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

÷

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

��-�./  0��1 2(�3�*4��5�� �67� �%8 �49	
 :��� +��� �4�!(-��8 �%8 �;

���� ! "#�$ ��%�&' �()*�+� ,-./�0#12 ���3*�+�4
 15 �4
 15 �+
6+  
7��� ! "#�$ ��%�&' �()*�+� �,-./ ��3*�+� ��#���+ ���+#��+
6+  

:-��
 :�� 891:; ��<&�7�6�=
�>�?; 6�@%+ �� ��
-&'+ 6�@% �' A�B' C @�-.#D A�B' ��> :�%+ EF+� 6+ 
+ G : .�%� > C�I
�� 6�*� �(' ,�=�+"I; 6��)%+ � #J? �D (I���> ��<&� "
+ K� ����! � 6��)%+ ����! �&�L ���M#)N5 O>�F 6��)%+ "�D� #L 

�%+ .����! �
�#B#' P#D 5 ���� @)�+��D 4
� Q
�@� �
�L  >�
�+�(�; R-� $+ � #J? "
+ C�I��%+ �@
�+�(�; P��: S4T �> �U-%� ! .
"�D� #L(#�L-L� R-� $+ �1#D 5  V� $+ 4#� �I��
W 1�(I (&@�I.6��)%+ C�I(&
; 	 X�-Y �(�� �L � �(�� *#L �.Z � �� �� �
+$

�%+ �@	 ! .��#�-@%U� �-1� "�[� #L-&#.[ � ����! C�I�-.> C('� \I��	�> �-1� 6�*� �&#*��T C�I��(I� �[ � ����!
"�D� #L �� 6��4BI X�-Y �> � @�!�
��� oC����]�� 6^#�D+ �!(�4
 ! �> 7_��� �5 7���� =ƒO2(�� *#L �.Z � �� 5 �O#a*

�(' +(�.$+  @BD C�I��� �� ��(�� �L �.Z � �� oC]������D C�IM��D���D �> G; 6�(> �5�)#.#% C�IM��D ��+(>; �5�)#.#%
 �I(#N�-%)� �
 #L)��D�
 #L-(X�&> D � 45�+-D ��
 .D ��I(#�D+ ��(' 6�% !� �I (�+ .$+  @BD C�I��� �� ��.Z � "
+ ��oC]�� �
�
�+�(�;� !-! �!(�4
 ! �� �6-10 ƒS2 >�/-B=� �>C�I45�+-D +�#�.D+� �
 #L ��_��� ƒS2 <�> 45�+-D +�#�.D +�#@&3�

�%+ �(' 6�% !�.

:=���-�%� ���:�B#' c�
-&'+ c891:; c���DM��D6�=
�>�?; c�5�)#.#%�> :.

 /->/ 
"I; 6��)%+ ��> : 6�=
�>�?; 6�@%+ �� 891:; K� )A�B'
6+ 
+ G : (�� �7�"#> ��
-&'+ 6�@% �' A�B' C @�-.#D 

A-2 �
�#	+ dT C�I ″�� ′�˚]��5″�] ′]˚]�e / �C�I
�
�#	+ dT ″fg ′�˚hi�5″]� ′�7 ˚�j�%+ EF+� .�
�L  >

 �%�5 D �@#�+ ! ��-5 ?-N� ���<&� "
+ �� �
+ kY X+(I�*�
L�l&% 6��� �> "# �%�� ��5�&> D C�I � �3&%�.#' 

6��)%+ �(
(L �+(J� �> "
 1��D�%+ �(' �+ BI �
+$ .��
�#���+ (&> BD ���B' m�>–o(&&% �&�L A�B' �� 6�3
�p.! �

�/�4� K� 6��)%+ 6-q �B�� ����)%+  
�J? �> 6�T #%
]�[� =�+ K� �]7[A���@%; "I; �]�[6-3�-% K� �]][�

���&�L "I;]�[���#� "I; �]_[�� �'+ 6+-5�%� > �D � D ��-
�%+ �(' ,�=�+ ���;  > ��#F� C�I .�D �%+ ���Z �� "
+

"I; 6��)%+ � #J? 6-�+ #L �BD ��#�> mI�^L 6-&D�5 �K�
�%+ �@	 ! X�-Y 891:; ."I; 6��)%+ r @�! � O#)*5–

�%�5 D "% �> �
-&'+ C?-N� �/-B=� �> s�15�+ �� 891:; K�
�%+ "#�L .�(' ��
 C?-N� �/-B=��(Z �� C��0>+ �> ��-5 

�� O��' +� t-@%+ � �
�-
� ��@#�+ ! ��+-��J �% �� �D �-'
��� O>�F �
�#.F �#&#% �
�#.F �#�+ ! �%+ C(&>]j[.> �
�L 

mI�^L r��B.F �6+��)BI ]j[�C #3
�T ��-5 C�I C?-N� 
�
-&'+ �����.Z � ����$ u���+� ��%+ ����� ��-5 C�I 

�@
�-
� ��+ !�@# �>�-2 6��4BI )�
�>v9@J+ ����$ ��5-[(

∗"N.5 �A-w�� �(&�
-� :���]�]�]�_7 >�B� �:xyzhhhh{x|i��)#�� @)�+ ��L :mohammadlou_n@yahoo.com 

� ��#> A�%\@*I }��B' �,-% �4#
�L ��~kNY $+ �fii �5 ��� 

�	��?#  ��>/

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
3.

57
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
3.

3.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             1 / 14

http://dx.doi.org/10.29252/ijcm.28.3.577
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.3.7
http://ijcm.ir/article-1-1514-fa.html


�&
(>�/ �\*q ��#% �C !9D �-�(Bk� �T+-J 6+ 
+ �%�&' ���D � �%�&'�-.> �.=� �j�

(
(L �(�; (�+ �Kp% ��-5 C�I �#&#% �
�#.F �@#�+ ! �
�#.F 
�> E<F � [6���; "
43
�T �(' (�+.�.Z � ���� �#��0	 


�B!�����(Z ��� 6-#.#� A�% m#L ��.Z � ,�� ��(Z ��
6-#.#� A�% m#L u���+� +�%]j[.mI�^L "
+ ���
���D � �(�� *#L OZ+ � �� C$�% ���D � C���� !� ��%�&'

 O#)*5 �
�#B#'-)
4#	 �
+ ' � ����)%+ (&
; 	 �(�� �L
�%� > 6��)%+�%+ �(' .

@��?# A�� 
�%� > m�> �� O��' 891:; 6��)%+  > �(' ,�=�+ C�I

 �I�3*
��$; � �
+ kY)�<�� �
4=5 � �L-)%� )#� C+(�%+.
�%� >C�I"#�$ �*�� �#�5 O��' �
+ kY ���<&� �%�&'

 $ � �
�%�&'�I(Z+��&�L $+ C�+� > ��-B� �����a%+ C�I>C+ 
�%� >C�I�%+ �I�3*
��$; .�%� > $+ KL �#F� C�I

�%� > �-V&� �> ��
+ kYl&% C�I���D � �%�&' ��%�&'
 �+(05��(' �#�5 �.�#Y t$�� E<�� ��-B� ."##05 C+ >

���D $+ C��B' �C��@J�% A-� 	 �1%�k� � P#D 5 �I)�����!
X�(#L+ � "�D� #L (��3@%� �%-5Cameca A(� Sx100 

W�@�� �> ���+ 	 �D ' �J�%7�6�
 T ���� 6� @)�+ -.#D7�
�)
��>  <F �  p�; -�������D ��3*
��$;�� 6� )#� �%�&'

�<�� �
4=5 6+ 
+ ��(0� �+-� C��; 	 X��#�k5 4[ � (�(' C+.

����� � B.� 
���!� 2�/C :��(�0 

�
-&'+ "#�L �%�5 D C?-N� ��-5 �> s�15�+ �� 891:; 6��)%+
C��@J�% X�B#��5  V� $+ �D �%+ 6+ 
+ C��@�+ m�> ��

o(&&% �&�L �> : A�B'��6�T #%� �+ F ��+)O)'�(]�[.

���46+ 
+ C��@J�% �&�L $+ �*�> �*�� )ET � $+ �@	 !  >]�[X+ ##d5 �> (�(�' ��+� 6�*�� ���@% ��9/ �> 891:; ��<&� ��3
�T 6; �� �D
�%+.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
3.

57
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
3.

3.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             2 / 14

http://dx.doi.org/10.29252/ijcm.28.3.577
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.3.7
http://ijcm.ir/article-1-1514-fa.html


(.T7����B' ��4#
�L ����� ���D O#)*5 �3�-3q � �B#' �%� >�)#.#% �)I; C�I �� �5. . .�j�

��@	 >;C(T
() � 5+-DC(

�+ !#�)�%�5 D�L#"(

��4�-�#��545�+-D��4�-�#�)�%�5 D�L#"(

'#�O%#�.6-@%+��%��l&%(�$�%6-!+$�6-�U) 1��D
"
l&%MI;��-���#��>�#6�U
��I�
$+'#O5#� l��(�$�%X���>) 1��D
"L#*#"(

 � �)�%�5 D�L#"(
K.N��-I

����!6��)%+

O�!
J?#� "I;�K�

�B&I+�C�*��

O#)*5 P1% �(' ��
 C?-N� ��-56��)%+$+ �
�I �.BT  
�J?
"@�3&5)�>��� (]�["I; 6��)%+ �)O! �� ! (]��[6��)%+ �

"I;�891:; K� ]��[�%+ �(' �
-&'+ ��<&� �� .C�I(Z+�
�%� > �
�L  > ��<&� �3&% �> � �L-)%� )#� � �
+ kY C�I

 ��<&� $+ �(' �#�5 �%�&' "#�$ �*�� �> ��&@%+]�7) [O)'
7((
(T �> \
(F $+ P#5 5 �> X���> (�$�% O��')"
 1��D

"#*#L(6-!+$ (�$�% ��6-�U)"#*#L "
 1��D ((Z+� �C�I
45�+-D � �#�+ ! P#D 5 �> C?-N� �
�-
��4�-� �5 �#��4�-�

)L �%�5 D�"#(�%+)O)'7.(l&%M��D �> �#�-��� �
6�#� �
U �(B/ r @�! "
 @*#> �> X���> (�$�% O#' C�I "
 5
l&%<&� �>-%� C�I�� G-�k� �%� > ��-� ��(�-' . >

�%� > � �
+ kY (I+-' �
�L"#�$ C�I ��-5 �
�45 ��%�&'
 P1% �(' ��
 �>-%� �/-B=� 6��� �> �@#�+ ! C?-N�

���D � 6��)%+ O#)*5 �C 1BI ��-! !� �� K� � "I; C$�%
�%+ �(' 891:; ��<&�.

���;' ���% �*�� �
-&'+ 891:; ��<&� �%�&' "#�$ �()ET � $+ �@	 ! >]�7[X+ ##d5 �>(.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
3.

57
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
3.

3.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             3 / 14

http://dx.doi.org/10.29252/ijcm.28.3.577
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.3.7
http://ijcm.ir/article-1-1514-fa.html


�&
(>�/ �\*q ��#% �C !9D �-�(Bk� �T+-J 6+ 
+ �%�&' ���D � �%�&'�-.> �.=� ���

E!� ��� � ������(�C 
F����5 -G�� :l&% l�� �> �@%� ��-B� �� (Z+� "
+ C�I

 �
�-)�� � 45�+-D ���p%(.	 �'�� C�I�-.> �(��+� >�� � (#N%
��+� �	�> �>(&@�I C+ .���D ��-)%� )#�  
$ �� �.Y+ C�I

'� (&.1��-I �$9D-
W9L �45�+-D ��
�#.F C�I��p%(.	 O��
��+� �	�> �(B/ �-2 �> � (&@�I �
�-)���� 6�*� C+ (&I� .

"#.D� )#�)7��5_�(%�%-@� �5 4
� �$+(�+ ��)�5mm 7(
�> C�I�-.> X�-Y �> O)' �B#� � O)'� M1*� �	�> �> �+�

�� �(
� �I ��-B� �� �@#5 L �-' .45�+-D)7��5]�(%��

�%-@� �5 4
� �$+(�+)�5mm�(�> C�I�-.> X�-Y �> �> O)'
(&D ��  L +� �I�-.> "#> C��	 �T-� �'-��J .�� $9D-
W9L

 �%-@� �5 4
� �$+(�+)�5mm 7(�> C�I�-.> X�-Y �> � O)'
O)' �B#� �� �(
� ��
�(&q OD�� �> �+� �-' .�
-)%-� ���D

 �5 4
� �$+(�+ �� �'��)�5mm�� (�kNY X�-Y �> �> C�I
 ��+� �-�Z O)')O)'���+.(6�% !� X(' �> C?-N� ��-5

���D � �(' �� �> $9D-
W9L � "#.D� )#� C�I � �
 .D ��I
�(' O
(15 �#�
 %(�+ .�� C(#N�-% ���D "
 @B�� �
 #L

l&% "
+�%�I.

���H��-B� �L-)%� )#�  
���5 ��-5 �3&% C�I 6� > �&�L � C?-N� 891:; ��<&��� 6��)%+) :��+ (���D � �#�
 % O#)*5  ��+ �� �%� C�I
 E2��@� �(#1<F �-� �� �(' �#�5 C?-N� ��-5 �� �
 #L � �
�-)�� �> �+ BI $9D-
W9L ���% !�(xpl) �)G(O)' �B#� ����! �+ �BI �-.> 4
� �+�

 �'�� ����! �>  �L ���% !�  �+ �� �D �-.>�(' 6�% !� �#�.D � X�(#L+ �> �(�� �-� �� (�+xpl) .�(�'�� ����!�3@�)' �> �-.> 6+�+ �	 C��I
 �-� �� ��%+ �('  L 45�+-D � �#�.D �%-5 ���; Ok� �Dxpl �)X(��
 .D � �#�-&#@D; �%-5 O��D �
 �*�> X�-Y �> �D "�D� #L-&#.D ���D

 �-� �� ��%+ �(' "#*��Txpl �)�(� X�(#L+ ����! "#*��T �D �#�-&#@D; �(' �I �(�+)o(��#�-� 5 ��%-5 "�D� #L-&#.D � ����! �&#*��T�
�-� �� ��#�-&#@D;xpl �)�(���D "#> �
 #L �-�Z C�IM��D �kNY �(#1<F �-� �� ��5�)#.#% C+(ppl) �)�(�� ������! �> �+ BI �#@&3� �-�Z

 �-�xpl) .u(-��Z � ��#5-! �> �
 #L m
��D+ �-�� �� ���#5-! 6��� 6; $+ �
��
��> �ppl . ��I ����D C����@J+ \��9/Plg : �$9D-�
W9LMus :
 ��
�-)��Act : ��#�-&#@D;Chl : ���
 .DMag : ���#@&3�Grt : ������!Cpx : �"��D� #L-&#.DPy : ���
 #LGth : ���#5-!Qz : �45�+-�DCal :

 ��#�.DTre : ��#�-� 5Ser :�
 %#��)ET � $+ �@	 ! >]zh[((&@�I .

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
3.

57
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
3.

3.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             4 / 14

http://dx.doi.org/10.29252/ijcm.28.3.577
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.3.7
http://ijcm.ir/article-1-1514-fa.html


(.T7����B' ��4#
�L ����� ���D O#)*5 �3�-3q � �B#' �%� >�)#.#% �)I; C�I �� �5. . .���

&����� -G�� :l&% �%�� � X���> (�$�% ���J�� �5�&> D C�I -
l&% 6-!+$ (�$�% O#' � l&% �> ����)%+ ���I ���� C�I

�� ��B' (&
; .l&% "
+ �> ��#�+ ! C #3
�T  �+ �� �I
l&% C�IM��D�(' O
(15  � � � �5�)#.#% (�+ .�
�L  >
�%� >l&% � �
+ kY C�I+ �� C��3� �&�L ���<&� "

6��� 6� > �&�L �.Y+ 6��)%+ � (*� �(
� 6��)%+ �%+ 6��)%+ .

���D �.BT $+ "�D� #L � ����! � �(�� *#L �.Z � C�I
 $+ 45�+-D � �#�.D ��
 .D ��#�-� 5 ��#�-&#@D; �X�(#L+

���D (&@�I �(�� �L �.Z � C�I.q �
�L  > # �!���D C�I
� E2��� �� �-T-�#�L-)%� )�C 1BI �J�' C�I�

l&% 6� > C�I 6��)%++���6+-5�>���@%�����! 6��)%+ �
"�D� #L��-B� \#��5 6��)%+ ����! .l&% Q
�@� C��3�

���D 6� > �&�L C�I �%+ �(' 6�#>  
$ �� ����)%+:
F���5:l&% X+(I�*� �
�L  > �&�L P��: ���D ����! �C��3�
6� > $+ m#> �D �%+ 6��)%+j�O#)*5 +� l&% (Y��
�� (I� .�!^
� ��%+  > O>�F ����! R-� �� �C�-� C�I

�$+(�+ �� ���� R-� �%+ �#�*5 4
� C�I)�5��.#�  @� (�>
O)' �B#� C�I�-.> X�-Y O)' � �+� ��-5 �	�> �> �+� � C+

�� �(
� � 3���BI�-' .����! R-� "
+ 6�% !� X(' �> �I
���D �%-5 � �(' 6-q �
�I ��#@&3� ��#�-&#@D; �X�(#L+

 ����)%+ �.��)5 (&
; 	 C(0> OZ+ � �2 45�+-D � �#�.D
�(' "#*��T (�+)O)'�G.(�%+ �-.> �'�� ,�� R-� ����!

)�5��@��%  @� (O)' �B#� C�I�-.> X�-Y �> ��> �+�
�3@�)'�� �(
� 6+�+ 	 C�I�-' .����! R-� "
+ �%-5 �I

(#L+ � 45�+-D ��#�.D�('  L X� (�+)O)'��.(
23����# :���D 6+-&/ �> "�D� #L ���D G; 6�(> �5�)#.#% 

6��)%+ �.��)5 (&
; 	 �#��+ OZ+ � ��)�(�� *#L �.Z � (
�� �I+ BI ����! �%-5 P.:+ � �(' O#)*5 �-' .�
�L  >

!^
���ICL �C�-� #"�D�  .D R-� $+ �I#L-&#"�D� (&@�I �
�$+(�+ �� 4
� C�I � �-.>#�BO)'�+��> �5 O)'�(
���-'�(.

"�D� #L P.:+ �#�-� 5 �%-5 � �(' 6�% !� X(' �> �I �
�(' "#*��T �
 .D � �#�-&#@D; (�+)O)'�X.(

.D#L-&#"�D�  �(&D+ L X�-Y �> \��% C�I ���M
�$#�&
�.D#�@�� �(
� (�-'.

I�-�#� :6+�+ 	 "�D� #L � ����! $+ KL X�(#L+ ���D "
 5
�%+ ����)%+ �&�L ���D .�$+(�+ �� ���D "
+ �5 �%-@� C�I

�> X�-Y �> �'�� �@�5 � O)'O>�F C+�(I�*� P.:+ � ��-> 
����! �%+ �� D "#*��T +� �I)O)'C�I�� � G.(

F���/�
JF���!�*��:�> � �%-@� �5 4
� �$+(�+ �� ���D "
+
�-.> X�-Y �@'� � �
���T �@%� C�I �> C+l�� �-�F C�I C+

)�#�-� 5 (41% �)�#�-&#@D; ("�D� #L-&#.D "#*��T �D �I
�('�� �(
� �(�+ �-')O)'�o.(

F(�%�:M�-L X�-Y �> �/ 	 ���D "
+ �> � 4
� C�I �2 O)'
� X�(�#L+ ����% !� $+ 6��)�%+ �.���)5 (�&
; 	 ���
�L OZ+ �

�#�-� 5��%+ �@	 ! O)' �#�-&#@D;)O)'�X.(
%�F�3:C��I�-.> X�-Y �> � �%-@� �5 4
� �$+(�+ �� ���D "
+

 O)' �B#� O)' � �+� C�I���	 �(�&&D L ��)#�+$-�� �	�> �> �+�
 �� �(
� ��T�$-� u� �> �&#*��T �
 � ���J �-�' .��> �#��.D

 C(�0> ����% !�  ��+ �� �
 � ����! ���D �> �+ BI �#��+ X�-Y
 �%+ �(' O#)*5 ���D "
+)O)'C�I�� � G.(

K
����:�> C�I�-.> X�-Y �> � 4
� �$+(�+ �� ���D "
+ ��> O)�'
 �� �(
� �T-� �'-��J �-' .\�I � �#��+ X�-Y �> \I 45�+-D

 ����D �(�� ��L ����% !�  ��+ �� �
-��� X�-Y �> C��I M���D 
G; 6�(> �5�)#.#%)"�D� #L � ����! (P�.:+ � ��@	 ! O)�'

�3@�)' C��	 �%+ �� D  L +� �I)O)'C�I�� � G.(
�����K%L ��� :��
 #L)��D "
 @B�� �#@&3� � �
 #L-
���D (&@�I 891:+ 6��)%+ �� � #5 C�I .6+�+ 	 �
 #L "
 5

�$+(�+ �� � �%+ C(#N�-% ���D X�-Y �> �%-@� �5 4
� C�I
O)' C�I�-.> O)' �B#� � �+� �� �(
� �+� �%-5 P.:+ � �-'

)��D+ �(' "#*��T �
 #L- �%)O)'��.(�� �#@&3�
�$+(�+ O)' �B#� �%-@� �5 4
� C�I �> �X�-Y �> O)'
��!� �� �(
� ���J C�I��	 �(&&D L � C+ ����; 	 �D �-'

����! ���% !� �%�I)O)'��.(�@#5���  �+ �� �#5�BI -
�%+ �(' O#)*5 �#@&3� 6(' .)��D �> � 4
� �$+(�+ �� �
 #L-

�> C�I�-.> X�-Y O)'�%+ �� D "#*��T +� �
 #L C�I�-.> .
�!�$+-I C�I(&
; 	  �+ �� "I; C�I(#�D��(#I � �I(#�D+

�@	 ! O)' "I; C�I(#N�-% ��+4�� > �&�L �� �)
�-2 �> �(�+
�
 #L $+ �J > � �(' "#*��T �#5-! �%-5 O��D �-2 �> �I

�� �(
� �#5-! �� $-&I �
 #L $+ �5+�? �I�! (�-')O)'�
u.(+-5 ��
 1BI ���D "
+ � > �I��%+
+ kY X+(I�*� ��
�#L-)%� )�@	�> �>+�� "@	 !  V� �� �> ��"#>��D ��IC

6��)%+ �(�$�%�891:; A�(T ����%+ �(' ��+�+.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
3.

57
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
3.

3.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             5 / 14

http://dx.doi.org/10.29252/ijcm.28.3.577
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.3.7
http://ijcm.ir/article-1-1514-fa.html


�&
(>�/ �\*q ��#% �C !9D �-�(Bk� �T+-J 6+ 
+ �%�&' ���D � �%�&'�-.> �.=� ��7

ك،يمتاسوماتي كاتهايليس
و دهاياكس دها،يسولف

 كربناتها

كاتهايليس

گارنت
روكسنيپ

بوليآمف

دوتياپ

تيكلر

كوارتز

تيريپ

تيريكالكوپ
دهايسولف

دهاياكس
تيمگنت
تيهمات
تيگوت

كربنات تيكلس

يسازيكانوكيمتاسوماتونيآلتراس

شروندهيپ پسرونده

1مرحله2مرحله 1مرحله 2مرحله

سوپرژن

سنكاهش

+�-04���D �
+$ 1BI �>+�� 891:; 6��)%+ �� � #5 � "'�� C�I .

���� ���� ��:"
+ �� ' m�>#B����D �����D ��% �����! ��
"�D� #L L+ �#X�( �D6+�+ �	 � "
 5 \�� $+ ���D "
 �5���IC

6��)%+ �� �-T-�891:; (&@�I �%� > ('��%+ .
F���5 :��� @)�+ ��D4
� Q
�@�)A�(T7(����! �� �-T-� C�I

����! �&�L–�1#D 5 � @�! 6��)%+ Alm5.6-10.7 Gr0.05.6.8 
Adr81.97-89.1 "�D� #L �&�L �� �–� @�! �6��)%+ ����!

�1#D 5 Alm5.1-7.5 Gr25.4-27.2 Adr61.7-62.5�� 6�*� +� (&I� .
����! �
�#B#' P#D 5 (��T A-.k� R-� $+ �I)�
�+�(�;–

�U-%� ! (�%+ �
�+�(�; P��: �-2 �> �))'O](]�][.
(B/ m�>�-.> ��IC�!�����-�5 
�IKL ��� @)�+ C

�(&D+ L(BSE)� � 3���BI 6�(>��<&� (&>C(&@�I.��	 
d5##X+ �>#���BDD 5 �� #P� �(
� ����! ��-' "
+ �D 

�� X+ ##d5$+ �'�� (&�+-5A�#% P#D 5 �� ��4T X+ ##d5 C�I
(&'�> $�% ���D)O)'C�I�� � G ���+ .("
+ �=&% �&/

����!�%+  
$ X�-Y �> �I:
Al(0.01-3.42)Ca(22.07-22.83)Mn(0.7-1.91)Si(17.28-18.12) 
Ti(0-0.15)Fe(17.28-21.56)Mg(0-0.05)Na(0-0.06)P(0-0.02) )z(

23����# :�@�
Q�
4=5 ��� @)�+��D4
�� 6�*����D (I
L#"�D�  �1#D 5 � @�! �� aDi 0.56-0.65, aHd 0.29-0.42 �+ F 

��+� )A�(T�.(���D ����! (&��� 4#� "�D� #L C�I 
���<&�B� 6�*� ���%-� X+ ##d5 � (��+(� C(&> (&I�]��[
)O)'C�I�o � �.("�D� #L R-� $+ 891:; 6��)%+ C�I

 (��T A-.k� C % �� �
�#B#' P#D 5  V� $+ � ��-> �#��%
(#�L-
� �(��+� �+ F �
W 1�(I)O)'_(]�_[.Q
�@�

�%+  
$ X�-Y �> 6; �=&% �&/:
Al(0.07-6.38)Ca(16.51-21.2)Mn(1.28-2.9)Si(16.92-24.26) 

Ti(0-0.08)Fe(8.24-12.75)Mg(0.06-6.25)Na(0-01-0.23)P(0-0.01)       )7(
"�D� #L-&#.D �1�� $+ �
U�> �+(�� C+�+� 891:; � #J? C�I
Fe/(Fe+Mg)$+ �BD  
���� �TiO2�MnO �Cr2O3

(&@�I.�&#*��TFe �Mg �.#%� �> Mn + 
$ ��%+ A-B0� 
(#�L-
� ��
W 1�(I�(��T A-.k� O#)*5 �#&#���I�W

�� (&I� .�+(��Mn �<>+� �> "�D� #L �� Fe/Mg �1�� 
m
+4	+ �> � ��+� \#�@��Mn�� m
+4	+ 4#� �1�� "
+ (>�


]�j[.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
3.

57
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
3.

3.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             6 / 14

http://dx.doi.org/10.29252/ijcm.28.3.577
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.3.3.7
http://ijcm.ir/article-1-1514-fa.html


(.T7����B' ��4#
�L ����� ���D O#)*5 �3�-3q � �B#' �%� >�)#.#% �)I; C�I �� �5. . .���

+�-0;�&�L $+ ����! ���D ��� @)�+��D4
� �
4=5 Q
�@� "�D� #L � 6��)%+ ����! C�I�:; 6��)%+ �� ����!891 . �> ��@#	 � ��% "�I;  
����
r�� ��%+ET � ]�][�%+ �(' �1%�k� .

6��)%+ ����! �&�L "�D� #L �&�L�6��)%+ ����!
��-B� N1-B-1 N1-B-2 N1-B-3 N1-B-4 N1-B-5 N11-A 

4D � �1� 4D � �1� 4D � �1� 4D � �1� 4D � �1� 4D � �1�
�.Y+ C�I(#�D+(Wt%) 

SiO2 �_/�j 7]/�� _�/�� _�/�� jj/�� j_/�j �7/�j �j/�j �_/�� ��/�j _7/�j j�/�� �_/�_ ]7/�j ��/�_
TiO2 �]/� �]/� �7/� ��/� ��/� ��/� �7/� ��/� ��/� ��/� ��/� ��/� 7�/� 7�/� �7/�
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