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1. HJIAHUPYEMBIE PE3YJIBTATBI OBYUEHUS
1.1. Hean 1 32124 TUCHUTLITHHBI
OcHOBHbIE TIOHSATHUS M METOJBl TEOPUH (PYHKIMUNA ACHCTBUTEIBHOTO MEPEMEHHOTO

JOJIKHBI OBITH B HaCTOAIICC BPCMA HCO6XOI[I/IMBIM QJICMCHTOM 06p330BaHI/I$I JIF000T0
IOIKOJIBHOI'O YUYHUTCIIA CTApIIMX KJIIACCOB. HayLIHO'TeXHI/ILIeCKI/Iﬁ nporpecc CTaBUT IICPCH
IKOJIbHBIM neaaroroMm TpyaHyro 3aJaady HC TOJIBKO IIPCKPACHO BJIAACTb OCHOBHBIMH
MMOHSTUAMHU IIKOJILHOU MaTeMaTUuKU, HO U ITIOHUMAaTb UX MCCTO B COBpeMCHHOﬁ MAaTEMAaTHUKCE,
3HATb HUX IIPOUCXOKACHUC, PA3BUTUC U HCIIOJb30BAHHUC B PA3JIMYHBIX o0acTiax
CCTCCTBO3HAHU.

Heabro TUCUUIIIMHBI

JlaHHBIi Kypc CTaBUT ce0e ILeNbl0 MOKa3aTh MPOMCXOXKICHHE W PAa3BUTHE TaKHX
(yHIaMEHTAIbHBIX TOHATHUI MaTEMaTUKH KakK YHCIO, MHOXECTBO, QYHKLHMS, a TaKxke
IIO3HAKOMUTHh  CTYJAEHTOB C COBPEMEHHOW TEOPUENM MHOXKECTB, TEOPHENM MEpPBl U
WHTErpajia, Urparolux OTPOMHYIO POJb B PA3IMYHBIX 001ACTSIX MATEMATHKHU.

3agaum IMCUMIIMHBI

3amaun M3y4eHUs JUCLUIUIMHBI 3aKIIOYAlOTCSd B OBJIAJICHUNM OCHOBHBIMHM TNOHSTHSIMHU
Teopun (QYHKUUN JAEHCTBUTENBHOIO MEPEMEHHOTo. MeToabl U HAEeU TEOpUH (PYHKIIHUM
CIOCOOCTBOBAJIM BOSHMKHOBEHUIO Psifia HOBBIX MaTEeMATUYECKUX AMCLUHUIUIMH U, KPOME TOTO,
IOPOHUKIM B Takue O0JacTH MaTeMaTHKH Kak TOMOJOTHs, TEOpUs BEpPOSITHOCTEH,
(GYHKIMOHANBHBIA aHANU3, TEOpUs AHAIUTUYECKUX (YHKIMH, BapHAllUOHHOE MCUUCIICHHE,
nuddepeHuranbHble ypaBHEHUs, TEOpEeTUYECKast PU3nkKa u Jp.

VYriyOnass 3HaHUWS, MONy4YeHHbIE B Kypcax IU(PPepeHIMalIbHOIO U MHTErPajbHOTO
UCUYMCIICHMS, JaHHBIM Kypc TMOABOJMUT €ro clyliaTelied K MepeJoBbIM  pyOexam
COBPEMEHHOM MaTeMaTHKH, MO3BOJSET B3IJISHYTh HA MAaTEMATUKY HE Kak Ha cBOJ (Hopmys
U TEOpeM, a KaK Ha HENpepbIBHO Pa3BUBAIOIIYIOCS HAyKy, HMCHOJB3YIOLIYIO TPYyH H
TBOPUYECTBO MHOTHX MOKOJIEHUA MaTeMaTuKoB - oT Apxumenaa 10 A.H. Koimoroposa.

Takoil B3rIsAL Ha MaTeMAaTHKy Kak Ha TBOPYECTBO NPHU3BAaH IIPUBIIEYb CTYJIEHTOB K
CaMOCTOSATEJIbHBIM HAyYHBIM HCCIIEIOBAHUSM.

B pe3ynbTaTe n3y4eHHs IUCUUILIMHBI CTYAEHT JO0JKEH:

- metp mpencraBieHre 00 OCHOBHBIX MOHATHUSX TEOPUH (YHKIUH AEHCTBUTEIBHOTO
IIEPEMEHHOTO.

- 3HaTh U YMETH JI0Ka3bIBaTh OCHOBHBIE TEOPEMBI Kypca.

- 3HaTh, YTO TAKOE KOHEYHOE, CUYETHOE M HECUETHOE MHOYKECTBA. YMETh CTPOMTH
MPUMEPHI YKA3aHHBIX MHOKECTB.

- 3HaTh, Y€MYy paBHbl MOIIHOCTHM OCHOBHBIX MHOKECTB: MHOXECTBA pallMOHATbHBIX
yypcen, MHOXecTBa Todek ortpeska [0,1], mpamoii - R', mmockoctn - R? u T.0. YMers
[IOCTPOUTH MHOKECTBO, MOIIIHOCTh KOTOPOT'O 00JIbILIE MOLIHOCTH 33JaHHOTO MHOXKECTBA.

- YMeTh CTPOUTHb OTKPBITHIE, 3AMKHYTbIE, COBEPLICHHbBIE MHOYKECTBA Ha MPSAMOM U Ha
wiockocTd. MeTh npeacTaBieHue o ppakraax.

- YMeTb onepupoBaTh ¢ METPUUECKUMH, EBKIIUIOBBIMU, HOPMUPOBAHBIMH
MIPOCTPAHCTBAMH, B YACTHOCTH, 3HaTh B3AMMOCBSI3b 3TUX IPOCTPAHCTB U
YMETb MOCTPOUTH JIF000€ U3 YKa3aHHBIX MPOCTPAHCTB. 3HATH KIIACCUYECKHE
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npoctpanctea (R", C([a,b]), CL,([a,b]), I, 1< p<oo).

1.2. [Inanupyemble pe3ybTaThbl 00yUeHHs

B pesynbraTe 0OCBOCHUS JAHHOW AUCHUIUIMHBL y 00y4Yaronuxcsi JOpMHUPYIOTCS CIIECAYIOIIHE
KOMIIETCHITHH:

YK-1. CnocoOeH ocyIecTBIsATh MOUCK, KpUTHUECKHUI aHaIN3 U CUHTE3 WH(OpMaIInH,
PUMEHSTh CUCTEMHBIN OJXO/ ISl PEUICHUs IOCTaBICHHBIX 3a/1a4

[1K-1. Criocoben ocBauBaTh U UCIOJIB30BATh TEOPETUUECKUE 3HAHUS U TIPAKTUUECKUE YMEHUS
Y HaBBIKY B MPEIMETHOM 00JIACTH MPH PEeLICHUH MPOPECCUOHATBHBIX 3a/1a4

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OBPA3OBATEJIBHOM
INPOI'PAMMUBI

JucuumninuHa BXoauT B Moayib «lIpeamerHo-meroauueckuii Mmoaynb (mpoduns Matemaruka)»
o0s3aTenpHON yacTH biioka 1 «luciuruimHe! (MOILYNN)» U ABISIETCS 003aTeIBHOMN TSt U3Y4YCHUSI.

HNucnuminna «Teopust (yHKIUNA AEHCTBUTENHHOTO TEPEMEHHOI0)» SIBJISIETCS COCTAaBHBIM
3JIEMEHTOM MaTE€MaTHYECKOTO ammapara psja JUACHUIUIMH. 3JHAHWUS W YMEHUS, MOJYyYCHHBIE
NPy U3y4eHUU AUCHUIIIMHBI «Teopuss GyHKIUN NEHUCTBUTEIHLHOTO MEPEMEHHOT0» IIMPOKO
MPUMEHAIOTCS B TaKuUX [UCIUIUIMHAX, KAK TE€OMETPHUSA, TEOPUU BEPOSTHOCTEH, TEOPUHU
(GyHKIMI KOMIUIEKCHOTO MIEPEMEHHOT0, 0OBIKHOBEHHbIE AU (hepeHIInaabHbIe YpaBHEHUS.

3. ObFBbEM U COAEP)KAHUE JUCLHUIIJINHBI

3.1. O6neM TUCHHUIIIHHBI

ITokazaTens 0o0beMa TUCIUILINHEI Koi-Bo yacos
OYHas

OO0beM IUCHUILINHEI B 3aU€THBIX SAUHUIIAX 2
O0beM IUCIHUILIMHEI B Yacax 72
KonTaktHas padora: 36,2
Jlexun 18
[IpakTHueckue 3aHATHS 18
KoHTakTHBIE Yackl Ha TPOMEXYTOUHYIO aTTECTAIHIO: 0,2
3ayer ¢ OLIEHKOH 0,2
CamocrosiTenbpHas padoTa 28
Kontpons 7,8

dopma MpoMexXyTOUHOH aTTEeCTallMu: 3a4eT C OL[EHKOU B 8 cemecTpe.

3.2. Conep:xaHue IMCHUIIMHBI

Koua-Bo
JacoB




HanmenoBaHue pa3jiesioB (TeM)
AUCIHHUIIMHBI

Jlekuu

IIpakTnyeckue
3aHATHUSA

Tema 1. O01ee BBeeHne (KPATKAasi AHHOTAIUSA KYypca).

DJIEMEHTHI TEOPUM MHOKECTB. BBeieHue (posb TEOpUH MHOXKECTB B
MaTemaTHhke). MHOXKECTBO, MOJAMHOKECTBO, ITyCTOE MHOKECTBO.
(O6o3Hauenus, onpeneneHus, npuMepsl). Oneparu 00beTMHEHUS U
rnepeceueHus MHOKeCTB. Mx cBolicTBa. Teopema o cBoMcTBax oneparui
00BbETMHEHNUS U TIepecedeHnst MHOKeCTB. OrpeneneHus: 00beMHEHUS H
repeceyeHus 1000 COBOKYITHOCTH MHOKECTB (MHOKECTBO MHOYKECTB) C
MCIOJIb30BAHUEM KBAaHTOPOB. JlonosiHeHue MHOKeCTB. [ IpuHImnn
NBOMCTBEHHOCTU. OnpeiesieHne pa3HOCTH, I0IIOJIHEHUSI MHOYKECTB.
Jloka3aTenbCTBO TEOPEMBI "TPUHIIMIT JBOICTBEHHOCTH .

[

Tema 2. CueTHbIe U HeCUeTHbIE MHOKECTBA.

DKBHUBAJICHTHBIE MHOXkecTBa. Omnpenenenue otoOpaxeHus. OnpeneneHue
OTOOPaKCHHS "Ha" (CIOPBEKIIHH), OMpeJeICHUE OTOOPaKECHHS "B"
(MHBEKIIUM), OMpEeNeTICHNE B3aMMHO OJHO3HAYHOTO OTOOpaKeHHS (OMEKIINH).
[loHsiTHE SKBUBAJIEHTHOCTH MHOXeCTB. [Ipumepsl. CBoicTBa MOHATUA
pkBHBaJIeHTHOCTH. CUeTHble MHOXecTBa. [IpuMepnl. CUYETHOCTH MHOXKECTBA

PallMOHAJIBHBIX YN CCIIL. OHpCI[CJ'ICHI/IC HCCUCTHOI'O MHOXKCCTBA.

Tema 3. CBoiicTBa CUETHBIX MHOKECTB.

JloKa3bIBatOTCS TEOPEMBI: 1) BCSKOE HEMyCTOEe MOJMHOKECTBO CYETHOTO
MHOECTBAa KOHEUHO WJIM CYETHO; 2) 00bearHEeHHE (CymMMa) JIF0O0H KOHEUHOH
WM CUETHOW COBOKYITHOCTH CYETHBIX MHOXECTB €CThb CHOBa CUETHOE
MHOKECTBO; 3) BCSIKOE OECKOHEYHOE MHOMKECTBO HMEET  CUETHOE
[OJIMHOXECTBO; 4) BCAKOEe OECKOHEYHOE MHOXECTBO IKBHUBAJIEHTHO CBOEMY
MCTUHHOMY TOAMHOXECTBY. BBOASTCS anreOpanueckue U TPaHCICHACHTHBIC
uricna. Jloka3pIBaeTcs, YTO MHOXECTBO aIreOpandyecKuxX 4YHCed - CYETHO.
CdhopmynupoBan psia 3aaad i CAMOCTOSTENILHOTO PEIICHHUS.

Tema 4. HecueTHbIE MHOKECTBA.

Jloka3bIBaeTcs TeOpemMa O TOM, UYTO MHOXKECTBO JIEHCTBUTENIbHBIX YUCET,
3akmtoueHHbIX Mexay 0 u 1, HecuetHo. IIpuBOASATCA mpHUMEpPbl MHOXECTB,
skBUBaJeHTHBIX [0,1]. AKLleHTHpYyeTCsl BHUMaHUE Ha TO, YTO JIOKa3aHHAas
TeopeMa  SBIAETCS, TaK  Ha3blBa€MOW, '"TeOpeMoW  CyllecTBOBaHUA"
(cymecTBoBaHUSI OOBEKTOB C "IJIOXMMHM cBoicTBamMu'"). Vcmonb3ys AaHHYIO
TEOpEMY, JIOKa3bIBA€TCA  CYIIECTBOBAHUE HPPALMOHAIBHBIX YHCET U
TpaHCUEHJEHTHbIX  uMcen. [lamee, Joka3bIBaeTcs, 4YTO  MHOKECTBO
MPpAIMOHATILHBIX YHCET - HECUETHO, W 00JIe€ TOTO, IKBHUBAJICHTHO OTPE3KY
[0,1]. Amnanoruynas 3ajaya peniaeTcsi OTHOCUTEIBHO TPAHCIICHIEHTHBIX YHCEl

(oOpamraercss oco0oe BHHMaHHME Ha METOJIbI JIOKa3aTeIbCTBA TaKUX 3ajady).
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Pemaercs 3aa4a: 10Ka3aTh, YTO MHOKECTBO BCEX IOceA0BaTenbHOCTEN U3 0 U
1 sxBuBasieHTHO OTpe3Ky [0,1]. Ilpu 3TOM MOAPOOHO paccMaTpUBaETCs
npejacraBieHue yucen u3 orpeska [0,1] B Buge aBOMUYHOI 1poOu.
ChopmynupoBaH psa 3a7a4 A CAMOCTOSITEIILHOTO PELICHUS.

Tema 5. MOIIHOCTH MHOKECTBA.

[lonsiTre MomHOCTH MHOXeCTBA. CpaBHEHHE MOLIHOCTEN. OnpeeneHusl.
MOIIHOCTh CYETHOIO MHOXKECTBa. MHOXeCTBa MOIIHOCTH KOHTHUHYyMa.
Axcuoma BbeIOOpa (akcmoma C mim akcuoma llepmeno). Ilapamoxc banaxa-
Tapckoro. Ilpumepsr "u3BecTHbIX" yTBepkIaeHHH, rae  "ucnoiab3yercs"
akcuoma BbIOOpa (B YaCTHOCTH, NHPU JOKA3aTEIbCTBE TEOPEMBI O TOM, YTO
oObeauHEeHNnEe 1000 KOHEYHOM WM CYETHOH COBOKYIIHOCTH CYETHBIX|
MHO>KECTB €CTh CHOBA CY€THOE MHOYECTBO).

Hcropuueckasi crnpaBka: aHTHHOMUM M TapaJoKChl, mapanokc Paccena
(mapagokc ['oncera), Teopema I['emenss o HEMOMHOTE, aKCMOMATHKa TEOPHH
MHOkecTB (akcuomatuku Z, BG, ZF), runore3a Kantopa (CH), pabora
[1.Kosna 1963 r. (axcuomatuka ZF u akcuomsl C , CH 1 X oTpUIIaHuS).

Tema 6. MOIIHOCTH MHO3KECTBA BCEX MOMHOKECTB JAHHOI0 MHOKECTBA.
JloKa3aTenbCTBO TEOPEMBI O TOM, YTO MOILIHOCTh BCEX MOAMHOKECTB HEMYCTOIO
MHOXECTBa OOJIBbIIIE MOIIHOCTH MCXOAHOTO MHOXecCTBa. lIpenBapurensHo
[IPUBECTU JI0KA3aTEIbCTBO ATOM TEOpeMbl Il "KOHEUYHOMEPHOro  ciydas'.
AKIEHTUPOBaTh ~ BHMMAaHME  CiyliaTele Ha TO, 4YTO  CYLIECTBYET
"HeorpaHMUYEHHas IIKaJla MOIHOCTEN" .

Teopema 0 MOIIIHOCTH BCEX MOJAMHOXKECTB HATYPAJILHOTO Psija.

Tema 7. Teopema Kantopa-bepuuureiina.

JlokazaTenbcTBO TeopeMbl KanTopa-bepHIuTeliHa U €€ CIeACTBUS - TEOPEMBI O
[IPOMEXYTOUHOM MHOXecTBe. [IpuMepbl NpHUMEHEHHUs YyKa3aHHBIX BBIIIE
TEOpEM.

CdopmynupoBaH psif 3a7a4 JJIsl CAMOCTOSTEILHOTO PEIICHHUS.

Tema 8. MHoxkecTBa Touek B N-MepHOM €BKJIHI0BOM MPOCTPAHCTBE.
MHO€ecTBa TOYEK HA INIOCKOCTH U B TPEXMEPHOM MPOCTPAHCTBE.

HanmomHHTH: AekapToBa MPSMOYTOJbHAas CHUCTEMa KOOPIMHAT, KOOPAMHATHI
TOYKH TPEXMEPHOI'0O IIPOCTPAHCTBA, PAAUYC-BEKTOP TOYKH, OIIEPAIIUU CIOKEHUS
BEKTOPOB M YMHOXXEHHsI Ha 4ucio. [[iHa BeKTopa.

CkaJiipHOE  NPOM3BEACHHE BEKTOPOB. HamoMHUTB, Kak OIpeaeseTcs
[paccTosiHUEe Ha MPSMOM, Ha TUIOCKOCTH, B TPEXMEPHOM MPOCTPAHCTBE, ClIEIaTh
pucyHKH. HamoMHWTH ompeneneHne JWHEWHOTO (BEKTOPHOTO) MPOCTPAHCTBA.
AKCHOMBI TUHEHHOTO MTpOCcTpaHcTBa. [IpuMepsl THHEHHBIX TPOCTPAHCTB.

Tema 9. CrajisipHOe mpou3BeleHne BEKTOPOB B JIMHEHHOM MPOCTPAHCTBeE.

CxkansgpHoe TpOU3BEACHUE BEKTOPOB B JIMHEHMHOM MPOCTPAHCTBE. AKCHOMBI
CKaJsipHOTO  mpou3BeneHus.  CBOICTBA  CKaJISIPHOTO  MPOU3BEICHUS.
OnpeneneHue €BKJIMIOBA MPOCTpaHCTBa, mnpumepbl. Hopma  Bekrtopa.
PaccrosiHue MCXKAY TOYKaMWU Ha HpSIMOI\/JI, Ha TIIJIOCKOCTH, B TPEXMCPHOM
npoctpancTBe. MHoxkecTBa Touek B N- MEpHOM €BKJIHMIOBOM IPOCTPAHCTBE

RN,




Tema 10. MeTpuueckue NpocTPaHCTBA.

Metpuueckue mpocTpaHcTBa. OrmpeaeieHue METPUKHA. AKCHOMBI METPHUKH.
CBoiictBa MeTpuku. OmnpeaeieHHe METPUYECKOTO MPOCTpaHCTBa. [Ipumepsr
METpHYECKHX NPOCTpaHcTB: R N , RlN , RZN , R ’F\J' , 1< p<ow, RD': ,

RN, 1, | oy | oy 1<p<o, |, (o6paruth BHMMaHHE HA TO, YTO MEPBBIE
[Th TNPOCTPAHCTB - KOHEUHOMEpPHBIE, OCTalbHbIE - OECKOHEUHOMEpPHBIE).
[IpocTpaHCTBO M30JIMPOBAHHBIX TOYEK. BBECTH MPOCTPAaHCTBO HEMPEPBIBHBIX
¢ynkunii C (MHOXKECTBO HENpPEPHIBHBIX (YHKIHMII ¢ PABHOMEPHOI METPUKOM)
1 npoctpanctBo CL, (MHOXeECTBO HenpepbIBHBIX (GYHKIMI ¢ MHTErPAILHOMN
METPHUKOI ).

CdhopmynupoBa psiz 3a7a4 sl CAMOCTOSTEIBHOTO PEIICHUS

Tema 11. HopmupoBaHHbIe IPOCTPAHCTBA.

HopmupoBannusie npoctpancTBa. Ornpenenenue Hopmbl. HopmupoBanHOe
npoctpancTBo. [Ipumepsl. Ykazarh Ha "B3aUMOCBS3b" MEXKAY METPHUUECKUM,
€BKJIMJIOBBIM M HOPMHUPOBAHHBIM MpocTpaHcTBamMu. DyHJaMeHTaJbHbIE
[MOCJIEOBATEIILHOCTH. Kpurepuit Komm CXOOUMOCTH YHCIIOBOU

1 N
I1OCJICIJOBATCIBHOCTH B R . IlonsaTue nmomuoro IIPOCTPAHCTBA. ITonHoTa R

[IpuMepsl HENONHBIX NpOCTpaHCTB. baHaxoBbl mnpocrtpancTBa. Ilpusectn
[IPUMEP METPUUYECKOrO NIPOCTPAHCTBA, HE SBJISAIOLIET0CS] HOPMUPOBAHHBIM.

Tema 12. HepaBencTtBo Komn-bynsikosckoro-1IBapua.

JlokazarenbcTBO HepaBeHcTBa Komm-bynsakosckoro-IlIBapia. Teopemsl 0 TOM,
4TO JIF000€ €BKJIMI0BO MTPOCTPAHCTBO MOXKHO C/€TIaTh HOPMUPOBAHHBIM, JTH000€
HOPMHPOBAHHOE METPUYECKUM U JIH000€ €BKIINJJOBO METPUUECKUM.

Tema 13. OTKpbITHIE U 3aMKHYTbIe MHO:KecTBa. (Kiaccupukanus Touek u
MHO’KECTB 110 PACIIOJI0KEHUIO TOYeK.)

OTKpBITBIE M 3aMKHYThlE MHOXecTBa. B kaudectBe "OazoBoro" ("MozenbHOTo
ciydad') paccMaTpUBAIOTCSI OTKPBITBIE M 3aMKHYTBIE MHOXECTBA B

N
MeTpuueckom npoctpanctee R . Okpectroctn. Onpenenenne OKpECTHOCTH B
METpUYecKOM  mpocTpaHcTBe. OmpeneneHne OKpecTHOCTH B JIIOOOM
MeTpuueckoM mpoctpanctee (X, 0), B wactHoctH, B mpoctpanctee C

(MHOXeECTBE HEMPEePhIBHBIX (QYHKIINI ¢ paBHOMEPHOU METPHUKOM).

BHyTpeHHHE TOUYKH, BHYTPEHHOCTh MHOXECTBA M OTKPHIThIE MHOKECTBA.

JlaHbl ~ OompeneNneHus: BHYTPEHHEW TOYKH, BHYTPEHHOCTH, OTKPBITOTO
MHOXecTBa. [lpuBeneHbl mpuMepbl, BBeleHbl oOo3HadeHus. CBoiicTBa
OTKPBITBIX MHOeCTB. Jlokazansl Teopembl: 1) oObenuHeHne (Cymma) JIF000TO

4JncCjia OTKPBITBIX MHOXCECTB - OTKPBITOC MHOKCCTBO, 2) MEPCCCUCHUC
KOHCYHOT'O YHCJIa OTKPBITBIX MHOXECTB €CTh OTKPBITOC MHOKCECTBO. HOKaSaHO,
4TO OECKOHEUHOE MNEpCCCUCHUC OTKPBITBIX MHOXKCECTB - HC 00s13aTEIBLHO

OTKPBITOE MHOXKECTBO.

Jlanel  ompeneneHus: NPEAeNbHOW TOYKH, TPOU3BOJHOIO  MHOXECTBA,
W30JIMPOBAHHOM  TOYKHM, TPAHUYHOW TOYKH, 3aMBIKaHHUS, 3aMKHYTOIO
MHOkecTBa. (B dactHOcTH, J[aHbl pa3Hble ONpENEICHUS 3aMKHYTOTO
MHOECTBA, M JIOKa3aHa WX SKBUBAJIEHTHOCTh.) IlpuBemeHo OombInoe 4mciio
[PUMEPOB, BBEICHBI 0003HAYCHUSI.

Tema 14. CBoiicTBa 3aMKHYTBIX MHOKECTB.
JlokazaHbel TeopeMbl: 1) mepeceueHue Jr000ro yuciaa 3aMKHYTBIX MHOXECTB -
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3aMKHYTO€ MHOXECTBO; 2) OOBEJMHEHHWE KOHEYHOIO0 YHCIa 3aMKHYTBIX
MHOYECTB - 3aMKHYTO€ MHOKECTBO; 3) JIOIIOJIHEHUE OTKPBITOIO MHOKECTBA (10
BCETr0 MPOCTPAHCTBA) €CTh 3aMKHYTOE€ MHOYECTBO, JOMOJIHEHHE 3aMKHYTOTO
MHOXecTBa (O BCEro IPOCTPAHCTBA) €CTb  OTKPBITOE  MHOXKECTBO.
JloKa3aTenbCTBO NEpBBIX JIBYX TeEOpeM ONHUpAETCs Ha IPUHIHI
NIBOWCTBEHHOCTH, CBOMCTBA OTKPBITBIX MHOKECTB (cM. Teopembl 00
00BbETUHEHNH U NIEPECEUCHUH OTKPHITHIX MHOXECTB) U PE3yJIbTaT TEOPEMBI 3.

Jloka3aHo, 4TO OECKOHEYHOEe OObEIUHEHHE 3aMKHYTBIX MHOMECTB — HE
00s13aTeNbHO 3aMKHYTO€ MHOXecTBO. J/loka3ana teopema: ecimu F - 3amkHyTOE
MHOXeCTBO, a G - oTkpweiToe MHOXecTBO, To F \ G - 3amknytoe, a G \ F-
OTKpbITO€ MHOXkecTBa. (ClenaH akLEHT Ha TO, YTO BCE JIOKa3aHHbIE B IIYHKTaX

2° u 3° TEOPEMBI CHPABEUIUBBI VISl IOOBIX MeTpudeckux npoctpancts (X, o

).)

Tema 15. CTpoeHne OTKPBITHIX H 3aMKHYTBIX MHOKeCTB HA IIPSIMOM.
CTpoeHHe OTKPBITHIX U 3aMKHYTBIX MHOXECTB Ha MPSIMOH.

Jloka3zaHbl TEOPEMBI O CTPYKTYp€ OTKPBITBIX M 3aMKHYTBIX MHOXKECTB Ha
unciaoBoil npsimoit. ChopmynupoBaHa TeopeMa 00 OTIEIMMOCTU (3aMKHYTBIX
MHOKeCTB Ha mpsmoi). [Ipeanaraercs caMOCTOSTENBHO J0Ka3aTh YKa3aHHYIO
TEeopeMy /ISl CETMEHTOB.

Tema 16. KanTopoBo coBepiieHHOE MHOKECTBO.

KaHTOpOBO COBEPIIEHHOE MHOKECTBO.

JlaHo ompenereHHe COBEPLIEHHOIO MHOXecTBa. I[IpuBeneHbl mHpUMeEpHI
COBEpLICHHBIX MHOKECTB. CTpOMTCS KaHTOPOBO COBEPIIEHHOE MHO>KECTBO
(1oka3bIBaeTCsi, YTO OHO COBEplLIEHHOE). BrigcHieTcs apudmernyeckas
CTPYKTYypa, "yIHMBHUTEIbHBIE" CBOWCTBA KaHTOPOBA COBEPIIECHHOI'O MHOYKECTBA
(MOIITHOCTH KaHTOPOBA COBEPIIEHHOTO MHOXECTBA paBHA KOHTUHYYMY, a CyMMa
uH "yaansgembIX" MpH ero MOCTPOSHUM MHTEPBAJIOB PaBHA €IUHMIIE), AAHBI
OTIpe/ieNIeHUs] HUI/IE HE IUIOTHOTO M BCIOJAY IJIOTHOTO MHOXeCTB. IIpuBeneHsl
[IpUMEpPbl TAKUX MHOXeCTB. Jloka3aHO, YTO KaHTOPOBO COBEPIIEHHOE
MHO>KECTBO SIBJISIETCS HUT/I€ HE TUIOTHBIM.

"KanTopoBo coBepieHHoe MHOKeCTBO" B R NON>2.

[Toctpoenst '"rpebenka Kanropa", "xosep Cepnunckoro", "kmaaouiue
Cepnunckoro", "cuexunka Koxa". Bomutcs mnonsarue ¢paxrana. Jlaercs
MCTOpUYECKas CIIpaBKa, JEJAETCSl aKIEHT HAa COBPEMEHHBIX HCCIENOBAHUSAX B
MareMaTuke W ¢u3uke (QpakTaipHOW TeomeTpun mnpuponabl. OO6cyxmaeTcs
3ajjaya  COBPEMEHHOI'O  €CTEeCTBO3HAHHUA:  HccieloBaHHE  Mopdonorun
amopdHOro.

Tema 17. HempepbIBHbIE 0TOOpaKeHUs] METPUYECKHUX NMPOCTPAHCTB.
HenpepbiBHBIE OTOOpaXKEHUS METPUUECKUX MTPOCTPAHCTB.

OTMeTuM, dTO PSI  BONPOCOB, CBS3aHHBIX C  CYINICCTBOBAaHHEM H
€IMHCTBEHHOCTBIO PpEIIeHUI ypaBHEHUH TOro WM HHOTO THMa (Hampumep,
mudpepeHIMaTbHBIX YPaBHEHH ), MOKHO CPOPMYIMPOBATH B BUIE BOIPOCa O
CYIIECTBOBAHUM M €IUHCTBEHHOCTH HEMOBIKHOW TOYKH TIPU HEKOTOPOM
O0TOOPaKEHUH METPUUYECKOTO IMPOCTPAHCTBA B CEOsI.

JlaeTcst onpeaesieHue HeMPEePhIBHOTO OTOOPaXEHUsI METPUUYECKUX MPOCTPAHCTB,
npuBOIATCS npuMepbl. HemonBuxkHas Touka oToOpaxkeHus. Coxumaroliee
oroOpaxxenue. [Ipumepsi.




Tema 18. IIpuHIMI CKUMAIOIIMX OTOOPaKEHUIA.
[IpyHIINTT CKUMAIOIIIUX OTOOPAKECHHA.
Jloka3wiBaeTcs Teopema banaxa o [IpuHIUIIE CKUMAIOIINX OTOOPAKEHHIA.

KoMMeHTHpyeTCsT BaXXHOCTh 3TOM TEOPEMBbI U €€ NMPUMEHEHHE B Pa3IUYHbIX
pa3genax MateMmatukd. [IpuMeHeHHMe MpHHLMIA CKUMAIOIIUX OTOOpaKeHUU
JUIsl 10Ka3aTenbCcTBa TeopeMbl O CyIIECTBOBAaHUU M €IUHCTBEHHOCTU PEIICHUS
3agaun Komm nist 0ObIKHOBEHHOTO U (EepeHINaTbHOTO YPaBHEHUS MIEPBOTO
[OPSIIKA, Pa3pPELIEHHOIO0 OTHOCUTEIBHO IPOU3BOIHOM.

Bcero

18 18

4. YYEBHO-METOJAYECKOE OBECIIEYEHUE CAMOCTOSTEJIBHOMN PABOTHI

OBYYAIOUIUXCSA
Tembl 1uist H3zy4yaembie Bonnpocbl | Kosnu Dopmbl Metoguueckue Dopmbl
caMoCTOSITe] €CTBO | CAaMOCTOSITE] obecrieyeHust OTYETHO
bHOI'O 4acoB bHOM CTH
U3y4eHus padoThI
1. Akcroma [Tapagokc banaxa- 2 Uzyuenue http://eqworld.ipmnet. | Ompoc
BBIOOpA. Tapckoro. [Tpumepsr yueOHOI ru/indexr.htm
"U3BECTHBIX" autepatypsl, | http://www.ph4s.ru/b
YTBEPIKICHHIHA, T/Ie pelicHue ooks_mat.html
"ucnions3yercs" 3a71a4
akcroma BbIOOpa (B
YaCTHOCTH, TIPU
JI0Ka3aTeIbCTBE
TEOPEMBI O TOM, 4TO
o0beArHEeHne 000
KOHEYHOU WJIM CUETHOU
COBOKYITHOCTH CYETHBIX
MHO)KECTB €CTh CHOBa
CYETHOE MHOXECTBO).
2. Teopema 'emenst o 4 Uzyuenue http://eqworld.ipmnet. | Ompoc
AKcHOMAaTHKa | HETOJIHOTE, TUIIOTe3a yueOHOI ru/indexr.htm
TEOpHH KanTopa (CH), pabora autepatypsl, | http://www.ph4s.ru/b
MHOYECTB. [1.Kosna 1963 r. peleHue ooks_mat.html
(axcuomatuka ZF u 3aja4
akcromel C , CH u ux
OTPUIIAHMUS).
3."KantopoBo | "I'pebenka Kanropa", 4 Uzyuenue http://eqworld.ipmnet. | Ompoc
coBepiienHoe | "koBep CeprnuHcKoro", yueOHoM ru/indexr.htm
MHOXecTBO" B | "Kiamowuie autepatypsl, | http://www.ph4s.ru/b
RN N>2. | Cepnunckoro”, perieHue ooks_mat.html
"cuesxmaka Koxa". 3amaq
4.Crpykrypa | CTpoeHue OTKPBITHIX U | 4 Wzyuenue http://eqworld.ipmnet. | Ompoc
OTKPBITOTO 3aMKHYTBIX MHOXECTB. yueOHOI ru/indexr.htm
MHOYKECTBA Ha auteparypsl, | http://www.ph4s.ru/b
IPSIMOIA. pelieHue ooks_mat.html
3a1a4
5.ITomHOTa DyHIaMeHTaIbHAs 4 W3yuenue http://eqworld.ipmnet. | Onpoc
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http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm

METPUYECKOTO | MOCIIEI0BATEIBHOCTD. yueOHOI ru/indexr.htm
MIPOCTPAHCTBA nauteparypsl, | http://www.ph4s.ru/b
C([a,b]). pelicHue ooks_mat.html
3a1aq
6.Metpuuecko | dyHaameHTanbHas 4 W3zyuenue http://eqworld.ipmnet. | Onpoc
e [10CJIEI0BATEILHOCTD, yueOHOI ru/indexr.htm
MIPOCTPAHCTBO | HE SIBJISIFOIIASICS auteparypsl, | http://www.ph4s.ru/b
CL,([ab]). | cxomsameiics. pemeHue ooks_mat.html
3a1a4
7. Teopembl o | MeTpuueckoe, 6 W3zyuenue http://eqworld.ipmnet. | Ompoc
TOM, YTO | HOPMHUPOBAHHOE U yueOHO ru/indexr.htm
nr060e EBKJIMIOBO auteparypsl, | http://www.ph4s.ru/b
EBKITU0BO MIPOCTPAHCTBO. pelieHue ooks_mat.html
POCTPAHCTBO 3aj1a4
MOKHO
clenaTh
HOPMHPOBAHH
BIM, Jr000€
HOPMHPOBAHH
oe
METPUICCKUM
u moboe
CBKJIUIOBO
METPUYECKUM.
HUTOTO 28

5. ®OHJl OLEHOYHBIX CPEJCTB /Il [IPOBEJEHUSA TEKYILENR K
MPOMEXYTOYHOM ATTECTAIIAM 1O TUCHUTIJINHE

5.1. IlepeyeHb KOMIETEHUHI ¢ yKa3aHHeM 3TanoB X (GopMHPOBAHMS B Npolecce O0CBOEHHS
o0pa3oBaTeIbHON NPOTrPAMMBI

KOI[ N HAMMCHOBAHHEC KOMIICTCHIIMN

Otansl OpMHUPOBAHUS

VYK-1. CnocoOeH oCyIecTBIsATh MOUCK,

KPUTHUYECKHUH aHAJIN3 U CHHTE3 HH(pOpMaIu,
MPUMEHSATh CUCTEMHBIN OJXO0/ IS PEIIeHUs
MOCTABJICHHBIX 32144

1. PaboTa Ha yueOHBIX 3aHATHSX.
2. CamocrosTenbHas padora.

I1K-1 CrnocobeH ocBauBaTh U UCIIOIb30BATh

TEOPETUUECKHUE 3HAHUS U TPAKTUUECKUE YMEHUS
Y HaBBIKH B IPEIMETHON 00JIACTH TIPH PEIICHUHN
npodeccnoHaNbHBIX 33724

1. PaboTa Ha yueOHBIX 3aHATHSX.
2. CamocrosTenbHas padora.

5.2. Onucanue mnoka3artejeii W KpPHUTepHEB OIEHUBAHHUS KOMIIETEHIIUMH

(opMupoBaHus, onUcaHHe HIKAJ OLlEHUBAHUSA

Ha PpasjimYHbIX JTalmax HX

OnenuBaemble | YPOBEHb Oran Onucanue Kpurepun [Ixana

KOMIETEHIIMH | cOPMHUPOBAHHOCTH | (POPMUPOBAHMs | TOKa3aTeeH OLICHMBAHHS | OLICHMBAHMs

VK-1 IToporossiii 1. PaGorana | 3Hath: JlomarHee [kana
y4eOHBIX *COBPCMCHHBIC 3aJIaHUEC OIICHUBAaHUA
3AHSTUSIX. TEOpUH 1 METOIBI B Ompoc JOMAaIITHET O
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http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm
http://eqworld.ipmnet.ru/indexr.htm

2. Camocros- 00J1aCTH TEOPUU Kontposnbhas | 3aganus
TeabHas yHkuun pabora [Ixana
pabora. JICHCTBUTENILHOTO KomnokBuym | oleHUBaHUs

HEPEMEHHOT0; YCTHOTO

et & 0Bl onpoca

KapTHHE MHpA. [xana

VMeTh: OLICHMBAHHA

*SICHO U JIOTUYHO KOHTPOJIbHOH

n3JaraTh MOJTy4YCHHbIC pabote!

0a30BbIE 3HAHU, [Ixana

* IEMOHCTPHPOBATh OLICHUBAHUS

[IOHUMaHue 001LIeH KOJUIOKBHYMa

CTPYKTYPBI

JYCLIUIIJIMHEL U

B3aMMOCBSI3H C

JIPYTUMHU

JUCLUIIJIMHAMU

* perarh 3a/1a4u,

CBSI3aHHBIC C

NpeaMETHOU

00J1aCThIO, C YUETOM

COBPEMEHHBIX

JOCTH)KEHUN HAYKU;

*IIPUMCHATH

UHQOPMAIMOHHO-

KOMMYHHKAIHOHHBIE

TEXHOJIOTUH JUIS

3 PEKTUBHOTO

pelICHHs HAyYHbIX U

NPUKIaIHBIX 3314,

CBA3aHHBIX C

IIPEAMETHOM

00J1acThI0.

[IponBunyTHII 1. PaGorana | 3Hate: Jomainee [Mkana
yqe6HLIX *COBPCMCHHBIC 3aJIaHuE OILICHUBAHUS
3aHATUSAX. TCOpUH 1 METO/BL B Omnpoc JIOMAIIHETO

2. Camocros- | ©01acth Teopun KourtponbHas | 3amaHus

TenbHas @Yf{ K pabota [xana
JACUCTBUTECIIBHOI'O

pabora. . KonnokBuym | oneHuBaHus
MEPEMEHHOTO;
*3HAYCHUE M MECTO ycTHoro
JHUCLHUILIMHEL B O0IIEH ornpoca
KapTUHE MUpA. lxana
VYMeThb: OLICHUBAHUA
*SICHO W JIOTHYHO KOHTPOJIBHOU
U3J1arath MOJTy4YeHHbIC paboTsl
0a30BbIC 3HAHU; kana
* IEMOHCTPHPOBATh OLICHUBAHMS
IMOHUMaHue 00IIeH KOJUIOKBHYMa
CTPYKTYpBI

TUCTIUTUTAHBL U
B3aMIMOCBSI3H C
JIPYTHUMUA
JUCTIUTLTAHAMHE

* pemaTh 331a4H,
CBSI3aHHBIC C
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MpeIMETHOM
00J1acThIO, C YUETOM
COBPEMEHHBIX
JOCTW)KEHUN HAYKU;
*[IPUMCHSTh
nHPOPMALUOHHO-
KOMMYHHUKaIMOHHbIE
TEXHOJIOTHH JUISI

3¢ PEKTUBHOTO
peLIeHuUs Hay9HBIX U
MIPUKIIAIHBIX 337134,
CBSI3aHHBIX C
MpeIMETHOM
001aCTBIO.

Bnaners:
*CIIOCOOHOCTBIO K
JIOTUYECKOMY
paccyKaeHuIo;

¢ OCHOBHBIMH
METOJIaMH PEIICHUS
3aj1ad,

c(hopMyITUPOBAHHBIMU
B paMKax
PpEAMETHBIX
o0nacTei.

IK-1 IToporosslii 1. Pabotana | 3Harh: JomamrHee [Mkana
Y4eOHBIX *COBPCMCHHBIC 3alaHue OLICHUBAHUS
3aHATUSAX. TCOpHH 1 MCTO/BL B Ompoc JOMAIIIHETO

2. CamocTos- obactu Teopuu KonTtponbHas | 3amaHus

TeJNbHAS (byPKHHH pabota [Mkana
JACUCTBHUTCIIBHOI'O

pabora. . KonnokBuym | oneHuBaHus
MEPEMCHHOTO,
*3HAYCHHUEC U MECTO yCTHOTO
IUCIHUIUINHEI B O0ILIEH o1poca
KapTHHE MUpA. Hxana
YMeTh: OLICHUBAHUS
*sCHO U JIOTUYHO KOHTpOJ‘ILHOI\/’I
n3jaratb MOJIY4YCHHBIC pa6OTI)I
0a30BbIC 3HAHUS; Ikana
*IEMOHCTPHPOBATH OIIEHUBAHMS
MIOHHUMaHUE 00IIEeHi KOJUIOKBHYMa
CTPYKTYpBI

JUCIIUTUTMHBI 1
B3aMMOCBS3H C
JpyTUMHU
JTUCIUTUIMHAMHA

* pemarh 3agayH,
CBSI3aHHBIE C
MIPEAMETHOU
00J1aCTBIO0, C YUETOM
COBPEMEHHBIX
JIOCTHXKEHUM HAYKU;
*IIPUMEHSTh
nHPOPMALUOHHO-
KOMMYHHKaIMOHHBIE
TEXHOJIOTHH JJIsI

3¢ HEKTUBHOTO
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peIlIeHUs] HAyYHbIX U
MPUKIIAJHBIX 3a]1ad,
CBSI3aHHBIX C
MpeIMETHOM
00J1aCTBIO.

[IponBuHyTHIN

1. Pabora Ha
y4eOHBIX
3aHATHIX.

2. Camocros-
TeJIbHAas
pabora.

3HaTh:
*COBPEMEHHBIC
TEOPUHU M METOIbI B
o0nacT Teopun
(hyHKIIH
JIEHCTBUTEIIEHOTO
MIEPEMEHHOT0;
*3HAYECHUE U MECTO
IUCIUAIUINHEI B 001
KapTUHE MUDA.
YMeTh:

*SICHO M JIOTHYHO
M3JaraTh MOJy4YCHHBIC
0a30BbIc 3HAHU;

* IEMOHCTPHUPOBATh
MOHHUMaHHUE 00IIEeH
CTPYKTYPBI
JUCLMIUTMHEI 1
B3aHMOCBSI3H C
JIPYTUMH
JTUACIUIITHHAMHA

* pemarp 3a7a4H,
CBSI3aHHBIE C
IIPEAMETHOM
00JIACThIO, C YUETOM
COBPEMEHHBIX
JIOCTHKEHUI HAYKU;
*IPHMEHSTH
nH(OPMaITMOHHO-
KOMMYHHKAIIMOHHBIC
TEXHOJIOTHH JIJIsI
a¢dekTuBHOTO
pelIeHUs HAYYHBIX U
MPHUKITaIHBIX 3a/1a4,
CBSI3aHHBIX C
IpeIMETHON
00J1aCTBIO.

Bmaners:
*CIIOCOOHOCTBIO K
JIOTUYECKOMY
PacCyXIeHHIO;

* OCHOBHBEIMU
METOJIaMU PEIICHUS
3a71ad4,
c(hOopMyJIUPOBAHHBIMU
B paMKax
[IPEeIMETHBIX
obnacreil.

Jlomaninee
3aJlaHue
Onpoc
KoHntposbHas
pabora
Komnoksuym

IIkama
OLICHUBAHHUS
JIOMAaIITHET O
3aJlaHus
IIkama
OLICHUBAHHUS
YCTHOT'O
omnpoca
IMxana
OLICHUBAHHUS
KOHTPOJBLHOU
paboTsl
IMxana
OLICHUBAHHUS
KOJUIOKBUYMa

[1Ixana orneHMBaHUS JOMAIITHETO 3aJaHUS

OuneHka u 0aaua

Onucanue
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Onenka "otimyno" (11-15 Ganmnos)

pelieHue BceX TpexX IPUMEPOB W3 MPUBEICHHBIX
3aJlaHM WM PELICHHE [JBYX IIPUMEpPOB U3
IIPUBEACHHBIX  3aJaHui, HO IPU  YCIOBUHU
MIPEAOCTABIICHHUS] YEPHOBUKOB HE IIOJIYYMBLIETOCS
3alaHus

Onenka "xopomo" (6-10 6amnoB)

pelieHue  JByX
3aaHUuN

IIPUMEPOB U3  IPUBEIECHHBIX

Orenka "ynoBieTBOpUTENHHO" (10 5 0amIoB)

pellIeHHEe OJHOTO NpUMepa U3 MNPUBEICHHBIX
3aJIaHUN

[IIxana oneHnBaHUS YCTHOT'O OIIPOCca

Onenka u 0aJL1

Onucanue

Onenka "otimyno" (11-15 6amioB)

YeTKUH M JIOTMYHBIA OTBET Ha IIOCTaBJICHHBIN
BOIIPOC IO JIEKIUOHHOMY Marepuainy. CTyaeHt
0€301100YHO, CaMOCTOSTENILHO peIlaeT 3ajauu
WIM TOKA3bIBAET TEOPEMBI.

Onenka "xopomo" (6-10 6amioB)

OTBET Ha BOIIPOC IO JICKIIMOHHOMY MaTepuaiy, B

KOTOPOM  CTYJIEHT JIOIIyCKaeT «HE TIpyObie»
ommOku. CryneHT pemiaer  3ajadd  WIH
JIOKa3bIBACT TEOPEMBI u HeOOoJIbIINMU
MIO/ICKa3KaMu

Onenka "ynoBaeTBopuTenbHO" (10 5 6anoB)

OTBET Ha BOIIPOC IO JIEKIMOHHOMY MaTrepuaiy, B
KOTOPOM CTY/IEHT JOIYCKaeT «IpyOble» OIMIMOKH.
CryneHt pelmaer 3alauyd WM JI0Ka3bIBaeT
TEOPEMBI, HO C 3HAYUTEJIbHBIMU NOACKa3KaMH

[IIkana oneHnBaHUS KOJUIOKBUYMA

OneHka u 0aJjLa

Onucanue

Onenka "otnuyHo" (16-20 6annoB)

YeTKUH M JIOTMYHBLIA OTBET Ha MOCTaBJICHHBIN
BOIIPOC TIO JIEKIIMOHHOMY Marepuany. CTyaeHT
0€30uO0YHO, CaMOCTOSITEIBHO pellaeT 3ajaud
WJTU JIOKQ3bIBAET TEOPEMBI.

Orenka "xopomro" (6-15 6aoB)

OTBCT Ha BOIIPOC IIO JICKIUOHHOMY MaTc€pually, B

KOTOPOM CTYACHT JIOMyCKAaeT «HE TpyObie»
ommOku. CTyaeHT pemaer 3agadyd  WIA
JIOKa3bIBaeT TEOPEMBI u HEOOIBIITNMU
MoACKa3KaMH

Ornenka "y1oBIeTBOPUTENBHO" (10 6 OaIoB)

OTBET Ha BOIPOC MO JIGKIIMOHHOMY MaTepuainy, B
KOTOPOM CTYACHT JIOMYCKAET «TIPyObIe» OIMOKH.
CryneHt peumaer 3amadyd MM JOKAa3bIBAET
TEOPEMBI, HO C 3HAYUTEIILHBIMU TIOJICKa3KaMH

[1Ikana orneHnBaHUS KOHTPOJIBbHBIX 3aJIaHUN

OneHka u 0aJL1

Onucanne

Onenka "orauuno" (14-20 Gamios)

pelieHre Bcex IpUMEepOB U3 IPUBEICHHBIX 3a/IaHUI

Ornenka "xoporo" (8-13 6amion)

peleHrne YeThlpeX MPHMEpPOB W3  TNPHUBEAECHHBIX
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3aaHui
Ouenka "ynoBneTBoputensHO" (10 7 6ansoB) peluieHue 1ByX IPUMEPOB U3 IIPUBEICHHBIX 3alaHUN

TDG6OBaHI/ISI K BBIIIOJHCHUIO KOHTPOJIBHBIX 3aJaHUM

Kpurepnii onenox

Onenka "otinuno" (31-40 6anioB) XapakTepusyeT pelIeHHe BCEX MPUMEPOB U3 MPUBEICHHBIX
3aJIaHUMN.

Onenka "xopomo" (21-30 OamnoB) XapakKTepu3yeT pEUIEHUE 4YEThIpEX IPUMEPOB U3
IIPUBEICHHBIX 3a1aHUM.

Ouenka "yaoBieTBopuTeabHO" (10 20 0amIoB) XapakTepU3yeT pelIeHUE JBYX MPUMEPOB U3
MIPUBEJCHHBIX 33JJaHUM.

5.3. TunoBble KOHTPOJIbHBbIE 3aJaHUS WJIH HHbIe MATEepPHAJIbI, HEOOXOAUMbIE [Jisi OUEHKH 3HAHMIA,
YMeHUi, HABBIKOB H (WJHM) ONBbITA JAeATEJHLHOCTH, XaPAKTepPU3YIOIIUX 3Tanbl (opMUPOBAHUA
KOMIIeTeHI[Uil B Ipolecce 0CBOeHNsI 00Pa30BaTeILHOI MPOrpaMMbl

IIpuMepbl TOMAIITHEr 0 3aJaHUA

1. Jloka3aTh paBeHCTBO: (AU B)\C =(A\C)U(B\C) .
2. Cymecrsyer m pyuxuus T € C([a,b]) : [a,b] <—>[0 11]U[20,21]?

6.0.C.

3. YcTaHOBUTH B.O.C. MCKAY 3aMKHYTBIM CAUHHWYHBIM KPYTOM C 10 BBIKOJIOTBIMH TOYKaMH H OTKPBITBIM
CANHUYHBIM KPYT'OM C 5 BBIKOJIOTHIMH TOYKAMHU.

IIpyuMepHbIE 32a7aHUA K TEKYIIEMY KOHTPOJII0 (KOHTPOJILHAs padoTa)

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

2. HaliT B KaHTOPOBOM MHOXECTBE KaKyl0-THOO TOYKY BTOPOTO POJa, 3aKIIIOUEHHYIO MEXAY NeCATUYHBIMU
napoosimu: 0.001 m 0.025.
3. Jlokasatb, 9T0 00beAMHEHNE KOHEYHOTO YHCIIa TOMAPHO HE MEPECEKAIOLNXCs MHOKECTB MOIHOCTH (N

MMeeT MOLIHOCTB N ;

IIpumepHbIe TeOpeTHYECKHE BONPOCHI K TEKYIIEMY KOHTPOJIIO
CuetHble MHO)KecTBAa. HecueTHble MHOXECTBA.
OKBUBAJIEHTHbIE MHO>X€CTBAa. MOITHOCTh MHOKECTBA. MHOKECTBA MOIIHOCTH KOHTUHYYyMa.
MHOXeCTBO BCEX MOAMHOKECTB JaHHOTO MHOXKECTBA.
MeTtpuueckue npocTpaHCTBa.
HopMupoBaHHbIE NTPOCTpaHCTBA.
EBKIMIOBBI IPOCTPAHCTBA.
banaxoBel mpoctpancTBa. [loaHbIE MeTpUYECKHEe MPOCTPAHCTBA.
. OxpectHOCTb TOUKH. BHyTpeHHss1 Touka. BHyTpeHHOCTS. [IpenenbHas
Touka. M3onupoBaHHas Touka. ['pannynas Touka. [ panuna.
9. OTKpBITOE MHOKECTBO. 3AMKHYTOE MHOXKECTBO. 3aMBbIKAHHE MHOKECTBA.
10. CosepiieHHOE MHOXECTBO. KaHTOPOBO COBEpPIIEHHOE MHOKECTBO.
16
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11. Bcrony mioTHOe MHOXKECTBO. Hurzme He TIOTHOE MHOXKECTBO.

IIpumepHbIe BONPOCHI KOJJIOKBUYMA (MMCbMEHHbIN KOJIJIOKBUYM Ha S - 10 MUHYT)
1) JaTte onpenencHue AU B.

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

3) daTh onpenencHue U A, . 4) Jlatb onpesienieHre CYETHOTO MHOYKECTBA, TIPUMEPDL.
ael

5) Hatb onpeneneHue ﬂ A,.
ael
6) [laTh onpeneneHne COBEPIICHHOTO MHOXKECTBA, IPUMEPHI.
7) Jdats onpeneneane A\B.
8) JlaTp onpeneneHue rpaHUIIbl MHOXKECTBA, IPUMEPHI.
9) latb onpezeneHne 3aMKHYTOIO MHOKECTBA, IIPUMEPBHI.
10) ate onpenenenue iNt E , npumepsr muoxects E ¢ ykaszanuem INtE .
11) lath omnpesesieHre HECUETHOTO MHOYKECTBA, IPUMEPHI.
12) [lath onpeneneHne OTKPHITOTO MHOXKECTBA, IPUMEPHI
13) late onpenenenre M~N (3KkBUBaI€HTHOCTb), IPUMEPBHI.
14) [latb onpenenenue rpaHuYHON TOYKU MHOKECTBa E, mpumepsl.

15) Jlats onpenenesue M =N (uto 310 3HAUNT?), MpHMeEPBL.
16) latek onpenesieHrue W30JIMPOBaHHON TOYKH MHOYECTBA E, mpumMepsl.

17) Jats onpenenerne M > N (uto 370 3HaUNT?), IPUMEPEL.

18) Jlath omnpesenenne npeaeabHOM TOYKA MHOKECTBA E, mpumepsl.

19) KakuM MHOKECTBOM JOKHO OBITh OOBEAWHEHHE KOHEYHOTO YHUCIIa 3aMKHYTBIX MHOXECTB?
JlaiiTe onpeneneHrne 3aMKHYTOTO MHOKECTBA.

20) JlaTe onpeneneHue BHYTPEHHEH TOUKH MHOeCTBa E , mpumepsl.

21) dath onpeneneHue 3aMbIKaHUsI MHOKECTBA, IPUMEPHI.

22) OTKpBITOE MHOKECTBO Ha MPSIMOI (€ro CTpykTypa ?).

23) JlaTb onpeneneHnue METPUUECKOTO TPOCTPAHCTBA, IPUMEPBHI.

24) MHO€eCTBO MOITHOCTH N 1 (4T0 5TO 3HAYMT?), IPUMEPEI

25) MHOKeCTBO MOITHOCTH X, (YTO 3TO 3HAYUT?).

26) Kakum JOIKHO OBITH MHOXKECTBO (OTKPBITHIM MJIM 3AMKHYTBIM),

ABIAOIICCCA O6TJCI(I/IHCHI/I€M 000 COBOKYITHOCTHU OTKPBITBIX MHOXECTB? I[aﬁTe OIIPCACIICHUC
OTKPBITOT'O MHOXXECTBA.

27) Chopmynupyiite Teopemy Kanropa-bepumreiina.

28) Kax onpegensiercs npocrparctso C([a,b]) 2

29) Yto Takoe MojaHOoe MeTpruyecKkoe mpoctpancTso ? Ilpumepsr.

30) Haiite onpezeneHne OKpecTHOCTH ToUkn X, € R 4,

31) Jlaiite onpenenenue okpectaoctd Touku X, € C([a,b]).

32) Kakxoe muoxectBo E C R 2 HaspiBaeTCs Bcrony mwiotHEM (B R 2 )?

33) Muoxectso E C R ! HasbIBaeTCs HHIJIE HE IIOTHBIM, €CIH ... (mponosxute ppazy).

34) Kakoiif BUJT CXOJUMOCTH MOPOXKIAET METPUKA B MPOCTPAHCTBE C([a, b]) ? [aiite onpeaeneHue

3TOM cXO0aUMOCTH (B TepMuHax & u N).

35) FrE (naiire onpenenenue), nmpumepsl MHOkecTB E ¢ ykazanuem FIrE .

36) Urto Takoe cXOAAIIascs MOCIeI0BATEIFHOCTh B METPUUECKOM MPOCTPAHCTBE?

37) CuyetHOe OOBEAMHEHUE OTKPBITHIX MHOXECTB - KaKUM JOJDKHO OBITH 3TO MHOXecTBO? Jlaiite
orpesieNieHue OTKPHITOTO MHOXKECTBA.
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IIpumepHbIe BONPOCHI K 3a4eTy ¢ OLIEHKOM.

1. Tlonsatue mMHOXecTBa. Onepanuu HaJl MHOKECTBAMH.

2. DxBuBajeHTHbIe MHOXKecTBa. Omnpeznenenue. [Ipumepbl SKBUBAJICHTHBIX MHOXECTB. Teopema O TOM, YTO
BCSIKOE OECKOHEYHOE MHOKECTBO IKBUBAJIIEHTHO CBOEMY UCTHHHOMY IOIMHOKECTBY.

3. Cuetnbie MHOkecTBa. Onpenenenue. [Ipumepsl. CueTHOCTh MHOKECTBA pallMOHANIBHBIX unces. CBOCTBA
CUETHBIX MHOKECTB.

4.  Cuernble MHOxecTBa. Ompenenenue. Jloka3aTelbCTBO CUETHOCTH MHOXKECTBA BCEX MHOTOWIEHOB C
LEJBIMUA KO3 PHUIIMEHTaAMU 1 MHOKECTBA aNreOpanyecKiuX YHCel.

5. Hecuernble MHO)ecTBa. Onpenenenue. TeopeMa 0 HECYETHOCTH MHOKeCTBa Touek cermenta [0,1].
Cy1ecTBoOBaHUE UPPALIMOHAIBHBIX U TPAHCLIEHAEHTHBIX YUCEIL.

6. IlonsTue mourHOCTH MHOXKeCTBA. CpaBHEHHE MOIIHOCTEH. AKcHoMa BbIOOpa.

7.  lloHATHe MOIIHOCTM MHOXXECTBa. TeopeMa O MOIIHOCTH MHOXECTBa BCEX IIOJIMHOKECTB JJAHHOTO
MHO>KECTBA.

8. IlonsTHe MolIHOCTH MHOXECTBA. Teopema 0 MOLIHOCTH MHOKECTBA BCEX MOJAMHOXECTB HATYpaJbHOTO
psana. Teopema Kanropa - bepuimretina (6/1) u ee cienacreue ( ¢ J0Ka3aTeIbCTBOM ).

9.  Omnpenenenve METPUYECKUX, E€BKIUJIOBBIX M HOPMHUPOBAHHBIX IpPOCTpaHCTB. I[IpumMepnl yka3aHHBIX
npocTpaHncTB. [lonHbIe U HEMOTHBIE METPUYECKUE MPOCTPAaHCTBA. [IpruMepbl ykazaHHBIX MPOCTPAHCTB.

10. BHyTpeHHHE TOUKH U OTKpbIThIE MHOKecTBa. Onpenenenus. [Ipumepsl. CBoCTBa OTKPBITHIX MHOYKECTB.
11. IIpenenbuble Touku. V3omupoBaHHble TOYKU. ['paHWYHBIE TOUYKU. 3aMbIKAHHE MHOXKECTBA. 3aMKHYTHIE
MHoOkecTBa. CoBepieHHble MHOKecTBa. Onpenenenus. [Ipumepsl.

12. 3ambikaHue, 3aMKHYTble MHOKecTBa. CBOMCTBA 3aMKHYTBIX MHOYKECTB.

13. CtpoeHue OTKPBITHIX U 3aMKHYTBIX MHOKECTB Ha npsiMoii (0/11). KaHTOpOBO coBepIlIEHHOE MHOXKECTBO.

5.4. MeToauueckue MaTepuaJibl, onpeaesolue Npoueaypbl OeHUBAHU 3HAHUM,
YMEHHUIi1, HABBIKOB U (WJIN) ONBITA 1eSITEJbHOCTH, XaPAKTePU3YOIIHNX 3TAIbI
(¢hopmMupoBaHus KOMIIETEHIU.

B 8 cemectpe urorosas orieHKa 3HaHUI, YMEHHI, CIOCOOOB IEATEIBHOCTH CTYIEHTOB 10 U3y4aeMOi

mucuuiuinie cocrasisier 100 6amnos

MakcumanbHOE KOJIMYECTBO OAJIJIOB, KOTOPOE MOKHO HAaOpaTh 3a TEKYIIHN KOHTpoiab — 70 Gasios.

3a BBINIOJHEHHUE IOMAIIIHETO 33aJaHus 00yJaroHiicss MOXKeT Ha0paTh MaKCUMaIbHO 15 Gaos.

3a OTBET Ha YCTHOM OIIPOCE 00YUaIOIIUIACS MOXKET HaOpaTh MaKCUMalbHO 15 Gamios.

3a OTBET Ha KOJUIOKBUYME O0YYarOIIHiCs MOKET HaOpaTh MaKCUMAIbHO - 20 6aios.

3a BBINIOJIHEHUE KOHTPOJIBHBIX padoT oOydaronuiicss MoxkeT Ha0paTh MakcUMalbHO - 20 6aioB.

MakcumanbHasi CyMMa 0ajioB, KOTOPbIE 00YUYaOIIUIACS MOKET HaOpaTh IPH cave 3a4eTa C OLICHKOM,
cocrapisieT 30 6anios.

Jnst coauum 3adera ¢ OIEHKONH HEOOXOAMMO BBIMOJHUTEH BCE 33/IaHUS TEKYIIEro KOHTPOJIA. 3HAYMMBIM
MOMEHTOM SIBJISICTCS TTOKa3aTelb H3yYeHHS MaTepHualia JICKIIMA W BBIMIOJTHCHHUE 33JJaHUil B YKa3aHHBIC CPOKH.
Ha 3aueT c olieHKOW BBIHOCHTCS MaTepHall, U3JlaraéMblil B JICKIIUSAX M pacCMaTPUBAEMbIH HA MPAKTHUYECKHUX
3aHSTHSIX.

[IIxana oneHNBaHNA 32a49€Ta ¢ OLEHKOM

KonunuecTtBo Kpurepun onieHnBanus
6amioB
26-30 Ecnu cTyneHT cBOOOJHO OPHEHTHPYETCS B TEOPETUYECKOM MaTepuale,
3HaeT (POPMYIMPOBKU OCHOBHBIX OIPEICICHUI, TEOPEM U CBOWCTB, yMEET
NPUMEHSTh TEOPETHYECKHUE CBEACHUS [UIsl PEILICHHS] TUIIOBBIX 33/1a4
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15-25 Ecnmu  cTymeHT — HeZOCTaTOYHO  CBOOOJHO  OPUEHTUPYETCS B
TEOPETUYECKOM Marepuaje, omudaercs npu (HOpMyIHPOBAHUN OCHOBHBIX
OTIpEJICIICHUH, TEOPEM M CBOWCTB, YMEET NMPUMEHSATh TCOPETUUCCKUE
CBEEHUS U PELICHHUS THUIOBBIX 33/1a4 (B 3aBUCHMOCTH OT KOJIMYECTBA H
CTETIEH! MMEIOIIMXCSI ONTMOOK U HEJTOUETOB).

8-14 Ecam cTyneHT mioxo OpUEHTHUPYeTCS B TEOPETUYECKOM Marepuale, He
3HAaeT HEKOTOpble (OPMYIUPOBKH OCHOBHBIX OINpEACICHUN, TEOpeM H
CBOWCTB, Yy CTyJCHTa BO3HHMKAIOT TPOOJEMBI TPU  NPUMECHECHHUH
TEOPETUYECKUX CBEJCHMN Ul PEIICHHs TUIOBBIX 3a7ay (B 3aBHCUMOCTH OT
KOJINYECTBA U CTETIEHN MMEIOUIMXCS ONIMOOK U HEZOYETOB).

0-7 Ecnu cTy#eHT He OpUEHTHPYETCSl B TEOPETUYECKOM MaTepHualie, He 3HaeT
O0JIBIIMHCTBO (POPMYIHPOBOK OCHOBHBIX OIPECIICHHI, TEOPEM U CBONCTB U
HE YMEET NMPUMEHSTh TEOPETHUECKUE CBEICHHS ISl PELICHUS TUIIOBBIX 3a/1a4
(B 3aBUCHMOCTH OT KOJIMYECTBA M CTCIICHU UMEIOLINXCSl OITHOOK U
HEJI0YETOB).

IIIkana oneHUBaHNA OTBETOB CTYAECHTOB Ha 32a4€TE C OLIEHKOM

Htorosas OLICHKA 110 JUCHUIIIIMHEC Cl)OpMI/IpyeTCH N3 CYMMBI 0aJII0B MO pe3yiibTaTaM TCKYIICI'O KOHTPOJIS U
HpOMe)I(YTO‘IHOﬁ arTeCTalil U BBICTABIIACTCA B COOTBETCTBUU C HpHBGIIGHHOfI HUXKE Ta6HHHefI.

Ornenka o 100-0auisHOMN cucTeMe OrneHka 1o TpagullMOHHON CHUCTEME
81 -100 Oriyno
61 - 80 Xoporo
41 - 60 Y 10BIIETBOPUTEITHHO
0-40 HeynosnerBopurensHO

6. YYEBHO-METOJNYECKOE U PECYPCHOE OBECIIEYEHHUE
JANCHUITIJINHBI

6.1.0cHoBHas uTEpaTypa

1. bepmant, A. ®@. KpaTkuii Kypc MaTeMaTH4YECKOTro aHaiau3a : yuyeOHoe mocodue / A. D.
bepmant, U. I'. ApamanoBua. — 16-e uzn. — Cankr-IletepOypr : Jlans, 2022. — 736 c. —
Tekcr : anextponnsii . — URL: https://e.lanbook.com/book/210707

2. Jamunarep, B. A. Teopus QyHKuMiA HEHCTBUTEIBHOTO TMEPEMEHHOTO : YUYEOHUK W

npaktukyM 1 By30B / B. A. Jlamuurep, C. JI. CumonxeHKOB. — 2-¢ u31. — Mocksa :
FOpaiit, 2023. — 242 ¢. — Tekcr : anektponnsiii. — URL.: https://urait.ru/bcode/513288

3. IMMumaues, B. C. Beicimas marematuka : yueOHOe MmocoOue jis BY30B. — 8-¢ u3ll. —
MockBa : IOpaiit, 2023. — 447 c¢. — Tekcr : osaekrtponHsii. — URL:

https://urait.ru/bcode/510530

6.2 lonoJiHUTEIbHAS JINTEPATYPA

1. Apecrtos, B. B. Beenenue B Teoputo GyHKIMA ACHCTBUTEIHLHOTO MEPEMEHHOTO: Mepa U
unrerpan Jlebera Ha mpsmoii : ydeOHoe mocooue / B. B. Apectos, II. 0. I'ma3eipuna. —
ExarepunOypr : W3nmarensctBo Ypambckoro ynuBepcurera, 2018. — 209 c.— Tekcer :
anekrpornbii. — URL: https://www.iprbookshop.ru/106351.html

2. brwixosa, O. H. Teopust pyHKIMN AEHCTBUTEIBHOTO MEPEMEHHOTO : yueObHoe nocodue / O.
H. Bbeikona, C. 1O. Kossirun, b. H. Kykymkun. - Mocksa : KYPC, 2019. - 196 c. - Tekcr :
anekrponHHbii. - URL: https://znanium.com/catalog/product/1027407
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https://znanium.com/catalog/product/1027407

3. Wnbun, B. A. Marematudeckuii ananu3 B 2 4. : yuyeOHUK 11 By30B / B. A. WnbuH, B. A.
Canoanunii, b. X. CennoB. — 4-¢ uzn. — Mocksa : FOpaiit, 2023. — TeKcCT : 2JIeKTPOHHBIH
.— URL:

https://urait.ru/bcode/513351

https://urait.ru/bcode/513352

4. Cwmonun, 0. H. BBenenne B Teopuro QpyHKUUN AEHCTBUTEIBHON MEPEMEHHONW @ yueo.
nocobue. - Mocka : @JIMHTA, 2017. - 516 c. - Tekcr : anekrponHsii. - URL:
https://www.studentlibrary.ru/book/ISBN9785976514836.htm

6.3.Pecypcbl mnHGOpMAIMOHHO-TEJIEKOMMYHHKAIIMOHHOM ceTu «AHTepHeT»
http://eqgworld.ipmnet.ru/indexr.htm, http://www.ph4s.ru/books mat.html,
http://www.dmvn.mexmat.net/.

7. METOAUYECKHUE YKA3AHUS 10 OCBOEHUIO JTNCHUIIJIMHBI

1. Meroanueckue peKOMEHIALMH 110 OATOTOBKE K IPAKTHUECKUM 3aHSATHSIM.
2. Metoanueckre peKOMEHIAINH 110 OPTaHU3AIUN CAMOCTOSTENFHOM Pa0OTHI 10 TUCITUTLINHAM.

8. THOOPMALIMOHHBIE TEXHOJIOI'MU U1 OCYECTBJIEHUSA
OBPA30OBATEJBHOI'O TPOLECCA IO JNCIUITJIMHE

JInleH3n0HHOE POrpaMMHOe o0ecIieyeHue:
Microsoft Windows

Microsoft Office

Kaspersky Endpoint Security

HNudopmanmonHbie cipaBoYHble CHCTEMBbI:
Cucrema 'APAHT
Cucrema «Koncynsrantl Limroc»

[MpodeccuonanbHbie 0a3bl TAHHBIX
fgosvo.ru — IMopran PerepalibHBIX FOCYAAPCTBEHHBIX 00Pa30BaTEIbHBIX CTAHIAPTOB BBICIIIET0 00pa30BaHUS
pravo.gov.ru - OdunuansHeli HHTEPHET-MOPTAN IPABOBON MHPOPMAIIUN
www.edu.ru — @eaepanbHblii opTan Poccuiickoe obpa3oBanue

CB000IHO pacnpoCTpaHsieMOe MPOrpaMMHOE 00ecTIeYeHHE, B TOM YHCIIe OTEYECTBEHHOTO MTPOM3BO/ICTBA
OMC IlIneep (g Bocipon3BeieHUsT DIEKTPOHHBIX YUeOHBIX Momyieit)

7-zip

Google Chrome

9. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCIHUIIJINHbI

MarepuanbHO-TEXHHUECKOE 0OecrieueHre AUCUUIIMHBI BKIIOYaeT B ceOsl:

- y4eOHBIE ayTUTOPHH JUIA TIPOBEIACHHS YUEOHBIX 3aHATHUH, OCHAIIEHHBIE OOOpPY/TOBAaHMEM W TEXHUYECKUMHU
cpeactBaMu oOyueHus:  ydeOHOW MeOenblo, JOCKOW, JIEMOHCTPAIlHOHHBIM 000pYyJOBaHHEM, TEPCOHAIBHBIMU
KOMIIBIOTEPAMH, IIPOEKTOPOM;

- TIOMEINEHWS ISl CaMOCTOSITENIbHON pPa0OThl, OCHAIICHHBIE KOMITBIOTEPHOW TEXHUKOW C BO3MOXKHOCTBHIO
MOJIKITIOUeHHEeM K ceth «HTepHeT» M o0ecledeHrueM JIOCTyNa K DIEKTPOHHOW HH(POPMAIMOHHO-00pa3oBaTeIbHOMN
cpene.
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