[lokyMeHT noAnucaH NpoCToil 3NEKTPOHHOM NOANMCHIO
WNHdopmaums o Bragenbue:
®WO: Makcumos Anekceit bopucouy

LomkHoCTb: AvpekTop AenapTaMyIHIPIOaEPeSEBO AN A VEDI]
Hara noawcans: 05.Q8 420, 1585 Pocy napcTBEHHOE ABTOHO)

YHUKaNbHbII NPOrpaMMHbIN KNHOY:

LLIETO OBPA30OBAHM I POCCUMCKOU ®EEPALIUN

VIHOE OBPA30OBATEJIbHOE YUPEX/IEHVE BBICIIIEI'O OBPA3SOBAHUA

8db180d1a3f02ac9e60521a56727427 SMOGKOBCKUI MOJIUTEXHUYECKUI YHUBEPCUTET»

(MOCKOBCKHM TOJINTEX)

(I)aKyJIBTeT XHUMHYECKOH TEXHOJIOTUH U O0MOTEXHOJI0THH

s, YTBEPXKJIAIO

*
|
u
b.

e 0505/ A.C. Coxonos /

e % "‘&:
«26» <henpars 2026 .

PABOYASA ITPOT'PAMMA TUCHUIVIMHBI

«/IuHeiHas aaredpa»

Hampasienve nmoarotoBku
19.03.01 buoTexHoorust

[Tpoduns
buorexHoJiorus

Kanmudukarms
O0axkaJsaBp

®opmbl 00yueHus
O4Hasi

Mocksa, 2026 .



Pa3zpaborunk:

s | i:" F——
Kana. ¢pus.-mat. HayK, JOIEHT ' M /E.A. Koran/

r _._._.___,..-"'"

CoracoBaHo:

WN.o. 3aB. xadenpoit «MaremaTrkay,

KaH[I. (13.-MaT. HAYK 'ja e, H{#’% /H.B. Bacunnesa/
/




1. lenu,3anauu v MIaHUPyEMbIe PE3YJIbTAThl O0YYEHUS MO AUCHUIUIUHE. . ...o.ueenennen...

2. MecTo TUCIUIUTUHBI B CTPYKTYPE 00Pa30BaTEIEHOM MPOTPAMMBL. ... .euueneaneeneanennn.

3. CTIpYyKTypa U COACPIKAHUE JUCTIATITHBL. ... .cuveeereanteesueeasseessseessesssseessessnseessessnsessssssnsessseens
3.1. Buapl y4eOHOU PAOOTHI U TPYTOCMEKOCTD «..evvvveesreeessrersssrenssssesssssesssssesssssesssssessnseeens
3.2. TeMaTHyeCKUH IUIAH U3YUCHUS TUCTIUTUTHHBL. . ..o uveeeeneeeneneneaneneeneneenenn
BCTRC TR @10 (02> %0507 (0114 0311710081171 1) SO
3.4. TemaTHka CeMUHAPCKUX/MPAKTHUECKUX U JTAOOPATOPHBIX 3aHATUH. ................

4. VY4eOHO-METOANYECKOE U HHPOPMAITUOHHOE OOCCTICUCHUE ... vvvvervveesrvreessrreessireesinnesssneesnns
4.1. HopmatuHble JOKYMEHTBI U ['OCTBL........cooiiiiiiiiiiiiiccc e
4.2, OCHOBHAS JTUTEPATYPA .+ veerveeureseeseassesseesseasstssseaseassesseesseasesssesssessesssesseessesnsesseesseens
4.3. JIOTIOMHUTEIBHAS TUTEPATYPA. « . e eeeeneenteneaneeneetetenteneteneaneaneeneaneanans
4.4, DNEKTPOHHBIE OOPAZOBATEIBHBIC PECYPCBI. .. uuenntreerteneenneenaenneeneenneaneanns
4.5. JIuueH3noHHOE U CBOOOIHO PACIPOCTPaHIEMOE MPOrPaMMHOE 00ECTICYCHHE. . ..
4.6. CopemeHHbIC TPOGECCHOHATBHBIC 0a3bl JaHHBIX U HH(POPMAIIMOHHBIC

CIIPABOUHBIE CHCTEMDBI .. ..vesveesteesteeaseeesseessseessesasseesseesnsesasesasseessssasseesssesnsesssnssnsesssnens

5. MarepuambHO-TEXHUIECKOE OOCCTICUCHHUE. . ... . eueueneneeeeneeeeneaneneninaeneneananenes

6. METOMUUECKUAE PEKOMEHIIAIIHMH .« .« .. eveteeteneeteneeneneeneaeeneaeaeeeteeeeaeeneeaenenaenes
6.1. Meroauueckne peKOMEHIAINH TS IPENOAaBaTeNs 10 OpraHu3anuu 00yYeHHUs
6.2. Meroauueckue yKa3zaHus Ui 00y4aroIUXcsl IO OCBOSHUIO JUCIUIUINHEL. . ... .

7. DOHJ OUEHOTHBIX CPEIICTB. ... entetent et tnteneanent ettt ettt en et et et ete it et eneneeneneanenns

[Tpunoxenue 1. TemaTrueckuil miIaH cOAEPKAHUS JUCHUIUTHHBL. . .....uvuenieneeneaneenannes

[Tpunoxenne 2. DOHJT OTICHOTHBIX CPEIICTB. . ... utententententensensensenseaneeneeneeneanseneenns

1. Mertonabl KOHTPOJIS M OLIEHUBAHUS PE3YIBTATOB OOYICHUS. . ... v eneeeeeeneneaneanenennn,

2. Illxanau KpUTEpUH OLIEHUBAHUS PE3YIIBTATOB OOYUCHMS. . «.v v et e enineneenennnens

TN 0 )1 (535 (03 1 1 (S0 013 (o4 1 - T RPN
KO0 TN NS 97111717 B N0 2 4 100 | S PPN

Conep:kanue

3.2, TIpOMEKYTOUHAST ATTECTAIIHIS. ...\ e evensensensennenseeneeneeneeneeneeneaneaneeneeneenenn

~ o1 o o1 b~

© 00 00 0o

10
11
11
11
13
14
18
18
18
19
20
26



1. Hesnn, 321244 U NVIAHUpPYeMble Pe3yJIbTAaThl 00y4eHUs 10
AUCHUILIAHE

K oCHOBHBIM yensim 0CBOCHUS TUCHUILINHGI «JIMHelHas anreOpay ciieayeT OTHECTH:

- BOCIIUTAHKE Y CTYJICHTOB O0IIEH MaTeMaTu4eCKON KyJIbTYpBL;

- IpUOOpEeTEeHHE CTYAEHTaMM IIUPOKOrOo Kpyra MaTeMaTH4YeCKUX 3HaHUM, YMEHUH Hu
HAaBBIKOB;

- pa3BUTHE CIIOCOOHOCTH CTYACHTOB K HMHIYKTHUBHOMY M JIEAYKTUBHOMY MBIIUICHUIO
Hapsily ¢ pa3BUTHEM MaTEMATUYECKOM HHTYUIINH;

- YMEHHE CTyJEHTaMH pa3BUBaTb HABBIKM CAMOCTOSITEJIIBHOIO HU3YyU€HUs y4yeOHON U
HAy4YHOW JIUTEPATypBl, COAEPKALICH MaTEMaTUYECKUE CBEICHUS U PE3YJIbTATHI;

- TOATOTOBKY CTYIEHTOB K JESATEIBHOCTH B COOTBETCTBHM C KBaJTH(PUKALMOHHOM
XapaKkTepUCTHKONH OakalaBpa IO HANpaBJICHHIO, B TOM 4Hcie (OPMHPOBAHHWE YMEHUH
HCIIOJIb30BATh OCBOCHHBIE MATEMaTHUECKNE METOIbI B TPOGECCUOHATBHON IEATEIIEHOCTH.

- MOJTOTOBKY BBICOKOKBAJIM(DHUIMPOBAHHBIX KaJpOB, BOCTPEOOBAHHBIX B YCIOBHSX
upoBOi TypOYJIEHTHOCTH M BBICOKMX TEXHOJIOTHYECKHX PUCKOB COBPEMEHHOW HU(POBOIA
YKOHOMMUKH.

K 0CHOBHBIM 3a0auam 0CBOEHUsI AUCHMILUIMHBI «JIMHeiHas anreOpay» cielyeT OTHECTH:

- OCBOGHME CTYJACHTAMHU OCHOBHBIX IOHSATUH, METOJ0B, (OPMHUPYIOIIUX OOIIYIO
MaTEeMaTHUYECKYIO IOJAMOTOBKY, HEOOXOAUMYIO JJIsl YCIIEUIHOIO PEIIeHUs IPUKIIaJHBIX 3a]a4;

- opmupoBanue y cTyzneHTa TpedyeMoro Habopa KOMIIETEHIHHA, COOTBETCTBYIOIIUX €T0
HaMpaBJICHUIO NOJATOTOBKU U 00€CIEeUNBAIOLINX €r0 KOHKYPEHTOCIIOCOOHOCTh Ha PhIHKE TPYAA.

O6yuenne mno nucuuiuinHe «JluHeiiHas anreOpa» HampaBieHO Ha  (QOpMHUpPOBaHUE
y oOyuaronmxcs cieayoummx kommereHiuil B cootBercTBUu ¢ OI'OC 19.03.01 (ypoBeHb
OakanaBpuaTa) 1o

HanpaBieHuto noarotoBkn  19.03.01  buotexHomorus, HampaBIeHHOCTb  (TPOUIIb)
«IIpomblinieHHast OMOTEXHOJIOTUSL U OMOMHKEHEPHsI», YTBEPKAEHHBIM MTPHUKa30M MUHHCTEpCTBA
oOpazoBanus u Hayku Poccuiickoit @enepanuu ot 10.08.2021 Ne 736.

Koau naumenoBanue
KOMIIEeTEeHIINH

HH}II/IKaTOpr JOCTHUKCHUHA
KOMIIETCHIIUHA

OIIK-1

CrnocoOeH u3y4yaTh, aHaTU3UPOBATh,
HCIIOJIL30BaTh OMOIOrHUeCKHE OOBEKTEI U
MPOIIECChI, OCHOBBIBASICh HA 3aKOHAX U
3aKOHOMEPHOCTSAX MaTEMaTUYECKHUX,
(hbM3UYECKUX, XUMUYECKUX H OMOJIOTUYECKUX
HayK U UX B3aMMOCBS3SIX

NOIIK-1.1. 3naer 3aKOHBI ¥ 3aKOHOMEPHOCTH
MaTeMaTHYeCKHUX, (PU3MUECKUX, XUMHUIECKUX
1 OMOJIOTMYECKUX HAYK U UX B3aHMMOCBSI3H
NOIIK-1.2. CriocobeH usyyaTsb u
aHAIM3UPOBATh OMOJIIOTHYECKHE OOBEKTHI U
MPOLIECCHI

HMOIIK -1.3. Binaneer HaBbIKaMu
WCIIOJIb30BaHUs B MPO(ecCHOHATBLHOM
EATEILHOCTH OMOJIOTHYECKUX OOBEKTOB 1
MIPOIIECCOB

OIIK-5 CriocobeH sKCITyaTHpOBaTh
TEXHOJIOTHYECKOEe 000PYI0BaHKE, BBIOIHATh
TEXHOJIOTMYECKUE OIIEpaIlUU, YIIPABIATE
OMOTEXHOJIOTMYECKHMMHU MIPOIIeCCaMH,
KOHTPOJIUPOBATH KOJIUYCCTBEHHBIC
Ka4yeCTBEHHbBIE I0KA3aTeNN OTydaeMon
MPOYKIINHA

HMOIIK-5.1. 3HaeT TEXHOJIOTHYECKOE
o0opynoBaHue, CiocOObl KOHTPOJIS U
yIpaBIeHUS OMOTEXHOIOTUYECKUMHU
rpolieccamMmu, KOJIMYeCTBEHHbIE U
KAaueCTBEHHBIE [TOKA3aTeNU NOTy4aeMOoi

MPOIYKIIUU




NOIIK-5.1. I'oTOB 0OCylIECTBIATD
9KCILTYaTalMI0 ONOTEXHOIOTHYECKOTO
000pyIoBaHus, yIIPABIATH
OMOTEXHOJOTMYECKUMH MTPOIIECCAMHU

HOIIK-5.1. Brageetr meToamMu KOHTPOJIS
mpolecca MpOU3BOACTBA U MOTy4aeMOn
MPOAYKIIUU

2. MecTo IMCUMILIMHBI B CTPYKTYpe 00pa3oBaTe/ibHOI MPOrpaMMbl

JlucuuiuinHa OTHOCHUTCS K 00s13aTenbHON 4yactu O10ka b1: Monyns «Martemarndeckue u
€CTECTBEHHO-HAYUYHbIE TUCLUIIIUHBIY.
E¢€ m3ydenne obecrieunBaeT U3y4eHHe AUCIUIUINH:
B obsazamenvnoti wacmu:

- MaTeMaTHYECKHUI aHaIn3;

- (hu3HKa;

- 3JIEKTPOTEXHUKA U 3JIEKTPOHUKA;

- MaTeMaTHYEeCKOE IJITAHUPOBAHUE IKCIIEPUMEHTA U NPUKJIaHAs CTATUCTHKA;

- OCHOBBI aBTOMAaTHU3WPOBAHHOI'O IIPOCKTHUPOBAHUSA;

- hu3nuecKas XUMUS;

- TEOpETUYECKasi MEXaHUKa;

- pacyeT 3J1€eMEHTOB 000pYy10BaHMsI OTPACIH.
B uacmu, popmupyemoii yuacmuuxamu oopazosamenbHuix OMHOUEHU.:

- OCHOBBI 2KOHOMHKH U MPAKTHKa OM3HEC-TUIAaHUPOBAHUS B OMOTEXHOJIOTUH;

- MaTeMaTHYeCKOe MO/ICTTMPOBAHNE OMOTEXHOIOTUYECKUX TIPOIIECCOB M CUCTEM.

3. CTpyKTypa H cojiep:KaHue TUCHUIIIHHBI

OO11ast TPyI0EMKOCTh TUCIUILTUHBI COCTABISAET 3 3aueTHBIE equHUIIBI -108 yacos.

3.1. Buabl yueOHO# padoThI M TPYA0EMKOCTh

n/m Buj yueOHoii paGoTsl Kosuriecrso Cemectp 1
4acoB
AyIUTOpPHBIC 3aHATHS 48 48
B ToMm umcre:
Jlexiuu 16 16
1.
CemuHapcKue/pakTHUECKUE 3aHSATHS 32 32
2.
JlabGopaTopHbIe 3aHATHSA - -
3.
CamocrosiTeJIbHasi padoTa 60 60
IIpomexyTouHast arrecTanus




3K3aMCH ) C)

HUroro 108 108

3.2. TemaTnyeckuii MJIaH U3yYeHUs TUCHHMILTHHBI

Pa3memnién B npumnoxxenuu 1 k paboueit mporpamme.

3.3. Conep:xaHue pa3ieioB TUCHUTIHHBI

BBenenue

[Ipeamer, 3agaun U copepxKaHue TUCUUILTUHBI. OCHOBHBIC ATAlbl Pa3BUTHUS TUCHUILIAHBI.
CrtpykTypa Kypca, ero MecTo U poJib B IOATOTOBKE OakanaBpa, CBSA3b C APYTUMHU JUCIUILIMHAMHU.

Pa3znea 1. DueMeHTHI JIMHeHHOH aJredpbl
Tema 1. MaTpuusl U onpeaeIuTeu.

[Tonstue matpuibl. Bunbl matpun. JleiicTBus Haa MatputiamMu. Oriepaiuy Hajl MaTpUIiaMu
u ux cBoucTBa. Omnpenenurenu, HX CBOWCTBA H BblYHMCICHHsS. [loHATHS MuHOpa U
anreOpanvecKoro JOMOoJHEeHUs. Pa3iioxkeHue onpeaenuress mo 3JIeMeHTaM CTPOKH WUJIU CTOJI0IA.
Brruucnenue onpeaenureneii pa3IuaHOro MOPSIKa.

OOpatHas MmaTpulla M aIrOpUTM €€ BBIYMCICHUS. JJEMEHTapHble MpeoOpa3zoBaHUs
Martpuu. [IpuBeneHue martpuibl K IMaroHaJIbLHOMY WM TpalelMEeBUIHOMY BHAy. MarpuyHas
¢dbopma 3anucu CUCTEMBI JINHEHHBIX areOpandecKux ypaBHeHUH. PaHT MaTpuUIbL.

Tema 2.Pemienue cucreM JUHENHHBIX aJire0panvecKux ypaBHeHUH.

Cuctembl TMHEHHBIX anreOpanyeckuX ypaBHEHUI, OCHOBHbIE MOHATHUS. Pemenue cucrem
JUHEWHBIX ypaBHeHHUH MetonoMm Kpamepa, meronoMm obOpaTHOil Marpuubl, meronom [aycca.
Teopema Kponekepa — Kanemm. PemeHune npou3BOJIBHBIX CHUCTEM JIMHEWHBIX YpaBHEHUU
Metonom ['aycca. PemeHne OZHOpPOIHBIX CHCTEM JIMHEHHBIX YypaBHeHMH. Kpurepnit
CYILLECTBOBAHUS HETPUBUAJIBHBIX PEILICHUN.

Pazgen 2. DineMeHTHI BEKTOPHOI airedpbl

Tema 1. Jlunelinble omepaluu HajJ BEKTOpaMH, UX CBOMCTBa. JIuHeiiHble KOMOWHALUU
BEKTOpPOB. JIMHEWHAss 3aBUCHUMOCTb U HE3aBUCUMOCTb BEKTOPOB. ba3suc CUCTEMBI BEKTOPOB.
EanHCTBEHHOCTH pa3nokeHust BeKTopa o 6azucy. OpTOHOpMHUPOBaHHBIN Oa3HcC.

Tema 2. CkansipHoe, BEKTOPHOE U CMENIAHHOE MPOU3BEAECHUSI BEKTOPOB, MX CBOMCTBA. Y CIOBUSA
OPTOTOHAJIBHOCTH, KOJUIMHEAPHOCTH, KOMIUIAHAPHOCTHM BEKTOPOB. BhIUMCIIEHHE CKaISPHOTO,
BEKTOPDHOIO M CMEIIAHHOTO IPOM3BEICHHM BEKTOPOB, 3aJaHHBIX KOOpPAMHATaMH B
OpPTOHOPMHPOBAHHOM Oa3uce.

Tema 3. Jluneiinole npoctpancTBa. IloHatue 6a3uca mpocTpaHCTBA I'€OMETPHUECKUX
BeKTOpOB. [IpeoOpa3oBaHre MaTpUIbl TUHEHHOTO onepaTopa Mpu nepexojie ot 0azuca Kk 6asucy.
CoOcTBeHHbIE 3HAYEHHS U COOCTBEHHBIE BEKTOPHI MATPHULIBL.

Pazgen 3. KoMmiekcHbIe YHCJIa 1 MHOTOYICHBI



[Tonsstue kommiekcHOro uyucna. POOpMbl 3anuMCH  KOMIUIEKCHBIX 4ucen. JleMcTBHS Han
KOMIUIEKCHBIMU unciiamu. @opmyna Myaspa. N3Brneuenne KOpHS n-0il MOJIOKUTEIbHOW CTEIIEHU
13 KOMIUIEKCHOTO Yuciia. Pa3ioxeHne MHOTOWIeHa Ha MHOXKHTETH. OCHOBHAsI TEOpeMa ainreOpel.

Pa3nen 4. AnaguTudeckasi reoMeTpust

Cucremsl KoopauHaT. JleKapTOBBI MPSMOYTOJIbHBIE KOOPAMHATHI Ha TNIOCKOCTH M B IPOCTPAHCTBE.
[Tonspuas cucrema KOOpAUHAT.

Tema 1. IIpsiMble U IJIOCKOCTH

Paznuunbie TUTIBI ypaBHEHHH TIIOCKOCTH M YPaBHEHUN TIPSIMOH (HA IJIOCKOCTH M B IIPOCTPAHCTBE).
Brrunciienne paccTossHUN MEXIy IByMsl TOYKaMH, TOUKOM U IPSIMOM, TOYKOM U IJIOCKOCTBIO.
Brruncnienue paccTosiHUSI MEX]Ty CKPEIIUBAIOIIUMUCS TIPSIMBIMHU.

Boruncnienue yriioB Mexy AByMs IPSIMBIMU, IPSIMOM U TNIOCKOCTBIO, IBYMSI TUIOCKOCTSIMH.
Tema 2. KpuBble 1 NOBEPXHOCTH BTOPOI0 MOPSIAKA

Kpussie BTOporo nopsijika, X reoMeTpUIecKe CBOMCTBAa M ypaBHeHU. [IpruBeneHne KpuBou
BTOPOTO MOPSIKA K KAHOHUYECKOMY BHULY.

YpaBHEeHHE TOBEPXHOCTH BTOpOro nopsiaka. Kanonnueckue ypaBHeHuUs chepsl, SJUIUIICOUIA,
KOHYyca, Tunepoosonaa, napadbonousa.

3.4. TemaTuKa NPAKTHYECKUX 3aHATHI M0 TUcHUILUINHE «/IuHeliHas ajredpa»

Ne zausaTus Tema 3ansaTus

1 Pa3nen 1. Di1eMeHTHI JIMHEHHOI ajredpbl. MaTpuilsl, 1eHCTBUSA
HaJl MaTPHUIAMHU.

OHpeI[eJII/ITeJII/I, HUX CBOMCTBA 1 BLIYHCJICHHE. ManHqHaﬂ 3aIlliuCh

2 CUCTEMBI JINHEWHBIX YPAaBHEHMIA.

3 OOpatHast MaTpuULa U €€ BBIYHUCIICHHE.
CucTeMbl TMHEWHBIX alNreOpandyecKux ypaBHEHHM, OCHOBHBIE

4 TIOHATHS U oNpeiesieHus. Perenne cucTeM JINHEHHBIX YPABHEHHM
MmetoaoM Kpamepa, MmeTo1oM 00paTHOM MaTpHUIIbl

5 Pemenue cucreM MHENHBIX ypaBHeHHN MeToaoM [aycca. Panr
Matpuubl. Teopema Kponekepa — Kanemu.

6 Meron I'aycca B pOM3BOJIBHBIX CUCTEMAX JTUHEUHBIX YPAaBHEHUM.

OnHOpOIHBIE CUCTEMBI JINHENHBIX YPaBHEHUI.

Paznen 2. DuemMeHTBI BeKTOPHOH aaredpbl. BekrTopsl.
JIuneliHble omepaluy HaJ BEKTOpaMH, UX CBOWCTBa. JInHelHOE
7 IIPOCTPAHCTBO T'€OMETPUYECKUX BEKTOpOB. [IoHATHE NMHENHHON
KOMOMHaIMK BEeKTOpoB. JIMHENHO He3aBUCHMBIE M JIMHEHHO
3aBUCHUMBIE CUCTEMBI BEKTOPOB.

ITonsiTue 0Oa3uca IMPOCTPpAaHCTBA T'COMCTPUYUCCKUX BCKTOPOB.

8 Koopaunatsr BEKTODpA. OpTOHOPMUPOBAHHBIN 6azmuc.
KonnuneapHocts, OPTOTOHAJIBHOCTH U KOMILJIAHAPHOCTH
BEKTOPOB.

CkansipHoe MpOU3BEACHUE BEKTOPOB U €r0 CBOMCTBA. YCJIOBHUE

9 OPTOTOHAJTLHOCTH BEKTOPOB. BEKTOpHOE MpOW3BEACHHE IBYX

BCKTOPOB, €ro CBOMCTBA. Y CJIOBHUE KOJUIMHCApHOCTU BEKTOPOB

CMmenianHOe TPOM3BEIEHUE TPEX BEKTOPOB M €ro CBOKWCTBA.
Brrunciienne ob6bema mapajvieNienunesa U NupaMuibl. Y CIoBUE
10 KOMIUIAaHAPHOCTH ~ BEKTOPOB.  BblumcieHue  ckajsipHOro,
BEKTOPHOTO U CMEIIAHHOTO MPOM3BEIEHUI BEKTOPOB, 33JaHHBIX
KOOp/JAMHAaTaMHU B OPTOHOPMHPOBAHHOM Oa3uce.




Jluneiinbie npocTpancTBa. PazMepHOCTh M 0a3UC TMHEHHOTO
MIPOCTPAHCTBA.

11 Marpuna nepexoaa ot 6a3uca k 6asucy. [IpeodbpazoBanue
KOOpJMHAT BEKTOpa TMpu U3MeHeHuun Oaszuca. JluHeliHble
orepaTopsl, IEHCTBUS C IMHEHHBIMHE oriepatopamu. COOCTBEHHBIC
BEKTOPBI U COOCTBEHHbIE 3HAUECHHSI MATPHILIbI

Pa3zpen 3.KoMmiaekcHbIe 4YHMCJIa B MHOro4wieHbl MHOXECTBO
12 KOMIUIEKCHBIX uucesl. DOpMbl 3alUCH KOMIUIEKCHBIX YHCEIl.
JelictBus  HaJ  KOMIUIEKCHBIMM  4uciaMu.  PasmoxeHue
MHOT'O4YJICHa HAa MHOKUTEJIH, OCHOBHAsI TEOpEMa anreopbl

Pasznen 4. AnajnuTHyeckas reomeTpust

13 .
CucreMsl KOOpAuHaAT. Pasnuunble THIIBD YpaBHECHHNHU INIOCKOCTHU

14 Paznuunble TUNBI ~ ypaBHEHUM NpsIMOM  HA IUIOCKOCTH W B
MIPOCTPAHCTBE

15 B3auMHOE pacnonokeHue IpsAMbIX Ha IUIOCKOCTH M B
IIPOCTPAHCTBE. BhIunciaeHne pacCTOSHUN MEXY IBYMS TOUKAMU,
TOYKOM M  HpsAMOW.  BpluncCieHHME  PACCTOSHUS ~ MEXITY
CKpCIIMBAOIIMMHCA  IPsAMBIMHA. B3aumHOe  pacmnosiokeHue
IUIOCKOCTEH. BpIUMCIIeHHE pacCTOSHUM MEXAY TOYKOH U
IJIOCKOCTBIO

16 KpuBble BTOpOro mnopsaka HX TE€OMETPUYECKUE CBOMCTBA.
VYpaBHeHUs ammIca, runepoosnsl, napadbonsr OO1iee ypaBHEHHUE
KpHUBOW BTOpOro nopsaka. [Ipusenenne KpuBoi BTOPOro nopsiika
K KaHOHWYecKoMy Buay. IIoBepXxHOCTH BTOpPOro nopsiaka

=

4. Y4eOHO-MeTOAMYECKOE M HH(POPMALIMOHHOE olecTieyeHne

4.1. Hopmarusnble 1o0kyMeHTbI H 'OCTbI

dI'OC 19.03.01. buorexnonorus.2020.

AxkanemMuyeckuii yueOHbIN MmiiaH 1o HampasieHHio nmoarotoBku: 19.03.01 buorexHonorus.
Hanpasnennocts (mpo¢uis): IIpomblinuienHas OuorexHosorust U OnouHkeHepusi. dopma
oOyuenus — ouynas. 2023.

Vka3 IIpesunenra Poccuiickoit @enepanun or 01.12.2016 Ne 642 «Ctparernn Hay4HO-
TEXHOJOTHYECKOro pa3Butus Poccuiickoin denepaunm.

[puka3z MunncrepctBa oOpazoBanus 1 Hayku Poccuiickoit @eneparym ot 23.08.2017 Ne 816
«O6 yrBepxknmenun Ilopsinka TpUMEHEHHS  OpraHU3alMsIMH,  OCYHIECTBISIOIINMHU
00pa3oBaTeNbHYIO JIEATENBHOCTD, 3JIEKTPOHHOT O o0y4eHus, JMCTAHIIMOHHBIX
00pa30BaTeNbHbIX TEXHOJIIOTUN IPH pealin3alui 00pa3oBaTebHBIX IPOrpPaMM».

4.2. OcHoBHasi TUTEpaTypa

Munocues, B. b. Kypc MmatemaTuku a5t TEXHUYECKUX BBICIINX Y4€OHBIX 3aBEJICHUM :
yaeOnoe nmocobue / B. b. Munocues, B. I'. 3yokos, B. A. JIsixoBckuii ; moa penaxinueii B. b.
Munocnesa, E. A. Ilymkaps. — 2-e uza., ucnp. — Canxt-IlerepOypr : Jlans, [0. r.]. —
Yacts 1 : Ananutudeckas reomerpus. [penenst u psabl. @yHKINUN U TPOU3BOIHBIE.
Jluneiinas u BektopHas anredopa — 2013. — 544 c. — ISBN 978-5-8114-1558-8. — Tekcr :
ANeKTpOHHBIH // JIaHBb : 21IeKTPOHHO-OMOIMOTEYHAs CHCTEMA. —
URL:https://e.lanbook.com/book/30424



https://e.lanbook.com/book/30424

4.3. JlonoJHUTEILHAS JIUTEpATypa
1. beknemumes, /I.B. Pemenue 3a1au u3 Kypca aHaIUTHYECKOW T€OMETPHUH U TMHEHHOMN
anreOpsl [ DIEeKTPOHHBIN pecypc]: yueb. mocobue - DneKTpoH. AaH. - MockBa: Ou3mMaTiuT,
2014. - 192 c. https://e.lanbook.com/book/59632

1. JJIeKTPOHHBbIE 00pa30BaTebHbIE PECYPChl
[IpoBenenue 3aHATHI U aTTECTAIMI BO3MOXKHO B IUCTAHIIMOHHOM (pOpMaTe C IPUMEHEHHUEM CH-

CTeMBl JTUCTaHIHOHHOTO o0y4deHus yHuBepcutera (CJIO-LMS) Ha ocHOBe pa3paboTaHHBIX
kadeapor «MaremaTrka» 3JIEKTPOHHBIX 00pa3oBaTelbHBIX pecypcoB (DOP) mo BceM pasnenam
MIPOrPaMMBI:.

S0P
Paspabortan https://online.mospolytech.ru/local/crw/course.php?id=13104

Pazpaborannsie JOP BKIIOUAIOT TPEHUPOBOYHBIE U UTOTOBBIEC TECTHI.

[Topsimox mpoBepeHus: pabOT B JUCTAaHIMOHHOM (hopMaTe YCTaHABIMBACTCS OTICIbHBIMU
pacmopsHKeHHSIMA TIPOPEKTOpa MO y4eOHOM paboTe W/WiM LEHTPOM Y4eOHO-METOANYECKON
paboThLI.

Ka)K,I[LIfI CTYACHT 066CH6‘16H HHAUBUAYAJIbHBIM HCOIPAHUYCHHBIM JOCTYIIOM K BHCKTpOHHOﬁ

6I/I6J'II/IOT6K6 MOCKOBCKOI'O ITOJIUTEXA

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

HHuTepHeT-pecypchbl BKIIOYAIOT y4eOHO-METOIMYECKUE MaTepHallbl B JIEKTPOHHOM BHUJIE,

MMpCACTAaBJICHHBIC HA canre mospolytech.ru B pasaciic: «I_[eHTp MATCMATHUYCCKOI'O 06paSOBaHI/I$I»

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

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

Ilonesnrle y‘{e6H0-MeTOI[I/I‘{eCKI/Ie )51 I/IH(I)OpMaI_II/IOHHLIe MaTepuruaIbl MPEACTABJICHBI HA canTax:
http://exponenta.ru, http://eqworld.ipmnet.ru/ru/info/mathwebs.htm. _

HepequL peCypcCoB I/IH(1)OpMaLII/IOHHO-TGHCKOMMYHHKaHHOHHOﬁ CECTHU «I/IHTepHeT» JJIsI OCBOCHU S

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

2. JIMmeH3HOHHOE ¥ CBOOOTHO PacCHpOCTpaHsieMoe MPOrpaMMHOe 00ecTiedeHne


https://e.lanbook.com/book/59632
https://online.mospolytech.ru/local/crw/course.php?id=13104
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.matematikalegko.ru/
http://www.i-exam.ru/

HaumenoBanme | Paszpadorumnk I1O JocTymHoCTh Ccbuika Ha Enunblii peectp
(mpaBoodsagaren| (IMIEH3HOHHOE, [ POCCHIICKMX MPOrpaMMm AJisi
b) CBOOOTHO 9BM u B/ (mpu Hagm4un)
pacrpocrpansemM
oe)
AstraLinuxCom | OOO JIuieH3noHHOe https://reestr.digital.gov.ru/ree
monEdition "PYCBUTEX- str/305783/?sphrase_id=9540
ACTPA" 36
MoitOduc OO0 "HOBBIE JIuneH3uoHHOE https://reestr.digital.gov.ru/ree
OBJIAYHBIE str/301558/?sphrase_id=9433
TEXHOJIOI'MN" 1)
3. CoBpemenHbIe IpodeccHOHAIBHBIE 0a3bI

JAHHBIX U l/IH(l)OpMaIII/IOHHbIe CIIpaBOYHbLIE

CHUCTEMBI

Ilepeuyens pecypcoB cetu UHTepHET, JOCTYNHBIX /1JIsl 0CBOCHHUS TUCHUILIMHBI:

HaumenoBanue Ccpuika Ha pecypc JocTtynHocTn
HNndopManinoHHO-CTIPABOYHBbIE CHCTEMbI
OCTYITHaB CETH
https://stackoverflow.co Hoctyn
StackOverflow / Wnrepuer 6e3
m
OTrpaHUYEHUN
Hupopmarmonnsie pecypest Cern http:// www.consultant.ru | JToctymso
KoncynperantlIiroc
ITopran ®enepanbHbIX
TOCYAapCTBEHHBIX http://www.fgosvo.ru. HoctyrmHo
00pa3oBaTeNbHbIX CTaHAAPTOB
BbICILIEr0 00pa3oBaHUs
JIEKTPOHHO-0MO0/INOTEeYHbIE CHCTEMbI
Jlanp https://e.lanbook.com/ HocrtynHas cetu
WnTepuer 6e3
OrpaHUYEHU I
IPR Books https://www.iprbookshop | octymHas cetn
ru/ Hutepuer 6e3
OrpaHUYEHUN
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https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://stackoverflow.com/
https://stackoverflow.com/
http://www.consultant.ru/
http://www.fgosvo.ru/
https://e.lanbook.com/

IIpodeccuonanbubie 0a3b1 JAHHBIX

baza nanHbIx HaydIHOU http://wwwe.elibrary.ru JocTymHo

AIIEKTPOHHOM OMOIHOTEKN
(eLIBRARY.RU)

WebofScienceCoreCollection — http://webofscience.com | HdocrymHo
noJIrTeMaThuIeckas peepaTuBHO-
oubnuorpaduyeckas u
HaYKOMETPHUYCCKaA
(6nbnmmomeTpuyeckast) 6a3a JaHHBIX

ii. MarepuajbHO-TeXHUYECKOE o0ecrieyeHue TUCIHUIIIMHbI

MartepuanbHo — TeXHUUYEeCKasi 0a3a yHUBepcUTeTa 00ecreynBaeT MpoBEACHUE BCEX BUIOB
3aHSTUN, IPEAYCMOTPEHHBIX YUEOHBIM IJIAHOM, U COOTBETCTBYET JNEHCTBYIOIIUM CAHUTAPHBIM U
MIPOTUBOMNOXKAPHBIM MPABUJIAM U HOPMaM.

Kadenpa «Marematuka» He pacmojiaraeT COOCTBEHHBIM ayJUTOPHBIM (OHIOM H
UCTIOJNB3YyeT YUeOHbIE ayAUTOPUH U3 001Iero (POHIa YHUBEPCUTETA.

[Ipu HeoOXoaUMOCTH [UIsi TPOBEACHHS HWHTEPAKTUBHBIX MPAKTUYECKUX 3aHATUHN
HCIOJIb3YIOTCAKOMITBIOTEPHBIE KIIACChl YHUBEPCUTETA.

iii. Meroguyeckue peKOMEeHIANUN

1. MeToan4ecKue peKoMeH AU IS
NpenoxaBaTeJisi N0 OPraHU3aluu 00y4YeHus

[Ipexxne Bcero, cienyer oOpaTHUTh BHHUMaHHE CTYACHTOB Ha TO, YTO MPAKTHYECKH BECh
M3y4aeMbIil HMU MaTepual He TpeOyeT Kakou-Tn0o crienuaabHOH (JI0MOJHUTEIBHOM ) TOATOTOBKU
U BIOJHE MOXET OBbIThb YCHEIIHO W3Yy4eH, €CIH CTYACHTh OyayT Tmocemarh 3aHATHS,
CBOEBPEMEHHO BBHITIOJIHSITH JOMAIITHUE 3aJaHUs U TTOJI30BaThCA (P HEOOXOIUMOCTH ) CHCTEMOM
IJJAHOBBIX KOHCYJIbTAallMd B TEYEHUE KAXKIOTo ceMecTtpa. Bomeamme B Kypc MareMaTHKU
pazzienbl SABISIOTCS KJIACCUYECKUMHU, B TO K€ BPEMSI OHU MPAKTUUYECKU OPUEHTUPOBAHBI, TaK KaK
HMMEIOT IIMPOKOE PacCIpOCTpaHEHHUE IS PEIICHUS Pa3HOTO POJia 3a/1a4 BHYTPHU CaMOil MaTeMaTHKU
Y MPUKIAIHBIX 3a7a4. FIX 0CBOEHUE MOMOXKET CTYAEHTaM JIOTUYECKHU BEPHO, APTYMEHTHUPOBAHO U
SICHO CTPOUTH YCTHYI0 U THCHBMEHHYIO pe€4b, YCIEIIHO MPUMEHSTh HAKOIUICHHBIE 3HAHUS B
npodeccuoHaNbHOM IS TENbHOCTH.

HeoOxonumMo ¢ caMoro Haudana 3aHSTHH pPEKOMEHIOBAaTh CTYJIEHTAM OCHOBHYIO H
JOTIOJTHUTENBHYIO JTUTEPATYPY, @ B KOHIIE CEMECTpPA J1aTh CHMCOK BOIPOCOB JJisi MOJATOTOBKH K
9K3aMEHY.

Ha nepBom 3aHSTHM MO TUCIUILTHHE CIIEAyeT 00s3aTeIbHO MPOUH(DOPMUPOBATH
CTYJIEHTOB O BHUJIE B (popMe MMPOMEKYTOUHON aTTECTAIIMHU 110 TUCIUIUINHE, CPOKAX ee
MIPOBEACHUS, YCIIOBUSX JIOMYCKa K TPOMEXKYTOUHON aTTECTAI[UU, TPUMEHSAEMBIX BUIAX
MMPOMEKYTOYHOTO KOHTPOJISI.

W3noxeHue TEOPETUYECKOTO MaTepHalia JOKHO COMPOBOXKAATHCS HILTIOCTPATUBHBIMU
puMepamMu, TIIATEeILHO OTOOPAaHHBIMU MPETNoAaBaTeIeM TaK, YTOObI TEXHUUECKHE TPYIHOCTH U
BBIKJIAJKM TPU PEIICHWU 3a7aud HE OTBJIEKAJIM OT TJABHOIO: OCMBICIEHUS HJIEU U CYTH
npuMeHseMbIX MeToA0B. CiemyeT Bcerja yKa3blBaTh MPUMEPHI MPAKTHYECKOTO MPUMEHEHUS
PaCCMOTPEHHBIX Ha 3aHATUSAX YpaBHEHHUHN U HOPMYIL.

[IpakTrueckue 3aHATHS JOJDKHBI OBITh OPTraHW30BAaHBI MIPETIOIaBaTeNIeM TaKHM 00pa3oM,
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http://www.elibrary.ru/
http://webofscience.com/

YTOOBl OCTaBAJIOCh BpeMsi Ha MEPUOJUYECKOE BBIOJIHEHWE CTYJEHTaMU HEOOJbIION
CaMOCTOSITENTbHON Pa0dOThI B ayJIUTOPUU JIJISl IPOBEPKU YCBOCHUS M3JI0KEHHOT'O MaTepHara.
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[IpenogaBarens, BeaylUIUd MPaKTHUYECKUE 3aHSATHS, IOJDKEH COIIacOBBIBAaTH y4eOHO-
TEeMAaTHYECKHUH TUTaH 3aHATUH C JISKTOPOM, UCIIOJIb30BaTh €AMHYIO CHCTEMY 0003HAYCHHH.

[IpenoaBatento  cieayeT JA0OMBAaTBCS CHCTEMAaTHYECKOM HENpephIBHON  pabOTHI
CTYJCHTOB B T€UEHHE CEMECTPa, HEOOXOIMMO BBISIBISTH CUJIBHBIX CTYJIEHTOB M MPUBIEKATh UX K
Hay4YHOI paboTe, K y4acTHIO B Pa3HOTO pOJia OJIMMITHA/IaX U KOHKYpCaX.

CTyneHT JOJDKeH OUIyIIaTh 3auHTEPECOBAHHOCTh IMIPENojAaBaTeiss B JOCTUKCHHUH
KOHEYHOT'0 pe3yJbTaTa: B IPUOOpETEHIH 00yJYarOIIMMHUCS MPOYHbIX 3HAHUN, YMEHUN U BIaJICHUS
HAKOIUICHHOM MH(OpMaIe Uil pelieHus 3a/1a4 B MpodeccruoHalbHOM 1eATeIbHOCTH.

a. OoOpa3oBaresibHbIE TEXHOJIOTHH

Bo3M0OXHO mpoBeJeHHE 3aHATUH W aTTECTAllMid B JAWCTAHIMOHHOM (opmare ¢ MPUMEHEHHEM
CUCTEMBI JTucTaHMOHHOTO OoOydeHusi yHuBepcutera (CIO-LMS) Ha ocHOBe pa3paboTaHHBIX
kadeapoi «MaremaTHKa» JIEKTPOHHBIX 00pa3oBaTenbHBIX pecypcoB (DOP) (cm. m.4.4).
[lopsnox mpoBeneHust pabOT B JUCTAHIMOHHOM QopMmaTe YCTAaHABIMBACTCS OTICIbHBIMU
pacropsDKeHUAMH TIPOpeKTopa 1Mo y4eOHOW pabdoTe W/WIM IEHTPOM Y4eOHO-METOAMYECKON
paboThLI.

2. MeToauyeckne yKka3aHus JJisl 00y4AIOIIMXCHA 10 OCBOECHUIO
JUCIUTLTHHBI

Pa3znes: 3jieMeHTBI JIMHEIHOM anredpbl

Matpuusl n onpeneaunresan. [Ipexne Bcero, CTyA€HT JOJDKEH MOHSTh, YTO MaTpuLa —
3TO TabuuIa yrcen (IpuYeM 3Ta TaOJIUIa MOKET UMETh OJIMHAKOBOE YHCJIO CTPOK U CTOJIOIIOB, a
MOJKET OBITh U MPSAMOYTOJIbHOM), a ONpeAETUTENb- 3TO YUCIIO, 3alIUChIBAEMOE B BU/IE KBAAPaTHOM
TaOJUIIBI, TO €CTh ONPEACITUTEHN CYIIECTBYIOT TOJIBKO y KBaJPaTHBIX MaTpPHII.

Cnenyet oOpatuth 0c000€ BHUMaHHE Ha ONIEPALIMI0 YMHOKEHUS IPSAMOYTOJIbHBIX MaTPHULL
U TOHSATbh, KAKUM I10JIy4aeTcs NOPsI0K MaTpHIbl — pou3BeeHusl. OCOOEHHOCTh MaTpHI] TaKxkKe
COCTOMT B TOM, 4TO MPOM3BEJEHUE MATPHIl He MepecTaHoBouHO, To ecTh AB# BA Crenyer
00s13aTeNIbHO YOEAUTHCS B 3TOM, PEIIUB COOTBETCTBYIOIIUE 3a/1aUH.

BaxxubiM siBiisieTcs moHsTHE 00paTHOM Marpuibl. Hamo 3HaTh ycioBHE CyIIECTBOBAHUS
0o0paTHON MaTpUIbl U aIrOPUTM ee nocTpoeHus. [locne ee BIUMCICHUS 11€Teco00pa3Ho AeaTh

MPOBEPKY MPaBUIBHOCTH PEUICHUS, BBINOJIHUB OINEPALUI0 YMHOXKECHHS A'A = E (omkHa
MOJIYYUTHCS €AMHUYHAS MaTPHUIIA)

[Tpu u3ydeHun ompeaenuTeNneld HaJ0 YeTKO YCBOUTH MOHSATHS MHHOPA, alredpandeckoro
JIOTIOJIHEHUS, 3HAaTh MHOTOYMCIIEHHBbIE CBOMCTBa omnpeaenuTens. Jljis OCBOEHMSI TEXHUKU
BBIUHCIICHHS OTMpEeNUTENe I1eecoo0pa3Ho, BBHIOpaB MPOM3BOIBHBIA OMPENEIUTENb BHIIIE
TPETHETO MOPSIIKA, PACKPBITH €r0 Pa3InYHBIMU CLIOCOOAMU, IPUMEHSS Pa3I0KEHUE U [0 CTPOKaM
u o cronbuam. OOpaTuTe BHUMaHKUE, KaKhe CTPOKH (CTONOIIBI) IPEANOUTUTEIbHEE BEIOUPATH JIsI
PACKpBITHSL OMpPEAENUTENs, YTOObI YIPOCTUTH €ro BblYHciHeHHe. OcoO0eHHO 3(PhEeKTHBHO
BBIUHCIICHUE OMPESIUTENSI C MOMOIIBI0 AJIEMEHTAPHBIX MpeoOpa3oBaHUil, MPUBOAAIIUX €r0 K
TPEYroJbHOMY BUY.

[Ipy wu3yyeHHM pelIeHUd cucTeM JIMHEHHBIX anreOpanudeckux ypaBHeHuit (CJIAY)
oOparuTe BHUMaHUE, MPEK/E BCETO, HA MOHSATUE PEIICHUS CUCTEMBI U YCIOBHUS CYIIECTBOBAHHUS
pelieHrni B 3aBUCHUMOCTU OT COOTHOIIEHHS MEXIy PAHTOM MAaTpHUIIbI, PAHTOM pPACIIUPEHHOMN
MaTpPUIIBl CHUCTEMBI U YHUCIOM HEWU3BECTHBIX W ypaBHeHHH. OOpaTUTe BHUMAaHUE Ha YCIOBUS
npumenenus popmyn Kpamepa u metona oopaTHoii MmaTpulibl. BHuMaTenbHo pazdepure npuMepsl
pelleHrs MPOUW3BOJIBHBIX CHCTEM IMHEHHBIX anreOpandeckux ypaBHeHHi wmeroaoMm [aycca
(BBenmeHre Oa3UCHBIX M CBOOOIHBIX IEPEMEHHBIX ).

Pa3nesi: DiieMeHTHI BEeKTOPHOIH ajredpbl
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[Ipy wu3yyeHWH MaHHOW TeMbl OOpaTUTE BHUMAaHWE HA JIMHEHHBIC OIEpalnud Hajl
BEKTOpAaMH, Ha TOHATHUS JIMHEWHOW HE3aBUCUMOCTH M JMHEHHOM 3aBUCHMOCTHM BEKTOPOB, HA
(dbyHIaMeHTaIbHOE TIOHATHE 0a31ca BEKTOPHOTO MIPOCTPAHCTBA (M OPTOHOPMUPOBAHHOTO Oasmca),
Ha pa3JioKeHHEe BEKTOpa 1o 0asucy.

3HaTh OIpeesieHne, TEOMETPUUYECKHUE CBOMCTBA CKAJISIPHOTO, BEKTOPHOTO U CMEUIAHHOTO
MIPOU3BEICHUS BEKTOPOB, (POPMYJIBI U UX BBIUMCICHHS B BEKTOPHOM U B KOOPAUHATHOM (opme.
OO0s13aTeNbHO 3HATH W YMETh MPOBEPATH YCJIOBHUS OPTOTOHAJIBHOCTH, KOJUIMHEAPHOCTH U
KOMIUIAaHAPHOCTH BEKTOPOB.

Pa3nesi: koMILIEKCHbIE YMCJIa H MHOTOYJIEHbI

B stom pa3zgene, mpexae Bcero, Hag0 MOHATh, YTO KOMIUIEKCHOE YHCIO SIBUJIOCH
pacIpeHreM TMOHSATUS JCHCTBUTEIBHBIX YHCEN, 3HATh OMNpeAelieHue W Tpu (HOPMBI 3aIllvcu
KOMILIEKCHOTO yycna (anreOpanyeckyro, TPUTOHOMETPUYECKYI0 M  IOKa3aTelbHYI0),
F€OMETPUUYECKYI0 MHTEPIPETALINIO0 KOMIUIEKCHOTO YKCIIa M B3aMMHO-0/IHO3HAYHOE COOTBETCTBUE
MEX/1y MHOKECTBOM KOMIUIEKCHBIX YHCENI U MHOKECTBOM TOYEK KOMILIEKCHOH MIIOCKOCTU. 3HATh
bopmyny Oiinepa. KomruiekcHble Yuclia MOXKHO HM300pakaTh C TIOMOIIBIO BEKTOPOB Ha
KOMIUIEKCHOM TIOCKOCTH. [loaTOMy omepanuu CiIOXKeHUS U BBIYUTAHHUSI KOMIUIEKCHBIX YHCEI
MOTYT OBITH CBEJICHBI K OTICPAIIMSIM CJIOKCHHSI U BEIYUTAHUSI COOTBETCTBYIOIINX BEKTOPOB.

Hago 3HaTh W yMeThb BBINOJHATH ONEPAllMd YMHOXKEHHUS, JIEJICHHs, BO3BEICHUS B
MOJIOKUTEIIFHYIO CTENEHh KOMIUICKCHBIX YHCEJ, 3allMCAaHHBIX B TPUTOHOMETPUYECKOW (opme,
W3BJICYCHHS KOPHS N-0if CTENEHU M3 KOMILIEKCHOTO YMCIa.

Cnenyer oOpaTuTh BHUMaHHE Ha TO, YTO MHOXECTBO KOMILJIEKCHBIX YHCEI SIBJISICTCS
3aMKHYTBIM, TO €CTh JIF00as anreOpandeckas orneparys HaJl KOMIUIEKCHBIMHU YUCJIAMU HE BBIBOJIUT
3a rpeaesbl 00JacTH KOMITJICKCHBIX YHCE.

Hano 3HaTth paznuuHbie BUIBI PA3JI0KEHUS MHOTOWIEHA HAa MHOXHUTEIU I CIIy4aes,
KOT'Jla Cpely KOpHEHl MHOrodjeHa MOTYT OBbITh KpaTHbIE, KOMIUIEKCHbIE KOPHU. DTH CBEACHHUS
OyIyT HCIIOB30BATHCS, HAIPUMEP, B HHTETPAIIbHOM HCUYUCIICHUU TPU BBIYMCICHUU HHTETPAJIOB
OT  JpOOHO-pallMOHANBHBIX  (YHKIMH, [P  PEUICHHUH  JIMHEHHBIX  OJIHOPOIHBIX
nuddepeHIMATBHBIX YPaBHEHUH N-TO MOPSAKA C IOCTOSHHBIMU K03 pULIMeHTaMu.

Pa3gen: AnanuTnyeckasi reoMeTpus

[Ipy W3yuyeHHUH aHAIUTUYECKOW TeOMETPHUM CIEAYET, NMPEXJe BCEro, MOHATh, UTO €€ 3aJauei
SIBJISIETCSl U3YUYEHHUE TEOMETPUUECKHX OOBEKTOB MPH MOMOIIN aHATUTUIECKUX METOJIOB alNreOphl
M MaTeMaTHYeCKOro aHaiau3a. B OCHOBe Takoro moaxoja JEKHT METOJ KOOPAMHAT, BIEPBBIC
cucrteMatuyecku npuMeHeHHbld P. [lekaprom. OCHOBHBIE MOHATHSI TEOMETPHUH (TOUKA, TIpsSMas,
MJIOCKOCTH) SIBIISIIOTCS HEOMPEAENIEMbIMH, U JIUIS UX OMUCAHUS MPUMEHSETCS aKCHOMaTHYeCKHA
METO/I, TO3BOJISIFOIINN yYCTAHOBUTH B3aMMHO OJHO3HAYHOE COOTBETCTBHE MEXKY MHOXKECTBOM
TOYEK MPSMOM W MHOXKECTBOM JCHCTBUTENBHBIX YHCENT U, TAKUM OOpa3oM, BBECTH CHUCTEMY
KOOpJIMHAT.

Hano yetko ycBouTh pasnuynbie GopMbl ypaBHEHUHN MPSIMON U TIIOCKOCTH YMETh MEPEXOAUTh OT
onHou (Gopmel K apyroi. CraemayeT OCMBICIUTD U YCIENTHO MPUMEHSTh PEIICHHS KIACCUYECKUX
3a/1a4 aHAJTUTUYECKON T€OMETPUU O B3aUMHOM PACHOJIOKEHUHU MPSIMBIX U IJIOCKOCTEH, yMEThb
OTIPEIEIIATH YIIIbI U PACCTOSIHUS MEXAY Pa3TUIHBIMA T€OMETPUUECKUMHU 00 BEKTaMHU.

OTMeTHM B 3aKJIFOYECHHE, YTO YCIENTHOE M3YYCHHUE NUCIUIUIMHBI « JInHelHas anreOpay,
npuoOpeTeHne HeOOXOIUMBIX KOMITETEHIINM, YMEHUM W HaBBIKOB BIAJCHUS MAaTeMAaTHUYECKUM
anmapaToM TpeOyeT OT CTYACHTOB OONbBINON caMOoCTOATeNbHON paboTel. OOpaTHTe BHHUMAaHHE,
YTO KOJIMYECTBO YaCOB, OTBOJUMBIX Ha CaMOCTOSITENIbHYIO paOOTy B COOTBETCTBHH C YYEOHBIM
IJIaHOM, OOJIBIIIE YKCTIa YaCOB, OTBOJMMBIX Ha BCE BUJIBI AYAUTOPHBIX 3aHITHIA.

Iv. DoH OLIEHOYHBIX CPEICTB

@®oH/1 OIICHOYHBIX CPEICTB npecTasiieH B [Ipunoxennn 2 k pabouei mporpaMme 1 BKITFOYAET
pas3aens:
1. MeTozpl KOHTPOJIS U OLICHUBAHUS PE3YJIbTAaTOB 00yUYeHHUs
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2 lIkana 1 KpUTEpHUH OIICHUBAHHMSI PE3YIbTATOB O0yUEHUS
3. O1eHOYHbIE CPEICTBA

3.1. Texyuuii KOHTPOIb

3.2. [IpomexxyTodHast aTTeCTaIus
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11

Paznen 1. DiaeMeHTHI JTUHEHHOM
anredpbl MaTpuiibl, 1€MCTBUS HAL
MaTpUIIAMH.

1.2

Omnpenenureny, ux CBOMCTBa u
BbIUKCIICHHE. MaTpuyHas 3anuch CUCTEMbI
JIMHEWHBIX YPABHEHUM.

Bouiaua 3aganuii PI'P Ne 1 no auHeliHoi

ajareope.

13

OOpatHass MaTpulla M €€ BBIYHCIICHHE.
MarpuunHas 3amnuch CHUCTEMbl JIMHEHHBIX
YpaBHEHUU.

14

CucTeMbl THHEWHBIX aareOpandecKux
ypaBHEHHIA, OCHOBHbBIC TOHATHS U
ompezeaeHus. Pelienre CHCTEM TMHERHBIX
ypaBHeHHI MeToioM Kpamepa, MeTojoMm
00paTHON MaTPUIIBI

15

Pemenue cucreM TMHENHBIX ypaBHEHUN
MeroaoM ['aycca. Panr matpunel.
Teopema Kponekepa — Kanem.

1.6

Merton ["aycca B MpOM3BOJIbHBIX CHCTEMAX
JIMHEWHBIX ypaBHEeHUN. OqHOPOAHBIE
CUCTEMBI JINHEWHBIX YPAaBHEHHM.
CamocrositesbHas pabora Nel B
ayJIUTOPHH 110 JTUHEHHOI asredpe

1.7

Pa3nea 2. Bektopsl. JIuHeliHble onepannn
HaJl BEKTOpaMu, UX CBOWCTBA. JIuHelHbIE
KOMOMHAIMM BEKTOpOB. JIMHENHHO

15




HE3aBHCHUMBIE U JIMHEHHO 3aBHCHMBIC
CHUCTCMbI BCKTOPOB.

Boigaya  3ajgaHuid PI'P__ Ne2 1o
BEKTOPHOI1 aiaredpe.

1.8

[Tonstue 6Gasuca. KoopauHatsl BekTOpa.
KonnuueapHocTh, OpPTOrOHAIBHOCTH U
KOMIUIAHAPHOCTh BEKTOPOB.

10

1.9

CKaJ'ISIpHOG IIPOU3BCACHUEC BCKTOPOB U €TI0
CBOICTBA. BGKTOpHOG IMPOU3BCACHUC NBYX
BCKTOPOB, €I'0 CBOMCTBA.

11

1.10

CMemanHO€ IIPOU3BENECHUE TPEX BEKTOPOB
W ero cmoiicTBa. Brprumcnenne oObema
napajuieJIenuIe s1a. Yciosue
KOJUIMHEAPHOCTH,  OPTOTOHAIBHOCTH U
KOMIUIAHApPHOCTHU BEKTOPOB.
OproHopMupoBaHHbIN 0a3uc. Beraucnenue
CKaJSIPHOTO, BEKTOPHOTO ¥ CMEUIAHHOI'O
MIPOU3BEIECHUN  BEKTOPOB, 3aJJaHHBIX
KOOpAMHAaTaMM B  OPTOHOPMHPOBAaHHOM
Oazuce.

CamocrositesibHass padora Ne 2 B
ay/INTOPHMH 10 BEKTOPHOH ajredpe

12

111

JIuneitnpie nmpocTtpaHcTBa. PazMepHOCTh U
0a3uc JMHEHHOTO MPOCTPAHCTBA.

Marpunia mepexona ot 6a3uca Kk 0Oazucy
npeoOpa3oBaHue KOOPAWHAT BEKTOpa MpHU
n3MeHeHuu 6asuca. CoOCTBEHHbIE BEKTOPHI
U COOCTBEHHBIC 3HAUCHHs JIMHEHHOTO
oreparopa.

13

1.12

Pazgen 3. KoMmiuiekcHble 4YHMcjIa W™
MHOT0YJIeHbI MHOXECTBO KOMIUIEKCHBIX

14

16




YHUCCII. q)OpMBI 3allMCu  KOMIIJICKCHBIX
yucen. Omnepauuu HaJ KOMIUIEKCHBIMU
yuciaamu. PasiokeHue MHOrowieHa Ha
MHOYHUTETIM OCHOBHAs TeOpeMa anredpsl

1.13

Pasznen 4. AnaauTnyeckasi reoMeTpus
Cucrembl KoopauHat. Pa3nuuHbie THUIBI
YpaBHEHUH IJIOCKOCTH

Boprtaua 3agmammii  PIT'P Ne3 1o
AHAJINTHYECKOI reOMeTPHH

15

1.14

Pasnnunble TUIIBI ypaBHEHM IPSIMO HA
IJIOCKOCTH U B IPOCTPAHCTBE

16

1.15

B3aumHOoe pacnonokeHHe IpsMBIX  Ha
IJIOCKOCTH U B IPOCTpaHCTBE. Briunciienne
pacCTOSIHUA ~ MEXIy JByMs TOYKaMH,
TOYKOU u IIPSIMOM... B3aumnoe
pacIongoKeHne IIOCKOCTe. Beruncienue
pPacCTOAHUN MEXK]ly TOYKOHM U MIIOCKOCTHIO
CamocrosiTeibHast padota Ne 3 B
ayIMTOPUH o aHAJMTHYECKOM
reoMeTpuu

17

1.16

Kpussie BTOpOro mopsaka HX
T€OMETPUYECKHE CBOMCTBA. Y paBHEHUS
ammrca, runepoossl, mapabdonsl OOrmee
yYpaBHEHHE KpPUBOM BTOpOro MOpsAKa.
[IpuBeneHre KpUBBIX BTOPOTO MOPSAIKA K
KaHoHMYeckoMy  Buay.  [loBepxHoctu
BTOPOT'O MOpsIKa

18

dopma aTTecTauun

21
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Bcero yacoB o jucuunJinge

16

32

60

PT'P

caM

pao.
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®OH/ OIIEHOYHbBIX CPEACTB
MO JUCHUATLTAHE

«/IuneiiHas anreopa»

Hanpagnenue noarorosku: 19.03.01 «buorexnomorus».
[Tpodwik: «[IpoMbiniuieHHAS OMOTEXHOIOTHS M OMOWHKCHEPUS».
Kadenpa: «Maremaruka.

1. MeToabl KOHTPOJIS U OLICHUBAHUS Pe3yJIbTATOB 00y4eHHs

J1s1 KOHTPOJIS yCIeBaeéMOCTH 1 KauyecTBA OCBOCHHUS IMCLIUIUIMHBI HACTOSILEH ITporpaMmoit
IIPEyCMOTPEHBI CIEAYIOIINE BUIbl KOHTPOJIS:
- KOHTPOJIb TEKYILIEH yCIIeBaeMOCTH (TEKYIIUIA KOHTPOJIb);
- IPOMEKYTOYHAs arTecTanus (IK3aMeH).

2. lllkajia ¥ KpUTEPUH OLIEHUBAHMS Pe3yJILTATOB 00y4YeHHs

Dopma MPoOMeKYTOUHOI aTTECTAIIMHU: IK3aMeH

[TpomerxyTouHas arrectanus o0ydaromuxcs B GopMe SK3aMeHa POBOAUTCS 110 pe3ysbTaTaM
BBIMIOJTHEHUSI BCEX BHJIOB Y4eOHOH pabOThl, MPEIyCMOTPEHHBIX Y4YEOHBIM ILIAHOM IO JaHHOMU
JUCLHUIIIMHE, IIPYU 3TOM YYUTBIBAKOTCSA PE3YJbTAThl TEKYIIEr0 KOHTPOJIA YCIIEBAEMOCTH B TECYCHHUE
cemectpa. OeHKa CTENIEHH JOCTHKECHUS 00YyJalOIMMUCS TUTAHUPYEMBIX Pe3yIbTaTOB 00yUYEHHS 1O
JUCLHUIIIMHE TPOBOAMUTCS IPENOJABATENIeM, BEAYIIMM 3aHATHS 110 JUCLHUILNIMHE METOJI0M
JKCIIEpTHON OLEeHKU. [lo mroram npomMexyToO4HOM aTTeCTalMyd 10 JUCHMIUIMHE BBICTABISAETCA
OLICHKA «OTIUYHO», «XOPOILO», «YAOBIETBOPUTEIBHO» NI «HEYIOBIECTBOPUTEIBHOY.

HIxkana oneHuBaHUA Onncanne

BrimonHensl Bce  o0si3aTe/IbHBIE ycioBusi IOATOTOBKH
CTYACHTA K HpOMe)KyTO‘lHOﬁ ATTeCTAIMMU,IIPEAYCMOTPEHHEIC

IporpaMMoil  JAMCHUIUIUHBI. CTyneHT  €eMOHCTpUPYET
COOTBETCTBUE 3HAaHUH, YMEHHUH, HAaBBIKOB II0Ka3aTellsiM,
OTtmn4HO NPUBEJCHHBIM B Ta0iuIax, ONEepUpyeT NPpUOOPETCHHBIMU

3HAaHUSIMU, YMEHUSIMH, HAaBBIKAMHU, IIPUMEHSIET UX B CUTYaLUAX
MOBBIIIEHHONW CIOKHOCTH. [IpW 3TOM MOTyT OBITH JOMYIIEHBI
HE3HAYHTENIbHBIE OIMMOKH, HETOYHOCTH, 3aTPyJHCHUS TIpH
MEePEHOCE 3HAaHWI 1 YMEHUI HA HOBBIC, HECTAaHJAPTHBIE 3a/1a4H.

BoimonHensl Bce o0s3aTesibHbIe YCJOBHSI TNOATOTOBKH
CTY/IeHTa K NPOMEKYTOYHOH aTTeCTALMH,IIPETYCMOTPEHHbIE
Xopomwo IporpaMMoil  JHUCIUILTUHBIL. CTyneHT  J1€MOHCTpUPYET
COOTBETCTBUE 3HAHUIM, YMEHHUH, HAaBBIKOB II0Ka3aTelsM,
NPUBEJCHHBIM B Ta0iUIaX, ONEpUpyeT NPUOOPETCHHBIMU
3HaHUSIMH, YMEHUSIMH, HaBbIKaMU. B TO e Bpems IpHu OTBeTe
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AOIMYCKACT HCCYIICCTBCHHBIC MMOIPCIIHOCTH, 3ala4r pCIIaCT C
HEOO04YCTaMH, HC BIIMAIOIIIMMHA Ha O6IJ.[PIFI X0 pCLICHUH.

BrinosiHeHsl Bce oO0si3aTesibHbIE YCJAOBHSI IMOATOTOBKH
CTYIEHTA K NMPOMEKYTOYHOI ATTECTAUM,IIPETyCMOTPEHHBIE
MPOrpamMmMoit JUCHUTLIHHEL. CryneHt JIEMOHCTPUPYET
COOTBETCTBME 3HAHUM, YMEHHUH, HABBIKOB IIOKA3aTENsM,
MPUBEJACHHBIM B Ta0NHIAX, ONEPUPYET NPHOOPETCHHBIMU
3HaHUSIMHU, YMEHUsIMU, HaBbikaMu. Ho mokasbiBaeT HeriayOoKue

VY 10BIIETBOPUTEIIBHO
3HaHUS, TPU OTBETE HE JOMYCKAaeT TIpyObIX OIMOOK WU
MPOTHBOPEYHHi, OTHAKO B POPMYIMPOBAHUH OTBETA OTCYTCTBYET
JIOJDKHASI CBSI3b MEXy aHAJIM30M, apryMEHTalMel U BBIBOJIAMU,
B PEIICHUH 3a/a4 MOTYT COAepKaTbcsa TpyoOble ommOku. Jls
MOJIyYE€HUsI NPABWJIBHOTO OTBETa TPEOYIOTCS YTOUHSAIOIINE
BOIIPOCHI.
He BblnosnHeHbl oOsi3aTesIbHbIE  YCJIOBHMS  IOATOTOBKH
CTY/IeHTA K NPOMEKYTOYHOH aTTeCTALMM, IPEAYCMOTPEHHbBIE
nporpamMmmon aucumiuiebl, WMJIM  cTyneHT neMoHCTpHUpyeT
Hey 10BIICTBOPHTEITHHO HEMOJIHOE  COOTBETCTBME  3HAHWUW,  yMEHMI,  HAaBBIKOB
MPUBEACHHBIM B TaOluIax, JOMYCKAIOTCS 3HAYUTEIbHBIC
OLIMOKH, MPOSIBJIIETCS OTCYTCTBUE 3HAHUM, YMEHUI, HABBIKOB T10
pAly TOKaszaTelield, CTYIAEHT WCIHBITBIBAET 3HAYUTEIbHbIE
3aTpyJHEHUS PU ONIEPUPOBAHUY 3HAHUSAMU U YMEHUSIMU.
3. OueHo4HbIE CpeacTBa
Ne Hanveropasme Kpatkas xapakTeprucTrka OLeHOYHOT O Hpencrasexe
- OLICHOYHOT' O p— OLIEHOYHOI'0 CPE/ICTBA
cpencTaa B ®OC
1 KonrtponbHas CpenctBo npoBepkr yMeHUi NmpuMeHsITh | KoHTpoiabHbIE
(camocTosiTenbHas MOJTyYCHHBIC 3HAHUS U PEIICHHS 3a7ad | 3aJaHusi(Ipumep)
) pabota ONpPENEJIEHHOT0 THIMA 10 TEME WM
(KP) paszeny
2 | PacyerHo- CpenctBo mpoBepkd ymMeHMH npuMeHATh | KommiekT — 3amaHuii
rpaguyeckas IIOJIyYUEHHBbIE ~ 3HAaHUS 10  3apaHee | A BBIIIOJTHEHUS
pabota ONpPEACICHHON METOIMKE JI1 PELIEHUs | PacyeTHO-
(PTP) 3ajjad WIM 33aJaHUi [0 MOAYII0 WM | rpaduyeckoil paboTsl
JVCLUIIIIMHE B LIEJIOM.
YcrHbIi CpencTBo KOHTPOJIS,, OPraHM30BaHHOE KaK Bormpocsl o
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3 ornpoccodeceioBaH | CrienuanbHas Oecela MeIaroruyeckoro TeMam/pazienam
ue, paboTHHKAa ¢ OOydYalOIIMMCS Ha TEMBI, JIUCLIUILIUHBI
(YO) CBSI3aHHBIC C M3y4aeMOW JAMCIMILIUNHOU, U
paCC‘-II/ITaHHOG Ha BBISICHCHUC OGBeMa
3HaHUHT oOyuJarormierocs 1o
oTpeeIEHHOMY pa3zely, TeMe, Ipodiieme
M T.II.

Cucrema CTaHAAPTU3NPOBAHHBIX SaﬂaHHﬁ,

Tect TIO3BOJIAOIIAA

4 (T) ABTOMATHU3UPOB BapPIaHT TCCTa

aTh MPOLEAYPY U3MEPEHUS YPOBHSI 3HAHUI
1 YMEHMHOOyUaromerocs.

5 | Dk3aMeHaIMOHHBI CpencTtBo MpOBEpPKUM 3HAHUM, YMEHUM, | DK3aMEHAIIMOHHbBIE

e OuneTsl HaBBIKOB. MOXET BKIIOYATh KOMILJICKC | OHJIETHI.

(3B) TEOPETUICCKHUX B?HpOCOB, 3a/ady,
MPAKTUICCKUX 3aaHHH.

3.1. Tekymmii KOHTPOJIb

OneHouHbIE CPEACTBA TEKYLIETO KOHTPOJIS YCIIEBAEMOCTH BKIIIOUAIOT KOHTPOJIBHBIE BOIIPOCHI
U 3aJaHus B popMe OIIaHKOBOIO TECTUPOBAHMS JIi KOHTPOJISE OCBOCHUS 00YYaIOLIMMHUCS Pa3/ieioB
JUCUUIIIUHEL, pueM PI'P.

Coaepsxkanue pacueTHO-rpauieckoi padoThl.

Pacuerno-rpaduyeckas padora Nel mo imHeiiHoii anareope.

Kpatkoe conepxanue pacueTHO-rpapuueckoil paboThl:

Marpuis! u onpenenuTenu. Pemenne cucteM TMHEHHBIX anreOpanyeckiux ypaBHEHUH METOIaMU
["aycca, Kpamepa u oOpaTHOI MaTpHUIIbL.

PacuerHo-rpadmueckas padora Ne2 o BeKTOpHOM ajaredpe.

Kpatkoe conepxanue pacueTHO-rpapuueckoil paboThl:

Bexkropsl, neiictBust Haz BekTopamu. CKanspHOE, BEKTOPHOE, CMELIaHHOE ITPOU3BECHNS BEKTOPOB.
PacuerHo-rpadmueckas padora Ne3 o aHAIMTHYECKOH IreOMeTPHH.

Kparkoe conepxanue pacueTHO-rpapuueckoil paboThl:

Pa3znuynble BUABl ypaBHEHHUH NMPSAMOM U IUIOCKOCTH. B3auMHOE pacnosio;keHue MpsMbIX Ha
IJIOCKOCTH, IJIOCKOCTEH B MPOCTPAHCTBE.

KommuiekT 3aganui
JJIS1 BBIIOJIHeHHsI pacdeTHO-Tpaduueckux pador (PI'P)
1o nucuumiuHe «JInneiinas anredpa»

PI'P Nel, yactn 1 (|_11 0\| |(2 0 2)
A=11 3 2 B=10 -3 3

3aganue Nel. JlaHbl MaTpUIBI \4 0 -3 4 ¢ 1 -1

BrInToIHUTE IeHCTBUS: A% +8BT .
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3aganne No2. [IpooKUTh JaHHOE MaTPUYHOE PAaBEHCTBO (2A + 3B)? —4A* —6AB =...

U IIPOBEPUTH €ro AJig MaTpull A ¥ B U3 IepBoro  3aJaHusl.

3aganue Ne3. BeIuucauTh onpenenuTensb IBYMS CIOCO0aMHU: pa3iosKeHHEM I10 MIEPBOH CTPOKE U
pa3JI0KEHUEM I10 IIEPBOMY CTOJIOLLY.

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

3amanue Ne4. J[inst naHHOM MaTpUIIBI HAWTH 00paTHYIO MaTpuily. Crenarh MpOBEPKY.

(|1 0 2\|
|l 1 0|
-1 2 3/,

3aymanme NoS. Pemnts matpuanoe ypapaeane AXB = C (maiitu X). Cnenars npoBepky.

(-1 2) (3 4) (0 4)
A=| i B=| ; C=| |

L2 1) 2 3) -9 3

3ananue Ne6. HaliTu panr MaTpuIbl.

(1 -1 2 3 71
0 5 43 1
p 3 8 9 15
\3 -8 2 6 20

PI'P Nel, 3apaHusi 0 pelieHMIO CHCTeM JTMHEeHHBIX ajiredpanyecKux ypaBHeHHil

3apanue Nel. Pemmuts cuctemy metonoM Kpamepa. Cnenatb npoBepky.

(£X1+4X2 —Xz=-2
% X14+2X2 +3X3 =7

| [3x1+6x2—2xs =1
3ananue Ne2. Pemuts cucremy u3 Nel metoom 06paTHON MaTPHUIIBL.
3aganue Ne3. Pemuts cucremy u3 Nel meronom ["aycca.

3amanne Ned4. Pemuts HEOTHOPOIHYIO cucTeMy MeToaoM [aycca. Halitu ob1iee permenue u
YaCTHOE pelIeHHUE.

[£X1+X2+2X3+3X4=5
% X1+ 2X2 —4X3 —2Xa =1

| [ 5%1+4%2 + 4xa =11

3ananue NoS5. Pemmuts ogHOpOaHYIO cucteMy metofoM ["aycca. Haiitu obmiee perenne u OCP.
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[2X1 + 6X2 —9x3 —9x4 =0
|§Qx1—5xa+X4:0

| 143X —7x3 —4x4 =0
(X, —3%2 +2X3 +5x4 =0 .

PI'P Nel, yactnb 2

3ananue Nel. TTokasats, aro Bektopsr My M P o6pasyior Gasuc B mpoctparcTse 1 pasnoxuts

BCKTOP a 1o 9TOMY 6a3l/lcy: M= (ll _1’ 2)’ n= (21 01 3)’ p_: (_21 _11 1)1_a = (51 - 4113)

Bajanue No2. Jlansi Bektoper M u N Bosicants — KOJUIMHEapHBbI JIK BEKTOPHI d U b
m=(28,-8,8),n =(-21,6,—6), a =2m+nb=2n-m."
_A
=6 2, =2,(m.pn)=135", a=6Rr—-m.

3aganue No3. Haiitu |a|,ecm/1 lul

Baganne Ned. Jlan AABC Haiitu £B ecn A(1;-1;2),B(3;3;2),C(7;1;2).
3aganue NoS. TIpu Kakux X BEKTOPbI & M b HEPICHANKYIIAPHBI?
a_:(x;l;—4), b=(x-3;12; ).

3ananue Ne6. Haiitu miomas napauieorpaMma, ocT , POCHHOIO Ha BeKTopax @ u b
T

a—2m—5n.b—mn, [A=12/7 3MM=

3aganue Ne7. Haiitu rutomans tpeyronpanka ABC, eciu A(7; 2; -3), B(6; 5; 1), C(0; -2; -7).

3ananue Ne8. JlaHbI BEKTOPBI a,b,c . BBISICHUTB — KOMITJTaHAPHBI JIM BEKTOPHI. ECIM BEKTOPBI HE

KOMILIAaHApHBI, TO HATU 00bEM HapasIeNenuneaa, HOCTPOEHHOIo Ha BeKTopax  a, b, ¢ y
OIPENIENIUTh — KaKyl0 TPOWKY OHH 00pa3yoT.

a(1;-1;5), b_(2; 4;-2),¢(3;0;1).

Ae,;Ae ,, Ae,”

3amanne Ne9. Jlnsg nmuHeHOoTo oneparopa A 3agaHbl 00pa3bl 0a3UCHBIX AIIEMEHTOB 2

e,e, e

. 3amucaTh MaTpuLly oneparopa A B 6a3zuce 3y HallTu 00pa3

aneMeHTa X .
Aéi=76,+3€,—-2¢e;, A€,=6—-€6,+46;, Ae; =26 +2¢€,+3€3,

Xx=2e,—4e,+e;
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3amanne Nel10. Haiitu coOcTBEeHHBIC 3HaUEHUS M COOCTBEHHBIE BEKTOPHI IMHEHHOTO OrepaTopa,
A=ll=4 1)|
7 2

3aJJaHHOTO B HEKOTOPOM 0asrce MaTpuIeit \ )

PI'P Ne 1, yacthb 3

3aganue Nel. [lpsamas l, IPOXOHT uepe3 Touky A mapaiiebHo BEKTOpY q_.Hp}IMa}I l,

TIPOXOJIUT Yepes TouKy B mepnennukynapro sextopy N'. HaiiT TouKy mepecedeHns NpaMbIX U

yron mexxay mumu, e A(3;9), 0 (1;3), B (0;5), 1 (=3; 4).

I I .
3ananme Ne2. Jlana ipsimast . IIpsmas 2 mpoxoaut 4yepes Touku A n B Haiitu paccrosuue ot

I I .
TOYKH NEPECCUYCHUA NPSIMBIX 1 M 2 O IPSIMOU | 3.

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

M

3ananue Ne3. Haiiti paccTOSIHHE OT TOYKM 'V 0 j10 TiockocTH Ol , mpoxossuieii uepes Touky A

nepIeHuKyIsapHo BexkTopy N, ecnm M, 0;1;7), A@2;-1;4), N(6;22;-3).

3ananue Ne4. Hailtu yroa Mexay IiockocTbio O 1 INIOCKOCThIO p , IPOXOALIEN YePE3 TOUKH

ABuC, ecnim a:5X+Yy+4z2-28=0, A(5;2;5),B(3;7;0), C(-4,-3;-1).
3ananue NoS. 3anncaTh KAHOHUYECKUE YPAaBHEHUS MIPSIMOM, 3a1aHHOM OOIIMMU ypaBHEHUSMHU.
Jx+2y—92 -10=0;
13x+4y+8z-24=0.

3aymanme Ne6. Haiitu Touky mepeceuenus npsmoii | 1 miockoctr O ¥ yrom Mesxay HUMH.

X+2 Y Z_1; o:x+2y—-3z-12=0.

3 4 -2

3ananue Ne7. Tlpsmas l, poxoauT yepe3 Touku 4 u B. Ilpsmas l, IIPOXOJUT Yepe3 TOuKy M

. |
NEPHNCHAUKYJIAPHO MMIIOCKOCTH Q . Haittu yYroJ Mexay npsiMmbIMA 1Y 21 BBISICHUTB — JIEXKAT JIN
OHH B OJHOM IIJIOCKOCTH HJIN CKpPCIINBAKOTCA.

A(9:-3;1), B(4:4,-5),M (-1;,11;-11), o :2x+3y-z-1=0.
(x+3)* | y* _1

3ananue Ne8. Jlns naHHOW KpUBOM 49 25 yKazatb (POKYChI, IKCIIEHTPUCHTET,
nupeKTpHchl. [TocTponuTs KpHBYI0, H300pa3uTh (HOKYCHI, AUPEKTPUCHL.
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3ananue Ne9. [TpuBecTH ypaBHEHNE KPHBOM 9x* - 25y* ~18x + 200y —616 =0
KaHOHHYECKOMY BUJLy U IIOCTPOUTH KPUBYIO.

KouTpoJsbHble 3a1anust (MpuMepbI)

BapwmaHr.

1 HaliT 3HaueHun MaTpU4YHOIro MHOro4ysaeHa F (A)

(-1 0)
f(X)=-x3+2x? —x+3,A=
(3 2 \(
|

)
3
8 2 -6 -3 -1zl
11

2. HaitTn paHr MaTpULbl NPUBEAEHNEM K CTYMEeHYaToOMy Bm,u,yk )
1 2
3 5 3
2 7 -

3. Bblumcauntb onpegennTenb npusegeHeMm K CtyneH4aTomy smnay

4. Haittn matpuuy, obpaTHyto gaHHoM (a). PelmTb maTpuyHoe ypaBHeHue (6)

1 2 1
(3 -5 3D |(1 —2\| 3 5\|
|
2 7 1 3 4 v (2 -1 0
@\ ) 6\ )“A‘{r% )

5. PewnTb cucTemy ypaBHeHMI. YKasaTb obLuee n 04HO YacTHOe pelleHue (a).

PewnTtb cnctemy c nomolLbio 06paTHOM MaTpuLbl M No popmynam Kpamepa (6)

| (4%1+9%2 —5x%3 —8%4 =5 HX1+2X2+X3=5
3X +7X —2X —4x =4 3X =5x +3x =-7
| 22X +5x°+ X 343x 4=3 | 2x4+7x% —x3=13
(a) (" 2 3 4 (6) L 1 2 3
BapuaHTt
1. PacnucaTb pasnoxeHue BekTopa X no sektopam Pr & I
X={5,—12,1}, p ={1,—3,0} q ={1,—1,1}, r ={0,—1,2}

2. KonnnHeapHbi v sektopbl P n 47?

a={201}, b={-2,31}, p=2a+2b, q=3a-2b

3. [aHa nupamunaa ¢ BepliMHamm B TOHKax A1A2A3A4.
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A1(-2,4,8), Ax(4,-1,2) , A3(-8,7,10) | Ay(-3,4,-2)

Hamitu:

a) yron mexay pebpamu AlAZ, AA,

6) 06bem Nupamuabl

B) A4/IMHY BbICOTbI OMNYLL,EHHOM Ha rPaHb AAA,

r) HAMUTK SNNHY MeMaHbl, NPOBEAEHHYIO U3 BEPLUMHbI Ak pebpy AR,

4. BbiuncanTb naoLwaas napannenorpamma, nocTpoeHHOro Ha Bektopax @ nb oL —yron mesay

sekTopamu P n 9

T

S — — o ="

a=2p+q,b=p-3q, Pl=2 la|=2, 4.
BapuaHTt

M (MlM 2M3)

1. HanTtu pacctosHme oT TOYKM 0 A0 NJIOCKOCTU
Mo(~9;10;2) M1(0;7;-4) Mo (4;8;-1) Ms(-2;1;3)
%(x+ y+2-2=0

|X—y-3z+6=0

2. BbinucaTb KAHOHMYECKOE YpaBHEHNE NPAMO:

X—2_y-3_1z+1
3. HalATn TouKy nepeceyeHms NPAMON U NIOCKOCTK: 1 1 —4 y X+y+2z-9=0,

P (0;-1,3) x=1_y _z

4. HaitmnToury P1cummerpuunyio touke P otHocuensHo npamoii | : " 1 -1 1.

M

5. Hanucatb ypaBHeHMe naockocTy OL npoxoadLent Yepes TOUKY 0 U NepneHaUKyNApHO npAmon

(MiM2). Mo (3;2;0), M1(4;1;5) , M2 (2;-1;4)

6. Halttn KocuHyc yrna mexay naockoctamm %1 0y ;

o1:3X—y+3=0, 0, :X-2y+52-10=0

BapuanT 3aganuii MpOMeKyTOYHOI0 TecTa

117 3 13 5 17|

1.1. HaiiT1 paHr maTpuLpbl NpUBEAEHMEM K CTYNEHYaTOMYy Bwp,yk
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(1 —2|\ (|—2 3 5)]
-3 4L -1 0

1.2. Pewntb maTpuyHoe \/paBHEHMek ) \ )

[X1+2X2+X3—5

\{2X3<+5 +3x——3

1.3. PewuTb cuctemy no ¢opmynam Kpamepa L 3

- parx={5-121} ;_r1 30} q={1,11}

2.1. HanucaTb pasnoxeHue sektopa X no sektopam

’ ’ ’

r={0,-12}
2.2. BbluMcAnTb NAoWaab napannenorpamma, NOCTPOEHHOIo Ha BEKTOpax a'y b a —Yroa Mexay BeKTopamm p ; g
T
o =
a=2p+q,b=p-3q, |P‘:2,|CF‘:2, 4

A1A2A3A4_A1(61113) , A2(6|_21_3)I A3(27 27 0), A4(_5111 0)

2.3. laHannpamnaa cBepLIMHAMM BTOYKaX

A

, A A
Halitn annHy meanaHbl, NpoBeAEeHHYO U3 BEPLWMHBI “ ‘1 K pebpy ~ 2" 3

x=2_y-3_2z+1
1 1 -4 y X+y+2z-9=0

3.1. HailTi TOoUKy NnepecevyeHns NPSMoON MU NJIOCKOCTH:

P P(0;-13) x=1_y _z
3.2. HallTU TOUKY 1 CUMMETPUYHYIO TOUKe P OTHOCUTE/IbHO NPAMON I : " 1 -1 1.
o ) M ! (MM,)
3.3. Hanucatb ypasHeHue nnockoctn U npoxopsauielt yepes Touky 0 1 nepneHAMKynapHo npamon 1 :

Mo(3:2;0) M (4;15) M (2;-1;4)

2 2 _
4.1. laHa kpueas BTOpOro nopsiaka X T 4y -12x+16y+16=0 MoAy4YnTb KAaHOHUYECKOE YpaBHEHME KPUBOI M MOCTPOUTL .ee

e.e e e ,e e
4.2, CocTaBUTb MaTpuLy nepexona otbasmca 1 2 3 Kbasucy 1 2 3, ecm

él' = Ze1 +*e2 +*e3; ézl :481 :82 +4€3;ﬁ€‘3, 581-‘1- 282 ¥ €3

Kpurepun ouenkm:

- OLICHKA «3a4YTE€HO» BBICTABIISIETCS CTYACHTY, €CIIM OH PEryJIIPHO B TEUEHHE CEMECTpa IPEACTaBIsLI
pelleHusT 3aJad, BBINOJHWI IIOJHOCTBIO BCE 3aJaHUS M MX 3allUTUI, OTBETUB HAa BOMIPOCHI
IperojaaBaTels;

- OLIEHKAa «HE€ 3auTEHO» BBICTABIISIETCS CTYIEHTY, €CIM OH HEPETYISIPHO B TEUEHHE CEMECTpa
NPEJCTaBIsUl PELICHUs 3a/a4, BBIMOJHWI 33/laHUsl HE IMOJIHOCTBIO WM BOOOIE HE MPEeACTaBIIsLI
paboTbl Ha TPOBEPKY, JIONMYCKAeT CYIIECTBEHHbIE HETOYHOCTH B OTBETaX Ha BOIPOCHI
IpernoaaBaTersl.

s mpoBeZieHHs TEKYIIEro KOHTPOJIA 3HAaHWW CTYJIEHTOB B JMCTaHIMOHHOM (opmaTe B
pa3paboTaHHbIX Kadenpoil «MaremaTuka» OHJIAHH-KYypCcax MMEIOTCS MPOMEKYTOUHBIE (IPOOHBIE)
TECTBHI.

3.2. IIpomexyToyHas aTTecTanus
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[TpoMexyTodHas aTTecTanus - (3K3aMeH) MPOBOIUTCS 10 OUJIeTaM B YCTHOH (opme.
BpewMs 17151 moArOTOBKM OTBETA HA BOMPOCHI HE Oosiee 45 MUH.

buser BkitoUaeT TeOpETUUECKUNA BOIIPOC U 3a/1a4H.

KoM1uiekTsl 93K3aMeHallMOHHBIX OUTIETOB XpaHsATcs Ha Kadenpe «MaTemMaTtukay.
Tunosbie BAPUAHTHI OWJIETOB MPUJIATAKOTCS.

BOoo~NOoOAWNE

15.
16.
17.

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

Nogprwd

8.
9.

10.

0.
. Meron ['aycca penieHus CHCTEM JTMHEWHBIX YPABHEHUH.
12.
13.
14.

KomiuiekT Bonpocos
10 JucHUIUIMHE«/InneliHas anredpay»

Martpuubl, TUIIBI MaTPHLL.

Omnepaiuu ¢ MaTpuilaMu, UX CBOMCTBA.

YMHOXEHHE NIPSIMOYTOJIbHBIX MaTPUL.

MarpuyHas ¢popma 3aruc CUCTEMBbI JIMHEWHBIX alnreOpandyeckuX ypaBHEHHH.
Onpenenureny U UX CBOMCTBA.

[TonsaTue onpenenurens. MuHops! 1 anreOpanyeckue JONOTHEHHUS.

Cucrembl TMHEHHBIX anreOpandyecKuX ypaBHEHUN, OCHOBHBIE TIOHATUS U ONPEIEIICHHS.
[TpaBuiio Kpamepa pelieHus cucteM JIMHEWHBIX ypaBHEHUH.

OOparHas MaTpula 1 € BEIYMCIICHUE. Y CII0BUE CYIIECTBOBaHUS OOpaTHON MaTpULbl.
Pemienue cucrem JIMHEHHBIX aJIre0panueckux ypaBHEHUH METOJIOM OOpPaTHON MaTpPHUIbL.

Perienue npon3BoNIBHBIX CUCTEM JIMHEWHBIX ypaBHEHUH MeTonoM ['aycca.

Panr marpunsl. Teopema Kponekepa — Kanemm.

OnHOpoIHBIE CUCTEMBI JIMHEHHBIX YpaBHEHUN. Kputepuil cyiecTBoOBaHMS HETPUBHAIbHBIX
pELICHUH.

IlonsTHE BEKTOpA U JIMHEWHBIE ONEpalluy HaJl BEKTOPAMH, CBOWCTBA OIlepaLuil.

Jlunelinas KOMOWHAIIHS BEKTOPOB.

JInHeliHasg HE3aBUCUMOCTD U JIMHENHAS 3aBUCUMOCTb T€OMETPUYECKUX BEKTOpOB. Kpurepuii
JIMHENHOM 3aBHCHUMOCTH.

[Tonsitue 6azuca. KoopauHuatel BeKTOpa.

OproHopMupoOBaHHbIH 6a3uc. PaznoxkeHne BeKTOpa Mo BeKTopaM Oasuca.

YnopsioueHHast TpPOHKa BEKTOPOB.

CkansipHoe, BEKTOPHOE M CMEIIaHHOE ITPOU3BEICHHE BEKTOPOB B OPTOHOPMHUPOBAHHOM OasHuce.

Y crnoBust OpTOrOHAIBHOCTH, KOJUTHHEAPHOCTH U KOMITTAHAPHOCTH BEKTOPOB.
JIuHelHbIe IPOCTPAHCTBA.

Martpuua nepexozaa ot 0azuca k 6asucy.

CoOcTBeHHbIE BEKTOPBI M COOCTBEHHBIE 3HAUEHHSI MATPUIIBI.

AHanuTnueckasi reomeTrpust

Cucrembl koopauHar. JlexkapToBbl IpPSAMOYroJbHBIE KOOPAMHATHI HAa IUIOCKOCTH U
IIPOCTPAHCTBE.

IomsipHas cucrema KOOpAUHAT.

Pa3nuynble TUITBI ypaBHEHUH IIJIOCKOCTH U MPSMOM.

Beruncnenve paccTOsTHUN MEXy IByMsI TOUKaMH, TOYKOH M IPSIMOU, TOYKOHN U TUIOCKOCTBIO.
Brruricnenue pacCTOSHHS MEXy CKPEIINBAOIIUMHUCS MTPSIMBIMH.

BerunciieHue yriioB Mexxy ABYyMsl IPSIMBIMU, TIPSIMOU U TUNIOCKOCTBIO, IBYMsI INIOCKOCTSMH.
KpuBble BTOporo nopsiika MX reoMeTpuieckie CBolcTBa U ypaBHeHusl. [ [puBenenne kpuBoit
BTOPOTO MOPSAJAKA K KAHOHUYECKOMY BHU]TY.

Kanonnueckue ypaBHEHU 3JUIMIICA, TUTIEPOOIIBI, TapaboJIbL.

YpaBHEHHME TOBEPXHOCTU BTOPOT'O MOPSIKA.

KaHoHnueckue ypaBHeHUs Cepbl, SIUTUICOUIA, KOHYCOB, THIIEpPOOJIONI0B, TapaboIOnI0B.

B
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Tunosbie BApUAHTHI OMJICTOB
1o aucuuiuinHe «JInneiinas ajaredopa»

MUHUCTEPCTBO HAYKU U BBICILIEI'O OBPABOBAHUS POCCHUIICKON ®EIEPALINA
OEJNEPAJIBHOE 'OCYIAPCTBEHHOE ABTOHOMHOEOBPA3OBATEJIbHOE
YUYPEXJIEHUWE BBICIHIEI'O OBPA3OBAHU
«MOCKOBCKHWH NOJIMTEXHUYECKHWI YHUBEPCUTET»
(MOCKOBCKHUM MOJIUTEX)

@DakynbpTeT 6a30BBIX KOMITETCHIINH, Kadenpa«Martemaruka
Hucruummaa  «JIunelinas anredpay
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBINA BUIET

1. Omnpenenurenu U X CBOKCTBA. |(1 2\| |(_1 2\
A=l2 1l B=

2. PemmTh MaTpuuHOe ypaBHeHue XB=A ecrm ) 01,
(X1 +2% =-1

3. Pemmts cuctemy MeTo10M 0OpaTHON MaTPHIIBI (241 =3x; =12

4. Jlansi Bektopsr 2= (-5.9.8), b=(-3,1,-2), ¢=(-8,10-10) TIposeputh — KOMILTAHAPHEI M OHHL.
Ecnu Her, HaliTi 00BeM MapauIeNenuIea, IOCTPOSHHOro Ha BeKTopax ab .C.
5. Haiitu yron mexy Bektopamu @ =(1-2-2) y b=(201),

YTBepxkaeHo Ha 3acenanuu kadenpsl MaremaTuku « 03» 052023 r., mpoTtokoin Ne 10

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

MUHUCTEPCTBO HAVKH U BBICIITET'O OFPA30OBAHMS POCCUICKOM ®EEPAIIN
OEJIEPAJIBHOE TOCYJAPCTBEHHOE ABTOHOMHOEOBPA3OBATEJIbHOE
YUYPEX/IEHUE BBICIIEI'O OBPA3OBAHU A
«MOCKOBCKHWH NOJIMTEXHUYECKHI YHUBEPCHUTET»
(MOCKOBCKHWI TOJIUTEX)
®daxynbTeT 0a30BBIX KOMITETEHITHH, Kadenpa«Maremarika

Hucrurummaa  «Jlunelinas anrebpay
Kypc 1, cemectp 1

3K3AMEHAIIMOHHBIN BUJIET

1. Jluneitnas komOuHaIus BekTopoB. baszuc. KoopanHaTel BekTopa.

|( 12 -1
|

A=3 1 o

2. BerumcnnTs onpeenutens Matpuil C=AT | ecu 011
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[ | 4%1— 2%+ 3x3=12,
X +5x —=3x =1,
1 2 3

3. Pemmre cucremy ypasaenuii metonom Laycca ' (21 +3%—2%=3.

4. Tloka3atk, uto BekTopsr M=(1-1,2) n=(203) p =(-2-11) 00pa3yroT 6asuc B MPOCTPAHCTRBE.

5. Jlano o6uree ypasuenue npsamoit  —2X+3Y —5=0. Hanmcats: ypapuenue npsamoii ¢ yrioBsim
K03 (PUIIUEHTOM; YpaBHEHHE TIPSIMOi B OTPE3Kax; HOPMAIbHOE YPABHEHUE TPSIMOM.

YTBepxkaeHo Ha 3acenanuu kadenpsl MaremaTuku « 03» 052023 r., mpoTokoin Ne 10

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

Jns mpoBeieHN s MPOMEXKYTOYHOTO KOHTPOJISI 3HAHHM CTYICHTOB B AUCTAHIIMOHHOM (popMmare

B pa3paboTaHHbIX Kadenpor «MareMaTHKa» OHJIAMH-KypcaxX UMEIOTCSI UTOTOBBIE TECTHI.
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