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

��� 

123��4 �5 6
3 7���� 8,� �	
95��� :�75 ;��!<���	� 
5 =	>? 7� 6>
� �>�

@7� �&7# �;
A �����)Triticum turgidum L. var. durum Desf.(

�&��� 	B�;� C-
�D	1 E�;� ; F� ��� ;�� 8*-�	�� ��F, 8G7A�7� :9F� �.

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

&�;�H 

I�J����	� 6�	3 8
�+�� � 6>
� ,� KL�M 6
95��:�75;8F� �; � 6
3 N� �O�4 N5 ;
P9� ,�QM �;
�,123 KF3 �� 7�� �;
���J ��7R 7

��� .�,TF3 ND	U�A �� 6��V# :�3	T����	�5 �;I�D�� 
�73 �	W�D�� ��	� �� ��7%3 E�;� K-./XN� 8��7� ��L
��5 =	>? �Y>�@7Y�

 �&7#���� �;
A123 KF3 ��� (�PU� Z�O� 7
95��:�75;)[\\ �]\\����� ��� 7� ��� �7I(���	Y� N�!� 8
6>
Y�)UV-A, B, C ( �

�4 ^4 ��� 5��	
)� N����+_\�7` a�N��+� K(�7A �7b�,;.	PD,�+�� 	� N5 ��� �	�D c,���	� N�!� =;! 6
� 6>
� Y�NYD�;WD� ��+ 	Y�


��PD4�D	�d�D�e� 8:�
3��	5 � 	�;d��	�;
�+�� ����� �;
A @7� ,6,K�	 .�+�� 	� 	��,� �	A KL�M 6
95��� ^4 ��� 5 � :�75;�	Y%D4 ��+

N� 
�� �������
6�	5 ,K�	 .� ��,� $�	TP� 71� N�)	O� :
95���4 ^4 ��;T� � :�75;��	
� 7� ���PD4 ��+�D	����75 � :�=��; Y
�� 	�����

���D .��
&�� $�	TP� 71� :�N� :	��4 ���� $�	�,�	YT� 7Y� 6,Y��PD4 7�D	�d�
3��	5 8: Y� ��7�5 � 	�; Y� $a�a+b Y
�� �;�YD ��� .�Y���+

f3�7#�:	�
�4 �5 6
3 	� @7� �6�	5 ,K�	 .��
&��+�� 	� :,���	� ����3 =;! 6
� KL�M � 6>
� 
95���7! �� :�75;,�4 6
3 g�

��f3�7# ��+�:	�
�	�D 6�	5 ����� �;
A @7� ���F� ��� .	PD N� Nb�3 	�,� h�� c��� N5 K>A ���3,F� �;Y � 6
Y3 NY� ��;�YO���

4,)�3 6�	5 	� �;
�WD� ;��+	�
A K`	>C 6�	5 � @7� �>
� =�71� 7��7� �� �	��,6
3 :f3�7# 6�	5 	� ��7 � 	��:	�
7"
� @7� ���F� 

�7I� � 6�	5 N�����5 ��>���7� ���� �;
A �R� �;! ;���J .

i���
	� 
;��� :���	� N�!�

� 86>
� ����� �;
A 8�>�5 =	>? 8�I�J 6
3 8:�75;�95� 

N�;T� 

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

  
 �+�/# �" '(�	( !"�0  12,�� !3(4/ 
� +"-�%56+.  
 .-+/(�

 !�8	  1(
(� 9 
 � 9�%� -+:�
 1(�+" 1��+� -+" �;+<%� 1�+.

4=> ?!/ 
�+,�� @(4+/( A��+� ?�5+>�� BC4;<� �	��/ 
�  �%:D

-5++�
  !5��E++>( �++>�.)��.(-++" F:++># FG++> H# �4++G=,

-/(�I/
 !� �.�:5>J�  �. ���� .+:� �K, 1(4+5<� $.�,A2+:/ 

�>( L�� �
(2� $%
 �<
)��.(

$:� '�MM<� !� !%:" �+NK0 -+, �%%,CO2)( 4+O P�Q-+" 

RRQ 4. S4� �" S4� �T:� (�+:� $	(2+�( �+U�3 '�V W>( ( �
 (

�.F:
�
 -"14X*/(�Y"�> 1�5,�  �Z(
) 
�:*/(� ?1)
 �*[ \�]*/(�?^
�� �:"�
 L�I*/(� '(��
 ?

�.B�
�G/ _J`(  �Z(
) ��5>(?1)
 �*, \�T*/(� ?)(�:� L�I*/(� 

P.!	(�0 a	�%` 
�:*/(�?1)
 �*[ \�]*/(�?^
�� �:"�
 L�I*/(� '(��
 ?

*:!]:/ �5]D( �6� ?B�G
�]� S4b6� :modaresa@modares.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                             1 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html


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

��� 

�%,)�.(�c(CO2�56+:>4,( 
� 25%+>45� �+" -5��	 $	(2�( 1�+.

 !� FD�0 H# $%
 B(�c( -, !	�.�O !%d	 e*f �+:=.( ?���"

 �
(� 1�5=,)�R.(

�( gZ�" �h>4
(�5>( ' )( F	�i
 
� $h%" (
 �� -d�( $	(2

 �>( L�� &:�) jk>)P�.(-d+�( W+>4
 25%>45� $.�,UV 

-++" 'l !*++.�, �:++N%
 -++X:5/ 
� L�++=Z 
4++m ?125%++>45� 1�++.

 �	2/# !��/
(�)�"  ?' �5TD( S�M5/( '(2:� $.�, ?125%>45� 1�.

 �56:>45� -" B
�6fII !����")��.(A<� n�. 1�.UV 
� 

&:b
 �++� A��++� '�++.�:� ++.�-++/(�I/
 ?!56++	) 1�.�*++0 ?1�++.

 �56:>45� ?125%>45� '4�
4. ?1
4/ 1�.  !.�+:� 1�+.DNA 

!� �%��")PP.(-/4� 
� -+" �+>�� 
� !.�:� 1�.UV 1�5�(
�+� 

-/(�I/
 �%/�� B�+G:,�
 '(2+:�  -+5��	 $.�+, 125%+>45� 1�+.

 L�%%, H�OUV-" !� $	(2�( 1�:I=*o 
4m �"�	)�P.(

!>  L��� ->  $%+
 S�+=Z( -+, �+/��, �
(2� '(
�T=. 

A:� �K, �NK0 !T*fa-" (
 � �+3 
� W+>45� 
4+mPR p

A++:� �K,b(
 P��(� $.�++, p)�.(2++:/ '(
�++T=.  n�++�(

 A+:� �K, �+NK0 !T*f $%
 -, �/��, �
(2�b)( �5*+:" (
 

A:� �K,a!� $.�, A+:� �K, �G6/ $	(2�( gZ�" -, �.�a/b 

!� �4�)�Q.(

+/ 
�++=:
 -++, �++/��, �
(2++� �++T:"  qr4��UV 1(4++5<� 

-+/(�5	�� '�+.�:� s�+" &:/�:>45/#  �.�:r4/ J� $	(2+�( (
 1(

!%d� �(� 1
(�)PQ.(-d+�( -, �/��, �
(2� '(
�T=.  �	�, 1

UV  4T6++:"(
 �++:D�d� PEP -++, �(� $.�++, (
 )J:6++,4"�, 

-" �>( &T=� -	2X
 �m�f '�+� S�+d� �+:0 �	 &:b
 �� �	2+/# 

���")��.(�. ��/# A+, A+:� �K, -+, �/��, �
(2� &:%o)-+"

 A+++:� �K, $.�+++, FG+++>a b(?�.�+++:r4%
 
�, @4+++=X� ?

&:b
 �� H�+O B�G:,�
  -5>�*/ ?S4K<� 1�.�%V ?S4K<� 1�.

L�%%, UV 
� -+5��	 ��
 '�.�:� 
� UV �4+" �+5=, C�+" )�P 

�� .( 6+:/�T� �+>( &+T=� $.�+, &	( ?S�3 �. -"�+�O !=

���" 1��	) 1l�/( H�O )( 1�:�4KO .B(
�+:.4"�, a=X
 �+.

 s�" 
� L�+	�� e+	 25%+>45� S4m 
� �. -+, �+>( !D4+=d� 1

!� �+"�	 $	(2�( '2i� )�:/ $.�, �" �/(4
 .'�+.�:� -+, �+X/# )(

 �++" L�++� 
�++=:
UV ?�++/
(� �++5=, '2++i� �++:��t -++" A++	�=
 

$.�, �+%V  -5>�*/ @4=X� 
� L�� L�.�*� 1�. S4+K<� 1�.

 &	( �" �
(� �DC� �>�� -, �5=, 25%>45� '(2:� W>4
 !K`( 1�.

 �>( -5��	 �::u
)��.(

$	(2++�( -++, �++/��, �
(2++� '(
�++T=.  v
 2++%	(CO2

B(
�:.4"�, 1(45<� �+
 (
 S4+K<� 1�+.�Q1(4+5<� ?�+`
� 

�
 (
 -5>�*/��Q B(
�:.4"�, 1(45<�  �`
� S4K<��:0 1�.

 �
 (
R��`
� -"!%d� 
4m �>( L�(� $	(2�( 1
(�)�.(

 !T*+f $%+
 �<
 L
��" 9�%� 1 
 $	��)# �" '�MM<�

 �NK0 B(�::u
CO2$	(2+�( -, �%5��	
� CO2$	(2+�( FG+> 

A:� �K, -	2X
 �Z�>a!� ����)P�.(B�dD�k������c( 1 
 

&:" A"�M5�CO2 UV �+>( L�� 9�X/( .B�+dD�k� &+	( w	�+5/

 :u5� !K:f !� ����" :�+c( ' �+" �+	  !+h%�  �+Gx� A"�M5� �c(

 �>( L�� y:`4
 A"�M5�)PR.(
� -+, L�*/ zi*� )4%. ��(

 !� {�h
( A"�M5� B(�c( &	( !<k> -o�5�( .$	��)# �I	� 
� �+.

 $	(2+�( -" 9�%� L�:� !G6/ �>�� -, �>( L�� L�(� '�*/CO2

++:" S�++5%, -++" �G6++/ !T*++f $%++
 
�++=:
 �++" L(�++=. 4++O �5*

!� ���")P�.(

$	(2�( 1�.�c( !>
�" ?Y:M<
 &	( )( n�.CO2?!"# $%
 

(
 �� -d�(  1!+� !Z(
) '�.�:� 1 
 $h%" -+, �+��" &+T=�

 �>( �+"�	 $.�+, '����TK=Z A�(4Z &	( �:c|
 �<
 .)( 9�+%�

 ��� -, L�� H�i5/( ��O '# �+>�:/� !Z(
) L�:� &	�
)�.()(

'(�+	( 
� '4%, �
 -, �X/# �+c( 1 
 �+" !+M:M<
 }:+. '�+�O  

L�=Z !k:<� $%
 -> 9~4
 A"�M5�)?!T*+fUV  CO2(-+,

 !� 
(�V �:c|
 �<
 (
 �*" !	(�0 L�%	# -+Z
2� W:+<� 
� �+%.�

 1
 �+U 
�:6+" @4+U4� &+	( 1 
 Y+:M<
 ?�>( L�*/ 9�X/(

-" !� �N/ �>
.

���� �k��	�

-/�iK� 
� $	��)# �T*+/(� 
� a+V(  !
�+M:M<
 1( 1)
 �*+, L

�++�� L�++� S�++5%, W	(�++� 
� '(�++�
 ^
�++� �++:"�
 L�I*++/(�

)Cº�Q/�RF�  ) 
 1��� (�"4m
  )�Q��Rp(�+:dV4� �"

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                             2 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html



� �	,��� 8��4 �5 6
3 7�123 � :�75 ;�95���!<���	� 
�>�5 =	>? 7� 6>
� ... 

��� 

R�  -O
� �M:V� - !	�+:�(�uO S4m PR -+O
� �P+M:V� -

@�h

( �"  !	�:�(�uO ��Z���R �	
� jk> )( �5� S�+> !+m 

�P�R �	��� (�O( .+�)# ^�+>( �" Y:M<
 &	( 
� A+	
45,�� $	�

 �4K" _�m FD�V 
� !���;
 A��, 1�.P � -, �� 9�X/( 
(�T
 

!"# $%
 jk>)-" 1
�:"# ?!T*f $%
 9�Z �	 !D4=d� 1
�:"#

 '(2:��Q-Z
2� �:��t p()�+� �+NK0 jk+>  � ?S ( 
45,�+�

1� &"�,�:6,()�QQ)�d:Gm 
� �4O4� �NK0 ( �QQ  �T:� 

(4. S4� �" S4� (9 � 
45,�� $h%"(�+� -d+�( jk> ->  )UV-

A, B, C (!� A:T*
 (
 94> 
45,�� �/�(�.

)( -++, �++	
# �++V
 9 
 � 9�++%� _�++m &++	( ^�++>( �++"

9
l �>J� _J+`( B�M:M<
 -6>4� BJ0 B�M:M<
 $i" 1�.

 B�, 
� �4" L�	��� -:�
 ��, 
�" S��/  -:�
  ��+d"( �+" !	�.

�×�
�  �5� ��4kf -K`�� �" Wf �Q+>!5/� �,(�+
 �+" �+5�

�QQ �	
�
 
� ?a"���5� 
� -
4" PQ/��/�P�R �+� �*, .�+:


 !	C�+" ��+TK=Z  �+:D4
 �+:��t  L�4+" L
��" �	
# 9�%� ��


 !� ^
� )  -5�(� ���" .-+/(� �2+	
  !��:"(4f -" �V
 &	(

 �
(� !"4Kk� 1�	���4, �:��t  9 �M�.S�+> 
� -/�iK� &:�)

 �K� L�+:� �*+, �+	) AGV �4+" �+/ .-+:K, �+�
 L
 � S4+m 
�

 !.��4+++,  &:+++O  B�+++:K=Z)�QQ 
�+++5T. 
� 9��4+++K:, 

 AE	�
 B�h6���4>�QQ -+" 
�+5T. 
� L
 ( 9��4K:, B
4+`

 ���, $:� (�	��� 9�X/( .��+f '4+�)# �+:��t &:+:d
 1(�+"

� 9�X/( !Z(
) �)S �O�.(

B�, !��=
 �.1-" &5�
 -V�> -K3�� 1��5/( �
 !*	��)# 
4m

 �.  '�6T	 1
�:"# '��) �/�� .�+f# �+
 &5+�
 -KG%> 1(�5"( )(

A� !D�3 
� !.� �+3 
� �.�+� 
�=:
 -,�QQ �+:��t �+`
� 

!Z(
))Q��R/QFdT� �5� (�+" !T*f $%
 
�=:
 ?�� 1
�:"#

 -+, �+� �:+N%
 1
4+m 
4+5%, W+>4
 1
�+:"# H# '(2:� �::u


 -" ��f �"4m
�Q�+>�" !Z(
) �:��t �`
� .&+	( 
� L
 � 

(
 �+� -d+�( 
�=:
 S�=Z( 1(�"1�+�C )( $h%+" �+" �+	) 1�+.

L
 � -/() 
 1�.�Q-+M:V� 1()�Z�+> )(�P:QQ �+
 ��:QQ (�+"

 �++� L��h5++>( &:++d� �4++� S4++m)UV-C Philips TUV 

30W/G30T8; UV-B Philips 40W/12 .( 
�=:
 1(�"UV-A )( 

�.�� 
�=:
 ?
�=:
 &	( A`( 
� ?�*/ L��h5>( ��C!�(�	) ���"

 -" �4� S4m &	( -	C W>4
  �
(� �4O  �d:Gm 
� !d:Gm 
4m

 !=/ H�O ' )( ���� .��C 
� �.RQ!5/�> -
4" 1C�" 1�5� �+.

 -
4" @�h

( $	(2�( �"  -5��� 
(�V @�+h

( �.RQ!5/�+> �+
 �+5�

-
4" �� �h3 �..

�.  !T*+f $%
 S�=Z( �" '��)UV )�+� �+NK0 '(2+:� ?

CO2'(2:� -" 2:/ �QQ �+��	 $	(2+�( (4+. S4� �" S4�  �T:� .


�=:
 S�=Z( 1(�"CO2B�, 1 
 H4o
�+�o e+	 
4"2� 1�.

 '# 
 � e:5>J� �"  L�(� 
(�V )�� �" qE> �� L�/��4�CO2 

!+T:/ �5TD( �I63 e=, -")-+/�f
�, �f�+>Testo '�+=D# (

'(2:� -" B�, �. ' 
� �NK0 �:>
 �N/ �
4� 1�. .
4+N%� -+" 

B�++, 9�++=
 1(�++" '�6++T	 W	(�++� ��++X	(  H4o
�++�o )( �++.

 �� L��h5>( e:5>J� .s�" )( ?�.
�=:
 S�=Z( )( �d" �o�+� 1�.

 -" B�, �. !���;
 
4m�QL
�;Z ��O  -5��� -/4=/ 1�+:�

 L)(�+/(  -++"  L�+� �+=X%� a	�+� B)( 
� �++	) B�h+` 1�+:�

�	��� AM5%� L�I*	��)#.

B(
�:.4"�, �.-" S4K<� 1
� !+D# 12=+>( B�G:,�
 '(4%Z

 �
4+� ^4+:" � � 
 )( L��h5+>( �+" $%
 -" B�� '�:� $%,( 

L)(�/( �� 1�:�)��.(B(
�:.4"�, �NK0 L
�;+Z S4+K<� 1�.

-" s�" �5�45� �5TE+>( -K:+> )S�+�Scinco UV-S 2100 ( 
�

 �4� S4m��Q)( A+`�3 �
(�/�5>( !%<%� -" -O4
 �"  �5�4/�/ 

NK0�1�.)�
 �h`PQ!K:� 
� 9�� �T:� �+5:D (&:+:d
 2,4+K�

 �	���)��.(

-" A:� �K, �NK0  $%+
 -" B�� L�
4, $%,(  e	 '(4%Z

 !+>
�" �
4� $%
 W	(�� 
� aG%� B
�V �h3 '(4
 )( 1
�:d�

 �+��� 
(�+V .)( L��h5++>( �+" '4+/
# � 
 ^�+>( �+" A+:� �K,

'45>(�Q%
4/ H�O '(2:�  �� �(�i5>( �(�i5+>( L
�;+Z 

�5�45� �5TE+>( )( L��h5+>( �" L��UV-S S�+� Sinco 2100 
� 

�4� S4m 1�.��P ��� ��Q�+	��� �+r(�V �5�4/�+/ )�.(

!+K:� F6+3 �+" �4+O4� W"( 
 Y	�m )( A:� �K, �NK0 9�+�

 A:� �K,a?b a+b4%
 
�,  -G+>�<� �+
 ')  9�� �. 
� �:r

��)�Q ��.(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                             3 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html


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

��Q 

��;b-.����4 +"3 ,	��4 ���� l	J N,6

��f ���" /)  �`
�!�"4m
 -++/4=/ Y++=Z

)5/�>!�5�(^
 

(%) 

>:�K

(%) 

&� 

(%) 

���" @4/ 
��t:Z(
) �!����8� -kM/!�r(� 

�Q�Q�/��Q/�

�Q��Q
�P ����%�!�4D +!

�/���/�

-+" -+O4
 �+"  �
4+��(�" � 
 -+" &:b
 �� �NK0 &::d
 1(�"

 =/ �NK0-/4 1 �+� 9�+> &�4+GD# )( A`�3 �.�� &:b
 �� 1�.

-" �4� S4m 
� �5�45� �5TE>( L�I5>� -K:> R�R&::d
 �5�4/�/ 

�� .-+" &:b
 �+� �	��M� �	��/ 
� F6+3 �+" �+NK0 B
4+`

 �T:� �	��� -G>�<� �
 ')  9�� �" 9��)��.(

$X%> 1(�"�.�:r4/ J� )( A+`�3 L
�;+Z H�+O '(2+:� 


 (
 L�:� s�" �5�45� �5TE>( W>4UV-S S�+� Sinco 2100 
� 

�4++� S4++m 1�++.��Q?PQQ ?PPQ'(2++:�  L�++/(4f �5�4/�++/ 

!K:� �" H�O ^�>( �" �.�:r4/ J� �+	��� '�+:" �+
 ')  9�+�

)�P.(L)(�/( 1(�" �4� S4m 
� L��� &	( H�O &:/�:>45/# 1�:�

RRQ �5�45� �5TE+>( W+>4
 �5�4/�+/ UV-S S�+� Sinco 2100 

(4f �+� L�/ .&:/�:+>45/# �+NK0 -G+>�<� 1(�+" F	�+U )( �+.

 S��++d� !++�4��fM-1 cm-1 PPQQQ �++NK0  �++	��� L��h5++>(

!K:� ^�>( �" &:/�:>45/# 
� 
C4� �� '�:" �
 ')  9��)�P.(

L�(� q/�	
(  -	2X
 9�+/ )( L��h5+>( �" �. 1
�+�# 
(2+�(SAS 

���� 9�X/()P�.(L�(� &:I/�+:� -6+	�M� / �+. )( L��h5+>( �+" 2+:

-%�(� �%o '4�)# jk> 
� &T/(� 1(R���� B
4` p)��(.

c,	PDmF� �

�+" $h%"(�+� a*d*
 -, �(� '�*/ !h:, B�h` q/�	
(  -	2X


 �:r4/ J� ?&:/�:>45/# '(2:�)�4� S4m !"�O 1�.��Q  PQQ  

PPQ�5�4/�++/ (A++:� �K, ?a, b  a+b ,   �++:r4%
 
�, '(2++:�

&:b
 �� 1�. !+%d� �+c( 9�%� s�" S4K<� 1
(�)Q�/QP≤(�
(�

)S �O�.(a*+d*
 jk+> 
� &:/�:+>45/# '(2:� &	�5=,A-+" 

'(2:�Q��/Q!K:� &	�5*+:"  s�+" e*+f ')  9�+� 
� S4�

 (
 �� -d�( -" �4"�� &:/�:>45/# 
(�M�1jk+> 
� $h%+" B-+" 

'(2++:����/Q!++K:� L�.�*++� s�++" e*++f ')  9�++� 
� S4++�

�	���)�OS P.(

&:I/�:� -6	�M� �.�:r4/ J� �	��M� 1�.)�4+� S4m 
� 1�+.

 !"�O��Q?PQQ  PPQ�5�4/�/ (9�+%� s�+" 1�.�:r4%
 
�,  

�.�+:r4%
 
�,  �.�+:r4/ J� '(2:� &	�5*:" -, �(� '�*/ 9 
 �

 $h%"(�� a*d*
 jk> 
�B'(2:� -" F:
�
 -"�P/��?��/R�?

��/��')  9�� 
� !"�O ��Z  s�" e*f ���/Q!K:� 9��

 a*+d*
 jk+> 
� ��/# &	�5=, !D  �4" s�" �
 ')  9�� 
�C

�� L�	�)S �OP.(!�� -X:5/ &:%o '(4
 $	(2+�( �+" -, ���

 1(
 �+� -d�( B�� -+/(�I/
 '(2+:� $h%+"  &:/�:+>45/# 1�+.

 !� $	(2�( 9 
 � 9�%� s�" 1�.�:r4%
 
�,  �.�:r4/ J� �+"�	

)S �OP.(


� -+5��� 
(�+V '�+.�:� 
� -, �/��, �
(2� �T:"  q��/

 
�=:
 ��d�UV $	(2+�( &:/�:+>45/#  �.�+:r4/ J� 1(4+5<� 

!%d� ���	 1
(�)PQ.(&:/�:+>45/# a=X
 B�+G:,�
 �+I	�  �+.

 L�%%, H�OUV S4%� @4=X�  �.�:r4/ J� ?a*d*
 )( �d" ?�.

UV �+>( L�+� �
(2� '�.�:� 
� )�P ��(/ -+, &+	( w	�+5

 !� 
(�V �:	|
 �
4� (
 $. 8� �%.� .�+>( &T=� {4� B�G:,�


 -" s�" 
� S�"�0 '(4%Z  �%%, A=Z 1�:�
4f 1�.UV A+GV (
 

'# )(  �K, A+:GV )( �4f ^�63 n�. 9(�/( -" -,�+>J� �+.  

e�(�/( �I	� �/�>�" �.?�%%, H�O .-" ��( !� �N/ �(4+� &+	( �	#

 '4o �%��" !��,�/UV X%� s�+" A+:� �K, 1(45<� $.�, -" �

�>( L��)�.(-+" B�+G:,�
 &+	( $M/ ?S�3 �. -"A+��, 
4+m

 �+%/�=. !Z�+�� $+M/ e+	 A��� �>( &T=�  L�*/ zi*�

 S�T	�(
 '��, H 
�O ���" �. .-/4� )( 1
�:6" 
� !.�+:� 1�+.

 �:6+++� B�M5*+++� )( !+++f�" 25%+++> -+++, L�+++� zi*+++�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                             4 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html



� �	,��� 8��4 �5 6
3 7�123 � :�75 ;�95���!<���	� 
�>�5 =	>? 7� 6>
� ... 

��� 

��
��

�.
�
	
�

�

	
�

�
�
�
��
�
��
��

�
��

��
�

��
�
�
�

��
 �

!�
�"
��

#
$�
%

&
�'

��
��

'�
$(

��
�

)
*+

,+
��

-
��
�
�

.
��

�
#

	$
�

����
�
��
��
�


��

�

��
�
�

��
����

�
��
���

��
�

��� �
���

�
�


���
����



 


��
!

�
�
���

� 
�

"
��

#

$%

�
&'

(

��
�

���

)(
(

��
�

���

))
(

��
�

���

��
�$
!

�
*

a
��
�$
!

�
*

b
��
�$
!

�
*

a+
b

�

���

��
!

��
+��

�,
�




"
��

#

$%

�

���
-�

&
ns

((
((

.
/(

ns
&'/

0)
'1

ns
01/

)0
ns

)2
1

/(
ns

&1/2
ns

((
0.

/(
ns

((
((

3
/(

ns
((

.2
/(

ns
((

(&
/(

ns
')/

0)
0

�4
�4

�
&

**
(0

2.
/(

** (/
.0

52
35

**
33/

&0
))

**
'5/

10
&

** ./
0.

25
**

20
('

/(
**

0&
&'

/(
**

53/0
**

(3
.2

/(
** 0/

&)
..

'5

�
�

6
!�

�
�!

�


�

0
**

((
)0

/(
**

)3/
0)

'&
20

**
0'/

.)
.

**
2)/

&5
0

**
')/

.'
.

**
()

2&
/(

**
((

)1
/(

*
(3

'0
/(

ns
((

('
/(

**
'&/

2'
5.

-4
7

8
0

ns
((

(0
/(

**
2'/

&5
&3

1
ns

22/
00

(
**

(./
0)

)
**

)5/
&)

&
*

(&
'5

/(
**

(&
1.

/(
**

00
..

/(
**

()
)&

/(
** &/

..
)0

(

�4
�4

�
×

�
�

6
!�

�


��
!
�

&
ns

((
()

/(
**

55/
00

&)
0

*
'1/

0)
2

**
20/

21
ns

5./
.0

**
(5

02
/(

**
(0

00
/(

**
0(

'0
/(

**
(.

(0
/(

*
1'/

0&
('

�4
�4

�
×

-4
7

8
&

**
((

&2
/(

ns
.&/

&3
3

ns
.3/

.)
ns

(5/
))

ns
3)/

5&
**

(5
3(

/(
**

(0
(5

/(
**

00
51

/(
**

(.
22

/(
**

)1/
&3

03

�
�

6
!�

�


��
!
�

×
-4

7
8

0
ns

((
(3

/(
ns

.5/
0.

1
ns

(./
1)

**
01/

1(
ns

.3/
33

**
(.

(3
/(

**
(0

('
/(

*
(1

)
/(

**
(&

1(
/(

**
31/

)'
((

�4
�4

�
×

�
�

6
!�

�


��
!
�

×

-4
7

8

&
ns

((
((

.
/(

*
)2/

.(
2.

*
13/

&0
3

ns
0)/

)5
ns

.3/
)5

ns
((

.3
/(

**
((

))
/(

ns
((

1
/(

ns
((

(3
/(

*
0./

0.
2&

:
;��
��

�
�<
7

&&
((

(&
/(

)1/
2.

5
02/

.(
33/

0(
2'/

&.
((

.3
/(

((
(.

/(
(0

&.
/(

((
(2

/(
)1/

).
&

�
��
���

�=
;�
>

)@(
'0/1

13/5
''/2

.3/3
2./2

3'/3
&)/.

30/'
1(/3

(0
&

/.

nsB
*

�
**:

���
�


��
D�

E
=

���
�

�
�7

8
��
�F

8
��
�B
���

���
#�
G�
H�

I
<�

��
J%

�
L

.%

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                             5 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html


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

��� 

��
��

/.
�
	

�
�


	
�

 �
�
0
��

-

1
�


)
�.

�
2
)

��
��

�
��

�
�
#

���
3�
!4

"
�5

67
�
�

8
�

7

��


9:
�%

&
�'

��
��

'�
$(

��
�

)
�,
;�

�
-
��
��


.
��

�
#

	$
�

�

��
�
�

��

)
"
��

N
4
7

O�
�
D�

P
��

Q
R�

(
��

��
G

��
�


�
����




��$
8

D�
P
��

#

�

"
��

N
4
7

O�
�

&'
(

��
�

���

)(
(

��
�

���

))
(

��
��
�

�

��
�$
!

�
*

a

��$
8

D�
P
��

D�
P O�
�

"
��

��

��
�$
!

�
*

b

��$
8

��
D�

P

O�
�
D�

P
��

"
��

��
�$
!

�
*

a+
b

��$
8

D�
P
��

D�
P O�
�

"
��

��

�

���

��
!

��

��$
8

��
D�

P

O�
�
D�

P
��

"
��

U
V

-A
c

(1
2

/(
b

'&/
'.

b
()/

50
b

11/
5'

a
&1/0

a
53

)
/(

a
23/0

b
.)

1
/(

U
V

-B
a

0'
3

/(
a

0)/
2.

a
12/

52
a

3'/
33

b
1.

2
/(

b
..

5
/(

b
)1/0

a
.'

.
/(

S��
��
��

�T
�

:
U��

U
V

-C
b

0&
1

/(
c

20/
5'

c
53/

.0
c

51/
..

c
'2

5
/(

c
)3

&
/(

c
05/0

c
))

)
/(

)
pp

m
(

.(
(

a
0.

.
/(

a
31/

'5
a

0'/
5)

a
(5/

3(
a

(.
0

/0
a

.3
2

/(
a

50/0
a

.0
1

/(
�

�
6
!�

�


��
!
�

)
pp

m
(

1(
(

b
0&

5
/(

b
'5/

32
b

22/
.'

b
'1/

5&
b

1'
3

/(
b

..
'

/(
b

.&/0
a

.0
0

/(

���
��

�
a

0)
3

/(
a

12/
')

a
../

5&
a

13/
52

a
()

'
/0

a
.2

3
/(

a
5&/0

a
..

3
/(

-4
7

8
Q
��


V
G!

a
0)

)
/(

a
.3/

'(
b

3(/
.2

b
22/

5)
b

12
0

/(
b

.&
1

/(
b

.0/0
b

)2
5

/(

���
4
�F

��
H

��
���

E�


W�
��
O


��
�X

��
��

�O

�
�
� 

��
)

(5/(
P≤(

8
��
�F

�
�7
�

��
���

��
���

.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                             6 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html



� �	,��� 8��4 �5 6
3 7�123 � :�75 ;�95���!<���	� 
�>�5 =	>? 7� 6>
� ... 

��P 

A:%� ' J+� Ax� �.�:r4/ J� A��� �:r4/�� �� S4+/ J� ?�+.  �+.

�. &:/�:>45/# &:%o -" �>�� 
� �.UV !+� Y	4*
 �4+�)��( 

( '4o S4K> Ar4,(  
� B�G:,�
 &	 !� a=X
 !�
�:�( 1�. �%"�	

 
4/  UV !� H�O !"4f -" (
 -+" -d+�( &+	( �4+h/ )( ?�+%%,

�=6V �+��" Ax� s�" ^�63 1�. 125%+>45� 1�+.)�:*+/(
��

 L�+h3  !/�+"��/ 1((!+� 1�:�4++KO �+%	�=/)��.(�.�++:r4/ J�

 -m4"�� B�G:,�
UV -" (
 !+� H�+O !"4+Kk� 
4+m �+%%, �+�( ?

y:m !+=/ H�+O (
 125%+>45� S�d� 1�. �+%%,)�R(L)�+O(  ?

!� !/��) 
� 25%>45� -, �%.� S4m -,�4+� 1�+.UV 9
�+:�( -+" 

!� �
4f�" �"�	 -�(�( �%%, .!� -, !��V
( (
 B�+G:,�
 &+	( �%/(4


-" �+"(�" 
� �/)�+> a=5X� �Z�>UV �+/
(� 1�+5�" �+t�h3 

)��.(.�:r 4/ J� )( !�d" -5GD( -" �L
(4	� 
� L�� �/�" B
4`

 -" �I	� !�d"  �/
(� �4O  S4T:
4, �	 !D4K> 
� �()# B
4`

 S4K> Ar4,( -5��� 
(�V !K:� 2� 1�. �+f# L �+� &+	( -+, �+/(

 -d++�( �4++h/ )( 1�:�4++KO $++M/UV $++M/ 1(
(�  �++/
(�/ (
 

!5/# S4K> &	( 
� !/(�:6,( !� �. S4K> ��56� a/��  �%��" �.

,  L�� !+� gZ�" (
 s�" jk> $.� �+/���)��.(�+. &:+%o

 L��+, �
(2� '�MM<� -d+�( -+, �+/(UV 1�.�+:r4/ J� 25%+> 

!K� B�G:,�
 �I	�  yK5i� &/�
 �%/�=. e:D4%� &:+%I:D  �. �+.

 -" (
 !+� e+	�<
 -d+�( ��� B(�c( �"(�" 
� ���<� '(4%Z �+%,

)P� �P.('(
�T=.  !G:;/)�P��(-, �/��, �
(2� '(2:� 

1�.
�=:
 
� �.�:r4%
 
�,UV �I/�+:" -+, -5��:/ !/(�%o $.�, 

L2+:I/
 &+	( -+, �6/# A+"�M� 
� �+.UV 9 �+M� $+M/  �+/�


 �"(�" 
� !5t�h3UV !+� �h	( �+%%, .
�+=:
 
�UV-B $. 8+� 

�+� L�.�*� �.�:r4%
 
�, '(2:� 
� 12:o�/ $	(2�( !53 1
�O

( �"(�" 
� ��/# $M/ L�%.� '�*/ -,-d�UV�>( .

A+:� �K, '(2+:� -, �(� '�*/ $	��)# w	�5/a?b a+b �+" 

jk+> )( $h%"(�+� a*+d*
 B�+� $	(2+�( A  -+" C$.�+, 

!%d� -" ?���	 1
(� 1
4m A+:� �K, '(2+:� &	�+5=, -+,a?b 

a+b a*d*
 jk> 
� C
(�M� -" F:
�
 -"  ��R/Q?P��/Q 

�R/�!K:� +� s�+" �
 ')  9�� 
� 9�� &	�5*+:"  �+� L�.�*

 A:� �K, '(2:�a?b a+b a*+d*
 jk+> 
� AF+:
�
 -+"  

�"(�"��/�?R�P/Q ��/�!K:� �4+" s�+" �
 ')  9�� 
� 9��

)S �OP.(

A+:� �K, -+, �/��, �
(2� '(
�T=.  !G:;/a
�+=:
 
� 

UV-C !� '�*/ S�5%, -" �G6/ 1�:I=*o $.�, �+.�)PQp(

)�.(, '(2:� $.�, -" A:� �K �+	  �+�/# 25%+> )( �+d/�=� A+:D�

 L)�> $:� F	�i
 L2:I/
 &	( 1�. !+� {�h
( �. �+5�( .�+. &:+%o

 -+, L�� �
(2�UV-B !+=	2/# �+:0 '4:>�/8:6+,(45� g+Z�" 

!� A:� �K, ���+�)R.()( 1
(�+	�� 14+ID( ?y+K5i� B�+dD�k�

 -" �>�� 
� A:� �K, '(2:�UV!=/ �	4+> 
� S�+x� 1(�+" ?�+.�

&	( $	(2+�( -�"�
  4O ?�:"4D ?B
� 
� ��( ?���	 $.�, '(2:� 

���	 .��( ?�
(�/ �DC� 1
��)�> �" �G6/ &	( 
� �::u
 &	(�"�%"

 !� zi*� L��+, �+��	
� $%+
 -+, !/�+.�:� �%, �+/(?�+>�� 

L�(� �/( )��.(

-/(�I/
 �	��M� B(
�+:.4"�, ?&:/�:>45/# 1�. ?S4+K<� 1�+.

 �.�:r4/ J�)S4m 
� �4+� 1�+.��Q?PQQ  PPQ�5�4/�+/ ( 

A:� �K,a b&:b
 ��  �+<
 9 
 � 9�+%� s�" S4K<� 1�.

 1� �NK0 !*	(2�( �c( jk> 
� &"�,�:6,(�A:� �K, '(2:�  p

a+b jk+++> 
� R%�+++NK0 $	(2+++�( !+++D  �+++%5��� 
(�+++V

1� �+c( 9 
 � 9�+%� s�+" 1�.�:r4%
 
�, '(2:� �" &"�,�:6,(

!%d� ��(�/ 1
(�)S �O�.(

1� )�� �NK0 $	(2�( )( &"�,�:6,(�QQ -" �QQ ppm '(2+:� 

-/(�I/
 A+:� �K,  �.�:r4/ J� ?&:/�:>45/# 1�.a?b a+b s�+" 

!+%d� 1
4+m -+" (
 9 
 � 9�%� �(� $.�+[ 1
(�)S �+OP.(
�

L
�+�" 9�+%� 1 
 $	��)# �" '�MM<� -, �h� �	�" {4� w	�5/ �:	|


  !T*f $%
 �<
 �+NK0 B(�::u
CO2$	(2+�( -+, �+%5��	
� 

CO2A:� �K, -	2X
 �Z�> $	(2�( FG> a!� ����)P�.(��:+>

 �. q/4"  s�+" 
� (
 A+:� �K, 1(45<� $.�, &:%o 9�+%� 1�+.

 
� L��, ��
 -/�56�)CO2�/��, �
(2� (
 C�" )P�.(

!%d� �c( 1
�:"# H# �4G=, �.�:r4/ J� '(2:� �" 1
(�)S4+m

�4++� 1�++.PQQ  PPQ�5�4/�++/ (B(
�++:.4"�, ??S4++K<� 1�++.

 A:� �K,a?b a+b &:b
 ��  �.�:r4%
 
�, ?s�" S4K<� 1�.

 s�+" &:/�:+>45/# 
(�M� �" $%
 &	( !D  �(� '�*/ 9 
 � 9�%�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                             7 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html


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

��� 

!%d� �c( �(�/ '�*/ 1
(�)S �O�.($.�+, -" �X%� H# �4G=,

!++%d� �.�++:r4/ J� �	��++M� 
(�)�4++� S4++m �++. 1PQQ  PPQ

�5�4/�/ (A:� �K,  a?b a+b 9�+%� s�+" 1�.�+:r4%
 
�,  

�	��� 9 
 �)S �OP.(

-/(�I/
 -" F:># FG> H# �4G=, !� �.�:5>J�  �. ���+� .

:� �K, 1(45<� $.�,A�+>( L�+� �
(2+� $%+
 �+<
 2:/ 

)��(-"  !� �N/ A:� �K, 
� $.�, &	( -, �>
b�+>( �5*:" 

)��.(M<� �. '�M g+Z�" 2+:/ !T*+f $%+
 -+, �%5��	
� &:%o

 A:� �K, -	2X
 �Z�> $	(2�(a!� �4�)P�.(!> L��� -> 

'(
�T=. A:� �K, �NK0 !T*f $%
 S�=Z( -, �/��, �
(2� 

a-" (
 � �3 
� W>45� 
4mPRA:� �K,  pb(
 P�$.�+, p

�(�)�.(�.�+NK0 &:+" �+Gx� !I56+"CO2-+/) 
 �+	)  1(

NK0 A:� �K, �b!� '�*/ $%
 �<
 1(
(� 9�+V
( 
� -+, �.�

 A:� �K, �
C�" �	��M�b1
 #�� CO2�>( �5*:" .�NK0 �h3

 e+=, W	(�+� &+	( 
� 25%+>45� B�+Gc -+" $%
 �<
 A:� �K,

!� �%, .!� '�:" !K,
�6� A+:� �K, �h3  25%>45� 9( � -, �
(�

 W	(�� �<
 s�" zf�+� -+K=O )( $%+
 l4D4	2:� 1�+. e+	 

�>( $%
 -" �� �M� .-"!� �N/ A:� �K, �NK0 $.�, -, �>


 -" $%
 �<
  !K%� B�G:,�
  )(�:6,(�� ?)J:� �K, �c( -k>( 

 ���" A:� �K, -	2X
 -X:5/ 
�)�Q.(

�.�:r4/ J� �	��M�)�4� S4m 1�+.��Q PQQ �5�4/�+/ ( 

A+++:� �K,a?b a+b &:b
 �+++�  �.�+++:r4%
 
�,   �+++.

,B(
�:.4"� -+" 9 
 � 9�%� s�" S4K<� 1�. !+%d� 
4+m 1
(�

 5� �:c|
 �<
 1(
 �� -d�( yK5i� _4k> A"�M $	(2�(  $h%" 

1� �NK0 �%5��� 
(�V &"�,�:6,()S �O�.(�	��+M� &	�5*+:"

 A:� �K,a?b a+b a*+d*
 jk+> 
� s�" 1�.�:r4%
 
�,  

A�NK0  �QQ 1� (4+. S4+� �+" S4�  �T:� �:6+,( -+" &"�,

 �"(�" F:
�
P�/�?R��/Q?��/� RQ�/Q!K:� 9�+� 
� 9�+�

!� s�" �
 ')  ���")S �O�.(

1� )�++� �++NK0 $	(2++�( a*++d*
 jk++> 
� &"�,�:6++,(

 $h%"(��A!%d� $.�, A+:� �K, 
(�M� 
� (
 1
(�a, b  a+b 

�+NK0 $	(2�( ��( �(� '�*/ 9 
 � 9�%� s�" 1�.�:r4%
 
�,  

)�++� &++	(!++%d� �++::u
 A++:� �K, '(2++:� 
� (
 1
(�a a+b 
� 

a*d*
 _4k>B C�(�/ '�*/ )S �O�.()�+� �NK0 �::u


1� )( &"�,�:6,(�QQ -"�QQ jk> 
� (4. S4� �" S4�  �T:� 

a*d*
BA+:� �K, '(2:� b�(� $.�+, (
 9 
 � 9�+%� s�+" 

)S �O�.(A:� �K, '(2:� &	�5=,bs�+" �:r4%
 
�,  9�+%�

 (
 �� -d�( B�� 
� 9 
 �1$h%+" C�+NK0  �QQ  �+T:� 

1� (4. S4� �" S4� �"(�" F:
�
 -" &"�,�:6,(PP�/Q ���/Q

!K:� �� L�.�*� s�" �
 ')  9�� 
� 9��)S �O�.(

'(
�T=.  �	�, �. A, A:� �K, -, �/��, �
(2� &:%o)-"

A+++:� �K, $.�+++, FG+++>a b(�.�+++:r4%
 
�, @4+++=X� ??

&:b
 �� H�+O B�G:,�
  -5>�*/ ?S4K<� 1�.�%V ?S4K<� 1�.

 L�%%,UV 
� -+5��	 ��
 '�.�:� 
� UV �4+" �+5=, C�+" )�P 

�� .(�++NK0 $.�++, 
� �++>( &++T=� �.�++:r4%
 
�, $.�++,

 )( (
 A+:� �K, �.�+:r4%
 
�, -+, (�	) ?�%, 1)�" $M/ A:� �K,

 !� �t�h3 4:
(�:6,(45� F	�i
 �%,)��.(�+. -+" &+	( ?S�+3 

1l�/( H�O )( 1�:�4KO ��O !=6:/�T� �>( &T=� $.�,

 ���" 1��	) .-d�(UV 
� (
 125%+>45� �+:��t �+>( &+T=� 

�NK0 1C�" 1�.CO2�.� $.�, )�R.(

-+/(�I/
 '(2+:� &	�5*:" -dD�k� &	( 
� L�+%%, H�+O 1�+.

 $h%"(�� a*d*
)�.�:r4/ J�  &:/�:>45/# (a*+d*
 jk+> 
�

B�NK0  �QQ 1� (4+. S4� �" S4�  �T:� �4+" &"�,�:6+,( .

jk> )( a*d*
 B�� $.�,  $	(2�(B &:/�:+>45/# �	��M� 

-" (
 �.�:r4/ J� !%d� 
4m jk+> 
� �+�/# 
(�M� -" �G6/ 1
(�

 a*d*
B�(� $.�, )S �O�.(1� �NK0 $	(2�( &"�,�:6,(

 $h%"(�+� a*+d*
 jk> 
� ��%
C!+%d� �:c|+
 +M� �+" 1
(� 
(�

 ��(� 9 
 � 9�%� s�" 1�.�:r4/ J� .a*d*
 _4k> �	�> 
�

1� �++NK0 B(�++::u
 !++%d� �++c( &"�,�:6++,( '(2++:� �++" 1
(�

 ��(�/ �.�:r4/ J�)S �O�.(

B�+� A+"�M5� �c( $%+
  $h%"(�+� a*+d*
 y+K5i� 1�+.

!%d� �c( !T*f 1
(�)Q�/QP≤(A:� �K, ?&:/�:>45/# '(2:� �"a

?b a+b
�,  �.�+:r4%
  &:b
 �++�  9�++%� s�++" S4+K<� 1�++.

9 
 �!%d� �4" 
(� .}:. A��Z  � &	( !+%d� A+"�M5� �c( -/4� 1
(�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                             8 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html



� �	,��� 8��4 �5 6
3 7�123 � :�75 ;�95���!<���	� 
�>�5 =	>? 7� 6>
� ... 

��R 

��;b[.�>�5 =	>? �J7� :�WD	�� N9,	T� �&7# @7�
� 6,�+�� 
	��	 �3 $�	TP� 7�123 KF3 ����� �;
A ���	� N�!� � :�75;�95� 
6>
� 

r4/ J�:�

)e*f ')  9�� 
� H�O

s�"(

-d�(

(
 ��1

$h%" 

�16,( :&"�,� 

#>45/:/�:&

�:K!
� S4�

 ')  9��

s�" e*f 
��Q 

�5�4/�/ 

PQQ 

�5�4/�/ 

PPQ 

�5�4/�/ 

� �K,:Aa

�:K!9��

 9�� 
�

')  �


s�" 

� �K,:Ab

�:K!9��

 9�� 
�

')  s�" �
 

� �K,:Aa+b 

�:K!
� 9��

')  9�� �


s�" 

r4%
 
�,:�

�:K!
� 9��

')  9�� �


s�" 

)ppm (�QQ d��Q/Qbc�/��b�/R�bc�/�QaP�/�aR��/Qa��/�aRQ�/Q
UV-A 

)ppm (�QQ eQ��/QcdR/��bc�/��cd�/RRb��/�bR��/Qb��/�cP��/Q

)ppm (�QQ a���/Qa�/��aQ/�Qa�/��c��/Qc���/Qc�P/�b���/Q
UV-B 

)ppm (�QQ b���/QabP/�Pa�/R�ab�/��c�P/Qd���/QcPR/�ab���/Q

)ppm (�QQ c�PP/Qd�/�Rc�/��d�/RQd��/QfPP�/QdQ�/�d���/Q
UV-C 

)ppm (�QQ cd��R/QeR/RQd�/PRe�/P�d��/QeP�R/Qd��/�cP��/Q

&]/(� '4�)# ^�>( �" '45> �. 
� -"�*� n �3 �" �(�Z()QR/QP≤(!%d� nJ5f( �/
(�/ 1
(�.

�" J� '(2:� B(
�+:.4"�,  �.�+:r4/  9 
 � 9�+%� s�+" 1�+.

 �%5�(�/)S �+O�.(A+:� �K, '(2+:� &	�+5=,a?b a+b 
� 

$h%"(�� a*d*
 B��C(��  �+"(�" F+:
�
 -" H# �4G=, W	

��/Q?P��/Q ��/�!K:� 9�+%� s�+" �+
 ')  9�+� 
� 9�+�

 �� L�.�*� 9 
 � . $h%"(�+� a*d*
 B�� $	(2�( �" A, 
�

4G=, A:� �K, '(2:� 1
�:"# H# �!+%d� $.�+, s�+" 1�. 1
(�

 �/�(� '�*/)S �O R.(9�+%� s�+" &:/�:+>45/# '(2+:� &	�5=,

 $h%"(�� a*d*
 jk> 
� 9 
 �A !"# $%
 ' �" W	(��  

'(2:� -"Q��/Q!K:� �� L�.�*� s�" e*f ')  9�� 
� S4� .

$h%"(�+� a*d*
 jk> 
� s�" &:/�:>45/# 
(�M�A�+" �4+G=,

 !%d� $	(2�( 1
�:"# H# �(� '�*/ 1
(� .-+, �+>( !D�3 
� &	(

 a*d*
 _4k> 
� &:/�:>45/# 
(�M�B C1
�:"# H# �4G=, �" 

���	 $.�,)S �OR.(

�. 9 
 � 9�+%� s�+" 1�.�+:r4%
 
�, '(2:� &	�5*:" &:%o

 $h%"(�� a*d*
 jk> 
�B
(�+M� �" !"# $%
 ' �" W	(��  

R��/Q!K:� �� L�.�*� s�" �
 ')  9�� 
� 9�� .-+, !D�3 
�

 a*d*
 jk> 
� s�" �:r4%
 
�, '(2:� &	�5=,C"-��# �>�

 �c�+� s�" �:r4%
 
�, '(2:� �" L�:� !"# W	(�� jk> &	( 
� -,

�4G/)S �OR.(!� q� -+X:5/ &:+%o '(4+
 
� -+, ��+, 1�+:�

 W	(�� 
(�+M� $h%"(�+� a*+d*
 B�+� $	(2+�( �" H# �4G=,

!%d� $.�, 9 
 � 9�%� s�" �:r4%
 
�, ��(� 1
(�.

 !T*f 
�=:
  � F:,�
UV 9�+=
 1 
 !*+.�, �c( e	 

�++>( L�(� '�*++/ L�++� -++dD�k� 1�++.�5�(
��) .P�.(�++. &:++%o

 L�%%, H�O B�G:,�
UV $%+
 
� �+:r4/ J� �+NK0 -K=O )( 

��	 $	(2�( !T*f � �3 -, ��Q�4+" !/�+�) )( �5*:" �`
� 

-,UV !+� S�+=Z( !T*+f ' �" �+�)P�.(&:+" -+k"(
 e+	

 -d�(  !T*fUV �>�� 
�  � �. 
� -, ?�
(� �4O  L�:� 1�.

 !� e	�<
 (
 4:
(�:6,( !��:��� �.)( e	 ?$%
 �%, .(4:6+TD#

 S4+%�  &:/�:>45/# $	(2�( '(
�T=.  
�+=:
 )( �+d" (
 �+.UV 


(2++��++/��, �.�++. �++�/# 1�++.�5�(
�� -++, �++%5��	
� &:++%o

 L)(�/( !	�:=:�4:"  !T	l4D4	2:� 
�+=:
 -+" �G6+/ L�+� 1�+:�

 �:c|
 �<
 �5*:" !T*fUV �%5��� 
(�V )�.(!k:<� $%
  �

 �6:/�T� e	�<
 
� L�� �,� !��+%%, �	�*+
 �c( !5t�h3 1�.

 �. �%5�(� �. 1 
 .S4+%�  &:/�:>45/# 
(�M� � �+. �+. �+" W+M

 $	(2�(UV���	 $	(2�( 
�=:
  � �. ��"
�, �	 .

1� �NK0 A��Z  � '(2:� �" 1
�:"# H# 
(�M�  &"�,�:6,(

 A++:� �K,a b�++.  s�++" 1�.�++:r4%
 
�,  '(2++:� &:++%o

 !"�O ��Z 
� �.�:r4/ J�PQQ �5�4/�/ )Q�/QP≤('(2+:� �"  

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                             9 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html


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

��� 

��;bX.�>�5 =	>? �� �J7� :�WD	�� N9,	T� 7��&7# @���	� N�!� 6,�+�� 
	��	 �3 $�	TP� 7�123 KF3 ����� �;
A^4 ��� 5 � 6>
� 


�:r4/ J� 

)e*++f ')  9�++� 
� H�++O

s�"(
(
 �� -d�(1

$h%" 
!T*f 

&:/�:>45/# 

!K:� 
� S4+�

 ')  9�+++++�

s�" e*f 
��Q 

�5�4/�/ 

PQQ 

�5�4/�/ 

PPQ 

�5�4/�/ 

A:� �K,a

!K:� 
� 9��

 ')  9�� �+


s�" 

A:� �K,b

!K:� 
� 9��

 ')  9�� �+


s�" 

:� �K, Aa+b 

!K:� 9�� 
� 9��

')  s�" �
 

�:r4%
 
�, 

!K:� 
� 9�+�

')  9�++� �++


s�" 

1
�:"# eQ��/Qb�P/��b�/R�cb�/R�a��/�aR��/Qa��/�b�P�/Q
UV-A 

�4G=, d���/QbPQ/�Pb�/RQc�/R�aP�/�aRR�/Qa��/�b�P�/Q

1
�:"# a���/Qa��/��a�/R�aR/��bQR/�bRQ�/QbR�/�aR��/Q
UV-B 

�4G=, b�R�/QaQ�/��a�/R�ab�/�Rc��/QcP�P/Qc�P/�cP�Q/Q

1
�:"# c�P�/Qc��/��cP/�RdR/��c��/QcP��/Qc��/�dP��/Q
UV-C 

�4G=, cd���/QdQQ/R�d�/P�e�/P�c��/QdP��/Qc��/�cdP�R/Q

�*� n �3 �" �(�Z( &]/(� '4�)# ^�>( �" '45> �. 
� -")QR/QP≤(!%d� nJ5f( �/
(�/ 1
(�.

A++:� �K,a+b)QR/QP≤(!++%d� A++"�M5� �++c( �%5++�(� 1
(�

)S �O�.(}:. -dD�k� &	( 
� !+%d� A+"�M5� �+c( -/4� &:+" 1
(�

1�  &:/�:++>45/# '(2++:� �++" 1
�++:"# H# 
(�++M�  &"�,�:6++,(

,B(
�:.4"� 9�+%� s�+" 1�+. +	� 9 
 � �*+/ L�)S �+O�.(

A:� �K, '(2:� &	�5*:"a?b a+b �.�+:r4%
 
�,  &:/�:>45/# ?

�NK0 -" �4"���QQ 1� (4. S4� �" S4�  �T:�  &"�,�:6+,(

 �4" !"# $%
 ' �" W	(��)S �O�.(�+NK0 $	(2�( �" A, 
�

1� A:� �K, '(2:� !"# $%
  &"�,�:6,(a?b a+b �	��+M�  

%
 
�, !� $.�, �.�:r4 �"�	 .�NK0 
� -5GD(�QQ �" S4�  �T:� 

1� (4. S4� !%d� nJ5f( &"�,�:6,( �4+G=, 
�=:
  � &:" 1
(�

 A++:� �K, '(2++:� �++N/ )( !++"# $%++
 ' �++"  H#a a+b ?

�*/ L�	� �.�:r4%
 
�,  &:/�:>45/#)S �O�.(

?$h%"(�+� a*+d*
 y+K5i� _4k+> A+��Z -+> A+"�M5� �c(

1� :6,( B(
�+:.4"�, 
(�+M� �+" 1
�:"# H# '(2:�  &"�,� ?�+.

 �.�:r4/ J�)!"�O ��Z��Q�5�4/�+/ (&:b
 �+� ?S4+K<� 1�+.

 s�")QR/QP≤(A+:� �K, '(2:�  b)Q�/QP≤(!+%d� �4+" 
(�

)S �O�.(!D�3
� }:. -,!+%d� A"�M5� �c( -/4� -+> &:+" 1
(�


�, ?&:/�:++>45/# �	��++M� �++" $	�++�)# �
4++� A++��Z  �.�++:r4%
 

 A:� �K,a a+b �*/ L�.�*� )S �+O�.(B�+� $	(2+�( �+"

 B(
�:.4"�, '(2:� $h%"(�� a*d*
 �+�( �+��	 $.�, s�" 1�.

 �++NK0 $	(2++�( �++" a*++d*
 &++	( _4k++> )( e++	 �++. 
�

1� B(
�:.4"�, '(2:� &"�,�:6,( '(2:� �::u
  ���	 $	(2�( �.

 �+++" 1��+++	) �:c|+++
 �
(4+++� F+++K0( 
� 1
�+++:"# H#'(2+++:�

B(
�++:.4"�, �++�(�/ s�++" 1�++. .'(2++:� &	�5*++:" A++, 
�

 $h%"(�� a*d*
 jk> -" �4"�� s�" B(
�:.4"�,A�NK0  

�QQ 1� (4. S4� �" S4�  �T:� 1
�:"# jk> �. 
� &"�,�:6,(

 �4")�/���  �/�RR!K:� s�+" e*+f ')  9�+� 
� 9�+� ( 

$h%"(�+� a*+d*
 jk+> 
� B(
�+:.4"�, 
(�+M� &	�5=,C 

1� �NK0 &"�,�:6,(�QQ  � �+. 
� (4+. S4+� �" S4�  �T:� 


(�M� -"  1
�:"# jk>�/��� ��� !+K:� ')  9�+� 
� 9�+�

	� s�" e*f �� L�)S �O �.(

�. '(
�T=.  !=:T<D( 1�.�+%V a+=X
 &:+" !5Gx� !I56"

 $%+
 �+<
 9 
 � 9�%� 
� (
 s�" !G6/ H# '(2:�  S4K<�

 L��, �
(2� �/()�.(V
� ^�+�# �h3 -k>(  -" S4K<� 1�.�%

s�" &:b
 �+� '4:+>(
�:.� )( ?$%+
 �<
 1�. 1�.�*+0  �+.

!++� 1�:�4++KO !D4K++> �++%%,)��.(
�++�t( &:++MM<� )( !++f�"

-5�(� B(
�:.4"�, �NK0 -, �/( 
� s�" S4K<� 1�.���+
 ��

A� )( �d" ) 
 � �+3 )( �+V
 -+" -+O4
 �+" !.��/��+
 �/�Q

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                            10 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html



� �	,��� 8��4 �5 6
3 7�123 � :�75 ;�95���!<���	� 
�>�5 =	>? 7� 6>
� ... 

��� 

��;b_.N9,	T� �>�5 =	>? :�WD	�� �&7# @7�^4 ��� 5 � :�75;�95� 
� 6,�+�� 
	��	 �3 $�	TP� 7�123 KF3 ����� �;
A 

�:r4/ J� 

)s�" e*f ')  9�� 
� H�O(
&"�,�:6,( 1� !T*f 

&:/�:>45/# 

!K:� 9�� 
� S4�

s�" e*f ')  
��Q 

�5�4/�/ 

PQQ 

�5�4/�/ 

PPQ 

�5�4/�/ 

A:� �K,a

!K:� 
� 9��

')  9�� �


s�" 

A:� �K,b

!K:� 
� 9��

')  9�� 
�

s�" 

A:� �K,a+b 

!K:� 9�� 
� 9��

')  s�" �
 

�:r4%
 
�, 

!K:� 
� 9��

')  9�� �


s�" 

"#:
�1a���/Qa�/�RaR/RPa�/��a�Q/�aR�P/Qa��/�a���/Q
)ppm (�QQ 

�4G=, ab�P�/QaR/�Ra�/R�a�/R�b��Q/Qc���/Qb�Q/�cP��/Q

"#:
�1c��P/Qa�/��aP/R�a�/R�b��Q/Qb�R�/Qb�P/�b��P/Q
)ppm (�QQ 

�4G=, bc���/Qb�/�Rb�/��b�/��b���/Qc�PR/Qb��/�b�Q�/Q

&]/(� '4�)# ^�>( �" '45> �. 
� -"�*� n �3 �" �(�Z()QR/QP≤(!%d� nJ5f( �/
(�/ 1
(�.

��;b0.=	>? �� �J7� :�WD	�� N9,	T� �>�5 �&7# @7�
� 6,�+�� 
	��	 �3 $�	TP� 7�123 KF3 �D��	5	� �;
A 8:�75;�95� 

^4 ��� 5 � 6>
� 
���	� N�!� 

�(
 �++� -d++�(

$h%" 

1� &"�,�:6,( 

�++" S4++�  �++T:�

(4. S4� 

!T*f 

B(
�:.4"�, 

!K:� 9�� 
� 9��

s�" e*f ')  

�:r4/ J� 


� H�+++++O��Q 

9�+++� 
� �5�4/�+++/

 s�" e*f ')  

:� �K, Aa

!K:� 9�� 
� 9��

')  s�" �
 

A:� �K,b

!++K:� 
� 9�++�

')  9�++� �++


s�" 

s�" S4K<� &:b
 �� 

 �+++T:� 9�+++� 
� 9�+++�

')  s�" �
 

"#:
�1bR/�P� abcd�/��a��/�a���/Qbc�/R�P 
�QQ 

�4G=, c�/R�Q abcd�/��abP�/�abR�R/Qa�/��� 

"#:
�1a�/��� bcdeR/�Pc��/�dR��/Qc�/R�� 
UV-A 

�QQ 
�4G=, a�/�RR cdef�/��b��/�cdRP�/QabP/�Q� 

"#:
�1dP/��� a�/�Rc�Q/�bcR��/Qd�/�P� 
�QQ 

�4G=, deP/�P� ab�/��d�P/QfgP��/Qc�/RR� 

"#:
�1c�/RP� abcR/��c��/Qe�R�/Qd�/��� 
UV-B 

�QQ 
�4G=, cd�/��� ab�/��d��/Qf�Q�/QdQ/��� 

"#:
�1g�/��� ef�/��d��/QgP�R/QgP/��� 
�QQ 

�4G=, gQ/��� def�/��d��/QhP��/QeR/P�� 

"#:
�1e�/��Q f�/�Qd�Q/Qfg�QQ/QgP/��� 
UV-C 

�QQ 
�4G=, f�/PPQ g�/�Qd��/QfgP��/QfP/P�Q 

&]/(� '4�)# ^�>( �" '45> �. 
� -"�*� n �3 �" �(�Z()QR/QP≤(!%d� nJ5f( /
(�/ 1
(��.

�+>( &T=� �V
 -" -56" 2:/ !T*f $%
  �>( �:u5� �`
�

 �+.� $	(2+�( �+	 $.�+, s�" 
� (
 B�G:,�
 &	( �NK0)��.(

B(
�:.4"�, a=X
 !T*f $%
 -K3�� 
� s�" 
� S4K<� 1�.

 '�4+" &:	�+� -k+>(  -+" �.�;+M� &	( -" ��/# S�M5/( 9�Z n�d�

 �;M� �:��t)-+/(� (4"�, -+" -+/(� )�+:/ 9�+Z  B(
�+:. 1�+.

 )�+:/ �	  B�G:,�
 &	( �:D4
 
� s�" B
�V '�4" C�" �	 S4K<�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                            11 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html


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

��� 

B(
�:.4"�, -"�>( s�" 12=>( �:N%
 
� S4K<� 1�. .

�+:3( 1�.�+%V '(2+:� -+, �/��, �
(2� '(
�T=.  !G:;/

 1�.
�=:
 
� -V�> L�%%,UV-A, B, C � �+3 F+:
�
 -"R/��?

RP  �P$.�+, S�+5%, -+" �G6/ �`
� !+� '�*+/ �+.�)�.(

1�+.
�=:
 
� L�+%%, �+:3( 1�.�%V '(2:� $.�,UV !;+f�� 

!� '�*/ (
 25%>45� $.�, -, �>( 25%+>45� $.�+, &	(  �.�

 !� !hK5i� A	C� -"�+��" .1�.�*+0 -+, �+>( L�+� �
(2+�

 -" 1�:r4,J:
 '( (�+� @�G+�( �+:0 H�+o 1�.�:>( &5�(� A:D�

 S�T	�(
 �:c|
 �<
 8:6+,( �()# 1�. $%+
 )( !+��/ 'UV 
(�+V 

�:6++,(  -++5���!++� �++. &	(�"�++%"  �/4++� 	�*++0 !I56++" 
� !

�+" (
 1l�+/( �+:D4
  25%+>45� �+%	(�� -, L�� A5i� �:r4,J:


 !� -O(4� AT*� �%%,)��.(�" L�� 
�=:
 '�.�:� -, �X/# )(UV 

$.�+, �+�/# 
� 25%>45� (�D ?�/
(� �5=, '2i� �:��t -" A	�=


!�  �"�	 
� (
 L�+%%, �:3( 1�.�%V '(2:� $.�, 25%>45� $.�,

 �
(� !�)��.(

$	(2++�( -++, �++/��, �
(2++� '(
�++T=.  ^
 �++%	#CO2

B(
�:.4"�, 1(45<� �+
 (
 S4+K<� 1�+.�Q1(4+5<� ?�+`
� 

�+
 (
 -5>�*/��QB(
�+:.4"�, 1(4+5<�  �+`
� �+:0 1�+.

 �
 (
 S4K<�R�-" �`
� !%d� 
4m L�(� $	(2�( 1
(� �>( )�.(

-" ��%
 -, �/��, �
(2� '(
�T=.  2�(�>�
 �+%V $	(2+�( A+:D�

 $	(2�( �" A, B(
�:.4"�, 1(45<� S4K<� CO2)�Q�+`
� (

$	(2�( �"  UV)�R�`
� (�+��	 $	(2�()��.(?@4+=X� 
�

 B(�c(UV )( �5*:" CO2-" !� �N/ �>
.

s�" 1�.�:r4/ J�)!"�+O jk+> 
���Q�5�4/�+/ (+:" �5*

 (
 �� -d�( �:c|
 �<
1-" ?�4" $h%" 1
4m 
(�+M� &	�5*+:" -,

 $h%"(�� a*d*
 jk> 
� �.�:r4/ J�B&:+"  �	��� L�.�*� 

�NK0 1� yK5i� 1�. 1
�:"# H# yK5i� �	��M�  &"�, �:6,(

!+++%d� nJ5+++f( a*+++d*
 )( jk+++> &+++	( 
� L�.�*+++� 1
(� 

�*/)S �O�.(

A:� �K, '(2:� &	�5*:"a b$h%"(�+� a*d*
 jk> 
� A

�NK0  �QQ 1� (4. S4� �" S4�  �T:� W	(�+�  &"�,�:6,(

 �"(�" F:
�
 -" !"# $%
 ' �"��/� ���/Q!K:� 9�+� 
� 9��

 �� L�.�*� s�" �
 ') )S �O�.(B�+� $	(2+�( �" A, 
�

 A:� �K, '(2:� $h%"(�� a*d*
a b�+��	 $.�+, s�" .�+�(

�++NK0 
� �++::u
 &++	( 1� y++K5i� 1�++. �	��++M�  &"�,�:6++,(

 ��(�/ !/�6T	 �/ 
 1
�:"# H# B �h5� .-"1
4+m �	��+M� -+,

 1� yK5i� �+c( �
(4+� )( 1
�:6+" 
� !+"# $%+
  &"�,�:6,(

!%d� A:� �K, '(2:� �" 1
(�a�(�/ '�*/ )S �O�.(

1� �NK0  $h%"(�� a*d*
 B�� $	(2�( 
� &"�,�:6+,(

 (2:� !"# $%
 W	(�� &:b
 �� '(
 9 
 � 9�%� s�" S4K<� 1�.

 �(� $.�, .-"1
4m &:b
 �� '(2:� &	�5*:" -,s�+" S4K<� 1�.

 $h%"(�� a*d*
 B�� 
�A�NK0  �QQ S4+� �" S4� �T:� 

1� (4. '(2+:� -" 1
�:"# H# �4G=, W	(��  &"�,�:6,(�/���

'(2+:� &	�+5=,  �+� L�.�*� s�" �
 ')  9�� 
� 9�� �T:�

 ��&:b
 a*+d*
 jk> -" �4"�� s�" S4K<� 1�.C�+NK0  

�QQ 1� (4+. S4+� �" S4�  �T:� ' �+" W	(�+�  &"�,�:6+,(

 '(2:� -" !"# $%
P/��� �4+" s�+" �
 ')  9�� 
� 9�� �T:� 

)S �O�.(

!� $.�, 2:/ (
 s�" &:b
 �� �NK0 !T*f $%
 -+, �.�

 � '�;+M/  4T6+:" 
 �	2+/# $.�+, �" $%
 W	(�� 
� 25%+>45

 �>( L(�=.)� ��.(L)(�/( �" 1�	�0  !	�h` &:b
 �+� 1�:�

�-X:5/ yK5i� 1
�:"# 1�.
�=:
 W	(�� �<
 !/(�	( 9�%� �V
 

9�+V
( 
� &:b
 �+� '(2+:� ?1
�+:"# jk+> $.�+, �+" -, �%5���

 �+��	 A+:KM
 yK5i� .I/
  &:b
 �+� '(2+:� $.�+,�2+	 1�+.

 
 '�MM<� !KGV B�dD�k� 
� 125%>45� $"�
 �<
 (2K, L�:� 1 

 -d�(UV-B �>( L�	��� L�.�*� )P �Q.(

���" ���" -" �G6/ 125%>45� 1�. -+" 125%+>45� �+:0 1�.

UV ̂ �63 ���" &	( 
� (�	) �%56. �
 
� 1�5*+:" '8:6+,( �.

 S�T	�(
 �:D4
 S�=53(  �>( ^�5>� ��X	(  '8:6,( �()# 1�.

 �++>( �5*++:" 4:
(�:6++,( $%++
)�P.(J++Z '4++o &++	( �++" L 

'4%:,45>J� �56+:>45� $%+,(  2,�� 
� �4O4� 1�.�H��+O 

-d�(UV ���" �:>�63 �%56. -d+�( &+	( -+" 125%>45� 1�.

 �. ?�>( �5*:" -d+�( H�O &:%oUV �56+:>45� &+	( W+>4
 

F	�i
 gZ�"&:b
 �� 1�. D1  D2 H# �6+T� qTKE=,  

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                            12 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html



� �	,��� 8��4 �5 6
3 7�123 � :�75 ;�95���!<���	� 
�>�5 =	>? 7� 6>
� ... 

��� 

!� �4�)�P.(L2:I/
 
� �4+O4� 125%+>45� 1�. �+��" &+	( �+.

-" S�+T	�(
 �4+O  A+:D�  L�+� L�:6+,(45� '8:6+,( �()# 1�+.

 !� $.�, ��/# 1(45<� �"�	)��.(-+, 2:/ 4T6:"(
 1�:K, �	2/#

 �	2/# �2O -d+�( -+" �+>( &	4+K, -+f�o 
� 1�:K, 1�.UV 

!� F	�i
 '# �:c|
 �<
  L�4" ^�63 
�:6" �4�.

�. -" &:%o L��, �
(2� S4=d� 
4m , �/( 'l �+5:/ �NK0 -


� -++5��	 �++�
 '�++.�:� 
�CO2!++� $.�++, ��++	) �++"�	)��.(

A;+� �>�
�> 
� 9�%� -, �/��, �
(2� '(
�T=.  �	JT%:>

 W	(�� 
� ��
CO2��(� (
 s�" 'l �5:/ �NK0 &	�5=, C�" 

)�Q.(!	(
�+++, -+++, �+++/��, �
(2+++� '(
�+++T=.  &:+++TD

1� )4++D4G	
  4T6++:"(
 '4:>J:6++,4"�, B�h6++�  )�/8:6++,( 

$	(2+�( �+" -+%"�, -+> !.�+:� 
� 4T6:"(
 ��X� �:D4
 �:��t

CO2!� $.�,  � �+. 
� '4:+>J:=:>( �Z�> -, �X/# �
 �"�	

 
�=:
CO2���� '�6T	 )!��, L)(�/( -" ��f �"4m
 -T:��I%.

�4") (�R.(

!� A, 
� �+::u
 �+" L�+%	# 
� -+, �+��� -+X:5/ &:%o '(4


 ( !/�+�O �6+	) W:<� -+/�iK� 1�+.)�� $	(2+� a*+d*
  1(

(
 ��1&:b
 �� '(2:�  !	(�0 �)
( $h%" -+�4KZ S4K<� 1�.

 9(� W>4
 !��;� -+" BJ+0 -+/(�  �. )( -+, 9�+%� -+/(� L8+	 

��� !� '��O !	(�0 BC4;<� &	�
 �+.(4f (�+:� $.�, ���"

��, . !5d%+` 1�.
4*, 
� '�� !/��O ��56� �" A��Z &	(

 -d>4
 S�3 
� 
� �*+" !	(�+0 �+:%�( '��+5�( �+kf -+" gZ�" 

L�%	# �� �.(4f e	�2/ 1(.

��	
� ���� ��	>P�� 

�.1 ?9��( .�P�� .BJ0 �Z(
) .)(�:� L�I*/(� B(
�*5/(.

�.!>@ ?L��� ->  .?@.?1�=3(�._  ?!%:5>4� .L�() �:.(�"( .�P�P .-/) 
 A�(4Z -+/) 
 �+:0  1(  25%+>45� L�+%%, S�+5%, 1(

(9�%� 9�V
( 
� !T*f -" �� �M� �" '# ��G

 .'(�	( 1)
 �*, 94KZ -KX�PR)�:(�P��Q�.

P.9 ?!	�h` ._  .1�	�0 .�P��.L
�� 1 
 ��f !5"4m
 $%
 B(�c( 
� 9�+%� �V
 $� !T	l4D4	2:�  !T	l4D4�
4� B�h` )( 1(

-/�iK� .1)
 �*, 94KZ -KX���:����.

�.n ?!G:;/.?�.9. 1�5/J,9.?1
 (
 1�:�
�P��.)( !+f�" 
� L�+� ��+X	( e+	l4D4�
4�  e+	l4D4	2:� B(�+::u
 !>
�"

 1�.�/�" $"�
 �c( 
� ��
 1�.�5�(
��UV(A,B,C)(
 �� -d�( 1(2K, L�:� 
� $h%" . �+Z(
) 
� !��/)�+>  $. 8+� -KX�

 !/�G0�"�Q:����QP.

5. Agrawal, S. B. 1992. Effects of supplemental UV-B radiation on photosynthetic pigment, protein and glutathione 
content in green algae. Environ. Experim. Bot. 32: 137-143. 

6. Ainaworth, E. A., Rogers, A, Nelson, R. and Long, S. 2004. Testing the source-sink hypothesis of down-regulation 
of photosynthesis in elevated CO2 in the field with single gene substitutions in Glycine max. Agric Forest 
Meteorol. 122: 85-94. 

7. Alexieva, V., I. Sergiev, S. Mapelli and E. Karanov. 2001. The effect of drought and ultraviolet radiation on growth 
and stress markers in pea and wheat. Plant Cell and Environ. 24: 1337-1344. 

8. Alhakimi, A., Monneveux, P. and Galiba, G. 1995. Soluble sugars, praline and relative water content (RWC) as trait 
for improving drought tolerance and divergent selection for RWC from Triticum polonicum into Triticum durum.
J. Plant Physiol. 148: 745-751. 

9. Arnone, D. I. 1940. Copper enzymes in isolated chloroplast polyphenol oxidase in Beta vulgaris. J. Plant Physiol. 
24: 1-15 . 

10. Ashraf, M. Y., A. R. Azmi, A. H. Khan and S. A. Ala. 1994. Effect of water stress on total phenols, peroxidase 
activity and chlorophyll content in wheat. Acta Physiolo. Planta 16(3): 185-191. 

11. Bradford, M. M. 1976. A rapid and sensitive method for the quantization of microgram quantities of protein 
utilizing the principle of protein-day binding. Analytical Biochem. 72: 248-252. 

12. Buchholz, G., B. Ehmann and E. Wellman. 1995. Ultraviolet light inhibition of phytochorome induced flavonoid 
biosynthesis and DNA photolyase formation in mustard cotyledons (Synapis alba L.). Plant Physiol. 108: 227-

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                            13 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html


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

��Q 

234. 
13. Casaty, P., M. V. Lara and C. S. Andreo. 2002. Regulation of enzymes involved in C4 photosynthesis and the 

antioxidant metabolism by UV-B radiation in submersed aquatic species. Photosynthesis Res. 71: 251-264. 
14. Castrillo, M. and I. Turujillo. 1994. Ribulose-1, 5-bisphosphate carboxylase activity and chlorophyll and protein 

contents in two cultivares of French bean plants under water stress and rewatering. Photosynthetica 30: 175-181 
15. Cen, Y. P. and Bornman, J. F. 1993. The effect of exposure to enhanced UV radiation on the penetration of 

monochromatic and polychromatic UV radiation in leaves of Brassica. Physiologia Plantarum 82: 249-255. 
16. Correia, C. M., J. M. Pereira, L. O. Bjorn and J. M. G. Torres-Pereira. 2005. Ultraviolet radiation and nitrogen affect 

the photosynthesis of maize. Eur. J. Agron. 22: 337-347. 
17. Crow, J. H., J. F.Carpenter, L.M. Crowe and T. J. Anchrology. 1990. Are freezing and dehydration similar stress 

vectors? A comparison of modes of interaction of stability solutes with in biomolecules. biology. 27: 219-231 
18. Dubois, M., K. Gilles, S. Hamilton, P. Rebes and F. Smith. 1956. Colorimetric method of determination of sugars 

and related substances. Ann. Chem. 28: 350-356. 
19. Gonzales, R., N. D. Paul, K. Percy, M. Ambrose and A. R. Wellburn. 1996. Response to ultraviolet radiation of pea 

lines differing in leaf surface wax. Physiologia Plantarum 98: 852-860. 
20. Greenberg, B. M., M. Wilson, K. E. Gerhadt. 1995. Morphological and physiological responses of Brassica napus 

to ultraviolet-B photo modification of ribulose- 1,5-bisphosphate carboxylase/oxygenase and potent acclimation 
processes. J. Plant Physiol. 148: 73-80. 

21. Hossain, A. B. S., R. G. Sears, T. S. Cox and G. M. Paulses. 1990. Desiccation tolerance and its relationship to 
assimilate partitioning in winter wheat. Crop Sci. 30: 622-627. 

22. Kimball, B. A., K. Kobayashi and M. Bindi. 2002. Responses of agricultural crops to free air CO2 enrichment. Adv. 
Agron. 77: 293-368. 

23. Krizek, D. T., S. J. Brita and R. M. Miewcki. 1998. Inhibitory effects of ambient level of solar UV-A and UV-B on 
growth of cv. New Red Fire lettuce. Plant Physiol. 103: 1-7. 

24. Kulshreshtha, S., D. P. Mishra and R. K. Gupta. 1987. Changes in contents of chlorophyll, proteins and lipids in 
whole chloroplast and chloroplast membrane fractions at different leaf water potentials in drought resistant and 
sensitive genotype of wheat. Photosynthetica 21: 65-70. 

25. Lecain, D. R., J. A. Morgan, A. R. Mosier and J. A. Nelson. 2003. Soil and water relations determine photosynthetic 
responses of C3 and C4 grasses in a semi arid ecosystem under elevated CO2. Ann. Bot. 92: 41-52. 

26. Lichtenthder, H. K. 1987. Chlorophylls and carotenoids: pigments of photosynthetic biomembranes. Methods in 
Enzymol. 148: 350-382. 

27. Matsuo, R. R. 1996. Durum wheat: its unique pasta- making properties. PP: 169-178. In: W. Bushuk and V. F. 
Rosper (Eds.), Wheat Production, Properties and Quality. Chapman and Hull, London. 

28. Mazza, C. A., D. Battista, A. M. Zima, M. Szwarcberg-Bracchitta, C. V. Giordano, A. Acevedo, A. L. Scopel and C. 
L. Ballarè. 1999. The effects of solar ultraviolet-B radiation on the growth and yield of barley are accompanied 
by increased DNA damage and antioxidant responses. Plant, Cell Environ. 22: 61–70. 

29. Mazza, C. A., H.E. Boccalandro, C. V. Girodano, D. Battista, A. L. Scopel and C. L. Ballare.2000. Functional 
significance and induction by solar radiation of ultraviolet absorbing sunscreens in field grown soy bean crops. 
Plant Physiol. 122: 117-125. 

30. Nogues, S. and N. R. Baker. 2000. Effects of drought on photosynthesis in Mediterranean plants grown under 
enhanced UV-B radiation. J. Experim. Bot. 348: 1309-1317. 

31. Nogues, S., Allen, D. J. and Baker, N. R. 1998. Ultraviolet radiation effects on water relation, leaf development and 
photosynthesis in droughted pea plants. Plant Physiol. 117: 173-181. 

32. Olsson, L. C., M. Veit, G. Weissenbock and J. F. Bornman. 1998. Differential flavonoids response to enhanced UV-
B radiation in Brasice napus. Photochemistry 49(4): 1021-1028. 

33. Ormord, D. P. and B. A. Hale. 2000. Physiological responses of plants and crops to ultraviolet-B radiation stress. 
Air Pollution. John Wiley and Sons INC., USA. 

34. Pessarkli, M. 1999. Handbook of Plant and Crop Stress. Marcel Dekker Inc., New York. 
35. Rozema, J., A. Teramura and M. M. Caldwell. 1999. Atmospheric CO2 enrichment and enhanced solar ultraviolet 

radiation: gene to ecosystem responses. PP. 169-191. In: Lumsden, P. (Ed,). Carbon Dioxide and Environmental 
Stress. Academic Press, London. 

36. Russell, J. M., M. Z. Luo and L. E. Deaver. 1996. Satellite confirmation of the dominance of chlorofluorocarbons in 
the global stratospheric chlorine budget. Nature. 379: 526-529. 

37. SAS Institute Inc. 1997. SAS/STAT user’s guide, version 6, 4th ed. SAS Institute, Cary, NC, USA. 
38. Schutz, M. and A. Fangmeier. 2001. Growth and yield responses of spring wheat to elevated CO2 and water 

limitation. Environ. Pollut. 114: 187-194. 
39. Sicher, R. C. and J. A. Bunce. 1997. Relationship of photosynthetic acclimation to changes of Robisco activity in 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

                            14 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html



� �	,��� 8��4 �5 6
3 7�123 � :�75 ;�95���!<���	� 
�>�5 =	>? 7� 6>
� ... 

��� 

field-grown winter wheat and barley during growth in elevated carbon dioxide. Photosynthesis Res. 52: 27-38. 
40. Sinclair, T. R., P. J. Pinter, B. A. Kimball and S. Leavitt. 2000. Leaf nitrogen concentration of wheat subjected to 

elevated CO2 and either water or n deficits. Agric. Ecosys. Environ. 79: 53-60. 
41. Singh, J. and A. L. Patel. 1996. Water statues, gaseous exchange, praline accumulation and yield of wheat in 

response to water stress. Ann. Biol. Ludhiana 12(1): 77-81. 
42. Smith, J. L., D. J. Burritt and P. Bannister. 2000. Shoot dry weight, chlorophyll and UVB absorbing compounds as 

indicators of a plant’s sensitivity to UVB radiation. Ann. Bot. 86: 1057-1063. 
43. Smrkolj, P., V. Stibilj, I. Kreft and M. Germ. 2005. Selenium species in buckwheat cultivated with foliar addition of 

Se and Various levels of UV-B radiation. Food Chem. 96(4):675-681. 
44. Steel R. G. D. and J. H. Torrie. 1998. Principles and procedures of statistics: a biometric approach. Ed’s R.G. 

Summerfield, A.H. Banting pp. 17-36. 
45. Teramura, A. H., J. H. Sullivan and J. Lydon. 1990. Effects of UV-B radiation on soybean yield and seed quality: a 

6-year field study. Physiol. Plant 80: 5–11. 
46. Tosserams, M., A. Paisdesa and J. Rozema. 1996. The effect of solar UV radiation on four plant species occurring in 

coastal grassland vegetation in the Netherland. Plant Physiol. 97: 731-739. 
47. Tosserams, M., A. Visser., M. Groen, G. Kalis, E. Magendans and J. Rozema. 2001. Combined effects of CO2

concentration and enhanced UV-B radiation on faba bean. Plant Ecol. 154: 197-210. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

45
.1

5.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

11
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            15 / 15

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.45.15.7
https://jcpp.iut.ac.ir/article-1-910-fa.html
http://www.tcpdf.org

