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1.  Hexau, 3aga4uu ¥ IJIaHUPYeMble Pe3yJbTaThl 00y4eHUs 10
AUCIHUIIHE

K oCHOBHBIM I1e7IIM OCBOCHUS JUCIHUILTUHBI «JIuHEiHas anreOpay» clieyeT OTHEeCTH:

- BOCIIUTaHHE y CTYACHTOB OOIIei MaTeMaTH4eCKON KyJIbTYpBhI;

- mpuoOpeTeHue CTYACHTaMH LIMPOKOrO Kpyra MaTeMaTHYECKUX 3HAHUN, YMEHUU U
HAaBBIKOB;

- pa3BHUTHE CIOCOOHOCTH CTYACHTOB K WHAYKTHBHOMY H JEAYKTHUBHOMY MBIIIJICHUIO
Hapsay ¢ pa3BUTHEM MaTEMaTUYECKON MHTYUIINH;

- YMEHHE CTyJCHTaMH pa3BUBATh HABBIKM CAMOCTOSTEIBLHOTO HM3Y4YEHHUS Y4eOHOU U
Hay4HOU JIMTEPATYPbI, COAECPAKAIIECH MaTeMaTUUECKUE CBEICHUS U PE3YJIbTAThI;

- MOATOTOBKY CTYJICHTOB K JESATCIBHOCTH B COOTBETCTBUU C KBaIH(PUKAITMOHHON
XapaKTepUCTHKON OakalaBpa MO HampaBlIeHUIO, B TOM 4Hcle (opMupoBaHHE YMEHUU
UCIIOJIb30BaTh OCBOCHHBIC MATEMATHYECKHE METO/IBI B MPOPECCHOHAIBHOM JIeATeIHHOCTH.

- TIOATOTOBKY BBICOKOKBANU(UIIMPOBAHHBIX KaJpOB, BOCTPEOOBAHHBIX B YCIOBHSX
U(ppoBOH TYpOYJICHTHOCTH M BBICOKHX TEXHOJIOTHYECKHUX PHUCKOB COBPEMEHHOH ITM(PPOBOK
SKOHOMUKH.

K ocHOBHBIM 33a/1a4aM OCBOCHMS TUCHMILIUHBL «JIuHelHas anreOpay cieayeT OTHECTH:

- OCBOGHHE CTYJEHTaMH OCHOBHBIX MOHSTHH, METOAOB, (DOPMHUPYIOMIMX OOIIyIO
MaTEeMaTUYECKYIO MOJrOTOBKY, HEOOXOAUMYIO JJI YCIEITHOTO PeIIeHUs MPUKIIAIHBIX 3a/1a4;

- (hopmupoBaHue y cTyeHTa TpeOyemMoro Habopa KOMIETEHIIN, COOTBETCTBYIOIUX €0
HaIPaBJICHUIO MOATOTOBKHA U 00ECIICUMBAIOIINX €T0 KOHKYPEHTOCTIOCOOHOCTh Ha PHIHKE TPY/a.

OOyuenune 1o gucuuiuinHe «JIuHeiiHas anreOpa» HampaBieHO Ha (OpMHUpPOBaHUE
y oOy4Jarommxcs ciaeayommux kommnereHuuid B coorserctBun ¢ ®I'OC 27.03.04 «YnpaBneHue B
TEXHUUYECKHUX CHCTEMax», YTBEPKIEHHBIM INpukazoM MunoOpHayku Poccun ot 31.07.2020 N
871:

Kon u HanmmeHnoBaHue NHaukaTopsl 10CTHKEHHSA
KOMIIeTEeHIU KOMIIETeHIIUH
OIIK-1. CnocoGeH aHaIM3UpOBATh 3a/1a4H NOIIK -1.4. 3naeT npuHIMNMAIbHbIE
Ipo(eCCUOHATILHOM EATEIbHOCTU Ha OCHOBE | OCOOCHHOCTH MOJIEJINPOBAHUS
MOJIOKEHUH, 3aKOHOB 1 METOZIOB B 00JIaCTH MaTeMaTHYeCKuX, (PU3NYECKUX U
€CTECTBEHHBIX HayK U MaTeMaTUKH XUMHUYECKHUX MPOLECCOB, MTPeIHa3HAYECHHbIE

JUISI KOHKPETHBIX TEXHOJIOTHYECKUX
nporueccon; @opMmynupoBaHue 3a1a4
YIpaBJIECHUS

NOIIK-1.1. Vcrions3yeT OCHOBHBIE 3aKOHBI
JUCLUIUIMH NH)XEHEPHO-MEXaHUUECKOT O
MOJTYJISI;

NOIIK -1.2. Mcnionb3yeT OCHOBHBIE 3aKOHBI
€CTECTBEHHOHAYYHBIX JUCLUUIUINH, TpaBUIIa
IIOCTPOEHHUSI TEXHUUECKHUX CXEM U UEPTEKEN;
HMOIIK -1.3. Bnageer 0CHOBHBIMH METOIaMH
TEXHUKO-3KOHOMHMUYECKOTO aHAIN3a,
HaBbIKaMU COCTaBJIEHMS pabOYMX MIPOEKTOB B
COCTaBE TBOPUYECKON KOMAaH/IbI;




OIIK-2. CriocobeH ¢hopMyIMpoBaTh 3a1a4u NOIIK -2.2. YMeeT OpueHTUpPOBAThCS B
poheCCHOHATILHOM JISATEILHOCTH Ha OCHOBE | OCHOBHBIX 3a/1a4aX aBTOMATH3AallNY;

3HaHUH, TPOPMIBEHBIX Pa3aeoB BBIOMPATH MPOTrPaMMHOE 0OECTICYCHUE JITIst
MaTeMaTU4YeCKUX M eCTeCTBEHHOHAYYHBIX pelIeHUs] KOHKPETHBIX 3a/1a4 aBTOMATH3aIINY;
JTUCUUIUIAH (MOJTyJIeil) IPUMEHSTh OCHOBHBIE 3aKOHBI

€CTECTBEHHOHAYYHBIX TUCIUIUIMH U METOJIbI
MaTeMaTH4deckoro 15 anammsa s
TEOPETHYECKOTO MOJICTUPOBAHMS
TEXHUYECKUX CUCTEM U 00pabOoTKU
PE3yIBTATOB DKCIIEPUMEHTATBHBIX
HCCIICIOBAHUI;

HOIIK -2.3. Baageet HaBBIKaMU
MCIOJIb30BaHUSI KOMITBIOTEPOB KaK
9JIEMEHTOB CUCTEMBI AaBTOMATH3alIHH,
COBPEMEHHBIMH METOJIaMHA MAaTEMATHIECKOTO
aHaIM3a U MOJICIIMPOBAHUS, YTOOBI

3¢ (HEeKTHBHO pemaTh CI0KHBIC HAYYHBIC H
TEXHUYECKHE MPOOJIEMBI YIIPaBICHUS

2. MecTO TUCHUIUINHBI B CTPYKTYpPe 00pa30BaTeIbHOM MPOrpaMMbl

JucuumnimHa OTHOCHTCS K o0si3aTenbHOM vactu Onoka bl: Monyne «MartemaTnueckue u
€CTECTBEHHO-HAYYHbIE JUCLHHUILUIMHBD.
Juctunnuna «JluHeinas anre6pa» JIOTMYECKU CBSA3aHA C TOCTIEAYIOUUMH TUCIUTUIMHAMU:

- MaTeMaTHUYECKNI aHaIn3;

- husuka;

- CIEUUAJIbHBIEC pa3eiibl MATEMATHUKY;

- OCHOBBI 9KOHOMMKU;

- IPOrpaMMHPOBAHUE U OCHOBBI aJITOPUTMHU3ALNY;

- TEOpHUSl aBTOMATUYECKOT'O YIIPABJICHHUS;

- CUCTE€MBI aBTOMATU3UPOBAHHOTO YIIPABICHUSA.

3. CTpykrypa u coJepkaHue JUCHHUILINHBI

OO61mas TpyA0eMKOCTh AUCHUTIIMHBI COCTABISET 3 3a4eTHbIE eNuHUIIBI -108 yacos.

6.2. 3.1. Buabl yueOHOi1 padoThl M TPYI0E€MKOCTD
. KoumnuectBo
n/n Buj yueOHoit padoThl qaCOB Cemectp 1
AyaAuTOpPHBIE 3aHATHH 48 48

B ToM umncie:

Jlekun 16 16




CemuHapcKue/MpakTHIECKUE 3aHATHS 32 32

JlaboparopHble 3aHATHS - -

CamocrosiTeibHast padoTa 60 60

HpOMe)KyTO'lHaﬂ aTrrecranusa

3K3aMEH D C)

HToro 108 108

3.2. Temaruveckuid MJIaH U3yYeHHS] AUCHUNIUHbBI

Pasmemnién B mpunoxenuu 1 k pabodeit mporpaMmme.

3.3. Conepxkanue pa3ie0B M CHUIITHHBI

BBeaenue

Hpe,[[MeT, 3aJlaud U COACPKAHUEC NUCHUIIIINHDI. OCHOBHBIE 3TaIbI Pa3BUTHA AUCHUILIIMHBI.
CprKTypa Kypca, €ro MECTO U pOJIb B ITIOATOTOBKE 6aKanaBpa, CBAA3b C APYI'UMU JUCHUIIIIMHAMUA.

Pa3nes 1. DiieMeHTBI JTMHEHHOI ajaredpbl

Tema 1. MaTpuusbl U onpeaeTuTeN .

[Tonstue matpunpl. Buapl matpu. JlefictBus Hag MaTpuiiamu. Oniepaniny Hajl MaTpUIIaMHU
M HX CBOINCTBA. Onpenenureny, WX CBOWCTBA M BbIYMCICHHS. [loHATHS MHUHOpa U
anredpanvecKkoro JOMONMHEeHUs. Pa3noxkeHne onpeaenuTeNs Mo IeMEeHTaM CTPOKHU HIIK CTOJIONA.
Brruucnenue onpeaenuteneil pa3auyHoOro nopsaka.

OOpaTHas MaTpulla ¥ aJrOpPUTM €€ BBIUKCICHHS. OJEMEHTapHble NpeoOpa3zoBaHUs
matpull. [IpuBeneHre MaTpulbl K JUAroHAIBHOMY WJIM TpalelueBUIHOMY BuAy. MatpuuHas
(dbopMa 3arucu CUCTEMbI JIMHEHHBIX alreOpandyeckux ypaBHeHui. PaHr maTpusl.

Tema 2. Pemienue cucrem JIMHEHHBIX ajired0paniecKux ypaBHeHUI.

CucreMbl IMHENHBIX alredpandeckux ypaBHEHHM, OCHOBHbIE MOHATHS. Pemienne cucrtem
JUHEHHBIX ypaBHeHUN MeTonoMm Kpamepa, wmetogom oOpaTtHOil MaTpuibl, MeTogoM [aycca.
Teopema Kponekepa — Kanemnu. PemeHne npou3BOJIBHBIX CUCTEM  JIMHEWHBIX ypaBHEHUH
MeronoM [l'aycca. Pemenue OZHOPOAHBIX CHCTEM JIMHEHHBIX ypaBHeHMH. Kpurepuit
CYILLIECTBOBaHUS HETPUBUAIBHBIX PEIICHUH.

Pa3nes 2. DiieMeHTBI BeKTOPHOI ajredpbl

Tema 1. JIuneiiHble omepanuu HaJl BEKTOpaMH, WX CBoWcTBa. JInHeiiHble KOMOMHAINH
BEKTOpPOB. JIMHENHas 3aBUCUMOCTb U HE3aBUCUMOCTb BEKTOpPOB. ba3uc CUCTEMBI BEKTOPOB.
EnuHCTBEHHOCTD pa3nokeHHs BeKTopa 1o 6azucy. OpToHOpMUPOBAaHHBIH Oa3uc.

Tema 2. CxalsipHO€, BEKTOPHOE ¥ CMENIAHHOE MPOU3BEICHUS BEKTOPOB, UX CBOMCTBA. Y CIOBUSA
OPTOTOHAJIBHOCTH, KOJJIMHEAPHOCTH, KOMILIAHAPHOCTH BEKTOPOB. BBIYMCIIEHHME CKaJISPHOTO,
BEKTOPHOTO W CMENIAaHHOTO TPOU3BEACHUI BEKTOPOB, 3aJaHHBIX KOOpJAMHATAaMU B
OPTOHOPMHPOBAaHHOM Oa3zuce.



Tema 3. Jluneiinple mpoctpancTBa. [loHATHE 06a3mca MPOCTPAHCTBA TEOMETPUUYECKHUX
BekTOpoB. [IpeobpazoBanne MaTpHIlbl JIMHEHHOTO ONepaTopa MpH mnepexoe ot 6asuca K 0asucy.
CoOcTBeHHBIE 3HAUCHHSI U COOCTBEHHBIE BEKTOPHI MATPHULIBL.

Pasznen 3. KoMmmiiekcHbI€ YHCJIa H MHOTOYJIEHbI

[Tonstue komIuieKcHOro uucia. Dopmbl 3amUCH  KOMIUIEKCHBIX uyucen. [leficTBus Haj
KOMIUIEKCHBIMH 4yKciamMu. @opmyna Myaspa. M3BieueHne KOpHs n-oi MOJ0KUTEILHON CTETICHU
U3 KOMIUIEKCHOTO uncia. Pa3noxkenrne MHOrouwieHa Ha MHOXKUTe M. OCHOBHas TeopeMa anreOphl.

Paznen 4. AHaMTHYECKAS TeOMETPUSA

CucreMsl KoopAMHAT. JlekapTOBbI IPSIMOYTOJIbHBIE KOOPAUHATHI HA TNIOCKOCTH U B IIPOCTPAHCTBE.
[TonsipHas cucrema KOOpAMHAT.

Tema 1. IIpsiMble U IUIOCKOCTH

PaznuuHble TUIIBI ypaBHEHUH IIJIOCKOCTU U YPAaBHEHUH NPSIMOH (HA MJIOCKOCTH U B IPOCTPAHCTBE).
Brruucnenue paccTossHUN MEXKy IBYMsI TOYKAMH, TOYKOM U MPSAMON, TOYKOU U ITIOCKOCTBIO.
Brruncnenue pacCTOsSHUSA MEXy CKPELMBAIOIUMUCS IPSIMbBIMU.

Brruucnenue yrioB Mexay AByMs IPSIMBIMU, IIPSMOM U IJIOCKOCTBIO, ABYMsI INIOCKOCTSIMH.
Tema 2. KpuBble 1 NOBEPXHOCTH BTOPOI0 MOPSIAKA

KpuBble BTOpOro mopsiaka, MX reoMeTpU4ecKue CBOWCTBA U ypaBHeHus:A. lIpuBenenue xpuBon
BTOPOTO MOPAJAKA K KAHOHUYECKOMY BUJLY.

VYpaBHEHHE MOBEPXHOCTH BTOpOro mnopsjaka. KaHoHuueckue ypaBHEHUs cGepbl, 3JUIUICOUAA,
KOHYca, rurepoosionaa, napadboaonaia.

3.4. TemaTuka NPAKTHYECKUX 3aHATHH MO JUcHUIINHE «/InHeliHas aaredpay»

Ne 3ansTus Tema 3aHsATHS

| Paznes 1. DiieMeHTBI JIMHeHHOI aaredpbl. MaTpuliibl, 1eHCTBUS
HaJ MaTpUILIAMH.
OHpCI[eJ'H/ITCJ'H/I, MX CBOMCTBA M BBIYHCIICHHUE. ManI/I‘-IHafl 3aI1ucCh

2 CUCTEMBI JINHEWHBIX YPaBHCHUM.

3 OOparHasi MaTpUIla U €€ BHIYMCIICHHE.
CucTembl TUHEHHBIX anredpanvyeckux ypaBHEHHH, OCHOBHbIE

4 MIOHATUS U ONpeeIeHUs. PenieHue cCucTem JINHEWHBIX YPaBHEHHN
metonoM Kpamepa, meTo1oM 00paTHOM MaTpUILbI

5 Pemenne cucreM TMHENHBIX ypaBHEHUN MeTonoM ['aycca. Panr
matpuubl. Teopema Kponekepa — Kanemu.

6 Meron I'aycca B pOU3BOJIBHBIX CUCTEMAX JTUHEHHBIX YPABHEHUN.

OaHOpOIHBIE CUCTEMBI JIMHEWHBIX YPaBHEHUH.

Pasnen 2. DuieMeHTBI BeKTOPHOM aJjre0pbl. Bekrtopsl.
JIvuHeitHble omepanuy HaJ BEKTOpaMH, UX CBOWMCTBA. JIMHEHHOE
7 IIPOCTPAHCTBO TI€OMETPUYECKUX BEKTOpOB. IloHsATHME JIMHEWHON
KOMOMHAIlUM BEKTOpOB. JIMHEHHO He3aBUCHMbIE U JIMHEHHO
3aBUCUMBIE CUCTEMBI BEKTOPOB.

[TonsiTue ©Oa3uca MpPOCTpaHCTBA TE€OMETPUUYECKUX BEKTOPOB.

3 Koopaunarst BEKTOpa. OpTOHOPMUPOBAHHBIN Oaswuc.
KonnuaeapHocTh,  OpPTOTOHAIBHOCTH M KOMIUIAHAPHOCTH
BEKTOPOB.
CkaliipHOE TIPOM3BEJEHUE BEKTOPOB M €r0 CBOMCTBA. Y CIIOBHE
9 OPTOTOHAIILHOCTH BEKTOPOB. BekTopHOe mNpou3BeAEHUE ABYX

BEKTOPOB, €r0 CBOMCTBA. Y CJIOBHE KOJUIMHEAPHOCTH BEKTOPOB




CMeliaHHOE NPOU3BENEHUE TPEX BEKTOPOB M €ro CBOMCTBA.
Beruuciienne ob6bema mapajuienenunesa U nupamMuisl. Y cIOBHE
10 KOMIUIAHAPHOCTH  BEKTOPOB. Beluucnenue  CKaispHOro,
BEKTOPHOI'O M CMELIAHHOTO IPOU3BEACHUN BEKTOPOB, 3aJJaHHBIX
KOOpJAMHATaMU B OPTOHOPMHUPOBAHHOM Oa3muce.

Jlunelinbie mpocTpaHcTBa. Pa3smepHOocTh W 0a3uc JMHEHHOTO
IIPOCTPAHCTBA.

Marpunia nepexoma or Oasuca k 0Oasucy. I[IpeoOpasoBanue
KOOpJIMHAT BEKTOpa TMpu U3MeHeHWuu Oasuca. JluHelHbIe
orepaTopsl, ACUCTBUS ¢ TMHEHHBIMU orneparopamu. CoOCTBEHHbIE
BEKTOPHI M COOCTBCHHBIC 3HAUCHHSI MATPHIIHI

11

Pa3zpgen 3. KommiekcHbIe 4HucIa H MHOTO4YJIeHbI MHOXXECTBO
KOMIIJICKCHBIX YHCECII. q)OpMBI 3aIllUCHU KOMIIJICKCHBIX YHCCII.
JeticTBus HaJ KOMIUIEKCHBIMH 4YHCIaMH. Pa3iiokeHue
MHOTO4YJIEHa Ha MHOYKUTEJIN, OCHOBHAS T€OpeMa aJireopbl

12

Paznen 4. AHaanTHYeCKAS TeOMETPUSA
Cuctembl KoopauHaT. Pa3januHbie TUTIBI YPAaBHEHUM IJIOCKOCTH

13

14 Pasnuynble TUOBl ypaBHEHHH NpSIMONH Ha IJIOCKOCTH U B
IIPOCTPAHCTBE

15 B3anmHoe pacnosiokeHMe TOpSMBIX HA IJIOCKOCTU M B
MPOCTPAHCTBE. BhIUKCIIEHNE PACCTOSHUI MEXKYy IBYMSI TOUKAMHU,
TOYKOW U OpsIMOM.  BbluucieHHe  pacCTOSIHUS — MEXAY
CKPCIIMBAOIIMMHUCS ~ MPsAMBIMH. B3anMHOE  pacnoyioKeHHE
IJIOCKOCTEW. BpluuciaeHue pacCTOSHUM MEXIy TOUYKOM U
IUIOCKOCTBIO

16 KpuBbie BTOpPOro mopsjka HMX TI'SOMETPUYECKHE CBOWCTBA.
VYpaBHeHus surnca, runepoossl, napadonsl O0miee ypaBHEHHE
KpHUBOil BTOporo nopsiaka. [IpuBeneHne KpiuBoil BTOPOro mopsiaka
K KaHOHM4eCcKOoMY Buay. IToBepXHOCTH BTOPOro nopsiaka

N —

4. Y4ueOHO-MeTOAMYECKOE M MH(OPMALIMOHHOE O0ecIeYeHue

4.1. HopmarTuBnbie 1o0kyMeHTbl 4 'OCTbI

®I'OC 27.03.04. YupapneHnue B TexHU4YeCKux cuctemax. 2020.

AkaneMHuyecKi yueOHbIH M1aH o HampaBieHuto noArotoBku: 27.03.04 . «YmpasneHue B
TEXHUUYECKUX cucTteMax». [Ipodunb « DneKkTpoHHbIE cUCTEMBI yripaBieHus». ['ox Habopa
2025-2026. 2025 .

Vka3 Ilpesunenta Poccuiickoit ®@enepanuu ot 01.12.2016 Ne 642 «Ctparerun HaydHO-
TeXHoJIornueckoro passutus Poccuiickoit denepanum».

[Tpuxa3z MunucrepcTBa o6pazoBanus 1 Hayku Poccuiickoit denepanuu ot 23.08.2017 Ne 816
«O6 yrtBepxkaenun Ilopsaka TNpUMEHEHUS  OpPraHU3ALUSAMH,  OCYIIECTBIISIOLIUMHU
o0pa3oBaTenbHyI0 JeSITeNIbHOCTb, AIIEKTPOHHOTO oOyueHus, JTUCTaHIIMOHHBIX
00pa30BaTeNbHBIX TEXHOJIIOTUH MPHU peau3aliii 00pa3oBaTeIbHBIX IPOrPaMM»».

4.2. OcHoBHas JquUTEpaTypa:

3abonorckuit B.C. JIuneiinas anrebpa u aHaTUTHYECKasi reoMeTpus (Y4eOHBINH KOMIUIEKC):
yaeOHoe mocobue, 2-e uza. Crep. M.: U3n-so UHOPA-M, 2022. 309 c. (Bricuiee
oOpa3oBaHue: OakanaBpHar).



2. Cupotuna U.K. Jluneitnas anre6pa v aHaTUTHYECKAsi TEOMETPHS: MHTEPAKTUBHBINA KyPC:
yuebHoe nmocobue st By30B. CII6, M3xa-Bo Jlanb, 2022. 180 c.

3. Kypc neknuii mo guHeWHON anreOpe W aHAIMTUYECKOW reoMeTpuH: ydeOHoe rocobwue. //
Kynpssues b.1O., Matsam B.1., [Tokazees B.B., Uepkecosa I'.B.. M.: MI'TY «MAMMWN», 2009.
— 362c. [http://lib.mami.ru/lib/content/elektronnyy-katalog. nexTpoHHBII pecypc. ]

4.3. [lonmoJHMTEJbHAs JUTEpaTypa:

1. KpaTkuii Kypc BBICHICH MaTeMaTHKH [DJIEKTpOHHBIM pecypc]: yded. - DNeKTpoH. JaH. -
MockBa:  JamkoB wu K, 2017. - 510 c. [Pexum  gocryma: URL:
https://e.lanbook.com/book/93522. - 3armn. ¢ skpaHa.] .

2. 3yo6kos B.I'., JIsxoBckuii B.A., Mapteinenko A.W., Munocues B.b., Ilymkaps E.A. Kypc
MaTEeMaTHKH JIJIi TEXHUYECKHX BBICIINX YUeOHBIX 3aBefneHuid. Yactu 1-4. M.: MI'TI1Y, 2012.
400 k3.

3. Uneun B.A., Ilo3nsk D.I. Ananutuyeckas reomerpus. M.: Hayka. ['maB. pen-us ¢usuxo-
MaTeM. JUT-pel, 1988. 224 c.

4. bexknemumen, /J[.B. Pemenue 3amau u3 Kypca aHAJIUTUYECKOW T'€OMETPUU M JIMHEWHOMU
anreOpsl [DIEKTPOHHBIN pecypc]: yued. mocodue - DIeKTpoH. aaH. - MockBa: Ou3mMatiur,
2014. - 192 c. [Pesxxum noctyna: URL: https://e.lanbook.com/book/59632. - 3arn. ¢ skpana.

4.4. DaexkTpoHHBIe 00pa3oBaTelbHbIE PeCypPChl

[IpoBenenue 3aHATHH W aTTECTallMi BO3MOXKHO B JMCTAHIIMOHHOM (opmare ¢ MpUMEHEHHEM
CUCTEMBl TUCTaHUUMOHHOro oOydeHus yHupepcurera (C/IO-LMS) Ha ocHOBe pa3paboTaHHBIX
kadenpoii «MaTemMaTHKay IEKTPOHHBIX 00pa3zoBaTelbHBIX pecypcoB (DOP) mo BceM pazjienam
IIPOrPaMMBI:.

Hazanune OOP

JluneiiHas u BekTopHast anredpa | https://online.mospolytech.ru/course/view.php?id=3368
AHanuTHuecKasi FeOMeTpus https://online.mospolytech.ru/local/crw/course.php?id=2843
Jluneitnast anredpa u | https://online.mospolytech.ru/course/view.php?id=462
aHAJIMTHYECKasi FeOMEeTPHsl

Paspaboranusie DOP BKIIOUaIOT TPEHUPOBOYHBIE U UTOTOBHIE TECTHI.

HOpr}lOK IMPOBCACHUA pa60T B AUCTAaHOUOHHOM Q)OpMaTe YCTAaHABJIIMBACTCA OTACIbHBIMU
pacmlopsDKeHUSMH TIPOPEKTOopa MO yuyeOHOW pabdoTe W/WiM LEHTPOM Y4eOHO-METOTUYEeCKON
paboTHL.

Ka)KI[BIfI CTYJIGHT O6CCHC‘-ICH I/IH)II/IBI/II[yaJ'IBHI)IM HeOFpaHI/ILICHHBIM I[OCTyrIOM K BHGKTpOHHOﬁ

OMOJIMOTEKE MOCKOBCKOIO IOJIUTEXA

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

WHTepHET-pecypCchl BKIIIOYAIOT Y4eOHO-METOJMYECCKHE MaTephaibl B O3JCKTPOHHOM BHJC,

IpeJICTaBJICHHBIE Ha caliTe mospolytech.ru B pa3aene: «lleHTp MareMaTH4ecKoro 00pa3oBaHUs

(http://mospolytech.ru/index.php?i1d=4486,

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

[Tone3ubie yaeOHO-METOAMUYESCKIE U MHPOPMAITMOHHBIC MaTePHaJIbl TIPEACTABICHBI Ha calTax:
http.//exponenta.ru, http://eqworld.ipmnet.ru/ru/info/mathwebs.htm.

[Tepeuens pecypcoB HHOOPMAIIMOHHO-TEIIEKOMMYHHKAITMOHHOM ceTH «MIHTEepHET» ISl OCBOCHUS

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



http://lib.mami.ru/lib/content/elektronnyy-katalog
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/

4.5. JIuueH3noHHOe U CBOOOJHO paclpocTpaHsieMoe NPorpaMMHoe odecreyeHue

Ne| HaumenoBanue | Pazpadorunk I1O JoctynHocTh Ccblika Ha Enunblii peectp
(mpaBoo0JagaTes | (JIMIEH3HMOHHOE, | POCCHIICKUX MPOrpamMM st
b) CBOOOIHO 9BM u B/l (mpu Hagau4um)
pacnpocTpansieM
oe)
1 [ Astra Linux | OOO JIuuen3suonHoe https://reestr.digital.gov.ru/ree
Common Edition | "PYCBUTEX- str/305783/?sphrase_id=9540
ACTPA" 36
2 | MoiiO¢uc OO0 "HOBBIE JIuuieH3noHHOE https://reestr.digital.gov.ru/ree
OBJIAYHBIE str/301558/?sphrase_1d=9433
TEXHOJIOI'M" 75

4.6. CoBpemeHHble npodeccnoHaIbHbIe 0a3bl JAHHBIX U HH(OPMALIMOHHbIE CIIPABOYHbIE
CHUCTEMBbI

Ilepeuenn pecypcoB ceTu UHTepHET, JOCTYNHBIX JAJIsl OCBOCHHUS TMCIUIIIUHBI:

HaumenoBanue

Ccblka Ha pecypc

JocTynHoCTh

NudopmannoHHo-cipaBoYHbIE CHCTEMbI

https://stackoverflow.co

JloctymHa B ceTu

Stack Overflow / Nurtepuer 6e3
m

OTpaHUYCHUHN
ndopmarmonnsie pecypest Cetnt | http:// www.consultant.ru | JlocTymHo
KoncynbrantlIntoc
[Topran @eaepanbHbIX
FoCy1apCTBCHHBIX http://www.fgosvo.ru. HoctymHo
o0pa30BaTeNbHbIX CTAH/IaPTOB

BBICIICTO 06pa303aH1/1;1

JIeKTPOHHO-0UOJINOTEYHbIE CHCTEMBI

Jlann https://e.lanbook.com/ JloctymHa B ceTn
WutepHer 6e3
OTpaHUYCHU N

IPR Books https://www.iprbookshop | JoctynHa B cetu
.ru/ WuTepuer 6e3

OTpaHHYCHU U
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https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
http://www.consultant.ru/

IIpodeccnonanbHbie 0a3bl JAHHBIX

ba3za nqaHHBIX Hay4YHOH http://www.elibrary.ru JloctymHo
ANEKTPOHHON OHOIMOTEKH

(eLIBRARY.RU)

Web of Science Core Collection — | http://webofscience.com | JlocTymHo

rmoJinTeMaTruieckasi peepaTuBHO-
oubnuorpaduueckas u
HayKOMETpHUIeCKast
(6bubmmomeTpuueckas) 06a3a TaHHBIX

5. MaTepI/IaJILHO-TeXHH'leCKOC o0ecneuyeHue AUCHHUIIIMHBI

MarepuanbHO — TeXHHYECKasi 0a3a YHUBEPCUTETa 00ECIICUNBACT IPOBEJICHUE BCEX BUJIOB
3aHATHUH, IPETyCMOTPEHHBIX YUCOHBIM TUIAHOM, U COOTBETCTBYET JACUCTBYIOIIUM CAHUTAPHBIM U
IPOTUBOIIOKAPHBIM ITPABUIIAM U HOPMaM.

Kadenpa «Marematuka» He pacrojaraeT COOCTBEHHBIM AayAMTOPHBIM (OHAOM U
UCTIONIB3YeT Y4eOHbIE ayAUTOPHUHU U3 00111ero GpoHIa yHUBEPCUTETA.

[lpy HeoOXOAMMOCTM JJISi TPOBENEHUS HMHTEPAKTUBHBIX TPAKTHYECKUX 3aHATUN
UCTIOJNIB3YIOTCS] KOMIIBIOTEPHBIE KIIACCHI YHUBEPCHUTETA.

6. MeToguyeckue peKOMeHaluH
6.1. Meroanyeckue peKOMeHIALUM IJIsl IPenoJaBaTeisi 10 OPraHU3aluM 00yUYeHus!

[Ipexxne Bcero, cneayeT oOpaTUTh BHUMaHUE CTYJEHTOB Ha TO, YTO MPAKTUYECKH BECh
M3y4aeMbIil UMU MaTepuajl He TpeOyeT KaKoM-TM00 CreruaibHOM (JIOMOJIHUTETFHOMN ) TOATOTOBKU
U BIIOJIHE MOXET OBITh YCHEIIHO H3Y4YeH, €CIH CTYIACHThl OyIyT MocemaTh  3aHsATus,
CBOEBPEMEHHO BBITIOIHSATH JIOMAITHUE 3aJaHUS U TIOJIb30BATHCS (ITPU HEOOXOUMOCTH) CUCTEMOM
MJIAHOBBIX KOHCYJIbTAallMd B TEUYEHHE KaXXJOro cemectpa. Bomeamme B Kypc MaTeMaTHKH
pa3zensl SBISIOTCS KIACCHUYECKUMU, B TO )K€ BPEMS OHHM IIPAKTUUYECKU OPUEHTHUPOBAHBI, TaK KaK
MMEIOT HIMPOKOE paCIpOCTPAHEHUE JIsl pELIEHUS Pa3HOT0 POJia 3a/1a4 BHYTPH CaMOM MaTeMaTHKU
Y IPUKJIAAHBIX 3a7a4. IX 0CBOCHHE MOMOXKET CTY/IEHTaM JIOTUYECKHU BEPHO, apTyMEHTUPOBAHO U
SCHO CTPOUTHh YCTHYIO U NMHUCbMEHHYIO p€ub, YCHEIIHO MPUMEHATh HAKOIUICHHBIE 3HAHUS B
MpoeCCUOHAILHON JESTEIHHOCTH.

HeoOxonuMo ¢ camoro Hayana 3aHATHA PEKOMEHIOBATh CTYJIEHTaM OCHOBHYIO H
JIOTIOJTHUTENLHYIO JTIUTEPATYPY, a B KOHIIE CeMeCcTpa JaTh CIMCOK BOMPOCOB JJIS MOJATOTOBKH K
HK3aMEHY.

Ha nmepBom 3aHSTHY MO TUCITUTIIIMHE CIIETYET 00s3aTEIbHO MPOMH(POPMHUPOBATH
CTYJIEHTOB O BHUI€ U (hopMe IPOMEKYTOUHOM aTTECTAIMH 10 TUCIUIUINHE, CPOKaAX ee
MIPOBE/ICHMUS, YCIOBUSX JIOMYyCKa K MPOMEXYTOYHOM aTTeCTAIMH, TPUMEHSIEMBIX BUIaX
MPOMEKYTOUHOT'O KOHTPOJISL.

N3noxenne TeopeTHuecKoro mMaTepualia JOJDKHO COMPOBOXKIATHCS WIUTFOCTPATHBHBIMHU
pUMepamMu, TIIATEIHbHO OTOOPAHHBIMH MPEToAaBaTeNeM TaK, YTOObl TEXHUYECKHE TPYAHOCTH U
BBIKJIAJIKM TIPU PEIICHWH 3a/1adyd HE OTBJICKAJIM OT TJIABHOTO: OCMBICIICHHS HJIEH U CYTH
npuUMeHsieMbIX MeToJ0B. Cneyer Bcerja yKas3blBaTh MPUMEPHI MPAKTUYECKOTO MPUMEHEHUS
PAacCMOTPEHHBIX Ha 3aHATUSX ypaBHEHUHN U HOPMYII.

[IpakTudeckue 3aHATHUS JOKHBI OBITh OPTaHM30BAHBI MPEMOJIaBATEIeM TaKUM 00pa3oM,
9TOOBI OCTaBajJOCh BpeMs Ha TMEPUOJMYECKOE BBIMIOJHEHHWE CTyJAEeHTAaMU HEOOIBIION
CaMOCTOSITENILHOUM pa0dOThI B ayAUTOPUH IS IPOBEPKU YCBOCHUS U3JI0KEHHOTO MaTepHara.
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[IpenogaBaTens, BeAylIMil MpaKkTUYECKHE 3aHATHUS, IOJDKEH COIJIacOBBIBaTH y4eOHO-
TEMaTUYECKH MJIaH 3aHATHH C JIEKTOPOM, UCTIOIL30BaTh €AUHYIO CUCTEMY 0003HAUYCHUH.

[IpenogaBatento ciemyeT [0OMBATbCS CHUCTEMATHUECKON HENPEpbIBHON  pabOTHhI
CTYJICHTOB B TCUECHUE CEMECTPa, HEOOXOAMMO BBISBIISATH CHIIBHBIX CTY/ICHTOB M TPUBIIEKATh UX K
Hay4YHOU paboTe, K y4acTHIO B Pa3HOTO poja OJIMMITHAaX U KOHKYpCax.

CTyneHT J[OJDKEH OllyllaTh 3auHTEPECOBAHHOCTh MPENoAaBaTeNisi B JOCTHXKCHUH
KOHEYHOT'0 pe3ysbTara: B IpuoOpeTeHHH 00y4aroIMMUCS POYHbIX 3HAaHUH, YMEHU U Bia/IeHUs
HAKOIUICHHOH MH(pOpManmei uis pelieHus 3a1a4 B mpodeccnoHabHOM e TEIbHOCTH.

6.1.1. O6pa3oBaTe/ibHbIE TEXHOJIOTHH

Bo3MmoxHO mpoBeeHUEe 3aHATUN W aTTeCTalluid B JHUCTAaHIIMOHHOM ¢opMmaTe C MPUMEHEHUEM
CHCTEMBI TUCTaHIMOHHOTO 0o0yuenusi ynusepcurera (CJO-LMS) Ha ocHOBe pa3pabOoTaHHBIX
kadeapoi «MaremaTrka» JIEKTPOHHBIX 00pa3oBaTeibHBIX pecypcoB (DOP) (cm. m.4.4) .
[Topsimox mpoBeneHust pabOT B AWCTAHIIMOHHOM (OpMaTe YCTaHABIUBACTCS OTACIbHBIMU
pacopsDKEHUSAMH MIPOPEKTOopa MO y4uyeOHOW pabdoTe W/WiM LEHTPOM Y4eOHO-METOIUYEeCKON
paboThL.

6.3. MeToauueckue yKa3aHus sl 00yYAKOIIMXCH 10 OCBOCHUIO
AUCHUTTHHBI

Pa3nes: 3j1eMeHTHI JIMHEHOM aaredpsbl

Martpuusl u onpeneaurtean. [Ipexne Bcero, CTyI€HT AOKEH MOHATh, YTO MaTpULIA —
9T0 Tabauua yucen (mpudeM 3Ta Tabaula MOXKEeT UMETh OJIMHAKOBOE YHCIJIO CTPOK U CTOJIOLOB, a
MOJKET OBbITh U IPSIMOYTOJIBHOM ), @ ONIPEIEIUTENb- 3TO YUCIIO, 3alIUCHIBAEMOE B BUJIE KBAAPATHOU
TaOJIMIIBI, TO €CTh ONPEAEIUTENH CYIIECTBYIOT TOJIBKO Y KBaAPAaTHBIX MaTpPULL.

Crnenyet 00paTuTh 0CO00€ BHUMaHUE HA ONEPALNI0 YMHOKEHUS IPSIMOYTOJIbHBIX MaTpULL
U MIOHATH, KAKUM I0JIy4aeTcs MOPsAJOK MaTpHIlbl — pou3BeneHus. OcCOOeHHOCTh MaTpPUI] TaKXKe

COCTOMT B TOM, 4TO HPOU3BEJEHHE MATpHI] He IMepecTaHoBOuHO, To ecth AB # BA Cnenyer
00s3aTeNbHO YOeIUThCS B 3TOM, PEIIMB COOTBETCTBYIOLIME 3aauu.

BaxxubiM siBIsIeTCsl IOHATHE 0OpaTHOW MaTpuilbl. Hajo 3HaTh yciaoBHE CyIIeCTBOBaHUS
00paTHON MaTpHIlbl U aIrOpuUTM ee noctpoeHus. [locie ee BhunCIeHHs 1EIECO00pa3HO AeIaTh

IPOBEPKY MPAaBUIBHOCTU PEIIEHUS, BBINOJIHUB OIEPALNI0 YMHOXKEHHUS AA=E (momkHa
HOJYYUThCS €IMHUYHAS MaTPULIA)

[Ipu u3zydenun onpenenurene Halo YETKO YCBOUTh NOHATHS MUHOPA, alre0panyeckoro
JIOTIONIHEHNS, 3HaTh MHOTIOYMCIIEHHBIE CBOMCTBa omnpenenutens. s OCBOEHUS TEXHUKHU
BBIUMCJICHMS OIpeNeIuTeNeil 1enecoo0pa3Ho, BbIOpAaB TNPOM3BOJIBHBIN ONpPENENIUTENb BBILIE
TPETHEro MOpsAKa, PACKPBITh €r0 pa3IMYHBIMU CIOCOOAMU, IPUMEHSISI PA3JI0KEHHE U [0 CTPOKaM
U 110 ctos0uaM. O6paTuTe BHUMaHuE, Kakie CTPOKH (CTONIOLbI ) TPEANOYTUTEIbHEE BBIOUPATD JIIs
PACKpBITUSL ONpEIENUTENs, YTOObl YNPOCTUTH €ro BbluucieHue. OcoGeHHO 3¢ EeKTUBHO
BBIUMCJIEHHE ONpPEAENUTEN C MOMOIIBI0 3JIEMEHTAPHBIX MpeoOpa3zoBaHUM, MPUBOASAIINX €ro K
TPEYroJbHOMY BUAY.

[Ipn wm3ydeHuu pemieHH CcUCTeM JHMHEWHBbIX anreOpanueckux ypaBHeHuil (CJIAY)
oOpatuTe BHUMAaHUE, IPEXKJIE BCETro, Ha MOHATHE PEIICHUS] CUCTEMBI M YCIIOBUS CYILIECTBOBAHUS
pelieHuit B 3aBUCHMOCTH OT COOTHOILIEHHUS MEXAYy PaHrOM MAaTpHUIIbl, paHIOM pacIIUpPEeHHOU
MaTpHIBl CUCTEMBl M YUCIIOM HEHU3BECTHBIX M ypaBHeHUH. OOpaTuTe BHHUMAaHUE Ha YCIOBUS
npuMmenenus popmyn Kpamepa u metona o6patHoil MmaTpulibl. BHumarensHo pa3depute npumMepsl
pelIeHusT MPOU3BOJIHBIX CHUCTEM JIMHEHHBIX anreOpanyeckux ypaBHEHHH Mmeronom [aycca
(BBeneHue 0a3UCHBIX M CBOOOHBIX IEPEMEHHBIX ).

12



Pa3znen: DiieMeHTHI BEKTOPHOI ajredpbl

[Ipy wm3ydeHUH JaHHOM TeMBbl OOpaTHUTe BHUMAaHME Ha JIMHEWHBIC OINEPALUU HaJ
BEKTOpPAMHM, HA TIOHATUS JIMHEHHOW HE3aBUCUMOCTU W JIMHEHHOW 3aBUCHMOCTH BEKTOpPOB, Ha
dbyHIaMeHTaIbHOE MOHATHE 0a31ca BEKTOPHOTO MPOCTPAHCTBA (M OPTOHOPMHUPOBAHHOTO Oa3wca),
Ha pa3io’KeHHe BEKTOpa Mo 0asucy.

3HaTh OIpeseeHre, TEOMETPUUECKHUE CBOMCTBA CKAJISIPHOIO, BEKTOPHOI'O U CMEIIAHHOTO
MIPOU3BEICHUS BEKTOPOB, (OPMYJIBI /IS UX BHIYMCICHHUS B BEKTOPHOW U B KOOPIAWHATHON (hopme.
OO0s3aTenbHO 3HATh U YMEThb IIPOBEPATH YCJIOBHSI OPTOrOHAJIBHOCTH, KOJUIMHEAPHOCTU U
KOMIUTAHAPHOCTU BEKTOPOB.

Pa3nesi: KOMIJIEKCHBIE YMCJ1a 1 MHOTO4JICHBI

B srom pasnmene, mpexae Bcero, Hajo0 MOHSATh, YTO KOMIUIEKCHOE 4YHCIIO SIBUJIOCH
pacuMpeHreM TOHATHS JEHCTBUTENBHBIX YHUCEN, 3HATh ONpeAeNieHHe M TpU (OPMBI 3alHCH
KOMILJIEKCHOTO yucna (anredpandyeckyro, TPUTOHOMETPUYECKYI0 U IOKa3aTeIbHYIO),
FEOMETPUUECKYIO0 HHTEPIIPETALIMIO KOMIUIEKCHOTO YHCIIa U B3aUMHO-OHO3HAYHOE COOTBETCTBUE
MEX1y MHO’KECTBOM KOMILJIEKCHBIX YHCENT U MHOKECTBOM TOYEK KOMIUIEKCHOM TIIOCKOCTH. 3HATh
dbopmyny Oiinepa. KomIuiekcHble dHClIa MOXHO H300pakaTb C TMOMOIIBIO BEKTOPOB Ha
KOMIUIEKCHOU MJI0CcKOCTH. [loaTOMy omepaiuy CloKeHHsI U BBIYUTAHHSI KOMILIEKCHBIX YHCEl
MOTYT OBITh CBEICHBI K OTIEpAIMSIM CII0KEHUS i BBIUUTAHUS COOTBETCTBYIOIINX BEKTOPOB.

Hago 3HaTh W yMeTh BBINOJHATH OMNEpAallMd YMHOXKEHUSA, JI€JICHHs, BO3BEACHHS B
MOJIOKUTEIbHYIO CTENEHb KOMIUIEKCHBIX YMCEJl, 3alIMCaHHbIX B TPUTOHOMETPUUYECKON (opMe,
U3BJICYCHHS KOPHS N-OM CTENEHN U3 KOMILJIEKCHOTO YHCIIA.

Crnenyer oOpaTuTh BHMMaHHE Ha TO, YTO MHOXXECTBO KOMILJICKCHBIX YHCEI SIBIISCTCS
3aMKHYTBIM, TO €CTh JIf00as anredpandeckas onepanus HaJl KOMIJIEKCHBIMH YUCTIaMH HE BHIBOJIUT
3a npeaessl 00JaCTH KOMITJIEKCHBIX YHCET.

Hago 3Hath paznuunble BUABI PA3IOKEHHs MHOTOWIEHA HA MHOMKHUTENH JUIS CIIy4daes,
KOIJla cpeid KOpHEH MHOIOWIEHa MOTYT OBbITh KPAaTHbIE, KOMIUIEKCHBIE KOPHU. DTH CBEICHUS
OyIyT HCIOIb30BATHCsl, HAIIPUMED, B UHTETPATBHOM MCUYUCIIEHUU MPHU BBHIYKUCICHUH UHTETPAIOB
OT  JOpOOHO-pallMOHANBHBIX  (YHKUMH, TpU  PELIEHUH  JIMHEHHBIX  OJHOPOJHBIX
T depeHMaIbHbIX YPaBHEHUH N-T0 MOPSIKa C MOCTOSIHHBIMU KO3 PHUIIUEHTaAMU.

Pa3nen: AHaIMTHYECKAs TeOMeTPUs

[Tpy u3yueHUM aHAIUTUYECKONH T'€OMETPHUM CIENYET, NMPEXKIE BCEro, MOHATh, UTO €€ 3ajadyeu
ABIISIETCS. U3yUEHUE T€OMETPUUYECKUX OOBEKTOB MPHU MOMOIIM aHATUTUYECKUX METO/I0B alreOpsbl
Y MaTEMAaTUYECKOTO aHajiu3a. B OCHOBE Takoro moaxoja JIEKUT METOJ KOOPAMHAT, BIEPBbLIE
cucTemMatuyecku npuMeHeHHbI P. Jlekaprom. OCHOBHbBIE MOHATUS T€OMETPUH (TOUKA, MpsiMas,
IUIOCKOCTh) SIBJISIFOTCS HEOMPEAEsIeMbIMH, U JJIsl UX ONUCAHUS MPUMEHSETCS] aKCHOMaTHYeCKUi
METO/I, TMO3BOJISIOUINN YCTAHOBUTh B3aMMHO OJHO3HAYHOE COOTBETCTBUE MEKIY MHOKECTBOM
TOYEK NMPSAMONH M MHOXECTBOM JEHCTBUTEIBHBIX YHCENl M, TAKMM OOpa3oM, BBECTH CHCTEMY
KOOpJMHAT.

Hano yetko ycBouTh pasnuyHble GOpMbl ypaBHEHHH MPSIMOI U TNIOCKOCTH YMETh EPEXOAUTh OT
os1HO# Qopmbl K apyroi. CienyeT OCMBICIUTD U YCIIEUTHO MPUMEHSTh PEelIeHUs] KJIaCCHUECKUX
3a/1a4 aHAJIMUTUYECKON N€OMETPUM O B3aUMHOM DPACIIOJIIOKEHMM IPSIMBIX U IUIOCKOCTEM, YMETh
OTIPEAEIIATh YIJbl U PACCTOSHUS MEXKIY Pa3InYHBIMU T€OMETPUUECKUMH 00bEKTaMH.

OTMeTUM B 3aKIIIOYEHHUE, YTO YCIEIIHOe U3yUeHUe TUCIMIUIMHGI « JInHelHas anrebpay,
npuoOpeTeHne HeOoOXOAMMBIX KOMIIETEHIMH, YMEHUN U HaBBIKOB BIJIQJCHHS MAaTeMaTHYECKUM
anmaparoM TpeOyeT OT CTyJIEHTOB OOJIbIION CaMOCTOATENbHOM paboThl. OOpaTHTe BHUMAaHHE,
YTO KOJMYECTBO YacOB, OTBOJUMBIX Ha CAMOCTOSITENIbHYIO Pa0OTy B COOTBETCTBUHU C yUE€OHBIM
IUIaHOM, OOJIBLIIE YHCIIa YacOB, OTBOJMMBIX Ha BCE BUBI AyAUTOPHBIX 3aHATHH.

7. ®OH/ OLIEHOYHBIX CPEACTB

®DoH/1 OIICHOYHBIX CPEJICTB MpejcTaBieH B [Ipunoxkenun 2 k paboueit mporpaMme U BKJIFOYACT
pa3elb:
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1. MeTopl KOHTPOJIS U OLICHUBAHUSI PE3YJIbTaTOB O0YUYCHHS
2 llIxana 1 KpUTEPUU OLIEHUBAHUS PE3YIbTATOB OOYUCHUS
3. O1ieHOYHBIE CpENICTBA

3.1. Texymuii KOHTPOJIb

3.2. [IpoMexxyTouHas aTTecTarus
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TeMaTH4yecKuil IVIAH COePKaAHUS AUCHUILINHBI «JInHeliHas ajaredopay»

110 HAIIPaABJICHUI0 MMOATOTOBKHA

27.03.04 «YnpaBJjieHHE B TEXHUYECKUX CHCTEMAX)
OO6pazoBaTenbHas nporpaMma (po@uiib MOATOTOBKU)
DJIeKTPOHHBIE CUCTEMbI YIIPaBJIEHUS
®opma 00y4eHHUS : OUHAS
I'ox nadopa: 2025/2026

(bakanasp)

Ilpunosicenue 1

n/n

Pazgen

e O

p

= e = e X

@]

€C

=

Buabl yuedHoii padoThl,

BKJII0YAsi CAMOCTOSITETbHYIO Buapl caMocToSITeIbHOW PAdOTHI ®opmbl
aTrecra
padoTy CTYIeHTOB, CryaeHToB u
U TPY/A0€MKOCTh B Yacax
P | K K.II
J | II/C | JIab CC PC K.P. PI'P | Pedpepar | K/p | O | 3

IlepBbIii cemecTp
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1.1

Pasnea 1. DiieMeHTBI JIMHEHHO
anredpwl Mampuywl, deticmsus Hao
mampuyamu.

1.2

Onpenenureny, UX CBOMCTBA u
BBIYHMCIICHHE. MaTpU4HAas 3aIIUCh CUCTEMBI
JIMHEHHBIX YPABHEHUH.

Boiaaua zaganauii PI'P Ne 1 no JsuHeiHoi
ajareope .

1.3

OOpatHast MaTpuIla W €¢ BBIYHCICHUE.
MarpuuHasi 3anuch CHCTEMBI JIMHEHHBIX
YPaBHEHUM.

1.4

CucteMbl TMHEHHBIX alredpanyecKux
ypaBHEHH, OCHOBHBIC ITOHATHS U
omnpezeneHus. Pemenne cucteM JIMHEWHBIX
ypaBHeHmit MmetooM Kpamepa, metoiom
0o0paTHON MaTpULbl

1.5

Pemenue cucrem JIMHENHBIX YpaBHEHUN
MeroaoM ['aycca. Panr marTpuisl.
Teopema Kponekepa — Kanemnu.

1.6

Meron ['aycca B pOM3BOJIBHBIX CHCTEMAX
JUHENHBIX ypaBHEHUN. OQHOPOIHBIE
CUCTEMBI JINHEWHBIX YPABHECHMIA.
CamocrositeibHas padora Nel B
ayIMTOPHUM 110 JIUHEHHOH ajiredpe

1.7

Bekropel.  JIuHeitHbIE olnepanyu Hajg
BEKTOpaMH, HX CcBoWcTBa. JInHeitHbIE
KOMOUHAIMH BEKTOPOB. JIunelino
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HE3aBUCHUMBIE M JHMHEHHO 3aBUCHMBIE
CHUCTEMBbI BEKTOPOB.

Boyraua  3amaHmii PI'P_ Ne2 1o
BEKTOPHOIi aJireope.

1.8

[Tonstue Oasuca. KoopamHatel BeKTOpa.
KoiumnHeapHOCTh,  OPTOTOHAIBHOCTH U
KOMILJIAHAPHOCTh BEKTOPOB.

1.9

CkansipHO€ MPOU3BEICHNE BEKTOPOB U €ro
cBoiicTBa. BekTopHOe mpoun3BeneHUE ABYX
BEKTOPOB, €r0 CBOMCTBA.

1.10

CMmenianHO€ MPOU3BEACHUE TPEX BEKTOPOB
U ero cBoiictBa. Brpluucnenue oObema
napajuieJenuIea. VYcenosue
KOJJIMHEAPHOCTH,  OPTOrOHAJIBHOCTH U
KOMIUIAaHAPHOCTHU BEKTOPOB.
OpTroHOpMuUpOBaHHBIN 0a3zuc. Beruucnenue
CKaJSIPHOTO, BEKTOPHOI'O U CMEIIAHHOI'O
IIPOU3BENACHUN  BEKTOPOB,  3aJaHHBIX
KOOpAMHATaMd B OPTOHOPMHUPOBAHHOM
Oazuce.

CamocrosiTeibHass paGora Ne 2 B
ayIMTOPHH 10 BEKTOPHOM ajredpe

10

JIuneitnpie mpocTtpancTBa. PasMepHOCTh U
0a3uc TMHEHHOTO MPOCTPAHCTBA.

Marpunia nepexona ot 0Oasuca kK 0Oasucy
mpeoOpa3oBaHue KOOPIWHAT BEKTOpa MpH
n3meHeHnn 6asuca. CoOCTBEHHBIE BEKTOPHI
U COOCTBEHHBIC 3HAYCHHUS JIMHEHHOTO
oreparopa.

11

1.12

Pazgen 3. KoMmiexkcHnle uyHcaa W
MHOTOYWJIeHbI MHOXECTBO KOMILUIEKCHBIX

12
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YHUCCII. q)OpMBI 3alluCu  KOMIIJICKCHBIX
yucen. Omnepauuu HaJ KOMIUIEKCHBIMHU
yuciaamy. Pa3nokeHHe MHOTOYJIeHa Ha
MHOYHUTETIM OCHOBHAs TeopeMa anredpsl

1.13

Pa3znen 4. AnanuTuyeckasi reoMeTpusi
Cucrembl koopauHaT. PasinyHble TUIBI
YPaBHEHUH IJIOCKOCTH

Boeliaua  3ajganwuii PI'P__ Ne3 1o
AHAJIMTHYECKOH FeOMeTPUH

13

1.14

Paznuynble TUMNBI ypaBHEHUN NpsSMOW Ha
MJIOCKOCTH M B IIPOCTPAHCTBE

14

1.15

B3anMmHOE pacnonokeHue mpsMbIX Ha
IUIOCKOCTH U B POCTpPAHCTBE. Brruncnenue
paccTOSTHUKA  MEXAYy JBYMsSI  TOYKaMHU,
TOYKOH 51 MPSIMOM... Bzaumnoe
pacmoJioKEHNUE IIOCKOCTE. Brruncienne
paccTOSTHUIN MEXKy TOYKOU U TNIOCKOCTHIO
CamocrositesibHasi padora Ne 3 B
ayuTOPUM no AHAJTUTHYECKOH
reoMeTpum

15

1.16

Kpuble = BTOpOro  mopsiika ux
F€OMETPUYECKHE CBOMCTBA. Y PaBHEHMS
JUIMIICa, TUMepOosbl, mapabonbl OoOiiee
ypaBHEHHE KPHBOW BTOPOro MOpPSIKA.
[IpuBeneHne KpHUBBIX BTOPOro MOpsAKa K
KaHOHMYeckoMy  Buay.  lloBepxHocT
BTOPOTO MOpPsAKa

16

®opma arTecTaluu

18-
21
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Bcero yacoB o AucHUILINHE

16

32

60

PI'P

caM

pao.
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Ipunoowcenue 2

®OH/I OHEHOYHbLIX CPEJICTB
MO JUCUMUILINHE

«/IuneitHas aareopa»

Hamnpasnenune noarorosku: 27.03.04.«YpaBieHre B TEXHUYECKUX CUCTEMAX»
[Tpoduiib: «DneKTPOHHBIE CUCTEMBI YIIPABICHUS»

Kadenpa: «Marematukay

1. MeToabl KOHTPOJISAA ¥ OlleHUBAHUS Pe3yJIbTATOB 00y4YeHUs

JIJ11 KOHTpPOJIsl YCIIEBAa€MOCTH U Ka4eCTBAa OCBOCHUSI TUCLUILIMHBI HACTOSILEN IPOrpaMMoit
IIPEyCMOTPEHBI CIEAYIOIINE BUIbI KOHTPOJIS:
- KOHTPOJIb TEKYLIEH ycreBaeMoCTH (TEKYILIUI KOHTPOJIb);
- IPOMEKYTOYHAs arTecTanus (3K3aMeH).

2. lllkaja 1 KpUTEPUH OLCHUBAHUS Pe3yJIbTATOB 00y4YeHHS
®dopMa NPOMeKYTOUHOI aTTeCTAINN: IK3aMeH

HpOMe)KYTOLIHaH aTTeCTanusa o6y11a10111nxc;1 B Q)opMe 9K3aMC€Ha NPOBOAUTCS 110 pE3yJibTaTaM
BBIINIOJIHCHHA BCEX BHIOB yqe6H0171 pa6OTI>I, MpeaAyCMOTPCHHBIX y‘Ie6HLIM MJIaHOM II0 JTaHHOM
AUCHUIIIIMHE, TIPU 3TOM YUUTBIBAOTCA PE3YJIbTAThI TCKYIICTO KOHTPOJIA YCIIECBACMOCTH B TCUCHUC
CceMECTpa. OI_ICHKa CTCIICHU JOCTHIXKCHUA O6y‘laI-OH_[I/IMI/IC$I IJIaHUPYEMBIX PE3YJILTATOB 06yquI/151 o
AUCHUIITIMHE TIPOBOAUTCA IpenoAaBaTeyieM, BCAYIIHUM 3aHATHA 1[I0 AJUCHUIUIMHE MCTOAOM
3KCHepTHOI>'I ouenku. Ilo mroram HpOMe)KyTOLIHOI\/'I aTTeCTallui IO AUCHUIIIIMHC BBICTABIIACTCA
OLICHKA «OTIUYHO», «XOPOLIO», KYJOBJIICTBOPUTCIIEHO» HUJIN «HCYAOBJICTBOPUTCIBHO).

Ixana oueHUBaAHUA Onucanue

BrimmonHensl  Bce  00si3aTelIbHBIE ydaioBuss MOATOTOBKH
CTYAEHTA K l'lpOMe)KyTO‘-IHOﬁ aTTeCTauu, NpcayCMOTPECHHBIC

MPOrPaMMOit JUCIUILINHEL Crynent JIEMOHCTPUPYET
COOTBETCTBME 3HAHMI, YMEHUW, HABBIKOB IOKA3aTEIsM,
OTtanaaO MPUBEJICHHBIM B TaOJWIAX, OMNEPUPYET MNPHUOOPETEHHBIMU

3HaHUSIMH, YMEHUSMH, HaBbIKAMH, IPUMEHSET UX B CUTyalUsAX
MOBBIIIEHHONW CJI0KHOCTU. [Ipy 3TOM MOTYT OBITH JOIYIIEHbI
HE3HAYUTENIbHbIE OIIMOKM, HETOYHOCTH, 3aTPYJHEHHUS IpHU
MIEPEHOCE 3HAaHNW U YMEHUI Ha HOBBIE, HECTAaHAAPTHBIE 331a4H.

BoinonHensl Bce o00fi3aTe/ibHbIE YCJAOBHS IOATOTOBKH
Xoporo CTYJAEHTA K NPOMEKYTOYHOM aTTecTalMu, PeyCMOTPEHHBIE
MpOrpaMMON  JTHCLMIUINHBI. CTrygeHT  IeMOHCTPHUPYET
COOTBETCTBUE 3HAHWM, YMEHUN, HABBIKOB II0KA3aTENsM,
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MPUBEJICHHBIM B Ta0JUIAX, OMEPUPYET MNPHUOOPETEHHBIMU
3HAHUSIMHU, YMEHUSIMH, HaBbIKaMHU. B TO ke Bpemsi IIpu OTBETE
JOTTYCKAeT HECYIIECTBEHHBIC MOTPEIIHOCTH, 3a/1auyd peliaeT C
HeJI0YeTaMH, HE BIUSIONIMMH Ha OOITUI X0 peIICHUS.

BoinonHensl Bce o00s13aTe/IbHbIE YCJAOBHS IOJATOTOBKH
CTY/IeHTa K NPOME:KYTOUYHOM aTTecTallu, IPeIyCMOTPEHHbIE
MporpaMMol  JTUCLMIUIAHBI. CtygeHT  JEeMOHCTPUPYET
COOTBETCTBME 3HAHWI, YMEHUW, HABBIKOB IIOKA3aTEIsIM,
MPUBEJACHHBIM B Ta0JHIAX, OMNEpUPYET NPUOOPETCHHBIMU
3HaHUSIMU, YMEHUSIMHU, HaBbIkaMu. Ho moka3biBaeT Heriyookue
3HaHUS, TPU OTBETE HE JOMyCKaeT TpyObIX OIIMOOK HIIH
MIPOTUBOPEYUH, OTHAKO B (DOPMYJIMPOBAHUH OTBETA OTCYTCTBYET
JOJDKHAS CBSI3b MEXK]Iy aHAJIM30M, apryMEHTallMel U BHIBOJAMU,
B PEIICHUU 3a7a4 MOTYT COJIEpKaTbcs TpyoOble omuOku. Jlms
MOJyYeHUs TPABWIBHOTO OTBETa TPEOYIOTCS YTOUHSIOLINE
BOIIPOCHI.

Y 10BIETBOPUTEIILHO

He BbImoiHeHsl o0si3aTe/ibHbIE YCJOBHSA MNOJATOTOBKH
CTY/J€HTA K NMPOMEKYTOUYHOM aTTecTaluu, MpelyCMOTPEHHBIE
nporpamMmmoii  aucuuriauHel, NI cTyaeHT JaeMOHCTpHUpYeT
HEMOJIHOE  COOTBETCTBUE  3HAHWUW, yMEHHUW,  HaBBIKOB
MPUBEACHHBIM B Ta0nuiax, JJOMYCKAIOTCS 3HAYUTENbHBIC
OLIMOKH, IPOSIBIISICTCS] OTCYTCTBHE 3HAHUM, YMEHUH, HABBIKOB T10
psAoy TmoOKa3arened, CTYJEHT HCIBbIThIBAET 3HAYUTEIbHBIC
3aTpyIHEHUS TPU OTIEPUPOBAHUY 3HAHUSMHU U YMEHUSMHU.

Hey,Z[OBJ'IeTBOpI/ITeJ'IBHO

3. OneHo4YHbIE CPeACTBA
Hepeqeﬂb OICHOYHBIX CPEACTB IO TUCHUIIJINHE

«JIunelinas ajareopa»

Haunmenosanue [IpencraBnenue
Ne KpaTkas xapakTeprcTHKa OLIEHOYHOTO
OLICHOYHOT'O OLICHOYHOT'O CPEJICTBA
n/n CpeacTBa
CpeacTBa B ®OC
1 KoHTtponbHas CpenctBo nmpoBepku ymeHui npuMeHaTts | Komruiekr
(camocTosATENbHAS | MOJYYEHHBIC 3HAHUS JJIS PEUICHUS 33/1a4 | KOHTPOJIbHBIX
) pabota OTNPENENICHHOTO THUIA TI0 TeMe WU | 3aJaHui 1O
azzen BapHaHTaM
(KP) p y p
2 | PacuetHo- CpencTBo mpoBEpKM YMEHHMHM NpUMEHATh | Komiuiekt 3amaHuid
rpaduueckas MOJlydeHHblE  3HAHMSI O  3apaHee | JUIs BBITIOJTHEHUS
pabota ONPEETIEHHON METOAUKE I PEIICHUS
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(PI'P) 3a7a4 WM 3aJaHU 1O MOZYJII0 WM | pacyeTHO-
JUCLIUIUIMHE B LIEJIOM. rpaduuecKoit paboThI

CpencTBO KOHTPOJIS, OPraHM30BaHHOE KaK
crenuanbHas Oecela TMEIaroru4eckoro
paboTHHKAa ¢ OOYyYalomUMCs Ha TEMBI,

VYeTHbII onpoc N .
CBA3aHHLIC C U3y4YaCMOU AUCHHUIIJIMHOU, U

Bonpocs o

cobece10BaHUE, TeMam/pasenam
3 paccuMTaHHOEC Ha BBIICHEHHE OO0beMa
(YO) N JIACITUTLTUHBI
3HaHUI oOyyaromierocs o
OIpeICICHHOMY pa3zieiy, TeMe, IpodiieMe
U T.IL
Cucrema cTaHIAPTU3UPOBAHHBIX 3aIaHUM,
Tect TO3BOIEATOIMAA DoHJ TECTOBBIX
aBTOMAaTHU3HPOB .
4 (T) P 3a1aHUI

aTh MPOILEAYPY U3MEPEHUS YPOBHSI 3HAHHU I
1 yMEHUH 00yJaronierocs.
5 | Dx3ameHanuonHbl | CpeACTBO MPOBEPKUM 3HAHUN, YMEHUH, | DK3aMEHAIlMOHHBIC

e OuneTsl HaBBIKOB. MOXKET BKJIIOYAaTh KOMILJIEKC | OUIIETHI.
TEOPETUYECKUX BOIIPOCOB 3a1a4
(OB) . ’ * | Illkana OLEeHUBAHUS
MPAKTUYECKUX 3aJaHUM.
npoueaypa
MIPUMEHEHHS.
IIpomexyTouHas Ox3ameH () 1) yctho (V)

arrectanus (ITA) 2) mucbMenHo (I7)

3.1. Tekymuii KOHTPOJIb

O1eHOYHBIE CPEICTBA TEKYIIET0 KOHTPOJIS YCIIEBAEMOCTH BKITIOYAIOT KOHTPOIBHBIE BOITPOCHI
1 3a7aHus B (hopMe OJIAHKOBOTO TECTUPOBAHUS JIJISi KOHTPOJISI OCBOCHUST O0YUAIOIIUMHUCS Pa3/IeioB
JTUACHUIUINHEL, ipreM PI'P.

Coaep:xanue pacueTHO-Tpaduueckoil padoThl.

PacuerHo-rpaduueckas padora Nel no JmHeiiHoi aaredpe.

Kpatkoe copeprkanue pacueTHO-rpaduieckoit paboThI:

Martpuusl u onpeaenureny. Pemenre cucteM NHHEHHBIX anreOpandyeckux ypaBHEHMH MeETOJaMH
I"aycca, Kpamepa u oOpaTHO# MaTpHIIbL.

PacuerHo-rpadguyeckas padora Ne2 mo BeKTOpHOI aaredpe.

Kpartkoe copeprkanue pacueTHO-rpaduueckoit paboThI:

Bexropsl, neiictBus Haj BekTropamu. CKaJIsIpHOE, BEKTOPHOE, CMEIIAHHOE IIPOU3BECHUS BEKTOPOB.
PacuernHo-rpadguyeckas padora Ne3 mo aHATUTHYECKOH reOMeTPUH.

Kpatkoe copeprkanue pacueTHO-rpaduueckoi paboTHI:

Paznuunble BUIBI ypaBHEHUM MNPSIMOMl M IUIOCKOCTH. B3aMMHOE pacrnojioXeHue MpsAMbIX Ha
IJIOCKOCTH, IJIOCKOCTEHN B IPOCTPAHCTBE.

KoMmiiekT 3aganuii 1Jisl BLINOJHEHUS
pacuetrHo-rpaduueckux pador (PI'P)
o apucuumivie JInHeliHas aJreopa
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(HauMeHOBaHHUE AUCIHILIIHBI )

PI'P Nel, wactp 1

A=
3ananue Nel. /TaHbl MaTpULIbI u

- 2 T
Beimonauts neiicteusi; A° +8B° |

2 2
3aganue No2. [TpoaomKuTh TaHHOE MAaTPUYHOE PABEHCTBO (24+3B)" —44" —64B = ...
Y TIPOBEPUTH €r0 JIJIst MaTpULl A U B U3 nepBoro  3ajaHusl.

3aganue No3. BEIUMCINTE ONPEaeIUTENb ABYMS CIIOCOOAMU: Pa3IoKEHHEM TI0 TIEPBOM CTPOKE H
pa3JIoKEHUEM 110 IIEPBOMY CTOJIOLY.

1 0 -1 2
02 1 -1
I 1 -1 1
1 1 -2 1

3ananue Ned4. /lnst naHHOM MaTpUIlbl HATH 0OpaTHYI0 MaTpuily. CaenaTh MPOBEPKY.

0
1
2

w O N

-1

3ananue No5. Pemnth Marpuunoe ypasaenne AXB = C (maiitu X). CrenaTh mpoBepKy.

A2 %)

3ananue Ne6. HaiiTu panr MaTpuisl.

1 -1 23 7
0 43 1
2 8§ 9 15
3 -8 2 6 20)

PI'P Nel, 3agaHus 1o pelIeHHMIO CHCTEM JIMHEHHBIX aJiredpanyecKux ypaBHEeHUH

3aganue Nel. Pemuts cucremy Merogom Kpamepa. Cnenats mpoBepKy.
X +4x, —x; =-2
2x, +2x,+3x, =7
3x,+6x, —2x;, =1

3aganue No2. Perute cucremy u3 Nel MeTo10M 0OpaTHON MaTpHIIbI.
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3aganue Ne3. Pemuts cuctemy u3 Nel metonom ["aycca.

3ananue Ne4. Pemuth HEOHOPOIHYIO cucTeMy MeTtoaoM ['aycca. Halitu obmiee pemenue u
YaCTHOE pELICHHUE.

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

3amanue NoS. Pemnth oTHOpOHYIO cucTeMy MeToqoM [ aycca. Haiitu obmee pemenue u @CP.

2x, +6x, —9x, - 9x, =0
4x, —5x,+x,=0
3x,+3x,—7x;—4x,=0
X, —3x, +2x;+5x,=0

PI'P Nel, yactsp 2

3ananue Nel. [lokasarp, 4TO BEKTOPBI m, n, p
m=(1,-1,2),n=(2,0,3), p=(-2,-1,1),a =(5,-4,13).

BekTOp @ 110 dTOMY Gasucy:

00pa3yroT 0a3uc B IPOCTPAHCTBE U PA3JI0KUTh

3ananue Ne2. Jlausl Bektopsl 7 u "' BIACHUTH — KOITMHEAPHBI JIM BEKTOPE & N b

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

VAN
n|=2,(m,n) =135, a=6n—-m.

71| = 642,

3aganue Ne3. Haiitu |a , €CII1

AABC .. /B A(1;-1;2), B(3;3;2), C(7;1;2).
Jan . Haiitn

3aganue Ne4. , €CIIN

3ananme Ne5. Tlpu kakux 'x' BekTopsl @ u D meprnenmmkymspHb?

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

Bagarme Ne6. Haiitn miomas mapanieorpamMma, MoCTPOCHHOTo Ha BekTopax @ u b

_ N 7z
n|=3, (m,n)zg.

m|=12,

a=2m-5n,b =m+n,

3amanue No7. Haittu mmommanes tpeyronpauka ABC, ecmu A(7; 2; -3), B(6; 5; 1), C(0; -2; -7).

3ananne Ne8. Jlansl BekTopsl 4> b,c . BBIICHUTB — KOMIUTaHAapHBI JIX BEKTOPBI. Eciin BEKTOPEI HE
KOMILTAHAPHbI, TO HAMTH 00beM MapaIeleNnIe/a, TOCTPOSHHOro Ha BekTopax &» b,e u

OTIPEeNIUTh — KaKy10 TPOMKY OHH 00pa3yloT.

a(1;-1;5),b (2;4;-2),2(3;0;1)
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3ananue Ne9. Jlns nuHeiHoro oneparopa A 3aaaHbl 00pa3bl 0a3MCHBIX HIIEMEHTOB Ae,, de,, Ae,

e,e,, e

. 3amucaTh MaTpHIly onepatopa A B 0azuce 3 W HalTH 00pa3

3JIeMEHTa X .

+

Xx=2¢ -4¢, +e,

3ananue NelQ. Haiitu coOCTBeHHbIE 3HAYCHHS U COOCTBEHHBIE BEKTOPHI IMHEHHOTO OIeparopa,

-4 1
(7))
3aJ1aHHOTO B HEKOTOPOM 0as3rce MaTpuIen

PI'P Ne 1, yactn 3

3amanue Nel. Ilpsmas /) npoxout Yepes Touky A mapasiensHo BeKTOpY 9 . psivast L

IPOXOUT uepes Touky B nepnenamkynspro Bextopy 72 . HaliTi TOUKy HepecedyeHus NpsMBIX U

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

yYTroJa MEKAy HUMHU, €CIIN

[

2 NPOXOJMT Yepe3 TOUKU A4 w B . Haiitu paccTosiHUE OT

)

3ananue No2. Jlana npsimast /) . [psimast
)

TOYKH IIEPECCUCHUS IIPAMBIX ll U 2 JI0 IpSAMOM “3.

Jx=-8t-3
Yy =3t+4, A(4;0),B(7;3), 1,:9x-12y+2=0.
3ananue Ne3. HaiiTu paccTosiHUE OT TOUKH M, J10 TUTOCKOCTH & , mpoxosieit yepes Touky A
TIepIIEHINKYIIAPHO BEKTOPY 7 , ecnm M, 0; 1;7), A(@2;-1;4), 1(6;22;-3).

3ananue Ne4. Haiitu yron Mexay MiIOCKOCTbIO & U MIIOCKOCTHIO P , MPOXOALIEH Yepe3 TOUKU

4,B C.ecmm @ Sx+y+4z-28=0, A(5;2;5),B(3;7;0),C(-4;-3;-1).
3aganue NoS. 3amucaTh KAaHOHMYECKHE YpPAaBHEHUS MPSAMOi, 3aJaHHOM OOIIMMU ypaBHEHUSMU.

xX+2y-9z-10=0;
3x+4y+8z-24=0.

3amanmne No6. HaiiTi Touky mepecedenus mpamMoi [ ¥ mIockocTH & W yros Mexiy HHMU.

[:

X+2:X:Z_1; a:x+2y-3z-12=0.
3 4 2
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3ananue Ne7. Ilpsamas /) poxoauT uepe3 Touku 4 u B. Ilpsamas L IIPOXOJHUT 4yepe3 TOuKy M

MEPIEeHIUKYISPHO MJIOCKOCTH & . HaliTu yron Mexay npsiMbIMU l, U L U BBISICHUTD — JIeXKAT JIH
OHH B OJHOM TUIOCKOCTH WJIM CKPEUIUBAIOTCS.

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

2 2
(x+3) R

3aganue Ne8. Jliist maHHON KpUBOM 49 25 yKa3aTh (DOKYCHI, SKCIICHTPUCHUTET,
nupekTpuckl. [Toctpouts kKpuByto, 1300pa3uTh GOKYCHI, TUPEKTPUCHI.

2 2
Sazanue Ne9. TIpusectn ypashenue kpusoir 2% — 29y —18x+200y-616 =0
KaHOHMYECKOMY BUJly U IIOCTPOUTH KPUBYIO.
KonTposbHbie 3a1anus (mpuMepbl)

Bapuanr.

1. Haiitu 3Ha4€HHUS MAaTPUYHOI'O MHOTOUJICHA F (A)

-1 0
f(x)z—x3+2x2—x+3,A=(3 2]

-8 2 -6 -3 -13

2. HaiiTu panr mMaTpuIsl IpUBEIEHHEM K CTYIIEHYaTOMY BUY =3 13 3 17

1 2 1
3 5 3
3. Berauciaute onpeaenuTens NPpUBEACHUEM K CTYTIEHUaTOMY BHILY 7 -

4. Haiitn matpuity, oOpaTHyto AaHHOW (a). Pemnth MatpuuHoe ypaBHeHHE (0)
1 2 1
3 -5 3 1 2 -2 3 5
2 7 -l IV o
(a) (6)

5. Pemmnts cucteMy ypaBHeHHH. YKa3aTh 001ee U OAHO YacTHOE peleHue (a).

Pemmuts crucTteMy ¢ MOMOIIBEIO 00paTHOM MaTpuIlsl U o dhopmyinam Kpamepa (0)

4x, +9x, —5x; —8x, =5 X +2x,+x,=5
3x,+7x, = 2x;, —4x, =4 3x,=5x, +3x; =7
() 2x, +5x, +x;+3x, =3 ) 2x, +7x, —x; =13
Bapuant
1. Pacniucars pasnoxkenue Bektopa X 1o sexkropam P>9>7
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x={5-12,1} p={,-3,00 ¢={1,-11} r={0,-12

b b

2. Komnuneapusl u Bektopsl P u 9?

a={2,0,1} b={-231} p=2a+2b q=3a-2b

b

Ad A4,

3. Jlana mupaMua ¢ BEPIIMHAMY B TOYKAX
A] (_25 4, 8) A2 (47_1: 2) A3 (_89 7310) A4 (_37 47 _2)
Haiiu:

a) yroi Mexn1y pedpamu 4,4, , 44,

0) 0ObeM mIpamMuIbI

B) JIJTMHY BBICOTHI ONYIIEHHON Ha TpaHb Al A2A3

A A, A4,

') HATU IMHY MEAMaHbl, IPOBEICHHYIO U3 BEPIIUHBI 1 K peOpy

4. BeruucnuTh miouaap napajienorpamMmma, ocTpOeHHOTo Ha BeKTopax @ u b a - YOl MEXIY

sekTopamu P u 9

T
a=2p+q b=p-3q_  |p|=2 |d=2 y
Bapuant

MleMa)

1. Haiitu paccTosiHEE OT TOUKU M 0 10 IUIOCKOCTH (

M,(-9;10;2) M,(0;7;-4) M,(4;8,-1) M,(-2;1;3)

2 b b

x+y+z-2=0
x—y-3z+6=0

2. Beimmcarh KaHOHHMYECKOE ypaBHEHUE MPSAMOIA: {

x=2 y-3 z+1

3. Haiitu TouKy nepeceueHus mpsAMoii U maockoctu: 1 1 —4 yX+y+2z-9=0
x—1 z
. .1, P(0;—1; N T 77
4. Haiitu Touky A cummerpuanyo Touke ' orHOcHTenbHO NIpsivoii ! : (O’ ’3) u 1 -1 1
o N M )
5. HanucaTh ypaBHEHHE IUIOCKOCTH ¢ TIPOXOJANIEH Yepe3 TOUKY ' 0 M MEPHEHUKYIISPHO npAMoi

(M\M,). M(3;2;0) M, (415) M,(2;-1;4)

. s s .

6. Haittu kocunyc yria mexy miockoctsmu ¢1 u @2 ;
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@ :3x=y+3=0 o,:x-2y+5z-10=0

BapuaHT 3a1aHMii IPOMEKYTOYHOIO TeCTA

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

1.1. Haiiti paHr MaTpHIbl IPUBEIEHHEM K CTyIIEHYaTOMY BUIY

(1 —2j _(—2 3 5]
1.2. Pemuth MaTpUuHOE ypaBHEHUE -3 4 3 -10

X +2x,+x,=5
3x, —5x, +3x; =7

1.3. Pemruts cucremy o popmynam Kpamepa 2x+ 7%, —x; =13

2.1. Harcarts pasnoskenue sexropa X 1o sexropam 229" r= {5’_12’ 1} , pP= {1’_3’ 0} , 9= {1’_1’1} ,

r=1{0,-1,2}

2.2. Berauciure Iiomaab rnapauiejiorpaMmma, NOCTPOCHHOTO Ha BEKTOpax a nu b o _ Yroj MExXay BEKTOpaMu p nu q

T
i=2p+q bop-3q. =22 4G

A4, 44, A4(6,1,3) 4,(6,-2,-3) 4,(2,2,0) 4,(-5,1,0)

2.3. Jlana nupaMua ¢ BEpIIMHAMH B TOUKaX

i A A, A,
Haiitu iy Meranbl, pOBEACHHYIO U3 BEPUIMHBI “ 1 K pedpy

x=2 y-3 z+l
- T4 Hx+y+22—9:0.

3.1. Haiitu Touky nepeceueHust MpsiMON U MIOCKOCTH: 1 1

x—1
1

1 P(0-13)

Lz
-1 1

3.2. Haiiti Touky ~ | CHMMETPHYHYIO TOUKE P OTHOCHUTENBHO MPSIMOM

(M,M,).

3.3. Hamucats ypasaenue miockoctn & mpoxosmeit uepes Touky = 0 M MEpUEHANKYIAPHO — IPAMOM

M, (3;2;0) M, (41,5) M,(2;-1;4)

’ s .

X +4y" —12x+16y+16=0

4.1. Jlana xpuBasi BTOPOTO TIOPsIIKa . [NomyunTs KaHOHWYECKOE ypaBHEHHE KPUBOIT U TOCTPOUTS €€

’ roor
€,6,, € ,6,,6

4.2. CocTaBHUTH MaTpHUILy Iepexopa oT Oasuca %k 6azucy , ecin

= - - "_“l_"_" = .. 3 3 g -
€ =2¢ +e,+e; € =€ —¢,+e,; ¢ =€ +2¢,+e,

Kpurepun onenkn:

- OLIEHKA «3a4TE€HO» BBICTABIISETCS CTYACHTY, €CIIM OH PETyJIIPHO B TEUEHHE CEMECTPA MPEICTaBIISI
pelieHusl 3ajad, BBINOJHMUI IOJHOCTBIO BCE 3aJaHMs M MX 3alllUTWI, OTBETUB HA BOIPOCHI
IpernoiaBaTels;

- OLICHKA «HE 3auTEHO» BBICTABJISIETCS CTYJEHTY, €CIIM OH HEPETYJIIPHO B TEUYEHUE CEMECTpa
NpPEJCTaBIsUl PELIEHUs 3a]ad, BBIIOJHWI 33JaHHs HE MOJIHOCTBIO MJIM BOOOIIE HE MPEeACTaBIIsI
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paboThl Ha TMPOBEPKY, [OMYCKAET CYIIECTBEHHbIE HETOYHOCTH B OTBETaX Ha BOMPOCHI
MPEno/1aBaTelis.

Jlnst IpoBeIeHUsT TEKYIEr0 KOHTPOJIS 3HAHWK CTYJCHTOB B JHCTAHIIMOHHOM (hopMmaTe B
pa3paboTanHbIX Kadenpoit «MaremaTuka» OHJIAHH-Kypcax UMEIOTCS MPOMEXYTOUHbIE (TPOOHBIE)
TECTHI.

3.2. IIpome:xxyTo4HAasi aTTecTAIUS

[TpomMexxyTouHast aTTecTanus - (9K3aMeH) MPOBOUTCS 110 OUIIETaM B YCTHOU (hopMme.
Bpewmst a1 moAroTOBKM OTBETa Ha BOMPOCHI He Ooiiee 45 MUH.

buner BkiItoyaeT TEOPETUUYECKUM BOIIPOC U 3a/1a4H.

KoMruiekTsl hK3aMEeHallMOHHBIX OUJIETOB XpaHsATcs Ha Kadenpe «MaTemaTukay.
TunoBbie BApUAHTHI OWJIETOB MPUJIATAIOTCS.

KommuiekT Bonpocos
JIMHEVMHAS AJITEBPA

Matpu1ibl, TUIIBI MATPHLI.
Onepanuu ¢ MaTpulaMu, UX CBOKCTBA.
YMHO)€EHUE NPSIMOYTOJIbHBIX MaTPULL.
MarpuuHnas popma 3aIucu CUCTEMbI TMHEHHBIX aIreOpanuyecKux ypaBHEHUH.
Onpenenurenn U UX CBOMCTBA.
[Tonsarue onpenenutens. MUHOPBI U alredpanyecKue JOMOIHEHHS.
CucreMbl TMHENHBIX aNreOpanyecKux YpaBHEHUH, OCHOBHBIE TOHITHS U ONPEIENICHUSI.
[IpaBmiio Kpamepa penieHus: cucTeM JIMHEWHBIX ypPaBHEHUM.
OOpaTHas MaTpula 1 €€ BbIUMCICHHE. Y CIIOBUE CYLIECTBOBAHUS 0OpAaTHOW MaTpPHUIIBI.
. Pemenne cucreM JImHEHHbBIX areOpandeckux ypaBHEHUI METOIOM 00paTHONW MaTpHIIbI.
. Meton I'aycca penieHust CUCTEM JIMHEMHBIX YPaBHEHU.
. Pemenue npon3BoIbHBIX CUCTEM JIMHEMHBIX ypaBHEHHUI MeTOI0M ['aycca.
. Panr marpunsl. Teopema Kponekepa — Kanenu.
. OnHOopoaHBIE cUCTEMBbl JUHEHHBIX ypaBHeHHH. Kpurepuil cyiiecTBoBaHHs HETPUBHAJIbHBIX
peLieHui.
15. IlonsTe BEeKTOpa U JIMHEWHBIE ONEPALlMK HAJl BEKTOPAMHU, CBOMCTBA ONEPALUH.
16. JluneitHast KOMOWHAIUS BEKTOPOB.
17. JInHeliHass HE3aBUCUMOCTb M JIMHEMHAs 3aBUCUMOCTh '€OMETPUYECKHX BEKTOpOB. Kpurepuii
JIMHEWHOM 3aBUCUMOCTH.
18. Tlonsitue 6a3uca. KoopauHaTel BEKTOpA.
19. OproHopMupoBaHHbIi 0a3uc. PasnoxkeHne BekTopa 1o BeKTopaMm 6asuca.
20. YnopsimoyeHHas TporiKa BEKTOPOB.
21. CkanspHoe, BEKTOPHOE M CMEIIaHHOE MPOU3BEIEHNE BEKTOPOB B OPTOHOPMHUPOBAHHOM 0Oasuce.
22. VYcioBHs OPTOTOHAIBHOCTH, KOJUIMHEAPHOCTH ¥ KOMIIJIAHAPHOCTH BEKTOPOB.
23. JIuHeiiHBIE IPOCTPAHCTBA.
24. Matpwuia nepexoa oT 6a3uca k 6asucy.
25. CobcTBEeHHBIE BEKTOPHI M COOCTBEHHbIE 3HAYCHUS MATPHUIIBI.

e Al S

—t et
AWK~

AHaJluTHYECKAsl FeOMeTpHst
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1. Cucremsl KoopauHaT. JleKapTOBBI IPSAMOYIOJbHBIE KOOPAMHATBI HAa IUIOCKOCTH W B
IIPOCTPAHCTBE.

[TossipHas cucrema KOOpAUHAT.

Pa3nuunble TUIIBI YPaBHEHUH IIJIOCKOCTH U IIPSMOM.

Brluucnenue paccTossHUNA MEXy 1BYMs TOUKaMHU, TOUKOW U MPSMOM, TOUKON U INIOCKOCTBIO.
Boluniciienue paccTosHNS MEXAY CKPELMBAIOIIMMUCS IPSIMbIMHU.

Beruncnenue yriioB Mek1y AByMs IPSMBIMH, IPSIMOU U INIOCKOCTBIO, IBYMS INIOCKOCTSIMH.
KpuBble BTOpOro nopsiaka HMX reOMETPUUYECKHE CBOMCTBA M ypaBHeHMs. IIpuBenenue kpusoi
BTOPOTO MOPSAAKA K KAHOHUYECKOMY BHIY.

8. Kanonudeckue ypaBHeHUs 3JUIUIICA, TUIIEPOOJIBI, TApa0OJIBIL.

9. VYpaBHeHHE NOBEPXHOCTH BTOPOIO NOPSAIKA.

10. Kanonnueckue ypaBHEeHHS c(epbl, JIUTUIICON 1A, KOHYCOB, TUIIEPO0ION I0B, TapaOOIONI0B.

ARG

DK3aMeHAIIHOHHbIE OMJIEeThI

Ha3znauenue: Mcnonb3yroTes 11 npoBeieHus poMexxyTouHoi arrectanuu (ITA) no qucuumnirze
«JIuneiinas anredpay.
PernameHT 3k3ameHa: - Bpemst Ha HOArOTOBKY T€3MCOB OTBETOB - 710 45 MUH.

- Crioco® KOHTPOJIS: yCTHBIE OTBETHI.
KommiiekThl 5K3aMEHalMOHHBIX OUIETOB JOJDKHBI COJiepkKaTh OuneToB Ha 25-30% Oosbliie yncna
CTYJIEHTOB B rpyInie (xpanarcs Ha kadeape «MaremaTukay).
Tunosble BADHAHTHI OUJIETOB MPUJIATAIOTCS.

MUHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA3OBAHU S POCCUMCKOM ®EJIEPAIINN
OENEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIbHOE
YYPEX/IEHME BBICIHIEI'O OBPA3OBAHUMA
«MOCKOBCKHMI MOJIUTEXHUYECKHAN YHUBEPCUTET»
(MOCKOBCKHWM MMOJINTEX)
dakynbTeT 0a30BBIX KOMIETEHIUH, Kadenpa «MaremaTtuka»

HNuctunnuua «JIuHeitHas anredopay»
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBIN BUJIET

1. Omnpenenutenu u UX CBOMCTBA.

_(1 2} _(—1 2]
2. Pemuts MatpuuHOe ypaBHeHune XB=4 ecmu 21 01,

{xl +2x, =1
3. Pewmmwmts cucreMy MeTOJJ0M OOpaTHON MaTPHIIbI 24 =3x =12
4. Jaus! Bextops ¢ = (=5,9.8), b =(-3,1-2), ¢=(-810.-10) []poBepuTs — KOMIITAHAPHBI JIK OHH.

Ecnu Het, HaliTh 00beM MapaluleNleNnuIena, IOCTPOEHHOr0 Ha BEKTopax @.b.¢

5. Haittu yron mexny Bexropamu 4 =(1:-2.-2) ¢ b=@201)

YTBepxeHo Ha 3aceqaHuu Kadeapsl mareMaTHkKu « 30 » 04. 2025 r., npotokon Ne 7
3aB. kadenpoit / O.M. bapanosa /

MHHUCTEPCTBO HAVKH U BBICIIIET'O OBPA3OBAHU S POCCUNICKOM ®EJIEPAIIN
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OEJIEPAJIBHOE I'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIbHOE
YUYPEXJEHWE BBICIHIET'O OBPA3OBAHUA
«MOCKOBCKHUM MOJJUTEXHUYECKU YHUBEPCUTET»
(MOCKOBCKHWM MMOJIUTEX)
@akynpTeT 0a30BBIX KOMIETCHIIUH, Kadenpa «MaremaTtnka»
HuctunuHa  «JIuHeiHas anreOpay»
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBIA BUIET

1. Jluneitnas komOuHarus BekTopoB. basuc. KoopauHater BekTopa.

1 2 -1
A={3 1 0
2. Bpruucnuth onpenenuTenb Matpuibl C = A" , €CJIN 01 1)

4x) —2x, +3x3 =12,
X +5x, =3x; =1,
3. Pemmte cucremy ypasHeHuii merogom [aycca (2% +3% = 2% =3.
4. Tlokazatk, uto Bektopel ™ =(L=12) = n=(2,0,3) = p=(-2-L1) o6pasyior Gasuc B mpocTpaHCTBe.

5. Jlano obmee ypasHenue npsvoii ¥ +3¥=5=0. Hanmcars: ypaBHenne npsmoii ¢ yrioBbim
K03 PHUIIMEHTOM; YpaBHEHHUE NMPSMON B OTPE3Kax; HOPMAIbHOE YpaBHEHHE MPSIMOM.

YTBepkeHo Ha 3aceqaHuu Kadeapsl MaTemMaTuku « 30 » 04. 2025 r., nporoxos Ne 7
3aB. kadenpoii / O.M. bapanosa /

Z[J'ISI MMPOBEACHUA MPOMCIKYTOYHOT'O KOHTPOJIA 3HaHUI CTYACHTOB B IUCTAHIIUOHHOM (I)opMaTe
B p83pa6OTaHHI>IX Kaq)erOﬁ «MaremaTuka» OHHaﬁH—KypcaX HUMCIOTCA UTOT'OBBIC TCCTHI.
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