
1

� � �

�� � � /16

� �© ª�ZOH �)LUVW�2UGHU�+ROG��)2+�

(1)( ) ( ) ( )( ) ( 1)NI W I NK I NK W NK NK W N K= + − < < +

� � � � ����������������� � �

(1) ( ) (( 1) )
( )

I NK I N KI NK K
− −≅

� � � �

(0) 1, ( ) (2 ) ... 0I I K I K= = = =

(1) W NKI
=



2

� � �

�� � � /16

0

(0) ( )
( ) (0) , 0

I I KI W I W W KK
− −= + ≤ <

1

( ) (0) 1
( ) ( ) ( ) ( ) 1 , 2

I K I WI W I K W K W K K W KK K K
−= + − = − − = − ≤ <

2 3( ) ( ) ... 0I W I W= = =

�

�

K

��

�K

X�W� I�W�



3

� � �

�� � � /16

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
2

2 1 1
2 2 2 2

VK
)2+

W K W KW KV H* V / W W W K W K W K W KK K K K V
 − −  + −= + − − − − + − + − =   

  
� � � � � �

( )

2

2 2

2

sin
2 4

1 V
)2+

V V
V

* M
πω
ωπ π ωω πωω ω

ω

 
 
 = +
 
  

�ω ω

( )� ��* M
7

ω



4

� � �

�� � � /16

� �
&��]� =2+ *�V��

�

�

& �V� *�V��
�

F

& �]� * =2+�V��
�

� �



5

� � �

�� � � /16

[ ]( ) ( ) ( )G= * V =2+ V * =2+ ]= ⋅

�
�

& �]� * =2+��]��
�

G G
�

�
�

( ) ( )G G& ] * =2+ ]⋅ ⋅

( ) ( )
1 ( ) ( )

G G

G G

& ] * =2+ ]
& ] * =2+ ]

⋅ ⋅
+ ⋅ ⋅



6

[ ]� � � � � �G G& ] * =2+ ]⋅ ⋅ = <

� � �

�� � � /16

� � � � � � �

1
( )

�V7H=2+ V V
−−=

11 ( ) ( )
( ) ( ( )) ((1 ) ) (1 ) ( )

�V7
7V

G
H * V * V* =2+ ] = * V = H ] =V V V

−
− −−⋅ = = − = −

1 2 1
1 2 1 0( ) ... ,Q Q Q

Q Q Q) ] D ] D ] D ] D ] D− −
− −= + + + + +

� � � ����������������� � � � � �( )* V= V
 
  

-XU\
:

QD +∈\

� � � � � ��������������������������� � � �����( )I�W� � �<



7

� � �

�� � � /16

Z0 Z1 Z2 … Zn-k … Zn-1 Zn

1 a0 a1 a2 … an-k an-1 an

2 an an-1 an-2 … ak a1 a0

3 b0 b1 b2 … bn-k bn-1

4 bn-1 bn-2 bn-3 … bk b0

5 c0 c1 c2 … cn-2

6 cn-2 cn-3 cn-4 … c0

.

.

.
2n-5 0 1 2 3

2n-4 3 2 1 0

2n-3 q0 q1 q2 q3



8

� � �

�� � � /16

0 ,Q N
N

Q N

D DE D D
−= 0 1

1

Q N
N

Q N

E EF E E
− −

−

=

0 3
0

3 0

T ρ ρ
ρ ρ

=

0 1
2

3 2

T ρ ρ
ρ ρ

=

�
�
�

� � � � � ��������� � � � �
� � �

( )) ]



9

� � �

�� � � /16

(1) 0

0,
( 1)

0,

)
)

• >
>

• − <

0

0 1

0 2

0 3

0 2

. . .

Q

Q

Q

Q

D D
E E
F F
G G

T T

−

−

−

• <

• >

• >

• >

• >

Q=

Q=



10

� � �

�� � � /16

2
1 0( )) ] ] D ] D= + +

1 0

1 0

00

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

11

) D D
) D D

DD

• >  + + >
 • − > ⇒ − + > 
  <• < 

�� �

��

1D

0D



11

� � �

�� � � /16

�
� �Jury 

: 
.

� ( )) ] [(1 ) ]) ]ε+ 0ε +∈� \

� � � � . 

(1 ) (1 )Q Q Q Q] ] Q ]ε ε → + ⋅ + ⋅ �



12

� � �

�� � � /16

� �'&�

� �
5 ( . .

.

� �
V-�V3

5

&�V�

� �
�� 6

5

1,65 10

3,7 10

41822

3

5

.

.

.
-υ

= ×

= ×
= ΜΕΤΑΒΛΗΤΟ
=

Open-Loop

Closed-Loop

� �

( )
( )

( ) ( )
3

5

& V . .* V ( V V - V .υ

⋅= =
+

2

( ) ( ) 39.453
( ) 1 ( ) 8.8715 39.453

& V * V .
5 V * V V V .= =

+ + +
0, 39.453Q. .ω∀ > =



13

� � �

�� � � /16

� �
5 (

=2+ ..

.

� �
V-�V3

5

&�V�

� �
��

(


( )

*

1
2

( ) 1
( ) ( ) ( )

( )

1
( ) 1

�7
3

5

3

5 5 5
5

.. -& V H* V =2+ V * V( V V .V V -

- -..* ] ] =. V . V .. V -

υ

υ

υ υ

υ

−

−

−= = =
 

+ 
 

 
 
 = − − +    +       



14

� � �

�� � � /16

( )
2( )

1

	 	

	

. 7 . 7
- -

5 5
3

. 7
5 -

7. - - H ] 7. - H -
..* ] . ] ] H

υ υ

υ

υ υ υ υ

− −

−

    
 − + − + +          =    − −      

Closed-loop 2
1 0

( ) ( )
1 ( )
* V 1 ]
* V ] D ] D=

+ + +

1=0,000012.(3,75*105 -41822+41822e-8,871T)-1- e-8,871T

0= e-8,871T +0,000012.[41822-(3,75*105 +41822)e-8,871T]



15

� � �

�� � � /16

2
1 0( )) ] ] D ] D= + +

8,871
1 0

1 0

0

(1) 1 1 0

( 1) 1 0

1

7) D D H
) D D
D

−= + + ⇒ − >
− = − + >
<

7��VHFRQGV�

. 1 01 0D D− + >0 1D <



16

� � �

�� � � /16


