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1.  Heawn, 3a024M ¥ IVIAHUPYeMble Pe3yJIbTAThI 00yUeHUs 10
AUCHMILINHE

K OCHOBHBIM II€TI5IM OCBOCHUS TUCHUIUTHHBI «JIMHEeHHas anredpay ClieyeT OTHECTH:

- BOCIIUTaHME Y CTYACHTOB O0IIe MaTeMaTH4IeCKON KYJIbTYPHI;

- NMPUOOpPETeHHEe CTYIACHTaMH IIMPOKOTO Kpyra MaTeMaTU4YeCKUX 3HAHWHA, YMEHUH U
HABBIKOB;

- pa3BUTHE CIOCOOHOCTH CTYICHTOB K HHIYKTHBHOMY M JEIYKTHBHOMY MBIIUICHHIO
HapsIly ¢ pa3BUTHEM MaTEeMAaTUYECKOW UHTYHIIHH,

- YMCHHE CTYJCHTAaMH Pa3BHBATh HABBIKK CAMOCTOSITEIIPHOTO U3yUCHUsT YUeOHOH 1 Hayd-
HOW TUTEepaTyphl, COJAEPIKAIICH MaTeMaTHIECKIE CBEICHUS U Pe3yIbTaThI;

- IOJTOTOBKY CTYJEHTOB K JEATEILHOCTH B COOTBETCTBHH C KBAJTU(UKAIIMOHHON Xapak-
TEPUCTUKON OakajaBpa IO HAIMpPaBJICHHIO, B TOM YHclie (JOpMHUpPOBaAHHE YMEHUN HCIIOJIb30BATh
OCBOCHHBIC MATEMAaTHIECKHE METO/IBI B TPO(ECCHOHATLHON JEATEIBHOCTH.

- MOATOTOBKY BHICOKOKBAIM(DHUIIMPOBAHHBIX KAJIPOB, BOCTPEOOBAHHBIX B YCIOBUSAX IH(]-
POBOIT TYpOYJICHTHOCTH M BBICOKUX TEXHOJIOTUYECKUX PHUCKOB COBPEMEHHOU MU(POBOI SKOHO-
MUKH.

K ocHOBHBIM 3a/1a4aM OCBOSHHSI TUCIUIUIHHEI «JInHEHas anreOpay» ciaenyeT OTHECTH:

- OCBOGHHUE CTY/ICHTAMU OCHOBHBIX MOHSITHIA, METOJ0B, POPMHUPYIOMIKX OOIIYI0 MaTeMa-
THYECKYIO IMTOATOTOBKY, HEOOXOIUMYIO ISl YCIEITHOTO PEIICHHS TPUKIIAIHBIX 3a71a4;

- (hopmupoBaHHEe y CTyaeHTa TpeOyemMoro Habopa KOMIIETEHIIHI, COOTBETCTBYIOIIUX €r0
HaIpaBJICHUIO TIOATOTOBKU M 00ECIIEUNBAIONINX €T0 KOHKYPEHTOCIIOCOOHOCTh Ha PhIHKE TPY/a.

OOyuenune 1o gucuuiuinHe <«JIuHeiiHas anreOpa» HampaBieHO Ha (opMupoBaHHe
y o0yJaronmxcs cienyrmux kommnereHuud B cooTBeTcTBUU ¢ ®I'OC 29.03.04 «TexHomorus
XyJI0KECTBEHHON 00pabOTKH MaTepualioB», YTBEPKAEHHBIM IpuKkazoM MwuHOOpHayku Poccuu
oT 26.11.2020 N 1456:

KO):[ M HAUMEHOBAHHE KOMIIETeHIIMH I/IH}_II/IKaTOPLI JOCTHIKCHHUSA KOMIIE-

TCHIUHN

HOIIK-1.1.

3HaeT OCHOBHBIE MIOHATHS €CTECTBEHHO-
HAayUYHBIX U OOLIEHHKEHEPHBIX AUCIIMUIUINH.
NOIIK-1.2.

Ywmeer MNPUMCHATH MCTOJAbI MATCMATHYCCKOT'O

OIIK-1. Ciocob6eH pemiaTh BOIpock! mpodec-
CHUOHAIBHOU ACATCIIBHOCTH HAa OCHOBC €CTC-
CTBCHHOHAYYHBIX ¥ OOIICHHXCHEPHBIX 3HA-
HHI>'I, METOAOB MAaTEMATHUYCCKOI'O aHaJIn3a 1
MOJICITUPOBAHUS

aHaJM3a MPU IPOSKTUPOBAHUH U Pa3padOTKe
XYI0KECTBEHHO-TIPOMBIIUIEHHBIX U3IEIINN,
MaTepUaJIOB U TEXHOJIOTUH UX TPOU3BOJICTBA,
BKJIIOYas co3nanue 3D Monenei a1t KoH-
CTPYHMPOBAHUS pa3padaThIBAEMBbIX W3CIUH.
HOIIK-1.3.

Brnaneer meTomaMu MaTeMaTHUECKOTO aHAIIHM-
3a JUIs pacuyeTa KOHCTPYKIUHM XyI0KECTBEH-
HO-TIPOMBIIICHHBIX U3JEJINI U BBITOJTHEHUS
TEXHOJOTHYECKUX PACYETOB

2. MecTo AuCUMILIMHBI B CTPYKTYpe 00pa30oBaTe/ibHOM NPOrpaMMbl

JluciurmiimHa OTHOCUTCS K 00si3aTenbHON yacTu O65oka b1: Moayns «MaremaTH4ecKne U ecTe-

CTBCHHO-HAY4YHBIC TUCHUILJIUHBD).
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E@€ u3yuenue obecrieunBaeT n3ydeHue JUCIUTLINH:
B obszamenvuoil wacmu:
- MaTeMaTHYECKUN aHaIN3;
- pusuka;
- (pu3UKO-XUMUYECKIE OCHOBBI B TEXHOJIOTHUECKUX MPOIIeccax;
- KOMIIBIOTEPHOE MOJIETMPOBAHUE U3IEIUN IPOMBIIIUIEHHOTO TU3aiiHa U FOBETUPHBIX
YKpalleHUH;
- CAIIP nnst MHXKEHEPHOTO aHalli3a U MPOU3BOACTBA XYI0KECTBEHHO-TTPOMBIIIUICHHBIX
00BEKTOB.
B uacmu, gpopmupyemoii yuacmuuxamu oopazosamenbHbix OMHOULEHULL
- U pOBBIC TEXHOJIOTHH B IPOU3BOJICTBE FOBEIMPHBIX U3/ICITHIA.

3. CTpyKTypa M cofepKaHHe TUCHUILTHHbI

OO0mmas TpyA0€MKOCTh JUCITUIUIMHBI COCTABIISIET 3 3a4eTHBIE eAMHUITLI -108 yacos.

3.1.  Buabl yueOHoii paGoThI M TPYA0EMKOCTH

n/n Buj yueOHoii padoThI Kof;:icmo Cemectp 1
AyIUTOpHBIE 3aHATHUS 48 48
B ToM uucne:
Jlexiuu 16 16
1.
CemuHapcKue/MpakTHYECKUE 3aHATHS 32 32
2 JlaGopaTopHbIe 3aHATHS - -
> CamocrosiTesibHasi padoTa 60 60
IIpomeskyTOUHAS aTTecTALMS
3K3aMEH D C)
Hroro 108 108

3.2. TemaTuyecKui NJIaH U3y4YeHHs JUCIHUIINHBI

Pa3smemién B npunoxenuu 1 x pabodei mporpamme.

3.3. Conep:xanue pa3aeoB IMCUUILTHHBI
BBenenune
Hpe;[MeT, 3ala4i U COACpKaHUC NUCHUITIIINHBI. OCHOBHBIE 3TaIlbl Pa3sBUTHUA OUCHUILIN-

Hbl. CTpyKTypa Kypca, ero MeCTO U pojib B MOATOTOBKE OakanaBpa, CBsI3b C APYTMMH JIUCLHUTLIH-
HAMU.



Paszgea 1. DiieMeHTHI JJMHEHHOH ajaredpbl

Tema 1. MaTpuubl u onpeaeJnuTe M.

ITonstue marpuupl. Buasl Mmatpun. [eiictBus Hag matpunaMu. Onepauuy HaJl MaTpula-
MH 1 UX CBOHCTBa. OmpenenuTenu, UX CBOMCTBA U BbluncieHus. [loHsaTus MuHopa u anredpau-
YEeCKOro JONOJHEHHs. PaznoxeHue onpenenuTens 1o 3IeMeHTaM CTPOKH WU cTosona. Beraunc-
JICHUE ONPEIEIUTENIEH Pa3INYHOr0 MOPsIKA.

OOpaTHas MaTpulla U AITOPUTM €€ BBIYUCICHUS. DJIeMEHTapHble nmpeoOpa3oBaHUs MaT-
puu. IlpuBenenue MaTpullbl K AMArOHAILHOMY WM TpanelueBUAHOMY BUly. Marpuunas popma
3aMMCH CUCTEMbI TUHEHHBIX anreOpandecKux ypaBHeHHUH. PaHT MaTpuIib!.

Tema 2. PemieHne cucTeM JIUHEHHBIX AJIre0pandecKuX YpaBHEHUIA.

Cucrembl TMHEHHBIX alreOpanvecKux ypaBHEHUH, OCHOBHBIC TOHATHS. Pemenne cucrem
JUHEHWHBIX ypaBHeHHH MeroioMm Kpamepa, wmeTomoM oOpaTHOM MaTpHIlel, MeTomoMm [aycca.
Teopema Kponekepa — Kanemiu. Penienne nmpou3BOJbHBIX CUCTEM JIMHEWMHBIX YpaBHEHUN Me-
togoM ['aycca. Pemienne oHOPOAHBIX CUCTEM JIMHEHMHBIX ypaBHeHHH. Kputepuil cymiecTBoBa-
HUs HETPUBHUAJIBHBIX PELICHUMN.

Pa3nes 2. DiieMeHTBI BeKTOPHOI ajredpbl

Tema 1. JIuneiiHble omepanyy HaJx BEKTOpaMHu, UX CBoOicTBa. JIMHeWHbIe KOMOMHALIUN
BEKTOPOB. JIMHENHAs 3aBUCHUMOCTb M HE3aBUCHMOCTh BEKTOPOB. ba3uc cucrembl BEKTOPOB.
EMMHCTBEHHOCTH pa3nokeHusi BEKTopa mo 0azucy. OpTOHOPMHUPOBAHHBIN Oa3HC.

Tema 2. CxansipHoe, BEKTOPHOE U CMEIIAHHOE MPOU3BEACHUS BEKTOPOB, X CBOMCTBA. Y CIIOBUSA
OpPTOTOHAJILHOCTH, KOJJTMHEAPHOCTH, KOMIUIAHAPHOCTH BEKTOpPOB. BbIumcieHue cKalspHOro,
BEKTOPHOT'O U CMEIIAHHOTO MPOU3BEACHUN BEKTOPOB, 33/IaHHBIX KOOPJIMHATAMH B OPTOHOPMH-
pOBaHHOM Oa3uce.

Tema 3. Jluneitnble npoctpaHcTBa. IloHsTHe 0a3zuca MPOCTPAHCTBA T€OMETPUUECKUX
BekTOpoB. [IpeobpazoBanue MaTpuIlbl IMHEHHOTO orepaTopa Mpu nepexoje ot 6asuca k 6asucy.
CoOcTBeHHBIE 3HAUCHHSI U COOCTBEHHBIE BEKTOPHI MATPHIIBI.

Pa3zgen 3. KoMiiekcHBIE YHCJIa 1 MHOTOYJIEHBI

[TonsiTne kommekcHOro uuciia. GopMbl 3aMUCH KOMIUIEKCHBIX 4ucell. JIeMCTBUS HaJa KOM-
mIekcHbIMU ynciamu. @opmyna Myaspa. M3Bieduenne KOpHs N-0M MOJIOKUTEIbHOW CTEIIEHU U3
KOMILJIEKCHOTO urcia. PaznmoskeHre MHOrowieHa Ha MHOKHTeNIU. OCHOBHAs TeopemMa aJireOpshl.

Pa3nen 4. AHannTH4yeckasi reoMeTpHst

CucremMsl koopavHAT. [IeKapTOBBI NPSIMOYTOJIBHBIE KOOPAWHATBI HA INIOCKOCTH M B MPOCTPaH-
ctBe. [lonsgpHas cucrema KOOpAUHAT.

Tema 1. IIpsimble ¥ MJII0CKOCTH

Paznuunble THUIIBI ypaBHEHUH IJIOCKOCTH M YpPaBHEHMH NpPsAMOM (HAa IIOCKOCTH M B NPOCTpaH-
CTBE).

Bpluncnenue paccTosHUN MEXY IBYMsI TOYKAMH, TOYKON U IPSIMOU, TOUKOU U INIOCKOCTBIO.
Brrancnenne pacCTOSHAA MEXAY CKPEIIMBAIOIUMUCS IPSIMBIMHU.

Bpluncnenue yrioB MEXAy ABYMs IPSIMBIMH, IIPSIMOU U IIJIOCKOCTBIO, ABYMSI INIOCKOCTSIMH.
Tema 2. KpuBble 1 MOBEPXHOCTH BTOPOI0 MOPSIAKA

Kpusble BTOpOro nopsiika, X reOMETPUYECKUE CBOMCTBA M ypaBHEHHMs. lIpuBeneHue xpusoii
BTOPOTO MOPSAAKA K KAHOHUYECKOMY BHLY.
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VYpaBHEHHE MOBEPXHOCTH BTOpOro mnopsaka. Kanonudeckue ypaBHeHHs cepbl, dIUIMIICOUTA,
KOHYCa, TUIepoosiona, mapadoaoua.

3.4. Temaruka NpakTUYeCKUX 3aHATHI MO TUCIHUILINHE
«/Iuneiinas anredpa»

Ne 3ansTHs Tema 3aHATHSA

1 Paszgen 1. DiieMeHTHI JIMHEHHOH ajre0pbl. MaTpuilbl, 1eHCTBUA
HaJl MaTpUIAMHU.

2 Onpenenureny, UX CBOMCTBA M BbIUMCICHUE. MaTpuyHas 3aluch
CUCTEMbI JINHEWHBIX YPAaBHEHMUII.

3 OOpatHast MaTpHIa U €€ BEIYHCICHHE.
Cuctembl TUHEHHBIX anreOpandecKux ypaBHEHHH, OCHOBHBIE T10-

4 HATHS U OIpefiesieHus. Pelenne cucreM JIMHENHBIX YPaBHEHUN
MetoaoM Kpamepa, MeTooM 0OpaTHOW MaTPHUIIHI

5 Pewrenne cucreM nuHENHbIX ypaBHeHU MeToaoM ['aycca. Panr
Marpuilpl. Teopema Kponekepa — Kanemm.

6 Meron ['aycca B IpOM3BOIBHBIX CUCTEMAX JIMHEWHBIX YPAaBHEHUM.

OHOPOAHBIE CUCTEMBI JIMHEWHBIX YPABHEHHUI.

Pa3nes 2. DiieMeHTBI BeKTOPHOI anaredpnl. Bexropsl. JIunen-
HbIE OIepaluu HajJ BEKTOpamMHu, UX cBoiicTBa. JInHeitHoe mpo-
7 CTPAHCTBO I'€OMETPUYECKUX BEKTOPOB. [loHATHE TMHENHON KOM-
OWHaIMu BEKTOPOB. JIMNHEHMHO HE3aBUCUMBIC W JIMHEWHO 3aBUCH-
MBbIE CUCTEMBI BEKTOPOB.

[TonsiTne Ga3zuca MPOCTpaHCTBA TEOMETPUYECKUX BEKTOpOB. Ko-
8 opauHaThl BekTopa. OpToHOpMHpoOBaHHBIH Oaszuc. Kommuneap-
HOCTb, OPTOTOHAJILHOCTh Y KOMIIJIAHAPHOCTH BEKTOPOB.

CkansipHOE TPOM3BEIEHUE BEKTOPOB M €r0 CBOWMCTBA. Y CIOBHE
9 OPTOTOHAJILHOCTH BEKTOPOB. BekTopHOE Ipou3BeneHUE NBYX
BEKTOPOB, €r0 CBOMCTBA. Y CJI0BUE KOJUIMHEAPHOCTH BEKTOPOB

CwMmelianHOE MPOU3BEICHUE TPEX BEKTOPOB U €ro CBOMCTBA. Bbl-
quclieHue o0beMa MapajieNienunena M MNHpaMubl. Y CIOBUE
10 KOMIUIAHAPHOCTH BEKTOPOB. BBIUKCIIEHHE CKAISIPHOTO, BEKTOP-
HOTO M CMEUIAHHOTO NPOW3BEIACHUI BEKTOPOB, 3aJaHHBIX KOOP-
JUHATAMH B OPTOHOPMHPOBAHHOM Oa3uce.

JIuneiinpie mpocTpancTBa. PasMepHOCTh 1 6a3uc TUHEHHOTO MPO-
CTpPaHCTBA.

Marpura nepexozga ot 6asuca k 6asucy. [IpeobpazoBanue Koop-
IMHAT BEKTOpa NpU M3MEHEeHuHW Oasuca. JInHeiHbIe omepaTopsl,
JEUCTBUS ¢ TMHEHHBIMH orepaTopaMu. COOCTBEHHBIE BEKTOPHI U
COOCTBEHHBIC 3HAUCHUS] MATPHIIBI

11

Pa3zgen 3. KommiaekcHbIe 4HucIa 1 MHOIOYIeHBI MHOXECTBO
KOMIUIEKCHBIX yucen. POpMbl 3alIUCH KOMIUIEKCHBIX yucen. [len-
CTBHS HaJl KOMIIJICKCHBIMM YnciaMu. PaznokeHrne MHOTOYICHA HA
MHOKUTEJH, OCHOBHAS TeopeMa anreOpsl

12

Paznen 4. Anaauruyeckasi reoMeTpust
Cucremsl KoopauHaT. Pa3inuHble TUIIBI ypaBHEHUH IJIOCKOCTH

13

14 Paznuunble TUNBI ypaBHEHUM MPSIMOM HA MJIOCKOCTH M B MPO-
CTPAHCTBE

15 B3anMHoOe pacmnosiokeHue MpsIMbIX Ha IUIOCKOCTH W B MPOCTPAH-




cTBE. Bhruncienue paccTossHUN MEXAy IBYMsI TOUKaMH, TOUKON U
npsiMoii. BbrumciieHre paccTOsHUS MEXAY CKpelIUBarOUIUMUCS
npsAMbIMU. B3anmHOe pacnosniokeHue MIocKocTel. Beruucnenue
PACCTOSTHUN MEXIY TOYKOHN U INIOCKOCTBIO

16 Kpusie BTOpOro mopsiika X reoMeTpUYECKHE CBOMCTBA. YpaB-
HEHMsI DJUIMIICa, TunepOosbl, mapadossl OOmIee ypaBHEHUE KpH-
BOI BTOpoOro mnopsaka. [IpuBeneHue KpuBoil BTOPOTO MOpsiAKa K
KaHOHMYECKOMY BUJY. [IOBEpXHOCTH BTOPOTO MOpsiaKa

4. YueOHO-MeTOAUYecKOe U HHPOPMALIMOHHOE o0ecieueHne

4.1. HopmatuBnbie 1o0kyMeHTHI H 'OCThI

OI'OC 29.03.04. Texnonorust XynoxecTBeHHONH 006paboTku marepuanos 26.11.2020 N 1456
2021.

AxaneMuyeckuii yuyeOHBIM TUTaH 1Mo HampasieHHto noAarotoBku: 29.03.04 Texnomorus xy-
JIO’KECTBEHHOM 00paboTku matepuanioB. [Ipodunb: «XymokecTBEHHOE MPOSKTUPOBAHUE H
U POBBIE TEXHOJIOTHU B IOBEJIMPHOM NMPOU3BOACTBE». Dopma o0yueHus — ounas. 2023.
AxageMu4ecKkuil ydeOHBIN TUTaH MO HampapiieHWI0 moarotoBku: 29.03.04 TexHomorus xy-
J0XKecTBeHHON 00paboTku Mmarepuainos. [Ipopuns: «Pa3zpaboTka ¥ MPOU3BOJACTBO M3JEIUN
MIPOMBIIIUICHHOTO nu3aitHay. @opma oOyueHus — 3aouHast. 2023.

MaTtpuua KOMIETEHIUI 110 HanpaBieHHIo MoAroToBku 29.03.04 TexHOnOrus Xya0xKecTBEH-
HOH 00paboTku MatepuanoB. [Ipodwib: «XymoxkecTBEHHOE MPOEKTUPOBAHUE U UG POBHIC
TEXHOJIOTUH B IOBETUPHOM Ipon3BocTBEY. Dopma 00yueHus — ouHas. 2023.

Marpuiia KOMIIETeHIIMN N0 HampaBiaeHuio noaroToBku 29.03.04 TexHomorus Xya0KeCTBEH-
HOW 00paboTku MaTtepuanoB. IIpoduis: «Pa3paboTka U MPOU3BOACTBO U3JCIUI MPOMBIIII-
neHHoro au3aiiHay. ®opma oOydenus — ounas. 2023.

Vka3 Ilpesunenta Poccuiickoit ®enepaunn or 01.12.2016 Ne 642 «Crparerun HaydHO-
TEXHOJOTH4ecKoro pa3Butusi Poccuiickoit denepannm.

[Ipuka3z MunucrepctBa obpazoBanusi u Hayku Poccuiickoit @eneparuu ot 23.08.2017 Ne
816 «O0 yrBepxknenuun [lopsiaka mpuMEHEHUs OpPTaHU3alUsIMH, OCYIIECTBISIOMUMHA 00pa-
30BaTENbHYIO ACATEIbHOCTD, 3JIEKTPOHHOTO OOYYEHHS, TUCTAHIIMOHHBIX 00pa30BaTENbHBIX
TEXHOJIOTUH NPH peanu3ai 00pa30BaTENIbHBIX IPOrPaMM».

4.2.  OcHoBHasi JuTEpaTypa

3abonorckuit B.C. Jlunelinas anreOpa v aHaIMTHUECKas reoMeTpus (Y4eOHBINH KOMILIEKC):
yueOHoe mocodue, 2-¢ uzn. Crep. M.: M3a-so MIHOPA-M, 2022. 309 c. (Bsiciee o6pazoBa-
HUe: 0aKanaBpHar).

Cupotuna W.K. Jluneitnas anre6pa u aHaTMTUYECKasi TEOMETPHS: HHTEPAKTUBHBINA KYypPC:
yaeOHoe mocobue st By3oB. CII6, M3n-Bo Jlans, 2022. 180 c.

Kypc nexumit mo nuHeiHHOW anredpe M aHaJIUTHYCCKON reoMmeTpum: ydyeOHoe mocodue. //
Kynpssues b.1O., Marsam B.U., Tlokazees B.B., Uepkecosa I'.B.. M.: MI'TY «MAMMN»,
2009. — 362c. [http://lib.mami.ru/lib/content/elektronnyy-katalog. Dnexkrponusrii pecypc. ]

4.3. JlonoJiHUTe/ILHAS JIUTEepaTypa
Kpatkuii xKypc BBICIIEH MaTeMaTUKH [DJIEKTPOHHBINH pecypc]: y4ed. - DJIeKTpoH. JaH. -

MockBa:  JamkoB wu K, 2017. - 510 c. [Pexum  gocryma:  URL:
https://e.lanbook.com/book/93522. - 3ar. ¢ skpana.] .


http://lib.mami.ru/lib/content/elektronnyy-katalog
https://e.lanbook.com/book/93522

2. 3y6koB B.I'., JIsxoBckuii B.A., MapteiHenko A.W., Munocues B.b., [Tymkaps E.A. Kypc
MaTEeMaTHKH NIl TEXHUYECKUX BBICIIMX y4eOHBIX 3aBeneHuid. Yactu 1-4. M.: MI'TI1Y, 2012.
400 k3.

3. Wnwun B.A., Ilozask D.I'. Ananutudeckas reomerpus. M.. Hayka. ['naB. peng-us ¢usuxo-
mareM. TuT-pbl, 1988. 224 c.

4. bexnemumes, JI.B. Pemenune 3agad u3 Kypca aHaATUTHYECKON T€OMETPUH U JTMHEHHOM anreo-
pblI [DnekTpoHHBIN pecypce]: yuel. mocobue - DneKTpoH. qaH. - Mocka: @usmariut, 2014. -
192 c. [Pesxum mocryma: URL: https://e.lanbook.com/book/59632. - 3ar1. ¢ akpana. ]

4.4. JaekTpoHHBIE 00pa3oBaTeIbHbIE PeCypChl

[TpoBeneHue 3aHATHIA U ATTECTAIMA BO3MOXKHO B IUCTAHIIMOHHOM (OopMaTe ¢ IPUMEHEHUEM CH-
CTeMbl TUCTaHIMOHHOTO oOyueHus yHuBepcurera (CJO-LMS) Ha ocHOBe pa3pabOTaHHBIX Ka-
denpoit «MaTtemaTukay IIEKTPOHHBIX 00pa3oBareibHBIX pecypcoB (DOP) mo BceM pazmenam
IPOTPAMMBI:.

Haszsanue 50OP

JluneitHas u BektopHas anre0- | https://online.mospolytech.ru/course/view.php?id=3368
pa

AHaIUTHYECKast TEOMETPHS https://online.mospolytech.ru/local/crw/course.php?id=2843

JluneitHas anreOpa w ananutH- | https://online.mospolytech.ru/course/view.php?id=462
YCCKasa rcOMETpuUA

Pazpaboranubie DOP BKIIOYAIOT TPEHUPOBOYHBIE U UTOTOBBIC TECTHI.
[opsimok npoBesieHns paboT B TUCTAHIMOHHOM (pOpMAaTe yCTAaHABIUBACTCS OTAEIbHBIMH PacIo-
PSOKEHUSIMH TIPOPEKTOPA 10 yueOHOM padoTe U/ Wi IEHTPOM y4eOHO-METOAUIECKOM pabOTHI.

Kaxnprit cryneHtT oOecrieueH WHAMBUAYaTbHBIM HEOTPAHUUYEHHBIM JTOCTYIIOM K 3JIEKTPOHHOU

OHMOIMOTEKE MOCKOBCKOT'O IIOJIUTEXA

https://online.mospolytech.ru/course/view.php?id=7621&section=1 .

HNHTepHeT-pecypchl BKIIOYAIOT Y4€OHO-METOIMUECKHE MaTepUalibl B JICKTPOHHOM BHJIE, TIPE/I-

CTaBJICHHBIC Ha caiiTe mospolytech.ru B pasznene: «L{eHTp MaTeMaTHUeCKOro 00pa3oBaHUs»

(http://mospolytech.ru/index.php?id=4486,

http://mospolytech.ru/index.php?id=5822);

[Tone3nbie yueOHO-MeTOAMYECKHE U MH(OPMAITMOHHBIC MaTepHAIbl ITPEICTABICHBI Ha cailTax:
http://exponenta.ru, http://eqworld.ipmnet.ru/ru/info/mathwebs.htm.

[Tepeuennr pecypcoB MHGOPMAIMOHHO-TEICKOMMYHUKAIIMOHHON ceTH «MHTepHeT» I ocBOe-

HUS TUCIMILUIMHBL: WWW.matematikalegko.ru>studentu, www.i-exam.ru.

4.5. J/IuieH3M0oHHO€e U CBOOOHO PAacPOCTPaHsieMoe MPOrpaMMHOe

o0ecrnieueHue
Ne| HaumenoBanue | Pazpa6orunk I1O JocTynHocTh Ccblika Ha Enunblii peectp
(nmpaBoodJiana- (IMLeH3MOHHOE, | POCCHIICKMX MPOrpPaMM AJs
TeJIb) cB00OIHO pac- 9BM u B/l (npu HaJIM4KMH)

MPOCTPaHsAEeMOe)
1 |Astra Linux | OOO JIutieH3MOHHOE https://reestr.digital.gov.ru/ree
Common Edition | "PYCBUTEX- str/305783/?sphrase_id=9540

ACTPA" 36



https://e.lanbook.com/book/59632
https://online.mospolytech.ru/course/view.php?id=3368
https://online.mospolytech.ru/local/crw/course.php?id=2843
https://online.mospolytech.ru/course/view.php?id=462
https://online.mospolytech.ru/course/view.php?id=7621&section=1
http://mospolytech.ru/index.php?id=4486
http://mospolytech.ru/index.php?id=5822
http://exponenta.ru/
http://eqworld.ipmnet.ru/ru/info/mathwebs.htm
http://www.i-exam.ru/
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036

00O "HOBBIE
OBJIAYHBIE
TEXHOJIOT' "

MoitOduc

JInnieH3nonHoe

https://reestr.digital.gov.ru/ree

str/301558/7?sphrase id=9433

75

4.6. CoBpeMeHHbIe MPogeccHOHATIbHBbIE 0a3bl JAHHBIX H MHGOPMaLIMOHHBbIE CIIPa-
BOYHbBIE CHCTEMbI

Ilepeuenn pecypcoB cetn UHTepHeT, 1OCTYNHBIX 1JIs1 OCBOCHHUS M CUMIIJIMHbI:

HauMenoBanue

Ccbuika Ha pecypc

JoctynHocTh

HNHpopManMOHHO-CIIPABOYHbIE CHCTEMBbI

Stack Overflow

https://stackoverflow.co
m/

Hoctynna B cetn UH-

TepHET O6e3 orpaHuye-

CTBEHHBIX 00pa30BATEIFHBIX CTAH-
JapTOB BBICHIETO 00pa30BaHUS

HUH
Nudopmannonnsie pecypest Cetn | hitp:// www.consultant.ru | loctymso
Koncynprantlimtoc
ITopTan ®enepanbpHBIX TOCYAAP-
P P AP http://www.fgosvo.ru. JlocTymHO

DJIeKTPOHHO-0MOJIMOTEYHbIE CHCTEMbI

.ru/

Jlanp https://e.lanbook.com/ HoctymnHa B cetn UH-
TepHeT 0e3 orpaHuye-
HHI

IPR Books https://www.iprbookshop | doctymHa B cetr UH-

TepHeT 0e3 orpaHuye-
HUHI

IpodeccnonanbHbie 6a3bl JAHHBIX

MoJIUTEeMaTH4ecKas pe)epaTuBHO-
oubnuorpaduueckas u
HayKoMeTpHuieckas (Oubanomerpu-
yeckas) 0a3za JJaHHBIX

basa qaHHBIX HAY4HOM AJIEKTPOH- http://www.elibrary.ru JocTymnHo
HOW 6UONIHOTEKH
(eLIBRARY.RU)
Web of Science Core Collection — | http://webofscience.com | JoctymHo

5. MaTepunajibHO-TeXHUYECKO€e o0ecredeHue TUCUUTIINHBI
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https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
http://www.consultant.ru/
http://www.elibrary.ru/
http://webofscience.com/

MarepuanbHO — TeXHUYecKas 0a3a yHUBEpcUTeTa 00ecrieynBaeT MPOBEACHUE BCEX BUI0B
3aHSTHH, IPEyCMOTPEHHBIX YUEOHBIM TJIAHOM, U COOTBETCTBYET ACHCTBYIOIIUM CAHUTAPHBIM H
IPOTHBOIOXKAPHBIM MPABUIIaM  HOPMaM.

Kadenpa «MartemaTuka» He pacrojaraet COOCTBEHHBIM ayJUTOPHBIM (DOHIOM H HC-
HOJIB3yeT ydeOHbIE ayUTOPUH U3 00IIero poHIa YHUBEPCUTETA.

[Tpr HEOOXOAMMOCTH UTSI TIPOBECHHSI MHTEPAKTUBHBIX MPAKTHYECKUX 3aHATHUH UCIIONb-
3YIOTCSI KOMIIBIOTEPHBIE KJIacChl YHUBEPCUTETA.

6. MeToagu4ecKkue peKoMeHIalumn

6.1. MeTozmqecmle PECKOMEHAAIIUN IJIA TMIpenoaaBaTe’isd Mo opranusainmumn oﬁyqe-
HUA

[Ipexne Bcero, cieayer oOpaTUTh BHUMAHHE CTYJIEHTOB Ha TO, YTO NMPAKTUYECKU BEChH
M3y4aeMbIii UMU MaTepuaj He TpeOyeT KaKOW-TH00 CIeHaIbHON (IOTOJIHUTEIBLHOM) TTOATOTOB-
KA U BIIOJIHE MOXKET OBITh YCIICIIHO M3Y4YEH, €CIHM CTYAEHTHI OyayT Mocemarb 3aHSATHs, CBOE-
BPEMEHHO BBIMIOJHATH JOMAIIHUE 3aJaHUSl U T0JIb30BaThCs (MPU HEOOXOJUMOCTH) CHUCTEMOM
IUTAHOBBIX KOHCYJIbTAIlM B TEUEHHE KakKJOro ceMmecTpa. Bomenmue B Kypc MaTeMaTUKH pas-
JIEITbI SIBJISIOTCSI KJIIACCHYECKUMH, B TO € BpeMs OHM MPAKTHUECKH OPUEHTHUPOBAHBI, TaK Kak
UMEIOT HIMPOKOE pacIHpOCTpPaHEHUE Ul PEIIEHUs pa3HOIo poja 3ajad BHYTPHU caMOil MaTema-
TUKU U MIPUKJIAIHBIX 3a71a4. X ocBoeHue MOMOXKET CTYI€HTaM JIOTHYECKHU BEpHO, apryMEHTHPO-
BaHO U SICHO CTPOMTH YCTHYIO U MMHUCbMEHHYIO p€Yb, YCIEIIHO IPUMEHATh HAKOIUICHHbIE 3HAHUS
B Ipo(heCCHOHATIBHOM JIeITEIbHOCTH.

Heo6xoauMo ¢ camoro Hauana 3aHSITUH PEKOMEHIO0BATh CTYACHTAM OCHOBHYIO M JIOTIOJ-
HUTEJIbHYIO JTUTEPaATypy, a B KOHIIE CEMECTpa J1aTh CIIMCOK BOIPOCOB JJISl MOATOTOBKU K IK3aMe-
HY.

Ha nepBom 3aHsATHN 110 JUCIHUIUIMHE CIIEAYyeT 0053aTeIbHO MPOUH(OPMHUPOBATH CTYIECH-
TOB 0 BHJIE M (hOpMe MPOMEKYTOYHOHM aTTECTALUH 110 TUCIHUILIMHE, CPOKaX ee MPOBEACHUS,
YCIIOBUSIX JIOMYCKA K MPOMEKYTOYHON aTTeCTalli, MPUMEHSIEMBIX BUaX MIPOMEKYTOUHOTO
KOHTPOJISL.

W3noxxeHrne TEOpeTHUECKOro Marepuaia JOJKHO COMPOBOXKAATHCS WMIUTIOCTPATUBHBIMU
IpUMeEpaMu, TIIATETLHO OTOOPAaHHBIMH PENoaBaTeIeM TaK, YTOObI TEXHUYECKUE TPYAHOCTU U
BBIKJIQJIKH [P PEIIEHUH 33/Ja4d HE OTBJIEKAJIU OT IJIABHOT'O: OCMBICIIEHUS UAECU U CYTH MpHUMe-
HseMbIX MeTo0B. CienyeT Bceria yka3blBaTb IPUMEPHI IPAKTUYECKOIO IIPUMEHEHUSI pacCcMOT-
PEHHBIX Ha 3aHATHIX YpaBHEHUN U popMyII.

[TpakTudeckue 3aHATHS JODKHBI ObITh OPTaHM30BAHBI MPEMOIABATEIEM TaKUM 00pa3oM,
YTOOBI OCTABAJIOCh BPEMsI HAa MEPHUOJUYECKOE BHITIOJHEHHE CTYACHTaMU HEOOJBIION caMOCTOsI-
TEJILHOM padOoThI B ayJUTOPHUHU ISl IPOBEPKU YCBOCHUS U3JI0KEHHOTO MaTepuaa.

[IpenogaBaTens, BeAYHIMI NpaKTUYECKHE 3aHATHS, IOJHKEH COIJIacoBbIBaTh Yy4eOHO-
TEMaTUYECKH TUIaH 3aHATHH C IEKTOPOM, HCIIONIb30BaTh EAMHYIO CUCTEMY 0003HAYCHUH.

[IpenomaBatento cienyeT JOOMBATHCS CUCTEMATHYECKON HEMPEPBHIBHOW PaOOTHI CTYICH-
TOB B TEUEHUE CEMECTPA, HEOOXOIMMO BBISIBIISITh CHIIBHBIX CTYJICHTOB U MPUBJIEKATh UX K HAy4d-
HOM paboTe, K y4acTHIO B pa3HOTO pojia OJIMMITHAZaX U KOHKypcax.

CTyZneHT IOJKEH OLyllaTh 3aMHTEPECOBAHHOCTD MPENOIABATENsl B JOCTUKEHUHM KOHEY-
HOTO pe3ysibTaTa: B NMPUOOPETEHHH OOYYaAIOUIMMUCS MPOUYHBIX 3HAHUM, YMEHHH U BiaJeHUs
HaKOIIJICHHOM nH(popMaImeit A peleHus 3a1a4 B popeCCUOHATBbHON AeATEIbHOCTH.

6.1.1. O0pa3oBaTe/ibHbIE TEXHOJIOTHH

B03M0OXHO ITpoBeICHNE 3aHATHI U aTTeCTAllUil B AUCTAHIIMOHHOM (opMare ¢ IpUMEHEHHEM CH-
CTeMbI JTUCTAaHIIMOHHOTO 00y4eHus ynupepcurera (CJJO-LMS) Ha ocHOBe pa3paboTaHHBIX Ka-
dbenpoii «MareMaTHKa SIIEKTPOHHBIX 00pa3oBareibHbBIX pecypcoB (DOP) (cm. m.4.4).
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[opsimok npoBenieHns paboT B IUCTAHIMOHHOM (pOpMaTe yCTaHABIUBACTCS OT/AEIbHBIMH PacIIo-
PSOKEHUSIMH TIPOPEKTOPA 10 yueOHOM paboTe U/ Wi IEHTPOM y4eOHO-METOANIECKOM padOTHI.

6.2. MeTtoauyeckue yKa3aHusi JAJsl 00y4aIOMUXCS MO0 OCBOEHUIO
JUCHHUITNHBI

Pa3zgen: 3j1eMeHTHI JIMHEHHOM ajaredpbl

Matpuusl u onpeaenurenau. [Ipexe Bcero, CTyIEHT JOJDKEH MOHSATh, YTO MaTPHUIIA —
9TO Tabnuia yncen (mpuyeM 3Ta TabJIMIa MOKET UMETh OJIMHAKOBOE YHCJIO CTPOK M CTOJIOIIOB, a
MOKET OBITh U MPSAMOYTOJILHOH), & ONMPEAETUTENb- 3TO YHCIIO, 3alUChIBAEMOE B BUJIE KBapat-
HOM TaOJUIIBI, TO €CTh OMPEACTUTENIH CYIIECTBYIOT TOJIBKO Y KBaIpaTHBIX MaTPHIL.

Crnenyer oOpatuth 0c000€ BHUMaHHE Ha OMEPALUIO YMHOXXCHHS TPSIMOYTOJILHBIX Mat-
PHII ¥ TIOHATH, KAKUM TOJIY9aeTCs MOPSAOK MAaTpUIlbl — mpou3BeneHus. OCOOCHHOCTh MaTpPHI]
TaKX€ COCTOMT B TOM, YTO IPOMU3BEIAEHHUE MATPHUL HE MEPECTAHOBOYHO, TO €cTb AB # BA
.Cnenyet 00s3aTeIbHO YOSAUTHCS B TOM, PEIIMB COOTBETCTBYIOIINE 3aa9H.

BaxxupiM siBIISIETCS TIOHATHE OOpaTHOW MaTpuilsl. Hajmo 3HaTH yCclIOBHE CYIIECTBOBAHUS
00paTHOM MaTPHUIIBI U AITOPUTM €€ TocTpoeHus. [locie ee BEIYMCICHUS 1es1eco00pa3Ho JIeaTh

TIPOBEPKY MPABUIBHOCTH PEIICHMS, BHIIONHUB Onepanuio ymMHoxkenus A 'A=E (momkHa 1mo-
JTYYUTHCS €IUHUIHAS] MATPHIIA)

[Ipu u3ydenuun onpenenuTesneii Ha10 YETKO YCBOUTh MOHATHS MUHOpPA, are0pandeckoro
JOTIOTHEHHUS, 3HATh MHOTOYHCIICHHBIE CBOMCTBA ompenenutens. [Jis OCBOSHUSI TEXHUKU BBIYHC-
JICHUS OTpeeNuTeNel 1eaecoo0pa3Ho, BbIOpaB NMPOU3BOJIbHBIN ONMpEAEeTUTENb BBIIIE TPETHETO
MOPSIIKA, PACKPBITh €T0 PA3IMYHBIMU CIIOCO0aMU, IPUMEHSISI PA3JIOKEHUE U MO0 CTPOKaM H TIO
cronidriamMm. OOpaTuTe BHUMaHHME, KaKU€ CTPOKU (CTOJIOIBI) MPEAINOUYTUTEIbHEE BHIOUPATH IS
PACKpPBITHS ONPENCTUTENs, YTOOBI YIIPOCTUTH €r0 BhrurcieHue. OcobeHHO 3((HEKTHBHO BBIUHUC-
JICHHE OIpeNeIUTeNsl ¢ MOMOUIbI0 AJIEMEHTAapHBIX MpeoOpa3oBaHUil, MPUBOASIIUX €ro K Tpe-
YrOJIbHOMY BHLY.

[Ipu n3ydeHnn pemieHunii cucTeM JIMHEHHBIX anreOpandeckux ypaBHeHuit (CJIAY) obpa-
TUTE BHUMAaHHE, MPEKIEC BCETO, HA TIOHATHUE PEUICHUS CHCTEMbI U YCIIOBHS CYIIIECTBOBAHUS Pe-
HIEHUH B 3aBUCHUMOCTH OT COOTHOIICHUS MEXIY PAHI'OM MaTpHUIlbl, PAHTOM PacIIMPEHHON Mart-
PHIIBI CHCTEMBI U YUCJIOM HEU3BECTHBIX U ypaBHeHUH. OOpaTuTe BHUMAHUE HA YCIOBUS MPUMe-
Henus hopmyn Kpamepa u metona oOpaTHo# MaTpuiibl. BHuMaTenbHO pazdepute mpuMepsl pe-
[ICHUSI TIPOM3BOJIBHBIX CHCTEM JTMHEHHBIX alreOpandecknx ypaBHeHUU metoaoM ["aycca (BBeae-
HUE 0a3UCHBIX U CBOOOHBIX TIEPEMECHHBIX ).

Pa3nes: JeMeHTBbI BEKTOPHOH ajare0pbl

[Ipu m3yueHun naHHOW TeMbl OOpaTHTE BHUMaHWE Ha JMHEIHBIE OMepaluu HaJ BEKTO-
pamH, Ha TIOHATHS JIMHEHHON HE3aBHCHUMOCTU W JIMHEHHON 3aBUCHMMOCTH BEKTOPOB, Ha (pyH1a-
MEHTaJbHOE TMOHATHE 0a3uca BEKTOPHOTO MPOCTPAHCTBA (M OPTOHOPMHUPOBAHHOTO Oasuca), Ha
pasnokeHue BEKTOpa Mo 0a3ucy.

3HaTh omnpeneaeHe, FeOMETPUUECKUE CBOMCTBA CKANIIPHOTO, BEKTOPHOTO U CMEUIAaHHOTO
MPOU3BEICHUSI BEKTOPOB, (OPMYIBI I UX BBIYMCICHUS B BEKTOPHOW M B KOOPAMHATHOU (hop-
Me. O0s3aTeNnbHO 3HaTh U YMETh MPOBEPSATH YCIOBUS OPTOrOHAJIbHOCTH, KOJUIMHEAPHOCTH WU
KOMIUTAHAPHOCTH BEKTOPOB.

Pa3nesi: koMIJIeKCHbIE YMCJIa 1 MHOTOYJIEHbI

B atom pasznene, npexie Bcero, HaJlo MOHSITH, YTO KOMIUIEKCHOE YUCIIO SBUJIOCH PACIIIH-
pEHUEM MOHATHS AEHCTBUTEIbHBIX YHCEN, 3HATh ONpeieieHre U Tpu GOPMBbI 3alTUCH KOMILJIEKC-
HOTO  4mcla (anreOpanydecKyro, TPUTOHOMETPUYECKYIO M MOKa3aTeIbHYI0), TEOMETPUUECKYIO
MHTEPIIPETALNIO KOMIUIEKCHOTO YMCIa M B3aMMHO-OJHO3HAYHOE COOTBETCTBHE MEXKIY MHOXKE-
CTBOM KOMIUJICKCHBIX YHCENT U MHOXKECTBOM TOUYEK KOMILJIEKCHOM TIOCKOCTH. 3HATh (hopmyiy
Diinepa. KommiekcHble Ynciia MOKHO H300pakaTh C IOMOIIBIO BEKTOPOB Ha KOMILJIEKCHOM
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iockocTy. I1oaToMy omnepariu ClioskeHHs! M BBIYUTAHUSI KOMIUIEKCHBIX YHCENI MOTYT OBITh CBe-
JI€HBI K OTepallisM CJIOKEHHS U BBIYUTAHUS COOTBETCTBYIOIIHUX BEKTOPOB.

Hano 3Hath ¥ yMeTh BBINOJHATH ONEpallMM YMHOKEHUS, JEJIEHUs, BO3BEIEHUS B I0JIO-
KUTEJIbHYIO CTENEHb KOMIUJIEKCHBIX YHCEJl, 3alMCaHHbIX B TPUTOHOMETpHUYECKOil (hopme, u3Bie-
YEHUs KOPHS N-0i1 CTENEHN W3 KOMILIEKCHOTO YncIa.

Crnenyetr 0OpaTUTh BHUMAaHHE HA TO, YTO MHOXKECTBO KOMILIEKCHBIX YHMCEN SIBJISIETCS 3a-
MKHYTBIM, TO €CTh JI100as anredpandeckasi ornepamus HaJl KOMIUIEKCHBIMU YHCIaMU HE BBIBOJHT
3a mpeiesbl 0071acTh KOMIUIEKCHBIX YHCE.

Hano 3Hath paznuyHble BUIBI Pa3I0kKEHUSI MHOTOUIEHA HA MHOXKUTEH AJIs C1y4aeB, KO-
I/1a Cpeau KOpHEH MHOro4ieHa MOTYT ObITh KpaTHbIE, KOMIUIEKCHbIE KOPHU. DTH CcBeleHUs Oy-
T UCII0JIb30BATHCS, HAIPUMEDP, B UHTErPAIIbHOM MCUYHUCIEHUH IPU BBIYMCIEHUN UHTETPAJIOB OT
JIPOOHO-PAIMOHATIBHBIX (DYHKITUH, IPH PEIICHUH JTUHEWHBIX OJHOPOIHBIX AU (epeHIInaTbHBIX
YpaBHEHHI N-TO TOPSIIKA C TOCTOSTHHBIMU KO3 UITEHTaMH.

Paznen: AnHaauTuyeckasi reoMeTpus

IIpy nM3yyeHHM AHAIUTUYECKOM I€OMETPHUM CIIELYET, IPEkKIAE BCErO, MOHATh, YTO €€ 3ahadeu
ABIISIETCS U3YyUCHHE T€OMETPUUYECKUX OOBEKTOB MPHU MOMOIIM aHATUTUYECKHX METOA0B alreOpsbl
Y MaTEMaTHUYECKOI0 aHainu3a. B oCHOBE Takoro noaxoxaa JIEXUT METOJ KOOPAMHAT, BIIEPBBIE CH-
creMaTuyecku npuMeHeHHBIH P. Jlekaprom. OCHOBHBIC TIOHSTHS T€OMETPUM (TOYKA, MpsMas,
IUIOCKOCTB) SIBJISIIOTCS HEONPEIEISIEMBIMH, U 1711 UX ONUCAHMSI IPUMEHSIETCS aKCUMOMATUUYECKUI
METO/I, TMO3BOJISIOUINI YCTAHOBUTh B3aMMHO OJJHO3HAYHOE COOTBETCTBHUE MEX]Y MHOXECTBOM
TOYEK MPSAMON M MHOKECTBOM JICHCTBUTEIBHBIX YUCEN M, TAKUM 00pa3oM, BBECTU CHCTEMY KO-
OpIMHAT.

Hazo ueTko ycBOUTH pa3inuyHblie POPMBI YpaBHEHH MPSIMOM U IIIOCKOCTH YMETh MEPEXOAUTH OT
oZ1HOI QopMbI K apyroit. CienyeT OCMBICIUTDh U YCTIEUTHO MPUMEHSTh PEIICHUs KJIAaCCHYECKUX
3a/1a4 aHAJIMTUYECKON F€OMETPUM O B3aUMHOM DACIIONIOKEHUM IPSMBIX U IUIOCKOCTEH, yMETh
OTIPEAEIIATh YIJIbl M PACCTOSHUS MEXKIY PAa3TUYHBIMU T€OMETPUUECKUMHI 00bEKTaMH.

OTMeTuM B 3aKIIIOYECHHUE, YTO YCICUIHOE M3yYeHUE NUCHUILINHBI « JInHeliHas anreOpay,
npuoOpeTeHne HeOOXOAMMBIX KOMIIETEHIIMH, YMEHUN U HaBBIKOB BIIAJICHUS MaTeMaTUYECKUM
anmaparoM TpeOyeT OT CTYASHTOB OOJBIIONW CaMOCTOATENbHOM paboTel. OOpaTUTe BHUMaHHE,
YTO KOJMYECTBO YacOB, OTBOJAMMBIX Ha CAMOCTOSITENIbHYIO pabOTy B COOTBETCTBUU C y4EOHBIM
IUIaHOM, OOJIBIIIE YKCIIa YacOB, OTBOJMMBIX HA BCE BUbI AyAUTOPHBIX 3aHATUH.

7. ®OH OLIEHOYHBIX CPEACTB

@DOoH/ OIICHOYHBIX CpeACTB IpezacTaBieH B [Ipunoxenun 2 k paboueil mporpamMmme U BKIIOYAET
pasnens:

1. MeTop! KOHTPOJIS ¥ OLIEHUBAHMSI PE3yJIbTaTOB 00yUeHUS

2 [llkana u KpUTEPUH OLICHUBAHUS PE3YJIBTATOB O0yUCHUS

3. OneHouHbBIE CPEACTBA

3.1. Tekymuii KOHTPOJIb

3.2. IlpomMexyTouHasi aTTecTalus
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Ilpunosicenue 1

TemaTuyecknii IJIaH TUCHUIINHBI «JIuHelHAs aJaredpa) Mo HANPABJIEHUIO MOATOTOBKH
29.03.04 «TexHoJI0THA XY/10:KECTBEHHOH 00padOTKU MaTEPHAIOB»
[Tpodumm
«Xy/10:KeCTBEHHOE NMPOCKTUPOBAHUE U IM(PPOBbIE TEXHOJIOTHH
B I0BEJIMPHOM NPOM3BOACTBE»
«Pa3paboTKa u MPOM3BOACTBO U3/1eJIUI MPOMBIIJIEHHOTO TU3ATHA)

(bakanaBp)
Ounas ¢popma 0O0yueHus
I'onx nabGopa 2025/2026
Buabl yuedHoii padoThl,
BKJIIOYAsi CAMOCTOSITEILHYIO Bujbl caMmocTosITe/IbHOI PadoThI Dopmbl
2k 8 aTTe-
Pasen § i § padoTy CTYyeHTOB, CrynenrToB CTaIuu
= o =
S E & U TPYA0EMKOCTh B Yyacax
nn CP | KC
J | II/C | JIa6 C P K.P. | K.IL. | PT'P | Pedepar | Kip | D | 3
IlepBblii cemecTp
Pasznea 1. DiaeMeHTHI JTNHEHHOM areo-
11 pbl MaTpuiibl, 1eMCTBUS HaJ MaTPULIAMH. 1 1 2 2 3
Onpenenureny, UX CBOMCTBA U BBIYUCIIE- 3
HHUe. MaTpuyHas 3anuch CUCTEMbI JIMHEMH-
12 | pox . 1 2 2 +
ypaBHEHUH.
Boiiaua 3aganuii PI'P Ne 1 no siuHeii-
HOIl_ajre0pe .
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1.3

OOpatHast MaTpuila ¥ €€ BBIYHCICHHE.
MarpuuHas 3anuch CHUCTEMBI JIMHEMHBIX
YpaBHEHUH.

1.4

CucteMbl TMHEHHBIX aNTreOpanvdecKux
YPaBHEHUW, OCHOBHBIE IOHATHS U OIIpEse-
JieHus. PelieHre cucTeM JTMHEMHBIX ypaB-
HeHuit MmetogoM Kpamepa, MmeTogom 00-
paTHOM MaTpPULIbI

1.5

Pemrenne cucreM TUHENHBIX YPAaBHEHUN
MeronoM ['aycca. Panr marpuusl. Teope-
Ma Kponekepa — Kanemnm.

1.6

Meron ['aycca B IpoM3BOJIBHBIX CUCTEMAX
JIMHENHBIX ypaBHeHUU. OJTHOPOJAHBIE CH-
CTEMBI JIMHEWHBIX YPAaBHEHUM.
CamocrosiTesqbHast padora Nel B ayam-
TOPMH 10 JTHHEIHHOM| anredpe

1.7

Pasznen 2. Bexropsl. JIuneiinbsie onepanuu
HaJl BEKTOpaMH, MX CBOWCTBA. JIMHEWHbBIE
KOMOWHAIMKM BEKTOPOB. JInHEHHO HE3aBH-
CHMBIE W JWHEHHO 3aBHUCHMBIE CHCTEMBI
BEKTOPOB.

Boiraua 3aganmii PI'P Ne2 mo BekTOp-
HOM ajireope.

1.8

[Tonstue 6Gasuca. KoopmuHatel BekTOpa.
KO.H.HI/IHeapHOCTB, OpPTOIrOHAJIbHOCTDH n
KOMIUITAaHAPHOCTH BEKTOPOB.

1.9

CkanspHoe NMpou3BeACHUE BEKTOPOB U €ro
CBOMCTBA. BekTopHOE Mpou3BeeHUE IBYX
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BEKTOPOB, €r0 CBOMCTBA.

1.10

CMmenianHOe POU3BEIECHUE TPEX BEKTOPOB
U ero cBoiicTBa. Brruncienne odObema ma-
pauienenumena. YCIOBHE KOJUIMHEApHO-
CTH, OPTOTOHAJIBHOCTH M KOMIUIAaHAPHOCTHU
BeKTOpOB. OpTOHOPMHPOBAaHHBINH 0a3ucC.
Boluucnenune ckanspHOTO, BEKTOPHOTO H
CMENIaHHOT'O MPOU3BEICHUI BEKTOPOB, 3a-
JAHHBIX KOOpJAMHATaMH B OPTOHOPMHUPO-
BaHHOM 0Oazuce.

CamocrosiTesibHass padora Ne 2 B ayam-
TOPHUU 110 BEKTOPHOM ajredpe

10

1.11

JIunelinble npoctpaHcTBa. PasMepHOCTH M
0a3uc TMHEHHOTI 0 IPOCTPAHCTBA.

Marpuna nepexona ot 0asuca K 0Oasucy
npeoOpa3oBaHue KOOpPAMHAT BEKTOpa IpHU
n3MeHeHnn Oaszuca. COOCTBEHHBIE BEKTO-
pBl U COOCTBEHHBbIE 3HAYEHUS JIMHEWHOTrO
oreparopa.

11

1.12

Pa3zpgen 3. KommiekcHbIe YHCJIa 1 MHO-
roujeHbl MHOXXECTBO KOMIUIEKCHBIX 4YH-
cen. opmbl 3aMKMCH KOMITJIEKCHBIX YHCET.
Omneparuu HaJ, KOMIUICKCHBIMU YHCJIAMU.
Pasnoxenne MHOrowieHa Ha MHOXKHTEIH
OCHOBHas TeopeMa aareOpsl

12

1.13

Pa3nes 4. AnHanuTu4yeckasi reomeTpust
CucreMbl KoopauHAT. Pa3nvyHbIE THUIIBI
YPaBHEHUH IUIOCKOCTH

Boigaua 3aganuii PI'P Ne3 mo anajm-
THYECKOI reoMeTpuu

13

1.14

Paznuunble THUNBI ypaBHEHUN IpPsSAMOM Ha

14
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MJIOCKOCTH U B POCTPAHCTBE

1.15

B3aumHOe pacnoniokeHHe TpSAMBIX Ha
IUIOCKOCTH M B IIPOCTpaHCTBEe. Bprumcie-
HUE PACCTOSIHUM MEeXAy ABYMs TOUYKaMH,
TOYKOW W TpsiMOM.. B3anmHoe pacrnonosxe-
HUE IUIOCKOCTEH. Brlunciaenue paccTosiHun
MEXY TOYKOU U IIIOCKOCTBIO
CamocrosiTesbHast pabora Ne 3 B aynm-
TOPHH 110 AHAJIUTHYECKON IeOMeTPHH

15

1.16

KpuBbie BTOpOro mopsiaka uX reoOMeTpH-
YECKHME CBOMCTBA. YpaBHEHHS DIUIUIICA,
runepo6obl, mapabonsr O0IIee ypaBHEHHE
KpUBOW BTOpOro mnopsaka. Ilpusenenue
KPUBBIX BTOPOI'O MOPSAJIKAa K KAHOHHYECKO-
My Buay. [loBepXHOCTH BTOpOro nopsijaka

16

®opma aTTecTAlMU

19-
21

Bcero yacoB nmo gucuMInJInHe

16

32

60

PI'P

cam
pao.
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Ilpunosxcenue 2

®OHJA ONEHOYHBIX CPEACTB
O AMCIUIIVIMHE

«/IuneHas ajaredpa»

Hanpasnenue noarorosku: 29.03.04 «TexHomorust Xya0KecTBEHHOH 00pabOTKH MaTepHaIoBy.
[Tpopmn: «XynoxkecTBEHHOE NMPOEKTUPOBAHUE M LU(PPOBBIE TEXHOJIOTUU B IOBEIUPHOM IPOU3-
BOJICTBEY. «Pa3paboTka v MPOU3BOJICTBO U3ICTHI MPOMBIIIIICHHOTO TU3aiHa.

®opma o0yueHHs: OuHasl.

Kadenpa: «Marematukay

1. MeToabl KOHTPOJISA M OLICHMBAHUS Pe3yabTATOB 00y4eHH S

J1s1 KOHTPOJISI yCIIEBa€MOCTH M KauecTBa OCBOCHUS JUCLUIUIMHBI HACTOSILEH porpaMmMon
IIPEyCMOTPEHBI CIEAYIOINE BUbI KOHTPOJIS:
- KOHTPOJIb TEKYLIEH yCreBaeMOCTH (TEKYLIUI KOHTPOJIb);
- MPOMEXKYTOYHAS aTTecTaIus (IK3aMeH ).

2. lllkajia 1 KpUTEPUH OLIEHUBAHUS Pe3YJbTATOB 00yUeHUsI
®opMa NPOMEKYTOYHOM aTTEeCTALMM: IK3aMeH

[IpomesxyTouHasi arTecTanus oOydarommxcs B popMe SK3aMeHa MPOBOJUTCS MO pe3ysbTa-
TaM BBITIOJIHEHHUSI BCEX BUJOB yueOHOH paboThl, MPETyCMOTPEHHBIX YUEOHBIM IJIAHOM IO JaHHOU
JUCLUIUIMHE, TIPU 3TOM YYMTHIBAIOTCS PE3YJIbTAThl TEKYIIETO KOHTPOJIS YCIEBAEMOCTU B TEUEHHE
cemecTpa. OLeHKa CTETIEHU TOCTHKEHUS 00yJaroIIUMUCS IIAHUPYEMBIX pe3yJIbTaToB 00yUEeHHUS 1O
JUCLUIUIMHE MPOBOJIUTCS MPENOIAaBaTENEM, BEAYIIUM 3aHATHS 110 JUCLIMILUIMHE METOA0M 3KCIepT-
HOU oueHkH. I1o uToram mpoMexyTo4HON aTTECTAlMK 0 JUCHUIUIMHE BBICTABISETCS OLEHKA «OT-
JIMYHOY, «XOPOILO0Y, «YAOBIETBOPUTEIBHO» NN «HEYIOBIETBOPUTEIBHO.

HIkaJjia oneHUBaHUA Onucanne

BeimoHeHBI Bce 00s13aTe/IbHBbIE YCJIOBHSI TOATOTOBKH CTY-
JeHTa K TPOMEKYTOYHOW AaTTeCTallM|, IMPEIyCMOTPECHHBIC
porpaMMoil JUCHUTUTHHBL. CTYACHT IEMOHCTPUPYET COOTBET-
CTBHC 3HAHWH, YMCHUH, HABBIKOB ITOKA3aTEIsIM, IPUBEICHHBIM B
OTan4HO TabnuIaxX, OMeprupyeT MPUOOPETEHHBIMHU 3HAHUSMHU, YMECHUSIMH,
HaBBIKAMH, PUMEHSET UX B CUTYAIUSIX MOBBIIIEHHON CIIOKHO-
ctu. [Ipu 3TOM MOTYT OBITH JIOITYIIIEHBI HE3HAYUTEIbHBIE OLINO-
KM, HETOYHOCTH, 3aTPYAHEHUS IIPU NIEPEHOCE 3HAHUM U YMEHUU
Ha HOBBIC, HECTaHIAPTHBIC 33/1a4H.
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Xopoo

BrimonHeHs! Bce o0si3aTesibHbIE YCJI0BHSI NMOATOTOBKHM CTY-
JEeHTAa K MPOMEKYTOYHOH aTTecTalluH, NPEIyCMOTPEHHBIE
nporpaMMoil TucHUIUIMHBL. CTYIEHT IeMOHCTPUPYET COOTBET-
CTBUE 3HAHUH, YMEHUH, HABBIKOB [TOKA3aTENsIM, IPUBEICHHBIM B
TabJIMIaxX, OMEPUPYET MPHUOOPETEHHBIMUA 3HAHUSMHU, YMECHHSIMH,
HaBbIKaMH. B TO ’xe BpeMs Npu OTBETE JOMYCKAaeT Hecylle-
CTBEHHBIE TOTPEIIHOCTH, 33Jla4yd PEIIAeT C Helo4YeTaMH, He
BIIMSIOLUIMMH Ha OOLIUI X0/ pelIeHusl.

VY 10BIIE€TBOPUTENIHHO

BrimonHeHsl Bce 00si3aTeIbHbIE YCJIOBHUSI MOATOTOBKH CTY-
JeHTAa K NPOMEKYTOYHOH AaTTeCTallMH, TPEIyCMOTPEHHBIC
nporpaMMoit TUCIUIUIMHBL. CTYIEHT HEMOHCTPUPYET COOTBET-
CTBUE 3HAHUH, YMEHUH, HABBIKOB MTOKA3aTENsIM, IPUBEICHHBIM B
TabJIMIaxX, OMEePUPYET MPHOOPETEHHBIMUA 3HAHUSMHU, YMECHHSIMH,
HaBbIKaMU. Ho moka3biBaeT HermyOOKMe 3HAHUS, TIPU OTBETE HE
JOMYCKaeT TpyObIX OIMMOOK WM MPOTUBOPEUYUH, OIHAKO B
(GbOpMyITUPOBAaHUN OTBETa OTCYTCTBYET IOJIKHASI CBSI3b MEXKIY
aHAJTM30M, apryMEHTAIlUeH U BBIBOJIAaMH, B PEIICHUU 3a/1a4 MO-
TYT COZepKAThCsl TpyObIe OMMOKH. J{iIst moTydeHus IpaBUIIbHO-
r'o OTBETa TPEOYIOTCS YTOUHSFOIINE BOIPOCHI.

HeynosnersopurensHo

He BbimonHeHb! 00513aTe/IbHbIE YCI0BHS MOATOTOBKH CTY/I€H-
Ta K NMPOMEKYTOYHOIl aTTecTalluM, MPEIyCMOTPEHHbIE MPO-
rpamMmoi aucuuiuinHel, MJIM cTygeHT ageMOHCTpUpyeT HEemoJi-
HOE COOTBETCTBHE 3HAHUN, YMEHHH, HABBIKOB MPUBEJICHHBIM B
TabyMIax, AOMYCKAIOTCS 3HAUUTEIbHbIE OMIMOKU, MPOSBISIETCS
OTCYTCTBHUE 3HAHUMW, YMEHHI, HABBIKOB IO PANY IOKa3aTeleH,
CTYJEHT UCHBITHIBACT 3HAYUTENbHbIE 3aTPYAHEHUS IIPU OIEpH-
POBAHUU 3HAHUAMHU U YMCHUSMMU.

3. OueHo4HbIe CpPeCTBA

/o

Haumenosanue
OIICHOYHOTO CPEeJI-
CcTBa

Kparkas xapakTepucTHKa OI[CHOYHOTO

[Ipencrasnenue one-
HOYHOTO CpPEJICTBA B

cpencTaa DOC

KonTponshas (ca-
MOCTOSITEJIbHAS)
paborta

(KP)

CpenctBo npoBepku yMeHuil npumeHsaTh | KoHTpoabHbIE 3a1a-

MOJIYYCHHBIC 3HAHUA AJId pCHICHUSA 3aaa4
OMMpCACIICHHOI'O0 THIIA MO TEMC WJIN pa3ac-

1y

HUA (TIpUMED)

PacuerHo-
rpaduydeckas pa-

CpencTtBo MpOBEPKH YMEHUN IPUMEHATH
IIOJIy4CHHBIEC 3HAHUS 110 3apaHee olpese-
JICHHOM METOIMKE I DPELICHMs 3a1ad

KoMmmnekr 3amanwmii
IS BBIIIOJTHEHUS
pacyeTHo-
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oora

(PT'P)

WM 33JaHAd 1O MOAYJI0 WM JUCLH-
MJIMHE B IIEJIOM.

rpagudecKoi paboThI

YcrHbIi onpoc

CpencTBO KOHTpOJISI, OPTraHU30BaHHOE KaK
crienanbHas Oeceqa  MEIaroruyeckoro
paboTHHKAa ¢ OOy4aromuMMCsi Ha TEMBI,

Bomnpocel o

3 cobeceioBanue, CBSI3aHHBIC C M3y4aeMOW TUCIMIUIMHOM, 1 TeMam/pazzaenam
(YO) paccuMTaHHOE Ha BBIICHEHHE o00beMa U CITUTUIMHEI
3HAaHUWA O0YYaroIerocs Mo OnpeeIeHHO-
My pazzeny, TeMe, MpodiiemMe U T.11.
CucreMa cTaHJapTU3UPOBAHHBIX 3aJaHUN,
Tect [IO3BOJISIOLIAS ABTOMAaTH3HPO-
4 Bapuant Tecra
(T) BaTh MPOICAYPY M3MEPECHHs YPOBHS 3Ha-

HUI 1 yMEHUI 00y4aromerocs.

5 | Dx3amenanuoHHble | CpecTBO TMPOBEPKU 3HAHWMA, YMEHHH, | DK3aMEHAIIMOHHBIE
OuneTH HaBBIKOB. MOXKET BKIIOYAaTh KOMIUIEKC | OMJICTHI.
(9B) TEOPETUYECKUX BOIPOCOB, 3a]ay, MPaKTU-

YEeCKUX 3aJaHui.

3.1. Tekymuii KOHTPOJIb

O1eHOUHBIE CPEICTBA TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH BKIIIOYAIOT KOHTPOJIBHBIE BOIIPO-
CBl M 33/1aHUS B (popMe OJIaHKOBOTO TECTUPOBAHUS JIJISI KOHTPOJIS OCBOCHHS OOYYalOUIMMHUCS Pa3-
JIETIOB TUCHUIUIMHEL, ipruemM PI'P.

Coaeprxanue pacueTHO-Tpadgpuueckoi padoTHI.

PacuerHo-rpadguyeckas padora Nel mo JimHelHoi ajaredpe.

Kpatkoe copeprkanue pacueTHO-Tpauieckoit paboThI:

Martpuiisl U onpenenuTenu. Pemenne cucreM JHMHEWHBIX anreOpanyecKuX YpaBHEHUIH MeEToAaMu
["aycca, Kpamepa u oOpaTHO# MaTpHIIBL.

PacuerHo-rpaduyeckasi padora Ne2 no BeKTOPHOM aJjiredope.

Kpatkoe conep:xanue pacueTHO-Tpaduueckoi paboTHI:

BekTopsl, neiicTBus Hajg BekTopamu. CKaJIIpHOE, BEKTOPHOE, CMEIIAHHOE IIPONU3BEACHUS BEKTOPOB.
PacuerHo-rpaduyeckass padora Ne3 no aHaIMTHYECKOIl reOMeTPHH.

Kpatkoe conep:xanue pacueTHO-TpaduuecKor paboThI:

Paznuunble BUABI ypaBHEHU MPSAMOM U TJIOCKOCTU. B3auMHOE pacnosiokeHne npsiMbIX Ha MJIOCKO-
CTH, IIJIOCKOCTEHN B IIPOCTPAHCTBE.

KoMmiekT 3aganuid

JJIS BBITIOJIHEHH S pacyeTHO-Tpaduuyeckux pador (PI'P)
no aucuuiuinae «JInneiinas aaredopa»

PI'P Nel, vacts 1

-1 1 0 2 0 2
3ananue Nel. Jlanbt matpunel A=| 1 3 2 | uw B={0 -3 3
4 0 -3 1 1 -1

Beimonuuts neiicteusi: A% +8BT .
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3amanue Ne2. [TpooKuTh JaHHOE MaTpudHoe paBeHcTBo (2A+3B)* —4A° —6AB =...

Y MIPOBEPUTH €r0 I MaTpull A U B U3 mepBOro 3agaHusl.

3ananue Ne3. BoIUMCINUTE ONpeeNnuTeNb ABYMS CIIOCO0aMHU: Pa3sIoKEHHEM IO MEPBOIl CTpOKe U
pa3i10KEeHUEM T10 IEPBOMY CTOJIONY.

10 -1 2
02 1 -1
11 -1 1
11 -2 1

3amanne Ne4. JIns qaHHOM MaTpUIlbl HAWTH 00paTHYIO MaTpuIly. CienaTh MPOBEPKY.

1 0 2
1 1 0]
-1 2 3

3aganue No5. Pemuts matpuunoe ypasaenne AXB = C (maiitu X). CaenaTs npoBepky.

G elS

3aganue Ne6. HaliTh paHr MaTpHIlbI.

1 -1 2 3

0 5 4 3

2 3 8 9 15|
3 -8 2 6 20

PI'P Nel, 3apaHus o pelieHUIO CHCTEM JIMHEHHBIX ajiredpanyecKkux ypaBHeHH I

3aganue Nel. Pemuts cucremy Mmerogom Kpamepa. Caenath mpoBepKy.

X +AX, =Xy =2
2X +2X, +3%;, =7
3%, +6X, —2X%; =1

3aganue No2. Peruth cucremy u3 Nel MeTooM oOpaTHON MaTpHIIBI.

3aganue Ne3. Pemuts cuctemy u3 Nel metonom ["aycca.

3amanue No4. PemmTh HEOTHOPOIHYIO cUcTeMY MeToioM ["aycca. Halitu obiiee pemienne u 4yacT-
HOE pEILICHUE.

X, + X, +2X; +3X, =5
3%, +2X, —4X, —2X, =1
oX, +4x, + 4x,=11

3amanue NoS. Pemmth otHOpOIHYIO cucTeMy MeTosioM ['aycca. Haiitu obmee pemenne u OCP.
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2%, +6X, —9%x;-9x, =0
4%, —5%;+ %, =0

3% +3X, = 7%, —4x,=0"
X, —3X, +2X; +5%, =0

PI'P Nel, vacts 2
3amanue Nel. Tlokasath, 4To BeKTOpsI M, N, P 006pa3yloT 6a3Uc B HPOCTPAHCTBE U PA3JIOKUTH

BekTOp a 10 3ToMy Gasucy: M = (1, -1,2),n=(2,0,3), p=(-2,-1,1),a =(5,—4,13).

3amanue No2. Jlanbl BekTopsl M ¥ N . BEIACHUTE — KOJUIMHEAPHBI 1M BEKTOPLL @ U D .

m=(28-8,8),m=(-216,-6), a=2m+m,b=2n-

3

,ecmn |M|=642,|0|=2, (m/,\ﬁ) =135, a=6n-m.

3amanne Ne3. Haitu \a‘

3aganmue Ned. Jlan A ABC . Haiitru £ B,ecnim A(1;-1;2),B(3;3;2),C(7;1;2).

Baganue No5. Tlpu kakux "x' Bektopsl @ U D mepnenmukynspabr?

a=(x;1;-4),b =(x-3;12; x).

3aganue No6. Halitu mmomans napamienorpaMma, HOCTPOEHHOTO Ha BEKTopax a u b .

_ A V4
a=2m-5n,b=m+n, |m| =12 |n|=3, (m, M=

3ananue No7. Haiitu ruomanp tpeyroasHuka ABC, ecnmu A(7; 2; -3), B(6; 5; 1), C(0; -2; -7).

3amanue Ne§. Jlanbl BekTOpsl @, 0, C . BEIACHUTE — KOMILUIAaHAPHEI JIX BEKTOPHI. ECiM BEKTOPEI HE

KOMILTAHAPHBI, TO HAiiTH 00beM Mapajienenumnea, HoCTPOEHHOro Ha BekTopax a, b, C u onpe-

JICJIATh — KaKyI0 TPOMKY OHU 00pa3yIoT.
a(l;-1;5),b(2;4:-2),c(3;0:1).

3amanwe Neo9.  Jlns nuHeiHOrOo omepatopa A 3amaHbpl 00pas3bl 0a3MCHBIX DJIEMEHTOB
Ag,, Ag,, Ae,. 3amucars MaTpuiy oneparopa A B Oasuce €, €,, €, u HaiiTH 00pa3

3eMeHTa X .

>
|

, =1 +3€e,-2¢e,, Ae,=¢ -¢€,+4¢e,, Ae,=2¢ +2€,+3¢,,

bl

=2¢,—-4¢e, +¢€,.
3ananue Nel0. Haiitu coOCTBEeHHbIE 3HAUYCHUS U COOCTBEHHBIE BEKTOPHI INHEHHOTO onepaTopa,

. -4 1
33JJaHHOTO B HEKOTOPOM Oasuce MaTpuied A = 7 o)

PI'P Ne 1, yacth 3
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Baganue Nel. Tlpsimast |, mpoxomut depes Touxy A mapamiensHo Bektopy (. Ilpsimast |, mpo-

XOauT yepe3 Touky B mepnenaukynspHo BexTopy N . HaliTi ToUKy nmepecedeHus IpSIMBIX U YOI
mexay aumu, ecmn - A(3;5), 7(1;3), B(0;5),n(-3;4).
Baganue No2. Jlana npsmast |,. Ilpsmast |, mpoxoxut gepes touku A u B. Haiitu paccrosinue ot

TOUKH Tepecederus npsameix |, u |, xo mpsivoi |, .

_{x=—8t—3 A(4;0),B(7;3), 1,:9x-12y+2=0.

o y=3t+4,

3amanne Ne3. Haiitu paccrosuue ot Toukn M, 10 miockoctn @ , mpoxogsiiei yepes Touky A

IepIEeHMKYISpHO BekTopy N, ecmu M 0 (0;1;7), A(2;-1;4), n(6; 22; -3).

3aanne Ne4. Haiftu yroa Mexay INIOCKOCTBIO (X M INIOCKOCTBIO [3 , IPOXO/SIIEH Yepe3 TOUKH

ABuC,ecm a:5x+y+47-28=0, A(5;2;5),B(3;7;0),C(-4,-3;-1).
3ananue NoS. 3amucarh KAHOHMYECKHE YPAaBHEHHS MPSIMOH, 3aJaHHON OOLIMMH YpaBHECHHUSIMU.

X+2y—-9z2-10=0;
3Xx+4y+8z—-24=0.

3aganue No6. Haiitu Touky nepecedenus npsamoii | u mimockocTn « ¥ yros Mexmy HUMM.

I:XLZ:X:Z—_l; a:X+2y-3z-12=0.
3 4 -2

Baganue Ne7. Ilpsimast |, mpoxomut uepes touku 4 u B. Ilpsmas |, mpoxoxur gepes touxy M
TIePIICHANKYISPHO TUIOCKOCTH ¢ . Haittu yron mexay npsimbivu |, u |, u BeIsicHUTS — nexxar u

OHH B O,Z[HOﬁ IMJIOCKOCTU HUJIU CKPCHINBAKOTCA.

A(9;-31),B(4;4,-5),M (-111,-11), a:2x+3y-z-1=0.

2 2
3amanue Ne8. Jlns jaHHOW KpUBOM % + % =1 yka3aTh (OKYCHI, SKCLIEHTPUCUTET, TUPEK-

Tpuchl. [locTpouTh KpUBYI0, H300pa3UTh (POKYCHI, AUPEKTPHUCHI.

Bananme Ne9. Tlpusectn ypasrenue kpusoit 9% — 25y —18x + 200y —616 =0 k kaHOHHYECKO-
MY BHJY M TIOCTPOUTH KPHUBYIO.

KounTtpoJabHble 3a1anus (mpuMepsbl)

Bapuanr.
1. HaiiTi 3HaueHuss MaTpUYHOTO MHOTOWlIeHa F (A)

f(x)=-x"+2x* —x+3,A=(_1 Oj
3 2
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2. HatiTu panr MaTpHIbl OPUBEACHUEM K CTYIIEHUATOMY BU
P pHLLL TP Y PVl g 2 6 -3 13

1 -3 13 5 17

1 2 1
3. BBIUHCIUTD ONpeACTUTENh IPUBEACHUEM K CTYIICHIATOMY BHITY 3 5 3
2 7 -1
4. Haiitn Mmatpuity, oOpaTHy0 JaHHOU (a). PermuTs MatpudaHoe ypaBHeHHE (0)
L2 1 1 -2 -2 3 5
@ ‘;’ _75 _31 © [—3 4JDX=(3 1 0]

5. Pemuts cuctemy ypaBHeHHMH. YKa3aTh 00Iee U OJJHO YaCTHOE peIIcHuHE (a).
Pemuth cuctemy ¢ momoripo 00paTHOM MaTpuIlsl 1 1o opmynam Kpamepa (0)

4%, +9%, —5%, —8%, =5 X, +2X,+ X, =5
(a) 13X, +7X, — 2%, —4x, =4 (6) 4 3% —5X, +3X, =—7
2X, + 5%, + X, +3X, =3 2X, + X, — X, =13
Bapuanr
1. Pacniucatsb paznoxxeHue BeKTopa ; 10 BEKTOpaM B, a,F
x={5-12,1}, p={1-3,0}, q={1,-11}, r={0,-1,2}

2. KonnuueapHsl 11 BeKTOpsl P U (?

a={2,01}, b={-231, p=2a+2b, q=3a-2b

3. Jana nupamuza ¢ BepmrHamu B Toukax A A AA,.

A(-2,4,8), A,(4,-12), A(-8,7,10), A,(-3,4,-2)

Haiitu:

a) yroxn mexxay peopamu AA,, AA,
0) 00beM MUPaAMUIIBI

B) JUIMHY BBICOTHI OIyllleHHOU Ha rpanb A A A,
T) HaliTH JUIMHY MEJNaHBI, IPOBEICHHY0 u3 Bepumusl A k peopy A, A

4. BeraucnuTh MmIomaab napajuienorpaMmma, oCTPOSHHOTO Ha BEKTOpax anb a- YTOJI MEX]Ty BEKTOpa-
e v T
a=2p+q,b=p-3q, lp|=2, |q]=2, a=7.
Bapuant
1. Haiitn paccrosiue ot Touku M, 10 miockoctu ( M,M,M 3) :
M, (-9;10;2), M, (0;7;-4), M,(4,8,-1), M,(-2;13)
X+y+z-2=0
2. BeinucaTh KAaHOHUYECKOE YPABHEHHE MPSMOi:
X-y—-3z+6=0
Xx-2 y-3 z+1
1 —4

uX+y+2z-9=0.

3. Haiitu TouKy mepecedeHus MpsMOil B TNTIOCKOCTH:

x-1
4. Haiitu Touxy P, cummerpuunyio touke P ortHocutensto npsmoii | : P(O;—l; 3) u = ll =

1

z
T
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5. Hammucatb ypaBHEHHE IULIOCKOCTH (¢ TIpoXozsuieil uepe3 Touky M, u nepneHIuKyisipHO psIMOHN
(MM,): My(3;2;0), M, (4,15), M,(2,-14).
6. Haiitn kocHHyC yria Mexay INIOCKOCTSAMU Q) U O, :
a,:3X—y+3=0, a,: x-2y+52-10=0
BapuaHT 3a1aHuii NPOMEKYTOYHOI0 TeCTa

1.1. HaiiTu panr MaTpuisl IpUBEAECHUEM K CTYIIEHYaTOMY BUY g - s 3 13l

1 -3 13 5 17

1 -2 2 3 5
1.2. Pemuth MaTpu4HOE ypaBHEHHE [ 3 4 jDX =( 3 .1 0 j :

X, +2%,+X; =5
1.3. Pemmuts cuctemy mo ¢popmynam Kpamepa 3%, —5X, + 3%, =7
2X +7X, — %, =13

2.1. Hanmcars pasinosKeHHe BEKTOpa X 10 BEKTOpaM p,q,F X = {5, —12,1} , _pi = {1, -3, O} ,

a={1-11}, r={0,-12} .

2.2. BeI4uCIUTH IUIOIMA b MapalieiorpaMMa, ITOCTPOCHHOT0 Ha BEKTOpax & u b « — yrom Mexay
BEKTOpamMH P H (:

2.3. lana nmupamua ¢ BepmmHamu B Toukax AAAA,. A(6,1,3), A (6,-2,-3), A(2,2,0),
A,(-5,10).

Haiitn [uinHy MeauaHsl, IPOBEIEHHYIO U3 BepinHbl A Kk pedpy A A,.

Xx-2 y-3 z+1
1 —4

3.1. HaiitTu Touky nepeceueHus NpsMoi 1 MIIOCKOCTH: U X+y+2z-9=0.

3.2. Haiitn Touky P, cummerpuunyro Touke P oTHOCHTenbHO mpsMoii | : P(O;—l; 3) "
x-1_y _z
1 -1 1

3.3. Hanmcats ypaBHEHHE IUIOCKOCTH ¢ NpOXOJsLIed depe3 Touky M, u meprneHaukyiaspHO

npsimoii (MM,): M (3;2;0), M,(4:15), M,(2-14).

4.1. Jlana kpuBasi BTOpOro nopsiaka x° +4y>—-12x+16y+16 =0. [TonyunTs kaHOHHYECKOE YypaBHEHUE
KPHUBOH U ITOCTPOUTH .€€
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! / !
4.2. CocTaBUTh MaTpHIly Iiepexosa ot O6a3uca e,e,,e, Kk 6asucy e, ,e, e, , €ciu
€ =26 +6,+6,, €, =6 —6,+6,; & =6 +26,+8,

Kpurepum onenku:

- OLICHKA «3a4YTE€HO» BBICTABIIACTCI CTYACHTY, €CIM OH PETYJIIPHO B TEYECHHUE CEMECTpPa IIPEACTaB-
JISUT pelleHusl 3a]1a4, BHIIOJIHUII TOJTHOCTRIO BCE 3aJJaHUs U UX 3alUTHII, OTBETUB Ha BOMPOCHI Ipe-
IOJaBaTelIs;

- OLIEHKA «HE 3aYTEHO» BBICTABIISIETCS CTY/IECHTY, €CIIM OH HEPEryJIsipHO B TEUEHUE CEMECTpa IMpe-
CTAaBJIAJI PCHICHUS 3a4a4, BBINIOJIHUI 3aaHHA HC MMOJIHOCTBIO HUIIN BOO6H_I€ HC IPCACTABIIAI paGOTBI
Ha MPOBEPKY, AOMYCKAET CYIIECTBEHHbIE HETOUHOCTH B OTBETaX Ha BOMPOCHI IIPETOAaBaTesIsl.

Jlnst mpoBeIeHUsT TEKYLIEro KOHTPOJsSl 3HAHWW CTYJCHTOB B TUCTAHIIMOHHOM (opmare B
pa3paboraHHbIX Kadenpoit «MaTemMaTuka» OHJIAWH-Kypcax WMEIOTCS MPOMEXYTOUYHbIE (TPOOHBIE)
TECTBHI.

3.2. [IpomexyTouHasA aTTECTALMS

[IpomexxyTouHast arTecTarus - (3K3aMeH) IPOBOIUTCS 10 OwIeTaM B YCTHOM dopme.
Bpewmst U1 moAroTOBKM OTBETA HA BOMIPOCH HE Ooiiee 45 MUH.

bunet BKiIt0YaeT TEOPETUYECKUI BONPOC U 3a/1a4H.

KoMITIeK T SK3aMEeHAIIMOHHBIX OUNIETOB XpaHsATcs Ha kKadenpe «MaTemaTukay.
TunoBble BApUAHTHI OWJIETOB NMPUJIATAIOTCS.

KommnuiekT Bonpocos
10 IUCHUIIIMHE «J/IuHeliHasA ajaredpa»

Marputibl, TUIIBI MATPULL.

Onepanuu ¢ MaTpuilaMu, UX CBOMCTBA.

YMHOXEHUE TPSIMOYTOJIbHBIX MaTPHII.

Matpuunas ¢popmMa 3aIUCH CUCTEMBI IMHEWHBIX allreOpandecKnX ypaBHEHUH.

Onpenenurenu U UX CBOKWCTBA.

[Tonsitue onpenenurens. MUHOPHI U anredpanyeckue T0NOTHEHUS.

CucreMbl TUHEHHBIX aNTeOpanyecKuX YpaBHEHH, OCHOBHBIC MIOHSATHUS U OMPEICIICHHUS.

[TpaBuio Kpamepa penieHust CUCTEM JTMHEMHBIX YpaBHEHUH.

OOparHast MaTpHIa U e€ BEIYUCICHHE. Y CIIOBHUE CYIIECTBOBAHUS 00PAaTHONW MaTpPHIIBI.

10. Pemienune cucTeM JIMHEHHBIX alNreOpandecKux ypaBHEHUH METOJ0M OOpAaTHOW MaTPHIIBI.

11. Meron I'aycca penieHus cuCTEM JIMHENHBIX ypaBHEHUH.

12. Pemenue npon3BOJIBHBIX CHCTEM JIMNHEHHBIX YpaBHEHHUH MeTo1oM [aycca.

13. Panr matpuisl. Teopema Kponekepa — Kanennu.

14. OnHOpOoaHBIE CUCTEMBI JUHEHHBIX ypaBHeHUN. KpuTepuii cylmecTBOBaHNS HETPUBUAIBHBIX pe-
IICHUH.

15. TlonsiTie BEKTOpa M IMHEWHBIC OTIEPAIIMK HAJl BEKTOPAMHU, CBOMCTBA OTIEpAITHi.

16. JIuneitHasi KOMOWHAITUS BEKTOPOB.

17. JIuneiiHas HE3aBUCUMOCTh M JIMHEWHAs 3aBHCUMOCTh T'€OMETPHUUYECKHX BEKTOpOB. Kpurepuii
JINHEMHOM 3aBUCUMOCTH.

18. IlonsiTue 6a3uca. KoopauHaTel BEKTOpA.

19. OpronopmupoBanHbIii 6azuc. Pa3noskenne BekTopa o BeKTopam dasuca.

20. YnopsimoueHHast TpoliKa BEKTOPOB.

21. CxansipHO€, BEKTOPHOE U CMEIIAHHOE IPON3BEACHNE BEKTOPOB B OPTOHOPMHPOBAHHOM Oasuce.
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22. Y cl10BUS OPTOTOHATIBHOCTH, KOJUTMHEAPHOCTH ¥ KOMIUIAHAPHOCTH BEKTOPOB.
23. JIluHeiHbIe TPOCTPAHCTBA.

24. Matpuna nepexoja oT 6a3uca kK 6asucy.

25. CoOCcTBEHHBIE BEKTOPBI M COOCTBEHHBIE 3HAYEHUST MATPHUIIBI.

AHaJIMTHYECKASA TeOMeTPUs

1. Cucremsl koopauHat. JlekapTOBBI MPSMOYTOJIbHBIE KOOPAMHATHI Ha MJIOCKOCTU U B MPOCTpPaH-
CTBE.

[TonsipHas cucrteMa KOOpIUHAT.

Paznuunble TUIIBI YPAaBHEHUH IIJIOCKOCTH U IPSMOMU.

Brlunciienre pacCTossHUM MEXIAY ByMSl TOYKaMH, TOUKOM U IPSIMOM, TOYKON U INTIOCKOCTBIO.
Brruucnenue paccTossHUS MEXY CKPEIIMBAIOIIUMHUCS TPSIMBIMH.

Brruucnenue yrioB Mexay AByMs IPSIMBIMH, MPSIMOU U MJIOCKOCTBIO, ABYMS TIOCKOCTSIMH.
KpuBbie BTOpOro nmopsiika ux reoMETpUYECKUE CBOMCTBA M ypaBHEeHUs. [IpuBeneHune kpuBou
BTOPOTO MOPSJIKA K KAHOHUYECKOMY BHULY.

8. KanoHmueckue ypaBHEHHsI SIJUTUIICA, TUTIEPOOJTBI, ITapaboJIb.

9. VYpaBHeHHUE MOBEPXHOCTH BTOPOTO MOPSIKA.

10. Kanonunueckue ypaBHeHUs c(hephl, SJUTMIICOU 1A, KOHYCOB, TUTIEPOOIOHNI0B, TapaboIoH I0B.

Nogkrwd

TunoBbie BApUAHTHI OUJIETOB
no auctuiuinae «JInneitnas aaredopa»

MHWHHCTEPCTBO HAVKH U BBICIIET'O OBPAZOBAHIS POCCUMCKON ®EJEPALINN
®EJIEPAJIBHOE 'OCYJIAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE
YUPEXXJIEHUE BBICILIETO OBPABOBAHUS
«MOCKOBCKUM MOJUTEXHUYECKUHNU YHUBEPCUTET»
(MOCKOBCKHU MMOJIUTEX)

dakynbTeT 6a30BBIX KOMITCTCHIIHH, Kadenpa «MaremaTuka
HucuumumHa  «JIuneitHas anredpa»
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBLIN BUIET

1. Omnpenenurenu U UX CBONCTBA.
12 -1 2
2. PemmTh MaTpuuHOE ypaBHEHHE XB=A, eciu A:(2 J, B =( 0 J.

X +2%, =-1
4. JlaHbl BEKTOpHI & =(-5,9,8), b =(-3,1,-2), € =(-8,10,-10). [IpoBepuTh — KOMILTAHAPHBI JIU OHH.

3. Pemuts cucteMy MeTO10M 00paTHOI MaTpPHULIBI {

Ecnu HeTr, HaliTH 00BeM MapauIesienuIIeia, IOCTPOEHHOTO Ha BEKTOpax a,b,c.
5. HaiiTu yron Mexay BektopamMu a = (1-2-2) u b =(2,0,1).

YTBepxneHo Ha 3aceqanuu Kadeapel MateMatuku « 03» 05 2023 ., mporoxon Ne 10

W.o. 3aB. kadeapoit H.B. Bacuinepa / /

MHHUCTEPCTBO HAVKH U BBICIIIET'O OBPA3OBAHUS POCCUCKOM ®EJIEPALINN
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®EJIEPAJIBHOE 'OCYJIAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE
YUPEXXJIEHUE BBICILIETO OFPABOBAHUS
«MOCKOBCKUM MOJUTEXHUYECKUHN YHUBEPCUTET»
(MOCKOBCKHU MOJIUTEX)

dakynbTeT 6a30BBIX KOMITCTCHIIHH, Kadenpa «MaremaTuka
HucuurumHa  «JIuneitHas anredpa»
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBIN BUIET

1. Jluneitnas koMOuHanus BeKTopoB. basuc. Koopnunaartel BekTopa.

12 -1
2. BbI4ucauTh onpeneauTens Matpuibl C=A", ecim A=|3 1 0 |.
011
4x; — 2%y +3%X3 =12,
3. Pemnre cucremy ypaBHeHul MeTonoM I'aycca {x, +5%, —3x; =1,
2% +3Xy —2%3 =3.
4. Tloka3atb, 94TO BEKTOpbl M =(1,-12), N =(2,0,3), p=(-2,-11) oOpa3yroT 6a3uc B IPOCTPAHCTBE.
5. Jlano oOmiee ypaBHeHHe npsiMoii  —2x +3y—5=0. Hamucarb: ypaBHEHHE PSMOM C YTIIOBBIM
K03 PHUIIMEHTOM; YpaBHEHHUE NMPSMON B OTPE3Kax; HOPMaJIbHOE YpaBHEHHE MPSIMOI.

YTBepxneHo Ha 3aceqannu Kadeapsl mateMatuku « 03» 05 2023 ., mporokon Ne 10

W.o. 3aB. kadeapoit H.B. BacuineBa / /

Jlnst IpoBeAieHUsT TPOMEXYTOYHOTO KOHTPOJISl 3HAHUM CTYIEHTOB B JAMCTAHIMOHHOM (hop-
Mate B pa3paboTaHHBIX Kadenpoi «MareMaTHKay OHJIaH-KypcaX UMEIOTCS UTOTOBBIE TECTHI.
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