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

��� 

,-�� .�#�� ,/0	1� � .���� .�2 3�"
�� ,(�4 
	� 3�5 ,�67� �� �897� �'! 

:�� ,� 	� :3�5 
2�� � �"
� ��	"�< =
'�!��5 ��7�3�5 


7��2 ���)
'�	! ' >� =)*=�' � 7?	9�)=�9	5� �27%!)�-�	? �@A7� �B

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

�'�C& 

'�D�A�,-� ,(�4 
	� �2� �2 �C0 �'! 3�5 �897� ,(�4 �	0� E	�0	F G�	� 
	� �� H�/>� ���� �� ��	A �897� ��! .��J>� .�#��

 � �'! 3�5,�� ��	0��2 ��J>� K9� � H< �'L� HM( .���	- =�4'���7& '
9	� �0	��	��� ,���� ��74 .30 .5	� 	� =N�1>A O02 ��

 3�5 �	8"�� ,-�� =
'�!��5 O� 
	� ,(�4 '0�74 ,/0	1� 
'�!��5 ��7� 3�5 �"
� :�� 	� � �'! 3�5 �< �� �897� .��O�P
& 

��	8�0	��< ��< 30 ��)
	�	�� ��RS=TS=US�VSC�(3�5 =��9 �� .P���� .P�2 E'P! ,P� '0�74 XY�� � '! �	L92 ��7�

 .�2 7"��� 2�� 7AZ	� 
	�	�� .��O�
& >
� �� �
�7� ���� 30 =��J>� .���� .�2 E'! 
	� 0� �D��9 .�7� ���� 30 � .�	[ .�'

!'.3�5 	� ,-�� ��7� ,(�4 
	� 3�5 �	8"�� 30 �� �897� 3�5 :�� �� � 
'�!��5 O� ,L�"9 ��9 ��	"�< �"
� ��7� ,� '! 
7�4

 3�5 .�7� 3�5 �� �'! O�� 
'�!��5 O�)\	A]^�2 �"
� :�� �2 7"��� '?�� ..�P� �4'P���7& 'P?�� E27P��_A �P��7�

3�5 3�5 
2�� 
	�� 7[2 ,� �2� �	�9 ��9 2�� `�"Y� 
	�	�� �� ��7� �P
�� ��JP>� �4'P���7& 
�� OP� ./P�9 �2� .�P� O�P
& 

XY�� 3�5 
2�� 
	�� �2 $1"/� ��9 ��J>� H< �'L� HM( .���	- ,� '! O�.�2 .�� �'P! 3�P5 ��JP>� �P�9 K9� ���� ��

O�0	a 
	��2�� )��'6 C�^b(O!�� � 7A��7- K9� 
2�2� =
	�� ,� .�/9 
7A C�+b��� .

�c2� 
	� 
'��� :,(�4 3�5 =�897� 3�5 =H< HM( .���	- =�4'���7& =��7� K9� =
'�!��5 O� 

,�'1� 

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

 *( '
�./0� *,��1� �2	� �,( !���" 34#.5$ *67� 	#8�$ ) '�


	�
 
#,,9) 4�,,( !:,,; .=>,,? �
�/:,,@ 2� !,,A� B
�,,C D��,,�

�)	 *EF '��( �
�G/+� 
	#$ '�- �#6$ '	�
 '�H,+ ) �- �,+�- .

=>? !IB
�,CJ=,� *,( B�6,+	 '��,( !,(K �,6L�%� !��,7F 

�	 M#.,,,5$ !,,,()�A6$ '	��,,,��� *,,,C N,,,� 6D)3��,,,661� 

�0��; *( �	 !��6 6O ) !A��6��F�+�(JPK �&	
 !���," �
�$

 !,,$ Q-�,,C !,,�6%$ �,,; �,,� �,,(��)�(.=>,,? �,,����� JB
�,,C 

R�,,9 ) 3	��,,; B�,,$2 S,,- M�,,T/F� U,,��I 2� �,,(#I	 Q-�,,C 

�,,+� .!���,," �
�,,$ *,,( V��,,I� '�#,,- 2� 3	��,,; M�,,T/F� 

�,,(#I	 �,,6WH� ) XY,,+ 	
 PK 	�,,W( 	�>,,� Q-�,,C Z,,9#$ 

5Y+ !$ !#O
.�,����� D,�� �,[� 	
 PK 	�,W( 	�>,� B�,�
��@ J

*( !���" �
�$ 	
 !,$ 
#9) '��,( R24 !>,F�	 ')�,6F *,C �,�K 

�.Z6��� *( '#\>F�
 U(�+�O	� !+��O	�CJ
�/+�
�/+� ) 	��
�/+� JJ!���" ]���& ) R#^_ B�7G&� !/%�& ��E>F�
 J'2	)�>` ��a>F�
 

�.D6O�$ b6F�a$ 	��
�/+� B�7G&� !/%�& ��E>F�
 J'2	)�>` ��a>F�
 J'2	)�>` '�- 

*:!a6F)�/aL� �:� J3�H��a$ M#c:$:shahedim@cc.iut.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             1 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


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

��� 

!$ D6$d� �	 !���" �
�$ 2� PK B
�C e	�? ��C)f(.

'g�,F� J���,����\� 'g�,F� ](�,�$ h,^/W$ i�#,F� B�6$ 2�

 S7$ 2� '�6O	#? �+�7FK D��� .,�� 2� �
�G/,+� 'g�,F� i#,F D

!$ ��6� �6 -� �/>6( !F�$2 B��,5( *,( '�/>,6( *9#� *C ��C

 j6,5$ !@
#,LK *Ld:$ ) �����F���\� 'g�F� ](��$ D/��� B����

 �,,O�( */,,O�
 
#,,9) �:,,�2)�(.
	#>,,C 	�,,�B�� 2� �/>,,6( 

�)	 =>? '�- '�6,O	#? B
�,C )!(�,/�K (�
�G/,+� !/�,+

!$ 
#OJ=>? �)	 3kA>$ !L) �,O !/�,+ B
�C �,�� �$

J! C A6$ �O	�S:6F�@	�) ) �- J3��>,; *,^ ; J
�:,� 
�\��

 B�	�,( !F�,7@�F �	�,( JB�@�,F#9 ) B�@�F��J'#,9 j���,O 

P#^Y$�F)... *C �+�  C ��� Z9#$l,) !M#.5$ 	
 !G6C

!$ 
#O .M�,; 	
 '�-	#>,C !��/,+)	 UI�,�$ 2� '	�6:( 	


 =>? ���? J*%+#� DCL 2� B�2	)�>C '��( !/%�& '�- m�,5

 *( B)�T$ '
�./0� *( �� �
�? B�2	)�>C ) �:6F *��& 3	�,F

 !$ �
�G/+� 3��67\� D�� 2� �,��C)�(.'g�,F� 2� �
�G/,+� ��,L

�6O	#?'*(
#,( �-�#? P��9 	�6:( ��O M�/�C 3	#&.�,( 

*( *9#� �6,O	#? M���4 'g�F� B
#( n�/+
 	
'	#>,C 	
 

2	)�>C 34#.5$ Z^"� �O�
�( �.� 	
 *C �$ 3�,O �( '

) '2	)�>,C UI��$ �/>6( B
#HF �C� /$ ) 
	�
 
#9) !H+��$

 ) !��/+)	S-D6�o D,�� 	
 ]���,& 	��T/,+� B
#,HF '
�./0�

 UI��$ *F#@J=>? 2� �
�G/+� DC'�6,O	#? '�,- Z,+��$ 2� 

) 
�(	�,,C J�,, 60 m�,,5L V�,,Y%F� �,,��'�34#.,,5$ '��,,(

h^/W$JQ���,�� p,_�( , C l,) !=>,? 34#.,5$ !,G6C 

!$ 
#O )�(.*(=>,? !$#, _ 	#I D,C �,( '�6,O	#? '�,-

 n�+� ) '	�,H9� ��� - �( M�%� */+
 )
 *( �#- B���9 �#5F

!,,$ S6:,,T� !,,%6HI �,,�� - �,,( M�,,%��6" '�,,E�
 �F#,,O .	


=>? DC��,�$
 �,� ��,�A$ 2� �
�G/+� �( �#- B���9 M�%� '�-

 !$ 	��0�( =>,? D,�� Z^"� ) 
#O D,C 'g�,F� �,( �)k,_ �,-

#? �?#+ ��F�$ '�E�
 !A C 'g�F� 2� '�6O	 !^6:,� '�,-

 !,$ ��7( !A��/AL� 'g�F� �� =>,? 	
 !,L) J�,F�6@ D,C '�,-

 R�,@ ) 
�+ '�#- !L�Eo Vk/?� �[� 	
 �#- B���9 JM�%��6"

 =>? �?�
 	
 !$ 
�\�� DC 
#O)�(.=>? i#F )
 D�� D,C

 JS6T/:,$ */,+
 *+ *( R��C �- �6F M�%��6" ) M�%� '�6O	#? 

!,,$ S6:,,T� !,,T6G^� ) S6T/:,,$�6" �F#,,O .JS6T/:,,$ i�#,,F� 	


 =>? *8G5$ 	
 M#.5$ �6O	#? 	#F S6T/:$ q�%$ 	
 DC

 !$ 	��0 �6,O	#? S6T/:$ 	#F 34#.5$ 2� !?�( 	
 *C 
�6@

 !,,$ 
�,,\�� P#,,^Y$ !@�6,,+	 r,,F	 !_#,,F �,,�C .i�#,,F� 	


=>,,? *,,8G5$ '�,,-	�#�
 JS6T/:,,$�6" 2� ) �
#,,( 3�,,$ D,,C

 	#/A^C)] 9 ��,��C (!,$ �
�G/,+� ��,\$ 
#,O .i#,F D,�� 	


=>? DCR�\F� 	#/A^C j+#� �6O	#? 'g�F� P�9 � _ J�-

 *( 	#/A^C 	
 ��O R�@ '�#- ) */��@ =>? *8G5$ � + DC

!$ =>? *8G5$ 	
 M#.5$ ) �
�C �C�; 
#O .!T6G^� i#F

=>? DC!�%� �+� S6T/:$�6" ) S6T/:$ i#F )
 2� !H6C�� �-

 �@ '�#- S- 	
 M#.,5$ �/:,( �,+���+ 2� 	#/A^C 	
 ��O R

!$ 	#H_ *8G5$ S6T/:$ Q(�� q�%$ 	
 �/:( 
#? S- ) ��C

 
	�
 	��0 �6O	#? 	#F)�(.

B�	�A - ) B�)�EF�� =>? =� JB�,��9 �,( '�6,O	#? DC

 BK ) �
�,C !,;��I �#- !%6HI 	#,EF� B
�,C =>,? '��,( �	

 �F
# F �
�G/+� .
 B�>F �7FK *%L�Y$ s��/F =>,? �_�,+ *,C 
�

 *( �)	 D�� �( B
�C B
�,C =>,? 2� �/>,6( !79#� �(�0 	#I

 �+� *��+ 	
 B
�C =>? �� 2�( '�6O	#?)��(.

	
4)�- ) S��C =>,? 	#/A^C !��	�C J�,( '�6,O	#? D,C

 '	�\$V*C�F�6,+	 *,\6/F D,�� *,( ) �F
# F !+	�( �	 �AO 

	#/A^C i#F D�� !��	�C��	#/A^C 2� �/>6( �&	
 �W� *5G& 

�+� *(�>$ !;��I �()t(.

=>? �?�+ ) !;��I �( JB�	�A - ) �
����7$ !^67+ D,C

 =>,? *,( J'	�,H9� �,�� - �( '�6O	#? '�H,+ B
�,C '�,-

!@�( �	 ��E/,+
 '�6,O	#? 	#,/A^C 
�A^ _ ) ��/?�
�� �AO

 �F
# F !(��2	� .	
 J��O */?�+ 	#/A^C 	
 *C �F
�
 B�>F s��/F

 
)�;���&	
 Q,O#� *5G& U��I 2� 3	��; 3�G^� �C 2�

 J 	#/A^C��) 	#/A^C �>� 2� �&	
 �u#Y+ U��I 2� �&	
 

�+� 	#/A^C !HF�9)�(.

*��v� �6[d� JB�	�A - ) D(K XY,+ ')	 h^/W$ ]F�#$ B
�C

 =>? 	#/A^C �F
# F !+	�( �	 '�6O	#? DC .B�>F �7FK s��/F

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             2 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


,-�� .�#�� ,/0	1� � .���� .�2 3�"
�� ,(�4 
	� 3�5 ,�67� �� �897� �'!... 

��f 

��>,/"� 
�\�� �( J	#C�$ ]F�#$ *C 
�
 '�#,- B�,��9 �6:,$ 	


R�@JP#:5$ 	#/A^C !��	�C 
#H7( �79 	
 ! 7$ 	�6:( �$�_ 

!$ *,( ],F�#$ D�� �6%0#$ ) �79 J
�%(� J�AO !L) �F#O 	#,I

 ��/:- 	��@�6[d� 	#/A^C !��	�C 	
 !79#� �(�0)�(.

=>? !;��I �( JB�	�A - ) i	�2 i#,F 2� '�6O	#? !�C

 	
 BK 2� �
�G/+� ) !T6G^� M�%� =>,? B�>,F Jw#/^,O B
�,C

 =>? 	
 �#- !$�9 !(
 *C �F
�
 *,6^W� !F�,$2 *^&�� ) DC

 !�%$ �[� JM#.5$ !,9)�? w#/^,O �,(#I	 Q-�C �( '	�


 �F	�
)�(.

) �,Y_ J�,��( 	
 !���661� 
�\�� p_�( B
�C =>? ������

 *��1� �2	� JS%I !$ M#.5$ rF	 ) '� B��6$ !+	�( *C 
#O

 !%+ ) 3��661� D�� Q-�C 	
	�[K *,9#� �,(�0 3�AF 2� ������ 

=>? 	
 �+� !���" 34#.5$ B
�C .J	#C�,$ 
�#,$ D6,( 2�

 J!@�6C)�o �&	
 !@x�) *+ j+#� y��� _ =>? 34#.5$

 !,$ !(�,�2	� PK P�9 ) rF	 �F#,O)f(.S,7$ 2� !,A� D��,�

 =>? ������ !I *C !A��6� 3��661� 
�,\�� !���," 
�#$ B
�C

!$ S\; Q-�C J
#O �+� BK .B�,O R�@ ) PK B
�
 �+
 2�

 !,$ !���," 
�#$ !L#^+ 	�/?�+ 	
 Q�� 
�\�� p_�( *,C 

�,@

 �,+� BK 
�,%(� Q-�,C ) �A,O �661� J�L�; D�� *\6/F .�,661�

 �,8F 	
 !,G�$ !,@x�) =� 
	�#$ �zC� 	
 S\; Q-�C ) �AO

 �+� ����C V�.$)��(.2� �,H0 Z^"� ��O =>? !���" 
�#$

 9 q�%$ 	
 V�.$ !$ 	��0 PK P� �,F�6@ .B��,6$ ) �_�,+

 *( �+� DA $ PK P�9 !���," 
�#$ �6G6C 2� !.?�O B�#�_

 
#O �
�G/+� =>? .=>,? *,�67( j���O �5� *C !���" 
�#$

!$ ]��+ ) ��O � 5/$ '�/ C *$�& J�F#O �$�C ) �� P�9 ��

 !$ PK�,��C)��(.�
�,$ !5Y,+ 3�6&#.,? JB
�,C =>,?

 !$ �661� �	 !���" �-
 .r,F	 ) 	#,F n�,A%F� �6^(�0 *\6/F 	


 !$ �661� ��C .
�\�� p_�( B
�C =>? !I B#6+��6:C� ) �$�@

*,,F��EF	 	
 !��6 6,,O 3��,,661� �-�,,6{#��	�C ) �,,6�)�^C '�,,-

!$ 
#O .B�$2 y4# %$ !F4#I '�- *9	
 ) �� 3	��; ��4�,( '�,-

=>? *F��EF	 �/>6( Vk�� JB
�C *( �	 �- 
	�
 ��� -)f(.

*9#@ J'2	)�>,C 34#.,5$ Z,^"� �,�F� - �,6F !EF��

 �+� ����
�:� .�,� ) 
#,O V�.,$ y�%��,+ �� !/:��( D���(��(

D�� ) '	)��� ��O M�/�C j���O �5� '�%( V	�.$ '��( *C

*EF 

�@ '	�
 .=>? 2� !A� B
�C �)	 D,�� P#,^Y$ '�,-

*EF �+� '	�
 .=>? B#�C�� *,9#@ B
�,C )
 �,- �,( !,EF��

 �)	 S/:6+ ) '�6O	#? 'g�F� *,/����� R�\F� !A6F�A$ '�-

�+� .V�- 2� !A� J*%+#� M�; 	
 '�-	#>C 	
 !^,&� '�-

=>? *9#@ '�6O	#? B
�C 2� |,� 3�%��v Q-�C J!EF��

�,,+� �,,O�
�( .!L�,,; 	
 J*,,/��� *%,,+#� '�-	#>,,C 	
 *,,C

*9#@ *( ��O =>? !EF�� �#,? }�,9 =,� B�#,�_ w�	#,?

 �+� *9#� 
	#$ .+ 	
M�*9#@ �6?� '�- ��,O =>? !EF��

 �%�,& !$#, _ ) �6L#� !^&� QW( *( !���" �H+ *6O�; 2�

�+� */��� ��	 ��")�~(.

�2�� �:��	�

d�5 �	8"�� .5	� 
'�!��5 Oe 

=>? O	#? DC6u�I U(�Y$ '� �	� O �AO��C�O j+#� 

�O */?�+ B�7G&� 	k� .� :,0 � !^,&� '�,- ,� =>,? DD,C

3	�H_ �2� �F :C) QC�#,- J	�)
 D,� JDC =>? *8G5$ J	#/A^

���*.Y/:$ !(�0 J	#/A^C6�M#I �( R#6�6$#LK |�9 2� �AO �~~ 

q�_ )t��$�Wv )�!/F�+ BK !�4�,( XY,+ *,C �+� �/$

 �$�Wv �( *>6O *5G& =� j+#��!,^6$ ��,O ��6,O#� �,/$

�+� .�,+� ��,O *,/��@ ��6F�#L�,@ �	) �( �6F BK D���2 XY+ .

#^9 '��( ')	 J	#,/A^C !�6��� XY+ 2� !�	��; Vk�� 2� '�6@

 *�4 =� ��6F�#L�@ �	)�!/F�+ 	��,0 *>,6O S>,� U��,_ '�,/$

 �,+� */��@ .�,( R#,6�6$#LK |�,9 2� *5G,& =,� JU��,_ ')	

M�F�C 
	�
 
#9) �#- ����- �79 !��- .*5G& 2� P��,9 '�-

 QO#� S6�6$#LK |�9 ���/,+� B�,+ �C�O j+#� *C �
#( 	�


>C �+� ��O �6L#� �{#+ 	# .*(�$�@ M�T/F� B�$�F�	 
#H7( 	#8�$

 *>6O QO#� D6( *^&�� 	
 P��9 3�5G& J�#- *( 3�5G& 2�

 M�F�C )*/��@ 	��0 �#- 	#H_ '�- *( �F� '	#I '��,( �N,� )
 *,C

 
	�
 
#9) 3�5G& D�� ��2 ) )	 	
 �#- 	#H_ .*(
)	) 	#,8�$

 V�AO J�#- e)�? )M#I �( !��-f�q�_ )�!/F�,+ 	
 �,/$ 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             3 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


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

��� 

$C!).3�5 fF7� �g1� 3�A	 ! 
'�!��5 O� 

�,O 
�\�� 	#/A^C '4�( ) D6��� .*,�)�2 �,( 	#,/A^C��*,9	
 

��
�@ Z.F *��� ')	 �( U�� XY+ *( �H:F .=>? *8G5$ DC

i�G�	� �(f~q�_ ) M#I )��!/F�+ *( �/$ �	��,9 )
 3	#&

#( !,L) �
#,( ��6F�#L�,@ �	) |�,9 2� BK !9	�,? 	��9 *C �


 �,+� �
�
 �6A>,� !$#,6�6$#LK �	) �	 !,^?�
 	��9 .6,( )
 D

v �( *>6O S>� U��_ 2� �	��9 �$�W�/F�+ !�+� ��O �� �/$ .

=>? *8G5$ P	
 *^6,+) *( ) �
#( �	��9 )
 *>6O '�	�
 DC

 4 '�-	�#F *( J*6O�; 	
 !A6/+ PK �$�C 3	#& �,�( ��,�
�@ '

�+� .*( DC =>? *8G5$ �?�
 *^6+)�|�,9 2� !�6,+ 
�_ 

6$#LK '	#� *,( *,C !$#,6� �#>,C 3	#,& !,$ �,C�; !J�,��C

*THI �+� ��O '��( .	
 ) !^,&� *,��� ')	 DC =>? *8G5$

 ��6F�#L�,@ �	) |�9 2� !Y(�	 ) �+� */��@ 	��0 	#/A^C '4�(

 G5$ D6��� 	
 '
)	) � :0 *( �	 	#/A^C !9)�? =>,? *,8

 S>,� �,( ) �
#( �	��9 )
 �6F j(�	 D�� *C �+� �
�C �&) DC

 U��_ *>6O �+� ��O '��( .=>? *8G5$ ')	 !>,C�#- JD,C

 M#I �(��!/F�+ *( ) �/$ */��@ 	��0 �0�F �)�W$ =� 3	#&

 �Y0 *( 	�)
 D� =� QC�#- ')	 ) �+���!/F�+ 
#,9) �,/$

 ) ��6?�o 
�( B���9 j+#� D� D�� *C 
	�
 !,%6HI ��� - *( 

!$ = C *8G5$ ) 	#/A^C 	
 �#- ��C)��(.

,9� 9 
�	� ��	�< � ,�%A 	�

*9#@ */�	�) !EF��.Early Urbana Y*,_	�$ 2� J*,TY�$ 	
 '�

���� ��

�	�
�

�	 �
� �����
���

�
�� �
�

��
����
�� ����

��  !�
� !"���
� �
#$%	

�
��

�&'( ��
����
�� )'��*

�+�� 

,��! ��a

�,"-

3 m
./#� �0- 1"��	

 ����� �- �
#$%	
�	 �
� 

���
� !��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             4 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


,-�� .�#�� ,/0	1� � .���� .�2 3�"
�� ,(�4 
	� 3�5 ,�67� �� �897� �'!... 

��t 

��
�@ *67� B�7G&� V��I� 	
 !/O
 .*F# F *( �- !,E/G- 3	#&

 *F�?
�+ 	
 V�.$ B�$2 �� ) ��O �O�
�( *_	�$ 2��*,9	
 

!/F�+ ��@ ��E>,F�
 '2	)�>C ��A>F�
 !���" ]���& ��@	�C 	
 


*EF B�7G&� !/%�& 
)�; ) �O '	�
�R�,\F� 2� �,H0 �_�,+ 

=>? ������ *9#@ *F# F JB
�C �� �O e	�? *F�?
�+ 2� !EF��

 �+�( j65$ '�$
 *(.*,0	) *,67� '��,( *,9#@ '�,- �,( !,EF��

 *^6+) JB�:A� �$�Wv *16� BK 	
 *C �O */?�+ '� '�- '
	�C 

*( �AO �0 =� ')	 '2�#$ 3	#& 
#,( ��,O �,(�[ !(#,o P.

*16� �&�#� �2��F� *( �-�/~J�)�/�!/F�+ 2� ) �,O S68�� �/$

 *0	) �6L#� '��( BK *9#@ '�- �$�W,v �,( !EF�� 	#C�,$ '�,-

��
�@ �
�G/+�.

:�� d�5 
	� ,9� 9 ��7e 	�

).d�5 ��	8�0	��< ��< �� ��7e 

=>? $
 	
 B
�C '�,-��~J�~Jf~) J�~*,9	
 n#6:,^6+

)B�, LK 	#>,C �?�,+ 	�,���( w	�$ �( B)K =� 	
 (*,+ 	
 )

�O R�\F� 	��A� .*0	) *9#@ '�- �$�Wv �( !EF���!/F�+ J�/$

 
�%(� �( !$#6�6$#LK �	) *%Y0 *+ ')	 �(��×��!/F�+ �,( �,/$

 	��,0 �W>$ B2) �,��@ .�	) *,6L)� B2) ) !$#,6�6$#LK '�,-

0	)**9#@ '�- �2��F� !EF�� 2� 3)�,G/$ � :,0 *+ 	
 ) '�6@

 �O �
�
 	��0 B)K .*F# F D/O��@2� �H0 
	#,$ '�,$
 JB)K 	
 �-

 �O S68�� B)K 	
 �8F .'��,( 	#C�,$ !$#6�6$#LK ��#� *%Y0 *+

�O �
�G/+� B�$2 !I �(#I	 ��� !+	�( .*,%Y0 *+ D�� 2� �6"

 � :0 J�	) *:,G0 �,E�
 '�,- �,6F B)K '�,- *,( �,�#� *^6,+)

 *0	) ) �O ��6O#� !$#6�6$#LK *9#@ '�- 	��,0 BK ')	 !,EF��

 Q��,$2K '��,( !F�,$2 �&�#� 	
 �7FK 2� *C ��/��@ ,-�'!,G6C 

*F# F !$ '	�
�( *:6C 	
 ) �O *,( �#GF �(�0 �6" !�^6�� !^� '�-

Q��$2K R�\F� B�$2 �� �(#I	 -*EF ��F�O '	�
.

B.d�5 d�5 �� ��7e ��5 Oe
'�! 

��,$ �,7$ ) 	#��7O J 
�
�$ !F�$2 *^&�� 	
���� *,0	) J'�,-

*9#@ �$�Wv �( !EF���/~J�)�/�!/F�+ ')	 �,/$�*,%Y0 


�%(� �( !A6/+k� '	#���×��!/F�,+ �W>,$ B2) �,( ) �,/$

 ��/��@ 	��0 .'	#,� *,6L)� B2) *,0	) ) �,- *,9#@ '�,- !,EF��

�2��F� '�6@ =>? h^/W$ 3�THI 	
 )DC*/,O��@ '�6O	#?

 *( ) �O =>? B�$2 !I �(#I	 ��� �7FK *^6+) !,+	�( B
�,C

�O .� :0 ')	 *:G0 �E�
 '�- =>? '�- *,0	) �6F DC '�,-

*9#@ '��,( !F�,$2 �,&�#� 	
 �,7FK 2� *C ��/O�
 
#9) !EF��

Q��$2K -�'*,F# F J!G6C 	
 Q��,$2K B�,$2 �,� ) �,O '	�
�,(

*:6C !^� '�- *EF !�^6�� �@ '	�
 �,�
 .=>,? �,- '��,( B
�,C

 	
 �$�Wv���	�� 	
 ) B�$2 �,��@ 3	#,& h,^/W$ '�,- .

�2��F� '��( � :,0 	
 �,$
 '�6@ =>,? h,^/W$ '�,- JD,Cf

h^/W$ ��TF 	
 ��#C#$��)j,+) J	#,/A^C !9)�? ) '
)	)

 =>? *8G5$ ) j,+) JD��,�2 XY,+ J*,8G5$ !,9)�? JD,C

 *0	) !�4�( *,9#@ '�- #,+ *,THI 	
 
#,9#$ !,EF��R(Z.,F

 �- ) ��
�@�T60
 *( �-�$
 *] 9 ��E/+
 =� *^6+) K'	) ����C

 ��6?� �
�
 �O.=>? '�#- !H:F �(#I	 Q\�+ '��( 2� D,C

 s�+�$
 '�+ )
 D6��,� ) 4�,( 	
 P#I�$ ) =>? P�H; '�-

 �,�
�@ �,{��0 �-�$
 J!F�$2 �&�#� 	
 ) �O �
�G/+� R#+ *THI

 '�/$)�A��+ 3	�o 2� �
�G/+� �( )*( �#- !H:F �(#I	 J�,+


�$K.

*.d�5 '�!��5 ��1"/� ��9 h7�� �� ��7e)�"
� :��(

��,$ �,7$ ) 	#��7O J 
�
�$ !F�$2 *^&�� 	
����*,0	) J'�,-

*9#@ �$�Wv �( !EF�� '�-�/~J�)�/�!/F�,+ ')	 �,( �,/$

 
�%(� �( !A6/+k� '	#� *%Y0 *+��×��!/F�+ q�%$ 	
 )�/$

 ? S6T/:$ 	#F �,(#I	 �,�� JB�,$2 !I 	
 ) �F�O D7� �6O	#

 �O D66%� �7FK .*,9#@ *0	) '�E�
 
��%� J�7FK �( �)k_ !,EF��

 	
 �,7FK 2� *,C */O�
 
#9) �6O	#? S6T/:$ 	#F q�%$ 	
 �6F

 Q��,$2K '��( !F�$2 �&�#� ,-�'*,F# F J�,E�
 R�,\F� '	�
�,(

�,,��@ .=>,,? 	
 �$�W,,v �,,- '��,,( B
�,,C�	
 ) B�,,$2 

��	�� ,-�,O R�,\F� h,^/W$ '� .�2��,F� '��,( *,+ J�,$
 '�,6@

 *,,0	) !�4�,,( ) D��,,�2 XY,,+ ) j6,,5$ '�#,,- 	
 �,,�#C#$��

*9#@ �- *C ��
�@ Z.F !EF���*,( �,-�$
 *T60
 =,� *^6,+)

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             5 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


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

��~ 

] 9 ��E/+
 !$ ��6?� �
�
 ����C '	)� �O.�#,- !H:,F �(#I	

�2��F� �( �6F �O D66%� �#- P#I�$ ) =>? '�$
 '�6@.

0	��<G�d�5 �2 '�� � �� 	��7e 

).��2'92 d�5 �	�� �� .���� G�	e 
7�4 ��7e 

=>? �)	 	
 	��0 2� �%( !-�E>��$2K B)K �( B
�C D/��@

*F# F !F�$2 �&�#� 	
 JB)K 	
 �- )�J��J�~J��J�~J�~J

�~~ )��~ �- !T(�$ ) *T60
 �~*T60
 () ! 6�6$#,LK ��#�

 �,,( ) e	�,,? B)K 2� *,,F# F �,,0
~�/~) �,,�
�@ B2) R�,,@ 

�
�
 �O �H[ �- .�W>,$ �,(#I	 *,( B�6,+	 �,� � _ D��

)~�/~=>? B2) n�+� �( (
�,C ��6� *$�
� .�)	 	
 '�,-

=>? =>,? �,( B
�C =>,? ) '�6,O	#? D,C 	
 B
�,C

 !F�,$2 �&�#� 	
 �6F �6O	#? S6T/:$ 	#F q�%$)�/~J�J

�J�=,� �_�+ )
 �- !T(�$ ) �_�+ 	�,( (,+	 �,� *,( B�6

 �W>$ �(#I	)~�/~=>? B2) n�+� �( (*,F# F �,( �,-

 �0
~�/~�
�
 ) D�2#� R�@ �O �H[ �-.

B.��2'PP92 �	PP�� �PP� ��JPP>� H< HMPP( .PP��7i 
7PP�4

d�5 ��7e 

Q��,,$2K ,,-�'*,,F# F ')	 PK P�,,9 !,,I !/,,O�
�( '�,,- 

=>? B�$2 JD�2#,� 2� �,%( �,- *,F# F ) �,��@ R�,\F� B
�,C 

�>( =� 	
��~!,^6$ 	
 '�,/6L��~!,^6$ PK�,/6L�~*,9	
 

!/F�+ *,I#" �_�,+ =,� 3�,$ '��,( 
��@ �,�
�@ 	) .|�,+ 

*F# F PK V�,; 2� |� *^&��k( ) ��O �
	)K B)�6( PK 2� �-

 *,( '��,( y�,/��7F ) �O D�2#� J'�"�C M� /+
 �( !5Y+ �,+


 *,F# F J=>,? �
�$ B
	)K V)�,� *,( �
�,C PK P�,9 '�,-

 ��O �T/�$ !$#6�6$#LK �,(�[ B2) *,( B�6,+	 �� }k? B)K 	
 )

�,O D�2#� y�
�\$ ) ��
�@ =>? .�,�2 j,(�)	 2� �
�G/,+� �,(

*( �,� PK P�,9 �,6��� Z,6���WAC)(Water Absorption 

Capacity �,� =>? �
�$ �G; �6��� JDHC )(Dry matter 

Holding Capacity �� PK P�9 !��F�#� )RA )Rehydration 

Ability(�O *H+�5$ )��(.

( ) ( )
( ) ( )

DHCWACRA
SM
SMDHC

SMSM
SMSMWAC

dd

rr

ddoo

ddrr

×=
×
×

=

−−−
−−−

=
100100
100100

 
j(�)	 D�� 	
M) *F# F R�9 S�
�$ R�9 |��F� ) =>? '�,-

o,r )d*( 2� �,H0 JPK P�,9 2� �,%( *,F# F *,( �#(�$ Z6���

=>? =>,? 2� |� ) B
�C !,$ B
�,C �,O�( .3��,661� *,�$�


DHC, WRC )RA�+� =� �� �G& 2� .*,o�- �,+� !7��(

 
�F �G& *( ��
�T$ D��=�!���," �
�$ *( �
	�) Z6+K J��O�( ��

=>? =>? !I 	
 ��O �+� �
#( �/>6( B
�C.

*.��2'92 d�5 �	�� �� ��J>� �4'�e�7& 
7�4 ��7e 

*( M#.5$ !@�6C)�o 2� !O�F S\; 3��661� *(�9 *^6+) !��9

 �O D66%� PK.*0	) *F# F ��/(� 	
 *,9#@ ��,O D�2#,� !,EF�� 

�/$#�A6� =� 	
 |�+ )�,( �/$#,�A6� ) �,O �
�
 	��,0 �	�,( 

=>,? 2� |,� ) �,O �,� yk$�C PKD�2#,� JBK �	��,9 B
�,C 

BK !@�,6C)�o ) *,F# F S\; ��2 j(�)	 2� �
�G/+� �( ) ��
�@

 �O *H+�5$)�f(.

*F# F B2) =��O �\(�9 PK B2) 

)]�/$#�A6� B2)+PK(�)�/$#�A6� B2) +*F# F +PK[(�

(�9 PK B2)*�O �9�
=*F# F S\; 

PK !L�Eo 

1001 ×







−

�V
Vt=!@�6C)�o �&	
 

BK 	
 *C:Vt�8F 
	#$ B�$2 	
 S\; JV�*,F# F *,6L)� S\; J

�+�.

D�� '��( S\; D6( *:��T$ *C ) �G,& B�,$2 	
 �-tX65,& 

!/:��( J�O�(Vt=>? �
�$ '��( V�
#O *H+�5$ .

].��2'92 X5	! 
7�4 �0	%9 ��J>� K9� 
	� 

=>? B�$2 B���� 	
 *0	) JB
�C *9#@ =>? '�- 	
#� J!EF��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             6 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


,-�� .�#�� ,/0	1� � .���� .�2 3�"
�� ,(�4 
	� 3�5 ,�67� �� �897� �'!... 

��� 

*( ) ��O ZL�/F�- ��E/+
 *^6+))�:A� �C�O �?�+�L�C�/�


�A��$K Q^� (�?�O '�-h, b a, L�2��F� JBK rF	 �O '�6@.

:�� � ��	#"�2 ���� 
�	�< j7�k0	"9 ��D	9< 

Q��$2K JU6T5� D�� 	
 -�'!�
�.,� yk$�,C u�I ZL�0 	
 B)K 

) 	��A� *+ ) 	� 6� 	�7o 	
 *,( '�6,O	#? j���O 	
 3	#,&

 	�,7o ) 	�, 6� Q,O 	
 !�
�.� yk$�C u�I ZL�0 	
 ��	#/C��

 �O R�\F� 	��A� .*,��\� Z,L�0 	
 B#6,+�@	 ) |F��	�) *��\�

 	���� R�F 2� �
�G/+� �( |F��	�)#CSAS )MSTATC �O R�\F� 

D6EF�6$ *:��T$ '��( �6F DAF�
 B#$2K 2� )��
�@ �
�G/+� �- .

k0	"9 l>� �

m�
>
� d�5 
	� ��7e 

m�
>
� d�5 
	� ��	8�0	��< ��< �� ��7e 

D�� 2� |� Q��$2K �;��$ !$� � *C -�'=>? *( �#(�$ B
�,C

*0	) *,9#@ '�,- '�,-�$
 	
 !,EF���~J�~Jf~)�~*,9	
 

!/F�+ �,(#I	 *,( B�6,+	 �,� 
��@f�,&	
 )B2) n�,+� �,(

P#I�$ (I	 �,�� =6/�6,+ !�5�$ J�O R�\F� n�,+� �,( �,(#

 ��
�@ S+	 h^/W$ '�-�$
 	
 �(#I	 �H:F .�A,O �B�>,F J

!$ *( �(#I	 	��T$ *C �-
 =>,? B�,$2 !I R)��$ 	#I B
�,C

 !$ Q-�C =>? B�$2 ) �(�� *0	) B
�C *,9#@ '�,- 	
 !,EF��

 ���#C J��4�( '�-�$
 �+� �� .*,( J�,(#I	 �,�� 3�O 3	#,&

 B�$2 �;�) 	
 ��O V�; U^Y$ �(#I	 	��T$*(2� !%(�� B�#�_

 =>? B�$2 *( U^Y$ �(#I	 	��T$ ) B
�C 	
 Z6����AO'�,-

�)��+� ��O �
�
 B�>F .!,$ *,8;k$ !,�5�$ 	
 *,C 
#,O

 *,^;�$ =,� J�(�[ �_�+ *^;�$ �( �)k_ J�(#I	 ��� 3�O

 =>,? ) 
	�
 
#9) !L)�F �_�+ B
�,C �8���,& j���,O 2�

=>? ,L)�F �_�,+ *,^;�$ 	
 y�,HL�" B
�C !,$ ��,G�� !�,/�� .

S- D6�o ��-�>$ !$=>,? '�,$
 Q���,�� �,( *,C 
#O JB
�,C

 *,^;�$ j? Z6O ) �(�[ �_�+ *^;�$ 	
 �(#I	 ��� 3�O

!$ Q����� !L)�F �_�+ �(��.

S- D6�o !+	�( �( �AO �!$ �W>$ �	)
 B�,��� *C 
#O

 Jh,^/W$ '�,-�$
 	
 !L)�F �_�+ �	)
 i)�O ) �(�[ �_�+

 ̂Y$ �(#I	 	
 =>,? '�$
 ) */��@ 3	#& �W>$ UB
�,C

 �,(#I	 	��,T$ ) 
	��,F U,^Y$ �,(#I	 	��,T$ D�� 	
 '�6[d�

 '�,,-�$
 '��,,( !,,F��5(�~J�~Jf~)�~+ *,,9	
 n#6:,,^

*( �,( �(��( Z6����t/�~Jt�/�~J��/�~)tf/�~)n�,+� �,(

=>? B2) (�+�.

m�
>
� d�5 
	� d�5 �� ��7e � 
'�P!��5 OPe

d�5�� � ��7e �"
)'�!��5 ��1"/� ��9 h7�� ��(

!�5�$ =>? �)	 )
 	
 �(#I	 ��� =6/�6+ '�- 	
 ) B
�C

 *9#@ *0	) h^/W$ �$�Wv )
 	
 !EF�� �A,O ���,O �
	)K 

�+� .!�5�$ !+	�( �( !$ �W>$ �- �$�W,v Q-�C *C 
#O

 *,0	) *6L)� *,9#@ '�,- B�,$2 Q-�,C 	
 '
�,�2 �6[d,� !,EF��

=>? 
	�
 B
�C .S-D6�o =>,? h,^/W$ 3�_�,+ *,( */:,(

 =>? B�$2 Jj65$ 3	��; *9	
 ) 2)	 *F�HO !I B
�C B
�,C

 =>? 	
 =>? *( �H:F '�6O	#? DC *,( !/�,+ B
�C B��,6$

�f �� �����#C �&	
 ���+�.

=>? �_�+ *,0	) '�6O	#? B�O *,9#@ '�,- J!,EF��

*( B�,$2 �,;�) 	
 ��,O V�,; U,^Y$ �,(#I	 	��,T$ 3	#&

*( (�� B�#�_ =>? B�$2 2� !% 	
 B
�C�AO���,O �
�
 B�>,F 

�,,+� .!,,$ �W>,,$ �A,,O D,,�� 	
 !,,�5�$ 	
 *,,C 
#,,O '�,,-

=>? *,0	) '�6O	#? B
�C *,9#@ '�,- �	)
 =,� J !,EF��

 
	�
 
#,9) !,L)�F �_�+ �	)
 )
 ) �(�[ �_�+ .S,- D6,�o 

*( D,�� �,6L
 =>,? �,����� '��,/(� 	
 *,C '�#,- '�,$
 B
�,C

=>? � S,- �( j65$ ) DC �,�� 3�,O J�,F	�
 '
�,�2 3)�,G

 =>? 	
 �(#I	 B
�,C =>,? �)	 2� �/>6( '�6O	#? DC

�+� !/�+.

B�	�,,,A - ) =6^6,,,+�+*,,,9#@ J�)	 )
 �,,,( �	 !,,,EF��

=>? �,7FK ) �
# F =>? !/�+ �)	 ) '�6O	#? !^F#� DC

 =>? �_�+ *C �F�6+	 *\6/F D�� *( �6F =>,? 	
 B
�C D,C

 '�6O	#?t/��+ 2� �/>6( �&	
 =>? �_� �)	 	
 B
�,C

 �+� !/�+ .S-D6�o !�5�$ J�7FK U6T5� 	
 =>? '�- �6F B
�C 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             7 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


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

��� 

0

0.2

0.4

0.6

0.8

1

1.2

0 200 400 600 800 1000 1200 1400 1600
(د����) ز�
ن

(�

�
��
ه
در
�
��
ر�

/�
و��
�ا
���
ر
)�
���
�ر
��
�

درجه سانتي گراد 50
درجه سانتي گراد 60
70 درجه سانتي گراد
درجه سانتي گراد 80

 

$n!B.,-�� .���� .�2 d�"
�� ,(�4 
	� .�	YF 	� �897�)�"9	� 
	P�	�� �� 7P"�

 ��< 	� ��7e d�5 `�"Y�).�/9�	�� �2 ���	A .���� (

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

0 200 400 600 800 1000 1200 1400 1600
( ز�
ن ( د����

(�
���
مر
��

/�
 !

د"
م�
��

.�
���
(د
�
��
ر�
�
تا$
&'

درجه سانتي گراد 50
درجه سانتي گراد 60
درجه سانتي گراد 70
درجه سانتي گراد 80

 

$n!*.,-�� .���� .�2 E'! ,(�4 
	� .�	YPF 	� �897�)�"9	P� 
	P�	�� �� 7P"�

d�5 `�"Y� ��< 	� ��7e)�	�� �2 ���	A(

0

0.005
0.01

0.015

0.02

0.025
0.03

0.035

0.04
0.045

0.05

0 2 4 6 8 10 12 14 16

ر����  ( ��م �
د" ! �/��م ر����)

(�
��
ر�
�م
�/�
 
!

د"
م�
��

.�
���
(د
�
���
ر
�
تا$
&'

درجه سانتي گراد 50
درجه سانتي گراد 60
درجه سانتي گراد 70
درجه سانتي گراد 80

 

$n!].,-�� .���� .�2 E'! ,(�4 
	� .�	YPF 	� �897�)�"9	P� 
	P�	�� �� 7P"�

d�5 `�"Y� ��< 	� ��7e )N�g� .���� �2 ���	A(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             8 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


,-�� .�#�� ,/0	1� � .���� .�2 3�"
�� ,(�4 
	� 3�5 ,�67� �� �897� �'!... 

��� 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

1.1

0 10 20 30 40 50 60

(�(
)) ز�
ن

(�

�
��
ه
در
��
��
ر

/�
و��
�ا
��
ر�

)�
��
ر�
��
��

(ضخامت 0/6 سانتي متر) خورشيدي سنتي خشك كن خورشيدي ( ضخامت 0/6 سانتي متر)

( خورشيدي سنتي ( ضخامت 1 سانتي متر ( (ضخامت 1 سانتي متر خشك كن خورشيدي

( (ضخامت 1/5 سانتي متر خورشيدي سنتي ( (ضخامت 1/5 سانتي متر خشك كن خورشيدي

$n!^.,-�� .���� .�2 d�"
�� ,(�4 
	� d�5 :�� �� � .�	YF ,� �� �897� ��7Pe 
'�P!��5 

)�	�� �2 ���	A .���� .�/9(

0

0.5

1

1.5

2

2.5

3

0 10 20 30 40 50
(�(
)) ز�
ن

(�
��
ر�
��م

/*
 !

د"

�
��م

.�
���
(د
�
��
ر�
�
تا$
&'

0

10

20

30

40

50

60

70

80

10 15 20 25 30 35 40 45 50 55 60

�� روز 
�+' �(
)

د)
�ا
�
,-
�
)

�.
ا(در
ه�
/

د�


 ��ر����)� �
�) ��ت ا�� ر����


� ��دن ��ر���� ����)�) ��ت ا�� ر����

����
 ��ر�� �
� ���د

��� � ���د

 

$n!o.,-�� .���� .�2 E'! ,(�4 
	� .�	YF 	� �897�)�"9	� �� �� 2�P� 
	P�� E27P��_A � 7P"�

d�5 :�� 
'�!��5 ��7e 

�F
�
 B�>F �	 !L)�F �_�+ �	)
 =� 
#9))��(.

md�5 �	�� �� �4'�e�7& ���7� ��7e 

m,-�� �4'�e�7& ,(�4 
	� 97���< �� �8 

*0	) !@�6C)�o 3��661� *9#@ '�- h,^/W$ '�-�$
 	
 !EF��

 *( �#- 	
 B
�,C =>? B�$2 2� !%(�� B�#�_ �A,Of�
�
 B�>,F 

�+� ��O .��\FK2�!=>? !I *CJh,^/W$ '�,-�$
 	
 B
�,C

 �_�+ �( �(#I	 !,$ Q-�,C 3)�,G/$ '�,- '��,( |,� J�,(��

*( �+
 :��( !@�6C)�o �( �#- '�$
 �[� B
	)K �,(#I	 �6[d� !/

 
#,O �W>,$ !@�,6C)�o �,( �$
 �[� �� 
#O V�; BK 2� .	


 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             9 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


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

��� 

0

20

40

60

80

100

0 500 1000 1500 2000
(د����) ز�
ن

�ل 
+++++++1

��
2�
&+++++
وآ�+

�4
&+++++
+5
در

درجه سانتي گراد 50
درجه سانتي گراد 60
درجه سانتي گراد 70
درجه سانتي گراد 80

 

0

20

40

60

80

100

0 0.2 0.4 0.6 0.8 1
(�
(ر���� او��+�/ر���� در ه� �� ���� ر���++�

�ل 
+++++1
��
2�
&+++++
وآ�
�4
&+++++
5
در

50 درجه سانتي گراد
60 درجه سانتي گراد
درجه سانتي گراد 70
درجه سانتي گراد 80

 
$n!\.,-�� �4'�e�7& '?�� E27��_A ,(�4 
	� �897� 

.�	YF 	�)�"9	� ��7e d�5 `�"Y� 
	�	�� �� 7"� 

)�	�� �2 ���	A(

$n!+.,-�� �4'�e�7& '?�� E27��_A ,(�4 
	� �897� 

.�	YF 	�)�"9	� �� 7"�d�5 `�"Y� 
	�	�� ��7e 

).���� �2 ���	A(

�AO �*( !@�6C)�o 3��661� JS,+	 �,(#I	 2� !%(�,� B�#�_

 ) �,+� ��,O V�,; *,YTF �- 	
 �(#I	 �[� *\6/F 	
 ) ��O

!,,$ �W>,,$ �,,( �#,,- '�,,$
 JB�:,,A� �,,(#I	 	
 *,,C 
#,,O

 *0	) !@�6C)�o *9#@ '�- �,+� �6[d� !( !EF�� .�6L�,FK s��,/F

 �6F |F��	�) �6[d,� J�(#I	 �[� V�; �( *C �
#( *\6/F D�� ���$

 M�, /;� XY,+	
 !@�,6C)�o �,( �#,- '�$
 �$�_tt�,&	
 

!�%$ �+� �
#HF 	�
)M)�9 �.(

m,-�� �4'�e�7& ,(�4 
	� d�P5 dP0 �� �P897� OPe

� 
'�!��5 �"
� :�� �� 

*,( M#.,5$ !@�,6C)�o 3��,661� !,+	�( �( 2� !%(�,� B�#,�_

 )	 )
 	
 J�(#I	=>? 3)�G/$ �*,+ 	
 ) '�6O	#? B
�C

 *0	) h^/W$ �$�Wv *9#@ '�- )
 D�� *C �O �W>$ !EF��

 !( M#.5$ !@�6C)�o �( �$�_ *,( ) ��/:- �6[d� D,�� �,6L
 *,C

 �AO 	�
# F *(�>$ J*I#(�$ '�-	�
# F�!$��,O�(.2� D���(�,�( 

��
�@ '	�

#? �7FK 	��A� .	
M)�9 �� *\6/F D�� Jd��,O �6�

)=>? �)	 �6[d� *0	) �$�Wv ) B
�C ) �,- S,- D6,�o �,[� 

*,0	) !@�6C)�o �( �7FK �(�T/$ M�, /;� XY,+	
 �,-�,&	
 �

!�%$ �:6F 	�
 .B�	�A - ) 4�� =>? ������ 	
 J*,( 2#,$ B
�C

 '�#- 3	��; *9	
 �6[d� *C�F
�
 B�>F ) �F�6+	 !7(�>$ s��/F

=>? S>o �(�0 J2#$ !@�6C)�o ')	 DC � !,O#� �,+)��(.

M� �B�	�A - ) Z:/5$ =>? �( JZ6+ */+�>F Mg B
�C !�6$2

 �2��F� ) h^/W$ '�-�$
 	
 *,\6/F D,�� *( JBK !@�6C)�o '�6@

�F�6+	 M#.,5$ !@�,6C)�o ')	 '�6o�F �6[d� �#- '�$
 *C


	�
)�(.

m,P-�� H< HM( ���7� ,P(�4 
	P� �	P�� �P� �P897�

d�5 ��7e 

) *+ JPK P�9 D66%� '��( PK P�9 �6��� !@x�)WAC(J

=>,? �
�$ �G; �6^(�0)DHC ( PK P�,9 �,6^(�0 ))RA (

 =>,? B�$2 !I ) �#- h^/W$ '�-�$
 	
 �2��,F� B
�,C '�,6@

�F�O .*(D�� �6L
 Jh,^/W$ '�,-�$
 	
 �(#I	 ��� �_�+ *C

h,^/W$ '�-�$
 	
 !@x�) *+ D�� *:��T$ D���(��( 
#( 3)�G/$

*( �(#I	 2� !%(�� B�#�_���@ 3	#& .

	
�AO t3��661� RA*0	) *9#@ '�- B�,$2 !,I !,EF��

=>? *( B
�C B�>F h^/W$ '�-�$
 	
 J�(#I	 2� !%(�� B�#�_

 !$ �
�
 
#O .=>,? �,����� !,I �,(#I	 Q-�,C �,( ) B
�,C

 *( JM#.5$ *,9#@ *,0	) �,��( ) 	�/?�+ Z��W� �6L
 J!,EF��

 	��T$RA *,( M#.5$ !,$ Q-�,C !,Y?�6" 3	#,& ��,(� .	


=>? '��/(� 3)�,G� JB
�,C ��
�,T$ 	
 !��,-RA '�,-�$
 	
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            10 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


,-�� .�#�� ,/0	1� � .���� .�2 3�"
�� ,(�4 
	� 3�5 ,�67� �� �897� �'!... 

��� 

��'().,-�� �4'�e�7& 7� 2�� 
	�� 7[2 p9	0�2� ,0�LA k0	"9 ,(�4 
	� .�	YF 	� �897�)�"9	� 7"� 

�	 "62 qg� ��)'?�� ).���� 7[2 rM6 �2 '��(

3��661� ](��$ '
�2K *9	
 3�%(�$ D6EF�6$ F

�#- '�$
 ���/�nstt/�

�Y? ��� ���/�

��'(B.,-�� .�	YF 7[2 p9	0�2� ,0�LA k0	"9 ,(�4 
	� d�5 :�� � �897� ��J>� �4'�e�7& 7� ��7e 

)�	 "62 qg� ��)'?�� ) (.���� 7[2 rM6 �2 '��(

3��661� ](��$ 
�2K *9	
'3�%(�$ D6EF�6$ F

�$�Wv ���/��ns��/�

>? �)	=CB
� ���/�nstf/~

�$�Wv×�)	 �f�/�ns��/~

�Y? t���/t

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 2 4 6 8 10 12 14 16
��م �
د" ! �/��م)) ر����

�ل
1
��
ب
ب7
8.
�
�9

 درجه سانتي گراد  50
درجه سانتي گراد  60
درجه سانتي گراد 70
درجه سانتي گراد 80

 
$n!s.,-�� H< HM( .���	- E27��_A ,(�4 
	� .�	YF 	� �897�)�"9	� �� 7"�

d�5 � ��7e,.���� �2 ���	A �2�
�)2�� `�"Y� 
	�	�� ��(

!$ ��-�>$ h^/W$ D�� JB
�C =>? ������ '�7/F� 	
 !L) 
#O

F S- *( h^/W$ '�-�$
 	
 ��
�T$!$ =�
� �F#O.

PK P�,9 �,( h,^/W$ '�,-�$
 �,[� '	�,$K !,+	�( '��(

*0	) *,9#@ '�- =>,? !,I !,EF�� |F�,�	�) *,��\� JB
�,C

 ���@ 3	#& .) �,O V�,; �,(#I	 �,[� ��,/(� 	#8�$ D�� *(

 �( �$
 �[� |�+WAC JDHC )RA �,�
�@ |F�,�	�) *,��\� .

M)�9 �!$ B�>F =>? '�#- '�$
 �[� *C �-
 �,( DCWACJ

DHC )RA *0	) *9#@ '�- M� /;� XY+ 	
 !EF����,&	
 

!,,�%$ ) �:,,6F 	�
WAC JDHC )RA!,,@x�) �T/:,,$ !��,,- 

�
#( �#- '�$
 2� �F�.

m,-�� K9� ���7� ,(�4 
	� d�5 �897� �'! 

m,-�� K9� ,(�4 
	� d�5 �897� ��< �� �'! 

*0	) *9#@ '�- =>? !EF�� *( ��/(� J��O K 	
 	
#� 3	#& ��$ 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            11 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


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

��� 

��'(*.d�5 
2�� 
	�� 7[2 p9	0�2� ,0�LA ,L�"9 7� OeWAC =DHC �RA,-�� ,(�4 
	� .�	YF 	� �897�)�"9	� 7"� 

)�	 "62 qg� ��)'?�� ) (.���� 7[2 rM6 	�(

�#- '�$
 �Y? 3��661� ](��$ 

!@x�) 
'
�2K *9	
 3�%(�$ D6EF�6$ '
�2K *9	
 3�%(�$ D6EF�6$ 

F

WAC �~�/~��~�/~ns�/�

DHC �~~�/~��~~��/~ns�f/�

RA �~��/~��~��f/~ns�/�

��'(].X5	! 
�� 2�� 
	�� 7[2 p9	0�2� ,0�LA k0	"9 ,-�� K9� 
	� ,(�4 
	� .�	YF 	� �897�)�"9	� 7"� 

d�5 ,� �'! ��< :��)�	 "62)'?�� (

�#- '�$
 �Y? 3��661� ](��$ 

!@x�) �2K *9	
'
3�%(�$ D6EF�6$ '
�2K *9	
 3�%(�$ D6EF�6$ 
F

L�t�/��f�f/~**��/��

a�f�/�ff��/~**��/��

b���/~f��/~ns��/�

h�t�/��f~t/�**�f/��

a/b �~�f/~f~~��/~**��/��

�?�,,O |�,,+ )'�,,-LJaJb)h*,,( BK r,,F	 ��E/,,+
 *^6,,+)

 �2��F� ZL�/F�- ��
�@ '�6@.LJr,F	 !���O)	 �?�O a�?�,O

 J'�$�0b) '
	2 �?�,O hR�,� *,�)�2 �,+� .M)�,9 �s��,/F 

�?�,O ')	 B)K '�#,- '�,$
 �,[� |F�,�	�) *��\� r,F	 '�,-

*0	) *9#@ '�- =>? !EF�� !$ B�>F �	 ��O s��,/F !+	�( ) �-


 !$ �W>$ BK �?�O ')	 �#- '�$
 *C ��C '�,-LJaJh)a/b 

M� /;� XY+ 	
tt!�%$ �[� �&	
 �?�,O ')	 !L) */O�
 	�
b

!,,�%$ �,,[� 
	��,,F 	�
 .	
M)�,,9 ��?�,,O D6EF�,,6$ r,,F	 '�,,-

*0	) *9#@ '�- =>,? !,EF�� S,- �,( h,^/W$ '�,-�$
 	
 ��,O

 ��O *:��T$ !$ B�>F s��/F ) �F� 	��,T$ D���4�( *C �-
LJa)a/b 

'�$
 	
C��~��T$ D��/>6( )	h'�$
 	
 C��~!$�O�(.

$*/��� U(�Y B�	�A - ) B#:$�� '�- *,o�- JhJ�,O�( �,/ C 

�+� ���$�0 rF	 ) �/>6( D�#A6L B��6$)�t(.

B�	�,,A - ) !,,O '�,,$
 Q���,,�� �,,( *,,C �,,F
�
 B�>,,F J

=>? Q�,C�) JB
�,C D�#,A6L Z,��W�) B#6,+����$)��� '�,-

 !$ Q����� ) �(�� �?�O '�-L)a!,$ ��6� Q-�C �,��C)��(.

- ) 4#@ B�	�A - ) !F#F�2 ) B�	�A  �,( *C �F
�C �W>$ �6F J

=>? '�$
 Q����� !$ 
��2 D�#A6L Z��W� �_�+ JB
�C 
#O

 �,[� 	
 BK �6,^1� �_�,+ 2� �/>,6( D�#,A6L Vk,�� �_�+ )

=>? �+� B
�C)�)�~(.

m,-�� K9� ,(�4 
	� �� �'P! d�5 �897� OPe d�P5 

�"
� :�� �� � 
'�!��5 

*0	) rF	 3)�G� !+	�( '��( *9#@ '�- 	
 ��O =>? !EF��

 =>? h^/W$ �)	 )
 �?�O J'�6O	#? B
�C '�-LJaJb

)h*( J�7FK rF	 �2��F� ZL�/F�- ��E/+
 *^6+) �[� ) ��
�@ '�6@

 |F�,�	�) *,��\� !��7F M#.5$ rF	 ')	 B
�C =>? �)	

�,,O .M)�,,9 ��W>,,$ J!,,$ =>,,? �)	 *,,C �,,�C B
�,,C 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            12 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


,-�� .�#�� ,/0	1� � .���� .�2 3�"
�� ,(�4 
	� 3�5 ,�67� �� �897� �'!... 

��f 

��'(^.X5	! O�89	�� ,/0	1� ,-�� K9� 
	� ,(�4 
	� .�	YF 	� �'! d�5 �897�)�"9	� �� 7"�

 ��< t��A 2�� `�"Y� 
	�	��)�	 "62 qg� �� On92� ����<)'?�� (

B)K '�#- '�$
)°C(Laha/b 
�~ a�t/�fa�t/�~d��/��a~�f/�

�~ b��/��ab�t/��cdf�/��ab~~�/�

f~ bc�t/��bc��/�fbc��/�fbct��/~

f� cd�/��c��/��ab��/��cd���/~

�~ dt�/�~d~f/��a��/�~d���/~

��'(o.X5	! 
�� 
'�!��5 ��7e d�5 :�� 7[2 p9	0�2� ,0�LA k0	"9 ,-�� K9� 
	� ,(�4 
	� �897� 

.�	YF 	�)�"9	� �'! d�5 7"� 

>? �)	=CB
� �Y? �661� ](��$3�

!@x�) '
�2K *9	
 3�%(�$ D6EF�6$ '
�2K *9	
 3�%(�$ D6EF�6$ F

L���/����/~**��/�t

a���/�����/~** �t/��

b���/�����/~**�f/��

h���/����t/~** ��/���

a/b �~f/~�~~~�/~**��~ 

M� /;� XY+ 	
 J'�6O	#?�O ')	 �&	
 �?� r,F	 '�-

 �,,[� '�6,,O	#? ) !/�,,+ �)	 )
 �,,- '��,,( !��,,7F M#.,,5$

!�%$ �+� */O�
 '	�
.

	
M)�,,9 f�?�,,O D6EF�,,6$ J�)	 )
 	
 r,,F	 '�,,-

 !$ B�>F ) ��O *:��T$ S- �( '�6O	#? B
�C =>? *,C �,-


*0	) =>? '�- =>? 	
 ��O '�	�
 '�6,O	#? DCLJb)h

) ��4�(a)a/b *( �H:F '�/ C 	�,+� !/�+ �) .*,( 3	�,H_

 *,9#@ �E�
 *,( ��,O =>,? !,EF�� r,F	 '�	�
 !/�,+ �)	

 =>,? *,( �H:F '���$�0 4�, /;� ) �,+� '�6,O	#? D,C "

�+� ��O �G; �/>6( BK D�#A6L.

B�	�,A - ) =6^6+�+ =>,? *:,��T$ 	
 J'�6,O	#? D,C

=>,,? �,,( !^F#,,� *,,C �F�6,,+	 *,,\6/F D,,�� *,,( !/�,,+ B
�,,C

*9#@ 	
 ��O =>? !EF�� ) �,��$�0 r,F	 !^F#� DC =>? 

DO)	 
	�
 !/�+ �L�; *( �H:F '�� .*,C �,O�
 *,9#� �,��(

=>? ) �
#,( S6T/:,$ i#,F 2� �7FK *%L�Y$ 
	#$ '�6O	#? DC

 !,L) �+� */O�
 	��0 �6O	#? S6T/:$ 	#F q�%$ 	
 M#.5$

 =>,? i#,F 2� U,6T5� D,�� 	
 *,%L�Y$ 
	#,$ '�6,O	#? D,C

!$ S6T/:$�6" �O�()��(.

9,L�"
7�4 

*0	) JU6T5� D�� 	
 *9#@ '�- ) �#- h^/W$ '�-�$
 	
 !EF��

 �,�� 3�,O ) =6/�6+ ) ��O =>? !-�E>��$2K B)K =� 	


 *( �7FK 	
 �(#I	 �$K �+
 .�,�� 3�,O *,C �,�
�@ �W>$

 �,,+� �/>,,6( �#,,- ��4�,,( '�,,-�$
 	
 �,,(#I	 .S,,- D6,,�o 	
 

!�5�$ B
�,C =>? �)	 	
 M#.5$ �(#I	 ��� 3�O '�- 

!,L)�F �_�,+ �	)
 =,� ) �,(�[ �_�,+ �	)
 =,� JB)K �( 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            13 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


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

��� 

��'(\.O�89	�� ,/0	1� X5	! ,-�� K9� 
	� ,(�4 
	� .�	YF 	� �897�)�"9	� d�5 7"� ��7e d�5 :�� �� �� �'! 

)�	 "62 qg� �� On92� ����<)'?�� (

�)	 �?�O Labha/b 

'�6O	#? DC =>? af�/��b�/��af�/�ta�/�tb��/~

!/�+ �)	 b��/�~af/��b�/��b�f/�ta~f/�

��
�@ ��-�>$ .=>? �( *0	) B
�C *,9#@ '�- =,� 	
 !,EF��

 =>? ��E/+
 !/�,+ B
�,C =>,? �)	 	
 ) '�6O	#? DC

 *\6/F �6F !(�/�K =>? 	
 B�O =>? �_�+ *C �O '�6@ DC

!�5�$ 	
 ) �+� !/�+ �)	 2� �/>6( '�6O	#? '�,- 3�,O

 �)	 	
 �(#I	 ��� =,� �,6F '�6,O	#? B
�,C =>? '�-

�O�
 
#9) !L)�F �_�+ �	)
 )
 �(�[ �_�+ �	)
.

	
 B
�,C =>,? !,I !@�,6C)�o �&	
 3��661� !+	�(

 =>,? '�#- '�$
 �[� *C 
�
 B�>F �6F �#- h^/W$ '�-�$
 D,C

 !�%$ M#.5$ !@�6C)�o ')	 j,T� !@�,6C)�o ) �:,6F 	�


 B��6$ 2� !%(�� !$ M#.5$ �(#I	 =>? �)	 ) �O�( ) B
�C

 *0	) �$�Wv !( BK �( �6F �- ��/:- �6[d� .S-D6�o �O �W>$ 

'�#,,- '�,,$
 2� �T/:,,$ JM#.,,5$ 	
 PK P�,,9 �,,6^(�0 *,,C

=>? DC�+� .	
 ��,O =>,? M#.,5$ �,6F rF	 
	#$ 	


 �#- D6��� '�$
)�~!/F�,+ *9	
 
��,@() �,��$�0 r,F	 '�	�
 J

DO)	 *( �H:F '�� '�$
�~!/F�+ *9	
 
#( 
��@.

�2�8�	u�


*,,( =>,,? ��E/,,+
 �?�,,+ ) U,,6T5� D,,�� R�,,\F� 	#,,8�$ D,,C

 
	#$ '�6O	#? �,O *,/��@ =, C B�7G&� 	k� �C�O 2� J�8F

 3#A,+ n�,�7$ '�0K 3�_�:$ ) '	�A - 2� *^6+) D��( ��L

)	4#+ �C�O �$�_ ���$ 	k�(R��7O n��7$ '�0K J���,+ ) �,�

 k� �C�O ��+�� =>,? �?�+ 	
 *C 	�, 5/$ 	#C�,$ D,C

��O B�)��� 3� ;2 !$ !F�
	�0 ) �A>� �F� 

�@.

��	
� ���� ��	#"�2 

�.
 Ji	�2.i J.u ) B��
�$2 .!F�? S+�0.���� .�,(#I	 Q-�,C �,F)	 �,( M#.,5$ *,6^W� B�,$2) '
)	) '�#- !$�9 !(
 �6[d�


 w#/^O=>? =� 	'�6O	#? */+#6� * 6F DC.^_#�� ) R#!%6HI ](��$ ) '2	)�>C Bt)�:(�������.

�.hL� J�
����7$ !^67+ .i ).!F�76C.����.=>? !;��I '�H,+ '��,( '	�,H9� ��� - �( '�6O	#? DC !(�,�2	� ) !,@�( '�,-

] 9 
�A^ _ '�6O	#? 'g�F� ����C.'2	)�>C !+��7$ 3�T6T5� f)�f:(��f����.

�.R J
�6&.J���� .=>? '�#- �_�+ ) �$
 �[� =>? =6/�6+ ')	 DC B
�C*0	) *,( Z6,+ '�- w2�,F *,�4 3	#,&.B�,��� *,$�F

!+��O	�C ���H� ��E>F�
 J'2	)�>C ��A>F�
 J!���" ]���& �O	�.

4. Abene, A., V. Dubois and M. L. Ray. 2004. Study of a solar air flat plate collector: use of obstacles and application 
for the drying of grape. J. Food Eng. 65: 15-22. 

5. Al-Muhtaseb, A. H., W. A. M. McMinn and T. R. A. Magee. 2004. Shrinkage, density and porosity variations 
during the convective drying of potato starch gel. Proceedings of the 14th International Drying symposium, Sao 
Paulo, Brazil, PP. 1604-1611. 

6. Ekechukwu, O. V. and B. Norton. 1999a. Review of solar-energy drying systems II: an overview of solar drying 
technology. Energy Conver and Manag. 40: 615-655. 

7. Fellows, P. 1990. Food Processing Technology. Principles and Practice, Ellis Horwood, New York. 
8. Goula, A. M., K. G. Adamopoulos, P. C. Chatzitakis and V. A. Nikas. 2006. Prediction of lycopene degradation 

during a drying process of tomato pulp. J. Food Eng. 74: 37-46. 
9. Karim, M. A. and M. N. A. Hawlader. 2005. Drying characteristics of banana: theoretical modelling and 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            14 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html


,-�� .�#�� ,/0	1� � .���� .�2 3�"
�� ,(�4 
	� 3�5 ,�67� �� �897� �'!... 

��t 

experimental validation. J. Food Eng. 70: 35-45. 
10. Latapi, G. D. M. Barrett. 2006a. Influence of pre-drying treatments on quality and safety of sun-dried tomatoes. Part 

І: Use of steam blanching, boiling brine blanching and Dips in salt or sodium metabisulfite. J. Food Sci. 71(1): 
S24-S31. 

11. Lee, K. T., M. Farid and S. K. Nguang. 2006. The mathematical modelling of the rehydration characteristics of fruit. 
J. Food Eng. 72(1): 16-23. 

12. Lewicki, P. P. 1998. Some remarks on rehydration of dried foods. J. Food Eng. 36: 81-87. 
13. Mayor, L. and A. M. Sereno. 2004. Modelling shrinkage during convective drying of food materials: a review. J. 

Food Eng. 61: 373–386. 
14. Pangavhane, D. R., R. L. Sawhney and P. N. Sarsavadia. 2002. Design, development and performance testing of a 

new natural convection solar dryer. Energy 27: 579-590. 
15. Sacilik, K. and A. K. Elicin. 2005. The thin layer drying characteristics of organic apple slices. J. Food Eng. 12: 101-115. 
16. Shi, J., M. L. Maguer, Y. Kakuda, A. Liptay and F. Niekamp. 1999. Lycopene degradation and isomerization in 

tomato dehydration. Food Res. Intl. 32:15-21. 
17. Sjoholm, I. and V. Gekas. 1995. Apple shrinkage upon drying. J. Food Eng. 25: 123-130. 
18. Talla, A., J. R. Puiggali, W. Jomaa and Y. Jannot. 2004. Shrinkage and density evolution during drying of tropical 

fruits : application to banana. J. Food Eng. 64: 103-109. 
19. Thompson, K. A., M. R. Marshall, C. I. Wei and J. W. Scott. 2000. Cultivar, maturity and heat treatmant on 

lycopene content in tomatoes. J. Food Sci. 65(5):791-795. 
20. Zanoni, B., C. Peri, R. Nani and V. Lavelli. 1999. Oxidative heat damage of tomato halves as affected by drying. 

Food Res. Intl. 31(5):395-401. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.3

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            15 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.36.4
https://jstnar.iut.ac.ir/article-1-1067-fa.html
http://www.tcpdf.org

