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                      �����	 �&,& �	 89�93� :�-� �&�O �,&*�& ���% ,& $D�� 8�&�K $��P6 �	 #=�� �� 20& �3�$4 ���� ���<�!��,= 1*� �! �� �6��!��,=  �/	=    M/�39� 
   �� �*+ ��A�, #�!$%  2�$4�&$5 �0�$	 �� .         �� Q&$-�& �	� �	= ��	 R!&N�& �	 �&� #��� L!�3�        �� $S� �	 ��& �3+&� ��!&N�& *��� &*3	&     �	= �����	 �� *0�
    �� �3	�D �&*T� �	 
�	 *0� .      �S?@� 8	�5 $�D�6 Q&$-�& �	� #&N�� $	 N�� 89�93� :�-� �&�O �,&*�&       B�&�O �,&*/�& #*/+ N/!� �/	 �/A���U ��&� �&  #&N/��

#�!$% �&$-�& � 15   �6 60 *���   �� R���  *	�! .     ��� #*�= >�!�" >�F� $��P6 >!&=    C�0� $D& �� $�<	= �!              $/��P6 &(/) � ���/	 8/9�93� :�-� >�	 �� ��&(4
    �� ���$Z &� 89�93� :�-�   *!��� .    �.	&� ���	& N�)��= �	 >��[��            D�/6 2/-6 �-./0$!, $�<	= ,& ��&$-�& #�!$% ���=$	 �&$	 �&   �/�K ��/�$3�&��" $�
RA�, >�	 ����� B��&(4��� *�= 20*	 89�93� :�-� �A�)��*�� 2!&*� � ��.  
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 �//���,�� �//?�$.� �//'� 8\�E//� ,& ��&�//�� �//������ ,& �$//�<	=
 �,�0 �0*�'�     ���	 �	= ���20& .         �� $/�<	= �,�/0 �/! J$� �A���U

      �/� ���/+ �	 �'� �$�& N�� ,��� ��F� ������� ��� .   ��/A� ,& �/A!
               #�/!$% �/!]� � �/���5& :!&$+ �	 $�<	= ^0��6 B$�<	= �?&$� �� �'�

 �� �������  *+�	.             �*/	 $_�&*/? �&�&� */!�	 B$/�<	= ,& �*+ Q$-�� C= 
 � #�!$%       � ���� &$!, B*+�	 C�0� �*	 85&*?   � $�<	= �	 C�0   �G�3� ��

           � �$/�<	= ��,�/	 R��/� �/	 $G�� 1�T3�& �AF+       �,�/0 $/�K R��/�
�� ��$4) 5( .b��   � 1��-30& ���      C= ��/'� ���0�	 C= �$��O   ��/�

        20& 2�*5 1�0 #&�&N� �&�&� ��� ����� �� �-.0$!, .   */�U ��
   b�� >!& $��& ���           �3�$4 �&$5 �%�6 ���� #�'% c�T� ,& ����E	 �� ��

20& .  C�0� B�	= ��     J$� ��!, ��!N� � ��&(4         */�	 �/	 �$/�<	= ��/�

������������������������������������������������������������
1  B2  B3  B4 � 5-  ��$/4 #&�����&� � #&��!��30& B*+�& �0��+��� ��G��&� ^�6$6 �	 

�,����� �*A��&� BC= �0*�'�B*'�� �0��$� ��<��&�   
*)-1�iE� �*�E!��        : rrostami1363@yahoo.com Email:(  

         �/������ �&$/	 &� �F��/% $�<!= �! ��&$-�&       8�E/� � ���/� ��/�   �/�
 �� ^0�����      b�� ����� >!& �� &() *!���          �/	 �/;� $/�<	= ��/G!& ���

           �� ��&�/� ���� �	 ����,$!, ���*0 �$�4��A	 �! 89�93� :�-�
     �&$	 ������� k.0 $!, #�!$% ��'�   $!, C= ���      $!(/" �/�%�6 �-.0

��   ��$4)4( .        �A�)��*�� 2!&*� R��� � ������� $3E	 �� ��&(<!

��          ���= ��%�	 ��*0 >!& ,& ���;30& �� &� �6@A�� *�&�6 .  >!&$	 ��@K

 #�//!$% $�E//� �� l��//� ��//G!& 2//�	 N//�� �//���,$!, *//0 ,& ���;3//0&
$!, �� �-.0 �� �6@A�� mK�	 *�&�6>�!�"  ��$4 ������� 20� .  

� �//������ $3E//	 �� ��&(//<!
 n��//� �� ���//)�+ ��//)�.� 
:�-�    �� #��� 89�93� ���          �A�)��*/�� 2!&*/� R��/� �/� *��

      �/	 �/+$	 R�6 �	 �0�0&             #�/!�&$4 B�/�� ��/	 2/S�o B#�/!$% */	
     � �/������ >�/	 �A�)��*��       �/�&� l/!,�6� �/���,$!, C=     $3E/	 �*/�	

  � �<3E	 ���������&.  �! �&$	         �/A!N�� ��/�$�P3� Bp9�/� $3E/	
      ��&� l!,�6 B��� ��	 B#�!$% :!&$+ #�[��  � �*�	    B��� �&�O 8A+

       �� #= 2'% � �3�� #�!$% �A�)��*�� #�!�&$4     �*/�K $�D�/6 *�&�6  �&
  ��&(<	 �<3�$4 $	 )10   � 15( .     �/� #��/� ��/)�.�       */�!&$� �/� */��
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      ��� �0 :0�6 89�93� :�-� �� ��&(<!
�� 1$3�� ���& ��3  ��/+ .
           � C�/0� �&�O �,&*/�& 2FE� ,& *�6��FK ��3��� �0 >!&     2/S�o B>/+

 � ��	�0�    2�/� #�!$% 2K$0 )8B 11 � 14( .      k)��/� �,&*/�& 2FE/�
  2+�� 89�93� :�-�    �� ��	�0� �	 ��&�         $3�&��/" �/! :/0�6 */�&�6

�&�O �,&*�& 2FE� H�� �	 ���0  SR � �	��+ M!$6 $!, ��� )16 � 
17(. 
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 #=�� ��� �15 GrD   � � �85 sedd        �� 20& �A)& $.5 ^�6$6 �	 15 �
85 *���  ��&�        ��	�0� � 89�93� :�-� �*�	  *�$6N!� #= ,& . �<3�$4

     �� �%��� �&�O :0�6 $!("O�;� ���$3E	       � ��/A�, 2/��$s */�&�6 
              $3E/	 8�&� �	 �-.0 C��&�� O�;� � ��&� R��� &*!*+ &� �'�= �$��O

�,�0 �%&�� 8A�� �	 &� $!("O�;� �!
 �!) 9 � 12(.   
 � ��//T� ��//T�T-6 L!�//3� #&��//A��) 7(  �//0�$	 ��//S�� �//	 

C�0�   R��� � �<3�$4         �/<3�$4 $�D�6 �&� #��� �;� $�<	= ����(4 
                :�/-� k./0 ^�/+ R!&N/�& �/	 �&*	�0� #�!$% �� ��	�0� ,& �+��

        �� R!&N�& #�!$% ����(4 ^!$Z � �3��! R��� 89�93� *	�! . L!�3�
   #&��A�� � *�?� b���� ���!��,=) 3(   :�/-� �/	 �;� $�<	= ��� $	 

       &N�� ����� #�!$% R!&N�& �	 �&� #��� 89�93�     �� Q&$/-�& #�!$% #
  � R!&N�& &*3	&      �� �3	�D �&*T� �! �	 uv0      R!&N/�& �	 >��[�� B*0�

          �/� R!&N/�& ��&$-�& #�!$% #&N�� 89�93� :�-� �&�O �,&*�&  */	�! .
  uv) ��)�.� �F�) 13(     �,&*�& #*+ $3AU�� k)���      :�/-� �/! �� 

   2���T� R!&N�& mK�	 89�93�          2/���T� R!&N/�& � #�/!$% $/	&$	 ��  
.�&               �� C= k./0 8/���$" >3/�� 
�/	 � 1��0 2K$0 R��� B���A

�� :�-� ��+ .  
     ������� ,& �$�<	= �@A�� R��� �&$	    8�E� � ���� ���   �/�

               ��'��/�" ��/A�, �3E/�0 ,& ���;3/0& �/	 �-.0 $!, �$�<	= b��
 20& �*!�$4 .   ���&$6 Bb�� >!& ��      �� �3��0 ������� $3E	 �� �&  ��+

    &$� ,& �$�4��% �&$	 � C= �B    �� �)�N!& #= $3E	  ��+ .�)�)  RA�, ���
        �� ��&(4�% �*+ ��G!& ���&$6 ,& �F0��� ��K ��  � *��$4  �'�= Q&$�&

  ������� �&�� �	       �� �*�+�" *��&� �!
�	 �$!("O�;� �� �&  ��/+ .  �&$/	
           � R/A�, :�/-� �$!(" O�;� ^!$Z #*+ �� ,& �$�4��%   R!&N/�&

        ,& ����K �� &� $3��� B�,�0 $�K  �� ��&�N!� k)���     :�/-� Q&$�& *+�	
  �� &$%& RA�,         */!��� �$�4��% ��&�N!� ��	�0� ���� ,& �6 *�!��� .  �/	

             2/'% ^/0��� 2/�$� ��G!& � #�!$% c�.� #���� ��
�� ��S��
�)�) �	 C= #*+ ��&�   C= �/�3	 �&�/!� �! RA�, ���  */�	   l/.T� ��

        �/� ��G!& ���&$6 ��'3�& �� � ������� �Z$K  ��$/4 .%  #�/!$C=   ��/�
        C= �&�!� �	 ����$	 ,& u" �-.0$!, � �-.0          $/�<	= �,�/0 8/-� �� */�	

  � �*+ �3+�F�&   �)�) �!$� ,&     �)�) ��&� RA�, ���        � �*/��� l/�% ��/�
   l�% �[Z�? ��&� uv0  �� �*���  ��$/4 .         >/!& �/� �!�/!&N� �*/�K ,&

    b�� �	 2FE� �$�<	= �3E�0    �� &�&� $<!� ���    �/� */+�	     �/	 #&�/6
!&��� 
�	 ��   #=   ��   ������� �� �	= 8�E��3"    ���� ���   �$/� ���/+& B

    � ��6&$"& �	 ,��� H*K     �$/'	 ���� �� ��&*'<�       1$/3�� 2/��	�5 B��&�$/	
 $�D�//6 H*//K BC= 2//+&�$	 #&N//��    ���� �//	 C@�//0 $//D& �� �$!(//"

2�4,�	          w&*?& >�\�" ���E	 ��!N� B&$%& 2K$0� 2)�'0 BM�39� ���
    �,�0 �	 �E!�T� �� #=     ���� ���+& �	��� $�<	= ��� .    �,�0 >!& ^!�� ,&

��     � 1$3�� H*K �	 #&�6  C@�0 ��'�           �/	 �,�/0 �$/A��K R��/� B�/�
C�0� � $�K R!&N�& �)�) $�E� �� ��&(4 20& ��) 1 �6(.  

       $!, �$�<	= ����, �� �A�!& �	 �%�6 �	        ��/A�, �AF/+ �/	 �-.0
    � �3�$<� ���� �6�T�T-6 ����,$!,    $/" *�U �'�6      �� b�� >/!& ,& �]�

         �*!�$4 &$%& ��Z� #�0&$� #�30& ,& �.T� *�U�  �]�$" >!&      �/!�" ,& ��
            �/.	&�� >��6 ��S�� �	 2'% >��� �	 ���F� �&����$	 �F0��� ���K

    >/!& �/?&$� 2'%    �,�/0 �/��4           � �/3�$4 ���/� H,
 ���/!��,= �/�
       $D�/� ���$3�&��" >�	 c�F6�& >��F6 �&$	 �6
���     $% #&N/�� $/	   #�/!

��&$-�& �\&�& 20& �*!�$4.  
  

	 ���� �	� �  
          $/!, $/�<	= �,�/0 ,& �)*� ���!��,= H�G�& 2'%     x�� ,& �-./0

   �	 �N��&�)�42��9Z 2 ����   � $3�     ��/	& �	1×1×2)  I�/;6�& × y$/K ×
1�� (      �/0��$� ��<�/�&� �,����/� �*A��&� ��)��*�� ��<�!��,=��

  *+ �3��0 *'�� .�	   ��S��   $!, #�!$% ��G!&    B�-.0 �� ,&   1*� Q$�
   �,&*�& �	25 �3��0  $3�   &*%*!�$4.          �/	 �F�/� �N��&�)�/4 x�� �	 uv0 

 ��,�� $.5   ���2 ����        *!�$4 ��G!& �*!*% ��&�!� $3��6    >!& ,& #�!$% 
    *!��� ��FK �3?&� �	 �-;� .         �3E/+ ,& �$�4�/�% ��/S�� �	 >��[��

           4 �	 �!
 �0 �9� ���4 �! ,& 89�93� :�-� �&�O #*+���   �� �&
         20& �*+ ���;30& *�A� ��G!& �3���T� ����� #�!$% $	&$	 ��) 6( .  $/	

   � 1*� ��*	 ���        I�;6�& �� #= Q$� �! ��30 �3��0       M/� ,& �$/3�
z&��0     $.5 �	 �!��14����  � $3�   �����10 �3��0  $3�       �&*/6 �/	 �15 
 �	 �*K   �)�) ��FK ��S��   � �F��% ���      /!�$4 ��/G!& ���	$� �
��6&*. 
2'%         89�93� :�-� �� C= k.0 ,&$6 2+&�$	 13   �*K     �/	 $/3��N�"

 1*� M� )  �����10 �3��0     $.5 B$3�10  �/���   $/3� (   */+ 8�/3� .  �/	
    k.0 1$3�� ��S���   � 20�
�	 �� C >�\�"      ,& 8/9�93� :�-� 20�

          �*+ ���;30& 1*� ��'3�& � &*3	& �� �)�) ��  �/�    ����� ,&$/6 $/��P6 �/	
�)�) ��B    k.0 ,&$6   �� $��P6 N�� C= !���*. �&$	l�%   :�-� �� C= ���=

 ,& 89�93� �)�)   ���PVC    �!
 L�" 16 ����     */!�$4 ���;3/0& �$3� .
 �)�) k.0  ��    ��&*��3/0& {�0& $	              */��� �/0 �,&*/�& �/	 ��/%�� ��/�
  2?�E�  ��� �� �)�)      z&��/0 B1�� *?&�)   $/.52 �/���  $/3�(   �*/!�$4 

20& .   �)�) 2!&*� ��S�� �	   &� ,& ��        C= � #�$/�	 �/	 #N/9� 8�   �*/�	
z&��0     2E	 ,& �*+ ��G!& ���    �A�30
 ���  �� ���;30& ����   ���/�	= 

�Z��   �    H�!�&��= ^EU *!�$4 ���;30& .2'%       #�/!$% 8/�� � l.5 
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  �)�) ,& ���FK      �A�30@" ���$�+ ,& ��16 ����        �*/+ ���;3/0& �$/3�
20& .     N!� �&�O ���� ,& 2���� �&$	   �)�) 8�&� �	   ��    ���+ ��" ,& �	

#&��K R+�"  ���  �)�)    *!�$4 ���;30& ��.      ����� #�/!$% >���6 2'% 
              ,& ���/!��,= H�/G�& �&$/	 $/S� ���/� 1*/� �	 ��\&�     ������/� �/!

   l/�% ��S�� �	 #N9� �! � �N��&�)�4  #�/!$% ���=   �� �/�&$-�& ��/� 
>�\�"   � 1*� 20�   �<30� �! N��  M� |�" �      ]�v�" �	� $_�&*? �	 R� 

55/1 )      */!�$4 ���;30& ����D $	 $3� .        �&�&� 1*/� B���/!��,= ���/�6 ��
)�) ^�+ � M� ^�+�  RA�, ���120& ���	 *���  .  

       k)��� I�� �0 ,& ���!��,= H�G�& ��S�� �	  �/������   �& P1  BP2 
�P3     :0�3� $.5 �	 5/1  B7/0 � 32/0 ����        �A�)��*/�� 2!&*/� � $3�

   ^�6$6 �	48/60   B 1/12   � 1/6    �� $/	 $3�     */!�$4 ���;3/0& , .  �/�-��
��&�  �*�	 �*+ ���;30& k)�����  8A+2   2/0& �*/+ ��&� #��/�  . ��

         2/	�D �	= ��	 ��'U ,& ���!��,= H�G�&7/0  B5/0  B3/0 � 1/0    ��� $/3� 
�)�)   � *!�$4 ���;30& RA�, ���     �/)�) ,& �/�&$-�& #�/!$% #&N/��   �/�

�,&*�& *+ �$�4.  
  


���� �����  
   ����E	 $	 ���? :	&��   �*/!*" ,&        �/�� &� �A�)��*/�� ��/�   #&�/6

 ,& ���T3E�      ���i6� �
��0 2�$? $	 ���? >��&�5      $/�S� ��/%�� ���
        ���= 20� �	 �3��� � �]$�& BH$% ��T	 >��&�5 .   �&$	 ���&�� >��U��

     �*!*" >���U$	 ���? �Z�!� �.	&� ~&$930&    $�P3� ���� &*3	& B�!��  ���
     20$'� &� �*!*" $	 $D��B�����0 ��$4 ���	& N�)��= b�� �	 uv  ���

    � >��6 $D�� *	 #�*	         ���/� ���<�!��,= L!�3� �!$� ,& �'�= �&$��P6
     2/�$4 */�&�� �&$5 �0�$	) 2( .    b�� R���/" >/!&�� �   H�/'<����	 

          �-.0 $!, �$�<	= �3E�0$	 $D�� ���$�P3� >�	 ���	& 8��-6 �&$	
���� 2�$4 �&$5 ���;30&.  

  

  
 ���1-��� 
��  ���! "#$ "�%�& ��#'�( )�� $� )�+�! ,./ "� ���0� ���� "+�(  

  

  
 ���2-���� �4�4�  ��� ��5+!� 678� 
�4�  
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Q$//� �//	   � �-.//0 R�//� �//	 c�//	$� �&$//D& ,& #�$//� $//S�
��&$6              1�/� �� �/�&$-�& #�/!$% $	 ���? �A!N�� #���5 Bl!�� �$!("

�� ��$!, 8A+ �	 B89�93� :�-� �	 �-.0$!, $�<	= *!=:  
� �, , , , , , , , , 0f g K H L w x q G� � � )2                        (  

   �.	&� ��2B �   B C= �)�<U g   B �	O�% C�3+ K    �A�)��*/�� 2!&*� 
  B 89�93� :�-�H    �)�) ��� �	= ��	  ���    B�F��/% L     B$/�<	= 1�/� 

w  �)�) �����      B$<!*/A! ,& �F��% ���x       B $/�<	= �&*/3	& ,& ��/���q 
    �)�) $� ,& ��&$-�& �	�BG   �	 c�	$� �<3E	&�      � 8A/+   ������/�

  �� $�<	= �0*�� *+�	 .   C�93�& �	�BK � L      $/�P3� #&�/�K �/	    ��/�
 ���&) �*��+ �&$A6 (��$4 �FK �*�= 20*	 *	 #�*	 ���,& *�6� :  

2

2
, , , , , 0

KL

q KLH w K xf
L L gL L

�
�

� �
	 
 �
	 

� �

                        )3(  

   x�� �.	&� ��2 2KFr
gL

�  B��$/� �*K Re KL�
�

�   ,*/)��!� �*/K 

)  89�93� :�-� �� (  �x
L

    93� :�-� �FE� 1�� 89� ��     *+�	.   �/	 
        8��K ���!��,= ����6 �� $�<	= 8A+ #��	 #�EA! 8�)�G  �/.	&� ,& 

2*+ Q(? 20& �.  
  

9�� 	 ;#+�  
������� �	
�� ���� �� ����	� ��	�  

  8A+ ,& �A���U3  �� �*����      R!&N�& �	 ��+��	 	= �   #�!$% #&N�� 

  �)�) ,& ��&$-�&    B��&� ��!&N�& *��� ��    �� $S� �	 ��&  *0�   L!�*/6 �	   �/	 
       �� �30�� ��!&N�& *��� ,& �	= ��	 R!&N�&     �� @_/� B ��/+  :�/-�P1 

               �/	= ��/	 ,& &� $�D�6 >!$3�� �� :0� �)�) ��&$-�& �	� R!&N�& *���
   Q$� ����&�     �	= ��	 �� 5/0       �	= ��	 �	 2FE� $3� 3/0      $/	&$	 $/3� 71 

            �� �/	� R!&N/�& *��� �)�) >��� �&$	 ��& *���   �/	= ��/	 7/0   $/3�
     �	= ��	 �	 2FE�5/0    $	&$	 $3� 34     2/0& �*�= 20*	 *���  .  >�/Z��
     �)�� �	 �%�6 �	      89�93� :�-� ,& #N9� Q$� �� #��	   k.0 �35� B

         �� ��S�6 2	�D ,&$6 �! ��� Q$� �� �� C=   �/)�) ��+     ���/�� ��/�
�� Q$-�� &� �$3��	 �	� *�!���.   

  
������� �	
�� ������ ���� ������ ��	�  

&*�&           >��6 RT� �� 20& ���&�K ���% ,& 89�93� :�-� �&�O �,
�*���       �� �;!& $�<	= ,& ��&$-�& #�!$% #&N�� $	 �& *�� .�� ��S3�&  �	 ���
��N	            �/)�) ,& �/�&$-�& �/	� 8/9�93� :�-� �&�O �,&*�& #*+ $6   �/�

 *	�! R!&N�& .8A+4   *��� R���     �)�) ,& Q&$-�& �	� :0�3�     �� &� ��
   M�39� k)���      �/)�) 8/�&�� �&$/	 �          �/	= ��/���	 �� ���/;3� ��/�

  �� #��� M�39� *�� .           �/	� R��/� */��� :/0�3� $<���	 #�30 $�
   �� ����� $� �&$	 *+�	 .  ��S��  ,&P2,P1      $� �&$	 �	� R��� *��� 

 k)��� �� �����P2 k)��� �	 2FE� P1��  *+�	.  
  
  

  

  

  
 ���3-�7�7 $� �(�"��� =#">   
�$� �� ��� �
��& �?�?+� @��� �! �� A�+?� P1BP2 	 P3  
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#���  ���4    �� #��� L!�3� ��         �/A�!& ��/%� �/	 */��  2FE/�  50d 
     � 1�& k)��� �	 H�� k)���50d         H�� k)��/� �/	 2FE/� H�0 k)���

            /�&�� ����6 �� �	� R��� *��� ��& B20& �,&*�& �! �	 �F!$T6  �� 8
                H�/0 k)��/� �� #= #&N/�� ,& $3�� 1�& k)��� �	 2FE� H�� k)���

   �� H�� �	 2FE�              �/	 �&�O �,&*/�& R��/� >�	 $	&$	 2FE� �! � *+�	
��� �&$5$	 ��&$-�& �	� R��� *+�	 .�� ���.	    ��/	 R��/� �/	   �/	=

             #�E/A! 8/�&�� �&$/	 M�39� k)��� �� ��&$-�& �	� R��� *���
 �� R!&N�& *	�! .    �)�) ����� R!&N�& �	 >��[��  ,& ��     �3/0�� #&N�� >!&

�� ��+ .         8/9�93� :�/-� �A�)��*�� 2!&*� $�D�6 ,& ���? L!�3� >!&
    R/A�, �/%�$� $	    �/� �/�  */+�	 .     R��/� �/	50     2!&*/� �*/��� 

               :/0�3� ��/.	 �/	� BH�� � 1�& 8/9�93� :�-� >�	 �A�)��*��15 
  *���  20& �3��! R���.     R��� �	 �)� 50       2!&*/� �*/	 �*/���

         �	 :0�3� ��� �	 �	� 2�& *��� B�A�)��*��60    20& �*�0� *��� 
       �/�� �*���/� H�0 � H�� k)��� >�	 ���!, ���;6 �  ��/+ .   $/�& >/!&

          C�0� �	 $3E	 k)��� #*+ N!� $D& �� �$�<	= �$!("$�D�6 >�F�  ��&(4
  2+�� �&�O >�	         �/� #��/� � ���	 89�93� :�-� ��&�       �/	 �/� */��

+N!�         �*/+ �/	 ��/A�, �3E�0 �!&��� 89�93� :�-� �G!�*6 #*

�� ���$Z 89�93� :�-� $��P6 � �3��! R��� ��$4.  
�(�"��� =#"> ��	&"� 
�"� 
�C4D�E �F#� )��  

 �.	&� �� *	 �	 ���$3�&��" ^��$63 �.	&� �	 �'3�� 4*!�$4  .  

) 4       (                             � �2 2 2

3

qK L w xf
LgH L

� � �� 	 

� �

  
   x�� *	 �	 ���$3�&��"  ��	 �&$	       2/	�D �	= ���1/0  B3/0B5/0   � 7/0 

   �)�) k.0 ,& $3�  � �F��% ��� k)���P1 BP2� P3�  �)�) 8�&��  ���
10  B20  B30  B40  B50  B60 � 150 �3��0   � $3�   �/)�) ����6    �F��/% ��/�

�� 20*	 *!= . uv070*��� ��&�  ��&�  ��  &N/�& H$� � Data fit ��&� 
    ���0 � >!$3'	 � �����   � >!$6         ��&� b,&$/	 $!��/T� >!& ��� $	 ��-�

�� ��+ .    �)�) ,& ��&$-�& �	� #&N��          ��&� b,&$/	 �/�-�� {�/0& $	 ��
        �&$/	 � �*/�= 20*	 �*+30  */���   ��&� �/�T	        ���/� �E/!�T� �/�

�� �$�4 .8A+5 ��-��      $3�&��" >�	 �*+ ��&� b,&$	 ���   *	 �	 ��� 
� �2 2 2

3

qK L w

gH L

�   � x
L

  ��	 �&$	      k)��� � �	= ���   �&$/	 &� M/�39�
70*��� ��&�  & H$� �%�$� {�0& $	 ���&N� Data fit#�����   *��. 

  

  

  
 ���4- A�+?� 678� 
�$� �� �(�"��� ��� H�� �I��  
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���5-�4�4�  $�"� 
� ��'(� K"� � ��� ���� �Data fit  

 
 )	�>1-�7��� ,#�"F 5�4�4� �� ��� ��5+!� B ��� 
�5  

2R  c b a 678� L��  M& ��H(m)  
70/0 8/329817- 5/241362 2/147552 P1  
72/0 1/15382- 7/12219 0/5799 P2 1/0 
73/0 8/3133- 1/2400 7/1026 P3  
67/0 2/136019- 6/107266 1/76231 P1  
54/0 7/9492- 3/7347 3/3984 P2 3/0 
78/0 1910- 9/1557 4/619 P3  
76/0 6/92513- 3/71150 5/60447 P1  
57/0 7/5736- 8/4448 3/2782 P2 5/0 
73/0 2/1382- 1125 4/477 P3  
81/0 4/60897- 4/49065 2/47153 P1  
46/0 8/3977- 4/3205 9/2071 P2 7/0 
71/0 7/1292- 6/1055 5/454 P3  

  
 ��-�� ����      8A+ �� �*+ ��&� b,&$	 ���5     �/.	&� {�/0& $	  5 

 �*�= 20*	   B*�&>A�)    $� �	 c�	$� ^!&$Z       1�*% �� � ���;3� ��-��
1�*+ ��&� #���  *�&.  

)5                    (� �2 2 2 0.5

3

qK L w x xa b c
L LgH L

� � � � �� � �	 
 	 

� � � �

   
8A//+ ��//� 6 � 7 ��//)�) ,& ���//FK �//	� #&N//�  2//)�? �� �//�

���<�!��,= &�      ,& �*�= 20*	 �	� 8	�T���    �.	&� 5    �&$/	70  */���  
��&� �� � 30 *���  ��&�  ��      ̂ !&$/Z �/	 �&$/��  2R      ��/.� c�/.� � 
20%±  �&$	��-��  ���8A+5�� #���  *��.  

           �/!��,= L!�/3� >�/	 �	�/�.� �<3EF�� �� 20& ��'��  � ���<
     &� ��%� �*+ ��&� b,&$	 �)����  ���4 �	 �   ̂ !$Z �� �&  >�/�6 2R 

  �&$	30 *���  ��&�        ,& $3�/�	 �*���� 20*	 �'�= {�0& $	 �)��� �� ��
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70*��� ��&�  �� �� *+�	 ��*? �� �.� #&N�� � 20�� *���  *+�	.  

 

 
 ���6- "� ��� ���� �$�"� )�� ;#+� �.#�� 70�I�� ����  �  

 

�

�

 ���7-)�� ;#+� �.#�� ����!"Q�  
�"� 30�I�� ����   ���%D#�$& "#��� � 
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 8A//+ �//	 �//%�6 �//	5�//� �*���//�   $3�&��//" $!��//T� �//� ��//+

� �2 2 2

3

qK L w

gH L

�    �&,& �	 ��	��� �	=   �� M�39�       k)��/� ,& H&*� $�
P1  BP2 �P3   �/� �� �	 �!�N� �F!$T6    */+�	.   /S�� >�/�� �/	 �� ��

  8A+8   �&$	 ��	   ���  �	= �� M�39� $�   k)��� ,& H&*�     ,& ���;3/0& �/	 
�&N�& H$� Data fit     2/0& �*/+ ��&� b,&$/	 �/�-�� �!  .  �/)���

     8A+ �� �*+ ���;30&8     ��&� I�� �0 $� �&$	     �.	&� �*�	5    �/� 20& 
 1�*% �� �)��� >!& ^!&$Z220& �*+ ��&� R!��� .  

  
 ���8- �4�4� $�"� 
� ��'(� K"� S!� "� �+(# �Data fit  

  
 )	�>2- ����� �� T��"� ,#�"F 5 ����� ��� ��5+!� B8  

C b a 678� L��  
7/131318- 4/97869  7/76841 P1 

8295-  6569  7/3496 P2 
2/1812- 7/1425  4/617  P3 

  
 8A//+ �� >�//�[��9 2//)�? �� �//�&$-�& �//	� $!��//T� �E//!�T� 

��,=�6�F0�-� � ���<�!& 20& �*+ �\&�.  
    8A+ �� �A���U9  �� �*����      >��6 ^!$Z ��+2R    $/� �&$/	

    ��! 2)�? ��70 � 30  ��&� *���     $	&$	 ��89/0  �*�= 20*	  �   #&N/�� 

   ��*? ��.�20          �6�F/0�-� � ���<�/!��,= $!��T� >�	 *���   $<��/�	
��-�� �� 20& #= N�& H$� {�0&$	 �3��! b,&$	 ��� �&Data fit �	 

       �/)�) ,& �/�&$-�& �	� �F0��� 25�       �/� �F/0�-� &� �/�  */��� .   >/!& ,&
��-��  �� ��     $!, $�<	= �?&$� �� #&�6        �/	 �/3F)& B���� ���;30& �-.0

             �
��/� ,& 2/0& $3'	 ��&$-�& #�!$% ���=$	 �� 25� R!&N�& ��S��
��$4 ���;30& ���	$� .  

  
)�� U#5� 
�C4D�E 
� 

 ��S�� �	 	      �)��� ��� 2�	��.� �0�$5  p��+ ,&       ���/�= ��/�
 $!, ���;30& 20& �*+)18(.  

)6 (                               � �
� �

� �

2

1

2

1

1

n

p o
i
n

i

q q
d wil

p o

�

�

�

� �

�

�

�
    

 )7 (                                                     p op q avrq� �   
) 8  (                                                    o oo q avrq� �  

   �.	&� ��6  Bn  B�&*���� �&*6 pq          B1*/� ,& �/���96 �/	� $!��/T� 
oq  � $!��T�   �� �6&*���� �	 *+�	 .      �&*/T� �&$/��P6 ���&�( )d wil 

                �/!�N� �/! �/	 �*�= 20*	 �&*T� �U $� � ���	 $;� �6 �! >�	   $/6
       2/0& $3��	 2!�;�� 25� �&�&� 1*� *+�	 .     >�\�/" $!��/T�( )d wil 

       1*� �� 20& ^�.� >!& $<���	     �� �/[�= ,& �$3��	 �&$��P6   2/�5&�
   �� ��G!& �*+ �*����  � *��        2E/�� �/�5� 1*� �6��FK �	 �! .  �&*/T�

( )d wil  ��-�� �&$	     8A+ ���5   � 30 *���  ��&�       �/�-�� �/� ��
            �/	= ��/���	 �&$	 � �3���� b,&$	 �'�= {�0& $	7/0  B5/0  B3/0  B1/0 

  ̂ �6$6 �	 $3�    $/	&$	 975/0  B977/0  B967/0 � 947/0     �*/�= 2/0� �/	 
20&.  

  

  
 ���9-	 ��%D#�$& U7/ �� �(�"��� ��� ;#+� �.#��   ��� 
�"� ��W!��8  
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       8A+ �&���� �&$	 �&*T� >!& >��[��8  B91/0   2/0& �*�= 20*	  

��   & #= $<���	   $� �� 20    1*/� ,& �!          �	�/� 2/5� ,& 8/��? ��/�
   �� � ���	 �&����$	   R�" 2'% *��&�6         ���/� �/�&$-�& �/	� �&*T� ���	

*�$�4 �&$5 ���;30&.  
  

�X�+� 
"�Q  
              �/	� #&N/�� $	 �3F_� $�D�6 �	= ��	 B�&� #��� $Z�? ��T-6 L!�3�

        �/��4 �/	 B�3/+&� �3E�0 ,& ��&$-�&         R!&N/�& �/	 �/� �&#=    ��� $/	 
�)�)               �&,& �/	 �/�& �3/+&� ��!&N�& *��� ��&$-�& �	� #&N�� �F��% ���

     ,& $3��	 �	= �����	7/0      �� �30�� *��� >!& ,& $3�  ��+ .   �&�O �,&*/�&
   �S?@� 8	�5 $�D�6 N��  $	 �&         �,&*�& #*+ N!� �	 � �3+&� ��&$-�& #�!$%

     �)�) ,& ���FK �	� #&N�� �&�O   ��  ��*?60      R��/� */���  �/�  */	�! .
+��         N!� 89�93� :�-� ,& ���;30& B�$�<	= I�� >!& �� �� 20& >  ��&�

��//�&$6 �,�//0 w&*//?& H�//<�� �� � ���//F� 1�//T�  �&�//� ,& � $//;? �//�
2+��   �� $" ��&�           �	@�0 ���� *�U 2+(4 ,& u" L!�*6 �	 �)� ��$4

 C�0� �      B������� M� �� ��&(4  ,&     �/� �3/0�� �3E�0 �!&���  ��$/4 .
    �	 �� *+ ��&� #���        ,& �A�)��*/�� 2!&*� #*+ $3�� 1/12     $/	 $/3� 

                I�/;3�& ,& �3E/�0 �/F!$T6 � �/3��! R��� �3E�0 ,& �%�$� �	� B,��
 ��$<�� ~��� .           �3/+�F�& ^%�� $�<	= ��'3�& �� *�	 C= �&�!� ,& ���;30&

                  �/)�) $/!, ,& C= �&$/� ,& l��/� � �*/+ $�<	= 8-� �� #�!$% #*+   �/�
�� ��+ .    	 ��T-6 >!& �� >��[��         b,&$/	 � ���/	& N�)��= ,& ���;30& �

 �&N�& H$� �	 ��-��Data fit�)��� B $3�&��" >�	 �&   $D�/� M�39� ���
              � ���/	 ^/0��� 25� �&�&� �� *!�$4 ��G!& ��&$-�& #�!$% #&N�� $	

          $!, $�<	= �!&��� $	 M�39� 8�&�K $�D�6 >��96 �&$	 #&�6 ��  �-.0
���� ���;30& .  

  
Y�4�  

1-   2�$+{�6 �,�0 $�<	=. 1388. $�+ #�	��	 �-.0$!, $�<	= �]�$" ��� b�&N4.  
2-  #�3EG	 �K�;+H .1384. �A!N�� ��� 1*� �$	��� � ���F�–�A�)��*�� . ,&��& #&$�U *�'+ ��<��&� �&���3�&.   
3- *�?� b���� Q.1387 .89�93� :�-� �	 �;� $�<	= ������� ���<�!��,= �0�$	.��+��� ���� #�!�"*+�& �0.*'�� �0��$� ��<��&� . 
4- �\���4 {.J. 1384. "�U�� {��T� �� C= �$��O �&$	 ����, $!, ���*0". #&�*�,�� ��<��&� �&���3�&.  
5- ��'�% u�\� ��$F�&� ���S�� �N!� ����$	 2���� .1388 .#= 2s�;? � ������� ,& �$�<	= �����&� . ����+ �!$��509. 
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Abstract 
Water shortages in arid and semi-arid areas necessitate effective methods to intake surface and subsurface 

river flows. Classical river intakes due to construction cost, and high sedimentation cannot be justified for 
ephemeral streams in arid zones. The underground dams and subsurface intakes are proposed for water 
harvesting in these areas. Lower construction cost and less downstream destructive effects cause the subsurface 
intakes to be superior to underground dams. In this type of intake a pipe drain system is installed in a very 
porous media under the river bed. Two types of these intakes have been constructed in a few ephemeral streams 
in Khorasan Razavi province without being the theoretical aspects paid attention effectively. In this study, the 
effective parameters, particularly the grain size of the porous media, on subsurface water diversion was 
experimentally investigated. The results showed that with increasing the water head above the drain pipes, the 
drains flow rate increased and reached a rather constant flow rate depending on drain flow rate capacity. The 
particle size of the porous medium had a significant effect on the drains flow rate. Decreased particle size and 
consequently hydraulic conductivity caused the diverted flow rate diminished significantly.  In order to relate 
effective parameters and water diversion, some regression equations were also obtained. 
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