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The improved method of creating of state equation system of electric circuits with 
linear and nonlinear components, which founded on reduction of linear resistances and 
conductances and linearly controllable power sources with usage of properties of block 
matrix operations, is proposed. 
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Y Z Y

Y f X

X Z Y

= ⋅ + ⋅
 =
 = ⋅ + ⋅

A A

AX AX

                                                      (1) 
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0tr chI I+ ⋅ =N ,                                                                  (2) 
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T

tr u Eu Ei RI Y i i i= , ( ), ,
T

u FE E CY i i i= , ( ), , , ,
T

ch G u i i nI i J J X J= , ( ), ,
T

i LX i J FJ= , 

( ), , ,
T

tr u u i RU X E E u= , ( ), ,
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u CX FE E u= , ( ), , , ,
T

ch G Ju Ji i JnU u u u Y u= , ( ), ,
T

i L J FJY u u u= , 
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XuG XuJu XuJi XuXi XuJn

EuG EuJu EuJi EuXi EuJn

EiG EiJu EiJi EiXi EiJn

RG RJu RJi RXi RJn

 
 
 =
 
 
 

N N N N N

N N N N N
N

N N N N N

N N N N N
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 R Ru i= R , G Gi u= G , 

 u u trE U= B , ( ), , ,T T T
u XuEu EiEu REu=B B 0 B B , 

i i chE I= B , ( ), , , ,T T T T T
i GEi JuEi JiEi XiEi JnEi=B B B B B B ,                                  (4) 

 u u trJ U= A , ( ), , ,T T T T
u XuJu EuJu EiJu RJu=A A A A A , 

 i i chJ I= A , ( ), , , ,T T T T
i GJi JuJi XiJi JnJi=A A A 0 A A . 
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 − −    = +          
 
 
 

− − −   
+      

 
   

0 N N

N 0 0

0 0 0 N N N

N N N 0 0 0
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−   =  
− − −   

  − − −       − − 

1 B B 0 0 0 B 0 0
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0 0 0 A A 1
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X
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J
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  −  
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 
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EiG EiJu EiEu

RG RJu REu

T
GEi RG GJi

T
JuEi RJu JuJi

T
JiEi RJi

EuG EuJu

EiRG EiRJu EiREu

T
GJuEi RGJu

−

−

−

− − − 
 

− − − 
 − −  = − − 
 −
  − − 

 
 
  − − −
 

= − − 
 
 
   

1 0 N A 0 B

0 R N A 0 B

B N G 0 A 0

B N 0 1 A 0

B N 0 0 1 0

0 0 N A 0 1

1

R 1 N G A 0 B
G

B N R 1 A
1

1

1

( ) ( )

1

1

1
12 13 12 13

21 23 21 23

31 3231

32

GJuJi

T
JiEi RJi

EuG EuJu

−

−

−

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

 
 

′   
  ′= =     ′   

  ′ 

0

0 0B N R
1

N G A0 0

1 S 0 S 1 S S

S 1 S 0 S 1 S

0 S S 1S
1

S0

� �

          (5) 
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 ( )13 31

T
JiEi RJi

EiREu
 −= − = 
 

B N R
S S 0 B 0

0 0
.  
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�����	� ( ) 1
31 13

−−1 S S �"��	����� 31 13+1 S S . 
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�� "������� ( )( )31 13 31 13 31 13 31 13− + = − =1 S S 1 S S 1 S S S S 1 �� ��	"���
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−− = +1 S S 1 S S . 
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 ( ) ( )1
13 31 13 13 31 13 13 13 31 13 13

−− = + = + =S 1 S S S 1 S S S S S S S ; 

 ( ) ( )1
31 13 31 31 13 31 31 31 13 31 31

−− = + = + =1 S S S 1 S S S S S S S S . 

0�����	��	�����������	������
���	���
������
� 23 32,S S : 

 ( )23 32 GJuJi
EuG EuJu

 = − = − − 

0 0
S S A 0 0

N G A
; 

 ( ) 1
32 23 32 23

−− = +1 S S 1 S S ; 
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−− = + = + =S 1 S S S 1 S S S S S S S ; 
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32 23 32 32 23 32 32 32 23 32 32

−− = + = + =1 S S S 1 S S S S S S S S . 
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12 13 1 1

21 23 2 2

31 32 3 3

x b

x b

x b

       
       =                     

1 S S 1 0 0

S 1 S 0 1 0

S S 1 0 0 1
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12 13 1 1

21 12 23 21 13 2 21 2

32 31 12 31 13 3 31 3

x b

x b

x b

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

1 S S 1 0 0

0 1 S S S S S S 1 0

0 S S S 1 S S S 0 1

, 

2) 
12 21 13 12 23 1 12 1

21 23 2 2

31 32 21 32 23 3 32 3

x b

x b

x b

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

1 S S 0 S S S 1 S 0

S 1 S 0 1 0

S S S 0 1 S S 0 S 1

, 

3) 
13 31 12 13 32 1 13 1

21 23 31 23 32 2 23 2

31 32 3 3

x b

x b

x b

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

1 S S S S S 0 1 0 S

S S S 1 S S 0 0 1 S

S S 1 0 0 1
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12 1 13 1

21 2 23 2

31 32 3 3

x b

x b

x b

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

1 S 0 1 0 S

S 1 0 0 1 S

S S 1 0 0 1

, 

"
� 

( )12 12 13 32 EiRG EiREu EuG EiRJu EiREu EuJu′ ′ ′= − = − − − −S S S S N G B N G A B A ; 

( )21 21 23 31
T T

GJuEi GJuJi JiEi RGJu GJuJi RJi′ ′ ′= − = − − +S S S S B A B N R A N R . 
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12 21 1 12 13 1

21 12 2 21 23 2

31 32 3 3

x b

x b

x b

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

1 S S 0 0 1 S 0 1 0 S

0 1 S S 0 S 1 0 0 1 S

S S 1 0 0 1 0 0 1

 

������"����"����
	�����
�������
�����	�(5)����"���������"��
����� 
11

1112 13 12 13
1

21 23 22 21 23

31 32 31 32

−−

−

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

S 0 01 S S 1 0 0 1 S 0 1 0 S

S 1 S 0 1 0 0 S 0 S 1 0 0 1 S

S S 1 S S 1 0 0 1 0 0 1 0 0 1

, 

"
� 11 12 21′ ′= −S 1 S S ; 22 21 12′ ′= −S 1 S S ��3������
��� ��
������� �
����#�
�����	� (5)� ��
�����"��

��
��������������

�����������
	��
�
������� 11S �	� 22S ��
	�����
����������
����������� 
1 1

11 12 22 21
− −′ ′≡ +S 1 S S S ; 1 1

22 21 11 12
− −′ ′≡ +S 1 S S S  

�
�����������
��������	��������

���#�������
������� 
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( ) ( )

( )
( )

( )
( )

1
2 22 23

1
1 11 12 23

1
1 11 12 23

u i

XuXu XuXi
Y Y X X Ju i n XiXu XiXi

SJnXu JnXi

T T
Xu XuJi XuGJu

T T T TX X Ju i n Xi XuJi XuGJu XiJi XuJi XuXi

T T T T
Jn XuJi XuGJu JnJi XuJi XuJn

 
 
 = =
 
  

 − ′ −


− ′ ′= − − − −
 − ′ ′− − − −

S S

S S

S

S S S N N

S S S S N N S N N

S S S S N N S N N

S ( )
( )
( )

1
2 22 21 13

1
1 11 13

1
1 11 13

Xu EuXi EiRXi XuEu EuXi XuXi

Xi EuXi EiRXi

Jn EuXi EiRXi

− ′ ′ − + + 
− ′− − 
− ′− − 

S S S N N S N N

S S S N N

S S S N N
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