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*
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...
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*
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c x c x′ ′<∑ ∑.  W�!: q	�86 �'3� $"'#�

 $%��� ���
 !6��1 $ ',
)8 (�� G�Rz� $
 4\; *	��
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� Ta
 *	� ��  7+; ��'� �� Z	��6 J�> �!I $
 7&� � �!�.  

Ta1 <��� N	 $� 4' � y�B $����
 ���� �59 ��  �    �� S�D� ND	 M�D&#�� ���
 ��m  $D
 UDR �n  �� �D5&�

� � *''86 . �!���!� �h�&� $
 U	�!6 ���
 S�� *	� �� E�#�� 7
�9 ��!:!� N	 UR � �@ �4@ O *'D     �D5&� �D@

T'1 ����&6 N	 ��D� � '
 ��       ���� qD�#a� U
�D � �� KDB�	�� ���D
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4'+56 $����
 ��'�  �5&� �@ $
 UR � �@ �� S�� 7+; ���
 $ ',
 ���&� N	 ���� �59 ���, �'1 7&� � 7+; �<	�

$
 � � *''86 ��!I $ 	<@ $�  � 7+; 
G��'%!6 7� � � 7&�4@ *' O �!� $ '+� S�� 7	!_6 ����.  

�� Z	��6 �	� G�'��B E����
 $#B�	 $8�!6 ���	� M�� *	� ����:  

− �� ���B ?'9��� ��X#�� v!P� �
 m�@ U
�!6 $'�� ��!�. 

− $+@ � #�@ �P3 U
�!6 �!'9 � m�@ U
�!6 �. 

− $ 	<@ �
 4'&#�� �!I $
 {a�� �'�� N	 �� 7	!_6 ���� � 7&� � 7+; ��@   ��@�D;��) �D@S��  (  M�D&#��

�� [�� #� ��� ���� ���
 . 

− $+@ �� E�#�� �� ��!:!� 7�  �� �h�&� �� ��'��&#� G�:�'#;� 7� �
 �
��
 U
� � � ���
. 

− $>!+"� $'�� $	��� �!X � $
 �P3 K	!k> U
�!6  K�� ��� ���� {'5a6 ���B ��@ . 

���
��� 7	��� �� �� m�@ U
�!6 ��!
 ���B M�� y�B $����
 4'+56 �<	� �� ��'
 7&� � 7+; ��'�   � � �

$
 mH#3� ���� $O��f\	 �!X � 4'+56 �X�        [D%�9 �� ���DB $DB�@ �D O ���D� $D ',
 $%��� W�!: ���
 ������'�

K�� ��� ����Y ���B ����Y ZP� N	 .�� ���� �� ��!
 [�� #� � ��!
 �P3 t�!3 J!� � J�� G�'��B  �@�
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 $%��� N	 �� $�$��� �� s�h ������#�� �P3 �<	� � � .     �!D:� ���D
 ����D� � �z!D� �'9 N	 J��,O y�B
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 7	��� ���
 ���� W�!: N	 4'+56 �<	�   ��D\�� 4" 1 y�B �!:� �
 K	�,� �� � K�� 7&� � 7+; ��'�

$����
 $%��� N	 $
 �� ���B �P3 $B�@ � O �<	� $����
 $%��� ���� M��8�     D� 4@��DB �DP3 �<D	��   �� $D� ���Y

�� ��'� ������#�� e\�f+'� /�� i�!6 W!�P� 7\� $
 ��h� $%��� 7; ��\�� $"'#� ����.  
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 7��� $%�&� *	� ���, �'1 M��$����
 $%��� �� ���<+@ �!I $
 $� K�� m�@ U
�6 ��   ���DB $B�@ � O �P3 �<	�

�� ����Y �!� :  

7&� � 7+; � G��'%!6 7� $ 	<@ ���� $ '+�: 
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S�� 7	!_6 ���� 7� ���� $ '+�: 
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ijQ  UR � �� 7&� � 7+; �;��i �5&� $
j. 

ijp  UR � �� �;�� �@ ���
 �'%!6 $ 	<@i �5&� $
j.  

ijc  �� �;�� �@ ���
 7&� � 7+; $ 	<@i �5&� $
 UR �j.  

ijtɶ UR � �� �;�� �@ ���
 S�� 7+; ����i
�5&� $j.  

 K�H> $� K�� ��u $
 J�S“ ≅ ”���B 7\�” = ”        ��D��Y ZPD� ��!D
 ���DB $D
 � KD��)  K	�D�� ZPD�  ��D �

4'+56 ������'� (�� ����� � � .$����
 7	��� �89�� ��,: �� 4'+56 �<	�   �D� 
7D&� � 7+; ��'�  � i'D_� [	�

� #�@ ?'9��� S!+8� �6�'�+> ��@�#����1p ���� � G�>HI� �� �k8
 ��	�     � E�#D�� 7D
�9�'F �	 � ?'9��� $%��� ��@

$����
 ?B� �� |��3 �� �<	� � ��
 . $%��8�)10 ( $%��8� � ���B 
?'9��� ����Y ZP� �
)11 (  � ?'9��D� ����Y ZP� �


K�� ���B 
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=
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• �'}#� ��!
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)14(                                      

  

�Y �� $� iS  E�#�� 7
�9 ��!:!� 7�)�;�� [�; �
 (UR � ��i �jD ���&#� �@ �� ���&6 7�jK��.  
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Min Z p c Qij

Min Z t Q

= =

= =

≅ +

′≅

∑ ∑

∑ ∑

1 1 1

2 1 1  
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=

=

=
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∑
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Z �

1 �Z �

2   4'+D56 $D� K�� �
!�P� �; ['6�6 $
  �� ��D��'�   ���� �DX�Z1�Z2   �Y �� =�DR	�&6 NDO!�  �D6  � D��
 .

 *��+	�]18 [     �r���D; �	��D&� $D
 m��D@� $D'�� ������: �
 �� �'3� ���B $B�@ � O $%���Z +   79��D; �Z −   $D


��� $%!��B �	� G�!h:  

 , ,g g aZ Max Z x X+ = ∈
 

)17(                                                                                                                   

 , ,g gZ Min Z x X− = ∈
 

)18 (                                                                                                                      

, .g = 1 2  

  

 ��#
� ��gZ − N	 G�!h $
 $B�@ � O $%��� 7; �
 ��     ND	 �� ���n#D�� �D
 $B�@ N6 7	��� ���   m0D; � m�D@

$
 $�;�� �@ �� m��@� ��	� �� K��  4D	��Y( )aX       $D
 $D ',
 �	��D&� ���� ���D9 �D
 efD� �   �� ��D�Y KD��gZ 


 ���&� *	�#�'
gZ �� 7h�;  ��+@ $� �!�gZ +  K��]19.[ 

  

3-3 F��� �45 G�AI9  

K	!k> U
�6gZ K�� ��� $%!��B �	� G�!h $
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,
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,
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g
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Z Z Z

x Z Z
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−
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+

 ≤


− ≤ ≤= −
 ≤
 =

�
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1 2
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 �� �P3 K	!k> U
�6 ���!+�)19 (�� ���� �@�.  
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 �/J1. �P3 K	!k> U
�6  

  

3-4  =
�L�  �
 � M��� 
� 	
�� 	�
N .+  

$� �' � y�BX $+@ �� $>!+"� N	 W�!: �    4'+D56 $%�D�� ND	 ���
 *\+� ��@   �D��
 ��D'� .   m�D@ ND	

���BG ��� ���B $>!+"� N	X�� {a�� �	� K	!k> U
�6 �
 $� K�� �!�:  

[ ]: ,G Xµ → � 1
 

)20(                                                                                                            

���B �'9 N	C ��� ���B $>!+"� N	 $>!+"�X �� {a�� �	� K	!k> U
�6 �
 $� K�� �!�:  

[ ]: ,C Xµ → � 1
 

)21(                                                                                                            

�Y  [DD'��6 ��D�G �C  ���DDB 4'+D56 NDD	 �DD'%!6 ���D
D���X   � #DD�@ ���DDB $D>!+"� NDD	 J��DD� �D@ $DD�

`��#��G �C �� $"'#� �� �� {a�� �	� K	!k> U
�6 �
 $� �@�  �!�]20: [  

( ) ( ) ( ) ( ( ), ( ))D G C G CL x x x Min x xµ µ µ µ µ= = ∧ =
 

)22(                                                                                  

�� q	�86 �	� G�!h $
 �V� #� 4'+56 $ '�'
 �!�:  

 ( ) ( ( ), ( ))D G CMax L Max x MaxMin x xµ µ µ= =
 

)23 (                                                                                       

$
 �!I ���    ���DB 4'+D56 $� �' � y�BD  $D"'#�k   ���DB m�D@,...,kG G1 �m  �D'9,...,mC C1 �D��
 .�Y   ��D�

���B 4'+56D `��#�� ,...,kG G1 �,...,mC C1 �� {a�� �	� K	!k> U
�6 �
 $� K�� !��: 

( ) ( ) ( ) ... ( ) ( ) ... ( )
k mD G G G C CL x x x x x xµ µ µ µ µ µ= = ∧ ∧ ∧ ∧

1 2 1
 

     { }( ),..., ( ), ( ),..., ( )
k mG G C CMin x x x xµ µ µ µ=

1 1  
)24(                                                                                          

$
 �V� #� 4'+56 $ '�'
 � �� q	�86 �	� G�!h �!�:   

 ( )DMax L Max xµ=  

{ }
1 1
( ),..., ( ), ( ),..., ( )

k mG G C CMaxMin x x x xµ µ µ µ=
 

)25(                                                                                    

�r���; /�� $� �#� *	� ��- �� ��'��� K	!k> U
�!6 �
�'#�� 79��; �� $ ',
 W�!: ���� ��'1 ���
 �!�   ��!D6

 ��� ���n#�� �	� �P3 M��8� $%��� ��]19.[  
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 gMax λ
 

)26                                                                                                                     (  
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Z g
g

n

ij ij

m

ij ji

ij

s t

f

Q S

Q D

Q

i m j n g

µλ

=
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≤

=

=

≥

= = =

∑

∑
�

1
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$�  �� �\+� �'}#� �Ygλ K	��� $:�� 4'+56 �� � ��� {a�� [	��� ���&� �
 �� ����'�   ��D�� m�@ U
�6 �

�� �@�.  

 $����
 7	��� 7; ���
 ���, �'1 ��� ���� 4'+56 �<	� K�� ���Y �	� �� 7&� � 7+; ��'�:  

� @�� '�N .M!��B $����
  $'%��  M�� �� 
 4'+56 7	��� ���
 ���B $B�@ � O �<	� 7&� � 7+; ��'�. 

� '�+ '�N .�#����1 7	�R6 �#����1 $
 ���B ��@ �� �
 �8P9 ��@$R6� / �� 
. 

� 'A� '�N. M!��B $����
 M�� �� 
 �#����1 �
 $B�@ � O �<	� �8P9 ��@. 

� '��&" '�N. $+@ ���� $
 �V� #� �P3 K	!k> U
�6 *''86 m�@ U
�!6 �. 

� =O�� '�N. �\+� �'}#� �B�8�λ $����
 $%��� 7	�R6 �         �D��+> �� ���n#D�� �D
 ���DB $DB�@ �D O �<D	�

$����
 $%��� N	 $
 4+' '� M��8� $B�@ N6 �P3 �<	� . 

� =DJ '�N. $����
 $%��� 7; $
 � �P3 �<	� 4'+56 ��X#�� ��!� W�!: ����Y K�� ������'�. 

  

4  @!������ �� �� � 	
�� 

Ta1 <��� ~ 1 $
 �!3 M!5_� N	 $	��� ���
 �#��� �' � y�B    $D��3��� $D� �� 
S�D� N	 �� ��  �   �D'%!6 �

��� ���n#�� q�#a� ��@�,� �� M!5_� *	� ��   $� � � $
  M��: �� 7��� �!I1  KD�� ��� ���� ���� .  �	��D&�

$
 M��: *	� �P� *	�3Y � K��� K+� �	��&� �!#�      S�D� *D	� �� E�#D�� 7D
�9 ��!:!� � �� @� ���� ['6�6

K�� Ta1 <��� �@ ����&6 � $��3��� �@ �� . ��D�� M��: *	� �� $	��� �@      $D��3��� ND	 �� �'D�� ND	 ��D @�

�;�� N	 M�&#�� ���� � 7&� � 7+; $ 	<@ $� K�� t�3 Ta1 <��� N	 $
 t�3 ��   �'D�� N	 �� S�� *	� ��

�� ���� $�'�� N	 �
 [�� #� � t�3 �@� .��  �Y    KD����� �� $D 	<@ *	�#�'
 
7&� � 7+; $ 	<@ $� �	�:p   �	�D�

T@�� ���
 �6�8%�P� $
 4'+56 K��� ���� $ 	<@ *	� .     4'+D56 $%�D�� *D	� 7D; ���D
 ��X#�� ��!� m��@�   ��D'�

K�S�� M�&#�� ���� � G��'%!6 $ 	<@ ���� $ '+� 
7&� � 7+; .    �� S�D� M�D&#�� ��D�� 
K'89�� �� $� �	�: �Y ��

�+� ��� ��'
 ?'9� �!I $
 ��!6 p     D� KD�� �<D'O �Y S�D� M�D&#�� ���� U
�6 [	�� *#B�� �X� �� ���B   $D
 �� �D� $

N	�<� �89�� 7	��� �� �6 ����.  
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