OcHoBHas mpoeccroHanbHast 00pa3zoBaTebHas IporpaMMa
02.03.02 dyngamenTanpHas nHGOpMaTHKA U HHOOPMAITMOHHBIC TEXHOJIOTHH
(OynnamenranbHas HHGOpMaTHKa 1 HHPOPMALIMOHHBIE TEXHOJIOTHH)

MuHHCTEpCTBO HAYKH H BbiciIero oopasosanus Poccuiickoii @eepanun

WBAHOBCKUM T'OCYJJAPCTBEHHBIA YHUBEPCUTET

Kadenpa pynmameHnTanbHOM MaTeMaTUKH

OOBPEHO:
PykoBomutens OIT

FR—
(noanwuce)

II.I'. KoHOHEHKO

& 1 » corpidpy 2022 T,

PaGouyas nporpamMmMa QM CUUNJIMHBI

Anrebpa
Y poBeHb BBICIIETO 0Opa30BaHUS: OakanmaBpuaT
KBanudukanus BoITyCKHUKA! OaxanaBp
HamnpasneHnue noaroToBku: 02.03.02 dynnameHTanbHast uHpOpMaTHKa u
MH(GOPMAILMOHHBIE TEXHOJIOTUN
Hanpasnennocts (npodusib) OyHnaMeHTanbHass HWHPOPMATUKA M HHPOPMALMOHHBIE
00pazoBaTebHON MTPOTPaMMBI: TEXHOJIOTUH

MBanoso



OcHoBHas mpoeccroHanbHast 00pa3zoBaTebHas IporpaMMa
02.03.02 dyngamenTanpHas nHGOpMaTHKA U HHOOPMAITMOHHBIC TEXHOJIOTHH
(OynnamenranbHas HHGOpMaTHKa 1 HHPOPMALIMOHHBIE TEXHOJIOTHH)

1. Ilesin ocBoeHust AucuunIMHbI «30paHHbIe BONIPOCHI AJIredpbi»:

-TIOJTy4eHHE CTyJEHTaMH 0a30BBIX 3HAHUU MO OOIIEW TEOPUHM CUCTEM JIMHEWHBIX ypaBHEHUI
(BKIJIIOUAs TEOPHUIO OMpEACTUTENCH, TEOPUIO TUHEHHON 3aBUCHMOCTH U TEOPUIO0 MAaTPUYHBIX PAHTOB), 110
MaTpUYHOW anreOpe ¥ TEOPUH MHOTOWIEHOB (Haj MOJSAMH), 10 JMHEHHOU anreOpe (BKIOYas TEOPHIO
JMHEWHBIX MPOCTPAHCTB, TMHEHHBIX OTOOpAKEHUHN U OMITMHEWHBIX QYHKLUI).

-opMHUpOBaHUE y CTYACHTOB CIOCOOHOCTH pellaTh CTaHIAPTHBIE 33aJauyM IO MEPEUUCICHHBIM
BBIIIIE pa3fiesiaM ajareopsl;

-popMupoBaHuE y CTYJEHTOB 00IIEll MaTeMaTH4eCKOW KyJIbTyphl, B TOM YHCJIE CIIOCOOHOCTH K
OCMBICJICHHOMY BOCHIPHUSTHIO M BOCIPOHM3BEACHUIO a0OCTPAKTHBIX OMNpEIENCHUH, TeopeM M HX
JI0Ka3aTeNIbCTB, a TaKXke CIIOCOOHOCTH K CaMOCTOATEIbHBIM aOCTPAKTHBIM MaTeMaTUYeCKUM
paccyXJIeHUsM, CIIOCOOHOCTH pelaTh 3aJaui TEOPETHUECKOro XapakTepa Mo TEOpUU KOJIell;

-popMHUpOBaHNE Yy CTYJIEHTOB HABBIKOB HAYYHO-HCCIEAOBATEIIBCKON pPabOThl (CIOCOOHOCTH
CaMOCTOSITEJIBHO JI0Ka3bIBaTh IPOCTbIE YTBEP)KJEHUS, BBIIBUraThb TMIIOTE3bl, IOATBEPKAATH WU
OIIpOBepraTh UX, pa3BUBaTh MATEMAaTHUECKYIO0 HHTYHIIHIO).

2. MecTo aucuuniuebl B crpykrype OIT

JucuumnimHa «AnreOpa» 3aKiIa bIBaeT OCHOBY aNre0pandeckux 3HaHUH CTYAEHTOB, UCTIOJIb3YETCS
BO BCEX MaTeMaTHYeCKUX auciuiuimHax (B pamkax manHod OII) m crmocoOcTByeT HaydyHO# paboTte
CTYZIGHTOB N0 anreOpamdeckoil Temaruke. Ha 3ToH JOucHMIUIMHE OCHOBaHBl BCE AMCIUILTUHBI
anreOpamdeckoro IwkiIa s MaructpanToB (HampaBienus 01.04.01 u 02.04.01), a Ttaxke mus
acIMpaHTOB, paboTaroImuX 1Mo Hay4yHoil cnennansHoctd 01.01.06 — MaTtemaTtnueckas jJoruka anredpa u
TEOpHs YHUCET.

JI7s yCIIEIHOTO U3Y4eHUS TUCIUILTUHBI «AJreOpa» HE0OXOAUMBI «BXOJIHBIC» 3HAHUS U YMCHHUS B
o0JacTH MaTeMaTWKH, TOJyYeHHbIE B TIpollecce OOydYeHHs B CpeIHEH IIKOJe, B TOM YHCIE
o0yJaroIuiics T0KeH

3HATh anreOpy B o0beMe, MPETyCMOTPEHHOM IKOJIBHOM MPOrpaMMON,
yMeTh peliaTh CTaHIapTHHIE aNreOpandecKue 3a/1auu,

HMeThb HaBBIKM MaTEMaTUYECKUX PACCYKIEHN, 0a30BbIN YPOBEHb MaTEMAaTUYECKON KYJIbTYPHI.

3. Iliianupyemblie pe3yJbTaThl 00YYeHHUs 10 TUCHUILIMHE

3.1. Komnerenuun, (pOpMHPOBAHUIO KOTOPBIX CIIOCOOCTBYeT JTMCHUILINHA

Y4eOHbIM IUTAaHOM TMIPH OCBOEHUM JaHHOW JUCHUIUIMHBI MPEIyCMOTPEHO (opmHpoBaHUe
crenyromux komnereHuui B cootseTctBrr ¢ @I'OC BO no gaHHOMY HaIlpaBJIEHUIO NTOATOTOBKHU:

- obmenpodeccronanpubie (I1K):

OIIK-1. CnnocoGen nmpuMeHsATh (PyHAaMeHTaIbHbIC 3HAHMUS, OJIyYeHHbIE B 00J1aCTH
MaTeMaTHYeCKUX U (WJIM) eCTECTBEHHBIX HayK, U HCIIOJIb30BATh UX B MPOPECCHOHANBHOMN AESITeIbHOCTH.

3.2. [lepevyeHp NJIAHHPYEMBIX Pe3yJILTATOB OOy4YeHUs] MO JUCHHUIIMHE, COOTHECEHHBIX C
HHAUKATOPAMH JOCTUKeHUS (opMHUPYyeMBbIX KOMIIeTeHHIi.

B pe3ynbraTe 0ocBOEHUS NUCHUIUIMHBI O0YYaIOUIUIICS T0JIKEH:

3HaTth: (QyHIAMEHTaNbHblE ajreOpanyecKkue TMOHATHA U KIacCHYecKHe anredpanyeckue
pe3ysbTaThl (TEOPEMBI) € JOKa3aTeIbCTBAMU T10 CIIEAYIOIINUM pa3ziesiaM aiareopbl: o0miast TEOpHsi CUCTEM
JMHEHHBIX YpaBHEHUH (BKIIIOYasi TEOPHUIO OIpeJesInTeNIed, TEOPUIO JIMHEHHON 3aBUCUMOCTH U TEOPHUIO
MaTpUYHBIX PAaHIOB), MaTpuU4Hasi aareOpa U TEOpUS MHOTOUWIEHOB (Haj MOJIIMU), OCHOBBI JTMHEWHOM
anreOpbl (BKJIIOYAs TEOPHIO JIMHEHHBIX MPOCTPAHCTB, JHUHEWHBIX OTOOpaXCHMH U OMIMHEHHBIX
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¢yskuuit). [To kaxaoMy U3 MEpPEeYHCICHHBIX BBILIE Pa3/IeloB alreOpbl 3HATh MOCTAHOBKU M METOMbBI
perieHus CTaHAApTHBIX 3a7a4 BIYUCIUTEeNbHOTO Xapakrepa (OIIK-1).

YMeTb: OCMBICIIEHHO BOCIIPUHUMATh ¥ BOCIIPOU3BOIUTh MATEMATUYECKUE ONIPENEITIEHNSI, TEOPEMBI
U JI0Ka3aTelbCTBa, JIOTMYECKU MBICIUTh, CAMOCTOATEIBHO pacCykKIaTh W JIOKa3bIBaTh IPOCTHIE
YTBEP)KJCHUS, YCTaHABJIMBATh JIOTMUECKHE CBSI3U MEX]Y IMOHATUAMHU, KOPPEKTHO (HOPMYIHpPOBATh U
OCMBICJIEHHO pellaTh CTaHAapTHBIE 33Ja4l BHIYMCIUTEILHOTO XapakTepa, B TOM YHCIIE PelaTh CHCTEMBI
JUHENHBIX YpPAaBHEHUH, BBIUUCISTH OIPEAEIUTENHN, HCCIEN0BaTh CHUCTEMBlI BEKTOPOB Ha JIMHEHHYIO
3aBHCHUMOCTb, HaXOJUTh PaHI MaTPHUIlbl, BBIYUCIATH OOPATHYIO MATpHIly, padoTaTh C KOMIUIEKCHBIMU
YyHucIaMM, HAaxXOOUTh KOpHH MHorowieHoB W HOJ| 1ByX MHOTrOWIeHOB, CTPOUTh Oa3ucChl B
MOJAMPOCTPAHCTBAX KOHEUYHOMEPHBIX JIMHEWHBIX MPOCTPAHCTB, HAXOAMTh O0a3ucel sAapa U oOpasa
JMHEHHOTO 0TOOpa)KeHHsI, HAaXOIMTh COOCTBEHHBIE BEKTOPHI M COOCTBEHHBIC 3HAUECHUS JJISI TMHEHHBIX
OIIepaToOpoOB, CTPOUTH OPTOTOHAJIbHbIE O0a3UChl B KOHEYHOMEPHBIX E€BKIIMOBBIX IPOCTPAHCTBAX,
WUTIOCTPUPOBATh HA KOHKPETHBIX IpUMepax npocTeimue cBoiictsa rpynn u konuer (OIIK-1).

Buiajgerb: 10CTaTOYHBIM YpPOBHEM MAaTeMaTUYEeCKOM KYJIbTYphl, HAaBbIKAMU CaMOCTOSITEIbHOU
HCCIIEIOBATEIbCKOW pabOThl HAa OCHOBE TJIyOOKHMX 3HAaHMM UM IOCTOSHHBIX pa3MBIIUICHHH Hal
anrebpandeckoi 3amadeil (Wiau mpoOIeMoii), ONpeaeseHHbIM YpOBHEM MaTeMaTHUYeCKON HHTYHUIHH,
JOCTaTOYHBIM YpPOBHEM HWH(POPMALMOHHOM M OuOnuorpaduyeckoil KyabTypbl B Ipoliecce IOHCKa
HeoOxoaumoit napopmanuu (OIIK-1).

4. O0beM U copep:KkaHMe JTUCUMILITHHBI

O6beM nuctutuinHbl cocTaBiseT 10 3aueTHbix eaunul (360 akameMudyeckux 4acoB), 1-if cemecTp
- 5 3averHpix enuHun (180 akagemuueckux wyacoB), 2-i1 cemectp - 5 3auetHbix enuHui (180
aKaJIeMHUYECKUX YacoB).

4.1. Copep:xxanve IUCHUIUIMHBI 10 pasgejam (TeMaM), COOTHECEHHOe C BHIAAMHM WU
TPYA0E€MKOCTBI0 3aHATHI JIEKIMOHHO-CEMUHAPCKOr0 THIIA

O0bemM MHOW KOHTAaKTHOM pabOTBI M CAMOCTOSITENIPHOW PabOThl 00YyYaromerocs Mo JUCIUTIINHE
yKa3aH B yueOHOM I1aHe 00pa30BaTENbHOM MPOTpaMMBbl.
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Ne Buaer 3amgaTuii, ux DOpMBI TEKYILETO
/1 Pasnenbl (Tembr) = 00BEM (B ax.uacax, 1o KOHTPOJISl yCIIEBAEMOCTH (no
JIUCUUATUIAHBI 3 04YHOU opMe 00yUCHMS) 04HOU GopMme 00yUeHHs)
5 3ansaTHA 3ansaTHs
© JIEKLUOH- ceMuHap- ®opMBI IPOMEKYTOUHOM
HOro TuIia CKOI'0 THIIa aTrTecrauuu
Brenenmne B anredpy
1.1 | MHoxecTBa, 0TOOpaXeHUS U 1 6 2
MOICTAHOBKU
1.2 | CucteMbl THHEHHBIX ypaBHEHHIH, 1 16 16
ONpeICUTEIN U MaTpUYHAs anredpa
1.3 | KoMIuiekCHbIE YncIa 1 MHOTOUWICHBI 1 14 14
Hroro 3a 1-i1 cemecTp 36 32 DK3aMeH
2 Jluneiinas anreOpa
2.1 | Jlunetinsie MpoCTpaHCTBA U 2 12 12
noanpocTrpancTsa. JInnenHas
3aBUCUMOCTb.
2.2 | Marpu4Hble paHTH U OOIIas TEOpHs 2 8 8
CUCTEM JINHEWHBIX YPABHEHMI.
2.3 | Jluneiinple OTOOpaKEHHUS JTUHEHHBIX 2 12 12
MIPOCTPAHCTB, OMIIMHEHHBIE PYHKIIUU
Hroro 3a 2-i cemectp 32 32 DK3aMeH
HToro mo aucuuruimae 68 64

4.2. Pa3BepHyTO€ ONUCAHME COJEPKAHUSA TUCHMILIMHBI M0 pa3aenam (TeMmam)

1. BBEAEHUE B AJITEBPY
Pa3znen 1.1. MHoxecTBa, 0TOOpa’KeHUS M NMOJACTAHOBKH

TeopeTnko-MHOXKECTBEHHBIEC oniepaniui. OToOpaxeHus. Y MHOKEHHE 0TOOpaKeHHid, 00paTHMOCTh
otoOpaxeHuii. IHHEeKTUBHBIC, CIOPHEKTHUBHBIC U B3aUMHO OJJHO3HAYHBIE OTOOPaKEHUSI.
PaBHOCWIIBHOCTH OOPAaTUMOCTH OTOOPAKEHUS M €T0 B3aUMHOW OJTHO3HAYHOCTH.

PaBHOMOIITHBIE MHOKECTBA. CuyeTrHble U KOHTHHYAJIbHBIC MHOKCCTBA. KOHTI/IHYYM—FI/IHOTCSEI.

HOI[CTaHOBKI/I " UX YMHOXCHHUC. Paznoxenue MOACTAHOBKHU B ITPOU3BCACHNEC HE3aBUCUMBIX
IMUKJIOB U B IPOU3BCICHUC TpaHCHO3I/II_IPII>’I. YeTHBIC U HEUETHBIC IIOACTAHOBKH.

Pa3nes 1.2. Cucrembl JIMHEHBIX YPABHEHMIl, oNpee/INTe]IM 1 MATPUYHAasI ajredpa

OneMeHTapHble peodpazoBaHust MaTpull. [IprBeneHre MaTPULIBI K CTYIIEHYaTOMY BUY C
MOMOIIBIO JIEMEHTAPHBIX IPEOOpPa30BaHUN.

[lonsTre cucTemMbl TMHEWHBIX YPaBHEHUN U €€ pelieHns. HaxoxneHue pelmennii TpeyrobHbIX,
TpaneuMeBUIHbIX U CTYIICHYaThIX CUCTEM JIMHEMHBIX ypaBHEHUH. [lepexon K paBHOCHIBHON cUCTEME
JMHEWHBIX YPaBHEHUH ¢ IOMOIIBIO 3JIEMEHTapHBIX MpeodpazoBanuii. Meron ["aycca npuBenenus
CUCTEMBI JINHEWHBIX YPAaBHEHUH K PAaBHOCWJIBHOMY CTYIIEHYaTOMY BHUJY.

OO11ee oHATHE OTIPEAETUTENS, BEIUMCICHHE onpeaenuTeneii nopsaaka 2 u 3. CoxpaneHue
OTIpeIeTUTENIS IPY TPAHCTIOHUPOBAHUH, U €0 MTOBEJICHUE TIPH MepecTaHOBKe CTPOK. [loHsTHE MUHOpA 1
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alreOpanvyecKoro JOMOIHEHUs 3JIeMEHTa onpeaeauTens. TeopeMa o pa3noKeHUH ONPeIeIUTeNs MO0
CTpOKE U ee npocreiimue cienctsus. [loBenenue onpeaenuTens Npu 31€MEHTapHBIX IPEOOPa30BaHMIX
CTpOK. BpIuncienue onpenennTeneid MeTo10M MOHMKEHUS NTOPsI/IKa ¢ IPUMEHEHUEM DJIEMEHTapHBIX
peoOpa3oBaHU.

®opmyiel Kpamepa 115t perieHust CUCTEM JTMHEHHBIX YpaBHEHHH.

CroxeHue 1 YMHOKEHUE MaTpPHIL, aCCOIMAaTUBHOCTh YMHOXKEHHS. MyJIbTUIIIMKaTUBHOE CBOWCTBO
omnpenenutens. OOpaTHas MaTpULa U KPUTEPHI ee CyIIeCTBOBAHUS Ha S3bIKE ONpPEeTUTENeH.
Boruncnenmne o6paTHOM MaTpHIIBI C TOMOIIBIO TPUCOSAMHEHHON MaTPUIBI U C TIOMOIIIBIO
3JIEMEHTapHBIX PeoOpa30BaHuil cTpoK. MaTpuyHas HHTEPIpETALUs CUCTEMbI JIMHEHHBIX ypaBHEHUH.

Pa3nen 1.3. KoMiekcHbIe 4YMCJIa 1 MHOTOYJIEHBI

Ilonsatue anre6pa1/1qec1<01”4 Oorncpanru Ha MHOXKCCTBC. Ilonsatue T'pyHIibl, KOJIbIIA, ITOJIA. HpI/IMepLI
YHCJIOBBIX U MAaTPUYHBIX KOJICII.

[TocTpoeHne nmosst KOMIUIEKCHBIX Yncell. Anredpandeckas U TPUTOHOMETpHUYEcKasi (pOPMbI
KOMIUIEKCHOTO yrcia. Onepanuy HaJl KOMIUIEKCHBIMU YHUCTIaMH B alreOpanyeckoi u
TpUroHoMeTpudeckoit popme. IloHsATHE MOTYIIST KOMIUIEKCHOTO YHCIIA U CONPSKEHUS] K KOMIUIEKCHOMY
YHUCILY, TEOMETPUYECKNN CMBICH 3TUX NOHATHI. Perenre kBapaTHbIX ypaBHEHHI B 110JIE KOMITJIEKCHBIX
grcen. opmyna Myaspa. M3BiiedeHre KOpHs U3 KOMIUIEKCHOTO uncia. Kopau u3 1 u ux
TF€OMETPUYECKAs] HHTEPIIPETALHI.

[locTpoeHue Komblla MHOTOWIEHOB HaJl IojeM. TeopeMa o JEJIEHUU C OCTaTKOM JUIst
MHoTOuIeHOB. [loHsATHE ACITUMOCTH U ACCOLIMUPOBAHHOCTH B KOJIBII€ MHOI'OYJICHOB. Haubonpmmii
00K 1eUTeNb JBYX MHOTOWICHOB M €r0 BBIYHMCIICHUE C MOMOIIBIO anropurMa EBknnja.
HenpuBoaumpie MHOTOYJIEHBI M MX TPOCTENINE CBOMCTBA, CBSI3aHHBIE C IETMMOCTBIO. Teopema o
pa3I0KEHUH MHOTOWIEHA HaJl IT0JIEM B IIPOM3BEICHUE HENPUBOAUMBIX COMHOXkuUTeNeH. KopHu
MHorouieHa u reopema besy. [lonsitue kpatHocTn KopHs MHOrouseHa. Cxema I'opuepa. Haxoxnenue
palMoOHAIBHBIX KOPHEH MHOTOUICHA C pallMoHalbHBIMU K03 durmentamu. Kpurepuii DiizeHmreiina
HCMIPUBOJAUMOCTH MHOI'OYWICHA HAaJ IMOJIEM pallMOHAJIbHBIX YUCCII. Anre6pa1/1qe01<1/1 3aMKHYTBIC I10JIA.
OcHoBHas TeopeMa anredpsl 00 anredpandeckoil 3aMKHYTOCTH I10JIsl KOMITJIEKCHBIX yncel. Teopema o
Pa3iIoKEeHUN MHOTOWIEHA C IeHCTBUTEIBHBIMHU KO3(pPUIIMEeHTaMU HAa MHOXKHUTEU IIEPBOM U BTOPOM
CTEIEHHU HaJ MOJIEM JEHCTBUTEIbHBIX YACE.

2. IUHENHAS AJITEBPA
Paspnen 2.1. J/InHeiiHbIe MPOCTPAHCTBA U NOANPOCTPAHCTBA. J/IMHEHHAs 3aBUCUMOCTh

ITonsTHE NMMHENHOTO IPOCTpaHCTBA. BEKTOPHI U CKaspsl. [IpuMepsl TMHEMHBIX IPOCTPAHCTB.
KoopannatHO€E MpoCTpaHCTBO. [ToanpocTpaHcTBa ¥ UX MPOCTHIE CBOMCTBA. [IpuMepsl
MIOATPOCTPAHCTB. JIuneitHast 060J1049Ka CUCTEMBI BEKTOPOB (KaK MpUMeEp MOIPOCTPAHCTBA) U
JIMHENHAs BBIPAXKaeMOCTh BEKTOPA Yepe3 CUCTEMY BEKTOPOB.

Jlunelinas 3aBUCMMOCTbD U JIMHEWHAsI HE3aBUCUMOCTb CUCTEMBI BEKTOpOB. OCHOBHAs TeOpemMa o
JINHEWHOM 3aBUCUMOCTH. ba3uc n pa3MepHOCTh TMHEWHOTO TPOCTPAHCTBA. KOPpEKTHOCTE onpeaeneHus
pa3MepHOCTH (PaBHOMOIITHOCT JIFOOBIX IBYX 0a3UCOB TUHEHHOTO MpocTpaHcTBa). Haxoxaenue 6asuca
JTUHEHHON 000JI0YKH CUCTEMBI BEKTOPOB.

KoopnuHatHast cTpoka BEeKTOpa B JaHHOM 0a3uce U ee H3MEHEHHUE MPH Nepexo/ie K HOBOMY
6asucy. Marpuna nepexoja oT ogHoro 0asuca K Jpyromy
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Pa3nes 2.2. MaTpuuHbIe paHTH M 00111as1 TeOPHs CHCTEM JHHEHbIX YPaBHEHHU I

CtpouHbIii (CTOIOIOBBIN) paHT MATPHUIIBI KaK pa3MEPHOCTh TUHEHHON 000JIOYKH CHCTEMEBI €€
CTpOK (cToO1I0B). MUHOPHBINM paHr MaTpullbl. Teopema o paHre MaTpuIlsl (0 COBMAJACHUN CTPOYHOTO,
CTOJIOIIOBOTO M MUHOPHOTO paHTa). Beraucienne panra MaTpHIIbl C TOMOIIBIO 3JIEMEHTAPHBIX
npeoOpazoBannii. Haxoxnenue 6a3uCHOr0 MUHOpA MATPUIIHL.

O61as Teopus cucteM JUHEHHbIX ypaBHeHUH. Teopema Kponekepa — Kanernu.

IIpocTpaHCTBO peLIEHUIT OTHOPOAHON CUCTEMBI IMHEWHBIX YPAaBHEHUHN U 3aBUCUMOCTB €0
pPa3MEpHOCTH OT paHra cucTeMbl. DyHIaMEHTAIbHAS CUCTEMA PEIIEHU OJTHOPOHOM CUCTEMBI
TUHEWHBIX ypaBHeHUNA. CBsI3b O0IIETO pENIeHUs HEOJHOPOAHON CUCTEMBI IMHEHHBIX YPaBHEHUH ¢
0OIIIMM PENICHHEM COOTBETCTBYIOIIEH OAHOPOTHON CUCTEMBI.

CyMmMa 1 nepecedeHue AByX NOAIPOCTPAHCTB, CBSA3b MEX1Y UX Pa3MEPHOCTIMU. Boruncienue
0a31COB CYMMBI U IIepeceYeHUs] TUHEHHBIX 000J04YEeK ABYX CUCTEM BEKTOPOB. [Ipsimble cyMMBbI
MIOATPOCTPAHCTB

Pa3nes 2.3. JIuneiinble 0TOOpaKeHUs JIMHEHHBIX POCTPAHCTB U OMJIMHelHbIe GyHKINHU

JIuneitHble 0TOOpAXKEHUS JTMHEHHBIX IPOCTPAHCTB, UX MpocTeiiue cBoicTBa. JInHeiiHbIe
onepatopsl. MI3oMmopdHbIe npocTpancTBa. M3oMopdu3m Mexy KOHEUHOMEPHBIM JIMHEHHBIM
MIPOCTPAHCTBOM U KOOPJIMHATHBIM MIPOCTPAHCTBOM. S1Ipo 1 00pa3 TUHEHHOT0 0TOOpaKeHUs, CBA3b
MEX/1y paHrOM U 1e(PEeKTOM JMHEHHOTo 0ToOpaxeHus. @akTop-IPOCTPAHCTBO U €CTECTBEHHOE
otoOpaxkeHune. Anredpa JIMHEHHBIX ONIEepPaToOpPOB.

Martpuua nuHeHoro oro0paxenus. CyliecTBOBaHUE JIMHEHHOTO OTOOpa)KEeHUs ¢ 3aJaHHOMN
Mmatpuiieir. 3omopdusm anreOpsl JIMHEHHBIX OMEPaTOPOB KOHEUHO-MEPHOTO JTMHEHHOT'O MIPOCTPAHCTBA
1 MaTpu4yHOU anredpsl. I3MeHeHrne KOOpAMHATHOM CTPOKH BEKTOpa MPU JIMHEHHOM 0TOOpakKeHHUU.
Brruucnenue 6asuca sapa u o6pasa JIMHEHHOro 0TOOpakeHus, 3aJaHHOTr0 MaTpHlei. I3Menenue
MaTpHUIIbI JIMHEHHOTO OTOOpaXKeHHs MpHU Nepexo/ie K HOBBIM Oa3ucam.

XapakTepruCcTUYECKUII MHOTOWIEH MaTPHULIbl, €M0 COXPAHEHNE NIPU CONPSKEHUN MATPHUILIBL.
XapakTepucTUUYECKUI MHOTOWIEH JIMHEHHOTOo oneparopa. CoOCTBEHHbIE BEKTOPBI U COOCTBEHHbBIE
3HA4YeHUs JIMHEeHHOro onepaTopa. CoBmaieHe MHOXKECTBA BCEX COOCTBEHHBIX 3HAUYCHUN JTMHEHHOTO
orepaTopa ¢ MHO>KECTBOM BCEX KOPHEH ero xapakrepucTuueckoro MHorowieHa. CoOCTBEHHbIE
MOJNPOCTPAHCTBA M HAXOXKJICHHE UX 0a3ucoB. /JlnaroHann3upyeMocThb JIMHEHHOT 0 onepaTopa 1 ee
nocrarounbie ycioBus. Teopema ["amunbrona — Kanmm 06 aHHYIMpOBaHUY JIMHEHHOTO OTepaTopa CBOUM
XapaKTePUCTHUECKUM MHOTOUJIEHOM.

bununeiinble GyHKIMYM Ha TMHEWHBIX IPOCTPAHCTBAX U UX MATpUIbl. CUMMETpUUYHBIE
OunrHelHbIe (PYHKIIUU ¥ OPTOTOHANBHOCTE. [1010kUTENIbHO Onpe/iesieHHble OMTMHEHbIe (YHKIIMN Ha
NecTBUTENBHBIX pocTpaHcTBax. Kpurtepuii CunbpBecTpa MosioKUTEIbHON ONpeeIeHHOCTH
NEeUCTBUTENLHON CUMMETPUYHON OMIIMHEHHON QyHKIIUH.

EBximmnioBel npoctpancTsa. [lonstre HopMbl BekTopa. HepaBeHCTBO TpeyronbHUKa, TeopeMa
[Tudaropa. JInnelinas He3aBUCUMOCTh OPTOTOHATILHON CHCTEMBI BEKTOPOB €BKJIMJIOBA TPOCTPAHCTBA.
AJTOPUTM JOIOJIHEHUSI OPTOTOHAJILHOW CUCTEMBI BEKTOPOB JI0 OpTOrOHaJIbHOTO 0a3uca. Haxoxaenue
6a3uca OpTOroHAJILHOTO JAOMOJIHEHUS JIMHEHHOM 000JI0YKH CUCTEMBI BEKTOPOB €BKJIH10BA
npoctpancTBa. Metoz oproronanusanuu ['pama — llImuara ams Haxoxk1eHUSI OPTOTOHAIBLHOTO Oa3nca
JTMHEWHOU 000JIOYKU CHCTEMBI BEKTOPOB €BKJIMJIOBA TPOCTPAHCTBA.
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5. O6pa3oBaTe/ibHbIE TEXHOJIOTHHU

TexHonorus HpO6HeMHOFO O6yquH$[ — ACMOHCTpalrda Ha JICKOUAX W IMPAKTHYCCKUX 3aHATHUAX
npoOsieMHbIX cuTyanuid. [Ipo6nemMsl yaeOHOTo XapakTepa Kak MpaBuio (GopMyIupyrOTCcs B BUIE 3a1a4 U
pearOTCA CTYACHTAMH CaMOCTOATCIBHO W Ha MNPAKTHYCCKUX 3aHATHUAX IIOA PYKOBOJACTBOM U IIPpH
MOJJIEPKKE TMpernoaBaTens. Perenne Kaxxao0i 3a1aq — 3TO HEe TOJBKO (DOPMYIIBI; OHO JOJDKHO MMETh
YETKYIO JIOTHYECKYIO CTPYKTYPY, COJIepKaTh HEOOXOIUMBIC TOKA3aTeIIbCTBA, TTOSICHEHUS, KOMMEHTApHH,
CCBUJIKM Ha TEOpEeTUYECKUE (HaKTHI.

I/IH(i)OpMaHI/IOHHI)Ie TEXHOJIOTUMN. TEXHOJIOTUN CMCIIAHHOI'O O6y‘-IeHI/I${, HUCITIOJIB30BAHUC
KOMITBIOTEPHBIX MPE3CHTAINI, 00ecTIieYeHE CTYICHTOB TeKCTaMH JIEKIIUH.

6. YueOHO-MeTOAMYECKOE 00ecIIeYeHHe CAMOCTOSITeIbHOI PadoThl 00y4arouXCcs

CamocTosiTenbHas paboTa CTyIGHTOB COCTOUT B CIEAYIOUIEM: €KeHeAeIbHOe paboTa ¢
PYKOIMCHBIMU U 3JICKTPOHHBIMU KOHCIIEKTAMH JIEKIUH (MaTepHasbl BBIIAIOTCS CTYJICHTaM 110 Mepe
HEOOXOAMMOCTH ), U3YUEHHUE JTUTEPATyphl YKa3aHHOU B pazjesnie 8 pabouel MporpaMMBbl, BBIMIOJTHEHUE
JOMAIIIHUX 33JJaHUi (3a/1aHUs BBIAAIOTCS HA KaXKIOM MPAKTHYECKOM 3aHSATHH, U, IPH HEOOXOAUMOCTH, B
CUCTEME JIEKTPOHHON MOIJIepKKH 00pa3oBaTeNbHOro npoiecca «Moi YHUBEPCUTET»
https://uni.ivanovo.ac.ru), IoAroTOBKa K peIIeHHI0 3a/1a4, IIPe/laraeéMbIX Ha sK3aMeHe (pa3paboTaHbl
KOMIUIEKTBI TUTIOBBIX 3a/1a4), MOJAFOTOBKA K AK3aMeHaM (BOIPOCHI U APyTryUe MaTepuabl s CAaYu
HK3aMEHOB JIOCTYITHBI KaX/IOMYy CTYJIEHTY Kak B OyMa)kHOM BHUJIE Tak U B cucteme «Moii
YHUBEpPCUTET»). MeToandecKue mocoOus 1Mo JaHHOMY KypCy HaxoasTcsl B OMOTUOTEUHBIX (OHIAX
NBI'Y, ux BBIXOJHBIC JaHHBIE TPECTABICHH B MPUJIOKEHUSIX K paboueii mporpamme. Tam ke
MIpeJICTaBJICHbI U IPYyTrUe METOAMYECKHNE MaTepuabl 0 JaHHON AUCHIUIUINHE.

7. XapakTepuMCTHKA OLIEHOYHBIX CPeICTB /UIA TeKYyUero KOHTPOJIsI YCINeBaeMOCTH U
NMPOMEKYTOYHOM aTTeCTAINH 00y4AIOIIUXCS M0 JUCHUIIIHHE

HtoroBoii (hopmMoil KOHTPOJIS SIBISIETCS YCTHBINA dK3aMeH. DK3aMEHAIIMOHHBINH OWJIET COACPKUT 2
Borpoca. Kpome toro, cryaeHTy Bblgaercs 3aaada. OTBET Ha Ka)Iblii BOMPOC OLIEHUBAETCS OTACIBHO
CJIEIYIOIIM 00pa3oM.

Kpurtepun u mkaja olleHKH 0TBETA HA IK3aMeHAIMOHHBIN BONPOC.

Ecnu cTyneHT neMOHCTpUpYeT 3HAHHWE OCHOBHBIX TMOHSATHH W KIACCHYECKUX PE3yJIbTaTOB
anreOpwl, BXOIAIINX B MIPOrpaMMy 3K3aMeHa, TO OllEHKa JOJHKHA OBITh TTOJIOKUTEIHHOM.

Ecnu Hapsay ¢ mepeyuclieHHBIM BBIIIE CTYAEHT OCMBICIEHHO BOCIIPOM3BOJUT JI0KA3aTElIbCTBA
MaTEeMaTHYECKUX TEOpeM, YeTKO M aKKypaTHO (opMylHpyeT MaTeMaTUYecKHue BBICKa3bIBaHUS,
JEMOHCTPUPYET TIyOOKHE 3HAaHUS M JOCTATOYHBIA YPOBEHb MATEMATHYECKOW KYJIBTYpPHI, TO €My
BBICTABIIIETCS JTHOO OIEHKA «XOPOII0» JTHUOO OLIEHKA «OTIHMUHOY.

Ecniu Hapsity ¢ TepeuncieHHbIM BBIIIE CTYAEHT YMEET CaMOCTOSATENIbHO JOKa3bIBaTh
MaTeMaTHYeCKUe TeOpeMbl Ha OCHOBE TTTyOOKMX 3HAHWN M MaTEeMaTHYECKON MHTYWIIMH, CIIOCOOEH K
HAy4YHOM JUCKYCCHU M K CaMOCTOSITEIbHOM MCCIIeI0BAaTEIbCKON IEeATEeIbHOCTH B 00JIaCTH MaTeMaTHKH,
TO €My BBICTABIISIETCA OLEHKA «OTIIMYHOM.

KpuTtepun u mkaJjia oueHKH pelieHust 3a1aum:

OueHKa «yJOBJIETBOPUTEIBHO» CTaBUTCS, €CIU CTYACHT 3HAET MOJXOJbl U METOAbl pPELICHUs
MIpeIOKEHHON eMy 3aJ]aui, HO B TPOIIECCE PELIECHUs JTOMYCTUII CYIIECTBEHHYIO BHIYMCIUTENIBHYIO WIN
JIOTMYECKYIO OILUOKY.

OreHKa «XOpOII0» CTABUTCA, €CJIM 3aj]lada pelieHa MpaBUiIbHO (MM ¢ HE3HAYUTEIHHOW OIMIMOKOMH,
KOTOPYIO CTYJIEHT CaMOCTOSITEIbHO YCTPAHWI MO X0y OTBETa), HO PEIlIeHUe CACNaHO M0 «hopMaTbHON
CXeMe» M He MOJIKpeIUIsieTcs NIyOOKUMU 3HAHUSAMHU.
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OrneHka «OTIIMYHO» CTaBUTCS, €CIH 3a/1a4a pellieHa MPaBUIbHO (MM ¢ HE3HAUYNTENbHON OIIMOKOIA,
KOTOPYIO CTYACHT CaMOCTOSITEJIbHO YCTpPAaHWJ MO XOAY OTBETa) M MPH 3TOM pEHIeHHE 3aJaud
MOJKPEeIIsieTcs: TTyOOKMMHU 3HAaHUSIMU U BBICOKMM YPOBHEM MaTeMaTHYECKOU KYJIbTYpHI.

Kpurtepun n mkaja uToroBoii OLieHKH HAa IK3aMeHe.

B kadecTBe MTOrOBOW OLIEHKH OEpeTcsl pe3ysbTaT OKPYIJIEHUS CPEIHEro 3HAYCHMS CIETYIOLINX
TpeX IOKa3aTesei: OLIEHKa OTBETa HA IEPBBIM HK3aMEHAIMOHHBIM BOIIPOC, OLIEHKA OTBETA HAa BTOPOU
9K3aMEHALMOHHBIN BOIPOC, OLICHKA PELICHUs 3a1a4H.

8. YueOHO-MeTOoAMYecKOe M HH(POPMALMOHHOE 00eceyeHue TUCIHIIMHBI

OcHOBHas nuTeparypa:

1.Koctpukun, A.. Beenenue B anredpy : yueOnuk / A.M. Kocrpukus. - M. : MIITHMO, 2009.
Y. 1. OcHoBbl anrebpsl. - 273 c. - ISBN 978-5-94057-453-8 ; To ke [DneKTpoHHBIH pecypc].
URL:http://biblioclub.ru/index.php?page=book&id=63140

2.Kocrpuxun, A.W. Beeaenue B anredpy : yueOnuk / A.M. Koctpukus. - M. : MITHMO, 2009.
Y. 2. Jluneitnas anredpa. - 368 c. - ISBN 978-5-94057-454-5 ; To xe [DnexTpoHHBIH pecypc].
URL:http://biblioclub.ru/index.php?page=book&id=63144

3.Koctpukun, A.11. Beenenue B anredpy : yueOnuk / A.M. Kocrpukus. - M. : MITHMO, 2009. -
Y. 3. OcHOBHBIE CTPYKTYphl anreOpbl. - 272 c. - ISBN 978-5-94057-455-2 ; To ke [DIeKTpOHHBII
pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=62951

JononHuTenpHas IuTeparypa:

1.C6opHuK 3a1au 1o anredpe : 3amaynuk / nmox pea. AWM. Koctpukun. - M. : MITHMO, 2009. -
404 c. - ISBN 978-5-94057-413-2 ; To xe [OnektpoHHslii pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=63274

Pecypcbl nHpopMalioHHO-TEIeKOMMYHUKAIMOHHOM ceTH «HTepHeT»:

Cuctema »5SIEKTPOHHOM MOJICPKKH oOpa3oBaresnbHOro mporecca «Mol — YHUBEPCUTET»
https://uni.ivanovo.ac.ru

Obmepoccuiickuii Matemarnyeckuit moptan http:// www.mathnet.ru/

[TpodeccuonanbHbie 6a3bl JaHHBIX U HHOOPMALIMOHHO-CIIPABOYHBIE CUCTEMBI:

OBbC «YHuBepcureTckast OubanoTexka oHyaiiH» www.biblioclub.ru

OnekrponHas oudnuorexa UBI'Y _http://lib.ivanovo.ac.ru

Onexrponnslit katanor Hb MBI'Y  http://lib.ivanovo.ac.ru/index.php/ek

[Iporpammuoe obOecnedenue: omneparmoHHas cuctema Microsoft Windows, maker ogucHBIX
nporpamMm Microsoft Office u(umm) LibreOffice, untepuer-6paysep Microsoft Edge u(umm) Yandex
Browser.

9. MaTepuajibHO-TEXHUYECKOe o0ecnevyeHre JUCHMILTUHBI

Y4eOHble ayAUTOPHHU:

- JUTsl TIPOBEJCHHS 3aHATHH JIEKIIMOHHOTO THIA C KOMIUIEKTOM CIICIHAIM3UPOBAHHON yUeOHOM
MeOen M TEXHHUUYECKUMH CpEICTBAaMHM OOyYeHUs, CIyXallUMH [UIs [pPeJOCTaBIeHUS Yy4eOHOH
uH(popManuu O60bIION ayAUTOPUH;

- NN TpPOBEACHUS 3aHATUH CEMUHAPCKOTO THIA, KOHCYJIbTAIMH, TEKYIIEro KOHTPOJIA MU
MIPOMEKYTOYHOW aTTECTAIlMH C KOMIUIEKTOM CHEIHATH3UPOBAHHON YUYeOHOH MeOenn U TeXHHYECKUMH
CpeAcTBaMU O00Yy4EHUS;

[TomenieHue asi CaMOCTOSITENLHOW pabOTHI, OCHAIEHHOE KOMILICKTOM CIEIHaTH3UPOBAHHOM
yueOHO MeOenu, KOMIbIOTEPHONH TEXHUKOW C BO3MOXKHOCTBIO TMOJKIIOYEHUS K ceTu «MHTepHeT» u
obecrieuennem noctyma B JUOC.

JleMoHCTpaloHHOE 000pyT0BaHKE: JOCKA, IPOSKTOP /IS MPEe3CHTALU.


http://lib.ivanovo.ac.ru/index.php/ek
http://www.biblioclub.ru/
http://www.mathnet.ru/
https://uni.ivanovo.ac.ru/
https://uni.ivanovo.ac.ru/
http://biblioclub.ru/index.php?page=book&id=63274
http://biblioclub.ru/index.php?page=book&id=62951
url:http://biblioclub.ru/index.php?page=book&id=63144
url:http://biblioclub.ru/index.php?page=book&id=63140

OcHoBHas mpoeccroHanbHast 00pa3zoBaTebHas IporpaMMa
02.03.02 dyngamenTanpHas nHGOpMaTHKA U HHOOPMAITMOHHBIC TEXHOJIOTHH
(OynnamenranbHas HHGOpMaTHKa 1 HHPOPMALIMOHHBIE TEXHOJIOTHH)

ABTOP(BI) paGoyeii mporpaMMsbl AMCHUILVIMHBI: TTpodeccop Kadeapsl GyHIaMeHTATbHOMI
Matematuku UBI'Y, nokrop ¢usnko-mMaremaTrueckux Hayk AszapoB Jmutpuii Hukonaesuu

[Iporpamma paccMoTpeHa U yTBEpKeHa Ha 3acenannu kadeapsl GyHIaMEeHTATPHOW MaTEeMaTHKN

«1» centabps 2022 r., npotokon Ne 1

[IporpamMma oOHOBIEHA

MPOTOKOJ 3acenanus kaheaps No OT « » 20 1.
CormnacoBaHo:
PykoBoaurens OI1 / /

(mozmuce) (®avmms 1.0.)

[Tporpamma oOHOBIIEHA

HPOTOKOJI 3aceaHust Kadeapbr Ne OT « » 20 T
CornacosaHo:
PyxoBoaurens OI1 / /

(moanuce) (Pamumus K.0.)

[IporpamMma oOHOBIEHA

MPOTOKOJ 3acenanus kadeapn No OT « » 20 T
CormacoBano:

PykoBoaurens OI1 / /

(moxmuce) (®avmus 1.0.)
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