


A B Mn(IR)
(ak, 1 ≤ k ≤ n) (bk, 1 ≤ k ≤ n)

det(A + B) ≤ max
σ∈Sn

n∏

k=1

(ak + bσ(k)),

Sn {1, · · · , n}

‖.‖ Rn

Mn(IR)
‖.‖ M M t

det(M) tr(M)
Mn(IR) I

M ∈ Mn(IR)
M = M t M t = −M Sn

An

A B

A B

A B exp(A + B) = exp(A) exp(B).

Mn(IR) = Sn ⊕An.

(E(i,j), (i,j) ∈ {1, · · · , n} × {1, · · · , n})
Mn(IR)

M ∈ Mn(IR) tr(ME(i,j))
M



M ∈ Mn(IR) T ∈ An tr(MT ) = 0
M

T ∈ An eT

M ∈ Mn(IR). s 0

esM = I +sM + O(s2).

M ∈ Mn(IR) j ∈ {0, · · · , n} αj(M)
Xj M

det(M − X I) =
n∑

j=0

αj(M)Xj .

j ∈ {0, . . . , n} (M '→ αj(M))

M ∈ Mn(IR). s 0

det(I +sM) = 1 + s tr(M) + O(s2),

det(I +sM + O(s2)) = 1 + s tr(M) + O(s2).

M ∈ Mn(IR)
N0 Mn(C) s > 0 det(M + sN0) > 0.

N0

M

A B

A B σ ∈ Sn

det(A + B) =
n∏

k=1

(ak + bσ(k)).



On Mn(IR)
On Mn(IR)

M ∈ Mn(IR), On(M) Mn(IR)

On(M) = {UMU−1; U ∈ On}.

B0 ∈ On(B)

det(A + B0) = sup
C∈On(B)

det(A + C).

A + B0

A+ B0

T ∈ An s ψT (s)

ψT (s) = det
(
A + esT B0e

−sT
)
.

s 0

ψT (s) = det(A+B0)
[
1 + s tr

(
(TB0 − B0T )(A + B0)−1

)]
+O(s2).

s ψT (s) ≤ ψT (0)

tr(TB0(A + B0)−1) = tr(T (A + B0)−1B0).

B0 (A + B0)−1 A

A + B0

A + B0

Mn(IR) (Bk, k > 0) (Nk, k > 0)

Nk B0 k +∞,



Bk ∈ On(Nk) k > 0

det(A + Nk) ≤ det(A + Bk) k > 0

Bk A k > 0

A B

(ak, 1 ≤ k ≤ n) (bk, 1 ≤ k ≤ n)
σ ∈ Sn

P (σ) =
n∏

k=1

(ak + bσ(k))






a1 ≤ a2 ≤ . . . ≤ an

b1 ≤ b2 ≤ . . . ≤ bn

ai + bj > 0 (i, j).

n ≥ 1 π(n)
(ak, 1 ≤ k ≤ n) (bk, 1 ≤ k ≤ n)

σ ∈ Sn

n∏

k=1

(ak + bσ(k)) ≤
n∏

k=1

(ak + bn−k+1).

π(n) n ≥ 2
n > 2 σ ∈ Sn

σ σ(n) = 1 τ ∈ Sn−1

i ∈ {1, · · · , n − 1} σ(i) = τ(i) + 1.

i < n j > 1 σ(i) = 1 σ(n) = j

P (σ)
(ai + b1)(an + bj)


