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

1. Kog n HammeHoBaHue cneumnanbHOCTU:
01.05.01 ®dyHOoameHTanbHble MaTeMaTnka 1 MexaHuka

2. Cneumanusauums:
CoBpeMeHHble MeToabl TEOPUUN DYHKLMI B MaTEMATUKE U MEXAHUKE

3. Ksanudumkauma BbinyckHuka: Matematuk. MexaHuk. lNpenogaBatens
4. dopma ob6y4eHus: oyHas

5. Kachepgpa, oTBevawLwasn 3a peanmsaumio QUCLUNIIUHBI:
Kadbegpa Teopumn OyHKLMA U reomMeTpun

6. CoctaButenu nporpammbli: Cyxouea J1.U., K.cp.-M.H., OOLEHT

7. PexomeHgoBaHa: Hay4yHo-meTogndeckum CoBeTOM MatemMaTmyeckoro akynoreTa,
npotokon Ne 0500-03 ot 18.03.2025 .

8. YuebBHbIN roa: 2028-2029 CemecTp(bl): 7



9. Llenn n 3apayum y4e6HON ANCLUUNIIUHDBI

Llensimu oceoeHusi y4ebHOU OucyurniuHbl S8715H0MCH:

- rmy6okne 3HaHMA CTyQEeHTOB O MeTodax, 3ajadax U Teopemax CrnekTpanbHOW Teopumn
NMHENHbIX ONepaTopoB B rMNbOepTOBbLIX NPOCTPaHCTBAX;

- MPUMEHEHME CTyAeHTaMu MOMYYEHHbIX 3HAHUM NPU pelleHMM MNpUKNagHbIX 3agad
€CTEeCTBO3HaHWS.

3adayu y4ebHoU OucyunuHsbl:

- HAyYUTb CTYAEHTOB BnageTb TEOPETMYECKMM MaTepuanom;

- Hay4nTb CTYOEHTOB pellaTb 3agadn, MCNoNb30BaTb COBPEMEHHbIE METOAbI U NOAXOAbI
PYHKLUMOHANbHOIo aHanm3a nNpy peLleHnmn NpuKnagHblxX 3agau.

10. MecTo yyebHOM AncumunuHbl B cTpykType OMOI:

YyebHaa aucuunnuHa JOnemeHTbl ChnekTpanbHOW  Teopun
dopMmnpyemon yyactHnkamm obpasoBaTtenbHbIX OTHOWEHUN broka 1.

[aHHbIN KypC HenocpeacTBEHHO CBSA3aH C gucuunnvHamn «MaTtematnyeckmin aHanuay,
«dnddepeHumansHble ypaBHEHUsI», «PyHKUMOHAmNbHbIA aHanumsy», u3yvYaembliMM B pamMkax
nporpaMmmbl NOLrOTOBKM.

OTHOCUTCA K 4YacCTW,

11. MnaHupyeMble pe3ynbTaTbl OOY4YEeHUA MO AUCUUNIMHE/MOAYNO (3HAHUSA, YMeHus,
HaBbIKM), COOTHECEHHbIe C MMIaHUpPyeMbIMU pe3yribTaTaMX OCBOEHUS o6pa3oBaTesfibHOM

nporpamMmmbl (KOMneTeHuMHMM) n UHANKaTopaMun NX 4OCTUXKEeHUA:

Kog HasaHue Koa(bl) MHugunkatop(bl) MnaHupyemble pesynbrathbl
KOMMNeTeHunn 06y4eHns
MK-1. | CnocobeH MK-1.1. | O6bnapaet 6a3oBbIMK 3HaTb:
BbISIBMNSATb, 3HaHUAMMN, NONYYEeHHbIMK | - 6a30Bble MOHATUS,
NPUMEHSTD, B obnactu nony4YeHHble B obnactu
paspabatbiBatb " MaTemMaTU4eckux n (Mnwu) MaTemaTu4eckux u (1nu)
ueneHanpaBneHHo €CTEeCTBEHHbIX HayK, €CTECTBEHHbIX HayK,
ncnonb3oBaTb nNporpaMMmnpoBaHnNs u NporpaMM1pPoBaHns
mMeToabl Teopun NHPOPMAaLIMOHHbIX NHOPMALMOHHbBIX TEXHOSOTUIA.
dyHKUMIA B 3agadvax TEXHOMOrNM YMeThb:
MaTeMaTUKN " - cobupatb, obpabaTbiBaTh,
MEeXaHWKn aHanmanpoBsaTb U 06obLLaThb
pe3ynbTaTbl UCCreaoBaHni B
obnactu Teopumn yHKUMA, B
BnageTb HaBbiKamu:
- MpaKTU4ecKoro npoBeaeHus
Hay4HO-UccrenoBaTeNbLCKON
OeATENbHOCTN B MaTemMaTmke
MK-2. | CnocobeH MK-2.1. | 3HaeT coBpeMeHHble 3HaTb:
npoBoauTb MeToabl pa3paboTkm 1 - COBPEMEHHbIE MeTOAbI
nccnepoBaHna Mo peanusaumm Moaenewu, paspaboTkm 1 peanusaumm
obpaboTke n ncnonb3ysi TeEoOpULo Mogenen, MUCnonb3ysd Teoputo
aHanusy  HaydHom dYyHKLMI dyHKUMIA
MHdopMauun n | MK-2.2. | Ymeet paspabartbiBaTb YmMeTb:
pe3ynbTaToB mMaTeMaTuyeckne mogenu | - paspabarbiBatb
nucecnegoBaHum B obnactu MaTemMaTUyeckme Moaenv B
mMeTogamum  Teopun €CTeCTBO3HaHus, obnacTn ecTecTBO3HaHuS,
yHKLMNA. SKOHOMMWKWN U yNpaBreHnsi, | 3KOHOMUKV U ynpasreHus, a
a Takke peanu3oBbiBaTb TaKKe peanv3oBbiBaTh
anropuTmbl anropuTMbl MaTeEMaTUHECKNX




MaTeMaTU4eCcKnx
mMopenei Ha 6ase nakeToB
npUKnagHbIX nporpamm
MOJenMpoBaHns

Mogernen Ha 0ase nakeTos
NPVKNagHbIX Nporpamm

MOOENMPOBaHUS.
BrnageTtb HaBblkamm:
-npoBeaeHuns Hay4HO-
ucerenoBaTernbCKon
JesATenbHOCTU B obnacTtu

pelleHnda 3agady aHannTtn4eckoro

TEeopeTUYeCcKmX n
NnpyKnagHbIX 3agad
MaTemMaTuKu n
MeXaHWKN Ha OCHOBE
MeTO/0B Teopun
YHKLMI "
reomeTpumn

xapakrepa.
MK-3. | CnocobeH K | MK-3.1. | 3HaeT coBpeMeHHbIe 3HaTb:
NMOCTPOEHUIO MeToAbl pa3paboTku 1 - COBPEMEHHbIE METOAI
mogzeneit " peanusauum pa3paboTkm 1 peanuaaLnm
onTMarnsHOMy mMaTeMaTU4ecKnx MaTeémMaTU4eckMx Moaeneu.
peLleHuo mogenem YmeTb!

- CTPOUTb MOZENM U
onTUMarnbHblEe peLleHnst
TeopeTUYeCcKUX 1 NpUKnagHbIX
3agad matemaTuku n
MEeXaHWK/ Ha OCHOBE METOAOB
Teopun (OYHKLNIA 1 reomMeTpuun.
BnageTtb HaBblkamu:

- NOCTPOEHMS Moaenen
NpPUKNagHbIX NPOLIECCOB;

- HaBbIKaMm NPUMEHEHMS
COBPEMEHHbIX
WHCTPYMEHTarbHbIX CpeacTB K
peLleHno NpUKNagHbIX 3agad.

12. O6bem gucumMnnuHbI B 3a4eTHbIX eauHuuax/yacax — 3/108.

CDopma npome)KyTquoﬁ aTTecTauummn - 3K3aMeH

13. TpypoemkocTb No BuAam y4ebHou paboTbl

TpyaoemMKoCTb
Bug yyebHor paboTbl Bcero Mo cemecTpam
7 cemecTp

AyOVTOpHbIE 3aHATUSA 32 32

nekumm 16 16

B TOM yucne: npakTnyeckme 16 16
nabopaTopHble 0

CamocTosTensHas pabota 40 40

IMpomexyToyHasa aTTectaums 36 36

UToro: 108 108

13.1. CopepxaHue gUCLUNMIIUHDI

n/n Peannsauus
pasgena
HaumeHoBaHue pasgena ONCUMNIWHBI C
CopepxaHve pasgena QUCUUnivHbI
ONCLMNITUHBI NMOMOLLbHO
OHMawnH-Kypca,
QYMK *
1. Jlekuum
11 MnbbepToBo HepaBeHcTBOo Kowwu-ByHsikoBckoro, cnabas u cunbHas | https://edu.vsu
NPOCTPaHCTBO. CXOOUMOCTU B rmnb6epToBOM npocTpaHcTBe. | .ru/courselvie
JInHenHbIN onepaTop HepaBeHCTBO Beccens, paBEHCTBO MapceBans. | w.php?id=679



https://edu.vsu.ru/course/view.php?id=6791
https://edu.vsu.ru/course/view.php?id=6791
https://edu.vsu.ru/course/view.php?id=6791

OrpaHu4eHHble n HenpepbIBHbIE onepaTopbl.
OKBMBANEHTHOCTb. 3aMKHyTble JIMHEVHbIE OMNepaTopbl.
CaolicTea. Teopema baHnaxa.

1;
https://edu.vsu
.ru/courselvie
w.php?id=285
52

1.2

ConpsikeHHbI
oneparop.

CeoiicTBa  comnpspkeHHoro  onepatopa.  [pumepbl
COMPSPKEHHBIX OMEpPaTOPOB B PasfIMYHbIX NPOCTPaHCTBaX

https://edu.vsu.r
u/course/view.p
hp?id=6791;
https://edu.vsu.r
u/course/view.p
hp?id=28552

13

CnekTp v perynspHblie
TOYKU NIMHENHOTO
3aMKHYTOro onepaTopa.

cnekTpa, OTKPbLITOCTb
perynsipHbix ~ Toyek. CyllecTBOBaHME cnektpa MU
perynsipHbiX TOYEK Yy  HemnpepbiBHbIX  OMepaTopoB.
MpyMepbl 3aMKHYTLIX ONepaTopoB C MYCTbIM MHOXECTBOM
perynsipHbiX TOYEK U C MycTbiM cnekTpoM. CBA3b YacTen
cnekTpa

3aMKHYTOCTb MHOXecCTBa

https://edu.vsu.r
u/course/view.p
hp?id=67914
https://edu.vsu.r
u/course/view.p
hp?id=28552

1.4

CamoconpsiKeHHbIN
oneparop.
CummeTpuyeckune
onepaTtopbl.

MpocTelwne CBOMCTBA CaMOCOMPSPKEHHBIX OMEpPaToposB,
CBOICTBa CMeKTpa W PerynsipHbiX ToYek, crnekTpanbHas

dyHKUMA.

https://edu.vsu.r
u/course/view.p
hp?id=6791;
https://edu.vsu.r
u/course/view.p
hp?id=28552

1.5

OnepaTopHbIN Ny4OK.
OnemeHTbl
CreKTpanbHon Teopun.

OcHoBHble NoHATUS 1 onpegeneHus. CnekTpanbHas
Teopus onepaTopHbIX MYYKOB: CNEKTP, PerynspHoe
MHOXECTBO, XopAaHoBa Lenoyka. JlnHeapusaTtop

https://edu.vsu.r
u/course/view.p
hp?id=6791;
https://edu.vsu.r
u/course/view.p
hp?id=28552

1.6

KsagpatuyHble
onepaTopHble My4Ku.
3apgaydn Ha cobCcTBEHHbIE
3HayeHus

MpreMbl 1 METOAbI UCCeaoBaHUs CrieKTparnbHbIX
CBOWCTB KBaApaTUYHbIX OnepaTopHbIX NMy4YKoB. 3agaqu
rMAPOANHAMMKM, NMPUBOASLLME K MOHATUIO ONEpPaToOpPHOro
nyyka.

https://edu.vsu.r
u/course/view.p
hp?id=6791;
https://edu.vsu.r
u/course/view.p
hp?id=28552;
https://edu.vsu.r
u/course/view.p
hp?id=28552

1.7

BapwuaunoHHas
dopmynupoBka 3agaym
0 cCOBCTBEHHOM CMeKTpe.
OcHOBHbIE TEOPEMBI O
crekTpe

BapuvaunoHHbIA NpyHLMA ANst NepBOro COGCTBEHHOMO
3HaveHusa. MuHnMmnsnpyoLas nocriefosaTenbHOCTb 4115
HavMeHbLUEero COGCTBEHHOrO 3HAYEHMS.

u/course/view.p
hp?id=6791;
https://edu.vsu.r
u/course/view.p
hp?id=28552

. MMpakTnyeckue 3aHATUA

2.1

MNMnbbepToBO
NPOCTPaHCTBO.
JInHenHbIN onepaTtop.

HepaBeHcTBO Kowwu-ByHsikoBckoro, cnabas u cunbHas
CXOAMMOCTH B rmne6epToBOM NpoCTpaHCTBe.
HepaBeHcTBO beccens, paBeHcTBo [lapceBans.
OrpaHu4eHHble n HenpepbIBHbIE oneparopebl.
OKBMBANEHTHOCTb. 3aMKHYyTble JIMHEVHbIE OMepaTopbl.
CsowctBa. Teopema baHaxa.

https://edu.vsu.r
u/course/view.p
hp?id=6791;
https://edu.vsu.r
u/course/view.p
hp?id=28552

2.2

ConpsikeHHbI
oneparop.

Onpepenexue.
CsolicTBa.

CyLLLeCTBOBaHI/Ie n eadUHCTBEHHOCTb.

https://edu.vsu.r
u/course/view.p
hp?id=6791

2.3

CnekTp v perynsipHble
TOYKWN FIMHENHOIO
3aMKHYTOro oneparopa.

MpyMepbl 3aMKHYTLIX ONEPaTopoB C MYCTbIM MHOXECTBOM
perynsipHbix TOYEK U C NyCcTbiM cnekTpoM. CBsA3b YacTen
cnekTpa. 3aMKHYTOCTb CMeKTpa, OTKPbITOCTb MHOXeCTBa
perynsipHbix — Todek.  CyllecTBOBaHME ChekTpa WU
perynsipHbiX TO4EK Y HenpepbIBHbIX ONEPaTOPOB.

u/course/view.p
hp?id=67914
https://edu.vsu.r
u/course/view.p
hp?id=28552;

2.4

CamoconpsiKeHHbIN
onepaTop.

MpocTelwne CBOMCTBA CaMOCOMPSIKEHHbIX OMNepaTopos,
CBOICTBa CMNeKTpa W perynsipHbiXx ToYek, crnekTpanbHas

https://edu.vsu.r
u/course/view.p
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https://edu.vsu.ru/course/view.php?id=6791
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https://edu.vsu.ru/course/view.php?id=67914
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https://edu.vsu.ru/course/view.php?id=6791
https://edu.vsu.ru/course/view.php?id=6791

CummeTpuyeckme dyHKUMA. hp?id=6791;
onepaTopbl. https://edu.vsu.r
u/course/view.p
hp?id=28552

25 OnepaTopHbIV My40K OCHOBHble MOHATUS U onpegenenns. CnekrpanbHas https://edu.vsu.r
OnemeHTbI TEeopusi onepaTopHbIX MYYKOB: CNEKTP, PerynsipHoe u/course/view.p
crneKkTpansHon Teopun MHOXeCTBO, XOpAaHoBa Lenoyka. JlnHeapusatop hp?id=67914
https://edu.vsu.r
u/course/view.p
hp?id=28552

2.6 KBagpatuyHble MpremMbl 1 MeToAbl UCCNeaoBaHUSA CNeKTParbHbIX https://edu.vsu.r
ornepaTtopHbIe NYyYKU. CBOMCTB KBaZpaTU4HbIX ONepaTopHbIX Ny4KOB. 3agaun u/course/view.p
3apaun Ha cOBCTBEHHbIE | rMOPOAMHAMUKN, NMPUBOASALLNE K MOHATUIO ONEpaToOPHOro hp?id=6791;
3Ha4YeHus nyyka. MNprvmepsl. . https://edu.vsu.r
u/course/view.p
hp?id=28552

2.7 BapwvauwnoHHas BapraunoHHbIn NpyuHLMN ANsi NepBOro CO6CTBEHHOIO https://edu.vsu.r
dopmynnpoBka 3agauu 3HayeHus. MMHUMU3MpyloLasi nocnegoBaTenbHOCTb ANs | u/course/view.p
0 COOCTBEHHOM CMEKTPEe. | HaMMeHbLUEro CO6CTBEHHOIO 3HAYEHUS. hp?id=67914
https://edu.vsu.r
u/course/view.p
hp?id=285524
https://edu.vsu.r
u/course/view.p
hp?id=28552

13.2. Tembl (pasaenbl) AUCUUNIUHBI U BUAbI 3aHATUN

Buapl 3aHATUIN (KONMYECTBO YacoB)

Ne HanmeHoBaHue TeMbI
CamocTosaTenbHas

n/n (pasgena) gucumnnnuHel | Nlekuun MpakTuyeckme | JlabopaTopHble pa6oTa Bcero

MNMnbbepToBO
1 | npocTpaHcTBO. 2 1 0 6 9
JluHenHbIN onepaTop

2 | ConpspkeHHbIN onepaTop. 2 1 0 4 7

CnekTp v perynsipHble
3 | TOYKM NUHENHOrO 2 2 0 6 10
3aMKHYTOro oneparopa.

CamoconpsiKeHHbIN
oneparop.
CummeTpuyeckne
onepaTopbl.

OnepaTopHbIN Ny4OK.
5 | GnemeHTbI cnekTpanbHou 2 4 0 8 14
Teopum

KBagpaTuyHble
onepaTopHble NMyYKM.
3apaun Ha cobCTBEHHbIE
3HayeHus

BapuaumnoHHas
dhopmynupoBka 3agayn o
7 | cobcTBEHHOM ChekTpe. 2 2 4 8
OcCHOBHbIE TEOPEMBI O
cnekTpe

Ok3ameH 36

UToro: 16 16 0 40 108

14. MeToau4yeckue yKkasaHus ans ob6y4yaroLmxcsi N0 0OCBOEHUI0 AUCLIMNIIUHDI

AyOuTOpHbIE 1 BHEAYAUTOPHbLIE (CaMOCTOATENbHbIE) OPMbI y4ebHOM paboTbl CTyAeHTa
UMEKT CBOEWN LUenbl npuobpeTeHne WM LENOCTHOM CUCTEMbl 3HAHWA NO  AUCLMNIIMHE
«JnemMeHTbl cnekTpanbHOW Teopum». Wcnonb3yss nNEKUMOHHbIN  MaTtepuan, y4ebHuku,



https://edu.vsu.ru/course/view.php?id=6791
https://edu.vsu.ru/course/view.php?id=67914
https://edu.vsu.ru/course/view.php?id=67914
https://edu.vsu.ru/course/view.php?id=67914
https://edu.vsu.ru/course/view.php?id=6791
https://edu.vsu.ru/course/view.php?id=6791
https://edu.vsu.ru/course/view.php?id=6791
https://edu.vsu.ru/course/view.php?id=67914
https://edu.vsu.ru/course/view.php?id=67914
https://edu.vsu.ru/course/view.php?id=67914
https://edu.vsu.ru/course/view.php?id=285524
https://edu.vsu.ru/course/view.php?id=285524
https://edu.vsu.ru/course/view.php?id=285524

AOMOMNHUTENbBbHYKD  NuTepaTypy, MpPOSBNAA TBOPYECKUMW NOAXOA, CTYAEHT TrOTOBUTCH K
NPaKTUYECKNM 3aHATUSM, paccMmaTpmBasi UX Kak MonosfiHeHue, yrnybneHue, cuctemartmsaumto
CBOMX TEOpPETUYECKNX 3HaHWN. CTyaeHT AosmkeH npuntu B BY3 ¢ NONHLIM NOHMMaHWEM TOrO,
4YTO CaMOCTOATESIbHOE OBMafeHue 3HaHUAMU ABNAETCS rMnaBHbIM, onpegensawlowmnm. Beiclwas
LIKOMa NnLWb co3faeT Ans 3TOro Heobxoanmble YCoBuS.

N3yyeHune kaxgom TeMbl crnefyeTt HauynmHaTb C BHUMATENbHOMO 0O3HAKOMIEHNS ¢ HABopoM
BornpocoB. OHWN OPUEHTUPYIOT, NOKa3bIBaKOT, YTO HEOOXOAMMO 3HaTb NO JaHHOW TeMe. Bonpocsl
TeMbl kak Obl HaknagblBalOTCA Ha COOTBETCTBYHOLIYH rnaBy u3bpaHHOro yyebHuka wnu
y4yebHoro nocobusi. B utore gomkHO BbITb SICHLIM, Kakme BOMPOCHI TEMbl NporpaMmmbl y4e6HOro
Kypca, W C Kakou rnybuHoM packpbiTbl B JaHHOM y4YebHOM maTepuane, a Kakve BooOuie
OnyLUEHbI.

OcBoeHMe aMcunnnuHbl NpeanonaraeT cnegyowme HanpasneHns paboThbl:

- N3y4eHune NOHATUMHOro annapata AUCLUMNIUHbI;

- N3y4eHne TeM CamMoCTOATESNbHOM NOArOTOBKM MO Yy4€BHO-TEMATUYECKOMY NIIaHY;

- paboTy Hag OCHOBHOW 1 OOMOMHUTESNIbLHON NUTEPaTYyPOM;

- caMonofrotoBka K NpakTM4eCKUM 1 Apyrum Buaam 3aHATUm;

- camocTosTenbHada paboTta cTygeHTa Nnpu NOArOTOBKE K 3K3aMeHY;

- camocTosiTenbHas paboTta ctygeHTa B bubnuoTteke;

- N3y4eHune canToB No Temam ANCUUNNUHBI B ceTh NHTepHeT.

TpebyeTca TBOpYeckoe OTHOLUEHME M K caMoWn nporpamme yyebGHoro kypca. Bonpocsl,
cocTaBnswowme ee copepxaHue, obnagatoT pasHOW CTeneHbld BaXHOCTU. ECTb BOMpochl,
BbIMOMNHAOLWNE (PYHKUMIO JIOrMYECKOM CBSA3KWM COAEpXaHUs TeMbl U BCEro Kypca, MMerTcs
BOMPOCHI ONMcaTenbHOro Uy pasbACHUTENBHOMO XapakTepa. Bce aTu Bonpockl He cocTaBnsoT
CYTW, MOHATUMHOIO, KOHLENTyasrlbHOr0 COAEpXXaHUS TeMbl, HO HeobxoauMMbl ANS LeSIOCTHOro
BOCMNPUATUS U3yYaeMbix Npobrem.

lMpopaboTka nEKUMOHHOro Kypca 4BMAETCA OOHOM W3 BaXHbIX aKTUBHbIX hopm
camocTodaTenbHON paboThl. Jlekuns npenogasaTens He SABNSETCS 03BYYEHHbIM y4ebHuMKOM, a
npeacrasnseT nnog ero nHanemayanbHoro teopdectBa. OH YnTaeT CBOW aBTOPCKUM KypC CO
CBOEN JIOrMKOM CO CBOUMM TEOPEeTUYECKUMU U MeToOMYeCcKMMM noaxodamu. ITO genaet
NEKLMOHHbIN KYpC KOHKPETHOro npenogasatens WHOMBUAYaNbHO-IIMYHOCTHBIM COObLITUEM,
KOTOpbIM BpSg 1M CTygeHTy CcTouT npeHebperatb. Kpome TOro, B CBOMX NeKUMsAX
npenogaBaTternib CTPEMUTCS MpeofoneTb MHOrne HeaoCTaTku, npucywme onybnmnkoBaHHbIM
y4yebHunkam, y4ebHbIM NocobusamM, NEKLUNOHHBLIM Kypcam.

CoBepLleHHO HeaoCTaTOYHO TOMbKO ChywaTtb NekuuMu. BaxXHO CTygQeHTYy MOHATb, YTO
nekumst ectb ceoeobpasHaa TBopyeckas dopma camocTosTenbHoOM padoTtbl. Hago nbitatbes
CTaTb AaKTMBHbIM COYYaCTHMKOM neKuun: AymaTb, CpaBHMBaTb W3BECTHOE C BHOBb
nosiy4aemMbiMy 3HaHUSIMU, BOUTU B FIOTUKY U3NOXEHUA MaTepuana NnekTopom, no BO3MOXHOCTH
BCTynaTb C HAM B MbICMIEHHYIO nosieMuky. Bo Bpemsi nekumm MOXHO 3adaTtb FIEKTOPY BOMpPOC.
Bonpocbkl MOXHO 3agaTb 1 BO BpeMsi nepepbiBa (MMCbMEHHO UMK YCTHO), a Takke nocre nexkuuu
UnM nepen Hadanom oudepenHown. Jlektop HamgeT opmMbl M CNOCOObI pearMpoBaHUs Ha
BOMPOCHI CTYL4EHTOB.

BaxHon cocTaBHOW 4aCTbl0 OCBOEHUS AUCLMIMINHBI ABMASIOTCA NPaKTUYeckue 3aHSATUS,
KoTopble TpeOylT MOMUMO 3HAHUK TEOPETUYECKOro MaTepuana ewe U HaBblKOB peLLeHUs
NpakTUYecknx 3agady, 4Yto nomoraeTr rnybxe ycBouTb Yy4ebHbIi MaTepuan, npuobpecTtu
npakTU4eCcKne HaBbIKM N HaBbIKM TBOPYECKOM paboTbl Hag y4ebHOM U Hay4yHOM nNuTepaTypon.

Mpw nogrotoBke K NPaKTUYECKUM 3aHATUAM criedyeT NOBTOPUTb OCHOBHbIE MOHATUSA MO
TemaMm, paccMmoTpeTb npumepbl. Pewass 3agayn, npegBapuTenibHO MNOHATb  Kakow
TeopeTU4EeCKNn Matepuan HYXXHO UCMofb3oBaTb. HameTuTb nnaH peleHus, nonpoboBaTb Ha
€ro OCHOBE peLUnTb NpakTUYeckme 3agadn.

Ha npakTnyeckoM 3aHATUM KaXObl €ro y4aCTHWK AOSMKeH ObiTb rOTOBbIM K OTBETaM Ha
BCE TeopeTnYeCKne BONpPOChl pacCMaTpBaeMon TeEMbI.

MeTogonornyeckne pekoMeHgaumm MO OpraHu3auumn  CcamMoCTOATENbHOW  paboThl

CTyleHTOB




MeTogonornyeckne pekoMeHAauun npu3BaHbl MOMOYb CTyAEHTaM OpraHu3oBaTb
caMoCToATENbHY0 paboTy npu u3ydeHUn Kypca: C maTepuanamum nekKuun n CeMUHaPCKMX
3aHATUMIA, nuTepaTypbl MO obWMM K creumanbHbiM Bonpocam. CamocToaTtenbHas paboTa
CTyAeHTa AOSKHA OonupaTbCAa Ha CHOPMUPOBAHHBIE HAaBbIKM U YMEHWUSA, NPUOBpeTEHHbIe BO
Bpemsi o0byyeHus B cpegHenm wkone. B BY3e cTyoeHT [OMKEH MOBLICUTH YPOBEHb
camocTtoaTenbHocTn. COoCTaBnsOWMM KOMMNOHEHTOM ero paboTbl JOMKHO CTaTb TBOPYECTBO.
Pabotas ¢ nutepaTypo nNO TeMe 3aHATUMWA, [enanTe BbINMUCKUM TEKCTa, coaepXalliero
XapakTePUCTUKY MM KOMMEHTapuM yxe 3HakoMoro Bam wuctouHuka. YmeHue paboTatb C
nuTepaTypon O3HayaeT Hay4uUTbCS OCMBICIIEHHO MONb30BaTbCA WUCTOYHMKaMW. [pexae 4vem
NPUCTYNUTb K OCBOEHWUIO HAay4YHOW nnuTepaTypbl, PEKOMEHOYETCS YTEHNE Yy4eOHMKOB U y4eOHbIX
nocobun.

Ansa ynydweHna obpaboTkm nHdopMaumm odeHb BaXXHO yCTaHaBNMBaTb OCMbICIIEHHbIE
CBSI3M, CTPYKTYpMpOBaTb HOBblE CBeAEHUA. N3ydeHne HayyHoW, y4eOHOM M MHOW nuTepaTypbl
TpebyeT BeaeHuns paboumx s3anmcen. Popma 3anucenn MOXeT ObiTb BeCbMa pa3HOOOpasHon:
NPOCTON NN pa3BepHYTbIN NIiaH, Te3UCHI, UUTaTbl, KOHCMEKT.

MeToaunyeckme pekomeHgaunmn No NOAroToBKE K 9K3aMeHy

Mpn nogrotoBke K 3K3aMeHy crnegyeT B MNOMHOW Mepe WUCMNoSib30oBaTh JIEKUMOHHbIN
Martepuan u akagemMmuyeckni Kypc y4ebHuka, pekomeHAoBaHHOro npenogaBaTenem.

15. lepeyeHb OCHOBHOM WU AOMONIHUTENILHOU §nUTEpaTypbl, PeCypCoOB MWHTEPHET,
HeoOXxoauMbIX AN OCBOEHUA OUCLMNIINHDI
a) OCHOBHag nuTepartypa:

Ne n/n McTouHUK
Konauesckut H.4., OnepamopHbie memoOsbi Mamemamu4veckol ¢husuku / Konadesckuli
1 H.AO. — Cumgpbepononb, OO0 «®opmar, 140 c. http://nikolay-d-
kopachevsky.com/posobia.html

6) gononHuTenbHaga nurteparypa:
Ne
n/n

McToYHMK

Konayuesckut H.L., OnepamopHbie MmemoOsbi 8 riuHelHoU 2udpoduHaMUKe.
380/MOYUOHHbIE U criekmpalsibHble 3adadu / H.[. Konavesckud, C.I". KpeliH, Hzo 3yl KaH
2 — M. : Hayka, 1989 .— 413,[3] c. — bubnuoep.: c. 398-410 .— [Npedm. ykas. : c.411-
413 .— ISBN 5-02-014203-4.

lMokopHbIt FO.B., OcuunnsayuoHHbIt memod LLimypma 6 criekmparibHbix 3adavax / HO.B.
3 lMokopHbit [u dp.] // .— .— 191 c. — Bubnuoep.: c. 184-187 .— [pedm. yka3.: c. 188-
191.

4 Xenemckuti A.A. Jlekyuu rno ¢pyHKyuoHanbHoMmy aHanusy. M.: YPCC, 2004

B) MHCPOPMALIMOHHbIE ANEKTPOHHO-06pa3oBaTeNbHblE PeCYPChl (0OduumnanbHble PECYPCbl UHTEPHET):
Ne n/n Pecypc
5 www.lib.vsu.ru — 3oHanbHas Hay4Has 6ubnuomeka BI'Y

16. MepeyeHb y4e6HO-MeTOANYECKOrO 06GecneyeHUs Ans caMoCToATeNIbHOW paGoThl

Ne n/n MCTOYHMK
1 AHmoHesud A.b., Khssee [1.H., PadbiHo A.B. 3adaqu u ynpaxHeHuUss Mo
yHKYuoHanbHomMy aHanusy. M.: YPCC, 2004.

17. OOpasoBaTefnbHble TEXHONONMU, MUCNONb3yeEMble NpU peanusauum y4ebHOWM
ANCLUMNIINHBI, BKNKOYash [AUCTaHUUOHHble oOpasoBaTtenbHble TexHonorun (OOT),
3neKTpoHHoe oby4yeHue (J0), cmewaHHOe 06y4eHue):


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

Mpyn peanu3auun  OUCUMNIMHBLL - UCMNONB3YKOTCA  cnegywwme obpasoBaTterbHble
TEXHOJSIOrMMK: JIOrMyeckoe MNOoCTpoeHUe OUCUUMNIIUHBLI, YCTaHOBIIEHNE MeXNpeaMETHbIX CBA3EWN,
obo3Ha4yeHne TeopeTUYecKkoro W MpPakTU4EeCKOro KOMMOHEHTOB B YyyebHOM MaTtepuarne,
BKMOYEHNE 3NEMEHTOB ANCTAHLUMOHHBIX 06pa3oBaTeNibHbIX TEXHOMOMMIA.

N3noxeHne y4ebHOro maTepmana OCHOBAHO Ha  NPUHUMMNE  CUCTEMHOCTW,
NPeemMCcTBEHHOCTM W MNocnefoBaTeNbHOCTU UM HanpaBfeHO Ha pasBUTUE MHTENSeKTyanbHbIX
YMEHUW, npodpeccuoHarbHbiX  KOMMNeTeHUunn, opMMpoBaHME  TBOPYECKOM  JINYHOCTU
BbICOKOKBaNnMuLMpoBaHHOro cneumanucTta, CnocobHoro kK camopassuTuio, camoobpasoBaHuio,
WHHOBaLMOHHON [JedTenbHOCTU. BaxHenwas uenb npenogaBatens — cuctemaTusaumns
Gonbworo obbemMa TeopeTMyeckoro Martepuana U obyyeHue CTygeHTa  YMeHWto
OPUEHTUPOBATbLCSA B 3TOM MaTepuarne.

PekomeHgyeTca ncnonb3oBaHue, Kak TpaguuMOHHbBIX (POpM opraHuM3aumm neKuMoHHOro
mMaTepuwana, Tak U BHeApeHMEe TakuX WHTEPaKTUBHbIX TEXHOMOruMm, Kak npobrnemHas nekuus,
Korfa 3HaHus BBOOATCH KakK « HEU3BECTHOE», KOTOpOoe HEOBXOANMO «OTKPbITbY.

AvcumnnvHa  MOXeT  peanu3oBbiBaTbCd € NPUMEHEHUeM  OUCTaHUMOHHbIX
obpasoBaTenbHbIX TEXHOSOMMI, HanpuMep, Ha nNnatgopme «ANEKTPOHHbIM yHUBepcuTeT BIY»
(https://edu.vsu.ru/course/view.php?id=6791; https://edu.vsu.ru/course/view.php?id=28552 ).
Mpn peanuszaumm y4ebHOM OUCUUNIMHBI  UCMOSL3YOTCA  MH(OPMAaLMNOHHbIE 3NEKTPOHHO-
obpasoBaTtenbHble pecypcbl Www.liv.vsu.ru un https://e.lanbook.com.

18. MaTepmnanbHoO-TeEXHUYECKOE obecneyYyeHme AUCLUNIINHDbI:

[Ana npoBedeHVst NEKUMOHHbLIX WM MNPaKTUYECKUX 3aHATUA, TEKYLLEero KOHTPOns WU
NPOMEXYTOYHOW aTTecTaumMmM wucnonb3dyeTca yvyebHas ayauTopus: cneuuanu3mpoBaHHas
mebernb.

[na camocTtosTenbHon paboTbl 00y4yaloWMXC — KOMMbIOTEPHLINM KNacC, OCHALEHHbIN
OPrTEXHUKOW, HeobXooMMbIM MPOrpaMMHbIM — OobecneyeHneM, SNEKTPOHHbIMU  y4ebHbIMU
nocobunsamu, 3akoHogaTeNbHO-NPaBOBOM HOPMATUBHOM MOMCKOBOW CUCTEMOWN, UMEIOLLINA BbIXOA
B rnobanbHyto ceTb:

Ubuntu (6ecnnatHoe n/nnm cBobogHoe Mno, NMULUEH3NS:
https://ubuntu.com/download/desktop ); Visual Studio Community (6ecnnatHoe w/unn
ceobogHoe 10O, nuueHsums https://visualstudio.microsoft.com/ru/vs/community/ ); LibreOffice
(GNU Lesser General Public License (LGPL), 6ecnnatHoe wn/unu csoboaHoe MO, nuueHsns:
https://ru.libreoffice.org/about-us/license/ ); Lazarus (GNU Lesser General Public License
(LGPL), 6ecnnaTtHoe n/unu ceobogHoe MO, nuueHsns: https://www.lazarus-ide.org/index.php );
Free Pascal (GNU General Public License (GPL), 6ecnnatHoe w/unu csoboaHoe [10,
nnuensus: https://www.freepascal.org/fag.html ); Python 2/3 (Python Software Foundation
License (PSFL), oecnnaTtHoe n/vnm cBobogHoe Mno, nUUEeH3nsa:
https://docs.python.org/3/license.html ); 46 Gimp (GNU General Public License (GPL),
becnnaTtHoe w/vnun ceobogHoe MO, nuueHaus: https://www.gimp.org/about/ ); Inkscape (GNU
General Public License (GPL), ©ecnnatHoe wwunu cBobogHoe [10, nuueHsus:
https://inkscape.org/about/license/ ); MiKTeX (Free Software Foundation (FSF), 6ecnnartHoe
n/vnn ceoboaHoe MO, nuueHsus: https://miktex.org/copying ); TeXstudio (GNU General Public
License (GPL), 6ecnnatHoe u/wunn ceobogHoe MO, nuueH3unsa: https://texstudio.org/ ); Maxima
(GNU General Public License (GPL), 6ecnnatHoe w/unn cBobogHoe [10, nuueHsus:
http://maxima.sourceforge.net/faq.html ); Denwer (6ecnnatHoe w/unn cBobogHoe [10,
nnuensus: http://www.denwer.ru/fag/other.html ); 1C: TlNpeanpusatne 8 (6ecnnatHoe wu/vnu
csobogHoe 10, nuueHsus: https://v8.1c.ru/predpriyatie/questions_licence.htm ); Foxit Reader

(6ecnnatHoe n/nnm cBobogHoe Mno, nuueH3unsa
https://www.foxitsoftware.com/pdfreader/eula.ntml ); Deductor Academic (Academic Free
License, oecnnaTtHoe n/vinn cBobogHoe Mno, NUUEH3NS:

https://basegroup.ru/system/files/documentation/licence-deductor-academic-20160322.pdf );
WinDjView (GNU General Public License (GPL), 6ecnnatHoe u/unu ceoboaHoe MO, nuueH3uns:
https://windjview.sourceforge.io/ru/ ); 7-Zip (GNU Lesser General Public License (LGPL),


https://edu.vsu.ru/course/view.php?id=6791
https://edu.vsu.ru/course/view.php?id=28552
http://www.liv.vsu.ru/
https://e.lanbook.com/

B6ecnnaTtHoe n/unu ceobogHoe MO, nuueHauns: https://www.7-zip.org/license.txt ); Mozilla Firefox
(Mozilla Public License (MPL), ©6ecnnatHoe w/vwnn cBobogHoe [10O, nuvueH3us:
https://www.mozilla.org/en-US/MPL/ ); VMware Player (6ecnnatHoe w/vnn csobogHoe [10,
nnuensus: https://www.vmware.com/download/open_source.html ); VirtualBox (GNU General
Public License (GPL), oecnnaTHoe n/mnm cBobogHoe Mno, NUUEH3Ns:
https://www.virtualbox.org/wiki/Licensing_FAQ ); Astra Linux Common Edition (6ecnnatHoe
nvnn ceobogHoe [0, nuueHaus: https://dl.astralinux.ru/astra/stable/orel/ ); PostgreSQL
(6ecnnaTtHoe w/vnun ceobogHoe [0, nuueHsus: https://www.postgresql.org/about/licence/ );
GeoGebra (6ecnnaTtHoe n/nunu ceobogHoe MO, nuueHsus: https://www.geogebra.org/license );
R (6ecnnaTtHoe mn/vmnn ceobogHoe MO, nuueHsms: https://www.r-project.org/Licenses/ ); Wing-
101 (6ecnnatHoe w/vnn csobogHoe MO, nuueHsmsa: https://wingware.com/license/wing101 );
Loginom  Community Edition (6ecnnatHoe w/unu  cBobogHoe 1O,  nuueH3sus:
https://loginom.com/platform/pricing ); MySQL (6ecnnatHoe n/unn ceobogHoe MO, nuueH3us:
https://downloads.mysqgl.com/docs/licenses/)

19. OueHou4HbIe cpeacTBa ANns NPoBeAEeHUA TEKYLWEeNn 1 NPOMEXYTOYHOWN aTTecTauum

Mopsiaok OUEHKM OCBOeHMsI obyvarwmmucs yd4eGHoOro maTepuana onpegensieTcs
cogepXaHneMm crneayrLmx pasgaenos ANCUMMINHDI:

HanmeHoBaHve NHavkaTop(bl
Ne pasaena Komnere OLEHOYHbIE CpeacTBa
n/n ANCUMNITNHbI HUMA(M) | OOCTMXKEHMS
(moayns) KOoMMeTeHuumn
MnbbepToBO
1 Jr.IIEIOHCeTmpHabTMCTBO' MK-1 MK-1.1 YCTHbIN OMNpoc
oneparop
5 ConpsikeHHbIN MK-1 MK-1.1 [MpakTnKo-OpMeHTUPOBAHHbIE 3aaHNS.
onepartop. YCTHbIA/ MUCbMEHHbIV Onpoc
CnekTp 1 MK-1 MNK-1.1

perynsipHble TOYKU
3 | NMHenHoro
3aMKHYTOro
onepaTtopa.
CamoconpsiKeHHbI MK-1 MK-1.1
onepartop. [MpakTMKO-OpUEHTUPOBAHHbIE 3a4aHUA
CummeTpuyeckme YCTHbIA/ MUCbMEHHbBI Onpoc
oneparopsl.
OnepaTopHbIi NMyYOK. MK-2 MNK-2.1
5 | GnemeHTbI
CMeKTpanbHon Teopun
KsagpaTuiHble MK-2 MNK-2.2
onepaTopHbIE MyYKW.
6 3apaun Ha
COOCTBEHHbIE
3HaYeHus
BapwvaunoHHas MK-3 MK-3.1
dopmyrnuposka
3agjauv o

7 | cobcTBEHHOM
crekTpe.

OCHOBHbIE TEOPEMBI
O CneKkTpe

MpakTnKo-OpMeHTUPOBaHHbIE 3a4aHNS
YCTHBIW/ MUCbMEHHbI Onpoc

[MpakTMKo-OpNEHTUPOBAHHLIE 3aaHus.
YCTHBIW/ MUCbMEHHbI Onpoc

[MpakTnKko-opueHTUPOBaHHbIE 3aaHNS.
YCTHbIW/ NMUCbMEHHbIA 0ONpoC

IMpakTuKo-OpneHTNpoBaHHbIE 3aaHus.
YCTHbIA/ MUCbMEHHbBIN Orpoc

IMpomexyTouHasa aTTecTaums lNepeyeHb BONpocoB
dopmMa KOHTpOns — 3K3aMeH




20 TwvnoBble OULEHOYHble cpeAcTBa M MeTOAMYECKMe MaTepuanbl, onpepensowue
npoueaypbl oLueHUBaHUs

20.1 TeKywinin KOHTPOIb yCNEeBaeMoCTH
KoHTponb ycneBaeMoCcTu No ANCLMIMIINHE OCYLLECTBASETCS C MOMOLLBIO CreayoLwmnx
OLIEHOYHbIX CPEeaCTB:
1. [MpakTuKo-OpuUeHTUPOBaHHbIE 3adaHus/goMallHne 3agaHns

3apayva 1. [lokasaTb, YTO MHOXECTBO HenpepbiBHO anddepeHumpyemMblx Ha [0;1] doyHkumn x(t)

2
x’(t)‘ dt <K, rae Ki,K2 > 0 — MOCTOsIHHbBIE, KOMMAKTHO B MPOCTPaHCTBE

1
Takux, 4to |x(0) < K, _[
0
C[0;1].
YkasaHue. CornacHo Teopeme Apuena-Ackonu, ana npeakoMnakTHOCTM ceMencTBa pyHKUMM
McCla;b] < paBHOCTENEHHaAss HEMPEPLIBHOCTb W paBHOMEPHAs OrpaHUYEeHHOCTb 3TOro
cemenctea. Ecnv npegkomMnakTHOE MHOXECTBO 3aMKHYTO, TO OHO KOMMNAaKTHO.

3apaua 2. [lokasaTtb, YTO He BCSKOE OrpaHN4YeHHOE MHOXECTBO B METPUYECKOM NPOCTPAHCTBE
BMOJSIHE OrpaHMNYEHO.

YkasaHue. EguHuyHan cdepa S B npoctpaHcTBe |2 orpaHnyeHa. PaccMoTpym TOYkM Buaa ek
(roe Ha k-om mecTe B nocrnegoBaTenbHOCTM cTOMT 1, a Ha ocTanbHbIX - 0). PacctoaHne mexay

MIoGLIMU BYMSI Pa3MUUHLIMU TOYKAMU €m W €n PABHO ~/2 => Ansi € <~/2/2 B S He cyliecTByeT

KOHEYHOW &-CeTU (B KaXXQOM Luape paguyca € C LEHTPOM B y3ne Takou e-ceTu byaeTt nexatb He
Bbonee o4HOM TOYKU €x).

3apava 3. ,D,OKa3aTb, 4YTO B KOHEYHOMEPHOM MPOCTpPaHCTBE BCAKOE OrpaHN4eHHOE MHOXEeCTBO
OTHOCUTEJIbHO KOMMAaKTHO.

YkazaHue. B KOHEYHOMEPHOM TMPOCTPaHCTBE KOMMAKTHOCTb O3Ha4YaeT 3aMKHYTOCTb WU
OrpaHN4YeHHOCTb, NO3TOMY 3aMblKaHNE BCAKOIro orpaHM4YeHHOro MHo>XectBa KOMNakKTHO.

3apava 4. [okasatb, 4TO cnegywowme dyHKUMoHanbl B npoctpaHctBe C[-1;1] saBnsawoTcs
NMHENHbIMY n HenpepbIBHbIMY; HanTn nx HOPMbI.

1
a) f(x):g[x(—1)+x(1)]
Ykasanue. Jlobon cyHkumoHan Buaa g[x;to] = X(to), o4eBMAHO, ABNAETCA NUHEWHBIM U

HenpepbIBHbIM. f(X) ABNAETCA NMMHENHON KOMOMHaUMen Takux pyHKUMoHanos. || g[x;to] || = 1. || f
I = 2/3.

0 1

6) f(x)= Ix(t)dt —Ix(t)dt
-1 0
YkasaHue. JIMHENMHOCTb crnegyeT M3 NMHENHOCTM UHTerpana Pumana I(x;[a;b]). ®PyHKumnoHan
BMaa 1(x;[a;b]) orpaHunyeH n nveet HOpMY (b-a). I f [ = 2
1

B) f(x)= Itx(t)dt
-1
b
YkasaHue. JTiobon dyHkumoHan suaa J(x;yo;[a;b]) :jyo(t)x(t)dt NIMHEEH MO X U OrpaHuYeH. || J

b
= [Iyo(t)ldt. Takum oBpagom, || f ]| = 1.



3apaya 5. lNyctb X — MHOXecTBO pyHKUMM f(X), onpedeneHHbIX Ha BCEN BeLLECTBEHHON
NPSIMON, KaXkaasi U3 KOTOPbIX paBHa HyM0 BHE HEKOTOPOro KOHEYHOro mHtepsana. Beegem

HopMy, nonaras |f| = max| f (x)| . ByneT nu npocTpaHcTBO X GaHax0oBbIM?

OTBeT. Her.

YkaszaHme. [Jokaxem, 4YTO npocTpaHcTBO X He 6Oyget nonHbiM.  PaccmoTpum
nocnegoBaTenbHOCTb pyHKkuMn fr(X) = {exp(- x2), ecnu [x|<n; 0, ecnu [x|>n}. O4yeBMAHO, YTO 3Ta
nocnegoBaTenbHOCTb PyHAaMeTarnbHa, HO cxoauTcs K yHkumm f(x)=exp(- x2) ¢ X.

3apava 6. ABngetca nNM  NPOCTPaHCTBO HenpepbiBHbIX Ha oTpeske [0;1] dyHKumnn

FI/IJ'Ib6epTOBbIM npoCTpaHCTBOM, €CIin CKandpHoe npouseedeHne 3afgaetcqa creyrounm
1

obpasom: (f,g)= J. f(x)g(x)dx ?

0
OtBeT. HerT.
YkasaHue. Ecnu npepgnonoxutb, 4yto C[0;1] ¢ 3agaHHbIM TakuMm 06pa3oM CKanspHbIM
npoussegeHneM ecTb rMnbbepToBOo, TO WMMeeM NoANpPOCTPaHCTBO B rMnbbepToBOM
npoctpaHcTee L2[0;1]. MoHO nogobpaTtb nocrnenoBaTesibHOCTb HenpepbIBHbIX OYHKUNIA {fn} 13
L2, cxopsawytocs Kk paspbiBHon dyHKumm f(x) = {0, if x < 1/2, 1, otherwise). Takum obpasom,
nognpoctpaHcTeo C[0;1] He NONHO = NpoTUBOpPeEYne.

3apava 7. lNokasaTtb, 4TO ecnu B rmnbbepToBOM npocTpaHcTBe H nocnegoBaTenbHOCTb Xn
cnabo cxoanTcs K X U ||xn||[—||X||, TO nocrnenosBaTenbHOCTL X, CXOAUTCH CUIbHO, T.e. ||Xn - X|| —
0.

YkasaHue. lMpegnonoxum, yto H cenapabenbHo. Torga OHO M30MOPCOHO MpPOCTPaHCTBY Io.
MoaToMy gocTaTOYHO JoKa3aTb 9TO yTBepXKAeHue Ans npocTpaHcTea lo. [JencTButensHo, |[xn -
X|[2=(Xn-X,Xn-X)=|[Xn][2+]|X][2-2(X,Xn)=|[Xn][3-]|X]|>*+2(X,X-Xn)—0 (T.K. cornacHo crnaboi cxoaMmocTy,
(X,Xn-x) —0).

3apaya 8. [JokasaTb, 4TO NOOOW JIMHENHBIA HenpepbiBHbIN (PYHKUMOHAN B rMibbepToBOM
npocTpaHcTBe H gocturaet HOpMbl Ha 3aMKHYTOM €AUHUYHOM LUape.

YkasaHue. Cuntaem, 4to npocTtpaHcTBO H cenapabenbHo. dyHkunoHan F(x)=(a,x) gocturaet
Hopwmel ||F||=||a|| Ha anemeHTe a/||a]|.

3apaya 9. Hamtm Hopmy onepaTtopa A, gencteywouwero B npoctpaHctee C[0;1], (vnn B
npocTpaHcTBe L2[0;1]): Ax = tx(t).

Oteer. [|A]| = sup {[|AX]| (IIXIl < 1)} = 1.

3apgaua 10. Onpepenutb onepatop A’ 1 HopMmbl onepatopoB A un A’, ecnn A:l,—l, roe
A(X1,...,Xn,...)= A(0,X1,...,Xn,...).

Yka3aHue. ConpspkeHHbIM K |2 aBnseTcs NpocTpaHcTBO doyHKUMoHanos Buaa G(x)=(g,x), rae ge
l. HyxHo nopobpatb onepatop A" Ha MHOXeECTBE Takmx (YHKUMOHANoOB, TakoM 4TO
(9,AX)=(A"g,x). Ons  dyHkumoHana  G(x)=(g,x), rae  g=(91,02,...,0n,...)  MONOXMM
A'G(X)=G'(x)=(g',x), roe 9'=(92,03,...., On,...). ockonbky A nepeBOAUT €OWHUYHbLIA Liap B
eOVHNYHbIV Wwap, 1o [|A]| = 1. MNMockonbKy onepaTtop A orpaHu4yeH u npoctpaHcTeo |2 6aHaxoBo,
To [|AT]l = [IA]l = 1.

3apava 11. B npoctpaHctBe |, 3agaH onepaTtop A: A(xl,xz,...,xn,...):(o,

[okasaTtb, YTo onepaTop A KOMMNAKTEH, HAaWTN ero CrnekTp.
OTBeT. 6(A) = {0}.



YkazaHue. Onepatop A KOMMNaKTEH, T.K. ABNFETCA KOMMO3ULMEN KOMMAKTHOro ornepaTtopa u3
3agayun 52 n orpaHmyeHHoro onepatopa (casura). MNockonbky onepaTop 3agaH B runbbepToBOM
NPOCTPaHCTBE M KOMNakTeH, TO umcrno 0 BxoguT B ero cnektp. Jlerko nokasaTb, 4TO
COBCTBEHHLIX 3HAa4YeHW y onepaTtopa HeT: n3 (A-Al)x =0, A0 cnegyeTt x =0 .

3apauva 12. lNpuBecTtn npumep NIMHENHOTO, HO HE HEMPEPbLIBHOIMO OYHKLMOHanNa.

Mpumep. MNpoctpaHcTBo {Pi(X)} BCEBO3MOXHbBIX MHOrouYneHoB Hag R. Hopma: ||P||=max(|P(x)|)
Ha oTtpes3ke [0;1/2]. dyHkumonan f(P) = P(1). dyHkumoHan f He aBnsieTcss HenpepbiBHbIM. B
camoM [ene, paccMoTpuM nocnegoBaTeribHOCTb Pn=x". O4eBngHo, 410 ||Pn|| — 0, HO f(Pn)—.

2. Bonpocbl yCTHOro, NMCbMEHHOro omnpoca: YCTHO WAM MUCbMEHHO B Buae
pa3BepHYTbIX OTBETOB Ha BOMPOCHI ¢ 060CHOBAHMEM N HEOBXOAMMBIMU NPUMEpPaM

1. Yem oTnunyaroTCcsa NMHENHbIE MHOroo0pasnsa oT NIMHENHbIX
noanpoCTpaHcTB?

2. MpuBeagnTe npumep NMHENHOro MHoroobpasuna B npoctpaHcTtee C[0,1],
KOTOpOe He ABNAeTCsA NOANPOCTPAHCTBOM.

3. BbInonHaeTcsa Ny ToXX4eCTBO NapannenorpaMmma B NPOCTpaHCTBe
HenpepbIBHbIX PYHKLMIA?

4. Kak ocyLiecTBnsieTcsa npouecc opToroHanusaunumn?

5. Kak npymeHseTca npouecc opToroHanuaaunm ans nocTpoeHnsa cuctem
OPTOroHasnbHbIX MHOrOYIEHOB?

6. Yem oTnmyaeTca opTOHOPMUPOBaHHbIM 6a3nc OT OPTOHOPMUPOBAHHOM
cucTembl?

8. Kak onpegensieTca opToroHanbHoOe JONOSIHEHNE A5 NPOU3BOSIbHOMO
MHOXecTBa runbbepToBa NnpocTpaHcTBa?

9. ABnseTca Nn 3T0O MHOXECTBO 3aMKHYTbIM?

10. Kak onpegensaeTtcsa 3aMkHyTas OpTOHOPMUPOBAHHAA cuctema?

11. MNpuBeguTe npMmepbl OPTOHOPMUPOBAHHBIX 6a3MCOB.

12. ABNAeTca N1 NUHENHbIN orpaHnyeHHbIn onepatop B JIHI HenpepbIBHbIM?
13. BepHo nn obpaTHOoe yTBEpXaeHue?

14. Kak onpegensaerca HopMa orpaHMYeHHOro onepartopa?

15. Kak oueHnBaeTca HopMa MHTErpasnbHOro onepaTtopa B NPOCTPaHCTBE
KBagpaTU4YHO CYMMUPYEMbIX OYHKLINA?

16. Kak dhopmynupyeTcs Teopema o NPOAOSPKEHUN onepaTopa no
HenpepbIBHOCTN?

17. Kak onpegensaTcs AeNCTBUSA Ha4 NIMHENHbIMK onepaTopamMm?

18. MNpn KakMx ycrnoBusax NOSIHO NPOCTPAHCTBO ONepaTopoB?

19. Kak onpegensietTcs conpsikeHHoe NpocTpaHcTBo K JTIHIM?

20. MNouyemy oHO Bcerga nonHoe?

21. Kak onpegenstotca notodevHasi U paBHOMepHasi CXOAMMOCTH
nocrnegoBaTenbHOCTEN OnepaTopoB?

22. Kak cBsA3aHbl 3TW NOHATUA?

23. Kak noHnmaeTcsa noToveyHas NofHoTa NnpocTpaHCcTBa onepaTopoB?
25. Kak cBsi3aHa ob6paTMMOCTb onepaTtopa C pa3peLinMoCTbio ONepaTopHOro ypaBHEHUNA?
27. Kak noHnmaeTcsa 6nm3ocTb onepatopa K eGUHUYHOMY unm obpatumomy
B COOTBETCTBYOLLINX TeopemMax 06 obpatnmocTn?

29. Kak peluatoTcs nHTerparbHble YpaBHEHUS C BbIPOXAEHHbIMU SapamMmn?
30. AsnseTtca nu perynsapHbIM 3Ha4YEHUEM YUCHO a, ecnu



ypaBHeHue (A- a I)x=y nmeeTt eaNHCTBEHHOE peLLeHne npu ndon
npaesor Yyactny ?

31. Kak B pokasaTenbctee TeopeMbl XaHa - baHaxa ocyuiecTBnserca
npogormkeHne oyHKUMoHana Ha 0gHo U3MepeHune?

33. Kak onpegenseTca conpsKeHHoe NPOCTPaHCTBO K NIMHENHOMY
HOPMUPOBAHHOMY MPOCTPaHCTBY?

34. Kak onpegensieTca HopmMa B CONpPsS>XeHHOM NPOCTpaHCTBE?

35. ABnseTtca nu conpsikeHHoe NPOCTPAHCTBO NOSTHbIM?

36. Kakown obLwunn Bua NnMHENHOro orpaHNYeHHoro oyHKUnMoHana B
rmMnb6epToBOM NpOCTpaHCTBE?

37. Kakown obwum Bua NMHENHOro orpaHNYeHHoro (oyHKUnoHana B
NPOCTPaHCTBE HENpepbIBHbIX YHKLUNIA?

38. Kak onpegensieTca BTOpoOe COMNpsiKEHHOE NPOCTPaHCTBO?

39. Kak ocyuiectBnsieTcs BrnoxeHue 6aHaxoBa NpoCTpaHCTBa BO BTOPOeE
conpsikeHHoe?

40. Kak onpenensietcs ConpsiXeHHbIN onepaTtop?

41. Kak cBsisaHbl MaTpuLbl orepaTopa 1 COnpsXXeHHOro ornepaTtopa B
Rn ?

42. Kak onpegensertcsa cnabas cxogMmocTb NocnenoBaTenbHOCTEN
dyHKUMoHanos?

43. Kak cBsizaHbl cnabas cxogMMoCTb U CXOAMMOCTb MO HOpME?

45. [Mpn kakoM ycnosun n3 cnabom cxoanMoCcTn nocrnenoBaTenbHOCTH
3N1eMeHTOB B rmnbbepToBOM NPOCTPaHCTBE CrieyeT ee CXOAMMOCTb MO
Hopme?

46. Kak onpegensietca noHATHE cnabor KOMNaKTHOCTU MHOXECTBa
3NIEMEHTOB?

47. Kak onpefensaeTtcs BNOfIHe HENpepbIBHLIN onepaTtop?

48. flBnsieTcsa fiv OH OrpaHNYEHHbBIM?

49. fABnseTcsa v eAUHUYHBIA onepaTop BNOJSIHE HENpepbIBHLIM?

52. MNo4vemy aapo onepatopa BMaa "eaAnHUYHbINA NAKC BNOSTHE
HenpepbIBHbIN"SBASETCA KOHEYHOMEPHbLIM NOANPOCTPAHCTBOM?

53. MoxeT nu s4po BMNOSHE HENPEpPLIBHOMO onepaTtopa ObiTb

©eCKOHEeYHOMEPHbLIM?

54. ABnsetca nu obpas onepaTtopa BuAa "€ANHUYHBIV NOC BMNOSHE

HenpepbIBHbIN" 3aMKHYTbIM?

55. CnefnyeT nu 13 TeopeMbl O CEKTPe BMNOSIHE HENPEPbLIBHOIO ornepartopa
CyLLeCTBOBaHME HEHYEBOro COBCTBEHHOrO 3Ha4YeHnsa?

56. MoxeT nv BnosiHe HenpepbIBHbIN OnepaTop ANs HEHYNEBOro

cOBCTBEHHOrO 3Ha4YeHUs UMeTb BECKOHEYHYIO NIMHENHO HE3aBUCUMYHO

cucTteMy cobCTBEHHbLIX BEKTOPOB?

57. NycTb Npn HEKOTOPON PUKCUPOBAHHOW MPaBOM YacTu onepaTopHoe

ypaBHeHWe C ornepaTtopoM Buaa "eQUHUYHBIN NNKOC BMOSIHE HenpepbIBHbIA"

UMeeT eQUHCTBEHHOE peLLeHne. YTo MOXHO CKasaTb O Pa3peLLUMMOCTU 3TOr0 ypaBHEHUS Npu
nobon npason Yactn? CoxpaHUTCa N eOUHCTBEHHOCTb?

58. Kak hopmynupyoTcs ycrnosusi paspeLluMmocT ONepaTopHOro ypaBHEHMS.

59. Kak onpegensieTcsa rmnbbepToBO CONPSKEHHbIN onepaTop?

60. Ha ocHoBaHUK Kakon TeopeMbl yTBEPXXAAETCS ero cywecrsoBaHne?

61. Kak yctaHaBnnBaeTcs BELECTBEHHOCTb COOCTBEHHbIX 3HAYEHUN

camMoCOonpsXeHHoro oneparopa?

62. Kak ncnonb3yeTcs BeLLEeCTBEHHOCTb COBCTBEHHbIX 3Ha4eHu CCO B

AokasaTenbCTBe TEOPEMbI O PErynsapHOM 3Ha4YeHUn?

63. Kak yCcTpOoeH cnekTp BNosiHe HEMPEPLIBHOIO CaMOCOMNPSXKEHHOIo

onepaTtopa?



64. V13 kaknx pesynbTaToB criegyeT CyleCcTBOBaHWE HEHYIEBOIO

COBCTBEHHOIO 3HAYEHMS Y CaMOCOMPSIKEHHOrO BMNOSTHE HENPEPLIBHOMO
oneparopa?

65. KBagpaTuiHble onepaTopHble My4YKn.?

66. CnekTp, COBCTBEHHbIE 3HAYEHUS, COBCTBEHHLIE U NMPUCOEANHEHHbBIE BEKTOPbI
KBaApaTUYHOro ny4vka?

OueHka 3HaHWW, YMEHWW, HaBbIKOB, XapakTepuaylolwas a3Tanbl OpMUPOBaHUS
KOMMeTeHUMN B paMKax U3y4YeHNa AUCLUMMNINHBI OCYLLLECTBNSETCH B XO4e TeKyLlero KOHTporns B
dopmMe YCTHOro/MMCbMEHHOTO Onpoca W MNPOBEPKN BbIMNOMHEHUS PELLUEHU MPaKTUYEeCKUX
3aaHunn.

OnucaHne TexHonorumM nposBeaeHns

Tekywmi KOHTpONb npeactaBnseT cobon nNpoBepKy YCBOEHWUs y4ebHOro matepuana
TEOpPEeTUYECKOro U NPaKTUYeCKoro xapakrepa, perynspHo OCyLEeCTBNAEMYIO Ha 3aHATUAX.

TekylWwnn KOHTPOSib MNpefHasHayeH Ans NPOBEPKM Xoda W KayvectBa (POPMUPOBAHUSA
KOMMNeTeHUM, CTUMYnuMpoBaHua y4vebHon paboTbl oby4varwmxcsa W COBEpLUEHCTBOBAHUS
MEeTOOUKM OCBOEHUA HOBbIX 3HaHuUW. OH obecnednBaeTcs npoBedeHWEM OMpPOCOB MO
TeopeTU4ecKkoMy Matepuany, BbliNOSIHEHWEM NPaKTUYECKMUX 3a4aHUN.

Mpn Tekywem KOHTpore YpoBEeHb OCBOEHUA Y4ebHOM OUCUMNAMHBI W CTEeNeHb
CPOPMUPOBAHHOCTM KOMMETEHLMM ONpedendalTCa OLeHKaMM «3a4TeHO» U «He3ayTeHO».
CucrematMyHoOCTb, OO BEKTUBHOCTb, apryMEHTUPOBAHHOCTb — FMaBHble NPUHLMUMbLI, HA KOTOPbIX
OCHOBaHbI KOHTPOSIb 1 OLIEHKa 3HaHUIN 0By4YatoLLMXCS.

TpeboBaHus K BbINOSTHEHUIO 3a4aHUK (LUKanbl U KpUTEPUN OLIEHNBAHWUS)
Mpn npoBeaeHUN TEKYLLIEro KOHTPOSA yCrneBaeMOCTH UCMNONb3YTCA crieaytoLimne
nokKasartenu:
1) 3HaHWEe OCHOBHbIX NMOHATUIN W ONpeaeneHui;
2) yMeHue 1ucnonb3oBaTb CTaHAapTHbIE METOAbI A5 peLleHNs TUNOBbIX 3a4avy;
3) onTMManbHOCTb XOA4a peLUeHUs;
4) norvka N3noXxeHus, paccy>KaeHun;
Kputepuu oueHKn KoMneTeHUUN (pe3ynbTaToB 00y4YeHUs1) Npu TeKyLluen
aTTecTtauum:
3a4TeHO: BbINOSTHEHNE MPAKTUYECKUX 3aaHuUN U OTBETbI B X04e onpoca COOTBETCTBYIOT
nepeyncrnieHHbIM nokasartenam, obydarolmica aaet OTBeTbl Ha OOMNOSMIHUTENbHbIE BOMPOCHI,
MOXeT OblTb He coBCeM nMofHble. [JeMOHCTpupyeT yMeHue pelwaTtb 3agdayv, BO3MOXHO C
HEKOTOpPbIMM OLLMOKaMu.
Hes3ayTeHo: B xo4de onpoca oTBeThbl 0byyaroLerocd He COOTBETCTBYKOT HW O4HOMY U3
nepedncrieHHblx nokasarenen. OOyvaroWmMncs OEMOHCTpUMpyeT dparMeHTapHble 3HaHUA W
YMEHUS NN UX OTCYTCTBUE.

20.2 NMpomexyToyHana aTrecTauums

lMpomexyToyHaa aTTecTauuss npoBOAMTCA B COOTBETCTBMM C [lonoxeHumem o
NMPOMEXYTOYHON aTTecTaumMm obyyallmxcss Mo nporpaMmam  BbiCLLEro  0Opa3oBaHuS.
MpepHasHauyeHa ans onpeneneHns ypoBHS OCBOEHUSI BCEro obbema yvyebHom ancumninunHbl n
npoBoauTcAa B hopme aK3ameHa.

lMpomexyTouHasa aTTecTaumns No AUCUUNIIMHE OCYLLECTBNSETCS C MOMOLLbIO CreayroLmx
OLIEHOYHbIX CPEACTB:

ﬂepequb BOMNpPOCOB:

1. HepaeHcTBO KoLwmn-ByHAKOBCKOrO.
2. Cnabas n cunbHasa cXxoguMoCTu B rMrib0epToBOM NPOCTPAHCTBE.



HepaBeHcTBO beccens, paBeHcTBo [MapceBans.

OrpaHunyeHHble 1 HenpepbiBHbIE ONepaTopbl. AKBUBANEHTHOCTb.

3aMKHyTble NMHerHbIE onepaTopbl.

CsonctBa. Teopema baHaxa.

Onpepenenne. CyuwectBoBaHne M eanHCTBEHHOCTb. CBowncTtBa. [MpocTpaHCTBO rpadumka

NMHENHOro onepaTtopa.

8. 3aMKHYTOCTb CneKTpa, OTKPbITOCTb MHOXECTBa PerynspHbIX TOYEK.

9. CywecTBoBaHMeE CNeKTpa U perynsapHbIX TOYEK Y HENPEPbIBHbIX ONEpPaTopoB.

10.MprMepbl 3aMKHYTbIX ONepaTtopoB C MYCTbIM MHOXECTBOM PErynspHbIX TOYEK U C MYCTbIM
cnekTpom. CBsi3b YacTen cnekrtpa.

11.TlpocTenine cBONCTBA CaMOCONPSKEHHbIX ONepaTopos,

12.ConcTtBa crnekTpa 1 perynspHbix TOYeK, CnekTpanbHas yHKUns

13.Kputepuu cyLLecTBoBaHNA CaMOCOMNPSXXEHHbIX pacLUMpEHNNA.

14.0OnuncaHme camoconpsXXeHHbIX paclumpeHmni, o6o0LweHHasa pe3orbBeHTa.

15.0gHoMepHble KpaeBble 3agadn. MHoromepHble KpaeBble 3agadn.

16.CummeTpuyeckne n NonoXnTenbHO onpeaeneHHble onepatopbl. [pumepbl. HepaBeHCTBO
dpugpuxca.

17. ®dyHKUMOHAN 3HEeprnn. HepreTmyeckoe NPOCTPaHCTBO. [NaBHbIE M €CTECTBEHHbIE KpaeBble
yCroBus.

18.Toyka MuUHMMYMa PyHKLMOHANa 3HeprMm B 3SHEpreTudeckom npocTpaHcTBe. [lpumepsbl.
MpenctaBneHne o606LLEHHOrO peLleHns B BUaAe psaa.

19. ConpsikeHHble N caMoConpsiXKeHHbIN onepaTopbl. PacwmnpeHne ®pugpuxca ¢ coxpaHeHnem
HWXXHEW rpaHu.

20.CBonctBa COOCTBEHHbIX 3f1IEMEHTOB W COOCTBEHHbLIX 3HAYEHWUW CaMOCOMNPSHKEHHbIX
onepatopoB. OO6OOGLLUEHHbIN COBCTBEHHbLIA  CMNEKTP  MOSMIOXUTENbHO  ONpeaeneHHoro
oneparopa.

21.BapvauMoHHbIA  NpUMHLUMN  Ons NepBoro CoOCTBEHHOro 3HayveHus. MuHuMuanpyrowas
nocrnefoBaTesibHOCTb ANA HaMMeHbLUEro COGCTBEHHOMO 3HAaYEHUS.

22.0npepeneHne aNCKpPETHOro cnekTpa. TeopeMa 0 ANCKPETHOCTM CreKTpa.

Nookow

NMpuMepHbIN NepeYvyeHb 3apav:

3apaua 1. [lJokasaTtb, YTO MHOXECTBO HenpepbiBHO anddepeHumpyemMblx Ha [0;1] doyHkumn X(t)

2
Takux, 4To |x(0) < ' t)| dt <K, rae Ki,K2 > 0 — noCTOsIHHbIE, KOMMAKTHO B NMPOCTPaHCTBE

11

C[0;1].

YkasaHue. CornacHo Teopeme Apuena-Ackonu, ans npeakoMnakTHOCTM ceMencTBa yHKUMI
McCla;b] < paBHOCTENEHHass HeNPepbIBHOCTb WM paBHOMEPHAs OrPaHNUYEHHOCTb 3TOro
cemewncTea. Ecnv npegkomMnakTHOE MHOXECTBO 3aMKHYTO, TO OHO KOMMNAaKTHO.

3apayva 2. [lokasaTb, YTO He BCSAKOE OrpaHN4YeHHOE MHOXECTBO B METPUYECKOM MPOCTPaHCTBE
BMOJSIHE OrpaHnNYeHo.

Yka3zaHue. EguHuyHasa cdepa S B npoctpaHcTBe |2 orpaHuyeHa. PaccMoTpym TOYkM Buaa e
(roe Ha k-om mecTe B nocnegoBatensHOCTM cTouT 1, @ Ha ocTtanbHbIX - 0). PaccTtosiHue mexay

MoBLIMI ABYMS PA3MMYHBIMM TOUKAMU €m U en PaBHO 2 = Ans ¢ <~/2/2 B S He cyluecTayeT

KOHEYHOW £-CeTu (B KaXXOOM Luape paguyca & C LLEHTPOM B y3rie Takow g-CeTh OyaeT nexarb He
BGonee O4HOM TOYKM €x).

3apava 3. [lokasaTb, 4TO B KOHEe4YHOMEepPHOM MNpoCTpaHCTBE BCAKOE OrpaHn4eHHoe MHOXECTBO
OTHOCUTEJIbHO KOMMAaKTHO.

YkazaHue. B KOHEYHOMEPHOM TMpPOCTPaHCTBE KOMMAKTHOCTb O3Ha4YaeT 3aMKHYTOCTb WU
OrpaHN4YeHHOCTb, NO3TOMY 3aMblKaHNE BCAKOIro orpaHM4YeHHOro MHoO>Xectea KOMNakTHO.



3apava 4. [okasatb, 4TO cnegywowme dyHKuMoHanbl B npocTtpaHctBe C[-1;1] saBnsatoTcs
NNHENHBIMU n HenpepbIBHbIMU; HaNTK nx HOPMBbI.

1
a) f(x):é[x(—1)+x(1)]
YkasaHue. Jlobon yHkumMoHan Bumaa g[x;to] = X(to), o4eBMAHO, ABNAETCA NUHENHBIM U

HenpepbIBHbIM. f(X) ABNSeTCcA NMHeNHON KoMOMHaLmMen Takmx pyHKumMoHanos. || g[x;to] || = 1. || f
I = 2/3.

0 1

6) f(x)= Ix(t)dt —Ix(t)dt

YkasaHue. JIMHENHOCTb crnefyeT M3 NMHEMHOCTM UHTerpana Pumana I(x;[a;b]). ®PyHKumnoHan
BMaa I(x;[a;b]) OorpaHuyeH n nveet HOpMY (b-a). I f [ = 2
1

B) f(x)=[tx(t)dt

b
YkasaHue. Jliobon dpyHKkumoHan suaa J(X;yo;[a;b]) :Iyo(t)x(t)dt NIMHEEH MO X N orpaHuyeH. || J

a

b
|| = j| y,(t)]dt . Takum oBpasom, || f || = 1.

3apaya 5. lNyctb X — MHOXecTBO PyHKUMK f(X), onpedeneHHbIX Ha BCeW BeLLeCTBEHHOW
NPSMON, Kaxkaasi U3 KOTOPbIX paBHa Hyrl0 BHE HEKOTOPOro KOHEeYHOro uHtepBana. Beegem

Hopmy, nonaras | f | = max|f(x) . ByaeT nu NpocTpaHCcTBO X 6aHaxoBbIM?
X

OTBerT. Her.

YkaszaHue. [Jokaxem, 4TO npoctpaHctBo X He 6yget nonHeiM.  PaccmoTpum
nocnepoBaTenbHoCTb pyHKuMIA fa(X) = {exp(- x?), ecnm |x|<n; 0, ecnu |x|>n}. O4eBMAHO, YTO 3Ta
nocrnegoBaTenbHOCTb ddyHAameTanbHa, Ho cxoauTes K pyHkumnn f(x)=exp(- x2) ¢ X.

3apava 6. ABngeTcsa nNuM  NPOCTPaAHCTBO HenpepbiBHbIX Ha oTpe3ke [0;1] dyHKumnn

rMnbbepToBbIM MPOCTPAHCTBOM, €CNW  CKansipHoe npou3BedeHne 3afaeTcsi CreaylLmm
1

obpasom: (f,g)= _[ f(x)g(x)dx ?

0
OTBerT. Her.
YkasaHue. Ecnu npegnonoxutb, 4to C[0;1] ¢ 3agaHHbIM TakuMm o06pa3oM CKanspHbIM
npovsBedeHMeM ecTb mnNbLbepToBO, TO WMMeeM NOANPOCTPaHCTBO B  MnNbbepToBOM
npoctpaHcTee L2[0;1]. MoxHO nogobpaTb nocrefoBaTenibHOCTb HenpepbIBHbIX YHKUMI {fn} 13
L2, cxogsawytoca k paspbiBHon dyHkumm f(x) = {0, if x < 1/2, 1, otherwise). Takum obpasom,
nognpoctpaHcTeo C[0;1] He NoNHO = NpoTuBOpeYne.

3apava 7. lMokasaTb, YTO ecnn B rMrbOEpTOBOM NpoOCTpaHCTBE H nocneaoBaTenbHOCTb Xn
cnabo cxoanTca K X U ||xa||—||X||, TO nocnegoBaTeNbHOCTL X, CXOAUTCHA CUNBHO, T.€. |[Xn - X|| —
0.

YkasaHnue. [lMpegnonoxum, 4to H cenapabenbHo. Torga OHO WM3OMOPMGHO MPOCTPaAHCTBY |o.
[MoaToMy OOCTaTOYHO JOKasaTb 9TO YTBEPXKAEHUE ANst NpocTpaHcTBa l. [JencTtBuTenbHO,

[IXn = X]|2=(Xn-X,Xn-X)=||Xn|[2+]|X]|>-2(X,Xn)= |[%n]|?-||X||>+2(X,X-Xn)—0 (T.K. cormacHo cna6oMn
CXOOANMOCTH, (X,Xn-X) —0).

3apava 8. [lokasaTtb, 4TO NGOV NUHEWNHbIA HENpepbiBHbIA (PyHKUMOHaAN B rmrbbepToBOM
npocTpaHcTBe H gocturaet HOpMbl Ha 3aMKHYTOM €AUHUYHOM LUape.



YkasaHue. Cuntaem, 4to npocTtpaHcTBO H cenapabenbHo. dyHkunoHan F(x)=(a,x) gocturaet
Hopwmel ||F||=||a|| Ha anemeHTe a/||a]|.

3apaya 9. Hamtm Hopmy onepaTtopa A, gencteywouwero B npoctpaHctee C[0;1], (vnn B
npocTpaHcTee L2[0;1]): Ax = tx(t).

Oteer. [|A]l = sup {[|AX]| (IIX|| < 1)} = 1.

3apaua 10. Onpegenutb onepaTop A" 1M HopMbl onepaTtopoB A u A, ecnn A:llb—l, roe
A(X1,...,Xn,...)= A(0,X1,...,Xn,...).

YkaszaHue. ConpsikeHHbIM K |2 sBnsieTca npocTpaHcTBO dyHKUmMoHanos Buga G(x)=(g,x), rae ge
l. HyxHo nopobpatb onepatop A" Ha MHOXECTBE Takux (YHKLMOHANoB, TakoM 4TO
(9,AX)=(A"g,x). Ona  dyHkumoHana G(x)=(g,x), roe  g=(91,02,...,0n,...)  MOJOXMM
A'G(X)=G'(x)=(g',x), roe 9'=(92,03,...., On,...). [Nockonbky A nepeBOAUT €OWHUYHLIA Liap B
eanHNYHbIN wap, 1o ||A]| = 1. Nockonbky onepatop A orpaHMyeH u NpocTpaHcTBo > 6aHaxoBo,
To ||AT]| = [IAll = 1.

3apava 11. B npoctpaHctBe |, 3apgaH onepaTtop A: A(xl,xz,...,xn,...)z (O%X?Zx—n”) :
[okasaTb, YTO onepaTtop A KOMMNaKTEH, HAUTU ero CrnekTp.

OTBeT. 6(A) = {0}.

YkaszaHue. Onepatop A KOMNaKTEH, T.K. ABMASIETCA KOMMO3MLMEN KOMMNAKTHOrO ornepaTtopa 13
3aga4ym 52 1 orpaHudeHHoro onepatopa (casura). Nockoneky onepaTop 3agaH B rufibbepToBOM
NPOCTpaHCTBE M KOMNakTeH, To umcno O BxoguT B ero cnektp. Jlerko nokasatb, 4TO
COBCTBEHHbIX 3HAa4YeHMI y onepaTtopa HeT: u3 (A-Al)x = 0, A0 cnegyeTt x =0 .

3apaua 12. lNpuBecTtn npumep NIMHENHOTO, HO HE HEMPEPLIBHOIO OYHKLMOHanNa.

Mpumep. MNMpocTtpaHcTBo {Pi(X)} BCEBO3MOXHbIX MHOrodneHos Haga R. Hopwma: ||P||l=max(|P(x)])
Ha oTtpes3ke [0;1/2]. dyHkumoHan f(P) = P(1). dyHkumoHan f He aBnsieTcss HenpepbiBHbIM. B
camMoM Jene, paccMoTpuM nocnegoBaTesibHOCTb Pn=x". O4eBngHo, 410 ||Pn|| — 0, HO f(Pn)—.

OnuncaHue TexHonorMm npoBeaeHns

lMpomexyTodHass aTTecTauus NO AuCUMNAWHE npecnegyeT Uenb oueHuTb paboTty
obOyvarowmxca 3a Kypc, MofyYyeHHble OOy4alWwuMNCcsa 3HaHUS, YMEHUS W YpPOBEHb
npuobpeTeHHbIX  KOMNETEHUUN, WX MNPOYHOCTb, pPasBUTME TBOPYECKOTO  MbILLMIEHWS,
npuobpeTeHne HaBbIKOB CaMOCTOSATENbHOW pPaboTbl, YMEHWE CUHTEe3MpoBaTb MOSTyYEHHbIE
3HaHUA N NPUMEHATb UX NPU PeLLEHUU NPaKTUYECKMX 3aaau.

OK3ameH npoBoauTca B dopme cobecepoBaHus ¢ npenogasatenemMm. Obyvarowmica
nosiydyaeT [Ba TEOPEeTUYECKNX BOMPOCa Ha 3HaHWE NMOHATUN 1 onpegerneHnin, popmynmpoBoK U
AokasaTenbCTB YyTBEPXKAEHUA U 3afady U3 nepeyHsl NpakTu4ecknx 3agaHun. o pesynbtatam
OTBETa BbICTABMSAETCS OLEHKa NO NATUMGanbHON LWKane.

Bpemsa noarotoBkM K OTBETY HE AOSMKHO MpeBbiaTb OQHOM0 acTPOHOMMYECKOro yaca.
Mpn HeobxogmmocTn, B Xxo4e OTBeTa npenojaBaTenlb MOXeET 3adaBaTb YTOYHSOWME U
AONOJSTHUTENbHbIE BOMPOCHI.

Mpn npoBegeHMM NPOMEXYTOYHOW aTTecTaumm B OpMe 3K3aMeHa WCMOoNb3ylTCs
cnefyouine nokasatenu:
1)3HaHue y4yebHOro matepmnana u BnageHne noHATUMHbLIM annapaTom;

2) norvka usrnoxeHus;

3) KOPPEKTHOCTb (POPMYSIMPOBOK M AOKA3aTENbCTB YTBEPXKAEHUN N TEOPEM;
4) ymeHue CBs3biBaTb TEOPUIO C NPAKTUKON;

5) ymeHune unnctpupoBaTtb OTBET NpUMepamMu;



6) yMeHMe NpuMeHsTb OpMyIbl, pellaTb 3aaaudun.

CoOTHOLLIEHNE NokasaTenewn, KpUTePUEB U LLKarbl OLLEHUBaHWUS pe3ynbTaToB 00y4eHus.

YpoBeHb
Kputepuun oueHnBaHus chopmumpoBaH- | Lkana oueHok
HOCTH
KOMMNETEHLUN
Ob6yvarowminca B NOMHOW Mepe Briageetr MOHATUWHBLIM | [1OBbILLEHHbIN OT1nuyHo
annapatom AaHHon o6nacTn KOMMMEKCHOro aHanm3a, KOPPeKTHO YPOBEHb
dopmynvpyeT M [oKasblBaeT  yTBepXOeHus, cnocobeH
WNNICTPUPOBaTbL OTBET npumepamn, daktamu, AaHHbIMU
Hay4HbIX WCCreoBaHWiA, MNPUMEHATb TeopeTUdecKkne 3HaHuA
ANS peleHns npakTu4eckux 3agady B obnact KOMMIEKCHOro
aHanusa
OteeT obOyvaiowerocs He COOTBETCTBYEeT OgHOMY (OBYM) u3 Ba3zoBhbin XopoLwuo
nepeyncrieHHblX nokasaTenen, Ho CTyAEeHT OaeT npaBullbHble YPOBEHb
OTBETbI HA AOMOMHUTESNbHbIE BOMPOCHI.
OTBeT obyuvatoLlerocsi He cooTBeTCTByeT NobbIM ABYM (Tpem) MoporoBkIn YposneTsopu-
M3  nepedncneHHblXx nokasartenen, obydalowmnca paet YPOBEHb TenbHO
HenonHble OTBEThI Ha AOMOSNHUTENbHbIE BOMpPOCHI.
[eMOHCTpMpyeT YacTuU4Hble 3HaHWUS, UM MMEEeT He MOSIHoe
NPeACTaBNEHUN MOHATUIA KOMMSEKCHOro aHanusa, AornyckaeT
CyLLIeCTBEHHbIE OLMOKN B peLleHnmn 3agay
OtBeT oOyuaroulerocd He COOTBETCTBYET fOObIM YETLIPEM U - Heypoenert-
Gonee wu3 nepeuyncneHHblx nokasaTtenen. OB6yuvatowmncs BOPUTENBLHO
AEMOHCTPUPYET  OTPbIBOYHbIE,  ()parMeHTapHble  3HaHus,
AonyckaeT rpybble owmnbKK, He YyMeeT peluaTtb 3agaydu.

20.3 ®doHA OUEHOYHbIX cpeacTB CGHOPMUPOBAHHOCTU KOMMNETEHLUUA CTYAEHTOB,
pekoMeHAyeMbI ANA NpoBeAeHUA ANarHoCTUYecKMx padoT

I'Ipmmeprle TeCTOBble 3a4aHunA

1. Onpepenute crnekTp onepartopa A, AeCTBYIOLLEro B NPOCTPaHCTBE
X, X X
l2: A(Xy oo X o) = | X%, =2, 22020
2 3 n
OtBeT. o(A) = {0} U {An=1/n, neN}.
YkasaHve. Onepatop A KOMMakTeH, MO3TOMY €ro CreKTp COCTOUT U3 HYIS U COBCTBEHHbIX
3HaveHun. Yncna An ABNSAIOTCA COBCTBEHHBbIMU 3HaYeHusaAMU, T.K. Ker(A-Anl)={0}.

2. BcTaBbTe nponyLieHHoOe CrioBo:
[ononHeHne MHOXeCTBa perynsapHbix Toyek onepatopa A [0 BCEV KOMMMEKCHOMW MIOCKOCTU
Has3blBaeTcH ......... onepaTopa A
OTBeT: cnekTpom (CnekTp)

3. Bbibepute BEpHbIN OTBET U3 NPEASIOXKEHHbIX:
MHOXXeCTBO perynspHbiX To4ek onepatopa A Bceraa:
- OTKPbITO;
- 3aMKHYTO.

5. BbibepuTe BepHbIli OTBET U3 NPEOSIOKEHHbIX:



CcnekTp onepaTtopa A sBnseTcs:
- OTKPbITbIM MHOXECTBOM,;
- 3aMKHYTbIM MHOXe€CTBOM.

1 2
6. COBCTBEHHbIE 3HAYEHNSA MaTPULIbI (2 1] paBHbI

a)-1u3,
6) 1+2i,

B) /5.

OTBerT: a.

PeleHue.
Co6CTBEHHbIE 3HAYEHNA MaTPULbl A €CTb KOPHU XapaKTepUCTUYECKOTO ypaBHEeHUS
det(A— AE) =0, roe E — eguHnuHas matpuua. B gaHHom criyyae

1-1
2 1-A
otkyaa A €{-1,3}.

det(A—iE):‘ —(1-4)2—4=(-1-A)(3-1) =0,

1 2
7. CobCTBEHHbIE 3HAYEHNA MaTPULIbI (2 J paBHbI

a) 1+ 2i,
6)—1 13,

B) +/5.

OTBeT: B.

PeweHne.
CobCcTBEHHbIE 3HauYeHNss MaTpuLbl A eCTb KOPHU XapakTepUCTUYECKOrO YpaBHEHUS
det(A— AE) =0, roe E — eguHnuHas matpuua. B gaHHom criyyae

1-4 2

det(A—ﬂE)z‘ 1

‘:/12—520,

oTkyoa A = i\/g .

1 2
8. CobCTBEHHbBIE 3HAYEHUST MaTpULbl ( ) 1) paBHbl

a)-1u3,
6) 1+ 2i,

B) +/5 .

OTtBerT: 6.

PeweHue.



CobCTBEHHbIE 3HAYEHWSI MaTPULbl A €CTb KOPHY XapakTEPUCTUYECKOrO YPaBHEHUS
det(A— AE) =0, roe E — eanHuyHas matpuua. B gaHHom criyyae

1-12 2
-2 1-2
otkyoa A =1+2i.

det(A—/IE):‘ =(1-4)2+4=0,

1 -2
9. CobCTBEHHbIE 3HAYEHUS MaTPULLbI (2 1 J paBHbI

a)—-1u3,
6) 1+ 2i,

B) /5.

OTBeT: O.

Peluenue.
CoBCTBEHHbIE 3HAYEHUA MaTPULbl A €CTb KOPHU XapaKTepUCTUYECKOTO YpaBHEeHUS
det(A— AE) =0, roe E — eguHnuHas matpuua. B gaHHoMm criyyae

1-4 -2
2 1-A
otkyna A =1%2i.

det(A—;tE):‘ —(1-1)%+4=0,

-1 2
10. CobCTBEHHbIE 3HAYEHNSA MATPULIbI ( 5 1} paBHbl

a)-1u3,
6) 1+ 2i,

B) ++/5.

OTBerT: B.

PeweHne.
CoB6CTBEHHbIE 3HAYEHUA MaTPULbl A €CTb KOPHU XapaKTepUCTUYECKOTO ypaBHEeHMS
det(A— AE) =0, roe E — eguHnyHasa matpuua. B gaHHoM cryyae
‘—1— A2 ‘

=1?-5=0,
1-4

det(A—AE) =

otkyga A = i\/g .

-1 -2
11. CoGCTBEHHbIE 3HAaYEHNA MaTpULbI ( > 1 j paBHbI

a) +iv/3,
6) -1 u 3,

—1+./5

B) :

2




OTtBerT: a.

PeweHne.
CoBCTBEHHbIE 3HAYEHNA MaTPULbl A €CTb KOPHU XapaKTepUCTUYECKOTO ypaBHEHMS
det(A— AE) =0, roe E — eguHnuHas matpuua. B gaHHom cniyyae

‘—1—1 —2

det(A— AE) = -

‘:/12+3=0,

otkyaa A = +i/3.

1 -2
12. CoGCTBEHHbIE 3HAYEHNA MaTPULbI [2 1) paBHbI

PeweHne.
COBCTBEHHbIE 3HAYeHUst MaTPULIbl A €CTb KOPHU XapaKTepUCTUYECKOro YpaBHEHNS
det(A— AE) =0, roe E — eguHnuHas matpuua. B gaHHom criyyae
1-2 -2 X
=A"+3=0,
2 -1-2

otkyga A = ii\/g.

det(A—/‘LE)z‘

-1 2
13. Cob6CTBEHHbIE 3HAYEHNSA MaTPULLbI [ 5 J paBHbl

a)1wun-3,
6) 113,
B) +3i.

OTBerT: a.

PeweHne.
CobCcTBEHHbIE 3Ha4YeHNss MaTpuLbl A €CTb KOPHU XapaKTepUCTUYECKOrO YPaBHEHUS
det(A— AE) =0, roe E — eguHnuHas matpuua. B gaHHom criyyae

-1-1 2
2 -1-2
otkyaa A €{1;-3}.

det(A—/IE):‘ =(1+4)°-4=0,

1 -2
14. Cob6CTBEHHbIE 3HAYEHNA MaTPULLbI [ 5 1 j paBHbI

a)1n-3,
6)-1u3,



B) +3i.
OTBeT: O.

PeweHne.
Co6CTBEHHbIE 3HAYEHUA MaTPULbl A €CTb KOPHU XapaKTepUCTUYECKOTO YpaBHEeHMS
det(A— AE) =0, roe E — equHnuHas matpuua. B gaHHom criyyae

1-4 =2
2 1-2
otkyona A €{-1,3}.

det(A—ﬂ,E)z‘ = (1-A)2—4=(-1-2)(3-1) =0,

-1 2
15. CoGCTBEHHbIE 3HAYEHNA MaTPULbI [ 5 l) paBHbI

a)1un-3,
6)-1n3,

B) +i/3.

OTBerT: B.

PeweHne.
CoB6CTBEHHbIE 3HAYEHUA MaTPULIbl A €CTb KOPHU XapaKTepUCTUYECKOTO ypaBHEHMS
det(A— AE) =0, roe E — eguHnyHasa matpuua. B gaHHoM criyyae

-1-4 2
-2 1-2
oTkyaa A = ii\/g.

det(A—/lE):‘ ‘:/12+3:0,

TpeboBaHMs K BbINOMHEHUIO 3a4aHWI, WKanbl U KPUTEPUM OLIEHUBAHUS
1) TecToBblE 3agaHuA.

- 3agaHnga 3aKpbITOro TMNa — cpegHuin YpoBEeHb CIOXHOCTU (BbIOOP OOHOroO BapuaHTa OTBETAa,
BEPHO/HEBEPHO):

e 1 6ann — ykasaH BEpHbIN OTBET;
e 0 6annoB — ykasaH HEBEPHbLIN OTBET.

- 3agaHna 3aKpbITOro TMNa - CPeAHNN YPOBEHb CITOXHOCTU (MHOXECTBEHHbIN BbI6ODP):

e 2 6anna — ykasaHbl BCe BEpHblE€ OTBETHI;

e 3a Kaxabl BepHbIN OTBET cTaBuTca 1 6ann, npu 9TOM 3a KaXAbl HEBEPHbIA OTBET
BblumTaetca 1 6ann;

e 0 6annoB — He BbIOPaHO HM OQHOIO BEPHOIO OTBETA.

- 3agaHna 3aKpbITOro TMna (Ha COOTBETCTBME):

e 2 6anna — Bce COOTBETCTBUSA ONpeaesieHbl BEPHO;



e 33 Kaxagoe BepHOe CornocTaBneHve cTaBuTca KonuyectBo 6annos, paBHoe
MakcumanoHoMmy (2 6anna), AeneHHOMY Ha KONMMYecTBO npeanaraemMblx B BOMpPOCe
COMOCTaBIieHun;

o 0 6annoB — HM 0gQHO conocTaBreHne He BbiIOpaHO BEPHO.

- 3agaHug OTKPbITOro Tnna (KOpoTKUM OTBET):

e 2 6anna — ykasaH BepHbI OTBET,;

0 6annoB — ykasaH HEBEPHbIN OTBET



