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����� 

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

�!.!#�/�� �1 !��,�% 2�% ,��� 3�� ���4 5��6��� � �7 ! ��]8[ . 

��� 2��7 �, IIB %��	# :� ;�"�# <�'# �, � ,��, ���4 !���, ��)�+�= ! *> +�� ��%  .�, $%! �, �,�%&�% @

���#�����/�� !�� -��"�# !�A ��)��� �/B# �� !� @� C,  .A!��  ���"�# �, !�"� -�1 ��)!(��� � �C ! -�C 

��&���"�� � ��%  .� �%�A :�D E!�
�	F �% �1  ��� �."  	��� ����*��  .���	G'C !�'# E�/B# $% @! @

A! �% H�&���"  �������� H/.I'" ���1  	��! J[Zn(NH3)2]
2+� - !��!  [Zn(CN4)]

2-C � !�"�� ! @

[Zn(OH)4]
2-� � ��%  .,��K" , F���	! &�'�� �1 ��LM�% �, ��� *�� � $% ,���� N � � �O� JC � ��  .

." �����"�# !�� ��)� �, 'P! $'8*�� 2 � 2,��1 ]8[ . 

��)!"�# *!�QD *�� 2 � 2,�, ��B� :� ; �, $" $��R��'C 	" �� �!!S# � � $% T1 �, ��� U.�6�  .

 	��C V�� �� % &�'�� ��� ��)!"�# . �, ��)!"�# E�� �� 2,�(��� WF�% �X�� ��� $!D�� �, V�� ,�;� < F

*�� 2 � 2�!Y � �B���1 @���� -E" Z�A -�/!��QA -�R�� . ���  !	.� �  !�"� - !(��� $G��	� :�D E�� �%

�, � [%�# \�] ^���� �, 	C, �� ��B� ,�] �� H���	!��� *!
�]  ��� $�6!R���% �]8[ . 

 

�� � 	
������ 
���� ��: 

�"�!��  ��,�A �(� ! V��  ��'�� �����"�] $% @�'�_ �% �% �� % -�� `.# � ��%  .+ \��]!3�/��"� !  

��� :� ; �, )808(*�� 2 � 2,�, ��B�  .�/������ $��� Tc; �1 J� \��] �� � [(	% � �,� �nm dOO  

��� �� $"  ��% �% �, �e� E!*�� ,�+ $% �fg	� �C $�� R�� E . �����/��� H��% ! $�� R�� �3; �� �1 -T�] ��

�C�  ��� *�/� J'�3"�� ���% �1 ^���� ��4 � *�� 2,�, ���4 :1 2 ��>N/i ��% �� ���/!�  . ��'�]��

��  	��� �1 �, ,�;�� T�!F &�'�� ���  !�"� ���.% �  	" �� ���); �� -$/)� �, �;��] ����� �����./

 ��% �� �)��	� ������� $'!� ��!
�f] ����, E���%�	%]8�>[ . 
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 :� ;)808 : (/�3!+ \��]��"� !��  � ]8[ 

���� �
��� 

 T�k $�l�)���� $;�,!,��R( 8mnN 

V�� (�!  

 ���o�/��� H i8N/> - iOp/> 

\�f6� ��� Op/N 

pH $% q�%�� ��'"��QD E! T1 �, * n/m 

Ksp Zn(OH)2 
8n08i * N/L 

+�=!���7 *�� �, >N���� $;�, ! ,��RkJ/mol >O/Li 

I����1�/B# ! �, @min0N/L8m���� $;�, !,��R 8/dNO0 

�P�q��)�� s  C
0 / O08i * L 

� C���/�� *�/�) W/m.K( >/>N 

���.% $/)� 3#��� -:���7�3RC�* 


�]!A *!��/���3�/� L3#���" �%��%  

 

�� � 	
��������
 �� ��: 

�"�!��  � ���	F $% ��� �% �#�(�1 2,�� t!�/'� � 2,�, [	"�� �C ��� ���# �� !�  � �% �1 [	"�� �  	" 

� �C��%!��# s)� 3!�  � �#�/	)Zincates (��,��  .�"� u�; �,!�v���QA ! �/)vulcanization (

�"� [l�!��  ��% !A ��!G! �"� � � *�� 2!� ,��� 2 		" :��+ ���	F $% &�'�D� ,��1  !*�� �� .���%�
� 

����� !�"� [	"�� $�!�� �%  !�C ��1 ���#�" �% ��1 [	"�� � !� �C��3� 	��%  .�"�!�	# $%  � ���	F $% 

��#�"!�C�����&� �, ��3�f6B� �# � ��A�K�  	��� !��D $" -���"���/��� �, ,�7�7 � �." .A :! - 	��C �'

� 2,�(����,��  .�"�!��  ���C �, ��"� �, �% T�_�� !��# � 2,�, [	"�� E%�"  !�"�  �� ��	%�" � 	"  .

�C��7��� ! �(���  	��� !C  !, -�w�� ��"� !�"� �% �." � ,�7�7  !��  ��"����� � 2,�, [	"�� ! E%�"  

C �!�� 3.+ $% $% �� �1 �w�� �D� !� �� 		"  ., �,�C����"� -&�% !��  �B��; !�"� E! �  �� �, J! $B

�C�� !.!#�/�� �,��  .% J� \��] ��!��!'!���*�� �1 �,�% tI"  P � x��4  P �1  .�"�!��  � �, 

Y @/�� � T1!� :�.g� ��	� JC - ��% !cA�� y���D� E�Y �,�A ���
 $% � �!'� ��� � ��% ]8�>[ . 
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��  � ��!�" �#�: 

��%���# !  �"�!��  �,��, ,�;� u�� $�  .#���D u�� �,� � �� u�� t!'��#  .�/����� �� �#���D � 

�	)� �%��� �� 2,�(��� �3.+ �, u�� � ��	)� �% �R��C $._�% � �C $��" �� 2,�(��� ��"� !��  �� � ��%  . �,

�� ��6% u�� �, �C���# !�"� HI� �  !��  ���# !�  �,��  .��+ �,��� -�#  	� ��D <�] ,��� ����� �� ! z

��C ���
 $% HI� � ,�� !�"�� ! �  �� 2,�, T��� ��	%�" ��,��  .��# T���!�." 2 �  ! � 2 � $	

�"�!��  ���# !�  �,�� ]8�d[ . 

 

���� �$���� %&��!�'�� � 

�"�!��  ���� !��% $!�"� $.!�� !�� ��6% ����C���% �, � \�f6� ��#!�  �� �, $" ,�� �1�+ E�%  	 �

�� ��6% *e.Y :��	"��; � �� ��C ���#��k $% ���# � *�, �e� ,��� @/� � ,��%� �% �*+� . � �C��7

�"�!�C ���# !�C 2 		",�� @]�, �� 2 �  �� ��"� HI� � 2,�" ��)F 2v!��  �� � ; �,��  .�"� \�.]!  

�����# !R��% 2 �  ���� 2,�� $% !��% 2,�(��� ,��� $���# !�� ��6%  ��, ,� .�"�!��  ���% &�% \�.] �% � 

���, {��f�����/F -� �  ..� ,���!1�+ �� 2,�(��� �% $" *�����Y  	!l��� �! J)French process(��# !  

��,��  .���� $.
�+ �,� 8mpi08mnO - dL�"�  
�, !��  ���# ! ���1 �� �% �/���# u�� E!*�� 2 �   .

�����+ u�� �,��� �� �|��] Q)4 $" ��� ���% *�� 2 � ���# !� 2,�(��� ��6%  �,��  .��%���# !�"�  !  

����A \�.] �% !�l��� u�� �� �# E! J)American process (� 2,�(����,��  .���� �,� 

 8mpi08mnO - Np�"�  
�, !��  ���# ! ���1 �l��� u�� �% �/!*�� 2 �1 *�, $% J . {cD ��/��

f��]����C �� ,��� �, ,�;�� ��!	%�" ,��� � $��"� :�fD� �� 2 	C, [	"�� ! �,�� � ,�;�  .� �%� :�D E

,� g� U.�6� {��f�����f6B� ���% �� �M�% �f��]�� �� !� ��� ,��� 		"  . $G��	� :�}� ���	F $%

f��]�� *e.Y��C ���,�"  	��� !	� � H� -,�7�7 -EC1 -T�� -J!f6B�  D �� <3���%  	" ����# ���# !  

QA��!� �M� E" Z�A � �/� 	��%  .M�% ����C $P��4 �� ��� �� !1�+ �, 3��C 	�l��� !Y � J!l��� �! J
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� 2,�(����,��  .�� ���� ���� �!��% 3���# !�"�  !��  ����~ ��C $P��4 �� $��� ��	�� -���D ��� � � -

�	���w������ �/�� 2,�(��� �,�� ]8�d[ . 

 

������ � � ��'�� �# ()American process( 

� �,��� 2�����	" u�� E� E%�" ��MD �, D� -<�& ����D �,�, �% �!� ���� ����6% � ,�� ���# ! $% 2 �  

��!�"� ��C $.!�  � ���  .% 2��" ����D $;�,! Emii �# 8iii���� $;�, !*�� ,��R .�!�"� \�.] ��3!  

�����# !� �� 2 �  �'� &�% �� 	� u�� E� ��%  .$%� :�}� ���	F � $eDQ� @%�4  D �, T�� ,�;� $% ���# 

,�'� 2���� :�fg� �,]8�>�d[. 

ZnS + 
3
/2 O2 = ZnO + SO2 

 

�+ ,���� -./� )Grate Furnaces: (�C 2��" �,   � eastern Wetherhill ,� �# L � �% �! �� ��B

� Z�.% ��1 $% $" �C 2��"!� $�(7 3� ,�� ���, �� �, t� Z��B� 2����!� ���
 $%  	��C 3!./�C,��% � 

�� ���  .�� �% ��, :�Yk�� [6A t)B� [6% ���� ,��� q�.6� y���D� ��  �% � ,�� !�� $� $" :�Yk � 

%�] $%��1 JC �% !� $+�P� �1 $%  �� 2 � $�6�,�  .�"� �	� �� 2,�(��� �% ���%!D� *��D �, E%�"  !��� $R� 

� $���,��� ��3.+ �# ,�� � T�� � ��#! ���   .�C��6%�3.+ �&�% �, \�f6� t4�#� @]�, $% � 2��" 

B"!�"� ��C �% qQ�]� �~� �, ���� �, � 2 � 2 !A � 2 �  !��# *	'R!�  � 		"  .A!�C��7 � ��	'R� ,�;�� ��, 

��% $" 2 		" t	] [6% ,����� *�� Z��B� �C 2��" $'C � % � ��� �#�# E! :�fg� s� $% *]��	/

� *�,�1 �  .��� ,���! &�'�� $nN08N���  
�, � &�'�� -Oi���  
�, ��� -� ���,  �% :�Yk �� l� � 

e	# �1 s�D!� J�,��  .��%�� ���% $/	��� E!�����1 �� ,�� @
�D $�! � *�� 2,�(��� t" ��,��  .

�."!� � EC1 -J!.!�� �% H�)_ !." *�!�� {cD � �/	�~�# !(	� ����%�	% �  ���, ��% E������'" �, �  D E

 	��% $���, ���4]8�d[ . 
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 2��"western Wetherhill 2��" $%�B� eastern Wetherhill ,� D $/�1 3; $% *�� 8> � Z�.% 

�% �!���, ��B� 	��C Z��B� y���D� $e(g�  .��
�f] E!1�+ ��% :��	" s)� *���# �  	! :�fg�  

�� �# *]��	/�,��  .."! &�'�� �/	8N0p  
�, ������ � �, �)��Y $" ,��, Waelz kiln��% �%��  

��,��   . 

1�+ <������3+� s)� � 2,�% �# 2,�� Z�g�� t)B� ��g(
 �% 2��" �%  	�� [!��# ��3!��� $%  � � ���  D�� 

��#! :�fg�  �� �# *]��	/�,��  . Z�g�� $/)����� t!% 2��� �� ���� !��C $.�	C1 � 2,�(��� �% $" *�� 

�� ��� *"�D 2 �, �� 	"  .�%���/������1 ! *��6P �# *8N���� !� ,��� 2��" @]�, $% ��'� ���  . �� HA

� -y���D���% E�_�.6� �% ��/��% �� ���/���� 2,�� � :�Yk ! *��6P �# $N/8O08N���� !� 2 ����A ��'� 

 ��� .��%�� �,�" tB] �� ����D �� ,��� E�� 2,�(��� 2��" �� 2 � ,��� ,�� .��# ��6%! @]�, $% 2 �  

��1 �'; t4�#��." � 2 � @l�	� !4�% �/	!�+�= @]�, $% 2 ��'���� �'; �� C �� C 5��] $% �� � 2 � *� *

��,��  . 

 

�+ ,���� �
�0 )Rotary Kilns ( :���, $% �C 2��" E!��, �,�% &�% @�-��1  �"�!��  �" �% !(!��# �#&�% *!  

��C,��% �  		" � 1�+�% ��1 �,  	!*�� ��B .�C 2��"� ��1 :�_ $" ���, >/8N08/8> ��1 ��4 � ��� L/> 

� �������� *'�4 ��  ��% ��_�.6� �% � �� ON���  
�, �� ! � ��	dN���  
�, ������1 !C, Z���] *�  

�� ���  .�% ����, *F��!�A ��!�� � E!� s)� J" s�+�"  ��� ���� ,�����% �s��	� {cD �� � ,��� �� 

���!� $�,��  .� [C�" 2��" @]�, �(�'#�� � %� .��1 �'; �36� @]�, $% 2 � :��	" ���
 $% ��C HI�� 

�"� � 2 � ,��� ��6%!��  ���# �e� ,��� 2�� �� � @/� �% !�  �,��  .4�%  ��;!� ,�;�� 2 ��'!��% 3! T1 $.

� t	]�,�� ]8 [ . 

1�+�  	Waelz��% ���1 @'F ��% !����� $.'; �� -��3.+ �� ���# � -!�"�  !3.+  � 2,�(��� ,��� |��]�� 

� ���4�7 !,� .� �, 2,�(��� ,��� Z���]�1�+ E����  	�C $��" @��"� ! �(��� � ! ��� � �C $._�% -
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����/��!�� 3��C $��" -���D EC1 ��� ��	�� -��)Y � ,�7 ���k � ��	�� -T�� 2��" ��1 !�C $��" �  -�� 

���� Q_ � �.4  	��� ��3.+ �� ��%  .w�������1�+ �1�+ $%�B�  	�.)4  	��� *�� ��, $% !, ,��� ��MD @� �R

(��� -�#�(���  	��� Z���] �,!�� �#�	%�" -�C !.!A �� �#�/!G!7 �% !��B�*�� ��,��]�%  .��%� :��	" 

�!��!�,�3+� �� Z���] *!����  	��� !.!�"� � tC1 -H!��� EC1  � 2,�(�,��  .	G'C!� tC1 �� E� ���# 

��%�)}# !(��� ���
 $% ��(��� *!�."  !�� �, � ,�" 2,�(��� J!� �% ,��� $�! ��3>i���  
�, �� �� ,�7�7 ! 3

��,�" 2,�(��� Z���] ���	F $% ���#  .."!, $��"� !�./� �, ,�;�� ,�7�7  ��, $% U.�6� ! �,�% &�% @

@]�, �,  ��� ���� � ��,�# $% 2��" ��"� ! )#  �� 2 � @�"� �% !�C �3.+ �/B# ��(��� � 2,�, [	"�� ! @

��,�� ]8 [ . 

��D Z���]� >N���  
�, ��; ���
 $% -E%�" ��C��7 �% U��6� ��� ,��� *]�� y���D� �� @
�D ��, 

 :�_ $% 2��"di088� y�(#� ���% �, :�Yk E�]�� � 2 � ��� � �+�  .�� �% 2��" []�� �% *FN/808 ��, 

4, �,!� s��	� qQ�]� $l�� ,���,��  .����� $��7 $% ^�e	# !� J��C��7 �, ,�;�� �&�fg� $" ,�� � 

;��]��C��6% @��� ��� ��,�" � !�"� -J!�"����� -�.4  !����w  !�"����� -J!� E%�"  � ��%  .�"�!�� ! ��

� @��"�� <���� $_�%�� $e(g� �, ,��� E�,��  .,��� HI���1 �'; � 2 � t	] �� � ���  . ,���� s.Y� �,

Zno� !�,�" � 2 � 2��	!� {cD �1 �, ,�;�� T�� � ,�7�7 -J��� ,]8 [ . 

 

� ��"�
 1 �#� '�!
 ���) Electrothermic Process : (�/�, ����� �� �R���/�� T�k 2,�(��� ,��� �/� 

���� � ��%  . ��(#���C 2��"��D�_ �, 2,�(��� ,��� ���1 � �/88��� �# $� ��4 $" *�� � ��1 nN/8 ��� 

���� ��4 �� LL/>� ��� � ��%  .�����, �C 2��" E� p+��7 ,���/�� !����� $% � 	��C ��� �, �C  .��! �

��/�� *���l��/�� �� !��% ���"�# �% ! sni�  
�, ! � ��	di -t"  
�, m� ��� �w��� $"  ��% � ,��� 

�!��% ���+ �� T�k � JC��� 	"  .�� ��6%���# !�"����� 2��'C $% 2 �  !�C���� �� E%�"  � �, ,�;�� L 
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�"� �% � 2 � 5��] ���!�� !��% ��!��# �C $�� R�� ��C $.!�  �,��  . @]�, �� ��)F � � � ,�� ��  �%

�!'# ��./!�"� 2 		" 3!��  ���1 �'; �� �,�� ]8 [ . 

 

������ � � �2 �#�'��   ()French Process ( 

� �,��� u�� E��� $% |��] !6)# ����D $.!� ���"� $% ��C ��MD �, � ,�� !��  � )# � @ 

��,,�7  .�"�!��  �� �� 2 �1 *�, $% �)_ u�� E!���, �����% \�.] !&�% ����,�%  C��]  . 

Zn (��6%) + ½ O2 = ZnO 

 2��" u�� �,Wetherhill��% ��"� ����% $/�1 !��  �.] �% ��# &�% \�!�% ,�"  ������� �� ��� ,! �% $

��'"�� E!f��]�� ��3���% ���# !�� ��6%  �,�" 2,�(���  ., u�����/�� o�4 �� 2,�(��� �R�/���% ���# !  

��, $" *�� ��6%��% �1 ! �� [>iii���� $;�, !� ,��R� ��%  .�/�� ,��� �, J� @X��� �� � ,�� u�� E

�� �,�"���# � �C��7 �!�"� ���k  ! ��% !� ��� 3) �� ��'"8N/i�������  (�� ��%  .���% 2,�� E! *�� :��+ ��

�3+� s)� ����# �, [	"�� *F�� [!��QA  !� �/�,��  .�C 2��"�� �% ���, !#���D J���.]�, � ���
 $% 

��!����1 �, �#,� g� ���
 $% � �A��� � �,���" �, �� ���4 2,�(��� ,��� �/�7 ! �� .�� �� 2��" �, E�]�� 

���7 �  C,�� ���% 2 � ,���6)# � T�k !�� ��+�" �� � ��%  .�, $%!��, @��A !���# ���k �# E! 2 �  

�� $% *)��� 	��C �# *��, ���� �.1�+ �,��� 3.+ <���  	������ @]�, �, $" ���% �%��,�'F �(f# ! $

� ���4 y���D� ,��� *�� 2 ��7 !,� .� |��] @
� �,���F�� ��l# !� ��� �  ��% ��� �� ���# � |��]�� 

��%���# !�"�  !��  ��� 2,� g� � &�% \�.] �% !�� 	% $��, �� ���# !,�"   . @/�)808 (1�+������+  	� �� 

� ��B�� C, ]8 �>�d[. 
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 @/�)808 : (1�+������+  	���# !�"�  !��  � ]d [ 

 

 

������ ��
 �� ���3�4 �� 

�"�!��  ����~ ��� $�4��  	��� ���C $P��4 ��C $P��4 -23!�����7 �)��#� !Y � @!# 2�!� $� �, �# 'F � ,�� 

�	
���& �!���� � t!� {�f� t�,��  .�l#� �)��"� J� t!��  ���# !��1 �, 2 �  ����~ �%�	� �� �/� $

#!� $�,��  .�"� s.Y�!��  ����~ ������+ u�� $% $���# !�  ���� 2,�� $" ,�� !*�� 3.+ �1 $ .��� �, 

�,��
�] �6)# !� �����% ,�� �f��]�� $/!���'C ��, $" T��  	��� 2���#&�% u�; � ��6%  ���,  

'�� % �  ��� �#�# E!�"� s!� *�, $% |��]  �1 �  ., u�����% �R���# !�"�  !��  ����~ ���# -$! s

�� ��	%�"��� :�.g� �� � �� @
�D �." -�1 �,�" tB] -�C $P��4!��	!�1 HI� � ��!��% �1 �,�" �� 

��#!��% s��	� :�fg�  � {��f� ����!/�� � ��%  .%�B� :�fg���." �� !��	!�	�� ��� 
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C!(����� !�� *�� � ��%  .��F�+ :�fg� �	�� E�C �� 2,�(��� !(����� !�� *�(� 2,�� ���	F $% !  

� 2 		"� 	��% ]8 [ . 

����5� ��
 �� ��6 7 � 

�"�!�C �����, $" �% ! �� [N���  
�, � ��(��� T���"� ��  	��% !��  �� %��� �1�+ �,  	��� �  	

��1��/����� ,��� �� ! � &�% T�� �� l� �% $��"� �,�" q�.6� �% �!��  ���# T�� ��(��� �% !�  � ���  . �	#

���# t!� 2 		"  ��"� ��� E!��  ���1 �, ���fg� � ,��, ,�;� �/���D � >p0>i��# T�� ��(���  
�, !  

�� 	"  .� ���& *]�� �, :�fg� ��� E��!� 2,�(��� t�,�� ]8 [ . 

 

����8� !�" ��
 ��� ��,��6 7 9
  

��1 �, $��]��" $�� -�/> � �,���" �, �# �3/� �, $��]��" t��C 2��%�� �� t���% �C ��'�A � 2��" ���# ! ��6%  

���� 2,�(��� � 		"  .�"�!��#  !� @l�	� �C 2 		" T�k $% �# 'F � *�� |��]�� 2 �  �% �# ,��  3.+ $

 )#�,�� @ .� �%�'" �� l� :�D E�� $�]��+ $�� R�� ���	F $% �1 �� �,��  .1�+��, @���  	! �� :�Yk �,�A � 

�����" @]�,���'D @]�, $% $��7 	� �� T�c� 2��%�� �� � ��%  .�� �� l�� �� 8p08i � � �,  
�, > 

� [C�" �(
 ,� D $% *F��� � *]�� �)	� ���	F $% :�Yk �  %��)	� ����% �D� @��F !  	��� 2 		" �

�"�����!� @'F E%�"  � 	"  .1�+���� 2,��1  	��1 � �,�" tB] @��� :�Yk !� �,�" �� ��%  .C�7� 

��Yk �� ��4������ 2,��1 Q)4 $" �]k � !� 2,�(��� *�� 2 � 2��,��  . ��C $% :�Yk *)�� :�D �C �,

�%������, �# ,�� :��	" *4, $% �� ,��� !��# ��!,�� E .��,� 2,� g� �, &�'�� 2��%�� 8>ii088Ni $;�, 

����!� $���, $R� ,��R�,��  .� &�'��!��% ��3�%����% ��� � T�� � mi�  
�, ���6% �  ��% � @��� ni 

���  
�,��"� !��  � � 8i0n���  
�, ���# T�� !�  �,�� ]8 [ . 
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���� + :��&��!�'����� 

1�+���� �#  	���% �F ��1 @'�� <�] ,��� � ��%  .��" :��	" $% �,�4 u�� E!(! 	% $��, � *� :�fg� 

��� �)_�1�+ �, 2 � :�'F� ^���R�  	���  	�Y � *F�� -��, -!� 2�� ��%  .���'�� u�� E����� �� 3� 

A!w���������/�� �1 �� 2,�(��� �% � *�� ���fg� ���# ���% ��)��	� ��	
 ���& �!��� t����� -! -t

g�� [��A��	
 � �����/�� �!# t!,�" $ . @/�)80> ( �� ���  !�"�  !��# ���% �w�������� !C  	�1�+

 C, �� ��B� .� @��F!G!�� *�� E/'� V	!�."  �� � � t��� �!��(���  � ��% t]8 �>�d[. 

 

 

 

 

 @/�)80> : (���  !�"�  !��# ���% �w�������� !C  	�1�+ ]d [ 
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� �,� :�.g� $% u�� E�" ��  !�"�� !C �#  	��3+� �� J� � ��	%�" �� J� �  !�"�� !C -��� ��(��� ��	%

 ��� @� )# ���  !�"� $% �#  		" �� H!./# � � ; �� �%��� E�� HI� � 	" T��� ���: 

ZnSO4 + 2 OH
-
  = Zn(OH)2 + SO4

-2
 

ZnSO4 + CO3
2-

 = ZnCO3 + SO4
-2

 

Zn(OH)2  = ZnO + H2O 

ZnCO3 = ZnO + CO2 

 

���� ��� ;�<���
 �� �� 

�,�] �% 2�QF� 	% $��, � [�,� �# �� ���� �� ��% ���"� \��] ,�)% !��  �� 2,�(��� �,��  . &�'��

,�����"� $% !��  �� $+�P� ��	
 �, �1 �'�# � y�(# \��] �# ,�� ���& �!�� � t ,�)% V� %� .�� E

�� @��� &�'�� ,���!�C ���  	��� T�� !�C �A��A !��!��K��� � t� 	��C t .��!�(�+  � ��e	� $% t

���+ [C�"!� *!'!����# � �/�1 !��% �#�(�+ @�7�.; !��� 2,�(��� ��)Y � ,�7 �� � ���  .�"�!��  ���# !  

��1 u�� $% 2 ���/���� ,��� @��� E/'� ! �"�# <�+ $% !�"� ��)�� � ��% ��(��� �� �� ,��� E� ���# 

��%!���.g� �% �B��� $.����1 !"�� � ��/'� �����1 !}	] J�,�"  .� �%�1�+ �, :�D E� ,�)%  	� $�+�

��1��/��, �� �R!���� �B��� $% !*� .�"�!��  ��'# &�'�� �� � � � $]�." � �'�# $% @� ��)Y � ,�7 ,��

�6� $% � ,��,�� tB] � ,�� ),���� �, 3; $%��." �, �� $" ! ��% 2 � $	 (� $"�� E�7v� �, \�f] $% 

���� {��f�!/���& � !��� t�*�� ��� @/B�  .'C $%!, E�!C�7 @��C $������ @]�, �, ���1 ��4�� � 

� �, $� 	7 ���
 $% ���,� �  ���1 �� �� ��)F �% �!� J"���� �� ��1 �/��.Y ��� 		" ]8 [ . 

 

5� ��
 = >� 0�
���� �� ]8 �>�d�L�N�O[ 

�	)� �%� 
�f]!+ ��!3�/�� � !'!����"� !��  �� �� �1 {��f� -��l# 2��7 �, $% ���# !,�" J .��7�3%� E

��& *�	
 -2 		" {�f�!��� t�� ���
 $% �1 �� -!'!���.'F �, 2 		" :��+ ���	F $% � ! ��
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��/��!��3!��% � ���}	] ��� � ��(���  �,�" !�C ��1 ���# !�"� �~� �, 2 �  !�� !� 2,�(��� ��� 	"  . ��

�"�!�C �� ���% $��,3��B	"�� ��� ��"� �� � �!�C �� $#�(��� *��, ��% 2 �.'F ! 2,�(��� �# 	" �� 

��,��  .+ �e� ��!3�/��"� -!��  � ��l# @��F t�,�C -2 		" *�(� $�� R�� -����D ! $��� Tk�; �  UV 

�� ��%  . 

80 ��&!��� t� :��'���"� {�f� E!��  ���& *�	
 �, !��� t� @��F ���	F $% $" *�� 

1�+ �, 2 		" :��+�C,,�7�7  	�) �[��/�� � (X�"� 2,�(��� ����,��  [C�" �� [	"�� ���� �  

�� C,  .�"�!��  ��l# -$/)� �, U" :��	" s)� �.%�4 ,�)% -Z���� *!� C *�#���D *� � 

�3+��cA {����� [�����& *���l� � !� T��+1 �%��% �, t�,��  . 


��]��A  	��� !�� �,�% E!�A �� 4 ���"�+ -&�% *���l� -T1 Tc; ��3!�*%�~ � E, ���/�� � t

��% ���� ^�������# !*�� $�]�� s��	� �.%�"   .	G'C!�C���� *]�� �, �1 �� E���& !/� <��l� 

� � ��B+ �%��% �,!�C�����/� !/�� !� 2,�(��� 3�,��  . 

>0 �	
�V�� � :�"�!��  �# �, !(� $�� R�� $!��%  ���# !R��] {��f� �, EY�� V��  � {�f�  

��/B# �% � ,�� !
 @���%���� ��6� WF�% �� V�� �,��  .� �� 4 ��� ������ $��� Tc; ,�

��� � *�� ��,��]�% [(	%�� �%��%�, �� @� $��� E7,���C ��� *e+�g� � 	"  . $�� R�� {Q] �%

�C�'� *�, �� �� ,�] V�� �(�'#� ������ �, -T�� � C,  .
�]!�	(�� *�1  �,�" ,�% �� ���� �

& � � � ; ��� V�� $�,�� �� ���l� � �B��3+� �� V�� �� [�}	] WF�% $/�1 E'P  C, � 

"�# � �!�� ��)! �/B# ���� ���� $% $" !� @� �  C��]  ���  .�"�!��  � � �#�(�1 2,�� t

�� �% $" *��!�C ��1 � ���	F $% � 2,�, [	"�� �� @'F 2 		" y�(�� @��F t� 	"  .
�]! *

��#�"!��3�.A @'F �1 !�'���3! ����# �� V���� �� � � $���A $���A � �,��] Z�# �� ���� �  	" 

� V���,��  . 
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d0 �	
�� �!���� -$B!� � t!	� : "��!��  ����� �, !�_  	� $% �/�� @'F �� 	"  .�3+�� $% �1 [

�!#���D q��)�� [C�" s)� $B��3+� � T�k $;�, [C�" -�� *���l� [!'!���  

��,��  .�"�!��  ��	
 �, �� �!B$���� � !��% t�# !� � T��� $!� 2,�(��� �	�,��  .� �,! $B

����/B# ���	F $% ! �# � $/)� 2 	C, @�� @'F 2 		" @� 	"  ./B# ���	F $%! s)� 2 	C, @

�3+��� �'F :�_ [!.!� ��/�,��  .	G'C!� �, E!�C $B�#�(�+ �� -!�C $B� *���l� �% 

�!'!����+ � &�% �� 2,�(��� oQ7 �)�,�� .��  �"�!��  ���% ��A ��� �(��� !�,�"  !	.� � J!  

�,�"!_ �, J�.'F !#���D ���� 2,�(��� �� s)� � ,�� �� �# ,�� ! �� ,�] 3��4 � ,�� V�� $B

 	" �(D .� �,!�3+� WF�% $B�� *���l� [!'!����3+� � ���, [�� T�k !� $B�,��  .�"�!��  � 

��  %��"!��� �, !��" �	�A !� 2,�" � +�(� -*+�% -Q; ,�)% s)� � *�!(� � *! �� �1 �,��  .

�"�!��  �	G'C !# �, E!� {��= $!	���� % � ��R��(� � �� 2,�(��� �,��  .# �,! {��= $

X3#!	��"� !��  ��3+� s)� �� ��1 � � �# y��% � [B]�, [�,��  ..%�4!� *!����� $'�� ����� 

�!���� � �C $B!� $% �/!�"� ��3! �� �R��% ��1 �,��,  .�"�!��  �.%�4 !�� :�l��� *� *��D �� �

�������������� *��D $% ���3+� �% �'C $% � ,��, �� w���� [!�, E!��� *]�� �, @��C��������� !/� 

� 2,�(����,��  .�; :�l��� q��] �+�g� ���	F $% �C��������� 2,�(��� ��� ���  .	G'C!�"� E!  

~�# EC1!� ��,��_�	S� \��] ,�)% �, !����/�� � �/��+ �� q�.6� �� � ,��, *��	
 �, �, E� �

����/��!��/�� � t�/�� 2,�(��� �,��  . 

L0 ����B"��� ��, � � : �"� ��!��  ���# �)	� ���	F $% !�� E�# �, !�C,�" $�����B" � Z���] � 

� 2,�(��� <�,�,��  .�"�!��  � ���	F $% �� t!cS���/��% J� ��7 ! 2 � $�]�	� ������; � ��C�

*�� .4 ����� t'� ���	F $%!�� *'�; �, !�C 2����'�� �_ !� 2,�(��� ���	G'C -,,�7 !��% E� 

% ����,!��'����A �� $+�P�  	(��7 Z���] $% ��#��"���A �,��  . �� l� $% -������ @��� -������;

'"��� �� ! ���, �� .��%��C��7 -:�}� ����7 � mg/kg di08i�C��7 - �� !�� mg/kg Li � 
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"��!R��] ��� mg/kg ON�� � ���, <�& ,�] Z���] �,  . � % �,� ����� tni" !��7�.� ,� D 

L -EC1 <�7 >�� <�7 � ->/i	� <�7 !3� -J8/i �� ��'" � H� <�7 8/i�� �� <�7 � ,�;� �
�	F �

,��, .�� ���� �� l�� �&��7�3% Z���] �, 8N� !.� <�7 ��% � ��� �,�� ���� ! 2,�>N� !.� <�7 

� ��� �,� ��%  .�, ���); Z�] �, ��� ,�)'" �#  		" �� $+�P� ,�" $% �� ���  !�"� �QY *B" 

,�� . ,� D �, �
�.] �%mN ��% �� ��� �,�" �%�	� �� �/� ���	F $%  
�,  .%! �� ��'" �QY ��B

�" t!�� <�7�.���� $% � 8iii {�f� �%�� ��� ����%�	% �  		" ��/'� E��� ��� l� $%  

 N/L0d/8" !� $+�P� :�� �C �, ���/C �% <�7�.�,��  .� $% $;�# �%��"� $/	!��  � $;�, �� 

�QD!�% *!�A ��!�	���A :�.g� �, �1 {�f� �c� -*�� ��,��]�% ��; �� 3!�� *��� � �� �1 ���# 

 � ,�% ��" $% Z�] �, *B" �� @)4�� ���]�, $/	� ��!���� $.
�+ �, �� 2��� �� HA � @)4 � �.7 u3

����� �7�% ��= ��!��A ���)  *e.Y �%��� t� 
�, �,  (,�" . %�#�# E!�� l� s��� �� ���A ! 2 

�_ �� 2 ��7 Tc; *]�, $� % �! �  C��] 2� .�D��"� �� !��  �� � [��A ���	F $% ���# 

�C,�"� � s"�� ��C,�" ���f	F t# �f� �A � {�!,�'� 2,�(��� 3 .7 �,!F��� ��C��� � �1 ���# 

 *)�� $% ��� Z�] �% �	A $% t� ���% � q�.6� <�� $��� �� � @)4 -*]��	/� �, -*B" ��  �% �

��A $F�3�! �  �%1 T1 �, �� l� ��'C $% �!���,�" {�f�  .%1 < 	7 ���3� �,� 2��'C &�% ,�/.'F �% 

���A ���."! J����A ��(��� �!J � Z�] �% � � ,�� $+�P� *B" ��  �% T1 �� �, ��3C �, �, *e.Y �% �

��A :�.g� 2��% �&�fg� �,  �� �����,�'�  . 

N0 �	
���1 ��B� :� ,�/.'F!'!����"� !��  ���1 ,��� �, �B���� % � ��% !A ��!G!*�� 2  .
�]! *

�"� �� �# *�� 2 � s)� [(	% ������ $��� Tc;!��  �# �, !��" $��,�� 2,�(��� T��+1  P  .

�"�!��  � �/���'� �� ��C $�� R�� E�*�� ��; �, 2,�(��� ,���  .�3+��� s)� �1 [� V�� ,��

(�!��� $% y��%  !� T��+1  P ,��� � ���" -����,��  .�"� �� l�!��  ��)� � ��  >N%  
�, ! ��B

� ,���� s)� ���% �1 ���M� � 2 � :�fg� �, t� ,��!��B��+ �� �,�%  C��] �1   . �� l� $G��	�
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�"�!��  ���1 2,�� �, �B�� �� s)�  ��% ,��#�� *��D ,���� �,��  .% �� l�! $	8 $% ���4 �, �# 

����� E��7 �C � ��%  . 

O0 ��� % {��f�� :  ��}	] \��]�7 		" ��� !��"�%  P �  ���� �"�!��  �������, �, �)   P

��(F�2 		" (# -! <�" $�C���� % �) ��(F  P�2 		" (# � $G% �,�A -!��% ,�'A $���# ���� �! <�

R�]�� � ��D��;�� 2,�(��� �C �,��  .	G'C!# �, �1 �� E!�&���+ -J]� s�� $!'] ��! �

� �� �, 2 		"�A ,��� � �� �,!� 2,�(��� 3�,��  .�"� ��!��  �# �, !�C���, $�w� �'��
�4 � � 

�����!��# *; E!�� E�� ,��� !� 2,�(��� ���,��  . 

n0 �	
���QA �! t :�A 2�������C 2 		"�� �3.+  	� ��	
 �, ���QA �!'C� t!� *��C 2v�A ! 2,�" � 

�"� �� 2,�(��� �  ��!��  ��3+� � [�*�� $�+� .��D �,!�A $/��C 2 		"�� ��� � �Ba/Zn � Ca/Zn 

%!��B� {��f� �, 2,�(��� EPVC� - ���, �� !��'�� Ba/Zng� �% ��7��� $" !� ^�  	��C *�

�;�3R��A E��C 2 		"�� ���D ��,�" ! �� 2 � J . 

p0 �"�!��  ��, $% !
�] @!7,��]  P � x��4  P *��� � V�� *=�(D � <��, s)� -,��, $" !�� 

3.+�� �,��  . 

m0 # �,!�C�R��, �,�A $�I"��+ �� ��" $% �,�� . 

8i0 ��, [C�" �, �� *6A ! [l� ��',��,. 

880 ;��� *�	
 �, �� ��" $% �,�� . 

8>0 ��A �%��% �, T�� *=�(D WF�% !7 �� �,�� . 

8d0 ��& �, 2 		"�A 2,�� ���	F $% !���cY�" -t���� V�� � �� ��" $% �,��  . 

8L0  �B	"�� �,��/�1 ��G'C !�Q!�"� -��!�� !C -��!���w�� !, -���C !���w�� !��# � ��! :�����  

��#�" [l�!���, �� *�� � ��%  . 
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8N0 � �� �, 2,�� E��C�R�����# !��/��  ��!, Tc; ��e	� $% $���"� !�C��7 �� @
�D ,�7�7  � 

;��]�� 2,�% ��" $% -�,��  . 

 

�"� �,�A E# ����3C :�� �C!��  ���	
 ���
 $% ���# !�  � ,� D $" ,�� dO��& �, �1  
�, ! t

���� ->O�	
 �,  
�, ����� �!� � t!� � $B!	�- >i�	
 �,  
�, �� �!'!��� -8>����B" �,  
�, � � 

�� ��,� -d��� V�� �,  
�, � � d�� �,  
�, ��	
 �� �����/��  	���!��� % � t� � {�f��,��  . �,

 :��8mmm - m��  
�, �+�f� ��"� ���
 $% ����.R�� ��B" �, !��  �*�� 2,�%  . @/�)80d (��#� �

�"� {�f�!��  ��	
 �, �6� �� ��B� �� U.�! C  . 

 @/�)80d : (��#  
�,��"� {�f� �!��  ��	
 �, �U.�6� � ]n [ 

 

 

 

 

 

كشاورزي و دامداري

12%

رنگ سازي

3%
ساير صنايع

3% لاستيك سازي

36%

سراميك و شيشه

26%

صنايع شيميايي

20%
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 فصل دوم

 يد روي اكسيت جهاني وضعيبررس

 

 

 ����� 

� �,����% $% @f+ E��P� !��# *!4 -��,��� -���,�
 - ! � $P�F � *'�P�l#��"� !��  � ��; �,  

����,�A � J��'� *'�4 �C �, �� � �C��B" E���"�� ��+��� q�%�� � �  	C��]  . 

 

�� !�"�3�$? @�A�##� ���
 �� ��  

��'� ����C��B" E���# !�"� 2 		"  !��  �� �� $% ���# !��1 - 	C -E�,�" 2���� �,���" � �/ .�/� �� 

��7�3%���# E!�� ��7 		"  ���1 �, � �/Big River Zinc� �  ��% ��� $"! ,� D $��miiii ����� E# 

�� 3.+ @��� �&�fg���1 -!�Cw���� ��� �,�A -��� ��(��� -��"� � !��  ���# !�  � 	" ]p[ .U.S. 

Zinc’s, Zinc Oxide Divisio �! 3�/���7�3% �� ���# E!�"� ��7 		"  !��  �� ��; �, � ��%  .

+�=!��# *!�  � :�� �, *"�� E8mm> �% �$��]��" t��# !��  � -N/8d� !.! ��E# �% $" *�� 2,�% :�� �, 

 �,�" $+�P�� ; ��_ t� :�� �,  >iiL $% Op� !.! ��E#�3+� :�� �, � [�*�� $�+�]m[ . �C �,� �� t

����� >iiL � >iiN��1 �, � $%�B� ��_ $% �/8NOii�"� E# !��  ��C $P��4 �� ��� ���# !*�� 2 �   .

 :� ;)>08 (�!� 3!"� ��3�!��  ���� !��# $! � 2 �  $.���� 2 � )shipment (��1 �,� �/)��g� s�D �%� 

�� 3.+� (���� �,� >iiL � >iiN� ��B� �� � C, ]p[ . 
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 :� ;)>08 : (�!�"� ��3!��  ���� !��# $! � 2 �  $.���� 2 � )shipment (��1 �,� �/)��g� s�D �%��� 3.+ �( 

���� �, � >iiL � >iiN) E#( ]p[ 
>iiL >iiN 

��#!   2 � $.���� ��#!  2 � $.���� 

>mNii >pLii >mNii >Lii 

 

 ,� D ����� 	C ��B" �, �P�D :�D �,di $.'; �1 �� $" ,��, ,�;� ���  !�"� 2 		"  !��# *"��  

 $% ���# ��Nav Bharat Metalic Oxide Industries -Shree Fine Chem. -

Chandigarh Zinc -Zinc-O-India � Usha Chemicals 2���� ,�" . E�� @��" ��f6B�

2��'� �;�� �, ��"�� 8*�� 2 �1  . *"�� $��]��" ���f# :�}� ���%Nav Bharat  @/� �, 

)>08 ( :� ; �, *"�� E�� � !��# �&�fg� ��f6B� �)>0> (*�� 2 �1]88[ . 

 

 

 @/�)>08 : (�"� $��]��"!��  �  *"��Nav Bharat����� 	C �,   ]88[ 
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 *"��ZOCHEM $F�'�� ��� $" Hudson Bay Mining and Smelting Co.��    ��%

 �, $" *�� ���'� ��/���1 �, ���  !�"� 2 		"  !��# E!��, � �,���" �, ���  !�"� 2 		"  !��# E���7��%

 :��8mnL*�� 2,�" ��Y1 �� ,�] *!���+  .g� ����� *"�� E�� ���	
 �, {�f� @%�4 ���  !�"� �&�f

 	" ��  !��# �� U.�6�]8>[. 

 :� ;)>0> : (�"� ����� ��f6B�!��  ���# ! *"�� �, 2 �  Nav Bhara����� 	C �,  ]88[ 

GRADE NB-01  
Specifications   
ZINC OXIDE  (On dry basis) 

MOISTURE (110 deg. Cels.) 

LEAD (Pb)  

RESIDUE ON 325 MESH 

99.8000%       MIN 

  0.1000%       MAX 

  0.0020%       MAX 

  0.0050%       MAX 

 

   

APPEARANCE 
White/faint yellowish colour powder , free from grit & 

foreign material. 
 

GRADE NB-02  
Specifications   
ZINC OXIDE (On dry basis) 

MOISTURE (110 deg. Cels) 

LEAD (Pb) 

RESIDUE ON 325 MESH  

99.5000%      MIN 

  0.1000%      MAX 

  0.1500%      MAX 

  0.0100%      MAX 

 

   

APPEARANCE  White color powder , free from grit & foreign material. 
 
GRADE NB-02 (Clear Solution)  
Specifications   
ZINC OXIDE (On dry basis) 

MOISTURE (110 deg. Cels) 

LEAD (Pb) 

RESIDUE ON 325 MESH 

SOLUBILITY IN HYDROCHLORIC ACID 

(10 % W/v)  

99.5000%      MIN 

  0.1000%      MAX 

  0.0250%      MAX 

  0.0100%      MAX 

CLEAR & COLOUR LESS 

 

   

APPEARANCE  White color powder , free from grit & foreign material. 
 
GRADE NB-03  
Specifications   
ZINC OXIDE (On dry basis) 

MOISTURE (110 deg. Cels.) 

LEAD (Pb) 

RESIDUE ON 325 MESH 

99.0000%     MIN 

  0.1500%     MAX 

  0.2500%     MAX 

  0.2500%     MAX 

 

   

APPEARANCE  White color powder , free from grit & foreign material. 
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GRADE NB-04  
Specifications   
ZINC OXIDE (On dry basis) 

MOISTURE CONTENT 

LEAD (Pb) 

RESIDUE ON 325 MESH 

95.0000%    MIN 

  0.3000%    MAX 

  0.2500%    MAX 

  5.0000%    MAX 

 

   

APPEARANCE  White color powder , free from grit & foreign material. 

 
GRADE NB-05 (Feed Grade)  

Specifications   

ZINC (Zn) dry basis 

ZINC OXIDE Equivalent  

LEAD (Pb) 

CADMIUM (Cd) 

ARSENIC (As) 

FINENESS THROUGH 100 MESH  

DIOXIN 

78.0000%      MIN 

97.0000%      MIN 

  0.0500%      MAX 

  0.0020%      MAX 

  0.0150%      MAX 

98.0000%      MIN  

 None 

         

 

APPEARANCE  Off White color powder , free from  foreign material. 

 
GRADE NB-06  

Specifications   

ZINC OXIDE (On dry basis) 

MOISTURE (110 deg. Cels.) 

LEAD (Pb) 

RESIDUE ON 325 MESH 

98.0000%     MIN 

  0.3000%     MAX 

  0.3000%     MAX 

  1.0000%     MAX 

 

   

APPEARANCE  
White/Off white color powder , free from & foreign 

material. 
 
GRADE NB-07  

Specifications   

ZINC OXIDE (On dry basis) 

MOISTURE (110 deg. Cels.) 

LEAD (Pb) 

RESIDUE ON 325 MESH 

97.0000%     MIN 

  0.3000%     MAX 

  0.3000%     MAX 

  3.0000%     MAX 

 

   

APPEARANCE  
White/Off white color powder , free from & foreign 

material. 
 $��,� :� ;)>0> : (�"� ����� ��f6B�!��  ���# ! *"�� �, 2 �  Nav Bhara����� 	C �,  
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��'� �����"�� E���# !		"  �"� 2 !��  �� �, !� E� ���# Hebei Aushin Zinc - Jiangsu 

Taizhou Kechuang � Liuzhou Non-Ferrous Metals,�% <�� �� ]8d[ . �, @��" ��f6B�

 2��'� �;��>*�� 2 �1  .�"� ��f6B�!��  ���# !Y u�� $% 2 �  !l��� �! *"�� �, JJiangsu 

Taizhou KechuangF �� *�� ���) :3RC ��.% � :���7��Y -J�_ �� % -�,�A �!'� ����R� -�)�� � 

OiO/N �� -���/��� H� i>m/>0iip/> T�k $�l� -8mnN�� �, :�.g� -! - NaOH -NH4Cl :�.g��� � 

���1 � :���#� -T1 �,!Z�]8L[ . 

 

�� 3�$? B
�0�����
 �� �� 

 ���1 $��(����4,!l�� �� !��# ��3!�"� ��,��� � ���,�
 - !��  ��;� � �	# � ,�� � ,��C���1 $% ���# � 

,�" 2���� U.�6� �%�	� �� 2 	"��A .." ��_ $%��C��B" �� !��1 - 	C -E�� -�/����!��7�3% �� $����+ � �� �,�
 E

�"� ��7 		"!��  � 	��C ��; �,  . :� ;)>0d (� ���,�
!��1 � E��"� ���
 $% �/!�"��A �  !��  � � 

�&, u������� �, ��1 �� >iiN0>iii� ��B� �� � C,  .� $eDQ� $" $��R��'C�� ,�� ! ���,�
 ��3

�!_ E�� � [C�" ���� E� ,� D �� � *�� $�+�8dNiii :�� �, E# >iii $% O>iii :�� �, E# >iiN 

��!*�� 2  .��1 ���,�
 @%�l� �,��3+� $% �� �/� ,� D �� � *�� [>iiii :�� �, E# >iiL ,� D $% 

Niiii, E#  :�� �>iiO�� !*�� 2  .� $����+ ��B"! :�� �, 3>iid ,� D L�"� E# !��  ��C��B" $% � 

��1� � t�v.% - 	.C -�/����.R��*�� 2,�" �,�
 ]p[ . 

 

 :� ;)>0d : (� ���,�
!��1 � E��"� ���
 $% �/!�"��A �  !��  ��&, u��� � ����� �, ��1 � >iiN0>iii 

u��� -E# ��3C s�D�% �� l��&, ��3C s�D �% ]p[  

�CCC �CC� �CC� �CC� �CC5 �CC8 �CCD �CCE� F�7 

 

��/� 

 �� l�  u���  �� l�  u���  �� l�  u���  �� l�  u���  �� l�  u���  �� l�  u���  �� l�  u���  �� l�  u��� 

�!E 8dN 8i8 n/m> OL/OO pn m/NO mO/mO O/ON 8/On d/Oi >/O> >/Om 0 0 0 0 

1���/� 0 0 0 0 0 0 0 0 L/8L p/8m O/8L O/>d p/>p m/Ln O/d Np/n 

80��+ �# � $>iin 
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�� 3�$? B
0�
����
 �� �� 

��'� ����C��B" E��"� 2 		" ,��� !��  �� ���1 $% ���# �v.% -$����+ -����.R�� - 	.C -�/�� � t� 2���� ���

,�" . :�� �, $����+ ��B">iid ,� D >>Oii�"� E# !��  ��C��B" �� ���1 �v.% - 	.C -�/� ,��� ��'�1 � t

,�" . :� ;)>0L (�!� 3!��1 ��,��� ��3����� �, �/� >iiL �# >iin�&, u��� � �� ��B� �� �1 � C,  .

� ��,�����C��B" �� ��B" E��� -�,���"  	��� !� -E����!Y � �!� 2������ $"  ��% �� � �C J� � �C��B" E� t

� ; �, ��1 �� :)>0N (*�� 2 �1]p[ . 

 

 :� ;)>0L : (�!��1 ��,��� ��3����� �, �/� >iiL �# >iin�&, u��� � ��1  ]p[ 

F�7  �
���)G"(  :9�
)�H0 �
�+( 

>iiL 8idiii pmiii 

>iiN 8imiii 8>niii 

>iiO 8>Niii >Ldiii 

>iin8 8nmii LLpii 

80 ��+ �#� $>iin 

 

 

 :� ;)>0N : (�!��1 ��,��� ��3��C��B" �� �/����� �, U.�6� � >iiO � >iin) E#( ]p[ 

��/� �CCD �CCE� 

�,���" Lm8ii dnii 

�!E >nn dn 

�����!� >LNii NiNi 

EA�w 8>mi nm 

3/��t d8mii >pNi 

 	.C np>i NnOi 

����C��B" � 8i8ii dm8 

�'; 8>Niii 8nmii 

80 ��+ �#� $>iin 
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5�IJ�  �� �0 = >� � �
9�6 ���� 

 ; :�)>0O (�!�"� ��3!��  ��] � 2 � u��+ �  )shipment (��1 �,����� �, �/� ��B� �� U.�6�  

�� C,  . ���  !�"� 2 		" {�f� E���7�3% ���� t!��& ���	
 -,�� �� $eDQ� $" $��R��'C 

 ��% ��]8�p[ . 

 

 :� ;)>0O : (�!�"� ��3!��  � $.���� 2 � )shipment (��1 �,����� �, �/�U.�6� ) E#( ]8�p[ 

�I#� �KEC �KE8 �KEL �KEK �KLC �KK8 �CC5� �CC8� 

���� t!��& 8i8inm pn>nm mnmpm mdinN O8nmO Op>ii >idii >8iii 

���� V�� 8mpO> mmmL 8d>dn 8>Nid 8>8ON dpLi 8p>i 8pLi 

���!'!� ���	
 8nOd8 8Nm8O >niNn >nn8i 8nNN8 >Liii Niii Nd>i 

���� t!���� p8nN Nn8N m>LN m>dO Nni> >n8i dpd L8p 

,���� ����> LOnL8 dLpNi ddm>L dn>LN dpNO> N>Ni pmN mnN 

�'; 8mdLpp 8NdnNL 8p8LN> 8nmnOm 8dNnnO 8iLiii >pLii >mNii 

80 ��� 3.+ ���g� s�D �% 

>0 2�!Y � �I"��+ -�����B" {��f� @��� 

��  !�"� �,�A @��� ��� �&�fg� ����� {�f� ��3!� �/���1 �, 2�!Y � ��� ,��� -�C �1 -��� ��Cw�!�1 -�

 :�� �,>iiO 88di $���+ � $����w ��C�� �, � E# ��3C >iin s!#�# $% mNmii � mOLii 2,�% E# 

*��]p[ . 

 

8� M��
 ���� ��3�$? �
9�6 �0 � 

 :� ;)>0n (4!�"� ����� *'!��  ���1 �, ����� �, �/� 8mmO08mnN� ��B� �� �C,   . $" $��R��'C

� $eDQ��4 ,�� !�� *'�� :�_ �, ��3+� ���� E� [�*�� $�+�]8[ . 

4!�"� *'!��  ���"�� � Bharat � DMO#�# $% ����� 	C �, ! s8i8 � mOA�� !" �% $! <QF� <�7�.

 *�� 2 �]8N[ . 
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4 �P�D :�D �,!�"� *'!��  ���# ! �� �, !��% E��g# � ,� D o�)F � 	% �, @d8Ni  E# �% �&, 

�� ��% ]8O[ . 

 

 :� ;)>0n : (4!�"� *'!��  ���1 �, ����� �, �/� 8mmO08mnN) " �% �&,!<�7�.( ]8[ 

!�" :��� <�� �KE8 �KEL �KEK �KLC �KKD 

��1��/�� T�� �� % pm/i mi/i mp/i mn/i  

T�� �� % m8/i md/i i8/8 i8/8 pn/8 

 T�� �� % 

&�% \�.] 

mN/i mn/i iL/8 iN/8 mO/8 

 

 

�����+� 

 T�� �� %

+��7�#�+���/��� 

mn/i mm/i in/8 iN/8 Nd/> 

��, T�� 8>���  
�, �T��  np/i p>/i pn/i pn/i  

 

 

D�7� 6 �IJ� �J��" � �J < � 

D���-N�
 7 � �/N� : ��#  ���!�P�l# �  ���; � �"�!��  ��	
 �, �1 2 'F {�f� $% $;�# �% � �

��&! -t�! -$B��"��  ����!� ����%  ��� �� �~��� t�� �1 $" 2,�% �&�fg� E! �� �%�# ,�] $%�� $% 3 

,�f�4���C��B" �.
� ���; ,�f�4� � 2 		" {�f� �*��  ._ �,����� �]� !� ��B" �!E �!��# ��3!  

����!��% �� t�" ,�)% !(![C�" WF�% &�'�D� $" 2,�, [C�" �&�fg� * �P�l#�� <�] ,���  {�f� ,��

 �  C��] .�, $%!��% @�%��� {��= !� $B�Y !@%�4 � �-{�f�!�P�l# ��3� �"�!��  ���# �� !  �� {��= E

�����,� [C�" $��c7 �$;�# �% � $�+� ��%  �� $% ��  ��� $%�� @X��� $���# � *+��g� *�!��� - ���� E  

  C��] $��,��*+�. , {�_ ��� � *%�4� $��7� �R� �% !��= E��QA {!/�cY�" - �3.+ � �� {��= �% ! $B

�� 3� $% $;�# �% ��� ,��, ,�;��� *�g� *�!��� {��= !� $B� D �# - � �"�!��  �,�] ����%   *�, $% ��

,��1  C��] .�	
���# �!����  !�C��B" �, t�� 2,�% $���# $% �� ��, ���]  �!�3+� $% �� �P�l# ��3� [
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��  ��% .��% �P�l#� �"�!  �����% �� �&�'�D� �&�fg� E �����,�#1 ���% �P�l# $% *)�� � �"�!��  � 

�	
 �,�� �!�#�% $B�  C��] �*+� ..F!JY� +�"  ������� *�	
 !��% �P�l#  �� &�'�D� - �A��� �, t� 

�"�!��  �� �, ����!� � ��I��!��% ����# !��"  �, � U" ��3+� ����  C��] [�*+�. 

 :�� �,>iiL� !,Q�� !��# ��3!��;  ����� !�, �, t! �Oidi� !.!*�� 2,�% �%�� ��� �� :�� $% *)�� $" 

>iid -n/O�3+�  
�, � [�*�� $�+� .�!� ,��� T��� ��3!��% ���� � :�fg� �� l� EOidi ,�%  C��] E# ��3C 

 {�f� E�+�7 �e� �, �% $"d 
�, ��"� !��  ��"� �� l� -T��� �, !��  �+�f� � 8pimii ,��1�% E#  

��,�� ]>n[ .  �� E�+�7 �e� �, �%N 
�, ���% ���# !���� �&�fg�  !/�� -!�"� ��3!��  �� ,��� ! ��

 :�� �,>i8i ,� D ->dN� ,��1�% E# ��3C �,�� . 

+��S; �_�	� <�'# �,!�����# !���� {�f� �  !�3+�  ��� t�B��1 � ,��, ! ��/��# $��;�% �� �� ��1 E� ��%  

 J� $"N> 
�, ���# �� ! �  N8 
�, �*����, �� {�f� �� ]>n[ .� $% $;�# �%��"� {�f� -��/� E!  

���� �, ��	
 E�� �!�3+� 3�  C��] [�)��	� ����% \�f] $% � *+��1 �, �! �1 C��] ,�;�% � . 

D���O9��P3� : � V�� *�	
!�C��B" �, 3��3+� �% ��; U.�6� � $% �� {�f� � �P�l# [*�� �� .�! ��3

��% �P�l#��R�� ���'�]�� � :�� �, >iiL - 8ONNi ��3CA � *�� 2,�% E# !% [!	�� � :�� �, ,�� >iim 

 $%8mpii ��3C ��% E#  .+�=!��# *!�C��B" �, V��  �U.�6� ��# !� 2 		"  !�3+� $% �� 3��� [*. $% 

��� V�� *"�� :�}� ���	F�� !��7�3% �� -��I���# E!7 		"  �, �, V�� ��!��# -�! �� ,�]  Nii E# ��3C 

�3+��*�� 2,�, [ .��%�	% ���% �P�l# E��"� !��  ���� V�� *�	
 �, ��3+� ��; �  C��] [�*+�]>p[ . 

D���'7H -: �!��# ��3!��&  !�, �, t! :�� �, �>iiN -8>8NN :�� �, $" *�� 2,�% E# ��3C >iiO $% 

8>N>N�3+� E# ��3C � [� $�+�*�� .�1 J�!� �� �� :���, �� l� E>iiN -Ni8m :�� �, � E# ��3C >iiO -

N>p>*�� 2,�% E# ��3C  .��%�	%�� E!��# ��3!��&  !�, �, t! �m/> %�1 �, �! �mn/L %�3+�� [�*�� $�+� .

��& {�f� �� l�!� t! :�� �, ��; �, 3>iiN -88pmN :�� �, � E# ��3C >iiO -8>8pd 2,�% E# ��3C 

*�� .�1 J�!� �� �� :�� �, �� l� E>iiN -N>L> :�� �, � E# ��3C >iiO -NOm8*�� 2,�% E# ��3C  .
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��%�	%�� E!��3��& {�f� !�, �, t! �dO/> %�1 �, �! �pm/n %�3+�� [�*�� $�+�]>m[ . E�+�7 �e� �, �%

 {�f�> 
�, ��"� !��  ���# �, !��&  !� -t!�"� {�f� ��3!��  ��	
 �, � ���#!��&  ! :�� �, t

>iiO��% ��1 � ��; !#�# $% �! s>/>Ni � E# ��3C OL/8iN� ,��1�% E# ��3C �,��  ." $��R��'C $eDQ� $

����& *�	
 ,�� !��� t��1 �, !A :�D �, *F�� $% �!��%�	% � *�� *+�B���% �P�l# E��"� !��  � 

+�f��� !�3+� 3�  C��] [�*+� .+�_ ���� �e� $% � �� �	
 ���& �!��� t��1 !)��	� ����% ����% ��"� !  

�����# ! 	��% 2 �   . 
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 فصل سوم

 راني در ايد رويت اكسي وضعيبررس

 

����� 

"�#!�� ��)�� �, ��C,�%��" ����F�	�� ���� [6% 3; $% �P�D :�D �, $" ,��, !3�� �� �"�# E! �, $" ��)

��# @]�,!�  �l% -,,�7 !<Q4� $� ,��� !�_ �� �����# ��,��� �!� E�,,�7  .��'���	
 E� 2 		" {�f� �

�"�!��  �� �, ���& -T��� � V�� ���!��" -t����� � !��1 <���� � t�B� 	��C  . 

 

�� !�"��
 ��� ��
 �0 �@
  

����IJ� �$1 Q ��F�I�  

 �P�D :�D �,d>, ���	
 ���
 $% ���  !�"� 2 		"  !��# :��+ *"�� ,��, ,�;� ��B" � . E�� ��B!%

 �� 2 � �4�� ����.7 � ���# -J4 ������� �, ��"�� . :� ;)d08 ( @/� �)d08 (  !��# ���"�� ����#

 C, �� ��B� �� ��B" ������� �, ���  !�"� 2 		" .+�= ��'��!��# *!���  !� $��� ��"�� EO>imm E# 

*�� . �"�������� :�"1 ���	
 � � !��#  o��A - ��� ���� �, o��A $	!R�� ���	
 - �4�� �����%�k1 �, 

�!+�= �% �(.;  !�"� H._� *"�� � �, �����#�# $% ! snNii -Nnii -dnii� dOii E���7�3% :�� �, E# 

 	��C ��B" �, ���  !�"� 2 		"  !��# ���"��]8n[ . 

"� -���	
 ����� ������ � $���# ��+, ����	���" ��=� �)_ ���% ���  !�"� 2 		"  !��# �����]��" �}

 � o��A $	!R�� *"�� �, @4�& ,�;�� ��FQ_� $% $;�# �% ���  		" �� 2,�(��� 2�����	" �� ���  !�"�  !��#

 		" �� 2,�(��� ���  !�"�  !��# ���% ��� ['� �� �/� o��A .  !��# ���% o��A $	!R�� *"��8iii E# 

 -���  !�"�pii3.+ E#  	" �� {�f� ���   . �'�� *!+�= E�+�7 �e� �, �%Nnii � o��A $	!R�� E# 
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>iii ,� D $��!���  D�� �, E�� �, ��� ['� {�f� ��3!� -�/� o��A *"�� E# O>ii*�� E#  . ��,���

 :�� �, o��A $	!R�� *"�� ^��# ���8dnN -NOii :�� �, �1  !��# �  2,�% E# 8dnO 3!� dOdi  !�"� E# 

 ���*�� 2,�% . 

 

 :� ;)d08 : (�������"�� ���# !�"� 2 		"  !��  �/(# $% !+�= � ����� t!��# *!  )E#( ]8n[ 

@�'7
 �R � S�3 9
�? �� T  ���� 7�6�4 F�U'�
 

�(.;  !�"� H._� 8dpL dOii m>im 8O 
�M � @�V��6�W� 

���� :�"1 ���	
 � � !��# 1384 7500 1272n 26 

���% 1379 1500 563m 33  

@�$X�
 ��(
� H!(� ���!'!� ���	
 1381 1000 262d 11 

SY�
 ���� ���7 �'!� 1385 1200 3438 9 

��� o��A 1375 3700 264 30 

��% 2 � A 1378 900 26L 6 

Z�# E��� 1376 840 477d 9 

 

         @
 $" 

�'!� ����C 1376 200 391p 6 

���'Z6 F�[���$\ !� ���	
�/� o��A ���!' 1376 200i 3917 6 

�'� ���7 5�# 1381 375 1347 8 @�V39 

Z& o��A 1374 233 1328 8 

��'�� �P� 1386 400 2767 6 

�����B" ,�" ��B!A 1386 300 1439 22 

 

@�#�7 

<�� E��� ���	
 1378 700 126L 17 

�!�1 ��� ��)!"�# 1383 3000 258> 30        G���M 

!��,���; �� 1386 100 2898 23 

�#�A  !�"� o��A 1383 1000 410d 7 

�P�!.F ��� ���] 1381 1406 2di 7 

���A $!C�/�  !�"� o��A 1385 2200 211> 4 

<�; �� E��� 1386 500 279 30 

$!C�/� ���!'!� ���	
 � !��# 1377 140 489> 7 

 

 

(M 

Z�# E��� 1377 1900 2173 9 

 )	7 ������,�A 1381 525 2946 7 

2,��1 1382 400 3781 8 

����.7 ���!I" 1383 5000 2872 10 

 

      '�]A@� 

 )	7 ���!'!� ������,�A 1377 300 397d 5 
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 :� ; $��,�d08  

@YA <�� �.F 'g� � ��)� �P��� )F 1380 220 177> 10 

@�'7 !  �����# *"�����,��,  1383 400 4767 15 

@
��39�� o��A $	!R�� ���	
 1362 5700 2461 20 

��� �  !�"� o��A 1373 3000 7291 8 

0��  )!� ��� �!'!" 1379 800 1948 6 

 

 

 

 

 

 

 

 

 

 @/�)d08 : (��#���"�� ����# :��+ !�"� 2 		"  !��  ������� �, ���B"  ]8n[ 

 

 :� ;)d0> ( @/� �)d0> (�!�3+� ��3���# [!���� �,  � *8dpO08dnm� ��B� �� � C,  . $" $��R��'C

� $eDQ��+�= ,�� !��# *! ,� D �� ��B"  >diii :�� �, E# 8dnm $% O>iii :�� �, E# 8dpO�� ! 2 

 � *��8ni %�3+�� [�*�� $�+� .%!��B��3+� E�+�= [!���� �, *� 8dpd � 8dpL*�� 2,�%  . ,� �#

�C D�����# ! :�� �� @)4 �# 2 		"  8dnm -8>  D�� *�� 2,�% . :�� �,8dpd ,� �# L :�� �, �  D�� 8dpL 

 ,� �#>��#  D�� ! ; 2 		"  ��C D�� $%  ���# !+�= �,�% &�% $" *�� 2 � $+�P� 2 		"  !���'�� �� � E

�3+� s)� �C D��� [>>iii	# �+�= !��# *!*�� 2 �  ]8n[ .  �� ��� $)��g�, F ^����� �%��% 8d 

                                                 
*
 . شوديبهشت ماه را شامل مي تا هفدهم ارد1386آمار سال  

گلستان

13%
سمنان

10%

آذربايجان 

شرقي

7%

زنجان 

7%

قزوين

7%

ساير استانها

23%

قم

20%

تهران

13%
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�� ��  
�,!,  C��] $�,� .� $% $;�# �%�� $/	���% �� l� E���#  �� ��� !~�# *g#  !���� �� 8dpd � 8dpL 

� �� $G��	� ,��, ���4�	" �e	+�
 :�� �, E! ,� D ��  �� ��� �  �� ��� JNR% �e� �,  
�, !��A -J!% [!	� 

��� ,�� !��# ��3! :�� �,  8dmi ,� D $% ONiii ��% E#  . 

 

:� ;)d0> : (+�=!��# *!�"�  !��  ����� �, ��B" �, � 8dpO08dpi) E#( ]8n[ 

F�7 

!�"� 

��EK ��LC ��L� ��L� ��L� ��L5 ��L8 ��LD 


��
�!�" ^F�7  + �0 � 3679 1600 4687 1782 10783 12484 4785 2686 

!�";� � 23292 24892 29579 31361 42144 54628 59413 62099 

�+�1
� 0
�I"�,�� ���J
  > 8 L 8 L > > L 
 

 

 

 @/�)d0>: ( +�=!��# *!�"�  !��  ����� �, ��B" �, � 8dpO08dnm) E#( ]8n[ 

�� 7��
_A �� 

 :� ;)d0d( @/� � )d0d (�!���� ��3���c7 $����� � :�� �C �, *%�~ ���c7 $����� �, @" � 

 8dpO08dnm/(# $% � !� ��B� �� ����� t� C,  .."!���� $��c7 $�� :�� $% *)�� <��# |]�� o��� �% �

0

10000

20000

30000

40000

50000

60000
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���

�
� ��� �� �� 	
���
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8dpO$)��g�   �� 2 � .���� ��'�����c7 $����� :�_ �, *%�~ � 8dpO08dnm -OmLn>� !.!� ��� :�

*�� 2 � ,��1�% .%!��B����� E���c7 $������� �, �*�� 2 � <���� ����.7 � J4 ]8n[ . 

 

 :� ;)d0d : (�!���� ��3���c7 $�*%�~ ���� �, ����� �C �, � 8dpO08dnm) �!.!� ���:�( ]8n[ 

@�'7
 ��EK ��LC ��L� ��L� ��L� ��L5 ��L8 ��LD 

�M � @�V��6�W� 21935 0 0 0 0 0 0 0 

 @�$X�
 5639 0 2623 0 0 0 0 0 

SY�
 . . . . . . 3431 . 

@�V39 0 0 1347 0 0 0 0 0 

@�#�7 0 0 0 0 0 0 0 4206 

G���M 0 0 0 0 2582 0 0 2898 

(M 0 0 230 0 4103 0 2112 279 

@�'�]A 0 0 2946 3781 2872 0 0 0 

@YA 0 1772 0 0 0 0 0 0 

@�'7 ! 0 0 0 0 4768 0 0 0 

0�� 1948 0 0 0 0 0 0 0 

��/� ;� `�? 29522 1772 7146 3781 14325 0 5543 7383 

�� 7 a��V���
_A ��,��0 F�Q �0 ��/� ;� �6�4  OmLn> 

 

 
 @/�)d0d : (�!���� ��3���c7 $��D�_ �, *%�~ ��"� !��  ����� �, � 8dpO08dnm) �!.!� ���:�( ]8n[ 
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15000

20000
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30000
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F�U'�
 

; :� )d0L( �P�!�D�_ �, :�S��� *���# !�"�  !��  ������� �, �� ��B� �� ��B" U.�6� � C,  . �,

 �P�D :�DL8m�D�_ �, ��B" @" �, �(� ���# !�"�  !��  �% $"  	��C ��" $% :�SB� ! �, ��1 ��B

��������34 -J4 ��%�k1 -���# -E�4�� ���� 	��C ��" $% :�SB� ��	'� � ��(
� �  . E�+�7 �e� �, �%

+�=!��#  *!  O>iii� - :�� �, E# !��# ��3!��� $%  � ,� D �(� �C 8Lp# � E� ��% ]8n[ . 

 

 :� ;)d0L : (�D�_ �, @Y�� ,��+� ,� �#���# !�"�  !��  ������� �, �U.�6�  ]8n[ 

����� �M � @�V��6�W�  @�$X�
 
� SY @
 $" 'Z6 F�[� ��$\��� @�V39 

,� �# L> LL m N8 O 8O 

 

����� @�#�7 ��M�G (M @�'�]A A@Y @�'7 ! @
��39�� �� �� �0� 

,� �# LN Nd OL di 8i 8N >i p O 

 

 

���� IJ��$1 Q ��
 ?
 �70 �0  

 :� ;)d0N (�C D�� ���1������� �, ��;� *�, �, �� ��B� �� ��B" U.�6� � C,  . ,� �# �P�D :�D �,md 

�"� ��_!��  � 	��C ��;� :�D �, ��B" �,  . @/�)d0L (��#�� �������� �, �D�_ E� �� ��B" U.�6� 

� ��B�� C,  .� $eDQ� $" $��R��'C�% ,�� !� ��B� �� 2 � �4�� ����� ����� �, �D�_ E ->O $"  -��_ 

>m� @��� ��  
�, �,��  .,��, ���4 <�, $)#� �, J4 ����� �1 ��  �% .� �,� ����� E8d ��;� *�, �, ��_ 

 $" ,��, ,�;�8N� @��� �� @"  
�, �,�� ]8p[ . 
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 :� ;)d0N : (�D�_��"� ! �� ������� �, ��;� *�, �, ���B" U.�6�  ]8p[ 

@�'7
 �R � S�3 9
�? % �� /% �� T  ���� 7�6�4 F�U'�
 

%!��� �� Z�� 83 0 1500 1490 18 

/D y,�
!'� 4 �'� 85 0 150 1600 10 

 

�6�W��M � @�V� 

(��" �,�����l'� �.F � !�
 �P��S�  86 0 1200 14950 50 

A!�� ���B���C�I�  85 0 900 5500 19 

�Q;� 81 26 300 1197 14 

R��;!�� 82 35 700 1500 11 

�� ��C�I�� 81 0 1260 2570 33 

�	
�� �!'!���(� !��(
� H 82 0 1000 230 12 

�QY� 84 0 350 2500 20 

@�$X�
 

�� '.F ����B"� 85 0 1000 15000 50 


�SY �R�F $������ 85 1 2000 4165 20 

% �����% ��(�; � 81 0 1200 1200 8 

�A tA�A��1 [�� 85 0 4000 5700 25 

,�A��,�A $	 81 0 2000 10000 25 

�D! E���%���2,��  80 0 150 1290 21 

��� �� ��, �[ 83 0 1200 2400 18 

��!�  ��D  !��;�� 80 0 250 479 7 

�"�G��� J� 78 0 42 860 14 

"!'!�� �� 	�  85 0 2500 5000 15 

 

 

 

 

@
 $" 

��#�" ����1�� $����!*� 82 0 800 1000 8 

D [6%� ]!� �������� � 85 20 1000 7500 22 

�/� o��A 84 0 1000 3510 11 

 

'Z6 � F�[� ��$\��� 

����#��1 �#�# ��!��,�"��  84 28 2000 6500 25 

� o�#!�� 77 8 550 5846 154 �J� @�7
 �� 

�D  'g�!�f� E� 84 0 300 5450 50 

��!� �P� ��.!X�� 85 0 3600 6700 18 

 �, o��A��� � 85 0 1800 5200 20 

��A����� 3� 85 0 3000 5000 48 

"�#!����� ����,�A s 84 17 5000 9100 45 

����#������ ���D� 2��e	�  	�  85 0 3000 7000 30 

g�+ ,��;� 85 0 1000 4700 30 

D)!�, $�� s���� 85 0 400 1700 8 

 

 

 

@�V39 

 

 

 

 �D!��� � E 84 0 2000 1900 30 
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'D!� )F �P� !�� 85 0 6000 6000 13 

'D!�  !����� 85 0 720 5000 25 

��)F :����D *�D � !� � 85 0 800 2500 10 

��!B+�  !,�� E 85 0 2000 5000 24 

��!]�+  � 85 0 2000 5000 24 

��,�, ��'.�� 85 0 1080 3000 7 

�!���� �S
�  � 85 0 1080 3000 7 

�!���4  'g�  � 85 0 6000 6000 13 

�!% o��!� R� 85 0 2000 2700 49 

�!'!������,�A1 *�	
 �,�A  85 0 1600 3251 12 

t��� �,��� 84 0 2000 5200 25 

 

 

 

 

 

 

 

 

@�V39 

 
) ��
0
( 

� 	/��  '
� 85 0 1500 5000 12 

�	
� ����� |��] ���������  85 0 5000 2800 10 

.;� *�� F�4QB4 �4�; � 85 0 3000 3400 48 

.F���],��� � 84 0 1000 8000 7 

�� ���+���R��  85 0 2000 3000 20 

��!�� E������  85 0 2000 6000 49 

 

�D  'g�!< l� E 85 0 2500 8000 35 

��7���%��" o���_ �� 84 5 900 5600 15 

t��� �P� 84 0 720 2900 15 

�'�� �P�� 85 0 500 1600 4 

A!����B" ,�" ��B� 84 0 420 608 15 

X� + <���!�� 85 5 365 1300 5 

 

 

 

@�#�7 

 ��� � ���A  78 7 400 1048 22 

R��!�� E�o��A  85 0 3000 7000 30 

����� :��I��" !E 85 0 3000 7000 30 

��# �P��QY�E 85 0 5000 9500 35 

�P�  'g� ,�C�+�� 85 0 400 1200 10 

 

 

��M�G 

�� u�% ��4�#����� 84 0 400 9450 51 

'D!2,�� �4�% �P�   85 0 2000 1700 5 

��] �P�  'g�����  85 0 1500 3000 6 

M#�����f�� � 85 0 200 1500 4 

��# �P��QY�E 85 0 1000 13000 45 

��] E�g�����  82 0 1000 1740 8 

.F�F�'�� !2,�� @ 76 80 300 538 17 

 

 

 

(M 

 

 

 �!'! ��" <�+ $	�H 83 0 500 250 12 
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��	
�� !'!���C�/� !$ 85 60 1000 2000 10 

�"�����!2�l�   85 0 1000 4000 8 

�
�'# 62 50 5000 97 57 

�!'��; *���" ����" ��� 76 0 680 1200 40 

��]����  85 0 2500 5000 10 

 

 

(M 

)��
0
( 

 

�!_ J}!)� 84 60 100 2000 12 

�� �)
� 82 94 6000 8479 70 @�� � 

� )F ..4,�
��Y�7 � 85 0 50 3197 16 

 % ���%��� 84 0 1000 4000 15 A@Y 

���T��� E 76 56 300 240 26 

�D!�BRC, E� 85 0 1500 2100 12 

%�� ,��1 ��g)�� 85 0 1400 10000 35 

�;���)�"� !  81 0 400 510 6 

��#! ���	
 � ��A ��"� ��!:�'�   79 20 3000 2018 20 

��B" �P� 'g�� 84 77 1000 1800 23 

 

 

@
��39�� 

 ��'X�4 !�� ��!XQ" �� 83 0 2000 4500 20 

�  'D�!2��6/ 85 0 3000 10000 100 

�D! ��]1 E� 85 0 1800 6000 10 

���]!��%�#�+   81 0 3000 3000 40 

 

�� �� 

�(
 o�)F� 81 0 260 600 12 

.F�(=�l� !'� 85 0 1000 40000 75 @
��+ 

.F�� $��� �)"� ��� 81 0 500 2150 20 

��1�+�� �� ���� ! E�,3 85 0 4600 2570 12 �0� 

�1��� E��+�%  79 61 1200 1528 22 

�+�1
� a��V� 
md 000 00 

15332
7 417511 2279 
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 @/�)d0L : (��#��D�_ �������� �, ��;� *�, �, ���B"  ]8p[ 

 

�� 7��
_A �� 

 :� ;)d0O (�!���� ��3���c7 $� +�= -����� �C �, 2 � <����!'�� *���# !,��+� ,� �# �  �� �, $" � E

� ��B� ��  �  	C��] ��" $% :�SB� [6%� C,  .���� ��'�����c7 $�� �, � ��B" �, �D�_ EL8nN88 

�!.!� ���*�� 2,�% :� .%!��B����� J�D E���c7 $������� �, �*�� 2 � <���� ��� ���� � ���# -��(
�  .

+�= ��'��!� *� ,� D �D�_ E8Nd� E# ��3C ���,�% 2�% $% ���
 �, �  ��% ��� ! ,� �# � >>nm �(� 

 �  	C��] ��" $% :�SB� ��1 �,]8p[. 

 :� ; �, $" $��R��'C)d0N (eDQ�� $� ,� �# �	# ,�� p @" ��  D�� md D�� ��, ���� $" �  �� 2,�" *+�

A ��!)��	� *+�B� �� 2,�% ��,��]�%  .� $% $;�# $"  	� �C����P $�/� E�� �}"� $" *�� � �, �D�_ E

����� 8dpL � 8dpN �, ���� � �� 2,�'� *+�]8p[ . 

��,�% 2�% ���
 �,�� �� ���# ��'�� -�C D�� E!�  �"!��  � ,� D $% ��B" >ii  C��] :�� �, E# ��3C 

��! . 

يزد

%2

آذربايجان شرقي

%3
اصفهان

%8
ايلام

%1
تهران

%10

چهار محال و بختياري

%3

خراسان رضوي

%2

همدان 

%2
مركزي

%4
مازندران

%6
گيلان

%2

كرمان

%2

قم

%15
قزوين

%5
سمنان 

%6
زنجان

%29
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 :� ;)d0O : (��B� U.�6� ������� �, ��;� :�D �, ��D�_ *!�P� ]8p[ 

@�'7
 � T�7
 ��  
)G"( 

�� 7��
_A ���6�4  
)�]� @��F�( 

 0
 �

;2�� 

� T!�" � �6 �

9
� X3  +  

�%�k1�4�� ���� 2850 18040 78 NL/dO  

��(
� 5510 28497 159 ON/dL  

��<Q 2000 4165 20 100 

���# 12142 27929 141 8>/pO  

�6% � :�g� ���!��� 4000 17510 58 mO/Op  

�P� �����]� 850 11296 204 8n/L  

����� 62080 124151 619 d/8ii  

��	'� 3305 13056 76 Lm/Ld  

�34�E 11800 34150 156 OL/nN  

J4 16780 36025 234 n8/n8  

����" 6050 11676 86 dN/ni  

7!�Q 1300 4240 41 n8/d8  

��� ���� 9300 20928 116 8n/pi  

3"��� 8060 19600 162 nN/Lm  

�� 'C 1500 42150 95 nm/8N  

�,3 5800 4098 34 Nm/8ni  

��B" @" ��'�� 153327 417511 2279 >p/O>  
 

�� ��
 B
0�
��� ��
 �@
  

�"�!��  �  " �, �% 88/>p8nii) F!���, ���� ( �8m/>p8nii) ��% s��	���� �{��f� � ( ��,��� ��B" $%

��,��  . :� ;)d0n ( @/� �)d0N (�!�"� ��,��� ��3!��  ����� �, � 8dpL08dnm� u��� � ���� �� �1 

� ��B�� C,  . *�� $�+�� [��3+� ����� ��,��� ����� u��� ���� E�� :�_ �, :�D E�� �%) @/�d0O(  ]8m[ . 

 :� ;)d0n : (�!�"� ��,��� ��3!��  ����� �, � 8dpL08dnm� u��� � �����1  ]8m[ 

F�7  B
0�
�)G"(   :9�
)�]� @��F�( 

1379 8/d8N m/niN 

8dpi 8OO/dLm OO/8inp 

8dp8 pON/n> iO/Lm8i 

8dp> d88/Npi O/N>O> 

8dpd nn8/>N> LO/8iNmd 

8dpL n>p/8id Np/piON 
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 @/�)d0N : (�!�"� ��,��� ��3!��  ����� �, � 8dpL08dnm ]8m[ 

 

 

 @/�)d0O : (� u��������"� ��,��� !��  �� �_ �������� � 8dpL08dnm ]8m[ 
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 @/�)d0n : (�C��B" J��"� ��,��� �� U.�6� �!��  �� ^��# ����� �, ���� 8dpL08dnm ]8m[ 

��'���C��B" E��"� 2 		" �,�
 !��  �� $% �%�F 2 g�� ������ - 	C -����� -��'�1 -!� � E� 	��C  	�� .

 @/�)d0n ( �C J��� �� t�� ��,��� �� �C��B" E����� �, ���� 8dpL08dnm� ��B� �� � C,  .%!��B� E

%  	C ��B" �� ��,��� ,� D $" *�� 2,�NO� @��� �� ��,��� @"  
�, �,��  . 

 

�� ��
 B
�0���� ��
 �@
  

 :� ;)d0p ( @/� �)d0p ( ����� �, ���  !�"� ���,�
 ��3!�8dpL08dnm ��B� �� �1 ����� u��� �  

 C, �� .� $eDQ� $" $��R��'C� ,�� �� :�� 8dp8� ! ��3���,�
 ��BC�"  ��� ����*�� $���,  . �� l�

 :�� �, ���,�
8dpi�% !��� ��! ,� D �, � 3Oi*�� 2,�% E#  .��,�
 �� l��� � :�� �, ���8dp8 $% *)�� 

���R'B� ���� �! ,� D $% � *�� 2,�% �diiii�� E# !*�� 2  .� ��B� �C���1 :�D �C $%� �� $"  C, 

�"� 2 		" ,��� �# 'F!��  ���C !�1 2 		" �,�
 $� � J . @/�)d0m(� !� u��� 3����� ���,�
 �_ �, ���� 

��� ��B� �� ���� E� C, ]8m[ . 

 

هند

56%

امارات متحده عربي

8%

آلمان

8%

چين

12%

ايرلند

6%

ساير كشورها

10%
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 :� ;)d0p : (�! ��3���,�
�"� !��  ����� �, � 8dpL08dnm� u��� � �����1  ]8m[ 

F�7  B
0�
�)G"( :9�
) �]� @��F�( 

8dnm Od/O8 m/8Li 

8dpi Lp/Nm iO/Ni 

8dp8 Np/>midm miN/>ONiN 

8dp> >d/dNnm 8n/OpOi 

8dpd N>L/>8ii OO/LLm> 

8dpL dN/OOd m8LN 
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 @/�)d0p : (�! ��3���,�
 �"�!��  ����� �, � 8dpL08dnm ]8m[ 

 @/�)d0m : (� u������� ���,�
�"� !��  �� �_ �������� � 8dpL08dnm ]8m[ 
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��'���C��B" E���"� $" !��  �� �� �,�
 ��1 $% ����� ,�� ! - 	C -2�" -E�"�# -����! -����	��� -$

+!.!I!E, ��B"  	� � � 	��C �R . @/�)d08i (�C��B" J��� ���,�
 �� U.�6� �� ��B� �� ���� C,  . 

 

 

 

 

 

 

 

  

 

 

 @/�)d08i : (�C��B" J�� �� U.�6� ���,�
�"� !��  �� ^��# ����� �, ���� 8dpL08dnm ]8m[ 

 

5�M ]�
0 �����
 �� �� 

�C������A�(.�6� �4 �% ! ,�%  	C��] �~�� :�fg� u��+ *']�% $"��C������A �� �� �, J� � 2,�, ��� �

 �� 2 �: 

804 !'��� ,��� *!+�f� $� $" �/���'� �� �3C E��C $	�S�� !��# �!�  �� 2 'F [l� �  ��% � �, �� 

�#!! E4!,��, :�fg� 2 � <�'# *' . 

>0+��S; $l�	� !�������, ��g� �� \�f] $%  D�� �� D� ���# �%�	� $% !��� ,��� E!�C ����" � $� {�f� 

3C -:�fg���C $	�~�# *g# �� q�%�� !���4 �,�,  C��] . 

d0w���	/# ��� ��_ �� 2,�(��� ,��� �~�# �!���� �% ����c7 $�" -!(!��# :�fg� *! �� � !�P ��3� � ���

Y!4 �% 2�!,�%  C��] �~�� :�fg� u��+ *'. 

چين

57%

ساير كشورها

3%

هند

10%

يونان

14%

كره

16%
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L0 3C�� $	!�������� �� ,��� !~�# ��!l��� �!3C �, J��C $	�S�� !��# �!4 �  !,��, :�fg� 2 � <�'# *'. 

N0+�= !# *��!�� �%  D��  �4 ! $% -*�� �~�� :�fg� u��+ *'�� E#�#!�3+� $" s�+�= [!��# *! ��  

�_�3C �,�'� E/��� ���C $	�4 [C�" WF�% ��%�� !� :�fg� 2 � <�'# *'�,,�7 . 

4 -y�+ ��/� $% $;�# �%!��# :�fg� u��+ *'!� �% 2�QF 2 �  �� $/	��% �3C *���C $	���# !��# ��  ! E

�'�� - �%� D �,  �'� ����% $"  ��% �,��1 *�, $% �� ����% ��  . 

	G'C!#��
 �, E!��# :�fg� ���,�
 $/! �� !7 ���4 �e�  � 3! -,�4!��c7 *'��% ��g� $%  � $"  ��% 

��# �% *%�4�!;��] ��7 		"  �cA ��/�� � ��% � . 

�"� -�P�D :�D �,!��  ���# !.]�,  �4 $% ! *'88>ii� ���� $% :��" �C !� u��+ $% <�7�.� �� ]>i[. 

 2��'� $��	B6% �)_dOL/pL/Z/��7���% ����� {���# � `iL/8i/8dpL4 -!#��,�
 *'��"� �,�A !��  � $% 

� ����� �� ��% ]>8[: 

• 4!�A *'�#��,�
 $��"� �,�A !��  � mp0mO % :,���pN %4! *'LME
†�� �� � ��% . 

• 4!�A *'�#��,�
 $��"� �,�A !��  � nN0n> % :,���nN %4! *'LME�� �� � ��% . 

 

	G'C! 2��'� $��	B6% �)_ E8i>8/pO/Z/��7���% ����� {���# � `i8/id/8dpO4 -!#��,�
 *'��"� !  

���� ��� $% �� �� ��% ]>8[: 

• 4!�A *'�#��,�
 $��"� �,�A !��  �  \�.] �%m/mm 0mm % :���+ o��� �%8ii �&,  +LME 

���� $)��g� �,,�7 . 

• 4!�A *'�#��,�
 $��"� �,�A !��  �  \�.] �%m/mp 0mp %4 o��� �%! *'LME�� � $)��g� 

��,,�7 . 

                                                 
†
 London Metal Exchange 
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• 4!�A *'�#��,�
 $��"� �,�A !��  �  \�.] �%m/mn 0mO % o��� �% :���+pi %4!*' LME 

���� $)��g� �,,�7 . 

• 4!�A *'�#��,�
 $��"� �,�A !��  �  \�.] �%nN 0ON % :���+ o��� �%n> %4! *'LME�� � 

� $)��g��,,�7 . 

 ��� �	'PLMEC�� ���
 $% !� Z�'7 ��+, ^��# $�����;� ��"�'7 $% ������ �Q%� � �)��� ��� � ,,�7 

,�%  C��] ZQ� &�" �� 
 ���� �,. 

 

8�� �A B�>Z/� ���
 �� �� 

 :� ;)d0m ("�'7 ��f6B���"� !��  �� ��B� �� � C,  . 

 :� ;)d0m : ("�'7 ��f6B��� �"!��  �  ]8m�>>[ 

�� I" ,���� 7 ��,�� c#+��+ ('� H�� a�3 � �A d��1� 3�A�9�6 0�7� 

8n/>p ii/>p8n �"�!��  ��"��A -!�� � L 88 
 

	G'C!�	
 ����� *��+ �, E�1  " -�,��� � ���!�"� t!��  ���	
 � >L888N8L1  " � ��"� t�!  

���� �� � 8d>i8N88� � ��% . 

 

���4! q�%�� E�"� ��,��� � ���,�
 $%!��  � @f+ �, >p���4 T��" ! ��,��� � ���,�
 E� ��� $%� 2,��1 �

*�� 2 �]>>[: 

� BH�>[�����2 !�  �� " e !� B�.� �2 �!�  �0
�  ��#< f�$.3
 A B
�]� �'�
 ��$��� B
�]� f �� 

��
 � g���$%�"�� 

��
00�� �+. 

�(��6� ����l� $� �,���� �, 3; � 2��'�  ��% � *�� ��� �&�fg� @��� ^l+ @f+ E�� ��C: 
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 �f��]�� ����, �&�fg� E�� 2��] ,�� $P�F $��7� ; $� |6B� ���!'!� *]�� �% �#�)!��# �� �3�� ���!'!� �
�	F � U��

� ��)� ��  ��% 

�T1 �, 2 � @D &�% U��  	% �&�fg� � T 

R�, ���QD �, $� &�% U��  	% �&�fg� � 5 �� �	'�� ��e	� $% ����P � ���'�� u�� �� �% ��+�
 $�	���% q��B� 2 � @D �

� ��% $�]��� s��	� \�] {��f� ���% �1 <�F {�f� �� [!% �� ��%3� :�fg� -:QD �  ��% 2 � @D @l� � @'D 

 � , *!)}# 2,�� �� $� &�% 5 �� T -U�� ��C 	% �&�fg�   2 		�(Stabiliser) ) �� $.'; ��JC $%  P ,� 2,�B+  2 �

Antiagglomerant (2,�3+� �1 $% @l� � @'D �� *=�(D ���% <�& � ��% 2 � 

� �C -T -U�� ��C 	% �, 5� 	� �&�fg�   � ,�7 P 2,�� �� �1 $% �	'�� ��; $% �� |!6B# @!�# ��e	� $% $� &�% , �� 5

V�� 2,�� �� �� ��)Y ���% q��B� -*�� 2 � 2,�3+� 2 		�2,�3+� E�� $�	  {��f� ���% �1 <�F {�f� �� [!% �� ��%3� :�fg� -�C

 ��% $�]��� s��	� \�]. 

 �*!��!# �, �% 2�QF �  �Q!���(��� � �C 2 � *!)}# ��1 ,��� $.!�� $% $� �C   ��) 2��'���  ��(��	%�� -  � �C

��	%�������A  ��1�!Y ��C��% ��C) 2��'���  ��(!���� -�C����!� - ��1�!Y ��C��% H�.I'� ��C����!� � �C����!�) 2��'�

��  ��(��	'!��+ -  ��1�!Y ��C��% ��#���!��!# -�#���!� -�C) 2��'���  ��(- 2��'� :�'B� ��1 �&�fg�  ��C��  �� *��S� 

��  �� �C��%�� � ) 2��'���  ��(�� $�(7 �Q�k $� E%�� ��)!��# ^l+ - l)_ @f+ E!'C �,  ��% ,��$ ,�� � 	%: 

-�!	!'��+ ��C !�� -�w�� !C ����!� -E%�� ��C !��� � U��  �� 2,�� �!�w���!� ��C !�� ���� � �!��!��!# -�!��!��3��

 H�.I'�) 2��'��� ��(� 

���� � T  E%�� ��C���w���C) 2��'���  ��(� 

 E%�� ��(��� �, � 5) 2��'���  ��(� 

� , ��	%���!#  ��	%���	!.� -�C  -�C��	%�����.# �������	!�1 �,�#���!��!#���# -�#���!����.# � �#���!��	!.� -�C  �C) �#����

Reineckates (�#���!� ���� � �!Y ��C��% H�.I'�  ��1) 2��'���  ��(� 

 2��� �% 2 �  ��; �w�� !C  !����A � �C) 2��'���  ��(�w���!� -@!	%���!# ��C���w���C -E%����(��� ���� - �1 ��C���w���C � 

 �1 3.+ ��l�B� �  !����!� �) 2��'���  �� ( |��] ��D -�!�.�  !����!� �� �!Y) @f+��.( 

 � *��,,�� ����l� *��F� �% � ��'� @f+ E�� :�'B� -JB� *'�4  ,��: 

-J�3!	�  !��� � J� � ���.� � U��  �J�	A *'�4 �&�fg� ���� � |��] ��D 

�!Y � ��1 ��)!��# � T *��,,�� �, $� ����1 �� �!Y -��1 ��*�� ���c� &�%  

� 5  *��,,�� �, $� �#&�fg� � -� -� �� -� @f+ ���*�� 2 � $�(7  



      
                                  ����� ���	
 ����� � ���� ���	
 ������                               ��	������ �������     ���  !�"�  !��#                                                           

 

 45

 T�#��� ���	F $% $�!���1 ��� �� ��1 �!Y �&�fg� � ,(Luminophore) 2��'� -��  ���� ���4 2,�(��� ,���   �,�!7

*��+ $B!� ���� � $B!� ��C �
 $% �C 2��'� :�'B� H.+ �� $S!# -$��, -�,�A ����  ��� 

 �F�	f� *!+��7 � �C) 2��'���  ��(u���] �&�fg� - [#1 ��C�R��, �,���A ���% $� [#1 2 		� ������ �, �� ���B�  �� �C

s'% �, [#1 ��C  2��'� ��P�� ���B���  ����A s��� �&�fg� �,�� $P�F   E�(Ink remover)2,�] ���% $�  

$��% ����+  2��'� :�'B� 2 � � 	%��  �� 2,���A ��C��.% -)�!�A� �
�	F �� �!Y ( ���] ���!.4 �� ���!.4 ��3.+ $�w���C �Q�� ��

 ����� ��1 �� �� �C ��� $��/� 2��'� :�'B�  ��% ��B!% �� <�7 ��  ��� 

 �)���7 $'!� � �)���7 ��R	� � �) �!��	� -��!)_(Synthetic), �� 2 � $�]�� 2��%� ( ��1 �,�A �� ,�7 ��)2��'�  ��C���� 

 *��S���  ��(-  @f+ �, ���c� ��1 ��Cw�!�1 � �)���7 ��3.+ E!	G'C��� 

*��� �� �3.+ ��Cw�!�1 � -|��] ��D -��3.+ � �  ��C(Cermets) ) $�(# �3.+ ��C��%�� �	�� $�(# �3.+ ��C��%�� $.'; ��

3.+ �% 2 � (C,3��A *'�4J : �� 

  ��% ���] ���!.4 �� ���!.4 ��3.+ $�w���C �Q�� �� $� ����1 $
�] �!�A� �
�	F � �) 2��'���  ��.( 

 � [6% �3.+�!Y  !�� �� �� @�B�� |6B� ���!'!� *]�� �% H�.I'� ��C !�� � � [6% �3.+  !�� �� � � @f+ E!'C 

 2��'� �,  ��%��  ��$l)_  ,,�7 � 	%. 

 �2��'� �  �C ���  �� *��S� ��  ���� ���!���1 �� �3.+ �Q�� �� �����A �Q�� @��� ^l+  ,�� . ����l� $� �,���� �, 3;

 2��'� �,  ��% H�.I'� �� UF�M� �Q�� - ��% �(��6���  ��$l)_   ��� � 	%. 

 � 2��'� � ��  ���*�� ��� �&�fg� @��� ^l+  

 <�!�	�# � U��) �'#� , F��( <�!����A -) �'#� , F��( <�!����A -) �'#� , F�� ( �� ��B!% ��1 �'#� , F $� ��
�	F <�'# ��� 

�*�� 

 �F�	f� �� ��!)_ U!��� ��,�� ��A�#�3�� � T)JC,3��A � JC,��� *'�4 ���'�� ��3.+ �� �)���7 ��3.+ ��A�#�3�� E!	G'C (

��R� �� �% q�.6� ��D 

�	F E�� ��1 �� ��1 �!Y ��)!��# � 5��R� �� �% q�.6� ��D - ��)� ��  ��% |6B� ���!'!� *]�� ����, $� �A�#�3�� �� �
 

��!��I��, -�Cw�!�1 � ,  �C(Dispersions)) *��� $.'; ��  �CCermets(q�.6� � ��!���� �&�fg� -  E�� ����, ��C

\�f6� $���!��� ��,�� �% ��1 ��1 �� ��1�!Y ��)!��# �� �A�#�3�� �� �
�	F �� [!% �� <�7 �% :��% »)���/� �% �������!� 

<�7( «� ��% 

{�f� ��]�� �
�	F � �C  2 �)2 � �B�B��) (V	B+ ($��C ��C����1� �� 

 (Spent (Irradiated) fuel elements nuclear)� 

� � 2,�(��� @%�4�!Y �� 2,�(��� @%�4 �!��� ��,�� �&�M+  . 
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 �� ��e	�»�A�#�3�� «E�� <�(� $%2��'� � *��,,��   ��C��  �� � ��  ��*�� ��� ,���� : 

 ��C !.��� �(Nuclides)��!A�#�3������ *��D $% *�!)_ �, ,�;�� �
�	F ��	}���% -�3��  

 ��1 �!A�#�3�� ��!)_ s!��# $� ��
�	F �	�� - ��% 2 � �	Y �1 ��#�3��  	� �� �� $� �f	F �� ��A�#�3�� q�.6� �

� �Q
� ��F�	f�*�� 2 . 

� H� � �(�+ ��)!��# � )H� ���(�+ ( �� [!% $��� 2��'� :�'B�  	��% �(�+ ����, ����  
�, ��  ����   �,�7. 

 � 2 � $A�, <�!	.� � J!�!.!� $.'; �� ���!'!� �
�	F � (Doped)$l)_ @f+ E!'C �, �!������� {��f� ���%   � 	%

�� �Q}� 2 B� ��� @�� $% $�	���% q��B� -,�� ��% $.!� �� $������ @�� $% �� -2 !B�  . ���, @�� $% �7�(Disk) $g(
 

 ����(Wafer) 2��'� :�'B� - ��% 2 � 2 ��% $%�B� ��.�� �� ��  ����  ,��. 

  

��
00�� ;�W B�?��#� 

 ;>�hi 

 �0� ���3A {�f� ,��� <�'� E!	G'C � ���3A � ���cY ���	
 �, {�f� ,��� ,��� ��� �C ,���  ����� *l+��� $% :���

E!�1 � ����l� �%�# � ���3A u���1 � ����, -*�� % $��� *�� $_�%�� ��C. 

�0@R��  P <�'� � �#�)� ��+1 �+, $% q�%�� <�'� ����� �� 
 � ,���   ���3I��, � �����B� �, 2,�(��� ,��� <�, �;��] ��C

*�� ,��� s�D �����B� ,�; ����� *l+��� $% :����. 

�0*�� ��+, ����� *l+��� $% :���� �1 *]�� �, {�f� ,��� ,��� � ���(�� @%�4 ,��� ,���  . 

�0 U�,� ��C&�� $!.� ,��� ������ 3!� ����� �'#� �w��� ������ *l+��� $% :����   ��% . 

 

D��#6 ��.Q ��+0�
�3�'7
 � F�>[�  

�"�!��  ��� � {�f�  ��� $% $;�# �% !�	
 �, ,�%��" $	� 	% $��, � \�.] $;�, o��� �% -U.�6� �� 

�l#! 	% J�� �,,�7  .�� �C �, �'.��!��" $	��"� !��  � 	% $��, � \�.] $;�, �% �� �� 2v� 2,�(��� ,��� 

� ���4�7 !,� .�� �, $��7�!�C $	�������, � � �� �!'!���� -\�] !f��]�� ��� � ��3��C � :�fg� 2��'C 

'C� ��! *��� 2v���]�% �C,�� ����� �%��� $"  	��C ��,�f��]��  
�, �� l� -\�] $��� �1 �, ,�;�� � 

���% �����  D �, *�� ��%  . :� ;)d08i (�C,�� �������"� ,��� �, ,�;�� !��  �� ��B� �� � C,  .
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�C,�� ������.� � 8d>8 � >iLp ,�� ����� � ASTM D 3280-85(1992)'P �, ! 2 � $X��� $'

 ��]>i�>d�>L[ . 

 :� ;)d08i : (�C,�� �������"� $% q�%�� !��  � 

,��U ,�� ����� ��� ,�� ����� 2��'� ,�� ����� ��P�� 

8 .�� 1321 ��7v!���� � ���"� ����1 !��  ��	
 �, {�f� *; ���1 ��B� 

> .�� 2048 ��7v!���"� !��  �V�� �, {�f� ,���  

d ASTM D 3280-

85(1992) 
Standard Test Method for Analysis of White Pigments 

L JIS K1410-1962 Chemical properties of Zinc oxide 

N BS 7214:1989 Dental Zinc oxide/ eugenal cements and zinc oxide non 

eugenal cements 
O ISO 3107:1988 Dental Zinc oxide / eugenal cements and zinc oxide 

non eugenal cements 

 

E��+H�� � G��P��? 

�"�!��  � ���	F $% �&�" t��	
 �, $���� �� �!'!���� -V�� -!���� � $B!����B" -t�Y � ! 2�

�C,�%��"�#��(�� �,��,  .�� $��7��&�" ����%  �� E�3R��;M�% �, �+ {��f� �� !3�/� �� �!'!���� � E

� - � @X�4 :�fg�!�� {�f� E/�� $;�# ����� E� 2,!'!����	
 �, �"�D U.�6� ��% �� �4� ! �1 �,�% s

%��" �,��C,�*�� U.�6�  . 

 

L�7� 6 �IJ� �J��" � �J < � 

 �, ��~�� ��!�% @��F  ���# �� ���	
  � ;  D�� �C �, 2 �  !��# :�fg� ���% u��+ ����/�� ����%

 ��% �C D�� $��R	�� 2 	�1 � �,�f�4� *!�4�� �%����� .�� E�� �, �C \�] ��!7v�� E�+�7 �e� �, �% q�)#

 �.]�, ��C��!� � {��f� ��3!� � �.]�, �� !��# *!�P� -*�	
):�fg� ,�%��" ����� ��	)� �%( ,��� -

 ���% ����% s�" @%�4 J�  ��% -:�fg� �.]�,  !��# ,�)'" ��3!� E!!�# �% � ,�!7 �� ���4 ����% � @!.g#
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,,�7 �%�����  � ; ��C D�� .�� ���% �� �� 2v�� ����/�� *�� E/'� *�	
 �C \�] ��!7v�� �R�, ��� 

,�!7 ���4 ����% ,��� $��7� ; ��_ $%  ��% ,��� �C �, $" ,��1 JC��+ �1 �&�fg� �%������% � u��+ . 

�"� {�f�!��  ��� $% $;�# �% !�C $	�A � �1 ,�%��" U.�6� !�	
 *+�B���& �!��� t�����B" -� -

�!'!���Y � !_ �, -2��]� :��  	� !A � �!��� 2,���C $����% �,�f�4� $���  	� ��  �� $% �� � ��%  .��#!  

���� �� :�fg���
�.] $;�, �% U.�6� �� ���(�� !.]�, {�f� J�D $% $;�# �% 3�� -!�C��� ����� ����% 

'� ���.F �c�  ����A !��# ,�;� JY�!��7 		" �  	��� ��"����	
 �� �!'!����"� o��A -�/� o��A ! - 

%���+ ���#��%&�R�� -! � o��A $	 ...��!��# $	!� �,  �,��, $��,� ��	G'C \�f] E. 

� $% $;�# �%!.]�, �����# *; !��� 2,�� E!�D� ,��� $!�C D�� 5����# !�	
 �, 2 		"  ��A *�, �!� < F � E

�+�/#���# !�"�  !��  ���# ^��# !.]�, ��7 		7  �� ��!,�l� $���;�# @%�4 ��� �� � $;�, �% 2,�� E

�
�.]��7 � ���(�� ��C ���	
 U.�6� ��� $% $;�# �% !� ��B" ,��� ,�%��" $	�,,�7  ..F! 2�% JY�

��,�%��C D�� �� � ; ���#  !_ �, ��B" @]�, �,  �]� :��  	� !� ��,���  ��� $��(���� -�� ��B" $% &�" E

,��
  ������ $���, � $" *�"�D s.�� E��3+� �� ��	
 �, {�f� [�� ��B" �� ��% .	� �, !��� E��� 

� ���,�
 ��/�� �'.�����# @" � *�� $��� � ,�;� ��	"�# :�fg� E!.]�, �� ��C D�� {��f� $% �.]�, � 

��!*�� 2  .�� �c�!�C D�� �� D� �% $" *��  � ; ���	
  ���# !�"�  !��  �� �� !� ��,��� ��3�E :�fg� 

� # $% � $���"��� �!�C $	�,�� JC��+ �1 ���,�
  . 

�!�# ��� $�&�� ��B" ��� �, �dii ,� D $��c7 :�� $" *�� E# ��3C >>i��# @]�, �, �1 E# ��3C ! �  

l%�����# ��,��� �% JC !*�� 2 � E]>N[. ��#!�#  � @)4 :�� $% *)�� ��B" �, �N $���,  ��  
�, 

*��]>O[ .$;�# �%� $% ! {�f� ��3> 
�, ��"� !��  �� �, ��"� �� l� -*�	
 E!��  �� ,��� !��% ��� 

��#!��&  ! ��B" �, tLLii� ,��1�% E# �,��  .���  �� E�+�7 �e� �, �%! $��N��%  
�, ���# !��&  ! -t

�!� ��3!� ����"� $% *�	
 E!��  � :�� �, 8dmi -N>pi,�%  C��] E# . 
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�!��" ��3���� � �!� ,��� t!��% �����# ! :�� �, ��B" E/�� E8dpO -8i8pLiii :�� �, � �%�� ��� 

8dpp -8N8piiiii*�� 2 � ,��1�% �%�� ���  .��%���" �%�� ��� �C � -nii �# 8iii {�f� T��� <�7  

��,��  .�!��# ��3! :�� �,  8dpL ,� D >>N� !.!� �% $" *�� 2,�% �%�� ��� ������ �� l� o��� E T

 ,� D $% 2 � {�f�>>N�� E# ��3C !*�� 2  .A!% [!	�� � :�� �, ,�� 8Lii� !��# ��3!��"  � � 

����! ,� D $% ��B" t>pO� !.!�� �, $"  ��% �%�� ��� ��! ��B" �, T��� {�f� $�>pO  C��] E# ��3C 

,�%]>n[ . {�f� �� l� E�+�7 �e� �, �%d�"�  
�, !��  ���# �, ! �� l� -T���  �"�!��  �+�f� � �, 

�	
���# �! :�� �, T���  8dpL ,� DOnNi :�� �, � *�� 2,�% E# 8Lii $% pNpi��  C��] E# !  . 

 ,� �# �P�D :�D �,>Lp��#  D�� !�� � V��  ����+ :�D �, ��B" �, E!� �� $" *�� *� ,� �# E>dm  D�� 

+�= �% ��� V��!'�� *� NNNdO> ,� �# � E# 8m��  D�� �� E+�= �% ��! *mNLdi� E# � 	��% ]>p[ . 

�� � V��� E�/��C&�" 2 'F <Q4� �� �#��,�
 �� �� ����� $"  ��% ��C��B" $% �C&�" E��  	��� 

 -������S+�� -����/%�� -����4�34 -������ -����	'"�#����!� �,�
 ��'�1 � �� ���  . :�� �,8dpL ,� D ->m 

�!.! u��� $% V�� E# ��dpiii �!.!�C��B" $% �&, ���*�� 2 � �,�
 U.�6� ]>p[ .�"� $" ���1 ��!  

��� �/���� ,��� �� !�	
 �, {�f� ,��� J� $���%�	% -*�� V�� ��)��	� ����% E���% �� � ^��# :�fg� E

�	
���� V�� ���P�l#  ��� �% � *�� 2 �1 ,�;�% � �  C��] 2,�3+� �1  . 
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 فصل چهارم

 يو اقتصاد ي فنيبررس

 

����� 

 �C����� �� t�# !�"� $!��  �� -���� ,��� � �%�	� $% $;�# �%  	���# !���� J�D -*�, �, $���c7 $� � 

��% {�f� ,�����# !�"� $!��  � ��� $�+�7 ��" $%  .�����+ u�� �,� *)�� 2 �1 *�, $% \�.] 

�����, � $% $;�# �% @
�D 2,�� �� �c� � *�� �#&�% �R+�=!���% *�� ����, {��f� *; ���# �� � 

����/��!/���� � �,�'� 2,�(���  .#��
 �,! $/�"�!��  � �, {�f� ,��� �	
���& �!��� t� -����B"� 

� ...�%  	��C���F  �M�% �� � �
�	F  )f��]�� ���	F $%� ( � �1 \�.] $;�, ���  	��%��A  ���# !� ��% ��	 . 

 	� �P�D :�D �,���" E��# $��]!�"�  !��  ��_ �� ��B" �, ������+ u�� ����# $% <� 4� !�"�  !��  � �% 

;�# 2 	C, ��B� $"  �� 2,�" &�% \�.]!cA $���# u�� �,�% �!�"�  !��  �� �� �� u�� E� ��%  . :�D �,

���1 �� �P�D���	
 $" �e� 2 		" {�f� �!��& �!# ��/�� t!��� 2,�� $!������� $��� �� .]�, ����% � - ��� � 

�"� �� �c�!��  �� 2,�(��� &�% \�.] �% � 		"  .���� �� ����% �7��, ���# �R!�"�  !��  �# $% <� 4� ! $

��� -,�'� 2,�� E�4 �% �� �1 ���# !�# ����� *'��"� $% *)�� !��  ��]� �, ,�;�� !�	
 ���,�, ���4 � . E'P

���� $/	!�F � *%�4� *; s��	� $	A :�fg� ��% $P! �1  C��] [ . 

���� T�6������1 ��/��� � !'!�����% ���# !�"�  !��  �R��% -��'" \�.] �% �� �,�� �����" � �%�	� $% 

�� 3.+�� ,��� !,��, �� ..]�, *"��  	� ^��# �P�D :�D �,��� 2�����	" -���# !�C����% $% �  �.]�, � � 

;��]�� $P�F �� u�� �c� -,,�7 !'!���*�� $�+�7 ���4 $;�# ,��� s��	� u�� ���	F $%  . �"k $% <�&

�# E���, �% $" *��!� $% q�%�� ��3�S# �% -u�� E!!�f�6� ����� �, �� �C D�� ,�/.'F ^���# $% ���# !  
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�"�!e� $���� �
�	F  !�"� �!�"� � <�"  ! *�, 3��4 EC1  �*+� .	G'C!	� E! D�� E�� � ��_ �,  ���# 

#��# $% <� 4� ,�] $���!�� 3.+  �� !�'	% 3�  .�B# $% $��,� �, 2 � �"k ,���� $% $;�# �%�� u�� �!'!�����# !  

�"�!��  ����% � ��C �	+ �,�f�4� � �� ���,�A �J]>i[. 

 

�� /" �� � j��#]>i[   

��# *;!�"�  !��  ��_ �� �� �!'!���� @D��� �� <���� ��7 !,�: 

U�� (�� 5��6������ t'" $% !��(���  ��� 2�����	" �� t�) �!G!V	( 

T ((f#!�� ��(��� :�.g� <�7 � ,�� $�f��]�� {cD *; ��C  

���1 ������ ��(��� $" �# !� $.D�� �, 2 � $!G!���, V	�f��]�� ��C �3.+ ��,�" -H� ��G'C ! -J

� � *��)"!� @/�� {cD *;  ��% � E��� ��(��� :�.g� �� �����;�� (f# $.D�� �, �� -,! <�7 � ,�� $

� 2,�(����,,�7  .�����6� �, �, �C @D��� E���� H	; �� !� <���� @� ���  .��# *;!� ,��� ����D E! ��

� �,�� $.D�� E�l��� $.�� �� ���# ! J�,�" 2,�(��� ��6% *"�w �. 

5 (#!�� ��	%�" $� 

�� ��(��� :�.g��(f# $.D�� �� @
�D ! <�7 � ,�� $���, �,� D� \�.] $;�, mp %�� ��%  . ��e	� $%

#!�" $%�� ��	��� ��(��� �� � �� ���	7 $% ���"1� t� [L.A H	; �� s�/� ��� �#� ! E. $% 3�� �.��

� 2,�(��� �3'C�,,�7  .��%���# !"  !�� ��	%�" t� � ��	%�" �� � �� 2,�(��� �% HI� � 2 � 2,�(��� J

+�����!" w�!� � ; t��� , . 

, (�B#��� ��	%�" $� 

"!�/� )# *; @)4 $.D�� �� @
�D ��"� $% @!��  �� $% �� @l�	� *'�4 E� �,�7  ..'F �,!�B# ��� -$

�� ��	%�" -����D :�'F� �%�3�# �,�7 $�, �,�, *�, �� �% � 2 ��"� !�"� $% E%�"  !��  � )# �� @� 

,,�7 . 
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 �����1��" $" !_�� -@)4 $.D�� �� @
�D t� T��" *%�_� -E" tB] ^��# � �%� �c� - ��% ! �1 �� t

� $�+�7���% HI� ,�� �� �% ���� ,��!��% ��B� ^��# -[	"�� ��1 t!�C $]�." -���� ��	%�" � ,�] 

�B# $.D�� $% � 2 ��� @l�	� $� ���  .� y�+ @D��� @"� �,  ���# �.��# 2��" t�� �% !Y ����D J��! �

l���!��C J�<���� <�7 cA �,�. 

 2 ( 	% $��%� 

�"�!��  �� � $��l� ���� ^��# @)4 $.D�� �� @
�D !� $% �%&�% J��!�.�]k !� @l�	� :�fg� 2��,,�7  .

��� E!#���#� 2�R��, $% 3�� �.!/� 	% $��% *; �" -�,�A !�C $��&  	� �cY�" $� ��, <�1 Ni 

"!��7�.�� � ��%  . 	% $��% ��  �%�" -!�_ �� �C $��� ��.�����A $% �� :�l��� @l� � @'D � � ^��# �  	%�

� @l�	� ��)�� $% �7��"� ���  . 

 � ��(��� :�fg��J( 

�� ��+�;��] ������� �� �(!�� ��	%�" t��# $% @f�� w����D -� � ��(��� :�.g� � ,� D *e.Y �% Jpi 

� �% <�7!� ��� ��%  .�" �%�����!��3!� ��� � ��(��� -:�.g� E� J� �� @
�D� :�fg� ���	F $% ���# 

)��;���# !,�"   . 

 

�� I"� T G!�" ���3 6 f�
 � � ���1
� 0 �]�< k ]>i[ 

+�= T�6���! $����% � *��#!��% s��	�  ��C D�� ���	
 ���,�% 2�% �% 2�QF �% !���� �� $	���c7 $� 

.��F -2 � <�����% s�" *; �, !��B�,�%  C��] E/'� ,�� E .� $% �e���C D�� �� D� $/	���	
 � 

���� <3.������c7 $���� !� $�M�% �, $" *�� ��l# ,���� �+�= T�6��� �c� -*�� *%�~ �)!������� -&�% � $

��# $% ��)�� �� ��c7!���� E�� $�,��� ��	
 ������� T����� �� �e� ,���  D�� ���
 �1 �, $"  	" � �

��+ �1 �� D� � ^���� � t��"� �#�,��  .� �, �c�����% $% $;�# �% [6% E������" *]�	� -����% � 
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� -{�f�!�C���.]�, � � ���,�
 ��/�� - ...+�=!��1,�� @%�l# �% ��_ *�+�= !���,� g� � &�% ���� 

�	
�� � t��" �!�C���+�f� ��# !!� E�,,�7  .+�= y�+ ,���� E�+�7 �e� �, �%!� ,��1�%  D�� *�,,�7 . 

	"�] 2�������� ����, �,� D 2 � �� ! *%�_� ��3N % \�.] �Ni % $% *)��Zn
+2� � ��%  .	G'C! �, E

���� ; @D���� pN %�� ������� ; @%�4 �*��  . {�f� ��+ �%nNi" !�� 2�����	" <�7�.� �C �, � $.D�

�!G! ,� D V	p/di> = pN/i * N/i * mN/i * nNi" ! <�7�.��� ������� ; @%�4 ��� * .��%�	%� �C �� E

nNi" ! ,� D 2�����	" <�7�.p/dON" !�"� <�7�.!��  � \�.] �% mp % ��� ��� �mN %,��1 *�, $% . 

#��
 �,!� $/� �,  D�� E>� ! *(p� $% $;�# �% - 	" ��" $�F�� �.'F $.D�� �C $/	! ���� *F�� $� ,� D ��

��� $����� �c� ,�% � ���# N�% ���# $% <� 4� !,�"  +�= � ! ,� D $����� *8pdi" !� <�7�.� ��%  . �e� �, �%

 E�+�7>ni��" ��� �+�= - !��� *!� $���  D�� ENii�"� E# !��  �� ,��1�% �,,�7  .	G'C! ��(��� �� l� E

 ��)��; :�fg� ���	F $%  J� pmd� :�� �, E# � ��%  . 

��� {�f� ,��1�% -2 � �"k ,���� $% $;�# �%!��� ,��� $��!� ,��� $!�"�  D�� ��!��  � :� ; �)_ )L08 (

� $)��g��,,�7  . 

 :� ;)L08 : (��� {�f� ,��1�%!��� ,��� $��!� ,��� $!�"�  D�� ��!��  � ]>i[ 

,��U ��� 2,�� <��!$ 	+ ��f6B�� :�fg� �, {�f� ,��� �� l�  D�� ��# �)	�!E 
8 �� 2�����	"�  \�.] �%Ni % -N % - *%�_�

d %f��]��� �����3.+ � 

#!�� ��(��� :�.g� $� N/8i8> E# ����R�� � �� 

> ��!��(���  �t mp %��R� �%� pN/8 �!G!�� V	� 8ipi E# ��7���%� 

����A!'� 

d  � ��	%�"�J  #!�� ��	%�" $� >ni E# ��7���%� 

A����!'� 

L EC1 ��(���   2 	C, T��������T�� � H�  N/On E# @]�, 

N ���1 ��(���!	!J   2 	C, T��������T�� � H�  nN/dd E# @]�, 

O :��w T1  *e.Y �%8L %����  2 	C, T�����������1 � EC1 !	!J 8ip E# T1 ������ 

n tC1  e	#! JpH N/On E# @]�, 

p �� �,�A�   2 	C, T���������,�" -H� ! -J

� � *��)"!@/ 

OnN "!<�7�. @6�, 

m �"�!	��1  !t   2 	C, T��������� � *��)" !@/ >ni "!<�7�. @]�, 

8i "! 	% $��% $�� & $��cY�" $� �% ��, <�1 

��	7� [Ni" !<�7�. 

 	% $��%� >p , F @]�, 
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 :� ;)L0> : (�# � �C�R��, ��f6B�!��#  D�� ��3!�"�  !��  �� u�� $% !'!��� ]>i[ 

,��U ��� <��!�# � �&1 E!��3 	+ ��f6B�� ,� �# �# �)	��!E 

8 ]k �36�!��� 2���� !��(���  �t .A H	; ���#� ! J�D $% �.�� E.8i� ��3C !�� d .]�,� 

> ]k �36�!�� *4�� 2�!��(���  �t .A H	; ���#� !J�D $% �.�� E.pii� !�� 8 .]�,� 

d �!$��l� J��  :�_ $%8N���  d .]�,� 

L ��# � 5��6��� ���"��!�� ��	%�"  � .A H	; ���#� ! E. J�D $% �.��LNii� ! ��

.A H	; �� -�3'C $% 3���#� ! J�D $% E.

>Nii� !�� 

> .]�,� 

N ]k �36�!T1 *4�� 2� � ��4 �%!	� N/8 ��#�� �� 4 � ��� PH 8i 8 .]�,� 

O ����� 2�R��,�(!w� .A H	; ���#� !J�D $% �.�� E.8i� ��3C!�� L ;��]� 

n ]k ���6�!��� 2�����.g�   J�D $%pii� !�3'C $% 3�� � �� 8> .]�,� 

p # �36�!tC1 T1 $  J�D $%8Nii� !�3'C $% 3�� � �� 8 .]�,� 

m # �36�! � ��	%�" $�J  J�D � ��6% *"�w $% 3��L s�/� ���  �� -

��� H	;!@ 

8 .]�,� 

8i (f# ���"��!$ .��#�� �% !��C J���+�= �% <�7 ! *8ii �# 

dii" ! $% 3�� *F�� �, <�7�. 5�F t�.Y

��, 

> .]�,� 

88 2��"  8 .]�,� 

8> �"�����!��3  J�D $%8i��� H	; -E# !@ 8 ;��]� 

8d ��, *+� $e(g�  8 .]�,� 

8L ]k �36�!�"� 2�!��  � ��(��� � 

 ��J 

 > .]�,� 

8N C!��� !��./  8 ;��]� 

8O  	% $��% 2�R��,� #���#� <�'#!t 8 .]�,� 

8n E" tB] 4 :��	" $% 3��@
� � �� 8 ;��]� 

8p ]k �36�!��� 2��:��w T1  .A H	; ���#� !��	7 $% E.� [>iii� !%, -��� 

>� !��~ �, ��!  C � $O���  

8 .]�,� 

8m ����� �'A�(!w�  8 .]�,� 

>i �� 2�����	" :�/��%�  8 .]�,� 
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���!�" k� B
�$V" � �$+�P'70  ]>i[ 

C�R��, � �&1 E!��� ��!7��" $% ��� - ��% �� ���	
 ��C D�� �D��_ ��"�� E��# ����� �� s��	� ��

 ��~�� [l� ���c7 $����� ���� $	!% � :�fg� *!(!" ,�)% �,  ���# �� s��	� �&1 E!��� T�6��� $"

 ��% $���, .,�� �� T�6��� s��	� �&1 E!��� -�	+ ��C��!� $% $;�# �% [6% E�� �, . $% $;�# �% E!	G'C

���# J!'f# ��B" 5��] �� @]�, �� �&1 E!��� E!��# ,��� �, -��B" ���� E!��� �����]��" ���	
 ��!��

,�� �� ��!7 .  !4 � �&1 ��3%� ,��1�% E�� �,'!4 ����, $" ��!� ,��� ����% � ����% ,���  	��C �	!��A *

 ���� ��)��g� [6% �, �  ��!R!'� ���4N % $% �.
� �&1 E!��� u��� %�� �� \�f�]� ,���� E�� .

 :� ; �, ���!'!� u�� $% ���  !�"�  !��#  D�� ��3!�# � �C�R��, ��f6B�)L0> (*�� 2 � $X��� . 

 

5�$V" 7�" � B
����< B��� 

��#  D�� �C! � �C�R��, �% 2�QF�.
� ���# !'/# *; - ! @���1��" ,�)% ���� -! $% ����� t� �� 

�#!��# � ��3!���)��; �e� !��# �!� *]�� -y�% -T1 -��� ..,��, .� T�6�����% ,���� E���� $% $;�# �%  � ^

� $l�	��� -�7v!��1�+ �,� g� �  	����� �g� *�!��7 ���
 !,�.  

�# $% $;�# �%!.)4 [6% �, 2 � T�6��� ��3�+�= � !��# *!�  !+�f� y�% ��3� :� ; �%���  D�� @" 

)L0d ( ,� D -KW >pi� � ��% ]>i[ . 

 

 :� ;)L0d : (+�f� y�% ,��1�%���#  D�� !�"�  !��  �) KW( ]>i[ 

0��l ^Z6 S�3 � >� d 6� 

8 1�+���#  	!  8mi 

> ��#!'�# � ���!2�7� d/8p 

d ���'�]�� >p 

L $_�g� p/n 

N ���� O/dO 

  D�� @" n/>pi 
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 :� ; �%���)L0L (�!+�f� T1 ��3�  D�� @" L/d8� ��� � ,��1�% ��� �, s�/�,�� . 

 

 :� ;)L0L : (��#  D�� $����� T1 ,��1�%!�"�  !��  �) s�/� ���( ]>i[ 

,��U {�f� ,��� +�f� T1 J�D� 

8 1�+���#  	!��# �  !��� >N 

> ���'�]�� L/L 

d $_�g� > 

  D�� @" L/d8 

 

 

 :� ;)L0N (�!� 3!� ,��� *]�� ��3!� ��B� �� $����� ��� C, . 

 

 :� ;)L0N : (��#  D�� $����� *]�� {�f� ,��1�%!�"�  !��  � ]>i[ 

= >� 0��� ���7 a�3  �
���)m�9�A nI��  '� ;�! ��#6  '�G( 

E" tB] � 2��" X���7!@ > 

,���6% V X���7!@ 8N/d 

����.l� @!$ 3	%�E Oi 

 

 

8��9 �.7�[� 3 0��� G9� 

��%��� $)��g� !� ,��� E!<�&  D�� ��� ,��� @" *D��� *�� !�B6% �����# ! ���# ��� ] -!  ) -�C��)��

��#! � ���(...��,� -�C�+� -� �  ... ��� $)��g� . :� ;)L0O (�� *D���!� ,��� E! ��B� �� [6% �C �, ��

�� C,  .�� ��'��!� ,��� E! ��8Nmp*�� 2 � ,��1�% �%�� ��� ]>i[ . 
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 :� ;)L0N : ( ,��1�%�� *D���! E� ,���!����#  D�� !�"�  !��  �) �%�� ���( ]>i[ 

,��U [6% <�� *D��� 

8 ��#!  O>i 

> ��)�� dON 

d ��,��C�+� -�#�� ] -� 8mN 

L ��#!'�# � ���!2�7� dnp 

N ���1�2�RB Li 

  D�� @" 8Nmp 

 

 

 :� ;)L0O : ( 	% �';����� ,��1�% � ��3;� �*%�~ $ ]>i[ 

;� :9�
 o � 

�!.!� ���:� �&, ��3C  �';)�!.!� ���:�( 

���!�# � �&1 E!��# ��3!  p/pm> m/>L i/8im> 

�#!��# � ��3!��'F ���� d/pLi i d/pLi 

.l� @X���!$ i/8dm i i/8dm 

��!E i/>Ni i i/>Ni 

��� $_�g� � ��'�]��� O/mmN i O/mmN 

~�~�!��,� <���� � $� i/>i i i/>i 

A!% [!	� 2 B� )N/d(% p/8im m/i i/88n 

Y!��"c� � i/i i i/i 

3C��C $	���,�% 2�% �� @)4 � p/>Nn i p/>Nn 

�� 7 ;� `�?��
_A ���6�4  �/�8C8 L/�8 E/�E�� 

 

D�3 � �3��3
 � 

�!�������� �� ,��� !��% �����# ��_ !�"� !��  �� ��� $% �� �� ��% : 

 ���� *8 o 	� -�(� >	/# -�(� !�! EL��" -�(�  �C�� �78> 2,�� �7��" -�(� >�(�  .� �,� @" ���
 E

� ,��� @	��A! ��>m� ,��1�% �(� �,�� . 
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E�!�� B�.7�[� � 

 $%�# ��e	�!!� E!C, ,�� ��3��f]�� � �,�f�4� ����% -��_ ��C ���� �3C ,��1�% �% @'�B� $" � �C $	

)3C @"��C $	����� �� $�3C -��C $	���� ,��� !'�# -$! � ����� R����&�% -�ZQ��� -$��]��"  (e	# �! J

��� :�� ;����P �� � ��%  .�# ��e	� $%!!�P� E!��� *�� !� 3��% �� � ,�� :�� ; *�� 2�;� u,�7 -��

 l����% ��_ $������# � ��� 2��, !A E!% [!	�e	# � !,,�7 J. 

��'�4 �, 2 � �"k ,���� o��� �%����� -@)4 � :� ; �%��� *%�~ $)L0O ( -n/dn88� !.!� ��� ,��1�% :�

��,��  .	G'C! :� ; E)L0n (���� @" ,��1�%���c7 $�� ��B� �� � $"  C, 8/LOdp� !.!� ���� :�� ��%  . 

 

 :� ;)L0n : (���� ,��1�%���c7 $� ]>i[ 

;� :9�
 o � 

:��� ��!.!� �&, ��3C  �';):��� ��!.!�( 

�����*%�~ $ d/dNiN p/>N n/dn88 

�����u,�7 �, $ L/m>O i L/m>O 

���� �';���c7 $�@"  n/LLd8 p/>N 8/LOdp 

 

 :� ;)L0p (�!3C @" ,��1�% 3��C $	���� !� ��B� �� $��� $"  C, O/Ndnn� !.!� ���*�� 2 � ,��1�% :� . �%

+�= $% $;�#!'�� *�4 - D�� ! :�fg� 2 � <�'# *'LLp8ddi� �� $)��g� :��,��  . 

 

 :� ;)L0p: ( 3C @" ,��1�%��C $	���� !$�� ]>i[ 

;� :9�
 o � 

:��� ��!.!� �&, ��3C  �';):��� ��!.!�( 

3C�$	*%�~  >/8dnd p/> O/8dmN 

3C�S�� $	!� L/dmn> >/8 i/dmp> 

@" �';3C ��C $	���� !$�� O/NdLN i/L O/Ndnn 
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'3A �V �% � B
0�$#/ 

" *�� t�v#����� � J� ���fg� ���  !�"� -���� t!��& $.'; �� U.�6� ���	
 �, ��!�� ��C,�%��" $

 � �����B" -V�� -t!���� � $B!� ...,��,. 

 �~� �, $"  C, �� ��B� ��; � ����� �, ���  !�"� ��P�l# � $P�F - !��# *!�P� $����� �� @
�D �����

��  !�"� ���% �P�l# ��3!� - ���, E!��A ���	
 �,  !��# ��3!� [��3+� :�D �, �!�, �, JC � ����� �, JC �

*�� [��3+� . 

 -���(",�] � ��B" ��!� $+� *; *�� <�& - ��% �� ���  !�"� 2 'F ��7 		",��� �� �/� ����� $" ���1 ��

,�� �� D� ���  !�"�  !��#  � ; ��C D�� . �����  	��� �l_�	� �, ��B" �, ��� V	���" $!��� �%�	� ,�;�

 ,3� � ����� 	" �� JC��+ �� ���C D�� E!	� ,���� ��/�� . 

 �� D� � $����� �# E!��A \�.] �% ���  !�"� $% �.]�, ���	
 ��!� � ��B" �, ,�;�� �� �� �%�	� $% $;�# �%

,�� �� ,�	B!A ���!'!� u�� �% ���  !�"�  !��# ��C D��   . 
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