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

���

��. /�0 �12� � � 3!� 1� ��(�415 ��15 �4 �!	6 7	8 ��415 194

���4 � ��� :	��� �1� ��1;�	� <�)= 3�� **

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

�3�2$

        <�!	� ��15 194 �� 7	8 ��415 ���1� ��>
� ?�  @�	��. 
���	�� 
	� ?��A� 
	�       ��4�� �	� �� �� �� 
4),+B,C (  �5	D�DE5 ?��A� ��

            F�1G �	H64 /�0 �	�G 
�� I�	JK	� ?DL
� �� �M4� �41�! �	J�64� 
���	�� �32�64� .     
�OJP4 � QLO� �� �� ��(�415 ��� "�	! 	��	 �5

     QL� �	#$ �� ��15) <�O�� "� �� ��15 � F�� R��� 
�� ��15 IF�� S�L8 <�� ��15 I��	T4 ��15 ��3� ( ��O� .  1O6 
�� ��� 1O94 U

       �
�� ��VE� �12� � � ?��� � H= �1K I3!�               �O
�� �12� � � ?��� � H= �1K I3!� U16 
�� ��15 �	 �5 194 	�4 I���6 �4�  ��O� �4� .

    W��(� ��� ?� <��� "� �� ��15 �	 �5XY/+ 	� ��	T4 ��15 ��3� �	 �5 � �	(2� �� <5 -Z/-    <�1(�O�� � <�1O( � [O�515 ?� �	(2� �� <5 

�	�6 4� �12� �36�4� .

�\4�
	�
3��� :?��� � H= �1K I/�0 �12� � � 3!� I��15 
�JP4 I7	8 �G�1��

?�3D�

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

  �2) 3*4$% ��.56+ .        8�+�9 /��0 -���1�� �:	� ;
�<+ =9

          >?�@#) � AB CD�E2� (9�F -	)�G �)*% C(H5H
 �<@I JK�#

  �� ,��I �
*% -% ���*!.    C/�0 &#)�
 �L) 
�      M��� � (�50  N
�

N*40� " � (50M���KP    -% JK�# /�0 Q
R9 	 9�. )�9��"9	S

 
  !
	=1 � ���  � ! �� $% �)�9P  T*U  !
 -  V�+ � -   �*�0 

I�,�   W�I) X�N =9 P 9 ��E1P        ���+ ��T�Y =�9 �<@�I P �
)�  . 
�



*N-=#  0 /�0 �5-    C �!�9 � ! &#)�E%   
  �!
 �	=1   Z�F*E% 

   � � !  <+ =9 
��F*
 ) , [ 	=      -�6I � �! &#)��E%   �!�9 .   -���U ,)

     S�!�% ���
 =9 =E@9)� P,
��1# ;) �T*
     ��2) P,
��1�# P�K

                 >� �9 ��!)��9 � ��!�# >
 �% P,
��1�# 
� =�# P*�$I =9

     �2) S.6% ��G S	�<6# � 
*E#)�
 .      S�.6% ���
 ,) -!�I \�2B

                 (�9�F ���G ��	 � S��%, ]^�2 
� � K�1% (9�F ;
*N =9 �2)

�1%  =	[ 
� � K          ��K 
� =#  !�9 =E��� ;
*N /�0 S	�	, P�K

   ;
*N ��
�LB-% 3*4$%  �T*
 �9 -_"%  �
)���)��.(  >)����)
 

 >)
�.6K �)�� (  �9�  C�  C�`   � ��     � 
*�E#)�
 ���
 
�9     
�1�� ��9

-���2�6
) Contact pressure(�� C�� � a�3�.���2�� *���5�#

    -2�6
 
�1� S	�E1�9�`    ��
 �` %    
c ���.56+ JK��#   ��*�9 ;

 ��2) .  >)
��.6K � ) �%��)� (    >,� J	)R��) ��9  �I��# �
)R��

� .) �  !
) -2�"!
�# d9�2 P*e1I)� \�
�
 =9S�!�% f�I�.% 
�	��E2P,
��1# P�K CP,
��1# � .1I)�C,)��! ��:1I)� 

* : -.�I��E.T) �@� C;�<
�.% 3*g@% :karparvar@shirazu.ac.ir

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                             1 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / $ � "#���)& ( /�	()��*+,-

��`

        =h^"% -"! /�0 
� ���
 >� 9 �      i��eI) -�h�h$
 )��I�# f9*�#

        
�6�
 
� =#  I��# �
)R� �  I�)���      
*E#)�
 �$
 � ���
 
�9 

  ,)�`   =9 ��           3*4�$% ���.56+ JK�# )��I�# -2
 /�0 
� S
 

��j�� % ����.56+ JK���# � -	)*��K � AB \��2�"% k	)���! 
�

�a j��%        ;
c 3*4$% P)�9 -	)*K � AB \2�"%�I k	)�! 
�

 �2) � %B �*l� =9 .(%�K)� (    P
*�$% 
��9 3��6+) �9� C�` � 

�`      ��9 =# �*6I �
)R� C*K) 	B 
� -%*T -E5�2 /�0 P�
 S
 

             
� -�U��H% m0��! � /��0 n*4�H% i�l C
�9 J	)R�)

  d6+�� -EI�2          
��9 � ����# ) �� J	)R�) P�E%�`   � �    
� S�
 

 3*4$% JK�# -"o% �L)
�9 
� -T� =E!) I P
)��` JK�# S
 

 � >�1��I 3*4��$% � =1��	
  ��!
���2) � ��! ��) . � P
�*��T

�T*p2))� (  P
*$% 
�9� � �� -%*T /�0 q*I �� P�
 )
 S
 

           ���.56+  I�*6I �
)R� �  I��# 3�6+) -E5�2 -2
 � -E5�2

 =I)� ;
c    i�� 3��2 
� � /��0 q*I �� �K 
� 3�) 3�2 
� P)

       -E5��2 -�2
 /�0 
� i
�'r 3�2 
� � -E5�2 -%*T /�0 
�

    ��2) =�E��	 JK�# .   6K � -"ET��� >)
��.)� (    -�h�h$
 -�U 
�

       	 ! &#)�
 
� C I�*6I �
)R��` %     � ;
c ��.56+ JK�#

    k2*E% &#)�
 
��� %         C� �%B �*�l� =�9 ;
c ��.56+ JK�#

   	 ��! &#)���
 
� /���0 n*4��H% i���l��/� &#)���
 
� � 

  k2*E%�a/�  &#)�
 >� 9 
� � ��/�-EI�2 �9 i��   \�o.% �E%

�2) ��*9.

 S�!�% ���
  �9 P,
��1# P�K     ;)
c S��9 P�s� JK�# 8+

       -% J	)R�) )
 /�0 -T�:r � � ! /�0 K� .     �!
 P)�9 ����

         -�% ���I (6$
 =9 
�r�I &#)�E% /�0 
� =1	
      ��9 )��	, C�*�!

             ����� P)��9 D�E�2� (�9�F >?�@#) �*<6# � -.�I�.% �%��h%

 �2) =l)*%)�a .( =oT�^% S�T�)   =1�	
  �!
 JK�# �
*% 
� �K

      k�2*
 &#)��E% /�0 (9�h% 
�     �I�
��� � 
*�5�
 )�� (  ;
*�N

���� .              c*�_I =�9 ��%��h% ��9 -#�0 
� =#  I��# �
)R� �'IB

�a/�            �*�<6# � n*4�H% i�l J	)R�) �5+ =9 C3�.2�� �:% 

             >B =9 P�t% �)*% � ��*<I c*_I =9 
��F =1	
 C/�0 
� �9*U


-6I 2
.

          
*�E#)�
 ���
 ;�h�h$
 -so9 
� =1	
 =o2*
 =oT�^% P)�9

    S�%, (# 
�f	  -% i�eI) �0)*I�*! .  >)
�.6K � >)���)
)�` (

      ,) =1	
 d6+ JK�# =9�`-EI�2     =�9 C����
 >� �9 ;u� 
� �E%

�� -EI�2    �9 ;u� 
� �E%��       -2�6
 
�1� 
� C���
 
�9 a�   *�5�# 

   "E��	 �2� 3�.2�� .    
*�E#)�
 ����
 &�K ;�h�h$
 -so9 
� �%)

   f	 S�%, (# 
�     *$I =9 C�2) � 1I i�eI) �0)*I    JK��# =# P

              �6�2 
�  �!
 J	)R��) 8+�9 � ! ���
 �62 
� =1	
  !


�2) � %B S�	�� (# 
� ��.56+ �%) � 	��� �:	�)��.(

  v"6�2 � -.�9)� (          �*�l� =�9 &#)��
 =#  I��# �
)R� R�I

             ���.56+ J	)R��) 8+�9 CS�	�� �9*U
 �9 S�%, 
� ���
 ,) � %B

  ;�# =9 �<@I ;
c #)��
 -T� � ! &#)�
 >� 9 P�K  S��%, 
� &

        ��2) � �	��� ;
c ���.56+ JK��# 8�+�9 [��9 ��9*U
 ��9 .

v�K
�)�� (   -h�h$
 
��             i��l ��9 
*�E#)�
 ����
 ��L) C=T��2 

              
� )
 �	*�2 ���.56+ � -�U��H% m0��! � /�0 n*4H%

        
� =�# �*�6I �
)R�� � ���# -�2
�9 �
*@"�% -"! -%*T /�0

Z	�
              i��l C �!�9 =�E��� ;
*�N ���
 �'IB X�U �� =# -	�K

H%             -�T� ����# ) ��� J	)R��) -U��H% m0�! � /�0 n*4

    Z	�
 =9 �<@I ��.56+ JK�#       ����
 ��'IB X��U �� =�# -	��K

�)� w
 &e"� � i�� 3�2 
� �'"
 C�*9 � 1I.

                ����
 ��L) ��9 /��0 &#)��
 P�
 P���	, ;��h�h$
 >*"#�


S�!�%           
� ����
 ;�h�h$
 S	) �x#) =# � ! i�eI) P,
��1# P�K

  -% S�%, (# !�9 .�            =�9 S��%, ]^�2 
� ����
 C�V�Y d�h$
 


f	 ;
*N
�6�
 �� �9 /�0 &#)�
 �L) � =E��:I i�eI) �0)*I:

�( ]^2 �� 
� 
*E#)�
 >,�  :

�j 
*E#)�
 Cf<2 3 % S2*��� -@%���)P1(C

�j 3 % S2*��� -@% 
*E#)�
 CS�:"2��� � ! S�:"2 )P2 .(

�( ]^2 
�'r 
� ���
 P*:T) :

�j -��V) ���
 >� 9)T1(C

�j�1# y*^0 S�9 ���
)T2( C

�j�1# Z	�
 P�
 ���
)T3(C

�j S�%, (# 
� ���
)T4(.

            ���.56+ � =1�	
 -�6eY i�l C !
 C/�0 ;��N*40 P�


    �2) � ! -2
�9 ;
c ���� .          � =�oT�^% Cd��h$
 S�	) ,) X �K

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                             2 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


��. /�0 �12� � � 3!� 1� ��(�415 ��15 �4 �!	6 7	8 ��415 194

���

 ��3K* . ^�DE5 "E� 7	8 F�	� /	�_�V8

S!�!
� �5�2R	
 �5�2D

d�)

d6+

cm jjj jjjj jj%j jjj jjjjj
���9

A11P�`j`���`��`-"! � -2


A12P��j�`���`���-"! � -2


A21P��� j��������`-2


A22P��� j����������
)� �5�2 -"! � -2


C��`j�������a�a
)� �5�2 -"! � -2


     =	[ 
� � ! ��e	) &#)�
 �L) -2
�9    ,) -�!�I /��0 S	��	, P�K

  ���
           ;
c ����� ���.56+ �  !
 C/�0 ;��N*40 �9 
*E#)�


-% !�9 .          =�	[ 
� � �! ���e	) -���1�� �2) �#c =9 i,[  P��K

            =�9 &#)�
 P,�2 =�<! C� ! i�eI) P�K���
 ,) -!�I /�0 S	�	,

           P,
*#��0 ;��56+ 
� � ! i�eI) P�K���
 ,) -!�I � %B �*l�

-% =	*I�L P,
*#�0 ;��56+ n*40 =9 !�9.

� �4��`��  	�

�5	D�DE5 ?��A� ��� � F��T�

 � .1��I)� -
���h�h$
 =��+
R% ,) -��"�%, =��o^F 
� J	���%,B S��	)

       
� z�F)� ,)��! ��:1I)� P,
��1#��       -�9�G 3�6�! P�E%*�5�# 

         �	��� )��l) ���:l�9 =h^"% 
� ,)��! .      
� -	����)�tl {��$T ,)

  |�+��    � =l
� �a     -	���)�tl 3*U � -T�6! =h�F� ��  =l
� 

��� =h�F�               (�$% 
� ���:l�9 ��!� q��_

) � �
)� 
)�F -F�! 

    d�h$
 S	) P)�l)���`       -% �	
� �),B ]^2 =9 �<@I �E%   �!�9 .

          �*�'F }I
 =9 d�6+ -5�0 
� >B /�0 -5# ;�4H1%  (�	�% P)

   �*'F �
 �
, =9               ��9 S�! � -�2
 ����9 �9 S!�
 �
, =9 (	�% P)

 =h<U P�
   �*'F }I
 =9 P)        �9 -2
 ���9 �
, =9 (	�% P)  ,) J�9

� %             }�I
 =�9 S	�	, =h<U �H2 ;)
c � 
�*� ;
*N =9 fKB

               � 
)� �5��2 -�2
 � -"! ���9 �9 S!�
 �
, =9 (	�% P�K*'F

  -% >�6E0�2 >� 9 !�9 .  
�  3� l�   /��0 ����9 ;��N*40 C

 =��9 i*��2*% d���h$
 (��$%" � .1��I)� P���2 " � ��! mH1��%

�2))�.(

@�	��. �	H64 "=41�

       �� ��0)�) CS�%, A�HEI) ,) v�        =��T�) P,
� /��0 ���% S	�
��

             /��0 ���% �1�'<	�
) k2)�) 
� � 
)� >)����9 SKB��� k2*


                3��2 �� ��K 
� S�# ]�^@�
 � f@�	� =5�2� =9 =	*I�L P,
�

)��j�� (  ! i�eI) .      �	 �I�l 
*E#)�
 ,) (Y)�% S	) 
����`  �� 

   >,� =9 /�$% w�r�/�    ! ���_E2) S
  .     ��<	�h
 &H�! d6+��

-EI�2 �*9 �E% . ,) v�     � P �"9 ;��# ;��56+ �#�T) ~*� (Y)�% 

  Z	�
 y*^0 S��o
       ��E% k�2*
 �1�# P��K , A��"U ,   � S�T)W

A*r         C����
 P��K*:T) 
��6�
 3�6+) 
*�"% =9 
)�� �%u+ P�K

 ���� i�eI) .           S��%, ��9*U
 C>�)� AB ��9 �1'<	�
) �0)�) 
�

                ��!�� ,) v�� �  �! ����9 [��9 ���I �
*%�     P
���9B ,) ,�
 

   ;���# ���K 
� ���9*U
 
� d��6+ =��2)��j`( C)�`j�a ( �

)��j��( -EI�2    	��� S��o
 P�E% .      S��%, (# 
� �9*U
 
) h%

 -"o% XuE0)           =�9 d6+ =2 �K 
� �9*U
 
) h% � �!) I P
)�

  \�
�
�/��  C�/�� � �/��      3��2 
�  N
� ����  ��/��  C�/��

��/�a     3�2 
�  N
� ���� �*9 .       ��K
�6�
 3��6+) ,) (<F v�2 

  � -U��H% m0�!    /�0 P�K�� n*4H% i�l �,) I)  P����

 �E	�'I � "
�6�
    ! 3�6+) S�%, P�
 �K.  P)��9    >,� 
��6�
 i��eI)

            3 �% S�2*��� -@�% 
*E#)�
 ,) f<2 ]^2 �� 
����)P1 ( �

        3 �% S2*��� -@% 
*E#)�
 ,) S�:"2���    � �! S�:"�2 )P2 (

  	��� ���_E2) .    
� 
*�E#)�
 f�E�2[ ��9 
�1� � >,� ;�4H1%

  �
 �� �K   
� C
�63� l�   �2) � ! mH1%  .    ,) ���_E�2) i�:"K

               C*�5l � \�h+ w��r �� R#�% =9 R#�% =5N�� 
*E#)�
 S	)��`

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                             3 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / $ � "#���)& ( /�	()��*+,-

���

��3Ka .�	 �5 �	 �4 <�= �� ��(�415 /	Vb��

 
*E#)�
 >,�)Mg(
*E#)�
 f�E2[ ��9 
�1�)psi(

       S2*��� -@% 
*E#)�


���)P1(

 S2*��� -@% 
*E#)�
���

� ! S�:"2)P2(
*5l w�r\h+ w�r

�/�a/��a��

 "2!* ."E� 7	8 ��415 
	��	 �5 �	 �4 
41� ��(�415 ��15 
	�

P1B <��G1� �)� ��(�415 I c�� a,Z  I P2B <��G1� �)� ��(�415 I <�J
� a,Z�3! <�J
� 

T1B I ��	T4 ��15 ��3� T2B IF�� S�L8 <�� ��15  T3B IF�� R��� 
�� ��15 T4B15 <��� "� �� ��

-EI�2   ! &��"
 �E% .     
��6�
 3�6+) S�Y 
� 
*E#)�
 �+�2��/�

�*9 �+�2 �9 �E%*5�#.

          ;�# -%�6
 ($% =# >B =9 =l*
 �9 C���
 P*:T) 
�6�
   � ��K

 Z	�
 >�.%     ;��# ��K 
� �K)�       ;��# ��K 
� Z�	�
 (  ,) (�<F C

    ! 3�6+) S�%, P�
 C I�*9 � ! mH1% �!�# .�eIB ,)	- =#

5N��     
*E#)�
 w�r �� =��` -EI�2       ;
c Z	�
 �� =5N�� � �E%

�� -EI�2            -�% &#)�E% )
 k0 �� 
*E#)�
 
�� �K �9 C�*9 �E%  ���#

         "E!)� 
)�F Z	�
 S�9 �	 � Z	�
 P�
 k0 �� �K �	 =# .  P)��9

            =�9 
*E#)�
 C;�# P) E9) ,) CZ	�
 S�9 ���
 P*:T) 
�6�
 3�6+)

  3*U�`   -% �#�Y �E%  6K P�
 � ��# >�, 
�� ,) v� ��@% >�

    -%�9 ;�# ,) M
�0 
�      =9 ���
 �) o
 �
 �1��     )��	,  2�9 
�9 

 =	[ 
�    �E<@I -���1� C/�0 S	�	, P�K " =�Yu% (9�F  ���e	) P)

        R�I k0 �� >B S�9 v�2 C�*!�    -% 
)�.
 ���
 
�9   �! .  P)��9

  y*��^0 =��9 =��l*
 ���9 R���I Z��	�
 P�
 �����
 P*��:T) 3���6+)

�%u+  �
 � ! P
)��        \�
�
 =9 �!�# =5Y�% ,) (<F CZ	�
 P

  -% (6+ [�9 ! .            i��6
 CS��%, (�# 
� ����
 P*:T) 3�6+) P)�9

-% i�eI) ~*� ���
 P*:T) �� 
� =# -5Y)�%���� ;
*N C ! .

         ���:I ;
*N -��V) P���
 ��K C���
 >� 9 P*:T) P)�9 �%) .

 (%�! =# C;�# �K S�9�=5N�� C�*9 Z	�
  P)�/� ��I 
� P�E% 

    �*9 � ! =E���           =5�N�� >B ,) �!)� (Y)�% 
� ���
 =I*� �K =#

           P��K
�6�
 P�
 
*�E#)�
 �#�Y ;
*N S	 9 �
 =E��� ;
*N

    !�9 =E!) I P��L�
 ���
 .          i��eI) 
)��.
 =�2 
� ��K
�6�
 -%�6


���� .  
�(.!�             f�	 
� >,� 
��6�
 � ����
 P��K*:T) 
�6�
 C

    �2) � ! ��)� >�1I 
)�.
 .�h�F� "  +) ,)  o9  3�6 m0�! �K
�6�


       /�0 P�K�� n*4H% i�l � -U��H%�,) I)P���  !  .  v��

  ,)�            =9 �
�) � (�	�
 ;�_@� ��*2 P�K�*# C
�6�
 3�6+) ,) ,�
 


) h% =9 \�
�
 P�K�`` � �`` ��)� S�%, =9 
�E.K 
� i��*5�# 

 ! .          
) h% =9 �
�) �*# C�2) �#c =9 i,[ =E<T)�``   
� i��*5�# 

  ;
*N =9 
�E.K   /�2 �`  S��%, =9 C���� > ! R<2 ,) v� ,�
 

  ! ��)� .  v�2�`         -$^�2 �9*U
 > %B S�	�� ,) v�  o9 ,�


                ��9 =�#  ! ��, S�%, ]^2 
� &K �9 �*6+ f@	� 
�9 �� /�0

    &#)��
 P�
 � ! i�eI) ���
 >�%, S	) 
� S�	�� �9*U
 =9 =l*


 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                             4 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


��. /�0 �12� � � 3!� 1� ��(�415 ��15 �4 �!	6 7	8 ��415 194

���

    �!) I P��L�
 /�0 P�	, =	[ . ��E	�'I "       ���% �)���0 k�2)�) 
�

#            3*�U 
� =�_	�
 
��'r -.�
�%*"� � I
�# k2*
 �!��`   ��E% 

 ���� ;
*N .   =I)� ;
c 
�9 ,)      D)��# (:"��2 &F
 P)�`� ,) 

           =��%�I �*�F ��9 D
 �	�  	�<�K q*I�� %  n*�50  �N
� ���%

   �! ���_E2) .              � �! X�4�% 
��9 
) �h% ��!�# i��:"K 
��`

          �1# Z	�
 �� S�9 =5N�� � 
�E.K 
� i��*5�#�� -EI�2  � �E%

    Z	�
 P�
 =5N���� -EI�2       ��!�# d�6+ � ��E%� -EI��2   ��E%

  ! &��"
 .&2            Z�5+ >���9 S��9 ,) P)��9 =E�
 
�# =9 P�K  P��K

    �*�9 ��5#[B � S	,)��
B Cd�h$
 S	) 
� Q�9 S'� � Q�9 f	
�9 .

  S	,)�
BWP80%    
) h% =9 �      �)��6K =9 i��*5�# �     ��5#[B ��E�T 

  >*�@T*%)�� %
��``      
R% �  ! (Y AB �E�T   ��!�# ,) v� =+

 ! -!�� &2 3�) P
��9B ,) (<F � . �'l � ! ���_E2) J# ��B

  
� ��B >��9 S�9 ,)�` =# �!)� i�I v�2� �!�# ,) v� ,�
 

 
� �E�T f	 ;
*N =9�`` ���_E2) �
*% � � ! 3*5$% AB �E�T 

���� 
)�F . -+)
, 3�2 �� 
� (Y)�% S	) -%�6
���� � ����

 	��� i�eI) .

	�1�d(� 
��4364�3! 
1�G

      i��6
 ;�# �K 
� �,) �I) P����    Z�	�
 ,) ��K  P��K�� �  i��eI) 

   �
 C����
�LB     ;�# S�9 
� 
*E#)�
 �#�Y     C�!)� (Y)�% 
� �K

�*! X�Y .

�j    /��0 P�K�� n*4H% i�l :   =�9 P)��9     i��l >�
�B ��2�

   9 C/�0 P�K�� n*4H%=    ��^F =9 P
)��9 =I*6I =h5Y =5�2�

�/�-EI�2      q��_

) � ��E%�  -EI��2        d�6+ =�2,) ��E%)��j`( C

)�`j�a (  �)��j�� (-EI�2�E%  (<F     ��K
�6�
 3�6+) ,)  o9 � C

9  =   ,) -���4�
 ;
*Na     Z�	�
 P�
 =�^hI    P��K�  � �  ��K

     ! i�eI) P��� =I*6I ;u� .        f	 �K 
� =# �2) �#c =9 i,[

 ,)� q���_

) =��9 =��I*6I �� d��6+ �-EI���2 ���E% =5��N�� =��9 �

-EI�2�E%=I*6I ���-% 
*�"% �� >B S�:I��% v�2 CP 	���.

�j -U��H% m0�!:   d�h$
 -so9 
�      �2) � ! ��)� >�1I �K

          
� /��0 -T��:r =9 �<@I -U��H% m0�! ��2�@Y =#

     -�% �E1�9 S�!�% ���
 (9�h%  �!�9)�(       \�	�o% ,) -�.	 ��%) C

     
��@�9 >B 
� /��0 ��9*U
 =# �2) >B -U��H% m0�!

      =�# -%��:"K  �	�9 � ��*�9 
)��� ��L�
   /��0 q)*�I) S��9   ��K

=@	�h%  -% i�eI) P)  /�0 �9*U
 ����    ������ =9 f	�RI �K

=+
R%   �!�9 P))�� .(       i��6
 �
 S�	) ,) �,) �I) P����   
� ��K

    =+
R% ����� =9 f	�RI �9*U
   ! i�eI) P). =9 P)�9 �2�

  >�
�B -U��H% m0�!   C/�0 �
 d6+ ��-EI�2�E%  P (<F

    �K
�6�
 3�6+) ,)  o9 � 9 C  =   �
 ;
*�N ,) -���4a   ,) =�^hI

Z	�
   P��K� � �             �! i��eI) P���� =�I*6I ;u�� ��K 
� .

         -�U��H% �"�2c*_I k2*
 =+
R% /�0 -U��H% m0�!

3 % ;�<L SP–1000�,) I) P��� 	��� .

�jq�_

)  ���� �x#) Y :   -���4
 
*U =9  �x#) �Y q�_

) �  ,) ����� 

Z��	�
 P���K� � � 
� �a C�a C�a C�aC�`� �` ,) v��� ,�
 

!�#Q�9 > �1# d	�U ,) ��K�,) I) C[�9 X�U =9  ! P���.

�j     f1�0 ����% >,� S��o
:          f1�0 ����% >,� S���o
 ��'l 

          -% � 	�9 ;�# �K ,) =
*9 �� �) o
 C���� R<2 J!*�   �  �!

  ; % =9� P�%� 
� ,�
 a�  -EI��2 =�l
�    >�B (�0)� �)���

 -% f10  �	��� .         ,) v�� f1�0 ����% >,��a  C�a  C�a C

�aC�`� �` ,�
 �!�# =5Y�% ,)�,) I) 	��� P���.

�j  =1	
 -6eY i�l :        =1�	
 -6eY i�l >�
�B �2� =9 >�%,

     �*�9 -K� 3u9 =5Y�% ,)  o9 �2
� .    >�
�B ��2� =�9 P)��9

         >*p�I��% � *	�
��
 ��
 ,) =1	
 -6eY i�l)�� (  ���_E�2)

 ! .          d6+ =9 -T)�*� ;u� �K 
� ��
 S	) 
��` -EI�2   ��E%

|�+ =9 ��a-EI�2� �E%    �! ��, ����� Z�	�
 3*U 
 .  S�	)

3)�*�  Z	�
 
� �K  P�K�   �	 �      -% ��, P
*U ;u� �K 
�   !

            ����� 
)��F �'IB -T*U X�U �� 
� ;
c =F�2 �� =# .   ��K 
�

      ���� �� S	) =1	
 -6eY i�l ;u��,) I) -�% P���  �! . 
�

               =.<�! ����� ��K =1�	
 ]^�2 (�9�h% 
� C3)�*�� S	)   =�# P)

3*52   >B P�K�×� EI�2 -   -% 
)�F C�*9 �E% ����� .  
� (.�!�

           ��2) � ! mH1% =.<! ,) ���_E2) ,�U � P��� 
)�F ($% .

            Z�	�o
 ;
*N S	) =9 =.<! ,) z9�% �K P)�9 =1	
 m0�!

-%   =1�	
 3*52 f	 
� ��) =# �*!    m0��! �*1�I � �	� P)

            �!�9 )
)� )
 =1�	
 
) �h% S	�E1��9 ��) � �_N �9 �9)�9 =1	


 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                             5 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / $ � "#���)& ( /�	()��*+,-

���

 "2!a .�1G �41M ?��� e8	! �364�8 
41� /�0 �	�G R��� 1� �� � � �� 
��5 ?2�! <(

����

�. =1	
 >� 9)`N=(

�. ,) �E1�9 �^F �9 =1	
 f	�/`-5�% �E%)�N=(

�. �9 �9)�9 �^F �9 =1	
 f	�/` �
 �-5�% =1	
 �)�6K =9 �E% �9 =1	
  "r �	 fr*# P�K

 ,) �E6# �^F�/`-5�% �E%)�N= (

�. �9 =1	
 �� ,) �E1�9 �^F�/`-5�% =1	
 �)�6K =9 �E%fr*# P�K)�N=(

"2!+ .?��� ��4364 � `�	 ! ?���� ?� ?��� e8	! <���5)*C(

 =1	
 m0�!>B�9)�9� -%  !�9 .     -

*�N =9 =1	
 m0�!

   
� =#(.!�-% � K�1% �2) � ! Z	�o
 C�*! .   =�9 ,) v��

         ��_E�2) �9 =1	
 -6eY i�l C=1	
 m0�! >�
�B �2�  ,) �

=^9)
) �( ! ��, S�6H
  .

]�  [






++
=

3

20119004700290

cm
g

V
N.N..Dr

>B 
� =#:

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                             6 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


��. /�0 �12� � � 3!� 1� ��(�415 ��15 �4 �!	6 7	8 ��415 194

���

rD : 3*52 �K =1	
 =E�@I)�

N :  3*52 �K =1	
 m0�!

V :  3*52 �K &eY)3cm�=�*�*�= V(

aj��.56+ :     R�I P �T*
 3*4$% 
) h% ��9      -���4�
 A��HEI) �

 Z	�
 ,) 3u9KP��� �   -E�2� ��!)��9 d	�U ,) ;u� �K

  �
 JT�% �P   � 
) l�+ f�E2[        ��'IB >���# >,� � > ��%�

)>,�   3u9 �K 
� =I)� (  B �2� =9 %.   3u9 (# �) o
     R��I ��K

   3*U 
��`      Z�	�
 �� k�2� 
� �E% �� �   �! ���6�! .  ��


�9       >,� � ]^2  Y)� 
� 3u9 �) o
 D�2)     3u�9 �K 
� =I)�

;
c ��.56+)K 
� S

�E. ( 	B �2� =9.

^�DE5 �� ��	f(�4 ���� g1�

            (�	
*E#�� ���U ;
*�N =�9 J	��%,B S	)�*�      ���U \�T�F 
� 

/*59 u%�# P�K "   
� -���4
�     �! i�eI) 
)�.
  .     � =�	Re
 P)��9

 ��)� (�5$
         
)R��) i��I ,) J	��%,B P�KMSTATC     �! ���_E�2)  .

 S�:I��% =@	�h%           ]^�2 
� S�.I)� >*�%,B d	�U ,) �K`�/`   i��eI) 

 ! .           
)R��) i��I ,) ���_E2) �9 ,��I �
*% P�K
)�*6IEXCEL   &�2
 

 	��� .

 hE� � i�	(6

7	8 ���1b� e8	! � 
1�	j k�Vb� �1K

    =9 =l*
 �93� l�        n*4�H% i�l �9 
*E#)�
 >,� 
�6�
 �L) 

P�K��     + 
� Rl =9 /�0   d6�� j` -"o%   -�6I 
)�  �!�9 .  =�E<T)

       ]^�2 �� S��9 P���	, XuE0) =# �2) >B �5+ =9 =e�EI S	)

  �
) I �*l� >,� . d6+ 
� =E<T)�� j` -h6+ =# >B (�T� =9 R�I 

   -�% A*@$% -$^2           ��9*U
 P)
)� ����
 i��:"K 
� � �*�!

 -��"o% XuE��0) \<��2 >,� ;)�����t
 C��*��9 -	[���9 i���l 
)�

n*4H% P�K��     � ! /�0 �2))3� l� j� .(     ��9 ����
 �L)

  3�) l =9 =l*
� � � j�   n*4�H% i��l ��9  P�K���   C/��0 

)�� Y "   d6+ �
�` -EI�2  -"o% P�E% -% 
)� !�9 .     =�9 =�l*
 �9

(.!�             (�# 
� ����
 P��K
�6�
 
� /��0 -U��H% m0�! 

         �� Y d6+ �
 Z	�
 P�
 ���
 � S�%,�` -EI�2     
� � P��E%

  �Y d6+ �
 Z	�
 S�9 
� ���
 
�6�
 �� �` -EI��2    ��L) P��E%

-��"o% ���2) =E��!)�� P
)� .    =��# ���2) ���5+ >B =��9 S��	)

�,) I)P���       � ! =E��� Z	�
 P�
 ,) �KS	)�9�"9     =�# -%��:"K 

              
)��� ��L) P��E6# d6+ 
� =E��� ;
*N Z	�
 S�9 
� ���


 �2) ��*9 .      � �%B �2� =9 -'9�1% �	�EI R�I �:	� ;�h�h$
 
�

      =# \�
�
 S	) =9 �2)  6K � ��2�#>)
�.)� (    "E��	 -h�h$
 
�

  =�Y�I 
� =#            k�2� 
� /��0 P�K��� n*4�H% i��l )�*	B

    k�$% ,) �E1�9 ���
 P�K��@%   -% ���
 ��G P�K !�9 .&K S�"r

     >)
�.6K � �56K =�Y�I S	) 
�)a (      P�K��� n*4�H% i��l

     d6+ 
� )
 /�0�` -EI�2       ����
 P�K��@�% P�E%)3m/Mg(

�/�  ���
 ��G � )
 )3m/Mg(�/�    I�
�B �2� =9  .  � v�K
�

>)�E2 "�T)�� (    d6+ 
� R�I�` -EI�2      n*4�H% i��l P�E%

  S���9 �
*@��"�% =���Y�I 
� -E5���2 -"��! -%*��T /���0 P�K����

)3m/Mg (a�/� j�/���@���% P)����9 � � ���! ������
 P����K

)3m/Mg (�/� j�/�  /��0 P)��9    =�9 ����
 ���G P��K ���2�

 I�
�B.

3!� U16

        D�2) �9  !
 w�I d�h$
 S	) 
��,) I)      S���o
 � q��_

) P���

            � �! S��o
 �!�# ,) v� Z5EH% P�K,�
 
� ���� f10 ���%

�2) .        3� �l =�9 =�l*
 ��9 R��I �
*% S	) 
��   >,� 
��6�
 ��L) 

-"o%=	[ 
� >,� 
�6�
 )�	, C��*<I 
)�
 �9 /�0 S	�	, P�K  =�l*

    n*4�H% i�l �	�EI =9   � P�K���        /��0 -�U��H% m0��! 

 -"o% XuE0)   =9 &#)�
 
� P
)�  �2) ��
���I �*l� .    ����
 �L) �%)

    -"o% �L)  !
 w�I P�
           
� ����
 
��6�
 )��	, C��2) =E�!)� 
)�

=	[      n*4H% i�l �	�EI =9 =l*
 �9 /�0 S	�	, P�K� P�K�� 

      -�"o% XuE�0) /�0 -U��H% m0�!   #)��
 
� P
)�   =E�!)� &

�2) .     =�9 =l*
 �9 3�) �l� � a            
*�U =�9 S��%, (�# 
� ����
 

-"o%              � �! ����� f1�0 ����% i�l � q�_

) JK�# 8+�9 P
)�

      =	[ 
� )
 -���1� S	�E1�9 )�	, C�2)     ���e	) /�0 S	�	, P�K

 �2) ���# .    ,) v� 3�x% >)*"+ =9�`       
�6�
 
� ���� �!�# ,) ,�
 

       U =9 ���� q�_

) CS�%, (# 
� ���
    S�:I���% 
*���  -EI��2   ��E%

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                             7 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / $ � "#���)& ( /�	()��*+,-

��a

0
0.4
0.8
1.2
1.6

2
2.4

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

cm , ���

ر)
�ا

 (ه
kP

a,
��

�و
 !

 "
#$%

+*( از '�دد83 .-, از '�دد83 +*( از '�دد84 .-, از '�دد84

)T1(

0
0.4
0.8
1.2
1.6

2
2.4

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

cm , ���
ر)

ه�ا
) k

Pa
,�

�و
� 

! "
#$

%
+*( از '�دد83 .-, از '�دد83 +*( از '�دد84 .-, از '�دد84

)P1T3(

0
0.4
0.8
1.2
1.6

2
2.4

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

cm , ���

ر)
ه�ا

) k
Pa

,�
�و

� 
! "

#$
%

+*( از '�دد83 .-, از '�دد83 +*( از '�دد84 .-, از '�دد84

)P1T2(

0
0.4
0.8
1.2
1.6

2
2.4

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

cm , ���

ر)
ه�ا

) k
Pa

,�
�و

� 
! "

#$
%

+*( از '�دد83 .-, از '�دد83 +*( از '�دد84 .-, از '�دد84

)P2T3(

0
0.4
0.8
1.2
1.6

2
2.4

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

cm , ���

ر)
ه�ا

) k
Pa

,�
�و

� 
! "

#$
%

+*( از '�دد83 .-, از '�دد83 +*( از '�دد84 .-, از '�دد84

)P1T4(

0
0.4
0.8
1.2
1.6

2
2.4

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

cm , ���

ر)
ه�ا

) k
Pa

,�
�و

� 
! "

#$
%

+*( از '�دد83 .-, از '�دد83 +*( از '�دد84 .-, از '�دد84

)P2T4(

0
0.4
0.8
1.2
1.6

2
2.4

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

cm , ���

ر)
ه�ا

) k
Pa

,�
�و

� 
! "

#$
%

+*( از '�دد83 .-, از '�دد83 +*( از '�دد84 .-, از '�دد84

)P2T2(

"2!C .��15 �4 3��� "�M �� ���1b� e8	!

P1B <��G1� �)� ��(�415 I c�� a,Z  I P2B <��G1� �)� ��(�415 I <�J
� a,Z�3! <�J
� 

T1B I��	T4 ��15 ��3� T2B <�� ��15  IF�� S�L8 T3B IF�� R��� 
�� ��15 T4B<��� "� �� ��15 

 �
��

1b
� 

e
8

	!
kP

a
) 

�4
A�

(

 �
��

1b
� 

e
8

	!
kP

a
) 

�4
A�

(

 �
��

1b
� 

e
8

	!
kP

a
) 

�4
A�

(

 �
��

1b
� 

e
8

	!
kP

a
) 

�4
A�

(

 �
��

1b
� 

e
8

	!
kP

a
) 

�4
A�

(

 �
��

1b
� 

e
8

	!
kP

a
) 

�4
A�

(

 �
��

1b
� 

e
8

	!
kP

a
) 

�4
A�

(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                             8 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


��. /�0 �12� � � 3!� 1� ��(�415 ��15 �4 �!	6 7	8 ��415 194

���

��
��

� .
�

	

��


�
 �

��
��

��
� �

��
��

 �

�

�
� �


��
� �

��
 �

��
��

 	

�

�

 �

�� ��
��

 �
� �

��
��

��
 �

� �
��

�
�

� 
��

�
� !"

#"!
�$

% !
#�

� !"
#"!

�$
% !

#�

 &
�'

�(
�

)�*
+

 )�
�
 

,�
-

.
�

�

 /
01

2 
��

�

3�
4(

��
56

07
38�

� 
,�

-
 �� �9

� �
� 

(�

� P
ns

ns
ns

ns
*

ns
ns

ns
ns

ns
ns

ns

T:
ns

*
*

*
*

*
*

**
**

*
**

**

PT
#

ns
ns

ns
ns

*
ns

ns
ns

ns
ns

ns
ns

� .
,�

- 
(�

0*
� �

<�
):

 P
 1

!
 ?

�

+�

@ /
A


 (

B

���
� C

.
��

 
:D

 
P 2!

 ?
�


+�
@ /

A

 (


B
���

� C
?

*E
F�

 
:D

 
)�

G 
?

*E
F�

 
(

: .
��

��
 (

�0
*� 

�<
�

):
T 1!

 C/
@�I

� �
��

� ,
-�

� 
T 2

!
 C�

�
� 

J

K

� 
?

*� 
��

��
 T

3
!

 C�
�

� 
L

4�(
 �

-(
 �

��
� 

T 4!
?

*
�
 �

� 
(�

 �
��

� 
(

M .
��

��
 -

 ,
�-

 �
��

(�
0*

� N
F5

0�
��

 �
<�

ns C*
 -

**: 
/

F�

 O

*��
� 3

� 
/

F�

 C

�
A

*8 
(��

�P
(�

 .
4 -

 Q
FR 

S

K

� 
(�

 (
��

��
��

��� .
�

��
���

� 
� 


�!
�

�
��

�
"

�#
 �

$�
�%

 &
'(

)
� 

*$
� 

��
��

 �
��


E
T�

:

T 1
T 2

T 3
T 4

U
07

(c
m

)
 �

��
 �

��
��

 	

�

�

 �

��
)

(g
/c

m
3

� !"
a

:V
 

/�
ab

:#
$

/�
b

�X
V

/�
ab

: 
#

/�

#"!
�$

a
%"

D
/�

a
#V

V
/�

a
#D

V
/�

a
#X

"
/�

��
��

 �
� �

��

% !
#�

a
%V

$
/�

a
 �

#
/�

a
 "

"
/�

a
% 

"
/�

� !"
d

:#
$

/�
cd

#�
$

/�
b

% 
D

/�
a

 #
D

/�

#"!
�$

c
%%

#
/�

c
%$

#
/�

b
 #

#
/�

a
 X

�
/�

��
��

 �
� �

��

% !
#�

b
%$

�
/�

a
 %

 
/�

a
 %

"
/�

a
 #

"
/�

�
  .

�F
G�

� �
�B

�

 Y

�2
 .

4 �
�(�

� 
�

���
2 

3�
 ?

*E
8�*


 -
� 

��
 ?

*� 
Z

-�
'� 

�K
� 

��
 (

�
 ,

/
F�


 �
(�


\ 
�]

8 �
�

�
A

*8 
(��

)
?

58
��

 
.(%

:
  .

T 1!
 C/

@�I
� �

��
� ,

-�
� 

T 2
!

 C�
�

� 
J


K
� 

?
*� 

��
��

 
 T

3
!

 C�
�

� 
L

4�(
 �

-(
 �

��
� 

T 4!
?

*
�
 �

� 
(�

 �
��

� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                             9 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / $ � "#���)& ( /�	()��*+,-

���

��3KCBa .<�J6	�� ?)�	D�
	�* 
1�	j k�Vb� �1K ��15 �4 3�� � "�M �� 7	8

>,� P�K
�6�
�

P1P2

���
 P�K*:T)����
 P�K*:T)

T1T2T3T4T1T2T3T4
d6+
(cm)

K�� n*4H% i�l /�0 P�)(g/cm3

���
 ,) (<F��j`a��`/�ab���/�b���/�ab���/�ab��`/�ab��`/�ab�`�/�ab���/�
���
 ,)  o9��j`d��`/�cd��`/�b���/�a���/�d���/�c���/�a�`�/�a���/�

�  . "!�9 /�E1% X�Y f	 P)
)� (F) Y =# S�:I��% �� �K S�9 ;��_
 �^2 �K 
� , ��I ,)-"o% P
�%B�@�I 
)�)S.I)�� .(%

� . P 1j -@% 
*E#)�
 C f<2 S2*������P2j S2*��� -@% 
*E#)�
 C S�:"2 ���� ! S�:"2 

�  .T1 j C-��V) ���
 >� 9 T2 j ���
 S�9 C�1# y*^0  T3 j C�1# Z	�
 P�
 ���
 T4 jS�%, (# 
� ���
 

��3KZ .<�J6	�� ?)�	D�
	�*�� /�0 �	�G l	f5�4 F!	� �4 m; R�(b� 
	���� 

���
 P�K*:T)�

T1T2T3T4

,�

�!�# ,) v�

 ���� q�_

)(cm)

�ab�/��a�/��a�/��c�/��
�ab�/a�a�/a�ab�/a�c�/��
�ac�/��ab�/�aa�/��d�/��
�ab�/���a�/���a`/���c`/���
�`ba/���ab�/���aa/���c�/���
�aab`/���c�/���bc�/���d�/�a�

�  . "!�9 /�E1% X�Y f	 P)
)� (F) Y =# S�:I��% �� �K S�9 ;��_
 �^2 �K 
� ,-"o% P
�%B ��I ,)�@�I 
)�)S.I)��.(%

�  .T1j C-��V) ���
 >� 9 T2j C�1# y*^0 S�9 ���
  T3j C�1# Z	�
 P�
 ���
 T4jS�%, (# 
� ���
 

��3K- .<�J6	�� ?)�	D�
	�*�	� ��� F!	� �4 m; R�(b� 
	���� �� /�0 �	�G c�8 �

���
 P�K*:T)�

T1T2T3T4

,�


�!�# ,) v�
;
c ���� f10 ���% >,� (g/plant)

�ab   ��/�a��/�`a`�/��bc��/�

�ab�/��a��/�`a�a/�`ca�/�a

�ab��/��a��/��a��/�`c��/a�

�ac��/�`�b��/��`b��/���d`�/��

�`ab��/��aab��/���a��/��aca�/���

�ac`�/�`�a�`/�`aab�`/�`�da`/���

�  . "!�9 /�E1% X�Y f	 P)
)� (F) Y =# S�:I��% �� �K S�9 ;��_
 �^2 �K 
�C-"o% P
�%B ��I ,) �@�I 
)�)S.I)��.(%

�  .T1j C-��V) ���
 >� 9 T2j C�1# y*^0 S�9 ���
  T3j C�1# Z	�
 P�
 ���
 T4jS�%, (# 
� ���
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                            10 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


��. /�0 �12� � � 3!� 1� ��(�415 ��15 �4 �!	6 7	8 ��415 194

���

��3KY .<�J6	�� ?)�	D�
	�*��� �n� ?�=1� �� /�0 �	�G ?��� � H= �1K 

���
 P�K*:T)�

T1
T2T3

T4

=1	
 -6eY i�l)(g/cm3

a���/�b���/�c���/�c���/�

�  . "!�9 /�E1% X�Y f	 P)
)� (F) Y =# S�:I��% �� �K S�9 ;��_
 �^2 �K 
�CP
�%B ��I ,) -"o% �@�I 
)�)S.I)��.(%

�  .T1j C-��V) ���
 >� 9 T2j C�1# y*^0 S�9 ���
  T3j C�1# Z	�
 P�
 ���
 T4jS�%, (# 
� ���
 

    �� Y =# �*9��   �
 �` -EI�2        ��E6# ���
 P�K
�6�
 �:	� ,) �E%

-% !�9 .             
� ����
 
��6�
 
� f10 ���% i�l �	
�
 >�6K 
� �

   S�%, (#���     =# �*9 i��   �� �Y�`    P��K
�6�
 ��:	� ,) i��� 

    �*�9 ��E6# ���
 .        3�) �l 
� =�# -�6'% =�E.I� � a     &1�r =�9 

-%            
� ���
 � Z	�
 P�
 ���
 P�K
�6�
 
� C=# �2) >B �
*0

  XuE0) Z	�
 S�9 -"o% P�K  -6I � K�1% P
)�  �K 
� )�	, C�*!

     f	 ;
*N =9 &#)�
 
�6�
 ��       � c*_I zI�% �
 �2) ��*<I �0)*I

 1	
 ��E@� �*! = .           >� �9 
��6�
 ��9 
�6�
 �� S	) XuE0) -T�

 -"o% ���
 -% 
)�           ��E	�'I � =1�	
 ��E'9 =o2*
 ,) -!�I =#  !�9 "

�2) ��*9 3*4$%  !
.

?��� � H= �1K

 ;
c -��K� 3u��9 =��5Y�% ,)  ��o9 ���2
� =1��	
 -��6eY i���l

�,) I)  ! P��� .    =9 =l*
 �93� l�    -�6eY i��l P�
 ���
 �L) 

  -"o% ��L�
 =1	
  �2) =E!)� P
)� .          S��%, (�# 
� ����
 
��6�
 
�

          (�# 
� ����
 
�6�
 )�	, C %B �2� =9 =1	
 -6eY i�l S	�E6#

    =	[ 
� &#)�
 \<2 S�%,     f	 ;
*N =9 /�0 P�	, P�K  ��0)*I

        �2) � ! =1	
 =o2*
 � ��E@� zI�% � � ! .   >)
�.6K � ��2�#

)� (             ;��# =�9 �<@�I � �! &#)�E% ;�#
� =#  I��# �
)R� R�I

    
� ����
 >� 9�` -EI��2       JK��# ;
c ����� P)��9 /��0 P��E%

-"o%     �2) =E!)� �*l� =1	
  !
 
)� .(.!�    =1	
 z	,*
 �*$I 

      
�6�
 
� ;
c ���� X�U �� 
�       -�% >�1�I )
 Z�5EH% P�K  �K� .

-"$"%      =l
� ,) � ! &2
 P�Ka -%   ��K
�6�
 i�6
 
� =#  "!�9R2

   ,) �E1�9��/` -%  !�9 .  
�(.!a  
 R�I      d6+ \@Y �9 =1	
 z	,*

   q�_

) �
�` -EI�2     -�% >�1I )
 P�E%  �K� .       -�"$"% R��I >B P)��9

  =l
�a            ��K
�6�
 i��6
 
� � ��2) � ! &2
 R2     ,) �E1��9 �a/`

-% !�9 .  
�(.!�    
� =�# C�2) � ! mH1% =1	
 -5# z	,*
 

>�.%     -% �E1�9 C=1	
 m0�! �
 ���
 P�K !�9 .    S�	) =�9 =�l*
 �9

  
�6�
 
� (.!            =1�	
 z�	,*
 Z�	�
 S�9 � Z	�
 P�
 ���
 P�K

        f	 ��G ;
*N =9 � �
 (	�6E% X)�U) =9    -T� � ! z	,*
 �0)*I

                   ;
*�N =�9 ����
 >� �9 � S��%, (�# 
� ����
 P*:T) 
�6�
 
�

f	�0)*I    �2) =E��	 ��E@� =1	
 P�
 .      ��2) �#c =9 i,[ =E<T)

            f�	 =�9 =l*
 �9 S�%, (# 
� ���
 P*:T) 
� =#   �2*
 -E0)*�I =o

             &1�r =�9 ���
 P�K*:T) �:	� =9 �<@I =1	
  !
 JK�# C=1	


-%            m0��! � /�0 n*4H% i�l �	�EI =9 =l*
 �9 )�	, C�
*0

    =	[ 
� &#)�
 S	�E1�9 C-U��H%    
��6�
 S�	) 
� C/�0 S	�	, P�K

-% � K�1%�*!.

�12� �

    3� l =9 =l*
 �9�  -�"o% R��I ��.56+ P�
 >,� �L) C  ��*�<I 
)�

  =9 =# C�2)         -�% >,� �*^�2 S�9 &# XuE0) (�T�    )��	, C �!�9

>�6K   -�"o% ��L) >,� 
�6�
  ! � K�1% =# 
*U  i��l P�
 P
)�

           P�
 )��T =E�!) I /�0 -U��H% m0�! � P�K�� n*4H%

      �E	�'I � =1	
 =o2*
 � ����  !
 "    -�"o% ��L) ��.56+  P�
 P
)�

 �2) ��) I .          ���	, P
*�$% P�K
�9 i�:"K 
� ��.56+ JK�# �%)

)R�  �2) � ! �
 .      (%�K =# -h�h$
 
� 3�x% >)*"+ =9)� ( i�eI)

 P�����I ��L���
 ���$
 3*4��$% ����.56+ =��#  ��! =��l*E% C�)�

�`  ,) -��!�I &#)���
 ���%) C���2) ��*��<I -%*��T /���0 P�
 -��"
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                            11 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / $ � "#���)& ( /�	()��*+,-

��`

R2 = 0.9659

0

0.004

0.008

0.012

0.016

0.02

0.024

0.028

-40 -20 0 20 40

(cm) از رد�� �
���
(g

/c
m

3)
 �

��
 ر

��
��

�م 
�

)T1(

R2 = 0.9484

0

0.004

0.008

0.012

0.016

0.02

0.024

0.028

0.032

-40 -20 0 20 40

(cm)  از رد�� �
���

(g
/c

m
3)

ــ�   
��

� ر
��ـ

� 
�م

�ـ

)P2T2(

R2 = 0.9634

0

0.004

0.008

0.012

0.016

0.02

0.024

0.028

-40 -20 0 20 40

(cm)  از رد�� �
���

(g
/c

m
3)

    ���
����

� ر
������

� 
��م

����

)P1T2(

R2 = 0.9072

0

0.004

0.008

0.012

0.016

0.02

0.024

-40 -20 0 20 40

(cm)  از رد�� �
���

(g
/c

m
3)

   ���
��

� ر
���

� 
��م

�

)P2T3(

R2 = 0.9483

0

0.004

0.008

0.012

0.016

0.02

0.024

0.028

-40 -20 0 20 40

(cm)  از رد�� �
���

(g
/c

m
3)

   ���
��

� ر
���

� 
�م

��

)P1T3(

R2 = 0.9632

0

0.004

0.008

0.012

0.016

0.02

0.024

0.028

-40 -20 0 20 40
(cm)  از رد�� �
���

(g
/c

m
3)

  �
��

 ر
��

��
م 

��

)P2T4(

R2 = 0.9422

0

0.004

0.008

0.012

0.016

0.02

0.024

0.028

-40 -20 0 20 40

(cm)  از رد�� �
���

(g
/c

m
3)

   ��
��

 ر�
���

��
�م 

��

)P1T4(

"2!Z . /�0 R��� 
�� �� �� ?��� � H= �1K

P1B <��G1� �)� ��(�415 I c�� a,Z  I P2B <��G1� �)� ��(�415 I <�J
� a,Z�3! <�J
� 

T1B I��	T4 ��15 ��3� T2B IF�� S�L8 <�� ��15  T3B IF�� R��� 
�� ��15 T4B<��� "� �� ��15 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                            12 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


��. /�0 �12� � � 3!� 1� ��(�415 ��15 �4 �!	6 7	8 ��415 194

���

R2 = 0.9809

0

0.004

0.008

0.012

0.016

0.02

0.024

0 20 40 60 80
(cm)  ����

(g
/c

m
3)

 �
��

 ر
��

��
�م 

�

(T1)

R2 = 0.9747

0

0.004

0.008

0.012

0.016

0.02

0.024

0 20 40 60 80
(cm)  ����

(g
/c

m
3)

  �
��

 ر
��

��
م 

��

)P2T2(

R2 = 0.9686

0

0.004

0.008

0.012

0.016

0.02

0.024

0 20 40 60 80
(cm)  ����

(g
/c

m
3)

 ��
 ر�

��
��

�م 
�

)P1T2(

R2 = 0.9872

0

0.004

0.008

0.012

0.016

0.02

0.024

0 20 40 60 80
(cm) ���

(g
/c

m
3)

  �
��

 ر
��

��
م 

��

)P2T3(

R2 = 0.9723

0

0.004

0.008

0.012

0.016

0.02

0.024

0 20 40 60 80

(cm) ���

(g
/c

m
3)

ــ�   
��

� ر
��ـ

� 
ـ�م

�

)P1T3(

R2 = 0.9862

0

0.004

0.008

0.012

0.016

0.02

0.024

0 20 40 60 80
(cm)  ���ـ

(g
/c

m
3)

 �
�

ر�
 �

��
� 

�م
�

)P2T4(

R2 = 0.9526

0

0.004

0.008

0.012

0.016

0.02

0.024

0 20 40 60 80

(cm) ���

(g
/c

m
3)

  �
��

 ر
��

��
م 

��

)P1T4(

"2!- . = �1K <�J6	��^ � �� ?��� � HR�(b� 
	�

P1B <��G1� �)� ��(�415 I c�� a,Z  I P2B <��G1� �)� ��(�415 I <�J
� a,Z�3! <�J
� 

T1B I��	T4 ��15 ��3� T2B IF�� S�L8 <�� ��15  T3B IF�� R��� 
�� ��15 T4B<��� "� �� ��15 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                            13 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / $ � "#���)& ( /�	()��*+,-

���

(T1)

)P2T2()P1T2(

)P2T3()P1T3(

)P2T4()P1T4(

 "o!Y .?��� � H= �1K ����5)�D�4 ��E� :
�� � ��E� � F�p R��� 1� �� � I�	�G �4 ?�_	� :<��� QL� �4 ^ �(

P1B5 I q��  <��G1� �)� ��(p41a,Z  I P2B <��G1� �)� ��(p415 I <�J
� a,Z�3! <�J
� 

T1B I ��	T4 ��15 ��3� T2B IF�p S�L8 <�� ��15  T3B IF�p R��� 
�� ��15 T4B<��� "p �� ��15 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                            14 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


��. /�0 �12� � � 3!� 1� ��(�415 ��15 �4 �!	6 7	8 ��415 194

���

��3K, .<�J6	�� ?)�	D�
	�*/�0 ?64� �1o� � 

���
 P�K*:T)�

T1T2T3T4

���56+ (Mg/ha)

aa�/ab�`/aa��/ac��/�

 3u9 �K 
� �K =I)� >,�(g)

b�/���a�/���b�/���c�/���

�  . "!�9 ��E1% X�Y �	 P)
)� (F) Y =� S�:I��% �� �K S�9 ;��_
 �^2 �K 
� ,�@�I 
)� -"o% P
�%B ��I ,))S�I)��.(%

�  .T1j C-��V) ���
 >� 9 T2j C�1� y*^0 S�9 ���
  T3jC�1� Z	�
 P�
 ���
 T4jS�%, (� 
� ���
 

  P���I�`           =1�	
  !
 JK�# 8+�9 CS�	�� �9*U
 
� -EY -"
 

    �2) � ! 3*4$%  !
 � .         �� �$% J	)R��) ��:	� ;
��<+ =9

   -�"o% �L) C>,�     -�6I ���.56+ P�
 P
)�   �N*4�H% �
)��� "  ��9

         =�E��� ;
*�N f10 k	)�! 
� ���
 ��) (%�K =e�EI =9 =l*


      I [�9 �	��h% 
� >,� �L) C !�9-9 R�-% -"o%  �!�9 .    =�9 =�l*
 ��9

3�) ��l� � �
���6�
 ���L) -��"o% ����.56+ P�
 �����
 P���K 
)�

-%            3�) �l =�9 =�l*
 ��9 ����
 �L) )�	, C !�9� � �j�     i��l ��9 

n*4H%  P�K���     )�� �Y C/��0  "     d�6+ ��
�`  -EI��2   P��E%

-"o%             � 3*4�$%  �!
 � =1	
 =o2*
 JK�# \<2 )�T ��*9 
)�

�E	�'I " -% ��.56+�*! . �9           (�# 
� ����
 
��6�
 
� =�# P
*�U =

     k2*E% 
*U =9 S�%,��/�          ����
 >� 9 
�6�
 
� � 
�E.K 
� S
 

  �� Ya�/a             ��2) � �%B ��2� =�9 ���.56+ 
�E.K 
� S
  . 
�

          ��.56+ S�:I��% CZ	�
 P�
 ���
 � Z	�
 S�9 ���
 P�K
�6�


   \�
�
 =9�/a   � �/a    �*9 
�E.K 
� S
  .>�6K      � K�1�% =�# 
*�U

-%  ) 
� �*!          ���.56+ ��:61�r JK�# S�%, (# 
� ���
 P*:T

               C��2) ��)� w
 Z�	�
 S��9 ���
 � Z	�
 P�
 ���
 =9 �<@I

       3� �l =9 =l*
 �9 -T��          -�"o% XuE�0) =�# S�	) ��9 C   S��9 
)�


�6�
    P� �+ {��$T ,) ��%) C�
)� �*l� =1	
 -6eY i�l 
� �K

   -% &K =9 f	�RI             JK��# =�# ��2) >B � �"K� >�1�I =# C "!�9

 6eY i�l      ���.56+ ��:61�r JK��# \<�2 P �Y ,) =1	
 -

-%      f	 (�T� =9 �*0 S	) =# C�*!    =�	[ 
� -���1� -E0)*I  P��K

           ��2) ��*�9 S�%, (# 
� ���
 P*:T) 
� /�0 S	�	, .    
*�U =�9

  3�) l =9 =l*
 �9 C=9�1%� � �     
� R��I 3u�9 ��K 
� =�I)� >,�

        P��K
�6�
 =�9 �<@�I )
 
) �h% S	�E6# S�%, (# 
� ���
 
�6�


 �!)� �:	� .             �� �$% J	)R��) � �%B ��2� =9 �	�EI =9 =l*
 �9

     =	[ 
� /�0 &#)�
 P�
 C>,�    &�K � /��0 S	��	, P��K  S��"r

   ���L) CA*��U�% k	)���! 
� -��EY C3*4��$% ����.56+ �  ��!


-"o%  �!)�  K)*HI P
)� .    =�Yu% (9�F J	)R�) =pI�"r 3�Y P)

             Z�	�
 S�9 ���
 � Z	�
 P�
 ���
 C&�!�9 =E!) I >,� 
�  R��I

     -�"o% XuE�0) &K �9     ��!)�  �"K)*HI ���.56+ P�
 P
)� . 
�

            ���.56+ ��:61�r JK�# \<2 S�%, i�6
 
� ���
 =# -

*N

-%�*! .             ����
 >�*�9 �	����I A�"El) =9 =l*
 �9 �:	� ;
�<+ =9

        ��E'9 C�*�l*% ;)��) � �K
*E#)�
 =9 =l*
 �9 � S�%, 
� 
*E#)�


            P�
 ��	 � �1�# y*�^0 S��9 /�0 &#)�
 �2)  Z�	�
   P��K

      =9 P,
� /�0 ;��56+ -U 
� �1#  	B �*l� .      =�# P*�$I =�9

 3�2 
�     =�	[ 
� &#)�
 P��6E% P�K         (�# 
� /��0 S	��	, P��K

     f�	 
*�U =9CS�%, ]^2        \�l*% � � �I*��I q*�F� =�9 ��0)*I

�*1I 3*4$% �E1�9 ��.56+ JK�# .


�4AJ�	r�

    ; +�@�% ,) C=T�h% >�� "@	*I          ��I��o% k�2*
 � �! i��eI) P��K

%-% (6+ =9 -I)�
 F � �.1
 ,)��! ��:1I)� -1K�?� i�E$ I
�B .

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                            15 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� / $ � "#���)& ( /�	()��*+,-

���

��	
�������	f(�4

�.-$^9)Cq.C >  .>��6	�#  i �  .-$5N .���` .           ���:l�9 =�h^"% -�V)
) -5�s_
 =6�I -2�"! /�0 ;�oT�^% �
)R�j    
��� >�E�2) D .

,)��! ��:1I)� ;)
�1EI).

2. Allen, R. R. and J. T. Musick. 1997. Furrow irrigation infiltration with multiple traffic and increased axle mass. 
Appl. Eng. Agric. 13: 49–53.

3. Bicki, T. J. and J. C. Siemens. 1991. Crop response to wheel traffic soil compaction. Trans. ASAE. 34: 909–913.
4. Gameda, S., G. S. V. Raghavan, E. McKyes, A. K. Watson and G. Mehuys. 1994. Response of grain corn to 

subsoiling and chemical wetting of a compacted clay subsoil. Soil Till. Res. 29: 179–187.
5. Gaultney, L, G. W. Krutz, G. C. Steinhardt and J. B. Liljedahl. 1982. Effects of subsoil compaction on corn yields. 

Trans. ASAE. 3: 563–569.
6. Hamlett, J. M., S. W. Melvin and R. Horton. 1990. Traffic and soil amendment effects on infiltration and 

compaction. Trans. ASAE. 33: 821–826.
7. Hammel, J. E. 1994. Effect of high-axle load traffic on subsoil physical properties and crop yields in the Pacific 

Northwest USA. Soil Till. Res. 29: 195–203.
8. Kaspar, T.C., J. K. Radke and J. M. Laflen. 2001. Small grain cover crops and wheel traffic effects on infiltration, 

runoff, and erosion. J. Soil Water Conserv. 56: 160–164.
9. Lowery, B. and R. T. Schuler. 1994. Duration and effects of compaction on soil and plant growth in Wisconsin. Soil 

Till. Res. 29: 205–210.
10. Raghavan, G. S. V., E. McKyes, R. Baxter and G. Gendron. 1979. Traffic–soil–plant (maize) relations. J. 

Terramech. 16: 181–189.
11. Raghavan, G. S. V., E. McKyes, F. Taylor, P. Richard and A. Watson. 1979. The relationship between machinery 

traffic and corn yield reductions in successive years. Trans. ASAE. 22: 1256–1259.
12. Raper, R. L. 2005. Agricultural traffic impacts on soil. J. Terramech. 42: 259-280.
13. Reeves, D. W., H. H. Rogers, J. A. Droppers, S. A. Prior and J. B. Powell. 1992. Wheel-traffic effects on corn as 

influenced by tillage system. Soil Till. Res. 23: 177–192.
14. Tardieu, F. and H. Manichon. 1986. Characterization as a water sink of the maize root system in cultivated fields, II. 

A method for studying vertical and horizontal distribution of roots. Agron. 6: 415-425. 
15. Taylor, H. M. and H. R. Gardner. 1963. Penetration of cotton seedling taproots as influenced by bulk density, 

moisture content, and strength of soil. Soil Sci. 96: 153–156.
16. Unger, P. W. and T. C. Kaspar. 1994. Soil compaction and root growth: a review. Agron. J. 86: 759–766.
17. Voorhees, W.B. and M. J. Lindstrom. 1984. Long-term effects of tillage method on soil tilth independent of wheel 

traffic compaction. Soil Sci. Soc. Amer. J. 48: 152–156.
18. Voorhees, W. B. 1991. Compaction effects on yield – are they significant. Trans. ASAE. 34: 1667–1672.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            16 / 16

https://dorl.net/dor/20.1001.1.22518517.1386.11.42.48.7
https://jcpp.iut.ac.ir/article-1-811-fa.html
http://www.tcpdf.org

