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

�����  ����� ÷

���" �#�$% &�'# (����)��'� � �
*+��,-� $." /�0'%��* 1�2#* �3'42�� 56-7 ��68 
&�.91*$
* 5$: 

��6;<� �%�%�*=>'?� @#6
 �(�6#=���.7 �
�.? �A�-
B%�C �DC �=

=/3'�+ E�$8 EBF��*� ��#�-91*$
* ��'���* ��'���* E�G��*� �H6DC 
A/3'�+ E�$8C EBF��*� ��#�-91*$
* �1��IJ* �1��IJ* E�G��*� �H6D 

EB'FK:��,-� �#�$% ��6� $." /�68�3'42�� 1�2#$�9 56-7 �����0'%��* 1�2#* )1*$
* 5$L��.9(MN*��#*.3'�+ (��B?*� -
�#�-9��,-� 0��9E+*B8 ��)�2'�6
� �P �2�*+�% �
+B�Q �"*$P R'"$P �%((S6I� �T'.C �.'� (��)#* � U
*� 0F9 �% R'"$P �% V62

($'	�6  �'"*$P � �
+B�Q �"*$P (�(�6D% W6P ���'9 �G-# �
 (*)(B'#* � X#*�B? R'"$P �% (B-2�� .�-� ���#$8� M'#� (��-
�2'�
$# ���'D'# (��/Y-# 3
* �� �2
$D" � �2	$�'  U'D
Z�Q ��F'D
Z�QEB9 E�$2�8 ��B�* .([D	 ���" �
$' \
*� ����,-� 

E�6% �")
$�P]����.� �G-# (��B?*�^$2�8 �#* �2	�
 .1�[	* � �'2-G� ��
$��I#* �3��8 ��'#6F��" ��
$' 6F��" ��
$'  $%
B��*� �67� ['� �'P�.�.���" �'P68 � �'��
� ��'��6" 0��9 �*[��$% (��B-2�� .���"1��	* �1��	* ��_8� 0F9 �% �� /�
` 1��� � (*

�8� /�_8� �� ��'D'# (���6D% �W6P �2
+B�Q �"*$P (����'9 (*�'�6
� �EB9 0'F�PB�* .���" ���8� 1��� [P�*6" (�� (��
���" (*�*� ��'D'#� ([D	 (+�# ���" �% E*$.�Y-# 32� �� 1��	* ([D	 (+�# �+* �-: (+�	 �� 0��9 �'��* &�'# ��)��'� a6� �#

 �M
�� (+�	 ��� ���% +* �-: (+�	 �# U.� +* a�)9*)	�'��� � ���% �M
�� (��+� +�
6D'#(B��*� �67�.����)��'� 3
* �4-#��� [
��
E$2�8 M
�� +* �-: &�'# (����)��'� �� (�69 *��c/��P��H�<d U.� &��<� ��+� BJ�� ���� ��*�*$	 3
$2�'%��1B9 3G.� (

*� (+�	+*��� �P��� �� 1��� �7��B�� .a6� ���" �� (+�#��,-� $%�8�
� e�#* �
��16K �8� 0F9/�_8����" (* �(+�#
^$2�8 �	�% � 1���2� (B-%�*6� (���.D" 08���" �*Bf� �[D	 (+�#(�� �'-'�6g�" �
�'��" �C6.4� �67� ��
� /�
6F#6�–

�
$'  ±� (�69 ��
$��I#*(��� ���" &�'# X#62� � +�#j*)9 �k967 B-
Q$	 ���.2?* $'(�������" �*$	�
��$8 B'I�6# �8B9
 X#*�B?�#*.

EZ*�(B'D" (��:���"[D	 (+�#(�� �
� l�%��$8 ���#$8�l&�'# (����)��'�l�����"�
��$8*$	 �8B9B'I�6# X#*�B?l$."/�68.

��B�� 
��,-� �#�$% ��6� $."/�)
$�P �DJ�	 �� �68m($2�6D'"

 3'42�� 1�2#$�9 56-7)&��Df $�9 �%$: 56-7 (��
0'%��* 1�2#*)&�.91*$
* 5$: (�#* MN*� .3'42�� ��,-�

H��d B-%$." +* ���%/3'42���#* )0F9�.([D	 B-%$."-
H��d �
*+/���
* �D.7 +* 3'42�� B-%$." n�
*+[D	 >�� (��

+$)�* �
�.8�� /&�.9 �� 1�4
�%�SQ �" �#* 1*$
* �%$: 
���"�
*+ �D.7 +* @D2�� ([D	 (�� (�*B<PfS$
��
��$8*$	 

[D	 � E$�� �od(�� a6� �
� �8B9B'I�6# 3'
� )�����"
�'g6F'� � $8��K] (���[��8B9B'I�6# X#*�B?)(�������"

rQE�9 � �-�� ��76D8 �B-"�DC6DG'%] (s/t[��8B9B'I�6# 
`�% �7��)�K*�BK �����"/�I'Df6�] (m�u[v� E$'fS �/

E$��a6� 62���)�����" (���] (w[3�Q B'�"* �����" �/�'P� Q
)x[
� �f$# �����"] (=y[�2	$8 0F9 1Q ��B�* .

�  &�# +* ��,-� 3
* �� �
67=smz �P=sww X#6P
 � �<#6P 1��+�# � 0'%��* 1�2#* 1��<� � M
�-J 1��+�# 

∗3IDP �&6{�� EB-�
6�:��|����� )���($%�.� �:����}��� )���(�$2F�* ��  ��F'� :Robabe.masoomi@yahoo.com 

&�#H* �# ~��.9 �H���K �1�2��+������IJ +* �tus �P}|}

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             1 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


}�� >'?� ���6;<��-
B%�C ����.7 �(�6# 1*$
* �#�-9 ���" � �#�-9�6D% �D4� 

0F9=)@�*(�-�  �'<N6� �2f�# 3'�+ (�� 1*$
*]==[0�� ���#�$% ��6� ��,-�)5(3'�+ ���� �#�$% ��6� ��,-� �#�-9)+* �2	$8$%
3'�+ ���� �#�-9=:�yyy ]=A[�." �% �*$''LP .( 

��6�" 1��<� (+�#6)��B'.
* (�#* �2	$8 ��6J .$% 1�[	*
k���  �3
* �ID2�� (��]==�=s[�#�$% �dY-# (�� -

�%$: +$)�* �
�.8�� �*6� �#�-9/��,-� $% �1�4
�%�SQ
1��� �" EB9 H�4�* 3'42���-�  ^$2�8 EB-�� (��

���" E*$.� �% M'#� ���#$8��#* ��,-� 3
* �� �
*+ .�3
* �
Y-# ���,-�T'.C �.'� �����I�PQ (�� �'��� �% (*�*�Q�SQ �

B��*� 16.-f� `�% >'#�2  �% �2'�6969 � �
�'DN �F�Q]==[
�� �":�)�]����#$8� ^6�2#�EB9 �%��$8 E�$2�8 (��B�* .

$." ��,-� ��/3'�+ E��%�� (��6� �#�$% U
 ��-P ��68
���#$8� 5�
�� � �DJ* $J�-C �.'9Z�Q (��6� U'D
 �67

 �2	$8 ��6J �#*]=z.[16-"�P a6� 16�*$'  ����� 
���" ���.2?* ��,-� (+�#)�#�$% �
�  $%���" ����#$8� (�� -

&�'# (����)��'� � (+�# (�#* EB�� H�4�* .�k���  3
* ��
3'�+���" �#�-9(+�# (��G� Y-# �% ([D	 (��Y-#(�� 

� 1�%['��8�(*��7 �)�� �% �*� ���" � EB9 �#�$% T'N� � M
���" &�'# �
�'.'96F
['	 X
*$9 (����)��'� �#�$% �% +�#

 a6� EB�Q �#B% \
�2� e�#* $% H�4�*$# � EB
�$8 3''<P &�'# 
���" ���.2?*�� ���� ��,-� (+�#�69.

^���#�$% 
�#�$% ���G�
��+Q � �
*$�J k�% �� �� k���  3
* (��

B9 H�4�* .k
�.' �
*$�J (�� ��6.� �WB� �% �G-# (�*�$%
�-9�
�# �G�6GK ���,-� �� @D2�� �G-# (��B?*�

�-�  ^$2�8���" �G�6GK � a6� � ���#$8� (��(+�# (��
�	$8 ��6J ([D	 .�8�
����" (�����" ��#�-9 � (��G�

Y-#Y-# (��G� � ����I�PQ (��(�*�Q�SQ +* k'% �'�P �%
=ty V+�� � V+�� M,�� /�D�'J ��#�$% ���Q�%�6F#�$F'�

��),N �'���* E�G��*� � 6F#�$F'� E�G�
��+Q ������ 
B9 .(*$% ���#$8� �
�'��" (��+�	 3''<P �*B<P ������� (��
=� vF
* 6P$  ^*$  ^�� �% ��6.�)XRD ( E�G2#� �%

 &B� v�'D'	Xpert Pro (6P$  �% KαCo)Amuwy=y/=(�
���" E�G�
��+Q ��$9 �#�-9 1*$
* ��B<� �*6� (��Q$	 �"

B�B9 �
[4P .�#�$% &�'# (����)��'�%$*[P�*6" (���6D% (
�8� �� �676� �N$9 �.'� k�% ([P�*6" (��)��6.� (��96-

1K-23F�96-1K-28F(�_8� �W6P B?*� �� ��'D'# (��
 3#6g*(*�*� ���" (B'I�6# � (B'�"* (+�#)��6.� (��Km-

DPS01 �KmDPS02 (6D% ��% ��*$.� �� [P�*6" (���

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             2 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


BD7��E��.9 ��1�2��+ ����� ���" �#�$%$." ��,-� &�'# (����)��'� � �
*+/56-7 ��68 . . .}�c 

���" (B'I�6# (��)3��8 � �
$��I#* ��
$' 6F��" ��
$'  (�%
1��	* �	�%)��6.�10(�B9 H�4�* .�*B<P ���)P�* 3
* ��m

0�'J $%�� M,��)�)
$�P ����� �%=yy �PAyy 1�$F'� (
B
�$8 �'�P .��*B<P 3
* +*t���" E�G�
��+Q �� M,�� �#�-9
'��P ["$�� 1*$
* ��B<� �*6� (��Q$	 ��� U
�� M,��

 k�*� 1*+*�$ [
� 3'�+ �"$9)��$�+ (�#�$% (����)��'� �
&�'# �4-#��� [
� ���QB�B9 .

E+*B�*($'8 1��� &�'# (����)��'� �4-#��� [
� (��
 [P�*6" (���6D%��,-� e�#* $%�#�$% 1��� (+�	 �*$''LP

 1�$" H$8 � 1�$" �$# �d ��)��'�B9 H�4�* .B-
Q$	 �d
 �
��$2�*��  �k
��$#16K 5�S 3'��* (���)TFm((��� �

5�S���
�  �
)Tm(1B9 3G.� (��� �k
��$8 B-
Q$	 �d �
M
�� � ���% (��+�	)Th(E+*B�*B9 ($'8.��*B�(�69 $%

R�? ��+� BJ�� &��<� U.� H�<d(wt.% NaCl eq.) �
e�#*$%Tmice (����)��'� (*$% �#* EB9 �)#��� &�'# .��

�% �
��� (��$2�*��  �1*$
* ��B<� �*6� (��Q$	 ���'��P ["$�
[
� E�G2#� U." ���\-# &B� H�F-'� THMS600 R;� $%

 �6F#�$F'� v
*+Axioplan2 E+*B�*B9 ($'8 .�� (�69
 +* E��I2#* �% (+�	�� (����)��'�(�*[	* H$� �2�%Fluids 

modification: 2012 �1*��F.� � 0'2# ^�� �%]=�[
���Q$% B9.3'�+ �"$9 �� k�*� 1*+*�$ )�$�+�(��4-#���[
� 

U." �% &�'# (����)��'���IJ EB--" B.4-� � EB--" H$8 
H�F-'� &B� THMSG60 �6F#�$F'� �% 0;2� e6�.�* 

BX60 B9 H�4�* .�E�G2#� 3
* �
��� E$2�8=wt /�Ptyy +

�2��# �7�� �*$8�#* .
��8� (�� (��� �� &�'# (����)��'�
% r�P*�
�  $���� (����'<�]=t[1*��F.� � �$I9 �]=m[�)j

B9 .�)�� 3'-_.� &�'# �% ���% +�	 (��(V/L) �e�#*$% 
� �$I9 (���-�'  ��*B��2#* &�B7 1*��F.�]=m[�%�
+�* B9.

3'�+�#�-9 
�'?�� e�'�� ��a�IP�* �(*(�� ���% 3'42�� ��,-� +*

E6" �29�(�� �%$: +$)�*/�#* 1�4
�%�SQ]=u[)0F9=@�*.(
�%$: +$)�* (��'9$P �
�.8�� �*6� /E�8B
� +* 1�4
�%�SQ 3'�+

�2f�# �
�.8�� e6N �'<N6� �% ���6f$% +* v  E�*� �)��
 �#* EB9]==.[��,-� e�'�� �� �G-# (��B?*� �(*E$2�8 

$."/�68 RD:* �2���E+*B8 (��I� �(*(S6 T'.C �.'� (��)�%
V62#* � U
*� 0F9(�2��� �B-2�� (�*�Q�SQ (�� .�2���-

(�*�Q�SQ (�� ���2��� �% 5��-P �*$N ����I�PQ E+*B8 (��
B��*� .�2��� 3
* 3# EB9 E�*� �)�� 3#6G'�* � 3#6g* �% ��

 �#*]==[)0F9A(.W6P B?*� �% 3#6g* �G-# (��B?*�
>'��+�% R'"$P �% �
`�� +�:Q U
69�B.R'"$P �% W6P B?*�

 W6P B?*� $
+ �� �G2#6' �� �% U
+�%��'9 (�6D% (* V+��
 �*$N X#*�B? R'"$P �% ���
$7 r�6P �% �
`��*� .�% W6P

a�IP�* $2�'% �X#*�B? R'"$P(�� �#� 3'
� ��,-� *�0��9
�� �691�'� (*�*� ��
`E+*B8 +* �
�� ����I�PQ (��)�"*$P-

�
+B�Q�"*$P � �2�*+�% (���
+B�Q(Y-# �T'.C �.'� (��
)�"*$P�'"*$P � �
+B�Q($'	�6  �*�B'g6P��#BD	 (�� (U
*� �-

�#* �2
+B�Q � �2�*+�% �
+B�Q R'"$P �% �
��)0F9s@�*.(

0F9A���#$8� ����$." ��,-� (�� /�8� E*$.� �% �68/�_8�-# �.�K �-�  � ��'D'# (��$2-'# �F'D'# Y.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             3 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


}�} >'?� ���6;<��-
B%�C ����.7 �(�6# 1*$
* �#�-9 ���" � �#�-9�6D% �D4� 

0F9s)@�*(��)P�*W6P (�6D% ��'9 (*)X#*�B? R'"$P �% (�#�$% ��6� ��,-� �N$9 �.'� �� �G-# (��B?*� $G
� �%)&�.9 �.# �% B
� -
�2�*+�% �
+B�Q �"*$P lr$9)BTA(X#*�B? R'"$P �% W6P �)IT ( B?*�Et2(B'#* R'"$P �% W6P �)FT ( B?*�Et3
+B�Q �"*$P ��)TA(E+*B8 �

�2'#*� �P �2'�6
�)DRl ( B?*�Oldl)5(�2'�6
� Y-#)ROE (�_8� EB��*�$%����,-� �%$: �.'� �� �2�%�*� (��) .$
6;P B
� �.# �
�*+
=m� �7��) (�(�
�*+ � �2�F9 (���6D% �*� W6P �� &6)'I�Q � +o"6
Zo  ��
�'DN ���#BD	��'9(*X#*�B? R'"$P �% (�6D%)EB'),N �6�

 �Md��2�XPL(l)�(���" ���
$7 k
*�Q � ���
$7 r�6P W6P �� �� X#*�B? R'"$P �%)��IJ EB'),N �6� �(*PPL(l)�(� 1B9 �-'����6P
���" 0'F�P E$'P (��)�
$'  (�"*$P W6P r�6P 0�� �� �2
+B�Q)XPL(l)x([
� �	�%��g6 �$F'U'2'D" )�'�
$# 1B9 �2	$8$% ���(�

[P�*6" X#6P ���#BD	 ���#$8� +* �9�� (��'9 �� EB9 �2'�6
� (��)XPL(l)�(��'9 �6D)P+�% +* �9�� $'	6�*$8 �	�% �2'�6
�)XPL(l)�(
��'9 �� E$'P ���" (*�*� [P�*6" �_8� EB9 �2'�6
� (��)XPL) .(Pl(3�"�$'  �)Px(�6
Zo +o" E$'P ���")Opq(3'����6P �)Tur(6" �[P�*

)Qz(�
�'DN���#BD	 �)Kf(v'�6  �)P(3'DI� �)Nph(3
B'��# �)Sa(�'�D" �)Cal (���" (��;2f* ��oC �� +*]=w[.

���"(+�#�8� E*$.� ([D	 (������	* � ��'D'# (�� (��
�
`(*1*$" �-'KE$2�8 E*$.� �% ���#$8� M'#� (��)��:]���

X#*�B? R'"$P �% W6P B?*�� ��E�*B�* .a�IP�* �.# �%(�� 
�� (B'#* \
�BP �% (�*�Q�SQ �2��� R'"$P ��#�`�%�69 .��

��'9 ��%$: �.'��2'�6
� (B'#* (�� W6P B?*� $
+ �� EB9
 �*$N X#*�B? R'"$P �% B��*�)0F9s5(�_8� 1�%['� �(��

 [P�*6" �2�%�*�)�"���8 ���" �%(+�# �'2-G� ��
$��I#* (��
�.� �EB9 E*$.� �'PB�* (B-2�� .Y-# �% ����I�PQ (��

 �N$9 �.'� �� (B'#* R'"$P��,-� E+*B8 �2'�6
� (��E�6% 
(B'#* W6P B?*� �% �G2#6' �� �67� 0'�� �% �" �%&�.2?* 

�2�%*� ��'�% 3#6G'�* �%B-2�� .E+*B8 �2'�6
� (���%
�
$).-G
*EB9 EB'96  �2'�6
� (��B�* .�"*$P��*+�%���%

1�'��
`E+*B8 � (�*�Q�SQ �
` V+�� (���"*$P v-7 +* �
�� -
�� �
+B�Q �"*$P �P �2�*+�% �
+B�Q1�
�  ����I�PQ ��*6P

��,-� �#�$% ��6� �*$NB��*� .($�$P*6" (��B?*�+* EB�Q$% 
�'��<	 &[N ���f��� (�� 0��9 � E�6% 1+�*���8��  �.
BN (��

�	$%Q �B
B7 �% (��&[N ���f��� $2��d�$�� � 1+�*�-F	* ��
B-2�� )0F9=5.(3'�+ (��B-
Q$	 � ���$'� �% �" �2f�#

 ��76P 0%�N �6d $%��,-� �29*� $j*0�8 ��4
* �C�% �B�* (��
 �D.7 +* ��B<2� ��"�+�# �%�2#*� �[L�(��C B��� �% e6F<� �

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             4 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


BD7��E��.9 ��1�2��+ ����� ���" �#�$%$." ��,-� &�'# (����)��'� � �
*+/56-7 ��68 . . .}�� 

&�.9 R��:�%$: /56-7�N$9 � �N$9 /EB9 �%$:B�* .� �-(��
 ���#$8� E�$2�8�� $�� �% �" B#�RD:* �" 0�8 �% � ��
�G2�F9 (����,-� �B-2�� ��)P�* �� $%�2��� $2�'% (��

k�% ����I�PQ � (�*�Q�SQ a�IP�* >" (���29*�8 $j*B�* .
���#$8��2'�
$# ���'D'# (�� /�F'D
Z�Q)>� �4'2� �96 
���#$8��F'D
Z�Q � �2'�
$# (��(
$D" ��2)�"*�� RD:

�2���B��*� �67� T'.C �.'� � ����I�PQ (�� (U'D
Z�Q �
���#$8� �D.7 +* ��2	$�'  � X#*�B? �� \
*� (����,-� 

$."/�68B-2�� )0F9A.(

�#�$% � ��% 
(��G� Y-# 

���" 1�%['� �" �
��B?*� �k�% 3
* ��(+�# � (B'I�6# (��
�8� /�_8�6P ��6� �B-2�� ��'D'# (���2	$8 �*$N �7B�* .
W6P ��'9 (�6D%(*1�%['����"(B'I�6# (�� )�
$'  RD:* (

�8� ���D'# (���#* .(���6D% B?*� 3
* �� R��: ���"
�
�*+ � EB9 �2�F9 +* $2FK6" E+*B�* �% � �*��/y$2� �D'�

 +o"6
Zo B-2�� .v ���#BD	 �+o"6
Zo  +* �
�'DN �
���" &6)'I�Q
� (���-'�+ �� �" B-2�� ($G (*0��9 

$2�"�f)R��: �6d �% (�2	�
 k
*�Q ���
$7 �6d �% ���'9 �-
B�*)0F9(��s� � �.(W6P 3
* Y�� � �#6d ���

 39�� ($2�"�f�#* �	�% � B��*� �
` V+�� (�*6� �f�# �
���Q �� ���
$7 r�6PEB
� ���69)0F9(�� z���.(�%

M'#� E$2�8 �% �76P T'N� 3''<P ����#$8� R'"$P B?*�
(�6D% W6P��'9 (* R'"$P �% �76P �% ��* ��#* E�6)� 3F.�
���"�� ��#�-9 $�� �� 1Q (*$% *� X#*�B? R'"$P U
 1*6P

�	$8 .k�% $2�'%(�� �2��� 3
*^6�2#� 0�8 � �8��6f
 �G2�F9EB9B�* ���#$8� a*6�* ����'D'# ��#� (��

 ��2
$D" ��2'�
$# � �P�-%$" ���8 1Q �� 1B9 �-'����6P
�� EB
�B�69 .���" E$'P (��)*�
$'  RD: ((��B'�"* �
�" 3�Q���8 �N�� 3'% ��EB9 E�$2�8 ['� ���
$7 (��B�* 

)0F9s�(�$2�'% ��k�% EB���� (�*�Q�SQ �2��� 3
* (��
��B��$8 .k�% � �*[��$% ���#$8� �4'2� �� B?*� 3
* +* �
��

P���" 0
B) (��B'�"��B'� �% 3�Q (��B'�"* � E$'P (��
6�N Y�� �% 3�QEB-2�� �2�:Q (* .

Y-# B?*� EBC�N k�% �� �" (B'#* R'"$P �% ����I�PQ (��
 �%$: �.'� �� � X#*�B? R'"$P �% W6P��,-� �B��*� 16.-f�

��'91��� Y�� H$" �2'�6
� (�� �6D%B-2�� )0F9�x � 5(
[
� +* �"��*��% (�� � [P�*6" 0F9���#BD	 �
�'DN 0'F�P

EB9B�* .� 6F#�$F'� Md��� �����*� E+*B�*�% (�� [P�*6" 0F9
$2�'% �� ���Q �
�#�-9 � E�6% $2��$F'� B? �� ���#BD	 �

�#BC �% ��*6� �6F#�$F'� �
�.-8�[% 3
$2�'% �% �{'9 (��
�3F.�#* .�	�% [
��g6 �$F'�U'2'D" �� �" (���6D% 1Q

�'�
$# [P�*6" (���9�� >'#�2  (�����#BD	 ���#$8� +*
)+o"6P��* (�2	$8 $% �� *� B�*)0F9sx(($'	6�*$8 �	�% �

EB�Q$% U'g*+6� +*���" �6D%[
� (���% (�� � [P�*6" 0F9
���#BD	 �
�'DN�� EB
� �G-# B?*� 3
* �� B�69)0F9s�.(

�	�% [
��g6 �$F'�'D"U'2 ��'9 B-
Q$	 �4'2� �
*�+��� 
(`�%)Devitrification (��'9 ��'D'# (��)U'�D	 (�#* 

�� ($'	6�*$8 �	�% �+�% $j* ��'9 �6D)P U'�D	 (�� 0F9 
���$'8 ]Ay.[�_8� [P�*6" Md��2� (��)�2�%�*� �	�% �%�

0F9(�� s�0F9 ��5((*�*� ���"(B'I�6# (�� �
$' 
)�*B�� �%��
+(3��8 � �
$��I#* �)�*B�� �%>"(�

���"�'2-G� � �'P�.� (B'�"* (�� ��B-9�% B?*� 3
* ��
�� EB
�69�B.

���"(+�# 
���"(+�# (B'I�6# ����,-� $."/�68�0J* �� a6� +*

 � (B'I�6#]�)��: 0��9 ���#$8� RD:* �% �" E�6% �
$'  (��
�2'�
$# ��2'�
$# ���'D'# /�F'D
Z�Q EB9 EB
� �2
$D" �

�#* .1�[	* ���" ��
$'  $%(+�# (�� ��B�� ��
$' 6F��"
 �'2-G� � �'P�.� �3��8 ��
$��I#* ��'#6F��" ['� ��6J

 �#* �2	$8)0F9z.(���" � �'��
� ��'��6" 16K �
��
 �" ['� �'P68 +* EB�Q$% �*[��$% (��B-
Q$	B-2�����" E*$.� �-

�� EB
� �'��* (��B�69 .���% �6d �% �
$' 6F��")+*�)� �
�G2�F9 &6d ����(�%��'��6" � �'��
�)0F9z5(�

3�Q (��B'�"*)�'P�.� E�
� �% (�
$'  ��%� �'P68
 �
$��I#*�%�'��6" ���")0F9(�� z� � �(3
[G
�7

EB9B�* .���" �
$'  � [P�*6"���" E*$.� �DJ* �Dd�% (��(+�# -
�� (B'I�6# (��B-9�%.��-%$" ��'�
$# ��)� �'�D"

�'�6���(�
$D" �)$D"6-'D"(����"0F9 �.'� ([D	 (�� �P �*�
�%B-2�� 0F9.��*� E+*B�* +* �
$'  (��µm=yy �PmmA�

���" E+*B�*[D	 (��(�� �
� )3��8 � �
$��I#* ��
$' 6F��" (
RD:* +*µm=yy �PµmAyy �#* $'L2� .�	�% �D.7 +*��(

���" \
*��	�% �(+�# �_8� �Y-# 32� �� 1��	*1��	* � (*/
�
` (*)�N�� 3'% ��W6P V+�� (�� (B-2�� )0F9(�� ���

� � �.(

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             5 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


}�� >'?� ���6;<��-
B%�C ����.7 �(�6# 1*$
* �#�-9 ���" � �#�-9�6D% �D4� 

0F9z���" +* � 6F#�$F'� $
��;P�#�$% ��6� ��,-� �� (+�#) :@�* (�)5(���" (B'I�6# (+�#)� �
$��I#* ��'#6F��" ��
$' 6F��" ��
$'  
3��8 (���" �F'
�7 �� �'��
� (��)�
$' 6F��" 16�*$'  (�2	$8 0F9 3#6g* W6P �� 1��	* �
$' 6F��" �*[��$% ���#$8� �4'2� �� �'��6" �B�* .

)�(���" 3��8 � �
$' 6F��" ��
$��I#* ��
$'  E*$.� �%��"�(+�# �'��6" �*[��$%) .�(�_8� �� �'P68 X#6P EB9 3
[G
�7 �'P�.��(�
���" (*�*� ��'D'#(B'I�6# (+�#/(B'�"* .Sp :��
$��I#* Gn : �3��8Py :��
$'  Cv : ��'��6"Hem : � �'P�.�Cct : �'#6F��"]=w.[

0F9�0F9 $
��;P���" (���#�$% ��6� ��,-� �� (+�#) :@�* (��'D'# �8�)1�F'  (3#6g* W6P B?*� ��)5(�_8� �2#� �� ��'D'# (��
��'9 EB9 �2'�6
� (��)�(�2'�
$# ���#$8� �% W6P ��6.� �� �2
$'  RD:* �_8� /�F'D
Z�Q)�(1��	*/(B'I�6# �
`)�
$'  RD:* (�

3�Q (��B'�"*)�'P�.� � �'2-G� (��"* �% E*$.� /Y�� �% 3�Q (��B'�"��B'� E6�N �% 0
�� (*)�
6��j ���#$8� +* EB�Q$%) .(�(����	* +* �
��
���" (B'I�6# (+�#)�'#6F��" � �'��6" ��
$��I#* �3��8 ��
$' 6F��" ��
$'  (�2'�
$# ���#$8� �% � X#*�B? R'"$P �% W6P ��6.� ��/

�F'D
Z�Q)���"��EB9 E�*� 1��� 1�F'  �%B�*) (x(���" (B'I�6# (+�#)1�F'  (EB9 �2'�6
� ��'9 ��6.� �� ��'D'# �_8� E*$.�.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             6 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


BD7��E��.9 ��1�2��+ ����� ���" �#�$%$." ��,-� &�'# (����)��'� � �
*+/56-7 ��68 . . .}�| 

W6P$P �% (�����" 1�%['� Y-# X#*�B? R'"(+�# �% (��
1��	* �1��	* �	�%/�
`�_8� � (*B-2�� (* .Y-# 3
*>� �� -

3'-K EB��*�$%���8� ��'D'# (��)�6d �%)
$�P�(*+*�� �% �
$'L2�=y�P=m� ($2� ��������Psy$2�(R'9uy�P

u� &�.9 (�2#*� �% � �7���N$9 /56-7 �%$:B-2�� .*$	 ��*�
���"�	�% �% ���_8� (���
` 1��	* � 1��	* �(* E*$.� � (*
�8��#* $'L2� ��'D'# (�� .1*�*$	 �" (B'I�6# ���" 3
$P

 E*$.��.� ���#$8��� EB
� �� �
$'  ���" ��69�#* �"
���8 +* k'% �P 1Q ��*�*$	=y�� BJ��B#� .���" ��*�*$	 (��

[D	(�� �
� )#* ��
$' 6F��"3��8 � �
$��I (�8� �� �� [7 �%
 *� M,�� �,# BJ�� E� �P �" ��'D'#�� 0��9RD:* �B�69 

�#* E�6% BJ�� U
 +* $2." .�8� $2�'% ��'D'# (��EB
� 
�� EB9��,-� ���" $�� +*[D	 (+�#(�� �% ��
� E�6% $%B�* .

���" 3
*(+�#W6P �� �� E*$.� �2
+B�Q �"*$P R'"$P �% (��
� �%�2'�
$# ���#$8 /�8� � �F'D
Z�Q/�_8� ��'D'# (��

�� EB
� X%*�� �% �76P �% �" B�69�
*+$).��� ��% *� ���Q 1*6P
�6.� >'��P *[4� 0�� ���Kl+* B-P��)C 0�� ���K 3
*=/

���" [P�*6" (+�# +�
$'  +�
$' 6F��" ±�'#6F��" ±
�
$��I#* ±3��8 �)W6P 32� �� 1��	* �	�% �% (A/���" (+�#

 [P�*6" +�
$'  +�'P�.�)1��	* �	�% �% /�
`W6P �� (*(�s/
���" [P�*6" (+�# +�
$'  +�'P�.� +�'2-G� ±�
$��I#* ±
3��8�)�_8� �	�% �%��'9 �� �2�%�*� (*EB9 �2'�6
� (�� (�

z/���"�8� (+�# /�_8� [P�*6" (* +�
$'  ±�
$��I#* ±
3��8 ±' 6F��" �
$±�'P�.�±�'2-G�.

���#$8� 
�8�
� �D.7 +* �f�9 (����,-� (��B-
Q$	 M'#� ^$2�8 �

�" �#* ���#$8���jQ �	�% � �f�# �Y�� $''LP ��6J �% 1Q
 �G-# (��B?*� �'��*1�
�.� �#* .���#$8�(�� ���'D'#

 �F'D
Z�Q ��2'�
$#)�2	$�'  � X#*�B? (�D.7 +* �2
$D" �
���#$8�/(��,-���B-2�� �#�$% ��6� .�DJ* ���" [P�*6"

�.� �C6.4� �� ���#$8� (�� 3
*��,-� E�6% ����8 �% ['�
�8� 0F9�	�% �% � (* �
���.D" 08 16K �1���2� (B-%�*6� �
�.D" 08W6P 1�%['� Y-# �� 1���2� (B-%�*6� �% ��*$.� ��

�_8� 0F9 �% � X#*�B? R'"$P �% Md��2� (��)�2�%�*� (��
��'9 1�%['� Y-# �#* EB9 E�$2�8 EB9 �2'�6
� (��

)0F9t.(���8��  +* �
�� Y-# �.�K E*$.� �% �F'D'#
�G2�:Q �N$9 56-7 k�% �� 3�Q +* �
����,-� 0'F�P

 �#* EB9)0F9(�� A�t�.(����E�$2�8 (�����" +* (* -
�#� (�� $%�G-# (��B?*� $2�'%��,-� �29*� $j* �#* .

�B7 &=\
�2�XRD ��6.� 0F9 � EB9 1�#$8� (��m(6G�*
XRD +* ��6.� ���K�-� �2'�
$# ��2
$D" (�� /��F'D
Z�Q

�� 1��� *� �2	$�'  � X#*�B? �F'D
Z�QB�� .�e�#* 3
* $% 
�
�'��" �C6.4�[P�*6"/�'-'�6g�"/�
6F#6� /�'�6�Q/�6�#�
�

���" +�P��Q �(���-�  $�'  U'D
Z�Q ���#$8� �2	B-2�� .
�� �6�#�
� � [P�*6" ��*$.��-�  3
* ��B�*6P�4'2� � �'DLP

&�'# >"*$P(�� (B'#* EB�Q$% ��.8�� +*��+* a�)9* X
*$9
 �� � ���%(��� 3'%Au� �oCsAy B9�%]A=�AA.[

0F9t5 � @�* +* �2#� ��6.� $
��;P (�% [P�*6" X#6P 0��" �6d �% �" �G-# ��6.�� ��#* EB9 3
[G
�7 �.D" 08 �	�% ((B-%�*6� �	�%
� lEB9 ��'D'# ��6.� �� 1���2� (� �1���2� (B-%�*6� � �.D" 08 �	�% �% [P�*6" (���6D% k
*�Q (�_8����9 �	�% �% [P�*6" (�� ��'9 �� (*

�2'�6
�x �EB9 (� �EB9 �2'�6
� ��'9 �� 3"$  ��	 �	�% � [P�*6" �_8� (�2#� ��6.� [�$N Y�� �% 3�Q �G2�:Q �% �F'D'# Y-# �.�K
� � ($7Q (�8�E�$" M,N *� >� �" [P�*6" (��B�*.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             7 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


}|� >'?� ���6;<��-
B%�C ����.7 �(�6# 1*$
* �#�-9 ���" � �#�-9�6D% �D4� 

&�B7=6P$  ^*$  \
�2�X)XRD (��6.�$." E$2�8 EB9 1�#$8� Td�-� +* �#�$% ��6� (��/�68.
���#$8� a6� �C$	 ���" �DJ* ���" ��6.� B" 

�2	$�'  U'D
Z�Q v�
Z� ��'-'�6g�" �+�P��Q ��6�#�
� ��
6F#6 [P�*6" 96-1K-77X 

�2	$�'  U'D
Z�Q �'D
* ��'�6�Q ��'-'�6g�" [P�*6" QO-023XD 

�2'�
$# /�F'D
Z�Q ��'D
* ��'-'�6g�" ��
6F#6�v�
Z [P�*6" 96-G-181 

�2'�
$# /�F'D
Z�Q ��'-'�6g�" ��
6F#6� ��'�6��� ��
$' v�
Z [P�*6" 17 

�2'�
$# /�F'D
Z�Q v�
Z0'P�� ��'#���7 ��'-'�6g�" � �
6F#6� �[P�*6" 56 

�2'�
$# /�F'D
Z�Q �')�Q ��
$' ��'D
* ��'�6F'��� �
6F#6� �[P�*6" 1

�2'�
$# /�F'D
Z�Q �'F
� ��'2�6�6� ��'�6F'��� ��
6F#6� �+o"6P��* �')�Q �[P�*6" 8

�2'�
$# /�F'D
Z�Q �'-'�6g�" ��'�6��� ��
$'  6F#6� �[P�*6"�
 58 

�2'�
$# /�F'D
Z�Q ��'-'�6g�" ��'�6��� ��
$' v�
Z�
6F#6� �+�P��Q � [P�*6" QO-016XD 

�2'�
$# /�F'D
Z�Q �'-'�6g�" ��
6F#6� ��
$'  �'�6��� �[P�*6" 59 

�2'�
$# /�F'D
Z�Q v�
Z�'-'�6g�" ��
6F#6� ��'�6��� ��
$'  � [P�*6" QO-024XD 

�2
$D" v�
Z�'�6��� ��')�Q ��'P68 �$D"6-'D" � [P�*6" QO-009XD 

�2
$D" �')�Q�v�
Z+o"6P��* ��'D
* �$D"6-'D" � [P�*6" QO-025XD 

�2
$D" �')�Q��
6F#6� �3'����6P ��'�D" �$D"6-'D" [P�*6" QO-014XD 

�2
$D" ��'D
* �$D"6-'D"v�
Z �')�Q �[P�*6" 9

X#*� B? U'D
Z�Q ��'-'�6g�" ��'P�.�v�
Z�7 ��'D
* ��'#�� �'D
* �[P�*6" 12 

X#*� B? U'D
Z�Q ��'-'�6g�" ��'P�.�v�
Z�'D
* ��'#���7 � [P�*6" QO-005XD 

0F9m\
�2� � 6G�*XRD �2	$�'  U'D
Z�Q ���#$8� �-�  +* ��6.� �#)��6.�96-1K-77X(�2
$D" �)��6.�9(�2'�
$# �/�F'D
Z�Q)��6.�
56 (X#*�B? U'D
Z�Q �)��6.�=A.()Qz:[P�*6" �Ilt : ��'D
*Gp : ��8 Y-#Ms : ��
6F#6�Ant : �+�P��QDs : ��6�#�
�Kln : ��'-'�6g�"Rt :

 �0'P��Clc : �$D"6-'D"Ab :)�Q'��Jrs  : �'#���7]=w[.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             8 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


BD7��E��.9 ��1�2��+ ����� ���" �#�$%$." ��,-� &�'# (����)��'� � �
*+/56-7 ��68 . . .}|� 

>�[P�*6" ���" �2�
+ /�'-'�6g�"/(B'#* X
*$9 �� ['� �'�6�Q
 (��� �-'�'% �� � &�'# oCAty �#* 3F.� ]As.[�C6.4�

[P�*6"/�'-'�6g�"/���" �'D
* U'D
Z�Q ���#$8� �f�9 (��
B-2�� X#*�B? .�� �C6.4� 3
* �� �'2F.#* ���" �6)� B�*6P

1��� +* k'% (��� EB-��oCAyy EB--" 1�#$8� &�'# (*$%
 B9�%]Az.[

�-�  �2'�
$# ���#$8� /�" �F'D
Z�Q ^$2�8 �� (��
+
��,-� � ��*�*:D6P RW�2	$8$% �� *� X#*�B? R'"$P �% (��

���" �C6.4� +*[P�*6" (�� /�
6F#6�)�'�
$#(/�'-'�6g�"/
�
$' /�#* EB9 0'F�P �'�6���.0'F�P�
$'  ���" +*
�8�
� �C6.4� 3
* +��% (���#* �_8� 0F9 �% �" 3'% �(*
�-'�`W6P �� 1��	* ��6J �% � (* ��EB
� ���69 .���" (��
�
6��j (*16K v�
Z )
��"* �4'2�k���" B-��� (B'I�6# (��

�
$'  (�� �"$2�'% ��6.� � ��*� �6�? �����8 �'#���7 ['�
)k
��"* +* �9�� ���" B'#* +* �-: X'�� �� (B'I�6# (��

��I�6# (���" �C6.4� E*$.� (���-�  �2'�
$# ���#$8� /
1��� �F'D
Z�Q EB-��$j* ���#$8� $% �
6��j (���C6.4� (��

 �� ���#$8� �'��*��,-� B-2�� �#�$% ��6� .[P�*6" �C6.4� /
�')�Q/$D"6-'D"/���" �
$'  \
*� (���-�  �2
$D")�2'D' �$ 
@'<� (B-2�� .3
*�-�  ���$'% k�% �� ���#$8� $P�-�  

�2'�
$# ���#$8� /EB9 E�$2�8 �F'D
Z�Q �9�)�* �% $2�'% �-
T'.C �.'� � ����I�PQ (�� �� U
+�% � X#*�B? R'"$P �%

 ��)P�*�#* .

&�'# (����)��'� 
3''<Pa6� >�� +* �����" &�'# (����)��'� (���$%��" 3
$P
�#* R'#$P � 0.? �G�6GK ��6� �� �9+�* �% ��Cod* �

�� �#� �% +�#�����" �*6� B��]=t.[$%>'��P e�#*(B-%-
(��
*�\]=t�=m[�� �DJ* a6� �# a6.4� �� &�'# ��)��'

��6.� �� �'��*���" E*$.� [P�*6" (�� �8� � 1��	* (+�#/
�_8� ��'D'# (�� (*�*����"EB9 E�*� �'��P (+�#B�* :=(

�M
�� +* �-: (+�	�� &�'# (����)��'�A(&�'# (����)��'�
 � ���% +* �-:s(U.� +* a�)9* (����)��'� .&�* a6� (����)��'�

���" �� a6� (+�# �8� � 1��	* /�_8� � ��'D'# (��
���" �� H6# � H�� a6� (����)��'� �8� a6� (+�# /�_8� (*

 ��'D'#B
� EB9B�* .+* M
�� +* �-: (+�	�� &�'# (����)��'�
 0'F�P ���% � M
�� +�	 ��EB9 +* M
�� +�	 �8B9$  �7�� � B�*

ty �Pw��#* $'L2� BJ�� .7�B-K 0F9 �% ����)��'� 3
* ��
���Q E+*B�* � B-2�� EB'�" � 0F9 ��'% �>�-��� z�P=m

1�$F'��#* )0F9(�� u5 � @�* .( &�'# (����)��'� ��
 ���% +�	 ����% +* �-: (+�	��uy�Pwy*� ��)��'� �.4? BJ��

�#* E�$" &�L9* .E�6% >�-��� ��7� B-K �����)��'� 3
* 0F9
+* ���Q E+*B�* �==�PAA� 1�$F'� $'L2�#* )0F9(�� u� �

�.(���% (��+�	 +* r�P* (��� �� U.� +* a�)9* (����)��'� +
M
�� +�'��� �6D% ±�
6D'# ±+�	�B" )([D	 ���" (0'F�P
EB9B�* .E�6% >�-��� ��7�B-K U.� +* a�)9* (����)��'� 0F9

+* ���Q E+*B�* �m�P=��#* $'L2� 1�$F'�)0F9(��u�P �
�.(+�	 �6�?�B" $2f�)�2f�-9�� +�	 ��6J �% (a6� 3
* ��

 ����)��'�\
*� ���" � �#* $2f� (���B" ��6)C �% +* ��)��'�
B9 3G.� ���2�* ��6� (����8�.� 3G.�B�69 .�� $�* 3
*-

1��� B�*6P ��� EB-��H2���Q 1��2	* �DP �% +* v  ����)��'� +*
 B9�%]A�.[)��'� a*6�* $G
� +*�8� 1��� (����/�_8� (��

 �" �
6��j (����)��'� � (+�8 +�	 UP (����)��'� ���'D'#
E�$" M,N *� (�6D% (��+$� �B�*B-2�� )0F9u��P�.(

&�B7A�EB'FKE�*� +* (*[
� (����� (����)��'� �4-#
���" +* �'��* &�'#�� �g*�* *� [P�*6" (��B�� .��6.� �� (��

 ��6��#�$%� �&�'# (����)��'� �� �
 5�S 3
$fQ (��
 �� M
�� +* �-: (+�	��E$2�8 s/=s /�Pt/y/�2��# �7��-

�*$8 �#* .����6% ����<� e�#* $%]At[�E$2�8 3
* (�69
 ����)��'�y�/=�P=zH�<d U.� &��<� ��+� BJ��E�6% �

k'% �% �6%$� (�69 ��*�*$	 3
$PE$2�8 =�Pt��+� BJ��
&��<� �#* H�<d U.�)0F9w5.($�$2#* ^�� e�#*$%

]Am[1*��F.� � [_��# �]Au[��# (����)��'� (�69 �*B��
 (+�	)M
�� +���% +�'��� (�/Au �PAA/zy U.� ��+� BJ��
 H�<d (����)��'� �� �(*�*� �'���+&��<� �
6D'#yz/As 

B9 �)#��� H�<d U.� ��+� BJ�� .B9 3G.� (��� �8 ��
 3
* +* ����)��'�=m= �Pzsy �2��# �7�� E�6% $'L2� �*$8

)&�B7A(B9 3G.� (��� ��*�*$	 3
$2�'% ��8�% �6%$�
E$2�8 �
���Ayy �Psyy �2��# �7�� �#* �*$8)0F9w

@�* .( 

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             9 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


}|� >'?� ���6;<��-
B%�C ����.7 �(�6# 1*$
* �#�-9 ���" � �#�-9�6D% �D4� 

0F9u5 � @�* &�'# (����)��'� 0F9 � a6� (M
�� +* �-: (+�	��)[�$N 1�F' (� l(��% +* �-: (+�	�� �)[�$N 1�F'  (M
�� +* �-: (+�	�� �
)��+ 1�F' (� l(� l���% +* �-: (+�	�� (���% (��+�	 �U.� +* a�)9* (����)��'� +M
�� +�'��� �6D% ±x l�
6D'#(�# ��)��'� ���% (+�	 +M
��

 +� l�'��� �6D%(�# ��)��'� ���% (+�	 +M
�� +B��7)�2f�-9�� +�	(� l((����)��'�UP� l���% +�	 (�
6��j (����)��'� M,N *� (�6D% +$� �" (*
E�$"B�* .

&�B7AE�*� EB'FK���[
� (�����" �'��* &�'# (����)��'� �4-#$." �#�$% ��6� ��,-� �� [P�*6" (��/�68.

���'�6P ���GK (gr/cm3)(�69 
(wt% NaCl eqv.)

Tm(sylvite) Tm(Halite) Tmice (oC) Th (oC) +�	 ��6.� 

��'D'# �8� /�t/=/su/s//)=/(/)A/(As= /Awy L+V 96-1K-23F

��'D'# �8� /�t/=/zw/A//)�/=/(/)=/(Azz /Auy L+V 96-1K-28F

��'D'# �8� zut/y/w=z/yAA/=/=/== //)�/m/(/)m/y/(=wu /sum L+V 

Km-DPS01
��'D'# �8� zwA/y///ysu� V+L 

D'# �8���' =�A/=/=mw/=Az/s�/AA/zy /A�y /s=t /Ayt/A�y V+L+Ha*

��'D'# �8� yz/As Azy s== /sA� V+L+Ha+Sy**

��'D'# �8� smw/y/uA=/yy�/=/m=/�//)�/s/(/)t/y/(A�A /zsy L+V 

Km-DPS02
��'D'# �8� ////sms V+L 

��'D'# �8� w/y/wzz/y�/Au/�A/su /=wy /sym /zzA /zwy L+V+Ha 

��'D'# �8� m=�/yz=/�//s/s/ssy L+V+S***

���"1��	* (+�#wz/y/y=/=w/=y/=z//)s/=s/(/)A/m/(=m= /Aym L+V 10 

)*��'���**��
6D'#***B��7 +�	(

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                            10 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


BD7��E��.9 ��1�2��+ ����� ���" �#�$%$." ��,-� &�'# (����)��'� � �
*+/56-7 ��68 . . .}|� 

0F9w@�* (���*�6.� (5 � 1B9 3G.� (��� (." �#�$% ��6� ��,-� &�'# (����)��'� (�69$/�68 

(*$% ($'L2� �� �*�6.� +* &�'# �D��FP $'�� 3''<P
(�69/(��� 3G.�B9�8]=m[E��I2#* B9)0F9=y.(

�� 1��� ��,�� ]�)
$�P �)�� B��� ����)��'�B-�� .��6.� �� -
���" �% (�� Y-# 32� �� 1��	* (+�#)��6.�10(�0��FP B���

&�'#����6.� �� ��* ��#* ��,# $2�'%(�� �_8� (��
 ��'D'#)��6.� (��Km-DPS01 �Km-DPS02 ( B���

&�'# 0��FP���dk��"��� (�69 �.# +* �% $2." (��
(�69�#* $2�'% (�� .&�'# (����)��'� +* �f$% 1B9 U
�[�

 (+�	 ��)��6.� (��Km-DPS01 �Km-DPS02 ( ���? ��
EB9 3G.� M
�� ���? �% �" � B�*(��� ��'� 3
* (`�% �� ����)

�� 1��� *� ($2." �)�� �% (��� ����)��'� $
�# �" ���?-
�� �B-��1��� B�*6PB9�% ��4-��� $'�� U
 EB-�� .$'�� 3
*

 5S�"��+* �9�� B�*6P ��� B-
Q$	)����)��'� �1Q �4'2� �� �"
�� 1��� ($P`�% (��� ��4-��� �6d �%B-�� (1�$" H$8 �d

H� B-
Q$	 �
 � ��)��'� B9�% �8B
$%]=m[�% �76P �% �" �6)�
9�*[8+* �H� (����)��'� ��6� �EB
$%���� 0.2�� $�� �% $P

��B#� .��6.� �� �,�� B����� *� �� 1*6P�G2�'�Q e�#*$% 
>" (�69 �% &�'# U
 ����(`�% (�69 �% &�'# U
 �% `�% �

".�
 � $P�$# �&�'# k967 �%�$" $'�IP .

# (��������+�	 0��" 0
B)P 1��+ �P �k967 B-
Q$	 �d
�� �%�j ����% �% M
��B��� .M
�� (��+�	 �k967 B��� ��*�* ��

 0F9 >" (�69 �% ���% (��+�	 � `�% (�69 �%��B�$'8 .��
� ���% ����% +* �-: �M
�� +* �-: (��+�	 �2�
[.� ���6;-
*

� U.� +* a�)9* (+�	B-K (����)��'��#* 3F. ]=m�Aw/
s= .[(*$% ��)j*�*Bf� 
�% k967 B-
Q$	B�*� 1��� 1��� �"

 �
��� �� ��
[.� ���% +�	 �����)��'��% U
�[� +* �-: (��+�	
�� 3G.� M
���'��� (����)��'� �� ['� � �69
�% ��*�B(���

 B9�% ��)��'� 1B9 3G.� (��� �% U
�[� �'��� 5�S)��
�*�6.�TsNaCl �% �)�� TH��'<N6�E�*� �� Xf �% U
�[�

TH = TsNaCl B9�% (]=m.[��)j* ���*Bf� k967 B-
Q$	
�d �� &�'# 0��FP��,-� �#�$% ��6� ��6.� �� �Km-

DPS01 EB9 �9*�$% ��'D'# �_8� +* &�'# ��)��'� (�*B<P
B9 �
�#�-9 ���% +* �-: .B9 3G.� (��� �8 (����)��'� 3
*

 ���% +* �-:)oCsu� ([�B9 3G.� (��� �% U
��8(�*B<P
M
�� +* �-: (����)��'� +* )oCsum(�#* .�� �['� �
6# +*

 �'��� 5�S (��� �*�6.��% �)�� B9 3G.� (����8
�'��� (����)��'� �*�)0F9==(E�*� ���6.� (�� 

Km-DPS012'<N6� ��U
�[� Xf �%TH = TsNaCl B��*� .

0F9=yP @D2�� (��B������ E$'L2� �� �*�6.� �� &�'# 0��F /(�69)M7$� +* �2	$8$%]=m([.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                            11 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


}|� >'?� ���6;<��-
B%�C ����.7 �(�6# 1*$
* �#�-9 ���" � �#�-9�6D% �D4� 

0F9==�*�6.�TsNaCl-Th�'��� (����)��'� +* a�)9* 1�967 &�'# U
 +* E��2	* H*� �% �*�NaCl ]=m.[

�% ��'�% &�.2?* �% k967 B-
Q$	 �B�*69 3
* e�#* $%
 �D��C 1*6-C���P�-'�� 'F�P � ��B'I�6#�	�% 016K �
��

�8� �� 1���2� (B-%�*6� � �.D" 08/�_8� k�� ���'D'# (��
�#* �29*� .$2�'% �)�� �% (�69 � $2." (��� �% �76P �%

���" E*$.� (��[P�*6" �� M
�� +* �-: (����)��'� a6� (+�#
���" a6� 3
* �1��	*�$# �% k967 B-
Q$	 ��*�* �� �
 (+�# $P
�N�% M
�� +�	 1B9 k
*[	* � ��� k��" 1Q �  �� � EB���

 (�69 �% &�'# U
 �G2�'�Q �4'2� �
 � �2	$8 ��6J �(�69
 E�6% $P�$# �." � `�% (�69 �% &�'# U
 �% `�% (��� � >"

�#* .
$2�'% �*�6.� e�#* $% M
�� +* �-: &�'# (����)��'�

E$2�8 (��C6�(�69 �/(��� B9 3G.��8&�'# (����)��'�
#6P �" 16�-'FD
� X]Aw[�g*�* �������" @D2�� a*6�* (*$%

 ��#* EB9 +*a6� (�������"�
��$8*$	 B-2�� )0F9=A.(
���" a6� EB9 1�'% R��,� e�#* $% ��6� ��,-� �� (+�#

$." �#�$%/a6� �
��$8*$	 (�������" �')9 ��'�% �68
�#* X#*�B? �8B9B'I�6# .�
��$8*$	 (�������"

 �8B9B'I�6#Y-# �� �X#*�B? �� �2'�6
� �P �2
+B�Q (��
 �
�'DN �F�Q �P ��
��"* �.'�D" �
�.8�� �'��<	 �% ��)P�*

�� 0F9B�$'8 .���" �������" 3
*E��# �)�� �% �#�-9 (*
�C6.4� 0��9 � B��*����" +* (* �3��8 ��
$��I#* ��
$'  (��

�
�B�*$2P � �
$' 6F��" /B-2�� �'2��-P .3
* $2�'% �������"
�8� 0F9 �%^$% �
 � (*B-2�� &6d $2�6D'" B-K �% �
�� .

�	�% 168$�N (B-%�*6� ���Q \
*� (��)0F9 �)'DJ((B-%�*6� �
E$I? �1���2����9 � ��"6" �(*B-2�� (* .���"�	�% �% (�� (��

 � �.D" 08 [P�*6" $
�fS a6� 3
* �� k967 B-
Q$	 �f�9
�	�% � E�6% 168$�N (���'�D" �� \
*� �$
�fS 3
* (��

�	�%�L'P (����IJ � (*B-2�� (* .['� � (�69 �*B��
���" �� &�'# B'I�6# �*B�� 1�6%`�% E$�� � �
�  (��[D	 (+�#

�#* $j�� X#*�B? �8B9B'I�6# (�������" .�
��B-
Q$	
T'N� �&�'# k967 16K � �G2�'�Q �
 � &�'# �8B9

� E�*6
� Y-# �8B9B'I�6#�P �EB.C k�� ��[D	 �-'�� (*
 B��*�]sA�ss.[

0F9=A���" a6� &�'# 0��FP (��B��� e�#* $% &�'# (+�#]Aw.[

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                            12 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


BD7��E��.9 ��1�2��+ ����� ���" �#�$%$." ��,-� &�'# (����)��'� � �
*+/56-7 ��68 . . .}|c 

�9*�$% 
a6� ���" �� (+�#��,-� �#�$% ��6� $." /e�#* $% ��68

�8�
� (���8$DF9 $'�� /�_8��	�% �(* 1���2� (B-%�*6� (��
���" ���$	6D" ���8 ��
$��I#* (+�# ��'2-G� � �
$' 6F��" �3

3G.� ��*$? �7�� � X#62� (�69 1B9Ayy ��*syy 
�2��# �7�� B-
*$	 1�6% 0'f� � &�'# (����)��'� �*$8

�P �� k967 �
��$8*$	 (�������" �%��� ����" �*6� �-'��
�� X#*�B? �8B9B'I�6#B9�%.E�*� �
�  $% (�69 (��

���[
���" � &�'# (����)��'� �4-#���� � �
�  (��[D	 (+�#
 � M
�� +* �-: (����)��'� $2�'% �8B9 3G.� (��� e�#* $%

���" �C6.4��-�  (��[P�*6" �C6.4� 16K ����#$8� (�� /
� �2	$�'  U'D
Z�Q ���#$8� �-�  �� �6�#�
� � �
6F#6�

X#*�B? U'D
Z�Q ���#$8� �-�  �� �'2F.#* �6)� �#� �%
B�Q.

��*��BN 
1�8B���G� �
�.? +* � �'���* E�G��*� �����  ����<� (��

 1*$
* ��B<� M
�-J � 1��<� (+�#6� � �<#6P 1��+�#
)��B'.
* (E�6% �*��6f$%% �" B�* 3
* ��D'#�RP*$� �6f e��#

�� +*$%* *�B��*� .>� 1�8B���G� � �*$�� �g*�* +* 3'-K
G#��# �D4� H$2�� 1*��*� EB�+�# � EB�+�* (�����-�'  (�*[

��B-
�.�.

M7*$� 
[1] Motlagh S.H.M., Ghaderi M., "The Chargar 

Au-Cu deposit: an example of low-sulfidation 
epithermal mineralization from the Tarom 
subzone, NW Iran", Neues Jahrbuch für 
Mineralogie-Abhandlungen 196 (2019) 43-66.  
[2] Aghajani S., Emami M.H., Lotfi M., 
Gholizadeh K., Ghasemi Siani M., "Evidences of 
low-sulfidation Epithermal type mineralization in 
the Nikuyeh area, Qazvin-Iran", SEG Conference 
(Building Exploration Capability for the 21st 
Century) (2014). 
[3] Kouhestani H., Azimzadeh A.M., Mokhtari 
M.A.A., Ebrahimi M., "Mineralization and fluid 
evolution of epithermal base metal veins from the 
Aqkand deposit, NW Iran", Neues Jahrbuch für 
Mineralogie-Abhandlungen (2017) 139-155. 
[4] Mehrabi B., Siani M.G., Goldfarb R., Azizi H., 
Ganerod M., Marsh E.E., "Mineral assemblages, 
fluid evolution, and genesis of polymetallic 
epithermal veins, Glojeh district, NW Iran", Ore 
Geology Reviews 78 (2016) 41-57.  

[5] Zamanian H., Rahmani Sh., Jan Nesari M.R., 
Zarei Sahamiyeh R., Borna B., "Ore-genests study 
of The Cu-Au vein-type deposit in The Taron- 
Granitoid (North Zanjan) based on mineralogical, 
geochemical and fluid inclusion evidences (in 
Persian) ", Iranian Journal of Geosciences 25 
(2016) 255-284. 
[6] Mikaeili K., Hosseinzadeh M.R., Moayyed M., 
Maghfouri S., "The Shah-Ali-Beiglou Zn-Pb-Cu (-
Ag) Deposit, Iran: An Example of Intermediate 
Sulfidation Epithermal Type 
Mineralization", Minerals 8 (2018) 148. 
[7] Yasami N., Ghaderi M., Madanipour S., 
Taghilou B., "Structural control on overprinting 
high-sulfidation epithermal on porphyry 
mineralization in the Chodarchay deposit, 
northwestern Iran", Ore Geology Reviews 86 
(2017) 212-224. 
[8] Hosseinzadeh M. R., Maghfouri S., Moayyed 
M., Rahmani A., " Khalifehlu deposit: high-
sulfidation epithermal Cu-Au mineralization in the 
Tarom magmatic zone, North Khoramdareh (in 
Persian) ", Iranian Journal of Geosciences 25 
(2016) 179-194. 
[9] Maghfouri S., Hosseinzadeh M.R., Moayyed 
M., Movahednia M., Choulet F., "Geology, 
mineralization and sulfur isotopes geochemistry of 
the Mari Cu (Ag) Manto-type deposit, northern 
Zanjan, Iran", Ore Geology Reviews 81 (2017) 10-
22.
[10] Nabatian G., Ghaderi M., "Oxygen isotope 
and fluid inclusion study of the Sorkhe-Dizaj iron 
oxide-apatite deposit, NW Iran", International 
Geology Review 55 (2013) 397-410. 
[11] Moayyed M., "Petrological studies of 
volcanic-plutonic tertiary strip of West Alborz-
Azerbaijan, with a special focus on Hashtjin region 
(in Persian)", Ph.D thesis (2001) 329 p. 
[12] Pars Pey Azma Company, "Mineral 
exploration report of Ghezel Ozan anomalies in 
Ardabil province", (2016) 1057p. 
[13] Haj Alilou B., "Tertiary metallurgy in West 
Alborz-Azerbaijan (Middle-Hashtrood) with a 
special view on Hashtjin region (in Persian)", PhD 
thesis, Shahid Beheshti University, Tehran, Iran 
(1999) 275 p. 
[14] Masoomi R., Rahimsouri Y., Jamali H., 
Abedini A., "Mineralogy and geochemistry of 
major and trace elements in argillic alteration 
zone of the Kamar district, NW Iran (in Persian)", 
Iranian Journal of Geosciences 31 (2021) 123-136. 
[15] Steele-MacInnis M., Bodnar R.J., Naden J., 
"Numerical model to determine the composition of 

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                            13 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html


}|} >'?� ���6;<��-
B%�C ����.7 �(�6# 1*$
* �#�-9 ���" � �#�-9�6D% �D4� 

H2O–NaCl–CaCl2 fluid inclusions based on 
microthermometric and microanalytical data",
Geochimica et Cosmochimica Acta 75 (2011) 21-
40.
[16] Roedder E., "fluid inclusions", Reviews in 
mineralogy 12 (1984). 
[17] Shepherd T. J., Rankin A. H., M Alderton D. 
H., "A practical guide to fluid inclusion studies",
New York, Blackie (1985) 239 p. 
[18] Nabavi M. H., "An Introduction to the 
Geology of Iran", Publications of the Geological 
Survey of Iran (1976) 109 p. 
[19] Whitney D.L., Evans B.W., "Abbreviations 
for names of rock-forming minerals", American 
Mineralogist 95 (2010) 185-187. 
[20] Mcphie J., Doyle M., Allen R., "Volcanic 
textures, a guide the interpretation of textures in 
volcanic rocks", University of Tasmania (1993) 
191p.
[21] Voudouris P., "Hydrothermal corundum, 
topaz, diaspore and alunite supergroup minerals in 
the advanced argillic alteration lithocap of the 
Kassiteres-Sapes porphyry-epithermal system, 
western Thrace, Greece", Neues Jahrbuch für 
Mineralogie 191 (2014) 117-136. 
[22] Simmons S.F., White N.C., John D.A., 
"Geological characteristics of epithermal precious 
and base metal deposits", Economic Geology 100 
(2005) 485-522. 
[23] Watanabe Y., Hedenquist J.W., 
"Mineralogical and stable isotope zonation at the 
surface over the El Salvador porphyry copper 
deposit, Chile", Economic Geology 96 (2001) 
1775-1797. 
[24] Barnes H.L., "Geochemistry of hydrothermal 
ore deposits", John Wiley and Sons (1997) 992p. 
[25] Mavrogenes J.A., Bodnar R.J., "Hydrogen 
movement into and out of fluid inclusions in 
quartz: Experimental evidence and geologic 

implications", Geochimica et Cosmochimica Acta 
58 (1994) 141-148. 
[26] Bodnar R.J., "Revised equation and table for 
determining the freezing point depression of H2O-
NaCl solutions", Geochemica et Cosmochimica 
acta 57 (1993) 683-684. 
[27] Sterner S.M., Hall D.L., Bodnar R.J., 
"Synthetic fluid inclusions. V. Solubility relations 
in the system NaCl-KCl-H2O under vapor-
saturated conditions", Geochimica et 
Cosmochimica Acta 52 (1988) 989-1005. 
[28] Lecumberri-Sanchez P., Steele-MacInnis M., 
Bodnar R.J., "A numerical model to estimate 
trapping conditions of fluid inclusions that 
homogenize by halite disappearance", Geochimica 
et Cosmochimica Acta 92 (2012) 14-22. 
[29] Wilkinson J.J., "Fluid inclusions in 
hydrothermal ore deposits", Lithos 55 (2001) 229-
272.
[30] Salehi Tinooni M., Abedini A., Alipour S., 
"Investigation of mineralization, alteration, and 
fluid inclusions of the Takht-e-Gonbad copper 
deposit (northeast of Sirjan, SE Iran)", Iranian 
Journal of Crystallography and Mineralogy 29 
(2021) 35-48.  
[31] Salehi Tinooni M., Abedini A., Calagari A.A., 
"Type of mineralization and studies of fluid 
inclusions of the Bolboli2 copper ore deposit, 
northeast of Sirjan, SE Iran", Iranian Journal of 
Crystallography and Mineralogy 28 (2020) 329-
340.
[32] Sillitoe R.H., Hedenquist J.W., "Linkages 
between volcanotectonic settings, ore fluid 
compositions, and epithermal precious metal 
deposits", Society of Economic Geologist Spaecial 
Publication 10 (2003) 315-343. 
[33] Wang L., Qin K.Z., Song G.X., Li G.M., "A
review of intermediate sulfidation epithermal 
deposits and subclassification", Ore Geology 
Reviews 107 (2019) 434-456. 

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
4.

68
3 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://dx.doi.org/10.52547/ijcm.30.4.683
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.4.8.8
https://ijcm.ir/article-1-1815-fa.html
http://www.tcpdf.org

