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aij .

aij .

f (x1, …, xn) = X TAX.

A: f (x1, …, xn) .
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1 f (x1, x2 , x3) = 2x1
2 – 3x2

2 + 4x3
2 - 2 x1x2 + 3x2 x3

A: f (x1, x2 , x3) 

f (x1, x2 , x3) = XTBX

BT≠ B, B f (x1, x2 , x3) 
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f (X) = X TAX.       (AT = A)

f (X) A .

1 f (x1, x2 , x3) 

R(A) = 3 ,

f (x1, x2 , x3) 3 .
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1. 

n A, B, C, 

C TAC = B, 

A B . 

(1) A

(2) A B B A

(3) A B B C , A C . 



6

A B PAQ = B,    P, Q 

A B P -1AP = B ,     P 

2. 

(1) y1, …, yn x1, …, xn .
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(1)

X = C Y (2)

C (2)

C (2) .

C (2)

Y = C -1 X (3)
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f (X) = X TAX X = CY (C ),

f (X) = (CY)TA(CY) = YT (CTAC)Y.

B = CTAC , B T = B, 

f (X) = YTBY = g(Y).

f (X) g(Y) A B .

f (X) g(Y) .

X = CY (C ) .

.
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d1 y1
2 + d2 y2

2 + … +dr yr
2 (di ≠0)

.

z1
2 + …+ zp

2 – zp+1
2 - … - zr

2

.

p:  

r - p:  

|r - 2p|:  .
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f (x1, x2 , x3) = x1
2 + 2x2

2 + 3x3
2 + 2 x1x2 + 6x2 x3 +2 x1x3

=(x1
2+2x1x2+2x1 x3 + x2

2 + x3
2 + 2x2 x3 )+ x2

2 + 2x3
2 +4 x2x3

=(x1+x2+ x3 )2+ (x2
2 + 4x2 x3+ 4x3

2) - 2x3
2

=(x1+x2+ x3 )2+ (x2+ 2 x3 )
2 - 2x3

2

f (x1, x2 , x3) = y1
2 + y2

2 – 2y3
2
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(1): x1, x2, x3 y1, y2 , y3 . 

(2): y1, y2 , y3 x1, x2, x3 . 

(1) (2) x1, x2, x3 y1, y2 , y3 . 
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3 f (x1, x2 , x3) = 2 x1x2 +2 x1x3 - 6x2 x3

,  f (x1, x2 , x3)=2y1
2 – 2y2

2 – 4y1y3 + 8y2 y3

= 2(y1
2 – 2y1y3 + y3

2) - 2 y2
2 - 2 y3

2 + 8y2 y3

= 2(y1 – y3 )2 – 2( y2
2 - 4 y2 y3 + 4y3

2 )+6y3
2 

= 2(y1 – y3 )2 – 2( y2 - 2 y3 )2 + 6y3
2 

= 2z1
2 – 2 z2

2 + 6z3
2 
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,  

f =2z1
2 – 2z2

2 +6z3
2 = t1

2 + t2
2 - t3

2

! "# = %# − %'"( = %( − 2%'"' = %'
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f (X) = X TAX 

d1 y1
2 + … + dp yp

2 - dp +1yp+1
2 - … - dr yr

2

f (X) = X TAX 

z1
2 + …+ zp

2 – zp+1
2 - … - zr

2

r . 

p ( ) r – p 

|r – 2p| .
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A n 

C ( 5.4) , 

CTAC = C-1AC = diag (l1 l2 … ln)

X = CY , 

f (X) = YT CTACY = l1 y1
2 + l2 y2

2 + … + ln yn
2
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4

f (x1, x2 , x3) = x1
2 - 2x2

2 - 2x3
2 - 4 x1x2 + 4x1x3 + 8x2 x3

f (x1, x2 , x3)

l1= 2 l2 = -7
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l1= 2 

x1 + 2x2 - 2x3 = 0

a1 = (-2, 1, 0)T ,   a2 = (2, 0, 1)T

a1, a2

b1 =  a1 = (-2, 1, 0)T ,
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l1= -7 

a3 = (1, 2, 2)T ,

b1, b2  , a3
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X = (x1 , x2 , x3 )T,   Y = (y1, y2, y3 )T

X = CY 

f  =  2 y1
2 + 2 y2

2 - 7 y3
2
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