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�MN"� �� #�( JCK�=5�< ,�6F �< �. � % @!% ! JK(

#�6=�� #�
� �M�2 &!B J*%� �� 5% �6()JK(v>.(I
%
 g�U
"�= ���.r����. �F�� �6* �< %� @!% �MN"� 5B� 

 #�( JCK�= �
"C16K��. ! �
"C1 B% Q1 ! #�%� ���-*%
� % .��<B% 5�!�i� 5�/ �< IC�B �3  �� ���. I
% 

#�( J
�U= �
B!"  ! �
GM$�D��% .@�*�%���. B% �
�/ 5�/
#B%��% �< �
"��P % ! ��� 6P�6 5"m.%�N �= &!"KC� �4a 

�_/��< ,�6F �< "-ACMC� JK( �AC� �= JK(I��2 &!�� �%�
#�( #�4.%"1 ��%)JK(5�/v, ! �.(�� "b� �< &��B � �

�
"��P % JCK�=�A�9 B% �*"< �� 1 �/C"m.% �� ! I��2 B% �
�(�< &D �< &��GA/ ��%6� .���. �< &��GA/ GC� ��� 6P�6  5�/

#�( JCK�= I��2��% .�-*�4(�� ���. �I(!� �CP  H�� �< 5%
�"$���A/��5��"  569 �= h 6-� 5%JK( !�%�)<C"-�

 �= "m.%�N ��)<% �< ! ��6- �"-ACMC� (�< I
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�M7 ���#��A( ��GC
�1���� � �"<���. 5�/�-*�4( #��( �X4 ��� !��34� "C2�� 5�/�1 5�
67. . .s��

� I��2 5%�1�  5B� ��34� �<647 ��<����. 5�2�6A4*& �2-"#3شكل 5�
67 �%B"C .


"B% 5 .���4شكل!��= �MN"� 5B�  f�% @!% 5(�
"C16K��. �C=�A/ ! �C=62 �< J
�U= @�N ��)��6A�Si-46 �6� PPL(> �(I��2)���6A�Si-

50 �6� PPL(� �(@�*�% �
"��P % 5�/ I��2 �� ��� 6P�6  !)��6A�5Si-43 �6� PPL(, �(I��2 J*%� �� �
GM$�D ! �
"��P %)��6A�5Si-50 
�6�PPL(� �(Q� �CP�6 R�CA/�4C< ! �C.W�� �< J
�U= @�N �� &%6AC-�D )��6A�Si-44 �6� PPL(.Sph = ��
"��P %Ang = ���
GM$�DMal =

 ��C.W��Bin =�CA/�4C<.
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ZM�o
". �5�!��P( #�%B�61 &%"
% � �4( ���. ! � �4(�6M< �MX� s��

���.! 5B� �MC ! �< &D 5"�4\ � �"< �. ��%� �67 5
��!"-K�% �6K "KC�)�� �i< 5�)< �A�9 ���6( (&D [6�

&%6AC-�D �CP�6  Z
 %�R� % #�%� &��� Q� )JK(v�.(
�� ���. I
% �K
 ��%6= �CUC- %6K��a ���. �  B%)CuSbS2(�
�
"4CK %)Cu3SbS3(�C4C=���	 �
)Cu3SbS4(�(�<]��.[

�
�1"<� �"<5�/ I
"*D ���. I
% �5��$� ���. 5GM	 ���.
 ! #�4.%"1 ,�6F �< �. � % �MN"� I
% �� #�( JCK�=

 �!�i�)�F�� !� "m.%�N (�� #�
��6( .B% 5��
B ��<
�C(�N>"  5�/�C�.% �< &�( J
�U= @�N �� ���. I
% 5R

� % �C.W�� ! &%6AC-�D)JK(v�.(���. IC�!% G=�%6.
�MS�<= 5"m.%�N #B%��% �< �. � % �MN"� I
% �� #�( JCK�

]/��!�N ��%!%"	 �< ! "-ACMC� ���=�`�� #�/��� �F�� -
�6( .� % #�( JCK�= &D �< &��GA/ �= G=�%6. B% Q1 �
��< .

�zC= �(�U�% ,�6F �< ���. I
%#B%��% �< �JK( 5% "m.%�N 5v
�%��� �< ! "-ACMC����=�`��6A� �� �F�� �� t��� �/-

�6( .���. 5G�c%��1 h<%!��MN"� 5B�  JK( �� @!% 5)`(
� % #�( #�%� &��� .


� ��� 5���U�����. fM-�� JN%"� �X4شكل�-� �< #%"A/ G�c%��1 5��34� �� 5B�  5�1�
67�%B"C  &%6AC-�D .
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�M7 ���#��A( ��GC
�1���� � �"<���. 5�/�-*�4( #��( �X4 ��� !��34� "C2�� 5�/�1 5�
67. . .s��

 ��MF% ��< 5B .���: دومي مرحلهيهي اوليسازيكان
 �� &%6AC-�D1 ��34��67�
�MN"� �< �-�<%! �%B"C  5;!� 

� % .���. ��C4UC- % ��
"��P % ��
"C1 J��( �MN"� I
% 5�/
 �C16�6	)Pb3Sb8S15(�C�M. ! �C�6�!� ��
��< �G=�%6. �

� % .
��%� ,�6F �< �
"C1JK( 5�/ "m.%�N #B%��% �< ! �%�`/�

N"� I
% �� #�( JCK�= 5GM	 ���. IC�!% �"-ACMC� � % �M
)JK(rf�%.(�!�N &D ��%!%"	`/�� % �F�� Z
 �= .

�\"	 ,�6F �< GC� �
"��P %��%� �< !JK( 5�/ �AC� �= �%�
JK(#B%��% �< �%�5"m.%�N T/�"m.%�N �%��� �< ! "-ACMC� ]/�

� % #�( JCK�= �C4UC- % B% JU9 �F��)JK(r>.(
�D ���. I
"-�%!%"	 ! I
"-A�� �C4UC- %1 ��34� �� &%6AC-�-

67�
� % �%B"C  .< ! #�4.%"1 ,�6F �< ���. I
%C#�6= "-�-
H4  �� �5%=�4<". 5�/��� #�
� �6( .JK(�< �= �%� JK(
#B%��% ! #�6<5�= �/�2 ���. I
% 5�6�4� 5�/�6M< ]"-AC-��  

�� � �)JK(r�.(�zC= J.�� 5%�%� dM?% �C4UC- % � % 5%
�	�< !%"2 5�/�M1 ! ZC- u<6��� &��� ZC--4  �/�)JK(

r,.(� % �2�CA* 5%�%� &D J.�� ��%6� dM?% ��)JK(r
�(� % �(���	 o
c� Z
 �� &D JCK�= #�4/����� �. .I
%

�20
! �< ��6�IC�B ! 5��-*�  5�/ &��B �� ��34� �-*� 
���. JCK�=��%� �$4/�A/ 5B�  .#�44."1 �	�< �67! ;�\5

5�Y	� % �\�% I
% "< 5�C
�= GC� ��34� �� ���* .�C4UC- %
��6A� �*"< �����. �< �i3  5�/ &%6AC-�D 5�C�.% 5�/

� % #�( #�C�.% .&%6AC-�D ���. "$
� �C16�6	 ��34� �%�
 B% "-A. �. � %T/���6A� �*"< �� �F�� �� #�
� �/�6( .

�� t��� �<D H�� ! 5GM	 5u7 �< ���. I
% �6()K(Jr
�.(� % �MN"� I
% �� #�( JCK�= �MS�< ���. IC�!% G=�%6.

��%� �< �.#B%��% �� �
�/5"m.%�N T/��� t��� "-ACMC� -
�6( .�!�N G=�%6. �%������=�`� % �F�� .�
��<

 �< �. � % �MN"� I
% �� �MS�< ���. I
"-�%!%"	 ! I
"-A��
�zC= �(�U�% "m.%�N �= 5%]#�
� "-ACMC� ���6( .�� "b� �<-

���. I
% o�� ��< � �1C�67! �< �C4UC- % JCK�= B% �
� % #��D ."m.%�N #B%��% �< ! JK( 5B6� 5�/�6M< �< �C�6�!�

v/��� #�/��� "-ACMC� �6( .H4  �/%6( x� %"<��$�5I
% �
1 ���.C� % #�( JCK�= �C4UC- % B% �.�MS�< ���. I
"*D

� �MN"� �� #�( JCK�=� % �C�M. ;!.�XC-� ���. I
%5
oC�M.=�4<". &�<GC� H4  �
�%B��< �
��� JN%"� �� �. � % 

�w2� ,�6F "m.%�N ����: �< �
�/��C�M. ! "-ACMC� 5�/
#B%��% �= �6M< �(��5�"-ACMC� )=�4<". H4  ����6M< G
� (
� % #�( "/�� .�� �C4UC- % ! �C�M. JCK�= ����GA/

#�
� 8S������6( .���. 5G�c%��1 h<%!��MN"� 5B� 5;!� 
JK( ��)`(� % #�( #�%� &��� .

6
� .� �� B!& .���:يشيسازي ثانويه زون اكساكاني��V 5�/
��.%
��#�( JCK�=< ��%C��
B!"  ��
GM$�D J��( "-�

 �CA/�4C< ��
�!BD ��C.W�� ��C�!6.)Pb2Sb2O6(O,OH)(�
�4-�/ �C=�A/ ! �C=62 �< �. ��.%
����. �MN"� 5B� 5

�-�<%! @!%��% .���. "$
� ! �
"C1 o. �6YN �M\ �<I/D 5�/-
�%��� ! � % #��� JCK�= �4/D Z/u. ���34� �� �%�

� % �!�i� ��C�< �C=62 ! �C=�A/ .! �C=62 �< �
"C1
 �C=�A/ �< "-A. ! �
�!BD ! �C.W�� ��C�!6. �< �
"C16K��.

�C�.% �C=62 !#�( #��% .=�4<". &�<GC� H4  �< �76= �<��� !
�C76= J<�9 �
�!BD JCK�= �hCi� �� ,�4<". �6YN �XC-�

� % .���. �
�!BD &!B ��.%
��i� �� Ch�/�
,�4<". �< 
�� �< �. � W�<C=�4<". H4  �67! J��� Q� &�( �-�( !

.W�� �< #%"A/ ��3 CK�= �C� % #�( J.�
��< ���. �6YN
�<#�4/����� ��34� �� �MS�< ���. I
"-A�� &%64\ 5,�P�6  

� W�< .B% %����.%
�I��2 &!B ����.%
��<C���. "-�
� % #�( JCK�= �
GM$�D .H�� "1 5"-�.�* H�� �< ���. I
%

�C(�N �< !2"< ! L�( ! ��B6  5�/��- %� �
 ! �C(�N �� 5
!6. �< #%"A/ g�U��? ! #�( IC���7 I��2 L�� % �C� .�!�NT�
� % #�( J
�U= �
GM$�D �< I��2 �F�� .4wA/C�� �< ICW�< J

&�6<hCi� �� ,�4<".K�= �CJ�
B!"  &!B �� ��.%
���!� 
� ��b-�% B%C��.�zC= JK( �< ! �
GM$�D �< #%"A/ ���. I
% 5�/

�� #�/��� Z
��<�6( .��.%
�Q� �CP�6  ���. R&%6AC-�D 
W�� JCK�= �< "X4� #�( H�� "1 5"-�.�* ���. Z
 ! �C.

� % . �"<��/5���. I
% �. �%� &��� ��!"-K�% �6K "KC� 
� % &%6AC-�D ! >"  �C�.% Z
)�� �i< 5�)< ��< ��-

�6( (�� �. �(�< �CA/�4C< ���. ��%6=]��.[5%�%� ���. I
%
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ZM�o
". �5�!��P( #�%B�61 &%"
% � �4( ���. ! � �4(�6M< �MX� s��

���.�MN"� 5B� 5! ;!� ��.�- % C4UC�< �C. �� o
�.%C*"< �� h�	 ! � % #�( #���(61 ���� L"  R#6�9 %5
!�5� &D 
� #����. �< �. �6(�-4�%! C4C�)Sb2O3(�-�<%!

�! �� %�"V% �� ��.%
�i3 ���. �- % C4UC��. ����/5
�
"$5-�6���4  �4��� C�)Sb2O3(2"U�MUM. �C�

)Sb4O4(OH)2SO4(G�". �
�)Sb2S5O(- % !CUC�6.6C�
)Sb3O6(OH) (�� �67! �< �
D]��[��34� �� ���D �6YN �.

� % IKA� .���. B% 5"
!��= &!B 5B� ��.%
��JK( �� -
5�/)_, �= f�% (&���#�( #�%� ��%.


"B% 5 .���6شكل!��= �MN"� 5B� 5f�% ;!� (#�4.%"1 �C4UC- % ! �
"C1)��6A�5Si-33 �6� PPL(> �("��P % ! �
"C1 �< #%"A/ �

 �C4UC- %)��6A�5Si-19 �6� PPL(� �(��6A� �� �C4UC- % #�C�. 5���6- 5�
��< �< #%"A/ �- � )��6A�5Si-34(, �(�C4UC- % �� J.��

1 �. �C�6�!� JK( 5B6� 5�/�6M< �< #%"A/C� % #�( JCK�= &D B% �)��6A�5Si-36 �6� PPL(� �(�C4UC- % �� #�CA* J.��)6A���5Si-
42 �6� PPL(� �(��6A�5�C16�6	 ! �C4UC- % �- � )�<D H�� (�
��< �< #%"A/)��6A�5Si-26 .(Sph = ��
"��P %Py = ��
"C1St = �C4UC- % 
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"B% 5 .���7شكل!��= ��.% &!B �
6��V 5B� 
��f�% (�
��< �< #%"A/ �
�!BD ! �C.W��)��6A�5Si-44(> �(�� �
GM$�D �< #%"A/ �C�!6.
�C(�N5I��2 )��6A�5Si-43 �6� PPL(� �(I��2 l%"S% �� �C�!6. �< #%"A/ �
GM$�D)��6A�Si-50 �6� PPL(, �(Q� �CP�6  J
�U= R

;"	6M. �	�< �< �CA/�4C< ���. �< &%6AC-�D)��6A�Si-44 �6� PPL .(Gn = �I��2Cov = ��C�!6.Ang = ��
GM$�DBin =�CA/�4C< 

 دگرساني سنگ ميزبان
=�4<". &�<GC� H4  ��� "2��1 ��34� �� �67�
�� �%B"C  

#"-�25�2� l%"S% 5� % t��� �<6* �< ���)� .[6� � 
��CMC  J��( ��� "2��-
��< �&�(�-C�6�!� ! &�( &�(

#��� �< #%"A/5�%B"C  ���)� �� #�/����6( .��CMC  &�(

%"	 IC�!%< 5�/G=�%6. �< �. � % ��34� �� ��� "2� �4C"-�

 �6M<G
�)#B%��% �<5"m.%�N ]/�"-ACMC� (�%!%"	 �< !�IC$��C� 
�� �= �`�� t��� �F�� �6( .���. �< ��� "2� I
% 5B� 

�MN"�5�� #�
� ;!� ! @!% H4  �/%6( x� %"< ! �6(��$�5
)839 ! �< �/G=�%6. �2�(C�M5GM	 5��C��. 5GM	"C? ! 5

"$
� (���. o�� ��< JCK�= B% JU9� % #��D �67! �< �/ .��
 �4
%"	 I
%CMC! #�( Z/D H4  �� �C�M. IC���7 �K

�� �
%G	% %� &D �2�44K( �F�� 5%"< d �4� Ji� �. �/�
���.�� o/%"	 %� 5B�  ��!D)JK(^f�%.(�-
��< &�(

4� �� ��� "2� [6� I
"-�%!%"	 ! I
"-A����35� % �%B"C  .
�zC= 5�/�6M<#B%��% �= �
��< JK( 5%5"m.%�N v"-ACMC� 
���. �< #%"A/�MN"� 5B� 5�� #�
� ;!� ! @!% �6( .�a "2%

��6A� �� �
��< �%��� �-	�
 �
%G	% "-�C< �C4UC- % �< 5�/

�! �� %��� "b� �< 1 &D o�� ��< � �C�C4UC- % B% �
� % #�( JCK�=)JK(^>.(

�CP� J�M�= �
%G	% �\�< �=�4<". H4  &�( �-C�6�!�
�!�N �� H4  `/�T�� �F�� JC�� �< "�% I
% �. �6(

@�$a � % �C�M. �< �U�� �C�6�!� &�6< "=]��.[I
%
���. �� �4
%"	�MN"� 5B� �� #�
� ;!� 5�6( .�K
�6S �<

 GC� �C4UC- % JCK�= B% �C1 ! #�( �C�M. IC���7 �C�6�!�
� % #��D �67! �< .�C�6�!� �= ! JK( 5B6� 5�/�6M< �< �/

 "m.%�N #B%��%T/��� t��� "-ACMC� ��6()JK(^�.(
#�"U��� ��� "2� �4
%"	 �  "V% �� �=�4<". �N%! oC�M. �!"*

�w2� JCK�= �\�<� �C�M. 5�/ ����: �< �6M< �(�
 "m.%�N����. 5��
B �%��� �< #%"A/ "-ACMC� �C4UC- % 5B� 
� % #�(.

 ها بررسي شيمي كاني
"-�< �*�4( �6b4� �<*"<B% ���. �"F�4\ �*"< �6YN ! �/
- % ! I��2 ��-*�  ��C4UC"KC� � �"< ��!��!"-K�% �6K  

��<!�)SEM (�( ;�X�% .��. I��2 B% ��6A� !��� B5�MN"� -
5�
GX= @!% 5"
���� 5%�%� �"262 ! >"  "< #!u\ �. ���(
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% � �4( ���. ! � �4(�6M< �MX� s��

 � % &%6AC-�D ! #"�� �ZC4 �D)JK(�.(�< #"�� �4C���7
 �< >"  5�7&�K�% ��6
 [�)( �< �76= �%��� ��% e� % "
�1

��%� �$-�< ,6A�C< ! &%6AC-�D "F�4\ �6YN �< �4C���7 .�<
#�C�\ l6*W�� 5]�T[�U��Sb/Bi#�4/����� I��2 �� 5

���. JCK�= ���	 ! ����U�� �K
�6S �< �� % 5B�  Sb/Bi 

B% "-A.r/�<C"$�����< ! W�< ���	 !CB% �r�=�]l")� ��� 
K�= o. ���	 !C� % �����. J.I��2 �� ,6A�C< �6YN ;�\ -

#�4/����� �� �"< ��6� 5�/���. ���	 ! ��� &�6< IC
�1 5-
�34� �� 5B� �� % � �"< ��6� 5.


" �8f�% &�<GC� H4  ��� "2� B% �6K !"KCشكل!��= (��CMC  Z/D H4  &�()��6A�5Si-19 �6� XPL(> �(�zC= ��
��< ��(�� 5��/
 �6M< �(�� �C�M. �< #%"A/)��6A�5Si-30 �6� XPL(� �(�= �C4UC- % B% �C1 �. �C�6�!� JK( 5B6� 5�/�6M< � % #�( JCK)���6A�5Si-

35 �6� XPL(.Qt = �G=�%6.Cc = ��C�M.Ba = ��
��<Dol = ��C�6�!�St =�C4UC- %.


�9شكلGX= I��2 5"�4\ 5��6A� ��5Si-43 �< SEM.
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�M7 ���#��A( ��GC
�1���� � �"<���. 5�/�-*�4( #��( �X4 ��� !��34� "C2�� 5�/�1 5�
67. . .s�s

�
GX= 5#"-�25���. B% �
"��P % ���. 5!� 5B� 
�MN"��� &��� �@!% 5
���� ��"262 ! 5!� "< #!u\ �. �/� "

5!� IC���7 �. ��%� �67! &D ��-*�  �� ;6C���. 5GCa��
 � % #�()JK(��.(�
GX= IC4wA/JK( ���. 5"�4\ 5-

� �"< �S �. ��6�X� �%� �CP  H�� 5%�%� ��K !"KC� 5�/
��"  5�"$���A/�� ! I(!� � % �
�( �= h 6-� 5%)JK(

v! �_,(&%6AC-�D ! Q� ��"262 "F�4\ B% �. �%� &��� �
� % #�( JCK�=)JK(��.(�� ���. I
% �K
 ��%6= �  B%

 �CUC- %6K��a ���.)CuSbS2(�
"4CK % �)Cu3SbS3(�

�C4C=���	)Cu3SbS4(�(�<]��.[�< �C(�N �� ���. I
%

 x� % "< �. � % #�( J
�U= ��"	6M. �	�< �< 5"-�.�* ���.
SEMC-�D ! >"  �&0C�.% �MF% "F�4\ B% #�( ;�X�% ! &%6A

 � % �-	�
 JCK�= #"�� ! Q� �\"	 "F�4\)JK(�T(�.
���(�< �CA/�4C< ��%6= .>"  IC���7 &D ��-*�  �� #"��

Q� �\"	 "
���� �6YN ! � % #�( ,Q� �C/�� JC�� �< �%�
��C� ��b-�% B% �!� �&D �C�!% ���. .���. IC4wA/ H�� �< 5�/


� I��2 �� @�*�% ,�6F �< I(!� 5"-�.�*�� #� �. ��6(

�\6AX� B% �%� &��� ���D �
GX= �>"  ��"262 "F�4\ B% 5%
 #"�� ! ZC4 �D B% 5"-A. �%��� �< ! ,6A�C< �&%6AC-�D �Q�

#�( JCK�= ��%)JK(�].(�� ���. I
% ��� 6P�6  Z
 ��%6=
�(�< .��� 6P�6 ���. B% �/!"2 "
B �/ �4-�/ 5�CP�6  5�/

�CwC1 ��-*�  ! dC."= �.#���%� 5% .�#"�� �Q� B% �UC."= ���D
 �4-�/ #"C? ! #6C7 �&%6AC-�D �ZC4 �D �>"  �,6A�C<]�]R

�` .[ �< 5�/�����. �� �/�C4 �D6P�6  ! �/�C�6AC-�D6P�6 
�� JCK�= h 6-� �= IC
�1 5��� �KC��N �� ���6(
�� �67! �< W�< 5��� �� �/�C=6A�C<6P�6 �4
D .I
% &64.% o/

���. �/f. �� �
�7 �<��"2 ,uCK�= �� x6��C9%
)�CP  ! #�C  5�/".6A % (JCK�= @�N �� ��%
)5��� �� �/�C4 �D6P�6  ! �/�C�6AC-�D6P�6 T]� �= v`� 

5��� �� �/�C=6A�C<6P�6  ! �7��`�� �= _�� �7�� 
�%"$C-�� ] (�`.[���. ��� 6P�6  ���MN"� 5B� �M9 @!% 55

< ,6A�C< B% &%6AC-�D "-�C< �%��� #�4/����� �. � % "=�4M
�4�%� ! &%6AC-�D���. JCK�= o. �
��� 5� % 5B� .


�10شكلGX=5��6A� �� �
"��P % 5"�4\ 5Si-50 �< SEM.


� \� �-*�4(�� ���. 5"�4� �11��6AشكلGX= Si-44 �< SEM.
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ZM�o
". �5�!��P( #�%B�61 &%"
% � �4( ���. ! � �4(�6M< �MX� s��

4�/� �CA� �12��6AشكلC< 5"�4\ �
GX= Si-44 �< SEM.


� \� ��� 6P�6  ���. 5"�4� �13��6AشكلGX=Si-43 �< SEM.

���. B%�MN"� 5B�  �C4UC- % ���. B% ��34� !� GC� ;!� 5
�!� �<SEM#��B�  "< #!u\ �. ���( �
GX= �MF% 5�/ I
%

 ���.)�"262 ! &%6AC-�D(��K(D &D �� #"�� B% �\"	 "
���� �

�()JK(�v.(�
"��P %/���. B% �MN"� I
% 5� GC� 5B� 
�"262 ! 5!� "< #!u\ 5!� IC���7 �. �4-�/ ;6C���. 5%�%� �

� % #�( �
"��P % ��-*�  ��.


� \� �C4UC- % 5"�4� �14��6AشكلGX= Si-23 �< SEM.
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�M7 ���#��A( ��GC
�1���� � �"<���. 5�/�-*�4( #��( �X4 ��� !��34� "C2�� 5�/�1 5�
67. . .s��

 درگيريهادماسنجي شاره
 �"< �6b4� �<�#��( �/5��6A� >��-�% ! "C2�� 5d �4� 

��� 5%"< �%�)= �X4 �T�G=�%6. 5��C��. B% J�CF"<!� 83�� 
���. �< #%"A/ 5�/G�c%��1 I
"-A�� �. �C�M. ! �
��< �� �/

���. fM-�� JN%"�#�6< 5B�  �"< ! �C�= ���%����( .�<
���. �!�i� &6A4*� JC���MN"� 5B� 5��6A� Z
 ��4= �@!% 

! �MN"� I
% B%����. ;!� �MN"� B% ��6A� �B� 5��6� 
 �"<��4-	"2 �%"9 .H4 ��$�5#��( �/5�A/ �� "C2�� 5
��6A�#��( [6� �. ���D "$��C< �/�/5[6� B% �$A/ �C�!% 

8
�� B% �4? 5B�	!�)LV ( � %)JK(�`.(#��( �%����/5
,�6F �< ! �6< ���% ��C�< #�"U��� ���. �  "/ �� �C�!% "C2��

�� #�/��� �
6��V [%6�%��(�.B% �C<��#��( �F�� �/5
#B%��% �C�!% "C2��%5B% "-A. `,��� �< ! �4-(%� &!"KC� 

�< ���D B% �*"< @6S�T�� &!"KC� �C � .���< B�	 "39
 �= "m.%�Nv�7�� ! &!"KC� 5IC< #��( �2�("1 ]��=r�
� % �F�� .#��(�/5< �C�!% "C2�� CJK( �AC� "-����6< �%� .

h�	r83�� ��6A� B%#��( �. �/5B% "-2�G< �C�!% "C2�� `
 �"< 5%"< ��4-(%� &!"KC���/5���( >��-�% �X4 ��� 

)�MN"� B% ��6A� Z
5! @!% `���. ;!� �MN"� B% ��6A� 5B�  (
@!�7 �� ���D J��. ,����� �.)�(#�( �~%�%��% .g�)A7r`

#��(5�C�!% "C2�� )��! @!% �MN"� B% #��( `vB% #��( 
�MN"�5���. ;!� 5B�  (���( �X4 ��� .�A/5#��( �/5�<

���( I$A/ �&6$<D B�	 .#B%��% &�6< Za6. JC�� �<5#��( -
�/5%"	 "C2�� 
&�K�% �u�% �%��� ! [6� ICC)= ! �
��"  �4 -

�6U� "
�1.

.�6� �LV (��6A( ��!� [6� "C2	�D B% �4? 5B>$6&5/� )��#15شكل 5�/ �
��< ! G=�%)�< "<%"< x�C�� h*��� % &!"KC� (


� ��� �( �/5�X4�"< 5%"< �<��-�% 5�/��/5#� �����1��6A� ,جدول�-� ! "C2�� )#��( �A/�/58
�� B% �4? 5B�	!� [6� B% "C2�� )LV (
#�6<���( I$A/ &6$<D B�	 �< �. ��%(

��6A� #��A(XY���. dC."=�C�!% � �4( 
���. �X4 ��� 

#�( 
#B%��% �%�)= -
5"C2 

�
��� �4�%� 
)�%"$C-��  �7��(

�MN"� 
���.5B� 

Si-44 Tr��T�]�]]�``

G=�%6.R�
��< R�
"C1 R
�
"C16K��. RI��2 R

�
"��P %R��� 6P�6  R
Q� �CP�6 R&%6AC-�D 

G=�%6.R�
��< ����\ ]�^R]_� @!% 

Si-33 Tr���]]�]v��T
G=�%6.R�
��< R�C4UC- % R

�
"C1±�
"��P % 
G=�%6. _��\ �^^RTr_ ;!� 

Si-30 Tr�TvT]�]v�^r
�
��< RG=�%6. R�C�M. R

�C�6�!�R�C4UC- % 
�
��< �`��\ ��TRT_` ;!� 

Si-28 Tr�Tv]]�]v����
��< R�C4UC- % ±�C�M. �
��< �T��\ ��_RTvv ;!� 
Si-29 Tr�Tv^]�]v��]�
��< R�C4UC- % �
��< ^��\ T�`RT]^ ;!� 

Si-35 Tr��``]�]v�T�
�C�M.R�C4UC- % ±G=�%6. 

±�
��< 
�C�M. �T��\ �]TR��_ ;!� 
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ZM�o
". �5�!��P( #�%B�61 &%"
% � �4( ���. ! � �4(�6M< �MX� s��

!5 )��#��: اوليمرحله سازيكاني G=�%6. �� �C�!% "C2�� 
���( �X4 ��� �
��< .�4�%�5IC< &�( I$A/ 5��� ��� �= 

��� IC$��C� �%��� �< ����7�� 5�%"$C-��  � %)@!�7�
!JK(��f�%(.

و باريتشتريبسازي مرحله دوم كاني  ��: همراه با كوارتز
#��(5�( �X4 ��� �
��< ! G=�%6. �� �C�!% "C2�� ��.�4�%�5

IC< &�( I$A/ 5������ �= ��s IC$��C� �%��� �< ��� 
�7��5�%"$C-��  #�6< � %)@!�7�JK( !��>(.
5)��# ��:با كلسيت همراه شتريبسازي مرحله دوم كاني

����( �X4 ��� �C�M. �� �C�!% "C2� .�4�%�5I$A/ 5��� 
IC< &�(��� �= ��� IC$��C� �%��� �< ����7�� 5

� % �%"$C-�� )@!�7�JK( !���(.

A. 5��� ��
���C�45��6A� JCK�= ���. 5�/ 5B� 
�MN"� !� �67! #�4/����� �%B"C  ��34�5���. 5%GX� 5B� 

 J��(�MN"�5��. @!% �B�  5IC< �
��� ��]�^ �= ]_� 
�7��5�MN"� ! �%"$C-��  5��. ;!� �B� 5IC< �
��� �� 
�]T �= T_`�7�� 5�%"$C-��  )JK(�_(�
�-� �< �. �6<
 �"<��/5�%6�A/ �KC-�c%��1 ���%� .���. &%6AC-�D 5B� 
�MN"�5J<�9 ��< !� �< JCK�= 5��� "b� B% ;!� oC��= 
� % :�(IC< �
��� �� �C4UC- % �< #%"A/ �
��< ! G=�%6.�^^ 
�=T_`�7�� 5! �%"$C-��  T(�� �C4UC- % �< #%"A/ �C�M.

 IC< �
����]T �= ��_ �%"$C-��  �7�� )JK(�_.(�-� I
%
�
I
"*D &%64\ �< %� �C�M. JCK�= ����GA/ �. �MS�< ���. 

� 8S��� �� �C4UC- % �< �<6*�� &���� �C
�= ��/��4..

���16I$A/ 5شكلC�6-  5�/�%�6A� &�( #��(�/5���. fM-�� JN%"� �� "C2�� ��34� 5B� 1�67�
�%B"C  .f�% (�6-�  �%�6A��5���� 
&�( I$A/#��(�/5"C2�� ���. �< #%"A/ �
��< ! G=�%6. �� �MN"� 5B� 5�@!% >(�6-  �%�6A��I$A/ 5��� ! G=�%6�. �� "C2�� ,W�C  &�(

���. �< #%"A/ �
��<�MN"� 5B� 5�;!� �(�6-  �%�6A��&�( I$A/ 5��� #��(�/5���. �< #%"A/ �C�M. �� "C2�� �MN"� 5B� 5;!� .

بالف

پ
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�M7 ���#��A( ��GC
�1���� � �"<���. 5�/�-*�4( #��( �X4 ��� !��34� "C2�� 5�/�1 5�
67. . .s��


��17شكل��� &�( I$A/ 5��� 5#��(5�/���. fM-�� JN%"� �� "C2�� �� �
�C��. fM-�� G�c%��1 ! 5B� ��34� 5�1�
67�%B"C  .

و برداشت  بحث

���.��34� �� 5B� 51�67�
�2� ,�6F �< �%B"C  ! 5%
=�4<". &�<GC� H4  �� �4C���7�)IC�"1 (� % #�( JCK�= .

���.� % #�%� L� �MN"� !� �� �C�!% 5B�  :�(���. 5B� 
 I��2±�
"C1 ±�
"C16K��. ±�
"��P % ±��� 6P�6  ±
�CP�6 Q�R�MS�< �< #%"A/ &%6AC-�D5! �
��< ! G=�%6. T(
���. �C4UC- % 5B� ±�
"C1 ±�
"��P % ±#%"A/ �C16�6	 

�MS�< �<�C�M. ! �C�6�!� ��
��< �G=�%6. 5�/ .���. �
6��V 5�/
��.% &!B
��
GM$�D ��C�!6. ��
�!BD ��C.W�� J��( GC� #�4

 ��C=62 ��CA/�4C< ��C4C-4�%! ��
B!"  5�/�C�.% ! �C=�A/
� % &%6AC-�D .

 �"<��/5SEM�"< #!u\ I��2 ��-*�  �� �. �%� &��
#��B�  "F�4\5)�"262 ! >" (,&%6AC-�D ! ZC4 �D �#"��

#�4/����� �. � % ,6A�C< B% "C�	 ! �-(%� �6YN5JCK�= 
��� �� ���. I
%5� % IC
�1 .��� 6P�6  GC� I��2 J*%� 5�/

C-�D 5%�%��� �C
�= �. � % ,6A�C< �< �U�� "-�C< &%6A -
#�44.5%
� �\�% I. �"<��/5� % &D �
6� GC� �X4 ��� .

�"262 ! &%6AC-�D "< #!u\ GC� �C4UC- % ,�\"	 "
���� 5%�%�
� % #"�� .�MN"� !� "/ �� �
"��P %5���. �6S �< 5B� 

� % #�( 5!� IC���7 �. � % ;6C���. 5%�%� �\"	 .�.��
Q� �CP�6  ���� 6P�6 R�< �
GX= �� �CA/�4C< ! &%6AC-�D 
�<!� ��!"-K�% �6K "KC�����( �
� �4( .

��� "2� I
"-A����CMC  J��( &�<GC� H4  5�/ -
�-
��< �&�(�-C�6�!� ! &�(� % &�( .#%"A/ �4
%"	 �  I
%

=�4<". H4  B% oC�M. �!"* �<�oC�M. �K
�6S �< �� % #�6< 
�( ���*�w2� ,�6F �< �
��� �� #�6M< �(�� �C�M. 5�/

� % #�( �-(%�2 5�7"< �C4UC- % JCK�= �< &��GA/ .
��CMC �-C�6�!� ! &�(< &�(CJCK�= B% JU9 "-�

=�4<". H4  �� �C4CUC- %�5%"< d �4� hCi� ! #�%� L� 
���.� % #�". o/%"	 %� 5B�  .�-
��< �4
%"	 I
"-A�� �. &�(

34� ��� "2�2�G< ��< �. � % ���1 �
��< B% CB% �
� % #�( JCK�= �C4UC- % .

 �"<��/5���. 5!� �X4 ��� ! �
��< �G=�%6. 5�/
�� &��� �C�M.���. �. �/��MN"� 5B� 5�
��� �� @!% 

IC<]�^ �= ]_��7�� 5�� �� % #��D �67! �< �%"$C-��  
���. �KC��N�MN"� �C4UC- % 5B� 5#%"A/ ;!� ! G=�%6. �< 

IC< �
��� �� �
��<�^^ �= T_`�7�� 5#%"A/ ! �%"$C-��  
�� �C�M. �<����
<CI�]T �= ��_�7�� 5-��  C�%"$

K�=C� % #�( J.#�4/����� �Mn�� I
%5��34� Z
 5�4<
 �� >��"2 J��K= ! ��� �/�. �< #%"A/ �:%! �
�CAC(6~c

��34�5� % �%B"C  .�4�%�5��� �
�=KC�/�����. J5
-�DCa &%6AC#!"2 !� �� I^`�=T���7�� 5-��  C! �%"$

T�� �= ]���7�� 5-��  C��%� �%"9 �%"$]v.[����pH�
"2
2��G��.% B�2 CN% �6P�6  G."A= ! &0C��
�/�6-.�	 5o�� 
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ZM�o
". �5�!��P( #�%B�61 &%"
% � �4( ���. ! � �4(�6M< �MX� s��

#�44. @"-4.5�uN C-�D �C� ! &%6A
�� ,%GM	 "$�4<��"2 .
��62�/5-�D d��? C�� &%6A �� @6Mi�pHm4* �Sb(OH)0

3

�� "$� �� %"2
2��G��.% B�2 C�� d��? ��62 �. h 6-� &0
 @6Mi�Sb2S2(OH)0

2��� �� 5<CI�^� �= T^��7�� 5
-�� C! �%"$HSb2S-

4��� �� 5B% "-A. �^��7�� 5
-�� C� % �%"$]�r.[�/�.pH"-A�� 
�= J��\ I��C4�
- %C4UCS ���4.%! HSb2S-

4 + H+ = Sb2S3 + H2S�� 
%"(
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