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1. Koa n HammeHoBaHue cneunanbHOCTU:
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CoBpeMeHHble MeTOAblI TEOPUN PYHKLNIA B MaTeEMaATUKE N MEXAHUKE
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4. ®dopma ob6y4eHuUs: o4yHas

5. Kacdbegpa, oTBevarwas 3a peanmsaumo AUCLUNIUHBI:
Kadheapa Teopumn OyHKLUMA U reoMeTpun

6. CoctaButenu nporpammbl: CyxoueBa J1.U., K.cp.-M.H., gOUEHT

7. PekomeHaoBaHa: HayyHo-meToguyeckum COBETOM MaTeMaTMYeCcKoro pakynbTeTa,
npoTtokost Ne 0500-06 ot 25.05.2023 .

8. YuebHbIn roa: 2026-2027 CewmecTp(bl): 7



9. llenu n 3agaum y4e6HOM ANCLUNIIUHDI

Llenu ocgoeHusi y4ebHOU OuCyUrIUHbI:

- gatb rnybokne 3HaHWA CTygeHTam O MeTodax, 3ajadax M Teopemax CrnekTpanbHON
TEOpUM NIMHENHbIX ONEpPaTopoB B rMNbOEpPTOBbIX NPOCTPAHCTBAX;

- MPUMEHEHNE CTyAEeHTaMM MOSfyYEeHHbIX 3HaHWW NpPU peLleHUn NpUKNagHbiX 3agad
€CTEeCTBO3HaHMS.

3adayu y4ebHoU OuCyUMNIUHbI:

- Hay4YUTb CTYOEHTOB BrageTb TEOPETUYECKMM MaTepManom;

- Hay4uTb CTYAEHTOB pellaTb 3agadvn, MCMNofb30BaTb COBPEMEHHbIE METOAbLI M NOAXOAbI
bYHKUMOHANbHOrO aHanmsaa npu peLeHnn npuknagHbix 3agad.

10. MecTo y4yebHOM AncuunnuHbl B cTpykType OlMOIT:

YyebHas aucumnnuHa OfieMEHTbl  CnekTpanbHOWM Teopun OTHOCUTCA K
dopmMmnpyemon y4actHukamm obpasoBaTesibHbIX OTHOLWeEHU brnoka 1.

[aHHbIN KypC HENnocpeacTBEHHO CBA3aH € aucuunnvHamu «MaTematnyeckuin aHanuay,
«OdnddepeHunanbHble ypaBHEHUs», «DYHKUMOHAmNbHbIA aHanun3y, «YpaBHEHUA C 4aCTHbIMU
NPOU3BOAHBIMUY, U3y4aeMbIMUM B paMKax NnporpaMmmbl NOArOTOBKM.

4acTu,

11. MnaHupyeMble pe3ynbTaTbl OOY4YeHUA MO AUCLUNIMHE/MOAYINIO (3HAHUS, YMEHUA,
HaBbIKU), COOTHECEHHbIe C NMMaHUpyeMbIMU pe3yribTaTaMuM OCBOEHUS obGpasoBaTeNnbLHOWM

nporpamMmmbl (KOMneTeHLIVIFIMM) n UHANKaTopaMn UX OCTUXEHUA .

Koa HasBaHue Koa(bl) UHankatop(bl) MnaHupyemble pesynbTaThl
KOMMNeTeHUuUn obyyeHns
MK-1. | CnocobeH MK-1.1. | O6bnapgaet 6a3oBbiMU 3HaTb:
BbISIBMATD, 3HaHUSAMW, MOSTyYEHHbIMU | - Ba30Bble NMOHATUS,
NPUMEHSITD, B obnactu nony4yeHHble B obrnactu
paspabaTtbiBatb " MaTteMaTU4eCKmnx n (Mnm) MaTeMaTU4eCcKmX 1 (1nu)
ueneHanpasieHHO €CTECTBEHHbIX HayK, €CTECTBEHHbIX HayK,
ncnonb3oBaTb nporpaMMr1poOBaHns U nporpaMMnpoBaHns
MeToabl Teopun MHGOOPMAaLIMOHHbIX NHCPOPMALMOHHBIX TEXHOOMI.
dyHKUMI B 3agadvax TEXHOMOTMN YmeTb:
MaTemMaTUKu " - cobmpaTb, obpabaTbiBaTh,
MeXaHUKN aHanmanpoBaTtb U 0006LaTh
pe3ynbTaTbl UCCNeOBaHWN B
obnactu Teopun yHKUMIA, B
Bnapetb HaBbIKamu:
- MPaKTU4eckoro npoBedeHus
Hay4HO-UccregoBaTenbLCKON
AeATENbHOCTN B MaTeMaTuke
MK-2. | CnocobeH MK-2.1. | 3HaeT coBpeMEHHbIE 3HaThb:
npoBOAMTb MeToAbl pa3paboTku u - COBPEMEHHbIE MeTOAbI
nccnegoBaHus Mo peanusaumu Moaenewu, paspaboTkm WM peanusauuu
obpaboTtke n NCNonb3ys TEOPULD Modenen, WUCNonb3ys Teoputo
aHanusy  HayudHom dyHKUMI doyHKLMIA
nHdopMaumn n | MNK-2.2. | Ymeet paspabartbiBaTb YMeTsb:
pes3ynbTaToB maTemaTuyeckme mogenu | - paspabatbisaTb
nccnenoBaHui B obnactu mMaTemaTnyeckue Moaenv B
mMeTogamum  Teopum €CTEeCTBO3HaHMS, obnacTn ecTecTBO3HaHWS,
PYHKUNNA. SKOHOMWKN 1 YNPaBReHunsl, | 3KOHOMUKU U yNpasrneHus, a
a TakKe peanu3oBbiBaTb Takke peann3oBbiBaTb
anropuTMbl anropuTMbl MaTEMaTUHECKNX
MaTeMaTU4ECKNX mozaenen Ha 6a3e NakeToB




moaenel Ha 6ase nakeToB
NpUKNagHbIX NporpaMm
MOJen1poBaHns

NPVKNagHbIX nporpamMm

MoAEeNMpPOBaHMSI.
BrnageTb HaBblkamu:
-npoBeaeHns Hay4Ho-
1cereoBaTeribCKon
JesTeNnbHOCTH B obnactu

pelweHna 3agad aHanmnTtn4eckoro

TeopeTn4ecknx n
npuknagHbIX 3agad
MaTemMaTUKu n
MEXaHWKN Ha OCHOBe
MeToa0B Teopuu
YHKLMI "
reomeTpum

xapakTepa.
MK-3. | CnocobeH K | MK-3.1. | 3HaeT coBpeMeHHbIe 3HaTb:
NOCTPOEHWUIO MeToAbl pa3paboTkm 1 - COBPEMEHHbIE METOAbI
mogeneu n peanusauuu paspaboTku v peanusaummn
onTUMarnsHomy MaTeEMaTUYECKIX MaTemaTuyeckux Mogenen.
peLueHuto mMoaenen ymeTb:

- CTPOUTbL MOAENN n
onTUMarnbHblEe peLleHNs
TEOPETUYECKNX N NPUKNAOHbIX
3a4ay MmatemaTUkmn n
MEXaHWKM Ha OCHOBE MEeTO0B
Teopun OYHKUMA N reoMmeTpun.
BnageTtb HaBblkamu:

- MOCTPOEHUSA Modenen
NPUKIagHbIX NPOLIECCOB;

- HaBblkaMK NPUMEHeHNA
COBPEMEHHbIX
WHCTPYMEHTanbHbIX CpPeacTB K
peLLeHNO NPUKNagHbIX 3a4av.

12. O6bem ancuUnNnNMHbI B 3a4eTHbIX eanHuuax/yacax — 3/108.

dopma NPoOMeXyTOYHOM aTTecTauum - 3K3aMeH

13. TpyAROoeMKOCTb No Buaam y4eoHoun paboTbl

TpyaoemMKocTb
Bug yuebHon paboTbl Bcero Mo cemecTpam
7 cemecTp

AyONTOPHbIE 3aHATUSA 32 32

nekumm 16 16

B TOM YuUcne: npakTnyeckmne 16 16
nabopartopHble 0

CamoctosaTensHas paborta 40 40

lMpomexxyToyHast atTectaums 36 36

Wtoro: 108 108

13.1. CopepxaHue QUCLUMNIINHDI

n/n Peanuszauyusa
pasgena
HaumeHoBaHune pa3gena OUCUMMITVHBI C
CopepxaHve pasgena gUCLUMNIUHEI
OUCUUNWHBI MOMOLL b0
OHNamrH-Kypca,
QYMK *
1. Jlekuum
1.1 MmnbbepToBo HepaeeHcTBo Kowwu-byHsakoBckoro, cnabas n cunbHas -
NPOCTPaHCTBO. CXOANMOCTH B MnebepToBOM NpOCTpaHCTBeE.
JInHeRnHbIN onepaTtop HepaBeHcTBO Bbeccens, paBEeHCTBO MapceBansi.
OrpaHnyeHHble " HenpepbIBHbIE onepaTopbl.




OKBMBaNEeHTHOCTb. 3aMKHyTble IUHelHble onepaTopbl.
CeonctBa. Teopema BaHaxa.

1.2 ConpsiXeHHbI CBolcTBa  COMPSDKEHHOro  orneparopa. Mpumepsl
onepaTop. CONPSKEHHbLIX ONEPATOPOB B PasfiM4YHbIX NMPOCTPaHCTBaX
.OCHOBHble  TeOpeMbl O  CXOOUMOCTU  NMHEWMHbIX

onepaTopos

1.3 CnekTp 1 perynsipHole 3aMKHYTOCTb cnekTpa, OTKPbITOCTb MHOXeCTBa
TOYKWN NIMHENHOIO perynsapHbix  Todek. CyllecTBoBaHWEe  cnektpa U
3aMKHYTOro ornepartopa. | perynsipHbix TO4YeK Yy  HenpepbiBHbIX  OMNepaTopOB.

Mpumepbl 3aMKHYTbLIX ONepaTopoB C MYCTbIM MHOXECTBOM
PerynsipHbIX TOYEK M C NyCTbiM crnekTpoM. CBSA3b YacTen
cnekTpa

14 CamoconpsikeHHbIN lMpocTenwmne CBOMCTBA CaMOCOMPSKEHHbBIX OnNepaTopos,
onepaTop. CBOWCTBa CNeKTpa W perynsipHbiX TO4ek, creKkTpanbHas
CumMmmeTpuryeckue dyHKUMs. Kputepun CyLLeCTBOBaHWUSI CaMOCOMPSIKEHHbIX
onepaTopbl. pacLUMpeHWI. OnucaHne CaMOoCOonpsiKEHHbIX

pacLumMpeHuin, ob6o0LeHHasn pe3onbBeHTa.

15 OnepaTtopHbI Ny4oK OcHoBHbIe NOHATUA 1 onpeaeneHus. CnekTpanbHas

Teopusi onepaTopHbIX MY4YKOB: CMEKTP, perynspHoe
MHOXECTBO, XXOpAaHoBa Lenoyka. JInHeapusartop

1.6 KBagpaTtunyHble MpremMbl 1 MeTOAbI UCCNeaoBaHMA CNeKTparnbHbIX

onepaTopHble NYyYKH. CBOWCTB KBagpaTWU4YHbIX OnepaTopHbIX MNy4YKkoB. 3agaym
rmopoanHaMukun, npuBogdaline K nOHATUIO onepaTopHOro
nyyka.

1.7 BapwuauuoHHas BapuauunoHHbIn npyHUMN Ang nepBoro CO6CTBEHHOMO
dopMynmnpoBKa 3agaun 3Ha4eHus. MuHUMU3npyoLwasa nocneaoBaTenbHOCTb ANs
0 cCOBCTBEHHOM CMEKTPEe. | HaMMeHbLUEro COOCTBEHHOIO 3HaAYEHNs.

OcHoBHLIE TEOPEMBI O
cnekTpe

1.8 MakcuMnHMManbHbIA OnpeaeneHne ONCKPETHOrO cnekTpa. Teopema o
npyHUMN. OUCKpeTHOCTM cnekTpa. NpeacraBneHne NonoXnTensHO
MpunoxeHus onpeaenieHHoro onepaTtopa u ero ApobHLIX CTENEHeN ¢

NMOMOLLbIO COOCTBEHHbIX 3Ha4YeHun n 6asnca us
CODCTBEHHbIX 3NIEMEHTOB.
. NMpakTn4yeckue 3aHATHA

2.1 MmnbbepToBo HepaeHctBo Kowwm-byHsakoBckoro, cnabas u cunbHas
NPOCTPaHCTBO. CXOANMOCTHU B rmMnebepToBoM NpoCTpaHCTBe.
JInHelHbI onepaTop. HepaBeHcTBO beccens, paBeHcTBo [MapceBans.

2.2 MnbbepToBo OrpaHuyeHHble " HenpepbIBHbIE oneparopbl.
NPOCTPaHCTBO. OKBMBaANEHTHOCTb. 3aMKHYTble JIMHEWHbLIE onepaTopbl.
JInHenHbIN onepaTtop. CeovictBa. Teopema baHaxa.

2.3 ConpsiKkeHHbIN OnpegeneHve. CyuwectBoBaHME W €OUHCTBEHHOCTb.
oneparop. CeolicTBa.

2.4 ConpsiKkeHHbIN MpocTpaHcTBO rpadrka NMMHENHOrO onepaTopa.
oneparop.

25 CnekTp 1 perynsapHble [Mpumepbl 3aMKHYTbIX ONepaTopoB C MYCTbIM MHOXECTBOM
TOYKUN JIMHENHOIO PerynspHbIX TOMEK M C NYCTbiM cnekTpom. CBA3b yYacTen
3aMKHYTOro oneparopa. | chnekTpa.

2.6 CnekTp 1 perynspHble 3aMKHYTOCTb cnekTpa, OTKPbITOCTb MHOXeCTBa
TOYKUN JIMHENHOIO perynsapHbix  Tovek.  CyllecTBoBaHWe cCnektpa u
3aMKHYTOro onepartopa. | perynsipHbIX TOYEK Y HEMPEPbIBHbIX ONepaToOpoB.

2.7 CamoconpsikeHHbI lMpocTenwine cBOMCTBA CaMOCOMNPSXKEHHbIX OnepaTopos,
oneparop. CBOWICTBa CNEKTpa W peryrnspHbIX TOYEK, CreKTpanbHas
CvmmeTpuryeckue PyHKUMS.
onepaTopbl.

2.8 KpaeBasi 3agava u ee OpHomepHble KpaeBble 3aga4n. MHOromepHble kpaeBble
onepaTop 3agaun.

2.9 KBagpatunyHbie Mpymepsl.

onepaTtopHble My4KW.




2.10 0O606LeHHoe pelleHne | Toyka MMHUMYMa (byHKUMOHana sHeprum B
onepaTopHOro 3HepreTu4eckoM npoctpaHcTse. Mpumepsi.
ypaBHeHUs MpencraBneHne 0006LLEHHOO peLLeHnst B Buae psaa.

2.11 3apauun Ha cobcTBeHHble | CBoOICTBA COOCTBEHHBLIX 3NEMEHTOB U COOCTBEHHbIX

3HaYeHUs! 3HAYEHMI CaMOCOTPSHKEHHbIX onepaTopoB. OGOGLLEHHbIN
COGCTBEHHbIN CNEKTP NOSIOXKUTENBHO ONpeaeneHHoro
oneparopa.
212 BapuauyoHHas BapuvauuoHHBbIi NpUHLMN AN NepBoro coOGCTBEHHOTO

daopmynmpoaka 3agayn 3Ha4YeHuA. MI/IHI/IMI/I3I/IpleLLI,aF| nocreagoBaTesibHOCTb Ansd
0 cOBCTBEHHOM CneKkTpe. | HanMmeHbLlero COBCTBEHHOMO 3HAYeHUs.

2.13 OcHoBHbIE TEOPEMBI O OnpepeneHve OWCKPETHOrO  crnektpa. Teopema ©
cnekTpe OUCKPETHOCTM cnekTpa.
2.14 MpunoxeHuns 3apava WTypma-Nnysunns. Knaccuyeckue

cnekTpanbHble 3agadn maTemaTuyeckon usmku.
CnekTpanbHas 3agaya ans annunTM4eckoro oneparopa
obuiero Buaa.

13.2. Tembl (pasgenbl) AUCUMNIIMHBI U BUAbI 3aHATUN

Buabl 3aHATUIA (KONMYECTBO YacoB)

Ne HanmeHoBaHue TemMsbl
CamocTtosaATenbHas

n/n (pasgena) gueumnnuHel | Jlekumn MpakTnyeckue | JlabopatopHble paGoTa Bcero

MnbbeptoBo
1 | npocTpaHCTBO. 2 1 0 6 9
JInHenHbI onepaTop

2 | ConpsikeHHbIM onepaTop. 2 1 0 6 9

CnekTp u perynsipHole
3 | TOYKM NMMHENHOTO 2 2 0 6 10
3aMKHYTOro oneparopa.

CamoconpsikeHHbIN
oneparop.
CummeTpudeckme
oneparopbl.

KpaeBas 3agada n ee
5 | onepatop. KBagpaTnyHbie 2 6 0 8 16
onepaTopHble MyYKN.

O606LeHHOE peLueHne
onepaTopHOro ypaBHEHMS
PacwmpeHrne
NONOXUTENbLHO
onpeneneHHoro
onepartopa

3agayn Ha cobCcTBEHHbIE
3HaYeHus

BapuaunoHHas
dopMynmnpoBKa 3agayun o
7 | cobcTtBEHHOM cnekTpe. 2 6 8 16
OcHoBHbLIE TEOPEMBI O
cnekTpe

MakcMmMmmnHmmarnbHbIn
8 | npuHumn. 2 6 8 16
[NpunoxeHunsa

WToro: 16 16 0 40 108

14. MeToan4yeckue yKkasaHus ansi oby4arowmxcs No 0CBOEHUIO AUCLUNSINHDI

AyanToOpHbIE N BHEAyOUTOPHLIE (CaMoCToATENbHbIE) hopMbl y4eObHOM paboThl CTyaeHTa
UMET CBOEN Uenbko npuobpeTteHne UM LUEeNIOCTHOW CUCTEMbl 3HAHWUW MO  AUCUMNIIMHE
«JnNemMeHTbl CnekTpanbHOM Teopumy». WIcnonb3ya NEKUWOHHbIM  MaTepuan, YyyYebHuKu,




AOMNOSTHUTENBLHYK  NuTepaTtypy, MNposSABNAa TBOPYECKUM MoAaxod, CTyOeHT TroTOBUTCH K
NPaKkTUYECKUM 3aHATUAM, paccMmaTpmBasi UX Kak NOMofnHeHue, yrnybneHune, cuctemaTtmsauumto
CBOUX TeopeTU4ecknx 3HaHun. CTygeHT AosmKeH npunutyu B BY3 ¢ NOMHbIM NOHUMaHWeM TOro,
4YTO CaMOCTOATESIbHOE OBMafeHue 3HaHWAMU ABNAETCS rMnaBHbIM, onpegensowmm. Boeicwasg
LLKOSIa N1LWb CO3JaeT ANs 9TOro HeobXxoaAnMble YCNOBUS.

N3ydeHne kaxgon Tembl crnefyeT HadnHaTh C BHUMATESTbHOrO 03HAaKOMIEHUs ¢ Habopom
BonpocoB. OHM OPUEHTUPYIOT, NOKa3bIBaKOT, YTO HEOHBXOANMMO 3HaTb MO AaHHOW Teme. Bornpocsl
TeMbl Kak Obl HaknagblBalOTCA Ha COOTBETCTBYHOLLYK MnaBy u3bpaHHOro y4vebHuka wnu
y4yebHoro nocobusi. B utore JOmKHO BbITb ACHBIM, KakmMe BOMNPOChI TEMbl NporpaMmmbl y4ebHOro
Kypca, U C Kakon rnybuHon packpbiTbl B JaHHOM y4YebHOM MaTtepuarne, a Kakve Boobuie
OnyLLUEeHbI.

OcBoeHWe gucumnnnHel NpegnosiaraeT creayrwme HanpasneHns paboThbl:

- U3yYeHue NOHATMMHOIO annaparta QUCLUNSIIUHbI,

- U3yYyeHne TeM CaMOCTOATENBHOM NOArOTOBKN NO Y4€OHO-TEMATUYECKOMY MNIaHy;

- paboTy Hag OCHOBHOW U LOMOMHUTESNIbLHON NUTEpaTypou;

- U3yYeHune BOMpPOCOB 4S5 CAMOKOHTPOMA (CamMonpoBEPKN);

- caMonoroToBKa K NpakTU4ecknum u apyrum Bugam 3aHAaTUn;

- camocTosTenbHasa paboTa cTygeHTa npy NOArOTOBKE K 3K3aMEHY;

- camocTosTenbHada paboTa ctygeHTa B bubnuorteke;

- U3y4YyeHne canToB No TeMam OUCUMMNANHBI B ceTn VIHTEpHeT.

TpebyeTcs TBOpYeckoe OTHOLWIEHME M K caMoWn nporpamme ydebHoro Kypca. Bonpochl,
COCTaBnslOLLMNE ee coaepxaHue, obrnagatoT pasHOM CTeneHbit BaXXHOCTU. EcTb Bompocsl,
BbINONHAKOWME PYHKLUMIO JIOTMYECKOW CBSA3KWM COAEPXaHUS TEMbl U BCEr0 Kypca, UMelTCs
BOMPOCHI ONMcaTenbHOro UM pasbsaCHUTENBHOMO XapakTepa. Bce 3T Bonpockl He COCTaBmnsAT
CYTWN, NMOHATUMHOIO, KOHLENTyanbHOro cCoAepXaHus TeMbl, HO HeobxoauMmbl ANS LefloCTHOro
BOCMNPUATUS U3yYaeMblX Npobnem.

MpopaboTka nEKUMOHHOrO Kypca 4ABNAETCA OOHOM U3 BaXHbIX aKTUBHbIX (hopm
camocToATenbHOM paboThl. Jlekunsa npenofjaBatensd He ABMASETCH 03BYYEHHbIM y4ebHUKOM, a
npegcrasnseT nnog ero uHamemayanbHoro TBopyectsa. OH YMTaeT CBOWM aBTOPCKUMM KYpC CO
CBOEN JOrMKOMW CO CBOMMW TeopeTU4eCKMMU W MeTOAMYEeCcKUMU noaxodamu. IOTo genaet
NEKLUMOHHbIN KYpC KOHKPETHOro npenogasaTtens WHOMBUAYaNbHO-IIMYHOCTHBIM COBbITUEM,
KOTOpbIM BpS4 §nW  CTyAeHTy CTouT npeHebperatb. Kpome TOro, B CBOMX JeKUuMsAX
npenogaesatenb CTPEMUTCHA MPeOoAoneTb MHOrMe HeaocTaTku, npucywme onybrimKoBaHHbIM
y4yebHukam, y4ebHbIM NOCOBUAM, NEKLMOHHBLIM KypcaM.

CoBepLleHHO HeJoCTaTOYHO TOMbKO CrywaTb Nekuun. BakHo CTyaeHTy MNOHATb, 4YTO
nekumns ectb cBoeobpasHasi TBopyeckass opma camMocToATeNbHOM paboTbl. Hago nbitaTbes
CTaTb AaKTMBHbIM COYYaCTHUKOM NeKuun: AymaTb, CpaBHMBATb MW3BECTHOE C BHOBb
nofnyyaemMbIMU 3HAHUAMWU, BOUTU B NOTUKY M3NOXEHMS MaTepuarna JieKTopoM, MO BO3MOXHOCTU
BCTynaTb C HAM B MbIC/IEHHYIO norieMuky. Bo Bpems nekumMm MOXHO 3afaTb NeKTopy BOMpOC.
Bonpocbkl MOXHO 3agaThb 1 BO BpeMs nepepbiBa (MMCbMEHHO UK YCTHO), a Takke nocne nexkumnm
unu nepen Hadanom odepenHow. Jlektop HampeT opmbl M Cnocobbl pearMpoBaHUs Ha
BOMpPOCHI CTYEHTOB.

BaxxHOM coCTaBHOM 4acCTbl0 OCBOEHUS OUCLMNIIMHBLI ABMASIOTCA MPaKTUYECKUe 3aHATUS,
KoTopble TpPebylT NOMUMO 3HaHMM TEOPEeTUYECKOro matepumana euwle U HaBblKOB peLueHus
NpakTUYeckux 3agad, 4YTo nomoraeTt rnybxe ycBouTb Y4YebHbI MaTepuan, npuobpecTu
NpakTU4YeCKNEe HaBbIKN N HaBbIKM TBOPYECKOW paboTbl Hag y4eOHON 1 HAY4YHOW NUTEepaTypon.

Mpy NoaroToBKe K NPaKTUYECKUM 3aHATUSM crnefyeT NOBTOPUTb OCHOBHbIE MOHATUSA MO
TemaMm, paccMmoTpeTb npumepbl. Pewas 3agayn, npegBapuTeribHO MOHATb  Kakou
TEOpeTUYECKNA Matepuan HyXXHO Mcnonb3oBaTtb. HameTnte nnaH peweHusi, nonpobosaTb Ha
€ro OCHOBE peLUnTb NpakTUYeckme 3agadn.

Ha npakTn4yeckoM 3aHATUM KaKObl ero y4aCTHUK OOSDKeH OblTb rOTOBbIM K OTBETAM Ha
BCE TeopeTnyecKkne BONnpoCkl paccMaTpnBaemMon TeMbl.



MeTogonornyeckme pekoMeHZaUuMn MO OpraHu3aumm  caMocToATENbHOW — paboThl
CTY[EHTOB

MeTogonornyeckne pekoMeHgaumm npu3BaHbl MNOMOYb CTyAeHTaM OpraHu3oBaTb
CaMOCTOATENbHYIO paboTy NpuM M3yY4eHUM Kypca: C maTepuanamum nekKuun n CeMUHapPCKUX
3aHATUIN, nuTepaTypbl No obwum u cneumanbHbiM Bonpocam. CamocTtoaTenbHas paboTta
CTyfeHTa AOoShKHa onupaTtbCA Ha CPOPMUPOBaHHbIE HAaBLIKM U YMEHUs, NpuobpeTeHHble BO
BpemMsi o0byyeHuss B cpegHen wkorne. B BY3e cTygeHT [OMKeH MOBbLICUTH YPOBEHb
camocTosaTenbHOCTU. CoCcTaBnsALWNM KOMIOHEHTOM ero paboTbl AOMKHO CTaTb TBOPYECTBO.
Pabotas c nuTtepaTypo no Teme 3aHATUWA, [enanTe BbINUCKA TeKCTa, cogepaliero
XapaKTEPUCTUKY WM KOMMEHTapUM yxe 3HakoMoro Bam uctoyHuka. YMeHue paboTtatb C
nuTepaTypon O3HadaeT Hay4UTbCHA OCMBICIIEHHO MONb30BaTbCA UCTOYHMKaMW. [pexae 4vem
NPUCTYNUTb K OCBOEHWUIO HAYy4YHOW NUTepaTypbl, peKoMeHayeTCsa YTeHne y4ebHUKOB 1 y4eOHbIX
noco6un.

Ons ynydweHna obpaboTkn nHpopmMaumm O4eHb BaXXHO YCTaHaBfiMBaTb OCMbICIIEHHbIE
CBSI3W, CTPYKTYpUpOBaTb HOBble CBeAeHUdA. MdydyeHne Hay4yHOW, y4ebHOM U MHOW NuTepaTypbl
TpebyeT BegeHus paboumx sanucen. dopma 3anmcern MoOXeT ObiTb BECbMa pa3HOOOpasHOW:
NPOCTON NN PasBEpPHYTLIN NfaH, Te3UCbI, LnuTaTbl, KOHCMEKT.

MeToanyeckne pekomeHaaLmm No NoAroTOBKE K 9K3aMeEHY

Mpn nogrotoBke K 3K3aMeHy cregyeT B MOSIHOM Mepe UCNoSb3oBaTb JNEKUMOHHbIN
MaTtepwuan n akageMmyeckun Kypc y4ebHunka, pekoMeH40BaHHOMo npenogasaTtenem.

15. lepeyeHb OCHOBHOM W [OOMOJSIHUTENIbHOW nUTepaTypbl, PeCypCoOB WHTEPHET,
Heob6XxoaUMbIX AN OCBOEHUA AUCLUUNTINHDI

a) OCHOBHag nutepartypa:

Ne n/n NcTouHmMK

Konauesckuti H./., OnepamopHbie MemoObli MamemMmamu4eckol ¢busuku / Konavyesckui
H.4. — Cumepeporionb, OO0 «®opmar, 140 c. http://inikolay-d-
kopachevsky.com/posobia.html

6) gonosiHMTeNnbHaga nuteparypa:
Ne
n/n

McTouHnk

Konauesckut H./., OnepamopHbie memoObi 8 fIUHEUHOU audpoOuHaMUKe.
380JTI0UUOHHbIE U criekmparibHbie 3adavu / H.L. Konavesckud, C.I". KpeliH, Hzo 3yt KaH
2 — M. : Hayka, 1989 .— 413,[3] c. — bubnuoep.: c. 398-410 .— [lpedm. yka3. : c.411-
413 .— ISBN 5-02-014203-4.

lNokopHhbiti KO.B., OcuunnsauuoHHbil memod LLImypma e criekmparibHbix 3adaqax / FO.B.
3 lNokopHhbiti [u 8p.] Il .— .— 191 ¢. — Bubnuoep.: c. 184-187 .— [lpedm. yka3.: c. 188-
191.

Xenemckuti A.A. Jlekuuu rno ¢pyHkyuoHabHomMmy aHanusy. M.: YPCC, 2004

4

B) MH(POPMAaLIMOHHbIE ANEKTPOHHO-06pa3oBaTeNbHbIE pecypchbl (OuumnanbHbIe peCypCbl UHTEPHET):
Ne n/n Pecypc
5 www.lib.vsu.ru — 3oHanbHas Hay4yHass bubnuomeka BI'Y

16. NMepe4veHb y4eOHO-MeTOANYECKOrO ob6ecneyeHns Anst CaMOCTOATENIbHOW paboThbl

Ne n/n NcTouHMK
1 AHmoHesud A.B., Khssee [1H., PadbiHo 5.B. 3ada4u u ynpaxXHeHuss o
yHKYuoHanbHomy aHanusy. M.: YPCC, 2004.



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

17. OOpasoBaTtenbHble TEXHONOrMKU, UCNONb3yeMble MNpu peanusauum y4ebOHOM
OUCLUMMNIUHBLI, BKNOYass [AUCTaHUUOHHbIe oOpa3oBaTtenbHble TexHonoruu (OOT),
3neKkTpoHHoe obyyeHue (30), cmewaHHoe obyyeHue): (

Mpn peanu3aumm OUCUMNAMHBLI  UCMONB3YKOTCA  cnegylowme obpasoBaTeribHble
TEXHOMOIMMU: NOrnyeckoe NOCTPOEHNE AUCLMNINHDBI, YCTAaHOBIEHME MEXNPEeAMETHbIX CBA3EWN,
o603HayYeHne TeopeTU4eckoro W npakTU4YEeCKOro KOMMOHEHTOB B Yy4yebGHOM Martepuane,
BKMOYEHNE 3NEMEHTOB ANCTAHLMOHHBIX 06pa3oBaTeNbHbIX TEXHONOMNA.

N3noxeHne y4ebHOro maTepuana OCHOBaHO Ha  MNPUHUUMNE  CUCTEMHOCTH,
NPEEeMCTBEHHOCTU M NOCNEeAOBaTENbHOCTM M HanpaBfieHO Ha pas3BUTME WHTENNEKTyanbHbIX
YyMEHUN, NpoheccnoHanbHbIX  KOMNeTeHuMn, opmMupoBaHMe  TBOPYECKOM  FINYHOCTHU
BbICOKOKBaNUMULMPOBAHHOIO crneunanucTa, cnocobHOro K camopasBuTuiO, camoobpasoBaHuio,
WHHOBAUMOHHOW AesTenbHOCTU. BaxHenwas uenb npenogasatens — cuctemaTusauns
bonbworo obbema TeopeTMyeckoro Martepuana UM oOydeHWe CTydeHTa  YMEHUIo
OpPUEeHTUPOBATLCS B 3TOM Matepuarne.

PekomeHayeTcst ucnonb3oBaHme, Kak TPaguLMOHHbIX hOpM OpraHm3auumn NeKUMOHHOro
MaTepuana, Tak U BHEApPEHME TaKMX UHTEPaAKTMBHbIX TEXHOSMOMMI, Kak npobrnemHas nekuus,
Korga 3HaHusi BBOASTCH KaK «HEU3BECTHOE», KOTOPOE HEOBXOOMMO «OTKPbITbY.

OucumnnmHa  MOXeT  peanu3oBbiBaTbCA € NPUMEHEeHMEeM  OUCTaHUMOHHbIX
obpasoBaTesnbHbIX TEXHOSOMMIA, HAaNpPUMep, Ha nNnaTopmMme «ONEKTPOHHbLIN yHUBepcuTeT BIY»
(https://edu.vsu.ru/course/view.php?id=3460). [lpn peanusaumm y4yebHOM  AUCLMUNSNHBI
NCNONb3YyTCA WMHAOPMALMOHHbIE 3NEKTPOHHO-Obpa3oBaTesfibHble pecypcbl WWW.liv.vsu.ru w
https://e.lanbook.com.

18. MaTepuanbHoO-TeXHU4YeCcKoe obecneyeHme AUCUUNIIUHDI:

Ona npoBeAeHWA NEeKUMOHHbIX W MNPAKTUYECKUX 3aHATUN, TeKyllero KOHTpons u
NPOMEXYTOYHOW aTTecTaummM ucnonb3yeTcs yyebHaa ayauTopus: crneumannanpoBaHHas
mebenb.

[ns camocTtositTenbHon paboTbl O0y4aloOWMUXCA — KOMMbIOTEPHbBIA KIAacC, OCHAaLLEHHbIN
OPrTEXHUKOW, HeobxoOuUMbIM MpOrpaMMHbiM  obecrneyeHneM, SNEKTPOHHbIMU  Y4eOHbIMM
nocobuamu, 3akoHogaTeNbHO-NPaBOBON HOPMATMBHOM MOMCKOBOW CUCTEMOWN, UMEIOLLMIA BbIXO4
B rnodanbHyto ceTb:

Ubuntu (6ecnnatHoe n/nnu cBobogHoe Mno, NUUEH3NS:
https://ubuntu.com/download/desktop ); Visual Studio Community (6ecnnatHoe w/unu
ceobogHoe IO, nuueHsus https://visualstudio.microsoft.com/ru/vs/community/ ); LibreOffice
(GNU Lesser General Public License (LGPL), 6ecnnatHoe n/unu csobogHoe MO, nuueHsus:
https://ru.libreoffice.org/about-us/license/ ); Lazarus (GNU Lesser General Public License
(LGPL), 6ecnnaTtHoe n/unn ceobogHoe MO, nuueHsus: https://www.lazarus-ide.org/index.php );
Free Pascal (GNU General Public License (GPL), 6ecnnatHoe w/unu csobogHoe [10,
nnueHsuns: https://www.freepascal.org/fag.html ); Python 2/3 (Python Software Foundation
License (PSFL), oecnnaTHoe n/nnu cBobogHoe Mno, NUUEH3ns:
https://docs.python.org/3/license.html ); 46 Gimp (GNU General Public License (GPL),
6ecnnatHoe w/unu ceobogHoe MO, nuueHsus: 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), 6ecnnatHoe
n/vnn ceoboaHoe MO, nuueHaus: https://miktex.org/copying ); TeXstudio (GNU General Public
License (GPL), 6ecnnatHoe w/unn ceobogHoe IO, nuueHsus: https://texstudio.org/ ); Maxima
(GNU General Public License (GPL), 6ecnnatHoe w/vunn cBobogHoe [10, nuueHsus:
http://maxima.sourceforge.net/fag.html ); Denwer (6ecnnatHoe w/unu cBobogHoe [10,
nuueHsus: http://www.denwer.ru/fag/other.html ); 1C: lNpegnpuatne 8 (6ecnnatHoe w/unu
csoboaHoe MO, nuueHsus: https://v8.1c.ru/predpriyatie/questions_licence.htm ); Foxit Reader
(6ecnnatHoe n/vnm cBobogHoe Mno, NNLEH3NS
https://www.foxitsoftware.com/pdfreader/eula.html ); Deductor Academic (Academic Free
License, 6ecnnaTtHoe n/mnn csoboaHoe Mo, NNLEH3NS:


https://edu.vsu.ru/course/view.php?id=3460
http://www.liv.vsu.ru/
https://e.lanbook.com/

https://basegroup.ru/system/files/documentation/licence-deductor-academic-20160322.pdf );
WinDjView (GNU General Public License (GPL), 6ecnnatHoe n/vwnn ceobogHoe MO, nuueHsuns:
https://windjview.sourceforge.io/ru/ ); 7-Zip (GNU Lesser General Public License (LGPL),
6ecnnatHoe n/vnn cesobogHoe MO, nuueHsus: https://www.7-zip.org/license.txt ); Mozilla Firefox
(Mozilla Public License (MPL), 6ecnnatHoe w/unu cBobogHoe [10, nuueHsus:
https://www.mozilla.org/en-US/MPL/ ); VMware Player (6ecnnatHoe w/vnu csobogHoe [10,
nnueHsus: https://www.vmware.com/download/open_source.html ); VirtualBox (GNU General
Public License (GPL), B6ecnnaTtHoe n/vnu csobogHoe Mo, NNUEH3ns:
https://www.virtualbox.org/wiki/Licensing_FAQ ); Astra Linux Common Edition (6ecnnaTtHoe
nvnn ceobogHoe [0, nuueHsunsa: https://dl.astralinux.ru/astra/stable/orel/ ); PostgreSQL
(6ecnnatHoe w/unn cesobogHoe [0, nuueHsus: https://www.postgresql.org/about/licence/ );
GeoGebra (6ecnnaTtHoe n/unu csobogHoe MO, nuueHsunsa: https://www.geogebra.org/license );
R (6ecnnatHoe n/wnn ceobogHoe IO, nuueHsus: https://www.r-project.org/Licenses/ ); Wing-
101 (6ecnnaTtHoe w/vnn ceobopHoe 10, nuueHsus: https://wingware.com/license/wing101 );
Loginom Community Edition (6ecnnatHoe wwnu  cBobogHoe 1O,  nuueHsus:
https://loginom.com/platform/pricing ); MySQL (6ecnnatHoe u/vnn csobogHoe MO, nuueHauns:
https://downloads.mysql.com/docs/licenses/)

19. OueHo4HbIe cpeacTBa ANs NPoBeAEHNA TeKyLen U NPOMEXYTOYHOW aTTecTauumn

MopsAoK OUEHKM OCBOEHUs obydallmmuca yd4eGHOro maTepuana onpegensieTcs
cofepXaHMeM creayroLmx pasgenos ANCUMNNHLI:

HanmeHoBaHve NHamkaTop(bl
Ne pasfena Komnete OLeHouHble cpeacTBa
n/n JONCUMMNINHbI HUMA(N) | OOCTMXKEHUN
(mogyns) KoMneTeHummn
MnobepToBO
1 | MpocTpaHcTBo. MK-1 AK-1.1 i
JInHenHbIN
onepartop
2 ConpsiKeHHbIN MK-1 MK-1.1 [MpaKTNKo-OpUEHTUPOBAHHbIE 3agaHus.
onepartop. YCTHbIW/ MUCbMEHHbBIV ONPOC
Cnektp n MK-1 MK-1.1

perynsipHble TOYKn
3 | nMHenHoro
3aMKHYTOro
oneparopa.
CamoconpsXeHHbI MK-1 MK-1.1
oneparop. [MpakTnKo-opMeHTUPOBaHHbIE 3agaHNS
CummeTpuyeckme YCTHbIA/ MUCbMEHHBIN ONPOC
onepartopbl.
KpaeBas 3agaya u MK-2 MK-2.1 [NpaKkTnKo-OpuUeHTMPOBAHHbIE 3aaHNA.
ee onepaTop YCTHbI/ MMCbMEHHBIN ONPOC
O0606LeHHoe MK-2 MK-2.2
peLueHune
onepaTtopHOro
ypaBHeHNs
PacwwnpeHue

6 | NONOXWTENbHO
onpegeneHHoro
onepartopa
3agaum Ha
COBCTBEHHbIE
3Ha4yeHus
BapuaunoHHas MK-3 MK-3.1 [MpaKTUKO-OPNEHTNPOBAHHLIE 3adaHUS.
dopMynmpoBka YCTHbIW/ NMNCbMEHHbIN ONPOC

[MpakTnKo-opMeHTUpOBaHHbIE 3aaHNS
YCTHbIA/ MMCbMEHHBIN ONPOC

[MpakTnKo-opMeHTUPOBAHHbIE 3a4aHVS.
YCTHbIA/ MUCbMEHHBIN ONPOC




HanmeHoBaHve NHamkaTop(bl
Ne pasgena KomneTe
n/n AncumninHbl HUMA(N) | OOCTWXKEHUN
(mogyns) KOMMEeTEHUMN

3agaym o
cob6CTBEHHOM
chnekTpe.

OcHoBHbIE TEOPEMBI
0 cnekTpe
MakcMMmnHMManbHbI MK-3 MK-3.1
8 | N npuHUmn.
MpunoxeHus.

OueHou4Hble cpeacTBa

[MpaKTNKo-OpNEHTUPOBAHHbIE 3afaHUS.
YCTHbIA/ MUCBMEHHBIN ONPOC

MpomMexyToyHas aTTecTauus MNepeyeHb BONpocoB
dopma KOHTPOns — aK3amMeH MpakTuyeckoe 3afaHve

20 TunoBble OUEHOYHble CcpeacTBa M MeTOAMYECKMe MaTepuanbl, onpegenslowme
npoueaypbl OLLeHUBaHUA

20.1 TeKywWw M KOHTPONb ycrneBaeMocTn
KoHTponb ycneBaemocTn No AUCUMMIVHE OCYLLECTBNSAETCA C NOMOLLbLIO CreaytoLnx
OLIEHOYHbIX CPEACTB:
1. lNpakTuKo-OpNEHTUPOBAHHbIE 3afaHusi/AOMaLLHNE 3a4aHuns
3apaya 1. [lJokasaTtb, YTO MHOXECTBO HenpepbiBHO anddepeHumpyemblx Ha [0;1] dyHkuun x(t)

1
Takux, 4YTo |x(0)| <K, I|x'(t)|2dt <K, rae Ki,Kz > 0 — NocTosiHHbIE, KOMMAKTHO B MPOCTPaHCTBE
0

C[0;1].

YkasaHue. CornacHo Teopeme Apuena-Ackonu, ans npeakoMnakTHOCTU cemencTBa dyHKL M
McCl[a;b] < paBHOCTENEHHaAst HEMPEPLIBHOCTb W paBHOMEPHAs OrpaHUYEeHHOCTb 3TOro
cemenctBa. Ecnn npegkoMnakTHOE MHOXECTBO 3aMKHYTO, TO OHO KOMMAaKTHO.

3apayva 2. [lokasaTb, YTO HE BCSIKOE OrpaHU4YEHHOE MHOXECTBO B METPUYECKOM NPOCTPaHCTBE
BMOJSIHE OrpaHNYEHO.

Yka3aHue. EgnHnyHas cdepa S B npocTpaHcTBe |2 orpaHudeHa. PaccMoOTpuM TOYkM BuAa €
(roe Ha k-om mecTe B nocnegoBaTenbHOCTM CTOMT 1, a Ha ocTanbHbIX - 0). PaccTtosiHe mexay

Mio6bIMU ABYMS PA3NUYHLIMU TOYKAMU €m U €, PaBHO /2 = Anst € <+/2/2 B S He cyliecTByeT

KOHEYHOW £-CETU (B KaXXQoOM Luape paguyca € C LLeHTPOM B y3ne Takoun e-ceTu byaeTt nexartb He
©onee o4HOM TOYKM €Ek).

3apgaua 3. [JokasaTb, YTO B KOHEYHOMEPHOM MPOCTPAHCTBE BCSAKOE OrpaHUYEeHHOE MHOXECTBO
OTHOCUTENbHO KOMMAKTHO.

YkazaHne. B KOHEYHOMEPHOM MPOCTPAHCTBE KOMMAKTHOCTb O3HA4YaeT 3aMKHYTOCTb MU
OrpaHW4YeHHOCTb, MO3TOMY 3aMblKaHVEe BCAKOrO OrpaHUYeHHOTO MHOXECTBA KOMMAKTHO.

3apava 4. [okasatb, 4TO cnegywwme dyHKUMoHanbl B npocTtpaHctee C[-1;1] saBnsawoTca
NMHENHbIMU n HenpepbIBHbIMYU; HanTn nx HOPMbl.

1
a) f(x)= g[x(—l) +x(1)]
YkasaHue. Jliobon cyHkumoHan Buaa g[Xto)] = X(to), o4eBMOHO, ABNAETCA NMHEWHbIM W
HenpepbIBHbIM. f(X) ABNAeTcs nMHenHown koMBuHauunen Takux yHKUnoHanos. || g[x;to] || = 1. || f



I = 2/3.

0 1

6) f(x)= [ x(t)dt - [ x(t)dt

YkasaHue. JInHeNHOCTb cnegyet u3 NUHEMHOCTU uHTerpana Pumana [(x;[a;b]). PyHKUMoHan
Buaa I(x;[a;b]) orpaHuyeH n nveet HOpMY (b-a). I f I = 2
1

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

b
Ykasanue. Jltobon dyHkumoHan suaa J(X;yo;[a;b]) :Iyo(t)x(t)dt NMHEEeH No X N orpaHuyeH. || J

b
1= [lys(t)]dt. Takum oGpagom, || f || = 1.

3apaya 5. lNyctb X — MHOXecCTBO (PyHKUun f(X), onpedeneHHbIX Ha BCeW BeLLECTBEHHOW
NPSAMOK, Kaxaas U3 KOTOPbIX paBHa HYSKO BHE HEKOTOPOro KOHEYHOro WHTepBana. Beegem

Hopmy, nonarasi | f| = max|f (x)|. ByaeT nn npocTpaHcTBo X GaHaxoBbIM?

OtBeT. HerT.

YkaszaHue. [Jokaxem, 4TO npocTpaHcTBO X He OygeT nonHeiM. PaccmoTtpum
nocneaoBaTenbHoCTb PyHKUMiA fa(X) = {exp(- x?), ecnn |x|<n; 0, ecnu |x|>n}. OueBUaHO, YTO 3Ta
rnocneaoBaTenbHOCTb pyHAaMeTanbHa, HO CXoaUTea K yHKumK f(x)=exp(- x2) e X.

3apaua 6. ABnserca nuM  NpPOCTPAHCTBO HenpepbiBHbIX Ha oTpe3ke [0;1] dyHKumn

rMnNb6epToBbLIM MPOCTPAHCTBOM, €CNM CKansipHoe npou3BedeHne 3apaeTcsl Ccreaylowum
1

obpasom: (f,g) =I f(x)g(x)dx ?

0
OTBeT. Her.
YkasaHue. Ecnu npegnonoxutb, 4to C[0;1] ¢ 3agaHHbIM Takum o06pas3oM cKanspHbIM
npousBedeHMeM ecTb runbLbepToBO, TO WMeeM NOoANPOCTPAHCTBO B  rMNbbepToBOM
npoctpaHcTtee L2[0;1]. MoxxHO nogoGpaTb nocrneaoBaTenbHOCTb HeNpepbIBHbIX yHKUMA {fn} 13
Lo, cxogswytocsa K paspbiBHon yHkumm f(x) = {0, if x < 1/2, 1, otherwise). Takum obpasom,
noanpoctpaHcTeo C[0;1] He nonNHO = NpoTuBopeyme.

3apava 7. lNokasatb, 4TO ecnu B rMnbbepToBOM npocTpaHcTBe H nocnegoBaTenbHOCTb Xn
cnabo cxoanTesa K X U ||xn||—||X||, TO nocnepgoBaTeNbHOCTL X, CXOAUTCS CUMBHO, T.€. ||Xn - X|| —
0.

YkasaHue. lNpegnonoxum, yto H cenapabenbHo. Torga OHO M30OMOP(PHO MNpOCTpaHCTBY lo.
[MoaToMy OOCTAaTOYHO AOKa3aTb 3TO YTBEPXAEHME ANns npocTpaHcTea lz. [JencTBUTensHo, ||Xn -
X||2=(Xn=X,Xn=X)=||Xn| |2+ |X][2-2(X,Xn)= |[Xn|[>-[|X|[?+2(X,X-Xn)—0 (T.K. cornacHo crnabor cxogumocTy,
(X,Xn-X) —0).

3apava 8. [JokasaTtb, 4TO NOOOM NMHEWNHBIA HEMPEPbIBHbLIN (PYHKUMOHAN B rMnbbepToBOM
npocTpaHcTBe H gocTuraet HOpMbl HA 3aMKHYTOM €4MHUYHOM Luape.

YkasaHue. Cuutaem, 4yto npoctpaHcTBO H cenapabenbHo. ®yHkumoHan F(x)=(a,x) gocturaet
Hopmbl ||F||=||al| Ha anemeHTe a/||a]|.

3apaya 9. Hantm Hopmy onepaTtopa A, genctsytowero B npoctpaHctee C[0;1], (wnun B
npoctpaHcTee Lo[0;1]): Ax =tx(t).
Oteer. ||A|| = sup {||A]| (|Ix|l < 1)} = 1.



3apaua 10. Onpegenutb onepaTop A" M HopMmbl onepaTtopoB A u A', ecnu Ail2—l2, roe
A(X1,...,Xn,...)= A(0,X1,...,Xn,...).

YkasaHue. ConpsixxeHHbIM K |2 siBnsieTca npoctpaHcTBO doyHKUMoHanoB Buaa G(x)=(g,x), rae ge
l. HyxHOo nomoGpaTb onepaTop A Ha MHOXECTBE TakUX YHKUMOHANOB, TaKoM YTO
(0,AX)=(A'g,x). Ona  dyHkymoHana  G(x)=(g,x), rae  g=(91,92,...,On,...)  MOMOXUM
A'G(X)=G'(x)=(g',x), rae 9'=(92,93,...., On,...). lMockonbky A nepeBOOAWUT €OWHWUYHbLIVA Lap B
euHWYHbIN Wwap, To ||A]| = 1. Nockonbky onepatop A orpaHuyeH 1 NpocTpaHcTBo |2 BaHaxoso,
To [|A']] = [IA]l = 1.

3apava 11. B npoctpaHctBe |, 3apaH onepatop A A(X;,X,,....X,,...) = (O%X—ZZ ﬁj :
[lokasaTb, 4TO onepaTtop A KOMMaKTeH, HanTK ero CnekTp.

OTBeT. 6(A) = {0}.

Yka3aHue. Onepatop A KOMNaKTeH, T.K. SBNSETCA KOMMO3WLMEeNn KOMMaKTHOro onepatopa 13
3agayn 52 v orpaHuydeHHoro onepatopa (caswra). [lockonbKy onepaTop 3agaH B runbbepToBom
NpOCTpPaHCTBE M KOMnakTeH, To 4ucno O BxoguT B ero cnektp. Jlerko nokasatb, 4TO
cOBCTBEHHbIX 3Ha4YeHW y onepartopa HeT: u3 (A-Al)x = 0, A#0 cnegyeT x =0 .

3apaua 12. lNpuBectn npumep IMHENHOTO, HO HE HENPepPbLIBHOIO OyHKLUMOHana.

Mpumep. MNpoctpaHctBo {Pi(X)} BCEBO3MOXHbIX MHOrouyneHoB Hag R. Hopma: ||P||=max(|P(x)|)
Ha oTtpeske [0;1/2]. dyHkumoHan f(P) = P(1). ®dyHkumnoHan f He aBnseTca HenpepbiBHbIM. B
camoM ferne, paccMoTpuM nocnegoBaTtenbHOCTb Phn=x". O4eBngHo, 4To ||Pn|| — 0, HO f(Pn)—.

2. Bonpocbl ycTHOro, NUCbMEHHOro omnpoca: YCTHO WM MUCbMEHHO B BuMAe
pa3BepHYTbIX OTBETOB Ha BOMNPOCLI C 060CHOBaHMEM 1 HEOOXOAMMbBIMY NpYMepam

1. Uem oTnnyaoTcs NMMHENHbIE MHOrOO6pasnsa OT JIMHENHbIX
noanpoCTpaHcTB?

2. NpuBeante Nnpumep NUHeNHoOro MHoroobpasus B npocTtpaHctee C[0,1],
KOTOpOe He ABNAeTCs NoAnpOCTPaHCTBOM.

3. BbinonHaeTca nu ToXX4eCTBO napansenorpaMmma B NpocTpaHcTBe
HenpepbIBHbIX (YHKLUNA?

4. Kak ocyLlecTBnsieTca Npouecc opToroHanmsaunmn?

5. Kak npumeHsieTcs npouecc opToroHanuaauumn ns noCTpoeHns CUCTEM
OPTOroHasbHbIX MHOIOYNEHOB?

6. B yem cocTouT aKCTpemManbHOe CBOMCTBO koadhduumeHToB Pypbe?

7. Yem oTnnyaeTca opTOHOPMUPOBAHHBLIN 6a3nc OT OPTOHOPMMPOBAHHOM
CUCTEMBI?

8. Kak onpepensieTca opToroHanbHoe LONOSIHEHWE A5 NPOU3BONbHOMO
MHOXecCTBa runbbepToBa NnpocTpaHcTea?

9. AlBnaeTca nn 3TO MHOXECTBO 3aMKHYTbIM?

10. Kak onpegenseTtcsa 3aMkHyTas OpTOHOPMUPOBaAHHAA cuctema?

11. NpuBeante npMmepbl OPTOHOPMUPOBAHHBLIX 6a3MCOoB.

12. fABnAeTca nNu NMHENHbIN orpaHnyeHHbI onepaTop B JIHI HenpepbiBHbIM?
13. BepHo nu obpaTtHoe yTBepxaeHme?

14. Kak onpenensietca Hopma orpaHUYeHHOro onepartopa?



15. Kak oueHunBaeTcst HOpMa MHTerpanbHOro orneparopa B NpocTpaHCTBe
KBaApaTUYHO CYMMUPYEMbIX (PYHKLNIA?

16. Kak popmynupyeTcs Teopema o NpoLoSKeHUM ornepartopa no
HenpepbIBHOCTU?

17. Kak onpegensaioTcs 4encTBna Hag NMMHENHbIMKW onepaTtopamm?

18. [Npwn Kaknx ycnoBmuax NosIHO NPOCTPaAHCTBO OnepaTopoB?

19. Kak onpegenseTtcsa conpsikeHHoe npocTpaHcTBo K JIHIM?

20. Noyemy oHo Bcerga nosnHoe?

21. Kak onpegensanTcsa noTodevHas n paBHOMepHasi CXoaMMOCTHU
nocnegoBaTenbHOCTEN onepaTopoB?

22. Kak cBA3aHbl 9TU NOHATNA?

23. Kak noHnmMaeTcst noTo4eyHasi NonHoTa NpoCTpaHcTBa onepaTtopoB?
24. B yeM cMbICn NpyHUUNa gomkcaumm ocobeHHocTn?

25. Kak cBsizdaHa obpaTMMoCTb onepaTtopa C pa3peLunMoCTbio ONepaTopHOro ypaBHEHUA?
26. fBnsieTca nu nepexoq K obpaTtHOMY onepaTopy HenpepbiBHOM
onepaumen?

27. Kak noHnmaeTca 65mM30CcTb onepaTtopa K eQUHUYHOMY unm obpaTuMmomy
B COOTBETCTBYIOLIMX TeopemMax 06 obpaTnmoctn?

28. Kakown Bng uMmeet onepaTop, obpaTtHbIi K onepatopy Buaa "€ AuHN4YHbIA + UHTerpanbHbIn C
Manown Hopmon"?

29. Kak peluaroTcsa nHTerpanbHble ypaBHEHUS C BbIPOXAEHHbIMU SapamMmn?
30. ABnsieTca nu perynspHbIM 3Ha4YEHMEM YUCIO a, ecnn

ypaBHeHue (A- a I)x=y nmeeT egUHCTBEHHOE peLleHne npu nobon
npason Yyactny ?

31. Kak B gokasatenbcTBe TeopeMbl XaHa - baHaxa ocyuiecTnsieTca
npogormkeHne oyHKUMoHana Ha ogHO U3MepeHune?

32. B kakom cmMbIcrie pyHKUMOHAN MOXeET pasfensaTb 3NIEMEHT U
NnoanpoOCTPaHCTBO?

33. Kak onpegenserca conpsixeHHoe NpOCTPaHCTBO K NIMHENHOMY
HOPMMPOBAHHOMY NPOCTPAHCTBY?

34. Kak onpegenseTtca HopMa B CONPsS>XeEHHOM MPOCTpaHCTBE?

35. ABnsieTca nu conpsixkeHHOE NPOCTPAHCTBO MOSHbIM?

36. Kakown o6 BUA NUHENHOro OrpaHnYeHHoro oyHkKumMoHana B
rMmnL6epToOBOM NPOCTPAHCTBE?

37. Kakown o6 BUA NUHENHOro OrpaHnYeHHoro oyHKumMoHana B
NPOCTPaHCTBE HENPEPLIBHbIX YHKLNN?

38. Kak onpegensaeTtcsa BTOpoe conpsiKeHHOEe NPOCTPaHCTBO?

39. Kak ocyuiecTtBnseTca BnoxeHme 6aHaxoBa NpocTpaHCTBa BO BTOPOE
conpshkeHHoe?

40. Kak onpenensieTcs conpsiKeHHbIN onepaTop?

41. Kak cBsi3aHbl MaTpuLbl ornepaTopa 1 CONpsiXXeHHOro oneparopa B

Rn ?

42. Kak onpegensietca cnabasi CXoaMmocTb NocneaoBaTenbHOCTEN
dYHKUMOHaNoB?

43. Kak cBsasaHbl cnabas cxoguMoCTb U CXO4MMOCTb N0 HOpME?

44. Kak BONpOC 0 CXOANMMOCTU KBaapaTypHbIX hOpMys CBOOUTCS K BOMPOCY
0 cnabon cxoanMocTn PyHKLMOHANOB?

45. Mpn KakoMm ycnosum M3 criabon cxoanMoCTN NocnenoBaTEeNbHOCTH
3NeMEeHTOB B rMnbbepToBOM NPOCTPaHCTBE creayeT ee CXOANMOCTb Mo
Hopme?

46. Kak onpegensieTca noHATME cnabon KOMNakTHOCTU MHOXeCTBa
aneMeHToB?

47. Kak onpegensietcs BNosiHE HENPEPbLIBHLIN onepaTtop?



48. ABngeTcsa Ny OH orpaHNUYeHHbIM?

49. ABNaeTcsa N1 eQUHUYHBIA onepaTop BNOJSIHE HENpepbIiBHLIM?
50. Ha ocHoBaHUK Kakoro peaynbTata ycTaHaBnmBaeTcs nonHas
HenpepbIBHOCTb MHTErpanbHOro orneparopa B NPOCTPaHCTBE HerNpepbIBHbIX
PYHKUNN?

51. Kak yctaHaBnuBaeTcs nonHasi HenpepbiBHOCTb onepartopa mnebepTta - Wmngra?
52. Noyemy agpo onepatopa Buaa "eavHNYHbIN MC BMNomHe
HenpepbIBHbIN"ABNAETCA KOHEYHOMEPHbLIM MOANPOCTPaHCTBOM?

53. MoxeT N1 S4po BNOMHE HeNpepbIBHOIO onepaTtopa obiTb
©eCcKoOHeYHOMEpPHbIM?

54. Aensaetca nn obpas onepatopa BMAaa "eaAMHUYHbLIN MA0C BROSTHE
HenpepbIBHbIN" 3aMKHYTbIM?

55. CnegyeT nu n3 TeopeMsbl O CrekTpe BNoSiHe HENpepbIBHOIO onepaTopa
CyLlecTBOBaHME HEHYNEeBOro COBCTBEHHOMO 3Ha4YeHNA?

56. MoxeT nu BNosfiHe HenpepbIBHbIM onepaTop 4SS HEHYIEBOro
CcOBCTBEHHOrO 3Ha4YeHUst UMeTb HECKOHEYHYO NIMHENHO HE3aBUCUMYHO
cucteMy cobCTBEHHbBIX BEKTOPOB?

57. NycTb Npy HEKOTOPOU (PUKCMPOBAHHOM NPaBOU YaCTu onepaTopHoe
ypaBHeHWe ¢ onepaTtopoM Buaa "eaMHUYHbLIN NIIC BNOMHE HENpepbIBHbLIN"
nMeeT egUHCTBEHHOE peLleHne. YTo MOXHO ckasaTb O paspeLLMMOCTU 3TOr0 ypaBHEHUS Npwm
nodon npason Yactn? CoxpaHUTCsa NN e ANHCTBEHHOCTb?

58. Kak hopmynupytoTcs ycrnoBusi paspeLlummocTi onepaTopHOro ypaBHEHUS.
59. Kak onpegensetca runbbepToBO CONPSKEHHbIN onepaTop?

60. Ha ocHoBaHUK Kakon TeopeMbl YTBEPXKOAETCA €ro CyLecTBOBaHNE?

61. Kak yctaHaBnuBaeTcs BeLeCTBEHHOCTb COBCTBEHHbIX 3HAYEHNN
camoconpsXXeHHoro onepatopa?

62. Kak ncnonb3syeTtcs BeLecTBEHHOCTb COOCTBEHHbIX 3Ha4YeHnn CCO B
AoKasaTenbCTBe TEOPEMbI O PErYNIAPHOM 3HAYEHUN?

63. Kak yCcTpoeH cnekTp BMosiHe HenpepbIBHOIO CaMOCOMPAXKEHHOIO
oneparopa?

64. V13 Kakux pesynbTaToB crieqyeT CcyLlecTBOBaHNE HEHYIIEBOIO
COBCTBEHHOrO 3Ha4YeHMs Y CaMOCOMPS>XKEHHOTO BNOJSTHE HENPEPLIBHOMO
oneparopa?

OueHka 3HaHWW, YMEHWN, HaBbIKOB, XapakTepuayrlwass a3Tanbl (OpPMUPOBaHMS
KOMMEeTEHLUNA B paMKax U3y4yeHns ANCUMNINHBI OCYLLIECTBNAETCA B XO4€ TEKyLLero KOHTpons B
dopmMe YCTHOro/MMCbMEHHOrO0 Onpoca W MNPOBEPKN BbIMNOMHEHUS pPELLUEHUN MPaKTUYECKMX
3aaHunn.

OnucaHue TexHonornm npoBeaeHns

Tekywmn KOHTpOSb npeacTaBnsieT cobon MNpOBEPKY YCBOEHMs y4ebHOro maTtepuana
TeopEeTUYECKOro 1 NPakTUYEeCKOro xapakrepa, perynspHoO OCyLLECTBNAEMYIO Ha 3aHATUAX.

TeKkywun KOHTPOSb NpefHasHayeH AN NPOBEpPKM xoda M KayecTBa (POpMUPOBaHUSA
KOMMNEeTEHUNA, CTUMYNUPOBaHUA y4ebHoW paboTbl oOby4valolmxcsas U COBEPLUEHCTBOBaHMS
METOLMKN OCBOEHUSA HOBbIX 3HaHun. OH obecnednBaeTcss nNpoBeAEHWEM OMpPOCOB MO
TeopeTnyeckoMy Matepuarny, BblMOMHEHWEM MPaKTUYECKNX 3aJaHNNA.

Mpy Tekywem KOHTpOne ypoBeHb OCBOEHUS Yy4yebHOW OUCUMMNMHBI U CTENEHb
CPOPMMPOBAHHOCTM KOMMETEHLUMMN ONpPeaenstoTCa OLeHKaMn «3a4TEeHO» U  «HEe3ayTEeHOY».
CncrteMaTUYHOCTb, OO BEKTUBHOCTD, apryMEHTUPOBAHHOCTb — rMaBHble NPUHLMMLI, HA KOTOPbIX
OCHOBAaHbI KOHTPOJIb U OLEHKa 3HaHUIN 0By4YatoLLMXCS.

TpeboBaHWA K BbINOMHEHUIO 3a4aHUN (LUKarbl U KpUTEPUU OLEHNBAHNS)
Mpun NnpoBegeHnn TeKyLLLero KOHTPONA ycrneBaemMoCT! UCMOMb3yTCA criegyowme
nokasarenu:
1) 3HaHWe OCHOBHbLIX MOHATUI N ONpeaeneHni;



2) YMEeHNE UCNOoJib30BaTb CTaHOAPTHbIE METOAbl ANA pelleHNA TUNOBbIX 3aayd;
3) onTMalsibHOCTb XOo4a peLleHNA;
4) JIOTnKa N3roxXeHu4d, paccy>|<,u,eHV||7|;

KpuTepumu oueHku komneTeHUU (pe3ynbTaToB 06y4YEeHUA) NPU TEKYLLEN
aTrecTtauum:

3a4yTeHo: BbINOSIHEHNE MPaKTUYECKUX 3aaHni U OTBETbI B XOAE Onpoca COOTBETCTBYIOT
nepeyncrnieHHbIM rnokasartensam, obyyarlmics faeT OTBEeTbl Ha AOMOMHUTESNbHbIE BOMPOCHI,
MOXeT OblTb He coBCeM MofnHble. [leMOHCTpUMpyeT yMeHue pellatb 3agadn, BO3MOXHO C
HeKOTOpbIMY OLLIMBKamu.

Hesa4yreHo: B xoAe onpoca oTBeThbl ODby4arloLerocs He COOTBETCTBYIOT HU OOHOMY M3
nepeyncrneHHblx nokasartenen. OOyyalOWMNCA OEMOHCTPUPYET parMeHTapHble 3HaHua U
YMEHUSA NN nX oTCyTCTBUE.

20.2 NMpomexyTo4yHaa aTrecTauus

MpomexyToyHaa aTTecTauma npoBoaUTCA B cooTBeTCcTBUM C [lonoxeHnem o
NPOMEXYTOYHOM aTTecTauun obydalwmxcs no nporpamMmmam BbiClIero obpasoBaHuS.
lMpegHasHayeHa Ons onpefeneHnsa ypoBHS OCBOEHUS1 BCero obbemMa y4yebHOM OUCUUNIIUHBL K
npoBoauTCcs B opme IK3aMeHa.

ﬂpomemyTquaﬂ arrecraumda no gncumniinHe ocyLecTBideTcA C NOMOLbIO CrieayroLnX
OLEeHO4YHbIX CpeacTB.

nepe‘-leHb BOMPOCOB:

HepaseHcTBO Kowwun-byHsakoBckoro.

Cnabas n cunbHasi CXoagMMOCTM B r’nnbOEepTOBOM NPOCTPaHCTBE.

HepaBeHcTBO beccens, paBeHcTBO [NapceBans.

OrpaHu4eHHble U HenpepbiBHbIE OnepaTopbl. AKBUBANEHTHOCTb.

3aMKHyTble NMMHENHbIE onepaTopbl.

Ceowctea. Teopema baHaxa.

Onpepenenne. CyuwectBoBaHne U eanHCTBEHHOCTb. CBowncTtBa. [MpocTpaHCcTBO rpaduka

NUHENHoro onepaTtopa.

8. 3aMKHYTOCTb CneKTpa, OTKPbITOCTb MHOXECTBa PerynsapHbIX TOYeK.

9. CyuwecTBoBaHWe CNekTpa 1 perynspHbIX TOMEK Y HEMpepbIBHbIX OrnepaTopos.

10.MprMepbl 3aMKHYTbIX OMepaTtopoB C MYCTbIM MHOXECTBOM PerynspHbIX TOYEK U C MyCTbIM
cnekTpoMm. CBs3b YacTemn cnekrtpa.

11.TlpocTenwmne cBONCTBA CaMOCOMPSKEHHbIX ONepaTopos,

12.CsoucTBa crnekTpa 1 perynsapHblxX TOYeK, CnekTpanbHas yHKUns

13.Kputepuu cyLLecTBOBaHNA CaMOCOMPSKEHHbIX pacLLUMPEHUN.

14.0nncaHne caMoCONPSPKEHHbIX paclunpeHmnin, 06obLeHHasn pe3onbBeHTa.

15.0gHoMepHble KpaeBble 3agadn. MHOromepHble KpaeBble 3agauu.

16.CuMmmeTpUu4eckne 1 NONOXUTENbHO onpeaeneHHble onepatopsbl. [pumepbl. HepaBeHCTBO
dpugpuxca.

17. ®yHKUMOHAN 3HepPrun. JHepreTmyeckoe NPOCTPaHCTBO. [NaBHble U eCTECTBEHHbIE KpaeBble
yCroBus.

18.Toyka MUHMMYMa (PyHKUMOHaNa 3HepPrMm B SHepreTU4yeckoMm npocTpaHcTee. [lpumepsl.
MpencrtaBneHne o606LLEHHOMO peLleHns B Buae psaa.

19. ConpskeHHble U caMOCONpPsXXeHHbIN onepaTopbl. PacwmpeHne ®pmngpmnxca ¢ cCoOXpaHeHneM
HWXHEN rpaHun.

20.CBorictBa COOGCTBEHHbIX 3NEMEHTOB UM COOCTBEHHbIX 3HAYEHWN CaMOCOMNPAKEHHbIX

onepaTtopoB. O6GOOLEHHbIN COOBCTBEHHbLI  CNEKTP  MONOXUTENbHO  ONpeaenieHHOoro

oneparopa.

NookrwnE



21.BapnaumoHHbIi  NpUMHUMN NS NepBOro COGCTBEHHOro 3HayeHus. MuHumMuaMpytowas
nocrnegoBaTeNibHOCTb AN HAMMEHbLLEro COOCTBEHHOro 3Ha4YeHus.

22.0npegeneHne OUCKPETHOro crnekTpa. Teopema O OUCKPETHOCTM cnekTpa. [peacraeneHne
NONIOXXUTENBHO OMpPeAEeneHHoro onepatopa U ero ApobHbIX CTENeHEen C  MOMOLLbIO
COOCTBEHHbIX 3Ha4YeHun 1 6basnca n3 cobCTBEHHbIX 3NIEMEHTOB.

23.MpuHumn KypaHTa. TeopemMa O MOHOTOHHOCTM cnekTpa. CneTpanbHas 3ajada c AByMs
NONOXUTENbHLIMW OnepaTopamu.

24.3apava LWTypma-JinyBunna. Knaccudeckue cnekTparnbHble 3agadM  MaTeMaTu4ecKom
du3nkn. CnekTpanbHas 3agada ans annunTMyeckoro onepaTtopa obuiero suaa.

NMpumMepHbIN NepeYvYeHb 3apau:

3apaya 1. [lokasaTtb, YTO MHOXECTBO HenpepbiBHO anddepeHumpyemblx Ha [0;1] doyHkumnn x(t)

1
2

Takux, 4to |x(0) < K, I|x'(t)| dt < K, rae Ki,Kz > 0 — NOCTOsHHbIE, KOMNAKTHO B MPOCTPaHCTBE

0
clo:1].
Yka3zaHue. CornacHo Teopeme Apuena-Ackonu, and npeakoMnakTHOCTM CeMeNcTBa (PyHKUUN
McCla;b] < paBHOCTENEHHasi HenpepbIBHOCTb W PaBHOMEPHAsi OrPaHUYEHHOCTb 3TOrO
cemelicTBa. Ecnm npeakoMnakTHOE MHOXECTBO 3aMKHYTO, TO OHO KOMMAKTHO.

3apava 2. [lokasaTtb, YTO HE BCSKOE OrpaHNYEHHOE MHOXECTBO B METPUYECKOM MPOCTPaHCTBE
BMOJSIHE OrpaHNYeHo.

YkazaHue. EguHnyHasn cdepa S B npocTpaHcTee |2 orpaHmMyeHa. PaccmMoTpym TOYkM Buaa e
(roe Ha k-om mecTe B nocnegoBaTenbHOCTM CTOMT 1, a Ha ocTanbHbIX - 0). PaccTtosiHne mexay

NIOBBLIMY ABYMS PA3NIMYHBIMU TOUYKAMU €m U €y PaBHO +/2 = ans € <+/2/2 B S He cyliecTyeT

KOHEYHON g-ceTn (B KaXQoM Luape paguyca € C LLEHTPOM B Yy3rie Takou g-ceTu byaeT nexaTb He
©onee o4HON TOYKM €k).

3apava 3. [JokaszaTb, YTO B KOHEYHOMEPHOM MPOCTPAHCTBE BCSAKOE OFPaHNYEHHOE MHOXECTBO
OTHOCUTENBHO KOMMAaKTHO.

YKkazaHue. B KOHEYHOMEpPHOM MNPOCTPAHCTBE KOMMAKTHOCTb O3Ha4aeT 3aMKHYTOCTb MU
OrpaHNYeHHOCTb, NO3TOMY 3aMblKaHMEe BCSAKOrO OrpaHMYeHHOr0o MHOXXECTBa KOMMAaKTHO.

3apava 4. [okasaTb, 4TO cnegywwme dyHKuMoHanbl B npocTtpaHctee C[-1;1] saBnswoTca
NYHENHbIMU n HenpepbIBHbIMYU; HanTU nx HOPMb.

1
a) f(x):g[x(—l)drx(l)]
YkaszaHue. Jliob6on dyHKkumoHan Buaa g[X;to] = X(to), o4eBMOHO, ABNAETCA JNUHENHbIM W

HenpepbIBHbIM. f(X) ABNseTcs NMHenHOM KoMBrHaumnen Takmx dyHkumoHanos. || g[x;to] || = 1. || f
| = 2/3.

0 1

6) f(x)= [ x(t)dt— [ x(t)dt

YkasaHue. JInHENHOCTb cnegyet vM3 NUHENHOCTUM UHTerpana Pumana [(x;[a;b]). PyHKumnoHan
Bnaa I(x;[a;b]) orpaHunyeH n nmeet HOpMY (b-a). [ f [l = 2

1
B) f(x)=[tx(t)dt
-1
b
Ykasanue. Jliobon dyHkumoHan suaa J(x;yo;[a;b]) :Iyo(t)x(t)dt FNINHEEH NO X U OrpaHuYeH. || J

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



3apaya 5. lyctb X — MHOXecCcTBO PyHKUun f(x), onpedeneHHbIX Ha BCeW BeLLeCTBEHHOW
NPAMOK, Kaxaas M3 KOTOPbIX paBHa HYNKO BHE HEKOTOPOro KOHEYHOro WHTepBana. Beegem

HopMy, nonarasi || f| = max|f (x)|. ByaeT nn NpocTPaHCTBO X GaHaxoBbIM?

OTBeT. Her.

YkaszaHue. [okaxeMm, 4TO npocTpaHCTBO X He Oyger nonHeiM. PaccmoTpum
rnocneaoBaTenbHOCTb GyHKUMIA fn(X) = {exp(- x?), ecnm |x|<n; 0, ecru |x|>n}. O4eBMaHO, YTO 3Ta
rnocneaoBaTenbHOCTb pyHAaMeTarnbHa, Ho CXoauTesa K yHKumK f(x)=exp(- x?) e X.

3apavya 6. ABnserca NuM  NPOCTPAHCTBO HenpepbiBHbIX Ha oTpeske [0;1] dyHKumMn

FI/IJ'Ib6epTOBbIM NpoCcTpaHCTBOM, €CJin CKallidpHoe TnpousseaeHne 3agaetcda cnenyrownm
1

obpasom: (f,g) =I f (x)g(x)dx ?

0
OtBerT. HerT.
YkazaHue. Ecnn npegnonoxmtb, 4to C[0;1] ¢ 3agaHHbIM Takum 06pa3oM CKanspHbIM
npovsBegeHMeM ecTb runbLbepToBOo, TO WMEeM noAnpoCTPaHCTBO B rMnbbepToBOM
npocTtpaHcTtee L2[0;1]. MoxHO nogobpaTtb nocrneaoBaTefibHOCTb HEMPEPbLIBHbIX OYHKUUKI {fn} 13
Lo, cxogswyrocs Kk paspbiBHon dyHKkumm f(x) = {0, if x < 1/2, 1, otherwise). Takum obpasom,
noanpocTtpaHcTeo C[0;1] He NoNHO = NpoTUBOpEYMeE.

3apayva 7. lMokasaTb, YTO ecnn B rMnbbepToBOM MNpPOCTpaHCTBE H nocnegoBaTenbHOCTb Xn
cnabo cxoanTes K X U ||xn||—||X||, TO nocnepoBaTenbHOCTL X, CXOAUTCS CUMBHO, T.€. [|Xn - X|| —
0.

YkasaHue. lNpegnonoxum, yto H cenapabenbHo. Torga OHO M3OMOPMHO MNPOCTPaHCTBY lo.
[MoaToMy 4OCTaTOYHO AOKa3aTh 3TO YTBEPXAEHUE ANdA NpocTpaHcTBa l2. [lencTBUTENLHO,

[IXn = X|IP=(Xn-X,Xn=X)=||Xn| [P+]|[X]|?-2(X,Xn)= " ||Xn][>-||X|[?+2(X,X-Xn)—>0 (T.K. cormacHo cna6ou
CX0OMMOCTH, (X,Xn-X) —0).

3apava 8. [JokasaTb, YTO NOOOWN NNHEWNHLIN HENpPEpbIBHbLIM (PYHKUMOHaN B rMnbbepToBOM
npocTpaHcTBe H gocturaet HOpMbl HA 3aMKHYTOM €4MHUYHOM Luape.

YkasaHue. Cuutaem, 4yto npoctpaHcTBO H cenapabenbHo. ®yHkumoHan F(x)=(a,x) gocturaet
HopMbl ||F||=||al| Ha anemeHTe a/||a].

3apava 9. Hamtm Hopmy onepatopa A, geunctBywouwero B npoctpaHctee C[0;1], (vnn B
npoctpaHcTee Lo[0;1]): Ax =tx(t).
Oteer. ||A|| = sup {||AX]| (|Ix|l < 1)} = 1.

3apaua 10. Onpegenutb onepatop A" M HopMmbl onepatopoB A u A’, ecrnin A:ll>—l2, roe
A(X1,...,Xn,...)= A(0,X1,...,Xn,...).

Yka3aHue. ConpspkeHHbIM K |2 aBnsieTcs npocTpaHcTBO oyHKUMoHanos Buaa G(x)=(g,x), rae ge
l. HyxHO nopoGpatb onepatop A° Ha MHOXECTBE Takmx (PYHKUMOHANOB, TaKoM YTO
(9,AX)=(A'g,x). Ona  dyHkynoHana G(X)=(g,x), rae  9=(91,92,...,0n,...)  MONOXUM
A'G(X)=G'(x)=(g',x), rae 9'=(92,93,...., On,...). [ockonbky A nepeBoAUT €OUHWYHLIA Liap B
eanHn4YHbIA wap, 10 ||A]| = 1. Nockonbky onepatop A orpaHuM4yeH u NpocTpaHcTBo |2 GaHaxoBo,
To ||AT]] = [IA]l = 1.

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

[lokasaTb, YTO onepaTtop A KOMMAaKTEH, HalTK ero CnekTp.



OtBeT. 6(A) = {0}.

YkasaHue. Onepatop A KOMNakKTeH, T.K. ABMSETCA KOMMNO3ULMEN KOMMAKTHOrO onepaTtopa u3
3agaym 52 v orpaHuyeHHoro onepatopa (casura). Nockonbky onepaTop 3agaH B rmnb6epToBoMm
NPOCTpaHCTBE M KOMNakTeH, TO 4mcno 0 BxoauT B ero cnektp. Jlerko nokasatb, 4TO
cOBCTBEHHbIX 3Ha4YeHW y onepartopa HeT: u3 (A-A)x = 0, A0 cneagyeTt x=0.

3apaua 12. MpuBecTn npumep NUHENHOrO, HO HE HENPEPBLIBHOIO (PyHKLMOHanNa.

Mpumep. MNpocTtpaHcTBo {Pi(X)} BCeBO3MOXHbBIX MHOro4neHoB Hag R. Hopma: ||P|[=max(|P(x)])
Ha oTpeske [0;1/2]. dyHkumonan f(P) = P(1). ®yHKunoHan f He aBnseTca HenpepbiBHbIM. B
camoMm Jere, pacCMOTpUM nocnegosaTensHocTb Ph=x". O4eBnaHo, 410 ||Pn|| — O, HO f(Pn)—x.

OnucaHue TeXHOorMmM NpoBeaeHus

lMpomexyTodHaa aTtTrectaumMss MO AUCUMNNMHE npecrnegyeT Luenb OueHuTtb paboTty
oby4alowmnxca 3a Kypc, nosiydeHHble OOy4alWwuMNCa 3HaHUS, YMEHUS WU YPOBEHb
NPUOBPETEHHBIX  KOMMETEHUWA, WX MPOYHOCTb, pasBUTUE TBOPYECKOTO  MbILIIEHWS,
npuobpeTeHne HaBbIKOB CaMOCTOSTENbHOW pPaboTbl, YMEHMEe CUHTE3UpoBaTb MOMyYEHHbIE
3HaHUA N NPUMEHSATb UX MPU PELLEHNN NPAKTUYECKNX 3a4aM.

Ok3ameH nposogutca B dopme cobecefoBaHus ¢ npenogasatenemMm. Ob6yvarowmics
nosiydyaeT ABa TeOpeTUYECKNX BOMPOCa Ha 3HaAHME NOHATUM U onpeaeneHnn, popmMynmpoBoK 1
AokasaTenbCTB YTBEPXKAEHUN U 3afadvy U3 nepeyHsi NpakTnyecknx 3agaHun. Mo pesynbtatam
OTBETa BbICTABMSAETCA OLEHKa Mo NATUOanNIbLHON LWKane.

Bpemsi noarotoBkM K OTBETY HE AOSMKHO MpeBbllaTbh OAHOM0 acTPOHOMMYECKOro 4vaca.
Mpn HeobxogumocTu, B xode OTBeTa MpenogasaTefNlb MOXeET 3ajaBaTbh YTOYHAWOLWME U
AONOMNHUTENbHbIE BOMPOCHI.

Mpn npoBegeHUM MPOMEXYTOYHOM aTTecTauum B (POPME 3K3aMeHa WCMNosSib3YyTCA
cnegyrowue nokasartenu:
1)3HaHue yyebHoro maTepuana u BnageHne noHATUMHbLIM annapaTom;

2) NorMKa U3noXxeHus;

3) KOPPEKTHOCTb hOPMYITMPOBOK M A0Ka3aTeNbCTB YTBEPXKAEHUI N TEOPEM;
4) yMeHne CBA3bIBaTb TEOPUIO C NPAKTUKOWN;

5) yMeHue nnncTpupoBaTb OTBET NpUMepamMu;

6) yMeHne NnpuMeHATb opMyrbl, peLllaTb 3a4auun.

CoOTHOLLEHNE NoKasaTenewn, KPUTEPMEB U LUKaNbl OLLEHNBAHNS pe3ynbTaToB 0byYeHus.

YpoBeHb
Kputepumn oueHnBaHus cpopmupoBaH- | Llkana oueHok
HOCTU
KOMMNeTEeHUMN
Obyvatowmncs B MOMHOA Mepe BriageeT MOHATUNHbIM | [MOBbILLEHHbIV OTtnunyHo
annapaTtom faHHoW 06nacTn KOMMIEKCHOro aHanu3a, KOppeKTHO YpOBEHb
dopmynmpyeT 1 [okasbiBaeT  yTBepXAeHusi, crnocobeH
UNMICTPUPOBaTb OTBET nNpumepamun, daktamu, AaHHbIMU
Hay4HbIX WCCMeAOBaHWA, MNPUMEHATb TeopeTUdecKue 3HaHuA
ONA peleHns npakTu4eckux 3agady B obnactn KOMMIeKCcHOro
aHanusa
OtBeT obyvatowieroca He COOTBETCTByeT OAHOMY (OBYM) M3 baszoBbliii XopoLuo
NnepeyYncrieHHbIX nokasaTtenen, HO CTyAeHT AdaeT npaBusibHble YpOBEHb
OTBETbl HA AOMNOMHUTENbHbIE BONPOCHI.
OTBeT obyuvatollerocs He COOTBETCTBYET NoObIM ABYM (Tpem) MoporoBhbii YposneTtsopu-
M3 nepedncneHHblXx nokasartenen, obyyawowunca paet YpOBEHb TenbHO
HenomnHble  OTBETHI Ha  [ONONHUTENbHbIE BOMPOCHI.




,D,eMOHCTpMpyeT YaCTU4YHble 3HaHUA, UM mnMMeetT He nNoJiHoe
npencraBlieHnn NMOHATUMN KOMMIIEKCHOro aHanuaa, aonyckaet
CyuleCTBeHHble OoLnbKK B peweHnn 3agavy

OTBeT obyvalowleroca He COOTBETCTBYeT robbiM 4YeTbipem U — Heynosnert-
Gonee wu3 nepeuyncneHHblx nokasaTtenen. O6yvarowuiics BOPUTENBLHO
OEMOHCTPUPYET  OTPbIBOYHbIE,  )parMeHTapHble  3HaHuA,
gonyckaet rpybble ownbKM, He yMeeT peluaTb 3a4ayu.

20.3 ®doHA OUeHOYHbIX cpeacTtB CcPOPMUPOBAHHOCTU KOMMETEHUUA CTYAEHTOB,
pekomeHAyeMbIU AnA NpoBeAeHUA ANarHOCTUYeCKnx padbort

I'Ipmmeprle TeCToBble 3a4aHnA

1. BbibepuTe BepHbI OTBET U3 NPESSIOKEHHbIX:
Byget nu koMmnakTHbIM MHOXeCTBO BceXx cterneHen X" (neN) B npoctpaHcTee C[0;1].

1) Da;
2) Her.

OTBeT. HerT.

PeweHue. /13 nocnenoBaTtenbHOCTU 31EMEHTOB f1t0OOro NOMHOro KOMNakTa MOXHO BblAENUTb
cXogsALyCcs B HEM nognocnefosatensHoCcTb. Ho niobas 6eckoHeyHas
nognocriegosaTernibHOCTb U3 {X"} cxoanTca K paspbiBHoM doyHKumm f(x) = {1, if x =1; 0
otherwise}.

2. OnpepnenuTe crnekTp onepaTtopa A, ENCTBYIOLLEro B NPOCTPaHCTBE

l2: A(X, v X enr) = [xl% % X_r: j

OTtBeT. o(A) = {0} U {An=1/n, neN}.
YkasaHue. OnepaTtop A KOMNaKTEH, MO3TOMY €ro CNEKTP COCTOUT U3 HYMst U COBCTBEHHbIX
3Ha4yeHun. Yncna in ABNAKTCA COOCTBEHHBIMU 3HAYeHUAMU, T.K. Ker(A-Ainl)={0}.

3. BcTaBbTe nponyLleHHoe CrioBo:
[lononHeHne MHOXeCTBa perynapHbIX TOYeK onepartopa A 40 BCEW KOMMNIIEKCHOM NTOCKOCTH
HasblBaeTCH ......... onepatopa A
OTBeT: cnekTpom (CnekTp)

4. BbibepuTe BepHbI OTBET M3 NPEASIOKEHHbIX:
MHOXeCTBO perynspHbIX ToYeKk onepaTtopa A Bcerga:
- OTKpPbITO;
- 3aMKHYTO.

5. BoibepuTe BEPHbIN OTBET U3 NPEANOXKEHHbIX:
CrnekTp onepaTopa A aABnseTCcs:
- OTKPbITbIM MHOXECTBOM;
- 3aMKHYTbIM MHO>X€CTBOM.

1 2
6. CobCTBEHHbBIE 3HAYEHUST MaTpuULbl ) 1 paBHbl

a)-1n3,
6) 1+2i,
B) /5.



OTBerT: a.

PeleHne.
Co6CTBEHHbIE 3HaYeHUs MaTPULbl A €CTb KOPHW XapaKTEPUCTUYECKOTO YPaBHEHNS
det(A— AE) =0, rae E — eguHuyHas matpuua. B gaHHom cnyyae

1-4 2
2 1-4
otkyaa A e{-1,3}.

det(A—iE):‘ —(1-A)?—4=(-1-1)(3-2)=0,

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

a) 1+ 2i,
6)—1 13,

B) i\/g.

OTBerT: B.

PeweHune.
COBCTBEHHbIE 3HAYEeHUst MaTPULIbI A €CTb KOPHU XapaKTepUCTUYECKOrO YPaBHEHMS
det(A— AE) =0, rae E — eguHuyHas matpuua. B gaHHom cnyyae

1-4 2

=1-5=0,
2 -1-2

det(A— AE) :‘

oTkyoa A = i\/g .

1 2
8. CobCTBEHHbIE 3HAYEHUA MATPULLbI ( ) J paBHbI

a)—-1u3,
6) 1+ 2i,

B) i\/g.

OTBeT: 6.

PeweHue.
Co6CTBEHHbIE 3HAYEHUS MaTPULbl A €CTb KOPHU XapaKTepUCTUYECKOrO YpaBHEHMS
det(A— AE) =0, roe E — eauHuyHasa matpuua. B gaHHom criyqae

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

det(A—/lE):‘ —(1-A)2+4=0,

1 -2
9. CobCTBEHHbBIE 3HAYEHUST MaTpULbI (2 1 J paBHbl



OTBeT: 6.

PeweHnue.
COBCTBEHHbIE 3HaYeHUst MaTPULIbl A €CTb KOPHU XapaKTepUCTUYECKOrO YPaBHEHMS
det(A— AE) =0, roe E — eguHuyHas matpuua. B gaHHom cnyyae

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

det(A—/lE):‘ —(1-4)2+4=0,

-1 2
10. CobCTBEHHbIE 3HAYEHNA MaTPULLbl ( 5 1) paBHbI

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

B) i\/g.

OTBerT: B.

PeweHue.
Cob6cTBEHHBIE 3HAYeHMs1 MaTpuLbl A eCTb KOPHWU XapakTePUCTUYECKOrO YpaBHEHNS

det(A— AE) =0, rae E — eanHuyHasa matpuua. B gaHHom criyqae

1-1 2
det(A—/lE):‘ =12-5=0,

1-4

oTkyoa A = i\/g .

-1 -2
11. Cob6CTBEHHbIE 3HAYEHNA MaTPULLbI [ ) 1 ) paBHbI

a) +i/3,

0)-1n3,
~1+5
B) T

OTBeT: a.

PeweHue.
CoB6CTBEHHbIE 3HAYEHNA MaTPULbl A €CTb KOPHU XapaKTepUCTUYECKOrO YpaBHEHMS
det(A— AE) =0, roe E — egnHnyHas matpuua. B gaHHom cnyyae

‘—1—/1 —2

=1°+3=0,
1-2

det(A— AE) =

oTkyoa A = iix/é.



1 -2
12. CoBGCTBEHHbIE 3HAYEHNSA MaTpPULLbI (2 J paBHblI

a) +/5,

6)—11 3,

B) ii\/@.

OTBerT: B.

PeweHnue.
COoBCTBEHHbIE 3HAYEeHUst MaTPULIbl A €CTb KOPHU XapaKTepUCTUYECKOro YPaBHEHMS
det(A— AE) =0, rae E — eguHuyHas matpuua. B gaHHom cnyyae

1-1 -2
2 -1-A
oTkyaa A = iix/é.

det(A—/IE):‘ =12+3=0,

-1 2
13. Cob6CTBEHHbIE 3HAYEHNA MaTPULLbI ( ) J paBHbI

a)1u-3,
6)—113,
B) +3i.

OTBeT: a.

PeweHue.
Co6CTBEHHbIE 3HAYEHUA MaTPULbl A €CTb KOPHU XapakTepUCTUHECKOTO YpaBHEHMS
det(A— AE) =0, rae E — egnHuyHas matpuua. B gaHHom cnyyae

-1-4 2
2 -1-4
otkyaa A €{,-3}.

det(A—/’tE):‘ =(1+4)?-4=0,

1 -2
14. Cob6CTBEHHbIE 3HAYEHNA MaTPULbI ( s 1 j paBHbI

a)1wu-3,
0) -1 n3,
B) +3i.

OTBeT: 6.

PeweHue.
Co6CTBEHHbIE 3HAYEHUS MaTPULbl A €CTb KOPHU XapaKTepPUCTUYECKOrO YpaBHEHMS
det(A— AE) =0, roe E — egnHnyHas matpuua. B gaHHom cryyae

1-4 =2
-2 1-1
otkyaa A e{-13}.

det(A—lE):‘ —(1-2)?—4=(-1-2)(3-1) =0,




-1 2

15. Co6CTBEHHbIE 3HAYEHNSA MaTpPULbI 1 paBHbI
a)1n-3,
6)-1n3,
B) +i/3.
OTBerT: B.
PeweHue.

COoBCTBEHHbIE 3HAYEeHUst MaTPULIbl A €CTb KOPHU XapaKTepUCTUYECKOro YPaBHEHMS
det(A— AE) =0, rae E — eguHuyHasn matpuua. B gaHHoM criyqae
-1-4 2
det(A- AE) = =1%+3=0,
-2 1-2

oTkyaa A = iix/é.

TpeboBaHWs K BbINOMHEHUIO 3aaHU, LWKanbl U KPUTEPUN OLLEHUBaHUS
1) TecToBble 3agaHus.

- 3agaHuns 3aKpbITOro TUnNa — cpeaHuUn YpoBeHb CHOXHOCTU (BbIOOP O4HOro BapuaHTa OTBeTAa,
BEpPHO/HEBEPHO):

e 1 6ann — ykasaH BepHbI OTBET;
e 0 6annoB — yka3aH HEBEPHbLIN OTBET.

- 3aaHuns 3aKpbITOro TUNa - cpeaHUN YPoBEHb CIOXHOCTU (MHOXKECTBEHHbLIN BbIOOD):

e 2 Banna — ykasaHbl BCe BEPHblE OTBETHI;

e 3a Kaxabll BepHbIN OTBET cTaButca 1 6ann, npy 3TOM 3a KaXabli HEBEPHbLIW OTBET
BblynTaetcsa 1 6ann;

e 0 6annoB — He BbIGpaHO HN O4HOrO BEPHOrO OTBETA.

- 3agaHug 3aKpbITOoro Tuna (Ha cooTBETCTBUE):

e 2 Banna — BCe COOTBETCTBMUS OnpeaerieHbl BEPHO;

e 32 Kaxdoe BepHOe COMoCTaBrieHMe CTaBUTCHA KonuvectBo 6annos, pasHoe
MakcumanbHoMy (2 6anna), AeneHHOMY Ha KONMYecTBO npeafiaraemblx B BOMpoce
COMOCTaBIEHUN;

e 0 6annoB — HM OQHO CONOCTaBEHNE HE BbIBpaHO BEPHO.

- 3agaHuga OTKPLITOro T1na (KOPOTKUM OTBET):

e 2 6anna — ykasaH BEepHbIN OTBET;

0 6annoB — ykasaH HEBEPHbIN OTBET






