
I1 I2
V1 V2

++

--
1 2

1 2

V VA B
I -IC D

    
=    
    

2 2 L
21 21

1 1

L L

1
V -I R1AD - BC 1   ,   G    ,   KB DV IA + C +

R R

= = = = =

g
2

g in gL 21 L 2 2
in a

1 g 2max a in g
g

L L L

2 2 2 21
in in L 21 g 2

a g 0 0

RB 2A + | V | Z - RRV R V PZ    ,   P   ,  t(s)   ,  | t |   ,  (s)D B DI 4R V P Z + RC + A + + R (C + )
R R R

P 1 1 1| | 1-   ,  | t | | | 1   ,  R Re(Z ) R | K |    ,     or R + -1
P R F F

ρ

ρ ρ

= = = = = = =

 
= + = = = ≥  

  

2

1 2
g21 in in 21 21

0

34
21 in in 21 21

g0

T sT1+F(s) R A + BG   ,  Y (s) + Y (-s) 2G (s)G (-s)
t num numF

           sTT1 1-F(s) D + CK   ,  Z (s) + Z (-s) 2K (s)K (-s) t num numRF

ρ

ρ

 = + == =  
 
  = + == =
  

1 2 1 1 1 3 1 2 1 41 1
2

3 4 1 3 1 1 1 4 1 21 11 1 1 1 1

2
1 1

2 2
1 1 1

T (x) sT (x) (1+ d x)T - b xT (1+ d x)T - b T1+ a x b s1 1 1
sT (x) T (x) (1+ a x)T - e T (1+ a x)T - e xTe s 1+ d x(1+ f x)num (1+ f x) (1+ f x) num

1+ a s b s1                    
1 e s 1+ d s

A
f s

    
=    

    
 

=  +  
2

2 1 3
1 1 1 1 1

1 3 3 1
2

2 1
1 1

1 3 3 1
2

1
1

1
2
3

1 1
1 3 3 1

                                  s x

T Td f + f a f +
T T - T T

Tb f       
T T - T T

                                    
fa                       
d

Te a         
T T - T T

=

 = = ′ ′



= ′ ′

 =


 = ′ ′

2 4 2
1

4 2 2 4
2

2 4
1 1

4 2 2 4
2

1
1

1
2
3

1 1
4 2 2 4

T Tf
T T - T T

Te f       
T T - T T

     
fd                       
a

Tb d        
T T - T T

                                                                                  


 ′ ′



= ′ ′

 =


 = ′ ′

                      1

1x -
f

=
1

1x -
f

=

1 1

1

d - f
b

1b

1 1

1

a - f
b

1

1

f
b

1f 0>
1 1

1

a + f
b

1 1

1

d + f
b

1b
2

1

1

-2f
b

1f 0<

1 1

1

a + f
e

1 1

1

d + f
e1e

2

1

1

-2f
e

1f 0<

1 1

1

a - f
e 1

1

f
e

1 1

1

d - f
e

1e
1f 0>

1

1

a
e

1

1

d
e

1e

1

1

fM
e

=

 

 استخراج فاكتور مرتبه دوم نحوه
 فاكتور مرتبه دوم

 فاكتور مرتبه دوم مدارهاي 



+-
+-

+

-

Vo

+

-

Vi

Ya

Yb
Yc

Yd

Vi-k1 Vo(1+k2)

Yanagisawa

+-
+-

+

-

Vo

+

-

Vi

Ya

Yb

Yc

Yd

Vi-k1 Vo-k2

+
-

Mathews-Seifert

+
-

+
-+

-

Vi

+

-

Vo
Ya

Yb Yc

YdY0

Y0

Lovering

+
-

+

-

Vo

+

-

Vi

Ya

Yb

Yc

Yd

Ye

Yf

Mitra

+
-

+
-

+
-

+
-

+
-...

...

+
-

R0

Ra
Ra

R1 R3 Rn

R2 R4

V1 V2 V3 V4 Vn

R
R R

R

C C C C

C1=RC

Vi

0 a 1 b

i a b c 2 d

V Y - k Y
V Y + Y + Y - k Y

= 0 a 1 b 1 b a

i 2 d c c 2 d

V Y - k Y k Y - Y
V k Y - Y Y - k Y

= =

0 a b b a

i d c c d

V Y - Y Y - Y
V Y - Y Y - Y

= = 0 a b b a

i f e e f

a c e b d f

V Y - Y Y - Y
V Y - Y Y - Y
Y + Y + Y Y + Y + Y

= =

=

n-k n-k
0

n n-1 n-2
1 2 nk

n-k n-k
i 0

n n-1 n-2
1 2 n

(-1) G (sRC)-    :  n odd
(sRC) + G (sRC) + G (sRC) +...+ GV   ,  k 1,2,..., n

V (-1) G (sRC)     :  n even
(sRC) + G (sRC) + G (sRC) +...+ G



= =



State Variable

 


	formul1
	formul2

