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F
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 )4                     (                         12 1000PST PSTC S= × ×   

11F :�5�#� U7@ V��� ��1 M�� $1 ��1 +�#? 
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��1��W �;�%@ !1%��t  

, , , ,
i i i i i
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PST
S : �����PST       

 )5   (  
2(0.0003 0.2691 188.22) 1000UPFC UPFC UPFC UPFCC S S S= − × + × ×

  

 )6   (  
( ) 212 (0.0003 0.2691 188.22) 1000OUPFC PST UPFC UPFC UPFCC S S S S = × + − × + × × 
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2

1 1 1
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F P V V Y θ δ δ
= = =
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Y : O#8 �� �3)  x��"���1pu  
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�]  1
 �5�#� =�D"���7�� !1��

��< !��� ��$ �
�* ��:  

)9 (                                                            ( , ) 0g x u =  

    ( , ) 0h x u ≤  

     x : �5�#� =�@��o"�  

u :=��
� �5�#� =�@  

2 -4-���-� �,��  

M�& �p��,� =��#� ���? !1�� =1�� 
��   �B�"<1
 � ��"<1 =�@

�� �� �< 7; �� �� !��� ��$ �
�* 7�� :  

 )10(                               0),( =−− uxfPP PiDiGi  

)11(                              0),( =−− uxfQQ QiDiGi  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
93

.3
.2

.5
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
12

 ]
 

                             4 / 20

https://dor.isc.ac/dor/20.1001.1.23222468.1393.3.2.5.3
https://jeps.dezful.iau.ir/article-1-76-fa.html


 ���� ����-   
�� 
� ���� ������� �����–  ��� ���–  ��� �
�� –   !�"#�$ � %���&93  

 
 

٤٢ 
 

Jo
u

rn
al

 o
f 

N
o
v

el
 R

es
ea

rc
h

es
 o

n
 E

le
ct

ri
ca

l 
P

o
w

er
 -

 V
o

l.
 3

-N
o

. 
2

-a
u

tu
m

n
 2

0
1

4
&

 w
in

te
r 

2
0
1

5
 

 

PGi � QGi :!1�� =�@  
��1��W �N��C ��"<1
 � ��"<1i 0�1    

 P Di� QDi :!1�� =�@  ��  
� 
�� ��"<1
 � ��"<1i 0�1   

f pi � fQi :M�& �p��,� 
��!1�� =�@   ��B  
� ��"<1
 � ��"<1i  �1

�� 7; �� .�� �p��,� ��1 �< +�1 �D�7�   �7B� �� �N�� �� 7;�1��

 �1��1 G��  !1�� b�
%�FACTS 7; �� %��.  

2-5-��
��
� ����  

  �1��1 ��B�? � +�;�1 07�5�� ���? G��  =��#��� ���?FACTS 

�� �� ��1� t�  G�{ 
� �< 7 �� 7�� :  

7�5�� ���? :   !1�B� � W�B"5� =�
 +���7B�� G��  7�5�� ���?   =�B@

�� �@
��1��W �N��C ��"<1
 � ��"<1 7 ��:  

   )12(               NGiVVV GiGiGi ,...,1,maxmin =≤≤  

   )13  (             NGiPPP GiGiGi ,...,1,maxmin =≤≤   

   )14  (             NGiQQQ GiGiGi ,...,1,maxmin =≤≤  

+�;�1 ���? :��  W�"5� =�
 +���7�� G��  ���? ��1   � 
�B� =�@

�� ���"�1 g�^C =
1P>
��  7 ��]26[  

)15  (                      NdiVVV LiLiLi ,...,1,maxmin =≤≤  

)16  (                          NliSS LiLi ,...,1,max =≤  

 �<Nd  �Nl ��    ��B  �17B,� OB����      ��B�"�1 g�B^C � 
�B� =�B@

�� 7 ��.  

 M�1%-1 d�� +���7��/�@
��1��W �N��C M@�< :    �B�1 }�B�1 �B�

     !1%B�� �~<17B8 +B�1 
��B? +��� �@ 
� 
��1��W �@ 0�D"���7��

7@� M�1%-1 �� M@�< 1
 ��C =7�5�� !1�� $1 ���4� .  ��B�? ��1

 f�1�
 �� 7;"#@ U��,� +�
 h�
 ���? �� �<��$ 7��  �� !���:  

URi :+��� �@ 
� �N��C M�1%-1 d�� �~<178  

DRi :�@ 
� �N��C M@�< d�� �~<178 +���  

 !�"#� #$%%�&FACTS : " '�$%%( �"
 ��#")%%*� +��%%, #$%%�& -%%��

 !�"#� !�.�/�(FACTS 0� ),�	  :  

)17  (                                                         max

FACTSFACTS SS ≤  

)18  (          






≤≤

≤≤
maxmin

maxmin

γγγ

rrr
                   for UPFC                                    

                                                                               

 )19 (           








≤≤

≤≤

≤≤

maxmin

maxmin

maxmin

σσσ

ρρρ

rrr

      OUPFC  for   

               

3 -?�)�,@4� ���'�A�. 

 �5�#�        7B��� !2 �B] �B< +B�1 �3���B;�� �5�B#� [B� �A��
��

     
� ��BN�� =�B@
��1��W 7B�5�� !1%B�� � 
17� 
� ��N�� =�@781�

 ��] 
� �3) 24      �B� ��9B� �B< ��B  ���,� =1 ���> �� +���

��D� �;�%@ 0�3)  �;- =�D"���7�� =
1�?��   %B�� �3)  $1 =
1���

7 �� G?178 .�� �;�%@ ��1  �;�%@ }��1 �� !1�� 0�@
��1��W +C��

��  n��,� �� �@ O�<�� �� �3)  ��X��.  

   
1%B-1 ��B� $1 0�5�#� ��1 �� �N�� ��GAMS     �5�B#� GB8 =1�B�

�� ���X"�1 ��  .      0W�B"5� +�B#? �B�1 
� �5�B#� ��B*1 =�@��o"�

 
� �< ���@
��1��W f��� =7�5�� ��"<1
 � ��"<1 !1��  0W�"5� ���1$

   =�B@�"�1
�& � 7B�
1� 
1�? 
17�OUPFC  �B�  7B �� .  =�B@��o"�

 �^�1
 �
�* �� �5�#���$ 7��  �� n��,�:  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
93

.3
.2

.5
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
12

 ]
 

                             5 / 20

https://dor.isc.ac/dor/20.1001.1.23222468.1393.3.2.5.3
https://jeps.dezful.iau.ir/article-1-76-fa.html


 ���� ����-   
�� 
� ���� ������� �����–  ��� ���–  ��� �
�� –   !�"#�$ � %���&93  

 
 

٤٣ 
 

Jo
u

rn
al

 o
f 

N
o
v

el
 R

es
ea

rc
h

es
 o

n
 E

le
ct

ri
ca

l 
P

o
w

er
 -

 V
o

l.
 3

-N
o

. 
2

-a
u

tu
m

n
 2

0
1

4
&

 w
in

te
r 

2
0
1

5
 

 

)20(                                            

,

,

, 0

, 0

i t

i t

i t

i t

V

pg u

qg uX

r

δ

ρ

σ

 
 
 
 ×
 

×=  
 
 
 
 
 

  

 ��o"�u0 ��I#� =�;��� ��o"� 0UC  Z���C �:��4� �< +�1)0 (

 � �
 ��)1 (  +B�1 �3)B  =�@781� !��� .   =�B@��o"� ��B;J�@

 =�:�� f�1��7  n��,� �5�#� G8 7;�2�- G��3� =1��    �B< 7B�1

7�
1� 1
 �l��
 f�1�
 =$�� ���� �);N �-�*.   

 $1 �5�#� G8 =1�� �7B;;< G81   7B;��
7?CONOPT   ���X"B�1

+�1 �7  .  ��B��A;� 1P5 +�1 �
%� �5�#� ��,�1 �3;�1 �� �N�� ��

   !�B�$ 0�B^C !1%�� 0������ �A-�8 0
1�3� �17,� �� g���� ��5�1

  �7B  F�A;� ��p�� �")#� ������ =�
 ������ ��C 
� ������ =1�N1

+�1.  

�� G8 ��< M�� �� 
� �A��
�� �5�#� ��  .  GB8 ��1 M�� 
�

�8 
� �5�#� 
�Q8 !�7� � ��5�1 +5OUPFC  �B� �
�*  ��B�> .

      
�B� MB�& �B� g�B��� =�D"���7B�� ��@ �5�#� $1 M�� ��1 
�

+�1 �7  m��5 �3���;�� �;�D� .     !1�B� �B� MB�� �B�1 !���& 
�

 ������Fvsi 7  �H1
1 �^�1
 $1 ���X"�1 �� 1
�     =1�B� GB�- �B�1 
�

��< �)���� s�C +��� [� .  �B�1 
� �B5���    ����B�� �B�1  =1�B�

 +���21 �7  �)���� 7�1 .   $1 �7B�2 +B�7� =�@�"�1
�& ��;J�@

   =7B�5�� �B�"<1
 � ��"<1 !1�� 0W�"5� ���1$ 0W�"5� G��  +�#? ��1

  �B�5�1 ��,5�^� ������ !1�;� �� 7�
1� 
1�? 
17� 
� �< ���@
��1��W

��)  G�- 
� +�1 �7�2 =$��.  

                                                 
1Solver  

 
�Q8 
� �5�#� 0��� M�� 
�OUPFC   �B� GB8  ��B  .  =1�B�

 �� ��1 M�� $1 �7�2 +�7� ������ 0�5�#� ��1�:�@ !7  �",���

�� �"-�> �A� 
� M�� ��1 ���  �^�� !1�;� ��  . M�� ��1 
�

 =1�� =
1�3� ���8 [� 
� �5�#�4  O�� 7�7��<OUPFC   GB8

  �B� ��B�C{ � �)���� +�#? �@ 
� ���D� a��"� � �7   ��B  . 
�

  a��B"� GB���� �� !���&        � !�B3� ���B"D� !1�B� �B� �7B�2 +B�7�

 =1�� 1
 �@�"�1
�&OUPFC ��< T�4�.  

3 -1 - 0�� %� ���<�&� ε-constraint  ��	�

7
� 8��9 (:��	9 �4�B �� �4�-� CB  

 ��1 
��5���   +���7B�� Z�
ε       �B-7@ 7B;R ��IB#� GB8 =1�B�

+�1 �7  \��"�1 .  V��B� !1�;� �� U7@ V�1�� $1 �3� Z�
 ��1 
�

���� � U7@     �B� �B"-�> �BA� 
� 7B�? !1�;� �� U7@ V�1��  ��B . 

  !�B4� 1
 U7@ V��� 
�DR �� �-7@ 7;R =$�� �;�D� [� ��$ f�1�


 U7@ V�1�� �< 7@� ��f1 0f2  �f4      V��B� � =$�B� G?17B8 +BDN

 U7@f3 7 �� �� =$���~<178 
�A;�� . ��*1 U7@ V��� ��;�1 
�

 V���f1 7 �� ��]27.[  

  )21(                                                     

0),(

0),(

min

,4,4

,3,3

,2,2

,1

≤

=

≤

≥

≤

uxg

uxh

f

f

f

f

kk

kk

kk

k

ε

ε

ε

  

 �<k    �B�;� �B< +�1 �5��"�1 fC �
�� FACTS   
1�B? !2 
�

+�1 �"-�>. F��;�� 7�? �� �< �,�1�� =1�� 0
�- �5��,� 
�  =$��

�� �-�l1 7�? 
�   �B� �< �,�1�� � =��#� �"3R�< +�9� $1 7�� 

F��%<�� 7�?    �B� �-�Bl1 7B�? 
� =$��     �B">
%� +B�9� $1 7��B 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
93

.3
.2

.5
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
12

 ]
 

                             6 / 20

https://dor.isc.ac/dor/20.1001.1.23222468.1393.3.2.5.3
https://jeps.dezful.iau.ir/article-1-76-fa.html


 ���� ����-   
�� 
� ���� ������� �����–  ��� ���–  ��� �
�� –   !�"#�$ � %���&93  

 
 

٤٤ 
 

Jo
u

rn
al

 o
f 

N
o
v

el
 R

es
ea

rc
h

es
 o

n
 E

le
ct

ri
ca

l 
P

o
w

er
 -

 V
o

l.
 3

-N
o

. 
2

-a
u

tu
m

n
 2

0
1

4
&

 w
in

te
r 

2
0
1

5
 

 

�� ���X"�1 =��#� ��  . 
17�� 7��� ��1�1 
�ε ��  T�4� �@.  

 ��7N $1 ���X"�1 
�A;� ��1 =1�� Z�
 ���"D�payoff )���"� (

�� 7 �� .   0VB�1�� $1 [B� �@ 7��� 17"�1 ��7N ��1 �17�1 ���,� =1��

 ��  �;�D� �1���;�) +�9� �� �< (*)
� �� T�4� ��7N ��  (

 �:�� V�1�� 
17�� V��� ��1 $1 �7�2 +�7� =�@��o"� =1$1 �� xS�

��  T�4� .[� =1�� 1
 7��
 ��1    xSB� � ��1� ��B��1 V�1�� [�

 ��7N ��- �� �5�7N)1( �� G�34� �� .  

��7N)1( payoff  �@ ��- �� ���;� �;�D� f��� �7�2 +�7�
V���  

f4,k f3,k  f2,k  f1,k    

f4,k (x1
*
)  f3,k (x1

*
)  f2,k (x1

*
)  f1,k

*
(x1

*
)  f1,k

*  

f4,k
*
(x2

*
)  f3,k (x2

*
)  f2,k

*
(x2

*
)  f1,k (x2

*
)  f2,k

*  

f4,k 

(x3
*
)  

f3,k
*
(x3

*
)  

f2,k 

(x3
*
)  

f1,k (x3
*
)  f3,k

*
 

f3,k
*
(x4

*
)  

f3,k 

(x4*)  
f2,k 

(x4*)  
f1,k 

(x4*)  
f4,k* 

)xi
*  V��� !��< �;�D� $1 �7�2 +�7� =�@��o"� =�;,� ��i�1(  

  ��7BN �
�DR � ��� !�"� �� �N�� �� ��8payoff   �p��B,� �

�� ��
�2 +�7� ��78 ��1 ��$ 7�� ]27:[  

)22(       

2
2

,2,2
,2,,2 ...,,1,0,

)min()max(
)max( qii

q

FF
Fe

kk
kki =×







 −
−=

3
3

,3,3
,3,,3 ...,,1,0,

)min()max(
)min( qjj

q

FF
Fe

kk
kkj =×







 −
+=

4
4

,4,4
,4,,4 ...,,1,0,

)min()max(
)max( qll

q

FF
Fe

kk
kkl =×







 −
−=

  

 
17�� !�
�2 +�7� =1��ε U7@ V��� �@ ���7�� �@ )  ��B� ��*�-

 V��� �@ F��;�� � F��%<�� ( ��q  ��B  �� F�#�� =��#� ��*�- .

�BB;�D� ��IBB#� OBB���� �BB�1 �BB�  �BB� =$�BB�)q2+1 ( ×)q3+1 ( ×

)q4+1 (��     G�7)� ��I#���$      g�B�� �17B,� ��B�@ �B� �< �� 

     �B�;� =�B�> 
1�B? =1$1 �B� ��
�& �;�D�FACTS   fBC 
�k  �1

 +�7��� 7�2 . 
17�� �R �@q     =�"B4�� ��
�B& g�B�� 7 �� �">
%�

�� +�7� ��)  !��$ �-�] $1 ��1 7�2  7B@1�C M�1%-1 =$��  +B-�� .

 �7� b���� ��1 
�4  
17�� =1��q +�1 �7  \��"�1.  

 �D@�>���� +�;�1 �� 7��� �"-�>
1�? 
17� 
� ��I#� b���� ��1 
�

 ��;� �
�A;� 7;R �;�D� �����N �� �1��OUPFC    $1 ���X"B�1 �B�

7  7@1�C G8 !���#&1 +���7�� Z�
.  ��$ G81�� Z�
 ��1 
�

�� �] �� :  

�� G8 
�� �� �5�#� 17"�1 ��  .   � �B;�%@ M@�B< U7@ ��1 
�� 
�

�� ��X�� M@�< ��� 
�� 7 �� .  G�3B4� ��$ x����� ��8�� ��1 
�

�� �� .  

)23(                                                11 21

12 22

f f
F

f f

 
=  
 

  

11 12,f f  : ��1 U7@ V��� ������) �;�%@ � +C�� �;�%@

 =
1P> ������OUPFC ( ��� �) ��X�� ( G8 
�� ��5�1 
�

 �5�#�) =
1P> ������ �;�%@ � +C�� �;�%@ M@�< U7@ ��

OUPFC(  

21 22,f f  : ��1 U7BB@ V��BB� ����BB��) �BB;�%@ � +C�BB� �BB;�%@

 =
1P> ������OUPFC ( ��� �)7�5�� ����� (   
�B� ��B��� 
�

 �5�#� G8)��X�� M@�< U7@ ��(  

    �B�$ �
�B* �B� �A��
�� �5�#� 7,� ��8�� 
�4     GB8 �B:�� 
�B�

�� �� .  

)24(     

1

2 2

2 2
2, 2 2

2

min ( , )

: ( , ) ,

max( ) min( )
max( ) , 0,1,...,

t t

t t t it

t t
it t

F x u

st F x u e

F F
e F i i q

q

≤

 −
= − × = 

 

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
93

.3
.2

.5
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
12

 ]
 

                             7 / 20

https://dor.isc.ac/dor/20.1001.1.23222468.1393.3.2.5.3
https://jeps.dezful.iau.ir/article-1-76-fa.html


 ���� ����-   
�� 
� ���� ������� �����–  ��� ���–  ��� �
�� –   !�"#�$ � %���&93  

 
 

٤٥ 
 

Jo
u

rn
al

 o
f 

N
o
v

el
 R

es
ea

rc
h

es
 o

n
 E

le
ct

ri
ca

l 
P

o
w

er
 -

 V
o

l.
 3

-N
o

. 
2

-a
u

tu
m

n
 2

0
1

4
&

 w
in

te
r 

2
0
1

5
 

 

 
17�� 
�� �@i 7;< �� ���o� .��)  ��1 
�  
17�� =$��i 1 $1  ��4 

+�1 �7  �"-�> �A� 
� .  ����B�� �^�1
 ��1 
�max()  �min() 

 =1��f2 �� �)���� G)? ��8�� 
� �7�2 +�7� x����� $1 �� .  

�� G�34� ��$ x����� ��8�� ��1 !���& 
� ��  . ������ n��
 �@

 �@ =1$1 �� 1
 ��� � ��1 U7@ V���i �� !�4� 7@�.  

  

)25 (                                      

1 1

1 2

2 2

1 2

3 3

1 2

4 4

1 2

f f

f f

f f

f f

 
 
 
 
 
    

 ��� $1 +5�8 ���"D� �)���� =1�� !���& 
�4  0�7�2 +�7� +5�8

�� ���X"�1 =$�- Z�
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2Fast Voltage Stability Index (FVSI)   
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 Pmin Pmax RU RD a b c ei fi P0 Qmin Qmax 

1 0 332.4 100 100 0 20 0.043029 30 0.05 232.4 0 10 
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 ��7N 
� �,5�^� ���  �^��)1 ( !1�;� ��P0 �� !�4� ���  �^�� 
� 1
 
��1��W �@ 7�5�� !1%�� �< +�1 �7  T�4� 7@� . ���9]1 �" 1�

M�1%-1 d�� �� g���� ���? !��< [R =1�� ���  �^��/+�1 =
��l �@
��1��W �N��C M@�<.  

 A")52- !�"�F� �GC�	 �4��, �"
 06H�� $�6I� 
�	 !�HJK�)MW(  

  

  

  

  

2 0 140 50 50 0 20 0.25 30 0.05 40 -40 50 

3 0 100 30 30 0 40 0.1 30 0.05 0 0 40 

6 0 100 30 30 0 40 0.1 30 0.05 0 -6 24 

8 0 100 30 30 0 40 0.1 30 0.05 0 -6 24 

�� /+���  2 3 4 5 6 9 10 11 12 13 14 

t0 15.18 65.90 33.44 5.32 7.84 20.64 6.30 2.45 4.27 9.44 10.42 

t1 15.18 65.90 33.44 5.32 7.84 20.64 6.30 2.45 4.27 9.44 10.42 

t2 14.32 62.18 31.55 5.02 7.39 19.47 5.94 2.31 4.03 8.91 9.84 

t3 12.61 54.74 27.77 4.42 6.51 17.14 5.23 2.03 3.54 7.84 8.66 

t4 8.68 37.66 19.11 3.04 4.48 11.79 3.60 1.40 2.44 5.40 5.96 

t5 10.84 47.07 23.89 3.80 5.60 14.74 4.50 1.75 3.05 6.75 7.45 

t6 13.01 56.49 28.66 4.56 6.72 17.69 5.40 2.10 3.66 8.10 8.93 

t7 15.18 65.90 33.44 5.32 7.84 20.64 6.30 2.45 4.27 9.44 10.42 

t8 16.92 73.46 37.27 5.93 8.73 23.00 7.02 2.73 4.76 10.53 11.62 

t9 17.79 77.23 39.19 6.23 9.18 24.19 7.38 2.87 5.00 11.07 12.22 

t10 19.09 82.87 42.05 6.69 9.85 25.95 7.92 3.08 5.37 11.88 13.11 

t11 19.30 83.80 42.52 6.76 9.96 26.24 8.01 3.11 5.43 12.01 13.26 

t12 18.22 79.09 40.13 6.38 9.40 24.77 7.56 2.94 5.12 11.34 12.51 

t13 17.35 75.32 38.22 6.08 8.95 23.59 7.20 2.80 4.88 10.79 11.91 

t14 16.49 71.59 36.33 5.78 8.51 22.42 6.84 2.66 4.64 10.26 11.32 

t15 19.09 82.87 42.05 6.69 9.85 25.95 7.92 3.08 5.37 11.88 13.11 

t16 19.52 84.73 42.99 6.84 10.07 26.53 8.10 3.15 5.49 12.14 13.40 

t17 18.45 80.08 40.63 6.46 9.52 25.08 7.65 2.98 5.19 11.48 12.67 

t18 19.30 83.80 42.52 6.76 9.96 26.24 8.01 3.11 5.43 12.01 13.26 

t19 20.39 88.51 44.91 7.14 10.52 27.72 8.46 3.29 5.73 12.68 14.00 

t20 21.26 92.28 46.83 7.45 10.97 28.90 8.82 3.43 5.98 13.23 14.60 

t21 21.70 94.20 47.80 7.60 11.20 29.50 9.00 3.50 6.10 13.50 14.90 

t22 19.52 84.73 42.99 6.84 10.07 26.53 8.10 3.15 5.49 12.14 13.40 

t23 18.88 81.94 41.58 6.61 9.74 25.66 7.83 3.04 5.31 11.74 12.96 

t24 17.79 77.23 39.19 6.23 9.18 24.19 7.38 2.87 5.00 11.07 12.22 
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 ��1 
��5���        +B�;�1 �B� 7B��� �"-�B> 
1�B? 
17B� 
� ��I#� G8

��>����  �@)SCUC ( ��;� �;�D� �����N �OUPFC   F@ �� ����


� 3� U7@ V��� �� +5�8 ��� <�� ��)�   B� ��B��1� > B��� .  
�BA"�1

�� ��
 �"��a 1�� � ��,5�^���:��   ,Bl� ��B)D��+  ��BD�  
1��B�=  $1

 O�� $1 x& �3) OUPFC  7B �� �3)  
� . B;J�@��   
�BA"�1

�� & Z�
 ��
���D;4= <�� U7@ V��� +5�8 
��)�0    7B�1�"� FB@

%@��; ��D� �
1��= 7@� M@�< 1
 �3)  ��X�� F@ � . 1 ��Bl� �B3; 

 $1 ���X"�1OUPFC q���� $���= ,l� ��)D� 
��+    �3)B  W�B"5�

  
��� �@= �
1� O�� G�� U1�]1.    =1�B� $�B�� �
�� =�@�"�1
�&

=�D"���7�� ���N $1 �5�#� G8OUPFC   ��7N 
�)4 (  �7B�2

+�1.  

�� /+���  2 3 4 5 6 9 10 11 12 13 14 

t0 8.88 13.29 -2.73 1.12 5.25 11.61 4.06 1.26 1.12 4.06 3.50 

t1 8.88 13.29 -2.73 1.12 5.25 11.61 4.06 1.26 1.12 4.06 3.50 

t2 8.38 12.54 -2.57 1.06 4.95 10.96 3.83 1.19 1.06 3.83 3.30 

t3 7.38 11.04 -2.27 0.93 4.36 9.65 3.37 1.05 0.93 3.37 2.91 

t4 5.08 7.60 -1.56 0.64 3.00 6.64 2.32 0.72 0.64 2.32 2.00 

t5 6.35 9.49 -1.95 0.80 3.75 8.30 2.90 0.90 0.80 2.90 2.50 

t6 7.62 11.39 -2.34 0.96 4.50 9.95 3.48 1.08 0.96 3.48 3.00 

t7 8.88 13.29 -2.73 1.12 5.25 11.61 4.06 1.26 1.12 4.06 3.50 

t8 9.90 14.82 -3.04 1.25 5.85 12.94 4.52 1.40 1.25 4.52 3.90 

t9 10.41 15.58 -3.20 1.31 6.15 13.61 4.76 1.48 1.31 4.76 4.10 

t10 11.17 16.71 -3.43 1.41 6.60 14.60 5.10 1.58 1.41 5.10 4.40 

t11 11.30 16.90 -3.47 1.42 6.67 14.77 5.16 1.60 1.42 5.16 4.45 

t12 10.66 15.95 -3.27 1.34 6.30 13.94 4.87 1.51 1.34 4.87 4.20 

t13 10.15 15.19 -3.12 1.28 6.00 13.27 4.64 1.44 1.28 4.64 4.00 

t14 9.65 14.44 -2.96 1.22 5.70 12.62 4.41 1.37 1.22 4.41 3.80 

t15 11.17 16.71 -3.43 1.41 6.60 14.60 5.10 1.58 1.41 5.10 4.40 

t16 11.42 17.09 -3.51 1.44 6.75 14.93 5.22 1.62 1.44 5.22 4.50 

t17 10.80 16.15 -3.32 1.36 6.38 14.11 4.93 1.53 1.36 4.93 4.25 

t18 11.30 16.90 -3.47 1.42 6.67 14.77 5.16 1.60 1.42 5.16 4.45 

t19 11.93 17.85 -3.66 1.50 7.05 15.60 5.45 1.69 1.50 5.45 4.70 

t20 12.44 18.61 -3.82 1.57 7.35 16.26 5.68 1.76 1.57 5.68 4.90 

t21 12.70 19.00 -3.90 1.60 7.50 16.60 5.80 1.80 1.60 5.80 5.00 

t22 11.42 17.09 -3.51 1.44 6.75 14.93 5.22 1.62 1.44 5.22 4.50 

t23 11.05 16.53 -3.39 1.39 6.52 14.44 5.05 1.57 1.39 5.05 4.35 

t24 10.41 15.58 -3.20 1.31 6.15 13.61 4.76 1.48 1.31 4.76 4.10 
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 17"�1 
�UC   
�BQ8 !�7�OUPFC     �B;�%@ M@�B< 
�BA;�� �

 +�1 �7  m��5 %�� �3)  +�;�1 ���? !2 
� �< +�1 �7  ����1

      �
�B� �3)B  =1�B� �3���B;�� 
�B� M�& �5�#� G8 G��  �;,�

�� �,5�^� 7 ��.  �7  �"-�> �A� 
� %�� =$17�1 �1
 �;�%@ ��;J�@

+�1 .TC�  =1�� G*�8 a��"�  ��7N 
� �3)  =�@)6 (  a��B"� �

UC  ��7N 
�)5 (+�1 �7  ��1� !�4�.   

  

A")56- 
$QC '")	 
=<, ��� ;8�,OUPFC  

U7@ V��� ���  
 =$�� G?178 U7@ ��

�;�%@  

�;�%@ )$(  149648.95 

��X�� )MW(  188.09  

 
17�� �~<178fvsi  1.154 ) fC1 -5(  

  

  

  

  

  

  

 

      
     

  

  

 

t  24  
q  4  
Y  5  
minρ  -180o  

maxρ  180o  

minr  0  
maxr  0.15  
minσ  -20o 

maxσ  20o 

=
��1��W �� /+���  1 2 3 6 8 

t0 1 1 1 1 1 

t1 1 1 1 1 1 

t2 1 1 1 0 1 

t3 1 1 1 0 0 

t4 1 1 1 0 0 

t5 1 1 1 0 0 

t6 1 1 1 0 0 

t7 1 1 1 0 1 

t8 1 1 1 0 1 

t9 1 1 1 0 1 

t10 1 1 1 0 1 

t11 1 1 1 0 1 

t12 1 1 1 0 0 

t13 1 1 1 0 0 

t14 1 1 1 0 0 

t15 1 1 1 0 0 

t16 1 1 1 0 1 

t17 1 1 1 1 1 

t18 1 1 1 1 1 

t19 1 1 1 1 1 

t20 1 1 1 1 1 

t21 1 1 1 1 1 

t22 1 1 1 1 1 

t23 1 1 1 0 1 

t24 1 1 0 0 0 
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