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摘  要: 本文首先讨论了
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矩阵迹的若干重要性质，包括:可加性、齐次性、转置不变性、交换不变性等,并且证明了矩阵迹的唯一性．然后,利用分块矩阵的思想及辗转相除法(带余除法),引入了一般
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矩阵的广义迹的概念, 它是方阵迹的一个自然推广,研究了这种广义迹的一系列重要性质．最后,给出了具体实例说明了一般矩阵广义迹的概念与计算方法,并对各条性质给予了验证．

关键词: 矩阵; 广义迹; 分块矩阵; 带余除法

(空一行,小四)

Generalized traces of 
[image: image5.wmf]n

m

´

 matrices

WANG Xiu-ying

(Class 1, Grade 2002, College of Mathematics and Information Science)

Advisor: Professor CAO Huai-xin

(空一行,小四)

Abstract: In this paper, 
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  matrix and the division algorithm, the concept of generalized trace of a matrix is introduced．Some important properties of this generalized trace are given. Finally, some examples are given in order to illustrate the concept, computation and properties of the generalized trace.
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1．预备知识

1.1  矩阵的迹及其性质
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则按照[2]中的定理知: A的特征方程是
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的展开式中,有一项是主对角线上元素的连乘积
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由根与系数的关系可知,
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 (4)  设
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由求和的交换性即可证得:
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(6) 由于相似矩阵有相同的特征多项式
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通过以上的讨论,我们可知若定义数域F上
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又由条件3)知:
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1.2 广义矩阵的分块

用(矩阵行与行之间的)横线及(列与列之间的)竖线将一个矩阵分成若干块，这样得到的矩阵就称为分块矩阵
[image: image151.wmf][
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．一个矩阵可以有各种各样的分块方法，究竟怎样分比较好，要根据具体情况及具体需要而定．

1.2.1 矩阵分块的原则
① 必须使分块后的矩阵的运算可行．

② 必须使分块后的矩阵的运算较不分块简便.

例1.2.1  考虑矩阵
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根据它自身的特点,我们可以将
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如虚线所示的那样分块,若记
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矩阵
[image: image158.wmf]A

除了主对角线上的块外，其余各块都是零矩阵，这种分块成对角形状的矩阵，称为分块对角阵．

设
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为了进行运算
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1.2.2 分块矩阵的运算
视分块矩阵中的每一子块为一个元素，则分块矩阵的运算法则与普通矩阵的运算法则完全相同．

 分块矩阵的转置:
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例1.2.2  设
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 EMBED Equation.3  [image: image191.wmf]÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

=

´

´

´

3

1

1

3

2

2

3

2

2

2

2

3

O

B

O

I

A

O

A

I



[image: image192.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

=

´

´

3

2

1

3

3

2

1

2

3

O

B

A

O

B

A

I

,


[image: image193.wmf]1

2

3

B

A

I

+



 EMBED Equation.3  [image: image194.wmf](

)

1

2

1

2

3

0

0

3

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

=



[image: image195.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

=

4

2

2

7

1

2

2

4

3

0

0

3

,


[image: image196.wmf]1

3

B

A



 EMBED Equation.3  [image: image197.wmf](

)

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

÷

÷

ø

ö

ç

ç

è

æ

-

=

2

4

3

6

1

2

2

3

．

所以
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(空一行,小四)
2. 广义矩阵的迹

2.1 矩阵广义迹的定义

引理2.1.1(辗转相除法,欧几里得Euclid除法
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中,最多只有矩阵
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2.2 矩阵的广义迹的性质
对广义矩阵先研究比较特殊的,即矩阵的行数与列数满足
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则有矩阵
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由此我们得出了与方阵算子迹的基本性质(2)相同,即
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定理2.2.2  
[image: image266.wmf])

(

F

M

A

n

m

´

Î

"

,
[image: image267.wmf]F

k

Î

,
[image: image268.wmf]A

k

kA

tr

)

tr(

=

．

证明  依据矩阵
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证明  依据矩阵
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所谓矩阵
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根据我们对矩阵分块的方法,也可以把矩阵
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定理2.2.5  
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证明  给定矩阵
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为矩阵
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证明  由定义知
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定理2.2.7  
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证明  依据矩阵
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根据对矩阵分块的方法,可以把矩阵
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定理2.2.8  
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2.3  矩阵的广义迹的求解

例2.3.1  考虑例1.2.2所给的矩阵
[image: image348.wmf]A

,
[image: image349.wmf]B
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(1) 求矩阵
[image: image352.wmf]A

,
[image: image353.wmf]B

的广义迹; (2) 验证各个定理．

解  (1) 根据
[image: image354.wmf]A

,
[image: image355.wmf]B

的特点及矩阵广义迹的求法,可得:
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(2) 验证定理2.2.5
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验证定理2.2.6  
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同理可证对矩阵
[image: image362.wmf]B
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验证定理2.2.7
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同理可证对矩阵
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验证定理2.2.8
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