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1.  eawn, 3a1a4M U IVIAHMPYeMble Pe3yJabTaThl 00y4eHHUs 10
AUCHUILINHE

K ocHOBHBIM yenam 0CBOCHUS TUCHUILIMHBI «JInHelHas anredpay cielyeT OTHECTH:

- BOCIIUTAHHUE Y CTYJCHTOB O0IIEH MaTeMaTHu4eCKON KyIbTYpHhI;

- IpuoOpeTeHHre CTYACHTaMU IIUPOKOr0 Kpyra MaTeMaTHYeCKHX 3HaHWM, YMEHHH u
HAaBBIKOB;

- pa3BHUTHE CHOCOOHOCTH CTYACHTOB K WHAYKTHUBHOMY U JEAYKTUBHOMY MBIIIJICHUIO
Hapsily ¢ pa3BUTUEM MaTEMAaTUYECKOW MHTYUIINH;

- YMEHHE CTyJIeHTaMH pa3BUBAaThb HABBIKK CAMOCTOATEIBHOTO H3Y4YEeHUS Y4eOHOU U
Hay4YHOW JIUTEpaTyphl, COJEpIKaIe MaTEMaTUYECKHE CBEICHUS U PE3YNbTAThI;

- MOATOTOBKY CTYJIEHTOB K JESATEJIBHOCTH B COOTBETCTBUU C KBaTH(PUKAITMOHHON
XapaKTEepUCTHKONW OakalaBpa IO HalpaBlICHHIO, B TOM 4ucie (opMuUpoOBaHHE YMEHHI
UCIIOJIb30BaTh OCBOGHHBIE MAaTEMATHUYECKHE METO/IbI B MPOPECCUOHAIBHOMN 1eATEIbHOCTH.

- TOATOTOBKY BBICOKOKBAJTH(HIMPOBAHHBIX KaJpOB, BOCTPEOOBAHHBIX B YCIOBHUAX
u(ppoBOl TYypOYIEHTHOCTH M BBICOKUX TEXHOJIOTUYECKUX PHUCKOB COBPEMEHHOH IHPOBOI
HKOHOMUKH.

K ocHOBHBIM 3a0auam 0CBOEHUS TUCUUIUTUHBI «JIMHelHas anredpa» cieayeT OTHECTH:

- OCBOGHHE CTYACHTAMH OCHOBHBIX TIOHSATHHA, METOJ0B, (HOPMHUPYIOMIMX OOIIYIO
MaTeMaTHYECKYIO OJITOTOBKY, HEOOXOAUMYIO /IJIsl YCIIEITHOTO PEIIeHUs TPUKIATHBIX 3a7a4;

- (hopmupoBaHue y CTyJeHTa TpeOyemMoro Habopa KOMIETEHIIUH, COOTBETCTBYIOLIUX €0
HAIPAaBIEHUIO MOJTOTOBKU U 00ECIIEUNBAIOIINX €r0 KOHKYPEHTOCTIOCOOHOCTh Ha PHIHKE TPY/a.

OOyuenne mno aucuuiUinHe «JIuHelHas anrebpa» HampaBleHO Ha  (QOpMHUpPOBaHUE
y oOydJarommxcsi cienyrmux kommereHIud B coorBerctBun ¢ PI'OC 19.03.01 (ypoBeHB
OakanaBpuara) 1o

HanpaBieHuto  moarotoBkd  19.03.01  buorexHomorus, HampaBICHHOCTh  (MPOGWUIIb)
«[IpompblnieHHas OUOTEXHOIOTHS U OMOMHKEHEPHsI», YTBEP>KICHHBIM MprUKa3oM MUHUCTEpCTBA
obpazoBanus u Hayku Poccuiickoit @enepannn ot 10.08.2021 Ne 736.

Kon u HammeHoBaHue NuaukaTopsl 10cTHKEHUSA
KOMIIETCHIUH KOMIICTCHIIUH
OIIK-1 NOIIK-1.1. 3HaeT 3aK0HBI U 3aKOHOMEPHOCTH
Crnoco0OeH u3y4arb, aHaIU3UPOBATh, MaTeMaTHYeCKUX, (PU3NIECKUX, XUMUYECKUX
UCIOJIb30BATh OUOJIOTUYECKHE OOBEKTHI U 1 OHOJIOTHYECKUX HAyK U MX B3aMMOCBS3H
IIPOIECCHI, OCHOBBIBASICh HA 3aKOHAX U NOIIK-1.2. Conocoben u3yJyaTrh "
3aKOHOMEPHOCTAX MaTEMAaTUICCKUX, aHAJIM3UPOBATH OMOJOTUYECKUE OOBEKTHI U
(pU3MHUECKUX, XUMIYECKUX 1 OHONOTHYECKHX | rporeccsl
HayK H HX B3aHUMOCBA3AX NOIIK -1.3. Brnageer HaBbIKaMu

HCIIOJIBb30BaHUs B HpOCI)CCCHOH&JIBHOfI
ACATCIIBHOCTH OHOJIOTHYECKUX OOBEKTOB U

IIPOLIECCOB
OIIK-5 CriocobeH dKCITyaTHPOBATh NOIIK-5.1. 3HaeT TeXHOJIOTHYECKOE
TEXHOJOTHUYCCKOC 06opy)103aHI/1e, BBITIOJIHATH 060py}101aaHI/Ie, CHOCOOEI KOHTPOJIA U
TCXHOJIOTMICCKHE OTICpaluu, yIIPABIATE yhpaBieHUs: OMOTEXHOIOTMYECKUMU
OMOTEXHOJIOTMYECKUMHU IPOLIECCaMH, IPOLECCAMH, KOJIMYECTBEHHBIE 1

KOHTPOJUPOBATH KOJIMUYCCTBCHHBIC
KauC€CTBCHHBIC ITOKa3aTCIIn nonyqaeMofI

MPOAYKLIHH

Ka4eCTBEHHbIE IT0KA3aTeNIN MOITy4aeMon
IPOAYKIUH




NOIIK-5.1. I'oTOB oCyI1ECTBIATH
HKCIUTYaTaII0 OMOTEXHOJIOTUYECKOTO
00opyoBaHus, yIIpaBiIsTh
OMOTEXHOJIOTHIECKUMH TPOLIECCAMU

NOIIK-5.1. Bnageet MeTogaMu KOHTPOJIS
npoliecca MPOU3BOJACTBA U MOTy9aeMOn
POYKIHH

2. MecTo AUCUMILIMHBI B CTPYKTYpe 00pa30BaTe/ibHOM NPOrpaMMbl

JucuumimHa OTHOCUTCS K oOs3arenbHOM vactd Onoka bl: Monyns «Marematuueckue u
€CTECTBEHHO-HAYYHbIE JUCIUIUIUHBD.
E€ nzydenue obecneunBaeT U3y4eHUE TUCIUILIIH:
B obsazamenvroti yvacmu:
- MaTeMaTUYECKHI aHaIn3;
- pusuka;
- BJIEKTPOTEXHUKA U AJIEKTPOHUKA;
- MaTeMaTU4eCKO€e MIaHUPOBAHNE SKCIIEPUMEHTA U MPUKJIIAHAs CTATUCTHKA;
- OCHOBBI aBTOMAaTU3UPOBAHHOT'O ITPOEKTUPOBAHMUS;
- usmyeckas xumusi;
- TEOpeTUYECKasi MEXaHUKA;
- pacuer 3JIeMEHTOB 000PYI0BaHUS OTPACIH.
B uwacmu, gpopmupyemoii yuacmuuxamu 06pazosamenbHblX OMHOWEHULL:
- OCHOBBI 5KOHOMUKH U TIPAKTHKA OU3HEC-TUIAaHUPOBAHUS B OMOTEXHOJIOTUH;
- MaTeMaTU4YECKOE MOJIEIUPOBAHNE OMOTEXHOIOTUYECKUX ITPOLIECCOB U CUCTEM.

3. CTpyKTypa M cofepKaHHe TUCHUTLTHHBI

OO61mas TpyA0eMKOCTh AUCHUTIIMHBI COCTABISAET 3 3a4eTHhIE eMuHUIIBI -108 yacos.

4.1. 3.1. Buabl y4eOHO#i padoThl U TPYA0EMKOCTH
. KonauyecrBo
n/n Buj yueOHoii padoThl 4ACOB Cemectp 1
AyIMTOpHBIE 3aHATHS 48 48

B toMm uucie:

Jlexuyn 16 16
1.
CeMuHapckue/mpakTHUECKHUE 3aHATUS 32 32
2.
JlaGopaTopHblie 3aHITHS - -
3.

CamocrositeibHass padora 60 60

IIpomeskyTOouHAs aTTecTALMS




JK3aMeH ) ]

Hroro 108 108

3.2. TemaTuyeckuii NJIaH U3y4eHUsl TN CIUTNTIMHBI

Pazmemnién B npuiioxkenuu 1 k pabodeii mporpamme.

3.3. Conep:kanue pa3iesioB TUCHUNINHbBI

BBenenue

IIpenmer, 3anaun U conepkanne AMCUUIIIMHBL. OCHOBHBIE JTalbl Pa3BUTHS JUCLUILINHEI.
CrpykTypa Kypca, ero MecTo M pojib B IIOATOTOBKE OaKaiaBpa, CBSA3b C IPYTMMHU JAUCIUTUIMHAMH.

Pa3nes 1. DineMeHTBI JIMHEHHOI ajaredpbl

Tema 1. MaTpuubl 1 onpeaenuTeu.

[Tonsitue matpunbl. Buasl matpui. [etictBust Hag MmaTpuiamu. Onepanuu Ha MaTpUIlaMu
U HUX CBOMCTBA. Onpenenurenu, uxX cBoilcTBa M BbluMcieHHs. [loHATHs MuHOpa U
anredpanveckoro JOMONMHeHUs. Pa3noxkeHue onpeaenuTes Mo IeMEeHTaM CTPOKHU HIIK CTOJI0La.
Brruncnenue onpenenurenen pa3auyHoOro nopsaka.

OOpaTHass MaTpulla U aJNrOpUTM €€ BBIYMCICHUS. ODJeMEHTapHble IpeoOpazoBaHUs
Mmatpull. [IpuBeneHrne MaTpullbl K JUArOHAIBHOMY WJIM TpaneuueBUIHOMY BUAY. MarpuuHas
dbopMa 3amucu CUCTeMbI IMHEHHBIX alreOpandeckux ypaBHEeHUI. PaHr MaTpuisl.

Tema 2.Pemienue cucrem JIMHEHHBIX aare0panvyecKuX ypaBHeHHIl.

CucteMmsbl JIMHEHHBIX adredpanyecKuX ypaBHEHH, OCHOBHbIE OHATHUS. Pemenue cucrtem
JUHENHHBIX ypaBHeHUM MmetonoM Kpamepa, Mmeromom oOparHoW Matpulel, MetojoM [aycca.
Teopema Kponekepa — Kamemmm. PemieHne Npou3BONBHBIX CHCTEM  JIMHEHMHBIX ypaBHEHUN
MeronoM [l'aycca. Pemenue OZHOPOAHBIX CHCTEM JIMHEHHBIX ypaBHeHMH. Kpurepuit
CYILLECTBOBaHMS HETPUBUAJIBHBIX PEIICHUN.

Pa3nes 2. DiieMeHTBI BeKTOPHOI ajredpbl

Tema 1. JIunelinble omepanuu HaJ BEKTOpaMH, WX CBOMCTBa. JIMHeiHbIe KOMOMHAIIUU
BEKTOpPOB. JIMHENHas 3aBUCUMOCTb M HE3aBUCUMOCTb BEKTOPOB. ba3uC CHUCTEMBI BEKTOPOB.
EnMHCTBEHHOCTH pa3iiokeHus BeKTopa o 6asucy. OpTOHOPMUPOBAHHBIN Oa3uc.

Tema 2. CxanspHoe, BEKTOPHOE U CMEIIAaHHOE NPOU3BEICHMS BEKTOPOB, UX CBOMCTBA. Y CIIOBUS
OpPTOTOHAJILHOCTH, KOJIJIMHEAPHOCTH, KOMIUIAHAPHOCTH BEKTOPOB. BbIUMcCIeHHE CKaJspHOTO,
BEKTOPHOTO ¥ CMEIIAHHOTO MPOM3BEJACHUI BEKTOPOB, 3aJaHHBIX KOOpAMHATaMU B
OpPTOHOPMHUPOBAHHOM Oa3uce.

Tema 3. Jluneiinsie mpoctpanctBa. [lonsTne 0a3znuca MPOCTpPAHCTBA I'€OMETPUUECKUX
BekTOpoB. [IpeobpazoBanre MaTpuIlbl JIMHEHHOTO OnepaTopa MpH rnepexoje ot 6asuca K 0asucy.
CobcTBeHHbIE 3HAYEHUS U COOCTBEHHBIE BEKTOPHI MaTPHUIIBI.

Pa3zgen 3. KoMmiekcHbIE YMCJIa H MHOTOYJICHBI



[TonsiTne xommiekcHOro uwuciia. POpmbl 3alMCH  KOMIUIEKCHBIX 4Hcen. JlelcTBuS Han
KOMIUIEKCHBIMU uncinamu. @opmyina Myaspa. 3BiiedyeHue KOpHs n-0i MOJIOKUTEIBHONU CTEIICHU
13 KOMIUIEKCHOTO uncia. Pa3iokeHne MHOTOWIeHa HA MHOKHATENW. OCHOBHAs TeopeMa anreopshl.

Paznen 4. AHaIUTHYeCKAs reomMeTpus

CucreMbl KoopAMHAT. JlekapTOBBI IPSMOYTOJbHbIE KOOPAUHATHI HAa INIOCKOCTH U B IIPOCTPAHCTBE.
[TossipHas cucrema KOOpAMHAT.

Tema 1. IIpsiMble U IIOCKOCTH

PaznuuHble TUIIBI ypaBHEHUH IJIOCKOCTU U YpPaBHEHUH PSIMOH (HA MJIOCKOCTHU U B IPOCTPAHCTBE).
Bpruucnenue paccTossHUN MEXy IBYMsI TOYKaMH, TOYKOM U NMPSAMOM, TOUKOU U IIJIOCKOCTBIO.
Brluncienue paccTosHUS MEXKY CKPEIMBAIOIUMHUCS IPSIMBIMH.

Brrancnenue yrioB MEKIy AByMsl IPSMBIMH, IIPSAMOU U IJIOCKOCTBIO, IBYMS INIOCKOCTSIMHU.
Tema 2. KpuBble 1 HOBEpXHOCTH BTOPOI0 MOPAAKA

Kpusbie BTOpOro mopsaka, UX reOMETpUYECKHE CBOMCTBA M ypaBHeHus. [IpuBeneHue KpuBoun
BTOPOT'O MOPSAJAKA K KAHOHUYECKOMY BHU]LY.

VYpaBHEHHE MOBEPXHOCTH BTOpOro mnopsnaka. KanoHuueckue ypaBHEHUs cdepbl, JUIUICOUAA,
KOHYca, runepoosonia, napadoaonma.

3.4. TemaTuka NpakKTHYECKHUX 3aAHATHI 10 AUCHUILINHE «/InHelHas ajaredpa»

Ne 3ansTHS Tema 3ansTus

1 Paznea 1. DiieMeHTBI JIMHEeHHOI ajaredpbl. Martpuiibl, 1elcTBUS
HaJ MaTpHUILAMH.

2 Omnpenenureny, UX CBOWCTBA U BbIYUCIIEHHE. MaTpuiHas 3anuch
CUCTEMBI JINHEHHBIX YPaBHEHUM.

3 OOpaTHasi MaTpuUIla ¥ €€ BEIYHCIICHHC.
CucTeMbl TMHEHHBIX anreOpandyecKux ypaBHEHHM, OCHOBHBIE

4 MIOHATHUSA U ONpeleneHus. Penenue cCucTem JIMHEMHBIX YPaBHEHHN
metoaoM Kpamepa, MmeTo10M 00paTHOM MaTpHUILIbI

5 Pemenne cucreM nuHeNHbIX ypaBHeHUM MeTonoM ['aycca. Panr
Matpuubl. Teopema Kponekepa — Kanemum.

6 Meron I'aycca B IpOU3BOJIBHBIX CUCTEMAX JIMHEUHBIX YPABHEHUMN.

ORHOPOHBIE CUCTEMBI JINHEWHBIX YpaBHEHHII.

Pasgen 2. DuaemMeHTBbI BeKTOPHOHl ajredpbl. Bekrtopsl.
JIuneliHbIe omepalMM HaJ BEKTOpaMH, MX CBOMCTBA. JImHelHOe
7 IIPOCTPAHCTBO I€OMETPUUECKUX BEKTOpOB. I[loHsATHME JIMHEWHOU
KOMOMHAIlMM BEKTOPOB. JIMHEHHO He3aBUCHMbIE U JIMHEHHO
3aBUCUMBIE CUCTEMBI BEKTOPOB.

[lonsiTe ©Oa3uca mNpocTpaHCTBA TE€OMETPUUYECKUX BEKTOPOB.

8 Koopaunats! BEKTOpA. OpTOHOPMUPOBAHHBII 6asuc.
KonnuHeapHoCTh,  OpPTOTOHAJIBHOCTH W KOMILIAHAPHOCTD
BEKTOPOB.
CkansipHOE TPOM3BEJCHHE BEKTOPOB M €ro CBOWCTBA. YCJIOBHE
9 OpPTOTOHAJILHOCTH BEKTOPOB. BekTopHOE mnpou3BeleHUE IBYX

BEKTOPOB, €r0 CBOMCTBA. Y CJIOBUE KOJUIMHEAPHOCTH BEKTOPOB

CMmeliaHHOe TPOM3BENIEHUE TPEX BEKTOPOB M €ro CBOMCTBA.
Brruucnenne ob0beMa mapasuienenurena U MupaMubl. Y CIIOBUE
10 KOMILIAHAPHOCTH BEKTOPOB. Brruncienue CKaJISIPHOTO,
BCKTOpHOFO U CMCHIAHHOTO HpOI/ISBe}IeHI/Iﬁ BCKTOpOB, 3a1aHHBIX
KOOpJMHATAMH B OPTOHOPMHPOBAHHOM Oazuce.




Jluneiinpie mpocTpaHcTBa. Pa3mepHOCTh W 0a3uc JMHEHWHOTO
MPOCTPAHCTBA.

Matpuna mnepexona ot Oasuca k 0aszucy. IlpeoOpazoBanue
KOOpJIWHAT BEKTOpa TMpu U3MeHeHuu Oaszuca. JIuHeWHbIe
orepaTophl, ICUCTBUA C IMHEUHBIMH oniepaTopaMu. CoOCTBEHHBIE
BEKTOPHI M1 COOCTBEHHbBIEC 3HAUCHUSI MAaTPUILIbI

11

Pa3nen 3.KommiexkcHble YHc/JIa U MHOrO4YWIeHLI MHOXXECTBO
KOMIUIEKCHBIX uucesl. Dopmbl 3amucH KOMIUIEKCHBIX YHCEIL.
JeicTBuss  HaAJL  KOMIUIGKCHBIMH  4YHCIaMH.  Pa3zjoxeHue
MHOTOYJICHA Ha MHOKUTEJIH, OCHOBHAsI TEOpeMa alnreOpsl

12

Pa3znen 4. AHaIMTHYECKAS TeOMETPUS
CI/ICTGMBI KOOpILI/IHaT. PaSHI/I‘-IHLIe THUIIBI ypaBHeHI/If/'I IIJIOCKOCTHU

13

14 Paznuunble TUNB ypaBHEHHI NpsSMONM Ha IIJIOCKOCTH U B
IIPOCTPAHCTBE

15 B3aumHOe pacnosio)keHHE MpsAMBIX HAa IUIOCKOCTM W B
IIPOCTPAHCTBE. BpIUKCIIEHNE pacCTOSHUN MEXKY ABYMS TOUKAMU,
TOYKOM M  OpsAMOM. DBblunMcineHue  paccTosHuS — MEXKAY
CKPEUIMBAOIIMMUCSA  IpsIMBIMM. B3aumMmHOE  pacnosioxeHue
IUIOCKOCTEH. BbrunciaeHue paccToOsSsHUM MeXAYy TOYKOW U
IIJIOCKOCTBIO

16 KpuBble BTOpOro mopsijKa HX TEOMETPHUYECKHE CBOMCTBA.
VYpaBHeHus 3iuuInica, runepOossl, napadonsl OOIiee ypaBHEHUE
KpHBOI1 BToporo nopsinka. [IpuBeaenue KpuBoi BTOPOTo Mmopsiika
K KaHOHM4eCKOMY Buay. IToBepxHOCTH BTOpPOro nopsiaka

5. YueOHO-MeTOAMUYECKOEe U MH(OPMAIITUOHHOE OOecriedeHune

5.1. HopmatuBHble 1okyMeHTHI H [OCThI

®I'OC 19.03.01. buorexnonorus.2020.

AxkaneMuyeckuil y4eOHbII miaH mo HampasiaeHuto noarotoBku: 19.03.01 BuorexHomorus.
Hanpasnennocts (npoduiis): IIpomsliiienHas OuorexHonorus u Ouounxenepus. dopma
00ydeHust — ounas. 2023.

Vka3 Ilpesunenrta Poccuiickoit @enepanun ot 01.12.2016 Ne 642 «Ctparernn HaydHO-
TEeXHOJIOrM4eckoro passurtus Poccuniickoit denepanum.

[Tpuxa3z MunuctepcTBa 00pazoBanus u Hayku Poccuiickoit denepanuu ot 23.08.2017 Ne 816
«O0 yrBepxkaenun Ilopsnka mnOpuMeHeHUss OpraHu3alUsM{, OCYHIECTBIISIOIIUMU
00pa3oBaTeNbHYIO JIEATENBHOCTD, IIEKTPOHHOI'O o0y4eHus, JUCTaHIIMOHHBIX
00pa30BaTeNbHbIX TEXHOJIIOTUN IPU pealin3aliii 00pa30BaTEIbHBIX IPOrPAMM).

5.2. OcHoBHas JuTeparypa

3abonotckuit B.C. JIuneiinas anredpa v aHaauTHYeCKas reoMeTpust (yueOHbIH KOMIUIEKC):
yaeOHoe ocobue, 2-¢ uza. Ctep. M.: Uzn-so MHOPA-M, 2022. 309 c. (Bricmiee
oOpa3oBaHue: OakanaBpHar).

Cupotuna 1.K. Jluneitnas anre6pa v aHaTUTAYECKAsi TEOMETPHS: MHTEPAKTUBHBINA KypC:
yuebHoe nmocobue st By3oB. CII6, M3n-Bo Jlans, 2022. 180 c.

Kypc nexkumii mo nuHeiHON anredpe W aHAIMTUYECKON TreomeTpuu: ydyeOHoe mocoOue. //
Kyapssues b.1O., Matsam B.U., [Tokaszees B.B., Uepkecosa I'.B.. M.: MI'TY «MAMMWN», 2009.
— 362c. [http://lib.mami.ru/lib/content/elektronnyy-katalog. DnexrponusIii pecypc.]
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5.3. lomoJjHuUTeJbHAS JUTEpPATypa

1. KpaTkuii Kypc BBICIICH MaTeMaTHKH [DJEKTPOHHBIA pecypc|: y4ued. - DIJIeKTpOH. JaH. -
MocksBa:  Jamkos u K, 2017. - 510 c. [Pexum  pmocryma: URL:
https://e.lanbook.com/book/93522. - 3ari1. ¢ skpaHa.] .

2. 3ybkoB B.I'., JIsxoBckuii B.A., MapteiHenko A.W., MunocueB B.b., [Tymkaps E.A. Kypc
MaTEeMaTHUKH Il TEXHUYECKHX BBICIIMX y4eOHBIX 3aBeneHuid. Yactu 1-4. M.: MI'TI1Y, 2012.
400 k3.

3. Wneun B.A., [lozask O.I'. Ananutudeckas reomerpus. M.: Hayka. ['maB.pen-us ¢usuxo-
MaTeM.JuT-pel, 1988. 224 c.

4. bexnemumeB, /[.B. Pemenue 3amau w3 Kypca aHaJIUTHYECKOW TEOMETPHUU W JIMHEHHOMN
anredpsl [DIIEKTPOHHBIN pecypc]: yued. mocobue - DIeKTpoH. naH. - MockBa: Ou3mMariur,
2014. - 192 c. [Pexxum poctyma: URL: https://e.lanbook.com/book/59632. - 3ari. ¢ sxpana. ]

4.4. DnekTpoHHBbIEe 00pa3oBaTe/IbHbIE PeCypcChl
[TpoBeneHue 3aHATHI U aTTECTallM BO3MOXKHO B AUCTAaHLIMOHHOM (hopMaTe ¢ IPUMEHEHUEM CH-

CTeMbl JAucTaHUUOHHOTO oOyueHusi yHuBepcutera (CJO-LMS) Ha ocHOBe pa3pabOTaHHBIX
kadenpoii «MaTemMaTHKay JISKTPOHHBIX 00pa3zoBaTelbHEIX pecypcoB (DOP) mo BceM pasienam
POTPAMMBI:.

Hazsanue D0P

JluneitHas u BekTopHas anreopa | https://online.mospolytech.ru/course/view.php?id=3368
AHaTUTHYECKAs TECOMETPHUS https://online.mospolytech.ru/local/crw/course.php?id=2843
JluneiiHast anreopa u | https://online.mospolytech.ru/course/view.php?id=462
AHAJIMTUYCCKAsA I'COMCTPUS

Paspaboranusie DOP BKIIIO4aIOT TPEHUPOBOYHBIE U UTOTOBHIE TECTHI.

HOpr}lOK IMPOBCACHUA pa60T B AUCTAaHOUOHHOM Q)OpMaTe YCTAaHABJIMBACTCA OTACJIbHBIMU
pacmopsDKeHUSAMH TIPOPEKTOopa MO y4dyeOHOW paboTe W/WiM LEHTPOM Yy4eOHO-METOIUYEeCKON
paboTHL.

Kamz[mﬁ CTYJIGHT 06CCHe‘IeH I/IH)II/IBI/II[yaJ'II)HI)IM HGOI"paHI/ILIeHHBIM I[OCTYHOM K BHGKTPOHHOfI

OMOJINOTEKE MOCKOBCKOIO ITOJIUTEXA

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

WNHuTepHeT-pecypchl BKIIOYAIOT Y4eOHO-METOJAMYECKHUE MaTepHallbl B AJICKTPOHHOM BHJE,

MMPEACTAaBJICHHLIC Ha caunTe mospolytech.ru B pasaciic: «]_[eHTp MATEMATHUYCCKOT' O O6p8.30BaHI/I$I))

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

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

[Tone3nbie yueOHO-MeTOAMYECKHE U MH(DOPMAITMOHHBIE MaTepUaIbl IPEACTABICHBI Ha calTax:
http://exponenta.ru, http://eqworld.ipmnet.ru/ru/info/mathwebs.htm.

[Tepedens pecypcoB HH(HOPMAITMOHHO-TEIEKOMMYHUKAITMOHHOU ceTH «ITHTepHET» 111 OCBOCHUS

JTMCIUILIMHBL: Www.matematikalegko.ru>studentu, www.i-exam.ru.

4.5. JIneH3M0HHOE W CBOOOHO PACIIPOCTPAHsIeMOe TPOrPaMMHOe ofecreueHue


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 Ccbuika Ha Enunblii peectp
(mpaBoobaanarten | (JIMUEH3NOHHOE, | POCCHICKHUX MPOrpaMM AJist
b) CBO0OHO 9BM u B/l (mpu Hagau4un)
pacnpocTpaHnsieM
oe)

1 [AstraLinuxCom | OO0 JIutieH3HOHHOE https://reestr.digital.gov.ru/ree
monEdition "PYCBUTEX- str/305783/?sphrase_id=9540

ACTPA" 36
2 | MoitOduc OO0 "HOBBIE JIuuieH3noHHOE https://reestr.digital.gov.ru/ree
OBJIAUHBIE str/301558/?sphrase_id=9433

TEXHOJIOT " 75

4.6. CoppeMeHHbIe npodeccuoHATIbHBbIE 0a3bl JAHHBIX U HH(POPMALHOHHbIE
CIIPABOYHBbIE CHCTEMBI

Ilepeuenn pecypcoB cetu UHTepHeT, 1OCTYNHBIX /151 OCBOCHHUS TUCIUINIUHBI:

HaunmenoBanue

Ccblika Ha pecypc

HocTynHocTs

HNudopmanuoHHoO-cipaBoOYHbIE CHCTEMbI

StackOverflow

https://stackoverflow.co

JocTtynHa B cetn

WuTepHer 6e3

00pa3oBaTeNbHBIX CTAaHAAPTOB
BbICIIIEr0 00pa30BaHuUs

m/ .
OTpaHUYECHUHN
Undopmanmonnsie pecypest Cetn | hitp:// www.consultant.ru | Jlocrymso
Koncynprantlimroc
ITopran PenepanbHbIX
TOCY/apCTBCHHBIX http://www.fgosvo.ru. HoctymHo

JIEKTPOHHO-0U0JINOTEYHbIE CHCTEMBI

JlaHb https://e.lanbook.com/ JocrtymHa B ceTn
WuTepuer 6e3
OTpaHUYECHUN

IPR Books https://www.iprbookshop | JoctymnHa B cetu

.ru/

WuTepuer 6e3
OTpaHUYECHUN

IIpodeccuonanbubie 6a3b1 JAHHBIX
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baza nanHbIX HAydIHOU http://www.elibrary.ru HoctymHo
AJIEKTPOHHOU OMOIMOTEKH
(eLIBRARY.RU)

WebofScienceCoreCollection — http://webofscience.com | doctymHo
MoJIMTeMaTH4ecKas peepaTuBHO-
oubnuorpaduueckas u
HayKOMeTpHU4YeCKas
(bubmmomeTpuyeckas) 6aza JaHHBIX

5. MaTepunajibHO-TeXHUYECKOE o0ecredyeHue TUCUUTIMHbI

MarepuanbHO — TeXHUYECKas 0a3a yHUBEpCUTETa 00ECIIEYMBAET IPOBEICHUE BCEX BHJIOB
3aHATHUH, IPETyCMOTPEHHBIX YUEOHBIM IIJIAHOM, U COOTBETCTBYET JIEHCTBYIOLIMM CaHUTAPHBIM U
IIPOTUBONOXAPHBIM MPAaBUIIaM U HOPMaM.

Kadenpa «Marematuka» He pacrojaraeT COOCTBEHHBIM ayAMTOPHBIM (OHAOM U
UCTIONB3YeT Y4eOHbIe ayAUTOPUH U3 0011ero (OHIa YHUBEPCHUTETA.

[Ipy HeoOXoaMMOCTM A TPOBEIEHUS MHTEPAKTUBHBIX MPAKTUUYECKUX 3aHATUH
HCIIOJIb3YIOTCAKOMIIBIOTEPHBIE KJIACChl YHUBEPCUTETA.

6. MeTOIlI/I‘leCKI/Ie PEKOMEHIAITUNA

6.1. MeToauyeckue peKOMEHIANMH /sl IPeNoIaBaTeJisi 10 OPraHu3alun
00y4eHus1

[Ipexxne Bcero, cieayeT oOpaTUTh BHHMaHUE CTYJEHTOB Ha TO, YTO MPAKTUYECKH BECh
U3y4yaeMblil UMM MaTepHai He TpeOyeT Kakoi-JIn0o crerraabHOH (JI0MOIHUTENbHON) HOATOTOBKU
U BIIOJHE MOXET OBbIThb YCHEUIHO W3Y4YE€H, €CIM CTYAEHThl OyayT IOCellaTh 3aHATus,
CBOEBPEMEHHO BBINOJIHATH JOMAIIHUE 33/1aHUS U TI0JIb30BATHCS (IIPU HEOOXOIMMOCTH) CUCTEMOM
IUTAHOBBIX KOHCYJbTallMii B TEUYEHHME KaKJOro ceMmecTpa. Bomeamme B Kypc MaTeMaTHKH
pa3elbl ABISAIOTCS KJIACCUYECKUMHU, B TO K€ BPEMsI OHM IPAKTHUYECKH OPUEHTHPOBAHBI, TaK KaK
HUMEIOT LIUPOKOE PACIIPOCTPAHEHHE JIJIS PEILIEHUs pa3HOT0 pojia 3a7a4 BHYTPHU cCaMOM MaTeMaTHKU
Y TIPUKJIAJHBIX 3a1a4. FIX 0cBOEHUE OMOXKET CTYACHTAaM JIOTMYECKH BEPHO, apTYMEHTHPOBAHO U
SCHO CTPOUTH YCTHYIO U IUCBMEHHYIO p€Yb, YCIEIIHO NPUMEHSATh HAKOIJIEHHbIE 3HAHUS B
npodecCHOHATBLHOM 1eATENTbHOCTH.

HeoOxomuMo ¢ camoro Hayaia 3aHATUH pPEKOMEHAOBATH CTYJIEHTaM OCHOBHYIO U
JIOTIOTHUTEIIBHYIO JIMTEPATYPY, a B KOHIIE CEMECTPA J1aTh CIMCOK BOIPOCOB I NMOATOTOBKH K
DK3aMEHY.

Ha nepBoM 3aHATHM 110 JUCLHUIUIMHE CIE1yeT 0053aTeIbHO MPOUH(POPMHUPOBAThH
CTYJEHTOB O BHJI€ U (opMe IPOMEKYTOUHOM aTTECTAIIMU 10 TUCIUIUIMHE, CPOKaAX €e
IIPOBEJECHUS, YCIOBUSAX JIOIYCKA K IPOMEKYTOYHON aTTECTAlluH, IPUMEHSAEMBIX BUAAX
MIPOMEKYTOUHOTO KOHTPOJIS.

N3noxxeHne TEOpeTHYeCKOro Marepualia JOJKHO CONPOBOXAATHCA HIUIFOCTPATUBHBIMU
pUMepaMu, TIIATEIbHO OTOOPAHHBIMU MIPENoAaBaTeIeM TaK, YTOObl TEXHUYECKHE TPYIHOCTH U
BBIKJIQJIKM IpU PELICHUM 3aJayd HE OTBJIECKAJIM OT IJIaBHOTO: OCMBICIEHMS HJIEU U CYTH
npuMeHsieMbIX MeTonoB. ClenyeT Bcerja ykasblBaThb NMPUMEphl MPAKTHUECKOTO MPHUMEHEHUs
pPAcCMOTPEHHBIX Ha 3aHATUSAX ypaBHEHUN U opmyi.

[IpakTiueckue 3aHATHUS AOKHBI ObITh OpPraHU30BaHbI MPENOJIaBaTEIeM TaKUM 00pa3oM,
4yTOOBl OCTAaBaJOCh BpeMs Ha TMEPUOJUYECKOE BBHIMOJIHEHHE CTYAEHTaMH HEeOOJbIION
CaMOCTOSITENIbHOM paboThI B ayAUTOPHUH ISl IPOBEPKH YCBOCHUS U3JI0KEHHOTO MaTepHaia.
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[IpenogaBaTens, BeAYIIMI MPAKTUYECKHE 3aHITHUS, JODKEH COTJIACOBBIBATH y4eOHO-
TEMaTUYECKHH TUIaH 3aHATHH C JISKTOPOM, HUCIOJIb30BaTh CAMHYIO CHCTEMY 0003HAYCHHIA.

[IperonaBaTento ciuenyer A0OMBATHCS CHUCTEMAaTHYECKOM HEMpPEpBIBHOW  pabOTHI
CTYJCHTOB B T€UEHUE CEMECTPa, HEOOXOAUMO BBISBIISATH CHIIBHBIX CTY/IEHTOB M MPUBJIEKATh UX K
Hay4YHOI paboTe, K y4acTHIO B pa3HOT0 pojia OJIMMIINAIaX U KOHKypcax.

CTyneHT [OJDKEH OIllyIlaTh 3auHTEPEeCOBAHHOCTh MpEnojaBaTelsi B JIOCTHXKEHUU
KOHEYHOT'O pe3yJIbTara: B MPUOOPETCHUH 00YJaIOIUMUCS TIPOYHBIX 3HAHUN, YMEHHUH U BIaICHUS
HAKOIUICHHOM nH(OopMaluei uid pelieHus 3a1ad B mpodeccuoHanbHOM e TeNbHOCTH.

6.1.1. O6pa3oBaTeibHbIE TEXHOJIOTHHU

B03MOXHO TpoBeiieHUE 3aHSATHIA W aTTECTAllMidi B TUCTAaHIIMOHHOM (opMmare ¢ MPUMEHEHHEM
CUCTeMBbI JUCTaHIHMOHHOrO oO0yueHusi yHuepcuteta (CIHO-LMS) Ha ocHOBe pa3paOOTaHHBIX
kadeapoi «MaremaTrKka» dJIEKTPOHHBIX 00pa3oBaTebHBIX pecypcoB (DOP) (cm. m.4.4).
[Topsimox mpoBeAcHHUs padOT B AUCTAHIMOHHOM (hopMare YCTaHABIWBACTCS OTICIbHBIMU
pacIoOpsHKCHUSIMU  TIPOPEKTOpa MO y4eOHOW padoTe W/WIM LEHTPOM Yy4eOHO-METOTUYECKOM
paboThL.

6.2. Mertoauueckue yKazaHus JAJs 00y4alOMMXCS 10 OCBOEHHUIO
AUCUMIIHHBI

Pa3nes: 31eMeHTHI JIMHEITHON aaredpsbl

Martpuusl u onpeneaurtenu. I[Ipexnae Bcero, CTyIE€HT J0JKEH MOHATh, YTO MaTpULIA —
3T0 Tabauua yucen (mpudeM 3Ta Tabaula MOXKEeT UMETh OJIMHAKOBOE YUCIJIO CTPOK U CTOJIOLOB, a
MOJKET OBbITh U IPSIMOYTOJIBHOM ), @ ONIPEIEIUTENb- 3TO YUCIIO, 3alIUCHIBAEMOE B BUJIE KBaAPAaTHOU
TaOJIUIIBI, TO €CTh ONPEACITUTENHN CYILIECTBYIOT TOIBKO Y KBaJPaTHBIX MaTpPULL.

Craenyer oOpaTuTh 0c000€ BHUIMAHUE HA ONEPAIII0 YMHOKEHUS IIPSIMOYTOJIBHBIX MaTPHUI]
U MOHATh, KAKUM I0JIy4aeTcsl MOPSAJOK MAaTpULbl — pou3BeeHus. OCOOEHHOCTh MaTpPUI] TAKXKe
COCTOUT B TOM, YTO MPOU3BEJEHME MATPHI HE NepecTaHoBouHo, To ecth AB# BA Cnenyer
00s13aTeNIbHO YOAUTHCS B 3TOM, PELIMB COOTBETCTBYIOIINE 3a1a4H.

BaxHbIM sBiIsIeTCs OHATHE 0OpaTHOM MaTpuilbl. Haslo 3HaTh ycioBHE CyLIECTBOBAHUS
0o0paTHOW MaTpULBI U AITOPUTM €€ NocTpoeHus. [locne ee BbIUMCIIEHHs 1esecoo0pasHo JienaTh

MPOBEPKY MPABUIBHOCTH PEIICHUS, BBHIMOIHUB OIMEPAUI0 YMHOKEHUS A'A=E (momkHa
MOJTYYUTHCS SIMHUYHAS MAaTPHUIIA)

[Tpu uzydenuun onpenenuTenei Halo YeTKO YCBOUTh MOHATUS MHUHOPA, alre0pandecKoro
JIOTIONTHCHUSI, 3HATh MHOTOYHCIICHHBIC CBOWCTBAa ompeaenutTens. JlJis OCBOSHUS TEXHUKH
BBIUMCJICHHS OMpeNeuTeNeil 1enecooOpa3Ho, BBIOpPAB MPOU3BOJIBHBIN OMpPENEIUTENh BBIIIE
TPETHETO MOPSIKA, PACKPBITH €T0 PA3TMYHBIMH CIIOCOO0AMU, IIPUMEHSS Pa3JI0KEHUE U TIO CTPOKAM
u 110 ctosbuaM. O6paTuTe BHUMaHue, KaKie CTPOKH (CTONOLBI ) MPEANOYTHTEIbHEE BEIOUpATh AJIs
PACKpBITUSL OTPENETUTENs, 4YTOOBl YMPOCTUTh €ro BbiHcieHne. OcobeHHO >(PPEeKTHBHO
BBIUMCJICHHE OMPEAENUTENS C MOMOIIBI0 3IEMEHTAPHBIX MPEoOPa30BaHMA, MPUBOISIIINX €ro K
TPEYrOJIHHOMY BUJTY.

IIpu wu3ydeHum pemieHUH cucTeM JHHEHHBIX anreOpandeckux ypaBHeHudt (CJIAY)
oOpaTtuTe BHUMaHHE, TPEXKJIC BCETrO, HA MOHITHE PEIICHUS CUCTEMBI H YCIIOBHS CYIISCTBOBAHUS
pelieHui B 3aBUCHMOCTH OT COOTHOIIEHHUS MEXAY PAaHTOM MAaTpHIIbI, paHTOM pacIIUpPEHHOU
MaTpPHIIBI CUCTEMBI W YUCJIOM HEW3BECTHBIX M ypaBHeHHH. OOpaTWTe BHHUMAaHHE HAa YCIOBHS
npuMmeHnenus popmyn Kpamepa u metoma o0patHoil MaTpullbl. BHuMarensHo pa3depute mpuMepsl
peIIeHusT TPOU3BOJBHBIX CHCTEM JIMHEWHBIX alreOpanveckux ypaBHeHHWU wMeTtojgom [aycca
(BBeIeHHE OA3UCHBIX M CBOOOTHBIX TIEPEMEHHBIX ).

Pa3nen: JDieMeHThI BEKTOPHOM aaredpbl
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[Ipyu wm3yueHHMH JaHHOM TeMbl OOpaTUTE BHUMAaHHE Ha JMHEWHbIE Olepaluud Hax
BEKTOPAaMH, Ha IOHATUSA JIMHEMHOW HE3aBUCUMOCTH W JIMHEHHON 3aBUCHMOCTH BEKTOPOB, Ha
dbyHIaMeHTaIbHOE MOHATHE 0a31ca BEKTOPHOTO MMPOCTPAHCTBA (M OPTOHOPMHUPOBAHHOTO Oa3rca),
Ha pa3yio’KeHHE BEKTOpa Mo 0asucy.

3HaTh OIpeseIeHUE, TEOMETPUUECKUE CBOMCTBA CKAJISIPHOIO, BEKTOPHOI'O U CMEIIAHHOTO
MIPOU3BEICHUS BEKTOPOB, (OPMYJIBI JJI UX BHIYMCICHUS B BEKTOPHOW U B KOOPIMHATHOH (hopme.
OO0s3aTenbHO 3HATh U YMEThb IPOBEPATH YCJIOBHSI OPTOrOHAIBHOCTH, KOJUIMHEAPHOCTU U
KOMILJIAHAPHOCTH BEKTOPOB.

Pa3nesi: kOMIJIEKCHBIE YMCJ1a 1 MHOTO4JICHBI

B sTOoM paspmene, mpexnae BCero, Hago MOHATb, YTO KOMIUIEKCHOE YHCJIO SIBUJIOCH
pacuIMpeHreM TOHATHS JEHCTBUTENBHBIX YHCEN, 3HATh ONpeAeNieHHEe M TpU (OPMBI 3alHCH
KOMILJIEKCHOT'O yucna (anredpanvyeckyro, TPUTOHOMETPUYECKYI0O U I0Ka3aTeJIbHYIO),
FEOMETPUUECKYIO0 HHTEPIIPETALIMIO KOMIUIEKCHOTO YKCia U B3aUMHO-OHO3HAUYHOE COOTBETCTBUE
MEXy MHO>KECTBOM KOMIUIEKCHBIX YHCEIl 1 MHOKECTBOM TOYEK KOMIIJIEKCHOM IJIOCKOCTHU. 3HATh
dopmyny Oitnepa. KommekcHble uuclia MOXHO H300paXkaTb € TIOMOIIbIO BEKTOPOB Ha
KOMILUIEKCHOM MIOCKOCTU. [1o3TOMY omepaunuu ClOXEeHUs U BBIUUTAHUS KOMIUIEKCHBIX YHCEN
MOTYT OBITH CBEJICHBI K ONEPALIUsM CI0KEHUS U BBIUUTAHUS COOTBETCTBYIOIINX BEKTOPOB.

Hano 3HaTe W yMmeTh BBINOJHATH ONEpPAallUd YMHOKEHHUS, MICJICHHS, BO3BEACHUS B
MOJIOKHUTEIIPHYIO CTENEHh KOMIUIEKCHBIX YHCEll, 3alCaHHBIX B TPUTOHOMETPHUYECKOH (opme,
M3BJICYCHUS KOPHS N-OM CTENIEHH W3 KOMIUIEKCHOTO YHCIA.

Cnenyer oOpaTUThb BHMMaHHE Ha TO, YTO MHOXXECTBO KOMILIEKCHBIX YHCEN SIBIISETCS
3aMKHYTBIM, TO €CTh JTI00as anredpandeckas onepanus HaJl KOMIJIEKCHBIMU YHCIaMH HE BHIBOJUT
3a Mpeaessl 00JaCTH KOMITJIEKCHBIX YHCET.

Hano 3Hath pa3nuuHble BUIbBI PA3JIOXKEHUS MHOIOUYJIEHA HA MHOXUTENM JJIs CIy4daes,
KOIJla cpeid KOpHEH MHOIOWIEHAa MOTYT OBbITh KPAaTHbIE, KOMIUIEKCHBIE KOPHU. DTH CBEICHUS
OyIyT UCIIONB30BATHCS, HAIIPUMED, B UHTETPATHbHOM MCYUCIICHUH MPU BHIYMCICHUU WHTETPAIOB
OT  JpOOHO-paMOHANBHBIX  (YHKIMA, TPH  PEHIeHHH  JIMHEWHBIX  OJHOPOIHBIX
mubdepeHIMaTbHBIX YPaBHEHHU N-TO MOPSAKA C MOCTOSHHBIMH KO3 hUlineHTamMu.

Pa3pnen: AHaaMTHYECKAs TeOMeTpPUs

[Ipy M3y4yeHUM aHATUTUYECKON I'€OMETpUU CIEAYeT, MPEeXAEe BCEro, MOHITh, YTO €€ 3aJauei
ABIIIETCS U3yUCHHE T€OMETPUUYECKUX OOBEKTOB MPHU MOMOIIM aHATMTHYECKUX METO/I0B alreOpsbl
M MaTeMaTU4YecKOro aHajin3a. B OCHOBE Takoro mojxoja JEKHT METOJ KOOPAHUHAT, BIEpPBbIC
cucTeMaTuyecku npuMeHeHHbI P. Jlekaprom. OCHOBHBIE MOHATUS T€OMETPUH (TOUKA, MpsAMas,
TJIOCKOCTH) SIBTISIFOTCS HEOMPEASISIEMbIMU, U JIJISl UX OMHCAHUS TPUMEHSETCS aKCHOMAaTUYECKUIN
METO/I, TO3BOJISIOUINN YCTAHOBUTh B3aMMHO OJHO3HAYHOE COOTBETCTBUE MEKIY MHOKECTBOM
TOYEK MPSAMONH M MHOXXECTBOM JIEHCTBHUTEIBbHBIX YHCENl M, TAKUM OOpa3oM, BBECTH CHUCTEMY
KOOpJMHAT.

Hano yetko ycBouTh paznuuHbie GOpMBI YpaBHEHHUH MPSMOI U MIOCKOCTH YMETh MEPEXOIUTH OT
o/1HO# QopMmbl K apyroil. CienyeT OCMBICINUTD U YCIEIIHO IPUMEHSATh PEIIEHUs KJIaCCUUECKUX
3a/1a4 aHAIMTHYECKOM F€OMETPUM O B3aMMHOM PACIOJIOKEHUHU MPAMBIX U IMJIOCKOCTEH, YMETh
OTIPEAEIIATh YIIIbl M PACCTOSHUS MEXY Pa3IUYHBIMU F€OMETPUUECKUMH 00bEKTaAMH.

OTMeTHM B 3aKJIIOUEHHUE, YTO YCIEITHOe U3yUeHHe NUCHHUIUINHBI « JInHeltHas anreOpay,
npuoOpeTeHne HeOOXOAMMBIX KOMIIETEHIMH, YMEHUN M HaBBIKOB BJIAJCHHS MAaTeMaTHYECKUM
amnmaparoM TpeOyeT OT CTYJAEHTOB OOJBIION caMOCTOATENbHOM paboTsl. OOpaTuTe BHUMaHHE,
YTO KOJMYECTBO YacOB, OTBOAMMBIX Ha CAMOCTOSITENIbHYIO pabOTy B COOTBETCTBUU C y4EOHBIM
TTAaHOM, OOJIBIIIE YKCIIa YaCOB, OTBOJUMBIX Ha BCE BHJIbI AyJAUTOPHBIX 3aHITHA.

7. ®OH/ OLIEHOYHBIX CPEACTB

®DoH/1 OIICHOYHBIX CPEJICTB TpesacTaBicH B [Ipunoxenun 2 k paboueil mporpaMme U BKIHOYAET
pa3elb:
1. MeToibl KOHTPOJIS ¥ OIICHUBAHUS PE3yIbTATOB O0YUCHUS
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2 llIxana 1 KpUTEPUU OLICHUBAHUS PE3YyIHTATOB OOYUCHUS
3. O1ieHOYHBIE CpENICTBA

3.1. Texymuii KOHTPOJIb

3.2. [IpoMexxyTouHas aTTecTaius
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TemaTu4eckuii IJIaH COIEPKAHUA TUCUUILINHBI «/InHelHas anredpay» M0 HANPABJIEHUIO OATOTOBKHU
19.03.01 «buorexHoJIOorus»

IMpoduin:
«IIpoMbllIeHHAS] OMOTEXHOJIOTUA U OMOUHKEHEPH D)
(0axkanaBp)
®opma 00y4eHUS — OUHAS

I'ox mpuema 2023/2024
H Buabl yueOHoii padoThl,
¢ BKJIIOYAsi CAMOCTOSITEILHYIO Buabl camocTosITeILHOMH PadoThI Dopmbl
a aTTecTa
e paboTy CTY/JIE€HTOB, CTY/JIeHTOB u
Ja

C . U TPYA0EMKOCTh B Yyacax

e

Pa3pgen
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n/n L CP | KC K.II

M J | II/C | JIa6 K.P.| = | PTP | Pedepar | K/p | D | 3
ec C P .
T
p
a

IlepBb1ii cemecTp
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11

Pa3nen 1. Di1ieMeHTHI JIUHEHHOMH
aare0pb1 Martpuliel, 1eiicTBUS HaJl
MaTpHUIlaMHU.

1.2

Omnpenenureny, ux CBOMCTBa u
BbIUKCJICHHE. MaTpuyHas 3auch CUCTEMBbI
JIMHEWHBIX YPABHEHUM.

Boiiaua 3aganmnii PI'P Ne 1 no auHeiiHOM

ajareope.

1.3

OOpatHass MaTpuila W €¢ BBIYHCICHUE.
MarpuuHas 3amuch CHCTEMBI JIMHEHHBIX
yYpaBHEHUH.

14

CucreMbl TUHEHHBIX anreOpanyecKux
ypaBHEHUH, OCHOBHbIC TIOHATUS U
omnpezaeneHus. Pemenue cucreM THHEHHBIX
ypaBHeHui metogoMm Kpamepa, metogom
00paTHON MaTPUIIBI

1.5

Pemenue cucrem JIMHENHBIX ypaBHEHUM
MeroaoM ['aycca. Panr maTpuisl.
Teopema Kponekepa — Kanemnm.

1.6

Meron I'aycca B pOU3BOJIBHBIX CUCTEMAX
JUHENHBIX YpaBHEHUNH. OAHOPOIHBIE
CUCTEMBI JINHEWHBIX YPaBHEHUM.
CamocrosiTeibHas padora Nel B
ayANTOPHH 10 JINHEIHOH anredpe

1.7

Paspnen 2. Bextopsl. JInHelHbIE onepanun
HaJl BEKTOpamu, UX CBoMcTBa. JIuHeiHbIE
KOMOWHAINH BEKTOPOB. JIuneitHo
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HE3aBUCHUMBIE ¥ JHWHEHHO 3aBHUCHUMBIE
CUCTEMBI BEKTOPOB.
Boigaya 3aganmii PI'P Ne2 1o

BEKTOPHOI ajiredpe.

1.8

[Tonstue 6a3uca. KoopauHaTel BekTOpA.
KoiummnaeapHocTh, OPTOTOHAIBHOCTH U
KOMILUIAHAPHOCTh BEKTOPOB.

10

1.9

CkansipHOoe IPOU3BEACHUE BEKTOPOB U €ro
CBOMCTBa. BekTopHOe nmpousBeneHue 1Byx
BEKTOPOB, €I0 CBOMCTBA.

11

1.10

CMemianHOe POU3BENEHUE TPEX BEKTOPOB
U ero cpoiictBa. Brluucnenue obObema
napajuleJenunea. VYcnosue
KOJUIMHEApHOCTH, OPTOrOHAJIbHOCTU U
KOMIUIAHAPHOCTH BEKTOPOB.
OpTtoHOpMUpPOBaHHBIN 0a3uc. Beruucienue
CKaJSIPHOTO, BEKTOPHOTO M CMEIIAHHOIO
MIPOM3BEJCHUN  BEKTOPOB,  3aJlaHHBIX
KOOpAMHAaTaMM B OPTOHOPMHUPOBAHHOM
Oasuce.

CamocrositesibHast paGora Ne 2 B
ayIMTOPHMH 110 BEKTOPHOH ajredpe

12

1.11

JIunelinble npocrpancTBa. PasMepHOCTE U
0a3uc TMHEHHOTro MPOCTPAHCTBA.

Marpuna nepexoga ot 6asuca k 0azucy
npeoOpa3oBaHre KOOPJIWHAT BEKTOpa NP
n3MeHeHnn 0azuca. CoOCTBEHHBIE BEKTOPHI
U COOCTBEHHBbIE 3HAUYEHUS JIMHEHHOIO
oreparopa.

13

1.12

Pazpen 3.KommjiekcHble 4YHCIa H
MHOT0OYJIeHbI MHOXXECTBO KOMILIEKCHBIX

14

16




YHUCCII. CDOpMBI 3alluCU  KOMIIJICKCHBIX
yucen. Omnepanuu HaJl KOMIUIEKCHBIMH
yuciaamu. Pa3nokeHWe MHOTOYICHa Ha
MHOKUTEJIM OCHOBHAsI TEOpEMa ajireOpsl

1.13

Paznen 4. Anaauruyeckasi reoMeTpust
Cucrembl koopAuHAT. Pa3iuuyHble THUIIBI
YpPaBHEHUH IJIOCKOCTH

Boyraua 3agaHuid PI'P_ Ne3 101)
AHAJHUTHYECKOH reoMeTpun

15

1.14

Paznuunbie TUNBl ypaBHEHUH NpAMON Ha
IUIOCKOCTH U B IPOCTPAHCTBE

16

1.15

B3anmHOe pacnonoxkeHue NOpsMbIX Ha
IJIOCKOCTH U B IPOCTPAHCTBE. Bpruncienne
pacCTOSIHUM  MEXIy JBYMSl TOYKAMH,
TOYKOHN u IIPSAMOIA.. B3anmuoe
pacnoioKeHue III0CKOCTe. Brruncienue
pacCTOSIHUN MEXKY TOUKOW U ITIOCKOCTBIO
CamocrosiTesibHass padora Ne 3 B
ayAUTOPUH 1no AHAJTUTHYECKOMI
reoMeTpHuu

17

1.16

KpuBpile  BTOpOro  mopsaka 50,4
F€OMETPUYECKHE CBOMCTBA. Y PaBHEHHUs
ajumnca, runepOonsl, mapabdonsr Oob1iee
ypaBHEHHE KpWUBOH BTOPOTO MOpSAKA.
[IpuBeneHne KpHUBBIX BTOPOTO MOpsAJKa K
KaHOHMUYecKkoMy  Bupay. IloBepxHoctn
BTOPOTO MOpsiiKa

18

®opma aTTecTallMU

19-
21

17




Bcero yacoB mo jucuuMIInHe

16

32

60

PI'P

caM

pao.
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®OHJI OHEHOYHbLIX CPEJICTB
MO JUCUMUILINHE

«/Iuneitnas aaredpa»

Hanpagnenue noarorosku: 19.03.01 «buorexnomorus».
[Tpoduns: «[IpombliieHHass OUOTEXHOJIOTUS U OMOUHIKEHEPUS».
Kadenpa: «Matematuka.

l.MeTO)ILI KOHTPOJISAA U OMCHUBAHUA PE3YJIAbTATOB oﬁyqunﬂ

JIns KOHTPOJISL yCIEBAEMOCTU U KAYECTBA OCBOCHUS TUCLIMIUIMHBI HACTOSALIEN TPOrPaMMOM
MPEAYCMOTPEHBI CIEAYIOUIME BUIbI KOHTPOJISA:
- KOHTPOJIb TEKYIIEH YCIIeBAeMOCTH (TEKYIIUH KOHTPOJIB);
- IPOMEXYTOYHAS aTTecTalus (IK3aMeH).

2.11Ikajia 1 KpUTEPUHN OLCHUBAHUS Pe3yJIbTATOB 00y4YeHHS
®opmMa NPOMEKYTOYHOM aTTECTALMHU: IK3aMEeH

[IpomexxyTounas arrectanusi 00yJaronmxcs B Gopme sK3aMeHa MPOBOAUTCS 10 pe3ysIbTaTaM
BBIMIOJTHEHHSI BCEX BUIOB Y4eOHOIl palOThI, MPEeNyCMOTPEHHBIX Y4YEOHBIM IIJIAHOM IO JaHHOU
JTUCIUIIMHE, TIPU 3TOM YUUTBHIBAIOTCS PE3yJIbTaThl TEKYIIETO KOHTPOJS yCIIEBAEMOCTH B TEUEHHUE
cemectpa. O1eHKa CTeNeH! JOCTHKEHUS 00yJaloIUMUCS TUTAHUPYEMBIX Pe3yJIbTaTOB 00YUESHHUS 110
JTUCIUIUIMHE TIPOBOJAUTCS TpPENojaBareieM, BEIyIIUM 3aHATUS [0 JUCHUIUIMHE METOJO0M
9KcIepTHON oneHKu. [lo uToram mpoMeXyTOYHOM aTTecTalMy MO AUCHUILIUHE BBICTABISETCS
OIICHKA «OTIUYHOY, «XOPOIIIO0», «YAOBIECTBOPUTEIHLHO» UIH «HEYAOBIETBOPUTEIHLHON.

Ixana oueHuBaHUA Onucanue

Brimonnensl Bce  00si3aTesIbHBbIE yYciaoBusgs MNMOATOTOBKH
CTyACHTa K l'[pOMe)KyTO‘lHOﬁ ATTeCTAIMMU,IIPEAYCMOTPEHHEBIC

MpOrpaMMoil  JAMCHMILINHBIL. CTyneHT  JeMOHCTpHUpYET
COOTBETCTBME 3HAHMI, YMEHUN, HABBIKOB TMOKA3aTEIsM,
OtnnuHO MPUBEACHHBIM B TalNMIax, OMNEpUPYeT MNPHOOPETEHHBIMU

3HaHUSMHU, YMEHUSIMH, HaBbIKaMU, IIPUMEHSAET UX B CUTYalHsAX
MOBBIIIEHHON CJ0KHOCTU. [Ipy 3TOM MOTyT OBITH AOMYILEHBI
HE3HAYUTENIbHbIE OIIMOKH, HETOYHOCTH, 3aTPyAHEHUS MpH
IIEPEHOCE 3HAaHUN U YMEHUI Ha HOBbIE, HECTAaHAAPTHBIE 3a1a4H.

BeimonHensl Bce  00s13aTesIbHBIC YCJOBHMSA IOATOTOBKH
CTYAEHTA K NMPOMEKYTOYHOM ATTeCTALMHU,IPETyCMOTPEHHBIE
Xopowo MpOrpaMMON  JTUCLMILUINHBI. CrygeHT  JIE€MOHCTPHUPYET
COOTBETCTBHE 3HAHWM, YMEHUH, HABBIKOB IIOKA3aTENsM,
MPUBEACHHBIM B TaliHIax, OMNEpUpYyeT MPHOOPETEHHBIMU
3HaHUSAMHU, YMEHUsAMH, HaBBIKAMU. B TO ke Bpems IIpu OTBETe
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JIOTTYCKaeT HECYLIECTBEHHbIE MOTPEIIHOCTH, 3a/1a4ll PELIaeT C
HEJ0YeTaMHt, HE BIMSIOIIMMH Ha OOIIHA X0/ peIICHHUS.

Broinonnensl Bce 00s13aTesibHBbIE YCJOBHSA MOATOTOBKH
CTYeHTAa K MPOMEKYTOYHON aTTeCTALMHU,IIPETYCMOTPEHHbBIE
MPOrpaMMoit JUCIIUILIINHEL. Crynent JIEMOHCTPUPYET
COOTBETCTBME 3HAHWI, YMEHUN, HABBIKOB IIOKA3aTEIsIM,
MPUBEACHHBIM B Ta0NWIAX, OMNEPUPYET MPHUOOPETCHHBIMU
3HaHUSMHU, YMEHUSAMH, HaBbIKaMHu. Ho moka3piBaeT HErIyoOoKue

Y 10BIETBOPUTEIILHO
3HaHUs, NPU OTBETE HE JOINycKaeT IpyObIX OIIMOOK WU
IIPOTUBOPEUUHl, OJJHAKO B (POPMYIMPOBAHUU OTBETA OTCYTCTBYET
JOJDKHASL CBSI3b MEXKly aHAJIN30M, apryMEHTaluel U BbIBOJAMY,
B pEIIEHUM 3a/a4 MOTYT COZEp:KaTbCs IpyOble ommoOku. J{ns
[OJyYeHUs IPABWIBHOIO OTBETAa TPEOYIOTCS YTOUHSIOLINE
BOITPOCBI.
He BbmonHeHs! o00si3aTeIbHbIC YCJOBHSA  IMOATOTOBKH
CTY/IeHTA K MPOMEKYTOYHOM aTTeCTalu, IIPELyCMOTPEHHBIE
nporpaMMmoil  aucuuniussl, WMJIM cryneHT nemoHcTpupyer
HEINOJIHOE  COOTBETCTBUE  3HAHMUW,  YMEHUH,  HaBBIKOB
HeynosnersopurensHo
NPUBEJCHHBIM B Ta0iuUax, MJONYCKAIOTCS 3HAYUTENIbHBIE
OLIMOKH, IPOSBIISETCS OTCYTCTBUE 3HAHUM, YMEHU I, HABBIKOB IO
psAlly TOKa3arened, CTYIEHT HCIBITBIBACT 3HAYUTEIbHBIC
3aTpyJHEHUS PU ONIEPUPOBAHUY 3HAHUSAMU U YMEHUSIMU.
3. OueHo4YHBbIE CpeACTBA
HanmenoBanue IIpencrasnenue
Ne KpaTkas xapakTepucTHKa OLIEHOYHOTO
wn OLICHOYHOT'O cpejicTBa OLICHOYHOI'O CpPEeCTBa
CpeacTBa B ®OC
1 KoHnTtponbHas CpenctBo npoBepku ymMeHHM npumeHsaTh | KoHTposibHbIE
(camocTosTeNbHAS | TOJXYYEHHBIC 3HAHUS JUIS PEHICHHUs 33j1a4 | 3a7aHus (IpuMep)
) pabota ONpPENEICHHOT0 THIIA IO TEME WM
(KP) pasneny
2 | PacuerHo- CpencTBo mpoBEpKH YMEHMHM NpUMEHATh | Kommuiekt 3amaHui
rpaduueckas MIOJIy4eHHblE  3HAaHWS 1O  3apaHee | s BBITTOJIHEHUS
pabora ONPENEIEHHON METOAUKE IS PEIICHUS | pacyeTHO-
3aad WIM 3aJaHAd TI0 MOIYJII0 WU | rpaduuecKoil paboTsl
(PTP) JUCLIUIUIMHE B LIEJIOM.
VYcrHbli CpencTBo KOHTPOJISA, OPraHU30BAaHHOE KAK Bormpocs! o
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orpoccobece/IoBaH | crenuanbHas Oecela IMeJaroru4eckoro TeMam/paszenam
ue, paboTHUKa ¢ OOydJaroImUMCs Ha TEMBI, JUCIUTUTUHBI
(YO) CBSI3aHHBIE C U3Y4aeMOU UCUUIUIMHOM, U
paccuMTaHHOE Ha BBIICHEHHE OOBbeMa
3HAHUU oOyuatorerocs 1o
OTIpeIeIECHHOMY pa3zeiy, TeMe, mpodieMe
U T.IL.
Cucrema cTaHIapTU3UPOBAHHBIX 3aaHUH,
Tecr TIO3BOJISIFOIIIAS
4 (T) ABTOMATH3MPOB BapuanT tecta
aTh MPOLEAYPY U3MEPEHHUS YPOBHS 3HAHU I
1 YMEHUHO00Y4YaroImerocs.
5 | Ox3amenanuonusl | CpeacTBO TPOBEPKM 3HAHWMA, YMEHHH, | DK3aMeHAIlMOHHbIE
e OuneTsl HaBBIKOB. MOXKET BKJIIOYATh KOMILJIEKC | OUIIETHI.
B TEOPETUYECKUX BOIIPOCOB, 3ajad,
(9b) MPAKTUYECKHUX 3aJJaHH.

3.1.Tekymnii KOHTPOJIb

OneHouHble cpecTBa TEKYLIETO KOHTPOJIS YCIIEBAEMOCTH BKIKOYAIOT KOHTPOJIBHBIE BOIIPOCHI
U 3aJjaHus B popMe OITaHKOBOTO TECTUPOBAHUS JUIs KOHTPOJISL OCBOCHHUS 00yUarOIIUMUCS Pa3/ieoB
JUCLUIIIUHEL, pueM PI'P.

Conep:xanue pacueTHO-TpaguUYecKoil padboThl.

PacyerHo-rpadpuueckas padora Nel mo 1uHeiHo# anredpe.

Kpatkoe copepxanne pacueTHO-rpaduueckoit padoTh:

Martpuusl u onpeaenuteny. Pemenue cucteM JTHHEHHBIX alreOpandeckux ypaBHEHHM MeToaaMu
["aycca, Kpamepa u oOpaTHON MaTpUIIbL.

PacuerHo-rpajduueckas padora Ne2 no BeKTOpHOi ajreope.

Kpartkoe coneprkanue pacueTHO-Tpaduueckoi paboThI:

BexTopsl, aeiictBust HaJ BekTopaMu. CKalsipHOE, BEKTOPHOE, CMEIIAHHOE MPOU3BEIECHHS BEKTOPOB.
PacuetHo-rpadguyeckas padora Ne3 o aHATUTHYECKOH reoMeTpPHH.

Kpartkoe copeprkanue pacueTHO-Tpaduueckoi paboThI:

Paznuunble BUIBl ypaBHEHUM MNPSAMOW M IUIOCKOCTH. B3auMMHOE pacnoyioKeHUE MNpsSAMBIX Ha
IJIOCKOCTH, IJIOCKOCTEHN B IPOCTPAHCTBE.

KoMmiekT 3amanni

AJIs1 BBINOJIHEHUs pacyeTHO-rpaguyeckux pador (PI'P)
1o qucuuiuivee «JInneitnas aaredpa»

PI'P Nel, yactn 1

-1 1 0 2 0 2
A= 1 3 2 B={0 -3 3
3aganuie Nel. J[aHbl MaTPUIIBI 4 0 -3 u 11 -1

o 2 T
Bemmonuuts neiicreus: A°+8B |
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2 2
3aganue No2. [TpomomxuTh TaHHOE MAaTPUUHOE PABEHCTBO (2A+3B)" -4A"-6AB =...
Y IIPOBEPUTH €ro JJis1 MaTpull A U B U3 nepBoro  3a/iaHusl.

3aganue No3. BEIUMCINTE ONpEaeIUTENb ABYMsI CIIOCOOAMU: Pa3IoKEHUEM T10 TIEPBOM CTPOKE U
pasJIoKEHUEM 110 IEPBOMY CTOJIOLY.

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

3amanue Ne4. JIns qaHHOM MaTpuIlbl HAaWTH oOpaTHYIO MaTpuily. CienaTh IPOBEPKY.

1 0 2
1 10
-12 3)

Baganme Ne5. Pemuts marpuanoe ypasuenne AXB=C (maiitn X). Caenats nposepky.

S P L O |

3aganue No6. HaifTu panr MaTpuisl.

1 -1 2 3
0 5 43

2 3 8 9 15
3 -8 26 20)

PI'P Nel, 3apaHusi IO pEeLICHHMIO CHCTEM JIMHEHHBIX AJIre0pandecKux ypaBHeHHH

3ananue Nel. Pemuth cucremy meronoMm Kpamepa. Chenate IpoBepKy.

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

3ananue Ne2. Pemuth cucremy u3 Nel MeTooM oOpaTHOM MaTpUIbL.

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

3ananue Ne4. Perute HeogHOpOAHYIO cucTeMy meronoM ["aycca. Haiitu ob1ee pemenue u
YaCTHOE PELICHHE.

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

3ananue NoS. Pemuth ogHOpOIHYIO cucteMy metofoM ["aycca. Halitu obmiee pemenue u @CP.
22



2%, +6x, —9%x,-9x, =0
4X, —5%;+ X%, =0

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

PI'P Nel, yactsp 2
Bananue Nel. TTokasars, uto Bextopsr M@ N P o6pasyior Gasuc B npocrpancTse 1 pasnoxuts
BEKTOp & 110 9TOMY 6asucy: m=@1-12),n=(20,3),p=(-2-11),a=(5-413).

. _

3ananue Ne2. Jlanbl BekTopsl M 1 ', BBIACHUTH — KOJUIMHEAPHBI JIM BEKTOPH A H b

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

M| =62, || =2, (.1) =135', &= 6N —m

3aganue Ne3. Haiitu |a , €CId

AABC Haimu £B A(@l;-1;2),B(3;3;2),C(7:;1;2).

3anganue Ne4. Jlan , €CIIN

3aganue NoS. Ilpu kakux x° BeKTOpbl A u b NEepHEHANKYISIPHbI?
a=(x;1;-4),b =(x-3;12; x).

3amanue Ne6. Haiitu miomaas napanienorpaMmma, NOCTPOEHHOTO Ha BEKTopax d U b

a=2m-5mb=m+n,|m|=12|A|=3, (m, ﬁ):%.

3ananue No7. Haiitu romans tpeyroasauka ABC, ecniu A(7; 2; -3), B(6; 5; 1), C(0; -2; -7).

3ananue Ne8. JlaHbl BEKTOpPBI a,b,c . BBIICHUTB — KOMILUTaHApHBI JIX BEKTOPBI. Eciin BEKTOpEI HE
KOMILIaHApHBI, TO HAUTH 00BEM Mapajuiesenumnesa, IOCTPOEHHOTO Ha BEKTOpax a,b,c u
OTIpeNIeNIUTh — KaKylo TPOUKY OHH 00pa3yoT.
a(;-1;5),b(2;4;-2),c(3;0;1)
Ae,, Ag,, Ag,

3amanue Ne9. Jlnsa nuneitHoro oneparopa 4 3amaHbl 00pa3bl 0a3UCHBIX JIEMEHTOB

. 3ammcarpk MaTpuily onepatopa A B 6a3uce €1 €20 €5y naiitu obpa3

sneMmenTta X.
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3amanne Nel(0. Haiitu coOCTBEHHBIC 3HAUEHUS U COOCTBEHHBIE BEKTOPHI JIMHEHHOTO OIepaTopa,

-4 1
a7 1)
3aJJaHHOTO B HEKOTOPOM 0a3rce MaTpuIel

PI'P Ne 1, yacts 3

3ananue Nel. Ilpsamas l IIPOXOJIUT Uepe3 TouKy A mapasnensHo BeKTOpY q. [Ipsamas l,

TIPOXOIHT Uepe3 Touky B mepnenamkynspro Bektopy N . HaifTn TouKy mepecedeHus IpsMbIX 1

YIOJI MEXIY HUMH, ECIIH

I I .
Bamanne Ne2. Jlana npsimast L. [Ipsimast 2 mpoxoaurt uepes Toukun A u B. Haiitu paccrosnue ot

TOYKM IIEPECCUCHUS MIPSIMBIX Il u |2 JI0 IIPSAMOU |3.

|- Xx=-8t—-3
1" ly=3t+4, A(4;0),B(7;3), I,:9x-12y+2=0.

M

3amanne Ne3. Haiitu paccTosiHUE OT TOYKH 0 JI0 MJIOCKOCTH O, MPOXOJAIICH Yepe3 TOUKY A

TnepreHuKyIspHo Bektopy N, ecru M, 0:;1;7), A(@2;-1;4), N(6;22;-3).

3ananue Ne4. Haiitu yrona Mexay MI0CKOCTbIO O U IJIOCKOCThIO B , IPOXOAIIECH Yepe3 TOUKU
AB L C com @:9X+Yy+4z-28=0, A(5;2;5),B(3;7;0),C(-4;-3;-1).
3aganue NoS. 3amucaTh KAaHOHMYECKHE YpaBHEHUS NPSIMOM, 3aJJaHHOM OOIMMHU ypaBHEHUSIMHU.
X+2y-9z-10=0;
{3x+4y+82—24:0.

Baganme Ne6. Haiitn Touky mepecedenus mpsimoit | w mmockoctn & 1 yronm Mexy HEMA.

I:—:X:Z—_l; a:X+2y—-3z-12=0.
4 2

3ananue Ne7. Ilpsamas L npoxoauT uepe3 Touku 4 u B. Ilpsamas l, IIPOXOJAMUT Yepe3 TOUKy M

NEPNEHAUKYIISIPHO IVIOCKOCTH & . HallTw yroa Mexay npsiMbIMU l, u l, U BBISICHUTB — JIEKAT JIU
OHH B OJIHOM IVIOCKOCTH MJIU CKPELIUBAIOTCS.

A(9;-31,B(4,4,-5,M (-L111-11), «a:2x+3y—z-1=0.
(x+3)? +y_2_1

3ananue Ne8. Jlns namHoii kpusoir 49 25  ykazath (POKYCHI, DKCIIEHTPHUCHUTET,
JUPEKTPUCH. TI0CTPOUTH KPUBYIO, M300pa3suTh (POKYCHI, TUPEKTPHCHL.
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2 2
Sasanue Ne9. TTpusect ypashenue kpusoii 9X — 29y —18x+200y —616=0
KaHOHHYIECKOMY BHIY U TIOCTPOUTH KPHUBYIO.

KoHnTpoubHble 3a1aHus (IpUMepbl)

BapwuaHrT.

1. HanTu 3Ha4YeHNA MaTPUYHOrO MHOTOYNEHA F(A)

-1
f(x)=—x3+2x2—x+3,A={ Oj
3 2

-8 2 -6 -3 -13

2. HaliTn paHr maTpuLbl NPUBEAEHNEM K CTYNEHYaTOMYy BUAY 1 3 13 5 17

1 2 1
3 5 3
2 7 -

3. Bblumcanto onpeagenntenb npusegeHNem K CtyneH4aTtomy smay

4. Halitu matpuuy, obpaTHyto AaHHOW (a). PelwunTb maTpuuHoe ypasHeHue (6)

1 2 1
3 5 3 ( 1 _Zjux _[—2 3
(a) 2 17 -1 6)\ 3 4 3 -1

5. PelunTb cuctemy ypaBHeHMit. YKa3aTb obliee n 04HO YacTHoe pelleHue (a).

o O
N——

PewnTb cMcTeMy C NOMOLLbIO 06paTHOM MmaTpuubl 1 No popmynam Kpamepa (6)

4%, +9x, —5%, —8x, =5 X, +2X, + %, =5
3%, +7X, —2X%;, —4x, =4 3%, —5X, +3X; =—7
(a) 2%, +5X, + X, +3%X, =3 (6) 2X, +7X, —X; =13
BapuaHTt
1. Pacnucatb pa3noxkeHune BeKTopa X Mo BEKTOopam 6, a’F
x={5,-12,1} p={1-30} gq={1-11} r={0,-12}

2. KonnuneapHbl v Bektopsl P u 47?2

a={201} b={-231} p-2a+26 q=3a-2b

3. [aHa nMpammnaa c BepPLUMHAMM B TOYKaX AAAA,



A(-248) A(4-12), A(-8.710) A(-34,-2)

HanTtu:

a) yron mexay pebpamu AA, , AA,

6) 06bem nupamuabi
B) A/IMHY BbICOTbI OMNYLLEHHOW Ha rpaHb AAA,
r) HaTU ANUMHY MeaMaHbl, MPOBEAEHHYIO U3 BEPLUUHDI A g pebpy AA

4. BbIYMCAUTb NIOLWAAb NapannenorpaMmma, nocTPOEHHOro Ha Bektopax & u b & —yron mesxay

sekTopamu P un @

T
- — — — — P 1 ] a:—
a=2p+q b=p-3q [p[=2 |a[=2 4
BapuaHTt
1. HaliT1 paccTtoaHme OT TOYKM Mo [0 NIOCKOCTH (M1M2M3):

M, (-9;10;2) M,(0;7;,-4) M,(4;8,-1) M;(-2;13)

X+y+z2-2=0
X—-y-32+6=0

2. BbInucaTb KAHOHWYECKOE YpaBHEHME NPAMOIA: {

Xx-2 y-3 z+1

3. HaltTvi TouKy nepeceyeHna npamoii u naockoctn: 1 1 4 y X+y+2z2-9=0,

x-1 'y z
4. Haiimn Touky P cummerpuunyio Touke P otHocutensho npamoii | : P(O’ _1’3) " 1 -1 1.
5. HanucaTb ypaBHeHMe NIockocTH @ npoxoasiueit yepes Touky Mo u nepnenamkynspHo npsamoii

(MM, ). M;(3:2,0) M, (415) M,(2-L4)

6. HaltTu KocuHyc yrna mexay nnockoctamn %1 pn &
a:3x—y+3=0 a,:x-2y+52-10=0

BapuaHT 3a1aHuil IPOMEKYTOYHOI'0 TECTa

-8 2 6 -3 -13
1 3 13 5 17

1.1. HaiATK paHr MaTpuLbl NpUBELEHMEM K CTYyNeHYaToOMy BUAY



[ 1 —2} (—2 3 5 j
(X =
1.2. PewunTb maTpmyHoe ypaBHeHMe -3 4 3 -1 0

X +2X%, +X; =5
3%, —5X, +3X; =7
2% +7X, — X, =13

1.3. Pewntb cuctemy no dopmynam Kpamepa

n B x={5-121 p={L-30} q={L-11}

2.1. HanucaTb pasnoxeHue sektopa X no BekTopam

r={0,-1,2}

2.2. BbIUMCAUTL NAOWAAbL Napaanenorpamma, NoCTPOEHHOro Ha BekTopax & u b a — Yron Mexay BeKTopamm Py

loN

T
a=2p+q b=p-3q p[=2 |o[=2 —
2.3. [aHa nMpamuaa ¢ BepINHAMM B TOYKaX A1A2A3A4 A&(61l'3), A2(61_2’_3), %(2’2’0), A4(—5,1, 0)

Haiit g iMHY MeanaHbl, NPOBEAEHHYIO U3 BEPLLMHBI Al K pebpy AZA-"

X-2 y-3 z+1

3.1. HaliTv TouKy nepeceyeHns Npamoit u naockoctn: 1 1 —4 y X+y+22-9=0
x-1 vy z
P(0;-1;3 =, =7
3.2. HaiiTn Touky R cUMMeTpUUHYI0 Touke P oTHOCUTENbHO NpAMOT I ( T ) " 1 -1 1.

(MM,),

3.3. Hanucatb ypaBHeHue nnockoctn & npoxoasiueit yepes TouKy MO 1 nepneHanKyaapHO npamomn

Mo (312:0) M, (415) M,(2-34)
4.1. laHa KpuBan BTOPOro nopaaka X" +4y* ~12x+16y +16 =0 . MonyunTb KaHOHWMYECKOE ypaBHEHUE KPUBOI 1 NOCTPOUTL .ee

’ ’ ’
4.2, CoctaBUTb MaTpuLy nepexoaa ot 6asuca €,€,,6 6asucy € .6 .86 , ecnu

€ =26 +6,+86,; 8 =6 —&,+6,; 6, =6 +26, +6,

Kpurepun onenkn:

- OLIEHKA «3a4TEHO» BBICTABIISAETCA CTYACHTY, €CIIM OH PEryJIIPHO B TEUEHUE CEMECTPA MPEACTaBIISLI
pelleHusl 3a1ad, BBIIOJIHWUI IOJHOCTBIO BCE 3aJaHMsl M MX 3allUTWI, OTBETHUB Ha BOIPOCHI
IpEenoiaBaTels;

- OLICHKA «HE 3aYTEHO» BBICTABJISETCS CTYIEHTY, €CIIM OH HEPETYJSPHO B TEYEHHE CEMECTpa
NPEJCTaBIsUl PELICHUs 3a]ad, BBITOJHWI 33JaHHs HE MOJHOCTBIO WM BOOOIIE HE MPEeACTaBIIsLI
paboThl Ha TMpPOBEPKY, JOMYCKAET CYLIECTBEHHbIE HETOYHOCTH B OTBETaXx Ha BOIPOCHI
IpenoaBarers.

Jlnst mpoBeIeHUs] TEKYLIero KOHTPOJIS 3HAaHWN CTYJACHTOB B JMCTAaHIIMOHHOM (opmaTe B
pa3paboTaHHbIX Kadenpoil «MaTemMaTuka» OHJIaWH-Kypcax UMEIOTCS MPOMEXYTOUYHbIE (MIPOOHBIE)
TECTHI.

3.2. IIpome:xyTOYHAAA aTTECTALMS
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[TpomexxyTouHast aTTecTanus - (9K3aMeH) MPOBOUTCS 110 OUIIETaM B YCTHOU (hopMme.
BpewMs 17151 moArOTOBKM OTBETA HA BOIPOCHI HE Oosiee 45 MUH.

buer BkiItOYaeT TEOPETUUECKUIA BOIIPOC U 3a/1a4H.

KoMruiekTsl sK3aMeHaIMOHHBIX OMJIETOB XpaHATCS Ha Kadenpe «MareMaThkay.
Tunosbie BApUAHTHI OWJIETOB MPUJIATAIOTCS.

CoNoA~AWNE

N Y ol o
~AWNEO

15.
16.
17.

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

Noakown

8.
9.
10.

KommuiekT Bonpocos
o JucuuIminHe«JIuHeitHas aareopay»

Martpuiisl, TUIIBI MaTPHUII.

Omneparuu ¢ MaTpuilaMH, X CBOMCTBA.

YMHOXEHUE TPSIMOYTOJIbHBIX MATPUII.

MatpuuHas ¢popma 3alIUCH CHCTEMbI TUHEHHBIX alTeOpandecKux ypaBHEHHH.
Onpenenurenu U UX CBOKCTBA.

[Tonsitue onpenenuresns. MUHOPHI U anredpanyeckue T0NOJTHEHUS.

CucreMbl TUHEHHBIX anTreOpanyecKuX YpaBHEHH, OCHOBHBIE MOHATHS U OMPE/CIICHUS.
[TpaBuno Kpamepa pemieHust cucteM JIMHENHBIX YPAaBHEHUN.

OOpatHas Matpula U €€ BbIUMCICHHE. Y CIIOBUE CYIIECTBOBAHUS 0OpATHOM MaTPHUIIBL.

. Pemienue cucreM NTMHEMHBIX adredpanyecKux ypaBHEHUNH METOJIOM 0OpaTHOM MaTpHIIbI.

. Meron 'aycca pelieHus cucTem JIMHENHBIX YPaBHEHUM.

. Pelienrie mpon3BOJIBHBIX CUCTEM JIMHENHBIX YpPaBHEHH MeToA0M ['aycca.

. Panr matpunsl. Teopema Kponekepa — Kanemu.

. OnHOpoOAHbIE CUCTEMBl JMHEMHBIX ypaBHeHMH. Kpurepuil cyliecTBoBaHUS HETPUBHAJIBHBIX

pelICHHUIA.

[TonsiTHE BEKTOpA M JIMHEMHBIE ONIEpalluy HaJl BEKTOPAMM, CBOMCTBA OIlEpaLUi.

Jlunelinass KOMOWHAIIMSI BEKTOPOB.

JInneliHas HE3aBUCHUMOCTb M JIMHEWHAsI 3aBUCUMOCTbh I'€OMETPUYECKUX BEKTOpPOB. Kpurepuit
JIMHEHNHON 3aBUCUMOCTH.

[Tonstue 6a3zuca. KoopauHats! BekTopa.

OproHopMupoBaHHbIi 0a3uc. PasnoxkeHne BekTopa 1o BeKTopaM 6asuca.

YnopsaoueHHas TpoiKa BEKTOPOB.

CkansipHoe, BEKTOPHOE M CMEIIaHHOE MPOU3BeIeHNE BEKTOPOB B OPTOHOPMUPOBAHHOM 0Oasuce.
VY ¢n0Bus OpTOrOHAIBHOCTH, KOJJIMHEAPHOCTH ¥ KOMIUIAHAPHOCTHU BEKTOPOB.

JInnelnHbIe IPOCTPAHCTBA.

Martpuua nepexosa ot 6a3uca k 6a3ucy.

CoOcTBeHHBIE BEKTOPBI U COOCTBEHHBIE 3HAUEHUSI MATPHIIBI.

AHauTH4YecKasi reomMeTpus

CucreMbl KkoopauHAT. JlekapTOBbl NPSIMOYTOJIbHbIE KOOPAMHATHI HA IUIOCKOCTH U B
IIPOCTPAHCTBE.

[TonsipHas cucremMa KOOpIUHAT.

Pa3nuyHble TUITBI ypaBHEHUM IUIOCKOCTH U IIPSMOU.

Beruncnenne paccTossHUNA MEXy IBYMs TOUKaMHU, TOYKOM M NMPSAMOMN, TOUKOW U IFIOCKOCTBIO.
Brluncnenue paccTossHUS MEXKIY CKPEIMBAIOIIUMHUCS IPSIMBIMH.

Beruncienye yriioB Mex1y 1ByMsl IPSMBIMH, ITPSIMOM M TUIOCKOCTBIO, IBYMSI IIJIOCKOCTSIMU.
KpuBble BTOporo nopsiika MX reoMeTpUYECKHe CBOWCTBA M ypaBHeHHUsd. [IpuBeneHue kpuBoi
BTOPOTO MOPAJAKA K KAHOHUYECKOMY BH]TY.

KanoHnveckue ypaBHEHHUs 3JUIMIICA, THIIEPOOIIBI, TapaboIIbl.

YpaBHEHHE MOBEPXHOCTH BTOPOTO MOPsIIKA.

Kanonnveckue ypaBHEeHUs Cepsl, SJUIUIICOUA, KOHYCOB, THIIEpPOOIOU 0B, TapaboIouI0B.
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TunoBbie BApUAHTHI OUJIETOB
1o JucuuiuivHe «JInHeitnas aaredpa»

MHHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA30OBAHU S POCCUNCKON ®EJIEPAIIN
OEJEPAJIBHOE 'OCYAAPCTBEHHOE ABTOHOMHOEOBPA3OBATEJIBHOE
YYPEX/IEHME BBICIHIEI'O OBPA3OBAHIA
«MOCKOBCKHUM MMOJUTEXHUYECKA YHUBEPCUTET»
(MOCKOBCKHM ITOJHUTEX)

@akynbTeT 0a30BBIX KOMIIETCHIINH, Kadenpa «MaremaTrka»
Huctunmuaa  «JIuHeiHas anreopay
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBIA BUWIET
1. Omnpenenureny u X CBOMCTBA.

_(1 2} B_(—l 2)
2. Pemmrts matpuunoe ypaBHenue XB=A ecim 2 1 o1,

3. Pemmth cucremy MeTo10M 0OpaTHON MATPHIIBI {2)(1 —3xp =12

4.  JlaHBI BEKTOPBI a=(-598), b=(-31-2), ¢=(-810-10) . IIpoBepuTh — KOMILIAaHAPHBI JIK OHMU.

o

Ecnu Her, HaliTH 00bEM TTapasuieNenue/a, OCTPOCHHOTo Ha BeKTopax a,0,C.

5. Haiitu yron Mexay Bektopamu a=(1-2-2) y b=(201),

YTBepxkaeHo Ha 3aceqanuu Kadeapsl MatemMaTuku « 03» 052023 r., mpotokon Ne 10

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

MHWHHCTEPCTBO HAVKH U BBICILLIET'O OBPA3OBAHIS POCCUMCKON OEJIEPALINN
®EJIEPAJIBHOE 'OCYJIAPCTBEHHOE ABTOHOMHOEOBPA3OBATEJIBHOE
YUYPEXJIEHME BBICIIIETO OFPA3OBAHUS
«MOCKOBCKHWH NOJUTEXHUYECKU YHUBEPCUTET»
(MOCKOBCKHWH MOJINTEX)
dakynbTeT 0a30BBIX KOMIETEHIUH, Kadenpa «MaremaTrka»

Hucuunnuna «JIuneitHas anre6pay
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBIN BUWIET

1. Jluneiinas komOuHaius BeKTopoB. baszuc. KoopaumHate! BekTopa.
0

12 -1
A=[3 1
2. Borumcnuth onpenenutens Matpuisl C=A" | ecnn 01 1),

29



3. Pewmte cucremy ypasHenuii merogom [aycca (2% +3% —2% =3.

4. Tokasatb, uto Bexropsr M=@-12) N=(203) P=(-2-11) ogpasyior 6asuc B IPOCTPAHCTEE.

5. Jlano obee ypasHenue npsamoit  —2X+3Y~5=0. Hamcars: ypaBHenne npamoii ¢ yrioBbiM
KO3 PUIIHEHTOM; YpaBHEHHE MPSIMON B OTPE3KaxX; HOPMAIbHOEC YPAaBHCHUE MPSMOIL.

YTBepxkaeHo Ha 3aceqannu kKageapsl MatemMaTuku « 03» 052023 r., mpotokon Ne 10

N.o. 3aB. xadenpoit H.B. BacuibeBa / /

J1y1g mpoBeieHrs MPOMEKYTOYHOT'O KOHTPOJIS 3HAHUH CTYIEHTOB B AUCTAaHIIMOHHOM popmare
B pa3paboTaHHbIX Kadenpon «MareMaTHKa» OHJIAMH-Kypcax UMEIOTCSI UTOTOBBIE TECTHI.
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