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�
. P (λ)

µG²��Eð '�� ²!²��E�#�&���!ÑÀµ à�
 , �
σ(P ) = {µ ∈ C : det(P (µ)) = 0} = {µ ∈ C : 0 ∈ σ(P (µ))}.

ñ��
,
ê å���� �#�&� µ = ∞, ��� �«�!�a�#�

P̂ (λ) := λmP (1/λ) = A0λ
m + A1λ

m−1 + · · · + Am−1λ + Am,

¼J���
0 ' P̂ (λ)

µG�#�&� É) ��¦É ∞ ' P (λ)
µG�#�&�

, � ¼����#Ð���� P̂ (λ)
µ

0
�#�&�

�U�
.���

!¦Ø)�J� Ú�� ä µ� E­&©�¡�¢ .

$ Ú ÛN£(Ö N = {1, 2, · · · , n}.¤N¥
1.1

[3] ¦ �«� A ∈ C
n×n,

ê åJ§�¨ µ i, j ∈ N, j < i, α ∈ [0, 1], ©
Ti,j,α(A) := {µ ∈ C :| µ − (A)i,i || µ − (A)j,j |≤ αri(A)rj(A) + (1 − α)ci(A)cj(A)}, (1.2)

+
σ(A) ⊆ Tα(A) :=

⋃

i∈N

i−1
⋃

j=1

Ti,j,α(A),

Õ Ì
σ(A) ⊆ T (A) :=

⋂

α∈[0,1]

Tα(A). (1.3)

æ�Û ri(A) =
∑

j∈N\{i}

| (A)i,j |, ci(A) = ri(A
T ), (A)i,j

Ð
A
µNª

(i, j)
�

. , Ti,j,α(A)
ÐW�«�

A
µNª

(i, j)
�WË(ß

Brauer à , , T (A)
ÐW�«�

A
µQË(ß

Brauer à .

ü�«�å (1.2)
�

,
ê å�§�¨ µ i, j ∈ N, j < i, α ∈ [0, 1],

�J�
×�Ø �¦�#�W�(� P (λ)

µ¬�
ä&à�
 . ©

Ti,j,α(P ) := {µ ∈ C : 0 ∈ Ti,j,α(P (µ))} =

{µ ∈ C : |(P (µ))i,i||(P (µ))j,j | ≤ αri(P (µ))rj(P (µ)) + (1 − α)ci(P (µ))cj(P (µ))},
(1.4)

Tα(P ) := {µ ∈ C : 0 ∈ Tα(P (µ))} =
⋃

i∈N

i−1
⋃

j=1

Ti,j,α(P ),

T (P ) := {µ ∈ C : 0 ∈ T (P (µ))} =
⋂

α∈[0,1]

Tα(P ). (1.5)

æ�Û ri(P (µ)) =
∑

j∈N\{i}

| (P (µ))i,j |, ci(P (µ)) = ri((P (µ))T ), ­�®), Ti,j,α(P )
ÐW�«�!�

�#�
P (λ)

µNª
(i, j)

�WË(ß
Brauer à , , T (P )

ÐW�«�!�a�#�
P (λ)

µQË(ß
Brauer à .

ñ��
,

Ti,j,α(P̂ )\{0} := {µ ∈ C\{0} : 0 ∈ Ti,j,α(P (µ−1))} = {µ ∈ C\{0} : µ−1 ∈ Ti,j,α(P )}, (1.6)

Õ ¿�¯
T (P̂ )\{0} := {µ ∈ C\{0} : 0 ∈ T (P (µ−1))} = {µ ∈ C\{0} : µ−1 ∈ T (P )},
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�&É µ = 0 ´#å Ti,j,α(P̂ ) Û ( µJ´#å T (P̂ ) Û ) ® , µ = ∞ ´#å Ti,j,α(P ) Û ( µJ´#å T (P ) Û ).¢
(1.4)

� Û , É α = 1
©

0 ® , à�
�¶ �(Ð!Ú�· [8] ÛbÖ ß 4.1
µ

Brauer à ����¸�¹�ºµ
Brauer à ,

Bi,j(P ) :={µ ∈ C : 0 ∈ Bi,j(P (µ))}

={µ ∈ C : |(P (µ))i,i||(P (µ))j,j | ≤ ri(P (µ))rj(P (µ))},

B(P ) :={µ ∈ C : 0 ∈ B(P (µ))} =
⋃

i∈N

i−1
⋃

j=1

Bi,j(P ).

» ñ � Ú�¼)½�¾ α ∈ (0, 1)
µ�¹�¿

.
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2.1

¦ P (λ)
ÐÄÑ

(1.1)
� Ö ßÂµa�¶�«�(�¦� , + P (λ)

µW�¦����Ò�Ó�¢ æ ËÀß
Brauer à ((1.5)

�
) Û .Ô Ô Ô ¦ µ
ÐÀ� �@�¦�¶�

P (λ)
µ(²Õ���¶���

, � µ ∈ σ(P ),
Ñ

(1.3)
�À²

0 ∈

σ(P (µ)) ⊆ T (P (µ)), Õ Ì(² µ ∈ T (P ).
ê å P (λ)

µ � �u���#� µ = ∞,
²

0 ∈ σ(P̂ (µ)) ⊆

T (P̂ (µ)), � µ = ∞
Ò�Ó&¢

T (P ) Û . Ö Ë(ß Brauer à Ò�Ó P (λ)
µ � ²!�#�&� .×�Ø ½�¾W�«�!�a�#�«µQË(ß

Brauer à µQÃ � ��� .Ð ¥
2.2 Ù i, j ∈ N , + êÂÑ (1.1)

� ÛEÖ ß¦µ n × n Ú �«�!�a�#� P (λ) ,
½ � ��¾&Ñ

Û
(i) Ti,j,α(P ) ' C

µ�ÜNÝ à .

(ii)
ê §�¨ b ∈ C\{0}, & �«�!�a�#�JÞ�ß

Q1(λ) = P (bλ), Q2(λ) = P (λ + b),

+ ²
Ti,j,α(Q1) = b−1Ti,j,α(P ), Ti,j,α(Q2) = Ti,j,α(P ) − b.

(iii) à � (P (λ))i,i = 0 á (P (λ))j,j = 0, â�ã Ti,j,α(P ) = C.

(iv) &�ä ª&�«� A0, A1, · · · , Am

µÂª
i ì ,

ª
i ! ;

ª
j ì ,

ª
j !�å Ð�æWª , + Ti,j,a(P )�&ê å æJç&ê , .Ô Ô Ô

(i) Ù µ 6∈ Ti,j,α(P ), å�'
|(P (µ))i,i||(P (µ))j,j | > αri(P (µ))rj(P (µ)) + (1 − α)ci(P (µ))cj(P (µ)).

Ñ�è�é��
, ê ¢ � � ×�ë å µ

µ
µ̂, ì Í

|(P (µ̂))i,i||(P (µ̂))j,j | > αri(P (µ̂))rj(P (µ̂)) + (1 − α)ci(P (µ̂))cj(P (µ̂)),

Ö µ̂ 6∈ Ti,j,α(P ),
» ñ à�
 C\Ti,j,α(P ) '�í!à , � Ti,j,α(P ) ' C

µ�ÜNÝ à .
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(ii) Æ!Ç (1.4)
�

, î Í

Ti,j,α(Q1) = {µ ∈ C : 0 ∈ Ti,j,α(P (bµ))} = {
µ

b
∈ C : 0 ∈ Ti,j,α(P (µ))},

Ti,j,α(Q2) = {µ ∈ C : 0 ∈ Ti,j,α(P (µ + b))} = {µ − b ∈ C : 0 ∈ Ti,j,α(P (µ))}.

(iii) à � (P (λ))i,i = 0 á (P (λ))j,j = 0, â�ã ê §�¨ µ µ ∈ C, " ®(�

|(P (µ))i,i||(P (µ))j,j | ≤ αri(P (µ))rj(P (µ)) + (1 − α)ci(P (µ))cj(P (µ))

ï Ñ�Û
, å�' Ti,j,α(P ) = C.

(iv)
ê §�¨ µ µ ∈ Ti,j,α(P ), à � ä ª&�«� A0, A1, · · · , Am

µNª
i ì ,

ª
i ! ;

ª
j ì ,

ª
j !�å Ð�æWª , â�ã
∣

∣

∣

∣

∣

m
∑

k=0

(Ak)i,iµ
k

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)j,jµ
k

∣

∣

∣

∣

∣

≤ α ·





∑

p∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)i,pµ
k

∣

∣

∣

∣

∣



 ·





∑

p∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)j,pµ
k

∣

∣

∣

∣

∣





+(1 − α) ·





∑

q∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,iµ
k

∣

∣

∣

∣

∣



 ·





∑

q∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,jµ
k

∣

∣

∣

∣

∣



 ,

» ñ
∣

∣

∣

∣

∣

m
∑

k=0

(Ak)i,iµk

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)j,jµk

∣

∣

∣

∣

∣

≤ α ·





∑

p∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)i,pµk

∣

∣

∣

∣

∣



 ·





∑

p∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)j,pµk

∣

∣

∣

∣

∣





+(1 − α) ·





∑

q∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,iµk

∣

∣

∣

∣

∣



 ·





∑

q∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,jµk

∣

∣

∣

∣

∣





á
∣

∣

∣

∣

∣

m
∑
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(Ak)i,iµ
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∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)j,jµ
k

∣

∣

∣

∣

∣

≤ α ·





∑

p∈N\{i}

∣

∣

∣

∣

∣

m
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k=0

(Ak)i,pµ
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∣

∣

∣

∣

∣



 ·





∑

p∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)j,pµ
k

∣

∣

∣

∣

∣





+(1 − α) ·





∑

q∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,iµ
k

∣

∣

∣

∣

∣



 ·





∑

q∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,jµ
k

∣

∣

∣

∣

∣



 .

å�' µ̄ ∈ Ti,j,α(P ), Ö Ti,j,α(P )
�&ê å æJç&ê , .¢

(1.4)
� Û , É�" ®(��ð�ñ�òôó < õ ©öó = õv® ,

Ë(ß
Brauer Û�÷¬ø ©�ù�ë ø Þ�ß à

� µ
���

.Ð ¥
2.3 Ù i, j ∈ N, j < i, â�ã&à�


{µ ∈ C : |(P (µ))i,i||(P (µ))j,j | < αri(P (µ))rj(P (µ)) + (1 − α)ci(P (µ))cj(P (µ))}
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´#å Ti,j,α(P ) à µ ÷Uú . Õ ¿�¯ , Ti,j,α(P )
µNù�ë

∂Ti,j,α(P )
Þ�ß

∂Ti,j,α(P ) ⊆ {µ ∈ C : 0 ∈ ∂Ti,j,α(P (µ))} ={µ ∈ C : |(P (µ))i,i||(P (µ))j,j |

=αri(P (µ))rj(P (µ)) + (1 − α)ci(P (µ))cj(P (µ))}.

Ô Ô Ô ¦ µ ∈ Ti,j,α(P ), �
|(P (µ))i,i||(P (µ))j,j | < αri(P (µ))rj(P (µ)) + (1 − α)ci(P (µ))cj(P (µ)).

Ñ�è�é��
, ê ¢ ε > 0,

ê å µ̂ ∈ C, É |µ − µ̂| ≤ ε ® , û ²

|(P (µ̂))i,i||(P (µ̂))j,j | < αri(P (µ̂))rj(P (µ̂)) + (1 − α)ci(P (µ̂))cj(P (µ̂)),

å�' µ ' Ti,j,α(P )
µ ÷¬ø .����ü ½�¾WË(ß

Brauer
µG²(ë��

.
ê å i, j ∈ N, j < i, Ö ß à

�
à�


βi = {p ∈ N : (Am)i,p 6= 0}, βi = N \ βi = {p ∈ N : (Am)i,p = 0},

γi = {q ∈ N : (Am)q,i 6= 0}, γi = N \ γi = {q ∈ N : (Am)q,i = 0},

βj = {p ∈ N : (Am)j,p 6= 0}, βj = N \ βj = {p ∈ N : (Am)j,p = 0},

γj = {q ∈ N : (Am)q,j 6= 0}, γj = N \ γj = {q ∈ N : (Am)q,j = 0}.

Ð ¥
2.4 ý ¦ βi, γi, βj , γj

(�þ
, â�ã

(i) & i ∈ βi ( � i ∈ γi), j ∈ βj ( � j ∈ γj),  0 "�' Ti,j,α(P̂ )
µ¬ÿ�Û ø , + Ti,j,α(P ) �ë É) ��¦É 0 ∈ Ti,j,α(Am).

(ii) & i ∈ β̄i ( � i ∈ γ̄i), j ∈ β̄j ( � j ∈ γ̄j), + 0 ∈ Ti,j,α(Am)  Ti,j,α(P ) '�� ë«µ .Ô Ô Ô
(i) � ���!´�� .

É i ∈ βi, j ∈ βj ® ,
²

(Am)i,i 6= 0, (Am)j,j 6= 0.
Ñ�� ø�" ' Ti,j,α(P̂ )

µ�ÿ.Û ø ,

Ti,j,α(P ) � ë , Ù {µl}l∈N

Ð
Ti,j,α(P )\{0} Û µ�� ! , | µl |→ ∞, Ö ê §�¨ µ l ∈ N ,

²
∣

∣

∣

∣

∣

m
∑

k=0

(Ak)i,iµ
k
l

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)j,jµ
k
l

∣

∣

∣

∣

∣

≤ α ·





∑

p∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)i,pµ
k
l

∣

∣

∣

∣

∣



 ·





∑

p∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)j,pµ
k
l

∣

∣

∣

∣

∣





+(1 − α) ·





∑

q∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,iµ
k
l

∣

∣

∣

∣

∣



 ·





∑

q∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,jµ
k
l

∣

∣

∣

∣

∣



 ,

�
∣

∣

∣

∣

∣

m
∑

k=0

(Ak)i,i

µk
l

µm
l

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)j,j

µk
l

µm
l

∣

∣

∣

∣

∣

≤ α ·





∑

p∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)i,p

µk
l

µm
l

∣

∣

∣

∣

∣



 ·





∑

p∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)j,p

µk
l

µm
l

∣

∣

∣

∣

∣





+(1 − α) ·





∑

q∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,i

µk
l

µm
l

∣

∣

∣

∣

∣



 ·





∑

q∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,j

µk
l

µm
l

∣

∣

∣

∣

∣



 .
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É l → +∞ ® ,
²

|(Am)i,i||(Am)j,j | ≤ α ·





∑

p∈βi\{i}

|(Am)i,p|



 ·





∑

p∈βj\{j}

|(Am)j,p|





+(1 − α) ·





∑

q∈γi\{i}

|(Am)q,i|



 ·





∑

q∈γj\{j}

|(Am)q,j |



 ,

Ö 0 ∈ Ti,j,α(Am).ü ����ð��
.Ñ å 0 ∈ Ti,j,α(Am), �
|(Am)i,i||(Am)j,j | ≤ αri(Am)rj(Am) + (1 − α)ci(Am)cj(Am),

Ö 0 ∈ Ti,j,α(P̂ ),
Ñ

(1.6)
�WÍ

∞ ∈ Ti,j,α(P ) ( ��	�ý ¦ 0 "�' Ti,j,α(P̂ )
µNÿ�Û ø , 
 Ì ∞ "

' Ti,j,α(P )
ÿ�Û ø ),

» ñ
Ti,j,α(P ) '�� ë«µ .

(ii)
» Ð

i ∈ β̄i, j ∈ β̄j , � ½U² (Am)i,i = (Am)j,j = 0.
» ñ

0 ∈ Ti,j,α(Am),  
Ti,j,α(P )\{0} =

{

µ ∈ C\{0} :

∣

∣

∣

∣

∣

m−1
∑

k=0

(Ak)i,iµ
k

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

m−1
∑

k=0

(Ak)j,jµ
k

∣

∣

∣

∣

∣

≤

α ·





∑

p∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)i,pµ
k

∣

∣

∣

∣

∣



 ·





∑

p∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)j,pµ
k

∣

∣

∣

∣

∣





+ (1 − α) ·





∑

q∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,iµ
k

∣

∣

∣

∣

∣



 ·





∑

q∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,jµ
k

∣

∣

∣

∣

∣





}

=

{

µ ∈ C\{0} :

∣

∣

∣

∣

∣

m−1
∑

k=0

(Ak)i,i

µk

µm

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

m−1
∑

k=0

(Ak)j,j

µk

µm

∣

∣

∣

∣

∣

≤

α ·





∑

p∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)i,p

µk

µm

∣

∣

∣

∣

∣



 ·





∑

p∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)j,p

µk

µm

∣

∣

∣

∣

∣





+ (1 − α) ·





∑

q∈N\{i}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,i

µk

µm

∣

∣

∣

∣

∣



 ·





∑

q∈N\{j}

∣

∣

∣

∣

∣

m
∑

k=0

(Ak)q,j

µk

µm

∣

∣

∣

∣

∣





}

,

æ@Û¬ä ª!�¦� (Am)i,p, p ∈ N\{i}
©

(Am)j,p, p ∈ N\{j}
ð�ñ��
� ê ¢�¿!� ­�®J" Ð�% ,  

(Am)q,i, q ∈ N\{i}
©

(Am)q,j , q ∈ N\{j}
ð�ñ���� ê ¢«¿#� ­J®�" Ð�% .

» ñ#ê å ß
���µ
|µ|,
²

µ ∈ Ti,j,α(P ), ��ê ¢�æWª M > 0, ì Í&ê §�¨ |µ| ≥ M (µ ∈ C),
²

µ ∈ Ti,j,α(P ), �
{µ ∈ C :| µ |≥ M} ⊆ Ti,j,α(P ), Ö Ti,j,α(P ) '�� ë«µ .

3 ������
Æ!Ç á��#ò��7Ï!Ú Û µQË�ß Brauer à�� Ú�· [8] Û µ Brauer à .
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�
3.1

¦ �«�!�a�#�

P1(λ) =







4.2λ2 − i 4λ2 0

λ − 3 λ2 + 4 0

−2λ + i λ2 + 2 2λ2 − 1






,

� ¡(á!¼&Í&�«�!�a�#�
P1(λ)

µG�#�&�
, 

��� µ��

1
¼!ç

.
�

1 P1(λ) ���! #"
λ1 =-0.70711 λ2 = -0.26133-0.25624i λ3 = 0.26106+0.27554i

λ4 = 0.45527-2.58420i λ5 = 0.49738+2.56489i λ6 = 0.70711
.

�«�!�a�#�
P1(λ)

µ
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1 ' Brauer (

-4 -2 0 2 4
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0

2

4

&
2 '*),+ Brauer (

�
3.2

¦ �«�!�a�#�

P2(λ) =







8iλ2 − 2iλ + 2 2iλ2 + iλ + (1 + 2i) (−1 + i)λ2 + λ + 2

−3iλ2 + 5iλ + (1 + i) −8iλ2 + 3iλ + 4i (2 − 2i)λ2 − 4λ − 5i

(0.8 − i)λ2 + iλ + (1 − i) 0.6iλ2 − iλ (6 − 2i)λ2 + 2i






,

� ¡(á!¼&Í&�«�!�a�#�
P2(λ)

µG�#�&�
, 

��� µ��

2
¼!ç

.
�

2 P2(λ) ���! #"
λ1 = -0.65557-0.24000i λ2 = 0.50236+0.50427i λ3 = -0.12495-0.41323i

λ4 = 0.30855+0.21264i λ5 = 0.76307-0.47483i λ6 = 0.82529+0.41726i
.

�«�!�a�#�
P2(λ)

µ
Brauer à ©&Ë(ß Brauer à ð�ñ#ç%$ 3

©�$
4.

�
3.3

¦ �«�!�a�#�

P3(λ) =







8iλ2 − 2iλ + 2 2iλ2 + iλ + (1 + 2i) (−1 + i)λ2 + λ + 2

−3iλ2 + 5iλ + (1 + i) −6iλ2 + 3iλ + 4i (2 − 2i)λ2 − 4λ − 5i

(0.8 − i)λ2 + iλ + (1 − i) 6iλ2 − iλ (6 − 2i)λ2 + 2i






,

� ¡(á!¼&Í&�«�!�a�#�
P3(λ)

µG�#�&�
, 

��� µ��

3
¼!ç

.
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-3 -2 -1 0 1 2 3
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-3 -2 -1 0 1 2 3

-3
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-1

0

1

2

3

&
4 '*),+ Brauer (

�
3 P3(λ) ���! #"

λ1 = -0.582418-0.391751i λ2 = -0.271887+0.479236i λ3 = -0.149702-0.489273i

λ4 = 0.357218+0.305346i λ5 = 0.46395-0.314049i λ6 = 1.10778+0.683379i
.

�«�!�a�#�
P3(λ)

µ
Brauer à ©&Ë(ß Brauer à ð�ñ#ç%$ 5

©�$
6.

-3 -2 -1 0 1 2 3

-3
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3

&
5 ' Brauer (

-3 -2 -1 0 1 2 3

-3

-2

-1

0
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2

3

&
6 '*),+ Brauer (

- ½7Å�.��
��Ý Û ,
$ Û#/�0�ø Ð��!·&�«�!�a�#�«µE�#�!� , 1
032 ±#Ð&�#�&�ÀµG &¡

2 ± . 4�5 � 3.1
©��

3.2 Û µE !¡ 2 ± å Ð!²�ë 2 ± ,
Ì��

3.3 Û µE !¡ 2 ± å Ð � ë 2 ± .

� ¾&�#�&�! &¡ 2 ± '�6 ²(ë ,
Ë(ß

Brauer à!×ÀØ µG &¡ 2 ± Ü Ð&Ý!Þ .
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[1] Betcke T, Higham N J, Mehrmann V, Schröeder C, Tisseur F. NLEVP: A collection of nonlinear

eigenvalue problems[J]. ACM Transactions on Mathematical Software, 2013, 39(2): 1–28.

[2] Brauer A. Limits for the characteristic roots of a matrix II[J]. Duke Mathematical Journal, 1947,

14(1): 21–26.

[3] Li Chaoqian, Li Yaotang. Generalizations of Brauer’s eigenvalue localization theorem[J]. Electronic

Journal of Linear Algebra, 2011, 22: 1168–1178.



80 ° ± ² ³ Vol. 45

[4] Feriani A, Perotti F, Simoncini V. Iterative system solvers for the frequency analysis of linear

mechanical systems[J]. Computer Methods in Applied Mechanics and Engineering, 2000, 190(13-

14): 1719–1739.

[5] Simoncini V, Perotti F. On the numerical solution of (λ2
A + λB + C)x = b and applications to

structural dynamics[J]. Siam Journal of Scientific Computing, 2002, 23(6): 1875–1897.

[6] Tisseur F, Higham N J. Structured pseudospectra for polynomial eigenvalue problems, with appli-

cations[J]. Siam Journal on Matrix Analysis and Applications, 2001, 23(1): 187–208.

[7] =23?> , =A@¬; , B�C¬; . DAE5HQJ5K0L2M0=2N5OUPQRGFAH [J]. T2xAI23 , 2009, 31(3): 243–252.

[8] Michailidou C, Psarrakos P. Gershgorin type sets for eigenvalues of matrix polynomials[J]. Electronic

Journal of Linear Algebra, 2018, 34: 652–674.

ESTIMATION OF EIGENVALUES OF MATRIX POLYNOMIALS

BY GENERALIZED BRAUER SET

RAO Xiu-xing, QI Ya-ru

(School of Science, Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract: In this paper, we investigate the problem of estimating the eigenvalue bounds

of matrix polynomials. By employing the generalized Brauer set, we derive an estimation set for

the eigenvalues of matrix polynomials and discuss its properties, including closure, symmetry,

and boundedness. Finally, we present some concrete examples to compare the accuracy of the

traditional Brauer set with the generalized Brauer set in eigenvalue estimation.
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