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Abstract 

Knowledge development and accumulation are important sources of economic growth and 

development and Learning is one of the effective factors in the development and 

accumulation of knowledge. Learning reduces the average cost over time along with 

increasing cumulative production. The chemical industry plays an important role in the 

country's economy due to its high value added, product diversity and employment. The 

objective of this study is to analyze learning by doing in Iran's chemical industry at the 

level of four-digit ISIC codes using panel data during the period 2011 to 2015. For this 

purpose, the learning curve was estimated using the panel data technique, assuming a 

constant return to scale. The finding indicate that learning has been achieved in Iran's 

chemical industry and the slope of the learning curve, ie the effect of learning in all sub-

sectors of Iran's industry, as expected, is negative and equal to 0/86. The results indicate 

that the learning effect is different in the sub-sectors of Iran's chemical industry, but it is 

close to the average learning intensity.  
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1 .��$�� 

 ��*343 �&�,k` �� F�*�, ����l		-  �*'-���m #3��' �&�, n��� �*�5  o�"
B� 
��  .�� �*.�/� �� �3< ��$�� "� �       - �*"�5 �"N< 6�"����3>�% #3��*"�� ���"��   ���"� ���� *"�

��.B� D*3<� �*� $�*mp #3��A$�` @- � 8"I< �43 "
 "� �� �����    �"�N<$3l @���*",
���� ��+� *�� .�'� �� �*�q U<*� D ��$� ��  �*'1391 ��' E���  @���*",  �43"-$�` 

�� @���*, ��&�, �-�X 48 �� - �,�� !� @���*, ��N<$3l 37 �,�� 6��� .�'�  F�*�",
 F/�- �� �43-$�`6��-q$? �� �'� ��*343 F�*�, �� 82�     :*"m ���"� �� �� ��*343"  *�

�� �3>�% �&3W� �*� *� �N< �� !,*X ��� . �"�s�- #�$�4��   *"�    6s��"� - ��*343" F�*�",
A*� �*3
� 6�-�?� E��� �43-$�` �&�, D       �����"� �"3>-� ���"� #3�t"% - @A�".B� C�"�%

#3�*` F�*�, �<*m�*� - 6*��*� �q ��'�  �*H�"� $"9< �� �� �'�     *��"�q�� 	"
� - �"���
    ��� ��"+� �*".�/� ��  $KL"� �*3"
� 8I< D�a�
��- F)/ -  ����.      F�*�", �"� �"5�% ��">

:*m 8�*� $� �-�?� ��*343   E��� �*";�� �"� $";�� D�-$?    -  �*".�/� 0�*"u� 6�-�"?�
�*H����-*I� �*.�/�  *�'�� �� ����*` �&'�% ��1W% - � ����m ����  �"���m 6�$4� �� �� �
.���  

 �"3?$v �� ��� ��$�� �43-$�` �&�,      #3�*"` F�*�", �">- �"'� �&"'�%  *"�  ��"'�
      ���� ��$"�� �43"-$�` F�*�", �"3>�% 6$3;<� - ����< �� :�A �&'�% �43-$�` @A�.B�

�I1X   �� $"�4� �*3"
� �1m�� J$.� �43-$�` @A�.B� $w�� �� .�'� ��-�$? 6��IN�  *�
���*,6�+< !�*� E��� 6$3;<� ��&� �'� @.�'�  �'�$�    �� ��A*"� ��"' �"� ��*���+�

6��� x*.�m� ��m �� �� �&�, #�� @���*, - �3>�%  �"� �*"+< �<�     #"�� 6���"4� �"� �"��
6��� E]% �� *���+�6$�� �� �<� E-� �"� �� �3>�%  �- "�     �"� D�"��� 8���"?� 0"1�2�  *

8���?� 6$��
� E���q ����*3<  �- -$3< $4�       �"�N3� y*"N%�  $3��*"� $"�� - �"'� �<*"
<�
6$3;<��� !�*� E���.��    �"'�  �-$"= ��$�� �� �&3W� F�*�� ��?- �� �5�% *� -� #����

�N>L� ���q �� ��� �� �43-$�` F�*�, �&'�% - ��  *�  .�� �5�% �'�  $3��*� *�  
������ D��$�� �*.�/� ��  $3��*��% ���� �-�  *�  �"�?$� ��$"/ �5    �� z]"4� *"�� �"'�

6��W< �5�% ���� ����� ��$�� n��� F�*�, 6s��� - ��$�� F�*�,  	"1l� F�*�, #�� �$�� D�'�
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6��� ��>-��*�< �3�>*� �� *� - �<� .���
� ��>-�$3l ���4�  *��&'�% ��$ *�  8"<�� -

�� �*3�� 82� ��*343 F�*�, ���<��% 8I<  $KL� �� �� - �&'�%   �*".�/�  *"N��   �"�*4<
�� �� ��' �+� ���<�1404 �'� �3�t% ����.  �� ���-*I� �*.�/� ��' �� 6-]� ��  �*�"+3` 

�*.�/� 8<�����<*�*' - �*3�� :*9< �1�  �-q�< 6� �3�t%     �*".�/�  *"������ �� �"�� .�"'�
   "' -  {�">���% D8"<�� ����*3< �� �'� �q C��% - �3>�% �3N3� *I%�� D���-*I���*�$  �<*"
<�

    #4"=  $3��*"� D�<*"
<� ��*�$' -  {�>���% D8<�� �*W<� $� $KL� !���� �� ��� - �'�
  .�'� �*� :*;<�  

�� �*+< ���� �� ��� �� 6*;�` �*'  *���+� ���� *� 01�2� ��$'  *"�  �*3"
� 
@-*N�� �� 6�$��<�. #�� |$< *� 	
X $� z*?$, @-*N�� ��  @-*"N% ��  F�*"��  D�"&3W� 

��*�$' �*W<�#? - *� �-q*� !�*/ M3=�% D�
3<   �� 8"<�� ���$% !w�  $a�� !���� ��1�
6��� !3m� �&'�% - �� ZIB%�<�. �3>�% ���I� U� �&�, �� �&�*% $��*I� 6�*�<*� -  M)"' 

�� @�*�� #�� �� �'� @�*�� 7'����<��% �� Z�$�  $3��*� :*;<� #4=  .�"�*� 8���?� �*�
 $3��*� :*;<� #4=�� �*;�� �Ww� �5�*m �*Kq �*�    �"� �"3>�% �"� �"� $;�� �� ���  ��"

), 1988& Scheinkman Boldrin.(    
     ��&�",  *���"+� ��  ��"&�� @*"&>*)�  $3��*� ��B�� #342% -  $3��*� ��3�� ��

��?$� :*;<�    �?$", �"9X]� *"�  $3��*"� ��B�� #342% *�� D�'�   *".�/� �� DV*"3I�  *"� �
      �"�m��$` �q �"� Z"3IB% #"�� �"� �'� ����< �$��-� ��$�� ��*343 F�*�, - �N< �� ��
��-

6�.�'� �  $3��*� ��B�� ��*���� $=*X �&>*)� J�� ��>   �"� �W"
< ��*K ����*� T$? *
V*3I� ��    ��"��q ��"� �� V*"3I� �� �W
< ��*K ����*� T$? ����� ��9�� #��  �$� D�*�

*�34�� �� k` - �      F�*�", ��  $3��*"� Z"IB% DV*"3I� �"� �W
< ��*K ����*� ��5- �� �
#�� .�?$� ��$/ �'�$� ���� ��$�� ��*343 �>*I� �� @��, $�� ���<*��*' 6�:�'�   �"&�

�� ���I� �� �4
/ �<*W� :-�  $9< - ��3+3` :�' �4
/ �� D8�-s` �� x�.m  �"��q$? 
 $3��*� �� ��� �>*45� �*3�  ����$�. �� :�*�� 82� �� �?$&� ���6   Z"3IB% E-� - *"� - 

�� �� �;�` 82�     �"� �"�m��$` �"a>� #3"42% - 8�-s` ��� D*�$3H�� �?$&�   k}"' .��" 

�� �3< Z3IB% �+ �4
/ �3,�% - Y�*�< $3
N% D~B���'*3'  *� Z3IB%   �"�?*� x*".�m�
�'�.  
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2. ���. �.�/� 

6���` ��B�� ��  $3��*� @*3��� ����� 7'�%  ) �"���Wright,1936  �*"' �� (1936  E���"� 
�3>�% ��.B� �� $��$�-� *� �� ��� �q $� �>A�  - @���*+� .�    �*"� ��*"' D6�

�� 8�*� ��.B� �X�- $� �3>�%  �$� :�A.��*� �*���
��< 01�2� �� ��B��   *"�  $3��*�
:*< *�  $"a��  �"�<*�  �"�B�� ) �?$"+3`development curveD(  �"�B��  "W��) ��improvement 

curve- ( ��B�� ) ��$;%Experrience curve( 6�*� ������ )Yelle, 1979(    �"�B�� 6�"�� ��"> .
�� ��$;% @���*+� ��  $3��*�6��q �'�      $"��$� -� *"� D0"1�2� F�*�", �� �"����)� �'�

 ����� 8�*� D�4��$% �3>�% ��6� 6��*+�) �'�Trappey at el, 2016( #4"=  $3��*� . 
  .�"'�  �*.�/� �� �;3�< �� - A*� �3N3� *� �3>�% 8���?� $� $KL� !���� �� ��� �*� :*;<�

��5 �B3=�% ����� �� �*� :*;<� #4=  $3��*�     {�">���%  �"3>�% !3"
<*�` ZIB%   *"�
�� ����� ���5#? �&'�% #��$�*�� D�� �-q    E]"% Y�*"�< �"�<*�  �"3>�% ���5  *�  *"� 

R&D � 6�*N�'� -�q �        �"� ��"��� �� zA*"4�X� ��"5��  *"�A*� *"� �"��5  *�A*� �3>�% �� *�
�� $;�� �*� :*;<� #4= F�$'  $3��*�) .��Young, 1991  .(  

 ��*�$"' �*W<� �5�*m $K� D�*� :*;<� #4=  $3��*� �<�I�&� �*<���*.�/� �m$�  �<*"
<�
 -$3< �$��*� ��$? ��.B� -%  *����q$? �� ��*�$' - �*�     �"� $";�� �"� �"'� ���5 �3>�

��*�$' �&'�%�� - �<*
<�6$�� 8���?� �;3�<��  �- ) V*"��% - ��%�� ��<*� ��Dutton & 

Thomas, 1984V*��> D( )Lucas, 1988،( )�<*�1991$�+3� ��> .(  *���� ��B��   $3��*"� �� 
Z�$� 8�*� ����� *� D�*�  -$3<   6$"�� 8���"?� �- -  8���"?�  �"�  !",*X  �"�  .��"

    ��*�$"' - �"���3? ��*�$"' D �*".�/� �� ���' �$��-�    �"� �"� !"�*� �� �<*"
<�  �"<��
��� �� ��3>*X�� �� @����1� 8<�� D$�-� �� ����� U� 6�*�< �� �3>�%   6�" T$"?  �"� 

6$�� �- ��*�< �� 8���?� ����� #4=  $3��*� - :*;<� �*� �?$,���5 �� ����� �� *"�  �"� 
�'� �� .���     �-q�"< �"3>*&? �"�� �*3
� F�*�� �� ��� �*� :*;<� #4=  $3��*� �;3�< ��

��) �*�fellner,1969.(  
��*�$'�� �<*
<� �*.�/� �� �*W<� �����  *�-$3< D����3? D8<�� @�*�� -    �"� �"��

 -$3<�*� 0�$&% ���
� ���� ���� �� �� 6$�� 8���?� �-  -$3<�*�  U"4�  �"�  �"� .�"�� 
@�*W� ��*�$' $a�� D�<*
<� �3N3� �� !l* ��$��*� �3>*&? *� ��  �3>�% �� �*+<  .�"��
�&'�% ��*�$'�<*
<� z*%�4� �� �' FW�� ��&� D�����  E��"�q  �4"'� -   $3��*"�  #4"= 
:*;<� �*� �� !,*X�&'�% .�� ��*�$'�<*
<� �*< �� �*4� D $3��*� �$��*� Z1m 6��� *"� 
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�� ��� �� $�-� ���� �� $� -� FW�� �� ����*` �� @����1� ) ���
�Mao, 2012 E��"�q .( 
���m #4= -  $3��*� :*;<� #4=  D�*"�   *"� 6�$"4�  @]3".B%     !3�"+% �"�� $",*�� ��

��*�$'�<*
<� ���� $�*v A*� |$< *� �3>*&?  ����� ��  $3��*� @�$K� zA�4&� .��*�  - ��"
�� ��� k}'>*&?  A*� (�)' �� - ��        �?*"� @�*"�� �� !"���� :*"4% �"�/- �"�&� �"3

�� �312%  $3��*� @�$K� �<� �����m$�    �"� J*", - �"I?�  $3��*"� ��B�� - ��  .��"
)Lucas, 1988(.  

 DF�*�, ��  $3��*� ZIB% *� �*�� �� ��      *"�  *"�A*� - �"?$&� A*"� �"3N3� *�  *�A*�
�� ��*m 6�� �� #3�*` �3N3��-$� ��? $33H% .����     Z"W�) ���"�*` �"�  *���%�� �� ���

��� ) �>�"'  *�Solow,1956D(  ) �"<��*��Diamound,1965D(  ) !"Shell,1967   $3��*"� - (
) �Ww� �5�*m $K� ����� �� �q �� �� �*� :*;<� #4=positive externalities �"� �*� (  ��"

��� ZW�) �'� �� $a�� ��%�� �3<  -���  *"�)Arrow,1962(  $"�-� D)Romer,1986,1988.(( 
�*W<� #3��4� �� 8<��  $3��*� Z�$�    �"*< - �"3>�% �� ��$;% �;3�< �� �*� :*;<� #4=
�""�  $3��*""� �� �""�� �""���m 6�$""4� �""� �""3>�% �""��q$? �� �""�Ww� �5�*""m �*""Kq D�""*�

)Stokey,1988  .(  
     :��" �"� Z"IB� Z"�$� �' ��  $3��*�  $9< �W�5 ��1   �"3>�% �� �"�$;% .2��- . @��

��*�$'  A*�  �3����< F�*�, �� ��*4X .    
 �'� M3=�% �� :�A �3>�% �� ��$;% ���� ���<*����$�% ��3&�  �3>�% �3>*&? ��  �"� -

�� D�� �3>�% �� ��$;% - @�*�� 	
� �� $;��  �"3N3� - A*� ��$' *� A*� �;3�< �� ��
 - A*� ����m �3>�% $�4� �����*� �� z*X]),� �� �  - �"'� :�'�� �*� :*;<� #4=  $3��

6$��  *I%�� 	5���� �3>�% 8���?� -  �-     zA�"4&� �"� �"�? @�$"33H% - 8<�� 	
� .��
�� 6�3�*<  $3��*�      .�" �"���m �*"�� �"� �� �"3>�% �$�14� ��W�� ~�*� D��   ��"e% ��

�-��) -���  ��1962  6�-� #3"� @�$"33H%  *�W� 8<�� �� $33H% ( #3"� -  �   F"���% �� �"114>�
�� 6�3�*<  $3��*� zA�4&� �� �'�  �3� 8<�� 	
� - �'� �3>�%   �"� �"�? @�$33H% .��

�*�� - F3'-  $3��*� ���q$? ������� 0�$&% $�    �$"�14� ��"W�� 6�"��` �*4�z *I3/� �� ��
����$� �� �� �*�� ��� ���� �*3� -�� . ����� ��? @�$33H% ����- ��$;% �� �<��%   .�"*� ��"


�*+< �� �'�  �*.�/�  $3H�� o*2�<� �1e
� #3>-�    �"4��$% �"3>�% ��"��� .�*� ��$;% 6����
�� �*��+3` ��$;%  �$� �.m* ����� ����*=� *�� ���4< 82� �"*�     |$"< $"�� ��"�

      �>�*"&% �*"�?� �"� ��*3�"'� �";3�< �� �'� ��*K  $3��*� �$B� *� 6�3a<� D�*� ��*K �3>�%



122   ���� �	
��  �
�����  �
���
� ��� �	
�� ������
� �
 1399  

;���%��*�$' �q  *5 �� -��� #��$�*�� .��� ����m �  �"4��$% �>*m*<  ����   ���"�� �"� ��
 ��$;% �� �.m*�� $9< �� �$3�)Arrow,1962.(  

��*�$'  *�A*� @����-  $3��*� $a�� FW���� �'�  �   ��*�$"'  A*"� �-�- *� �����  �
��*�$' 8���?� -   �"31I% �"� C-$" �1m�� �*������3>�% D ����  �"}� -  ��  ���$"�  �-*"�? 

�� �5�*m����. �� �3>�% #3�*` ����� - A*� �3N3� *� A*� �;3�< ��  �"� �� �"�N�  �"� ��" 
   D�"3>�% C�"�% �� $;�� - �'� 8<�� ���$' $K� �� �'� 6�*�?� y*N%� �*� :*;<� #4=  $3��*�

   �"���m  �*".�/� �� - @���*,  �")Ambler and etc,1988.(   6$"�� F?*"��  �� �"*<  �-
��$ �� *��% �< D�*� :*;<� #4=  $3��*��� �3>�% �� ��*� �"� 6��� ����    �"� �"�1� D��"

   ��$" �� ���$"' @�$"K� - �Ww� �5�*m �*Kq �1�      - 6�$"� ���- �� A*"� �"� $"a��  *"�
�� �}� �� �%����-  �-*�?�� 6��� �3< ���� �*"+< *3'q y$  *��*.�/� �'�$� .��   6�"���

� #��      ��*�$"'  *"�A*� @����- *"� ��"+� D �*";% ���"� �*� 7��$ �� �� �'�����  �  $"%
�� 	
� �&?*����*�$' 8���?� ~�*� �� ���   �"3>�% D ���"�      $3��*"� - $��*"� $"� �<�$"'

�� �*� :*;<� #4=�� )Goh and Olivier, 2002(    A*"� �"3>�% ��  ��+� $�� �I3IX �� .
  $3��*� ����*3< �� �?$.��� D���� �W
< ���� D�'� #3�*`   ���q @�*";% 7��$" �� �<��%

��*�$'  *�A*� @����- *�     $�"+3� ��*�$"'  �*";% ���� ��
� 7��$ *� �
�*I� �� �����  �
   :*";<� #4"=  $3��*� �;3�< �� - $��*� $� �<�$' �3>�% D��*�$' �*W<� #�� �� ��� �*W<�

�� 8���?� �� �*�$K� $�*m �� - ���         �"*W<� $3Kt"% D�*"� :*";<� #4"=  $3��*"� *"� !�*I��
 �-*�? �� ��$��*� #3��4� .�'� �4f�� �� $� ��*�$' �"� 6�*N�'� ���5  *�   �*"� - �"���

���<� $%q�*� �<$3�)Ambler and etc,1988(.  
6��4< �*3� �&>*)�  ���&%  �"� �<�       �"3>�% �� �"�*4X �"�5 D����"< F�*�", ��  $3��*"�

 �1m���� y*N%��34�' - �?$&% �*4�� *� �;3�< �� .��?�     #"�� @����- �� F�*�", #"�� ��  �"��
��  $3��15 ��*m �� *�A*� C�<     �"1m�� �"3>�% D�*"� :*";<� #4=  $3��*� C�/- *� *% ����
  #3"� �"�*/� ���% - �W
< ����     ����*"� .�"�� 	"
� �� !"14>�)Bardan,1970(    @�$"K� ��"���

 :*;<� #4=  $3��*�   �*"3� �"� ��� �*��+3` ����< F�*�, �4��/ �3=$? �35�% ��9�� �� �� �*�
 �?$", �'� #�4� D��+� U� �� k3'*% 6�*% F�*�, D��� ��     *"� �"
�*I� �� V*"3I�  *"�

����< ��m �5�*m  *W/�      !"�*I� �� �"��5 F�*�", �� �"'� 0"v�� �>-� #��$�*�� .��*�
��*/�#3�  *�� �1m��  *����*� �� �114>�      #4��$"� .�"�� �"�*4X 6$"3l - �34�"' D�?$&% *

)Krugman, 1987( �� �A��'�       $3��*"� !�*" �"��5 �%���*",  *"�A*� �3>�% $�� �� ���
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      �$"� (...- �34�"' - �"?$&% �*"4�� *�) �&�, U� �� �/�� ��*4X D�*� �*� :*;<� #4=
    ��"� �"���m �?*"� �"4f�� ��*/� �� ��*3�'� )Leahy& Neary,1999.(  "5-   �&�", U"� ��

       6�" ($")� ����"< F�*�", ~"B� :*"< �� 	1l� �� �� �>-� �1m���  $9<  *�W� 6�<$3��*�
6�$� ���$?   $"�4� 6�"<$3��*� �&�, U� ���*/� �*������3>�% �� �
��� $�� #��  *�W� .�'�

�� �3>�% ��*4�5� ��3�� �3>�% �� ����)Yokota, 2007(  .  
�� @*3��� �*.�/� D��&�, �*W%�� 3�# ���I� �3>�% %�4��$ - �����    �� �"� �)"'���  *"�

�� J$, ��.B� ���3� �q �3>�%  �$� �*�� ��     �*"3�  $3��*"� �"�B�� ���"�� �B% ��
��  D@�*"�� x*2"� �q �� �� �'�  ���q$?  $3��*� .��     �"� �� :�A ��*"<��% - 8"<��

�'�  ��  $3��*� 6���` ��$;% 	
� *� - �<�-q|� ����� .   $�"+3� ��$;% ��$� #��$�*��
�� 	
��� ��W�� $��*� �$�14� ��     8�*"� �"X�- $"� �"3>�%  �$"� �*3< ���� �*�� D��*� 

�� ��*�6$�� #��$�*�� -�� 8���?�  $3��*� $3Kt% �;3�< �� - ��$��*�  �-   �"1� ��"� �� .��*�
 ��B�� $3��*� �*+< 6����'�%  ��$�% !4� :*;<� $K� �� ����� 8�*� -$3< 7  �"'� �*"� 

)Anzanello& Fogliatto, 2012.(    6�$"4� �*"�� �� �� 7'��� ����� 8�*�  $3��*� �� ��9��
 �"� ��  $3��*� .�'� �4��$% �3>�% 8���?� *�      �q 	3" -  $3��*"� �"�B�� Z"�$� �� ���"%

�4< �-�B� �<*
<�  -$3< �� z*?$,  $3��*� .�$� �'�$�$� �� �3>�% 8���?� *� ��1� ��  Z"�
#3*� �� D$%A*�  �-*�? *� @��3�;% �� 6�*N�'��� $�*v �3< @��3�;% - @Aq  .��"   !"3>� �"�

�� 8�*� �*�� �� �X�- ����� D $3��*� ZIB%    D��".B� �"43/ 8�*"� *� - ��*�  �"���
�� 8���?� F�*�, ���*/��� .��*� ����� :�A �m$� �'� C��<� :$? *� �&W%    $3��*"� �"�B�� 

�?$&� ��� .��   �"� �3"
I% �?�*".% - �&)/ 6-$�-� ��  $3��*�  *�  ��"� - ��"   *"�
��� !�* �&)/�� 6$3H�� ��� - 6$3H�� U%  *� ��"� �� ��� ���� ��� .�*�   U"%  *"�

�� 6$3H���� M�$+% ���� ��� �� 6� �*;��  *���W�� - @�$33H% ����� �� �� �*�:�� 

�� ��� ����*a> �)m �� $�+3�  �$� �&>*)� $�� 82� *� 	'*�� ��&�,  �"'� -  #3">-� 

�*� 7'�% ���� �?$&� D� �)��� #3� ����� 7'��� - �3>�% �� �4��$% :$? �&W%  $"��  M�$".% 

��:��    
Cx	 = 	C1�� )1(                                                                                       

C�  �3>�%  �$� 7'��� �����x ��.B� �X�- DC	  D��".B� �X�- #3>-� �3>�% ����� x 
 (��$;%) �4��$% �3>�% -		b  �"� �*"+< ��  $3��*� ��B�� 	3 *� $��*�  $3��*� |$<  .�"��
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 �)��� #�� ��b       .�"'� $�"+3�  $3��*"� @�" �"*� $����� ��$� - �'� �N��) Badiru, 

1992(  

@*&>*)� :*;<� 6� �� �
'�� �+�-s` ���N��'�  $";��  �"�  �%*X]",� ��  ��"�   ����*"a>
 ���N��'� ��� ��*'*� - ���� �)m	� :�'� 6� $�� �&W% :$? *�  

Cx	 = 	C1�� + ���                                                                                                      )2(  

�� ������ $����*` B ���3� ��$;% �1W/ ��$��*� �� �*+< �� - �����  �"<��%  ���"I�  #3"� 

*% $N, 6� �� �*3�m� #�� .��� ���  �$��*�  ����  #"��  �"�s�-  �"'�  �"�    *"� �"�$;%  �"1W/ 

��$��*� �� C-$ ����$?  $3��*� �� �� �a>� ���- 6��4<  .�'�)Asher, 1956( .��  �'  D$"a�� 

�<*;�� )Dejong, 1957( *� 6�*N�'� �� U�  F�*"%  �<��"%  @�$"K�  #3"*�@Aq ��  �"3< ��  �"���$? 

 $3��*� ���- ��� #�� .��4< �� �+2� �� �3>*&? 7'�%  -$3< �*"� -   $"a�� �"+2�  7"'�% 

#3*�@Aq :*;<� ����  ���� :$? �&W% $�� ��.�*�  
Cx	 = 	C1�� + �1 − �����			                                                                                   )3(  

C�  �3>�% �����x ��.B� �X�- #3�� DC	     D��".B� �"X�- #3">-� �3>�% �����x   �"3>�%
 - (��$;%) �4��$% b -  $3��*� |$<M $a<*3� �W
< 6�*�<  -$3<�*�  �"�  #3"*�@Aq  6��"�  -

�1�*� �'� �� ���3� �*� :*;<�6� 7'�% #3*�@Aq �� �*+<  �"� .�"��   �"�/-M=0    �"'�
#3*� �3� ��&� �� �%Aq  �4���*"a> �)m  $3��*� ��B�� �� ���  - �'� 6�+< ���- �3>�%

�� !��W%��/- .��1M=       $3��*"� - 6�" :*";<� @Aq #3"*� 7'�% �3>�% !� ��&� �'�
�4< y*N%�.��?�  

��B�� ����� �� s      - �"<*5  �  $3��*"�  *"� �"�B�� �� �W3�$% �� D $3��*� !�B 
�*� 7'�% �'� ���N��'� )Carr, 1946 (6�� V*'� $� �� � �?$&�:�'� �;���%  ���<�  

Cx	 = 	C1�� + �1 − ���� + ����                                                                           )4(  
 F�*% #�� ��M -  $3��*� ���q$? �� @Aq #3*� p�N<B      �*"+< �� ��$��*"� �"1W/ ��$;%

��  .���  
��B��  $3��*� DM)
� ��� $a�� �� ��� *� �34&%��?*� ��� ���� �� :$? $�� �'�:     

Cx	 = C1 + 	C1��                                                                                        (5) 

�*4�  ��� �� �2+� �'� �� #�� ��� 6-]� $�  *�$3H�� ���  �"���  �"145  �"�*K C 
�� ��9�� �*+< ���� �3&=-  *�
�� �$�14� ��$��*� �� �a>� �?*=� 6� .�"'� ��  #"��  �"a>� 

k` �� :*4%� ����$?  $3��*� - *� �<*�� �� ���-�B� #3*�@Aq F<*� ��W�� �$�14�  ��$��*"� 
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��D ��$��*� �� �3&=- *�
�� ��$/ ��#��$�*�� .�<$3� �� #�� �1X$� �� �&�  �"�B��   $3��*"� 

�� !� �)m �I?� ���� )Baloff, 1971 .(�*�* $�p �'� �� $w�� @*&>*)� ��$;%  $�"+3� �� 

F���% D�<��% �� !3>� @��/ M3=�% ������ A*� �� 6���<� $3� |$< D $3��*� 6�*N�'� ��.��  
  

3. ��1�2�   ����� 

     @��", �%*"&>*)� ��"+� �� ��*"m - !m�� �� �q $� ����$3Kt% !���� -  $3��*� ��3�� ��
��?$�) *?���+>� ��<*� @*&>*)� �m$� :�'�Elshurafa, 2018) k3��-��<*` - V*<*` - (Panas 

& Pantouvakis, 2017   �"� 0"1�2�  *"� 82���  $3��*� ��B�� ��-q$� �� (  .����$"`  $"�3%
)Teignier, 2013) k}�*�?*? - (Fafchamps & etc, 2002  6$"�� �"� (   �5�*"m �*"Kq ��  �-

�� �� ��<�� �� �*� :*;<� #4=  $3��*�    #3"� @�*";% �&"'�% �"� �<��%    .��" $";�� !"14>�
 *%����)Yokota, 2007( �� �*3�    �"� �"'�  �*";% �'*3' U� ����< F�*�, �� ��*4X D���

���*, �&'�% -  $3��*� �� $;���>*I� #�� ��  ���&% .� ����m @     6�*"� �"��< #"�� $"� *�
  ) ���"
�  �*".�/� ��  *���%�� DC�$�m� - �*� :*;<� #4=  $3��*� �� �<���Nakajima, 

2003) ��<*� �m$� .()Young, 1991(  �"*W<� �5�*m $K� D�*� :*;<� #4=  $3��*� �<�I�&� (
6$�� 8���?� �� $;�� �� �'� �<*
<� ��*�$'��  �-  .��  

) *?���+>�Elshurafa, 2018 D(     ��*"&% ��"
3'  $3��*"� �"�B�� ��-q$� �� ��m �&>*)� ��
 �� 83�  �$�  �3��m20 �� ��+�     $3��*"� �"�B�� �*"� #3>-�  �$� D�>*I� #�� �� .����$`

����� ��*&% ��
3'U3f*�>-��?  � �� 83�  �$� D*�20    6�$�"
� �"��4;� Z"�$� �� ��+�  �
�� 6����� 6�� #342% *�     �$"� ��  $3��*"� 	�$"= D�<*�5  $3��*� ��B�� @*W'*B� .��

 �>�*&% ��
3'89٪ �� �f���  �?$"+3` |$< *� �� D���11٪    *"� �"
�*I� ��20٪    �"<�4<  �$"�
 .���� �I�*)� $9< ����) k3��-��<*` - V*<*`Panas & Pantouvakis, 2017 D(   ��"m �">*I� ��

*��$�*� ����� *�6$�� #342% ��5  $3��*� ��B��     �"� �*"3� �"<�$4�  �-   @�*"�� D�"��
6$�� �� ��� 6���� #33&% !���� �� ��� �*�  -$3<    �� �"&>*)� #"�� �� .�"'� �*�  -$3<  �-

   �"� �"'� #�� 6���� �*3� Y�*�< - 6� 6�*N�'�  $3��*� ��B�� �&>*)�  �$� �3I�
� 7m ���
3< @�*�� 	�$= #3� �3I�
� �)�����B�� - �*�  -$.���� ��5-  $3��*�  *�  

 $�3%)Teignier, 2013D( �� @�$K� ��m �&>*)� ��*?� �'*3' *� 01�2�  �*;% ��  U"� 
73B� *� -� 82� - �*Kq �5�*m  $3��*� #4= :*;<� �*�  �"'�$� ��  6�$"� �"'�.  �"�� �� 
82�*�  ���� �� 6$�� �- �� �1� �*Kq  �5�*"m   $3��*"�   :*";<� #4"=  �*"�  D�"'� �� 
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�>*X �� 82�  ���� $a��  {�>���% �3>�% ��*K Y�*�< .�'�  ��� �*+< �� �"��  �"�  $"�� 
��+� $3I? �W
< �� U�$  �*;% ��m �� 6���<� �?*� U��� �*� - �5�*m�*Kq  83"� �� 

�X n��� @�*;% D�*W< #3�!14>� z*B�$, 6*?� �q �� 8���?� ����� - �?$&%  �"�3�� @����- 
$N, �'�.		�� J$� $a�� $�� �5�*m �*Kq �� 6���<� �?*� n���  �"*�  6*"?�  ��"+�  8���"?� 
��.��*�    

�f*� )Mao, 2012(D ���  $3��*� :*;<� #4= �*� 7'�% #��>�  �"<*� )1991 (��  �&"'�% 
��D��� �� �� -� 6*���� ��  $3��*�  $3��*�  :*";<� #4=  �*"� -  ���$"'  8"<�� �� ��  $"� 

�&�, �� $9< ��?$��'�.		#�� ���   �$� �'�$� @�$K�  *��`  $3��*� #4= :*;<�  �*"� �� 
$� -� �>*X @�*;% ���q - #3� ���*%q -� ��+� ����  6�*N�"'�  ��$"/  �"� �$"3�.		 �"�?*�   *"�

�� �*3� Z3IB% $3��*� D��� #4= :*;<� �*� FW�� �� ����*` �� @����1� �� D�'�  $"� -� 
7��$ ���*%q - @�*;% ���q 8���?� |$< �� �3&45 *� |$<  k"` D���"<�  �"�  |$"<  �"� 
�3>�% �>*m*< �1� �&/�- �<�$' - �?$+3` �� ��? �� ��  �"�1� @�"�  8���"?�  �"� D�"�� �� 

�
�*I� *� 7��$  ���*"%q  �"B%  @�*";% D���q LDC  *"� )Less Developed Countries(  |$"< 
�� $�4� �� �3>�% - �<�$' �?$+3` ��3��% $%��� �� ��$;% ��.����  

 ��]�) Clarke, 2008(�� D 8�-s` ��m *� 6$��  $3� ��  U"�   D �*�m*"' ��"�  �"�B�� 

 $3��*� �� V*'�$� 6���  *� ��&�, �f��� 6� U<*� 7'�%  �%*"�]�� NBER  ��*"����  6�$"� 

.�'� �� #�� 8�-s` J]m$� @*&>*)� #3+3` ��  *5  6�*N�"'� ��  F�*"%  D�"3>�% ��  U"�  ��"� 

 �*�m*' - �� ��-q$� 7��$ �W%$� �-� 6�*N�'� 6�.�'� Y�*�< #�� �&>*)�  ��*"X ��  �"'� �q 

�� ��*��` *� ���  �*�m*' *��%  �$� F�*�, 8<�� �3��=�� ��B� ����  .�"'�  D#��$�*"�� 

6$��  $3� ��  *���� ��B��  $3��*�  *�  �$� :*4% -$� 6 *� ��&�, �*��� $��` .�
3<  
 *%����)Yokota, 2007( D-� ���  $3��*� �� Z�$� �� @���*, �� �&'�% - �"��  �"I)�� 

 �$� U� �'*3'  �*;% �f��� ��F�*�, �� ��� �1m��  ����"< ��  �"�*4X  �"� �"�� -  �*"+< 
����� �� U�  s%�$�'� $;�� �� D@���*,  �$�  *���+� �� �*X �&"'�%  �"� �"<��%  |$"< 

o�1)� �<��*� �� 8�*� ���. �-�� �>*m�  D�">-�  F�*�",  ����"<  �"�  !"3>�  p�"N<   *"�A*� 
�5�*m ���*< ����m   .�  

 $'*�)Yasar, 2007(D U� #342%�� �43< $����*`  �$�  ��"��q  �3"=$?   $3��*"�  #4"= 
@���*, �� 6�*N�'�#33&% - ��� ����� �� *�q  $3��*� #4= :*;<�  @���*", �� -�  8"2� 
 �3>�% �3�$% ��&� ���*` - �*�` - F�*�, -���m - @*&)/ ���+�     Y�*"�< ��"< *"� �"'� 
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�� �*+<��� �� ��  �*�q �*B> @�$K�  $3��*�  @���*", #4=  �"�  ��"�  !"�*/  ��5�"%  ��
���*` �&�, - �*�` $�+3� �� -���m �&�, - @*&)/   �"3�*� .�'�  �*3"
�  �"�$4�� - 

��*�$'�-�<� �&�, -���m - !3>� @*&)/ �1,�   ���"�$K�  $"�4�   $3��*"�  #4"=  :*";<� 
@���*, �� #�� 82� �'�.  

 �*�-�)Ohashi,2004( D�� !31B% @�$K�  $3��*� - 8I< �<��*� @���*, $�  �"�  �&�", 

#`�{ �3�3��>q �� �*' *� 1960 -1950 ��m��$` �� .�"'�  ��"�  -  �"<��*�  @���*",  ���"�� 

8���?� ����� ��*/� $��` �� ��uX @�$K�  $3��*� �'� .Y�*�< 8�-s`  - |$<   $3��*"� 

 A*� 20 %- �&'�% 8<�� ���<� �� �� #�� �&�, �*+< ��.���  #3"��4�  Y�*"�<  �3W"  �*"' 
��� ��L� �q �'� �� �'*3' �<��*� D@���*, $3Kt%  �3�*< $� �� #�� �&�, ����.  

 �<�-*� - �<*�)Mani & Hwang, 2004(�� D U� ���  $3��*�  #4"=  :*";<�  �*"�  $3Kt"% 
F���% ��q�� �� U� ��+� $�4� �&'�%��?*� ��  $"�   *"��a>�  D�q  �*";%  Z"�$� ��  $3Kt"% �� 

 *=*I%  *��a>� ���*� �1m�� �'�$� �����. �� U�  ��"�   $3��*"�  #4"=  :*";<�  �*"�  *"� 
@*B35$% D�*
4�$3l �*���
��< �*+< ������ �� ����a�*5 @����- �B%   $��$�*"<  D�"� 

E���q ��$4��  $�+3� �*;�� ����� - !3
<*�`  �*;% �� �� ���  $%$K�� 8���?� �� �"��. 
��� 83`  �"� �"�3� �"��  �"�   *���"+�  $"�4�  �&"'�%  �"�?*�  ����   $��$�*"<  DA*"�  zA*"4�X� 

�*�������*,  *�A*� �-�� @�*�� *� *� @�*�� �� �/*� ��<*4� �� ��3>*X   *���"+�  $"�4� 
�&'�% ��?*�  ����  $��$�*< �� A*4�X�  $�"+3� ��   �"<*m�*� @��"3>�% �  6�*"' -  $"%�$? �� �q 

�� ��D���� 83` #�� ����3� *�  *��a>� @�*;%    *���"+� �<*"�5  $"�4�  �&"'�%  �"�?*� 

�*��*' �'�.    
 *435*�*<)Nakajima, 2003(�'�$� D ����� �<*����  $3��*� #4= :*;<�  �*"� -  C�$"�m� 

 *���%�� ��  �*.�/� - ���
� *���+� �� Z�$� @�*;% #3�!14>� *�  $a��"�� ��  !"�*&% 
�<�a� ���
� F���% ��q�� �<*�5 �� �� �*�� �� ����� . �"�?*�  *"�  �1",�  �"�%�*W� �� :

J$�$���$� 	I����<*� �*���$��` D�'� �� ��� �'  ��+�  ��*"��`  *"�  �*"I�<�  �*3"
� 
��l$% �� ��� -� ��+� �'�. ��6s�- J$�$���$� 	I����<*� #�4� �'� �� ���<  y*"N%� 

#�4� D��?*3� �'� �� �1X$� �-� ��+� *� ��q�� 7'��� �� F�$' ������ D�*�  �"�3>*X 
J*� *� #�$%��4%-$K ��+� �� $` ����� *�� @-*N% ��q�� �� *� #�$%$3I?  *���"+�  8���"?� 

��� - k}' �� �1X$� D:-� #�$%$3I? ��+� �15 ���<� ��&� 	I����<*� �� J$�$�  �"� -

���.  
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) �<*�)Young, 1991.(*� D( 6�*N�'� �� U� ��� �� �-����  �"� �� �q   $3��*"�  #4"= 
�*� :*;<� ���$' �� 8<�� #3� @A�.B� �*+< �� @�$"K� D���  *"��`  @�*";%  #3"� !"14>� �� 

���� �'�$� ��$/ �����. �� �*+< Y�*�<�� ��� ��  @�*";% ���q   *���"+�  $"�4�  �&"'�% 
|$< �� ��?*� *� �?$+3` ��? $�4� - �� GDP $�4� *� $��$�  *"�  7��$"   6$"�� ���*"%q �"�� 

���
�. �� #��-� 	
X$� �?$+3` ��? - ��  *���+� $�4� �&'�% ��?*� �*�� *�   *"��` 
@�*;% -  *���+� �&'�% ��?*�  *���'  *��` @�*;% �� ��$;% �����.    

�3?)�W3WX - ��`1395�)m ��� -� Z3N1% *� D( �4���*a>    V]"��� �*"� ����� F�*% -
 7'�% 6� �f��� 0�$&% �3< -OECD �IW� ��     D {�">���% (�)"' 	"
X $"� F�*�,  ���

      ��$"/ �"'�$� ���"� ��$"��  �"3>�% F�*�, ��  $3��*� $� ��  {�>���% 01�2� (�)' $3Kt%
6����*+< 8�-s` #�� Y�*�< .�<��*3� 6�-� �� ��$�� �� �'� #�� 6���� @��   �"'�$� ���"�

�?$, �� �W
< *�� D6��� |�  $3��*� 6���` F�*�, $w�� ��     $3Kt"%  $3��*"� |$"< V*"3I�  *�
����� 8�*� $�  $�4����� *�   $"%$�  {�">���% *� F�*�, �� Z1&��  $3��*� #�$�+3� - �'�

  .�'�  
) �*� �����m - ���q �<���<1396      F�*�", �$"�14� $"� �q @�$"K� -  $3��*"� @� D(

��<*m�*6��� ��$/ ��*���� ����  $3��*� ��B�� �� 6�*N�'� *� �� ��$��  �    �� �">*I� #"�� �� .�"<�
6���  *�130  �4/� �*�� �� �*&? �&�,ISIC  �*"' �� ��$��   *"�1392 -1375   6�*N�"'�
6�  8"2� $"�� ��*4% ��  $3��*� ��B�� 	3 �� ���� �q $� �>A� 8�-s` Y�*�< .�'� -

�$�� �&�,  *�      �"3I� �"�<*4�  $3��*"� @�" $"K� #�� $� 6-]� .�'� �N�� �*9�<� Z�*)� �
��&� - �Ww�  �-q��' $� $KL�  *�$3H���'�$� .�'� ���   �"� �"'� �q ��L� �134�%  *�

      �� $%A*"�  $3��*"� ���"3� $"%$�  {�">���% �� 6�*N�'� !3>� �� A*� 6�-�?� E��� *� F�*�, ��
 �&�, 82� ��  $3��*� 7'���  .�'�  

*�  �-$� $� @*&>*)� :*;<� D6�  �'� �+�-s` *��% $=*X 8�-s`  #�?$"� $9< �� *� ��
�?$,���� ���5 ��*a<  $3��*� ��B�� ��� $� DV*3I�  *�   ��",�� 8�-s"` #�� .�'� 

@-*N�� ��*���� *� �'�  -*� 6�*N�'� 6��� �� *�  D�W3�$% �"�B��   $3��*"� ��    F�*�",  �$"�
 6�� #342% ��$�� ��*343- �� �'�$� �&�, #�� ��  $3��*� $K� ����$}�.    
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4 .#��� ����� 4(� ( ����5 ��! 

     �"131B%  �"a>� 	"'*�� E-� Z"3IB% J�"� - C�=�� �� �5�% *� 8�-s` #�� �� -  �"4�
6��� .�'� �<*�� 6�-� �� Z3IB% #�� �� 6�*N�'� ����  *�1394 -1390 q ��$� ��   ��$"�� �*"�

6� ��$2�'�  ��$� U<*� - .�'�  �"<*2�*�� @��", �� @*�]��  �-q�$� E-� �"�  � -

o- �� - �*�6*a�*` - *���*'6���  *�6� 6�*N�'� �3<  ��� .�'� #�� �&>*)�  $"3H��  ��"
��- 
 7'��� ����� - $3H��  6�<*�' E��� - �4��$% �3>�% !I�
���  .�"*�    *"� �4"'�  *"�$3H��

   �*"' �"�*K �43/ ��) ��&�,  A*� �43/ �m* �� 6�*N�'�1390  6�" �"&/�- (  �� .�"<�
  *��� @*�]�� ��  $3��*� ��� #342%ISIC    �� ��$"�� ��*343" F�*�, 82� �4/��*��

 �<*�� �1,*?1394 -1390 6� 6�*N�'� .�'� @*�]�� �� #3��4�7    ��$"�� ��*343" �&�,
6��� ���'� V$�'� �� �q  *�6� 6�*N�'�  $3��*� ��B�� #342% ��5 D    #"�� �"� �"'�

.�'� 6� �?$&� (�) �-�5 �� F�*�,  

))�?C1B !	"# ��� � �*��2 ��# ��	:(:/ I�	�J K*�<� :(  

K �J ?>  K �J �	�  

2412  @�� @*W3�$%- ��*343 ��� �3>�%  

2413  ����.� U3�'A �m*' - �3>-� !� �� ��3�']` ���� �3>�%  

2421  6��-q$? $�*' - �?q F?� :�4' �3>�% ��-*+� 6�*N�'� ���� ��*343  *�  

2422  �<*�� - ��*+�  *� 8�` - ]5 #l-�- �<� C��<� �3>�%  

2424  �*` ���� - ���*, �3>�%8���q :���>- *�$)�- �?*9<- ����� :���> - 6����  

2429  �  *5 �� 6�+<  ��� �IW� ��*343 @A�.X $�*' �3>�%$a�  

2430  ����.� J*3>� �3>�%  

1���� �	#L ->�# :IE�#  

) �-�5 ��26� �*3� �,]m ��� �� *�$3H�� �N3,�% �*�q (   6��� �-�"5 #"�� �� .�'�
6� E���� �*�� ��313� �� *���� �� �4��$% �3>�% �*w�  �$� .�'�   �W"'*B� �� $"3H�� #�$%

 #3� �'�$� ���� F�*�,  �$� D�'�  $3��*� $K� !/��X22564387   �&�", �� �*�� ��313�
6��-q$? $�*'- @*?q F?� :�4' �3>�%     �*"' ��)  ��-*"+� �� 6�*N�"'� ���"� ��*343  *�

1390 $w���X- (416000000000     �m*"' - ��3�"']` ���"� �3>�% �&�, �� �*�� ��313�
 �*' ��) ����.� U3�'A1394� z*�W
< @�$33H% D�*3&� J�$B<� .���� ��$/ (  �m*" #�� �*�
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 �"� �*+< !31B%- ���;% ���� 6�-�  �$� - �'�$� ���� F�*�, #3� ��   6�<*�"' E��� .�"��
 !/��X #3� �3<9470    6��-q$"? $�*"' - @*"?q F?� :�4' �3>�% �&�, �� �*�� ��313�   *"�

�*' ��)  ��-*+� �� 6�*N�'� ���� ��*3431390  $w���"X - (1901771    �&�", �� �*"��
 ���� �3>�% �*' ��) ����.� U3�'A �m*' - ��3�']`1393  .�'� $3H�� (  

) )�?C2()	�� 1�:�:# B2) B��2�� � $&��# G	��:N�# �O:J�� �	#L (  

�:N�# �	�  �:��	:#  �	: # P��Q��  $��?A  �R>�?A  

7'��� �����  000139/0  000145/0  000789/0  000754/0  

�4��$% �3>�%  8730000000  10900000000  22564387  41600000000  

6�<*�' E���  357596  599592  9470  1901771  

B��	� :IE�#S:&Q� G	�  

  

5 .789� :�	;� ( <!(=2 >$� ( �!��?@� ���A� 

       �� zA�"4&� ��$a"+�-s` - �*<���*".�/� �"��$� �*"3�  $"9< �<*W� �4
/ �� �� ��� �*4�
E-�:$? - �14�  *�   6���"<�  �$"� @-*"N�� �&W%  *�    $3��*"�  $"3�   �&�", 8"2� ��

�� 6�*N�'�E-� .�$� 6�*N�'�  $3��*� ��B�� �� ��*�  $3��*� @�$K� #342%  �$� .����   *"�
  �">*I� .�'� 7'��� ����� D $3��*� �1,� $.�� - ���� ��5-  $3��*� *� �*W%�� �� �N1�2�

  ���"<� �"� D�<��% ��3']��e< �3>�% F�*% -  $3��*� ��B�� :*l�� *� ���� E]% $=*X6   $"3�
   �"1� :$"? ��  $3��*� @� ���4< �4� ��5 .����$}� ��*343 �&�, ��  $3��*� @�
        �"� �"�$;% @*"&>*)� �� 6�" M�$".% �"']��� o*"� �<��% �3>�% F�*% -  $3��*� ��B��

�� 6�*N�'� $�� @��,:��  
�� = ����

����
����

�� )6                                                                         (  

 �3>�% F�*% #�� ��Q D6�*�' � D� -	�D      �)"'�- - �"3>-� ���"� D��*�$"' D�*"�  -$3< D �� 
 -  {�>���% �3&=-�		 D��  -��     6�*"�< �"� �W"
< �"3>�% 8+�  #3"��4� .�"'*� r    �"�

  .���� 6�*� V*3I� �� �W
< ����*� �� �'*� 8+� C�4;�  
 = 	�	 + �� + �� )7                                                                            (  

 $��r = 1	 �*�     $"�� .�"'� �"�*K V*3I� �� �W
< 6��*� r < 1      6�"��*� 6��*"� �"*�
 $�� - V*3I� �� �W
<# > 1        .���� ��"5- V*"3I� �"� �W"
< 6�"����? 6��*� �*�  ��"��� ��
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 ��&� ����� �>�*&�C = ∑P'x' D   F�*"% - 6�" !/��X V]��� o*� �3>�% F�*% �3/ �� �5�% *�
�� �'�� $�� V]��� o*� �����:��q  

c = ky
	
+, p	

.�
+, p�

.�
+, p�

.�
+,         )8(                                                           

/ = #��α	
��α�

��α�
.�� )9  (                                                                     

123 = 12/ +
	

4
125 +

��
4
126	 +

��
4
126� +

��
4
126�                                         )10(  

��� �� ����� 6�*N�'� zA�4&� ��  $3��*� ��B��  *�:�'� $�� @��.� ��  
7� = 7	��

8�9:; →=>	 127� = 127	 − ?12�� + @� )11       (                                

7� �*�� �� �3>�% �&/�- 7'��� ����� :t  
7	�3>�% C-$ �*�� �� �&/�- 7'��� ����� :  
���*�� *% �4��$% �3>�% ���I� : t  
?�X�- ����� 8+� : ( $3��*� ��B�� 	3)�4��$% �3>�% �� �W
<  
@��� �?�*.% �]m���5 :.�*�  

) �)��� �� 6�*N�'�  �*.�/� �35�% ����� ��11  �"� �*"3�  $3��*� ��B�� ����� �� (  .��"
) ����� F�*%10     - ���� �����"e% �"�*` D�"'� 6�" ��$2�'� V]��� o*� �3>�% F�*%�� �� (

  :�'� ��$/$� $�� �)���  
��
4
= 1 −

��
4
	−

��
4

                                                                                                       )12(  

) �)��� ����� ��12) �)��� �� �� (10  :�3�� �� #��a�*5 (  
lnc − lnp� = lnk +

	

+
lny +

.�
+
�lnp	 − lnp�� +

.�
+
�lnp� − lnp��               )13(  

lnc∗ = BE + BFlny + B	lnp	
∗ + B�lnp�

∗  )14(                                                 

) ��� ��14�� .�'� ��$/$� z]�*� �����e% ��*` (   �"���� F�*"% -  $3��*� ��B�� �3���m
  ) �")��� �� �"�&� D�3�� :*l�� �� V]��� o*�14  ) �")��� �"� (11     �"��< #"�� $"�p .�3"'$� (

�&'�% �� �'�  �-$=  -$3< @�*�� 	
� Z�$��� 8<�� �"� �*�    8���"?� 	"5�� �"<��%
6$�� -$3< ���3� �� 8�*� -  �-      #��$�*"�� .��" ��".B� �"X�- $"� �3>�%  �$� :�A �*�

       �"3>�% $"3H�� *"� D�"'� 8"<�� 6$"3mp 8���?� - �&'�% ���3� $a<*3� ��  {�>���% �3&=-
�� 7W%$� $�� @��, �� �4��$%:��  

�� = G��
8� )15(                                                                                      

) �)���  ���a�*5 *�15) �)��� �� (9�� �'�� $�� ����� F�*% D(.��q  
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c = #���
8�α	

��α�
��α�

.��8	 4, y
	
+, p	

.�
+, p�

.�
+, p�

.�
+, )16                                (  

							k´ = #�α	
��α�

��α�
.��8	 4,  

lnc = lnk´ +
I

+
ln�� +

	

+
lny +

.�
+
lnp	 +

.�
+
lnp� +

.�
+
lnp�                            )17(  

) �>�*&� ��17 ) �")��� �� ��3>*X �� D���� ��5- 6�*�< �43/ (11    ��"5- 6�*"�< �"43/ (
6�*�< �43/ - ��?$� $9< �� $K�� T$? U� .���<    ��*"m V]"��� o*"� ����� F�*% �� *�

��6�*�< �43/ �*� #�� ��5 .���� 0�$&% ��4= ����� :��% �m* Z�$��� *�.��  

lnGNPD =
.�
+
lnp	 +

.�
+
lnp� +

.�
+
lnp� )18                                                 (  

p	  Dp�  -p�  .�'� #3�� D��*�$' D�*�  -$3< ��&� �3>�% !���� �43/  
7�
´ =

M;
NOPQ

		→ 127� = 127�
´ + 12RSTU )19          (                                      

) �)���  ���a�*5 *�18) �� (19:����� (  
127� = 127�

´ +
.�
+
lnp	 +

.�
+
lnp� +

.�
+
lnp� )20         (                                     

) �)���17) - (20  :����� - 6��� ��$/  -*
� �� (  
ln7�

´ = lnk´ +
I

+
lnxV +

	

+
lny� + @�                                                                       )21  (  

) �)��� @-*N%21) - (11 �"� �'�$� �� (  ) �")��� �� D�3"��21  @�*"W� (/´  -5� 	   �"����
) �)��� �� �>-11) �)��� �� .����< ��5- @]45 #�� D(21 D(127�

´     �� - �"'� !"� �"����
) �)���11 (127�D   :����� ��> .�'� �&/�- 7'��� �����  

CV =
WX
´

YX
→ 	lnCV

´ = lnCV + 	lnyV )22(                                                            

) �)��� J$� -���21D( y� �� �� ��:�3��  
ln7�

´ − 	lnyV = lnk´ +
I

+
lnxV + �

	

+
− 1�lny� + @�           

lnCV = lnk´ +
I

+
lnxV + �

	8+

+
�lny� + @�                                                                   )23(  

) �)��� 6�*' ��� ��23  �q �� �� ��< $�� @��, �� ���% �� �� (CV    7"'��� �����
�� �&/�-:�*�  

)24(  
lnCV = �E + �	lnxV + ��lny� + @� 		 

�E = lnk´		, �	 =
b

r
	, �� =

1 − #

#
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 $3��*� ��B�� ����� ) �)���23( �� 6�� #342% �)����� $�� .��23D   �W"
< ��*K 6��*�
��&� �*� ��$/$� V*3I� ��1  r= k"` �*�=0  B2       �"� �"�?$� $"9< �� �"� �"=$? .�"'�  ��"

:�'� $�� @��.�  

								
GE:	�� = 0

G	:	�� ≠ 0
 

 $��GE	    ��$"/$� V*"3I� �� �W
< ��*K 6��*� �3>�% F�*% �� ��&� D�� F/�- E$��` ����
) �)��� -  �'�23) - (11�� $��$� ��*� (  - �<�"lny�    ��"� 	�$"=  �"� �q   �"'� *"�&�

  �"�  �"'� V*3I� �� �W
< ��*K 6��*�  ���� �3>�% F�*% ��/- k` .� ����m J�X  ���"%
  $3��*� ��B�� ���� ��� Z�*)�.�� #342% ��    

  �"� - �"'� ���$? �a>� #342%  �$� 7��$ ����� D $3��*� ��B�� �?$&� �� k`  ���"%
      Z"IB% :�"� *"� Z"IB% *"% �� #342% �4/��*��  *��� U3�N% �� F�*�,  �$� ��  $3��*�

  6��� �� �"&>*)� #"�� �� �� *;<� �� .�$3� ��$/ ��*���� ���� ��$�� ��*343 F�*�, ��  $3��*� -

 *�7   *��� M)' �� ��*343 �&�,ISIC �� 6�*N�'� �4/� �*��  !�" �� �5�% *� D��
6���      U"3��% �� #3"42%  �$"� �"&>*)� #"�� �� �'� �&)I� - �<*��  $' @��, �� �� *�
6����� 6�*N�'� ���1�*%  *�       :*"4% ��*"<*� *"� ��*�"
�� �"'� :�A ��"� ��-q$� �� 83` .��

 �� 6�*N�'� ����  *�$3H��    6�-� ���"� 6*"%�� �"� �5�% *� .�$3� ��$/ ����q ���� ��� -� $�
  �"� J�"X ����q Y�*�< ��> D����< ��5- ����q #�� ��  �*3< �&>*)� #�� �� �<*��  .��"�� 

����� :�A �'� *% C�< 6���*� �� ��5Pool  *� !�` ����       ��"9�� #"��  �$"� - ��$"� �2"+�
���q ����� F $43>(-*�) �� :*;<���.      6�*"�q �W"'*B� �"� ��"�$� Y�*�<F    �� - (-*"�) $"43>

) �-�5 �� �q $N, �3=$?3    F�*�", �� U"� $"�  �$� ��W� �� T$� �� �'� :��N� #��� (
  ���"� !�` �� �*X .��� ����m !�` C�< ��  $3��*� ��B�� ��� - 6��� @-*N�� �'�$� ����

6���A�*&� #342% �� �W
< �'� :�A D���$� @*WK� *�  ) �"�*K @�$"K� *� !�` E-� �� @FE( 
) �?�*.% @�$K� *� !�` ��� -RE( �34.%   ) �-�"5 �� #4"'*� ��"��q Y�*�< .��  $3�3 (

�*+< ��*K @�$K� *�  $3��*� ��B�� ��� �� �'� �q 6����.�'�  

) )�?C31�#9L T�	�� :(G�:U	� ��Q�# G��2 �(*	� � �	V G	�  

��	#L  ��?&#  )	(�A�  B
:��  

����q -*�  5/23  0006/0 6������1�*%  *�  

#4'*� ����q  5/8  01/0  ��*K @�$K� E-�  
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B��	� :IE�#.S:&Q� G	�  

����q :*;<� �� �&� ����� �� ) �">�*&� Z�*)�  $3��*� ��B�� ��-q$� �� �*3< ����  *�24 (
��:�����$`  

lnCV = �E + �	lnxV + ��lny� + @� 		                                                           )24(  

:�'� $�� ($ �� ��� #��  *�$3H��  
C�   �3>�%  �$� 7'��� �����X    ���"I� $� !� ����� �q �W'*B�  �$� �� ��.B� �X�-

6� �3
I% �3>�%����� �W'*B�  �$� .�'� !� 6*��*�  *�  ��&�",10  #��*"�$N< -  83"�  $"% 
;�6��� E��� C�4  �"� �"�?$� $9< �� �*���*� ���m ��$W5 6-]� �� ��&�, �3>*&?  *� -

.��   �*"' ��*K �43/ �� ��&�,  A*� �43/ �m* �� 6�*N�'� *� $3H�� #��1390   �"&/�-
.�'� 6�  

X �4��$% �3>�% 6*��*�  *� ��&�,10 83� - #��*�$N<$%   6�*�"' E��� C�4;� �� �'�
 �'� ��*K �43/ ��  �*"' ��*K �43/ �� ��&�,  A*� �43/ �m* �� 6�*N�'� *� -1390 

6� �&/�- $����*` .�'�b �� �*+< ��  $3��*� 8+� ���-      #3"� - �"N�� zA�"4&�0  -1 - 
.(�%*31��? - �1<��<q) ���� ��$/    

	 _̂,�   �3>�% 6�-�?� E��� J$&�6*��*�  *� ��&�,10 #��*�$N< - 83� $%   �"� �'�  *"�
 �� 6�*N�'���&�,  A*� �43/ �m*  �*' ��*K �43/ ��1390 6� �&/�-�'�.  

) �>�*&� Z�*)�  $3��*� ��� #342% Y�*�<24) �-�5 �� (4 .�'� 6� E���� (  

))�?C4G�:U	� ��Q�# �:(X� T�	�� :(  

�:N�# �	�  �:(X� Y��Z   ��	#Lt )	(�A�  

constant 18/1 -  085/0  93/0  

Ln�_� 01/1 -  28/3 -  003/0  

lny� 20/1  83/0  4/0  

6�*�q�.32+%  *�  
à�=   71/0  `�=   80/0  

DW=2.07 F= 6.8  , Prob= 000/0  

B��	� :IE�#.S:&Q� G	�  
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     ��"> �"
3< $N", �� @-*"N��  ���*�&� ��)�  �*5 �3>�% $3H�� 	�$= ����� �� �5�% *�
 	�$= ��� .�?$� $9< ��  $3��*� ��B�� ����� �� ���% �� �� y�? ���lny�   �"�  �"�&�

 6�*�q - �'�t  $��$�83/0 ��k` D�*�	lny� �"� J�X ��� ��  - ��"�� = 0   -1  r= �"� -

�*�  �� �W
< ����*� -�'� ��*K V*3I� �� -      �"��� �4���*"a> �")m ��"� Z�*")� ���%
�� #342% ��  $3��*� ��B��  .  

 �"� M�$.% $�� @��, �� �4��$% �3>�% - 7'��� ����� #3� �)��� ���� ��� �� :��" 
        �"�  $3��*"� @�$"K� #3"42%  �$"� �q �")m :$"? ��$3a� ����*a> �>�*&� #�� #3?$� �� $��

 @��,) �>�*&�25:�'� (  

�27bc; = 7E + ?�2d_�                                                                              )25(  

�� ) �)���25D( k��<� i $a<*3� �&�, ����  $"9< -  k��"<� t  �*"�� ��  �*"+<  �"�  .�"��C� 
�3>�%  �$� 7'��� ����� X  $3H�� - ��.B� �X�-X �*+< �4��$% �3>�% 6����  6*"��*�   *"� 

��&�,10 83� - #��*�$N<$% �� ��*K �43/ �� 6�*�' E��� C�4;� �� �'�   �$"� - �*�
 ��&� !W/ 6�-� U���8		  �� ��?$�$9< �� $����*` .��b     �",�� �%�*"W� �"� -  $3��*� $K�

 < �� �"4��$% �3>�% �� $33H% �,��  ��� �� ����� �X�- $� �� $33H%  �"� �*"+   ���"I� .�"��b 
 #3� - �N�� zA�4&�0  -1 - ) �� ��$� - ���� ��$/1 -U���< (  �"� $"%     $3��*"� |$"< D��"

�� @��, $�&�$' �*�� �� �� ����� 8�*� - $%A*�     ��*"����  �$"� �4"
/ #"�� �� .�$3�
) �>�*&� D $3��*�25�� 6�� #342% () �-�5 �� Y�*�< �� ��5  .�'� 6� �f��� (  

)�?C)5G�:U	� ��Q�# �:(X� ��	<� T�	�� :(  

�:N�# �	�  �:(X� Y��Z   ��	#Lt )	(�A�  

constant 4/9 -  75/1  092/0  

Ln�_� 86/0 -  5/3 -  0019/0  

6�*�q�.32+%  *�  
à�=   70/0  `�=   81/0  

DW=2.13 F= 7.5  , Prob= 000/0  

B��	� :IE�#.S:&Q� G	�  

�*3� Y�*�< �'� �q $� �&�, �� 6��"� �����m$�  $3��*� �� C�4;� �� �43-$�` �"'� 

- 6� ����� 8�*� �� $;�� �3>�% ��$;% .�'�     �� �"4��$% �"3>�% 	�$"= DY�*"�< V*'� $�
 �*4�X� M)'5�q ��]� - ���*�&� %    �"'�  $3��*"� �"�$9< $� ���W�     Y�*"�< �"� �"5�% *"� .
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�� �2+� #342% ��*&�  $3��*� 	�$= �� ��86/0 �� .�'�    8���"?� *"� $a�� @�*W�
    �"�  $"3� �*"� 	�$"= ���I� �� �5�% *� .��*� �� 8�*� 7'��� ����� �4��$% �3>�%  ���"%

 $��$� -� �4��$% �3>�% �� �*� $� �� ��� �*�v�  �"� 7'��� ����� D ��55    �"���� �",��
�� 8�*� !W/ 6�-� 7'��� �� .��*�      *"� 6�*"�q ���"I� �">�*&� #��`�  -F   *"=� �"�L� ��

�'�  $3��*� ��B�� #342% ���� 82�.     �"'�$� ��"9� �"� ~"B� ����� ��   D�"134�%  *"�
      �"f�5 ��")� $"3H�� #"�� 6���"<� D��*343 F�*�, 82� ��  $3��*� @� 7'��� $� 6-]�

6� �'�$�) �-�5 �� Y�*�< �� �'�66� �f��� (   .�'�  

))�?C61���� ��	:(:/ I�	�J � G�:U	� �]� :(  

K �J ?>  K �J �	�  G�:U	� �]�  

2412  @�� @*W3�$%- ��*343 ��� �3>�%  89/0  

2413  ����.� U3�'A �m*' - ��3�']` ���� �3>�%  79/0  

2421  6��-q$? $�*' - @*?q F?� :�4' �3>�% ��-*+�  *�  88/0  

2422  8�` - ]5 #l-�- �<� C��<� �3>�%��*+�  *�  83/0  

2424  �*` ���� - ���*, �3>�%�+���q- ������ - 6����  84/0  

2429  �IW� ��*343 @A�.B� �3>�%$a��  *5 �� 6�+<  ���  91/0  

2430  ����.� J*3>� �3>�%  86/0  

B��	� :IE�#S:&Q� G	�  

    $3��*"� $"K� 7'��� D��$�� ��*343 F�*�, ��  $3��*� ��B�� #342%- @*W'*B� ZW�
 ( $3��*� |$<)86/0 ) �-�5 Y�*�< .�'�6 (�� �*+<   8"2� $"�� ��  $3��*"� $K� �� ��� -

6�4� 82� �� �>- �'� @-*N�� ��$�� ��*343 F�*�,  *�    �� �"'�$� ���"� F�*�",��  �
  �� D�"'�$� ���� �&�, �N� �� �����)� .���� ��$/  $3��*� $K� 7'��� �� U���< �B)'

��I� �� $�4� �&�, �' �� - $�+3� 7'��� ���I� �� 8+� #�� �&�, �*��  ��$"/ 7'��� �
@-*N% �>- �����+� *��4< $3��*�.  

  

6�C�@. .��7� ( �����@D��D ��!  

    �"� ��$"�� ��*343" F�*�", ��  $3��*� $K� ��*���� 8�-s` #�� �1,� J��   �"�5 .�"*�
6��� - ����  $3��*� ��B�� �� J�� #�� �� ��*3�'�    *��"� M)"' �� ��*343 F�*�,  *�
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 �4/� �*��ISIC ' ���*  *�1394 -1390 6� 6�*N�'�     ���" @*<*"'�< �"� �"5�% .�'�
�*�*` - �N< �43/  :*"m ��  $3��15 - �>�.B� U% �*.�/� �� ��*�� D��N< F�*�� ���� $��`
@�-$= �� �-$?�� ��$�� 6s��� - �&'�% �*X ��  *���+� �'*'�  *�  #"�� �� ��> .�*�

 ��*343 F�*�, ��  $a��*� $K� �&>*)���?$���$/ �'�$� ���� ��$��     ���"� !��"W% *"� *"% �'�
       ���$"?  �*".�/� - ��&�", �&"'�% �"�3�� A*"� 6�-�?� E��� *� ��*343 @A�.B� �� :*m

.��  
��?*�    �"�B�� 	3" �&�", 82� �� �� ���� �q $� �>A� �1� ��� �� �'�$� #��  *�

  � Z�*")� �"'�  $3��*� $K� 7'��� ���3� $a<*3� ��  $3��*�     *"� $"��$� - �"N�� �*"9�<86/0 - 
�'A*� ��$�� ��*343 F�*�, ��  $3��*� @� �;3�< �� .�'�    #3"42% ���"I� �"� �5�% *� .

 �� *� ����� D �� $��$� -� �4��$% �3>�% �� �*� $� D $3��*� 	�$=55    �"1W/ M)"' �,��
 8�*� ��m���� �*+< Y�*�< .��*� - @�*"�� D�4��$% �3>�% 8���?� *� ���    #4"= ���*";%

�� �'�� �*� :*;<� �"�  ���*/� ���� �*;�� - 7'��� ����� 8�*� ~�*� �� ��q   �"� ��"
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