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1. Kparkas xapakTepucTHKA JHCHUIIUHBI (MOAYJIs1)

Pabouas nporpamma nucummuiiHbl (Moayiis) «JIuHeiHas anredpa u reomerpus. Yacts 2»
COCTaBJIEHA B COOTBETCTBHHM C (hefiepallbHbIM roCy1apCTBEHHBIM 00pa30BaTENbHBIM CTaHIAPTOM
BbICIIEro oOpa3oBaHMsi — OakanmaBpuar 1o cnequanbHocT 02.03.01 Marematuka u
KOMIIbIOTEPHbIE HaykH, Npoduiab VICKycCTBEHHBIH MHTEIUIEKT, YTBEPXKAECHHBIH NPHUKA30M
MunuctepcTBa Hayku U Bbicuiero oopazosanus Poccuiickoit ®denepaunn Ne 807 ot 23.08.2017
roja.

N3yuenne nUCHUIUTUHBI (MOIYNS) aeT Pa3BUTHE aHAIWTHYECKOTO MBIILICHHS, HABBIKOB
paboThl ¢ MaTeMaTHYECKUMHU MOJAEISAMH M IOHUMaHMs IPOCTPAHCTBEHHBIX CTPYKTYp, YTO
SBIISICTCS OCHOBOW ISl JajbHEWIIEr0 W3ydeHuss Ooyiee CIOXKHBIX MaTEeMaTUYeCKHX M|
KOMITbIOTEPHBIX AUCLUIUINH.

MecTo AMCHMILIMHBI (MOAYJIs1) B CTPYKTYpe 00pa30BaTe/IbHOM NPOrpaMMbl

Hacrosimas aucuuninuHa (MOAyNb) BKIIIOUEHA YYEOHBIN IUIaH MO IporpaMMme MOArOTOBKU
OakanaBpuata no HampasieHuto 02.03.01 MartemaTtuka U KOMIIBIOTEpHBIE HAYKU, MPOQPHIIH
HckyccTBEeHHBI MHTEIIEKT U BXOAUT B 00s3aTeNbHYIO0 4yacTh bioka 1, kak JUCHMIUIMHA IO
BBIOODY.

Jucnunnuna (Moynb) usydaercs Ha 1 kypce Bo 2 cemectpe. JlocTymHa 1 U3y4eHHsl IOCie
YCIIEIHOT'O OCBOEHUS IUCUUILIMHBI (MOoayIisl) «JIuHelHas anredpa u reomerpust. Yacts 1».

Jucnunnuna (Moaynb) «JIuHeliHas anrebpa ¥ reOMeTpHsI» UMEET JIBa YPOBHS MOJATOTOBKHU:
OCHOBHOM U NUJIOTHBIN OTOK. O0yyarouuecs pacnpeaesioTcs Ha COOTBETCTBYIOIINE YPOBHHU 1O
UTOTaM BXOJHOT'O TECTHPOBAHUS MO AUCHUILIIMHE (MOIYIIIO).

Heab wu3yyeHHs] AMCHUIVIMHBI (MOAYJs): B (OPMHPOBAHUHU TIIIyOOKOTrO MOHHUMAaHMS
IIPEAEIIOB, HENIPEPBIBHOCTH, ITIPOU3BOAHBIX U UHTEIPAJIOB, a TAKKE UX IPUMEHEHUS B Pa3JIMUHBIX
001aCTAX HAYKU U TEXHHUKH.

3agauu u3yyeHus: AMCUUIIHHBI (MOAYJIfA):

— O0cBOoeHHE (yH/IaMEHTAJIbHBIX MOHATUN U T€OMETPUUECKUX WHTEpIpeTalvil JINHEHHOU
anreOpsl;

— IPUMEHEHHUE aITOPUTMOB U METOJOB Ul PELICHUSA BEIYMCIUTEIbHBIX 3a/a4;

— HHTErpanus TEOpUM C A0KA3aTeIbCTBAMU U MPUKIIATHBIMU MOJIEISAMU.

B pe3yabTare 0CBOCHUSI AUCHHMILIMHBI (MOAYJIs1) 00y4AIOUIUIAICS 10JI2KEH

3Hamy:

— OCHOBHBIE alire0OpanyecKkue CTPYKTYphl JIMHEHHOM anreOpbl: BEKTOPHbBIE IPOCTPAHCTBA,
OWIIMHENHbIEC U KBapaTUYHbIe ()OPMBI, TUHEHHBIE ONEepPaTOphl M X WHBAPUAHTHI.

— KJIIOYEBBIE TEOpEeMbl U KIAacCU(UKAIIMOHHBIC pE3YNIbTaThl: O JAHArOHATU3aIlUH,
CHEKTPAJIbHOM pa3jOKEHUH, JKOPAAHOBOM U CHUHTYIApHOW (opMax, OPTOTOHANBHBIX U
CaMOCOTIPSKEHHBIX OllepaTopax.

— B3aMMOCBSI3b T€OMETPUYECKUX U aNreOpanuecKux MOHATUHN: JIMHA, YTOJl, MPOCKIHS,
00BEM, OpuEeHTaIMsl — M MX BBIpAXKEHUE 4epe3 CKaJspHOe IMpousBeneHue, mMatpuiy ['pama,
OINPEACIUTEND.

— TMPUHUUIIBI MHBAPUAHTHOCTHU: KaKUE€ XAPAKTEPUCTUKU COXPAHSAIOTCS TPU 3aMEHe
0a3nca, ¥ KaKk OHHM MCTIONB3YIOTCS IS KilacCu(uKauu 0OHEKTOB.

— HepapXvi0 JIMHEHHBIX Mojeneil: oT o0mux (Ipou3BOJbHBIE OMEpaTophl) K
CTPYKTYPUPOBAHHBIM (JIMarOHAIM3UPYEMbIE, HOPMAIbHBIE, OPTOTOHAJILHBIE, CHAMMETPHYHEIC);

ymembw:

— TPUBOAWUTH OMITMHEIHBIC U KBaJpaTHIHBIE (POPMBI K KAHOHUYECKOMY (IMarOHaIbHOMY)
BUJTY U OTIPEAEIATH UX TUI MO0 CUTHAType WK PaHry.

— HaXxoAWUThb COOCTBEHHBbIE 3HAUYEHUS U BEKTOPHI, CTPOUTH KOPAAHOBBI U CIIEKTPAIbHbBIE
Pa3NOXKEHUS JIMHEHHBIX OIEepaTOpPOB.
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— BBINOJHATh OPTOTOHAIN3ALNI0, CTPOUTh OPTONPOEKTOPbl U  pelaTh 3aJadu
HAWTYYIIero NpuoImKeHus (B T.4. METOJJOM HAaMMEHBIIUX KBAIPATOB).

— BBIYUCJIATD U UHTEPIPETUPOBATh T€OMETPUUYECKUE BEIUUHUHBI (00BEMBI, pacCTOSTHUS,
YIJIbl) C IOMOIIBIO aldredpanyecKux HHCTpyMeHToB (MaTpuua ['pama, onpenenurens, SVD).

— TMPUMEHATH CUHTYJISIPHOE PA3JIOKEeHHE JJI aHAIM3a U TPUOIMKEHUS. MaTPUL, BKIIOYast
3a[1a4i TIOHM)KEHUS pa3MEPHOCTU M YCTOMUMBOTO OOpaIieHus;

enademp:

— SI3bIKOM WHBAapHAHTHOTO OMMCAHUS: YMEHHUEM OTAENATh CYIIHOCTh OOBEKTa OT €ro
KOOPJMHATHOI'O IIPEICTaBJICHUS.

—  JITOPUTMHYECKON KYIbTYPOH JIMHEHHOMN anreOphl: YETKUM CIIeJOBAHUEM MPOLIEAYPaM
nuaronanuzamuu, JKH®, QR/SVD-paznoxeHnnii ¢ TOHUMaHUEM UX YCIOBUH TPUMEHUMOCTH.

— TEOMETPUYECKOW MHTYUIMEH B MHOTOMEPHBIX MPOCTPAHCTBAX: CIIOCOOHOCTHIO
UHTEPIPETHPOBATh  anreOpanvyeckue  KOHCTPYKIUH  (sApo,  o0pa3,  HMHBAapHAHTHOE
MOJMPOCTPAHCTBO) KAK TEOMETPUUYECKUE OOBEKTHI.

— HaBbIKAMM  CTPOrOTO  JI0KA3aTENbCTBA:  MOCTPOCHHUS  JIOTUYECKHX  ILIETNOYEK,
UCIOJIB3YIOUIUX JBONCTBEHHOCTh, OPTOIOHAJIbHBIE JOMOJHEHUs, UHAYKIHIO 10 pa3MEPHOCTH,
pa3oKeHue NpOCTPAHCTBA.

— TMOJAXOJOM K MOJEIMPOBAHMIO JMHEWHBIX CHCTEM: YMEHHEM BBIOMpATh aJCKBATHYIO
anredpandeckyro Mozelns (oneparop, hopMa, pa3ioKeHue) moj 3a1a4y — OT Ki1acCu(UKaIuu 10
ONTUMM3ALMH U allIPOKCUMALIUU.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4eHUs

Komnerennuu, ¢opmupyembie B pe3ylbTaTe OCBOSHHS IUCHUILIMHBI (MOIYJsS) IpH
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus Conep:xaHue KOMIeTeHITHH Nuauxkarop IlepeyeHb MJIAHUPYEMBIX
KOMIIETeHIN U pe3yJbTaTOB 00y4YeHHs MO
AUCHUILINHE (MOYJIIO)
OIIK-1. Crioco0eH KOHCYJILTUPOBATh U OIIK-1.1. 3HaeT OCHOBHBIE KOHIICIIINU U
HCIIOJTB30BaTh TEOpUH B 00JIaCTH
(dbyHIaMeHTaTbHBIC 3HAHUS B MaTeMaTHYEeCKOTO aHAIN3a U
001acTH MaTeMaTHYECKOTO CMEXHBIX JUCIHIUINH, METOJIbI U
aHaN3a, KOMIUIEKCHOTO H MTOIXOJIBI, ICTIONIb3YEMBIC B
(YHKIIMOHAIEHOTO aHaJH3a Pa3IMYHBIX 00JIACTSIX
anreOpbl, aHATUTUIECKOM MaTEeMaTHKH
reoMeTpud, mupHepeHInaATbHON OIIK-1.2. YMeeT mpuMeHSITh
TEOMETPHH U TOTIOJIOTHH, MaTEeMaTHYECKUE METOBI IS
I QepeHInaTBHBIX yPaBHEHUH, pelnIeHus mpoQecCHOHATEHBIX
JIUCKPETHON MaTeMaTUKH U 3a7a4
MaTeMaTHYECKOH JIOTUKH, TEOPUH OIIK-1.3. MMeeT npakTH4ECKUH OIBIT
BEPOSITHOCTEN, MATEMaTUUECKOM pa3paboTKHU U pean3alus
CTaTHCTUKH U CITy4aliHBIX MaTEeMaTHYECKUX MOJICIICH B
MIPOIIECCOB, YACICHHBIX METOOB, npodecCHOHATBLHOM
TEOPETHIECKOI MEXaHHUKH B JIeSATEIIbHOCTH
npoheCcCUOHATBHON
JeSITeTbHOCTH
OIIK-4. Crioco0€eH HaxOdUTh, OIIK-4.1. 3HaeT 0a30BbIE OCHOBBI
aHAIM3UPOBATH, PEATN30BHIBATH COBPEMEHHOTO MaTEMaTHYECKOTO
NPOTrPaMMHO U HCTIOJIB30BaTh Ha anmapara, CBSI3aHHOTO C
MPAKTHKE MaTeMaTHIECKUE MPOEKTHPOBAaHUEM, Pa3pa0OTKOMH,
AITOPUTMBI, B TOM YHUCIIE C peam3anyeii 1 OIeHKOW KadecTBa
MIPUMEHEHUEM COBPEMEHHBIX MPOrPaMMHBIX MPOIYKTOB U
BBIYHCITUTEIBHBIX CUCTEM MPOrPaMMHBIX KOMILJICKCOB B
Pa3IMYHBIX 00JIACTSIX
YeJIOBEYECKOH JIeATeIbHOCTH.
OI1K-4.2. YMeeT ucmosibp30BaTh 3TOT
MaTEeMaTUYECKHUHN ammapar B
npohecCuoHaTBHON
JIeSITeJIbHOCTH.
OIIK-4.3. NMeer nmpakTryecKui ONbIT
MPUMEHEHUS] COBPEMEHHOTO
MaTEeMaTHYECKOTO arnmapara,
CBSI3aHHOTO C IPOEKTUPOBAHKEM,
pa3paboTKOM, peann3arueii u
OIICHKOW Ka4eCcTBa MPOTPaMMHBIX
MPOJYKTOB M MPOrPAMMHBIX
KOMILIEKCOB B Pa3JINYHbBIX
001acTsIX YeI0BEUECKON
JIeSITEIIEHOCTH.
IK-1. Criocoben popmynrpoBath [K-1.1. 3HaeT METOBI M MTOAXOIBI K

3a7a9M ¢ MaTeMaTH4IeCKOM
TOYHOCTBIO, 00OCHOBELIBATH
YTBEPKJEHUS CTPOTO U
aHAJIU3UPOBATH MOJTyUYECHHbIE
pe3yNbTaThl B 0071aCTH

(hOopMyJIUPOBAHUIO 3371a4, a TAKIKE
OCHOBHBIC MTPUHIIHITBI
MaTeMaTHYECKOTO
JIOKa3aTeIbCTBA M aHAIHM3a
Pe3yIIbTATOB.
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MaTeMaTHKH U KOMITBIOTEPHBIX
HayK

[K-1.2.

YMeeT KOPpEeKTHO CTaBUTh U
(hopMyTupOBaTH MaTEMaTHIECKHE
3a/1ayu, MPUMEHSITh CTPOTHUE
METOBI JOKa3aTeIbCTBA U
aHAIM3UPOBATH MOTyUYCHHBIE
pEe3yIbTaTHL.

[K-1.3.

HmeeT ombIT paboTHI ¢ 3ajauaMu
B 00J1aCTH MAaTEeMAaTUKH U
KOMITBIOTEPHBIX HAYK, BKIIFOYAs
MPUMEHEHUE MaTEMaTHIECKUX
METOJOB JIJISl pEUICHUS
MIPAKTHYECKUX 33129
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3. Temaruueckuii njiax

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl
n Ounas ghopma
HARMEHOBRENE KonTakTHas pabdora TKY .
pa3aena IMCUHUIIINHBI (Tekyumi
(Monys) Jletcunn |- Cemunaprr CamocrosiTes b KOHTPOJIb
(mpaktnyec | KonTpoan Hast pabora ycnenaemocrH)
KHe
3aHSATHA)
OcnosHoil ypoeenn 2 cemecmp
1 bununetinpie u 6 6 24 JloMarHee 3a1aHue
KBaJIpaTHYHbIE (POPMBI KonTponbHas
pabora
2 EBxnnmoBbI 6 6 25 JlomarirHee 3amanne
IIPOCTPAHCTBA KonTponbshas
pabora
3 I'eomeTpust ManbIx 6 6 25 JlomamHee 3amaHue
pa3MepHOCTEN Komnoksuym
4 | JluneiiHble onepaTopsl 6 6 25 Jomainee 3aganue
KontponbsHas
pabora
5 JKH® (;xopaanoBa 6 6 25 JomaiHee 3aganne
HOpMaJibHas hopMa) KomnokBuym
IK3amen 6
Hmozo 3a 2 cemecmp: 30 30 6 124
O6vem oucyuniunst (M00ys) 190
(6 ax. u.)
Obvem Ooucyunaunvt (Mooyns) 5
(6 3au. eo.)
4. CopepxxaHue IMCUUILTHHBI (MOTYJIs)
Nen/m | HammeHoBaHue pazgesia ConepxaHue TUCHUNIMHBI (MOIYJIs1) 0 TEMaM

AUCHHUIJIMHBI (MOLYJIs1)

OcnosHOll ypoeens 2 cemecmp

bununennnie u
KBaJIpaTHYHbIE POPMBI

Hanomunanue: bununeitasie GopMbl, OpTOrOHATTBHBIE JOTTOTHEHUS H
HEBBIPOXKJCHHOCTh. TeopeMa O IBOMCTBEHHOCTH Ha HOANPOCTPAHCTBAX.
bununeitabie popmbl Ha 0JHOM mpocTpaHcTBe. OOCyKAEHUE TOTO, KaKHe
MaTpUYHBIE XapaKTEPUCTHKHU SBISIIOTCS MHBapuaHTaMu (opmsr: (1) panr, (2)
cieq He siBisieTcs, (3) ompeaenuTenb N0 MOAYIIO KBapaTOB HEHYJIEBBIX
yucen, (4) HeBBIPOXKICHHOCTh MaTpUIbl. CHMMETPUYHOCTD U
KOCOCHUMMETPUYHOCTEL opMbl. PaznoskeHue 1000 OMnHeHOH (hopMbI B
CyMMY CHUMMETPHYECKON 1 KOCOCUMMeETpruieckoi. OrpaHndenne
OunMHEeHHON (OPMBI Ha TOAIPOCTPAHCTBO. HEBBIPOXKIEHHOCTD
orpanuyeHus. J[naroHaau3yeMocTb CHMMETPUIECKUX GopM (3aMeuaHue mpo
xapaktepucTuky 2). Cummerpuunsii ['aycc. Metoz SAxo0u.

AJNTOopUTM AMaroHaJu3auuu Ha ocHOBe MeTona Skobu. Kitaccudukanus
CUMMETPUYECKIX OMITMHEHHBIX (hopM

HaJ anredpanvecku 3aMKHYThIM ToJieM. Kitaccudukarus: cHMMeTpUYHBIX
OunMHENHHBIX (POPM HaJ MOJIEM BEIIECTBEHHBIX YHCEN U CUTHATYpa
KBagpatuunsie Gpopmbl. CBSI3b KBaAPATUYHBIX U OMIMHEHHBIX HOPM.
I'eomerpuyecknii cMbIC cUTHATYpHL. ['padukn KBaipaTHIHBIX (OPM.
Amnanu3 noBepxHocTH. [lonoxkuTenbHas U OTpULIATENIbHAS ONIPEAEICHHOCTD
¢dopMbI HaJ MoJieM BellecTBeHHBIX yncen. Kpurepuit CunbBectpa.
Cxkanspable ponsBeacHus. OpTOrOHAIBHBIE 1 OPTOHOPMHPOBAHHEIC 0a3HCHI.
3aganne CKAISIPHBIX Tpon3BeAcHUH B 6a3ucax. OpTOroHAIEHBIE MATPHIIEL.
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Knaccudukanms opTOHOPMHUPOBAHHBIX 0a3UCOB B TEPMUHAX OHOTO
OpPTOHOPMHMPOBAHHOTO 0a3zuca.

EBKIM10BBI IPOCTPAHCTBA

EBknunoBel npoctpanctBa. [lonsitue jyinHel Bektopa. HepaBenctso Koru-
Bynskosckoro. [loHsTre yriia B eBKINA0BOM IIPOCTpaHCTBE. Teopema
[Mudaropa. Kimaccndukarms eBKINIOBEIX IPOCTPAHCTB. 3aMEYaHHE O
CBEIICHUH K MIKOIbHOM reoMmeTpuu. Oproronanm3anus [ pama-IlImuara. QR
paznoxenue. [Ipoexiun u opronpoexkunu. ®opmyna BABA g mpoekropa.
®opmyna Atata 171 opTonpoekTopa. PaccTosHue Mexxay AByMsl BEKTOpaMH,
MEXTy BEKTOPOM U IMOATPOCTPAHCTBOM, YTOJI MEX]Ty BEKTOPOM 1
MOJPOCTPAaHCTBOM. MeTo1 HauMeHbIINX KBajapaToB. Matpuiia ['pama u ee
cBoiicTBa. k-MepHbIe 00BeMbI uepe3 MaTpuily ['pama U peKypeHTHas
¢dopmyna. Paccrostare oT BeKTOpa A0 MOANPOCTPAHCTBA Yepe3 00BEMBI.
N3menenne o0bemMa Mo ASHCTBIEM IMHEHHOTO OTOOPaKEHUS 1 TIPH CMEHE
oOpasytomux napamienenunena. [loHaTHe OpUEeHTUPOBAHHOT'O N-MEPHOTO
o0beMa. M3MeHeHne OpUEeHTHPOBAHHOTO 00beMa TIpU cMeHe 00pa3yroInX
napajuienenwureaa. Csi3b OPHEHTHPOBAHHOTO 00BEMA C OTIPEACTUTENEM.
CMeHa OpHEeHTUPOBAHHOTO 00beMa MOJ1 ICHCTBHEM omleparopa

I'eomeTpust Manbix
pa3MepHOCTel

I'eomeTpuyeckue 3agaun B mpoctpaHcTBax R*2 u R"3

JIunelinpie onepaTopsl

JIuneiineie oneparopsl. MaTpuia IMHEIHOTO onepaTopa, CMEHa MaTPULbI
npu 3aMeHe 0aznca. XapaKkTepUCTUKU JIMHEHHOTO OTlepaTopa: Clie],
ONPEAEIUTEND, XapaKTEPUCTUUECKU MHOTOWIEH, MUHUMAJIbHBIN
MHOT'O4JIeH, CIIEKTp, paHr. Kputepuu o0paTuMocTy JINHEHHOTO OIlepaTopa.
WNHBapuaHTHBIE MOAIPOCTPAHCTBA U CBSI3b C YIJIOM Hyleld. OrpannyeHue
JIMHEMHOTO olepaTopa Ha MOANPOCTPaHCTBO. IHBapnaHTHOCTS sizipa U
o0pa3a OTHOCHUTENEHO KOMMYTHpYIOIIETo oneparopa. CoOCTBEHHBIE
3HAa4YCHUS U BEKTOpHl. JlnaronamusyemocTs oneparopa. CoOCTBEeHHBIE
MOJTPOCTPAHCTBA U UX JIMHEWHas: He3aBUCUMOCTh. CyIiecTBOBaHNE
HEHYJIEBOTO COOCTBEHHOTO BekTopa Haj C. Anrebpanueckast u
reoMeTpuyecKas KpaTHOCTH COOCTBEHHOTO 3HaueHHs. CBsI3b MEXIY
anreOpanvdeckoil u reoMeTprUecKol KpaTHOCTSIMU. [Ipu3HaK
JUarOHAJIM3yeMOCTH Yepe3 Xap MHOTOWIEH (Yepe3 3aHyJIAIOMNH MHOTOWIEH
(bM1)). Kpurepuii nuaroHann3yeMoCTH JIMHEIHOTO oreparopa.
CyuiecTBOBaHKHE OAHOMEPHOTO WM ABYMEPHOI'O HHBAPUAHTHOT'O
MOAMPOCTPAHCTBA ¥ TMHEHHOTO onepaTopa Haj R. ConpsokeHHOE TMHEWHOE
oToOpaXkeHHe.: ONpeieNieHHe, CYIIECTBOBAaHUE 1 €AMHCTBEHHOCTh. Martpuua
compspk€HHOro otoOpaxenus. ConpsuKEHHBIN ONepaTop B €BKINAOBOM
npocTtpancTBe. CamoconpskEHHBIE (CHMMETPHUYECKHE) OTIEPaTOPHI.
CymecTBoBaHHE COOCTBEHHOTO BEKTOpa Y CaMOCOMPSKEHHOTO OTlepaTopa.
VHBapHaHTHOCTH OPTOrOHAJIBHOTO JIOTIOJIHEHNSI K HHBAPUAHTHOMY
MOAMIPOCTPAHCTBY JJISI CAMOCOTIPSIKEHHOTO OIIEpaTopa.

Teopema o cymiecTBOBaHUH y CaMOCONPSKEHHOTO OTIepaTopa
OpPTOHOPMHPOBAHHOTO 0a3uca U3 cCOOCTBEHHBIX BeKTOpoB. [lonapHas
OpPTOTOHAJILHOCTH COOCTBEHHBIX HOANPOCTPAHCTB CAMOCOTPSHKEHHOTO
oreparopa. [IpuBeenue kBaapaTHaHON GOPMBI B €BKIIMIOBOM
MPOCTPAHCTBE K TIaBHBIM OcsiM. OpTOTrOHAJIBHBIE IMHEHHbIE ONIEPATOPHI,
CEMb 3KBUBAJIICHTHBIX yCJI0BUI. OnucaHne OpTOroHaIbHBIX OIEPAaTOPOB B
OJTHOMEPHOM U IBYMEPHOM €BKJIMIOBBIX MTPOCTPaHCTBaX. IHBapnaHTHOCTH
OpPTOTOHATIFHOTO AOMOIHEHHS K MTOANPOCTPAHCTBY, MHBAPUAHTHOMY
OTHOCHUTEIILHO OPTOTOHAIBHOTO oreparopa. TeopeMa 0 KaHOHUYECKOM
BUJI€ OPTOTOHAJILHOTO oneparopa. Knaccudukanus opToroHaabHbIX
OTIepaTOpPOB B TPEXMEPHOM €BKIIMAOBOM MpocTpaHcTBe. CrekTpaabHoe
pasznoxxenue. Ciygan R*2 u R”*3. Teopema o CHHTYIISIpHBIX Oa3ucax ams
JMHEHHOTO OTOOpaKEHHsI eBKIMIOBBIX MPOCTPaHCTB. SVD ams MaTpuisl.
Yceuénnoe u kommakTHOEe SVD. @pobeHnycoBa HOpMa MAaTPHITEI, €€
WHBApUAHTHOCTh OTHOCUTEIFHO YMHOXEHUS Ha OPTOTOHAJIBHYIO MaTPUILY
cieBa WM cipasa. Teopema DkkapTa-SHra 0 HU3KOPaHTOBOM NPHUOIMKEHHUH.
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KH® (;xopmanoBa
HOpMaJTbHas popma)

Y TBepkKACHUE O MOJICTAHOBKE OIepaTopa BO B3aUMHO MPOCTHIC MHOTOUJICHBI.
TeopeMa 0 pas3IoKeHUH Yepe3 3aHyISI0IINN MHOrowlieH. Pasznoxenue
MPOCTPAHCTBA B MPSAMYI0 CyMMY KOpHEBbIX. OnrcaHne HHBAPUAHTHBIX
MOJMPOCTPAHCTB. ['eOMETpUYECKUIT CMBICIT KPATHOCTU KOPHS
XapaKTePUCTHYECKOTO 1 MUHAMAIBHOTO MHOTOWIEHOB. OTHOIIIEHHE
paBEeHCTBA 110 MOYIIO TIOANPOCTPaHCTBA. JInHEetHAsT HE3aBUCUMOCTb,
MOPOXKIAIoIIKe U 0a3HC IO MOAYJIIO TOANPOCTPAHCTBA (OMpeNeIeHUs U
Kkputepun). OnpeeneHue )XopaaHoBa 0a3uca 1 >KOpJaHOBOM HOpMaIbHON
dbopmer CKHD). Teopema o XKH® 1151 HIITBIIOTEHTHBIX OIIEPaTOPOB:
€JIMHCTBEHHOCTh U (popMyJIa JyIst KolnudecTBa kieTok. Teopema o XKHD mns
MIPOM3BOJIBHOTO OIIEPATOPA: CYIIIECTBOBAHUE U €AHUCTBEHHOCTb.
Knaccudukarms muHeiHbIX orepatopoB. Pasnoxenune lypa. Anroputmsr
MOWCKa XoIpaHoBa 6a3uca: 1) cBepXy BHH3, 2) dI€MEHTapHbIE
npeo0pa3oBaHus LETOYeK.

DNEeKTPOHHBIA JOKYMEHT




5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTPaHsIEMOro IMPOTPAMMHOTO O0ECHEeYeHHs, BKJIIOYAs MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIa K pecypcaM M3 JI000# TOUYKH, Tlie eCTh NOAKII0oUeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

OcHosnas numepamypa:
1. TarapuukoB, O.B. Jluneitnas anre6pa: yueObnuk ans By3oB/ O. B. TarapHukos,

A. C. Uyiiko, B.T.Illepmnues; mox obmeit penakuuedr O. B. TarapaukoBa. — Mocksa :
WznatenbctBo FOpaiit, 2025. — 273 ¢. — (Bricmiee o6pazosanue). — ISBN 978-5-534-19275-9.
— Tekcr : onexrponnbri // OOpaszoBarenbHas 1miatdopma FOpaiit [calt]. —

URL.: https://urait.ru/bcode/556226.

2. lunun, W. A. Jluneitnas anreOpa. 3amauHuik : ydeOHOe mocobue miasi By30B /
U. A. lllumua. —  MockBa :  UznmarensctBo  HOpaiit, 2025.— 118 c.—  (Bricmiee
oOpazoBanue). — ISBN 978-5-534-14382-9. — Tekct : snexktpoHHbd // OOpa3oBaTenbHas
wiatdopma Opaiit [caiit]. — URL: https://urait.ru/bcode/567570.

3. JluneitHas anredpa v aHATMTHYECKAs TEOMETPHUS : YIeOHUK U TIPAKTUKYM 7151 BY30B / E.
I'. I[lnotnukoBa, A. II. MBanoB, B. B. JlorunoBa, A. B. Mopo3oBa ; noa peaakuued E. I
[TnoTHUKOBOH. — 2-¢ u31., mepepad. u nom. — Mocksa : U3narensctBo FOpaiit, 2025. — 416 c.
— (Boicmiee obOpazoBanue). — ISBN 978-5-534-18887-5. — Tekct : 2neKTpOHHBIA //
O6pasoBarenbHas wiathopma KOpaiit [caiit]. — URL: https://urait.ru/bcode/560611.

4. Jly6sruna, E. H. Jluneitnas anre6pa : yueOnuk st By3oB / E. H. Jly6saruna, E. M.
BeutomoB. — 2-e u3a. — Mocksa : M3marensctBo HOpaiit, 2025. — 150 ¢. — (Beicuiee
obpazoBanmue). — ISBN 978-5-534-10594-0. — Texkct : anmekTpoHHBIN // OOpa3zoBareibHAs
matdopma IOpaiit [caiit]. — URL: https://urait.ru/bcode/565745.

Hononnumenvnan r1umepamypa:

1. BypmucrpoBa, E.b. Jluneiinas anreOpa: y4eOHMK H TPAaKTUKyM Ui BY30B /
E. b. Bypmuctpona, C.TI'. JlobanoB. — Mocksa : UsnmarensctBo HOpaiit, 2025. — 421 c. —
(Beiciiee  o6pazoBanme). — ISBN 978-5-534-15839-7. — Tekct : 9NeKTpOHHBIA //
OopazoBarenpHas miardopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/560017.

2. Cabwuros, U. X. JIunelinas anreOpa U aHATUTHYECKAst TEOMETPHS : yaeOHOE Imoco0ue Jiis
By30B / U. X. CaburoB, A. A. MuxaneB. — 2-e u3[., ucnp. u jon. — Mocksa : M3naTenscTBo
[Opaiir, 2024. — 258 c¢. — (Bricmee oOpazoBanne). — ISBN 978-5-534-08941-7. — Tekcr :
NeKTpoHHBIH  //  OOpazoBarenbHas  matgopma  FOpaiir  [caiit]. —  URL:
https://urait.ru/bcode/539950.

6. MartepuajbHO-TeXHHYeCKOe o0ecreyeHne

VYHuBepcuTeT pacrnojaraeT MaTepualbHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOLIEH
JIeMCTBYIOIUM MPOTHBOIIOKAPHBIM MpPaBUJIaM U HOPMaM U 00ecIieurBarolIei poBeieHNe BCex
BUJIOB JIMCUUIUIMHAPDHOW W MEXIWCUUIUIMHAPHOW MOATOTOBKH, MNPAKTHUYECKOH M HAy4YHO-
UCCIIEIOBATEILCKON PaboT 00yJaromuXxcs, MPeayCMOTPEHHBIX YU€OHBIM IIIIaHOM.

[ToMerieHus1, KOTOpPBIE PEACTABIIAIOT COO0H yueOHbIE ayAUTOPUU AJIs IPOBEICHUS 3aHATHH
JEKLUMOHHOTO THWIA, 3aHATHM CEMUHApCKOro (MpPaKkTUYECKOro) THIA, T[PYNIOBBIX U
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WHIUBUIyaJIbHBIX KOHCYJIbTALUN, TEKYILIETO KOHTPOJIA U MPOMEXYTOYHOW aTTECTAllMH, a TaKkKe
MOMEIIEHUS JUISI CAMOCTOSTEIILHOM paOOThl M IOMEIICHHUS JJIsI XPAHCHUS U TPOPUIAKTHIECKOTO
oOciyxuBaHusi yaeOHoro o6opynoBanus. [lomenienrs yKOMIUIEKTOBAHbI CHEIUATN3UPOBAHHON
MeOEIbI0 U TEXHUYECKHUMH CPEJCTBAMHU OOYUYCHUS, CIYXKAIIUMHU JJIsl MPEACTAaBICHUS YIeOHOM
nHpopMaIuy OOJIBIION ayAUTOPHH.

W3ydeHne qUCIHUIUTMHBI (MOTyJIsl) 0OECTICUNBACTCS B YUCOHBIX ayAUTOPHIX, OCHAIICHHBIX

— CTOJIaMH U CTYJIbSIMU;

— KOMITbIOTEPHOU TEXHUKOM;

— MEXaHUYECKUMH KaJbKYJISATOPaMu;

— CIEUHaTU3UPOBAHHBIM 000PYIOBaHUEM, BKIIIOUAsl JEMOHCTPALlMOHHOE 000pYyI0BAaHUE.

[TomemeHust U1k CAMOCTOATEIBHOM paOOThHI 00YJAIOIIMXCS, B TOM YHCIIE IPUCIIOCOOICHHBIE
JUISl WCIIOJIb30BAaHMS WHBAIMJAMHM M JIMI[AMU C OIPAHUYEHHBIMHU BO3MOXXHOCTSMH 3]10POBbS,
OCHAILEHbl KOMIIBIOTEPHON TEXHUKOW C BO3MOKHOCTBIO MOJAKIIOUEHHS K ceTh «HTepHeT» u
o0ecriedyeHHEeM  JIOCTylla B  JJIEKTPOHHYIO  HH(OPMAalMOHHO-00pa30BaTeNbHYIO  Cpely
YHuBepcurera.

OOyyarommMcst TPeNoCTaBIAETCA AOCTYN (B TOM 4YHCIE YIaleHHbIH) K pecypcam
WH(OPMAIMOHHO-TEIICKOMMYHHKAITMOHHON ceTn «HTEepHET», MIEKTPOHHBIM pecypcaMm (B TOM
YHclie JJIEKTPOHHBIM OUOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM MPOQECCHOHANBHBIM 0Oa3am
JAHHBIX ¥ UHOOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

Ne HaunmMeHoBaHue nmoprasa Ccblika
(u3naHus, Kypca, 10KyMEHTA)
1. | Hayunas snextponHas 6ubmuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OonbIHOTEKA
2. Basa gausbsix mus | T-cnienuanucTos https://habr.com
3. Basza gaunaeix ScienceDirect https://www.sciencedirect.com
4. | OdunmanbHbIi caiT MUHUCTEPCTBA HAYKH U https://minobrnauki.gov.ru/

BEICIIIEro oopazoBanus Poccutickoit deneparuu

5. | ®enepanbubiii mopran «Poccuiickoe oopazosanue” | https://www.edu.ru/

6. | Mudopmanmonnas cucrema "Exannoe okHo noctymna | http://window.edu.ru/
K 00pa3oBarenbHBIM pecypcam”

7. | Enunas xomnexiums nudpoBsix oOpazoBatenbubix | http://school-collection.edu.ru/
pecypcoB

8. | ®enepanbHblii IEHTP HHPOPMAITMOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB

[lepeuenr WH(OPMAIIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPU  OCYIIECTBICHHUH
00pa3zoBaTeNbHOTO MpoIiecca Mo AUCIUTUINHE (MOIYJII0), B TOM YHCIIE KOMIUIEKT JTUIIEH3HOHHOTO
IpPOrpaMMHOTO  OOeclieueHus, COBPEMEHHble mpodeccHoHanbHbie 0a3bl  JaHHBIX U
MH(OpPMaILMOHHBIE CIIPABOYHBIE CUCTEMBI:

HaumenoBanmne 110 IIponsBoacTBO JInnensuonnoe / cBOGOIHO
pacnpocTpaHsieMoe

OnepanMoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapyGexsoe | muuensnonHoe
BpaysepsI:
Sunekc.Bpaysep OTEUECTBEHHOE | CBOOOJIHO pacpoCTpaHsiIeMOe
Google Chrome 3apyOexHoe CBOOOHO pacIpoCTpaHsieMOe
OducHble NPUITOKEHNS:
Microsoft Imagine (Visio, OneNote) 3apy0exKHOe JIMIEH3HOHHOE
TeXstudio 3apyOexKHOE CBOOOHO pacIpOCTpaHsIeMOe
Adobe Acrobat Reader 3apyOexkHOE CBOOOHO pacIpOCTpaHsIeMOe
IporpamMmHoOe o0ecnieyenne JUIs IVIAHUPOBAHHUS U YY€TA BPEMEHM:
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Toggle app | 3apyOexkHOE | CBOOOHO pacIpoCTpaHsIeMOe
CucreMbl ynpapJjieHHsI TPOEKTAMM:

Microsoft Imagine (Project) | sapyGesxHoe | nuuensmonHoe

Cucrtembl ynpapjeHHusi 0a3aMH JaHHBIX:

Microsoft Imagine (SQL Server) | 3apy6erxHoe | muueHsnoHHOE

Cucrtembl pesepBHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | sapyGesxHoe | nuuensmonHoe
CnpaBoYHO-IIPABOBbIE CHCTEMbI:

KoncynpranTllnroc: cipaBoyHO-TIpaBOBast OTCUECTBEHHOE | JIMIICH3UOHHOE

cucTeMa

Cpe/cTBa AHTHBMPYCHO# 3aIUTHI:

Kaspersky Endpoint Security mst 6usaeca OTE€YECTBEHHOE | JIUIIEH3NOHHOE

Cranpaptaeiii Russian Edition

Cpensl pa3padoTKm:

Visual Studio Code 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
Bash (Unix shell) 3apy0eKHOE CBOOOIHO PACIIPOCTPAHIEMOE
Anaconda 3apyOeKHOE CBOOOJTHO pacIpoCTpaHsIeMOoe
Robotic Operating System 3apy0exHoe CcBOOOJTHO PACTIPOCTPAHSIEMOE
CopelliaSim 3apyOeIKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Google Colaboratory 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
ITakeThbl NPOrpaMMHBIX CPEACTB U OUOJIHOTEK:

AutoPsy 3apyOexKHOE CBOOOIHO PaCIpPOCTPaHsIEMOe
Interactive Disassembler (IDA) 3apy0exHoe cBOOOJTHO PACIPOCTPAHIEMOE
Cucrtembl ynpapjieHusi 0ndanorpaguyeckoii HHGpopManueii:

Zotero | 3apyOexHoe | CcBOOOIHO pacIpocTpaHsieMoe
CepBHuCHI U CJIYKObI:

Bind 3apyOexKHOE CBOOOIHO PaCIPOCTPaHAEMOE
Docker 3apyOexKHOE CBOOOIHO PaCIPOCTPaHIEMOE

7. MeTtoanyeckue v OlleHOYHbIE MATEPHAJIbI
MeToauyeckue yKazaHus i 00y4alOUIUXCS M0 OCBOEHUIO TUCHHIIMHBI (MOYJIs1)

B npouecce usydenus aucuuruinHel (Moayns) «JIuneilinas anre6pa u reomerpus. Yactp 2»
B paMKax TEKYILEro KOHTPOJS YCIIEBAEMOCTH B KaX/IOM CEMECTPE HCIIOJIb3YIOTCS TaKHe BUIbI
y4eOHOIl paboThl, KaK JEKIHs, CEMUHAPHI, KOJUIOKBUYMbI, KOHTPOJIbHbIE Pa0OThl U JOMAIIHHUE
3aJaHMsl, a TAK)KE Pa3IUYHble BUIBl CAMOCTOSTEILHOW PabOThl OOydYaIOUIMXCS MO 3aJaHUIO
IpernojiaBaTesisi, HaNpaBJICHHbIE Ha pa3BUTHE HAaBBIKOB MPO(ECCHOHANBHOM  JEKCHKH,
3aKperyIeHHe MPaKTHYECKUX MPO(eCCHOHATBHBIX KOMIIETEHUUH, TOOIIPEHNE UHUITUATHB.

Jlekyuss — CHCTEMaTHYECKOE, IIOCJIEIOBATEIbHOE, MOHOJIOTMYECKOE  U3JIOKCHHUE
npernojiaBaTeneM yueOHOro Marepuana, Kak IpaBuiio, TEOPETUYECKOIO XapaKTepa.

B mpouecce nmeknui peKOMEHIYeTCs BECTU KOHCIEKT JIEKIMH: KPaTKO U CXEMAaTHUYHO
¢bukcupoBaTh OCHOBHBIE WJIEW, BBIBOJBI M OOOOIIEHMS JIEKIMH; BBIIEISITh BaXKHbIE MBICIH,
KJIIOYEBbIE CJIOBa W TepMUHBL. HeoO0X0IMMO OTMETUTH BONPOCHI MM MaTepUalbl, KOTOpHIE
BBI3BIBAIOT 3aTPYJHEHHUs, U MONBITATHCS HAUTU OTBETHI B PEKOMEHJIOBAaHHOW nuTeparype. Eciu
pa3o0paThCsi B MaTepuane He YAaercs, clieAyeT cOpMYIMpPOBaTh BONPOC M 3a7aThb €ro
IpenoaaBaTesio Ha KOHCYJIbTAlUK WM BO BPEMsI CEMUHAPCKOTO (ITPAKTUYECKOI0) 3aHATHSI.

Cemunap — 310 Gopma yueOHOI esATeTbHOCTH, IPOBOUMAs B Y4eOHOM 3aBEJCHHUH IO
PYKOBOACTBOM IIp€noJaBatciid, rA€ CTYACHTbBI AKTUBHO Y4YaCTBYIOT B O6CY)KI[6HI/ISIX,
NPaKTUYECKHX 3a/IaHUSAX U IPYTUX (popMax B3aMMOJCHCTBHSL.

Jns ycnenmHon moAroToBKM K CEMUHAPY PEKOMEHIYETCS 3apaHee 03HAKOMHTBLCA C TEMOU
3aHATHUA WU OCHOBHBIMHU MaATCpUAIaMU, I-ITO6I:.I HUMCTb BO3MOXHOCTL AKTUBHO Y4YdaCTBOBAThL B
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ob6cyxaeHuu. Takke MOJIe3HO MOATOTOBUTH BOIPOCHI M UIEH MJIsi OOCYKICHHSI, YTO TTIOMOXKET
Iy0Ke MOHATh MaTepual U IPOJEMOHCTPUPOBATH 3AMHTEPECOBAHHOCTD.

Konnoxeuym — ycTHbIE OTBETHI Ha BOIPOCHI, CIIUCOK KOTOPBIX N3BECTEH CTYACHTY 3apaHee,

B mpouecce moArotoBkM K KOJUIOKBUYMY HEOOXOAMMO TMPOAHAIU3UPOBATH Y4ueOHBIE
MaTepualibl, 0O3HAKOMHBIINCH C JICKIHSIMH, YI€OHUKaMH M JIONOJHUTEIbHBIMUA HCTOYHHKAMH,
AKICHTHUPYSA BHHMAHUC Ha KIKOYCBBIX TCEMax. PGKOMGHI[YGTCSI CO34aThb CTPYKTYPUPOBAHHLIC
KOHCIIEKTHI, BBIJIEIISISI OCHOBHBIE UI€H, TEPMHUHBI U (POPMYIIBL.

Koumponvnas paboma — nuceMeHHasi paboTa ¢ HabopoMm 3a/1a4, KOTOPbIC HY)KHO PEIIUTh 3a
OrPaHUYCHHOE BPEMSI.

HCHB KOHTpOHbHOﬁ paGOTBI - [IOJIY4YHUTDb CIICHUAJIBHBIC 3HAHUA 10 OI[HOﬁ NI HECKOJIBKUM
TEeMaM TUCHHUIUIMHBI (MOYJIs) U TIPOJEMOHCTPUPOBATh HABBIKH UX MPAKTHYCCKOTO TPUMEHEHHUSI.

Jomawnee 3a0anue — HabOPp 3a/1a4 1O TEMaM HEJICIIH.

[lpu pabore Ham JOMAIIHUMH 33/JaHUSIMH  Ba)KHO BHUMATEIbHO O3HAKOMHUTHCS C
Tp€6OBaHI/IHMI/I N CpOKaMH BBIIIOJIHCHUA. PCKOMGHI[yeTCﬂ pa36I/IBaTI) 3aJJaHusI Ha JTallbl, 4TOOBI
U30eKaTh MEPErpy3Kd W JIy4Yille YCBOUTHh Marepuai. crosb30BaTh pa3iuyHble UCTOYHUKH
UH(OpPMAaILNK, BKIIIOYas YIeOHUKH U OHJIAWH-PECYPCHI, U 00see TIy00KOro MOHUMAHHUS TEMBI.

Camocmosmenvnasa paboma — paboTa CTYJEHTOB, HAIpaBICHHAs Ha YIIIYOJEHHOE
U3YYEHHUE OTJENIbHBIX TEM U BOIIPOCOB YUEOHON AUCLMILIUHBI (MOTYJIS).

B nporuecce camoctosTensHON paboThI CTYAECHTHI B3aUMOJICHCTBYIOT C PEKOMEHI0BAHHBIMU
MaTepuaiamMy pu MUHUMAJIBHOM y4YacTHH MpenojaBatess. 3a1auu CTyJeHTa BKIOYaoT padoTy
C KOHCIEKTaMH JIeKIui (06paboTka TeKcTa), MIOBTOPHOE U3yYeHHE YUeOHBIX MaTEpHUaIoOB IIAHOB
U TE€3UCOB OTBETOB, M3yUEHUE JIONOJHUTENIBHBIX TEM, BHINOIHEHUE Y4€OHO-NCCIIEI0BATENbCKUX
3aIaHUI U IpYyToe€.

Cucrema OLlCHUBAHUSA PE3YyJbTATOB oﬁyqemm Mo TMCHMIIJIMHE (MO}IyJIlO)

Kpurepun nosy4eHusi ypoBHA M OLCHHBAHUA C(POPMHUPOBAHHOCTH KOMIICTCHIMI 110
aucuunianne (Moayaw) «JIuHeiinas aaredépa u reomerpusi. Yacrtp 2»

OrneHuBaHue YpOBHsS Y4eOHBIX JOCTHKEHHH, oOydaromuxcs Mo AUCHUIUIMHE (MOIYIIO),
OCYIIIECTBIISIETCS B BUJE TEKYILErO0 KOHTPOJII YCIIEBAEMOCTH M MPOMEKYTOUHOMN aTTeCTalluH B
KK OM CEMECTpE.

I[Ipome:xxyTouHnasi arrectauMsi 1O JAUCHUIUIMHE (MOAYNIIO) B KaXJIOM CEMECTpE
ocymiecTBisiercss B (opMe IK3aMeHa, TIpU OSTOM MPOBOAMTCA OLEHKA KOMIETEHIIHH,
c(hOpMHUPOBAHHBIX MO TUCITUTLINHE.

Jns oueHMBaHHUS TEKYLIEr0 KOHTPOJISI YCIIEBAEMOCTH M IPOMEXKYTOUYHOW AaATTECTALUU
UCTIONB3YETCS JIecATUOAIIbHAS IIIKalla OLIEHWBAHHUSA, KOTOpask COOTHOCUTCS C TPaJAULIMOHHOU
MATUOAIIPHON MIKAIOHN CIIEAYIONIUM 00pa3oM:

JecatudasnbHast  [lsaTnéanabHas OO0mas xapakTepHCTHKA pe3yJIbTaTa 00y4eHHus! 1o
OLICHKA OLICHKA AUCHHILVINHE (MOLYJII0)
10 OT1immyHO CTyIeHT TMOJHOCTHIO BIIAJCET 3HAHUSMHU, M3JIOKECHHBIMH B
9 OTIUYHO paboueii mporpamMme, 1 TIIyOOKO OCMBICISET AUCHUILINHY. OH

8 OTIWYHO CaMOCTOATCIIBPHO M JIOTHYCCKH ITOCICA0OBATCIPHO OTBCYACT Ha

BCC€ BOIIPOCHI, aKIICHTUPYSA BHUMAaHHUEC Ha HanboJlee BaKHOM.
Vmeer AHAJIM3UPOBATh, CPABHUBATD, KJ'IaCCI/I(l)I/II_II/IpOBaTI:,

000011aTh, KOHKPETH3HPOBAaTh W  CHCTEMAaTH3MPOBATH
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JlecaTnOAILHAA
OIlEHKA

IIaTnoannnLHas
OLICHKA

O0mas XxapakTepUCTHKA Pe3yJIbTaTa 00yYeHHusl 1o
JucHMIInHe (MOIYJII0)

I/13y1IeHHI>II71 Marepuaa, BbBIACIAA KIIOYCBBIC MOMCHTBI U

YyCTaHaBIUBas Yetko

¢dbopmynupyet
pesy/ibTaThl AHAIN30B U JPYIUX HCCICAOBAHUH, a TaKKe

IPUYUHHO-CIICICTBEHHBIE
YBEPEHHO

CBSI3H.
OTBETHI, HUHTEPIPETUPYET
pemaer ciokHblEe 3amaud. CTyIEHT XOpOIIO 3HAaKOM C
METOAAaMH UCCIIEAOBAHHS, HEOOXOAUMBIMH AJISl IPAKTUYECKOM
NEeSITEIIbHOCTH, U YMEET CBS3bIBATh TEOPETUUECKUE ACIIEKTHI
JUCHUIUTMHBI (MOIYJIsT) C MPAKTUIECKUMHU 3a/1aduaMH.

Xoporo

Xoporo

CryneHT o0nanaeT 3HAHUSAMM MPEAMETa MOYTH B TOJTHOM
obbeMe paboueii mporpaMMBI M CAMOCTOSATEIHHO, TOTHICCKU
MOCJIeTIOBATENILHO U BCECTOPOHHE OTBEYAET Ha BCE BOTPOCHI,
AKICHTUPYA BHUMAHUC Ha HaH60nee 3HA4YUMBIX MOMCHTAax.
OH yMeeT aHAJIM3UPOBaTh, CPABHUBATH, KIIACCUDUIIMPOBATH,
000011aTh, KOHKPETH3UPOBaTh M  CHUCTEMAaTH3HPOBATH
I/I3y‘IeHHBII71 Martcpuall, BbIACIAA €ro KIIOYCBLIC ACIICKTHI U
yCTaHaBIIMBas MPUIHHHO-CIICICTBCHHBIC CBSI3U.
@OopMyJIMpyeT CBOU OTBETHI, YBEPEHHO HHTEPIPETUPYET
pe3yabTaThl AHATM30B W APYIMX HCCICOBAHUM, a TaKKe
pelIaeT CIIOKHBIC CUTYaIlMOHHbIC 33/aun. CTyIeHT XOpOIIo
3HAaKOM C MCTOJaMH HMCCIICOOBAaHUI, HCO6XOILI/IMBIMI/I JJIA
yMmeer

npeaMeTa C MNPAKTHYCCKUMU

HpaKTH‘{CCKOﬁ JCATCIBbHOCTH, n CBA3bIBATh

TCOPETUYCCKUE ACICKThI

3agadyaMu.

YILOBJICTBOPI/ITG)HLHO

YILOBJICTBOPI/ITG)HLHO

CryneHT o6nagaet 6a30BBIMU 3HAHUSIMH 110 TUCITUTLTHHE, HO

WCIIBITBIBACT TPYMAHOCTH MPH CAMOCTOSITEIBHBIX OTBETAX U
HCIIOJIb3YEeT HETOUHbIC (hopMynupoBKH. B Xoie oTBeTOB OH
JIOTTYCKAEeT OMIMOKHU, Kacaroluecs CyTH BOHpocoB. CTyleHT
CIOCOOEH pelaTh TOJBKO CaMbIe ITPOCTHIC 33141 U BJIaJIeeT
JIUIIHF MUHUMAIIEHBIM HA00pPOM METO/IOB UCCIIEOBaHUS.

He cnaun

He cnaun

He cnaun

CTy,Z[eHT HC OBJIAZCI 00s13aTeNbHBIM MHUHUMYMOM 3HAHUH 10
npeaMeTy U HE MOXKCET OTBECTUTHL Ha BOIIPOCHI, JAXXE CCIIN
npenogaBaTeiib 3a1a€T

JOIIOJIHUTCIIBHBIC HaBOJAIIHUC

BOIIPOCHI.

Jucnunnuna (Moaynb) «JIuneliHas anre6pa u reomerpus. Hactb 2» B KaXJA0M ceMECTpe
OLIEHUBAETCS CJIECAYIOIIMM 00pa3oM:

AKTHBHOCTH ‘ Bec ‘ Onucanne
Ocnoeoii yposens
Homamraue 3amanus | 15% | Habop 3a1a4u o Temam Hepenu
Aynuropnas pabora | 10% | AkTuBHas paboTa Ha CEMHUHApax, OTBETH HA BOPOCHI
KonTponbHble 20% | [TucemenHas paboTa ¢ HAOOPOM 3aj]1a4, KOTOPbIE HY>KHO PEIINTh 3a
paboTEHI OTpaHUYEHHOE BpEeMs
Komnoksuym 25% | YcTHBIEC OTBETHI HA BOIIPOCHI, CICOK KOTOPBIX N3BECTEH CTYJIEHTY 3apaHee
OKx3aMeH 30% | [TucbmenHast pabota ¢ HaOOpPOM 3a/1a4, KOTOpPBIE HY>)KHO PELIHTH 32
OTPaHNYEHHOE BPEMS

DNEeKTPOHHBIA JOKYMEHT




®opMmy.ia pacyéTa HTOrOBOI OIEHKH IO JUCHUILINHE (Moay.ai0) «JInHeliHas anredpa
U reomerpust. Yactp 2»:

OcHoBHOl ypoBeHb: «0,15x cpennee 3a momamuue 3amganuss + 0,1 Xcpemnee 3a
aymutopHyo pabory + 0,2 x cpemnee 3a KOHTposibHBIE paboTel + 0,25 X KoynmokBUyM +
0,3 x 3x3aMen».

Texkyummii KOHTPOJIb YCIIEBAEMOCTH 00Yy4AIOIIUXCS MO0 AUCHUTIHHE (MOTYJIIO)
IIpuMepHbIe TeMbl K KOJJIOKBUYMY

Tema «Cucrembl JIMHEHHBIX yPABHEHHID»
— CoBMecTHasl U HECOBMECTHAs CUCTEMa
— Omnpenenénnas U HeonpeaenéHHas cucTeMa
— OIHOpOAHAsA U HEOJHOPOJHAs CHCTEMA
— Marpuna
— I'nmaBHast u moOoYHas AUArOHAIN
— DneMeHTapHble peoOpa3oBaHusl CTPOK
— CryneHuarslii BUJ MAaTPULIbI
— I'naBHbBIE U CBOOOHBIE IEPEMEHHbBIE
— Kak no cryneHuatoMy BUIy IIOHATB, YTO CUCTEMA ONpEIEIIeHa?
— CKOJIBKO MOXET OBITh PELICHUN Yy CUCTEMBbl JIMHEWHBIX YpaBHEHUM?
— Ilpsimoit xon anropurMma ["aycca
— OOparsbiii xon anroputMma ["aycca
Tema «Onepanun Hax MaTpHIAME
— CyMma maTpun
— Hyneas matpuna
— IIpousBeneHune MaTpuLbl HA YUCIIO
— IIpousBenenune MaTpuil
— Ilpumep HEKOMMYTATHBHOCTH MAaTPUYHOI'O YMHOMXKECHHS
— KoMMyTHpyromuye MaTpuisl
— Jlenurenu vy
— HunenoreHTHBIE MaTpUILBI
— TpaHcnioHHpOBaHME MaTPHIL
— CuMmeTpudHas MaTpuLa
— Cnen MaTpuilsl
— bylouHOE yMHOXEHME MAaTpHULY
— YMHOXEHHE Ha IMaroHalbHYIO0 MaTpUILy
— TpancnioHupOBaHKE OT MPOU3BEACHUS MaTPULL
— Crnen OT NpOU3BENCHUS MATPHI]
Tema «O0paTnbie MaTpunbl. MaTpHyHbIe YpaBHEHUN»
— EnuHnunas matpuna
— OOpaTHas mMaTpuia
— Marpuisl snemenTapHbix npeodpaszosanuit I, 11, 111 Tunos u ux obpaTtHbIe
— IloagcTaHoBKa MaTpUIlbl B MHOIOWIEH
— Marpuipl, KOMMYTUPYIOIIME C THATOHAIBHOW MAaTPULIEH C pa3HbIMM YHCIAMHU Ha
JaroHajin
— Krnaccudukanus cucteM JUHEHHBIX YpaBHEHUN
— CBs3p 00paleHNus MaTPULl C YMHOXKEHHEM M TPAHCTIOHUPOBAHUEM
— DOKBHBaJIEHTHBIE YCIIOBUS OOPATUMOCTH MAaTPHIIbI

— IlocTaHOBKa B MHOTOUJICH MaTPHUIIbI C_lAC
— AJNTOpUTM MOUCKA 0OpaTHOM M MPOBEPKH 0OPATUMOCTH
— AnropuTM penieHus ypaBHeHuit AX = B
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— CBs3b oOpallleHus: MaTpUIl C YMHO)KEHHEM M TPaHCIIOHUPOBAHHEM
— Tonbko KBagpaTHBIE MATPHUIBI OOPATUMEI
Tema «LU-pa3zioxenue»
— LU-paznoxenne
Tema «BekTopHBIE POCTPAHCTBAY
— BekTopHOE poCcTpaHCTBO

— TIpuMep BEKTOPHOTO TIpocTpancTBa oTanuHbli ot RN mim marpun
— IloAnpocTpaHncTBO BEKTOPHOTO MPOCTPAHCTBA
— JluneitHas KOMOMHAIIMS BEKTOPOB
— JInHEeHO HE3aBUCUMBIN HaOOp BEKTOPOB
— KomHeapHbie BEKTOPBI
— KoMmanapHsie BEKTOPBI
— JluneitHas 0060109Ka CHCTEMBI BEKTOPOB
— Ilopoxnaroniasi cuctema BEKTOPOB
— basuc
— Pa3MepHOCTh BEKTOPHOTO MPOCTPaHCTBA
— Koopaunate! BekTopa B 6asuce
— Marpuna nepexoaa MexIy 6azucamu
— Kpurepuil noanpocrpancTsa
— JlocTaToyHOE yCIOBUE JTUHEHHOW 3aBUCUMOCTH B N-MEPHOM MPOCTPAHCTBE
— Tpu SKBUBaJIGHTHBIX YCJIOBUS [ Oa3uca B N-MEPHOM MPOCTPAHCTBE
— Kpurepuil noanpocrpancTsa
— CoBnasieHue pa3mepoB 0a3ucoB
— AnropuT™m BblIeTIeHHs 0a3uca U3 CUCTEMBI BEKTOPOB
— AnropuT™ BbIZIETIEHUS 0a3uca U3 CUCTEMBbI BEKTOPOB
— AJNTOpUTM JONOJHEHUS JTMHEHHO HE3aBUCHMOM cucTeMbl 70 Oazuca
Tema «Onpeaenurenn MaTpum»
— Omnpenenutenu MaTpullbl 2 Ha 2 U 3 Ha 3
— 1 J-BIif MUHOpP MaTpPHIIbI
— 1 j-oe anrebpanveckoe JOMOJHEHUE MaTPHUIIBI
— HeBbIpoxkaeHHas MaTpula
— Ilpucoenuuénnas matpuna
— ®opMmyna pas3oKeHUs ONPENEIUTENs 10 CTPOKE
— V3MeHeHue ornpenenuTens Npu JIeMEHTapHbIX IpeoOpa3oBaHUIX
— OmnpenenuTenb TPAaHCIIOHUPOBAHHOM MaTPHIIbI
— OnpenenuTens TPOU3BEIECHUS MATPUL]
— Kpurepnii 00paTUMOCTH B TEPMUHAX OMPEICIIUTEINS
— OnpenenuTenb BEPXHETPEYTOIBHON U HUKHETPEYTOJIBHOM MaTpHI]
— CBA3b IMHEWHOW 3aBUCUMOCTH M ONPEICITUTEIIS
— JIMHEWHOCTH ONpPENENUTENS 10 CTPOKE
— Mertoa Kpamepa
— Omnpenenutens 0OpaTHON MaTPUIIBI
— SIBHBIE opMyIIBI 00paTHOM MaTpUIlbl (Yepe3 anredpanyeckue TOTOTHEHHMS)
— OnpenenuTenb TPOU3BEIEHUS MATPUL]
— Kpurepnii 00paTUMOCTH B TEPMUHAX OMPEICIIUTEINS
— Metoxn Kpamepa
— Omnpenenutesb 00paTHON MaTPUIIbI
— SIBHBIE GOPMYIIBI OOpATHON MaTPHUIIBI
— Omnpenenurens Bannepmonna
Tema «®@yngameHnTalbHAsE CHCTEMA peLleHUI»
— CTpOYHBIM paHT MaTPHUILIbI
— ba3ucHblil MUHOD
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— @yHJaMEHTAJIbHAsA CUCTEMA PEIICHUMN
— TpuBuanbHas OLeHKa HAa PAaHT MAaTPULIbI
— Teopema o 6a3uCHOM MHUHOpPE
— Hanuuue HeHyJeBOIrO pelIeHHsl CUCTEMbI B TEPMUHAX paHIa
— Pa3MmepHOCTh NpOCTpaHCTBA pEICHUN OTHOPOJHONU CUCTEMBI
— CBs13b penieHuil 0JTHOPOJHON U HEOJHOPOJAHON CHUCTEMBI
— Teopema Kponekepa-Kanennu
— Pasmepuocts ©®CP
— Hannuue HEeHyneBOro peleHns CUCTEMbI B TEPMUHAX paHra
— Teopema Kponekepa-Kanemm
Tema «Cymma u nnepeceyeHue NoAMPOCTPAHCTBY
— llepeceuenne nmoAIIPOCTPAHCTB
— IIpumep, xorna o0beIMHEHUE MOAIPOCTPAHCTB — HE MOANPOCTPAHCTBO
— CyMMa noanpocTpaHCcTB
— IlpsimMast cymMa IByX ITOJANPOCTPAHCTB
— Teopema o HenosiHOM Oa3uce

— CBsI3b pa3MEpPHOCTH CYMMBI U Iiepecedenus noanpocrpancts (bopmyna ['paccmana)

— Aunroputm nnoucka @CP
— AJTOpUTM MOUCKA CKEJIETHOTO Pa3IOKEHUS

10.

IpuMepHbIe BONMPOCHI 1Jisi CEMUHAPOB (OCHOBHOI YPOBEHb)
2 cemecTp

bunuHeiinble U KBagpaTH4HbIe GOPMBI

UYro Takoe OmnnHelHas ¢popMa U Kak e€ MaTpulla CBsi3aHa C CHMMETPUYHOCTHIO U
KOCOCUMMETPUYHOCTHIO?

OObsicCHUTE OHATHS OPTOTOHAJIBHBIX JOMOJIHEHUN 1 HEBBIPOXKACHHOCTH OMIMHEHHOMN
(GbopMBl, ¥ IPUBEUTE IPUMEP HEBBIPOXKICHHON (POPMBI.

I[OK&)I(I/ITG TEOpEMY O JBOMCTBEHHOCTH Ha MoANPOCTPAHCTBAX IJIA OMIMHEHHBIX (I)OpM

Kakue MaTpuuHble XapaKTepUCTUKHU SBISIOTCS HHBApUAHTaMU OMITMHEHHON (hOpMBI
(paHTr, HEBBIPOKICHHOCTD ), U TIOUEMY CJI€]T HE SIBJISIETCS?

Kak paznoxuts m00yto ounuHeiiHyo GopMy B CyMMy CUMMETPUYECKON U
KOCOCHMMETPHUYECKOH YacTei?

YTo NpouCXOAUT C OTpaHUYCHHEM OMIMHEWHOM (OpMBI Ha MOAIPOCTPAHCTBO U KOT/Ia
OHO HEBBIPOXKJACHHO?

Onummure AMaroHaaIu3yeMoCTh CUMMETpUYecKuX Gpopm u Metot SAxoOu A ux
JMaroHaJIN3aluu.

Knaccugunupyiite cuMMeTpudHble OMIMHeHHbIe (JOpMBI Ha/l are0pandecku
3aMKHYTBIM IOJIEM U HaJl MOJIEM BEIIECTBEHHBIX YHMCEJl, BKIIOYasi CHTHATYpY.

Cspkute KBaipaTHuHble GOPMBI C OMITMHEHHBIMU U OOBSICHUTE T€OMETPUUYECKUI CMBICI
CUTHATYpBHI.

ITpumenure kputepuii CunpBecTpa Uil ONPEAEIECHUS MTOJI0KUTEIBHON ONPEAETEHHOCTH
KBapaTuuHOU Gopmbl Haja R.

EBK/In10BBI IPOCTPAHCTBA

UTto Takoe eBKIM0Ba HOpMa BEKTOpa U HepaBeHCTBO Komm-byHsakoBckoro?

Kaxk onpeaennuts yroia MexIy BEKTOPaMH B €BKIMOBOM IPOCTPAHCTBE U TEOPEMY
[Tudaropa?
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3. Onumute mporecc oproronanuzamnuu ['pama-IlImuara u QR-paznoxenue.

&

Yto Takoe MPOEKIMs U OpTONPOeKIus, U npuBeaute Gopmyiny BABA st mpoektopa.

5. Kak BBIYHCIUTH PACCTOSIHUE MEX]Ty BEKTOPOM M MTOANPOCTPAHCTBOM, M YTOJ MEXKIY
HAMU?

6. OOBsACHUTE METOJ HAMMEHBIINX KBAJPATOB U €TO CBA3b C MPOCKIIHSIMU.
7. Yro Ttakoe maTpuna ['pama 1 Kak OHa UCTIONB3YyeTCs I K-MepHBIX 00BEMOB?

8. Kak n3mensiercst 00bEM 1o AEWCTBUEM JTMHEHHOTO OTOOPaKEHHS U TIPU CMEHE
o0pa3yonmx napauenenumnena’

9. Omnpexnenute OPUEHTUPOBAHHBIN N-MEPHBIN 0O0BEM U €0 CBSA3b C OMPEICIIUTEIEM.

10. Kak knaccuuuupoBaTh €BKJIHIOBBI IPOCTPAHCTBA U CBECTH UX K IIKOJIBHOM
reomeTpun?

I'eomeTpusi MaJIbIX pa3MepHOCTeii

Kaxk onpenenuts yroyi Mexay AByMs NpsiMbIMU B R”2 1 uX napaieiabHOCTh?
Onummre TpoeKLrIo BEKTopa Ha npsamyto B R*3 u dhopmyiny ams opTonpoekTopa.
Pemnre 3aauy Ha Hax0XJI€HUE PACCTOSIHUA OT TOUKH J0 IJIOCKOCTH B R"3.

Kak HaliTu yroy Mexay BEKTOPOM U IJIOCKOCTBIO B R*37?

[IpuBeauTe npumep oproroHanuzanuu B R*2 ¢ nomoipto ['pama-IlImuara.
Brraucnute 06b€M napasienenumnena, 3aJaHHOro BeKTopamu B R"3.

Kak onpenenuts, BaseTCs AU cCUCTEMa BEKTOPOB B R"2 opTOHOpMUPOBAHHON?
Pemnre reomMmerpuyeckyto 3aady: HalAUTE NPOEKIMIO TOUYKH Ha NpAMYI0 B R"2.

©oNo R WDNE

Onumure BpameHue B R*2 kak OpTOroHaJIbHBIN ONEPATOP U €70 MATPULLY.

[HEN
o

. Haiimute paccTosiHue MeXay IByMsl ITapauleIbHBIMU IUIOCKOCTAMU B R”3.

JInHelHbIE OnIepaTOpPbI

1. Yro Takoe MaTpulla JMHEWHOTO OllepaTopa U Kak OHa MEHsIeTcs IpU cMeHe Oa3uca?

2. llepeunciure XapaKTEpUCTHKY JMHEIHOTO OnepaTopa: ciell, OpeIeUuTeNb,
XapaKTepUCTUYECKUA MHOTOYJIEH U T.A.

3. OObsCcHUTE KpUTEPUU 0OPATUMOCTH JIMHEHHOTO ONlepaTopa U CBsI3b C MHBAPHAHTHBIMU
MOJMPOCTPAHCTBAMH.

4. Yro Takoe COOCTBEHHBIC 3HAUCHMS I BEKTOPHI, U KOTJIa OTIEPATOP TUArOHAIU3YEM?

5. Jlokaxwure cBA3b MEXIY alredpandeckor U reoMeTpUYecKoil KpaTHOCTSIMH COOCTBEHHBIX
3HAYCHUMN.

6. OmnummTe conpsHKEHHOE OTOOpAKEHHE M CAMOCOTIPSHKEHHBIE OTIEPAaTOPHI B €BKIIHIOBOM
IPOCTPAHCTBE.

7. Kaxk mpuBecTu KBaJpaTHUHYIO (OPMY K IIIaBHBIM OCSIM C MTOMOIUIBIO0 CaMOCONPSIKEHHBIX
onepaTopoBn?

8. TlepeunciauTe ceMb SKBHBAJICHTHBIX YCIOBHA JUISI OPTOTOHAIBHOTO OIepaTopa.

9. OnmmmuTe TeopeMy O CHHTYJSIpHBIX Oazucax (SVD) u e€ mpuMeHeHne K HU3KOPaHTOBOMY
IpUOIINKEHUIO.

10. Kak knaccuuupoBaTh OpTOroHalIbHbIE onepatopsl B R2 u R"3?
KH® (:koparanoBa HopMaJbHasi Gopma)

1. Yro Takoe yTBepxkAECHUE O NOACTAHOBKE OIEpaTOpa BO B3aMMHO IIPOCTHIE MHOTOYJIEHBI?
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8.
9.

OO0bsicHUTE TEOPEMY O PA3JI0KEHUU MPOCTPAHCTBA B MPSMYIO0 CYMMY KOPHEBBIX
MOAMPOCTPAHCTB.

Kak onucaTs M”HBapuaHTHBIE MOJIMPOCTPAHCTBA YEPE3 TEOMETPUUECKUN CMBICI
KpaTHOCTEH KOpHEM?

Ornpenenure )KOpIaHOB 0a3UC U KOPJaHOBY HOpManbHYIO hopmy (PKHD).

Hoxaxute Teopemy o JKH®D 1151 HUIBIOTEHTHBIX OIepaTopoB U HOPMYITY IS
KOJIMYECTBA KJIETOK.

Onuiute Teopemy o XKH® nist mpousBosibHOTO orniepaTopa u pasznoxenue Llypa.

UTto Takoe OTHOLIEHUE PAaBEHCTBA 10 MOJYJIIO ITOANPOCTPAHCTBA U JIMHEHHAS
HE3aBUCHUMOCTb 110 MOJYJIFO?

[IpuBenuTe anropuT™ MOMCKa KOpJaaHoBa 0asuca "cBepxy BHHU3' Ha MpUMepe.
Kak ucnonb3oBarh 31eMeHTapHbIe TPeoOpa3oBaHus 1enouek g nocrpoenus KHD?

10. Knaccudunupyiite nuneiinsie onepatopsl 1mo ux JKH® u 00bsicHUTE €TUHCTBEHHOCTb.

IIpumepHbIe 3a1aHNS 10 KOHTPOJILHOMH padoTe

1. Pemu cucremy AX = B, rzie

2. Boimumm 6a3uc pemennii (PCP) cooTBeTCcTBYMOMIECH 0HOPOIHOMN cucTeMbl AX = 0;
Haiisim penieHust HEOTHOPOJHOM CHCTEMBI IMHEIHBIX ypaBHeHUH AX = D.
3anumm perieHus: HeogHopoauou CJIY uepes OCP, yepes 6a3uc, rae

1 12 -1 =2 0

3. Jlana marpunia A € M3 3(R).

-2 4 -2
-1 -1

A= 2
6 —3 —6

1. Haiingu LU-pa3noxxenue mst A.

2. Haiinu pa3noxenue A B IpoU3BEICHUE 3JI€MEHTApHBIX MAaTPHLL.

3. Haiimu onpenenuTens MaTpuibl A.
4. 3anumu MaTpHIly THHEHHOrO omeparopa noopota Ha 30 rpaaycos B R2.
5. B mpoctpancTee R® 3a1aHbI BEKTOPBI

-3 -1 2
Ly = 6 |,v= 3 ].v
-1 1 1

[ =]
Il
|

-
|
|
o
=
[ 3=
Il
|
— LT b

1. TIposeps, uto fi1, f2, f3 popmupyroT 6asuc B R3.

2. Haiigu maTpuiry nmepexoza ot cranaaptHoro 6asuca {e1, €2, €3} k 6azucy {f1, f, fa} u

MaTpHILy [epexojia B 00paTHOM HalpaBICHHUH.
3. Haiinm xoopauHaThl BEKTOPOB V1 1 V2 B 6asuce {f1, f2, f2}.
6. IIpoBeps, sBusiercs au oroOpaxenue auHeHbIM. ¢ R[X]<4 — R[X]<4, rue
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o(f) =+ £(2) — fg + (fh)’
g=2+x+xLh=x+x2
7. Tlocuwmrait onpeaenurens Matpuiibl A € Mn n(R):

r 1 ... 1

1 = ... 1
A= .

1 1 . T

IIpumepHbIe JoMALIHUE 3a]aHUS

Jomamnee 3axanne no teme: «CucreMsbl JMHEHHBIX ypaBHeHuil. Onepanuu Haj
MaTpHLIAMKI»
1. Pemm cuctemsl, ucnoib3ys meros ['aycca (1 mpsiMoii, u 0OpaTHBIN X0J).
x1 + 219 + 3r3 — 3rg =10,
2x1 + 319 + 219 — Sxy =10,
3z +Aro+ x93 — Tey = 0.

1 + 2x9 + 3ra — x4 = 6,
2r) + 3z + 233 — Hxy =
3ry +4dxo + 19 — Toy = —:

| S o]

2. Haiimu MHOrowIeH ¢ BemiecTBeHHbIMH Ko3(dduumenramu f € R[X] Bropoii creneHu

takoii, uro f (1) =8, f(-1) =2, f (2) = 14.
3.

Ona matpuy

e
|
o
|
[ ]
—
—
—
I
|
[ S
—
—

—1 1 00
. g:((l) (l)) Ir=]1 010
—1 00

tr(AB — BT AT + Ih)I3 + BA.

BbIMWUCNK Cneyrllee BelpaXeHWe:

4. Ilns matpun A, B € Mh n(R) onpenenum onepanuio [A, B] = AB-BA. IIpoBeps, uto 1i1s
mo6sIX MaTpu A, B, C € M2 2(R) BepHo, uto [A, [B, C]?] = 0. (Ykazanue: cHauana Haiimu [B, C],
3ateM nocuuTaii [B, C]?, a MOTOM BBIUHCIIH yKe HTOTOBOE BHIPAYKEHHE).

JlomamHee 3ajaHue N0 TeMe: «BeKToOpHbIE MPOCTPAHCTBAY
1. JlaHbl BEKTOPHI

G- 0

Cpenu 5THX BEKTOPOB HalIM 0a3uc X TUHEHHONW 000I0YKH U BBIPA3H OCTABIIKECS BEKTOpA
4yepe3 Oa3uCHEIE.

VYkazaHue: moctapaiics OoTBeTUTh Ha 00a BOMpOCA, MCIOJIB3YS OJUH M TOT e IPOLEecC
IIPUBEJICHUS K CTYIIEHYaTOMY BHJly C HOMOLIBI0 MeToa ["aycca.

2. IlpoBeps, ABIAIOTCA JIU CIEIYIOIIME BEKTOPHI JINHEHHO He3aBUCUMBIMU. Eciu sBisttoTces,
TO JIOTIONIHYA HX 110 Ga3uca BCero mpocTpancTsa R*:

2 "1
VI=L_;'} _v-_;:(__; em!
1 . —2

3. B nmpoctpancTee R® 3a1aHEl BeKTOPHI
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1. TIpoBeps, uto f1, f2, f3 popmupyror 6a3nc B RE.

2. Haiiou matpuiy epexoja oT ctanaapTHoro O6aszuca {€1, €2, €3} k 6asucy {f1, f2, fa} u
MaTpHILy Iiepexo/ia B 00paTHOM HalpaBlICHUH.

3. Haiiau koopauHaThl BeKTOpoB V1 U V2 B 6asuce {f1, f2, fa}.

4. PaccmoTpuM B KauecTBe BekTopHOro npocrpanctsa V = {f: R — R}. IIpoBeps, Jiexut
JI¥ 3aJIaHHBII BEKTOp B yKa3aHHOM JTUHEWHOW o0onmouke. Haiiay ero KoopJuHaThHl B yKa3aHHOM
Oasuce.

1. sin (J'— —1) B Gasuce {sin(r), cos(r)}.
1 11 1
2. .7562131«15{———}

2 — 722 + 1271 r'r—3'r—4

5. JlomnonHu cucTEMY MHOTOYJICHOB {X5 + x4 x5 —3x3, X2+ 2x%, x° — X} o Gasuca
npocrpancTBa R[X]<5.

Jomamnee 3axanne no teme: «@yHramMeHTajJbHas cucremMa pemenuii. Cymma n
nepeceyeHue MOANPOCTPAHCTB)

1. Haiinu 6a3uc BektopHOTro npoctpanctBa U = {y € R5| Ay = 0}, e

21 307
A= 1 2 01 4
01 -110

2. OHpGl[GJII/I, MOJKHO JIM U3 CUCTCMbI BEKTOPOB
—4 1]

4
5
L V= 9

i)
3 —2 -3
BbIOpaTh OCP 1111 cucTeMbl TMHEWHBIX YpaBHEHHH

) — T3 +2xy =0,
p— 2wy + 313y =0,

2z 23+ 223 -2y =0

3. Haiinu ckenetHoe pasznokeHue MaTpuilsl A:

115
A= 1 2 8
10

4. Haiinu pemieHuss HEOAHOPOIHOM CUCTEMbI IMHEHHBIX ypaBHeHUH AX = b uepe3 6asuc
pemennii (DCP)cooTBeTcTBYIOIIEH OHOPOAHO# cucTembl AX = 0, Tae

1}

|

|
(%]

|
[X]
-
1}

|
[

1 2 1 -3 -9 6

5. Haiiau panr maTpuiibt

JomamHee 3a1aHue mo TeMe: «CoOCTBeHHbIE BEKTOPbI U COOCTBEHHbIE 3HAYECHHU
1. Haiimu coOCTBEeHHBIE 3HAYCHUS] W COOCTBEHHBIC BEKTOPHI JIMHEHHBIX OIEPaTOPOB,
3aJIaHHBIX B HEKOTOPOM 0a3nce MaTpUIlaMu:
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Ecnu HeTt, To 00bsican mouemy. Ecnu na, To Haiiau:

a) 6a3uc, B KOTOPOM OIepaTop UMEET AMAarOHAIbHBIN BU/;

0) caM IMaroHaabHBIA BH/I.

3/1ech MPOMYCKU B MAaTPUIIAX — 3TO HYJIH.

Kakue u3 cnepyronmx Matpuil mogo6Hbs1? B ciiydasx moao0ust yKaku, C IOMOIIBIO KaKOH
MaTpHULbI MOXKHO U3 OJIHOM MOJIYYUTh JIPYTYIO:

Go Gy = (o) (6

4. Jlns Kaxaoro W3 CIEAYIOIIUX JUHEHHBIX OMepaTopoB B R® maiimu ero MaTpully B

CTaHJapTHOM Oa3uce, COOCTBEHHbIE 3HAYEHUS M COOCTBEHHBIE MOINPOCTPAHCTBA IS
BBIYUCIICHHBIX COOCTBEHHBIX 3HAUECHUI.

1. OTpakeHue OTHOCUTEIBHO IIOCKOCTH XY.

2. OproroHanbHas MPOEKIUS HA MJIOCKOCTh XZ.

3. IToBOpPOT IPOTUB YaCOBOM CTPEJIKK BOKPYT MOJIOKUTEIBHONW OCH X Ha yrou 90°.

5. Jnsa nuaroHanu3upyemoi Matpuilbl A Haittu Sin (A) u cos (A), eciu

,(* ‘U'-)_

IIpoBeps, BHIMOMHSETCS M paBeHCTBO Sin? (A) + cos? (A) = 1.

3aaHus AJ151 MPOMEKYTOYHOM aTTeCTAIMM 0 JMCHUILTHHE (MOAYJII0) 2 ceMecTp

Ne n/m 3ananue OTtBeT Komnerenunus

1 VYkaxuTe panr OumHeHoH GOpMBI, 3aJaHHON 3 OIIK-1
Matpuiiei 3X3 ¢ TpeMs HeHyJIeBBIMA COOCTBEHHBIMHU
3HAYCHHSIMH.

2 HazoBuTe cBolicTBO OMITMHEHHOM QOPMEI, eciu e CHUMMETPUYHOCTH OIIK-1
MaTpHIla paBHA TPAHCIIOHUPOBAHHOW MaTpHIIE.

3 Kax nHa3biBaeTcs cymma CUMMETPUUYECKON U OownuHeitHas Gopma OIIK-1
KOCOCUMMETPUYECKOH YacTei OMMMHEeHHON GopMbI?

4 CKoJIbKO COOCTBEHHBIX 3HAYCHUH Y CHMMETPHYECKON 4 OIIK-1
OounuHeiHo# GopMmel pazMepHocTH 4 Hag C?

5 HazoBuTe npusHak kBagpaTuaHO (GOPMBI, €ciu €€ MIOJIOXKUTENIBHAS [K-1
MaTpulla HOJIOKUTEIBHO ONpPEIENEHHA. ONpeeIEHHOCTh

6 CKOJIBKO TTOJIOKUTENBHBIX CIIara€MbIX B CUTHATYpe 2 IK-1
KBaJpaTUIHOHN (POPMBI ¢ MHACKCOM TOJIOKUTEIHLHOCTH 2
U oTpuuarenabHoctu 1?

7 Kax HaspIiBaeTcs MeTOI MPUBEACHUS CHMMETPHIECKON MeTo SIkoou OIIK-4
MaTpPHIBI K THAaTrOHAIBHOMY BUAY?

8 VYKaXUTE YUCIO0 BEKTOPOB B OPTOHOPMHUPOBAHHOM 5 OIIK-4
0asuce eBKIIMA0OBA IPOCTPAHCTBA Pa3MEPHOCTH 5.

9 UeMy paBHa JIJIMHA €JMHUYHOTO BEKTOPa B €BKJIUJOBOM 1 I1K-1
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IPOCTPaHCTBE?

10 | Kak Ha3bIBaeTCs HEPABEHCTBO, CBSI3BIBAIOIICE Komm- [IK-1
CKaJISIPHOE MPOU3BEICHIE U HOPMBI BEKTOPOB? bynsikosckoro

11 | CkoJIBKO BEKTOPOB COIEPIKUT OPTOTOHAILHAS CUCTEMA B 3 OIIK-1
R"37?

12 | HazoBute hopmyity, KOTOpasi BbIpaskaeT OPTOMPOCKIIUIO ¢dopmyna Atata OIIK-4
BEKTOpA Ha ITOIIPOCTPAHCTBO YePE3 MATPHILY
omeparopa.

13 | Kak Ha3bIBaeTCs POIIECC IOCTPOCHUS OpTOTrOHATU3ALUA IK-1.3
OPTOHOPMHUPOBAHHOTO 0a3uca U3 JTUHEHHO I'pama-IlImuara
HE3aBHCHMBIX BEKTOPOB?

14 | YkaxuTe 9UCIIO N3MEPEHHUI MPOCTPAHCTBA, ECITH 3 OIIK-1
napaenenuIies, TOCTPOSHHBIH Ha TPEX BEKTOpax,
nMeeT 00béM 0.

15 | Kak Ha3wIBaeTcCs TMHEHHBIN OTIepaTop, 3aJaHHbBII oOpaTHsIit OIIK-1
MaTpHIel, 00paTHOM K JaHHOH? orepaTop

16 | Ckosnbko cOOCTBEHHBIX 3HAYCHUH Y TUArOHAIN3YEMOTO 4 IK-1
oneparopa pazMmepHoctu 4 Hag C?

17 | Ha3oBuTe MUHMMAJIbHBIH MHOTOYWICH OIIEpaTopa, eCiin (A—2)*a(A+1)"b, IK-1
€ro XapaKkTepUCTUICCKUI MHOTOUIICH PaBeH roea,b<3mab>
A—2)"3(\+1). 1

18 | Kak Ha3wIBaeTcs omeparop, paBHbIN CBOEMY CaMOCOTPSIKEHHBII OIIK-4
CONPSKEHHOMY B €BKITHIOBOM IIPOCTPAHCTBE? (cumMMeTpuYeCcKHit)

orepaTop

19 | CkousbKo KIIETOK B )KOpAaHOBOM HOpMabHOH hopme 2 IK-1
HUJIBIIOTEHTHOTO OTIEPaTOpa pa3sMEPHOCTH 4 C HHIEKCOM
HUJIBIIOTEHTHOCTH 37

20 | Kak Ha3bIBaeTcs 6a3uc, B KOTOPOM MaTpHIla Oreparopa YKOpIaHOB 0asuc IK-1

HUMeeT )KOPAaHOBY HOpMaIIbHYIO hopmy?
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