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PABOYAS MPOrPAMMA YYEBEHOW ONCLMMIUHBI

51.0.18 ®yHKUMOHaNbHbLIV aHanNu3

1. Koo u HaumeHoBaHMe HanpaBneHusa nogrotosku: 02.03.01

MaTemMaTtumka U KOMMNbOTEPHbIE HayKu

2. Mpodunb nogroroBku: MatemaTnyeckme MeToLbl U KOMMbIOTEPHbLIE TEXHONOMMN B
€CTEeCTBO3HaHUKN, IKOHOMUKE W ynpaBneHnn; MatemaTnyeckoe n KOMNbIOTEPHOE
mMogenupoBaHue

3. KBanudmkauma BbinyckHuka: 6akanasp

4. dopma oby4eHuUA: oyHas

5. Kadbeppa, oTBevarowaa 3a peanusauuio AUCLUUNIUHBLIL: YHKLUMOHANBLHOrO aHanusa u
onepaTopHbIX ypaBHEHUN

6. CocrtaButenu nporpammbl: KameHckun Mwuxamn Wropesud, AO.4.-M.H., npodyeccop;
MeTtpoBa AHacTacua AnekcaHOpoBHa, K.gp.-M.H., npenogasaTenb;, boHgapeB AHgpen
CepreeBud, K.h.-M.H., npenogasarerb

7. PexomeHpgoBaHa: HMC matematumyeckoro cpakynsteTa 25.05.2023 NMpotokon Ne 0500-06

8. YuebHbIn roa: 2024-2025, 2025-2026 CemecTtp(bl): 4,5, 6



9.lenu n 3agaum y4eb6HOM ANCLUUNIINHDI:

Llensmu oceoeHusi yuebHoU ducyuniuHbl S68715H0MCs:

- JoBedeHue [0 CTyOeHTOB maen u MeTonoB (PYHKLUMOHANbLHOrO aHanuia, KOTOpbIn
ABNAETCA A3blKOM COBPEMEHHOW MaTeMaTuKku, rAe LUMPOKO  UCMONb3YTCA  MOHATUA
yHKUMOHaNbHOro npoctpaHcTea (6eCKOHEYHOMEPHOrO) N OTOBPaXXeHMst Takmx NPOCTPAHCTB.

3adayu y4ebHoU OuCyunuHbI:

- COCTOAT B pa3BUTUM Yy CTYAEHTOB ABONHOIO 3pEHNSA: C OOHOW CTOPOHbI YMEHUS cneauTb
3a BHYTPEHHEN NOrMKon pasBuTnA TeOpUN (PyHKUMOHANbHOIo aHanmsa, a ¢ Apyron He ynyckatb
13 Bnga obcny>xmBaemyro aTMmMmn Teopmammn NnpobnemMaTumky Krnaccu4eckoro n gaxe nNpuKnagHoro
aHanusa, B YaCTHOCTU, BOMPOCOB, CBA3AHHbIX C MHTerpasnbHbIMU ypaBHeHUsMyU dpearonibma u
BonbTeppbl.

10. MecTo y4ye6HOM AncunnnuHbl B cTpykType OOIT:

[ucunnnmnHa oTHocuTCA K obasatenbHon Yactn bnoka b1.
[nsa ycnewHoro 0CBOEHMs AUCUUNNHBI HEOOX0AMMO npeaBapuUTENbHOE U3yvyeHne

KypcoB «MaTemaTuyecknn aHanuay», «uddepeHunansHble ypaBHeHUs», «MaTemaTndeckas
noruka.
11. MnaHupyembie pe3ynbTaTbl O0y4YeHUA MO AucuUnnuMHe/mMoayno (3HaHUA, YMEHUSA,

HaBblKW), COOTHECEHHbIe C NNIaHUPYyeMbIMU pe3yribTaTaMu OCBOeHUS o6pa3oBaTenibHOM
nporpaMmmbl (KOMNeTEeHLUAMU) U UHAUKATOPAMU UX [OCTUKEHURA:

Kopn HaseaHue Koa(bl) WugukaTop(bl) MnaHnpyemble pesyrnbTaTbl 00y4eHUs
KOMMNEeTEHL MM
OrlK- | CnocobeH KoH- OrlK-1.1 | O6bnapaet 3HaTb: OCHOBHbIE MOHATUS 1 TEOPEMBI
1 cyneTposathb U 6a3soBbiMY byHKUMOHanNbLHOro aHanunsa
UcnoneL3oBaTk SHaHUAMN, YMeTb: AoKa3biBaTb TEOPEMbI U NPUMEHSITH
yHAaMEHTambHbI nonyH4eHHLIMM B MeToabl (PYHKLMOHANbHOro aHanmaa gns
€ 3HaHus B obnactun
obnactn MaTeMaTUYECKNX U pelenns sanas .
MaTeMaTuyecKkoro (MNN) ECTECTBEHHBIX BnageTtb: OCHOBHbIMW NpPUEMaMuM U MeTogamu
aHanusa, Hayk peleHuns 3agay yHKUUOHANbHOro aHanmsa
KOMMJIEKCHOro " OlMNnK1.2 | Ymeer ncnonb30- | 3HaTb: OCHOBHLIE NMOHATMSA pasgenos
(YHKLMOHAmNBHOTO BaTb 6a30Bble 3HA- | AUCLMNNMHBI, METOABI aHaNN3a U A0Ka3aTeNbCTB
aHanusa anre6vpb|, HUA B 0BNacTM Ma- | 5ohoBHBIX YTBEPXKAEHMIA;
aHanuTiieckon TeMaTn4eckiix M1 ymets: NPUMEHATb annapaT PyHKLNOHABHOIO
reomeTpuu, and- (Mrn) ecTecTBEHHBbIX i
chepeHLManbHOM HayK B mpocheccuo- aHanusa B peLleHunn NpakTUYeckux 3agau;
reoMeTpun 1 Tomno- HanbHOWl aesTenb- | BMaAeTb: HaBblkaMu aHanusa U WUCCreaoBaHus
norvm, andde- HOCTU KOHKPETHbIX 3aaau.
peHunanbHbIX OrllK-1.3 | imeeT HaBblkM Bbl- | 3HATb: OCHOBHbIE NOHATUSA pa3nernoB
ypaBHeﬁan, aunc- Gopa METOAOB pe- | gucuMnnuHbl, METOAbl aHanM3a u peLLeHust
KpeTHon maTema- C|_;eH|/|;| 3apa4 mpo- | sanay
TUKU U €CCUOHanbHOMN ) . "
MaTEMaTUIECKO eSITENBHOCTY ha YMeTb: Haxoaute He06X0AMMBINA HayYHbIN
FOFVKI, TEOpUM OCHOBE TeopeTMue- MaTepwuan no yHKUNOHANbHOMY aHanmisy ans
BepOﬂTHOCTeVI, CKUX 3HAHUN KOPPEKTHOro co3gaHna matematnyeckoun
MaTemMaTU4eCKOM MOZENM NPaKTUYECKNx 3agay
CTATUCTUKN U Brnapets: HaBblkaMK MOAENNPOBaHUs
CrnyYanHbIX KOHKPETHbIX 3aga4y C [MOMOLWbI  CPeacTs
npoLieccos, YHKUMOHANBHOIO aHanu3a Ans nocriegyoLero
YUCNEHHbIX MX UccrnefoBaHUs YUCNEHHBIMU MeTO4aMMU.
MEeTOo0B,
TeopeTnyeckom
MEXaHWKN B
npodeccnoHarnbHO
N OeAaTenbHOCTU




12. O6bemM gUcLUUNNUHbI B 3a4eTHbIX eaAnHuUax/yac. — 7/252.
dopma NpomMeXyTOYHOM aTTecTaluum — 3a4eT, 3K3aMeH

13. TpypoemkocTb No Buaam y4ebHou paboTbl

TpynoemMKkocTb
o cemecTtpam
Buz yue6Hoi paboTsl 4-n cemecTp 5-1 cemecTp 6-1 cemecTp
Bcero u. 4y, B u. 4y, B Y Yy, B
dopm ¢opme dopm
e M M e MM
AyaUTOPHbIE 3aHATUA 136 68 18 50
nekuuu 52 18 34
B TOM 4yucne: npakTnyeckme 84 68 16
nabopartopHble
CamocTtosaTenbHas paborta 80 40 18 22
B TOM Yucne: Kkypcosas paboTa (npoekT)
dopma NpomMexyTo4HOM aTTecTaLmm 36 36
3a4yém, aksameH — 36 yacos
WToro: 252 108 36 108
13.1. CopepxaHue QUCLMUNIINHBI
Peanusauns
HaumeHoBaHne paspena
Ne asgena CopepxaHue pasgena ANCUUNIIUHDBI ANCLMNINHDI C
n/n | Pa3A P P NMOMOLLIbIO
ANCUMNNNHBI .
OHIanH-Kypca,
OYMK *
1. Nekuun
MHoxecTBa Mepbl Hyrnb. CTyneHyaTble yHKUUN, OENCTBUS Hag
HUMM.
N3mepumble coyHKUMKN, OeNCTBUS HAL HUMK. VIHTerpupoBaHue
cTyneHyatblx oyHKUmMn. CBOMCTBa UHTerpana. [lse nemMmbl o
nocneaoBaTenbHOCTAX CTyNeHYaTbIX PyHKUNNA.
+ +
MHOeCTBO (YHKLNIA C , DENCTBUS Ha PYyHKLUMAMN U3 C .
+
KoHeYHOoCTb NoyTH BCogy yHKUMA 13 C
+
Mamepumble WuTerpan B MHOXeCTBE c". lMpocTeviwne cBoONCTBa UHTErpana B

1.1 | PYyHKUMM 1 ct Cc*
. Teopema o npefensHOM nepexofe B nof 3HaKoMm

+
mHoxectso C uHterpana. Cnefcreue.

KpuTtepuit nHterpmpyemocTtu no Pumany yHKLmnn X(t) B

TepMuHax dyHkumMi X n X | cneacteve. Teopema 06
WHTErpUPYEMOCTH doyHKLMM Mo PUMaHy B TepMUHAX

nocnegoBaTenbHOCTEN CTyneHYaTbiX QYHKUMA. yHKLMK X Xy

[l0Ka3aTenbCTBO PaBEHCTB MOYTU BCOAY X= )—(, X=X Kputepwuii
Jlebera nHTerpupyemoctv yHKLMKU No PumaHy

Cymmunpyemble coyHKLMKM (onpeaeneHue). lencteus Hag
Cymmupyembie CyMMUPYEMbIMU DYHKLUSMU.

1.2 | doyHKUMM 1 WHTerpan B knacce cyMmupyeMbix yHKUUIA (onpegeneHune).
uHTerpan Jlebera | CeolcTBa uHTerpana. Jlemma o npefcraBneHun CyMmMupyemMon
dyHkunn. Teopema benno Jlesun, cnegcrens 1 m 2.




Teopema 0 ¢cBs3u HecobCTBEHHOro MHTerpana PumaHa ans
HeoTpuuaTenbHon PyHKLMK ¢ nHTerpanom Jlebera. MNMpumep
PYHKLMN HECODCTBEHHO MHTErpMpyeMon no PumaHy, HO He
CYMMMUPYEMON.

Teopema Jlebera o npegensHOM nepexoae Noj 3HakoM UHTerpana
(Tpn nemmbl). Cnegcteus 1 n 2. Teopema dary.
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Mepa mHOXecTBa

OnpegeneHve n3amMeprMoro MHOXecCTBa 1 ero mepsbl. [pocTenwmne
CBOWICTBa N3MEPUMbIX MHOXeCTB. Teopema 06 06beanHEHNM
N3MepPUMbIX MHOXECTB, CneAcTBue A5 nepeceyeHns NsMepumMbIx
MHOXecTB. TeopemMa 0 Mmepe 06beAMHEHMS NONAPHO He
nepecekawLmnxcs N3MepmMMbix MHOXeCTB. Teopema o mepe
06beMHEHNS pacLUMPSIIOLLENCS NOCNeA0BaTENbHOCTU NU3MEPUMbIX
MHOXecTB. Cneacrtane 0 Mepe 06beguHEHNST U3MEPUMbIX
MHOXecTB. CneacTteune 0 Mepe nepeceveHus yobiaroLLen
nocneaoBaTenbHOCTM U3MEPUMbIX MHOXKECTB.

CyuiecTBOBaHME HEU3MEPUMOrO MHOXeCTBa (MHOXeCTBO Jly3nHa).
CTpyKTypa M3MepuMoro MHOXeCTBa NONOXUTENbHOW MepbI.

1.4

Teopus Jlebera

BHewHAs mepa MHOXecTBa. TeopeMa O BHELLHEN Mepe
N3MepMMOro MHOXecTBa. Teopema 06 M3MepMMOCTU MHOXECTBA B
TEPMUHaXx BHeLLHel Mepbl. OnpegeneHne N3MepumMoro MHOXecCTBa
no Jlebery B TepMMHax BHELLHEN U BHYTPEHHEN MEpbI.

PyHKUMK, namepumble no Jlebery. Teopema 0 MHOXeCTBax
dyHKUMIA, namepumblx no Jlebery n no Puccy.

Onpepgenenuve no Jlebery nHterpana oT OrpaHU4eHHOW N3MEePUMON
dyHKkummn. Teopema o coBnageHun nHterpana no Jlebery un
WHTerpana no Puccy ot orpaHM4eHHON 3MepuMon hyHKLMK.
OnpegeneHune no Jlebery nHterpana ot HEOrpaHN4YEHHON
nsmepmmon pyHkumn. Teopema o coBNageHnn MHOXecTBa
PYHKUMIA, NHTErpMpyembix no Puccy, ¢ MHOXeCTBOM DyHKLMNA,
uHTEerpmpyembix no Jlebery.
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WHTerpupoBaHue
no M3amMepnMomy
MHOXeCTBY.
O6006LLeHus Ha
©ecKoHeYHbI
NPOMEXYTOK U
dyHKUNN
HECKOMbKUX
nepemMeHHbIX

WHTerpupoBaHue no nsmepmmomy MHoxectBy. [pocTtenwine
cBouicTBa. Teopema 06 MHTErpMpoBaHMM No 06beANHEHNIO
N3MepPUMbIX MHOXeCTB. TeopemMa 0 CyMMUPYEeMOCTH
HeoTpuuaTenbHOW PyHKUMM Ha OO beANHEHUN N3MEPUMBIX
MHoXecTB. OueHKa nHTerpana no M3MmepMMoMy MHOXECTBY.
Teopema 06 abcontoTHOWM HenpepbIBHOCTU MHTerpana Jlebera.

Cnyyaii GeckoHe4YHoro NpoMexyTka. [JokasaTenbCTBO
N3MepUMOCTU Npedena usMepumblix dyHKUMn. Mepa nepeceyeHus
y6biBaloLLel NocneaoBaTenbHOCTU U3MEePUMbIX MHOXECTB.

Cnyyan pyHKUMM ABYX HE3aBUCUMBbIX MEPEMEHHbIX. Teopema
Oy6uHn (6e3 gok-Ba). Teopema 0 CyMMUpPYEMOCTM NO
NPSAMOYroNbHUKY OYHKLUK, ONS KOTOPOW CYLLECTBYET OAMH U3
NOBTOPHbIX MHTErpasnos, ABa CNeacTBus.

1.6

MpocTpaHcTBa
CYMMUPYEMBIX

dyHKUNIA

L,[a,b]

). HepaBseHcTBo Nenbaepa. Hopma gnsa cnyyas

MpocTtpaHcTBa
0<p<w

. (onpegeneHne N NMHENHOCTbL AN

1<p<ew

L,[a,b] L..[a,b]

lMonHoTa npocTpaHcTBa
(onpegeneHue n Hopma).

. MpocTpaHcTBO

1.8

JInHelnHble
OrpaHNY€eHHble
onepartopbl

JInHenHble onepaTopbl U yHKUMOHanNbI (onpeaeneHus). Teopema
O NMHEHOM ornepaTtope, HENMPEPLIBHOM B OOHOW TOYKE.
OrpaHn4YeHHbIN NMHENHBIM onepaTop 1 TeopemMa O CBA3N
OrpPaHNYEHHOCTU JIMHENHOIO onepaTopa C ero HenpepPbIBHOCTHHO.
Teopema 00 OrpaHM4EHHOCTM JIMHENHOIO onepaTopa,
onpegeneHHoro Ha KOHeYHOMEPHOM MPOCTPaHCTBE.

Hopma nnHeHoro orpaHMyYeHHOro oneparopa (onpeaeneHue).
Teopema 0 BblYMCNEHMU HOPMBI onepaTopa. OnepaTtop




®peparorbma B NpocTpaHCTBe Cla.b] o Hopma. Onepatop
1
avddpeperunposarus 8 CLA Pl 1 4 C 1201 ¢ Cla,b]

[MpoCTpaHCTBO NUHENHBIX OrpaHUYEHHbIX onepaTopoB. Teopema o
NONHOTE NPOCTPAHCTBA NNHENHbIX OrPaHNYeHHbIX onepaTopos (B
CMbICIie paBHOMepHON cxoanmocTu). Crneacreme ons
conpsXeHHoro npoctpaHcTea. [NponsBeaeHne NUHENHbIX
oneparTopos.

CunbHasa cXoguMOCTb NIMHENHbLIX ONepaTopoB, CBA3b C
paBHOMEPHOW CXOAUMOCTbLHO0. [pUHUMN paBHOMEPHOW
OrpaHNYeHHOCTU (Nemma 1 Teopema). Teopema o nosiHoTe
NPOCTPAHCTBA NIMHENHbIX OFPaHMYEHHbLIX ONepaTopoB (B CMbICIe
CUINBbHOW CXOANMOCTH).

Teopema 0 NpoAoIKEHUN NTMHENHOro onepaTopa rno
HenpepbIBHOCTM Ha Bce NpocTpaHcTBo. OBpaTuMbIii U 06paTHbIN
onepaTtopbl (onpeaeneHus). Teopema o NIMHEWHOCTY oBpaTHOro
oneparopa.

1.9

ObpaTtnmble
orepaTtopebl

Ycnosue o6paTtMMoCcTu NMMHENHOTO onepaTopa. Ycnosue
06paTMMOCTN NMMHENHOTO onepaTopa 1 OrpaHNYeHHOCTH
obpatHoro. Jllemma 06 06paTMMOCTM NIMHEHOrO onepaTopa u
obpaTtHom onepartope. HenpepbiBHO 06paTMMbIn onepaTop
(onpepeneHune). Cneactene 0 HenpepbiBHO 06paTMMom
orneparope.

Teopema BaHaxa 0 HenpepbIBHOW 06paTMMOCTH onepaTopa (aBe
nieMMbl U TEOPEMA).

Pe3onbBeHTa NMHENHOro onepaTtopa 1 ero crekTp (onpeaenexHus).
Teopema 0 perynsipHoM MHOXECTBE U NpeAcTaBneHnn
pe3onbBeHTbI, CNeACTBUE AN cnekTpa. Teopema 06 OTKPbITOCTU
perynsipHoro MHOXXecTBa, criecTBue Ans cnekTpa

1.10

3amMkHyTble
orepaTtopbl

. 3amkHyTble onepaTopbl (onpegeneHue). Teopema 0 3aMKHYTOCTU
OrpaHn4eHHoro onepartopa. 3amKHyTOCTb onepaTopa

Cla,b]

andbdepeHumpoBaHms B

Teopema 0 3aMKHYTOCTU onepaTtopa, 06paTHOro K 3amMKHYTOMY,
crneacTBue Ans HenpepbiBHO obpaTumoro onepaTtopa. [ekapToBo
npoun3BefeHne NMMHEVHbIX HOPMUPOBAHHbIX MPOCTPAHCTB
(nMMHenHbIE onepaummn, HopMa 1 nonHoTa). ['padumk NMHenHoro
onepartopa. Jlemma o rpaduke 3amkHyTOro onepartopa. Teopema o
3aMKHYTOM onepaTope, onpeaeneHHOM Ha BCEM NPOCTPaHCTBE.
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JInHenHbIe
OrpaHUY4eHHble
dyHKUMOHan.I

HPOIJ,OJ'I)KeHl/Ie NNHENHoro orpaHmn4eHHoro (*)YHKLI,VIOHaJ'Ia — nemMma
n TeopemMa XaHa - baHaxa (D,OKa?:aTeJ'IbCTBO ansa cerlapa6eanoro
BeLleCTBEeHHOro I'IpOCTpaHCTBa). Tpl/l cneacTeu4. Jlemma o
6MOpTOFOHaJ'IbeIX cucremMax.

06wt BUA NUHENHbIX OrPaHNUYeHHbIX YHKLNOHAMOB B

I, (< p<o)
NpOCTpaHCcTBax: KOHEYHOMEPHOM, P

Lp [2,b] (1< p <) (cnyyawm p*2 0e3 JokasaTenbcTBa).

, 'MnNbbepToBOM,

BTopoe conpspkeHHOe NPOCTPaHCTBO M pedrekCBHbIE
npocTpaHcTBa. Cnabas cxogMMOCTb SIEMEHTOB B
HOPMUMPOBaHHbIX NpPOCTpaHcTBax (onpegeneHue). MNpocTtenwne
CBOWCTBa: €AMHCTBEHHOCTb craboro npegena, CBsA3b CO
CXOAMMOCTbIO MO HOPME, OrpaHNYEHHOCTb CNabo cxoasLencs
nocnegoBaTenbHOCTH, OLUEHKa Ans HopMbl criaboro npegena.

1.12

Cnabas
CXOOUMOCTb
3N1eMEHTOB

Cnabo nonHele NpocTpaHCcTBa U Teopema O criabor NosnHoTe
pednekcnBHbIX NPOCTPAHCTB. Teopema o cnabon cxoaMMmocTu B
KOHEeYHOMEPHOM npocTpaHcTBe. Cnabo OTHOCUTENBHO
KOMMaKTHble MHOXECTBa (onpeaeneHune). Teopema 06
OrpaHN4YEHHOCTM CNabo OTHOCMTENBHO KOMMAKTHOrO MHOXECTBA.
Teopema o cnabow 0THOCUTENBHOM KOMMAKTHOCTU OrPaHUYEHHOro
MHOXeCTBa B pecrieKCMBHOM NPOCTPaHCTBE (4oKa3aTenbCTBO AJ1s
rmMnbbepToBa NPOCTPaHCTBA).

1.13

ConpsiXeHHble

ConpsiKeHHbIV onepaTtop (onpedeneHve ans orpaHU4eHHoro




oneparopbl

onepartopa). Onepartop ®pegronbma ¢ 94pOM, CyMMUPYEMBIM C

KBagpaTOM U COMPSKEHHbI K HEMY B MPOCTPaHCTBe L,[a, b].
Teopema 0 NIMHEWHOCTM N HOPME COMPSPKEHHOTO onepaTopa.
OnpeaeneHre ConpsikeHHOro onepaTopa B rMnbGepToBOM
MpOCTpaHCcTBe.

1.14

BronHe
HenpepbIBHbIE
onepartopbl

BnonHe HenpepbiBHbIE onepaTopbl (onpeaeneHue). Teopema o
MHOXECTBE BMOJSIHE HEMPEPbLIBHLIX onepaTopoB. Teopema o
BroJiHe HeMNpepbIBHOCTM onepaTopa, onpeaerieHHoro Ha
KOHEYHOMEPHOM MPOCTPAHCTBE, UMW AEVCTBYIOLLErO B
KOHeYHOMEpPHOE NPoCTpaHCTBO. TeopeMa o BrosiHe
HenpepbIBHOCTM OnepaTopa, CONPSPKEHHOrO K BMOJHE
HenpepbiBHOMY. BrionHe HenpepbiBHbIE onepaTopbl U criabas
CX0OMMOCTb (4Be NeMMbl U Teopema).

BnonHe HenpepbIBHOCTL onepaTopa ®pearosibmMa ¢ HenpepbiBHbIM

Cla,b] , C[a,b] ,,; L,[a,b] , C[a,b] ,; L,[a,b]

AOPOM: U3
L,[a,b]
B . BnonHe HenpepbiBHOCTL onepaTtopa PpearonbMa ¢

AAPOM, CYMMUPYEMbIM C KBaApaToMm, 13 L, [a,b] B L, [a, b].
Teopus Pucca — Llayaepa nuHenHbIX ypaBHEHUI BTOPOro poaa.

*

Nemma 0 MHoXecTBe 3HaueHuii onepatopos | —A y | —A

1.15

JIMHelHble
ypaBHeHWsI
BTOPOro poaa

MMepBag, BTOpas u TpeTbs Teopembl PpearonemMa. MHTerpaneHble
ypaBHeHuns dpearonbma BTOPOro pofa € BbIpOXAEHHBIMY SApaMMu.

2. Mpakmuyeckue 3aHamus

2.1

MeTpuyeckne

npocTpaHcTBa

OnpegeneHve MeTpuyeckoro npocTpaHcTea. MpumMepsl. Lapbl.
OrpaHuYyeHHble MHOXeCTBa.

CxognmocTtn B MEeTPUYECKMX NpoCTpaHCTBaX. CeoiicTBa
CXOAsLMXCa nocrnegoBaTeNibHOCTEN. HeﬂpeprBHOCTb METPUKKN Nno
COBOKYMHOCTU NepeMeHHbIX. anMepr

MonHoTa MeTpuyecknx NpocTpaHCcTB. Mprmepbl NOMHbIX
npocTpaHcTB. [NprMep HENorHOro NPOCTPaHCTBa

TOYKM NPUKOCHOBEHWS U 3aMblKaHUA MHOXecTB. CBoncTBax
onepauun 3amblkaHus. Teopema 0 TOUYKM MPUKOCHOBEHUSA
MHoXecTBa. MpefenbHON 1 N30NMPOBAHHOM TOYKMU.

3aMKkHyTble MHOXECTBa. Teopema 06 o6beauHEHM 1 NepeceveHmnm
3aMKHYTbIX MHOXECTB

BHyTpeHHne Toukn. Onepaums B3ATUS BHYTPEHHOCTU MHOXECTBA U
ee cBoncTBa. Teopema O CBSA3M onepaunin 3aMblKaHUs U B3ATUSA
BHYTPEHHOCTN MHOXEeCTBa.

OTKprTbIe MHOX€eCTBa. Teopema O CBA3U OTKPbITOCTN MHOXECTBa U
3aMKHYTOCTU ero gonoJiHeHnA. Teopema O CBOWCTBaXx OTKPbITbIX
MHOXECTB.

MocTpoeHne orpaHNYeHHbIX OTKPbLITBIX Y 3aMKHYTbIX MHOXECTB Ha
npsiMon

Teopema o nomnHoTe nNoanpocTpaHcTBa. Teopema O BIOXEHHbIX
Luapax.

COBepLLIeHHbIe, NNoTHbIE, BCOAY MIOTHbIE, HUTAEe He NIOTHbIE
MHOXeCTBa. Teopema O NonoJiHeHnn

MHo)ecTBa nepBow 1 BToOpoun kateropuin. Teopema bapa.

CenapabenbHoro npocTpaHcTea. Mpumepsl
cenapabenbHbiX U HecenapabenbHbIX NPOCTPAHCTB

HenpepbiBHbIE OTODpaXKeHNs1 METPUYECKMX NPOCTPaHCTB. Teopema
00 9KBMBaNeHTHOCTU ONpeaerieHnin HenpepbIBHOCTM Yepes €, O 1
nocnefoBartenbHOCTU. [IBe TeopeMbl 0 HEMpepbIBHbIX PYHKLMAX U
npoobpasax OTKPbITbIX Y 3aMKHYTbIX MHOXECTB.

Ycnosue Jlunwuiua n cxmmatowme otobpaxerust. MNpuHumn
CXKMMaIOLLMX OTOOpaXKeHWI (C OLEHKONM NOrPELLHOCTH).
[MprMeHeHne NpyHLMNAa CXUMAOLLMX OTOBPaXKEHUN K




UHTerpanbHbIM ypaBHeHnsM Ppearonbma BTOPOro poaa.

OTHOCUTENBHO KOMMAKTHOrO U KOMMAKTHOrO MHOXeCTBa. Teopema
06 orpaHN4eHHOCTU OTHOCUTENBHO KOMMAKTHOTO MHOXECTBA.
Teopema Benepltpacca.

BrionHe orpaHnyYeHHoOro MHoXecTBa. Teopema 06 orpaHU4YeHHOCTU
BMOJIHE OrpaHN4YeHHOro MHoxecTBa. Teopema Xaycgopda

OrpaHunyeHHble, paBHOCTEMNEHHO HEMPEPbLIBHbIE, OTHOCUTESBHO
KoMnakTHble MHOXecTBa B C[a,b] (Teopema Apuena).

2.2

JInHenHbIe

npocTpaHcTBa

JInHenHoe NpoCTpaHCTBO (OnpeaerneHne n NpocTellne CBOMCTBA).
[Mpumepbl NIMHENHBIX MPOCTPAHCTB.

BbII'IyKJ'Ioe MHOXeCTBO. JIuHelHas 3aBMCUMOCTb Y HE3aBUCUMOCTb
3reMeHToB. JInHenHoe MHOFOO6pa3VIe

Pa3amepHOCTb NMHENHOro MHOroobpasus. basuc nNMHenHoro
MHoroobpasusi. [psmas cymma nMHENHbIX MHOroobpasun.

2.3

JInHenHbIe
HOPMUWPOBaHHbIE

npocTpaHcTBa

HopmupoBaHHoe npoctpaHcTBo. Onpeaenenuns n npocrenwimne
cBovicTBa. [pnmepbl HOPMUPOBAHHbLIX NPOCTPAHCTB.

Panbl aneMeHTOB HOPMUPOBaAHHOIO NPOCTPaHCcTBa. Cxoaalumecs 1
abComnoTHO cxoagalumecs pAabl.

OKBUBaneHTHble HOPMbI (OnpeAeneHne 1 NpocTene CBOMCTBA).
Teopema 06 9KBMBANEHTHOCTM HOPM B NIOGOM KOHEYHOMEPHOM
HOPMMPOBaHHOM NPOCTPAHCTBE.

SaMKHYTOCTb KOHEYHOMEpPHOro NIMHEeNHOro MHOFOO6pa3VI9|.
lMNonHoTa KOHEeYHOMEpPHOro JNIMHENHOTO NPOCTpaHCTBaA.

Pa3pelnMocTb MHTErpanbHbIX ypaBHeHWUIA BonbTeppa BToporo
poaa.

KoMnakTHOCTb U KOHEYHOMEPHOCTL (Nemma Pucca, Teopema 06
OTHOCUTENBbHOM KOMNAKTHOCTU BCAKOro OrpaHN4YeHHOro MHOXecTBa
B HOPMUPOBAHHOM MPOCTPAHCTBE).

2.4

2.5

MpocTpaHcTBa co
cKansipHbIM
npovsBeaeHneM

JInHenHblie
orpaHuyeHHble
oneparopsl

JIuHenHoOe NPOCTPaHCTBO CO CKanspHbLIM NMPOU3BEAEHUEM
(onpepenenwne). HepaseHcTso Kowwm - ByHsikoBCKOro, Hopma,
HenpepbIBHOCTb CKansApHoro npounssegeHud. OnpegenexHve
rmnbbepToBa npocTpaHcTBa. [pumepbl NPOCTPaHCTB CO
CKansipHbIM NpOU3BEAEeHNEM.

CBOWCTBO OPTOroHanbHOCTU. Teopema O pa3fnoXeHnW aremMeHTa B
CYMMY NPOEKLUNA.

Teopema 0 NMOTHOCTU NIMHENHOTO MHOro0Gpa3sns B rmnbLGepTOBOM
MpOoCTpaHcTBe.

OpTOFOHa.I'IbeIe CUCTEMbI 3JTEMEHTOB. Teopema 00 OpTOFOHaﬂbHOVI
cucrteme B cerlapa6ean0M NPOCTpPaHCTBE. I'Ipou,ecc
OpTOoroHann3auun Wmunara.

3apava o Hamnydwen annpokcuMmaumn. HepaseHcTBo beccens u
CX0AMMOCTb psga dypbe.

3amMkHyTasi OpTOHOPMMPOBaHHasi CUCTEMA 3IEMEHTOB
(onpepenenwne, cxogumocTb paga Pypbe). Teopema 0 NONHON
OPTOHOPMUPOBAHHOW CUCTEME SMIEMEHTOB.

PelueHne 3agay o gokasaTenbCTBe NIMHEMHOCTU M OrpaHUYeHHOCTHU
(HeorpaHU4YeHHOCTM) oNepaTopoB U (OYHKLMOHAOB 1 HAXOXAEHUN
NX HopMa.

PelueHve 3agay Ha onpeaeneHuy xapakrepa cXoamMocTu
nocrnefoBaTenbHOCTM IMHEHbIX OrpaHNYEHHbIX onepaTopoB

PelleHne 3agay Ha HaxoxaeHne NPOAOIIKEHUS NIMHERHbIX
OorpaHM4YeHHbIX onepaTopoB

PeweHune 3agay o gokasaTenbCTBe NIMHENHOCTU U OrpaHN4eHHOCTU
(HeorpaqueHHocm) onepaTtopoB U (*)yHKLI,MOHaJ'IOB N HaxoxaeHun
MNX HOPMbI

2.6

O6paTtumble
oneparopbl

PelueHne 3agay Ha HaxoxaeHne obpaTHbLIX onepaTopoB U
[0Ka3aTenbCTBO NX OrpaHUYeHHOCTH (C MOMOLLbI TEOPEMBI
baHaxa)




PelweHune 3agay Ha HaxoxaeHWe crnekTpa U pe3osibBEHTbI -
onepaTopos
2.7 3aMKHyTble -
PelueHve 3agay Ha gokasaTenbCTBO 3aMKHYTOCTU ONepaTopoB.
oneparopbl
2.8 PelweHne 3agay Ha HaxoXgeHne NpoaoIKEHMS MO HEMPEPbIBHOCTY -
NIVHEWHbIX OrPaHNYeHHX PYHKLMOHAMNOB C MOMOLLbI TEOPEMBI
. XaHa - baHaxa.
JInHenHble = =
O6wwnii BUA NMHENHBbIX OrPaHUYEHHbIX (OYHKLMOHANOB B HEKOTOPbIX -
OrpaHnYeHHbIe
NpOCTpaHCTBaXx.
dyHKUMOHAnbI
PelwleHve 3agay Ha HaxoXaeHve NPOAOIPKEHMS MO HEMPEPbLIBHOCTY -
NVHEWNHbIX OrPaHNYeHHX PYHKLMOHANOB C MOMOLLbIO TEOPEMBI
XaHa - baHaxa.
2.9 Cnabas . -
VccnegoBaHne nocnegoBaTenbHOCTU NIMHENHBIX OrPaHUYEHHbIX
CXOOUMOCTb
yHKUMOHaNoB Ha cnabyto cxoaMMoCTb
3NEeMEHTOB
2.10 ConpsikeHHble PelwweHune 3agay Ha HaxoxaeHe onepaTopoB, CONPSXKEHHbIX K -
onepaTopsl OaHHbIM.
2.11 BnonHe -
HEMDEDLIBHBIE PelweHune 3agay Ha gokasaTenbCTBO TOro, YTO onepaTop ABnseTcs
pep / He ABNAETCA BNOSIHE HEMPEPLIBHBIM
onepaTopsl
212 JInHenHble . o -
PelueHne NUHeRHbIX ypaBHEHUI BTOPOro poaa ¢ NpUMeEHEHNEM
ypaBHEHUsI
Teopun Pucca-lWaygepa
BTOPOro poaa

13.2. Tembl (pasgenbl) AUCUUNIUHBLI U BUAbI 3aHATUN

Buabl 3aHATUIN (4acoB)

Ne HanmeHoBaHue

JTabopaTopHbl CamocTosTenbHas
n/nm | pasgena avcumnnuHbl | Jlekumm

[NpakTnyeckme
e paboTta

Bcero

1. MeTpudeckue
NpocCTpaHCcTBa 38 20

58

2. JInHenHble
NpoCTpaHCcTBa 4 2

3. HopmunpoBsaHHble
npocTpaHcTBa 16 10

26

4. MpocTtpaHcTBa co
ckanspHbIM
npoun3esegeHnem

10 8

18

N3mepumble cyHKLNN

+
N MHOXeCTBO C

6. Cymmupyemble
OYHKUMN N nHTEerpan 3 2
Nebera

7. Mepa MHOXecTBa 3 3

»

8. Teopus JlebGera 3 4

WHTerpupoBaHmne no
n3mMeprumMomy
MHOXeCTBY.

O6006LLeHus Ha
©ecKoHeYHbI
NPOMEXYTOK U

PYHKLMN HECKOSBKNX

nepeMeHHbIX

lMpocTtpaHcTBa
10 CyMMUPYEMBbIX 3 4

dyHKUMI




JInHenHble
11 OrpaHuyeHHble 5 2 5 13
oneparopbl
12 ObpaTtumble 5 5 2 9
oneparopbl
13 | 3amkHyTblE onepaTopsbl 2 2 2 6
JInHenHble
14 OrpaHuYyeHHble 4 2 2 8
dyHKUMOHanbI
15 Cnabasi cxogMmMocTb 4 5 2 8
3NeMeHToB
16 ConpshkeHHble 5 5 4 11
oneparopbl
17 BnonHe HenpepbIBHbIE 4 2 2 8
oneparopbl
18 IvHeliHbIe ypaBHEHUS 4 > 1 7
BTOPOro poga
Bcero 52 0 84 80 216

14. MeToanyeckue yKkasaHMsa Ans o6y4aroLWmxXcsa No OCBOEHUIO AUCLUMIIUHDI

B npouecce npenogaBaHus ANCLMNIIMHBI MCMNOMb3YOTCA Takne BuUAbl ydebHon paboTbl,
KakK NneKkuuu, NpakTUYeCKUe 3aHATUSA, a Takke pasfMyHble BUObl CaMOCTOsTENbHOM paboTbl
obyvarowmxcsa. Ha nekumsax pacckasbiBaeTcsli TeopeTU4ecKui martepuan, Ha MpakTU4ecKmnx
3aHATUSX peLlaloTcs 3agaydm no TeopeTUYeckoMy Matepuany, NPoOYMTaHHOMY Ha NEKUMSIX.

Mpwn n3ydeHnmn kypca «PyHKUMOHAmMbHbIN aHanu3y» oby4varowmmcsa cnegyeT BHUMaTENbHO
cnywaTb M KOHCMEKTMPOBaTb Martepuarn, Manaraembli Ha ayguTopHbIX 3aHAaTusX. [na ero
NMOHMMaHNA M KayeCTBEHHOrO0 YCBOEHWSA peKkoMeHAyeTCcHa cneaywuwas nocrnefoBaTenibHOCTb
JencTBun.

1. Tllocne «kaxgonm nekuunm CTyaeHTaMm pekoMeHayeTcsa noapobHo pasobpaTb
NPOYNTAHHbIN TEOPETUYECKUI MaTepuarn, BblydYMTb BCe onpegaeneHuss u  ¢opMyrnmnpoBKM
TeopewM, pa3obpaTb NpuMepsbl, pelleHHble Ha nekuuun. MNepea cnegyroLlen nekummn obasaTenibHo
NOBTOPUTb MaTepuman npeabiayLwen nekumn.

2. MNMepen npakTU4ecKknm 3aHATUEM 006513aTEeNbHO NOBTOPUTL FIEKLMOHHBIN Matepuan unm
Martepuan npeablaywero npakTuyeckoro 3aHsaTus. [ocne npakTMYecKkoro 3aHATUS elle pas
pa3obpaTb pelUeHHble Ha 3TOM 3aHATMM NPUMEPbI, NOCMe Yero NPUCTYNUTb K BbIMNOSIHEHMIO
AoMallHero 3agaHusa. Ecnuv npu pelseHnn NnpumMepoB, 3a4aHHbIX Ha AOM, BO3HUKHYT BOMPOCHI,
obs3aTenbHO 3agaTb Ha crnegylweM MNPakTUYeCKOM 3aHATUM UM B MPUCYTCTBEHHBLIN 4ac
npenogasaTento.

3. MNMpwn noAroToBKe K NPakTUYECKUM 3aHATUSIM NOBTOPUTL OCHOBHbIE MOHATUA NO TEMam,
n3yunTb Npumepbl. Pewwas 3agayn, npeaBapuTernibHO NOHATb, KAKON TEOPETUYECKUA MaTepuan
HY>XHO ucnonb3oBaTb. HameTuTb nnaH peweHusi, nonpoboBaTb Ha €ro OCHOBE peLnTb
npakTuyeckne 3agaqw.

OcBoeHne gucuunnuMHbl nNpegnonaraeT He Tonbko obs3aTenbHoe nocelleHne
o0yyaroLNMCH ayaUTOPHbIX 3aHATUI (NEKUUIN U NPAKTUYECKNX 3aHATUIN) N aKTUBHYIO paboTy Ha
HUX, HO U CaMOCTOATESNbHYO Y4eBHYI0 AeATeNbHOCTL B ceMecTpax, Ha KoTopyto oteoamtcsa 80
4acoB.

CamocTosaTenbHas y4yebHas AEeATEeNbHOCTb CTYOEHTOB no ancumnnmHe
«DyHKUMOHANbHBIM  aHanuM3» npeanonaraeT u3yvyeHue pekoMeHAyeMon npenogaBaTtenem
nuTepaTtypbl NO BOMpPOCaM JEKUMOHHbIX W MNPaKTUYECKUX 3aHATMA (NpuBeAEHbl BbIWE),
CaMOCTOATENBHOE OCBOEHME MOHATUAHONO annapaTta M MOArOTOBKY K TEKyWwuM aTTectaumsm
(koNNoOKBMYMaM W1 BbIMOSTHEHUIO NPAKTUYECKUX 3a4aHui) (MPUMEpPbI CM. HUXeE).

Bonpocbl NEKUNOHHBIX U NPaKTUYEeCKUX 3aHATUN OOCYXKAalTCA Ha 3aHATUSX B BuAe
YCTHOrO onpoca — MHAMBMUAOYaANbHOrO M (poHTanbHoro. lMpu NoAroToBke K NEKUMOHHLIM U
NPaKTUYECKUM 3aHATUAM, OOy4valoMMca BaXHO MNOMHUTb, YTO WX 3agdaya, OTBevass Ha
OCHOBHbI€ BOMPOCHI MNfaHa 3aHATUS M OOMNOMHUTENbHbIE BONPOCHI NpenogaBaTtenis, nokasaTb
CBOW 3HaHMSA M KPYrosop, yMeHue fOornyeckn nocTpouTb OTBET, BNageHWe MateMaTuyeckum



annapaToM U UHble KOMMYHUKaTUBHbIE HaBbIKM, YMEHNE OTCTanBaTb CBOK NPOdeCCUOHarnbHY0
nosvumo. B xoge ycTHOro onpoca BbISIBASIOTCA AeTanu, KOTopble MO KakMM-TO NpuYMHam
oKasanucb HeAOCTaTOYHO OCMbICNIEHHBIMWU CTyAEeHTaMK B Xo4e YY4eOHbIX 3aHATUMIA. Tem cambiM
ONpPOC BLINOMHAET BaXHeWLwme oby4varoLlyto, pasBUBAIOLLYI0O M KOPPEKTUPYHOLY YHKLUN,
Nno3BONSIET CTyAEHTaM y4eCTb HegopaboTKn 1 n3bexaTtb UX Npy NOArOTOBKE K MPOMEXYTOYHbIM
aTTecTauumsam.

Bce BbinosHAeMble CTyleHTamMu CaMOCTOSATENbHO 3a4aHns (BbIMOSIHEHNE KOHTPOJSIbHON
paboTbl M NpakTUYecKUX 3aJaHuin) noanexaT nocrneayrolen npoBepke npenogaBaTeriem.
PesynbTtatbl Tekywmx aTtrectauum y4YuTbIBalOTCA NpenogasaTeneM npu  nposeneHuun
NPOMEXYTOYHOW aTTecTauumn (4 cemMecTp — 3a4eT, 6 CEMECTP — 3K3aMEH).

15. lepeyeHb OCHOBHOM WU [AOMOSIHUTENIbLHOWU NUTEpaTypbl, PECYypCOB MWHTEPHET,
Heo6XxoAUMBIX AN OCBOEHUS AUCLMNIIUHbI
a) oCHOBHas nutepaTypa:

Ne
NcTOYHMK
n/n
lN'ypeBuy, A. IN. C60pHUK 3aaa4 No pyHKUMOHANbHOMY aHanuay [QnekTpoHHbIN pecypc] / M'ypesuny A.
1 M., KopHes B. B., Xpomos A. . — 2-e, ucnp. — CaHkr-lNeTtepbypr : JlaHb, 2012 .— 192 ¢. —KHura
n3 Konnekumm JlaHb - MaTtemaTtuka — ISBN 978-5-8114-1274-7 —
<URL:http://e.lanbook.com/books/element.php?pll cid=25&pl1 id=3175>.
Bnacosa, E. A. OnemeHTbl yHKUMOHANBHOTO aHanun3a [OnekTpoHHbIN pecypc] / Bnacosa E. A,
2 Mapyesckun UN. K. — 1-e nsg. — Cankr-lNetepbypr : NaHb, 2015 .— 400 c¢. — KHura u3 konnekuunm

Jlanb - MaTtemaTuka — ISBN 978-5-8114-1958-6 —
<URL:http://e.lanbook.com/books/element.php?pll id=67481>.

CwmaruH, Buktop BacunbeBudy. PyHKUMOHanNbHble NpocTpaHcTBa. BBOOHLIN Kypc [ONEKTPOHHbIN
pecypc] : y4ebHoe nocobue ansa By3oB / B.B. Cmarun ; B.B. CmaruH ; BopoHex. roc. yH-T .—
3 | OnekTpoH. TekcToBble AaH. — BopoHex : BOpOHEeXCKMA rocygapCTBEHHBIN YHUBEPCUTET,
MaTtemaTtunyeckuin pakynbTeT, 2017 .— CBOOOAHLIN OOCTYN M3 UHTpaceTn BI'Y .— TekcToBbl dhann
<URL:http://www.lib.vsu.ru/elib/texts/method/vsu/m17-92.pdf>.

0) gononHuTenbHasa nuTepartypa:

Ne n/n McTouHnK
Pucc, @®. lNekuyuun no dyHKumMoHansHoMy aHanusy / ®. Pucc, b. CekedanbBu-Hagp ; nep. ¢ dp.
1 O.A. Bacunbkosa nog peg. C.B. ®omuHa; pea. C.A. Tenakosckuin .— U3g. 2-e, nepepab. n gon.

— M. : Mwp, 1979 .— 587 c.

PyHKUMOHANbHLIA aHanM3 u MHTerpanbHble ypaBHeHUs : JlTabopaTopHbI NpakTukyMm : YyebHoe
2 nocobue gns ctyg. mat. cneumnansHocTten By3oB / A.b. AHToHeBwY, E.N. BaTtknHa, M.X. Masenb
n op. ; MNMoa pea. A.B. AHtoHoBnya u A.B. PagbiHo .— MuHck : BI'Y, 2003 .— 178c.

OuaH, FOpun CemeHosu4y. CH60pHUK 3agay No matemaTnydeckomy aHanunsy. Obwasa Teopums

3 MHOXeCTB 1 yHKUMI : yd4ebHoe nocobue ansa cTya. gus.-mat. dak. ned. uH-tos / H0.C. OuaH ;
nog pea. M.®. bokwTtenHa .— M. : lNpoceeweHne, 1981 .— 269 c.

LWwvnos, MNeoprun EBreHbeBny. Matematuyeckuii aHanus. BTopon cneumanbHbIn Kype : y4ebHoe

4 nocobve gns roc. yH-toB / I'.E. Wunos .— M. : Hayka, 1965 .— 327 c.
JTiocTepHuk, J1. A. KpaTkuii kypc dyHKUMOHANLHOro aHanusa [QnekTpoHHbIN pecypc] /
5 Jloctephuk J1. A., Cobones B. 1. — 2-e n3a.,ctep. — CaHkr-IMeTepbypr : JlaHub, 2009 .— 272 c.

— KHura u3 konnekuumn J1lanb - MatemaTtnka .— ISBN 978-5-8114-0976-1 .—
<URL:http://e.lanbook.com/books/element.php?pll cid=25&pll id=245>.

Konmoropos A.H. OnemeHTbl Teopun yHKLMIA U pyHKLUMOHANBHOIO aHanuaa : [y4ebnuk] / A.H.
6 Konmoropog, C.B. ®omuH ; Mock. roc. yH-T um. M.B. llomoHocoBa .— M3a. 7-e .— M. :
dusmartnut, 2006 .— 570 c.

B) MHPOPMALMOHHbIE ANEKTPOHHO-0Opa3oBaTenbHble pecypchbl (OuumnanbHbie pecypchbl

NHTEPHET)*:
Ne
Pecypc
n/n yp
1 YHusepcumemckas bubnuomexka ONLINE http://biblioclub.ru/



https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=4306&TERM=%D0%93%D1%83%D1%80%D0%B5%D0%B2%D0%B8%D1%87,%20%D0%90.%20%D0%9F.%5B1,1004,4,101%5D&LANG=rus
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=3175
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=9127&TERM=%D0%92%D0%BB%D0%B0%D1%81%D0%BE%D0%B2%D0%B0,%20%D0%95.%20%D0%90.%5B1,1004,4,101%5D&LANG=rus
http://e.lanbook.com/books/element.php?pl1_id=67481
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=6036&TERM=%D0%A1%D0%BC%D0%B0%D0%B3%D0%B8%D0%BD,%20%D0%92%D0%B8%D0%BA%D1%82%D0%BE%D1%80%20%D0%92%D0%B0%D1%81%D0%B8%D0%BB%D1%8C%D0%B5%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/elib/texts/method/vsu/m17-92.pdf
https://www.lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=3594&TERM=%D0%A0%D0%B8%D1%81%D1%81,%20%D0%A4.%5B1,1004,4,101%5D&LANG=rus
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=9246&TERM=%D0%9E%D1%87%D0%B0%D0%BD,%20%D0%AE%D1%80%D0%B8%D0%B9%20%D0%A1%D0%B5%D0%BC%D0%B5%D0%BD%D0%BE%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
https://www.lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=3594&TERM=%D0%A8%D0%B8%D0%BB%D0%BE%D0%B2,%20%D0%93%D0%B5%D0%BE%D1%80%D0%B3%D0%B8%D0%B9%20%D0%95%D0%B2%D0%B3%D0%B5%D0%BD%D1%8C%D0%B5%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=4306&TERM=%D0%9B%D1%8E%D1%81%D1%82%D0%B5%D1%80%D0%BD%D0%B8%D0%BA,%20%D0%9B.%20%D0%90.%5B1,1004,4,101%5D&LANG=rus
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=245
http://biblioclub.ru/

2 AnekmpoHHas bubnuomeka 3HE Br'Y https://lib.vsu.ru/

3 OneKkTpoHHO-6nbnunoteyHasa cuctema "IlanHb" https://e.lanbook.com/

16. NMepe4vyeHb y4eOHO-MeTOANYECKOrO ob6ecneyvyeHns ANs CaMOCTOATEeNbHOM paboTbl

Ne

NcTouHMK
n/n
CwmaruH, B.B. JlnHeliHble onepaTopbl M (yHKUMOHANblI [ONEKTPOHHbIA pecypc] : yyebHoe
nocobue ans By3oB / B.B. CmarvH ; B.B. CmaruH ; BopoHeX. roc. yH-T .— QNeKTPOH. TEKCTOBbIE
1 AaH. — BopoHex : W3gaTtenbcko-nonurpadgumyeckmnin ueHTp BopoHexckoro rocygapCTBEHHOMO

yHuBepcuteTa, 2011 .— CBobogHbii goctyn u3 uHTpacetTm BIY .— TekcToBbI dhann
<URL:http://www.lib.vsu.ru/elib/texts/method/vsu/m11-200.pdf>.

CwmaruH, Buktop BacunbeBuy. ®yHKUMOHAMNbHbIE NpOCTpaHCTBa. BBOAHLIN Kypc [ONEKTPOHHbI
pecypc] : yuebHoe nocobue ansa sysos / B.B. CmaruH ; B.B. CmarunH ; BopoHex. roc. yH-T .—
2 OnekTpoH. TekcToBble AaH. — BopoHex : BOpPOHEXCKUM rocyaapCTBEHHbIA YHUBEPCUTET,
MaTtemaTtnyeckun dakyneteT, 2017 .— CBoboaHbIM AOCTYN U3 nHTpacetn BIY .— TekcToBbin
dann <URL:http://www.lib.vsu.ru/elib/texts/method/vsu/m17-92.pdf>.

CwmaruH, Buktop BacunbeBud. [JenctButenvHbinl aHanu3 [QNeKTPOHHbIA pecypc] : yyebHoe
nocobue / B.B. CmaruH; BopoHex. roc. yH-T .— OneKTpOH. TeKCToBble AaH. — BopoHex :

3 W3patensckui gom BI'Y, 2015 .— CsoboaHbIn gocTtyn us nHtpacety BI'Y .— TekcToBbivi chann
.— <URL:http://lwww.lib.vsu.ru/elib/texts/method/vsu/m15-29.pdf>.
4 MonoxeHne o6 opraHusauum caMoCTOATENbHOW paboTbl oby4varowmxcs B BopoHexckom

rocyaapCrtBeHHOM YHUBEPCUTETE

17. OOGpasoBaTtefnibHble TEXHONOrMKU, UCNONb3yeMble TMNpUM peanus3aumm y4ebHOM
OUCUMNINWHBbI, BKIMOYasaA [AOUCTAHUMOHHble obpa3oBaTenbHble TexHonorum (OOT),
anekTpoHHoe oby4yeHue (J0), cmewlaHHOe OOy4YeHue):

Mpn peanunsauuun y4ebHON ANCUMNANHBI NPOBOASTCA pas3fuyHble TUMbl NeKuuin: BBOAHAsS
neKkuus, nekumsi-uHpopmauus, nekuma-guanor, nekumss C  MpuUMEHEeHMe COBPEMEHHbIX
KOMMbIOTEPHbLIX TEXHOMOrMM (Nekuus-npeseHTaumsl), a TaKkke nNpakTUYeCKUX 3aHATUW, Ha
KOTOpPbIX OCYLLECTBNAETCA pelleHme 3a4ay U YyCTHbIe ONpoChl MO TEMaM 3aHATUS.

B yactn ocBoeHna matepuana nekuMoHHbIX U NabopaToOpHbIX 3aHATUIA, CAMOCTOATESTbHON
paboTbl MO OTAENbHbIM pasgenamM AUCUUNNWNHBI, MPOXOXOEHNA TeKyLen U NPOMEXYTOYHOW
aTTecTauum MOXeT NMPUMEHATLCS ANEKTPOHHOE 00y4eHne n ANCTaHUMOHHbIe obpasoBaTesibHbIe
TEXHOMOrMn, B YaCTHOCTU, SNEKTPOHHbIA Kypc: DA 21 5 (vsu.ru) Ha noptane «ONeKTPOHHbIN
yHuBepcuteTt BlY».

CamoctoaTtenbHas pabota pernameHtupyetca [lonoxeHnem 06  opraHu3auuu
camMocToATeNbHOM paboTbl obyyatowmxcs B BopoHeXCKoM rocyapCTBEHHOM yHUBEPCUTETE.

18. MaTepMaﬂbHO-TeXHquCKoe obecneyeHne AUCLUNIIUHBI:

[ns npoBeAeHUst NEKUMOHHbIX Y NPAKTUYECKMX 3aHATUIA UCNOSb3YIOTCS ayanTopum,
OCHalLleHHble cneLunanvanpoBaHHo Mebenblo.

19. OueHou4HbIe cpeacTBa ANs NPoOBeAEHUA TEKYLEeNn U NPOMEXYTOYHOM aTTecTauum

MopsiAoK OLEeHKN OCBOEHMS 0ByYatoLLmMmmcs y4eGHOro matepuana onpeaensiercs
coaepXxaHMeM creayLmnx pa3aenos ANCUUNIIVHBI

HanmeHoBaHue WHankaTop(bl)
(o]
,.',\;,_., pasfena AncumnniinHbl K%“&';?;;EH AOCTMXKEHUS OueHouHble cpeacTaa
(Monynsi) KOMMNeTeHLMm
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HanmeHoBaHue WHankaTop(bl)
rll\ﬁ pasgena AMCLMNIMHbI Ko“&';?;?” [OCTXEHMS OuerouHbie cpeacTsa
(mopgyns) 4 KoMNeTeHummn
OrK-1 OrK-1.1, OMNK-
1. | Pasgensl 1-4 1.2, OMK-1.3 KoHTponbHble paboTbl 1-2
2. | Pasgensbi 5-18 OfK-1 O1ﬂ£((1)|1|K01FIé< Konnokeuym
MpomexyToyHas aTTecTauus MepeyeHb BONPOCOB K 3a4€TY U 3K3aMeHy
dopMa KOHTpONS — 3a4€T, 3K3aMeH 13 n.20.2, KWMbl ansa 3a4éta n aksaameHa

20 TunoBble OLEHOYHbIE cpeacTBa U MeToAMYeCKMEe MaTepuanbl, onpegensiowme
npoueaypbl oLeHUBaHUSA

20.1 TeKyLiMN KOHTPOINb YyCMNEeBaeMoCTHn

KoHTponb ycneBaemMocTn No AUCUMMIIMHE OCYLLECTBMASIETCA C MOMOLLbIO CReayHLLNX
OL€HOYHbIX CPeaCTB: NPAKTUKOOPUEHTUPOBAHHbIE 3a4aHNs, AOMAaLLHME 3a4aHus, KOHTPOSbHbIE
paboTbl, KONNOKBUYM

OnuncaHune TexHonorum npoBeaeHnA

Tekywaa aTrectaumMsi npoBoAUTCS B COOTBETCTBMM C [lonoxeHMem o Tekylewn
atTecTaumMm obydalolmxcs NO nporpaMmam  Bbicliero obpasoBaHusi BopoHexckoro
rocyapCTBEHHOIO YHUBEPCUTETA.

TekylwmMi KOHTPOMb NpeAHasHadeH Ans NPOBEPKM Xxoda W KadectBa (hoOpMUPOBaHUS
KOMNEeTEeHUMA, CTUMYNMpPoOBaHUS Yy4ebHoW paboTbl 0Oyd4aemblXx M  COBEPLUEHCTBOBAHMS
METOAMKN OCBOEHUS1 HOBbIX 3HaHMI. OH obecneuynBaeTcsl NpoBeAeHNEM KOHTPOJbHbIX paboT u
KONMOKBUyMma.

lMpy Tekywlem KOHTporie YpOBEHb OCBOEHUA Yy4ebHOW AUCUMMIIMHBI U CTErneHb
CHOPMUPOBAHHOCTU  KOMMETEHUUN ONpedensdlTcs OueHKkaMu: B YETBEPTOM CcemecTpe
«3a4YTEHO» UM  «He 3a4yTeHo», B LWeCTOM CeMeCTpe —  «OTIIMYHO»,  «XOPOLUOY,
«yO0BMNETBOPUTENBHOY, KHEYAOBNETBOPUTENBHOY .

B xoge KOHTponbHbIX paboT u KonnokeMyma obyvawwemycsa Bblgarotces KMMbl ¢
TeopeTnyecKkMMy Bonpocamn 1 3agadamu. B xoae BbINONHEHUSA 3a4aHUI HEMb3s NONb30BaTbCA
HUKaKMMK CNpaBOYHBIMW MaTepuanamu, a TakKke SMNEeKTPOHHbIMU HOCUTENSIMU U cpeacTBamMu
CBS3U1, orpaHuveHne no spemeHn 90 MUHYT.

KomnnekT 3agaHui Ans KOHTpOsibHOW paboTbl Ne 1
3apaHuve 1. [lokazaTb NONHOTY NPOCTPAHCTBA S.
3apaHue 2. NokasaTb, YTO B AUCKPETHOM METPUYECKOM MPOCTPAHCTBE KaXX40e MHOXECTBO
OTKPbITO.
3apaHue 3. [lokazaTb KOMNAKTHOCTb BCSAKOrO KOHEYHOrO MHOXECTBa B METPUYECKOM
NpOCTpaHCTBe.
3apaHue 4. lMyctb MHOXecTBa A 1 B orpaHnyeHsl B X — MeTpuyeckoe NpoCcTpaHCcTBo. [lokasaTb,
4TO MHOXecTBO AUB Takxe orpaHu4eHo B X.

KomnnekT 3agaHMn AnA KOHTpornbHou paboTbl Ne 2
3apaHuve 1 [lokasaTtb, YTO nepeceyeHme Nobon CUCTEMBI BbIMYKMbIX MHOXECTB €CTb BbiNyKIoe
MHOXECTBO.



3apaHue 2 [MokasaTb, YTO 3aMblkaHME OTKPbLITOro wapa B JIMHEMHOM HOPMUPOBAHHOM
NPOCTPaHCTBE €CTb COOTBETCTBYHOLLMIN 3aMKHYTbIN LIap.

3apaHue 3 [NokasaTb, YTO BHYTPEHHOCTb 3aMKHYTOrO LWapa B IMHENHOM HOPMUPOBaHHOM
NPOCTPaHCTBE €CTb COOTBETCTBYHIOLLNN OTKPbITLIN LUap.

KomnnekT 3agaHun Ans KOnnokBMyma
1.JInHenHble onepaTopbl U YHKUMOHArbI (onpeaeneHuns).

2.M1pyHUMN paBHOMEPHOM OrpaHNYEHHOCTU (NeMma 1 Teopema).

3. dokaszatb, 4to onepatop A: X —»Y ABNAeTcsd NMHENHbIM OrPaHUYEHHbIM, U1 HaWUTU ero

Hopmy. A:l, —»1,, Ax=(0,0, x;l) , Xz(f x2(Ik<) yoe)

4. [lna nocneposartenbHocTn onepatopoB (A ) cLB(X,Y), 1 AeLB(X,Y) ycraHoButb: 1)

cxoautea nu (A,) noto4vevHo (cunbHO) K onepaTtopy A; 2) cxogutca nu (A,) no Hopme K
onepatopy A. A x =(x(1),.., X(n),00,..),A=1 ,X =Y =1,

TpeboBaHMs K BbINOMHEHUIO 3a4aHUN

[ns oueHMBaHWA pe3yrnbTaToB 06y4YeHUsI HAa KOHTPONbHONM paboTe NCMOoNb3yTCs
crnepyoLLme nokasaTenu:

1) 3HaHWe y4ebHOro matepuana v BrnageHne NoHATUNHBIM annapaToMm;
2) yMeHMe CBs3bIBaTb TEOPUIO C NPaKTUKON;
3) YMeHUe NPUMEHATb NOMyYeHHbIE 3HAHUSA B MPaKTUYECKOM 3aaHnn.

20.2 NMpomexyTo4yHasa aTrecTauums
lMpomexyToyHas aTtTecTauus No AUCUMMINHE OCYLLEeCTBNSETCS C MOMOLLbHO
cnegyrowmx oueHo4Hblx cpeacts: KMMbl ansa 3a4yéta n ak3ameHa

Mepe4yeHb BONPOCOB K 3a4eTy (cemecTp 4):

1. HepaBeHcTBO FOHra onsi KOHeYHbIX CyMM, HepaBeHCTBO ['enbaepa A5 KOHEYHbIX CYMM.

2. HepaBeHcTBO [enbaepa ANs KOHEYHbIX CYyMM, HepaBeHCTBO MWHKOBCKOro A5 KOHEYHbIX
CyMM.

3. TllpumMeHeHne npuHUMNA CXUMaKLWMX OTOOPaXEeHUN K WHTEerpanbHbIM  YpPaBHEHUSM
dpearonbma BTOporo poaa.

4. OnpegeneHns OTHOCUTENbHO KOMMAKTHOTO M KOMMAKTHOrO MHOXecTBa. Teopema 06
OrpaHMYeHHOCTN OTHOCUTENBHO KOMMNAaKTHOrO MHOXecTBa. Teopema Beneplitpacca.

5. CBOWCTBO OpPTOroHanNbHOCTW (OnNpefeneHns OpPTOrOHasnbHbIX 3NIEMEHTOB, JNeMeHTa
OPTOrOHANbHOr0 MHOXECTBY, OPTOrOHaNbHOro AOMonHeHus). Teopema O pasnoXeHuu
afieMeHTa B CyMMY MPOEKLMUN.

6. OpToroHanbHas cymma nognpocTtpaHcTea. PopMynmpoBKka TEOPEMbI O NSIOTHOCTU JIMHENHOIO
MHOroobpasusi B ruribbepToBOM NPOCTPaHCTBE.

7. Ycnosue Jlvnwuua v coxumarwme otobpaxeHus (onpegenennd). MNpuHUMn CKUMaKoLWmMX
OTOBPaKeHUN (C OLEHKOW MOrpeLIHOCTH).

8. Teopema Xaycoopda.

9. JluHenHOe npOCTPaHCTBO CO CKanspHbIM nNpou3BedeHneM (onpegeneHve, npocTenwmne
CBOWCTBA).



10. HepaBeHcTBO Kowwn-byHAKoBCKOro, HOpMa, CBOWCTBO HENPEepbIBHOCTU CKansapHOro
npounsseneHus.

11. OnpegeneHne runbbepToBa npocTpaHcTBa. [lpMmMepbl MNPOCTPaAHCTB CO  CKaNsSPHbIM
npounssegeHemM.

12. OnpegeneHve cXxogMMOCTU B METPUYECKMX npocTpaHcTBax. CXoaMMOCTb B NPOCTPAHCTBaXx
Cla,b], s.

13. CoBepLueHHble, NOTHbIE, BCOAY NIOTHbIE, HUTAE He NITOTHble MHOXeCTBa (onpeaeneHus).
MHo>ecTBa NepBOM N BTOPOW KaTeropuin (onpegeneHna n npumepsl). Teopema bapa.

14. JlnHenHble npocTpaHcTBa (onpegenexue J1M, npoctenwve

csovicTBa, npumepsbl JIIM).

15. Teopema 06 OTHOCUTESNBHOM KOMMAKTHOCTU MHOXECTBa B KOHeYHoMepHoM JTHI.

16. OnpegeneHns TOYKM MPUKOCHOBEHUS U 3aMblkaHUS MHOXeCTBa. Teopema O CBOMCTBax
onepauun 3amblKaHUs MHOXeCcTB. TeopemMa O HeobxoAMMOM M AOCTaTOMHOM YCMOBUM AN
TOYKM MPUKOCHOBEHNSA MHOXECTBA.

17. [OBe TeopemMbl O HeNpPepbIBHbIX QYHKUMAX M npoobpasax OTKPbITbIX W 3aMKHYTbIX
MHOXECTB.

18. OnpegeneHns 3aMKHYTOro oTpe3ka M BbINYKNOro MHOXecTBa. JIMHenHass 3aBUCUMOCTb U
HEe3aBUCMMOCTb 3rieMeHToB. JlMHenHoe MHoroobpasue, nuHenHasa oboroyka (onpegeneHus,
ABE NeMMmbl).

19. ®opmynupoBka TeopeMbl 06 3KBMBANEHTHOCTM HOPM B KOHEYHOMEPHOM HOPMMPOBAHHOM
NnpoCTpaHCTBe.

20. 3aMKHYTOCTb KOHEYHOMEPHOro JIMHENHOro MHoroobpasus. [MonHoTa KOHEYHOMEPHOro
HOPMUWPOBAHHOIO NPOCTPaHCTBA.

Mpumep KUM (3a4éT)
1. OpToroHanbHass cymma nognpocTpaHcTBa. PopmynmMpoBka TeOpeMbl O MIIOTHOCTU
NMHEHOro MHoroobpasus B runb06epToOBOM NPOCTPaHCTBE.
2. [1Be Teopembl O HenpepbiBHbIX (YHKUMAX W Npoobpasax OTKPbITbIX M 3aMKHYTbIX
MHOXECTB.
3. MoxeT num B METPUYECKOM MpPOCTpaHCTBE wWwap paguyca 4 ObiTb CTpPOrnm
NogMHOXeCTBOM Lapa paauyca 3?7 OTBeT 000OCHyMTE.

4. Tlyctb A n B MHOXecCTBa B IMHEMHOM HOPMUPOBAHHOM MpoCcTpaHcTBe. [lJokasaTb, 4YTO
ecnu mHoxecTea A n B orpaHnyeHbl, To MHOXXeCcTBO A+B orpaHunyeHo..

lNepeyeHb BONPOCOB K 3K3aMeHy (cemecTp 6):

1.JInHenHbIe onepaTopbl U YHKUMOHanbI (onpeaeneHuns).

2. Teopema 0 NMHEHOM onepaTtope, HeNpPepbIBHOM B OHOM TOYKE.

3.0rpaHU4eHHbIN NMHENHBIN onepaTop 1 TeopemMa O CBSA3U OrpaHUY4EeHHOCTU SIMHENHOIO
oneparopa C ero HernpepbIBHOCTbLIO.

4. Teopema 06 OrpaHM4EHHOCTU JIMHENHOIO onepaTopa, onpeaenieHHoOro Ha KOHEYHOMEPHOM
NnpoCcTpaHCTBe.

5.Hopma nuHenHoro orpaHnM4YeHHoOro onepaTtopa (onpegenexHue).

6.Teopema 0 BblMMCNEHUN HOPMBI OnepaTopa.

7.0nepaTop ®pegronbma B npoctpaHcTee Cla,b] n ero Hopma.

8.0OnepaTtop anddepeHumposanusa B Cla,b] n ns C'[a,b] 8 C[a,b].
9.MpoCTpaHCTBO NIMHENHBIX OrPaHUYEHHbIX ONepaTopoB.



10.Teopema 0 NOMHOTE NPOCTPAHCTBA NIMHENHbIX OFPAHUYEHHbIX ONepaTopos (B CMbICHe
paBHOMepHOW cxoammocTn). CneacTene Ans CONPSXKeHHOro NpoCTPaHCTBa.
11.MponsBegeHne NMHENHbIX ONepaTopoB.

12.CnnbHaga cxoguMOCTb JIMHENHbBIX ONepaTopoB, CBSA3b C PABHOMEPHOW CXOANUMOCTbIO.
13.MpnHUMN paBHOMEPHOW OrpaHNUYEHHOCTU (fleMma 1 Teopema).

14. Teopema 0 NOMHOTE NPOCTPAHCTBA JIMHENHbLIX OrPaHNUYEHHbIX ONepaTopoB (B CMbICHe
CUINBbHOW CXOOUMOCTN).

15.Teopema 0 NpoOLOIPKEHNN NIMHEMHOTO ornepaTopa MO HENPEPbLIBHOCTM Ha BCE NPOCTPAaHCTBO.
O6paTtmmbii 1 06paTHbIN onepaTopbl (onpeaeneHns).

16.Teopema o0 NMHENHOCTM 0bpaTHOro onepartopa.

17.YcnoBne 06paTMMOCTUN NIMHENHOTO onepaTopa. Ycnoesue obpatMmocT IMHENHOIO
onepartopa 1 orpaHM4eHHOCTN obpaTHOro.

18.Jlemma 06 o6paTnMoCTi NIMHENHOro onepaTtopa u obpaTHOM onepaTope.
19.HenpepbiBHO 06paTnMbI onepaTtop (onpeaenenue). Cneacrene o HenpepbiBHO 0bpaTUMoOMm
oneparope.

20.Teopema baHaxa 0 HenpepbIBHOM 06paTMMOCTK onepartopa (aABe NemMmbl U Teopema).
21.Pe3onbBeHTa NMHENHOro onepatopa u ero cnekTp (onpeaeneHus).

22.Teopema 0 perynapHoM MHOXeCTBe U NpeLCTaBleHnn pe3orbBEHTbI, CreacTBue Ans
crnekTpa.

23.Teopema 06 OTKPbLITOCTM PErYNSIPHOrO MHOXECTBA, CreaCcTBME ANs ChekTpa.

24 3aMKHyTble onepaTtopsbl (onpeaeneHre). Teopema 0 3aMKHYTOCTU OrpaHUY4eHHOro
oneparopa.

25.3aMKHYTOCTb ornepaTopa aguddepeHumnposaHusa B Cla,b].

26.TeopemMa 0 3aMKHYTOCTK onepartopa, 06paTHOro kK 3aMKHyTOMY, CNeaCcTBME AN1si HENPEpPbIBHO
obpatmnmoro oneparopa.

27.[lekapToBO NpomnsBegeHne NMMHENHBIX HOPMUPOBAHHbLIX MPOCTPAHCTB (fIMHEHbIE onepauuu,
HopMa n nonHoTta). paduk NMHENHOro onepartopa.

28.Jlemma o rpadmke 3aMKHYTOro oneparopa.

29.Teopema 0 3aMKHYTOM onepartope, onpeaeneHHOM Ha BCEM NPOCTPaHCTBE.

30.MNpoaosmkeHne NMHEeNHOro OrpaHNYeHHOro (pyHKUMoHana — neMmMma n TeopemMma XaHa -
baHaxa (nokasaTtenbCcTBo A5 cenapabenbHOro BELLECTBEHHOINO NPOCTPAHCTBA).

31.Tpwu cneacTteus.

32.Jlemma o 6uopTOroHanbHbIX CUCTEMAX.

33.06wWwun B1a NMUHENHbIX OrpaHNYEeHHbIX PYHKLMOHANOB B MPOCTPaAHCTBAX: KOHEYHOMEPHOM,
|, (1< p <), unsbeptoBom, L [a,b](1< p<oo) (cnyyan p =2 Oe3 fokasaTenocrea).

34.BTopoe conpsiKeHHOe NPOCTPaHCTBO M pedfieKCUBHbIE NPOCTPAHCTBA.

35.Cnabas cxoanmMoCTb 31EMEHTOB B HOPMUPOBAHHbLIX MPOCTPAHCTBax (onpegenexme).
MpocTenimne CBONCTBA: eOUHCTBEHHOCTb criaboro npegena, CBs3b CO CXOAMMOCTbBIO MO HOPME,
OrpaHN4YeHHOCTb cnabo cxoasLencs nocnegoBaTenlbHOCTH, OLeHKa A4S HOpMbl crnaboro
npegena.

36.Cnabo nonHble NpocTpaHCTBa U TeopemMa o0 cnabon NnonHoTe pednekCMBHbIX NPOCTPAHCTB.
37.Teopema o crnabor cxoguMOCT B KOHEYHOMEPHOM npocTpaHcTee. Cnabo oTHOCUTENBHO
KOMMNaKTHble MHOXECTBa (onpeaenexHue).

38.Teopema 06 orpaHM4EHHOCTM cnabo OTHOCUTENBbHO KOMMAKTHOrO MHOXECTBA.

39.Teopema o cnabor OTHOCUTENBHON KOMNAKTHOCTM OrPaHNYEHHOr0 MHOXECTBA B
pedrieKCMBHOM NPOCTPaHCTBE (4oKa3aTenbCTBO AN rmnbbepToBa NPOCTPaHCTBA).
40.ConpsikeHHbIN onepaTop (onpegeneHne Ans orpaHNYeHHOro oneparTopa).

41.0nepaTop Ppegronbma ¢ S4pOM, CyYMMUPYEMbIM C KBaApPaTOM U COMPSKEHHbIN K HEMY B
npocTtpaHcTee L,[a,b].

42 . Teopema O JIMHENHOCTU N HOPME COMNPSXKEHHOrO onepaTopa.



43.0npeneneHune conpsikeHHOro onepaTtopa B runb0epToOBOM NPOCTPAHCTBE.

44 .BnonHe HenpepbiBHbIE onepaTopbl (onpefenexHune). Teopema 0 MHOXECTBE BMOSIHE
HenpepbIBHbIX ONepaTopoB.

45.Teopema 0 BMoOMHe HeNpepbIBHOCTU onepaTopa, onpeAenieHHoro Ha KOHeYHOMEPHOM
NPOCTPaHCTBE, UM OENCTBYOLEro B KOHEYHOMEPHOE MPOCTPaHCTBO.

46.Teopema 0 BrofnHe HeNpepbIBHOCTU OnepaTopa, CONPSXKEHHOrO K BrOSIHE HEMNPEPbLIBHOMY.
47.BnonHe HenpepbiBHbIE OonepaTopbl 1 criabas cxoauMocCTb (OBE NeMMbl U Teopema).
48.BnonHe HenpepbIBHOCTL onepatopa PpearonbmMa ¢ HenpepbiBHbIM SApoMm: n3 Cla,b] B

C[a,b], w3 L,[a,b] B C[a,b], n3 L,[a,b] B L,[a,b].

Mpumep KUM (3k3ameH)
Teopema o0 nMHeHOM onepaTtope, HeNPepbIBHOM B OQHOMW TOYKe
Onepatop anddepeHumposaHua B C[a,b] n us C'[a,b] B C[a,b].
Jlemma o rpadomke 3aMKHYTOro oneparopa
Teopema 0 BNOMHe HeENPEpPbLIBHOCTM onepaTopa, onpeaeneHHoro Ha KOHeYHOMEPHOM
NpoCTpaHCTBe, NN OENCTBYOLLEro B KOHEYHOMEPHOE NPOCTPAHCTBO.
Myctb A: X —Y.[lokasaTb, 4TO CYLLIECTBYET HenpepbIBHbIN 06paTHbLIN onepatop A™, u

noctpoutb ero. A:l, -1, Ax= ((1—%)2x1,(1—%)3x2,(1—%)4X3,...).

6. lNyctb E, F = JIHI, A — 3aMKHYTbIN NIMHENHbIM onepaTop u3 E B F. [lokasaTtb, 4To 94p0
onepatopa A N(A) siBnsieTca nognpoCcTpaHCTBOM NpocTpaHcTea E.

o

o

lMpomexyToyHas aTTecTauma npoBoauTCA B cooTBeTcTBMM C  [lonoxeHnem o
NMPOMEXYTOYHON aTTecTtaumMm obyvalwmxcs nNo nporpamMamMm  BbiCWero obpa3oBaHus.
MpomexyToyHaa aTtTecTauus npegHasHayeHa [Ans onpefeneHus YpoBHA OCBOEHUSA BCero
obbema  y4ebHOM  gucumnnuHbl.  pomexyToyHas  atTectaumMss N0 AMCUMNNNHE
«PyHKLMOHArNbHLIN aHanM3» NpoBoAUTCS B dOpMe 3a4eTa U dK3aMeHa.

lMpomexyToyHas aTtTectaumsi, Kak npaBuno, OCYLLECTBMSETCA B KOHLE 4eTBEPTOro u
LLIEeCTOro CeEMeCTPOB.

B xoge npoBeneHus 3adéta obyyatowiemycsa Boigaetca KMM ¢ aBymsi TeOpeTnyeckumm
BOMpOCaMu 1 ABYMS MPaKTUYECKMMU 3ada4amMun 1 npeanaraeTcsl HanucaTb OTBETbl HA BONPOCHI
n pewntTb 3agadyy. B xoge BbINOMHEHWA 3afjaHUMW  HemMb3s  MOSMb30BaTbCH  HUKAKUMMU
CNpaBOYHLIMW MaTepuanamm, a TakKkKe 3EeKTPOHHbIMU HOCUTENAMU U CpeacTBamMu CBA3W.
OrpaHnyeHne no BpemeHn - 90 MuHyT. CTyAeHTbl, MOMNyYMBLUME OLEHKM «3a4TEHO» MO
pesynbTatamMm KOHTPOSMbHbIX paboT 1 M 2, NONyyarwT OUEHKY «3adTeHO» MO LUCUUNIvHE
«(PYyHKUMOHAanNbHbLIA aHanu3» aBToMaTU4eCcKu.

B xoge npoBegeHust ak3ameHa obydarwowemycs Bblgaetcs KM C YeTbipbMA
TeopeTn4yecknmMum BOMpocaMmn U OBYMSA MpakTUYEeCKUMW 3ajadyamMu U npegnaraeTcs HanmcaTb
OTBETbl Ha BOMPOCHI M pewnTb 3adadn. B xoae BbINOMHEHUS 3agaHUK Henb3s Nofib30BaThCA
HUKaAKMMK CNpaBOYHbIMW MaTepuanamu, a TakkKe 3MeKTPOHHbIMWU HOCUTENSMU U cpeacTBamMu
cBa3n. OrpaHuyeHne no BpemeHn - 120 mMuHyT. CTygeHThbl, caaBlUME KOSSTOKBUYM, B Crlydae
cornacusi ¢ oueHKon, ocBoBOXOalTCA Ha dK3aMeHe OT HanucaHusi OTBETOB Ha BoMNpochkl 1-2 u
peweHuns 3agaun 5 (KUM gns ak3aameHa) U OOMMKHbI FOTOBUTL K 3K3aMeHY TOSIbKO BOMNPOCHI 21-
48 (13 cnucka BOMPOCOB K 3K3aMeHY).

LLkanbl n kpuTepun oueHMBaHUS

KpuTtepum oueHnBaHmns LLikana oueHok

3auér




ObyuvatoLuinca 3HaeT OCHOBHbIE OnpeaeneHns, Teopemsl. YMeeT 3aumeHo
NPUMEHSITb UX K NPaKTU4ECKMM 3a0aHNAM
Obyuvarowuninca 4eMOHCTPUPYET OTPbIBOYHBLIE, (hparMeHTapHble He 3aumeHo
3HaHMSA (MMBO NX OTCYTCTBME) OCHOBHBIX MOHATUNA, ONpPeaeneHni 1
TEopeM, MCNoJIb3yeMbIX B Kypce

Ok3ameH
OOGyvaowuiics B MNOMHOM Mepe WCNonb3yeT QyHAaMeHTanbHble Omnu4Ho
3HaHMA B 06nacTu MaremMaTMyecKkoro aHanmsa, (yHKUMOHAaNbHOro
aHanmMsa u ApyrMx AWCUMNIWH, CMOCOOEeH K onpederneHunio obLumx
¢OopM M1 3aKOHOMEPHOCTEN OTAENbHOW OaHHOW npeamMeTHoW obractu
yMeeT CTPOro fokasaTtb yTBepXaeHus, hopMynupoBaTb pesynbTaThl,
BUANT CreACTBUSA NOMYYEHHOro pesynbtaTta

OTBeT Ha KOHTPONbHO-U3MEPUTENbHbLIN MaTepuan He COOTBETCTBYET Xopowo
OQHOMY U3 NepeymncneHHbIX nokasarenemn

OTBeT Ha KOHTPONbHO-U3MEPUTENbBHBLIN MaTepuan He COOTBETCTBYET Yoosnemeopu-
nobbiM ABYM-TPEM 13 NepeydnCreHHbIX NokasaTenemn meribHO
OTBET Ha KOHTPOSIBbHO-U3MEPUTENBHLIN MaTepuan He COOTBETCTBYeET | Heydosrnemeopu-
yeTblpemM M3 nepedvucrnieHHblx nokasatenen. O6yvarowmncs meribHO

AEMOHCTPUPYET OTPbLIBOYHbIE, (hparMeHTapHble 3HaHUsl, AOoMyckaeT
rpyoble owmnobKu

20.3 ®doHA OUEeHOYHbIX cpeacTB C(HPOPMMPOBAHHOCTM KOMMETEHUMU CTYAEHTOB,
pekoMeHAyeMbIn Ans NpoBeAeHNUA ANAarHOCTUYEeCKUX paboTt

1) 3aKkpbIThle 3agaHug (TecToBble):

1. YcTaHoBUTE COOTBETCTBUE mMexay MeTpu4eCkum npocTpaHCTBOM U MeTpI/IKOIZ, 3a)J,aHHOIZ
Ha HEM.

1|Cla,b] a | p(xy) = maxjx, -yl

2| Ry 6| p(x,y) = max|x(t) — y(0)]

3|1L,(1=p<x) B Yo

p(x,y) = lek — Vil?
k=1

4 Rg'j r 1fp

p(x,y) = lek — ¥il?
k=1

OTtBeT: 1-0, 2-B, 3-T, 4-a
PelweHune: 3agaHne Ha 3HaHWe onpegeneHns MeTpYK B pasfinyHbIX NPOCTPaHCTBax

2. YCTaHOBUTb COOTBETCTBME MeXAy O0D0O03Ha4YeHMEM METPUYECKOro MPOCTPaHCTBA U ero

CNOBECHbLIM ONNCaHMEM

1| Cla,b] a | NPOCTPAHCTBO N-MEPHbLIX BEKTOPOB C BELLECTBEHHbLIMN
KoopAvHaTtamu

2| Ry O | NpOCTPaHCTBO HEMnpepbiBHbIX Ha oTpe3ke [a,b]
dYHKUMIN

3|1L,(1=p<m B | NPOCTPAHCTBO N-MEPHbLIX BEKTOPOB C KOMMSEKCHbLIMU
KoopAuHaTamu

4| Ccr I | NPOCTPAHCTBO  YMCNOBbLIX  MOCNeOoBaTENIbHOCTEMN,
CYMMUPYEMbIX C pP-ON CTENEHbIO




OTBeT: 1-0, 2-a, 3-1, 4-B

PeweHune: 3agjaHne Ha 3HaHWe 060O3HAYEHUN OCHOBHbLIX MPOCTPAHCTB B (OYHKUMOHANIbHOM

aHanuse

3. YCcTaHOBWTE COOTBETCTBME MEXOY HAa4YarioM M KOHLIOM OonpeaeneHus.

1 | MHOXecCTBO a | ero 3amblkaHvne coBnagaeT co BCEM NPOCTPAHCTBOM.
HasblBaeTCs
OTKPbITbIM, €CIu

2 | MHOXecTBO 6 | cywecTByeT 3aMKHyTbI Liap, coaepXalumi 3TO
HasblBaeTCs MHOX€eCTBO.
OrpaHNYeHHbIM, eCiu

3 | MHOXecTBO B | OHO COBMaZaeT CO CBOMM 3aMblKaHUEM.

Ha3blBaeTCA
NNOTHbIM, €CIN

BCrOAY

4 | MHOXeCTBO
HasblBaeTcd
3aMKHYTbIM, €CINK

OHO COBMagaeT Co CBOeun BHYTPEHHOCTbIO.

OtBeT: 1-1, 2-0, 3-a, 4-B

PelueHne: Bonpoc Ha 3HaHMe COOTBETCTBYHOLLMX OonpeaeneHun.

4, YcTaHOBUTE COOTBETCTBME MeEXAY MPOCTPAHCTBOM CO CKamnsipHbIM MpOM3BeaeHMeM U
ckansipHbIM Npou3BedeHMeM, 3a4aHHbIM Ha HEM.
1| C,[a,b] a =
(x,y) = Z XeVi
k=1
2 | R} 3] b
() = [ x@y@de
a
3|1 B =
(x,y) = Z XYk
k=1
4| Cy r -
xy) = Z XV
k=1

OTBeT: 1-0, 2-a, 3-1, 4-B

PelweHne: 3apgaHne Ha 3HaHuWe onpepgeneHna ckKandapHoro npom3BeaeHna B pPa3JIMYHbIX

NPOCTPaHCTBax.

5. YCcTaHOBUTE COOTBETCTBME MEXAY HA4YarnoM 1 KOHLIOM onpeaeneHus.

1 | MHOXecTBO a | V(e = 0) onga aToro MHOXecTBa CyLLeCTBYeT KOHeYHas
Ha3blBaeTCs £ —CeTb.
OTHOCUTESBHO
KOMMAaKTHbIM, €CIi

2 | MHOXecTBO O | N3 kaxgowm nocrnegoBaTeNbHOCTM €ro  3NeMeHTOB
Ha3blBaeTCs MO>HO BblOENUTb cxogsLyocs
OrpaHUYeHHbIM, ecrnv nognocnenoBaTenibHOCTb.

3 | MHOXecTBO B | CyLLEeCTBYeT 3aMKHYTbIM Liap, cogepxawuin 310

Ha3blBaeTCsd
KOMNAaKTHbIM, €CI

MHOXECTBO.

4 | MHOXecCTBO
Ha3bliBaeTco BMNOMHe
OrpaHNYeHHbIM, ecrnv

OHO OTHOCUTEJIbHO KOMMAKTHO U 3aMKHYTO.




OtBeT: 1-0, 2-B, 3-T, 4-a.
PelueHune: BONpocC Ha 3HaHMe COOTBETCTBYHOLMX OnpeaeneHun.

2) OTKDbITbIE 3aJaHNg:

1. Kak HasblBaeTcsa HOpPMMPOBAHHOE MNPOCTPAHCTBO, MOSIHOE B CMbICIE CXOAMMOCTM MO
Hopme?

OtBeT: 6aHaxoBO NpPOCTpaHCTBO (6aHaxoBo)

PelweHwne: 3gecb npuBeaeHo onpeaeneHve 6aHaxoBa NPOCTpaHCTBa

2. Kak HasblBaeTcs MpOCTPaHCTBO CO CKansipHbIM Npou3BefeHMEeM, MOIHoe Mo HOpMe,
NOPOXAEHHON CKanspHbIM Npon3seneHnem?

OtBeT: rmnbLbepToBO NPOCTPAHCTBO (MMNLO6EPTOBO)

PeweHue: 3gecb NnpuBeaeHo onpeaeneHune rmnbbeprtoBa NpocTpaHCTBa

3. BctaBbTe opHO cnoBo:  «MHOXECTBO, KOTOpPOE COOEPXWUT BCE CBOM  TOYKM

NPUKOCHOBEHMS, Ha3blBaeTCs ».

OTBET: 3aMKHYTbIM (3aMKHYTOE)

PeleHune: 3gecb npuBeaeHo onpeaeneHne 3aMKHyTOro MHOXecTBa

4. BctaBbTe ogHO nmponylieHHoe cnoBo: «MHOXeCTBO, Kaxaasi Touka KOTOpOro sABnsieTcs
, Ha3blBA€TCA OTKPbITbIMY.

OTBeT: BHYTPEHHEN

PelueHune: 3gecb npuBeaeHo onpeaeneHne OTKPbITOro MHOXeCTBa

5. BctaBbTe 3 nponyweHHbix cnoBa: «MeTpuyeckoe NPOCTPaAHCTBO Ha3blBaeTCs
cenapabenbHbIM, €CNN B HEM CyLLEeCTBYET MHOXECTBOY.

OTBeT: CYETHOE BCOAY NIIOTHOE (BCOQy MIOTHOE CYETHOE)

UK, eCNN HE UCMONb30BaTh «E»: CYETHOE BCOAY NIIOTHOE, BCIOAY NITIOTHOE CYETHOE

PelweHne: 3gecb NnpuBeaeHo onpeaeneHne cenapabenbHOro NpocTpaHcTea

Kputepuu n wkanbl oueHnBaHmA 3agaHnn ®OC:

1) 3agaHug 3akpbIToro Tuna (BbLI0OP 0OHOro BapuaHTa oTBeTa, BepHO/HEBEPHO):

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

2) 3apaHung 3akpbiToro Tmna (MHOXeCTBEHHbIV BbIOOP):

e 2 6anna - ykasaHbl BCE€ BEpPHbIE€ OTBEThI;
e 0 6annoB — ykasaH XOTs Obl OANH HEBEPHbLIN OTBET.

3) 3agaHuga 3akpbiToro Tuna (Ha CooTBEeTCTBUE):

e 2 6anna — Bce COOTBETCTBUS ONpeaeneHbl BEPHO;
e 0 6annoB — xoTsa 6bl 0O4AHO conoCTaBfeHNe onpeaeneHo HEBEPHO.

4) 3apaHnga OTKPbLITOro Tuna (KOPOTKUN TEKCT):

e 2 6anna - ykasaH BEpHbI OTBET;
o 0 6annoB — yka3aH HEBEPHbLIN OTBET.



5) 3agaHug oTkpbITOro TMna (4mcno):

e 2 6anna — ykasaH BepHbIi OTBET;
e 0 6annoB — yka3aH HEBEpPHbIN OTBET.

3apaHua paspgena 20.3 peKOMeHAYTCA K MCNONMb30BaHMIO MNpu npoBeAeHUn
ANarHoCTUYeCKUX paboT C Lenbio OLEHKM OCTaTOYHbIX pe3yfibTaTOB OCBOEHUS AaHHOW
AUCLUUNIUHBI (3HAHUW, YMEHUN, HAaBbIKOB).



