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1. Hean, 3a1aum ¥ IVIaHUPYeMble Pe3yJbTaThl 00y4eHHs 10
TUCUHMILIAHE

K OCHOBHBIM ye/i.m OCBOCHUS TUCIUIUIMHBI «JIMHEHHAs anredpay ClelyeT OTHECTH:

- BOCIIUTaHHE y CTYACHTOB OOIIei MaTeMaTH4eCKON KyJIbTYpBhI;

- mpuoOpeTeHue CTYACHTaMH IIUPOKOTO Kpyra MaTEeMaTHYECKUX 3HAHUM, YMEHUU H
HAaBBIKOB;

- pa3BHUTHE CIOCOOHOCTH CTYACHTOB K WHAYKTHBHOMY W JE€AYKTHUBHOMY MBIIIJICHUIO
Hapsay ¢ pa3BUTHEM MaTEMaTUYECKON MHTYHIINH;

- YMEHHE CTyJCHTaMH pa3BUBATh HABBIKM CAMOCTOSITEIBLHOTO HM3Y4YEHHUS Y4eOHOU u
Hay4HOU JIUTEPATYPBI, COJICpKAIIEH MATEMAaTUYECKUE CBEICHUS U PE3YJIbTATHI;

- MOATOTOBKY CTYJIEHTOB K JEATCIBHOCTH B COOTBETCTBUU C KBaTH(PUKAITUMOHHON
XapaKTepUCTHKON OakalaBpa MO HampaBlIeHUIO, B TOM 4Hcle (opMupoBaHHE YMEHUU
MCII0JIb30BaTh OCBOCHHBIE MATEMATHYECKUE METO/IbI B TPOGECCHOHAIBHOM IEATETLHOCTH.

- TOJATOTOBKY BBICOKOKBANU(UIIMPOBAHHBIX KaJpOB, BOCTPEOOBAHHBIX B YCIOBHSIX
U(poBOH TYpOYJICHTHOCTH M BBICOKHX TEXHOJIOTHYECKHUX PHUCKOB COBPEMEHHOH IM(PPOBOKH
SKOHOMUKH.

K ocHOBHBIM 3a0auam 0cBOEHUS TUCUUIUTMHEI «JIuHelHas anreOpay cleayeT OTHECTHU:

- OCBOGHHE CTYJEHTAaMH OCHOBHBIX MOHSTHI, METOAOB, (DOPMHUPYIOMIMX OOIIyIO
MaTEeMaTUYECKYIO MOJrOTOBKY, HEOOXOAMMYIO JJI YCIEITHOTO PelIeHUs MPUKIIAIHBIX 3a/1a4;

- (hopmupoBaHue y cTy/eHTa TpeOyemMoro Habopa KOMIETEHIIN, COOTBETCTBYIOIUX €0
HaIPaBJICHUIO MOATOTOBKUA U 0OECIIEUMBAIOIINX €r0 KOHKYPEHTOCTIOCOOHOCTh Ha PHIHKE TPy/a.

OOyuenune 1o gucuuiuinHe «JIuHeiiHas anreOpa» HampaBieHO Ha (OpMHUpPOBaHUE
y oO0yyaromuxcss  cleayroumx kommereHiuidi B cootBerctBun ¢ PI'OC  15.03.01
«MammHocTpoeHuey, yTBepKIEHHBIM Npuka3zoM MunoOpHayku Poccun ot 09.08.2021 N 727:

Koa u HaumeHoBaHue NHauKaTopbl 10CTHKEHUS
KOMIIEeTeHIH I KOMIIETeHIIU U
OIIK-1. CnocoOeH npUMEeHATh NOIIK-1.1. Ilpumensier
€CTECTBEHHOHAYYHBIE M OOIIENHIKEHEPHBIE €CTECTBEHHOHAYYHbIE U OOIIEHHKECHEPHBIC
3HaHWA, MCTOJbI MATCMATUYCCKOTO AHAJIN3A U | 3HaHMSI, METOIbl MAaTEMATHUECKOI'0 aHaJInu3a 1
MOJIETTUPOBaHUs B IPO(HECCUOHATTLHOM MOJICITMPOBAHHS IPU PEILCHAN
NEeATEIbHOCTH;

npodeccuoHanbHBIX 3a7a4

NOIIK-1.2. JleMoOHCTpUpYET HaBBIKK
MCIOJIb30BaHUs 3HAaHUN QUBUKH U
MaTEMaTHKU JJIs peLIeHUs 3a1a4
TEOPETUYECKOTO

2. MecTO IMCHMILIHHBI B CTPYKTYpPe 00pa30BaTeIbHOM MPOrpaMMbl

JuctunnuHa OTHOCHUTCS K oOsi3aTenbHOM dactu Oinoka bl: Mopyns «Marematudeckue u
€CTECTBEHHO-HAYUYHbIE JUCIUTUIMHBDY.
E€ nzydyenue obecrieunBaeT n3yueHnue JUCITUTIIINH:
B obazamenvroii wacmu:
- MaTeMaTUYECKUN aHaJIN3;
- husuka;
- nuddepeHImanbHbIC YpaBHEHNUS,
- TEOpETHYECKasi MEXaHUKa;



- BJIEKTPOTEXHUKA U AJIEKTPOHHKA;

- COIPOTUBJIEHUE MAaTEPUAJIOB;

- TeOpHUs MalIMH U MEXaHU3MOB;

- OCHOBBI IPOTPAMMHUPOBAHUS U AJITOPUTMU3AIMN B MAITUHOCTPOCHUU;

- SKOHOMHKA 1 YIIPABJIEHUE MAIIMHOCTPOUTEIHHBIM [IPOU3BOJICTBOM;

- (pu3mveckre OCHOBBI KOHIICHTPUPOBAHHBIX TIOTOKOB YHEPTHH;

- OCHOBBI MAaTE€MaTHUYECKOTO MOJICIUPOBAHUS TEXHOJIOTUYECKUX MTPOLIECCOB.
B uacmu, ghopmupyemoii yuacmnukamu o6pazo8amenbHulX OMHOUEHUN.

- TEOPETUYECKHE OCHOBBI (PU3UKO-XMMHUECKOH 00padOTKY;

- aBTOMATH3aIMs ¥ POOOTH3ALMS IPOIIECCOB MMPOMU3BOACTBA M3/ICIHIA.

3. CTpyKTypa M cofepKaHHe U CHUILTHHBI

OO61mas TpyA0eMKOCTh AUCHHUILIMHBI COCTaBISAET 3 3a4eTHbIE eNuHULbI -108 yacos.

3.1. Buabl yueoHoii paGoThl U TPY10€MKOCTh

3.1.1. Ounas ¢popma o0yueHuUst

n/n Buj yueoHoii pa6oThi Kol.gact;icmo Cemectp 1
AyIMTOpHBIE 3aHATHS 48 48
B ToMm uucne:
Jlexumn 16 16
1.
CeMuHapckue/mpakTHUECKHUE 3aHATUS 32 32
: JlaGopaTopHblie 3aHATHS - -
. CamocrositenbHas padora 60 60
IIpoMeskyTOUHast aTTeCTALUSA
3K3aMEH D C)
Hroro 108 108

3.1.2. 3aounas ¢opma o0yueHust

Bup y4yeoHoii padoThI Ko‘f;‘;icmo Cemectp 1
AyIMTOpHBIE 3AaHATHS 16 16
B ToM guce:
Jlexiuu 6 6
!




CemuHapcKue/MpakTHIECKUE 3aHATHS 10 10

JlaboparopHble 3aHATHS - -

CamocrosiTeibHast padora 92 92

HpOMe)KyTO'lHaﬂ aTrrecranusa

3K3aMEH D C)

Hroro 108 108

3.2. TemaTuyeckuii MJIaH U3y4YeHUs TUCHUTTHHBI

Pasmemnién B mpuinoxenuu 1 k pabodeit mporpamme.

3.3. Coneprxkanue pa3aeaoB JUCHUIIMHBI

BBeaenue

Hpe,[[MeT, 3aJlaud U COACPKAHUC TUCHUIIIINHBI. OCHOBHBIE 3TaIbI Pa3BUTHA AUCHUILIIMHBI.
CprKTypa Kypca, €ro0 MECTO U pOJIb B ITIOATOTOBKE 6aKanaBpa, CBAA3b C APYIr'UMU JUCHUIIIIMHAMHA.

Pa3nes 1. DiieMeHTBI JTMHEHHOI ajaredpbl

Tema 1. MaTpuusbl U onpeaeTuTeN .

[Tonsitue matpunel. Buasl Mmatpun. [eiictBus Hag matpuniamu. Onepanny HaJ MaTpULlaMy
U HUX CBOMCTBA. Onpenenurenu, ux cBoWcTBa M BbluMciaeHUs. IloHsaTHs MuHOpa n
anreOpanyecKoro JOMOJIHEHUs. Pa3nokeHue onpenenuTes no 3JieMeHTaM CTPOKH MWIIH CTOIOIA.
Beruncnenue onpenenurenen pa3auyHoro nopsaka.

OOparHass MaTpulla W alIrOPUTM €€ BBIYMCICHMS. OJIEMEHTapHble NpeoOpazoBaHMs
Marpull. [IpuBenenne MaTpuibl K IMarOHAJIBHOMY WM TpanelUeBUIHOMY BUAy. MarpuuHas
(dopMa 3anucu CUCTEMBI IMHEHHBIX alnreOpanueckux ypaBHeHui. PaHr maTpuisl.

Tema 2. Pemnenne cucreM JTUHeHHBIX ajJredpanyeckux ypaBHeHHIA.

CucTeMsbl JIMHEHHBIX anredpanyecKuX ypaBHEHHH, OCHOBHbIE OHATHUS. Pemienne cuctem
JUHEHHBIX ypaBHeHUH MmeTonoM Kpamepa, wmeronom oOpatHoW Marpullel, MetogoM [aycca.
Teopema Kponekepa — Kamemin. Pemenue npou3BONBHBIX CHCTEM JIMHEHHBIX YpaBHEHUN
metogoMm l'aycca. PemieHne OZHOPOOHBIX CHUCTEM JIMHEWHBIX YypaBHeHMil. Kpurepuit
CyILIECTBOBaHUS HETPUBUAJIBHBIX PEIICHUM.

Paspnen 2. DiieMeHTbI BEKTOPHOM aJIredpsnl

Tema 1. JIunelinble omepanuu HaJ BEKTOpaMH, UX CBOWCTBA. JInHelHble KOMOMHALIUU
BEKTOpPOB. JIMHENHas 3aBUCUMOCTb U HE3aBUCUMOCTb BEKTOpPOB. ba3uc CUCTEMBI BEKTOPOB.
EnnHCTBEHHOCTD pa3nokeHHs BeKTopa 1o 6azucy. OpToHOpMUPOBAaHHBIH Oa3uc.

Tema 2. CkasipHO€, BEKTOPHOE M CMEIIAHHOE MPOU3BEICHHS BEKTOPOB, UX CBOWCTBA. Y CJIOBHS
OPTOTOHAILHOCTH, KOJUTMHEAPHOCTH, KOMIUTAHAPHOCTH BEKTOPOB. BbhIYMCICHHE CKAISPHOTO,
BEKTOPHOTO H CMEIIAHHOTO TIPOM3BEICHUH BEKTOPOB, 3aJaHHBIX KOOpJMHATAMH B
OpPTOHOPMHPOBAHHOM Oa3uce.



Tema 3. Jluneiinple mpoctpancTBa. [loHATHE 06a3mca MPOCTPAHCTBA TEOMETPUUYECKHUX
BekTOpoB. [IpeobpazoBanne MaTpHIlbl JIMHEHHOTO ONepaTopa MpH nepexoie ot 6asuca K 0asucy.
CoOcTBeHHBIC 3HAUYCHHUS U COOCTBEHHBIE BEKTOPHI MATPHIIBI.

Pasznen 3. KoMmmiiekcHbI€ YHCJIa H MHOTOYJIEHbI

[Tonstue komIuieKcHOro uucia. Dopmbl 3amUCH  KOMIUIEKCHBIX uyucen. [leficTBus Haj
KOMIUIEKCHBIMH yKnciamMu. @opmyna Myaspa. M3BiedeHne KOpHs n-oi MOJ0KUTEIbHON CTETICHU
U3 KOMIUIEKCHOTO uncia. Pa3noxkenrne MHOrouwieHa Ha MHOXKUTe M. OCHOBHas TeopeMa anreOphl.

Paznen 4. AHaMTHYECKAS TeOMETPUSA

CucreMsl KoopAMHAT. JleKapTOBBI IPSMOYTOJIbHbBIE KOOPAUHATHI HA INIOCKOCTH U B IIPOCTPAHCTBE.
[TonsipHas cucrema KOOpAMHAT.

Tema 1. [IpsiMble ¥ MJIOCKOCTH

PaznuuHble TUIBI ypaBHEHUH IJIOCKOCTU U YPAaBHEHUH NPSIMOH (HA MJIOCKOCTH U B IIPOCTPAHCTBE).
Brruucnenue paccTossHUN MEXKy IBYMsI TOYKAMH, TOYKOM U MPSAMON, TOYKOU U ITIOCKOCTBIO.
Brruncnenue pacCTOsSHUSA MEXy CKPELMBAIOIMMUCS IPSIMbBIMU.

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

KpuBble BTOpOro nopsjaka, ux reoMeTpUYECKHe CBOWCTBA M ypaBHeHus:A. IIpuBenenue xpuBon
BTOPOTO MOPSAJAKA K KAHOHUYECKOMY BHUJLY.

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

3.4. TemaTuka NpaKTHYECKUX 3aHSATHH MO JUCHUIIUHE
«J/IuneitHast aaredpa»

3.4.1. Ounas ¢popma 00yueHuUst

Ne 3ansTus Tema 3ansTHS

1 Pazneu 1. DiieMeHTBI JIMHeHHOI aaredpbl. MaTpuiibl, 1eHCTBUS
HaJ MaTpHUILIAMH.

2 Omnpenenureny, UX CBOWCTBA U BbIYUCIIEHHE. MaTpu4Has 3anuch
CUCTEMBI JINHEHHBIX YPAaBHEHUM.

3 OO0patHasi MaTPUIIA ¥ €€ BEIYHCIICHHE.
CucTtembl TUHEHHBIX anreOpanvyeckux ypaBHEHHH, OCHOBHbIE

4 MIOHATHS U ONpeeeHus. PenieHue cucTeM JINHEMHBIX YPaBHEHHN
metonoM Kpamepa, MeTo10M 00paTHOM MaTpHUIlbl

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

6 Merton I'aycca B mpOM3BOJIBHBIX CHCTEMAX JUHEHHBIX YPABHEHUN.

OnHOpOIHBIE CUCTEMBI JIMHEWHBIX YPAaBHEHUH.

Paznen 2. DuieMeHTBbI BeKTOPHOHM ajre0pbl. Bekrtopsl.
JIvHeitHple omepanuM HaJ BEKTOpaMH, UX CBOWMCTBA. JIMHEHHOE
7 IIPOCTPAHCTBO I€OMETPUYECKUX BEKTOPOB. IloHsATHME JIMHEWHON
KOMOMHAIlUM BEKTOpOB. JIMHEHHO He3aBUCHMbIE U JIMHEHHO
3aBUCUMBIE CUCTEMBI BEKTOPOB.

[Tonatne ©Oa3zuca NPOCTPAHCTBA TE€OMETPUUYECKUX BEKTOPOB.
Koopaunats! BEKTOpA. OpTOHOPMUPOBAHHBIH Oasuc.




KOHJII/IHeapHOCTB, OPTOTOHAJIBHOCTBH u KOMIIIaHAPHOCTb
BCKTOPOB.

CkansipHOE IPOU3BEJICHUE BEKTOPOB M €r0 CBOMCTBA. YCIIOBHE
OpPTOrOHAJILHOCTU BEKTOPOB. BekTopHOe NpousBeaeHHE ABYX
BEKTOPOB, €r0 CBOICTBA. Y CI0BHE KOJUIMHEAPHOCTU BEKTOPOB

10

CMmeniaHHOEe NPOM3BEAECHUE TPEX BEKTOPOB M €ro CBOMCTBA.
Berunciaenue oObeMa mapasuiesienuesa U MupamMuisl. Y ClIoBHE
KOMIUIAHADHOCTH ~ BEKTOPOB.  BpluncieHwe  cKasipHOro,
BEKTOPHOI'O M CMELIAHHOTO MPOM3BEICHUI BEKTOPOB, 3aJaHHBIX
KOOp/IMHAaTaMU B OPTOHOPMHUPOBAHHOM 0Oas3Huce.

11

Jlunelinple mpocTpaHcTBa. PasmepHOCTh M 0a3uc JMHEHHOTO
IPOCTPAHCTBA.

Matpuna mnepexoma ot Oasuca k 0Oasucy. IIpeoOpaszoBanue
KOOpJMHAT BEKTOpa TMpH HU3MEHeHHH Oa3uca. JIMHeWHbIe
OTIepaTopBIl, AEUCTBUS C JIMHEHHBIME oniepaTopaMu. COOCTBEHHBIE
BEKTOPBI U COOCTBEHHBIC 3HAUCHUS] MATPHUIIBI

12

Paznen 3. KoMmmiekcHble YyHcIa M MHOTOWIeHbI MHOXECTBO
KOMIUIEKCHBIX uuces. Dopmbl 3amucu KOMIUIEKCHBIX YHCEIL.
JeWictBusg  Hag ~ KOMIUIEKCHBIMM  yuciaaMu.  Paznoxenue
MHOTOYJICHa Ha MHOKUTENH, OCHOBHAsI TeOpeMa anre0psl

13

Pa3nen 4. AHasinTHUyecKasi reoMeTpUs
CucreMsl KoopauHaT. Pa3znuunble TUIIBI yPaBHEHUN IUIOCKOCTH

14

PasnuuHble THUNBI ypaBHEHHMHM INPSIMOM Ha IUIOCKOCTH U B
IIPOCTPAHCTBE

15

B3anmHOe pacnonokeHue nOpsAMBIX Ha IUIOCKOCTH W B
MPOCTPAHCTBE. BbhIUMCIIEHNE PACCTOSHUI MEXKYy IBYMSI TOUKAMHU,
TOYKOM M  HpsAMOH. DBpluuciaeHue  pacCTOSHUA — MEXKAY
CKPCIIMBAOIIMMHUCS  TPSAMBIMH.  B3anMHOE  pacnoyioKeHHE
IJIOCKOCTEW. BpIlUMCIEHHME pPACCTOSHUM MEXIYy TOUYKOM U
IUIOCKOCTBIO

16

KpuBble BTOpOro mopsiika HX TE€OMETPUYECKHE CBOWCTBA.
VYpaBHeHus surnca, runepoossl, mapadonsl OO0miee ypaBHEHHE
KpUBOi1 BTOporo nopsiaka. [IpuBeneHne KpruBoil BTOPOro mopsiaka
K KaHOHMYeCcKOMY BUay. IToBepXHOCTH BTOPOro nopsiaka

3.4.2. 3aounas ¢opma o0yyeHust

Ne 3ausaTus

Tema 3angaTus

1

Paznea 1. DiieMeHTHI JMHeHHOI aaredpbl. MaTpuiibl, 1eHCTBUS
Haja MarpunamMu. OnpenenuTenu, UX CBOWCTBA U BBIUUCIICHHUE.

Pemenue cuctem TMHEHHBIX anreOpanueckux ypaBHEHUI
metonoM Kpamepa, meroiom 006paTHOM MaTpHUIlbl, METOJIOM
l"aycca.

Paspnen 2. DiieMeHTbI BEKTOPHOM aJredpsl. JIunelinbie
omnepanry HaJl BEKTOPaMH, UX CBOMCTBA. Brruncienue
CKQJISIPHOTO, BEKTOPHOTO U CMEIIAHHOTO MTPOU3BEACHUIA
BEKTOpPOB. . COOCTBEHHBIC BEKTOPHI U COOCTBECHHBIC 3HAUCHHUS
MaTPHUIbI




Pa3nen 3. KoMiuiekcHbIe UM CJIa H MHOTOWIEHBI. J[eHCTBHSA HaT
4 KOMILJIEKCHBIMH ~ 4YHCHaMH. Pa3nokeHue  MHOTOWIeHa  Ha
MHOXHUTCJIN

Paznen 4. Anaautudeckass reoMerpusi PasnuuHble THIIBI
YPaBHEHUH IUNIOCKOCTHU U IIPSIMOM HA IIJIOCKOCTH U B IPOCTPAHCTBE.
[Ipocreiimue 3agayu aHATUTUYECKON T€OMETpUU (BBIYKCICHHE
PACCTOSIHUM U YTJIOB)

1.

4. YueOHO-MeTOAUYeCKOe M HH(POPMALIMOHHOE o0ecrieueHne

4.1. HopmatuBubie 10kyMeHTbl 1 OCTobI
®I'OC 15.03.01. Mammnoctpoenue. 2021.

AkaneMudeckuil y4eOHBINM IUIaH MO HampaBieHuto noaroroBku: 15.03.01 MammHocTpoeHue.
[Tpodwie: BricokoapdeKkTUBHBIE TEXHOJIOTHYECKHE mporecchl U obopynoanue. dopma
oOyudenus — ounas. 2025.

2.

AkanieMuyeckuil yueOHbIH 1J1aH Mo HanpasieHuto noaroroBku: 15.03.01 MamumHocTpoeHue.
[Tpoduiis: BeicokoadhekTnBHBIE TEXHOIOIMUYECKHE MTpoLiecchl U 00opyaoBanuey. dopma
00yueHust — 3aounas. 2025.

Marpunia pacnpeneiieHuss KOMIETEHIMH Mo HampaBiaeHuto noarotoBku 15.03.01
Mamunoctpoerne. [Ipodwmnb:  Bricokod(h(ekTHBHBIE TEXHOJIOTHYECKHE TPOLECCHl U
obopynoBanue. ®opmbl 00yueHus: ouHasi, 3aouHas. 2025.

Vka3 Ilpesunenta Poccuiickoit ®@enepanuu ot 01.12.2016 Ne 642 «Ctparerun HayuyHO-
TEXHOJIOTHYECKOro pa3Butus Poccuiickoit denepaunn.

[Tpuxa3z MunucrepcTBa o6pazoBanus U Hayku Poccuiickoit denepannu ot 23.08.2017 Ne 816
«O6 ytBepxkaeHun Ilopsaka TNpUMEHEHUS  OpPraHU3aLUSAMH,  OCYIIECTBIISIOLIUMHU
0o0pa3oBaTeNbHYI0 JeSITeNIbHOCTb, AJIEKTPOHHOT'O oOyueHus, JMCTaHITUOHHBIX
00pa30oBaTeNbHBIX TEXHOJIIOTUH MPH pearu3alii 00pa30BaTEbHBIX MPOTrPAMM.

4.2.  OcHoBHasl 1UTepaTypa

3abonorckuit B.C. JIuneiinas anredpa u aHaTuTHYECKasi reoMeTpust (y4eOHbINH KOMIUIEKC):
yaeOHoe rmocobue, 2-e uza. Crep. M.: U3zn-sBo UHOPA-M, 2022. 309 c. (Bricuiee
oOpa3oBaHue: OakanaBpHar).

Cupotuna U.K. JIuneiinas anreOpa 1 aHaIUTHYECKasi TEOMETPHUS: MHTEPAKTUBHBIA KypC:
yduebHnoe mocodue s By3oB. CII6, U3a-Bo Jlans, 2022. 180 c.

Kypc nexkumii mo yiuHeiHO# anrebpe M aHATUTHYECKOW reoMeTpuu: ydeOHoe mocobue. //
Kynpssues b.1O., Matsm B.U., [Tokazees B.B., UepkecoBa I'.B.. M.: MI'TY «MAMM», 2009.
— 362c. [http://lib.mami.ru/lib/content/elektronnyy-katalog. Dnexrponnsiii pecypc. ]

4.3. JlomosHMTeNbHAS JIUTEPATypa

Kpatkuii kypc BbICIIEH MaTeMaTUKu [DIeKTpoHHBINH pecypc]: yueb. - DIEKTpOH. AaH. -
MockBa:  JamkoB u K, 2017. - 510 c. [Pexum gnocryma: URL:
https://e.lanbook.com/book/93522. - 3aru. ¢ skpaHna.] .

3y6koB B.I'., JlsxoBckuii B.A., Mapteinenko A.M., Munocnes B.b., Ilymkaps E.A. Kypc
MaTeMaTHKH ISl TEXHUYECKUX BBICIINX yueOHbBIX 3aBeneHuid. Yactu 1-4. M.: MTT1Y, 2012.
400 »k3.

Uneuna B.A., [lo3usk D.I'. Ananutndeckas reometpus. M.: Hayka. ['maB. pen-us ¢usuko-
Marem. JUT-pbl, 1988. 224 c.


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

4. bexnemumieB, /[.B. Pemenue 3amau w3 Kypca aHAIUTUYECKOW TEOMETPUU M JIMHEWHON
anredpsl [DIEeKTPOHHBIN pecypc]: yued. mocodue - DIeKTpoH. aaH. - MockBa: Ou3mariur,
2014. - 192 c. [Pexxum poctyma: URL: https://e.lanbook.com/book/59632. - 3ari. ¢ sxpana. ]

4.4, jaexTpoHHBIE 00pa3oBaTebHbIE PecypChl

[TpoBenenue 3aHATHH W aTTeCTallMi BO3MOXKHO B JUCTAHIMOHHOM (opMmare ¢ IPUMEHEHHEM
CHCTEMBI TUCTaHIMOHHOTO 0o0yueHus ynusepcurera (CJO-LMS) Ha ocHOBe pa3paboTaHHBIX
Kaeapoil «MaTemaTHKay 3JEKTPOHHBIX 00pa3zoBaTenbHbIX pecypcoB (DOP) no BceM paznenam
IIPOIPaMMBI:.

Hassanue D0OP

Jluneiinas u BeKTOpHas anredpa
AHanuTuyeckasi FeOMETpHs
Jlunerinas anredpa u
AHATMTHUYECKasi TEOMETPHUS

https://online.mospolytech.ru/course/view.php?id=3368
https://online.mospolytech.ru/local/crw/course.php?id=2843
https://online.mospolytech.ru/course/view.php?id=462

Pa3zpaborannbie DOP BKII0YatOT TPEHUPOBOUHBIE U UTOTOBBIE TECTHI.

[Topsmok mpoBeneHus: pabOT B JUCTAHIMOHHOM (opMare YCTaHABIMBACTCS OTICIBLHBIMH
pacropsHKeHUSMH  TIPOPEKTOpa 1Mo ydeOHO# padoTe W/HMiM LEHTPOM Yy4eOHO-METOTUYECKOM
paboTHI.

Ka)K,I[LIfI CTYACHT 06CCHC‘ICH HHAUBUAYAJIbHBIM HEOTPAaHUYCHHBIM HOCTYIIOM K SHGKTPOHHOP'I

6I/I6JII/IOTGK€ MOCKOBCKOTI'O ITOJIUTEXA

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

I/IHTepHeT-pecprLI BKIIFOUAKOT y‘le6HO-MeTOI[I/I‘{eCKI/Ie MaTeprajibl B JJCKTPOHHOM BHJC,

Mpe/ICTaBICHHBIC Ha caiiTe mospolytech.ru B paznene: «llenTp MaTeMaTuueckoro oOpa3oBaHUs»

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

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

Ilone3nrie y‘le6HO-MeTOI[I/I‘{eCKI/Ie )5 I/IH(I)OpMaI_[I/IOHHLIe MaTepHrabl HPCACTABIICHBI Ha cairax:
http://exponenta.ru, http://egworld.ipmnet.ru/ru/info/mathwebs.htm.

HepequL pecypcoB I/IH(1)OpMaI_II/IOHHO-TeJIeKOMMYHI/IKaHI/IOHHoﬁ CECTHU ((I/IHTepHeT» JJIs1 OCBOCHUA

JTUCIUTUTHHBL: Www.matematikalegko.ru>studentu, Www.i-exam.ru.

4.5. JInueH3M0HHOE M CBOOOTHO PACIPOCTPaHsieMoe POrpaMMHOe

o0ecneueHue
Ne| HaumenoBanue | Pazpadorunk I1O HoctynHocTh Ccblika Ha Enunblii peectp
(mpaBooOJiagares | (IMUEH3MOHHOE, | POCCHHCKHMX MPOrpamMm s
b) cB00OIHO 9BM u B/l (npu naanumnu)
pacnpocTpansiemM
oe)

1 | Astra Linux | OOO JInnen3znoHHoe https://reestr.digital.gov.ru/ree
Common Edition | "PYCBUTEX- str/305783/?sphrase_id=9540

ACTPA" 36
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https://e.lanbook.com/book/59632
https://online.mospolytech.ru/course/view.php?id=3368
https://online.mospolytech.ru/local/crw/course.php?id=2843
https://online.mospolytech.ru/course/view.php?id=462
https://online.mospolytech.ru/course/view.php?id=7621&section=1
http://mospolytech.ru/index.php?id=4486
http://mospolytech.ru/index.php?id=5822
http://exponenta.ru/
http://eqworld.ipmnet.ru/ru/info/mathwebs.htm
http://www.i-exam.ru/
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036

OO0 "HOBBIE
OBJIAYHBIE
TEXHOJIOI'"

MoitOduc

JInneu3suoHHoe

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

str/301558/?sphrase id=9433

5

4.6. CoppeMeHHbIe IpodeccuoHAIbHBbIE 0a3bl JAHHBIX U HH(POPMALMOHHbIE

CIIPaBOYHbIC CUCTEMBI

Ilepeuenn pecypcoB cetu UHTEepHET, JOCTYNHBIX JAJIs1 OCBOCHHMS JMCIUIIIUHBI:

HauMenoBanue

Ccblika Ha pecypc

JocTynHocTh

NudopmanuoHHoO-cipaBoOYHbIE CHCTEMbI

Stack Overflow

https://stackoverflow.co
m/

JlocTynHa B cetn

NHuTtepHer 6e3

OTpaHUYCHU I
npopmarmonnsie pecypest Cetrt | http:// www.consultant.ru | Jlocrymzo
Koncynbrantllntoc
ITopran PenepanbHbIX
rOCyTapCTBCHHBIX http://www.fgosvo.ru. JlocTymHO

00pa3oBaTeNbHBIX CTAaH/IAPTOB
BbICILIEr0 00pa30BaHuUs

JIeKTPOHHO-0UOJINOTEYHbIE CUCTEMBI

Jlaub https://e.lanbook.com/ JlocTymHa B ceTn
WuTepuer 6e3
OrpaHUYECHUN

IPR Books https://www.iprbookshop | loctynua B cetn

.ru/

WuTepuer 6e3

OrpaHUYECHUN
IIpodeccuonaibablie 6a3b1 JAHHBIX
baza maHHbBIX HAyIHOU http://www.elibrary.ru JlocTymHO
ANEKTPOHHOU OHOIHOTEKU
(eLIBRARY.RU)
Web of Science Core Collection — | http://webofscience.com | JoctymnHo

MoJIUTEeMaTHIecKas peepaTUBHO-
o6ubnunorpaduueckas u
HayKOMETpUYecKast
(6bubmmomeTpuueckas) 0a3a TaHHBIX

11


https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
http://www.consultant.ru/
http://www.elibrary.ru/
http://webofscience.com/

5. MaTepnajibHO-TEXHUYECKOe o0ecnedeHne TUCIUIIINHBI

MarepuanbHO — TeXHUYECKas 0a3a yHUBEpCUTETa 00ECIIEYMBAET IPOBEICHUE BCEX BHJIOB
3aHATUHN, IPEyCMOTPEHHBIX YUEOHBIM IUIAHOM, U COOTBETCTBYET JCHCTBYIOIIUM CaHUTAPHBIM U
IIPOTUBONOXAPHBIM MPAaBUIaM U HOPMaM.

Kadenpa «Marematuka» He pacmosiaraeT COOCTBEHHBIM ayJUTOPHBIM (OHIOM U
UCTIONIB3YeT YUeOHbIE ayAUTOPUH U3 001Iero (JOHAa YHUBEPCUTETA.

[Ipy HEOOXOAMMOCTH MJii TPOBEACHUS WHTEPAKTUBHBIX MPAKTHUYECKUX 3aHIATUN
UCIIOJIb3YIOTCSI KOMIIBIOTEPHBIE KJ1ACChl YHUBEPCUTETA.

6. MeToanM4ecKue peKOMEHAAUuN

6.1. MeToauuecKue peKOMeHIAUMH IJIf MPenoiaBaTeJisi 0 OPraHu3aluu
00y4eHuUs

[Ipexxne Bcero, cineayeT oOpaTUTh BHUMaHUE CTYAEHTOB Ha TO, YTO MPAKTUYECKH BECh
U3y4aeMblil UMM MaTepHai He TpeOyeT Kakon-1100 crieraabHOM (JI0MOIHUTENIbHON) HOATOTOBKU
U BIIOJIHE MOXET OBITh YCIICIIHO HW3Yy4YeH, €CIM CTYACHThl OyAyT IOCemarh 3aHATHA,
CBOEBPEMEHHO BBINOJIHATH JOMALIHUE 33/1aHUS U TI0JIb30BaThCs (IIPU HEOOXOIMMOCTH ) CUCTEMON
IUIAHOBBIX KOHCYJIbTAallMd B TEYEHHME KaXKIOro cemecrpa. Bomeamme B Kypc MaTeMaTHKH
pa3zeiibl ABJIAIOTCS KJIACCUYECKUMHU, B TO K€ BPEMsI OHH NPAKTUYECKU OPUEHTUPOBAHBI, TAK KaK
HMMEIOT HIMPOKOE paCIpOCTPAHEHUE IS pELICHUS Pa3HOro pOJia 3a/1a4 BHYTPU CaMOM MaTEMaTUKH
Y IIPUKJIAJHBIX 3a1a4. FIX 0cBOEHUE OMOXKET CTYJEHTAaM JIOTUYECKH BEPHO, apTyMEHTHUPOBAHO U
SCHO CTPOUTH YCTHYIO U IUCBMEHHYIO p€ub, YCIIECIIHO MPUMEHSITh HAKOILJICHHBbIC 3HAHUS B
npodecCHOHATBHOMN 1eATENbHOCTH.

HeoOxonumo ¢ camoro Hayaia 3aHATUA PEKOMEHJOBAaTh CTYJEHTaM OCHOBHYIO H
JIOTIOJTHUTEIIBHYIO JINTEPATYPY, @ B KOHIIE CEMECTPA J1aTh CIMCOK BOIPOCOB JUIS NMOATOTOBKH K
DK3aMEHY.

Ha nepBoM 3aHATHM 110 JUCLHUIUIMHE CIeTyeT 00513aTeIbHO MPOUH(POPMHUPOBATH
CTYJEHTOB 0 BUJI€ U (hopMe IPOMEKYTOUHOM aTTECTAllMU 10 TUCLUUIUIMHE, CPOKAX €€
IIPOBEJEHUS, YCIOBHUAX JIOMyCKa K IPOMEKYTOYHON aTTECTallui, IPUMEHAEMBIX BUAAX
IIPOMEKYTOYHOT'O KOHTPOJI.

N3noxeHne TEOpEeTUYECKOro MaTepuasa JOJKHO COIPOBOXKAATHCS WILIIOCTPATUBHBIMU
pUMepaMu, TIIATEIbHO OTOOPAHHBIMH IIPETOAABATENEM TaK, YTOObI TEXHUYECKUE TPYAHOCTH U
BBIKJIQJKM TpU PELICHUM 3aJadyd HE OTBJICKAJIM OT IJIaBHOTO: OCMBICICHHMS WJIEU U CYTH
npUMeHsieMbIX MeTo/0B. ClelyeT Bcerja yKasblBaThb NPHUMEpbl IMPAKTHUECKOTO MPUMEHEHUs
PacCMOTPEHHBIX Ha 3aHATUAX ypaBHEHUH U (popmyi.

[IpakTueckue 3aHATHS AOKHBI OBITh OpPraHU30BaHbI MPENOJIaBaTEIeM TaKUM 00pa3oM,
4yTOOBl OCTAaBaJOCh BpeMs Ha TEPUOJUYECKOE BBHIMOJIHEHHUE CTyJEHTaMH HeOOJbIION
CaMOCTOSITENIbHOM pabOThI B ayAUTOPUH IS TPOBEPKU YCBOEHHUS U3JI0KEHHOTO MaTepHara.

[IpenonaBaTens, BeAyIIMH NpPaKTUYECKUE 3aHATHSA, JOJDKEH COIJIACOBBIBATH Y4eOHO-
TEMaTUYECKH IJ1aH 3aHATHH € JIEKTOPOM, UCIIOIb30BaTh €IUHYIO CUCTEMY 0003HAUYEHHUH.

IIpenonaBatento ciuenyer A0OMBATBCA CHCTEMATHYECKOH HENPEpBIBHOW  pabOThI
CTYZICHTOB B TE€YEHHE CEMECTPA, HEOOXOIMMO BBISBIIATH CHIIBHBIX CTY/IEHTOB U MPUBIEKATh UX K
Hay4yHOU paboTe, K y4acTHUIO B pa3HOTO poja OJIMMITHAJaX U KOHKypcax.

CTyneHT [OJDKEH OIlyIlaTh 3auHTEPECOBAHHOCTh IPENOJABaTeNsl B JIOCTHXKEHUU
KOHEYHOTI'0 pe3yjbTara: B IpuoOpeTeHNH 00y4aroUMUCS IPOYHbBIX 3HAaHUH, YMEHUH U Bla/leHUs
HaKOIJICHHOM nH(popMarmeit sl peleHus 3a1a4 B popecCUOHATbHON AeATEIIbHOCTH.

6.1.1. O6pa3oBaTesibHbIE TEXHOJIOTHHI
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Bo3MoXHO TIpoBeficHME 3aHATHH W aTTecTaldidi B JUCTAHIIMOHHOM ¢opMare ¢ MPUMEHEHHUEM
CHCTEMBI TUCTaHIMOHHOTO oOyueHus ynusepcurera (CIO-LMS) Ha ocHOBe pa3paboTaHHBIX
kadeapoi «MartemaTrka» JIEKTPOHHBIX 00pa3oBaTenbHBIX pecypcoB (DOP) (cm. n.4.4).
[Topsimox mpoBeAcHHUs padOT B AUCTAHIMOHHOM (hopMare yCTaHABIWBACTCS OTICIbHBIMU
pacrlopsDKeHUSAMU MIPOPEKTOopa MO y4uyeOHOW paboTe W/WiM LEHTPOM Y4eOHO-METOJUYECKON
paboTHI.

6.2. MeTtoauyeckue yKa3aHusi AJsl 00y4alOMUXCH MO0 OCBOEHUIO
AMCHUILTHHBI

Paznesn: 3j1eMeHTBHI JIMHEHHOM ajaredpbl

MaTtpuiubl U onpenenutean. [Ipexie Bcero, CTyIeHT JODKEH MOHSATh, YTO MAaTPHIIA —
3TO TabnuIa yucesn (MpuyeM 3Ta Tabiriia MOXKET UMETh OJJUHAKOBOE YHCIIO CTPOK U CTOJIOLIOB, a
MOYKET OBITh U MPSMOYTOJILHOI), & ONIPECIUTEINb- ATO YHCIIO, 3aITUCHIBAEMOE B BUJIE KBAJIPATHOM
Ta0JINLBI, TO €CTh ONPEAEITUTENN CYILIECTBYIOT TOJIBKO Y KBaPATHBIX MaTPULI.

Craenyer oOpaTuTh 0c000€ BHUIMAHUE Ha ONIEPAIIUI0 YMHOKECHUS MPSMOYTOJIBHBIX MaTPHI]
U IIOHATH, KaKUM HonyqaeTca HOp?IZIOK ManI/IIII)I — HpOI/IBBCIIeHI/IfL OCO6€HHOCTI> ManI/III TAKXE

COCTOUT B TOM, 4TO NPOM3BEJEHHE MATPUI[ He IepecTaHoBouno, To ecth AB # BA Cnenyer
00s13aTeNIbHO YyOEIUTHCS B 3TOM, PEIIMB COOTBETCTBYIOIINE 3a/1a4H.

BaxxupiM sBisieTcst moHATHE 0OpaTHOW Marpuibl. Hano 3HaTh yciaoBHe CyliecTBOBaHUS
0o0paTHOW MaTpULbI U AITOPUTM ee nocTpoeHus. [locne ee BbIuMCIIeHUs 1esiecoo0pa3Ho JienaTh

IPOBEPKY MPAaBUIBHOCTU PEILIEHUS, BBINOJIHUB OIEPALMIO YMHOXKEHUS ATA=E (momkHa
HOJYYUThCS €IMHUYHAS MaTPULIA)

[Ipu u3zydenun onpenenurene Hajo YETKO YCBOUTH NOHATHS MUHOPA, alre0panyeckoro
JIOTIONIHEHUS, 3HaTh MHOTIOYMCIIEHHBIE CBOWCTBAa ompeaenutensd. Jlis OCBOEHUS TEXHUKH
BBIUMCJIEHUS OIpeNeIuTeNeil 1enecooOpa3Ho, BbIOpPAaB TNPOM3BOJIBHBIN ONpPENENIUTENb BBILIE
TPETHEro MOpsAKa, PACKPBITH €r0 pa3IMYHBIMU CLIOCOOAMH, TPUMEHSISI PA3JI0’KEHHE U IO CTPOKaM
U 110 ctos0uaM. O6paTuTe BHUMaHuE, Kakie CTPOKH (CTOJIOLbI ) TPEANOUYTUTENbHEE BEIOUPATh IS
PAaCKpBITUSL ONpEIENUTeNs, YTOObl YNPOCTUTH €ro BbluucieHue. OcobGeHHO 3¢ eKTUBHO
BBIUMCJIEHUE ONpPEAENUTEN C MOMOUIBIO 3JIEMEHTAPHBIX NMpeoOpa3oBaHU, MPUBOASIIINX €ro K
TPEYroJbHOMY BUAY.

[Ipn wm3ydeHuu peuieHU cuUcTeM JIMHEWHbIX anreOpanueckux ypaBHeHuil (CJIAY)
oOpaTuTe BHUMAaHUE, IPEXJIE BCEro, Ha MOHATHE PEIIEHUS] CUCTEMBI M YCIIOBHUS CYILIECTBOBAHUS
pelIeHnid B 3aBHCHUMOCTH OT COOTHOILIEHHUS MEXAY PaHrOM MAaTpHUIIbl, paHIOM pacIIUpPEHHOU
MaTpHIBl CUCTEMBl M YUCIIOM HEU3BECTHBIX M ypaBHeHUI. OOpaTuTe BHMMaHUE Ha YCJIOBHUS
npuMmeHnenus popmyn Kpamepa u metona o6patHoii MmaTpulibl. BHumarensHo pa3depute npumMepsl
pelIeHusT MPOU3BOJIHBIX CHUCTEM JIMHEHHBIX anreOpanyeckux ypaBHeHHH Mmeronom [aycca
(BBeneHue Oa3MCHBIX M CBOOOHBIX IEPEMEHHBIX ).

Pa3nes: DeMeHThI BEKTOPHOM aaredpnl

[Ipn wu3yueHum naHHOM TeMbl OOpaTWTE BHUMaHUE Ha JIMHEHHBIE ONepaluu Haj
BEKTOPAMHM, HA TIOHATUS JIMHEHHONW HE3aBUCUMOCTH U JIMHEHHOW 3aBUCUMOCTU BEKTOpPOB, Ha
dbyHIaMEHTATBHOE TOHATHE Oa31ca BEKTOPHOTO MPOCTPAHCTBA (M OPTOHOPMHUPOBAHHOTO Oa3uca),
Ha pa3JIoKeHue BEeKTopa Mo Oas3ucy.

3HaTh omnpeneeHne, FreOMETPUUECKUEe CBONCTBA CKaJISIPHOTO, BEKTOPHOT'O U CMEIIAHHOTO
IIPOM3BEACHUS BEKTOPOB, (GOPMYJIBI /U1l X BBIYMCICHUS B BEKTOPHOM U B KOOPAMHATHON GopMme.
OO0s3aTenbHO 3HaTh M YMETh IIPOBEPATh YCJIOBUS OPTOrOHAJIBHOCTH, KOJUIMHEAPHOCTH U
KOMIUIAHAPHOCTU BEKTOPOB.

Pazgen: koMIIeKCHbIE YMCJIA 1 MHOTOYJIEHBI

B srom paszmene, mpexiae Bcero, Hajlo0 IOHSATH, YTO KOMIUIEKCHOE YHCIIO SIBUJIOCH

pacuIMpeHreM IOHATHS JEHCTBUTENIBHBIX YHUCEN, 3HATh ONpeAeNeHHEe M TpU (OpPMBI 3alKCH
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KOMILJIEKCHOTO gucina (aredpandecKkyro, TPUTOHOMETPHUYECKYI0O M IIOKa3aTeIbHYIO),
TreOMETPUYECKYIO HHTEPIIPETALUIO KOMIIEKCHOTO YMCIIa U B3aUMHO-0/THO3HAYHOE COOTBETCTBHE
MEX1y MHO>KECTBOM KOMILJIEKCHBIX YHCEN U MHOKECTBOM TOUYEK KOMIUIEKCHOM TIOCKOCTH. 3HATh
dopmyny Oiinepa. KommiekcHble uucia MOXHO H300pakaTh € TOMOIIBIO BEKTOPOB Ha
KOMIUIEKCHOU MJI0CKOCTH. [loaTOMYy omepaiuu ciloKeHUs W BBIYMTAHUS KOMIUJIEKCHBIX YHCEN
MOT'yT 6BITB CBCACHLI K OIICpaluiaM CII0KCHUS U BIYUTAHHUA COOTBCTCTBYIOIINX BCKTOPOB.

Hago 3HaTh W yMeTh BBINOJHATH OMNEpallMd YMHOXKEHHUSA, JI€JICHHsS, BO3BEACHHS B
IMMOJIOKUTCIIBHYKO CTCIICHb KOMIUJICKCHBIX YMCCJI, 3allMCAHHBIX B TpHI‘OHOMGTpPI‘ICCKOfI q)opMe,
U3BJICYCHUS KOPHS N-OM CTENEHN U3 KOMILJIEKCHOTO YHCIIA.

Cnez[yeT O6paTI/ITL BHHUMAHHMEC Ha TO, YTO MHOXCCTBO KOMIIJICKCHBIX YHCCII ABIACTCS
3aMKHYTBIM, TO €CTh JIf00as ainredpanyeckas onepanus HaJl KOMIJIEKCHBIMH YHCTIaMH HE BBIBOJIUT
3a mpeJesbl 001aCTH KOMIUIEKCHBIX YHCEIL.

Hano 3Hath paznuunble BUABI PA3IOKEHHs MHOTOWIEHA HA MHOMHUTENH JUIS CIIy4daes,
Korga Ccpcau KOpHeﬁ MHOro4JicHa MOT'YyT 6I)ITI) KpaTHbIC, KOMIIJICKCHBIC KOPHH. Ot CBCIACHUA
OyIyT HCIOIb30BATHCsl, HAIIPUMED, B UHTETPATBHOM MCUYUCIIEHUU MPHU BBHIYKUCICHUH UHTETPAIOB
OT  JpOOHO-paMOHANBHBIX  (DYHKIWA, TP  pEmIeHHH  JIMHEHHBIX  OJHOPOIHBIX
muddepeHIMaTbHBIX YPaBHEHHU N-TO MOPSAKA C MOCTOSHHBIMH KO3 pulineHTamu.

Pa3nen: AHaIMTHYECKAs reOMeTpUs

[Tpu u3yueHUM aHATUTUYECKONW T'€OMETPUU CIEAYeT, MPEeXkJIe BCEro, MOHSITh, UTO €€ 3a/Jadyeit
ABJIACTCA M3YUCHUC I'COMCTPUICCKUX O6T)€KTOB IIpy nMoMomu aHAIIMTHYCCKUX MCTOA0B aJIF€6pI)I
U MaTeMaTUYECKOro aHaiu3a. B oCHOBe Takoro moaxoja JEKUT METOJ KOOpAHHAT, BIIEPBBIC
cUcTeMaThyecku npuMeHeHHbI P. Jlekaprom. OCHOBHbBIE MOHATUS T€OMETPUH (TOUKA, MpsiMas,
IJIOCKOCTh) SIBIISIIOTCS HEONPEASISIEeMbIMU, U JIJISl UX OMHCAHUS TPUMEHSETCS aKCHOMAaTUYECKUI
METOoHO, HO3BOH$IIOHIHﬁ YCTaHOBUTH B3aMMHO OAHO3HAYHOC COOTBECTCTBHUC MCKIAY MHOXCCTBOM
TOYEK MPSAMONH M MHOXXECTBOM JIEHCTBHUTEIbHBIX UYHCENl M, TAKUM O00pa3oM, BBECTH CHCTEMY
KOOP/MHAT.

Hano yetko ycBouTh pasnuyHble GOpMbl ypaBHEHHH MPSIMOI U TNIOCKOCTH YMETh EPEXOAUTH OT
onHou (opmel Kk apyrod. Creayer OCMBICIUTD U YCIEITHO MPUMEHSITh PEIICHUST KIACCUYECKUX
3aJa4 aHAJIMTUYECKOH IFeOMETPUU O B3aMMHOM DPACHOJIOXKEHHUU MPSAMBIX U IJIOCKOCTEH, YMETh
OMpECACIIATD YIJIbl U PACCTOAHUA MCEKAY Pa3JIMYHBIMHA I'€COMETPUICCKUMU 00BEKTaMHU.

OTMeTUM B 3aKJIIOYEHHUE, YTO YCHEIIHOe U3yUeHne TUCIMIIMHBI « JInHeltHas anreOpay,
HpI/I06p€TCHI/I€ H€O6XO}II/IMBIX KOMHGTCHHHﬁ, YMGHI/Iﬁ 1 HABBIKOB BJIAACHUA MATECMATHUYCCKUM
amnmapatoM TpeOyeT OT CTYJIEHTOB OOJbIIONW caMOCTOATENbHOM paboThl. OOpaTUTe BHUMaHHE,
YTO KOJHUYCCTBO 4aCOB, OTBOJHMMBIX Ha CaMOCTOATCIBbHYIO pa60Ty B COOTBETCTBHUU C y‘~I€6HBIM
TJTaHOM, OOJIBIIIE YKCIIa YaCOB, OTBOJUMBIX Ha BCE BHJIbI AyAUTOPHBIX 3aHITHA.

7. ®OH/ OLIEHOYHBIX CPEACTB

@DoH/ OIICHOUHBIX CpeACTB NpeacTanieH B [lpunoxenun 2 k paboueil mporpamMme U BKJIIOYAET
paszensl:

1. MeTo/1bl KOHTPOJISL M OLICHUBAHUS PE3yJIbTaTOB 00YUECHUS

2 llIxana u KpUTEpUHU OLIEHUBAHUS PE3YJIbTATOB 00YUECHHUS

3. OueHouHble CpeacTBa

3.1. Texymmii KOHTPOIb

3.2. IlpoMexyTouyHasi aTTecTalus
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Ilpunosicenue 1

1. TeMaTn4yeckuii JIaH JUCUUILUIMHBI «/IMHeHAs anredpay» Mo HANPABJIEHUIO MOATOTOBKH
15.03.01 «MammHOCTPOECHUE)

IHpoduab «BbicokorppeKTUBHBIE TEXHOJIOTHYECKHE NPOLEeCCHI U 000PY/A10BaAHHE)

(0axkanasp)
Ouynas popma o0yueHnust
I'ox naGopa 2025/2026

H Buabl yuedHoii padoThl,
¢ BKJII0YAsi CAMOCTOSITETLHYIO Buabl caMocTosITeIbHOW PadOTHI ®opmbl
A aTrrecTra
e padoTy CTy1eHTOB, CryaenroB un
a

C a U TPYA0EMKOCTh B Yacax

e

Pazgen M
ec C
nin LN CP | KC K11
M J | II/C | JIa6 K.P.| " | PTP | Pedepar | K/p | D | 3
T
Y
a
IlepBbIii cemecTp
Pasnea 1. DiieMeHTBI JIMHEHHOM
1.1 | aaredpbl Matpuiisl, 1elicTBUS HAT 1 3 2 2 3
MaTpHLAMH.

15




1.2

Onpenenureny, nx CBOICTBa u
BbIUKCIICHHE. MaTpuyHasi 3alMuch CUCTEMBI
JIMHEWHBIX YPaBHECHUM.

Bouiaya 3ananuii PI'P Ne 1 mo JinHeiiHoM

ajareope .

1.3

OOpatHass MaTpulla U €€ BBIYHCIICHUE.
MatpuyHasi 3amuch CUCTEMbl JIMHEHHBIX
YpaBHEHU.

14

CucreMbl TUHEHHBIX aNreOpanyecKux
YPaBHEHU, OCHOBHBIE ITOHATHS U
omnpezeneHus. Pemenne cucreM TMHEHHbBIX
ypaBHeHui MeroaoM Kpamepa, metonom
00paTHOW MaTPHIIBI

1.5

Pewrenue cucreM TUHENHHBIX ypaBHEHUN
MeronoM ["aycca. Panr marpuisl.
Teopema Kponekepa — Kanemm.

1.6

Meron ['aycca B pOM3BOJIBHBIX CHCTEMAX
JUHENHBIX ypaBHEHUN. OQHOPOIHBIE
CUCTEMBI JINHEWHBIX YPABHECHMIA.
CamocrositeibHas padora Nel B
ayJIMTOPHM 10 JIMHEITHOH ajredpe

1.7

Pasnen 2. Bextopsl. JIunelinble onepauuu
HaJl BEKTOpamH, UX CBOMCTBa. JIuHeEiHbIE
KOMOWHAINH BEKTOPOB. JIuneitHo
HE3aBHCHUMBIE W JIMHEHHO 3aBHCHMBIC
CUCTEMBI BEKTOPOB.

Boyraua  3amanmii PI'P__Ne2 1o
BEKTOPHOI ajreope.
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1.8

[Tonstue 6asuca. KoopamHatel BekTOpa.
KonnuneapHoctb, OpPTOrOHAJIBHOCTH U
KOMILIAHAPHOCTh BEKTOPOB.

10

1.9

CkansipHO€ MPOU3BEICHNE BEKTOPOB U €ro
cBoiicTBa. BekTopHOe mpon3BeneHNE ABYX
BEKTOPOB, €r0 CBOMCTBA.

11

1.10

CwmelianHOe TPOU3BEICHUE TPEX BEKTOPOB
U €ero cBoiicTBa. BpmumcieHue o0beMa

napajuieJenuIea. Ycnosue
KOJJIMHEAPHOCTH,  OPTOrOHAJIBHOCTH U
KOMIUIAaHAPHOCTHU BEKTOPOB.

OpTroHOopMuUpOBaHHbIN Oa3zuc. Beruucnenue
CKaJSIPHOTO, BEKTOPHOI'O U CMEIIAHHOI'O
NPOU3BEACHUN  BEKTOPOB,  3aJaHHBIX
KOOp/JIMHATAMH B  OPTOHOPMHPOBAHHOM
6azuce.

CamocrosiTeibHass paGora Ne 2 B
ayIMTOPHH 10 BEKTOPHOM ajredpe

12

1.11

JIuneitnpie mpoctpancTBa. PasMepHOCTh U
6a3uc JIMHEHHOT0 MPOCTPAHCTBA.

Marpunia nepexona ot 0asuca kK 0Oasucy
npeoOpa3oBaHuEe KOOPIMHAT BEKTOpa IpH
n3MeHeHnu 6asuca. CoOCTBEHHbIE BEKTOPBI
U COOCTBEHHbIE 3HAYEHUs JIMHEHHOTO
oreparopa.

13

1.12

Pazgen 3. KoMmiekcHble 4YHcCIa H
MHOTOYWJIEHBI MHOKXECTBO KOMINIEKCHBIX
yucen. @DopMbl 3aMUCH  KOMILJIEKCHBIX
yucen. Omnepauuu HaJa KOMIUIEKCHBIMHU

14
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yuciaMu. Pa3nokeHue MHOTOWIeHa Ha
MHOHUTETIM OCHOBHAs TeOpeMa anredpsl

1.13

Pa3znen 4. AnanuTuyeckasi reoMeTpust
Cucrembl koopauHaT. PasinyHble THUIBI
YPaBHEHUH IJIOCKOCTH

Boeliaua  3aganwuii PI'P__ Ne3 1o
AHAJIMTHYECKOH IeOMETPUH

15

1.14

Paznuunble TUNBI ypaBHEHUN MNpAMON Ha
IUIOCKOCTH U B IPOCTPAHCTBE

16

1.15

B3anMmHOE pacnonokeHue mpsMbIX Ha
IUIOCKOCTH U B POCTpPAHCTBE. Brruncnenue
pacCTOSsHUM  MEXIYy JIBYMS TOYKAaMH,
TOYKOU u MPSMOM.. Bzaumnuoe
pacroJioKEHHUE IJIOCKOCTE. Brruncienne
paccTOSTHUIN MEXy TOUYKOU U TNIOCKOCTHIO
CamocrositesibHass pagora Ne 3 B
ayIuTOPpUH no AHAJINTHYECKOH
reoMeTpHu

17

1.16

KpuBbsle  BTOpOro  mopsjaka uX
F€OMETPUYECKUE CBOMCTBA. Y PaBHEHUS
JUIMIca, TUrnepOosbl, mapabonbl Oomiee
ypaBHEHHE KPUBOW BTOPOTO TOpSJIKA.
[IpuBenenre KpUBBIX BTOPOTO TMOPSIKA K
KaHOHMuYeckoMy  Buay. [loBepxHocTu
BTOPOTO MOPSAKA

18

®opma arTecTaluu

19-
21

Bcero yacos nmo jucuMIJinge

16

32

60

PI'P

cam
pao.
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2. TemaTnueckuil IVIAH AUCHUILVIMHBI «/IMHelHAas ajredpa» 1Mo HANMPABJIEHUIO IOATOTOBKH
15.03.01 «MamrHOCTPOCHHUE)
IHpoduab «Bbicoko3ppeKTUBHBIC TEXHOJIOTHYECKHE NPOLECcChl U 000PyA0BaHHE)

(0akanaBp)
3aounas ¢popma o0OyueHus

I'ox nabopa 2025/2026
c H Buasbl yuedHoii padoThl,
e en . DopmbI

BKJII0YAsi CAMOCTOSATETbHYIO Busbl caMocTosITeJIbHON PaGoThI
M el aTrecta
padoTy CTY/1eHTOB, U CrynenToB -
ec i TPYAOEMKOCTh B Yacax "
P C
n/n Pasnen e
K.II

ec J | II/C | Jlag | CPC | KCP | K.P. PI'P | Pedepar | K/p | 2 | 3

TP '

a

IlepBbIii cemecTp
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0030p Tem, n3yvyaembIx B paszaede 1.
Jluneiinas aaredpa.

Marpuiipl, 1elCTBUS HaJ MaTPULAMH.
Onpenenureny, UX CBOMCTBA U
BEIUHCJICHHE. Perenns cucTeM JIMHESHHBIX
YpaBHEHU.

14

00630p 3amay, Bxosammx B PI'P No 1.
Bbinaya 3aganmii nepsoro 3tana PI'P
Nel.

14

0030p Tem, n3yvyaembIx B pasjaee 2.
DJIeMeHTbI BeKTOPHOIi ajiredpbl
JluneiHbIe onepalnuy HajJ BEKTOpaMH.
CkainsipHO€, BEKTOPHOE U CMEIIAHHOE
MIPOM3BE/ICHUS BEKTOPOB, UX CBOMCTBA.
VYcioBus OpTOrOHaNBHOCTH,
KOJUIMHEAPHOCTH, KOMILJIAHAPHOCTH
BEKTOPOB.

14

00630p 3ama4, Bxoasmmx B PI'P Ne 2.
Brigaua 3aganuii PI'P Ne2.

14

0030p 32124, 3yuyaeMbIX B pasaese 3.
JlecTBUSI Haa KOMIUIEKCHBIMHU YHCJIaMU.
Pasnoxxenne MHOroudjaeHa Ha MHOXKHTCIIH.
OcHoBHasl TeopeMa aJIreopsl

O030p Tem, m3yuaembIX B pasaesie 4.
AHaJIMTHYECKasi reoMeTpus

Pa3nnyHble TUIIBI ypaBHEHUH IUIOCKOCTH U
MIPSIMOM. B3anmuoe pAaCIIOIOKEHUE
MPSIMBIX Ha IUIOCKOCTH M B IIPOCTPAHCTBE.
Brruucnenue paccTosHHUN MEXITy TOYKON U
IJIOCKOCTBIO, TOUKOU U npsimoi. Kpussle n
MIOBEPXHOCTH BTOPOTO MOPSAKA

14

0030p 32124, 3yuyaeMbIX B pa3aeie 3.
Boigaua 3aganuii PI'P Ne3

14

20




C[)opMa aTreCralumn

19-
21

Bcero yacoB no jucuunInue

10

92

PI'P

21




Ilpunoscenue 2

®OH/I OHEHOYHbLIX CPEJICTB
MO JUCUMUILINHE

«/Iuneitnas aaredpa»

Hanpasnenue noaroroku: 15.03.01 «MammHocTpoeHue».
[Tpodmiib: «BbicOKOApPEKTHBHBIE TEXHOIOTUYECKHUE POIIECCHl M 000PYAOBAHHEY.
®opmbl 00yUEHHUS: OUHAs, 3a04HAS.

Kadenpa: «Maremarukar

1. MeToabl KOHTPOJISAA ¥ OLleHUBAHUS Pe3yJIbTATOB 00y4YeHUs

JIJ11 KOHTpPOJIsl YCIIEBAa€MOCTH U Ka4eCTBAa OCBOCHUSI TUCLUILIMHBI HACTOSILEN IPOrpaMMoit
IIPEyCMOTPEHBI CIEAYIOIINE BUIbI KOHTPOJIS:
- KOHTPOJIb TEKYLIEH ycreBaeMOoCTH (TEKYIIUil KOHTPOIIb);
- IPOMEXKYTOYHAS aTTeCcTalus (I3K3aMeH).

2. lllkajia 1 KpUTEPUH OLICHUBAHUS Pe3yJIbTATOB 00yYCHHUSA
dopma NPOMeKYTOYHOI aTTeCTANNNU: IK3aMeH

HpOMe)KYTOLIHaH aTTeCTanusa 06yqa10u1nxc51 B (1)opMe 9K3aMCHa NPOBOJAUTCS 11O pE3yJibTaTaM
BBITIOJTHCHHA BCCX BHJIO0B y‘le6H0ﬁ pa6OTI>I, MpeaAyCMOTPCHHBIX y‘le6HLIM IUIAHOM II0 JaHHOMH
AUCHUIIIIMHE, TIPU 3TOM YUUTBIBAOTCA PE3YJIbTAThBI TCKYIICTO KOHTPOJIA YCIICBACMOCTH B TCUCHHUC
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
BKCHepTHOﬁ ouenku. Ilo mroram HpOMC)KyTO‘-IHOﬁ aTTeCTallui IO AUCHUIIIIMHC BBICTABIIACTCA
OLCHKA «OTIUYHO», «XOPOUI0», «KYAOBJICTBOPUTCIILHO» NI KHCYAOBJICTBOPUTCIBLHO).

Ixana oueHUBaAHUA Onucanue

BrimmonHensl  Bce  00si3aTelIbHBIE ydaioBuss MOATOTOBKH
CTyA€EHTA K l]pOMe)KyTO‘{HOﬁ aTTeCTaluu, NpcayCMOTPECHHBIC

MPOrpaMMOit JIUCIUTLTUHEL. CTylleHT  JI€MOHCTPHUpPYET
COOTBETCTBUE 3HAHMI, YMEHHUW, HaABBIKOB IOKAa3aTelsIM,
OTtnuyHO MPUBEJICHHBIM B TaOJWIAX, OMNEPUPYET MNPHUOOPETEHHBIMU

3HaHUSIMH, YMEHUSMH, HaBbIKAMH, IPUMEHSET UX B CUTyalUsAX
MOBBIIIEHHONW CJI0KHOCTU. [Ipy 3TOM MOTYT OBITH JOIYIIEHbI
HE3HAUUTENIbHbIE OIIMOKM, HETOYHOCTH, 3aTPyAHEHUS NpU
IIEPEHOCE 3HAaHUN U YMEHUH Ha HOBBIE, HECTAaHJAPTHBIE 3a/1a4U.

BrinmonHensl Bce o00s13aTesibHBbIE YCJOBHS TOATOTOBKH
Xopouwo CTYAEHTA K MPOMEKYTOYHOM ATTeCTALUM, IIPETYCMOTPEHHbBIE
MIPOrpaMMOi JUCLIUTLIMHEL. Crynent JEMOHCTPUPYET
COOTBETCTBME 3HAHWI, YMEHUW, HABBIKOB IIOKA3aTEIsIM,
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MPUBEJICHHBIM B Ta0JUIAX, OMEPUPYET MNPHUOOPETEHHBIMU
3HAHUSIMHU, YMEHUSIMH, HaBbIKaMHU. B TO ke Bpemsi IIpu OTBETE
JOTTYCKAeT HECYIIECTBEHHBIC MOTPEIIHOCTH, 3aJa4M PEIIaeT ¢
HeJI0YeTaMH, HE BIUSIONIMMH Ha OOITUI X0 peIICHUS.

BrinmosniHeHsl Bce  00si3aTeJibHbIE YCJAOBHS MOATOTOBKH
CTYJEHTA K MPOMEKYTOYHOM aTTeCTAlUM, IPETYCMOTPECHHbBIE
MPOrpaMMoOi JUCIIUTIINHEL. Crynent JEMOHCTPUPYET
COOTBETCTBME 3HAHMI, YMEHUW, HABBIKOB IIOKAa3aTellsIM,
MPUBEJACHHBIM B Ta0JHIAX, OMNEpUPYET NPUOOPETCHHBIMU
3HaHUSIMU, YMEHUSIMHU, HaBbIkaMu. Ho moka3biBaeT Heriyookue

Y 10BIETBOPUTETIBLHO
3HaHUS, TPU OTBETE HE [OIMyCKaeT TpyObIX OIMOOK WIH
MPOTHBOPEYHii, OJJHAKO B (POPMYITHPOBAHUU OTBETA OTCYTCTBYET
JIOJDKHAS CBSI3b MEXKAY aHAJIM30M, apryMEHTAIMel U BBIBOJIaMH,
B pELICHUM 33a7ady MOTYT COJEp)Karbcs rpyOble ommOku. J{is
[IOJIyYE€HUs TPABUIBHOTO OTBeTa TPEOYIOTCS YTOUYHSIOLIUE
BOIIPOCHI.
He BolmonHeHbl o00si3aTe/ibHBbIE YCJAOBHSI  NOATOTOBKH
CTYIeHTa K MPOMeKYTOYHOMN aTTecTalMM, IPEIyCMOTPEHHBIC
nporpammoil  nucuumiauabl, WJIM cTyaeHT JeMOHCTpUpyer
HEMOJHOE  COOTBETCTBUE  3HAHWUN, yMEHHH,  HaBBIKOB
HeynosnerBopurenbHO
NPUBEJCHHBIM B Ta0iuuax, MAONYCKAalOTCS 3HAYUTENIbHBIE
OLIMOKH, IPOSBIISIETCS] OTCYTCTBUE 3HAHUM, yMEHUH, HABBIKOB IO
psny Toka3aTeneil, CTyA€HT MWCIBITBIBAET 3HAYUTEIbHBIE
3aTpyAHEHUS NPU ONEPUPOBAHUU 3HAHUSMH U YMEHHUSIMH.
3. OneHo4YHbIE CPeACTBA
HaumenoBanue [IpencraBnenue
Ne Kparkas xapakreprucTrka OLlEHOYHOTO
OLICHOYHOT'O OLIEHOYHOTI'O CPEJICTBA
n/n CpeacTBa
CpeacTBa B ®OC
1 KonrpomnbHas CpencTtBo mpoBepkH yMeHUH mpuMeHsTh | KoHTposbHbIE
(camocTosATENbHAS | MOJY4YEHHBIE 3HAHUS JJIS pEeUIeHHs 3aj4a4 | 3a1aHus (mpumep)
) pabota OTNPENIETICHHOTO THUIMA TI0 TeMe WU
(KP) paszaeny
2 | PacuerHo- CpencTBo mpoBepkH yMeHUi mpumeHats | Kommiekt 3anaHuii
rpaduueckas NOJyYeHHbIE  3HAHWS 1O  3apaHee | A BBITTOJIHEHHS
pabota OIpENICTICHHOW METOIUKE Ul PEIIEHUs | PacyeTHO-
3a/ad4 WM 33J]aHAi TI0 MOJIYJII0 WM | rpaduyuecKor paboThI
(PTP) JUCLUIUIMHE B LIETIOM.
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CpencTBO KOHTPOJIS, OPraHM30BaHHOE KaK
crieranbHas Oecela IMeAarorm4eckoro
paboTHUKa ¢ OOydJaromuMCsi Ha TEMBI,

YcrHbIM onpoc N .
CBSA3aHHBIE C M3y4YaeMOH JUCLUIUIMHOW, U

Bomnpocs o

cobece10BaHUE, TeMam/pasenam
3 paccuMTaHHOEC Ha BBIICHEHHE O0BbeMa
(YO) N JIACITUTLTUHBI
3HaHU o0yuJaroIerocs 1o
OIpeICIICHHOMY pa3zieily, TeMe, mpodieMe
U T.IL
Cucrema CTaHIapTU3UPOBAHHBIX 3a[aHUH,
Tecr TO3BOJISIOIIIAS
4 (T) aBTOMATHU3HPOB BapuanT tecra

aTh NPOLENYPY U3MEPEHUS YPOBHS 3HAHUI
U YMEHUH 00y4aroIerocs.

5 | Ok3ameHanmoHHbl | CpencTBO NpPOBEPKM 3HaHUM, yMeHuil, | DK3aMeHalMOHHbIE
e Ouersl HaBBIKOB. MOXKET BKJIIOYATh KOMILIEKC | OMIIETHI.
TEOPETUYECKUX BOIIPOCOB, 3ajad,
MIPAKTUYECKUX 3a/1aHUM.

(Ob)

3.1. Texkymuii KOHTPOJIb

O1eHOYHBIE CPEICTBA TEKYIIIETO0 KOHTPOJISl YCIIEBAEMOCTH BKIIIOYAIOT KOHTPOJIbHBIE BOIIPOCHI
¥ 3aJ1aHus B popMe OJIAHKOBOTO TECTUPOBAHUS JUIsI KOHTPOJISI OCBOCHHS 00yUYaIONUMUCS Pa3aciioB
JTUACHUIUINHEL, ipreM PI'P.

Coaep:xanue pacueTHO-TpaduuecKkoil padoThl.

PacuetHo-rpaduueckas padora Nel no JmHeliHoii aaredpe.

Kpatkoe copeprkanue pacueTHO-Tpauieckoit paboThI:

Martpuusl u onpeaenureny. Pemenre cucteM NHHEHHBIX anreOpandyeckux ypaBHEHMH MeETOJaMU
I"aycca, Kpamepa u oOpaTHOIT MaTpHIIbL.

Pacuerno-rpadguyeckas padora Ne2 mo BeKTOpHOI aaredpe.

Kpatkoe coneprkanue pacueTHO-Tpaduueckoi paboThI:

BexTopsl, aeiicTBust HaJ BekTopaMu. CKalsipHOE, BEKTOPHOE, CMEIIAHHOE MPOU3BEICHHS BEKTOPOB.
PacuernHo-rpadguyeckas padora Ne3 mo aHATUTHYECKOH reOMeTPHH.

Kpartkoe copeprkanue pacueTHO-Tpaduyueckoi paboTHI:

Paznuunble BUIBI ypaBHEHUM MNpPsIMOM M TUIOCKOCTH. B3aWMHOE pacmnojiokeHHWe MNpsSAMbIX Ha
IJIOCKOCTH, IJIOCKOCTEHN B IPOCTPAHCTBE.

KoMmiekT 3ananuid

JJIS1 BBINOJTHEHUs pacyeTHO-rpaduyeckux pador (PI'P)
1o qucuuiuivHe «JInHeitnas aaredpa»

PI'P Nel, wactp 1

-1 1 0 2 0 2
A=l1 3 2 B=|0 -3 3
3aganuie Nel. J[aHbl MaTPUIIBI 4 0 -3 u 11 -1

o 2 T
BemomauTh neiicteus; A°+8B .
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2 2
3ananue Ne2. [Ipo1oiKuTh JaHHOE MATPUYHOE PABEHCTBO (2A+3B)" -4A"-6AB =...
Y TIPOBEPUTH €T0 ISt MaTpull A U B U3 IepBoro 3agaHusl.

3aganue No3. BEIUMCINTE ONPEaeIUTEINb ABYMS CIIOCOOAMU: Pa3IoKEHHEM TI0 TIEPBOM CTPOKE H
Pa3I0KEHUEM 10 TIEPBOMY CTOJIONLY.

NN
PR, NO
H
|
[N

Saganme Ne5. Pemnth Marpuanoe ypapuenne AXB = C (naittu X). Cnenatb NpoBEPKY.

3 )60

3ananue Ne6. Haiitu paHr MaTpuisl.

1 -1 2 3
0 5 43 1
2 3 89 15
3 -8 26 20)

PI'P Nel, 3apaHusi 10 pEeICHHMIO CHCTEM JIMHEHHBIX aJIre0pan4ecKux ypaBHeHHH

3ananue Nel. Pemuth cucremy meronoM Kpamepa. Chnenats mpoBepKy.

X +4X, =Xy =2
2X + 2%, +3%, =7
3% +6X,—2x, =1
3ananue No2. Pemuth cucremy u3 Nel MeTooM oOpaTHON MaTpHULIbI.

3aganue Ne3. Pemnts cucremy u3 Nel merogom ["aycca.

3amanne No4. Pemth HEOHOPOIHYIO CUCTEMY MeToIoM ['aycca. Haiitu oOmee pemenue u
YacTHOE pelIeHHUE.

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

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

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

PI'P Nel, yactsp 2

3aganue Nel. ITokazatb, 4TO BEKTOPBI m, n, p

m=(1-12),n=(20,3),p=(-2-11),a=(5,-413).

00pa3ytoT 0a3uc B IPOCTPAHCTBE U PA3IOKHUTh

BEKTOp @ 110 3TOMy 0a3ucy:

0 R

Bamanue No2. Jlansi Bektopsl M u ' BBIACHUTB — KOJUIMHEAPHBI JIH BEKTOPHI & 1 b

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

Im|=6+v2,|n]=2, (M) =135, & =6M—m.

3aganue Ne3. Haiitu |a , €CIIA

AABC 1y.5... ZB A(1;-1;2),B(3;3;2),C(7;1,;2).
Jlan . Haiitu

3aganue Ne4. , €CIIN

3amanue NoS. Ilpu kakux "x* BeKTOpel A u b NEePHEHANKYIISIPHBI?

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

Saganme Ne6. Haiitn muroma/is mapamienorpaMma, ocTpOSHHOTO Ha BeKTopax a u 0

a=2m-5n,b=m+n,|m|=12|n|=3, (m, ﬁ):%.

3aganue Ne7. Haiitu romans Tpeyroiasauka ABC, ecu A(7; 2; -3), B(6; 5; 1), C(0; -2; -7).

a,

O

3ananue Ne8. JlaHbl BEKTOpPbI ' Boustcuuts — KOMIIJIAHAPHBI JIM BEKTOPHL. ECiu BEKTOPHI He

KOMILIaHAPHBI, TO HAUTH 00BEM NapajuleNenunesia, IOCTPOEHHOTO Ha BEKTOpax a,b,c

OTIPENIeIUTh — KaKylo TPOWKY OHU 00pa3yIoT.

u

a(1;-1;5),b (2;4;-2),c(3;0;1)

Ag,, Ag,, A&,

3aganue Ne9. Jlns nuHeiHoro oneparopa A 3aaaHbl 00pa3bl 0a3MCHBIX HIIEMEHTOB

g,8

. 3amucaTh MaTpHIly onepatopa A B 0a3zuce 21 ®5 y maiin obpas

sjieMeHTa X .
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3amanne Nel(0. Haiitu coOCTBEHHBIC 3HAUCHUSI U COOCTBEHHBIC BEKTOPHI IMHEWHOTO OnepaTopa,

-4 1
A =( : 2] .
3aJJaHHOTO B HEKOTOPOM 0a3rce MaTpuien

PI'P Ne 1, yacTtp 3

3ananue Nel. Ilpsmas l, IIPOXOJHUT Y€EPE3 TOUKY A [apajuieIbHO BEKTOPY q. [Ipsimas l,

MPOXOHT Yepes TouKy B meprenaukymsipro Bektopy N . HaifTi TOUKy nepecedeHns IpsMbIX 1

A(3;5),7(1;3),B(0;5),n(-3;4).

YIOJI MEXY HUMH, €CIIU

3ananue No2. Jlana npsimast Il. [Ipsmas l, npoxoxut uepes toukn A u B . Haiiti paccrosaue ot

TOYKM IIEPECCUCHUS MPSIMBIX Il u |2 110 TIPSAMOK |3.

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

M

3amanue Ne3. Haiitu paccTosiHUE OT TOYKH 0 710 TUIOCKOCTH O, MPOXOJSIIeH Yepe3 TOUKY A

neprneHuKy/IapHo BekTopy N, ecim M, 0;1;7), A(2;-1;4), N(6;22;-3).

3ananue Ne4. Haiitu yron MexIy MIOCKOCTBIO ¢ ¥ INIOCKOCTBIO g, IIPOXOJAIIEH Yepe3 TOUKH

A B, C ecmn @:5X+Yy+42-28=0, A(5;2;5),B(3;7;0),C(-4;-3;-1).
3aganue Ne5. 3amucaTh KAHOHUYECKUE YPAaBHEHHs IPSIMOM, 3aJaHHON OOIMMH YPaBHEHHUSIMHU.

X+2y-9z2-10=0;
3X+4y+8z-24=0.

3aganme Ne6. Haiitu Touky nepeceuenus npsmoii | u mmockoctn @ 1 yrom Mesxay HEMK.

I:XLZ:X:Z—_l; a:Xx+2y-32-12=0.
3 4 2

3amanue Ne7. ITlpamas l, npoxoauT uepe3 Touku 4 u B. Tlpsmas l, MIPOXOAUT Yepe3 TOUKy M
|

NEPNCHAUKYIISIPHO IMMJIOCKOCTU ¢ . Haiitu yYIroJa MCxKAY NpAMbIMUA 1 ¥ "2 ¥ BBIICHUTH — JIEKAT JIU

OHU B O)IHOI\/'I IIJIOCKOCTH HUJIM CKPEIIUBAOTCA.
A(9;-31),B(4,4,-5),M (-1,11,-11), «a:2x+3y-z-1=0.
2 2
(x+3) A

3ananue Ne8. Jlns nanHoii kpuson 49 25  yka3zatb (OKYCHI, SKCLEHTPUCHTET,
JUPEKTPHCHI. [I0OCTPOUTH KPHUBYIO, H300Pa3UTh (POKYCHI, TUPEKTPHCHL.
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2 2
3ananue No9. IIpusectu ypasrenne kpusoii 9X —29Y" —18x+200y-616=0
KaHOHUYCCKOMY BUAY U IOCTPOUTH KPUBYIO.

KonTposabHble 3a1anus (mpuMepbl)

Bapuanr.

1. HaiiTu 3HaueHus MAaTpU4HOI'0 MHOTOWICHA F (A)

f(x):—x3+2x2—x+3,A=(_1 0]
3 2

2. HaliTi panr MaTpuIsl IpUBEAEHUEM K CTYIIEHYaTOMY BUIY

1 2 1
-5 3
7 -

3. BeluucanuTe onpeaenanTeNls NpUBeICHIUEM K CTYIIEHIaTOMY BUAY

4. Haiitu matpuiy, oOpaTHyto maHHO# (a). PemmTs MaTpuaHoe ypaBHeHuE (0)
1 2 1
3 5 3 1 -2 -2 3 5
2 7 -1 3 4773 a4 o
(a) ©) \ -

5. Pemmnts cucreMy ypaBHEeHHH. YKa3aTh 001iee U OAHO YaCTHOE peleHue (a).

Pemuts cructemy ¢ momorisio 00paTHOM MaTpuIilkl 1 1o hopmynam Kpamepa (0)

4x, +9X, —5X%, —8X, =5 X, +2X,+ %X =5
X +TX, — 2%, —4x, =4 3%, —5X, + 3%, =—7
() 2%, +5X, +X; +3X, =3 ) 2X +TX, =X, =13
Bapuant
1. Pacnucats PAa3JI0KCHUEC BCKTOpA 52 10 BEKTOpaM p’ q’ r
x={5-12,1} p={L-30} q={L-11} r={0,-12}

— —

2. Konnuueapnsi 11 Bextopsl P u 42

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

3. JlaHa mrpamMuza ¢ BEpUIMHAMHU B TOYKAX AARA, .
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A(-2,48) A(4-12) A(-8710) A(-34,-2)

Haiitu:

a) yroi Mexay pedpamu AA, , AA,

0) 00beM MUPaAMUIBI
B) JUTMHY BBICOTHI OIYIIICHHOW Ha TPaHb AAA

T') HalTH [UTHHY MEIUaHbl, POBEIEHHYIO U3 BEPIIUHBI Ak pebpy AR

—- —

4. BBIYMCIIUTD TUIOIIA/Ib TapajjiesorpaMma, IOCTPOSHHOTO Ha BEKTopax a u b a- Yol MEXIY

Bextopamn P u 0

Bapuant

M1M2M3)

1. Haiitu paccTosiHlE OT TOUKH Mo JIO TIIOCKOCTH (

M, (-9;10;2) M,(0;7;-4) M,(4;8-1) M,(-213)

X+y+2-2=0
X-y—-32+6=0

2. Bemmmcarh KaHOHMYECKOE ypaBHEHHUE MPSMOI: {

Xx-2 y-3 z+1

3. Haiitu Touky nepeceueHus npsAMoii u miockoct: 1 1 ~4 y X+y+22-9=0

x-1 'y z
4. Haiitu TOouKy R CUMMETPHUYHYIO TOUKE P orHocurensHo npsMoi I P (0’ -1 3) u 1 -1 1.
5. Hamncatp ypaBHEHME INIOCKOCTH ¢ MPOXOAIIEH Yepe3 TOUKY M, U NIEPIIEHAUKYIIIPHO IpsAMOi

(MiM;). My (3,2,0) M,(415) M,(2-14)

6. Haiftu kocunyc yria Mexy muockoctsamu % u @z
& 3X—y+3=0 a,:x-2y+52-10=0

BapuaHT 3a1aHH NPOMEKYTOYHOI'0 TECTA

-8 2 -6 -3 -13

1.1. HaiiTi panr MaTpHIIBI IPHBEICHUEM K CTYIIEHUATOMY BUIY \ 11 = B 5 I



{1 —2) _{—2 3 5}
1.2. Pemmth MaTpu4HOE YpaBHEHHE -3 4 3 -1 0

X +2X%, +X =5
3% —5X, +3%, =7

1.3. Pewuts cucremy mno popmynam Kpamepa 2¥ + 7%, =%, =13

2.1. HanicaTh pa3iiokeHue BEKTOpa X 10 BEKTOpaM p,ar x={5-121] ,P= {£-3,0; ,

q={L-11} r={0-12}

2.2. BBIUHCITHTH TIIOMAb TAPAIIeorpaMMa, TIOCTPOSHHOT0 Ha BeKTopax @ u 0 @ — yrom mexy

Bektopamu P u d

— —_— - -

a=2p+q, b=p-3q p[=2 |a|=2 “=

z
) ) H 4
2.3. Jlana nupamuja ¢ BEpIIMHAMU B TOUKAX ARAA, A1(6’:L3), A, (6,-2,-3) , A(2,2,0) ,
A,(-5,1,0)
Haittu nmuny Menuanbl, TPOBEICHHYIO U3 BEPIIMHBI Ak pedpy A A

X-2 y-3 z+1

3.1. Haiitu Touky nepeceyeHus MpsiMOii U IJIOCKOCTH: 1 1 -4 pgXty+2z-9=0,
3.2. Haiitu touxy P cummerpmunyro Touke P orHocuremsro mpsvoit | P(0;-13)
x-1_y_z
1 -1 1.

3.3. Hamucatp ypaBHEHHE IUIOCKOCTH O TMpOXOJALIeH uepe3 TOUKYy M,

(MM,). Mo (3:2,0) M, (415) M,(2-14),

IpSAMOi :

U TEPHEeHAUKYISPHO

2 2
4.1. Jlana kpuBas BToporo nopsaka X +4y" —12x+16y+16=0 [Jonyunrs kanoHMuecKkoe ypaBHEHHE
KPUBOU U ITIOCTPOUTH .€€

’ ! ’
4.2. CocTaBuTh MaTpHIly Tepexoa ot 6asuca €88 x Gasucy €€ & | econ
€ =26 +6,+86,; 6, =6 —6,+86,; € =6 +28, +6,

Kpurepun onenkn:

- OLIEHKA «3a4TE€HO» BBICTABIISAETCS CTYACHTY, €CIIM OH PEryJIIPHO B TEUEHHE CEMECTPA MPEACTaBIISLI
pelmiCHus 3aaa4, BBIIMOJIHWII TOJHOCTBIO BCC 3alaHUA W HUX 3allUTHII, OTBCTHUB Ha BOIIPOCHI
IpernoiaBaTels;

- OLICHKA «HE 3a4TE€HO» BBICTABJIAECTCA CTYIEHTY, €CIM OH HEPETYISAPHO B TEUYEHUE CEMECTpaA
NPEJCTaBIsUl PELICHUs 3a]ad, BBITOJHWI 33aJaHHs HE MOJIHOCTHIO MJIM BOOOIIE HE MPEeACTaBIIsI
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paboThl Ha TMPOBEPKY, [OMYCKAET CYIIECTBEHHbIE HETOYHOCTH B OTBETaX Ha BOMPOCHI
npernoaaBaress.

Jlnst IpoBeIeHUsT TEKYIEr0 KOHTPOJIS 3HAHWK CTYJCHTOB B JHCTAHIIMOHHOM (hopMmaTe B
pa3paboTaHHbIX Kadenpoit «MaremaTuka» OHJIAHH-Kypcax UMEIOTCS MPOMEXYTOUHbIE (TPOOHBIE)
TECTHI.

3.2. [Ipome:xyTOUHAAA aTTECTALMS

[TpomexxyTouHast aTTecTanus - (3K3aMeH) IMPOBOIUTCS 110 OMIIETaM B YCTHOU (opMme.
Bpewmst 111 moiroToBKH OTBETA HA BOTIPOCH HE Oosiee 45 MUH.

Buner Bkito9aeT T€OpETUUECKUI BOIIPOC U 334a4H.

KoMIutekTsl 5K3aMEeHalMOHHBIX OMIIETOB XpaHATCA Ha Kadeape «MaremaTukay.
TunoBble BAPHAHTHI OUJIE€TOB MPUJIATAIOTCS.

KommuiekT Bonpocos
o auciumivHe «J/Iuneiinas ajareopa»

Matpulibl, TUIIBI MATPHLI.
Onepanuu ¢ MaTpulaMu, UX CBOKCTBA.
YMHOK€EHUE NPAMOYTOJIbHBIX MaTPULL.
Marpuunasi popma 3aIucH CUCTEMBI TMHEHHBIX aIreOpandecKuX ypaBHEHHN.
Omnpenenurenu U UX CBONCTBA.
[Tonstue onpenenuresnss. MUHOPHI U anredpanyeckue T0NOTHEHUS.
CucTeMbl TMHEWHBIX aNreOpandyecKux ypaBHEHHM, OCHOBHBIE TOHATHUS U ONPEIEICHNUS.
[TpaBuno Kpamepa pemeHnst cucteM JIMHEHHBIX YPaBHEHUM.
OOpatHas MaTpHLa U €€ BEIYUCICHHE. Y CIIOBHUE CYIIECTBOBAHUS 00OPaTHONW MaTpHIIbI.
. Pemienue cucreM NMHEHHBIX anredpandeckux ypaBHEHUH METOJIOM 0OpaTHOM MaTpHIIbI.
. Meton I'aycca periennst CUCTEM JIMHEWMHBIX YPaBHEHU.
. Penienue npon3BOJIBHBIX CUCTEM JINHEWHBIX YPAaBHEHUI MeToI0M ["aycca.
. Panr matpunsl. Teopema Kponekepa — Kanemm.
. OnHOpOAHBIE CUCTEMBbl JMHEMHBIX ypaBHeHMH. Kpurepuii cyiiecTBOBaHUS HETPUBHAIbHBIX
peLieHui.
15. IlonsiTue BeKTOpa U JIMHEWHBIE ONEPALMK HaJl BEKTOPaMH, CBOMCTBA OINEpariyii.
16. JIuneiiHnas KOMOMHAIIHUS BEKTOPOB.
17. Jluneiinas HE3aBUCHUMOCTh M JIMHEWHAsI 3aBUCUMOCTh T€OMETPHUYECKUX BEKTOpOB. Kpurepuit
JIMHEWHOM 3aBUCUMOCTH.
18. IMonstre 6a3uca. KoopanHaTel BeKTOpA.
19. OpronopmupoBaHHbIii 6a3uc. Pa3inoxeHne BeKTopa o BeKTopam 0asuca.
20. YnopsmoueHHast TpOKa BEKTOPOB.
21. CkansipHOe, BEKTOPHOE U CMEIIaHHOE NPOU3BEICHHE BEKTOPOB B OPTOHOPMHUPOBAHHOM Oa3uce.
22. YcnoBus OpTOTOHATBHOCTH, KOJUTMHEAPHOCTH U KOMITJIAHAPHOCTH BEKTOPOB.
23. JIuHeiiHbIE IPOCTPAHCTBA.
24. Matpwuia nepexoa oT 6a3uca k 0asucy.
25. CobcTBEeHHBIE BEKTOPHI M COOCTBEHHbIE 3HAYSHUS MaTPHUIIBI.

CoNoOARWNE

O Nl o
~AWNEO

AHAJIMTHYECKAS TeOMeTPUs

1. Cucrembl koopmuHar. JleKapTOBBI TPSMOYTOJIbHBIE KOOPAMHATHI HA TUIOCKOCTH ¥ B
MIPOCTPAHCTBE.
2. TlonspHas cuctema KOOpIAUHAT.
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NoOkow

8.
9.

PaznuyHble TUIIBI ypaBHEHHUM MIOCKOCTH U MIPSMOM.

Brruucnenue paccTosHUN MEXKy IBYMsI TOYKAMH, TOYKOM U MPSAMON, TOYKOU U ITIOCKOCTBIO.
Brruncinenue pacCTOSHUSA MEXY CKPEIMBAIOIUMUCS IPSIMbBIMU.

Borunciienue yrioB Mexy IByMs IPSIMBIMU, IIPSMOM U MJIOCKOCTBIO, ABYMS IIJIOCKOCTSMHU.

KpuBble BTOporo mopsiika uX reoMeTpuueckre CBOWCTBa W ypaBHeHus. [IpuBenenue KpuBon

BTOPOT'O MOPSAKA K KAHOHUYECKOMY BUJTY.
KaHnonunueckue ypaBHEHHUS AJUTUIICA, TUIEPOOITBI, TapaOoJIbL.
VYpaBHEHME TOBEPXHOCTHU BTOPOT0O MOPSAKA.

10. Kanonnyeckue ypaBHeHUs c(hephbl, JUTMIICOU 1A, KOHYCOB, TUIIEPOOIONI0B, TapaboIouI0B.

TunoBbie BapHaHTbI 6I/IJIeTOB
1o aucuuIuiiHe «JIuneiinas anredopa»

MMHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA3OBAHU S POCCUNICKON ®EJIEPAIIN

®EJIEPAJIBHOE I'OCYIAPCTBEHHOE ABTOHOMHOE OBPA3SOBATEJIBHOE
YUPEXJEHWE BbICILIEI'O OFPABOBAHU S
«MOCKOBCKHH NOJIUTEXHUYECKHN YHUBEPCUTET»
(MOCKOBCKHI NOJUTEX)

®axynbTeT 0a30BbIX KOMIIETEHIIUH, Kadenpa «Maremaruxa»
Huctunuaa  «JIuHeitHas anreopay
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBIN BUJIET

Onpenenureny U UX CBOWCTBA.

(1 2) ( 1 2]
= s B =

Pemnts MarpuuHoe ypaBHeHue XB=A ecnu 2 1 01,
PewmTh CHCTeMy METOI0M 06paTHOM Marpusl (2% —3% =12

JlaHbI BEKTOPBI a=(-598), b=(31-2), ¢=(-810-10) IIpoBepUTh — KOMILIAHAPHBI JIX OHHU.

ol

Ecnu Het, HaliTh 00beM NapaluieNienunena, IoCTPOEHHOro Ha Bekropax a.b.c.

Haiitn yron mexy Bektopamu & = (-2-2) y b=(207),

YTBepkeHo Ha 3aceaannu kadeapsl MateMaTHku «_30» 04 2025 r., mporokos Ne 7

3aB. xadeapoit O.M. bapanosa / /

MUHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA3BOBAHU ST POCCUMCKOM ®EJIEPAIINN

®EJIEPAJIBHOE 'OCYJIAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE
YUPEXXJIEHME BBICIIIETO OFPA3OBAHUS
«MOCKOBCKUM MOJUTEXHUYECKHUUN YHUBEPCUTET»
(MOCKOBCKHWM MOJINTEX)

dakynbTeT 6a30BBIX KOMITCTCHIIHH, Kadenpa «Matemarukay
HNucuumuHa «JIuHeitHas anreGpay»
Kypc 1, cemectp 1
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3K3AMEHAIIMOHHBIA BUJIET

1. JIluneiinas komOuHanus BeKTopoB. baszuc. KoopauHate! BekTopa.

12 -1
A={3 1 O
011

2. Borumcnuth onpenenutens Matpuisl C=A" | ecin
4x —2X, +3%3 =12,

3. Pewmte cucremy ypasHenuit meronoM [aycca (2% +3% —2%5 =3.

4. TlokazaThb, uto Bektopsr M=1-12) N=(203) P=(2-11 o6pasyior 6asuc B mpocTpaHcTBeE.

5. Jlano obmee ypasuenne npsamoit  —2X+3Y ~5=0. Hanmcars: ypaBHenne npamoii ¢ yrioBbiM
K03 (PUIIMEHTOM; ypaBHEHHE MIPAMOM B OTPE3KaX; HOPMAIbHOE YPABHEHHE MPSIMOIL.

YTBepkaeHo Ha 3acenanuu Kadenpsl matematuku « 30» 04 2025 r., mpotokon Ne 7

3aB. kadeapoi O.M. bapanosa / /

HJ’IH MMPOBEACHUA TPOMCIKKYTOYHOI'O KOHTPOJIA 3HAHUU CTYACHTOB B ITUCTAHIIUOHHOM (l)opMaTe
B p8.3pa6OTaHHbIX Ka(bCIIpOﬁ «MaremaTtuka» OHHaﬁH-KypcaX HUMCIOTCA NTOI'OBBIC TCCTHI.
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