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

÷

����� ��	 
���
 ���� 
������� ��� ������ �� ���� ��	������� � ����� ���� 
���� �� ���!� 

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

��� �! "#$% � �#�& "�'(�&� �)*+, "-.(�&� ��/�012&$
& �� �#�& �
3��'(�&� �2-4� �/-0�� "#$% � �#�& �5406 "2&$
& �� �#�& �

7�8
$9: "�'(�&� ��4 9; )*+, "-.(�&� �� �! )*+, "#$% 2&$
& �8
$9: �

/#��0 :<=; �����>?*� �+6�	 �� 2&�*1�! �� � ���> ��2�@
�A�BC 2�5/& �D�.: 2�5/$�1 E�F1 <$5�*+ > E�F1 ��A$G 2&$
& D$G
 HI&#�/& .K0>&#E� /<�L���> $> �A !�/M�0AN 1 # �L�0�O P$5�% # N .(: �A $@0� 2�A8 � <�L ��+
Q�C ��:�0A$>R� ���/$%� <�L

 ��*� ��S0� �� <- T�*/ # ��� + / ��5 �*�C�/�$A�/& "-1 .U�/& $A�/�$A<�L �5	$% M�*6 �. O*./#8� # �. O*./#$. � 
��*F� $A���> �<��TV "8W� <�L�
$ O �A X�9:�& �� =; <!�/ <�LY 0/�C # �&�=; "�*A �&� �/&"-1 N .(: �+V$� #� �; �>-�& .

���> �,*F@�A$� <�L*A X�Y 0/�C �
$ O N��1 NV&$� �
& �A )$	*+> �
$��T/& # �� 09 5/& �$A�0 / ��0F O�& ���'�&� ��&� "&$FL 
���/*T�*/ <$5F> $
����)� +Z% # �
�- L&$5:(> # - [#$\/&Q �A <-1$FL M�*6 �A 8:�&*-05�L .�/�$A<�L <#� $A �@0/���8
� 

E� / �> �&� 2�(� �&�=; <�L- T�*/ �A -1$FL N.1�*] <�L8:�&*> �� H
�� !& �0G <!�	#� E� / <�L��9�� �<�L���> <&�&� !�/
-1 �'FL <��� � '�� ��%)Th(�#-V^���5��/ �_�� �&$%<�*1 #^/�)�4; YF� E��4� ��!# -6 �� -05�L .M&$  W: -�#�

 # <�*1Th�� &� E� / <�L��9�� � !& �� T+: �A 2&*:�'5� �CE� / 2-1 ` I� #<�L���> DC �A !�/ �A �0 �!$
! <�L"�'5/�] <*_ 
�&� a b*: .c.+\F> <�&-
�O�� �+6& �+, de�F5V& �L-0
C$	 �
&�%� �� =; �(�� �#$0
& !& # �&�=; <�L/�Z%� �L-05�L .� 0ZFL �

A<�L��(	 U�/&$"-�C �/� �A�5	�
 !& `F, ��@0/���8
� <�L <�L��#C$A �� f0���> N .(: <&$A "-1 "$5�% ��� �: ��� # $5� 
��(	g��:�h��A -05�L <=; $
�]B �i4A �A �> ?*���&� ��&*�FL � ���> .�5	�
 ��+>�*SA� �! <�L���> ��/�01 # �5	�A ��/�01

	�> -L&*1 �@0/���8
��&$I <&$A &� �<$ %���> "$�! �� 2&�*1�! <=; �
&! ?*� <=; <�L�����>�� jL&$	 � ���>-0
�F� .

/2���#�'� ��	:� ���>k���> =; �[&!kE� / <�L��9�� � k?*�� ���> k���/*T�*/ �Lk2&�*1�! .

3�#4� 
2*�&$ O KL#lO���> �� E� / <�L��9�� � E�/ �� m�T1 <�L-

]& <�L �	$( O 2*L$� $ P#��
8@: <�L�/& "�*A <& .
�	$( O � 0n �A $@0� �
�L�/�$A E� / <�L��9�� � $5� I� 

�%l
# �[&�& # o+5�� <�L�����> �� �
� F 1 # �.
8 	 <�L
E� /<�L���> �/& "-1 !�/ .�� �2&�*1�! <=; �����>� V�� 

E�F1 K�A � AD$G p-00/ �0�O �2�F> # 2�_$ / 
%�� � �#�& �
�F�$5]� ]�[�/& HI&# )N.1�o�&.(�
& 

�A o+5�� 2&$'(L#lO q/*: �����> <�L�*F� !& �.
 2&*0, 
�91 �
 � ���> ?*� <�L�����> <��5]�/ �0�O �� � ���>

p-00/����/$%� 2C �� �> �/& "-1 �	$4� 2�_$ / <�L
 �M�0A$> E=r�& N��1 �L�����> ?*� �
& �� �*_*� E*F4�

�� + /�5 �*�#� # �+
Q�C �2-1 -05�L 2-1]^�g[.�� �A
KL#lO �5	$% $s��� $s� �A � ( O <�L<&$A �> -/� 

E� / ` I� � L�� j�	 # �]�01f0���> <�L �����> �� !�/
�%l
# �/�$A !& "-�C$A t
�5� ` T+: �2&�*1�! <=;-0��� �
�L

∗�T+: �E*u�� "-0�
*� :vww73xy3�7w$A�F� �:vww73yyzyvy�. �#$5.�& ��O �:t.yousefi674@gmail.com 

# �� A E�/j5TL {��F1 �)*/ �8 
�O �|}rT6 !& �h�� �: hh� 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

53
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
28

 ]
 

                             1 / 14

http://dx.doi.org/10.29252/ijcm.27.3.537
http://ijcm.ir/article-1-1325-en.html


�+, ��0
-A�, ��T/*
<$%=> �<��
 /�01 ���> # �/�01�*+A �+@�2&$
& � h�|

5��%o�& (� �! �(�� 2&�*1�! <�L�����> "�'
�_ # 2&$
& �5]�/)=;(~C �"��)=;(2&�*'�& #)<#� # D$/ (�0�O �� p-00/ ��*%$%� <�L�
�
�F%�� -0A$F> # 2�_$ /� �#�&�2C $A $5]� )H_$� !& �5	$%$A]�[M&$  W: �A .(D(� �! �(�� �/�01�:���� ��-�4� ���S0� �I$�1 K�A 

���F% "�'
�_ �A "&$FL o+5�� �'0/ <�L-V&# # �/�$A ��*�2C $A �	�(5>& <�L.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

53
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
28

 ]
 

                             2 / 14

http://dx.doi.org/10.29252/ijcm.27.3.537
http://ijcm.ir/article-1-1325-en.html


-+_^�"��F1 ���8 
�O���| �/�$A <=; �����> �� E� / <�L��9�� � # �/�01 ���> <�L. . .h��

���> �]�/ # �	�A���> # �L�0�O �� �L���> # 2�/$%� <�L �&�
�%l
# �A�C �/� �A <�L�/�$A !& "-f0/ <�L # <��'�

���> <�L- [#$\/&Q $A E� / <�L��9�� � �@0/���8
� �� �A �&�
-1�A <�#$b .�����> �� �> ��&� � FL& $s� �
& !& $�& �
&

�� + / -0
C$	 ����8FL �2&�*1�! <=;���> �A 2-1 �
&!
�A 2C !& �: �/& "-1 �,�A =; N��1 <$ ]�: �5	� L� 2&*0,

$A <&$A�*1 "��T5/& E� / <�L��9�� � �/� .�A �KL#lO �
& ��
�/�$A !& "-�C$A t
�5� ` T+:���> <�L �@0/���8
� # �/�01

���>���> �A "&$FL N.1�*] 8:�&*> <�L !& �4��_ M�,=;& �
&!
 E� / N��.: -�#� # 2&�*1�! �����> N .(: ���F5V& `F,

f0���>�� �[&�& 2C �
*.: �; !�/�*1.

���6�����+� � ����� 
�F
-I 2*F0]� �'0/ <�L-V&# �
$:� �� �5	�
��S0 �����> 

2�F
& �,*F@� 2&�*1�!$O �/ �A 2�] -05�L �
$9��>]h[
)N.1�D(�A �> -V&# �/ !& -
-_ �A j
-I !& � :$:)�(

2�F
& �2�])^(# �&-��n)�(2&�*1�!"-1 N .(:-�& ]^��#
�[.2�F
& -V&#�1 2�]M#- O& N��
$+> ��� 1 # �� 1

 � 5��O$/�/& �� 1 .�S/&# �A �&-��n -V&# # -V&# �
& !$�
 � A �*iV�
e�/& � �(: NA�I $�$� !& �
�L .�&-��n -V&#

 "-1 N .(: f�� )$> �: <$5�>�] �*+95� YLC f0/ !& �/&
�A #2�F
& -V&# $A �5/* O�� �*; ��&� �&$I 2�] .-V&# �
&
�A8 ����> �+6& 2� �*�#� # � �+> <�L�*+A !& # "�*A �
&!

�F � �: N.1�*]�/& "-1 N .(: N.1�*] .���> N��1 �
&!
�
$ O�Z%� <�L- [*9�&$	 # ���] <�i	 "-00>$O �<&<�+V$� 

�
&8�� ����/*T�*/ # � 09 5/& �$A�0 / ��0F O�& ���'�&� ��
�L
�/& � +Z% # �
�-L&$5: -0��� .! -V&# � >$: �A 2&�*1�

f0/"$ : N 1 �/�01�/�� # f�� !& �(�A 2�A8 � �> f0/
���>� �*; �A ��/=; �
&!�4b*�� 1 �A # "$ : <�L

�� N
-9: f�� <$5�>�]�*1 .m*: !& ��&*: �A -V&# �
&
�/�� �� �*
� �<$ 	�*O 8:�&*> ��5 �*
� # �N 1 �f0/

 �9
$�: ����b �A � �*�#����- 1*O $5� �/& "-1 "
)P&� "$I -�!�/.(

���/$%� !& �T+5�� ?&*�& �&8�#�� �A��$% <�LN��1 
M�0A$> � :$: �A <- T�*/ # �� + / ��5 �*�C ��+
Q�C ��
&�!

 !&�9�K�A �F/ �A 2&�*1�! �����> �+]&� <�LP$5�% 
�5	�
-�& .E=r�& M�*�A �����> <8>$� K�A �� �
&�! M�0A$>

M�0A$> 2�A8 � <�L���> �0 (��_ c + / �&-]� # =; �
&!
�/& �5	�
 P$5�% .K�A �+
Q�C ���/$%� ��*�&$ O # �_��] 

���> �0�O�/& "�*F� �;�V& &� �&� .�> �5 �*�C ���/$%��@ 5� 
E� / �$.+F,<�L �+G& ��/& � �#& <�L- T�*/ $A �&8�#�� 

YLC f0/ �A "&$FL�A <�L -V&# ��/ # �5 +
Q�C M-1 
&-��n���> �0�O �A Y
�8� # ��&�P$5�%�/& �5	�
 .���/$%�

"�$5�% �� + /� �� ���/$%� ?*� �
$:��S0 ��*� �/�$A 
�� D*�r��*1.

�0�O # - [#$\/&Q �&-]� 2&�*1�! <=; �����> �� <�L
�/& ��-4� "��� 8>$F: $A `9S0� �1$A .���0�O <�5/&� 

���> �+6& �> �&�"-��&�$A�� �
$:e�A =; <�L�� ,�/�
<- T�*/ �� jL 2-1<�5/&��
e # 2�A8 � f0/ M�0A$> <-0A

K�A 2#�� jLf0/ �
& "-1 �1$A <�L �L)�� �+G&
"�%��*]$Af0/ �
& �� 1 �A �L -V&# f�� <$5�>�] <�L
2&�*1�! ("�&� ���/& .

E*+r� q/*: 2�A8 � YLC f0/ E=r�& <- /& <�L
&-��n �.LC -V&# 2#�� o 4b� A # ��
e -V&# �.LC <�L

 �
 �0 (��_ c + / P$5�% �A $@0� 2&�*1�! �+ 1
 �> �/& "-1 ���] <�L�i	 "-00>$O c + / 8 � # - [#$\/&Q

���> �A �+G&�/& "&$FL <- T�*/ <!�/ .�0�O �� �> �
�L
 ��/& �/�� �
 �+ / �U� ����]�� -I�	 2�A8 � YLC f0/

 .(: �A $@0� YLC N��> E=r�&"�*: - [#$\/&Q f0���> N<&
���> �A "&$FL �
$ O -0��� �. 0/�C <�L- T�*/ <!�/

Y 0/�C �0F O�& # ��'�&� ��&�1�/& "-.

����� 7�� 
)�@�& �L�'(
��!C # �
&$r6 K�A #� �� KL#lO �
&"-1 

�/& .�������> # ���/$%� � A X�9:�& �  4: <&$A ��� �
&!
./#$. � # �5/� ��*F� U� ��K
�F O )�@�& �A �O* <�L

���F% �/�$A # �
&$r6K�A !& �	�(5>& <�L # 2�/$%� <�L
���> 2&�*1�! �����> �&�-1 <�&�$A ��*F� .K A �U�/& �
& $A
 !&���K�A !& ��*F� ���> # 2�/$%� <�L �A # �1&�$A �&�

�/�$A )�@�& �*s0��O*./#$. � <�L����C � A !& �h��*F� 
!& # D��5�&�!�� HS�� ���C�-
�$% � �: �+� 6 # �+� 6 .

�&-4: �� 0ZFL��N.1�*] <�L8:�&*> !& N� 6 $A#� HS�� 
���> �A "&$FL m�T1 # �*+A �1�� # � �: �
&!�/�$A<�L 

� �! "�'(
��!C �� �@0/���8
� 8
$9: �*� )� O "�'(�&� �/�01
 )�@�& ���C $A-1"!&-�& <$ % # ��#$5.�& #�>8
� <�L�/�$A <�L

���> ?*� �  4: �*s0� �A �(A#� ��#$5.�& �*./#$. � # �L
���> ?&*�& �� Y 0/�C # =; $6�0, H
!*: <*'�& �  4: 8 � # �L
N�� $A �
$ O o+5�� <�Lh�!�� HS�� ��� �+� 6 

-
�$% )�@�& �.
$�C &�&*� "�'(�&� "�'(
��!C .�/�$A<�Lf0/ -
$. � H;��� <��'� ���> # <��'� "�'(
��!C �� "-1 ��
 �O*./#

-1 )�@�& � �#�& "�'(�&� �O*./#$. � .�*s0� �A �� 0ZFL
` I� �
�/�01���> $:��*F� �� �*_*� <�L # 2�/$%� <�L

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

53
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
28

 ]
 

                             3 / 14

http://dx.doi.org/10.29252/ijcm.27.3.537
http://ijcm.ir/article-1-1325-en.html


�+, ��0
-A�, ��T/*
<$%=> �<��
 /�01 ���> # �/�01�*+A �+@�2&$
& � hg�

���> !& ��&�t0/ P&$O c\ + 	 1800 E-�PW  "�'(
��!C ��
-
�$% "��T5/& �*��0 A 2&�����> �>$1 .����8FL �A �_*: �A

 + / -0
C$	�����> �A 2-1 <=; �����> �� <- T�*/ �
&!
�%� !& �2&�*1�!- [#$\/&Q # 8:�&*> <�L <�LN��1���> �
&!

��*F� �
$ O # �0F O�& ���'�&� -0��� <$ ]�: <�&�$A-1�:
<��� 2&*5A"-�C �/� �A !& �/�$A<�L�A &� �@0/��� 8
� 

���>�&� �9�� =; �
&! .�A��� �  4: �*s0��'FL <# �%-1
 � �#& D#B <���)'FL �S��-&!<(�/�$A ��
 �
��� #<�L

 "�'5/� �A E� / <�L��9�� � �@0/���8
�Linkham E-� 
THS600 �/-, �A Xg�� �! "�'(
��!C �� <���5I& �/�01

-1 )�@�& 8
$9: 8>$� �*� )� O "�'(�&� .<�L��9�� � �/�$A <&$A
��*F� !& E� /1 <- [#$\/&Q <�L �*] 8:�&*> <�L�*+A N��
���> # N.1<- T�*/ <�L)��'�&� # ��0F O�& ��
$ O (#

��*F� !& � 0ZFL�Z%� !& "-1 �1&�$A <�L�
�*+	 <�L �&�
-1 "��T5/& .�&-4: ��*s0� �
-A���A E� / ��9�� � �: N.1

"!&-�& �A # <#$> !& $ W5� �
�Lh�:�h!�	 j@V �A 2#$. � 
$ W5� H
��)��%�:|�(%M� +F, )�@�& �A # -1 D��5�&

�5	�
 �K
��$% # K
��$/-�C �/-A ���C �
��� <�L .�*s0� �A
 �#-V �: �L��9�� � ���� �<�*1 �_�� �  4:��� ��_�� 

�5��/ �@
�-: K
&8	& �A c\/ # "-1 �$/ $A& �,$/ �A �&$%
 -��_ !�	 D#B �S�� � 5��� ����)� ��L#�- L # �
 (<��� �


 <!&-'FL(Te)�
 �.: �
$]C D#B �S�� )�@�&$/ #(Tmice)
"!&-�&-1 <$ % .!& cO�/�$A <�Lf0/ H;��� � A !& �<��'�

"-1 � �: N� 6$A#���4;��� N��1 "!&-�& �A E� / <�L��9�� � 
�/�0�-�-1 D��5�&�A &� ���C �+]&� <�L!�	 2&*5A �: �5V&�

�&� � �(: .�05T% �/& �>]& j[=, <&$A �5	� ��.A <���5
���> �LH_$� !& �5	$%$A ]�[-05�L.

89� � :!�;� 
(������ � ���<������ 

���'�� �����+� :��*� ��S0� ���/�$A <�L- [#$\/&Q �
"�*:���> !& �0G <& <- T�*/ �
&!)N.1<�L ^D # o�& (��

�.LC 2�A8 � <�L-V&# �A"-1 N .(: �&-��n ���] �9��-�& .
Q �� �M�0A$> E=r�& �2&�*1�! �����> �� ,$O <�L- [#$\/&

 !& �+6�	 �A �F> �
 # 2��8FL <- T�*/ # �� + / ���/$%�
f0/ jL"�&� �&$I $ ��: �r: &� �.LC 2�A8 � <�L-�& .�A

M�0A$> E=r�& �$'
� M��9, �+V$� �� �L���� &� )!e <�i	 �
�: # �#�# <&$A���> E� / ��(� jL&$	 !�/$>�/& "� .�*iV

��&� <!#�� 8:�&*> # - [#$\/&Q���> <$ ]�: �+V$� 8
� �
&!
$TV "-00>$O"�L�%l
# !& � ���> ?*� <=; $
�]B !��A <�L

�� D*�r� �*1]|��[.�Z%� # �%� ������> �
& �� <�L
� �+G& �&�- T�*/ f�� <$ 1 8:�&*>2#��� 1 <�L

�
e 2� � # <$5�>�] ���C �.LC <�L ��"�&� N�� -
*� # -�&
���> � �#& �+V$� # 8:�&*> E#&-05�L �
&! .���C �� - T�*/ ?*0:

 � 
�O �/& "-F, �*SA #N��1���> �
$ O �
&!-05�L �� �> 
"-1 N
-9: � :*% �A X��� �]$A-�& .�A )���n N�� <�L8:�&*>

 <�i	 �� �	�> -1� N ��"-�C$AM�0A$> E=r�& !& ��&� ��L
���1)#� N�� <�L8:�&*> !& $:-05�L���1 �	�A #�*] !& <&

�� 2�(� -0L�)N.1^o�&(.- [#$\/&Q �> �/& ���V �� �
& 
��&� <!#�� 8:�&*> #���> <$ ]�: �+V$� 8
� � 
�O ��� # �
&!

)8:�&*> )*/ N�� (���> �A�
$ O # �0F O�& ���'�&� �
&! <�L
��&� # �&�=; Y 0/�C !& �0G�<&�&� )*/ # )#� N�� 8


 <-1$FL-05�L)N.1^D(.
U�/& $A�/�$A<�L �� 8:�&*> N�� #� ��O*./#$. � 

���> <�L- [#$\/&Q!& -0:��9, �> �/& � �(: NA�I �&�) :�(
��&� <�L8:�&*> N��1 �> )#� N�� <�L8:�&*> �1��"-�C$A !& 

# -05�L e�A ��� �A��$% E� / � �#& !�	)^(:�&*> N�� <�L8
��&� �> )*/ )#� N�� <�L8:�&*> !& $:8
�-05�L <��� �� #

� 
�O �
�L- T�*/ �A 2��8FL d�9
$�: # �A��$% E� / !& <$:
�
$ O*0/�C # �
$ O ��0F O�& ���'�&� -0���"-1 N .(: �L-�& .

)*/ N�� �A �9�� �L8:�&*> )#� N�� ��*./#$. � $
! ��
"$ : f��-��&� <$: .-1$FL�
$ O <)*/ N�� <$ ]�: <�L

N��1 �� �A H;��� �� )*/ N�� �*+A8
� <�L8:�&*> 2#�� =; 
�/& �]�1)N.1^�(.�A �+G& )*/ N�� <�L8:�&*> 

�� �*+A 8
� M�*6�9� ���] <�i	 �� �
 )#� N�� <�L8:�&*> 
2�A8 � f0/P$5�%�5	�
 -�&)N.1^M(.

�'!2�= �����+� :�
& �A ���/$%�*;-V&# 2#�� �� "-F, �
���> �0�O # �5	�
 P$5�% �&-��n �.LC "�*F� �;�V& &� �&�

�/& .2*F0]� ����*F� �� # �
&$r6 <�L �
& !& �5/� <�L
 �0�O)N.1�o�&(���> �� �(: NA�I �*	# �A <- T�*/ �
&!
�/& .M�*6 �A �� + / ���/$%� �A "&$FL �L�% ���/$%� �
&

YLC f0/5 +
Q�C <�L�
$ O "-��&�$A�� "-1 �� + / # �-
��&� �� �A <�L�� "-
� "- �>& �+G& # "-0>&$O �8
� �*1

)N.1�D.(f0/ ������> ��S0� ���0�O �� �> �.LC <�L -
���> <�L �: o 4b �+
Q�C ���/$%� P*�5/� �-05�L HI&# �&�

"-1 �S/*5� ��9
$�: M�4SI # �+ / �&-�� K
&8	& �A ��& �-�&
0/ �
&f�� �$: # ��/ M-1 �A �L -�*1)N.1<�L�# �

M(�� �*] �A - T/ <$L�� f�� #���> M-1 !& # -�$ % �
&!
�� �5/�> ���C �� <- T�*/�*1 .

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

53
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
28

 ]
 

                             4 / 14

http://dx.doi.org/10.29252/ijcm.27.3.537
http://ijcm.ir/article-1-1325-en.html


-+_^�"��F1 ���8 
�O���| �/�$A <=; �����> �� E� / <�L��9�� � # �/�01 ���> <�L. . .hg�

5��*�� + / X�9:�&���> �A 2-1��*F� �� <- T�*/ �
&!2&�*1�! <=; �����> �O*./#$. � $
#��: # �5/� <�L :o�& (�5/� ��*F� �&-]� !&
 N�� 8:�&*>g���> !& cO #"$TV 2#�� �
&! f0/ E=r�& !& "-�C$A <�L D �2�A8 � YLC (<!#�� 8:�&*> # <- [#$\/&Q f0���> !& �5/� ��*F�

��&� N�� 8
�����> �A 2��8FL #� ��
&! (2�(� �> <�*9, �*� �A �O*./#$. � $
*�:�
$ O <-1$FL "-0L��&�=; # )*/ N�� <�L 8:�&*> �� 
N�� �*+A8
��M # ��/& (N�� <�L8:�&*> �&-]� $'�� A �> <�*9, �*� �A �O*./#$. � $
*�:^#��/& <- [#$\/&Q f0���> 2#�� .j[=,

!& -0:��9, �5	� ��> �A <���5]& :�0F O�& :Orp 8:�&*> �:Qz��'�&� �:Rlg�
$ O # �:Py . 

5��.� X�9:�& "-0L� 2�(� $
#��: ���> �A �+
Q�C ���/$% K�A �� <- T�*/ �[&!�����> o+5�� <�L :o�& (���> f0/ 2#�� <- T�*/ �
&! YLC
D ��+
Q�C (���/$%� �&-]�f0/ �� �+
Q�C # �� + / <�L ���> �A "&$FL �> �&-��n YLC ��&� �
&!� ��/& "-0>&$O (-
-1 �: q/*5� ���/$%�

 -I�	 # �5+ / YLC f0/ �� �+
Q�C���>M # ��&-��n �
&! (�/�� # �9
$�: YLC f0/ �� �+
Q�C -
-1 ���/$%����> -I�	 # <&�&-��n -V&# �
&! .
)�
$ O:Py(..

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

53
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
28

 ]
 

                             5 / 14

http://dx.doi.org/10.29252/ijcm.27.3.537
http://ijcm.ir/article-1-1325-en.html


�+, ��0
-A�, ��T/*
<$%=> �<��
 /�01 ���> # �/�01�*+A �+@�2&$
& � hg^

�#�">�� �����+�:f0/ # N 1 <�L-V&#<�L 2�A8 � 
���/$%� -I�	 �> ���]�� �:�0A$>���> # -
-1 NA�I �
&!

 �[8_ �� �A ���C ��0: �-05�L =; �sV=� �� �
$/ !&
���> # �
*.���� 2�(� &� �/� <�L-0L� .�/& ���V �� �
&

���> !& �0G YLC f0/ # N 1 �� �> <&�&� �> =; �
&!
���/$%� <- T�*/ -
-1 # "*���A <�L)�A�
$ O M�*6 <�L

��&��'5�.1 "-00>$O # "-0>&$O # 8
��L(�� �-05�L 2&*:
M�0A$> -
-1 E=r�&5 +
Q�C # �L��A &� 2-1�01#� "-L�(� 

$>�.�%� �� "l
*A �L-V&# �
& �� ���C �&*� !& �0G ��=r�& <�L
�sV=� NA�I $
�������> !& <&�LC - T�*/ <�L =; !& �0G �&�

�� "-
�-�*1)N.1<�L gD # o�& .(f0���> �1$A <�L
 �> �A��$%�@ 5� E� / $ ��: # K+�% 2��8FL �$.+F, 

f0���>A !�/��+
Q�C M�*6 "-1 �$] �.LC M�4SI $A 2-1
 �� �*_*��0�O �+�% <�L-05�L�
$ O �&-]� �A ��&�=; <�L

P$A �0 �! K�A �� � :�OC # �
��A�� ��(� �L-�*1 
)N.1<�L gM # �.(U�/& $A*'�& c.
& *:$O P&$O <�L

(XRD)����> <�L �*_*� �� 0 �*[�> N��1 ���/$%� �
& ��
 ��
*./*���*� �� +
& �!�:��C �� �*�#� �� /#��_ �� �*+
�*�

 ��
�- / �N :#� ��
$.�C ��*\/�
� �c\
Q �!=>*:�& �� 9�C 

�
$ O # � /�>��� �� :�OC�*+	 �� :�*�C-05�L.

�����3��� ��	���<� 
�/�$A�� 2�(� �O*./#$. � <�L���> �> -0L� # ��'�&� <�L

 �A �+G& �0F O�&�A -1$FL �*; c + / �A X�9:�& �� # $'
-.
 
�0 (��_)- [#$\/&Q (-05�L "-L�(� NA�I)N.1ho�&.(

���] <�L�i	 "-00>$O ��0F O�& # ��'�&� <�L�*+A ���G �	�A
�/& .�
$��T/&M�%$%& M�*6 �A �5/� ��*F� �� �� �A <�L
��&��� "-
� N.1 �.�*O # 8
��*1 .�&-]� $'�� A )$	*+> �	�A

��> �
& "-00>$O c + / �A <-1$FL �� # � 
�O <��� �� �
�/& ���] <�L�i	 .�O*./#$. � H;��� �� �
$��T/& N�� #�
�/& � �(: NA�I .�
$��T/&��&� E#& N�� <�L -05�L �1��

"-1 N .(: $:e�A <�L��� �� #-�& .�> �/& ���V �� �
&
�
$��T/&��&� )#� N�� <�L
�O <�L��� �� # -05�L 8
�� <$:

�
$ O �A 2��8FL #��&� <�L"-1 N .(: <$ ]�: # 8
��A �-�& -
�
$ O 2#�� ��9�� � M�*6 �A �L�% �.
�*; )#� N�� <�L

�� "-
�-�*1 .�
$ O�
$��T/& �> )#� N�� <�L �L&$FL &� �L
���1�� ��&� # N.1 �*] �F � -00> N .(: <��� # "�*A $:

�
$ O !& $:e�A ���C N�� <�L�A # )*/�/& N.1.N�� #� $L
�
$��T/& � A <�i	 �
$ O"�$> $O &� �L -�&)N.1hD.(

5��?2�(� <�*9, �*� �A �O*./#$. � # �5/� ��*F� $
#��:���/$%� "-0L�2&�*1�! �����> �� o+5�� �A��$% <�L :o�& (�5/� ��*F� $
*�:
f0/ !& A "&$FL �5 +
Q�C # ��C �&*� !& �0G YLC���> ��%� �� <- T�*/ �
&!�'5�.18
� ���=r�& <�LD ���=r�& P$A # �L (�O*./#$. � $
*�:

f0/ �> o�& ��*F� �� 2�(� &� <- T�*/ # ��C �&*� !& �0G �+
Q�C YLC� �-L� (YLC M�4SI "-��&�$A�� �A��$% P$A !& �5/� ��*F� $
*�:
# ��C �&*� # - T�*/ !& �0G �0 �! # �5 +
Q�CM(�5 +
Q�C X�9:�& �> M ��*F� �O*./#$. � $
*�: &� <- T�*/ # ��C �&*� �A 2�A8 � � �+> 2-1

�� 2�(�-L� .!& -0:��9, �5	� ��.A <���5]& j[=, :�
$ O :Py � �+> �:Cal��C "��� �:OM�
*./*� �:Msc�
��A # �:Brt� :�OC �:Ap.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

53
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
28

 ]
 

                             6 / 14

http://dx.doi.org/10.29252/ijcm.27.3.537
http://ijcm.ir/article-1-1325-en.html


-+_^�"��F1 ���8 
�O���| �/�$A <=; �����> �� E� / <�L��9�� � # �/�01 ���> <�L. . .hg�

5��@A�:!�A �*� �A �O*./#$. � $
#��:���> !& �2&�*1�! �����> �� �� + / ���/$%� �A X*A$� <�L :o�& (��0F O�& # ��'�&� <�L�*+A <-1$FL
D(N�� �
$ O H
!*: <*'�& <�L^#��
$��T/& � A <�i	 �> "�$> $O &� �L� �-�& (��S0�M # ��
�-L&$5: �A � 09 5/& <-0A (�
�-L&$5: �&-]�
�A O 2#�� �>$O �	�.1 M�*6 N�� �
$��
$ O*.��> #.!& -0:��9, �5	� ��.A <���5]& j[=, :��'�&� :Rlg�0F O�& �:Orp�
$ O �:Py�
$��T/& �:

Sp� 09 5/& �:Stb �
�-L&$5: �Ttr ��
$ O*.��> �.Ccp 

���> <$ ]�: �+V$� ���> Y
 � 09 5/& �A �> �/& �
&!
 K
&8	& M�*6Sb�
$ O �� �
 # <$ ]�: �+V$� <�L �*+9: !& 

���> E� / !& j �5���� ��@
& &!*1�.�s+G K
&8	& �
&Sb 
���A -�&*: N �� j5� / 2-1 �$/ $�& �� 2C � �=V K
&8	& 

-L� ��]��[.�A �
�-L&$5: �A �+G& H;��� �� ���> �
&
��S0� M�*6�Z%� M�*6 �A �
 # <-0A�'5�.1 �> �
�L <�L

 $O &� �
$ O*.��> # �
$ O � A ��/& "�*F�"-
����*1
)N.1h�.(�%� �� �+G& �
$ O*.��>8:�&*> <�L�- T�*/ 

NA�I �A��$%"-L�(��/& .�%� �
& # "�*A f�� <$ 1 �LK O 
���> -0
C$	 !& =; �+6& �
&!�5	$% N.1-�& .�%� �
& �� ��L
�A �
$ O*.��> N.1�/&�
$ O �A "&$FL #��&� �	�A �A <�L 

] "-0>&$O�A �: N.1�* �A N.1M�*6�� "-
� �>$O �	�.1 -
�*1)N.1hM.(�%� �
& !& �]$A ���'5�.1 ��L � A <�L

���> q/*: �
$ O # �
$ O*.��> � 
�O ��� <�L2*n 
"-1 $O �
�-L&$5: # � 09 5/& -�&)N.1hM.(

!& # ��#$5.�& #�>8
� �
8@: $
#��: ��#$5.�& �*./#$. �
 �(A#�(SEM) K�A���> <�L ��(� 2�/$%� # �&�1�> -
�
$ O���> )#� �+V$� <�L�F � # �A��$% �
&! N�� N.1�*]
 )#�(OS2)�� N .(: &� �5�L �> -0L� $s� !& !& �5	�A

��9�� �8
� <�L"-1 N .(: �� �A-�&�
$ O ?*� �
& aS/ �> �L
�� 2�(� m�6�� &�-L� .�
$ O ?*� �
& �. ��V �� �F/ �A �L

�] <&�&� p��9� d=��> !$� # �1#� # m�6 d=��> 2�
�F� �0G #
2�(� �> -05�L <8>$� K�A �A �9�� Y 0/�C # =; !&

 "-0L� �*_# NA�I$ G <=;"-L�(��
$ O ?*� �
& �� �L�/
)N.1�o�&.(� +Z% ���>)�
� F 1 E*�$	 �A (AsSbS2!&

���> �+F_ �> �/& 2&�*1�! �����> �� D� F> <�L ��*F� ��
&� <���& 8�$I f�� �5/����A ## Y
��A <�L�*+A M�*6

 N��> �� �*S/ <&�&� # "- (>�/& $A�0 / ���> !& &$�C �> 
�� 8
�F5� -0>)N.1�D.(�� &� ���> �
&�� �+G& 2&*: 

"�&*
� f0/ <�LN��1�A YLC # ��C N 1 M-1 ��� + / 
���> �A "&$FL �1$A # <- [#$\/&Q -0��� $'
� <$ ]�: <�L

 "-L�(� �0F O�& # ��'�&�$>�.�AN .(: � 
�O <��� N ��
���/*T�*/�� ��s5�& ��L �#� �>���> ��� 8 � ���C "&$FL <�L
-01�A � 
�O .��#$5.�& �*./#$. � $
#��: �� � +Z% ��
&$A�0A

���> �A "&$FL �(A#��L-0��� � 
�O ��� �� �A <$ ]�: <
�
$ O�F � �&�=; <�L�A �: N.1�*] �+V$� �)#� �+V$� N.1

�
$��T/& �<$ ]�:�A # � 
�O ��� <�L # �A��$% �
$+> �N.1
 � +
&"-
����*1)N.1<�L �M # �.(

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
3.

53
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

5-
28

 ]
 

                             7 / 14

http://dx.doi.org/10.29252/ijcm.27.3.537
http://ijcm.ir/article-1-1325-en.html


�+, ��0
-A�, ��T/*
<$%=> �<��
 /�01 ���> # �/�01�*+A �+@�2&$
& � hgg

5��A"!&-�& # �(A#� ��#$5.�& �*./#$. � $
#��: <$ % ��#$5.�& #�>8
� <�LK�A !& �5/� ��*F� "&$FL �A���> <�L �����> 2�/$%� # �&�
2&�*1�! :o�& (��9�� � 8
��F � �
$ O aS/ �� 2&#&$	 <�L���> )#� �+V$� N.1�*]�
$ O �� �1#� aS/ # �
&!� 1�V <�L !& �0G -1�#� # <&

Y 0/�C # =; .D(& ���'�&� �A � +Z% �L&$FL "-0L� 2�(� �5/� ��*F� $
*�:�A "�&*
� f0/ �� 8:�&*> # �0F O� # � �"-1 �$] # �1$A M-1
M(���> �A "&$FL � +Z% ���> �&-]� !& �(A#� ��#$5.�& �*/#$. � $
#��:���> <$ ]�: �+V$� � 
�O ��� <�L�
$ O N��1 �
&! )#� �+V$� <�L

���>�
$��T/& ��
&!���> # � 
�O ��� <�L5]& j[=, �� +
& 2�/$%� �/� !& -0:�9, �5	� ��.A <��� :� +Z% :Ge�0F O�& �:Orp ��'�&� �:Rlg �
8:�&*> :Qz�
$��T/& �:Sp�
$+> �:Chl� +
& �:Ilt�
$ O �:PyN :#� �:Rt �
$ O �K O���> !& �A��$% �
&!:POS���> �+V$� �
$ O ��A��$% �
&!
� �#&:OS1���> �+V$� �
$ O ��
*��� �A��$% �
&!:OS2
$ O ����> �+V$� �<$ ]�: �A��$% �
&!:LOS . 

�������	 ���� ��	������� �B�����C!� � �D�������� 
�%� �� E� / <�L��9�� � �KL#lO �
& ��/�Z%� $A �� + / <�L

���C -6�� # <!�	 <&*5r� U�/&]�� ["��-�-1 <-0A -0n$L �
$s� !&<$9FL DB�> �
*��� # �
*��� �� �#& ?&*�& ]�^[��*iV 8 
-��&� .���C $s� !&��
��/�01N.1 <&�&� <�L ��
�*+A �T0� 

�F � # �$%�>#� ��$% # Y
��A �"- (> ��4+b-0n �N.1
 js0���-05�L .��*F� �� <�L�/�$A ��*���9�� � �E� / <�L !&
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 <�&�'FL � A^g��:oC�h��� 2�(� �� �> -0L� -�&*:
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�/�$A ��*�"-1 �'FL H
�� !�	 ���V �A -�& .�A <�*1 �9/�r� 
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�+, ��0
-A�, ��T/*
<$%=> �<��
 /�01 ���> # �/�01�*+A �+@�2&$
& � hg�

 ��#F%2&�*1�! <=; �����> �� �
�*+	 # 8:�&*> <�L�*+A E� / <�L��9�� � �@0/���8
� !& "-�C$A t
�5�.
�_�� <�*1 �
��� (Wt%NaCl equi.) �'FL <��� �%-1 (Th tot) D#B <��� �
$]C �*+A �
 (Tmice) "��F1 ��*F� 

9/19 250/3 -6 ZA-25 (Flourite) 
5/47 236 -3/4 ZA-25 (Flourite) 
6/37 236/7 -4 ZA-25 (Flourite) 
11/22 298 -7/6 ZA-25 (Flourite) 
14/98 310/4 -11 ZA-25 (Flourite) 
5/47 250 -3/4 ZA-25 (Flourite) 
7/82 258/3 -5 ZA-25 (Flourite) 
9/58 260 -6/3 ZA-25 (Flourite) 
10/48 280/1 -7 ZA-25 (Flourite) 
11/94 290 -8/2 ZA-25 (Flourite) 
11/70 295/7 -8 ZA-25 (Flourite) 
13/30 296 -9/4 ZA-25 (Flourite) 
15/57 299/5 -11/6 ZA-25 (Flourite) 
12/86 292 -9 ZA-25 (Flourite) 
11/94 295 -8/2 ZA-25 (Flourite) 
15/37 298/4 -11/4 ZA-25 (Flourite) 
6/82 261 -4/3 ZA-25 (Flourite) 
9/05 264/4 -5/9 ZA-25 (Flourite) 
7/39 258 -4/7 ZA-25 (Flourite) 
9/19 266/5 -6 ZA-25 (Flourite) 
9/45 230 -6/2 ZA-25 (Flourite) 
13/08 280 -9/2 ZA-25 (Flourite) 
14/98 290/2 -11 ZA-25 (Flourite) 
3/76 230 -2/3 ZA-53 (Quartz) 
5/47 242 -3/4 ZA-53 (Quartz) 
7/82 276/7 -5 ZA-53 (Quartz) 
9/45 272 -6/2 ZA-53 (Quartz) 
13/73 290 -9/8 ZA-53 (Quartz) 
1/65 212/2 -1 ZA-53 (Quartz) 
4/86 218/5 -3 ZA-53 (Quartz) 
3/92 216 -2/4 ZA-53 (Quartz) 
6/67 228/1 -4/2 ZA-53 (Quartz) 
14/98 290 -11 ZA-53 (Quartz) 
8/24 252 -5/3 ZA-53 (Quartz) 
10/73 280/2 -7/2 ZA-53 (Quartz) 
9/45 264 -6/2 ZA-53 (Quartz) 
6/37 246 -4 ZA-53 (Quartz) 
9/58 257/4 -6/3 ZA-53 (Quartz) 
13/62 292 -9/7 ZA-53 (Quartz) 
10/48 287 -7 ZA-53 (Quartz) 
9/58 271/2 -6/3 ZA-53 (Quartz) 
9/71 263 -6/4 ZA-53 (Quartz) 
7/82 269 -5 ZA-53 (Quartz) 
6/82 243/6 -4/3 ZA-53 (Quartz) 
3/28 217 -2 ZA-53 (Quartz) 
5/32 226 -3/3 ZA-53 (Quartz) 
8/51 246/4 -5/5 ZA-53 (Quartz) 
9/45 263 -6/2 ZA-53 (Quartz) 
9/71 267 -6/4 ZA-53 (Quartz) 
5/47 234/3 -3/4 ZA-53 (Quartz) 
6/67 257 -4/2 ZA-53 (Quartz) 
3/28 226 -2 ZA-53 (Quartz) 
9/19 280/5 -6 ZA-25 (Flourite) 

12/86 325 -9 ZA-25 (Flourite) 
10/73 329/2 -7/2 ZA-25 (Flourite) 
11/10 270/4 -7/5 ZA-25 (Flourite) 
6/37 328 -4 ZA-25 (Flourite) 
3/28 257/6 -2 ZA-25 (Flourite) 
6/37 246 -4 ZA-25 (Flourite) 
4/86 238 -3 ZA-25 (Flourite) 
6/52 167/4 -4/1 ZA-53 (Quartz) 
5/47 196 -3/4 ZA-53 (Quartz) 
13/52 160 -9/6 ZA-53 (Quartz) 
12/40 224/7 -8/6 ZA-53 (Quartz) 
10/86 246/8 -7/3 ZA-53 (Quartz) 
14/98 226 -11 ZA-53 (Quartz) 
11/70 274 -8 ZA-53 (Quartz) 
10/23 264/2 -6/8 ZA-53 (Quartz) 
10/98 284 -7/4 ZA-53 (Quartz) 
9/58 279/5 -6/3 ZA-53 (Quartz) 
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