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= ⋅ −∑v h x (1)
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[ ]

( )

( 1)

( 2)

( 3)
( ) (0) (1) (2) (3) (4) (5) (6) (7)

( 4)

( 5)

( 6)

( 7)

n

n

n

n
n

n

n

n

n

⎡ ⎤
⎢ ⎥

−⎢ ⎥
⎢ ⎥

−⎢ ⎥
⎢ ⎥−⎢ ⎥= ⋅ ⎢ ⎥−⎢ ⎥
⎢ ⎥−⎢ ⎥
⎢ ⎥−
⎢ ⎥
⎢ ⎥−⎣ ⎦

x

x

x

x
v h h h h h h h h

x

x

x

x
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[ ]( ) 0 0 ( 1) 0 0 ( 2) 0 T
M n n n= − −x x x x (3)
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( )

( ) (0) (3) (6) ( 1)

( 2)

M

n

k n

n

⎡ ⎤
⎢ ⎥
⎢ ⎥= ⋅ −
⎢ ⎥
⎢ ⎥−⎣ ⎦

x

v h h h x

x

(4)
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k M n= ⋅ (5)
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( ) 0 (0) (3) (6) ( 1)

( 1) 0 (1) (4) (7) ( )

( 2) 0 (2) (5) 0 ( 1)

( 3) (0) (3) (6) 0 ( 2)

M

M

M

M

k n

k n

k n

k n

+⎡ ⎤ ⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥+
⎢ ⎥ ⎢ ⎥ ⎢ ⎥= ⋅
⎢ ⎥ ⎢ ⎥ ⎢ ⎥+ −
⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥+ −⎣ ⎦ ⎣ ⎦⎣ ⎦

v h h h x

v h h h x

v h h x

v h h h x
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⎡ ⎤
⎢ ⎥
⎢ ⎥⎡ ⎤
⎢ ⎥⎢ ⎥
⎢ ⎥⎢ ⎥= ⇒ =
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[ ]( ) ( 1) ( 2) ( 3) ( 4) ( 5) ( 6) ( 7) T
k k k k k k k k k= + + + + + + +s s s s s s s s s (8)
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0 0 0 0 0 0 (0) (0) (0) (3) (0) (0) (6) (6) (6)

0 0 0 0 0 0 (1) (1) (1) (4) (1) (1) (7) (7) (7)

0 0 0 0 0 0 (2) (2) (2) (5) (2) (2) 0 0 0

0 0 0 (0) (0) (0) (3) (3) (3) (6) (3) (3) 0 0 0

0 0 0 (

x y z x y z x y z

x y z x y z x y z

x y z x y z

x y z x y z x y z

x
=

h h h h h h h h h

h h h h h h h h h

h h h h h h

h h h h h h h h h

h
D

1) (1) (1) (4) (4) (4) (7) (4) (4) 0 0 0

0 0 0 (2) (2) (2) (5) (5) (5) 0 0 0 0 0 0

(0) (0) (0) (3) (3) (3) (6) (6) (6) 0 0 0 0 0 0

(1) (1) (1) (4) (4) (4) (7) (7) (7) 0 0 0 0 0 0

y z x y z x y z

x y z x y z

x y z x y z x y z

x y z x y z x y z

⎡ ⎤
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

h h h h h h h h

h h h h h h

h h h h h h h h h

h h h h h h h h h

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

(9)
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,k xyz n= ⋅s D s (10)

Macierz D posiada K wierszy oraz P·M kolumn, gdzie

2 1
K

P
M

⎡ ⎤= ⋅ −⎢ ⎥⎢ ⎥
(11)

Symbol ⎡ ⎤⎢ ⎥ 	���
��
	�
���$������			�����

Kolumny macierzy D	"���
	!�������%	�
	���!�	!�	M kolumn, przy czym centralne M
kolumn to macierz H 	����
			���	
�
��"	!�����
����	�
	���
	.	����"��

x y z K M×
⎡ ⎤= ⎣ ⎦H h h h (12)
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( )

( )

( )
k

n

n

n

⎡ ⎤
⎢ ⎥⋅ = ⎢ ⎥
⎢ ⎥⎣ ⎦

x

G s y

z

(13)
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(7) (6) (5) (4) (3) (2) (1) (0)

(7) (6) (5) (4) (3) (2) (1) (0)

(7) (6) (5) (4) (3) (2) (1) (0)

x x x x x x x x

y y y y y y y y

z z z z z z z z

⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥
⎣ ⎦

g g g g g g g g

G g g g g g g g g

g g g g g g g g

(14)
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0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

⎡ ⎤
⎢ ⎥⋅ = ⎢ ⎥
⎢ ⎥⎣ ⎦

G D (15)
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[ ]MxM MxM MxM MxM MxM MxM MxM M P M× ⋅0 0 0 E 0 0 0� � (16)

gdzie EMxM	���
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3 3

(1) (0) (0) (0) (0)
(1) (0)

(1) (1) (1)
(1) (0)

x x
x y z

y y
x y z

z z

×

⎡ ⎤
⎡ ⎤⎢ ⎥ ⋅ =⎢ ⎥⎢ ⎥
⎢ ⎥⎣ ⎦⎢ ⎥

⎣ ⎦

g g h h h
g g 0

h h h
g g

(17)

3 3

(7) (6)
(6) (6) (6)

(7) (6)
(7) (7) (7)

(7) (6)

x x
x y z

y y
x y z

z z

×

⎡ ⎤
⎡ ⎤⎢ ⎥

⋅ =⎢ ⎥⎢ ⎥
⎢ ⎥⎣ ⎦⎢ ⎥

⎣ ⎦

g g h h h
g g 0

h h h
g g

(18)
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=D H (19)

M M×⋅ =G D E (20)
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( ) ( ) ( )r r r+ ≤ +A B A B (21)

( )( ) ( ) ( ) min ( ) , ( )r r m r r r+ − ≤ ⋅ ≤A B A B A B (22)
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Przyjmijmy M = 3 oraz K = 6. W takim przypadku macierze D i G	�
9��	��1���:
����31�24	
F

3 3 1 2

1 2 3 3

×

×

⎡ ⎤
= ⎢ ⎥

⎣ ⎦

0 H H
D

H H 0 (23)

[ ]1 2=G G G (24)
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1����	�
	����31�24	
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1 2 1 1

1 2 2 2

1 2 1 1

2 1 2 2

( ) ( ) 3 ( ) 2 ( ) 1

( ) ( ) 3 ( ) 1 ( ) 2
lub

( ) ( ) 3 ( ) 1 ( ) 2

( ) ( ) 3 ( ) 2 ( ) 1

r r r r

r r r r

r r r r

r r r r

+ = = =⎧ ⎧ ⎧
⎪ ⎪ ⎪+ = = =⎪ ⎪ ⎪⇒⎨ ⎨ ⎨+ ≤ = =⎪ ⎪ ⎪
⎪ ⎪ ⎪+ ≤ = =⎩ ⎩ ⎩

H H H H

G G H H

G H G G

G H G G

(25)
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A (28)

oraz macierz do niej odwrotna

1−=B A (29)
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w w

G w w
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G (32)

Na rysunku 2 pokazano amplitudowe charakterystyki filtrów syntetyzu24	
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