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Reduction des endotmorP}\Isnnes

’4 (€) ensemif dlaﬂoeication linedire. de € clans £ (endofmorp}ﬁsnﬂes)
f(\)') =AU ifmaae de V est colineaire ¢ v
» Lo Vedenr f)roprp_ est non ub

£(O€) = O )) denc on exclut fbu()'oom O
= >\ Q

€xem'o& 1-
()"(x,g)z (z- 2 , "X/2 +3)
a) V1 (4,1) fo&soc',e’ e = /)
g(mlzju,ﬂ-. (4-4/2, A +4) - (4/2, 4/1)
= Ay (2,4) = ﬁzm

f('Ua_): 45’\71 Nz=(a,71) Ma: 3/2

;‘Q(Uz]:g(/r,w); 32 (A, -1)

- 3/2 V2



Exercice : Soit J €AY
f(x,,xz): (xz, x,)

Trauwer taus fes eBimats piropres de. £

Sofution 3e’ne’ra€e & fa'.m taud & mf}os

Soit A€R, ¥ = (z,,z,) €\ (0,0)

$['X.\: /\(I) & (xj_l l,\ = /\(x,(TJCJ_) => (kl/xl) = ( >\xﬂ—/ I\ZL)

xq -
- \ Lz Axa =>

Xa - ATa

L2 - x, =0 & la+ )

2‘.,—/\2‘.)_ - 0O

=>) (A-2) %1 -0 [s)
xﬂ_">\7—1=-0
Cos 4: (1-3) =0 (=5 A= 4 o (-1)

Sixz 4 afors (5) = jo:o

II::CL

= 2: (22, 2,)= 22 (4,4)

=5 A: 4 estumn valenr propre de tecfeurs propres



c (4,1) S,urﬂl/

(4,4)
(2, z)
(3,2)

¥ St A= -4 obors (8) ¢

0=0 (rxyr %)= 2 (-1,4)
X - - .')Cl

=5 A= (1) est e yafeur pregre de ectenrs, progres

X-C (—/L,Howec Cen?

Cos 1: (A-)\L)#o doss e cos ($)

<___> \) L, =0 :> X = (DIO> Cor\éradicf‘/bn
X, =0

Car x § (O,o)

Concdusion :

ck de R~ d

e (-1, ﬂ_\ pouc Nz -4 owec c em*
c(a.ﬂ.) povr X= 4



Preane (]oro)oDsib'on _/I.S_) 5Ker (s.e.v)

ﬂo&d-w g - € —€

XH—>x

Soit x £ E

x € E) <—> g(:c\ = A% <=>{f( x)-dx = O
3’(3&\ Nide (x) - Oe
(=>(67 )\.cle)(x\: €
D) Iéb{er(d?-)\ide)

On o done E)\—_l/(er(g- /\icle)

€ X estdonc wun Saws espoie vectoriel de £ cor cest e nogas. e Q'endcmerphism\e
QD - Mide

PI‘@JNQ (/l.'—l—):
Soit A €K

A€ spR) >3z € €\ foef: Px) = D
&> M J(x)-Ax =0 [0
&> flx)- Nide (x]) = o
= (f Nide ) (x) = O¢
G EN: Ker({—)&de) +4 ‘}OE({
=S Kg_ng\ non in\]ed—fg



RQW Cfue, :

4)Six ¢ sp(@)afos Ex:]0f
1) 24 (Ud valeur propre Feu,b - et uable | dans (e cos on o Ces eluivalenls

O sp(p)e> Ue f # JUefe> P aon inject
3) Ce)-?er\c\an[: 40 Vechaur propre. ot non nul par def ane valeur propre. penst - Btee
nuxfe

Prewe (4.8)

V’D{i,o’\z €k

@ %L Ve #0222 Og = P (Ra VL + X2 )=
_—_> Kﬂ_g((u-ﬂ.) +/\Z¥(,U-L): Oe

=>4 Xa Vs +& A2 V2 = o

@0(4_171 + Ao D2 = Q => -aVs =Ka D2

@ AL V2 - Ao XaVz = Q &> [Aa—)z)olik)l_alz O
d'af)n_a% Qononce + 0 #0p pos de vectorr (nfh

-_—>v{1=0

3@ reFortz (2)

O+AL'U'Z:OE=>°<L:O



don L1 = 42 -0 = ))fuﬁ,ul‘]eslfe;ye

UHHL (IK) —— Mmatrice camd ef\donnd‘PHer\e

A=, , K) > My, (K)

SHEERIN

Selutbion Ve, Y2, Va non nuls

A)BVL = -Va = Vo veck prpr de A, asecie o Lo valur prooe Ao - 4
2) AVa . 2Ve =5 Yz vedt popre A2 =2
JAVL - 2Vy <5 Vg ved popre A3 = No=2
Mfention : Uz et Vz ne sonk e fies = sont libres

A (2 tpUs = O

O(‘I’O:O ”{:O
O’ri}:o ‘?3-_0
Donc i bre

A€, (K)



Pawe (2.5) : Soit x ed,, (K)

XEEAG AN = MK AX-AX 200, [0y, =%

T 1 © o
ESAX NI, X = Ona _Lr\:|:o o Oi|
L o o 4

5 Onatrice identife’

&> (A-XIn) X =0

n 1

&> X € Ker (A=XTn)

donc EX- Ker‘( /\In

EX et un s.e.v ehcar clest fo nopau de b (motrice corrée (I-2Tn)

Prewe (2.3) Soib X €K

XQSF(A\¢=>3>&H“,1(IK)\ on,i‘[—.Ax-_/\x
& M AR -XX 2Dy, = [S]
> N Ax -ATInx = Q
> Ex. Mer(A-XTn)-TI ‘>On.1?

=> A= XTh os} ten -inversible

231 X4 0 Ax - o X € Ker (A)

XE Ker (A) et X£0O

p-C5) <[ 1]



A.X-: Dr\,g_
A-ﬂ' AX: A-d— D 1

K= A-L Dn,/_,_ = [-g__]
?0\5 (nversibte => fon byyecky, socechiP in jectf

Mo Ur\\<—/ 1]

L Zn
-4 5
L g i| -+ 7C7_|j g—j|
,% o
f2

5- PD{)_U none. Camcte risticue

K QSPGCQ. UQ(‘,{'DI‘IQQ Sent de dimension fine

Ls ?r;weﬁler los Mmatrices
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X = T ey t 1

I 28 v 0 T Xae, —> X= [ ‘X
N

2 r\M (1K)

g-. E—E
SP(g\ = %F(A) A= Hy(p)

gbﬂ—. A Ax - N x

propmition 2.2 . POSSTOLE EXANENS (Th.De Baze )

Preane (2.2

Soient Aet A" € M, (IK) 2 rmadriceR sembalbbes

1P Ma,a (k) inversible 1l Goe. A. PL AP

Pa’ (1))

de(;[A,-}\In) Pty Pe In
det [P7*AP - 2Pt TnP)

= det (PEAP-p 1 \TnP)

det (P (A-2Tn)P)

deb (P7%) det CA-XTn) det (P)

= det (P7%) Pa () det (P)

. P(A)]| deb(an) :de+(ﬁ)cle+('bi—|

det (AI'L ‘; 1
det A




On Gdonc p/.\/()\ = Pﬁ ()‘

P.{L __Cﬂ A’IH:A
P2 P:Ta TnA: A

SO&LHO\'\ \
A) ’Poe(t]nonm caroc’reris{—}crue A

Palh)< det (A-ATn) -

_ N O o
— |-y o ¢ | /\"z:
- O No
A Q-3 2 © o X
1, Ll - 9-)\ Ca & Ca+Cz tCh

l-» O !
L-x - 4 2 <« |22
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1) oe %P(HK:) A non iNVersibPe
&> fﬂm E]JecHg

d c g - QU + (-1)d

X est rucine P

Po(x-a)C ...0)
Po (x-4)" = X' - 2ax+4

Po (x-4)(x-21% (x-3)
orde de nm@%:f&dlé . pembre de doofs cru’;e est wcine
/ >3
33— 4

(x-1)

P (2] = det (A-XT)
- det ([ 4)-[221)

=det (T A) = N4




Sp (A) = sp () = )-U ¢
ARREO A N

SOQMLiO(\S'.

ULz (4,4) et feur de P 5 Vabu A=
Lz (A4,1) et anve propre de. £ > Valur grope Ao -

- Uy = (47) estuunvecteucoroprede P Vo fur prop A, = %

dimm (R%):- ) car (5'\)‘4, U‘Lj): 2

=> (U2 Ve ) st e base de ﬂ&z, J’orrm’e de pecteurs propre deo{’

=> 0{) est d]agenaQiSa}_—;@e




gk\kﬂ A e = Ag + 0U2
2 Vi

£(’Uz\—_ 30, - 6VsLt 3,2
2 2

&P;E—>E

X —>f(x}
hElate) At (K)—> 1, , (K)
X —>AX

Prowwe (L.€)

A Pozséde n voboue ?FD'OIQ dishinctes 2 a 2 1) M;, -
(=

=> %Va(("\

Lz

L 0, fwm;\% des vecteurs profre ot Oibre

dens “n,a(lK) Hais dimn (HM_(!K]] =n
= " Jam;% de \ectenr proore et avec base de Maa (IK) et puc Suite

fest iagona sable



A = _31 (g| ljoadr\une_ mdg]*s}i(,uq

/

A) Volor propre de A F(A) = det (A-ATe )= |30 4 (1 & CasC
-2 =)
2-) 1
-2-) =X | laely+la
L-\ 4
- = (2-2)(1-X)
0 A=)\
AN G EP YR W EDY
S?(M—_ A,2 ot plicls (4) = 4
l] ? nvw«e‘r'.)fﬂ'i‘c;t—a(z)-. 1
A oest dorde 2 => Aest Aiaam&@.’sobeq
A admat 2 vubws propro distincles

2) Sows eSae propto?

4o sob x = [§]¢n, , (i)



XEEL &> AX= X ¢=)




5. 70 %onogiwﬁim
S. 4 Neatrice fr)anﬁw@a}re

A. Pop™
S| on ?Qp\{’ pas cliaaoncggiser on *r’.aor\o@se —_P—IP-,l

roE] e o] [5%]
[t ] [95]- [0
Triugoneiser lo poadrice Suivonke :
SRS
A2 -1

™ checche € s«zdre - Lensamb@ des vaBurs mef‘Qpch.

S‘DQC+{QA
/\é. '—?(9) & pA(’\) = 0 c1 - -
B\ = det (A-NTy) = |- 2> 4 -1
-1 AN -1

-1 12>

(L& Ch4Cotlsy



ol \'>\ pl -4 - \'>\
-A-N AN 4 A-\
4'/\ 2 ;’/\ /|',\
- \'>\ :)' 'ﬂ.
3
0 A-X DO - (44 ))
O ) | ->
ACA MR WEP S

SF(Q} - 5 i% r\'rwel-,]rgk'&tz’ (—4_\ -3
. SOMS espaoo, propre
£ < Ker (AxT3)

Soik X - [ ]Cﬂ'},A(M’()

XeE.p (ArTy)n- O, ,

DY

(L& la-La

L2« L5-L¢



9Q+9¢3 Z - 0O
"X 12y -2 = © = ~X tly-z:0 (> x= 22—7_

=> x:[lﬁij
= X:[é:j] +[§] - E[i] +z[’%]
Sjrv“r\é%e_:

PO s aen)? SpA) {4y malhipficks (-4)= 3

E-'l - \edt (Va,V2 ) a=ec Vo = [JI] et Vi -.[%:J
o 4
dice (B0} =1 43 = aulliphctes (4)

=5 Restnon di agof oPischie

Ce?endchr PA est &inde/ dens R
=> Aest Jrr'»lc}onaf'rsC.loQa dons X, (R)



Cherchons donc. un veckeur Va el quue
& B- (\/{L/ Va , V3) Sort aune lase de H?',ﬂ- (R)
© CAUL, AVy AULD soit Yo anguloire ;e de bex forare.

Ala AN AV
- o d

Va
T-_ 0 '/I FJ UZ.
0 > -1 |z
ot semblob@ & A
AVL - -Va t Ovs + OVUs - -Vu
AVy_ — Oyaq - 4V + OVa - -V,

AV_I, — ava pVz - 4V3 ¢=> (At Ta)V,y = 0(\/4_‘\"]’5\]2.

Yh- Sololiende AX - o

KF - Soludion de (S)

Solution Slé&keme. horwwagm; AX=-1 (8)
X: Xl’\+x]9
x
soin 5]
ol [3_ _I+1g_z_:2ak-l?>

(A—+I;)X:o§\/a_+p\}9_(:> -Jc-\lg-z.——“(

(o

-x+13-z ’3

b :Z«J\—Zp
O:J\-
i +‘lc3 -2 TR

:7 O:J\‘ICS



__>{ch1&3-1'\?’ B [P URES N PO

0’\: FD '3
3
2 . _
oo [T E] e
L -° A= ,
Xh XF —> g;bre indg?endanl: des ?moe/den,{s

On choisit p= A =5 h:d

et Vs - XF :[vé]

On \erific daciloment gue (Us, V2, Va ) est Pibre —> donc une

bose de )f-n,/l () et lo mctrice Test T- 4 o) 47
0 —4 1

gr\ nO‘\'OV\% P: L_Uﬁ_ Vo \/3] - [1 -1 A

A4 © © ﬁr'\gonQQISalsQa
(@] A O 0
A /”L
Oh o A= PTP P TP
PDP%
A - POP'L \; dlagonaeiSalséz
AZ- PDp? popt
v/
Tdentile
popp



MNoftme  asscciee o bn ?rodo}t scofoire
H 'I.” < \g<x,1>
Prevwe - HC‘ (1] est _mre norere e £

NV €€ ilxll - O (= Y(x.>- 0 =) X = Op Cor LD esr
C[QQO]Q,

2) ¥ c € Vyer, Dall: Jx, xes - d Vex x5

N2 | cx x>

R

3)\751/% €t

\j<x+gr2’€+g> < \I<x+x> +J<§j,3> s i.’ngac.%e’de
Mo eowsk
( Xty [ < 0xll +//71/ J -
Cas me“u,é.er
-> pofme vient cl’vn
|orodu}+ salaire
]Raraogi(:e_ '|(£antd,u€a}ro_ et wlabh que
pour be. porme. A



(x,‘?))L £ Lx, x> Ly
\4x1‘3>|§ \I(ac,vw Ji‘j, 47

| Lac,‘j)\ ¢ Nzl llyll

MNontrer que “xua\fz_— [xll® + Az, y >t (lnal(L ((atb)? - a1+2c4,+!,1)

”xug“l - Lx+ta ,x+&a> = Loc,putj) +Lc(j,x+:j>

= (X, xy +41,y>t(y,x>+<&a,j>
= Al ll® f:z<x,y> lly 1

(
e il™ =l - 2z 9> 0] Iz

g™ Ve 2ex,q5 « liy)*

Cx,y 2 = L (Ml gl *-lz =gl "



(A,p> =4 (A7)

A._[j j:l e 9,_,[—" 0]
Q i
nor\l'rer cf;uz A 1B

AT B —.[”' /
~1 4

CAB> - c(ATB) =0
onc A LB

OE _J_.')C l/x€£

/
Cx 0> = Cx ,0p¥0e) = <x,05+4x, ) = 2<x,0>
> {x, > :0

M e, ¢x x5 20 = X = O par definile de L



