CuMeTpuYHH ONEPATOPH

OmnpeaeieHue:
Hexa A = (o) e keaopamna mampuya. Kazeame, ue masu mampuya e cumempuuna, ako A’ = A, m.e. oy
= Qji, 30 6CUYKU I U .

Omnpenesienue:
Hexa L e esxnudoso npocmpancmeo u A e auneen onepamop 6 L. Kazeame, ue mosu neneen onepamop e
cumempuyer, axo (A(x), y) = (x, A(y)), 3a scuuxu x,).

TBbpaenue 1:
Mampuyama na cumempuyen 1uneeH onepamop 6 OPMOHOPMUPAH OA3UC e CUMEMPUYHA.

-BO:
Heka ey, . ., e, € opToroHaieH 6asuc u

A(e))=aqie;+. ..+ Onnen
A(en) = annel + o« .. + annen

Torasa ( A(ei) ,e) =(auer +...+ e, €)=0+...+0+ayi(ej,e) +0+...+0=a.
u(e A(e))=(ei,aper+...+tapen)=0+...+0+aj(ei,e)+0+...+0=0q
noHexe ( A(e;) , €j) = (&, A(ej) ) ~MaMe o = Oj 38 BCUUKH 1,j) = MaTpuliata Ha 4 € CUMETpUYHa.

TebpaeHue 2:
Axo eOun nuHeeH onepamop uma 8 OPMOHOPMUPAH OA3UC CUMEMPUYHA MAMpuyda, mo2asd mosu

onepamop e CuMempuyeH.
-BO:
Heka ey, . . ,e, € opTOroHayieH 6a3uc

A(e)) =aqer+. ..+ 0nnen
A(en) = annel + o« .. + annen

Ha pasrnename X =€y + .... + Een By =€ + ...+ Uy
Axko A(X) =aye; + ...+ open 1 A(Yy) = Bier + ...+ Bnen

Torasa
o &
L= A L
Oty &n
Kpaero A e marpuna Ha omeparopa 4 B 6a3uca ej, . . ,e,. TpaHCIOHMpame TOBa PaBEHCTBOTO U
HoJIyyaBame
(1) (ar...an)=(...E)A°

Hmame cbio, ue

l31 L1
) L l=A] ..
Bn [T
[Tonexe ey, . . ,e, € OpTOHOPMHUPAH Oa3UC




4} K1
AX),y)=(a;...an)| .. | =V E .. A’
(. Mn/ \Hnd
(Bl 3 (Hl 3N
x,AW))=CE ... &) .. |=PE .. DA | ..
\Bn ) [ Ha |

Ot nocnennute paBeHcTBa U A = A’ = (A(X) ,y) = (x, A(Y) ) = A e cuMeTpuYeH.

Teopema 1:
Kopenume na xapaxmepucmuunus noiuHom Ha 6CAKA CUMEMPUYUHA MAMPUYA elemMenmume, Ha KOmo

€a peannu 4ucia, Cvbuwo ca peaitu Yucid.
-BO:

Hexka A = (oijj) € CMMETPHYHA, T.€. OLjj = OLj;

B nokazarencrBoro mie umsmon3Bame Teopemara Ha JI’AmamOep, cropen KOSTO KOPEHHTE Ha BCEKH

MIOJIMHOM C PeasTHU KOSPUITMSHTH Ca KOMIUIEKCHH YHUCIIA.

f(A) = det(A - AE)

noHexe a;j € R = xoepunuenture Ha f(A) ca peannu uucna.

Ot Teopemara Ha /I’ AnamOep = kopenute Ha f(A) ca KOMILJIEKCHH.

e nokaxxem, ye Te3u KOMIUIEKCHU KOPEHU BCBHIIHOCT Ca PEaIHU YHCHa.

U taka Heka 3 e kopeH Ha f(A) = B € C

T.e. det(A -BE)=0

Pazrnexxagame nuHeiiHaTa KBagpaTHA XOMOT€HHA CUCTEMA :

X1 0
(A - BE) .l =
Xn 0
Ot det(A - BE) = f(B) = 0 = Ta3u cucreMa uma HEHYJICBO pemeHue (o . . . Oy) ¥ HIKkoe o, # 0.

Ot B € C = koehUIIMEHTHUTE HA Ta3u CUCTEMA CBHIIO IIe ca KOMIUIEKCHH unciia. CiieJoBaTeTHO HEMHHUTE
pEIICHHUS CHINO Il Ca KOMIUIEKCHU YHCIia

=ad,.. .0 € Cunakoe o; # 0. Umame
o 0 Bi ap
(A-BE)| . |=1|. | =A]|..]|=8B]
Olp 0 Bn Ol
YMHOKaBaMe JIBeTe CTpaHH Ha TOBAa PaBEHCTBO ¢ peaa (A i, . . ,0L ) OT JIABO, KBJIETO Ol j € KOMIUIEKCHO

CIIPETHATOTO HA Q.; . Honyl{aBaMe .

(08} aq
@n,...,0on)A| .. [=Ba1,..,0n)|.. |=PB(ajoy +.... o, ocn)=§( loul* + ... +|ocn|2)
o O ~
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Trii-kato HiKoe o # 0 uMame A= 0u =7/ A
ITonexe A € R ,3a ma mokaxewm, 4ye 3 € peanHo TpsiOBa aa ce nmposepH, 4e Y € R
Ot nemara =y =) aj o ;q ) o
Pa3srnexxaame KOMIUIEKCHO CIIPETHATOTO Y =) a4 Ol O j = D Aji0Li O
i N
CrenoBaTeIHO Y M Y C€ ChCTOAT OT BCEBB3MOKHUTE MPOU3BEICHUS O 0,j CbC CHOTBETEH KOS(PUIHEHT.




KoedunueHTsT npen o i By € ajj, 8 KOeULUUEHTHT Ipea o 0 BY € Oji.
[Toneke MaTpuIaTa € CUMETpUUHA = i =i = Y =y = Y€ R=> P e R,

Teopema 2:
Hexa L e xpatinomepHo HeHyneso esKiudo8o npocmpancmeo. Bcexu cumempuyen onepamop 6 L uma

cobcmeeHu 6eKmopu, Koumo ob6pasysam oOpmoHopmupan oOasuc. B mosu 6asuc mampuyama Ha
onepamopa e OUA2OHANHA U YUCAAMA NO 21d6HUs OUASOHANL ca COOCMEeHume CMOUHOCMU HA me3u
cobcmeeHu BUKMOpPU.

-BO:
Hexka 4 e cumerpudeH omepaTop B JI
Nunyxmms mo n = dimlL.
baza:n=1=L={Au|u=0}
Bceku HenyneB BeKTOp OoT L € COOCTBEH BEKTOP Ha pas3TiIekKAaHUs OTIEpaTop.
Axo u3zbepeM TO3u BEKTOp U Ja Ma IbJDKUHA 1, ToraBa To3u BEKTOP Iie 00pa3yBa OpTOHOPMHUpPAH Oa3uc
U 111€e Ob1Ie COOCTBEH.
Heka n > 2. B opronopmupan 0a3zuc MaTpuiiata Ha CUMETPUYHHS JIMHEEH OMepaTop € CUMETpPHYHA,
cinenoBarenHo(oT Teopemal) KopeHHTE HAa XapaKTEPUCTUYHHS TMOJMHOM Iie ObaaT peanHu. Tbhil-kaTo
Te3W KOPEHHU MPUHAANEKAT HAa OCHOBHOTO MoOJie, T€ e ObAaT coOcTBeHH cToiHocTH. [lopaau ToBa
ChIECTBYBa A € R — cOOCTBEHa CTOMHOCT Ha pasrIeKIaHus JUHECH orepaTop. Heka €; € choTBeTHHS
coOcTBeH BeKTOP,T.€. A(€]) = Aje;. ThH-KaTO ako €1H BEKTOP € COOCTBEH, TO H CJIe]l KaTO TO HOPMHUpPaAME
OTHOBO TOJy4aBaMe COOCTBEH BEKTOP ChC ChIIlaTa COOCTBEHA CTOMHOCT, MOKEM Ja MPEIIONIOKUM, de
|61| =1.
JlombaBame BekTopa € 10 6asuc ey, f, . . ., f,. To3u 6a3uc ro oproronanusupame mno meronaa Ha ['pam -
[Imun u monmyuyaBame e, f5°, . . ,f,” oproronanen 6a3uc Ha L. HopMmupame BeKTOpHUTE OT TO3W Oa3uc U
nosrydyaBame €;’, €,’, . . , €, OPTOHOpMHpaH Oa3muc.
Heka L; = [(e2’, .., en’)={ e’ +...+ Asen’}.
Ilonexe e,’, . ., €,” ca JMHEHHO He3aBUCUMHU = dimL; = n-1.
[Ile nokaxkeM cienHaTa XapaKTEPUCTUKA HA
(*) Ly: X€L1<Z>(X,61):O

I)Hekax € Ly =>x =&+ ...+ ey’
(x,e1)=(&ex’+...tE&en,e)=0

2)Heka (x,e;))=0ux=§e;” +&e’+ ...+ Even’. U Torana
(x,e1) = (Eier’ T &'+ ...+ Euen’, €n) = Ei(er,e1) = &)
=& =0,T.e.x €L
Pasrnexxnmame x € L Torasa
(x,4(e1) = (x,Aer) = hi(x,er) =" 0
[Tonexe (x,4(e1))= ( A(x),e; ) umame ( A(x),e; ) = 0. cbriacHo (*) A(x) € L;.
U taka ako x € L;, ToraBa A(x) € L;. ToBa HU 1aBa mpaBo Ja pasriexaaMe A KaTo JIMHEEH Oneparop B
MIOATPOCTPAHCTBOTO L ;.
Twit-kato dimL; = n-1, 3a orpaHu4YeHNETO Ha A BHPXY L; MOXKEM Jia IPUIIOKHUM MHAYKTHBHATA XUIIOTE34,
Y J]a HapaBUM HM3BOJIa, Y€ CHIIECTBYBa OPTOHOPMHUPAH Oa3mcC €y, . . ,&4 B L; OT COOCTBEHU BEKTOpH Ha A
,T.C.
A(ei) = 7\461 , 1= 2, ..L.n
(€i,6)) = Ojj
3a ;ma nokaxkem, 4e €j, €, . . .,y € ThpceHHus 0a3uc,0cTaBa Ja €35CHUM, Y€ €; € OPTOrOHAJeH Ha
OCTaHAJIUTE.
ITonexe e; € L;,1=2,..,not(*)cBensa (e;,e;)=0,i=2,..n
Teopemara e qoka3aHag

CaencrBue:




3a ecaka cumempuuna mampuya A, elemenmume HA KOAMO CA PealHu HUCIA, CbUWECmE)8a
1

opmozonanna mampuya T maxasa, yue T AT Oa e Oouaconanna,kamo no OUA2OHANA ca KOpeHume Ha

Xapaxmepucmudnus noIuHom Ha A.

-BO:

Heka A e kBagpaTHa MaTpulla MaTpuLa OT n-Tu pei u A = A .

Hexka L e eBkimuioBo npoctpancTBo u dimL = n. Pa3rnexname opToHOpMEpaHus 6a3uc ey, . . , e, Ha L.
Jlepunupame nuHelHuUs oneparop 4 KaTo JUHEEH OMepaTop, MaTpHUIlaTa Ha KOWTO B Oasuca ey, . . ,e, €

nazieHaTa MaTpuia A.

* * * *
Ot T. 2 crenBa, 4e ChILECTBYBa OPTOHOPMHUpPAH 0a3ucC € ....e, OT COOCTBEHH BEKTOPH, T.€. A(€; ) = Ai€; .
B t031 6a3uc maTpuiiata Ha TUHEHHUS OnIepaTop €

M....0
A'=00...0
00...%

* -
3naem,ye A =T 1AT, kbzero T e maTpunara Ha npexona. CeriacHo TB.1 matpunara T e oproronansa,
T.e. T"'=T’. nopaau ToBa mvMame

A"= T°AT,




