y (rae Ha K-om Mecre B
MOCJIEI0BATENILHOCTH CTOUT 1, a HA oCcTaNbHBIX - 0). PaccTostHie Mex 1y JTI00BIME ABYMsI Pa3IMYHBIMUA TOUYKAMHM €, U €, PABHO

N2 = nnae <2/ 2 BSHe cymecTByer KOHEUHO# £-ceTH (B Ka)IOM IIape PAMyca € C IEHTPOM B y3Ie TaKOi £-CeTH
Oyer nexaTh He 0oJiee OJHOM TOUKH €y).

33113‘!3 4, 2101<a3aT5, YTO B KOHECYHOMEPHOM MPOCTPAHCTBE BCAKOC OIrPaAaHMYCHHOC MHOKECTBO OTHOCUTECIIBHO KOMITAKTHO.
Yka3zanme. B KOHCYHOMCEPHOM ITPOCTPAHCTBE KOMIIAKTHOCTH O3HAYA€T 3aMKHYTOCTb U OTPAHUYCHHOCTDL, TIO3TOMY 3dMbIKAHUEC
BCAKOI'O OrpaHMYCHHOTI'O MHOXKCCTBA KOMIIAKTHO.



3amaua 5. Jlokasats, uto cinenyromue QyHKIHoHabI B poctpanctBe C[-1;1] sBistroTcst THHEHHBIMU U HEMPEPBIBHBIMH;
HaWTHU UX HOPMBI.

1
a) f(x)= §[X(_l) + x(l)]
Ykazaumue. JIro60it pyuxunonan suna g[X;ty] = X(ty), oueBuaHO, SBISETCA TMHEHHBIM U HenpepbIBHBIM. f(X) sBiseTcst
NUHEHHOH KoMOuHanuel Takux GyHkiuonanos. || g[X;te] || = 1. || f ]| = 2/3.

o) f(x)= i X(t)dt — j x(t)dt

VYka3zanue. JIMHEHHOCTD clieayeT U3 THHEHOCTH uHTerpana Pumana I(x;[a;b]). ®yukuuonan suna I(X;[a;b]) orpanuden u
numeet mopmy (b-a). || f || =2

s) f(X)= jtx(t)dt

b b
Ykazanue. Jlro6oii Gpynxmmonan suna J(X;Yo;[a;b]) = I y,o(t )X(t)dt JIMHEEH 10 X ¥ orpanmyeH. || J || = j| Yo(t)]dt. Taxum
a a

obpazom, || || =1.

3amaua 6. [Tycts X — mHOXKeECTBO QyHKImi f(X), onpeaeneHHbIX Ha BCell BELIECTBEHHOMN MPSIMOM, KaX/asi U3 KOTOPBIX paBHA

HYJIIO BHE HEKOTOPOr0 KOHEYHOIr0 UHTEepBaa. BeeaeMm HopMy, nonaras ” f ” = max| f (X)| . Byzmer mu npoctpanctBo X
X

0aHaxoBbIM?

Orteer. Her.

Yxkazanne. JlokaxkeM, 4TO IPOCTPaHcTBO X He GyAeT MomHbM. Pacemotpum nocienoBarensHocTh (ynkimii f,(X) = {exp(- X,
eciu |X|<n; 0, ecnu [X[>n}. OueBuaHO, YTO 3T MOCICAOBATEIBHOCTh (pyHIaMeTaIbHA, HO cXoauTes K pynkiun f(X)=exp(-
x’)eX.

3anaua 7. SIBisiercst M MPOCTPAHCTBO HempephIBHBIX Ha oTpe3ke [0;1] dhyHKuuit ruib6epTOBBIM POCTPAHCTBOM, ECITH

1
CKaJISIPHOE TIPOM3BEICHHE 3a1aeTCs CIIeyIOIHUM 00pa3oM: ( f, g) = J- f (x)g(x)dx ?

0
Orteer. Her.
VYka3zaunue. Eciu npeanonoxuts, uto C[0;1] ¢ 3agaHHbIM TakuM 06pa30oM CKaJSIPHBIM MPOU3BEICHHEM €CTh THIBOEPTOBO, TO
HUMeeM TIOIPOCTPAHCTBO B THIIBOepTOBOM mpocTtpancTse L,[0;1]. MoskHO momo6parts Mociie[oBaTeIbHOCTh HEMPEPHIBHBIX
¢bynukimii {f,} u3 Ly, cxoasiryrocst k paspeiBaoit ¢pynkiuu f(x) = {0, if x < 1/2, 1, otherwise). Takum o6pa3zom,
nojnpoctpanctso C[0;1] He monHO = mpoTUBOpEUHE.

3amaua 8. [Toka3ars, 4To eciii B THWIILOEPTOBOM MpocTpaHcTBe H mocneioBaTeabHOCTD X, ciiabo cxoaurest K X u |[Xq||—||X]|, To
TI0C/IENI0BATENBHOCT X, CXOJUTCS CHIIBHO, T.€. ||X, - X|| — 0.

VYka3zauue. [Ipennonoxunm, uto H cemapabensro. Torma oHo u3oMopdHO mpoctpancTBy |y [T03TOMY 10CTATOUHO TOKA3aTh
9TO yTBepKAeHHe uIst mpoctpancTsa lp. JleficTBHTeNBHO, [|Xn - X|[2=(Xn-X, Xn-X) = [XnlPHIXIP-20¢X0)= [XallP-IIXIIP+2 (X, X-Xn)—>0
(T.x. cormacHo ciaboi cxoguMocTH, (X,Xp-X) —0).

3agaua 9. Jfoxaszartp, 4To 1000 JIMHEHHBIN HENPEPHIBHBIN (YHKIIMOHAN B THIIEOSPTOBOM MPOCTpaHCTBE H IMOoCTHTaeT HOPMEI
Ha 3aMKHYTOM €IMHUYHOM IIape.
Vkaszanue. Cuuraem, uro npoctpancTBo H cemapabensho. @ynkiuonan F(X)=(a,X) nocruraer Hopwmsl ||F||=||a]| Ha snmemenTe

afllall.

3agaua 10. Haiitu Hopmy onepatopa A, neiictsyromero B npoctpanctse C[0;1], (umu B npoctpanctse Ly[0;1]): AX = tX(t) .
Orser. Al = sup {[JAxX] (x| < 1)} = 1.

3agaua 11. Onpegenuts oneparop A” i Hopme! omepatopoB A u A”, eci A:ly—>ly, tae A(Xy,.... Xn,...)= A0, X1,.... Xn,...).
VYkazanue. ConpspkeHHBIM K |, siBIIsieTcst mpoctpancTBo GyHKunoHanoB Buna G(X)=(g,X), rae ge l,. HyxHo monodpatsb
omeparop A" Ha MHOXKeECTBE TaKHX (DYHKIIHOHAIOB, Takoit 4To (g,AX)=(A’g,X). s dyukimonana G(X)=(g,X), rae
9=(91,95,. . ..Gn....) momoxkuM A G(X)=G'(X)=(g",X), tae §'=(2,9s.. ..., Un,...). IIOCKONBKY A [EPEBONUT SAMHMYHBIN 1IAp B
eqmHmaHE map, To ||A|| = 1. ITockombky onepatop A orpaHmden u npoctpanctso |, 6anaxoso, o A’ = [|A]| = 1.



3amaua 12. OnpexpenuThb CEKTp oneparopa A, ICHCTBYIOIIEr0 B IPOCTPAHCTBE

L A(X, e X, en) =

11?1? g n

3 K

Otger. o(A) = {0} U {A,=1/n, neN}.
Yka3zanue. Oneparop A KOMIIAKTEH, IO3TOMY €T0 CHEKTP COCTOUT U3 HYJISI U COOCTBEHHBIX 3HaYCHUMN. Uncia A, sSBISIOTCS
COOCTBEHHBIMHU 3HAYCHUAMHU, T.K. Ker(A-,l)={0}.

X2

n

X
3anaua 13. B nmpoctpanctBe |2 3aman omneparop A: A(Xl 1 Xy X, ,) = (O,Tl ) ? yeens T e j . Hokazarb, 410
n

ornepatop A KOMIIAKTeH, HAUTH €ro CHEKTP.

Orteer. o(A) = {0}.

Yxka3zanue. Oneparop A KOMIAKTeH, T.K. SIBISIETCS KOMIIO3MINEH KOMIIAKTHOTO OIlepaTropa 13 3a/1au 52 1 OrpaHU4eHHOTO
orepatopa (casura). IlockonbKy ornepaTop 3aiaH B THIBOEPTOBOM MPOCTPAHCTBE M KOMITAKTEH, TO YMCiI0 (0 BXOJHT B €ro
criekTp. JIerko 1mokasaTh, 4T0 COOCTBEHHBIX 3HaueHHH y oneparopa Het: u3 (A-Al)x =0, A0 cnenyer x =0 .

3agaua 14. [IpuBecTn npuMep TUHEIHOTO, HO HE HEMPEPHIBHOTO (PYHKIINOHAA.

Mpumep. Ipoctpanctso {Pi(X)} BceBo3mMokHbIX MHOTOWIEHOB Haa R. Hopma: ||P||=max(|P(X)|) va otpeske [0;1/2].
®Oyukimonan f(P) = P(1). ®yukuuonan f He siBisieTcst HeMPEpHIBHBIM. B caMoM fiene, pacCMOTPHUM MOCIIEI0BATEIHHOCTD
P,=X". OueBuHO, uTO ||Py|| = 0, HO f(P,)—>0.

Ha KOHTPONbHOM paboTe:

OT1nnyHo OT/IMYHOE pelleHVe 3ada4

Xopoulo pelleHne 3a4a4 He HKE XOPOLLErO YPOBHS
YOOBNeTBOpPUTESBHO yOOBNETBOPUTENbHOE pelleHne 3ada4
HeynoBneTBopuTeNnbHO | HEYOOBNETBOPUTENbHOE pelleHne 3agad

Ha 3K3aMeHe.

OTnnyHo OTNINYHOE BriafjleHue Teopuelh M pelleHue 3adady He HWXKE XOpOLUero YpOoBHS; MU
OTNINYHOE peLleHne 3a4ady 1 BNafeHne TeopUen He HUXKE XOPOLLErO YPOBHS

XopoLuo BMaJeHWe Teopuel He HMXKE XOpOLUEro YPOBHS W pelleHue 3agady He Huxke
YOOBMNETBOPUTENBHOIO YPOBHS; UMW BNaZeHWe Teopuen He HUXKe YAOBNEeTBOPUTENbHOMO
YPOBHS 1 peLleHre 3a4a4 HE HDKE XOPOLLEro YPOBHS

YOoBNeTBOpUTENBHO yOOBNETBOPUTENbHOE BNafeHNe TEOPUEN 1 YOOBNETBOPUTENBHOE peLleHne 3a4a4

HeynoBneTBopuUTENbHO | HEYAOBMNETBOPUTENLHOE BMNAAEHUE TeOpPWEW; UMM HeyOOBNETBOPUTENbHOE peLleHue

3agay




