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1. Lean, 3a1a4u ¥ IUIAHKPYEMbIe Pe3yabTAaThl 00y4YeHHs 110
AUCHMILINHE

K 0CHOBHBIM yensam OCBOCHUS TUCHUILTUHBI «JIMHEeiHas anrebpay clieayeT OTHECTH:

- BOCIIUTAHHUE Y CTYICHTOB OOIIell MaTeMaTHYeCKON KyJIbTYpPHI;

- NpUOOpeTeHHne CTYJEHTAaMHU IIMPOKOIO Kpyra MaTeMaTHMYeCKHX 3HaHUM, YMEHMHA u
HaBBIKOB;

- pa3BUTHE CHOCOOHOCTH CTYJIEHTOB K HMHIYKTMBHOMY M JI€IyKTHBHOMY MBIIUICHHIO
HapsAIy C pa3BUTHEM MaTEeMaTUYeCKOH MHTYUIINY;

- YMEHHE CTYyJICHTaMHU pa3BHUBaTh HABBIKM CAMOCTOSTEIBHOTO H3yuYeHHUs y4eOHOH u
HAY4YHOH JINTEPaTyphl, COJIEpKAILEl MaTeMaTUYECKHE CBEICHUS U Pe3yIbTaThl;

- TOATOTOBKY CTYAEHTOB K JEATEIBHOCTH B COOTBETCTBHM C KBaJIM(UKATMOHHON
XapakTepUCTUKON OakajaBpa IO HANpaBJICHUIO, B TOM 4Hcie (QOPMHUPOBAHUE YMEHHM
HCIOJIb30BaTh OCBOCHHBIE MAaTEMAaTHUYECKUE METO/IbI B MTPO(ECCUOHATIBHON 1A TEIEHOCTH.

- TOATOTOBKY BBICOKOKBAJM(HUIIMPOBAHHBIX KaJpPOB, BOCTPEOOBAHHBIX B YCIOBHSIX
U(ppoBOi TYypOYJIEHTHOCTH M BBICOKMX TEXHOJIOTMYECKMX DPHUCKOB COBPEMEHHOW LU(POBOI
HKOHOMHMKH.

K ocHOBHBIM 3a0auam 0cBOCHUS AUCUUIUTNHBI «JIMHelHas anreOpay cieayeT OTHeCTH:

- OCBOGHHE CTYICHTAaMH OCHOBHBIX IOHATHUH, METOMOB, (QOPMHUPYIOUIUX OOIIYIO
MaTeMaTHYECKYyIO MOATOTOBKY, HEOOXOIMMYIO JUIsl YCIICIIHOTO PEeIIeH s TPUKIIAQAHBIX 3a/1ay;

- (hopMupoBaHHE y CTyIeHTa TpeOyeMoro Habopa KOMIIETEHITNI, COOTBETCTBYIOIIUX €r0
HaIpaBJICHUIO MOJITOTOBKU U 00ECIIEUHNBAOLINX €r0 KOHKYPEHTOCIIOCOOHOCTh Ha PBIHKE TPY/a.

OOyuenne mo gucuuiuinHe «JIuneitHas anreOpa» HampaBieHO Ha (OPMHUpPOBAHUE
y oOy4arommxcsi ciueayromux kommereHuuid B coorBerctBuu ¢ ®I'OC 19.03.01 (ypoBeHb
OakanaBpuaTa) 1o

HanpasieHuto  noAaroroBku  19.03.01  buotexHonorus, HampaBleHHOCTh  (TIPOQHIB)
«[IpombInuieHHast GMOTEXHONOTHS ¥ OMOUHKXEHEPHUS», YTBEPIKIACHHBIM IPUKa30M MUHHUCTEPCTBA
oOpazoBanus 1 Hayku Poccuiickoii @eneparuu ot 10.08.2021 Ne 736.

Koa n HanmeHoBaHnue NHauKaTopsl 10CTHKEHUS
KOMIIeTeH Ui KOMIIeTeHI[UH
OIIK-1 NOIIK-1.1. 3naer 3aKOHBI ¥ 3aKOHOMEPHOCTH
CnocoOeH u3y4arb, aHATM3UPOBATb, MaTeMaTU4YeCKUX, (PU3NIECKUX, XUMHUECKIX
UCII0JIb30BAaTh OMOJIOTNYECKUE OOBEKTHI U 1 OMOJIOTMYECKUX HAYK M UX B3aUMOCBSI3H
IIPOLECChI, OCHOBBIBAACH HA 3aKOHAX U NOIIK-1.2. Criocoben u3yyatb U
3aKOHOMCPHOCTAX MaTCMATHICCKHUX, aHAIIM3UPOBATh OMOJIOTUYECKUE OOBEKTHI U
(bU3HUECKUX, XUMUUECKUX U OMOJIOTMYECKUX IIPOLIECCHI
HayK 1 NX B3aNMOCBA3AX HMOIIK -1.3. Brameer HaBbIKaMu

MCIOJIb30BaHUs B MPo(deccHoHabHOM
NIEATEIIBHOCTU OUOJIOTMYECKUX 0OBEKTOB U

IIPOLECCOB

OIIK-5 CrniocoGeH 3KCcIuTyaTHpOBaTh NOIIK-5.1. 3HaeT TEXHOJIOTUYECKOE

TCXHOJIOTUYCCKOC 060py[[0BaHI/Ie, BBIIIOJIHATH 060pyl[0BaHI/Ie, CII0COOBI KOHTPOJIA U
TEXHOJIOIMICCKUC OIICPALMH, YIIDABIIATD yTpaBiIeHUs] OMOTEXHOIOTHYECKUMU

OMOTEXHOJIOTMUECKUMH MPOLIECCAMH, [[POLIECCAMH, KOJTHIECTBEHHBIE 1

KOHTPOJIMPOBATH KOJIUYECTBEHHBIE U
KAaueCTBEHHBIE I10KA3aTEH 110JIy4acMOU
MIPOAYKLIMU

KAaueCTBEHHBIE I10KA3aTEIIH I10JIy4acMOU
MIPOAYKLIMU




NOIIK-5.1. I'oTOB OCYLIECTBIISATH
IKCILTyaTalI0 OMOTEXHOIOTUIECKOTO
000pyZIOBaHUs, YIPABIIATh
OMOTEXHOJOTMYECKUMHU MTPOIIECCaMU

NOIIK-5.1. Bnaneer meTrogamu KOHTPOJIS
rpouecca NpOru3BOJICTBA U MOJIy4YaeMOU
IIPOIYKITUHI

2. MecTO JTUCHUIUIMHBI B CTPYKTYpPe 00pa30oBaTe/ibHOI NPOrpaMmbl

JlucuuminHa OTHOCHTCS K o0s3aTenbHOM dactu Omoka bl: Moayns «MartemaTudeckue W
€CTECTBEHHO-HAYUYHbIE JUCIUIUIMHBDY.
E¢€ uzyuenue obecrieunBaeT n3y4eHHUe AUCIUIIINH:
B obs3amenvroti wvacmu:
- MaTeMaTUYECKHI aHaIN3;
- (husuka;
- BJIEKTPOTEXHUKA U AJIEKTPOHUKA;
- MaTeMaTU4YEeCKOE MIAHUPOBAHUE SKCIIEPUMEHTA U MPUKIIAIHASL CTaTUCTUKA;
- OCHOBBI aBTOMaTU3UPOBAHHOI'O ITPOCKTUPOBAHUS;
- (huznyeckas XUMHS;
- TEOpEeTHYECKasi MEXaHUKa;
- pacueT 3JIeMEHTOB 000PYI0OBaHUS OTPACIH.
B uacmu, oopmupyemoti yuacmuuxamu 00pazoeamenvbHuiX OMHOUWEHUI:
- OCHOBBI JKOHOMUKH U TIPAKTHKA OM3HEC-TUTAHUPOBAHUS B OMOTEXHOJIOTHH;
- MaTeMaTH4YeCcKOe MOJICTHUPOBAHNE OMOTEXHOIOTHUECKUX MPOIIECCOB U CHCTEM.

3. CTpyKrypa U coaepkaHue JUCUUIIINHBI

OO0mast TpyJ0eMKOCTh JUCHHUIIINHBI COCTABISET 3 3a4eTHBIE eAUHUIIBI -108 Jacos.

4.1. 3.1. Buasl yueOHO# padoThl M TPYA0EMKOCTh
n/n Buj yueOHoit padoThl Koamecrso Cemectp 1
Y P 4acoB P

AyIMTOpPHBIE 3aHATHS 48 48
B ToM uucne:
Jlexuun 16 16

1.

CemuHapcKue/MpakTHUYECKUE 3aHATHS 32 32

2.
JlaGopaTopHble 3aHATHS - -

3.
CamocrosiTeibHast padora 60 60
IIpomexxyTouHasi aTTecTanus




3K3aMEH 2 2

Hroro 108 108

3.2. TeMaTH4YeCKHH IJIAH N3y4YCHUS NTUCHHUIIJINHDbI

Pazmenién B npuinoxennu 1 x pabouelt mporpamme.

3.3. Conep:xkanue pa3ieoB IMCHUUILTAHBI

BBenenune

[Ipeamer, 3agauu u conepkaHue TUCUUILUIMHBL. OCHOBHBIE 3TaIlbl Pa3BUTHUS AUCITUTUIMHBL.
CrpykTypa Kypca, ero MeCcTo U pojib B TIOArOTOBKE OakajgaBpa, CBS3b C IPYTUMH JIUCIIUTUTMHAMHU.

Pasnea 1. DiemeHTHI JIMHETHOI aaredpbl

Tema 1. MaTpunsl 1 onpeeTuTe/IH.

ITonstue matpunel. Buast Matpun. JlefictBus Hag matpunamu. Onepanny HaJy MaTpULIAMU
U UX CBOWCTBA. Onpenenureny, X cCBOWCTBa M BbluMciaeHus. lloHarus muHOpa u
anreOpanvdecKkoro JOMoHeHUs. Pa3noxeHue onpeaenuTes Mo 3JIeMeHTaM CTPOKH WIIH CTOJIOIA.
Beluncnenue onpenenurenen pa3iimyHoro nopsaka.

OOparHasi MaTpulla U aNTrOPUTM €€ BBIUMCICHHs. JJIeMEHTapHbIe MpeoOpa3oBaHuUs
Marpull. [IpuBeneHne mMaTpulbl K AMArOHAJIBHOMY WJIM TpalleLUEBUAHOMY BuAy. MarpudHas
¢dopma 3anucu CUCTEMBbI JINHEHHBIX anreOpandeckux ypaBHeHU. PaHr MaTpuIbL.

Tema 2.Pemienue cucrem JMHEHHBIX aJIre0panvyecKnx ypaBHEeHH .

CucteMbl TMHEHHBIX anreOpandyecKkux ypaBHEHUH, OCHOBHbIE MOHATHS. Perienue cucrem
JMHEWHBIX ypaBHeHHMH MeTonoM Kpamepa, Mertozom oOpaTHOi Marpuibl, meroaom [ aycca.
Teopema Kponekepa — Kanemnu. Pemenne npou3BONBHBIX CHCTEM JIMHEHHBIX ypaBHEHUN
MeronoMm [I'aycca. PemieHne OJHOpPOIHBIX CHUCTEM JIMHEHHBIX ypaBHeHuil. Kpurepuit
CYILLIECTBOBAHUS HETPUBUAJILHBIX PELICHUM.

Pasnea 2. Di1eMeHTBI BeKTOPHOI aJredpbl

Tema 1. Jlunelinsle onepanuy Haja BEKTOpaMH, UX CBoiicTBa. JIuHelHble KOMOMHALIUN
BEKTOpOB. JIMHENHas 3aBUCUMOCTh M HE3aBUCHUMOCTh BEKTOPOB. ba3uc cucrembl BEKTOPOB.
EQuHCTBEHHOCTH pa3NioKeHus BEKTopa mo 6azucy. OpTOHOPMHUPOBAHHEIN Oa3wC.

Tema 2. CxansipHoe, BEKTOPHOE U CMEIIAHHOE NPOU3BEACHUSI BEKTOPOB, UX CBOMCTBA. Y CIIOBUS
OPTOTOHAJILHOCTH, KOJUIMHEAPHOCTH, KOMIUIAHAPHOCTH BEKTOPOB. BbIUMCIEHHE CKaISPHOrO,
BEKTOPHOI'O M CMELIAHHOIO IIPOU3BEACHUM BEKTOPOB, 3aJaHHBIX KOOpAMHAaTaMU B
OPTOHOPMHPOBAHHOM Oa3uce.

Tema 3. Jluneitnbie npoctpancTtBa. [loHaTne 0Ga3zuca MpPOCTpaHCTBA TEOMETPUUYECKUX
BeKTOpOB. [IpeoOpazoBaHne MaTpUIlbl IMHEHHOTO OllepaTopa Mpu nepexoje ot 0a3uca K 6aszucy.
CoOcTBeHHbIE 3HAUCHHSI U COOCTBEHHBIE BEKTOPHI MATPHIIBIL.

Paszgea 3. KoMmiekcHbIE YHCIAa 1 MHOTOYJIEHbI



Ilonsatne koMIuleKkCHOro uyucna. PopMmbl 3alMCH  KOMIUIEKCHBIX uucell. JleWcTBus Hax
KOMIUIEKCHBIMU unciaamu. @opmyna Myaspa. M3BiieueHue KOpHS n-0 MOJIOKUTEIBHONU CTEIIEHH
13 KOMILUIEKCHOTO uncia. PasnoxxeHne MHOrousieHa Ha MHOXHUTETH. OCHOBHAsI TeOpeMa anreOphl.

Pasnen 4. AnauTH4eckasi reoMeTpust

Cucrembl KoopAKHAT. JlekapTOBbI IPSIMOYTOJIBHBIE KOOPANHATHI Ha INIOCKOCTH U B ITPOCTPAHCTBE.
ITonsipHast cucrema KOOpAMHAT.

Tema 1. IIpsiMmble H NJIOCKOCTH

Pa3nuuHble THUITBI ypaBHEHUH IUIOCKOCTH M yPAaBHEHUH MPSAMOM (HA IJIOCKOCTH U B IIPOCTPAHCTBE).
Beluncnenue paccTosHUM MEXK Ty ABYMsI TOUKAMM, TOYKOU U NMPSAMOM, TOUKOU U IIJIOCKOCTBIO.
Beluncienue paccTosHUs MEXKAY CKPELIUBAIOIIUMHUCS IPSIMBIMHU.

Beruncnenue yrioB Mexay ABYyMs IPSIMBIMU, IIPSMOM U IUIOCKOCTBIO, IBYMsI INIOCKOCTSIMH.
Tema 2. KpuBble 1 IOBEepXHOCTH BTOPOI'0 MOPSIIKA

KpuBbie BTOpOro nopsiika, MX reoOMETpUYECKHE CBOMCTBAa M ypaBHEHHMs. [IpuBeneHue xpusoii
BTOPOTO MOPSJIKAa K KAHOHUYECKOMY BUJY.

VYpaBHEeHHE TMOBEPXHOCTH BTOpOro mopsaka. KaHoHuueckue ypaBHEHHUs chepbl, dIUIUIICOUIA,
KOHYca, rurnepooionia, napadoaouaa.

3.4. TemaTuKa NPaKTHYECKUX 3aHATHI MO JUCHUILINHE «JInHeliHas anredpa»

Ne 3ansTus Tema 3ansaTus

1 Pa3znen 1. DiemMeHTHI JIMHEHOM aaredpbl. MaTpuilbl, 1eHCTBUS
HaJ MaTpULaMH.

) Omnpenenureny, UX CBOWCTBA M BbIUMCIEHHE. MaTpuyHas 3amuch
CUCTEMBI JIMHEWHBIX YPaBHCHUM.

3 OOpatHasi MaTpHIla U ee BEIUYUCIICHHE.
CucTeMbl TMHEHHBIX anreOpandeckux ypaBHEHUH, OCHOBHbBIE

4 MIOHATHUA U OolpeneeHus. Pelenue cucreM IMHENHBIX YPABHEHUI
metozioM Kpamepa, MeTo1oM 00paTHOI MaTpHUIIbI

5 Pewrenue cucrem nMMHENHHBIX ypaBHeHUNH MeTooM ['aycca. Panr
Matpuubl. Teopema Kponekepa — Kanemu.

6 Meron I'aycca B IpOU3BOJIBHBIX CUCTEMAX JIMHEWHBIX YPAaBHEHUM.

OpHOPOJHBIE CUCTEMBI JIMHEWHBIX YPaBHEHUH.

Pasmen 2. DiaeMeHTBI BeKTOPHO aaredpbl. Bektopsl.
JIuHeliHble omepanuu HajJ BEKTOpPAMM, MX CBOMCTBA. JIuHelHOE
7 IIPOCTPAHCTBO T'€OMETPUYECKUX BEKTOpPOB. lIoHATHE NMHENHON
KOMOMHAIMK BEKTOpPOB. JIMHEWHO HE3aBUCHUMBIE H JIMHEWHO
3aBUCHUMBIE CUCTEMBI BEKTOPOB.

[Tonartue ©6a3uca NTPOCTPAHCTBA T'€OMETPHUECKUX BEKTOPOB.

] Koopaunatst BEKTOpA. OpTOHOPMUPOBAaHHBIN 6azuc.
KonnuHeapHOCTb,  OPTOrOHAIBHOCTD U KOMIUIAHAPHOCTh
BEKTOPOB.

CkansipHoe NpOU3BEIEHUE BEKTOPOB U €ro CBOMCTBA. YCIOBHUE

9 OpPTOTrOHAJILHOCTH BEKTOPOB. BekTopHOE MNpoU3BEAEHUE MABYX

BEKTOPOB, €r0 CBOKCTBA. Y CI0BUE KOJUIMHEAPHOCTH BEKTOPOB

CMeniaHHOE NPOU3BEAECHUE TPEX BEKTOPOB M €ro CBOMCTBA.
Brruucnenue oobema mapajuiesienunena U MUpaMHuabl. Y CIOBHE
10 KOMIUIAHAPHOCTH  BEKTOPOB. Beluncinenue  CKaysipHOro,
BEKTOPHOI'O M CMEUIAHHOT'O IPOM3BEJIEHUI BEKTOPOB, 33aJaHHBIX
KOOpJMHATaMU B OPTOHOPMHPOBAHHOM Oa3uce.




Jluneiinple mpocTpaHcTBa. PazmepHocTh M 0a3zuc JIMHEHHOTO
IIPOCTPAHCTBA.

Martpuna mnepexoma ot Oasuca k 0Oazucy. IlpeoOpazoBanue
KOOpAMHAT BEKTOpa TNpuU U3MEHeHuu Oaszuca. JluHeliHbIE
OIIepaTophl, ACUCTBUS C IMHEHHBIMU oniepaTopamMu. CoOCTBEHHBIE
BEKTOPHI ¥ COOCTBEHHBIE 3HAYECHUS] MATPHIIBI

11

Pasgen 3.KoMmiaekcHble ymciIa M MHOIOYWIeHbBI MHOKECTBO
KOMIUIEKCHBIX 4Hncesl. POpMbl 3allUCH KOMIUIEKCHBIX YHCEIL.
JeiictBus  Haj ~ KOMIUIEKCHBIMH  4YucClIaMH.  PasnoxkeHue
MHOTOYJIEHA Ha MHOXKHTEIIM, OCHOBHASI TeOpeMa alnreOpsbl

12

Pasnen 4. AnauTH4eckasi reoMeTpust
Cucrempl koopauHaT. Pa3nuuHble TUIIBI YPAaBHEHUHN INIOCKOCTH

13

14 PasnuuHble THUNBI YpaBHEHHMM IIpsIMOM Ha IUIOCKOCTH U B
IIPOCTPAHCTBE

15 B3auMHOe pacrnosio)keHHe IpsMBIX Ha INJIOCKOCTM U B
IIPOCTPAHCTBE. BBIYMCIIEHNE PACCTOSHUN MEXAY ABYMs TOUKAMM,
TOYKOM M  MpsAMOH.  BpluMCIIEHHE  PAcCTOSHHUS ~ MEKIY
CKpPEILIMBAOIIMMUCSA  IpsAMBIMU. B3auMmHOE  pacnosioxeHue
IJIOCKOCTEW. BpluncieHue pacCTOSHMM MEXAY TOYKOM H
IIJI0CKOCTBIO

16 KpuBbie BTOpOro mnopsiaka HX TIE€OMETPUYECKHE CBOWCTBA.
VYpaBHeHUs AHIca, runepoossl, napadossl OOiiee ypaBHEHHE
KpUBOU BTOpOro nopsiaka. [Ipusenenne kpuBoi BTOPOro mopsaka
K KaHOHH4eckoMy Buay. IToBepxHOCTH BTOpPOro nopsjika

N —

5. YueOHo-MeTOMHYecKoe U HHPOPMAIHOHHOE 00ecTieYeHne

5.1. HopmarusBubie 1okyMeHTbI 4 [OCThI

@®I'0OC 19.03.01. buorexnonorus.2020.

AkaneMuyeckuii yueOHbIM IMiaH mo HampasieHuto noarotoBku: 19.03.01 buortexHonorwus.
Hanpasnennocts (mpo¢uins): [IpombinuieHHass 6uoTexHonorus u ouonmxkeHepus. ®opma
oOyueHnust — ounas. 2023.

Vka3 Ilpesunenra Poccuiickoit ®@enepanuu ot 01.12.2016 Ne 642 «Crparerun HaydHO-
TEXHOJIOTMYeCKOro pa3sutus Poccuiickoit denepanum».

[Tpuka3 MunucrepcTBa oopazoBanust U Hayku Poccuiickoit @eneparnuu ot 23.08.2017 Ne 816
«O6 yrtBepxkaenun [lopsaka TpUMEHEHHS  OPraHU3ALUSAMH,  OCYLIECTBIISIOIIUMHU
00pazoBaTeNbHYIO NeATeNbHOCTb, AIIEKTPOHHOT O o0y4eHus, TMCTAaHIIMOHHBIX
00pazoBaTeNbHBIX TEXHOJIOTUHN MPU pean3aliui 00pa30BaTENIbHBIX IPOrPaAMM.

5.2. OcHoBHas JuTEpaTypa

3abonorckuit B.C. JIuneiinas anreOpa u aHanuTH4ecKasi TeoMeTpHst (yueOHbI KOMIUIEKC):
yuebHoe mocobdue, 2-e uzn. Crep. M.: M3n-80 UHOPA-M, 2022. 309 c. (Briciiee
oOpa3oBaHue: OakamaBpHar).

Cupotuna UK. Jluneiinas anre6pa 1 aHaIUTHYECKasi TEOMETPUS: MHTEPAKTHUBHBIN Kypc:
yaebHoe mocobue s By3oB. CII6, U3n-Bo Jlans, 2022. 180 c.

Kypc nexumii mo nuHeitHON anreOpe W aHAIMTHYECKOW TeoMeTpuu: yuebHoe mocobdue. //
Kyapsisues b.1O., Matsam B.1., ITokaszees B.B., Uepkecosa I'.B.. M.: MI'TY «MAMM», 2009.
— 362c. [http://lib.mami.ru/lib/content/elektronnyy-katalog. DnexkrponHnslii pecypc.]
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5.3. JlomoJHHUTe/NbHAS JUTEPATYpPa

1. Kpatkuii kypc BbIcIIeld MaTeMaTHKH [DJEKTpOHHBIA pecypc]: y4eO. - DIeKTpoH. JaH. -
MockBa:  HamkoB wu K, 2017. - 510 c. [Pexum  gocryma:  URL:
https://e.lanbook.com/book/93522. - 3ar. ¢ skpana.] .

2. 3yokoB B.I'., JIsxoBckuii B.A., Mapteinenko A.W., Munocues B.b., Ilymkaps E.A. Kypc
MaTeMaTUKHU JJIsl TEXHHYECKUX BBICHINX Y4eOHBIX 3aBeAenuii. Yactu 1-4. M.: MITITY, 2012.
400 k3.

3. Wnbun B.A., [lo3usak D.I'. Ananutuueckas reomerpus. M.: Hayka. ['maB.pen-ust ¢usuxo-
MaTeM.JIuT-pbl, 1988. 224 c.

4. bexnemumes, /I.B. Pemenue 3amad M3 Kypca aHaJIUTUYECKOW T'€OMETPUHM U JMHEHHOMN
anreOpel [DIEKTPOHHBIN pecypc]: yued. mocobue - DieKTpoH. naH. - MockBa: OuU3MaTuT,
2014. - 192 c. [Pexum moctyna: URL: https://e.lanbook.com/book/59632. - 3arm. ¢ skpana. ]

4.4. DaekTpoHHBIEe 00pa3oBaTe/IbHbIE PeCypChl
[TpoBenenue 3aHATHI U aTTECTAIMI BOBMOXKHO B AUCTAHIIMOHHOM (popMare ¢ MPUMEHEHHEM CH-

CTeMbl JUcTaHIMOHHOro oOyuyeHus yHuBepcurera (CHO-LMS) Ha ocHOBe pa3paboTaHHBIX
Kadenpoi «MaTeMaTHKa» 3EKTPOHHBIX 00pa3oBaTenbHBIX pecypcoB (DOP) mo Bcem pazaenam
IIPOrPaMMBI:.

Hazsanue D0P

Jlunelinas u BektopHas anredpa | https://online.mospolytech.ru/course/view.php?id=3368
AHanuTHYeCKas TeOMETPHS https://online.mospolytech.ru/local/crw/course.php?id=2843
Jlunelinas anreOpa u | https://online.mospolytech.ru/course/view.php?id=462
AHAIUTHUYCCKAA TrCOMCTPUA

Pazpaboranusie JOP BKIIOUAIOT TPEHUPOBOYHBIE U UTOTOBBIE TECTHI.

[Topsmox mpoBeneHUss pabOT B IUCTAHIMOHHOM (hopMaTe YCTaHABIMBAETCS OTACIbHBIMU
pacropsHKeHUSMHU  TIpOpeKTopa 1Mo ydeOHOH paboTe W/WIM LEHTPOM Y4eOHO-METOIUYECKOM
paboTHI.

Kaxnpiii cTyseHT oOecrieuyeH WHAMBUAYAIbHBIM HEOTPAHUYCHHBIM JOCTYIIOM K AJIEKTPOHHOMN

OMOJIMOTEKE MOCKOBCKOTO MOJUTEXA

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

WuTepHeT-pecypchl  BKIIOYAIOT Y4eOHO-METONWYECKHE MaTepuanbl B AJIIEKTPOHHOM BHUJIE,

Mpe/ICTaBJICHHBIC Ha caiiTe mospolytech.ru B paznene: «LleHTp MaTeMaTHuecKOro 00pa3oBaHU

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

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

[Tone3npie yueOHO-MeTOAMYECKHE U MH(POPMAIIMOHHBIE MAaTePUAITBI MPEACTABIICHBl Ha CaiiTax:
http://exponenta.ru, http.//eqworld.ipmnet.ru/ru/info/mathwebs.htm.

[Tepeuens pecypcoB HHPOPMATMOHHO-TEIEKOMMYHUKAITMOHHON ceT « ITHTepHET» [Isl OCBOCHUS

TUCIHIUTAHB: www.matematikalegko.ru>studentu, www.i-exam.ru.

4.5. JIM1ieH3MOHHOE U CBOOOTHO pacnpocrpansaeMoe nporpaMmmMHoOe odecneyeHue


https://e.lanbook.com/book/93522
https://e.lanbook.com/book/59632
https://online.mospolytech.ru/course/view.php?id=3368
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/

Ne| HaumenoBanme | Pazpadorunk I1O JocTynHocTh Ccblika Ha Enunblii peectp
(nmpaBoobaanaren | (JIMUEH3NOHHOE, | POCCHICKHX MPOrpPaMM JJIsi
b) cB00OIHO 9BM u B/l (npun Hammunu)
pacnpocTpaHsieMm
oe)
1 | AstraLinuxCom |OOO Jlunien3zuoHHoOE https://reestr.digital.gov.ru/ree
monEdition "PYCBUTEX- str/305783/?sphrase_id=9540
ACTPA" 36
2 | MoitOduc OO0O "HOBBIE Jlunien3zuoHHoOE https://reestr.digital.gov.ru/ree
OBJIAYHBIE str/301558/?sphrase_i1d=9433
TEXHOJIOT " 75

4.6. CoBpeMeHHbIe NIpodeccHoHATbHBbIE 023bI JAHHBIX U HH(POPMaIlHOHHbIE
CIPaBOYHbIE CHCTEMbI

Ilepeyennb pecypcoB cetu UHTepHET, JOCTYNHBIX AJI51 OCBOCHHS M CUUIIIAHBI:

HaunmenoBanue

Ccpuika Ha pecypce

JocTynHocTh

HNHpopManoOHHO-CIIPABOYHbIE CHCTEMBI

https://stackoverflow.co

JlocTynHa B ceTn

00pazoBaTeNbHBIX CTAaHIAPTOB
BBICILIETO 00pa30BaHUSA

StackOverflow o/ WNuTepuer 6e3
OTrpaHUYECHUN

Wngopmarmonmsie pecypest Cet | hitp:// www.consultant.ru | JocTymHo

Koncynprantliroc

ITopran @enepanbHbIX

TOCyNapCTBCHHBIX http://www.fgosvo.ru. JlocTymHo

JIEKTPOHHO-0U0JINOTEeYHbIE CHCTEMbI

Jlanp https://e.lanbook.com/ HocTtynHa B ceTu
WutepHer 6e3
OrpaHUYCHUN

IPR Books https://www.iprbookshop | locTymnHa B ceTn

ru/

WutepHer 6e3
OrpaHUYCHUN

IIpodeccuonanbubie 6a3bl JAHHBIX
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ba3a naHHbBIX HayuHOU http://www.elibrary.ru HocTtynHo
AIIEKTPOHHON OMOIMOTEKH
(eLIBRARY.RU)

WebofScienceCoreCollection — http://webofscience.com | JlocTymHo
MoJIUTEeMaTHIecKas peepaTUBHO-
oubnuorpaduyeckas u
HAYKOMETpUIeCKas
(bubnuomeTpuyeckas) 6aza JTaHHBIX

5. MaTepI/IaHLHO-TeXHI/I‘leCKOC o0ecrneueHue ANCHUIIJIMHbI

MarepuanbHO — TeXHUYECKas 0a3a yHUBEpCUTETa 00eCIIeYBaeT MPOBECHUE BCEX BUIIOB
3aHATHUH, IPElyCMOTPEHHBIX YUEOHBIM IUIAHOM, U COOTBETCTBYET JEHCTBYIOIIUM CAaHUTAPHBIM U
MIPOTHBOIIOKAPHBIM MTPABUIIAM U HOPMaM.

Kagpenpa «Marematuka» He pacrosaraeT COOCTBEHHBIM ayJUTOPHBIM (OHIOM U
UCTOJIB3YyeT yueOHbIe ayJUTOPUH U3 001Iero (poHa yHUBEPCUTETA.

[Ipu HeoOXOAMMOCTH Sl TPOBENCHHS MHTCPAKTUBHBIX TMPAKTUYECKUX 3aHATHH
UCTIOJIb3YIOTCAKOMITBIOTEPHBIE KJIACCH YHUBEPCUTETA.

6. MeToguyeckne peKOMeHIaANH

6.1. MeToanueckue peKOMeHIALNHU JJISl IPEeNOIaBaTe/Isl 10 OPraHU3aluu
00y4eHus

[Ipexne Bcero, cienyer oOpaTUTh BHUMAHHE CTYAEHTOB Ha TO, YTO MPAKTUYECKU BECh
M3y4aeMblii UMU MaTepHaj He TpeOyeT Kakou-IM00 CrelaabHON (JIOTOTHUTENBHON) MO OTOBKH
U BIOJHE MOXET OBbITh YCIEHIHO HW3YYeH, €CIM CTYIACHThl OyAyT TIocemarb 3aHsATHS,
CBOEBPEMEHHO BBITOJIHATE JIOMAIITHHUE 33aHus ¥ OJIb30BaThCs (MIPH HEOOXOUMOCTH ) CUCTEMOM
IUIAHOBBIX KOHCYJIbTALIMM B TEUYEHHME KaXJOro cemecrpa. Bomenmue B Kypc MaTeéMaTUKH
pa3aenbl SBIAIOTCSA KIACCUYECKUMHU, B TO )K€ BpEMS OHU IIPAKTUYECKH OPUEHTHPOBAHBI, TaK KaK
HMMEIOT LIUPOKOE PACIIPOCTPAHECHUE [JIs PELLICHUS Pa3HOr'0 POJIa 3a1a4 BHYTPU CAMOU MaTEMaTUKH
U IPUKJIATHBIX 337a4. 1IX ocBOeHHE IOMOXKET CTyI€HTaM JIOTUYECKU BEPHO, APIYMEHTUPOBAHO U
SCHO CTPOMTb YCTHYIO U IHCBMEHHYIO p€4b, YCIIEIIHO INPUMEHATh HAKOIJICHHBbIE 3HAHUS B
npoecCHOHATIBHOMN IEATEILHOCTH.

HeoOxomumo ¢ camoro Hadama 3aHSATHH PEKOMEHJIOBATh CTYACHTAaM OCHOBHYIO W
JOTIOJIHUTEIBHYIO JTUTEPATYPY, 4 B KOHLE CEMECTpa AaTh CIUCOK BOIPOCOB I MOAIOTOBKHU K
JK3aMEHY.

Ha nepBoM 3aHATHH IO JUCHHUIUIMHE CIIEAyeT 00s3aTebHO MPOUH(POPMUPOBATH
CTYACHTOB O BHJIE ¥ (popMe MPOMEKYTOUYHOMN aTTEeCTAlH 110 TUCIMILIIMHE, CPOKAX ee
IIPOBEJIEHUS, YCIOBUSX JOITyCKa K IPOMEXKYTOUHON aTTECTAllMM, IPUMEHSIEMbIX BUJIaX
MIPOMEKYTOYHOI'O KOHTPOJIS.

N3noxeHne TEOPEeTUYECKOro Marepuaia JOJKHO COIPOBOXKIATHCS MIUIHOCTPATUBHBIMU
IpUMEpaMH, TIIATEIFHO OTOOPAaHHBIMU MPEIOIaBaTeIeM TaK, YTOOBI TEXHUYECKUE TPYAHOCTH U
BBIKJIQJIKM TpU DPELIEHUM 337auyd HE OTBJEKAIM OT TIJIABHOTO: OCMBICIEHUS HAEH U CYTH
IIpUMEHSEMBIX MeToA0oB. Cienyer Bceraa yKaszblBaTh IPUMEPBl MPAKTUYECKOI'O IPUMEHEHHUS
PacCMOTPEHHBIX Ha 3aHATUSAX YPAaBHEHHUH U (OPMYIL.

[IpakTudeckue 3aHATHS JOJDKHBI ObITh OPTaHU30BAHBI MIPEMOIaBaTeNIEeM TaKUM 00pa3oM,
4TOObI OCTaBAJIOCh BpeMs Ha MEPUOJMYECKOE BBIIIOJHEHHE CTYJICHTAaMH HEOOJBIION
CaMOCTOSITENIbHOW PabOThI B Ay JUTOPUU JJISl IPOBEPKH YCBOCHUS M3JI0KEHHOT'O MaTepHaa.
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[IperonaBaTenp, BEAYUIMH MpPaKTUYECKUE 3aHATHSA, JOJKEH COIJIACOBBIBAThH y4eOHO-
TEMaTUYECKHH IJIaH 3aHATHHA C JIGKTOPOM, HCIIOJIb30BaTh €AMHYIO CUCTEMY 0003HAUCHHIH.

[IperomaBaTento ciexyer J0OMBATBCS CHUCTEMATUYECKOH HENMPEPBIBHOM  PabOTHI
CTYZICHTOB B TEYCHHE CEMECTpa, HEOOXOAMMO BBISBIATH CHIIbHBIX CTYACHTOB U MPUBIIEKATh UX K
HAy4YHOH paboTe, K y4aCTHIO B Pa3HOT0 poJia OJIMMITNAIaX U KOHKYpCax.

CryneHT [oJDKEH OllyllaTb 3alHTEPECOBAHHOCTh IIPENOAABATENsl B JOCTH)KEHHUH
KOHEYHOT'0 pe3yJibTaTa: B MpUOOPETeHHH 00yYarOIIUMUCS IPOYHbIX 3HAHUN, YMEHUI U BIaICHUS
HaAKOIJICHHOHM MH(pOpMaIien 1Jis pelieHus 3a1a4 B MpophecCUOHATbHON 1A TEIbHOCTH.

6.1.1. O0pa3oBaTe/IbHbIE TEXHOJIOTUHU

Bo3MoxHO mpoBefieHHE 3aHATHA M aTTecTallii B TUCTaHIMOHHOM (hopMaTe ¢ NMpUMEHEHHEM
CHCTEMBl TUCTaHLIMOHHOTO o0yueHusi yHusepcurera (CJO-LMS) Ha ocHOBe pa3paboTaHHBIX
Kaenpoit «MaTeMaTukay MEKTPOHHBIX 00pa3zoBareibHbIX pecypcoB (JOP) (cm. m.4.4).
[Topsimox mpoBeneHUss pabOT B JUCTAHIMOHHOM (hopMaTe YCTAHABIMBAETCS OTACIbHBIMU
pacropsDKeHUSMU TIPOpeKTopa 1Mo ydeOHOH paboTe W/WIM LEHTPOM Y4eOHO-METOIUYECKOM
paboTHI.

6.2. MeTounqecm/Ie YKazaHust AJast oﬁyqamumxca 110 OCBOCHHIO
AUCHHUIIJINHBI

Pasnen: 3j1eMeHTBI JIMHEHHOM ajaredpbl

MaTpuubl 4 onpeaenuTean. lIpexe Bcero, CTyJeHT JOJDKEH MOHAThH, YTO MaTpULa —
3TO Tabnuia yucen (mpuyeM 3Ta Tabuia MOXXeT UMETh OJIMHAKOBOE YHCIIO CTPOK U CTOJIOLOB, a
MOJKET OBITh M IPSAMOYTOJIBHOI), @ OTIPENIENIUTEINb- 3TO YUCIIO, 3aIIMCBIBAEMOE B BHJIE KBaIPaTHOM
TaOJIHIIBI, TO €CTh OMPEICTUTEIH CYIIECTBYIOT TOJBKO Y KBaJIPaTHBIX MaTpPHLI.

Cnenyet oO6patuth 0co00€ BHUMAHKE HA ONIEPAILIUI0 YMHOXKEHHUS MPSIMOYTOJIBHBIX MaTPHULL
U TIOHATbH, KAKUM TI0JIy4aeTCs MOPSI0K MaTpHIlbl — pou3BeaeHusi. OCOOEHHOCTh MaTpPHUI] TaKXKe

COCTOMT B TOM, 4TO HPOU3BEJEHHE MATPHI| HE IEPECTaHOBOYHO, TOo ecth AB # BA Cnenyer
00s13aTeNbHO YOCAUTHCS B 3TOM, PEIIMB COOTBETCTBYIOIINE 3a0a4H.

BaxHbIM siBisieTcst moHATHE 00paTHON MaTpuilbl. Hamo 3HaTh yclioBHE CyIECTBOBAHUS
00paTHON MaTpHIIbl U AITOPUTM ee MocTpoeHus. [locie ee BbIUMCIIEHUS 11€1eco00pa3Ho JienaTh

MPOBEPKY MPAaBUIBHOCTH PELICHHs], BBIMOJIHUB OIEPALNI0 YMHOXKEHUS A'A=E (tomxHa
MOJYYUThCS €AMHUYHAS MaTPHUIIA)

[Tpu u3yyeHun ompeaenuTeneld HaJ0 YeTKO YCBOUTh MOHATHS MHUHOPA, areOpandeckoro
JONIOJTHeHUs, 3HAaTh MHOTOYMCIICHHBIE CBOMCTBa ompenenutens. [lJis OCBOCHUS TEXHHUKH
BBIUMCIICHUS ONpEAETUTENeH Ienecoodpa3Ho, BHIOpAaB MPOM3BOJBHBIA OINpPEIETUTENh BBIIIE
TPETHEro MOPsAJIKa, PACKPBITH €T0 PAa3IMYHBIMU CIIOCOOAMHU, TPUMEHSIS Pa3JIOKEHHE U [0 CTPOKaM
u 110 crosioriam. O6paTure BHUMaHKE, KaKue CTPOKH (CTOJIOIBI) TPEANIOUTHTEIbHEE BRIOUPATD JUIS
PACKpBITUSL OIPENENIUTENsA, YTOOBl YHPOCTUTH ero BeluMcieHHe. OcobeHHo 3(]deKkTuBHO
BBIUMCIICHUE OTPENICIUTENS C TIOMOIIBIO IEMEHTAPHBIX MpeoOpa3oBaHUil, MPUBOIAIINX €ro K
TPEYTOJILHOMY BUJLY.

[Ipy wu3yuyeHMH pelIeHH CHCTEeM JHHEHHBIX anreOpamveckux ypaBHeHuin (CJIAY)
oOpaTuTe BHUMAaHHUE, TIPEXK/IE BCEro, HA MOHSATHE PEIICHUSI CUCTEMbI U YCIOBUS CYIIECTBOBAHUS
peleHnii B 3aBUCUMOCTH OT COOTHOILIEHHS MEXIy PaHIOM MAaTpHIIbl, PAHTOM paCIIMPEHHOM
MaTpUIBl CUCTEMbl M YMCJIOM HEM3BECTHBIX M ypaBHeHMH. OOpaTuTe BHUMAHHME Ha YCIIOBHSA
npumMeHenus popmyn Kpamepa u metoza o6paTHoii MmaTpuiipl. BaumarenbHo pa3depuTte mpuMepsl
peleHus] MPOU3BOJIBHBIX CHCTEM JMHEWHBIX anreOpanyuecKux ypaBHEHMH MeTozoMm [aycca
(BBeneHMe 0A3UCHBIX U CBOOOIHBIX MTEPEMEHHBIX).

Pasnen: JieMeHTHI BEeKTOPHOI ajaredpol
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[Ipy w3ydyeHuu JaHHON TeMbl OOpaTUTe BHHUMAHHE HA JIMHEHHBIE ONEpaluu Haj
BEKTOpPAaMHM, Ha IOHATHUS JMHEHHOM HE3aBUCHMOCTH U JIMHEHMHOW 3aBUCUMOCTH BEKTOpPOB, Ha
(byHIaMeHTalIbHOE TOHATHE 0a3Kca BEKTOPHOIO IPOCTPAHCTBA (M OPTOHOPMHUPOBAHHOTO Oa3uca),
Ha pa3JIoXKeHHEe BEKTopa 1o 0a3ucy.

3HaTh OINpeneIeHNEe, TEOMETPUUECKHE CBOMCTBA CKAJIIPHOT0, BEKTOPHOI'O M CMEIIAHHOTO
MIPOU3BEJICHUSI BEKTOPOB, (POPMYIIBI I X BBIYUCICHHUS B BEKTOPHOM U B KOOPJIUHATHON (opMme.
OOsi3aTenbHO 3HAaTh W YMETh MPOBEPSTH YCIOBUS OPTOrOHAIBHOCTH, KOJUIMHEAPHOCTH U
KOMIUIAaHAPHOCTH BEKTOPOB.

Pa3nen: koMIIeKCHbIE YHCJIA 1 MHOTOYJICHBI

B stOoM pasgene, mpexzae BCero, Haao IOHATb, YTO KOMIUIEKCHOE YHCIO SBHIIOCH
pacuIMpeHueM MOHATUS JECHCTBUTENBHBIX YHMCEN, 3HATh OIpelesieHHe W TpH (POpMBI 3amucu
KOMILJIEKCHOT'O yruciaa (anredpanyeckyro, TPUTOHOMETPUYECKYI0 U  IOKa3aTelbHYIO),
F€OMETPUUYECKYI0 HHTEPIPETALNIO KOMILIEKCHOIO YUCiIa U B3aUMHO-OJHO3HAYHOE COOTBETCTBUE
MEX 1y MHOXXECTBOM KOMIUIEKCHBIX YHCE U MHOKECTBOM TOYEK KOMILJIEKCHOM IJIOCKOCTH. 3HATh
dopmyny Diinepa. KomriuiekcHple 4YMciaa MOXXHO H300pakaTh C IOMOIIBIO BEKTOPOB Ha
KOMIUIEKCHOW IIockocTu. IloaTomy omepanuy ClioXKeHHMsI U BBIYMTAHMSI KOMIUIEKCHBIX YHCEN
MOTYT OBITh CBEJICHBI K ONEPAIUAM CIOKEHUS  BBIUUTAHUS COOTBETCTBYIOIIUX BEKTOPOB.

Hano 3HaTe M yMeTh BBINOJIHATH OINEpalMM YMHOXKEHMSI, JIEJCHMs, BO3BEICHHS B
MOJIOKUTENBHYIO CTENEHb KOMILJICKCHBIX YHCEJ, 3aIMCAHHBIX B TPUTOHOMETPHUYECKOU (opme,
U3BJICYCHUS KOPHS N-OM CTEIIEHU M3 KOMIUJIEKCHOTO YUCIIA.

Cnenyer oOpaTuTh BHMMaHUE Ha TO, YTO MHOXECTBO KOMIUIEKCHBIX YHCEN SIBISETCS
3aMKHYTBIM, TO €CTh JII00as anredpanyeckas ornepanus HaJ KOMITICKCHBIMH YHCIIaMU HE BHIBOJIUT
3a mpeJenbl 001aCTH KOMITJIEKCHBIX YHCEIL.

Hano 3Hath paznuyHble BUABI Pa3jokKEHUS MHOIOWIEHA Ha MHOXXHUTEIM AJS CIIydaes,
KOTJa Cpead KOpHEeH MHOrowieHa MOTYT OBITh KpaTHbIC, KOMIUIEKCHBIE KOPHH. DTH CBEICHHS
OyIyT MCIIOJIb30BaThCS, HAIPUMED, B HHTETPAIHLHOM MCUUCICHUH MIPU BBIYMCICHUU WHTETPAJIOB
OT  JApOOHO-pallMOHAIBHBIX  (DYHKIMHA, TpH  pemleHHuH  JIMHEHHBIX  OJHOPOIHBIX
middepeHnanbHbIX ypaBHEHUH N-TO MOPSAIKA C MOCTOSIHHBIMH KO3 PULIEeHTaMU.

Pa3znen: AHaqmTHYeCKas reoMeTpHs

IIpy nM3ydyeHHM AHAIUTUYECKOW I€OMETPHUM CIIELYET, IPEXKJE BCEro, MOHATh, YTO €€ 3ajadeu
ABIISICTCS U3yYCHHE T€OMETPUIECKUX O0BEKTOB MPH MOMOIIY aHATTUTHYECKUX METOJIOB alureOphl
U MaTeMaTU4eCcKOro aHanau3a. B OCHOBE Takoro moaxoja JEXKUT METOJ KOOpPAWHAT, BIEPBBIC
CUCTEMAaTUUYECKU NpUMeHEHHBIH P. Jlekaprom. OCHOBHBIE OHATHS T€OMETpUH (TOYKaA, MpsMas,
IJIOCKOCTB) SIBJIAIOTCS HEONPEAEISEMBIMU, U JJI UX ONUCAHUS PUMEHSIETCS] aKCHOMaTHYECKUI
METOJ, IO3BOJIAIONIMI YCTAHOBUTH B3aMHO OJHO3HAYHOE COOTBETCTBHE MEXKJY MHOKECTBOM
TOUYEK MPSAMOW M MHOXKECTBOM ACUCTBUTENBHBIX UYUCENl M, TAKMM OOpa3oM, BBECTH CHCTEMY
KOOpPJMHAT.

Hano yeTko ycBOUTH pazianyHbie GOPMBI YPaBHEHHUH MPSAMOM U MIIOCKOCTH YMETh MEPEXOJUTH OT
oJHOH (Gopmbl K pyroi. CiieayeT OCMBICIUTh U YCHEIIHO MPUMEHATh PEIICHHUs KIACCUYECKUX
3a/1a4 AHAIUTUYECKOM I€OMETPUM O B3aUMHOM DACIIOJIOKEHMM IPSIMBIX U IUIOCKOCTEH, YMETh
OTIPEJIENIATh YIIIbI U PACCTOSHUS MEXKJy Pa3InYHbIMH I€OMETPUUYECKUMHU OOBEKTaMH.

OTMeTuM B 3aKIIIOYEHHUE, YTO YCHEIIHOE U3YUYeHUE TUCHMIUINHBI « JInHeliHas anrebpay,
npuoOpeTeHne HeOOXOJUMBIX KOMIETEHIMM, YMEHUI M HABBIKOB BJIAJICHHS MaTeMaTUYeCKUM
amnmaparoM TpeOyeT OT CTYJIEHTOB OOJBIIONW CaMOCTOATENbHOW padoThl. OOpaTUTe BHUMAHHE,
YTO KOJIMYECTBO YaCOB, OTBOJMMBIX Ha CaMOCTOSITEIbHYIO PabOTy B COOTBETCTBHU C yUEOHBIM
IUTAHOM, OOJIBIIIE YUCIIA YACOB, OTBOJIMMBIX Ha BCE BUJIbI Ay JTUTOPHBIX 3aHATUH.

7. ®OH OLICHOYHBIX CPEACTB

@®oHA OIICHOYHBIX CpeACTB IpezcTaieH B [Ipunoxkenun 2 k paboueil mporpamMme U BKITIOYAET
paszensl:
1. MeTo/bl KOHTPOJIA ¥ OLICHUBAHUS PE3YJIbTATOB O0YUECHUS
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2 lllkana ¥ KpUTEPUH OLICHUBAHUS PE3yIbTATOB 00yUEHUS
3. OueHouHBIE CpENCTBA

3.1. Texymuii KOHTPOJIb

3.2. ITpoMexkyTOUHas aTTeCTALIMS
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TeMaTH4yecKH IJIaH COACPKAaHUA NUCIHUIIIINHBI «JInHeHHas aﬂreﬁpa» IO HANIPABJCHHUIO NOAT0OTOBKH

19.03.01 «buOTEeXHOJIOTUA»

n/n

Paznen

Mpopuin:
«IIpomblnjieHHA OMOTEXHOJIOTHA U OMOMHKEHEPHSD)
(0akasaBp)
®opma 00y4yeHHs — OYHAA
I'ox npuema 2023/2024
H Buabl yueOHol padoThl,
¢ BKJIIOYAsI CAMOCTOSITETbHYIO Bujbl caMocTosiTebHOi padorsr | POPMBI
A aTTecTa
e paGoTy CTY/IEHTOB, CTYIEHTOB u
C J; M TPYI0EMKOCTh B 4acax
e
ec C
P ¢
J | II/C | JIa6 CP | KC K.P. Kn PIP | Pedgepar | K/p | D | 3
ec C P .
T
p
a

IlepBbIii cemecTp
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1.1

Pa3ngea 1. Di1eMeHTHI JIUHEHOMI
anredpbl MaTpuiibl, 1eiCTBUS HAJl
MaTpULAMHU.

1.2

Onpenenureny, X CBOIiCTBa u
BbIUMCIIEHUE. MaTpuyHas 3aluch CUCTEMBbI
JIMHEWHBIX YPAaBHECHUH.

Bobigaua 3aganmii PI'P Ne 1 mo iuHeiiHO#M

ajareope.

1.3

OOpaTHast MaTpuila W €€ BBIYHCIICHHUE.
MarpuyHas 3amuch CHCTEMBI JIMHEHHBIX
YPaBHEHHH.

1.4

CucremMbl TUHEHHBIX anreOpandecKux
ypaBHEHUN, OCHOBHbBIE MOHSATHUS U
onpezaeiieHus. Pemenue cuctemM JTMHEUHbBIX
ypaBHeHul MetogoM Kpamepa, merogom
00paTHOM MaTpPHUIIBI

1.5

Peurenue cucrem JIMHEWHBIX YPaBHEHUN
MeronoM ['aycca. Panr Marpuusl.
Teopema Kponekepa — Kanemnn.

1.6

Meron I'aycca B IpOU3BOJIBHBIX CUCTEMAX
JUHENHBIX ypaBHEHUH. OJHOPOIHBIE
CUCTEMBI JIMHEWHBIX YPaBHCHUM.
CamocrosiTesibHast padora Nel B
ayIMTOPHH 10 JIHHEHOH anredpe

1.7

Pa3znen 2. Bexropsl. JIuneitHbie onepaiuu
HaJl BEKTOpaMmH, UX CBOMCTBA. JInHelHbIE
KOMOWHAINH BEKTOPOB. JIuneiino
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HC3aBUCHUMBIC nu HHHCﬁHO 3aBUCHUMBIC
CUCTEMBI BEKTOPOB.

Boiiaya  3agaHuid PI'P_ Ne2 1o
BEKTOPHOIi ajreope.

1.8

[Tonatue 6a3zuca. KoopaumHaTbl BeKToOpa.
KonnuHeapHOCTh, OpPTOrOHAIBHOCTH U
KOMIUIAaHAPHOCTH BEKTOPOB.

10

1.9

CkansipHOe IIPOU3BEAECHNUE BEKTOPOB U €0
CBOMCTBA. BeKTOpHOE IPOU3BEACHUE IBYX
BEKTOPOB, €0 CBOWCTBA.

11

1.10

CMeniaHHOe IPOU3BEEHUE TPEX BEKTOPOB
U ero cBoicCTBa. Beruncienne oObeMa
napajuiejenuIe/a. Ycnosue
KOJUIMHEAPHOCTH, OpPTOrOHAIBHOCTU U
KOMIIJIaHAPHOCTH BEKTOPOB.
OpToHOpMUPOBaHHEKIN 0a3uc. Beruucienue
CKaJSIPHOTO, BEKTOPHOTO U CMEIIAHHOTO
MIPOU3BEACHUH  BEKTOPOB,  3aJaHHBIX
KOOpAMHATaMM B OPTOHOPMHPOBAHHOM
6azuce.

CamocrositesibHast paGora Ne 2 B
ayIMTOPHH N0 BEeKTOPHOM ajredpe

12

1.11

JIunelinble npocTpaHcTBa. PasmepHOCTh U
6a3uc IMHEHHOTr0 IPOCTPAHCTBA.

Marpuna nepexoga oT 0asuca k 0asucy
npeoOpa3oBaHue KOOPAMHAT BEKTOpa MpH
n3MeHeHnn 6azuca. CoOCTBEHHBIE BEKTOPBI
U COOCTBEHHBIC 3HAYECHUS JIMHEHHOTO
oreparopa.

13

1.12

Pazgen 3.KommiexkcHble 4YHcJIa H
MHOTOYJIeHbI MHOXXECTBO KOMILIEKCHBIX

14
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gucen. DOpMbl 3alUCH  KOMIUIEKCHBIX
gucen. Onepauuu HajJ KOMILIEKCHBIMU
yuciaamMu. Pa3znoxeHne MHoOroujieHa Ha
MHOKHUTENI OCHOBHAs TeopeMa aireopsl

1.13

Pa3znen 4. AHaaMTHYECKAsA TeOMeTPHUSA
Cucrembl koopauHaT. PaziuuHble THUIBI
YPaBHEHUH IIJIOCKOCTH

Boiiaya  3agaHuid PI'P__ Ne3 no
AHAJMTHYECKOI reoMeTpuu

15

1.14

PasnuuHble TUIIBI ypaBHEHWM IPsIMOM Ha
IIJIOCKOCTH U B IIPOCTPAHCTBE

16

1.15

B3auMHOe pacnosnokeHue mpsMBIX Ha
IIJIOCKOCTH U B IIPOCTPAHCTBE. Brrunciaenue
pacCTOSITHUM  MEXAy JBYMs  TOYKaMHU,
TOYKOM u IIPSAMOIA.. B3anmHuoe
pacIoNioKEHNUE TUIOCKOCTEW. Brlunciienne
PacCTOSTHUN MEXKy TOYKOHN U IUNIOCKOCTBIO
CamocrositesibHast pabdora Ne 3 B
ayAIuTOpHHU no AHATTUTHYECKOH
reoMeTpuu

17

1.16

Kpubie  BTOpOro  mopsaka ux
F€OMETPUUYECKUE CBOMCTBA. YPaBHEHMUS
aIUIca, TUnepOonsl, mapadonsr OOiee
YpaBHEHHE KPHUBOW BTOpPOr0O IOPSJIKA.
IIpuBeneHne KpUBBIX BTOPOrO NOpsIKA K
KaHOHMYeckoMy  Buay. IloBepxHoctu
BTOPOT'O NOPSAIKA

18

dopMa aTTecTalMU

19-
21

17




Bcero yacoB o AucuuIInHe

16

32

60

PI'P

caM

pao.
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®OH/J OHEHOYHBLIX CPEACTB
IO JMCIUIIVIMHE

«JIluneiinas ajaredpa»

Hanpasnenue noarorosku: 19.03.01 «buorexnonorus».
[Tpodwie: «IIpoMblnuieHHAs OUOTEXHOJIOTUS M OMOMH)KEHEPUS».
Kagenpa: «MaremaTukay.

1.MeToabl KOHTPOJISAA ¥ OLICHMBAHUS Pe3yJIbTATOB 00y4eHH

JIns KOHTPOJISL yCIIEBaEMOCTH U KAYECTBA OCBOEHUS IUCLIUILJIMHBI HACTOSILEH POrpaMMOoin
MPEAYCMOTPEHBI CIAEAYIOMINE BUABI KOHTPOJIS:
- KOHTPOJIb TEKYIIEH yCIIEBAEMOCTH (TEKYILUHA KOHTPOJIb);
- IPOMEXKYTOYHAs! aTTecTalys (3K3aMeH).

2.11lkaJjia ¥ KPUTEPHUU OLIECHUBAHUSA Pe3yJILTATOB 00y4eHU s
DopMa IPOMEKYTOYHOM aTTeCTAllUU: IK3AMEH

[TpomesxyTouHas arrectaius oOyJaromuxcs B popme sK3aMeHa MpOBOAUTCS TI0 pe3yibTaTaM
BBITIOJTHEHUSI BCEX BHJIOB Y4eOHOH palOThI, MPEIyCMOTPEHHBIX YYEOHBIM IUIAHOM IO JaHHOM
JUCLUILINHE, [P 3TOM YYUTBIBAIOTCSA PE3YJIbTAThl TEKYILIETO KOHTPOJIA YCIIEBAEMOCTH B TEYECHUE
cemectpa. OIeHKa CTEeTeHU JOCTIKEHUS 00yJaroIUMUCS IIAHUPYEMBIX Pe3yJIbTaTOB 00YUYEHHUs 1O
JUCLUUIIIMHE IIPOBOJUTCS IIPENOAABATENIEM, BEAYLIUM 3aHATUA [0 AUCLUIUIMHE METOIO0M
JKCIIEpTHOM OLeHKU. [lo uTroram HpoMEKyTOYHOM aTrTeCTalMd II0 IUCLHUIIIMHE BBICTABIIACTCS
OLICHKA «OTIUYHO», «XOPOILIOY», «YIOBIECTBOPUTEILHO» WU «HEYIOBIECTBOPUTEIBLHOY.

IIkaaa oneHUBaHUA Onucanne

BeinonHeHel Bce  00si3aTeJibHbIE YCIOBHSl MOATOTOBKH
CTY/IeHTA K NMPOMEXKYTOYHON aTTeCTALMU,IIPETyCMOTPEHHbIE

pOrpamMMon JHUCHMILINHEL CryneHt JEMOHCTPUPYET
COOTBETCTBME 3HAHWI, YMEHUW, HABBIKOB II0Ka3aTEssIM,
OtimmyHOo MPUBEACHHBIM B Ta0ONWIAX, OMEPUPYET MPUOOPETEHHBIMU

3HAHUSIMH, YMEHUSAMH, HABBIKAMHU, [IPUMEHSAET UX B CUTYaLMsX
MOBBIIIEHHONW CIOXHOCTU. [Ipu 3TOM MOTryT OBITH JOMYIIEHBI
HE3HAUUTENIbHBIE OIMIMOKM, HETOYHOCTH, 3aTPYAHEHUS IMpH
[IEPEHOCE 3HAHUW U YMEHUI HA HOBBIC, HECTAHAPTHBIC 3a/1a4U.

BeinonHeHsl Bce  00si3aTeJibHbIE YCIOBHSI MOATOTOBKH
CTYJAEHTAa K IPOMEKYTOYHOH ATTECTALUM,IIPEIyCMOTPEHHbIE
Xopouo IIpOrpaMMON  TUCLUILIAHBIL. CTyneHT  JEMOHCTpHUpYET
COOTBETCTBUE 3HAHMM, YMEHHH, HABBIKOB IIOKa3aTesIM,
NPUBEICHHBIM B TaOJMIaX, ONEpUpyeT NPUOOPETCHHBIMHU
3HaHUSMH, YMECHUSIMU, HaBbIKAMU. B TO ke Bpems Ipu oTBeETe
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AOIMYCKACT HCCYHICCTBCHHBLIC NOTPCIIHOCTHU, 3aJa4d PCIIacT C
HEO04YCTaMU, HC BJIMAIOIIMMHU Ha OGH.IHﬁ X0 pCUICHUA.

BoinmonHensl Bce 00s13aTesibHBbIE YCJOBHSI TMOATOTOBKH
CTYICHTA K MPOMEKYTOYHON aTTeCTALMM,IIPELYCMOTPEHHBIE
pOrpamMMon JUCLMILIMHEL, CryneHnt JEMOHCTPUPYET
COOTBETCTBME 3HAHWI, YMEHUW, HABBIKOB II0Ka3aTessM,
MPUBEACHHBIM B Ta0ONHIAX, OMEPUPYET MPUOOPETEHHBIMU
3HAHUSIMH, YMEHHUSIMH, HaBbIKaMu. Ho moka3piBaeT HermyOoKue

Y IOBJIETBOPUTEIILHO
3HaHUS, TPU OTBETE HE JIOMYyCKaeT TpyObIX OMMOOK WM
MPOTUBOPEUUH, OJJTHAKO B (POPMYITHPOBAHUU OTBETA OTCYTCTBYET
JOJDKHASL CBSI3b MEXY aHAINM30M, apryMEeHTaluel U BbIBOJaMH,
B pEIICHUH 33/a4 MOTYT coJepkarbcs IpyObie ommOku. s
MOJIyYeHHUs TPaBUIBHOTO OTBETa TPeOyIOTCsS YTOUHSIOLIHE
BOIIPOCHI.
He BbinonHeHs! 00s13aTeJIbHBbIC YCJIOBMS  MOATOTOBKH
CTY/IeHTA K NPOMEKYTOYHOI aTTeCTalluM, IIPEyCMOTPEHHbIE
nporpammon gucuuruineel, WJIM  cryneHT pemoHcTpupyer
Hey 10BCTBOpHTEITEHO HENOJIHOE  COOTBETCTBME  3HAHUM, YMEHUH,  HABBIKOB
NPUBEICHHBIM B TaOnMIaxX, JOMYCKAIOTCS 3HAYUTEIbHbBIC
OLIMOKH, MPOSIBISIETCS OTCYTCTBUE 3HAHUH, YMEHUH, HABBIKOB 1O
psaoy ToKa3aTeled, CTYOEHT HCHBITHIBAET 3HAUYUTEIbHbBIC
3aTpyIHEHUS IPU ONEPUPOBAHNUN 3HAHUSAMHU U YMEHUSAMH.
3. OneHo4HbIe CpeCcTBa
HaumenoBanue [IpencraBnenue
Ne KpaTkas xapakrepucTuka OLEHOYHOTO
w OLIEHOYHOI'0 cpencTBa OLIEHOYHOTI'O CPEJICTBA
CpeAcTBa B ®OC
1 KonTponbHas CpencTBo IpoBEpKH yMEHUH NpUMEHATh | KoHTposibHBIE
(camocTosITenpHAS | IOJY4YEHHbIE 3HAHUS JJIS pEUICHMS 3a7ad | 3aJaHus (Ipumep)
) pabota ONpPEAEIEHHOrO0 THUMA MO TEME WIH
(KP) pazneny
2 | PacuerHo- CpenctBo npoBepku yMEeHMH IpuMeHATh | Komriuiekr  3ananuit
rpaduueckas IIOJIyYEHHbIE ~ 3HAaHMS 1O  3apaHee | A BBIIIOJTHEHUS
pabora ONpEAETICHHOW METOOUKE JUIsl PELIEHUs | pacyeTHO-
3aJad WIM 33aJaHUid [0 MOAYJII0 WIH | rpadudeckoil paboTel
(PTP) JTUCLUIUINHE B LIEJIOM.
YcrHbIi CpencTBo KOHTPOJISI, OPraHN30BaHHOE KaK Bormpocs! 1o
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3 orpoccoOeceIoBaH | CrienuanbHas Oecela IeJaroru4eckoro TeMam/pazaenam

ue, paboTHUKa c oOOydaromuMcsi Ha TEMBI, JUCIUTUTUHBI
(YO) CBSI3aHHBIC C U3Yy4aeMOM NUCIHUILIMHOMN, U
paccuyMTaHHOE Ha BBISICHEHHE 0O0beMa
3HAaHUU o0yyJaromerocs 1o
OIpeJIeIEHHOMY pa3zielly, TeMe, podiieme
U T.I
CucreMa cTaHIapTU3UPOBAHHBIX 33aHUH,
Tecr MIO3BOJISIOIIAS
4 (T) aBTOMAaTU3UPOB Bapuanr tecra

aThb NPOLENYPY U3MEPEHUS YPOBHS 3HAHUHI
U YMEHUHOOYYaIoerocs.

5 | Ox3ameHaunoHHbl | CpeAcTBO IIPOBEPKHM 3HAHMM, YMEHMH, | DK3aMEHAI[MOHHbIE
e OmeTsl HaBBIKOB. MOXKET BKIIIOYAaTh KOMIUIEKC | OMIIETHI.
TEOPETUUYECKUX BOIIPOCOB, 3ajad,
MIPAKTHUYECKUX 3aJaHUM.

(9b)

3.1.Tekymuii KOHTpPOJIb

O1eHOYHBIE CPEJICTBA TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH BKIIFOUAIOT KOHTPOJIbHBIE BOIIPOCHI
1 3a1aHus B (hopMe OITaHKOBOT'O TECTUPOBAHMS Il KOHTPOJIS OCBOCHUS O0YUAIOIIMMHUCS Pa3/IeioB
JUCUMIUTUHBL, ipuem PI'P.

Coaepxxanue pacueTHO-Tpadguyeckoil padoThl.

PacyerHo-rpaguyeckas padora Nel nmo JuHeiiHoil aaredpe.

Kpartkoe copepkanue pacueTHO-rpadudeckoil paboThI:

Martpuubsl u onpenenutenu. PemeHue cucteM TUHEHHBIX anreOpandecKuX ypaBHEHUH METOAaMHU
I"aycca, Kpamepa u oOpaTHOI MaTpHIIBI.

PacyerHo-rpaguueckas padora Ne2 mo BeKTopHO# ajnredpe.

Kpatkoe copepskanue pacueTHO-rpadudeckoit paboThI:

Bekropsl, aelictBus HaJ BekTopaMu. CKalsipHOE, BEKTOPHOE, CMEIIaHHOE MPOU3BEIEHUS BEKTOPOB.
PacuyerHo-rpadguyeckas padora Ne3 mo aHAJIUTHYECKOH reOMeTPHH.

Kpartkoe copepkanue pacueTHO-rpadudeckoit paboThI:

Pasnuunble BUIBl ypaBHEHUN IMPSIMOM M IUIOCKOCTU. B3auMHOE pacnosiokeHue IMpsMBIX Ha
IIJIOCKOCTH, TUNIOCKOCTEN B IIPOCTPAHCTBE.

KoMmiiekT 3agannid

AJIS1 BBINOJTHEHHUsI pacdeTHo-rpagpudeckux pador (PI'P)
1o qucuuIuivHe «JInHeiinas aaredpa»

PI'P Nel, vactn 1

-1 1 O 2 0 2
A= 1 3 2 B={0 -3 3
3aganue Nel. JlaHbl MaTpUIIBI 4 0 -3 u 1T -1

“ 2 T
Beinonuauts neiicteusa; A° +8B° .
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2 2
3aznanue Ne2. [IpoaomkuTh JaHHOE MAaTPUYHOE PAaBEHCTBO (24+3B)" —44" -64B =...
U IPOBEPUTH €ro JUIst MaTpull A ¥ B u3 nepBoro  3ajaHusl.

3aganue Ne3. BEIYHCIHUTD ONpeNeNnuTeNlb ABYMS CIIOCOOAMU: Pa3JI0KEHUEM IO NIEPBOM CTPOKE U
Pa3IoKEeHUEM T10 IEPBOMY CTOJIOLLY.

1 0
02 1 -1
11
11

3apanue Ne4. J{nst qaHHOM MaTpUIBl HaiiTH 0OpaTHYIO MaTpuily. Crenars IpoBEpKY.

1
1

3aganue NeS. Pemuts marpuunoe ypasaenne AXB = C (maittu X). Crenath npoBepky.

N P ]

3azmanue Ne6. Haiitu panr maTpuLbl.

1 -1 23 7
0 4 3 1
2 8 9 15
3 -8 2 6 20)

PI'P Nel, 3apaHus 1m0 pelIeHUIO CHCTeM JIMHEHHBIX ajaredpandecKuX ypaBHeHHUil

3aganue Nel. Pemuth cuctemy metosiom Kpamepa. Cnenarb npoBepky.

X +4x,—x; =-2
2x, +2x,+3x, =7
3x,+6x,—2x;, =1

3aganue Ne2. Pemuthb cucremy u3 Nel metonom oOpaTHOM MaTpPHUIIBL.

3aznanue Ne3. Pemnts cuctemy u3 Nel metonom I"aycca.

3aganue Ne4. Pemuth HeoqJHOPOAHYIO cucTeMy MetonoM ["aycca. Haiitu oliee perienue u
4aCTHOE peLICHUE.

X +x,+2x;,+3x, =5
3x, +2x, —4x, - 2x, =1
S5x,+4x, + 4x,=11

3aganue NeS. Pemuth oiHOpOHYIO cucTeMy MeTonoM ["aycca. Haiitu oOmiee pemenue u @CP.
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2x, +6x, —=9x, -9x, =0
4x, —5x,+x, =0
3x,+3x, = 7x;,—4x, =0
X, —3x,+2x,+5x, =0

PI'P Nel, yactnb 2

3ananune Nel. Tlokasars, uto Bektopsl 7*> 1> P o6pasyror 6a3uc B IPOCTPAHCTBE M PA3JIOKHUTh

BEKTOP a 1o STOMY 6a3p1cy; m = (17 _L 2)a n= (27 O, 3)> ]_7 = (_29 - 19 1): a= (5’ - 4: 13)

3ananue No2. Jlanbl Bektopbl 7 u ' BBIACHUTH — KOJUIMHEAPHBI JIM BEKTOPhI & U b |

m=(28,-8,8),n=(-21,6,-6), a=2m+n,b =2n—m.

AN
a n|=2,(m,n)=135", a=6n-m.

3amanue Ne3. Haiitu | , €CIIN

3ananue Ned. Jlan AABC  Hajirn ZB,GCJII/I A(1;-1;2), B(3:3;2), C(7;152).

3ananue NoS. Tlpu kakux 'x* BekTopsl @ u D mepnenauxynspab?

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

3ananue No6. Haiitu miomaas mapanienorpaMma, HOCTPOEHHOTO Ha BekTopax d u b .

_ Nz
n|=3,(m,n):g.

|
|
I
3|
+
u:l

a=2m->5n,

3aganue No7. Haittu momans tpeyroasauka ABC, ecnu A(7; 2; -3), B(6; 5; 1), C(0; -2; -7).

3ananue Ne8. Jlanbl BekTopsl 4> b,c . BeISICHUTB — KOMILTaHAPHBI JIX BEKTOPBI. Eciiu BEKTOpEI HE

KOMILIaHAPHBI, TO HAlTH 00beM Mapasuleenumeia, HoCTPOEHHOro Ha BekTopax > b,c y
OTPEJICNIUTh — KaKyl0 TPOWKY OHU 00pa3yIoT.

a(1;-1;5),b(2;4;-2),¢(3;0;1)

3aganue Ne9. Jlns nuHeitHoro oneparopa 4 3aaaHbl 00pa3bl 0a3UCHBIX YJIEMEHTOB de,, Ae,, Ae,

e.,e,, e

. 3ammcarpk MaTpuily onepatopa A B Oa3uce 3 ¥ HaifTu o0Opa3

JJIEMEHTa X .

'
Q|

=7e +3e

=
I

2e, —4e
23



3aganue Nel(0. Haiitu coOcTBEeHHBIE 3HAUEHHS U COOCTBEHHBIE BEKTOPHI JIMHEHHOTO OIeparopa,

-4 1
4 =( : 2) |
3aJJaHHOTO B HEKOTOPOM 0a3rce MaTpuIlei

PI'P Ne 1, vacthb 3

[ /

2

Banmanue Nel. Ipsamas ‘1 nmpoxomut uepes Touxy 4 mapamiensHo BekTOpy q. [Ipsimas

TIPOXOIHT Yepe3 Touky B meprenukynsapHo Bektopy 7 . HaifTu TOuKy mepecedeHus OpsAMBIX U
Y

A(3;5),q (153), B(0;5), n(-3;4).

YIoJl MeXIy HUMHU, €CIIU

[

> mpoxomurt uepes Touku 4 u B . Haiitu paccrosaue ot

Iy

3azanue Ne2. Jlana npsmast [, . [Ipsamas
[ /

TOYKH NIEPECCUYCHUS NPSAMBIX "1 U "2 [0 HpHMOﬁ

/- x=-8-3
Y"ly=3t+4, A4(4;0),B(7;3), [,:9x—-12y+2=0.

M

Bamanue Ne3. Haiitn paccTosHue OT TOUKH 10 710 TIIOCKOCTH & , IPOXOsIIei yepes Touky A

HEPIEHIUKYIIAPHO BEKTOPY 71, €Cin M, 0; 1;7), AQ2;-1;4), n(6;22;-3).

3aznanue Ne4. Haiitu yros Mexay IIIOCKOCTbIO ¢ U IUIOCKOCTBIO p , IPOXOIAIIEH Yepe3 TOUKH
A, B, C . ecnm @ Sx+y+4z-28=0, A(5;2;5),B(3;7;0),C(-4;-3;-1).
3apanue NeS. 3anucaTh KAHOHMYECKHE YpaBHEHUS MPSIMOM, 3aJaHHON OOLIUMH ypaBHEHHUSIMHU.
x+2y-9z-10=0;
{3x+4y+82—24:0.

3ananue Ne6. Haiitu Touxy mepecedenus npamMoil [ ¥ IIIOCKOCTH O U yToNl MEKTy HUMH.

xX+2
3

zZ —

y_zzl o viayo3z-12-=0.
4 -2

l:

[ /

3amanue Ne7. Ilpsmas “! mpoxoaut dyepe3 Touku 4 u B. Ilpsmas 2 mpoxonauT uepe3 Touky M

[, 1

NEPNCHAUKYJISIPHO MJIIOCKOCTH o . Haiitu Yroja MEXay IpsAMbIMH ! U “2HW BBIACHUTH — JICKAT JIK
OHHU B OHHOﬁ IJIOCKOCTH WJIM CKPCIIUBAOTCA.

A9;-3;1), B(4;4,-5),M (-1;11;-11), a:2x+3y—-z-1=0.
2 2
(x+3) LY

3ananue Ne®. Jlns naHHOi kpuBod 49 25 yka3ath (OKYCHI, SKCIICHTPHCHUTET,
AUpeKTpHCHL. [1oCTpOuTh KPUBYIO, N300pa3uTh (POKYCHI, TUPEKTPHUCHI.
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3aznanue Ne9. IlpuBectu ypaBHEHHE KpUBOMH 9x* =25y* =18x+200y 616 =0
KaHOHUYECKOMY BHU]y U IIOCTPOUTH KPUBYIO.

KonTpoabHbie 3aganust (mpuMepbl)

BapwmaHT.

1. HalAT 3HaYeHMA MaTPMUUYHOIro MHOro4Y1€eHa F(A)

-1
f(x)z—x3+2x2—x+3,A=[ 3 g}

£ 2 -6 -3 -13

2. HaitTv paHr maTpuLbl NpUBeAEHUEM K CTyNeHYaToMy BUay I =3 13 S 17

I 2 1
3 5 3
2 7 -1

3. BbluMCAUTb ONpeaennuTeab NPpUBEeAEHMEM K CTyNeHYaToMy Buay

4. Haiitn maTpuuy, obpaTHyto aAaHHoOW (a). PelwunTb maTpuuHoe ypaBHeHue (6)

1 2 1
353 12y, (23
(a) 2 7 -l 6)\ 3 4 13

5. PewunTb cuctemy ypaBHeHU. YKasaTb obliee M 04HO YacTHoe pelleHue (a).

S W
Ne—

PewnTb cucTemy C NOMOLLbIO 06paTHOM maTpuLbl 1 no popmynam Kpamepa (6)

4x, +9x, —=5x; —8x, =5 X +2x,+x,=5
3x,+7x,—2x;, —4x, =4 3x,—5x, +3x; =-7
(a) 2x,+5x, +x;+3x, =3 (6) 2x,+7x,—x, =13
BapuaHTt
1. Pacnucatb pa3nioyeHue BeKTopa X no sektopam P-4
x={5-12,1} p={-3,0} ¢={L-11} r={0,-12}

7

2. KonnuueapHbl v sektopbl P n 97?

a={2,0,1} b={-231} p=2a+2b g=3a—2b

3. [aHa nMpammaa c BepinHaMm B TOUYKax A4, 44,
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A(-2,4,8) 4,(4,-1,2) A(-8,7,10) A4,(-3,4,-2)

HainTu:

a) yron mexay pebpamm 44, , 44,

6) o6bem Nupamumapl

B) ANTNHY BbICOTbI 0I'IyLI.I,€HHOﬁ Ha rpaHb A1A2A3

r) HAMTK ANMHY MeAnaHbl, NPOBEeAEHHYIO U3 BEPLUMHbI 4 ¢ pebpy 4,4

4. BblNCAWUTL MAOLAAL NApasaenorpamMmma, NOCTPOEHHOTo Ha BeKTopax @ u b & —yron mexay

Bektopamun P un 4

. . T
— RN — — — —_— o =—
a=2p+q, b=p-3q pl=2 la|=2 4
BapuaHTt
1. HaliTh paccTtoaHuMe OT TOYKM M, L0 NI0CKOCTH (M1M2M3):

MO(—9;10;2) M1(0;7;—4) M2(4;8;—1) M3(—2;l;3)

7 7 7

x+y+z-2=0

2. BbinucaTb KAHOHMYECKOE YpaBHEHWE NPAMON: {x—y —3z+6=0

x—2 y-3 z+1

3. HaiiTv TouKy nepeceyeHunsa npamoit u nnockoctn: | 1 —4 yx+y+2z-9=0

x-1_ 'y =z
4. HaTn TOURyY A cuMmeTpuuHyto Touke P otHocutenbHo npamoit /: P(O;_l;?’) " 1 -1 1
5. HanucaTb ypaBHeHMe NA0CKOCTU & NPOXoAALLeit Yepes TOUKyY M, , nepneHAnKyNApHO npAamoit

(Mle) M, (3;2;0)’ M, (4;1;5)’ M, (2;—1;4).

6. HaltTn kocuHyc yrna mexkay nnockoctamn & n & :
@ :3x—y+3=0 a,:x-2y+5z-10=0

BapuaHT 3a1aHuil IPOMEKYTOYHOIO TECTA

-8 2 -6 -3 -13
11 -3 13 5 17

1.1. HaiiTv paHr maTpuubl NnpuBeaeHUEM K CTyNeHYaTomy Buay



( 1 —2] (—2 35 J
DX =
1.2. PewunTb maTpmnyHOE ypaBHeHMe -3 4 3 -10

X +2x,+x,=5
3x,=5x,+3x; =7

1.3. PewnTb cuctemy no popmynam Kpamepa 2% +7x, —x, =13

X par x=15-12,1} p={1,-3,0} ¢={,-L1}

2.1. HanucaTb pasnoxeHue Bektopa X no Bektopam p-9q, ) ) )
r={0,-1,2}

2.2. BbMMUCAMTD NIOWaAb Napannenorpamma, NocTpoeHHoro Ha Bektopax @ u ba - yron meskay sektopamu P n 4

T
a=2p+q b=p-3q p[=2 |g|=2 “T

A1A2A3A4_ A1(6a 1a3), A2(65 _29_3), A3(2’ 2’ O), A4(_5a170)

2.3. [JaHa nupammaa ¢ BeplnMHammM B TOYKaxX

4 A, 4,

HaiiTn AnMHy meamnaHbl, NpoBeAeHHYI0 U3 BEPLUMHBI K pebpy

x=2 y-3 z+1

3.1. HaitTi TouKy nepeceyenmns npamoit u nnockoctn: 1 1 4 yX+ty+2z-9=0
x—1
P P(0;-1;3) -

3.2. HalTM TouKy ©1 CUMMETPUYHYIO TOUKe P othocurensho npsamom [,

(M,M,),

3.3. Hanucatb ypaBHeHue nnockoctn & npoxopsiueit yepes TouKy MO W NepneHauKyNapHoO  nNpsmMoit

M, (3;2;0) M, (455) M,(2-14)

2 2 -
4.1. [laHa Kp1Bas BTOPOro nopaaxa ~ +4y" —12x+16y+16=0 MonyunTb KAaHOHWYECKOE YPaBHEHME KPUBOI M NOCTPOUTL .ee

! ! !
€,6,,€3 | Gasucy € ,6,6

4.2. CocTaBMTb MaTpuLy Nnepexoga ot basuca , ecm

=1 _ Nz - -2 = - =, == - -
€ =26 +é,+¢,;¢, =¢—¢,+¢6;; é; =¢ +2¢, +¢,

Kputepun onenku:

- OLIEHKA «3a4TE€HO» BBICTABIIAETCA CTYACHTY, €CIIH OH PETYJIIPHO B TEYCHUE CEMECTPA MPEACTABIIAIL
pelicHud 3aJa4d, BBINMOJHWII ITOJHOCTBIO BCC 3aJdaHUSA W HX 3allUTUJI, OTBCTHB Ha BOIPOCHI
IIpenoaaBaTes;

- OLICHKA «HE 3a4TEHO» BBICTABIIAETCS CTYACHTY, €CJIM OH HEPEryJspHO B TEUEHHE CEMECTpa
NpEACTaBJIA PCIICHHUA 3aa4d, BBIIMOJIHWII 3aJaHUA HC IMOJIHOCTBIO HJIA BOOGH.IC HC NIpCACTaBJIAI
paboThl Ha TPOBEPKY, JIONMYCKAeT CYIIECTBEHHbIE HETOYHOCTH B OTBETaX HA BOIPOCHI
npenoaaBaTeis.

JInsi mpoBeACHUST TEKYIIEro KOHTPOJS 3HAHUW CTYJEHTOB B TUCTAaHIIMOHHOM (opmare B
pa3paboTtaHHbIX Kadenpoil «MareMaTukay OHJIAH-Kypcax UMEIOTCS MPOMEXYTOUYHbIE (TPOOHBIE)
TECTBI.

3.2. [IpoMexyTOUHAA aTTeCTALUSA

27



[TpomesxyTouHast aTTecTanus - (3K3aMeH) IPOBOIUTCA 0 OMIJIeTaM B yCTHOU (opme.
Bpemst U1 moAroTOBKH OTBETA HA BOTIPOCHI HE OoJiee 45 MUH.

buiier BKIro4aeT TEOpETUYECKUN BOIIPOC U 3a1a4U.

KommiekThl 5K3aMeHaIMOHHBIX OMJIETOB XpaHATCS Ha Kadenpe «MaTemMaTukay.
TunoBbie BApHAHTHI OMJIETOB NPUJIATAIOTCS.

O NN W=

—t et e = = \O
W= O

15.
16.
17.

18.
19.
20.
21.
22.
23.
24.
25.

Nownbkwbd

8.
9.

10.

KoMmmnuiekT Bonnpocos
o pucuuninHe«/Inneiinas aaredpay»

Martpuisl, TUIIBI MAaTPHULI.

Onepanuu ¢ MaTpuLlaMu, UX CBOMCTBA.

YMHOXkEHUE IPSIMOYTOJIBHBIX MATPHIL.

MarpuuHnas popma 3arucu CUCTEMbI THHEHHBIX alreOpandecKux ypaBHEHH.
Onpenenureny U UX CBOWCTBA.

[Tonsarue onpenenutens. MUHOPHI U anredpanyecKue TOMOTHEHHS.

CucTeMbl IMHEHHBIX anreOpanvyeckux ypaBHEHUH, OCHOBHBIE MIOHATHS U ONIPEACTICHHS.
IIpaBuno Kpamepa pemieHust CUCTEM JIMHENHBIX YPaBHEHUM.

OOpatHas MaTpuIa U e€ BEIYUCIICHUE. Y CIOBHE CYIIIECTBOBAaHHS 00paTHONW MaTpPHIIbI.

. Pemenue cucteM nuHEHHBIX areOpanyeckux ypaBHEHUH METOIOM 0OpaTHOM MaTpHIIbL.

. Meron I'aycca perieHust CUCTEM JIMHEHHBIX YPABHEHUM.

. Pemenue npou3BoIbHBIX CUCTEM JIMHENHBIX ypaBHEHUN MeTonoM [aycca.

. Panr marpunsl. Teopema Kponekepa — Kanenmu.

. OnHOpoaHbBIE cUCTEMBI JUMHENHBIX ypaBHeHUH. Kpurepuil CyliecTBOBaHMsI HETPUBUANIBHBIX

peLieHui.

IlonsiTHE BEKTOpA U JTUHEMHBIEC OIlEpaL[UU HaJ BEKTOPAMM, CBOMCTBA OIIEpaLIUH.

JluneitHas koMOUHAIUS BEKTOPOB.

JluneliHasi HE3aBUCUMOCTh M JIMHEHHAs! 3aBUCUMOCTh T'€OMETPUUYECKUX BEKTOpoB. Kpurepuii
JIMHEWHOU 3aBUCUMOCTH.

[Tonsarue 6a3zuca. Koopaunats! BekTOpa.

OproHopMupoBaHHbIi 0a3uc. Pa3nokeHne BekTopa 1o BeKTopam Oasuca.

YnopsinodeHHast TPOMKa BEKTOPOB.

CkansipHO€, BEKTOPHOE M CMEIIaHHOE POU3BEICHIE BEKTOPOB B OPTOHOPMHUPOBAHHOM Oazuce.
Y ¢noBUs OPTOrOHAIBHOCTH, KOJUIMHEAPHOCTH U KOMIUIAHAPHOCTH BEKTOPOB.

JInHelHbIe TPOCTPaHCTBA.

Marpuua nepexona ot 6azuca K 6azucy.

CoOcTBeHHBIE BEKTOPBI U COOCTBEHHBIEC 3HAUEHUSI MATPHIIBIL.

AHaJauTHYECKAasA reomMeTpusi

Cucrempl koopauHat. JlekapTOBbI NIPSIMOYTOJIBHBIE KOOpPAMHATHI HA IIJIOCKOCTH U B
IIPOCTPAHCTBE.

ITonsipHast cucrema KOOpAUHAT.

PasznuuHble TUIIBI YPaBHEHUH IIJIOCKOCTH U IIPSMOM.

Beluncnenue paccTossHUM MEXKy ABYMsI TOUKAMM, TOYKOU U NPSAMOM, TOUKOU U IIJIOCKOCTBIO.
Beluncnenue paccTosHUS MEXKAY CKPELIUBAIOIIUMHUCS IPSIMBIMHU.

Brruncnenue yrioB Mexy IByMs IPSIMBIMU, IPSMOM U IIJIOCKOCTBIO, IBYMS INIOCKOCTSIMHU.
KpuBbie BTOporo nopsika HX IeOMETpUYECKHE CBOICTBA M ypaBHeHus. IIpuBenenue kpuBoit
BTOPOTO MOPSJIKAa K KAHOHUYECKOMY BUJLY.

Kanonnyeckue ypaBHEHHs SJUTUIICA, TULIEPOOIIBI, TApaOOIIbI.

YpaBHEHHE IOBEPXHOCTH BTOPOT'O MOPSAIKA.

Kanonnyeckue ypaBHeHHs c(epbl, ITUIICON 1A, KOHYCOB, TUIIEPOOJIONIOB, TapabOIOUI0B.
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TumnoBsbie BapuaHThbI OMJ1eTOB
10 JucuuIuivHe «JInHeiiHas aaredpa»

MUHUCTEPCTBO HAYKMU U BBICILIET'O OBPA3BOBAHNS POCCUNCKON ®EJEPALINN
®EJIEPAJILHOE T'OCYJIAPCTBEHHOE ABTOHOMHOEOEBPA3OBATEJIBHOE
VUYPEXXJEHUE BBICILIETO OBPABOBAHUS
«MOCKOBCKHUI MOJUTEXHUYECKUN YHUBEPCUTET»
(MOCKOBCKHWMH MOJIMTEX)

dakynbpTeT 6a30BBIX KOMIIETCHIINH, Kagenpa «MaremaTtrka»
Hucuumnuna  «JluneitHas anredpa»
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBIN BUWIET

1. Omnpenenutenu U UX CBONCTBA.

1 2 -1 2
3 oo
2. Peummmth MarpuuHOe ypaBHeHHe AXB=A4 ecnu 2 1 0 1

X +2x, =-1

3. Pemwuts cucremy MeTo0M 00paTHON MaTPHUIIBI {le —3x, =12

4. Jlausl BexkTopsl @ =(=5,9,8), b =(=3,1,-2), ¢=(-8,10,-10) [IpoBepuTh — KOMIIIAHAPHEI ]I OHH.

Ecnu Her, HallTH 00beM HapauielsienuIiesia, TOCTPOSHHOro Ha BEKTopax @.b,c.

5. Haiitu yron mesxny Bektopamu ¢ =(1,-2-2) gy 6 =(2,0,1)

YTBepxkaeHo Ha 3aceqannn kadenpsl MateMaTiku «_03» 052023 r., mporokoin Ne 10

W.o. 3aB. kadenpoit H.B. Bacunbesa / /

MUHUCTEPCTBO HAYKMU U BBICILIET'O OBPA3BOBAHNS POCCUNMCKON ®EJEPALINN
OEJIEPAJIBHOE TOCYJIAPCTBEHHOE ABTOHOMHOEOBPA3OBATEJIBHOE
YUYPEXJIEHUWE BBICIIEI'O OBPA30OBAHU
«MOCKOBCKHI MOJUTEXHUYECKHU YHUBEPCUTET»
(MOCKOBCKHWM MOJINTEX)

@akynbpTeT 6a30BbIX KOMIIETCHIINH, Kagenpa «MaremaTtuka»
Hucuumnuna «JIuHeitHas anreOpa»
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBIN BUWIET

1. JluneitHast komOuHaIMs BeKTopoB. baszuc. KoopaunaTte! BekTopa.
0

1 2 -1
A=|3 1
2. BbluucnuTh onpenenuresib MaTpulpsl C = A" , €CIIK o1 1)
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4x,—2x5 +3x3 =12,
X +5x, =3x; =1,

3. Pemmre cucreMy ypaBHeHmii Metomom I'aycca (2% +3% —2x3 =3.

4. Tlokazate, uto Bektopsl 7 = (L=12) = n=(2,0,3) ' p=(-2,-L1) o6pasyior 6asuc B IpocTpaHCTBE.

5. Jlano oOuee ypasHenue npsamoii  —2¥+3y=5=0. Hanmcars: ypaBHeHHE NPAMON C YTIOBBIM
k03] PUIIMEHTOM; YpaBHEHHE MIPSAMON B OTPE3KaX; HOPMAILHOE yPaBHEHUE MPSMOIL.

YTBepxkaeHo Ha 3aceqannu kadenpsl MateMaTiku «_03» 052023 r., mporokoin Ne 10

W.o. 3aB. kadenpoit H.B. Bacunbesa / /

Jlnist mpoBeACHUS TPOMEKYTOYHOTO KOHTPOJISI 3HAHUH CTYACHTOB B IMCTAHIIMOHHOM (opmare
B pa3paboTaHHbIX Kadenpoi «MaremaTHKa» OHJIAlH-Kypcax UMEIOTCS UTOTOBBIE TECTHI.
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