
� �
� � � �� � � 	
� � �� 	� 
 �� � 
 � 
� 

 � �� 
 �� �� � �� � � � � � �� � � � � � � � PORTUGALIAE 

ELECTROCHIMICA 
ACTA�

�

�

�

� � � � � �� �� � 	
 �� � � � � �
 � 	
 � 	� � � � � � � � �� �� 	� 	� � �� � 	� � � � � � � � �  	

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

	
� �	� � " " � #�%&	� �	' � � #	

	
� � � � � �� � � � ��� � �� � �  
! � � "�# � 
$� �  
�� �%� � �� � � 
�&� �  �� � �
� � "�� � � � � �&� �  �� � �
� � "�� 	� � � 
� �

�
�

� � � � �� � � �� 	 �
 � � � � � � 
�� � � � ��� � � � � �� � ��� �
 � � �� � � �� � 
 � �� � �� � � �� � � � 
 �
	

	

� ( � � � � � � 	
� � � ��� �� 
 � � � �� ���� � � � � � � � �� � 
 �� � � 
 ���  ��� � �� � � � � ��� � � � !�� � �� � ��� �� �� � �
 � � � � ��� ��� � �� � � � � � � �
� � � � � 
 � � � �� � 
 � � � ��� � � � " � " � ��� � � � � �� �� � � � 
 � � � � " 
 � �� � � � � � � ���� � � � � � � � �� " 
#� $ � �
� � �� � 
 � � �� ���� � � � � ��� � � �� � �
 � � � � �%�
� &" � � � � � � �� � � 
 � �� � � � � � � � ��� � � � %� �� � � � �� � � � � � � 
 � � � #�
' � � � 
 � � � � �� &" � ���� ��� � � �� � � � � � � � � � ( � � 
 �� � � �� � � � � � 
 � )�
 � � �� � � * +)� 	 , - " � � ��� � �
� �� � �
 � � � � � �� � � 
 � � � � �� � � #� � . � / - �$ � #� � � � � 
 � � " ��� � � " ++� � �� �� � �� � � � � �� � �� 0�� +� �� �� �
� � � � " � �� � �� 
 � � � � � �� � +� � � � �
 �� � �� � � � � � �� � � � �� � � �#� #� 
� " +� � � � � !� � 
 � � � � �� � " ��� � �� � � � 
 �
�� �� 
 � 
 � ��� +� �� � � � � � � � � �� � ��� 0� � � �1 � � � � 
 � " +� � � � � � � � � � � � � � � ��� � � � � � �� � � 
 � �� � #� 2� � �� � �  �
� � � � �� � 
 �� +� � � � ���� � � �� � � �� ��  � � " � � � � � � � " 
 � � � � � � � �� 
 � +� � � ���� � � � � � � � � � �� � �� � � � � �� � � �#� #�
� " 
� � � � � � �� � 
 � � 
 !� �� +� �� � 
 �1 ��� � � � � � 
 � ��� � � � � � � � 
 �� �� � �� � �� �� � � � �� �  �� � 
 ��� " �� 
 �� ��� � �- �) �
� � � �� � � � " 
 � � � � � � � � �� � � � � �� �� � � � � � � � � � � � � � " � � � � � � � � ��� � � � � � �� � � 
 � �� � � �� � �� � � � 
 � &" � � � � �

 � � +� �
 � �� � � � ���� �� �� � �
 � � � � � �� �
 � #�
�
�
� � � � � � � � 3� � � ��� � � � �� � 
 � � �� ���� � � � �� � �
 � � � �  � � � � � � ��� � � � � � �� � � 
 � �� �  � � �� � �
 � � � � � �� � ��
�� � � � � � � � � � � � � �
 � � � � � �  � � � �� 
 � +� � � ���  � � �� � �� � � � � ��  � 
 � " +� � � � �  � � � � � 
 � ��� �  � � � � � �� � ��
� � � � � �� � +�� �� �� � � � ���- 45!#�

	

�
� � � � 
 #� � � �
 � 	

 6� � 
7� ��� � �� 
�� � �� � � �� �� � �8�� � ��� �� � ��68�� � �
 � � � �� ��  ��6�� �� 
 �� � � �� 8�� �9��&" �� �  �� � �
�6� � � � � � � � � � � 
8� � ��� � � � � � 
 � � �&" � �  � � � � � 7� � � �� � � � � � � 
 �� � � � �� 8�� � �
 �&" � � � 6" � � �
� � � � � ��8� � " 
 � #� - � � � � � � � 
 �� � � � �� �� 8� �� � � " � � � � � � ��� �� : �
 � � � � � � 
 � 8� � � � � � � � � �
8�� � �
 � � � � � � � � � � 
 � " 
 � � ��&" �� � � � " � � �� � � � � � � � � � � � 8�� � �
 � � � � � � 8�� ���&" � � �
� � � � � 
 �� �� ���� � � �� - � � � � � � � � � � � � � � � � � � 8�� � �
 � � � � � � � ��� � � � � � �� � 
 �� �� ���� � �  �
�;�� � 8� � � � � �� �� � " � � � ��" � � ��� 
 � � ��� � � ��� � � � ��� �� � � � � �� ���� �� � � � � ��8�� � ��� �� � " � �� �
� � " � � � �� 8� � � � � ���� � ��� �� 
8&" � � � � #��
- � � � � � � � 
 �� � � � �� � � � � �� ( � � � � � �;�� �� 
 �� � �  � � �� � � &" ;� � � � 
 � 8� � � � " �� � � �" � � � ;" � �
� � � �)� �7� ��  � 
 � � �� � �� " <� " 
 � � � " � � �� � � � � ;� � � � �� 7� � � #� =;�� �8
: �� � � " 
 � �� � � 8�� � �
 � � � � �

" +" � " � � � � � � � " � �� � <� " 
 � � � � � � �;� � � � 
 ���� � � � " � ��� 
 � � � � � . � � � � �� 
 � �� >� ?� � " 
� �� � �

������������������������������ ������������������
@�- � 
 
 � � � � � � �� +�� " �� � 
#�5)� � ���� � � 
 � � � 3�� � � � � � �� A � � 
 � � � ��#� � � �



� '�( � � � � � 
�� � � �%'�) � � � �*�� � � �� � � 	
� � �� 	� 
 �� � 
 � 
� 

 � �� 
 �� �� � �� � � � � � �� � � � � � � �

�� � B�

� 
 � � �� �� #�2�� � � �� � ��� � � � � �� �&" � � �� � �8�� � �
 � � � � � 
" +" � " � � � � � " � � � 
 � " � � � � � � " � � � �� : �
 � �
� � � � �� 8
8� � �� � � � � �� � � �� 
 � � �� �� �>� ?#�=� �� �� � � � �� � ��
 � � �� �� �� / � " � � � 
 � !�� �8�8���8� �C�
�68�8� � � �� � � � � � � � �� � �� � � � � � � � � � � �- 45! � � 6� � �)C)� �
 � � � " � �� ��� &" � � �� � � " 
 �� � � � � � �
�68�� � �
 � � � � � � 
8� � � �� � � � � � �
 
8+" �� 
 ��8� � � �� 
 � � � � � �&" � � � � � � 
8� � 
����� � � � �� � � �
� �� � � � �� � � � 8
���� � �� " � � � 
7+�� � � ;� � � � �� 8��� � �� �� 
 � � � &" �� � � �� " � � � � 
 � � 
 �8�8�
�� � � � � � � �� �� �� � � �� � <� �� ��
 � � �� �� �� ��&" ��� � ��� " � � � � 8� �: �
� ��� �� � " � � �� � ��� �� �� � � 
 � �� � �
� � � � 
8&" � � � � � � � � � � 
 � 8� �>�  � � ?#� 
 � � � �
 � � � " ( � 
8� � � �� �>	  �D �E �B?� � � � �
 � � ��&" � � �� �
� � �" 
 � � �
 � � �� �� � � � � �;8�� � �
 � � � � � � � � � " �� C� � ��� � � � " �� � � ( � ��&" � 
 � �� " � � �� � � 
8� " ��� �� �
� ( � 8
�� � � �� " ( � � � �� � " � #�=� � � � � � � � � � � � 
8&" � � � � � � �0/ F�)�G/ F!� � � � � � �� &" � ��� � � � � �
� � � 7�� � � � � � �� � � ��� � � � � � �� � �� � � � " � 8
�� " 
 � � C� � � ��� � � H� �� � � �� � � 
 � �� � � � � ��
� � � ��" � ��� � � � �� � � � � 
 � 8� #� 5� � � � � � 8&" � � � �  � � � � � � � � 7�� � � � � � � �� � �� � � � � �" � � : �
 � �
� � � 
 � � 
 �8� � � � " 
 � �� �� 
 � 
8�� 
 � � � � +� 
 �� � �� � ��� � � � � �
 � � �� � 
" +� � ��8� � �� �� � � �� � � 
 � �� � #�

 ;� " �
 � � � � � �� �� � � � � ���� � � � �� � �� ��� � � &" � � �� � � � 8�8
� +8� 8��8� � � � � �� � � " 
 �� � � � � � �
�;8�� � �
 � � � � � " � � � �� �� � � � � " � � � 8� � 
 � 
� � � 
 �� �� ���� � � �� �;8� � � �" � ��� � � � � � 
 � ��� � � � � � �
� � �� � � � � � � �;8�� � �
 � �� �� � � " 
� �;8�� � �
 � � � � � � � 
 � �� � �� � " � � �� � � � �
 � " � � � �� ��" � � � � � � " 
 � �� �
� � +
8�� � �� 8� �� ��� � �� ;" � �� � � � � 
 �� � � � ���� 8� ��� � ��� �� � � � � ��8#��
=� � � � � 8��� � ��� � � � � � � �� �� 
 � � � � � � � 8�� �9��&" �� � � � � � � � � � " <� " 
 � ;� " �� � � 
 � �;8�" � � � � � � �� �
�� � � +
� � � �� �� � � �� " 
 �� � � � �� 8�� ���&" � � #�5� ��� �� ��� � �� " 
�� � � � �� � ��� � � �� � �� � 
 �� �� ���� � � �
� � � � � � �� <� � � �� � � � 
 � � ��� � #� 5��� � � � � � � � 
 �� � �� � � " ( � � �� � � " ( � �� � � +
� � � �&" � � 3�
� �� 
 � � � � � �&" � � � �� � �� � �&" � #�5��� � � � � � � � � �� � � � � � �� � � �  � � �� C� �;8� � � ��� � � �� � �&" � � C�
� � " � � � � � �
 � � � " �
 � � � � � � � � �� �� � � ��� � �  � � �� � " 
 � " � � � 8� � � ��� � � �" � � �� 
+� � C� � � " � � � � � �
�;� ( �� �� � � � � � � � 
 � �� " 
 � �  � � � � " �� ��� � �  �8
� ��" 
 � �  �� �� #�- � � �� � � �� � � 
 ��� " ��7
� � � � �� � 
 � ��
� � " 
 � " � � �8�� � �
 � � � � � 8� � � �&" � � � � �� ��� �� #�2�� �� " �� � �� 
 � � � �� ��� +" � 
 � � � �
 � � � � � � � � " ( �
�� � � � � � ;�
 
8+" �� 
 ��8� #� $ � � � 8� � �� � �� � � �� � � 
 � � � ��� � � � C� �;8� � � ��� � � �� � �&" � � � � � � � �
%� 8� � 
 � 
 � � � � � � " 
�� � � %� &" �� 
8�7
� � C� �� � � 
8� � � � � � C� �� � �� �� � � ;�� � � � � +8� 8��8� �
+8� � 8�
 �&" � � � � �� 8� � 
+8��&" � � � &" �� � 8� � � � � � �� � � � �;� 
 �� � �� ��� � � � �� � � � � � 8�� " �� �
� 
�� �� ���� � ��� � � 
 � � � � �
 �  � �� � �� 
 � � � %
" +� � ��8%� � � �� " ����� 8� � ( � �" � �� � � � � �� � � " 
 � �� � �
�� � � 
 � � � ��� � � �+8� � 8�
�&" � � �� ;8� � �� � � " 
 � �� � 
 � � �8
�� ��&" � � �� � ��;� 
 � 
 � �� � �� � �� � #�=� �
� 8� � 
� 
 � � � � � � " 
 �� � � � � �� �� � 
" +� � ��8� � � � �� � � " � � � �� � " �" � ��� � � � �� ��8� 3� �� � � � " 
 �� � � � �
� 8� � � �&" � � � � �� 
" +" � " � � � � � � 
 �� � �� " � � +
� � � � � � � � 
 � � � � � � �� �� � � ��� � � #� =� � �
�� � � � � +8� 8��8� �� � �� " 
 � � � � �C��68� � � ��� �� �� � �&" � �� ���� �� 
8� � � � � �� ;� � � 7� � � �� � " � � � ��
� ;� � � � 
 � � 
 � � " 
� �� � � 8�� �� �� � " �� � � �� " � � � � �� � � 
 � �� � � � � � � � �� � +� � � � � � � � � 
8&" � � � � � �
+8� 8
� �� � � � �� " ����� 8� � � � � 8�� � �
 � � � �� �� #� =� � � 
8� � 
 � ��� � � � � � �68�� � �
 � � � � � � � � �� �
� � � � �<� " � 
 �" � �
 I �� ��� � � 
 �� � ��� � � � ��� �� �� �� �� � ��� � �� � ��� �� �� � � 
 � �� � �� � �� 
8&" � � � � � �
� � � �� � � � � � � ��8#� * " � � " � � � � � � � � 
8� � � �� � � � � � �� 7� � �  � � � �
 � � �
 � � � ��� � ( � 8
�� � � �� �� � � ��
� � 
 ��� " ��7
� � � � �� � 
 �� � �8� � � 
 � � � � � � � 
 � � �7� � � � � � � � � � � " � ��� 
 � ��8� � � � �� � � " 
 �� � � � � � �
�68�� � �
 � � � � C� �68� � � ��� � � �� � �&" �  � � � � � � � � " 
 � � " �� � �� � 8+��+� 
 � �6�� ��" � � � � � � � � �� �
�� � � +
� � � �� � � � � � " 
 �� � � �C� �68� � � ��� � � �� 
 � � � � � �&" � #�4� " 
 � � 8
���� 
� � � � � � � � � �� 7� � �  �
�� � � � � � � �
 � � � � 6�� � 8� � � � � � � � � �� � " � � � � � " 
 � � � � � 8�� � �
� � � � � � � ��� � � � � � � 
+� � �� � � � ��
8�" � �8� #�
�
) � � #� 	 � * � +� �" � � � � ��  	 � � � �, � � 	 � � � 	 �� 	 � � � - � �. � � 	 $ � / 	 0� �� � �� 
 � - � " �� � �	
�" � � #� � � � 	� � � � � � 
 � � 
 � , 1	
� 
 � �  
�
+� � , � � � 
� � � �� 	3� =;8&" �� � � � � �� � � �� � ��� �&" � � " ����� 8� � � � � 
� � � 3� " � �

 8�� � �� " 
 �� � �� 8� � � � � � �� � �J
8&" � � � � � ��J� 
 !�� � ��� � � �4* � - �5GKG�2� � �
" � � � �)�
4
�� � � �� � �* � � ��� � �� � � � � 
 � �  �. � � 7�� �� � � 	  �" � �4* � - �4� �� � ��� � 7�
 �  �. � � 7�� �� B� �



� '�( � � � � � 
�� � � �%'�) � � � �*�� � � �� � � 	
� � �� 	� 
 �� � 
 � 
� 

 � �� 
 �� �� � �� � � � � � �� � � � � � � �

�� � L�

� ��" � �. �� 
 � )� 
 � �� � �� " 
 �- $ . 4* - �E	 � � #�=� �� � � 7�� �� � � 	  �� � �� � � <� � � ��� � �� � � � ��� �
4* � - � 4� �� � ��� � 7�
 �  � � � � � � � �8� � � " � . �� 
 � )� 
 � �� � �� " 
 � � I �� � � �� C� �� � � � ��" �� �
8�� � �
 � � � �� �&" � � � � " � � �� � � � � � � � ���" � � �� " � � � � � �7� � � � � � � �� �� &" �� � � " � � � � 
� � �� � � �
� � � " 
 � 
 �� ��� ;� � � �� � � 
 ��� �
8� � � � � �� " �� � � �7� � �8�� � �
 � � � �� �&" � �C�� � � �� ( � ��� ��� � � �� � �
� � " 
 � � �� � ��� 
 � � ��� � C� � � � � +� � � � � � � � � � 
8&" � � � � � � � � � � F� �� 
+� � � � �� � ;� � 
 � +�� �
� 
 � � " 
�
� �� &" � �� " 
��� � ��� � � 
 � � ��� � � �� � �� � " � � �� � " 
 ��
 � ��� � � � ��� ��� � � �� � � +� #�
=;* � � �� � � " 
 �� ���� �4� �� � ��� � 7�
� �� � ��� � � � � � 
 � � � � � �G42M�� ��� � � ��� � � �
 I �8� �C�� � 
 ��
 �
� ;" � � . �� 
 � )� 
 � �� � �� " 
 � - $ . 4* N� � �� � " � � � � � 
 �� � � ;�� �� 
 � � � � � �G42M!� O� ��� � � ��
2� � �
" � � � ��2555)� BB#�=� �. �� 
� )� 
 � �� � �� " 
 �� I �� ��� " 
� ����� �� 8� � �
 �  �� ��� � 
 � � ���� �
�
 � ��� � � � ��� � ��;�� �� 
 � � ��� � #�=� ��� +�� �� ��;4� 1 � 
� " ��� ;�� � " 
�' �� � � 1 �  ��� � �� ��8�� " 
 ��� �
- $ . 4* N�� � � � " � �&" � �� � � � ��;* � � �� � � " 
 �� � � 	 �� ���� �4� �� � ��� � 7�
 � �� B�  �� ��" ����� � �
�� � � � �� �8
� � �� � �� � � � � � � � � �8�� � �
 � � � �� �&" � � �� � " 
 �� ( 8� " �� 
 �� ���8
� � �� � ��� � � ��� � � #�
=� � �� +�� �� �� P4� 1 � 
� " ��� Q� � � �� � � � R" � � � " 
� � � � " 
 � 
 � � �� � � � �� � � 
 � �� � � � � � � 8� � �
� ( � 8
�� � � �� �� � � 
 � � �� � � � � � � �� � ��� � � � � � � �� � � � � � � 
8� �� �� �  � � � � " ����� � � �� �� �
� � � � � �&" � � � � � � � � � �
 � � � � � �� � � ;2� � 8� � � � � � 5�� � �
 � � � �� �&" � � �52� !#� =� � � �� � � � ���� �
� ( � 8
�� � � �� ��� � ��� � ��� 
8�� � � � �" � � �� � ��" �� ���� ��� � �� � " 
 � �� �� � ��� � � �* � � . #�
�
%� �� � 
� � , � � �
	
 �  -� O� " � � � � � � � � " ����� 8� � � � � � � � �
 � � 8�" � � � " � � � � � ��" �� � C� � � " ( �
8�� � �
 � � � � � � � � � � � � =� � � � � � � � � ��8� �� � 
�&" 8� � � � 
 � S� 
 
 � � =� � )- � � � �� � ��� � #� =� � �
8�� � �
 � � � � � � � � �� � � � �� 
 � � � � � � � �� &" � � � � � � � � � � � � � � � � " 
 �� � � � � �� � � � � � 8� � � � � � � � � � #�
=68�� � �
 � � � � � � �� � � � � ���� +� � * +)� 	 , � - " � � �� � +8� � � � � � � � #� � . � / - �$ � #� � � " �� � � �� � �
� � � " 
 � � � � � � �� � � � � � �" 8� � �C�" � � � �� � � 8
� �" 
 � � � � � �� � �� � � � � � � � T� �U- !#�=� � � � � � � �
 � � �
� 6�� � 8� � � � � � �� � � ��
8� ��� 8� �� � � � ��� �+� � � � �� � �� 
8&" � � � � � ���>� #� �/ F �� � � �0/ F?�C�)
� #B�S9� - 5��� � �� � ��� ��� � �� � � 
+� �F8
� !#��
� � " �� �� � �� � +�� � � � � ��� �8�" � �  � �� � �� � � � �
 � � � � 6�� � 8� � � � � � � � � " 
8� � � � � ��� 
8� � � �8� � � � �
� � �� " �� � ��- �w!3�

[ ] *<!V�!V�
�

!-�
www

w
¥®-

= � �

�
� H�w �V��wWX!�Y�� � �� ��* �� � � ��
 � � � � � ��� � � � � � ��� ��
8&" � � � � �� � +" �� �
 �  ��� �

8� �� �� � � � �� � ��� �� � �" ��� � �� ���6� �
� �� � ��� �� " 
 �� � � � �� � � �8�� � �
 � � � � #�- �w! �� � � � �8� �
%- � � � � ��8��� �� 
 �� � �� �� %�� � ��" � � �+
� � � � " 
 �� � � � �� ( � �� � " � � � ��: �
 � �
 � � 
8� � � �8� �� � � � �
�� �� �� � �� � � � �� ( � �� � �M� � � #�=� ��� " ( �� � �� �� � � 
 � �� � �� � � � � ���� �� � ��� " ��� ���� �� � " 
 � � �
=� +��- � � � !�� � ��� � � ��� � �� � �=� +�� �!�� � ��" � � �� 
 � ��� �� � 
 �F� � �� ��  �� ���6� � +�� �� � �
� 8� � � � � +� �Z�� � ��� " �#�
�
	
2 +� � �� � �� 	� � 	#�� � � � � �
 � 	
[ �" � � �� � � �� � � � �� �� � � �� 
8�
 � ��� � � � �� �
� � � 
 � � � � � � � � � � � ��� � � � � � � �  � � 	� 
 �� � � �  3� �;8�� � �
 � � � � � � �� � ;� � � 
 � � 
 � � � " � � 
" +" � " � � �
� � � 
 � � � � ��� � ��� � � � " � � � � �� 
 � 8� � 
 �� � � � ! � � � � " ��� � � � ��� � 8� � � � �� �&" � � � � �� � �
 � � � 8� �
� � � � � �;� � �� � � / � � $ � \ / � $ � \ � � , � ] $ / � � �� 
 �� � 8� � � � � � � / � $ !#�* � � � � � � ��� � � 8�� � � �  �
�68�� � �
 � � � �� � ��� � � � �� 8
8� �� � � � � �� 
 � � 
 � #�
� � � 
 � � � � � � � � � � � � �� � 
�� � � � � � � �  � � 	� 
 �� � � �  �3� �;8�� � �
 � � � � � � �� � � � " ��� � � � � " � �8� � � " �

 � " +� � � � � � � � �� 	 � � � � # � � � � " ��� � 
 �� � 8� � � � � � � / � $ � � � " 
 � � � � � � � � ��� � �� " � � � � " 
 � � � � �
� 
 � � 
 � �� ��� � �� � � � � �&" � ���8!#�



� '�( � � � � � 
�� � � �%'�) � � � �*�� � � �� � � 	
� � �� 	� 
 �� � 
 � 
� 

 � �� 
 �� �� � �� � � � � � �� � � � � � � �

�� � � �

�
� 
  � 	� �
� � �� � � � 
! � � 3������ " ��
 � � � 
&" � 
�&" 6" � �� � � " ��� +� �� �" � ��� � +�&" 6" � � �� �� " �� �
� � � 
8� " ��� � � � � �� � � �� � � 
 � �� � #� - � � � � � � � � � �� � � �� � � 
 � �� � � � �� �� " � � � � � � 
 � � � �" � � � �� � � �

8� " ����� �
" +� � ��8�� � �� " 
 �� � � #�=� �� " 
�� � � �� 
 � � 
 � �� � ��68�� � �
 � � � �� � ��
 � � � " � �� �" � ���� � � �
� � 
 � " � � � � ��� � � +� � 8�� � �
� � � �� �&" � � � � � � � " � � � � � �" ��� � � � � � - � - �� � � � � � � � �
8�  �
� " � � 
 �� � � �� � �� � �� �� � � � " � � � � � " � 8
�� " 
 � � 
 � � 8� � � " � �C� �6� � � ��� � ��� � � � " � � � � �� 
 �8� � 
 ��
� � � #�^ � � � � 
 � �� 
 � � � � " �� � +� � � " � 
 � " +� � � � � � � � �� 	 � � � � #� � �8�8� � ��� � �" 8�<" � �� � � � 
7� � �� �
� �� � � �" ��� � � � � � � �&" � #� $ � � � � � � 
 � � � � �� 
 � � &" � � �� � � � � � � �
 � � � � 6�� � 8� � � � � � � � � �
�68�� � �
 � � � �� � �� 
+� � ��� � � 
 � � � � � ��" � �� � � � � 
 �� � � � ��� " 
 � � � � ��� � � � � ���� ��J�+" 
� ��  �
� �� � � � �� !#� =� � � � � � " 
 � � � � � � � � � � � ��8� � " ( � � �� �8
� � �� � � 8�� � � � � � � � � � ��� � � +� � � �� � � �
� 
8�
 � ��� � � � �� �� � � ��
 � � 
8� � � �8� � �� " 
�� � ��� �� �+" 
� #�

)� � � � � �
�  	

�  �

�  	

�  �

�  	

�  �

�  	

�  �

�  	

	  �

3

�

	�
��

���
m#

J#
��

)�
!

3
 � 	� ��/ F!

�5�� � �
 � � � �� � � ��
� ��8�
�4� ��� � � +� �8� � 
��� � �
�� � 
�� � � " � � � +� �� " �
 � "+� �� � � �� !
�4� ��� � � +� �8�� � �
 � � � �� �&" �
�� � � � �� � � " � � � +� �� " �
 � "+� ��	 �� !

 

 

�
4�� � � � 	 � #� 5� �� �� � � � � � 
8�
� ��� � � � �� � �� � " � � � ��� � � +� � � " 
 � �� � � �� � � 
 � �� � � � � � � � ���� � � � � �
�6�� �� 
 � � � � �* +9� #� �. �/ - �$ � �C�)� #B�S9�� - 5#�
�
=� � � � � � +� � � � �� � � � �68�� �� � � � � " 
 �� � � � � � � �68�� � �
 � � � � � � � � ���� +� � � 6� 
+� � ��C� � � � &" � �
8�� � � � � " � � � ��� � � +� � � �� � " � � 
8�
� ��� � � � �� � � �� � � � � 8� � � 
 � �� � � �� � +� � � . 5M� � � � �� �
J�+" 
� � � #� - � � � 
8� " ��� �� � � 6�� �� 
 � 
7�� � �� � � � �� � � � � �7
� � � " �� � � �� #� =� � � � � " � �� +� � � " �

 � " +� �
8� " ����� � �� 8�� " �� �� � �� " 
 �� � � �� �� � �� 8�8
� +8� 8��8� �� � ��� �� " 
�� � � �� � ��;8�� � �
 � � � �
� �� �� " � � �! � �� � � " 
 �� � � � � � �� 
 � � � " � � � �� � �� � �" � � � � � � +7� � � � " � � � �� �� � � � � " � � �6� 
 � 
 � �
� 
�� �� ���� #� =� � � �� � � �" ��� � � � � � � �&" � � � � � � 
 � �� � � 68��� �� � 
� �� � � �� � � 
 � � � ��� � � �
+8� � 8�
 �&" � � �� ��� � �� � ��� � ��� �� 
 � �� � � �� " 
 �� � � � �� � � � 
 � �� �" � �� � � � +7� � � �� � �� � �� ��� � �
� " � �+8� � 8�
 �&" � ��� � �
 ��� � ��� � +� � �. 5M�� � ��� �J�+#�� !#�- � � �
 � �
 � � � � ��C�� � �&" ��� � ��
� 
8� ���� � 
 ��� ��� 8� 
�� �� � � �� 
 � � �� ��  �� � �� � � � 
 � � �� " 
 ��� �+� � � � �� � �� 
8&" � � � � � �>� #� �/ F�
_�� �] / F!�" � �� � � � � 
 �� � � � ��� � � � � ���� �� � � � �" � � �� �� � � 
 � �� � �� � � � � ���� � �� � �� �� �� : � � �
&" � � � � �68�� �� � � � �� � � " 
 �� � � � � � � �68�� � �
 � � � � � � �� 
" +" � " ( � �J�+" 
� � �  � ` � � �� � ! �
� � � � � ��� � � �� � �� � �� �6� � � � �� 7� � �&" � � �� � � 8� � 
 � 
 � � � � � � " 
 �� � � �<� " � � " � � 
I �� � �� � � 
 �� � ��
� � � � ��� �� �� � � 
 � �� � �� � � � � ���� � #�
�



� '�( � � � � � 
�� � � �%'�) � � � �*�� � � �� � � 	
� � �� 	� 
 �� � 
 � 
� 

 � �� 
 �� �� � �� � � � � � �� � � � � � � �

�� � � �

2� ��" � � � � �� � ��;� � � � 
� ��� � �� � 8� ���&" � �� " 
 ��� �� �� � � 
 � �� � �� � � � � ���� � �
� ++� ��� � �	� �
 � � 
 � � �� � �
� � �
5� �� �" � �� � � �8� �� � � � � � ��� � �
 � � �� � �� � � �
 � ��� �
 I �� �� � � �� � � ��� � ��� �
 " +� � ��8�� � �� " 
 �� � � �
� � � � ��� �� �� � � 
 � �� �  �� � �� � � �
 � �&" � ��� � �� � � � �� �� 6� � � � 
 � ��� � �� � ��� " � � ��" � � ��� ��" � � � � �
� " 
� �� � � �� � � 
 � �� � � � � � � � ���� � #� $ � � � � " �� � 8
���� 
 � &" � � �� � � �� � � 
 � �� � � � " +� � � �� � � �� �� �
� � �" ��� � �� � �� � � �� � ��� � � � ��68�� � �
 � � � �� � � ��� � ��� � � ��� � � �&" ��� 6� � � � 
 � � � ��� � � ��� � � � �#�
$ � � � � � � 
 � � � � � : � � � � " 
 � � � � � � " 
 �� � � � � ��� � � � !� &" � � �� � � � � � � � �
 � ��� � � � � � ] - �� � � � � �
�68�� � �
 � �� �� � � � " � � � �� ��" � � � � � � 8� 
 � �� � � � �� � � " 
 � �6� ( � � � � � �� a� � " � - 45 � � " � � C� � � � �
� 
 � � � � � " � �� 6� � � � 
 � ��� � #�=� � �� � � � �
� � �� 6�� � 8� � � � � �� 6" � � �8�� � �
 � � � ���� � � �� � �� 
+� � ��
� � ��8�8� 
8� ��� 8� � � � � � � �� � 
8+�� � � � � � �� � � � " � �� � � � " � � � �C� � #� �S � � � � � � � #� � . � / - �$ � �
� � � �� � � � ��� " �] - ��C�� �" � �� " 
 � �� � � � � � �
 � ��� � � ��J�+#�� !#�

)� � � � � �
�  	

�  �

�  	

�  �

�  	

�  �

�  	

�  �

3

�

	�
��

��m
#J

#�
�

� !

3
 � 	� ��/ F!

��  � ��� . �] - �
��  	 ��� . �] - �
�� ����� . �] - �
�� ����� . �] - ��)��  � S�

 

 

�
4�� � � � 	 5#�5��� �� � � � �� � � � � � � � �
� ��� � � � � � ] - �� � " 
 � �� � � �� � � 
 � �� � � � � � � � ���� � � � � � �6�� �� 
� � � � �
* +9� #� �. �/ - �$ � #�
�
$ � �
� � � 
&" � �&" � ��� �� �� � � 
 � �� � �� � � � � ���� � �� " +� � � �� ��� 
 �� � � � ��� � � � ��6� � � ���� � �� � �
� � �� 
" 
 � � � : � � � C� � � � � � � � � � � �
 � ��� � � � � " � � �� �� �� �� � � &" � � � #� � � . � � �� � � ��� �
� " +� � � �� ��� � � � � � �� � �� � �
 �" � ��� � � � �� � � � � �� � �� � � " )� � � � " � � � � � � � � . #� 5� � �� � � � ��
� � � � �� � � � � �
8� " ��� �� �� � �� � " � �� � 
 �G#�/ � 
� � � ��>L?�&" ��� � � �
 � � �� �68� �� � � � � �� �
 � � �� �
� � ��6� � � � 
 � ��� � �� � 8� ���&" � �� " �� � �� 
" 
 �  �� � �� � " ���� �� 
 � 
8�� 
 ��� � �
8� " ��� �� �� � ��� �J�+#�
� � � � � � � � " � � � � 
 � " � � � &" � � �� � � �� � � 
 � �� � � � � � � � ���� � � � � �� � " � � C� �6� � � � 
 � ��� � � � " �
� � �� 
" 
 � #� ^ � � � " �
� � � � �� �� &" �� � 8
��� � � ;: �
 � � � � " �� � 8� � � �� &" �  � �� � � � � � � ��8� � � �
�;�� �� 
 �� � � � � � � � 
8� � � � � � � � � � �� � � � - �)� � � � � � �� �� � � � � � � � � �
 � ��� � � � � � �� �� " <� " 
� �
� " � 8
�� " 
 �C�� � ��� �� � ��� �� � " � � � �� ;� ( � � � �� � �� � � � � � � �� � ��;� � � � 
 � ��� � �&" � ��6� � �� 
 � � � �
� � " � � � �� � � � � � � 
8�8
� � � �  � � � �&" �� � � �� � � �+
� � � � � � � � 
 � � � � � � � �� � � �� 8� 
 �� � � 
8� � � �� � �
� � ��;� � � � 
 � ��� � �>� � ?#�
�
� ++� ��� � �	.�  � / 
 � �

 � � � � �� � � � : � � � � � � � � ���� � � � � 6� ( � 8
�� � � �� ��� �  � � � � � � � � � �
 � � � � 6�� � 8� � � � � � � � � � ��
� � �� � " � �� � " 
 �] - � �] M
�� ��] 2�� ��� � � ���� � ��� � � �- �) �M
 )�� ��2)�� � � ��� � � � " � �� � " 
 ��� " 
�



� '�( � � � � � 
�� � � �%'�) � � � �*�� � � �� � � 	
� � �� 	� 
 �� � 
 � 
� 

 � �� 
 �� �� � �� � � � � � �� � � � � � � �

�� � � �

+
� � � � �� � ��� ��8�� 6� � � � 
� ��� � �� " 
 ��� � �� 8�� " (  �� � �� � 
 ��� " ��� 
 ��� � �� �" � �� � � �� � �� 6� � �
 � �
� " ( � C� �6� ( � � � �� � � � � �6� 
+� � �#� $ � � � � " �� � � �
 � �J�+#� � !�&" � � �� � � �� � � 
 � �� � � � " +� � � �� �
&" � � � � �� � � � �" ��� � � � � � � � � �� � �� � � � � � �68�� � �
 � � �  � � � � ��� � �� � � � � �� � � �&" �� � 6� � � � 
 � � � ��
� �" � ��� � ��� � � � ��>� � ?#�

)� � � � � �
�  �

�  	

�  �

�  	

�  �

�  	

�  �

�  	

�  �

3

�

	�
��

���
m#

J#
��

-2
!

3
 � 	� ��/ F!

�� �� . �] - �
�� �� . �] M

�� �� . �] 2
�� �� . �)��  � S

 

 

�
4�� � � � 	6#�5��� ��� � ��6� � � 7� � �� � � � 
 � 8� �� " 
��6�� � 8� � � � � �� � ��6�� �� 
 � � � � �* +9� #� �. �/ - �$ � #�

�
=� �� � � � � ��8�� � ��� �� � " � �� �� � " � � � �� � ���� " <� " 
 � �� " � 8
�� " 
 �� ���� �� �� � � 
 � �� � �� �" � �� � ��� �
� � � � ��� �� � � �� � ��� �� � �" ��� � �� � � �� � � � ��� " �- �)#�^ � � �� �� � � 
 � �� � �� � � � 
 � �� �" � �� � � � � �" 8� �
� � � � 
 � a��� " ( �� � " �� � ��
8&" � � � � � �� � � � � �� � � � � � � � � �� �� � �" ��� � �C�� � � � � � �
 � ��� � � � � �M
 ) �
� � �
 � � � � � � � ��� �� � � � � ��8�� � ��� �� � " � �� �� � " � � � �� �� �� " � �� 
" � &" � � � � � �C�� � " � � �� � ��� �
� 8� � 
� ��� � �� " �M
 )�� � ��� �� " 
 �� � � �� 6� 
+� � �#�=� � ��� � � �- �)�� 6� � � � 
 � � � ��� � 
 �� � � � ��� " 
 ��� �
� " 
�� � � � � 6� 
+� � �#�=� � � �� � � �M
 )� � �� �� � �2)� � � �� � 
 � � &" � � " � � � : � � � � � � � � 
 �� � � � �� � " ( �
� � � � � � � �
8&" � � � � � #�* " ( � � � " �� � � �
8&" � � � � � � �� �M
 )� � � 
 � � � � � � � � " � � �
 � � 6� � � � 
 � ��� � #�
=� � � �� � � 
 � �� � � � � � � � ���� � � � � � �6�� �� 
 � � � � � * +9� #� � . � / - �$ � � � 8� � � � � 8�
 � ��� � � � �� � � �
�6� � � � 
� ��� � �� � � ��� � � �- �)�� ��M
 )�� " 
 ��� �� " 
 �� � � �� " �� 8�� �#�
�

� � !� � � !� � � !�

	 	 	

4�� � � � 	 � #� 2� � +� � � . 5M� � 6" � � � 8�� � �
 � � � � � � � � 
+� � ��3� 0� 1� � � � � �
 � ��8�  � 0( 1� � � ��� � � � � � � � " �
� � � �� 
 � 8� � 
 �� � � � � � � " 
 � � � � � 
 � � � " � � 
" +" � " � � ! � 0� 1� � � 
7� � � �� � � �" ��� � � � � � � �&" � � � � " 
 � � � � �

 � � � " � �� �" � ���� � � �� � 
�
 � � � � 
 ��C�0( 1!#�
�
�



� '�( � � � � � 
�� � � �%'�) � � � �*�� � � �� � � 	
� � �� 	� 
 �� � 
 � 
� 

 � �� 
 �� �� � �� � � � � � �� � � � � � � �

�� � � �

� 
 � � �� � �
 � 	
=;� 
 �+�� � � � � � �� � � �� � � 
 � �� � � � � � � � ���� � � � � � �;�� �� 
 � � � � � * +9� #� � . � / - �$ �  � � � � � �� �
� 8� � � � 
 � � � " � � 8� � 
 � 
 � � � � � � " 
 �� � � � � �� � � � �6� � � � 
� ��� � � � � 8� ���&" � � � � � � �� � � #� =� � �

8� " ��� �� � �� � �&" � � �� &" � � �� � � � � � � �� � � � � � � ��� � � +� � � � " 
 �� � � � � 
 � � 
 � � C� �68� � � ��� �
� �� 
 � � � � � �&" � !� � �� � � � � � 
8�
 � ��� � � � �� � � � " 
 �� � � � � 
 � � 
 � � C� �68� � � ��� � � �� � �&" � !� � � � �
8�� � �
 � � � � � <� " � � �� " � � 
 I �� � � �+� ���� � ���� � � � � � �� � � �� �� �� � ��� � � � � � �� � � �� � � 
 � �� � �
� � � � � ���� � #�=;� � � � 
� ��� � �� � �� � 
 �� �� � � �� � � 7� � � ��� � �&" � � �� � � � " � � �� � " 
 ��� " 
 �� � " � � �
 �
� 6� � � � 
 � ��� � � � " 
 � �� � � " 
 �� � � � � ;� 
+� � � � �� � - �)� � � � � � 
 ��� " ��� 
  � � � � �� �� � �� 
 �� � � � �� �� �
� � � � � 
 �� � � � ��� � � � � ���� �� � ��;�� � 8� � � � � #�=� �� � 
 �� ��� � �� � ��� �� � � � � ��8�� � ��;�� �� 
 � � � � �

8� � � � � � " ( � � 
8� �� �� � � � �� 8� 
�&" � � � �� � �&" � � �� " � � � � " +� � � �� ��� � � � � � �� � � � �� " 
 � � � �
� � ��� � � � � � � ��8� � � � �� � � ��� � � � " � � � " � � �
 � � 6� � � � 
 � ��� � � � �� � � � �;� � � 7� � � � � � �� � " � � � � � � �
�68�� � �
 � �� �� #�
2��� � 
 � ��� �� �8
� � � � � �� � 68�� � � 
� �� � � �8�" � � � �� " 
� �� � � � � � � � 
 �� �� " ( �� � � � 8�� " ( � � � � �� � �
�* "  � 4�!� � � � � � � � +� 8� � � �� " <� " 
� � � 6" � � � � � 
 � � �8
�� � ��� � � � � 
 � � � �� +�&" � � ��� � +� � �
. 5M!� C� � � � &" � � 8�� � � � � � � � � 
8�
 � ��� � � � ��  � � � � &" �� � � " � � � � 
 � � ��
 � � � � 
 �� �� � � � � ��
� 6� � � �
 � � �" � � � ;�� �� 
 � � ��� � � � � " 
 � �� � � � �" 
 � � � � � �;�� �� 
 � � � � � � �� � � � � � � 8� � � 7� � � � � �
�� �� 
 � � � � � �� #�=;� � � �
 � � � � � � � ��� ( � 8
 �� � � �� ��� � 8� � 8
� ��� �  �� � �� � ��� � �� �� #!�� � ���: �
 � �
� " � � ��� � � � �� 8
8#�M�� � �&" � ��68�" � � �� � ��;� � � � 
 � ��� � �� � � �� � �8� " �� � �� ��� � � ��� � � �� " 
 ��� � �
� " 
�� � � � � � � ��� � � � � � ��� � 6" � � � �� � � 
�� � � � � �� � " � �
 �� ��� � 8� � 
 � �  � � � � " � � " � � 
 � � �� � C�
� � � � �
 � � " 
 � �� � � � �" 
 � � � � � � � � " � � � � � � � � � 
 � 8� � � � �� � " 
 � �6� � � 8� �� � � �� � �&" � � � ��
� � �8� " �� �
 � #��
�
�
2 � " � � � �� " � � � � 	
O� " � � �� � � � � � C� � ( � 
 �� � 
� �� " �� � � � �
 � � 
 � � � � � � �� � � � � � � � �� � � �
 � � +
� ���" � � � C� . � � � �� " 
 � * #�
M� �0� � 
 � � � " � �  � � � " � � �� " 
 � � � � � � 
 
 �  �S5� � 5)=* M �- � � � �� � ��� � � � � " 
 � � � � � �
 � � � ��� � 8��� � ��
� � � � � �� �� � � 
 �� � ��� � � � � � �� � ��" �� � �8�� � �
 � � � �� �&" � � #�O� " � �
 � � � 
� �� � � �� " � � ��] #�M� " � � � � � �
� � " 
 � � � � � � 
8� �� " ( � � � � � � ��� � �� 
 � � � � � �� � � 
8� � 
� ��� � � � � � � � � �" ��� � � � 8�� � �
� �� ��&" � �  � �� � �
� 
8�
� ��� � � � �� �� ���� �� � ��� � � +� �� � � �8�� � �
 � � � � #�

�
2 +� � " + 	 =;�� � 8� � � � � � �� �� 
 � � � � �� �� � � � � � 8�� � �
 � � � � � � � ��� � � � � � � �6� � � � � � � � � � � 
8� � ��� � � �
� � 
� � �&" � � � � 8� �� � � � " � � � �� � 6" � � � � � � � 
 �� � � � �� � " 
 � � � � �� � � � � � ����#� 
 � � � � �� � � � � � � � � �
8�� � �
 � � � � � � � �� � � 
 �� �� ���� � �  � � � � � � � � � 
 �� � � � �� � � �� � � " � � � �� � �� � � 
 � ��#� 
 � � � � � � " 
 � � �
� ;�� � 8� � � � � �� " 
 �� � � �8�� � �
 � � � � �� � �� ���� +� �* +�� 	 , �- " �� 
8�
� ��8� � �� � � � �� #� . �/ - �$ � �� � � ��
� 
8� � � �8� � #�=� � � 
8� " ��� �� � � � � � � � � � ( � 8
�� � � � � � � � � �
 � � ��&" � � �� � � � � � 7�� � �&" �� � � � � 
 � � � � � ��
� � �� � � � �� 8
� ��� � �&" � ��� � �� � � � � �� �+8� � 8�
�&" � � �� �� 
 � � � � � �&" � � �� � ��� �� " 
� � � �  �� 6� � �)C)� �
 � �
�� � 
" +� � ��8 � � � � �� �� � " � � �� � � �� � � � " 
 � � ( � ��&" � 
� �� � � �� � � 
 � �� � � � � � � 
8&" � � � � � � � � � � 
 � 8� #�

 ;� " �
 � � � � � �� �� � � � � ���� � � � �� � �� ��� � � &" � � �� � � � 8�8
� +8� 8��8� � � � � � " 
 � � � � � � " � � � �� �� � � � � " � �
� 8� � 
 � 
 � �� 
 �� �� ���� �� � 8�8
� +8� 8��8� �C��68� � � ��� �� �� � �&" � !�� ���;8� � � �" � ��� �� � � � 
 � ��� � �� " 
 ��� �
� " 
 � � � � � � " � � 8�� �� � � � � � 
 �� �� � � � � � � 7� � � � �� � �&" � �  � � � 
 ��� " ��7
� � � � �� �� � - �) � <� " � � " � � 
I �� �
� 
8� � � � 8
� � ��� � � � ��� �� �� � � 
 � �� � �� � � � � ���� � �� ���� � " �� � � ��" � � �� �� � � 
 � �� � �� � � � ��� �+� � � � �� � �
� 
8&" � � � � � �+8� 8
� �� � � � ��" ����� 8� �� � �8�� � �
 � � � �� �� #�
�
� 
 � � 	 � �+� �3� 8�� � �
 � � � � � � � ��� � � � � � �� � 
 �� �� ���� � �  � � �� � � 
 � �� � � � � � � � ���� �  � � � � � �
 � � � � � �� �
� 6�� � 8� � � � � � 8�� � �
 � � � �� �&" �  � � 8�8
� +8� 8��8�  � 8� � � ��� � � �� � �&" �  � 
" +� � ��8 � � � � � 
 � ��� �  �
8�8� � � ��� � �� � � � �� � �� �� � �� � � � � ��- 45!#�

�

	



� '�( � � � � � 
�� � � �%'�) � � � �*�� � � �� � � 	
� � �� 	� 
 �� � 
 � 
� 

 � �� 
 �� �� � �� � � � � � �� � � � � � � �

�� � � �

2 � �� � � � � � � 	
� #�� M#�. � � � � �� 
� � �=� � �� � <� �� ��
 � � �� ��  �J�� � � � 
 �� �  �4� 
 ��  �� LE	 #�
� #�� * #� =� � . � � � " �8 � * #� 
 � � G" �� � 
 � � . #� 
 � �� � �  � � �� - #� J��� � � � &'0'� � 
 � � '� 1
 
#�

� � LB� !�B� 	 #�
� #�� � #/ #�=�"  �� � �  '�0� $'�2� ��#��� LB	 !�E� D� #�
� #�� =#�O� 0� �  �� #�4� <0� � � �  �� 	� 
 �� � 
 � 
� '�� 
 �� �� � LB	 ! �� 	 � � #�
	 #�� � #�4� <0� � � �  �3'�� 	� 
 �� � � � � 	'�&� � � #�� � LL� !�� � � #�
D#�� V#�] � 
 � � 
 �� #�4� <0� � � �  �3'�� 	� 
 �� � � � � 	'�&� � � #�� � B�� � LLB!�� � L#�
E#�� � #�4� <0� � � �  �
 #. #�] � ��  �� 	� 
 �� � 
 � 
� '�� 
 �� �� D�� � � � � !�� � D� #�
B#�� V#�] � 
 � � 
 �� #�4� <0� � � �  �� 	� 
 �� � 
 � 
� '�� 
 �� �� E��� � � � !�� � 	 	 #�
L#�� G#�/ � � � 
 �  �b#�� � ���� ��b#�O� +�  �3'�� 	� 
 �� � � � � 	'�&� � � '�� � LE� !�� � #�
� � #�� � #�4� <0� � � �  �� � �  '�&� � � '�� � � � � !�� 	 � #�
� � #�� � #�G" �� � ��� �' #�� � � � �� 0�� 
  �� 	� 
 �� � 
 � 
� '�� 
 �� �� 	 �� � � � � !�� � � E#�

�

�


