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Introduction 

This study investigates the manufacturing technology of lustreware and analyzes the 

factors influencing the formation of its characteristic metallic sheen. Lustreware is 

produced by generating a thin film of metallic nanoparticles

silver—across the glaze surface during a controlled reduction firing. The technical 

challenges of this process, particularly the precise regulation of glaze composition, 

firing temperature, and reduction atmosphere, have made its reconstruction difficult. 

Drawing on historical treatises such as 

experimental observations, this research identifies the variables that govern the 

formation of the metallic layer and proposes a scientifically grounded framework for 

reconstructing successful lustreware. 

 

Literature Review 

Previous studies have either focused on historical interpretations of lustreware or 

examined selected technical aspects of its production. Only a limited number of 

investigations have offered an integrated a

metallic-layer formation based on both historical evidence and empirical data. 

Scholars such as Mirshafiei, Akbari, Neistani, and Ghassaei have explored lustre 

classifications, the reconstruction of certain formulas, 

temperature and atmosphere, yet these works generally address only a portion of the 

process. The distinguishing contribution of the present study lies in its 

comprehensive model encompassing four principal variables

glaze, lustre pigment, and reduction firing
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This study investigates the manufacturing technology of lustreware and analyzes the 

factors influencing the formation of its characteristic metallic sheen. Lustreware is 

produced by generating a thin film of metallic nanoparticles—primarily copper and 

across the glaze surface during a controlled reduction firing. The technical 

challenges of this process, particularly the precise regulation of glaze composition, 

firing temperature, and reduction atmosphere, have made its reconstruction difficult. 

ing on historical treatises such as ʿArāʾis al-Jawāhir Jawāhir-Nāma, as well as 

experimental observations, this research identifies the variables that govern the 

formation of the metallic layer and proposes a scientifically grounded framework for 

cting successful lustreware.  

Previous studies have either focused on historical interpretations of lustreware or 

examined selected technical aspects of its production. Only a limited number of 

investigations have offered an integrated analysis of all factors contributing to 

layer formation based on both historical evidence and empirical data. 

Scholars such as Mirshafiei, Akbari, Neistani, and Ghassaei have explored lustre 

classifications, the reconstruction of certain formulas, and the influence of 

temperature and atmosphere, yet these works generally address only a portion of the 

process. The distinguishing contribution of the present study lies in its 

comprehensive model encompassing four principal variables—ceramic body, base 

glaze, lustre pigment, and reduction firing—and its analysis of their interdependent 
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relationships. The research also establishes a systematic correlation between 

historical descriptions and laboratory findings. 

 

Methodology 

This research adopts a descriptive–analytical and applied approach. Data were 

collected through historical sources, library research, direct examination of artefacts, 

and laboratory experimentation. Historical manuscripts containing technical 

instructions and formulas were first extracted and then matched with modern 

chemical equivalents. The ceramic body was formulated using Zenouz kaolin, 

bentonite, and an alkaline frit. Three base glazes—alkaline, lead-bearing, and borax-

based—were prepared, and five lustre pigment formulations composed of copper, 

silver, iron, bismuth, and various fluxes were developed. After glaze firing, the 

samples underwent reduction firing at 550–620°C in a dedicated reduction kiln. The 

intensity, duration, and frequency of smoke application were controlled to replicate 

the “soft smoke” described in ʿArāʾis al-Jawāhir. Following cooling, samples were 

cleaned for evaluation. 

 

Results 

The findings identify four key variables as determinative in the formation of the 

lustre layer: 

1. Ceramic Body: 

white-firing bodies—such as the quartz–clay–frit mixture described by 

Kashani—provide an optimal visual substrate and reduce the need for an 

engobe. 

2. Base Glaze: 

Glazes that soften at low temperatures (550–650°C) allow effective ion 

exchange between copper and silver compounds and the glaze matrix. 

Alkaline–lead–tin glazes performed best. Formula No. 3—containing alkaline 

frit, limited lead content, tin oxide, and silica—produced the brightest and most 

stable metallic sheen. 

3. Lustre Pigment (Liqe): 

Among the five pigment formulations, the mixture composed of 10% copper 

sulfate, 10% silver nitrate, and 80% iron oxide yielded the strongest results. 

Iron oxide functioned as an internal reducing agent, preventing oxidation of 

metallic particles. The use of vinegar, consistent with historical recipes, 

facilitated conversion of salts into reactive acetates and improved layer 

formation. 

4. Reduction Firing: 

Reduction firing proved the most sensitive variable. The optimal range was 

550–620°C. Excessive reduction caused surface darkening, whereas 

insufficient reduction produced a weak sheen. Three to four cycles of gentle 
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smoke introduction yielded the most successful outcomes. Historical 

descriptions of “three days of soft smoke” correspond to approximately 1–1.5 

hours of controlled reduction in a modern small-scale kiln. 

 

Discussion 

The results demonstrate that none of the four variables can independently produce a 

stable lustre layer; rather, the final quality depends on the coordinated interaction of 

glaze composition, pigment chemistry, glaze softening temperature, and reduction 

atmosphere. Much of the traditional knowledge of Iranian potters—such as using 

light-colored bodies, relying on alkaline glazes, incorporating tin oxide, applying 

vinegar, and maintaining gentle smoke—aligns closely with modern principles of 

nanoparticle behavior. The study confirms that even slight changes in alkali levels, 

lead content, or smoke intensity can compromise the metallic effect. Moreover, the 

alternating oxidation–reduction cycles typical of traditional wood kilns positively 

influence nanoparticle distribution and stability. By integrating historical 

documentation with experimental results, this study provides a replicable model for 

understanding this historical technology. 

 

Conclusion 

This study demonstrates that successful production of a lustre layer requires precise 

control of three core factors: a suitable base glaze, a chemically consistent pigment, 

and a carefully regulated reduction firing. Based on historical sources and 

experimental results, the reconstruction process can be articulated in six key stages: 

(1) preparing a white-firing ceramic body; (2) applying an alkaline–tin–lead glaze; 

(3) glaze firing; (4) applying a copper–silver–iron-based lustre pigment; (5) 

reduction firing at low temperature; (6) removing the residual clay layer to reveal 

the metallic sheen. 

The research shows that combining traditional craftsmanship with modern 

laboratory methods makes it possible to reproduce a scientifically validated model 

of historical lustreware, thereby contributing to the preservation of Iranian ceramic 

heritage. 

 

Keywords: Lustre glaze, ‘Ara’is al-Jawahir, Abu’l-Qasim al-Kashani, Reduction 

Firing 
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 ���� .U��)�� "��^! + 	*�0��� "��	1 ��;� =��� 	� �n$& '�,1 �����O �� 
��
6��� �0- /?�@ >��. 	W��� �� 
�,��;� �� »lustre pottery« )1985 (	�  =���

6��� ��$�� T0�	� 6�8$[ �0� M���	�&  �p��� >��9�0,! 8!�. 

5 6���*+45 	W�� �� �*+4 6��� ��$�� /��3& + 
��� �$��� �� F`&	� ��*  >��
�L`) 	� 9+(1 �	�� .���� '���� M+�^& JO '�	�� + 	;�� d�0!� �8$�  .�*�� M�0?  + <��C

 �� 	
V� �*�0;��� + /��01 '��	� �� K�R$�/#- �	�2 ��� 6��� 
�� �;���	5 >�� .
��@��' �� �*+45 	;��� '�`% ��* 	� ��	,& J�;��� .':���& M������  ��0� /��3& + '��$-

�� M�0? 8$;-�� ���� . �� J8��� �� 	
V� /��01 + F��	- '��,& ���� '�� ������ 6��
6��� �� 98�� >��  �� J�0;� �& 8$� '��	� /��� + J+8� �0[��[ �� U��% �� �� TO

���;! 8��� �$�n� + �0��� �� .�� �0) *+45 6�� .�?(� �� K�R$� + '�� 9�W! �� �
6��� /��3& + 
��� ��	� ��	���� + /��� ��,$*�� �� ���� 8w% .d0X0�  �p��� >��

�*+45 �� 	;,� l(`% �� 8*�  KD$� + <��C M�0? 6�� �� �*>��!�  98- 
��.  
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5�1�
 6�'  

 	X�@ �*+45 + ��	���� d0! �� 78* =��� 	�	D!��  �C .E+� + 
�*���*+45 ��* 
'^�?0& -&'���3 
�� .�	2 ��O�+�  90�- �� M�1()��!�:��;� �� + 98*��� . �� ��	�&

9�W�����O F�3� 9�W�+ �� ��C�	� +  	`;�� ��*9��^;�� 98- 
��.  
 �� Kn� ��*	�Y;� 9�0@ �� ':���& + �0;#� <��$� �8;�� 	X�@ ���L�/#- �	�2  ���

6��� ��$�� '� ������ �� >�� 8$� .0& �� "�� M�1()� �� �C�� 
�� 98�O  �� ��	�& +
6��� ��$�� 
��� �� 9�W�����O '� >�� ����	5.  

 S�L3& 6�� �� �� ���0�9��^;����0�  �� B
�� 	�� ���0� /��- 
�	2 ��	%
�!0,!  ���0� ��*>��!� �;�	2  '��,& S�L3& 6�� ���!8� �* �� 9��^;�� �� 8�^� '#���	� �

�0!� �L�$� 6�0p��  �� )��	`& ( "���� + 
�!0;$� �� U��	& ���;��� 98- 
��.  
 ��$�� /�#�& ��	� ���5 ���� ��� J��! M�L�L3&���6 >��  + 
�	� �� '`��	& ��0�

�+O��82  '����%M�$�	� 8$!�� + "���0� .K���;5 .K�8� ...
�� . ���=��� 	�  <��$�
8� M�$�	� ."!�	& 
�	� 8$!�� ���0� �� ���5 ���� .':���& <�% ."���0� .K�9��^;�� 98- 


�� . 
$,W�5 
��� 
nC	D!��0�  ."� 8�^�0� ."� M�^�0� ."� 8�R�� ��0� ��
 .M0,R�� M�	;�! .9	L! M�	;�!R���8 6*O  9	n� 6�0p�� +�;�	2 98- 
�� . ���5 ���� 
:5

 '%	� 9�0� ��150  '&��	@ M�8% �� �	;��1100  �C��';!�� ��	2 >��!� �;�	2  ��	� +
 K�@ �� �0� �0[ + �0���2 9�0� �� '���@� 
:5100  '&��	@ M�8% �� + 	;��1000 

 �C��';!�� ��	2 9��^;�� 98- 
��.  
  

�7��� �+  

 ���#��89�  '%�.� $��:  $����')�; <��  

� ����� ��	��� 6��� �10,�� .���� ��� 	� >��  '$� + '���,�- .'#���� /��01 �� ��
�� K* M�0? 8$;R* 	�2�� J��� .����6 T�@6���& �L! '�?� /��1 ��n[ . 98$$�  �� ��

/#- �	�2 '� �^�� ��� 6�� S�0� M��`1 �� 8$$� �� 8!�: P��(  .'#���	� �!8��(  ����
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 .���5�( 	�6��� ��$�� T0�  + .>���( '���@� 
:5 F��	- . ����� /��01 6�� �� �� 	*
'24�+ JO Q$*�,* + ��3? �	#�,1 �� 8$;R* '?�� M������ + �*  �� '���;�� ��	� �*

� ���8��5 + ���� ������� 6��� 
�� ��+	X >��.  
�� ':���& �0;#� <��$� =��� 	� �8;�� /��1 ��n[ 6�� �� �� 	* .�*+45 6�� ��  94�+

� 'ww:& J0;� J0I,* 6n"��	1 	*�0���  +'��D! ���!	*�0C ��	���0�'  /��3& +
�;�	2��	% 
�� .9��� S�`�& �� "�� ��+�$� + ��0� �� ':���& ��*  M�`��	& �� .��+	�� ��*

 + ����� '���,�-/��% =	;�� 6��� ��$�� 
��� 8$�O	� ������� ��	�  F�3� �� >��
 '*�W�����O9��^;�� 98- 
�� .�� ��6 &	&�U�!0,! . � �� ����� ���� 6���  �� ':���& >��

9	n� E+� �� �	�2 
�� 98��	2 8��0&��� 8�8C '�	�& + ',�1 ��* . 9��,- /#-)1( .
�L`) + '�� ��;��� �10,��	�� + /��01 6�� �8$� JO ��* '� J��! �� �* 8*� . 	* .����� ��

�^�V� 6�� �� �� �� �*  '��w^& M�0?��	���0�' /��3& + '� ��	% �	�2.  
 

 
�.� 1-  ���#�8?
�'�@:�  '%�.� $��: ��A ')�; <�� )(�:�C'�DC.(  
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G��- �C�H �.����I :� ��
)�H '% �C�H J���
 21C$*, ;�') $���� <�� 

'� J��! '�	�& 8*�0- + ':���& <��$� '��	�  + �!8� d0! .'#���	� �!8� d0! �� 8*�
 
��� �� JO ��0���$�� ���6 >�� �' 
z&�	 � ����� �� '#�$#& k�3� �� '�L! ��* + 9�0��� 

>�����,! �^�� .' 8$� ���5 ���� �+� 	� �n$& .
z&����2	 
�� . 98*��� ':���& ��
O ��
'� 6��� 7+	o 8��0& �� 8�^� �!8� + '�� �!8� d0! +� 	* �� J�	W��^� �� �0-  >��

9�	� 9��^;��  .8!�����6 T�@�!8� .  �� 8�^� ��*�$��� ����� /��� 6-+� ��  ������ s1�� .	&
� 	;��� 90�C + ��0! ��&����� '� ���� 8!0-.  

�� �� �;-�2 J�	W��^� .U`� 6�,* �� �: ���I �H" �!8� J8!�-05 ��	�  9	�& ��*

'� 9��^;��  �� .8!�	����� ���I K�� $�+  ����� �� '� �$��� �& 8!�	�  �+	� ��	� U��$� ��
	� ���� �(C8!�+O K*� .�! ��:;!� 6�� '��`�� �`$C �n$&  9�28�� �� �#�� .�;-�� ';��$-

'� ���� ��� �� �0! ��&��� 
�0L& s1�� ��! ��	#�,1 
�� 98- .�!8� ./��L� ��  ��*
� '28$���� .�0! 	;��� ��C /��� �� 9	�&�� 6��� '� �*�� �� >�� 8$*� .8��6 &	&�U .

'-�� + 7+	o �� �;��� ��* 98- '�� J�8!�� F�0& �!8� �� 9��^;�� .'!�-�� 	*�)  ��*
 98- '3�� ����� + Q!� e0�� ������ + �0W!� �� ���! 7�@ UC0� 
:58�^�


��.  
 ��;� �� '!�-�� K��L��0��"��	1 �0���	* �!8� 
��� �0;��  + 8�^� ��!��, 7�^- 

'� {	- �� �� '`��	& �� 8*�  ���I L�I�.�)10  �NO( � �4�����P)1  �NO( � 

 $'#� �:)1  �NO( 
�� . ��+	�� T���� 8�^� Q$�	#- .T0�	� 6�� ��Q�,�I  

(SiO2)(  T���� ��0� /2 �C#7�H U��	& /?�@ ���-	�,� + .'�!� � Q�,�I 
�� .
�� J�$-� 9��2 �� �� ��:- '� 
��  + K�R�� .K���;5 .K�8� 8$!�� '����% ��0� �� ��-	� .8�O

���� 
��� �� ',n� �L! �;-�2 �� + 
�� K���$� 
�	� + �* 
�� �;-�� '����% ��*.  
�z& <��$� 	y�� + '����% ��0��6 98$$� 8$;R* �O �� T0�3� �n!O . �� 9��^;�� ��	� ���

�0� 6�� '����% 
�	� ��n& �� 	��2�! 	;n� 
�^�� 
nC .���- 	*0C �� + ���� 
��� �� �
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9�0� 8!� .J�,* �0)  ��;� �� ��»	*�0��� "��	1 « �� 
�	� 
��� 
�� H:�������	  ��
 J�	��9��^;����0� ���� '���+ ���R� �	���� 9�+	�� + 9�0� . U��	& 6�� �� 
�	� �� 9��^;��

�! 28$`R[ UC0� �n$&'� �!8� >�#3;�� + �&��0� M��N 	;n� ' J��! �#�� .�0-  98$*�
5 '$� 
��$-��;�	�  
:5 + �+N 8$�O	� �� '����% M�`��	& T	;$� �� '!�	�� J�	W��^�


��.  
 M�3�X0& =��� 	�"��	1 	*�0��� d0! �� �!8� 6�� . L�I���P)R�H /���(  ���� ��

�!8� .'R���� + '����% ��0� S�%� U��	& �� �� 9�0� 6���5 
:5 �� U��$�  ��	C� ��	�
���� �5�� 6��� '� K*�	� >�� 
�� 9�	� . ':���& T0�	� ������� ��	� .�*+45 6�� ��

8- 9��^;�� 	?��� ��0� �� �0� . ���n$��5 T0�	� 6�� �� U��$� '#���	� �!8� ��	�
T+8C �� �����O  9��,-)1 (98-	�N 
��.  

  
 R��S1- �!�'�
 TH��� U�I� �H ���I �C�H  P�I  VS $%�V�4�� R#��� )(�:�C'�DC(  

  
 6�� �� T0�	��� �C0& 9��� �$��� .M�`��	& ',�1 {(?� �� + ':���& ��*  U��$� ��

��	� T�,1�  ���� ���56��� ��'� K*�	� > 8$�.  
  

�- ���� ���� :�����  	
�� � 
�
���� ���������� ���
  �� ��
� �
��

��� 	���  �� !��" �
# 6���& + '�?� /��01 �� '#� ���5 ���� S�0� /�#�& �� 98$$� 
��� 6���  ���� + U��	& d0! �	�� B
�� >��28!0- >	!'  T��`& 8$�O	� 	� l�,�L;R� .JO

'� 	�
z& ���� M��N0!�! /�#�& + '!0� ����2 .���� d�0!� J��� ��  T+�8;� ��* - .'����% 

�$%�&�% '�%�( 
)��
� *+,� -
.% �/ ��0. ���/ 1���# )3
����
4�(  

!��6
� zmk2 ) �7�� 	�
8

'�9�. 
� 
/(  
:���;,/ )	��� �� 1�
��(  :��# ):��# �
�� 1�
��(  

85 �7��  5 �7��  
10 �7�� ) *+,�!���� @�,,�  !�% ��

 '�%�� :��# "% A$�B�mt60(  
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 ��0� + .'�	� - �n$& ���� '��* �� �� ���� l�;`R! 6���5 )�+8@ 550  �&650  �C��
';!�� ��	2 ( 
��@ ��28!0- >	!' '� � /�#�& ��	� '`��$� 	;R� .8$���� 6��� ����  >��

'� K*�	� 8$$� . �� '!�-�� K��L��0��"��	1 	*�0��� '� 9��-� �;#! 6�� ��  �� 8$�» ��+�
'� >	!  �& 8$*��	�W� '�&O+� Q!�« ) .'!�-��1386 :346('� J��! �� '&��`1 .  8*�

6��� /�#�& ��@	� '� >��!� '���	- �� + 6���5 ���� �� >��  
�� >	! �0$* ���� �� �0-
'� ��fO m��@� 8$�O	� + ��	2 . '���� 6�$[ ��) �+8@600  �C��';!�� ��	2( T��`& J�#�� .

J0� �� M�`��	& �� 9	L! + "� ��*J0� �� '��$  ���� �#`- �� �0C0� K���;5 + K�8� ��*
'� K*�	� �0-.  

�!�0C �8;�� .�$��+ 6�� '5 �� '� M�0? ���� M��N0!�! 8-� "�� + '!�  �� �	�2
+ ���� ����� �� 	�$��94 6��� '� >�� �0- . ��L!28!0- >	!' =�R@ �� ����  6�	&

�:� '� ��,- �� 8$�O	� ��* $��! ���� �	�� B�+�'� U��  <!�� 8!�0&/#- �	�2 ���  ����
�0- .6���5 ��� 	2� J0� M	C�n� .8-�� >�� 8@ �� 	&  >��!� ���� J+�� �� ���� ��*
',! � ���;! �� + �0-�� �� ���� '� /�#�& ��8��5�! + '3�� M�0? ��	2 . 	2� ./��L� ��
 ������ 9��8!��� J0� .�+� ��� '� /@ ���� ���� ��� �� �*  �n$& .J8- �	� �� "5 + 8!0-

90n% '&�	
� �� 6��� �� Q!� '� '%�� >�� 8!��.  
���� .=��� 6�,* 	�  ��� �+N ��L! �� '��*) +;!����� 	&��8��5 ',&� �#`- ( ��	�

� ������� 6��� JO �� �*�+O��82 J���� �	�� .8$;R�! U��$� >�� ,� �* �� ��� N0^! + 
�� 	;
'� �+83� �� ���� �#`- /���  8$�) .6�;�1387(.  + ���5 ���� 8- �;^2 �I!O �� �C0& ��


�� ��� �� Kn� ��*�0;��� �� '#� ��@� /@�	� �� U��$� ���� �� '/#- �	�2  ���
���6 >��  /@�	� �� + �0�! 9��^;�� '`��$� ���� ���5 �� �I!�$[ .
��*� ���' ��@� + 
�� �0�' �	�W! M�0? . ��$�� ��� �� ���� �0C+ ��^&� +� �+	� J�#��6��� >��  + Q!	,�

Q!� 	5�98 �' �0- . ��$�� .���� '28- >	! + ��� ���� /��� �� ��6��� >��  ���� ���5 ��
�;��+	�  	
� +90n% �� Q!� �� �C �' ����2 . 9��,- T+8C2 ��^&� +� 6�� �� �0�	� "#1 .
 J��! ���' 8*�.  
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R��S 2- ;�') $���� ��A %�X�� '% ���� Y���� � JI��� $��% ����� ����  ��+� <�� )(�:�C'�DC(  

  
���� d�0!� J��� �� ���� .�* ���� �� 
`R! �	;n� �	#�,1 '����% ��*  '�	� ��*

8!��� .����  .8!��� '2	�& + '2���+� �� /��,& '���@� F�3� 	��	� �� '�	� ��*
��@��' �� ���� ��	� '���	- 6�$[ �� '����% ��* 7�^- + 	& '� '%�� 	& 8$!�� . 6�,* ��

�& ��
O �� ����R� �� ./���Q!� ����� �� J�	�� ':�� d0$;� + J����� ��*  ��$�� .8!�
6���  '����% ���� �+� 	� l�0,�� >��98-�	C�  
��) .�	�w�1363 :402(.  

�5 	���  M�^�?0&"��	1 	*�0���  +"�� !̂ Up�)�� U��	& �� �� ���5 ���� 
��� '!�-�� .
����O Q$�	#-   98-)"���� T���� ( ��:- +) �� ���%J�$-� 9��2 	;R��� ('� {	- 8*�.  

 U��	& .J8- �	� + �+N �� "5 9��� +� 6��»���- 	�,� « ��»�$�W�O 	*0C « ��
'� /�#�& 
�� 7�^- '����% ���� '10! <%�+ �� �� 8$*� . �� '!�-�� ��8`1 K��L��0��

 �� ���� 
��� �0� ��;���6 $[�6 
�� 9��� {	- B»98- ����O Q$�	#- 8��� �#!�$[ 
 ��8L� �� 8-�� �;-�2 '��? �� �0� �� ��150 �Cm  ��100 �Cm  �0�:� 98- ��O ��:-

��� M��	@ + �0,!.  6� �� 	��	� �� l(y�)3 >	20��� (! + 6� �� .Q$� 	#-�K )5/4 
>	20��� (
�� >�� ��	`& �� 98�O 
�8� ��:-.  

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

1�% �����:  

!��" 	
,�� 3�� @���  �
#


�� ���� �/  
  

 3�� ��� � �.
,� 3%D�� "% �� 
/ 	
��A�/ �8"% 

 �+. �� �
��!;#���# !��" 	
,��  ��
� �� �
#


� �
�� ���.  

��� �����:  

 	
,�� 3�� F����

!��" 
�� ���� �/ �
#  

  

!��
� 	
��  �
�� 3��+� @�
�G � �.
,� 3%D�� "% ��

 	
,�� ��  ���H� ��( � 3�� F���� �+.

!��" 
� �.
,� �
# ���.  
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 - �& �`? �� M8� �� �� JO 8��� 9��� +� 6�� J�	� �0�:� �� "5 9�0� �� U
 �0� �& �� K* 	� '$*O �%(� �� �� U&	� �� JO J��� M��	@ T0) �� + ��� M��	@

8!0- �0�:� .- �� 
�� ���- 	�,� <%�+ �� '`��	& 9��� 6����� J�	2 - ��-� JO ����� �� 
�' 8!��� . + 9��+O J+	�� 9�0� �� �%(� �� �� �� ���� 9��� 6�� 
1�� 
�* �� "5

	5 '���02 J+�� � ���� ��	% 9�0� ����! �� �O ��' ��8!� �O �� ��� 9��� 6�� J0[ .
 ��`- '��$�0* ��8? 8$� �8�5 '%(&�	�+81� � �0C+ ��' ��+O.  .J8- �	� �� "5

 �� �� �� 9��� 6�� J�	W;�$?O� 	*0C J' 02�8$  
nC �� JO + 9�	� >	! + 98���� �0�
� r^@ 9��^;��' 8$$� «)'!�;R�! + {+� .	� 1389 :182.( 

 �� �� �C0&'!�-�� K��L��0�� ��;�. ���� ���5 6��� ��� ����� 
nC U��$� >�� » ����
'����%«  
�����	[  Q$� 	#- U��	&)"���� ( �� ���- 	*0C .JO 
�	� + ��:- ��

 /�#�&'� 8*� .J�,* �0)  '����% M�`��	& �� ��-	� ��! ��:- 8- 9��-� ����,C��  K�8�

�� K���;5 + ���� �0C+ K���$� + K�R�� ��! JO 	;R��� M�`��	& �� + . 	*0C <%�+ ��

 
!���R!�	& '����% ���� �� ���-)7�^- (
�� . 6�� ��;� 6�� 	W�� M�3�X0& �� ���
 9��^;�� <�% + �	� U��	& �� ���- 	*0C J�	� �5� ��	� �� 
�� H:�� ��! ��aR�

'� �� .8!�	�  '�	� '����% �5� ���� ��#�&/� '� 9��� 
��.  
 ��?0& �� <�% + �	� U��	& J�+��� '!�-�� .�5� ���� ����� ��	� .����� ��

'� 8$� . ���� /�#�& UC0� U��	& 6��»'����% -  '�	�- '��%« '� �0- �� 6,X 6;-�� 
	;R� '����% .U��$� '28$���� + �(C ()'� Q!� >����� �� ������ '� 8*� . 	D!

 	;R� ����� �� <�% �0�@ �� 
�� 6�� 	� '�0,1U��$� 	&  ���� ��� 	;n� �(C ��! +	�
z& 
���� 
`y� . �� 98- ��&��� �0! 
��@ 6�� �� + 9�0,! "#�$� �� 98���& �0! 9	L! M��N 0!�!

 Q!�9	L! ��  98*���'� �0- . �0! '28$��	5 + 
R#- s1�� <�% M��N .	W�� 7	) ��
 98���&�' 8!�	2 . s1�� �$��+ +� 6�� d0,��'� ��	2  Q!� �� 98- ��&��� �0! ��

 	D! �� '�()8�O ) .6�;�1387 :5 .( + J�	� �,� ��	� �� �	W�� 
�1
z&����2	� 
 ��� ����� �� <�% 8�R��6��� >��  {	��'� 8-��  <�% 8�R�� �� 
�� 6��'� 8!�0&  �� ��
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*8�R�� �� m��@� + J0���8�R�� �$��+ �� �L! + 8$� 
�	- 9	L! + "� ��@��98$$�� 
8$� ���� ���� �#`- /��� �� "� + 9	L! ��*8�R�� N0^! ��	� �� '���� . ��n[ <�% 8�R��

';��	o )SnO2 ( +� <�% 8�R�� �� '���@� F��	- ��';��	o )SnO ( /�8`&'� �0- .
J0� ��*  �� �C0& �� "� + 9	L!�$��+ ��*  	���� ;@��' @ ��0�� � +� <�% J0';��	o 

)Sn
+2 ( m��@� J����*��� ��'� 8!0-  N0^! ���� �#`- �� +'� 8$$� ) .'��w%1386 :6.(  

�� J�$-� 9��2 J8!��0� �� '����% ��0� .�;-�2 �� '� 
��  ��-	� JO 	;R��� �� 8�O
�0� K���;5 + K�8� M�`��	& �� .H��� ��0� .����	� 
�$? �� 9�+	��  8$!�� �	& 	��H��

Q��'#H � Z�I�7� 	��H�� �Z��I 98- ���% '��`) <��$� 6��W��C ���� U�f� + 8!�  �*

��  M�0?&%��" ����,O  ��� 9��^;����0� '� ��	% 8!	�2 .���� 6�$[ ��:;!�  �� '��*��L! 
28!0- >	!'  6���5)550  �&650  �C��';!�� ��	2 (6��� /�#�& ��	�  .
�� ��+	X >��

0� T��`& J�#�� �	��'� K*�	� m��@� ���� �� �� '! 8$�.  
J0��O + ':���& <��$� '!�0���� =��� 	�  �� �*+45 6�� �� .'*�W�����O ��*

8- '��	� 'R���0� + '�	� .'����% P�;:� M�`��	& �� ���5 ���� T0�	� . T0�	� �� 	*
6��� ��$�� U��	& d0! _$5 ��$� ��  F��	- �� .>�� 
:58!8- �����O '���@� .�;! _�

 ��� J��! �� @�
�� 1���#3� �$�n� 
`R! /��- ��  ��8L� .'����% 
�	� ."���� �� ��
 + �!8� �� �� 'W$*�,* 6�	;n� .�0� <�% 8�R�� + �	� �+83��L�� 6���  + ��� J��! >��

�	� ����� �	&��� 
�%�	� + 	&��8��5 '28$���� . 9��,- T+8C3���� �!0,! .  ��*
���O�� 98- �����O ���L`) �� 9�W 
�� 9�	� �8$�.  
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 R��S3- ���� ����\�  ��] '% $)���� %#S#� %�#� � �+�#X�� Q���� ��7� U�I� �H ���� $�+ 

)(�:�C'�DC(  

 &'��� R#���1  

 
sn 

 
Na₂B₄O₇ 

 
SiO2  Al2O3  Na2O  PbO 

 1���#

��
� �
�� 

5 % ��N��

T,O  

4 % *+,� "%

!����  @�,,�

'�%��/  

 A)/ !�% !����

�/ L��7  ����

:��# 10 % �%�M�

 � '�9�.70 %

 :��#mt60  "%

�OH� ��
P�
�  

1 % *+,� "%

!����  @�,,�

!��6
�  

10%  L
,/��

Q��.  

-   �%�M�

 �7��

�%��  

 &'��� R#���2  

 
sn 

  
Na₂B₄O₇ 

SiO2  Al2O3  Na2O  PbO  
 1���#

��
� �
��  

5 % ��N��

T,O  

4 % *+,� "%

!����  @�,,�

'�%��/  

 A)/ !�% !����

�/ L��7  ����

:��# 15 % �%�M�

 � '�9�.60 %

 :��#mt60  "%

�OH� ��
P�
�  

6 % *+,� "%

!����  @�,,�

!��6
�  

5 % L
,/��

Q��.  

5 %S��.   �%�M�

 �7��

�%��  

&'��� R#��� 3  

 
sn 

 
Na₂B₄O₇ 

SiO2  Al2O3  Na2O  PbO  
 1���#

��
� �
��  

5 % ��N��

T,O  

7 % *+,� "%

!����  @�,,�

'�%��/  

 A)/ !�% !����

�/ L��7  ����

:��# 15 % �%�M�

 � '�9�.60 %

 :��#mt60  "%

�OH� ��
P�
�  

3%  *+,� "%

!����  @�,,�

!��6
�  

7 % L
,/��

Q��.  

3 %S��.   �%�M�

 �7��

�%��  
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 �;#!/��% �C0& '��	� ��  8$�O	� 	� 	
V� /��01 '��,& �� 
�� 6�� '*�W�����O ��*
/#- �	�2 ��� 6��� �� >�� K* M�0? '� /,1 	W�8#� �� /���& �� + J���  .8$$�
��@��' �� 9��� /��3& + 
`
 �� 	��2�! �* ��@	� + '�� M�0? �� '� >��!� ��@	� �0- . 	�

 + ������� ':���& T0�	� S���� '#���	� �!8� .�*+45 
R:! ��@	� �� .=��� 6��
9���O 8��	2 ���� .��� P�;:� U��	& �� "�� �L�� ���n$��5 T0�	� _$5 ��$� �� .���5 �

6��� 
$,W�5 �� '���@� F��	- 
3& .>�� (Reduction)  ��	% �����O ��0� 9�0� ��
8$;�	2 . ���5 ���� M�`��	& �� '#� �� 8- H:�� ._��;! '������ �� "5) 9��,- T0�	�

3 (�� ���/ � �� '���,�- ���2��� + �!8� �� ���;��� 'W$*�,*��L ���6  	;R� 6�	;n� .>��
� /�#�& ��	��� '� K*�	� �� ��8��5 + ��	� ���� ��+O . 9��,- T0�	� .=��� 6�� 	�3 

�� 8- ��:;!� �*+45 /@�	� ����� ��	� �$�n� U��	& J�0$1.  
  
�- ���� �	
�� 
���� �	� : ��	�� � ���� �� ���� ����	� 
���� ��	 �	!

�"	#��	���  

6��� ��*�$�� ��� .>��  '��*���R�  �� �� 8$;R* 9	L! + "� M���� M��N0!�! ��  ��!
����	� ���� ��� 	� .m��@� 8$��	� 	
� '� /#- ':���& ��*  .�0! =�#�!� �� + 8!	�2

6�W!� �� ���� '����� P�) �� '!�,� '� ����� ��	% �& '�() ��* 8$$� . ��0����+� 
�,! + M�`��	& �*�$�� 6�� '�?�  9	L! + "� ��*'!�� �� 9�	,* l�0,�� �� 
��  '�� ��*

��� �� '� 8!+�.  
J0� ���@� .
:5 J��	C �� '� ���� M��N0!�! /�#�& �� 	�$� "� + 9	L! ��*  B�0-

Q!� 9	L! Q!� "� + '�() ��* �	� ��* '� ����� ���� �(C �� >�� 8$� .�*+45  ��*
E+� �� 	?��� �+8@ �� M��N 6�� ����� .����!O 6�0! ��* 5  �&100 9�	� E���2 	;�0!�!  8!�

) .6�;�1387 :4( .6��� ��$#& �� Q!� .>��  �� �!��»�L�� «��5 ���� �+�  T�,1� �;:5
'� ��@	� �� "�� + �0- 6���5 '���� �� .
:5 �� >+� ��  	&) �+8@550  �&650  �C��

';!�� ��	2('� M��	@ '���@� '��3� �� . 8$�� . "� + 9	L! M�`��	& .8$��	� 6�� ��
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 �� �0� J4�R�� �L�� �� �0C0�
���� 9��� �� + ��� M�0?  N0^! ���� J+�� ���� ��
'� 8$$� .78? '����� .��� /L�? + J8- �	� �� "5  ��� 	� Q!�8$[ + J02

'� 	*�o ����  �0-) .J0R&�+1382 :27(.  
n� �� '#�K �:� 6�	&  ����� 8$�O	� �� �*��� 6���  .>�� $���� �� �+#S J���


;�') <��  J�0$1 �� ':���& J0;� �� �� 
��»�L�� ��&O+� « JO ���98-�� 
�� . K��L��0��
 ��;� �� '!�-��"��	1 	*�0���  .9�	� �p��� �L�� 6�� 
��� ��	� T0�	� +���@��' �� 

',�8% 	
� ��  .	&�D! ���!	*�0C'� JO �� ��5 J	% �� �� ��� �� .�;-0! 98- ��8�& .26 
6��� ��$�� 
��� ��	� P�;:� T0�	�  >��98-	�N 
��.  

'� J��! <`$� +� 	* ��0;3� '��	� ��* �� �� 8*�  �� () �� �*�0;�� 6�� �� ��
 JO �� �;R��+ M�`��	&9��^;�� 98�! T0�	� '�� ��;��� �#�� B
��  M�`��	& 	� '#;� �*

;�
�� '!8�� + ���� d0$ . .A�!�� .6*O .9	L! ."� J0[ ��8�;� ��0� /��- M�`��	& 6��
JO ���� d0$& + 9�0� �*�+O��82 	��� + ��&0& .7	W$- '� J��! �* 6��� �� 8*�  >��

'� �#�� .
R�! '�() Q!� �� �+83� Q!� �� '^�) 8!�0&  �� P�;:� ���� ��*V��& + �*
8$� �����. 

4�+ 	W�� ��'2  .�*�0;�� 6�� '��,& ��  	;�� ��*���I )� &%��7I� ��  J�0$1

�� ���+� ��0� U��	& F�3� . ��0� .':���& M���+� 	� �$� .'!�	�� 	W��^� J���;��

#�&�/ 98$*� �$�� �6��� >�� '� �W! ��	� �� '&8� ��	� �� 8$;-�� . 	
� 6�8$[ ��� 6��

-�� '$� :�,! �� '�	� .
R:! '� /�8`& M�;�� �� "� + 9	L! ��*  ���� �� �� 8!8-

 �+8@240  �C��';!�� ��	2 ��  ';@����&�� 98- 
��0$#� '��3� +  <��0& ��	� 	&
J0� '� K*�	� ���� ��* �	� . UC0� ����& 6�� .>+��X�����#� $���� %  ��� ��

'� ����  + 8-;!����� � /�#�& ���� '� �,� ���� �	�.  
'� s1�� ��	� <�	� 	�:`& 
�?�� .>0� � �� 8-�� -�L!' 98-  	&�+���� 98- 

�0- �	�20�C ���� ��� 	� Q!� J8- �:5 + 
�	@ �� + . �� ��	� .6�� 	� J+���
M�;�� ����� + T0�3��! M�`��	& '`R! T(3!�  + '���@� �$��+ 
�0L& �� ."� + 9	L! ��*
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� '��n! ����� �������� 6��� '� ���� >��  8!���) .6�;�1387 :45 .���}� B1388 :
31( .'� J��! 8*�0- 6��  �[	2� .��0� '���,�- ��;�� �� '!�	�� J������;��  �� �� 8*�

�$��+ T	;$� + ��+�$� 9�28�� �� ��� .9�0� '�	�& � '���@� ��* l(��� .���� ��� �
�;��$- ',�1 T0?� �� S`�$�  
�� �+	�� 98-.  

':���& M�`��	& /��3& =��� 	�  <��$� ��"��	1 	*�0���  +'��D! ���!	*�0C �� .
6��� ��*�$�� 
��� �� 9��� 9+	2 >��  +� /�#�&�� 8!��� '�?� �L! ���� .M��`1 8!� 

��:1.  $*,� �]���)24P'% ����(:  9+	2 6��JO M�L;�� + 9	L! ."� /��-  8$!�� �*

�� M�$��O + �0^�0� .8�^�0� .M�^�0� .M�;�� �� ��W!� .M�$�	� .8�R�� . 8$��	� ��

'� '�() ����� ����� UC0� 9	L! M��N0!�! .'���@� Q!� "� M��N0!�! + 8!0-  '��*
'� 8��0& ���� �(C �� ��	% �� /��� 8$$� .	?�$1 6�� U��	& d0! + 
`R!�& .��6 98$$� 
� '��n! ����� M8- + 'W!� P�)�� 6��� 
�� >��.  

2. ��
�	�
  �I' %�#� � ;+")`���� �\I�� � $'����� ����(:  	;��� ��
T0�	�  ��	� M�^�0� 8$!�� 6*O M�`��	& .':���& ��*)��� ���( 6*O M�^�0� .

)'�� + '`*N ��y��%	� ( �	�� �� 6*O 8�R�� +)
�&�,* �� _!��- (8!��� �0�@ . 6��
��	� 8�R�� .
:5 6�@ �� + 9�	� �^�� T0�	� �� �� '��2 ����+ �L! M�`��	& 

)Fe₂O₃ (+	� 8�R�� �� (FeO) '� /�8`& �0- . J4�R�� �8�� U��	& �� <!�� �$��+ 6��
'� "� + 9	L! �� � ���8��5 �� + ��	2�� '� �,� ���� 8$� . .J8- �	� ��@	� ��FeO  

�� 9���+� )Fe₂O₃ ('� /�8`&  ������ �� ��� >�+� + >�#3;�� .��;��� 
�`y& �� + �0-
'� 8*� .'� UC0� .'�� ��0� '��`) '28$`R[ 
�?�� + �!����� 
�*�� .6�$I,*  �0-

6��� �0�:�  �� �� ���� ��� 	� JO ��	C� �� 8$� �8�5 �	�,� + 
��0$#� ';��� >��
K�% J��O 0� '� 	& ����.  

3.  '�")��: %�#�Q.a,a� ��  �+)�C#�� � b#�C ����(:  '&�`��	& /��- >0� 9+	2
 ��&0& .J+	�! 9�0� .9�0� 8$!��)�+� 8�R��( 7	W$- .)90�C �0^�0�( .}��;�� ._!	� .
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�� �	� + ��� A�!�� + �	� �0^�0� . J�#�� .�$�� U��	& �+N ��L! �*�� �� ��0� 6��
6���5 ���� �� �� ���� ��� �� JO �$��+  	&'� K*�	� J0� 	&	
V� N0^! �� + 8$$�  "� ��*

'� �,� ���� �#`- �� 9	L! + 8$��,! .� 6�� 8!0�5 .���;! ����  ���� + ����0L&�
 98-  +
6��� ����� '� /#- �	;��� ���8��5 �� >��  �	�2) .'��^-	��1390 :107( .d0,���� .

K* �	#�,1 �� ��0� �� 9+	2 �� 6�� '#���� ���+��� .���� � /�#�& '���,�- +�� 6���  >��
'� /��� �� �� B8$$� �!02  + ���8��5 /��1 6*O M�`��	& .����� <`$� ���� 	?�$1 �� ��

nR& �*�+O��82�/ 98$$� '� ��,- �� ���� ��� �� N0^! + �$��+ 8!+�. 

 �� '!�-�� K��L��0����;� ."��	1 	*�0����� . >�2 + S�%� M�0? ��  + U��	& >�2
-�90 9���O  �������1 ;�') <�� 
�� 9�	� ��	�& �� . 6�$[ 
R:! T0�	� ��X0& �� �+

'� 8R�0! :» .K�! + 6� �� �	� + ��� A�!�� 8!	�2�	� B
�� /�w^& 6�8� �L�� 
%��� +
K�! 'R�) ��� ��� .6� �� '`*N �� '��� ��y��%	�  '#���[ ��	3� =�3! .6�– J0��� 

J0%8� J03�� .�03R� '#���[ +�� �� �- >�� 9	L! 7�? ��	3� �03R� 	� ��(? +� 
�!�`- �+� S3� 8$$� �& �� �f�
 >	! �0- .9�W!O �� ��8% ��-+� �� ��	� /@ 9�	� 	� 

M�O �L! 8$$� �#!�$[ .8$*�0� + ��� �� 9�0��- '!�
 8$n! �� ��	� 6�� ��� �;��� 8$-�� 
+ �� `-�!� '� >	! ��+� �+�  '�&O +� Q!� �& 8$*� + 8$$� J+	� �0- �	� J0[ + .�	�W�

8�O J+	� �� /y� 'Y`? 8$��,� 6�W,!  �� �� . M���� 8$[ ��+�� �L�� 6�� 	� 	W�� '*+	2
'� ���!� + _!	� J0[ .8$$� «) .'!�-��1386 :346(.  

'� J��! �0� U��	& /��3&  	?�$1 �� 8*�;+" � &�1C �Q�  ��$� �� � %') c�C')

d�I  
��� �� ��03� �L!6��� ��$�� 8!��� >�� .J8- 9�+���  8$!�� ���0�eC�I 

)�	� 8�R�� (+ '�DC) )"� M�;�� ('� 9��-� JO �� ����� �� '!�-�� �� ��!  	W!��! .8$�
 ���@� /�nR& + �$��+ ���� �*�� �� �*�+O��82 �	���� �� 	W��^� J���;�� 
��$-


�� M���� .�� _!	� �� �� �+O��82 �� "#���� �� J�0$16���5 ��*� '� T��� 	&  + �0-
'� ���� ��� �� �$�� '28$`R[ �0`n� UC0�  .��	2��@��' ��  ��W!�)"� M�;�� ( ��

<�	� �������O �� ��@� 8$�O	� J0� 	& '� �,� "� ��* 8$�.  
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9��� U��	& '!�-�� .>+� T0�	� �� '� �p��� �	& '� + 8*� 8R�0! B» ����� �C�  .�,*
 �� /y� .8-�� �;��� T8;�� '�&O JO �� �I!O + .8$#� ��� 6�,* ��	3� 9	L! �� �	^� _!��-

8���� ��;�O '$-+� 8$!�� + 8���� �	� «) .'!�-��1386 :347( . �� �:R! 6�� ��
 �n$& .T0�	� eC%��)	�
���
 ;+"( �  fg��� &�1C)&��`���� &�1C( �� �;�����  �� 
��

'� J��! �	& 8*�6��� ��$�� M�`� '� >�� 9��� .�0��� ����� d0! �� �;R� 8$!�0&  �� 	&
98�I�5 8$-�� 	& .�� ���0)' �� �0� ��;� �� �:� 6�� �� '!�-�� K��L��0�� . &%�� &%

�,]� )�� ��-+� + ��	� �� 	�f T(@ J�0$1 ('� 9��-� �10,�� �� 8$�  ��0� .M���� �� ��
'� /��- �� �*�+O��82 + '!8�� 8!0- .�! M�`��	& 6�� E+� �� �� '���� '$� d0$& �n$&  ��*

6��� ':���& '� J��! >��  '*�02 �#�� .8$*�	�  T0?� �� '!�	�� J�8$�	$* S�,1  ��
'���@� F��	- �� M���� ��;�� + '���,�- ����.  

 ��;� ��'��D! ���!	*�0C 9��� .eC%�� )>�! �� 	W�� <��$� �� ��  �� �!N�- .�!��- ��*
 ��! >8��	�@98-	�N 
�� ( 6�$[?0&�P 98- 
�� B» Q!� �� '!8�� 
�� 'W$� _!��-

 JO �� 9��& J0� J0[ J����� + �	� 'W!� .J8���� >�W$* �� 9��� �� /��� 9	�& �	�
'� �8C �0- .���� d0! +� Q$� 6��B  �� 
R:! d0!»'�81«  �� 8$�02�� M�0? �!��  ��*

 >+� d0! + .
�� =81 ��`- /w;�»'��+�C« �!�� �� ���� >�!  + J��� J0[ JO ��*
�� '� 98�� 98$��	5 M�0? �0- .�	� '��� �� d0! +� 	* '� 
��� Q!� 8!0- . Q$� 	2�

�� �� "�)�$Y� '� _!��- 8$!�,* ';�?�� .8$!��0R� '���O 8��� «) .��0����! �	*0C1383 :
270(. 

�����!O�  ��;�"��	1 	*�0��� �:� �� ����R� �� '!�-�� K��L��0��  �� 'R�0!��� �*
 �� '��`;%�'��D! ���!	*�0C 
�� 98- ��	#& 'n���� U���� ��! _!��- ��0� �� .
�� .

�	� 'W$� �� JO '!�-�� '� '�	�� Q!� '��� J0� Q!� �� J8���� 	
� �� �� 8$�  + 8�O
 /��� 6�,* ��»J0� Q$� «'� 98!�0� ��! �0- . >�! �� JO �� <��$� '�	� ��»9	�- =�3$�� «

�98-�� 
�� . T���� 9��� 6�� 9�+	�� �
��+ )Fe₂O₃( '� �;��$- 	�+� 8�R�� �� �0-.  
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'� 
�� �� "�)�$Y� Q$� J8!��0� �� �� JO '10$w� d0! ��! '*�2 8!��+O . ��	�
9���O '� �;-	� ��� 6�8$[ + 9�	� ��� .�;R- �,! + �O �� �� JO ._!��- ����  8!�	�

�0- /?�@ 'w��� + �	� ��05 �& . >�! �� 'n���� 9���;+��P  �� 98�O 6n� J0;� �� ��!
 ��05 .���� 	
� �� �� ��	� + 9��� 'W$� B
�� �0�`;� 
�&�,* J�,*�	� W!�'  J0[

'� ���O J0� 8$� . ��! ��	% U�	� �� Q!� '10! .M�$���& �� 9��^;�� 	� 9+(1 6*�,� ��
'�  8$;���){+� + '!�;R�!  .	�1389 :184(.  

�� T0�	� �� 98-	�N M�`��	& 	W�� ��6��� ��$  .>������% 
�� . ��-+� 8$[	*

 �� K�L;R� '�L!/#- �	�2 ��� 6��� ���� �� ��� .���8! >��  J�0$1 � &��C�
N/ ����

&���� (��' '� ��� �� U��	& �� 
�� �;�� . '-�L! ��	C� �� 
�0n� UC0� 9��� 6��
6��� � ';��0$#� + .���� ��� 	� �$�� '28$`R[ ������ .>����  'W!� 
:5 >�W$* ��

'� 
�� 98-. 

6��� ��*�$�� �� �0�	� �:� .��;� 6�,* ����� ��  J�0$1 �� >��»Q!� d�0!� 
^?  �*
8!��� ��� �� JO 	�f + '$�[ + '��- + '!�n^?� + '-�% '!�+� d�0!� + 	���0% 	� �� « ��fO

'� �0- . .�:� 6�� ��26 G,7!� R#��� 6��� 
��� ��	� 
�� 98��	2 �p��� >�� .
T0�	� 6�� S�%� '��	� '� J��! �* JO �� '�	� �� 8*� ���� ��	� �*  �+� 	� ����

�!8�  '#���	� ��*)'-�� 6���^� 7+	o + �* ( M�0w3� 6�p�& ��	� 	W�� '�	� +
���- '� ��� �� �$�W�O + �� �;�� 8!�. 

����!O��  6n� �� '�0� M�@(�?� �� 6n� J0;� �� ��0� �� ����R� >�!��J� -98  +
JO S�%� ������� + M�`��	& ',�1  �� ��	� .8$;R�! �$-O J�8$[ 9�+	��  
�� >�� .�*

T����  ��*�C�� �I��� � R#��� ������� $�+ 8!0- 9��� S�`�& + '����$- ��0� 6�� .
 9��,- T+8C)4 (�+� ��0� �� '���� 
�	n� .�*+45 6�� ����  ':���& <��$� �� 98-	�N

0!�+O �� 9�	,* ��JO 	?��� '���,�- U��	& + '!8�� z�$� .'R� '� �p��� �* 8*�.  
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R��S 4- &0�� ���C ;�') ����� %�#� �N�,DC� � �H�� ��I'��  ��7� '% <��»�+�#X�� Q���� « �» ���C�+�#S

���lC«)�C'�DC(�:( 


.�
# 
�
���� 1�
�� 
/�( 

:�P 
� 
�
� Cu(OH)2 ,CuCO3 S,$� 

@�M� ��0��. Ag, Ag2S UV�W� UX# 

!$G @�%�/ 

 

Fe 

Fe(OH)3 Fe (CH3 COO) 2.4H2 O 
 ���8) 1
/�� Y!$G 1
/��

 Z�W� Y[�%�/ Y3%�0("

 
/ @�� @�%� L�%�8 Y:��+��
/

 ������G \��)��
H� (���G �( 

)]^ !�� 
� ( 3��� F,.

	�� +]^ 

)!�� 
� '� ( 3��� F,.

	�� +'� 

 � @�
/�.V
/
 @��
�  	�
8 ]^ ��` @���

���� L
,/	 ZnCO3 

 � @�
/�.V
/
 @��
� '� ��` @��� 


+$a�% 
���9V% 

  

-
W,�% 
���9V% 

*9V L
;.% Sn(CH3Coo)2 b
7��% c%��0.% 

D��V ��. Pb3O4  S��.%)S��.( 

 �����) Y@
�. Y��0. Y��"

	�
dV( 

S  :��+�) Y��.e Yf�/% Y�07%

	�
dV( 

���g  F,. 

:�
+� 

(Na.Ca)8(Al.Si)12O24(S.SO4)CoO ���"  
� ���g  

D,4,���h�% 	� MnO2 
�h�,i� 

:���� )!$G ��0��.( Fes2 
h�HV�� 

 ��" ��.)j�
;��( 

)F,. �%���( 

PbO \��� 

'� ) 
/ �;P�. YD��V

 � ��0��. 
/ �;P�. Y��0��.

 \�,.�G 
/ �;P�. Y\�,.�G

 k
����G �)��
H�(Y  L
;.%

 '�)�
&�"( 

Cu 

CuO 

Cu2 S 

 

 

Cu(CH3 COO)2. 2H2 O 

 -
W�) Z�W� Y��8%

 :��+��
/ Z�W� Y:��+��
/

 � l���D�
/ Z�W� Yl���D�%�

 YS;).�� Y�+H�% 1
/�� Y��
H,�%

-�M98( �
&�" 

��
��� Yk
����G (NH4)HCO3. (NH4)CO2NH2 ��
��� 

	�� Zn 
�9M�% '9� 
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 � ��. ��0��. Y���.

3%���;�G ��0��. 

Pbs, Sb2O3 �W� 

 YS��
�
�
�  :��
�$

)!$G L
0��.( 

(Fe2 O3)  S��
�)S��
.( 

���G Y��0. c%" K2SO4.Al2(SO4)3.24H2O 
�
�� m�� 

 	�d� m�� 

	�� ��h�% ZnO 
���� 

!$G 

�,M9V : c%"D+. ) L
0��.

'�( 

�
nM9V Y:,M9V :��" c%" 

'��,M9V :��0. c%" 

L%D9# L
0��. 

CuSO4..5H2 O 

Fe2(SO4)3.9H2O 

K2SO4.Al2(SO4)3.24H2O 

c%" ) Y	��.�XP% Y�07% Y

[��W�( 

D+. c%" Y�,M9V 

��" c%" Y�
nM9V 
� :,M9V 

��0. c%" 
� '��,M9V 

 ��0��. 	� 
� ��" l���"

\�,.�G 

) ��0��. 	�� 
� D��V l���"

\�,.�G( 

As2 S3 

 

As2 S2 

�07e l���" 

��8e l���" 

 ��g)�0&�" Yo�&,�( HgS �
+,V Y�0&,. Y�0&�" 

  
�� .':���& <��$� S�%� '��	� =��� 	�  8$,-��� 	
� +� 94�+Q���� �+�#X��  	
�

 + '!�-�� K��L��0�����lC ���C�+�#S >0�0� ';$� M�`��	& J��� �� U:;$� T0�	� _$5 . ��
�L��  ��6��� 
$,W�5 >��  �!8� �+� 	� '-�L! ��	C� ��	�9��0� ����  '#���	� 7+	o

8- ������� + ��:;!� .T0�	� 6�� S�`�& 78* �� �* 9��� �� �	��5  + ':���& ��*
J�#�� 8!8��	2 K�D$& '*�W�����O F��	- �� '�,1 '�$�.  

�10,�� �� .T0�	� _$5 6�� U��	& ��  �� 8- �;�	2 9	n� ����	�f + ���� ��0� �� ��
� ����� �� e�� '�L! �� 	*�� 6��� J����� '� �^�� >�� 8$$� . /��- ���� ��0�

�� "� M�`��	& =�3!  	�D! P�;:� T�#-� �� Q� ��N��)CuO( Y Q� 	���#I

)CuSO₄( Y Q� 	��H��)CuCO₃(  � Q� ����#I)Cu₂S( 9�0�  '�?� /��1 �� 8!�
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P�) �+	� 90n% .��	% 'W!� ��* '� �0R3� 'R� + �� 8!0- . �� .��0� 6�� ��$� ��
 J0I,* '�,#� M�`��	& *�D�� ��N��)MnO₂)  ( ����R�$Y�  T	;$� ��	�&�2	'  .Q!�

 %') c�C'))As₂S₃ (�� `y& J�0$1�
 98$$�  .Q!� 	#�N�H 	��7�C)Bi(NO₃)₃ ( ��	�

+ .'28$`R[ ������  &�1C 	��7�C)AgNO₃(  �� ����%	3�  '�() ����� ����� ��	�

8- �;�	2 9	n� . .6�� 	� J+��� ;+" ��N��)Fe₂O₃ (�� ����+ J�0$1 '�2 + '���@�;�#m�� 
��  /��1 + '!8�� 	;R� ���$��
��0$# 98$$�  U��	& �� 
����;-���0�@ 
��.  

  
R��S 5-  %�#� Q.�&%��7I�%'#� ;�') $���� R#��� '% <�� )(�:�C'�DC(  

'� ��h�%  L
,/�� 

'�  

 ��0��.

'�  

 L
0��.

'�  

 ��h�%

D,4,�  

��" l���"   L%�;��

L��h�/  

 L%�;��

@�M�  

  
'24�+ �� '*�2O + ��0� 
��$- �� �C0& ��  + .'���@� F��	- �� �� 	* ��*

 .':���& <��$� ������ + 	W�8#� ��$� �� 	?�$1 �	�2��	% 	�
z& 6;�	2 	D! �� �� 6�$I,*
6��� ��$�� ��� �����O ��	� T0�	� _$5 8- 6�+8& >�� .T0�	� 6��  	� '-�L! �� "5 �*

 '#���	� �!8� �+���0� ����98!8- 
:5 '���@� 9�0� F��	- �� . . �� .
��n! ��
 T0�	��� J�0$1 8��	2 ��:;!� ���;! 6�	;n� . 9��,- T+8C6�� T0�	� _$5 .L 
$,W�5 �� �
�;��� 98- 6��� ��$�� ��	� '� J��! �� >�� 8*�.  
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R��S 6- ;�') $����  P�I  VS $%�V�4�� R#��� e�� <�� )(�:�C'�DC(  

;�
#m�

�
  !$

G �
�h

�%
  @�

M� 
L

%�;
��

  

 L
%�;

��

L
��

h�
/

  ��
" 

l�
��"

  D,
4,

� �
�h

�%
  '

� �
�0�

�.
 

'
� L


,/
��

  '
� L


0�
�.

  

��
h�

%
 

'
�

 

 1
��

�#

	
�
O

,H
��

  

30% 30%  -  2%  -  -  -  5%  5%  10%  1 

- 85%  8%  2%  1%  -  -  -  -  - 2  

- 80%  10%  -  -  -  -  -  10%  - 3  

20% 40%  2%  -  -  -  20%  -  -  -  4  

- 80%  6%  -  -  10%  -  -  4%  - 5  

  
9��8!� �� "5  	���L� �	�2!��0���� JO '��,& .��0�  �;:�� '#���	� J+�* /��� �*

 M8� �� + 98-24 �� 
1�� '� 98���� /��� �0) 8!0- . l(��� ��0� M��N .8$�O	� 6�� ��
'� U��	& 	W�8#� �� + 98- ��� 8!0- .��0� J8���� �� "5 ��� �� ��	� ���8L� .

 U��	&9�+��� 98-  l��8�� + M8� ��4 '� 98���� 
1�� 8!0- . 9��,- "#11 /@�	� .
'� J��! �� '#���	� J+�* �� ��0� U��	& 8*�.  

  

  
Q.� 1 - ;�') $���� �1�� (����I � %�#� J���
 �.����I (��+ '% <�� )(�:�C'�DC.(  
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��5 ���� T0�	� '��,& .8- 9��-� �;#! 6�� �� 	& T0�	� '��,& + ���5 ��*  �L�� ��*
� ��$��6�� 8$;�	2 ��	% �����O ��0� 	W�8#� �� >�� .T0�	� �� FL� ���L� 6�� ��  '��*

'� 9��-�  '�0��� ���;! �� �0-/?�@ 98- 
�� . .'�����O T0�	� _$5 J��� �� R#���

&'��� 3 ) �+�@10٪  ."� M�^�0�10٪  + 9	L! M�	;�!80٪ 6*O 8�R�� ( �� ���;! 6�	;n�
��� J��! .��� 
R!�0& U��	& 6�� 6��� ��$�� �� ��8��5 + 
��0$#� .��	� ��  8$� ����� >��

 +	D!�� �$�n� �	#�,1 .���� �� '28$`R[ + ���� ����� 8-�� �;-�� ��.  
  
%- ����  !� Y���� : $'����� '% ������ � �
'��� Y���� ��,�
��A 

;�') <��  

'#� Kn� ��  �� /@�	� 6�	&���2	�
z& + 6�	&/#- �	�2 6��� ����  .>�� ���"��

������  !� )Reduction Firing (B
�� ��@	�  ����� '��n! 
�^�� �� =�R@ ��
 ���8��5 + ������� 6��� 
�� �;R��+ JO �� >�� . 	�D! ���� M�`��	& .8$�O	� 6�� ��

'� /�8`& H��� M���� �� .'���@� ��*��2 M�+��� �� 9	L! + "� ��*8�R��  + 8!0-
��� '� ����� ���� ��� 	� ���� �(C ��  ��! �� 8$$� . /,1 6���� �+���  'w%�! 
�0�

 /y�R�0!0��8 6�	�  M�0?'� �	�2 .�28�� ��'� �� '!��� ��@� �$��+ .',�1 9  8*�
 �8�R�� U��	& �� J4�R�� ��98-�8C ��	2��� �0� H��� 
��@ �� ���� 	w$1 + . 6��

 ��2 �0�@ �� l�0,�� 8$��	�R�0!0��8 6�	� (CO) '� >��!�  �� J4�R�� ��C �� �� �0-
 �� .�8�R�� M�`��	&�� R���8 6�	� (CO2) '� /�8`& ��	2 ) .���}�1388 :30( .

;!����� .��� ���!'  ���� ��� �+� 	� "� + 9	L! M���� ��#�&�/ 98-  + ���� ��&��� +
6��� �!02 6��� '� 8�85 >�� �O8 .6��� 
:5 .'!�	�� �	W��^� 
$� �� �� >��  J�0$1  !�

<#I '� �0R3� ���� + �!8� 
:5 �� "5 
�� �8��� /��1 �� /��- �0� + �0-B 
P�� (���� 
:5 ��@� .� (J��� + M8�  + m��@�� ( ��8�&m��@� M8- + '*� �+� M����. 
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G�� (`����  !� $��%p  �8@ �& 8��� + ���� 'W;R� ���� d0! �� ��@� U��$� ����
 
��@ �� ���� �� 8��� ������!��, >	! J0� M	C�n� J�#�� + 98�O��  �� 9	L! + "� ��*

 �0- K*�	� JO ���) .6�;�1387 :5 .( �� '!�-�� K��L��0��"��	1 	*�0���  �� ��@	� 6�� ��
 	�`�&»�!�`- �� �	�W� '�&O +� Q!� �& 8$*� >	! ��+� �+� «'� 9��-�  8$�) .'!�-��
1386 :347 ( �+8@ '���� 	W!��� ��550  �
620  �S'%�I�7C %��: 
�� . �� ��� ����

 N0^! UC0� ��8L� 6����� 8@�� '� ��� '2	�& + ���� �� 
$,W�5  .�0-��@��' �� 
� '28$`R[ <!�� JO �� 	;,� ������ 6��� 8- 8*�0� ���� �� >��.  

� (	�� (��) � `���� BM8� J���  JO ����2��� J���� + 9�0� ����� �� �;R� ��@�

�� M+�^;� .J�,*  6;� �� �� �0)»	*�0��� "��	1 «�!�`- �� 
�� 98�O  >	! ��+� �+�

�' 9��� 8!� .� 6�� +' 8!��� 9�0� �� �� �;-�� ��� 
nC '2��� � 	D! �� + 8!�' 8��  6��
 JO J8- �	� 9�+� + 9�0� /��� ��
O J8�[ /��- �+� ��� /��- ��! ��' �0- . 8*�0-

 ':���&��,C��  ��"��	1 	*�0��� '� J��! �!�`- �� �& ��@� 9�+� �;-�2 �� �� 8*�  �+�
�����O �� ��� B
�� �;-�� ����� 9�0� �� ��+	�� ��*  	
V� m��@� J��� .�[0� ��*

 �+8@ ��I Z�C � K� �
 K� �&��6 98- 
��.  

n(  	���% %���
+% %�%� `���� 	�� �o  �� �;-�2 >��� ��9�0� ��*  ';$�

�0� �0[  m��@� 
:5 6�$I,* + ����	� 
:5 
nC6��� >��  9��^;��'� 98- 
�� .
 ��;� �� K* ��! ��aR� 6��»	*�0��� "��	1 « ��;� �� K* +»J�8$�	$* 9����� ��;� �� «

P��z& ����0#�50 
�� 98�O . ';@{	) '��* .��@� F��	- + 9�0� ��  �0C0� 0����0#�5 ��
'� 8-�� )"#1 2 + 3 .( ��9�0� ��* �0� �0[  �� /�8`& T�@ �� l�,p�� 9�0� F�3� ';$�

 "#���� + J0���8�R�� �� ��@�'� 8-��  	;n� ����O + �:5 �� �0� U��� 6�� ��K&� ��* 
 ���� ��� /�#�& UC0� + 9�	� �,� ���� ��� �� 9	L! + "�KD$� 	&  +S�%� 	& 
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Q.� 2 -  &'#� )� #I�p�#.�� �����)#I �#/  �+% %�% � ���� R�� '% &'�% '%

 QC�NC'����7�� ) �)%�'1382 :59(.  
  

- �� �;-�2�90 6��� ��$�� 
���  .>��&'#� %�.,�� � �����  '�L! ��!
6���& � '��n! ����� + ��@� 8$�O	� 
�L�0� �� 98$$��� 6��� ���� >�� . �� 0����0#�5
�;-0! '� E���2 �0� ��*  ."!�R!� J��+� '�����;�� J�	W��^� �+�� �� �� 8$�» 	$* >�,&
6��� 
�� �;^n! 9�0� K�D$& + 
��� �� >��« �& B�C'� �� 9�0�  + �;R� ��*��� �� �*


D��3� '� ���8nW! 98- JO '!+�� 	^R,&� + M��	@ S�%� T	;$� �& 8!8-  �0- 6�,�& �*
) .J0R&�+1382 :32( . �� ����;�� ��! + '!�:��� .'%0��� J��+� 9����� ':���& M������

'� J��! "!�R!� 	w1 6��� ���@� 8$�O	� �� �� 8*�  .>��� )�s" )� &'#� Y��� �
  !

� �7��% ������ � �)%�%  ��� �(���� I . ��@� M8- .��� �+� ��L! '#���! ��
������ ��;�� � �� ���� M�`��	& /�8`& ��	� >�� F��	- �&�� �0- K*�	� ���� ��	� .

����6 T�@ �� ��� J��! '�,1 M���	�& .��(�� K*��0! J	% 	��+� �� . ������ Y��� %�X��

$��7H� )�  P�#�.� %'��C �
'��� n�� $��% �H (��I' �
  !� .'% 9�0�  ��*
�0� �0[  + '���@� 
��@ +� J��� >+�8� 	��Y& .
�0� 
�*�� /��� �� .';$�

�8�R��J0�� 
�� 9�0� '��`) �	�� .���C s1�� �+�$;� M�!��0! 6��  	;n� <��0& + '��C
K&� � /�#�& �� .
��n! �� + 98- ���� ��� 	� 9	L! + "� ��*�� M�`
�� ��  + 	&
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J����� '� 	�$� 	&  
�� 98-) .6�;�1387 :5( . ��@	� 6�;R:! �� "5 .��@� ��	C� �� �+�
*�'  + 6�	�8�R�0$� ��*��2 .9�0� ���$� + 
��	o �� �;R� +�� R���8 6�	� ��  �� _��8&

 �D^3����� 98- JO 6��W��C J4�R�� + '� �* �0- . �� 6��	��$�&'#�  ('�� $�+

7.��$)�: �� �.��  .��@� F��	- r^@ ��	� 
�� >��*� �+�'  B�0- ��	#& 
�0! 8$[ ��

 l�0,���

�� '�V/ �
 �I ��?�� �� K�! ��* �;1��  M�0? ��@� ��@	��' 2��	 . 8$�O	� 6��
 �� l�0,��J�	����+ '� >��!� 9�0� J+�� �� '�O ��0� �� ��� �0[ �0-.  ��

"��	1 	*�0��� 9��-� ��@� >�W$* '�	w� �0[ d0! ��  �� '!�-�� K��L��0�� ��� .98�! ��
'� ���� 
:5 �� �0�	� �:� 8R�0! :» + ��	`& + >(R����� �� + 8$!��0� >	! >��* J�-�� ��


�05 8�� �0[ .�(� 	W�� 8$#! �+� �& 98$� «) .'!�-��1386 :341 .( J��! 9��-� 6��
'� �� �� �0[ ��:;!� �� 8*�
�� 9�0� J�	W��^� '$� M��n� �� '�:� .U��$� �+� J��. 

 .	W�� Kn� �;#! 	�� R�7���+% %�%  	�`�& �� JO �� '!�-�� �� '10X0� B
��
»>	! ��+� «'� ��� 8$� .�����O 9��� J��! ��! 	?��� ��*  �� 8!��+% %�% H�2 ��)� 

 � �+��I JS#�:%) &%�%� �� �8� t\I %#� .��@��' �� �+% %�%  ��.4
 )� �Z�

A ������ �� $��:#,S $*,� ���.  M8- + J��� .��� J��� T���& 6;��� .6��	��$� �+�
'*� 
�� '�,1 ��	�& + �����O ��	#& 8$����!. 

�� ���0)'�� �! �� 9�0� 	^R,&� ��3? K�D$& .  �#�� .9��� �+� �� 8�8- ���@� M�0?
Kn� �� �+� J��	C T���;� + >	! T	;$� ��  �� /��1 6�	&A 24P'% � $'������� 

;�') <�� '� ��,- �� �+� .J�,*  ���� �� �!02)1382 :260 (8��z& '�  
�0! 8$[ �� .8$�
'� .8�8C 9�0� 	* �� ��	�& + �����O  �0��� ���@� J���� �� J�0&
�� �
��  _��;! +

�	� 8��0&��� �	��5��	#& + 
%� �� �� S�0�.  
 �;��� =��� 	�  U���� + �*+45 ��*"��	1 	*�0��� . (�*���+% %�% ���� $��% � 

Kn� ��  �� /��01 6�	&/#- �	�2 ��� 6��� ��$�� 8$;R* >�� . +� 6�� �� �� 	* �� 	��Y&
'� /��1 � /�#�& >81 �� ���� J8- 9	�& UC0� 8!�0&�� �0- ���� . ��	� .S�L3& 6�� ��

 �� .';$� ���@� F��	- �������&'#� &'�#�% �H $*,� $�  (�#
 � )#NC#7� 5��� $�+
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'���1000  �S'%�7C�I %��:  8- 9��^;��)"#1  9��,-3( . T	;$� J�#�� 9�0� 6��
'� K*�	� �� �+� + �0* �+�+ J���� K�D$& + ��� S�%�  ����� + K�(� ���@� F��	- �& �	�

��`- ':���& M�^�?0& �0- ���� . .��@	� 6�� ���C#�C  (��� ����% &)�H '% �+550  �


620  �S'%�7C�I %��: 8$;�	2 ��	% ��@� 8$�O	� 
3& .=��� 	� '���� 9��� 6��  >	!
28!0-' �����O _��;! + ���5 ���� J0� T��`& J�#�� �& 8- ��:;!� 6���5 ��*  + "� ��*

��	2 K*�	� ���� �� 9	L!.  0����0#�5 '@�	) S���� 6�$I,*)"#1  9��,-2( �� .
&'#� $�S" $�+ '� ��!  �� .	;��� ���8��5 + M��	@ r^@ /��� �� �� 
�	2 9	n� J�0&

Q!� /�#�&  + '�() ��*8!��� �	;n� _��;! ��	%. 

 ���% 5�O% Z�l�
+% ��%�  (�*�� ��+% %�% 6���& �L! 98$$�  
�L�0� �� ��
 ��@� �$��+ J8!�� H%�! s1�� K� �+� + ��� '2	�& UC0� ���� �+� �	�� B���� 8$�O	�

'� �0- .J�,* .6��	��$� '� 8��z& '*�W�����O _��;! + ':���& <��$� �� �!02  '���;�� .8$$�
� ���� 6���  S�	) �� �n$& ��8��5 + J����� >��� � �H�X
 �'��.
 Y���� 5�O% R�7�

������ � �
'��� 
�� 6#,�.  

    
Q.� 3 -  &'#�)#I �#/  � $����  !� $��H JI��� �$*,� � $�S" )#I)�: � %�%
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 � u�H�X�7C $��: 

6��� 
��� ��+�$� /��3& 78* �� 	X�@ �*+45  	� 	
V� /��01 '����$- + >��
/#- �	�2 ���  �� .JO J�����#&�� 	�  J0I,* ':���& �0;#� <��$�"��	1 	*�0���  +

'��D! ���!	*�0C �����O �� /?�@ '�	�& 8*�0- 6�$I,* + 
�	2 >��!� '*�2��� ��* .
 �� A��5 ��2+�3� R�� R�9I �#$�� 	� '$`� . �� 	�Y;� ��*�0;���/#- �	�2 ��� 

6��� >�8� S�0� >�� 8!������O + ':���& J0;� /��3& �� /?�@ _��;! .  J��! '�	�& ��*
'� ��� J8�O 8�85 �� 8*� 6��� �� J����� + ��8��5 �� K*	� /?�@ .>��  + S�%� �$�

T	;$� 98- 
�� '�?� /��1 8$[ .M��`1 /��01 6�� �� 8!� o ��������  J���
 �JI���

;�') $���� 5�O%  <��)�4
"�% �1��( + ����  !�R�7�� �� &��.  

 ./��01 6�� J��� ������ ���� ���� ����$� �L! . + ��@� F��	- 	��	� �� �� '���� �+�
'*�  6���5 ���� �� + 8-�� >+�L�) �+8@550  �&650  �C��';!�� ��	2 ( ��28!0- >	!' 

� /�#�& ��	� '`��$� 	;R� .8�	��� 6��� '� ����� >�� 8$� . .':���& 8*�0- =��� 	�
��,C�� "��	1 	*�0��� ���� .'!�-�� K��L��0��  ��*����,O  �� /#�;� Q$� 	#-

)"����(  + ���% �� ��:-)J�$-�(.  .	;n� '!0� T��`& J�#�� + ��@� 	��	� �� ���8��5 /��� ��
�;-�� �� �	#�,1 6�	;n� 8!� . J�+���T,O � ��I  ��!�� J�0$1 �5� ��0�  6,X .98$$�
0� .���� �(C 
�0L& + �0! 
R#- UC;!����� 6��� ��� '28$���� ������  >��

'� �0-.  
;�') $���� J���
  <��)�1�� �4
"�%( 
�� �8��� �0;��� 6��+� .=��� 	�  '��	�

'�?� ':���& <`$� +� )"��	1 	*�0���  +'��D! ���!	*�0C(. �5 ��0���  /��- �$�� 9	L! ."�
6*O + �n!O M�`��	& + B8$!�� 8�^�0� .M�^�0� .M�;�� .8�R��
�� . . 9	L! M��N0!�!

Q!� ����� T0aR� Q!� /��1 "� M��N0!�! + '�() ��* ���� �(C �� ��	% ��* 8!� . ��
 .J��� 6�� ;+" ��N��)��P�( ����+ �L!  ��C �� + ���� ��@� 8$�O	� �� ',n� ��

'� �	�20�C M���� �8�� J8- 8�R�� �� .J4�R�� 8$� .�$I,* �� 9��^;�� 6���I �� �� .
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 JO �� ':���& J0;�9��-� 98-�,! '�	� /�8`& UC0� . M�;�� �� �*  + T0�3� ��*
;!����� '� M���� <��0& �� 	;��� ';��0$#� �0- . .�L! 
�`y& �� �,� 6,X 9��� 6��

<�	� J8- ��� '� K*�	� ��! �� ��@� 8$�O	� /�nR& + 	& 8$�. 
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1�� K�!+ .3.  	���% � 	���+% %�%o  8��� ���� 
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 �JI��� ����
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J�,* B
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O ��9��-� 98- ��
.  
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'� �!0W[ '*�W�����O 6��� ��$�� J�0& 
��� �� >�� J0;� /��3& �� /?�@ _��;! .
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���@�
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���lC ���C�+�#S�����O �� 9�	,* . >��!� '�,1 ��*  ��� J��! .S�L3& 6�� �� 98- ��
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����� 6��� �5 	� /?� �� >���� '� >��!� '�0?� J�,*  	W��^� J�8$�	$* �� �0-

'� ��� �� �!��� J+	% �� '!�	�� 9	n� �� 8$�O	� 6�� 9�+	�� �� M+�^& 6�� �� B8!�	�  �� �	�2
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