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1. Kog n HaumeHoBaHue cneuymanbHocTu: 01.05.01 dyHaameHTanbHble MaTeMaTuvKa W
MexaHuKa

2. Cneuuvanusaumsa: CoBpeMeHHble MeToAbl TeopUM (PYyHKUUKM B MaTemMaTuke U MeXaHuKe,
Teopusa YHKUUI N NPUMOXKEHNA

3. Ksanudwmkauunsa BbinyckHuka: Matematuk. MexaHuk. lNpenogaBatens

4. dopma oby4yeHMA: oyHas

5. Kachegpa, oTBevarowas 3a peanusauuio AUCUUNNUHBLIL: PYHKUNMOHANBLHOrO aHanusa u
ornepaTopHbIX YpaBHEHUI

6. CocrtaButenu nporpammbl: KameHckun Mwuxamn Wropesud, AO.g.-M.H., npodyeccop;
BoHoapeB AHgpen CepreeBud, K.p-M.H., OOLEHT; MaTemMatuyeckun dakynbTeT, Kadenpa
PYHKUMOHANBLHOIO aHanmsa n onepaTopHbIX ypaBHEHUN

7. PexomeHpgoBaHa: Hay4yHO-METOOWYECKMM COBETOM MaTeMaTudeckoro dakynbTeTa,
npoTtokon ot 28.03.2024, Ne 0500-03

8. YuebHbIn roa: 2025-2026, 2026-2027 CewmecTp(bl): 4-6



9.llenu n 3apaum y4e6HON ANCLUUNIIUHDI:

Lleniu ocgoeHust y4ebHOU OuCYUMNIUHbI:

- JoBefeHne [0 CTyOeHTOB maen M MeTonoB (PYyHKUMOHAaNbHOrO aHanusa, KOTOpbIv
ABNAETCA S3bIKOM COBPEMEHHOW MaTeMaTuKu, rAe LUMPOKO MUCMOMb3YTCA  MOHATUSA
YHKLUMOHANbHOIo NpocTpaHcTBa (6eCKOHEYHOMEPHOTO) N OTOBPaXXEHNSI TaKMX MPOCTPAHCTB.

3adayu y4ebHoU OuCyunuHbI:

- pasBuTME Yy CTYyOQEeHTOB [BOMHOrO 3peHusi: C OL4HOW CTOPOHbI YMEeHUs crneuTb 3a
BHYTPEHHEN JNTOMMKOW pasBUTUSA TEOPUN (PYHKLIMOHANBbHOIO aHanusa, a ¢ Apyron He yrnyckatb u3
BMaa obcnyxmBaemylo aTMMMU TeopusiMu npobnemMaTtumky KnacCcuyeckoro u gaxe npuknagHoro
aHanmsa, B YaCTHOCTMW, BONPOCOB, CBA3AHHbIX C MHTErpanbHbiMU ypaBHeHnAMU dpegronbma m
BonbTeppbl.

10. MecTo yyebHOM AncuMNUHbI B cTpyKType OOI:

AuncumnnuHa BxoauT B 0b6a3aTenbHyo YacTb 6noka b1.Oucunnnuyel (mogynu) ydebHoro

nnaHa no cneyunansHocT 01.05.01 dyHaameHTanbHble MaTeMaThka U MexaHuKa.

11. MnaHupyeMble pe3ynbTaTbl OOY4YEeHUA MO AUCUUNIMHE/MOAYNO (3HAHUSA, YMeHwus,
HaBbIKM), COOTHECEHHbIE C NMlaHUpPyeMbIMU pe3yfnbTaTaMu OCBOEHUs obpa3oBaTeribHOM
nporpamMmmbl (KOMNEeTEHLUMSAMU BbINYCKHUKOB):

Kon

HasBaHue
KoMMeTeHLUnn

Koa(bl)

WuaukaTop(bl)

lMnaHnpyemble pesynbTaTtbl 06y4eHns

OTIK-

Cnoco6eH
HaxoauTb,
hopmynupoBaTb 1
peliaTb
aKkTyanbHble U
3HavYnMble
npobnemsol
dyHAaMeHTarnbHom
MaTeMaTukn 1
MeXaHWKu

OlK-1.1

Ob6bnapaeTt
0a3oBbLIMU
3HaHMAMN,
nony4YyeHHbIMN B
obnactu
MaTemaTU4ecKkunx u
(Mnn) ecTecTBEHHbIX
HayK

OrK1.2

Ymeet
ncnonb3oBaTtb
0as3oBble 3HaHuS,
nony4YeHHble B
obnactu
MaTeMaTu4yeckux u
(Mnn) ecTecTBEHHbIX
HaykK, B
npodeccnoHarnbHON
JesTenbHocTH

OlK-1.3

Nmeet HaBbIKK
BblOOpa MEeTO10B
peLueHus 3apav
npodeccroHasnibHON
[eAaTenbHOCTH Ha
OCHOBe
TEOPEeTUYECKMX
3HaHUN

3HaTb:

- aKTyanbHble M  3Ha4YuMble  npobnemel
dyHOaMeHTanbHOW MaTemMaTUKM U MEXaHUKU.
YmMmeTb:

- Ucnonb3oBaTb 6a30Bble 3HAHWSI, MNOJTYYEHHbIE B
obractn mateMaTU4ecknx u (UNn) ecTeCTBEHHbIX
HayK, B NpodeccnoHanbHON OeaTenbHOCTU.
BnapeTb:

- HaBblkaMu BblIbOpa METOAOB pelueHusa 3ajad
npodeccnoHanbHONn AeATenbHOCTU Ha OCHOBE
TeOpPeTUYECKUX 3HAHUN.

12. O6beM AucUUNnHbI B 3a4eTHbIX eanHMuax/vyac. — 8/288.




dopma NnpomMeXXyTOYHOM aTTecTauum — 3a4eT (4 ceMecTp), 3K3ameH (6 cemecTp)

13. TpypoemkocTb No Buaam y4yebHon paboTbl

TpynoemMkocTb
B Mo cemecTtpam
o cero
Bug yuebHol paboTbl 4 cemecTp 5 cemecTp 6 cemecTp
Y. 4., B Y. 4., B Y. 4Y,B
dopme copme topme
i iy nr
AyOouTOpHbIE 3aHATUSA 134 68 16 50
B TOM 4uUCne: 34 0 0 34
nekumm
npakTnyeckne 100 68 16 16
nabopartopHble 0 0 0 0
CamocTtoaTtenbHas pabota 154 76 20 58
dopma NPoMEXYTOHHOMN 36 3a4éT Ok3ameH
aTTecTauum -0 — 36 vac.
(sk3ameH —  4ac.) yac.
UTtoro: 324 144 36 144
13.1. CopepxaHue QUCLUUNINUHbI
HaumeH
oBaHue
Ccbinka Ha
pasgen -
Ne n/n a CopepxaHue pasgena AUCLUUNIVHBbI 3NEeKTPOHHbIN
avcuumn Kypc
TNUHBI
1. Nlekuum
INnHeriHble onepaTopbl 1 YHKUMOHanNbI (onpeaeneHuns). Teopema o https://edu.vsu
NMHEeNnHOM onepaTope, HenpepbIBHOM B OAHOWN ToYke. OrpaHUYeHHbIN .ru/courselvie
NVHEeWHbIN onepaTop 1 TeopeMa O CBA3WN OrpaHUYeHHOCTUN NMMHENHOTO w.php?id=606
onepaTopa C ero HenpepbIBHOCTLI0. TeopeMa 06 orpaHNY4eHHOCTH 1
NMHerHoro onepaTopa, onpeaeneHHoro Ha KOHeYHOMEPHOM
NpOCTpaHCTBe.
Hopma nuHeHoro orpaHuyeHHoro oneparopa (onpegeneHue). Teopema
0 Bbl4MCMEHMM HOPMBI onepaTopa. OnepaTtop ®pegronbma B
J:IZHe”H NpoCcTpaHCTBe Cla, b] n ero Hopma. OnepaTop auddepeHunpoBaHus B
1
Ly | orpam Cla,b] , ,, C'[a,b] ; C[a,b]
€HHble [MpocTpaHCTBO NMUHENHBIX OrpaHMYEHHbIX onepaTopoB. Teopema o
oneparto | nonHoTe NPOCTPaHCTBA NIMHEeNHbIX OrpaHMYEeHHbIX ONepaTopoB (B CMbICne
pbl paBHOMepHOW cxoanmocTu). CrneacTBre Ansi CONpsXKEeHHOro
npoctpaHcTBa. [ponsBegeHne NMHEHbLIX oNepaTopos.
CunbHasa cxoanMOCTb NMHENHBLIX ONepaTopoB, CBA3b C PpaBHOMEPHOM
CXO0OUMOCTbH0. [MpUHLMN paBHOMEPHON OrpaHUYEHHOCTH (eMma n
Teopema). Teopema 0 NOMHOTE NPOCTPAHCTBA NIMHENHBIX OrPAHUYEHHbIX
onepaTopoB (B CMbICNE CUITbHOM CXOOMMOCTH).
Teopema 0 NPOLAOMKEHMUM IMHENHOTO onepaTopa No HENPEpPbLIBHOCTU Ha
BCe npocTpaHcTBo. OBpaTMMbIN M 06paTHLIM onepaTopbl (ONpeaeneHns).
Teopema 0 nMHenHOCTM obpaTHOro onepaTopa.
YcnoBue ob6paTMMoOCTU NIMHENHOrO oneparopa. Ycnoesue obpatnmocTu
NIMHENHOro oneparopa M orpaHu4yeHHocTu obpaTtHoro. Jllemma 06
06paTMOCTM NUHEHOTO onepaTopa u obpaTHOM onepaTope.
06 HenpepbiBHO 0OpaTnMeIin onepaTtop (onpegenenune). Crnencreme o
path HenpepbIBHO 06paTUMOM onepaTope.
1.2 Z;éepam Teopema BbaHaxa o HenpepbIBHOW 06paTMMOCTK onepaTopa (4Be fIeMMbI
Dbl n Teopema).
PesonbBeHTa NMHEHOro onepaTtopa u ero cnekTp (onpegeneHus).
Teopema o perynsapHOM MHOXeCTBE U NpeacTaBNeHnn pe3onbBeHThI,
crnepcTeue Ans cnekTpa. Teopema 06 OTKPLITOCTM perynsipHoro
MHOXeCTBa, CneacTBue Ang cnekrpa




. 3amkHyTble onepaTtopsl (onpeaeneHue). Teopema 0 3aMKHYTOCTH
orpaHM4yeHHoro onepaTopa. 3aMKHYTOCTbL onepaTtopa

3amkHyT | AnddepeHurpoBaHms B Cla, b].

1.3 bie Teopema 0 3aMKHYTOCTM onepartopa, 06paTHOro K 3aMKHyTOMY,
onepaTo | cnencrere 4ns HenpepbiBHO 06paTMMOro oneparopa. [lekapToso
Pl npovsBefeHne NUHENHbIX HOPMUPOBAHHBLIX NPOCTPAHCTB (NTMHENHbIEe

onepauun, Hopma 1 nonHoTa). 'paduk nMHenHoro onepaTopa. Jlemma o
rpadmke 3aMKHyTOro onepaTopa. Teopema 0 3aMKHYTOM oneparope,
onpegeneHHoOM Ha BCEM NPOCTPaHCTBE.
MpogomkeHne NMMHENHOrO OrpaHUYEHHOro pyHKUMOHana — nemMmma u
Teopema XaHa - baHaxa (gokasaTenbcTBO Anst cenapabenbHoro
BELLECTBEHHOro NpocTpaHcTea). Tpu cneacteud. Jllemma o
BGMopTOroHanbHbIX CMCTEMAX.
TNvnenn | O6LwmMn BMA NMUHERHBIX OrpaHMYeHHbIX (YHKLMOHAMNOB B NPOCTPaHCTBaXx:
;Ire KOHEYHOMEPHOM, Ip (L<p<e) , MnNbL6epToBoM, Lp [2,b] (1< p <o)

14 paHuy >
€HHble (cnyyan P72 6es JoKa3aTenbCcTBa).
byHKUMO BTopoe conpsikeHHOEe NpOCTPaHCTBO U pedneKkCMBHbIE NMPOCTPAHCTBA.
Hasbl Cnabasi cxoaAMMOCTb 3MIEMEHTOB B HOPMUPOBAHHLIX MPOCTPaHCTBaX

(onpepenenue). NpocTenwne cBOWCTBA: €AMHCTBEHHOCTL criaboro

npegena, cBs3b CO CXOAMMOCTbBIO MO HOPME, OrPaHNYEHHOCTb crabo

cXofsLencsa nocneaoBaTenbHOCTM, OLeHKa Anst HopMbl craboro

npegena.

Cnabo nonHble NpocTpaHcTBa U Teopema o cnabor nonHoTe
Cra6as pednieKCMBHBIX NPOCTPaHCTB. Teopema o cnabon cxoanmMocTy B
CXOmAMO KOHeYHoMepHOM npocTpaHcTBe. Cnabo OTHOCUTENBHO KOMMNAKTHbIE

15 oTh MHOXecTBa (onpegenexue). Teopema 06 orpaHM4eHHOCTH (Ena6o
snement | OTHOCUTENBHO KOMNAKTHOTO MHOXECTBa. Teopema o cnabon
0B OTHOCMUTENbHOWM KOMMNAKTHOCTM OrPaHU4E€HHOro MHOXECTBA B

pecnekcMBHOM NpoCcTpaHCTBE (goKa3aTenbCTBO ANs runbbepToBa

NPOCTPaHCTBA).

ConpspkeHHbIM onepaTop (onpegeneHne ang orpaHU4eHHoro onepaTopa).
Conpsix | OnepaTtop ®pearonbMa ¢ S4POM, CyMMUPYEMbIM C KBAAPATOM U

16 €HHble 3 L,[a,b] 3
onepaTo | COMPSXKEHHbLIN K HEMY B MPOCTPaHCTBe . Teopema 0 NMHENHOCTK
pbl N HOpMe comnpsXeHHoro onepaTtopa. OnpeaeneHne conpsiXKeHHOro

onepatopa B rmnbb6epToBOM NPOCTPaHCTBE.
BnonHe HenpepsblBHbIE onepaTopbl (onpeadeneHue). Teopema o
MHOXXECTBE BOJIHE HEMpPEpPLIBHbLIX OMNepaTopoB. Teopema O BMOSHe
HenpepbIBHOCTU onepartopa, ONpeAeneHHOro Ha KOHEYHOMEPHOM
NPOCTPaHCTBE, UMK AENCTBYIOLEro B KOHEYHOMEPHOE MPOCTPaHCTBO.
Teopema 0 BNomHe HenpepbIBHOCTU onepaTopa, CONPSXXEHHOro K BMNOMHe
BronHe | HeEMpepbiBHOMY. BrosiHe HenpepbiBHbIE OnepaTtopsl 1 crnabas
Henpep | .CX0AMMOCTb (oBe nemmbl M Teopema).
1.7 bIBHbIE BnonHe HenpepbIBHOCTL onepaTtopa dpearonbMa ¢ HENPepPbIBHbIM
oneparTo | oo o s Cla,b] ; C[a, b], us L2[a,b] o Cla, b], s L2[ab] o
pbl
L,[a, b]. BrnonHe HenpepbIBHOCTL onepaTtopa ®pearonbma ¢ SApoMm,
CyMMUpYeMbIM C KBapaToM, 13 L2 [a,b] B LZ [a, b]. Teopusa Pucca —
LHaynepa nuHenHbIX ypaBHeHUn BTOporo poda. Jllemma o MHoOXecTBe
3Ha4YeHuin onepaTopoB I-Aul-A

JInHenH

ble

18 ypaBHeH | lNepBas, BTOpas un TpeTbsi Teopembl Ppearonbma. IHTerpanbHble
ns ypaBHeHus dpearonbmMa BTOPOro poAa € BbIpOXAEHHBIMU SApaMMu.
BTOPOrO
poga

2. NpakTn4yeckme 3aHATUA




2.1

MeTpuy
eckne
npoctpa

HCTBa

OnpepneneHne MeTpu4eckoro npocTpaHcTea. Mpumepsl. Lapbi.
OrpaHun4eHHble MHOXeCTBa.

CxognmocTy B MeTpudecknx npoctpaHctsax. CBOMCTBa cxoasLwmnxcs
nocrnegoBaTenbHOCTEN. HenpepbiBHOCTb METPUKM MO COBOKYMHOCTH
nepemMmeHHbIX. MNpumepsbl

MonHoTa MeTpr4ecknx NPocTpaHcTB. MNprMepbl NOMHbIX MPOCTPaHCTB.
Mpumep HEMonHOro NPoCTpaHcTBa

To4KM NPUKOCHOBEHNS U 3aMblKaHMs MHOXecCTB. CBONCTBax onepauum
3aMblkaHus. Teopema 0 TOUKM NPUKOCHOBEHUSA MHOXecTBa. [NpeaenbHom
N N30MNNPOBAHHON TOYKN.

3amMkHyTble MHOXEeCTBa. Teopema 06 06beauHEHNN 1 NepeceveHmnm
3aMKHYTbIX MHOXECTB

BHyTpeHHVIe TOYKN. Onepau,vm B3ATUA BHYTPEHHOCTN MHOXeCTBa U ee
CBOWCTBA. Teopema O CBA3N orlepau,vuh 3aMblKaHUA N B3ATUA
BHYTPEHHOCTU MHOXXECTBAa.

OTKprTbIe MHOX€ECTBa. Teopema O CBA3U OTKPbITOCTU MHOXECTBa U
3aMKHYTOCTWU €ero gornoJiIHEHUA. Teopema O CBOWCTBax OTKPbITbIX
MHOXXECTB.

[MocTpoeHme orpaHNYEHHbIX OTKPbITBIX Y 3aMKHYTbIX MHOXECTB Ha
npsmon

Teopema O NOJTIHOTE NoAnpoCTpaHCTBAa. Teopema O BJIOXKEHHbIX LWapax.

COBepLLIeHHbIe, NnoTHbIE, BCOAY MIOTHbIE, HUTAE HE NITOTHbIE
MHOX€EeCTBa. Teopema O NonoJiHeHnn

MHoxecTBa nepBoy 1 BTOpou kateropui. Teopema bapa.

CenapabenbHoro npocTpaHcTea. Mpumepbl
cenapabenbHblXx U HecenapabenbHbIX NPOCTPaHCTB

HenpepbiBHbIE OTODpaXkeHNss MeTPMYECKMX NPOCTPaHCTB. Teopema 06
9KBMBANEHTHOCTU ONpeAeNneHuii HENPepbIBHOCTU Yepes €, O U
nocregoBaTenbHOCTU. [1Be TEOPEMbI O HEMPEPbLIBHBLIX (DYHKLMUSX 1
npoobpasax OTKPbITbIX Y 3aMKHYTbIX MHOXECTB.

Ycnosue Jlunwuua n oxumatowme otobpaxeHus. MNprHLMN cXMMaroLwmnx
oTobpaxkeHui (C oueHKon norpewHocTn). NMpumeHeHre npuHUMna
CXMMaILLMX OTOBpaKeHWU K MHTerpanbHblM ypaBHeHnsm ®pegronbma
BTOPOro poaa.

OTHOCUTENBHO KOMMAKTHOTO M KOMMAaKTHOrO MHOXeCTBa. Teopema 06
OrpaHM4YEHHOCTN OTHOCUTENIBHO KOMMAKTHOrO MHOXeCTBa. TeopemMa
BenepuwTpacca.

BronHe orpaHnyeHHoro MHoxecTBa. Teopema 06 orpaHU4eHHOCTU
BMoOJIHe orpaHn4YeHHoro MHoxecTBa. Teopema Xaycgopda

OrpaHun4eHHble, paBHOCTENEHHO HENpepbIBHbIE, OTHOCUTENBHO
KoMnakTHble MHoXecTBa B C[a,b] (Teopema Apuena).

2.2

JlnHenH
ble
npocTpa

HCTBa

JIuHenHoe NpocTpaHCTBO (onpeaereHne n NpocTenLlne CBOMCTBA).
MprMepbl NTIMHEeNHBIX MPOCTPaHCTB.

BbIHYKJ'Ioe MHOXeCTBO. JIMHelHas 3aBMCUMOCTb U HE3aBUCUMOCTb
3reMeHToB. JInHenHoe MHor006pa3me

Pa3amepHOCTb NMHEHOro MHoroobpasus. basuc nMHenHoro
MHoroobpasusi. Npsmas cymma nNMHenHbIX MHOroo6pasuin.

2.3

Hopmup
OBaHHbIE
npoctpa

HCTBa

HopmupoBaHHoe npocTpaHcTBo. OnpeaeneHnst U NpocTenlLMe CBONCTBA.

MpyMepbl HOPMUPOBAHHBLIX MPOCTPAHCTB.

PH,D,I:I 3fiIeMeHTOB HOPMMNPOBAHHOIO NPOCTpaHCTBA. CXOp,FlLLLI/IeCﬂ n
abCconTHO cxoadaLmecs pagbl.

OKBMBanNeHTHbIE HOPMbI (ONpeaeneHne 1 NPOCTeNLMe CBOMUCTBA).
Teopema 06 3KBMBANEHTHOCTN HOPM B NI0GOM KOHEYHOMEPHOM
HOPMWPOBAHHOM MPOCTPaHCTBE.

3aMKHYTOCTb KOHEe4YHOMEepPHOro NMHENHOro MHOFOO6pa3Mﬂ. MonHoTa
KOHEYHOMEPHOIro NNHENHOro NPOCTpPaHCTBA.

Pa3peluMoCTb MHTErpanbHbIX ypaBHeHWUA BonbTeppa BToporo poja.

KoMnaKkTHOCTb 1 KOHeYHOMepHOCTb (emma Pucca, Teopema 06
OTHOCUTENBHON KOMMAKTHOCTU BCSAKOTO OrpaHnYeHHOro MHOXXeCTBa B
HOPMMPOBaHHOM NPOCTPAHCTBE).

https://edu.vsu
.ru/courselvie
w.php?id=691
1




JInHeriHOEe NPOCTPaHCTBO CO CKaNApHbIM NPON3BeAEHMEM (ONpeaeneHue).
HepaseHcTtBO Kowwu - ByHskoBCKOro, HopMma, HenpepbIBHOCTb CKansapHOro
npoussegeHns. Onpegenenne runsbepToBa npocTpaHcTea. [pumepsl
NPOCTPAHCTB CO CKansipHbIM NpoOu3BeJeHNEM.

CBOWNCTBO OPTOroHanbLHOCTU. Teopema O pasnoXeHUn areMeHTa B CyMMy
NPOEKLNNA.

Mpoctpa | Teopema 0 NMOTHOCTM NMUHENHOIO MHOroo6pasus B rnbLGepToBOM
24 HCTBa CO | NpOCTPaHCTBE.
CKanapH | OpToroHanbHble CUCTEMbI 3fIeMEHTOB. TeopeMa 06 OpToroHansHoOn
biM cucteme B cenapabensHOM nNpocTpaHcTBe. [pouecc opToroHanuaaumm
npousee | lmuara.
AeHVEeM | Banaya o Haunydwen annpokcumaumm. HepaseHcTBo beccens n
cxoamMMocTb psga dypbe.
3amMkHyTasi OpTOHOPMMPOBAHHAA CUCTEMA ANEMEHTOB (onpeaerneHue,
cxogumocTb psiga dypee). Teopema 0 NONHOM OPTOHOPMUPOBAHHOW
CUCTEME INIEMEHTOB.
MHoxecTBa Mepbl Hynb. CTyneH4yaTble PyHKUNW, AEUCTBUS Ha4 HUMU.
M3mepurmMble yHKUUKN, OENCTBUS HAL HUMUW. VIHTerpupoBaHue
cTyneH4vaTtbix yHKumn. Ceonctea nHterpana. [jse nemmbl o
nocnenoBaTenbHOCTAX CTyNeHYaTbiX YHKUUNA.
MHOXeCcTBO yHKLMIA o , encrteus Hag PYHKUNAMU U3 C” .
Mamepn | KomeurocTs nouTn Bcromy doyHkumii us C
Mble + +
dyHKumK | MHTerpan B MHoOXecTBe c. MpocTenne cBOMCTBA UHTErpana B c".
2 v Teopema o npegensHOM nepexoae B c’ noJ 3HaKoM WHTerpana.
MHOXeCT
o CnepcrtBue.
8O Kputepui nHterpupyemoctu no Pumany doyHKUmm X(t) B TepMUHax
dyHKUMN X n X cnencTsue. Teopema 06 UHTErPMPYEMOCTI OYHKLIMM MO
PumaHy B TepMuHax nocrnefoBatenbHOCTEN CTYNeHYaTbiX OYHKLNIA.
®ynkumm X | X 1 fokasaTenbCTBO paBEHCTB MOYTU BCIOAY X= )—(, X=X,
Kputepui Jlebera nHterpupyemocty dyHKLMKM no PumaHy
Cymmupyemble dyHKUUK (onpegenexue). [lenctena Hag CymmupyembiMuy
dyHKUNAMUA.
Cymmunp WHTerpan B knacce cyMMmnpyemMbix yHKuun (onpegenexue). CBonctea
yembie p Yy py YHKL pene .
ChyHKLAV nHTerpana. Jlemma o npepcrasneHun cymmupyemont yHKuun. Teopema
26 " benno Jlesn, cneacteusa 1 n 2.
’ WHTerpa Teopema o CBFI3I/IVH60060TBeHHOFO nHTerpana PumaHa ans
n HeoTpuuaTensHOM yHKLUK C MHTErpanom JleGera. Mpumep d)yuI-|KLJ,I/Il/I
Ne6era HeCOOCTBEHHO MHTEIPUPYEMON MO PUMaHy, HO HE CyMMUPYEMOW.
Teopema Jlebera o npeaensHOM nepexode nof 3HakoM MHTerpana (Tpu
nemmsbl). Cnegcteusa 1 n 2. Teopema dary.
OnpegeneHune N3aMepmMoro MHOXXecCTBa 1 ero mMepbl. [NpocTeniwne
CBOWICTBa N3MEPUMbIX MHOXECTB. Teopema 00 06beaMHEHNN N3MEPUMbIX
MHOXECTB, CneicTBue AN nepeceyeHns N3MEPUMbIX MHOXECTB.
Mepa Teopema 0 Mepe 06begUHEHUS NONApHO He NepeceKatoLnxcs §
27 MHoKecT | BMEPVMBIX MHOXECTB. Teopema o mepe 06beaAnHEHMS pacLUNpsIOLLEnCcs
Ba nocnenoBaTenibHOCTU U3MEPUMbIX MHOXeCTB. CneacTene o mepe
00begnHeHns n3aMepuMbix MHOXeCTB. CrieCcTBME O Mepe nepeceyveHus
ybbiBaKoLLEN NOCNEA0BATENBHOCTN N3MEPUMbIX MHOXECTB.
CyLecTBOBaHME HEN3MEPUMOrO MHOXeCTBa (MHOXeCTBO J1ly3nHa).
CTpyKTypa N3MEpPMMOro MHOXeECTBa NOJTOXUTENBHON MepbI.
BHelwwHAa mepa MHOXecTBa. Teopema 0 BHELUHEN Mepe N3MeprmMoro
MHOXecTBa. Teopema 06 N3MEPUMOCTM MHOXECTBA B TEPMUHAX BHELLHEN
mepbl. OnpegeneHne N3mMepruMoro MHoxecTtsa no Jlebery B TepmuHax
BHELUHEW U BHYTPEHHEW Mepbl.
Teopus =
2.8 Nebera ®PyHKUMK, n3mepumble no Jlebery. Teopema 0 MHOXeCTBaxX (OYHKLINNA,

n3mepumbix no Jlebery n no Puccy.

OnpepgeneHue no Jlebery uHterpana oT orpaHU4eHHON N3MEPUMON
dyHKLMKN. Teopema o coBnageHun nuterpana no Jlebery n uHTerpana no
Puccy oT orpaHuyeHHon namepumon gyHkummn. Onpegenexve no Jlebery




WHTerpana oT HeorpaHM4yeHHOM nsmepumMmon pyHkuuun. Teopema o
coBrnageHnn MHoXecTBa yHKUMIA, HTErpmpyemblix no Puccy, ¢
MHOXECTBOM QYHKUMIA, MHTerpupyembix no Jlebery.

UHTerpn | NHTerpupoBaHue no namepnmomMmy MHoxecTBy. NpocTenwmne cBoncTea.
poBaHve | Teopema 06 MHTErPUPOBaHMUU MO OO BEANHEHUIO N3MEPUMbBIX MHOXECTB.
no Teopema 0 CyMMUPYEMOCTU HeOTpULLATENBHON PYHKLUMN Ha
usmepn | obbeamHeHUn naMepumbix MHOXeCTB. OueHKa HTerpana no
MOMY N3MepMMomMy MHOXeCTBY. Teopema 06 abCcomntoTHOM HENPEepPbIBHOCTU
MHOXecCT | nHterpana JleGera.
BY. Cnyyan 6eckoHeyHOro npomexyTka. [lokazaTenscTBO M3MEPUMOCTH
O606Le | npegena nsmepumblix dyHKUMR. Mepa nepeceyeHns ybbiBatoLei
29 HUS Ha nocnegoBaTenbHOCTU N3MEPUMbBIX MHOXECTB.
' beckoHe
YHbIN
npomMex .
YTOK 1 Cnyyan pyHKUMM OBYX HE3aBUCUMBIX NEpPeMeHHbIX. Teopema OybunHm
cyHKLMN (6es3 D,OK-BaZ. Teopema 0 CyMMMPYEMOCTU MO NPSAMOYIONbHUKY (OYHKLIMK,
Heckonb | AS KOTOPOW CYLLECTBYeT OfH 13 MOBTOPHLIX MHTErparos, Asa
KUIX CneacTBus.
nepemeH
HbIX
Mpoctpa lMpocTpaHcTBa Lp [a, b]. (onpepeneHue 1 NMHERHOCTb AN 0<p<ow ).
) HCTBa HepaseHcTBo lenbaepa. Hopma ans cnyyas lsp<oo
P G n Ly fa.b] L.[a,b]
OriHOTa NPOCTpaHCcTBa . MpocTtpaHcTBO —°
(PyHKUWI | (onpeaeneHue 1 Hopma).
JInHeliHble onepaTopbl 1 YHKUMOHanb! (onpeaeneHus). Teopema o

2.11 NIMHEHOM onepaTtope, HeNpepbIBHOM B OAHOM Touke. OrpaHNYeHHbIN https://edu.vsu
NMHENHbIN onepaTop U TeopemMa O CBSA3N OrpaHUYEHHOCTU NMMHENHOIO .ru/courselvie
orneparopa C ero HenpPepbIBHOCTLIO. w.php?id=606

n . Hopma nuHenHoro orpaHu4eHHoro oneparopa (onpegenexue). Teopema 1
WHEWH 1 5 BhiuMcreHmm HOpMbI oneparopa.
orpbelaimq MpocTpaHCTBO NMHENHbIX OrpaHN4eHHbIX OnepaTopos. Teopema o
eHHbie | MO7IHOTE MPOCTPAHCTBA NMHENHBIX OrpaHN4eHHbIX OnNepaTopos (B cmbICnie
onepato paBHOMEpPHOW cxo,qmmocm).v _
Dbl CvnbHas CXOAMMOCTb NIMHEWNHbIX ONepaTopoB, CBA3b C PaBHOMEPHOW
CXOAMMOCThIO.
Teopema 0 NPoAOMKEHUN NMMHENHOIO onepaTopa Mo HEMPepbIBHOCTU Ha
BCe npocTpaHcTBo. OBpaTMMbIN U 06paTHLIM OnepaTopbl (ONpeaeneHns).
Teopema 0 nMHenHOCTM obpaTHOro onepaTopa.

2.12 YcnoBue ob6paTMMocTu NIMHENHOro oneparopa. Ycnosue obpatnmocTu
NMHENHOro oneparopa 1 orpaHM4YeHHoCTH obpaTtHoro. Jllemma o6
06paTMOCTM NUHEHOTO onepaTopa u obpaTHOM onepaTope.

06 HenpepbiBHO 06paTnMeIin onepaTtop (onpegenenune). Crneacreme o
path HenpepbIBHO 06paTUMOM onepaTtope.
on“g;I:To Teopema BbaHaxa o HenpepbIBHOW 06paTMMOCTK onepaTopa (4Be feMMb
Dbl n Teopema).
PesonbBeHTa NMHEHOro onepartopa u ero CnekTp (onpegeneHus).
Teopema 0 perynsapHOM MHOXeECTBE U NpeACcTaBeHnn pe3orfbBEHTHI,
cnepcTteue Ans cnektpa. Teopema 06 OTKPLITOCTM perynsipHoro
MHOXeCTBa, CNeAcTBUE Ans cnekrpa.
2.13 3aMKHyT
ble 3aMkHyTble onepaTtopbl (onpegeneHne). Teopema 0 3aMKHYTOCTU
onepaTo | OrpaHUYeHHOro oneparopa.
pbl
2.14 JNnHenH | MNMpogormkeHne NMHENHOro OrpaHNYeHHOro (oyHKUMoHana — nemMmma u
ble Teopema XaHa - baHaxa.
orpaHmd | OBLMI BMA NIMHENHBIX OrpaHNYEeHHbIX (PYHKLMOHANOB B HEKOTOPbIX
€HHble | MPOCTPaHCTBAX.
dyHKUMO | BTOpoe conpsikeHHOe NPOCTPaHCTBO U pedrieKCMBHbIE NMPOCTPaHCTBA.
Hanbl Cnabas cxoguMoCTb 9IEMEHTOB B HOPMMPOBAHHbIX MPOCTPaHCTBAX




(onpepnenexue). MNpocTenme cBONCTBA: €ANHCTBEHHOCTb Cnaboro
npegena, cBA3b CO CXOAMMOCTbBIO MO HOPME, OrPaHMYEHHOCTb crabo
CXoAsLencs nocneaoBaTenbHOCTH, OLUeHKa Anst HOpMbl criaboro
npegena.

2.15 Cnabo nonHble NpocTpaHcTBa 1 Teopema o cnabor nonHoTe
Cnab6as pednekcrBHbIX NPOCTPaHCTB. Teopema o cnabow cxoanmocTu B
CXOOMMO KOHeYHoMepHOM npocTpaHcTBe. Cnabo OTHOCUTENbHO KOMNAaKTHbIE

oTh MHOXecTBa (onpefeneHune). Teopema 06 orpaHM4EHHOCTU gna6o
snement | CTHOCUTENBHO KOMNAKTHOTO MHOXeECTBA. Teopema o cnabon
oB OTHOCUTENbHON KOMMNAKTHOCTW OFPaHNYEHHOro MHOXXECTBA B
pedrieKCMBHOM MPOCTPaHCTBE (4oKa3aTenbCTBO ANnd runsbepToBa
NPOCTPaHCTBA).
2.16 ConpsiXeHHbI onepaTop (onpeaeneHne anst orpaHU4EeHHOro oneparopa).
Conpsx | OnepaTop ®pearonbMa ¢ SAPOM, CyMMUPYEMbIM C KBaIpaTOM 1
€HHble - _
oneparo | COMPAKEHHbIVA K HeMy B MpocTparcTee L,[a,b]. Teopema o nuHeinHocTn
pbi N HOpMe comnpsiXeHHoro onepaTtopa. OnpeaeneHne ConpsKeHHOro
onepartopa B rmnb6epToBOM NPOCTPaHCTBE.

2.17 BnonHe HenpepbiBHbIE OnepaTopbl (onpeaenexue). Teopema o
BrnonHe | MHOXeCTBe BMosiHE HEMpPEpPLIBHbLIX ONepaTopoB. Teopema o BrosiHe
Henpep | HEMpepbIBHOCTU onepaTopa, onpeaeneHHoro Ha KOHEYHOMEPHOM

bIBHble | NPOCTPaHCTBE, UM A4eNCTBYIOLErO B KOHEYHHOMEPHOE MPOCTPaHCTBO.
onepato | Teopema 0 BNosfiHE HENPEPbLIBHOCTM OnepaTopa, CONPSPKEHHOrO K BMOMHE
pbl HenpepbiBHOMY. BnonHe HenpepbiBHbIE onepaTopkl U cnabas
CXOAMMOCTb (OBE NNeMMbl 1 Teopema).

2.18 BrnonHe HenpepbiBHOCTL onepaTtopa ®pearonbma ¢ HenpepbIBHbIM
HM:Z”H sapom: w3 C[a,b] 8 C[a,b], us L,[a,b] & C[a,b], us L,[a,b] &
ypasren | L,[a,Db]. Bronte HenpepbiBHOCTL onepaTopa ®pearonbma ¢ sapoM,

ns cymmmpyembim ¢ kBagpatom, u3 L,[a,b] 8 L,[a,b]. Teopus Pucca -
BTp%igo LLlayaepa nuHerHbIX ypaBHEHUI BTOPOro poda. Jlemma o MHOXecTBe
3Hauenuit onepatopos | —A u | — A",

13.2. Tembl (pa3aenbl) AUCUUNIIUHBI U BUAbI 3aHATUNX

Bugbl 3aHaTun (Yacos)
Ne HaumeHoBaHue pasgena CaMocTosTenaHas
n/n ONCLUNMNNHBI Jlekummn | JlaBopaTtopHble | lNMpakTuyeckme pa6ota Bcero
1. MeTpuyeckne npocTpaHcTBa 38 34 72
2. JInHenHble NpocTpaHcTBa 4 8 12
3. HopmMunpoBaHHbIe
npocTpaHCcTBa 16 17 33
4. MpocTpaHcTBa co
cKanspHbIM Npon3seseHnem 10 17 27
5.
M3meprmble QyHKUUN U
C+ 4 4 8
MHOXEeCTBO
6. CymmMmupyemble OyHKLMN U > 5
uHTerpan Jlebera
7. Mepa MHOXecTBa 3 3 6
8. Teopus Jlebera 2 4 6
WHTerpupoBaHue no
9 N3MepUMOMY MHOXECTBY. 5 3 5
O606LeHns Ha
BECKOHEYHbIV NPOMEXYTOK U




OYHKLMN HECKOMNBKNX
nepeMeHHbIX
10 MpocTtpaHcTBa CyMMUpyeMmbiX 2 4 6
dyHKUMN
11 JInHeWHble orpaHYeHHbIe 5 5 10 17
onepaTopsl
12 Ob6paTtumble onepaTopsbl 4 2 8 14
13 3aMKHyTbIEe onepaTopsbl 4 2 6 12
14 JInHelHble orpaHuYeHHble 4 5 10 16
yHKLMOHanMbI
15 Cnabas cxognmocTb 4 5 6 12
3MNeMeHToB
16 ConpsiXeHHble onepaTopsbl 5 2 6 13
17 BnonHe HenpepbIBHbIE 4 2 6 12
onepaTopsl
18 INnHeliHble ypaBHEHNS 4 > 6 12
BTOPOro poga
19 KoHTponb 36
Bcero 34 0 100 154 324

14. MeToan4yeckue ykasaH1A Ans ody4yarowmxca no 0CBOEHUIO AUCLUNSIUHDbI

[Mpn n3ydeHun AMCUMNITMHBI pEKOMEHOYETCa Ucnonb3oBaTh cneayoLlme cpeacTaa:

- peKkoMeHOyeMy0 OCHOBHYIO U OOMNOMHUTENbHYIO NUTepaTtypy

- paboTa C KOHCNeKkTamMun NeKkunm;

- MeToAMNYeCKMEe yKasaHnst u nocobus

- KOHTPOrbHbIE 3afaHuA ANA 3aKpenneHus TeopeTU4ecKoro maTepmana;

- ANEKTPOHHbIE BEPCUN Y4EOHNKOB N METOAMNYECKNX YKa3aHWUM A1 BbINOMHEHWS MPaKTUYECKUX
paboT.

CamoctodaTenbHasa yyebHas OeATenbHOCTb CTYAEHTOB MO AucumnnuHe «PyHKLMOHaNbHbIN
aHanu3» npegnonaraeT u3ydeHWe peKoMeHAyemoW npenofdasaTenem nutepaTypbl Mo BoMnpocam
NEKUMOHHBIX M NPaKTUYECKUX 3aHATUIN (NpyBeaeHbl BbilLE), CAMOCTOSATENIbHOE OCBOEHME MOHATUIHOMO
annapaTta 1 nogroToBKy K TEKYLLMM aTtTecTaumsm (KOHTPONbHbIM paboTtam) (NpuMepbl CM. HUXE).

Bonpocbl NEKUMOHHBLIX M MPaKTU4ECKUX 3aHATUA OBCYXXOAKTCA Ha 3aHATUSX B BMAE YCTHOrO
onpoca — WHAVBMAYaNbHOrO M POHTanbHOro. [pu nNoAroToBke K NEKUMOHHBIM U NPaKTUYECKUM
3aHATUAM, O0yYaloLWMMCA BaXXHO NMOMHUTb, YTO UX 3adaya, OTBeYasi Ha OCHOBHbIE BOMPOCHI MraHa
3aHATUS M OONONHUTENbHbLIE BOMPOCHI NMpenogasaTens, nokasaTb CBOW 3HAHWUS W KPYrosop, yMeHue
norMyeckn MnoCcTpoUTbL OTBET, BraeHne MaTteMaTudeckMMm annapaTtoMm U WHble KOMMYHWKaTUBHbIE
HaBbIKW, YMEHNe OTCTanBaTb CBOK NPOodeccMoHanbHy no3vumio. B xoge ycTHOro onpoca BbiSiIBNAOTCH
aetanu, KoTopble No KakuM-TO NpU4MHaM oKasanuncb HeAOCTaTOYHO OCMbICNIEHHBIMU CTYAEHTaMn B XO4e
y4yebHbIX 3aHATUA. Tem cambiM OMpPOC BbLIMOSHAET BaxHeWwune oby4alolylo, pasBMBaOLLYO U
KOppeKTMpyoLwyo (yHKLMK, NO3BONsSeT CTyAeHTaM Yy4yecTb HeaopaboTkm u u3bexaTb WX npu
NOArOTOBKE K MPOMEXYTOYHbIM aTTecTaumsm.

Bce BbINoONHseMble CTygeHTaMn CaMOCTOSATENbHO 3agaHns (BbINOMHEHME KOHTPOMbHON paboTbl)
noanexar nocriegyowen nposepke npenogasatenem. PesynbtaTbl TEKyLWMX aTTecTauun yunToiBaloTCA
npenogasateneMm npu npoBeAeHUM MPOMEXYTOYHOW aTTecTaumn (4 cemectp — 3ayeT, 6 cemectp —
3K3aMeH).

15. MepeyeHb OCHOBHOM U AOMNONHUTENLHOW nNUTepaTypbl, PECypCOB WHTEpPHET,
Heo6Xxo0AMMbIX AN OCBOEHUA AUCLUNIUHbI
a) OCHOBHas nuTepartypa:

Ne
NcTouHmnk
n/n
CwmaruH, B.B. JlnHenHble onepaTopbl U yHKUMOHanNbI [ONeKTpoHHbIN pecypc] : y4ebHoe nocobue
ans BysoB / B.B. CmarvH ; BopoHex. roc. yH-T .— OneKTpoH. TekcToBble gaH. — BopoHex :
1 | Nspatenbcko-nonurpaduyeckuii LeHTp BopoHexcKkoro rocyaapcTBeHHoro yHusepcuteta, 2011, —
CBobOOHbIN aoctyn n3 MHTpaceTn BIry. — TekcToBbIN dann
<URL:http://www.lib.vsu.ru/elib/texts/method/vsu/m11-200.pdf>.
2 | CmaruH, Buktop BacunbeBud, [1eAcTBUTENBHBLIN aHann3 [QneKTPoHHLIN pecypc]: y4ebHoe nocobue



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%92.%5B1,1004,4,101%5D&LANG=rus
http://www.lib.vsu.ru/elib/texts/method/vsu/m11-200.pdf
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

/ B.B. CmaruH; BopoHex. roc. yH-T .— OneKTpOH. TeKCToBble AaH. — BopoHex : N3gaTenbckuii gom
Bry, 2015 .— CsobogHbii pgoctyn u3 uHTpacetTu BIY .— TekctoBbi dpavin .—
<URL:http://www.lib.vsu.ru/elib/texts/method/vsu/m15-29.pdf>.

CwmaruH, Buktop BacunbeBud. PyHKUMOHaNbHblE NpocTpaHcTBa. BBOAHbLI Kypc [ONEKTPOHHbIV
pecypc]: y4ebHoe nocobue gns By3oB / B.B. Cmarun ; B.B. CmaruH ; BopoHex. roc. yH-T .—
3 | OneKkTpoH. TekcToBble pndaH. — BopoHex : BOPOHEXCKUA rocynapCTBEHHBLIN YHUBEPCUTET,
MaTtemaTtuyeckuin pakynbteTt, 2017 .— CBOBOAHBIN JOCTYN M3 uHTpacetTn BI'Y .— TekcToBbiv chann
<URL:http://www.lib.vsu.ru/elib/texts/method/vsu/m17-92.pdf>.

0) gononHuTenbHasa nuTepartypa:

Ne n/n NcTOoYHMK
Konmoropoe A.H. 3nemeHTbl Teopuu QYHKUMN K YHKUMOHAMNBHOMO aHanusa: y4debHoe
1 nocobue ons ctyg. mart. cneu. yH-ToB / A.H. Konmoropos, C.B. ®omuH. — M. : Hayka. — 1968.
— 496 c.
Pucc, ®. Jlekummn no dpyHKumoHanbHomy aHanusy / ®. Pucc, b. CekedanbBn-Hagb ; nep. ¢ ¢p.
2 [.A. BacunbkoBa nopg pea. C.B. domuHa; pea. C.A. Tensikockun .— M3a. 2-e, nepepab. u gon.

— M. : Mup, 1979 .— 587 c.
Cobones B.W. Jlekumm no gononHuTenbHLIM rnaBaM maTemaTnieckoro aHanusa. — M. : Hayka.

3 — 1968. — 288 c.

4 Lnnos, Meoprun EBreHbeBu4y. Matematmyeckun aHanua. Bropon cnewumanbHbeii Kypc : y4ebHoe
nocobue ans roc. yH-tos / I".E. Wunos .— M. : Hayka, 1965 .— 327 c.
TpeHorH B.A. ®yHKUMOHaANbHbIM aHanu3: y4ebHuk ans cTtyg., obyd. no cneunanbHOCTSAM

5 "Matematunka" u "lNMpuknagHas matematuka" / B. A. TpeHormH. — W3a. 4-e, ucnp. — M.:
dusmarnur. — 2007. — 488 c.

6 JloctepHuk, J1.A. KpaTkuii Kypc OyHKUMOHANbHOro aHanmnsa [OneKkTpoHHbIN pecypc] : yvyebHoe
nocobue / J1.A. JlioctepHuk, B.X. Cobones. — AnekTtpoH. gaH. — CI16.: JlaHb, 2009. — 272 c.

B) MH(OPMaLIMOHHbIE 3NEKTPOHHO-06pa3oBaTesibHble pecypchl (0duLmManbHbie pecypchl

NHTEPHET)*:
Ne n/n Pecypc
1 OnekTpoHHas 6ubnuoteka 3HE BIY https://lib.vsu.ru/
2 OnekTpoHHOo-6mbnuoteyHas cuctema "faHb" https://e.lanbook.com/
3 OnekTpoHHOo-6nbnuoteyHasa cuctema "KoHcynbTaHT cTygeHTa" http://www.studmedlib.ru

16. NMepe4vyeHb y4eOHO-MeTOANYECKOrO obecnevyeHns ANs CaMoOCTOATENbHOW paboThl

Ne

NcToYHUK
n/n

JlioctepHuk, J1LA. KpaTknii Kypc OyHKUMOHANbHOIO aHanmsa [OneKTpOoHHbIN pecypc]: yyebHoe
1 nocobue / I1.A. JlioctepHuk, B.WN. Cobones. — 3nekTpoH. gaH. — CI16.: Nlanb, 2009. — 272 c.
— Pexum goctyna: http://lanbook.lib.vsu.ru/books/element.php?pll_id=245

CwmarvH B.B. Mertpudeckme npoctpaHctBa. [locobne no kypcy ~ OyHKUMOHaMbHbLIN

2 aHanus . CneumanbHoctb 010101 (010100) -- MaTemaTuka // BopoHex. roc. yH-T. BopoHex.
2005.35c.
3 MonoxeHne o6 opraHusauuym caMoCTOATENbHOW paboTbl obyyatowmxca B BopoHexckom

rocygapCrtBeHHOM yHMBEpPCUTETE

17. OOpasoBaTenbHble TEXHONOINMU, MUCNONb3yeEMble NpU peanusauum y4ebHOWM
ANCLUMNIINHBbI, BKIOYash AUCTaHUUOHHble oOpa3oBaTtenbHble TexHonoruun (OOT),
aneKkTpoHHoe oby4yeHue (J0), cmewaHHOe 06Gy4YeHue):

Mpn peanusaumm y4ebHOM UCUMNANHBI NPOBOAATCA pa3nnyHble TUMbl NIEKUMA: BBOLHAS
nekums, nekumnsi-uHdopmaums, nekumsa-guanor; a Takke NPakTUY4eCKUX 3aHATMW, Ha KOTOpPbIX
OCYLLECTBNAETCS peLleHne 3a4a4y N YCTHbIE ONPOChl MO TeMaM 3aHATUS.

AncumnnuHa MoXeT peann3oBbiBaTbCS C MPUMEHEHMEM 3JFIEKTPOHHOrO 0byyeHus u
ANCTaHUMOHHbIX obpasoBaTenbHbIX TexHONornn. MNMpn npoBegeHMM 3aHATUN B AUCTAHLMOHHON


http://www.lib.vsu.ru/elib/texts/method/vsu/m15-29.pdf
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://lib.vsu.ru/
https://e.lanbook.com/
https://lib.vsu.ru/url.php?url=http://www.studmedlib.ru
http://lanbook.lib.vsu.ru/books/element.php?pl1_id=245

dopmMe MCMoMb3ylTCA TeXHUYeckme Wu UHAGOpPMaLMOHHble pecypcbl O6pasoBaTenbHOro
noptana "3OnekTpoHHbI yHuBepcuteT BIY" (https://edu.vsu.ru), 6asmpytouieroca Ha cucrteme
ANCTaHUNOHHOro obyyeHna Moodle, pasBepHyTon B YHUBEPCUTETE, a Takke Apyrue AOCTYMHble
pecypchbl B ceTn IHTepHeT.

CamoctoaTtenbHas pabota pernameHtupyetca [lonoxeHnem 06  opraHu3auun
camMocToATeNbHOM paboThl obyyatoLwmxcs B BOpoHEXCKOM rocyaapCTBEHHOM YHMUBEpPCUTETE.

18. MaTepnanbHoO-TeXHUYECKOe obecneyeHme AUCLUNIINHDI:

Ana npoBedeHNA NEKUMOHHbIX W NPaKTUYECKUX 3aHATUN MCMNONb3YKTCA ayantTopuwu,
OCHaLLlEHHbIE Creumannu3npoBaHHOM Mebernblo.

[Ana camocTtosTenbsHoM paboTbl MCMONb3yeTCA KnacC C KOMMbOTEPHON TEXHWUKOW,
OCHALLEHHbIN HeobxoaMMbIM  MporpaMMHbIM — obecrneyeHneM, SNEKTPOHHbIMU  Y4eOHbIMK
nocobmsammn 1 3aKkoHodaTenbHO - NPaBOBOM U HOPMATUBHOW MOWUCKOBOW CUCTEMOW, UMEKLLMIA
BbIX0 B rnobarnbHyto ceTb.

19. OueHo4HbIe cpeacTBa ANs NPoBeAEeHUA TEKYLen 1 NPOMEXYTOYHOM aTTecTaunm

Mopsiaok OLEeHKM ocBoeHMs obyyatoLmmmncs y4ebHoro MaTepuana onpeaensieTcs
coAepXXaHNeM crieayroLmnx pasaenos ANCUMNINHGI

HaunmeHoBaHve WHamnkaTop(bl)
rll\;gn pasfena AvcumniHbl Kona;l((a;;eH AOCTVXEHNA Ouerorble cpencTsa
(mogyns) H KOMMNeTeHUMMN
1. | Pasgenbl 1-4 OrnK-1 O1I'I£<lO%IK01I'I£< KoHTponbHble paboThl 1-2
2. | Pasgenbl 5-10 Onk-1 O1I'I£<%)%IK01I'I:}3< KoHTponbHas paboTa 3
3. | Pasgenbl 11-18 Onk-1 OF;%)%IKOP:E( KoHTponbHasa paboTa 4
MpomexyToyHas aTTectauus MepeyeHb BONPOCOB K 3a4€TY U 3K3aMeHy
dopma KOHTPOIS — 3a4€T, IK3amMeH n3 n.20.2

20 TuvnoBble OLEHOYHbIe cpeAcTBa M MeToAMYECKMe MaTepuanbl, onpeaenstowme
npoueaypbl oLueHUBaHUS

20.1 TeKywWwMn KOHTPOSb yCreBaeMoCTH

KoHTponb ycneeaeMocTy No AUCLMUNINHE OCYLLECTBNSETCS C MOMOLLbIO CreayloLmnX OLEHOYHbIX
CPEACTB: KOHTPOSIbHbIE paboThbI

KomnnekT 3agaHui ans KOHTponbHon pa6oTbl Ne 1

Bapuarm 1
3apaHue 1. [lokasaTb NOMHOTY NPOCTPAHCTBA S.

3apaHue 2. MNoka3aTb, YTO B ANCKPETHOM METPUYECKOM NPOCTPAHCTBE KaXa0e MHOXECTBO
OTKPbITO.

3apaHue 3. [lokasaTb KOMMNAKTHOCTb BCSIKOrO KOHEYHOrO MHOXECTBA B METPUYECKOM
NPOCTpPaHCTBeE.

3apaHue 4. lNMyctb MHOXecTBa A 1 B orpaHunyeHbl B X — MI1. MNokasaTb, 4To MHOXecTBO AUB
TaKKe OrpaHnMyeHo B X.

BapuaHm 2

3agaHve 1. MoxeT nn B METPUYECKOM NPOCTPAHCTBE Wap paguyca 4 6biTb CTPOrumM
NoAMHOXECTBOM Luapa paaguyca 37

3agaHuve 2. [lJokasaTb MNOMHOTY NPOCTpaHCTBa M.



3agaHve 3. BepHo nn, 4TO AONOMHEHUE K BClogy NMIOTHOMY MHOXECTBY SIBNSETCS HUrAe He
MNOTHbIM?

3apaHuve 4. [lokasaTb, YTO 06 beANHEHNE KOHEYHOro YMcna KOMMNaKTHbIX MHOXECTB eCTb
MHOXECTBO KOMMaKTHOe.

KomnneKkT 3agaHui AnA KOHTPONbHON paboTbl Ne 2

Bapuarm 1

3apanuve 1 [lokasaTb, 4TO nepeceveHme Nobon CUCTEMbI BbINYKIbIX MHOXECTB €CTb BbiNyKoe
MHOXECTBO.

3agaHue 2 NokasaTb, YTO 3aMblkaHMe OTKPLITOro LWapa B JIMHEMHOM HOPMUPOBaHHOM
NPOCTPaHCTBE €CTb COOTBETCTBYIOLNIA 3aMKHYTbIN LLap.

3apaHue 3 NokasaTb, YTO BHYTPEHHOCTb 3aMKHYTOrO LWapa B MMHENHOM HOPMUPOBaHHOM
NPOCTPaHCTBE €CTb COOTBETCTBYIOLLMNIA OTKPbITLIN LIap.

BapuaHm 2

3apanue 1 [lokasaTtb, 4TO B IMHENHOM HOPMWPOBAHHOM MPOCTPAHCTBE 3aMblkaHWE BbINyKIOro
MHOXECTBa €CTb BbIMyKIoe MHOXECTBO

3agaHue 2 NokasaTb, YTO BCSAKMM LWap B IMHENHOM HOPMUPOBAHHOM MPOCTPAHCTBE €CTb
BbINYKOe MHOXECTBO

3aganue 3 lNyctb A 1 B MHOXecTBa B IMHEMHOM HOPMWPOBAHHOM MpoCTpaHcTBe. [JokasaTb, YTO
ecnu mHoxecTtea A 1 B orpaHunyeHbl, To MHOXecTBO A+B orpaHnyeHo.

KomnnekT 3agaHui Ansa KOHTPonbHOW paboTbl Ne3.

Bapuarm 1

MoXXeT M MHOXECTBO, UMmetoLee XoTa 6bl O4HY BHYTPEHHIOK TOYKY, OblTb MHOXECTBOM MepbI
Hynb?

BapuaHm 2
MpuBecTn npumep cymmmnpyemon oyHKUMN, KBagpaT KOTOPON HE CYMMUPYEM.

KomnneKkT 3agaHun ans KOHTPONbHOMN pab6oTbl Ne4.

Ne1. MycTtb X,Y — HOPMUPOBaHHbIE NPOCTPaHCTBa. BbIACHUTL, coBnagaeT fim obnacTb

D(A) = {x e X|AxeY}
onpegeneHus onepaTtopa A C HOPMMPOBaHHbBIM NPOCTPaHCTBOM X. ABnNgeTcd nu
onepaTtop A NIMHENHbIM, HEMPEPbLIBHbIM ONEPaTopoM 13

pay s ve X = LAY = LIOLL (A)®) =|xO)]

Ne2. [lokasaTb, YTO onepaTop A:X =Y gensercs nuHeHbIM OrpPaHUYEHHbIM, 1 HaNTW €ro
X(1) x(2 X(Kk)

Al > 1, Ax= (0,0, ,
Hopmy. OO )
Ne3. [Ina nocrnegoBaTensHOCTU ONepaTopoB (A) = LB(X.Y), X, YENorm u AeLB(X,Y)
: (A) : (A,)
yCTaHOBUTbL: 1) cxoguTcsa nu NOTOYEYHO (CUMBHO) K onepaTopy A; 2) cxoautca nu Nno HopmMe K

onepatopy A. AX=(X@D),...,x(n),0,0,...),A=1 , X =Y =1,

Ne4d. MycTb A:X —>Y-,El,0|<a3aTb, YTO CyLLLECTBYET HEMPEPbIBHbIN 06paTHbIV onepaTop Afl, "

— _ 2 _ 3 _ 4
nocrpont ero. At =1 AX= (A= 1)"X. 0= 19) % 0= }) % ).

No5. MycTb E, F — JIHI, A — 3aMKHYTbIM NMHEeNHbIM onepaTop 13 E B F. [lokasaTb, YTO MHOXECTBO
Hyrnen N(A) onepaTtopa A sBnsieTca NOANPOCTPaHCTBOM NpocTpaHcTea E.



OnucaHue TexHonornu n poBeaeHus

Tekywias artrectaums NpoBOOAUTCA B COOTBETCTBUM C [TONOXEHMEM O Tekyllel aTrectaumm
obyyalomMxca Mo MporpamMmaM  Bbicllero o6pa3oBaHWs  BOpPOHEXCKOro  rocyaapCTBEHHOro
yHMBepcuTeTa.

OOyuvalowmnca nonyvaeT KOMMMEKT 3a4aHUM KOHTPOSibHOWM paboTbl U B TeyeHue [fByX
akageMn4eckux 4YacoB [OIDKEH MpegocTaBUTb NpenodaBaTento MNUCbMEHHbIM OTBET Ha 3ajaHus
KOHTponbHoM  pabotbl. [lpu aToM  oby4varowemMycs  3anpeLlleHo  nonb3oBaTbCAd  NOOLIMMK
BCMOMOraTenbHbiMM pecypcamn, Kak To: y4eOHMKW, MeTogumyeckne nocobusl, KOHCMEKTbl NEeKUUn u
NPakTUYECKNX 3aHATUIN, pecypcbl ceTu IHTEpHeT.

Pesynbtatbl TeKywmx aTtTecTauuMnm Yyy4uTbiBalOTCA MpernogasaTteneM npuv  NpoBedeHun
NPOMEXYTOYHOW aTTecTauun (3ayerta).

B ycnoBusx npuUMEHEHUs SMNEKTPOHHOro OOy4YyeHWss U  AUCTaHUMOHHBIX 0Opa3oBaTeribHbIX
TEXHOSOMMIN BCE BbINOSIHAEMbIE 3a4aHUA TEKyLMX aTtTecTtauun (KOHTpornbHas paboTta) obyvarowimecs
BbICTaBNAT ANA NPOBEPKU B JIMYHbIX KabMHETax B 3MEKTPOHHOM Kypce Ha nopTane «3neKTPOHHbIN
yHuBepcutet BIY». — Moodle:URL:http://www.edu.vsu.ru/.

TpeboBaHMA K BbINOIHEHNIO 3a4aHUN (UNK LWKaNbl U KPUTEPUU OLLEHMBaHUA)

[ns oueHmBaHus pe3ynbTtaTtoB 06y‘-IeHI/IF| Ha KOHTpOJ'IbHOI;l pa60Te ncnonb3yrTCcd cneanyowne
nokasartenu:

1) 3HaHWe y4ebHoOro matepmana v BrnageHne NoHATUHLIM annapaToMm;
2) yMeHMe CBA3bIBaTb TEOPUIO C NPaKTUKOMN;
3) yMeHMe NPUMEHATb NOSTyYEHHbIE 3HAHUSA B MPaKTUYECKOM 3afaHuu.

20.2 NMpomexyToyHaa aTrectaums

MNpomexyToyHass aTTecTtaumss Mo AMCUMMIIMHE OCYLLECTBNSIETCS C  MOMOLLbIO — CrieaytoLwmx
OLIEHOYHBLIX CcpeacTB: cobecefgoBaHMe Mo OwuneTam K 3a4éTy W 3K3aMeHaLMOHHbIM GuneTtam,
COOTBETCTBEHHO.

lNMepeyeHb BONPOCOB K 3a4eTy:

1. HepaBeHcTBO KOHra ans KOHeYHbIX CyMM, HepaBeHCTBO [enbaepa Ansd KOHEYHbIX CYMM.

2. HepaBeHcTBO Nenbaepa 4 KOHEYHbIX CYMM, HEpaBeHCTBO MUHKOBCKOTO A5151 KOHEYHbIX CYMM.

3. lNMpumMeHeHne npuHUMNA CXMMaOLWMX OTOBpakeHWn K MHTerpanbHbiM ypaBHeHusM Ppepgronbma
BTOPOro poja.

4. OnpegeneHnsa OTHOCUTENBbHO KOMMAKTHOIO M KOMMNAaKTHOrO MHOXecCTBa. Teopema 06 orpaHUYEHHOCTH
OTHOCUTENBbHO KOMMAaKTHOro MHOXecTBa. TeopemMa Beneplutpacca.

5. CBONCTBO OpTOroHanbHOCTK (onpeaeneHnss OPTOroHanbHbIX 3fIEMEHTOB, 3fIEMEHTa OPTOroHanbHOro
MHOXECTBY, OPTOroHanbHOro AononHeHus). Teopema o pasnoXeHuu afiemMeHTa B CyMMY NPOEKLMNA.

6. OpToroHanbHass cymma nognpocTpaHcTBa. PopmynupoBka Teopembl O MAOTHOCTU FIMHENHOrO
MHOroobpasus B runibbepToBOM NPOCTPaHCTBE.

7. Ycnosue Jlvnwuua wu cxkumawwme otobpaxeHusa (onpegenexvs). [puHUMN  CKUMaKOLLMX
oTobpaXkeHun (C OLEHKON NOrpeLLIHOCTH).

8. Teopema Xaycoopda.

9. JlnHeriHOe NPOCTPaAHCTBO CO CKaNsApHbIM NPOM3BEAEHNEM (ONpeaeneHe, NpocTenLne CBOMCTBA).

10. HepaseHcTBO Kowmn-ByHAKOBCKOro, HOpMa, CBOMCTBO HENPEPLIBHOCTW CKansipHOro Npon3BeaeHus.
11.  Onpegenenne runbbepToBa npocTpaHcTBa. [lpumMepbl  MNPOCTPAHCTB CO  CKanNspHbIM
npounssegeHnem.



12. OnpegeneHne cxoguMMOCTU B METPUYECKMX MpocTpaHcTBax. CxogmMmocTb B npoctpaHcTBax Cla,b],
S.

13. CoBeplueHHble, MNMNOTHble, BCloOY MNOTHbIE, HWUIAe He MNnOoTHble MHOXecTBa (onpedeneHus).
MHo>ecTBa nepBon 1 BTOPOK kaTeropun (onpegeneHus un npumepsl). Teopema bBapa.

14. JlnHenHble npocTpaHcTBa (onpegeneHue JlM, npoctenwne

ceoricTea, npumepsl J1IM).

15. Teopema 06 OTHOCUTENBHON KOMMAKTHOCTU MHOXECTBa B KOHEYHOMepHOM JTHI.

16. OnpegeneHnss TOYKN NPUKOCHOBEHMS M 3aMblKaHUA MHOXeCTBa. Teopema O CBOMCTBaX onepauuu
3aMblKaHMs MHOXeCTB. TeopeMa O He0BXOAMMOM M OOCTAaTOYHOM YCIOBUWM AN TOYKU NPUKOCHOBEHWS
MHOXeCTBA.

17. [1Be TeopeMbl O HenpepbIBHbIX (PYHKLUMAX U NpooBpasax OTKPbIThbIX U 3aMKHYTbIX MHOXECTB.

18. OnpegeneHnst 3aMKHYTOro oOTpe3ka MW BbINYKNOro MHOXeCTBa. JIMHeMHas 3aBMCUMOCTb MU
HEe3aBMCUMOCTb 3femMeHToB. JIMHenHoe MHoroobpasue, nuHernHass obonodka (onpegenenud, aee
nemMmbl).

19. ®dopmynupoBka TeopeMbl 06 3KBMBANEHTHOCTM HOPM B KOHEYHOMEPHOM HOPMUPOBAHHOM
NpOCTpaHCTBe.

20. 3aMKHYTOCTb KOHEYHOMEPHOro  fMHEeWHOro MHoroobpasusi. [lonHOTa  KOHEYHOMEPHOro
HOPMWPOBAHHOIO NPOCTPAHCTBA.

MepeyeHbL BONPOCOB K 3K3aMeHy:

1.JInHenHble onepaTopbl U PyHKUMOHAnbI (onpeaeneHus).

2. Teopema 0 NMHENHOM onepaTope, HeNpPepPbIBHOM B O4HOM TOYKE.

3.0rpaHnyeHHbIN SIMHEeNHbIN onepaTop U Teopema O CBA3U OrpaHNYEeHHOCTU NUHENHOro onepartopa ¢
€ro HenpepbIBHOCTbIO.

4. Teopema 06 orpaHM4eHHOCTM NMMHENHOTO onepaTopa, onNpeaeneHHOro Ha KOHEYHOMEPHOM
NpOCTPaHCTBeE.

5.HopmMa nNMHENHOro orpaHMYeHHOro onepaTopa (onpeaenexHue).

6.Teopema O Bbl4MCNEHMM HOPMbI OnepaTopa.

7.0nepatop ®pegronbma B npoctpaHcTBe C[a,b] vn ero Hopma.

8.0nepatop auddepeHumposanusa B C[a,b] nns C'[a,b] 8 C[a,b].

9.MMpoCTPaHCTBO NIMHENHBIX OFPaHNUYEHHbIX ONepaTopoB.

10.Teopema 0 NONHOTE NPOCTPAHCTBA JIMHENHbBIX OrPaHNYEHHbIX ONepaTopoB (B CMbICIIE paBHOMEPHOM
cxoammocTn). Cnencteune ansa ConpsPkeHHOro NPoCTpaHCTBa.

11.MpounsBeaeHne NMMHENHBIX ONepaTopoB.

12.CunbHas cXxoguMOCTb JIMHENHBIX ONEpPaToOpPOB, CBSI3b C PABHOMEPHOW CXOAMMOCTbIO.
13.MprHUMN paBHOMEPHOKM OrpaHUYEeHHOCTM (NeMmma 1 Teopema).

14. Teopema 0 NOMAHOTE NPOCTPAHCTBA JIMHENHBIX OrPaHUYEHHbBIX ONepaTopoB (B CMbICIE CUITbHON
CXOANMOCTN).

15.Teopema 0 NPOAOIMKEHNM NMHENHOrO onepaTopa Nno HeENPepPbLIBHOCTN Ha BCe NPOCTPaHCTBO.
Ob6paTtumbin 1 oBpaTHbIN onepaTopbl (onpegeneHns).

16.Teopema 0 NUHENHOCTN 0GpaTHOro onepaTopa.

17.Ycnoeue o06paTUMOCTV NIMHENHOTO ofnepartopa. Ycnoesne o6paTMuMoCT NIMHENHOIO onepaTopa n
OorpaHM4YeHHOCTM 0BpaTHOrO.

18.Jlemma 06 obpaTnmMocTn NMHENHOro onepaTopa 1 obpaTHOM oneparope.

19.HenpepbiBHO 06paTMMbI onepatop (onpegenenune). Cneactene 0 HeNpepbIBHO 06paTUMOM
onepaTtope.

20.Teopema BaHaxa o HenpepbIBHOW 0OpaTMMOCTK onepaTopa (ABe NeMMbl U Teopema).
21.Pe3onbBeHTa NMHENHOrO onepaTopa 1 ero CnekTp (onpeaenexHns).

22.Teopema 0 perynspHOM MHOXeECTBE U NPeACTaBeHUN pe3onbBEHTbI, CNeACTBUE AN CNekTpa.
23.Teopema 06 OTKPLITOCTW PErynsapHOro MHOXeCTBa, CneacTBME ANd CnekTpa.

24 .3amMKHyTble onepaTopsbl (onpegeneHne). Teopema o 3aMKHYTOCTM OrpaHUYeHHOro oneparopa.
25.3amkHyTOCTb OnepaTopa addepeHumpoBanus B Cla, b].



26.Teopema 0 3aMKHYTOCTMK onepaTtopa, 06paTHOro K 3aMKHyTOMY, CreAcTBue OS5 HENPEepPbIBHO
obpaTtmmoro oneparopa.

27.[lekapToBO Npou3BegeHne NMHENHbLIX HOPMUPOBAHHBLIX MPOCTPAHCTB (IMHENHbIE onepaumm, Hopma u
nonHota). Npadurk nMHenHoro onepaTopa.

28.Jlemma o rpadmke 3aMKHYTOro oneparopa.

29.Teopema 0 3aMKHYTOM onepaTope, onpegeneHHoOM Ha BCeM NPOCTPaHCTBE.

30.MpogomkeHne NMHENHOIO OrpaHNYEHHOro oyHKLMOHana — neMmma n Teopema XaHa - baHaxa
(ookasaTenbCcTBO ANns cenapabenbHOro BELLECTBEHHOIO NPOCTPaHCTBA).

31.Tpwn cnencteuS.

32.Jlemma 0 BMOPTOroHanbHbIX CUCTEMAX.

33.06Wwunin BUA NNHENHbIX OrpaHNYEHHbIX PYHKLMOHANOB B MPOCTPaHCTBAX: KOHEYHOMEPHOM,

I, (L< p <o), runsbeprosom, L [a,b] (1< p <o) (cnyyann p =2 6e3 nokasatenscrea).

34.BTopoe conpshKeHHOE NPOCTPaHCTBO U pedneKCUBHbBIE NPOCTPAHCTBA.

35.Cnabasi cxoanmocCTb 3N1eMEHTOB B HOPMMPOBAHHbLIX NPOCTpPaHCTBax (onpeaenenue). MNpocTenwne
CBOWCTBA: €AMHCTBEHHOCTL crnaboro npeaena, cBaA3b CO CXOOUMOCTbIO MO HOPME, OrPaHNYEHHOCTb
cnabo cxofsiencs nocrnefoBaTenbHOCTU, OLEHKa Ans HOpMbI cnaboro npegena.

36.Cnabo nonHble npocTpaHcTBa M Teopema o cnabow nonHoTe pednekCUBHbLIX NPOCTPAHCTB.
37.Teopema o crnabon cxo4MMOCTU B KOHEYHOMEPHOM npocTpaHcTBe. Cnabo oTHOCUTENbHO
KOMMNaKTHbIE MHOXECTBa (onpedeneHue).

38.Teopema 06 orpaHMYeHHOCTM cnabo OTHOCUTESNIBHO KOMMAaKTHONO MHOXECTBA.

39.Teopema o crnabon OTHOCUTENBbHOW KOMMAKTHOCTM OrPaHNYeHHOro MHOXEeCTBa B pedpiEKCUBHOM
NPOCTPaHCTBE (goKa3aTenbCTBO ANA rmnbbepToBa NPOCTPaHCTBA).

40.ConpshkeHHbIN onepartop (onpeaeneHne ans orpaHNYEHHOro oneparopa).

41.0nepatop dperonbma ¢ 44pOM, CYMMUPYEMbIM C KBAOPaTOM U CONPSKEHHbIN K HEMY B
npocTpaHcTBe L,[a,b].

42.Teopema 0 NIMHENHOCTM N HOPME COMPSXXEHHOro onepaTopa.

43.0npegeneHne ConpskeHHOro onepartopa B runbbepToBoM NPOCTPAHCTBE.

44 .BnonHe HenpepbiBHbIE onepaTopbl (onpegeneHue). Teopema 0 MHOXECTBE BMNOSTHE HENPEePbIBHbIX
onepaTopoB.

45.Teopema 0 BMOMHE HENPEPLIBHOCTM onepaTtopa, onpeaerieHHoro Ha KOHEYHOMEPHOM MPOCTPAHCTBE,
UNn SencTByOLLIEro B KOHEYHOMEPHOE MPOCTPAHCTBO.

46.Teopema 0 BMNOfHE HENPEPbLIBHOCTM ONepaTopa, CONPSHPKEHHOTO K BNOMHE HEMPEPLIBHOMY.
47.BnonHe HenpepbiBHbIE OnepaTopbl 1 cnabas cxoanmocTb (4Be NeMMbl 1 Teopema).

48.BnonHe HenpepbIBHOCTb onepaTtopa ®pegronbma ¢ HenpepbiBHbIM sgpom: 3 Cla,b] B C[a,b], n3

L,[a,b] & C[a,b], us L,[a,b] & L,[a,b].
OnucaHue TexHOonornu npoBeneHus

[MpomexyToyHas atTectaums NPOBOAUTCS B COOTBETCTBUM C [loNoXeHWemM O npoMexXyTOYHOMU
aTTecTauum obyyaroLmxcsa no nporpaMMmam BbicLuero obpasoBaHus.

KOHTpOnbHO-M3MepUuTenbHblE  MaTepuarnbl MPOMEXYTOYHOW aTtTectauum BKNoYalT B cebs
TeopeTuyeckne BOMPOCHI, MO3BOMALMNE OLEHUTb YPOBEHb MOMYYEHHbIX 3HaHWA W  CTeneHb
chOpPMMPOBAHHOCTN YMEHUIN U(MMN) HABBLIKOB.

TpeboBaHu1A K BbINOMHEHWUIO 3aA4aHUN (UMK LLKanbl U KPUTEPUMN OLLeHUBaHUS)

KpuTepuun oueHuBaHna KomneTeHunm LLikana oueHoK
3avér
OOGyuatowuincsa 3HaeT OCHOBHbIE ONpeaeneHns, TeopemMbl. YMEET NMPUMEHSATb MX K 3aumeHo

NpakTn4eCckKUmM 3agaHnAam. O6yqarou.|.|/||7|c;| AaeT npaBuiibHble OTBETbl HA OONOJIHUTENbHbIE
BOMNPOCHI.




OOyuatowmincsa 4eMOHCTPUPYET OTPbIBOYHbIE, hparMeHTapHble 3HaHWUS (TGO ux He 3aumeHo
OTCYTCTBME) OCHOBHbIX MOHATWI, ONpeaeneHnin u Teopem, NCMOoNb3yeMbIX B Kypce, He faeT
npaBwibHbIE OTBEThHI HA AONOMHUTENbHbIE BOMPOCHI.
Ok3ameH

OGyyawowuiicss B MNOMHOM Mepe wucnonb3dyeT yHOaMeHTanbHble 3HaHus B obnacTtu Omnuy4Ho
MaTeMaTunyeckoro aHanumsa, (byHKLI,I/IOHaJ'IbHOFO aHanumsa n gpyrmx guUCUUninH, cnocobeH K
onpegeneHunto obwmnx hopm M 3aKOHOMEPHOCTEN OTAENbHON JaHHOW nNpeameTHon obnacTtu
ymMeeT CTPOro [fokasaTb YTBepXAeHusa, ¢opmynupoBatb pesynbTaTbl, ObICTPO BUAWT
cneacTeuA NoJly4eHHOro pesynbtaTta

OTBeT Ha KOHTPOSMbHO-U3MEPUTEMbHLI MaTtepuvan He COOTBETCTBYeT OAHOMY U3 Xopowio
NMepeyYncrieHHbIX Mokasatenen, Ho obydalwuincs Jaet npaBwuilbHble OTBETbI  Ha
OONONHUTENbHbIE BONPOCHI

OTBET Ha KOHTPOJSIbHO-U3MEPUTENbHLIN MaTepuan He COOTBETCTBYET NMoObIM ABYM-TPEM U3 | Ydosnemsopu-
nepeYncrieHHbIX nokasartenen, obyyarLWwmincss 4aeT HeMnosHble OTBETbl HA OOMOSIHUTENbHbIE merbHO
BOMPOCHI, AEMOHCTPUPYET YaCTUYHbIE 3HaHWS,

OTBET Ha KOHTPOSbHO-U3MEPUTENbHBIM MaTepuan He COOTBETCTBYeT u4eTblipeM u3 | Heydoenemeop
nepeyYnCrieHHbIX nokasaTenen. O6yvarowuncs AEeMOHCTpupyeT OTPbIBOYHbIE, umersibHO
dparmeHTapHble 3HaHWS, ONyCKaeT rpybble owmnbkm

20.3 ®doHO OUEHOYHbIX CcpeacTB C(HPOPMMPOBAHHOCTM KOMMNETEHUUN CTYAEHTOB,
pekoMeHayeMbIn Ans NpoBeAeHUA AMarHOCTUYeCKuX padbort

OlMK-1 CnocobeH HaxoanTb, POPMYNMPOBaTh U pellaTtb akTyarnbHble U 3Ha4YMMble Npobnemsl PyHAaMeHTanbLHON
MaTemMaTuKM 1 MexXaHuKn

OlK-1.1 O6nagaet 6a30BbIMY 3HAHMAMMW, NONYYEHHbIMY B 0O6NacTM MaTtemMaTUyYeCcKMX 1 (Mnn) eCTECTBEHHbIX HayK
3HaTb:

- aKTyanbHble U 3Ha4YMMble Npobnembl hyHAAMEHTANbHOW MaTeEMaTUKN N MEXAHWKN.

YmeTb:

- ucnomnb3oBatb 6a3oBble 3HaHWSA, MOMy4YeHHble B 0BnacTu MaTemMaTU4YecKMx WU (Mrn) eCTEeCTBEHHbIX HayK, B
npodeccnoHanbHon AeATensHOCTH.

BnapeTb:

- HaBblkamMu BblbOpa MeTOAOB pelleHus 3adady npodpeccroHanbHOM AEATENbHOCTM Ha OCHOBE TeOopeTUYEeCcKMX

3HaHUN.

OlMK-1.2 YmeeT ncnonb3oBaTb 6a30Bble 3HAHMSA, NOMNy4YeHHble B 06n1acTn mateMaTuyecknx u (Mnu) ectecTBEeHHbIX
Hayk, B Npod)eCCnOoHanbHON AeATeNbHOCTH

3HaThb:

- aKTyanbHble U 3Ha4YMMble Npobnembl hyHAAMEHTaNbHON MaTeMaTUKN N MEXAHWKN.

YmeTb:

- ucnonb3oBatb 6a3oBble 3HaHWSA, MOMy4YeHHble B 0BnacTu MaTemMaTUyYecKMx WU (Mrn) eCTeCTBEHHbIX HayK, B
npogeccnoHanbHON OeaTenbHOCTH.

BnapeTsb:

- HaBblkaMu BblbOpa MeTOOOB pelleHus 3agady NpodecCcroHanbHON AeATeNbHOCTM Ha OCHOBE TEeOpeTUYEeCKMX
3HaHWN.

OlMK-1.3 VimeeT HaBblkM BblbOpa METOAOB pelleHMs 3adad npodecCroHanbHOM OEeATeNbHOCTU Ha OCHOBe
TEOopEeTNYECKMX 3HaHWI

3HaThb:

- aKTyanbHbl€ U 3Ha4YMMble Npobnembl hyHAAMEHTANBHOW MaTEMaTUKN N MEXAHMKN.

YmMmeTh:

- ucnonb3oBatb 6a3oBble 3HAHWSA, MOMy4YeHHble B O0OMacTu MaTemMaTU4YecKMx WU (Mrn) eCTEeCTBEHHbIX HayK, B
npogeccnoHanbHON OeaTenbHOCTH.

BnapeTsb:

- HaBblkaMu BblOOpa MeTOOOB pelleHus 3agady npodecCcnoHanbHOM AeATeNbHOCTM Ha OCHOBE TEOPEeTUYECKMX
3HaHWN.



MNepeyeHb 3aaaHui ANst oLeHKU cPOPMUPOBAHHOCTU KOMMETEeHLUM:

1) 3akpbiTble 3agaHus (TECTOBLIE, CPEQHUI YPOBEHD CITOXHOCTM):

1. YcTaHoBUTE COOTBETCTBME Mexay MeTpudeCcKmm npocTpaHCTBOM U MeTpMKOVI, 3aaHHOWN Ha HEM.

Cla, b] a p(x,y) = max |x, — yl
Ry p(x,y) = max|x(t) — y(©)l
L, (1<p <o) n Yo
PGy = D i = yil?
k=1
4 RY r s Up
PGy = D i = yil?
k=1

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

PeweHue: 3agaHne Ha 3HaHue onpeneneHna MeTpuk B pasfinyHbIX NPOCTPaHCTBax

2. YCTaHOBUTb COOTBETCTBUE mMexay 0603HaveHnem METPUYECKOro NpoCcTpaHCTBa U ero CfioBeCHbIM onncaHnem

1 Cla, b] a | NPOCTPaHCTBO N-MEPHbIX BEKTOPOB C BELLECTBEHHbLIMU
KoopauHaTamm

2 R, 6 | NPOCTPaHCTBO HeMnpepbIBHbIX HAa oTpeske [a,b] dyHKLMIA

3 l,(1<p<) B | MPOCTPAHCTBO N-MEPHbIX BEKTOPOB C KOMMMEKCHbIMU
KoopauHaTamm

4 cr r | MPOCTPAHCTBO YNCMNOBLIX NOCEA0BATENbHOCTEN, CyMMUPYEMbIX
C p-O1 CTENeHbIo

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

PelueHne: 3agaHve Ha 3HaHWe 0603HAYEHMI OCHOBHbIX MPOCTPaHCTB B (hyHKLIMOHANbHOM aHanmse

3. YcTtaHoBuMTE COOTBETCTBUE Mexay Havarnom M KOHUOM onpeneneHns.

1 | MHOXecTBO Ha3blBaeTCs a | ero samMmblkaHue coBnagaeTt co BCEM NPOCTPaHCTBOM.
OTKPbITbIM, €CNU

2 | MHOXecCTBO Ha3blBaeTcH 6 | cyllecTByeT 3aMKHYThIN Lap, CoAepXKaLlmii 3TO MHOXXECTBO.
OrpaHNYeHHbIM, ecrnuv

3 | MHOXecCTBO Ha3blBaeTcH B | OHO coBnajaeT CO CBOUM 3aMblKaHUEM.

BCKOA4Y NJIOTHbIM, €Clln

4 | MHOXeCTBO Ha3blBaeTcs
3aAMKHYTbIM, €CITn

OHO coBMajaeT Co CBOEN BHYTPEHHOCTbHO.

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

PeweHue: BOMNPOC Ha 3HaHMe COOTBETCTBYHOLLUNX OﬂpeﬂeﬂeHl/IIZ.

4. YcTaHOBUTE COOTBETCTBME MexXxay npoCTpaHCTBOM CO CKaldApHbIM npon3seaeHneM U CKanAapHbIM

npousseaeHnem, 3agaHHbIM Ha HEM.

1 C,a b] a "
(x,y) = Z XYk
2 RE 6 b
() = f *x(©)y(©)dt




3 L B I

(x,y) = Z XYk

k=1
00

(x,y) = Z Xk Yk

k=1

OTBeT: 1-0, 2-a, 3-1, 4-B
PelleHune: 3agaHne Ha 3HaHWe onpedeneHnst CKansipHOro Npou3BeAeHns B pasnnyHbiX NPOCTpaHCTBaXx.

5. YcTaHOBUTE COOTBETCTBME MEXOY HAYANIOM U KOHLLOM ONpeaeneHusl.

1 | MHOXecCTBO Ha3biBaeTCs a | V(e > 0) onsa aToro MHOXEeCTBa CYLLeCTBYET KOHEYHas & —CeTb.
OTHOCUTENBHO KOMMAaKTHbIM,
ecnu

2 | MHOXeCTBO Ha3blBaeTCs 6 | 13 KaXx[oi NocnefoBaTENbHOCTM €0 ANIEMEHTOB MOXHO
OrpaHWYEHHbIM, ECNU BbIAENMUTbL CXOASLLYHCS NOANOCNeA0BaATENBHOCTb.

3 | MHOXXecTBO Ha3blBaeTCs B | CyLLUECTBYET 3aMKHYTbI LUap, COAepPXKaLLuiAi 3TO MHOXECTBO.
KOMMNaKTHbIM, eciu

4 | MHOXeCTBO Ha3blBaeTcs r | OHO OTHOCUTESNIBHO KOMMAKTHO U 3aMKHYTO.
BMOJSIHE OrpaHUYEHHbIM,
ecnu

OteerT: 1-6, 2-8B, 3-r, 4-a.
PelueHne: Bonpoc Ha 3HaHWe COOTBETCTBYIOLLUX ONpeaeneHuii.
2) OTKpbITble 3a4aHus (TECTOBbIE, MOBbLILLEHHLIN YPOBEHb CIOXHOCTK):
1. Kak Ha3biBaeTCs HOPMMPOBaAHHOE NPOCTPAHCTBO, MOMHOE B CMbICIIE CXOAUMOCTU MO HOpME?
OtBeT: 6aHaxoBO NnpocTpaHcTBO (GaHaxoBo)
PewweHue: 3neck npuBeaeHo onpeaeneHne 6aHaxoBa NpocTpaHCcTBa

2. Kak Ha3biBaeTcs NPOCTPaHCTBO CO CKalldpHbIM NMpoun3segeHnem, noJiHoe no Hopme, I'IOpO)KD,éHHOﬂ CKanAaApHbiM
l'lpOl/I3Be/J,eHI/IeM?

OTBeT: rMnNbbepToBO NPOCTPaAHCTBO (rMNbOEpPTOBO)
PelweHue: 3gecb npmBeaeHo onpeaeneHne runbbepToBa NpoCTpaHCTBa

3. BcTaBbTe 0fHO €noBo: « MHOXECTBO, KOTOPOE COAEPXKUT BCE CBOU TOUKU NMPUKOCHOBEHWSI, Ha3blBaeTCs
».

OTBeT: 3aMKHYTbIM (3aMKHYTOE)
PelueHwne: 3aecb npvBeaeHo onpederneHe 3aMKHYTOro MHOXeCTBa

4. BctaBbTe 0gHO nponyLieHHoe croBo: « MHOXeCTBO, KaXxkaas ToYka KOTOpOro ABnseTcs , HasblBaeTcs
OTKPbITbIMY.

OTBeT: BHYTpPEHHEN
PelweHue: 3geck NnprMBeaeHo onpegeneHme OTKpbITOrO MHOXeCTBa

5. BctaBbTe 3 nponyLeHHbIX croBa: «MeTquecme NPOCTPaHCTBO Ha3biBaeTCcA cenapaGeanblm, €CIN B HEM
cyuiecTsyeTt MHOXECTBO».

OTBeT: cHéTHOe Bcloay NIOTHOE (BCOAY MMOTHOE CYETHOE)



UNK, ecriv He UCNONb30BaTb «Ex»: CHETHOE BCOOY NNOTHOE, BCOAY NJIOTHOE CHETHOEe

PewieHune: 3aeck npuBeaeHo onpeaeneHne cenapabenbHOro NpocTpaHcTea

Kputepum n wkanbl oueHnBaHna 3agaHmm ®0OC:
[nsa oueHnBaHMA BbINOMHEHMSA 3a4aHUIN Ucnonb3yeTca 6annbHas Wwkana:

1) 3aKkpbITble 3aaHuUsA (TECTOBble, CPEeHUN YPOBEHb CIIOXHOCTU):

e 1 6ann — ykasaH BEPHbIN OTBET;

e (0 6annoB — ykaszaH HEBEPHbIN OTBET (MOSMHOCTbLIO UM YaCTUYHO HEBEPHBIN).
2) OTKpbITble 3a[1aH1S (TECTOBbIE, NOBbILUEHHbLIN YPOBEHb CIIOXHOCTU):

e 2 6anna — ykasaH BEPHbI OTBET;

e (0 6annoB — ykasaH HEBEPHbIN OTBET (MOSHOCTbLIO UM YAaCTUYHO HEBEPHBIN).

3apaHua paspgena 20.3 peKoOMeHAYWTCA K MUCNONMb30BaHMIO MNpU NpoBeAeHUU
ANarHoCTUYEeCKUX paboT C Lenbio OLEHKM OCTaTOYHbIX pe3yribTaToB OCBOEHUS AaHHOW
ANCLUNIINHBI (3HAHUW, YMEHUIN, HAaBbIKOB).



