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1. INTAHUPYEMBIE PE3YJIbTATBI OBYUEHMUS

1.1. Hean 1 32124 TUCHUTLITHHBI

OCHOBHBIC MOHATHUS H MCTOABI TCOPHH q)YHKIII/If/'I HCﬁCTBHTCHLHOFO IICPCMCHHOI'O
JOJIDKHBI ObITE B HACTOAIICC BPCMA H€06XO,HHMI>IM QJICMCHTOM O6p8,30BaHI/ISI 00010
IIKOJIBHOI'O YUYHUTCIIA CTApIIUX KJIIACCOB. HayLIHO-TeXHI/ILIeCKI/Iﬁ nporpecc CTaBUT IICPCAO
IIIKOJBbHBIM neaaroroM TpyaHnyro 3aaady HC TOJIBKO IIPCKPACHO BJIAACTb OCHOBHBIMHU
MOHSITUSIMHM IITKOJIbHOM MaTE€MAaTHUKH, HO U IMIOHMMAaTh UX MCCTO B COBpeMeHHOﬁ MaTEMATHUKCE,
3HATh HUX IIPOUCXOKACHUC, PA3BUTUC W HCIOJB30BAHUC B PA3JIMYHBIX o0acTax
CCTCCTBO3HAHU:.

eabio AUCUUILIAHBI

HaHHBIﬁ KypC CTaBHUT cebe OCJIBIO IIOKA3aTb IIPOHUCXOKACHHC MW  PAa3BUTHUC TAKHUX
(bYHIIaMGHTaJIBHBIX MOHATHMHA MAaTEMaTUKH Kak YHucCJaI0, MHOXKCCTBO, q)YHKIII/ISI, a TaKXKC
IIO3HAKOMHUTL CTYACHTOB C COBpCMGHHOI?I TeOpHGﬁ MHOXCCTB, Teopneﬁ MCpBI H
HHTCTpAJIa, HUI'PpAOIIKUX OI'POMHYIO POJIb B PA3JIIMYHBIX 001aCcTIX MaTEMaTHKH.

33[{8‘1]/[ AUCHUIIJINHDBbI

3amaun M3y4deHUs AUCIUIUIMHBI 3aKIIOYAIOTCS B OBJIAJICHUA OCHOBHBIMH TOHSITHSIMHU
Teopur (YHKIUNA JEHCTBUTEIHLHOTO TEpPEeMEHHOro. MeToasl W ujaeu Teopuu QGyHKIUN
CIIOCOOCTBOBAIM BO3HUKHOBEHHIO Psiia HOBBIX MaTeMAaTUYECKUX IUCIMIUIMH U, KPOME TOTO,
MPOHUKJIM B Takue O0JacTM MaTeMaTHKA KaK TOMOJIOTHs, TEOpHUs BEPOSTHOCTEM,
(YHKIMOHATBHBIM aHATN3, TEOPUS aHATUTUYECKUX (YHKIWN, BapUAIIMOHHOE WCYHCIICHUE,
muddepeHnranbHble ypaBHEHUS, TEOpEeTUYECKast PU3nKa u JIp.

YrnyOnsst 3HaHUS, TMOMy4YeHHBIE B Kypcax JuU(PEepeHIHMalbHOTO U WHTErPaTbHOTO
WCYUCIICHHS, JaHHBIM Kypc TIOABOAWT €ro  CiIymaTelied K TepeloBbIM  pyOekam
COBPEMCHHOM MAaTEeMaTHKH, TO3BOJISET B3TJIASHYTh Ha MAaTEMaTHKy HE Kak Ha CBOJ (GOpMys
U TEOpeM, a KakK Ha HeNpephlBHO Pa3BUBAIOIIYIOCS HAYKy, HUCIOJB3YIOUIYIO TPyd M
TBOPYECTBO MHOTHX IOKOJIEHUA MaTeMaTuKoB - oT Apxumenaa 10 A.H. Koimoroposa.

Takoli B3rsAq Ha MaTeMaTWKy Kak Ha TBOPYECTBO NPHW3BaH IPHUBIICYL CTYJICHTOB K
CaMOCTOSTEIIbHBIM HayYHBIM HCCIICIOBAHUSM.

B pesynbpTaTe u3ydeHus TUCIUILTAHBI CTYJCHT TOJKEH:

- meTs mipesncTaBieHre 00 OCHOBHBIX TMOHSTHUSX TEOPUU (PYHKIUH JEHCTBUTEIHHOTO
MIEPEMEHHOTO.

- 3HaTh U YMETh JI0KA3bIBaTh OCHOBHBIE TEOPEMBI Kypca.

- 3HaTh, YTO TAaKOE KOHEYHOE, CUYCTHOE M HECUETHOE MHOXKECTBA. YMETh CTPOWTH
MIPUMEPHI YKA3aHHBIX MHOXKECTB.

- 3HaTh, Y€MYy pPaBHbl MOIIHOCTH OCHOBHBIX MHOKECTB: MHOYKECTBAa pPallMOHATbHBIX
yypcen, MHOXecTBa Todek ortpeska [0,1], mpamoii - R', mmockoctn - R? u T.0. YMers

IMOCTPOUTH MHOXKCCTBO, MOIITHOCTb KOTOPOI'O TNNIE MOIIHOCTH 3a1aHHOI'O MHOKCCTBA.
- YMeTh CTPOUTH OTKPLITBIC, 3aMKHYTLIC, COBCPHICHHBIC MHOXKCCTBA Ha pr[MOﬁ N Ha

4



miockocTd. iMeTh npejictaBiieHue o pakraiax.

- YMEThb OonepupoBaTh ¢ METPHUCCKUMHU, EBKIIMIOBBIMU, HOPMUPOBAHBIMHU
IPOCTPAHCTBAMH, B YaCTHOCTH, 3HATh B3aMMOCBS3b ATHX MPOCTPAHCTB H
YMETb IIOCTPOHUTH JF000C U3 YKA3aHHBIX MPOCTPAHCTB. 3HATH KJIACCUYECKHE
npocrpanctea (R", C([a,b]), CL,([a,b]), I,, 1< p<).

1.2. [lnanupyemble pe3yabTaThbl 00y4eHUs

B pesynbrare ocBOeHUs JAHHOW AUCHUIUIMHBL y 00ydarouuxcst pOpMHUPYIOTCS CIIEAYIOINE
KOMIIETEHIINU:

VYK-1. CnocoOeH ocylecTBIsATh NOUCK, KpUTHUECKUI aHaIU3 U CUHTE3 HH(pOpMaLuHy,
MPUMEHATh CUCTEMHBIN MOIXO JUIsl pEIEHUS] TOCTABJICHHBIX 3a7a4

[1K-1. CiocobeH ocBauBaTh M UCIOJIb30BATh TEOPETHUECKUE 3HAHUS U TPAKTUYECKUE YMEHUS
Y HaBBIKH B PEAMETHOM 00J1aCTH NpU PELICHUN NPOPECCUOHAIBHBIX 3a/1a4

2. MECTO JUCHHUILJIMHBI B CTPYKTYPE OBPA3OBATEJIbHOM
ITPOI'PAMMBbI

JucuunnuHa BXOIUT B MOAyNb «lIpeaMeTHO-MeTOAMYEeCKU MOIyJb» 00s3aTeIbHON YacTu
broka 1 «/{ucuuninunel (MOIYN)» U ABJISIETCS] 00SI3aTEIBHON JIJIST U3YUCHUSI.

HNucnuminna «Teopust (yHKIUNA AEHCTBUTENHHOTO TEPEMEHHOIO0» SIBJISIETCS COCTAaBHBIM
AJIEMEHTOM MaTEeMaTUYeCKOTO armapara psjia AUCHUIUIMH. 3HaHUS U YMEHUS, MOJTYy4YEHHbIC
NPy U3YYEHUU AUCUUIUIMHBI «Teopus (yHKIUN HEHUCTBUTEIHHOTO MEPEMEHHOT0» IIUPOKO
MPUMEHSIIOTCS. B TAaKWX JUCHUIUIMHAX, KaK TEOMETpPHs, TEOPUH BEPOSTHOCTEW, TEOPUU
(yHKIIUH KOMIUIEKCHOTO MIEPEMEHHOT0, 0OBIKHOBEHHBIE U] epeHIInaTbHbIC YPAaBHECHHUS.

3. ObFBEM U COAEP)KAHUE JUCLHUIIJINHBI

3.1. O0beM IMCHHUILIAHBI
Ounas popma o0yueHust

ITokazaTens 00beMa TUCIUILINHEB Koi-Bo yacos
oyHas
O0BeM TUCIHUILIMHEI B 3a4ETHBIX €NHUALIAX 2
O0beM OUCHUIINHEI B Yacax 72
KonrtaktHas pabora: 36,2
Jlexun 18
[IpakTuueckue 3aHITUS 18
KoHTakTHBIE Yachl HA TPOMEKYTOUHYIO aTTECTAIHIO: 0,2
3ayer ¢ OLIEHKOH 0,2
CamocrosrenbHas paboTa 28
KonTpomnb 7,8

dopMa MPOMEKYTOUHOMN aTTECTAIIMU: 3a4€T C OIICHKOW B 5 ceMecTpe.
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3aounas popma o0yueHnunst

[Tokazarens 0ObeMa AUCHUTIINHBI Kon-Bo yacoB
O4YHast
OO0BeM QUCIHUIUIMHEI B 3a4E€THBIX €IMHALAX 2
O0BeM OUCIUIUIMHEI B Yacax 12
KonrakTHas pabdora: 8,2
Jlexkuun 18
[IpakTrueckue 3aHATUS 18
KoHnTakTHBIE Yachl Ha IPOMEXYTOUHYIO aTTECTAIHIO: 0,2
3ayer ¢ OLEHKOH 0,2
CamocrosiTenbHas paboTa 56
Kontposnb 7,8
dopma NPOMEKYTOUHOM aTTeCTaIlMU: 3aUeT C OLIEHKOI B 6 cemecTpe.
3.2. Conep:xaHue JUCHUILTIHHBI
Koa-Bo
4yacoB
HaumenoBanue pa3jiesioB (TeM)
JTHUCIUILINHDBI Jlekuuu |IlpakTuyeck
ue 3aHATHUSA
= | &
g | E
= S = g
o [ap)] g -
z g
o A =
Tema 1. O0mee BBegeHne (KpaTKasi aHHOTAIUS KYypca). 1 1 1 -
DNIeMEHTHI TEOPUU MHOKECTB. BBenenue (posib TEOpUr MHOXKECTB B
MareMaTuke). MHOXKeCTBO, OJIMHOXKECTBO, TyCTOE MHOKECTBO.
(O0o3Hauenust, onpeenenus, npuMepsl). Onepanun 00beTUHEHHS U
repeceyeHust MHOXKECTB. VX cBolicTBa. Teopema 0 CBOMCTBAX ONEpaLUi
00BEIMHEHNUS U TlepeceueHns MHOXKeCTB. Onpeenenrs o0beIuHEHHS U
nepeceueHust 1000 COBOKYITHOCTH MHOKECTB (MHOXECTBO MHOKECTB) C
MCIOJIb30BAaHUEM KBAaHTOPOB. JlonosiHeHne MHOKeCTB. [IpuHImMn
NBOMCTBEHHOCTH. OIpesielieHne pa3HOCTH, AOIOJHEHUS MHOXKECTB.
JloKka3arenbCcTBO TEOpEMBI "TIPUHIIUI IBOMCTBEHHOCTH .
Tema 2. CueTHBIE H HEeCUETHbIE MHOKECTBA. 1 |1 1 -
DOKBUBaJCHTHbIE MHOXecTBa. Ompenenenne otoOpaxkeHus. OmnpeneneHue
OTOOpaKEHHUSI "Ha" (CIOPBEKIINHN), ompeielieHue OTOOPaKEeHUs "B"
(MHBEKIMK), OIpeAeNicHUEe B3aMMHO OJHO3HAYHOTO OTOOpaKeHUs (OMEKIUH).
[loHsiTHE SKBHBAJEHTHOCTH MHOXeCTB. [Ipumeprl. CBoWCTBa MOHATHUSA
AKBUBaJEHTHOCTH. CueTHble MHOXXecTBa. [Ipumepbl. CUETHOCTb MHOXKECTBA
paloHaIbHBIX uncen. OnpeeneHre HeCUeTHOTO MHOXKECTBA.




Tema 3. CBOMCTBA CYETHBIX MHOKECTB.

Jloka3bpIBatOTCS TEOPEMBI: 1) BCIKOE HEIMyCTOE MOJMHOKECTBO CYETHOTO
MHOKECTBa KOHEYHO WJIM CYETHO; 2) 00BbeauHEeHHE (CymMMa) 000 KOHEUHOM
WM CUYETHOW COBOKYIHOCTH CYETHBIX MHOXECTB €CThb CHOBa CUETHOE
MHOXKECTBO; 3) BCSIKOE OCCKOHEYHOE MHOXKECTBO HMEET  CUETHOE
MMOJIMHOXKECTBO; 4) BCSIKOE OECKOHEYHOE MHOKECTBO SKBHUBAJIEHTHO CBOEMY
MCTUHHOMY TOJAMHOXECTBY. BBOASTCS anreOpawueckue W TPaHCICHICHTHBIC
urcna. Jloka3pIBaeTcs, YTO MHOXECTBO aIreOpanvyecKuxX 4YHMceld - CYETHO.
CdhopmynupoBan psif 3a71a4 AJisE CAMOCTOSITEIIBHOTO PEIICHUS.

Tema 4. HecueTHble MHOKeCTBA.

Jloka3pIBaeTCsa TEOpEMa O TOM, YTO MHOKECTBO JIEHCTBUTENIbHBIX YHCET,
3akmoueHHbIX Mexay 0 u 1, HecuetHo. [IpuBOAsSTCS MpUMEpPHI MHOMXECTB,
skBUBaJeHTHBIX [0,1]. AKIEHTHpYeTCsI BHUMAHUE Ha TO, YTO JIOKa3aHHAs
TeopeMa  SIBIsSIETCA, TaKk ~ Ha3blBaéMoM, "TeopemoM  cyliecTBoBaHHA"
(cymiectBoBaHUs OOBEKTOB ¢ "muioxumu cBoiicTBaMu"). Mcmonb3ys aHHYIO
TEOpeMy, JOKa3bIBAa€TCsl CYIIECTBOBAHWE HUPPALMOHAIBHBIX 4YHUCEN U
TpaHCIEHJEHTHBIX  uuced. Jlajmee,  [OKa3bIBaeTCcsi, 4YTO  MHOKECTBO
MPPaLMOHATIBHBIX YHUCE] - HECUETHO, W 00Jee TOro, SKBHUBAIEHTHO OTPE3KY)
[0,1]. Ananorumynas 3ajaya peniaeTcsi OTHOCUTEIBHO TPAHCLIEHICHTHBIX YHCEll
(oOpamaercs 0ocob0e BHUMAHME HAa METOJbI JOKA3aTeNbCTBA TaKUX 3aj]ay).
Pemaercs 3aaya: 10Ka3aTh, YTO MHOKECTBO BCEX IMoOcleoBareabHocTed u3 0 u
1 sxBuBasieHTHO OTpe3Ky [0,1]. Ilpu 3TOM MOAPOOHO paccmaTpuBaeTCs
mpencraBieHue yrcen u3 orpeska [0,1] B Buge ABOMUYHOI 1poOH.
CdopmynupoBaH psifl 3a7a4 JJIsl CAMOCTOATEILHOTO PEIICHHS.

Tema 5. MouHOCTh MHOKECTBA.

[TonsTHE MOIIHOCTH MHOXKecTBa. CpaBHeHUE MolHocTel. OnpeeneHusl.
MOIIHOCTh CUETHOTO MHOXECTBAa. MHOXKECTBA MOIIHOCTH KOHTHHYYMA.
Axcuoma BbeIOOpa (akcmoma C wminu akcuoma llepmeno). Ilapamoxc banaxa-
Tapckoro. Ilpumeps! "u3BecTHBIX" yTBepkAaeHMH, rae  "ucnoib3yercs"
akcuoma BbIOOpa (B YacCTHOCTH, NHPU JOKA3aTEIbCTBE TEOPEMBI O TOM, YTO
oObeuHEeHne 1000 KOHEYHOM MM CUYETHOM COBOKYIHOCTH CYETHBIX|
MHO>KECTB €CTh CHOBA CUETHOE MHOYKECTBO).

VicTtopuueckast crpaBKa: aHTHHOMHM M TapaJoKchl, Hapaaokc Paccena
(mapamokc ['oHcera), Teopema ['emens O HEMOIHOTE, aKCHOMAaTHKAa TEOPHH
MHOecTB (akcuomatuku Z, BG, ZF), runoreza Kantopa (CH), paGora
[1.Kosna 1963 r. (akcuomatuka ZF u akcuomsl C , CH u ux otpunanus).

Tema 6. MomIHOCTH, MHOKECTBA BCeX NMOJIMHOKECTB IAaHHOT0 MHOKeCTBA.
Jloka3aTenbCTBO TEOPEMBI O TOM, YTO MOIIHOCTh BCEX MOJAMHOXECTB HEYCTOTO
MHOXecTBa OOJIbIlIeé MOIIHOCTH MCXOJHOTO MHOXecTBa. [IpenBapurenbHO
[IPUBECTH JI0KA3aTEIbCTBO ATOM TEOPEMBI Ui "KOHEYHOMEPHOrO  ciydas'.
AKIIEHTHUpOBaThb ~ BHUMAaHHME  CIOyliaTeJed Ha TO, 4YTO  CYLIECTBYET
"HeorpaHWYEHHas IIKaJla MOIIHOCTEH".

TeopeMa 0 MOIIHOCTH BCCX MOJAMHOXKXCCTB HATYPAJIBbHOI'O psAaa.

Tema 7. Teopema Kantopa-bepnuureiina.
JlokazarenbcTBO Teopembl Kantopa-bepHiiTeliHa u ee CIeACTBUS - TEOPEMBI O
[IPOMEKYTOUHOM MHOXeCTBe. [IpuMepsl NpPUMEHEHHUs YKa3aHHBIX BbIIIE
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TEOpEM.
ChopmynupoBan psa 3a7ad A CAMOCTOSTEIBHOTO PEIICHUSI.

Tema 8. MHoxkecTBa To4eKk B N-MepHOM eBKJIHI0BOM NPOCTPAHCTBeE.
MHOx€ecTBa TOYEK Ha INIOCKOCTU U B TPEXMEPHOM IIPOCTPAHCTBE.

HarmoMHUTB: nexaproBa NpsAMOYToOjibHas CUCTEMA KOOPAUHAT, KOOPAMHATHI
TOYKH TPEXMEPHOTO ITPOCTPAHCTBA, PAINYC-BEKTOP TOUYKH, ONIEPALUN CIIOKCHHUS
BEKTOPOB U YMHOKEHHUsI Ha 4ncio. [JnHa BekTopa.

CkasipHOoe  mpowusBeAcHHE BEKTOpoB. HamomuuTh, Kak onpenensercs
[pacCTOsIHUE Ha IPSIMOU, HA IJIOCKOCTH, B TPEXMEPHOM IPOCTPAHCTBE, CIEIATh
pucyHkd. HarmoMHUTBE onpejeneHne JMHEHHOro (BEKTOPHOrO) MPOCTPAHCTBA.
IAKCHOMBI JIMHEWHOI'O ITPOCTpaHCTBA. [IpuMepsl TMHEHHBIX IPOCTPAHCTB.

Tema 9. CkasisipHoe Npou3Be/ieHHe BEKTOPOB B JTHHEITHOM MPOCTPaHCTBeE.

CkansipHOE NPOU3BEACHUE BEKTOPOB B JIMHEMHOM IPOCTPAHCTBE. AKCHOMBI
CKaJspHOrOo  mpousBeneHus.  CBolicTBa  CKANSIPHOIO  INPOU3BEACHMSL.
OnpeneneHue €BKIMJOBA MPOCTpaHCTBA, mnpumepbl. Hopma  BekTopa.
PaccTosiHMe MeXay TOYKaMU Ha MpsIMOW, Ha IIJIOCKOCTH, B TPEXMEPHOM
mpocTpancTBe. MHoOXxecTBa Touek B N- MEpHOM €BKIHMIOBOM IPOCTPAHCTBE

RN,

Tema 10. MeTpuyeckue MpocTpaHCTBA.

Merpuyeckue npocrpancTBa. OnpeaenecHue METPUKH. AKCHOMBI METPUKHU.

CaoiictBa Merpukn. OmpejeieHne METPHYECKOr0 MpocTpaHcTBa. IIpumepsr
N N

METPHYECKUX NPOCTPAHCTB: R, RlN , RZN , R p1 1< p<o, RO': ,

RN, 1, 1, | o1 1< p<oo, | (oOpatuTh BHUMaHKE HA TO, UTO TEPBbIE

MSTh TPOCTPAHCTB - KOHEYHOMEPHBIE, OCTANbHBIE - OECKOHEUHOMEpPHEIE).
[IpocTpaHCTBO M30JMPOBAHHBIX TOYEK. BBECTH MPOCTPAaHCTBO HEMPEPBIBHBIX
dynkmuit C (MHOMeECTBO HeNpepbIBHBIX (DYHKIHMIA ¢ PABHOMEPHOM METPHKOIA)
u npoctpanctBo CL, (MHOXeCTBO HenmpepbIBHBIX (QYHKIMI ¢ MHTErPaIbHOM
METPUKOM).

ChopmynupoBaH psizt 3a7a4 ISl CAMOCTOSITEIBHOTO PEIIEHUS

Tema 11. HopMupoBaHHbIe IPOCTPAHCTBA.

Hopmuposannasle npoctpancTBa. Ompenenenne Hopmbl. HopmupoBanHOE
npoctpancTBo. [Ipumepsl. Yka3arh Ha "B3aMMOCBA3B" MEXIYy METPHUYECKHM,
€BKJIUMJOBHIM M HOPMHUPOBAaHHBIM MpocTpaHcTBamMu. DyHnameHTadbHbIE
[10CJIE0BATEIBHOCTH. Kpurepuii Komm CXOAUMOCTH YK CIIOBOU

1 N
nocenoBarensHocTd B R . Tlonstre nomroro mpoctpanctsa. [lonmmora R ™.

[IpuMepsl HeENmonHBIX NTpocTpaHCTB. baHaxoBel mnpoctpaHcTBa. IlpuBectn
[IpUMEP METPUUECKOTO IIPOCTPAHCTBA, HE SABJISIOLIETOCS HOPMUPOBAHHBIM.

Tema 12. HepaBencTBo Komm-Bynsikockoro-1lIBapua.

Jloka3zaTenbcTBO HepaBeHcTBa Komm-bynskosckoro-IIBapma. Teopemsl 0 ToMm,
4TO JIF000€ €BKIIMI0BO ITPOCTPAHCTBO MOXKHO CAEIaTh HOPMUPOBAHHBIM, JTH000E
HOPMHPOBAHHOE METPUUECKUM U JII000€ EBKINIOBO METPUUECKHM.

Tema 13. OTKpbITHIE M 3aMKHYThIe MHOkecTBa. (Knaccuukanus Touek u
MHOKECTB 110 PACIO0JIOKEHUIO TOYEK.)
OTKpbIThIE M 3aMKHYThle MHOXKeCTBa. B kauectBe "0azoBoro" ("'MoenbHOrO

8



ciydad') paccMaTpUBAIOTCSI OTKPBITBIE M 3aMKHYTBIE MHOXECTBAa B
MerprueckoM npoctpanctee R N . OkpectHocTH. ONpeieeHne OKPeCTHOCTH B
METpU4eckoM  mpocTpaHcTBe. OmpeneneHue  OKPECTHOCTH B JIHOOOM
meTpudeckoM npoctpanctee (X, p), B uactHoctH, B mnpoctpancTe C

(MHOKECTBE HENPEPHIBHBIX (PYHKIUI ¢ pABHOMEPHON METPUKONA).

BHyTpeHHUEe TOYKU, BHYTPEHHOCTh MHOKECTBA M OTKPBIThIE MHOYKECTBA.

Jlanbl ~ ompeneNneHus: BHYTPEHHEH TOYKH, BHYTPEHHOCTH, OTKPBITOTO
MHOkecTBa. [lpuBenenbl mnpumepsl, BBeAeHbl o00o3HadeHus. CBoiicTBa
OTKPBITBIX MHOECTB. Jloka3zaHbl Teopembl: 1) oObeauHeHHE (cymMMa) JIF000To

dqucila OTKPBITBIX MHOXCECTB - OTKPBITOEC MHOXKCCTBO, 2) IEPECCUCHUC]
KOHCUYHOT'O YHUCJIa OTKPBITBIX MHOKCECTB €CTh OTKPBITOC MHOXKCCTBO. ,HOKa?;aHO,
4TO OECKOHEUHOE MNEPECCUCHUEC OTKPBITBIX MHOXECTB - HE 0013aTeNBHO

OTKPBITOE MHOXECTBO.

Jlanbl  ompeneneHus: MPENETbHOM  TOYKH, MPOM3BOJHOTO  MHOMKECTBA,
W30JIMPOBAHHOM  TOYKHM, TIPAaHUYHOW TOYKH, 3aMBIKaHHUS, 3aMKHYTOIO
MHOKecTBa. (B dYacTHOCTH, [aHBl pa3Hble OMNpENEIeHHUs 3aMKHYTOTO
MHOXKECTBA, M JIOKa3aHa WX JKBUBAJICHTHOCTH.) IlpuBeneHo OOJbIIOe YHCIIO
[IPUMEPOB, BBEJCHBI 0003HAYCHUSI.

Tema 14. CBoiicTBa 3aMKHYTBIX MHOKeCTB.

JlokazaHbl TeopeMbl: 1) mepecedeHue JIF0OOr0 YUCiIa 3aMKHYTBIX MHOXECTB -
3aMKHYTO€ MHOXXECTBO; 2) O0ObEeIUHEHHE KOHEYHOrO 4YHCiIa 3aMKHYTBIX
MHOXECTB - 3aMKHYTO€ MHOKECTBO; 3) TOTIOJIHEHHUE OTKPHITOTO MHOXECTBA (110
BCEro MPOCTPAHCTBA) €CTh 3aMKHYTOE MHOXECTBO, JOIMOJIHEHHUE 3aMKHYTOIO
MHOKECTBAa (10 BCEro IMPOCTPAHCTBA) €CTb OTKPHITOE MHOXKECTBO.
JloKa3aTenbCTBO HEePBBIX JIBYX TeopeM OMHpaeTcss Ha MPUHIUI
IBOWCTBEHHOCTH, CBONCTBA OTKPBITBIX MHOKECTB (cM. Teopembl 00
00BETMHEHNHU U TIEPECECUCHUH OTKPBITBIX MHOXECTB) M PE3YJIbTaT TEOPEMBI 3.
JlokazaHo, 4YTO OECKOHEUYHOEe OOBbEIUHEHHE 3aMKHYTBIX MHOMECTB — HE
00s13aTeNIbHO 3aMKHYTO€ MHOKECTBO. JlokazaHa Teopema: eciau F - 3aMkHyTOE
MHOXeCTBO, a G - OTKpbITOe MHOXecTBO, To F \ G - 3amknyroe, a G \ F-
OTKpbITOE MHOXkecTBa. (ClienaH akleHT Ha TO, YTO BCE JOKa3aHHbIE B MyHKTax

2° i 3% TeopeMbl CIIpaBeIMBEI JUIS TFOOBIX METPHUYECKHX POCTPAHCTB X, p

).)

Tema 15. CTpoeHne OTKPBITHIX H 3aMKHYThIX MHOKECTB HA MPSIMOIA.
CtpoeHue OTKPBITHIX U 3AMKHYTBIX MHOKECTB Ha IIPSIMOIA.

JlokazaHbl TEOPEMbl O CTPYKTYp€ OTKPBITBIX M 3aMKHYTBIX MHOKECTB Ha
gucioBor npsimor. CopmynupoBaHa Teopema 00 OTACIUMOCTH (3aMKHYTHIX
MHOXECTB Ha mpsiMoil). IIpennaraercss camMocTOATENbHO J0Ka3aTh YKa3aHHYIO
TEOpeMY ISl CETMEHTOB.

Tema 16. KanTopoBo coBepiIeHHOE MHOKECTBO.

KaHTOpoBO coBepIlIEHHOE MHOYKECTBO.

JlaHo ompenereHHe COBEPUIEHHOIO MHOXecTBa. IIpuBeneHbl mpUMeEpHI
COBEpIICHHBIX MHOeCTB. CTpOUTCS KaHTOPOBO COBEPIIEHHOE MHOXXECTBO
(ToKa3pIBaETCSl, 4YTO OHO COBEpIICHHOE). BrlsicHseTcs apudmeTnyeckas
CTPYKTypa, "YIUBUTEIbHBIE" CBOWCTBA KAaHTOPOBA COBEPIICHHOTO MHOXECTBA
(MOIIIHOCTH KAHTOPOBA COBEPILIEHHOTO MHOKECTBA paBHA KOHTUHYYMY, & CyMMa
iH "ynanseMbIX" TIpH ero MOCTPOSHWHM WHTEPBAJIOB paBHA €IWHUIIC), TaHBI
OIMPCACIICHUA HUTAC HC IUIOTHOI'O0 M BCHOAY IJIOTHOTO MHOXKCCTB. HpI/IBeILCHBI
MpUMepbl TakuX MHOXecTB. Jloka3aHO, YTO KaHTOPOBO COBEPIIEHHOE
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MHOECTBO SIBJISIETCSI HUT/IE HE TIOTHBIM.
N
"KanTopoBo coBepieHHoe MHOkecTBO" B R"™ | N >2.

[Toctpoenbr '"rpebenka Kantopa", "koBep CepnmHckoro", "kiaabuie
Cepriunckoro”, "cuexunka Koxa". BBoautcs monstue ¢pakrana. Jlaercs
MCTOpUYECKasl CIIpaBKa, JENAeTCsl aKIeHT Ha COBPEMEHHBIX HCCIIEIOBAaHUSX B
MaTeMaTuke W (u3uke (pakTanbHOH TeoMeTpuu Tpuposl. OOCyxmaercs
3alaya  COBPEMEHHOIO  E€CTeCTBO3HAHMs:  HCcleloBaHHEe  Mopdoyoruu
amMopQHOTO.

Tema 17. HenmpepbiBHBIE 0TOOpaKEeHHS] METPHYECKHX MPOCTPAHCTB. 1 1 -
HemnpepbIBHBIE 0TOOpaXKEHNSI METPUIECKUX IPOCTPAHCTB.

OTMmeTuM, dYTO PSI  BONPOCOB, CBSA3aHHBIX C  CYLIECTBOBAaHHEM H
eIMHCTBEHHOCTBIO DPEIICHUH YpaBHEHUH TOTO0 WIM WHOTO THIA (Hampumep,
i QepeHnanbHbIX ypaBHEHU ), MOKHO ¢(OPMYJIHPOBATh B BUIE BOIPOCA O
CYILIECTBOBAaHUM W €IMHCTBEHHOCTH HETOJBM)KHOW TOYKH TIPH HEKOTOPOM
O0TOOpa’KEHUH METPUIECKOTO MPOCTPAHCTBA B CeO4.

JlaeTcst onpeneneHre HepepbIBHOIO OTOOPaKEHUS METPHUECKHUX TIPOCTPAHCTB,
NpUBOAATCS TpuMephl. HemonBmxHas Touka oTOOpakeHus. Cxumaroree
otoOpaxenue. [Ipumepsi.

Tema 18. IIpuHOMT CXKUMAIOIIMX OTOOPAKEHUIA. 1 1 -
[IpyHIMI CKUMAIOIIMX OTOOpaKEHUH.

Jloka3zwiBaeTcs Teopema banaxa o [IpuHiune c:xumMaronx 0ToOpaxeHHi.
KoMMeHTHpyeTcss BaKHOCTh 3TOW TEOPEMBI M €€ NMPUMEHEHHE B Pa3JIMYHbIX
pa3genax MateMmatukd. I[IpuMeHeHMe MpHHLMIA CKUMAIOIIUX OTOOpaXKeHUH
ISl OKa3aTeNnbcTBa TeopeMbl O CYIIECTBOBAHUHM M €JMHCTBEHHOCTH PEIICHUS
3agaun Komm 115t 0ObIKHOBEHHOTO UG (GEpeHINaIbHOIO YpaBHEHHs EPBOTO
MOpsi/IKa, Pa3peIeHHOTO0 OTHOCUTEBHO MTPOU3BOIHOM.

Bcero 18 4 18 4

4. YYEBHO-METOJAYECKOE OBECIIEYEHUE CAMOCTOSTEJBHON

PABOTBI OBYYAIOLIUXCA
Tembl 115 HN3yuaembie KouunyecTBo DopMbI MeTtoanueckue dop
caMoCTOSATeN BOTIPOCHI 4acoB CaMOCTOST obecrieyeHust MBI
bHOI'0 eJILHOM oT4er
H3y4YeHHus Ouna | 3a04 padoThI HOCT
| Hasi "
1. Axcuoma [MTapanoxc banaxa- 2 8 Wzyuenue http://eqworld.ipmne | Ompo
BbIOOpA. Tapcxkoro. [Tpumepsr yueOHOM t.ru/indexr.htm C
"U3BECTHBHIX" autepatypsl | http://www.ph4s.ru/
YTBEPXKICHHH, T1Ie , peienue | books_mat.html
"ucnosp3yercs” 3a1a4
aKcuoMa BBIOOpa (B
YaCTHOCTH, IIPH
JI0Ka3aTeIbCTBE
TEOPEMBI O TOM, YTO
o0beTMHEeHne JII000H
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http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm

KOHEUHOM HJIH
CUYCTHOM
COBOKYITHOCTH
CUCTHBIX MHOKECTB
€CTh CHOBa CUETHOE

MHOECTBO).
2. Teopema 'emenst o 4 8 Wzyuenue http://eqworld.ipmne | Ompo
AKcHOMaTHKa | HEMOJHOTE, TUIIOTe3a yaeOHO t.ru/indexr.htm C
TEOPHUH Kantopa (CH), pabora auteparypsl | http://www.phd4s.ru/
MHOYECTB. I1.Kosna 1963 r. , pemierre | books_mat.html
(axcuomatuka ZF u 3a71a4
axcromel C , CH u ux
OTPHUIIAHMS).
3."KanropoBo | "I'pebenka Kanropa", | 4 8 Wzyuenue http://eqworld.ipmne | Onpo
COBepIICHHOE | "KOBEP yueOHOU t.ru/indexr.htm C
MHOkecTBO" B | CepnuHCKOTO", auteparyps | http://www.ph4s.ru/
RN, N>2. |"kianouue , pemwienne | books_mat.html
Cepriuackoro", 3a1a4
"cHexunHka Koxa".
4.Ctpykrypa | CTpoeHHE OTKpPHITHIX | 4 Wzydenue http://eqworld.ipmne | Onpo
OTKPBITOTO U 3aMKHYTBIX y4ueOHOU t.ru/indexr.htm c
MHOKECTBa Ha | MHOYKECTB. auteparyps | http://www.ph4s.ru/
IPSIMOH. , pemienne | books_mat.html
3a1a4
5.IlonHoTa dyHnameHTaIbHAS 4 8 Usyuenne | http://eqworld.ipmne | Ompo
METPUYECKOTO | IMOCIIETOBATEIHLHOCTD. yaeOHOI t.ru/indexr.htm C
NPOCTPaHCTBA auteparypsl | http://lwww.ph4s.ru/
C([a,b]). , pemierre | books_mat.html
3aj1a4
6.Metpuuecko | dyHaameHTaIbHAS 4 8 Wzyuenue http://eqworld.ipmne | Onpo
e HIOCJIE/IOBATEILHOCTD, yueOHOI t.ru/indexr.htm C
MIPOCTPAHCTBO | HE SIBJISIFOIIASICS auteparypsl | http://www.phd4s.ru/
CL,([a,b]). | cxomsmeiics. , petuenne | books_mat.html
3aj1a4
7. Teopemsl o | MeTpuueckoe, 6 8 Nzyuenue http://eqworld.ipmne | Onpo
TOM, 9TO | HOPMHUPOBAHHOE H yaeOHOI t.ru/indexr.htm C
moboe €BKJIMI0BO autepatypsl | http://www.ph4s.ru/
CBKJIMIOBO POCTPAHCTBO. , pemieare | books_mat.html
IPOCTPaHCTBO 3a/1a4
MOYHO
clienaTh
HOPMHUPOBAHH
BIM, 1000€
HOPMHUPOBAHH
oe
METPHYECKUM
u moboe
CBKJIUIOBO
METPUYCCKUM.
UTOTO 28 56
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5. ®OHJI OLIEHOYHBIX CPEJICTB JUIsI IPOBEJEHUS TEKYIIEN U
MPOMEKYTOYHOM ATTECTAIIAM 1O JACHUTIINHE

5.1. IlepeyeHbr KOMIETEHIHII ¢ yKa3aHHeM 3TanoB MX (OPMUPOBAHHSI B IpoIecce OCBOEHUSA
00pa3oBaTeJIbHOM MPOrPaAMMBbI

KOI[ U HAUMCHOBAHUEC KOMIICTCHIIU

Otansl OpMHUPOBAHUS

YK-1. Cioco6eH oCyIIecTBISATh TOUCK,

KPUTHYCCKHUI aHAIM3 U CUHTE3 HHPOPMAIIHH,
MPUMEHATh CUCTEMHBIN MOIXO/ JIJIsI PELICHUS
MOCTABJICHHBIX 33124

1. PabGora Ha y4eOHBIX 3aHATHUSAX.
2. CamocTosTenbHas padora.

IIK-1. CriocobeH ocBanBaTh U MCIIOJIL30BaTh
TEOPETUYCCKHC 3HAHUS U TPAKTUICCKUE YMCHHSI
Y HaBBIKM B IIPEIMETHOM 00JIaCTH IIPH PEIICHUN
npodeCCHOHATBHBIX 3a/1a4

1. PabGora Ha y4eOHBIX 3aHATHUSAX.
2. CamocTosiTenbHas padora.

5.2. Onucanue mnokasarejed H KPUTECPUEB OUCHUBAHUA KOMIIeTeHIIMii

(¢hopMupoBaHus, ONUCAHHE HIKAJ OLlEHUBAHUSA

Ha PpPas/iMYHBIX IJTamnax HXx

*3HAYEHUE U MECTO
JMCLMILIMHEL B 001IEN
KapTUHE MUpa.
YMeTh:

*SICHO Y JIOTHYHO
M3JIaraTh MOJYYCHHBIC
0a3oBbIC 3HAHUS,
*JICMOHCTPUPOBATH
MIOHHUMaHUE 00IIEeHi
CTPYKTYPBI
IUCLUIUINHEI U
B3aMMOCBSI3H C
JIPYTHUMHU
IUACIIUIUTHHAMHA

* pemiaTh 33134,
CBSI3aHHEIE C

OnenuBaemble | YPOBEHb Oran Onucanue Kpurepun [Ixana
KOMIETEHIIMH | c(OPMHUPOBAHHOCTH | (POpMUPOBaHMS | TOKa3aTeei OLICHUBAaHMS OLICHUBaHMS
VK-1 IToporoBerii 1. Paborana | 3HaTh: Texymmii 41-60
yueOHBIX *COBPEMEHHLIC KOHTPOJIb:
3aHATUSAX. TCOpUH 1 METO/IBL B IIpoBepka
2. Camocros- obsacTu Teopuu JIOM.3aaHU
TenbHast byHKuuM KonTp.pabora,
JACUCTBHUTECIIBHOI'O
pabora. 3auer ¢
NIEPEMECHHOTIO, o
OLIEHKOM

12




MpeIMETHOM
00J1acThIO, C YUETOM
COBPEMEHHBIX
JOCTW)KEHUN HAYKU;
*[IPUMCHSTh
nHPOPMALMOHHO-
KOMMYHHUKaIMOHHbIE
TEXHOJIOTHH JUISI

3¢ PEKTUBHOTO
peLIeHuUs HAy9HBIX U
MIPUKIIAIHBIX 337134,
CBSI3aHHBIX C

MpeIMETHOM
00J1aCTBIO.

[IponBunyTHIi 1. PaGora Ha 3HaTk: Texymuii 61-100
y4eOHBIX *COBPCMCHHBIC KOHTPOJIb:
3aHSTHUSIX. TEOpPHH U METOJBI B [IpoBepka

2. Camocros- | 007acTn Teopun JIOM.3aJaHHUI
HKIINU
TeabHas (byv 1 Kontp.pabora,
ACUCTBUTCIBHOI'O
pabora. 3auer ¢
[IEPEMEHHOTO; .
OIICHKOM

*3HAYECHHE U MECTO
JUCLIMILIMHEL B 00111EM
KapTUHE MUpA.
YmerTsh:

*SICHO ¥ JIOTHYHO
M3JIarath NOJyYCHHEIE
0a30BbIC 3HAHUSI,
*JICMOHCTPUPOBATh
HOHUMAaHUE 00LIel
CTPYKTYPBI
JIUCLIMIUIMHEI 1
B3aHMMOCBSI3H C
JIPYTHUMUA
JUCIUITUHAMHA

* peliath 3aj1a4u,
CBSI3aHHBIE C
MIpeIMETHON
00J1aCThI0, C YIETOM
COBPEMEHHBIX
JOCTHKEHUH HAYKH;
*IIPUMEHSITh
WHPOPMAITUOHHO-
KOMMYHHKAIIHOHHBIE
TEXHOJIOTHH JIJIs
3hPEKTUBHOTO
pelIeHUs HAYYHBIX U
MIPUKJTAIHBIX 33134,
CBSI3aHHEBIX C
MpeIMETHOM
00J1aCTBIO.

Brnaners:
*CIIOCOOHOCTBRIO K
JIOTUYECKOMY
PacCyXJICHUIO;

* OCHOBHBIMU
METOJIaMU PEIICHUS
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3ajad,
chopMyITHPOBAaHHBIMH
B paMKax
MIPEIMETHBIX
obacTeii.

[K-1

[ToporoBsbiii

1. Pabora Ha
y4eOHBIX
3aHATHIX.

2. Camocros-
TeJIbHAas
pabora.

3HaTh:
*COBPEMCHHEIE
TEOPHUH U METOJBI B
o0nacT Teopun
(hyHKIIH
JICMCTBUTEIIFHOTO
MIEPEMEHHOT0;
*3HAYECHUE U MECTO
IUCIUAIUINHEI B 001
KapTUHE MUDA.
YMeTh:

*SICHO Y JIOTHYHO
M3JIaraTh MOJyYCHHEIE
0a30BbIc 3HAHU;
*IECMOHCTPUPOBATH
IMOHHMaHue 00IIeH
CTPYKTYPBI
JUCLMIUTMHEI 1
B3aUMMOCBSI3H C
JIPYTUMU
JTUACIUIITHHAMHA

* pemaTh 331a4H,
CBsI3aHHBIE C
IIPEAMETHOM
00J1aCTBI0, C YIETOM
COBpPEMEHHBIX
JIOCTHKEHUI HAYKU;
*TIPUMEHSITh
nH(OPMaITMOHHO-
KOMMYHHKAIIHOHHBIE
TEXHOJIOTHH JIJIsI
a¢dexkTuBHOTO
pelIeHUs HAYYHBIX U
MPHUKITaIHBIX 3a/1a4,
CBSI3aHHBIX C
IpeIMETHON
001aCTBIO.

Texymmit
KOHTPOJIb:
[IpoBepka
JIOM.3aJIaHUM
Kontp.pabora,
3auer ¢
OILIEHKOH

41-60

[IponBuHYTHIN

1. Pabora Ha
Y4eOHBIX
3aHATHIX.

2. Camocros-
TelbHas
pabora.

3HaTh:

*COBPEMCHHEIC
TEOPUU B METO/IbI B
o0jacTu Teopun
(yHKIUH
JIEHCTBUTEIHLHOTO
[IEPEMEHHOT0;
*3HAYEHHE U MECTO
JUCLIMILIMHEL B 001N
KapTUHE MHUpA.
VYmerTsh:

*SICHO U JIOTHYHO
M3JIaraTh NOJYYCHHEIC
0a30BbIC 3HAHU,
*ICMOHCTPHUPOBATh

Texymun
KOHTpPOJIb:
IIpoBepka
OM.3aJaHui
Konrp.paborta,
3auer ¢
OLICHKOM

61-100

14




MOHHUMaHue O0LIeH
CTPYKTYPBI
JHUCIUATUIMHEI 1
B3aMMOCBSI3H C
JIPYTUMUA
JUACIIUIITHHAMHU

* permaTh 3a1a4H,
CBSI3aHHBIE C
NIPEAMETHOU
00J1acTBI0, C YIETOM
COBPEMECHHBIX
JIOCTHKEHUI HAYKU;
*TIPUMECHSTH
rH(OPMaITMOHHO-
KOMMYHI/IKaHI/IOHHI)IC
TEXHOJIOTHUU IJIs1
a¢ekTruBHOTO
peHIeHI/ISl Hay‘IHI)IX 158
HpI/IKJ]aI[HBIX 3ajgad,
CBSI3aHHBIX C
NpeaMETHOU
00J1aCTBIO.

Bmaners:
*CIIOCOOHOCTBIO K
JIOTHYECKOMY
paccyXJIeHUIO;

* OCHOBHBLIMH
METOJIaMU PEIICHUS
3aja4,
c(hopMyITUPOBaHHBIMA
B paMKax
Hpe}lMeTHbIX
obacTeii.

TDG6OBaHH${ K BBITIOJTHCHHUIO JOMAIIHCTO 3a1aHNA

Kpurepnii oneHok
B xaxxnom gomaniHem 3a1aHuM TPH 3aJa4H.

Onenka "ormuuyHo" (16-20 0GamioB) XapakTepusyeT pEIICHHE BCEX TpPEX MPUMEPOB H3
MPUBEJCHHBIX 3aJaHUN WM PEIICHHE JBYX MPUMEPOB W3 MPUBEICHHBIX 3aJaHUM, HO TPHU
YCJIOBUH MPEOCTABJICHHSI YePHOBUKOB HE TIOJIYIHMBIIIETOCS 3aJaHUA.

Orenka "xopomo" (6-15 6amioB) xapakTepusyeT pelieHrne AByX MPUMEPOB U3 MPUBEICHHBIX
3aJIaHUMN.

Onenka "yaoBiaeTBOPUTEILHO" (10 6 0a/IOB) XapakTepu3yeT pEIIeHHEe OJIHOrO MpuMepa M3
NPUBEACHHBIX 3aJJaHUM.

TDC6OBaHI/IC K YCTHOMY OIIPOCY

Kpurepnii onenox
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Onenka "otnuyHo" (16-20 O6amioB) xapakTepu3yeT YETKHMM W JIOTMYHBIA OTBET Ha
MOCTABJICHHBIM BOMPOC TIO JIGKITMOHHOMY Marepuany. CryaeHT 0e301n60YHoO,
CaMOCTOSITENILHO PEIIaeT 3aJa4H WJIH IOKA3bIBAET TEOPEMBI.

Onenka "xopomo" (6-15 06ammoB) xapakTepu3yeT OTBET Ha BONPOC IO JICKIIMOHHOMY
MaTepuaity, B KOTOPOM CTYJIEHT JOIyCKaeT «He TpyObie» omuoOku. CTyAeHT pemaeT 3aaadu
WJIN IOKA3bIBAET TEOPEMBI i HEOOIBIIIMMH MOACKA3KaAMHU.

Ouenka "ynoBieTBopuTenbHO" (40 6 OalIoB) XapakTepu3yeT OTBET Ha BONPOC 10
JIEKIIMOHHOMY MaTepHually, B KOTOPOM CTYAEHT JOIyCKaeT «rpyobie» omuoku. CTyaeHT

pemacT 3aaa4u I JOKA3bIBACT TCOPEMBI, HO C 3HAYUTCIIbHBIMU I10OJACKAa3KaMU.

TDC6OB3HI/IH K BBIIOJHCHUIO KOHTPOJBHBIX 3aJaHUM

Kpurepuii oieHOK
Onenka "otimuno" (31-40 GanioB) XapakTepus3yeT pelIeHHe BCEX MPUMEPOB U3 MIPUBEIECHHBIX

3aJIaHUH.

Onenka "xopomo" (21-30 ©OamnoB) XapakKTepu3yeT peEUIEHUE 4YEeThIpEeX MPUMEPOB U3
MIPUBEJCHHBIX 33JJaHU.

Onenka "ynosnerBoputeiabHO" (0 20 0ayuioB) XapakTepU3yeT pEIICHHE ABYX MPUMEPOB U3
NIPUBEICHHBIX 3aIaHUN.

5.3. Tunosbie KOHTPOJIbHBIC 3aJaHUsl HUJIU HHBIE MaTEpHaAIbI, H606XOJII/[MI>IC AJIA OLEHKH 31—[31—[1/[171,

yMeHMii, HABBIKOB M (MJIM) ONBITA [eATEJbHOCTH, XapPAKTePH3YIOLIUX 3Tanbl (POPMHPOBAHUS
KOMIIETEeHIUI1 B Mpoliecce 0CBOEHNS 00pa3oBaTe/IbHOI NPOrpaMMblI

IIpyMepbI TOMAIITHEr 0 3a1aHUA

1. Jloka3aTh paBEeHCTBO: (AU B)\C =(A\C)U(B\C) .
2. Cymecrsyer m pyuxums T € C([a,b]) : [a,b] I [0,11]U[20,21]?

6.0.C.
3. YCTaHOBUTH B.0.C. MEXJY 3aMKHYTBIM €IWHHYHBIM KpyroM ¢ 10 BBIKOJOTBIMH TOYKAMH U OTKPBITBIM

CANHUYIHBIM KPYTI'OM C 5 BBIKOJIOTBIMHM TOUKaMHU.

IIpuMepHbIe 32a0aHUA K TEKYIIEMY KOHTPOJII0 (KOHTPOJILHAasI padoTa)

1. Tlyers E ={(X, y) e (IN[-L2))x(IN[-L, 2])} = R?,J - uppanmonansusre uncma, J = R?.
Haittu FrE E, E’ intE,FrCE, CE ,IntCE | (CE)/ , ecru CE =S\ E, S=[-1,2]x[-1,2].

2. HaliTu B KaHTOPOBOM MHOXECTBE KaKyl0-TMOO TOYKY BTOPOIO poJa, 3aKJIIOUEHHYIO MEXAY eCATUYHBIMU
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npobsimu: 0.001 u 0.025.
3. Jloka3aTh, 4TO 0OBEIMHEHUE KOHEUHOTO YMC/IA HOMNAPHO HE IEPECEKAIOMUXCS MHOKECTB MOLIIHOCTH 3N 1

MMEET MOIIHOCTB N 4

IIpyMepHbIe TEOPETHYECKHE BONMPOCHI K TEKYIIIEMY KOHTPO.J1I0

CuetHble MHOXecTBa. HecueTHble MHOXECTBA.

OKBUBAJICHTHbIE MHO€CTBa. MOITHOCTh MHOK€ECTBA. MHOXKECTBA MOIIHOCTU KOHTHHYYMA.
MHOX€ECTBO BCEX MOAMHOKECTB JaHHOIO MHOXKECTBA.

Mertpuueckre NpoCTpaHCTBA.

Hopmuposannsle npocTpaHCTBA.

EBKMI0BBI TPOCTPAHCTBA.

banaxoBbl mpoctpancTia. [loaHbIE METpUYECKHE TPOCTPAHCTBA.

. OkpectHOCTh TOUKH. BHYTpeHHsAs Touka. BuyTpenHocts. [Ipenenbnas
Touka. M3onuposannas touka. ['pannuHas Touka. ['panuna.

9. OTKpbITOE MHOKECTBO. 3aMKHYTOE MHOXECTBO. 3aMbIKaHHE MHOKECTBA.
10. CoBepuieHHOE MHOKECTBO. KaHTOPOBO COBEPIIICHHOE MHOKECTBO.

11. Bcrony minoTHoe MHOXeCTBO. HUrjie He IIOTHOE MHOXKECTBO.

LN~ WNE

IIpumepHBIe BONPOCHI KOJUIOKBUYMA (IIMCbMEHHbIN KOJJIOKBUYM Ha 5 - 10 MUHYT)

1) datb onpenenenue AU B.

1
2) Jlatb onpeieNieHne OKPECTHOCTH ToukH X, €R ™.

3) datb onpeneneHue U A, . 4) lath ompesiesieHre CYETHOTO MHOKECTBA, TIPHMEPBI.
ael

5) late onpeneneHue ﬂ Aa
ael
6) [laTh onpeneneHne COBEPIIEHHOTO MHOKECTBA, TPUMEDPHI.
7) Jate onpenenenve A\B.
8) Jlath ompesesieHre rpaHUIlbl MHOXKECTBA, TPUMEDHI.
9) lath onpezaeneHne 3aMKHYTOrO MHOKECTBA, IPUMEPBI.
10) dats onpenenenue iNt E , npumepsr muoxkects E ¢ ykaszanuem INLE .
11) JlaTp onpeneneHre HECYETHOIO MHOYKECTBA, IPUMEPBI.
12) JlaTh onpeneneHne OTKPHITOIO MHOXKECTBA, IPUMEPHI
13) Jlate onpenenenrie M~N (3KBUBaI€HTHOCTH), TPUMEPBHI.
14) JlaTp onpeneneHne rpaHUYHON TOUKH MHOXKeCTBa E, mpumepsl.

15) Jlats onpeneneane M =N (4ro 310 3HAUNT?), MPHUMEPHI.
16) JlaTe onpeneneHue U30IUPOBAHHON TOUKH MHOXKecTBa E, mpumMepsl.

17) Hdats onpenenenne M > N (uto 510 3HaUNT?), MpUMeEpBL.

18) JlaTh onpeneneHue npeaenbHON TOYKH MHOXKecTBa E, mpumMepsL.

19) KakuM MHOXECTBOM JODKHO OBITh OOBEIMHEHHE KOHEUYHOTO YHCIIa 3aMKHYTBIX MHOXECTB?
JlaiiTe onpeneneHue 3aMKHYTOIO MHOXKECTBA.

20) dath onpeneneHre BHyTPEHHEH TOYKH MHOXecTBa E , mpumepsl.

21) JlaTe onpeneneHue 3aMblKaHUsI MHOXKECTBA, IPUMEPHL.

22) OTKpBITOE MHOXKECTBO Ha MPSIMO# (ero cTpykTypa ?).

23) JlaTpe onpeneneHne METPUUECKOIO IPOCTPAHCTBA, IPUMEPBHI.

24) MHOXeCTBO MOIIHOCTH N ; (YTO 3TO 3HAYMT?), IPUMEPBI
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25) MHOXeCTBO MOIHOCTH N, (4TO 3TO 3HAYUT?).

26) Kakum n0mKHO OBITH MHOXKECTBO (OTKPBITBIM HIIM 3aMKHYTBIM),
ABJstoIIeecss 00beIMHEHHEM JII00OH COBOKYIHOCTH OTKPBITBIX MHOXecTB? [laiite onpeneneHue
OTKPBITOI'O MHOKECTBA.

27) Chopmynupyiite Teopemy Kanropa-bepumreiina.

28) Kaxk onpenensercs npoctparcrso C([a,b]) 2

29) UYrto Takoe moJiHOe METprIecKoe MpocTpancTBo ? [Ipumepsl.
30) Haiite onpeneneHue OKPECTHOCTH TOYKU X, € R4

31) [laiite onpenenenue okpectaoctu Toukn X, € C([a,b]).

32) Kaxoe muoxectso E — R 2 HasbiBaeTCS Bcroy mioTHeM (B R 2 )?
33) Muoxecrso E — R HassiBaercs Hure He mioTHbIM, eci ... (IIPOZOIDKUTE bpazy).
34) Kakoii BUJl CXOJUMOCTH ITOPOXKIAET METPUKA B MPOCTPAHCTBE C([a, b]) ? Jaiite onpeaeneHue

3TOM cX0auMOCTH (B TepmuHax & u N).

35) FrE (maiire onpenenenue), npumepsl MHOkecTB E ¢ ykazanuem FIE.

36) Urto Takoe cxosmIascs mocjie0BaTeIbHOCTh B METPHUYECKOM IMPOCTPAHCTBE?

37) CueTHOE OOBEIMHEHUE OTKPHITHIX MHOMKECTB - KAKMM JOJDKHO OBITH 3TO MHOXKecTBO? JlaiTe
OIIpeIeIEHUE OTKPBITOIO MHOKECTBA.

IIpuMepHbIe BONPOCHI K 324€TY ¢ OIIEHKOIA.

1. Tlonstue MHOxecTBa. Onepanuy HaJ MHOKECTBAMHU.

2. DxBUBaJeHTHbIe MHOXKecTBa. Omnpeznenenue. [Ipumepbl SKBUBaJIEHTHBIX MHOXECTB. Teopema O TOM, YTO
BCSIKOE OECKOHEYHOE MHOKECTBO IKBUBAJIIEHTHO CBOEMY UCTMHHOMY IOIMHOKECTBY.

3. Cuernbie MHOXecTBa. Onpezenenne. [Ipumepsl. CueTHOCT, MHOXECTBA pallMOHATIBHBIX unces. CBOMCTBa
CUETHBIX MHOKECTB.

4. Cuernsle MHOXecTBa. Omnpenenenue. Jloka3aTelbCTBO CUETHOCTH MHOXKECTBA BCEX MHOIOYIEHOB C
LEeJIBIMUA KO3 PUIIMEHTaMU 1 MHOKECTBA alreOpanyecKux Yuce.

5. Hecuernbie mHOXecTBa. Ompeznenenne. Teopema 0 HECUETHOCTH MHOXKecTBa Todek cermenta [0,1].
CymiecTBoOBaHME UPPALMOHATBHBIX U TPAHCIIEHACHTHBIX YUCE].

6. IlonsTue mMourHOCTH MHOXeCTBa. CpaBHEHHE MOIIIHOCTEH. AKcroMa BeIOOpa.

7.  lloHATHE MOIIHOCTM MHOXXECTBAa. TeopeMa O MOIIHOCTH MHOXECTBA BCEX IIOJIMHOYKECTB JJAHHOTO
MHO’KECTBA.

8. ITloHsATHEe MOIIHOCTH MHOXecTBa. TeopeMa 0 MOIIHOCTH MHOXECTBa BCEX MOJAMHOMKECTB HATYpaJIbHOIO
psana. Teopema KanTopa - bepumireiina (0/n) u ee cieactsue ( ¢ 10Ka3aTeabCTBOM ).

9.  Ompenenenye METPUUYECKUX, €BKIUAOBBIX MU HOPMHPOBAHHBIX MPOCTpaHCTB. IIpumepsl ykazaHHBIX
npoctpaHcTB. [TonHbIe U HEMOMHBIE METpUYECKUE POCTpaHCTBA. [IprMephl yka3aHHBIX MPOCTPAHCTB.

10. BHyTpeHHHE TOUKH U OTKpBIThIe MHOXKecTBa. Omnpenenenus. [Ipumepsl. CBOWCTBA OTKPHITHIX MHOXECTB.
11. TIlpenensHble TOUkH. M301MpoBaHHBIE TOYKU. ['paHWYHBIE TOYKH. 3aMBIKAHHE MHOXECTBA. 3aMKHYTHIE
MHOkecTBa. CoBepiieHHble MHOKecTBA. Onpenenenus. [Ipumepsl.

12. 3ambikaHue, 3aMKHYTbIe MHOXecTBa. CBOWCTBA 3aMKHYTBIX MHOXKECTB.

13. CtpoeHme OTKPBITHIX U 3aMKHYTBIX MHOXKECTB Ha npsiMoit (6/1). KaHTOpoBO coBepIiiieHHOE MHOYKECTBO.

5.4. Meroguueckue MaTepuaJibl, ONpe/e/siionue npoueaypbl OeHUBAHUS 3HAHU,
YMEHU, HABBIKOB U (MJIN) ONBITA AeATeJIbHOCTH, XaPAKTEPU3YOIIMX ITANbI
(popmupoBaHust KOMIETEHIIMH.
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Ha3sanue xoMnoHeHTa Pacnipenenenne
OayIoB

I. BeimonHenue qoMaIIHuX 3aJJaHui 20

Il. YcTHbI# onpoc 20

I11. BeimosiHeHrE KOHTPOJIBHBIX PaboT 40

IV. Pe3ynprar 3a4eTa c OlieHKOU 20

Hroro 100

TpeboBaHUA K 3aUETY C OIIEHKOU

Kpurepun onenox

Onenka "otnuuHo" (16-20 GamioB) xapakTepu3yeT IOJIHOE YCBOEHHUE TEOPETHUECKOro W
MPaKTUYECKOTO Marepuaia, CTyACHT YMEET JOKa3aTh BCE TEOPEMBI U3 JICKIIMOHHOTO Kypca U
peniaeT Bce 3a7ja4u U MIPUMEPHI U3 MPUBEICHHBIX 3aIaHHM.

Onenka "xopomo" (10-15 GamioB) xapakTepu3yeT OCHOBHOE YCBOCHHE TEOPETHUYECKOTO W
MPaKTUYECKOT0 Marepuaia, CTYJEHT YMEET J0Ka3aTh OCHOBHBIE TEOPEMbI U3 JIEKIIMOHHOTO
Kypca M peniacT OCHOBHBIE 33JIa4l ¥ PUMEPhI U3 TIPUBEICHHBIX 3aJaHUH.

Omnenka "ymoBneTBoputenbHo" (4-9 OamnoB) xapakTepu3yeT 3HaHHE (0€3 J0Ka3aTeIhCTBA)
OCHOBHBIX TeopeM H (GopMysn Kypca, CTYIASHT YMEeT peliarh 3aJadud W TPHUMEpPHl W3
MIPUBEICHHBIX 3aJIaHUH, SBIISIOIIAECS 0000IEHNEM 3a/1a4 IIIKOJLHOTO Kypca MaTeMaTHKH.

Orenka "HeynoBiaeTBOpUTENHHO" (10 4 6ayyioB 0aIOB) BHICTABIISIETCS CTYAEHTY, €CJIM OH HE
YCBOWJI OCHOBHBIE T€OpeMbl M (OpPMYIT Kypca U €Clid CTYJEHT HEe yMEeT peliaTh 3aJadd |
MpUMEpPbl U3 TPUBEACHHBIX 3aJaHUM, ABISIONIMECS 0000IeHneM 3a/ad IIKOJLHOTO Kypca
MaTEeMaTHUKH.

B mnponecce npakTMdecKux 3aHATHN PEKOMEHAYETCS MPOBOJIUTH TEKYIIMH KOHTPOJIb. [l
MPOBEACHUS] TEKYUIEr0o M HWTOTOBOTO KOHTPOJS pa3padoTaHbl JOMAalIHUE 3aJaHus,
KOHTPOJIbHbIE PAa0OThl U BOIMPOCHI K 3K3aMeHy. Mmoeoeas oyenka 3HAHUU CTYIEHTOB IIO
u3ydyaemMoil aucuuruimHe cocrtapisier 100 6amioB, KOTOpblE KOHBEPTUPYETCS B OIEHKY IO
nATUOAIBHOM 1IKajie (UTOroBast (popMa KOHTPOJISL — IK3aMEH ), MO CIIEAYIOIeH cXxeme:

3auem c oyenxoii. Ouenka Ha 3auete coctanisier 20 6aioB, KOTOpPbIE MOIY4alOTCS B
pesynbTate nudQepeHImpoBaHHON OIICHKU 3HAHUH CTYCHTOB UCXO/S U3 CIOKHOCTU
3aJlaHusl, MPUBEICHHOTO B MIPEJIOKEHHOM 3aJJaHUU. 3a/IaHne JJIs 3a4eTa COCTOUT U3 ABYX
BorpocoB (20 6amtoB: o 10 6a10B 3a OTBET HA KAKJIBIN U3 IBYX BOIIPOCOB).

Pacnipenenenue 6asos:
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Hlkana ouenok npu 100-0annpHOI cucTeme 3a
3a4eT C OLICHKOU
Ornenka no 100-6ansHOM
OrneHka no 5-0anbHOM cHCcTEME CUCTEME
5 OTangHO 81 —100
4 XOopoI1o 61 — 80
3 Y 10BIE€TBOPUTEIHLHO 41 — 60
2 HeynoBieTBOpUTENBHO 21 — 40
1 Heob6xoammo nmoBroproe nzydenue | 0 — 20

6. YUYEBHO-METOJANYECKOE U PECYPCHOE OBECIIEYEHUE
JUCHUIIJIINHBI
6.1.0cHoBHas JuTEpaTypa

1.bepmant, A. ®@. Kparkuii Kypc MareMaTudeckoro aHaiusza : yuyeOHoe mnocodue / A. O.
bepmant, U. I'. Apamanoua. — 16-e uzn. — Cankr-IletepOypr : Jlans, 2022. — 736 c. —
Tekcr : anextponnsiii . — URL: https://e.lanbook.com/book/210707

2. Jlanmuurep, B. A. Teopust GyHKIMI 1eHCTBUTENBHOTO TIEPEMEHHOTO ;| YI€OHUK U MPAKTHKYM
s By30B / B. A. Jamunrep, C. JI. CuMoHKeHKOB. — 2-¢ u31. — Mocksa : IOpaiit, 2023. —
242 c. — Texkcr : anextponnsiit. — URL: https://urait.ru/bcode/513288

3.IlIunayves, B. C. Bricmas maTtemaTuka : yaeOHOE TTOcOOHUE /15t BYy30B. — 8-¢ U3/, —

Mockaa : FOpaiit, 2023. — 447 ¢. — Texkcr : anexrporabid. — URL:
https://urait.ru/bcode/510530

6.2 lonosiHuTEILHAS JIUTEPATYPA

1. Apecros, B. B. Beenenue B Teoputo GyHKUUN AEUCTBUTENBHOIO NMEPEMEHHOTO: Mepa U
unterpan Jlebera Ha npsamoi : yuyeOHoe nocodbue / B. B. Apecros, II. FO. I'mazpipuna. —
ExarepunOypr : WsmarensctBo Ypambckoro ynuBepcurera, 2018. — 209 c.— Teker :
anexktponHbii. — URL: https://www.iprbookshop.ru/106351.html

2. beikosa, O. H. Teopust pyHKIMII AEHCTBUTENBHOTO MTEPEMEHHOTO : yueOHoe ocodue / O.

H. beikosa, C. 0. Konarun, b. H. Kykymkun. - Mocksa : KYPC, 2019. - 196 c. - Tekcr :
anektponHHbIid. - URL: https://znanium.com/catalog/product/1027407

3. Wnbun, B. A. MartemaTtuueckuii ananu3 B 2 4. : yueOHUK 11t By30B / B. A. Unbun, B. A.
CanmoBununii, b. X. CennoB. — 4-e uzn. — Mocksa : FOpaiit, 2023. — TekcT : 2neKTpOHHBIN
.— URL:

https://urait.ru/bcode/513351
https://urait.ru/bcode/513352

4, Cwmonun, FO. H. Beaenue B Teopuro GyHKIMN NEUCTBUTEILHON NMEPEMEHHOM @ y4eO.
nocobue. - MockBa : ®JIMHTA, 2017. - 516 c. - Tekcr : snekrponssii. - URL :
https://www.studentlibrary.ru/book/ISBN9785976514836.htm

6.3.Pecypchbl nHGOpMALIMOHHO-TEIEKOMMYHHUKAIIMOHHOM ceTH « AHTepHeT»

20


https://e.lanbook.com/book/210707
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http://eqgworld.ipmnet.ru/indexr.htm, http://www.ph4s.ru/books mat.html,
http://www.dmvn.mexmat.net/.

/. METOAUYECKHUE YKA3ZAHMUSA 110 OCBOEHUIO IMCHUTIJIMHBI

1. Meroanyeckue peKOMEHIANH IO TTOITOTOBKE K MPAKTHICCKUM 3aHSATHSIM.
2. Metoauueckue peKOMEHIAIUH 110 OPraHU3aIul CaMOCTOSTEIILHOM PA0OTHI 10 TUCITUTLINHAM.

8. HTH®OOPMALMOHHBIE TEXHOJIOI'MU JIs1 OCYWECTBJIEHUSA
OBPA3OBATEJIBHOI'O NPOLECCA 110 AUCIHUIIJIMHE

JII/IH(-)HSI/IOHHOC nmporpamMmmHoO¢€ odecreyeHnme:
Microsoft Windows

Microsoft Office

Kaspersky Endpoint Security

HNupopmanuoHHbIE CIPABOYHbIE CUCTEMBbI:
Cucrema 'APAHT
Cucrema «KoncynsrantlLimroc»

[IpodeccuonanpHpie 0a3bI TAHHBIX
fgosvo.ru — IMopran denepalibHBIX FOCYAAPCTBEHHBIX 00pa30BaTEIbHBIX CTAHIAPTOB BBICIIET0 00pa30BaHMs
pravo.gov.ru - OdbuimansHblii FHTEPHET-IIOPTAJ IPABOBONW MH(MOPMALIUU
www.edu.ru — denepanbhbiii noptan Poccuiickoe oOpa3oBaHue

CB000IHO pacnpoCTpaHseMOe MPOrpaMMHOE 00ecTieYeHIE, B TOM YKCIIe OTEYECTBEHHOTO MPOM3BOICTBA
OMC IIneep (ans Bocipon3BeieHUs] DIEKTPOHHBIX Y4eOHBIX Moyeit)

7-zip

Google Chrome

9. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYEHUE JUCHUIIJIMHBbI

MarepuanbHO-TEXHIHUECKOE 0OecieueHIe JUCIUILIHNHBI BKITIOYaeT B ceOsl:

- yueOHBIE ayAWTOPHM AJISl TPOBEACHHUS YUEOHBIX 3aHATHH, OCHAIEHHbIE OOOPYAOBAaHHEM M TEXHUYECKUMHU
cpeactBamMu oOyueHus:  y4eOHOW meOenblo, JOCKOH, JI€MOHCTPAMOHHBIM OOOPYAOBAaHHEM, IE€PCOHAILHBIMU
KOMITBIOTEPAMH, TIPOEKTOPOM;

- TOMEIIEHHs MAJIsl CaMOCTOSITENIbHOM palOThl, OCHAIIEHHBIE KOMIIBIOTEPHOW TEXHHKOH C BO3MOXKHOCTBHIO
MOJKJIIOUEHHEM K ceTh «lHTepHeT» M 00ecledeHueM JAOCTyNa K 3JIEKTPOHHOW HH(OpPMalMOHHO-00pa30BaTeIbHON
cpeze.
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