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R C

n ≥ 2 K = R C Mn(K)

Mn,1(K) K n K

n K A = (ai,j)

ai,j i j A tA

A

A Mn(K) (A) A (A) A

pC(A) A λ ∈ SpC(A) Eλ(A)

X ∈ Mn,1(C) AX = λX In Mn(K)

[[1, n]] k 1 ≤ k ≤ n

z |z| z

A = (ai,j) ∈ Mn(R)
�

ST > 0
�

(1) ∀(i, j) ∈ [[1, n]]× [[1, n]], ai,j > 0,

(2) ∀i ∈ [[1, n]],
n

�

j=1

ai,j = 1.

Mn(R)
�

ST > 0
�

�

ST > 0
�

�

ST > 0
�

n = 3 z M(z)

z = x+ iy (x, y)

P (1), Q(j), R(j2) j = e
2iπ

3

T D

O M(z)

|z| < 1



T D x y

PQR

(PQ), (QR) (RP )

M(x+ iy) T x y

2x+ 1 > 0, x−
√
3y − 1 < 0, x+

√
3y − 1 < 0 .

A = (ai,j) ∈ M3(R)
 

ST > 0
�

A

A

λ λ 0 < |λ| < 1 λ = a+ ib

(A) (A2) λ λ a b

(A) > 0 (A2) > a2
1,1 + a2

2,2 + a2
3,3

 

tr(A)
�

2

< 3tr(A2)

u = (a1,1, a2,2, a3,3) v = (1, 1, 1) R
3

2a+ 1 > 0 (a−
√
3b− 1)(a+

√
3b− 1) > 0 .

M(λ) T

D PQR

λ = reiθ 0 < r < 1 0 < θ < π

M(λ) T

α =
1 + 2r cos(θ)

3
, β =

1 + 2r cos(θ + 2π
3
)

3
, γ =

1− 2r cos(θ + π
3
)

3

α =
1 + λ+ λ

3
, β =

1 + jλ+ j2λ

3
, γ =

1 + j2λ+ jλ

3

A =







α β γ

γ α β

β γ α







A
 

ST > 0
�

J =







0 1 0

0 0 1

1 0 0






J2 J3

J
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A I3, J J2

P ≤ 2 A = P(J) λ λ

A

A = (ai,j) Mn(R)
 

ST > 0
�

U =







1

1






∈ Mn,1(R)

AU A

C

B = (bi,j) ∈ Mn(C) (B) = 0

X =







x1

xn






∈ Mn,1(C) X 6= 0 BX = 0 k ∈ [[1, n]] |xk| = max

i∈[[1,n]]
|xi|

|bk,k| ≤
X

j 6=k

|bk,j| .

λ ∈ SpC(A) B = A − λIn

|ak,k − λ| ≤ 1− ak,k k |λ| ≤ 1

λ ∈ SpC(A) |λ| = 1 λ = eiθ θ ∈ R

|ak,k − eiθ| ≤ 1− ak,k cos(θ) = 1 λ

1

1 ∈ SpC(
tA) A− In

tA− In

E1(A) E1(
tA)

V =







v1

vn






∈ Mn,1(C), V 6= 0 tAV = V i ∈ [[1, n]]

|vi| ≤
X

j∈[[1,n]]

aj,i|vj|
X

i∈[[1,n]]

|vi|



|V | =







|v1|

|vn|







V tA|V | = |V | i ∈ [[1, n]] |vi| > 0

X =







x1

xn






Y =







y1

yn






Mn,1(C)

E1(
tA) X −

x1

y1
Y E1(

tA)

Ω =







ω1

ωn






E1(

tA)

i ∈ [[1, n]] ωi > 0
n

X

i=1

ωi = 1

i ∈ [[1, n]]
n

X

j=1

aj,iωj = ωi

t

A tA

Ω =







ω1

ωn







N : Mn,1(C) → R

∀X =







x1

xn






∈ Mn,1(C), N(X) =

X

i∈[[1,n]]

ωi|xi| .

N Mn,1(C) X ∈ Mn,1(C)

N(AX) ≤ N(X) λ ∈ SpC(A) |λ| ≤ 1

Ω =







ω1

ωn






Φ : Mn,1(C) → C

∀X =







x1

xn






∈ Mn,1(C),Φ(X) =

n
X

i=1

ωixi .
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(Φ) Φ

X ∈ Mn,1(C) Φ(AX) = Φ(X)

Mn,1(C) = E1(A)⊕Ker(Φ)

X ∈ Eλ(A) λ 6= 1 X ∈ Ker(Φ)

A


