1 Jlekmuga 8

1.1 HaxoxkjaeHne coOCTBEHHBIX 3HAYEHUI M COOCTBEHHBIX BEKTOPOB

Iycrs A : V — V— auneiinsiit oneparop u B = {€1,...,€,}—6a3uc B suHeitHOM npocTpaHcTBe V.
Ilycrb T - cobGeTBeHHBIH BEKTOp onepaTopa A ¢ COOCTBEHHBIM 3HadYeHHEM A, TO ecThb T # 0 u AT = AZ(8.6). Ilycrs A -
MAaTpHIla JUHeHoTo oneparopa A B 6asuce B.
IIycTe

C doro... Hyxuo naiitun nenyiesoe pemenue cucrembl (8.8). Cucrema (8.8) umeer HEHyJIeBOe PEIIEHHE TOTIA U TOJIBKO
TOr/Ia, KOrIa:

rang(A — AE) <n <| A—AE |=0(8.9)

Takum obpazom, fjs TOro, 9TodbI JUHEHHBIH omepaTop A mMes COOCTBEHHBIN BEKTOP T C CODCTBEHHBIM 3HAYEHHUEM A\
HEeOOXO/IMMO U JIOCTATOYHO, YTOOBI BBIIOIHSIOCH paBeHcTBo(8.9). Banumem pasencrso (8.9) moxpobuee:

a1 — )\ ai12 e QA1n
[ A—)\E|=| %1 2= A . am | (8.10)
an1 an2 cee Qpp — A

Oupenenurens B pasercrse (8.10) npencrasisier coboit MHOTOWIEH cTeneHn N 0T A. Ero Ha3bIBAIOT XapaKTePUCTHIECKUM
MHOTOYIEHOM, a paBeHcTBO (8.10) HA3BIBAIOT XapPAKTEPUCTUYECKUM yDABHEHUEM.

ITyctb A1, ..., A, - KOpHE XapakrepucTuieckoro muorodsena (8.10). B cuiy Bblliecka3aHHOIO A1, ..., A, - cOBCTBEHHbBIE
3HaYeHUsI JIMHEHHOro onepaTopa A

IIpaBuiio HaXOXKAeHNSA COOCTBEHHBIX BEKTOPOB M COOCTBEHHBIX 3HAYEHUI JIMHEITHOro omeparopa
1. Haxomum coGCTBEHHBIE 3HAUEHUs JIMHEHHOTO OMEPATOpa, TO €CTh PeIlaeM XapaKTepuCThdecKoe ypapaenue (8.10).
2. s KaXKJI0r0 COOCTBEHHOTO 3HAYEHUs \; PEIIaeM OJHOPOJHYIO CUCTEMY JIMHEHHBIX ypPaBHEHUIL:

X1 0
(A-XNE)| = [ =]: (8.11)

I3 0

JTio6oe nenysnesoe perenue cucrembl (8.11) - coberBennblii BeKTOp JimHeHHOro oneparopa A, coorBercTByIomuii cob-
CTBEHHOMY 3HAUEHUION;.

1.2 NHBapmaHTHOCTh XapaKTEPUCTUIECKOTO MHOTOYJIEHA U OIIPEIEeJNTE]d MaTPUIIbI JINHE-
HOT'0O ollepaTopa

Teopema. (lHBAPUAHTHOCTD XAPAKTEPUCTUIECKOIO MHOIOWIECHA M OIPEIEIUTE sl MATPUIIBL JIMHEHHOIO OIlepaTopa.)

XapakKTepuCTUIEeCKUI MHOTOUIEH HEe MEHSIETCS TIPH TIepexo/ie K Apyromy basucy. B g0boM 6asuce ompeaenTe b MATPHUITHI
JINHEHOTO OIIepATOpa MMeeT OJHO M TO YKe 3HAYEHUe.

Jokazarenscrso: Iycrs A : V' — V -jumeiinsiii oneparop B juHeitnoMm npocrpanctse V. Ilyers B = (é1,...,8,) u
B = (é,...,e,) - 6asuc B V.

IIycrs A m A’ -maTpuner oneparopa A B 6azucax B u B’ cooTrBercTBenHO.
Torma A’ = C7YAC, tne C - marpuna mepexoma ot 6asuca B k 6asucy B'. = |A'| = [C7Y - |A|-|C| = |A|, Tax xak
ICTH - IC]=1= |A|=]A]
Jagee B 6asuce B’ umeem:
|A" — AE| = |[C7YAC — \E| = |C7YAC — C7IN\EC| = |C7Y(A — AE)C| = |A — \E| - xapakTepucTHIeCKUil MHOTOUJICH B
6azuce B

Omnpenenenne. JIpe marpunpl A u B Ha3bIBaIOTCs MOIMOOHBIME, €CJIU CYMIECTBYET HEBBIPOXKIeHHAs MaTpulia C' Takasi, 9To
A = C7'BC Ob6oznauenne A ~ B.

CnencrBue 1. Marpuiibl JIMHEHOTO OEPATOPA B PA3JIMYHBIX Oasucax MOJ0OHDI.

Crencreue 2. A ~ A, Tak kak A = E~'AE.

Cnencreue 3. Ecoim A~ Bu B~ D, 10 A~ D



2 T'eomerpuyeckuii CMbICJ OIIpeJIeJIUTETII MATPUIlbl JUHENHOTO onepaTopa B
IIPOCTPAHCTBE TeOMeTpUIecKnX BeKTopos V3. Buiuneitnble yHKIUT 1 61-
JuHelHble POPMbI B JJUHENTHOM IIPOCTPAHCTBE.

2.1 T'eomerpmyecKuii CMbICJI ONIPEeAEJNTE]IsI MAaTPUIIBI JIMHEIHOTO ollepaTopa B IPOCTPAHCTBE

reoMeTpu4ecKnx BeKTopos V3

[ycrs A : V3 — V3 - mumedinwrit oneparop. Ilyers B = {7, 7, k} - 6asuc B V3.
IIyctp A - maTpuna omneparopa A B 6asuce B.
BosbMeM ITPOn3BOIbHBIE BEKTOPLL:

T L2 T3
a= Y1 ) b= Y2 | ;= Ys |
zZ1 ) z3
BosbmeMm 06pa3b1 9TUX BEKTOPOB:
/ ! /
T X1 B B To T2 T3 Z3
— —/ / . 7 ! _ CAA— A / _ .
Aa=a" =y | =4y |;Ab=b= |y | =A |y |;Ac=C=|ys | =A|ys|;
/ / /
21 Z1 Z9 Z92 Z3 zZ3

9TI/I TPpU paBE€HCTBa MO2KHO 3allUCaTb OJHUM MaTPUYIHBIM DPaBEHCTBOM:

) xh ok Ty Ty X3
/ / / —
vioy2 ys| =A |y Y2 us (9.1)
2y zh % z1 z2 23
R A r1 Xy I3
/ / A
=1 v Y3 = Al |y oy v (9.2)
z] zh 2% 21 2y 23

Bcrnomunas morsiTHE CMEIMTAHHOTO TPOU3BEIEHNS] BEKTOPOB, PABEHCTBO (9.2) 3a0uIneM B BHUJIE:
@.v'.e)=[ A|-(ab,e)(9.3)

IIycts BekTOpHI @, b, € - HE KOMILTAHAPHBI.

Torma (a,b,e) # 0. = |A| = (?a’,%;aa)) = i—‘(/,, TO €cTb | |A| |= Vvl,

rie V - 06ben mapasiIesennieia, MoCTPOCHHOTO Ha BeKTOPax a, b, ¢,
V' - 06beM TapasuiesIenuieia, ITIOCTPOEHHOTO Ha BeKTopax a, b, &,
| |4] | - koadbdburpenT nckazkeHnst 06HEMOB.

Yewm onpesesnsiercs 3HaK |A|?
|A] > 0 - opuenTamus: 0TOGPAsKEHHON TPOWKH BEKTOPOB COXPAHSIETCS.
|A| < 0 - opuenTanust 0TO6PAKEHHON TPOIKU BEKTOPOB MEHSAETCSL.

|A] = 0 - oToGparkeHue BBIPOXKIEHO.

2.2 Bununeiinbie dyHkIuu n ousmHeiinbie (POPMBI B JIMHETHOM ITPOCTPAHCTBE

Oupeneienne. Bununeiinoit ¢gyHkiueil B jinHeiiHoM npocTpaHcTBe V Ha3biBaeTcs (pyHKIus B (a?,gj) € R 1ByX BEKTOPHBIX

apryMeHToB T € V u § € V, yI0BIETBOPAIOIINE CJICIYIONNAM YCIOBHIM:
1. B 1+ i‘Qay) = B(i‘lag) + B(i‘2ag)

2. B(AZ,y) = AB(z, )

Sy

(
(
3. B(A\Z, 71 +y2) = B(Z,91) + B(Z,72)
4. B(z, \y) = A\B(Z,9)

Takum obpasom, B(Z,7) : V xV = R.



