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|

𝑎11      𝑎12
 

𝑎21      𝑎22
| 𝑎11𝑎22 𝑎12𝑎21

|
|

𝑎11      𝑎12       𝑎13
 

𝑎21       𝑎22      𝑎23
 

𝑎31      𝑎32      𝑎33

|
| 𝑎11𝑎22𝑎33 𝑎12𝑎23𝑎31 𝑎13𝑎21𝑎32 𝑎13𝑎22𝑎31 𝑎12𝑎21𝑎33 𝑎11𝑎23𝑎32

D𝑛 |
|

𝑎11      𝑎12… 𝑎1𝑛
 

𝑎21       𝑎22… 𝑎2𝑛
  ⋮            ⋮            ⋮
𝑎𝑛1       𝑎𝑛2… 𝑎𝑛𝑛

|
|

𝑎𝑖𝑗

𝑀𝑖𝑗 𝑀𝑖𝑗

|

|

𝑎11    …     𝑎1,𝑗−1       𝑎1,𝑗+1   …       𝑎1𝑛
 ⋮                  ⋮                 ⋮                      ⋮ 
𝑎𝑖−1,1…𝑎𝑖−1,𝑗−1   𝑎𝑖−1,𝑗+1    …    𝑎𝑖−1,𝑛

 
𝑎𝑖+1,1…𝑎𝑖+1,𝑗−1   𝑎𝑖+1,𝑗+1    …    𝑎𝑖+1,𝑛
 ⋮                  ⋮                 ⋮                      ⋮ 
𝑎𝑛1    …     𝑎𝑛,𝑗−1       𝑎𝑛,𝑗+1   …       𝑎𝑛𝑛

|

|

𝐴𝑖𝑗 (−1)
𝑖+𝑗𝑀𝑖𝑗 𝑎𝑖𝑗

𝑎𝑖𝑗

(−1)𝑖+1𝑎𝑖1𝑀𝑖1 (−1)
𝑖+2𝑎𝑖2𝑀𝑖2 (−1)𝑖+𝑛𝑎𝑖𝑛𝑀𝑖𝑛

(−1)1+𝑗𝑎1𝑗𝑀1𝑗 (−1)
2+𝑗𝑎2𝑗𝑀2𝑗 (−1)𝑛+𝑗𝑎𝑛𝑗𝑀𝑛𝑗
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𝑎𝑖𝑗

𝑎𝑖1𝐴𝑘1 𝑎𝑖2𝐴𝑘2 𝑎𝑖𝑛𝐴𝑘𝑛  𝑎1𝑗𝐴1𝑠 𝑎2𝑗𝐴2𝑠 𝑎𝑛𝑗𝐴𝑛𝑠

|
|

𝑎11       0 …    0
 

0        𝑎22…   0
⋮          ⋮           ⋮
 0         0…  𝑎𝑛𝑛

|
| 𝑎11𝑎22 𝑎𝑛𝑛

|
|

𝑎11      𝑎12… 𝑎1𝑛
 

0       𝑎22… 𝑎2𝑛
⋮           ⋮            ⋮
0          0 … 𝑎𝑛𝑛

|
|  𝑎11𝑎22 𝑎𝑛𝑛

|

|

𝑎11            𝑎12… 𝑎1,𝑛−1            𝑎1𝑛
 

𝑎21            𝑎22… 𝑎2,𝑛−1                0

  ⋮                  ⋮               ⋮                    ⋮ 
𝑎𝑛−1,1   𝑎𝑛−1,2…      0                    0

 
𝑎𝑛,1             0    …      0                    0

|

|

 
𝑛(𝑛−1)

2
𝑎1𝑛𝑎2,𝑛−1 𝑎𝑛−1,2𝑎𝑛1

|

|

1              1      …       1
 

𝑥1           𝑥2        …     𝑥𝑛
 

𝑥1
2           𝑥2

2        …      𝑥𝑛
2

⋮               ⋮                    ⋮
 𝑥1
𝑛−1          𝑥2

𝑛−1   …     𝑥𝑛
𝑛−1

|

|

  ∏  
1≤𝑗 𝑖≤𝑛

(𝑥𝑖−𝑥𝑗).
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{
 
 

 
  𝑎11𝑥1 +  𝑎12𝑥2 +⋯+  𝑎1𝑛𝑥𝑛 = 𝑏1

 𝑎21𝑥1 +  𝑎22𝑥2 +⋯+  𝑎2𝑛𝑥𝑛 = 𝑏2
…………………………………………

 𝑎𝑛1𝑥1 +  𝑎𝑛2𝑥2 +⋯+  𝑎𝑛𝑛𝑥𝑛 = 𝑏𝑛

∣ 𝑎ij ∣𝑛 𝑥𝑗
𝐷𝑗

𝐷
𝐷𝑗

𝑎1𝑗 , 𝑎2𝑗 , … , 𝑎𝑛𝑗 𝑏1, 𝑏2, … , 𝑏𝑛

𝐷𝑗 |

|

𝑎11    …     𝑎1,𝑗−1     𝑏1     𝑎1,𝑗+1   …     𝑎1𝑛
 ⋮                ⋮              ⋮           ⋮                    ⋮  
𝑎𝑖1    …     𝑎𝑖,𝑗−1     𝑏𝑖        𝑎𝑖,𝑗+1           𝑎𝑖𝑛
 ⋮                ⋮              ⋮           ⋮                    ⋮ 
𝑎𝑛1    …     𝑎𝑛,𝑗−1  𝑏𝑛     𝑎𝑛,𝑗+1   …     𝑎𝑛𝑛

|

|

{
 
 

 
  𝑎11𝑥1 +  𝑎12𝑥2 +⋯+  𝑎1𝑛𝑥𝑛 = 𝑏1

 𝑎21𝑥1 +  𝑎22𝑥2 +⋯+  𝑎2𝑛𝑥𝑛 = 𝑏2
…………………………………………

 𝑎𝑛1𝑥1 +  𝑎𝑛2𝑥2 +⋯+  𝑎𝑛𝑛𝑥𝑛 = 𝑏𝑛

|
|

𝑎11      𝑎12… 𝑎1𝑛
 

𝑎21       𝑎22… 𝑎2𝑛
  ⋮            ⋮            ⋮
𝑎𝑛1        𝑎𝑛2  … 𝑎𝑛𝑛

|
| 𝑥𝑗

𝐷𝑗

𝐷
𝐷𝑗

{
 
 

 
  𝑎11𝑥1 +  𝑎12𝑥2 +⋯+  𝑎1𝑛𝑥𝑛 = 0

 𝑎21𝑥1 +  𝑎22𝑥2 +⋯+  𝑎2𝑛𝑥𝑛 = 0
…………………………………………

 𝑎𝑛1𝑥1 +  𝑎𝑛2𝑥2 +⋯+  𝑎𝑛𝑛𝑥𝑛 = 0

|
|

𝑎11      𝑎12… 𝑎1𝑛
 

𝑎21       𝑎22… 𝑎2𝑛
 ⋮            ⋮            ⋮
𝑎𝑛1        𝑎𝑛2  … 𝑎𝑛𝑛

|
|
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𝑚 𝑛 𝑎𝑖𝑗 𝑖  𝑚  𝑗  𝑛 𝑚 𝑛

(

 
 

𝑎11      𝑎12… 𝑎1𝑛
 

𝑎21       𝑎22… 𝑎2𝑛
 ⋮            ⋮            ⋮
𝑎𝑚1     𝑎𝑚2  … 𝑎𝑚𝑛)

 
 

𝑚 𝑛

(𝑎𝑖𝑗)𝑚×𝑛

(

 
 

0       0 …  0
 

0       0  …  0
⋮        ⋮         ⋮
0       0 …  0)

 
 

(

 
 

𝑎11                    
 

  𝑎22   
              ⋱      
                    𝑎𝑛𝑛)

 
 

(

 
 

𝑎                    
 
 𝑎   

             ⋱      
                 𝑎 )

 
 

(

 
 

1                    
 
 1   

             ⋱      
                 1 )

 
 

(

 
 

𝑎11      𝑎12… 𝑎1𝑛
 

0        𝑎22 … 𝑎2𝑛
⋮             ⋮             ⋮
0            0 …  𝑎𝑛𝑛)

 
 

(

 
 

𝑎11       0  …    0
 

𝑎21      𝑎22…     0
 ⋮            ⋮          ⋮
𝑎𝑛1     𝑎𝑛2…𝑎𝑛𝑛)

 
 

(

 
 

𝑎11      𝑎12… 𝑎1𝑛
 

𝑎12       𝑎22… 𝑎2𝑛
 ⋮            ⋮            ⋮
𝑎1𝑛     𝑎2𝑛  … 𝑎𝑛𝑛)

 
 

(

 
 

    0        𝑎12    …  𝑎1𝑛
 

−𝑎12        0    …  𝑎2𝑛
 ⋮              ⋮              ⋮
−𝑎1𝑛    −𝑎2𝑛  …    0 )

 
 

(𝑎𝑖𝑗)𝑚×𝑛 (𝑏𝑖𝑗)𝑚×𝑛 (𝑎𝑖𝑗 ± 𝑏𝑖𝑗)𝑚×𝑛

  (A + B) (B + C)

  A + C  B + C
 
⇔A = B

A + O  A + (−A)

(𝑎𝑖𝑗)𝑚×𝑛 (𝑘𝑎𝑖𝑗)𝑚×𝑛

𝑘(A + B) (𝑘 + 𝑙)A

(𝑎𝑖𝑗)𝑚×𝑘 (𝑏𝑖𝑗)𝑘×𝑛 (𝑐𝑖𝑗)𝑚×𝑛 (𝑎𝑖1𝑏1𝑗 + 𝑎𝑖2𝑏2𝑗 +⋯+ 𝑎𝑖𝑘𝑏𝑘𝑗)𝑚×𝑛
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(A + B) A(B + C)A

AB

AB A B

A𝑚 AA…A⏟    

𝑚

A𝑘A𝑙 A𝑘+𝑙

(A𝑘)𝑙 A𝑘𝑙

(AB)𝑘 ≠ A𝑘B𝑘

(A ± B)2 A2 ± 2AB + B2
 
⇔AB = BA

A2 − B2 (A + B) (A − B)
 
⇔AB = BA

(AB)𝑘 = A𝑘B𝑘

(𝑎𝑖𝑗)𝑚×𝑛 AT (𝑎𝑖𝑗)𝑛×𝑚

(AT)T

(kA)T AT

(A + B)T AT + BT

(AB)T BTAT

(A1A2…Ak)
T Ak

TAk−1
T …A2

TA1
T

(

 
 

𝑎11      𝑎12… 𝑎1𝑛
 

𝑎21       𝑎22… 𝑎2𝑛
 ⋮            ⋮            ⋮
𝑎𝑛1     𝑎𝑛2  … 𝑎𝑛𝑛)

 
 

𝐴 |
|

𝑎11      𝑎12… 𝑎1𝑛
 

𝑎21       𝑎22… 𝑎2𝑛
  ⋮            ⋮            ⋮
𝑎𝑛1        𝑎𝑛2  … 𝑎𝑛𝑛

|
|

AT A

kA kn A

AB A B

A ± B A ± B
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A−1 A−1 =

≠

A−1 (A−1)−1

(AB)−1 B−1A−1

kA (kA)−1
1

k
A−1

A𝑇 (AT)−1 (A−1)T

Ak (A𝑘)−1 (A−1)𝑘

PA = PB
 
⇔A = B  AP = BP

 
⇔A = B.

AB = O B = O.

(A ± B)−1 ≠ A−1 ± B−1

 
⇔ A

 
⇔ P1P2…P𝑠 P𝑖

A−1
1

∣A∣
A∗

(A E)→ (E A−1) (
A
 
E
) → (

E
 
A−1

)

(
A B
O C

)
−1

(A
−1 −A−1BC−1

O C−1
) (

A O
B C

)
−1

( A−1 O
−C−1BA−1 C−1

)

(
A O
O C

)
−1

(A
−1 O
O C−1

)
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i 行 

j 行 

i 列 j 列 

i 列 

(
O B
D C

)
−1

(−D
−1CB−1 D−1

B−1 O
) (

C B
D O

)
−1

( O D−1

B−1 −B−1CD−1
)

(
O B
D O

)
−1

( O D−1

B−1 O
)

≅

≅

≅ ≅

≅ ≅ ≅

P𝑖𝑗

(

 
 
 
 
 
 

1                                  
⋱                            
 0  ………    1  
⋮   1              ⋮
⋮         ⋱         ⋮
⋮             1    ⋮
1  ………    0

                            ⋱
                                   1)

 
 
 
 
 
 

D𝑖(𝑘)

(

 
 
 
 

1                             
⋱                     
  1               

               k               
                 1      
                    ⋱

                             1)
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i 行 

j 行 

i 列 j 列 

T𝑗𝑖(𝑘)  

(

 
 
 
 

1                             
⋱                     
  1               

         ⋮     ⋱               
       k         1         
                 ⋱

                           1 )

 
 
 
 

P𝑖𝑗 D𝑖(𝑘) 𝑘 T𝑗𝑖(𝑘)

P𝑖𝑗
−1 P𝑖𝑗 D𝑖(𝑘)

−1 D𝑖(
1

k
) T𝑗𝑖(𝑘)

−1 T𝑗𝑖(−𝑘)

P𝑖𝑗

D𝑖(𝑘) 𝑘

T𝑗𝑖(𝑘)

T𝑗𝑖(𝑘)

(𝑎𝑖𝑗)𝑚×𝑛 (
E𝑟 𝑂
𝑂 𝑂

)

(𝑎𝑖𝑗)𝑚×𝑛 P𝑚 Q𝑛 P𝑚 Q𝑛 (
E𝑟 𝑂
𝑂 𝑂

)

 
⇔

 
⇔

(𝑎𝑖𝑗)𝑚×𝑛

(𝑎𝑖𝑗)𝑚×𝑛 {𝑚, 𝑛}

AT

 
⇔

 
⇔

 
⇔

 
⇔
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