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PepaxTop FO.1 . Xynak

KonTposbable 3aaHus coiepKaT TUIIOBbIE PACIeThl 1Mo aJredbpe n
reOMeTpuH, TpeaHasHadeHuble JUid CTYJAeHToB I Kypca JHEBHOTO OT-
nesienns. TUoBbIe pacdeThl BBITOJTHAIOTC CTYIeHTaMIA B TTUCHMEHHOM
BUJIE U CJIAI0TCS TIPenogaBaTe o JI0 Hadaia 3ad9eTHoi ceccnn. Bompochr
K 334eTy WK 9K3aMeHYy MOI'YT ObIThb YTOYHEHbBI U JIOIIOJHEHbBI JIEKTOPOM.
[Tpn cocraBiennn KOHTPOJILHBIX 3aJIaHUil 38 OCHOBY OBIIN B3STHI TH-
MOBBIE pacdeThl, pa3zpadoTaHible KOJJIEKTUBOM KadeIphl BHICIIEH Ma-
TeMaTUKU.

[TeuaTatoTes 110 peleHnio peJlakIMOHHO-U3/IaTebCKOTO COBETa, YHU-
BepCUTETA.

Pentensentor: 1.A.Cososben
A }O.BosioBukosn

KOHTpOHbeIG 3aJlaHus HalledaTaHbl B aBTOpCKOﬁ peaaxKIun

[Mognucano B nedats  .06.2007. @opmar 60x84 1/16.
Bywmara odcernas. [Teaats odeernas.
Year. ned. . 2,32, Y. Kp.-oTT. 9,28, Ya.-u3n. . 2,0.
Tupazx 600 sx3. C

['ocymapcTBennoe obpasoBaTe/ibHoe yUperKenne
BBICIIIET'O ITPOMECCUOHAIBHOI0 00pa30BaHMSI
“MocKkoBCKIiT TOCYIAPCTBEHHBI NHCTUTYT PAJIMOTEXHUKH,
9JIEKTPOHVKY ¥ aBTOMATHKH (TeXHUUECKUil yHUBepcuTeT)”
119454, Mockna, npoct. Beprajickoro, 78



TeopeTuydeckue BOIIPOCHI

TumnoBoit pacuer Nel oxBaTbIBaeT CJIEAYIOIINE TEMbI:

1. Oupenenurenn (cm. [2; ri.1, §81-6], [3; rr. 3, §81, 4.1], [4; .
I, 8§82, 3, . VI, 8§81, 2])

1.1. Csoticmea onpedeaumenct. [lousitue onpeaennTesnss n-ro 1o-
psjika. IIpasuio Cappiroca juist n = 2, 3. OcHoBHbIE CBOCTBa OlIpe/ie-
JIUTEJeH.

1.2. Pasnooicenue onpedesumens no cmpore u cmoabyy. Muarops
1 ajrebpandecKue gomnojiHeHnst. Pasmoykenne ompenenTesst o CTPOoKe
¥ CTOJIOIY W CJICACTBUE U3 HETrO. 1 PeyroyibHBIN U JUArOHAJIBHBIN Olpe-
jesaresn. Oupejesuresb Banjepmon)ia. Pellenne cucrem 110 npasuiy
Kpamepa.

2. KomniekcHbie yncia u MHOTOYJIEHBI (cM. |1; §85.3-5.5]; [2;
ro. 11 §2]; [3; rur.1 §5])

2.1. Honamue xomnaexcrnozo wucia (k.4.) OnpeaeseHune KOMILICKC-
HBIX 91CeT U JieicTBust ¢ HuMu. AJredpandecKas 3alich K.4., ero Ieo-
MeTpudeckoe m3obpaskenre. Moayrh 1 apryMeHT, TPUTOHOMETPUIECKasT
dopma K.9. YMHOXKEHNE, JAeJeHue K.9. B TPUrOHOMETPUIecKoi hopMme.

2.2. Komnaexchoie wucaa 6 noxasdamesvhoti popme. Popmyiabl Jii-
Jepa, nokasaresibHast popMa K.d. Y MHOXKEHUE, JiejIeHre, BO3Be/IeHIe B
CTEIICHb U U3BJICUCHNE KOPHs U3 K.4. B 1oKasarebHoii (popme. Corpsi-
Kenue K.4. u ero cpoiictsa. @opmyna Myaspa.

2.3. Paznooicenue mrnozounenos 1a mrootcument. Cloxkenue u yMHO-
yKeHre MHOIO4JIeHOB. JleseHne MHOIOUIEHOB ¢ ocTaTKOM. Teopema Be-
3y. Kparnoctb kophsi. OcHoBHast TeopeMa, ajiredbpbl. Pasjioxkenue MHO-
rovJIeHa ¢ BEIIeCTBEHHBIMI KoM DUIMEeHTaMI Ha JIMHEHHbIe N KBaIpa-
TUYHbIE MHOXKUTEJN. PasjioykeHne MHOTOYJIEHa Ha, JIMHEHHbIE MHOMKU-
TEeJIN.

3. Aarebpa marpur (cm. |2; tr. 1 8§87, 8]; [3; 1. 3 §2]; [4; . V
§3])

3.1. Ymroorcenue mampuy. CiroskeHre MaTPUIL 1 YMHOXKEHUE X Ha,
qucsa. Y MHOXKEHUE MATPUIL B €10 CBOHCTBA (POJIh €JIMHUIHON MaTpu-
IbI, JUCTPUOYTUBHOCTH, TPAHCIIOHUPOBAHNE MPOU3BEICHU, acCcOla-
TUBHOCTH ). CBOficTBA YMHOXKEHUST KBaJpaTHBIX Marpuil. Teopema 00
OIIpEeICJINTEIC KBAJIPATHBIX MATPHUIIL.



3.2. Obpammnas mampuuae. Oupenesnenne oOpaTHON MATPUIILI U ee
cBOiCTBA (€IMHCTBEHHOCTD, OOpaTHAST MATPHIA JJIsT TPOU3BE/ICHNUS ).
Kpurepuii cyliecTBoBaHusl U BbIUKCIeHHe 00paTHO! MaTpulibl. Perre-
HUE C ee MTOMOIBIO MATPUIHLIX YPaBHEHUN W CUCTEM JUHEHHDIX ypaB-
HEHUA.

4. Jluueiiabie ipoctpancTBa (cm. |2; il §83, 4], [3; ru. 4 §1],
14; 1.V §2])

4.1. [Tonamue sunetinozo npocmparcmea. AKCHOMBI IUHEHHOTO TTPO-
CTPaHCTBA W CJCACTBUS M3 HUX. [IpmMepbl JUHEHHBIX TPOCTPAHCTB:
V3, R" Py, My, Cla, 8]. Jlnneiinoe moanpocTpaHCTBO, JIMHEHAs 060-
JIOYKa, CHCTEMBI BEKTOPOB.

4.2. Jlunetinas 3a6UcCuUMOCmd U HEZABUCUMOCTID CUCTMEMDL BEKMO-
pos. CBoiicTBa JIMHEHHON 3aBUCUMOCTH M He3aBUCUMOCTH. Kpurepwuii
JIMHEHOM 3aBucuMOcTH. ['eoMeTprdecKuil ¢cMbICJI JIMHEHHON 3aBUCUMO-
CTH JIBYX U TPEX TCOMETPUICCKUX BEKTOPOB.

4.3. Pare cucmemor sexmopos. Onipejiesennie panra u 0asbl JIJIst CH-
cTeMbl BEKTOpOB. Jlnneiinas 0060J0UKa CUCTEMBI U ee Da3bl, UX COBIIA-
nenne. CoxpaHeHue paHra CUCTeMbl Ipu 100aB/IeHIN K Heil BEKTOpa 13
JMHeRHoi obosiouku. Kpurepuit 6a3bl.

4.4. Coxpanernue parea CuCmMeMb, 6EKMOPOS NPU INEMEHTAPHBLE
npeobpasosanuAr. B3auMoCBsI3b PAHIOB JIBYX CUCTEM, KOI'Jia BEKTOPHI
OJIHOM CHUCTEMDbI JIMHEHHO BbIPAXKAIOTCH YEPEe3 BEKTOPbI JIPYIoh. Jie-
MeHTapHbIe TTPeodPA30BaHUs CUCTEMBI BEKTOPOB W COXPaHEHWe paHTa
CUCTEMBI TIPY WX BBITTOJTHEHUN.

4.5. Basuc u pazmeprocmo aunetinozo npocmparcmea. Onpesiene-
Hue Oasuca m pasMmepHocTH. Kpurepmnii 0a3MCHOCTU CUCTEMBI BEKTO-
poB (JMHElHAsT HE3ABUCUMOCTD U TIOJHOTA). [IpuMepbl TMHEHHBIX TTPO-
crpancts u Gasucol B uux (V3 R, Py, My,y,). Tlpumep Geckonednomep-
HOTO JIMTHEHHOTO TTPOCTPAHCTBA.

4.6. Koopdunamui sexmopos 6 bazuce. O JHOBHATHOCTD PABJIOXKEHUSI
BeKTOpa 1o Oazucy. Koopannarsl BeKTopa. JImHeinbie onepamuu Hal
BEKTOpaMI B KOOPJIMHATAX.

4.7. Jlunetinoe nodnpocmpancmaeo u AUNHEiNaA 00040%KG CUCTEMDL
6ekmopos (Kak MOAIPOCTPAHCTBO). Basnc u pasMepHOCTh JMHEHHOI
000JI0OUKK ¥ ToJIIpocTpancTBa. JlonoaHenue 6a3uca moIpocTPaHCTBa,
J10 H6azKca JMHEHHOIO IIPOCTPAHCTBA.



TurmoBoit pacuer N°2 oxBaTbIBaeT CJIEAYIOIINE TE€MbI:

5. Teopus cucrem suHeHbIX ypaBHeHU (oM. [2; 1.1 §89-11],
3; ru1. 3 §83,4], [4; ro. VII §81-3])

5.1. Pane mampuyw. Ilonsite panra marpunbl. CoxpaHeHue ero
IpU TPaHCIIOHUPOBaHuU. Teopema o OazucHOM MuHOpe. Kpurepwnii pa-
BeHCTBa onpejenuresis Hymao. CoBlajieHne paHra MaTPHIbl ¢ PAHIOM
CHCTEMbI CTPOK (CTOJIOIIOB) MaTPHUIIbL.

5.2. Ilpusedenue mampuiol K cmynensamomy u npocmeiuemy 6u-
dy. CoxpaHeHue paHra MaTPHUIIbI IPK JIEMEHTAPHBIX ITPE0OPa30BAHUSIX.
Marpuna crynendaroro Bujia u ee panr. [Ipusejienue Mmarpuiibl K cTy-
nmeHvIaToMy BuTy (Tpsimoit xoi Metosia laycca). [lpusenenne crymenta-
TOU MaTPUILI K IPOCTENINEMY BUTY <O6paTHbII7I XOJ MeToJia Faycca).

5.3. Pewenue cucmem aunetinur ypasnenuli memodom [aycca. Mar-
pUIla CUCTEMBI U €€ PaCIIupPEeHHasT MaTpHUIa. JJeMeHTapHbIe Mpeodpa-
30BaHUsI CHUCTEMbI I €e pacIipeHHO MaTpuIlbl 1o MeToy [aycca. Kpu-
Tepuii COBMeCTHOCTH cucTeMbl (Teopema Kporekepa-Karmesin) n egun-
CTBEHHOCTH DeIIeHUs.

5.4. ITocmpoenue obwezo pewenua 0drnopodrot cucmemor. Kpute-
pU#l CymIecTBOBAHUS HEHYJIEBBIX peIIeHU OJHOPOJIHON CUCTEMbI JINHEH-
HBIX ypaBHEHUIl (BbLICINTD ciyuail KBapaTHOil cucrembr). Jluneiinoe
IPOCTPAHCTBO PeIIeHnii 0JIHOPOJIHON CUCTEMBI, €I'0 PasMepHOCTb U Ha-
suc (ynjaMmenTajibiast cucrema perienuii). CTpykTypa obIero perie-
HSI.

6. Jluneituabie omeparopsr (cM. |2; ru. 111, §§1-4, 6-9], [3; r1. IV,
82|, [4; rr. IX, §85.6])

6.1. Junetinoie onepamopvs u ux mampuys. longaTtre guHEtHOTO
OllepaTOpa, €ro cBocTBa U mpuMepbl. MaTpuna JnHeiiHOro oneparopa
B jaHHOM DOasuce. BekTopHO-MaTpuuHast 3alliCh JeHCTBUSA JTUHEHHOIO
orieparTopa.

6.2. Jleticmeusa ¢ onepamopamiy U UL MEMPUUAMU. Y MHOKEHIC
JIMHEIHBIX OIEPATOPOB Ha UKCJIO, CJAOXKEHHE U YMHOXKEHUE OlepaTo-
pos. CoorBercrBylolue JeficTBus ¢ MarpuiiaMu oreparopos. OOpat-
HBII oTIepaTop 1 oOpaTHasi MaTPUILA.

6.3. Samena 6aszuca. Marpuna mepexona OT OZHOrO Dasmca K Jpy-
romy. IIpeobpaszoBaHue KoopiuHAT BEKTODa IPU IEPEXOje K HOBOMY



basucy.

6.4. Mampuuwvs sunetinozo onepamopa 6 pasnolr basucax. I1peodbpa-
30BaHUEe MATPUIbI JJUHEHHOIO ollepaTopa IIPH Iepexojie K HOBOMY 0a3u-
cy. Ilojgobue matpuil u ero cpoiicrsa. VHBapHaHTHOCTH OIIPEIE/INTEIId
MaTPUIbI JIMHEHHOT'O ollepaTopa Hpu 3aMeHe 0a3uca.

6.5. Cobcmeernvie 3nauenus u coocmeennvie eexmopol. TToHsaTHS
cOOCTBEHHOI'O 3HaUYeHMs U COOCTBEHHOI'O BEKTOPa JIMHEHHOI'O OlepaTo-
pa, ux o0IIMe cBoiicTBa. JIMHeHAsS HEe3aBUCUMOCTDL COOCTBEHHBIX BEK-
TOPOB, OTBEYAIOIINX PA3HbIM COOCTBEHHBIM 3HaUeHusIM. OriepaTop 1npo-
CTOrO THUIIA, JUArOHAJIN3YEMOCTb ero MaTpuilbl. Jocrarounoe yciaobue
orepaTopa mnpoctoro Tuna. [Ipumep orneparopa HEIPOCTOIO THUIIA.

6.6. Hazxoorcdenue cobecmeennvlr 3nauenuts U coOCMBEHHLT 6Ek-
mopos. XapaKTepuCcTuiyecKnii MHOIOUJIEH, HAXOXKJieHue COOCTBEHHbIX
3HAUEHUI 1 COOCTBEHHBIX BEKTOPOB € TTOMOIIBIO XapaKTepUCTIIECKOro
ypapHenus. HBapuanTHOCThL COOCTBEHHBIX 3HAUCHUM, Cie/la U OTpe;ie-
JIUTEJIst MATPUILI JIMHEHHOT'O OIIEPaTOpa.

7. Bununeiinbie u KBajipaTudnabie popmbr (eM. [2; rr. VI, §§1-
5], [3; rr. IV, §3], [4; ror. IX, §§2-4])

7.1. Buaunetinas opma u ee mampuya. ITonsrue Oununeitroi pop-
Mbl. MaTrpuna dpopmbl. KoopjiuHaTHasi 1 BEKTOPHO-MATPUUIHAS 3alIUCh
dopwmbl. [IpeobpazoBanne marpuiibl (popMbl LIpu 3aMene Dasuca. Knaj-
paTuaHas gpopMa, MoPoKIeHHass CAMMETPUIHON OMIMHERHOI (hOpMOI,
ee KOODJIMHATHAS U BEKTOPHO-MATPUUIHAS 3aIINCh.

7.2. IIpusedenue xeadpamuumnoti Gopmol K KAHONUMECKOMY U HOP-
MaAbHOMY 6udy. KaHoHMUeCcKUil ¥ HOpMAaJIbHBIN BUJL KBaJpaTUIHON
dopmbl. [Tpuseienne popMbl K KAHOHUYECKOMY BHY METOI0M JlarpaH-
’Ka. 3aKOH MHepIuU KBaJpaTudHbix dpopM. IlosoxKkureabHblit 1 oTpu-
MaTeIbHBIN WHAEKCH (POPMBI, panT (DOPMHI.

7.3. Snaxoonpedesennan keadpamunria Gopma, €€ NHJICKCHI 1 PAHI.
Kpurepnit CubBecTpa MOJOXKUTETHHON (OTPUIATEIBHOIT) OTIpe/iesieH-
HOCTH KBa/IPaTUIHON POPMBI.

8. EBkuimioBbl mpoctpasctBa (cm. [2; r. [V, §§81-3, . V, §§2-
4], 13; . IV, §81, 2], [4; . X, §§1-4])

8.1. Eekaudoso npocmparncmeo. EBKIUIOBO cKaJIIpHOE TTPOU3BE/IE-
Hue. IIpuMmepbl eBKINI0BBIX TpocTpaHcTB. Hepapencrso Kormmm-bywHs-
KOBCKOI'0. JIJIMHBI BEKTOPOB U yIvibl MexKjy Humu. CBOWCTBA JIJIMHbI



BEKTOPA.

8.2. Mampuua I'pama. Marputia ['pama ckaJasgpHOTO TTPOU3BE/ICHUSI,
ero KOOP/IMHATHAs U BEKTOPHO-MaTpUIHas 3anucu. Kpurepuit maTpu-
bl I'pama. IIpeobpasosanne marpuiibl ['pama npu 3amene dasuca.

8.3. Opmoropmuposanrivil basuc. JInneitnas He3aBUCUMOCTH OPTO-
I'OHAJILHOI cHUCTeMbl BeKTOPOB. OpTOroHajbHBI U OPTOHOPMUPOBAH-
HbI# 6a3MChl. 3alUch MaTPUITLL ['paMa, CKaJsipHOrO IPOU3BEACHMSA, 1~
HbI BEKTOPa B OPTOI'OHAJBLHOM M OPTOHOPpMHUPOBaHHOM Oasucax. Mero
OpTOrOHAJIM3AINN Da3uUCcA.

8.4. Conpasicennvie u camoconpasicennvie onepamopo.. Nx marpu-
ITbI.

8.5. Opmoezonanvroe npeobpasosanue. Ero matpura, csoiictsa. [1pu-
BeJIeHUEe KBaApPaTHIHON (DOPMbI K KAHOHUIECKOMY BHUJLY C IOMOIIBIO
OPTOI'OHAJIBLHOI'O 11PE0OPA30BAHMSI.

VYKa3aHnsd 0 BBINOJHEHUIO 1 cdavde THUIIOBOIo pacdeTa

1. Tunopoit pacuer cocTouT U3 Tpex pazjenon: “‘Teopernueckue yi-
paxkuenust ; “IIpakruaeckue 3ajanust’; “KOHTPOJIbHBIE BOIPOCHI .

2. B nagajsie paszgena “ Teopemuueckue ynpaxcHenus TpUBeJIeHa,
Ta0JINIA paclpejiesieHus] YIIpaXKHeHn 110 BapuaHTaM. Y Ka3aHHbIE B
Hell yIpaykKHEHUS BBIMOJIHIIOTCS CTYIEHTOM IIMCbMEHHO; KPOME TOro,
CTYJCHT JOJI?KCH OBITh TOTOB K BBIIOJHEHUIO OCTAJIbHBIX YIIPAYKHEHMI
IPH ¢jlade TUIIOBOI'O pacdera.

3. Bce mpakTudeckme 3aJaHUS BBITOJIHSIIOTCS CTYIEHTOM MUCh-
MEHHO B COOTBETCTBUU C OIPeJIeJIeHHBIM BapUAHTOM.

4. Ilpu cpage THIOBOrO pacdeTa CTYAEHTY IIPEIAraioTcs HEKOTO-
PBIE KOHMPOALHDIE GONPOCH, U3 TTPUBEICHHOTO CIIUCKA.

5. Ilpu c¢jade TuioBoro pacuera ods3arTesibHbIM SBJISETCH 3HAHKUE
OCHOBHBIL ONPEJENEHUT U POPMYAUPOBOK MEOPEM TIO TIEPEIUCTEHHBIM
BBIIIIE TEMaM.

6. [To pe3y/ibraTaM cjiaum TUIIOBOI'O pacdeTa CTYAEHTY BbICTABJISCT-
Cs1 OICHKA.

7. 3HaKOM TTOMEeUEeHbI JOMOJHUTETHLHBIE TEOPETHIECKNe YITPask-
HeHMsI, TpaKTUIecKre 3a/laHns 1 KOHTPOJIbHBIE BOIIpOchl. OHM paccau-
TaHbl HA CTYJIEHTOB, IIPETEH/IYVIONINX Ha OTJUYIHYIO OLEHKY, 1 HE SIBJIs-
FOTCS 00s13ATE/IBHBIMI JJIsT OCTAJIBHBIX CTYICHTOB.

(ko



TUTIOBOW PACYET Nel
Teopernveckne ynpakHeHUS

Yupaxnenns 1, 4, 5, 6 - i BceX BapuaHTOB; OCTaJbHBIE 331891
PaCIpeIesIATOTCS TPEToaBaTeIeM.

1. Boisectu dopmysty Capproca jiisi BbIUUC/IEHUS OLPEJIEUTe 15
TPETHEro TOPSIJKA, NCXOs U3 00IIero ornpejeeHus.

2. Bruectn hbopmysinr Kpamepa Ui perenusi CUCTeMbl TPEX JIH-
HEHBIX YPaBHEHUII ¢ TPeMsi HEM3BECTHBIMU, OIMPAasCh Ha TEOPEMY O
pas/IoyKEHUH OIPEJAEJUTENS 110 CTPOKAM U CTOJIOIAM.

Hokazarb cienylolme CaejcTBus U3 akKCHOM JIMHEHHOI'O Ipo-
cTpaHcTBa L:
a) CZIMHCTBEHHOCTD HPOTHBONIOIOMKHOTO 3JICMEHTa;
0) « 0 — 0 7151 1106010 (v € R;
B) (—a)f = —af; a(—7) = —af s maobbix a € R, T € L;
r) (o —B)T = af — BT; a(Z—Y) = af — ay s 106bIx « € R; T, ¢ € L.

4. ILOKaSaTb, qTO JIMHENHO 3aBUCUMA, BCSIKAsi CUCTEMa BEKTOPOB, KO-
TOpas COJCPKUT: &) HYJCBOH BEKTOD; 0) jiBa PABHBIX BEKTOpa; B) JIBa
TPOTIOPIIMOHAJLHBIX BEKTOPA; T') JIMHEHHO 3aBUCHMYT0 TTojicucTeMy. Ka-
KOe U3 9TUX yTBep:KjeHuii camoe obmiee? [lokazaTh, 4To BesKas 110/1-
cucTeMa JIMHEMHO HE3aBUCUMOU CUCTEMbl TOXKE JIMHEHO He3aBUCUMA.

5. Haittu pazmepHocTh 1 yKazaTh Kakoi-HuOy/ b Oa3uc JIMHEHHOro
HPOCTPpaHCTBa My, BCEX IPAMOYIOJbHBIX MATPUI] PA3MEPOM M X N.

6. JokazaTnh, uTo MHOXKecTBO M 00pasyeT JUHEeHHOoe MOATPOCTPaH-
CTBO B IIPOCTPAHCTBE BCEX MPSIMOYTOJbHBIX MATPHUIL JAHHOI'O Pa3sMepa:

No M - MHOXKEeCTBO Beex MaTPUIL yKa3aHHOTO B/
Bap.
1-4, | a) permenust MaTpuaHOroO ypasaerns AX = 0 ¢ JaHHONH MaT-

14,17, | puneit A;

27-30 | 6) MaTPUIBI, TTEPECTAHOBOYHbIC ¢ JAHHOM MaTpuieil A n-ro
nopsizika (T.e. AX = XA)

5-7, a) MaTpUIIbl, aHTUIIEPECTAHOBOUHBIE € JIaHHON MaTpuiei A
15,16, | n-ro mopsizika (T.e. AX = —XA);

24-26 | 6) cUMMeTpUUHbIE MATPHILL n-I0 Hopsjika (T.e. X1 = X)




8,9, | a) KOCOCMMMETPUUHBIE MATPULILL n-T0 HopsijiKa (T. ¢. X1 =-X);
22,23 | 6) BEepXHETPEYTOJbHBIC MATPHUIIBI n-TO MOPSJIKA ¢ HYJICBBIM
CJIeI0M

10,11,| a) MaTpHUIbl n-TO MOPsIJIKA ¢ HYJIEBBIMU CyMMaMU JIEMEHTOB
20,21 | BIOJIb IJIABHOM 1 BJIOJIb IIOOOYHON JUATOHAJIN;

0) MATPHUIIBI M XN ¢ OJIMHAKOBBIME CyMMAMUE 3JICMEHTOB BJIOJIb
711000 CTPOKU U BAOJIB JIIOOOTO CTOJIOIA

12,13,| a) MaTpUIBl M X n ¢ HYJEBBIMI CyMMaMK 9JIEMEHTOB BJIOJIb
18,19 | yi10boit cTpoKK U BJ10JIb JIOO0I0 CTOJI011A;

0) MATPHIIBI M XN ¢ OITHAKOBBIME CYMMAaMHU 3JIEMEHTOB BJI0JTh
JI000I CTPOKN

7. Hokazarh jucTpuOyTUBHOCTD YMHOXKEHU LIPAMOYI'OJIbHBIX MaT-
put: A(B+C) = AB+ AC.

8. Jlokazarh cBO#CTBA TPAHCIOHUPOBAHUS MPAMOYTOJBHBIX MaT-
put; a) (AT =4; 6) (AB)! = BT AT,

B) A= B- BT — cummMerpuunas MaTpuIa;
r) nycrb A, B — CUMMETPUIHBIC MATPUIIBI, TOIJIA

A - B cummerpuuta < AB = BA;

1) MOy KBAJpATHYIO MATPUIY A MOXKHO €TMHCTBEHHBIM 00Pa3oM
npeJicTaBuTh B Bujie A = B+ C, rjie B cuMmMmerpudHa, C' KOCOCUMMET-
pUYHA.

9. Jlokasarb cBoficTBa 0OpATHON MATPHUIIBL &) CJIMHCTBECHHOCTD; 0)
(A Ht=A4;8) (AB)"1=B71A"L.

10*. Ilyctn A = (a45), 1 < i,j < n, — (nxn) marpuna. Cieg MaTpurbl
tr A — 9T0 cyMMa JMaroHaJIbHBIX 9J1eMeHTOB: tr A = a11 + a2+ -+ anp.
a) JlokazaTh, 9TO Cjieji TPOU3BEJICHUsT HE 3aBUCAT OT MOPsijIKa COMHO-
xureseit: tr AB = tr BA.

0) Jokaszars, aTo He cyiecTByeT MaTputl A u B Takux, 910 AB— BA =
E, rne F — equHndHadg (n X n)-MaTpHUIA.

11, Onupasich Ha TeopeMy o JIOHOJHEHnH Da3uca, IOAIPOCTPAHCTBA
70 Dasnca BCEro MPOCTPAHCTBA, /10Ka3aTh, UTO JJI JI0O0TO TTOIPO-
cTpancTBa M JUHERHOTOo TPOCTPAHCTBa, L CyIIEeCTRBYET JTOTOJHUTEIHHOE
no/pocTpancTBo N, takoe, to: a) M NN = {0}; 0) dim M +dim N =
dim L; B) Jsi000it BeKTOp T, ¥ € L, OJIHO3HAYHO TPEJICTABUM B BHJIC
r=m+n,rneméeM, neN.
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IIpakTnyeckme 3agaHudg

Samada 1. [losepxHocTb BTOPOIro 1HOPsjIKa 0 3a/aHa CBOUM ypaB-

HEHUEM B IIPAMOYTOJILHON JIEKAPTOBOI CUCTEME KOOPJIMHAT.

1) Onpejeyuth THIT TOBEPXHOCTH 0.

2) M300pasuTh MOBEPXHOCTH 0.

3) HapucoBaTh cedeHusi OBEPXHOCTH 0 KOOPJAUHATHBIMHU TLIOCKOCTSI-
mu. HaiiTu poKychl U aCUMIITOTHI T10JIyYEHHBIX KPUBBIX.

4) OupesesinTb, 10 OJIHY W/ [0 PA3HbIC CTOPOHBI OT MOBEPXHOCTH O
JexkaT Touku My n Mo.

5) OrmpesesnTh, CKOJIBKO TOUEK TTePECEUeHust ¢ TIOBEPXHOCTHIO 0 MMEeT
npsamad, npoxoadias depes Ttouku My u Mo.

Ne YpaBHeHUe TTIOBEPXHOCTH o | My Mo

1,22 |(z—1P2+@w+1)*+2:2=4]1,-1,1 |3,1,1
2,23 |2(z+1) =222 4 4> 0,0, 1 —1,-2,-2
3,24 | (x—1)%/2+92—22/4=0 |1,2,0 —1,3,0
4,25 |9(x — 1) +4y> — 3622 =136 [1,0,0 3,1,1

5,26 |22+ (y+1)°+2:2=4 0,0,v/2 [0,1,v2
6,27 |2(1 — 2) =222 + 4> 0,—/2,410,0,2
7,28 | 222 +4(y—1)> =22 =0 0,1,0 —1,3,4

8,20 | 922 +4(y—1)>—3622=136 |0,1,0 3,1,4
9,30 |(z—1)2+(y+1)*+2:2=4[1,-1,0 [3,-3,2

10,16 | 36z = 422 + 9 (y + 3)* 1,2,3 0,-3,2
11,17 | 2(2 — 2) = 22 + 2y? 0,0,2 1,2,3
12,18 | 222 + 4y% = (2 — 1)* 0,0,1 3,-2,1
13,19 | 22/4 —4?/9— (. —1)>=1 |1,1,0 2,1, —1
14,20 |1 — 2z = 22 /4 +42/9 2.1,0 2.1,8
15,21 | 22 /4 4+ 4%/9 = 22 2,1,3 2,—1,4

3amada 2. /laHO KOMILJIEKCHOE YUCJIO 2.

1) Bamucarb 9UCIIO 2 B OKA3ATEIbHOMN, TPUTOHOMETPUICCKOI 1 ajred-
panieckoit popme, 1300pPa3UTh €0 Ha KOMILIEKCHON ILIOCKOCTH.
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2) Bamucarh B MOKA3ATEIBHON, TPUTOHOMETPUUIECKOH U ajarebpande-
ckoit dopme uncio u = 2", e n = (—1)N(N +4), N — Homep

BapUAHTA.
3) Bammcarh B IOKA3aTEJIbHON U TPUTOHOMETPUICCKOI hopMe KazK10e
sHauenne wy, (k =0, 1, ..., m—1) KopHs cTenenn m = 3 (HeIeTHBIE

BAPUAHTHI) WM m = 4 (YeTHbIe BAPUAHTDI) U3 TUCJA 2.
4) M300pasuthb 9UCI0 2 U TUCITA W, HA OHO KOMIJICKCHOM TIJIOCKOCTH,

Ne 2z Ne z Ne z Ne z
1 V6+iv2 o| V24+iv2 | 4| 2-=5 | 4| 1L—2iV3
1+4V3 1+4V3 34 7i 3+ 7iV3
5| =4-4iv3 || 5l =AVB—di|| | VB+iVI5 | ¢|Vb+iv20
1—i 1—i V6 —iV/18 V2 —iV/18
9/ 3+43ivV3 |5l 3430 |3 =1l=iV3 |y =Ll-—i
(V3+1)+i(V/3-1) V34 V34 V34
1 —3 - 3i 1o =VB=3i | 5| 443i |5 5+4V3
(V3+1)—i(v/3-1) 1—iV3 6 — 8i 9— V3
17l =340v3 g =14+iV3 | 19| VI8 =iV6 | 5 |V18—iV12
1+ 1+ V15 +iV5 V10+iV15
01| —_=3+iV3 | 99| =VBLN3 | o5 | —4VB —4i | 95| —4—4i
(V3+1)+i(V/3-1) V3+i 1+iV3 1+1iV3
93| VB4+iV3 oy VB4i 97| 1042 |9g| 9+iV3
(V3+1)—i(v3-1) 3v/3 — 3i 2+ 3i 2+ iV3
3+ 3i 3+ 3i

3agaua 3. dan muorowren p(z) = az* 4+ b23 + c2? +dz + e,

1) Haiitu Bce KopHu MHOTOWIEHA p(z). 3ammcaTh KaxK/blii KOPCHb B
aJiredpanieckoil hopme, yKasarb ero ajredpanieckyio KpaTHOCTD.

2) Pasnoxurh MHOrOWIEH p(z) Ha HEMPUBOJUMBIE MHOKHUTEJIN: &) B
MHOKecTBe C KOMIIJIEKCHBIX Tuces; 6) B MHOXKecTBe R feiicTBrTe b-
HBIX TUCE.
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Nel @ b c d e | Ne| a b d e
17 3 | —-1|-7T|-=5|-2 21 1 3 1 0 4
31 1 2 | —10| =11 —12| 4| 2 11 (13| -3] 9
505 | =81 3 | -2] 2 6| 1 I |10 ] 9 9
7| 4 20 | 41 | 40 | 16 8| 4 4 D 2 1
9] 5 | —-2|22 | -8, 8 |10 3 |-5|] 6 | -3 | 1
11 ] 1 0 2 0 4 12 ] 1 0 [4v3| 0 12
13/ 90|60 |4 |14 1|0 [3/3 0 |-12
15| 4 0 [—-2] 0 1 |16, 1 |-3|-8|-9| -5
171 1 1 | -3 -4 418 1 1 | -2 —-4] =8
191 1 2 | =7 |18 =18 20| 1 | =3 | =5 | —21| —-20
21 3 | -1 5 3 2 22| 1 2 7 6 5
23| 1 3 8 8 8 [24] 1 1 |10 ] 9 9
25 1 | =2 ] 8 3 18 26| 1 0 1 0 1
27| 1 0 3 0 9 | 28] 1 0O | —-1]0 1
29| 1 0O [|—-9] 0 | 8 |30 1 0 4 0 | 16
Yxka3zaHusd.
1) B BapumanTtax 1-5, 16-20 Haiitu 1ejibie KOpHU MHOTOUJICHA.
2) B Bapumantax 6-10, 21-25 u3BecTeH KOPEHDb 21:
Ne 6 7 8 9 10
» 2 5 —i/7T | =14+iV/7 vy 1+iV3
4 4 2
Ne 21 22 23 24 25
» —14;\/5 —1 +2z'\/E 143 —1+2z'\/§ 3+;m/§

3amaua 4. [Iycrb P, — quHeiiHOe IPOCTPAHCTBO MHOI'OUJIEHOB CTe-
TICHU HE BBITE n ¢ JAeHCTBATEILHBIMU KO3 duimentamu. MuoxkecTBO
M C P, coCTOUT u3 BCeX TeX MHOTOUJIEHOB p(t),

PSAIOT YKA3aHHBIM YCJIOBUSIM.
1) Jokazarh, 910 MHOXKECTBO M — MOAIPOCTPAHCTBO B P,

2) Haiitu pasMepHocTb 1 Kakoii-nmnbo 6asuc mnopmpocrpascTsa M.
3) Homosauts basuc nompocrpanctsa M o 6asuca P,

KOTOPBIE YIOBJETBO-
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Sameuanme. 3Hak p(t) i ¢(t) o3HavaeT, 970 MHOTOUJIEH p(t) JETUT-
csl Ha, MHOTOWJIeH ¢(t) 6e3 ocTaTKa.

Ne'ln | Yenosus na p(t) € M || No|n | Yenosus na p(t) € M
113 ]p(=1) =p(1) 213 P(-1)=p(Q1)

313 |p(=2) = 414]p(=2)=p@B3) =0
514|p2—1i)=0 63 p(1)=0

713 p0)+p/(=1) =0 814|pli—1)=0

914 [p(t): (t—3)? 103 |p"(1) =0

114 |p@t): (B+t+1) 1213 | p(1) =p(2)=0

1313 2p(0) +p(1) =0 14| 3| p(—1) + p(0) +p(1) = 0
1513 |p(0) +p'(2) =0 16 |3 | p(2) = p(-2)

174 | p(1) = p"(0) = 0 183 p(2) =0

194 | p(2) = p'(0) =0 204 |p(141i) =0

213 |p/(-1)=0 223 | p/(0) +p(1) =0
2314 [ p(2+1i)=0 244 | p(=1) =p/(=1) =0
2513 |p"(1) +p'(0) = 26 |4 | p(t): (t2+4t+5)
2713 | p(=1)+p"(0) =0 28| 3 | p(—1) = 2p(0)

2013 |p(=1) +p'(0) + p(1) =030 ] 4 | p"(0) = p(-1) =

3aga4da 5. [Jokazarb, 410 MHOXKECTBO M 0Opasyer 1o1IpoCTpaH-
CTBO B TPOCTPAHCTBE My, xpn BCEX MATPUIL JaHHOTO pasMepa. Haiitn
pPasMepHOCTh W MOCTPOUTHL 0asuc M. IIposepuTh, uTo MaTpuna B npu-
HaJIe2KUT M 1 PasioKuTh ee 110 bazucy B M.

Ne | M — MHOXKecTBO MaTpPHI YKA3aHHOI'O B B
Pemennsa 1 01 00 -1 -1
1 | marpuanoro 000 )| -X=100 ( 3 1
ypaBHeHud 2 0 2 00 1 1
Pemenns 1 1 1 00 2 -3
2 | MaTpuUYHOIO 2 2 2) X = (O 0 ( 0
ypaBHCHUA -3 -3 =3 00 3
Marputipr, 010 1 2 —1
3 | mepecranoBounble A = (O 01 ( 2
¢ MaTpuIei 000 1




Ne | M — MHOXKeCcTBO MaTpHIl YKa3aHHOTO BUIA B
Marpwuiipr, 001 2 —1 1
4 | nepecranoBounble A= 0 1 0 3 03
C MaTpulei 100 1 -1 2
Marpwuripr, 010 1 2 3
5 | aHTunepecrtaHopounble A =11 0 0 -2 —-1-3
¢ MaTpuIei 001 -1 1 0
Marpwutisr, 010 2 =2 3
6 | aHTUepecTaHoBOUHble A= | 0 0 1 0 —2 2
¢ MaTpurei 000 0 0 2
1 2 0
7 | CumMerpudHble MaTPUIbl 3-T'0 TOPSIJIKA 2 3 =2
0 -2 0
0 3 -1
8 | KococummeTpuinbie MaTPUTIHI 3-T0 MOPSIIKA, -3 0 0
10 0
1 40
9 BepxueTpeyroabHble MATPHUIIBI 3-TO TTOPSIKA, 0-_92 2
C HYJIEBBIM CJIEJIOM ( 0 0 1 )
Marputipl 3-10 OpsIKa ¢ HYJIEBLIMH 31 0
10 | cymmMamu 3j1eMeHTOB BJI0JIb [JIaBHOM -1 0 2
1 I0OOIHOHN AuaronaJseit 0 4 -3
Marpuiibt 3-10 1HOpsijiKa, Y KOTOPbIX CYyMMbI 2-3 3
11| smemeHTOB BAOJL JIIOOOH CTPOKW M -1 1 2
BJIOJIL JIIOOOTO CTOJIOIA OJIUHAKOBDI 1 4 -3
Marputibt 3-10 OpsJIKa, Y KOTOPBIX CYyMMbI 3 0 =3
12 | sjemMeHTOB BJ10Jib J1H000H CTPOKHU 1 -2 4 =2
BJIOJIb JIFOOOTO ¢TOJI01Ia PABHBI HYJIIO -1-4 5
Marpunbt (2 x 3),
47 =8
13| y KOTOpPbIX CyMMbI 9JIEMEHTOB B 00enX ( _a 3 3 )
CTPOKAaX OJITHAKOBBI
Marputipr, 010 1-10
14 | nepecranoBounble A= 0 0 0 0 10
¢ MaTpuiei 001 0 0 2
Marputipr, 1 00 0 -1 1
15 | awnTunepecranopounbie A= | 0 0 1 1 2 3
¢ MaTpurei 010 -1 -3 =2
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Ne | M — MHO>KeCTBO MaTpPHUIl YKa3aHHOI'O B4 B
Permenns 1 0-1 (0 0 O) (_2 . _2>
16 | marpuwunoro X-| 0 0 0 | =
000 1 3 1
ypaBHEeHUs -1 0 1
Permenns 1-1 1 1 _9_1
17| marpuunoro X-[ 0 0 O ( ) ( | 9 1)
ypaBHenud -1 1-1
Marpwuripr, 000 3 00
18 | mepecraHOBOYHBIE (1 0 0) (2 30
C MaTpulleit 010 2 =2 3
Marpwuripr, 001 3 20
19 | mepecranoBodnble ( 010 ) ( 0-—-1 2 )
C MaTpulleit 001 0 2 3
Marputipr, 000 2 00
20 | anTumepectraHoBOUHBIE A = (1 0 0 (1 -2 0
¢ MaTpuriei 010 -1 1 2
Marputipr, 001 2 0-2
21| amTunepecranopounble A= [ 0 1 0 (O 0 O)
¢ MaTpuIei 001 00 O
CuMMeTpuUHbIE MATPUIIBI 3-I'0 TOPsiJIKa, C 2 -1 -1
22 | HyJEeBBIMU CyMMaMU 3JEMEHTOB U3 MEPBOTO (1 1 -2 )
1 TPETHEro CTOJIOIOB -1 -2 3
KococummeTpuinbie MATPUTIBI 3-T0 TTOPSIIKA 02 =2
23 | ¢ HyJeBOil CYMMOIi 3JIeMEHTOB 13 TTepBOi ( -2 0 =3 )
CTPOKU 23 0
HuxneTpeyroybable MATPHUITHI 3-TO TOPSIIKa 10 O
24 | ¢ HyJeBbIM CJ€eJ0M U HYJIEBOM CYyMMOI ( 42 0 )
9JIEMEHTOB 110 IT0O0YHOI TUaroHaJIn -2 5 =3
CuMMeTpUuUIHbIE MATPUIIBI 3-T'0 TOPsIJIKa, Y 0 1 -1
95 | KOTOPBIX O/IMHAKOBbI CYyMMBbI 3/ICMCHTOB B L -1 o0
CTPOKAX, & CYMMBI 3JIEMEHTOB B CTOJIOIAX (_ L0 1 )
3HAKOUYePeIyIoTCd
CuMMeTpuUHblE MATPUIIBL 3-T'0 HOPsiJIKa, Y 0 0 0
96 | KOTOPBIX OJMHAKOBBI CyMMBI 3/IEMEHTOB B 0 1 -1
CTOJIOTIAX, & CYMMBI 9JIEMEHTOB B CTPOKAX ( 0 -1 1

3HAKOUEPeyI0TCsA




16

Ne | M — MHOXKeCTBO MATPUIl YKA3aHHOI'O B B
CuMMeTpUUHbIE MATPHITLI 3-T0 TIOPSIJIKA, Y 3 -3 0

27 | KOTOPBIX CyMMa 3JEMEHTOB JIFOOOTO CTOJIOIA, (—3 2 1
pasna 0 0 1 -1

2 =3

98 MaTpunpsr 3 X 2, y KOTOPBIX CYMMbI 1 0
9JIEMEHTOB B 060uX cTos101ax pasubl ( 1 3
CuMMeTpHUUIHbIE MATPUIIHI, 100 011

29 | nepecTaHOBOUHBIE A=1]1001 ( 1 23
C MaTpuIlei 010 1 3 2
CuMMeTpHuUIHbIe MATPUIIHI, 010 2 00

30 | aATHIEpECTAHOBOUYHDBIC A=1001 0—-2 0
C MaTpuIei 010 0 0 2

Bamada 6*. lokazarn, uro Muoxecrso M dbyukuuit z (t), 3a1am-
HbIX Ha obJiacTu D, obpasyer jmHelinoe npocrpancTso. Haittu ero pas-
MEpHOCTH U Dasuc.

MuoxectBo M

Negap. D

(o, B,7,0 - MOOBIE BEIECTBEHHbBIE TWCIIA)
1,18 | M = {a + Bcht + ysht + de’ } (—o0; +00)
2,19 | M = {ae’ + pe? + ~edt} (—o0; +00)
3,20 | M = {a+ fBcost+ysint + & cos?(t/2)} (—m;m)
4,21 | M = {ae™t + Bsht + ve! + 6} (—00; 4+00)
5,22 | M = {ae + Bte! + (B — a)t?e! + yt3el} (—00; +00)
6,23 | M= {a/t+B+~t+46(2t>—1)/2} (0; 1)
7,24 | M ={«acost+ @sint + vsin 2t} (—m/2,7/2)
8,25 | M = {a+ ptgt + ~ctgt} (0,7/2)
9,26 | M = {ae !+ Bcht + ysht + §} (—00; +00)
10, 27 | M = {ae ™t + (B — a)te™ " +yt2e ! + atde "} | (—o0; +00)
11, 28 | M = {a cos 2t + Bsin 2t + ysin?t + 6} (—m/2,m/2)
12,29 | M ={alnt+ [+t +0In3t} (0; +00)
13, 30 | M = {a + Btg?t + ysec?t + dctg?t} (0;7/2)
14,16 | M ={alnt+ 3+ ~vIn(2/t)} (0; 4+00)
15, 17 | M = {ae?" + pte?t + yt2e?! + ot3e?} (—00; +00)
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Samada 7. JlaHbl BEKTOPHI d = (ﬁ, b = O‘B>7 ¢ = (ﬁ, d = OD.

Jlyan OA, OB un OC sBjisitorcsi pedOpaMu Tpexrpanaoro yria 1.

1) Jlokasarhb, 4TO BEKTOPHI @, 5, C JIMHEHO He3aBUCUMBI.

2) Pazoxkuth BeKTOp d 110 BEKTOPaM @, b, & (BO3HUKAIOIYIO IPI 9TOM
CHCTeMY YPaBHEHHH DEINTh ¢ TOMOITBI0 OOPATHO MaTPHIHI ).

3) Ompepennts, jgexut ju Touka D BuyTpn T, BHe T, Ha OJHOI W3
rpanaut, T (Ha Kakoit?).

4) OupesesinTh, Npr KAKUX 3HAYCHUSIX JICHCTBUTECIBLHOTO TapaMeTpa A
BEKTOD d 4+ A@, OTIIOKCHIDIH 0T TOUKM O, JIGKUT BHYTPH TPEXTPAT-
Horo yrja 1.

Nl 1,19] 2,20 | 3,21 | 4,22 [523[6,24] 7,25 [ 8,26
a | 112132 241 |[12-1]1-25|121 321|213
b|212[ 211|135 [1-13|31-2[-122[1-12]|-121
c|-131/5-23| 121 | 221 |2-13|31-1| 235352
d 3471075/ 1-14/2511/635|732| 741 |18231
Ne| 9,27 [10,28 [11,2912,30] 13,16 | 14, 17 | 15, 18
| 2-11 ] 215|211 432 142 |-112]51-2
b| 131|132 221|351 531 |31-1] 231
c| 212 |-123 113211 ] 121 | 122 |32
d 118111145421 |4-12]-3209|154-6|715-2

KouTpogbHbIE BOOPOCHI

1. Onpenennrenn

1.1. Kax BBbIUMCIIAIOTCS ONpeenTe/n 2-1o, 3-ro nopsijikop? Kako-
BLI UX OCHOBHBIE CBOVCTBA?

1.2. Yro HasbiBaeTcs mepectaHoBKo#? YTo Takoe HHBEPCHSI B Iepe-
cranoBke? Kakue mepecTaHOBKY HA3BIBAIOTCA YETHBIME (HEUETHBIMHE )7
KakoBo obiriee 4ncjio mepecTaHOBOK HATypasbHBIX dncesa or 1 jio n?
KakoBo KOJIMYECTBO YeTHBIX (HEUETHDBIX) MIEPECTAHOBOK

1.3. Yro HasbBaeTcs omnpenennTeseM n-ro mopsijaka’ KakoBbl ero
cpoiicTBa?

1.4. Bxoggar Jm B onpeeuTeNb D-I0 MOPSIKa CJIeyIONIne Mpon3-
BEJICHUST: &) 115a24033042051; 0) a32013025051044; B) 123012041015034 7
Ecin ja, 1o ¢ KakuMu 3HaKaMu'?
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1.5. HeM omnmmaaercsd MUHOP JIAHHOTO 3JIEMEHTa, OT ero ajrebpante-
ckoro jonosHenus?! Cpapaure Mo u Ajg; Msz u Ass.

1.6. OukcupoBana CTpoKa ONpepeuTe/sd. UTo Mpom30iier ¢ Mu-
HOpaMU €€ HJIEMEHTOB, €CJIH: &) YMHOKUTH 9JIEMEHTBI 9TOH CTPOKU Ha
qancsio; 6) yMHOXKHUTH 9JIEMEHTDI JAPYTOil CTPOKK HA YHCJIO; B) 3AMEHUTD
9JIEMEHTBI ATOI CTPOKY HYJISIMI; T') 3aMEHUTE 3JIEMEHTHI JIPYTOil CTPOKH
HYJISIMU; 1) 3AMEHUTE 9JIEMEHTBI 9TOH CTPOKU HA JIIO0BIE PYTHe THCTa?
Obmbsiciure pesyibrar. OTBEThTE Ha aHAJOTMIHBIE BOMPOCHI 00 aJred-
pamyecKux JIOIOJIHEHUSIX.

1.7. Yo Takoe TpeyroJjibHas MaTpHIia, Juarotaabias Matpuna’ Ye-
MY paBeH OlpeJe/uTe b TPEYIOJAbHOM, JinaroHaibHoi MaTpulibl? Obb-
SICHUTE PEe3yJILTaT.

1.8. ChopMmynnpyiiTe TeopeMy O Pas3IoyKeHNH OIIPEIeNTes 10 CTPO-
Ke. Hemy paBHa CyMMa MTPOU3BENIEHNN 3JIEMEHTOB KaKOH-TM00 CTPOKU
(crosibria) Ha agrebpamdecKue JIOMOJHEHNST 9JIEMEHTOB JIDYTO# CTPOKH
(cTosbra)?

1.9. Chopmynupyiite npasuia Kpamepa. Beera jin oHu npuMmenu-
MblI?

2. KoMnieKcHbIE 9MCJIAa 1 MHOTOYJIEHBI

2.1. Yro Takoe MOjlyJib, apI'yMEHT, TPUIOHOMETPUYECKAs U 110Ka3a-
TejbHas (POpMbI KOMILJIEKcHOTO vucia? Kak 3anucath B TpUroHOMET-
pUUecKoil M mokazaTejbHOM popMax wmena: 1, —1, 4, —i, 1414, 1 —
i, —1 +i/37

2.2. Kak npousBojuTcst yMHOXKEHUE U JIeJICHIEe KOMILJICKCHBIX YUCeT
B aJreOpandeckoil 1 TpUroHoMerpuieckoi popmax?

2.3. Yro Takoe oneparust conpsizkenusi? KakoBbl ee cpoiicTna?

2.4. Ilpusegure dpopmyny Myaspa.

2.5. CKOJIbKO 3HAUYEHUil NPUHUMAET KOPEHb n-ii CTEeIeHU U3 KOM-
mekcHoro yucyia? Kak onn Boraucisiores? Kak 9T 3HaUYEHUS pacrio-
JAraloTcs Ha KOMIIJICKCHOW TIJIOCKOCTH U TIOUeMY !

2.6. Kak m300pa3uTh Ha KOMILUIEKCHOHN TJIOCKOCTU YHUCTA 2, YJI0-
BJIETBOpSIONTE yesoBusiM: a) Rez > 05 6) [Imz| < 2; B) |2] < 1; 1)
0,5 <|z+4+i| <1; 1) 0<argz<7/4;¢) |z —i| =]z + 27

2.7. Kak dopmynupyercst Teopema besdy, ocHoBHasi TeopeMa aJjred-
pbl MHOTrO4IeHOB? CKOJIBKO KOPHE Yy MHOIOUJIEHA CTEIeHr n'!

2.8. Muorowien P(z) co crapimmum Kodddunmenrom Py = 2 umeer
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KOPHN 2] = 1 KPaTHOCTH 3 1 293 = 1 &4 KpaTHOCTH 2. Bpinuiure 30T
MHorodsies. OObsCHUTE Pe3YJIbTAT.

2.9. MuorouJen ¢ BerecrBeHHbIMUA KoM UImenTaMu nMeerT KOpetb
z = 2+ 1. Ha xaxoit kBajpaTHblit Tpexuyien oH jgesntcs? OObsicHUuTe
pe3yJibTar.

3. Ainrebpa marpuil

3.1. Cdopmysupyitre npaBuao ymHoxkeHus Marpuil. OO0bscHUTE,
KaK U3MEHUTCS Tpou3Bejienne AB, ecil epecTaBuTh i-10 U j-10 CTPOKN
maTpuiibl A; i-it u j-# cronbubl marpunbl B? Yemy paBna i-s1 ¢TPOKa
AB; j-it cTronber; AB?

3.2. Tlokaxute, uro ecim AB = BA, To A u B — KBaJpaTHbIe
MaTPUIILI OJIHOIO HopsaKa. Bepruo jim obparHoe?

3.3. Bepunt i popmyaint (A+B)? = A2+ 2AB+B?%, (A+B)(A-B) =
A2 — B? g KBa,/IPATHBIX MaTPUIL!

3.4. Yro Takoe obpaTHas matpuia?! Kakos Kpurepuii ee cyIecTBo-
BaHMs, KaK OHa BbluucjsgeTcs! BriiennTe ciydail MaTpuIl 2-10 HOPsi-
Ka.

3.5. Hemy paBHO IpousBelieHNe IBYX JUArOHAJbHBIX MaTpull! Kak
HaiTH 0OpaTHYIO MATPUILY JIJIsSI JIMArOHAJILHON MaTPUIIbI?

3.6. Kak pemurs maTrpuanoe ypaphenue sujga AXB = C, e X —
Hem3BecTHast MaTpuIla; A, B — HEBBIPOXK IeHHbIE KBaIPATHBIE MATPUIIHI !
Kax nosyanTs orciofa permenne ypasuennsg AX = C; ypasuenns X B =
C?

3.7*. Bepna ym dopmysa (A-HT = (AT)~1?

3.8. Ilyctb Ejj € My, — Marpulia, y KOTOpoil na (i,j) Mecre cTOUT
1, a ma ocTaJabHBIX MecTax — HyJau. /okasarh, 9To

0, ecit j # k
Eij - B = { E;, ectu j =k

3.9%. IlpusecTu npumep HEHYICBOH MATPUILL X, YI0BJIETBOPSIONICH
yesosuio X2 = 0; yesosuio X2 = X. CyIIecTBYIOT JIM TAKHE TIPUMEPHI
¢ det X #£ 07

3.10*. Marpuna X yjoBjersopsier yeaosuio: a) X2 = E, 6) X3 = E,
rie E —eaquHnyuHag MaTpuna. demy MoxkeT paBaaAThCsd det X 7 [IpuBectn
NpUMeP TaKuX HeJMaroHaJbHbIX MaTPHIIL.

4. JIuHeltHbIE TTPOCTPAHCTBA

4.1. Yro HasbiBaercs JiMHelHbIM HpocTpancTBoM? Ilpuseaure npu-
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MePhI JINHEHHBIX [TPOCTPAHCTB.

4.2. dBisitorest U JIMHERHBIMU TTPOCTPAHCTBAMA:

a) MHOYKECTBO T€OMETPUIECKUX PAJINYC-BEKTOPOB, OKAHIHBAIOIINXCS Ha
JTAHHOM IIJIOCKOCTH;

0) MHOXKECTBO BCEX CXOISITITAXCS TOCTE0BATEIbHOCTEH; TOCTEI0BATE b
HOCTEM, CXOJSIIMXCA K TUCIY a; PACKXOJAIINXCS [T0CIe0BaTEIbHOCTENH;
B) MHOXKeCTBO Beex (yHKImi, qudepeHimpyeMbix Ha naTeppae (a,
b);

I') MHOXKECTBO MHOTOYJICHOB 3-# CTEIECHU; CTEICHH HE BBIIIE 3;

) MHOXKECTBO BCEX MOJIOKUTETBHBIX (DYHKITHI ¢ OIIEPATUsSIMH “CII0XKEe-
st f(t) - g(t) m “ymuoxkenus na uncao’: f(¢)* . ObbacnuTe pesyanTa-
ThI.

4.3. Yro Takoe JUHEHHOE TOIIPOCTPAHCTBO? ABJSIOTCS JI JIMHEH-
HBIMU TOJIIIPOCTPAHCTBAMU COOTBETCTBYIOIINX JMHEHHBIX IPOCTPAHCTB
MHOKECTBA: a) BEKTOPOB 13 R", y KOTOPBIX CyMMa KOOPJIMHAT PABHA, «;
KOOPJIMHATBHI C YeTHLIMU HOMEPaMU COBIIAJIAI0T; KOOPJAMHATHL - 1eJIble
ancia; 0) pajnyc-BeKTOPOB MIOCKOCTH, OKAHIHBAIOIINXCS B | 9eTBEpTH;
B [ wm 11 werBepTsix; B) Beex (DyHKIMIL, HEMPEPBIBHBIX Ha OTPE3KeE |a,
b| ¥ paBHBIX HYJTIO Ha KOHIIAX OTPE3Ka; I') BCEX CHMMETPUIHBIX MATPHI]
n-T0 HOPsiIKa?!

4.4. Yro HazbIiBaeTCS JUHEHHON 000JI0UKOI CUCTEMbI BEKTOPOB?! Z1B-
JisieTcst i oHa nognpocrpancrsom? [louemy?

4.5. [afite onpejenenne JIMHEHHONW 3aBUCUMOCTH CHUCTEMbI BEKTO-
poB. KakoB KpuTepnii TMHEHHON 3aBUCUMOCTH CUCTEMBI, COCTOSIIIIEH 13
OJIHOI'0 BeKTOpa; n3 AByX BeKTopoB? O0bsicHuTe cBoii orBer. Chopmy-
JIMpyiiTe o0t KpUuTepuii TUHERHOM 3aBUCUMOCTY CUCTEMBI BEKTOPOB.

4.6. Bepno s yTBepXKjeHue: ecjau Jrodble JiBa BEKTOPa CUCTEMbI
U3 n > 2 BEKTOPOB JIMHEIHHO HE3aBUCUMBI, TO U BCsl CUCTEMa, JIMHEHHO
Hezapucuma. Ilogemy?

4.7. Bepno s yTBEpKJIeHNE: €CIIN CUCTEMA COJEPXKUT BEKTOP, KO-
TOPBIA HE BbIparkaeTcs JUHEHHO depe3 oCTajbHble BEKTOPHI CHCTEMBb,
TO OHa JIMHeiHO HezaBucuMa. OTBeT 0b0oCHYIITE.

4.8. KakoB reoMeTpuiecKuil CMbIC JIMHEHHON 3aBUCHUMOCTH CHCTE-
MbI 2-X BEKTOPOB; 3-X BeKTopoB? CyIIeCcTBYIOT JIM JIMHEHHO HE3aBUCH-
Mble cucTeMbl U3 4-x 1 OoJsiee reoMeTPpUIECKUX BEKTOPOB; a JIMHEHHO
3aBUCHMbIE?!
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4.9. Yro Takoe paHT CHCTEMBbI BEKTOPOB, UTO TaKOe MaKCHUMaJIbHas
JIMHETHO He3aBHcuMast 1ojcucTeMa’ Kak ¢Bsi3aHbl PAHIM JIBYX CUCTEM
BEKTOPOB, OJIHA 13 KOTOPbIX JIMHEIHHO BhIparkaeTcs yepes npyryio? dro
MPOUCXOJIUT C PAHTOM CHCTEMbI BEKTOPOB IIPU BBITIOJHEHUN dJIeMeHTaP-
HBIX TTpeobpasoBaHmii’?

4.10. Yro HazbiBaeTcsd 0a31MCOM n-MEPHOI'O JIMHEHHOIO IPOCTPaH-
crBa? IIpuBepure npumepnl. Kak onpejensirorcss KOOpJauHaThl BEKTOPA,
B JanHOM Dasuce? Kak BhIparkaloTcsl JMHEHHbIE ONepanni HaJl BEKTO-
paMu B KOODJIMHATAX?

4.11. Yro Takoe moJyiHas cucTeMa BEKTOPOB B JIMHEHHOM IIPOCTPAH-
crBe? ChopmymupyiiTe Teopemy 00 SKBUBAJEHTHOM OIMCAHUN Dasuca,
KaK JIMHENHO He3aBUCUMON ITOJTHON CUCTEMbI BEKTOPOB.

4.12. Yro gaBisiercs 0a3ucoM JMHEHHON 000JI0YKU CUCTEMbI BEKTO-
POB 1 KaKoBa, ee PasMepHOCTh !

4.13. [IpuBecTn npuMep OJTHOMEPHOTO U JIBYyXMEPHOTO MOAITPOCTPAHCTB
B 1pocrpancTse: a) R3 5 6) Moz ; B) Ps.

TUTIOBOU PACYET Ne2
TeopeTruydeckue yrpaxXHeHUd

1. JokazaTh yTBEp>KJACHUS O CBSA3W PEIICHWH OJIHOPOJIHON W HEO,I-
HOPOJTHOM CUCTEM JIMHENHBIX YPaBHEHU:

a) PA3HOCTD JIBYX PEIICHUN HEOHOPOIHOM CHCTEMBI SIBJISICTCS PEITICHU-
eM OJTHOPO/ITHON CUCTEMBI;

0) cymMMa perieHuii HeOTHOPOTHON U OJHOPOJIHOM CHCTEM SIBJISIETCST PE-
IIEHUEM HEOJHOPOJIHON CUCTEeMBI;

B) 00II1ee pereHne HeoIHOPOIHOM cucTeMbl uMeeT Bt X = Xo+ Xy, r/1e
Xy — 4JacTHOe pelleHne HeoIHOPOIHOM cucTeMbl, X — o0Iiee pelrenue
OJTHOPOJTHON CUCTEMDI;

r*) KaKOB M€OMETPUUICCKUIT CMBICI TTOCJIEJHEr0 YTBEPXKIACHUS [JIsi CHU-
CTEMBbl YPaBHEHUI ¢ TPEeMs HEU3BECTHLIMMU !

2. Jlokazarh, 9To I JIOOBIX PA3IUUHBIX YUCENT T1, T2, T3 U JIOOBIX
YUACEJ Y1, Y2, Y3 CYIICCTBYET, MPUYEM €IUHCTBEHHBIA, MHOTOYJICH Y —
f(x) crenenn e douibiie 2, ajist Koroporo f(x;) =v;, ¢ = 1, 2, 3. Korza
CTEIeHb 9TOIr0 MHOI'OYJIeHa MeHbliie 2, paHa 1, pasua 07
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3. [Iycth A — npamoyrosibHag MaTpuna. Jlokaxnte, ato r(A) = 1 <
A= B-C, rae B — Bekrop-crosber, C — BekTOp-cTpoka (r(A) — panr
maTputibl A; Marpuiibl B, C' HEHYJIEBbIE).

4. Ilycts A — npgamoyrosibHas MaTputia. JJokaxkuTe, 4TO BCIKOE dJ1e-
MEHTapHoe MpeodpazoBanie CTPOK MATPUILI A MOXKHO TPeICTaBUTh
B BUJIe YMHOXKEHUS MATPUILI A cjeBa Ha HEKOTOpyo Marpuily X, a
BCAKOE dJIeMEeHTapHOe MTpeobpas3oBaHre CTOJIOIOB MATPUILI A — B BUjIE
YMHOXKEHNNsT MaTPUIIHI A cIIpaBa Ha, HEKOTOPYIO MaTpuIly Y.

5. HleiicTBue onepaTopa A B n-MePHOM IIPOCTPAHCTBE 3a1aeTcst hop-
MYJIO# TTpeo0dpa30oBanmsa KOOPANHAT BEKTOPOB B HEKOTOPOM 0Oas3nce:

A 1 ar ... Qain T
y=Arz < | .. =

Yn anl ... Qnn Ln

HokazaTb, 910 A — suHeRnbIii ornepaTop M HANUTHU €ro MaTPUIy B 3TOM
basuce.

6. Ilycrn A — smneitnblii oneparop. Hokasars, 4ro ec/u {Z1,..., %}
~ JIMHEITHO 3aBUCHMast cucTeMa, To cuctema { Az, ..., Az, } Toxe JmuHeii-
HO 3aBrcuMa. BepHo Jjin obparHoe?

7. Jokazarh, 4TO MaTPHUIIBI OIIEPATOPA B ABYX Pa3HbIX 0a3mucax CoB-
naJlaloT TOrJIa W TOJBKO TOIJa, KOIJIa MAaTpHUIla OIepaTopa B OJIHOM
basuce 1epecTanoBoUYHa ¢ MaTPUIEl 11epexojia 0T 3Toro dasuca Ko BTo-
poMy.

8. Asngerca mm oneparop auddepeHTupPoBaHTT HEBHIPOXK ICHHBIM
B JIMHEHHOM TIpocTpatcTse L: a) L = P,; 6) L = L[cost, sint|?

9%, B IpoCTpaHCTBE BCEX MHOIOUIICHOB 33/1aHbI OEPATOPbl A 1 B:

fl(ag tat+ ...+ apt") = a +ast + ...+ at"
Blag + ait + ... 4 apt™) = aot + a1t® + ... + apt" L.
JloKa3aTh JMHEHHOCTD OIEPATOPOB 1 IPOBEPHUTH, aT0 AB = I, BA # 1.

10. TIycTn Z,§ — cobGCTBEHHbIE BEKTOPDI OepaTopa A, oTBevalonime
pas/InIHbIM COOCTBEHHBIM 3HaYeHUsIM. [JoKa3aTh, 4T0 BEKTOP Z = T+
He gBJISIETCS COOCTBEHHBIM BEKTOPOM 3TOTO OMEpaTopa.

11. Marpuna A ynosiersopsier yeiosuio A2 = I. JlokaskuTe, 4TO
BCsIKas ITOJI00HAs eif MaTpuIia 00J1aJjaeT TeM »Ke CBORCTBOM. UT0O MOXKHO
CKa3aTb 0 COOCTBEHHBIX uncaax MaTpuiibl A7 [Ipusegure nmpumep Takoi
HEeIMArOHAJHLHOM MATPHUITHI.
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12. Henynesast MaTpuna A ynosiersopsier yeiaosnio A% = 0. Tloka-
3aTh, 4TO Jitobas 110100Hast €if MaTPHIla YA0BIETBOPSIET STOMY YCJIOBHUIO.
Huaronasmsyema jn Matpuna A? KakoBbl ee coOCTBEHHbIE 3HAUYCHMS !
[IpuBecTn npumep Takoit MaTPHUIIHL.

13. Oynxius B(T,y) 3ajiaeTcst Yepe3 KOOPAMHAThHI BEKTOPOB B HEKO-
TOpPOM 0a3rce n-MepHOTO TTPOCTPAHCTBRA, IO POPMYIIE:

b1 ... bip (]
B(Z,y) = (1, ey xn) | oo oo o
bnl bnn Yn
Hokazark, uro B(T,y) — buynneiinaga popMa; HAATH ee MATPUILY B 9TOM
basuce.

14. JTokazaTn, 9TO cuMMeTpuiHas bunnneiinas ¢popma B(Z, §) oJTHO-
3HAYHO BOCCTAHABIMBACTCS 11O TTOPOYKICHHOM €10 KBaIpaTHuIHOi popme
p(z) 1m0 opmyne: B(z,y) = [o(T + ) — () — ¢(y)]/2.

15. JlokazaThb, 4TO €Cjin HEeHyJeBble BEKTOPbI €BKJIMI0Ba, IPOCTPAH-
CTBa I1, ..., Ty 1IOIAPHO OPTOIOHAJIbHBI, TO OHU JIMHENHO HE3aBUCUMDI.

16. JTokazaTh, 4TO B €BKJIMJOBOM IIPOCTPAHCTBE CIIPABEJIINBO HEpa-
BEHCTBO Tpeyrosbnuka: [T + y|| < ||z||+ [|y]]. Korjpa ono npespaiaercs
B PABEHCTBO?

17*. JlokasaTh, 9T e A — JIUHERHDII 0IepaTop B n-MEePHOM IIPO-
CTPaHCTBE, UMEIOUMH n pasiibIX COOCIBEHHbIX 3HaueHni, 1 AB =
BA, 10 B obnajaer 6a3ucoM n3 COOCTBEHHBIX BEKTOPOB.

18* HyCTb JIHEHHBIA OepaTop A YAOBJIETBOPSACT YCIOBHIO A? —
A+1=0. Hokasars, auro A o6paruM, u Boipasuts A~! uepes A.

19*. Ilycrn C — meBbIpoxkjennast Marpuna. JokasarTh, 4To KBaj-
parninas $hopMa, 33/alHasd B HeKOTOpoM basuce marpuiieit B = CTC
(em. yip.10), MONOKUTENBHO OTIPE/IETEHA.

20%*. Ilycrn A u B — nuneftHbe 0OEpaToOpHI B KOHETHOMEPHOM HPO-
CTpaHCTBE L Takue, 4To AB = I. Jlokazarth, uto A obpatum, u maiitu
A~ (Vkazanue: BOIPOC CBOJIMTCS K AHAIOIMIHOMY BOIIPOCY JLlsl KBaI-
parHbix MaTpuil.) BepHo i anajsornanoe yrepKjieHue B 6eCKOHEIHO-
MEPHOM IIPOCTPaHCTBE?

IIpakTnyeckme 3amaHudg

Samada 1. Haittu dpyHpamMenTajbHy0 cUCTEMY pellennii u oodiiee
perienne OJHOPOJIHON CUCTEMbDI YPABHEHUN.
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Ne Bap.

Cucrema ypaBHEHU

20

r1+ 2r9 +4r3 — 314 =0
3x1 + dro + 63 —4xy =0
4r1 4+ 519 — 223+ 324 =0
3r1 + 8x9 + 24x3 — 1924 =0

2,21

2x1 — 4x0 + 5x3 4+ 314 =10
3r1 — 69 + 4r3+ 224 =0
4dr1 — 8xo + 17x3+ 114, =0
5x1 — 10x2 + 923 + dxy =0

3, 22

31+ 220 + 3+ 314 + S5 =0
6x1 + 4x0 4+ 3x3 + dx4 + 725 =0
921 + 622 4+ dxg + Tx4 + 925 = 0
3xr1 + 229 + 43+ 814 + 85 =0

4, 23

611 — 2292 + 223 + 524 + Tx5 =0
921 — 329 + 423 + 814+ 925 =0
6x1 — 220 + 6234+ T4+ 25 =0
3r1 —ro+4rs+4ry — 25 =0

5, 24

r1— 23+ x5 =0
ro — 24 +26=0
r1—x9+ x5 —26 =0
r1—2T4+25=0

6, 25

5x1 + 619 — 203 + 14 + 425 = 0
201 + 3r9 — x3 +4xy + 205 =0
Tx1 + 929 — 323 + dxy + 625 =0
5x1 + 929 — 3x3 + x4 + 625 = 0

7,26

3r1 + 4x9 + 23+ 224 + 325 = 0
511+ Txo + 23+ 314 + 425 =0
4x1 + dx0 + 203+ x4 + S5 =0
7x1 4+ 1029 + 23 + 624 + 525 = 0

8, 27

3r1+x9 —8x3+ 2204+ 25 =0
201 — 2x9 — 3wy — Txg + 225 =0

r1+ 11xo — 1223 + 3424 — S5 = 0

or1 —ro — 1lxg — 324 + 325 =0

9, 28

Tx1 4 209 — 13 — 224 + 225 =0
r1—3r9+ 213 —24 — 25 =0
21 +5r9 4+ 203+ 14+ 25 =0
or1 +2x9+ 13— x4+ 25 =0




Ne Bap.

Cucrema ypasHenuii

10, 29

1+ 20+ 1023+ 24 — 25 =0

5x1 — xo + 8xy — 2x4 + 225 =0
3r1 — 3xe — 1203 — 4wy + 45 =0
6x1 + 1823 — x4+ 25 =0

11, 30

6x1 — 920 + 2123 — 324 — 12205 = 0
—4x1 + 619 — 1423 + 224 + 825 = 0
201+ 3x9 + Txs — x4 — 425 =0

12, 16

200 — 1o+ 2r3 — x4 +25=0
r1+ 10x9 — 323 — 204 — x5 = 0
4r1 4+ 1929 — 423 — by — x5 =0
3r1+ 919 — 23— 324 =0

13, 17

r1+x9 —3r4 —25 =0
r1— T2+ 2r3—24=0
4dr1 — 229 + 623 + 314 — 425 =0
201+ 4x9g — 203+ 4xy — 725 =0

14, 18

r1—2r0+ 213 —24+25=0

201+ x9 —x3+ 204 — 325 =0
3r1 — 229 — 23+ x4 — 205 =0
201 — dro + 13 — 224 + 225 =0

15, 19

r1—2r90+x3—24+25=0
201 + 19 —x3— 24+ 25 =0
r1+ x9 —dr3 — dxry + 525 =0
3r1 — 729 — 223+ x4 — x5 =0

25

agaua 2. Haittu obiee perenne B 3aBUCHMOCTH OT 3HAUEHUSI
napaMerpa A. [Ipm kKakux 3madeHusgx A cucTeMa JIONMycKaeT perienue ¢

IOMOIIBIO OOpATHON MaTPUIIHI!

Ne sap. | Cucrema ypashuenuit

S5r1 — 3xo + 223+ 4x4 =3
dr1 —2x9 + 3x3+ Ty =1
8r1 —6r2 — 13— D1 =9
Tx1 — 3xo + Ty + 1724 = A
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Ne Bap.

Cucrema ypaBHenuit

3r1 4+ 2x9 4+ dx3 + 4y = 3
2x1 4+ 3x9 + 623 + 84 = 5

r1 — 619 — 923 — 2004 = —11
4x1 + xo0 + 43 + Avy = 2

2x1 +dxo + x3 + 314 = 2
41 + 6290 + 313+ 514 = 4
dxy + 1dzo + 23+ Ty =4
201 — 3x9 +3x3+ Ay =7

A1+ 22+ a3+ 74 =1
r1+ A t+ag3+x4 =1
T1+xo+ Ars+x4 =1
r1t+xo+ a3+ Ay =1

201 — 19+ 3r3+4ry =5
4x1 — 229 + 523+ 624 =7
6x1 — 3xo + Txs + 814 =9
Ar1 — 4x9 + 923 + 1024 = 11

201 + 329+ 13+ 2204 =3
41 + 619 + 313+ 414 =5
6x1 + 9r9 + dr3 + 624 =7
8x1 + 1229 + Tx3 + Ay = 9

1+ XNz +x2+23=1
1+ (1+Nze+ a3 =X
z1+ 22 + (1 + A3 = A\

(>\+1)x1+x2+az3:)\2+3)\
x1+(/\+1)a}2+$3:)\3—|—3)\2
w1+ 29+ (A + Dag = A 4+ 3)3

A1+ 29 +a3=1
1+ Axo +x3 = A
T1 + T9 4+ Ay = N2

10

(I+Nz1+x2+23=1
1+ 1+ Nze+23=1
r1+za+ (1+Nzg=1

11

AT+ T2 + 223 = A
(A+3)z1 + (A — L)ag + x3 = 2A

3A+ Dz + A+ 1Das+ (A +3)x3 =3




Ne Bap.

Cucrema ypaBHeHuit

12

Ary + Arg + (A + 1)az = A
Axp 4+ Az + (A — 1)z = A
A+ Daxp+ Axa+ (A +3)x3 =1

13

3Az1 + (2N + Dzo + (A + 1)xz = A
A=D1z +2A\ =D+ (A —2)zg=A+1

14

)
(AN — 1)1 + 3z + 2 23 =1
BGA+1D)ar +2 2+ (AN + Dzg =1+ A
(AN =Dz + (N —1D)zg + (4N — Dy = —1
2(3)\ + 1)131 + 2\x9 + (5)\ + 2)1‘3 =2—-A

15

(2)\ + 1):131 — A1 — ()\ + 1):133 =2\
3Ar1 — (2  —1)zg — (BA— Doz = A+ 1
A+ 2)z1 —x9 — 2 23 =2

16

3x1 + 209 — x3 + Axgy = 3N+ 8

201 + 229 + A3 — 224 = —\ + 12
—Tx1 — 329+ 923 — 1724 = —7TX — 13
—5x1 — a9+ 113 — 1924 = —B\N =7

17

—4x1 — dxo + 223+ Ary = 4N — 1
—2x1 4+ 3xo 4+ 1223 + 1704 = 2X — 5
201 + x9o+ A\xg — dbxry = —4N— 7
3x1 +x9 — T3 — 914 = —3N+ 2

18

dx1 + 229 + 2813 + Ay = 122+ 3
S5r1 — 229 + 1723 + 2924 = 15X 4 18
—x1+x9 — 23— 1024 = =3\ —6
3r1 — 4xo + Avg + 37x4 = 8X + 21

19

=521 + 29+ A\xg — 1lzy = —8A + 22
—x1 + 229 + 1223 + Ay = —2)\ + 4
Tx1 — 229 + 1324 = 14X — 23

3rx1 — xo — x3 + dxrgy = 6A — 10

20

—x1 — 219 + A\r3 — by = 4\ — 4
r1+ Txo — 1723+ 1524 = =31 — 3
—4x1 4+ 29 — 1923 + Ay = 12X — 12
201 + 3x9 — x3 + 8xrgy = —6A + 5

27



28

Ne gap. | Cucrema ypasuenuii
1 +3x9+ Arg+ 3y =3\ —4

91 —x1 +4x9 — 2323 — 1024 = N =7
—3x1 4+ 229 — 2923 — 2024 = =3\ + 9
—x1 — 209+ a3+ Argy = =22+ 7
—x1 + 4xo + 1023 — 1724 = 2X + 25

99 S5x1 — 2x9 +4x3 + 1324 = =10\ + 1
—b5x1 — 229 — 1623 + Ay = 11X — 32
2r1 — r9 + Axg + 64 = —6A + 1
x1+4ry — 1703+ 24 = 3N+ 2

93 Sx1 + 6x9 — 15x3 — 924 = 15\ — 4
—Tx1 — dxo + Arg + 1624 = —18XA — 3
1 —T9+8rz+ Arg =2\ —7
3x1 + 229 + 1623 + 110y = —3X — 6

924 —4x1 — x9 — 1323 + Axy = 6 + 19
—Tx1 + 229 + Axg + 21xg = DX\ + 26
—3r1+x9 — a3+ 1024 = 3N+ 15
201 + 3x9 + 3x3 + 14wy = 4\ — 8

o, 3r1 — x9 — 2313+ Axg = TA
3r1 +x9 — 1323 + 724 = 6\ —5
4x1 + dxo + A\rg + 24x4 = 11N — 17
—x1+ 329+ 1923 — 1324 = X — 9

9% 201 +xo + Aws + 1204 = =3\ + 8
1+ DT+ 21z + Ay = A+ 7
3x1 — 2x9 — 2223 + 2514 = —3A + 20
Sx1+ 3x9 — x3 +4xy4 = 15X+ 1

57 —3x1 — 2290+ Axg — 31y = —11\ — 4
—4ry —x9+ 1203+ 24 = —12XA 49
—2x1 — 29+ 2x3+ A\ry = -3\ +4
1621 — 3x9 — 8x3 + Azgy = —12X + 15

98 —6x1+ 22+ Ar3 =DA—7

—x1 + 229+ 1523 — 11y = A+ 4
—b5x1 4+ 4x9 + 2723 — 19204 = DA + 2




Ne Bap. | Cucrema ypapHeHmii

3x1 + 229 + 3023 + Axg = DA+ 6
Sr1 — 2x9 + 2x3 + 1924 = 10\ — 25

2) —x1 + 29+ A\x3 — dry = —3A+ 13
dxr1 — x9 + Trs + 14y = 8N — 17
—3x1 + bxo — 1223 + vy = 9A — 12

30 —x1 + 2x9 — brg + dry = 4N — 13

3r1 — 2x9 + 3wz + 1724 = —12X + 15
201 — 3x9 + A\xg — 224 = —4X — 8
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Banada 3. Jluneitnslit onepatop A : V3 — V3 onpenensercs aefi-
CTBHEM OTOOparkeHusi o Ha, KOHI[bI PAJINYyC-BEKTOPOB TOUEK TPEXMEPHO-
I'o IPOCTPAHCTBA.

1) Haiitu Mmarpuity oneparopa A B MoAxoJdIeM basnce IpocTpancTBa
V3, a 3areM B KanonudeckoM 6asuce {1, ], k}.
2) OmpesennTh, B KaKyl0 TOUKY TEPEXOJAT TOYKH ¢ KOOPIHHATAMMI

(1,0,0) n (-1,2,1) mog jeiicTBrueM oTobparkeHus .

Ne Bap. | Orobparkenne a

1, 21 OTpazKeHue OTHOCUTEJIbHO IJIOCKOCTH T + Yy + 2 =0
2,22 noBopoT Ha 180 ° BOKpyr ocu x =y =z

3,23 | mpoeKkTHpoBaHne Ha OCh T =y/2 =z

4 24 | mpoeKTUpoBaHue Ha IJIOCKOCTL = +y + 2z =0

5, 25 | oTpakenne OTHOCUTENIHHO IJIOCKOCTH x +y — 2 =0
6, 26 | nosopor Ha 180" BOKpyr ocu =y = —z

7,27 | OpOEKTUpOBAHME HaA OCL 2x = 2y = —2

8, 28 IIPOCKTUPOBAHUE HA MJIOCKOCTh T — Yy + 2 =0

9,29 | orpaxkenne OTHOCUTEIHLHO IJIOCKOCTH & — Yy + 2 =0
10, 30 | moBopor na 180" BOKpyr ocu —xr =y =2

11, 16 | npoekTupoBanue Ha OCh x = 2y = 22

12, 17 | npoekTupoBaHMe Ha TJIOCKOCTh —x +y + 2z =0

13, 18 | oTpakeHue OTHOCUTEJILHO TIOCKOCTH —x + Yy + 2 = 0
14, 19 | moBopor na 180" BOKpyr ocm x = —y = 2

15, 20 | npoekTupoBanue Ha IJIOCKOCTH x +y — 2z =0

3aga4da 4. [lycre A — marpuiia oneparopa A u3 3aja4dnd 3 B Ka-
HOHMUYeckoM Oasuce {i,7,k}. Haiijure cobcrBeHHble 3HaUeHUs] U COO-
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CTBEHHBIE BeKTOPHI MaTpuilhl A. O0bsicHUTE, KaK MTOJYUYEeHHbBI Pe3yJib-
TaT CBdA3aH € IeOMeTPUUYECKUM JlelicTBUeM orepaTopa A.

3agada 5.

1) Jlokazarh, 4To onepaTop A sBisercs JUHEAHBIM ONEPATOPOM B IIPO-
crpaHcTBe P, MHOT'OYJIEHOB CTEIIeHU He BBIIIIE 7.

2) Haiitu MaTputy onepatopa A B KanommaeckoM Gasuce P,.

3) CymectByer jimm 0OpaTHBIi omepaTop A1? Ecotn na, Haiitu ero Mat-
puiy.

4) Haiitn obpas, spo, panr u JedexT omepatopa A.

Ne In| (Ap)(t) Ne n
d
1,22|2 | —[(t+ 1)p(t)] 9,30 |2 | (t+)p(t+1)—tp(t)
d d
2,23 | 2 gg[tp(t+1)] 10,16 | 2 ag[(t—-z)p(t)]
dp(t) a {,dp(t)
3,24 |3 | (t+1)% 11,173 dt|} p
dp(t +1) d
4,253 = 12,182 dt[tp(t——Q)]
5,26 |3 | p(t) — p(t+2) 1&n93z@%Q—p@+u
6,27 |3 3tp(t)—t2d];—(tt) 14,20 | 2 | (t — 2)p(t — 2) — tp(t)
d d*p(t) dp(t)
d*p(t)
_ 3.
8,29 |3 | 6tp(t) —t 5

3amada 6. Omeparop A seficTByer Ha MATDHIIB!, 0OPA3YIOIIHE JIH-
HeHoe MOAIIPOCTPAHCTBO M B IIPOCTPAHCTBE MATPHUIL BTOPOI'O MOPS JIKA.
1) HokazaTnh, 910 A — sunefinbrii ornepatop B M.
2) Haiitu MaTpuily onepartopa A B KakoM-HUOYIBL 6asuce M.
3) Haiitu 06pas, siapo, panr u jedekT orneparopa A.



4) Haiitu cobcTBeHHbBIC 3HAUCHUST U COOCTBEHHBIC BEKTOPBI OIEPATOPA
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A (HAIOMHIM, 9TO B 9TO¥ 3a/1a9€ BEKTOPAMHE SIBJISTFOTCST MATPHIHI ).
5) Jokasarh, uTo omepatop A sIBJISIETCST OMEpaTOPOM MPOCTOTO THTIA,
BrimmcaTsh MaTpuily oreparopa A B coOCTBEeHHOM Dasnce.

Ne M:{X:<‘T y)} A B

u v
1,16 |y =u A(X)= B'XB <é é)

- T 00

2,17 |y=u A(X)=B"XB 11
3,18 |z4+v=0 A(X)=BX - XB <(1) _1)
4,19 |z4+v=0 A(X)=BX - XB (? é)
5,20 |z4+y+u+v=0 A(X)=B"'XB <? é)
6,21 |o—y+utv=0 A(X)= B'XB <_(1J é)
7,22 |z4+y—u—v=0 AX)=BX + XB (? é)
8,23 |z—2y—u—v=0 A(X)=BX + XB <é _1)
9,24 |y=u A(X)=BTXB (1 8)
10, 25 |y = u A(X)=BTXB <8 1)
11,26 |z +v =0 A(X)=BX - XB (_1 _§)>
12,27 e +y+utv=0 A(X) = BX — XB <? é)

B S o1 0 1
13,28 |z +y+2u+v=0 A(X)=B"'XB <1/2 )
14,20 | s +y+2u—v=0 | AX)=BX+XB (_i _?)
15,30 |z 4+y—v=0 A(X)=BX + XB <_(1) ?)
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Banada 7. B npocrpancTse V3 reoMeTpruecknX BEKTOPOB ¢ 00ObIU-
HBIM CKAJSIPHBIM TTPOU3BEICHIEM BEKTODBI basuca S = {f1, f2, ﬁg} 3a-
JIAHBI KOOPJIMHATAMI B KaHOHIIeCKOM bazuce {7, ], k}.

1) Hairru matpuiy 'pama Gg cKaJsipHOTO TPOU3BEICHUST B 9TOM Ha31-
ce. Boimucars (popMyity jurs JJIMHBI BEKTOPA Y€pe3 ero KOOpuHaATh

B basuce S.

2) Oproronannsobats 6aszuc S. Cenarh MPOBEPKY OPTOHOPMUPOBAH-

HOCTH IIOCTPOEHHOI0 6asuca P jaByMsi cliocodbaMu:

a) BBITMCAB KOOP/IMHATEI BEKTOPOB n3 P B 6asuce {7, J, k)

0) yOeMBIIHCEH, ITO TTpeobpasoBaHne MATPHUIILI | paMa mpu mepexo-

Jie o1 Gasuca S K 6azucy P (1o gpopmysie Gp = CT-Gg-C) upusomur

K €JIMHUYHON MaTpurie.

Ne 1,23 2,24 3,25 4,26 5,27

Al1-11]1 0 1] 1-10]10 2]0-1 2
fol2 101 1-1]1 11 /]21-1|1 1-1
/500 11 ]2-1 1|1 02|11 01 0 1
Ne | 6,28 7,29 8,30 9,16 10,17

fil11-1] 20 1]/-11 1] 201] 1 10
fol20 1]-11-1] 10-2] 111]|-2 01
fa 011 2] 12 120 1[-101] 1-11
Ne [ 11,18 12,19 13,20 14,21 15,22

fil1o-2]2-10] 102 [-110]11-1
fpl21 101 11 111]-=211,10 1
#0011 0[-1 01[—-110| 102|210

3agaqga 8. Jlana kBajgpaTnunas dgopma Q(7).

1) IIpuBectn Q(Z) K KAaHOHHUECKOMY BUY MeTooM Jlarpamxka. 3arm-
caTb COOTBETCTBYIOIIEE IIPeobpPa30BaHUE TePEMEHHbIX.

2) [TpuBectn Q(F) K KAHOHMIECKOMY BHUJLY C TOMOIIBIO OPTONOHATBLHOTO
1IpeodPa30BaHus, BbIIUCATH MATPUILY HIEPEXOJIA.

3) YOeuThesT B CHPABEJJIMBOCTH  3aKOHA WHEPIH  KBaIPATHIHBIX
(opm Ha npumepe mpeodbpazoBanmil, TOJYIEHHBIX B MyHKTaxX 1 n 2.

4) IToBepxHOCTH BTOPOTO TOPSAJIKA 0 3aJlaHa B MPSIMOYTOJIBHOM JeKap-
TOBO cucreme KoopauHaT ypaBHeHueM Q(¥) = a. OupegenuTb THUII
IIOBEPXHOCTH 0 U HAIIUCATH €€ KaHOHUYECKOE ypaBHeHUe.



33

Ne Kragpatnanas dopma Q () a
1 4:13% — 3x§ + 4x1r9 — 41173 + 8T273 24
2 —2x913
3 Qx% + Qx% + 2x§ + 8r1r9 + 8r113 — 8T273
4 256% + 9:(:% + 256% — 4x1290 + 42073 50
5) —4:13% — 4x% + 2x§ — 4x12x9 + 8x103 — 8r973 24
6 Qx% + x% — 4x1x9 — 4973 16
7 4%’% + 4:1:% + x% + 22129 — 41203 + 41073
8 3:6% + x% — %x% + 24/3x129 — r1r3 + \/§x2x3
9 —x% — :c% — 3:6% — 2x129 — 61173 + 6273 12

10 m% — 73:% + ZL‘% —4dxix9 — 20103 — 4073 32

11 x% + 256% + 3x§ — 4x1x9 — 4973 0

12 3@% — 7.%% + 3%% + 8x1x9 — 8x173 — 8T273 36

13 x% + 5:1:% + :z:% — dx1x9 + 5V 22123 + V21913 24

14 x% — a:% + :1:% — %w T9 — ngxg

15 —295% + 2x% — 23:% — dx1x9 + 5V 22123 + V22913

16 —133% + 5:(:% — %az% —4dx1x9 + 3103 + 49wy 12

17 —3x% + 9:1:% + 335% + 2x129 + 8x1203 + 4973 40

18 —2:1:% + 2:1:% — 23:% + 4x119 — 6173 + 410273 24

19 23:% + 31‘% + 2.@% — 8r119 — 4\/§JJ1$3 + 2\/51;2:[;3 0

20 —41:% + x% — 4x§ 4+ dx1x9 — 42173 + 41003 28

21 102% + 1423 + 7a:§ — 10z129 — V22173 — 521973 36

22 %x% — 5:1:% 2x3 + 4x109 — 103 — 4T273 18

23 x% + :L‘% + 23:3 + 4o + 221103 — 24/ 22913 0

24 2:6% — 3:1:% — 2V/3x119 — drir3 + 4\/3952363 20

25 :L‘% + :1:% + :U% + %:leg + %ixgxg

26 x% + ::r;% + 8x119 + 4V 21115 — 2/ 21913

27 5x% + 139&% + 5$§ + 4x129 + 81073 60

28 2371 + 2::/;2 — 2$3 + 3x1x2 + —fxgxg 12

29 533% + 4x2 + 2:1::3 — dxyx9 — 221123 + 4V 20923 24

30 —25(:% + 5x% — 2x§ + 4x129 + 42973 12
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KOHTpOJIbeIe BOIIPOCHI

5. Teopus cucrem JUHENHBIX ypaBHEHU

5.1. Yro Takoe paHr marpuilbi?! Kak oH CBsI3aH ¢ PAHI'OM CUCTEMBI ee
cTpok (cTosibros)? Yemy paBeH paHT MATPHIIBI, BCE 9JIEMEHThHI KOTOPOTi
OJIMHAKOBBI !

5.2. KakoB Kpurepuii paBeHCTBa, OLPEJICTUTEIsT HYJIO?

5.3. YTO IpOMCXOUT ¢ PAHIOM MATPUIIBL: &) MPU €€ TPAHCIIOHUPOBAHIH
(1 mouemy?); 6) IpU BJIEMEHTAPHBIX MPEOOPABOBAHUSX !

5.4. Kak BbIVIAIAT OJIOTHO-TPEYTOJIbHAS MaTPUIIA, TUeMY PABEH ee PaHr?

5.5. Hro Takoe MaTpuiia CUCTEMbI; paciiupeHHas marpuia? YrTo o3Ha-
Jal0T CJIOBA: 3alicaTh cucremy B Marpuunoit popme? Ilouemy ona sK-
BUBAJICHTHA UCXOJHOI CUCTEMe ypaBHEHUI?!

5.6. Yro o3Hauyaer coBMECTHOCTH cucTeMbl! Kakue crucTeMbl Ha3bIBalOT-
cs1 9KBUBaJIeHTHbIMU ! KakoB Kpurepuil copmecTHocTr cucrembl?! Korjia
pellieHne CUCTeMbl €JIMHCTBEHHO?

5.7. Beerna i coBMmecTHa ofHOpOHAA crcTeMma’! KakoB Kputepuii cy-
ITIeCTBOBAHMS HEHYJIEBBIX PEIIeHn y 0OJIHOPOJIHOM crcTeMbl! Bblnennre
CJyYail KBaJpPaTHOM CUCTEMBI.

5.8. Ob6pazyer i1 MHOXKECTBO peIIeHUi OJIHOPOJIHON CUCTEMbl JIMHEl-
HOE TPOCTPpaHcTBO? A MHOXKECTBO peIeHUi HEOTHOPOIHON CUCTEMBI!
Ob6bsicauTe pesysbrar. KakoBa cBsi3b perieHuil 0HOPOIHON 1 HEO IHO-
POJIHOI cucTem?

5.9. KakoBa pazmepHOCTH IIPOCTPAHCTBA PELIEHUil OJJHOPOJIHON crucTe-
Mbr? Yro mazsBactes dyngamentaanioil cucremoit perenuii (OCP)?
[Touemy nonsitue @CP cyrecTByeT TOJMBKO /15T OJHOPOIHON cucTeMbI?

5.10. Yo HasbIBaeTcs 0OIIMM PEIeHneM O JHOPOTHOM CUCTEMBI M KAKOBA
ero crpykrypa’ Ilycrs jana @CP HekoTOpoit 0JIHOPOJIHOM CUCTEMBI:

X =(1,1,2", Xx1=(231)"

Brimumute Bee ee pertenus. Ykraxkute Jipyryio OCP stoii cucrembr.
5.11. Bce perienus oJJHOPOTHON CUCTEMBI JIMHENHBIX YPABHEHUN MOTYT
OBITH 3alTMcanbl B BUJIe: 1 = S+1t, xo = s—2t, x3 =3, x4 = t, x5 = s+2t,
rie s, t € R. Ykaxure ee OQCP. CkojibKO ypaBHEHUIT MOIJIO ObITH B
cucreme?!
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5.12. Bce pernerust He0IHOPOHON CUCTEMBI JIMTHENHBIX YPaBHEHUI MOTYT
ObITH 3amucaHbl B Bujie © = 1+ s, y = 2s — 1, z = s. Onumure Bce
peleHnst COOTBETCTBYIOIIEN OJIHOPOTHOM CUCTEMBI U TPUBEJIATE TPUMED
ee OCP.

5.13. Kakne cmocoObl perenust cucTeM JUHEHHBIX ypaBHeruil Bor 3Hae-
Te? Beerja s oHU IpUMEHUMBI !

6. JIuHeitHBIE OMMepaTOPHI

6.1. Yro Takoe JsimHeitHbIi oneparop? [IpuBecTn mpuMephl JTUHEHHBIX
OTIepaTopoB B IpocTpatcTsax V3, R™, P, . Kaxoit BekTop coxpansgercs
npu JeficTBumn J000ro JnHEHOro oneparopa’

6.2. Kakue u3z ciiejiyronux orobparkenuii, JedcrByionmux Ha reoMerpu-
YECKUE BEKTOPBI T = (71, T2, x3) € V3, ABIAIOTCA JTUHEHHLIME OIEPATO-

pamMut (BEKTOpBI @ 1 b (DUKCHPOBAHBI):

a+#0; 0)AZ =z +a; B)AT = az;
rAz = (z,a)z; n1)Az = [z,a]; e)Az = [[z,a],b];
x) AZ = (z,a)a, |a] = 1 (xakoB reomerpuueckuii cMbici?);
3)AZ = (%,7)a;
n)Az = (22, 23,0);
K)Af = (221 — 3,72 + w3, 71)
1) AZ = (sinzy, cos 22, 0);

M) A — moBopoT BOKpyT ocu OZ Ha yroi «;
n) Az = 7 — (Z,a)a, |a] = 1 (KakoB reoMeTpiIecKnii cMpica?).
6.3. Kakne uz ciieiyiommx oTobpaskenuii aBJIAI0TCS JTUHEHHBIMEI OTlepa-
TOpaAMU B IIPOCTPaHCTBE L:
a) L = R*: Af—($1+x4,x1—x2,O,a74—x3); Afz(x—kl,xg—xg,xl,());

6) L = Llcost,sint] : (Az)(t) =2'(t); (Az)(t) = 2/(t) — z(0);
B) L= P3 (Ap)(t) = p(t +h) — p(t), h € B;
r) L (Ap)(t) = p'(t), (Ap)(t) = tp(t),

(Ap)(t) = p(t) — tp/(t) + 2" (1);
1) L = P — npocTpaHCTBO BCEX MHOTOWICHOB (OOBSACHUTH, TOUEMY
9TO JH/IHeﬁﬂoe HpOCTpaHCTBo): (Ap)(t) = tp(t); A (po + pit + ... + put™) =
pot + 2= St pnﬂ — UHTErpUpoOBaHUeE.
6.4. I{To TaKoe MaTpulla JIMHEHHOIo omnepaTopa B jaHHOM basuce? Kak
OHA U3MEHUTCSI, €CJIU TOMEHSTh MECTAMU J[Ba, OA3MCHBIX BEKTOPa’
[lycTs simHeitHbIE omnepaTop A: R - R 1IEPEBOJIUT BEKTOPbI €] =
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(1,0,0), €2 = (0,1,0), €3 = (0,0,1) COOTBETCTBEHHO B BEKTOPDI fl =
(1,2,3), fi = (3,4,5), f3 = (6,6,6). Kakosa ero marpuua B 6asuce
{e1, €, E5}7

6.5. MI3BecTHa MaTpuIla orepaTopa B HeKOTOpoM basuce. 1To Kakoit ¢hop-
MyJIe IIPeodPas3yIoTCS KOOPAMHATEI BEKTOPOB 1101 JIEHCTBUEM 9TOI0 Olle-
paTopa’?

6.6. Yro Takoe cymma, IpousBejieHne JIMHEHHbIX ortepaTopoB? HTo mpo-
MCXOJIUT ¢ MaTPUIIAMU JIMHEHHBIX OIIEPATOPOB IIPU CJIOXKEHUHU, YMHOXKE-
HUU OlIepaToOpOB?

6.7. Kak obpasyercs MaTpuiia epexo/jia oT JaHHoro 6asuca K HOBOM cu-
creMe BeKTOpoB? KakoB kKpurepuit 6a3mcHOCTH HOBOI cucTeMbl! Kak
peodpas3yroTes KOOPJIMHATHI BEKTOPOB M MATPUILA JIMHEHHOrO ollepa-
TOpa IpU Iepexoie K Japyromy baszucy? UTo IPOUCXOAUT IPU STOM C
olpeJle/InTe/IeM MaTPHUIIbI?

6.8. Kakue MaTpuibl Ha3nIBAIOTC monobubLIMI? Kakne cBoiicTBa 110/10-
oust MmaTpunl Bol 3naere? Kak cBssanbl MexKjy coboil olpejenTein
110100HbIX MaTpul? OTBeT Ha MOCeHUI BOIIPOC 0OOCHYIATE.

6.9. Kakoit oneparop HazbiBaeTcss HEBBLIPOKIeHHbIM! Y T0 Takoe obpar-
HbI# ontepaTop? Kakos kputepwuii ero cyiiecropanns! Kak HaiTn MaT-
prtty o6parHOro oneparopa? UsBecTHO, UT0 jmHeiHbIT omepaTop A me-
DEBOJIUT BEKTOP Z # 0 B Hyab-ekTop. Cymecrsyer ju A~1? Orser
00OCHOBATD.

6.10. Yro Takoe cobCTBEHHBIN BEKTOD JIMHEHHOr0 oneparopa’ Kakos reo-
METPUYECKHI CMBICT COOCTBEHHOIO BeKTopa B ripocTpancTse V37 [Tycern
T~ COOCTBEHHBIN BEKTOp. YKa)XUTe erne KaKoH-HuOyah coOCTBEHHbIM
BEKTOP, OTBEUAOIINN TOMY »Ke cobcrBeHHOMY 3HadeHno. OTBeT 000c-
HOBaTh. MoryT Jin ObITH JIMHEHHO 3aBUCUMBIMEU COOCTBEHHbBIE BEKTOPHI,
OTBEYAIONINE PA3INIHBIM COOCTBEHHBIM 3HATEHUSIM !

6.11. BepHbl Jiu yTBEp:KJIEHUS: &) €cyid A — COOCTBEHHOE 3HAUEHUE Ol1e-
paropa A, o ¥ — coberBennoe 3Hatenne st orneparopa AF:

6) ecin Z — cobCTBEHHBIA BEKTOD onepaTopos A u B ¢ coberBenHbMuT
3HAYEHUSIMU A1 ¥ Ay COOTBETCTBEHHO, TO T — COOCTBEHHBIN BEKTOP JJIs
A+ B; s A— B? Ecstn 118, TO ¢ KAaKIM COGCTBEHHBIM 3HAUCHIEM !

6.12%. Mcxo/ast 13 reOMETPHTIECKOro CMbIcia omeparopa A : V3 — V3,

yKazaTb ero cobcrBeHHble 3HaUeHust 1 cobcTBenHbie BekTopbl. O0J1a1a-
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eT Jin OH 0a3UCcOM U3 COOCTBEHHBIX BEKTOPOB? Kcyi Jia, TO KaK BBINJIs-
JIUT MaTpPHIla olleparopa B 9ToM baszuce? fABjsieTcs ju ornepaTop HeBbI-
poxcieHHbIM? a) A — omepaTop IPOEKTUPOBAHMS BEKTOPOB HAa ILIOC-
KoCTh P; 6) A~ OIIePaTOp MPOCKTUPOBAHNUS BEKTOPOB Ha NMPAMYIO L;
B) A — omepaTop cHMMETPUM BEKTOPOB OTHOCHTENBHO TIOCKOCTH P;
r) A — omepaTop CHMMETPUH BEKTOPOB OTHOCHTEILHO TPAMOM L; Ji)
Az =[z,a], a # 0 — QUKCHPOBAHHBIA BEKTOD.

6.13. Yro Takoe xapaKTepuCTUIECCKUN MHOTNOUIEH JUHEHHOTO ONEPaTo-
pa? 3adyem oH HyxKkeH? Kak on 3aBucur oT BbibOpa Oazuca? Ilycrhb
A1, A2, A3 — cobCTBeHIble 3HaueHus olepaTopa B V3 a) KaKOB €ro Xapak-
TEPUCTUIECKUH MHOTOUJIEH; 6™) demMy paBeH OMpejesuTe b MaTPUIIbI
orieparopa’

6.14. Kak naxoguTh COOCTBEHHBIC 3HAYCHUA M COOCTBEHHDBIE BEKTOPBLI
JIMHEITHOT'O o1IepaTopa B n-MEPHOM IIPOCTPAHCTBE?!

6.15. Yro Takoe orepaTop npocToro Tuma?! Kak BbINISIUT MATPUIA OIIe-
paTopa B 6a3uce n3 cobCcTBEHHBIX BEKTOPOB! KakoBO 10cTATOIHOE YCI10-
BUE oTepaTopa mpocToro Tumna? Asiasgercs gm ono neodxoanMbim?* Hro
O3HAYAET JIMArOHAJIM3YEMOCTh MATPUITHI!

6.16. Marpwuria onepaTopa B HEKOTOPOM Oasnce — Tpeyrojibaas. KakoBb
cOOCTBEHHBIE BHAUEHUS 9TOr0 orepaTopa,’

6.17*. IlokazaTn, 1T0 orneparop, 3ajamnniii Marpureii E;j (cM. Bompoc
3.8 u3 Tunosoro pacdera Nel), mepeBojnT 6a3MCHBIH BEKTOD € B €;, &
ocTaJjibHble Da3ucHble BEKTOPLI — B HYJib. [[o/b3ysch 9TuM, BHIYUCIUTD
Eij - By

6.18%. Murepuperupyst Marpuny A Kak MaTpuly JMHEHHOIO OlepaTo-
pa, BoraucauTh A", vie: a) A — TpeyrosbHas MaTPHUIA n-T'0 MOPSIKA ¢
HYJIEBBIMU DJIEMEHTAMU Ha IJIABHOM JIMaroHaJIH;

010
6)A=|001]|,n=-112 3,...
000

6.19%. Crnpapeninso Ju paccy K jleHne: “HyCTb AB = AC, rie A — neny-
JIEBOH orepaTop; cokpartus Ha A, mosyanm B = C7'7

6.20*. [IpuBecTn mpuMep JHHEAHBIX OIEPATOPOB A U B, I KOTOPDIX
AB =0, BA#0 ( ykazanue: cm. 6.17%).

7. Bbunnneiinble 1 KBaApaTuiHbIe (POPMBI

7.1. Yro rakoe OununHeitnasi popma? Kak obpasyercss marpuiia Ouiv-
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Heitno#t popmbl B janroM basuce? Kak 3amucath ommmneitnyo gpopmy

B JanHoM Oazuce? Kak zammcarb OuuHEHHYIO (OPMY B KOODMHAT-

. . o 1 2
HOU ¥ B BeKTOpHO-MaTpuaHoit 3anucu’! Ilycts B = a4 | — MaTpU-

ma Qopwmbl B Oazuce {ej,é2}; = = (—1,1), ¥ = (1,—1). Hemy paBab
B(ey, e2), B(é2,€1), B(Z,9)?
7.2. IIpu kakom ycyioBun Ha Ko PUIMeHTh OninHeitnas gopma

o n n
B@g) =) > . b vy

CUMMETPUYIHA, KOCOCUMMETPpUIHA?

7.3. Kak mensercs marpuiia Oumaeioi gpopMbl TPpU M3MEHEeHUN 0a31-
ca? YTo nponcxoguT Ipu 3TOM €O 3HAUCHUSIMU (POPMBI!

7.4. Yro Takoe kBaJjipaTuunas gpopma? Kak odpasyercs Marpuiia KBaji-
patndHoit (opMbl B maHHOM Oasuce? Kak sammcarh KBaJIpaTUIHYIO
dbopmy 10 ee mMarpurie (ykasarh 2 Buja 3amucn)? Beimmamure MaTpu-
1y KpaJpaTuuHoit (popmbl. IlpuBennre BEeKTOPHO-MATPUUHYIO 3allUCh
dopmbl K () = 20?2 — 3z123 + 3. [Ipuseaure JBa BUja 3aIACH KBaJIpa-
TUIHOI (POPMbBI ¢ MaTpUIeit

0 1 -1
1 0 -1
-1 -1 0

7.5. KakoB Kanonundeckuit B/ kBajiparuitoin popmbl? OHO3HAYHO Ji1

oH onpejieser? Kak BoITIsiuT MaTpuia GpopMbl B KAHOHTYECKOM Oa-
suce? Kakune xapakrepucTuku (pOpMbI HE 3aBUCST OT BbIOOpPA KAHOHU-
Yeckoro dasmca’?

7.6. Yo Ha3BIBAETCS OJIOKUTE/ILHBIM, OTPULIATETbHBIM HHEKCAMHU UHED-
K, PAHrOM KBaJjpaTudHoit popmbl? Yro o3HAYACT OJIOKUTEIbHA
(oTpuraTesbHAST) ONMpeIeTeHHOCTD (hopMbI! KaKOBBI MOJTOKUTETHHBIIH,
OTPUTIATENbHBII MHIEKCHI U PAHT TTOJIOXKUTETHHO (OTPUIIATETHHO) OIpe-
JesieHHoit popmbr?

7.7. KakoB KpuTepuii OJOKNATEIBbHOM (OTPUIIATENBHOIT) OIIPEIeICHHO-
CTU KBaJIPATUIHON (HOpMBIT!

7.8. Tlosepxnocth 2-ro nopsijka B V3 sajaerca ypasuennem K () = 1,
e Q(T) — kBagparwaHasd popma. Y KaxKITe THIT TOBEPXHOCTU B 3aBH-
CUMOCTH OT PaHI'a ¥ WHJIEKCOB MHEPIUU KBAJAPATUIHON (DOPMHBI.
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8. EBKaImaoBBI IpOCTPaHCTBA

8.1. Kakune akcHuOMBI OIPEJIEISA0T CKAJIAPHOE ITPOU3BEICHNE B €BKIINI0-
BOM IpocTpancTe?! UTo OHM 03HAYAIOT HA SI3bIKE OMJIMHEHHDBIX (popM?
[IpuBejiure 1npuMepbl CKaASPHBIX POU3BEIEHMIA.

8.2. Hro Takoe marpuna ['pama? Kaxossl ee cBoiictBa? Kak 3anucarh ¢
ee TIOMOTIILIO CKaJISIPHOE MPOU3BE/ICHIE BEKTOPOB?!

Moxer mmn maTpura ['pama B HekoTopoMm basnce {é1, €2} UMeTh BU/I:

a)G:(g ?);6)6?2(3 1);B)G:(_:1)) 1)7
[Tpu mostoXKuTEHLHOM OTBETE HAWTH (€1, €2), (€2,62), (Z,7), tnex = (1,1), g =
(1,-1).
8.3. Uro Takoe jyimHa (HOpMa) BEKTOpA B €BKJIMJIOBOM TTPOCTPAHCTBE?
Kakosnl ee coiicrBa? YUto Takoe nepasencTso Komm-bynsakoBekoro?
Korja ono npeppaiaercs: B papeHcTB0? Kak BbIIVISJIUT HEPaBEHCTBO
TPEyTroJIbHUKA, U [0UYeMy OHO TaK Ha3bIBAETCs?
8.4. Kak Boruncisiercst yroa mexkay Bekropamu?! [louemy sTo ompejesie-
HUe yriia KoppekTHo! Kakie BEKTOPbI Ha3hIBAIOTCS OPTOrOHABLHBIMMU !
CxaJisipHOe IIpousBeieHne B basuce €1, €s, €3 3ajaercs Marpuiieir I'pama
310

G=| 11 0 |.DByayr au oproroHaJibHbI BEKTOPHI €] U €3, €] U €3, €2
001

n €37 KakoBbl JUIMHBI BEKTOPOB €71, €2, €37

8.5. UTo Takoe opTOroHaJibHbIH, OPTOHOPMUPOBAHHBIN 0Aa31UCHI B €BKJIN-
JoBoM 1poctpaHcTe? Kak BbilvisianT MaTpuia ['paMa B OpTOroHaJb-
HOM Oasnce, B OPTOHOPMUpOBAHHOM? Kak HIMEeTCsT CKAJISIPHOE MTPOU3-
BeJleHre B opToHOpMuUpoBaHHOM Oasuce? Ilouemy? Kak BbIpaskarorcs
yepes cKaJisipHoe MPOu3BeIeHre KOOPAMHATH BEKTOPa B OPTOHOPMUPO-
BaHHOM Da3zuce?

9. JIuneitable orrepaTopbl B €BKJIMJIOBOM MPOCTPAHCTBE

9.1. Kakoit oreparop A1 HasbIBaeTCs CONPSIKEHHBIM K JIHHEAHOMY OlTe-
paTtopy A B eBKJIMIOBOM IPOCTpAaHCTBe? ByIeT Jii OH eIHHCTBEHHbIM?
Kak HAHTH ero MaTpHILy, 3Has MATPHILY OIEPATOPa A B OPTOHOPMUDO-
BaHHOM ba3zuce?

9.2. Kak nafitu OLIEPATOP, CONPAKEHHBIA K HPOU3BEICHUIO OLIEPATOPOB
AB; k ux cymme A+ B? Yemy paBeH CONpPSKEHHbIH OEPATOP K 0OpAT-
HOMY orepaTopy A~1?



9.3. Kakoit onieparop HazbBaeTcsi caMoconpsizkeHHbIM? KakoBo xapakTe-
PUCTIIECKOE CBOMCTBO MATPUIHI CAMOCOTPSXKEHHOI'0 OIlepaTopa B OP-
TOHOpMUPOBaHHOM Oazuce? CoxpaHsgeTcs Ji CaAMOCOIPIKEHHOCTD IIPH
CJIO2KEHUU OIIEPATOPOB; IPU YMHOXKEHUU UX HA YUCJIA; PU YMHOXKEHUN
OTIepaTOpPOB?

9.4. Kaxona crenuduka KOpHeil XapaKTepucTuyecKoro ypaBHEeHUsT J1Jisi
CaAMOCOIIPsI>KEHHOTO orteparopa’ KakoBbl CBOHCTBa €ro COOCTBEHHBIX
BEKTOPOB?

9.5. Kakoit onieparop HasblBaeTcs OPTOroHaJbHbIM? UTO HPOUCXOUT €
OPTOHOPMWPOBAHHBIM 0A3MUCOM TIPU AEHCTBUU OPTOTOHAJIHLHOTO OTlepa-
Topa’!

9.6. NsBecTHO, UTO JUHEHHDBIN OepaTop MEPEBOAUT OPTOHOPMHUPOBAH-
HbIl 6a31uc B OpTOHOPMUPOBaHHBIA. KakoB 3ToT oneparop?

9.7. Byser Jin opToroHaJibHblil onepaTop uMmerb obparHbiit? Eciu ja, To
Kak ero Haitm?

9.8. Ussecrro, 1aro omepatop A obparnm, n A1 = AT, Kakos sror
oriepaTop?

9.9. KakoBnbI cBoiicTBa MaTPHUIIBI OPTOIOHAJBLHOI'O OIIEPATOPA B OPTOHOP-
MUPOBaHHOM Oasuce?

9.10*. Kak nokasaTh, 94T0 IIPH MEPEXOJIE OT OHOTO OPTOHOPMUPOBAHHO-
ro basnca K JIpyromMmy OpTOHOPMUPOBAHHOMY Oa3ucy MaTPUILA, CAMOCO-
IPS2KEHHOT0 OllepaTopa IpeodpasyeTcs TaK »Ke, KaK MaTpUIla COOTBET-
cTByIOlIEei KBaapaTudHoi popmMbl? JLst 4ero 3ech Hy»KHa, CAMOCOIIPsI-
YKEHHOCTB olieparopa’
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