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��!��� ��"�� �� #�� �� � �$%�& '�(���)  
  

 �(* � �+���+,%*1��+.)� +/� 02 0����+� �2+�(*3  

1-����	
� �	
��� ���� ��	���	� ������ ����� �	�� �!" � �	��#� $	%
�����&'� ����(�� �����	
� �	
��� $�&) �  

2- ��&'� ����(�� ��	
��� $�&) ��	�� �!" � �	��#� $	%
��� ��	
��� $�&) �	#
���  

3- ��&'� ��,
� �����	
��	
��� $�&) ��,
� ����&- $	%
��� �����	
� �	
��� $�&) �	#
���  

  
�.	/� �#��: 21  1'���&-1391  

�.	/� 3&'45: 18  ���&�1391  

  

�
�45 

 1'&7 ��	
��� � 1'&�8,� ��%������ �/9�� 1'� �	
��� �� �'�:�" �/� �� ;�� �	��#� �/9�� �� �<	" =�
>� .

���&" $�� ��-&) �	� �" �#.�7 @���A �" �B�7 	" �4. �� &C� �" D,� =�
>� 1'� �'��	���� . �� E	AFG� @#!>7 ��&"

 3��DEA �� $�	H��� .$���� �	��&,� �� �� ��	�
�&5 @#8I7 J'&G �� �	#� ���� �	( �� ���&#( � K(� �@"�265  $&,"

 �A��� =	� �� ��%�� ���&"89-1388 �� ���� N8B . 3�� �� ��� �	
� O'	��DEA" K(� � 	" �� P	#/� �'��	� 1'&�
#

���/� 71 % ;�� $��� R	
��� ��� �" .�	��&,� �� P	#/� �" ;S�� $��	" ���/����&#( � K(� �@"�� �	(  T#7&7 �"

35/1 �18/1  �34/1 ��$�	,� �#!� � ��	" 	()$�	B� �	� ��&#� $�	,� :B �"� X&
� �Y �� �#" �	��&,� �� &( �� �� �

;�� $�� (��� ��-&) ��&� ���	���%�� X&
� ���� ��	
��� � �/9�� ��G �" . ���	���%�� [�	5 �\�� �" �B�7 	" �	'	5 ��

" ;,B �'	(�	,�
#5 ��(�]5 1'� O'	�� � �	
7FI
� ��#�� �� �/9�� ���	���%�� �'��	� ��S,�'��� ��.  

  

6
�(� 7�.(�: $��� �
��5 @#!>7 ���%�� �P	#/� �" ;S�� $��	" ��'��	��	��#� �	(. 

  

 
1 ��
��  

�� @#I
7 �� �	
��� D!A P	�� � �'	5 ��#.�7 @���A �"	#8��(� .�	�� �� ^'�&� &( ;>7 _!�`� �	(

$�	,� �� ����>� &'�	/� $���8( �	(;�� P&��� �� ��	��� &#< � ��	��� �� DA� ��#.�7 . =	Y �� �	(��
� ��

 ��&
" N���B ��� �" �� �'�4< �	(�	#� � �'�4< ���� �#.�7 N"	�� ;'���>� �" �B�7 	" ���-	' �a��7 � �a��7

�� $����� 	" ���7����&" $&," �'��	� �&#)�#.�7 1'&�," �	#� X	I� ��:#� ���� ��&%'� � $����  �	�I' ^'�&� ��

�&� 1##a7.  

                                                 
 *E	S7	I� ��� $�,A  

�I#��&�I.� P��� :A.shahraki65@gmail.com  
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�� �����	
� �'��	� 1##a7 �1'�&"	�";�	#� �A�8b� @#!>7 � �':b7 �� ����7 ��#�� �� ��-� �	� �" �	(

��	" ������ �	#�" ����	
� .;'���>� � E	�	I�� ;�	�� �" �B�7 	" �!� ��G �" �`" �� ��B�� �	(

	�� �� ;H) ����" �'	� ���&'� �	
��� ����	
�T� ����� � �#.�7 �'�:-� ��&" �	I(�� � @Y $�� 1'&7

 ����� ;�� �" �	�	8( 	' ���- �'��	� ��S," ���B�� �#.�7 @���A c�!9� � ;��� �&#)�	� �" $�� �� �����	
�

��	" �#.�7 @���A �� ��"	d �A�8b� �� �#.�7 &e���Y . �#.�7 @���A ��� $&," ��� �� �8,� �	#�" @�	A �'��	�

(��
��� �	8� �" �a��7 =	Y �� �	(��
� R�
� �" 	��� . � N"	�� ��S8� 	" X&G K' �� 	(��
� 1'�

;\&-f�.��I7 3&'45 � �a��7 ;,B ���>� �	(� �f�.��I7 �� &%'� X&G �� � ��,B��� &�,"� �	( ��B�

�8� $�	H��� ��	� ��G �" D(���� .  

  

2   ���������  

=	� �<	" ��	��	�� JSG  �A���89 -1388  ���Y 	" ��%�� ����5 �� �a" �<	" Eg�
>� 1#" ��302  ��:(

 =�	a� �	�I(8/11 ;�� $��� R	
��� ��� �" �� ��
� E	<	" i9� �\�� . ���	" � ���	" &#< ;
� &'� i9�

�� ��
�  j�8b�5/301729 �� �	�I( :#� ��
� ��%�� �"� �#.�7 1#�k8( ���	"1598573 17  ��%�� D'� �#.�7 �

140930 �� 17��	" . ��
� ��%�� �"� �&I!8A7960 �� �8'� �&I!8A � �	�I( �� l&)�!#�  :#�2/1832 

�� �	�I( �� l&)�!#� �"� ���	"&#< ;
� &'� i9� 	" �	�� �!" � �	��#� �	#� 1'� �� ���	"7/482  � �	�I(

 �"� ���	" i9�1100  �"� �#.�7 1#�  D( ��	�I(7/9982 �	a� ��&I!8A � 17 =1/9075 �	�I( �� l&) �!#�  ��

�	����� ��
� :#� ��%�� �	(��	".�`" ��:#� 1'� �� �� �� ;
� �	��#� �/9�� �� �� DCA� � ���

��	
��� ;�� �/9�� �� �<	" =�
>� 1'&7 ]1[. �� �!a- ;#ao� �"	'��� �4.	�� �" �B�7 l�:. � 	(' �'��	� @

�" ���&o �;#.	a- 1'� ��&� ��	
��� ;,B �� &C����.  

  

2-1 ���$� 7������ +� 6��+�  

�� �� ����a7 �" �� ��-&'45 l	b�� ��	'� E	/#/>7 ����	
� Eg�
>� �'��	� ��#�� �� $�	�� 	(

�� �&
�`����: 

 j���]2[ ;�� �����&5 &8�	� �	��&,� ���	���%�� �'��	� � �#.�7 �	
��� ���&" �" . 	" �(�]5 1'� ��83  �� &H�

c	� �#.�7 N"	7 �� $�	H��� 	" � ��� @8A �" ���pY �SY	
� ���	�
�&5 J'&G �� ���	��%��- PF)��  T'�&o

� ;�� ��-&) $&," �-�	
7 ��&� �#.�7 N"	7 �� � ;�� $�� 1#8`7 �� N"	7 ^���� 1'� �'��	� 61 �\�� ;�� �" 

���� O'	�� �a.	9� �	
� ��� �� i9� &'� �;
� ����� �/"	� ����<	" ���a7 � ��&-� ����	� �'��	� �� ��- 

&#dq7 � ����� �#" �� 78 �\�� �#.�7 XF��� 	(�Y�� :#� ��	� �� @���A ��'&'�� � r�"&� �#/" �" @���A 

s�	� �� =&��� ;�� �����<	".  

��	"&� � ��t�� E��	� ]3[  =	� ��1387  � ��'&'�� ���	
��� ��
#
`7 ���- @�	� �'��	� j���� �'��	�

��-	' :�&87 :'&#� � ���� ;�� �� �� �� ���� �	��&,� ���	� ���5 ��&" P	#/� @#!>7 3�� �� $�	H��� 	" �� ���
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$��� &#)�&-$����� 	($�&� �&#)��� .;�� �� ��� �	
� ��- �'��	� ��&" O'	��" :'&#� � ���� �	( � ��9" �T#7&7

 ���Y ^����52  �62 ����� �'��	� �\��.  

	#� l	B � �Y�S\ ]4[ " � �	��#� �	��� ��� j��:� �'��	� ��� �.	/� ��$��� ��&� ���&" ���� �� �	�� �! ��� .

�'��	� �a.	9� 1'��� �	��#� �	��� �	"��� �/9�� �� ���� �#.�7 �	(�Y�� P	#/� � ��- ��
#
`7 ���	
��� �	(

$��� �
��5 @#!>7 3�� �� $�	H��� 	" �	�� �!" ���� 	(;-&) ��&� ���&" � . 1#%�	#� �� ��� �	
� O'	��

�'��	� T#7&7 �" �a.	9� ���� �	(�Y�� �� P	#/� � u.	� ��- ��
#
`7 ���	
��� �	(4/83 �9/95 �9/86  �

9/94 ;�� �\��.  

��8>� � D'&" ��]� ]5[ ��'��	��	( ���- ���	
��� �
#
`7 � P	#/� ���	a7�	( �#.�7 ;�� ��&8� �	��� 

D� �� 	" $�	H��� �� �� 3�� �&� �-�	
7 � @#!>7 �
��5 $���	( ���� �a.	9� ��&� $������� O'	�� �	
� ��� �� 

�	pA� ���	a7 ����� ^���� �'��	� ��- �&7g	" ;S�� �" ��&-� &#< �pA �����	".  

 ���	I8( � ��	#.�]6[ �a.	9� �� 1'� �	#" 	" ��l��7 v	7�t O�&" �#.�7 �� 	" " 	" ;�� K�'� � �#.�7 N"��7 �&#)�	�

 �-�	
7 ��&�)�� �B��� w�!���&7 �a"��7 =	I�� ( �" r�"&� �#.�7 K�'� � ��- �'��	� l�A �	�:8( ��G �"

46 $��� �A�8b� �� $�	H��� 	" �� 1#x#!#- ��
� ����. =�&��� JG	�� �	I#.	� $��� K' �	(8 $��8� @#!>7 �.	�-

��� .- �'��	� 1#%�	#� ���	�� $��� 1'� =�G �� ��79  ;>7 ����	�a� ��G �" =�
>� ^���� � ;�� �\��

� �	� ��&#� �O�&" ;
� &'� i9� &#dq7 �� �'	#8#� ��� �� $�	H��� ��:#���	". 

���7 ]7[ l��) �'��	� �/9�� �� ���	� =	� E	AFG� �� $�	H��� 	" �� �"&< �	#.�&��� �  �	(2004  	72007 " 	" � �

�	�;�� $��8� ���&" �-�	
7 ��&� @#!>7 3�� �&#) . ��/9�� l��) �#.�7 �� �'��	� l�A �� ��� �	
� O'	��

 ��18  =	� �� �\��2004  �"29  =	� �� �\��2007 ;�� ��-	' �'�:-� .1'� �� ��	�&" �� �� ;.�� ��8-�( �	(

$&," ��S," ;,B ;�� $��S� J-�� ���.  

��!"�&7 � ���S��� ]8[ '��	�$��� ��&" �� �#��� EF< ���	a7 j��:� ��	
��� �  ��	��	� E�&##y7 �1998 -

1993 $��8� �"	'��� K'&����	5	� � K'&����	5 3�� �� �� $�	H��� 	" ��� . �� ��	
��� �'��	� �� ��� �	
� O'	��

;�� $��" �
#
`7 � ��- �'��	� �� �(	� @#.�" ���� 1'� � ;�� ����� �.�:� &#� ���4� $��� =�G. 

 E����5�&�]9[ l��) ��- �'��	� .�7 N"	7 �� $�	H��� 	" &
� �� ���	�c	� ��&� �# -;�� $��8� 1##a7 PF)�� .

�� �	
� �a.	9� 1'� O'	�� l��) �����	
� ��- �'��	� 1#%�	#� �� �(� �/9�� �	�  ���&" ���� �81  ;�� �\��

�)]'� �	#� �� �  r�"&� E��	S�A� �" ��&��� � ��	#"� ��- ���� �;#��B �1� ��k8( ��	
��� � �A	8�B� �	(

- ���� 	,�7 ����	
� �";�� $��" ��- �'��	� &" &d�� @�	A ��	#"� ��. 

 ���8.� � E	I#�]10[  =	� ��2005  @#!>7 3�� �� &( 	" �� 	#.	��� ��&� c��B �� ��	S�7 j��:� ��- �'��	�

$��� &#)�&- $�&� ���&" ��-�	
7 ��&� @#!>7 � 	( ��� . ��- �'��	� 1#%�	#� �� ��� �	
� O'	��54  �\��

�� ��	".  

 X�&7g ���	I8( �]11[  K#�I7 �� $�	H��� 	" �� ���&x��� � EF< ;
�  j��:� P	#/� � ��- �'��	�

$��� �
��5 @#!>7 K'&����	5	� $��� ��&" 	(2000 -1996 $��8� ���&"��� ./� � ��- �'��	� z	>. ��# P	
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 l�A &#d	7 � ����" �&�," ^'�&� ����� EF< ;
� j��:� �" ;S�� ���&x��� j��:� l�A �� u.	� ��- �'��	�

@� ��- �'��	�� ���� ��'&'�� @���A _ao �� �	
� 1'� �� ��" P	#/� �'��	� l�A �� &�
#" . O'	�� 1#�k8(

 ��� �	
�64  � ���&x��� j��:� �� �\��86  P	#/� �" ;S�� $��	" ^'�&� �� EF< ;
� j��:� �� �\��

$��" �
'�:-����.  

 ���	�I.� � {#�	#B��	�]12[ $��� ��&" �	��' �� �� ��	S�7 j��:� ��- � P	#/� �'��	� l�A 95-1991  $�	H��� 	"

;��� &e���Y &)����&" � �-�	
7 �&� K'&����	5 K#�I7 ��  �'	8�)ML (O'	�� P	�� &" � ����8� ���&"� 

" ��- �'��	� �1#'	5 $��� ;����" P	#/� �'��	� �� &7 .�" .�7 ��#," &'� �� �#.�7 $�FA��#�  �#.�7 l�A �" ;S��

��#," P	#/� ��� ���� ���&" ���� ���8� @� �'��	� l�A �� $�8A �8,� ����� . 	" �� ����8� �	,�
#5 �	��

��"	' ;�� ��	
��� ��#," P	#/� i9� �" �����7 �� ���4� j��:� �#.�7 ��:#� 3&��).  

  

3  � 7: ��; 
)  <)�=&   

 �" �
(�]5 Eg��� �(�]5 1'� ���� &'� |&����	":  

• ����� �S�	�� ��- �'��	� �	��#� �/9�� �� ��%�� �#.�7 �<	" �	(�Y�� 	'�}��� 

• ����� �S�	�� P	#/� �'��	� �	��#� �/9�� �� ��%�� �#.�7 �<	" �	(�Y�� 	'�}���  

•  	'���%��$�	,� X&
� �� ���	�&) �	I" �	(�� @8A ��	
��� � �/9�� �$�� ��-}���� 

  

 X��(��� &'� |&� �" �(�]5��	":  

• ��- �'��	� ��:#� 1##a7 ;"	d $��	" 	" �  &#y���	��#� �/9�� �� ��%�� �#.�7 �<	" �	(�Y��. 

• �	��#� �/9�� �� ��%�� �#.�7 �<	" �	(�Y�� P	#/� �'��	� ��:#� 1##a7. 

• $�����  �/9�� ��%�� �<	" �	(�Y�� ��&" $�	,� &( �#.�7 �Y��� 1##a7 � 	(�	,� �#.�7 �
� �&#)

�	��#� . 

• " �	(�Y�� P	#/� �" ;S�� ���a\ � �.�:� �;"	d $��	" ��:#� 1##a7 �/9�� �� ��%�� �#.�7 �<	

�	��#�. 

  

4 ?���� @
�  

4-1 �� � �$%�& '�(�� #���) )DEA(  

 �
��5 @#!>7 3��$���$��� �� �	( �#.�7 �&� K' ;�	� ��&" ��#.�7 �Y�� &( =�
>� � $�	,� �	(

�� $�	H��� K'&����	5	� ��&� �
��5 �&� &'� 	' �� &" $�� $�(	
� �	(�Y�� ��	87 ��.	Y 1#�  �� ��'	8�

��  ��&#) .�'��	� �" ;S�� ��#.�7 �Y�� &( �'��	� �1'�&"	�"�8( �	(�7 �	(�Y�� � �� ��#. ���� ���8�

�� ��&� �b���&#) . u`
� � l�!a� �a"	7 	' $�� 1##a7 @S� �� �����	��� i9� K' 	" 	(�Y�� 3�� 1'� ��

�8� ��'	/��"	'��� ~F� �I!" ������ $��&#) D#8
7 �	(�Y�� �&I!8A ��	�I' ^'�&� �� �� ;�� ��
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;#.	a- �� l	b�� �,"	
� �	(��(� .	7 1##a7 �	B �" 3�� 1'� ��$	%�" �&I!8A ���&� �#.�7 N" 1'&7g	" �� �'	(

�� ��-&) &C� �� �'��	� �&� ����A �" ����	" ����� �� $�	,� �" $��	�� ;S����� . �S�� �'��	� �1'�&"	�"

$	%�"  �	($	%�" ��'	/� �b#�� ��a.	9� ����;�� &%'�I' 	" �a.	9� ���� �	( .':���	�&" 3�� ; l�A ��9� �:'�

 �" �	#� l&- ��� u`
���	I7 �3�� 1'� �� 	�� �;�� N"	7�8� ��-&) &C� �� �-�	
7 �	( E	-�&>�� ��	87 � ���

�� �/!7 �'��	�	� ���	� �&� ����� ]13[.  

=��$��� �
��5 @#!>7 �	(�� 	(=�
>� �����7$�	,� 	' �&)���	" �&) .=�� ��=�
>� �	( X�( �&)

�7 ��&� &e���Y �" �B�7 	" �#.$�	,� 1#a� ���/��� 	($�	,� 3�� �� �	�� ��	" 	" $�	,� ��#8� $�	H��� X�( �&)

i9� K' �" �B�7 ;�� =�
>� 1#a� .$��� �
��5 i9� 	()=�
>� D($�	,� D( � �&)�&) (�� $��	" ����7

��	" ����� �� P	#/� �" ;S�� &#y�� $��	" 	' P	#/� �" ;"	d ]13[. 

  

4-1-1  ���C ����� @
������ �� ����  

$�	,� =�� K' =�� 1'��� �&)  ��� ��	"    ���	�I8( � :��	�  ^���7]14[   ��'�&) �	,��
#5.  ���%.� CRS   ��"

�� �	#" &'� E��\���:  
 

 

)1(                                          

,      

. .  ,       , ,...,

   ,       , ,...,

Y

i

i

Min

s t y Y i N

X X i N

θ θ
λ

θ λ
λ

− + ≥ =
− ≥ =

≥

1 2
1 2

�

�

�

         

   

θ  �;�� ��A K'λ ���&"1  ��N );"	d ���/�( �X i  $	%�" ��&" 	( $�	,� ����� ���&"i �l�yi  ����� ���&"

$�	�� $	%�" ��&" 	(i �l�X {'&7	� $�	,� �Y {'&7	�  $�	�� �N $	%�" ���a7�� �	
� �� 	(�(� .���/� θ  ��:#�

 $	%�" ��- �'��	�i�� �	
� �� l��� K' 	" ��	�� 	' &�8� �� �(���	" .�	'	8� K' ���/� �'��	� 	" $	%�" &)

;�� @�	� ��- .�.	�� ��	�&" $	%�" &( ��&" �'	" ��- �9� �:'�N ��� @Y ���8� �� �S7&� .1'� �" &C� �� ��

$��� �
��5 @#!>7 K'&����	5	� 3��" ;�� 1I8� 	( � @I
� 	" 	(��>� 	" �'��	� �&� ����� ;8�� @#.�

" ���� �B��� �1'� @#.� ��&)� K' $	%�" �a" �� |F\� �'��	� ��� ;8�� ����� �&� ��	� 	" 	(��>� ��&� 

��&#) �	" D( �	I�� �(	� $�	,�	( ���" �(	� �#.�7 )&)� @#!>7 $�	,��&) ��	"( ��B� �(��� ;��� �� �� 

|F9\� ���	� $�	,�	( )Input Slack( ��H) ����� .&#�H7 �,"	
� :#� �����7 ��&" @#!>7 =�
>� $�	,��&) 

�'��� ���� '� �� �.��� D( �	" �'��	� ��B� 	" ;.	Y 1��� �'�:-� �� =�
>� ���/� ���7 ��  ��S8� |F9\� ��

�� ��H) $�	����� .�.	��  $	%�" ��&" $�	,� ���	�i r&� 1�-&) &C� �� 	" l�ix -X =θ λ � �� X&G&" � ���

 ��� �(��� &H\ 	" &"�&" ���	� ���/��#� 1�-&) &C� �� 	" =�
>� ��S8� 1#�k8( iY  - y =λ � X&G &"

�� ��&)�  1'��o�&HE	 �� $	%��� )1( $�� 1#�q7����� ��B� =�� |F\� ��&" ��	#� � ��� ]15 �16[.  
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4-1-2 ����� �� ���� +�D!� ����� @
�  

�&- =�� $��	" ;"	d ;S�� �" P	#/� 	,�7 ��	�� T�	�� ;�� �� 8(�� $	%�"	( �� P	#/� ��#," @8A 

��'	8�. 	�� �!���A ��k8( ;"	�� �u�	� ;'���>� N"	�� �.	� � $&#< �A	" ������ �� K'  $	%�" �� ������

��� @8A ��#," P	#/� . � &I�	" 1'�&"	�" ���	I8(]17[ =�� CRS $����� ;,B �� ��- �'��	� �&#)���&� �-&a� .

 =��CRS  �� ��	���8� @8A ��#," P	#/� �� 	( $	%�" �8(" ���� �@#.� �� �B��� =	I�� 	" P	#/� �'��	� ���	"

" ��- �'��	� � �;�� $�&8( P	#/� �'��	� 	" � $��S� u.	� J'&G 1'� �� $��� ;�� . �'��	� K#IH7 ��&" �4.

 =�� ��  P	#/� �'��	� �� ��-VRS $����� ;,B$�	H��� u.	� ��- �'��	� �&#) ����� . =��VRS  �� 	"

 �#� ��&� �-	o�1NL'λ=  =�� �"CRS � �"$��	" P	#/� �" ;S�� &#y��)VRS (����� ^�" ]15�16[. 
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. .  , , ,...,

, , ,...,
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Min

s t y Y i N

X X i N

NL

θ θ
λ

θ λ
λ

λ

− + ≥ =
− ≥ =

′ =
≥

1 2
1 2

1

�

�

�

)2                                                                                      (      

      

NL' ���&" ;"	dN �� K' ��A ����	" ]18[.  

 3�� �� �� �(	%�" ��- �'��	� &'�	/� 1#" &)�CRS  �VRS ��	" ����� ��B� XF���� �	
� 1'� $��(�

 3�� �� �� ��- �'��	� 1#" XF��� P	#/� �'��	� l�A ���/� � ���� ��B� P	#/� �'��	� l�A �� ;��

CRS  �VRS ����	" ]19[.  

 �� P	#/� �'��	� �4." &'� �9"�� ��� ;���'�:  

)3(
   

CRS

VRS

TE
SE

TR
=  

TECRS: " ��- �'��	� �P	#/� �" ;S�� ;"	d $��	" =�� �� $��� ;��.  

 :" ��- �'��	� �P	#/� �" ;S�� &#y�� $��	" =�� �� $��� ;��. TEVRS  

  

4-1-3 ����� �� ���� �$	 EF  +�G @
�  

)4 (     

,      

. . , , ,...,

, , ,...,
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i
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Min

s t y Y i N
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− ≥ =
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=�� �� P	#/� �'��	� ��B� 	"�8� ��- �	( P	#/� �" ;S�� $��	" ����� &C� ���� $	%�" �� �&" �5 ���7

;�� �
(	� 	' � �'�:-� �;"	d .�� X&G&" P	#/� �" ;S�� �
'�:-� &#< =�� @Y 	" @I
� 1'���� . =��

NL'RS  =�� |F\� 	"VRS ;'���>� ��&� 1#
�	B J'&G ��1 λ≥1  	"1 λ=1  �9"�� ��)4 (" ��� ;���'� .

 P	#/� �" ;S�� �'��	� l�A j�� 1##a7)�
(	� 	' �'�:-� ( ��- �'��	� &'�	/� ��'	/� J'&G �� �(	%�" &( ��&"

 3�� �� ��NL'RS  �VRS �� E��\�&#) . ��- �'��	� &'�	/� &)��" ;��  ��	�� ���4� =�� �� �� $���


'�:-� P	#/� �" ;S�� $��	" ��	S��� �#'	7 $	%�" � ��- �'��	� &'�	/� &)� � ����" ;��  ��	�� =�� �� �� $���

�� �
(	� P	#/� �" ;S�� $��	" ����� $	%�" ���	S���	" ]19[ .  

;�� �	��#� �/9�� ���	���%�� @�	� ��	�� �a�	B .N8B ��C�� �" &'� E	����� E	AFG� @#8I7 � ����

;-&) E��\:  

_.� (� ��	�
�&5 �#,7 ���pY �SY	
� J'&G �� �����<	" ^��7 �� @#8I7.  

c  (��	��	�� �� $�	H���  =	� �<	"1389 �	�� �!" � �	��#� �	��� ����	
� �	,B �	��	� �	�� � ��
� .  

s  (��	�� &S�a� �	( ;'	� � �8!A E	'&
� ���	`"	�� �� $�	H���.  

N8B E	AFG� �&�," O'	�� �" ��#�� ��&" $�� ���� $&," �  �" �����&"3  ����&#( � K(� �@"�� �	��&,�

1%8( �/9�� �	���� �� �(�]5 X��(� � ��	�;�� $�� =	S�� �a.	9� ���� � .���8� 3�� 3�� �&#)

���� �!Y&� �� ������ �� ;�� ���	��&,� �� �!\� �	(���� � ���&#( � K(� �@"�� �	( �� �A&- �	(

$&," @�	� &( ��%�� �����&"3 ;�� �	��&,� .�" �B�7 	" ��C�� 1'�" 850 $&," ��a.	9� ���� �/9�� ���&"266  ���8�

�� c	`��� . �	#� 1'� ��144  � @"�� �	��&,� �" r�"&� ���8�80  � K(� �	��&,� �" r�"&� ���8�42  ���8�

�� ���&#( �	��&,� �" r�"&��� 	" ��SY	
� J'&G �� � ��	"�� ��	�
�&5 @#8I7 �" 	(�'�&) l��.  

  

5  '�(�� � I	�!��!F�	�)  

$�	B� &)�	� ��&#� �;
� &'� i9� ;'	,� �� �/9�� ^'�&� �" �B�7 	"� ���a7 ��)����	� &)�	� ��&#� ��

 �� ��	
��� � �A	8�B� E	#\�
� � �>#o�7 �	(&#y�� ����A �" �'	#8#� ��� � ����#Y ��� ���	#"� E	a-�

 ��	���� �!\	- �1#�� E	a9� ���a7 ���	���%�� �� &#< ;#.	a- �����	� $����� ��"&b7 �EF#
>7 �1� �!8B

 �� ;�&�PF�	(� " $����� � O'�&7 ��-&) &C� �� �-�	
7 �&� =�� �� �'��	� l�A �	(&#y�� ����A �" �	

;�� $�� . =��B ��)1( $�	,� �" r�"&� E	AFG� �\F� $�� $���� �a.	9� ���� �	��&,� �� �� ��#.�7 �	(

;�� .  

 =��B JSG)1 (�	��&,� �� �#.�7 1#%�	#� T#7&7 �" ���&#( � K(� �@"�� �	(11049 �10799  �10648 

�� l&)�!#���	" . �a.	9� ���� �	��&,� �� &( �� ;
� &'� i9� 1#%�	#�2/1 ;�� �	�I( . 1#%�	#� 1'&�
#"

$�	B� �	� ��&#�� ���a7 	" ���&#( �	��&,� �" r�"&� �97 &H�- �� �	������	" . �� ��	#"� E	a-� ���a7 1#%�	#�

 ���Y �	��&,� �� &(16 �� �a-���	" .=��B �� )2 (FG��)]'� �" r�"&� E	A�A	8�B� �	(–  ��	
���

���8�;�� $�� $��� �	
� �a.	9� ���� �	(.  
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@�
J1.  �'��	� l�A =�� ��	�� _#\�7)�)]'��A	8�B� �	(- ��	
��� (�	��#� �/9�� �� ���	���%��   

 
���&#( K(� @"�� 	(&#y�� 

max min mean max min Mean Max min mean 
87 38 19/60  87 38 45/60  87 38 54/60  1� 

3 0 66/0  3 0 65/0  3 0 65/0  EF#
>7 

35 5 02/16  40 5 1/16  40 5 77/15  �"&b7 

11 2 33/6  11 2 45/6  11 2 52/6  ����	� $����� 

1 0 42/0  1 0 43/0  1 0 43/0  ��	���%�� �� &#< ;#.	a- 

5 1 76/1  5 1 78/1  5 1 75/1  1#�� E	a9� ���a7 

3 1 88/1  3 1 88/1  3 1 89/1  �	���� �!\	- 

1 0 92/0  1 0 92/0  1 0 92/0  O'�&7 �	( PF� �� ;�&� 

5320 500 1889 6000 500 1912 6400 500 1860 �	" $����� 

  

 =��B �� O'	�� JSG)2 ( ���Y 1#%�	#� ��G �" �/9�� �� �� ���8� �����	
�60 ����� 1� =	���� . @���Y

���8� �� EF#
>7 ��:#� 	(�";�� $��" �(	%
��� EF#
>7 �� &e���Y � ���� . 1#�� E	a9� ���a7 ���� ��

�� 1#�� �� ;H) ���7 �� �a.	9� ���� �	��&,� &( �� 	(1  	75 D#�/7 �a9�$�� ���"��� . 1#" :#� �	���� �!\	-1 

 	73 �� &����	" . T#7&7 �" ���&#( � K(� �@"�� �	��&,� �� �	" $����� 1#%�	#�1860 �1912  �1889  �!\�

;�� $��" ;���.  

@�
J2. �	��#� �/9�� �� ��%�� �#.�7 � 	( $�	,� X&
� ���/� &e���Y � @���Y �1#%�	#�  

  

���&#( K(� @"�� 	(&#y�� 

max min mean max min mean max min mean  

21800 2000 10648 22000 3000 10799 22500 2800 11049  �#.�7)l&)�!#�(  

6/2  4/0  2/1  3 5/0  2/1  5/2  5/0  2/1  ;
� &'� i9� )�	�I(( 

210 34 97 5/99  18 41 202 18 57 �'� $�	B� &)�	� ��&#�)&H�-���(  

395 65 170 500 40 171 400 59 172 �)����	� &)�	� ��&#�)&H�-���(  

24 8 15 30 7 16 25 9 16 ��	#"� E	a-�)�a-�(  

40000 7600 16300 39200 7700 17163 36400 7000 16886 ����#Y ���)l&)�!#�(  

615 75 209 590 60 209 550 18 223 �'	#8#� ���)l&)�!#�(  

  

&" ���� E	<	" P	#/� ��- �'��	� ��:#� ����&" ;,B�$��� �
��5 @#!>7 =�� P	�� &" �� l&� �� �	(

 ��:-�DEAP2.1 �'�&) $�	H��� . j���� �" r�"&� O'	�� ���"� �	���� 1'� ���� $��	" O'	�� � P	#/� �'��	� �� �� 	(

;�� ��-&) ��&� ���&" ���� �	��&,� .  

" O'	�� ;8�� 1'� �� � 3�� �� $��� ;��DEA ;�� ��-&) ��&� �>" ���� . �� �	�#8G� ��C�� �" 1#�  D(

 l���� �E&5 E��(	
� �� ��&" X4Y � ��	� =	�&� 	" �3�� 1'� �� $��� ;�� �" �'��	� E�&8� ���" T'��	�
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 O"	�� ����A �" �#.�� O'	�� � ����� ����� XF��� $��� ;�� �" O'	�� �� �� �'��	� E�&8� ��b� �S�	>� �"

 iB�����'� ;�� $�� .=��B �� )3 (" O'	�� �$��� �
��5 @#!>7 =�� �� $��� ;��;�� $�� $��� �	
� 	(.  

  
@�
J3. ���8� P	#/� �'��	� j���� ��:#� O'	��	( �	��#� �/9�� ��  

  

  1#%�	#�  X�&>��  ��#8�  ��#
#"  

@"��  

P	#/� �" ;S�� ;"	d $��	" 	" ��- �'��	�)CRS( 46/0  28/0  02/0  1  

P	#/� �" ;S�� &#y�� $��	" 	" ��- �'��	�)VRS(  68/0  25/0  16/0  1  

P	#/� �'��	�)Scale(  66/0  28/0  03/0  1  

K(�  

P	#/� �" ;S�� ;"	d $��	" 	" ��- �'��	�)CRS(  51/0  29/0  03/0  1  

P	#/� �" ;S�� &#y�� $��	" 	" ��- �'��	�)VRS(  71/0  24/0  23/0  1  

P	#/� �'��	�)Scale(  71/0  26/0  03/0  1  

���&#(  

P	#/� �" ;S�� ;"	d $��	" 	" ��- �'��	�)CRS(  51/0  29/0  09/0  1  

P	#/� �" ;S�� &#y�� $��	" 	" ��- �'��	�)VRS(  73/0  26/0  25/0  1  

P	#/� �'��	�)Scale(  68/0  26/0  22/0  1  

  

=��B O'	�� �" �B�7 	" )3 (�� �CYF� @"�� �	��&,� �� P	#/� ��- �'��	� z	>. �� ���8� E	<	" ���

 �(	� @#��	�554% $�	,� ���/� ������ �� 	( .�	��&,� ��&" ��A 1'� ���&#( � K(� �	(49% �� �	
� �� ��	"

$��(� �� �	��&,� �� &( �� �� ;�� 1'�$�	,� �����7	7 =�
>� �#.�7 �� �(	� ���" �� $�	H��� ���� �	(  �Y

��(� �(	� ��	'� . @"�� �	��&,� �� ���&" ���� E	<	" u.	� ��- �'��	� l�A 1#�  D(32%  l�A �

 P	#/� �'��	�34% " �;�� $��� ;�� . u.	� ��- �'��	� l�A ���� �� K(� �	��&,� ��&" �b#�� 1'�29%  

 :#� P	#/� �'��	� l�A �29% " �;�� $��� ;�� .( �	��&,� ��&" �"	
� l	��� ��- �'��	� l�A ��&" ���&#

 u.	�27%  P	#/� �'��	� l�A �32% ����	" . �� E	<	" ��- �'��	� �P	#/� �'��	� l�A X4Y 	" �4.

�� @"�� �	��&,� �� ����746/0  �"68/0 �� K(� �	��&,� ��&" �51/0  �"71/0  �	��&,� ��&" ��� ���&#( ����7

 ��51/0  �"73/0 �"	' �'�:-� .'g� �4.�#o&- 3&'45 ��&" �-	� @ =�� 1'� &" ��S� �� �'��	� ^���� ��:#�

,� &'	� �" ;S�� K(� �	��&,� P	#/��	��&�� &�
#" ��a.	9� ���� �	(���� ��B� ���	" . �'��	� l�A X4Y

�� E��\ 1'� �" �P	#/� P	#/� �" ;S�� �.�:� $��	" ����� �� �'	(�Y�� �� �&#) ��&� �B�7 ���� ����7 ����(

$�	,� ���:-� �� ������ �
'�:-� P	#/� �" ;S�� $��	" �� �'	(�Y�� � $�&� c	��B� �#.�7 ��'�&- �" �#.�7 �	(

�� $�	,� ��&� �-	o� 	" �����7���� P	#/� �'��	� �'�:-� � ��S," �A	" $�� 1'� �� � �'�:-� �� �#.�7 �	( . ��

 =��B)4 (� E	<	" P	#/� �" ;S�� $��	" O'	��;�� $�� $��� �	
   .  
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@�
J 4.  	( ���8� P	#/� �" ;S�� $��	" O'	���	��#� �/9�� ��  

  

P	#/� �" ;S�� $��	" j����  
@"��  K(�  ���&#(  

���a7  �\��  ���a7  �\��  ���a7  �\��  

P	#/� �" ;S�� ;"	d $��	"  17  80/11  14  5/17  7  66/16  

P	#/� �" ;S�� �.�:� $��	"  13  02/9  7  75/8  3  14/7  

P	#/� �" ;S�� ���a\ $��	"  114  16/79  59  75/73  32  19/76  

  

=��B �" �B�7 	" )4 (�� �CYF� ���Y @"�� �	��&,� �� �� ���79% ���Y K(� �	��&,� �� �73%  �� �

 ���Y ���&#( �	��&,�76% " ;.	Y �� E	<	" ���� @8A ���a\ P	#/� �" ;S�� $��	���� . �� 1#�  D(

�	��&,��	(   ���Y ���&#( � K(� �@"��9 �8  �7% �	" ;.	Y �� E	<	" �� �\�� �.�:� P	#/� �" ;S�� $�

$�&� @8A��� . P	#/� �" ;S�� $��'�:- $��	" ^'�&� �� �� �7	<	" 1'�&"	�")IRS (�� ;#.	a- �#.�7 i9� �'	" �����

��(� �'�:-� �� ��� .$�	,� ��	87 ��#," @'�a7 �� {5 �&%'� �7�	SA �"(�� �#.�7 �Y�� &( ^���� ��':( �	 �" ����7

�"	' �(	� $	%�" $����� �'�:-� �!#�� . �" ;S�� $��'�:- $��	" ;.	Y �� �� ;�� 1'� �	� 1'� ��	
��� J9��

$�	,� �� �'�:-� �� &�
#" �=�
>� �� �'�:-� ;S�� �P	#/� @���A ��	87 ;8#� ���" ;"	d �&- 	" � ;�	(

�A	" &�� 1'� ��#.�7 $�	,� ��	87 @'�a7 �� {5 ��a' ��� �(��� ^���� ��':( ��>�� ��� &" ;�&Y ��':( �	(

�� �#.�7 �Y���"	' �(	� ��#.�7 �Y�� $����� �'�:-� �!#�� �" ����7 . :#� � �	� D#�/7 � u
`7 @�	A ��

�.��I7 @���A�#.�7 �" ��I'f�� �	I�� �	)������':( ��#.�7 P	#/� ^�" �� �� �� �(�  �(	� �� �#.�7 �Y��

��(� .;�� $�&8( ��	
��� �#B�7 	" �#.�7 i9� 3&��) � �'�:-� �1'�&"	�" . ^'�&� �� �� �'	(�Y�� 1'�&"	�"

 P	#/� �" ;S�� $��(	� $��	")DRS (�� ;#.	a- �(	� �� ��� ;#.	a- i9� �'	" ��� ;#ao� ��S," ��&" �����

��(�.  

1'� �" �B�7 	" �4. ���Y ��80 �\�� " ;.	Y �� E	<	" ���� @8A P	#/� �" ;S�� ���a\ $��	 �" �/9�� �����

C��� &$�	,� &�
#" X&
� �a.	9� ���� �/9�� �� �� ��� �S�	�� D#8
7 E	<	" ����� � �#.�7 �'�:-� ;,B 	(

 �'��	� �'�:-� � ��S," ��-� D( ��� � �#.�7 �'�:-� $�� 1'� �� 	7 � ��	"�" ;�� �'� . =��B ��)5 ( N'��7

;�� $�� $��� �	
� ���	���%�� P	#/� �'��	� �����&-.  

=��B JSG )5 (�� �CYF� �'��	� �!\	- �� ���	���%�� �\�� 1'&�
#" �� ���100- 90%  ��-&) ��&���� . ��

 �!\	- �� ���	���%�� ���a7 1'&�8� @"�� �	��&,�60- 50% �!\	- �� K(� �	��&,� �� �50 - 40% ����� ��&� �

 1#" ���&#( �	��&,� ��&" �"	
� l	���70 - 60%  ����	".  
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@�
J 5 .�� P	#/� �'��	� _!�`� i9� �� ���	���%�� �����&- N'��7 �	��#� �/9�� ��  

 
���&#( K(� @"��  �'��	� |�9�

P	#/�)�\��(  �\�� ���a7 �\�� ���a7 �\�� ���a7 

52/9  4 5/7  6 89/13  20  �� &�8�30  

52/9  4 10 8 03/9  13 40- 30  

9/11  5 75/3  3 64/7  11 50- 40  

14/7  3 25/6  5 94/6  10 60- 50  

76/4  2 15 12 19/13  19 70-60  

67/16  7 75/13  11 64/7  11 80- 70  

52/9  4 5/12  10 81/11  17 90- 80  

95/30  13 25/31  25 86/29  43 100 -90  

  

vF�	� l�,H� K' �#.�7 N"	7 G �" � ;�� �I':#-$�	,� � $�	�� 1#" �9"�� $�	� �� �� �#.�7 �	(�� �	
��(� . ��

 R	� i9� � 	(�	,� �� 1#a� �&'�	/� ���� �" =�
>� ��:#� 1'&�
#" P	�� &" �#.�7 N"	7 ��&� �	
��� �'&C�

;�� $�� _'&a7 ���	�- .�� �#.�7 �'&C� �" �B�7 	" �4.	H��� 	" �	)�����#.�7 �� ��&" �� �&� �&- ���7 �� $�

$�	,�" 	" �� =�
>� 1'&�
#" ����#� ��	� u`
� �	( � 1'� |F9\� �� �� ���� �#.�7 ��B�� ���	�- �&#)�	�

��( ��	�	� �	)���� �#.�7 �$�&)�� .�� �� �#.�7 �� �'��	�	� 1'� &C� �� �'��	�	� �&C� ��	S� �" �B�7 	" ���7

��� ��&�.  

�� �	
� $�	,� �#.�7 �
� �� �� �(� &##y7 �\�� ��  �#.�7 ���/� $�	,� X&
� ��:#� �� �\�� K' &##y7 &d�

�&� �(��� .1'� 18o�� $�	,� �#.�7 �
� �� $�	H��� 	" �� �&� l�!a� $�	,� &( ��&" �� �#.�7 �Y��� ���7 .

 �(��	" @� �#.�7 ��>�� �� �9/� &( �� �#.�7 �
��� �	
� �� �9/�  �� �� P	#/� �"� 	,�7 �� �(��#Y	� �  �

�� ��	
��� � �/9�� �#.�7 �l�� �� &##y7 K' � &H\ 1#" �� ���/� � ��	" ��� .1#8`7   &C� �� 	" =�
>� �
�

$�	,� 1�-&)  =��B �� �#.�7 �	()6 (�'��� ;�� $��.  

 =��B O'	��)6 (�� �	
�@�	A �	#� �� �� �(�  �#.�7 �
� &'�	/� ���%�� =�
>� �'�:-� &" ����	� �	(

$�	,�  @"�� �	��&,� �� �'	#8#� ��� � ����#Y ��� ���	#"� E	a-� ��)����	� �	� ��&#� �;
�&'� i9� �	(

�� K' � &H\ 1#"$�	,� 1'� ���" ��	
��� � �/9�� �� �	
� �� ��	" ���� 	()�#.�7 �� �#Y	� .( �	��&,� ��&"

 ��� � ��	#"� E	a-� ��)����	� �	� ��&#� �;
� &'� i9� �K(� $�	H��� � ;�� $�� ���	�a� �'	#8#�

$�	,� 1'� �� �/9���� �	
� �� �#Y	� �� �� 	( $�	�� 1#�k8( ��(�t  $�
� ���	�a� �	��&,� 1'� �� ����#Y ���

;��.  
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 @�
J6 . $�	,� �#.�7 �
� ����&" O'	��  	(�	��#� �/9�� ��  

  

���&#( K(� @"�� $�	,� 

t-ratio �
� t-ratio �
� t-ratio �
�  

9/2  46/0 ***  4/3  34/0 ***  6/3  24/0 ***  ;
� &'� i9� 

2/3-  44/0- ***  9/3-  34/0- ***  1/3-  10/0- ***  $�	B� �	� ��&#��'�  

6/2  36/0 **  5/3  26/0 ***  7/5  34/0 ***  �)����	� �	� ��&#� 

5/4  66/0 ***  7/6  58/0 ***  5/9  62/0 ***  ��	#"� E	a-� 

07/1  11/0  13/1  08/0  2/2  12/0 **  ����#Y ��� 

61/1  19/0  8/3  26/0 ***  9/2  13/0 ***  �'	#8#� ��� 

34/1  18/1  35/1  P	#/� �" ;S�� $��	" 

  

$�	,� ���&#( �	��&,� �� $�	H��� �/9�� E��\ �" ��	#"� E	a-� � �)����	� �	� ��&#� �;
� &'� i9� �	(

 $�	�� � ;�� $��t $�	,����	�a� �'	#8#� � ����#Y ��� �	( ;�� $�
� . �	��&,� �� &( �� ���	���%�� 	��

$�	B� �	� ��&#� �� $�	H��� �� ���&#( � K(� �@"���$�&� @8A �#.�7 l�� �#Y	� �� ����� . 	" 1`� &%'� �"

'� �(	��8� �(	� 	,�7 �� �#.�7 �$�	,� 1�	�  �I!" �"	'$�	B� �	� ��&#� � � �'�:-� ���� X&
� $����� �" �

 ��#5 :#������ .�#o&- 3&'45 ��&" �-	� @'g� 1'�&"	�" l�� 1'� &" ��S� X&
� �� �a.	9� ���� ���	���%�� ��

$�	,� ��	87 " �	( ��� @8A ��	
��� � �/9�� $�� ��-&) �	� ����� ����� ��B�.  

�
� j�8b� ��	( �� �#.�7 N"��7 �� l��� &( ��&"	9a�� N��� �� � P	#/� �" ;S�� $��	" ���7 1##a7 �� �#.�7 X

�&� .=��B O'	�� �� ���	" �� P	#/� �" ;S�� $��	" �� ;-	'�� ���7 � K(� �@"�� �	��&,� �� �� ��%�� �	(

��&#( T#7&7 �" �35/1 �18/1  �34/1 ����	" . �� �#.�7 @���A �#!� &)� T#7&7 1'�"100  D#(� �'�:-� �\��

:#� �� &�
#" �#.�7 ��100 �� �'�:-� �"	'P	#/� �" ;S�� ���a\ $��	" �� ;.	Y 1'� �� )IRS (��'�).  

  

6 &�7 ��,�$  

B�7 	"	(�	,�
#5 ��(�]5 1'� O'	�� �" �� ��S," ;,B &'� � �/9�� ���	���%�� �'��	�'��� �����:  

• " O'	�� �" �B�7 	" ����� �#\�7 P	#/� �'��	� �� $��� ;$�	,� �� i#>\ $�	H��� 	" ��� &##y7 � 	(

��':( �� T�	����(� ;�&Y c�!9� P	#/� �" �� �#.�7 ���#.�7 �Y�� �	(. 

• B� �	� ��&#� $�	,� �� $�	H��� �� �����<	" �� ;�	� �	'	8� �#.�7 N"	7 O'	�� ���&"$�	� �" �

�8� �	�-� ��#," E��\ �" ;S�� �����<	" �(	)� ��:#� &" �b'�&7 E	��� l	b�� 	" �'	" �4. �����

� ��#," �Y �'�:-� �� ��� �#.�7 $������	� � �"&b7 	" �	� ��&#� �&#)�	� �" � $�	,� �� $�	H��

��(�. 
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• ;8#� &" E�	C� ��	)�����#.�7 �� ;.�� ;'	8Y�����	#� 1#�	7 ��I�	" EF#,�7 � 	( ��#.�7 �	(

 ��'��� I���� ��%�� ��	�� ���	" ��S," E	�	 J#-�7 ��	�� �	(�&S(�� �� ����7 � �	)�����#.�7

��	" �	�� T�	�� �����. 

• �'�	>7� @#I
7 � =�
>� �8#" �N��� �" ��	�����	" ��S," ;,B �/9�� �� ��	���%�� ���	a7 �	(

�	S�A� ;-	'��. 

• ��	�&" �	b'� � ��%�� ���	� �o&A �	�� �� =�
>� �'&� ;,B �G�"&� �!'�S7 N'	�\ �	b'� � �:'�

$��:-� 3���. 

• 7 ;'�/7 � �	b'�" ��	��&� �@/� � @8Y �$�	B @e� �	#� ���� �'	�" &'� EF#,� �|&G �!#�� �	(

�A	8�B� �&�g	" )SOC (;.�� � l�&� ;��	
� 	".  

• ���	�- � 3�� �� $�	H���3�� � ��	�&"� �'�B �	( �'��( � c� ^'�&� �" �B�7 	" �A��� �" �	(

�/9�� . 
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