ITPOTPAMMA ITHCBMEHHOTI'O 5K3AMEHA IIO KYPCY
«JIMHEMHAS AJITEBPA 1 TEOMETPHSI»

3A ITEPBBIM CEMECTP 2020/21 YYEBHOI'O I'OZIA

TEMA 1. EBKJIM/I0Ba IJIOCKOCTh, HepaBeHCTBa TpeyrojibHuKa 1 Komu — byHsakosckoro — [IIBapiia, JJIMHBI BEK-

TOPOB, OPHUEHTHUPOBAHHBIN YTOJI MeXy BeKTopaMu. ['eoMeTprueckoe onrcaHne NoJis KOMILIeKCHBIX K-
ceJl, eBKJIMJIOBA IJIOCKOCTh = KOMILIeKCHaA NpsaMas. TpuroHoMmerpudeckue ¢GOpMYJIbl CJI0XKEHUA apry-
MEHTOB U KpaTHBIX yIJjoB. ['pyIina ABMXeHUN eBKJINI0BOH IJIOCKOCTH, TeopeMa Illasnsa. I'pynna nmogobuii
€BKJIUAOBOU IIJIOCKOCTH, OMMcaHMe nofgobuil B TepMHUHAX KOMIJIEKCHBIX YHCeJI, CyllleCTBOBaHUeE HeIo-
IBMXXHOI TOYKH.
TIPEATIOJIATAET YMEHUE: 3HaMb NPUMepbl KOHKPENHbLX nposiésieHull HepageHcmaa Kowu — ByHsakoackozo — Illeapya;
HAaxo0ums OPMOZOHATIbHYI0 NPOEKYUI0 U HOPMAJTBHYI0 COCMAGTIUOUYI0 GeKMOPA OHOCUMETbHO OAHHOZ0 HEeHYJ1eB020
6eKmopa; HaxoOUMb PACCMOAHUA MeXcOy MOUKAMU, MOYKAMU U NPAMBIML, d MAaKwice yesibl Meicdy NPAMbIMU U Towadu
MpeyeosTbHUKOG U NAPAJLTEI0OZPAMMOE HA eBKJTUO0BOL IJTOCKOCTU; CB0600HO GbIYUCIIANTb ¢ KOMILTEKCHBIMU YUCTIAMLL,
8 UacmHoCcMu, 803600UMb UX @ JIi00ble Yestble CMeneHl; GbIUUCITAMb KOMNO3UYULU 0BUICEHULT TUTOCKOCMU, ONpedesIAnb
mun dgudxceHuA no kiaccupuxayuu lana; omtuuams cob6cmaeeHHble No0o6UA 0m HeCOGCMGEHHbIX, GbIULCIIAND KOM-
nosuyuu nodobull; HAX0O0UMb HeNOOBUNACHbIE MOYKU NOJOOULL

TEMA 2. BekTopHsble npoctpaHcTsa. [lopoxgarmmye Habopsl BEKTOPOB, JIMHEHAA 3aBUCUMOCTbD, JIEMMa O 3a-
MeHe, CyILIeCTBOBaHUE U CBOKCTBAa 6a31coB. Pa3MepHOCTh CyMMBI U TIepeceueHus MOANPOCTPAHCTB. [1ps-
MbIe CYMMBI BEKTOPHBIX IIPOCTPAHCTB Y MOANPOCTPAHCTB, JOMOJIHUTEIbHbBIE OAIpocTpaHcTBa. dakTop
IPOCTPAHCTBA, pa3MepPHOCTh aKTopa.

MIPEJITIOJIATAET YMEHME: Haxo0uns pasmepHOCMU U yKa3bleans 6a3uchl @ pa3HOOGPA3HBIX NPOCMPAHCMAAX; BbIAC-

HAMb, AGIAIOMCA JTU OAHHBLE BEKMOPbL JIUHEHO 3a8UCUMBIMU U/ WTU NOPONCOAOUUMLL GbLACHAMD, AGIAEMCA JIU CyMMAa
3a0aHHbIX NOONPOCMPAHCME NPAMOLL, a camil NOONPOCMPAHCMBA — OOMNOJTHUMETbHbLMIL

TEMA 3. JIuHeliHble O0TOOpakeHUsA, Pa3MepPHOCTh AApa U obpa3a, HeMyCThie CJIOU ABJIAIOTCA CABUTAMU AMd-
pa. Marpurija JuHelHOro oToOpaxxeHNsi, pa3MepPHOCTh IPOCTPAHCTBA JIMHEMHBIX OTOOpaxXeHM, MPou3-
BeJleHHe MaTpHUI] U KOMMO3UIUA 0ToOpaxkeHUI. BaxxHBIi MpuMep: NOJIUHOMUAJIbHAA MHTEPHOJIAIUA C
KpPaTHBIMU y3JIaMU.

[IPEJTIOJIATAET YMEHME: GbINUCHIGAMb MAMPUYY 0nepamopa 6 3a0aHHom 6azuce; Haxodums pazmepHocms a0pa u

o6pa_3a, a makjce yKasoleams G HUX AGHblE 6613qu1,’ HAaxXo0Uumb MHOZOWIEH C npebnucaHHszu cmpyAamu 6 3a0aHHBIX
mo4Kax.

TEMA 4. ApduHHBIE TPOCTPAHCTBA, apPUHM3AIMA BEKTOPHOTO IPOCTPAHCTBA U BeKTopu3auus apGuHHOrO
npocTtpaHcTBa. [lepeceuenne adpduHHBIX noAIpOCcTpaHCTB. APPuHHBIN penep 1 abdrUHHBIE KOOPANHA-
THL. LIeHTp TsXecTU B3BellIEHHBIX TOYEK, OapUIleHTpUYecKre KOMOMHaIMU TOveK, OapUlleHTpUYecKue
KOOPJVHATHI.
[IPEATIOJIATAET YMEHUE: Haxo0umnb pasmepHocmb a@puHHOl 060104KU 3a0aHHO20 HAbopa mouek, a maxice pas-
MepHOCmb nepeceueHUA ap@uUHHBLX NodNpocmpaHcmas, 3a0aHHbIX YPAGHEeHUAMU WU KaK ap@uHHble 060s10uKU HAabO-
P0G motex, subo 00KaA3bleaANtb, YMO MAKOe nepecedeHue mycmo; HaXoO0Uns YeHmp mAajicecmu U NPUMeHAMb meopemy o
2pynnupo8aHull Macc; Hanucams ypagHetue (cooma. HepageHcmao), 3adaiouyee @ apPuHHbLX WL 8 GAPUYEHMPUYECKUX
KOOpOUHAMAX 2UNepnIocKkocms (C00ma. NoIynocmpaHcmao) ¢ NpednuUCaHHbIMU 2e0MempUYecKUMU COLICMBamuL.

TEMA 5. AbduHHble oToOpaxeHus, auddepeHnuan appuHHOro oTodpaxeHus. I'pynmna apdrHHBIX Tpeobpa-
3oBaHuy, apduHHOE NpeodbpasoBaHre N-MEPHOro IPOCTPAHCTBA OAHO3HAYHO 3a4aéTCA CBOUM JICHCTBU-
eM Ha n + 1 Touek, He JiexalUuxX B OAHOU rumeprsiockoctu. [TonyadbdrHHbIe TpeoOpa3oBaHUsA, BCAKOE
nostyadpdraHoe nmpeobpaszoBanue ahdUHHOTO NPOCTPAHCTBA pa3MEPHOCTH > 2 HaA noJieM R, Q wn F,
adduHHO.

TIPEJTIOJIATAET YMEHUE: 0nucsl@ams o6passt U npooopasbl mouex, npsamuix u opyeux ¢ueyp npu 3adaHHsixX ag-
uHHBIX NPeoOPA308aAHUAX, A MAKIHCE HAXOOUMb HENOOBUNCHbIE MOYKU U UHBAPUAHMHble npsmble aPPUHHBIX Npeod-

DPazogaHull; npedvasaams ap@uHHble Npeodpazoeamus ¢ npednUCaHHbIM delicmauemM HA me Wil UHble Gueypsbl Wil
00Ka3vleams, Ymo maxux agp@uHHslx npeobpazosaHuli He cyujecmayem.



TEMA 6. Anire6pa MaTpull, acCOUATUBHOCTh YMHOXeHUA. MaTpula nepexoja oT 0JHOro Habopa BEKTOPOB K
apyroMmy. Mi3aMeHeHre MaTpUIlBl ollepaTopa Ipu cMeHe 6a3uca. O6paTuMble MaTpUIlBl, KpUTepun obpa-
TUMOCTH. OOpallleHre YHUTPeYTroJbHON MaTpUIlbl HaJ IPOM3BOJIBHBIM aCCOLATUBHBIM KOJIBLIOM. PaHr
MaTpHUIlbl: pa3MepHOCTh JIMHENHOUI 000JI0UYKH CTPOK paBHA pa3MepHOCTH JIMHEHHOU 060JI0YKH CTOJIOLOB.
TIPEJTIOJIATAET YMEHUE: c80000HO NEPeMHOICANb MAMPUYbL, NOJTyuams u3 0aHHOU mampuysl A mampuyy c npeo-
NUCAHHbIMU CMpoKamu u cm0ﬂ6ua1vlu npu nomowju yMHOMICeHUA mampuybsl A Ha nobxob;zu;yw mampuyy ¢ HyDICHOﬂ
CMOPOHbBL NPUMEHAMDb ma6ﬂuuy YMHOICEHUA 6a3UCHbBLX mampuy Ei j npu npakmu4ecKux Gbl4UC/IEHUAX; UCNOJIb306ANMb

MampuyHble 0603HaueHUst OJTA JTUHETHbLX GbIPANCEHULl 00HUX BeKMOpPOoa uepe3 Opyeue U cB060OHO 0nepupodams ¢ mMan-

puyamu nepexoda C,,,; Haxodums paHz mampuysl memodom I'aycca wiu no meopeme 06 OKAUMILAIOWUX MUHOPAX;

0YeHUBamMb PaHe NPou3BedeHUs U CyMMbl MAmpuy.

TEMA 7. KaueCcTBeHHBIH1 aHaJIM3 CUCTEM JIMHEHHBIX ypaBHEHUI: MaTpUYHAsA 3alMCh, UHTepIIpeTanusa B Tep-
MUHAaX JIMTHEeUHBIX 0TOOpakeHni, KpUTepUu paspenrMoCT, pasMepHOCTh U CTPYKTypa apPrUHHOTO npo-
CTpaHCTBa pelleHull, ajbTepHaTUBa OpeArosipMa U cueluaanusaliu BCero 3Toro AjA CUCTeM, Y KOTOPBIX
YKCJI0 YpPaBHEHUN PaBHO YKCJIy HEM3BECTHBIX.

[IPEJIIOJIATAET YMEHUE: 0YeHUBAMb PA3MePHOCb NPOCMPAHCMAA peuleHUll U GbIACHAMb, COBMECMHA JIU cucmema,
He pewas ypagHeHuUll AGHO.

TEMA 8. Metopa I'aycca: npeobpa3zoBaHrie MaTpUllbl K IpUBeAEHHOMY CTyIleH4aTOMY BHUY IIpU [TIOMOIIU 3JIe-

MEeHTApHBIX Onepalnuii HaJ cTpokaMu. Mcnosib3oBaHue Metojia I'aycca 1 oThicKaHUsA 6a3uica B JIMHEH-
HOI 000JI0YKe KOHEYHOTO0 MHOXEeCTBA BEKTOPOB, AJIA PelleHUs CUCTEeMbl JMHEUHBIX ypaBHEHUU, AJIA
aHajmM3a oOpaTUMOCTU U OThICKaHUA 0OpaTHON MaTpUIHl, AJIA OThICKaHUA Oasuca B sAfpe U obpaze Jiu-
HEIHOro oToOpakeHUs U B (pakTope KOOPANHATHOTO IIPOCTPAHCTBA MO JIMHENHON 000JI04Ke 3aJaHHOTO
KOHEYHOT'O MHOXXECTBa BeKTOPOB. KOMOMHATOPHBI THUI BEKTOPHOTO moAnpocTpaHcTea B k'™, eqMHCTBEH-
HOCTh 6a3uca ¢ IpuBeéHHON CTyleHYaTol MaTpullell kKoopAuHAT. [[Be cricTeMbl JJMHENHBIX YPaBHEHUH
MMeIOT OAHO U TO e IMIPOCTPAHCTBO pelleHU eCcJIU U TOJIBKO eCJId UX MaTpUllbl IpeoOpa3yiTcs K ou-
HaKOBOMY IIpHBeAEHHOMY CTyIleH4aTOMy BUAY.
TIPEATIOJIATAET YMEHHUE: npeoOpa3oesléams Mampuyy K npugedéHHOMY cmyneHuamomy 6udy U Haxooums eé€ pave, a
makdice 0OpaAMHy0 Mampuy, ecJiu NocaiedHAs Cyujecmayem; pazoesiims Heu3eecmHble @ cucmeme JIUHELHbIX YpagHe-
HUl Ha cB0O00HbIe U CBs3aHHble, YKA3bI3aMb Napamempuieckoe OnuUcaHue acex peuleHutl, a makdice agppumHslii penep 6
npocmpaxcmae peuteHutl; npedvasaams 6asuc 8 U u ¢ k™ /U da nodnpocmpancmea U C k™, 3adanHoeo cucmemoti siu-
HelHbLX 00HOPOOHBLX YPAGHEHUIL WU KaK JIUHelHAA 0060J10uka Habopa 8ekmopos; npedvAsams 6asuc e ker F u e im F
012 onepamopa F : k™ — k™, 3a0aHH0z0 A@HOL mampuyeli 8 AGHAX b6azucax.

TEMA 9. [IBOMICTBEHHOE IPOCTPAHCTBO, ABONCTBEHHBIE 0a31Chl, KOOPAWUHATHI JINHENHOM (POPMEL B JBOVICTBEH-
HoM Gasuce. Byiioxenue V < V** u uzomopdpusm V = V** s koHeuHoMepHOro V. 3agaHue MOAIPO-
CTPaHCTB CUCTEMaMU OJHOPOAHBIX yPaBHEHUI: aHHYJIATOPH, 6uekuusa U <« AnnU Mexay NOAIPOCTPaH-
CTBaMH AOIOJIHUTEJIbHBIX pa3MepHOCTel B V 1 B V* MHBOJIIOTUBHA, OOpaIlaeT BKJIIOYEHUA U TEPEBOAUT
CYMMBHI B [lepeceuyeHus], a nepeceueHus — B CyMMBL. [IpocTpaHcTBa, ABONCTBEHHBIE K MOAIIPOCTPAHCTBY
1 K GakTop MPOCTPAHCTBY, ONMCAHUE JBOMCTBEHHOI'0 IPOCTPAHCTBA K JIMHENHOI 000JI04Ke 3aJaHHOI0
Habopa BEKTOpPOB, paHT MaTPHI[Bl. [[BOIICTBEeHHbIE JIMHEIHble 0TOOpaXeHus, CBA3b MeXy UX AApaMu U
o6pazamu.

TIPELTIOJIATAET YMEHUE: 0nucsi8ams 6a3uc, 080licmaeHHblll K O0aHHOMY; Hanucamvs mampuyy 08oliCmeeHH020 one-
pamopa e deoiicmeeHHOM 6a3uce; Haxo0umb PA3MepHOCMb, yKa3bleamnb 6asuc u 3adagams YPAGHEHUAMU GEKIMOPHbLE

noonpocmparcmaa euda U + W u U n W, ectu uzgecmHsl 8ekmopsl, hopodcdarowyue nodonpocmparicmaa U, W c k",
U/Wiu JTUHeliHble ypasHeHUs, 3adaroujue 5mu nodnpocmpaHcmada.

TEMA 10. O6B5M OpUeHTUPOBAHHOTO Mapasiiejenuneaa, NOJIUINHEeNHble KOCOCUMMETPUYHBIE U 3HAKOIe-
peMeHHble (POPMBI, TPOCTPAHCTBO KOCOCUMMETPUYHBIX N-JIMHEHNHBIX GOPM Ha n-MEPHOM IPOCTPAHCTBE
OfHOMepHO. YETHOCTh M AJINHA MEepPeCTaHOBKM, 3HAK TaCywIlel mepecTaHOBKU. OmpedennTesib KBaM-
paTHOM MaTPUIlL: TOJTUIUHENHOCTh, THBAPUAHTHOCTh OTHOCUTEJIBHO TPAaHCIIOHUPOBAHMSA, MYJIbTUILIIN-
KaTuBHOCTE. [IpaBuna Kpamepa ajisA pemeHurs HEBHIDOXKAEHHBIX CUCTEM U3 N HEOOAHOPOAHBIX U n — 1
OJIHOPOHBIX JIMHEMHBIX YPABHEHUI Ha n HEU3BECTHHIX. [IpricoeIMHEHHAA MATPUIA, TOXKIAeCTBO A - AY =
= AY.A = det(A)-E nJia MaTpuI| ¢ 3JIEMEHTaMH U3 IPOU3BOJIBHOIO KOMMYTAaTUBHOI'O KOJIbI[A C €qUHUILEN,



ABHAsA ¢popmyJia [y 06paTHOM MaTpulisl. MaTpHIls ¢ 3j1eMeHTaMU B ajiredOpe MHOIO4JIEeHOB = MHOTOuJIe-
HHI ¢ Ko3dduIrieHTaMU B anrebpe MaTpUll, XapaKTepUCTUYeCKUI MHOTOYJIeH U TOXAecTBO ['aMuiIbTOHA —
Kasau. I'paccMaHOBB MHOTOYJIEHB!, JIMHEMHBIE 3aMeHbl IepeMeHHBIX 1 MUHOPEHI, GopMyJisl Jlamiaca ais
pasJioxkeHus onpenesinuTesia 10 Habopy CTPOK UJIK CTOJIOIOB, KBaApaTU4HOe cooTHomeHue [Tmokkepa.

TIPETIOJIATAET YMEHHUE: Haxo0ums 3HAKU NepecmaHoB80K; GbIYUCAMb onpedestumesti U MUHOPbL PA3HOOODA3HBIX
mampuy; Oblcmpo obpawjams Mampuysl pasmepa 2 X 2 u 3 X 3 u pewams cucmemst u3 08yxX HeOOHOPOOHbIX (COOMG.

0OHOPOOHDLX) JTUHELHbLX YPAGHEHULL Ha 08e (COOMa8. mpu) HeU38eCMHbLX; CB0O0OHO GbIUUCIAMD C ZPACCMAHOBHIMU MHO-
20WTIEHAMLL

TEMA 11. IIpocTpaHcTBa ¢ oneparopamMu: roMoMopdu3Mbl U n3oMopdu3Mel (1mogobws), (He)npuBOgUMOCTbD,
(HEe)pasJIoXUMOCTh, IPHUMePhl Hepa3JIOXKUMBIX IPUBOJUMBIX OIIEPaTOPOB. XapaKTepUCTUYECKUN U MUHU-
MaJIbHBII MHOTOYJIEHBI JINHEMHOro onepaTtopa. CriekTp onepatropa, coOOCTBEHHbIE 4Kcjia U COOCTBEHHBIE
HNOANPOCTPAHCTBA, CyMMa COOCTBEHHBIX MOJANPOCTPAHCTB C Pa3HBIMU COOCTBEHHBIMM YKCJIaMU ABJIAET-
cs npAMoi. PazioxeHre MPOCTPAHCTBA C ONEPATOPOM IO Pa3JI0KEHUI0 aHHYJIMPYIOLIETO 3TOT OIlepaTop
MHOTOWIeHa Ha B3aMHO IIPOCThle MHOXHUTe M. KopHeBble NOANPOCTPAHCTBA 1 KOPHEBOE pa3JioXeHue.
BerunicieHre GyHKIMI OT MaTPUI] U OllepaTOPOB MIPH IOMOIIY ITOJIMHOMUAIBHON UHTEPIOJIALUY CTPYH
B KOPHAX aHHYJIMPYIOL[ero MHOrouleHa. /[naroHajan3yeMble OlepaTopbl, KpUTepUn JuaroHajan3yeMo-
ctu. Obue cobcTBeHHbIE BEKTOPhl KOMMYTHPYIOIMX OIepaTopoB, OJHOBpeMeHHas AuaroHau3anus
KOMMYTHPYIOIMX AUaroHaJIN3yeMbIX ollepaTopoB. HUIbNOTEHTHBIE ONepaTopH], CylieCTBOBaHUE XKOp-
JaHoBa 6asuca, nuksoBoi tum. PasnoxeHue JXXopaaHa, )xopJjaHOBa HOpMaJsibHasA opMa MaTpUIIBI HaA
anrebpanyecky 3aMKHYTHIM OJIEM.

[IPEJTIOJIATAET YMEHUE: HaXo0ums Xapakmepucmuyeckutl U MUHUMMIbHbIL MHOZOWTEHbL, CNeKmp, cOOCmaeHHble
U KOpHegble NodnpocmpaHcmead 0aHHOZO0 Onepamopa Wil Mampuybl; GbI4UCIAMb aHATUmMuYeckue QyHKyuu om one-
Dpamoposé U Mampuy; 8bIACHANb, OUACOHATU3YeM JIU OAHHBLI Onepamop; Haxooums YuKJI08ol Mun HWIbNOMEHMHOZ0
onepamopa.



