AOKYMEHT MOAMNUCAH

é QNEKTPOHHOM NOANMCHIO
-

S
L

b 076210C81F
Bnaneneu; FaspyTenKo TatbaHa ButanbesHa
ReitcTanTenen: ¢ 16.05.2024 A0 09.08.2025

MMHUCTEPCTBO ITPOCBEILEHN S POCCUNCKON ®EJIEPALIN
(denepanbHOE TOCYIaPCTBEHHOE OF0IKETHOE 00pa30oBaTeIbHOE YUPEXKICHNE BBICIIIETO 00pa30BaHMS
«AnTaliCKui TOCYITapCTBEHHBIN M€1arOrM4eCKuil YHUBEPCUTET
buiickuit punuan um. B.M. Hlykmuna

Kadenpa marematuku, pusuku, nHPOpMaTUKH

PABOYASI TIPOT'PAMMA YYEBHOM JUCHUIIINHBI

B1.B.10 TEOPHUSI ®YHKIUI JEMCTBUTEJIBHOI'O IEPEMEHHOI'O

Hampasnenue noarorosku 44.03.05 Ilenaroruyeckoe oopazoBaHue
(c aByMs1 npo¢uiIssMHu NNOATOTOBKH)

[Tpodune moaAroTOBKH Martematuka u Uudopmaruka
KBanudukanus BbITyCKHHKA O0akaJjaBp
®dopma o0yueHus OYHasi

CocraBuTensb:

KaHA. (U3.-MaT. HAYK, JOIICHT

Iwmwar I'.C.

Buiick 2025



PEKOMEH/OBAHO K UCITOJIb30BAHUIO B YYEBHOM INPOLECCE
Ha 3aceJaHnu Kadeapsl MaTeMaTHKH, (PU3HKH, THPOPMATUKA
(mpotoxost Ne 8 ot 10 mapta 2025 1.)

3aBenyromuit kadeapoit
MaTeMaTHKH, pU3uku, UHPOPMATUKU {E C ;; ~ I'.C. IlInnunr



1 IEJIA Y 3AJAYM JIMCOUATIIMHBI
1.1 LEJb NPENOJABAHMS TUCIUILINHBI

Teopust GyHKIIUN AEHCTBUTEIHLHOTO MEPEMEHHOTO - OfHA U3 00A3aTEeNbHBIX TUCIHUILIUH
MaTeMaTHYECKUX (DaKyIbTETOB IMEJArOrMYECKUX BY30B, TaK KaK TEOPUsS MHOXKECTB U TEOPUS
GbyHKIMI SBISETCS OCHOBOM IJIsi MaTeMaTH4yecKoro oOpa3zoBaHus. s W3ydeHUsS [aHHOM
JUCITUILIMHBI TpeOyeTCsl BIIaJICHHEe OCHOBAMH MAaTEMAaTHYECKOTO aHAIN3a U JTMHEHHOHN alreOphi.

Llenv oucyunaunw - opMUpPOBaHUE CHCTEMAaTHYECKUX 3HAHUM O METOAaX TeOpuu GyHKIIH,
e MecTe W pOJIM B CHUCTEME MAaTeMaTHYECKUX HAyK; pacUIMpeHHe U YriayOJeHHWe MOHSATHIA:
byHKIMSA, Mepa, UHTErpall.

1.2 3AJAYU U3YUYEHUS JUCHUIITINHBI

CTyneHT oJKEeH 3HaTh: OCHOBHBIE MOHATHS Kypca (MOILIHOCTb, M€pa MHOKECTBA, CUCTHbHIE
MHOECTBa, METPHUUECKUE TIPOCTPAHCTBA U JP.)

2. MECTO JUCIMIIJIMHBI B CTPYKTYPE OIIOII

Hucuummna «Teopus QyHKUMHA JIEHCTBUTENBHOIO IEPEMEHHOIO» OTHOCHUTCS K
BapHaTHUBHOU YacTH rpodeccronansHoro ukia (b1.B.11).

Hns ocBoenust muctmioinHbl  «Teopust (QYyHKIHMA JEHCTBUTEIBHOTO IMEPEMEHHOTO)
UCIIOJIb3YIOTCS 3HAHUS, YMEHHUS, HABBIKH, CIIOCOOBI JEITEIbHOCTH U YCTAaHOBKH, MIOJyYEHHbIE U
c(OpMUPOBAHHBIE B XOJE H3YYEHUs CIEAYIOIIMX IUCUUIUIMH: «MaTeMaTH4eCKUil aHaln3»,
«Anrebpa», «l'eomerpus». OcBoeHME JaHHOW JUCLMIUIMHBI SIBISETCS OCHOBOM  is
MOCJEAYIOMEro M3y4eHHs y4eOHbIX JaucuuiuimH — «Teopust (QYHKIMH  KOMIIIEKCHOTO
HepeMeHHOro», «MaremaThueckasi JIOTMKa» M Jp., a TaKXkKe KypCOB IO BBIOOPY CTYJIEHTOB,
COJIep’)KaHUE KOTOPBIX CBSA3aHO C TOTOBHOCTBIO CTYAEHTA YIIIyOMTb CBOM 3HaHMsS B oOnacTu
TeopHH QYHKIMHA AeHCTBUTENEHOTO IEPEMEHHOTO.

3. TPEBOBAHUSI K PE3YJIBTATAM OCBOEHUS JUCHUITIJIMHBI

[Tponiecc m3yuenust nuctmiuinHbl «Teopus GyHKIMHA JEHCTBUTENBHOTO MEPEMEHHOI0»
HarpasJeH Ha (JOPMHUPOBAHUE CIECTYIOIINX KOMNEMEeHYUIL:

- CrnocoOeH MNpoeKTUpOoBaTh M PEaTU30BHIBATH IMPOIPaMMy OCHOBHOIO M CpEIHEro
o01ero oOpazoBaHus B mpeaMeTHO# odmactu Maremaruka (ITK-1).

HaumeHoBaHue U KO/ HHAUKATOPOB NOCTUKCHUSA KOMIIeTEeHIIIi:
B PE3YIbTATC U3YUCHUS JUCHUIIIINHBI 06yqa}om1/n7lc;{ JOJIDKCH:

3HaAmMb:

[1K-1.1 - OCHOBBI MPOEKTUPOBAHHS W peANM3alldi IMPOTPAaMMBl OCHOBHOTO M CpPEIHETO
o0riero o6pa3oBaHus B MpeaMeTHOM ob1actu Maremaruka (3);

ymembw:

[1K-1.2 - mpoexkTupoBaThb W NMPOBOAMTH y4eOHBbIE 3aHATHA MO MaTeMaTHKE, B TOM YHCIIE
UCTIOJIB30BaTh METONBI M CPEJACTBA TENAarorn4eckoro MOHUTOPHHTA, MO3BOJISIONIAE OIEHHUTH
CTeneHb C(HOPMUPOBAHHOCTH Yy OOYYAIOIIMXCS KauyecTB, HEOOXOMUMBIX IS JalibHeiIero
oOyuenus u pa3Butus (Y);

enademp:

[1K-1.3 - meromaMu, mpueMaM# U CIIOCOOaMHU MPOSKTUPOBAHHS M PEaH3aIMU TPOTPAMMBI

OCHOBHOTO H CpEIHEro 0011ero o0pa3oBaHus B MpeAMETHOM obactu Marematuka (B).



4. OFBEM JUCHUILIVHBI U BUJIbI YYEBHOM PABOTHI

O61ua;1 TPYAOCMKOCTE JUCHUIIIMHBI COCTABJIACT 2 3a4eTHBIE [S1070:040005) 8

Bun yuebnoit paboTbl Bcero Cemectp
4acoB 7

AyauTopHbIe 3aHATHS (BCEro) 26 26

B Tom uncine:

Jlexmmm (JI) 12 12

[Ipaktuueckue 3ausrus (I113) 14 14

Cemunapsl (C)

Jlaboparopusie pabots (JIP)

CamocrositesabHast padora crygentros (CPC) 46 46

(Bcero)

B Tom uncine:

[ToaroroBka K JEKIMOHHBIM U MPAKTUYECKUM 6 6

3QHITHIM

KonnokBuym 10 10

Teopernueckuii onpoc 10 10

WuauBuayanbHOE TOMAIIHEE 3a/JaHue 10 10

IToaroToBKa K TECTHPOBAHUIO 10 10

Bun npomexyTouHO# arTecTanuu (3a4eT, 3K3aMeH ) 3auer 3auer

OO0m1ast TpyA0€MKOCTh yac 72 72
3QUETHBIC €IMHUIIBI 2 2




5. COAEPKAHUE JTUCHUITJIMHBI

5.1. Conep:xanue pa3aesioB (MoayJiei) TMCHUNIMHBI

MoayabNel

MomHocTh MHOKeCTBA. DKBUBAJICHTHbIE MHOXKECTBA, MOIIIHOCTh MHOYKECTBA, MPABUIIO
cpaBHeHHsI MomIHOCTeH. Teopema KanTtopa-bepuimreiina (6e3 nok-Ba). C4eTHbIE MHOXECTBA U
UX OCHOBHBIE CBOIicTBa. TeopeMbl, TOCTaBIAONINE CUETHbIE MHOXeCcTBa CYETHOCTh MHOYKECTBA
BCEX PALMOHAIBHBIX YUCEI U MHOXKECTBA BCEX aNreOpandecKux 4YHcell.

HecueTtHoCTh MHOXECTBa BCEX JIEHCTBUTENBHBIX uyucell. KOHTHHYyM MHOXECTBa U HX
OCHOBHBIE CBOWCTBA. Te€OpeMbl, JOCTABIISIIONINE KOHTUHYYM-MHOKECTBA.

Mo1HOCTh MHOKECTBA BCEX MOAMHOMXKECTB CUETHOIO MHOXKECTBA

MOomHOCTh MHOXKECTBA BCEX MOJAMHOKECTB HEIYCTOr0 MHOXeCTB. Clie/ICTBHE.

Moayab Ne2

Metpuyeckue npocrpancrBa. OnpesienaeHie U NpuMepbl METPUUECKUX IPOCTPAHCTB.
CX0onnMMOCTb IOCJIEN0OBATENBHOCTH TOYEK B METPUYECKOM IIPOCTpaHcTBE. OCHOBHBIE NOHATHSA,
OTHOCSIIHAECS K MHOKECTBAM TOYEK B METPUUYECKOM IIPOCTPAHCTBE.

OTKpBITBIE U 3aMKHYTBIE MHO>KECTBA, UX OCHOBHBIE CBOMCTBA U CBSI3b MEXIYy HUMHU.
ITonuble MeTpHUYECKHE MPOCTPaHCTBA. KOMITAKTHBIE MHOXKECTBA.

OTtoOpakeHusT B METPUYECKMX  IPOCTPAHCTBAX, MX Mpelesl, UX HENPepbIBHOCTb.
OCHOBHBIE CBOMCTBA HENPEPHIBHBIX OTOOPAKEHUI KOMITAKTOB.

Teopema banaxa o cxumaromemM 0ToOpa)keHUH U ee IPUMEHEHHUE.

Moay.abNe3

JIuHeliHble HOPMHpOBaHHBbIe NpocTpaHcTBa. OmnpeneneHHe U MPUMEPHI JIMHEHHBIX
npoctpancTB. OmnpeneneHrne HOPMHUPOBAHHOTO TIPOCTPAHCTBA, TNPUMEPH HOPMHUPOBAHHBIX
npoctpaHcTB. HopmupoBanHoe MPOCTPAHCTBO KaK YAaCTHBIM ciyyail MeTpHuYecKoro
npocTpaHcTBa .baHaxo0BO MPOCTPAHCTBO.

CkanspHoe Npou3BeleHHE B JUHEHHOM mpocTpaHcTBe. OmnpeneneHre HOPMBI uepe3
CKaJIIPHOE TIpon3BeieHuE. | MIbOEpTOBO NMPOCTPAHCTBO.

OproroHanbHass Y OPTOHOPMHUPOBAaHHAs CHCTEMBI JJIEMEHTOB B THJIBOEPTOBOM
IPOCTPAHCTBE 10 OPTOHOPMHUPOBAHHOMY 0a3uCYy.

Heo6xoanMoe u 10cTaToyHOE yCIOBUE TOTO, YTO CUETHAsi OPTOHOPMUPOBAHHAsI CHUCTEMA
3JIEMEHTOB 00pa3yeT 0a3uc runbOepTOBa MPOCTPAHCTRA.

Moayab Ne4

MHoxecTBa Ha YMcJI0BOH NMpsAMOil. CTpOEHHE OTKPBITBHIX M 3aMKHYTBIX MHO>KECTB Ha
qucaoBod mpsiMoil. COBEpIIEHHBIE MHOXECTBA, MX CTpPyKTypa. KaHTOpoBO coBeplieHHOE
MHOKECTBO H €r0 CBOMCTBA.

Moayab NeS.

Mepa muoxectBa. Unrerpan Jlebera. Mepa orpanndeHHOro MHOXKecTBa 1o JleGery.
CBoiicTBa MHOXECTB, U3MepUMbIX 10 Jlebery. MuoxecTBo Kantopa, ero oOCHOBHbIE CBOMNCTBA.
Usmepumble  ¢yHkiumu U ux cBoicTBa. Ormpenenenue uHTerpana Jlebera. Teopema o
npelenbHOM Iepexoje MmoJ 3HakoM uHTerpana JleOera. CpaBHeHue uHTerpajioB Pumana u
JleGera.



5.2 Pa3nenbl AUCHMILUIMHBI M MEKTUCHUILIMHAPHBIE CBA3M ¢ 00ecneYuBaeMbIMH
(mocseayOIIMMHU) JTUCHUNIMHAMUA

No HauMenoBanue Ne pasgesioB JaHHOW AUCHMIUIMHBI, HEOOXOAMMBIX JIJIs
n/n | odecrne4yuBaeMbIX H3yuyeHusi obecneuynBaeMbIX (OCTEAYIOMNX) TUCHUILINH
(mocJiexyronux) 1 2 3 4 5
AUCHMILINH
1 | Teopusi pynkumii + + + + +
KOMILIEKCHOTO
nepeMeHHOro
2 | JuddepennnaibHubie + + + + +
YPaBHeHHUS
3 | Hcropust MaTeMaTHKH + + + + +
4 | ®dusuka + + + + +
5 | MeToauka o0yyeHus +
MaTeMaTHKe
5.3. Pa3nesnl AUCOUIIJIMH ¥ BUABI 3aHATHH
Ne HanmenoBanmue pasaeia Jlek IIpakr. B Tom CPC Bcero
n/n AUCHUILTUHBI 107071 3aH. yucie B
HHTEP-
aKTHBHOM
dopme
5 Kype
1 | Mowmnocms muosicecmsa. 2 2 - 6 10
2 | Mempuueckue 2 2 - 10 14
npoCmMpancmaaq.
3 | Jluneiinvie HopmuposarHbvie 2 2 24 10 14
npoCmpancmaaq.
4 | Mnoowcecmsa na uuciosou 2 4 24 10 16
npAMou
5 | Mepa mHooxcecmsa. 4 4 24 10 18
Unmeepan Jlebeea.
3auér - - - - -
Bcero na 5 kypce: 12 14 6 46 72
B Tom umnciie, HCNIOJIL30BaHUE HHTEPAKTUBHBIX GopM, JEKIl | TPaKT
TeXHOJIOTHii 2 4




Jlexkuuu (12 yacos)

Ne Pexomennyemas
ConeprkaHue JTeKITUU
JIEKITH JuTepaTrypa
1 OKBHUBaJCHTHLIC MHOXKECTBA, MOIIIHOCThL MHO>KECTBA, [1]rmaBa I, §1, 2, 3
MpaBwJIo cpaBHEHUs MolHocTeil. Teopema KanTtopa- [2] rmaBa [, §1, 2
bepumreiina (6e3 1ok-Ba). [3] rmaBal, §1, 2, 3,
CueTHBIE MHOKECTBA U UX OCHOBHEBIE CBOICTBA. 4,.56,7
Teopempl, TOCTABJISIOIINE CUYETHBIE MHOKECTBA [1] rmaBa I, §3
C4eTHOCTh MHOKECTBA BCEX PAlMOHAIBHBIX YHCEI U [2] rmaBa I, §3
MHOECTBA BCEX AIreOpanvyecKux 4ucel. [3] rmaBal, §8, 9,
rnasa Il, §1
[1]rmaBa |, §1, 2, 3
[2] rmaBa |, §1, 2
[3]rnmaBa |, §1, 2, 3,
4,5,6,7
[1] rnaBa I, §3
[2] rmaBa I, §3
[3] rmaBa I, §8, 9,
raasa II, §1
2 HecueTtHOCTh MHOXKECTBA BCEX JEUCTBUTEIBHBIX YUCE. [1] rmaBa I, §3
KoHTHHYYM MHOX€ECTBa U UX OCHOBHBIE CBOMCTBA. [3] rmaBa I, §2, 3, 4
Teopembl, 1OCTABIAIOIINE KOHTUHYYM-MHOKECTBA. [1] rmaBa I, §3
Mo1HOCTh MHOXKECTBA BCEX MMOIMHOKECTB CUETHOT'O [1] rmaBa I, §3
MHO’KECTBA [3] rmaBa I, §2, 3, 4
MOoNHOCTh MHOKECTBA BCEX MOJAMHOKECTB HEIYCTOTO [1] rmaBa I, §3
MHOXkecTB. CnencTaue. [1] rmaBa II, §1
Ornpenenenne u MpUMepbl METPUIECKUX TIPOCTPAHCTB. [2] rmaBa I, §1, 2
CxoauMocCTh MOCAEA0BATEILHOCTH TOUYEK B [3] rmaBa VII, §1, 2
METPUYECKOM IpocTpaHcTBE. OCHOBHBIE MOHSTHS, [1] rmaBa II, §2, 3, 6,
OTHOCAILIMECS K MHOKECTBaM TOUYEK B METPUUECKOM 7
MPOCTPAHCTBE. [2] rmaBa I, §2, 3, 5,
OTKpBIThIE U 3aMKHYTbhIE MHOYKECTBA, UX OCHOBHBIE rnasa III, §1
CBOWCTBA U CBSI3b MEXAYy HUMH. [loJIHBIE METpUUECKHE [3] rmaBa VII, §2, 3
npoctpancTBa. KoMnakTHbIE MHOKECTBA.
3 OTtoOpakeHusi B METPUUYECKUX MPOCTPAHCTBAX, UX [1] rmasa II, §3

npezell, uX HenpepbIBHOCTb. OCHOBHBIE CBOWCTBA
HETIPEPBIBHBIX OTOOPAKEHUIM KOMITAKTOB.

Teopema banaxa o cxxumaromemM 0ToOpakeHUHU U ee
MPUMEHEHHUE.

[1] rmaBa I, § 4

[2] rmaBa L, § 4

[3] rnaBa VII, §5, 6,
7,8

[1] rmaBa II, §3

[1]rnmaBaIl, § 4

[2] rmaBa I, § 4

[3] rmaBa VII, §5, 6,
7,8




Ne Pexomennyemas
ConeprkaHue JEKINN
JIEKIUU JuTepaTypa
[1] rmaBa II1, §1, 3
[2] rnaBa VIIIL, §1
[3] rnaBa X, §1 -6
[1] rmasa III, § 4

4 CkanspHoe MpOU3BEICHNE B TUHEHHOM MPOCTPAHCTBE. [1] rmasa III, §1, 3
OrnpezienieHre HOPMbI YEPe3 CKATISIPHOE MPOU3BEACHUE. [2] rnaBa VIIIL, §1
['uip6epTOBO MPOCTPAHCTRO. [3] rnaBa X, §1 -6
OpTtoronaibHasi 1 OpPTOHOPMUPOBAHHAs! CUCTEMBI [1] rnaBa III, § 4
3JIEMEHTOB B THJILOEPTOBOM MPOCTPAHCTRBE 110 [1] rmasa III, § 4
OPTOHOPMHPOBAHHOMY 0a3HUCYy. [2] rmaBa VIII, § 2-5
Heo6xomuMoe 1 1ocTaTouHOE YCIOBHE TOTO, YTO CUETHAS [1] rmasa III, § 4
OPTOHOPMHPOBAHHAS CHCTEMA DJIEMEHTOB 00paszyeT [1] rnaBa II, §2
0a3urc ruIbOepTOBa MPOCTPAHCTRA. [2] rnaga II1.

CrtpoeHue OTKPBITHIX U 3aMKHYTBIX MHOKECTB Ha
YUCJIOBOM MPSMOM.

5 Mepa orpannueHHOro MHOXkecTBa 1o Jlebery. CoiicTBa [1]rmaBa V,§ 1, 2,3
MHO>K€ECTB, U3MEpPUMBIX 110 Jlebery. [2] rmaBa IV,
MmuosxectBo KanTopa, ero o0CHOBHbIE CBOMCTBA. [1] rmaBa I, § 2

[2] rmaBa IV.
[1]rmaBa V, § 4
[2] rnaBa VIL.

6 N3mepumbie pyHKIIMU U UX CBOICTBA. l]rnaBaIl, § 2

Onpenenenne unterpaia Jlebera. Teopema o
MpeieIbHOM Mepexo/ie Mo 3HakoM uHTerpaina Jlebera.
CpaBuenue unterpanoB Pumana u JleOera.

[2] rmaBa IV.
[1]rnmaBa 'V, § 4
[2] rnaBa VII.
[1]rmaBa 'V, § 5
[2] rmaBa V.
[1]rnaBa V, § 5
[2] rmaBa V




Ilpakmuueckue 3anamusn (14 uacos)

Ne TeMbl MPaKTUYECKUX 3aHATUH Pexomennyemas
MPAKT. JuTeparypa
3aHATUS
1 DKBHBaJEHTHBIE MHOKECTBA. Y CTAHOBJIEHUE [4] Nela, 6, 206, 4a, 5,
B3aMMHO-0JTHO3HAYHOTO COOTBETCTBHS MEXKITY 27, 29, 33-43(n/4), 56
9JIEeMEHTaMU JIByX MHOXECTB.
2 CueTHBIE MHOKECTBA U MHOKECTBA MOIITHOCTH [4] Ne 62, 64, 66, 73,
KOHTHHYYyMa. 77,84, 101
3 OrpezesieHre METPUUYECKOTO IMTPOCTPAHCTBA. [4] Ne 112, 115,117,
119, 121, 123
4 OcCHOBHBIE TTOHATHS, OTHOCSIIITUECS K MHOXKECTBAM [2] rnaBa I, §2,
TOYEK B METPUUECKUX MPOCTPAHCTBAX. yhpaxHe-Hus Ha c.45-
CxoauMmMocTh MOCIeA0BaTeIbHOCTEH TOUEK B 46(u/9)
METPUUYECKUX MPOCTPAHCTBAX. TeopeTtnueckoe
3aHATHE
5 [Tonubie MeTpuyeckue npoctpancTBa. [IpuHiun [2] rmaBa I, §3, c.52
BIIO’KCHHBIX MIapOB. [IpuHITUT CHKaThIX OTOOpaKEHUH. [2] rnaBa I, §4,
YIpaXHEeHus ¢.57
6 JInnelinoe npocrpancteo. HopmupoBannoe [2] rmaBa VIII, §1, c.
JUHEHHOE POCTPAHCTBO. 220(u/49), §2 ¢.230(u/9)
Psinb1 @ypbe B Ipon3BOJIBHOM TUIOEPTOBOM
MIPOCTPAHCTBE.
7 CaolicTBa HENMPEPHIBHBIX (PYHKIIMI Ha [2] rmaBa 11, §5,

KOMITAaKTHBIX 3aMKHYTBIX MHOKeCTBaX. MHTerpan
JleOera.

yhnpaxHe-Hus Ha .67




6. JABOPATOPHBIN IPAKTUKYM
JIaGopaTopHbIil MPAKTUKYM HE MPEAYCMOTPEH.
7. HPUMEPHAS TEMATHUKA KYPCOBbBIX PABOT (ITPOEKTOB)

KypcoBbie paboThl (IIPOEKTHI) HE MPEAYCMOTPEHBI.

8. VYUEBHO-METOJINYECKOE 1 HHOOPMALIMOHHOE OBECITEYEHUE
TACIATLITAHBI

a) OCHOBHA JIUTEpaTypa

1. Apecros, B. B. BBenenue B reoputo pyHKIHMI EHCTBUTEILHOTO IEPEMEHHOTO: Mepa U
unTerpan Jlebera Ha mpsiMoii : yuebHoe mocooue / B. B. Apectos, I1. 0. I'ma3sipuna. —
ExarepunOypr : U3narensctBo Ypansckoro ynusepcutera, 2018. — 209 ¢. — ISBN 978-5-
7996-2457-6. — Tekcrt : 3MeKTpOHHBIN // DnekTpoHHO0-0nbmoTeuHas cucrema IPR BOOKS :
[caiiT]. — URL.: http://www.iprbookshop.ru/106351.html

2. Harancon, N.I1. Teopus pyHkuuii BerecTBeHHON epeMeHHoM [ TekcT]: yaeOHuK Jist
BVY3os/ U.I1. Haraucon. — 5-e u3a. - CII0.: JIans, 2018. — 560 c.

3. Tpenorun, B. A. ®yHkumoHanpHBIA aHanm3: ydeOHWK st By3oB [Tekcr]: / B. A.
Tpenorus. - 4-e u3n., uctnp. - M: ©U3MATIIUT, 2017. - 488 c.

4. Tpenorun, B. A. 3agaun u ynpaxHeHus 1o GyHKIHOHAIbHOMY aHaM3y [Tekct]: yueOHOE
noco6ue st By30B / B. A. Tpenorun, b. M. Ilucapesckuii, T. C. CoboneBa. - 2-¢ U31., UCIp. H
noi. - M.: ®U3MATIINUT, 2015. - 240 c.

0) AOMOJIHUTEIbHAS JTUTEpPaTypa

5. ®@eoopos, B. M. Kypc dpynkunonansHoro ananuza: yueonuk [Tekct]: / B. M. ®enopos. -
CIIO.: Jlans, 2005. - 352 c. - Ox3emmisipsl: Beero: 1 - U.3.Ne2(1)

6. Koamoeopos, A.A. dnemeHThl Teopuu QYHKIMA U QYHKIIMOHATBHOTO aHanmm3a [Tekcr]:
yuebHuk / A.A. Konmmoropos, C.B. ®omuH. - M.: Hayka, 1972. (33 3k3)

7. Owuan, FO.C. Coopnuk 3ama4 u Teopem 1o TOII [Tekcr]: yuebnoe mocodbue/ FO.C. Ouan -
M.: [Ipoceemienue, 1965. (82 7x3)

8. Coboznes B.Z. Jlexkunu 10 TOIOIHUTEILHBIM TJIaBAM MaTeMaTHYECKOT0 aHainn3a. -M.:
[Tpocsemienue, 1968 (28 7k3)

9. Maxapos U.11. JlonoTHATENBHBIC TJIaBBI MaTEMaTUYECKOTO aHam3a. - M.: [IpocBemenue,
1968 (40 5k3)

10. Tenaxosckuii C.A. COOpHUK 3a71a4 10 TeOprur QYHKITUH JTEHCTBUTEIIHBHOTO TIEPEMEHHOTO. -
M.: Hayka, 1980 (4 5k3.)

11. 3n06una, C.B Mamemamuueckuii ananu3z 6 ynpaxcuenusx u saoavax/3noouna C.B.,
Tocuyenvckasa JI.H., M.: QUIMATIIAT, 2009, 360 c.


http://www.iprbookshop.ru/106351.html

B) IporpaMMHoe odecreyeHune:

1. Pabora Ha KOMIBIOTEpE MPOBOAUTCA C HCIOJIB30BAHUEM JIMLIEH3UOHHBIX BEpCUI
ornepanuonnoi cucrembl Microsoft Windows XP Prof.

2. 1ns paboThl B OMOIMOTEKE UCTIONB3YETCs 0OIIEBY30BCKOE JTUIIEH3UOHHOE TPOrPaMMHOE
obecrieuenne «p6uc-64», B cocraBe kotoporo Bxoaar APM «Karanoruszarop», APM
«Yuratens», APM «A nmunuctparop», APM «Kommiaekraropy», Web-Hpouc (CZ39.50)

3. JInuuensuonnas nporpamma AVYII (LaxTer) — KOMIUIEKC «DIEKTPOHHBIE BEAOMOCTH»

r) 0a3bl JaHHBIX, HHPOPMAIHOHHO-CIIPABOYHBIE U MOUCKOBbIE CHCTEMBI:
1. HarmonanbHbIi 1irdpoBoii pecype Pykont. Pexum nocrtyna [http:/www.rucont.ru/].
2. YuuBepcurerckas Ombmumoreka oH-laiiH. Pexxum pocrtyma [http://www.biblioclub.ru/]. 0)
uHTepHET-pecypcsl 1. http://www.4p.ru 2. http://marketing.com.ru

n) Ilepeyennb y4eOHO-MeTOAUYECKOTO o0ecredeHUsl AJIsl CAMOCTOATEIbHOM
padoThI 00y4YAIOIIMXCH N0 IUCHHUILIHHE:
1. Opranuzanusi caMOCTOSITENILHOM pabOThI CTYACHTOB B YUPEKACHUH BBICIIETO OOPa30BaHMUS
[Tekcr]: metomuyeckue pexkomennanuu / Coct.E.b. Many3una, E.D. Hopuna; Anraiickas roc.
Axkanemus o0p-s uMm. B.M. lllykmuna. — buiick: ®I'bOY BIIO «AI'AO», 2014. — 84 c.

9. MATEPUAJIBHO-TEXHUYECKOE OBECIIHEYEHUE JUCHUIIJIMHBI

HanmeHoBaHMe NOMEINEHHH JUII TIPOBEJCHHS BCEX BHIOB YYeOHOH JIEATEIHHOCTH, Anpec  (MECTOHOJIOKEHHUE)
TIpeyCMOTPEHHON TIOMEIICHUH U1 NpOBEICHUS
y4eOHBIM IUIAHOM, B TOM YHCIE IMOMENICHUS s CaMOCTOSITENIbHOM paboOThl, C yKa3zaHHUEM BCEX BH/IOB yueOHO

MepevHs] OCHOBHOTO 00OpYZOBaHMS, y4eOHO-HAIBIAHEIX MOCOOMH M HCHOJIB3YEMOT0 HPOrpaMMHOIO
obecrieueHust

JIeATENbHOCTH TIPEXyCMOTPEHHON

yueOHBIM TUIaHOM (B cilyyae
peanu3anuu 00pa3oBaTeabHON

IpOrpaMMBl B CETEBOH
thopme JIOTIOJTHUTEITBHO
yKa3bIBaeTcst HaUMEHOBaHHUE
OpraHHu3alyy, c KOTOpOH
3aKJIIOYEH JIOTOBOP)

Ayn. 106 YueOHast pusudeckast 1abopaTopus

VYueOHast ayauTopus UL IPOBENCHHS 3aHATUH JIEKIIMOHHOTO THIIA, 3aHATHH CEMUHAPCKOTO THIIA,
KypCOBOrO IPOCKTHPOBAHMS (BBIMOIHEHHS KYPCOBBIX paboT), TPYNIOBBIX M WHAMBUIYaIbHBIX
KOHCYJIbTAIH, TEKYIEro KOHTPOJIS X IPOMEXKYTOYHOI aTTeCTallun

CrernpanusupoBanHasl MeOenb. TexXHHYeckne cpencTBa oOyUeHNs: KOMITBIOTEPE!, 000pYIOBaHUS
JULst (PU3MKH, HANTHYNE TIOAKIIOYEHNS K ceTH MHTepHeT.

Microsoft WindowsXP Ne muuemsun 44039700, Microsoft Office - 2010 Ne muuensuu
49379849

Tlepeuenv uYeH3UOHHO20 NPOSPAMMHOZ0 — OOecneyeHus.
OJoKymeHma

Koncynomanm Ilnoc [Jocoeop Ne26 om 30.12.20222 OO0 «IOpkomn»

Mathcad University Classroom Perpetual - 15 (cemesasn eepcus) Koo PKG-7517-EN
PTC606002CD140-004

Borland Developer Studio 2006 Professional AcademicEdition SKU: BDB0006WW1518A
Borland Developer Studio 2006 Professional AcademicEdition (cemesasn eepcua JKueas
mamemamura 5.0

Kusas gpusura

Jlozo Mupvi: Beposimnocmu

Bupmyanvneie nabopamopuu: Dnexmpuuecmeo u maenemusm, Onmuxa u 60amvl, Mexanuxka u
Dnexmpoounamura

JKueass cmamucmuxa SKU: BDBO006WWXX004, cuem NeAA 38643-00 om 26 aszycma
2008 000 "Kuponan Jluyensuu Ne 201998313, Ne 20199834, Ne 201998319, Ne 201998311, Ne
201998310, Ne 20199835, Ne 20199838, Ne 201998312, Ne 20199839

Aunmusupyc  Kacnepckoeo  Cybauyensuouunsiti  0ocosop CL[-00001380om 01.03.2023
Juyenzus Ne 26FE-230306-093724-9-35565(370)

CIIO no JIMIEeH3UOHHBIM COIVIAIEHUSM B CBOOOJHOM pacCHpOCTPAaHEHHH, B TOM

Pexsusumvsl  noomeepacoarowezo

Poccwuiickast Denepanys,
659300 r. Buiick, yn. Coserckas,
9, y4eOHbIi KopITyC 3




guciae no GNUGeneralPublicLicense u ananoram: 2 THC, 7-Zip, Adobe License: Adobe
Flash Player; Adobe Reader, AIMP3, BurnAware Free, CCleaner, Defraggler, Far
Manager, Firebird, Foxit Reader, GNU (Geniral Public, cense wiu anamor) Version 2:
Auda City; Blender; DB Designer; FileZilla; Inscape; Open Office 4; Virtual Dub, VLC
Media player; Oracle Vertual Box, GNU (Geniral Public License nau amaior) Version 3,
Gimp; K-LiteKodecPack, XAMPP, Google Chrome, HEFS, IBExpert, MyTestX,
Notepad++, Pascal ABC, lensep, ictnzor, InternetCensor, Non Vigual Desktop Access
(NVDA) Aiipen v2.3— pexakrop TectoB, LibreOffice

Ayn. 126 YuebHast pusndeckast 1abopaTopus

VYueOHast ayuTOpHs sl IPOBEACHHS 3aHATHI JEKIIMOHHOTO THIIA, 3aHATHI CEMUHAPCKOTrO THIIA,
KypCOBOTO TPOEKTHPOBAaHMS (BBINOMHEHUS KYPCOBBIX DPa0bOT), IPYNIOBBIX M HHIUBHIYalTbHBIX
KOHCYJIbTAIMH, TEKYILEro KOHTPOJIS U IPOMEXYTOYHOM aTTecTaluu

CrenuanusupoBanHasi MeOenb. TeXHHUeckue cpeicTBa OOyUCHHMs: CTALUOHAPHBIA KOMIIBIOTEp,
IIKOJIBHOC (1]H3HHGCKOC OGOpy,E[OBaHI/Ie7 HaJIMYUC IOAKIIOYCHUA K CCTH I/IHTepHeT.

Hepelte‘Hb JAUYEHZUOHHO20  NPOcPAMMHO20 obecneuenus. Pekxeuszumol nodmeepo/cda}omeeo
OJokymeHma

Microsoft WindowsXP Ne mmuensun 44039700, Microsoft Office - 2010 Ne juuensuun
49379849

Anmuesupyc  Kacnepckoeo  Cybauyensuounsiii  0ocosop CL[-00001380om 01.03.2023
Jluyenszus Ne 26FE-230306-093724-9-35565(370)

CIIO no JUIEH3UOHHBIM COIJALNIEHHMSM B CBOOOJHOM PaCNpOCTPAHEHUH, B TOM
gucae mo GNUGeneralPublicLicense u ananoram: 2 THC, 7-Zip, Adobe License: Adobe
Flash Player; Adobe Reader, AIMP3, BurnAware Free, CCleaner, Defraggler, Far
Manager, Firebird, Foxit Reader, GNU (Geniral Public, cense wau amaaor) Version 2:
Auda City; Blender; DB Designer; FileZilla; Inscape; Open Office 4; Virtual Dub, VLC
Media player; Oracle Vertual Box, GNU (Geniral Public License nau amaaor) Version 3,
Gimp; K-LiteKodecPack, XAMPP, Google Chrome, HEFS, IBExpert, MyTestX,
Notepad++, Pascal ABC, leusep, ictnzor, InternetCensor, Non Vigual Desktop Access
(NVDA) Aiipen v2.3— pexakrop TectoB, LibreOffice

Poccuiickas

659300 r. Buiick, yi.

9, yaeOHslit Kopiyc 3

Denepanys,
CoBerckasi,

Ayn. 133 KoMIbloTepHBIN KJ1acc

YueOHast ayIuTOpHs [T IPOBEIACHHS 3aHATUI JICKIIMOHHOTO THIIA, 3aHATUH CEMUHAPCKOTO THUIIA,
KYpCOBOI'0O ITPOCKTHPOBAHUSA (BI)IHOI[HE}HI/I}I KYPCOBBIX pa60T), TPYHIIIOBBIX W HWHIAWBUAYAJIbHBIX
KOHCYJIbTAIMH, TEKYILEr0 KOHTPOJIS U IPOMEXYTOYHOM aTTecTaliu

CrenuanusupoBanHas MeOenb. TeXHHuYeckue cpeicTBa OOy4YEeHHs: KOMIIBIOTEPbI, HOYTOYKH,
HaJIMYUEC IMMOAKJIIOYCHHUSA K CETH I/IHTepHeT.

Hepe’{eHb JAUYEHZUOHHO20  NPOcPAMMHO20 obecneuenus. Pexsuzumoi nodm@ep.wcdafomezo
OJokymeHma

OC Windows 10 PRO, Microsoft Windows 10 Home Koutpakt Ne 19/6 — DA or
18.11.2019

Kaace VR: KonTpakT Ne 19/2 — DA o1 18.11.2019

Movavi Video Editor Academic Edition 2020 JTuuenszuonnuoiii 0ozo6éop na ucnonviosanue
npozpammnozo ovecneuenus om 26.02.2021e.

Movavi Photo Editor 6 Jluuensuonuslii 002060p Ha uchoab30eanue HPOZPAMMHOZO
obecneuenusn om 26.02.20212

Aunmusupyc  Kacnepckoeo  Cybauyensuonmnsiti  0oeosop CL[-00001380om 01.03.2023
Jluyenzus Ne 26FE-230306-093724-9-35565(370)
CYB/A Pep Basbl JaHHbix CornaweHune Ne 441/11-21Y ot 30.11.21r. 000 «Peg CodpT»
AKT npuema nepepaym npas 06.12.2021r.

Cornarrenne o koubuaeHuuanpHocT Ne440/11-21K
NMporpammHbIit npoaykT TEMBA®ENC Cornawenne Ne 441/11-21Y ot 30.11.21r. 000 «Pep,
Codpt»
AKT npvema nepegaum npas 25.02.2022r.

Cornamenune o koHduaeHmuaapHocT Ned40/11-21K

CIHO no JMIEH3MOHHBIM COTJANIEHUSIM B CBOOOJHOM pAaCIpPOCTPAaHEHHH, B TOM
gyuciae mo GNUGeneralPublicLicense u anamoram: 2 T'HC, 7-Zip, Adobe License: Adobe
Flash Player; Adobe Reader, AIMP3, BurnAware Free, CCleaner, Defraggler, Far
Manager, Firebird, Foxit Reader, GNU (Geniral Public, cense mamu anamor) Version 2:
Auda City; Blender; DB Designer; FileZilla; Inscape; Open Office 4; Virtual Dub, VLC
Media player; Oracle Vertual Box, GNU (Geniral Public License nau anaaor) Version 3,
Gimp; K-LiteKodecPack, XAMPP, Google Chrome, HEFS, IBExpert, MyTestX,
Notepad++, Pascal ABC, Jlenmep, ictnzor, InternetCensor, Non Vigual Desktop Access
(NVDA) Aiipen v2.3— pegakrop tecroB, LibreOffice

Poccuiickas

659300 r. Buiick, yi.

9, y4eOHbIi KopITyC 3

Deneparnys,
CoBerckasi,

Ayn. 213 Poccutickas Deneparnys,
VYueOHast ayuTopus AJIs IPOBEACHHS 3aHATHI JEKIMOHHOTO THIIA, 3aHATHI ceMUHapckoro Tuna, | 659300 r. Buiick, yn. CoBerckas,
KypCOBOTO TIPOCKTHPOBAHMs (BBIIOJHEHUS KYPCOBBIX pabOT), TPYNIIOBBIX W WHAMBHAYAIBHBIX | 9, ydeOGHEIN kopryc 3
KOHCYJIbTAaLlMH, TEKYIIETo KOHTPOJISI U POMEXKYTOUHON aTTeCcTallu
CrennanisnpoBanHas MeOesb. TeXHHYecKe cpecTBa 00y4CHHs: HAJNYKE TOAKITIOUCHHS K CETH
VHTepHeT, nepeHocHOoe 000pyaoBaHue
Ayn. 214 Poccutickas Deneparnys,
VYueOHast ayuTopus I NPOBEACHHS 3aHITHI JEKIIMOHHOTO THIIA, 3aHATHI ceMUHapckoro Tuna, | 659300 r. Buiick, yn. CoBerckas,
KypCOBOTO TIPOCKTHPOBAHMS (BBIIOIHEHUSI KYPCOBBIX pa0OT), TPYNIOBBIX W WHIAMBHAYAIBHBIX | 9, ydeOGHEIN kopryc 3
KOHCYJIBbTAaLlMH, TEKYIIETro KOHTPOJISI U POMEXKYTOUHON aTTeCcTalllu
CrennanisnpoBanHas MeOerb. TeXHHYecKne cpecTBa 00yUCHHs: HATHINE TTOAKITIOUCHHUS K CETH
VHTepHeT, HepeHocHOe 000pyIoBaHNe
Ayn. 215 Poccuiickas Denepars,
VYueOHast ayuTopus I NPOBEACHHS 3aHITHI JEKIMOHHOTO THIIA, 3aHATHI ceMUHapckoro tuna, | 659300 r. Buiick, yn. CoBerckas,

KypCOBOTO TIPOCKTHPOBAHMS (BBIIOJHEHUSI KYPCOBBIX pabOT), TPYNIOBBIX W WHIMBHIYaTbHBIX
KOHCYIBTAallUi, TEKYIIETO KOHTPOJIS U IPOMEKYTOUHOH aTTecTalliu

9, yueOHsIit Kopiyc 3




CHCHI/IaJ'H/BHPOBaHHaH mebenb. TexHuueckue cpeacTaa O6y'-leHI/I$lZ IPOEKTOP, HaJIn4yue
TIOAKIIIOYCHUS K CCTH I/IHTCpHeT, TICPCHOCHOC 060py,£[0BaHI/I€

Ayn. 218 KoMnbroTepHblit Kilacce

VyeOHast ayIuTOPHUst 1151 IPOBEACHUS 3aHATHIT ICKIMOHHOTO THIIA, 3aHATUH CEMHHAPCKOTO THIIA,
KypCOBOTO INPOEKTHPOBAHMS (BBIIOMHEHUS] KYPCOBBIX pabOT), TPYNIOBBIX W HHIWBHIYalTbHBIX
KOHCYJIbTAIMH, TEKYILEro KOHTPOJIS U IPOMEXYTOYHOH aTTecTaluu

CrenuanusupoBanHasi Mebenb. TeXHHYeCKne CpeacTBa O0yUeHHs: KOMITbIOTEPhI, 000pYI0BaHU
Jutst (GU3HKY, HATHYIKE TOJKIIOUeHHS K ceTH HTepHeT.

Microsoft Office 10 PRO OC Microsoft Windows 10 PRO, Koutpakr Ne 19/6 — DA ot
18.11.2019

Kaace VR: Kontpakr Ne 19/2 — DA or 18.11.2019

Aumuesupyc  Kacnepckoeo  Cybauyensuounnsiti  0ocosop CL[-00001380om 01.03.2023
Jluyensus Ne 26FE-230306-093724-9-35565(370)

Astra Linux Special Edition

LibreOffice (TexcToBbiil pefakTop, TabIM4HbBINA PEAAKTOP, IPOrpaMMa IIOATOTOBKHU IIPE3EHTALIHIA,
MexaHu3M noakimouenus kK BHemHuM CYBJI, BeKTOpHBIIT rpaduueckuii peaakTop, perakrop Gpopmyir)

Peoaxmop pacmposoii epaguxu

JIuuensuonusii  goroop Ne  PBT-14/1617-01-BY3  Ha  npejocraBieHue  pasa
HCII0JIB30BaHus porpamMmel i D9BM ot 09.11.2017r.

IMAK NITRINO Konrpakt Nel9/5-2A ot 18.11.2019 (IlocTaBka HpOrpaMMHO-
annapaTtHoro kommiekca CTyJaeHT)

Onepaunonnas cucrema POJ] OC Cornamenune Ne 441/11-21Y ot 30.11.21r. OOO «Pep
Codpr»

AKT npuema nepeaaun npas 06.12.2021r.

CYBJl Pen baser JlaHHBIX Cornamenue Ne 441/11-21Y ot 30.11.21r. 00O «Pen
Codr»

AKT npuema nepeaauu npas 06.12.2021r.

TIporpammHerii tpoaykT TEMBA®ENC Cornamenue Ne 441/11-21Y ot 30.11.21r. 000
«Pex Codr»

AKT npueMa nepeaadu npas 25.02.2022r.

CIIO no JJUIHEH3UOHHBIM COIJIAallIECHUSIM B CBOﬁOﬂHOM pacnpocTpaHeHHHM, B TOM
yuciae mo GNUGeneralPublicLicense u ananoram: 2 THC, 7-Zip, Adobe License: Adobe
Flash Player; Adobe Reader, AIMP3, BurnAware Free, CCleaner, Defraggler, Far
Manager, Firebird, Foxit Reader, GNU (Geniral Public, cense mam anamor) Version 2:
Auda City; Blender; DB Designer; FileZilla; Inscape; Open Office 4; Virtual Dub, VLC
Media player; Oracle Vertual Box, GNU (Geniral Public License uau anasor) Version 3,
Gimp; K-LiteKodecPack, XAMPP, Google Chrome, HEFS, IBExpert, MyTestX,
Notepad++, Pascal ABC, Jlensmep, ictnzor, InternetCensor, Non Vigual Desktop Access
(NVDA) Aiipen v2.3— peaKTop TeCTOB

Poccuiickas

659300 r. Buiick, yi.

9, yaeOHslit Kopiyc 3

Denepanys,
CoBerckasi,

Ayn. 220

YueOHast ayIuTOpHs VIS IPOBEICHHS 3aHATUI JICKIIHOHHOTO THIIA, 3aHATUH CEMUHAPCKOTO THUIIA,
KYPCOBOTO IPOCKTHPOBAHMS (BBIIOJHEHHUS KYpPCOBBIX pPa0OT), TIPYIIOBBIX W HHAWBHIYAIbHBIX
KOHCYJIbTAIUH, TEKYIIIErO KOHTPOJIS U IIPOMEXKYTOYHOM aTTeCTalluK

CrenuanusupoBanHas MeOenb. TexHHYecKMe CpencTBa OOy4YEHHs: NPOEKTOp, HaIM4YHe
MIOAKITIOYEHNs K ceTH VHTepHeT, IepeHocHoe 000pyIoBaHne

Poccuiickas
659300 r. Buiick, yi.
9, y4eOHbIi KopITyC 3

Deneparnys,
CoBerckasi,

Ayn. 222 KoMnbroTepHbIit Kiiacc

VYuebHast ayAUTOpHUS UL IPOBECHHS 3aHATUH TeKIMOHHOTO THIIA, 3aHATHH CEMUHAPCKOTO TUIIA,
KypCOBOTO TPOEKTHPOBAaHMS (BBIIOMHEHUSI KYPCOBBIX pabOT), TPYNIOBBIX W HHIWBHIYalTbHBIX
KOHCYIBTAaLlUH, TEKYIIET0 KOHTPOJIS U IPOMEXKYTOUHOM aTTecTalliu

Crenuanu3upoBanHas MeOenb. TeXHUYecKHe CpeICcTBa OOYUeHHS: KOMIBIOTEPHI, HAIMYUE
MOAKITIOYEHNUS K ceTH VIHTepHeT, IepeHoCcHoe 000pyIoBaHne

Ilepeuenv nuyensuonnozo npozpammuoz2o obecnevenus. Pexeusumvl noomeepaicoaioueco
OJokymeHma

Microsoft Office 10 PRO, OC Microsoft Windows 10 PRO, Koutpakt Ne 19/6 — DA ot
18.11.2019

Kaace VR: Koutpakr Ne 19/2 — DA or 18.11.2019

Aumusupyc  Kacnepcrkoeo  Cybauyensuonnwviii  0ozoéop  CIL[-00001380om 01.03.2023
Jluyenszus Ne 26FE-230306-093724-9-35565(370)

Astra Linux Special Edition

LibreOffice (TexcroBslit pefakTop, TabIMYHbINA PEfAKTOp, IPOrpamMMa IIOATOTOBKHU IIPE3CHTALIHIH,
MeXaHU3M noJKitoueHus K BHemHUM CYB/], BekTopHbIi rpaduueckuil penakrop, penraktop Gpopmy)

Peoaxmop pacmposeoii epaduxu

JInuensuounsiii  gorosop Ne  PBT-14/1617-01-BY3  na mnpenocraBieHue mpasa
HCTIOJB30BaHus mporpamMmel s D9BM ot 09.11.2017r.

18.11.2019 (ITocTaBka MporpaMMHO-annapaTHoro kommiaekca CTyaeHT)

Onepaunonnas cucrema POJ] OC Cornamenne Ne 441/11-21Y ot 30.11.21r. OOO «Pep
Codr»

AKT nmpuema nepeaaun npas 06.12.2021r.

CVYB/ Pen bassl Jlannsix Cornamenne Ne 441/11-21Y ot 30.11.21r. OOO «Pex Cop»

AKT nmpuema nepeaaun npas 06.12.2021r.

[porpammusii npoaykt TEMBA®ENC Cornamenne Ne 441/11-21Y ot 30.11.21r. 000
«Pex Codr»

AKT mpuema nepeaaun npas 25.02.2022r.

CIIO no JHIEH3MOHHBIM COTJIALIEHHSIM B CBOOOJHOM pacHmpocTpaHeHHH, B TOM
gyuciae no GNUGeneralPublicLicense u anagoram: 2 THC, 7-Zip, Adobe License: Adobe
Flash Player; Adobe Reader, AIMP3, BurnAware Free, CCleaner, Defraggler, Far
Manager, Firebird, Foxit Reader, GNU (Geniral Public, cense mim amamor) Version 2:
Auda City; Blender; DB Designer; FileZilla; Inscape; Open Office 4; Virtual Dub, VLC

Poccuiickas
659300 r. buiick, yi.
9, yaeOHsIit KopIryc 3

®deneparnus,
CoBerckasi,




Media player; Oracle Vertual Box, GNU (Geniral Public License nau anaaor) Version 3,
Gimp; K-LiteKodecPack, XAMPP, Google Chrome, HEFS, IBExpert, MyTestX,
Notepad++, Pascal ABC, ldensep, ictnzor, InternetCensor, Non Vigual Desktop Access
(NVDA) Aiipen v2.3— pegakrop tecroB, LibreOffice

IHomenenne 11l CAMOCTOATEIbHOI padoThI

HanmeHoBaHMe OMEIEHH 1711 IPOBEICHUS BCEX BUIOB YUCOHOH NEATEIbHOCTH, IPEAyCMOTPEHHON Anpec (MecTomoIOKEeHHE)
y4eOHbIM IUIAHOM, B TOM YHCIIE MOMEIIEHHS JIsl CaMOCTOSTENBHOM paboThl, ¢ YKa3aHUEM IEpedHs | MOMELICHHH 1 NpOBEAEeHUS
OCHOBHOTO 000pY/I0BaHUs, y4eOHO-HATLIIHBIX II0COOUIT M HCIIOIb3yeMOT0 IPOrPAMMHOTO 00eCIeUeHNUS BCEX BUJIOB y4eOHOH

JIeATeIbHOCTH NIPELyCMOTPEHHON
y4eOHbIM IUIAHOM (B Cllydae

peanu3anuy 00pa3oBaTeIbHON
IpOrpaMMBl B CETEeBOH (opme

JIOTIOJIHUTENILHO yKa3bIBACTCSI
HaMMEHOBAaHHE  OpraHU3aluH, C
KOTOPOH 3aKIIFOUYEH JIOTOBOP)
Ayn. 133 KomnbroTepHbIi Ki1acce Poccuiickast @enepanus, 659300
VYueOHast ayJUTOpHs IJIsl CAMOCTOSTEIBHOM paboThI r. buiick, yn. CoBerckas, 9, yueOHbI

I TNIpOBEACHUS 3aHATHH JICKIITHOHHOI'O  THIIA, 3aHATHH CEMHUHAPCKOTro  THUIIa, KypCOBOIr'o Kop1ryC 3
MIPOEKTUPOBAHUS (BBIIIOJIHEHUS KYPCOBBIX pPabOT), TIPYNIIOBBIX M WHIMBUAYaIbHBIX KOHCYJbTAlMH,
TEKYIIETO KOHTPOJIA U HpOMe)KyTO‘IHOfI aTTeCcTanunu

CrenuanusupoBanHasi MeOenb. TeXHHUecknue cpeacTBa o0ydeHHs: KOMIIBIOTEpBI, HOYTOYKH, HAJIMIHE
IOAKJIOYCHHUS K CETH HHTCpHeT.

Iepeuens nuyen3uoHHo20 NPOSPAMMHO20 0becneyenus. Pexeuzumvl noomsepaicoaroueco 00KymMeHma

OC Windows 10 PRO, Microsoft Windows 10 Home Koutpaxr Ne 19/6 — DA ot 18.11.2019

Kaace VR: KonTpakT Ne 19/2 — DA o1 18.11.2019

Movavi Video Editor Academic Edition 2020 JIuyensuounsiii 0oz060p Ha ucnonavizosanue
npozpammnozo obecnevenus om 26.02.2021e.

Movavi Photo Editor 6 JTuyensuonnstii 002060p na ucnonvioganue npozpammnozo obecneuenus
om 26.02.20212

Anmusupyc Kacnepckozo Cybauyensuonnwiii 0oeosop CIL[-00001380om 01.03.2023 Jluyenszus Ne
26FE-230306-093724-9-35565(370)

CVYB/] Pen Baswel Jauubix Cornamenne Ne 441/11-21V ot 30.11.21r. OO0 «Pen Codr»

AKT npuema nepenayu npas 06.12.2021r.

Cornamenue o KoHduaeHuuaapHocT Ned40/11-21K

Tporpammuerii ipoxykt TEMBA®ENC Cornamenne Ne 441/11-21V ot 30.11.21r. 000 «Pex
Codr»

AKT npuema nepenauu npas 25.02.2022r.

Cornamenure o kKoHuaeHuuaapHocT Ned40/11-21K

CHO 10 JIMOCH3WOHHBIM COINIAIICHUAM B CBO6OIIHOM pacnpoCTpaHCHUH, B TOM YHCIIE TII0
GNUGeneralPublicLicense u ananoram: 2 TUC, 7-Zip, Adobe License: Adobe Flash Player; Adobe
Reader, AIMP3, BurnAware Free, CCleaner, Defraggler, Far Manager, Firebird, Foxit Reader,
GNU (Geniral Public, cense mim amaaor) Version 2: Auda City; Blender; DB Designer;
FileZilla; Inscape; Open Office 4; Virtual Dub, VLC Media player; Oracle Vertual Box, GNU
(Geniral Public License mim amanor) Version 3, Gimp; K-LiteKodecPack, XAMPP, Google
Chrome, HEFS, IBExpert, MyTestX, Notepad++, Pascal ABC, Jleusep, ictnzor, InternetCensor,
Non Vigual Desktop Access (NVDA) Aiipen v2.3— pexakrop Tectos, LibreOffice

MEJIATOr'MYECKHUI TEXHONAPK «KKBAHTOPUYM UM. K.JI. YIHIUHCKOT' O»
MATEPHUAJIBHO-TEXHUYECKOE OBECIIEYEHUE KABMHETOB

HanmeHnoBaHue oOMeIeHHH TSI TPOBEACHUS BCEX BUIOB YIeOHOU JEATEILHOCTH, IPETyCMOTPEHHOM Anpec (MecToroI0KEHNE)
y4eOHBIM IUIAHOM, B TOM 4HCJIE NOMEIIECHHs A CaMOCTOATENbHOH paboThl, ¢ yKa3aHHEM IIepedHs | IOMEIIEHHUH s MPOBeIeHHs
OCHOBHOTO 000pY/I0BaHHUsI, y4eOHO-HATIIAAHBIX TTOCOOHIT ¥ HCTIONIB3yEeMOTO ITPOTPaMMHOTO 00€eCTIeueHNs BCEX BUJIOB y4eOHO

JIeATENbHOCTH NIPEXyCMOTPEHHON
yueOHBIM IUIaHOM (B cily4ae

peanm3aryy 06pa3oBaTenbHOI
IPOrpaMMBl B CETEBOH (opme

JIOTIOTHUTENHHO yKa3bIBaeTCst
HaUMECHOBAaHUE  OpPraHM3alMH,  C
KOTOPOH 3aKITFOUEH JIOTOBOP)
Ayn. 1-102 Poccuiickas ®@enepanwst, 659333,
Kabuner juist npoBeieHUs 3aHATHI TEXHOJIIOTHYECKOH HAIIPaBIeHHOCTH Anraiickuii  kpaii, r. buniick, ym.
Komrmiekt yueGHOiT MeOemn. Bnagumupa Koponenko, 1. 53

TexHu4yeckne CpefcTBa: HHTEPAKTUBHBIA KOMIUICKC C BBIYHCIUTCIBHBIM ONOKOM M MOOWIBHBIM
KpeIUIeHHEeM, HOYTOYKH, 00pa3oBaTelbHBI KOHCTPYKTOP C KOMIUIEKTOM JAaTYMKOB, 00pa3oBaTeIbHBIH
Ha0Op MO MeEXaHWKE, MEXAaTPOHUKE M POOOTOTEXHUKE (6 KOMILIEKTOB), 00pa30BaTeNbHBIM HAOOp IO
IEKTPOHHKE, HIEKTPOMEXAHHKE  MHUKPOIPOIIECCOPHOI TEXHHKE, 00pa30BaTEIbHBIA HAOODP Ul H3ydeHUS
MHOTOKOMITOHEHTHBIX POOOTOTEXHHMYECKUX CHCTEM M MAHHMITYJISIHOHHBIX POOOTOB, KOMIUIEKT JUIS
U3y4CHHUS OINEPALMOHHBIX CHCTEM DPEalbHOTO BPEMEHH H CHCTEM YIPABICHHS aBTOHOMHBIX MOOMIBHBIX
POGOTOB, YETHIPEXOCEBOH yUeOHBIH POOOT-MAHHUITYIISATOP C MOAYIbHBIMA CMEHHBIMH HACAJKaMH, KOMIUIEKT
noJeii M COPEBHOBATENBHBIX 3JIEMEHTOB, 00pa30BAaTENbHBIA MOMYIb I YIIIYOJNICHHOTO H3y4eHHs
MexaHHKH, MexatpoHukd u CAY, mabopaTopus MCCIICIOBAHHS OKpPYXalomieil cpepl, albTepHATUBHBIX
HCTOYHHKOB SHEPTUM, MAaTEPHAIOB M HWHXKCHCPHBIX KOHCTPYKLHH, aBTOHOMHBIH POOOT MaHHUITYISATOp C
KOJecaMH  BCEHAIPAaBICHHOTO  JIBIDKEHHs, 0a30BBIi  pOOOTOTEXHHYECKHH  HabOp,  PeCypCHBIH
pobOTOTEXHIYECKUH HAabOp, TATUHK I[BEeTa 6a30BOr0 POOOTOTEXHUUECKOTO Habopa, yIbTPa3ByKOBOH JaTUHK
0a30BOro poOOTOTEXHHUUECKOro Habopa, 3apsHOe YCTPOMCTBO, 00pa3oBaTebHBIM HA0Op MO H3YYCHHIO




TEXHOJIOTHII PEBEPCUBHOTO HH)XHHHUPHHIA, O0Opa3oBaTeNbHbI HA0Op 10 M3YYCHHIO aJUIUTHBHBIX
TEXHOJIOTHiI MW OBICTPOrO MPOTOTUIHPOBAHHS, CTAHOK JIA3EPHOM PE3KH C YHUCIOBBIM IIPOrPAMMHBIM
YIpaBICHHEM U CHCTEMOW (DHIBTPALNU BO3yXa.

Tlepeuens nuyeH3UOHHO20 NPOSPAMMHO20 0becneuenus. Pekeusumol noomeepicoaioujeco OOKyMeHma

10 Microsoft Win 10 Professional 32/64 bit SP2 Only USB RS Box KontpakTt 14/1 ot 03.12 21 OO0
«[Tapyc ITroc»

Microsoft Office - 2019 (xopoGounas Bepcusi) Jlorosop noxepreosauust ot 06.05.2022

Lludpossie naboparopun mo dusuke, xumun, ouonornu 10 Releon Camera 1.1, Releon Lite 3.63
Konrpakr 51-DA ot 30.11.21 OO0 «KoHcTanTa»

OGopynoBanue TexHonoruueckoro npoduis (Pobortsr, 3d ckanep, 3d npunrep) Konrpakr 7-DA ot
23.09.21 OO0 «KoncTanTa»

VuelOHo-uccneoBaTenbekue aboparopun OuocuraainoB u Hediporexnonoruii 110 BiTronies Studio
5.1.10 Konrpaxt 5-3A ot 23.09.21 OO0 «CrienxomIieKkT

LluppoBbIe MEKPOCKOIIEI

I10 TouP Cam Konrpakt 4-DA ot 20.09.21 UIT Be6ep Onbra Cepreesua
MHTEpaKTUBHbIA KOMNAEKC C BbIYUCAUTENBHBIM 610KOM M MOBUABHBIM KpenaeHnem MO lkar
Notebook KoHTpakT 29-3A o1 12.11.21 OO0 «PyAuncnanKke»

IMTAK NITRINO Kontpakt Ne55-3A ot 30.11.2021 OOO «ITapyc ITimroc»

Cranok usasepHoit pesku ¢ YIIY wu cucremoit ¢uabTpauuu Bo3gyxa (OOJAa4HBIA — PEXUM
www,gweikecloud.com) Kourrpakr Nel0 ot 18.10.2021r. OO0 «YK «Bocrounas Cubupb»

AntuBupyc Kacnepckoro CyOmmiensuonnsiid gorosop CI[-00001380ot 01.03.2023 Jlumensust Ne
26FE-230306-093724-9-35565(370)

CITIO no JMIEH3MOHHBIM COTJIANIEHUSIM B CBOOOJHOM PacCNpoOCTPAHEHHH, B TOM 4YHCJIe MO
GNUGeneralPublicLicense u anamoram: Adobe Reader, 7-Zip, Google Chrome, Far Manager,
Libre Office

Ayn. 1-103

Kabuner 15 3anucu BeOMHAPOB U MIPE3CHTALIMOHHOTO KOHTEHTa

Kommiekr yue6Hoit mebenu, aumyapt.

TexHuveckue CpeACTBa: CTYOHs U CO3JAHMS MPE3CHTALMNA/OHIaiH-BeOUHAPOB /IEMOHCTPALII
onbiToB, YK®-11poeKkTop, KperieHne, HOYTOYK ¥ MarHUTHO-MapKepHOE MOKPBITHE.

Ilepeuens nuyeH3UOHHO20 NPOSPAMMHO0 0becnedeHus. Pexkeusumel noomeepicoaioweco 0OKyMeHma

IIpesenrannonHOe 000pyI0BaHHE

TTIAK TeneBuneo/lata, Bumeo/lucrant I10 Microsoft Win 10 Professional Kourpakt 8-9A or 27.09.21
000 «TCH-Cub»

AntuBupyc Kacnepckoro Cy6muuensuonnsiii norosop CI[-00001380ot 01.03.2023 JIuuensus Ne
26FE-230306-093724-9-35565(370)

CITIO no JMIEeH3MOHHBIM COTJIANIEHUSIM B CBOOOJHOM PAaCNpOCTPAHEHHH, B TOM 4YHCJIE MO
GNUGeneralPublicLicense u anamoram: Adobe Reader, 7-Zip, Google Chrome, Far Manager,
Libre Office

Poccuiickas ®enepanus, 659333,
Anraiickuii  kpait, 1. buiick, yi.
Bnagumupa Koponenko, 1. 53

Ayn. 1-107 - 1-111

Kabuner juis npoBeieHus 3aHATHH €CTECTBEHHO-HAYYHON HANIPaBICHHOCTH

Kommnekt yaeOHOH MebemnH.

Kommiext nabopatopHoit mebGenu.

TexHu4Yeckne Cpe/CTBA: MHTEPAKTUBHBIA KOMIUICKC C BBIYHCIUTEIBHBIM OJIOKOM M MOOWIBHBIM
KpEIUICHHEM, BCTPOCHHBIC BBIUHMCIHMTENbHBIE OJIOKH, IH(pOBBIe Jaboparopud IO XuMHHU (0a30BBIH
ypoBeHb), Ouosnoruu (06a30BbIii ypoBeHb), (pu3MKe (CTaHAAPTHBIA YpOBEHb), y4eOHO-HCCIIENI0BATEIbCKAS
nabopatopusi OMOCUTHAJIOB ¥ HEWPOTEXHOJIOTHIA, MUKPOCKOIIBI ITU(pOBbIE, 1abopaTopHOE 000PYIOBaHHE O
¢m3mke, o xumuw, armapat Kunma, 6ans koMOnHMpoBaHHas 1abopaToOpHasi, 103aTop THII 1, go3aTop TvI 2,
JI03aTOp THUIN 3, MAarHWTHAas MeIIanKa, KOJNOBI, CTEPHIN3aTOp Ul J1abOpPAaTOPHOW MOCYABI BO3IYIIHBIMH,
KOMIUIEKT M3enui U3 kepamuku, ¢dapdopa u ¢asHca, HaOOp NMPOOUPOK, Yalla KpUCTAJUIM3ALUOHHAS,
KOMIUIEKT MEPHBIX KOJIO, IPOOUPKH.

Tlepeuens nuyeH3UOHHO20 NPOSPAMMHO20 0becneyenus. Pekeusumsl noomeepicoaoujeco OOKyMeHma

Hudpossie naboparopuu 1o ¢usuxe, xumuu, duonoruu 10 Releon Camera 1.1, Releon Lite 3.63
Kontpakr 51-0A or 30.11.21 OOO «KoHcTranTa»

V4ebHO-HCCIIeN0BaTENbCKUE 1a00paTopur OMOCHIHAIOB 1 Heiiporexuosoruii [0 BiTronies Studio
5.1.10 KontpaxT 5-3A ot 23.09.21 OO0 «CrenKomIieKkT
WNHTEPaKTUBHbI KOMMJIEKC C BbIYUCAUTENBHBIM 610KOM M MOBUABbHBIM KpenneHuem MO lkar
Notebook KoHTpaKT 29-3A o1 12.11.21 OO0 «PyAucnamKkc»

AntuBupyc Kacnepckoro Cy6nuuensuonnsiii qorosop CI[-00001380ot 01.03.2023 Jluuensus Ne
26FE-230306-093724-9-35565(370)

CIIO no JMIEH3MOHHBIM COIVIALIEHHSIM B CBOGOJHOM PacHpOCTPAHEHHH, B TOM 4YHCJe MO
GNUGeneralPublicLicense u anamoram: Adobe Reader, 7-Zip, Google Chrome, Far Manager,
Libre Office

Poccuiickas ®enepanus, 659333,
Anraiickuit  kpaif, r. buiick, yi.
Bnagumupa Koponenko, 1. 53

TEXHOIIAPK YHUBEPCAJIbHBIX IEJATIOT' MYECKAX KOMITETEHIIAN
MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYEHUE KABUHETOB

HaunmMeHnoBaHue nomereHui JUisi IPOBECHHS BCEX BUIOB y4EOHOW AEATENLHOCTH, IPEYCMOTPEHHOM
y4eOHBIM IUIAHOM, B TOM YHCJIE NOMEIICHHS Il CaMOCTOSATEIBHOH paboThl, ¢ yKa3aHHEM IepEedHs
OCHOBHOT'O 000pYOBaHHs, y4eOHO-HATLHEIX IIOCOOUHT ¥ HICIIONIB3yEeMOT0 IPOrPaMMHOT0 00eCIeUeHHUS

Anpec (MeCTOmoNIOKEHHE)
TIOMEIEHUH JUISI POBEICHUS
BCEX BHJIOB y4eOHO

JIeSTEIBHOCTH MPELYCMOTPEHHOI
y4eOHBIM TIaHOM (B cilydae
peanm3aryy 06pa3oBaTenbHOI
MporpamMMbel B ceTeBOil  (hopme
JIOTIOTHUTEIEHO yKa3bIBaeTcs
HaNMECHOBAaHHUE  OpraHM3alMd, C
KOTOPOH 3aKIIFOYEH JIOTOBOP)

Ayn. 154-167

Poccuiickast Peneparus, 659333,




TexHONapK yHUBEPCAIbHBIX MEAArOrMYECKHX KOMITCTCHIIUH

Kommnekt yaeOHo# Mebenu, duumaapT.

Texuudeckue cpeJcTBa: ATOMHBIC CIIEKTpPBI BY3JIeKTpOHHBIX cucteM He, Hg,

KaMepa sl TPHHOTYJIIPHBIX MHKPOCKOIIOB,

KOMILIEKT IS IIPOBE/ICHNS OKCIIEPHIMEHTOB II0 JTy9eBOIl AUAaTHOCTUKE ¥ BU3yallH3alll,

HPOrpaMMHO-AINIAPATHBII KOMILIEKC TONOrpapuyuecKoro H3y4eHus CTPOCHHUs OpraHu3Ma 4elioBeKa,

pecypcHbIii HabOp aHajIM3a MAaTEpPUAJIOB JJIsl IPOBEICHUS SKCIEPUMEHTOB I10 JIy4eBOH JAMAarHOCTUKE U
BU3YyaIM3allM, PECYPCHBII HAa0Op PEHTTEHOCTPYKTYPHBI aHalM3 MAaTepHalloB OIS IPOBEACHHS
9KCIIEPUMEHTOB M0 JIy4eBOW AMArHOCTUKE M BH3yalM3allUH, ChEMHAs PEHTIeHOBCKas TpyOka Mo tube,
cbEMHAsi PEHTIeHOBCKas TpyOka W tube, TpHHOKYISApHBI Mukpockom i npenopasatens 1000x,
IpeIMEeTHBIA CTONHK, IUTaH-aXpoMaTHieckas "0ecKoHeuHasi ONTHKa'", Ta00paTOPHEIl HAOOp 10 TEHETHKE U
Mmarepuanbl , Tpuc-OopatHblii Oydep s onekTpodopesa, IUIEM BHPTYalbHOH  pealbHOCTH
npodeccuonansupiii HTC Vive Cosmos, nuieM BUpTyanbHOU peansHocTd npodeccronanbubii HTC Vive
Focus Plus, ouku nononnenHoi peansHocTH Epson, kamepa 360 npodeccronanshas Insta360 Pro, xamepa
360 moOurenbckas Insta360 One, cTaloHapHBI epcoOHaIbHBII KoMIbtoTep Parus 2021, nHTEpaKTUBHbIH
KOMIUIEKC C BBIYHUCIIUTEIILHBIM OJIOKOM U MOOHIIBHBIM KPEIICHHEM.

Ilepeyuens nuyeH3UOHHO20 NPOPAMMHO20 obecnedeHus. Pexeusumot noomeepaicoaroujeco OOKyMeHma
MHTEepaKTUBHBIA KOMMAEKC C BbIYUCAUTE/IbHBIM 6J10KOM M MOBUIBbHBIM KpenneHunem MO lkar
Notebook

Konrpakr 29-DA ot 12.11.21 OO0 «Py/lucmiauke»

IIporpamMMHO-aNapaTHbIi KOMILIEKC Tonorpadudeckoro u3ydeHus crpoerus opranusma I10 3datlas

Konrpakr 12-DA ot 18.10.21 OO0 «HayuHble npoOOphI 1 CUCTEMBI»

OGopynoBaHue [Ii TNPOBEACHHS OKCIEPUMEHTOB [0 Jy4eBOW [MarHOCTHKE M BU3yallM3alu
(peutrenorpadus)

Konrpakr 13-DA ot 18.10.21 OO0 «HayuHble npoOOpPHI M CUCTEMBD»

Ipodeccuonanphbie ontuueckue npudopst [10 TouP Cam

Kontpakr 14-DA ot 18.10.21 OO0 «HayuHnble 1poOOpEI 1 CHCTEMBDY

VuebHo-eMoncTpaiorHoe obopynosanue (L{udposas naboparopust o pusuke [10 Releon Lite 3.63)

Konrpakr 15-DA ot 18.10.21 OO0 «Hayunble TpoOOpsI U CUCTEMBI

«VR» - obopynoBaHue

Konrpakr 22-DA ot 28.10.2021 UII Ky3smenko [lenuc EBrenbeBuy

AntuBupyc Kacnepckoro Cy6muuensuonnsiii norosop CI[-000013800t 01.03.2023 Jluuensus Ne
26FE-230306-093724-9-35565(370)

CITIO no JMIEeH3MOHHBIM COTJIANIEHUSIM B CBOOOJHOM PacCNpoOCTPAHEHHH, B TOM 4YHCJIe MO
GNUGeneralPublicLicense u anamoram: Adobe Reader, 7-Zip, Google Chrome, Far Manager,
Libre Office

Anraiickuii  kpald, . buiick,
Bnagumupa Koponenko, 1. 53

yiL

Ayn. 307

Kabuner no po6ororexHuke

Kommnekt yaeOHOH MebemnH.

Komrmiext nabopaTopHoit mebGenu.

TexHuuecKue cpecTna:

ABTOHOMHBIH POOOT MaHUITYJITOP € KOJIECAMH BCEHAIIPABJICHHOTO JeHCTBHS,

CTalMOHAPHBIA TEPCOHANBHBIM KoMIbioTep Parus 2021, KOMIUIGKT Ui M3y4EeHHs OINEPalMOHHBIX
CHCTEM PeabHOro BPEMEHH M CUCTEM yIPaBIECHUS aBTOHOMHBIX MOOMIIBHBIX POOOTOB.

Ilepeuens nuyen3uonn020 npoepammno2o obecneuenus. Pexeusumol noomsepicoaioue2o 0oKymeHma

T10 Microsoft Win 10 Professional 32/64 bit SP2 Only USB RS Box Kourpakr 14/1 ot 03.12 21 OO0
«ITapyc ITmroc»

Microsoft Office - 2019 (xopoGounast Bepcust) Jlorosop noxepreoBanust ot 06.05.2022
NAK NITRINO KoHTpakt Ne55-3A o1 30.11.2021 OO0 «Mapyc Natoc»

OnepauuoHHan cuctema P3J, OC Mypom 7.3.1 Cornawenue Ne 441/11-21Y ot 30.11.21r. 000

«Pep CodpT»
AKT npuema nepegaum npas 06.12.2021r.

Cornamenne o koHpuaeHnuansHocT Ned40/11-21K
CTraunoHapHble nepcoHaibHble KomnbloTepbl Parus 2021Core i5 10400F

Kontpakt Ne55-5A/2021 ot 30.11.2021 OOO «Ilapyc ITmoc»

AntuBupyc Kacnepckoro Cy6muuensuonnsiii qorosop CI[-00001380ot 01.03.2023 Jluuensus Ne
26FE-230306-093724-9-35565(370)

KoncyasTant Ilnroc JJorosop Ne26 ot 30.12.2022r OOO «tOpxomm»

CIIO nmo MTHIEeH3HOHHBIM COIJIAlIeHHSIM B CBOOOAHOM pacHpoCTpPaHEeHUH, B TOM 4HCJIe MO
GNUGeneralPublicLicense u anamoram: Adobe Reader, 7-Zip, Google Chrome, Far Manager,
Libre Office

Poccuiickas ®enepanus, 659333,

Anraiickuii  kpail, r. buiick,
Bnagumupa Koponenko, 1. 53

YL

Ayn. 413

Kommnekr yueOHo# Mmebemn. Kommiekr mabGopartopHoit meGenn. TexHudeckue cpenctBa: VR» -
obopynosanne Konrpakr 22-DA ot 28.10.2021 UIT Ky3emenko Jlenuc EBrensesiny

Tlepeuerb nuyeH3UOHHO20 NPOSPAMMHO20 0becneyeHus. Pekgusumsl noomeepicoaiouje2o OOKyMeHma

«VR» - 06opynoBanue

AntnBupyc Kacnepckoro Cy6munensnonnsiii gorosop CLI-00001380ot 01.03.2023 JInuensus Ne
26FE-230306-093724-9-35565(370)

CIIO 1o JUIEH3HOHHBIM COIJIALIEHUSIM B CBOOOJAHOM PacHpoCTpPaHEHUH, B TOM YHCJIe IO
GNUGeneralPublicLicense u anamoram: Adobe Reader, 7-Zip, Google Chrome, Far Manager,
Libre Office

Poccwuiickas ®enepanys, 659333,

Anraiickuii  kpai, . bniick,
Bnagumupa Koponenko, 1. 53

yIL

Ayn. 417

Kommekt yue6noi Mebenn. KomruiekT nabopatoproii Mmebenn. TexHudyeckne cpeacTa:

VIHTepaKkTHBHBIA KOMIUIEKC C BBIYHCIMTEIBHBIM OJOKOM M MOOWIBHBIM KpEIUICHHEM, Y4eOHO-
JIEMOHCTPAIIMOHHOE 000pyI0BaHNE TS Pealn3aluy 00pa3oBaTEIbHBIX IPOrpaMM 1o npeaMery «Dusnkay.

Ilepeuens nuyen3uonno2o npospammnozo obecnevenus. Pexsusumer noomeepowcoaroujeco 00Kymenma

AntuBupyc Kacnepckoro CyOnuuensuonnsiii qorosop CI[-000013800t 01.03.2023 Jluuensus Ne
26FE-230306-093724-9-35565(370)

Poccwuiickass ®eneparus, 659333,

Anraiickuii  kpaii, T. Dbniick,
Bnagumupa Koponenko, 1. 53

yIL




CIIO no JMIEH3MOHHBIM COIVIALIEHUSIM B CBOOOJHOM PacCHpOCTPAHEHUH, B TOM 4YHCJIE MO
GNUGeneralPublicLicense u anamoram: Adobe Reader, 7-Zip, Google Chrome, Far Manager,

Libre Office
Ayn. 420 Poccuiickas ®enepanus, 659333,
KommrekT yuebHol Mebenu. KommekT nabopaTtopHoii Mmebenn. Anraiickuil kpail, r. Dbuiick,

TexHuueckue cpeincrBa: MHTEPaKTHBHBIA KOMIUIEKC C BBIYMCIMTENBHBIM OJIOKOM M MOOWIbHBIM | Biamumupa Koponenko, a. 53
KpeIUIeHHEeM, Y4eOHO-1eMOHCTPAlMOHHOE 000pyI0BaHKe ISl Pean3aii 00pa30BaTeIbHBIX IPOrpaMM IO
npeamery «dusnkay.

HEDE‘{@HZ) JAUYEH3UOHHO20 NPOcPAMMHO20 obecneuenus. Pekeusumoi nodmeepafcdalou;eeo OOKyJVleHma

AntuBupyc Kacnepckoro Cy6muuensuonnsiii norosop CI[-000013800t 01.03.2023 JIunensust Ne
26FE-230306-093724-9-35565(370)

CITIO no JMIEeH3MOHHBIM COTJIALIEHUSIM B CBOOOJHOM PAaCNpOCTPAHEHUH, B TOM 4YHCJIE MO
GNUGeneralPublicLicense u anamoram: Adobe Reader, 7-Zip, Google Chrome, Far Manager,

Libre Office
Ayn. 421 Poccuiickas ®enepanus, 659333,
Kommrekt yue6Hol Mebenn. KommekT ntabopaTopHoii Mmebenn. Anraiickuil kpail, r. Dbuiick,

TexHUYecKHe CpeNCTBa: WHTEPAKTUBHBIM KOMIUIEKC C BBIYHCIMTEIBHBIM OJIOKOM M MoOWIbHBIM | Biagumupa Koponenko, a. 53
KpeIUIeHHEeM, Y4eOHO-1eMOHCTPAlMOHHOE 000pYyA0BaHHE [UIsl PeaM3alii 00pa30BaTEIbHBIX MPOrPaMM MO
npeamMery «dusnkay.

Tlepeuens nuyen3uoHH020 NPOSPAMMHO20 0becheyenus. Pexgusumovl noomesepoicoarouezo 00OKyMeHma
OnepaunoHHas cuctema Astra Linux Special Edition penans CMOJIEHCK OducHbliii nakeT P7-odwuc.
MpodeccrmoHanbHbI (AeckTonosas Bepcua) ObyyatoWwmii KOHTEHT MO €CTECTBEHHbIM HayKam
6uonorumn, xumuu u Gusmke ans yyeHuka\npenogasarens

4 moounvnoix komnsviomepnvix kaacca DEPO VIP 1530 Koutpakt Ne9-DA/2022 ot 16.08.2022
000 Ywmuka

AntuBupyc Kacnepckoro CyOmmuensuonnsiid norosop CII-00001380ot 01.03.2023 Jlnmensust Ne
26FE-230306-093724-9-35565(370)

KoncyabTaut Ilnroc Jorosop Ne26 ot 30.12.2022r OO0 «IOpxomin»

CIIO no JHIEeH3MOHHBIM COTJIALIEHUSIM B CBOGOJHOM PacnpoCTPaHeHUH, B TOM 4YHCJIe MO
GNUGeneralPublicLicense u anamoram: Adobe Reader, 7-Zip, Google Chrome, Far Manager,
Libre Office

10. METOUYECKUE PEKOMEHJIALIUM IO OPTAHM3ALIMY U3YUEHMS
JUCHMUILIAHBI

10.1 MeToauyeckue peKOMeHIALMH /IS NIpenoiaBaresiel

OcHoBHbIMU pazaenamu kypca TO/II B memarornueckoM By3e TPaJUIMOHHO SIBIISIIOTCS:
MOIIHOCTh MHOYKECTBA, CUETHBIE U HECUETHBIE MHOYKECTBA, CTPOEHUE 3aMKHYTBIX U OTKPBITBIX
MHO’KECTB Ha YHCIIOBOW MpsiMoii, mepa JleGera, MHOXKecTBa U pyHKIIMH, n3MepuMble 110 Jlebery,
uHTerpan Jlebera, MOHATHE METPUUECKOTO NMPOCTPAHCTBA, MOJIHbIE METPUUECKUE MTPOCTPAHCTBA,
psansl @ypbe B IPOU3BOJIBHOM [ MIb0€pTOBOM IPOCTPAHCTBE.

OcHOBHBIMU ~ (hopMamMu  pabOThl  SBISAIOTCS  JIEKIMM, MPAKTUYECKHE 3aHATUA U
camMocTosiTeNibHass paboTa CTYJIEHTOB, MCIOJIB3YIOTCS TakXe HWHTEPaKTUBHbIE (HOPMBI
(mpe3eHTaluu, NpoOIEeMHbIE JEKIUH, AUCTYT).

Texymuii KOHTpPOJIb B TEUYEHHE CEMEcCTpa OCYLIECTBIIAETCS IOCPEICTBOM OLIEHKH
BBITOJIHEHUS! €KEHEIeNIbHBIX JOMAIIHUX paboT, 3alUT UHAUBUAYATIbHBIX 3a/1aHU, a TaKkKe Ipu
IPOBEJCHUN ayJUTOPHBIX KOHTPOJBHBIX pPabOT W TecTUpoBaHUs.. HTOroBblii KOHTPOJb
npezrnonaraeT 3a4€T B KOHIIE / CeMecTpa.

10.2 MeToan4yeckne peKOMEHIANMH VIl CTYACHTOB

B kxoHme 7 cemecTpa CTYyAEHT JOJDKEH 3HAThb OCHOBHBIE IOHSTHS, ONpPEICNCHHS U
TEOpPEMBI, a TaK’K€ YMETh pelarh 0a30Bble 3aJauyd [0 pa3jiesiaM: METPUUYECKHE NPOCTPAHCTBA,
MOIIHOCTb MHXECTBA, JIMHEWHOE HOPMHUPOBAHHOE IPOCTPAHCTBO, MHOXECTBA HA YUCIOBOM
psMOii, Mepa MHOXKeCTBa, UHTerpan Jlebera.




11. OEHOYHBIE CPEACTBA JJIAA TEKYIIEI'O KOHTPOJISA U
IMPOMEXYTOYHOM ATTECTALIUA

@OoH/I OIICHOYHBIX CPEACTB pazpaboTaH Il HPOBENEHHS MPOMEXKYTOYHOH AaTTecTaluu
obyvaronuxcss mo aucuuiuinie «Teopusi QyHKUMHA 1eliCTBUTEILHOI0O NEePeMEeHHOr0» U
BXOJUT B COCTaB OCHOBHOH 00pa30BaTeIbHONW IPOrpaMMbl 110 HANpaBICHUIO IOJTOTOBKU:
44.03.05 «Ilemarornueckoe oOpa3oBaHue (C ABYMsS NPOGUISAMH IOATOTOBKH)» (TIpoduib
«Matemaruka u Mudopmatuka») (kBanmpukanus «bakanaBpy), peaan3yeMoil pu NOArOTOBKe
oOyuaromuxcsi B (heaepaabHOM roCyAapCTBEHHOM OIOIKETHOM 00pa30BaTEIbHOM YUpEXKIACHUU
BBICIIETO  OOpa3oBaHMUs  «ANTAWCKUKA TOCYJapCTBEHHBIH T'yMaHUTApHO-TIEIAarorMyecKHi
yauBepcuteT umMenu B.M. [llykmHay. @oH/ OLIEHOYHBIX CPEICTB MpeIHa3HaueH AJIs TPOBEPKU
c(OPMHPOBAHHOCTH KOMIICTCHLIUH, 3asgBICHHBIX B Mporpamme aucuuiuiiHel «Teopus
(GYHKIUI 1eiiCTBUTEILHOTO NMEePEeMEeHHOr0» B COOTBETCTBUU C y4eOHBIM ImaHoMm 44.03.05
«[legarormueckoe obpazoBanue (C AByMs IpOPMIIMU MOATOTOBKH)» (podmiib «MaTtemaTnka u
Nudopmartukay) (kBanudukanus «bakamaBpy).

Ilepeyenb KOMIETEHIMII ¢ yKA3aHMEM 3TANOB UX (POPMHUPOBAHUA
B Mpouecce 0CBOeHNsi 00pa30BaTeIbHOI MPOrpaMMbl

— CnocoOeH TPOCKTHPOBAaTh W PEAIM30BBIBATH MPOTPaMMy OCHOBHOTO U
cpeaHero o0Iero oopa3oBaHus B peaMeTHO# o0aactu Maremaruka (ITK-1).

MEJaroru4eckoro  MOHUTOPHUHIA, TO3BOJIAIONINE  OLICHUTh
cTeneHb c(hOPMUPOBAHHOCTU y JETEH Ka4eCTB, HEOOXOIUMBIX
JUTSE TATbHEHIIero o0yueHust ¥ pa3BUTUA 110 MateMaTtuke (V.2);

Bnaoempw:
— [IK-1.5 - Bnagets hopmMamu 1 MeTOIaMU OOYyUEHHS,
B TOM YHCII€ BBIXOSAIIUMH 3a PAMKM Y4YEOHBIX 3aHITH:
MPOEKTHas JAESITeNbHOCTb, J1a0OpaTOPHBIE HKCIEPUMEHTHI,
npakTudeckue 3aHsATHs W T.a1. (B.1)0a3oBeiMuM wupesmMu u
METOJJaMU TEOPHH (PYHKIMH NEHCTBUTEIBHOTO MEPEMEHHOTO.

Komner HNuaukaropsbl O1neHOYHbBIE
CHITUH, CpeacTBa
JTarnbl
3namo: [TpaxTHko-
— IIK-1.1 - 3HaHUEe OCHOBBI METOJUKHU MPEMOAABAHUS, | OPHEHTUPOBAHHO
OCHOBHBIC TPUHITUIIBI JIEATSIHBHOCTHOTO TIIOAX0/a, BUIBI U | € 3a/1aHue:
MPUEMBbl COBPEMEHHBIX TMEJarorMuecKuXx TEXHOIOTHIA B | KOJUIOKBHYM,
obmactu mateMatuku (3.1); MpaKkTUYecKas
— [TIK-1.2 - 3HaHme pabodyeid mporpaMMbl U METOAMKH | paboTa,
oOyueHus no marematuke (3.2), KOHTPOJIbHAS
Ymemn: pabora.
— IIK-1.3 - ymeHue TIUIaHWPOBATh U IPOBOJIUTH
K-1 yueOHbIe 3aHATUA 110 MaTemaTuke (Y.1);
7 oran — TIK-1.4 - ymenue UCTOIB30BaTh METO/IBI U CPEJICTBA




Komnemenuyus IIK-1 c ykazanuem smana popmuposanus 6 npoyecce 0c60eHus
00pazosamenvHoOil NPOPAMMDBL

Kommnerenrust [TK-1 (criocobeH mpoeKTUpoOBaTh U Pean30BbIBATh MPOrPaMMy OCHOBHOTO H
cpeanero oOmero oOpa3oBaHUS B TNpeAMETHON obmactu Matemaruka) QopMmupyeTcs Ha
cenpMoM aTarte (4 Kkypc) GopMUPOBaHKS KOMIIETECHIIHIA.

Komnerenmust [1K-1 dopmupoBanace B mpolecce H3ydeHUs MaHHOW TUCHUIUIMHBI U
MPOJOHKUT (POPMHUPOBATHCS Ha CIEAYIOIIMX Kypcax B IMPOLECCe M3YYEHHUs JIPYIHX Y4eOHBIX
JUCITUIUIMH, TPOXOXKACHHUS TPAKTHK W HWTOTOBOW TOCYAApCTBEHHOW artecranuu (3amura
BBITTYCKHOHN KBAIM(PUKAIIMOHHON pabOTHI).

TurnoBoe KOHTPOJBHOE 3aJlaHue IJs OLEHKH CHOPMUPOBAHHOCTH JAHHOW KOMIETCHIIUU
HAIpPaBJIEHO Ha JEMOHCTPAIMI0 TOTOBHOCTH MPOEKTUPOBATH W PEATU30BBIBATH IMPOTPAMMY
OCHOBHOT'O M CpeHero oomiero o0pa3oBaHus B MpeIMETHOI obnacTu MaremaTHKa.

1. Tunoeoe konmponvHoe 3a0anue na smane gpopmuposanus I[1K-1:

BOIPOCBHI K 3AYETY I10 KYPCY «TEOPUSI ®YHKIUH
JAEUCTBUTEJBHOI'O IEPEMEHHOI'O»
(KoHmpoabLHOE 3a0aHue Ha dmane GopMUpoO8aHUs KOMnemeHyuu)

1. DkBuUBaJCHTHbIE MHOXECTBA HMX CBOWCTBA. MOIIHOCT MHOXECTBA, CpaBHEHUE
MourHoctel. Teopema Kantopa-bepHinreiina.

2.  Teopema o CyIeCTBOBAaHHH MHOYKECTB CKOJIb YTOAHO OOJBIINX MOITHOCTEH.

3.  CueTHble MHOXKECTBA U UX CBOMCTBA.

4.  CueTHOCTh MHOXXECTBA BCEX DPAIIMOHAJIBHBIX YMCEN U MHOXKECTBA BCEX alreOpandecKux
YHCell.

5. Teopembl 0 OECKOHEYHBIX MHOXKECTBaX. XapaKTEPUCTUYECKOE CBOHCTBO OECKOHEUHBIX
MHOECTB.

6. HecderHOCTh MHOXECTBa BCEX JEHCTBUTENBHBIX umcen orpe3ka [0;1] m MHOXKecTBa

JNENCTBUTENBHBIX YHCEIL.

Teopembl 0 KOHTUHYYM MHOKECTBax.

8.  Ompenenenue U NpuMepsl METPUUECKUX MPOCTpaHCTB. CXOAUMOCTh MOCIIEA0BATENbHOCTH
TOYEK B METPHUUECKOM IIPOCTPAHCTBE.

9. OcHOBHBIE NOHATHSA, OTHOCSIINECS K MHOKECTBAM TOUEK METPUUECKOT0 MPOCTPAHCTBA.

10. OTKpBITHIC ¥ 3aMKHYTBIE MHO>KECTBA, UX OCHOBHBIC CBOMCTBA U CBSI3b MEKIY HUMH.

11. TlonHble METpHUYECKHE MPOCTPAHCTBA, X CBOWCTBA.

12. TpuHnun cxumaromux oroopaxkenuii. Teopema banaxa u ee npuMeHeHue.

13. Ompenenenne W npuUMepbl JUHEMHBIX MPOCTPAaHCTB. JIMHEHHBIE HOPMUPOBAHHbBIE
MIPOCTPAaHCTBa, npumepbl. HopmMupoBaHHOE NPOCTPAHCTBO KAk YacTHBIA  Ciydai
METPHUUYECKOT0 MPOCTPAHCTBA. baHaXx0BO MpPOCTPaHCTBO.

14. JluneliHble MPOCTPAHCTBA CO CKAISIPHBIM TpousBereHueM. OmpeneneHrne HOPMBI Yepes
CKaJIIpHOE Mpou3BeieHue. [ niap0epToBo MpOCTPaHCTBO.

15. Jlunelinble onepaTopsl U (QYHKIIMOHAIIBI, UX CBOMCTBA.

16. CrpoeHue OTKPHITHIX U 3aMKHYTBIX MHOKECTB Ha YHUCIOBOU MPSAMOIA.

17. KaHTOopoBO COBEpPIIEHHOE MHOKECTBO U €r0 CBOMCTBA.

18. Mepa orpanundyeHHoro MHoxkecTBa 1o JlebGery. CBOHCTBa MHOMECTB, M3MEPHUMBIX I10
Jlebery.

19. MmuoxectBo Kanrtopa, ero ocHOBHbIE CBOHCTBA.

20. W3mepumble pYHKIIUN U UX CBOWMCTBA.

21. Ormpenenenue wunHterpana Jlebera. Teopema o mnpedaenbHOM IEpexoje IOJ 3HAKOM
unTerpana Jlebera.

~



22. Cpasuenue nnrerpasioB Pumana u JleGera.
2. Tunosoe xonmponvHoe 3a0anue Ha smane opmuposarus I1K-1:

KoanoxkBuym
(koHmpoabLHOE 3a0aHue Ha dmane PopMupo8aHUs KOMnemeHyuu)

IIporpamma ko/utokBHyMa Nel

1.  DxkBUBaJEHTHBIE MHOXECTBA UX CBOMCTBA. MOIIIHOCTh MHOXKECTBA, CPABHEHUE
MougHocTer. Teopema Kantopa-bepHireiina.

2.  Teopema o cymecTBOBaHUM MHOXKECTB CKOJIb YTOJHO OOJIBIINX MOLTHOCTEM.

3. CueTHbIe MHOKECTBA U HX CBOICTBA.

4.  CYeTHOCTh MHOXECTBA BCEX PAIlMOHAIBHBIX YMCENl 1 MHOXKECTBA BCEX alreOpandecKux
YHCcenl.

5.  Teopembl 0 0ECKOHEUHBIX MHOXKECTBAX. XapaKTEPUCTUUECKOE CBOMCTBO OECKOHEUHBIX
MHOYECTB.

6. HecueTHOCTh MHOXECTBA BCEX JICHCTBUTEIBHBIX YUCEN OTpe3Ka [;1] u MHOKECTBa
JNEHCTBUTENBHBIX YHCET.
7.  Teopembl 0 KOHTUHYYM MHOKECTBAX.

IIporpamma koJ/utoKkBHYMa Ne2

1.  Onpenenenue u NpuMepbl METPUUYECKUX NMPOCTPaHCTB. CXOAUMOCTD MOCIIE0BATEILHOCTH
TOYEK B METPUYECKOM IIPOCTPAHCTBE.

OcHOBHbIE IOHATHS, OTHOCSIIKECS K MHO’KECTBAM TOYEK METPUUYECKOTO MPOCTPAHCTBA.
OTKpBITBIE U 3aMKHYTbIE MHO>KECTBA, UX OCHOBHBIE CBOMCTBA U CBSI3b MEXy HUMH.
ITonHbIe METPUYECKHE IPOCTPAHCTBA, UX CBOMCTBA.

[Mpunimn cxumaronux orodpaxenuii. Teopema banaxa u ee mpuMeHeHue.

okrwmn

3. Tunosoe xkonmponvHoe 3adanue nHa smane opmuposanus [1K-1:

Teoperuyeckoe 3aHATHE
(KonmpovHOe 3a0anue Ha dmane GopmuposaHus KOMnemeHyuu)

Bonpocsl 11 TeopeTudeckoro 3aHaTus (Moayab Ne3 u Ne4)

1.  Omnpenenenue u npuMepbl JUHEHHBIX MPOCTPAHCTB. JIMHETHbIE HOpPMUPOBAHHBIE
IIPOCTPAHCTBA, IpuMepsl. HopMUpOBaHHOE MPOCTPAHCTBO KaK YaCTHBIN CIydan
METPHUYECKOT0 MPOCTPAaHCTBA. baHaXx0BO MPOCTPaHCTBO.

2.  JluHeliHbIE MPOCTPAHCTBA CO CKATSIPHBIM Ipou3BeAeHueM. OnpesieneHre HopMbl 4epes3

CKaJIIpHOE Mpou3BeieHue. [ niap0epToBO MPOCTPaHCTBO.

Jlunelinble onepaTopsl U (PYHKIIMOHAIBI, KX CBOMCTBA.

CrpoeHune OTKPBITBIX U 3aMKHYTBIX MHOKECTB Ha YHCIOBOM MPSIMOM.

KaHTOpOBO COBEPIIEHHOE MHOKECTBO M €TI0 CBOMCTBA.

ok w

Bonpocs! 1J1s1 TeopeTH4ecKoro 3aHaTus (MoayJab NeS)

1. Mepa orpannuenHoro mMHoxectBa mo Jlebery. CBoiicTBa MHOXKECTB, HU3MEPHMBIX I10
Jlebery.

MHuosxectBo KanTopa, ero oCHOBHbIE CBOWCTBA.

3.  H3mepumble (QyHKIIUM U UX CBOWCTBA.

N



4.  Omnpenenenue wuHTerpana Jlebera. Teopema o mpeneabHOM TMEpPexojae IMOA 3HAKOM
uHTerpaia JleGera.
5.  Cpasuenue unrerpasioB Pumana u JleGera.

4. Tunosoe konmponvHoe 3a0anue Ha smane opmuposanus [1K-1:

KounTtpoabsHas pa6ora
(KoHmpobHOe 3a0anue Ha dmane GopmuposaHuss KOMnemeHyuu)

THUITOBBIE KOHTPOJIBHBIE PABOTbI

Memoouueckue yKazanus no 8bINOJIHEHUIO KOHMPOJLHOU pabomvl

OpHolf M3 3a7ad HCCIEOBaHUS SBJSETCS IMOMOIIbL IIPENOAABATENI0, UYUTAIOUIEMY Kypc
«Teopusa GyHKUUN AEHCTBUTEIHHOTO MEPEMEHHOT0», B COCTABJICHUU BapHAHTOB KOHTPOJBHOMN
paboThl, a TaKK€ HAa MX OCHOBE IMOJrOTOBKM THUIIOBOI'O BapHaHTAa KOHTPOJIBbHOM pabOThl ¢
pELICHUEM U YKa3aHUSIMH.

Konrtponbnas padora no gucumiuinae «Teopust QyHKIUI 1eHCTBUTEIBHOTO TEPEMEHHOTOY»
COCTOHUT U3 JIBYX YaCTEH.

[lepBas yacTh oxBarbiBaeT TeMmbl: «MHOXecTBa»y U «MoOUTHOCTH MHOXecTBa». OCHOBHas
4yacThb 3aJaHUM OTBEIEHA ONEepalMsM HaJ MHOXXECTBaMHU: JOIMOJIHEHUs, I[epeceyeHusl,
00BbeTMHEHNSI KOHEYHOT0 M OECKOHEYHOIro 4YHcia 3JIEMEHTOB MHOXeCTB. Bocbmoe 3amaHue
paccuuTaHO Ha MOHUMAaHHE CTyAeHTaMu (OyAYIIUMHU yYUTENIMU) dTara 3aBepIICHUs] pelleHus
yYpaBHEHHIA, HEPABEHCTB, TJ€ B OTBETE HYKHO MPEACTABIATH JTUO0 00BEIMHEHHE IMOTyYSeHHBIX
pelieHui, 1160 ux rnepeceueHue.

Hexotopele 3aganust paccMaTpUBAIOT OTOOPaKEHUS: «BY», «Hay», B3aMMHO OJHO3HAYHOE. DTH
OTOOpaXeHHsl 3a/1al0TCA HE TOJBKO rpauyuecku, HO M aHAIUTUYEeCKU. B TpuHamatoi 3amaue
CTyJEHTaM IMpeAaraeTcs CaMOCTOSITENIbHO BBIOpaTh crocod 3aaaHus otodpaxenus. Ocoboe
BHUMaHHWE B KOHTPOIBHOM paboTe yAensercs B3aMMHO OJHO3HAYHOMY COOTBETCTBHIO,
NOHMMAaHWE KOTOPOTrO HEOOXOAMMO B JajbHEHIIeM @pH MNpoXoxkIeHHH TeM: «CueTHoe
MHOECTBO» U APYTHX.

[Tocnennee 3ajaHNe pacCUMTAaHO HA HAXOXKIAEHHME MOIIHOCTH MHOXeCTB. bonbinas vacts
MOAMYHKTOB 3TOT0 33JaHusl HA IPUMEHEHUE OCHOBHBIX TEOPEM O CUETHBIX MHOKeCTBax. Takxke
UMEIOTCS 3aJJaHusl, T1€ MHO)KECTBO UMEET MOIIHOCTh KOHTUHYYM.

Bropas wacte HaszpiBaeTcs «MeTpuueckue mnpocTtpaHcTBay. llepBble nBa 3anaHus Ha
IIPOBEPKY aKCHOM METPUYECKOTO MPOCTPAHCTBA.

Crnenyroniye 3aaHusi KacaroTCs OCHOBHBIX MOHSATUN TEOPUU METPUUYECKUX MPOCTPAHCTB, B
YaCTHOCTH, 3aMKHYTBIX U OTKPBITBIX MHOXKECTB, a TAK)X€ £-OKPECTHOCTH TOYKH METPUUYECKOTO
MIPOCTPAHCTBA.

B nocnennem 3ananuu TpeGyercs HaAMTH pacCTOSIHUE MEXY ABYMsI TOUKaMU METPUYECKOTO
MPOCTPAHCTBA.

HNmeroTcst Takke 3aaud Ha COKUMAIOIIUE OTOOpa)keHWs, MpUMEeHeHue Teopembl banaxa. B
KOHTPOJIbHOHM paboTe UMEIOTCS 3a7]aui Ha HOPMUPOBAHUE METPUYECKHUX MPOCTPAHCTB.

[IpopaGoTka MOATOTOBJIEHHBIX BapHaHTOB IOKa3aja, YTO HEOOXOAMMO YETKO yKa3aTh B
KaKUX 33/IaHUSAX CTYICHTY HEOOXOJUMO JaTh TOJIBKO OTBET, HE MPEJOCTaBIsisl PEIICHUs, a T
MoAPOOHO 0O0CHOBATH CBOE PEIICHHE, BOCIIPOU3BOIUTH JIM IAHHBIE PUCYHKH U IPYTOE.

[Tpu BemonHenuu 3amanuid Ne 2, 4, 5, 6, 7, 10 u3 mepBoil 4acTh KOHTPOJIHHOU pPabOTHI
TpeOyeTcs 3amucaTh TOJBKO OTBET, He odopmisia pemenus. 3aganus Ne 9, 11, 12 tpebyror
OJPOOHOr0 U apryMEHTHPOBAHHOI'O OTBETA.

BapuaHTbl KOHTPOJILHOM PadoTHI



9.

Bapmuanr 1

Yacte |. MHokecTBO. MOIITHOCTH MHOXKECTBA

Vka3zaHHoe MHOXXCCTBO SaﬂaﬁTe MNEPECUYUCIICHUEM BCCX €ro DJICMCHTOB.

A={xeZz|(x-3)-(x* -1)=0}.

YcraHoBuTe, Kakast U3 IBYX 3aIlUCEU BEpHA:

a) {L2}e L2 {23} um {2} {L,2;{1;2;3}};

b) {L2}e L2 L2l um {2} < {12, {12}
Mycrs  A=(-12], B=[L4). Haiinure wmuoxectBa AUB,ANB,A\BuB\A.
N300pa3urte ux Ha YUCITIOBOM OCH.
[IpunsiB orpe3ok T = [0;1] 3a YHUBEpCAJbHOE MHOXKECTBO, HAWIUTE U H300pazure Ha
YHCIIOBOM OCHU JOIIOJIHEHUEC MHOKCECTBA {0,1} .
A — MHOXECTBO BCEX YCTBIPCXYTI'OJIbHUKOB Ha IINIOCKOCTH, B — MmHOXecTBO KBaJApaToB.
W300pa3ute Ha quarpamMMax Benna muokectBa AU B, ANB,A\BuB\A.

Jlnst 3ajaHHOTO ceMeiicTBa MHOXKECTB A, = {X eZ|-n<x< n}, ne N, naligure

UA 1 NA.

neN neN
COCTaBBTe MHO>XCECTBO BCEX IIOAMHOXECTB MHOXCCTBaA B = {a, b, C, d } OHpeZLeJII/ITe

MOIIIHOCTB B u cocraBienHoro muoxectnsa M.

ITycte A, B m C COOTBETCTBEHHO MHOKECTBA KOpHEH anreOpauMdyeckuX ypaBHEHHH
P(x)=0,Q(x)=0,R(x)=0, rme P(x),Q(x),R(X) - mmorownens. KakoBo MHOXecTBO
KOpHEW ypaBHEHUS P(X) . Q(X)- R(X) =07

Hanbr nBa mHOXkectBa A u B. Vkaxurte ortoOpaxenuss A B B, A na B, B3aumHo

OJTHO3HAYHOE OTOOpakeHue.
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10. ®yskums 3amaHa rpaduuecku. OToOpakeHHME KaKUX MHOXECTB OCYIIECTBISIET 9Ta

byHKIHA?

v

11. Jlanbl oTOOpaXkeHUsI, KOTOPBIE 3aAat0TCs rpaduiecku GyHKIUIMHU (0TOOpaXkaeTcs 00J1acTh
onpenenenuss ¢yukuun D(y) B eé MHOxkecTBO 3HaueHuil E(y)). Ykakute B3amMHOE

OJHO3HAYHOC OT06pa)KCHI/Ie.



y=f(x
N\

v

~—

y=h(x \ y=¢(x

v
v

A A
y= k(X J
) y=y(

yal®

v
v

12.  OroGpaxenwus A Ha B 3amans! pyHkumsamu: 1) y = %X -1;2) y= (;) :3) y=x"—X.

Jnst ykasaHHBIX oToOpakeHmit MHOkectBa A=D(y)u B=E(y). Vkaxure QyHKIUH,
KOTOpBIE OCYIIECTBIISIIOT B3aUMHOE OJTHO3HAYHOE COOTBETCTBHE.
13. A — mHOxecTBO (yHKIMH, HempepbslBHbIX Ha orpe3ke [0,2], R= (— oo,+oo). 3ananTe
otoOpaxenne AB R, R B A.

14. VYxkaxure MOIIHOCTH JAaHHBIX MHOXKECTB:

a) A={391215;..};

b) B={(—1)“2in| ne N};

€) C — MHOXECTBO TPEYrOJbHHUKOB TUIOCKOCTH, KOOPJAWHATHI BEPIIUH KOTOPHIX

panrnOHAJIbHBI;

d) D={xeR|-2<x<4}.



Yactsp |l. MeTpuyeckue npocTpaHcTBa

1. Jlano MHOXXeCTBO AeWCTBUTENbHBIX umcen R. fABmsercs nu merpuxkoid B R ¢dyHkums
3 3
p(X1 y) =X -y ?
2. JlokaxkuTe, YTO MHOKECTBO (DYHKIIHIA, HETIPEPBHIBHBIX Ha OTpe3ke [a,b], ¢ paccrosHuem

p(x(),y@®) = maX|X(t) - y(t)| - €CTh METPUYECKOE MMPOCTPAHCTRBO.
tefa,b]

3. B merpuueckom mpoctpanctBe E, man map S(a,r)=(2; 4,26). Haiinute ero ueHrp u
paauyc. Kakoe 370 MHOXECTBO: OTKPBITOE HJIK 3aMKHYTOE?

4. Tlocrpoiite e-okpecTHOcTh TOoukd (dynkumm) f(X)=2x+1 B Merpuyeckom
npoctpanctee C[-1; 2].
5. Haiinute paccTosiHuEe MEX/y TOUKaMH B JaHHBIX METPHYCCKUX MTPOCTPAHCTBAX:
a) E; x =242 u x,=-34.
0) E,; x,=(-12) u x,=(0,-2).
B) E;; X =012 u x,=(-10;1).

) C.[0,2]; f,(x)=x%u f,(x)=3x+4.

Bapuanr 2

Yactb |. MHOKkecTBO. MOIIHOCTHE MHOKECTBA

1. VYkazanHoe MHOXECTBO 3anaﬁTe MEPCUHUCIICHUEM BCEX €ro DJICMEHTOB.
A={xeR|x®=3x%+2x=0}.
2. YcraHOBHTE, KaKas U3 IBYX 3alMCeil BepHa:
a) {01} e {01 {012} wm {0;1}  {0:1; {0:1,2};
b) {03} e {01 {01} mom {01} = {0;1; {0:1}} .
3. Ilepeunmcnure  BCe  DIIEMEHTBI  MHOYKECTB AUB,ANB,A\BuB\A, ecm

A={XE R‘x2+x—20=0}, B={XE R‘x2—7x+12=0}.

4.  IlpunsB otpe3ok T = [— 2;3] 3a YHUBEpCaJIbHOE MHOXXECTBO, HalauTe W m300pa3ure Ha

YHCIIOBOM OCH JIOTIOJTHEHNE HHTepBaa (-2;3).
5. A — MHOXECTBO BCEX TPEYroJIbHUKOB Ha IIOCKOCTHU, B — MHOXECTBO paBHOOEAPEHHBIX

TpeyronbHUKOB. M300pa3ure Ha auarpammax Benna muoxectBa AUB,ANB,A\B u B\ A.

6.  Jlnd 3amaHHOrO ceMeiicTBa MHOXKECTB A = {3n —-2:3n —l}, n e N, gaiinure



UA 1 A

neN neN

7. CocraBbTe MHOKECTBO BCEX IIOJIMHOKECTB MHOXKECTBA Bz{ZL' 2:3; 4}. Onpenenure

MOITHOCTB B u cocraBiaenHoro muoxxecrsa M.

8.  BpIpasuTe MHOXXECTBO JCHCTBUTEIBHBIX KOpPHEH  anreOpamvyeckoro ypaBHEHUS
P(X) =0, eciu U3BECTHBI MHOXECTBA X = {X | P(x) > O}u Y = {X | P(x) < 0}.

9. J[lanwl nBa MHOXecTBa A 1 B. Ykaxure otoOpakenus A B B, A Ha B, B3anmHOe o1HO3HAYHOE

OTOOpaKECHHE.
g h
} —0 S E O
|
° g®)
A B B B
¢
® O
A B

10. Haiinure MHOxkecTBO G, Ha KoTopoe OYHKIHMS Y =X’ OTOOpaKaeT MHOXKECTBO

F=[-12].
11. [Jaubl otoOpakeHus, KOTOpble 3amatoTcs Tpaduueckun GyHKIMSIMU (0TOOpakaeTcs
obmacte omnpexaenenust ¢yukimun D(y) B e€ MHOXecTBO 3HaueHwit E(y)). Vkakurte

B3aMMHOC OJJHO3HAYHOC OTO6pa)KCHI/Ie.
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12.  Orobpaxenus A Ha B 3agans1 pynkmusamu: 1) y=e*;2) y=2-x;3) y=x*+3.

v

Jnst ykasaHHBIX oToOpakeHWit MHOkectBa A=D(y)u B=E(y). Vkaxure QyHKIUH,
KOTOPBIE OCYIIECTBISIOT B3aMMHOE OJTHO3HAYHOE COOTBETCTBHE.
13. A — MHOXecTBO xurenei r.buiicka, R- MHOXECTBO IEHCTBUTEILHBIX YHCEN. 3amaiiTe
oroopaxenne ABR, RBA, 4 HaR.
14. YkaxXuTe MOIIHOCTh IaHHBIX MHOYKECTB:

a) A={3,6,9,12,15...};
b) |3={(—1)n %| ne N};

C) C — MHOXECTBO TPEYrOJIbHUKOB IJIOCKOCTH, KOOPANHATHI BEPIIUH KOTOPHIX IIENIbIC

YHCIIa;

d) D={xeR|0<x<5}.



Yactsp |l. MeTpuyeckue npocTpaHcTBa

1. Jlano MHOXXeCTBO AeWCTBUTENbHBIX umcen R. fABmsercs nu merpuxkoid B R ¢dyHkums

p(x, y) =|cos(x—y)|?

2. JIoKaxuTe, 9TO MHOXECTBO (DYHKIIMH, HEMPEPHIBHBIX Ha oTpe3ke [a,b], ¢ paccrosHuem
a
p(x(t), y@®) = “ f(x)— g(X)|dX , 00pa3yI0T METPHUECKOE IIPOCTPAHCTBO.
b

3. B merpuueckom npoctpanctBe E;, man map S[a,r]=[-2; 0,36]. Haiinute ero uentp u
panuyc. Kakoe 370 MHOXECTBO: OTKPBITOE WIJIM 3aMKHYTOE?
4. TlocTpoiite g-okpecTHOCTh Touku ((ymkmuu) f(X)=X*—X B MeTpuuecKkoM
npoctpanctse C[-1; 2].
5. Haiinute paccTosiHue MEXIy TOYKaMH B JaHHBIX METPHUYCCKUX MTPOCTPAHCTBAX:
a) E;; x,=-231u x,=175.
0) E,; x, =21 u x,=(0-3).
B) E;; X% =00-L0) u x,=(2-12).
r) C[0;2]; f,(xX)=x*u f,(x)=3x+4.

BapuanT 3

Yacte |. MHokecTB0. MOIITHOCTH MHOMXKECTBA

1 . YKa3aHHOe MHO>XKXECCTBO 3az[a171Te nepeqncneHI/IeM BCECX €ro 2JICMCHTOB.
1
A=<{xeR|X+=<2ux>0;}.
X

2. Bepna I 3amuch:
8) {11}e{-1L{-10L});
b) {-11) = {~11 {101}
) {-11}e{-110; {-10:1}};
d) {-1pc 10 {1
e) {~11}c{-10:2}.
3. Jausi wmuoxectBa A=[25]uB=(3,6). Ilepeunciute BCe OJEMEHTBI MHOMKECTB

A+B,A-B,A\BuB\ A u u3o0pa3ure ux Ha YHCIOBOI OCH.



10.

11.

ITpunsB orpezok T =[O;l] 32 YHHMBEPCAJIbHOE MHOXECTBO, HalAMTE M H300pa3uTe Ha

YUCJIOBOM ocH aomnoiaHeHue uateprana (0,25;0,5).
A — MHOXECTBO MapaJuIeIONPaMMOB Ha IIJIOCKOCTH, B — MHOecTBO poMOoB. M300pazute
Ha quarpamMmax Benna maoxectBa AUB,ANB,A\BuB\A.

JUI 3a1aHHOTO ceMeNcTBAa MHOXKECTB A = {1;%;%;...;%}, ne N , HaiguTe U A un ﬂ A, .

neN neN
CocTaBbTe€ MHOXKECTBO BCEX IIOAMHOXKECTB MHOXeECTBa B = {2;4; 6;8}. Onpenenure
MOIIHOCTH B u cocraBinenHoro mHoxecta M.

ITycte A, B u C cOOTBETCTBEHHO MHOXKECTBA KOPHEH anreOpanvyecKux ypaBHEHUU
P(X)z 0, Q(X)= 0, R(X)= 0, rme P(X), Q(X), R(X) - MHOrowieHol. KakoBo MHOXECTBO
P(x)=0 ’

Q(x)-R(x)=0

KOpHEW CUCTEMBbI YpaBHEHUM {

9. Hanbr nBa MHoxectBa A m B. Vkaxurte oroOpaxenus A B B, A na B, B3aumnbie

OAHO3HAYHBIC 0T06pa)KeHI/IH.

Haiimute wmHOXectBo G, Ha KoTOopoe (QYHKIHS y=|x| 0TOOpa)kaeT MHOXKECTBO

F={x|1<[x<2}.

Jaub1 oToOpaXkeHus, KOTOphIe 3a1at0Tcs Tpadudecku GQyHKIUSIMHE (0TOOpaxkaeTcsi 00J1acTh
onpenenenuss Gynkiuu D(Y) B €€ mHOxecTBo 3HaueHmii E(Y)). Ykaxutre B3aumHOe

OJTHO3HAYHOC OT06pa)KCHI/IC.
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12.  Oro6paxenus A Ha B 3amanbl pynkuusamu: 1) y=-7x+1;2) y=log,x; 3) y=x>—-x>.

Jnst ykasaHHBIX oToOpakeHmit MHOkectBa A=D(y)u B=E(y). Vkaxure QyHKIUH,

KOTOPBIE OCYIIECTBISIOT B3aMMHOE OJTHO3HAYHOE COOTBETCTBHE.

13. A — mHOXecTBO cTyAeHTOB 161 rpynmet ®M®, cnaBaBIIMX dK3aMEH 110 MaTEMAaTHIECKOMY
aHanmuzy, B = {2,3,4,5} - MHOXECTBO OIleHOK. [locTaBMM B COOTBETCTBHE KaKIOMY
CTYJICHTY TOJYYCHHYIO UM OIICHKY (f) U 00paTHO — KaXJIOW OLICHKE IMOJYYMBIIHUX €€
CTYJICHTOB (go) 3amano nu orobpaxenue: a) f : ABB;0) ¢p:BBA?

14. VYxkaxurte MOITHOCTH JaHHBIX MHOYECTB:

a) A={L525125;625,..};

b) B={2in|neN};

c) C — MHOXECTBO YETHIPEXYrOJbHUKOB IUIOCKOCTH, KOOPIHHATHI BEPIIMH KOTOPHIX

palluOHAJIbHBI;

d) D={xeR|-1<x<3}.



Yactsp |l. MeTpuyeckue npocTpaHcTBa

1. Ilycte M — MHOXECTBO BCEX HACEJICHHBIX ITyHKTOB Ha JieBOM Oepery peku buwm.
Paccrosiane p(X,Y) OT IMyHKTa X 10 IIyHKTa Y OylIeM H3MepsTh BpEMEHEM JABIKEHHS OT X JI0 Y
KaTepa, HMMEIOIIET0 COOTBETCTBYIOIIYIO ckopocTh 40 km/u. OOpasyer nmu M merpuueckoe
IIPOCTPAHCTBO?

2. Byner nm aByXMepHOe HpPOCTPaHCTBO R® MeTpHYecKMM MPOCTPAHCTBOM, €CIH

paccTosHUE MEXIy ToukaMu X = (X;,X,) u Y =(Y,, Y, ) ONpeaeauTh TaK:

1, ecruX#y
X, =
pIY) {O, eciu X =Y.

3. B merpuueckom npoctpanctBe E, nmanm map S[a, r]=[5,24; 6,2]. Haiigure ero 1ieHTp u
pamuyc. Kakoe 3To MHOKECTBO: OTKPBITOE WIIH 3aMKHYTOE?
4. Tloctpoiite e-okpectHocTh Touku (¢ynkumu) f(x)=Ilog,X B Merpuueckom
npocrtpanctse C[L 4].
5. Haiinute paccrosiHuEe MEX/y TOUKaMH B JaHHBIX METPHYCCKUX MTPOCTPAHCTBAX:
a) E;, x,=23u X, =-562.
0) E,; x,=(27) u x,=(-1-3).
B) E;; X, =123) u x,=(-5-2,-3).

r) C'0;2L; f,(xX)=x> u f,(x)=3x+4.

Bapuant 4

Yacrp |. MHOKecTBO. MOIIHOCTE MHOKECTBA.

1. VYkazanHoe  MHOXKECTBO  3aJaiiTe  MEpPEYUCICHHEM  BCEX  €ro  JAJIEMEHTOB.
A= {XG N | x* —3x—4£0}.

2. YcraHOBHUTE, KaKasi U3 JBYX 3aluceil BepHa:

a) {23} {£,2,3,{L,2,3}}wm {1,2,3}  {£,2,3;{1,2;3}};
b) {23} {2 {,2;3}}wm {1;2;3}  {1,2; {1;,2;3}}.

3. [Tycts MHOXECTBO A COCTOMT W3 IOHOIIEH AaHHOW Tpynmbl, a B — u3 nmeBymiek Toil ke
rpynnbl. Haitnute mHoxkectBa AU B, ANB,A\BuB\ A. Paccmorpute Takke ciydawu,
korna A umu B mycroe MHOXeECTBO.

4.  IlpunsB oTpe3ok T :[0;1] 32 YHMBEpCAJIbHOE MHOXECTBO, HalWuTe W H300pa3uTe Ha

4HCIIOBO# ocH jonoHenue nonynutepeana (0;0,5].



10.

11.

A — MHOXECTBO pPaBHOOEIAPEHHBIX TPEYTOJIHLHHUKOB Ha IJIOCKOCTH, B — MHOXECTBO
PaBHOCTOPOHHUX TPEYrodbHUKOB. M300pasure Ha auarpaMmax BeHHa MHOXecTBa

AUB,AnB,A\BuB\A.

. 1
Haiinute oObenHeHNEe U IepecedyeHne MHOXKECTB Y, = [0;1— 2—), rnren=1273,....
n

CocTaBbTe MHOJKECTBO BCEX IIOAMHOXKECTB MHOXKecTBa B = {O;ZL'—ZL'Z}. Onpenenure
MOIIIHOCTE B 1 cocraBinennoro maoxecrsa M.

BhIpa3suTe MHOXKECTBO pelIeHMH ypaBHeHHs 2Sin°X=1 uepe3 MHOXecTBa peLICHHMIi

.. 1 .
ypaBHEHHH: SINX=—— H SINX=——.
V2 NG
Hanbr nBa mHOkectBa A m B. Ykaxwute oroOpaxkenus A B B, A nHa B, B3aummHOe

OAHO3HA4YHOC OTO6pa)KCHI/IC.

f
® »O
®)
@)
(6]
A B
k
® »O
®)
@)
P (6]
A B

- X
Haiigure MHOXECTBO G, Ha KOTOpOC (I)yHKI_II/I}I y= > 0T06pa>1<aeT MHO>KECTBO
X

F=(01).

JlaHbI OTOOpaXKEHUS, KOTOPBIC 337a0TCs TpaduuecKu GyHKIUIMHU (0TOOpakaeTcst 00IacTh
omnpenenenuss ¢ynkuun D(y) B e€ MHOoxecTBO 3HaueHuil E(y)). Ykaxkute B3auMHOE

OJIHO3HAYHOE 0TOOpakeHHUE.
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12.  OroOpaxxenus A Ha B 3ananbl pynkuusamu: 1) y = [;J 1 2) y=4x+2;3) y=4x*>+2x.

Jns ykazaHHbIX oToOpakeHmid MHOxectBa A=D(y)u B=E(y). Ykaxure ¢yHKIHNH,
KOTOpBIE OCYIIECTBIISIIOT B3aHMHOE OIHO3HAYHOE COOTBETCTBHE.

13. HazoBute mpocTeiimue sneMeHTapHble QYHKINUH, KOTOPhIe OCYHIECTBISIOT OTOOpaKEHUS
RBR,RuaR.

14. VYxkaxurte MOITHOCTH JaHHBIX MHOYECTB:

a) A={2n-3|neN};

b) B={(—1)"5in| neN};

€c) C — MHOXECTBO OKPYXHOCTEH IUIOCKOCTH, KOOPIMHATHI IIEHTPa KOTOPBIX

panrnOHAJIbHBI;

d) D={xeR|2<x<7}.



Yactsp |l. MeTpuyeckue npocTpaHcTBa.

1. SBisercs i MeTpUKO#M Ha nipsiMoit R dyukiust p(X, y) = |X - 2y| ?
2. Jlokaxure, 4TO N-MEPHOE MPOCTPAHCTBO R"SBISIETCSI METPUYECKUM, €CIIU PACCTOSIHHUE
Mex Iy ToukaMu X = (X;,X,,...,X,) # Y=(Y;,Y,,..., ¥, ) ONPEICIUTh PABEHCTBOM

1, ecrux=+y

p(X,y) :{

0, ecrux=y.
3. B merpuyeckom npocrpanctBe E, man map S(a,r)=(-2,63; 0). Haiiqute ero nentp u
paauyc. Kakoe 3T0 MHOXKECTBO: OTKPBITOE W 3aMKHYTOE?

4. Tloctpoiite g-okpecTHOCTh ToukH (pyHkumu) f(X)=SiN X B METPHUECKOM MPOCTPAHCTBE
C[0; =].
5. Haiigure paccTosiHUE MEXy TOYKAMHU B JAHHBIX METPHUYECKUX MPOCTPAHCTBAX:
a) E; x=-253u x,=081.
0) E,; x=(2-1) u x,=(0,5).
B) E;; X, =(-32-2) u x,=(10;2).
r) C'0:1; f(X)=x* u g(x)=2x+3.

Bapuanr 5

Yacrp |. MHOKecTBO. MOIHOCTE MHOKECTBA.

VYka3anHoe MHO>XECTBO 3anaﬁTe MEPCUHUCIICHUEM BCEX ero 3JICMCHTOB.
1_.«
A=|xeZ| 3 <2°<50.

YcTaHOBHTE, Kakas W3 JIBYX 3alHCEH BEpHa:
8) {11} {201 {-L0fwm - 11} {101 {-L0}};
b) {~11}e {-10%L; - L1jmm {(-11f < (-0 {- 115
Jlansr MHOeCTBA A=[-32]uB=[0;4]. Haiinure MHOECTBA
AUB,ANB,A\BuB\ A. U306pa3uTe X Ha YHCIOBOI OCH.

[IpuHsB Bce neicTBUTENbHBIE 4YHclIa R 3a yHUBepcallbHOE MHOXKECTBO, HaWIUTe
JIOTIOTHCHHE MHOKECTBA UppaIlHOHATBHBIX gucel .
A — MHOXeCTBO POMOOB Ha IUIOCKOCTH, B — MHOkecTBO kBampatoB. M3o0pasute Ha

nuarpamMax Benna muoxkectBa AUB,ANB,A\B u B\ A.



. 1
6. Haiinute oObenHeHNe U IepecedeHne MHOXKECTB X, = (0;1+ —j ,tme n=12.3,....
n

7. CocrtaBbTe€ MHOMECTBO BCEX IOJAMHOKECTB MHOYECTBA B:{C,d,e, f}. Omnpenenure
MOIIIHOCTE B 1 cocraBinennoro maoxecrsa M.
8. Ilyctb A, B u C COOTBETCTBEHHO MHOXECTBa KOpHEH anreOpandeckux ypaBHEHUH
P(X)zO, Q(X)zO, R(X)zO, rIe P(X), Q(X), R(x) - MHorowieHsl. KakoBo MHOKECTBO
P(x)=0
KOpHe#l cucTeMpl ypasHeruii < Q(x)=0?
R(x)=0
9. Hanbl 1Ba MHOkectBa A u B. Vkaxkwure oroOpaxenuss A B B, A ma B, B3aumHoe

OJIHO3HAYHOE 0TOOpaKEHHUE.

f g h
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10. Haitnure MHOXecTBo G, Ha KoTopoe (GYHKIMA Y =+ X—X’> OTOOpaKaeT MHOXKECTBO

F =(0:).

11.  Jlanbl oTOOpakeHMsI, KOTOPBIE 3aAat0TCs Tpaduieckn GyHKIUIMHU (0TOOpaXkaeTcs 00J1acTh
omnpenenennss ¢yukuun D(Yy) B eé mMHoxkectBo 3Hauenuit E(y)). Ykakute B3ammHOe

OJTHO3HAYHOE OTOOpaXKeHHe
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12.  OroGpaxenns A Ha B 3anansl pynkumsmu: 1) y=x°+3;2) y=log,, 2x; 3) y =sin x.

v
v

Jns ykazaHHbBIX oTOOpakennid MHOxkectBa A=D(y)u B=E(y). Ykaxure ¢yHKIMNH,

KOTOPBIE OCYIIECTBIISIOT B3aUMHOE OJTHO3HAYHOE COOTBETCTBHE.

13. A — mHOXecTBO pyHKIMH, Tuddepenunpyemsix Ha otpeske [0,1]. 3anaiite oToOpakeHue
AB[0,1],[0,1] B A.

14, VkaxuTe MOIIHOCTh JaHHBIX MHOKECTB:

a) A={n-1|neN};

b) B:{(—l)”i neN};

C) C — MHOXECTBO HCTICPCCCKAIOIINXCS MHTCPBAJIOB HA YHCI0BOM HpHMOﬁ;

d) D={XeR|—oo<X£3}.



Yactsp |l. MeTpuyeckue npocTpaHcTBa.

1. SIBastercst M METPHUKOM Ha mpsiMoit R dyukiust p(X, y) = |sin(2x - y)| ?

2. JlokaxwuTe, 94TO N-MEPHOE MPOCTPAaHCTBO R"SBISIETCS METPHUYCCKUM, €CIIU PACCTOSHHE
Mex Iy ToukaMu X = (X;,X,,...,X,) # Y=(Y;,Y,,..., ¥, ) ONPEICIUTh PABEHCTBOM
o, y)=max{x, -V, |} i=12,..,n.
3. B merpuueckom npoctpanctBe E, man map S(a,r) = (-5,62; —3) . Haitnute ero uentp u
paauyc. Kakoe 3T0 MHOXKECTBO: OTKPBITOE WM 3aMKHYTOE?
4. Tloctpoiite g-okpectHOCTh TOukd (pyHkumu) f(X)=2"-1 B Merpuueckom
npoctpanctse C[0; 2].
5. HaiiauTe paccTosiHEE MEX/y TOYKAMH B IAHHBIX METPUYECKHX IMPOCTPAHCTBAX:
a) E;, x,=072u x,=-38.
0) E,; x=(2L0) u x,=10;2).
B) E;; X =L u x,=(20,-3).
r) CY0;35]; f(x)=x* u g(x)=2x+3.

Bapuanr 6

Yacte |. MuoxkecTBo. MOIIHOCTH MHOKECTBA.

1. VYkazanHoe  MHOXKECTBO  3aJaiiTe  MEPEYUCICHHEM  BCEX  €ro  JAJIEMEHTOB.
A={X€ N | IogOVS%< 2}.
2.  YcraHoBwWTe, KaKas U3 JIBYX 3allHCel BEpHA:
a) {a;b}e{a;b;{a;b;c}inm fa;b}c {a;b; {a;b;cl};
b) {a;b}e {a;b;{a;b}}um {a;b} c {a;b;{a;b}}.
3. anbI MHO’KECTBA A= [— 2;2]14 B= (— 1;3). Haiinure MHOKECTBA

AUB,AnB,A\BuB\ A. U300pa3ute ux Ha YUCIIOBOM OCH.

4.  IlpunsB otpe3ok T :[0;1] 32 YHHMBEpPCAJIbHOE MHOXECTBO, HAWAWTE JIONOJHEHHUE

MHOXeCTBa < — U | —:11.
4 4

5. A — MHOXeCTBO 3uHICOB, B — MHOXeCTBO OkpyxkHOCTei. M300pasute Ha muarpamMmax

Benna maoxectea AUB,ANB,A\BuB\A.



10.

11.

. -1 n
Haiinute oObennHeHNe U nepecedeHne MHOXKeCTB F, = {—,—l ,rme n=12,3,....
n n+

CocTaBbTe MHOXKECTBO BCEX ITOJMHOXKECTB MHOXecTBa B = {X,XZ,XS,X4}. Onpenenure

MOIITHOCTB B 1 cocraBinennoro mHoxkectsa M.

[Tyctb A, B u C COOTBETCTBEHHO MHOXECTBAa KOpHEH aireOpanvecKux YpaBHEHHMA

P(X)=O, Q(X)=O, R(X)=O, rmae P(X), Q(X), R(X) - MHOrowieHol. KakoBo MHOXECTBO
P(x)=0

Q(x)-R(x)=0

Hanbr nBa mHOkectBa A m B. Ykaxwute oroOpaxenus A B B, A na B, B3aumHOe

KOpPHEHN COBOKYIIHOCTH YPaBHEHUHN {

OJHO3HAa4YHOC OT06pa)KeHI/IC.

¢
> r. O
;-
A B

A B

9

™

Haiinute MHOXectBo G, Ha kortopoe ¢yHkuus Y =109, X oTOOpaxkaeT MHOXXECTBO

F=(327).

Jaubl oToOpaXkeHus, KOTOPhIe 3a1at0Tcs Tpadudecku GyHKIUSIME (0TOOpakaeTcs 001acTh
omnpenenennss ¢yukuun D(Yy) B eé mMHoxkecTBo 3Hauenuit E(y)). Ykakurte B3ammHOe

OJTHO3HAYHOE OTOOpaXKeHHe



A A :
\ y=f(x i y=g(x
) ! )
\ A1
A A
y=h(x y=sin
/_ ) 1o
> TP o >
1
A A
y=¢(x y=y(

v

2
<

1 X
—:3)y=7x".

12.  OtoOpaxenus A Ha B 3ananbl Gpynkuusmu: 1) y=2-3X;2) y=
X

Jns ykazaHHbBIX oTOOpakenmid MHOxectBa A=D(y)u B=E(y). Ykaxure ¢yHKIMH,
KOTOpBIE OCYIIECTBISIIOT B3aHMHOE OIHO3HAYHOE COOTBETCTBHE.
13. HasoBuTe mpocreiiiie 3neMeHTapHble (QYHKIHH, KOTOPBIE OCYIIECTBISIOT OTOOpasKeHHS
RB (O;+oo), R Ha (0;+oo).
14. VYxaxxuTe MOIIHOCTb JAaHHBIX MHOYKECTB!

a) A:{e,ez,...,e”,...};

b) Bz{zin|neN};

C) C — MHOXECTBO MATUYTOJIBHUKOB IIJIOCKOCTHU, KOOPAHWHATBHI BEPIIUH KOTOPBIX

palMOHAIIbHBI,

d) D={xeR|2<x<+xnf.



Yactsp |l. MeTpuyeckue npocTpaHcTBa.

1. SBnsercs nmu meTpukoii Ha npsmoit R dyakmusa p(X, y) =2x—y?

2. Bynmer nm TpexMepHOE IIPOCTPaHCTBO R® MeTpuuYecKHM IIPOCTPAHCTBOM, €CiH
paccTosiHie MEXIy ToOYKaMu X = (X;,X,,X;) u Y =(Y;,Y,, Y;) ONPEICIHUTh TaK:

P, y) =max{x, = yil, X, = Yl [xs = ¥}

3. B merpuueckom mpoctpanctee E; manm map S[a,r]=[0,]; 2,74]. Haiinure ero ueHrp u

paauyc. Kaxoe 3T0 MHOX€ECTBO: OTKPLITOC UJIN SaMKHYTOG?

4. 11 i f(x)= L
. IMoctpoiite g-okpectHoCTh TOUkU (pyHKIMHU) f(X) = 3 B METPUYECKOM IIPOCTPAHCTBE

C[-L1].
5. HaiiguTe paccTossHUE MEX/1y TOUKAaMH B IaHHBIX METPUUYECKUX MPOCTPAHCTBAX:
a) E;, x,=—73u Xx,=5062.
0) E,; x=(-20) u x,=(4,-8).
B) E;; x,=@01) u x,=(0; -2; 3).

r) C'[0;35]; x,=x" u X, =2x+3.

Bapuanr 7

Yacrpb |. MHOKecTBO. MOIIHOCTHL MHOKECTBA.

1. VYkazanHoe  MHOXKECTBO  3aJaiiTe  MEpPEYUCICHHEM  BCEX  €ro  JAJIEMEHTOB.

A:{Xe R‘ cos? 2X=1I/IO<XS27Z}.

2. BepHa IH 3arHCh:
a) {10} e {0;{1:0:2}};
) {0} {103}
0) {L0}e {10} {:0:2}};
d) {0} {012 L2}
e) {L0}c {1,2;3}.
3. Tlycts A={n|neN}, B={2n-1| neNj}. Haiinure MHOK€ECTBA

AUB,AnB,A\BuB\A.
4.  IlpunsB untepBan B = (— 2;3) 3a YHMBEpCaJIbHOE MHOXECTBO, HaliUTE M M300pazuTe Ha

YHCITOBOI OCH JIOTIOJTHEHHE MHOYXKeCTBA {12} .



10.

11.

A — MHOXeCTBO mapajiegorpamMmMoB, B — MHoxecTBO Tpamenuid. M300pa3ute Ha

muarpammax Benna muoxkectBa AU B, ANB,A\BuB\A.
Haiigure 0ObelMHEHNE U TIEPECEUYEHHE MHOKECTB A = [n, n +1], rae n=123,....
CocTaBbTe MHOJKECTBO BCEX IMOIMHOKECTB MHOXKecTBa B = {— 4,—3,—2,—1}. Onpenenure

MOITHOCTB B u cocraBiaeHHoro muoxxecrtsa M.

X+y—-1>0
Kak BbIpaxkaeTcs peleHHE CUCTEMBbI { 2v>0 uyepe3 peleHue HEPaBEHCTB:
X—2y>

X+y—-1>0 u x-2y>07?
Hansl nBa mHOXkectBa A u B. Ykaxure orobpaxenus A B B, A ma B, B3ammnoe

OJTHO3HAYHOE OTOOpaKEeHHUE.

@
p
=~
VJV Y
OO0 O O
m

. . TX
Haiigure MHOXECTBO G, Ha KOTOpOC (I)YHKL[I/I}I y=5|n? 0T06pa>1<aeT MHO>KECTBO

-

JlaHbI OTOOpaXKEHUS, KOTOPBIC 337a0TCs TpaduuecKu GyHKIUAMHU (0TOOpakaeTcst 00IacTh
omnpenenennss ¢yukuun D(Yy) B eé mMuoxkectBo 3Hauenuit E(y)). Ykakute B3ammHOe

OJIHO3HAYHOE 0TOOpaKeHHE



y=hix ,

v
v

y=K(x

/— \ E . y=y(

v

v

12.  OroGpaxenus A na B 3amansl pynkuusmu: 1) y =log, X;2) y=7x;3) y=x*—x°.
Jns ykazaHHbIX oToOpakeHmid MHOxectBa A=D(y)u B=E(y). Ykaxure ¢yHKIHNH,

KOTOPBIC OCYHICCTBIAIOT B3aMMHOC OJHO3HAYHOC COOTBETCTBHUC.

13. 3amaer mu Qynkums Yy =tgx oroOpaxkenue R B R? 3amaiite ¢ momompio 310 (yHKINU

B3aMMHOC OJJHO3HAYHOC COOTBCTCTBUC.

14. VYxkaxurte MOITHOCTH JaHHBIX MHOYECTB:

a) Az{nTJrS neN};

b) B ={(—1)“2in|n € N};

€) C — MHOXECTBO TPEYTOJIbHUKOB IIOCKOCTH, KOOPHHATHI TOUKU MEPECCUCHUS

MCJWaH KOTOPBIX pallMOHAJIbHEI;

d) D={XeR|—3SX<+oo}.



=

Yactsp |l. MeTpuyeckue npocTpaHcTBa.

. SIBnsieTcst M MeTpuKoii Ha psaMoit R dyrkumsa p(X, y) = x> + y*?

Jlokaxxute, 4TO MHOXKECTBO JEHCTBUTENBHBIX uMced R ¢ dyHkimen p(x, y)=‘x3 - y3‘

SIBJISICTCS] METPUYECKUM IIPOCTPAHCTBOM.
B merpuueckom npoctpanctBe E; man map S(a,r) =(-2,2; 0,36) . Haiinute ero uentp u
paaunyc. Kakoe 3T0 MHOXKECTBO: OTKPBITOE WM 3aMKHYTOE?
[Moctpoiite  g-okpecTtHOCTh TOukH (QyHkimu) f(X)=e*—-2 B MeTpuueckom
npoctpanctee C[-1; 2].
HaiinTe paccTosiHAEe MKy TOYKaMH B TAHHBIX METPUUECKUX MPOCTPAHCTBAX:

a) E; x=-504ux,=17.

0) E,; x=(23) u x,=(-2,3).

B) E;; X, =@L-1) u x,=(0;2,-2).

r) C0.; f(x)=x*>u g(X)=x.

Bapuanr 8

Yacte |. MuoxkecTBo. MOIIHOCTH MHOKECTBA.

3anuce M| N,rme m,n e Z , O3HAYACT, YTO YUCJIO M €CTh ACIUTEIb yucaa Nn. Hepe‘-II/ICJII/ITe

BCE DJIEMEHTHI MHOKeCTBa A = {X eN ‘ X| 8ux # 1}.

Bepha nu 3anuce:

[Mycts A=(-18), B=[L17). Haiigure maoxectBa AUB,ANB,A\BuB\A.

[IpuHsiB Bce neWCTBUTENBbHBICE 4YHCIAa R 3a yHHBEpCabHOE MHOXKECTBO, HAWINUTE
JIOTIOJTHEHHE MHOXKECTBA PallMOHANBHBIX unceln Q.

A — MHOXecTBO (YHKIMI, HEIPEephIBHBIX Ha oTpe3ke [a,b], B — mMHOXkecTBO (hyHKUMHA,
muddepenimpyembix Ha otpeske [a,b]. M300pasute Ha nuarpammax BenHa MHOXecCTBa

AUB,AnB,A\BuB\A.



. 1
Haiinute oObearHEeHNE U IEpecedeHne MHOKECTB X | = (0;1+ —), rnren=123,....
n

CocTaBbTe MHOXKECTBO BCEX ITOJMHOKECTB MHOXKECTBA B:{a,ﬂ,y,é'}. Onpenenure

MOITHOCTB B u cocraBiaenHoro muoxecrsa M.

. X X .
BoIpa3uTe MHOXECTBO pelieHui ypaBHEHHs SIN E-sm 5= 0 yepe3 MHOKECTBA pEIICHUI

o - X . X
ypaBHEHUH: SIN 3 =0 wu sin 5 =0.

9. Jlanwl nBa MHOecTBa A 1 B. Ykaxure otoOpakenus A B B, A Ha B, B3anmHOe 01HO3HAaYHOE

oToOpaXkeHHe.

10.

11.

Haiinute muoxxkectBo G, Ha koTopoe ¢yHkmms Y =2X+1 oroOpakaeT MHOXECTBO
F=[-12).
Jaub1 oToOpaXkeHus, KOTOpbIe 3a1at0Tcs Tpadudecku GyHKIUSIME (0TOOpaxaeTcsi 00J1acTh

omnpenenenuss ¢ynkuun D(y) B e€ MHOoxecTBo 3HaueHuil E(y)). Ykakute B3auMHOE

OJTHO3HAYHOC OT06pa)KCHI/IC.



/ I y=f(x y=y(
: A v\
a b

v
v

A XA
y=0(x
y=K(x \

v

v

\

12. Otobpaxenus A Ha B 3amans dynkmuamu: 1) y =5%;2) y=3x-2;3) y=2x>—x°.

Jns ykazaHHbBIX oTOOpakeHnid MHOxectBa A=D(y)u B=E(y). Ykaxure ¢yHkuuu,
KOTOpBIE OCYIIECTBIISIIOT B3aHMHOE OIHO3HAYHOE COOTBETCTBHE.

13. HazoBute npocreiimue 3neMeHTapHble (PYHKIIUN, KOTOPbIE OCYILECTBIISIOT OTOOpakeHue
T T .
UHTEpBasa | — PEy Ha R; unTepBana | — PPy Ha OTPE30K [— 1,1].

14. VYxkaxurte MOITHOCTH JAHHBIX MHOYKECTB:
a) A — MHOXECTBO MPOCTHIX YHCEIT;
no 1 .
b) B=1(-1)"——|neN¢;
n+2
c) C — MHOXECTBO IIIECTHYIOJIbHUKOB IIJIOCKOCTH, KOOPAMHATHI BEPIIUH

KOTOPBIX palluOHAJIbHBI;

d D={xeR|5<x<7}.



Yactsp |l. MeTpuyeckue npocTpaHcTBa.

1. Muoxecteo M ={a,b,C} c MeTpukoil p sBIsETCA METPHYECKHM MPOCTPAHCTBOM, H
p(a,b)= p(b,c)=1. Kakue 3nauenus moxer npurnmath paccrosuue p(a,c)?
2. Jloxaxwure, 4To0 Hapa (R, p(x,y)= x— y|) - METPUYECKOE IPOCTPAHCTBO.
3. B merpuueckom nmpoctpanctBe E, man map S[a, r]=[172; 3,54]. Haiigure ero nenrp u
paaunyc. Kakoe 3T0 MHOXKECTBO: OTKPBITOE WM 3aMKHYTOE?
4. Tloctpoiite e-okpecTHOCTh Toukd (pynkumm) f(X)=2x*+1 B MeTpudeckoMm
npoctpanctse C[-2; 2].
5. Haiinure paccTosiHue MKy TOUKAMU B JJAHHBIX METPHUYECKUX MPOCTPAHCTBAX:
a) E; x=-85u x,=481.
0) E,; x,=(2-3) u x, =(-112).
B) E;; x,=&21 u x,=(0,0,-3).
r) CL2]; f(x)=x* u g(x)=x.

Bapuanr 9

Yacrp |. MHOKecTBO. MOIIHOCTE MHOKECTBA.

3amuce M|N,tae M,N € Z , o3Ha4aeT, 94TO YUCI0 M ecTh AenuTenb yucia N. [lepeuncoute

BCe oemenThi MHOKecTBa A= {x € N | x|12}~{x e N| x|8}.
VCTaHoBHUTe, KaKas U3 ABYX 3aITHCEil BepHA:
a) {afeiabifa)ibl};
b) aefa;b;{al;{o}}
o) {afciabiiablf:
d) aciabifaj;ibl}
e) f{aje{ab;c}.
Jlanb! MHOYECTBA A=[-23) u B=(13]. Haiinure MHOYXECTBA
AUB,ANB,A\BuB\A.
ITpuuse nonyuaTepan B =[—2;3) 3a yHuBepcanbHOE MHOKECTBO, Hali/IuTe U M306pa3UTE

Ha YUCIIOBOM OCH JTOMOJIHEHUE HHTCPBAJI (— 2,0) .



5. A — MHOXecTBO (YHKIIMI, HEMPEPHIBHBIX Ha oTpeske [a,b], B — MHOKeCTBO (yHKIHIA,

OTpaHMYCHHBIX Ha oTrpe3ke [a,b]. M3o0pasure Ha auarpammax BeHna MHoOkecTBa

AUB,AnB,A\BuB\A.

6. Jst 3aJaHHOTO CeMeICTBAa MHOKECTB A = {1;%;%;...&}, ne N, narigure U A u ﬂ A, .
n

neN neN

7. CocTraBbTe MHOXECTBO BCEX IIOJMHOKECTB MHOXKeCTBAa B = {2;4;6}. Onpenenure
MOIIIHOCTE B 1 cocraBinennoro maoxecrsa M.

8.  Kak BeIpaxkaeTcs penieHue ypaBHEHH (y - x)(y2 +x? —1) =0 4epe3 penieHUs ypaBHEHUM:
y—-x=0wu y’+x*-1=0?

9. Hanbr nBa mHOkectBa A m B. Ykaxwure otobOpaxkenus A B B, A na B, B3aummnoe

OJHO3HAa4YHOC OTO6pa)KeHI/I€.

11

—

L
o O

vy

S 0
o/
A B
k Y 0

'— :O 1.4

o
o)
o

A B A B A B

10. Haiigure wmHOXectBo G, Ha KoTOopoe ¢yHKIUs Y =1gX oToOpakaeT MHOXECTBO

11. Jlansl oToOpaxkeHHs, KOTOpbIe 3a/1at0Tcs rpadudecku GyHKIMsIMU (0TOOpaXxaeTcst 00J1acTh
omnpenenennss ¢yukuun D(Yy) B €€ mMHOoxkecTBO 3Hauenuit E(y)). Ykakute B3ammHOe

OJIHO3HAYHOE 0TOOpakeHHUE.



y=h(x y=g(x

v
v

A
.l/—\ \ y:f(x y:(P(
1 \
; \

v

v

v
v

12. Otobpaxenns A Ha B 3amans dynkmuamu: 1) y =e>;2) y=ctgx; 3) y=x—-x".
Jns ykazaHHbIX oTOOpakenmié MHOxectBa A=D(y)u B=E(y). Ykaxure ¢yHKIHNH,

KOTOpBIE OCYIIECTBIISIOT B3aUMHOE OJTHO3HAYHOE COOTBETCTBHE.
13. A — MHOXecTBO pycckux cioB, B — mHOxecTBO OykB pycckoro aindasura. 3amaiite
otoOpakenust AB B u B B A.

14. VYxkaxurte MOITHOCTH JaHHBIX MHOYECTB:

a) A={2n|nez};

o 3]

c) C — MHOXECTBO TpPEYrOJbHUKOB IUIOCKOCTH, KOOPIMHATBHI OPTOILEHTPA

KOTOPBIX palluOHAJIbHBI;

d) D={xeR|0<x<10}.



Yactsp |l. MeTpuyeckue npocTpaHcTBa.

. SIBastercst 11 MHOKecTBO M = {a,b,c} METPHUYECKUM MPOCTPAHCTBOM, €CJIM PACCTOSHUE O
yrnosnetBopsier yenosusm: p(a,c)= p(c,a)= p(a,b)= p(c,b)=2, p(b,a)= p(b,c)=1?
JIoKaXuTe, 4YTO MHOXKECTBO  JICHCTBUTEIBHBIX uHcel R ¢ paccrosHEeM
p(x,y)= |arctg X —arctg y| SIBJISIETCSI METPHUUECKUM MPOCTPAHCTBOM.

B merpuueckom npoctpancrse E, man map S[a,r]=[-172; 3,5]. Haiinute ero uentp u

paauyc. Kaxoe 3T0 MHOX€ECTBO: OTKPLITOC UJIN SaMKHYTOG?

[Toctpoiite e-okpectHOCTh TOukM (dyHkuum) f(X)=2-3X B Merpuyeckom
npoctpanctee C[-2;1].
HaiiguTe paccTosiHue MEXIy TOYKAMH B JIAHHBIX METPUUECKHUX ITPOCTPAHCTBAX:

a) E; x =782 u x,=-135.

0) E,; x=6;-D) u x,=(4-2).

B) E;i X, =(2L0) u x, =(-L-1-1).

r) C[0;2]; f(x)=x®>-3x+1u g(x)=0.

Bapuant 10

Yacrp |. MHOKecTBO. MOIIHOCTE MHOKECTBA.

3ammce M|N,tae M,N € Z , o3Ha4aeT, 94TO YUCI0 M ecTh AenuTenb yucia N. [lepeuncoute

Bee onemenTsi Muokectsa D = {x e N [ 12| x}n {x e N | 8] x].
VcraHoBUTE, KaKas W3 JIBYX 3aruceii BepHa::
8) {Ufe {10 - 10Af wm 1} <« {11 {-LOAY);
b) {1} & {-2,0; {Ljjwmn 1} < {-1:0; {1}
Jlansr  muokectBa A=(-13], B=[05). Haiinute wmHO)ectBa AUB,ANB,

A\BuB\A.

[TpunsB Bce aeiicTBUTENbHBIE 4HMclia R 3a yHHBEpCaJbHOE MHOXECTBO, HaWIuTe H
n300pa3nTe Ha YHCIIOBOM OCH JIOTIOJIHEHUE WHTEpBaja (— 10;+oo).

A — MHOXecTBO (YHKIIMI, HENMPEephIBHBIX Ha oTpe3ke [a,b], B — mMHOkecTBO (yHKIMHA,

UHTErpUpyeMbIX Ha oTpe3ke [a,b]. M3o00pasure Ha naumarpammax BeHHa MHOXecTBa

AUB,AnB,A\BuB\A.

Haiinute oObeinHEHNE U TIEpecedeHne MHOXecTB B, = [— n, n] ,Tne n=12,3,....



7. CocTaBbTe MHOXKECTBO BCEX IIOAMHOYKECTB MHOXKECTBA B={10;20;30}. Onpenenure

MOITHOCTH B 1 cocraBieHHoro MuoKecTBa M.
8. Ilyctb AB um C COOTBETCTBEHHO MHOKECTBA KOpPHEHW anreOpandecKux ypaBHEHUUH
F’(X) =0, Q(X) =0, R(X) =0, rme P(X), Q(X), R(x) - MHorowieHsl. KakoBo MHOKECTBO
R(x)=0 )
P(x)-Q(x)=0

9.lanbl nBa MHOXecTBa A 1 B. Vkaxwure orobpaxenus A B B, A Ha B, B3auMHoe oHO3HAYHOE

KOpPHEM CUCTEMbl YpaBHEHUH {

OTOOpaKECHHE.
f 9

(]

»0
>0 >
@ / »0
o »O
A B B

1
10. Haiigure MmHOX)ecTBO G, Ha KOTOpOoe PYHKIUS Y = — OTOOpakaeT MHOXKECTBO F = [ZL' ]
X

11. Jlansl oToOpaXkeHHs, KOTOpbIE 3aat0Tcs rpadudyecku GyHKIMSIMHU (0ToOpaxaercst 00J1acTb
omnpenenennss ¢yukuun D(Yy) B eé mMHoxkecTBo 3Hauenuit E(y)). Ykakurte B3ammHOe

OJIHO3HAYHOE 0TOOpaKEeHHUE.



y=f(x y=h(x

v

y=K(x

v

-
v

~—

12.  Otobpaxenns A Ha B 3agansl dynxumamu: 1) y =2x> —3;2) y=cosx; 3) y=2-7x.
Jns ykazaHHbIX oTOOpakeHmid MHOxkectBa A=D(y)u B=E(y). Ykaxure ¢yHkum,
KOTOpBIE OCYIIECTBISIIOT B3aHMHOE O/IHO3HAYHOE COOTBETCTBHE.
13. HasoBuTe mpocreiiiue 3neMeHTapHble (QYHKIHH, KOTOPBIE OCYIIECTBISIOT OTOOpaKeHHE
unrepsana (0;7) B R, uarepsana (0;+00) Ha (0;+0).
14. VYxaxxuTe MOIIHOCThH JaHHBIX MHOXECTB!

a) A={,24816;.};

b) B:{zin|nez};

C) C — MHOXECTBO TPCYTrOJIbHUKOB INIOCKOCTU, KOOPANHATHI TOYKH IICPECCUCHUA

CEPCAVHHBIX NECPIICHAUKYIIAPOB KOTOPLIX pallMOHAIIbBHBI,

d) D={xeR|-1<x<2ud<x<7}.



Yactsp |l. MeTpuyeckue npocTpaHcTBa.

1. Jlano MHOXecTBO IeicTBHTENbHBIX uucen R. SIBnsercs nu merpukoid B R ¢dyHkums
2 2
P Y)=|x* —y?|?

2. JlokaxxuTte, 4TO MHOXECTBO (YHKIIHIA, HEIIPEPBIBHBIX Ha oTpe3ke [a,h], ¢ paccrosHuem

p(x(@®), y(t)) = \/ i (X(t)— y(t))2 dx - ecThb METpUYECKOE MPOCTPAHCTRBO.

a
3. B merpuueckom mpoctpanctBe E;, man map S[a,r]=[-4,02; —0,26]. Haiigure ero
LEHTp U paguyc. Kakoe 3To0 MHOXKECTBO: OTKPBITOE UIIK 3aMKHYTOE?
4. TloctpoiiTe &-0KpecTHOCTh ToukH ((pyHkuuu) f(X) =X’ B MeTpUYECKOM HPOCTPAHCTBE
C[0; 2].
5. Haiinure paccrosiHue MEXK/y TOUKAMU B JAHHBIX METPHUYECKUX IPOCTPAHCTBAX:
a) E; x,=203u x,=-177.
0) E,; X=(-22) u x,=(2,4).
B) E;; x,=(-10-1) u x,=(121).
r) C[0;2]; f,(x)=x®-3x+1u f,(x)=0.

2.2.3. TunoBoit BapuaHT KOHTPOJIbHOM pabOTHI C PEIICHUSIMU U YKa3aHUSIMH
3aoanue 1. Yxa3zaHHOe MHOXeCTBO A= {x eN|x*-3x—4< 0} 3a7aiiTe MepeYrCcIeHUEM

BCEX €T'0 3JICMCHTOB.

Pemenue:
1) Pemmm nanHOE KBajpaTHOE HepaBeHCTBO X°—3X—4<0. KopHu KBampaTHOTro

TpexuieHa X =4 u X =—1. Torga nanHOe HEPaBEHCTBO MPUMET BU/I; (X - 4)(X +1) <0.

Ecnu ucnonp30BaTh METO] MHTEPBAJIOB, TO MOJIYYHUM X € [—];4]: peuieHre HepaBeHcTBa. 1o
ycnoButo X € N . Torga mHOXkecTBO A = {l; 2:3 4}.

3aoanue 2. BepHa 11 3anuCh:

a) 5e{{L; 2}; 3, {4;5}};

6) {45} < {{L; 2, 3; 4}; 4, 5}?

Pemenue:

a) JlaHHOe MHOXKECTBO {{ZL 2}; 3 {4; 5}} COCTOMT M3 TpEeX DJIEMEHTOB: MHO>KECTBO {ZL' }
qUCI0 3 W MHOXKECTBO {4; 5}. [TosToMy 4mciao0 5 — 3TO HE BJIEMEHT JAHHOTO MHOKECTBA.

CJ'IG)IOBaTeJ'IBHO, 3aIucCh HE BEpHA.



6) MHOXECTBO {4; 5} COCTOMT M3 2JIeMEHTOB 4 1 5. OHU SABISIOTCS SJIEMEHTAaMH MHOKECTBA
{{l; 2:3; 4}; 4; 5}. CrnenoBatenbHO, 3aITUCh BEPHA.

3aoanue 3. Jlanpl  MHOXECTBa A= [— 3;2]14 B= [0;4]. Haiigure  MHOXecTBa
AUB,ANnB,A\B u B\ A. 1300pa3ure ux Ha YUCIOBOM OCH.

Pemenue:

MuoxectBa A u B n3o6pakaem Ha 4nCIOBOW MPSIMOIA. - 0 2 4

AU B - 3T0 TOUYKH, KOTOPBIE JIEKAT XOTsI ObI B OJIHOM MHOXECTBE, TO ecTh AU B = [— 3;4].

AN B - 3To ToukH, KOTOpBIE MPUHATIEKAT 000MM MHOXKECTBaM, TO ecTb AN B = [0;2].

A\ B - 3T0 TOYKH, KOTOPbIC IPUHAIICIKAT MHOKECTBY A, HO HE MPUHAIC)KAT MHOKECTBY B,
o ecth A\ B =[-3,0).

B\ A- 3T0 TOYKH, KOTOPBIE ITPUHAIERKAT MHOKECTBY B, HO He pHHAIEKAT MHOKECTBY A,
To ectb B\ A= (2;4].

3aoanue 4. Tycts untepsan | =(—2;5) - yHuBepcalTbHOE MHOKECTBO H MHOMKECTBO
= [0;4). Haiiyre nonomuenue C, A.

Pemenmne:
CI A= \A. O @ OO

C, A=(-20)uU[45). ?

3aoanue 5. Ilycts A — MHOXECTBO BceX (YHKIIMM, OMPECICHHBIX HAa OTPE3Ke [a; b]. B -

MHOKECTBO (DYHKIIMIH, HHTETPUPYEMBIX Ha OTPE3KE [a; b]. N300pa3ute Ha auarpamMMax Benna
muoxectea AUB,ANB,A\B u B\A.

Pemenne: 3ameTnm, 4To MHOKECTBO B = A.

AuB=A AnB=B

B\A=J.
3a0anue 6. 3amanel  MHOXecTBa A :[1, n], roe n=1, 2, 3,... Haiigure

04 04 4,. ﬂ4

n=1 n=1 n=1 nel



Pentenue:

1) A =[0;1], A, =[0;2], A =[0;3],...,A,=[0;50]. Torna EOJAn =[0;50], a
L) A, =[0; +o].

2 \A =101, (A, =[0: 1]

neN

3aoanue 7. CoctaBbTe MHOKECTBO BCEX IIOJMHOXKECTB MHOXkecTBa A={a,, a,,...,a,}

Ykazanue: Ecinu MHOKeCcTBO A COCTOHUT M3 N 3JIEMEHTOB, TO MHOKECTBO BCEX MOJIMHOKECTB

JaHHOT'O MHOXXECTBA UMCCT 2" 3]1eMEHTOB.

3aoanue 8. Hanpumep, A — MHOXECTBO KOpPHEH ypaBHEHHS f(X)= 0, a B — mHOXecTBO

f(x)=0
peleHuil HEepaBeHCTBA g(X)SO. Torga MHOXECTBO KOPHEHW CHCTEMBI (

nepeceueHrue MHoxkectB A u B (Am B), a MHOXECTBO KOPHEHl COBOKYIHOCTHU

00BeINHEHE MHOXKECTB (Au B).

3aoanue 9. Jlanbl nBa MHOkecTBa A u B. Ykaxute oto6paxkenus A B B, A Ha B, B3aumHoe
OJTHO3HAYHOE OTOOpaKeHue.

Pemienne:

a) OTo oToOpaxxeHWEe He sBIAETCS OoToOpakeHHMeM A B B, Tak kak B A €CTh 3JIEMEHTHI,
KOTOpPbIE HE UMEIOT 00Pa30B.

0) PaccMoTpuMm cienyroniee COOTBETCTBUE:

3anaHo otobpaxeHne MHokecTBa A B B, oHO ke Oyzner orobpaxenuem A Ha B, Tak kak Bce
AIIEMEHTHI MHOXecTBa B siBisiroTcst o6pazamu. Ho 3T0 oTOOpakeHne He B3aMMHO OJHO3HAYHOE,

TaK Kak B B ecThb 9JICMCHT, KOTOpBIﬁ HMECT JIBa Hp006pa3a.



6) DTO B3aMMHO OJIHO3HAYHOE OTOOpakeHue: oToopakeHue A Ha B;
2) pa3IUYHBIM 3JIeMEHTaM U3 A COOTBETCTBYIOT

paznu4Hbie 00pa3sl u3B.

Ykazanue k 3aoanuro 10. V306pa3ute rpaduk GyHKIMHM W JaHHOE MHOXeCTBO. Haiinure

06p213131 OJICMCHTOB U3 YKa3aHHOT'O MHOXXCCTBA.

Ykazanue k 3ad0anuam 11-12. 1) Haiimute o0nacTe omnpeneneHus D(f) U MHOXECTBO
3HAYECHUU E(f ), yKka3zaHHbIX QyHKIUH. OueBUIHO, YTO 33aHO OTOOpakeHHe D(f ) Ha E(f )

2) V6emurech, 4To /Ui OBKIX 2MEMEHTOB X, X, € D(f) Takux uto X, # X, BBITONTHSETCS:

Yy, #Y,, THe Y, = f(xl) uy,= f(xz) (uHTEpHIpEeTHUpYHTE 3Ty HWHPOPMAIHMIO Ha

TEOMETPUYECKUH «SI3BIK», €CITU (PYHKIUS 3a/1aHa rpaduIecKn).

Kpurepun oneHkn KoMIeTeHUMH B pAMKaX TUNOBbIX KOHTPOJIbHBIX 3aIaHHI:

1. CootBercTBue oTBeTa (GopmynupoBke Bompoca. ComepikaTelbHOCTh, TIIyOMHAa W MOJHOTA
otBeta. JloctoBepHOCTh H3naraemoro matepuana (0-30 6aios).

2. Ilpaktuueckas HanpaBieHHOCTH (0-30 GanoB)
ApPryMEeHTHPOBAaHHOCTb, JIorTuuHOCTH (0-20 6asos).

w

4. JlocTaTo4HBIN HAYYHO-TEOpETHUECKUil ypoBeHb oTBeTa (0-20 6amioB).

TunoBoe 3ananue oneHuBaercs no 100-0amnpHON IIKaje, KOTOpas MEPEeBOAUTCS B HATH
O0aJUIbHYIO ILIKaly B COOTBETCTBUM C JEHUCTBYIOIIMM Ha TeKyumud MomeHT llomoxkeHuem o
PEUTUHIOBOM CHUCTEME TEKYLIETO KOHTPOJIS YCIIEBAEMOCTH M IPOMEKYTOUYHOM aTTEeCTalUU
CTYICHTOB:

- OLEHKa «5» BBICTABISETCA B Cllyyae, €ClIM CTYAEHT BBINOJHWI KadecTBeHHO 87-100 %
THIIOBOI'O 3a/1aHHUS;

- OlLlIEHKa «4» BBICTaBJISETCS B CiIydae, €CIM CTYICHT BBINOJHWI KadecTBeHHO 75-86 %
THTIOBOT'O 3a/1aHHUS;

- OlleHKa «3» BBICTABJISETCS B Ciydae, €CIM CTYACHT BBINOJHWI KadecTBeHHO 60—74 %
THIIOBOT'O 3a/I1aHHUS;
- OLICHKA «2) BBICTABIIAETCS B CIIy4ae, €CJIN CTYIEHT BBINOIHUAI MeHee 60 % TUIIOBOIO 3aJaHusl.

YPOBeHb C(l)Ole/IpOBaHHOCTI/[ KOMIICTCHIIUN IIK-18 PaMKaxX TUIMMOBBIX KOHTPOJBbHBIX

3aJJaHUM:
YpoBHHU IMoka3zarenu
IIOPOTrOBBIN OTBeT B OCHOBHOM IIPaBUJIBHBIA, HO CXEMaTHUYHBIMH,

OOHapYXUBAIOUIMI UL YMEHHE IOBEPXHOCTHO U C
OTKJIOHCHUAMU oT IIOCJICJOBATCIIBHOCTHU N3JI0KCHUA
PacKphITh MaTepuall; HAyYHO-TEOPETUUYECKUIl YpOBEHBb
OTBETAa HE JOCTAaTOYEH, HET OOOOIIEHUWH W BHIBOJOB B
MOJIHOM 00BeMe, WMEIOTCS CYIIECTBEHHBIE OIIUOKU B
(hopmMyTupOBKE OMpeIeTICHUH.




0a30BbII OTtBer, 0OHapy)XHBaeT Xopollee 3HaHWE U TOHHUMAaHUE
Marepuana, yMEHHE  H3Jarath CBOM  MBICIH
MOCJIeIOBaTeNbHO U TPaMOTHO. B oTBeTe MOXeT ObITh
HEIOCTAaTOYHO  TIOJHO  pa3BepHyTa  apryMeHTanus,
BO3MOJKHBI OTJICJIbHBIE 3aTpyAHEHUS B (HOpPMYyITUpPOBKE
BBIBOJIOB, WJUIIOCTPATHBHBIA MaTepual MOXKET OBITH
MPEJCTAaBICH HEIOCTaTOYHO, NMPUBOJMMBIC MPHUMEPHI HE
TOYHBIE, OT/IEJIbHBIC OIIMOKH B ()OPMYIHPOBKE MOHITHI

MTOBBILIECHHBIN OTBET MCUEpIBIBAIOIINAM, TOYHBIN, MPOSBICHO YMEHHUE
MOJIb30BAThCS MaTepUaoM TEKCTOB IO MPEAMETY JUIs
apryMeHTalluid U CaMOCTOSITENIbHBIX BBHIBOJIOB, CBOOOIHOE
BJIaJICHUE COOTBETCTBYIOLICH TEPMHMHOJIOTUEN, HABBIKAMHU
aHaJli3a, yMEHHE U3JIaraTb CBOM MBICIIH [TOCJIEIOBATEIHHO
C HeoOXoOUMBIMH  OOOOIMIEHHMAMH H  BBEIBOIAMH,
WCIIOJIb3YSl TEPMUHBI.

MeToauuecKkue MaTepHuaJbl, ONPEACIAAIOIINE ITPOLHECAYPHI OCHUBAHUS

[{enpro IpOMEKYTOUHOM aTTECTAMU 110 JAHHON JUCLUIUIMHE SBIIECTCS OLICHKA YPOBHS
c(OpPMUPOBAHHOCTH KOMIIETEHIIUH B pPE3yJibTaTe YCBOCHUS 3HAHWI, MPUOOpPETEHUS yMEHUH,
HABBIKOB U OIBITA JAEATEIbHOCTU B PAMKaX OCBOCHUS JUCIUILIMHBI (MOYJIS).

[Ipouenypa oleHHBaHHMS OXBaThIBaeT OOYYAIOIIUXCS, OCBAaWBaBIIUX JAUCHUIUIMHY
(monynb) Ilponenypa olieHHBaHMS NPOBOJUTCS IO OKOHYAHMM OCBOEHUS JUCLUIUIMHBI
(Mmomynst). Onenka ypoBHsS C(HOPMHUPOBAHHOCTH KOMIIETEHIIMM Ha 3Tamax ux (HOpMUPOBAHUS
OTIpeneNsieTcsl Ha OCHOBAHWU COOECEIOBaHMS, BKIIOYAIOIIMX TEOPETUYECKHUE BOIPOCH MU
3aJjaHusl, B KOTOPBIX OOydYaromiemycsi MpeasiaraloT OCMBICIUTh pPealbHYI0 MPOPECCHOHATBHO-
OPUEHTUPOBAHHYIO CHUTYallMI0, HEOOXOAMMYIO ISl PEIIEHUs JTaHHOM MpoOJeMBbl; MpPU 3TOM
aKTyaJIM3UpPYyeTCsl ONpEeeIeHHbI KOMITJIEKC 3HAaHUM, HEOOXOAMMBIN Ul pa3pelieHus: JTaHHON
npo6sieMbl. OLleHUBaHHE OTBETOB 00YYaIOUINXCS MPOBOJUTCS B COOTBETCTBUHU C NMPUBEACHHBIMU
KPUTEPUSMH.

Ha ocHoBaHuu OTBETOB (OTBETOB HA TECT, BBHINOJIHEHHE MPAKTUKO-OPUEHTUPOBAHHOTO
3aJaHKsI) OLEHHMBAETCS YpOBEHb C(HOPMUPOBAHHOCTH KOMIIETEHIMH Ha JTamax ux
(dbopMUpPOBaHUS B paMKaxX JTUCIUILIMHBI (MOJYJIs), @ TAK)KE YPOBEHb 3HAHUM, YMEHUI, HABBIKOB U
ONbITa JEATEIbHOCTH, [0 pE3yJabTaTaM BBICTABIISIETCA OLIEHKA. Pe3ynpTaTel MpOBEIEHUS
IIPOLIEYPHl B YCTAHOBJIIEHHOM IOPSAJIKE ITPOCTABIIAIOTCS MPENOJABATEIEM B 3a4ETHBIE KHUKKU
oOyyaromuxcst M DIEKTPOHHbIE BeaoMocTd. [lo pesynpTaTaM NpOBEAEHUS MPOLETYPhI
OLICHUBAHMUS MPENOAABATEIEM JI€JIAeTCs BBIBOJ O pe3yjbTaTax MPOMEXYTOYHOM aTTeCTAlMM 110
JUCLIUILUINHE.

[Tpouenypa oneHuBaHus (3a4€T) COOTBETCTBYET JCWUCTBYIONIMM B BYy3€ TEKYIIUM
MOJOKEeHUsAM, BKIto4dass [lookeHne © pPEUTUHrOBOM CHCTEME TEKYIIEro KOHTPOJIS
YCIIEBAEMOCTH U MPOMEKYTOYHOM aTTECTALIMU CTYACHTOB.
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