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1. INTAHUPYEMBIE PE3YJIbTATBI OBYUYEHMUSA

1.1. lean 1 3axa4y JUCHUILIHHBI

OCHOBHBIE TIOHATHS ¥ METOAbl TEOpHUH (YHKIUN JEHCTBUTEIHHOTO MEPEMEHHOTO
JIOJDKHBI ~ OBITh B HACTOALEe BpeMs HEOOXOIMMBIM 3JIEMEHTOM 00pa3oBaHus J11000ro
LIKOJIBHOTO Y4YUTENs CTaplIMX KJaccoB. HaydHO-TEXHUYECKMH  INPOIrpecc CTaBUT IEepen
LIKOJIBHBIM ~ II€JarOroM TPYIHYIO 3aJady HE TOJIBKO IIPEKPAacHO BIAJE€Th OCHOBHBIMU
HNOHSTUSMM IIKOJIBHOM MaTeMAaTHKH, HO M IOHMMAaTh UX MECTO B COBPEMEHHOW MaTeMaTHKE,
3HATh UX NPOUCXOKJICHUE, PA3BUTUE U UCIIOJIb30BAHUE B PA3JINYHBIX O0JIACTAX €CTECTBO3HAHUS.

eabro AMCHUNIMHBI

JlaHHBI  Kypc CTaBUT ceOe LeNbl0 I0Ka3aTh IMPOUCXOXKICHWE U  pa3BUTHE TAKHUX
dyHaaMEHTANBHBIX TIOHSATHH MaTeMaTHKH KaK YHCIIO0, MHOXKECTBO, GYHKIHMS, a TaKxke
IIO3HAKOMHUTH CTYIEHTOB C COBPEMEHHOW TCOPHEW MHOXKECTB, TEOpPHUEH MEpbl W HHTErpaia,
UTPAIOLIUX OTPOMHYIO POJIb B Pa3JIMYHBIX 00JaCTSIX MaTEMAaTUKH.

3agaun AMCHUIIINHBI

3amauu M3y4EHUs IUCLUIUIMHBI 3aKIIOYAlOTCS B OBJAJACHUM OCHOBHBIMHM IOHATHSAMU
TeOpuH (QYHKIUI JEHCTBUTENBHOTO TEpeMEeHHOro. MeToapl M HIed Teopud (yHKIHUN
CHOCOOCTBOBAIM BO3HMKHOBEHHIO Psiia HOBBIX MAaTE€MaTW4YeCKHX JUCLMIUIMH U, KPOME TOro,
IOPOHUKIM B Takhe O00JIacTU MaTeMaTHMKUM KaK TOIOJIOTHS, TEOpUs BEPOSITHOCTEH,
(YHKLUMOHAJBHBIN aHAIN3, TEOpUs AHWINTHYECKUX (YHKUMH, BapUallMOHHOE HCYHUCICHHE,
g depeHraIbHbIe YypaBHEHHS, TeOpeTndeckas Gu3nKa u Jip.

VYraoy6sas 3HaHMSA, [OJy4YeHHble B Kypcax Au(@epeHIHanbHOro U MHTErpaabHOIo
WCYMCIICHUS], JIaHHBIM KypC MOJIBOAMT €ro ciylaTesied K MepeoBbIM pyOekaM COBPEMEHHOMN
MaTeMaTHKH, MO3BOJSAET B3MIAHYTh Ha MaTEeMaTHKy HE Kak Ha cBoj (opmyn u Teopem, a
KaK Ha HENPEPBIBHO Pa3BUBAIOIIYIOCS HAyKy, MCIOJB3YIOIIYIO TPYZ M TBOPYECTBO MHOTHX
MIOKOJIEHUN MaTeMaTHKoB - oT Apxumena 10 A.H. Koiamoroposa.

Takoll B3N Ha MAaTeMaTHKy Kak Ha TBOPYECTBO IPHU3BAaH IPUBIEYb CTYACHTOB K
CaMOCTOSITEJIbHBIM HaY4YHBIM HCCIIEIOBAHUSM.

B pe3synbprare n3ydeHus: JUCHUIUIMHBI CTYICHT JIOJKEH:

- metsb nmpeacraBieHre 00 OCHOBHBIX MOHATHAX TEOPUU (PYHKLUH 1eHICTBUTENBHOTO
IIEPEMEHHOTO.

- 3HaTh U yMETh JOKa3bIBaTh OCHOBHBIE TEOPEMBI Kypca.

- 3HaTh, YTO TAKOE KOHEYHOE, CUETHOE U HECUETHOE MHOXKECTBA. Y METh CTPOUTH IPUMEPHI
YKa3aHHBIX MHO>KECTB.

- 3HaTh, YEMY paBHbBI MOIIIHOCTH OCHOBHBIX MHOXKECTB: MHOXECTBA PAllUOHAJIBHBIX YHCEI,
MHOKeCTBa Touek orpeska [0,1], mpsamoii - R ', miockoctn - R? u 1.1 Ymers IIOCTPOUTH
MHO€ECTBO, MOIITHOCTh KOTOPOT'O 0OJIbIIE€ MOIIIHOCTH 33/1aHHOTO MHOYKECTBA.

- YMeTh CTPOUTH OTKPBITHIE, 3aMKHYTbIE, COBEPILIEHHbIE MHOKECTBAa Ha NPSIMOM M Ha
iockoctd. IMeTsb npencrasieHue o ppaxranax.

- YMeTh onepupoBaTh C METPUYECKUMHU, €BKJIMJOBBIMU, HOPMHUPOBAHBIMU
IIPOCTPAHCTBAMHU, B YaCTHOCTH, 3HAaTh B3aUMOCBS3b 3TUX NIPOCTPAHCTB U
YMETb MOCTPOUTH JIF000€ U3 YKAa3aHHBIX MPOCTPAHCTB. 3HATH KJIACCHYECKHE

npocrpanctea (R ", C([a,b]), CL,([a,b]), I, 1< p<o0).



1.2. Ilnanupyemble pe3yabTaTbl 00y4eHHS

B pesynbrare ocBoeHUS JAHHOW AUCHUIUIMHBI y 00y4aromuxcs GOPMUPYIOTCS CIETYIOIINE
KOMIIETEHIINH:

OIIK-8 - CriocoOeH OCyIIECTBISITh eIarorHIecKyIO e TEIbHOCTh HA OCHOBE CIIEIIUATBHBIX
Hay4YHBIX 3HaHUH.

2. MECTO JUCHUILINHBI B CTPYKTYPE OBPA3OBATEJIBHOM
IMPOI'PAMMBbI

JluctumiimHa BXOAUT B 00s3aTeIbHYIO 4acTh Oioka 1 u sBisieTcst 00s13aTeNbHOM TSl U3YYCHHUS.
W3ydyeHre naHHOM JUCHUIUIMHBI Oa3upyeTcss Ha 3HAHUAX CTyJeHTaMH OOLIMX KypcoB
MaTEMaTUYECKOI0 aHalln3a, alNredpbl U FEOMETPUH.

Huctumuimaa  «Teopust (GyHKIME ACHCTBUTEIHHOTO TEPEMEHHOTOY» SIBIISIETCS COCTABHBIM
3JIEMEHTOM MAaTEMaTHYECKOro anmnapara psjaa JUCUUILIMH. 3HAHWS U YMEHUS, TIOJyY€HHbIE NPU
u3ydeHun qucuuriuael  «Teopuss (QyHKIUN JEHCTBUTENHRHOTO TMEPEMEHHOTO»  HIUPOKO
MPUMEHSIOTCS] B TAaKUX TUCIUILIMHAX, KaK TEOMETPHsI, TCOPUH BEPOSITHOCTEH, TeoprH (HyHKUIUN
KOMIUIEKCHOTO MTEPEMEHHOT0, OOBIKHOBeHHBIE (D (PepeHITnaIbHBIC YPABHCHHSI.

3. OBBEM U COAEP KXAHUE JUCIUIIJINHbI

3.1. O0beM TUCHUIINHBI

IToka3zaTenb 00beMa U CHHILIHHbI dDopma 06yUeHHsI
Ounas | 3aounas I OuHO-3204HAsA

O0BbeM OUCLHUILIMHEI B 3a4ETHRIX €NHUIIAX 2
OO0BeM JUCHMILIMHEI B Yacax 72
KonTakTHas padora: 40,2

Jlexun 20

[IpakTrdeckue 3aHATHS 20

KoHTaKkTHBIC Yackl Ha MPOMEKYTOUHYIO aTTECTAIHIO! 0,2

3auer/ 3a4eT C OLEHKOH 0,2
CamocrosiTenpHas paboTa 24
KonTpons 7,8

CDOpMOfI HpOMeH(YTOqHOﬁ aTTeCTallMH SIBIISETCS 3a4€T C OLICHKOM B YCTBCPTOM CEMECTPC.

3.2.Coneprxkanue Q1 CHUNTHHBI

I1o ounoii popme 00yueHust

KoJu-Bo yacoB

HaumeHoBaHue pa3jaesioB (TeM)
JMCUMIIIAHBI ¢ KPATKHM COdePsKaHuEeM

CeMHHapCKHe 3aHATHSA
IIpakTHyeckune 3aHATHS
JlaGopaTopHble 3aHATUS

Jlekuun




Tema 1. O01ee BBeeHne (KPATKAsk AHHOTAIUA KYypca).

DneMEeHThI TEOPUU MHOXKECTB. BBenenue (posib TEOpUU MHOXKECTB B
MaTematuke). MHOXKeCTBO, MOJAMHOKECTBO, ITyCTOE MHOKECTBO.
(O6o3HaueHwMs1, onpeesieHus, mpuMepsl). Oneparuu 00beTUHEHUS |
nepeceueHus MHOKecTB. Mx cBolicTBa. Teopema o cBOCTBaxX orneparuii
00BbETMHEHNUS U IIepecedeHnss MHOKeCTB. Ornpenenenus: 00beMHEHUS 1
nepeceyeHus 1000 COBOKYITHOCTH MHOXECTB (MHO>KECTBO MHOXECTB) C
HCIOJIb30BAHUEM KBAaHTOPOB. JlonosiHEHuE MHOKeCTB. [IpuHImnn
JNBOMCTBEHHOCTU. OnpeieneHne pa3HoCTH, T0IIOJIHEHHUSI MHOKECTB.
Jloka3aTenbCTBO TEOPEMBI "TPUHIIMIT JBOMCTBEHHOCTH .

Tema 2. CyeTHbIe U HeCUeTHbI€ MHOKECTBA.

DOKBHUBAJICHTHbIE MHOXecTBa. OmpeneneHue oroOpaxenus. OnpeneneHue
oroOpakeHuss  "Ha" (CIOpBEKIIMH), OIpeaeneHre orodopaxkenus "B
(MHBEKITNN), Omnpe/ieJICHUe B3aMMHO  OJHO3HAYHOIO  OTOOpa)KeHUs
(bueknuun). IloHsATHE SKBHBAJICHTHOCTH MHOXECTB. [Ipumepnr. CBolicTBa
MOHATUSA JKBUBAICHTHOCTU. CueTHbie MHOXkecTBa. [Ipumepnr. CueTHOCTH

MHOJKCCTBA pallMOHAJIBHBIX YHUCCII. OnpeneneHI/Ie HECUCTHOI'O MHOXXCCTBA.

Tema 3. CBOMCTBA CYETHBIX MHOKECTB.

J10Ka3bIBAFOTCSI TEOPEMBI: 1) BCAKOE HEITyCTOE TOIMHOKECTBO CYECTHOTO
MHOKECTBA KOHEYHO WJIM CUYeTHO; 2) oObeauHeHue (cymma) Iro0oi
KOHEYHOW WJIM CYETHOM COBOKYITHOCTH CYETHBIX MHOXECTB €CTh CHOBa
CUETHOE MHOXECTBO; 3) BCAKOE OCCKOHEUYHOE MHOXKECTBO HMEET CUETHOE
MMOJIMHOXECTBO; 4) BCSIKOE OECKOHEYHOE MHOYKECTBO SKBHBAJICHTHO CBOCMY
WUCTHHHOMY ITOJIMHOXKECTBY. BBOIsATCS anreOpanveckue U TpaHCIICHICHTHBIC
grcna. Jloka3pIBaeTCs, YTO MHOMXECTBO aITeOpanvdecKuX YHCET - CYETHO.
CdhopmynupoBan psa 3a7a4 i CAMOCTOSTEIILHOTO PELICHUS.

Tema 4. HecueTHbIC MHOMKECTBA.

Jloka3pIBaeTcs TeOpeMa O TOM, YTO MHOKECTBO JI€HCTBUTENIbHBIX YHCET,
3aKkmoueHHbIX Mexay 0 u 1, HecueTHo. IIpuBOAATCS MpUMEpPHI MHOXKECTB,
skBUBaJIEHTHBIX [0,1]. AKIIeHTHpYyeTCs BHUMaHuUE Ha TO, YTO JJOKa3aHHas
TeopeMa SBISETCS, TaK Ha3blBa€MOM, ''TeopeMoil cyliecTBoBaHUsA"
(cymectBoBaHus 00BEKTOB C "MuioxumH cBoiicTBamMu'"). Mcnonb3ys naHHyro
TEOpEMY, JIOKa3bIBAETCSl CYIIECTBOBAHME HPPALMOHAIBHBIX UHUCEN H
TPaHCLEHJEHTHBIX uyucen. Jlamee, JoOKa3bpIBaeTcs, UYTO MHOXKECTBO
UppalMOHAIBbHBIX YUCEN - HECUETHO, U 00Jiee TOTro, SKBUBAJICHTHO OTPE3KY
[0,1]. AmnamoruuHas 3agada penIacTcsi OTHOCHTEIBHO TPaHCIEHICHTHBIX
yucen (oOpaiaercs oco60oe BHUMaHME Ha METOABI J0Ka3aTesIbCTBA TaKHX
3amau). Pemaercs  3agava:  Jqoka3aTh, 4TO  MHOMECTBO  BCEX
nocnenosarenbHocTedl U3 0 u 1 skBuBasieHTHO OTpe3Ky [0,1]. Ilpm sTOoM
MOAPOOHO paccCMaTPUBACTCS

npencraBieHue yrucen u3 orpeska [0,1] B Buge ABOMYHOI IpoOH.
ChopmynupoBan psf 3a7a4 1 CAMOCTOSTEIBHOTO PELIECHUS.

Tema 5. MomnocTL MHOKECTBA.

[Tonsitue MomHOCTH MHOXKECTBA. CpaBHEHHE MOLTHOCTEN. OnpeneneHusl.
MOH_[HOCTI) CUHCTHOTO MHOJKECTBA. MHO)KeCTBa MOIITHOCTHU KOHTI/IHYYMa.
Axcnoma Beibopa (akcroma C mnu akcuoma llepmeno). Ilapanoke banaxa-
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Tapckoro. I[lpumepsl "W3BECTHBIX" YTBEpPKIAECHUM, TA€ "HCHOJNb3yeTCs"
aKcuoma BbIOOpa (B YAaCTHOCTHU, MPHU JI0KA3aTEIHCTBE TEOPEMBI O TOM, UTO
Oo0ObeTUHEHNE 00O KOHEYHOW WM CYETHOM COBOKYITHOCTH CYETHBIX
MHOJKECTB €CTh CHOBA CUETHOE MHOECTBO).

Hcropuyeckasi cripaBka: aHTHHOMHH M TapajoOKChl, mapajgokc Paccena
(mapanokc ['oncera), Teopema ['enenss 0 HEMOJHOTE, aKCHMOMATUKa TEOPUHU
MHOXecTB (akcmomatuku Z, BG, ZF), runore3a Kanrtopa (CH), pabota
[1.Kosna 1963 r. (axcuomatuka ZF u akcuomsl C , CH u ux oTpuiianus).

Tema 6. MoOWHOCT, MHOKECTBA BCeX IOAMHOKECTB JIaHHOIO
MHO2KeCTBA.

JlokazatenbCTBO TEOPEMBI O TOM, YTO MOIIHOCTh BCEX ITOJMHOKECTB
HEMYCTOTO MHOXKECTBa OOJbIIE MOIIHOCTH HCXOJHOTO MHOXECTBA.
[IpeaBapuTeIbHO MPUBECTH  JIOKA3aTEIBCTBO  OTOM  TEOPEMBl  JUIS
"KOHEYHOMEpHOro ciyyas". AKIEHTUPOBAaTh BHUMAHUE CiylIaTenaeil Ha To,
YTO CYIIECTBYET "HEOrpaHWYEHHAs 1IKajla MOIIHOCTEN" .

TeopeMa 0 MOIIIHOCTH BCEX MOJMHOXKECTB HATYPaJILHOTO psijia.

Tema 7. Teopema Kanropa-bepHiureiina.

JloxazarenbcTBO Teopembl Kantopa-bepHiureitHa u ee clieIcTBUS - TEOPEMBI
0 MPOMEXKYTOYHOM MHOKecTBe. I[IpuMepsl mpuMeHeHHs] yKa3aHHBIX BBIIIE
TEOpEM.

CdhopmynupoBan psa 3a7a4 i CAMOCTOSTEIILHOTO PELICHUS.

Tema 8. MHuo:xkecTBa To4eKk B N-MepHOM €BKJIHI0BOM NPOCTPAHCTBeE.
MHoxecTBa TOYEK Ha INIOCKOCTU U B TPEXMEPHOM IIPOCTPAHCTBE.
HaroMHuTB: nekapTroBa NpsIMOYIOJIbHAs CHCTEMa KOOPAHMHAT, KOOPIMHATHI
TOYKM TPEXMEPHOIO IIPOCTPAHCTBA, PAAUYC-BEKTOP TOYKH, OIEpaALUU
CJIOKEHUS BEKTOPOB M YMHOKEHHMsI Ha 4ncio. [[nnHa Bekropa.

CkansipHOE TNpPOM3BENCHHE BEKTOPOB. HanmoMmHWMTB, Kak omnpenensercs
paccTositHue Ha IpsSMOM, Ha INIOCKOCTH, B TPEXMEPHOM IIPOCTPAHCTBE,
clenatb pUCYHKHM. HamoMHUTH ormpeneneHue JHUHEHHOro (BEKTOPHOIO)
IIPOCTPAaHCTBA. AKCHOMBI JIMHEHHOTO NPOCTpAaHCTBA. IIpumepsl JIMHEWHBIX
IIPOCTPAHCTB.

Tema 9. CkaasipHoe mpou3BeJeHHEe BEKTOPOB B  JIHHEi{HOM
NPOCTPAHCTBeE.

CkansipHO€ NPOU3BEACHHUE BEKTOPOB B JIMHEWHOM IPOCTPAHCTBE. AKCHOMBI
CKaJsipHOro  mpowusBefeHus. CBOWCTBa  CKaJSIPHOTO  NPOU3BEACHMUS.
Omnpenenenne €BKIMAOBA IpOCTpaHCTBa, npumMepsl. Hopma Bekropa.
PaccrosiHne Mexay TOYKamMu Ha INPsMOM, Ha IUIOCKOCTH, B TPEXMEPHOM
npocTpaHcTBe. MHOecTBa Touek B N- MEpHOM €BKJIMIOBOM MPOCTPAHCTBE

RN,

Tema 10. MeTpuyecKkue MPOCTPAHCTBA.
MeTtpuueckue npocTtpancTBa. OnpeneneHue METPUKH. AKCHOMBI METPUKH.
CaoiicTBa MeTpuku. OmnpeneneHue METPUIECKOro MpocTpaHcTBa. [IpuMepsr

merpuueckux npoctpancte: RM, RN, RN R '; , 1<p<w, RN,




RY, I, l,, |p, 1<p<ow, | (oOparurh BHMMaHHE HA TO, YTO
HepBbIe IIATH HpOCTpaHCTB - KOHelIHOMepHHe, OCTAJIbHBIC -
OeckoHeUHOMEpHBIE). IIpOoCTpaHCTBO M30JMPOBAHHBIX Todek. BecTH
NpOCTpaHcTBO HenpepbiBHBIX GyHknuii C  (MHOXKecTBO HempepbIBHBIX
dynkumit ¢ paBHoMmepHO#M Merpukoi) n npocrpancto CL, (MHOXeCTBO

HETPEPHIBHBIX QYHKIUN C HHTETPATLHONH METPHKOM ).
CdhopmynupoBan psiz 3a7a4 sl CAMOCTOSITEIBHOTO PEIICHUS

Tema 11. HopMmupoBaHHbIE MPOCTPAHCTBA.

Hopmuposannbsie npoctpancTBa. Omnpenenenune HopMbl. HopmupoBanHOE
npoctpaHcTBo. [IpuMepsl. Yka3zath Ha "B3aMMOCBSI3b" MEXKIYy METPUUECKUM,
€BKJIMJIOBBIM W HOPMHUPOBAHHBIM HpocTpaHcTBaMu. DyHAaMeHTalIbHbIC
nocnenoBarenpHocTd.  Kpurepuit  Komm — cxogumoctu  4MCIOBOM

1
IoCJICJ0OBATCIbHOCTH B R*. Ilonarue momHOro IMPOCTPAHCTBA. ITonaora

RV, IIpuMepsl HENMOJHBIX IPOCTPAHCTB. baHaxoBbl MPOCTPAHCTBA.

[IpuBecT mnpumep METPUYECKOTO MPOCTPAHCTBA, HE  SBISIIOLIETOCS
HOPMHUPOBAHHBIM.

Tema 12. HepaBenctBo Komm-bynsikosckoro-LlBapua.

JlokazarenbcTBO HepaBeHCTBa Komm-bynskosckoro-IIIBapna. Teopems! o
TOM, 4TO Jit00O€  E€BKIMJ0BO  IPOCTPAHCTBO  MOXHO  CJeJaTh
HOPMUPOBAHHBIM, J1000€ HOPMHUPOBAaHHOE METPUYECKUM U Jr00oe
€BKJIUJ0BO METPUYECKUM.

Tema 13. OTKpBITHIE U 3aMKHYThIe MHOKecTBa. (Kitaccupukanus Touex
¥ MHOKECTB 110 PacCII0JIOKEHHIO TOYEK.)

OTKpBITEIE M 3aMKHYThIE MHOXeCTBa. B kauectBe "0a3zoBoro" ("'MozenbHOro
ciyyass") paccMaTpUBAIOTCS OTKPBITHIE M 3aMKHYTBIE MHOXECTBa B

N
MmeTrpuueckoM — mpoctpadctBe R T . OkpecrHoctn.  Ompenenenue
OKPECTHOCTH B METPUYECKOM IpOCTpaHCTBe. OIpelesleHue OKPECTHOCTH B
no6oM MeTpuueckoM Tipoctpanctse (X, 0), B 4aCTHOCTH, B MPOCTPAHCTBE

C (MHOXecTBe HeNpepLIBHBIX QYHKIMIA ¢ pABHOMEPHON METPHUKOIA).
BHyTpeHHUEe TOUKH, BHYyTPEHHOCTh MHOKECTBA M OTKPBIThIE MHOKECTBA.
JlaHbl ompeneneHMs: BHYTPEHHEH TOYKH, BHYTPEHHOCTH, OTKPBITOIO
MHOkecTBa. IlpuBeneHbl mnpuMepsl, BBeleHbl 00o03HaueHus. CBolicTBa
OTKPBITBIX MHOeCTB. Jloka3zaHbl Teopembl: 1) oObenauHeHHe (cymma)
J000r0 uMciaa OTKPBITBIX MHOXECTB - OTKPBITOE MHOXECTBO; 2)
[IEPECEYCHUE KOHEYHOIO 4YHUCJIA OTKPBITBIX MHOXECTB €CThb OTKPBITOE
MHOXeECTBO. Jloka3aHO, 4YTO OECKOHEYHOE IEepPECeYeHUE OTKPBITHIX
MHOYECTB - He 0053aTeJIbHO OTKPBITOE MHOKECTBO.

JlaHbl omnpezeneHus: MpeAeTbHOM TOYKH, MPOM3BOAHOIO MHOXECTBA,
U30JIMPOBAaHHONM TOYKM, TPAaHUYHOM TOYKH, 3aMBIKaHUS, 3aMKHYTOIO
MHOkecTBa. (B wacTHOCTH, [aHbBl pas3Hble OINpeAeNeHUS 3aMKHYTOIO
MHOXECTBa, U J0Ka3aHa UX SKBUBAJEHTHOCTS.) [IpuBeneHo Gombioe ynucio
MIPUMEPOB, BBEIEHBI 0003HAUEHUSI.

Tema 14. CBoiicTBa 3aMKHYTBIX MHOKECTB.

Jlokxazanbl TeopeMbl: 1) mepeceuenne 1000ro yncia 3aMKHYTHIX MHOYKECTB -
3aMKHYTO€ MHOXECTBO; 2) OObEIUHEHHE KOHEYHOr'o 4YHCcia 3aMKHYTBIX
MHOXCECTB - 3aMKHYTOC€ MHOXCCTBO,; 3) JOIMMOJITHEHHUE OTKPBITOI0O MHOKCCTBA
(1o BCEro MNpOCTPAHCTBA) €CThb  3aMKHYTOE MHOXXECTBO, JOIOJIHEHUE
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3aMKHYTOTO MHOXKECTBa (O BCEro TMPOCTPAHCTBA) €CTh OTKPBITOE
MHOXECTBO. J{0Ka3aTeNbCTBO IEPBBIX ABYX TEOPEM OIMUPACTCS HA IIPUHLIUIL
JIBOWCTBEHHOCTH, CBOWCTBA OTKPBITBIX MHOXECTB  (CM. TeOpeMbl 00
00BbETUHEHNHU U TIEPECCUCHUH OTKPBITHIX MHOKECTB) U PE3yJbTAaT TEOPEMbI
3.

JlokazaHo, 4To OECKOHEUYHOE OOBEIMHEHHE 3aMKHYTHIX MHOXECTB — HE
00s3aTeNIbHO 3aMKHYTO€ MHOXecTBO. JlokazaHa Tteopema: ecim F o -
3aMKHYTO€ MHOXECTBO, a G - oTkpbIToe MHOXecTBO, TO F \ G - 3amkHyTO€,
a G \ F- otkpbiToe MHOKecTBa. (ClesiaH akIeHT Ha TO, YTO BCE IOKAa3aHHbBIC
B IIyHKTax 2° u 3° TEOpPEMbI CHPABEIJIUBBI ISl JIIOOBIX METPHUECKUX

npoctpancts (X, p).)

Tema 15. CTpoeHHe OTKPBITHIX M 3AMKHYTBIX MHOKECTB Ha NPSMOM.
CTpoeHue OTKPBITBIX U 3aMKHYTBIX MHOXECTB Ha MPSIMOH.

JIoka3aHbl TEOPEMBI O CTPYKTYPE OTKPBITBIX M 3aMKHYTBIX MHOXECTB Ha
yuciaoBol mpsmoi.  CdopmynupoBaHa TeopemMa 00  OTAEIMMOCTH
(3aMKHYTBIX MHOXECTB Ha npsimoi). Ilpemnaraercss caMOCTOSTENBHO
JI0Ka3aTh YKa3aHHYIO TEOPEMY Il CETMEHTOB.

Tema 16. KanTopoBo coBepiieHHOE MHOKECTBO.

KaHTOpOBO COBEpIIEHHOE MHOKECTBO.

JlaHo ormpeneneHue COBEPLIEHHOT0 MHOXKecTBa. llpuBeneHsl mnpUMeEpsI
COBEPILIEHHBIX MHOXeCTB. CTpPOUTCS KaHTOPOBO COBEPLIEHHOE MHOKECTBO
(Toxa3pIBaeTCs, YTO OHO COBEpIICHHOE). BrsicHseTrcs apudmernueckas
CTPYKTypa, '"yIMBUTENbHBIE"  CBOMCTBA KAaHTOPOBA  COBEPILICHHOIO
MHOK€CTBa (MOIIHOCTh KaHTOpOBa COBEPIIEHHOI'O MHOXKECTBa paBHa
KOHTHHYYMY, @ CyMMa JJIMH "yJqanseMblX" IpU ero MoCTpOeHUH HHTEPBAIOB
paBHa €IMHHUIIE), 1aHbl ONPEIEICHUS HUTJE HE TUIOTHOTO U BCIOAY IJIOTHOTO
MHOXkecTB. IlpuBeneHbl mnpumepsl TakuX MHOXeCTB. JlOKa3aHO, 4YTO
KaHTOPOBO COBEPILIEHHOE MHOYKECTBO SIBJISIETCSI HUT/IE HE TUIOTHBIM.
"KaHTopoBo coBepiienHoe MHOXkeCTBO" B R NON>2.

[Toctpoennt '"rpebenka Kanrtopa", "kxoBep Cepnunckoro", "kianOuie
Cepniunckoro", "cuexxunka Koxa". BBoaurcs monstue Qpakrana. Jlaercs
HCTOpUYECKas CIpaBKa, JIEIAeTCs aKIIEHT Ha COBPEMEHHBIX HCCIIEI0OBaHUIX
B MaTeMaTuke u (usnke QpakranbHO reomerpun mnpuposl. O6cyxkaaercs
3aJlada COBPEMEHHOI0 €CTECTBO3HAHMs: HCCleNoBaHHEe Mopdoioruu
amop@Horo.

Tema 17. HempepbIBHBIE 0TOOpPaKEeHUSI METPUYECKHUX MPOCTPAHCTB.
HenpepriBHble 0TOOpaXeHHSI METPUYECKUX IIPOCTPAHCTB.

OTMeTuM, 4YTO PpsAg  BOMNPOCOB, CBSI3AHHBIX C CYIIECTBOBAHHEM H
€IMHCTBEHHOCTbIO PEIlIEHUN ypaBHEHHUH TOrO MJIM WHOTO THNa (Hampumep,
nuddepeHIMaTbHBIX YPaBHEHUH ), MOKHO COPMYTUPOBATH B BUE BOMPOCA
O CYII€CTBOBAHUHN U CAVMHCTBCHHOCTHU HCHOHBH)I(HOﬁ TOYKH ITPU HEKOTOPOM
0TOOpaXECHUH METPUUECKOTO IPOCTPAHCTBA B CEOS.

JlaeTcsi  ompeneneHWE  HEMPEPHIBHOTO  OTOOpaXKEHUST  METPUUYECKHX
MIPOCTPAHCTB, MPUBOJATCS MpUMepbl. HemoaBwkHas TOYka OTOOpaKEHHS.
Cxxumaroriee otoopaxenue. [Ipumepsr.

Tewma 18. [IpuHIUN CKUMAIOIIHUX OTOOPAKEHUIA.
[TpuHIMI CKUMAIOIINX 0TOOPAKEHUI.




JlokaspiBaeTcs Teopema banaxa o [IpuHIMe c:xuMarommx 0ToOpaKeHH.
KOMMGHTI/IpyCTCH BaXXHOCTH 3TOU TCOPEMBI U €C MPUMCHCHHUC B PA3JIMYHBIX
paznenax maremaTuku. [I[puMeHeHre MPUHIINIIA C)KUMAIOIIUX OTOOpaXKEHHIM
JUIsL  JloKazaTrenbcTBa TeopeMbl O CYIIECTBOBAaHMM M €AMHCTBEHHOCTH
pemienus 3amaun  Komwm st 0ObIKHOBeHHOTO U depeHIHaTbHOrO
yYpaBHEHUS MEPBOTO MOPSIIKA, Pa3pPEIIEHHOI0 OTHOCUTEIBHO MTPOU3BOAHOM.

4. YYEBHO-METOJIWYECKOE OBECIIEYEHUE CAMOCTOSTEJLHON

PABOTbBI OBYUAIOIIUXCSA
Temsl a5 H3yyaemble Kosmmuec Dopmbl Metoauueckue odecnedeHus Dopmbl
CaMOCTOSTeTLHOT BOIPOCHI TBO CaMOCTOSITETLHO OTYETHOCT
0 U3y4YeHHs 4acoB i paGoThI "
L ngCHOMa gapaHOKTC 2 I/I3ygeHvHe http://eqworld.ipmnet.ru/i | Ompoc
BBIOOpA. 1_[aHaxa- apcKoro. yueOHOM ndexr.htm
pHUMepHI JIUTEPATYPBL, PP OR—
" 3BECTHRIX" pelmere 3aau http://www.ph4s.ru/books_mat.htm
YTBEP)KACHHH, TIe !
"ucronp3yercs”
aKcruoMma BhIOOpa
(B yacTHOCTH, IPH
JI0Ka3aTebCTBe
TEOPEMBI O TOM,
49T0 00BEINHEHNE
m000# KOHEYHOH
WM CYETHOU
COBOKYITHOCTH
CYETHBIX
MHOJKECTB €CTh
CHOBA CUETHOE
MHOKECTRBO).
2. Axcuomaruka Teopema I'enenst 4 H3ygeng http://eqworld.ipmnet.ru/i Omnpoc
TEOPUH MHOXKECTB. | O HEHOJHOTE, yueOHOM
runote3a Kanrtopa JIMTEPaTypEL, M
(CH), paGora pelnente 3a1a4 http://www.ph4s.ru/books_mat.htm
[1.Kosna 1963 1. I
(axcnomatuka ZF
u akcroMsl C |
CH un ux
OTpHLIAHNS).
3."KantopoBo ‘I'<Fpe6eHKa 4 I/I3ygel-me http://eqworld.ipmnet.ru/i Omnpoc
COBEpIICHHOE aHnTopa", "KoBep yueOHOH
MHOXeCTBO" B | CepruHCKOT0", JUTEPATYPHI, M
RN N> 2 "aIGHIIe permere 3azaq http://www.ph4s.ru/books_mat.htm
' - CeprimHCKOTO", I
"CHe)KMHKA
Koxa".
4.Crpykrypa Crpoenne 2 H3ygeﬂfle http://eqworld.ipmnet.ru/i | Onpoc
OTKPBITOTO OTKPBITBIX U yueOHOit
MHOJKECTBa Ha | 3aMKHYTBIX JIUTEPaTYPBI, M
MpSIMO. MHOYKCCTB. permere 3azaq Pttp.//www.ph4s.ru/books_mat.htm
5.ITonHoTa OdynnamenranpHa | 2 I/I3ygeH“I/Ie http :// eqwor Id.i pmnet.ru /i Omnpoc
METPHUIECKOTO o yueOHOH ndexr.htm
MPOCTPAHCTBA TIOCJIe/IOBATEILHO JIUTEpaTypEL, TRTTI——
C([ab]). CTh. pelierHe 33124 Ihttp.//www.ph4s.ru/books_mat.htm
6.Merpuueckoe OdynnamenransHa | 4 I/I3ygeH“I/Ie http )/ /eqwor|d A pmnet.ru /i Omnpoc
MPOCTPAHCTBO o yueOHOH ndexr.htm
CL ([a,b]). IIOCJIE10BATEIbHO JIUTEPATYPBI, e
2 \L% CTh, He pelnente 3aau http://www.ph4s.ru/books_mat.htm
SABJISIOIASACSA I
cxoasuiencs.
7. Teopemsl 0 ToM, | Merpudeckoe, 6 N3zyyenue http://egworld.ipmnet.ru/i Omnpoc
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4TO nmoboe
€BKJIUI0BO
HPOCTPAHCTBO
MOKHO caenaTh

HOPMHPOBaHHOE U
€BKJIMI0BO
MPOCTPAHCTBO.

yuebHoU
JIMTEPaTypHl,
peleHue 3a1a4

HOPMHPOBAHHBIM,
moboe
HOPMHPOBaHHOE
METPHYECKAM u
m000e  eBKIIUI0BO
METPUYECKHM.

ndexr.htm

http://www.ph4s.ru/books_mat.htm

HUTOro
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5. ®OH OHEHOYHbLIX CPEACTB JJIs1 IPOBEJAEHUA TEKYIIEA WM
IMPOMEXYTOYHOU ATTECTALIIMU 11O JUCHUITIMHE

5.1. [lepeyeHb KoOMIEeTEeHIMI C YKA3aHUEM 3TAaNoOB UX ()OPMHUPOBAHUSA B NpoLecce
0CBOEHHUs 00pa30BaTeJIbHON MPOrpaMMbl

Kon 1 HanmeHnoBanue

Oransl popMUpoBaHUs

KOMIIETEHLINU

OIIK-8 - Criocoben 1. PaboTa Ha y4eOHBIX 3aHATHIX.
OCYILLECTBIIATh 2. CamocTosTenbHas pabora.
[eJarOrHYECKyI0

JIEATEILHOCTh HA OCHOBE
CIICHUaJIbHBIX Hay‘leIX
3HAHUH

5.2. Onucanue mokasareljieii U KPUTepPUEB OIEHUBAHUS KOMIETEHI[HI HA Pa3JIMYHBIX
Tanax ux (popMUpPOBaAHUS, ONUCAHHE IIKAJ OLlEeHUBAHUSA

OuenuBaemble | YpOBEHb Oran popMupoBaHHS Onucanue Kpurepun [lxana
KOMITETEHIIMH | c(OPMHUPOBAHHOCTH ToKazaTesnen OLICHWBAHMs | OLICHUBAaHUS
OIIK-8 Ioporossrit 1. Pabora Ha y4eOHBIX | 3HATB: Texymmmii 41-60
3aHATHUAX. *COBpPEMEHHBIE KOHTPOJIb:
2. CamocrosTenbHas | TEOPHH U METOJIBI B JIOM.
pabora. 00acTé Teopun 3alaHus
byHKIIUN 0IIpoC
JIEHCTBUTEIILHOTO Komntp.
MEPEMEHHOTO; pabota
*3Ha4YEeHHE U MECTO 3aver ¢
JUCLIMIUIAHEI B OOIIEH | OLEHKON

KapTHHE MHpA.
VMers:

*SICHO U JIOTHYHO
nu3jiaraTthb HOJ'Iy‘-IeHHI)Ie
0a30BbIC 3HAHMS;
*JIECMOHCTPUPOBATH
IMOHMMaHKE OOIIeH
CTPYKTYPBI
JUCHUIIIINHBI 1
B3aUMOCBSI3HU C
JPYTAMU
NHUCIUILINHAMUY

* pemarp 3aJauu,
CBSI3aHHBIE C
peIMEeTHOM
0071acThIO, C yIETOM
COBPEMEHHBIX
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JIOCTHXKEHUI HAYKH;
*TIPUMEHSATH
MHPOPMAITHOHHO-
KOMMYHHUKAIIHOHHEIC
TEXHOJIOTUH IS

3¢ PEKTHBHOTO
peIIeHns HayIHbBIX 1
MPUKJIAIHBIX 33134,
CBSI3aHHBIX C

peaMEeTHON
00J1acThIo.
IIponBuHyTHIHA 1. Pabota Ha y4eOHBIX | 3HATBH: Texymmmit 61-100
3aHATHUSX. *COBpEMEHHBIC KOHTPOJIb:
2. CamocTrosiTenbHas | TEOPHU U METOJIBI B JIOM.
pabora. o0xacT Teopun 3aIaHus
¢byHKIAN orpoc
IEUCTBUTEIILHOTO KonTp.
TIEPEMEHHOTO; pabora
*3HaYECHUE U MECTO 3ager ¢
IUCLIMIUIAHEI B O0OIIEH | OLEHKON

KapTHHE MHpA.
YMmers:

*SICHO U JIOTHIHO
n3JaraTh MOJYYCHHBIC
0a30BbIC 3HAHUS;
*IECMOHCTPHPOBATH
IIOHUMaHHe 00IEn
CTPYKTYPBI
TUCTIATUTAHBL U
B3aHMOCBSI3H C
JIPYTAMHU
JUCIATUTHHAMH

* pemaTh 3a1auu,
CBsI3aHHBIC C
peaMEeTHON
00J1aCThIO, C yIETOM
COBPEMEHHBIX
JIOCTI)KCHUH HAYKH;
*TIPUMCHSATH
HHPOPMALTMOHHO-
KOMMYHHUKAIIHOHHEIC
TEXHOJIOTUH IS

3¢ dEKTUBHOTO
peIIeHHs HAyIHBIX U
MPUKJIAHBIX 3a/1a4,
CBSI3aHHBIX C
[IPEIMETHOM
00J1acTBhIO.

Bnagers:
*CTIOCOOHOCTEHIO K
JIOTHYECKOMY
paccyXICHHUIO;

* OCHOBHBIMU
METOJaMHU PEIICHUS
3a/1ad,
chopMyTHpOBAaHHBIMHU
B paMKax
MPEAMETHBIX
obacTei.
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5.3. TunoBbie KOHTPOJIbHBbIE 32JAHUS WIH WHbIE MATEPHAJIbI, HEO0X0AMMBbIE J1JIsl OLEHKH
3HAHU, YMEHMid, HABBIKOB M (MJIM) ONBITA JAeSATEJbHOCTH, XaPAKTEPHU3YIOIIUX ITalbl
(opMupoBaHUA KOMIIETEHLIMI B MPoLiecce 0OCBOEHHUs 00Pa30BaTeIbHOMH MPOrpaMMbl

IIpyMepbI JOMAIIIHEr0 3aIaHUS

1. Jloka3aTh paBEeHCTBO: (AU B)\C =(A\C)U(B\C) .
2. Cymectsyer ma pynxims f € C([a,b]): [a,b] A BN [0,11]U[20,21]?

6.0.C.
3. YCTaHOBUTH B.0.C. MEXKIY 3aMKHYTHIM €IMHUYHBIM KPYroM ¢ 10 BBIKOJOTBHIMH TOYKaMHU U
OTKPBITBIM €IMHUYHBIM KPYI'OM C 5 BBIKOJOTBIMU TOUYKaMH.

IIpuMepHBIE 3a1aHUA K TEKYIIIEMY KOHTPOJII0 (KOHTPOJbHAsI padoTa)

1. THyers E= {(X, y)e (JN[-12])x(IN[-1, 2])} < R*',J- uppaumonansuse unca,
Jc=R™.
Haiitu FrE, E, E/,intE,FrCE, CE,intCE,(CE)’, ectu CE=S\E, $=[-1,2]x[-1,2].

2. HaiiTn B KaHTOPOBOM MHOXECTBE KaKylO-THOO TOYKY BTOPOTO pOJia, 3aKIOYCHHYIO MEKIY
necsatuaabiME apoosimu: 0.001 u 0.025.

3. Jloka3zarb, 4yTO OOBEAMHEHHE KOHEYHOI'O YHUCIa IMOMAPHO HE IMEePECEKAIOIINXCS MHOXKECTB
MOIIHOCTH N | IMEET MOIIHOCTH N .

IIpyMepHBbIE TEOPETHYECKHE BONPOCHI K TEKYIIEMY KOHTP 0110

1. Cuetnble MHOXecTBa. HecueTHble MHOXKECTBA.

2. DKBHUBAJIECHTHBIE MHOXeCTBa. MOIIHOCTh MHOKECTBA. MHOYECTBA MOIIHOCTH
KOHTHUHYYMa.

MHOX€ECTBO BCEX IMOJMHOKECTB JTAHHOI'O MHOKECTBA.

Merpuyeckue npoCcTpaHCTBa.

HopmupoBannsle npocTpaHCTBA.

EBKIMI0BBI IPOCTPaHCTBA.

banaxoBel mpoctpancTBa. [1oaHbIE METPUYECKHE TPOCTPAHCTBA.
OxpecTtHOCTh TOUKU. BHYTpeHHAs Touka. BHyTpeHHOCT. [Ipenenshas
Touka. M3onmupoBanHas Touka. 'pannunas Touka. ['panuna.

9. OTKpBITOE MHOKECTBO. 3aMKHYTOE€ MHOKECTBO. 3aMbIKAHUE MHOXKECTBA.
10. CosepireHHOE MHOKECTBO. KaHTOPOBO COBEPIIICHHOE MHOXKECTBO.

11. Bcroay mioTHOe MHOXeCTBO. HUrie He MIOoTHOE MHOXKECTBO.

N AW

Bonpocs! ko110KBUYMa (IHCbMEHHBIH KOJUIOKBHYM Ha S - 10 MUHYT)

1) datp onpenenenune AU B.
2) JaTp onpeneneHue OKPECTHOCTU TOUKHU Xy € RL.

3) ate onpenenenue U A, . 4) Jlatb onpesieieHrEe CYETHOTO MHOYKECTBA, TIPUMEPHL.
ael
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5) JlaTs onpeseneHue ﬂ A,.
ael
6) JlaTb onpezeneHue COBEPIICHHOTO MHOXKECTBA, IPUMEPHI.
7) Hats onpenencaue A\B .
8) JlaTp onpeneneHue rpaHULIbl MHOXKECTBA, IPUMEPHI.
9) latb onpezaeneHue 3aMKHYTOI'O MHOKECTBA, IPUMEPBHI.
10) Hdars onpenenenue iNt E , mpumepsr muoxkects E ¢ ykasanuem INt E .
11) Jlath onpeesieHne HECYETHOTO MHOKECTBA, PUMEPHI.
12) JlaTh onpeneneHre OTKPHITOrO MHOXKECTBA, IPUMEPHI
13) latp onpenenenue M~N (3KBUBaJI€HTHOCTD ), TPUMEPHI.
14) Jlatb onpezesieHre rpaHUYHONM TOUKU MHOXeCTBa E, mpumepsl.

15) Hdars onpenenenne M =N (uro 510 3HaUMT?), IpUMeEpBL.
16) Jlath onpeaesieHre U30JIUPOBAHHON TOYKA MHOXKECTBA E, mpumepsl.

17) Jate onpeneneane M >N (uto 510 3HaUNT?), IPUMEPEL.

18) Jlath onpezaesieHne MpeaeIbHOM TOYKA MHOXKECTBA E, mpumepsl.

19) Kakum MHOXECTBOM JOJDKHO OBITh OOBEAMHEHHE KOHEYHOTO YHCIAa 3aMKHYTBIX
MHO>kecTB? JlaiiTe onpeaeneHue 3aMKHYTOIO0 MHOKECTBA.

20) JlaTp onpeneneHne BHYTpEHHENW TOUKM MHOeCTBa E , mpumepsl.

21) JlaTh onpeneneHe 3aMbIKaHUSI MHOYKECTBA, IPUMEPBHI.

22) OTKpBITOE MHOXECTBO Ha MPSIMOM (ero cTpykTypa ?).

23) JlaTp onpeneneHrue METPUUECKOTO TPOCTPAHCTBA, IPUMEPBHI.

24) MHOKECTBO MOIIHOCTH 3N (4TO 3TO 3HAYHT?), IPHMEPEI

25) MHOXecTBO MOITHOCTU X, (YTO 3TO 3HAYHUT?).

26) Kakum JO0MKHO OBITH MHOXKECTBO (OTKPBITHIM HJIM 3aMKHYTBIM),
ABIISIIOIIEECS] OOBbETUHEHHEM JIF000M COBOKYIMHOCTH OTKPBITHIX MHOeCTB? JlaiiTe
orpezieNieHue OTKPHITOIO MHOXKECTBA.

27) Chopmynupyiite Teopemy Kanropa-bepHiureiina.

28) Kak onpenensiercs mpoctpancteo C([a,b]) ?

29) Uto Takoe MoHOe MeTpudeckoe mpocTpancTBo ? [Ipumepsl.
30) [aiite onpeieieHre OKPECTHOCTH ToUkl X, € R 4

31) Haiire onpenenenue okpectaoctu Touku X, € C([a,b]).

32) Kakoe muoxectBo E < R ? naseaercst Bcroay mmotssiM (8 R ?2)?

33) Muoxectso E  R?! maseiBaercs murze me muotmeM, ecnm ... (IpogomKmTe
bpaszy).

34) Kakoii BUJ CXOAMMOCTH TIopoxaaeT mMerpuka B npoctpanctee C([a,b]) 2 Haiire
orpeseseHne 3TON cxoauMocTH (B TepmuHax & u N).

35) FrE (naiire onpenenenue), npumepsl MuoxkecTs E ¢ ykazannem FIE.

36) Uto Takoe cxoAsmIasics MoCIeI0BaTEIbHOCTh B METPUUECKOM MPOCTPAHCTBE?

37) CderHOoe OOBEIUHEHHE OTKPBITBIX MHOXECTB - KAaKUM JOJDKHO OBITh 3TO
MHOXkeCTBO? JlaliTe onpeneneHue OTKPbITOrO MHOXKECTBA.

Bonpocsl k 3a4eTy ¢ OLIEHKOI.

1. TlonsaTue mMHOXecTBa. Onepanyy HaJl MHOXKXECTBAMH.
2. DxBUBaJeHTHbIE MHOXecTBa. Onpeaenenue. [Ipumepsl S5KBUBaJICHTHBIX MHOXECTB. Teopema
0 TOM, YTO BCAKOE OECKOHEYHOE MHOKECTBO IKBUBAJIEHTHO CBOEMY UCTHHHOMY IOJAMHOXKECTBY.
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3. Cuernbie mMHOXecTBa. Onpenenenue. IIpumepbl. CU4ETHOCTh MHOXECTBA pallMOHATBHBIX
yucen. CBONCTBA CYETHBIX MHOXKECTB.

4. Cuernble MHOXkecTBa. Ormpezaenenue. Jloka3aTelbCTBO CUETHOCTH MHOXECTBAa BCEX
MHOTOYJICHOB C IEJIBIMU KO3(DPHUIIEHTaMU U MHOXECTBA aNre0panyecKux Yncel.

5. Hecuernsie MHOXecTBa. Onpesenienne. Teopema 0 HECYETHOCTH MHOXKECTBA TOUEK CErMeHTa
[0,1]. CyiecTBOBaHME UPPALMOHATIBHBIX U TPAHCLEHICHTHBIX YHCElL.

6. Ilonarue momHoCTH MHOXecTBA. CpaBHEHHE MOLTHOCTEH. AKCHOMa BBIOODA.

7. lloHATHe MOILIHOCTH MHOXeCTBa. TeopemMa O MOLIHOCTH MHOKECTBA BCEX IMOJAMHOXECTB
JTAHHOTO MHO>KECTBA.

8. IlomsTme MOUIHOCTU MHOXKECTBa. TeopeMa O MOIIHOCTH MHOXKECTBA BCEX IMOJMHOKECTB
HaTypalibHOTO psga. Teopema Kantopa - bepamreiitna (6/m) u ee cmeactBue (€
JTIOKa3aTeIbCTBOM ).

9.  OrmpeneneHne METPUYECKUX, €BKIUAOBBIX U HOPMHPOBAHHBIX MpocTpaHcTB. I[Ipumepst
YKa3aHHBIX MpocTpaHcTB. lloimHble M HEMONHBIE METPUYECKHE MpocTpaHcTBa.  [Ipumepsl
YKa3aHHBIX [IPOCTPAHCTB.

10. BHyTpeHHHE TOYKM U OTKpBIThIe MHOXecTBa. Omnpenenenus. Ilpumepsl. CBoiicTBa
OTKPBITBIX MHOKECTB.

11. IIpenenbuble Touku. M30aupoBaHHBIE TOUKH. | paHHYHbIE TOYKU. 3aMbIKAHUE MHOXKECTBA.
3aMKHYThIe MHOKecTBa. CoBepllieHHble MHOXKecTBA. Onpenenenus. [Ipumepsl.

12. 3amblkaHue, 3aMKHYTbIE MHOKeCTBa. CBOMCTBA 3aMKHYTBIX MHOYECTB.

13. CtpoeHne OTKPBITHIX U 3aMKHYTBIX MHOKECTB Ha mpsimoit (6/m). KantopoBo coBepmieHHOE
MHO>KECTBO.

5.4. Meroanueckue MaTepuaJbl, onpeaeisiloiye nNpouexypbl OeHUBAHUS 3HAHU,
YMEHHUI, HABBIKOB H (MJIH) ONBITA AeATeIbHOCTH, XapaKTePU3YyOIIMX 3TANbI
(¢popMupoBaHus KoMNneTeHIH.

Ha3zBanue komnoneHnra Pacnpenenenue
6aioB

|. BrimoytHeHHEe TOMANTHKUX 3aJJaHUH , OTIPOC 30

I1. BeinosiHeHNe KOHTPOJIbHBIX padoT 30

I1l. 3ager ¢ omeHkoOU 40

Hroro 100

TpeGoBaHNusl K BbINOJHEHHIO JIOMAIIIHEI0 321aAHNS

Kpurepnii onieHOK
B kaxxnom nomaiiiHeM 3ajaHUM TPH 331a4H.

Onenka "ornmuno" (21-30 OGayioB) XapakTepus3yeT peLIeHHe BCEeX TpexX IPUMEpPOB U3
NPUBEICHHBIX 33JaHUN WM pEIIeHHE JByX NPUMEPOB M3 TMPUBEACHHBIX 3aJaHUM, HO INpHU
YCIIOBUY NPEJOCTABICHUS YEPHOBUKOB HE MOJyUYUBIIETOCS 3aJaHMSL.

Onenka "xopomo" (11-20 GanoB) XapakTepu3yeT pelieHHe JBYX HMPUMEPOB U3 MPHUBEICHHBIX
3aJaHuH.

Ouenka "ynosnerBoputenbHO" (o0 10 GamoB) xapakTepuszyeT pelleHHe OHOro MpHMepa U3
NPUBECHHBIX 33/1aHUM.

TpedoBaHus K BLINOJHEHHIO KOHTPOJLHBIX 3a1aHUN
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Kpurepuii orieHok
B kax10i1 KOHTPOJIbHOI paboTe TPH 3a1aHUSL.
Ounenka "ormnmmuno" (21-30 OamioB) XapakTepu3yeT pEIICHHE BCEX TpeX IMPUMEPOB U3

IIPUBEJCHHBIX 3a1aHUM.

Onenka "xopomo" (11-20 6amioB) XxapakTepu3yeT pelIeHHE BYX IPUMEPOB U3 IMPUBEIECHHBIX
3aJaHUN.

Ouenka "ynoierBoputeabHo" (10 10 6amnoB) xapakTepusyeT pElIeHHE OJIHOTO MpuMepa M3
IIPUBEJCHHBIX 3a1aHUM.

TpedoBaHud K 324YEeTY € OLIEHKONH

Kpurepuu onenok

Ouenka "ornmmuno" (31-40 OGamioB) XapakTepu3yeT IIOJTHOE YCBOCHHUE TEOPETUYECKOTO U
NPaKTUYECKOTO MaTepuaia, CTYACHT yMEeT JoKa3aTh BCE TEOPEMblI U3 JICKIIMOHHOTO Kypca U
pemaeT Bce 3a1a4i ¥ PUMEPHI U3 IPUBEICHHBIX 3a1aHUM.

Ouenka "xopomo" (21-30 0amnoB) xapakTepU3yeT OCHOBHOE YCBOEHHE TEOPETHYECKOTO U
NPaKTUYECKOr0 MaTepHualiia, CTYIEHT yMEeT J0Ka3aTh OCHOBHBIC TCOPEMbI M3 JICKIIMOHHOTO
Kypca M peliaeT OCHOBHBIE 33/1a4d ¥ IIPUMEPHI U3 IPUBEICHHBIX 3aJaHUI.

Onenka "ynosierBoputenbHo" (11-20 6amioB) xapakTepusyeT 3HaHHE (0€3 JOKa3aTeIbCTBA)
OCHOBHBIX TeopeM H (OpMyJ Kypca, CTYACHT yMEeT peliaTh 3ajJaud WU MPUMEPhl W3
MMPUBCACHHBIX 3aI[aHI/II71, SABJIAOIIUECA O606HI€HI/ICM 3aZla4 HIKOJIbHOT'O KypCa MaTCMaTUKU.

Ouenka "HeynosieTBoputenbHO" (10 10 GamioB 0amioB) BBHICTABISETCA CTYIACHTY, €CJIM OH HE
YCBOMJI OCHOBHBIE TEOpeMbI U (OpPMYN Kypca M €clid CTYIEHT HE yMeeT peliaTh 3aJayd U
NpUMEphl W3 TPUBEACHHBIX 3a/IaHUi, SBJSIFONIMECS O0000IIeHWeM 3a7ad IIKOJBHOTO Kypca
MaTeMaTHKH.

B mpouecce NpakTHMYECKHX 3aHATUH PEKOMEHIYETCS NPOBOAMTH TEKYIIMH KOHTPOJb. Jlis
IPOBE/IEHUS TEKYLIEr0 ¥ UTOTOBOTO KOHTPOJIS pa3paboTaHbl JOMAIIHUE 33JaHUs, KOHTPOJIbHbIE
paboThl U BOMPOCH! K 3a4ETy C OLECHKOU. Mmoeosas oyenka 3HaHuii CTYACHTOB MO U3y4aeMOM
qucuuruinHe coctasisieT 100 OamioB, KOTOpble KOHBEPTUPYETCS B OLEHKY IO MATHOATUIbHON
nikane (uTorosast popma KOHTPOJISL — 3aUeT C OL[EHKOI), IO CIeAyIoIIel cxeme:

3auem c oyenxou. OnieHka Ha 3adete coctaisieT 40 6a1IoB, KOTOPBIE MOJIYYAIOTCS B
pe3ynbrare 1M PepeHInpOBaHHON OLIEHKH 3HAHUN CTYJAEHTOB UCXO U3 CII0)KHOCTH 33/1aHUS,
IIPUBEICHHOTO B MPEUIOKEHHOM 33JaHUU. 3aJJaHU€E NI 3a4€Ta COCTOUT U3 IBYX BOIpocoB (40
6asoB: 1o 20 0asioB 3a OTBET Ha Ka)/bIi U3 ABYX BOIIPOCOB).

Pacnipenenenue 6aminos:

Onenka no 5-0OanbHON cUcTeEMe [Hkana ouenok npu 100-0amibHON
cucTeMe

5 OTimyHO 81 —100

4 Xopor1io 61 — 80
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3 Y 10BIETBOPUTETHLHO 41 — 60
2 HeynoBieTBopuTenpHo 21 —40
1 Heobxoaumo moBTOpHOE U3yUYeHHE 0—20

6.  YYEBHO-METOJIWYECKOE 1| PECYPCHOE OBECIHEYEHUE
TACIHATITAHBI

6.1. OcHoBHas auTEparypa

1. IlIunaues, B.C. Beicias matematuka : yueonuk / B.C. IllunaueB. — M. : UHOPA-M,
2019. — 479 c. — (Bricuee obpazoBanue). — URL:
http://znanium.com/catalog/product/990716 (mara obpamienus: 30.07.2019). — Pexxum
JOCTYyTA: ISl aBTOPH3. TOJIb30BaTeNIel DICKTPOHHO-OMOIMOTeUHAs CCTeMa
«znanium.comy. — TeKCT : 3IeKTPOHHBII

2. Wibun, B. A.Maremarudeckuii aHanu3 B 2 4. Yacte 1 B 2 kH. Knura 1 : yueOHHK 1)1
akajemMuueckoro 6akamnaspuara / B. A. Uneun, B. A. CagoBanunii, b. X. CennoB. — 4-¢
u3J., nepepad. u gon. — Mocksa : U3gatensctBo Opaiit, 2019. — 324 c. — (bakanasp.
Axkanemudeckuii kypc). — ISBN 978-5-534-07067-5. — URL.:

(mara oopamenus: 26.07.2019). — Pexum nocryna: s
aBTOPU3. MOJIb30BaTeNIe DIEeKTPOHHO-O0uOMoTeuHas cuctema «kHOpaitty. — TekcT :
3JIEKTPOHHBIN

3. Wnbun, B. A.Maremarndeckuii ananu3 B 2 4. Yactb 1 B 2 kH. KHura 2 : yaeOHUK a1
akagemuueckoro Oakanaspuara / B. A. Uneun, B. A. CagoBanunii, b. X. CennoB. — 4-¢
u3J., nepepad. u pon. — Mocksa : U3gatensctBo Opaiit, 2019. — 315 c. — (bakanasp.
Axkanemudeckuii kypc). — ISBN 978-5-534-07069-9. — URL.:

(mara obpamenus: 26.07.2019). — Pexum nocryna: ans
aBTOPH3. MOJIb30BATENICH DIIEKTPOHHO-OnOHoTeuHas cuctema «FOpaitty. — TekcT :
3JIEKTPOHHBIN

4. Unbun, B. A.Marematndeckuii anaiaus B 2 4. Yactp 2 : yueOHUK 7151 aKaIeMUUECKOTO
OaxanaBpuata / B. A. Uneun, B. A. CagoBanunii, b. X. CengoB. — 3-e u3a. — Mockga :
NznarensctBo FOpaiit, 2019. — 324 ¢. — (bakanaBp. Axkagemuyeckuii kype). — ISBN
978-5-534-09085-7. — URL.: (mata oOpareHus:
26.07.2019). — Pesxxum octyna: Jyisi aBTOPH3. MOJIb30BaTeIeH DIIEKTPOHHO-
oubnuoreynas cucrema «HOpaiT». — TeKCT : 2eKTPOHHBIH.

5. Aspamenko, B.C. Teopus (yHKIuIl HEHCTBUTEIBHOTO IMEPEMEHHOTO [DJIEKTPOHHBIN
pecypc]: yuebHoe mocobue / B.C. ABpameHko ; MHUHHCTEPCTBO OOpa30BaHUS U HAYKH
Poccuiickoit ®eneparuu, ['ocymapcTBeHHOE 00pa30BaTEIbHOE YUYPEKIECHHUE BBICIIETO
npodeccuoHansHOr0 0oOpazoBaHust «Emnenkuii rocynapcTBeHHBbINM yHUBepcuteT um. ML.A.
Bbynunay. - Enen : Enenxwii rocynapctBennsiii yauepcuteT uM M.A. Bynuna, 2011. - 100

c. - URL: http://biblioclub.ru/index.php?page=book&id=271996. (mata oOpareHus:
29.07.2019). — Pexum gocryma: Uit aBTOpH3. ITOJb30BaTesield  DIEKTPOHHO-
O6ubnuoreyHas cucremMa «YHHUBepcUTeTCKas  OubOnmorexka  oHnaiH». —  Teker:
3JIEKTPOHHBIMN.

6.2. lonoiHMTEILHAS JIUTEPATYPaA

1. beikoBa O.H. Teopust ¢pyHKUMH OeCTBUTENBHOIO MepeMeHHoro: YyeOHoe mocobue /
beixkoa O.H., Komsirun C.1O., Kykymkun b.H. - M.: KYPC, HUIl UH®PA-M, 2016. -
196 c. - ISBN 978-5-905554-21-6 - URL: http://znanium.com/catalog/product/543159
(mata obpamenus: 29.07.2019). — Pexwum goctyna: il aBTOPHU3. IOJIb30BaTeNe
DJIEKTPOHHO-0MOIMOTEYHAsI CUCTeMa «ZNanium.comy. — TeKCT : 3JIeKTPOHHBIN
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http://znanium.com/catalog/product/990716
https://biblio-online.ru/bcode/437203
https://biblio-online.ru/bcode/437203
https://biblio-online.ru/bcode/437204
https://biblio-online.ru/bcode/437204
https://biblio-online.ru/bcode/427043
http://biblioclub.ru/index.php?page=book&id=271996
http://znanium.com/catalog/product/543159

. Cmomnun, F0.H. Beenenne B Teopuo QyHKIMI qeiicTBUTENFHONW EPEMEHHOM @ yueOHOe
nocobue / KO.H. CmomnuH. - 2-¢ usn., crep. - Mocksa : U3garensctBo «®DaunTtay, 2017. -
518 c. - ISBN 978-5-9765-1483-6. - URL:
http://biblioclub.ru/index.php?page=book&id=364595 (mara obpamenus 29.07.2019).
— Pexum noctyna: uis aBTOpU3. MOJb30BaTeNed DIEKTPOHHO-OMOIMOTEUHas cucTeMa
«YHHUBEPCUTETCKass OMOIMOTKA OHJIalH». — TEKCT : AJIeKTPOHHBIN

. Wneur B.A. OcHOBBI MareMmatudeckoro aHammsa.[Tekcr]: yue6./ Unbun B.A., TTo3Hsk
O.I'. - T.2.- M.: Hayka,2010.

. Kynpssues JI.JI. Kypc matemarndeckoro ananusa: yueOHUK i By30B B 3-x T. / JI. JI.
KynpsiBues. - 6-¢ uza. - M. : Jlpoda, 2006. - 704c. — TekcT: HEMOCPEICTBECHHBIM.

. Huxonbckuii C.M. Kypc matemarnueckoro ananusa. [Tekct]: yue6./ C.M. Hukonbckuid.
- T.2 .- M.: Hayka, 2008.

. TemsxoBckuiit C.A. COOpHUK 3a7a4 110 TEOPUH JIEHCTBUTENBHOTO mepeMeHHoro.[ Tekcr]:
yue0./ C.A. TenskoBckuii - M.: Hayka. 2008.

. YubsaoB [1.J1. JleiictBurenpHbId aHanu3 B 3agavax. [Tekcr]: yue6./ IL.JI. Yibsuaos, A.H.
baxsanos, M.U. [Ipsuenxo, K.C. Kazapsn, I1. Cudyanrec. - M.:@uzmariut. 2005.

. byrpos f.C. Breicmas matemaruka : y4eOHUK it By30B B 3 T. / SI. C. Byrpos, C. M.

Hukonbckuit. - 6-¢ u31. - M. : JIpoda, 2004. - 512¢. — TekcT: HemocpeacTBEHHBIMH.

6.2. Pecypcobl nHGpOpPMAIIMOHHO-TEIEKOMMYHUKAIIMOHHOM ceTu « AHTepHeT)»
http://eqworld.ipmnet.ru/indexr.htm, http://www.ph4s.ru/books mat.html,
http://www.dmvn.mexmat.net/.

7. METOANYECKHUE YKA3AHUSA IO OCBOEHUIO JUCHUITJIMHBI

1. I'pass T.H., Xonuna C.A. Metoguieckrue peKOMEHIAIMHU 110 MPOBEICHUIO JIEKITMOHHBIX

3aHATHH.

2. T'pans T.H., Xomuna C.A. Meroaudeckne peKOMEHIAMNA 00 OpraHU3aIMX BBITOTHEHHSI

U 3alUTHl KypCOBO pabOTHI.
3. I'pans T.H., Xomuna C.A. MeTomudeckue peKOMEHIAINUH 0 POBEICHUTO
71a00paTOPHBIX U MPAKTHUYECKUX 3aHATHMA.

8. TH®OPMAIIMOHHBIE TEXHOJIOI'MA 1JIA OCYINECTBJIEHUA
OBPA3OBATEJIBHOI'O ITPOLUHECCA IO JUCHUIITIMHE

.JII/IIICHZ%I/IOHHOQ InporpaMmmMHo¢ ob0ecneueHue:
Microsoft Windows

Microsoft Office

Kaspersky Endpoint Security

HNupopmManoHHBIE CIPABOYHbIEC CHCTEMBbI:
Cucrema 'APAHT
Cucrema «KoncynsrantlIimroc»

IIpodeccnonanbHbie 0a3b1 JAHHBIX
fgosvo.ru

pravo.gov.ru

www.edu.ru
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http://biblioclub.ru/index.php?page=book&id=364595
http://eqworld.ipmnet.ru/indexr.htm
http://www.ph4s.ru/books_mat.html
http://www.dmvn.mexmat.net/

9. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYHEHUE JIMCIMITJINHbI

MarepuanbHO-TEXHHUECKOE 00eCTIeYCHNE TUCITUILTUHBI BKITFOUAET B CEO:

- y4eOHBIE ayIUTOPUU [UISl TPOBEIACHHUS 3aHATUN JIEKIMOHHOTO M CEMHHAPCKOTO THIIA,
KYpPCOBOTO MPOEKTUPOBAHMSI (BBIIOJHEHUSI KYPCOBBIX paloT), TPYIIOBBIX M WHAWBUIYAIBHBIX
KOHCYJIbTAIM, TEKYIIEro KOHTPOJS W MPOMEKYTOYHOW AaTTECTAlMH, YKOMIUICKTOBAHHBIE
y4eOHOI MeOeIbI0, IOCKOH, IEMOHCTPAITMOHHBIM 000PYA0BAaHHEM.

- TIOMCIIEHUS /I CaMOCTOSTENIbHON paboThl, YKOMIUICKTOBaHHBIE Y4eOHOU MeOenbio,
NIEPCOHAIBHBIME KOMITBIOTEPAMU C MOJKIIIOYCHHEM K ceTH MIHTepHeT u oOecrieueHueM J0cTyma
K JJICKTPOHHBIM OHOJIMOTEKaM W B JJIEKTPOHHYIO HH(POPMAIMOHHO-00PAa30BATEIBHYIO CPEIY
MI'OVY;

- TIOMEIIEHUS ISl XpaHEeHUSI U MPOPUIAKTHIECKOTO OOCITYy)KUBaHHS y4eOHOTO 00OpyI0OBaHMUS,
YKOMILJIEKTOBaHHBIE ~ MeOenbto  (mkadpl/cTemuiaku),  HabopaMH  JIEMOHCTPAIIMOHHOTO
000pyIoBaHus U y4eOHO-HATIISITHBIMU TOCOOUSIMU;

- nabopaTopus, OCHAICHHAs Ja0OpaTOPHBIM OOOpPYIOBAaHHWEM: KOMIUIEKT ydeOHOH wmebenu,
MPOEKTOpP, TPOCKIMOHHAS JOCKA, TEPCOHAIBHBIM KOMITBIOTEP C TOJKIIOYEHHEM K CETH
WuTepHer M oOecriedeHUEeM JIOCTyNa K DIIEKTPOHHBIM OHONIMOTEKAaM H B DIEKTPOHHYIO
nH(popManmoHHO-00pa3oBaTenbHyI0 cpeny MI'OY.

19



