
 ����� ��	
� � 
���	�� ��
� � ���� / �	�������� / ��	 ! ��� � "#$)&'� ( /�	#�)*+,

��

 �-
� .�� �� 
�	��/ �-0�� 1��23 4�15�)��	617 ( 1� �89�1:� ;�

�	�1� �� ;-0< ���	� �	-=��

1����1� �
�0> ���? @�� A
�	�/ @ 8� 
@ 8� *�-6�@B 1B	C � )

)����	
 ��	�� :�/��/����  � ����� ��	�� :�/�/����(

�@�D$

  E:� ��F��G<1�5H3� .�� �� 
�	��/ �-0�� 1��23  �-
)��	617 (�89� 1:� ;�;-0< ���	� �	-=�� 
���;   �	I� �	I#$ 4@�  �	J-0I:� ��

  �	�1� ;-0< 4	K�K83 ;�'	9� @!  .M��� N'	6 �� O1�	� N��13 	� ���	P3 "�	� 
Q  
�	I��/ ��� �	 �3 ), � )R���  ( �*   1I� S/ ��@IK� 

  T	��N:�1U      "�	! &'� TV� W�3 QX ARX � YX @B�� )Q*ZQ AR,+* � ,),R�	-D� �� N�D� 1-� [�	�  (   @�	I! �	I �3 S	0I->� 	�

 �
�: �-
� 
�	��/)��	617 (	� ���*X � ���� ZXXX�	-D� �� N�D�1-� [�	� (�� A 	� \� ]�, �� �	 �3 *@�/ �� �1?� ;� ��1D3 .;'�'	� 


   � �89� 1:� 
�	��/;  ;�B	�ZX�-C	�     �	-=�� ;
3 �� 1-�)    ��@C� ;:	� ^�1� �� _	�:1K3 (       ` � �� � a1� �� ��bX�-C	�     M	I= c9� �� 
1-�

 @C@! 
��de�	� .f��-�  ;'�' �1��	� �	��	�+/X  	3)  f��-� �1g0 3�      ;'�' 1-� 1� ���R/b    ��� W�	� �� 1-�' .   I � &I�-h� 4	gB iI � �

     ;=	!1� ��:�� @!� A;-0< ��P8� �g��	� A�	-=�� 
�:��	�         \	�!� ��	P� �D:1-D'� W:�@� � S/ a1P�   M	=���@C� @! 
1�e . j:	-C

          �-
� .�� �� 
�	��/ �-0�� 1��23 ;� ��� �	�C)��	617 (     �	D�� ;-0< ���	� �	-=�� 
�� �89� 1:� ;�1:d<��  @I!	� �    �� �	I �3 E:1I-#�

�1!:            a1P� � �89� 1:� .��	� �/ 
�	��/ ;� ��� 
�	 �3 F:	��/ E:� �	]C� fYX  W�I3�� 1�h�3 @B�� ),),R � �� NI�D�1-�  �	I-D[

�	� ( ��� 	�
�	��/)R     W�1:d< �	]C� ���� ;�
���;�    � 4	gB ;��� iI      �	 �3 E:� ;� k��1� �g�� � �      	I��	 �3 	I� ;0I:	K� ��  1IJ:� 
  �� 

�1!: ��9� fS13 ��������=1� 
 .�:��	�       �	 �3 E:� �� S/ a1P� )YR               ��I� S/ NI�D� 1I-� 1I� 
��� ;I� l�= ��P8� �1e  .   �� 	I��

�3��B �1#� ;���1� �-0�� 
�	�      	< a@� 	� �	�� W83 
�	��/ 
:    
�	��/ S/ a1P� ����/ E�@!	�     AS/ ��� � f:�1! �� �     ;� S/ �1��	� 

  ��^��RX W�3 �� 1�h�3 @B�� )R,+*�	-D� �� N�D�1-� [�	�  (;�B�3 "�	6��  @I!	� .     A�	I �3 EI:� �� S/ a1PI� �:/�	I�),,  �1Ie 

      S/ N�D� 1-� 1� 
��� ;� l�= ��P8��� @!	�. O1� E:� 
�1?� j:	-C ��� �	�C;�  �� 1I- � 1:�	K� 	� S/ �1��	�RX   �� 1I�h�3 @IB�� 

 A&'� W�3 � C ;� �� ����9� ;]�-C @C��3�@!	� ;-!�� ��1  .�	 �3
	� ��� 	� 
�	��/ )R��� � 
�	��/ ��� 	� ;0:	K� �� ,�� ����  4	gB 1mC 

 �iI    �g�� � ����@C� �@! 
1�e  ��9� f:�1! S13  
-!��@
.               ��� �	�IC &I�-h� 
	I��	 �3 �� M	= \	�!� ��	P� �D:1-D'� W:�@� 1:�	K� 

    M	= 
��! 4�1��23;��G:�              ;?�3 "�	6 �89� 1:� 
	��	 �3 �� 
�	��/ �-0�� 1��23 �� @�� ��� �	� ��  �� @!	� .       	I� ;I� �:	I��	 �3 	I��

���)R�@! 
�	��/ ���� @C�A
�	��/ ��� ;�	�� 
	��	 �3 	� ;0:	K� �� ,��9� W��U� �� ���� S13@C��� �����=1� 
.

�n��
	�
@��� :A
��! A
�	��/ �-0�� 1��23 A;-0< A�89� 1:� 
�	��/�:��	�S/ a1P� 

� .����� !" # $%��&� ' �	�!() *�+!+,� -.( /01� �2	345 %67� *�+!+,� %789�:;7�	 $

* : /<!='�6<>� �7� $*�?��<# @3 7# :j-hosseinifard@pri.ir

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             1 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html



���	�� ��
� � ���� ����� ��	
� �  / �	�������� /  ��	 ! ��� � "#$)&'� ( /�	#�)*+,

��

;�@K�

   ' A) B���C 	
    DE0� F� /<� 9���� /��3"     -��GH�� IH=�3# J���

        /H() I(�;# F� %;!K( D
�L68� ME� �F	'�45 *N3O,# %!15 E!>3�

/#EC�( .         �F	'�4H5 -.( 	
 />�O,68� A) DE0� �07P ���F

         Q5 -.( J�� 	
 9) R�O# D
F�( ' DEC R�O# /# EC�( . S��6=

   4= *�+!+,� F� TU�V9�  /H#           �	�H!() D
F�H( J!W=�H!# %H5 EH"


     X� 	
 9�#�5 9�68� 	
 /,Y8      %>�H8 D
 /=�#F D	'
)��Z�   �H� 

���� (Z/[Z     �8� D
3( EU	
 )� .(        F� %H;!K( D
�L6H8� '	 J�� F�

  ( A) I(�;#%          	��HP %H\3� 
	3# /67��( %]83� /1U� 	3,# 9�3;�


�!^.           9�H#�5 9�68� 	
 %67� *�_�( �45 ��F `Y8 I��8 EC	

.(           /H��5 �	�!() �'	 ' /#a8� Aa+=� �F'�!� F� E]( b3O

   �	�!() c8�;#�= ����E# '       F� A) �HC�
�( E�EC -��G�� c?8

      %>�8 %0" ' DEC /,Y8 ��F 9F�.#      /H;!#F ��F A) `Y8 ���

	
�C
�"�           �H8� %6HC�
 D��H0" %H( �	 9�68� J�� d16.#)[ .(

          	345 �	�5 %67� ef�;# 	
 A) 	�E+# 9
3( 
'E,# %H( H�'Dg  	
 

             *3HP �	 
3H\3# /H() I(�H;# F� %;!K( D
�L68� M'G> $9�#�5 9�68�

 Q67!8 F� D
�L68� ' DE!4.(�"   A�H;6\� ��H#� �	 �	�!() 9	E# �

�8� D
30= �����= .

            ' �H8� EH�E\ h�6?7= �'	 X� /,Y8 ��F �	�!() Q67!8

        D�HK( 	
 DEH;;5 
'EH,# T#�3� %10\F�       Q67H!8 JH�� F� �	�
�H(

%;�G"�" 3(�# �      �	��^	�5' F�!= 
	3# MF�3> E��i %( j /#   EHC�(

)��  $��  $��   ' �[.(    eH��f F� D�H!^ F�!= 
	3# A) �'	 J�� 	


         %4H�	 %]H83� ' e0� k�8� �( %5 %>3> �H"   	��HP J!H#F �H�F 	
 

/#             	3Hf %H( /W;!l3H# �!U�i k�8� �( ' D
30= �'��� $
�!^

    I�F3� %4�	 %+Y;# 	
 Q!+67#  /H#  
3HC .     	 JH�� 	
 hN3H0]# �'

   %W= X4i $m�i `Y8%6C�
 /#           %H( j3H(�# *�HL1� ��H> $
3HC

          TH!1+� /��OH# A) 	�EH+# ' %H6��� -"�5 m�i `Y8 F� �!.?�

/#E(��.              EH"�3i /"�H!^ EHC	 ' n�]� R�O# %( A) %:!6= 	
 

  E!8	)��  $�� ' �� .(      �	�H!() �'	 JH�� 	
 /��fF�  /H#   9�3H�

      %4�	 %+Y;# 	
 /"
 9g!75�%( DgH�'   m�Hi 	
  �H"  W;H8 �  �	 J!


�
 -��G��)��' �Z.(

HH83� %HH5 /4HH��#F) 	
 /HH8	�( 	3HHo;# %HH( /=�67HH"35 B

9�<#� %>3> �( %67� 9�6i	
 �	�^F�8�"    �H�F �	�H!() dH16.# �

          9�GH!# %H( /��O# A) 	�E+# �( /,Y8��       F� �H!.?� EHU 	
 

              hN'� %H5 EH�
�^ p.4H# $�����H� M�H:=� d>� ka5 �4�

�HH�F �	�HH!() �'	 F� D
�L6HH8� 9�HH<#� �	�HH!() ���HH( /,YHH8 

   /+Y;# %67� 9�6i	
%(/# �o=E8	 .  A) R�OH# q�,> %( />'

    	�E+# %( �	�!()��           �H( %7H��+# 	
 d>� ka5 �4� F� EU	
 

 $/,Y8 �'	        EH�
�^ @3OH,# E�EHC �H�� c?8. J���(�H;(

 Q:V 
�(	�5�" 	3o;# %( �	 A) �64!( �%:!6=  �H� @3+]# ��!^

  �8� D
30= %!U3�)Z .(9r2#   ' 	3� 9�	�<0"@�8 S;� *E# 	


)��Z� s��Z[(    �_ �	�!() �'	 /;�GW��\ 9�<#�    /6;H8 /(�HP

  �( %67� *�_�( D�YP �'	   c8�;# J!!]� ' ��     A) 9�GH!# J��H�

         
3H0= /H8	�( �	 �'	 JH�� %( �	�!().    %H]>�Y# JH�� 	
   '
 F� 

 �	�!() �'	D�YP      /6;H8 /(�HP�_ 9�0" �� �	�3= /,Y8 ' ��

 EC D
�L68�.   P �	�!() �'	 D�Y  ��   �H( �	�H!() A) 	�E+# %8 �(

  k�8� c���Ht    �4H� F� �H!.?�   dH>� kaH5 )��  $[�   ' ��

EU	
(      @
�]# c!��� %( %5 ����  $����   ' Z���   cH]<#�6# 

     @�8 	
 	�6<" 	
'             %H6L" 	
 �H(3= '
 �	�H!() 	'
 �H(   ��H\�

E�
�^ .   �'	 	
  �	�!()  /,Y8����     	
 	�6<" 	
 c]<#�6# 

  9�6i	
 %( @�8 A)   EC D
�
  .       %H]>�Y# JH�� S��H6= k�8� �(  	
 

    /,Y8 �	�!() �'	 	�0!� 
	�3# ���u5�) /(�HP�_ (  ' J��H6K(

 D�HHYP �	�HH!() ��  9�GHH!# �HH(��   �4HH� F� �HH!.?� EHHU	
 

)����   @�8 	�6<" 	
 c]<#�6# (   
3H( �"	�0!� J���E(.   h����H# 

J��%5 	�0!� Z���        @�H8 	�H6<"	
 cH]<#�6#    �
3H\' �H(  %H5

 D�HHYP �'	 	
 	�HH0!� J��HH6K( ��  	�HH0!� �HH( �HH#� 
3HH(����

     @�H8 	�H6<" 	
 c]<#�6#         �H��^ 	��HP D'�H^ XH� 	
 )��( .

               �	�H!() B���HC �H,� �H!(3> D�H!^ �'	 DEHC M�:=� *�+!+,�

%v�3\  ��        �'	 
�(	�H5 %H5 �H8� D
�
 9�4H= /,YH8 ��F '

      -"�5 c?8 /,Y8 ��F �	�!()�� %     �H( k�!P 	
 /��O# A)

  %v�3\ �	�!() �'	  �� �8� DEC)�� .(!+,�    DEHC M�:=� *�+

 �'	 �'	�"  D�YP �	�!() �  ��9�4= /,Y8 ��F '/#  %5 E"


   Q67!8 J�� 
�(	�5 h�#30��"       9�G!# %( A) R�O# -"�5 x��( 

��   �� �� 	
    %��U /6V ' /L�
	 9�"�!^ ���( EU �64!( /�3\

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             2 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html


 �-
� .�� �� 
�	��/ �-0�� 1��23 4�15� )��	617 (1� �89�1:� ;�... 

��

 y�( ���(�"  *�H?5�# �  /H#  
3HC)�� $�� $�Z' ��.( �'	 	


     /V��f *	3U 	
 /,Y8 ��F �	�!()  D�K( '    $cH8�;# �	�
�(

            �H(3f	 %H( XH�
G= D�H!^ EHC	 D	'
 @3Hf 	
 m�i �(3f	

     D
3( /��	F �!��z �>�V)  h�?��+���       �H!��z �H>�V EHU	
 

/��	F (           �	 
3i F�!= 
	3# A) $
��F �{�=� R�U 9'E( D�!^ '

����	
 /# E;5 .         EH!>3� @�H06V� /Y���HC J!;| �,� J���(�;(

   �( ' �64!( @3O,#  3� N�( �!L!5    9�H<#� �'	 JH�� BH8  ���H�

 
3HH( EHH"�3i)�� .(XHH�6i�3HH= F� GHH!= m�HHi 	
 A) IHH�F3� /

   �'	 J�� �W�
 J8�,# /#        r3HL= *�L1� -"�5 x��( %5 EC�(

       A) 
�(	�5 D
F�( -��G�� %:!6= 	
 ' /+0�  /H#       JH�� %H5 
3HC

%>}7#%(Dg�'  m�i 	
       �H!��z �H( ��" %HW=�	�
 ��H�  ' A) J!

    N�( r3L= ���8)m�i�"X?8 � (�!0"� Gl�V/#  EC�()�� .(

              $�	�H!() D3H,= 9
3H0= 	�H5
3i$�'	 JH�� JH8�,# �W�
 F�

 %;�G" -"�5�"��^	�5 �)�� $��' �� ( @�6;5 %;�G" -"�5'

d1��"   m�i d16.# ~�3=� ���( �'	 J�� ' D
3( F�" � �H" ' 

  9�"�!^)�� (c8�;# /#          	
 	3HC A) F� D
�L68� 9�<#� ' EC�(

   
	�
 
3\' G!= �	�!()) �� .(  %>3> cO= e0��"    /,YH8 ��F �

      J!H!]� %4H�	 %]83� e0� k�8� �( /H#     	
 eH0� JH�� $

�H^

    F� d16.# 9�"�!^��   �� �� /6=�H8       �H8� DEHC �	�GH^ �H6#

)�� $�� ' �[ .(

%HH(THH!>
 /6;HH8 �	�HH!() 	'
 -��GHH�� ' /HH() I(�HH;# -"�HH5 

)/(�P�_ (      -;� 	�|
 %67� 9�6i	
 $%67� *�_�( 	
 �H"   
EH]6# �

/C�=  m3C F� �" /<4i � /#    -;� J�� %5 E=
�^�"   c?8 /"�^ 

 /�a<4# F'�( /#    /H( %5 
3C          *�H0Y> c?H8 �HK=) %H( /K\3H�

9��?\  EC E"�3i �����= . J���(�H;(      Q67H!8 %H( 9
	') �'	  �H" �

      A�;6\� ' �	'�t ��#� 	�4� �,� �	�!()�����= /#  EHC�( .  �H#�

            �	�H!() Q67H!8 �H!!&� *���� �8� /=��W= 
	3# %v=)   /6;H8 F�

) /(�HP�_(�'	 %HH(�HH" 	�4H� �HH,� �/HH# EHHC�( . 	
 /HH��f F�

-"'g��"   b3Oi 	
 %6C�^ �    %67H� 9�6i	
 �	�^F�8 9�<#�

     D�YP ' /,Y8 ��F �	�!() �(  ��        9�GH!# %H( /��O# A) 	�E+# �(

��                	
 %H5 $%H6����� M�H:=� dH>� kaH5 �4� F� �!.?� EU	
 

     /6;8 �'	 �( %7��+#) /(�HP�_($       E�EHC �H�� c?H8  @3OH,#

 �8� DE�
�^)Z  '�� .(       
'F �'	�H( �	�H!() *���� b3Oi 	


  %=�
 	
 /=�E;i�"   /^
3>) ' %67� ��"       *�H]>�Y# 9) �H( B?��# �

   �8� DEC M�:=� /L16.# .  /8	�( S��6= %10\F��"     DEHC M�H:=� �

    -;� *���� J!( j�?�	� �'	�( �H"  /<4Hi �     	
 /=�EH;i 
'F '

         %67H� 9�6i	
 D3!# 30=' EC	 @3O� @3f 9�4H=  /H#     %H5 EH"


       	
 /=�EH;i
'F -��G�� c?8 	�K( TO� ��E6(� 	
 pP�= �	�!()

%=�
�" %67� � /# 

�^)��.(       EH=
�
 �	�GH^ -=�	�<0" ' �#�8

     %=�
 	
 J!753�a�) %( /^
3>) %5�"       h�H?��+� %67H� 9�EH;i
'F �

��%67� F� �64!( �(��( �"�8� D
3( /]!?f �)��.(

	
   �!!&� *���� e!+,� J��      /6;8 F� �	�!() Q67!8 ) /(�HP�_ (

/,YHH8 �HH�F %HH( 	
 c7HHV�( �	�HH!() A) dHH16.# ��
�HH+# �HH(

EU�"       *�LHU �'	 �H( $dH>� kaH5 �4� F� �!.?� d16.# �

        %i�C�8 /4�'	 EC	 $%67� @3O,# /L!5 ' /05 d16.#�" �

' %67� 	'	�( 9�6i	
/��	�5EC %]>�Y# A) R�O# .

.�� � ���� 	�

     @�8 F� -"'g� J����Z�          /H?��+� �V�7H# %H( /_�( %]YP 	
 $

              EH#)	
 ��H\� %H( 9�H#�5 %67H� *�+!+,� D�W67�� 	
 	�6<" X� .

     �6#31!5 	
 	35�# D�W67����     9�H#�5 D
�\ s   ��H� 	
 $EH=	F

   � /��!���&\��  � ' ��    /��!���&\ @3f ' />�0C %\	
 �Z  %H\	
 

  
	�
 	��P /P�C .      
�F) ��	
 `Y8 F� ~�L�	���[�     J!W=�H!# ' �6# 

      %+Y;# J�� 	
 %=N�8 /^E=	�(�[�/1!#�6# /# EC�()� .(   F� TH?P

        %H=30= /4H��#F) %H]YP F� ��Hf ���\� �H"   n�H0�� F� cH5�# �

   9�() 	
 m�i d16.#  @�8��ZZ   ' Q"J!;|     
3\3# D�| A) F� 

      	
 �HK=) %H�G:� F� THU�V S��6= ' E�
�^ %!K� %=30= D�W67�� 	


@'�E\� ' ��8� DEC %l�	� .

          JH8 �H( �EHV'� QP	 /4��#F) %]YP %67� 9�6i	
�[   @�H8 

E=
3( .    d�
	 J!( 9�6i	
 �C�5 %1U���"�      9�H6i	
 J!( ' �6# 

 d�
	 �'	�    %H( ��Hf ���\� F� T?P 9�6i	
 �	�!() ' D
3( �6# 

   /6;8 �'	)/(�P�_ (M�:=� /#  �8� DEC .    c>�P 	
 -"'g� J��

  m31( �	�#) ��f�"     �( /�
�O� T#�5 �Z  	
 	�0!� �  D
�!� 	��<� 

F� E=
3( *	�?� /4��#F) ��"	�0!� %5 E�
�^ :

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             3 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html



���	�� ��
� � ���� ����� ��	
� �  / �	�������� /  ��	 ! ��� � "#$)&'� ( /�	#�)*+,

��

 ��@?).G:��� �=1� �e �! 
	�� ��	g-�� ���� S/ �:	��F:	��/

�6!> �( 9N�' /5� /1!#A�\ �?7=

Q�E8  *�;(�5 /(  �15    *�L>38        Q�G!;#       Q!715  Q�E8 
�%6�E!8

/<��6<>� ���E"

�6#�( �;0�F /8


� �/� �� �� [ �� �/� [/Z �

��@?Q. ;C� C ;:^]3  O1� 
�1?� "8� M	="�6 �� F:	��/ \�1!) �	�)*,,(

���(m�i 
JC                   �1!8                  k	

EU	


 �?7=

A�\Q�E8

/<��6<>� ���E" ~�?C� D	�O� 

�6#�( �;0�F /8


 T^ %6�E!8�

~�?C�

m�i e0�

/6=�8�6#

/#3> /;C �/Z� �� �/� [/[ �/[ �/Z ��s�

/;C M3> [/�Z �� �/[ �/� �/� �/Z ��s��

/;C M3> �/�� �� [/� �/� �/[ Z/Z ��s��

/;C M3> �/�� �[ �/� �/� �/[ Z/Z ���s��

/;C M3> Z/�� �/�� �/� ��/� �/[ Z/Z J!W=�!#

 ��@?*.� S/ ; �	 �3 �� ;-0< �	-=�� 
�1� ;-�� �	� �-
� 
�	��/)��	617 ( �	-�1#! �� �@! �	]C� 4	K�K83 �� "B	> j:	-C T	�� 1�

�	�1�)Z( 

%=�!>�8 ~30:# 9�
()

�K
#

	3
��

KC


�

�# �!
�


�

�i

�
4

K?
�


	�

J
�


	'
��

D�#

���� ��� ��� ���� ���� ���� ���� ���� Z��
n�]��!.?�

)	
 c]<#�6#"	�6<(

�T   	�0!� J�� �	�!() $E"�C 	�0!�  /6;H8 �'	 %() /(�HP�_ (  �H(

 	'
��@�HH8 �HH" J�
	'�HH� @'� F� DF'	  ��
�HH+# k�HH8� �HH('

@'E\�EC M�:=� .

�T       	'
 �( /,Y8 ��F �	�!() 	�0!�Z  �	�H!() A) 	�E+# ' F'	 

 9�G!# %(��d>� ka5�!.?� �4� F� �!.?� EU	
 .

�T     	'
 �( /,Y8 ��F �	�!() 	�0!��[       �	�H!() A) 	�E+# ' F'	 

�G!# %( 9��d>� ka5�!.?� �4� F� �!.?� EU	
 .

[T       	'
 �( /,Y8 ��F �	�!() 	�0!�Z       �	�H!() A) 	�E+# ' F'	 

 9�G!# %([�d>� ka5 �!.?� �4� F� �!.?� EU	
 .

�T        	'
 �( /,Y8 ��F �	�!() 	�0!� �[      �	�!() A) 	�E+# ' F'	 

 9�G!# %([�d>� ka5�!.?� �4� F� �!.?� EU	
 .

�T  	�!() 	�0!�       	'
 �( /,Y8 ��F �Z       �	�H!() A) 	�E+# ' F'	 

 9�G!# %(��d>� ka5 �!.?� �4� F� �!.?� EU	
 .

ZT        	'
 �( /,Y8 ��F �	�!() 	�0!� �[      �	�!() A) 	�E+# ' F'	 

9�G!# %(��d>� ka5 �!.?� �4� F� �!.?� EU	
 .

�"	�0!� M�0� �	�!() ~'�C�8� D
3( @�8 �" J�
	'�� @'� .

 \� ���(   %>3> F� ��f ����"        ~3H= /,YH8 �H�F �HD2216

 E�
�^ D
�L68� .     %>3> J�� $DE=F�8 �5�C Ma�� e?f�"    TP�EHV �( 

   �	�5 	�4��/�        /H(
 BH836# ��	�
 $�L70�� �  �H� �/�  	
 �H6!> 

  �6# 	
 ���8 /# E;C�(. @3f �u5�EVF�:# %>3> J���"   X� ���( 

   DE() Bi���        K=) /1i�
 ' /\	�i �YP ' D
3( �6#     cH!��� %H( �

��   ' ��/1!# 
3( �6# .      %>3> @3f �u5�EV -��#F) J�� 	
 %H( 	�H5

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             4 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html


 �-
� .�� �� 
�	��/ �-0�� 1��23 4�15� )��	617 (1� �89�1:� ;�... 

��

  %6�	��  
3( �6#  .  9
�
 	��P �(      ��HK6=� ' �E6(� 	
 S;8 	�4�  BHi

%>3>�"        Q67H!8 
�5	�H5 	�4H� B836# DF�EH=�   EHC ��H!^ .  ���H(

DF�E=� $/(
 ��!^ A) Q:V        p.4H# 9�H#F *E# 	
 %6��� 	3?�

B83�    �6#3=�5 ' 	36;5 EC J!!]� .   k�H8� J�� �(      �H6# �H" /H(


  B836# �( %>3>   
�5	�5 	�4��/�  ���   $�L70�� [/�    ���8 	
 �6!> 

          ' DEC Ma�� /(
 	
 Ra6i� %5 E�
�^ 
	')�(DF�E=� DEC ��!^

/#     BH83� D
�L6H8� 
	3H# 
�3# 	
 /L!5 *��!!&� %( j3(�# E=�3�

  EC�( DE=F�8 %=�i	�5.%>3>�"      %( /,Y8 ��F �	�!() �  %1U����

/6=�8       9�H6i	
 %H;� F� �6#)    F�EH=� %��H8 GH5�# 	
 h�H?��+� ( '
 	


   e0� 	
 ' R�f��/6=�8    eH0� k�H8��( m�Hi `Y8 F� ��6#

     E=EC �	��^	�5 %67� 9�6i	
 %4�	 %]83� )��  $��   ' �[ .( 	


 @�8 T��'���Z�           $/4H��#F) %H]YP J!H!]� F� �H� �    F� dH�
	 

    
�E]� �( 9�6i	
��   �i	
 ) 
	 �'	d� (  h��30:#���  �i	
 

       %5 EC p.4# -��#F) ���\� �K\�      9�H6i	
 J�� F� d�
	 

%(9�3;� d�
	 �"     /+(�# ' /1U� �%(9�3;�    E=EHC A�.6=� 
	�^  .

     �	 /4��#F) EV�' �"��  T!<4� �i	
  /# 
�
)�*� (   h���HU %5

�   �i	
 %( 9�3H;�             �H"
	�^ �	 %H!+( ' -��H#F) /1HU� 9�H6i	
 

T!<4� /#  EH=
�
) %4H+=�( .         -��H#F) ~'�HC 	
 %67H� 9�H6i	


  ��	�
�[  $J8 @�8     ��� ~�]C J!W=�!#���/6=�8   B836# ' �6#

  ~�L�	���/�E=
3( �6#  .     D�W67H�� 	
 %H]YP JH�� ��H!^	��P T,#

(%%=3^  ��      ~�]C �� TP�EV %5 
3(���      B83� R�f �" F� ��6# 

    
3( DEC %f�V� %67� 9�6i	
.  X�
E�     ka5 �!.?� �4� d>�

 G1# '   %67(�' *�#'   	'�:# 	
 /1,# 	
    /4H��#F) %H]YP 9�6i	


%6C��^ EC  )  %4+=�( .      	
 	35�H# D�W67H�� 	
 cH>�_ 
�H( �K\

@�8�"       �H8� D
3( />�0C -��#F) �)� .(      BH83� �H!.?� �4H�

     
3( DEC %f�V� 	�0!� �!_ ' 	�0!� %67� 9�6i	
  �Hl��P '  �4H�

�!.?�    %H=�F'	 *	3U %( $         F'	 F� /H;!]# ���H8 	
    	
 '  @3Hf

   -��#F) *E#M�:=�  /H#  EHC) @'EH\[.( ��H8      %H( %H\3� �H(

c���t   �4� )��  $[�   ' �� EU	
  (      @3#�� F� D
�L68� �( '��F

      E�
�^ %?8�,# �"	�0!� F�!= 
	3# A) Q:V .  @3#��%( 	�H5   %H6�	 

 F�!= 
	3# A) 9�G!# %?8�,# �K\%(��C��F /# EC�( )�.( 

V= ADCN
9) 	
 %5:

 V :DEC D
�
 A) Q:V *�5 �" %( )�6!>(

A :        9�H6i	
 F�EH=� %��8 �V�7# B836#) IH(�#�6# (    k�H8� �H(

     %?8�,# 9�6i	
 F�E=� %��8 ~�]C J!W=�!# /#     	�EH+# %H5 

�^

 9)��/��E�
�^ %?8�,# I(�#�6# .

D : �4� F� DEC �!.?� A) ~�L�	�)/1!#�6# (

 C :c���t �4� )��% $[� % '��(%

 N :#F) EV�' �" 9�6i	
 
�E]� /4��)���i	
 (

  @3f 	
 J���(�;(        �" 9�() �� J�
	'�� F� -��#F) M�:=� *E#

       d>� ka5 �4� F� �!.?� @�8DF�E=�      A) ��
�H+# ��H8 $��!^

  �	�!()%(	�5           %?H8�,# /,YH8 �H�F �	�!() ��"	�0!� ���( %6�	 

 	
 S��6= %5 E�
�^@'E\��8� DEC %l�	� .

 � QHH8 $/"

3HH5 THH!?P F� �HHC�
 *�HH!10� @�HH6;5 $/HHC�

d1��"            @3Hf 	
 �"	�0!� %!15 9�6i	
 �'	 �( k�" ' F�" �

   -��#F) *E#%( 	3Hf      EHC M�H:=� 9�7H<�  .     ' %H8�6� ��H"
35

   %�G:� k�8� �( D�L7��"        @�H8 9�67H#F 	
 m�i ���ZZ  %H(

9�G!#����   ' ����   	
 M�H^          *�L>3H8 I(�H;# F� �Hi	
 �H"

      TH���� *�L7H� ��38 ' Q!8�6�     D��H0" %H([�   M�^3H1!5  
3H5

  /=�3!V) �F� %(�   �Hi	
 �"  ( %H( 	3Hf XH� �Hi�3=    �'	 %H( 

               
	3H# �H"	�0!� %H!15 9�H6i	
 F�EH=� %��H8 ��HK6=� 	
 
3<>�|

  ���^ 	��P D
�L68�)� ' �� .(         %H0" -��H#F) *EH# @3Hf 	


  D�# 	
 %>�8�"          
�
�Hi BH8'� �H� �4HK?�
	� $J�
	'�H� �  %H(

  �i	
�"���    �	�!()	'
 	
 D	'� 
35 M�^�[  !#�
�# DF'	   %H<

�	�!() �"	�0!� %!15/#  Q67!8 	
 
35 X=�� F� D
�L68� �( E=EC

e�	G� �	�!()/# EC)�.(

 %>�HH8 �H" HH05 *�LHU�H %HH10\ F� @3OHH,# /HL!5 ' / 9F'

 �H� @3O,#    /=�EH;i
'F EHU	
 $X4Hi '(Early splitting) $

           ' /53� EU	
 $/=�E;i EU	
 $�=� X� 	
 %=�
 
�E]�Q"J!;|

   	
 %i�C�8 /4�'	 EC	     $-��#F) 
	3# %67� 9�6iDF�E=�  ��H!^

 ' EC/��	�5    A) R�O# )WUE (   EH�
�^ %?8�,# G!= . /��	�H5

 A) R�O#     J!W=�H!# 9
3H0= Q!7+� �( �H"�    @3OH,# 
�H<10�

  X4i)  	�6<" X� 	
(     �	�!() A) Q:V �(%( 	�H5      �H" 	
 %H6�	 

     E�
�^ %?8�,# 	�0!� �" ���( 	�6<")� .(      �EH6(� 	3Ho;# J�� ���(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             5 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html



���	�� ��
� � ���� ����� ��	
� �  / �	�������� /  ��	 ! ��� � "#$)&'� ( /�	#�)*+,

�[

 ;�KC).�� 
1�e ��16 ��8C � F:	��/ ;�961J:@D: ;� W�0C ��	e� �	 �3 �	-=

* * * * * * * * *
* + * * + * * + *
* �T * * ZT * * [T *
* + * * + * * + *
* * * * * * * * *
* * * * * * * * *
* + * * + * * + *
* �T * * �T * * �T *
* + * * + * * + *
* * * * * * * * *
* * * * * * * * *
* + * * + * * + *
* �T * * [T * * �T *
* + * * + * * + *
* * * * * * * * *
* * * * * * * * *
* + * * + * * + *
* �T * * �T * * �T *
* + * * + * * + *
* * * * * * * * *
* * * * * * * * *
* + * * + * * + *
* �T * * �T * * �T *
* + * * + * * + *
* * * * * * * * *
* * * * * * * * *
* + * * + * * + *
* ZT * * �T * * ZT *
* + * * + * * + *
* * * * * * * * *
* * * * * * * * *
* + * * + * * + *
* [T * * �T * * �T *
* + * * + * * + *
* * * * * * * * *

R1R2R3
                                                                                                                                                                         
^�1� �1-
� �-0�� 
1�e��16 "8� 

                                                                      �	 !                                                                                                                             

p	�                                                               ��	]� ;-0< 
	�

�	 �3 �	-=��                                      +
 ��	e �	-=��                                      *

R3, R2,R1	���1D3

1�h�3 W�3                

/# />�0C $ %+Y;# 	
 c>�_ 
�( �K\EC�( . /4��#F) %]YP R��f� ' @�0C 	
 'y�(
	�
 	��P %67� ��".

 ��@?R .  &'� TV� W�3 �� 1�h�3 1:�	K�)1-� ���� (F:	��/ �	]C� 4@� ��� �� 
�	��/ &�-h� 
	��	 �3 ��

\ I05T) /1!#�6#( 9�() �K# 	3��KC �#
�
 �!� 
�
�i �4K?�
	� J�
	'�� @�8

���� ��� ��� �[� ��� ��� ��� �[� �ZZ ��Z�

���Z ��� ��Z �Z� ��� ��� ��� ��� ��� ��Z�

��Z� ��� ��� ��� �[[ ��� ��[ ��� �Z� ����

���� �[Z ��� ��� �[Z ��� ��� �Z� ��� ����

���Z �Z[ ��� ��Z ��[ ��� ��� ��� ���  J!W=�!#

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             6 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html


 �-
� .�� �� 
�	��/ �-0�� 1��23 4�15� )��	617 (1� �89�1:� ;�... 

��

? ��@b. � 
�	��/  S/ ;1�h�3 1:�	K� T	�� 1� �89� 1:� 
�	��/ &�-h� 
	��	 �3 �� ;-�� �	�)	�/ 	3 E:���1�� (

 �N:�1UF:	��/ 4@� ��� �� &'� TV� 1�h�3 W�3 &�-h� 

@�8 �4� F� �!.?�)/1!#�6#(��EU	
 [�EU	
 ��EU	
 

��Z���������[��Z����

��Z����Z�[�Z[�Z[Z���

������Z���������Z���

������������[�������

J!W=�!#���Z����[Z��Z�Z[

        -��H#F) 
	3H# 9�H6i	
 �C�5 %1U�� %( %\3� �()�*� (  
�EH]�

9�6i	
    	�6<" X� 	
���   EC %?8�,# %1U�  .     	
 %1HU�V 
EH�

         A�t -��#F) *E# @3f 	
 	�0!� �" 9�6i	
 
�<10� J!W=�!#

E�
�^ .J�E(         XH� 	
 d16.# ��"	�0!� 
�<10� B836# c!��� 

  EC %?8�,# 	�6<" .         	
 DEC R�O# A) Q:V %( %\3� �( ��8

 d16.# ��"	�0!�) 	�6<" 	
 (  # %( M�EP�      @3OH,# 	�EH+# %?H8�,

  ��F� %( �E!>3�     EH�
�^ A) c]<#�6# X�  .      /H8	�( 	3Ho;# %H(

*��!!&�        %4�	 D
'E,# 	
 m�i ~�?C� D	�O� /<��6<>� ���E"

9�6i	
   $-��#F) 
	3# %67� 	
         ��HK6=� F� h���HU @�H8 �" G!���

         �� �LU n�0�� F� %67� 9�6i	
 F�E=� %��8��  $��   �� ��  $��   �H� 

��   ' ��   �� ���/6=�8  	
 ' �6# -��#F) 9���� )   G!��H����� ( F�

     %67H� 9�6i	
 %;� F� d16.# TU�3� ' 	35�# n�0�� )�� $��� $

���   ' ���/6=�8�6# (%=30=�"�  /W=3W| �� $E�
�^ %!K� m�i 

    m�i 	
 /<��6<>� ���E" *��!!&�      �	�H!() dH16.# ��H"	�0!�

      /6;H8 �'	 �H( k�!P 	
 /,Y8 ��F) /(�HP�_ (   /(�H�F	� 
	3H#

e!P
  
�!^ 	��P �� .   D
�
 �	�H#) %�G:� �H"        F� D
�L6H8� �H( ��Hf �

M�=  	�G��MSTATC   J!W=�!# %7��+# ' �"      JH<=�
 93#F) �'	 �( 

 `Y8 	
�U	
 EC M�:=� E .

j:	-C

).      � 4	gB 1� 	��	 �3 15� iI         ��I� �� ��PI8� �Ig�� � �

�	�	�F:	��/ 


    S��6= k�8� �(%(�8
       ��f J�� ���\� F� DE#) ) @'EH\�(

/#                Q67H!8 �H!!&� *��H�� @'� @�H8 	
 %H5 �HC�
 9�!( 9�3�

   J!HH( 	
 X4HHi ' �HH� @3OHH,# ��HH"	365�� �'	 �	�HH!()

    *'�HL� $-��#F) 
	3# ��"	�0!� /H;]#      `YH8 	
 �	 �	�
�

       $�8� D
�
 9�4= 
3i F� EU	
%(�	3f%5   
�<10� J��64!( 

   ��"	�0!� %( j3(�# �"	�0!��T   ' �T/#  ' EHC�(    	�H0!� J!H(

' E"�HHC    J!HH( �h���HHU ' 
3HH?= /�'�HHL� �HH"	�0!� cHH1_��T

��"	�0!�'�T   ' ZT Ra6i� /;]#        M'
 @�H8 	
 �H#� $
3( 	�


  �!!&� ��� $-��#F)  Q67!8        ' �u5�EHV �H� E�
�^ c?8 �	�!()

         ��H"	�0!� %H( c!��� %( @3O,# TP�EV�T   ' �T     EH!>3� �H( 

���Z ' ����     X4i @3O,# M�^  ) �i	
 	
 (  b�OH6i�

E(��.    @�8 J�� 	
�T    ��"	�0!� �( �T ' �T     EH!>3� 	
 /H�a6i�

   ��H"	�0!� �H( E"�C 	�0!�' �8� %6C�E= @3O,#� T$[T ' 

�T      ��^ 	��P �	�#) D'�^ X� 	
 E;6 .      -��H#F) M3H8 @�8 	


    @�8 �( *'�L6# /05 �!]t'�"  $E�
�^ T?P � %H( �	3Hf %H5

        %H( j3(�# X4i @3O,# 
�<10� J��64!(�T) ��[�  M�H^

�i	
	
 (       	�0!� %( j3(�# E!>3� TP�EV '�T) ���   	
 M�H^ 

�i	
 (
3( . @'E\ S��6=�  9�4H=  /H#       M3H8 @�H8 	
 EH"


       ' E"�C 	�0!� J!( h���U -��#F)�T a6i�   R/;]#  
3\' 	�


         	�H0!� J!( M	�K| @�8 	
 ' 
	�
�T     ��H"	�0!� ' [T$�T $

�T   ' ZT   *��a6i� /;]#          ' E"�HC 	�H0!� J!( h���U ' 
3( 	�


  ��"	�0!��T   ' �T    $EH�
�W= %oVa# /�'�L�  %H( �	3Hf %H5

      ��H"	�0!� 	
 X4i @3O,#�T  $�T  '�T  H( %    �H(��( cH!���

���� $�Z��'����^ �i	
�" 	
 M�^ E�
�.

              	
 /,YH8 �H�F �	�H!() ��H"	�0!� @�H0�� F� TU�V S��6=

         /6;H8 �	�H!() �'	 �H( %7��+#) /(�HP�_ (     
�EH]� 	365�H� �'	

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             7 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html



���	�� ��
� � ���� ����� ��	
� �  / �	�������� /  ��	 ! ��� � "#$)&'� ( /�	#�)*+,

��

 ��@?Y.  �3 1�5	3  
�	��/ �-0�� 1��23 &�-h� 
	��	�	� �� ��P8� �g��� � � 4	gB 
��F:	��/ &�-h� 
	�

�	��	 �3 ;!�=	�13 ��P8�

 1��1��)�� �1e

W=��(

�l�= ��P8

)�� �1eW=��(

�� ;C�� ��@�3

qC� l:

�C�@
=

)@B��(

��<�

)@B��(

��:��@!�

;=	!1�

)�-C	�1-�(

 �C�@
=���

)@B��(

���
�

)N�D�1-� 1� �1e(

� TAB���[AB����ABCZ/Q,A�/Z�AB�/��A�/ZAB��/�BCZ[

� TC����D���BCZ/�ZAZ/��AB�/��BC�/[AB�/�C��

� TA�[Z�A��[�C�/��AZ/��AB�/�[AB�/�AB�/�B���

[ TBC����BC���AB[/��AZ�B�/�C�/�B��/�BC���

� TBC����BCD���AB�/��AZ/Z�A�/��BC[/[BZ�/�BCZZ

� TABC����ABC���ZABC�/��A��B�/�C�/�A[/�A�Z�

Z�

Z TBC��Z�CD���A�/��A��A[/��C�AB�/�B���

� TBC�Z[[BCD��Z�A�/�ZA��BC�/�A�/�C��/�D���

� TBC��[�ABC����A��AZ�C�/ZA�C��/�CD���

� TA�[Z�A���ZA�/�ZAZ[BCZ/�AZ/ZC��/�BC���

[ TBC�[[[CD���[A�/��AZ�A[/��A�/�BZ�/�CD�Z�

� TABZ�Z�AB����A�/��AZ�AB�/��A�/ZD[�/�AB��Z

� TC���ZD����A�/��A�[ABC�/��A�/[A��/�AB���

Z�

Z TC[��ZD���ZAZ/��AZ�BC�/�A�/[A��/�A���

� TAB[���A B���ZB�/�ZA�/Z[ABZ/��AB�/�CZ[/�C��

� TABC[���ABC����B[/�ZA�/ZZBC[/�A�/ZC��/�C�[

� TAB����AB��[ZB�/��AB[/Z�ABCZ/�A�/�BCZ�/�BC���

[ TAB��[�AB���[AB�/�ZABZ/��ABCZ/�AB�/�BC��/�AB��Z

� TA��[[A��[�A�/��AB�/�ZBCZ/[AB�/�C��/�A���

� TC���ZC���AB�/��AB�ZA�/��B�/[A��/�ABC��[

��

Z TBC��Z�BC���AB��B�/��C�/�AB�/�AB[/�A���

� TA���[�A����A�/��ABZ�C�/�ABC�/ZB�[/�ABC���

� TBC����AB�Z��A��A�/��BC�/��ABC�B��/�BC�[�

� TAB����A����A�/��A��C�/ZAB�/�B�Z/�ABC���

[ TC���[B���A��AB�ZAB�/��CZ/�AB�/�C���

� TBC����B�[��A��ABZ�BC�/��A�/�AB�/�ABC�Z�

� TC�Z[�B����AZ/��ABZ/��BC�/��ABC�/[A�/�AB���

��

Z TC[���B����A�/��B�/��A�/��BC[AB�/�A��Z

F�	
 �	�#) �o=�"9368@�8 �" 	
 ' J!W=�!#  @�06V� `Y8 	
 E;67" m�64# R�V X� ��	�
 TP�EV %5 /��"�EU	
 )J<=�
 93#F)( EP�� 

/;]# Ra6i�/# 	�
E;C�(.

� .Water Use Efficieney = A) R�O# /��	�5

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             8 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html


 �-
� .�� �� 
�	��/ �-0�� 1��23 4�15� )��	617 (1� �89�1:� ;�... 

�Z

              J���N�( M38 ' @'� @�8 	
 %5 
�
 9�4= %67� �=� X� 	
 %=�


 	�HH0!� %HH( j3HH(�# �HH=�ZT)�/�� ('�T)�/�� (' 9) J��HH605

    	�0!� %( j3(�#�T �8�  .          Q67H!8 �H!!&� M	�HK| ' M'
 @�8 	


 �!" �	�!()   ��� %=3^ /H;]#  	
 �	 �	�
       �H=� �LHU 
	3H# �'	

     `Y8 	
 d16.# ��"	�0!��   �H8� D
�EH= 9�4= 
3i F� EU	
  .

                 %H( �H=� XH� 	
 %H=�
 
�EH]� J��605 ' J��64!( M38 @�8 	


��"	�0!� %( j3(�# c!����T' �T/# EC�( .

     
�EH�� eH?f %67� /=�E;i EU	
 %H( �H8
   @'EH\	
 DEH#) 

  D	�0C�        /;]# Ra6i� EP�� M'
 ' @'� @�8 	
    ��"	�0!� 	
 	�


    
3( Q" %( �?7= d16.# .          	365�H� JH�� M3H8 @�H8 	
)  EHU	


/=�E;i (   ��"	�0!� 	
�T    E"�C ' )     cH!��� %H(��/ZZ   ' ��/Z[

EU	
 (     	�0!� 	
 ' J��64!(ZT 	�E+# J��605)�/�� EHU	
  ( �	

 �8� %6C�
.        	�H0!� �H( D'aH� M	�K| @�8 	
�T  $   	�H0!��T   GH!= 

         
 -��GH�� ��	�
 �HW�
 ��"	�0!� ���8 %( �?7=    /=�EH;i EHU	

 	�0!� $D
3(ZT           /=�EH;i EHU	
 J��H605 F� G!= M38 @�8 E;=�0"


3( 	�
	3i�( .

           	�0!� 	
 /53� EU	
 @'� @�8 	
 d16.# ��"	�0!� J!( 	


�T    	�0!� ' ZT         	�H0!� 	
 ' J��64!( c!��� %( �T     QHP	 J��H605 


3( .         	�0!� 	
 /53� 	365�� G!= M'
 @�8 	
[T      	�H0!� %H( �?7= 

�T 64!(    ( �	 9�G!# J��%  
�
 b�O6i� 
3i .  
�E��%( �H8
   DEH#) 

            E;6C�
 	��P DEC 
�� ��"	�0!� J!( @�8 J�� 	
 �"	�0!� ���8 F�.

  	�0!��T        �H( M3H8 @�8 	
 �/��        9�GH!# J��64H!( ��	�
 EHU	
 

            	��P D'�^ X� 	
 �	�#) �o= F� �"	�0!� ���8 ' �8� D
3( /53�

/#E=�!^ .     	�0!� M	�K| @�8 	
ZT 	
         �H"	�0!� ���H8 �H( %7��+# 

     /53� EU	
 J��64!( ��	�
)�/�� (   	�0!� $D
3(�T    J��H605 �H(

   /53� EU	
)�/Z (        ��H"	�0!� F� E]( @�8 J!0" 	
[T  $�T  $�T


	�
 	��P E"�C ' .

  %i�C�8 /4�'	 EC	 	365���"   �	�H!() Q67H!8 �!!&� ��� 	
 

           J��64H!( E"�HC 	�H0!� 	
 @'� @�8 	
)�/Z /6=�H8 �H6# (   %H( '

     ��H"	�0!� 	
 c!����T  $ZT  $[T  $�T  $�T   ' �T     9�GH!# J��H605 

   �HC�
 �	 EC	 ) @'EH\�.(        %H!15 	
 *��H�� JH�� M'
 @�H8 	


       ' D
3H( 9�7H<� -��#F) 
	3# ��"	�0!�   *'�HL� /H;]#  	
 �	�


  `Y8� EU	
  �C�E= 
3\' .      ��H"	�0!� M38 @�8 	
�T   ' �T

       c!��� %( �"	�0!� ���8 %( �?7=�/Z   ' �/�/6=�8    J��64H!( �H6#

      H( �	 %i�HC�8 /4�'	 EC	%     EH=
�
 b�OH6i� 
3Hi.   @�H8 	


   	�0!� M	�K|�T   �( �/�/6=�8     %i�HC�8 /4H�'	 EC	 �6# �H"  	
 

       ��"	�0!� ' %6��^ 	��P @'� D�W��\�T  $  $E"�C�T  $�T  $ZT   ' [T

E=
3( �E]( c���# 	
 c!��� %( .

    %5 /=�E;i
'F T#��%(9�3;�  /L;# �LU X� /+1�/#   
3HC

                J!7H53�a�) %H( %67H� /^
3H>) J6H�	 N�H( c?8 9) -��G�� '

/#  EC�()��( ��"	�0!� 	
 @'� @�8 	
 $�T �( [/� ' EU	
 �T

  �(Z�/�             %H( �?7H= �	 9�G!# J��605 ' J��64!( c!��� %( EU	
 

  E;6C�
 �W�
 ��"	�0!� .  M'
 @�8 	
)��Z� (  ��H"	�0!� -��#F)

ZT   ' �T ( %  �+# �( c!���  ��
��/�'��/�      J��64H!( ��	�
 EHU	
 

/=�E;i
'F  c!��� %( ��8 $D
3([T �( Z�/�' EU	
  ��"	�0!�

�T  $�T   ' �T       	�0!�' E]( �	�#) D'�^ 	
 �T       9�GH!# J��H605 �H( 

    	�E+# %( /=�E;i
'F�/� D'�^ J��i) 	
 EU	
 ���^ 	��P . 	


     	�0!� -��#F) M38 @�8�T   �( ��/�   	�H0!� ' J��64!( EU	
 �T

  �(��/�         b�OH6i� 
3Hi %( �	 /=�E;i
'F 9�G!# J��605 EU	
 


�
)@'E\� .(     M	�HK| @�8 	
)���� (   	�H0!��T    �H( %7H��+# 	
 

   J��64!( ��	�
 �W�
 ��"	�0!�  /=�E;i
'F )�/� EU	
  (   ' 
3H(

   $E"�C ��"	�0!��T  $�T  $ZT  $�T   ' [T   cH���# 	
     	��HP �EH](

E;6��^.

    %( %\3� �(J��%5   EC R�O# A)   dH16.# ��"	�0!� 	
 D

  $�8� D
3?= 9�7<�/��	�5      d16.# ��"	�0!� 	
 A) R�O# 

 E�
�^ %?8�,# .       /,Y8 ��F �	�!() ��"	�0!� 
�
 9�4= S��6=

  E"�C 	�0!� �( %7��+# 	
)�T (/��	�5   ��64H!( A) R�OH# 

$E=	�
%( �	3Hf %H5  @�H8 %H!15	
  �H"    EH!>3� 9�GH!# J���N�H( 

��O# A) 9�G!# ��F� %( @3O,#��"	�0!� %( j3(�# /ZT ' 

�T    �8� D
3( )@'E\� .(  9�4= S��6= J��  /H#      @�H8 	
 EH;"


' J��64!( @'� ��"	�0!� %( j3(�# A) R�O# D
F�( J��605

ZT ' �T ( %       9�GH!# %H( cH!����Z�   ' ��     cH]<#�6# �H( M�H^ 

/#         �H( �(��( /"
F�( E"�C 	�0!� B���C J!0" �,� $EC�(Z[

    �8� %6C�
 c]<#�6# �( M�^. @�8 	
 �H"      GH!= M3H8' M'
 �

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                             9 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html



���	�� ��
� � ���� ����� ��	
� �  / �	�������� /  ��	 ! ��� � "#$)&'� ( /�	#�)*+,

��

DD

BC

CD

A

CD

AB

0

500

1000

1500

2000

2500

T1 T2 T3 T4 T5 T6 T7

����ر

�م 
	)

�ل



��
 �

��
ن 

وز
(�

ر�
�د

�

A
AB

A
AB

B
BCB

20

22

24

26

28

30

32

T1 T2 T3 T4 T5 T6 T7

����ر

�
 ا�

��
ر 

� د
دا�

اد 
� �

"D!). E�JC	��  ��P8� l�= ��� ��� �� &�-h� 
	��	 �3

4@�F:	��/

"D!Q. E�JC	��  ��P8� qC� l: �� ;C�� ��@�3 &�-h� 
	��	 �3

F:	��/ 4@� ��� ��

C

BCABC
BC

AB

A

AB

50

55

60

65

70

75

80

85

T1 T2 T3 T4 T5 T6 T7

����ر

!�
"�ا

� 
�#

در

A

BC

AB

ABC
CBCBC

0

5

10

15

20

T1 T2 T3 T4 T5 T6 T7

����ر

آ!
�%

 �#
در

"D!*. E�JC	��  ��P8� �C�@
= @B�� ��� �� &�-h� 
	��	 �3

F:	��/ 4@�

"D!R. E�JC	��  ��P8� ���< @B�� ��� �� &�-h� 
	��	 �3

F:	��/ 4@�

 ( A) 
�(	�5 D
F�( TP�EV' �u5�EV%   ��H"	�0!� %H( j3(�# c!���

ZT        9�5�05 -��#F) /=���� @�8 	
 �#� 
3( E"�C 'ZT    EH!>3� �H(

 X4i @3O,#��Z    	�0!� ' J���N�( M�^ [T   @3O,# 9�G!# �(

���>3� 	�E+# J��605 c]<#�6# �( M�^ �8� %6C�
 �	 E!.

Q. � 4	gB 1� 	��	 �3 15� iIF:	��/ 4@� "� �� ��P8� �g�� � �

   c5�# %�G:�[           %7H��+# %H5 EHC M�H:=� dH16.# *�LU %>�8 

J!W=�!#�"       	
 �LU �" %( j3(�# � T<HC �H"  ��   �H� Z D
	') 

 �8� DEC .T<C�    X4Hi 
�H<10� J!W=�H!# %7��+# [  %>�H8 

   9�4= �	 d16.# ��"	�0!� /# E"
.    @3OH,# 
�<10� J��64!(

 ( X4i%   ��"	�0!� %( j3(�# c!����T ' �T    E!>3� B836# �( 

 ( @3O,#%  c!������[   ' ����  	
 M�^ �"�i	
 /#  EHC�(

        	��P D'�^ X� 	
 �"	�0!� J�� �	�#) �o=F� %5/#    /H>' EH=�!^

    E"�HC 	�0!� J!( Ra6i�)�T (   ��H"	�0!�'�T   ' �T /H;]# 	�


    �0!� ���8 �( ' D
3?=   Ra6i� �"	/;]#	�
 /#  EHC�( . ��H"	�0!�

�T   ' ZT(%     
�<10� J!W=�!# �( c!������[  '���   �" 	
 M�^ 

     �	 @3O,# J��605 ' J��64!( �i	
%6C�
E=�   ' �T   ' [T G!= 

(% J!W=�!# �( c!��� �H"  
�H<10� ����[ ' ���Z   XH� 	
 GH!= 

   %6��^ 	��P �	�#) D'�^E=� .T<C�9�4= /#  %5 E"
%67� �H" �

C	
�          %67� �=� X� 	
 %=�
 
�E]� J��605 �( ��)�/��  M�H^  (

 -��#F) D	'
 @3f 	
)J!W=�!#[%>�8  (  ��H"	�0!� %(�T' � T

    %67� J���G�	 ' E=	�
 e1]��"        ��H"	�0!� %H( j3(�# c!��� %( 

�T   ' ZT /#      E"�HC 	�H0!� J!( ' E;C�()�T (  ��H"	�0!� '�T $

�T $[ T' �T $ `Y8 	
�EU	
 Ra6i�/;]#	�
/0= EC�(. 	


T<HHC� ��HH"	�0!� %HH5 �HH8� p.4HH# �T ' ZT cHH!��� %HH( 

 J��HH605 ' J��64HH!()Z� ' ��EHHU	
  ( �	 /=�EHH;i J!W=�HH!#

   %6C�
 ��f ���\� *E# @3f	
E=� . �"	�0!� ���8)�T $ $E"�HC

� T $� T ' [ T (   ��H"	�0!� J!H( ' D'�^ X� 	
 �	�#) �o= F�

�T'ZT  EH=	�
 	��P . QH" J!H;|  3H�      	�H0!� 	
 /5ZT   J��64H!( 

  EU	
)�/�Z ( ( �	%         	�H0!� ' $D
�
 b�OH6i� 
3Hi�T) �/��

EU	
 (  Ra6i�/;]#    `Y8 	
 �	 �	�
�   ��H"	�0!� �H( EU	
 

� T 'ZT�8� %6C�
 )T<C[.(    /4H�'	 EHC	 �H( ��� �o= F�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            10 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html


 �-
� .�� �� 
�	��/ �-0�� 1��23 4�15� )��	617 (1� �89�1:� ;�... 

��

0

BB

A

B

A

AA

0
1
2
3
4
5
6
7
8
9

T1 T2 T3 T4 T5 T6 T7

����ر

(�
&��

&��
')

!�
�و

 ر
�(

ر

0

B

A

CC
C C

C

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

T1 T2 T3 T4 T5 T6 T7

����ر

 !�
ــ�ا

"�
ود

� ز
#ـ

در

"D!b. E�JC	��  ��:�� @!�F:	��/ 4@� ��� �� &�-h� 
	��	 �3"D!Y.C	��  E�J �C�@
=��� @B��F:	��/ 4@� ��� �� &�-h� 
	��	 �3

AA

B

0

50

100

150

200

250

T1 T2 T3 T4 T5 T6 T7

����ر

�م 
	)

+ب
ف 

�

� 

!�
ر+

آ�
(-

 .
��

&�
�� AB AB

B B

"D!,. E�JC	��  S/ a1P� �:/�	� &�-h� 1:�	K�F:	��/ 4@� ��� �� &�-h� 
	��	 �3

%i�C�8  $�"  �	 /4��#F) ��"	�0!� /#       Q!7H+� D'�^ '
 %( 9�3�


30= . ��"	�0!� T#�C @'� D'�^�T $�T $� T '�T  9�GH!# %5 

 /4�'	 EC	 %i�C�8  �H"           T#�HC M'
 D'�H^ F� �64H!( �HK=) 	
 

 ��"	�0!�[ T $� T $ZT�8� D
3( . />�HV 	
     '
 JH�� J!H( %H5

 Ra6i� D'�^/;]# `Y8 	
 �	�
� 
	�
 
3\' EU	
 )T<C

�.(J!W=�!#[    9�4= /=�E;i
'F S��6= %>�8  /# E"
) T<HC� ( 

 /=�E;i
'F 9�G!# �( E"�C	�0!� J!( %5ZZ/�"	�0!� ' EU	
��

�T$�T$[T  $�T   Ra6i� /;]#	�
    ��"	�0!� ' 
	�E= 
3\'

�T ' Z T(%c!����( /=�E;i
'F ��
�+#�/� '�/� ��	�
 EU	
 

         *EH# @3f 	
 �"	�0!� ���8 �( %7��+# 	
 /=�E;i
'F J��64!(

   D
3( -��#F) J�� M�:=�E=� .  J!W=�!#[   %>�8 /��	�5  A) R�O# 

9�4= /#   E"
) T<HCZ (   N�H( %H5 
�H<10� J��� �F� %H(�  XH� 

DEC R�O# A) c]<#�6# ��H"	�0!� %( j3(�#� T 'Z T  %H( 

    9�G!# %( c!������   ' ��Z    J��H605 ' X4Hi @3OH,# M�^ 

          ��H"	�0!� %( j3(�# A) 9�G!# 9�0" �( X4i @3O,# 9�G!#

� T$� T' [ T)  `Y8 	
 �	�#) Ra6i� 9'E(� EHU	
  (  %H(

    9�G!# %( c!������  $���   ' ���M�^ /# EC�( .   j3H(�# S��6=

  %(WUE      Ra6i� ME� DE;"
 9�4= /;]# J!( 	�
   E"�HC 	�H0!�

)�T ( ��"	�0!� '�T $�T$[T ' �T/# EC�( . ��"	�0!�� T '

Z T	��P E"�C 	�0!� F� T+67# /"'�^ 	
 /#  Ra6i� ' E=�!^

/;]# J!( �	�
� T' Z T��"	�0!� ' � T '� T  DE"�4H# GH!= 

/0=

�^ .

*.         M	I= \	�!� ��	P� �D:1-D'� W:�@� 4�1��23 (ECe)  �� 

W=�� �� rh�� "B��� � M	= &�-h� s	 ��

     	
 m�Hi ~�?HC� D	�OH� /<��6<>� ���E" *��!!&� %=N�8 S��6=

  dHHH16.# ��HHH"	�0!� F�EHHH=� %��HHH8 ��HHHK6=�	
@'EHHH\Z '

   	
 m�HHi ~�?HHC� D	�OHH� /HH<��6<>� ���EHH" *��HH!!&� S��HH6=

  �i d16.# n�0��   d16.# TU�3� ' m %;� F�  	
 9�H6i	
  9�H���

   	
 -��#F)T<C�   �8� DEC %l�	�  .      �'	 %H( %=�67H#F /�34()

  /6;8)/(�P�_ (     E�
�W= M�:=� -��#F) *E# @3f 	
 .    %H\3� �H(

      	
 XH0= IH�F3� �3HW>� $D
�L68� 
	3# A) /<��6<>� ���E" %(

              9
3H0= �
�(	�H5 	
 �H� EC /(��F	� /,Y8 ��F �	�!() B���C

�6=   
3C D
�L68� ��f J�� ���\� F� TU�V S� .    EH='	 %7H��+# �H(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            11 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html



���	�� ��
� � ���� ����� ��	
� �  / �	�������� /  ��	 ! ��� � "#$)&'� ( /�	#�)*+,

[�

 ��@?,. M	= \	�!� ��	P� 
��!  )1-� 1� q
 :� ��� (�� F:	��/ 
	��	 �3�	� ^�:	<�� ;-0< �	-=�� ��@C� ;:	� 
	#-C�&�-h� 
	�

	��	 �3
 M	= ` �

)�-C	�1-�( �	�)*,, �	�)*,+ �	�)*,Z �	�)*+X �	�)*+)

��s��/[�/[�/�[/��/�

��s���/�Z/�Z/[�/[�/�

��s���/[�/[�/��/��/�

���s���/[Z/[�/��/��/�

() /6;8 �	�!

)/(�P�_sE"�C 	�0!�(

�T
J!W=�!#�/[�/[�/�Z/��/�

��s��/[�/���/���/���/��

��s��Z/��/Z�/Z�/Z�/�

��s���/[�/��/Z�/��/�

���s��Z/[�/���/��/��/�

 /,Y8 ��F �	�!()

�T

J!W=�!#�/[�/���/���/��/�

��s��/��/��/��/��/Z

��s���/��/��/�Z/��/�

��s���/��/��/�Z/�Z/Z

���s���/�[/��/�[/Z�/Z

 /,Y8 ��F �	�!()

�T

J!W=�!#�/��/�Z/��/��/�

��s��/[�/���/�[/���/��

��s���/�[/[�/Z�/��/�

��s���/��/[�/��/Z�/Z

���s���/�Z/[[/��/Z�/Z

�!() /,Y8 ��F �	

[T

J!W=�!#Z/��/�[/Z�/��

��s��/[�/��/Z�/��/�

��s���/�[/��/��/[�/[

��s���/[Z/��/��/��/[

���s���/[�/�Z/��/��/[

 /,Y8 ��F �	�!()

�T

J!W=�!#�/[ZZ/��/��/�

��s��/[�/��/��/��/Z

��s���/��/��/�Z/[�/�

��s���/��/[�/[�/��/[

���s���/��/��/[�/[�/�

 /,Y8 ��F �	�!()

�T

J!W=�!#�/��/�[/��/��/�

��s��/�Z/Z�/���/�

��s���/��/[�/��/��/�

��s���/��/[�/[�/�[/�

���s���/��/[�/��/��/�

 /,Y8 ��F �	�!()

ZT

J!W=�!#[/��/��/��/��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            12 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html


 �-
� .�� �� 
�	��/ �-0�� 1��23 4�15� )��	617 (1� �89�1:� ;�... 

[�

0 20 40 60 80 100 120 140 160 180 200

-100

-80

-60

-40

-20

0 20 40 60 80 100 120 140 160 180 200

-100

-80

-60

-40

-20

T� T�

0 20 40 60 80 100 120 140 160 180 200

-100

-80

-60

-40

-20

0 20 40 60 80 100 120 140 160 180 200

-100

-80

-60

-40

-20

T� T�

0 20 40 60 80 100 120 140 160 180 200

-100

-80

-60

-40

-20

0 20 40 60 80 100 120 140 160 180 200

-100

-80

-60

-40

-20

T� T�

0 20 40 60 80 100 120 140 160 180 200

-100

-80

-60

-40

-20

T�

 "D!+.�:� ;���3 ���@8� �� OV�� �:��3 �JC�J$ &�-h� 
	��	 �3 �� ;-0< �	-=�� ;

 �i	
 F� %1U��)/6=�8�6#( �i	
 F� %1U��)/6=�8�6#(

 �i	
 F� %1U��)/6=�8�6#( �i	
 F� %1U��)/6=�8�6#(

 �i	
 F� %1U��)/6=�8�6#(  �i	
 F� %1U��)/6=�8�6#(

 �i	
 F� %1U��)/6=�8�6#(

 m
�i

 e
0�

)
/

6=�
8

�6
#

(

 m
�i

 e
0�

)
/

6=�
8

�6
#

(

 m
�i

 e
0�

)
/

6=�
8

�6
#

(

 m
�i

 e
0�

)
/

6=�
8

�6
#

(

 m
�i

 e
0�

)
�6

0!
6=�

8
(

 m
�i

 e
0�

)
�6

0!
6=�

8
(

 m
�i

 e
0�

)
/

6=�
8

�6
#

(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            13 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html



���	�� ��
� � ���� ����� ��	
� �  / �	�������� /  ��	 ! ��� � "#$)&'� ( /�	#�)*+,

[�

          ��HK6=� 	
 m�i ~�?C� D	�O� /<��6<>� ���E" %=N�8 *��!!&�

        p.4H# dH16.# ��H"	�0!� 9�6i	
 F�E=� %��8  /H#     %H5 
3HC

  @�8 	
 *��!!&�       �8� D
3( /4��G�� -��#F) @'� )  @'E\Z( �#�

 @�8 	
�"*��!!&� E]( �   m�Hi ~�?HC� D	�O� /<��6<>� ���E"

   $�8� D
3( �(�� h�6?7=        F� �� /�34() M�:=� S��6= J�� �( J���(�;(

  B���HHC 	
 /,YHH8 �HH�F �	�HH!() �'	 	
 @3OHH,# �HHC�
�(

    A) e0� d16.#%(	�5        9�EH;| �	�H!() d16.# ��"	'
 ' %6�	 

  �	'�t%(  /H0= �o=               %H( EH��( /��HK= �Ho= 	�HKz� ���H( ' EH8	

/W=3W| �	3C I�F3�        �H� 
30= %]\��# -��#F) 9���� 	
 m�i

   /]YP T!1,�%(T0�E�)  ./<��6<>� ���E"   m�Hi ~�?HC� D	�O�

 �
	�3# 	
    A) n�0�� %5 %H( 	�H5     ' �64H!( %H6�	      �	�H!() 	'
 �H�

D��35��        A) n�0�� �( %7��+# 	
 �8� D
3(%( 	�H5      ' �H605 %H6�	 

  /=N3f �	�!() ��"	'
  �8� %6C�
 /='G� �� .   	
 k�H8� JH�� �(

�
	�3#      y�( 	
 /,Y8 ��F �	�!() Q67!8 F� D
�L68� %5�" %67� �

             M�H:=� B���HC F� �64H!( m�i ~�?C� D	�O� /<��6<>� ���E" �(

         QH:V F� D
�L6H8� $EC�( �o= E# -��#F) J�� �H"�  A) 
�H�F  �H(

  �	�H!() ��"	'
    D�H�35  %H( DgH�'  @�H8 	
  �H"  %!HU3� J�F�H_) �

/0=
3C .    e0� ' 	'
 	
 /6V �H"        B���HC 	
 �	�H!() cH8�;# �

 %!U3� 	3C /# 
3C �'	 
�(	�5�"      �( E��( /,Y8 ��F �	�!() �

              /H<��6<>� ���EH" �!]Ht' F� /"�H^) c7H5' �64H!( j�!6V�

            *	3U 	
 �� $
���� M�:=� @'� @�8 @3f 	
 m�i ~�?C� D	�O�

 	 N�(J6�     $~�?HC� D	�OH� /<��6<>� ���E"      /�34H() %H( �?7H=

         /6;8 �'	 %( EC	 TO� @3f 	
 m�i)/(�P�_ (   
3HC M�EHP� .

             @�H8 	
 9�H#�5 9�6H8�KC %=N�H8 /^EH=	�( 9�GH!# h�;0t �H" �

  -��#F))  F���Z�   /H>� ���� (   cH!��� %H(Z/�� $�/�� $�/�� '

���/1!# �8� D
3( �6#)� .(

    <>� ���EH" *��!!&� S��6=         	
 m�Hi ~�?HC� D	�OH� /H<��6

     d16.# TU�3� ' m�i d16.# n�0�� %;� F�  	
 9�H6i	
  9�H���

 T<HHC 	
 -��HH#F)��HH8� DEHHC %HHl�	�  . 
�
 9�4HH= S��HH6= JHH��

              	
 m�Hi ~�?HC� D	�OH� /H<��6<>� ���EH" -;5��H� �!]t'

        �	�!() 	'
 �( /,Y8 ��F �	�!() ��"	�0!�Z     �( %7��+# 	
 DF'	 

 	'
 ��HH"	�0!��[' DF'	 %6HHC�
 ���E��7HH#�= �!]HHt$�HH8�

%(�	3f%5      %H6��� -��GH�� �H"	�0!� JH�� %4H�	 %+Y;# 	
 �	3C 

�8� .       �	�H!() ��H"	'
 	
 �#��[       IH�F3� 
3H?K( �H( DF'	   /H+��

   %4�	 %+Y;# 	
 �	3C�"$    @
�]6# �!]t' 	365�� J��   
	�
 ��H�.

  Q:V 
�(	�5 J���(�;(�"�    �(3= �" 	
 A) �64!(  �	�H!()    xH��( 

 # I�F3�8�;c�� X0= �"          �	�H!() 	'
 ��H"	�0!� 	
 m�Hi ��[

  $�8� DEC DF'	          ��H"	�0!� 	
 �3Ht' %H( c1Y# J���T   ' ZT

DE"�4# /#   $

�^%(�	3f%5    T<C 	
 �      �H( �8� DEC p.4# 

J��%5           D
3H0= �H���	
 9�7H<� A) 	�E+# 	�0!� '
 J��  EH=�$   �H#� 

     %4�	 D
'E,# m�i 	
 �	3C I�F3��"    	�0!� 	
 ZT H8�;#c �H�

   	�0!� F��T/#      �	�H!() ��H"	'
 	
 �	3HC I�F3� ��> $EC�(�[

 	'
 �( k�!P 	
 DF'	Z8�;# DF'	 c��/# EC�(.

 t8�

 /15 T!1,�               �H�F �	�H!() 	
 �	�H!() 	'
 %H( j3H(�# S��6= �'	 

       �	�!() 	'
 ����( DE;"
 9�4= /,Y8�[   �H(Z     B���HC 	
 F'	 

  -��#F) J�� M�:=� /# EC�( .%(�	3f%5 =      @�H0�� F� THU�V S��H6

�"	�0!�    05 d16.# T#�3� �'	 �H ' / DE;"
 9�4= @3O,# /L!5

  �8� ����( J�� .Q"J!;|        D	�OH� /H<��6<>� ���EH" �!]t' 

  	'
 �	�HH!() ��H"	�0!� 	
 m�HHi ~�?HC��[  �HH( %7H��+# 	
 DF'	 

�	�HH!() 	'
 %(�4HH# ��HH"	�0!�ZHH( DF'	 %
3HH( �HH6K( cHH���# . 	


�
	�3#   Q67!8 F� D
�L68� %5        y�H( 	
 /,YH8 �H�F �	�!()  �H" �

             B���HC F� �64H!( m�Hi ~�?C� D	�O� /<��6<>� ���E" �( %67�

               �	�H!() ��H"	'
 F� D
�L6H8� $EHC�( �Ho= E# -��#F) J�� M�:=�

  D��35%(Dg�'  @�8 	
 �"  %!U3� J�F�_) � /0= 
3C .    	'
 	
 /H6V

 e0� '�"          %!HU3� 	3HC B���HC 	
 �	�H!() c8�;# �  /H#  
3HC

 �'	 
�(	�5"�        ' �64H!( j�!6V� �( /,Y8 ��F �	�!() �  c7H5

         m�i ~�?C� D	�O� /<��6<>� ���E" �!]t' F� /"�^)%( DgH�'

           J6H�	 N�( *	3U 	
 �� $
���� M�:=� @'� @�8 @3f 	
  ���EH"

  $~�?C� D	�O� /<��6<>�         TOH� @3Hf 	
 m�i /�34() %( �?7=

 /6;8 �'�( %( EC	)/(�P�_ (
3C M�EP�.

 ��:=) F�/ K( %5D� Q67!8 �	�
�(�"       �H( 	�4H� �,� �	�!() �

 ��� RE"    �	�!() A) R�O# 9
	') J! /#     	�0!� ��> EC�(�T  �H(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            14 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html


 �-
� .�� �� 
�	��/ �-0�� 1��23 4�15� )��	617 (1� �89�1:� ;�... 

[�

   �	�!() 	'
�[       9�G!# %( A) 
�(	�5 /;]� DF'	[�    �H!.?� EU	
 

 �4� F�   /?7H= ��G# F�   EHC�( /#	�
	3Hi�( .     J!H( %7H��+#�T

        Ra6Hi� ME� DE;"
 9�4= E"�C 	�0!�' /H;]#     *�LHU J!H( 	�



  /=�E;i' /53� EU	  $   %i�HC�8 /4�'	 EC	 �H"   /=�EH;i
'F $

'/��	�5          -��H#F) M�H:=� *EH# @3f 	
 A) R�O#   /H#  EHC�( .

QK# �H�  ��H��( J��T       ��H"	�0!�' E"�HC 	�H0!� �H(�T   ' �T

	
%>}7#/��	�5        	35�H# ��H"	�0!� J!H( A) R�O#   /H#   $EHC�(

%(�	3f%5     A) cH]<# �H6# X� R�O# ��F� %( 
�
 9�4= S��6= 

 ��HH"	�0!��T ' �T�T ' �T  cHH!��� %HH( ��� $��� $��[ '

�ZZ    E!>3� X4i @3O,# M�^  /#          ��H��( F� /5�HV %H5 
3HC

 	�0!��T/# EC�(.

         �	�!() ��"	�0!� /4�'	 EC	 �"	�0!� @�0�� ~'�C @�8 	


           �H8� %6HC�
 -"�H5 E"�HC 	�H0!� �H( %7H��+# 	
 /,YH8 ��F

%(�	3f%5      '	 M'
 @�8 	
 m3C J��        �H�� @3OH,# 
�H<10� �

 �C��^ /L;#.        h���HU -��#F) ~'�C @�8 	
 
�
 9�4= S��6= J��

       ' E"�C 	�0!� /4�'	 EC	 J!(�T       
3H\' /K\3H� T(�P *'�L� 


	�E= .          	�0!� %( j3(�#
�<10� J��64!( -��#F) M'
 @�8 	
�T

              �	�
 �	 /4H�'	 EHC	 J��64!( @'� @�8 	
 	�0!� J�� �8� D
3(

 �8� D
3( . E( J��           �H!!&� ���H( 
�H?"�	 J��6K( %5 �8� /;]# 9�

          @�H8 	
 h�U3Oi A) 
��F Q:V F� D
�L68� �	�!() Q67!8 �H" �

   �	�!() Q67!8 �!!&� �7.= /#          A) 
3H?05 *	3HU 	
 ' EHC�(

�	�!() /#  @�8 	
 9�3��" /��O# A) 9
30= Q5 %( �?7= E]( �

 
30= M�EP�.           %H( j3H(�# S��H6= k�H8� �H( /��	�H5    A) R�OH# 

	�0!�  ��"�T  $ZT        �Ho= F� ' D
3H( 	�
	3Hi�( B���HC J��H6K( F� 

    ��"	�0!� �( �	�#)�T   ' �T    	��P D'�^ X� 	
  /#      �H( �H#� E;6��^

  %( %\3�J��%5 ��"	�0!� �T ' ZT   EHU	
 $/4H�'	 EC	 �o= F�

           	��HP /?8�;# �!]t' 	
 `Y8 EV�' 	
 
�<10� ' /=�E;i
'F

E=	�E=  $   ��"	�0!� ��>�T    H_�( %5 /Y���C 	
     	
 /��H5 A) 9�	�E

  E;C�( %6C�
 	�!6i�   	�0!� '�T �
	�3# 	
     	�!6i� 	
 /��5 A) %5

%!U3� T(�P $E=	�E=/# E;C�( .

            9�GH!# /H;]� %(�4H# B���HC ' -��#F) J�� M�:=� B���C 	


      �	�!() A) /<��6<>� ���E" c8�;#)�      �H6# �H( �;0�F /8
 ( $

         H"	�0!� cH1_� m�Hi ~�?C� D	�O� /<��6<>� ���E"     TH!>
 %H( �

               ' �H8� D
3H( @3H?P TH(�P h�6?7= EV 	
 m�i ���( 9
3( X?8

      /6;8 �'	 F� �	�!() Q67!8 �!!&�)/(�P�_ (   �H( /,YH8 ��F %(

    9�<#� %67� 	'	�( 9�6i	
 �'	���� /# EC�( . �( �8� Q17# %v=)

     9�G!# %( A) R�O#��            dH>� kaH5 �4H� F� �H!.?� EHU	
 

)Z�Z[ 	�6<"	
 c]<#�6#  ( 	'
 �H( H!() �	��[F'	 ) 	�H0!��T (

  /1<4# �!" 9'E(/#            %H( /,YH8 �H�F �	�H!() Q67H!8 F� 9�3�

               %��HU �H( D'aH� ��H�F �H��^ D�K( �	�!() Q67!8 �!!&� 	3o;#

        *�LHU �u5� �o= F� $�	3C I�F3� 9
3( c8�;# ' A) 	
 /�3\

    -:;H8 
	3# )            $�H=� 	
 %H=�
 
�EH]� $@3OH,# X4Hi 9F'

      i 
'F $/4H�'	 EC	 $/53� $/=�E;i    ' /=�EH; /��	�H5   R�OH# 

A) (       �"	�0!� ���8 �( %7��+# 	
 /(31Y# �!]t' ��	�
 /# EC�( .

  J���(�;(%( 9�3H;�        eH!+,� JH�� M�H:=� B���HC 	
 	�H0!� J��H6K( 

 /# /��]# 

�H^ .             A) 9�GH!# �Ho= F� 9�	�EH_�( %H5 /Y���HC 	


   E;C�?= %+!�# 	
 �	�!()$ /#            9'EH( ' A) QH:V JH�� �H( E;=�3�

    F� �f�i %_E_
  D�K( /,Y8 ��F �	�!() Q67!8   ' EH;��0= ��H!^

              �'	 �H( %7��+# 	
 G!= /?8�;# h�6?7= /�3\ %��U @�V J!� 	


   /6;8 �	�!())/(�P�_ ( E;C�( %6C�
)   
'EHV��  EHU	
  .(   	
 �H#�

              $E;HC�( %+!�H# 	
 A) 9�GH!# �Ho= F� 9�	�EH_�( %5 /Y���C  �H(

  9�GHH!# %HH( A) R�OHH#[�   kaHH5 �4HH� F� �HH!.?� EHHU	
 

d>�)[Z�� 	
 c]<#�6#	�6<" (     �	�!() 	'
 �( '�[DF'	)  	�0!��

T (            �	�!() �'	 �( %7��+# 	
 @3?P T(�P 
�<10� %( 9�3� /#G!=

  /6;8)/(�P�_) (	�0!��T (      
'EV ' ���� �8
[Z    	
 EHU	
 

    
�5 /�3\ %��U A) R�O# .   9�GH!# %H( A) 
�(	�5��  EHU	
 

 F� �!.?�     d>� ka5 �!.?� �4�)����   	
 cH]<#�6#   	�H6<"  (

%(T!>
          -��G�� ' /4�'	 EC	 $
�<10� 	
 %oVa# T(�P -"�5 

        %!HU3� TH(�P E"�C 	�0!� �( %7��+# 	
 /=�E;i
'F %oVa# T(�P

/0=  EC�()��"	�0!��T ' ZT .(   /=�67"35 b3Oi J�� 	
)Z (

        	3H� 9r2H# ' /,Y8��F �	�!() �'	 �()�� (     �	�H!() �'	 �H(

D�YP  ��      /��O# A) 	�E+# �( G!=   9�G!# %(��       F� �H!.?� EHU 	
 

          /6;8 �'	 �( %7��+# 	
 �	 d>� ka5 �4�) /(�HP�_($  c?H8

�8� %67=�
 @3O,# E�EC ���.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            15 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html



���	�� ��
� � ���� ����� ��	
� �  / �	�������� /  ��	 ! ��� � "#$)&'� ( /�	#�)*+,

[[

;]�-C
1�e

9�0"                /��3H" ' A) B���HC 	
 -��H#F) JH�� EHC �5r %5 %=3^

     y�( m�i $������ M�:=� 9�#�5 9�68�KC    /;C /#3> ���( ��	�


      !# %( �	�!() A) /<��6<>� ���E" '  9�G�     �H6#�( �;H0�F /8
 


3(.   $B���C J�� �,� ��>   	�H!() Q67!8 �!!&�  �    /6;H8 �'	 F�

)/(�P�_ (    	�E+# %( A) R�O# TP�EV�( /,Y8��F %([� EU	
 

           dH>� kaH5 �H!.?� �4H� F� �!.?�)       /H?��+� 9�GH!# %H([Z��

  	�6<" 	
 c]<#�6# (     �	�H!() 	'
 �(�[        J6��H^ �Ho= 	
 ' DF'	 

   6# �	�!() c8�;# I�F3�       # %67H� 9�6i	
 /() F�!= �( c8�;   F� ���H6

   �"�!.?� %( j3(�# ��
�+#�     kaH5 �H!.?� �4H� F� DEHC M�:=�

9�<#� d>�����/# EC�(.


�K;4!� /# 	
 

�^ $/,YH8 ��F �	�!() �'	 F� D
�L68� *	3U

    F� @�8 �" G!l�� 	
         %H=30= d16.# n�0�� 	
 9�6i	
 F�E=� %��8 ��K6=�

   >� ���E"' %!K� m�i  m�Hi ~�?C� D	�O� /<��6< DF�EH=�   
3HC ��H!^

       F� ��N�H( 	365�H� J�� %v=�;| ���      �H6#�( �;H0�F /H8
 )��(  -��GH��

 EC�( %6���$   /l34() M�:=� �( �"� 
 MFN       �?7H= 9�67#F ' G!l�� @3O� 	

��� %(

�^ M�EP� c8�;# EV 	
 m�i �	3C 9
	') J!.


��^J�	u�

       �EH# e!+,� J�� d16.# TV��# M�:=� 	
     *�H+!+,� %7H82# ���

    %](�� ��"EV�' %!15' 	345 %67� %=�0!0U �	�<0"  ��  %5 E;6C�


J�E(     �	�GWH8��8 �K=) *�0VF F� %1!8'  /H#  

�H^ . QH" J!H;|  F� 

              	34H5 %67H� *�H+!+,� %7H83# %H��&� ' �	�!() -.( J!++,#

%(Dg�'            �<4H� 	3H� 9r3H# 	3O;#' /,>�U F�#��� kE;K# 9���P) 



�W!# .  f J!7!;<� F�      9�	�<0" %!15' /�3<!= �t	E0,# ��P) ��

      9�#�5 %67� *�+!+,� D�W67�� �P'%(Dg�'     
3H0,# M3V�# 9���P) 

                ��Hf JH�� dH16.# THV��# 	
 %H5 /08�P J!7V ' 	'�� 9'	


        /=�
	EP ' �<4� E=
3#�� �	 MFN *E��7# ' �	�<0" /#  

�H^ .

               DEHK��( �	 �H��� �H0VF %H5 �	N�H8 %#3OH]# Q=�i	�5�8 F�

E;6C�
�	�GW8��8 /# E��0= .

��	
�������	g-��

�.M $�
�C	� .��Z[ . /8	�(�!�}�%67� 
�<10� �'	 �L7�  .# /4"'g� �	�G^9�:;7�	 $	345 %67� *�+!+,� %782.

�. � $/��C�.  $" .	�4�� R $ . 9 $X!\�� . R $�	E!V . 9 $/8�?� . 
 $�	
�= . 
�g= X!=  A ' $ . /1P 	�� .���� .    %782# �a� %"
 X�

��F	'�45 /8E;K# ' /;� *�+!+, .*�	�46=��F	'�45 �F3#) ' *�+!+,� 9�#F�8 $��5 .

�.  	345 /8�;C�3" 9�#F�8 .Z�s��ZZ  $Z�s��Z�  $��s��Z�   ' ��s���� . %#�;>�H8 �H"  /H8�;C�3" � .         �	') JH� ' 	�H#) TH5 D	�
�

��(��� ' D�	 *	�F' $/8�;C�3" *��af�.

[.%+Y;# A) /#�K8 �5�C ��#�59� .��Z� .�A) I(�;# *�]>�Y# 	3#.�C
 *�]>�Y# �	�G^ �"	 �9�:;7� .

�.� $D
�G!1� .��Z� .D�!^ m�i ' A) %Y(�	.EK4# �3t	 kEP 9�68) *�	�46=� ' ��| %782# .

�. � D
�G!1�.���� .    D�YP �	�!() *�!10� ' @3U���.  M�'
 ��|   $      �Ht	 M�H#� D�W4=�
)~(  $         kEHP 9�6H8) *�	�4H6=� ' ��H| %7H82#

�3t	$EK4# .

Z. � $/=�67"35 .��Z� .      ' /,Y8 ��F �	�!() �'	 '
 %7��+#   /6;8 �	�!()) /(�HP�_ (        %67H� �'	 �H( %H+Y;# @'�EH6# .    %H#�= 9�H���

�	�!() EC	� /8�;C	�5$�F	'�45 DE<4=�
 $9��K� D�W4=�
 .

�. 	 $E;#
��# .���� .       9�#�5 9�68� /0!1P� ' /��3"' A) B���C /8	�(.     D	�0HC %��4= ��   m�Hi D	�
�  /H8�;C      m�Hi �G!.1HU�V ' 

9�#�5 9�68�.

�.  M $	3� 9r3# .��Z� .         8�;# J!!]� ' /<4i %( %67� 9�6i	
 �#'�+# 9�G!# /8	�(c��J�
     �	�H!() eH0� ' 	' .    /4H"'g� �	�GH^

2#9�:;7�	 $	345 %67� *�+!+,� %78.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            16 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html


 �-
� .�� �� 
�	��/ �-0�� 1��23 4�15� )��	617 (1� �89�1:� ;�... 

[�

��. 	3� 9r2#$ M .$� .  � $�
�()E0,# �E0,# . k $
�F) .  9 ' D
�G�EK# .�E0,# .���� .  &� ��� /8	�(   /,YH8 �'	 F� �	�!() Q67!8 �!!

D�YP %( ��%67� 9�6i	
 �'	.9�:;7�	 $	345 %67� *�+!+,� %783# $/��+!+,� ��f /��K= �	�G^.

11. Bhattarai, S.P., S. Huber and D.J Midmore. 2004. Effects of regulated deficit irrigation under subsurface drip 
irrigation conditions on water relations of mature almond trees. Ann. Appl. Biol. 144: 285-298. 

12. Braud, H. and F.B. Schmitz. 1965. Subirrigation: a new looks an old method. Louisiana Agric. 8:6-7. 
13. Bryan, B.B and G. Baker. 1964. Small diameter plastic pipe for use in subirrigation. Arkansas Farm Res. 13:7-10.
14. Camp, C.R. 1998. Subsurface drip irrigation: A Review. Trans. ASAE 41(5): 1353-1367.
15. Cole, T.E. 1971. Subsurface and trickle irrigation. A survey of potentials and problems. Reactor Technology, Oak 

Ridge National Laboratory, Oak Ridge, Tenn.
16. Davis. S. 1967. Subsurface irrigation. Agric. Eng. 48: 654-655. 
17. Davis, S. and S.D. Nelson. 1970. Subsurface irrigation today and tomorrow in California. Irrigation Symp. 

University of Nebraska, Lincoln. 
18. Doster, M.A. 2001. Insufficient spring irrigation increases abnormal splitting of pistachio nuts. California Agric.

55: 454-459. 
19. Edlin. F.F. 1970. Progress report on mechanical subsoil irrigation. Arizona State Univ., USA.
20. Ferguson, L. 2000. Potential for utilizing blended drainage water for irrigating west side, San Joaquin valley 

pistachios.  Department of Pomology, university of California, Davis. Final report 2000.
21. Fok, Y.S. and L.S. Willardson. 1971. Subsurface irrigation analysis and design. J. Irrig. and Drain. Eng. 97:449-455.
22. Gilley. J.R. and E.R. Allred. 1974. Infiltration and root extraction from subsurface irrigation laterals. ASCE 72: 927-933. 
23. Hagood, M.A. 1972. Automated irrigation is here. Agric. Eng. 53: 16-18. 
24. Hoskyn, J.P. and B.B. Brayan. 1969. Subsurface irrigation research in Arkansas. Agric. Exp. Sta. Univ. of Arkansas. 

Rep. No. 179, Fayetteville, Ark. 
25. Hosseinifard, J., H. Rezaee and A.Ziyaeeyan. 2005. Effects of K, Fe and Zn sulfate application on leaf nutrients and 

nut quality of mature pistachio trees. IV International Pistachio & Almond Symposium, Tehran, Iran.
26. Pohjakas, K. 1966. Distribution rates and patterns from plastic subirrigation pipe. Agric. Eng. 8:37-38.
27. Romero, P., P. Botia and F. Garcia. 2004. Aerated subsurface irrigation water gives growth and yield benefits to 

zucchini, vegetable soybean and cotton in heavy clay soils. Annuals Appl. Biol. 144:285-298.
28. Sepaskhah, A.R., S.A. Sichani and B. Bahrani. 1976. Subsurface and furrow irrigation evaluation for bean 

production. Trans. ASCE 19:1089-1097. 
29. Sichani, S.A. 1974. Evaluation of subsurface irrigation as compared to furrow irrigation system. MSc. Thesis,

Pahlavi Univ., Shiraz.
30. Sommer, N.F., J.R. Buchanan and R.J. Fortlage. 1986. Relation of early splitting and tattering of pistachio nuts to 

aflatoxin in orchard. Phytopathol. 76:692-694. 
31. Zetzsche. J. B. and J. S. Newman. 1966. Subirrigation with plastic pipe. Agric. Eng. 47: 74-75.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

43
.4

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            17 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.43.4.7
https://iutjournals.iut.ac.ir/jstnar/article-1-819-fa.html
http://www.tcpdf.org

