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Introduction: The increasing world population is one of the most important challenges for 

human societies to provide healthy and sufficient food. Thus, poultry farm industry plays 
critical role in the health and nutrition of human societies. Today significant regulations and 

guidelines have been implemented for the development and prosperity of this industry in 

different countries. These approaches result in many researches focus on poultry farm all 
around the world. Therefore, performance appraisal is the most important focal points of 

production units to help this units using the result of appraising overcome weaknesses and 

reinforce their strengths in action. This research was conducted to measure the performance 
of active poultry units in Zanjan province using applied mathematical and data oriented 

model. 

Material and methods: Total productivity index of Malmquist Index was selected because 
of its greater effectiveness in measuring growth. In order to achieve a comprehensive model, 

all poultry farms in Zanjan province were considered for study; however, due to the lack of 

data required, only 30 index poultry farms were selected for performance evaluation. In this 
study, the amount of initial hatching, feed intake, energy costs, personnel and healthcare 

costs were selected as input variables and final slaughter weight and fertilizer weight were 

selected as output variables. Specialized software GAMS.34.1.0 and DEA SOLVER (V8) 
were used for data analysis. 

 Results and Discussion: The result showed that among the existing decision units (DMUs), 

in the first period AL12 with 34.9% growth had the highest total productivity growth and 
AL14 with a decrease of 14.4% has had the highest productivity decline during studying 

period. Meanwhile, the same poultry farm with the changes in the method of feeding poultry 

in the second period has had the highest growth of total productivity based on Malmquist 
total factor productivity. On the other hand, although the AL12 unit has had the highest 

growth in the first period, but due to lack of attention to energy costs and non-optimal use of 

grain consumed in the second period are classified as low-growth decision-making units. 
Conclusion: The present study showed  that the optimal use of feed and effective human 

resource management among the input variables has the greatest impact on the overall  total 

productivity factor of broiler units, and on the other hand, among the output variables, the 
optimal final slaughter weight, which implicitly implies a low chicken loss rate and  shows 

that the benefit of the appropriate conversion factor of the poultry unit has the greatest effect 

in increasing the Malmquist  total  productivity of studied units. 
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$�� ����� "� -9�:; L� �� - &��)	 
��ND4� ��5O ����P�	 ��9���� ����Q� $��"�� ���� ���E "� .
��	  �*	  R�D.	 ��9-!�4 
�C� IJ�E �����Q�H=�	 G/ ��� &� G*=�  $�.��S�-*� �,  ��  3

 T�.D�� �E� -!�4�E .&� ��U�	 ����P�	 &*�/ 8	�F ��#=� V &� $��*D4�   �!�"  �D4� $DE�� ��9
 &5=�W	 ����&F�,���	 ���X �O�� L�*= Y&� G*=�  �� ����+	8QF ��3
��� �-9�:; ��9� �C�, 30 

	 ����IJ�E $DE�� ����P��  T�.D�� ����Q� $��"�� �����E&F�F ���5, -9�:; L� �� . �0�
  �	�� � �E��C� &�09 � $��4�; &�09 ��Z��� &�09 �$O�[	  �� �&*=��&�  ����  � ����� ��9�*\D	

�C� ��D�/  "� ��*=�, ��/  "� � $&�  ����  T�.D�� $F��J �*\D	�E .
�C� $4��� ���  ��� G/ ���
&/ H*Q[, ��9����  �*	 "� ��� 
��� �� ���F�	 ��*�&� ]*,�,AL12   ��9/34  "� �E� �^��-*� �, L


�C� �E� � ��� AL14 $DO� ��4/14  "� ��^��-*� �,
�C� �O� L.��D�9 �����J�� ��� H9 L*�_ 
����� �*Q9� $��"�� "� G^�� &!*D� $F��J � �9 
�C� �� �9  �� "� &�*C� 
��ND4� ����  ���  G/ ���

 ���	 � $O�[	&�09  ��9 ����� ��9�*\D	 L*� �� $����� ���*�-*� �, L�*S`, 
�C� �� ��  G/ ���
�J ��9�*\D	  �*	 �� �#� ��4 "� � ���� $DE�� ����P�	 ��9���� &/  $�C� ��D�/  "�  0*� $F�

&� ��7 
�C� �  &F�F (�N�, a�� $�Qb  ��� �� ����P�	 ����  ]4��	 &c\,  "� ���	$	 �9� �� �

�C�  -�0O�  ��9���� G/ ���&5=�W	���	  "�-*� �, L�*S`, .�4� �����J�� 
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�C� ��� �� �5�^ 2���; 7*�� �� 
�ND4� "� IJ�E 
�C� ��� G/ H=�	  Kf�/*�� )���	 
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 "�  �CF �*5QF 
���0O -�0O�HC	 �,-=�_ L ���� ���� 8	��F ��9  L*	`, $O�/ � H=�4 $�cP ���	"�*����	 
$	 E�� .�&� G*=� GQ5=���D4� � (���)	 
"��	� ����� ���� 8	��F &c\, � $D	i4 �� ����P�	 �5�^ &/ $D*Q9�  ��9

G��X CF�, ���� $R�D.	 ��9���/ �� �5�^ L� j��� � &54�,�  "��4� 
�E ��!�� $�;��� ��9���/ &�QF 
)Augère-Granier , 2019(.  

&� &F�, ��  L*	`, ����P�	 �5�^ ���*7 �5�^ "� ���	 $�cP (�F�*D�� "� $QC	 -.�&�  ����  8��^ "� $�
  ��� ���/ �� V:,��D4� � �=�	&F�,���	 &DO�� ���X �Q*X .�4� �E�� k���� ��4  �*	 �� l�	 �E�� L*�; k��, ��9

&)*�4&)K�m � �9&c\, G	��� � n�[	 R�D.	 ����	 �$�cP ��9E��) ��l�	 � ����� L*�,��;  �0*	 L�,o�� )2/20 
�^��( �E�� k���� L*� �� �9  �H/ �,L $��_ ���)	�  $9�	 �E�� "� p;�4� �E�� n�[	 &� -��� -�0O� ]64 (

.�4� 
�E �*N4   �*	 L� ��  $DE�� l�	 2���;&�  ����  "� $�-.��"  "� ���/ �"����/ V:,��D4� ��9
 &�^�O $D�4 �"����/&�	�4 TcF �� �4� &D����, � &DO�� �  i/ ��9&� ��/ ��*������O 
�#�F � �CF "�� ��9

 ��9����� "� �*56, �0�D�	 �5�^ L� G*=� L*Q9 &� .��/ ��*; �"����/ -.� ��\DE� � ��[+	 �*=�, �� $64��	
 $D��	-*� &� $��*D4� �CF $D��	 � ���[DX� ��^� �� j��W	 � �	3��/ �,$	 0*� 
�"�� L�E�� )Moazeni & 

Karbasi , 2008(.    
 ���	�Sh	 ����P�	 �9  $,��^ ��
�C� -�0O� ]64 ���$	���� &/ &� (��^  
���*��� �� H*)D�	 �*P� H*)D�	

&6�F ��Q, � $D��	 ��9 ���[DX�) �E��Remanjan,  2001.( 
�C� -�0O� �E�� �7�J &� ��� &D6=� �*=�, ��� ��6�
-9�:; q�4��� Y�9� ���X �*S`, �+, ����P�	 �5�^ �� �� ��*=�, (o�[+	 �*N*/ ���X�  ���� �� &/ $�9  ��c;

H., � $DE�� ����P�	 �5�^&� l�	 2���; ��9���� &/ ���� I.�	 ��E ��!�� $�;��� ��9���/�� ��c�  G*=�
���	 ��9���� &� �6�� $D*N*/ ��9�����D4� $J�� ����H/ $���/ "� & HC	 � 
��� �����J�� ��,  -�0O� G*=� L�,

&�09�*=�, ��9 �&� ����P�	 �5�^ � 4� 
��� $D*N*/ ��9������D4� -�0O� G*=�.� Van Horne )2017(  ��$�9�:; 

��� $�E�; G*�+, "� 
��ND4� ���9  r�/ �*=�, 8��, �- ����P�	 $���/ &�!*� �� qi��� H., ��9�c� $4������	 �� �

 3 Y����� ���X ���/ L� �� &/ �����  ��� �9 30  ���O L� "� �^��$���/ �� �9  V  $=���� ����� ���X $���/ "�	 ��  &/
70 � 
��� ���/�� �^��  H9 &�  ��_  ��U�	��D�9 ���/ ��9���� "� �������#=� ��	"�*� ����Q� ��6C� )Ojo et al., 

2012.(  �� �9�:; &���	 $IJ�E ����P�	 �� $���/ ��9 "� 
��ND4� �� L�0X  �D4� $DE�� ��9  ��#=� G*�+,
���	 
��� $�E�;  G*�+, � &0!,  ���X �*\D	 ���  ��� -9�:; L� &!*D� .�O��-*� $O�[	  �� � �J�4  HC4 L�,

l�	 �Z��� L*	`, �� ��$	 G*��, $DE�� ��9 ��9�. H9  3 L*�_ O�� &!*D� �9 "� ��D25 &5=�W	���	 ����� 15  �� ����
����P�	 &*)� � $���/ "�	 ��D�9 ���/�� � 
��6� �����J�� �"o $���/ "� �9 )Safaienia  et al., 2017(.  $�9�:; ��

&� ������/ $�E�; G*�+, 2�� "� �#�  $5X�� 2"�� ��  3 j��W, � $F��J � ����� ��9�*\D	 �*Q9� ��D�/ ��U�	
����� $F��J � �9  
��ND4� �9.�E �� �L   -9�:;���5, �&F�F &s�09 ��0QDs4� &�09 �E��C� � ����� ���)	 t���J 
$O�[	 �9 
��� &�  ���� 
��C� �  �0*	 l�	 2���; &DO� � ��/ $P�	 
�E�*=�, &�  ���� �*\D	 $F��J T�.D�� Y�E  ��

 &/ ����/ 2��0� &!*D� ����� $���F  �4��J  �D4��� �� ����P�	 ��9���� $���/ L*#��*	83  �^�� �4� )Balali  

& Sfahani, 2014(.  �� $�9�:; &���	� ����P�	 $���/  �D4� $DE�� ��9  ����� �� "� 
��ND4� �� R�D.	 ��9
BCC  �CCR  ���X $��"�� ���	���  ��� 1�D� .�O��  �D4� &/ � "� R�D.	 ��9 �� $���O (��N, ����� $���/ �U

��D�9 �#�Q9� $=����  $���/ L�,o�� "�  �D4� -E &/�  �D4� "� $J�� �9  "� ���S q�*)	 &� 
�"�� LDO���U��� ��
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 $���/66  ��^������� �����J�� )Hasani  et al., 2013���5, �E ��!�� ���4  �D4�CE �� &/ ��#� -9�:; �� .( 
 &F�FV  �t���J �
"�����5, G�4�; � �0*	 �v�� �J�4�  ���� �&� L�/�� \D	  �����* ����� =�, �E�� ���*  ��/ �

 l�	 �D��&�  �E &64�+	 $DE�� l�	 ��9���� $���/ �9�*\D	 L� "� 
��ND4� �� � ���� T�.D�� $F��J �*\D	  ����
)Yavari  et al., 2021(. H9  "� $���*	 $�9�:; �� L*�_
��� -E�; G*�+,�9 
�C� $��"�� ���� -9�/ � �Z��� ���

&��.�� ��9"�� ���D�� ���� 
��ND4� ��������; k��0	 �� �� &/ ���  ���   � $�O $���/ �I=�J $�O $���/ L*#��*	
����	�� �� ��������; ��9���� q�*)	 $���/ &� "�6=�  �D4� ��9  ]*,�,937/0 �953/0  �983/0 $	 E�� �

)Hosseinzadeh-Bandbafha  et al., 2017$�9�:; .( 
�C� IJ�E �E�  ���� �� L*�� ���/ �� &� 
�"�� ���
q�*)	 ���S ���O �� ���  ��� -9�:; &!*D� &/ ���� ��!�� ��c#Q., ����P�	 ��909/5 
�C� �^�����  L�


��� &F��	 -9�/ �� ����P�	 ��9����/ �E� -9�/  3 G*=� &/ ���&� $�Z�=���, � $�O $���  �� ]*,�,16/2  �67/2 
 ���5	 ��E� ����� q�*)	 &� 
�"�� &5=�W	���	 
��� �� ��_ �9 Y�4� 
��� �^��13/1 �4� 
��� �^�� 

)Houedjofonon  et al., 2020.(   

 &_������� ��F� $���/ -!�4 ���� ���5D	 ��9�#=��  L�*=T�.D��  -!�4 ���� ]4��	 ��9��*5	
�C� � ���
 $���/$	 &	���� � ��*=�, ��9����  ���	 ���� $64��	 ��#=� ����, ��*=�, ���� 
�#�F $��"�� �� ���[DX�  �0�

�"�4 H9��O )Salami, 1997.( 2�� "� $� 
�C� -!�4 ���� �Sh	 ��9
�C� ��	 "� 
��ND4� ��� H=�	 G/ ���
 ��	 L� .�4� ��*K�/ ��4 �� ��� L*=��1953 H=�	 LD4� y4�,&� ��*N*/ IJ�E  ���� �+, ��*K�/  (��^

�6��&� �&�^�O 8���, ��9 ���� $O�5	 ��*=�, 8���	 n�[	 G*�+, � &0!, ��U�	 )Malmquist, 1953(.   3 "� p;
 IJ�E L� "�&� (��/ &� ��U�	 
"����
�C� G*�+, � ��*��E 
��ND4� ��� )Caves  et al., 1982(" �� . $��!, &�*	

�0*� -9�:;  R�D.	  ��� "� ]=�P �� ��	 L� V ��	&	���� IJ�E &64�+	 ���� V�D	���; �0�
�C�  G/ ���
 
��ND4�) ����/Nishimuzi & Page, 1982(. 
�C� ��	 ��$	 �=�C4 &� ��*K�/ H=�	 G/ ���  (��**\,  ��,


�C� &� �� ��� $���/ �� �**\, �Q�X �� �**\, � $�O ��	 "� � &0!, VZ�=���, $���/ ��  V�D	���;�� $b�� ��9
 3 &64�+	 ���� ��Q� 
��ND4� �9 )Färe et al., 1992G*�+, .( $���/ �� �9 -.� ���[DX�  � $�O $���/ ]=�P ��
$	 VZ�=���, ����,&� ��U�	 m�.,� �4�*4 $�9 ]4��	 
��ND4� ���� "� G	��� �*=�, � ��*#�*; ,� "�ni  8���	

H9 .��*� ���X 
��ND4����	  
��ND4� �� L*�_G*�+, "�  -.��S�$���/ $	 ��, -�0O�  ��	� ��[+	- ���S �� LDE��C#� 

8���	 � 0*� &	���� m�.,� ���� �Sh	 �0�&��Q!	 �4�*4��9 ��*=�, &� ��U�	 &*6E �"�4 �*=�,-  "� �������#=� j�7 "�

�C� ��9������ ) �O� �4�Moazeni & Karbasi,  2008(L� "� . �� L� "� n�9 �  -9�:;  -!�4
�C� �E� ���

 G/H=�	 IJ�E "� 
��ND4� ����*K�/ H9 � $�O $���/ -!�4 L*�_  ��9���� �� VZ�=���, �����P�	  $DE�� ��9
�4�  �!�"  �D4� .  

  

2 .���%���� 	.�8�  

�C� �E� -!�4 3 ��0F� � G/ ���  �0�D�	&� ��/ � ��*�/ ��9�*\D	 ��*��Sh	 
�C� �� G/ ���$	 E���. L� "� ��� 

&� ��U�	 L**6, ��9�*\D	 L� $�4��E ��!�� �6D5	 (�5=�W	 ���� $54 �
���/  &�*	" L� �� 
�E&F�,���	  �� .��*� ���X
&F�F ���5, �*U� $�9�*\D	 (�5=�W	 "� ���*�� �� �q�4� L� G�4�; ���5, � �Z��� &�09 �$O�[	  �� ��0�  ����

&�09 -!�4 ��*=�, �E�� ���)	 G*6X "� $�9�*\D	 � �9�   ��D�	 ��b� � �*=�, ��/  �0*	&�  ����  ��9�*\D	
 R�5, ��	3��/
�E �4� )Beigi Bandarbadi, 1999; Narjesi et al., 2015; Sadrnia et al., 2017.(  
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�c=  �� L�&5=�W	� &F�F $��4�; &�09 �(���) �Z��� &�09 �(�����*/) $O�[	  �� �(���5, ]����) &*=�� �0�
 (���)  �	�� � �E��C� &�09 � (���)&�  ���� �/ � (�����*/) $�C� ��D�/  "� � ����� ��9�*\D	 ��*=�, �

 (�����*/)&�  ����  ���� $F��J �*\D	
�C� (�E�) (��**\, $4��� � L**5, ���	 ��� $4���  ���X �O�� L*Q9 &� .
��4 ��7 �� ��/c	 (��i7� ��U�	  ��91397 �1398  �1399 ����  "���9 8QF  �!�"  �D4� ����P�	 ���3 �  ��

H=�	 IJ�E "� 
��ND4�&� �� � ��*K�/ �*���/��� �  ��0O�GAMS  &.��)34,1,0 � (DEA SOLVER &.��) 8(  ���	
 (��**\, � &DO�� ���X G*�+, � &0!,
�C� �� �**\, �� I=�J $�O �**\, T�b G^��) �����Q� $���/ �� �**\, �G/ �
) VZ�=���, (��**\, � (q�*)	 $���/ ��� 
��9� X -!�4 ���	 �9���� L� �� (�Z�=���, "�	 �� -CF�O�� ���.   

&5	�F ���	3 -9�:; G	�E 30 ����P�	 "� ��5O ���� ���  �!�"  �D4� $DE�� ��9  �E� -!�4 ���� &/

�C�  T�.D�� G/ ���  ���O� ��� �C5, &� &F�, �� � "� �&5=�W	���	 ���	3 &5	�F (��i7�AL1  �,AL30 ��� ���c� 

 .���E
��� � &*=�� ��9"�*����	 -9�:;  $7  �D4� $	�� (��*=�, ��6C� ����5	 $DE�� ��*7 (��i7� &��	�4 j�7 "�
��4 ��91397  �,1399  &� {���	 (��i7� � nc� ���Q*� y��E "� $E�� ��Q5	�*P ��9����Q� .�E |��.D4�

��� �9 �&5=�W	���	� &F�,���	  .�O�� ���X  


�C� -!�4 
�*E �-.� L� �� "� 
��ND4� �� G/ ���
�C� ��	$	 ���X $4��� � }+� ���	 ��*K�/ H=�	 ���  .��*� ��

�C� IJ�E&� �*=�, 8��, 
���9 ��*K�/ H=�	 ���  (��^y=f(x)   &/ $Q�X &� �E��y �� �*=�, G��X ��[+	 �~/��� �W4 

 ]�� ��x   ��� �9�. $	 (��^ L� ��
��� "� $[.�	 ����� V q�4��� ��  3  ��, � �9x  &�   3�� ��O ��� .���3 �4�
����� $�0#�F �*���X ����� $�O ��+= "� �*=�, 8��, L� &/ �E�� �9 � (��^ L� �� .�4L(y)  ����� $	�Q, &��Q!	

����� $	 &/ ��� �9��J �9 ���)	 �����,y �c= .��Q� �*=�, �� &� (��^ .��� �9��J R�5, G��X �"  
 &W���1                    (                                                                                ���� = ��: � ≥ 
����     

 &W��� L� ��� f(x) H*Q[, ��9���� &Q9 �*=�, �Z�=���,  ��� �� ��*�$	 �9�. 

  q�4� L� �� 
��C� ��O��	 8��, ���NE �� �*=�, ��9&� (��^  R�5, �"�4� 
��/ )Yavari, 2021.(  
 &W���2(                                                                                       ��, �� = �����: �� ∈ �����   

 ]�b � �O��	 8��,θ����� -9�/  ��	� � "� $[.�	 ���)	 �*=�, ���� �9 y  $	  ��� �� ����� � �9�x �4� ������ �
 �*=�, ���)	 ���� 
��ND4����	 �*=�, G	��� &/y H*Q[, ���� V ���� �� $	  ��� ��*�   �c= .�9� 8��, L� �"o ����� GX���

 � $F��J "� $[.�	 ���)	 �*=�, ����y &���S ��	 �� .��� �9��J  ��� ��  DEA  �o��θ  
���Q9��-*� �, $	 V "� �E��
 
���9 ��*��S 3 ���)	�  ����	 ����8/0  �� �#� ��9���� &/ �4�  3 �#���� �E��8/0 ���� L� ����� �����  �O��	 GX���)

&D����, (L�Q	 .���Q� �*=�, ���� L� $F��J ���5	 $=�[+	 ����)	 �����L������ �~/���  L� ���� �8���	 "� 
��ND4� $���/
H*Q[, ����  ����� ��*�8/0  ����� 
"���� � �O��	 &/ ��/ ���S ���NE .�4� 
���Ɵ(x)�   ���)	T  ��9�*\D	  �"o �����
H*Q[, ���� �*�� n�9 (
�#��)  "� $�*5	 ���)	 �*=�, ���� �� y$	  ��� �9� L� "� 
��ND4� �� .8��,� $�:� |��.D4� "� �" ��9 

c;  ��	� �=�C4 &� �O��	 8��,� ��� �9��J )Mansouri, 2019.( 

(R=�  �*=�, G	�� �O��	 8��, &� �6��X  L#Q9 �4� &� &/ $�5	  ��� ����� ��"�  &�*C� �=�� ��  ��� ��9

��D4 .�E �9��J �*=�, $���� ��9 �� �� 8��, L� Ɵ(x,y) ��� $	.��9�  

(T �9 
��X   j�5D	Q!	 &�� &�����  
�#�3 �E�� Ɵ(x,y)≤1�J.��� �9�  
(|  
���9X  ��� �*=�, $�+�	 ��� �� )��*� ���X ($���/ "�	� 
�#�3  Ɵ(x,y)=1�9��J .�E  

 &� �6�� �*=�, G	�� �O��	 8��, (�x &� �6�� � $=�0� �*Py  .�4� ���5^  
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 �� q�4� L�� 
��C� $��5E IJ�E ��+	 ����� �  ����
�C� ��H=�	 G/ �$	 �� ��*K�/ R�5, �" ��E &�  ��,
/�� )Mansouri, 2019( .  

 &W���3  (                                                              M�,��� = ���� ������, ���� "�����������, ���� "
��� ���� , ��  "��������� , ��  "  #

�
$

  

 &/ � 3 ��Mt,t+1 �IJ�E 
�C� �E� ���� V ���� ��*K�/ H=�	 ���H*Q[, ��*�  ��4 �� t+1  �6�� ��4 &�
tY D&� �y&� , x&�  � $���/ DMU  ��4 ��t �O��	 8��,  �Q9 �  ��4 $���/ "�	 �� &��)	 �� &�^�O �t  Y

D&����y&� , x&�  �/ �$��� DMU  ��4 ��t  �� &��)	 �� ��4 $���/ "�	t+1 YD&� �y&���, x&��� �� $���/ DMU  ����4 
1+t  ��4 $���/ "�	 �� &��)	 ��t YD&����y&���, x&��� � � $���/DMU ��4 �� 1+t  ��4 $���/ "�	 �� &��)	 ��

t+1Y  �&� � ����� H*Q[, ���� �����  ��4 �� n�9  ��*�t ��&�  ������  H*Q[, ���� $F��J  ��4 �� n�9 ��*�t 
$	  ���.�9�  

���/ "�	 ��*K�/ H=�	 ��	 ��$	 R�5, ��4  3 �� ��F�	 �Z�=���,  ���� �+, ���4 �9 $��E.  L� ��0F�
 ��	&� &W4��  &���S ��	CCR .�E �9��J &64�+	 �" G�E &�  

 &W���4 (  D&� �y&� , x&�  � = Min+,,ϴ�ϴ& 

S. t:   
1 λ3x43

5

67�
≤ ϴ&x4&                     i = 1,2, … , m;       

1 λ3y63
>

67�
≥ y6&                   r = 1,2, … , s; 

λ3 ≥ 0 ,      j = 1,2, … , n . 
  

 �*9��.� 
���9&�  &���S ��	 ��FCCR  &���S ��	 "� �BCC  
��ND4� ��*K�/ H=�	 ��	 ��0F� &64�+	 ����
�E&� �*\D	 q�*)	 &� 
�"�� q�4��� $���/ �~/��� � �O��	 8��, �� ��J �" (��^ .�E �9  

 &W���5 (  D&� �y&� , x&�  � = Min+,,ϴ�ϴ& 

S. t:   
∑ λ3x43567� ≤ ϴ&x4&                     i = 1,2, … , m;          
1 λ3y63

>

67�
≥ y6&                   r = 1,2, … , s; 

1 λ3 = 1
D

37�
 

λ3 ≥ 0 ,      j = 1,2, … , n  
 

 &/ 3 �� �x43  ���� �����j IJ�E �� ��i��Yy63�  ���� $F��J ���)	j IJ�E �� ��r��Y x4&� &�  ���)	 ]*,�,
���� ����� n�9  IJ�E �� ($���/ -!�4 ���� $4������	����)i�� Yy6&� &�  ���� $F��J ���)	 ]*,�,  ��  n�9

 IJ�Er�� YEF ���� ����+	 &� j�5D	 &���S �*\D	�j�� Ym ������ ��9�*\D	 ���5, YS� $F��J ��9�*\D	 ���5, �n �
H*Q[, ��9���� ���5,� �� ��*�$	  ��.�9� 

&O�b�  �E 1 EF = 1
G

F7�
 ) ��	 ��4�*\D	 q�*)	 &� 
�"�� &� ��  3 ��� ��	 �� ( )VRS �� .�4� 
��/ G�6, (

�/ H=�	 ��	K(��6� ���)	 ��* D&� �y&� , x&�  � �	" �� �Z�=���, q�4��� �O��	 8��, � t� ������� ����� ]��  �9
$F��J �  
��� �� �9t $	 
��ND4� �� &/ �E��"� &W���)4 �=�� �� (CRS  � �&W���)5 �=�� �� (VRS  &�  �4�
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$	(��6� � �3  D&����y&���, x&��� � �	" �Z�=���, q�4��� �O��	 8��,t+1  ����� � $F��J � �9  
��� ��9
t+1 $	) ��	 q�4��� &/ �E��4) � (5&� ( $	 �4�(��6� ���)	 .�3 D&����y&� , x&�  �  q�4��� �O��	 8��,

=���,  �	" �Z�t+1  
��� $F��J � ����� ����� �t (��6� ���)	 ��C� �� �  D&� �y&���, x&��� � �� �O��	 8��, �
  �	" �Z�=���, q�4���t ����� � $F��J � �9  
��� ��9t+1 $	  ��� &� &/ �9� ��	 q�4��� &���	 ��7 ��9 

)4) � (5&� ( $	 �4� .�3  
H9 L*�_ $	  ��, 
�C� (��**\, �N�$	 �� ��*K�/ H=�	 G/ ���   ��,&� (��^  IJ�E �� (��**\, T�b G^��

&W��� Y���  ��� $�Z�=���, $���/ (��**\, � $�O $���/ )6( 
�C� IJ�E &0!, �*� IJ�E �� &� ���   ��� 
�E
$	  .�9�  

 &W���6                                                    (PI�,��� = �����������, ���� "
��� ���� , ��  " × � ��� ���� , ��  "��� ������, ���� "

��������� , ��  "�����������, ���� " #
�
$

 

 ��	 L� ��&� ��U�	 �O��; � ��6C� L**5,  &� ��	 L� �v�O ��	 q�4��� VZ�=���, (��**\, � G/ $�O $���/
$	 V*�N� �" ��0F� .��E  
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) &W���7) &W��� � $�O $���/ �� �**\, (8$	  ��� �� VZ�=���, $���/  (��**\, (G^�� .�9�  �� L� T�b

�C� �� �**\, �(��6�$	  ��� �� G/ ���) &W��� �� &/ �9�6 
�E 
���  ��� () �4�Fare & Grosskopf, 

1994 .(&� �#� (��6��  ���V  �9 ������0� ����� � 
��� �**\, ��� �#��*� �v�O (���6� "� ���/  "� �, V &�
V_�/ ��� � �U����	 IJ�E �� ��6C� &=0�	  ���� ���� ��U����	 IJ�E �� �O��; �#���� V "� �,

H*Q[, $	 n�9 ��*�.�E��  
$	 
��ND4� I=�J $���/ (��**\, IJ�E "� 8X��	 $J�� IJ�E �� L� ���/ �� &/ ��E&�  (��^ ) &W���9(  R�5,

$	��E.  

 &W���9                                                                   (                              PEFCH = ��� ������, ���� "
��� ���� , ��  " 

9Q �  &U�i	 &/ &��� �E  v�O &W��� ����4 $���/ ��9 t  � t+1 ��4 $���/ "�	 q�4���t  ���X -!�4 ���	 ��
$	 ��*�� L� "� ��� �9��J I=�J $���/ �� �**\, �#���� $���/ �� �**\, �� )Lee, 2009 .(  

 -9�:; L� �� (��^ �9 ��&� ��U�	 
�C� �E� -!�4����P�	 ��  3 ��0F� � G/ ���   �D4� $DE�� ��9
  �!�" ��V 
��� �� &=�4  $�5 ��41398 6���  ��4 &�1397 4 � ��1399  ��4 &� �6��1398 $4������	 

.�O�� ���X  
  

3. 4�:�; <=� � 	.�8�  �.  
&� ��U�	 
�C� -!�4��4 ��7 �� ��� ��91397 �1398  �1399  "�30   ��	� &/  �!�"  �D4� ����P�	 ����

 3 (��i7� &� $4�D4� &� L�*= ���� 
��ND4� ���� ��*	 �9  �� (��i7� ��" H!� G*=�) ���F1 ( (��i7� y)O
.�4� 
�E 
���3 $���/��; � �0/�	 ��9��*5	 &� {���	  
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 84�G1. $F��J � ����� ��9�*\D	 $���/��; � �0/�	 ��9��*5	 ��*K�/ H=�	 IJ�E -!�4 ���� 
��ND4����	  

H*7 
�G�G �I%� 

 �)*�� J���?  

(L*M�	�2) 

�3*�� 4 (?�6 ��%I5   

(8�%�) 

 �	�6*/ ��%I5  

(8�%�)  

 O���' 4 (7��;- ��%I5  

(8�%�)  

���12 O,4  

 (L*M�	�2) 

@2 '�2 �����  

 (L*M�	�2) 

 �~/��� 50350 289705 440345221  161340022 296988959 130993 1116575  
L*#��*	 30007 163663 262566522 9606775 177076610 74407 6875275 

GX��� 16000 91000 139917098 51154404 94466321 42997 38458 

��*5	 n��+�� 20506 103237 179609585 67560030 120917948 52339 45232839 

  
 �Q9 $	 &U�i	 &/ &���  ��E �~/���&F�F H!�  �� ����� �0�50350  � ���H/ �,&F�F H!� L  ����� �0�
16000 $	 E�� &/ �&�  &� j�5D	 ]*,�,AL11  �AL1 $	 n��+�� � �E��  ��0� ��D6�� ��*5	&F�F 0� � ��� 
��9� 

����P�	 -��O (��N, &F�F �*O�� �� �9 $	 �0�  ���F "� �=�C4 &� 0*� ��9�*\D	 ��4 &� {���	 (��i7� .�E��
.�4� |��.D4� G��X v�O  


�C� -!�4 �� &/ �4�  3 �� ��*K�/ H=�	 ��	 (�X &W)� 3 &��)	 � 
��� �� G/ ���  
��ND4� �� �9&W��� "� ) ��97( 
) �8�O� � �E� (  ��0F� 
�C�H*Q[, ��9���� "� V�9 ���$	 L**5, G6X 
��� &� �6�� 
��� V �� ��*� �E�&� .  ��7

��~	 - 
��4  �*� V �� - 
�C� ��0F� "� $� �E� �6�� ��� 
��� $�O $���/ H*�), G^�� "� $�O $���/ ����	 ���
&� � ��� 
��� $�O $���/& $	 �4���0� H*�), G^�� ��� �4� $C�� .�3  "� �,V  
��� �� $�O $���/ �E� �#���� �E��

 � 
��� ���V_�/ ��� "� �,  �E�� VH*Q[, ����  3 $�O $���/ �O�  ��� �� ��*�$	 �9� (��**\, L*#��*	 �*9��.� 
���9 .
&� 
��� ��_ ���� �� IJ�E V  L*#��*	 "� ���3 �4�$b��  
��ND4� �� -.� L� �� �*b�, L� �� .�E �9��J 
��ND4� �E�


�C� "�
�C� �� (��**\, ��*K�/ H=�	 G/ �������P�	 "� V �9 ����  3 ��0F� � G/ ���  
��� �� ��  �!�"  �D4� ��9
���F .�4� &DO�� ���X -!�4 ���	 )2 (
�C� (��**\, GQD�	 
��� �� ���� ��  3 ��0F� � G/ ���\, ��**(�� �0F��  


�C� ��� �� ��4 98  &� �6��97   ��4 �� �99 &� �6�� ��4 98 $	  ��� �� .�9�  
 1�D� G*�+, 
��� �� �� �9
��� �� &/ ���  ��� $4������	&�  ��� � ��� ��9  ]*,�,70  �67   �9���� "� �^��


�C� (��**\, ����� "� -*� G/ ���  V $	 L� � ��E�� �	� 
�C� �� -�0O�  $�5	 &� 3 G/ ���  ��4 &� �6�� �9
&� � 
��� ]*X� ����P�	 ��9����  ]*X� ��9���� &� �6�� �9���� L� &/ �4�  3 &=0�	 ����Q� �����  ��DC� 

��D�9  ��� �9���� L� �����Q� &*=��  
��� &� $9�#� .���  &/AL12 � AL27 &� 
�C� (��**\, �� ]*,�, G/ ���
349/1 � 258/1 -*� "� 
��� �����J�� �E� L�, ��� &/ $�5	 L�� .  ����P�	AL12  "� ]*X� ��9���� �� &��)	 ��

9/34  �^���E� 
�C�G/ ���  &/  �4� 
��� ��[DJ� ��J &� �� ����� 
���  -�0O� ��12 &F�F �� ��^�� �0�
 �, �� ��*=�, �E��  �0*	 &D����,21 ��*=�, ��/  �0*	 �  ��18 �9� -�0O� �^��.   �	���� ��6C� &=0�	 &� (��**\, L�

&� "� G^�� 
��C� ��*���/
���D4 �*=�, ���� �9 �9-9�:; �� � 
���  8���	 "� &�*C� 
��ND4� �*Q9� ���	 �� L*�*; ��9

�C� ��6C� �� ��� &6,�  ]�/ ]64 G	�� L*Q9 � ���� G	�/ j��W,� �� ���� L� ���� G/ ��� .�4� 
�E ��� 
��  

0*� ��� 
��� �� AL14  �AL24 &� 
�C� (��**\, �� ]*,�, G/ ���137/1  �133/1 -*� 
�C� �E� L�, G/ ��� ��
 ��*K�/ H=�	 IJ�E q�4�����DE��  ����P�	 &/ �4�  3 &=0�	 &� �	� L� �AL14  ]*X� ��9���� �� &��)	 ��

7/13  �����Q� �E� �^�� &DE�� .�4� y4�, �,�� &6,� ]�/  ����AL14  ��4 ��99  ��4 &� �6��98  "� $E��
-�0O� 5/16 &F�F �� ��^��#� ���S ��6�), � �0�C 
��C� ��4 LDE�� �4� &D����, �**\, L� �� � 
���  �� ��D�/  "�

  �0*	 &�21  �� ��*=�, ��/  �0*	 � �^��5/23 .�9� -�0O� �^�� �  3 �#���� G	�� L� � l�	 (�N�, -9�/ &/ �4
G��X HC4 ��*=�, (o�[+	 -�0O� 
�C� -�0O� �� $CF�,
��/ �N� ��*=�, ���� G/ ���  (�5=�W	 �� �*5b� L� �

$4��� $	  ��� �� $4��+	 j��W, L*�*; 
�E .�9�   
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 84�G2 .�� ��*K�/ H=�	 IJ�E ��9�D	���;  �� 
���  ��4 "� $4������	1397  �,1399   

L�� (2*7 

��) �%���2 �' *��Q$ ��4��) R%3���� $ ��*��Q$ >��? ��) ��*��Q$  �' *��Q$�*;- @2 ��4 
��*��Q$ S6���  

�*;-@2 ��4 

@2 �T$�  

(�7�) 
��4'*  ��4'  ��4'  ��4'  

84�  L4'  84�  L4'  84�  L4'  84�  L4'  

AL1 063/1  060/1  085/1  015/1  049/1 072/1 154/1 076/1 115/1 4 

AL2 984/0 016/1 064/1 056/1 993/0 007/1 047/1 073/1 060/1 12 

AL3 870/0 005/1 071/1  011/1  869/0 041/1 932/0 017/1 974/0 28 

AL4 152/1  003/1  068/1  010/1  146/1 001/1 230/1 014/1 122/1 3 

AL5 874/0  966/0  069/1  012/1  881/0 965/0 934/0 978/0 956/0 30 

AL6 067/1 007/1 077/1 011/1 037/1 997/0 150/1 018/1 084/1 7 

AL7 818/0 070/1 0,74/1 051/1 0843/0 055/1 878/0 124/1 001/1 21 

AL8 096/1 006/1 068/1 011/1 097/1 043/1 171/1 017/1 094/1 6 

AL9 931/0 030/1 081/1 033/1 948/0 006/1 006/1 064/1 035/1 14 

AL10 863/0 069/1 090/1 982/0 884/0 055/1 940/0 050/1 995/0 24 

AL11 174/1  028/1  071/1 010/0 212/1 000/1 258/1 039/1 148/1 1 

AL12 241/1 884/0 086/1 015/1 237/1 890/0 **349/1 898/0 123/1 2 

AL13 958/0 093/1 070/1 009/1 934/0 070/1 026/1 102/1 064/1 9 

AL14 795/0 132/1 076/1 005/1 976/0 133/1 856/0 137/1 996/0 23 

AL15 964/0  974/0  083/1 010/1 930/0 977/0 045/1 984/0 014/1 17 

AL16 002/1 860/0 065/1 010/1 996/0 871/0 046/1 869/0 957/0 29 

AL17 949/0 056/1 077/1 043/1 971/0 107/1 022/1 102/1 062/1 10 

AL18 967/0 056/1 073/1 016/1 972/0 056/1 037/1 073/1 055/1 13 

AL19 855/0 091/1 070/1 007/1 858/0 105/1 915/0 090/1 002/1 19 

AL20 932/0 987/0 065/1 013/1 923/0 989/0 993/0 000/1 996/0 23 

AL21 881/0 998/0 066/1 020/1 972/0 056/1 939/0  017/1  978/0  27  
AL22 993/0 964/0 068/1 013/1 907/0  977/0  997/0 977/0 987/0 25 

AL23 036/1 875/0 085/1 995/0 068/1 856/0 125/1 870/0 997/0 22 

AL24 827/0 104/1 080/1 026/1 825/0 103/1 893/0 133/1 013/1 18 

AL25 990/0 937/0 071/1 007/1 000/1 000/1 060/1 943/0 002/1 19 

AL26 097/1 962/0  073/1 045/1 137/1 841/0 178/1 796/0 987/0 25 

AL27 133/1 909/0 111/1 990/0 132/1 917/0 ***259/1 899/0 079/1 8 

AL28 083/1 887/0 081/1 007/1 036/1 869/0 171/1 894/0 034/1 15 

AL29 072/1 959/0 069/1 102/1 144/1 933/0 146/1 057/1 102/1 5 

AL30 940/0 100/1 079/1 009/1 897/0 113/1 015/1 110/1 062/1 10 

L*#��*	 979/0 992/0 076/1 018/1 980/0 000/1 053/1 010/1 032/1 16 

 *
��� ��� ��*K�/ H=�	 ����C� IJ�E ��0F� "� ���/�9 ���� $4������	 ��9  (��**\, 
��9�IJ�E L�  ���� �92 $	 $=��D	 
��� 
�C� ��0F� (��**\, �#���� ��� 
���  3 �� &/ �E��  ���
 ��4 ��1398  ��4 &� �6��1397  ��4 �� �� �0F� L� (��**\, ��� 
�� �1399  ��4 &� �6��1398 $	 I.�	 .��Q�  

  
 �� ��� 
��� �� G��)	����P�	  ��9AL14  �AL7 &� � (��**\, �� ]*,�,
�C G/ ���856/0  �878/0 -*�  �O� L�,

 �����Q�
�C�����/ &��!, �� ���  ����P�	 &/ �4�  3 &=0�	 &� �	� L� �AL14  �AL7  ]*X� ��9���� �� &��)	 ��
4/14 � 2/12 �����Q� �O� �^�� &DE������� ��9�*\D	 ���)	 $4��� .��� ���  ��� $F��J � ��4 �� ����P�	 L� &/ 

98 �� ��4 &� �697   �0*	 &� ��/ ���*� &�09 -�0O� "�13 &F�F  �0*	 
��� �����J�� ��^��   �0*	 &� 0*� �� �0���9 
�4� 
��� -�0O� �^��� �	�  �C�, �E��  �0*	 G��)	 ��5/3 $	 &/ �4� &DO� -�0O� �^�� -*� (�N�, "� $E�� ����,  � � �,

.�E�� ��*7 ]4��	�� &c\, �*5b� L�  &� �!�	  � 
��� ��*=�, 8���	 "�  ]4��	 
��ND4�  �� $D��	 ����Q� �O� �#����
�C� -9�/.���� ���*�� j��W, 
��� $�E�; G*�+, $	�Q� ��	 �� �*5b� L� &/ �4� 
�E G/ ���  
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  0*� ��� 
��� �����P�	� ��9AL26 �AL16  &� 
�C� (��**\, �� ]*,�, G/ ���796/0   �869/0 ����� 
-*� L�, &� �	� L� � ����� �����Q� �O�  ����P�	 &/ �4�  3 &=0�	AL26  ]*X� ��9���� �� &��)	 ��

4/20 �����Q� �O� �^�� &DE�� �4�H9 . L*�_ H*Q[, ���� L� ���	 ���**\, ��*�  (���4�� "� �9�*\D	  ��4 ��
G��X &U�i	$Q�  ��  .�E��
��� ���)	 $4�����J ��9   ���
�C� -9�/ ��� ��� G/ ���AL26  ��� 
��� ��

&� G*=� �X -�0O��G &U�i	  ��4 �� $��4�; &�0999 &F�F ���)	 � 
���   �0*	 &� H9 �� �0�8/3  -�0O� �^��
�4� 
���� L�*=  &��� &DO�*� -�0O� �C�, &� ��*=�, �E��  �0*	5/2  -9�/ �^��&DO� $	 �	� L� .�4� ����,

��-*� (�N�, "� $E R*5b ����Q� k�Q!	 �� � ��*7 ]4��	�� &c\, � � �, $D��	   ��� �� (��^ �9 �� .�9�
&� �����Q� }*� "� ����P�	 ��9���� L�  $DO��*; �C�, &DE���  ���
��� &F��	 0*� �����Q� �O� �� &��� L� .���

&� �*5b� �� $����� 8���	 "� &�*C� 
��ND4� ��� ��b� $	  ��� 
��� ��7 �� �W4 -9�/ &� �!�	 &/ �9�

�C� -9�:; �� &/ �4� 
�E G/ ��� ��!�� ��9 ) ���� j��W, &�!*� �� 
�EOjo et al., 2012.( H9  �� L*�_
&6,� ) ���F �J3  �D4 �� �� &/ &5=�W	���	 ��9���� ����2$	 &U�i	 ( ���O ��EAL11  �E� L*#��*	 ��8/14 

-*� "� �^�� 
�C� �E� L�, � G/ ���AL5  ��6/4 
�C� -9�/ �^��-*� ��� 
�C� �O� L�, 
��� �� �� ���
 .�4� &DE�� &5=�W	���	  

H9  L*�_
�C� (��**\, L*#��*	 &��)	��4 �� G/ ��� ��4 �6�� R�D.	 ��9  �� &/ �4� ���*5	 ��J G6X ��9
$	  3 "� 
��ND4� �� �� $W*+	 G	��� �*S`,  ��,����P�	 &��Q!	 "� G^�� 1�D� .��� ���X &F�,���	 �9  L*#��*	 $4���


�C� �E���4 ����  3 ��0F� � G/ ���  ��998  �99 ��4 &� �6�� 
�C� �E� L*#��*	 ����  ��� ��J G6X ��9 ���
 ��4 �� G/98 ��4 &� �6��97  L*#��*	 ��7 &�3/5  ��4 �� � �^ ��99 ��4 &� �6�� 98  �����V $	 �^��  .�E��
&� $4��� �� GQ� -*� �E� ���� I.�	 
�	3 
�C� �� �, ��4 �� G/ ���98  -9�/ &� $6�� a�� -�0O� � l�	 (�N�,

$	 {���	  ��4 L� �� �*=�,  �	������E� $=�� ��  ��4 �� &/99 ��4 &� �6�� 98  G6X ��4 &� �6�� ��Sh	 (�	��X�
����P�	 ��  3 "�  &DO�#� (��^ �9�**\, a�� �� ��4 �� �� ���X� L��S� .�4�(� ����O�����N �&  
�9��	 �=�C4

$	  ��� 
��� �� �����O �E� &/ $Q�X &� ��E6/7  ��� 
��� � �^��8/1  ���F .�4� �^��)3(  (��**\, �E� L*#��*	

�C�����P�	 �� ���
��� ��  �!�"  �D4� &5=�W	���	 ��9 $	  ��� &=��� ��9.�9�  

  
84�G 3 .
�C� (��**\, �E� L*#��*	����P�	 ��  3 ��0F� � G/ ��� �D4� &5=�W	���	 ��9  �!�"  

(2*7 L�� *��Q$�� ��) �%���2 �' *��Q$�� ��4��) >��? ��) �%���2 ��*��Q$ �*;- ��*��Q$@2 ��4 

 ��4) ��� 
���98  ��4 &� �6��97( 979/0 076/1 980/0  053/1  
 ��4) ��� 
���99  ��4 &� �6��98( 992/0 018/1 000/1 010/1 

  
 G�E)1( &� 
�C� ��0F� (��**\, ��b� 
��� ��  �� �� ��*K�/ H=�	 IJ�E ���&5=�W	���	   ���$	 �9�.  
 �Q9 $	 &U�i	 &/ &���-*� ��� 
��� �� ��E  �#���� �	� L� � �4� 
��� ��� �����O (��**\, �� ��6C� L�,

 L*#��*	 ��6C�4� &5=�W	���	 ��� 
��� �� �9���� G/ ����Q� .�  
$	  ��� (��**\, L*#��*	 ���F 1�D�
�C� a�� (��**\, L*#��*	 &/ �9� �� �9 �� G/ ��� 
��� L� � 
��� �6~	


�C� y4�D	 �E� �#���� G/ ��� 
��� �!�"  �D4� ����P�	 �5�^ �� �6~	 ����Q� � ��  
��� ��7 ��$	  ����9� .
�� 
�C� �E� L*#��*	 (��^ �9 ��� 
��� �� G/ ���3/5  y)O ��� 
��� �� � �^�� V �#��*� &/ �4� 
��� �^��

 0*_�� �E�
�C��� ���   �!�"  �D4� ����P�	 �5�^�4� .  
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 @ 71. 
�C� IJ�E ��0F� (��**\, L*#��*	 ��4 "� &5=�W	���	 
��� �� �� ��*K�/ H=�	 ���1397  �,1399  

  

4 .4
��1   ��2 

8QF V ������ $	 $�/ H=�	 IJ�E "� 
��ND4� �N�  ��,��*K�/  ��*�� ti	 ����P�	 �5�^ ��  3 ��0F� �
&� R�D.	 ��5�� "�  3 (��**\, � $���/ -!�4 ���� ��	3��/ $	 ��QE �#� ��4 "� .����  IJ�E L� "� 
��ND4� ��

$	  ��, *C� 
��ND4� &�*	" �� �"o $�4��� �� 8���	 "� &�&� ��7 
�*E � 
��Q� L**5, I.�	
�C� ��6C� ��9 �� �� G/ ���

�� "� 
��ND4�  $,�*�Q� ��9��/&� (��^ H*Q[, ��9���� "� ���/�9 ���� � I.�	����Q� �� ]4��D	 ��*�  3  �9 &���

��/. H9 L*�_ �U�  $Q/ V*��, L� "� 
��ND4� �����P�	 ��9���� ��*=�, ��U� &� �*O�NE "� �#�  ��O &� �6��
-*� �,
�C� (��**\, L**6, �� � �����J�� G/ ����4�.  


�C� V*��, "� 
�ND4� H=�	 G/ �����*K�/ �9 �����Q� R5b �C�, &�   �� ����P�	 ��9���� "� V&� (��^ 
$	 -�Q� I.�	 "� &/ $�9���� $O�5	 �� &��� �9�-*� �,
�C� �E� L�����J�� G/ ���  ���� $�#=� ���D�9

H*Q[, ��9����$	 H9��O �	3��/�� ��*�.�"�4  
&Q,�J �� $	 �N�  ��, 
�C� (��**\, L*#��*	 $4��� 3 &��)	 � $4������	 
��� �� �� G/ ��� $	 �#�Q9 �� �9  ����,

H*Q[, ��9���� G/ �� ��c��S�  i/ ��9�*\D	��*� �� &� .�9�  ��� ��~	  ����� L*#��*	 
�C� �E� ��� 
��� �� G/ ���
3/5  ��� 
��� �� � �^��V $	 �^�� &� $4��� �� .�E�� GQ�  8���	 "� 
��ND4� �"��C� ��� 
��� �� ���� I.�	 
�	3
&� G��X (��^ &U�i	
�*E (�6S &� &F�, �� ����O L� ��� 
��� �� � �4� &DO� -�0O� �� $4��+	 �E� �8���	 ���	 ��9

 .�4� &DO�*�H9  � $O�[	  �� "� &�*C� 
��ND4� &/ ���  ��� VZ�=���, $���/ � $�O $���/ G*�+, "� G^�� &!*D� L*�_
 ���	&�09  ��9-*� ����� ��9�*\D	 L*� �� $����� ���*� 
�C� �� �� �*S`, L�, ���� $DE�� ����P�	 ��9���� G/ ���

"� � &� &/ $�C� ��D�/  "�  0*� $F��J ��9�*\D	  �*	 �� �#� ��4 
�C� � &F�F L*�; (�N�, a�� $�Qb ��7 "� ���	
$	  ��� �� ����P�	 ����  ]4��	 &c\, �C� -�0O� �� ��9�&� �*S`, "� &5=�W	���	 ��9���� G/ ��� .���� $�04  

  

5 .%1����@ � �AB&  
)*)+, 0/�	  ����Q9 &*�/ "�&�  �!�"  �D4� �"����/ (� ��Q� �7�J  �� 
��"�� ��9 ����O �DC� &_�9 ���F�� L��,

-9�:;� $	 $�����X � ���, ���� .  

0.9

0.95

1

1.05

1.1

  $���/ �� (��**\,
$�O

�����O (��**\,

 $�O $���/ (��**\,
  I=�J


�C� (��**\,G/ ���

  
���
���
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