[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:
OWO: Makcnmos Anekceit bopMBICTEPCTBO HAYVKH M BBICIIEI'O OBPA3OBAHM S POCCUIICKOM ®EJEPALIUA

LlomkHOCTb: MDY EO RS AR TR B FORYPRBCRATHRISE N B MHOE OBPA3OBATEIBHOE YUPEX/IEHUE BBICIIETO OBPA3OBAHUSI
[ata nognucanus: 19.06.2024 09:48:10 . .
Veukansii nporpai kow:. «MOCKOBCKHM MOJIMTEXHUYECKHI YHUBEPCUTET»

8db180d1a3f02ac9e6052125672742735¢18b1ds  (MOCKOQBCKHH MOJUATEX)

CDaKYJ'IBTeT MAallTHHOCTPOCHUA

YTBEPH(}AE)/»”’“ '

Jlexan CbaK}fJ'IBTEIa/MaIHI/IHOCTpOGHI/IH
//Z /E.B. Cadonos/
«15»  deBpans 2024r.

PABOYAS ITPOT'PAMMA JUCHUIIJIMHBI

«/Inuneitnas aiaredpa»

Hampasnenue noaroroBku
15.03.01 «MammHocTpOEHHE)

[Tpodunu
«MalHbI U TEXHOJIOTUHM 00PA0OTKH MATEPHAJIOB JaBJIEHHEM))
Kpanudukanus

O0akanaBp

®opMbI 00yUeHHS
Ounasn

Mocksa, 2024 r.



Pa3zpaboTuukmu:

Kann. ¢us.-mat. Hayk, JOLIEHT ‘/ Valie—  |E.A. Koran/

Kann. nesa. Hayk, JOLIEHT /A.N. ApxaHrenbckuii/

3aB. kadenpoit «kMaTemaTuka,

KaH/. (U3.-MaT. HAyK /B.B. I'aneBko/

CorgacoBaHo:

PykoBomuTens 00pa3oBaTENbHON MpOrpaMMbl IO HANpPaBICHUIO IOJATOTOBKU
15.03.01 «Mammnoctpoenue». [Ipoduinps moaroroBku « MaiivHbl ¥ TEXHOJIOTHS 00-
paboOTKK MaTepUajoB JaBICHUEM)

J J/
K.T.H., OLICHT %/%@ /E.B. KpyTtuna/




Conep:xanue

1. llenm, 3a7auu ¥ MJIAHUPYEMBIE PE3YIbTAThI 00YUEHUS O AUCHUIUTHHE. ... v'neeeeen.. ..

2. MecTo JUCHUILIUHBI B CTPYKTYpe 00pa30BATEIIbHON MPOTPAMMBIL. .. ...uueeneeneeneennenn.

3. CTpyKTypa U COACPIKAHUE TUCIIHTITIHBL. . ...t ueneeteteneeneeteaeeneeneenenteeeneeneaneneens
3.1. Buapl yueOHON PAOOTBI U TPYIOCMEKOCTD . ... venteenseenneennneenneenneeanneenneennnns
3.2. TemaTu4ecKui TUIAH U3YUCHUS JUCIIUTITIHDL. ... .vuetntentanteeeeneenenneneaneanens
1O TRC TR @71 (<) 07:¢21 507 (i 1700111070003 17 15 SRR
3.4. Temaruka CEMUHAPCKUX/TMPAKTUYECKUX U JTAOOPATOPHBIX 3AHATUH. ................

4. VY4eOHO-METOIUYECKOE U HHPOPMAITUOHHOE OOCCTIEUCHME. ... uuveenreennreanneennnnannnns
4.1. HopmatuHble JOKYMEHTBI U I'OCTBI. ....oooviiiii
4.2, OCHOBHAS JIATCPATYPA. . eveenreennneenneenneeenseeteeaeeenneeanseenseeaemmeeenseeensees
4.3. JIOTIOTHHUTEIBHAS JIATEPATYPA + v eueenetenaenteneteanenteneeneateteneeneneeneeneanens
4.4, DJEKTPOHHBIE 00PA30BATEIBHBIC PECYPCBI. .. uuenntteeteenreeaneeeneenneeanneennens
4.5. JluueH3noHHOE U CBOOOJHO PacHpOCTPaHIEMOE IPOTPaMMHOE OOeCTIeUeHHE. . ..
4.6. CoBpemeHHbIe NpodeccroHaNbHbIe 0a3bl JAHHBIX U HHPOPMAIIMOHHBIE CIIPaBOY-

1503 (S0 (o0 U311 CO P

5. MarepuanbHO-TEXHUUECKOE OOCCTICUCHUE. . . ... vnueeneeneeneeeeentaneeeneeneeaneaneanaens

6. METOINYECKIE PEKOMEHIIAIIHHF . . . ..« e eneeneteneeneetenaeneeneete e ae e eneeae e eneeaeeneaeneens
6.1. Meroauueckue peKOMEHIAIMH JIJIs PENo/IaBaTelsl 10 OpraHu3aluyd 00y4eHUs
6.2. Meroandeckue yka3aHus il 00yHarOIUXCs IO OCBOCHHUIO TUCIUIUIHHEL. . . ...

FAE00) 01 @0} (81 (0115 1 50 Qe 11 (o 0 - S

[Ipunoxenune 1. Temarndeckuil IaH COAEPIKAHMUS TACHMILIAHBL. . . ..vvueeenntennneennnennne..

[Tpunoxxenne 2. @OH]T OLIEHOUHBIX CPEICTB. « ... uuvenueeneententeneeteaneanneaneeneeneaneaneenas

1. MeToabI KOHTPOJIS M OLICHUBAHUS PE3YIBTATOB OOYUCHUM. .. ..veueneeeeneeenennannnn

2. lllxana u KpUTEPUU OLIEHUBAHUS PE3YTBTATOB OOYUCHHUS. . eveneeneeeneaneanaaneannnns

RN 0 )1 (512 (0] 131 (o) 01501 (1 1 - P
3.1, TEKYLIMH KOHTPOIIB . .. ueutnt ettt ettt et et eae et et et et et e et e et eaenaeeenn

3.2, TIpPOMEKYTOUHAST ATTECTAIIHSM . .. v v euvenreeneennenseneeneanseensenseaneeneenneaneennenns

©COwowo~NOOTOOUIOol &~ B>

ol
oo

11
11
11
11
12
14
15
21
21
21
22
23
29



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

K ocHOBHBIM yenam 0CBOCHUS TUCHUILIMHBI «JInHelHas anredpay» ciaeayeT OTHECTH:

- BOCIIUTAHHUE Y CTYJCHTOB O0IIEH MaTeMaTHu4eCKON KyIbTYpHhI;

- IpUOOpeTeHUE CTyIEHTaMH IIUPOKOT0 Kpyra MaTeMaTUYeCKUX 3HAHW, YMEHUHN U HaBbI-
KOB;

- pa3BHUTHE CHOCOOHOCTH CTYACHTOB K WHAYKTHUBHOMY U JEAYKTUBHOMY MBIIIJICHUIO
Hapsily ¢ pa3BUTHEM MaTEMATUYECKON MHTYUIINY;

- YMEHHUE CTYJCHTaMH pa3BUBATh HABBIKM CAMOCTOSITEILHOTO U3yUeHUsl yueOHOW U Hayu-
HOW JIMTEpaTyphl, COAEPIKALIEN MaTEMaTUUECKUE CBEJICHUS U PE3YNbTAThI;

- IOJITOTOBKY CTY/IEHTOB K JIEATEIIbHOCTH B COOTBETCTBUH C KBATHU(PUKAMOHHON XapaKTe-
PHUCTUKOM OakaaBpa Mo HaIlpaBICHHIO, B TOM YHCie JOPMHUPOBAHUE YMEHUH HCIIOIB30BaTh OCBO-
€HHbIE MaTeMaTUYECKHEe METO/IbI B MPO(ecCHOHANIBHOI 1eATeTbHOCTH.

- MOJITOTOBKY BBICOKOKBAJM(HUIIMPOBAHHBIX KaJIPOB, BOCTPEOOBAHHBIX B yCIOBUAX LU-
pPOBOI TYypOYJIEHTHOCTH U BBICOKMX TE€XHOJOTHYECKHX PUCKOB COBPEMEHHOH IHU(PPOBOIl 3KOHO-
MUKH.

K ocHOBHBIM 3a0auam 0cBOEHUS NUCUUIUTMHBI «JIMHeHas anre6pay clieyeT OTHECTH:

- OCBOCHHE CTYJICHTAMH OCHOBHBIX MOHATHI, METOIOB, (POPMHUPYIOIINX OOIIYI0 MareMa-
TUYECKYIO MOATOTOBKY, HEOOXOIUMYIO /ISl YCIEIIHOTO PelIeH s MPUKIAIHbIX 3a/1a4;

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

OOyuenne no aucuuiuimae «JIMHEWHas anrebpa» HampaBiIeHO HA (GOPMUPOBAHUE Y O0ydaro-
mMXxcst cleayronmx kommneteHiuid B coorBercTBuU ¢ GI'OC 15.03.01 «MammHocTpoeHue»,
yTBepKAEHHBIM NprukazoM MunobpHayku Poccun ot 09.08.2021 N 727:

Koa u HamMeHOBaHHe KOMIIETeHIIHI NHpukaTopsl 10CTHAKEHHSA KOMIIe-
TeHUHMH
OIIK-1. CnocoGen npumensth ecrectBeHHO- | MOIIK-1.1. [Ipumensier ectecTBeHHOHAYY-
Hay4HbIE U OOLIEMHKEHEPHBIE 3HAHUS, Me- HbI€ ¥ OOLIEMH)KEHEPHBIE 3HAHUS, METObI
TOABI MATEMATHYCCKOr'0 aHajIn3a U MOACJIH- MAaTeMaTUYECKOTO aHAJIN3a U MOJAEIUPOBAHHUS
poBaHUs B NPOPECCHOHATBHON AESITETbHO- [pH pelleHnH PO(ecCHOHATBHBIX 3a1ad

CTH;
NOIIK-1.2. JIleMOHCTpUPYET HABBIKH UCTIOIb-
30BaHMs 3HAHUN (PU3UKU U MATEMaTUKU IS
peleHus 3a/1a4 TEOPETUYECKOTO

2. MecTo AUCUMILIMHBI B CTPYKTYpe 00pa30BaTe/ibHOM NPOrpaMMbl

JucnuniauHa OTHOCUTCS K 00s3aTenbHOM yacTu O50ka bl: Monynps «Matematnueckue u ecre-
CTBEHHO-HAYUYHbIE TUCIUIUIMHBDY.
E€ nzydyenue oGecrieunBaeT n3yueHue AUCITUTUIINH:
B obs3amenvHou uacmu:
- MaTeEMaTUYEeCKHI aHaIn3;
- husuka;
- nudepeHIuanbHbIe YpaBHEHUS;
- TEOpETHYECKasi MEXaHUKA,
- DJIEKTPOTEXHHUKA U DJICKTPOHHUKA,
- COIPOTHUBJICHUE MATEPUAIIOB,;



- TeOpHs MAIllH U MEXaHU3MOB;

- OCHOBBI IPOTPAMMUPOBAHUS U AIITOPUTMHU3AIUHN B MAIIUHOCTPOCHUH;

- 5KOHOMHMKA U yMPABJIEHUE MAIIUHOCTPOUTEIBHBIM IIPOU3BOICTBOM;

- OCHOBBI MAaTE€MaTUYECKOTO MOJICIUPOBAHUS TEXHOJIOTUYECKUX MTPOLIECCOB.
B uacmu snexmuenvix oucyuniun:

- (pu3MKO-XUMHUYECKHE MPOLIECCHI IPU HarpeBe B 00paboTKe JIaBICHUEM;

- TEOpUS U TEXHOJIOTHUS MPOKATKH.

3. CTpyKTypa M cofepkaHHe IMCHUILTHHBI

OO01mas TpyA0€MKOCTh JUCIUIUIMHBI COCTABISIET 3 3a4eTHBIC eAMHUIILI -108 yacos.

3.1.  Buabl yueOHoii paGoThI M TPYA0EMKOCTH

3.1.1. Ounas ¢popma odyueHust

n/n Bup yueoHoii padoThl KO;I;';?TBO Cemectp 1
AyIMTOpHBbIE 3aHATHS 48 48
B ToMm uuce:
Jlexuun 16 16
1.
CeMuHapcKue/MpakTHIECKUAE 3aHATHS 32 32
- JlaGoparopHble 3aHATHS - -
> CamocrosiTesbHast padoTa 60 60
IIpoMe:kyTouHasi aTTeCTALUSA
3K3aM€EH D C)
Hroro 108 108

3.2. TemMaTu4ecKHii MJIaH U3y4YeHH s TUCITUIINHBI

Pasmemnién B mpunoxenuu 1 k pabodeit mporpamme.

3.3. CoaepixaHue pa3/iesioB JMCHUIINHBI

BBeaenue

Hpe)]MeT, 3aaa4u U COACPIKAHUEC NTUCHUILIINHBI. OCHOBHBIE 3TaIbI PasBUTHUA JUCHUIIIINHBI.
CprKTypa Kypca, €ro MCCTO U pOJIb B IIOATOTOBKE 6aKaJ1aBpa, CBA3b C IPYTUMHU JUCHUILIIMHAMU.



Paszgea 1. DiieMeHTHI JIMHEHHOH aJaredpbl

Tema 1. MaTpuubl 1 onpeaeuTeH.

[Tonstue matpunel. Buasl Mmatpun. [eiictBus Hag maTpunamu. Onepanny HaJy MaTpULIaMy
U X cBoicTBa. OrmpenenuTenu, UX CBOWCTBA U BbuucieHus. [loHsaTis MUHOpa U anrebpanye-
CKOro J1onoyiHeHus. PasnokeHue onpeaenuTesns o JIeMeHTaM CTPOKU Wiu cTonlua. Beraucie-
HUE OIPEAEIUTENIEH PA3IMYHOrO NOPSIKA.

OOpaTHas MaTpulla U AITOPUTM €€ BBIYUCIICHUSA. DJIEMEHTapHbIe MPeoOpa3oBaHUs MaT-
puil. [IpuBeneHne MaTpuilbl K IMaroHalbHOMY WM TpamnelueBUIHOMY BUIy. Matpuunas ¢hopma
3aMKCU CUCTEMBbI JINHEHHBIX alireOpandeckux ypaBHeHui. Panr maTpuisl.

Tema 2. Pemienune cucTeM JIMHEHHBIX AJIre0pandecKuX ypaBHEeHUI.

CucteMsbl JIMHEHHBIX anredpanyeckux ypaBHEHHH, OCHOBHbIE IOHATUS. Pemenue cuctem
JUHENHHBIX ypaBHeHUI MeTooM Kpamepa, MeToom oOpaTHOM MaTpuliel, MmeTogoM ["aycca. Teo-
pema Kponekepa — Kanemuu. PemeHne npon3BoIbHBIX CUCTEM JIMHEWHBIX YPABHEHUN METOAOM
I"aycca. Pemienne ofHOPOOHBIX CUCTEM JIMHENHBIX ypaBHEeHUI. Kpurepuii cyliecTBOBaHUs HETPU-
BHAJIBHBIX PELICHUM.

Pa3nes 2. DiieMeHTBI BeKTOPHOI aJredpbl

Tema 1. JIuneitnbie onepaiyu HaJl BEKTOpaMu, UX CBOMCTBA. JInHeliHbIe KOMOUHAIINY BEK-
TOpOB. JIMHEWHAs 3aBUCUMOCTh M HE3aBHCHUMOCTHh BEKTOpOB. basuc cucremsl BekTOpoB. Enun-
CTBEHHOCTb Pa3JIokKeHMsI BEKTopa 1o 6a3ucy. OpToHOpMUPOBaHHBIN Oa3uc.

Tema 2. CxansipHoe, BEKTOPHOE U CMEIIIAHHOE IMPOU3BEICHHUS BEKTOPOB, HX CBOMCTBA. Y CJIOBUS
OpPTOrOHAJILHOCTH, KOJUTMHEAPHOCTH, KOMILIAHAPHOCTH BEKTOPOB. BBIUKCICHUE CKaISPHOTO, BEK-
TOPHOT'O M CMEIIIAHHOTO IMPOM3BEICHHUI BEKTOPOB, 3aJaHHBIX KOOPUHATAMH B OPTOHOPMHUPOBAH-
HOM Oasuce.

Tema 3. Jluneiinbie npoctpancTBa. [loHsTHE Oa31Mca MPOCTPAHCTBA TEOMETPHUECKUX BEK-
TopoB. [IpeobpazoBanme MaTpUIIbI TMHEHHOTO OTIepaTopa mpu nepexoze ot 6asuca k 6azucy. Cob-
CTBEHHBIE 3HAYEHUS U COOCTBEHHbIE BEKTOPBI MAaTPHIIBI.

Pa3zgen 3. KoMIiekcHBIE YHCIa U MHOTOYJIEHBI

ITonsATHE KOMIUIEKCHOTO yKciia. DOpMBI 3aIIMCH KOMILIEKCHBIX YUCell. JIeHCTBHUS HaJl KOMILIEKC-
HbIMU unciaamu. Gopmyiia Myaspa. M3BinedeHre KOpHA N-0H MOJOKUTEIBLHON CTEIIEHU U3 KOM-
IUIEKCHOTO yKcia. PaznoxeHne MHOroujaeHa Ha MHOKUTeNu. OCHOBHAs TeopeMa anreopsl.

Pa3nen 4. AHanmTnuyeckasi reoMeTpust

CucreMsl KoopAMHAT. JleKapTOBBI IPSAMOYTOJIbHbBIE KOOPAUHATHI HA TNIOCKOCTH U B ITPOCTPAHCTBE.
[TonsipHas cucremMa KOOpIUHAT.

Tema 1. IIpsiMble U IIOCKOCTH

Paznuynble TUIIBI ypaBHEHHH MIIOCKOCTH U ypaBHEHUH MPsIMOM (Ha MJIOCKOCTH U B IPOCTPAHCTBE).
Brluncnenue paccTossHUNM MEXY IBYMs TOYKaMH, TOYKOM U NPSAMOM, TOUKOU U IIJIOCKOCTBIO.
Beruncienne paccTosHASA MKy CKPEIUBAOIUMUCS MTPSMBIMHU.

Beluncnenue yrioB MEXAy ABYyMs IPSIMBIMH, IPSIMOU U IIJIOCKOCTBIO, ABYMS IUIOCKOCTSMM.
Tema 2. KpuBble 1 NOBEPXHOCTH BTOPOI0 MOPSAKA

KpuBble BTOporo nopsjaka, ux reoMETpUYECKUE CBOICTBA U ypaBHeHN . [IpuBeaeHe KpuBoii BTO-
pOro nopsjika K KAHOHUYECKOMY BUAY.



YpaBHEHHE MOBEPXHOCTH BTOPOTo Nopsiaka. KaHoHnueckue ypaBHEeHUs CEphl, SJUTUIICOUIA, KO-
Hyca, runiepoosonia, mapadoaona.

3.4. TemaTuka NpakTUYeCKUX 3aHATHI MO JUCIHILINHE
«/IuHeiinas anredpa»

3.4.1. Ounas ¢opma od0yueHust

No 3angaTus Tema 3angaTus

1 Paszgea 1. DiieMeHTHI JIMHEHHOH aaredpbl. MaTpuiibl, 1eHCTBUA
HaJl MaTPUIIAMHU.
Onpenenurenn, UX CBOMCTBA U BhIUUCICHUE. MaTpuuHas 3allucCh

2 CHUCTEMBI JINHEWHBIX YPABHCHUM.

3 OOparHas MaTpHIla U €€ BHIYMCIICHHE.
CucreMbl TUHEHHBIX aNreOpanyecKux ypaBHEHUM, OCHOBHBIE I10-

4 HATHUS U onipesiesieHus. Pelenne cucteM TMHENHBIX YpaBHEHUN
MeroaoM Kpamepa, MeTooM 00paTHON MaTPHIIGI

5 Pewienue cucreM nuHeNHHbIX ypaBHeHUN MeTonoM ["aycca. Panr
matpuubl. Teopema Kponekepa — Kanemn.

6 Meron ['aycca B IpOM3BOJIBHBIX CUCTEMAX JTUHEWHBIX YPABHEHHUI.

OnHOpOHBIE CUCTEMBI JIMHEWHBIX YPABHEHUM.

Pa3nes 2. DiieMeHTHI BeKTOpPHOI anredpsnl. Bexropsl. JIunei-
HbIE OIEpaluu HaJX BEKTOpaMH, UX cBoicTBa. JIuHeiHoe mpo-
7 CTPAHCTBO T€OMETPUYECKUX BEKTOPOB. [IoHATHE JTMHEHHONW KOM-
OuHanMM BeKTOpOB. JIMHEHHO He3aBUCHUMBIC U JMHEHHO 3aBUCH-
MBbIE€ CUCTEMBI BEKTOPOB.

[TonsTHE Ga3uca NpOCTpaHCTBA FTEOMETPUUECKUX BEKTOPOB. Koop-
8 IuHaTHl BeKTopa. OpTOHOpMUpOBaHHbIN 6a3uc. KomnHeapHOCTb,
OpPTOTrOHAJIBHOCTh ¥ KOMIUIAHAPHOCTH BEKTOPOB.

CkanspHoe pou3Be/IeHne BEKTOPOB U €ro CBOMCTBA. Y CJIOBHE Op-
9 TOTOHAJIBHOCTH BEKTOPOB. BEKTOpHOE NpOU3BENEHHE ABYX BEKTO-
POB, €r0 CBOMCTBA. Y CIIOBHE KOJJIMHEAPHOCTH BEKTOPOB
CMmemaHHOE MMPOU3BEACHUE TPEX BEKTOPOB U €ro CBOMCTBA. BEbI-
ymclieHne o0bema napajuiesenuneia i TupaMu/ipl. Y ClIoBUE KOM-
10 IUIAHAPHOCTU BEKTOPOB. BhIuncieHne cKaasipHOro, BEKTOPHOIO U
CMEIIaHHOTO MPOU3BECHUI BEKTOPOB, 3aJaHHBIX KOOPAWHATAMHU
B OPTOHOPMHPOBAHHOM Oasuce.

Jluneitnsle mpocTpancTBa. PasmepHocTh U 6a3uc TMHEWHOTO MPo-
CTPaHCTBA.

Martpuna nepexoaa ot 6asuca k 6asucy. [IpeobpazoBanue Koop-
JMHAT BEKTOpa MpU M3MEeHeHuHu Oasuca. JInHeiHble oneparopsl,
NeicTBUS ¢ TMHEHHbIMU onepatopaMu. CoOCTBEHHbIE BEKTOPHI U
COOCTBEHHBIE 3HAYEHUSI MATPHIIBI

11

Paznea 3. KoMmiexkcHbIe 4HcJIa M MHOTOWwIieHbI MHOXECTBO
KOMILIEKCHBIX uncesn. GopMbl 3alIUCH KOMIUIEKCHBIX yucen. Jlei-
CTBUA HaJA KOMIIJICKCHBIMHU YU CJIaMH. PaSJ'IO)KeHI/Ie MHOT'OYJICHA Ha
MHO>KUTEJH, OCHOBHAsI TEOpEMa anreOpbl

12

Pa3znen 4. Ananuruyeckasi reoMeTpust

13 .
CucreMsl KOOpJAUWHAT. PazauuHbIe THIIBI YpaBHCHHHU IJIOCKOCTU




14 PaznuuHble TUIBI ypaBHEHUM TPSMOM Ha IJTIOCKOCTH U B POCTPaH-
CTBE

15 B3anmHOe pacnonoxeHue NpsMbIX Ha IUIOCKOCTH M B IIPOCTPAaH-
cTBE. BIuncieHue paccTosHu MeX1y AByMs TOUKaMH, TOYKOU U
IpsIMOW. BbruncieHue paccTOAHHMS MEXKIY CKPEHUIMBAIOLIMMUCS
npsAMbIMU. B3auMHOE pacrnosioKeHue IUIOCKOCTeW. Brrumcinenue
pPacCTOSTHUI MEXKy TOYKOH U INIOCKOCTBIO

16 Kpussie BTOpOro nopsjika X reoMeTpu4ecKue CBOMCTBA. Y paBHe-
HUS 3JUInIca, runepooiisl, napadonsr OOmiee ypaBHEHHE KpUBOH
BTOpOro nopsiaka. IlpuBenenne kpuBoil BTOporo nopsiika K KaHo-
HU4eckoMmy Buay. IloBepxHOCTH BTOpPOro nopsiika

=

4. YuyeOHO-MeTOAUYeCKOE M HH(POPMALIMOHHOE o0ecnieueHne

4.1. HopmaTuBHbie 10kyMeHTHI 1 'OCThbI

@I'0C 15.03.01. Mammnuoctpoenue. 2021.

AkaneMudeckuil ydeOHBIH M1aH Mo HanpapieHuto noarotoBku: 15.03.01 MammuHocTtpoenue.
[Tpodune: MaiinHel ¥ TeXHOIOTMH 00pabOTKK MaTepuaioB JaBieHueM. Popma oOyueHus —
ounas. 2024.

Marpuiia pacrpeaeneHuss KOMIETCHIIMA 0 HampaBieHuto noarotoBku 15.03.01 Mamuno-
crpoenue. [Ipoduns: MammHbl U TeXHOJOTHH 00pabOTKM MarepuasioB naBieHueM. Dopma
oOyuenus: ounas. 2024.

Vka3 Ilpesunenta Poccuiickoit @enepaunu ot 01.12.2016 Ne 642 «Ctparerun Hay4yHO-TEX-
HOJIOTHYECKOTro pa3Butus Poccuiickon denepaunny.

[Tpuka3 MunucrepcTBa oopa3zoBanus 1 Hayku Poccuiickoii @eneparyu ot 23.08.2017 Ne 816
«O06 yrBepxkaenuu [lopska mprMeHeHUsT OpraHu3alusIMU, OCYHIECTBISIOMIUMUA 00pa30Ba-
TEJBHYIO ICATEIIEHOCTD, JJIEKTPOHHOTO 00YUEHHSI, TMCTAHIIMOHHBIX 00pa30BaTeIbHBIX TEXHO-
JIOTHH IIpU peanu3anuu o0pa3oBaTeIbHBIX IPOrpaMM».

4.2.  OcHoBHas J1UTEpaTypa

3abonorckuit B.C. JIunelinas anrebpa u aHanuTHYecKasi reoMeTpust (yueOHbIN KOMIUIEKC):
yuebHoe nocobue, 2-e uzn. Crep. M.: M3a-so UHOPA-M, 2022. 309 c. (Bricee obpa3zoBa-
Hue: OakanaBpHar).

Cupotuna W.K. Jluneitnas anreOpa u aHaTUTHUYECKas TEOMETPUSI: HHTEPAKTUBHBIN Kypc:
yaebHoe nocodue st By30B. CI10, U3n-Bo Jlans, 2022. 180 c.

Kypc nexmuit mo nuHelHoM anredpe U aHaTUTHYECKON reoMeTpuu: yuebHnoe nocoodue. // Kya-
pssueB b.1O., Marsm B.U., TTokazees B.B., Uepkecosa I'.B.. M.: MI'TY «MAMW», 2009. —
362c. [http://lib.mami.ru/lib/content/elektronnyy-katalog. DnexTponnsIii pecypc. ]

4.3. JlomosHuMTebHAS JIUTEPATypa

Kpatkuii kypc Bbiciieil MaTeMaTuku [DIEeKTpOHHBIH pecypc]: yued. - DIEKTpOH. AaH. -
MockBa:  JamkoB u K, 2017. - 510 c. [Pexum  pmoctyma: URL:
https://e.lanbook.com/book/93522. - 3ar. ¢ skpaHa.] .

3y6xoB B.I'., JIsxosckuii B.A., Maptsinenko A.U., Munocies B.b., [Tymkaps E.A. Kypc ma-
TEMaTHKH JJI TEXHUYECKUX BBICIINX Y4eOHBIX 3aBeneHuil. Yactu 1-4. M.: MTTI1Y, 2012. 400
9K3.

Wnbun B.A., Ilo3usak O.I'. Ananutnueckas reomerpus. M.: Hayka. ['naB. pen-us ¢pusuko-ma-
TeM. TuT-phl, 1988. 224 c.
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http://lib.mami.ru/lib/content/elektronnyy-katalog
https://e.lanbook.com/book/93522

4. bexnemuiues, /[.B. Pemenne 3agau U3 Kypca aHaIMTUUYECKON I'€OMETpPUM U JUHEHHON aj-
reOpbl [ DNeKTpOHHBIHN pecypc]: yued. mocodue - DNeKTpoH. aaH. - Mocksa: ®uzmariut, 2014.
- 192 c. [Pexxum noctyna: URL: https://e.lanbook.com/book/59632. - 3ari. ¢ skpaHa. ]

4.4, JjaekTpoHHBbIE 00pa3oBaTebHbIE Pecypchl

[TpoBenenue 3aHATHIA U ATTECTAIM BO3MOXKHO B IMCTAHLIMOHHOM (pOopMaTe C MPUMEHEHUEM CH-
cTeMbI AucTaHIIMOHHOTO 00y4eHus yHuBepcutera (CJJO-LMS) Ha ocHOBe pa3paOOTaHHBIX Ka-
denpoit «MaTtemaTrkay IEKTPOHHBIX 00pazoBaTelbHBIX pecypcoB (DOP) mo Bcem pasnenam
IPOrpaMMBI:

Hazanue OOP

Jluneiinas u BeKTOpHas anredpa
AHanuTuyeckas reoMeTpus
JIuneiinas anreOpa U aHaJIUTH-
YyecKasi TeOMeTpus

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

Paspaboranusie DOP BKIIO4aIOT TPEHUPOBOYHBIE U UTOTOBBIE TECTHI.
[Topsimok mpoBeaeHust padoT B TUCTAaHIIMOHHOM (hOpMaTe YCTaHABIMBAETCS OTIACIBHBIMHU PACIIO-
PSUKEHHUSIMH TIPOPEKTOpa Mo yueOHOU padoTe U/Uiu LIEHTPOM YueOHO-METOAUYECKON pabOTHI.

Ka)K,I[LIfI CTYACHT O6CCHC‘ICH HHAUBUAYAJIbHBIM HCEOTPAHUYCHHBIM IOOCTYIIOM K BHGKTPOHHOP'I

6I/I6JII/IOTCKC MOCKOBCKOT'O ITOJIUTEXA

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

I/IHTepHeT-pecprLI BKJIFOUAKOT y‘le6HO-MeTO,I[I/I‘IeCKI/IC MaTCpHrajibl B 3JICKTPOHHOM BUIAC, IIPCI-

CTaBJICHHBIC Ha caiite mospolytech.ru B pazaene: «lleHTp MaTeMaTn4ecKoro 00pa3oBaHUsD)

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

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

Ilone3nrie yqeGHo-MeT OJNYCCKHUC U I/IHCI)OpMaI_II/IOHHLIe MaTepHraJbl IPCACTABIICHBI Ha calrax:
http://exponenta.ru, http://egworld.ipmnet.ru/ru/info/mathwebs.htm.

HepequL pecypcoB I/IH(1)OpMaI_II/IOHHO-TeJIeKOMMYHI/IKaLII/IOHHoﬁ CCTU «I/IHTepHeT» JJI1 OCBOCHUA

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

4.5, JIneH3uOHHOE ¥ CBOOOIHO pacnpocTpaHsieMoe MPorpaMMHoOe

o0ecrieyeHHue
Ne| HaumenoBanue | Pazpadorunk 1O JocTynHOCTD Ccbuika Ha Equnblii peectp
(mpaBoo0.1aga- (IMUEeH3UOHHOe, | POCCUIICKUX MPOrpPamMM st
TeJIb) cB0O0OHO pac- 9BM u B/l (npu naanumnu)
NpocTpaHsemMoe)
1 | Astra Linux | OO0 JInnensnoHHoe https://reestr.digital.gov.ru/ree
Common Edition [ "PYCBUTEX- str/305783/?sphrase_id=9540
ACTPA" 36



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

2 | MoitOduc 00O "HOBBIE JIuneH3noHHOE https://reestr.digital.gov.ru/ree
OBJIAUHBIE str/301558/?sphrase_id=9433
TEXHOJIOT'NN" 75

4.6. CoppeMeHHbIe NpodeccuoHaTIbHbIE 0a3bl JAHHBIX U HH()OPMAIMOHHBbIE CIpa-
BOYHbIE CHCTEMBI

Ilepeuens pecypcoB cetn UHTepHeT, 10CTYNHBIX 1JIS1 OCBOEHUS AN CUMIIJIMHbBI:

HaumeHoBaHue Cchblika Ha pecypce HocTynHocTh

NudopmanuoHHO-cipaBOYHbIE CHCTEMbI

Hocrtynna B cetn UH-
https://stackoverflow.co

m/

Stack Overflow TepHeT 6e3 orpaHuye-

HUU

HUndopmarmonnsie pecypest Cetn | http:// www.consultant.ru | Jlocrymso
Koncynsrantlntoc

[Topran ®@enepanbHbIX rocyaap-
CTBEHHBIX 00pa30BaTEILHBIX CTaH-
JIapTOB BHICHIETO 00pa30BaHUs

http://www.fgosvo.ru. JoctymHo

JIEKTPOHHO-0UOJINOTEYHbIE CHCTEMBI

JlaHb https://e.lanbook.com/ HocrtymnHa B cetn UH-
TEepHET 0e3 orpaHuye-

HUM
IPR Books https://www.iprbookshop | loctynua B cetu UH-
ru/ TepHeT 0e3 orpaHuye-

HUM

IIpogdeccnonanbubie 6a3b1 JAHHBIX

baza naHHBIX HAyIHOU DIIEKTPOH- http://www.elibrary.ru HocrymHo
HOM OMOIMOTEeKU
(eLIBRARY.RU)

Web of Science Core Collection — | http://webofscience.com | JoctymnHo
MoJIUTEeMaTHYecKas peepaTUBHO-
o6ubnunorpaduueckas u
HayKoMmeTpuueckas (OubmmomeTpu-
yeckas) 0aza JaHHBIX

5. MaTepuaibHO-TEXHUYECKOE o0ecriedeHue TUCIIMIIIMHBI
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https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
http://www.consultant.ru/
http://www.elibrary.ru/
http://webofscience.com/

MarepuanbHO — TeXHUYECKas 0a3a yHUBEpCUTETa 00ECIIeYMBAET POBEICHUE BCEX BHJIOB
3aHSTHH, IPETyCMOTPEHHBIX YUECOHBIM IIAHOM, U COOTBETCTBYET JACUCTBYIOIIUM CAHUTAPHBIM U
MPOTHUBOIIOKAPHEIM IIpaBUIaM U HOpPMaM.

Kadenpa «MaremaTrkay He pacronaraeT COOCTBEHHBIM ayJIUTOPHBIM (DOHJIOM U UCTIOJNb-
3yeT y4eOHbIe ayAUTOpHH U3 001Iero ()oH/1a yHUBEPCUTETA.

[Tpu HEOOXOMUMOCTH JIJIsl IPOBEICHUS MHTEPAKTUBHBIX MMPAKTHYECKUX 3aHATHIA UCTIOIb3Y-
I0TCSI KOMITBIOTEPHBIE KIJIACCHl YHUBEPCHUTETA.

6. MeTozmqecKne PEKOMEHIAITUNA

6.1. MeTozmqecmle PCKOMEHAAIUA IJIA NIpenoaaBaTeisi o OpraHm3anumn oﬁyqe-
HUA

IIpexne Beero, ciuenyer oOpaTuTh BHUMAHUE CTYIEHTOB Ha TO, YTO IMPAKTUUYECKU BECH U3Y-
YyaeMbIil UMU MaTepHail He TpeOyeT KakoH-JInOo crenuaibHOM (JOMOJHUTEIbHOM) TOATOTOBKY U
BIIOJIHE MOJKET OBbITh YCIEIIHO U3yUY€H, €CIIU CTYACHTHI OyAyT IOCEIIATh 3aHATHS, CBOEBPEMEHHO
BBINOJIHATH JOMAILIHUE 33/1aHUS U [I0JIb30BaThCs (IIPU HEOOXO0AUMOCTH ) CUCTEMOH IIIIAHOBBIX KOH-
CyJbTallMil B T€UEHHE KaKJOro ceMecTpa. Boieamue B Kypc MaTeMaTUKU pa3/ieibl SBISIOTCS
KJIACCUYECKHUMH, B TO 7K€ BPEMs OHU ITPAKTUYECKH OPUEHTUPOBAHBI, TAK KaK UMEIOT LIMPOKOE pac-
IIPOCTPAaHEHNUE I PEIICHUs Pa3HOTo poja 3a/1a4 BHYTPU caMOi MaTeMaTHKU U MPUKIIAIHBIX 3a-
Jad. FIX ocBOEHHE IOMOKET CTyIEHTaM JIOTMYECKH BEPHO, apryMEHTHPOBAHO M SICHO CTPOUTH
YCTHYIO U MUCbMEHHYIO PEub, YCIEUIHO PUMEHATh HAKOIJIEHHBIE 3HaHUSI B IPO(ECCUOHATbHON
JESATEIIBHOCTH.

Heo6xoanmo ¢ camoro Hauana 3aHATHH PEKOMEH/I0BATh CTY/IEHTaM OCHOBHYIO U JIOTIOJI-
HUTEJIBHYIO JIUTEPATYypPy, a B KOHLE CEMECTPA JaTh CIIMCOK BOIIPOCOB JJIS IOATOTOBKH K dK3aMEHY.

Ha nepBomM 3aHsATHN IO JUCHMILIMHE CIEAYET 0053aTeabHO IPOUH(OPMUPOBATH CTYIEH-
TOB 0 BHJIE U (hOpMe MPOMEKYTOUHOM aTTeCTalluy 110 TUCLUILIMHE, CPOKAX €€ IPOBEICHUS,
YCIIOBUSIX JIOMYCKA K IPOMEXKYTOYHOM aTTeCTalluy, IPUMEHSIEMBIX BUAAX IPOMEKYTOUYHOTO KOH-
TPOJISL.

N3noxxeHne TeopeTHUecKoro Marepuaina JOJKHO CONPOBOXAATHCS HUIUTIOCTPATUBHBIMU
IpUMepaMu, TIIATEILHO OTOOPAaHHBIMU MPENoaBaTesIeM TaK, YTOObl TEXHUUECKUE TPYTHOCTH U
BBIKJIQ/IKH [IPH PEIIEHUH 331a4d HE OTBJIEKAJIU OT IJIaBHOTO: OCMBICIICHUSI UEU U CYTH NIPUMEHS-
eMbIX MeToJ0B. CllefyeT Bcerza yka3blBaTb IPUMEPBI IPAKTUUECKOIO MPUMEHEHUST PACCMOTPEH-
HBIX Ha 3aHATHUIX ypaBHEHUHN U POpMYII.

[IpakTHyeckue 3aHATHS JOJDKHBI ObITh OPraHU30BaHBI IpenoaBaTeaeM TakKuM 00pa3oM,
YTOOBI OCTABAJIOCH BPEMsI Ha MEPHUOJUYECKOE BBHIMOJHEHHE CTYIEHTaMU HEOONbIION caMOCTOs-
TEJIbHOM padOoThI B ayTUTOPUHU JJIsl IPOBEPKU YCBOCHHUS U3JI0KEHHOTO0 MaTepHaa.

[IpenonaBatens, BeNyIUi IPaKTUYECKUE 3aHATHSL, JOJKEH COTIaCOBBIBATh yUEOHO-TEMa-
TUYECKUH TJIaH 3aHATUH C JIEKTOPOM, UCTIOJIb30BATh €IMHYIO CHCTEMY 0003HauUEHHH.

[IpenogaBatento ciaenyeT 100MBATbCSI CUCTEMAaTHUYECKOW HENpPEephIBHONW pabOTHI CTYEH-
TOB B TEUCHHE CEMECTPa, HEOOXOMMO BBISIBIIATh CUIIBHBIX CTY/IE€HTOB U ITPUBJIEKATh UX K HAYYHOU
paboTe, K y4acTHIO B pa3HOT0 pojia OJIMMITNAZax U KOHKypcax.

CTyzneHT IOJKEH OLlyllaTh 3aMHTEPECOBAHHOCTD NPENOJABATENS B JOCTHKEHUHM KOHEY-
HOTO pe3ysibTaTa: B NMPUOOPETEHHH OOYYaIOUIUMUCS TMPOYHBIX 3HAHUM, YMEHMH W BIaJE€HUS
HaKOIJICHHOM nH(popManmeit 171 peleHus 3a/1a4 B IpopecCHOHaIbHON 1S TeTbHOCTH.

6.1.1. O0pa3oBaTe/ibHbIE TEXHOJIOTHH

B03M0OHO ITpOBeIcHNE 3aHATHIA U aTTeCTAIlMi B TUCTAHIIMOHHOM (popMaTe ¢ MPUMEHEHHEM CH-
CTeMBl AMCTaHIMOHHOTO 00yueHus yHuBepcutera (CO-LMS) Ha ocHOBe pa3paboTaHHBIX Ka-
dbenpoit «MaremaTnkay MEKTPOHHBIX 00pa3zoBarebHbIX pecypcoB (DOP) (cMm. m.4.4).
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[Topsimok mpoBeaeHus: paboT B JUCTAHIIMOHHOM (hopMaTe yCTaHABIMBAETCS OTJCIBHBIMU PACIIO-
PSKEHUSIMH TPOPEKTOpa MO YueOHOU paboTe W/UiTK IIEHTPOM YIeOHO-METOANYECKON pabOoTHI.

6.2. MeTtoauyeckue yKa3aHusi AJsl 00y4AIOMNXCHA MO0 OCBOEHUIO
AMCHUILTHHBI

Pa3zgeu: 3s1eMeHTHI JIMHEHOH ajare0pbI

Martpuusl u onpeneaurtenau. I[Ipexnae Bcero, CTyE€HT J0JKEH MOHATh, YTO MaTpULIA —
9T0 Tabauua yucen (IpudeM 3Ta Tabauia MOXKeT UMETh OJIMHAKOBOE YHCIJIO CTPOK U CTOJIOLOB, a
MOJKET OBbITh U IPSIMOYTOJIBHO ), @ OIIPEJIEIUTEIL- 3TO YUCIIO, 3alIChIBAEMOE B BUIE KBaIpaTHON
TaOJIUIIBI, TO €CTh ONPEACITUTEIH CYILIECTBYIOT TOIBKO Y KBaJPAaTHBIX MaTpPULL.

Crenyer oOpaTuTh 0c000€ BHUMAHUE HA ONEPAIIUI0 YMHOKEHUS MIPSIMOYTOJIBHBIX MaTPHUI]
U MOHATh, KAKUM I10JIy4aeTcsl MOPAJOK MAaTpULbl — Ipou3BeeHusl. OCOOEHHOCTh MaTpUI] TaKXKe
COCTOUT B TOM, YTO IPOU3BE/ICHIE MAaTPHUI] HE IEPECTAaHOBOYHO, TO ecTh AB = BA .Cnenyet 00s-
3aTeJIbHO YOeAUTHCS B 3TOM, PEILIMB COOTBETCTBYIOIINE 3a1aUH.

BaxxupiM siBisieTcs moHsATHe 0OpaTHOW Marpuibl. Hano 3HaTh ycinoBue cylliecTBOBaHUS
00paTHOW MaTpULbI U AITOPUTM ee nocTpoeHus. [locne ee BeIuuCIeHUs 1esiecoo0pasHo JienaTh

TIPOBEPKY NPABUILHOCTH PEIIeH s, BHITOIHUB onepanuio yMmHoxkeHns A A= E (momkHa momy-
YUTHCS €IMHUYHAS MaTPUILIA)

[Ipu u3zydenuu onpenenurenei Halo0 YeTKO YCBOUTH NOHATHUS MHUHOPA, alre0panyecKoro
JIOTIOJIHEHHUS, 3HaTh MHOTOUHCJIEHHbIE CBOMCTBA onpenenuteis. s ocBOeHUsI TEXHUKU BbIYKC-
JICHUs OTpeAeNuTeNel 1eaecoodpa3Ho, BEIOpaB MPOU3BOIBHBIN OMPENETUTENh BbIIIE TPETHETO
MOPS/IKA, PACKPBITh €T0 Pa3IMYHBIMU CIOCOOAMH, IPUMEHSS Pa3j0kKEHHUE U MO CTPOKAM H T10
cron6uam. OOparute BHUMaHKE, KaKUe CTPOKH (CTOJIOIBI) TPEeANOYTUTEIbHEE BRIOUPATh /IS pac-
KPBITHUS OTIPEICTUTEINSI, YTOOBI YIPOCTUTH €ro BerarciaeHne. Oco0eHHO 3((EeKTUBHO BBIYMCICHHE
OTIpEeAeNUTENSI C TOMOIIBIO AIEMEHTAPHBIX TPE0Opa30BaHUM, MPUBOISIINX €r0 K TPEYrOJIbHOMY
BUTY.

ITpu u3ydyeHun peuieHU cucTeM JIMHEHHbIX anredpandeckux ypasHeHuit (CJIAY) obpa-
TUTE BHUMAHUE, PEXK/IE€ BCETO, HA MOHATUE PEIICHUS CUCTEMBI M YCIIOBHS CYILIECTBOBAHUS pelle-
HU B 3aBUCUMOCTH OT COOTHOIIEHUS] MEXAY PAHTOM MaTPUIIbl, PAHTOM PAaCIIUPEHHON MaTpUIIbI
CUCTEMBI M YUCIIOM HEU3BECTHBIX U ypaBHeHUH. OOparuTe BHUMaHUE HA YCIOBHS MPUMEHEHUs
dopmyn Kpamepa u merona obpaTHoit MaTpuibl. BHuMaTensHo pa3zdepure npuMepbl pelieHus
MIPOM3BOJILHBIX CUCTEM JIMHEHHBIX anredpandeckux ypaBHeHUI MeronoM ['aycca (BBeneHue Oa-
3MCHBIX M CBOOOJIHBIX TEPEMEHHBIX ).

Pa3nes: DieMeHTBI BEKTOPHOM aaredpnl

[Ipu m3yueHun naHHOW TeMbl OOpaTUTE BHUMaHUE Ha JHHEWHbBIE OMepaliy HaJ BEKTO-
paMu, Ha IOHSTHUS IMHEWHON HE3aBUCUMOCTH U JIMHEHHOM 3aBUCUMOCTH BEKTOPOB, HAa QyH/TaMEH-
TaJIbHOE MOHATHE Oa3rca BEKTOPHOIO MPOCTPAHCTBA (M OPTOHOPMHUPOBAHHOTO 6a3uca), Ha pasiio-
JKEHHEe BEeKTopa 1o 0a3ucy.

3HaTh ONpeneIeHNe, FTEOMETPUUECKUE CBOMCTBA CKAJISIPHOTO, BEKTOPHOT'O U CMEIIAHHOTO
MIPOU3BEICHUS] BEKTOPOB, POPMYJIBI JI UX BHIYMCICHHUS B BEKTOPHOU U B KOOPJIMHATHOU (hopMme.
O0s13aTenbHO 3HATh U YMETh MTPOBEPSTH YCIOBUS OPTOrOHAILHOCTH, KOJJIMHEAPHOCTH U KOMILIA-
HapHOCTH BEKTOPOB.

Pa3nesi: KOMIJIEKCHBIE YHCJIa 1 MHOTO4JICHBI

B sTom paznene, npexie BCero, HaJl0 MOHATh, YTO KOMILIEKCHOE YHCIIO SBHJIOCH PACIIU-
pEHUEM MOHATHUS JeHCTBUTENBHBIX YHCEll, 3HATh ONpe/eleHne U TPU (POPMBI 3aITUCH KOMILIEKC-
HOro yucia (anredpanyeckyro, TPUrOHOMETPUUECKYIO U TOKA3aTeNbHYI0), TEOMETPUUYECKYIO UH-
TEpHNpEeTALNI0 KOMIUIEKCHOTO YMCIIa ¥ B3aUMHO-0/JHO3HaYHOE COOTBETCTBUE MEXK /Y MHOXKECTBOM
KOMILIEKCHBIX YHUCENT 1 MHOYKECTBOM TOUYEK KOMIUIEKCHOM TUIOCKOCTH. 3HATh (hopmyiy Ditnepa.
KommiekcHble yncia MOXKHO M300pa)xarh ¢ MOMOILBIO BEKTOPOB Ha KOMIUIEKCHOM MIIOCKOCTH.
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[ToaToMy omeparyu CI0KEHHUS U BEIUUTAHUS KOMITJIEKCHBIX YHMCET MOTYT OBITh CBE/ICHBI K OTIepa-
IIUSIM CJIOKCHHUS U BBIYMTAHHS COOTBETCTBYIOIINX BEKTOPOB.

Hano 3HaTh U yMETh BBITIOJIHATH ONEPAIlNN YMHOXKEHUS, JISTICHHSI, BO3BEICHUS B TIOJIOKH-
TEJIBHYIO CTETICHb KOMILJICKCHBIX YHCEI, 3alICaHHBIX B TPUTOHOMETPUYECKOH (popme, n3Biede-
HUS KOpHS N-OH CTETIEHW W3 KOMIUIEKCHOTO YHCIIa.

Crnenyer oOpaTUTh BHUMAaHUE Ha TO, YTO MHOXKECTBO KOMILICKCHBIX YHCEIN SBJISICTCS 3a-
MKHYTBIM, TO €CTh JIF00ast anreOpandeckas onepanusi HaJi KOMIUIEKCHBIMH YHCTIaMH HE BBIBOJIUT
3a TIpeIeITbl 00JIACTH KOMIUIEKCHBIX YHCEIL.

Hano 3HaTh pa3nuvHbie BUABI PA3JI0OKECHIS] MHOTOWICHA HA MHOKUTENH JIJIS CIIy4aeB, KO-
IJia cpelii KOpHEeW MHOTOYWICHa MOTYT OBITh KpaTHbIC, KOMIUICKCHBIC KOPHU. JTH CBEICHUS OyIyT
UCIIOJIb30BATHCS, HAIPUMEP, B MHTETPAIBHOM HCYHCICHUU TPU BBIYHCICHUH WHTETPATIOB OT
JpOOHO-PaIMOHATBHBIX (DYHKIIHIA, TIPU PENICHUU JIMHEHHBIX OIHOPOIHBIX Au(QepeHIIHaTIbHbIX
ypaBHEHUU N-TO MOPSIKA C TOCTOSTHHBIMU KOA(PPUITUCHTAMH.

Pa3zgesn: AnHaauTuyeckasi reoMeTpust

[Tpu M3y4eHUH aHAIUTUIECKON T€OMETPUU CIIEAYET, MPEXK]IE BCETO, MOHATH, UTO €€ 3a]a4eii sB-
JSIETCSL M3YyYCHUE TCOMETPUICCKUX O0BEKTOB MPH TTOMOIIY aHATUTHYECKUX METOJIOB alreOphl U
MaTEeMaTHYECKOTO aHan3a. B 0CHOBE TaKOTO MOAX0/a JICKUT METO KOOPIMHAT, BIIEPBBIC CHCTE-
MaTH4ecku npuMeHeHHbI P. Jlekaprom. OCHOBHBIE OHITHUS T€OMETPUH (TOUKa, MpsiMasi, MIoc-
KOCTh) SIBIITFOTCSI HEOTIPEACIIEMbIMH, U JJII UX OMHCAHUS MPUMEHSICTCS aKCHOMATHYSCKHA Me-
TO/I, TO3BOJISIOIINN YCTAHOBUTH B3aMMHO OJTHO3HAYHOE COOTBETCTBUE MEXK/Ty MHOKECTBOM TOUCK
PSIMOM U MHOXKECTBOM JICHCTBUTEILHBIX YHCET H, TAKUM 00pa3oM, BBECTH CUCTEMY KOOPIMHAT.
Hamo yeTko ycBOUTh pa3indHbie GOpMbI ypaBHEHHIA IPSIMOI U TNIOCKOCTH YMETh TIEPEXOIUTh OT
otHO# opMmbl K apyroit. CienyeT OCMBICIMTD U YCIIENTHO MTPUMEHSTh PEIICHUS KIACCHUSCKUX
3a]]auy aHAIUTUYECKON T'€OMETPHUH O B3aUMHOM PACIOJIOXKCHUU MPSAMBIX U IUIOCKOCTEH, yMETh
OTIPEICIIATE YIJIbl M PACCTOSTHUSI MEXIY Pa3IMIHBIMU T€OMETPUICCKUMHU O0BEKTaAMHU.

OTMeTUM B 3aKIIIOYCHHUE, YTO YCIICHIHOE M3yYCHUE AMCUUILIMHBI «JIMHelHas anreOpay,
nproOpeTeHNe HeOOXOIMMBIX KOMIICTCHIINN, YMEHHUI U HAaBBIKOB BJIAJICHUS MATEMATUYCCKUM all-
naparoM TpeOyeT OT CTYJAEHTOB OOJBIION caMOCTOSATENbHON paboTel. OOpaThTe BHUMAHHUE, YTO
KOJIMYECTBO YacOB, OTBOAMMBIX Ha CAMOCTOSTEIHHYIO PabOTy B COOTBETCTBUH C y4EOHBIM ILIa-
HOM, OOJIBIIIE YHCIIa YaCOB, OTBOJAMMBIX Ha BCE BUIBI Ay JUTOPHBIX 3aHATHUH.

7. ®OH/1 OLIEHOYHBIX CPEACTB

@DoH/ OLICHOYHBIX CpeACTB NpeacTanieH B [lpunoxenun 2 k paboueil mporpamMme M BKIHOYAET
pa3aenst:

1. MeTopl KOHTPOJIS ¥ OLIEHUBAHMS PE3YJIbTATOB 00yUEHUs

2 llIxana u KpUTEpUU OLIEHUBAHUS PE3YyIbTATOB O0yUYEHHUS

3. OueHouHsblE CpeCTBa

3.1. Texymuii KOHTPOIH

3.2. [IpomexyTouHas aTTecTalus

13



Ilpunoycenue 1

1. TemaTu4ecKuil IVIaH TUCUMILIUHBI «/IMHeliHasA anredpa» Mo HANIPABJIEHUIO MOJATOTOBKHU
15.03.01 «MammuHOCTPOEHUE)
Ipopniab «MamIMHbI 1 TEXHOJOTHHM 00PA0OTKH MAaTEPHUAJIOB J1aBJIEHUEM))

(pbakamaBp)
Ounas popma o0yuenust
I'ox nadopa 2024/2024
Buabl yueOHoii padoThl,
BKJII0YAsl CAMOCTOSITEJIbHYI0 Buabl camocTosiTe/IbHOM PadoThI DopmbI
e = o c aTTecTa-
abdoTy CTy/1eHTOB TY/IEHTOB
Paznen § 5 paboTy €Iy ’ ya MH
& &’ H TPYJ0EMKOCTb B 4acax
n/n CP | KC
J | II/C | JIa6 C P K.P. | K.IL. | PT'P | Pedepar | K/p | O | 3
IlepBbIiii cemecTp
Pa3nen 1. DiemMeHTHI JIMHEITHOM aJI-
1.1 | redpws1 Matpuiipl, 1eiicTBUS Hal MaTpH- 1 3 2 2 3
IaMH.
OnpeaenuTend, WX CBOWCTBA W BBIYHCIIC-
HUe. MarpuuHas 3amuch CHCTEMbI JIMHEH-
1o | HBIX YpaBHEHUH. 1 4 2 3 +

Boiaaua 3agaauii PI'P Ne 1 o JuHeiiHoi
ajareope .
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1.3

OOpatHast MaTpuIla U ee BeIYUCIIeHne. Mar-
pUYHas 3aMuch CUCTEMbI JTUHEHHBIX ypaB-
HEHUH.

1.4

CucTeMbl TUHEHHBIX anreOpanvdecKux
ypaBHEHUI, OCHOBHBIC ITOHATHS U OIIpee-
JeHus. PemieHne cucteM JTMHEHMHBIX ypaB-
HeHui MetogoM Kpamepa, MmeTogom oOpart-
HOW MATpPHIIbI

1.5

Pemenne cucreM IMHENHBIX YpAaBHEHUN
MeroqoM ["aycca. Panr marpuisl. Teopema
Kponekepa — Kanemu.

1.6

Merop 'aycca B IpOM3BOJIBHBIX CUCTEMAX
JUHENHBIX ypaBHEeHUN. OJHOPOAHBIE CU-
CTEMBI JINHEWHBIX YPaBHEHHM.
CamocrositenbHas padora Nel B aynuro-
PMH 110 JIMHelHOH ajnredpe

1.7

Pazgea 2. Bekropsl. JIuHeiHbie onepaiuu
HaJl BEKTOpaMH, MX CBOWCTBA. JIMHEHHbIE
KOMOHMHAIUKU BEKTOPOB. JIMHEWHO HE3aBU-
CHUMBIE W JHWHECWHO 3aBHCHMEIC CHCTEMEI
BEKTOPOB.

Brinauya 3aganuii PI'P Ne2 o BekTopHOi
ajareope.

1.8

[Tonsitue Gasuca. KoopawHaThl BEKTOpA.
KomnmuHaeapHOCTh, OPTOTOHATBHOCTD U KOM-
IJIAHAPHOCTH BEKTOPOB.

10

1.9

CkansipHO€ NMPOU3BEJACHUE BEKTOPOB U €0
cBoMcTBa. BekTopHOE nmpou3BeneHne ABYX
BEKTOPOB, €r0 CBOMCTBA.

11
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1.10

CMmemniaHHOe IPOU3BE/IEHUE TPEX BEKTOPOB
U ero cpoiictBa. Beruucienue odbema mna-
paienenumneaa. YclIOBUE KOJUIMHEAPHO-
CTH, OPTOrOHAJIbHOCTH ¥ KOMILJIAHAPHOCTH
BEKTOpPOB. OpTOHOPMUPOBAHHBIN Oa3uc.
Boluncnenue ckaisipHOro, BEKTOPHOTO U
CMEIIIaHHOTO MPOU3BEICHUN BEKTOPOB, 3a-
JAHHBIX KOOpJAMHATaMH B OPTOHOPMHUPO-
BaHHOM 0Oa3uce.

CamocrosiTeibHast pab6ora Ne 2 B ayauTo-
p¥H 110 BEKTOPHOIi ajredpe

12

1.11

JIuneitnpie pocTpaHcTBa. PazmepHOCTh U
0a3uc IMHEHHOTO MPOCTPAHCTBA.

Marpuna nepexona ot 0asuca Kk 0Oasucy
npeoOpazoBaHre KOOPAWHAT BEKTOpa IpH
u3MeHeHuu 6as3uca. CoOCTBEHHbIE BEKTOPHI
U COOCTBEHHbBIC 3HAYECHUS JIMHEHHOTO OIe-
paropa.

13

1.12

Pa3nen 3. KommiekcHble YHCJIa U MHO-
roujeHbl MHOXXECTBO KOMIIIEKCHBIX YH-
CCJI. CDOpMBI 3aIlIuCU KOMIIJICKCHBIX YHCCII.
OnepauHH Had KOMIIUICKCHBIMHU YHCJIAMU.
PaSJ'IO)KeHI/Ie MHOTOYJICHA Ha MHOXUTCIIN
OCHOBHas Teopema anreopsl

14

1.13

Pa3nen 4. AHannTnuyeckasi reoMeTpus
Cucrembl koopauHatr. PaznuuHble THIBI
YpaBHEHUH ITIOCKOCTH

Boiiaua 3aganuii PI'P Ne3 no anaaurtu-
YeCKOH reoMeTpum

15

1.14

PasnuuHble THNBI ypaBHEHUN MNpsSMOM Ha
IIJIOCKOCTH U B IIPOCTPAHCTBE

16

17




1.15

B3anMHoe pacniosioxkeHue npsMbIX Ha IJ10C-
KOCTH U B IIpOCTpaHCTBE. Bpruncienue pac-
CTOSIHUM MEXy ABYMSI TOUYKAMH, TOUKOU U
psAMOM. B3anMHOE pacnonoKeHue II0CKo-
cTei. Beruuciaenue pacCTOSSHUM MEKly TOY-
KO U IIJIOCKOCTBIO

CamocrositesqibHasi padora Ne 3 B ayauro-
PHH 110 AHAJIUTHYECKOH reOMeTPHH

17

1.16

KpuBble BToporo nopsiaka ux reomeTpuye-
CKME CBOWCTBA. YPaBHEHHUs JJUIMIICA, TH-
nepOosbl, mapabonsr OOIIee ypaBHCHHE
KpuBOM BTOpOro mnopsaka. IlpuBenenue
KpPUBBIX BTOPOrO IMOpsAJIKAa K KaHOHHUYE-
ckomy Buny. I[loBepxHocTu BTOpOro IO-
psaka

18

dopMma aTTecTaluu

21

Bcero yacoB nmo gucuuninge

16

32

60

PT'P

caM

pao.
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Ilpunoscenue 2

®OHJI OHEHOYHbLIX CPEJICTB
MO JUCUMUILINHE

«/Iuneitnas ajareopa»

Hamnpasnenune noarorosku: 15.03.01 «MamuHocTpoeHUE.

[Tpodwmn: «MamuHsl 1 TEXHOJOTMH 00pabOTKM MaTepuaioB AaBiieHHEeM» «BpicokoaddekTuBHbIE
TEXHOJIOTUYECKHE MTPOLIECCH] U 000PYIOBaHUEY.

®opMmbl 00yUEHHUS: OUHAsA, 3a04HA.

Kadenpa: «MaremaTrkay

1. MeToabl KOHTPOJISA ¥ OLIeHUBAHUS Pe3yJIbTATOB 00y4YeHHs

J1J1 KOHTpPOJIS YCIIEBaeMOCTH U Ka4eCTBAa OCBOCHUS JUCIMILTMHBI HACTOSIIEH TPOrpaMMOii
MPElyCMOTPEHBI CIEAYIONINE BUIbI KOHTPOJIS:
- KOHTPOJIb TEKYIIEH YCIIEBAEMOCTH (TEKYIIHMI KOHTPOJIb);
- IPOMEXYTOYHAS aTTecTalus (IK3aMeH).

2. llIkayia 1 KPUTEPHUH OLIEHMBAHUS Pe3yJIbTATOB 00yYeHUS
dopmMa NPOMEKYTOYHOM aTTECTALMH: IK3aMeH

[IpomexyTrouHas arrectanus o0ydaromuxcs B GopMe 3K3aMeHa IPOBOAUTCS 110 pe3ysibTaTaM
BBITTOJIHEHHS BCEX BUJIOB yU4EOHOM pabOTHI, MPETyCMOTPEHHBIX YI€OHBIM IUTAHOM IO TaHHOW JTUCIIH-
IUIMHE, NIPU 3TOM YUYUTBIBAIOTCS PE3yJbTaThl TEKYILErO KOHTPOJS YCIIEBAEMOCTH B TEUEHME Ce-
MecTpa. OneHKa CTEeNeHN JOCTHXKEHUS 00Yy4arolUMUCA MIaHUPYEMbIX Pe3yIbTaTOB O0Y4YEHHUS I10
JUCIIUIIMHE POBOJUTCS MPENoJaBaTesIeM, BEAYIIIUM 3aHATHS MO AUCLUUIUIMHE METOJOM IKCIIEpT-
HOM oueHkH. 1o uToram mpoMexyTouHOM aTTecTalluy MO JAUCHUIUIMHE BBICTABISETCS OIIEHKA «OT-
JIMYHOY, «XOPOILI0Y», «YA0BIETBOPUTEIHHO» UIH «HEYTOBIETBOPUTEIHHOY.

Ixana oueHuBaHUA Onucanue

BrimonHeHs! Bce 00si3aTesIbHbIE YCJI0BHS NMOATOTOBKH CTYy-
JAeHTa K NPOMEKYTOYHOH aTTeCTallMH, IPEIyCMOTPEHHBIE
IporpaMMoi JucHUIUIMHbEL. CTyIEeHT IEMOHCTPUPYET COOTBET-
CTBUE 3HAHUM, YMEHUH, HABBIKOB [TOKA3aTENsIM, IPUBEACHHBIM B
OtnuuHO TabIUIax, ONepupyeT NPUOOPETEHHBIMU 3HAHUAMH, YMEHUSIMH,
HaBbIKaMU, IPUMEHSET UX B CUTYalUsAX MOBBIILIEHHOW CIOXHO-
ctu. Ilpm 3TOM MoOryr OBITH JOMYIIEHbl HE3HAYUTEIHHBIC
OIIMOKH, HETOYHOCTH, 3aTPYAHEHMs MpH IMEepeHoce 3HaHWM u
YMEHMI Ha HOBBIE, HECTAHJAPTHBIE 3a/1a4H.

Xopowo BrimonHeHs! Bce o0si3aTesibHbIE YCJI0BHSI MOATOTOBKHM CTY-
AEGHTA K INPOMEKYTOYHOM aTTeCTalluM, NPEIyCMOTPEHHBIE
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nporpaMMoil quctuIuiiHbel. CTyIeHT IeMOHCTPUPYET COOTBET-
CTBUE 3HAHUH, YMEHUH, HABBIKOB [TOKA3aTENsIM, IPUBEACHHBIM B
TabynLax, onepupyeT NpUoOPEeTEHHbIMU 3HAHUSAMH, YMEHUIMU,
HaBbIKaMu. B To e Bpemsi pu OTBETE IOMYCKaeT HECYIIECTBEH-
HBIE MOTPEIIHOCTH, 33/1aUd PeIlaeT C HelIo4YeTaMH, HE BIIUSIO-
HIMMH Ha OOl X0/ peleHusl.

YIIOBJ'IGTBOpI/ITeJ'IBHO

BreimonHeHsl Bce 00s3aTe/IbHbIE YCJIOBHS MOATOTOBKHM CTY-
JA€HTa K NPOMEKYTOYHOW AaTTecTallMd, TPEIyCMOTPEHHBIC
nporpaMMoil quciuIuinHbel. CTyIeHT IEMOHCTPUPYET COOTBET-
CTBUC 3HaHI/II>'I, YMCHHﬁ, HAaBBIKOB ITOKA3aTCJIAM, NIPUBCACHHBIM B
TabJIUIIaxX, ONEpUPYyeT MPUOOPETEHHBIMU 3HAHUSMH, YMEHUSIMH,
HaBbIkamMu. Ho mmoxasniBaeT HGFHYGOKI/IC 3HaHUWA, IIpU OTBECTC HC
JIOITyCKaeT rpyObIX OMMOOK WM MPOTUBOPEUNH, OHAKO B POp-
MYJIMPOBAHUHU OTBCTA OTCYTCTBYCT NOJDKHAsA CBA3bL MCKAY aHa-
JIN30M, apFYMGHTaLII/Ief/'I " BBIBOJaMH, B PCHICHUM 3aJla4 MOI'YyT
COJIePIKATHCS IPyObIe OMIMOKH. J[71s1 moTydeHus MPaBHIIBHOTO OT-
BeTa TPEOYIOTCS YTOUYHSIOLIUE BOIIPOCHI.

HeynosnersopurensHo

He BbmosiHeHbl 00si3aTe/ibHbIE YCJOBHMSI MOATOTOBKHM CTY-
AEHTA K NPOMEXKYTOYHOH AaTTeCTAllUM, MPEIyCMOTPEHHBIE
nporpammont aucuuiuivasl, UJIW cTtyneHT neMoHCTpUpyeT He-
MIOJIHOE COOTBETCTBUE 3HAHUI, YMEHU, HABBIKOB MPUBEACHHBIM
B Ta0JIMIIaX, IOMYCKAIOTCS 3HAYUTENbHbIE OIIMOKH, IPOSBIIAETCS
OTCYTCTBHME 3HAHUW, YMEHUM, HABBIKOB IO POy IOKa3aTelei,
CTYAECHT UCIBITBIBACT 3HAUYUTEIBHBIE 3aTPYIHEHUS IIPU OIEpPHU-
POBAHUM 3HAHUSAMH U YMEHUSIMU.

3. OneHo4YHbIE CPeACTBA

HaunmenoBaunue
OLIEHOYHOTO Cpea-
CTBa

/1

[Ipencrasnenue oue-
HOYHOI'O CPEICTBA B
OOC

Kpatkast xapakTepuCTHKa OIICHOYHOTO
cpescTBa

1 KonTponbhas (ca-
MOCTOSITEIbHAS)
pabora

(KP)

CpencTBo MpoBepKH YMEHUN MPUMEHSTh
MTOJIyYEHHBIE 3HAHUS JUIS PEIICHUS 3a]1a4
ONPEJIETICHHOr0 TUIIA MO TEME WU pa3-
Jeny

KonTposbHbIe 3312~
Hus (mpumep)

2 | PacuerHo-rpadu-
yeckas pabora

(PTP)

CpencTBo MpOBEpKH YMEHHMH MPUMEHSThH
MOJTyYeHHBIE 3HAHUS 110 3apaHee orpere-
JICHHON METOJMKE JUIS DPEIICHUs 3aaad

Kommniexkt  3amanuii
JUTSL BBITIOJTHEHUS pac-
YeTHO-Tpapu4ecKon
paboTbI
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HIJIN SaI[aHI/Iﬁ no MoAyJrxO WKW AUCHU-
IIJIMHE B LICJIOM.

CpencTBo KOHTPOJIS,, OPraHU30BAHHOE KaK
crerpaibHas 6ecea neJjaroruueckoro pa-

VeTHBIM onpoc co- | O0THHKA ¢ 00y4aromuMmcs Ha TeMbl, CBS- Bomnpocsr 1o
3 OecemOBaHuE, 3aHHBIE C U3y4aeMOU TUCIMILINHON, ¥ pac- | TeMam/pasjiesam Juc-
(YO) CUMTAHHOE Ha BBLIICHEHHE 00beEMAa 3HAHUMN IUTUIAHEI

oOyJarolierocsi 1o OmnpeAeseHHOMY pas-
Jieny, TeMe, IpoOemMe U T.11.

CucreMa cTaHAapTU3UPOBAHHBIX 3a/laHUM,
Tect IIO3BOJIAIOIIA aBTOMAaTU3UPO-
(T) BaTh MPOIENYypy U3MEPEHUs YPOBHS 3Ha-
HUHN 1 YMEHUI 00y4aroerocs.

5 | Dk3amenaronnbie | CpeicTBO TPOBEPKM 3HAHWUW, YMEHHH, | DK3aMeHAI[MOHHbBIE
OUIIeTHI HABBIKOB. MOKET BKJIFOYATh KOMIUICKC T€O- | OUJIETHI.
PETUYECKUX BOIPOCOB, 3aj/lay, MpaKTHUYe-
CKUX 3aJaHuil.

Bapuanr tecra

(Ob)

3.1. Tekyumuii KOHTPOJIb

OneHouHble cpecTBa TEKYLIETO KOHTPOJIS YCIIEBAEMOCTH BKIOYAIOT KOHTPOJIBHBIE BOIIPOCHI
U 33JjaHus B popme OIaHKOBOTO TECTUPOBAHUSA [l KOHTPOJIS OCBOEHUS 00YJarOIUMHUCS pa3/iesioB
JUCLUIIINHEL, pueM PI'P.

Conep:xanue pacyeTHO-TpapuuecKoil padoThI.

PacuerHo-rpadguyeckas padora Nel mo mHeiiHoi aaredpe.

Kpatkoe copeprkanue pacueTHO-Tpauieckoit paboThI:

Marpuusl u onpeaenuTeny. Pemenre cucteM JIMHEHHBIX alreOpandeckux ypaBHEHMH MeTolaMHu
["aycca, Kpamepa u oOpaTHON MaTpUIIbL.

PacuerHo-rpajduueckas padora Ne2 no BeKTOpPHOI aJjiredpe.

Kpartkoe copeprkanue pacueTHO-Tpadpuueckoi paboThI:

BexTopsl, aeiictBust HaJ BekTopaMu. CKalsipHOE, BEKTOPHOE, CMEIIAHHOE MPOU3BEICHHS BEKTOPOB.
PacuetHo-rpadguyeckas padora Ne3 mo aHATUTHYECKOH reoMeTpPHH.

Kpartkoe copeprkanue pacueTHO-Tpaduueckoi paboThI:

Paznuunble BUABI ypaBHEHUN MPSAMOM U INIOCKOCTH. B3auMHOE pacmosoKeHne NpsIMbIX Ha IIIOCKO-
CTH, IIJIOCKOCTEHN B IPOCTPAHCTBE.

KommiiekT 3aganuid

JJIS1 BBINIOJTHEHUs pacdyeTHO-Tpaguyeckux pador (PI'P)
1o JucuuiuivHe «JInHeiinas aaredpa»

PI'P Nel, yactp 1

-11 0 2 0 2
3ananue Nel. Jlanpt matpunet A=| 1 3 2 | w B={0 -3 3
4 0 -3 1 1 -1

Beimonuuts geiicteus: A* +8B' .
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3amanme Ne2. [TpoosmkuTh JaHHOE MatpudHoe paBeHcTBo (2A+3B)* —4A* —~6AB=...

U TIPOBEPUTH €ro i MaTpull A U B U3 nepBoro 3aJaHusl.

3aganue No3. BEIUMCINTE ONPEaSIUTENb ABYMsSI CIIOCOOAMU: Pa3ioKEHUEM T10 TIEPBOM CTPOKE U
pasJIoKEHUEM 110 IEPBOMY CTOJIOLY.

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

3amanue Ne4. JIns qaHHOM MaTpuIlbl HAWTH oOpaTHYIO MaTpuily. ClienaTh IPOBEPKY.

1 0 2
1 1 0]
-1 2 3

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

S RN

3aganue Ne6. HailTu panr MaTpuisl.

1 -1 2 3

0 5 43 1

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

PI'P Nel, 3apaHusi 0 pelieHMIO CHCTeM JIMHEHHBIX aJire0pan4ecKux ypaBHeHUH

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

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

3aganue No2. Permth cucremy u3 Nel MeTo oM 0OpaTHON MaTpHIIbI.

3amanne Ne3. Pemuth cuctemy u3z Nel meronom ["aycca.

3ananue No4. Pemuth HEOTHOPOIHYIO cucTeMy MeToaoM ['aycca. HaliTu ob1ee perieHue u 4act-
HOE pellleHue.

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

3ananue NoS. Pemuth ogHOpOIHYIO cucteMy MetofoMm ["aycca. Halitu oGmiee pemenue u GCP.
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2%, +6X, —9%, - 9%, =0
4%, —5%;+ X, =0

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

PI'P Nel, vacts 2
3ananue Nel. Tlokasath, 4To BeKTOpsI M, N, P 06pa3yroT 6a3uc B MPOCTPAHCTBE U PA3IOKHUTh

BekTOp a 10 9ToMy Gasucy: M =(1,-1,2),n=(2,0,3), p=(-2,-1,1),a =(5,-4,13).

3aganue Ne2. Jlansl BekTopsl M u N . BEIACHUTH — KOJUTMHEAPHBI T BEKTOpsl & u D .

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

=]

,ecnn |M|=612,|n]=2, (mA,ﬁ) =135°, a=6n-m.

3amanne Ne3. Haiitu |§

Bananue Ned. Jlan A ABC . Haittu £ B, ecnin A(1;-1;2),B(3;3;2),C(7;1;2).

Bananue NeS. Tlpu kakux 'x' BekTopsl @ u D mepnenauxynsapHe?

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

3ananue Ne6. Haiiti momass napaienorpaMMa, TIOCTPOSHHOTO Ha BeKTopax a u b .

_ A V4
a=2m-5n,b=m+n,|m =12 |n|=3, (m, ﬁ)=€.

3ananue No7. Haiitu ruomanps tpeyroasuuka ABC, ecnmun A(7; 2; -3), B(6; 5; 1), C(0; -2; -7).

Bamanue Ne8. Jlaubl BekTOphl @, b, C . BBISCHUTH — KOMIUTAaHAPHBI JIH BEKTOPBI. ECii BEKTOPBI He

KOMIUTaHAPHEI, TO HAWTH 00BEM TTapasuIeNIeuIIea, IOCTPOSHHOro Ha BekTopax a, b, C u ompene-

JUTH — KaKyI0 TPOUKY OHU 00pa3yroT.
a(l;-1;5),b (2;4;-2),¢(3;0;1).

3aganue Ne9. Jlns nmuHelHOTO omeparopa 4 3agaHbI 00pa3bl 6a3ucHbIX aneMeHToB A€, AE,, A€,

. 3amucaTe Matpully oneparopa A B Oasuce €, €,, €, u HaiiTn oOpa3

3jieMeHTa X .

A

@l
I
\l
@l
_
+
w
|
N
|
N
D]

1
X =28, —4€, +6,.

3ananue Nel0. Haiftu coOcTBeHHbIE 3HAUE€HUSI U COOCTBEHHBIE BEKTOPHI INHEHHOTO OIepaTopa,

. -4 1
3aJIaHHOTO B HEKOTOPOM 0Oa3uce MaTpuiei A= 7 2l

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

XOIUT yepe3 Touky B meprnenaukynsipHo BekTopy N . HaliTi TOYKY mepecedeH st IpsSIMBIX U YOI

mexay aumy, ecmn - A(3;5), G (1;3), B(0;5), n(-3;4).

Bananue Ne2. [lana npsimast | . Ipsimast |, mpoxoaut yepes toukn A u B. Haiitu paccrostnue ot

TOYKH TepecedeHust npsambix |, u |, xo mpsivoi |,

[x=-8t-3 _ _ o )
Il'{y:3t+4, A(4;0),B(7;3), 1,:9x-12y+2=0.

3amanue Ne3. Haiitu paccrosiaue or Toukn M 10 miockoctn «, mpoxozsiiueit uepes Touky A

neprenauKyssipHo Bekropy N, ecniu M (0; 1;7), A(2;-1;4), N (6; 22; -3).

3ajanue Ne4. Haiitu yrosi Mex 1y IIIOCKOCTBIO (X M INIOCKOCTBIO [3 , IPOXO/AILIEH Yepe3 TOUKH

ABuC,ecmn a:5x+y+4z-28=0, A(5;2;5),B(3;7;0),C(-4;-3;-1).
3aganne NoS. 3amucarh KAHOHMYECKHE YpaBHEHUS MPSIMOM, 3aJaHHON OOIMMHU ypaBHEHUSIMHU.

X+2y-9z2-10=0;
3X+4y+8z—-24=0.

3aganue No6. Haiitu Touky nepecedeHus npsamoii | W ImockocTn @ W yroa Mexmy HUMU.

I:XLZ:X:Z—_l; a:X+2y—-3z-12=0.
3 4 -2

Baganue Ne7. Ilpsimast |, mpoxomut uepe3 toukn A u B. Ilpsmas |, mpoxoxur wepes touxy M
MePIICHINKYISPHO TIocKocTH ¢ . Haiiti yron mexay npsimbivu |, u |, u BeisscHuTs — nexat

OHH B OI[HOI\/’I IJIOCKOCTHU HUJIM CKPCHIUBAIOTCA.

A9;-31,B(4,4,-5,M (-111;,-11), «a:2x+3y—z-1=0.

2 2
X
3ananue Ne8. Jlnisg qaHHOW KpUBOM % + % =1 yka3aTb QOKYCHI, SKCLIEHTPUCUTET, TUPEK-

Tpuchkl. IlocTpouts KpuBYyI0, H300pa3uTh GOKYCHI, TUPEKTPHUCHI.

Saganme Ne9. Tpusectn ypasrenne kpusoit 9 — 25y —18x + 200y —616 =0 k kaHOHmMHe-
CKOMY BH/Y U TIOCTPOUTH KPUBYIO.

KonTposabHble 3aqanus (mpuMepbl)

Bapmuanr.

1. Haiitu 3Ha4eHHs1 MaTpu4HOro MHOTOWIeHa F (A)

-1
f(x)=—x3+2x2—x+3,A=[ 0]
3 2
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-2 0 8 1 -5

2. HaiiTu panr MaTpuisl IpUBEIEHUEM K CTYIIEHYaTOMY BUJ
p p p y y BULLY 8 2 6 -3 -13

1 -3 13 5 17

1 2 1
3. Beraucauth onpeaenuTens IPUBEACHHEM K CTYIIEHIATOMY BHILY 3 5 3
2 7 -

4. Haiitu matpuiy, oopaTHyto maHHOH (a). PemmTs MaTpuaHoe ypaBHeHUE (0)

L2 1 1 -2 2 3 5
(@ |3 -5 3 (6)( _mez(_ J
s 7 1 -3 4 3 -1 0

5. Pemuth cucteMy ypaBHeHUH. YKa3aTh 00lIee U OTHO YaCTHOE pelieHue (a).

Pemuthb cuctemy ¢ moMoIip0 00paTHOW MaTpHIlk! U 1o ¢opmynam Kpamepa (0)

4X, +9X, —5X, —8X, =5 X, +2X,+X; =5
(@) 13X +7X, — 2%, —4x, =4 (6) 13X —5X, +3X, =7
2%, +5X, + X; +3X, =3 2X, +TX, — %, =13
Bapuant
1. Pacniucats pasnoxkeHue BeKTopa ;( 10 BEKTOpaM B, a,F
x=1{5,-12,1}, p={1-30},q=1{1,-11}, r={0,-1,2}

2. Konnuneapus! 11 BeKTOpsl P u (7

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

3. Jlana nupamuna c BepumnHamu B Toukax AAAA, .

A(-2,48), A(4-12), A(-8,7,10), A, (-3,4,-2)

Haiitu:

a) yroy Mexy peopamu A1A2 , A1A4

0) 00peM mIpamMuIbI

B) JUIMHY BBICOTHI OMyIueHHOM Ha rpans A A, A,
T') HaiiTh JUTMHY MEMaHbl, TPOBEIeHHYI0 U3 Bepimubl A k pebpy A, A

4. Beruyucianurtb miomaab rnapajuiejiorpamma, NOCTpOCHHOTO Ha BEKTOPAx au b O — yroll MEXIYy BCKTO-

pamu B ME]
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Bapuant

1. Haiitu paccrosiane ot toukn M, 1o mmockocru (l\/lll\/lzl\/l 3):
M, (-9;10;2), M, (0;7;,-4), M, (4,8,-1), M;(-2,13)

X+y+z2-2=0
X—y—-32+6=0

2. BeinucaTth KaHOHHYECKOE YpaBHCHUC HpHMOP’I: {

Xx-2 y-3 z+1
1 —4

uXxX+y+2z-9=0.

3. Haiit Touky nepecedeHus mpsMoi 1 TIOCKOCTH:

x—1
4. Haiitu Touxy P, cummerpuunyio Touke P otHocuTensHo npsmoii | : P( 0;-1; 3) u = ll =

1

z
1
5. Hamucarth ypaBHEHHE IUIOCKOCTH ¢ Npoxozsiieii yepes3 Touky M, u nepnenmukynspro IpsIMON
(Mle): M, (3;2;0), M1(4;1;5), M, (2;—];4).
6. HaliTh KOCHHYC yIJIa MEXAY INIOCKOCTAMH O U O, !

a,:3Xx-y+3=0, a,: x-2y+52-10=0

BapuanT 3a1aHuii MPOMe:KyTOYHOTO TeCcTa

1.1. HaifTu panr MaTpuIbl IPUBEACHUEM K CTYIIEHYaTOMY BH]LY

1.2. Pemiuth MaTpuuyHOE YPABHEHUE 1 -2 (X = 2 39
- P yp -3 4) |3 -1 0

X, +2X, +X; =5
1.3. Pemmuth cucremy o gpopmynam Kpamepa 3%, —5X, +3%, =7
2X +TX, — %, =13

2.1. Hanucats pasioseHue BeKTopa X 10 BeKTopaM p,d,7 X = {5,-12,1}, p={1,-3,0},

q={L-11, r={0,-1,2}

2.2. BBIYMCIIUTS TUIOIIA/Ib TIAPAJIJIENOrpaMMa, OCTPOSHHOTO Ha BEKTopax a u D a — yron mexay

BEKTOPaMH P H (

2.3. lana nupamuya ¢ Bepmmaamu B toukax AAAA,. A(6,1,3), A (6,-2,-3), A(2,2,0),

A,(-510)
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Haiitu nyinHy MeuaHbl, IPOBEACHHYIO U3 BepiinHbl A k pedpy A A,

X—-2 y-3 z+1

3.1. Haiitu Touky nepecedyeHus NpsMOn U MIOCKOCTH: U X+y+2z-9=0.

1 -4
3.2. Haiitn touky P, cummerpuunyio Touke P oTHOCHTenbHO mpsiMoil | : P(O;—ZL' 3) u
x1_ y_z
1 -1 1

3.3. HamucaTp ypaBHEHHE IUIOCKOCTH ¢ TpPOXOMsmiel depe3 Touky M, W mepneHAuKyiIspHO

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

4.1. Jlana xpuBasi BTOPOTro Mopsaaka x> +4y* —12x+16y+16=0. [loayuyuTh KaHOHUYECKOE YpaBHEHUE

KPUBOU U ITIOCTPOUTH .€€

’ ’
4.2. CocTaBUTh MaTpHIly Nepexojia oT 6asuca €,,e,,e, K 6asucy e ,e, e, , eCciu
€ =26 +€,+6€;; € =€ —€,+6€,; € =€ +26, +6,

Kpurepum ouenku:

- OIICHKA «3aYTEHOY BBICTABJISIETCS CTYJICHTY, €CJIM OH PEryJISIPHO B TEYEHUE CEMECTPA MPEACTABIISLII
pelleHus 3a/1a4, BHITOJIHWII MOJHOCTBIO BCE 3a/1aHUs U UX 3aIUTHI, OTBETHUB Ha BOMPOCHI MIPenoja-
BaTes;

- OLIEHKA «HE 3aYTEHO» BBICTABIISICTCS CTYJIEHTY, €CJIM OH HEepPEryJsIpHO B TEUCHHE CEMECTpa Mpe-
CTaBJISUT PELICHUS 3a]a4, BBIIIOJIHUI 33/1aHUs HE TIOJHOCTHIO MJIM BOOOIE HE MPENCTaBIsUl pabOThI
Ha MPOBEPKY, AOMYCKAET CYIIECTBEHHbIE HETOUHOCTH B OTBETaX Ha BOMPOCHI Mo aBaTes.

Jlist ipoBeieHNsI TEKYILEro KOHTPOJIS 3HaHUH CTY/IEHTOB B IUCTAaHIIMOHHOM (popmMate B paz-
paboTtanHbIX Kadenpoil «MaTemaTrukay OHJIAHH-Kypcax UMEIOTCS POMEKYTOUHbIE (MPOOHBIE) Te-
CTBI.

3.2. IIpomMe:KyTOUHAS aTTeCTALMS

[TpomesxyTouHas arTectanus - (3K3aMeH) IPOBOIUTCA MO OMIeTaM B yCTHOU dopme.
Bpems a1 noAroToBKM OTBETa Ha BOIPOCHI HE Oosee 45 MuUH.

buner BKIr0O4YaeT TEOPETUUECKUIA BOIIPOC U 3a/1a4H.

KoMruiekTsl sKk3aMeHaIlMOHHBIX OMJIETOB XpaHsaTcs Ha Kadenpe «MaremaTukay.
Tunosbpie BApHAHTHI OMJICTOB NPHJIATAIOTCS.

KoMmiuiekT Bonnpocos
110 JUCUUIUINHE «J/IuHeliHas aaredpa»

Matpu1ibl, TUIIBI MATPHIL.

Onepaunu ¢ MaTpulLlaMu, UX CBOICTBA.

YMHOK€EHHE TPSIMOYTOJIbHBIX MaTPULL.

MarpuuHnasi popma 3arucu CUCTEMbI TMHEHHBIX aNreOpandyecKux ypaBHEHHH.
Onpenennurenu U X CBOWCTBA.

[TonsiTue onpeaenutesns. MUHOPHI U anredOpanyeckue JOMOTHEHHUS.

CucreMbl TUHEHHBIX anreOpanyecKux YpaBHEHHH, OCHOBHBIE TOHATHS U ONPE/IECICHHUS.
[TpaBuiio Kpamepa penienust cucteM JIMHEWHBIX ypaBHEHUI.

N~ WNE
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9. OOpatHas MaTpuIa U €€ BEIYMCIICHUE. Y CIIOBHE CYLIECTBOBAHMS 0OPaTHOIN MaTpPUIIBL.

10. Pemienune cucTeM JIMHEHMHBIX areOpandecKuX ypaBHEHHUH METOJ0M OOpaTHON MaTPHIIBL.

11. Meton I'aycca penieHns CUCTEM JIMHEHHBIX YpaBHEHUH.

12. Pemmenue npor3BOJIBHBIX CHCTEM JIMHEWHBIX YpaBHEHMI MeToI0M ["aycca.

13. Panr matpunsl. Teopema Kponekepa — Kanemnnu.

14. OnHOpOoaHBIE CUCTEMBI JUHEHHBIX ypaBHeHUI. Kputepuii cymecTBOBaHUS HETPUBHAIBHBIX pe-
LIECHU.

15. TlonsiTe BEKTOpa M IMHEWHBIC OTIEPAIIMK HAJl BEKTOPAMH, CBOMCTBA OIEpaIui.

16. JIuneitHasi KOMOWHAITNS BEKTOPOB.

17. JIuneitHas HE3aBUCUMOCTD W JIMHEWHAS 3aBUCUMOCTb T€OMETPHUUYECKUX BEKTOPOB. Kpurepuii nu-
HEWHOW 3aBUCUMOCTH.

18. IlonsiTue 6a3uca. KoopauHaTel BEKTOpA.

19. OpronopmupoBanHblii 0azuc. Pa3noskeHue BeKTopa 1mo BeKTopam Oasuca.

20. YnopsimoueHHast TpoiiKa BEKTOPOB.

21. CkansipHO€, BEKTOPHOE U CMEIIAHHOE IPOM3BEACHNE BEKTOPOB B OPTOHOPMHUPOBAHHOM Oa3Huce.

22.YcnoBusi OPTOrOHAIBHOCTH, KOJUTMHEAPHOCTU M KOMILJIAHAPHOCTH BEKTOPOB.

23. JIuHeitHble IPOCTPAHCTBA.

24. Marpuna nepexoja ot 6asuca k 6asucy.

25. CoOcTBEHHBIE BEKTOPBI U COOCTBEHHBIC 3HAYCHUS MATPUIIBL.

AHaJIuTHYeCcKasa reomMeTpust

1. Cucremsl koopauHat. JlekapToBbl IPSIMOYTOJIbHbIE KOOPAWHATH! Ha IJIOCKOCTH M B MPOCTPaH-
CTBE.

[TonsipHas cucrema KOOpAUHAT.

Paznuunble TUIIBI YpaBHEHUH IIJIOCKOCTH M IIPSMOM.

Brruncnenue pacCTOSHUN MEXy IBYMS TOUKAMHU, TOUYKOH U MIPSMOM, TOUKOHN M INIOCKOCTBIO.
Boruncnenue paccTosHUS MEXAY CKPELMBAIOIIMMUCS IPSIMbIMHU.

Brruncnenue yrioB MeKIy ABYyMsl IPSMBIMU, IIPSIMOU U IUIOCKOCTBIO, IBYMSI INIOCKOCTSIMH.
KpuBbIe BTOPOTO NOpsiAKa X FTEOMETPUYECKUE CBOMCTBA U ypaBHEeHMs. [ [puBeeHne KpuBoi BTO-
pOro nopsAKka K KAHOHHYECKOMY BHUJLY.

8. Kanonmueckue ypaBHEHHUS DIUIHIICA, THIIEPOOIIBI, TApaOOIIbL.

9. VYpaBHeHHE MOBEPXHOCTU BTOPOTO MOPSIIKA.

10. Kanonnveckue ypaBHEHUs Cepbl, DJUTATICONUIA, KOHYCOB, TUIEPOOIONIOB, ITapaboIOnI0B.

Noakown

TunosBbie BapuaHThI OUJI1ETOB
1o qucuuiuivee «JInneitnas aaredpa»

MHWHHCTEPCTBO HAVKH U BBICILIET'O OBPA3OBAHIS POCCUNCKON ®EJEPALINN
®EJIEPAJIBHOE 'OCYJIAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIbHOE
YUPEXXJIEHME BBICIIIETO OBPABOBAHUS
«MOCKOBCKHUM MOJUTEXHUYECKUU YHUBEPCUTET»
(MOCKOBCKHWH MOJINTEX)

®dakynbTeT 6a30BBIX KOMITCTCHIIHH, Kadenpa «Marematuka
Huctunnuna «JIuneitHas anreGpay
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBIA BUWIET

1. Ompenenutenu U UX CBOMCTBA.
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2 1/
X +2%, =-1
2% —3%x, =12
4, Janbr BEKTOpHBI a =(-5,9,8), b =(-31-2), ¢=(-8,10,-10). HpOBepI/ITb — KOMIIJIaHApHBI JI1 OHU.

2. Pemmts MaTpuyHOE ypaBHEHHME XB=A, eCiH A:(l 2] B:[_l 2)

3. Pemmuts cuctemy MeTO10M 0OpaTHOM MaTPHUIIBI {

Ecnu HeT, HaiiTH 00beM NapauieenuIea, IOCTPOEHHOro Ha BEKTOpax a,b,c.
5. Haiitu yrom Mexay Bektopamu a =(1,-2,-2) u b =(2,0,).

YTBepxkaeHO Ha 3acenannu Kadeapsl MaTeMaTuku « 25» 12 2023 r., mpotokoin Ne 5

3aB. kaeapoi B.B. l'aneBko / /

MHHUCTEPCTBO HAVKH U BBICIIIET'O OBPA3OBAHU S POCCUMCKOM ®EJEPALINN
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE
YYPEXJEHUE BBICILIET'O ObPA30OBAHUA
«MOCKOBCKHUI MOJIUTEXHUYECKHWI YHUBEPCUTET»
(MOCKOBCKHWM MMOJINTEX)

@®axynpTeT 0a30BbIX KOMIIETEHIIHH, Kadenpa «MaremaTrka
Hucturnmuna  «JIuHeitHas anreopay
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBIA BWIET

1. Jluneitnas koMOuHanus BekTopoB. basuc. Koopaunatel BekTopa.

12 -1
2. BbI4UCIUTE OnpeaenuTens Matpulbl C= A", ecim A=|3 1 0 |.
011

A% — 2%y +3%3 =12,
3. Pemmre cucremy ypaBHeHul MeTonoM ['aycca < x +5x, —3%3 =1,
2% +3X%y —2%3 =3.
4. Tlokazarp, 4To BEKTOpHl M =(1,-12), n=(2,0,3), p=(-2-1L1) 0Opa3yroT 6a3uC B IPOCTPAHCTBE.
5. Jlano oOuiee ypaBHeHue npsiMoil  —2x+3y—-5=0. HamucaTh: ypaBHEeHUE MPSIMOM C YTIOBBIM KO-
3G PUIMEHTOM; ypaBHEHUE NPSAMON B OTpe3Kax; HOPMalIbHOE YpaBHEHHE MPSIMOIL.

VYTBepxk/IeHO Ha 3aceJaHuU Kadeapsl MaTeMaTHKU « 25» 12 2023 r., mpotokon Ne 5

3aB. kaeapoi B.B. l'aneBko / /

J1114 mpoBeieHrs MPOMEKYTOYHOTO KOHTPOJIS 3HAHUH CTYIEHTOB B AUCTAaHIIMOHHOM popmare
B pa3zpaboTaHHBIX Kadenpoit «MareMaTukay OHJIalH-KypcaX UMEIOTCSI HTOTOBBIE TECTHI.
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