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 Ĝ 
	� 1��� �

+��, Az�� Q���� D�0 "� 	�+8! (�?, P�	, -�� � ��H0 �.�#?�!

 +����)
 (	�F! 	� �	� �"�e_ ]	d.0! 3�! 	����
� 6
��! 	0 �

� ����� ���� -C�	 �"�s � -�� �!�	� �+8! 1�
� +8�.

	� �� -��
c� �	��B�! �
� ��!� 1�	
&! 3�! "� ��& �	�� ����

 �/
	.
 �	�#%! � -�� �	��!�	����-
#��, ���� +�"��
 5
H0

 -�S
 �0�!� 3�F�!� �!"� .�	
��B�! �"B�� 7�	?F ��1�"
� A	
0�

+?�0 	�-��	� 3�
c� ��p!�! !� -
���	�0 .�4 ���R� 3�! 	� �
j0	

 -��� � -��j8�
)M[(1�"� 1�	&! ��	�
0 -�"L� 7	.�	d
 ��0!

-
 -�	��!�	� 3��4 �� ��� �!��4 �!"
, �!���	�� (	?H#8! ���
 

+8! �#C"B0 .�
 3�! �!"�c�
p!�! -
J/#O
 P��� ��-

 ��
& .�!

1	���� -/.C -�� �	��!�	� �{)
 ��	 #,! �
F��L
 a�!"
& �

���|�"�� )Arrow-Debreu(0 P
	� !� -���� .(	
�#I! 3�!"�	�� 

-���	_ �!"
� !� -/
	
� 3�
c
� ��0!�#� 	��!�	� 3�! �� ��!� ��R� 

���	�0 ��!"C 7!����� �! ��	��� ."�	8 � ��	_ ���� �(	@
 �!"�

���� 	�+8! 3>�
 ��' ���VI^
 P�	, �!	
� 3�
c
� +?�
0

 �!�	� �! 1�	J#8! �
��� 5�	� !� -�� .� �
�	_ ��
�� �! �!�
R

 ���� "�	8 	����)
 *�0 -/.C -�� �	��!�	� -0	
� KC! �+8! .

�� 	� �"B�� 7�	?F ��-
�� �!�	
� �� P��)� �!"� ���S� �	
� ��

 �� �! "#�� -0	
� KC! 	��!�	� 3�! "@�! �+8! (	8 �� �! "#���

 �0�!� (	8 .�� -0	����� ����� 3�!"�	�� �
' �
���
��S� ���
��

 3�
c� !� ��	R b���-
��
�� �3�
c� ����� �! u_ -#I ����	�0

 �0�!� �!", -0	
� 3�� -#��, ���� r".
 �� ��)�}�Mi.(

���*� �-/�F "V0 �dH0 �! 	��	
��!�	� �� 3�
c
� - O& �

�"� �d8!� KI ��0	
 �/
	.
 �	�#%! � -��)Brokerage costs(

����! ��&	I)Initial margin(�u>F �� f��"
 �	��	�0 P
�.�!

�!�	� �� +?�0)Marking to market(P
�/)� � ��*L� �� �	
� �

0 �#C"� "V0 �� 3�
c� �� f��"
 N/#O
-���& �-�	
I �� 3�! 

���*� �� +8! 	�q�
C �-

 1!� "
8 "
� ��
R Q
0!�
 �
�0!��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html


�
��� ����� � ������� ���� � 	�
� /������ /���� 	�� /��!"��# $%&' 

t

+��	.C 	���
&	� -��
c
� �.�! ���
)
 1�	J#
8! 3
�! "
� 1�^
F

	� �/
	.
 �	�#%! � -�� �	��!��	� +8! 3>�
 �! -
&	0 ����I

-� �	
�#F! ��!���	�
� -C	
� 5
0!� �!�
HC ���3�
�4 ~�� 

�&	� ��!*�! .+
��	.C �� ��R �	�0 ��!�
 3�! �� 	
� -
L��"� �

T	�I!-
��&)M[.(

*����� b��HF ��)��(�	
��	#C� �N
/#O
 �!"
C! �� 	L0� �! �

-#��	� ��0�!� -��	J#
 	�� -��
c� �	#C� �! -
��F -��B�! "��� �

1	���� �0!�#� �	
�#%! � -
�� �	
��!�	� �� "���� �!"C! A	�� �	�

 ��� v�:�� !� �/
	.
 .�	��B�! �! 1�	J#8! �	R �� �� b��HF ��

�	
�� �!"
� 6
8	�
 -�	
?k! ��B�! �� -#��	� �-0��� �*��L�

 ���0 	�� N/#O
 �!"C! -��
c� �	#C� .�H#.
 �� �B�! 3�! �� +8! 

�	��-�y�� �0!�#� ��� v�:�� !� "�� �	�:

�(3�
c� A�F a�!"& :�	���&	� �#&!� ��R� 	�"#
!�	_ �! -?��"� 

��	�0 -��� 5�_ !� "JW 3�
c� +?�0 a�!"& ��.

M(+��, u0	��!� ��	8 P,!�I :	
�"#
!�	_ �! -
?��"� -#�
�	�

 � 3�
c
� +?�
0 �
� �0!�#� �"C �� ���0 �	L�! P,!�
I P

	

��	�0 m	O#0! !� +��, u0	��!� b����.

i(+��, ���� �� +?�0 +�8	�I :+?�
0 �
� ��!"
C! �!"�

 m	
O#0! +
��, u0	
��!� b���� P,!�I 3�
c� �! "#�� 3�
c�

-
 +?�0 5�!*C! oF	� -#��	� -#��, 7	0	8�0 5�!*C! �����

��& -�	O#0! 3�
c�.

t(-��� �� +?�0 5��!� :� ��!"C! �!"� 3�
c� +?�0 �! "#�� �

m	O#0! +��, u0	��!� b���� P,!�I-
�!*
�
 5�!*C! �����

�	S0� -��� ��& -�	O#0! 3�
c� +?�0 5�!*C! oF	� -#��	�.

� -
�� �	��!�	� -C".
 3�: 	� �& E^� -/?, 7�	H
 ��

 � 7��"
: ��
/
	.
 �	
�#%! �� 	

��!�	� 3
�! �! 1�	J#
8! �	

>
!

 -#��, 7	0	8�0 5�	� ��"
� -
8�"� �!"
�! �� �#�
_ (� )
 

)[�U�g.(-.8 	L��! �� �7�	H
 �� �
!�! �� -

 	
� 	
� ��
&

 �p!�!��:"C 	�+?�0 X?8	)
 �� f��"
 �	��3�
c� �	��!�	� �� 


 P
!�F 5L�8 � �/
	.
 �	�#%! � -��l3�! �	S0� "� "k��:"C 	�

��' ��1�	J#8! �#�_ (� )
 �!"� -/�F ��& .

.��e�� � ���

��.� ��f�c5# �

3�! �� �R�� 	� �����I g[%�	#
8! n�_ �� �!"�! X#�_ ����� �!

 ����� �	8!"% � T�	C ��	��8 ��*� ��	
"�-
	
S�� � ��
&i%

-,	� 1�0	
 �� f��"
 �	#8! "�	8 	�+8)�h(�	#
8! n�_ 3�!"�	�� �

�0�& m	O#0! �.�	d
 ���
 +�.�R �!��F �� q�C .#0! �!"� m	O

 1�"
� �� �
� �!"
�! �� �#�
_ b���� ����� �	#8! n�_ !�#�! ��0��0

 �& ���H�0�.�#�_ b���� ����� -/W! �	#8! �(�! 1�"�)��	

"�

[/Uh(%"
B�� �	#
8! �	
S4 A�� 1�"� �+
8! .�	

"� �	#
8!

)�!"
�! �� �#�
_ b�
��� ����� -/W! �	#8! (�! -
>� �!�
�F �
�

 �& m	O#0! �0��0 �	\F! .! u�8�	#8 b�
��� �
���� -F"C �	�

 �	#8! 1�"� �� �� �#�_ �!�
L��"�s � -/W! �	#8! �!�L�� �	�

 �0�& ���H� .�
� ���� ���H� 3�! +
/F ��
/,! �! 1�	J#
8! 	
� �

��� -�!�� � m� N/#O
 .�	
"� �!�L�� �	#8! �8 3�� �!)��*�

 �	8!"% � T�	C(�*� �	#8! ���' �� -C�	 � �
& m	
O#0! .	
�

 �� �R��3�! b�
��� �
���� � �	
"� 	� �!�L��"�s �	#8! 	S�� ��

 ��� �	��8 ��#�_�m	O#0! �.�	d
 ���
 �0��0 �*R *�0 �	#8! 3�! 

�&.

���
 7	F^'! �.�	d
 �	�0�1�!� P
	& 	
� � -0	

� �"
8 �

-.dH
+8! .1�!� 	��� �"
>/�F �1�	J#
8! ���

 -0	
� �"8 �

-0	#8! � -/
 =�d8 �� �#�_ �	#>�)�	#8! � �*
� ��	
"� �	�

�	��8 (-
�&	� .�! �#�
_ �	#>� �� �">/�F �� f��"
 7	F^'!

 ����	�� 7	F^'! �0	�)�h(�
	0�	
� �	��	#8! -0	#8! ��	�

 N/#O
)��M�i�t�}(�
& �
�S� .7	
F^'! 3
�! "
� 1�^
F

 � ��! +

��, �1�
��� �

���� vd
8 �� �#�
_ +

��, �
� f�
�"


 ]" 
 +��, Y%	& ���� Q�R *�0 1���� �&.-�
8! +��,

 �	L��
C� �#�
_ �	��
��� �
���� -0�	.� +�"& �! �#�_)�(�

�	

� X0�	
8 m	#� �! 1���� ]" 
 +��, Y%	& � ��! +��,

 -
//��! 3�� -�	
)�U(�0�
& �!"O#
8! �.���
H� 	
� +
�	S0 ��

 +
��, �1�
��� ]" 

 +
��, Y%	
& "
� �#�_ -�8! +��,

(	8 �� �#�_ -H�HI �?8	)
 N/#O
 �	��&.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html


(�") ���*+� �#* ����.��� �� ,��-# ��� ��� ������� 23�45� 0
��
� ���!/.…

}

1�!� ���� Q�R �!"� 	��� �
0��0 �	#
8! �
8 �! �-.dH
 �

�	#
8"S& 5& D��L
 ��
' �
� m	
O#0! -C�	 
� �
& .3
�!

�	#8"S& 	�7�	?F �!:*
�"S
 ��0�� ��	R"�8 ��	
"� ��	L��C� 

�0��� �	$
!� �.-C�	 
� �"�� �0��0 E�� �! 1�	J#8! 	� u�8

 �/I"
 ��4 ��!ihh�#�_ 1�!� � m	
O#0! �	
� 	
� -
.dH
 ��
�

7��W P��>� 58"_ �
	0 ��S� �&.

f�c5# ���g# 

� +?�0 X?8	)
 �!"�c+
8! 1�
& �
p!�! -J/#O
 �	��B�! �3�
 .

!� 	��B�! 3�!-
u0	
��!� b�
��� P,!�
I �1�"
� �
8 �
� �!��

 �
p!�! Z	% �	��B�! � ��	V#0! +���/d
 b���� "@�!�I �+��,

 
 3�HH)
 a8�� 1�& ���0 ���H� N/#O .�	��B�! -8�"� �!"�

 ��H0 +��, �N/#O
)Spot price ()�� (� 
)
 ��� �� +��,

-�� �!�	� �! ��	% (!�S-
�� +��, �)Futures price ( �	

� ��

 (	

I !�hF!� (� 

)
 P

��)� �	


� �� -

�� +

��, �F1�

!� -�� +��, u0	��!�f
2
σ+��, 3�� u0	��!�� �	
� � ��
H0 �

!� -��sfσ�H+?�0 !� 3�
c� "V0 �� -
��"�� .6��"� 3���

 +��, �� �� -�	��B�! A	�� �� 	��p!�! ��	H
 ��.� �-

 ���
&

 �p^F 1�
& �	� �! �"���
/R �!"
� � �#
&!� -0	�
>� N
�".� 

��!">� �& ��!�O0 N�".� !��L
.


� �	
��B�! 1�"� ��cP,!�
I 3�
 �+
��, u0	
��!� b�
��� 

(�
"C -J/#O
 �	��!"� � +?�0 X?8	)
 c1�
& �
p!�! ���S� 3�


+8! .r"C 	��B�! 3�! A	�� ��-
]�� �� ��&3�
c� �! �
R 

�	�#%! � -�� �	��!�	� �� +�"& ��
/
	.
 �
� P,!�
I ��0	
8� 

+��, ���� +
8! .
� +?�
0c	
��B�! 3
�! �! P
W	I 3�
 �
�

7��W 	��& �p!�! N/#O
 �!� 	
S0� �! ->� �� 1-

 �!�
� �
�

7��W+&�0 "�� )�M:(

]�[`fsf /H
2
σσ=

�� Xd�!���H��� "
� -
�� +
��, ���8"�� 6�": �	�� 

��H0 +��,+8! .(�
"C 3�! +8! YO�
 �j0	�4 7��
W �
� 

�*��L�)Normative(+?�0 ���S� b�!�0! � 1��� 3�
c
� !� �!"
� 

+8� �	�-#��, ���� ��	8 P,!�I ]�� �� -�YO�
 -
 ���.

Xd�!� 7��W -����	� 	��7��
W �� fssf σσρ�� �� �
� 

sfρ6�": ��-B#�� � 1��
� -
�� +
��, � ��H0 +��, 3�� 

+��, �	�.
 ]!")0! 	�	�B�8 	�-
�� � ��
H0 �+
8!.+?�
0 

�cb���� P,!�I X��S� 3�
 +
��, u0	��!� �7��
W �
� �� "
�� 

-
 ���:

]M[)/(H fssf σσρ=

�d�!�M�	�0 -

 6�"
: "
�! �
� �
�� �
� -B#�
� 3�
� 

+��, 	�7	0	
8�0 5�!*
C! 	
� ��
0	�� -,	� +�	k -�� � ��H0 �

+?�0 ���H0 +��,3�
c� 7	0	8�0 �� 5�!*C! 	� � �#C	� 5�!*C! 

+?�0 3�! �-�� +��, 5�	�-
��	�.

P� )�[(+?�0 X?8	)
 �!"� �3�
c� u0	��!� b���� P,!�I 

�p!�! !� -��	J#
 (�
"C �+��, 1�"
� +
8! .�� ��
R�
 �
p^F

 �� (�
"C7��W �� N�".� "�� -
�&�:

s∆:"
�F 	
� "
�!"� -0	

� b��� (�
' �� ��H0 +��, �� "��$�

 3�
c� 

f∆:3�
c� "�F 	� "�!"� -0	
� b��� (�' �� -�� +��, �� "��$� 

s: ∆σ�	�.
 ]!")0!s∆

f∆σ:�	�.
 ]!")0!f∆

ρ:6�":��-B#�� 3�� f∆�s∆

P
� a8�� 1�& �?8	)
 3�
c� +?�0 6��"� 3���)�[(�
�

7��W Xd�!� i��� ��!�% .

]i[)/(H fs ∆∆ σσρ=

�d�!� ��i� +?�0 c6�": �! n#�
 �3�
��-B#�
� 3�
� s∆�

f∆�	�.
 ]!")0! +?�0 �s∆�	�.
 ]!")0! ��f∆-
 �&	�.

�� ��"
�_ 3�#
8! �! )iM(
� �	
��B�! �! ��	��
� �c"
� 3�


 1�
& 	
�� ��	V#0! +���/d
 X�:"C T	8! !+
8 .3
�! �
/�R �!

 7	.�	d
-
�!�	>�� � ��C �� �!��)�t(*#�/B�#
8! � �"��
�0 �

)ih(������!� �"��
 �)M�(�_ �)i�(�"
� 1�	&! �.�
�4 "
�

 m!�
R ��
0�!� r�"
C �� -p*R 7	C^#%! 	��B�! 3�! 	��	�
�

 ��!� �	�>� -�y�� G	?�"H� .�!�	
� �� a�!"
& ���� +�	k r"C 	�

 �	��B�! �� ���H0 3�
c
� ���	
V#0! +
���/d
 b�
��� "@�!�
I 

+8! 7�	J#
 �*R �� �!�!� -�� �	��!��!", �!"� 	:	H� .�*
R

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html


�
��� ����� � ������� ���� � 	�
� /������ /���� 	�� /��!"��# $%&' 

�

H� (�! ��	
� T��
� �	
:	)Speculative demand ( �
� 1��
�

 b���� �	�0 �	�� 	� ��8 ���
 1�0"�� ��� � �	V#0! )�! P
W	I

 �� ��
�� �!*�
 � 3�
c�(�*
�0 "#
!�	
_ �*
�"� ��
�� (r) 

+8! .u0	
��!� b�
��� P,!�
I 3�
c
� +?�
0 �	
�� �A�� �*R

 � �!"� 	:	H� 	� +��,c+8! 3�
 .6��"� 3��� -

 +?�
0 �!�
� 

!� ��	V#0! +���/d
 ��B�! m�4�	4 �� 3�
c� 7��W �� "
�� 

+&�0:

]t[]/[]r/)f)f(E[H fsff
22

01 2 σσ+σ−−=

Xd�!� ��t�)h(E+8! "�$#
 3�B0	�
 "B0	�� .Ĝ ?
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	� �"C ���� 

+?�0 � 1�& "JW ��	� T��� �*R ��&	� *�"�3�
c� 	
� "
�!"� 

3�
c� �� -�.� -#�8 -
��&.

�j0	�4 �#
&!� ��
R� ��
H0 � �
/
	.
 �	�#%! �!�	� �� 	S�� �

+?�0 ��&	�3�
c� (�
 �� 	��� � ���0 )��(7��
W ��"
�� 

��-
���:

]�[]r/)x)o(E[(]/[H ooso
22

2 σ−−σσ=

Xd�!� ����soσ� ��
H0 +��, 3�� u0	��!�� ��	
�#%! +
��,

 � 1��� �/
	.
o
2
σ+8! �/
	.
 �	�#%! +��, u0	��!� .��3��4 �

E(o) � �
/
	.
 �	
�#%! +
��, 3�B0	�
 x]�
� +
��, +
8! .

!*R!��
d�!� �� A�� � (�! �
��+
��	.C "B0	
�� 6
��"� 	
� �

��	� T��� � -��
c�+8! .�� � ���0	�)��(1�!� �	�0 �0! ��

soσ��*� �! "��+
8! .+
�	I �� �"
B�� 7�	
?F �
� �!�
HC 

+��	.C 	��!�	
� �� 1�
0"�� ��� � 3�
c� +?�0 ���	� T��� �

��*� �/
	.
 �	�#%! �! "
��+
8! .���� 	
� "
B�� 7�	
?F �
�

+��	.C 	��� �]�� ���	� T���
c� 5�	� --

 3��
� � �
�	�

 +?�0 6��"�3�
c� �� -
��& .�
 3�!c6�"
: 7��
W �
� ��

�d�!� �� A�� �/�R -J�
�+8! 1�& 1�!� �	�0 .

����>
 �A�8 1�"� 7	.�	d
 3�� �! )M}(��
R� +
�	I �� �

+
8! 1��
�0 �?
8	)
 !� �
��S� 3�
c
� +?�0 ������ ���� .��

�� (�
"C)�d�!� [(�pqρ6�"
: �
� -B#�
� � +
��, 3�
� 

������ �!�H
qCV � �
���� "
��$� 6�": sσ�	
�.
 ]!"
)0! 

� ��H0 +��, hf-/.C �	
� �� -�� +��, +8! .6
��"� 3��
�

 3�
c� +?�07��W �� �?8	)
 "�� -
��&:

][[1+σρ= )]f//(CV[H osqpq

����>
 Xd�!� �!-
�
4 "
� G��! ��
� ��
8� �
L�#0 3�! �� �!��

 ����� 7	0	8�0�+
��, 7	0	
8�0 �
� +?�0 �5�!*
C! -

 ��
�	�

 3�
c� +?�0��
� -
�� �!�	
� �� E�"
C �!*
�
 � �
#C	� 5�	� 

-
 ��& .�
 3�!c6�": -J�
 +
^F �! -&	0 ����-B#�� 3�� 

����� �!�H
 � +��, +8! .�4 "� �G	�0	k �
� -B#�
� 3�
� -
J�
 

�!�	� �� (� )
 E�"C �!�H
 ���& "#��� ����� �!*�
 � +��,

 "#�� -��-
��& .1�"
� �� �	��B�! ]^%"� �"B�� 7�	?F ��

-/?,)��/d
 b�
��� "@�!�
I � +��, u0	��!� 1���� P,!�I +
� 

�	V#0!�(� 3�
c
� +?�
0 X?8	)
 �� !� ����� ���� ����>
 ��

�

 3
�! �
� +8! 1�!� �	�0 � �#C"� "V0c-��	
� +
���! �! ��

 +8! �!���%"� .6��"� 3���-
��
�� �
4 "� �� +J� �!��

 5�	
� -
�� �!�	� �� (� )
 E�"C �W�� ���	� 5�!*C! �����

-
 ��	� .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html


(�") ���*+� �#* ����.��� �� ,��-# ��� ��� ������� 23�45� 0
��
� ���!/.…

[

�! 1�"� �8 ���	H
 	� q�
C �	
��B�! -

 5
H0 	
S�� �!�
�

 ��	
� T��
� ��*�"� ���� ��4 -/
!�F ->�
�� a�!"
& �


� +?�
0 3��.� �� !� +��	.Cc��
�0 YO�

 3�
 .7�	
?F �
�

 � +?�0 ���	H
 �"B��c(�! 1�"
� �	��B�! �� 1�& �?8	)
 3�


 A�� 1"� 	�-
�
�� 3��.� !� ��	� T��� 5H0 �0!�� .�
� 3�
�4 

�
#C"� "
V0 �� !� �
���� ��
�� �
� -�	
��B�! ���	H
 �
0! 	
�

 �
 3�! �� -�	��B�!c�
 !� ��1�!�0 �!", "V0 �
0!�a�!"
& 5
H0 

� +?�0 3��.� �� !� ->���c�p!�! 3�
 -

 �
�� .��
�� 3
�! 	
�

 q�C P
	F �8 "� 1�^F�P

!�F +?�
0 3�
�.� �� *
�0 �"
B�� 

3�
c� 
l"k+8! .*����
� b�
�HF ��)��(�!"
C! �
� -�	
L0� �! �

�! -
�
�F -��
B�! -#�
�	� ��
0�!� -��	J#
 �	��	#C� �N/#O


 c� �	#C� 1	���� �0!�#� �� ���0 	�� -��
 �� "
���� �!"
C! A	�� �	�

 ��� v�:�� !� �/
	.
 �	�#%! � -�� �	��!�	� .�
� �� b�
�HF ��

 ��
B�! �
� -#�
�	� �-0��� �*��L� �	��B�! �! 1�	J#8! �	R

���0 	�� N/#O
 �!"C! -��
c� �	#C� �	�� �!"� 68	�
 -�	?k! .

*����� 	#8!� 3�! �� )��(�B�! �! b��HF �� �� �"� �p!�! !� -�

 1����"� !� q�C �	��	�.
 A	��-
��	8 .+?�
0 �� ��
B�! ��

 3�
c�7��W �� �?8	)
 "�� -
��&:

]U[{ } )aP/()]EoD(/)EofD.i[(]ak[H f −+γ−++−=

Xd�!� ��U�Eo �����! -�!�!� D+����)
 	
� �-��
� �i�"
0 

-

#%!�"_ b"

S��!"

� �A!� ��

8 Pf�Y�	

% -

�� +

��,γ

�
I!� "
� "
� 1�
& ����� �	��I!� N�#0��� 6�!": u�"�	
 

�-�!�!�K�(� 
)
 �
I!� "� ����� "�$#
 ���*� F�
��*� 	
� �

������ +�	kH� ���S� 3�
c� +?�0 aY%	& 3�"��� �� +��,

+8! 3>�
 +�	I.

f�c5# e�� 

E�� �� �
� �
/
	.
 �	
�#%! � -
�� �	
��!�	� �� 3�
c
� +?�0

 �
& �?
8	)
 ��H#�

"�s � ��H#�
 .	
� ��H#�

 "
�s E�� ��

 b�	�& a�!�� �! 1�	J#8!��M�i�[�?8	)
 +?�0 3�! �&.

+/F �� ":	I (	I ���!�HC �!"� �/
	.
 �	�#%!� -�� �	��!�	� 

0 ��#�

_ (� 

)
-

� �

�	_ �!�

H
 �!�

�)Basis ( m	�

I !� 

�"� .��/d
 �	
��B�! �! 1�	J#
8! 3�!"�	�� +
� �	
V#0!�"�	
8 �

��#�
� -
�� +
��, �� 6��! b�0�!�"� �� �� -�	��B�!)a
�!�� 

t�}��(+��0 "�e_ �	>
! .��3��4 �
d�!� �! P

	� 1�	J#
8! 

*�����)�d�!�U(�� *�0 3�! ��?0 "�e_ �	>
! X.�	d
�-\.� !"�� 

���
 7	F^'! �! ��R�
 �	�0 +��0.

(� 
)
 E�"
C �W�� �3�
c� +?�0 ��H#�
 X?8	)
 �!"�

 ���
 	
S0� �! �
/
	.
 �	�#%! � -�� �	��!�	� �� �!���	�� �	V#0!

 (!��8�&.�
& �?
8	)
 ��H#�
 3�
c� +?�0 �8 �d�!� 3�! �� .

+?�0 3�! 	�7�	?F �0!�!:

�(� ���� ��R� �	
� �� -�� �!�	� �� 3�
c� +?�0 �#�_ ���� 

M(�#�_ ����� ���� ]eI �	
� �� -�� �!�	� �� 3�
c� +?�0 

i(�/
	.
 �	�#%! �!�	� �� 3�
c� +?�0 

��	 #,! P
!�F -8�"� �!"�|

 -F	
�#R! l+?�
0 "
� "k

 �
& 1�	J#
8! -
d% ���
8"�� �! ���H#�
 3�
c��3�
� �! !"
�� 

�B�! 	�"� �!"
, ��

�� ���

 �� -J/#O
 -L�8 �	 #,! ��+
C

 �p!�! !� ����"� 3�"#S� -d% ���8"�� �"
� .PH#�

 �	
�"�$#


 P
	& ���8"�� �� ��� ��!�
 3�! :P$
& ��BO
8	_ �!�8 � 38

 �->0	
� A!� +
C	��� ��#�
_ +�
� "
�� vd8 ��F�*
 �! ��	%

 +
��, "��$� 6�": ��#�_ E�"C 1�)0 �-�!�!� �� -��� +?�0

 6�"
: ��#�
_ (� 
)
 �"
>/�F "��$� 6�": ��#�_ ��
�� 

K/d
 �*�"���!�.� ~�� �/I"
 �!�	� �"��	� A*�0	>
 -
�� �	�

�/
	.
 �	�#%! �.

h5� � V1�!) 

+
��, u0	
��!� b�
��� P,!�I �	��B�! T	8! "� 3�
c� +?�0

)a�!����M�i(	� "�!"�gg/h���

� +8� ."
B�� 7�	
?F �
�

-
 +J� �!�� ��(	?0� +��, u0	��!� ����0 P,!�I ]�� "�! 

&-#��	� �!"�! �	� �#�_ �!���	�� ���gg%������ (� )
 �!

 �� "
� 	
� � �
/
	.
 �	
�#%! 	
� -�� �!�	� �� �! ->� �� !� ��%

 ���	�0 3�
c� .�L�#0 3�! -��j
8�
 � �	
_� n�	
#0 	� �"��)MM(

��!� -0!�O�� .�
�	_ ��
�� � �
���� ���� "�! 	S0� b��HF ��

� ��&	� �#&!�0 ��R�*�0 +��, ��&	� 6��! 	0 -�� �	��+?�
0 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html


�
��� ����� � ������� ���� � 	�
� /������ /���� 	�� /��!"��# $%&' 

U

(�
"C 	� 1�& �?8	)
 3�
c� +
��, u0	
��!� b���� P,!�I �	�

 �� �� ���*0-
&��.

����>
 Xd�!� �! 1�	J#8! 	� 1�& �?8	)
 3�
c� +?�0)Xd�!�

[(	� "�!"� �}U/h���

� +8� ."
V0 �� 	
� "
B�� 7�	
?F �
�

 �
c
� +?�0 ��#�_ (� )
 �">/�F ���� 3#C"� �! 3gg/h�
� 

}U/h5�	� -
��	� .+?�0 	� *�0 +?�0 3�! 	��?
8	)
 3�
c� �

-��j8�
 � �	_� a8�� 1�&)+?�0 	
� 3�
� �}t/h	
� [i/h(

+8! ���	H
 P�	, .1�
& �	
)� ����� ���� *�0 	S0� X.�	d
 ��

+8!.

3�! �� �R�� 	� (�
"C �! 1�	J#8! �	>
! ��1�!�
0! �	� �"
��

 +?�0 ��H#�
"�s (�

"C �! "
�s �� 3�
c� b�
��� P,!�
I �	
�

 �+&!�0 ��R� ����>
 (�
"C � +��, u0	��!� 3�!"�	
�� �!"
� 

1�!�0! � "#��� -8�"� 

 P

!�F �"��l�� 3�
c
� +?�
0 "
� "k

 1�	J#
8! ��H#�
 E�� �! �/
	.
 �	�#%! � -�� �	��!�	� �
& .��

�	� 3
�! �� �!�	
� �#�_ (�?, ���
 3�
c� +?�0 �E�� 3�! 	
��!

 ��' ��1�!�0! ��H#�
 �& �"��)(!��
8 ���

 �?I	 
 K�"' �!

 #C"� �!",��(.�"
>/�F ��
�� ��
R� +
/F �
� 3
�! "� 1�^F

 P��>� �	
� �� �#�_ (� )
58"_ �
	0 � �c�

 3�! "�kc"
� ��

� +?�0c3�
��"
>/�F ��
�� ]eI �	
� �� +?�0 3�! �!*�
 

+C"� �!", (!��8 ���
 *�0 .#
8!� 3
�! �� ]e
I �	

� !�
#�! �	

 +C"� �!", 58"_ ���
 �">/�F ����)�� �!���	�
� 1	����

 �& (!��8 ���
 3�! ("
V0 ���
 x��	� �� 3�
c� +?�0 u�8 �

�& (!��8 �!���	�� �! .�!�	
� �� 3�
c� +?�0 �8 6��"� 3���

 3�
c� +?�0 ��#�_ (� )
 �">/�F ���� ��R� �	
� �� -��

 ]eI �	
� �� -�� �!�	� �� � �#�
_ (� 
)
 �"
>/�F ���� 

�
/
	.
 �	
�#%! �!�	
� �� 3�
c� +?�0��?
8	)
 �
& .�� n�	
#0

 (��R�+8! 1�& ���.

(��R �j0	�4��	�0 -
-
�� �!�	
� �� 3�
c
� +?�0 ����

 !"& �� �#�_ (� )
 �">/�F ���� ��R� a� ��' ��a
8�#
 

MM/h�+8! "B�� 7�	?F ��-
�0 ��F �! P?, �� +J� �!�� ���

 ��
R� 7�
& �
� �#�
_ �">/�F ���� ���� �� -d�!"& �� �

�!���	�� ���!���' ��a8�#
 	S�� MM%��
% X#�_ (� )
 �!

 �0	
8� �
��!�% E�"C �� -�� �!�	� �� !� .�-d�!"
& 3�
�4 ��

 	S�� �!�	� �#�_-
-�� 
)
 P,!�
I ��0!�� !�(	
8 �!"
� �
� 

5�_ 1���� -���-
���� �!�	
� �� ��
� -
�� �
0�!eB� �!��!"
, .�!

-�	L0� �+8! ��	?R! �!�	� 3�! �� (� )
 P��)� ��3�!"�	
�� 

�	��!��!", �
LI "
_ �
� +
8! 3
>�
 �	
)� 3#C	
�0 K
H)� 

�!���	�� �!"� �"V0 ���
 �	��">/�F �
�� ��!"
C -�^>�

 .

XL�#0 	� KC!�
 3�! X.�	d
 )3�
c
� +?�
0MM/h(�	�
0 *����
� �

�"
 7	.�	d
 �� +8! 1�!� b��� �� f��gU} 	
� �ggM ��^�



+?�0 	�3�
� !� ��H#�
 3�
c� ���/h	
� �U/h
��+
8� 1�!�

+8! .�
� ��?
& *
�0 "
B�� 7	.�	d
 n�	#0 "B�� 7�	?F ��3
�! 

�.�	d
 ��
R� a�!"
& �� -�� �!�	� �� 3�
c� +?�0 ���� 3��	_ �

7	?k! �� !� �">/�F ����-
�0	8�.

+?�0 ���� 3��	_ 	��
c� �+?�0 	� ���	H
 �� ��H#�
 3	��

1�
& �?8	)
 3�
c� (�

"C �! 1�	J#
8! 	
� b�
��� P,!�
I �	
�

 +��, u0	��!���	�0 -
�� �� ���-.,!� ��	F �	��� �!�F! 3�! 

3��	_ "�+8! .�
 3�!c� P
!�F ��R� "B0	�� ��c�"
B�� �!e
�"�k

 *�0-
(�
"C �� �� �&	� 3�
c� +?�0 �	� �	
)� +
8! 1��
0 .

!(��R �� "��-
�� �!�	
� �� ��H#�
 3�
c� +?�0 ���& �R�� 

�F ���� ��R� a�!"& ��/�">�	� "JW 3�� �h"��$� -

 �
�� 

�+?�0 �� +8! -�	I �� 3�! 	�a�!"
& �� ��H#�
"�s 3�
c� �

��
F �
� 	
S�� ����>
 (�
 � u0	��!� ��	8 P,!�I)gg/h�

}U/h(+8! .+?�0 ��	� 7	0	8�0 	�
 3�
c� ���H#� "
� P
���

"�kc� 7�	J#
 P
!�F ��R�+?�0 3�! "� �!e� 	�+8.

(��R �j0	�4��	�0 -
�"
>/�F ��
�� ]e
I 	� ����

 5�!*
C! 7�
& �
� -
�� �!�	
� �� 3�
c
� +?�0 ��#�_ (� )


-
 ��	� .+?�0 3�! (� 
)
 �"
>/�F ��
�� ]e
I �	
� ��

 �#�_)(��R K?'����� n�_ � �	#J�����0 ��F �! �.� ("
�!"� �

	��}/h+8! .	
� "JW 3�� ��R� 3�! 	��h-�	0	
8�0 �
� ��!�

 � �"
>/�F ���� �! "�s �� "B�� "kl
 P
!�F ��R� �! +�	>I

 ��!� 3�
c� +?�0 ��� "� +��, .��' ��-/� -
�� +
J� �!��

-���W �!�	� �#�_ �!"� �� �	>
! 3�! 	
� �
&	� �#
&!� ��
R�

 �� X��0 �� !� -�� �	��!��!", (	8"� 1	
 �!�"% A)i�! P
?, 1	
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html


(�") ���*+� �#* ����.��� �� ,��-# ��� ��� ������� 23�45� 0
��
� ���!/.…

g

��@[$.J
!K� W1.+  �� �.+1. ��� ;!"< �.������ ,��-# (�") 

"@�!�I P,!�I 3�B0	�
 "��$#
 A	0 

gg/hgg/hgg/h+��, u0	��!� ����0 P,!�I r"C 	� ��H#�
"�s 3�
c� +?�0 

}U/h}U/h}U/h�s 3�
c� +?�0����� ���� ��R� r"C 	� ��H#�
" )����>
 (�
(

�h hMM/h�">/�F ���� ��R� a�!"& �� -�� �!�	� �� ��H#�
 3�
c� +?�0 �#�_ (� )
 

�h h�}/h�#�_ (� )
 �">/�F ���� ]eI a�!"& �� -�� �!�	� �� ��H#�
 3�
c� +?�0 

thtt/h�/
	.
 �	�#%! �!�	� �� ��H#�
 3�
c� +?�0 

Mth �U[}�">/�F ���� ]eI �	
� �#�_ (� )
)����0 ��F �! �.� ���(

e%c
:�#C	� K�H)� �	� 

|:	� "�!"� �0��0 �!�.�ihh +8!.

�#�_ (� )
 +&!�"� (���	�0 ��V���+?�0 	�3
�! �� 3�
c� �

��� ��!�% �	� �!�	� .�j0	�4 x��	� �� 	��!��!", 3�! 	��! P?, �

�} 8 "� 1	
 �!�"% � (	 �����
0 ��F �! P?, 1y�� ��
& ��
V�� �

5�	� 7�& �� -�� �!�	� �� 3�
c� +?�0-
��	�.

	
� ��
�	H
 �� �
/
	.
 �	
�#%! �!�	� �� ��H#�
 3�
c� +?�0 

�"
>/�F ��
�� ��
R� a�!"
& �� -
�� �!�	� �� 3�
c� +?�0

 ���I �#�_ (� )
M-�.� "�!"� tt/h� ��
� �
�!�% �� 3
�! 

-�	I+8! ��!��� 3�
c� +?�0 ]e
I a�!"
& �� -
�� �!�	�

 3��	_ �#�_ (� )
 �">/�F ���� "�+8! .��3��4 (��
R �

�	�0-
�	
�#%! �!�	
� �� 3�
c
� +?�
0 7!"
��$� X�
!� �� ���

 -�� �!�	� �! "#�� �/
	.
+8!���' ����� 7	0	
8�0 3
�! �
�

 	� "JW 3�� �/
	.
 �	�#%! �!�	�t1��� �� �� (	I 
� �� -
�� �!�	

 	� "JW 3���h+8! .��' ��-/� -
a�!"
& �� �
� +J� �!��

 �!���	�
� ��#�_ (� )
 �">/�F ���� ��R���	
�#%! �!�	
� 

v�R"
� -�� �!�	� "� !� �/
	.
 -

 � �
��� �
j0	�4 a�!"
& �� 

�!�HC �!�	
� "
� -
�� �!�	
� ���
&	� �#
&!� �!", �">/�F ���� 

��!�% 1�!� v�R"� �/
	.
 �	�#%!�&.

��	 #,! P
!�F "k! -8�"� �!"�|+?�
0 "� -F	�#R! 	
� �

�& 1�	J#8! -d% ���8"�� �! �N/#O
 3�
c� .(�!�
R �� n�	#0

M�i�t+8! 1�
� .

(��R �j0	�4M�	�0 -
�� PH#�

 "
�$#
 �� 	
S�� ��
��

 vd8�h%-�.
 �!�+8! .�!�!� �-
�!�!� �
� -��� +?�0 "�$#


 -
�.
 � +
?@
 "k! !��� -
�� �!�	
� �� 3�
c
� +?�
0 ��� "
� �

�#�_ (� )
 �">/�F ���� ��R� a�!"&+8! .A�
SJ
 3���

 3�
c
� +?�
0 �-
�!�!� �
� -��
� +?�0 5�!*C! 	� ���5�!*
C! 

-
 ��	� .�! -
>� �+
8! 1�
& 1�	
&! *����
� �.�	d
 �� �j0	�4

�S
 3�
c� +?�0 "� "kl
 P
!�F 3�"���!*�
 +
8! �!"
C! -��� .

HF ��*����� b�� +
��	.C �
� -
�� �!�	� �� 3�
c� �� -�	L0� �! �

+
��	.C "�	8 	� f	?��! �� -#��	� �+8! -�	
 	
� �
�0	
 -�	

 �

�&	� -��� �!*�
 .�
 3�!c"
>�� � ��"� X.�	d
 �� ��)ii(*
�0

 +8! 1�& +�	k .1�!� �	�0 	S0� �0! +?�
0 	
� -��
� �!*
�
 �
�

 3�
c� ��H#�
 Xd�!���!� .��' ��-
/� -

 	
� �
� +
J� �!�
�

 6
0	R �! -
�� �!�	
� �� 3�
c� ��!�	� �#�_ -��� �!*�
 5�!*C!

 5�!*C! 	S0�-
P
�F 3
�! 	� !"�� ���	� -

 �
� +?�
0 �
��!�%

 PW	I �	���'! ���% -��� �!*�
 +%!�"_ -�	0!������.

(��R T	8! "�M��3��4 -
�
� ��
8� �L�#0 3�! �� �!��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html


�
��� ����� � ������� ���� � 	�
� /������ /���� 	�� /��!"��# $%&' 

�h 

��@[X.!T. 6�.�� ���4i� ����![.7;!"< ��45� �+F
�� P"1� ��[� W1.+  �� �#* �.��� �� ��c!"� ,��-# (�") +� +8 

1�	
�t6�": "�$#
 A	0 

***ii/}[t/UM+�	k �!�H
 

t}/hM}/h�BO8	_ 38)(	8(

}i/�UM/h�BO8	_ �!�8 )(	8 P� )� �	�(

ti/�|�t/[|�F�*
 �! ��	% P$&)h=�"�%�=�/�(

[i/h|}M/h|�#�_ +�� "�� vd8)�	#>�(

ii/|ih/U|->0	� A!� +C	��� )h=�"�%�=�/�(

***Mt/��i/[[-�!�!� �� -��� +?�0 

�M/�|�M/}|�#�_ E�"C b�)0)�=�-d�,h=��H0(

i�/�|U[/h|�#�_ +��, "��$� 6�": )�W��(

***�t/t|tM/�|�#�_ (� )
 �">/�F "��$� 6�": )�W��(

iU/h|ht/h|�#�_ (� )
 �">/�F ���� ]eI �	
� )��F �! �.� ���

����0(

[M/h�M/tMi� K/d
 �*�"� ���� 6�": 

Mt/h|hM/[|-�� �!�	� �"��	� A*�0	>
 ~�� �/I"
 �!�.� 

=2R iM/h n = ihh 

=2R M�/h

F = �i/} *** 

e%	
 :�#C	� K�H)� �	� 

*** :-�.
 vd8 �� �!��%

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html


(�") ���*+� �#* ����.��� �� ,��-# ��� ��� ������� 23�45� 0
��
� ���!/.…

�� 

��@[%.���4!T. 6�.�� i;!"< ��45� �+F
�� P"1� ^_` W1.+  �� �#* �.��� �� ��c!"� ,��-# (�") +� +87� ����![. 

1�	
�t6�": "�$#
 A	0 

***Mi/��tM/�Mi +�	k �!�H
 

iM/h�M/h�BO8	_ 38)(	8(

MU/h}i/h�!�8 �BO8	_ )(	8 P� )� �	�(

tM/h|ht/t|�F�*
 �! ��	% P$&)h=�"�%�=�/�(

�[/h|M[/h|�#�_ +�� "�� vd8)�	#>�(

**h[/M|ti/�M|->0	� A!� +C	���)h=�"�%�=�/�(

** h[/Mhi/UM-�!�!� �� -��� +?�0 

*[i/�|i}/[|�#�_ E�"C b�)0)�=-d�,h=��H0(

***Mt/i|ht/i|�#�_ +��, "��$� 6�":)�W��(

MM/hi�/h�#�_ (� )
�">/�F "��$� 6�":)�W��(

***gi/i|Mi/h|�#�_ (� )
 �">/�F ���� ]eI �	
�)��F �! �.� ���

����0(

t�/�iM/Miit K/d
 �*�"� ���� 6�": 

it/h|i�/t|-�� �!�	� �"��	� A*�0	>
 ~�� �/I"
 �!�.� 

=2R iM/h n = ihh 

=2R M}/h

F = tM/} *** 

e%	
 :�#C	� K�H)� �	� 

*�** �*** : -�.
 6��"� �� =�d8 �� �!��h%�}%��%

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html


�
��� ����� � ������� ���� � 	�
� /������ /���� 	�� /��!"��# $%&' 

�M 

�S
 �� -
�� �!�	
� �� ��H#�

 3�
c
� +?�0 "� "kl
 P
	F 3�"�

 6�"
: ��#�
_ (� 
)
 �"
>/�F ���� ��R� a�!"&$�"
��

 1�
��� (	8 �� (� )
 3�! �">/�F +
8! ��
�� "B0	
�� �
� 

�">/�F-
�&	� .�� 3�
c
� +?�
0 ��"
>/�F ���� 5�!*C! 	�

 5�	� -�� �!�	�-
��	� .�

 3�!c-��j
8�
 � �	
_� a
8�� �� 

)MM(*�0 +8! 1��8� 7	?k! ��.(� )
 �">/�F ���� �4 "�

 ��	� 5�!*C!��� �W P��)� (	�#I! 
 �!*�
 �W �!"
, �� ��R�

 5�	� �!�-
��	� .�
 3�! 	� �/�	H
 �!"� �!���	�� !e�c+?�0 ��

"V0 �� !� �"#�� 3�
c�-
�0"��.

(��R ���	H
 	�M�iYO�

 �-

 ��
& ]e
I 	
� �
� 

(	
8 �"
>/�F "
��$� 6�"
: "
�$#
 �(� )
 �">/�F ����

1�

����-

�.
 vd

8 r�

F �� � 1�!� +

8� �! !� ��

% ��!�

�	�"�$#
 -�.
 "B�� 1�& �!� �0! .-
�!�!� �
� -��� +?�0 "�$#


 -

�.
 � +

?@
 +


^F +

8! 1�"

� �

JI !� ��

% �!� .��

->0	

� A!� +

C	��� P

�	H
�3�
c

� +?�

0 "

� -

J�
 "

k!��!� .

*����
� �
.�	d
 �j0	�4)��(�
p!�! 	
� +
��� ���!� 1�	
&! *
�0

�
	0"� 	�->0	� 7!�	?#F! ��4 -�-
3�*B�	
R �0!�� 
��!"
� -�	

 ����	�

� �� ��

�� b�

��	� �	

��!*�! "�	

8 � -

�� �!�	

� 

��	�0 ��!"C .�	8� -8"#8� �� -0!�	� �#�_ �"B�� 7�	?F �� "
�

 ->0	

� 7!�	

?#F! �

� �#

&!� !� �"

#�� 3�
c

� +?�

0 ��

0! 

1���0 m	O#0! �0!.

(��
R T	
8! "�i-d�
, E�"
C -�	
0!�� �
� ��!"
C! �

��0�!� !� ��% �#�_ (� )
 �!�	
� �� !� �"
#�� 3�
c
� +?�0

 1���0 m	O#0! -�� �0! .�!"
C! 3�! -

 -d�
, E�"
C 	
� �
�0!��

 +��, ��#�_ (� )
 	�3�!"�	
�� � 1��
�0 +C	��� !� �"��	� �

-�� �!�	� �� +��	�
 �!"� �"
#�� �	
�0 ��
&	� �#
&!� ."
�$#


 -
�.
 � -J�
 +
^F �!�!� �#�_ +��, "��$� 6�": +
8! �!� .

$� 6�": �!���	�
� 	
� +
8! 1�& oF	� �#�_ +��, ��	� "��

 (	
�#I! � 1�"
� �#�
_ +
��, 5�!*
C! +�8 �� !� (	�#I! 3�!

 ��0!�� "#�� !� �� 5�	� ."
V0 �� !� "
#�� 3�
c� +?�0 3�!"�	��

�#C"� �0! .�!�	
� �� +�"
& ��#�_ +��, 5�!*C! 7��W �� !"��

 +8! ��� �	�� -�� .�">/�F ���� ]eI �	
� "�$#
 (� 
)
 

�#�_ )���	�� ��� �!(��	
� �C	
)
 X
R�� "B0	�� -F�0 �� �

�!���	��+8! .3�!"�	�� �&	� "��	� �VC	)
 �"C �4 "�)"
�"��

 (� )
 �">/�F ��1���� (	8 �
�� !�
�_ �	���'! ��% (+?�
0

 +8! "#�� -�� �!�	� �� �! 3�
c� .�

 3�!c*����
� �
.�	d
 �� ��

)��(1��8� 7	?k! �� *�0+8!.

(��R ��t�c��	 
#,! P

!�F "�k|+?�
0 "
� -F	
�#R! 

+
8! 1�

� �
/
	.
 �	
�#%! �!�	
� �� 3�
c� .� "kl

 P

!�F �!

-�.
 �	
�"�$#
 ��
/
	.
 �	
�#%! �!�	
� �� 3�
c
� +?�
0 "
� �!�

 ��
�� ]e
I �	

� ��#�
_ E�"
C b�)0 �->0	� A!� +C	���

 �#�
_ +
��, "
��$� 6�": � �#�_ (� )
 �">/�F�-
�p^F

 �
0�!� -�� �!�	� �� 	�"�$#
 3�! 	� ��	�
 ."�
8	J� 6
��"� 3��
�

 +8! -�� �!�	� �� ��?& *�0 	L��! �� 	�"�$#
 3�! �� f��"
 .�!�.�

PI!"
 3�
c� +?�0 "� �/
	.
 �	�#%! �!�	� �"� �	� A*�0	>
 ~�� 

�!�	� 3�! ���c-J�
 "�k��!� .�!�	
� �"
>/�F b�
)0 �
� ��!"
C!

 .
 �	�#%! !� �/
	 "���� ~��1�"� �0! �� !� �"��	� 3�
c� +?�0 �

m	O#0! �!�	� 3�!-
���� .�!�	
� �� �-
�� �!�	� ]^%"� 3�!"�	��

 �� -���j�_ ��/
	.
 �	�#%!-
1!� "
8 "
� Q0	

 -F�
0 �� �0!��

 �&	� �!���	�� .�"�$#
 ��">/�F ���� -�� �!�	� �� P�	H
 ��

 3�
c� +?�0 "� "kl
 +
8! �
� ��
'���
�� 5�!*
C! 	
� �
�

�">/�F�5�	� +?�0 3�! -
��	���� �
� +
8! -�	I �� 3�! 

�/
	.
 �	�#%! �!�	��vd
8 �� -
#I �"
>/�F ��
�� �h%*
�0

-�.
 +��0 �!� .3�! �� �R�� 	� P
��)� �-
�� �!�	
� ]^%"� ��

�

/
	.
 �	

�#%! �!�	

� �� (� 

)
�3�!"�	

�� �+�

�0 ��	

?R! 

�L�#0 �� "�%! �"�� �	V#0! �! �+��0.

;D�!) �+�O 

n�	#0 b��F 3�!.�	d
�!�-
�!��7��W �����0 �W^% "�� :

+?�

0 	

� K

�"' �! 1�

& �?

8	)
 ��H#�


"�s 3�
c

� �

(�
"C � +
��, u0	��!� b���� P,!�I �	� 6
��"� �
� ��
��>


gg/h�}U/h+8! .��
�� 3#C"
� "
V0 �� 	� "B�� 7�	?F ��

 �#�_ (� )
 �">/�F �! +?�
0 3
�! �3�
c� +?�0 X?8	)
 ��

gg/h��}U/h5�	� -
��	� .�� ��H#�
 3�
c� +?�0 -
�� �!�	� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html


(�") ���*+� �#* ����.��� �� ,��-# ��� ��� ������� 23�45� 0
��
� ���!/.…

�i 

��@[j.���4!T. 6�.�� i� ����![. 7;
��
� ���!/. �.��� �� ��c!"� ,��-# (�") +� +8 

1�	
�t6�": "�$#
 A	0 

***tt/iMt/gi+�	k �!�H
 

i�/h}M/h�BO8	_ 38)(	8(

M}/h[i/h�BO8	_ �!�8)(	8 P� )� �	�(

Mi/�[M/���F�*
 �! ��	% P$&)h=�"�%�=�/�(

it/h|i�/h|�#�_ +�� "�� vd8)�	#>�(

*[M/�|gi/�M|->0	� A!� +C	���)h=�"�%�=�/�(

�h/�h}/�i-�!�!� �� -��� +?�0 

***tU/M|Ug/�i|�#�_ E�"C b�)0)�=�-d�,h=��H0(

**[�/�|h[/M|�#�_ +��, "��$� 6�": )�W��(

UM/h}�/h�">/�F "��$� 6�": �#�_ (� )
 )�W��(

*�U/�|��/h|�#�_ (� )
 �">/�F ���� ]eI �	
� )��F �! �.� ��� ����0(

}M/�|t[it�i|K/d
 �*�"� ���� 6�": 

**[}/�|[[/��|�0	>
 ~�� �/I"
 �!�.�*	.
 �	�#%! �!�	� �"��	� A�/
 

=2R �[/h n = ihh 

=2R �h/h

F = �i/M *** 

e%	
 :�#C	� K�H)� �	� 

*�** �*** : -�.
 6��"� �� =�d8 �� �!��h%�}%��%

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html


�
��� ����� � ������� ���� � 	�
� /������ /���� 	�� /��!"��# $%&' 

�t 

�#�_ (� )
 �">/�F ���� ��R� a�!"& �� ��' �� a
8�#
 

MM/h+8! .�� 7�	?F �� "B-
����
0 ��F �! P?, �� +J� �!��

 7�
& �� �#�_ (� )
 �">/�F ���� ���� �� -d�!"& �� �

�!���	�� ���!� ��R� ��
' �� 	
S�� a
8�#
 MM%(� 
)
 �!

�0	

8� �

��!�% E�"

C �

� -

�� �!�	

� �� !� ��

% .3�

�4 ��

 	S�� �!�	� �#�_ �-d�!"&-
�!"
� �� !� -�� )
 P,!�I ��0!��

 �_ 1���� (	85-���-
������0�!eB� E�"C �� -�� �!�	� �� .	
�

 ��#�_ (� )
 �">/�F ���� ]eI -�� �!�	� �� 3�
c� +?�0

 5�!*C! 7�& ��-
��	� .��
�� ]e
I �	

� �� +?�
0 3
�!

 �#�_ (� )
 �">/�F)��
' �
� a
8�#
 [}�
�F �! �
.� ��� 

����0 (	� "�!"��}/h+8! ."B�� 7�	?F ��-

 �� �+
J� �!�
�

-���W �!�	� �#�_ �!"� �	>
! 3�! ��	
� �
&	� �#
&!� ��
R�

 (	8"� 1	
�!�"% A�� X��0 �� !� -�� �	��!��!",)�! P?, 1	
 �8

 (� )
 +&!�"� (+?�0 ����	�0 ��V�� 	��!�	
� 3�! �� 3�
c� �

��� ��!�% �	� .x��	
� �� 	
��!��!", 3�! ��V�� 7��W �� 	
� �

�! P?,�}� � (	8 "� �!�"% �+?�
0 �����
0 �
�F �! P?, 1y��

 5�	� -�� �!�	� �� 3�
c�-
��	�.

	
� ��
�	H
 �� �
/
	.
 �	
�#%! �!�	� �� ��H#�
 3�
c� +?�0

 �"
>/�F ��
�� ��
R� a�!"
& �� -
�� �!�	� �� 3�
c� +?�0

 �#�_ (� )
����I M-�.� "�!"� tt/h� +8! -�	
I �� 3
�! 

.
 �	�#%! �!�	� �� 3�
c� +?�0 �� +8! +?�0 	� ���	H
 �� �/
	

 (� 
)
 �"
>/�F ���� ]eI a�!"& �� -�� �!�	� �� 3�
c�

 3��	_ �#�_ "�+8! .��' �� -/� -
a�!"
& �� �
� +
J� �!�
�

 �	
�#%! �!�	
� �!���	�
� ��#�
_ (� )
 �">/�F ���� ��R�

 v�R"� -�� �!�	� "� !� �/
	.
-
� �����j0	�4 A�
F a�!"& �� 

", �">/�F ���� ��R� �!�	
� "
� -
�� �!�	
� ���
&	� �#
&!� �!

�& ��!�% 1�!� v�R"� �/
	.
 �	�#%!.

� -8�"�c��	 
#,! P
!�F "�k|+?�
0 "
� -F	
�#R! 	
� �

�!� �	�0 3�
c� 5�!*
C! o
F	� -�!�!� �� -��� +?�0 "�$#
 ��

-���
W �� �1�
& �/
	.
 �	�#%! � -�� �!�	� �� �� 3�
c� +?�0 

� ->0	� A!� +C	��� ��ck��!� �� "
� -J�
 "� .�
� "
B�� 7�	
?F

 �

	0"� �
p!�! 	
� +��� 	
� ->0	
� 7!�	
?#F! ��
4 -�-

 �
0!��

3�*B�	R �
�	�0 �
p!�! �
/
	.
 �	�#%! � -�� �	��!�	� �!"� -�	� .

3�! "� 1�^F�+?�
0 ������ ���� 5�!*C! 	� �� �!� �	�0 n�	#0 

�#C	� 5�	� -�� �!�	� �� 3�
c�-�	I�� 
� +?�
0 "� �� �� 3�
c

 �/
	.
 �	�#%! �!�	�� `��c�"�k��!�0.

����� ���� ���C!�. 

�.(	8 ��	8!"% �	#8! X
	0�	
� ��*�� �
	0"� � +�"��
 �	
�	8 N/#O
 �	�.

M.(	8 ��	��8 �	#8! X
	0�	
� ��*�� �
	0"� � +�"��
 �	
�	8 N/#O
 �	�.

i.(	8 �T�	C �	#8! X
	0�	
� ��*�� �
	0"� � +�"��
 �	
�	8 �N/#O
 �	.

t.(	8 ��	
"� �	#8! X
	0�	
� ��*�� �
	0"� � +�"��
 �	
�	8 N/#O
 �	�.

}.(	8 ��*� �	#8! X
	0�	
� ��*�� �
	0"� � +�"��
 �	
�	8 N/#O
 �	�.

�.(	8 ��0	��	8 E�!*� ��	L��C� X#�_ �	����� ����� -0�	.� +�"& N/#O
 �	�.

[.A ���	�� 7*F -S�!�?F .�iU� .��� 7	0	8�0 �.�	d
 �!"�! �!�	� �#�_ ��
 :�	
��!�	� �	
L�! � (� 
)
 X��� �! -�#��8 ��8 ��

�/
	.
 �	�#%! � -�� .�	�	_ �
	0�"#�� ����	�� �	 #,! �!"�& 1	B�0!� �����	�� b�>�0!� �.

U.A ���	

�� 7*

F -S�!�

?F .m �.-

JL0 .�iU�.�!"

�! �!�	

� �#�

_ ��


��� 7	0	

8�0 -

8�"� .����	�

� Q�	�

W � A�

/F 

��)M: (��g|�Uh.

g.A ���	�� 7*F -S�!�?F .m �.-JL0 .�iUM .-
#��, 7	0	
8�0 5�	
� �� �
/
	.
 �	
�#%! � -�� �	��!�	� �! 1�	J#8! �	>
! -8�"�

�!"�! �� ����	�� 7�� )
 :�#�_ (� )
 ����
 X.�	d
.�.8�� � ����	�� �	 #,! ��)tM�t�: (�|M�.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html


(�") ���*+� �#* ����.��� �� ,��-# ��� ��� ������� 23�45� 0
��
� ���!/.…

�} 

�h.	�� 7	F^'! �0	� �����	�� �	SR 7�!��(	8 ��!"�! ���� N/#O
 �	�.

11. Collins, R. A. 1997. Toward a positive economic theory of hedging. Am. J. Agric. Econ. 79: 488-499. 
12. Ederington, L. H. 1979. The hedging performance of the new futures markets. J. Finance 34: 157-170. 
13. Ennew, C. T., C. W. Morgan and A. J. Rayner. 1992. Objective and subjective influences on the decision to trade on 

the London potato futures market. J. Agric. Econ. 43: 160-174. 
14. Feder, G., R. E. Just and A. Schmitz. 1980. Futures markets and the theory of the firm under price uncertainty. 

Quart. J. Econ. 94: 317-328. 
15. Gardner, B. L. 1989. Rollover hedging and missing long-term futures markets. Am. J. Agric. Econ. 71: 311-318. 
16. Hanson, S. D. and G. W. Ladd. 1991. Robustness of the mean- variance model with truncated probability 

distributions. Am. J. Agric. Econ. 73: 736-445. 
17. Hull, J. C. 2000. Options, Futures and Other Derivatives. Prentice- Hall International Inc., USA. 
18. International Financial Statistics Year Book.1997. International Monetary Fund, USA. 
19. Kahl, K.H. 1983. Determination of the recommended hedging ratio. Am. J. Agric. Econ. 65: 603-605. 
20. Kairys, J. P. and N. Valerio. 1997. The market for equity options in the 19870s.  J. Finance 52: 1707 - 1723. 
21. Karp, L. S. 1987. Methods for selecting the optimal dynamic hedge when production is stochastic. Am. J. Agric. 

Econ. 69: 647-657. 
22. Lapan, H. and G. Moschini. 1994. Futures hedging under price, basis and production risk. Am. J. Agric. Econ. 76: 

465-477. 
23. Lapan, H. and G. Moschini. 1996. Optimal price policy and the futures markets. Econ. Letters 53: 175-182. 
24. Lence, S. H., K. L. Kimle and M. L. Hayenga. 1993. A dynamic minimum variance. Am. J. Agric. Econ. 75: 1036-

1071. 
25. Mckinnon, R. I. 1967. Futures markets, buffer stocks and income stability for primary producers. J. Political Econ. 

75: 844-861. 
26. Meyer, J. and L. J. Robinson. 1988. Hedging under output price randomness. Am. J. Agric. Econ.70: 268-272. 
27. Moschini, G. and D. A. Hennessy. 1999. Uncertainty, Risk Aversion and Risk Management for Agricultural 

Producers. Staff Paper No. 319. 
28. Moschini, G. and H. Lapan. 1995. The hedging role of options and futures under joint price, basis and production 

risk. Int. Econ. Rev. 36: 1025-1049. 
29. Myers, R. J. and S. D. Hanson. 1996. Optimal dynamic hedging in unbiased futures markets. Am. J. Agric. Econ. 

78:13-20. 
30. Newbery, D. M. G. and J. E. Stiglitz. 1985. The Theory of Commodity Price Stabilization: A Study in  the 

Economics of Risk. Clarendon Press Oxford, England. 
31. Peck, A. E. 1975. Hedging and income stability: Concepts, implications and an example. Am. J. Agric. Econ. 

57:410-419. 
32. Stein, J. L. 1961. The simultaneous determination of spot and futures prices. Am. Econ. Rev. 60: 1012-1025. 
33. Turvey, C. G. and T. G. Baker. 1990. A farm- level financial analysis of farmer’s use of futures and options under 

alternative farm programs. Am. J. Agric. Econ. 72: 946-957. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
1.

8 
] 

 [
 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)

                            15 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.2.1.8
https://iutjournals.iut.ac.ir/jstnar/article-1-359-fa.html
http://www.tcpdf.org

