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

#��"!�%%� )�% *�0% !�)�!���)� $% �+ (!�0�%%�+! 2!� 3��% �*���� � /+� � �%%+!� ��
"�!��$�� "� )� $�4%�1 #� �� !�)�!��� "� �� �� 5� �� �$ "� ����"� %��� $�5/+� /+��� )��
����!"� �+ ��+!% "� ��% 6 � %1 #� !�)�!��� �� "��$�+! ����)�" 2�!��$ �$ �� 
��$�+!
�����((� 
+(� $ (�+! ��� ��"!�)� $ %��� $�5/+� �$ $��� �/+� "� ��+$� /+���$� "� $ ��%
)�� $ 0��$ ,� �5���!1

#� $�� % �7���)� $ & !�)�!���! ����$!���$� "� 2!� �� �$ �� 2� "% ��$�� �� �+�%%�
(�+! ��+! �((�!$ %��� $�5/+� �$ 5 � ���!1
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��!)� ��% �8�$%  �0�%$�% "� �� ��*�$�$�� 9��+$� "� (�!0�!)� ��� ,!+�$� *�,!�$�� %�
�$�1:� ���!�%�� "� ��*�$�$�� !�%$� ��+ "�% 0��$�+!% ��% (�+% ��)�$�$�0% "� % + � (�!%(��-
$�*� "� �� ��($�� "� )���� �% "� $����� !�"+�$�1 �� ��*�$�$�� �%$ (�!$��+��4!�)� $
� "�%�!�,��� ��! ���� �7�$ � %. �!7�� �*�� "��+$!�% (!���"�% "�� "�))�7�)� $ $��% /+�
�� ��!!�%�� �$ ���,!�%�� (�! �� %�,��1 ��� %�),�� "� ��% (�� �)4 �% �� "+�$ & + �
"�%$!+�$�� (!�7!�%%�*� "�% �+,�7�% "�+ � )���� � �."!�+��/+�1 ��� /+� "�  �)-
,!�+%�% �$+"�% /+� *�%� $ & (!�"�!� �� $�+' "��!�%�� "� ��*�$�$�� ��� $ �$� !����%��%�
��% )�"4��% �'�%$� $% � $ � ��!� ,�%�� "�;$!� �)����!�%1

� % + � (�!%(��$�*� "����,�!�$�� "�  �+*��+' )�"4��% "� ���7!�%%�*�$� "� �� ��*�-
$�$�� � �� $!�*��� � (�+! ,+$ "��$+"��! ��% )��� �%)�% �."!�". �)�/+�% /+� %� $ &
���!�7� � "� ���!�%�� "� ��*�$�$�� 1 �� "�)�!��� (!�(�%�� %��((+�� & �� 0��% %+! ���$+"�
"�% �)(��$% "� ��*�$�$�� � �$ %+! ���'(��!�$�� "�% (�� �)4 �% �."!�". �)�/+�% ���%
& ���)(��%�� "�+ *�!$�' ��*�$� $1 �� %�� ���$+"� "� % %� � %�),�� ��)(!� " "�+'
(�!$��%1

�!�)�4!�)� $� ���$+"� "� ���7!�%%�*�$� "� �� ��*�$�$�� "� ,�!" "��$$�/+�� /+� �%$
��+ � "�% %�$+�$�� % ��% (�+% �!�%�*�%� �%$ !����%�� & ����"� "�+ � $��� �/+� "� )�!/+�7�1
�����-�� �%$ �((��/+�� & "�+' �+,�7�% <
 "�������� "�8�!� $� � $+  �� "� ��*�$�$�� �
��% �+,�7�% (�+*� $ ;$!� (����% %��$ "� % + � *�� � "��%%�� !��$� 7+���!�� %��$ "� % + �
*�� � "��%%�� "�*�!7� $� /+� %�)+�� �� (!�%� �� "�+ 7!�"�� $ "� (!�%%�� 1 ��% )�$�!��+'
�'(�%�% & + � ��*�$�$�� "� ,�!" "��$$�/+� %� $ � ��.%�% & ����"� "�+ (!�5��)4$!� =
1
��$$� �$+"� � (�!)�% "� *���"�! �� )�"4�� � �!7�$�/+� � �� %�"�!� $ �� !� "�)� $
"��)(��%�� /+� !�(!�%� $� �� $!� %0�!$ 7��,�� "�� �!7�� "�% ��*�$�% "� *�(�+! *�!% ��
)�$�!��+1 ��% !�%+�$�$% "�)� $!� $ /+� �� *�$�%%� "� �����+��)� $ �$ �� (!�%� �� "�+ 
7!�"�� $ "� (!�%%�� %� $ ��% (�!�)4$!�% (!�(� "�!� $%� � "�8�!�))� $ "+ )�"� "� ��
��*�$�$�� "� ,�!" "��$$�/+�� %$�,�� �+ � %$�,��1 
� (�+%� "�+' $.(�% "��7!�%%�*�$� "�
�� ��*�$�$�� "� ,�!" "��$$�/+� � $ �$� �"� $�5�% > ��% %$!+�$+!�% "� *�(�+! /+� %� $
�!��% (�! ��% � %$�,���$�% "� ��%�����)� $ & (!�'�)�$� "� ��� $�!0��� ��+-*�(�+! �$ /+�
7� 4!� $ "�% �)(��$% �%���%� �$ ��% �?���!% "� 7!�%%�% %$!+�$+!�% "� *�(�+! "� $�����% (�+%
�)(�!$� $�% /+� %� $ & ���!�7� � "��)(��$% 7!�+(�%1


�+'�4)�)� $� ���'(��!�$�� "�% (�� �)4 �% (�.%�/+�% ���% �+ �����(%� "�+ *�!-
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$�' ��*�$� $ �%$ � $!�(!�%�1 �� �� ��($�� "�+ � ����+�� "� *�%+���%�$�� �� %� /+� ��
"�*���((�)� $ "�+ %.%$4)� "� *�%+���%�$�� (�! �),!�%��(�� � $ �$�  ���%%��!�%1 ��%
!�%+�$�$% "� ��$$� �$+"� )�$$� $ � �*�"� �� �� (�� �)� ���7�� $!4% !���� �$ $!4% ��)-
(��'� "+ �����(%� "�+ *�!$�' ��*�$� $1 �� (��%� 5 ��� "� ���)(��%�� �� "+�$ & + �
0�!)� "� ��*�$� �)(!�"��$�,�� �$ �!!�7+��4!�1 �� �����(%� �� %� /+� ���)�%%�� "�� "�% "�
���� %� $ "�% (�� �)4 �% $!4% ����+' /+� %+!7�%%� $ "�(+�% "�8�!� $�% �!�7� �% (�+!
+ � );)� ��*�$� (!� ��(���1 ��% *�$�%%�% "� ��� $�!0��� � $ �$� �%$�)��%1 ����% %� $
%+(�!��+!�% & =6@ � ��� �+ !�,� "1 �$� $ "�  � /+� �� �����(%�  ��%$ (�% !�7+���!�
��% *�$�%%�% ������% & ��� $�!0��� %� $ (!�,�,��)� $ ,�� (�+% �)(�!$� $�%1 ��! �����+!%�
�� (�� �)4 � "� �+)� �%�� �� "+ *�!$�' ��*�$� $ � �$� �'(���$� (�+! ������%�! ��% ���-
��(%�%1 �� �+)� �%�� �� �%$ "�$��$�� & ����"� "�+ $+,� (��$�)+�$�(����$�+! "� (��$� %
�$ "�+ � ��)�!� & � $� %�5��$�� "� �+)�4!�1 �� �+)� �%�� �� "�+ *�!$�' ��*�$� $ �%���
� �$� )�%� � �*�"� �� (�+! �� (!�)�4!� 0��%1 
� (�+%� "�% *�%+���%�$�� % %�)+�$� ��% "�
�� �+)� �%�� �� �$ "�% � "�% "� ���� � $ �$� ����)(���%1 �� �+)� �%�� �� � �$� ��!��-
$�!�%�� � $�!)�% "�� $� %�$�� "� $�+' "� %+��4% "� �� "�$��$�� �$ "� ������%�$�� (�+!
"�8�!� $�% �� "�$�� % �."!�". �)�/+�%1 �� �+)� �%�� �� "+ *�!$�' ��*�$� $ %� $!�"+�$
(�! "�% �)(+�%�� % �+)� �+%�% "� "+!��% *�!��,��% "� A@ �� & A@@ ��1 ��� $� %�$� "+ *�!-
$�' �%$ ��+ "�% (�!�)4$!�% "�$�!)� � $% "� ���)�%%�� 1 ��% *�%+���%�$�� % %�)+�$� ��%
"�)� $!� $ /+� ��% %�+!��% �+)� �%�� $�% %� �� 0� "� $ �*�� ���(��� $!� "�% � "�% "�
����1 
� (�+%� ���)�%%�� "� �� �+)�4!� �$ �� 7� �!�$�� "�% � "�% (�+*� $ ;$!� �� %�-
"�!��% ��))� %. ��!� �% �*�� + � � ��!$�$+"� � 0�!��+!� & 6@@ ��1 
� !�%+�$� �7���)� $
/+� �� %$�"� 5 �� "� ���)(��%�� �%$ "��+$� $ (�+% (!���� "� �� (�!�� /+� ��� $� %�$�
"+ $�+!,���� �%$ ���!+�1 �� !�%+�$�$ (�+$ ;$!� �'$!�(��� (�+! �� ��% "�% $�+!,���� %
��*�$� $% $!� %�$��!�% /+� %� $ 7� �!�% (�! + � ��*�$�$�� "� ,�!" "��$$�/+�1 
� �'(��/+�
��))� $ ���7!�%%�*�$� "� �� ��*�$�$�� �%$ ���!+� ��!%/+� �� *�$�%%� "� �����+��)� $ �+7-
)� $� > �� �����(%� "�% $�+!,���� % ��*�$� $% � ���+ (�+% (!���� "� �� (�!�� ��!%/+� ��
*�$�%%� "� �����+��)� $ �+7)� $�1
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�)� 7 $�� "�8�!� $  �7�$�*� ��*�$�$�� �8��$% $��$ �!� �%%����$�" B�$� $�� ��*�-
$�$�� (!�%� �� 9�C��� �. "!�(�  ��%� � " *�,!�$�� % �$�1:� ��*�$�$�� �!�%�� �% %$���
� � �0 $�� )�� ��)�$� 7 0��$+!�% � $�� )�"�! $!� " $�B�!"% "�%�7 � 7 �."!�+���
)���� �% B�$� %)����! %�D�1 ��*�$�$�� �!�%�� �% (�!$��+��!�. + "�%�!�,��� ,���+%� �$
�� ��$ � %. �!7. B�$� �$��! �!�%�� (!���%%�% ��E� ��!!�%�� � " %� " �,!�%�� � B����
��� ���" $� $�� (!�7!�%%�*� "�%$!+�$�� �0 ,��"�% �0 !+  �!%1 ��$��+7� )� . %$+"��%
�$$�)($ $� (!�"��$ $�� �!�%�� � $� %�$. 0�! � 7�*� %�$ �0 �."!�". �)�� �� "�$�� %�
�'�%$� 7 (!�"��$�� )�"��% %$���  ��" $� ,� ��!7��. �)(!�*�"1 ��B�!"% $�� "�*���()� $
�0  �B ��*�$�$�� �77!�%%�*� �%% )�"��%� $�� �� $�'$ �0 $��% (!�%� $ B�!E �% $� %$+".
$�� �."!�". �)�� )���� �%)% � *��*�" � ��*�$�$�� �!�%�� 1

��� (!�(�%�" �((!���� �% ,�%�" � ,�$� $�� %$+". �0 ��*�$�$�� �)(��$% � " � 
$�� (�.%���� � *�%$�7�$�� �0 � ��*�$�$�� *�!$�' �����(%�1 ��+%� $�� B���� %$+". �� 
,� "�*�"�" � $� $B� )�� (�!$%1

2�!%$�.� � %$+". �0 $�� ��*�$�$�� �77!�%%�*� �%% �0 ���"� 7 �"7� ��*�$�$�� � B���� � �
�0 $�� )�%$ �77!�%%�*� ��*�$�$�� $.(�%� �% �����*�" ,. (�!0�!)� 7 (�$$� 7 �'(�!�)� $%
� ��*�$�$�� $+  �� B�$� $B� <
 ,��"�% �0 "�8�!� $ %����1 ���. �!� ��$��! (����"
� � !��$� 7+��! $�%$ %��$�� � �! � � "�*�!7� 7 $�%$ %��$�� � �!"�! $� %�)+��$� $��
(!�%� �� �0 � (!�%%+!� 7!�"�� $1 ��$�!��� %(���)� % B���� �!� �'(�%�" $� � ���"� 7 �"7�
��*�$�$�� �!� � ��.%�" B�$� $�� ���( �0 � =
 (!�5��)�$!.1 ���% %$+". ��% *���"�$�" $��
� �!7�$�� )�"�� ,. �� %�"�!� 7 $�� �����(%� �C��� �. B���� !�(!�%� $ $�� 7��,�� � �!7.
$!� %0�! 0!�) $�� *�(�+! %$!+�$+!�% $� $�� )�$�!���1 
$ ��% ,�� %��B $��$ $�� F�B
*�����$. � " $�� (!�%%+!� 7!�"�� $ �!� $�� (!� ��(�� � F+� �� 7 )��!�%��(�� (�!�)�$�!%
0�! ,�$� %$�,�� � " + %$�,�� ���"� 7 �"7� ��*�$�$�� 1 ��!��*�!� $B� "�8�!� $ E� "% �0
��*�$�$�� �$$��E �� ,� %+77�%$�" > $�� *�(�+! %$!+�$+!�% $��$ �!� �!��$�" �$ $��
B�$�!-*�(�+! � $�!0��� ���" $� �%���$�" �)(��$%� $�� ��!7� %��" $!� %�� $ ��*�$��% .���"
��!7�! � " 7!�+(�" �)(��$%1

���� "�.� $�� (�.%���� %$+". �0 � ��*�$�$�� *�!$�' �����(%� ��% ,�� ��!!��" �+$1
���% � *��*�" $�� ��*�$�$�� *�!$�' 7� �!�$�! �0 
���2 0�! $�� 7� �!�$�� �0 � �%�-
��$�" *�!$�'1 ��� "�*���()� $ �0 � *�%+���D�$�� $�%$ %��$�� � " � ��7�-%(��" *�"��
%��"�B7!�(�. $��� �/+� ��% ,�� ,� !�/+�!�"1 ���% %$+". ��% %��B $�� ��)(��'
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�."!�". �)�� ���!��$�!�%$��% � *��*�" � $�� �����(%� �0 � ��*�$�$�� *�!$�'1 ��� ��*�-
$�$�� *�!$�' �����(%� ���"% $� � �!!�7+��! � " + (!�"��$�,�� *�(�+! ��*�$. %��(� �$
$�� 5 �� %$�7� �0 $�� �����(%�1 ��� �����(%� � " $�� �%%����$�" �)�%%�� �0 %���E B�*�%
�!� *�!. ����� (�� �)� � B���� �� �!�%� 0!�) "�8�!� $ ����$�� % �0 $�� %�)� )�� 
��*�$�$�� *�!$�'1 �%$�)�$�� % �0 $�� ,�+ "�!. *�����$. !�%+�$ � )�'�)+) *��+�%
7!��$�! $�� =6@ ���� �$ $�� !�,�+ "1 �% $�� �����(%� �%  �$ !�7+��!� ����� *�����$. �$
$�� ,�+ "�!. )�7�$ ,� )+�� ��7��!1 2+!$��!)�!�� $�� !����,���$. �0 "�$�!)� � 7 $��
�� $!� �0 �����(%�% ,. +%� 7 $�� �+)� �%�� �� (�� �)� � �0 $�� ��*�$�$�� *�!$�' �%
�*��+�$�"1 �+)� �%�� �� ��% ,�� "�$��$�" B�$� $�� ���( �0 � (��$�)+�$�(���! $+,�
� " � � $� %�5�" ��7�$ ��)�!�1 ��� �+)� �%�� �� �0 � �%���$�" ��*�$�$�� *�!$�'
�����(%� ��% ,�� �'(�!�)� $���. %��B 0�! $�� 5!%$ $�)�1 ��!��*�!� � %�)+�$� ��+%
��($+!�% �0 �+)� �%�� �� � " %���E B�*�% ��*� ,�� �����*�"1 ��� �+)� �%�� �� �0
$�� ��*�$�$�� *�!$�' ��% ,�� ���!��$�!�D�" � $�� $�!)% �0 $�)� ���+!!� ��� ����$�� �
%+���%% !�$� � " � $� %�$. 0�! *�!��,�� �."!�". �)�� �� "�$�� %1

��� �+)� �%�� �� �0 $�� ��*�$�$�� *�!$�' �((��!% �% %��!$ ��7�$ ,+!%$% B�$� "+-
!�$�� "�B $� A@ �� � " +( $� A@@ ��1 ��� *�!$�' � $� %�$. �% � "!�*� 7 (�!�)�$�!
�0 $�� �+)� �%�� �� �)�%%�� 1 ��)+�$� ��+% *�%+���D�$�� % "�)� %$!�$� $��$ �+)� �%-
�� �� %�+!��% )� 7�� B�$� $�� %���E B�*�% �(��� $!�%1 ��!��*�!� �+)� �%�� �� � "
%���E B�*� �7 �$�� ���+! B�$�� � $�)� � $�!*�� B���� �% ��%% $�� 6@@ ��1 �% � !�-
)�!E�,�� !�%+�$� $�� ��7��! $�� *�!$�' � $� %�$. �%� $�� ���%�! $� $�� B��� $�� ��*�$�$�� 
*�!$�' �����(%� $�E�% (����1 2+!$��!)�!�� $��% )�� !�%+�$ �� ,� �'$!�(���$�" $� $��
��%� �0 $!� %�� $ ��*�$�$�� *�!$���% 7� �!�$�" ,. � ���"� 7 �"7� ��*�$�$�� 1 
$ ��%�
�'(��� % $�� � �!��%� �0 $�� ��*�$�$�� �77!�%%�*� �%% B�� $�� F�B *�����$. � �!��%�% >
$�� ��*�$�$�� *�!$���% �����(%� ���%�! $� $�� B��� B�� $�� F�B *�����$. � �!��%�%1
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��*�$�$�� "�5 �$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =

�.(�% �0 ��*�$�$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =

��*�$�$�� �!�%�� � �."!�+��� )���� �% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

"
	
� �� 
�� 	�
 #

�!�%�*� %�$+�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

�!�"��$�� �0 ��*�$�$�� �77!�%%�*� �%% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 G

��*�$�$�� �!�%�*� (�B�! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 G

�����(%� �C��� �. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 H

��.%���� )���� �%)% � *��*�" � ��*�$�$�� �����(%� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I

�."!�". �)�� �0 ��*�$�$�� �$$��E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I

�+,,�� �����(%� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J

�� ��+)� �%�� �� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J

���$���� 	$$��	�� %&

�!�,��)�$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A@

��%$+��$� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A@

�((!���� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA
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A1A �!� ��(�� �0 �(�!�$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A6

A1< ��%$ %��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AG

A1<1A K-B� "�B% $�%$ %��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AG

A1<1< <-B� "�B% $�%$ %��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AI

A1= �."!�". �)�� (�!�)�$�!% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AI

A1K ��B ��*�� ��7�$ "�$��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AJ

A1K1A ���$� % "�$��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AJ

A1K1< 
 $� %�5�" ��7�$ ��)�!� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AJ

A16 ��7�-%(��" *�%+���%�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <@

A161A ��� �!� D-����!"� ��)�!� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <@

A161< ����,!�$�� (!���"+!� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <=

* ��� �	��
	
��� 
����� *#

<1A 
�%�!�($�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <6

<1< ��!����� $�%$ %��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <G

<1= 
�*�!7� 7 $�%$ %��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <G

<1K ��$$� 7 �'(�!�)� $% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <I

<1K1A �'(�!�)� $�� <-
 ,��"�% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <I

<1K1< =-
 (!�5��)�$!. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <I

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

! ���$��� !!

+ ��	�������
 !#

K1A �'(�!�)� $�� (!�$���� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =6

K1A1A ��*�$�$�� $+  �� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =6

K1A1< ��%$ %(���)� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =6

K1A1= �!��$���� $�%$ �� "�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =6

K1A1K �'(�%+!� $�)� � " "�)�7� �!�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =G

K1< �."!�". �)�� �� "�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =H

K1<1A ��!����� $�%$ %��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =H

K1<1< 
�*�!7� 7 $�%$ %��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 KA

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



�'(�� )�  )�����" ���

# ,����
� +!

61A ���!��$�!�%$��% �0 $�� (�$% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 K=
61A1A �*�!��((� 7 !�%E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 K=
61A1< 
 F+� �� �0 F�B *�����$. � �)(��$% %�D� 1 1 1 1 1 1 1 1 1 1 1 1 1 K=
61A1= 
)(��$% ����$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 K=
61A1K L�%+���%�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 KH

61< ��$$� 7 !�$�% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6@
61<1A ����+��$�� )�$��" 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6@
61<1< ���,�� ���!��$�!�%$��% �0 �*�!�7�" !�$�% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6A
61<1= ��)(�!�%� ,�$B�� $�� )�$�!���% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6A

61= �!�,�,���$. "� %�$. "�%$!�,+$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6H
61=1A ��%�% �0 $�� � ��.%�% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6H
61=1< ��� ���!��$�!�%$��% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6I
61=1= 
 F+� �� 7 F�B (�!�)�$�!% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6J

61K L���"�$�� �0 $�� � �!7�$�� )�"�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 GI
61K1A ���+%$�� � �!7. *�!%+% "�0�!)�$�� � �!7. 1 1 1 1 1 1 1 1 1 1 1 1 GI
61K1< �!�"+�$�� !�$� �0 ��*�$. � �!7��% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 GI
61K1= �����(%� �C��� �. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 GJ

- "��
����� .#

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

. ���$��� ./

0 ������������ �� 	 �	��
	
��� ���
�� ����	$�� 0%

I1A ���%+!�)� $ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IA
I1A1A �'(�!�)� $�� (!�$���� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IA
I1A1< L�!$�' �����(%� "�$��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IA
I1A1= 
)�7� ��/+�%�$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I<

I1< 
)�7� (!���%%� 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I=
I1<1A �+)� �%�� �� ���!��$�!�D�$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I=
I1<1< �+(�!(�%�$�� �0 *�%+���%�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IK
I1<1= ���, � ��.%�% �0 �+)� �%�� �� (�$$�! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IG

I1= �!���)� �!. %$+". 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IG
I1=1A 
!�*� 7 (!�%%+!� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IG
I1=1< L�!$�' �����(%� $�)� M�$$�! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IG
I1=1= 
�$��$�� �0 �+)� �%�� �� ,+!%$% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II
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I1=1K �8��$ �0 �!7� 7�% � M��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J=

I1K �+)� �%�� �� �0 $�� ��*�$�$�� *�!$�' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J6

I1K1A �."!�". �)�� �� "�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J6

I1K1< ���+!!� �� �0 �+)� �%�� �� � ��*�$�$�� *�!$�' ". �)��% 1 1 1 J6

I1K1= �����(%� ����$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 JI

I1K1K 	 (!�"��$�,���$. �0 $�� %��$$�!�" ��7�$ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 JJ

I1K16 
 F+� �� �0 "�%%��*�" 7�% � B�$�! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A@A

I1K1G 
 F+� �� �0 �."!�". �)�� (�!�)�$�!% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A@=

/ "���1 2	��� �� �	��
	
��� ���
�� ����	$�� %%%

J1A ���%+!�)� $ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAA

J1A1A �."!�". �)�� �� "�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAA

J1A1< ��7�-%(��" *�%+���%�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAA

J1< �($���� �� %�"�!�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA<

J1<1A ���"�B7!�(�. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA<

J1<1< ��0!��$�� � "�' � ��)(!�%%�" B�$�! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA=

J1<1= ���"�B �0 %���E B�*�% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA=

J1= 
)�7� (!���%%� 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA6

J1=1A L�(�+! ��*�$. �� $�+! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA6

J1=1< N�*� (�$$�! )�$��� 7 )�$��" 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAH

J1K ��)� ��%$�!. �0 $�� ��*�$�$�� *�!$�' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAI

J16 ��� �)� ���7���� %$+". 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A<<

J161A ����E B�*�% �)�%%�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A<<

J161< L�!$�' ��*�$��% ���!��$�!�%$��% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A<H

J1G �����(%� $�)� � " ,�+ "�!. *�����$. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A=G

J1G1A ����E B�*� *�����$. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A=G

J1G1< �!�"+�$�� �0 $�� %���E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A=G

J1G1= �� �)+) *��+)� �0 $�� ��*�$�$�� *�!$�' 1 1 1 1 1 1 1 1 1 1 1 1 A=G

J1G1K L�!$�' ,�+ "�!. *�����$. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A=H

J1G16 
)(��$ �C��� �. �0 $�� ��*�$�$�� *�!$�' 7� �!�$�! 1 1 1 1 1 1 1 A=I

%& "����
	����� �	$
���� �� ����1 2	��� 	�� ������������ %+!

A@1A ���%+!�)� $ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AK=

A@1A1A �."!�". �)�� �� "�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AK=

A@1A1< 
)�7� ��/+�%�$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AK=

A@1< �. ��!� �+% %���E B�*� � " �+)� �%�� �� �)�%%�� 1 1 1 1 1 1 1 1 1 1 1 AKK

A@1= �*�!(!�%%+!� �%$�)�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AK6
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AA1A �+)� �%�� �� �0 ��*�$�$�� *�!$�' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A6A
AA1< ��*�$�$�� *�!$�' �����(%� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A6<
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A �� �!�$�� )���� �%) �0 $!� %�� $ *�!$���% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 K

< �!�,��)�$�� � " �((!���� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA

A1A K-B� "�B% $�%$ %��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AG

A1< ��� ��*�$�$�� L�!$�' �� �!�$�! 9�L�: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AH

A1= <-B� "�B% $�%$ %��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AI

A1K ��)� "��7!�) 0!�) $�� � $� %�5�" ��)�!� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AJ

A16 �����(%� �0 � ,+,,�� �!��$�" ,. � ����$!�� "�%���!7� � B�$�! 1 1 1 1 1 1 <@

A1G ��� �!� D-����!"� *�"�� %��"�B7!�(�. %.%$�) 1 1 1 1 1 1 1 1 1 1 1 1 1 <A

A1H ����$!� �� "�%�7 �0 $�� �!� D-����!"� *�"�� %.%$�) 1 1 1 1 1 1 1 1 1 1 <A

A1I ��)� "��7!�) 0!�) $�� �!� D-����!"� *�"�� %.%$�) 1 1 1 1 1 1 1 1 1 1 <<

A1J ��!7�$ +%�" $� %��*� $�� �)�7� %���� 7 0��$�!% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <K

A1A@ ��0�!� �� %�/+� �� ,�0�!� $�� ���7 )� $ (!���"+!� 1 1 1 1 1 1 1 1 1 1 1 <K

A1AA ��0�!� �� %�/+� �� �0$�! $�� ���7 )� $ (!���"+!� 1 1 1 1 1 1 1 1 1 1 1 1 <K

<1A ��� ��7�-%(��" ��*�$�$�� $+  �� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <6

<1< ��!����� $�%$ %��$�� �0 $�� ��*�$�$�� $+  �� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <H

<1= 
�*�!7� 7 $�%$ %��$�� �0 $�� ��*�$�$�� $+  �� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <H

<1K �'(�!�)� $�� <-
 ,��"�% ���� G6@A< 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <J

<16 <-
 ,��"� ���� G6@A< 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <J

<1G ����$�� �0 � ��.%�" D� �% � � �'(�!�)� $�� %(���)� 1 1 1 1 1 1 1 1 =@

K1A ���"� 7 �"7� ��*�$�$�� �0 $�� 0+�� %���� <-
 ,��"� 1 1 1 1 1 1 1 1 1 1 1 1 =H

61A 
 F+� �� �0 F�B *�����$. � )�'�)+) *��+)�% 1 1 1 1 1 1 1 1 1 1 1 1 1 KK

61< �+!0��� *�%+���%�$�� �$ ����$�� K@O � " 6@O 0�! �� "�$�� �K=@K 1 1 1 KI

61= �+!0��� *�%+���%�$�� �$ ����$�� K@O � " 6@O 0�! �� "�$�� �G<6K 1 1 1 KJ

61K �*�!�7�" (�$$� 7 � " "�0�!)�$�� *��+)� !�$�% 0�! ��((�! %(���)� %
B�$� $�� 0+�� %���� <-
 ,��"� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<

616 �*�!�7�" (�$$� 7 � " "�0�!)�$�� *��+)� !�$�%� ��)(�!�%� ,�$B�� $��
(�!����� � " $�� "�*�!7� 7 $�%$ %��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6=
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61G �*�!�7�" (�$$� 7 � " "�0�!)�$�� *��+)� !�$�% 0�! �$�� ��%% �$��� %(��-
�)� % B�$� $�� 0+�� %���� <-
 ,��"� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6K

61H �*�!�7�" (�$$� 7 � " "�0�!)�$�� *��+)� !�$�% 0�! ��+)� �+) %(���-
)� % B�$� $�� 0+�� %���� <-
 ,��"� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

61I �*�!�7�" (�$$� 7 � " "�0�!)�$�� *��+)� !�$�% 0�! ��+)� �+) %(���-
)� % B�$� $�� %)��� %���� <-
 ,��"� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6G

61J �!�,�,���$. "� %�$. "�%$!�,+$�� �0 "�0�!)�$�� *��+)�� %)��� %���� <-

,��"�� �PKÆ Q G Æ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 G@

61A@ �!�,�,���$. "� %�$. "�%$!�,+$�� �0 "�0�!)�$�� *��+)�� 0+�� %���� <-

,��"�� �P�Æ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 GA

61AA �!�,�,���$. "� %�$. "�%$!�,+$�� �0 "�0�!)�$�� *��+)�� 0+�� %���� <-

,��"�� �P�Æ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 G<

61A< �!�,�,���$. "� %�$. "�%$!�,+$�� �0 "�0�!)�$�� *��+)�� "�*�!7� 7 $�%$
%��$�� � �PKÆ Q GÆ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 G=

61A= �!�,�,���$. "� %�$. "�%$!�,+$�� �0 "�0�!)�$�� � �!7.� %)��� %���� <-

,��"�� �PKÆ Q GÆ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 GK

61AK �!�,�,���$. "� %�$. "�%$!�,+$�� �0 "�0�!)�$�� � �!7.� 0+�� %���� <-

,��"�� �P�Æ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 G6

61A6 �!�,�,���$. "� %�$. "�%$!�,+$�� �0 "�0�!)�$�� � �!7.� 0+�� %���� <-

,��"�� �P�Æ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 GG

61AG �!�,�,���$. "� %�$. "�%$!�,+$�� �0 "�0�!)�$�� � �!7.� "�*�!7� 7 $�%$
%��$�� � �PKÆ Q GÆ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 GH

61AH �����(%� �C��� �.� 0+�� %���� <-
 ,��"�� �P�Æ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 H<
61AI �����(%� �C��� �.� 0+�� %���� <-
 ,��"�� �PGÆ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 H=

I1A 
�%%��*�" �'.7� *�!%+% $�)� � �L� �'(�!�)� $% 1 1 1 1 1 1 1 1 1 1 1 1 I<
I1< ����)�$�� �0 $�� �+)� �%�� �� *�%+���%�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I=
I1= ��%$�7!�) �0 � �+)� �%�� �� �)�7� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IK
I1K �+)� �%�� �� "�$��$�� � " �)�7� (!���%%� 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I6
I16 
. �)�� (!�%%+!� %�7 ��� ��*�$�$�� 0!�� �� "�$�� 1 1 1 1 1 1 1 1 1 1 1 1 IH
I1G 
. �)�� (!�%%+!� %�7 ��� ��*�$�$�� �� "�$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IH
I1H #�$$�! �0 $�� �����(%� $�)� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II
I1I ��� � " 
� B�$� $�� <-B� "�B% $�%$ %��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IJ
I1J L��*�� (!�%%+!� � " (��$� % %�7 ��% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IJ
I1A@ ���$� % �)�%%�� �$ $�� )�� �����(%� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J@
I1AA 
)�7�% �0 ��*�$�$�� *�!$�' 0!�) "�8�!� $ $�)� � $�!*��% �0$�! $�� *��*�

���%+!� 9<RA@ ��: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 JA
I1A< 
)�7�% �0 ��*�$�$�� *�!$�' 0!�) "�8�!� $ $�)� � $�!*��% �0$�! $�� *��*�

���%+!� 9AARAJ ��: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J<
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I1A= ���$� % �)�%%�� B�$� �!7� 7�% � M��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J=
I1AK �+(�!(�%�$�� �0 6@ �����(%�% B�$� �!7� 7�% � M��$�� 1 1 1 1 1 1 1 1 1 1 JK
I1A6 L�%+���%�$�� % �0 �+)� �%�� �� 0�! *�!��,�� $�)� B� "�B% 1 1 1 1 1 1 1 1 JG
I1AG �+)� �%�� �� � $� %�$. � " %+���%% !�$� *�!%+% ���� � ���� 1 1 1 1 1 1 1 JH
I1AH ����$�� �0 �+)� �%�� �� %(�!E% � $�� $�%$ %��$�� ���!"� �$�% 1 1 1 1 1 JI
I1AI �!�%�� � ��((�! %(���)� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 JJ
I1AJ ��'�)+) (!�%%+!� (��E *�!%+% �����(%� "�%$� ��� � P @1GG ��� 1 1 1 1 1 A@@
I1<@ �+)� �%�� �� � $� %�$��% *�!%+% ��!!��$�" (!�%%+!�� � P @1GG ��� 1 1 1 1 A@A
I1<A �+)� �%�� �� � " �����(%� ����$�� *�!%+% $�)�� �P@1GG ��� 1 1 1 1 1 1 A@<
I1<< ��)� �*��+$�� �0 �+)� �%�� �� ���!��$�!�%$��% 0�! � P @16I Q @1HG ���

9!+ S K: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A@6
I1<= �+(�!(�%�$�� �0 K@@ �+)� �%�� �� �)�%%�� %�+!��% 0�! � P @16I Q

@1HG ��� 9!+ S K: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A@G
I1<K �!�,�,���$. )�( �0 $�� �����(%� ����$�� � " B��� "�%$� �� 9!+ S K: 1 1 A@H
I1<6 �!�,�,���$. )�( �0 $�� �����(%� ����$�� � " B��� "�%$� �� 9!+ S 6: 1 1 A@I
I1<G 
 F+� �� �0 � � $�� �����(%� ����$�� 9!+ S KQ6: 1 1 1 1 1 1 1 1 1 1 1 1 A@J

J1A ����)�$�� �0 $�� ��7�-%(��" *�%+���%�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AA<
J1< ��0!��$�� � "�' �0 ��)(!�%%�" B�$�! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAK
J1= ��7�$ !�. $!��� 7 $�!�+7� � �"��� %���E B�*� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAK
J1K L�(�+! ��*�$. �� $�+! "�$��$�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAG
J16 ��� N�*� ��$$�! ��$��� 7 ��$��" 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AAH
J1G L�!$�' ". �)��% 0����B� 7 $�� )�� ��*�$. �����(%� 1 1 1 1 1 1 1 1 1 1 1 AAJ
J1H ���� " !�,�+ " �0 $�� )�� ��*�$. B�$� �)�%%�� �0 � B��E %���E B�*� A<@
J1I ��� <@@ �� 0����B� 7 $�� )�� ��*�$. �����(%� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A<A
J1J �$!� 7 %���E B�*� �)�%%�� 0�! �  ��! B��� ��*�$. �����(%� 1 1 1 1 1 1 1 A<<
J1A@ �!�"+�$�� �0 %���E B�*�% 0�! �����(%�% ����$�"  ��! $�� B��� 1 1 1 1 1 1 A<6
J1AA ���! B��� � " 0�! B��� ��*�$�$�� *�!$�' �����(%� 1 1 1 1 1 1 1 1 1 1 1 1 1 A<G
J1A<-AI ��7�-%(��" *�%+���%�$�� % �$ ����� 	
� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A<J-A=6
J1AJ-<< �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��% 1 A=J-AK<

A@1A ����)�$�� �0 $�� %�)+�$� ��+% *�%+���%�$�� % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AKK
A@1<-K ��)+�$� ��+% ��($+!�% �0 �+)� �%�� �� � " %���E B�*� 1 1 1 1 1 1 1 AKG-AKI
A@16 L�!$�' ,�+ "�!. ����  +),�! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 AKJ

�1A-<< �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��% 1 AI=-<@K


1A-K ��)+�$� ��+% ��($+!�% �0 �+)� �%�� �� � " %���E B�*� 1 1 1 1 1 1 1 <@H-<A@
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<1A �+$-�8 (�!�)�$�!% �0 $�� =-
 (!�5��)�$!. )��%+!�)� $% 1 1 1 1 1 1 1 1 =@

K1A �."!�". �)�� �� "�$�� %� 0+�� %���� <-
 ,��"�� (�!����� $�%$ %��$�� 1 1 =I
K1< =-
 �!�5��)�$!. )��%+!�)� $%� 0+�� %���� %(���)� � ��+)� �+) 1 1 1 1 =J
K1= =-
 �!�5��)�$!. )��%+!�)� $%� 0+�� %���� %(���)� � ��((�! 1 1 1 1 1 1 =J
K1K =-
 �!�5��)�$!. )��%+!�)� $%� 0+�� %���� %(���)� � �$�� ��%% �$��� 1 1 K@
K16 �."!�". �)�� �� "�$�� %� %)��� %���� <-
 ,��"�� (�!����� $�%$ %��$�� 1 K@
K1G =-
 �!�5��)�$!. )��%+!�)� $%� %)��� %���� %(���)� � ��+)� �+) 1 1 1 KA
K1H �."!�". �)�� �� "�$�� %� 0+�� %���� <-
 ,��"�� "�*�!7� 7 $�%$ %��$�� 1 K<
K1I =-
 �!�5��)�$!. )��%+!�)� $%� 0+�� %���� %(���)� � "�*�!7� 7 $�%$ %��$�� K<

61A =-
 �!�5��)�$!. %$�$�%$��%� 0+�� %���� %(���)� � ��+)� �+) 1 1 1 1 1 1 1 KK
61< =-
 �!�5��)�$!. %$�$�%$��%� 0+�� %���� %(���)� � ��((�! 1 1 1 1 1 1 1 1 1 K6
61= =-
 �!�5��)�$!. %$�$�%$��%� 0+�� %���� %(���)� � �$�� ��%% �$��� 1 1 1 1 1 K6
61K =-
 �!�5��)�$!. %$�$�%$��%� %)��� %���� %(���)� � ��+)� �+) 1 1 1 1 1 1 KG
616 =-
 �!�5��)�$!. %$�$�%$��%� 0+�� %���� %(���)� � "�*�!7� 7 $�%$ %��$�� 1 KG
61G ��%$ �0 %.),��% B�$� $�� ��!!�%(� "� 7 �."!�". �)�� �� "�$�� % 1 1 1 1 6H

I1A �+)� �%�� �� ���!��$�!�%$��% 0�! *�!��,�� $�)� B� "�B% �0 � $�!�%$ 1 1 1 JG
I1< �+)� �%�� �� %+���%% !�$�% 0�! *�!��,�� ����$!�� *��$�7� �0 $�� 
� 1 1 1 1 JJ
I1= �+)� �%�� �� ���!��$�!�%$��% � �*�!�7� 9!+ S K: 1 1 1 1 1 1 1 1 1 1 1 1 A@=
I1K �+)� �%�� �� ���!��$�!�%$��% � �*�!�7� 9!+ S 6: 1 1 1 1 1 1 1 1 1 1 1 1 A@=

J1A ����E B�*� *�����$. � " )�'�)+) ,�+ "�!. *�����$. 1 1 1 1 1 1 1 1 1 1 A=I
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��������� ���������

�� %(��" �0 %�+ " � B�$�! � ���

���	 F�B *�����$. � $�� ��*�$�$�� $+  �� � ���

� ���	 F�B *�����$. 9"�*�!7� 7 $�%$ %��$�� : � ���

�
 (!�%%+!� ���C��� $ 
�
���
�

�
���

���

�
�
��� (!�%%+!� ���C��� $ � $�� )�� ��*�$. ���%+!� !�7�� �
�
 *�����$. �0 $�� %���E B�*� � ���


 �����(%� "�%$� ��
�
�� � � � ��


� "�%%��*�" �'.7� �� $� $% � B�$�! �� ���

�� %$�( %�)(�� 7 �0 $�� =-
 (!�5��)�$!. ��

�� (�$� $��� � �!7. �0 *�(�+! ��*�$. �

�
 )� �)�� "�)�7� 7 � �!7. �0 )�$�!��� �

�� "�0�!)�$�� � �!7. �0 )�$�!��� �)(��$% �

����� )�� "�0�!)�$�� � �!7. �0 �)(��$% �

�� ���+%$�� � �!7. �

	� %��" 0!�/+� �. �0 )��!�%��(�� *�(�+! %$!+�$+!�% ��

	
 0!�/+� �. �0 $�� )�� ��*�$. (+�%�$�� ��

� �)(��$ "�($� ��

���� )�� �)(��$ "�($� �$ ����$�� E ��

� F�B � 7�� �0 � ��"� �� Æ

�� )�� ��*�$. �� 7$� �

�� � "�' �0 !�0!��$�� �
� !�$�$�� %(��" �0 $�� !�$�$� 7 *��*� � �L� �
�

��  +),�! �0 (�$% (�! %��� " ���

��  +),�! �0 ��*�$�$�� �)(��$% �$ $�� %(���)� ����$�� E �
���� )�'�)+)  +),�! �0 ��*�$�$�� �)(��$% �
��	��
  +),�! �0 7� �!�$�" �)(��$% "+!� 7 � � $�)� + �$ � "

��*� 7 $�� � �!7. ��

������

�	��
 (!�,�,���$. "� %�$. "�%$!�,+$�� �0 $�� � "� $�$�� "�0�!-
)�$�� � �!7. ��*� 7 $�� "�0�!)�$�� � �!7. ��

���

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



��� �)��� �'�5,�

�	��
 (!�,�,���$. "� %�$. "�%$!�,+$�� �0 $�� � "� $�$�� *��+)� ����

��	��
  +),�! �0 7� �!�$�" ��*�$��% "+!� 7 � � $�)� + �$ � "
��*� 7 $�� (�$� $��� � �!7. ��

������

��	�
 %$�$�%$���� "� %�$. ������


 (!�%%+!� ��

���� ". �)�� (!�%%+!� ��


��� )�'�)+) (!�%%+!� ��


�	� 
 *�(�+! (!�%%+!� ��


��	 !�0�!� �� (!�%%+!� ��


� 0�! 5��" (!�%%+!� ��


� (!�%%+!� �$ $�� �� *�!7� �� � ��$ �0 $�� ��*�$�$�� $+  �� ��


� (!�%%+!� �$ $�� $�%$ %��$�� � ��$ �0 ��*�$�$�� $+  �� ��

��� ��*�$�$�� �!�%�*� (�B�! �

�� "�0�!)�$�� (�B�! �

� F�B !�$� � �L� � ���

 ��� )�� �)(��$ !�"�+% ��

 ��� ��*�$�$�� �)(��$ !�"�+% ��

 � �/+�*��� $ !�"�+% �0 *�(�+! %$!+�$+!� ��

 
 !�"�+% �0 %���E B�*� ��

� $�)� "+!�$�� �0 � (�$$� 7 $�%$ �

� $�)(�!�$+!� Æ�

��! �
�
� �����(%� $�)� �0 $�� ��*�$�$�� *�!$�' ��

���� $�)� �0 $�� )�'�)+) (!�%%+!� (��E ��

�� �����(%� $�)� �0 ��.���7� �

���� %$�!$ �0 $�� � $�7!�$�� (�!��" �0 $�� 
� ��

�� *��+)� �0 �)(��$ ���

����� )�� �)(��$ *��+)� ���

����� )� �)+) )��%+!�" *��+)� ���

�� *��+)� �0 � *�(�+! ��*�$. ���

��! �
�
� ,�+ "�!. *�����$. �0 ��*�$�$�� *�!$�' � ���

� ���!"� �$� �0 $�� �L� $�%$ %��$�� ��

������� )�"�� "�%$� ��� T $�%$ %��$�� �'�% 9B��� "�%$� ��: ��

����� )�� "�%$� ��� T $�%$ %��$�� �'�% 9B��� "�%$� ��: ��

� ���!"� �$� �0 $�� �L� $�%$ %��$�� ��

������� )�"�� "�%$� ��� U $�%$ %��$�� �'�% ��

����� )�� "�%$� ��� U $�%$ %��$�� �'�% ��

�� �*�!(!�%%+!� � "+��" ,. � %���E B�*� ��

"�"� ��*�$�$�� ���C��� $ " � 
��
��� �
�

�
���

���

�
# �����(%� $�)� �0 ��.���7� ��
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#� 	$
 )�� (�$$� 7 !�$� �$ ����$�� E ���� ���

#� 	$
 )�� "�0�!)�$�� *��+)� !�$� �$ ����$�� E ������� ���

#�	$
 )�� � �!7. "�0�!)�$�� !�$� �$ ����$�� E � ���� ���

#
���
� �*�!�7�" (�$$� 7 !�$� ,. � $�!(���$�� ���� ���

#
���
� �*�!�7�" � �!7. "�0�!)�$�� !�$� ,. � $�!(���$�� � ���� ���

#
���
� �*�!�7�" *��+)� "�0�!)�$�� !�$� ,. � $�!(���$�� ������� ���

%�� �����(%� �C��� �. 	�����
	�����

�
� � �� )�� "�)� %�� �0 $�� *�(�+! ��*�$. � F�B "�!��$�� �

������ )�� "�)� %�� % �0 � *�(�+! ��*�$. �

� *�!$�' � $� %�$. � �L� �

���������


 ����$!�� *��$�7� �0 $�� &'!() *+, �� ��)�!� V @RA@@@ W �

���� "�($� �+$-�8 (�!�)�$�! �0 $�� =
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��� ��*�$�$�� �% $�� $��!)�". �)�� (�� �)� � $��$ "�5 �% $�� $!� %�$�� 
0!�) $�� ��/+�" %$�$� $� $�� 7�% %$�$� B�$�  � �'$�! �� ���$ %�+!�� 9��$�����!� AJGH:1
��*�$�$�� ��!!�%(� "% $� � "�%�� $� +�$. �0 $�� F+�" �� $� ++)� B���� $�E�% $�� 0�!)
�0 *�(�+! ��*�$��%1 
 �$����%�" ,. $�� (!�%� �� �0  +���� � $�� F+�" 9)��!�-,+,,��%�
%���" (�!$����% �$�1:� *�(�+! ��*�$��% �((��! � ��/+�"% B�� $�� (!�%%+!� 
 �% ��B�! $�� 
� �!�$���� *��+� 
�	� 
� B���� �((!�'�)�$��. ��!!�%(� "% $� $�� *�(�+! (!�%%+!� �0 $��
F+�" 
�	� 
1 ��� ��*�$�$�� �% $��!�0�!� �� "�$�� �" ,. � �,%��+$� (!�%%+!� �� "�$�� 
7�*� ,. >
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���%� *�(�+! ��*�$��% "�%�((��! *���� $�. + "�! � %+!!�+ "� 7 !���)(!�%%�� 1 �% �
)�!� 7��,�� "�5 �$�� � ��*�$�$�� �% "�5 �" �% $�� ��%$�!. �0 �((��!� �� � " "�%�(-
(��!� �� �0 $��%� *�(�+! ��*�$��%1 ��*�$�$�� �% �,%�!*�" � B�$�! �! � �$��! ��/+�"%
�% �� 7 �% $�� ��*�$�$�� �� "�$�� �% 0+�5���"1 ���% �� ���+! � F�B !�7�� % B��!� ��B
(!�%%+!� �% !�����" ,���+%� �0 ����� ��7� *�����$��%� � " ,. ����� *�!$���% �! (!�%%+!�
F+�$+�$�� % "+� $� F�B %���!%� ������!�$�� �$�1
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��*�$�$�� �� �((��! � $�� 0�!) �0 �%���$�" ,+,,��%� ���+"% �0 )��!�-��*�$��% �!
*�!$���%1 ��*�$�$�� ,+,,�� �% 0�! �'�)(�� )�$ ���%� $� + "�!B�$�! +�$!�%�+ " $!� %-
)�$$�!% �! � �."!�+��� $+!,� �% B�!E� 7 �$ ,�%$ �C��� �. (�� $ + "�! ��B ���)�%
 +),�!%1 ��� ���+!!� �� �0 %+�� � ��*�$�$�� �% *�!. %� %�$�*� $�  +���� �� $� $% � 
B�$�!1 ��!��*�!� $�� (!�%� �� �0 ��)(��' *�(�+! %$!+�$+!�% � " *�!$���% �% $.(����
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2�7+!� A> �� �!�$�� )���� �%) �0 $!� %�� $ *�!$���% 0!�) �*���� �� 	�� 9AJII:

�0 )� . ��7� *�����$. $+!,+�� $ F�B%1 
)(�!$� $ �'�)(��% �0 F�B-��*�$�$�� � $�!-
��$�� � ��+"� ��*�$�$�� � %���! ��.�!%� ,�+ "�!. ��.�!%� $�� B�E� ,��� " ���"� 7
�"7� ��*�$�$�� � $�� %���! ��.�! �0 %+,)�!7�" M�$% �$�1 ���%� *�(�+! %$!+�$+!�% �� 
,� 7� �!�$�" 0!�) $�� � $�!0��� �0 � �$$����" ��*�$�$�� � " � $�!��$ B�$� $�� F�B
�$%��01 � %���)�$�� �0 $�� 7� �!�$�� )���� �%) �0 ��*�$�$�� *�!$���% � $�� ���%+!�
!�7�� �0 ���"� 7 �"7� ��*�$�$�� � � <-
 ,��"� �% (!�(�%�" � 57+!� A 9�*���� �� 	���
AJIIX 
+(� $� AJJ=:1 
 $��% ���+%$!�$�� � $�� �)(�!$� $ !��� �0 $�� F�B *�!$���$. � $��
�$$��E (!���%% �0 ��*�$�$�� �% ��%� � $!�"+��"1 ����!"� 7 Y��*� �% $���!�)� $�� *�(�+!
%$!+�$+!�% B���� �'$� " ��� 7 $�� *�!$�' $+,�%� �� � " � $�� ,��"� %+!0��� � " $�+%
��+%� �!�%�� 1 ����!"� 7�.� $�� � $� %�$. �0 $��%�% *�!$���% 7�*�! $�� ����$�� �0 $��
�����(%�% � " $��!�0�!� ��% � � F+� �� � $�� �77!�%%�*� �%% �0 $�� *�(�+! %$!+�$+!�%1
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��*�$�$�� �� ,� �$$����" $� � %���" ,�+ "�!. ��E� $�( *�!$�' �! ���"� 7 �"7�
��*�$�$�� � ,��"�%1 ���% �% 0�! �'�)(�� $�� ��%� 0�! $�� ,��"�% �0 %��( (!�(����!� (+)(
�)(����! �! $+!,� � !+  �!%1 2�! $��% $.(� �0 ��*�$�$�� � � �""�$�� $� $�� (!�%%+!�
�� "�$�� � "  +���� (�(+��$�� � $�� ��*�$�$�� �((��!� �� �% %$!� 7�. � F+� ��" ,.
$�� %+!0��� !�+7� �%% 0!�) B���� $�� ��*�$�$�� "�$���)� $ �% �,%�!*�"1 ��!��*�!�
(�.%���� � " ���)���� (!�(�!$��% �0 )�$�!��� �0 $�� %���" %+!0��� �� %$!� 7�. � F+� ��
$�� "�$���)� $ �% B���1
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�)� 7 $�� "�8�!� $  �7�$�*� �8��$% $��$ �!� �%%����$�" B�$� $�� ��*�$�$�� (!�%� ��
9�C��� �. "!�(�  ��%�� *�,!�$�� % �$�1:� ��*�$�$�� �!�%�� �% %$��� � � �0 $�� )�� ��)�-
$� 7 0��$+!�% � $�� )�"�! $!� " $�B�!"% "�%�7 � 7 �."!�+��� )���� �% B�$� %)����!
%�D�1 ��� "�)� +$�� �0 $�� %�D� �0 �."!�+��� )���� �%� B���� �% )�$�*�$�" ,. $��
!�"+�$�� �0 $�� ��%$ �0 �� %$!+�$�� B���� E��(� 7 ��7� (�!0�!)� �� )���� �%� !�%+�$%
� � � ��!7�)� $ �0 ��*�$�$�� ,. � �!��%� 7 $�� !���$�*� F�B *�����$.1
��*�$�$�� �!�%�� �% (�!$��+��!�. + "�%�!�,��� ,���+%� �$ �� ��$ � %. �!7. B�$� �$��!
�!�%�� (!���%%�% ��E� ��!!�%�� � " %� " �,!�%�� � B���� ��� ���" $� $�� (!�7!�%%�*�
"�%$!+�$�� �0 ,��"�% �0 !+  �!%1 
$ �% ��%. $� + "�!%$� " $�� � $�!�%$� � $�� � � �� "�
0�! ���! � 7 �,�+$ �!�%�� (!���%%� � " � $�� �$��! �� "� 0�! �)(!�*� 7 ��*�$�$�� F�B
����+��$�� � �."!�+��� )���� �%1 ���% B��� ���( $� "�%�7 �."!�+��� )���� �% B�$�
� ����($�,�� �!�%�� !�$�1 
 �""�$�� � $�� (!�"��$�� �0 ����$�� �0 �!�%�� B��� �%%�%$
$+!,� � %+((���!% 0�! � �($�)�%�$�� �0 $�� (!�$��$�*� ���$� 7% � ,��"�%1 ��+%� � �
�� �'(��$ $� !�"+�� $�� ��%$ �0 )�� $� � �� � " $�� �%%����$�" ��%$ �0 � (!�)�$+!�
%�+$ "�B 1

����� � �!� ���


+!(��$ (� -� �!"(

�'(�!�)� $�� %$+"��% ��*� ����B�" $�� �!�%�*� ��*�$�$�� F�B %�$+�$�� % $� ,� �"� $�-
5�"1 ���% ��% ,�� "� � ,. ��)(�!� 7 �,%�!*�$�� �0 "�)�7�% � ,��"�% �0 (!�$�$.(�%
B�$� ��*�$�$�� (�$$�! % �% 0�+ " � $�� ��!!�%(� "� 7 )�"�� � $�� ��,�!�$�!.1 
$ �%
 �B ����($�" $��$ ���"� 7 �"7� ��*�$�$�� �% � � �0 $�� )�%$ �!�%�*� ��*�$�$�� $.(�%1
��B�*�!� $�� ��)(��'�$. �0 ��*�$�$�� F�B% � " $���! �%%����$�" (�.%���� (�� �)� �
(+%� $� "�*���( �'(�!�)� $�� � *�%$�7�$� 7 $���% $��$ %�)+��$� %�)(��! �."!�". �)��
�� "�$�� % �0 ��*�$�$�� F�B%1 �*���� Q Y�!�)� 9AJIG: ��*� ��)(�!�" �!�%�� (�$-
$�! % �,$�� �" B�$� "�8�!� $ ��*�$�$�� "�*���% B�$� �!�%�� �,%�!*�" � 2!� ��% $+!-
,� � )�"��1 
$ �((��!% $��$ %+�� "�*���%� �% 0�! �'�)(�� $�� ��*�$�$�� B�$�! $+  ��
� " $�� ��*�$�$�� *�!$�' 7� �!�$�!� �!� %+�$�,�� 0�! �!�%�� $�%$% � )�$�!��� �B� 7
$�� %$!� 7 %�)���!�$��% �0 (�.%���� ���!��$�!�%$��% �0 ��*�$�$�� �)(��$% � $�� $+!,� �
)�"�� �% ��)(�!�" $� $��%� � $�� ��*�$�$�� "�*���%1 �� . �+$��!% ��*� (!�(�%�"
$� %�)+��$� ��*�$�$�� �!�%�� �0 �."!�+��� $+!,� � !+  �!% �! (!�(����!% � <-
 ,��"�%
� � ��*�$�$�� $+  ��1 ��!�+7� *�%+���%�$�� % �0 ���"� 7 �"7� ��*�$�$�� � " �!�%�� 
)��%+!�)� $% � ,��"�%� )� . �+$��!% �7!��" B�$� $�� 0��$ $��$ �!�%�� �% "+� $� $��
!�(��$�" �����(%�% �0 $!� %�� $ ��*�$��% � $�� ���%+!� !�7�� �0 ,��E (!�%%+!� �����(%�
92�!��$� AJJKX �*���� �� 	��� AJII:1 ����!"� 7 $� $��%� %$+"��%� ���"� 7 �"7� ��*�$. �� 
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,� %�7!�7�$�" � $� $B� ���%%�% > �$ �% "�5 �" �% %$�,�� B�� $�� �� 7$� �0 $�� %���$ ��*�$.
"��%  �$ *�!. %�7 �5�� $�. B�$� $�)�� � " �% + %$�,�� B�� � �. � �*�!�7� �� 7$� �� 
,� 7�*� 1 ���% ��$$�! )�"� �% ���!��$�!�%$�� �0 ��!7� *�(�+! %$!+�$+!�% %��""� 7 $��$
�!� $!� %(�!$�" ,. $�� F�B1 ���% )�"� ��%� ��!!�%(� "% $� $�� ��7��%$ �!�%�� !�$�%
$��$ ��*� ,�� )��%+!�" ,. +%� 7 � ����$!�-���)���� $��� �/+� 9��� ������� AJIIX
��)� ��+ �� 	��� AJIJ:� �! ,. +%� 7 � (�$$� 7 $��� �/+� 9��!��!� �� 	��� AJJ6:1

�+$#�* �!" !) *��� � �!" �00+$((��$"$((
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��� ������� $�2��

��$��+7� )� . %$+"��% �$$�)($ $� (!�"��$ $�� �!�%�� � $� %�$. 0�! � 7�*� %�$ �0
�."!�". �)�� �� "�$�� %� �'�%$� 7 (!�"��$�� )�"��% %$���  ��" $� ,� ��!7��. �)(!�*�"1

���!+*� 7�"�) 9AJHA: (!�(�%�" �!�%�� (!�"��$�� ��B% ,. �� %�"�!� 7 $�� � F+-
� �� �0 $�� (!� ��(�� �."!�". �)�� (�!�)�$�!% �0 $�� F�B � �!�%�� X ,+$ $�� (!�(�!-
$��% �0 )�$�!��� �!�  �$ $�E� � $� ����+ $ � $��% )�"��1 ���% 7�( B�% 5���" ,. Y�$�
�� 	�� 9AJHI:� B�� �%$�,��%��" � !���$�� ,�$B�� �)(��$ �!�%�� $�!�+7� $�� ���� 

�($� �0 �� �$!�$�� ��$��� F�B *�����$.� � ���!��$�!�%$�� �� 7$� %���� �0 %���$ ��*�$.�
� " )�$�!��� !�%�%$� ��1 � $�� B����� $�� )�"�! $!� " � �!�%�� )�"��� 7 �% (!� ��-
(���. ,�%�" � � � �!7�$�� �((!����� B���� ��% ,�� � $!�"+��" ,. ��))�$$ 9AJG=:�
� " )�!� !��� $�. �)(!�*�" ,. �*���� �� 	�� 9AJJA:X 2�!��$ �� 	�� 9AJJA:X ��!��!� �� 	��

9AJJI:1
��� � �!7�$�� �((!���� �% ,�%�" � $�� �.(�$��%�% �0 $�� (�$� $��� � �!7. �0

)��!�%��(�� *�(�+! %$!+�$+!�%1 ��� �77!�%%�*� �%% �0 � *�(�+! ��*�$. �% %+((�%�" $�
,� (!�(�!$�� �� $� $�� (�$� $��� � �!7. �� � B���� �� ,� "�5 �" �% $�� (!�"+�$ �0
$�� )�'�)+) *��+)� �� �0 $�� *�(�+! %$!+�$+!� ,. $�� (!�%%+!� "!�*� 7 $�� �����(%�
9
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�� V#W
�� %�"�!� 7 $�� %��" 0!�/+� �. 	� �0 $�� )��!�%��(�� *�(�+! %$!+�$+!�%� $�� "�%%�(�$�"
(�B�! �0 ��*�$�$�� �% 7�*� ,. >
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�� %�"�!� 7 $�� (�!$��+��! ��%� �0 � %$!� 7 + %$�,�� ���"� 7 �"7� %���$ ��*�$�$�� � 
<
 ,��"�%� $�� )�� (+�%�$�� �0 %���$ ��*�$. �% B��� �% $�� %��" 0!�/+� �. �0 ��!7�
*�(�+! %$!+�$+!�%� �!� 7�*�! �" ,. � �$!�+��� ��B 92�!��$ �� 	��� AJJ<:1 �%%+)� 7 $��$
$�� *��+)� �0 %��" *�(�+! %$!+�$+!�% �% (!�(�!$�� �� $� $�� *��+)� �0 $�� %���$ ��*�$.
�� 7$�� $�� �((����$�� �0 $�� � �!7�$�� )�"�� �% %$!��7�$ 0�!B�!"1

 � )�!� 7� �!�� ��%�� � � �� (�%$+��$� $��$ $�� �77!�%%�*� �%% �0 � ��*�$�$�� F�B
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�% ��!!���$�" B�$� $�� %+) �0 � �!7�$�� �� $!�,+$�� �0 ��*�$��% �0 "�8�!� $ *��+)�%�
B���� �� ,� 7� �!�$�" �$ "�8�!� $ !�$�%1 ��+%� $�� ��*�$�$�� �!�%�*� (�B�! $�!) ���
�% $��+7�$ �% � � $�7!�� 0�!) � " "�5 �" ,. >
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B��!� �
 ,� $�� )� �)+) � �!7. �0 $�� ��*�$. .���"� 7 $�� (��%$�� "�0�!)�$�� �0
)�$�!���� �� $�� )�'�)+) ��*�$. � �!7.� � " ��	'
 $��  +),�! �0 7� �!�$�" ��*�$��%
"+!� 7 � � $�)� + �$ � " ��*� 7 $�� (�$� $��� � �!7. ��1 ��$�!��� (!�(�!$��% �!� ��!�
$�E� � $� ����+ $ ,. �%%+)� 7 $��$ $�� )� �)+) ��*�$. � �!7. �% �/+�� $� $�� (��%$��
"�0�!)�$�� $�!�%���" �0 $�� )�$�!���1 ���% � �!7�$�� )�"�� ��% ,�� +%�" ,. ��!��!�
9AJJH: B�� ��% (!�(�%�" � 0�!)+��$�� 0�! $�� � �!7. %(��$!+) ��	'
 � $�� ��%� �0 �
%.))�$!�� <-
 ,��"�1

 0��$� $�� � �!7�$�� �((!���� )�"�� ��% $B� )�� �"*� $�7�% >

A1 2�!%$�.� ��$��+7� $�� ��*�$�$�� �!�%�*� (�B�! "�(� "% �'(����$�. � $�� ,��E
(!�%%+!� �$ $�� �����(%� (�� $ � " � $�� (!�"+�$�� !�$� �0 ��*�$��%� �$ �% �'(!�%%�"
�% � 0+ �$�� �0 )��!�%��(�� (�!�)�$�!% �0 $�� F�B� B���� �!� � $�� ��%� �0 � <-

,��"� $�� +(%$!��) *�����$. ���	 � $�� ��*�$. �� 7$� �� � $�� ��*�$�$��  +),�!
" � " $�� ,��"� � ��"� �� �1 �� %�/+� $�.� $�� ��*�$�$�� (�B�! )�"�� �� ,�
%����" +( 0�! *�!��,�� �."!�". �)�� �� "�$�� % �0 ���"� 7 �"7� ��*�$�$�� 1

<1 ���� "�.� $�� ��*�$�$�� �!�%�*� (�B�! �� ,� ��)(�!�" B�$� $�� "�0�!)�$�� 
(�B�! �� 1 ���% �� ,� �%$�)�$�" ,. �� %�"�!� 7 ��� "�0�!)�$�� � �!7��% �� �0
)��%+!�" ��*�$�$�� �)(��$ � )�$�!��� (�! + �$ $�)�1 ��!��*�!� $��% )�"�� �� 
,� �)(!�*�" ,. �� %�"�!� 7 $�� �����(%� ����$�� �0 *�(�+! %$!+�$+!�%1

 ���	$�� �6������

��*�$�$�� �!�%�� (!���%% � *��*�% ��)(��' )��!�-�."!�". �)�� )���� �%)%
B���� )�. ,� %$!� 7�. 7�*�! �" ,. $�� F�B �$%��01 �� %�/+� $�.� $�� (!�"��$�� �0
)�$�!��� "�)�7� "+� $� $�� !�(��$�" �����(%�% �0 ��*�$��% 9�! ��+%$�!% �0 ��*�$��%: �% �
!�$��! "�C�+�$ $�%E 0!�) � "�$�!)� �%$�� (�� $ �0 *��B1 ��*�!$����%%� $�� 7��,�� $!� %-
0�! �0 � �!7. 0!�) ��� ��*�$��% $� $�� )�$�!��� �� ,� $��+7�$ �% ,�� 7 � %$����%$��
(!���%%� B���� �� ,� ���!��$�!�D�" ,. $�� �����(%� �C��� �.1

�� %�"�!� 7 $��  +),�! �0 7� �!�$�" ��*�$��% ��	��
 ��*� 7 $�� (�$� $��� � �!7. ��

"+!� 7 � + �$ $�)�� � " $��  +),�! �0 �)(��$% ��	��
 ��*� 7 $�� "�0�!)�$�� � �!7.
�� (�! + �$ $�)�� $�� �����(%� �C��� �. %�� �% "�5 �" �% $�� !�$�� ��	��
 Z��	��
 1 �.
"�5 �$�� � $�� �����(%� �C��� �. !�(!�%� $% $�+% $�� 7��,�� $!� %0�! �0 � �!7. ,�$B�� 
$�� *�(�+! %$!+�$+!�% � " $�� )�$�!���1 ���% $!� %0�! � ��+"�% $�� ��%% �0 ��*�$. � �!7.
"+!� 7 $�� �����(%�� $�� B��� "�%$� �� �0 $�� �����(%� � " $�� ��*�$. � �!7. 9,+,,���
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��*�$�$�� *�!$�'� ���+" ��*�$�$�� :1 ��� 0�B !�%+�$% %��B $��$ $��% �����(%� �C��� �.
%$!� 7�. "�(� "% � )�$�!��� � " F�B �� "�$�� % 9��!��!�� AJJHX ��!��!� �� 	��� AJJI:1
��� )�� �"*� $�7� �0 $�� �����(%� �C��� �. �((!���� �% $��$ $�� *�(�+! %$!+�$+!�%
� " $�� ��*�$�$�� �)(��$% �!� �'(����$�. �� E�" 0!�) � %$�$�%$���� (�� $ �0 *��B1

�,&(�*�. /$*,�"�(/( �"�!.�$# �" *��� � �!" *!..�'($

��������	���� �� �	��
	
��� 	

	�1

�*� $��+7� �$ �% �%%+)�" $��$ ��*�$�$�� �!�%�� �% "+� $� $�� �����(%� �0 *�(�+!
��*�$��%  ��! $�� %���" %+!0���� $�� )���� �%)% ,. B���� �$ �% ��+%�" �!�  �$ 0+��.
+ "�!%$��"1 
 �!"�! $� + "�!%$� " $�� (�.%��% � *��*�" � ��*�$�$�� �!�%�� � $��
�����(%� �0 �%���$�" ��*�$��% ��*� ,�� %$+"��" +%� 7 "�8�!� $ $��� �/+�%1 �+,,��% �� 
,� (�%�$�� �" +%� 7 $�� B�!�% 9�!+ $� � AJGHX ����. Q 2���"� AJH=X ���)� �� 	�� �
AJI=: �! ,+,,��% �0 ���%� 7�% �� $� $ �� ��%� ,� �$$����" $� %+!0���% 9���+"�!� Q
2���"� AJHKX ��)�$�� ���)� Q ��E���%�� � AJI=X ��)�$�� ���)� Q �� � � AJIK:1 ���
,+,,��% �� ,� (!�"+��" ,. ����$!�� "�%���!7�% 9��+"� Q ����%� AJGAX ��)�$� Q ���)��
AJIG:� �! ,. 0��+%� 7 ��%�! (+�%�% 9L�7�� �� 	��� AJIJX �!+M� �� 	��� <@@A:1 ��!��*�!�
�� $!����" (�� �! %���E% ��*� ,�� (�%%�" �*�! ��*�$��% +%� 7 F.�!-(��$� )�$��"% 9
��!
Q 2���"� AJIIX ��+! � Q 2���" � AJJ<: B��!� ��*�$��% �!� (�%�$�� �" � � 7��1

��7�-%(��" *�%+���%�$�� % ��*� ����B�" (�.%���� )���� �%)% � *��*�" � ��*�$�$�� 
�!�%�� $� ,� !���!"�"1 ���%� �!� %���E B�*� �)�%%�� "+� $� ��)(!�%%�,���$. �8��$% �0
B�$�! �! ��7� *�����$. )��!�-M�$ 7� �!�$�� "+� $� $�� �%.))�$!���� �����(%� �0 � � �$���
%(��!���� ,+,,�� ����$�"  ��! � %���" ,�+ "�!.1 ��$� (�� �)� � ��)� B�$� $�� ��%$
%$�7� �0 ��*�$. �����(%� � " ��$ �% � $� %� )��!�%��(�� %� 7+��!�$. ���"% � $�� )�$�!���
� " $��. �!� $��!�0�!� "�!��$�. � *��*�" � ��*�$�$�� �!�%�� (!���%%1 ��� � $� %�$.
�0 %+�� (!�%%+!� �)(��$% "+� $� %+(�!%� �� !�,�+ "% �0 ,+,,�� �����(%� ��% ��%� ,�� 
 +)�!�����. �%$�)�$�" ,. ���E�� 7 Q ���%%�$ 9AJGK: � " 2+M�E�B� Q �E�)�$%+ 9AJI@:�
���"� 7 $� �*�!(!�%%+!�% �% ��7� �% A ���1 ��!� !��� $�.� $�� E% $�  +)�!���� F+�"-
%���" %�)+��$�� % �0 $�� �)(��$ !�%(� %� �0 � ���%$�(��%$�� )�"�+)� 2�!$�%-��$����
Q ��,�+" 9AJJI: (�� $�" �+$ $��$ $�� ����+��$�" (�$ "�0�!)�$�� % 5$ B��� B�$� $��
�,%�!*�" � "� $�$�� % �0 � %(��!���� %���E B�*� (!�%%+!� �)(��$ �% �%%+)�"1 ���%�
%�)+��$�� % ��*� ��%� %��B $��$ $�� 7��,�� � �!7. $!� %0�! �%%����$�" B�$� � � ��*�$.
"�(� "% � )� . )��!�%��(�� (�!�)�$�!% %+�� �% $�� "�%$� �� �0 $�� �����(%�� $��
�*�!(!�%%+!� �)(��$+"� � " $�� $!� %�$ $�)� �0 B�*� � %���" ,�+ "�!.1 
 �""�$�� � �$
�% B��� E �B $��$ �����(%� �0 ���+" �0 *�(�+! ��*�$��%� � B���� )� . �����(%�% � $�!��$�
�� ,� $�� %�+!�� �0 )�!� � $� %� �*�!(!�%%+!� �)(��$ 9��!E Q ��!��E�)� AJHIX N� 7
Q �!�  � � AJJG:1
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� !�(�" �*�!*��B �0 ��%$�!. � %��+$�� � " ����+��$�� (!�7!�%%�% � $�� 5 �� %$�7�
�0 � �����(%� 7 ,+,,�� �� ,� (!�%� $�"� %�� ��%� �!�  � 9AJJ6:1

��.���7� 9AJAH: %$+"��" $�� �����(%� �0 � *�(�+! ,+,,�� 5���" B�$� � *��"� � " $��
�!��$�" 5��" � � � ��)(!�%%�,�� F+�"� �$ !�%$� � " B��!� $�� "!�*� 7 (!�%%+!� "��%
 �$ *�!. B�$� $�)�1 ��� )�� %$�( $�B�!"% ,+,,�� ". �)�� B�% $�� � $!�"+�$�� �0
� *�!��,�� �'$�! �� "!�*� 7 (!�%%+!�� � " �0 $�� � F+� �� �0 $�� %+!0��� $� %�� � "
*�%��%�$. 9���%%�$� AJKJ:1 ���% ��% ��" $� $�� %�-�����" ��.���7�-���%%�$ �/+�$�� 9��:�
B���� ����B% $� ����+��$� $�� $�)� �*��+$�� �0 � %(��!���� ,+,,�� !�"�+% �9$:1 
 
�""�$�� $� $�� �� �/+�$�� � �� %�"�!�$�� % �0 � 7�% � $�� ,+,,�� 9(��.$!�(�� 7�%
B��  �7���$� 7 $��!)�� �8��$%: �� ,� )�"� � �!"�! $� �)(!�*� $�� )�"��1

��B�*�!� $�� 5 �� %$�7� �0 $�� �����(%� � *��*�% %+�� ��7� *�����$��% 9� " (!�%%+!�%:�
%� $��$ $�� �%%+)($�� �0 ��/+�" � ��)(!�%%�,���$. )�. ,�  � �� 7�! �((!�(!��$�1 ��!-
!� 7 9AJKA: � $!�"+��" $�� 5!%$-�!"�! ��!!��$�� 0�! $�� ��/+�" ��)(!�%%�,���$.� �%%+)� 7
$�� ,+,,�� B��� ����  +),�! B�% )+�� ��B�! $�� + �$. � "  �7���$� 7 � . �� "� -
%�,�� 7�% � " $��!)�� �8��$ %� $��$ $�� (!�%%+!� � $�� ,+,,�� !�)�� % �� %$� $1 
 � 
�$$�)($ $� 7�*� ��7��! �!"�! �((!�'�)�$�� � $�� %�-�����" Y�!B��"-��$�� �.(�$��%�%
9Y�!EB��" Q ��$��� AJK<X ����� AJKI:� ��% ,�� +%�" ,. ���)�!� 9AJ6<:1 �� %$+"��"
$�� �����(%� � " !�,�+ " �0 � ,+,,�� $��$ �� $�� % �"��� 7�%� ,. �� %�"�!� 7 �%� $!�(��
��)(!�%%�� 1 ��$�!� ���E�� 7 Q ���%%�$ 9AJGK: B�!� $�� 5!%$ $� 7�*�  +)�!���� %��+$�� %
B���� "�%�!�,� $�� F�B � $�� *��� �$. �0 � �����(%� 7 ,+,,��1 ���. �'(��!�" $�� 0�!-
)�$�� �0 (!�%%+!� B�*�% �! %���E% "+!� 7 $�� !�,�+ " (��%�1 ���. ��%� %��B�" $��$
$�� (!�)�!. �)(�!$� �� �0 ��/+�" ��)(!�%%�,���$. �%  �$ $�� �8��$ �$ ��% � $�� ,+,,��
". �)��%� ,+$ $�� !��� �$ (��.% � $�� 0�!)�$�� �0 $�� %���E1 �$��!  +)�!���� ����+��-
$�� % ��*� %� �� ,�� ��!!��" �+$ ,. 2+M�E�B� Q �E�)�$%+ 9AJI@:� B��%� !�%+�$% �!� � 
����!"� �� B�$� $�� !�%+�$% �0 ���E�� 7 � " ���%%�$ > $�� AZ� "���. �0 $�� �)(��$+"� �0
� %(��!���� %���E B�*� (!�%%+!� �% ��%� *���" 0�! $��  � �� ��! "�)�� � $�� *��� �$.
�0 $�� �����(%� �� $!�1 
 $��% �!�� $�� �8��$% "+� $� $�� "�%%�(�$�� �0 %�+ " � �!7. �%
,��� ��" 0�! ,. $�� "�*���()� $ �0 � %���E B�*� 0!� $1

"���������������


$ �%  �B�"�.% �%%+)�" $��$ ��7�$ �� ,� �)�$$�" B�� � � �$��� ��! ,+,,�� �%
�'��$�" ,. � %+(�!�)(�%�" %�+ " 5��"1 ���% (�� �)� � �% E �B �% %� ��+)� �%-
�� ��1 
�%��*�!�" � ��!�. =@-K@�%� $��% (�� �)� � (!�%� $% � � �!��%� 7 � $�!�%$ � 
%��� ��1 ���% �% %$��� %$+"��" � " +%�" � )� . 5��"% �0 �((����$�� > %� ����)�%$!.�
�+$�-�7 �$�� (�� �)� � � ��))�!���� �'(��%�*� 92���" �� 	��� AJJ<: �$�1 2�! � !�*��B
�0 %� ��+)� �%�� ��� %�� N��$� Q ��. ��"% 9AJIK:1 ��� ��7�$ �)�%%�� )�. ��%� ,�
� "+��" ,. ��*�$�$�� �0 $�� ��/+�"1 ��)� B�!E�!% "���$ B�$� � ��*�$�� �+)� �%�� ��
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B���� �% ��+%�" ,. $�� !�(�" �����(%� �0 � ,+,,�� �! � 7!�+( �0 ��*�$�$�� ,+,,��%� %��

��! �� 	�� 9AJII:� ��+! � Q 2���" 9AJJ<: � " 2���" 9AJJK:1 ��!� !��� $�.� !�%��!�� � 
%� 7��-,+,,�� %� ��+)� �%�� �� 9����: (+%��% �7�� $�� � $�!�%$ 0�! ,+,,�� �����(%�1

 $��%� �'(�!�)� $%� $�� %� %�$�*�$. $� �'(�!�)� $�� (�!�)�$�!% 9$�)(�!�$+!�� "!�*� 7
���+%$�� (!�%%+!�� "�%%��*�" 7�%� �$�1: ��% ,�� %$+"��"1 ��!��*�!� $�� ���!��$�!�%$��%
�� ,� �'(��� �" ,. � �."!�". �)�� �((!���� �0 ,+,,�� �����(%�1 
 $��%� $���!�$�-
��� %$+"��%� $�� ,+,,�� B��� ". �)��% �% "�%�!�,�" ,. �� �/+�$�� 9���7� 0��"$ �� 	���
AJJI:� B���� �� ,� 0�! �'�)(�� %+((��)� $�" ,. � *� "�! N���% 7�% B�$� � �� %$� $
%(���5� ���$ 9N+ Q ��,�!$%� AJJK:1 ��� � $�� %$!� 7�. %+(�!%� �� �����(%� %+77�%$%
$��$ � �)(��"� 7 %���E B�*� �% ��+ ���" � $� $�� � $�!��! �0 $�� ,+,,�� �% $�� �+$�!
,+,,�� !�"�+% "��!��%�%1 ��+%� $�� 7�% B�$�� $�� ,+,,�� �% � $� %��. ���$�" � " �+)�-
 �%�� �� �% 7� �!�$�" 9���7� 0��"$ �� 	��� AJJIX N+ Q ��,�!$%� AJJK:1 � !��� $ !�*��B
�0 %� ��+)� �%�� $ ,+,,��% �% 7�*� � �+$$�!)� Q N� � 7�! 9<@@@:1

�������" �������!

�+!1.$/� �*

��� �� $�'$ �0 $��% (!�%� $ B�!E �% $�� %$+". �0 �."!�". �)�� )���� �%)% � *��*�"
� ��*�$�$�� �!�%�� $�B�!"% $�� �)(!�*�)� $ �0 $�� ��*�$�$�� �77!�%%�*� �%% )�-
"��%1 ��� � �!7�$�� )�"��% �((��! $� ,� B��� �"�($�" $� $�� ��*�$�$�� �77!�%%�*� �%%
(!�"��$�� ,���+%� �0 $���! �,���$. $� �� �����$� ,�$� F+�" )���� ��% � " )�$���+!7����
�%(��$% �0 $�� �!�%�� (!�,��)1

��!��*�!� � �!"�! $� �)(!�*� $��%� � �!7�$�� )�"��%� � � )+%$ "�$�!)� � ��B $��
)��!�%��(�� (�!�)�$�!% �0 $�� F�B �� � F+� �� $�� � �!7. $!� %0�!% 0!�) $�� F+�"
$� $�� )�$�!���1 
 $�� ��%� �0 ���"� 7 �"7� ��*�$�$�� � $�� )��!�%��(�� (�!�)�$�!%
�0 $�� F�B �!� $�� F�B *�����$.� $�� (!�%%+!� 7!�"�� $� $�� ��*�$�$�� ���C��� $ � "
$�� )�� ��*�$. �� 7$�1 �$�!$� 7 0!�) $�� (�$� $��� � �!7. �0 $�� *�(�+! %$!+�$+!�%�
� �!7. $!� %0�!% � ��+"� $�� ���+%$�� � �!7. "�%%�(�$�" "+!� 7 $�� �����(%�� $�� � �!7.
0+! �%��" $� $�� )�$�!��� � " $�� F+�"-%���" !�%(� %� $� $�� �*�!(!�%%+!� �)(��$1 ��+%�
$�� ��!!�%(� "� 7 )��!�%��(�� (�!�)�$�!% !�%(��$�*��. �!� $�� %���E B�*� ���!��$�!�%-
$��%� $�� "�%$� �� $� $�� B��� �0 $�� %���E B�*� �(��� $!� � " $�� )�$�!��� (!�(�!$��%1
���% ���"% $� $�� (�%$+��$� >

�!( -.� $
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{Pressure Gradient} 

Flow parameters
{Cref, lc, σ} {Wave amplitude}

   {Wall distance}

Cavitation attack

{Wave propagation} 

{Surface}

{Mechanic properties}

Material

Cavitation damage

              Part II

Pitting tests on 2-D blades

               Part III

Cavitation vortex collapse

2�7+!� <> �!�,��)�$�� � " �((!����

�''+!�*,

��� (!�(�%�" �((!���� B��� ,� ,�%�" � ,�$� $�� %$+". �0 ��*�$�$�� �)(��$% � 
<-
 ,��"�% � " � $�� (�.%���� � *�%$�7�$�� �0 � ��*�$�$�� *�!$�' �����(%�1 #�� $ !�-
%+�$% B��� ,� (!�(�%�" � $�� � " �0 $��% B�!E� $�+% $�� ���!��$�!�%$��% �0 $�� �%���$�"
��*�$�$�� *�!$�' �!��$�" � $�� ��*�$�$�� *�!$�' 7� �!�$�! B��� ,� �%%+)�" ��)(�-
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Optical 
axis

Dynamic pressure
      transducer
  diameter 5.5 mm

Inlet flow 
D   = 8 mm

 Outlet flow
diameter 24 mm 

D  = 80 mm

45 mm

 12.1 x 12.1 mm

 12.1 x 14 mm

 80 mm

in

v

0

Y

X

D

X
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0

To vacuum
pump

Auxiliary vessel

Low-pressure vessel

High-
pressure
vessel

Flow 
meter

Q

Rotating valve
         N

Bypass
(degasing
procedure)

Test section

P2 pressure
h

Circulating
pump

Heat 
exchanger

Temperature

Zero water level

250 500 mm

P1 pressure

Specimen

Free surface
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5�! B�$� !�%� $�)� �0 A16 ��1 ���$� % �!� "�$��$�" ,. (+�%�% �0 6 �� "+!�$�� 1 ��� %�7 ��
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� � $� %�5�" ��7�$ *�"�� ��)�!� �% +%�" $� *�%+���%� $�� �+)� �%�� �� %�+!��%1
���% ��)�!� �% � &'!() *+, ��)�"��1 
$ �� %�%$% �0 � ���%(��! ���!� ���  �� ���$�
9���: 0�! $�� ��7�$ �)(��5��$�� %$�7�� B���� �% ��+(��" B�$� � *�"�� ��
 9���!7�"
��+(��" 
�*���: �)�7� %� %�! *�� � ��7� /+���$. �($��1 ���% ��)�!� �% �,�� $� "�$��$
��7�$ �0 B�*� �� 7$�% B�$�� � =@@RI<@ �� ,� "B�"$� � " $�� )�'�)+) /+� $+)
�C��� �. �% <@O �$ K@@ ��1 ��� ����$!�� %�+$$�! �� ,� "!�*� ,. � ��� %�7 ��� � "
$�� $�)� "���. 0�! �8��$�*� $!�77�!� 7 �% =@ ��1

Fsynch

Int/ExtGtP

tD 

tb

tD  : time delay (0 - 8s, with minimum 50 ns step
        and minimum 30 ns propagation delay)
tb   : blanking period approx. 1.5 ms
ts   : shutter time (50 ns resolution)
teff : effective time exposure
tf   : field time 20 ms
Tt  : trigger time

ts

tf 

Tt
+Trig

teff

Fsynch     :  TTL output, synchronous to internal 
                    video camera synchro 
+ Trig        :  Input for pos. edge trigger (1V - 25 V)
Int/ExtGtP :  control of shutter, internal mode,
                    negative logic TTL
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B���� (!�*�"�% � �"M+%$�,�� %(�!E !�$� �0 A $�� $� A@ (��1 �% $�� )�'�)+) M�$$�!
�% <@@ ��� � 0�%$ (��$�"��"� ��Q� 2�
 A@@ �% +%�" $� "�$��$ �'��$ ���+!!� ��% �0
F�%��%1 �(�!E% �!� �� %�"�!�" �% (+ �$+�� ��7�$ %�+!��% � " �!� (����" �$ $�� 0����
(�� � �0 � �� 7 0���� �� % 0 P AG@@ �� 9�,M��$ (�� �:1 ��� �($���� ,� �� ����B% $�� I
%��"�B7!�(�% $� ,� 0�!)�" � I ���!�)�$�� �,M��$�*�% 	� P =I@ ��� B���� �!� (����"
�$ $�� �� M+7�$�" (�� �1 ���% �!!� 7�)� $ ����B% �)�7�% $� ,� 0��+%�" � � %�$ �0 I
�)�7� (�� �% �0 � "�*�"+�� ��
 *�"�� ��)�!�% B�$� � �($���� )�7 �5��$�� �0 @1<J1
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8 CCD Image sensors

Spark Synchronization 

δt min = 100 ns 
0 < delay < 1 ms

Sparks 2.4 J,  300 ns
2 Mirrors 45 °

8 Lenses fi=380

Lens  f=1600

PC

MUX

Frame Grabber

Digital Card  I/O
Fast photodiode EG&G FND 100

Trig input 0 - 1V

Lens  f=1600

2�7+!� A1G> ��� �!� D-����!"� *�"�� %��"�B7!�(�. %.%$�)

PC

Frame grabber
Matrox Genesis

Digital Card  I/O
NI-DIO 96

Port APA

Port APB

Port APC

User Output

8

8

3

1

2

3

4

5

6

7

8

CCD module
Philipps FTM 800

12 V
Ground
video
CM
Trig Int/R0
Gain
Black level

Remote gain and black 
level control on 
individual camera

Power
supply

(CM)

(Trig Int/Ro)

address

CM
trig Int/Ro
video

APA7
APB7

APA6
APB6
APA5
APB5
APA4
APB4

APA3
APB3
APA2
APB2
APA1
APB1

APA0
APB0

MUX

Video Out
H synch

Video synchro. 
separator

V synch

Port 
Connector

Hsync
Vsync

Hardware
 trigger
  input

Video
CH0

Analog 
          Port

Digital
   port

3
3

ground
15 V 2

out

in

Five poles
connector

(potentiometers)

Gain
black level

Ground

NC

Real time Transfert 
to host memory

External 
display 

8 bit
converter

Port BPC

User Input
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Trigger to Cranz-Shardin 

Integration
      period  17 ms

Read out
      period
           20 ms1

2

3

4

5

6

8

7

delay, 0 - 1ms  with 100 ns step

interframe period dt, 0 -1 ms with 100 ns step 

event delay, minimum 200 m s required by CCD modules

Asynchronous reset to frame grabber

Vsynch to frame grabber

Trig INT/RO to CCD

Asynchronous trigger to spark control unit (1 V AC)

Synchronisation of sparks

2�7+!� A1I> ��)� "��7!�) 0!�) $�� �!� D-����!"� *�"�� %.%$�)
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��� *�"�� %.%$�) �% ��)(�%�" ,. � �� ��)(+$�! �/+�((�" B�$� � ��$!�' �� �%�%
0!�)� 7!�,,�!� � "�7�$�� 
Z� "�$� ��!" 0�! %. ��!� �D�$�� (+!(�%�%� I ��
 �)�7�%
%� %�!% � " � *�"�� �� $!�� + �$1 � 7��,�� %. �($�� "��7!�) �0 $�� *�"�� %.%$�) �%
7�*� � 57+!� A1H� �% B��� �% $�)� "��7!�) 57+!� A1I1
��� ��
 ��)�!�% �!� �����(% 2�� I@@ )�"��1 ��� �)�7� %� %�! �% � (!�7!�%%�*� 0!�)�
$.(� B�$� H6K ' 6H6 (�'��%1 � !�)�$� �� $!�� �0 $�� 7�� � " ,���E ��*�� ����B% �)�7�
%� %�!% $� ,� B��� �"�($�" $� $�� � $� %�$. "���*�!�" ,. %(�!E F�%��%1 ���� ��)�-
!��  �!)���. !+  � 7 � � �� $� +�+%  � -� $�!���*�" )�"�� �� ,� �%. ��!� �+%�.
$!�77�!�" � �!"�! $� %$�!$ �$% � $�7!�$�� (�!��" �0 AH �� "+!�$�� 1 ���% �% �����*�"
$�!�+7� � ��� (+�%� �((���" $� 
��Z�� � (+$ �0 $�� ��
 ��)�!�1 ��� "���. 0�!
�8��$�*� � $�7!�$�� �% <@@ ��1 �0$�! $�� � $�7!�$�� (�!��" �% ��)(��$�"� $�� 0!�)� �%
$!� %0�!!�" � $�� %$�!�7� %��$�� �0 $�� �)�7� %� %�! � " �� ,� !�$!��*�" 0�! 7!�,,� 7
,. �((�.� 7 � %��� " ��� (+�%� � $�� 
��Z�� � (+$1
��/+�%�$�� �� ,� �!)�" � � �%. ��!� �+% �*� $� B���� �% 7�*� ,. � ��� %�7-
 �� $� $�� ��1 �0$�! F�%��% �)�%%�� � � " B�� � $�7!�$�� (�!��" �0 �)�7� %� %�!%
�% �����*�"� 0!�)�% �!� %�/+� $����. !�$!��*�" ,. $�� 0!�)� 7!�,,�!1 ��� 0!�)� 7!�,-
,�! "�7�$�%�! �% �"�($�" $� *�"�� %(���5��$�� % �0 ��
 )�"+��% � " "�)� %�� % �0
7!�,,�" �)�7�% �!� H6K ' <II �� �% B�$� I ,�$% !�%��+$�� 1 
$ ��% $� ,�  �$�" $��$
$�� 0!�)� 7!�,,�! 0+ �$�� % �% �%��*�� + "�! � �%. ��!� �+% !�%�$ )�"�1 ���!�0�!��
*�"�� %. ��!� �D�$�� %�7 ��% �
���� 90!�) $�� ��
 )�"+��%: �% B��� �% �
���� � "
� �%. ��!� �+% !�%�$ %�7 �� 97� �!�$�" ,. 
Z� ��!": )+%$ ,� %+((���" $� $�� 0!�)�
7!�,,�!1

	2�2� ��.�1+� �!" '+!*$#-+$

��� ����,!�$�� �0 $�� %�/+� ��% �0 $�� �!� D-����!"� ��)�!� �% �����*�"1 ���
�)�7� �0 $�� &'!() *+, �� ��)�!� ��% $� ,� ����,!�$�" �% B���1 �. $��$ B�.� %�)+�-
$� ��+% *�%+���%�$�� % 0!�) $�� $B� (�!(� "��+��! *��B% �0 $�� $�%$ %��$�� ����B $��
(�.%���� ���!"� �$�% �0 � �,M��$ $� ,� !�$!��*�"1 ��� ����,!�$�� (!���"+!� �% (�!-
0�!)�" � = %$�(%1

A1 ��� �)�7� %���� 0��$�!% 0�! ���� 0!�)� ��*� $� ,� %��*�"1 ���% �% �����*�" ,.
(���� 7 � ����,!�$�� $�!7�$ B�$� A@@ !�0�!� �� (�� $% � $�� $�%$ %��$�� 9%��
57+!� A1J:1 ��� "�%$�!$�� �%  �7��7�,��� B�$� ��%% $�� A (�'�� "�8�!� �� �*�! $��
� $�!� $�%$ %��$�� 1 ��� )�� *��+�% �0 �)�7� %���� 7 0��$�!% 0�! $�� $B� �'�% �!�
�/+�� $� =K 
�,-����� � " AH1< 
�,-�����1

<1 ���7 )� $ �0 $�� 0!�)�% �0 � !�0�!� �� %�/+� �� �% �,$�� �" ,. � � $�!��!!���$�� 
)�$��"1 ��� *�!$���� � " ��!�D� $�� "�%(����)� $% �% B��� �% $�� !�$�$�� �0
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$�!7�$ 0!�)�% �!� ����+��$�" ,. ��)(�!� 7 $�� ����$�� �0 � + �/+� )�"��� $�E� 
0!�) $�� 5!%$ 0!�)�� B�$� �$% ��$+�� ����$�� � $�!7�$ �)�7�%1 ��� + �/+� )�"��
�% ���%� 0!�) � . ����$�� � $�� %�+!�� �)�7� �% �� 7 �% $�� )�"�� �% E �B $�
�((��! � %��0$�" $�!7�$ �)�7�1 ��� )�"�� �% � �+! ��%� 7�*� ,. $�� %��"�B �0
� %�!�B �0 < �� � "��)�$�!1 ��� %�!�B �% �� $!�" �$ $�� �(��� $!� �0 ��*�$�$�� 
�)(��$% � � $�%$ %(���)� � B���� ��$+���. "��%  �$ ��!!�%(� " $� $�� �� $!� �0
$�� $�%$ %(���)� 1
���% %$�( �0 $�� ���7 )� $ (!���"+!� �%  ���%%�!. ,���+%� $�� $�%$ %��$�� ,�!"�!%�
B���� �!� "�0�!)�" "+� $� (�!����' �8��$%� ��  �$ ,� $�E� �% $�� %�!�B �% �
$�!7�$ 0�! ����,!�$�� 1 �% �'�)(��% �0 �  � ���7 �" !�0�!� �� %�/+� �� � " $��
��!!�%(� "� 7 ����,!�$�� !�%+�$� %�� 57+!�% A1A@ � " A1AA 1 
 $��%� %�/+� ��%�
$�� 5!%$ H 0!�)�% ��)� 0!�) $�� �!� D-����!"� ��)�!�� � " $�� ��7�$� 0!�)�
��)�% 0!�) $�� &'!() *+, �� ��)�!�1

2�7+!� A1J> ��!7�$ +%�" $� %��*� $�� �)�7� %���� 7 0��$�!%

2�7+!� A1A@> ��0�!� �� %�/+� �� ,�0�!� $�� ���7 )� $ (!���"+!�

2�7+!� A1AA> ��0�!� �� %�/+� �� �0$�! $�� ���7 )� $ (!���"+!�

=1 ����+%� �0 �� � %. ��!� �D�$�� M�$$�! B���� �% "+� $� � (��+���! ���!��$�!�%$�� �0
$�� 2�� I@@ *�"�� %�7 ��� ��� %�/+� ��% )+%$ ,� ���7 �" � "�*�"+���. 0�! ����
��/+�%�$�� 1 �% $�� %�!�B )�"�� ��  �$ !�)�� � $�%$ %��$�� "+!� 7 �'(�!�)� $%�
$�� � $�!��!!���$�� )�$��" �% $��!�0�!� �((���" ,�$B�� $�� !�0�!� �� %�/+� ���
� " $�� �+!!� $ %�/+� ��1 ���7 )� $ �% (�!0�!)�" ,. ��)(�!� 7 )�"��% 90�!
�'�)(�� $�� ,�!"�! �0 $�%$ %��$�� : � 0!�)�% �0 $�� !�0�!� �� %�/+� ��� B�$�
$���! ��$+�� ����$�� % � $�� �+!!� $ %�/+� ��1
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��� ��7�-%(��" ��*�$�$�� $+  �� �0 $�� ��,�!�$�!. 0�! �."!�+��� ����� �% 9�*���� 
�� 	��� AJII:� �% � ���%�" ��!�+�$ 957+!� <1A: B���� ����B% ��*�$�$�� F�B% � � ,��"� $�
,� 7� �!�$�"1 ��� )�'�)+) *�����$. � $�� $�%$ %��$�� �% 6@ � ���1 
$ �% �,$�� �"
+%� 7 � (+)( B���� �% "!�*� ,. � 6@@ $� ����$!�� 
� )�$�!1 ��� *�����$.� �% B��� �%
$�� %$�$�� (!�%%+!� B�$� � )�'�)+) �0 A1G (�� �!� �� $!����"1
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B�$� � !�0!�%� !�$� �0 K ��1 ��� �(�!�$�� (�!�)�$�!% �!� $�� 0����B� 7 >
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 �% $�� *�(�+! (!�%%+!� �0 B�$�! �$ $�)(�!�$+!� � X

� � > ,��"� � ��"� �� X

� � > B�$�! $�)(�!�$+!� "+!� 7 $�%$%1

%$% �������� ���� �������

��� (�!����� $�%$ %��$�� 7��)�$!. �% !�(!�%� $�" 57+!� <1<1 
$ ��% � %/+�!� %��$�� �0
A6@ �� � A6@ �� �0 H6@ �� �� 7$�1 ��!�� �*�! $�� 0�+! 0���% �0 $�� $�%$ %��$�� �!�
�/+�((�" B�$� ��!%(�' B� "�B% 0�! ��%. *�%+���%�$�� %1 ��� � ��"� �� %.%$�)� B����
�% �� %$�$+$�" �0 � � "� $�" B���� � " � � "��%% %�!�B� �% ���" ,. � ,!�%% %�+$$��1 '

%$& /����+��+ ���� �������

� "�*�!7� 7 $�%$ %��$�� ��% ,�� !����D�" � �!"�! $� %�)+��$� � �""�$�� �� (!�%%+!�
7!�"�� $ � $�� $�%$ %��$�� 1 
$ �% � �"�($�$�� �0 $�� (�!����� $�%$ %��$�� � � B����
��!%(�' (�"% ��*� ,�� �""�"1 ��!��*�!� $�� )�$�� %�+$$�� B���� ���"% $�� <-
 ,��"�
��% ,�� F�((�" 9��)(�!� 57+!� <1< � " 57+!� <1=:1 ��� ���"� 7 �"7�% �0 (�"% �!�
����($�� <-
 ,��"�%1 ��� "�*�!7� 7 � 7��% �!� �Æ 0�! $�� $�( (�" 9%+�$�� %�"� �0 ,��"�:�
� " �Æ 0�! $�� ,�$$�) � �1 �. $��% B�.� � !�%$!��$�" %��$�� �0 @1A@ � � @1A6 � �� 
,� �,$�� �"1 ���% ����B% � <-
 ,��"� $� ,� (����" � � "�*�!7� 7 %��$�� 1 �. %�)(�.
�� %�"�!� 7 $�� !�$�� ,�$B�� $�� !�%$!��$�" %��$�� ���7�$ �$ $�� ���"� 7 �"7� �0 $�� <-

,��"� � " $�� (�!����� � ��$ %��$�� � $�� +(%$!��) *�����$. �% �/+�� $� � ���	P9@1A6Z@1AA:
���	 1
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6'$+�/$" �. ��� 1.�#$(

�B� <-
 ,��"�% �0 A@@ �� � " G@ �� ���!" �!� +%�" 0�! (�$$� 7 �'(�!�)� $%1
���%� �!� ���� G6@A< $.(� 9%�� 57+!� <16: � " $��. B��� ,� !�0�!!�" � $�� "��+)� $
�% $�� 0+�� %���� � " $�� %)��� %���� <-
 ,��"�1 ��� <-
 ,��"�% �!� )�"� �0 %$�� ��%%
%$��� � " � ��+"�% � %�!$�" %(���)� �0 )�$�!��� (���%��" "�B $� )�!!�! 9��((�!�
��+)� �+)� %$�� ��%% �$���:1 ��� B�"$� �0 $�%$ %(���)� % �!� A@ �� 0�! $�� %)���
%���� <-
 ,��"� � " =@ �� 0�! $�� 0+�� %���� <-
 ,��"� 9%�� 57+!� <1K:1 �% $�� ���"� 7
�"7� ��*�$�$�� (�$$�! �% %� %�$�*� $� %+!0��� "�0��$� $�� %�)(�� 7��)�$!. �% �,$�� �"
,. � ���+!�$� ����$!�-�!�%�� )���� � 71 ��%$ %(���)� �!� 7�+�" B�$� �.� �-��!.��$�
� " !�)�*�" ,. K@@ Æ� ���$� 71 ��$��+7� $�� 7��)�$!�� "�%�� $� +�$. �0 $�� ���"� 7
�"7� �% ��)�$�"� $�� ���"� 7 �"7� ��*�$�$�� %$��� (!�%� $% �  � -+ �0�!) "�$���)� $ �0
���"� 7 �"7� ��*�$. $��$ ���"% $� $�� 7� �!�$�� �0 %��" *�!$���%1 
 �!"�! $� �*�!��)�
$��% (!�,��)� �$ ��% ,�� "���"�" $��$ � �"��%�*� $�(� B��� ,� (����" 0!�) $�� $!���� 7
�"7� �0 $�� (!�%%+!� %�"� $� $�� ,�7�  � 7 �0 ���"� 7 �"7� �0 $�� %+�$�� %�"� 9%��
57+!� <16:1 ��� �"��%�*� 7+�!� $��% � �� $� +�$. �0 (!�%%+!� %�"�� B���� ��% ����%
� �$����. +%�" 0�! %�)(�� 5'� 71

�232� ��� '+!%.!/$ +&

��*�$�$�� �77!�%%�*� �%% �� ,� �%$�)�$�" ,. +%� 7 �)(��$ "� %�$��% 9�! (�$  +),�!
!�$�%: �,%�!*�" � )�$�!��� %+!0���% )�!E�" ,. ��*�$�$�� "+!� 7 $�� � �+,�$� 7 (�!��"1
�!�7!�%% � $�� 5��" �0 ��)(��' %+!0��� � ��.%�% (!�*�"�% +% �'$� "�" "�$� �,�+$ $��
7��)�$!�� ���!��$�!�%$��% �0 $�� ��*�$�$�� )�!E%1

��%$ %(���)� �!� � ��.%�" B�$� � =-
 ��%�! (!�5��)�$�! 9$.(� 	��AK 0!�)
	�� �� : �$ "�5 �" ����$�� % B���� �!� !�(!�%� $�" � 57+!� <1G1 ��� %+!0��� �% %��  �"
B�$� � %$�( �� P 6 �� 0�! $�� 0+�� %���� <-
 ,��"� � " �� P = �� 0�! $�� %)��� %����
<-
 ,��"�1 � 6@ �� "�($� !� 7� � " � "�($� ���+!��. �0 @1@< �� �!� %�$1 
 �!"�! $�
���)� �$� $�� 7��)�$!�� �+!*�$+!�� � 0�+!-"�7!�� (��. �)��� �% 5$$�" � " �% %+,$!��$�"
$� $�� �!�7� �� %+!0��� "�$�1

��� %+!0���% �!� $!��$�" B�$� $�� %�0$B�!� 	�%�0$1 �+!0���% �!� %)��$��" � �!"�!
$� ���)� �$� �*� $+�� �+$���! (�� $%1 ��� � ���� )�!E �% �"� $�5�" �0 �$ �% "��(�! $�� 
$�� $�!�%���" ��*�� (�!�)�$�! ����� � " ��!7�! $�� $�� $�!�%���" "��)�$�! ���� � ��1

��� 7��)�$!�� ���!��$�!�%$��% �0 $�� �)(��$% �!� )��%+!�"1 ��� ���+%$�� � �!7.
�%%����$�" $� ���� (�$ �% ��%� ����+��$�" ,. +%� 7 � � *�!%� F+�"-%���" )�"���� 7� (!�-
*�"�" ,. $�� %�0$B�!� �
����� 92�!$�%-��$����� AJJK:1 ��� ���+%$�� � �!7. �% �%-
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�8*8+ ��

��� ��$������
� */

Flow

30
100

150

Full scale 2-D blade
     NACA 65012

10

150

60

Flow

Small scale 2-D blade
      NACA 65012

Full scale specimen Small scale specimen

2�7+!� <1K> �'(�!�)� $�� <-
 ,��"�% ���� G6@A<

SampleTransversal Section

Adhesive tape

2�7+!� <16> <-
 ,��"� ���� G6@A<

%+)�" (!�(�!$�� �� $� $�� "�0�!)�$�� � �!7. �� � $�� ����+��$�" ���+%$�� � �!7. ��

B��� ,�  �$���" $� �� � $�� !�%+�$%1 ��� ����+��$�" *�!��,��% �!� $�� 0����B� 7% >

� !���$�*� ���!"� �$�% 9T��U�: �0 �)(��$% �$ )��%+!�)� $ ����$�� E X

� 7��)�$!�� ���!��$�!�%$��% �0 �)(��$ > !�"�+%  ���� "�($� � X

� �)(��$ *��+)� �� X

� ���+%$�� � �!7. ��� B���� B��� ,� �%%�)���$�" $� "�0�!)�$�� � �!7. �� 1

�%%+)� 7 � �'�%.))�$!�� %��(� �0 $�� �)(��$%� $���! *��+)� �� ,� �((!�'�)�$�"
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,. � �� �1 ��+% $�� $���!�$���� *��+)� ����� �� ,� ����+��$�" >

����� � *

�
������	���� � ��
� 9<1=:

��� *��+�% �0 $�� �+$-�8 (�!�)�$�!% ���� � " ���� �% B��� ��!!�%(� "� 7 �+$-�8 *��+)�%
�!� 7�*� � $�,�� <1A1

2+�� %���� <-
 ,��"� ���� � ����� ���� � � "%P��� ����� � �����

�)��� %���� <-
 ,��"� ���� � ����� ���� � � "%P��� ����� � �����

��,�� <1A> �+$-�8 (�!�)�$�!% �0 $�� =-
 (!�5��)�$!. )��%+!�)� $%

� "�$�,�%� �% �%%����$�" B�$� ���� D� � �0 )��%+!�)� $1 
$ � ��+"�% $�� ��%$ �0
�"� $�5�" (�$% B�$� $���! (�%�$�� � " 7��)�$!�� ���!��$�!�%$��%1 � (!���"+!� ��% ,�� 
"�*���(�" $� � ��.%� $�� !�%+�$% �0 $�� =-
 (!�5��)�$!.1 ���% (!���"+!� � ��+"�% ��-
��� 9���� )��%+!�)� $ ����$�� : � " 7��,�� 9��� )��%+!�)� $ ����$�� %: (�$$� 7 � "
"�0�!)�$�� *��+)� !�$�% �% B��� �% $�� �!�� "�)�7�" ,. $�� ��*�$�$�� 0�! ���� )��-
%+!�)� $ ����$�� 1

30 mm

5 mm
   5 mm

100 mm

50% 20%60% 40% 30%
Trailing edge

Leading edge90% 80% 70% 10%

10 mm
3 mm    3 mm

60 mm

50% 20%60% 40% 30%90% 80% 70% 10%

Trailing edge

Leading edge

2�7+!� <1G> ����$�� �0 � ��.%�" D� �% � � �'(�!�)� $�� %(���)� 
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��� �	�

��� �,M��$�*� �0 $��%� �'(�!�)� $% B�% �!�7� ���. $� �,$�� �'(�!�)� $�� ��!!�-
��$�� %� B���� �� E �."!�". �)�� (�!�)�$�!% �0 ��*�$�$�� F�B 9F�B *�����$.� (!�%%+!�
7!�"�� $� ,��"� � ��"� ��� 111:� �% B��� �% $�� %�D� �0 � �$$����" ���"� 7 �"7� ��*�$.�
B�$� $�� )�� ���!��$�!�%$��% � " $��  +),�! �0 �)(��$% � )�$�!��� %(���)� %1

��!��*�!� � �!"�! $� %$+". $�� %���� �8��$ � " $�� �8��$ �0 � �""�$�� �� (!�%%+!�
7!�"�� $ � $�� ��*�$�$�� �77!�%%�*� �%%� (�$$� 7 $�%$% ��*� ,�� �����*�" �% 0����B% >

A1 <-
 ,��"�% �0 $�� %�)� $.(� ����G6@A< ,+$ B�$� < "�8�!� $ ���!" �� 7$�% �!�
$�%$�"1 ���. �!� !�0�!!�" $� $�� %)��� %���� � " $�� 0+�� %���� <-
 ,��"�%1

<1 ��� 0+�� %���� <-
 ,��"� �% ��$��! (����" � $�� (�!����� $�%$ %��$�� �0 $�� ��*�$�$�� 
$+  ��� �! � $�� "�*�!7� 7 $�%$ %��$�� $� �!��$� $�� �""�$�� �� (!�%%+!� 7!�"�� $1

� $�� ,�%�% �0 %$+"��% �0 $�� � "� $�$�� "�0�!)�$�� � �!7��% � " $�� (!�"+�$�� 
!�$� �0 *�(�+! ��*�$��%� $�� ��*�$�$�� �!�%�� (�B�! )�"�� B�% (!�(�%�" $� �� E )�-
$�!��� "�0�!)�$�� B�$� )��!�%��(�� (�!�)�$�!% �0 $�� F�B1 2�! � ��)(��$� !�*��B �0
$��% B�!E� B���� ��% ,�� !����D�" B�$� $�� �����,�!�$�� �0 ����$!���$� "� 2!� ��� %��
$�� $��� ���� !�(�!$ ��+$. 9<@@@:1

2+!$��!)�!�� $��%� �'(�!�)� $% ��*� (!�*�"�" �'$� "�" (�$$� 7 "�$� 0�! � ,!��"
!� 7� �0 �."!�". �)�� �� "�$�� %1 � ��.%�% �0 %+�� "�$�� �%%����$�" B�$� !�%+�$% �0
(!�*��+% !�%��!�� "���� 7 B�$� $�� (!�"+�$�� !�$� �0 *�(�+! ��*�$��%� B��� ���( +%
$� "�$�!)� � $�� � F+� �� �0 )��!�%��(�� (�!�)�$�!% �0 $�� F�B � $�� ��*�$�$�� 
�77!�%%�*� �%% $�!�+7� $�� �����(%� �C��� �.1

��� (+!(�%� �0 $�� (!�%� $ B�!E �% (!� ��(���. $�� "�$�!)� �$�� �0 $�� �����(%� �C-
��� �.� B���� !�(!�%� $% $�� � �!7. $!� %0�! 0!�) $�� ��*�$�$�� ��*�$��% $� $�� )�$�!���1

 �""�$�� � )�!(����7. �0 ��*�$�$�� �)(��$% �% ,!��F. "�(��$�"� � " $�� !����,���$. �0
(�$$� 7 $�%$% �% ��%� "�%�+%%�"1
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32	2	 ���� � �!"  -""$.

�% $�� B�$�! $+  �� �% 5���" ,�0�!� ���� $�%$� � "�7�%%� 7 (!���"+!� �% (�!0�!)�"
,�0�!� $�� �'(�%+!� �0 $�� )�$�!��� %(���)� % � �!"�! $� �,$�� � �� %$� $ ��! �� $� $
� B�$�!1

2�! %��!$ $�)� �'(�%+!� �0 $�� %(���)� %� ��*�$�$�� ���C��� $ " � " F�B *�����$.
���	 � $�� ��*�$�$�� $+  �� �!� %�$ 0�! ��*�$�$�� 0!�� �� "�$�� B�$� � F�B � 7�� �0
� ��"� �� � P @Æ1 ��� � $�� $�%$ %$�!$% ,. � !�(�" ��� 7� �0 $�� � ��"� �� �0 $�� <-

,��"�1 
 $��$ ��%�� $�� ��*�$. �� 7$� !�����% $�� "�%�!�" *��+� � = % � A %1 ���% ��%
� ��$�" $� ��)�$ $�� "+!�$�� �0 $�� $�%$% $� � )� �)+) �0 =@ %1

32	2� �$( ('$*�/$"

��� ���"� 7 �"7� � " $�� <-
 ,��"� (!�%%+!� %�"� �!� !���*�!�" ,. � �"��%�*�
$�(� 9%�� (�!�7!�(� <1K1A:1 
 $�� ��%� �0 �'(�!�)� $% � $�� "�*�!7� 7 $�%$ %��$�� �
"�%(�$� $�� (!�%� �� �0 $�� �"��%�*� $�(�� �$ ��% ,��  �$�" $��$ $�� ���"� 7 �"7�
��*�$. "�$���)� $ �%  �$ �� $� +�+% ��� 7 $�� %(� �$ $�� ���"� 7 �"7�1 � �� $� +�+%
"�$���)� $ �% �,$�� �" ,. � %)��$� %� " ,��%$� 7 �0 $�� ���"� 7 �"7�1 �0$�! $�� $�%$�
�'(�%�" %(���)� �% !�)�*�"1

32	2� �+�* �*�.  $( *!"#� �!"(

� $�� ,�%�% �0 �)(��$ �,%�!*�$�� % � " �0 $��  �$+!� �0 ��*�$�$�� F�B �$%��0� � �
��% $� %$�$� $�� (!��$���� $�%$ �� "�$�� % � �!"�! $� �,$�� $�� ,�%$ !���*� $ %$�$�%$��%
�0 ��*�$�$�� � "� $�$�� %1
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A1 
$ �% !�$��! "�%�!�,�� $��$ $�� "�$���)� $ �0 $�� ���"� 7 �"7� ��*�$. ,� + �0�!)
�*�! $�� B���� %(� �0 $�� <-
 ,��"�1 ��� %��+$�� �0 (���� 7 � �"��%�*� $�(�
0!�) $�� ���"� 7 �"7� $� $�� $!���� 7 �"7� �$ $�� <-
 ,��"� (!�%%+!� %�"� (�!$�.
0+�5��% $��% !�/+�!�)� $1

<1 
 �!"�! $� !�"+�� $�� + ��!$�� $. �0 $�� %$�$�%$�����. �%$�)�$�" (�!�)�$�!%� $��
�)�+ $ �0 (�$ "�$� )+%$ ,� ��7� � �+7�1 ��B�*�!� $�� (�$$� 7 !�%+�$ 0�! � �
�� "�$�� �% ,�%�" � � %� 7�� %�)(�� B�$� � � �'(�%+!� $�)�1 ��!��*�!� � �.
(�!$% �0 $��% %�)(�� �!� %��  �"1 �� %�/+� $�.� $�� ��+ $ �0 $�� ��!7�%$ ��*�$�$�� 
)�!E%� B���� �!� )+�� )�!� !�!�� �� ,� ,��%�"1 ���% �% (�!$��+��!�. �!�$���� %� ��
$�� $�$�� "�0�!)�$�� *��+)� �% ��7��. B��7�$�" ,. $�� ,�77�%$ (�$%1 
 �!"�! $�
� �!��%� $��  +),�! �0 �)(��$%� $�� $�)� �'(�%+!� �� ,� �� 7�!1 ��B�*�!� $��%
�� .���" �)(��$ �*�!��((� 7 � " $�+% �� ���" $� � + "�!-�%$�)�$�� �0 $��
�*�!�7�" !�$�% 9��,�+" �� 	��� AJJJ:1

=1 � �$��! "�C�+�$. �!�%�% � $�� )��%+!�)� $% ,���+%� �0 $�� �)(�!$� $ "�8�!� ��%
�0 �)(��$ �� �� $!�$�� ��� 7 $�� ���!"1 
 "��"� �% $�� "�8�!� �� � "�%(�!%�� 
�0 �� �� $!�$�� �% %��!(� � �'$!� "�%$�!$�� � $�� �)(��$ %�D� "�%$!�,+$�� )�.
,� ��%� � "+��" ,. $�� ���E �0 "�$� ,�$B�� ����$�� )��%+!�)� $%1

��� (�$$� 7 $�%$ 0�! � 7�*� �."!�". �)�� �� "�$�� B�+�" !�/+�!� �$ ���%$ $B�
!+ % > � 5!%$ $�%$ B�$� � �� 7 �'(�%+!� $�)� � �!"�! $� ��*� %+C��� $ )�!E (�(+��$�� 
�$ $�� ��B �� �� $!�$�� D� �1 
 �!"�! $� ��)�$ $�� �)(��$ �*�!��((� 7 �$ $�� ��7�
�� �� $!�$�� �!��� � �$��! $�%$ B�$� � %��!$�! "+!�$�� B�+�" ,� !�/+�!�"1 ��!��*�!�
,���+%� �0 $�� %��!( "�8�!� ��% �0 (�$$� 7 !�$�% ��� 7 $�� ���!"� $�� � ��.%�% �0 $��
B���� %(���)� B�+�" ,� "�%�!�,��1

32	23 
6'!(-+$  �/$ �"# #�/�0$ �+$�


+!�$�� % �!� � �$����. ���%� � $�� ,�%�% �0 $�� !�%+�$% �0 $�� (!�*��+% �'(�!�-
)� $%1 ��� � "+!�$�� % �!� �"M+%$�" � � B�. $� )�'�)�D� $��  +),�! �0 (�$% B�$� �
��)�$�" �)(��$ �*�!��((� 7 !�%E1 ���% �% !�+7��. �%$�)�$�" "+� $� "�!��$ �,%�!*�$�� %
�0 ��*�$�$�� �)(��$% � %(���)� B�$� � �($���� )��!�%��(�1 ��!��*�!� �%%+)� 7
$��$ $�� !�%E �0 �)(��$ �*�!��((� 7 �% (!�(�!$�� �� $� $�� "�)�7�" �!�� 0!��$�� � $��%
�� ,� �� %�"�!�" �% � (�%$�!��! *���"�$�� �!�$�!�� 0�! $�� (�$$� 7 $�%$1 ��� "�)�7�"
%+!0��� �% �/+�� $� $�� %+) �0 $�� �/+�*��� $  ��� !�"�+% "�%� �!��% $��$ �!� �%%����$�"
B�$� ���� �)(��$1 ��� "�)�7� �!�� (�!�� $�7� /� �% "�5 �" �% $�� !�$�� ,�$B�� $��
"�)�7�" �!�� � " $�� $�$�� �!��1
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)$% �'"��"'��(�� ���"������

32�2	 ��+�..$.  $( ($* �!"

��� <-
 ,��"�% �!� (����" � $�� (�!����� $�%$ %��$�� B�$� � +(%$!��) *�����$. ���	 1
��� �*�!�7� �� 7$� �� �0 $�� �$$����" ���"� 7 �"7� ��*�$. �% "�$�!)� �" B�$� $�� ���( �0
*�%+���%�$�� % 9*�"�� ��)�!� � " %$!�,�%��(�:1 �'�)(��% �0 (��$�% �0 �."!�". �)��
�� "�$�� % �!� 7�*� � 57+!� K1A1

9�: 9,:

2�7+!� K1A> ���"� 7 �"7� ��*�$�$�� �0 $�� 0+�� %���� <-
 ,��"� B�$� � ��+)� �+)
%(���)� � 9�: �PKÆ� ���	 P=@ � ���� ��P<@O� 9,: �PGÆ� ���	 PA6 � ���� ��P<@O

��� *�%+���%�$�� % %��B $��$ 0�! � �Æ � ��"� ��� $�� ���"� 7 �"7� ��*�$. ". �)��%
 ��!�. ��!!�%(� "% $� � %�-�����" %$�,�� ���"� 7 �"7� ��*�$.� B�$� %)��� %��" $!� %�� $
��*�$��% � $�� B�E� 9��)(�!�" B�$� ���"� 7 �"7� ��*�$. �� 7$�:1 ��*�!$����%%� ��!7�!
��*�$��% �� ,� �,%�!*�"� B���� � "���$�% $��$ $�� ���"� 7 �"7� ��*�$. �%  �$ 0+��. %$�,��
0�! �Æ � ��"� ��1
2�! $�� �Æ � ��"� ��� $�� ���"� 7 �"7� ��*�$. �% ����!�. "�5 �" �% + %$�,��1
��� ,!��E"�B �0 (�$$� 7 $�%$% !�(!�%� $% � ��!7� %�$ �0 �."!�". �)�� �� "�$�� % >
- )�$�!��� > ��+)� �+) A@6@� (+!� ��((�!� �$�� ��%% �$��� =AG � X
- <-
 ,��"� � ��"� ��% > � P �Æ � " �Æ X
- +(%$!��) *�����$��% > ���	 P A6� <@� <6 � " =@ � ��� X
- ���"� 7 �"7� ��*�$. �� 7$� > �� P <@� � " K@�1
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�1G1A61< AAI <@O <1@K IJA6@ <@O
�1G1A61K 66 K@O A1KJ I<J<J 6@O

��,�� 61A> =-
 �!�5��)�$!. %$�$�%$��%� 0+�� %���� %(���)� � ��+)� �+)
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��)� ���$+!� ���� ����$�� /� � ���� ����$�� 
��� ��� ��� ����� ���

�1K1<@1< A@K =@O @1GG 6IGK 6@O
�1K1<@1K AJG K@O A16< A@J=< K@O
�1K1<61< A@A< <@O H1HK GI=<@ =@O
�1K1<61K GK< K@O 61=6 AIGHA <@O
�1K1=@1< GA 6@O @1K6 K@JJ< K@O
�1K1=@1K =A< K@O =1KK GJ=J@ 6@O
�1K1=<1< HHH <@O AA1J <6=KIJ 6@O
�1K1=<1K IHK K@O AG1G <H@KAA K@O
�1G1A61< A6= =@O <1IA <KA@I <@O
�1G1A61K ==A =@O <1=G J<IG@ H@O
�1G1<@1< A=G <@O =1KJ A@HK<I K@O
�1G1<@1K <<H K@O I1<G <A@AKJ 6@O
�1G1<61< AK= <@O A1JH 6H<GI =@O
�1G1<61K <=K K@O A@1I K@=HIA 6@O

��,�� 61<> =-
 �!�5��)�$!. %$�$�%$��%� 0+�� %���� %(���)� � ��((�!

��)� ���$+!� ���� ����$�� /� � ���� ����$�� 
��� ��� ��� ����� ���

�1K1=@1< K <@O @1@< =A6< =@O
�1K1=@1K 6J K@O @1=H <JJA 6@O
�1K1=<1< A=@ =@O <1KI <HJGJ <@O
�1K1=<1K AKJ K@O A166 AKHKA 6@O
�1G1A61< 6 =@O @1@< K<K K@O
�1G1A61K H 6@O @1A@ <AHI 6@O
�1G1<@1< AG <@O @1@J <GG@ K@O
�1G1<@1K =G 6@O A1IA G<@IG 6@O
�1G1<61< J <@O @1A@ A@GGH 6@O
�1G1<61K <J 6@O @1IG AA=HJ 6@O
�1G1=@1< J <@O @1@I G<IG =@O
�1G1=@1K 6= K@O A1G@ 6AAA@ 6@O

��,�� 61=> =-
 �!�5��)�$!. %$�$�%$��%� 0+�� %���� %(���)� � �$�� ��%% �$���
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��)� ���$+!� ���� ����$�� /� � ���� ����$�� 
��� ��� ��� ����� ���

(�1K1<@1K 6H K@O @1<= =KG K@O
(�1K1<61< HA <@O @1=J <<K <@O
(�1K1<61K G=< K@O K1AA <I<K 6@O
(�1K1=@1< AKJ <@O A1@@ AIGA <@O
(�1K1=@1K KI= K@O G1J= K=A=G 6@O
(�1G1A61< A6@ <@O A1<= KJ<@ <@O
(�1G1A61K JG K@O A1K6 K66H K@O
(�1G1<@1< <KJ <@O 61<K A6<A@ <@O
(�1G1<@1K H= 6@O @1GI AA@@A 6@O
(�1G1<61< K=I <@O J1JK GH@=6 <@O
(�1G1<61K KKG 6@O A@1I@ H6JJJ 6@O

(�,�%1G1<61K G@A K@O <@1H@ ==@G@K 6@O

��,�� 61K> =-
 �!�5��)�$!. %$�$�%$��%� %)��� %���� %(���)� � ��+)� �+)

��)� ���$+!� ���� ����$�� /� � ���� ����$�� 
��� ��� ��� ����� ���

"�1K1<@1< A@6@ K@O G16 =6AG K@O
"�1K1<@1K <6K@ =@O AA1= 6J6H =@O
"�1K1=@1< <@AG 6@O A=1A <@AGJ =@O
"�1K1=@1K GK= H@O <@1G KIG@JH G@O
"�1G1<@1< AGJ <@O A1@G A<AKA K@O
"�1G1<@1K <AI =@O A1H= AIG@H@ 6@O
"�1G1<61< << =@O @1== 6@@6I G@O
"�1G1<61K IJ 6@O K1J JK6AK 6@O

��,�� 616> =-
 �!�5��)�$!. %$�$�%$��%� 0+�� %���� %(���)� � "�*�!7� 7 $�%$ %��$�� 
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��� ���!��$�!�%$��% �0 $�� (�$% �� ,� "�%�!�,�" ,. =-
 (!�5��)�$!. *�%+���%�$�� %1
��� %+!0���% �0 $�� %(���)� % �!� !�(!�%� $�" ,. +%� 7 ����+! �)�7�%1 ��� ����+!-)�(
� "���$�% $�� "�($� � ��1
�% � �'�)(�� �0 $�� �)(��$% �,$�� �" 0�! $�� KÆ � ��"� ��� %�� $�� ����$�� % K@O � "
6@O �0 $�� ��((�! %(���)� �K=@K � 57+!�% 61<1 �% � )�$$�! �0 0��$� $�� �)(��$% �!�
B��� "�%$!�,+$�" B�$� ��$$�� �*�!��((� 71 �� ��! � 7 $�� + %$�,�� )�"�� ��$ +% �� %�"�!
$�� ��((�! %(���)� �G<6K � 57+!� 61=1 ���% )�"� ���"% $� < 0�)����% �0 �)(��$% >

A1 �%���$�" �)(��$% B���� �!� %�)���! $� $��%� �,%�!*�" B�$� $�� %$�,�� )�"� X

<1 7!�+(�" �)(��$%1

��� (!�%� �� �0 7!�+(�" �)(��$% ��+�" ��$ +% �� ��+"� $��$ ��!7� %��" $!� %�� $ ��*�$��%
�!� �$ $�� �!�7� �0 )+�$�(�� �)(��$%1 
$ ��% $� ,�  �$�" $��$ $��%� 7!�+(�" �)(��$%
��%� �((��! �0 $�� �'(�%+!� $�)� �% !�"+��"1
��!��*�!� �,%�!*�$�� % ��$ +% %+((�%� $��$ ��!7� �%)��$�� �)(��$% �!� (!�%� $ � 
B���� %)����! ,+$ "��(�! �)(��$% �!� %+(�!(�%�"1 
+� $� $�� "�)�7� $�!�%���" �0 $��
)�$�!���� $��% 0��$ �% ��� $�� )�!� $!+� �0 $�� )�$�!��� �% "+�$���1
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2�7+!� 61<> �+!0��� *�%+���%�$�� �$ ����$�� K@O � " 6@O 0�! �� "�$�� �K=@K
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2�7+!� 61=> �+!0��� *�%+���%�$�� �$ ����$�� K@O � " 6@O 0�! �� "�$�� �G<6K
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#& ,����
�

,$% ������+ �����

�2�2	 ��.*-.� �!" /$ ,!#

'���	��� �	
��

�% �$ ��% ,�� ��!�. %+77�%$�" ,. Y �(( �� 	�� 9AJH@:� (�$$� 7 !�$� ��� � B�+�"  �$
,� �,�� $� )��%+!� (!���%��. $�� "�)�7� ��+%�" ,. ��*�$�$�� 1

�%(�$� $�� ���E �0 "�$� 0�! $�� ��!7�%$ (�$%� $�� $�$�� "�0�!)�$�� (!�*�"�% � )�!�
���+!�$� )��%+!�)� $ �0 $�� �*�!��� � �!7. $!� %0�! 0!�) $�� *�(�+! %$!+�$+!�% $�
$�� )�$�!���1 ���!�0�!�� ,�$� $�� �*�!�7�" (�$$� 7 !�$�% � " $�� �*�!�7�" "�0�!)�$�� 
*��+)� !�$�% ��*� ,�� ����+��$�"1 
�0�!)�$�� � �!7. !�$�% ��*� ,�� ��%� ����+��$�"
���. �!� �,$�� �" ,.  +)�!���� � $�7!�$�� ��� 7 $�� ���!" �0 $�� (�$$� 7 !�$�% �!
"�0�!)�$�� *��+)� !�$�%1 ��� B���� �� %�"�!�" %+!0��� �% �/+�� $� $�� %+) �0 ���
)��%+!�)� $ D� �%� B���� �% �/+�*��� $ $� J �!��% 90!�) A@O +( $� J@O: �0 0, � 01
���1 ���. �!� �'(!�%%�" (�! + �$ $�)� � " (�! + �$ %+!0���1

���  +)�!���� � $�7!�$�� �% �,$�� �" ,. �� %�"�!� 7 � �� ��! � $�!(���$�� # ���	,

�0 $�� *��+)�% � " $��  +),�! �0 � "� $�$�� % ,�$B�� $�� ����$�� % �E�1 ���
�*�!�7�" (�$$� 7 !�$� #� � $�� �*�!�7�" "�0�!)�$�� *��+)� !�$� #� � � " $�� �*�!�7�"
"�0�!)�$�� � �!7. !�$� #�� �!� 7�*� ,. $�� 0����B� 7 � $�7!�$�� 0�!)+�� >

#� �
�

�� 0,� 01 � �
�

0

� ����

��	


#� 	,

���Æ,� V���� ���W 961A:

#� � �
�

�� 0,� 01 � �
�

0

� ����

��	


#� �	,

���Æ,� V������� ���W 961<:

#�� �
�

�� 0,� 01 � �
�

0

� ����

��	


#��	,

���Æ,� V� ���� ���W 961=:

B��!��% $�� � $�!*�� �,���! ,���� �% $�� � $�7!�$�� "�)�� ��� 7 $�� ���!" � �0 $�� <-

,��"�� � $�� "+!�$�� �0 $�� $�%$1
��� �*�!���  +)�!���� !�%+�$% �!� %+))�!�D�" � $�� (!�*��+% %��$�� � $�,��% K1<� K1=
� " K1K 0�! $�� 0+�� %���� %(���)� %� � " � $�,�� K1G 0�! $�� %)��� %���� %(���)� %1
��%+�$% �� ,� (!�%� $�" B�$� ���!$%1 ��� $�� 57+!�% 61K� 61G � " 61H 0�! $�� 0+�� %����
<-
 ,��"�1 ��)(�!�%� ,�$B�� $�� !�%+�$% �,$�� �" 0�! $�� (�!����� $�%$ %��$�� � "
$�� "�*�!7� 7 � � �% (!�%� $�" � 57+!� 6161 ��%+�$% 0�! $�� %)��� %���� <-
 ,��"� �!�
7�*� � 57+!� 61I1
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��8#8* ��

��� �	
�� #%

���	� �	
��

�% ��)(��)� $�!. !�%+�$%� $�� !�$�% B���� ��!!�%(� " $� ���� ����$�� �E� �!� ��%$�"
� �  �'� �1
����� !�$�% ��*� ,�� �'(!�%%�" �% >

#� 	$
 �
��

� � 0,� 01 V���� ���W 961K:

#� 	$
 �

�
��	��	���

� ���	��	�

� � 0,� 01 V������� ���W 9616:

#�	$
 �

�
��	��	���

����	��	�

� � 0,� 01 V� ���� ���W 961G:

B��!��% �� �% $��  +),�! �0 � "� $�$�� % �$ $�� ����$�� �E�1

�2�2� �.!1�. *,�+�* $+�( �*( !) ��$+�0$# +� $(

A1 ��� ��7� "�(� "� �� �0 $�� �*�!�7�" !�$�% +(� $�� F�B *�����$. �% �� 5!)�"1

<1 ��� ���"� 7 �"7� ��*�$. �� 7$� �� P K@O ���"% $� ��7��! !�$�% $�� $�� ���"� 7
�"7� ��*�$. �� 7$� �� P <@O1

=1 �+�� ��7��! !�$�% �!� �,$�� �" � $�� ��%� �0 $�� + %$�,�� ���"� 7 �"7� ��*�$�$�� 1

K1 
 ��)(�!�%� $� $�� 0+�� %���� <-
 ,��"� !�%+�$%� ��B�! *��+)� "�0�!)�$�� !�$�%
�!� �,$�� �" 0�! $�� %)��� %���� �'(�!�)� $%1 ��*�!$����%%� $��% �%  �$ $�� ��%� 0�!
$�� (�$$� 7 !�$�% B���� �!� )�%$�. ��7��!1 ���% �� ,� �'(��� �" ,. $�� �+$-�8
(�!�)�$�! �� �0 $�� =-
 (!�5��)�$!.1 ��� ��$$�! �% %)����! 0�! $�� %)��� %����
<-
 ,��"� $�� 0�! $�� 0+�� %���� <-
 ,��"� 9%�� $�,�� <1A:1 �� %�/+� $�.� $��
)� �)+) )��%+!�" *��+)� �% %)����! 0�! $�� %)��� %���� <-
 ,��"�1 ��+%� $��
$�$��  +),�! �0 (�$% �� ,� ,��%�"1

61 �$!� 7 �8��$ �0 $�� �""�$�� �� (!�%%+!� 7!�"�� $ �% !�)�!E�,�� 0�! ��� $�� $�%$�"
F�B *�����$��%1 ��$� $�� �*�!�7�" (�$$� 7 !�$� � " $�� �*�!�7�" "�0�!)�$�� 
*��+)� !�$� �!� )+�� ��7��! � $��% �� 57+!�$�� 9$.(���� 0��$�! A@:1

�2�2� �!/'�+�(!" 1$ 4$$"  ,$ /� $+��.(

��� $�$�� "�%%�(�$�" "�0�!)�$�� (�B�! ,�$B�� $�� "�8�!� $ )�$�!���% �� ,� ��)-
(�!�" 0�! � %�)� �."!�". �)�� �� "�$�� 1 
 "��"� ,. �� %�"�!� 7 $�� �*�!�7�" � �!7.
"�0�!)�$�� !�$�%� �$ �% %��B $��$ �/+�*��� $ "�0�!)�$�� � �!7��% �!� �,$�� �" ,.
+%� 7 ��$��! ��((�! �! ��+)� �+)1 ���% ��%� "�)� %$!�$�% $��$ $�� ����+��$�� �0 $��
"�0�!)�$�� � �!7. �% �� %�%$� $ 0�! $�� < )�$�!���%1
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2�7+!� 61K> �*�!�7�" (�$$� 7 � " "�0�!)�$�� *��+)� !�$�% 0�! ��((�! %(���)� % B�$�
$�� 0+�� %���� <-
 ,��"�
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Comparison between parallel and diverging tests
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2�7+!� 616> �*�!�7�" (�$$� 7 � " "�0�!)�$�� *��+)� !�$�%� ��)(�!�%� ,�$B�� $��
(�!����� � " $�� "�*�!7� 7 $�%$ %��$�� 
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2�7+!� 61G> �*�!�7�" (�$$� 7 � " "�0�!)�$�� *��+)� !�$�% 0�! �$�� ��%% �$��� %(���)� %
B�$� $�� 0+�� %���� <-
 ,��"�
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2�7+!� 61H> �*�!�7�" (�$$� 7 � " "�0�!)�$�� *��+)� !�$�% 0�! ��+)� �+) %(���)� %
B�$� $�� 0+�� %���� <-
 ,��"�
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2�7+!� 61I> �*�!�7�" (�$$� 7 � " "�0�!)�$�� *��+)� !�$�% 0�! ��+)� �+) %(���)� %
B�$� $�� %)��� %���� <-
 ,��"�
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,$& ����������' "�����' "������.�����

�2�2	 ��(�( !)  ,$ �"�.&(�(

��$��+7� !�%+�$% 7��,���. %��B $��$ ,�$� $�� )�'�)+) *��+)�% � " $�� )�'�)+)
�*�!�7�" !�$�% �!� %�$+�$�" �$ �,�+$ $�� ��*�$. ���%+!� �! "�B %$!��) �0 �$� �$ ��%
$� ,�  �$�" $��$ )��%+!�)� $% ��+�" ,� �8��$�" ,. $�� + ��!$�� $. �0 $�� ���"� 7
�"7� ��*�$. �� 7$�� �% B��� �% ,. $�� ���E �0 "�$� ,�$B�� ����$�� D� �%1 ���!�0�!��
%$�$�%$���� !�%+�$% ��*� $� ,� �� %�"�!�" B�$� ��!� � " � �. $�� 7��,�� %$�$�%$��% $� $��
B���� <-
 ,��"� �!� !���*� $1

��� (!�,�,���$. "� %�$��% �0 "�0�!)�$�� *��+)� 0�! $�� %)��� %���� <-
 ,��"� �!�
(!�%� $�" � 57+!� 61J1 
�%$!�,+$�� % 0�! $�� (�!����� $�%$ %��$�� %�$+�$�� � " $�� 0+��
%���� <-
 ,��"� �!� %��B � 57+!�% 61A@ � " 61AA1 ��)���!�.� $�� (!�,�,���$. "� %�$. �0
$�� "�0�!)�$�� � �!7. �% (!�%� $�" � 57+!�% 61A=� 61AK � " 61A61 ��� �� "�$�� % �!�
 �$�" V)�$�!���WV�WV���	 WV�� W� B��!� )�$�!��� �% ��� 0�! ��+)� �+)� ��� 0�! ��((�! � " ���
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 �% $�� �)(��$+"� (!�%%+!� �0 $�� B�*� � " � �% $�� "�%$� �� �0 $�� B�*� �(��� $!�1
�% �$ ��% ��!��". ,�� )� $�� �" � (�!�7!�(� <1K1<� $�� ���+%$�� � �!7. �� �%%����$�"
$� ���� �)(��$ �% (!�*�"�" ,. $�� � *�!%� F+�"-%���" )�"�� �)(��)� $�" � $�� %�0$B�!�
�
�����1
2+!$��!)�!�� ���+%$�� � �!7��% ��*� ,�� �%%+)�" (!�(�!$�� �� $� $�� "�0�!)�$�� 
� �!7. �0 $�� �)(��$ "� �$�" ��1

�232� �+!#-* �!" +� $ !) *��� & $"$+0�$(


 � �$$�)($ $� "�$�!)� � $�� �����(%� �C��� �.� �$ �% !�/+�!�" $� �%$�)�$� $��
(!�"+�$�� !�$� �0 *�(�+! %$!+�$+!�%1 � $��� �/+� $� )��%+!� $�� (!�"+�$�� !�$� �0
��*�$��% ��% ,�� "�*���(�" � $�� 5��" �0 B�!E �0 ��!��!� 9AJJH:1 ��� )��%+!�)� $%
�!� �,$�� �" ,. +%� 7 � � �-(�� $ ,��) ��%�! $��� �/+�1 ��� (!� ��(�� �0 $��% )�$��"
�% ,�%�" � $�� � $� %�$. )��%+!�)� $ �0 � ��%�! ,��) !�F��$�" � � (���%��" %�)(���
$�� ,��) ,�� 7 (�!(� "��+��! $� $�� %+!0��� %�)(�� �$ $�� ���%+!� B�E� !�7�� �0 $��
���"� 7 �"7� ��*�$.1 ��� ��7�$ %�7 �� �% )��%+!�" B�$� � 0�%$ (��$�"��"�� � " $��
 �!)���D�" �'$!�)� %�7 �� *��+�% �,$�� �" �!� � �� �0 $��!� �%  � ��*�$.� � " D�!��
�0 � ��*�$. 7��% $�!�+7� $�� ��%�! ,��)1 �%%+)� 7 � �� %$� $ *�����$. �0 ��*�$��%�
B���� ��% ,�� $�E� $� @1G ���	 � � $�)� %���� � ��.%�% �0 $�� %�7 �� ,. �� $� +�+%
B�*���$ $!� %0�!) 9�N�: ��% ,�� (�!0�!)�"1 ���% $!��$)� $ ����B% +% $� ����+��$�
$�� (!�"+�$�� !�$� �� �0 ��*�$. B�$� �� 7�$+"� �� %�D� ��1 
 �""�$�� � $�� ��*�$.
"�)� %�� % �� � " ��� �% B��� �% $�� �%%����$�" �� 7�$+"� �� "�)� %�� ��� �!� (!�*�"�"
,. %$�!��)�$!. )��%+!�)� $%1 ��� !�%+�$% "�)� %$!�$� $��$ � �/+�*��� $ %(��!�
"��)�$�! � �� ,� $�E� �% ��1
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���% "�%$!�,+$�� �% "�8�!� $ 0!�) $�� � �% �,$�� �" ,. �$��! !�%��!���!%1 �� �!���.�
$��. �!� "�%�!�,�" ,. ���%%���� (!�,�,���$. ��B%� %+�� �% �'(� � $��� ��B% 9��))�$$�
AJG=X Y�$� �� 	��� AJHI: �! N��,+�� ��B% 9����)� AJI6:1
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��� �����(%� �C��� �. �% "�5 �" �% ,�� 7 $�� !�$�� �0 ��	��
 � " ��	��
 "�%$!�,+$�� %1
���  +),�! �0 ��*�$��% B�$� $�� "�0�!)�$�� � �!7. �� (�! $�)� + �$ �% �,$�� �" ,.
)+�$�(�.� 7 $�� (!�,�,���$. "� %�$. "�%$!�,+$�� ,. $��  +),�! �0 (�$% (�! %��� " !�$�
�� >
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�'(�!�)� $�� �����(%� �C��� �. �% !�(!�%� $�" � 57+!� 61AH 0�! $�� 0+�� %���� <-

,��"� B�$� $�� �Æ � ��"� ��� � " � 57+!� 61AI 0�! $�� �Æ � ��"� ��1 ��� ���!��$�!�%$��%
�0 $�� �����(%� �C��� �. �!� $�� 0����B� 7 >

A1 ��� $�!�%���" *��+)� �0 $�� (!�5��)�$�! )��%+!�)� $� B���� ��" $� $�� + "�!-
�%$�)�$�� �0 (!�,�,���$. "� %�$. "�%$!�,+$�� �0 "�0�!)�$�� 9�� �$ ��: 0�! ��B
� �!7��%� .���" ��%� ��B *��+�% �0 �����(%� �C��� �. 0�! $�� ��B � �!7��%1

<1 %�� �% ��7��. "�(� "� $ � $�� F�B �� "�$�� % �% B��� �% � $�� )�$�!���1 ���
�+!*�% (�� $ �+$ $��$ %�� 7��,���. � �!��%�% B�$� ���	 � B��$�*�! $�� )�$�!��� ,�
0�! � 7�*� � 7�� �0 � ��"� ��1

=1 ��� �����(%� �C��� �. "��!��%�% B�$� $�� � �!7. 0�! )�"�!�$� F�B *�����$��% 9A6R
<6 � ���: B�$� ��+)� �+) � " ��((�! )�$�!���%� �%(������. 0�! $�� �Æ � ��"� ��
�� "�$�� %1 
$ �� ��%� ,�  �$�" $��$ $��% $� "� �. "�)� �%��% B�� $�� +(%$!��)
*�����$. � �!��%�%1 ���% $� "� �. �% %��7�$�.  �$�" 0�! $�� �Æ � ��"� �� �� "�$�� %1
���% "���. �0 $�� �����(%� �C��� �. �� ,� �'(��� �" ,. $�� ���E �0 (�$ "�$� 0�!
$�� ��!7�%$ (�$%� B���� !�%+�$% � � ,��% � $�� %$�$�%$��% 0�! $�� ��!!�%(� "� 7
(�$%1 ��B�*�!� $�� ��B �C��� �. �0 $�� ��!7� ��*�$��% ��+�" ��%� ,� �'(��� �"
,. � �."!�". �)�� �((!���� > $�� "�%$� �� �0 $�� �����(%�% 0!�) $�� ���"� 7
�"7� ��*�$. ���%+!� �% � �!��%�" 0�! $�� ��!7�%$ ��*�$��% 9� " %� $�� )�!� � �!7�$��
� �%� �� %�"�!� 7 $�� (�$� $��� � �!7.:1 ��� � ����!"� 7 $� $�� �����(%� $�)�
7�*� ,. ��.���7� 9AJAH: 9�/+�$�� 61AI: � " �%%+)� 7 � �� %$� $ *�����$. 0�!
��� ��*�$��%� B���� �% � �!+"� �%%+)($�� � $��% "�%$� �� �% (!�(�!$�� �� $� $��
)�'�)+) %�D� ���� !�����" ,. $�� ��*�$.1 2� ���.� �$ �� ,� %+77�%$�" $��$ $��
)�!� $�� "�%$� �� 0!�) $�� ��*�$. ���%+!� � �!��%�%� $�� )�!� $�� "�%$� �� $� $��
B��� �0 $�� �����(%�% � �!��%�% �% B���� ���"� 7 $� � ��B �����(%� �C��� �.1

�� � ��������

�
)


��� � 
�	� 

961AI:

K1 ��B�! �����(%� �C��� �. �!� 7� �!���. �,$�� �" 0�! $�� ��*�$. �� 7$� �� P<@O
$�� 0�! $�� � � �� PK@O1 ���% �� ,� �'(��� �" ,. $�� (�$� $��� � �!7. �0 $��
��*�$��%1 �%%+)� 7 $�� ��!7�! $�� )�� ��*�$. �� 7$� �%� $�� ��!7�! $�� %��""� 7
��*�$��% �!� 7� �!�$�"1 �� %�/+� $�.� "�%%�(�$�" � �!7. ,. ��*�$�$�� �% ��7��!
B�� $�� )�� ��*�$. �� 7$� �% � �!��%�"� � " $�+% $�� ��*�$�$�� �77!�%%�*� �%%
�% ��%� � �!��%�"1

61 �E�((� 7 $�� ��B � �!7��% 9�+$-�8 (�!�)�$�!%: � " ��7� � �!7��% 9���E �0 "�$�:�
$.(���� *��+�% �0 $�� �����(%� �C��� �. �!� $�� 0����B� 7 >
- %�� \V����R6 ���
W 0�! ��+)� �+) %(���)� %� � P KÆ � " ���	 PA6R=@ � ��� X
- %�� \V<���
W 0�! ��+)� �+) %(���)� %� � P GÆ � " ���	 PA6 � ��� X
- %�� \V����R= ���
W 0�! ��((�! %(���)� %� � P KÆ � " ���	 P<@R=< � ��� X
- %�� \V<���
R<����W 0�! ��((�! %(���)� %� � P GÆ � " ���	 PA6R<6 � ��� X
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- %�� \V<����R����W 0�! %$�� ��%% %$��� %(���)� %� � P KÆ � " ���	 P=@R=< � ��� X
- %�� \V����R<���
W 0�! %$�� ��%% %$��� %(���)� %� � P GÆ � " ���	 PA6R=@ � ���1
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� ��� 0����B� 7 7� �!�� ��))� $% �,�+$ (�$$� 7 �'(�!�)� $% �� ,� )�"� >

A1 ��$$� 7 !�%+�$% �� %$!� 7�. ,� ,��%�" ,. $�� ���E �0 (�$ "�$� 0�! $�� ��!7�%$
� "� $�$�� % � " ,. $�� ���E �0 "�$� ��+%�" ,. � ��.%� 7 � (�$���" %+!0���
��� 7 $�� <-
 ,��"� ���!"1 ���% ��%� �� 5!)% $�� !�/+�!�)� $ $� (�!0�!)
%�*�!�� (�$$� 7 $�%$% 0�! � %�)� �."!�". �)�� �� "�$�� B�$� *�!��,�� "+!�-
$�� %1

<1 �+$-�8 (�!�)�$�!% �0 (!�5��)�$!. � ��.%�% .���" � �+$-�8 )� �)+) *��+)�1
���% ���"% $� � ,��% � $�� %$�$�%$��% 0�! $�� %)��� *��+)�% 9� " $�� ��B
� �!7��%:1

=1 
$ �% ��7��. "�%�!�,�� $� �,$�� � !�(�$�$�*� ���"� 7 �"7� ��*�$�$�� "�$���-
)� $� 0!�) B���� � %$�,���$��% �� �!�%� B���� �� (�!$�. 7�*�! $�� 7� �-
!�$�� (!���%% �0 *�(�+! %$!+�$+!�%1

� � $�� ,�%�% �0 $�� =-
 (!�5��)�$!. !�%+�$%� B���� �!� ��)(��$�" ,. "�!��$ �,%�!-
*�$�� % B�$� $�� ���( �0 � )��!�%��(�� �$ �� ,� %$�$�" $��$ >

A1 ��� %$�,�� )�"� �0 $�� ���"� 7 �"7� ��*�$. ���"% $� �)(��$% $��$ �!� �� �� -
$!�$�" �$ $�� ��*�$. ���%+!� � " B���� �!� )�%$�.  � �*�!��((� 7 �)(��$%1

<1 �� ��! � 7 $�� + %$�,�� )�"�� �)(��$% �!� )�!� %(!��" �!�+ " $�� )�� 
��*�$. ���%+!�1 �B� 0�)����% �0 �)(��$% �!� �,%�!*�" � $��% )�"� >  � 
�*�!��((� 7 �)(��$% B���� �!� %�)���! $� $��%� �,%�!*�" � $�� %$�,�� ��%��
� " )+�� ��!7�! �)(��$% B���� �0$� �!� 7!�+(�"1

���!�0�!�� < "�8�!� $ E� "% �0 ��*�$�$�� �$$��E �� ,� %+77�%$�"1 � $�� � �
�� "� �0 � � �� %�"�!% $�� %$�,�� ��%�� $�� *�(�+! %$!+�$+!�% �!� �!��$�" �$ $��
B�$�!-*�(�+! � $�!0��� 9�*���� Q 
+(� $� AJII:� .���"� 7 *�!$���$. �� �% "+� $�
Y��*� -���)�$D � %$�,���$��% 9��8)� � AJJ<:1 
 $��$ ��%�� �)(��$% �!� )�%$�.
 � �*�!��((� 71
� $�� �$��! �� "� �0 � � �� %�"�!% $�� + %$�,�� ��%�� $�� (!�%� �� �0 ��!7� %��"
$!� %�� $ ��*�$��% .���"% ��!7�! )+�$�(�� �)(��$%1
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� �% $� $�� $�%$% � $�� "�*�!7� 7 $�%$ %��$�� � �$ �% %$!�E� 7 $��$ $�� ��*�$�$�� 
�77!�%%�*� �%% �% � �!��%�" 9+( $� � 0��$�! A@:1 �% � �'(�� �$�� � $�� 7!�"�� $
(!�%%+!� �8��$ ��+�" ,� $�� ��+%� �0 %+�� � !�%+�$1 ��B�*�!� �$ �% ��%� �*�"� $ $��$
$�� 7��,�� ��� 7� �0 �."!�". �)�� F�B � " *�!$���$. �� � "+�� $�� 7� �!�$�� 
�0 )�!� �!�%�*� *�(�+! %$!+�$+!�%1

� ��� 7��,�� � �!7. $!� %0�! 0!�) $�� *�(�+! %$!+�$+!�% $� $�� )�$�!��� ��% ,�� 
�%$�)�$�" B�$� $�� �����(%� �C��� �. � $�� ��%� �0 0+�� %���� �'(�!�)� $% � $��
(�!����� $�%$ %��$�� 1 ��� �����(%� �C��� �. (!�%� $% $B� )�� ���!��$�!�%$��% >

A1 ��� +(%$!��) *�����$. �% $�� (!� ��(�� � F+� �� 7 )��!�%��(�� (�!�)�$�!
0�! ,�$� $�� %$�,�� � " + %$�,�� (�!$��� ���"� 7 �"7� ��*�$��%1 �% � �'(��-
 �$�� � �$ �� ,� �!7+�" $��$ $��% !�%+�$ �% "+� $� $�� %. �!7�%) �0 $��
(!�%%+!� 7!�"�� $ "!�*� 7 $�� �����(%� � " �0 $�� � �!��%� 7 �0 $�� ��!�+��$�� 
�0 $�� $!� %�� $ *�!$���%1 ��� (�$� $��� � �!7. �0 $�� ��*�$. "�(� "% � $��
"!�*� 7 (!�%%+!�� � " $�� � �!��%� 7 �0 $�� ��!�+��$�� �0 *�!$���% �� ���"
$�� ��*�$�$�� *�!$���% $� �����(%� ���%�! $� $�� B���1

<1 ��� �����(%� �C��� �. �% /+�%� �� %$� $ 0�! $�� ��7� F�B *�����$��% 9=@R
=< � ���:1 ���% !�%+�$ �% � 7��" �7!��)� $ B�$� $�� (!�*��+% B�!E% �0
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� *��*�" � $�� 5 �� %$�7� �0 � ��*�$�$�� *�!$�' �����(%�� �% B��� �% $� "�$�!)� � $��
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�'(�!�)� $% �!� �����*�" � ,�$� $�� <-B� "�B% $�%$ %��$�� � " $�� K-B� "�B% $�%$
%��$�� 1 ��� �+)� �%�� �� (�� �)� � �% *�!. %� %�$�*� $� �'(�!�)� $�� (�!�)�$�!%
9��!,�! �� 	��� AJJK:1 ��� ��$$�! )�7�$ ,�  �$ � �. $�� �."!�". �)�� (�!�)�$�!
9"!�*� 7 (!�%%+!�� *�!$�' � $� %�$.�111:� ,+$ ��%� $�� "�%%��*�" 7�% � " $�)(�!�$+!�1
���!�0�!�� � �!"�! $� )�� $�� $�� �)�+ $ �0 "�%%��*�" 7�% � $�� B�$�! ,���B � 
����($�,�� *��+�� � "�7�%%� 7 (!���"+!� �% (�!0�!)�" ,�0�!� ���� �'(�!�)� $1 ���
)��%+!�" "�%%��*�" �'.7� 9
�:� B���� �% )��%+!�" B�$� N�N �T
 =K@ �$ �� %$� $
$�)(�!�$+!�� �% $�� ��%% $�� < ������ 0�! $�� "+!�$�� �0 $�� �'(�!�)� $% ��%% $�� 
< ��+!%1 �.(���� � �!��%� �0 
� *�!%+% $�)� 0�! $��  �)� �� F�B !�$� �% 7!�(������.
%��B � 57+!� I1A1 ��� $�)(�!�$+!� �% E�($ �� %$� $ �$ ����Æ� � ���Æ�1 ��� �L�
�% $�� !+ "+!� 7 � (�!��" �0 A6 )� +$�% ,�0�!� $�� ,�7�  � 7 �0 �'(�!�)� $%� B����
7�*�% $�� $�)� D�!� �0 $�� �'(�!�)� $1

:2	2� �!+ $6 *!..�'($ #$ $* �!"

�� �� $�� �����(%� $�)� ��  �$ ,� (!�"��$�" %�$�%0��$�!��. �0 $�� !�0�!� �� $�)� �%
,�%�" � $�� *��*� ���%+!�� %�7 �� ��/+�%�$�� % �% B��� �% �+)� �%�� �� *�%+���%�$�� % �� 
,� $!�77�!�" � � $�!�%���" �0 $�� ". �)�� (!�%%+!� %�7 ��1 ���% �% �����*�" �B� 7 $�
$�� %��B (!�%%+!� !�%� (!���"� 7 $�� 5!%$ %��!( (!�%%+!� (��E1 �� %�"�!� 7 $�� ". �)��
!�%(� %� �0 $�� (!�%%+!� $!� %"+��!� $��% (!�*�"�% � $�)� %���� !�%��+$�� �0 A ��1
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Q = 0.66 l/s
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9
�:� ��$��! ��� 7 $�� *�!$���� �'�% 0�! $�� K-B� "�B% $�%$ %��$�� � ��E� �$ �% "�(��$�" � 
57+!� I1<� �! ���7 �" B�$� $�� ��!�D� $�� �($���� �'�% �0 $�� <-B� "�B% $�%$ %��$�� � ��E�
�$ �% "�(��$�" � 57+!� I1I1
��� �)�7� ��/+�%�$�� � B��%� %. �($�� "��7!�) �% (!�%� $�" � 57+!� I1<� �� ,� "�%-
�!�,�" �% 0����B% >

A1 ��� ��� %�7 �� "���*�!�" ,. $�� !�$�$� 7 *��*� (�%�$�� "�$��$�! �% ��  ��$�"
� $� $�� 
Z� "�$� ��!" �0 $�� ��� B���� �% B��$� 7 0�! $�� *��*� ���%+!�1

<1 ��� �%�����%��(� �% �%. ��!� �+%�. �!)�" (!��! $� $�� ��*�$. �����(%� �B� 7 $�
� 0�%$ ��
� ��))+ ���$�� 1 �$ $�� %�)� $�)�� $�� 0!�)� 7!�,,�! �% �%. -
��!� �+%�. !�%�$� � �!"�! $� 7!�, $��  �'$ *�"�� 5��" $��$ B��� �� $�� $�� �+)�-
 �%�� �� � 0�!)�$�� 1 �$ $��% %$�(� $�� B���� %.%$�) �% !��". � " B��$% 0�! $��
�����(%� B���� �% "�$��$�" ,. $�� (!�%%+!� $!� %�� $1

=1 N�� �����(%� ���+!% � " $�+% $�� $�!�%���" �0 ". �)�� (!�%%+!� �% !�����"� $��
�%�����%��(� "���*�!% � �'$�! �� $!�77�! %�7 ��� B���� $!�77�!% $�� 
� %�+$$�! �$
$�)� ���� B�$� $�� �'(�%+!� $�)� Æ����1

K1 ��)� %�7 ��% �!� !�$!��*�" ,. � ��
� "�$� $!� %0�! 0!�) $�� �%�����%��(� $� $��
��� � " $�� *�"�� 0!�)� �� $�� � 7 �+)� �%�� �� �% 7!�,,�"1 ��� �'(�!�)� $ �%
$�!)� �$�" B�� $��  +),�! �0 "�%�!�" %+���%%0+� *�%+���%�$�� % �% �,$�� �"1
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$�� 7��,�� �+)� �%�� �� � $� %�$.1 � � )+%$ (�� $ �+$ $�� � $�!�%$ �0 %+�� � )�$��"1
� $�� � � �� "� $��% ����B% $�)� � " )�)�!. )�%% 9A1I �,.$�Z0!�)�% � " <@@
Y,.$�Z%�7 ��: $� ,� %�*�" � ��%� �0 ��B �+)� �%�� �� "�$��$�� "+� $� 0��%� %�$$� 71 � 
$�� �$��! �� "� $��% ���(% +% 0�! � !�+7� �((!����$�� �0 $��  +),�! �0 ��/+�%�$�� % $� ,�
%�$1 ����-$�)� �)�7� (!���%%� 7 �0 $�� ��/+�!�" 0!�)� �% (�!0�!)�" "+!� 7 !�*��+$�� %
�0 $�� *��*�1 �% � 5!%$ !�%+�$ �0 $�� (!���"+!�� *�%+���%�$�� �% ��$��! *���"�$�" �!
!�M��$�"1 ���% �% �����*�" ,. (!���%%� 7 $�� �)�7� ��%$�7!�)� %� $��$ �+)� �%�� ��
%(�$% �!� "�$��$�" �0 $��!� �% �$ ���%$ � � $� %�$. *��+� �0 (�'�� B���� �% 7!��$�! $�� $��
+((�! ��)�$ �0 ,��E7!�+ "  ��%�1 �% � �""�$�� �� !�%+�$ �0 $�� (!���"+!�� *���"�$�"
�)�7�% �!� %+(�!(�%�" � �!"�! $� !���!" $�� 7��,�� �+)� �%�� ��1 ���  +),�! �0
!�M��$�" �)�7�% �% ��%� $�E� � �� %�"�!�$�� � �!"�! $� ����+��$� $�� %+���%% !�$� �0
$�� �+)� �%�� �� "�$��$�� � � " $�� 7��,�� !�(!�%� $�$�� �0 �+)� �%�� �� (�$$�! �%
�))�"��$��. �*����,�� $�!�+7� $�� %+(�!(�%�" �)�7�1
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��� 7��,�� !�(!�%� $�$�� �0 $�� %$�$�%$���� ����$�� �0 �+)� �%�� �� �)�%%�� �%
�,$�� �" ,. %+(�!(�%� 7 $�� �)�7�% $�!�+7� � %+�$�,�� $�!�%���" �(�!�$�� � B����
����B% $�� �+)� �%�� �� %(�$% $� ,� %�7!�7�$�" 0!�) ,��E7!�+ "  ��%�1

2�!%$�.� � � �((���% $�� $�!�%���" �(�!�$�� $� ���� ��/+�!�" �)�7� B�$� � $�!�%���"
*��+� ��7��! $�� $�� +((�! ��)�$ �0 ,��E7!�+ "  ��%� (�'�� � $� %�$��%1 � $.(����
� $� %�$. ��%$�7!�) �0 $�� �)�7� B�$� �+)� �%�� �� �% 7�*� � 57+!� I1=1 � � )+%$
 �$� $��$ $�� ,��E7!�+ "  ��%� �% � �!��%�" B�$� �� 7 $�)� �'(�%+!� � " ��7� ����$!��
*��$�7� �0 $�� 
�1 ��*�!$����%%� )�%$ ,��E7!�+ "  ��%� �� ,� �+$ �8 ,. %�$$� 7 �
%+�$�,�� *�"�� ,���E ��*�� $�!�%���" �0 $�� 0!�)� 7!�,,�! "�7�$�%�!1 ��!��*�!� � %��� "
$�!�%���" �+$-�8 �% �"M+%$�" � $�� �)�7� (!���%%� 7 (!�7!�) � �!"�! $� ���)� �$� $��
!�%�"+��  ��%� � � )�!� �"�($�" )�  �!1
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���� "�.� $�� !�%+�$� 7 $�!�%���" �(�!�$�� "�5 �% � ,� �!. )�%E� B��!� $��  � -
D�!� *��+�% �0 $�� )�%E ��!!�%(� " $� $�� �)�7� (�'�� *��+�% $��$ �!� 7!��$�! $�� 
$�� "�5 �" $�!�%���"1 ���% )�%E �% $�� �((���" $� $�� �!�7� �� �)�7� > (�'�� *��+�%
�+$%�"� $�� )�%E �!� %�$ $� @� � " *��+�% �0 *���"�$�" (�'��% �!� "�B -%��0$�" 0!�) $��
$�!�%���" *��+�1

2� ���.� �)�7�% �!� %+(�!(�%�" ,. (�!0�!)� 7 � %�)(�� �""�$�� 1 ��� !�%+�$� 7
�)�7� �% %����" $� <66 *��+�%1
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 �!"�! $� %$+". ���� �+)� �%�� �� �)�7�% � "�$���� � ��,���� 7 �0 �+)� �%�� ��
%(�$% �% (�!0�!)�"1
��,���� 7 �% �����*�" � ,� �!. )�%E%� B���� �!� �,$�� �" ,. � D�!� $�!�%���" �(�!�$�� 
� �)�7�%1 �(�$��� �)�%%� �� $!� �0 ���� ,� �!. � $�$. 9�+)� �%�� �� %(�$%: �% $�� 
����+��$�" ,. $�E� 7 $�� ��!!�%(� "� 7 �!�7� �� (�'�� *��+�% �% *�!$+�� B��7�$ )�%%�%1
��� %+) �0 (�'�� *��+�% 0�! ���� �+)� �%�� �� � $�$. �% �$$!�,+$�" $� ���� �� $!� � "
�% "�5 �" �% $�� �+)� �%�� �� � $� %�$. �0 $�� �+)� �%�� �� � $�$.1 � %+))�!. �0 $��
B���� �)�7� (!���%%� 7 (!���"+!� �� ,� "�(��$�" ,. $�� "��7!�) � 57+!� I1K1
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 �!"�! $� ���!��$�!�D� $�� ��$+�� "!�*� 7 (!�%%+!�% � �L� $�%$ %��$�� � ��*�$�$�� 
0!�� �� "�$�� �% �,$�� �" ,. %�$$� 7 $�� B���� ��!�+�$ �$ AG1G ,�! %$�$�� (!�%%+!�1

� �'�)(�� �0 $�� �,$�� �" !�%(� %� �0 (!�%%+!� $!� %"+��! �% ���+%$!�$�" � 5-
7+!� I161 ��� D�!� $�)� ��!!�%(� "% $� $�� !���*�!� 7 (!�%%+!� (��E � B���� $��
%�7 �� ��/+�%�$�� �% $!�77�!�"1 ��� 7� �!�$�" ��B-(!�%%+!� B�*� B���� ��+%�% $��
*�(�+! �((��!� �� �% 0����B�" ,. $�� !���*�!� 7 (!�%%+!� (��E "!�*� 7 $�� �����(%�1
��!��*�!� $�� (!�%� �� �0 (!�%%+!� �%�����$�� % B���� �!� "+� $� 7� �!�$�" ���+%$��
B�*�% � $�� ��!�+�$ �!� ��%� (!�%� $%1
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Y Y

 Q = 0.66 l/s, N = 200 rpm, σ = 1.2,  duration 3h            Q = 0.76 l/s, N = 200 rpm, σ = 0.9,  duration 6h
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F�B !�$� "+!� 7 !+ S K �!� (!�%� $�" � 57+!� I1<<1 ��� �!!�! ,�!% 0�! $�� �+)� �%�� ��
� $� %�$. ��*� $� ,� )+�$�(���" ,. A@� B���� %��B% $�� ��7� ". �)��% �0 �+)� �%�� ��1
��� ��!!�%(� "� 7 %+(�!(�%�" �)�7�% �!� (!�%� $�" � 57+!� I1<=� B��!� $�%$ %��$�� 
,�!"�! �% "!�B � B��$�1
��� �+)� �%�� �� ���!��$�!�%$��% 0�! ���� �."!�". �)�� �� "�$�� �!� ��%$�" � $�,��%
I1= � " I1K !�%(��$�*��. 0�! !+ S K � " !+ S 61

��� �+)� �%�� �� %+���%% !�$� � �!��%�% "!�%$�����. B�$� $�� F�B !�$�1 
 �""�$�� �
� %��7�$ � �!��%� �0 �+)� �%�� �� � $� %�$. �% �,%�!*�"1 ��B�*�!� ,. �� %�"�!� 7 $�)�
�*��+$�� �0 �+)� �%�� �� ���!��$�!�%$��%� � � )+%$ �+$�� � $��$ $�� � �!��%� �0 
� �%
%$��� � �)(�!$� $ (�!�)�$�! $� $�E� � $� ����+ $1 �% � �'(�� �$�� � $��%� ��� 7�%
�0 $�� �+)� �%�� �� ���!��$�!�%$��%� � � �� !�0�! �7�� $� �'(�!�)� $% �0 ��!,�! �� 	��

9AJJK:� B�� �%$�,��%��" $��$ $�� � $� %�$. �0 � %� ��+)� �%�� $ ,+,,�� (!� ��(���.
"�(� "% � $�� "!�*� 7 (!�%%+!�� B�$� � �� %$� $ $�)(�!�$+!� � " � �� %$� $ 
�1 � 
$�� ,�%�% �0 � �."!�". �)�� �((!����� �$ �% ��%� %��B ��B �+)� �%�� �� (�� �)� � 
��+�" ,� !���$�" $� � � B�!" �� *�!7� 7 %���E B�*� � $��  � �� "� %�,�� 7�% B�$�� 
$�� ,+,,�� > $�� %���E �% �!��$�" ,. $�� %+(�!%� �� *�(�+! B��� *�����$.� � " $��
�+)� �%�� �� � $� %�$. )�7�$ � �!��%� B�$� $�� *�(�+! B��� *�����$.1 ���!�0�!�� �% � 
�'$!�(���$�� $� $�� ��*�$�$�� *�!$�' ��%�� � � ��+�" (�%$+��$� $��$ $�� � �!��%� 7 �0
*�!$�' � $� %�$. ���"% $� � %$!� 7�! %���E � " $�+% � )�!� *���� $ �����(%�1 ��!��*�!�
�% �$ B��� ,� %��B � ��7�-%(��" *�%+���%�$�� %� ��*�$�$�� *�!$�' ��*�$��% �!� *�!.
)+�� "�8�!� $ 0!�) � %(��!���� %.))�$!.1 ���% B�+�" �� $!�"��$ $�� $���!. �0 $��
!�/+�!�)� $ �0 � � �$��� %(��!���� %.))�$!. 0�! %� ��+)� �%�� ��� B���� �% � � �0 $��
)�� (�!�)�$�!% �� %�"�!�" 0�! $�� �� *�!7� 7 %���E 9�*� %� AJJG:1
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2�7+!� I1<<> ��)� �*��+$�� �0 �+)� �%�� �� ���!��$�!�%$��% 9!+ S K:
9�: �P@16I ���� "PA1G� �P<@@ �
�� 9,: �P@1HG ���� "P@1J� �P<@@ �
�
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9�: 12 mm

9,: 12 mm

2�7+!� I1<=> �+(�!(�%�$�� �0 K@@ �+)� �%�� �� �)�%%�� %�+!��% 9!+ S K:1 ��$� $��
"�%$!�,+$�� �0 %�$�% X $��+7� $��!� �% � ��+%$�! ���%� $� $�� ,�$$�) %+!0���

9�: �P@16I ���� "PA1G� �P<@@ �
�� 9,: �P@1HG ���� "P@1J� �P<@@ �
�
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2�7+!� I1<K> �!�,�,���$. )�( �0 $�� �����(%� ����$�� � " B��� "�%$� �� 9!+ S K:1 ���
�����(%�% ����$� ���%�! $� $�� B��� B�� $�� F�B !�$� � �!��%�%

9�: �P@16I ���� "PA1G� �P<@@ �
�1 9,: �P@1HG ���� "P@1J� �P<@@ �
�
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2�7+!� I1<6> �!�,�,���$. )�( �0 $�� �����(%� ����$�� � " B��� "�%$� �� 9!+ S 6:1 ���
�����(%�% ����$� ���%�! $� $�� B��� B�� $�� F�B !�$� � �!��%�%1 9�: �P@16I ���� "PA1G�
�P<@@ �
�1 9,: �P@1GG ���� "PA1<� �P<@@ �
�1 9�: �P@1HG ���� "P@1J� �P<@@ �
�
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��� (!�,�,���$. $� ��*� �+)� �%�� �� 0�! ���� (�'�� � %+(�!(�%�" �)�7�% �% ����+-
��$�"1 ��� (!�,�,���$��% �!�  �!)���D�" ,. $�� $�$��  +),�! �0 (�'��% �0 $�� %+(�!(�%�"
�)�7�%1 ���. �!� !�(!�%� $�" $�!�+7� ����+!-)�(% � 57+!� I1<K 0�! !+ S K � " � 
57+!� I1<6 0�! !+ S61 ��!��*�!� $�� ��%$�7!�)% �0 B��� �����(%� "�%$� �� � �,$�� �"
0�! $�� *�!��,�� F�B !�$� �� "�$�� % ��*� ,�� ����+��$�"1 ���. �!� !�(!�%� $�" ,. $��
!�7�$ ���!$% � $�� 57+!�%1 2+!$��!)�!�� $�� (!�,�,���$. $� ��*� $�� �����(%� �$ � B���
"�%$� �� ��B�! $�� � 7�*� *��+� �� ,� ����+��$�"1 �!�,�,���$��% �!�  �!)���D�" ,.
$�� $�$��  +),�! �0 �+)� �%�� �� �� $!�%1 ���%� (!�,�,���$��% �!� ��%� 7�*� � ���!$%1


$ �%  �$�,�� $��$ �����(%� �� $!�% "�(� " +(� $�� F�B !�$�1 ��� )�"�� B���
"�%$� �� ������� "�)� �%��% B�$� $�� F�B !�$� B���� $�� (!�,�,���$��% (!�,9T]A)):
� " (!�,9T]@16)): � �!��%�� B���� "�)� %$!�$�% $��$ $�� �����(%�% ����$� ���%�! $�
$�� B��� B�� $�� F�B !�$� � �!��%�%1

��� *�!$�' � $� %�$. � ����+��$�" ����!"� 7 $� $�� �/+�$�� A1= �% !���$�" $� F�B
!�$�1 ��� �*��+$�� �0 $�� �����(%� ����$�� $�!�+7� $�� �%$�)�$�!% (!�,9T]A)): � "
(!�,9T]@16)): B�$� $�� *�!$�' � $� %�$. �% 7�*� � 57+!� I1<G1 �% 7!�(������. %��B �
�% $�� F�B !�$� � " $�+% $�� *�!$�' � $� %�$. � �!��%�%� $�� �����(%�% �!� %$�$�%$�����.
����$�" ���%�! $� $�� B���1

2�7+!� I1<G> 
 F+� �� �0 � � $�� �����(%� ����$�� $�!�+7� $�� �%$�)�$�!%
(!�,9T]A)): � " (!�,9T]@16)): 9!+ S KQ6:1 �% $�� *�!$�' � $� %�$. � �!��%�%�
$�� �����(%�% �!� %$�$�%$�����. ����$�" ���%�! $� $�� B���1
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�!� ���� 0

,!��1 2�$�	 �� ��$������� $�����

����� 	�

2$# 1���.��(���

?2	2	 �&#+!#&"�/�* *!"#� �!"(

��� (!�%� $ %$+". �% !����D�" 0�! $�� �."!�". �)�� �� "�$�� % $��$ B�!� ��!��".
%$+"��" � $�� ���($�! I "���� 7 B�$� $�� �+)� �%�� �� �0 $�� ��*�$�$�� *�!$�' >
- � P <@@ �
�� � P @1HG ��� � " " � ��� X
- � P <@@ �
�� � P @1GK ��� � " " � ��� X
- � P <@@ �
�� � P @16I ��� � " " � ��� 1
�'(�!�)� $% $�E� (���� � $�� K-B� "�B% $�%$ %��$�� 1 ��� �'(�!�)� $�� (!�$�����
B���� �% ��!��". "�%�+%%�" � (�!�7!�(� I1A1A� �% �((���"1

?2	2� ��0,�('$$# ��(-�.�(� �!"(

��7�-%(��" *�%+���%�$�� % �� ,� �����*�" �% 0����B%1 � $�� � � �� "� %(�!E 7� �-
!�$�!% �0 $�� �!� D-����!"� ��)�!� 9��: �!� $!�77�!�" B�� $�� ". �)�� (!�%%+!�
%�7 �� !�����% � $�!�%���" *��+� M+%$ ,�0�!� $�� �����(%�1 � $�� �$��! �� "� "+� $�
� )� �)+) � $�! �� "���. �0 �)�7� %� %�!% �0 $�� �� 9<@@ ��:� $�� *�"�� ��/+�%�$�� 
)+%$ 5!%$ ,� ���E�" ,. $�� *��*� %�7 �� (!��! $� $�� �����(%�1 ��� �����(%� �*� $ ��%
$� ���+! "+!� 7 � $�)� B� "�B �0 AH ��� B���� ��!!�%(� "% $� $�� � $�7!�$�� (�!��"
�0 $�� ��
 )�"+��% �0 $�� �� 9<@ �� )� +% $�� ,�� E� 7 (�!��":1 
0 $�� �����(%�
���+!% �+$%�"� $��% $�)� B� "�B� � �""�$�� �� "���. 0�! �!)� 7 $�� *�"�� %.%$�) �� 
,� (!�7!�))�"1 ��� "�$���% �0 $�� ��/+�%�$�� %�$-+( �!� %���)�$�����. (!�%� $�" � 
57+!� J1A1 2�! ���� *�%+���%�$�� � $�� ��!!�%(� "� 7 (!�%%+!� %�7 �� �% B��� �% $�� ��7�$
%�7 �� 7�*� ,. $�� (��$�"��"� �!� )��%+!�"1 
 �!"�! $� ��)(�!� $�� %�7 ��% � " $��
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%�/+� ��%� $�� !�0�!� �� $�)� D�!� �0 $�� %�7 ��% ��!!�%(� "% $� $�� )�'�)+) (!�%%+!�
(��E B���� ��!!�%(� "% $� $�� �����(%�1

Ch1

 // I/0 data card

Ch2

Control Unit of spark flashes

Frames/s

Frame grabber

Rotative Valve

Oscilloscope 100 MS/s

Test section

Optical Axis

Pressure Transducer

Position detector of valve

Charge amplifier

MUX
PC

Cam 1

Cam 3

Cam 4

CALCh4Ch3

Cam 2

Spark 

Flashes

Delay

Cam 8

Cam 7

Cam 6

Cam 5

Control Unit of CCD cameras

GPIB interface

Software trigger

Data acquisition

Hardware trigger

Hardware trigger

Pressure threshold 

1V

Trig

 input

2�7+!� J1A> ����)�$�� �0 $�� ��7�-%(��" *�%+���%�$�� %

2$% ������� �����"��������

?2�2	 �,�#!40+�',&

��� %��"�B7!�(�. $��� �/+� �% +%�" $� %$+". $�� "�%$!�,+$�� % �0 "� %�$. 7!�"�� $%1
���% $��� �/+� �% ,�%�" � $�� ��� 7�% � ���+)� �$�� ��+%�" ,. � !�"�%$!�,+$�� �0
��7�$ !�.% 0!�) � � (���� $� � �$��!1 
 �$��! B�!"%� � � ��"� $ ,��) �% "�*��$�"
"+� $� $�� )�� $!� %*�!%� � "�' 7!�"�� $%� � " $�� �!!� 7�)� $ �0 $�� $!� %)�$$�"
,��) �% )�"�5�" ,. $�� � �%�$!�(. �0 $��%� 7!�"�� $%1 ��� !���$�*� ���+)� �$�� �0
$�� (!�M��$�" %��"�B �% (!�(�!$�� �� $� $�� %��� " "�!�*�$�*� �0 $�� $!� %*�!%� "� %�$.
7!�"�� $1


 $�� (!�%� $ %$+".� $�� 7!�"�� $% �!� ��+%�" ,. *�!��$�� % �0 $�� B�$�! "� %�$.
"+� $� $�� (!�%� �� �0 B�*� (!�%%+!� $!� %�� $%� *�(�+! %$!+�$+!�%� � " ��7� $� %���
%$!� 7$� 9�!+��$� AJJ<:1
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?2�2� �$)+�* �!" �"#$6 �" *!/'+$(($# 4� $+

��� (!�%%+!� 7!�"�� $ �!��$�" ,. $�� %���E B�*� ����B% $�� %��(� �0 $�� %���E
B�*�% $� ,� *�%+���%�" ,. $�� %��"�B7!�(�. $��� �/+�1 ��� (!�%%+!� �� ,� !���$�" $�
$�� "� %�$. ,. +%� 7 $�� �/+�$�� �0 %$�$� �0 B�$�! 9���$�% �/+�$�� : >


�6


� �6
�

�
)

)�

��
9J1A:

6 � )����� � ���� 7�� 9J1<:

B��!� ) �% $�� )�'�)+) "� %�$.� 
 $�� )�'�)+) (!�%%+!� � $�� %���E� )� P JJJ1A=
$����� $�� �),�� $ "� %�$.� ��PAK66 � ��� $�� B�*� *�����$. � B�$�! �$ �PA6 Æ�

9��!"�� 7 Q ^%$�!)� � AJIHX �� ",��E �0 ���)1 � " ��.%1� AJI<:� 
�P A 7�� $��
�),�� $ (!�%%+!��  PH �% %+77�%$�" ,. )� . �+$��!% 9��$�����!� AJGH:1

��� !�0!��$�� � "�' �� �� ,� !���$�" B�$� $�� ����� "� %�$. ,. +%� 7 $��
��!� $D-��!� $D �/+�$�� 9�!+��$� AJJ<: >

��� � �

��� � �
� 	00
) 9J1=:

B��!� �� �% $�� � "�' �0 !�0!��$�� 1 ��� ��!� $D-��!� $D �� %$� $ 0�! B�$�! �% 	00
 �
���������� ���$��� 1 �% 7!�(������. %��B � 57+!� J1<� � ��!7� *�!��$�� �0 !�0!��$�� 
� "�' �� � �. ,� �����*�" ,. � ��!7� ����� �*�!(!�%%+!� � B�$�!1 2�! �'�)(��� �
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 �!"�! $� �'(��� $�� �,%�!*�" ��!�+��! %���E B�*� � $�� %��"�B7!�(�� � � �� 
(��$ $�� $!� %)�$$�" ��7�$ (�$�% �0 � ��"� $ (�!����� !�.% $�!�+7� � �"��� %$�( 0+ �$�� 
�0 $�� %���E B�*�1 ��� ��$+�� (�$� �0 $�� ,��) �� ,� �,$�� �" ,. �((�.� 7 � ����%
��B $� $�� %���E ,�+ "�!.1 ��. $!��� 7 �% %��B � 57+!� J1=� B��!� $�� �)(��$+"� �0
$�� %$�( �0 $�� B�*� 0!� $ �% �!,�$!�!��. %�$ $� A 8��� B�$� � �'$�! �� !�"�+% �0 6 ��
� " � B�"$� �0 @16 ��1 
0 $�� %���E B�*� �% �!�%%�" B�$� � ��!7� � 7�� �0 !���$�*�
� ��"� �� 4� �$% "�*��$�� �4 �% %)���1 N�� $�� � ��"� $ ,��) ,���)�% $� 7� $ $�
$�� %���E � $�!0���� !�.% �!� ��7��. !�0!��$�" > ��$$�� ��7�$ �% $!� %)�$$�" � $�� � ��"� $
"�!��$�� � $��% !�7�� 1 ���% �!��$�% $�� "�!E !�7�� � $�� %��"�B7!�(�1

��B�*�!� $�� %��(� �0 $�� B�*� �% ��!$�� �. "�8�!� $ 0!�) � %$�( 0+ �$�� 1 ���!�0�!��
!�.% �!� %��0$�" � $� � !�7�� B��!� $�� !�0!��$�� � "�' �%  � )�!� �� %$� $1 ����!"� 7
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2�7+!� J1<> ��0!��$�� � "�' �0 ��)(!�%%�" B�$�!

n = 1.33 (water 0.1 MPa)

n = 1.419 (water 1GPa)
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n = 1.33 

2�7+!� J1=> ��7�$ !�. $!��� 7 $�!�+7� � �"��� %���E B�*�
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$� �/+�$�� J1K� $��. "�*��$� � $�� "�!��$�� �0 ��7� *��+�% �0 !�0!��$�� � "�'1
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�	�9�


��
9J1K:

B��!� � �% $�� �+!*� �,%��%%� � " 9� �% $�� $� 7� $ *��$�! �0 $�� !�.1 ��B�*�!� �% $��
0+ �$�� �0 $�� B�*� �% + E �B � $�� ����+��$�� �0 !�.% �%  �$ (�%%�,��1 ��*�!$����%%�
%� �� "�*��$�� �0 ��7�$ !�.% �% (!�(�!$�� �� $� $�� %��� " "�!�*�$�*� �0 $�� 7!�"�� $� $��
"�*��$�� �)(��$+"� "�(� "% � ,�$� $�� B�*� �B�"$�� � " �)(��$+"�1 ��!��*�!� $��!�
�% � $�!�%���" 0�! B���� $�� 7!�"�� $ � "�' ��  �$ ,� "�$��$�" ,. $�� *�%+���%�$�� 
%.%$�)1

�% � �� ��+%�� � $�� �,%�!*�" %��"�B% �0 $�� %���E B�*�% "�(� " � $�� B�*�
���!��$�!�%$��% �% 0����B% >

A1 ��� $���E �%% �0 $�� B�*� � $�� %��"�B7!�(� "�(� "% � ,�$� $�� B�"$� � "
$�� �)(��$+"� �0 $�� %���E B�*�1

<1 ��� "�!E�! $�� !�7�� � $�� %��"�B7!�(�� $�� 7!��$�! $�� (!�%%+!� � $��$ !�7�� 1

=1 � ��$+�� %���E B�*� ��% �$% )�'�)+) (!�%%+!� 7!�"�� $ ����$�" � $�� %�"�
����" �0 $�� %���E1 � $�� ,��E %�"�� � %��7�$�. "��!��%� �0 $�� (!�%%+!� �)-
(��$+"� $�E�% (����1 �� %�/+� $�.� $�� �+$�! � *���(� �0 $�� "�!E (��%� � $��
%��"�B7!�(� )�7�$ ,� $�� ,�%$ �((!�'�)�$�� �0 $�� %���E-0!� $ !�"�+%1

2$& �(�+� ���������+

?2�2	 ��'!-+ *��� & *!" !-+


 �!"�! $� $!��� $�� *�(�+! � $�!0��� 7!�B$� � " �����(%�� � �C��� $ �)�7� (!�-
��%%� 7 (!���"+!� ��% ,�� �)(��)� $�"1 ���% ����B%  �$ � �. $�� *�(�+! ��*�$. �� -
$�+! $� ,� %�7!�7�$�" 0!�) $�� ,��E7!�+ " �)�7�� ,+$ ��%� 0!�) $�� "�!E %+!!�+ "� 7
�� $!�%$ � " $�� ��)(����$�" B�*� (�$$�! 1 ��� 0����B� 7 )�$��" ��% ,�� �����*�"1

� ���� �)�7� �0 � %�/+� �� �% ���7 �" � " ����,!�$�" ,. (���� 7 � ����,!�$�� $�!7�$
� $�� $�%$ %��$�� 9%�� ����,!�$�� (!���"+!� A161<:1

� ���� � $� %�$. �)�7� �0 $�� %�/+� �� �% %����" � "�(� "� $�.� (!��! $� � %(���5�
�)�7� $�!�%���" �(�!�$�� B���� �% �((���" $� $�� $�%$ %��$�� D� �1 ��� $�!�%���"
�(�!�$�� �% !����D�" � $B� %$�(% >

A1 � +%+�� $�!�%���" �(�!�$�� �% �((���" � �!"�! $� �!��$� � !�7�� �0 � $�!�%$
9��
: ��!!�%(� "� 7 $� $�� *�(�+! (��%� � " $�� %+!!�+ "� 7 "�!E �� $!�%$
�!��$�" ,. ��7� (!�%%+!� 7!�"�� $%

<1 � 7!�"�� $ �(�!�$�! �0 ��,�� $.(� �% �((���" $� $�� �)�7� $� �%���$� $��
�� $�+! � $�� (!�*��+% ��
1
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��� � $�!�%$ �0 %+�� � )�$��" �% $� (!�*�"� � ���+!�$� 7!�"�� $ "�$��$�� 
)�$��"� � " $� �*��" $�� "�$��$�� �0 $�� ,��E7!�+ "  ��%� � $�� B���� �)�7�1
���% !�%+�$ ��+�"  �$ ,� �,$�� �" ,. +%� 7 � + �/+� 7!�"�� $ �(�!�$�� � $��
B���� �)�7�1 � $�� � � �� "� � + �/+� 7!�"�� $ B�+�" ��$+���. ���" $�  +)�!�+%
�� $�+!% "+� $� $��  ��%� � �)�7�%� � " � $�� �$��! �� "� � + �/+� $�!�%���"
�(�!�$�� �%  �$ %+�$�,�� ,���+%� �0 $�� "�8�!� �� �0 ��7�$ �'(�%+!� � " 7!�"�� $
�� $!�%$1

� �. (�!0�!)� 7 )�!(����7���� �(�!�$�� � " ,��, � ��.%�%� $�� )�� 7��)�$!��
���!��$�!�%$��% �0 $�� "�8�!� $ *�(�+! ��!�% �!� ����+��$�" > �� $!�� �!�� � " $��
�/+�*��� $ !�"�+%1

�% � %+))�!.� $�� %$�(% 0�! �� $�+! "�$��$�� �� ,� !�(!�%� $�" ,. $�� %. �($��
"��7!�) � 57+!� J1K1

Image

ROIImage &

threshold operation

gradient detection

'Sobel operator'

Cavity contour

  morphologic

 operation and

blob calculations

Cavity characteristics

2�7+!� J1K> L�(�+! ��*�$. �� $�+! "�$��$�� 
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?2�2� @��$ '�  $+" /� *,�"0 /$ ,!#

�% %+���%%�*� %���E B�*�% �� .���" � *�!. ��)(����$�" B�*� (�$$�! � � %(���5�
�)�7� (!���%%� 7 )�$��" ��% ,�� "�*���(�"1 
 0��$� !�0!��$�� � "�' 7!�"�� $% "+�
$� � %$� $� ��+% (!�%%+!� $!� %�� $% ��!!�%(� " $� �� $!�%$ 0+ �$�� % � �)�7�%1 ���%�
�� ,� )�"�5�" ,. ��7�$ �'(�%+!� � " � $� %�$.� � " (!�,�,�. (�!����' �8��$%1 �� -
%�/+� $�.� $�� %���E B�*� 0!� $ �%  �$ B��� "�5 �"� � " %� 0�!� $�!�%���" � " 7!�"�� $
)�$��"% $� "�$��$ B�*� "�%(����)� $ �!�  �$ %+�$�,��1


 �!"�! $� ����+��$� $�� "�%(����)� $ �0 $�� B�*� $!� %�� $� � %+�$�,��  �!)���D�"
� $�!��!!���$�� )�$��" ��% ,�� �)(��)� $�"1 ���% )�$��" �% �,�� $� 0����B � )�*� 7
$�!7�$� B���� �% � �+! ��%� � $!�*���� 7 B�*� (�$$�! 1 
 �""�$�� � � � )+%$ (�� $ �+$
$��$ $��  �!)���D�" � $�!��!!���$�� )�$��" �%  �$ %� %�$�*� $� ��7�$ �'(�%+!� "�8�!� ��%
,�$B�� 0!�)�%1 �% � ���+%$!�$�� �0 $�� B�*� (�$$�! )�$��� 7 )�$��"� %�� 57+!� J161

Sector

Wave Model

Normalized Intercorrelation 2-1 

Polar to Rectangular
      Transform

Displacement R2-R1

Normalized Intercorrelation 3-2 

Displacement R3-R2

Cavity Contour

Clipping Mask

Rmax

0

0

Rmax Rmax

0

1 2 3

R1
R2

R3

12 mm

2�7+!� J16> ��� N�*� ��$$�! ��$��� 7 ��$��"1 ��� ��� 7� 0!�) (���! $� !��$� 7+��!
���!"� �$�% (!�"+��% $�� F�$ %���E 0!� $1 ���  �!)���D�" � $�!��!!���$�� )�$��" �%
$�� +%�" $� ����+��$� $�� "�%(����)� $% �0 $�� 0!� $ � $�� 0!�)�%1
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��� %$�(% ���"� 7 $� $�� "�$�!)� �$�� �0 $�� B�*� (�$$�! "�%(����)� $ �!� $��
0����B� 71

A1 
 �!"�! $� $!� %0�!) �%(��!���� B�*�%� $� ���!$�%�� B�*�%�� � (���! $� !��$� 7+��!
$!� %0�!) �% �((���" ,. $�E� 7 $�� �!�7� �0 $�� $!� %0�!)�$�� �% $�� ����+��$�"
�� $!� �0 $�� )�� *�(�+! ��*�$.� 0!�) B���� $�� B�*� �% %+((�%�" $� "�$���1
� � 7+��! %��$�! �0 � $�!�%$ � $�� $�%$ %��$�� �% "�5 �"1 �% � !�%+�$ �0 $��
$!� %0�!)�$�� � $�� %���E 0!� $  �B �((��!% $� ,� %$!��7�$ � " ��!�D� $�� � %$��"
�0 ,�� 7 ��!�+��!1

<1 ���  �!)���D�" � $�!��!!���$�� ,�$B�� �� %��+$�*� B�!(�" �)�7�% �% �����*�"1
��� *�!$���� "�%(����)� $ �0 $�� B�*� (�$$�! �% ����+��$�" ,. ��)(�!� 7 $��
����$�� �0 � + �/+� )�"��� $�E� 0!�) � !��$� 7+��! !�7�� �0 � $�!�%$ �0 $�� B�*�
(�$$�! � B�$� �$% ��$+�� ����$�� �  �'$ $�!7�$ �)�7�1 
$ �% (!�,��)�$�� $��$ $��
*�(�+! ��*�$. %��"�B �% � ��+"�" � $�� B�*� (�$$�! )�"��1 
 "��"� $��% ��+�"
� $!�"+�� � �8%�$ � $�� "�%(����)� $ !�%+�$� �! �*� B�!%�� $�� %��!� �0 $��
� $�!��!!���$�� B�+�"  �$ ,� %+C��� $ $� ����+��$� $�� "�%(����)� $1 ���!�0�!��
� ���((� 7 )�%E� B���� ��!!�%(� "% $� $�� (�'��% �0 $�� *�(�+! %��"�B� � " B����
�% �,$�� �" ,. � $�!�%���" �(�!�$�� � �% "�5 �" > $�� (�'��% ��!!�%(� "� 7 $� $��
���((� 7 )�%E �!�  �$ $�E� � $� ����+ $ � $�� � $�!��!!���$�� ����+��$�� 1
�% $�� 5 �� !�%+�$� $�� *�!$���� "�%(����)� $ �0 %���E B�*� (�$$�! �% �/+�*��� $
$� $�� "�8�!� �� � !�"�+% � $�� !��� ���!"� �$�%1

=1 �. 7�*� 7 $�� � �$��� !�"�+%� B���� ��!!�%(� "% $� $�� �+$�! � *���(� �0 $�� %���E
B�*�� $��  �'$ !�"�+% �!� ����+��$�" ,. �� %�"�!� 7 $�� %+���%%�*� "�%(����)� $%1

K1 ��� !�%+�$ �� ,� *���"�$�" ,. %+(�!(�%� 7 $�� �!�7� �� %�/+� ��% B�$� $�� �,-
$�� �" !�"�+%1

2$) ��(� !�����' � �!� ���������� ������

��(�$�$�*� *�%+���%�$�� % �,$�� �" ,. %�$$� 7 � *�!��,�� "���. 0!�) $�� *��*� ���%+!�
��*� %��B $��$ $�� ��*�$�$�� *�!$�' �� ,� !�7� �!�$�" %�*�!�� $�)�% "+!� 7 � �L�
�.���1 ��B�*�!� /+�%$�� � 7 �,�+$ $�� ". �)��% �0 $�� ��*�$�$�� *�!$�' B�+�" ,�
,�.� " $�� %��(� �0 $�� (!�%� $ %$+".� � " $�+% $�� � *�%$�7�$�� $�)� B� "�B �%
!�%$!��$�" $� %�)� )����%��� "% 0����B� 7 $�� )�� ��*�$. �����(%�� B��!� )�%$ �0 $��
%�7 �5�� $ (!�%%+!� $!� %�� $% �!� "�$��$�"1

��B 0!�)� !�$� (�!)�$% $� *�%+���%� $�� ��*�$�$�� *�!$�' "+!� 7 $�� 5!%$ I ��
$��$ 0����B $�� )�� �����(%�1 � �'�)(�� �0 %+�� *�%+���%�$�� % �� ,� %�� � $��
%�/+� ��% � 57+!� J1G1 ��� 5!%$ �)�7� ��!!�%(� "% $� $�� �)�%%�� �0 $�� %���E B�*�
�$ $�� )�� ��*�$. �����(%�1 ���% �% 0����B�" ,. � !�7� �!�$�� �0 � *�(�+! ��!�� B����
�����(%�% �7�� 1 � �)(�!$� $ �,%�!*�$�� �% $��$ ,!��E� 7 (!���%% �0 $�� ��*�$�$�� 
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2�7+!� J1G> L�!$�' ". �)��% 0����B� 7 $�� )�� ��*�$. �����(%�
95!%$ %�/+� ��: �P<@@ �
�� �P@1GG ���� "PA1<

9%��� " %�/+� ��: �P<@@ �
�� �P@1HG ���� "P@1J
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*�!$�' "+!� 7 $�� �����(%� �0$�! ,�� 7 !�7� �!�$�" �% %�)���! $� $�� � � �0 $�� 5!%$
�����(%�1 ���% ��))� ���!��$�!�%$�� �� ,� 0�+ " � $�� (��$�% � 57+!� I1A<� B�$� �
"���. 0!�) $�� *��*� ���%+!� �,�+$ AHRAJ ��1

� !���$�*��. %)��$� (!�%%+!� $!� %�� $ �% +%+���. �,%�!*�" �0$�! � ���(%�" $�)� �0
<R= ��1 
$ �� ,� %$�$�" $��$  � *�(�+! �% (!�%� $ "+!� 7 $��% (�!��"1


 *�%$�7�$�� % ��*� ,�� !�%$!��$�" $� $�� <6@ �� 0����B� 7 $�� )�� �����(%�1 
$
�((��!% $��$ $�� )�� �����(%� �� ,� 0����B�" ,. � %��� " !�,�+ " �0 $�� *�(�+! ��*�$.
�0$�! � ���(%�" $�)� �0 A6R<@ �� 9%�� 57+!� J1H:1 ��� � � �$��! �����(%� +%+���. ���+!%
� $�� $�)� B� "�B <@@R<<@ ��1 ��� �)�%%�� �0 $�� 5!%$ %���E B�*�� B���� �% "+� $�
$�� )�� �����(%�� �% B��� �% $�� �)�%%�� �0 � %��� " B��E %���E B�*�� �% ���+%$!�$�"
,. *�%+���%�$�� % � 57+!� J1I 95!%$ %�/+� ��:1
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?2�2	 �,!*7 4��$( $/�((�!"

�$!� 7 %���E B�*�% �)�%%�� �% %.%$�)�$�����. �%%����$�" B�$� $�� )�� ��*�$. ���-
��(%�1 ��%$ �0 $�� �����(%�% $�E� (����  ��! $�� B���� �% �$ B�% ��!��". (�� $�" �+$ ,.
$�� �+)� �%�� �� !�%+�$% � 57+!�% I1<=RI1<61 
 �!"�! $� *�%+���%� $�� *�(�+! (��%�
M+%$ ,�0�!� $�� �)�%%�� �0 $�� %���E B�*�� $�� (!�%%+!� $�!�%���" �% %�$ $� � )� �)+) >
�((!�'�)�$��. @1K (��1 �% %��B � 57+!� J1J� $�� )�'�)+) *��+� �0 $�� (!�%%+!�
%�7 �� �% "���.�" B�$� !�%(��$ $� $�� (!�"+�$�� �0 $�� %���E B�*�� � " $�� (!�%%+!�
$!� %"+��! �% �'��$�" $� �$%  �$+!�� 0!�/+� �. �0 A=@ $��1

-2 -1 0 1 2 3 4 5 6 7
0

50

100

S
pa

rk
 in

te
ns

ity
 [%

]

Time [µs]

-2 -1 0 1 2 3 4 5 6 7
-40

0

40

80

120

P
re

ss
ur

e 
[b

ar
]

-40

0

40

80

120

P
re

ss
ur

e 
[b

ar
]

-50 0 50 100 150
Time [µs]

2�7+!� J1J> �$!� 7 %���E B�*� �)�%%�� �$  ��! B��� ��*�$. �����(%�� ��� 	
�
�P<@@ �
�� � P @1HG ���� "P@1J
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� 2�!%$�.� %���E B�*�% ��*� � %$!��7�$ (�$$�! �0$�! $�� (���! $� !��$� 7+��! $!� %-
0�!)� B���� �,*��+%�. "�)� %$!�$�% $���! %(��!����  �$+!� "�%(�$� $��$ $�� %���E
B�*�% �!� 7� �!�$�" ,. $�� 7��,�� �����(%� �0 � ��)(��' *�(�+! %$!+�$+!� 9%�� �'-
�)(�� � 57+!� J16:1 ��� ��(��� $!�� �0 B�*�% ��!!�%(� "% B��� $� $�� ����+��$�"
*�(�+! (��%� �� $!�1 �""�$�� ���.� $�� B�*� (�$$�! �% �0$� � �%�$!�(��� B����
�� ,� �'(��� �" ,. $B� !��%� % >

A1 � %�)� ��%�%� ,. $�� B�*� � $�!0�!� �� B�$� (!�*��+%�. �)�$$�" %���E B�*�%

<1 )�!� 7� �!���.� ,. $�� � �%�$!�(. �0 $�� ��/+�" )�"�� > $�� )�� ��*�$. �%
+%+���. %+!!�+ "�" ,. � ���+". 7!�. �� $!�%$ B���� �� ,� �'(��� �" ,. $��
(!�%� �� �0 )��!�-,+,,��%1

� ���� "�.� ,�0�!� $�� %���E 0!� $ �% ����!�. "�$����" 0!�) $�� *�(�+! ��*�$. � "
(!�(�7�$�% %(��!�����.� $�� *�(�+! ��*�$. �% � �$����. %+!!�+ "�" ,. � "�!E �� -
$!�%$� B���� �� ,� �'(��� �" ,. � ��7� ��� 7� � $�� !�0!��$�� � "�' "+� $� $��
%���E 0�!)�$�� 1 ��B�*�!� $��% "�!E D� � )�!7�% B�$� $�� %��"�B �0 $�� *�(�+!
(��%� � " 7!�B% �$ � !���$�*��. %��B !�$� ��)(�!�" $� $�� 0����B� 7 �+$7�� 7
%���E B�*�1
���% �,%�!*�$�� �% �� %�%$� $ B�$� $��  +)�!���� ����+��$�� % �0 ���E�� 7 Q ���%-
%�$ 9AJGK:� B���� "�%�!�,� $�� F�B � $�� *��� �$. �0 � �����(%� 7 ,+,,�� � B�$�! >
$�� (!�%%+!�  ��! $�� ,+,,�� ,�+ "�!. "+!� 7 $�� ��%$ %$�7� �0 $�� �����(%� �% ��-
!��". � �!��%�"� � " $�� � �% $�� ��/+�" !�,�+ "%� �$ 0�!)% � ��)(!�%%�� B�*�
B���� )�*�% �+$B�!"% � " %$��(� % � $� � %���E1 
$ �% ��%� %��B $��$ $�� %���E
%$��(� % �*�! � $�)� � $�!*�� 	�� #
 B��!� # �% $�� ��.���7� $�)� �0 $�� �����(%��
%� $��$ 	# � �
��
Z# � �� 0�! � � �$��� (�!$��� (!�%%+!� B�$�� $�� ��*�$. �0
���� ,�!1 ��!��*�!� $�� ��!!�%(� "� 7 (�!$+!,�$�� "�%$� �� �% �((!�'�)�$��.
� ���� �  �� 0�! � ,+,,�� !�"�+% �0 �����  �1 � $�� ,�%�% �0 $��%� $���!�$����
�%%+)($�� %� $�� �,$�� �" %��"�B7!�(�. (�$$�! �!�+ " $�� �����(%� $�)� �� 
,� (!�"��$�"1 �% � �%$�)�$�� � �.(�$��$���� � �$��� �� "�$�� % �� ,� %�$ > - $��
)�'�)+) %�D� ,+,,�� !�"�+% $� G �� 9���0 %�D� �0 $�� $�%$ %��$�� :� - $�� (�!$���
(!�%%+!� B�$�� $�� ��*�$. $� ���� 7��� - � " $�� "!�*� 7 (!�%%+!� $� G ,�!1 ���
 +)�!���� �((����$�� !�%+�$�" � � $�)� �0 %���E 0�!)�$�� �*�! $�� 5!%$ =6@  %�
B�$� � (�!$+!,�$�� "�%$� �� %��!$�! $�� A1I )) 0!�) $�� ,+,,�� B�$� � !�"�+%
�0 @16 ���� ))1 2+!$��!)�!�� %�)���! ����+��$�� B�$� � ��7��! � �$��� (!�%%+!�
B�+�" ���" $� � �� 7�! $�)� 0�! $�� 0�!)�$�� $�� %���E1
�� %�/+� $�.� �% $�� �'(�%+!� $�)� �% �!�+ " A6@R=@@ ��� $�� $�)� "+!�$�� �0
$�� %���E 0�!)�$�� �% �'(��$�" $� ,� ��)(�!�,�� B�$� $�� �'(�%+!� $�)� �0 $��
��7�$ F�%��%1 ��!��*�!� $�� 0!�)� (�!��" �0 $�� *�%+���%�$�� % �% 6@@ ��1 ���% �%
!�+7��. �/+�� $� $�� $�)� !�/+�!�" 0�! $�� %���E $� %$��(� 1

� ���!"�.� � � ��"� $ B�*� (!�(�7�$�% � B�$�! + $�� �$ !�F��$% � $�� %�"�% �0 $��

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



%*+ "���1 2	��� �� �	��
	
��� ���
�� ����	$��

$�%$ %��$�� 1 
 $�� ��%� �0  ��! B��� �����(%�%� $�� � ��"� $ B�*� �% �))�"��$��.
0����B�" ,. � !�F��$�" B�*� B���� (!�(�7�$�% � $�� %�)� "�!��$�� � " *�����$.
$�� $�� � ��"� $ %���E B�*� 9�$ �((!�'�)�$��. $�� %�+ " %(��":1

� 2�+!$��.� � %$��" �0 � � ��"� $ %���E B�*� B�$� � + �/+� � " "�5 �$� B�*�
0!� $� $�� B�*� (�$$�! �% �0$� ��)(�%�" �0 )+�$�(�� %���E B�*�% B���� ��  �$ ,�
�'(��� �" ,. $�� !�F��$�� �0 � + �/+� B�*� B�$� $�� B��� 9$��% B�+�" � �. ���" $�
$B� %���E 0!� $%:1 ��B�*�!� �0 $�� ��*�$�$�� *�!$�' ��% � ��)(��' 7��)�$!. B�$�
)+�$�(�� �� $��$% B�$� $�� %+!0��� $�� )+�$�(�� %���E B�*�% )�. ,� (!�"+��"�
%�� 57+!� J1A@9�:1

� 2� ���.� �$ )+%$ ,� �)(��%�D�" $��$ $�� �,%�!*�" $���E B�*�% �!�  �$ "+� $�
,�+! �8��$%� ,+$ $��% )+%$ ,� !���$�" B�$� $��  �$+!� �0 $�� (!�%%+!� $!� %�� $
�$%��0� � $�!)% �0 �)(��$+"� � " B�*� ���!��$�!�%$��%1 �% � �!7+)� $ 0�! $��%
�%%+)($�� � ��$ +% �� %�"�! 0�! �'�)(�� 0!�)� < �0 $�� %�/+� �� � 57+!� J1AA9�:1
��$��+7� $�� $���E �%%�% �0 $�� $B� B�*�% �!� "�8�!� $� $�� (!�(�7�$�� *�����$.
0�! ,�$� B�*�% �% �"� $����1

 0��$� $�� $���!�$���� ,�+! ��+�" ,� �%$�)�$�" 0!�) $�� $���E �%% �0 $�� %��!(�!
B�*�1 �!�*��+% �'(�!�)� $�� B�!E ��% "�)� %$!�$�" $��$ � %���E (!�%%+!� (+�%�
$!�*���� 7 �$ � %(��" �0 A6@@ � ��� � " �)�$$�" ,. � ��*�$�$�� ,+,,�� �����(%��
��% � "+!�$�� �0 �,�+$ AK@ �� 9N�!" Q �))� .� AJJ@:1 �� %�"�!� 7 $��$ $��
B���� B�*� 0+ �$�� B�"$� �% *�%+���%�" � $�� %��"�B7!�(�. �)�7�� � " �%%+)� 7
�  �7��7�,�� ,�+!� $�� �'(��$�" (�.%���� $���E �%% �0 $�� (!�%%+!� $!� %�� $ B�+�"
,� @1< ��1 ��� � �� %�"�!� 7 � �'(�%+!� $�)� �0 =@@ ��� B���� �% !�+7��.
$�� )�� �'(�%+!� $�)� �0 $�� ��7�$ (+�%�%� $�� 5 �� �((�!� $ B�*� $���E �%%
%��+�" ,� @1G6 ��1 ��� ��$+�� )��%+!�" $���E �%% �0 $�� %��!(�%$ B�*�� B����
�% �%%����$�" $� � %)��� *�(�+! ��*�$.� �% @1< ��� B���� �% ��%% $�� ���0 $��
�'(��$�" *��+�1 ���!�0�!�� $�� �8��$�*� �'(�%+!� $�)�� B���� �% !�%+�$� 7 0!�)
,�$� $�� �'(�%+!� $�)� � " $�� 7�� �0 $�� ��
 �)�7� %� %�!� B�+�" ,� � �.
A=@ ��1

 0��$� �� %�"�!� 7 $�� 0����B� 7 0!�)�% �0 $�� %�/+� ��� �$ �� ,� %+77�%$�"
$��$ $�� �((�!� $ $���E 0!� $ B�*� ��$+���. ��!!�%(� "% $� � %+(�!(�%�$�� �0 $B�
%+���%%�*� %���E B�*�%� B���� ��*� $�� %�)� �(��� $!�� � " B���� $!�*�� �$ $��
%�)� *�����$.1 ��!��*�!� 0!�) � 7� �!�� (�� $ �0 *��B� � $���E � " "�!E %���E
B�*� )�7�$ ,� $�� !�%+�$ �0 )�!7� 7 %)����! %���E B�*�% � " $�+%� %� �� $���!
(!�%%+!�% ��),� �� $�� $�$�� (!�%%+!� � %�)� !�7�� % �% 7!��$�. � �!��%�"1
���% ���!��$�!�%$�� �0 $�� $���E (!�%%+!� $!� %�� $ �% �� 5!)�" ,. ��� *�%+���%�$�� %
�� ��! � 7 ��!7� ��*�$��%1 	 ��E� � ��!7� ��*�$.� $�� �����(%� �0 � %)��� ��*�$.
7� �!�$�% � + �/+� %���E B�*�� B��%� 0!� $ �% B��� "�5 �" � " $�+% �((��!%
)+�� $��  �!1
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?2�2� �!+ $6 *��� �$( *,�+�* $+�( �*(

2�!%$ �0 ���� � � ��% $� "�%$� 7+�%� $�� ��%� �0 �  ��! B��� �����(%�� � " $�� ��%� �0
� 0�! B��� �����(%�� !�)� "� 7 $��$ )�%$ �0 $�� �����(%�% �!�  ��! B��� �����(%�%1 �%
� ���+%$!�$�� � %�� $�� %�/+� ��% � 57+!� J1AA� B��!� $�� 5!%$ �)�7� �% � (��$� �0 $��
��*�$�$�� *�!$�' <R<16 �� (!��! $� $�� �)�%%�� �0 $�� %���E B�*�1 
$ �% %��B $��$
$�� ��*�$�$�� *�!$�' ���"% $� ��$��! �  ��! B��� �����(%� �! � 0�! B��� �����(%� 0�! $��
%�)� �."!�". �)�� �� "�$�� %1

� 
 $�� ��%� �0 �  ��! B��� �����(%�� $�� *�(�+! (��%� �� ,� ��$��! ��*�$��% �$$����"
$� $�� B���� �! �� ��*� � )�!� ����(%��"�� %��(�� B���� �% %$��� � �� $��$ B�$� $��
B���1 �% � ���+%$!�$�� �0 $��%� $.(�% �0 �����(%�%� $.(���� %�/+� ��% �!� 7�*� � 
57+!� J1A@1

� �% � � $�!)�"��$� %�$+�$�� ,�$B�� 0�! B��� �����(%� � "  ��! B��� �����(%��
$��!� �!� ��%� ��%�% B��!� $�� )�� ��*�$. �% !�)�� � 7 �$ $�� %�)� (�%�$�� � "
�% �$$����" $� $�� B��� *�� � %��!$ *�(�+! ,!�"7� B���� ,!��E% "+!� 7 $�� �����(%��
%�� J1AK9�:9,: � " J1AI9,:1 
 $��% ��%�� $�� �.(�$��%�% �0 $�� (!�%� �� �0 � )��!�-
M�$� B���� B�% 5!%$ (!�"��$�" ,. Y�! 0��" Q �+!� �* 9AJKK: 0�! � �����(%� 7
,+,,��  ��! � %���" ,�+ "�!.� ��  �$ ,� �'��+"�"1 
 �""�$�� � $��!� �!� %�)�
%�$+�$�� % B��!� $�� )�� ��*�$. �% �$$����" $� $�� B��� *�� � $�� *�(�+! 5��)� $
9J1A<9�:� J1A=9�:� J1AK9�:� J1AH9�:� J1AI9�::1 ���% )�7�$ ,� !���$�" $� $�� (!�%� ��
�0 � $�� � " � $� %� *�!$�' $+,� � "� 7 �$ $�� B���1 �$��! *�!$�' 5��)� $%�
B���� �!�  �$ �$$����" $� $�� B��� � " "�(�!$ 0!�) $�� )�� ��*�$.� �� ,� ��%�
�,%�!*�"� ��E� � %�/+� �� J1AH9�:1 ���% %��B% ��B $�� )��!� $+!,+�� ��% �0 $��
F�B �� � $�!��$ B�$� $�� *�(�+! (��%� > � �'�%$� 7 *�(�+! *��+)� �� �'$� "
!�(�"�. ��� 7 )��!�-�."!�". �)�� %$!+�$+!�% B���� �*� $+���. �����%��1

� �� ��! � 7 �%���$�" *�(�+! ��*�$��%� $��. �!�  �*�! %(��!����� � " $�� )�� ��*�-
$. �% +%+���. �%%����$�" B�$� �$��! %+!!�+ "� 7 %)����! ��*�$��%1 ��!��*�!� $��
)�� ��*�$. "��%  �$ �����(%� � � !�7+��! B�.� %� $��$ $�� � �$��� ��*�$. �� 
"�%� $�7!�$� � " .���"% %�*�!�� �%���$�" *�(�+! %$!+�$+!�% B����  ��!�. �����(%�
�$ $�� %�)� $�)�1 ��)� �'�)(��% �0 ��)(��' �����(%�% � " ,!��E� 7 (!���%%�%
�!� 7�*� � 57+!�% J1AK9�:� J1AG9�:9,:� J1AH9�:1 ���% ,���*��+! �% ��%� �� %�%$� $
B�$� $�� �,%�!*�" ,!��E� 7 (!���%% �0 $�� ��*�$�$�� *�!$�' B�� �$ ,�7� % $� ���-
��(%�1 �% %+((�%�" ��!���! � $�� ��%� �0  ��! B��� �����(%�%� $�� �,%�!*�" )�� 
��*�$. �!�+ " �����(%� $�)� ��+�" ��!!�%(� " $� $�� %��"�B �0  +)�!�+% *�(�+!
%$!+�$+!�% B���� �����%�� "+!� 7 $�� !�,�+ "1 
 "��"� $��% ��+�" �'(��� ��B �
)�� ��*�$. ��+%�% $�� (!�"+�$�� �0 � $���E %���E B�*� (�$$�! 1

$ �% ����! $��$ $�� �����(%� � " $�� �%%����$�" %���E B�*� �% � *�!. ����� (�� �-
)� � B���� �% �$ 5!%$ � �$��$�" ,. � (�!$ �0 � *�(�+! %$!+�$+!�� � " $�� (!�(�-
7�$�% B�$�� �$ 9%�� J1A69�::1 ���% �% � �$��! ���!��$�!�%$�� �0 $�� �����(%� �0
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�%���$�" ��*�$��%1 ��!��*�!� ��$��+7� � ��*�$. �% %+,)�$$�" $� $�� %���E B�*�
$!� %�� $ 7� �!�$�" ,. � �$��! ��*�$.� �$ 7� �!���. "��%  �$ �����(%� � %$� $�-
 ��+%�. 9%�� J1AH9,::� B���� ��+�" %��B $��$ � %���E B�*� $!� %�� $ )�7�$  �$
��*� � "�)� � $ � F+� �� � $�� �����(%� $�)� �0 � "�(� "� $ ��*�$��%1
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2$3 �������� ��(� ��" ��.�"��' �������'

?2>2	 �,!*7 4��$ �$.!*� &

�!�(�7�$�� �0 %���E B�*�% �% ����+��$�" ,. +%� 7 $�� � $�!��!!���$�� )�$��" $��$
�% (!�%� $�" � (�!�7!�(� J1=1<1 ��� 5!%$ B�*� !�"�+% ��!!�%(� "% $� $�� �+$�! � *���(�
�0 $�� 5!%$ B�*� (�$$�! $��$ �� ,� ����!�. �"� $�5�" � $�� %��"�B7!�(�1 ��� ��!!�%-
(� "� 7 $�)� �% (�%$�!��! $� $�� $�)� B�� $�� "�!E �� $!�%$ )�!7�% B�$� $�� *�(�+!
(��%�1 ��� � $� �%$�)�$� $�� *�����$. �0 � ��"� $ %���E B�*�% $��$ �!� (!�(�7�$� 7
� $�� F+�"� � �� ��! !�7!�%%�� �+!*� �% 5$$�" � $�� ����+��$�" B�*� !�"�+%  
 "�$�1
�,$�� �" *�����$��% �
 0�! $�� "�8�!� $ �."!�". �)�� �� "�$�� % �!� ��%$�" � $�,�� J1A1
��� )��%+!�" *�����$��% �!�  ��!�. �/+�� $� $�� %�+ " %(��" > ,�$B�� A=6@ ���� � "
AK@@ � ��� � �*�!�7�1

2+!$��!)�!�� %� �� � �. %�+ " *�����$��% �!� )��%+!�"� �$ %��B% $��$ %+(�!%� ��
*�����$��% )+%$ � �. �� ��! $�� *��� �$. �0 *�(�+! (��%� �$ �����(%� $�)�1 
 0��$� $��%�
���+! B�� $�� "�!E ��7�$ �� $!�%$ �!�+ " $�� *�(�+! ��*�$. �% �,%�!*�" � %��"�B-
7!�(�%1 ���% �.(�$��%�% B�+�" ,� � 7��" �7!��)� $ B�$� !��� $ �'(�!�)� $% ��!!��"
�+$ ,. ���D0+%% �� 	�� 9AJJI:� B��!� $�� ��!�. %$�7� �0 $�� !�,�+ " �0 � %� ��+)� �%�� $
��! ,+,,�� �'�$�" ,. ���+%$�� B�*�% �% %$+"��" > $�� ��*�$. �% 0�+ " $� �'(� " 0�%$�!
$�� $�� %�+ " %(��" �0 $�� ��%$ ��/+�" B�$�� � %��!$ "�%$� �� �0 A@@ ��1 �0$�!B�!"%�
$�� B�*� %��B% "�B $� $�� %�+ " %(��" � " �� $� +�% �% �  �!)�� ���+%$�� $!� %�� $1

?2>2� �+!#-* �!" !)  ,$ (,!*7

��� $�)� �$ B���� $�� %���E "�(�!$% �� ,� �%$�)�$�" ,. �� %�"�!� 7 � �� %$� $
*�����$. �0 $�� %���E B�*�1 ��� � $�� $�)� �$ B���� $�� B�*� !�"�+% �% D�!� 7�*�% $��
�����(%� $�)��  �$�" ��1 ��B�*�!� �%%+)� 7 $��$ $�� %���E �% %+(�!%� �� �$ $�� ��!�.
%$�7� �0 $�� !�,�+ "� �� )�7�$ ,� + "�!�%$�)�$�"1 �% � ���+%$!�$�� �0 $�� �,$�� �"
�'$!�(���$�" �����(%� $�)�� %�� 57+!�% J1AJ $� J1<<1

?2>2� 
�"�/-/ �!.-/$ !)  ,$ *��� � �!" �!+ $6

L�%+���%�$�� % (!�*�"� � B�. $� � *�%$�7�$� $�� )�� *�(�+! 7!�B$� �$ $�� !�,�+ "
�0 $�� ��*�$�$�� *�!$�'1 ��B�*�!� ,���+%� �0 ,�$� $�� ���E �0 $�)� � " �)�7� !�%�-
�+$�� %� �,*��+%�. �$ �% �)(�%%�,�� $� "�$�!)� � �'��$�. $�� $�)� ��!!�%(� "� 7 $� $��
)� �)+) *��+)�� � " $�+% $� ����+��$� $�� � $�!0��� *�����$. �$ $�� ��!�. %$�7� �0 $��
!�,�+ "1 ��*�!$����%%� $��!� �!� %�)� *�%+���%�$�� % B��!� $�� )� �)+) *��+)� ��+�"
,� %�$+�$�" � $�� 5!%$ �)�7�� %�� $�� %�/+� ��% � 57+!�% J1A< 9�:9,:9�:1 
 $��%� *�%+-
���%�$�� %� $�� ��*�$. 7!�B% !�(�"�. ,�$B�� $�� 5!%$ � " $�� %��� " 0!�)�� B��!� $��
�+$7�� 7 %���E B�*� �% ����!�. "�5 �"1 
 %�)� �$��! ��%�%� ��E� � 57+!� J1A= 9�:9,:�
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���8/8-  ���	$�� 
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� %!.

$�� *�(�+! *��+)� �% ��!7�! ,+$ %$��� %)��� 9]@1K ��: � $�� $��!" 0!�)� B��!� $��
*�(�+! ��*�$. �% 7!�B� 7 B���� $�� �+$7�� 7 %���E B�*� �% M+%$ %$��(� �"1

� $�� �$��! �� "� $��!� �!� )� . ��%�% B��!� $�� *�%+���%�" )� �)+) *��+)�
�% ��!7�!� ��E� � $�� 57+!�% J1A=9�:� J1AK 9�:9�: � " J1A6 9�:9,:1 ��B�*�!� �% �$ B�%
��!��". %+77�%$�"� $�� �����(%� �% � *�!. ����� (�� �)� � 1 ��+%� � �. � (�!$ �0 $��
��*�$. �����(%� �$ � $�)�� %� $��$ $�� 7��,�� *��+)� !�)�� % �)(�!$� $1

?2>23 �!+ $6 1!-"#�+& �$.!*� &

��+ "�!. *�����$��% �� � Æ �	�
�Æ� �!� ����+��$�" ,. �� %�"�!� 7 (��!% �0 �� %�-
�+$�*� 0!�)�% � %�/+� ��%1 �% � �'�)(��� ��$ +% �� %�"�! $�� *�%+���%�$�� % � B����
$�� $�)� �0 )� �)+) *��+)� �% $�� )�%$ (!�,�,�� � $�� 5!%$ 0!�)�� � 57+!�% J1AJ � "
J1<@ 9%�� ��!!�%(� "� 7 � ��!7�" %�/+� ��% � 57+!� J1A< 9,:9�::1 ��'�)+) *�����$��%
�!� �,$�� �" �$ $�� !�,�+ " B�$� � *�����$. �0 =A@ � ��� � " AGH � ���1 �0$�!B�!"%�
$�� 7!�B$� !�$� "�)� �%��%1 �% �$��! �'�)(��% � 57+!�% J1<A � " J1<<� $�� !�,�+ "� 7
*�����$��% !�%(��$�*��. �!� <A@ � ��� � " AJI � ���1
��)���! *�����$��% ��*� ,�� ����+��$�" 0�! K< *�%+���%�$�� %� 7�*� 7 )�� *��+�% ,�$B�� 
AKJ���� � " <<J���� 9%�� $�,�� J1A:1 ��*�!$����%%� �% $��%� *�����$��% "�  �$ �'��$�.
�� ��! $�� !�,�+ "� $��. �!� + "�!�%$�)�$�"1

��+ "�!. *�����$. �$ $�� !�,�+ " �� ,� �%$�)�$�" ,. �� %�"�!� 7 � �'$!�(���$�"
�����(%� $�)�1 ���% �� ,� ��$��! "� � ,. $�E� 7 ��� B���� �% "�"+��" 0!�) � �� %$� $
*�����$. �0 $�� %���E B�*�� �! ,. �� %�"�!� 7 � �� %$� $ ������!�$�� �0 $�� ,+,,��
�'(� %�� � 7�*� 7 $�� �����(%� $�)� ���1 
 0��$� � �� %$� $ ������!�$�� �'$!�(���$�� 
�% � ��)(!�)�%� ,�$B�� $�� *�����$. (!�"��$�" ,. $�� $���!. �0 ���)�!� 9AJ6<: 9*���"
0�! ����� & ���:� � " $�� *�����$. $��$ B�+�" ,� �,$�� �" ,. $�E� 7 � $� ����+ $
$�� ��)(!�%%�,���$. �0 $�� 7�% B�$�� $�� ��*�$.1 ��� ���)�!� )�"�� ���"% $� *�����$��%
B���� $� " $� � 5 �$. �% 	 �� �


��� 9B��!�  � �% $�� %�D� �0 � �$��� !�"�+% �0 � ,+,,��:1
��B�*�!� %� �� $�� �����(%� �% "�����!�$�" ,���+%� �0 $�� (!�%� �� �0 7�% B�$�� $��
,+,,��� *�����$��% �!� �*�!�%$�)�$�" �$ �����(%� $�)�1

�� ��)(�!� $�� $�)� �0 $�� )� �)+) *��+)� � " $�� �%$�)�$�" �����(%� $�)�% ��
� " ���� ��$ +% %�)(�. �� %�"�! $�� �'�)(��% (!�%� $�" � 57+!�% J1AJ � " J1<@� B��!�
$�� ��*�$. *��+)� �!� )� �)+) � $�� 5!%$ �)�7�� �$ $�)� A1<K �� � " A1KH ��1 ���
�'$!�(���$�" �����(%� $�)�% �!� !�%(��$�*��. �� P @1IJ �� � " ��� P @1II �� 0�! J1AJ�
� " �� P A16A �� � " ��� P A1=J �� 0�! J1<@1 ���!�0�!�� ,�$� $�� ����+��$�" �����(%�
$�)�% �!� �� %�%$� $� � " ���" $� � + ��!$�� $. B���� �% !�+7��. �/+�� $� $�� �'(�%+!�
$�)� �0 $�� *�%+���%�$�� 9A6@-=@@ ��:1 ��!��*�!� %� �� $�� �����(%� $�)� �% ����+��$�"
,. �� %�"�!� 7 � �� %$� $ *�����$. �0 $�� %���E B�*�� $��% �� 5!)% $��$ %+(�!%� ��
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57+!�% A@16 99�: ��!!�%(� "� 7 $� ��7�-%(��" *�%+���%�$�� % � 57+!�% J1AJ - J1<<: � "
9,: $� %�)+�$� ��+% *�%+���%�$�� % � 57+!�% A@1= � " A@1K:1
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d R
c
/d t = 75 m/s 117 m/s 92 m/s 67 m/s

d R
s
/d t = 1346 m/s 1481 m/s 1419 m/s

Time [µs] 

1.21 3.16 3.91 4.15 4.72 5.29 5.93 6.47 7.01
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Cs = 1422 m/s
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 = 3.24 µs 
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Vc = 236 m/s
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IC shutter

photodiode

Wave radius

Cavity radius

2�7+!� A@1<> ��)+�$� ��+% ��($+!�% �0 �+)� �%�� �� � " %���E B�*� 9� ���0(%:1 ��$�
$�� 5!%$ �)�7� �0 $�� %�/+� �� B��!� $�� *�(�+! ��*�$. �% *�%�,�� = �� (!��! $� $��
�+)� �%�� �� %(�!E1 �P@1GG ���� "PA1G� �P<@@ �
�

�� 0�!� %� �� � �$��� �� "�$�� % �!� � �. �%$�)�$�"� � " �% $�� ��*�$��% �!�  �$ %(��!�����
*�����$��% !�)�!E�,�. ��*� $�� %�)� �!"�! �0 )�7 �$+"� �% $��%� (!�"��$�" ,. $��
)�"��1

2+!$��!)�!�� ,. �'$!�(���$� 7 $�� �*��+$�� �0 $�� !�"�+% ,. �� %�"�!� 7 ���)�!��%
)�"��� � " �%%+)� 7 $��$ $�� )� �)+) %�D� �0 $�� ��*�$. �% %�)���! $� $�� %�D� �0
�,%�!*�" �)(��$% � �L�� $.(�����. A@ ��� $�� ��!!�%(� "� 7 )� �)+) !�"�+% !�$��
B�+�" ,� ��- � ���- � � � ���- � �� ���"� 7 $� � L�!$�' ����  +),�! _ A1 ��!�-
�*�!� �*�!(!�%%+!� +( $� %�*�!�� 8�� ��% ,�� �,$�� �"� B��%� �)(��$+"� �% � *�!%��.
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d R
c
/δ t = 169 m/s 152 m/s 61 m/s 38 m/s 50 m/s 28 m/s

d R
s
/δ t = 1365 m/s 1375 m/s 1397 m/s 1221 m/s 1698 m/s 1507 m/s

Time [µs] 

0.7 1.2 1.48 2.04 2.61 3.16 3.79 4.37 5.05

0
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Cs = 1417 m/s 
t
c
 = 0.80 µs
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Vc = 267 m/s
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s

detected peak

IC shutter

photodiode

(a)

(b)

(c)

(d)

(e)

1
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1

12 mm

7 mm

1

2�7+!� A@1=> 9�: ��)+�$� ��+% ��($+!�% �0 �+)� �%�� �� � " %���E B�*� 9� ���0(%:1
9,: ��/+� �� %��B� 7 $�� "�*���()� $ �0 $�� %���E B�*�1 ��� B��$� %+,%�!�($ A
� "���$�% $�� (!�)�!. B�*� � " %+,%�!�($ < � "���$�% $�� B�*� !�F��$�" �$ $�� ,�$$�)
%+!0���1 9�: ��)� 7 �0 %(�!E (+�%�% �0 $�� �� � " %�+$$�! %�7 �� �0 $�� 
�1 9": ����E
*�����$. *�!%+% $�)�1 9�: ��*�$. 7!�B$� *�!%+% $�)�1 �P@16I ���� "PA1G� �P<@@ �
�

(!�(�!$�� �� $� $�� "�%$� �� 0!�) $�� �(��� $!�1 ��B�*�!� �$ �� ,�  �$�" $��$ $��
"�����!�$� 7 �8��$ "+� $� $�� (!�%� �� �0 �  � �� "� %�,�� 7�% � $�� ,+,,�� �%  �$
$�E� � $� ����+ $� %� $��$ $�� ��*�$�$�� *�!$�' ����  +),�! )�7�$ ,� �*�!�%$�)�$�"1

��B�*�!� ����  +),�!% 7!��$�! $�� @1<6 9=6@ � ���: �!� $��!�0�!� �� 5!)�" ,.
,�$� $�� �'$!�(���$�" *�����$. � �� 9�/+�$�� J16: � " $�� $���!�$���� ,�+ "�!. )�$�� 
�0 � �/+�*��� $ ���)�!� ,+,,�� 9�/+�$�� A@1A:1 �% � �%$�)�$�� �0 $�� �*�!(!�%%+!��
$�� B�$�! ��))�! �((!�'�)�$�� �� ,� +%�" >

�� � )���
 9A@1<:

��� � $�� �/+�$�� (!�(�%�" ,. ��.)�  9A@1=: 7�*�% � �((!�'�)�$�� �0 $�� %���E
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R
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Time [µs] 

d R
c
/δ t = 77 m/s 100 m/s 126 m/s 8 m/s 38 m/s

d R
s
/δ t = 1190 m/s 1189 m/s 1494 m/s 1346 m/s 1272 m/s

0.7 1.2 1.47 2.02 2.62 3.11 3.77 4.39 5.11
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Cs = 1309 m/s
t
c
 = 0.74 µs
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2�7+!� A@1K> 9�: ��)+�$� ��+% ��($+!�% �0 �+)� �%�� �� � " %���E B�*� 9� ���0(%:1
9,: ��/+� �� %��B� 7 $�� "�*���()� $ �0 $�� %���E B�*�1 ��� B��$� %+,%�!�($ A
� "���$�% $�� (!�)�!. B�*� � " %+,%�!�($ < � "���$�% $�� B�*� !�F��$�" �$ $�� ,�$$�)
%+!0���1 9�: ��)� 7 �0 %(�!E (+�%�% �0 $�� �� � " %�+$$�! %�7 �� �0 $�� 
�1 9": ����E
*�����$. *�!%+% $�)�1 9�: ��*�$. 7!�B$� *�!%+% $�)�1 �P@16I ���� "PA1G� �P<@@ �
�

*�����$.1 2� ���.� ,�$� �/+�$�� % A@1< � " A@1= �� ,� +%�" $� �%$�)�$� $�� �*�!(!�%%+!��
B���� ����!"� 7 $� ��"�� 9AJIH� AJII:� 7�*�% *�!. 7��" !�%+�$% ��)(�!�" $� $�� �'��$
%��+$�� �0 ���$�% �/+�$�� 1

�
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��


 9A@1=:

��+%� � ��B�! ��)�$ �0 $�� �*�!(!�%%+!� �% 0�+ " $� ,� �/+�� $� HH@ ���� B���� �%
%+C��� $ $� ��+%� ��*�$�$�� "�)�7� � )�$�!��� %+�� �% %$�� ��%% %$��� >
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2�7+!� A@16> L�!$�' ,�+ "�!. ����  +),�!1 9�: 2!�) ��7�-%(��" *�%+���%�$�� %
(!�%� $�" � 57+!�% J1AJRJ1<<1 9,: 2!�) %�)+�$� ��+% *�%+���%�$�� % (!�%� $�" � 5-
7+!�% A@1=RA@1K
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##$# �.(��������� � ���������� ������

��� ��*�$�$�� *�!$�' �����(%� 7� �!�$� �+)� �%�� ��1 �+)� �%�� �� ��% ,�� 
���!��$�!�D�" � $�!)% �0 ����$�� � ���+!!� �� � *�!$�' ". �)��% � " � $� %�$.1 ��!�-
�*�!� $�� %� %�$�*�$. $� �'(�!�)� $�� (�!�)�$�!% �% B��� �% $�� � F+� �� �0 F�B (�!�-
)�$�!% ��*� ,�� %$+"��" >

A1 ��%$ �0 �+)� �%�� �� �% �)�$$�" �$ $�� 5!%$ �����(%� $�)� ,. $�� )�� ��*�$.1

<1 �)�%%�� ���+!% �% %��!$ ��7�$ ,+!%$% B�$� � "+!�$�� "�B $� A@ �� � " +( $�
A@@ ��1

=1 ��)+�$� ��+% *�%+���%�$�� % ��*� "�)� %$!�$�" $��$ �+)� �%�� �� %�+!��% )� -
7�� B�$� $�� %���E B�*�% �(��� $!�%1 ��!��*�!� �+)� �%�� �� � " %���E B�*�
� �$��$�� ���+! B�$�� � $�)� � $�!*�� B���� �% ��%% $�� 6@@ ��1 2+!$��!)�!��
�+)� �%�� �� "��%  �$ !�/+�!� $�� � �$��� *�(�+! ��*�$. $� ,� %(��!����1 ��$��+7�
$�� %�+!�� �� ,� )+�$�(��� $��% �% (!� ��(���. + �/+�1 ���!�0�!�� $�� �+)� �%�� ��
(�� �)� � �� ,� +%�" $� "�$�!)� � $�� �����(%� ����$�� 1

K1 �+)� �%�� ��� � $�!)% �0 "�$��$�� %+���%% � " � $� %�$.� �% ����!�. � �!��%�"
B�$� "�%%��*�" 7�% � B�$�!1

61 ��� *�!$�' � $� %�$. �% � "!�*� 7 (�!�)�$�! �0 $�� �+)� �%�� �� � $� %�$.1 ��!�-
�*�!� $�� �����(%� ����$�� �% %$!� 7�. � F+� ��" ,. $�� � $� %�$. �0 $�� *�!$�' >
$�� ��%$ %$�7� �0 $�� ��*�$�$�� *�!$�' �����(%� $�E�% (���� ���%�! $� $�� B��� B�� 
$�� *�!$�' � $� %�$. � �!��%�%1 2+!$��!)�!�� �� %�"�!� 7 ,�$� $�� "��!��%� �0 $��
B��� "�%$� �� � " $�� � �!��%� �0 �����(%� %$!� 7$� B�$� $�� � �!��%� 7 *�!$�'
� $� %�$.� � � ��+�" %+77�%$ $��$ $��!� �% � � �!��%� �0 ��*�$�$�� �77!�%%�*� �%%
B�� $�� *�!$�' � $� %�5�%1
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##$% ���������� ������ ��������

��� )�� (�� �)� ���7���� �,%�!*�$�� % � " /+� $�$�$�*� �%$�)�$�� % �� ,� %+)-
)�!�D�" �% 0����B% >

A1 ��� *�(�+! ��*�$. %��(� � " %$!+�$+!� �!� �'$!�)��. *�!��,��1 ��� �����(%� � "
$�� �%%����$�" �)�%%�� �0 %���E B�*�% �!� *�!. ����� (�� �)� � B���� �� �!�%�
0!�) "�8�!� $ ����$�� % 0!�) $�� %�)� )�� ��*�$.1 
 "��"� *�(�+! ��*�$��% �� 
5%%�� � " (!� ��(���. �)�$ )+�$�(�� � " %+���%%�*� %���E B�*�% 0!�) "�8�!� $
�(��� $!�%1 ���%� %���E B�*�% �� ,� ��$��! ����!�. %�7!�7�$�" �! ��),� �"�
B���� �� ���" $� � !�%+�$� 7 %$!� 7 %���E B�*�1

<1 �%$�)�$�� % �0 $�� )�� ,�+ "�!. *�����$. !�%+�$ � )�'�)+) *��+�% 7!��$�!
$�� =6@ � ��� �$ $�� !�,�+ "1 �% $�� �����(%� �%  �$ !�7+��!� ����� *�����$. �$
$�� ,�+ "�!. )�7�$ ,� )+�� ��7��!1 ���%+!�" )�� ,�+ "�!. ����  +),�!%
�!� � �7!��)� $ B�$� $���!�$���� �%$�)�$�� % �0 � �/+�*��� $ ����)�!�� ,+,,��1

=1 �% � �. %� �� *�����$. �0 %���E B�*�% �� ,� �%$�)�$�"� %+(�!%� �� *�����$��% )+%$
�� ��! $�� *�!. *��� �$. �0 $�� *�(�+! %$!+�$+!� �$ $�� �����(%� $�)�1
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���������� �++����������� �� %-/ ���"��

��!E� 7 $�%$% ��*� ,�� (�!0�!)�" � $�� ��*�$�$�� $+  �� � <
 (!�5��% B�$�
� %�!$�" %(���)� % )�"� �0 $�!�� "�8�!� $ )�$�!���% > ��+)� �+)� ��((�! � " %$�� ��%%
%$���1 ��� �."!�". �)�� (�!�)�$�!% ��*� ,�� $�� F�B *�����$.� $�� �� 7$� �0 $��
���"� 7 �"7� ��*�$�$�� ��*�$.� � " $�� (!�%� �� �0 � �""�$�� �� (!�%%+!� 7!�"�� $�
B���� ��% ,�� %�)+��$�" ,. � "�*�!7� 7 "+�$1 ��� � =-
 (!�5��)�$!. � ��.%�% ��*�
,�� �����*�"� � " (�$$� 7 !�$�% ��*� ,�� ����+��$�" > "�0�!)�$�� *��+)� !�$�%�
"�0�!)�$�� � �!7. !�$�% � " (�$$� 7 !�$�%1 2� ���.� $�� �����(%� �C��� �.� B���� �%
"�5 �" �% $�� !�$�� ,�$B�� � %$�$�%$���� � �!7. "�%$!�,+$�� �0 ��*�$. � �!7. � " $��
"�%$!�,+$�� �0 �)(��$ "�0�!)�$�� � �!7.� ��% ,�� �%$�)�$�"1 ��� !�%+�$% ��" $� $��
0����B� 7 !�)�!E% >

A1 
 $�� ��%� �0 $�� %$�,�� ���"� 7 �"7� ��*�$�$�� � �)(��$% �!� (!� ��(���. �� �� -
$!�$�" �$ �,�+$ $�� )�� ��*�$. ���%+!� � " �!�  � �*�!��((� 7 �)(��$%1 2�!
� + %$�,�� ���"� 7 �"7� ��*�$�$�� � �)(��$% �!� )�!� %(!��" �!�+ " $�� )�� 
��*�$. ���%+!�� � " $�� (!�%� �� �0 7!�+(�" �)(��$% �% +%+���. �,%�!*�"1

<1 �)� 7 $�� )��!�%��(�� F�B (�!�)�$�!%� $�� F�B *�����$. �% $�� )�� (�!�)�$�!
� B���� (�$$� 7 !�$�% � " "�0�!)�$�� *��+)� !�$�% "�(� "%1 ��7��! !�$�% ��*�
,�� �,$�� �" � $�� ��%� �0 $�� "�*�!7� 7 $�%$ %��$�� 9+( $� � 0��$�! A@:1 � %����
�8��$ �� ,�  �$�" ,. ��)(�!� 7 !�$�% �,$�� �" B�$� $�� <-
 ,��"�% �0 "�8�!� $
%����%1 ��7��! �)(��$ *��+)�% �!�  �$�" 0�! $�� 0+�� %���� <-
 ,��"� $�� 0�! $��
%)��� %���� � �1

=1 ��� �����(%� �C��� �. %$!� 7�. "�(� "% � $�� F�B *�����$.� $�� )�$�!��� � "
$�� F�B � 7�� �0 � ��"� ��1 
$ �% �� %$� $ �*�! $�� B���� %���� �0 � �!7��% 0�! ��7�
F�B *�����$��%1 ��*�!$����%%� �$ �%  �$ �� %$� $ 0�! )�"�!�$� F�B *�����$��% > �$
�% ��B�! 0�! ��7��! � �!7��%1 �% � �'(�� �$�� � �$ �� ,� %+77�%$�" $��$ ��!7�%$
*�(�+! %$!+�$+!�%� B��%� �����(%� $�)�% �!� ��7��!� �!� $!� %(�!$�" )�!� 0�! �B�.
$�� ��*�$. ���%+!�� � " �����(%� �$ � ��!7�! "�%$� �� $� $�� B��� $�� $�� %)����!
��*�$��%1 ��B�*�!� ,���+%� �0 $�� ���E �0 "�$� 0�! $�� ��!7� (�$%� $��% %+77�%$�� 
��% $� ,� �� %�"�!�" B�$� ��!�1
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�!'����� �������+����� � � ���������� ������

�-/�"$(*$"*$ �"# *!..�'($ .!*� �!"

��� �,%�!*�$�� �0 $�� �+)� �%�� �� �0 � �%���$�" ��*�$�$�� *�!$�' �����(%� ��%
,�� �'(�!�)� $���. �����*�" 0�! $�� 5!%$ $�)�1 ��!��*�!� %�)+�$� ��+% ��($+!� �0
�+)� �%�� �� � " %���E B�*�% ��*� ,�� �����*�"1 �+)� �%�� �� ��% ,�� "�$��$�"
B�$� $�� ���( �0 � (��$�)+�$�(���! $+,� � " � � $� %�5�" ��7�$ ��)�!�1 ��� � %(���5�
%�7 �� � " �)�7� (!���%%� 7 )�$��"% ��*� ,�� �)(��)� $�" � �!"�! $� %$+". $��
���!��$�!�%$��% �0 $�� �+)� �%�� �� �)�%%�� � $�!)% �0 � $� %�$. � " ���+!!� �� � $��
��*�$�$�� *�!$�' ". �)��%1 2+!$��!)�!�� $�� %� %�$�*�$. $� �'(�!�)� $�� (�!�)�$�!%�
�% B��� �% $�� �� E B�$� (�.%���� ���!��$�!�%$��% �0 $�� ��*�$�$�� *�!$�' � " �%%����$�"
(�� �)� � ��*� ,�� �%$�,��%��" >

A1 �+)� �%�� �� "��%  �$ !�/+�!� $�� � �$��� *�(�+! ��*�$. $� ,� %(��!����1 ��$��+7�
$�� %�+!�� �� ,� )+�$�(��� �$ �% (!� ��(���. + �/+� � " ��!!�%(� "% $� $�� �� $!�
�0 $�� )�� *�(�+! ��*�$.1

<1 ��%$ �0 �+)� �%�� �� �% �)�$$�" �$ $�� 5!%$ �����(%� $�)� ,. $�� )�� ��*�$.1

=1 �)�%%�� ���+!% �% %��!$ ��7�$ ,+!%$% B�$� � "+!�$�� "�B $� A@ �� � " +( $�
A@@ ��1

K1 ��)+�$� ��+% *�%+���D�$�� % ��*� "�)� %$!�$�" $��$ �+)� �%�� �� %�+!��% )� -
7�� B�$� $�� %���E B�*�% �(��� $!�%1 ��!��*�!� �+)� �%�� �� � " %���E B�*�
� �$��$�� ���+! B�$�� � $�)� � $�!*�� B���� �% ��%% $�� 6@@ ��1

61 �+)� �%�� �� �)�%%�� � � $�!)% �0 "�$��$�� %+���%% � " � $� %�$.� �% ����!�.
� �!��%�" B�$� "�%%��*�" 7�% � B�$�!1

G1 ��� *�!$�' � $� %�$. �% � "!�*� 7 (�!�)�$�! �0 $�� �+)� �%�� �� �)�%%�� 1

��� � $�� �+)� �%�� �� (�� �)� � ��% ,�� +%�" $� "�$�!)� � $�� �����(%� ����-
$�� 1 �% � !�)�!E�,�� !�%+�$� $�� �����(%� ����$�� �% %$!� 7�. � F+� ��" ,. $�� � $� %�$.
�0 $�� *�!$�' > $�� ��%$ %$�7� �0 $�� ��*�$�$�� *�!$�' �����(%� $�E�% (���� ���%�! $� $��
B��� B�� $�� *�!$�' � $� %�$. � �!��%�%1

���� � �!" �!+ $6 *!..�'($

��� (�.%���� � *�%$�7�$�� �0 � ��*�$�$�� *�!$�' �����(%� B�$� $�� ���( �0 %��"�B-
7!�(�. *�%+���D�$�� % ��*� ,�� ��!!��" �+$1 ���% %$+". �� 5!)�" $�� ��)(��' �."!�-
". �)�� ���!��$�!�%$��% $��$ �� ,� � *��*�" � � ��*�$�$�� *�!$�' �����(%�1 2+!$��!-
)�!�� %(���5� �)�7� (!���%%� 7 )�$��"% ��*� ,�� "�*���(�" � �!"�! $� �%$�)�$� $��
��*�$�$�� *�!$�' ,�+ "�!. *�����$��% � " *�����$��% �0 %���E B�*�%1 ��� (�� �)� �-
��7���� �,%�!*�$�� % � " /+� $�$�$�*� �%$�)�$�� % �� ,� %+))�!�D�" �% 0����B% >
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 ���������� 	�� $���$��
���� %#.

A1 ��� ��*�$�$�� *�!$�' �����(%� ���"% $� � �!!�7+��! *�(�+! ��*�$. %��(� �$ $��
5 �� %$�7�1 ��� �����(%� � " $�� �%%����$�" �)�%%�� �0 %���E B�*�% �!� *�!. �����
(�� �)� � B���� �� �!�%� 0!�) "�8�!� $ ����$�� % 0!�) $�� %�)� )�� ��*�$.1

 "��"� *�(�+! ��*�$��% �� 5%%�� � " (!� ��(���. �)�$ )+�$�(�� � " %+���%%�*�
%���E B�*�% 0!�) "�8�!� $ �(��� $!�%1 ���%� %���E B�*�% �� ,� ��$��! ����!�.
%�7!�7�$�" �! ��),� �"� B���� �� ���" $� � !�%+�$� 7 %$!� 7 %���E B�*�1

<1 �%$�)�$�� % �0 $�� )�� ,�+ "�!. *�����$. !�%+�$ � )�'�)+) *��+�% 7!��$�!
$�� =6@ � ��� �$ $�� !�,�+ "1 �% $�� �����(%� �%  �$ !�7+��!� ����� *�����$. �$
$�� ,�+ "�!. )�7�$ ,� )+�� ��7��!1 ���%+!�" )�� ,�+ "�!. ����  +),�!%
�!� � �7!��)� $ B�$� $���!�$���� �%$�)�$�� % �0 � �/+�*��� $ ����)�!�� ,+,,��1

=1 �% � �. %� �� *�����$. �0 %���E B�*�% �� ,� �%$�)�$�"� %+(�!%� �� *�����$��% )+%$
�� ��! $�� *�!. *��� �$. �0 $�� *�(�+! %$!+�$+!� �$ $�� �����(%� $�)�1

6���� ���.��� 7 ���������� �����5

��� !�%+�$% �0 $�� ��*�$�$�� *�!$�' %$+". 9�+)� �%�� �� � " �����(%�: %+77�%$ ��B
$�� �."!�". �)�� (�!�)�$�!% �0 $�� F�B )�7�$ ,� !���$�" B�$� $�� ��*�$�$�� �77!�%-
%�*� �%%1 ��*�$�$�� �$$��E (!� ��(���. "�(� "% � $�� 0����B� 7 �."!�". �)�� (�!�)-
�$�!% >

A1 �%%+)� 7 $��$ �+)� �%�� �� � $� %�$. �% !���$�" $� $�� %$!� 7$� �0 $�� �����(%��
$�� � �!��%� �0 $�� � $� %�$. �0 $�� *�!$�' ���"% $� %$!� 7�! �����(%�%1

<1 
 "�(� "� $�. �0 $�� $.(�% �0 *�(�+! %$!+�$+!�%� ���� ��*�$. �� ���" $� )+�$�(��
� " %+���%%�*� )��!�-�����(%�%� %� $��$ %�*�!�� �)(��$% �� ,� 7� �!�$�"1

=1 ��� ��%$ %$�7� �0 $�� �����(%� �0 $�� ��*�$�$�� *�!$���% $�E�% (���� ���%�! $� $��
B���� $�� )�!� $�� ��!�+��$�� �0 $�� *�!$���% � $�� F�B � �!��%�%1

2+!$��!)�!�� �$ �� ,� %+77�%$�" $��$ $�� F�B *�����$. � �!��%�% $�� � $� %�$. �0 $��
$!� %�� $ *�!$���% B���� �!� 7� �!�$�" ,. $�� ���"� 7 �"7� ��*�$�$�� 1 ���% ���"% $��
$!� %�� $ *�!$���% �����(%� ���%�! $� $�� %+!0���1 �� %�/+� $�.� $�� ��*�$�$�� �77!�%-
%�*� �%% �0 $�� ���"� 7 �"7� ��*�$�$�� � �!��%�%1
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��*�$�$�� �)(��$% )+%$ ,� 7� �!�$�" ,. �."!�". �)�� (�� �)� � B���� $�E�
(���� � $�� *�!. *��� �$. �0 $�� *�!$�' ��*�$. �$ �����(%� $�)�1 � ��*�$�$�� *�!$�'
�����(%� (!�%� $% ��)(����$�" (�.%���� (�� �)� � B���� !�/+�!�% )�!� � *�%$�7�$�� %1
� (!�(�%�� 0�! 0+!$��! %$+"��% �� ,� )�"� >

A1 ���%+!�)� $ �0 ����� ,�+ "�!. *�����$��% � " �� 5!)�$�� �0 $�� 5%%�� �0
*�(�+! %$!+�$+!�%1 ��7�-%(��" *�%+���%�$�� % B�$� � %(�$��� !�%��+$�� "�B $�
A@ ��� � " B�$� � �'(�%+!� $�)� "�B $� A@ �� �!� !�/+�!�"1

<1 ���%+!�)� $ �0 %���E B�*�% �)(��$+"�% � " *�����$��% � $�� *�!. *��� �$. �0 $��
)�� ��*�$. �$ �����(%� $�)�1 
 0��$� ,���+%� �0 $�� ��),� �$�� �0 )+�$�(��
%���E B�*�% B���� )�!7� B�$� $�� *�(�+! ��*�$.� � "�$����" %$+". ��  �$ ,�
�����*�" B�$� $�� %��"�B7!�(�. $��� �/+�1 ��!� %+�$�,�� *�%+���%�$�� % $���-
 �/+�%� %+�� �% ����! ������!� (��$�7!�(�. �! � $�!0�!�)�$!�� )�$��"% ��+�" ,�
+%�"1 
 �""�$�� � $�� �����(%� $�)� �� ,� "�$�!)� �" ,. �����*� 7 %�)+�$� ��+%
��($+!� �0 �+)� �%�� �� � " %���E B�*�%1 ��!��*�!� ,���+%� �0 $�� �����(%� $�)�
M�$$�!� $�� �+)� �%�� �� (�� �)� � )+%$ ,� +%�" $� %. ��!� �D� $�� ��7�-%(��"
*�%+���%�$�� %1

=1 
 0+$+!�� $�� 7��)�$!. �0 $�� �L� $�%$ %��$�� �� ,� )�"� <-
 ,. �""� 7
%+�$�,�� $!� %(�!� $ ,���E%1 ��+%� M�$% � " �8��$ �0 $�!�� 7��)�$!��% )�7�$ ,�
*�%+���%�"1

K1 � $�� ,�%�% �0 $�� $B� (!���"� 7 %$+"��%� �%$�)�$�� �0 � (�$� $��� � �!7. �0 �
��*�$�$�� *�!$�' )�7�$ ,� )�"�1

�++����������� � ��������� ��������

��$��+7� �+)� �%�� �� �'(�!�)� $%  ��" %�(��%$���$�" �'(�!�)� $�� !�/+�!�)� $%�
$�� �+)� �%�� �� (�� �)� � �� ,� +%�" $� "�$�!)� � � )�( �0 �����(%� ����$�� �0
$!� %�� $ ��*�$��% � � )�!� ��)(����$�" F�B� %+�� �% $��%� 7� �!�$�" "�B %$!��) �
���"� 7 �"7� ��*�$�$�� 1 
 �""�$�� � �$ B�+�" ,� � $�!�%$� 7 $� %$+". $�� � $�!��$�� 
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2+!$��!)�!�� $�B�!" � �)(!�*�)� $ �0 � �!7�$�� )�"��% �0 ��*�$�$�� �77!�%%�*� �%%
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������������	
��	
���� �� �	������ ����	�������



�  ����� �

�$������  ������ ��� �����������

$����� ����	

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





' '���	��� $�

��� 	�� ������	
��� ������ �	
�� %-!

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



%-+ '���	��� $�

��� 	�� ������	
��� ������ �	
��

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



' '���	��� $�

��� 	�� ������	
��� ������ �	
�� %-#

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



%-- '���	��� $�

��� 	�� ������	
��� ������ �	
��

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



' '���	��� $�

��� 	�� ������	
��� ������ �	
�� %-.

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



%-0 '���	��� $�

��� 	�� ������	
��� ������ �	
��

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



' '���	��� $�

��� 	�� ������	
��� ������ �	
�� %-/

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



%.& '���	��� $�

��� 	�� ������	
��� ������ �	
��

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



�  ����� 5

�!��������	���	 �� �!� �� ���	

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





(  �	�	�
����
��� �� 
�� ��$	�
� %.!

A
lu

m
in

iu
m

 
F

ul
l S

ca
le

T
im

e
X

 
[%

]
R

10
%

 m
in

 

[m
ic

ro
n]

R
10

%
 m

oy
 

[m
ic

ro
n]

R
10

%
 m

ax
 

[m
ic

ro
n]

H
m

in
 

[m
ic

ro
n]

H
m

oy
 

[m
ic

ro
n]

H
m

ax
 

[m
ic

ro
n]

V
d 

m
in

 

[m
m

3 ]
V

d 
m

oy
 [m

m
3 ]

V
d 

m
ax

  

[m
m

3 ]

E
d 

m
in
 [J

]
E

d 
m

oy
 [J

]
E

d 
m

ax
 [J

]
N

t e
(0

) 

[J
/m

m
2 /s

]

t e
(1

) 

[J
/m

m
2 /s

]

t v(0
) 

[m
m

3 /m
m

2 /s
]

t v(1
) 

[m
m

3 /m
m

2 /s
]

t n
(0

) 

[/m
m

2 /s
]

t n
(1

) 

[/m
m

2 /s
]

a4
15

2
60

 m
n 

0 
s 

10
9.

52
15

.9
7

26
.0

4
0.

4
1.

39
2.

28
11

2.
25

44
5.

06
15

31
.0

9
3.

39
E

-0
7

1.
60

E
-0

6
5.

73
E

-0
6

20
7.

24
E

-1
1

5.
88

E
-1

1
1.

63
E

-0
2

1.
29

E
-0

2
2.

46
E

-0
5

1.
89

E-
05

a4
15

2
60

 m
n 

0 
s 

20
17

.2
6

27
.7

5
57

.6
7

0.
31

1.
33

7
2.

38
20

8.
85

77
6.

16
12

38
.8

6
1.

30
E

-0
6

6.
06

E
-0

6
1.

84
E

-0
5

20
7.

24
E

-1
1

5.
88

E
-1

1
1.

63
E

-0
2

1.
29

E
-0

2
2.

46
E

-0
5

1.
89

E
-0

5
a4

15
2

60
 m

n 
0 

s 
30

16
.1

7
19

.5
1

23
.5

5
0.

73
1.

91
5

3.
34

22
9.

29
94

6.
5

18
14

.7
1

1.
10

E
-0

6
2.

92
E

-0
6

4.
49

E
-0

6
20

7.
24

E
-1

1
5.

88
E

-1
1

1.
63

E
-0

2
1.

29
E

-0
2

2.
46

E
-0

5
1.

89
E

-0
5

a4
15

2
60

 m
n 

0 
s 

40
16

.9
3

22
.6

4
28

.3
6

0.
56

2.
29

4.
02

54
0.

98
96

2.
54

13
84

.1
2.

75
E

-0
6

3.
39

E
-0

6
4.

03
E

-0
6

20
7.

24
E

-1
1

5.
88

E
-1

1
1.

63
E

-0
2

1.
29

E
-0

2
2.

46
E

-0
5

1.
89

E
-0

5

a4
15

4
40

 m
n 

0 
s 

30
8.

81
17

.2
9

24
.0

6
0.

28
0.

77
5

3.
48

92
.2

7
24

3.
16

10
19

.8
2.

73
E

-0
7

1.
18

E
-0

6
2.

13
E

-0
6

27
9.

55
E

-1
1

8.
04

E
-1

1
1.

51
E

-0
2

1.
25

E
-0

2
4.

99
E

-0
5

3.
99

E-
05

a4
15

4
40

 m
n 

0 
s 

40
13

.6
5

21
.5

2
32

.4
4

0.
25

0.
79

4
3.

21
82

.1
4

38
2.

03
99

6.
22

7.
05

E
-0

7
2.

36
E

-0
6

6.
37

E
-0

6
27

9.
55

E
-1

1
8.

04
E

-1
1

1.
51

E
-0

2
1.

25
E

-0
2

4.
99

E
-0

5
3.

99
E

-0
5

a4
15

4
40

 m
n 

0 
s 

50
13

.0
9

21
.7

3
43

.2
7

0.
4

0.
50

6
0.

7
11

8.
78

34
0.

7
10

57
.4

9
6.

33
E

-0
7

2.
98

E
-0

6
1.

08
E

-0
5

27
9.

55
E

-1
1

8.
04

E
-1

1
1.

51
E

-0
2

1.
25

E
-0

2
4.

99
E

-0
5

3.
99

E-
05

a4
15

4
40

 m
n 

0 
s 

60
12

.5
3

14
.2

7
16

.0
1

0.
45

0.
46

0.
47

84
.8

5
11

4.
83

14
4.

81
4.

60
E

-0
7

6.
67

E
-0

7
8.

73
E

-0
7

27
9.

55
E

-1
1

8.
04

E
-1

1
1.

51
E

-0
2

1.
25

E
-0

2
4.

99
E

-0
5

3.
99

E-
05

a4
20

2
40

 m
n 

0 
s 

10
10

.1
8

14
.5

18
.6

7
0.

39
1.

36
6

3.
18

11
9.

49
37

3.
85

13
31

.3
8

4.
53

E
-0

7
1.

19
E

-0
6

3.
16

E
-0

6
52

3
3.

05
E

-0
9

2.
73

E
-0

9
5.

17
E

-0
1

4.
62

E
-0

1
9.

67
E

-0
4

8.
65

E
-0

4
a4

20
2

40
 m

n 
0 

s 
20

8.
15

22
.0

2
66

.9
4

0.
26

0.
76

9
3.

32
62

.3
1

52
0.

48
67

82
.7

2.
07

E
-0

7
3.

19
E

-0
6

5.
18

E
-0

5
52

3
3.

05
E

-0
9

2.
73

E
-0

9
5.

17
E

-0
1

4.
62

E
-0

1
9.

67
E

-0
4

8.
65

E
-0

4
a4

20
2

40
 m

n 
0 

s 
30

10
.6

4
17

.0
7

30
.6

0.
61

1.
74

4
3.

9
15

0.
99

77
3.

32
30

81
.7

7
4.

65
E

-0
7

2.
37

E
-0

6
1.

03
E

-0
5

52
3

3.
05

E
-0

9
2.

73
E

-0
9

5.
17

E
-0

1
4.

62
E

-0
1

9.
67

E
-0

4
8.

65
E

-0
4

a4
20

2
40

 m
n 

0 
s 

40
12

.8
8

25
.2

1
46

.0
9

1.
03

1.
95

3
2.

81
34

3.
13

20
19

.6
3

51
55

.3
3

1.
17

E
-0

6
9.

23
E

-0
6

2.
51

E
-0

5
52

3
3.

05
E

-0
9

2.
73

E
-0

9
5.

17
E

-0
1

4.
62

E
-0

1
9.

67
E

-0
4

8.
65

E
-0

4

a4
20

4
15

 m
n 

0 
s 

30
12

.5
4

19
.0

6
28

.5
4

0.
43

1.
19

3
3.

28
19

8.
53

47
0.

78
93

6.
32

8.
09

E
-0

7
2.

07
E

-0
6

4.
78

E
-0

6
29

1
1.

55
E

-0
8

1.
39

E
-0

8
3.

71
E

+
00

3.
33

E
+

00
1.

43
E

-0
3

1.
28

E
-0

3
a4

20
4

15
 m

n 
0 

s 
40

9.
28

24
.7

5
17

6.
78

0.
27

0.
81

8
15

.4
6

56
.3

8
27

58
.0

9
58

04
57

.6
3.

43
E

-0
7

1.
14

E
-0

5
1.

96
E

-0
3

29
1

1.
55

E
-0

8
1.

39
E

-0
8

3.
71

E
+

00
3.

33
E

+
00

1.
43

E
-0

3
1.

28
E

-0
3

a4
20

4
15

 m
n 

0 
s 

50
11

.6
2

23
.8

3
39

.5
0.

49
1.

02
9

3.
38

22
5.

29
60

5.
59

16
68

.5
9.

78
E

-0
7

3.
71

E
-0

6
1.

16
E

-0
5

29
1

1.
55

E
-0

8
1.

39
E

-0
8

3.
71

E
+

00
3.

33
E

+
00

1.
43

E
-0

3
1.

28
E

-0
3

a4
20

4
15

 m
n 

0 
s 

60
13

.5
7

17
22

.1
4

0.
46

0.
86

6
1.

39
11

3.
13

35
2.

01
81

8.
87

6.
49

E
-0

7
1.

53
E

-0
6

3.
30

E
-0

6
29

1
1.

55
E

-0
8

1.
39

E
-0

8
3.

71
E

+
00

3.
33

E
+

00
1.

43
E

-0
3

1.
28

E-
03

a4
25

2
7 

m
n 

30
 s

 
20

8.
15

24
.4

2
65

.2
1

0.
25

0.
73

4
3.

69
61

.9
6

60
8.

36
50

93
.0

2
2.

18
E

-0
7

4.
21

E
-0

6
4.

22
E

-0
5

54
1

4.
03

E
-0

8
3.

36
E

-0
8

5.
38

E
+

00
4.

45
E

+
00

5.
33

E
-0

3
4.

17
E

-0
3

a4
25

2
7 

m
n 

30
 s

 
30

9.
82

30
.9

4
13

7.
42

0.
26

0.
83

4.
84

64
.5

1
14

95
.4

3
35

95
7.

79
3.

89
E

-0
7

1.
16

E
-0

5
2.

76
E

-0
4

54
1

4.
03

E
-0

8
3.

36
E

-0
8

5.
38

E
+

00
4.

45
E

+
00

5.
33

E
-0

3
4.

17
E

-0
3

a4
25

2
7 

m
n 

30
 s

 
40

8.
47

22
.5

4
41

.1
5

0.
33

0.
83

2
2.

44
13

7.
13

38
7.

09
67

1.
29

3.
77

E
-0

7
2.

82
E

-0
6

8.
06

E
-0

6
54

1
4.

03
E

-0
8

3.
36

E
-0

8
5.

38
E

+
00

4.
45

E
+

00
5.

33
E

-0
3

4.
1

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



%.+  �	�	�
����
��� �� 
�� ��$	�
�

C
ui

vr
e 

E
ch

el
le

 1

Te
m

ps
X

 
[%

]
R

10
%

 m
in

 

[m
ic

ro
n]

R
10

%
 m

oy
 

[m
ic

ro
n]

R
10

%
 m

ax
 

[m
ic

ro
n]

H
m

in
 

[m
ic

ro
n]

H
m

oy
 

[m
ic

ro
n]

H
m

ax
 

[m
ic

ro
n]

V
d 

m
in

 

[m
m

3 ]

V
d 

m
oy

 

[m
m

3 ]

V
d 

m
ax

  

[m
m

3 ]

E
d 

m
in
 [J

]
E

d 
m

oy
 [J

]
E

d 
m

ax
 [J

]
N

t e
(0

) 

[J
/m

m
2 /s

]

t e
(1

) 

[J
/m

m
2 /s

]

t v(0
) 

[m
m

3 /m
m

2 /s
]

t v(1
) 

[m
m

3 /m
m

2 /s
]

t n
(0

) 

[/m
m

2 /s
]

t n
(1

) 

[/m
m

2 /s
]

c4
20

2
12

0 
m

n 
0 

s 
10

8.
35

16
.5

1
41

.9
0.

34
1.

31
4.

07
92

.6
7

40
0.

96
20

81
.1

4
4.

65
E

-0
6

2.
32

E
-0

5
1.

26
E

-0
4

23
5

4.
55

E
-0

9
3.

94
E

-0
9

5.
37

E
-0

2
4.

59
E

-0
2

1.
45

E
-0

4
1.

25
E

-0
4

c4
20

2
12

0 
m

n 
0 

s 
20

8.
47

19
.9

5
47

.4
1

0.
27

0.
75

4
3.

17
82

.6
9

35
3.

08
16

08
.2

3.
30

E
-0

6
2.

94
E

-0
5

1.
80

E
-0

4
23

5
4.

55
E

-0
9

3.
94

E
-0

9
5.

37
E

-0
2

4.
59

E
-0

2
1.

45
E

-0
4

1.
25

E
-0

4
c4

20
2

12
0 

m
n 

0 
s 

30
8.

64
21

.8
7

39
.9

2
0.

28
0.

54
2

3.
03

10
5.

04
29

9.
99

13
74

.5
2

4.
02

E
-0

6
2.

84
E

-0
5

1.
19

E
-0

4
23

5
4.

55
E

-0
9

3.
94

E
-0

9
5.

37
E

-0
2

4.
59

E
-0

2
1.

45
E

-0
4

1.
25

E
-0

4
c4

20
2

12
0 

m
n 

0 
s 

40
10

.9
2

13
.2

1
18

.2
5

0.
49

1.
66

3.
9

86
.2

6
47

2.
87

15
60

.2
6

5.
69

E
-0

6
1.

58
E

-0
5

4.
48

E
-0

5
23

5
4.

55
E

-0
9

3.
94

E
-0

9
5.

37
E

-0
2

4.
59

E
-0

2
1.

45
E

-0
4

1.
25

E
-0

4
c4

20
2

12
0 

m
n 

0 
s 

50
11

.0
1

25
.0

2
80

.6
7

0.
75

1.
56

2
2.

45
17

2.
56

13
22

.7
2

58
63

.5
7

8.
90

E
-0

6
1.

56
E

-0
4

8.
58

E
-0

4
23

5
4.

55
E

-0
9

3.
94

E
-0

9
5.

37
E

-0
2

4.
59

E
-0

2
1.

45
E

-0
4

1.
25

E
-0

4
c4

20
2

12
0 

m
n 

0 
s 

60
11

.6
8

22
.0

8
36

.5
0.

4
1.

00
4

1.
76

97
.0

7
68

4.
21

21
76

.6
1

6.
42

E
-0

6
5.

12
E

-0
5

1.
55

E
-0

4
23

5
4.

55
E

-0
9

3.
94

E
-0

9
5.

37
E

-0
2

4.
59

E
-0

2
1.

45
E

-0
4

1.
25

E
-0

4

c4
20

4
90

 m
n 

0 
s 

30
11

.9
6

21
.0

5
33

.7
5

0.
3

0.
52

1
6.

42
84

.9
3

28
9.

67
44

41
.1

1
6.

50
E

-0
6

2.
50

E
-0

5
1.

14
E

-0
4

29
9

1.
04

E
-0

8
8.

93
E

-0
9

1.
08

E
-0

1
9.

26
E

-0
2

2.
46

E
-0

4
2.

04
E

-0
4

c4
20

4
90

 m
n 

0 
s 

40
8.

15
22

.4
6

96
.3

6
0.

27
0.

75
1

3.
58

76
.0

4
49

6.
05

10
93

1.
79

3.
44

E
-0

6
4.

78
E

-0
5

1.
53

E
-0

3
29

9
1.

04
E

-0
8

8.
93

E
-0

9
1.

08
E

-0
1

9.
26

E
-0

2
2.

46
E

-0
4

2.
04

E
-0

4
c4

20
4

90
 m

n 
0 

s 
50

10
.3

26
.5

9
69

.9
7

0.
33

0.
78

1
1.

67
15

2.
19

71
0.

4
35

88
.2

5
6.

55
E

-0
6

8.
55

E
-0

5
5.

43
E

-0
4

29
9

1.
04

E
-0

8
8.

93
E

-0
9

1.
08

E
-0

1
9.

26
E

-0
2

2.
46

E
-0

4
2.

04
E

-0
4

c4
20

4
90

 m
n 

0 
s 

60
12

.1
2

12
.9

5
13

.7
7

0.
64

0.
77

0.
9

11
3.

04
15

8.
98

20
4.

92
6.

72
E

-0
6

8.
80

E
-0

6
1.

09
E

-0
5

29
9

1.
04

E
-0

8
8.

93
E

-0
9

1.
08

E
-0

1
9.

26
E

-0
2

2.
46

E
-0

4
2.

04
E

-0
4

c4
25

2
90

 m
n

20
8.

15
22

.6
1

10
7.

46
0.

27
0.

69
5

3.
35

61
.5

1
51

4.
97

24
83

5.
79

2.
70

E
-0

6
4.

78
E

-0
5

2.
69

E
-0

3
11

54
7.

32
E

-0
8

5.
69

E
-0

8
6.

73
E

-0
1

5.
09

E
-0

1
9.

48
E

-0
4

6.
64

E
-0

4
c4

25
2

90
 m

n
30

13
.6

1
43

.3
21

7.
69

0.
27

0.
61

7
1.

94
60

.0
5

34
76

.3
6

68
32

0.
81

5.
93

E
-0

6
5.

60
E

-0
4

1.
31

E
-0

2
11

54
7.

32
E

-0
8

5.
69

E
-0

8
6.

73
E

-0
1

5.
09

E
-0

1
9.

48
E

-0
4

6.
64

E
-0

4
c4

25
2

90
 m

n
40

10
.3

9
31

.9
6

10
7.

06
0.

28
0.

71
1

1.
69

62
.7

6
17

73
.2

5
13

90
9.

69
4.

80
E

-0
6

2.
11

E
-0

4
2.

02
E

-0
3

11
54

7.
32

E
-0

8
5.

69
E

-0
8

6.
73

E
-0

1
5.

09
E

-0
1

9.
48

E
-0

4
6.

64
E

-0
4

c4
25

2
90

 m
n

50
10

.1
6

17
.2

9
33

.3
2

0.
46

1.
89

7
5.

93
11

9.
03

90
0.

54
40

72
.4

1
5.

66
E

-0
6

3.
57

E
-0

5
1.

48
E

-0
4

11
54

7.
32

E
-0

8
5.

69
E

-0
8

6.
73

E
-0

1
5.

09
E

-0
1

9.
48

E
-0

4
6.

64
E

-0
4

c4
25

2
90

 m
n

60
11

.7
7

21
.1

2
31

.9
1

0.
35

0.
66

3
0.

96
15

1.
39

35
8.

19
99

1.
04

7.
38

E
-0

6
3.

03
E

-0
5

8.
61

E
-0

5
11

54
7.

32
E

-0
8

5.
69

E
-0

8
6.

73
E

-0
1

5.
09

E
-0

1
9.

48
E

-0
4

6.
64

E
-0

4

c4
25

4
40

 m
n

20
15

.4
8

31
.5

2
11

5.
25

0.
29

0.
55

5
1.

2
13

5.
28

19
90

.6
4

18
67

1.
61

1.
07

E
-0

5
2.

66
E

-0
4

2.
61

E
-0

3
71

5
7.

28
E

-0
8

6.
35

E
-0

8
7.

43
E

-0
1

6.
52

E
-0

1
1.

32
E

-0
3

1.
18

E
-0

3
c4

25
4

40
 m

n
30

10
.4

8
21

.6
6

39
.0

1
0.

29
0.

67
8

4.
24

80
.9

8
51

7.
52

77
50

.9
7

5.
43

E
-0

6
3.

67
E

-0
5

3.
16

E
-0

4
71

5
7.

28
E

-0
8

6.
35

E
-0

8
7.

43
E

-0
1

6.
52

E
-0

1
1.

32
E

-0
3

1.
18

E
-0

3
c4

25
4

40
 m

n
40

8.
15

23
.8

9
89

.1
4

0.
28

0.
63

9
3.

57
56

.0
4

51
4.

72
14

03
3.

97
2.

62
E

-0
6

4.
98

E
-0

5
1.

53
E

-0
3

71
5

7.
28

E
-0

8
6.

35
E

-0
8

7.
43

E
-0

1
6.

52
E

-0
1

1.
32

E
-0

3
1.

18
E

-0
3

c4
25

4
40

 m
n

50
11

.7
7

25
.0

5
51

.6
8

0.
27

0.
62

2
1.

7
13

1.
42

57
8.

79
25

52
.8

9
6.

89
E

-0
6

5.
79

E
-0

5
2.

39
E

-0
4

71
5

7.
28

E
-0

8
6.

35
E

-0
8

7.
43

E
-0

1
6.

52
E

-0
1

1.
32

E
-0

3
1.

18
E

-0
3

c4
25

4
40

 m
n

60
16

.5
4

36
.1

8
93

.3
0.

29
0.

61
4

1.
73

95
.3

3
37

89
.1

6
18

09
3.

22
1.

00
E

-0
5

3.
90

E
-0

4
1.

85
E

-0
3

71
5

7.
28

E
-0

8
6.

35
E

-0
8

7.
43

E
-0

1
6.

52
E

-0
1

1.
32

E
-0

3
1.

18
E

-0
3

c4
30

2
15

 m
n 

0 
s 

30
13

.2
6

33
.1

6
11

1.
29

0.
3

0.
77

1.
7

11
5.

12
17

53
.5

3
14

14
9.

47
8.

89
E

-0
6

2.
47

E
-0

4
1.

91
E

-0
3

99
1.

07
E

-0
7

8.
97

E
-0

8
6.

10
E

-0
1

5.
02

E
-0

1
4.

88
E

-0
4

4.
11

E
-0

4
c4

30
2

15
 m

n 
0 

s 
40

12
.7

6
43

.9
6

23
6.

5
0.

28
0.

81
8

2.
18

13
2.

47
41

50
.5

3
40

99
2.

48
1.

15
E

-0
5

9.
84

E
-0

4
1.

17
E

-0
2

99
1.

07
E

-0
7

8.
97

E
-0

8
6.

10
E

-0
1

5.
02

E
-0

1
4.

88
E

-0
4

4.
11

E
-0

4
c4

30
2

15
 m

n 
0 

s 
50

8.
26

22
.0

2
96

.1
9

0.
28

0.
50

7
5.

8
73

.4
3

45
0.

34
12

67
2.

63
4.

35
E

-0
6

4.
89

E
-0

5
1.

64
E

-0
3

99
1.

07
E

-0
7

8.
97

E
-0

8
6.

10
E

-0
1

5.
02

E
-0

1
4.

88
E

-0
4

4.
11

E
-0

4
c4

30
2

15
 m

n 
0 

s 
60

10
.9

6
10

.9
6

10
.9

6
2.

25
2.

25
2.

25
32

4.
75

32
4.

75
32

4.
75

9.
53

E
-0

6
9.

53
E

-0
6

9.
53

E
-0

6
99

1.
07

E
-0

7
8.

97
E

-0
8

6.
10

E
-0

1
5.

02
E

-0
1

4.
88

E
-0

4
4.

11
E

-0
4

c4
30

4
10

 m
n 

0 
s 

30
8.

15
23

.0
7

56
.0

9
0.

28
0.

75
2

2.
01

10
5.

46
60

1.
34

38
93

.8
6

3.
50

E
-0

6
5.

66
E

-0
5

4.
00

E
-0

4
35

6
4.

70
E

-0
7

3.
56

E
-0

7
2.

96
E

+
00

2.
36

E
+

00
2.

63
E

-0
3

2.
30

E
-0

3
c4

30
4

10
 m

n 
0 

s 
40

8.
24

26
.0

8
86

.0
9

0.
25

0.
73

2
5.

51
58

.7
2

69
2.

49
11

49
8.

61
2.

68
E

-0
6

7.
41

E
-0

5
1.

02
E

-0
3

35
6

4.
70

E
-0

7
3.

56
E

-0
7

2.
96

E
+

00
2.

36
E

+
00

2.
63

E
-0

3
2.

30
E

-0
3

c4
30

4
10

 m
n 

0 
s 

50
9.

42
68

.3
2

30
5.

21
0.

28
1.

02
3

4.
6

98
.3

3
11

16
9.

95
69

38
9.

27
5.

19
E

-0
6

2.
59

E
-0

3
2.

24
E

-0
2

35
6

4.
70

E
-0

7
3.

56
E

-0
7

2.
96

E
+

00
2.

36
E

+
00

2.
63

E
-0

3
2.

30
E

-0
3

c4
32

2
15

 m
n

20
8.

15
29

.6
9

13
8.

83
0.

24
0.

81
3

3.
7

61
.5

1
14

85
.2

6
85

68
4.

94
2.

70
E

-0
6

1.
49

E
-0

4
7.

26
E

-0
3

15
95

6.
04

E
-0

6
5.

30
E

-0
6

5.
19

E
+

01
4.

53
E

+
01

7.
86

E
-0

3
6.

16
E

-0
3

c4
32

2
15

 m
n

30
9.

54
52

.1
4

29
4.

68
0.

27
1.

24
8

6.
81

10
9.

19
11

10
9.

74
22

25
10

.6
4.

82
E

-0
6

1.
20

E
-0

3
3.

18
E

-0
2

15
95

6.
04

E
-0

6
5.

30
E

-0
6

5.
19

E
+

01
4.

53
E

+
01

7.
86

E
-0

3
6.

16
E

-0
3

c4
32

2
15

 m
n

40
11

.2
9

56
.2

3
25

6.
53

0.
23

1.
13

5
5.

72
59

.2
2

95
28

.7
3

18
82

13
.7

6.
60

E
-0

6
1.

19
E

-0
3

2.
44

E
-0

2
15

95
6.

04
E

-0
6

5.
30

E
-0

6
5.

19
E

+
01

4.
53

E
+

01
7.

86
E

-0
3

6.
16

E
-0

3
c4

32
2

15
 m

n
50

8.
15

73
.6

9
26

5.
67

0.
25

1.
23

3
5.

48
56

.7
2

20
49

7.
72

25
34

89
.5

2.
60

E
-0

6
2.

65
E

-0
3

2.
83

E
-0

2
15

95
6.

04
E

-0
6

5.
30

E
-0

6
5.

19
E

+
01

4.
53

E
+

01
7.

86
E

-0
3

6.
16

E
-0

3
c4

32
2

15
 m

n
60

9.
8

35
.0

1
11

1.
93

0.
27

0.
97

6
5.

18
78

.6
4

23
02

.6
5

18
83

2.
18

5.
59

E
-0

6
3.

04
E

-0
4

2.
10

E
-0

3
15

95
6.

04
E

-0
6

5.
30

E
-0

6
5.

19
E

+
01

4.
53

E
+

01
7.

86
E

-0
3

6.
16

E
-0

3

c4
32

4
10

 m
n

20
13

.9
5

23
.3

5
41

.8
8

0.
28

0.
64

8
1.

51
12

3.
93

40
6.

53
11

59
.2

1
1.

20
E

-0
5

4.
08

E
-0

5
1.

42
E

-0
4

11
95

2.
63

E
-0

6
2.

31
E

-0
6

2.
23

E
+

01
1.

98
E

+
01

8.
83

E
-0

3
7.

87
E

-0
3

c4
32

4
10

 m
n

30
8.

18
28

.8
7

12
0.

78
0.

28
0.

71
8

2.
38

10
8.

15
10

56
.6

2
18

05
1.

65
4.

45
E

-0
6

1.
19

E
-0

4
2.

76
E

-0
3

11
95

2.
63

E
-0

6
2.

31
E

-0
6

2.
23

E
+

01
1.

98
E

+
01

8.
83

E
-0

3
7.

87
E

-0
3

c4
32

4
10

 m
n

40
8.

15
30

.6
7

20
4.

18
0.

26
0.

87
3

5.
95

64
.7

9
24

54
.9

6
27

04
11

2.
88

E
-0

6
0.

00
02

57
0.

02
13

11
95

2.
6E

-0
6

2.
3E

-0
6

22
.3

19
.8

0.
00

88
3

0.
00

78
7

c4
32

4
10

 m
n

50
8.

36
46

.5
21

2.
03

0.
26

0.
84

7
4.

01
82

.6
9

43
96

.9
7

67
43

7.
83

3.
52

E
-0

6
0.

00
06

8
0.

01
09

11
95

2.
6E

-0
6

2.
3E

-0
6

22
.3

19
.8

0.
00

88
3

0.
00

78
7

c4
32

4
10

 m
n

60
9.

33
55

.2
1

22
7.

65
0.

28
0.

91
3

3.
05

69
.1

1
63

08
.7

5
60

39
7.

11
3.

57
E

-0
6

0.
00

10
9

0.
01

33
11

95
2.

6E
-0

6
2.

3E
-0

6
22

.3
19

.8
0.

00
88

3
0.

00
78

7

T
im

e
C

o
p

p
e

r

F
u

ll 
s
c
a

le

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



(  �	�	�
����
��� �� 
�� ��$	�
� %.#

C
ui

vr
e 

E
ch

el
le

 1

Te
m

ps
X

 
[%

]
R

10
%

 m
in

 

[m
ic

ro
n]

R
10

%
 m

oy
 

[m
ic

ro
n]

R
10

%
 m

ax
 

[m
ic

ro
n]

H
m

in
 

[m
ic

ro
n]

H
m

oy
 

[m
ic

ro
n]

H
m

ax
 

[m
ic

ro
n]

V
d 

m
in

 

[m
m

3 ]

V
d 

m
oy

 

[m
m

3 ]

V
d 

m
ax

  

[m
m

3 ]

E
d 

m
in
 [J

]
E

d 
m

oy
 [J

]
E

d 
m

ax
 [J

]
N

t e
(0

) 

[J
/m

m
2 /s

]

t e
(1

) 

[J
/m

m
2 /s

]

t v(0
) 

[m
m

3 /m
m

2 /s
]

t v(1
) 

[m
m

3 /m
m

2 /s
]

t n
(0

) 

[/m
m

2 /s
]

t n
(1

) 

[/m
m

2 /s
]

c6
15

2
14

 m
n 

0 
s 

10
8.

68
17

.8
2

35
.7

1
0.

3
1.

47
4

4.
43

10
9.

45
48

3.
61

18
11

.5
1

3.
93

E
-0

6
2.

62
E

-0
5

8.
71

E
-0

5
33

7
2.

81
E

-0
7

2.
52

E
-0

7
2.

16
E

+
00

1.
92

E
+

00
1.

78
E

-0
3

1.
56

E
-0

3
c6

15
2

14
 m

n 
0 

s 
20

9.
54

33
.2

4
16

0.
39

0.
26

0.
77

9
3.

34
98

.7
8

13
39

.6
3

24
10

8.
55

4.
93

E
-0

6
1.

72
E

-0
4

4.
94

E
-0

3
33

7
2.

81
E

-0
7

2.
52

E
-0

7
2.

16
E

+
00

1.
92

E
+

00
1.

78
E

-0
3

1.
56

E
-0

3
c6

15
2

14
 m

n 
0 

s 
30

10
.9

9
31

.5
1

12
2.

66
0.

26
0.

56
8

4.
57

11
3.

88
12

29
.6

16
10

6.
3

7.
53

E
-0

6
1.

63
E

-0
4

2.
32

E
-0

3
33

7
2.

81
E

-0
7

2.
52

E
-0

7
2.

16
E

+
00

1.
92

E
+

00
1.

78
E

-0
3

1.
56

E
-0

3
c6

15
2

14
 m

n 
0 

s 
40

9.
6

39
.0

7
10

8.
03

0.
26

0.
70

4
2.

24
11

6.
24

15
80

.5
8

10
51

6.
78

4.
73

E
-0

6
2.

18
E

-0
4

1.
79

E
-0

3
33

7
2.

81
E

-0
7

2.
52

E
-0

7
2.

16
E

+
00

1.
92

E
+

00
1.

78
E

-0
3

1.
56

E
-0

3
c6

15
2

14
 m

n 
0 

s 
50

9.
88

34
.2

7
11

8.
82

0.
26

1.
25

2
3.

61
12

9.
03

12
73

.9
5

72
93

.6
5

7.
76

E
-0

6
2.

14
E

-0
4

1.
74

E
-0

3
33

7
2.

81
E

-0
7

2.
52

E
-0

7
2.

16
E

+
00

1.
92

E
+

00
1.

78
E

-0
3

1.
56

E
-0

3
c6

15
2

14
 m

n 
0 

s 
60

13
.4

2
13

.4
2

13
.4

2
3.

53
3.

53
3.

53
76

3.
75

76
3.

75
76

3.
75

1.
97

E
-0

5
1.

97
E

-0
5

1.
97

E
-0

5
33

7
2.

81
E

-0
7

2.
52

E
-0

7
2.

16
E

+
00

1.
92

E
+

00
1.

78
E

-0
3

1.
56

E
-0

3

c6
15

4
20

 m
n 

0 
s 

20
10

.5
3

23
.4

1
79

.4
0.

45
1.

46
8

6.
16

15
1.

39
81

9.
58

55
29

.2
4

7.
13

E
-0

6
8.

76
E

-0
5

8.
14

E
-0

4
51

3
5.

81
E

-0
7

5.
04

E
-0

7
3.

63
E

+
00

3.
16

E
+

00
1.

90
E

-0
3

1.
68

E
-0

3
c6

15
4

20
 m

n 
0 

s 
30

8.
15

22
.8

3
76

.5
2

0.
24

0.
66

4
2.

45
75

.5
9

41
9.

6
35

17
.0

5
4.

49
E

-0
6

3.
77

E
-0

5
6.

18
E

-0
4

51
3

5.
81

E
-0

7
5.

04
E

-0
7

3.
63

E
+

00
3.

16
E

+
00

1.
90

E
-0

3
1.

68
E

-0
3

c6
15

4
20

 m
n 

0 
s 

40
11

.1
4

45
.6

5
17

1.
54

0.
24

0.
83

3
5.

84
54

.6
2

43
38

.1
1

43
42

1.
31

5.
43

E
-0

6
6.

47
E

-0
4

5.
85

E
-0

3
51

3
5.

81
E

-0
7

5.
04

E
-0

7
3.

63
E

+
00

3.
16

E
+

00
1.

90
E

-0
3

1.
68

E
-0

3
c6

15
4

20
 m

n 
0 

s 
50

9.
99

56
.0

2
21

8.
06

0.
25

0.
63

2
2.

4
86

.6
1

47
65

.0
4

49
24

0.
94

6.
53

E
-0

6
9.

67
E

-0
4

1.
11

E
-0

2
51

3
5.

81
E

-0
7

5.
04

E
-0

7
3.

63
E

+
00

3.
16

E
+

00
1.

90
E

-0
3

1.
68

E
-0

3
c6

15
4

20
 m

n 
0 

s 
60

8.
15

50
.0

7
18

9.
85

0.
24

0.
71

8
2.

94
53

.5
3

47
78

.2
9

64
78

1.
28

2.
59

E
-0

6
7.

89
E

-0
4

8.
08

E
-0

3
51

3
5.

81
E

-0
7

5.
04

E
-0

7
3.

63
E

+
00

3.
16

E
+

00
1.

90
E

-0
3

1.
68

E
-0

3
c6

15
4

20
 m

n 
0 

s 
70

12
.3

8
57

.8
3

23
1.

67
0.

3
1.

32
7

4.
26

17
1.

55
12

95
8.

06
92

85
9.

59
1.

76
E

-0
5

2.
28

E
-0

3
1.

68
E

-0
2

51
3

5.
81

E
-0

7
5.

04
E

-0
7

3.
63

E
+

00
3.

16
E

+
00

1.
90

E
-0

3
1.

68
E

-0
3

c6
20

2
5 

m
n 

0 
s 

20
10

.0
1

35
.6

5
16

9.
1

0.
24

0.
60

8
2.

59
81

.8
9

15
39

.8
8

26
81

6.
86

4.
98

E
-0

6
2.

44
E

-0
4

4.
93

E
-0

3
29

0
2.

87
E

-0
6

2.
47

E
-0

6
1.

49
E

+
01

1.
27

E
+

01
4.

29
E

-0
3

3.
36

E
-0

3
c6

20
2

5 
m

n 
0 

s 
30

8.
15

55
.3

26
2.

6
0.

25
0.

67
7

4.
34

52
.7

8
57

10
.3

10
23

98
.5

3.
93

E
-0

6
1.

09
E

-0
3

1.
62

E
-0

2
29

0
2.

87
E

-0
6

2.
47

E
-0

6
1.

49
E

+
01

1.
27

E
+

01
4.

29
E

-0
3

3.
36

E
-0

3
c6

20
2

5 
m

n 
0 

s 
40

8.
15

57
.4

2
33

0.
22

0.
26

0.
69

9
2.

73
88

.4
4

67
88

.5
5

10
74

28
.3

4.
23

E
-0

6
1.

51
E

-0
3

3.
12

E
-0

2
29

0
2.

87
E

-0
6

2.
47

E
-0

6
1.

49
E

+
01

1.
27

E
+

01
4.

29
E

-0
3

3.
36

E
-0

3
c6

20
2

5 
m

n 
0 

s 
50

14
.1

5
42

.4
4

10
5.

57
0.

25
0.

65
4

2.
57

11
9.

16
14

93
.4

6
56

24
.0

8
1.

33
E

-0
5

2.
49

E
-0

4
1.

28
E

-0
3

29
0

2.
87

E
-0

6
2.

47
E

-0
6

1.
49

E
+

01
1.

27
E

+
01

4.
29

E
-0

3
3.

36
E

-0
3

c6
20

2
5 

m
n 

0 
s 

60
8.

15
19

.7
9

74
.0

2
0.

36
0.

85
2

1.
32

80
.6

9
79

6.
26

86
89

.2
9

3.
08

E
-0

6
7.

67
E

-0
5

9.
07

E
-0

4
29

0
2.

87
E

-0
6

2.
47

E
-0

6
1.

49
E

+
01

1.
27

E
+

01
4.

29
E

-0
3

3.
36

E
-0

3

c6
20

4
5 

m
n 

0 
s 

20
8.

15
25

.7
1

88
.4

3
0.

25
0.

56
1

1.
78

82
.1

4
74

9.
4

85
49

.4
7

4.
04

E
-0

6
8.

89
E

-0
5

1.
19

E
-0

3
63

0
6.

82
E

-0
6

5.
96

E
-0

6
3.

74
E

+
01

3.
29

E
+

01
9.

31
E

-0
3

8.
08

E
-0

3
c6

20
4

5 
m

n 
0 

s 
30

8.
15

40
.2

22
2.

46
0.

23
0.

72
2

4.
34

66
.6

2
25

82
.5

65
89

3.
08

4.
12

E
-0

6
4.

71
E

-0
4

1.
10

E
-0

2
63

0
6.

82
E

-0
6

5.
96

E
-0

6
3.

74
E

+
01

3.
29

E
+

01
9.

31
E

-0
3

8.
08

E
-0

3
c6

20
4

5 
m

n 
0 

s 
40

8.
15

41
.1

5
20

3.
21

0.
22

0.
70

1
2.

93
66

.6
2

31
40

.8
5

60
61

7.
09

4.
01

E
-0

6
4.

63
E

-0
4

9.
13

E
-0

3
63

0
6.

82
E

-0
6

5.
96

E
-0

6
3.

74
E

+
01

3.
29

E
+

01
9.

31
E

-0
3

8.
08

E
-0

3
c6

20
4

5 
m

n 
0 

s 
50

8.
15

53
.4

42
6.

85
0.

23
0.

74
9

4.
39

66
.6

2
88

89
.7

9
21

01
49

.5
3.

25
E

-0
6

1.
74

E
-0

3
6.

43
E

-0
2

63
0

6.
82

E
-0

6
5.

96
E

-0
6

3.
74

E
+

01
3.

29
E

+
01

9.
31

E
-0

3
8.

08
E

-0
3

c6
20

4
5 

m
n 

0 
s 

60
13

.4
3

39
.1

5
18

0.
99

0.
24

0.
52

3
4.

04
65

.5
1

20
80

.7
6

27
24

7.
62

6.
62

E
-0

6
3.

53
E

-0
4

5.
95

E
-0

3
63

0
6.

82
E

-0
6

5.
96

E
-0

6
3.

74
E

+
01

3.
29

E
+

01
9.

31
E

-0
3

8.
08

E
-0

3
c6

20
4

5 
m

n 
0 

s 
70

8.
15

49
.7

2
27

6.
67

0.
26

0.
48

2
1.

81
92

.3
9

46
77

.4
4

76
33

3.
21

4.
01

E
-0

6
1.

20
E

-0
3

2.
01

E
-0

2
63

0
6.

82
E

-0
6

5.
96

E
-0

6
3.

74
E

+
01

3.
29

E
+

01
9.

31
E

-0
3

8.
08

E
-0

3

c6
25

2
0 

m
n 

45
 s

 
20

8.
15

27
.7

7
10

8.
75

0.
26

0.
72

4.
54

62
.3

1
10

44
.3

2
11

93
5.

64
3.

29
E

-0
6

1.
17

E
-0

4
1.

92
E

-0
3

25
0

9.
34

E
-0

6
8.

03
E

-0
6

5.
60

E
+

01
4.

71
E

+
01

2.
46

E
-0

2
1.

90
E

-0
2

c6
25

2
0 

m
n 

45
 s

 
30

11
.1

9
52

.4
6

23
4.

69
0.

24
0.

63
9

2.
26

50
.9

5
40

33
.3

57
26

8.
34

4.
69

E
-0

6
7.

29
E

-0
4

1.
28

E
-0

2
25

0
9.

34
E

-0
6

8.
03

E
-0

6
5.

60
E

+
01

4.
71

E
+

01
2.

46
E

-0
2

1.
90

E
-0

2
c6

25
2

0 
m

n 
45

 s
 

40
10

.0
3

52
.9

2
21

4.
05

0.
33

0.
86

8
1.

99
13

0.
62

34
10

.6
4

29
72

5.
25

5.
36

E
-0

6
8.

05
E

-0
4

8.
56

E
-0

3
25

0
9.

34
E

-0
6

8.
03

E
-0

6
5.

60
E

+
01

4.
71

E
+

01
2.

46
E

-0
2

1.
90

E
-0

2
c6

25
2

0 
m

n 
45

 s
 

50
8.

15
44

.2
1

14
6.

21
0.

24
0.

90
1

1.
97

11
4.

64
42

10
.0

9
20

16
5.

97
4.

24
E

-0
6

6.
54

E
-0

4
3.

69
E

-0
3

25
0

9.
34

E
-0

6
8.

03
E

-0
6

5.
60

E
+

01
4.

71
E

+
01

2.
46

E
-0

2
1.

90
E

-0
2

c6
25

2
0 

m
n 

45
 s

 
60

38
.7

2
38

.7
2

38
.7

2
0.

41
0.

41
0.

41
73

8.
4

73
8.

4
73

8.
4

1.
01

E
-0

4
1.

01
E

-0
4

1.
01

E
-0

4
25

0
9.

34
E

-0
6

8.
03

E
-0

6
5.

60
E

+
01

4.
71

E
+

01
2.

46
E

-0
2

1.
90

E
-0

2

c6
25

4
1 

m
n 

0 
s 

10
9.

74
16

.9
6

52
.5

1
0.

33
0.

84
5

3.
73

81
.4

7
29

7
23

51
.9

6
5.

60
E

-0
6

2.
14

E
-0

5
2.

83
E

-0
4

58
6

5.
10

E
-0

5
4.

44
E

-0
5

3.
25

E
+

02
2.

83
E

+
02

4.
33

E
-0

2
3.

75
E

-0
2

c6
25

4
1 

m
n 

0 
s 

20
9.

36
31

.7
1

96
.7

0.
3

0.
75

1
3.

65
76

.6
9

98
6.

31
65

16
.7

5
4.

33
E

-0
6

1.
35

E
-0

4
1.

20
E

-0
3

58
6

5.
10

E
-0

5
4.

44
E

-0
5

3.
25

E
+

02
2.

83
E

+
02

4.
33

E
-0

2
3.

75
E

-0
2

c6
25

4
1 

m
n 

0 
s 

30
8.

15
44

.7
9

25
7.

62
0.

26
0.

60
4

2.
82

58
.6

5
32

04
.2

3
49

43
9.

02
4.

03
E

-0
6

5.
89

E
-0

4
1.

46
E

-0
2

58
6

5.
10

E
-0

5
4.

44
E

-0
5

3.
25

E
+

02
2.

83
E

+
02

4.
33

E
-0

2
3.

75
E

-0
2

c6
25

4
1 

m
n 

0 
s 

40
8.

15
43

.3
6

31
3.

35
0.

23
0.

69
1

5.
38

44
.4

1
42

60
.9

1
16

04
33

.1
3.

82
E

-0
6

6.
94

E
-0

4
3.

49
E

-0
2

58
6

5.
10

E
-0

5
4.

44
E

-0
5

3.
25

E
+

02
2.

83
E

+
02

4.
33

E
-0

2
3.

75
E

-0
2

c6
25

4
1 

m
n 

0 
s 

50
8.

15
78

.2
1

31
5.

6
0.

22
1.

10
1

8.
38

56
.3

8
23

34
5.

96
40

37
81

.9
4.

11
E

-0
6

3.
36

E
-0

3
3.

85
E

-0
2

58
6

5.
10

E
-0

5
4.

44
E

-0
5

3.
25

E
+

02
2.

83
E

+
02

4.
33

E
-0

2
3.

75
E

-0
2

c6
25

4
1 

m
n 

0 
s 

60
8.

15
64

.5
1

24
7.

72
0.

22
0.

67
3

2.
76

72
.4

9
87

48
.2

4
12

37
46

4.
04

E
-0

6
1.

62
E

-0
3

1.
56

E
-0

2
58

6
5.

10
E

-0
5

4.
44

E
-0

5
3.

25
E

+
02

2.
83

E
+

02
4.

33
E

-0
2

3.
75

E
-0

2
c6

25
4

1 
m

n 
0 

s 
70

8.
15

65
.5

7
25

8.
6

0.
25

0.
79

3
3.

15
11

2.
09

12
06

3.
89

25
30

83
.6

3.
94

E
-0

6
1.

98
E

-0
3

3.
22

E
-0

2
58

6
5.

10
E

-0
5

4.
44

E
-0

5
3.

25
E

+
02

2.
83

E
+

02
4.

33
E

-0
2

3.
75

E
-0

2

T
im

e
C

o
p

p
e

r

F
u

ll 
s
c
a

le

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



%.-  �	�	�
����
��� �� 
�� ��$	�
�

A
ci

er
 In

ox
 

E
ch

el
le

 1

Te
m

ps
X

 
[%

]
R

10
%

 m
in

 

[m
ic

ro
n]

R
10

%
 m

oy
 

[m
ic

ro
n]

R
10

%
 m

ax
 

[m
ic

ro
n]

H
m

in
 

[m
ic

ro
n]

H
m

oy
 

[m
ic

ro
n]

H
m

ax
 

[m
ic

ro
n]

V
d 

m
in

 

[m
m

3 ]

V
d 

m
oy

 

[m
m

3 ]

V
d 

m
ax

  

[m
m

3 ]

E
d 

m
in
 [J

]
E

d 
m

oy
 [J

]
E

d 
m

ax
 [J

]
N

t e
(0

) 

[J
/m

m
2 /s

]

t e
(1

) 

[J
/m

m
2 /s

]

t v(0
) 

[m
m

3 /m
m

2 /s
]

t v(1
) 

[m
m

3 /m
m

2 /s
]

t n
(0

) 

[/m
m

2 /s
]

t n
(1

) 

[/m
m

2 /s
]

i4
30

2
12

5 
m

n 
1 

s 
10

14
.2

9
18

.1
6

25
.7

6
0.

43
0.

72
3

1.
05

17
2.

56
25

7.
71

34
2.

91
3.

76
E

-0
5

7.
19

E
-0

5
1.

34
E

-0
4

10
1.

40
E

-0
9

9.
98

E
-1

0
3.

54
E

-0
3

2.
54

E
-0

3
5.

91
E

-0
6

4.
53

E
-0

6
i4

30
2

12
5 

m
n 

1 
s 

20
8.

15
19

.5
4

27
.1

2
0.

45
0.

9
2.

13
16

6.
84

28
8.

74
43

3.
06

1.
45

E
-0

5
9.

26
E

-0
5

1.
62

E
-0

4
10

1.
40

E
-0

9
9.

98
E

-1
0

3.
54

E
-0

3
2.

54
E

-0
3

5.
91

E
-0

6
4.

53
E

-0
6

i4
30

2
12

5 
m

n 
1 

s 
30

15
.1

7
31

.9
6

64
.5

4
0.

63
1.

22
3

1.
56

40
9.

44
13

50
.8

2
31

52
.8

8
6.

01
E

-0
5

5.
96

E
-0

4
1.

66
E

-0
3

10
1.

40
E

-0
9

9.
98

E
-1

0
3.

54
E

-0
3

2.
54

E
-0

3
5.

91
E

-0
6

4.
53

E
-0

6

i4
30

4
90

 m
n 

0 
s 

30
9.

1
12

.1
7

15
.2

9
0.

36
0.

92
8

1.
55

10
1.

16
13

9.
73

18
7.

74
1.

54
E

-0
5

2.
65

E
-0

5
4.

14
E

-0
5

73
1.

01
E

-0
8

8.
07

E
-0

9
2.

58
E

-0
2

2.
11

E
-0

2
6.

00
E

-0
5

5.
14

E
-0

5
i4

30
4

90
 m

n 
0 

s 
40

9.
07

20
.5

5
49

.9
1

0.
33

0.
65

7
1.

79
80

.2
9

34
1.

57
28

43
.7

1.
37

E
-0

5
1.

14
E

-0
4

1.
03

E
-0

3
73

1.
01

E
-0

8
8.

07
E

-0
9

2.
58

E
-0

2
2.

11
E

-0
2

6.
00

E
-0

5
5.

14
E

-0
5

i4
30

4
90

 m
n 

0 
s 

50
13

.5
5

36
.5

9
74

.8
1

0.
27

0.
62

9
1.

38
13

4.
62

10
66

.7
7

29
91

.5
1

3.
03

E
-0

5
5.

45
E

-0
4

1.
90

E
-0

3
73

1.
01

E
-0

8
8.

07
E

-0
9

2.
58

E
-0

2
2.

11
E

-0
2

6.
00

E
-0

5
5.

14
E

-0
5

i4
32

2
12

0 
m

n
20

9.
06

24
.3

6
92

.4
2

0.
22

0.
70

3
3.

13
74

.3
10

10
.4

5
27

96
9.

31
1.

38
E

-0
5

3.
12

E
-0

4
7.

83
E

-0
3

32
2

8.
90

E
-0

8
7.

36
E

-0
8

2.
08

E
-0

1
1.

70
E

-0
1

1.
98

E
-0

4
1.

62
E

-0
4

i4
32

2
12

0 
m

n
30

8.
49

33
.1

8
12

8.
71

0.
21

0.
63

5
4.

64
51

.8
2

11
37

.6
7

14
52

9.
9

1.
09

E
-0

5
5.

59
E

-0
4

1.
03

E
-0

2
32

2
8.

90
E

-0
8

7.
36

E
-0

8
2.

08
E

-0
1

1.
70

E
-0

1
1.

98
E

-0
4

1.
62

E
-0

4
i4

32
2

12
0 

m
n

40
9.

92
24

.9
5

87
.7

4
0.

26
0.

76
9

2.
9

93
.8

4
75

2.
63

11
37

6
1.

91
E

-0
5

2.
79

E
-0

4
4.

89
E

-0
3

32
2

8.
90

E
-0

8
7.

36
E

-0
8

2.
08

E
-0

1
1.

70
E

-0
1

1.
98

E
-0

4
1.

62
E

-0
4

i4
32

2
12

0 
m

n
50

10
.2

7
29

.5
8

79
.9

2
0.

22
0.

82
3.

67
82

.1
4

13
02

.5
1

11
35

8.
42

1.
65

E
-0

5
5.

01
E

-0
4

4.
19

E
-0

3
32

2
8.

90
E

-0
8

7.
36

E
-0

8
2.

08
E

-0
1

1.
70

E
-0

1
1.

98
E

-0
4

1.
62

E
-0

4
i4

32
2

12
0 

m
n

60
11

.5
3

36
13

9.
53

0.
24

0.
65

8
1.

85
10

2.
42

11
36

.5
1

79
53

.3
3

2.
56

E
-0

5
9.

85
E

-0
4

9.
00

E
-0

3
32

2
8.

90
E

-0
8

7.
36

E
-0

8
2.

08
E

-0
1

1.
70

E
-0

1
1.

98
E

-0
4

1.
62

E
-0

4

i4
32

4
10

0 
m

n
20

8.
8

17
.2

9
31

.3
0.

22
1.

16
1

3.
45

64
.4

4
40

6.
05

14
03

.2
8

1.
47

E
-0

5
7.

85
E

-0
5

2.
25

E
-0

4
27

3
5.

94
E

-0
8

5.
16

E
-0

8
1.

57
E

-0
1

1.
34

E
-0

1
2.

02
E

-0
4

1.
74

E
-0

4
i4

32
4

10
0 

m
n

30
9.

03
21

.6
1

46
.7

0.
28

0.
64

1.
76

88
.6

8
34

2.
31

12
57

.6
9

1.
69

E
-0

5
1.

29
E

-0
4

6.
42

E
-0

4
27

3
5.

94
E

-0
8

5.
16

E
-0

8
1.

57
E

-0
1

1.
34

E
-0

1
2.

02
E

-0
4

1.
74

E
-0

4
i4

32
4

10
0 

m
n

40
8.

15
26

.1
7

74
.9

1
0.

24
0.

79
8

5.
14

66
.3

1
66

3.
49

41
80

.2
2

9.
51

E
-0

6
2.

35
E

-0
4

2.
41

E
-0

3
27

3
5.

94
E

-0
8

5.
16

E
-0

8
1.

57
E

-0
1

1.
34

E
-0

1
2.

02
E

-0
4

1.
74

E
-0

4
i4

32
4

10
0 

m
n

50
8.

15
31

.7
96

.5
7

0.
22

0.
77

8
6.

39
56

.7
2

11
34

.7
1

99
63

.0
9

8.
87

E
-0

6
5.

31
E

-0
4

4.
43

E
-0

3
27

3
5.

94
E

-0
8

5.
16

E
-0

8
1.

57
E

-0
1

1.
34

E
-0

1
2.

02
E

-0
4

1.
74

E
-0

4
i4

32
4

10
0 

m
n

60
10

.7
4

26
.2

8
72

.4
1

0.
25

0.
9

3.
68

11
0.

65
11

82
.0

2
14

74
1

2.
16

E
-0

5
3.

65
E

-0
4

3.
99

E
-0

3
27

3
5.

94
E

-0
8

5.
16

E
-0

8
1.

57
E

-0
1

1.
34

E
-0

1
2.

02
E

-0
4

1.
74

E
-0

4

T
im

e
S

ta
in

le
ss

 s
te

el

Fu
ll 

sc
al

e

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



(  �	�	�
����
��� �� 
�� ��$	�
� %..

A
ci

er
 In

ox
 

E
ch

el
le

 1

Te
m

ps
X

 
[%

]
R

10
%

 m
in

 

[m
ic

ro
n]

R
10

%
 m

oy
 

[m
ic

ro
n]

R
10

%
 m

ax
 

[m
ic

ro
n]

H
m

in
 

[m
ic

ro
n]

H
m

oy
 

[m
ic

ro
n]

H
m

ax
 

[m
ic

ro
n]

V
d 

m
in

 

[m
m

3 ]

V
d 

m
oy

 

[m
m

3 ]

V
d 

m
ax

  

[m
m

3 ]

E
d 

m
in
 [J

]
E

d 
m

oy
 [J

]
E

d 
m

ax
 [J

]
N

t e
(0

) 

[J
/m

m
2 /s

]

t e
(1

) 

[J
/m

m
2 /s

]

t v(0
) 

[m
m

3 /m
m

2 /s
]

t v(1
) 

[m
m

3 /m
m

2 /s
]

t n
(0

) 

[/m
m

2 /s
]

t n
(1

) 

[/m
m

2 /s
]

i6
15

2
12

0 
m

n 
0 

s 
10

11
.7

4
13

.2
7

14
.8

1.
02

1.
29

5
1.

57
16

8.
97

29
1

41
3.

03
2.

65
E

-0
5

4.
22

E
-0

5
5.

79
E

-0
5

12
4.

59
E

-1
0

3.
57

E
-1

0
1.

75
E

-0
3

1.
35

E
-0

3
7.

39
E

-0
6

5.
82

E
-0

6
i6

15
2

12
0 

m
n 

0 
s 

20
17

.2
17

.2
17

.2
0.

7
0.

7
0.

7
24

8.
86

24
8.

86
24

8.
86

5.
93

E
-0

5
5.

93
E

-0
5

5.
93

E
-0

5
12

4.
59

E
-1

0
3.

57
E

-1
0

1.
75

E
-0

3
1.

35
E

-0
3

7.
39

E
-0

6
5.

82
E

-0
6

i6
15

2
12

0 
m

n 
0 

s 
30

8.
2

16
.8

4
22

.8
1

0.
35

0.
65

4
1.

23
99

.4
6

19
3.

03
30

6.
31

1.
15

E
-0

5
5.

62
E

-0
5

1.
04

E
-0

4
12

4.
59

E
-1

0
3.

57
E

-1
0

1.
75

E
-0

3
1.

35
E

-0
3

7.
39

E
-0

6
5.

82
E

-0
6

i6
15

2
12

0 
m

n 
0 

s 
40

14
.6

19
.7

6
28

.0
9

0.
31

0.
59

8
0.

96
16

2.
75

26
2.

48
42

4.
22

3.
80

E
-0

5
8.

03
E

-0
5

1.
44

E
-0

4
12

4.
59

E
-1

0
3.

57
E

-1
0

1.
75

E
-0

3
1.

35
E

-0
3

7.
39

E
-0

6
5.

82
E

-0
6

i6
15

4
13

5 
m

n 
0 

s 
30

17
.4

17
.4

17
.4

0.
58

0.
58

0.
58

21
0.

88
21

0.
88

21
0.

88
5.

61
E

-0
5

5.
61

E
-0

5
5.

61
E

-0
5

15
1.

46
E

-0
9

1.
29

E
-0

9
3.

91
E

-0
3

3.
40

E
-0

3
8.

21
E

-0
6

6.
90

E
-0

6
i6

15
4

13
5 

m
n 

0 
s 

40
10

.5
1

14
.1

8
16

.3
4

0.
76

1.
49

2
2.

31
24

3.
66

33
1.

54
39

5.
46

2.
88

E
-0

5
4.

93
E

-0
5

6.
10

E
-0

5
15

1.
46

E
-0

9
1.

29
E

-0
9

3.
91

E
-0

3
3.

40
E

-0
3

8.
21

E
-0

6
6.

90
E

-0
6

i6
15

4
13

5 
m

n 
0 

s 
50

9.
8

26
.0

8
75

.2
8

0.
32

1.
30

6
4.

47
18

1.
75

68
6.

47
21

78
.5

5
2.

13
E

-0
5

3.
32

E
-0

4
1.

81
E

-0
3

15
1.

46
E

-0
9

1.
29

E
-0

9
3.

91
E

-0
3

3.
40

E
-0

3
8.

21
E

-0
6

6.
90

E
-0

6
i6

15
4

13
5 

m
n 

0 
s 

60
8.

97
10

.6
4

12
.5

0.
83

1.
94

7
2.

69
10

8.
65

26
8.

16
43

5.
8

1.
79

E
-0

5
2.

77
E

-0
5

4.
48

E
-0

5
15

1.
46

E
-0

9
1.

29
E

-0
9

3.
91

E
-0

3
3.

40
E

-0
3

8.
21

E
-0

6
6.

90
E

-0
6

i6
20

2
40

 m
n 

0 
s 

10
11

.6
2

11
.6

2
11

.6
2

0.
8

0.
8

0.
8

12
9.

82
12

9.
82

12
9.

82
2.

31
E

-0
5

2.
31

E
-0

5
2.

31
E

-0
5

34
8.

24
E

-0
9

6.
92

E
-0

9
2.

87
E

-0
2

2.
38

E
-0

2
6.

28
E

-0
5

5.
24

E
-0

5
i6

20
2

40
 m

n 
0 

s 
20

10
19

.9
2

36
.8

8
0.

35
0.

72
2

1.
93

10
3.

39
31

9.
13

93
1.

28
2.

11
E

-0
5

1.
05

E
-0

4
3.

79
E

+
00

34
8.

24
E

-0
9

6.
92

E
-0

9
2.

87
E

-0
2

2.
38

E
-0

2
6.

28
E

-0
5

5.
24

E
-0

5
i6

20
2

40
 m

n 
0 

s 
30

14
.8

1
25

.2
4

39
.2

1
0.

31
0.

78
1

1.
37

15
3.

37
69

3.
38

17
26

.0
3

3.
74

E
-0

5
2.

00
E

-0
4

4.
54

E
-0

4
34

8.
24

E
-0

9
6.

92
E

-0
9

2.
87

E
-0

2
2.

38
E

-0
2

6.
28

E
-0

5
5.

24
E

-0
5

i6
20

2
40

 m
n 

0 
s 

40
14

.0
1

20
.3

4
33

.8
5

0.
4

0.
77

8
1.

96
17

7.
12

52
8.

98
26

60
.7

5
3.

83
E

-0
5

1.
29

E
-0

4
5.

20
E

-0
4

34
8.

24
E

-0
9

6.
92

E
-0

9
2.

87
E

-0
2

2.
38

E
-0

2
6.

28
E

-0
5

5.
24

E
-0

5

i6
20

4
60

 m
n 

0 
s 

30
9.

73
15

.9
1

26
.7

3
0.

46
0.

87
8

1.
25

14
2.

2
23

3.
46

39
4.

98
1.

79
E

-0
5

6.
10

E
-0

5
1.

52
E

-0
4

11
6

1.
73

E
-0

7
1.

51
E

-0
7

3.
06

E
-0

1
2.

68
E

-0
1

1.
43

E
-0

4
1.

23
E

-0
4

i6
20

4
60

 m
n 

0 
s 

40
9.

79
26

.1
9

68
.3

9
0.

27
0.

55
1

1.
48

97
.0

7
46

8.
39

21
91

.4
8

1.
87

E
-0

5
2.

28
E

-0
4

1.
55

E
-0

3
11

6
1.

73
E

-0
7

1.
51

E
-0

7
3.

06
E

-0
1

2.
68

E
-0

1
1.

43
E

-0
4

1.
23

E
-0

4
i6

20
4

60
 m

n 
0 

s 
50

14
.7

7
48

.8
3

19
0.

77
0.

25
0.

72
7

2.
29

12
5.

99
47

62
.2

7
62

08
6.

97
3.

61
E

-0
5

2.
68

E
-0

3
3.

79
E

-0
2

11
6

1.
73

E
-0

7
1.

51
E

-0
7

3.
06

E
-0

1
2.

68
E

-0
1

1.
43

E
-0

4
1.

23
E

-0
4

i6
20

4
60

 m
n 

0 
s 

60
14

.3
36

.9
11

7.
94

0.
26

0.
61

4
2.

39
12

9.
03

12
65

.2
4

78
53

.9
8

4.
06

E
-0

5
7.

69
E

-0
4

6.
77

E
-0

3
11

6
1.

73
E

-0
7

1.
51

E
-0

7
3.

06
E

-0
1

2.
68

E
-0

1
1.

43
E

-0
4

1.
23

E
-0

4
i6

20
4

60
 m

n 
0 

s 
70

14
.3

9
43

.1
8

11
2.

69
0.

27
0.

60
5

1.
19

84
.5

7
16

95
.7

4
93

07
.6

1
2.

72
E

-0
5

9.
81

E
-0

4
6.

77
E

-0
3

11
6

1.
73

E
-0

7
1.

51
E

-0
7

3.
06

E
-0

1
2.

68
E

-0
1

1.
43

E
-0

4
1.

23
E

-0
4

i6
25

2
8 

m
n 

0 
s 

20
11

.1
7

24
.7

4
66

.7
1

0.
37

0.
61

0.
85

11
5.

04
49

8.
25

22
45

.8
6

2.
15

E
-0

5
2.

45
E

-0
4

1.
50

E
-0

3
21

8.
13

E
-0

8
5.

88
E

-0
8

1.
95

E
-0

1
1.

41
E

-0
1

1.
94

E
-0

4
1.

48
E

-0
4

i6
25

2
8 

m
n 

0 
s 

30
15

.2
5

28
.9

54
.4

0.
4

0.
60

6
1

17
0.

56
62

0.
53

14
93

.3
1

4.
10

E
-0

5
2.

61
E

-0
4

8.
93

E
-0

4
21

8.
13

E
-0

8
5.

88
E

-0
8

1.
95

E
-0

1
1.

41
E

-0
1

1.
94

E
-0

4
1.

48
E

-0
4

i6
25

2
8 

m
n 

0 
s 

40
17

.7
2

17
.7

2
17

.7
2

0.
49

0.
49

0.
49

18
4.

84
18

4.
84

18
4.

84
5.

46
E

-0
5

5.
46

E
-0

5
5.

46
E

-0
5

21
8.

13
E

-0
8

5.
88

E
-0

8
1.

95
E

-0
1

1.
41

E
-0

1
1.

94
E

-0
4

1.
48

E
-0

4
i6

25
2

8 
m

n 
0 

s 
50

11
.9

6
36

.5
9

82
.9

6
0.

63
0.

86
8

1.
29

11
5.

04
30

09
.4

8
10

66
7.

78
2.

30
E

-0
5

1.
18

E
-0

3
4.

33
E

-0
3

21
8.

13
E

-0
8

5.
88

E
-0

8
1.

95
E

-0
1

1.
41

E
-0

1
1.

94
E

-0
4

1.
48

E
-0

4

i6
25

4
12

 m
n 

0 
s 

40
8.

93
34

.1
2

82
.0

1
0.

26
0.

60
4

2.
17

95
.3

3
91

8.
19

36
35

.9
4

1.
84

E
-0

5
4.

80
E

-0
4

2.
63

E
-0

3
74

3.
49

E
-0

7
2.

95
E

-0
7

5.
89

E
-0

1
4.

95
E

-0
1

4.
56

E
-0

4
3.

67
E

-0
4

i6
25

4
12

 m
n 

0 
s 

50
10

.9
7

39
.4

12
4.

61
0.

26
0.

58
8

1.
25

12
8.

7
17

10
.5

11
37

9.
92

2.
16

E
-0

5
1.

01
E

-0
3

8.
76

E
-0

3
74

3.
49

E
-0

7
2.

95
E

-0
7

5.
89

E
-0

1
4.

95
E

-0
1

4.
56

E
-0

4
3.

67
E

-0
4

i6
25

4
12

 m
n 

0 
s 

60
15

.7
5

39
.1

3
12

6.
41

0.
31

0.
52

6
0.

92
18

5.
04

14
38

.4
3

97
91

.3
7

4.
97

E
-0

5
9.

84
E

-0
4

8.
38

E
-0

3
74

3.
49

E
-0

7
2.

95
E

-0
7

5.
89

E
-0

1
4.

95
E

-0
1

4.
56

E
-0

4
3.

67
E

-0
4

i6
25

4
12

 m
n 

0 
s 

70
21

.3
2

25
.4

8
29

.9
6

0.
26

0.
35

5
0.

48
14

7.
4

28
6.

74
44

2.
05

6.
70

E
-0

5
1.

23
E

-0
4

1.
93

E
-0

4
74

3.
49

E
-0

7
2.

95
E

-0
7

5.
89

E
-0

1
4.

95
E

-0
1

4.
56

E
-0

4
3.

67
E

-0
4

i6
30

2
1 

m
n 

40
 s

 
20

13
.2

3
24

.8
39

.8
1

0.
37

0.
58

7
0.

85
15

9.
78

41
4.

17
81

8.
93

3.
15

E
-0

5
1.

61
E

-0
4

4.
07

E
-0

4
14

1.
94

E
-0

7
1.

31
E

-0
7

5.
24

E
-0

1
3.

54
E

-0
1

6.
21

E
-0

4
4.

19
E

-0
4

i6
30

2
1 

m
n 

40
 s

 
30

12
.4

8
30

.6
4

66
.3

1
0.

5
0.

88
2

1.
19

17
0.

17
16

18
.3

3
62

86
.9

3
2.

94
E

-0
5

5.
86

E
-0

4
2.

36
E

-0
3

14
1.

94
E

-0
7

1.
31

E
-0

7
5.

24
E

-0
1

3.
54

E
-0

1
6.

21
E

-0
4

4.
19

E
-0

4

i6
30

4
2 

m
n 

30
 s

 
30

9.
99

33
.6

6
68

.0
3

0.
32

0.
59

4
0.

93
11

1.
45

10
85

.1
5

42
55

.3
4

1.
68

E
-0

5
4.

92
E

-0
4

1.
93

E
-0

3
14

2
6.

28
E

-0
6

5.
43

E
-0

6
1.

20
E

+
01

1.
03

E
+

01
4.

20
E

-0
3

3.
53

E
-0

3
i6

30
4

2 
m

n 
30

 s
 

40
9.

62
39

.3
2

15
2.

87
0.

27
0.

65
9

1.
87

86
.7

1
22

97
.7

3
28

00
3.

22
1.

46
E

-0
5

1.
19

E
-0

3
1.

57
E

-0
2

14
2

6.
28

E
-0

6
5.

43
E

-0
6

1.
20

E
+

01
1.

03
E

+
01

4.
20

E
-0

3
3.

53
E

-0
3

i6
30

4
2 

m
n 

30
 s

 
50

16
.3

6
49

.9
8

18
4.

45
0.

28
0.

74
1

2.
32

11
3.

39
47

01
.9

9
51

11
0.

02
4.

27
E

-0
5

2.
62

E
-0

3
3.

03
E

-0
2

14
2

6.
28

E
-0

6
5.

43
E

-0
6

1.
20

E
+

01
1.

03
E

+
01

4.
20

E
-0

3
3.

53
E

-0
3

i6
30

4
2 

m
n 

30
 s

 
60

10
.6

3
46

.3
2

12
8.

02
0.

35
0.

82
7

1.
97

12
8.

22
23

63
.7

5
78

43
.6

1
2.

40
E

-0
5

1.
46

E
-0

3
7.

68
E

-0
3

14
2

6.
28

E
-0

6
5.

43
E

-0
6

1.
20

E
+

01
1.

03
E

+
01

4.
20

E
-0

3
3.

53
E

-0
3

i6
30

4
2 

m
n 

30
 s

 
70

13
.4

9
34

.6
5

11
5.

94
0.

33
1.

00
7

3.
42

17
6.

51
31

73
.5

7
21

94
1.

87
4.

40
E

-0
5

1.
25

E
-0

3
9.

48
E

-0
3

14
2

6.
28

E
-0

6
5.

43
E

-0
6

1.
20

E
+

01
1.

03
E

+
01

4.
20

E
-0

3
3.

53
E

-0
3

T
im

e
St

ai
nl

es
s 

st
ee

l

Fu
ll s

ca
le

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



%.0  �	�	�
����
��� �� 
�� ��$	�
�

C
ui

vr
e 

ve
in

e 
di

v 
E

ch
el

le
 1

Te
m

ps
X

 
[%

]
R

10
%

 m
in

 

[m
ic

ro
n]

R
10

%
 m

oy
 

[m
ic

ro
n]

R
10

%
 m

ax
 

[m
ic

ro
n]

H
m

in
 

[m
ic

ro
n]

H
m

oy
 

[m
ic

ro
n]

H
m

ax
 

[m
ic

ro
n]

V
d 

m
in

 

[m
m

3 ]

V
d 

m
oy

 

[m
m

3 ]

V
d 

m
ax

  

[m
m

3 ]

E
d 

m
in
 [J

]
E

d 
m

oy
 [J

]
E

d 
m

ax
 [J

]
N

t e
(0

) 

[J
/m

m
2 /s

]

t e
(1

) 

[J
/m

m
2 /s

]

t v(0
) 

[m
m

3 /m
m

2 /s
]

t v(1
) 

[m
m

3 /m
m

2 /s
]

t n
(0

) 

[/m
m

2 /s
]

t n
(1

) 

[/m
m

2 /s
]

dc
42

02
12

0 
m

n 
0 

s
20

8.
15

22
.0

2
48

.4
7

0.
23

0.
54

6
2.

86
64

.7
1

32
2.

82
17

21
.6

2
2.

88
E

-0
6

3.
03

E
-0

5
2.

15
E

-0
4

29
50

5.
60

E
-0

8
4.

20
E

-0
8

6.
07

E
-0

1
4.

53
E

-0
1

1.
82

E
-0

3
1.

35
E

-0
3

dc
42

02
12

0 
m

n 
0 

s
30

8.
15

22
.4

2
47

.5
0.

25
0.

54
9

3.
04

63
.1

1
34

4.
43

18
96

.1
9

2.
74

E
-0

6
3.

29
E

-0
5

2.
00

E
-0

4
29

50
5.

60
E

-0
8

4.
20

E
-0

8
6.

07
E

-0
1

4.
53

E
-0

1
1.

82
E

-0
3

1.
35

E
-0

3
dc

42
02

12
0 

m
n 

0 
s

40
8.

15
21

.4
5

41
.3

1
0.

25
0.

60
8

5.
15

65
.9

1
33

5.
11

35
16

.7
7

3.
12

E
-0

6
2.

94
E

-0
5

1.
51

E
-0

4
29

50
5.

60
E

-0
8

4.
20

E
-0

8
6.

07
E

-0
1

4.
53

E
-0

1
1.

82
E

-0
3

1.
35

E
-0

3

dc
42

04
90

 m
n 

0 
s 

30
8.

15
17

.9
8

55
.3

2
0.

26
0.

80
7

3.
19

52
.7

3
31

2.
87

59
57

.0
4

2.
51

E
-0

6
2.

23
E

-0
5

4.
81

E
-0

4
67

93
1.

11
E

-0
7

8.
28

E
-0

8
1.

55
E

+
00

1.
15

E
+

00
5.

58
E

-0
3

4.
16

E
-0

3
dc

42
04

90
 m

n 
0 

s 
40

8.
15

17
.6

1
42

.2
5

0.
24

0.
75

1
2.

93
54

.3
2

26
7.

42
27

40
.6

4
2.

54
E

-0
6

1.
96

E
-0

5
1.

51
E

-0
4

67
93

1.
11

E
-0

7
8.

28
E

-0
8

1.
55

E
+

00
1.

15
E

+
00

5.
58

E
-0

3
4.

16
E

-0
3

dc
42

04
90

 m
n 

0 
s 

50
8.

15
16

.7
1

50
.5

4
0.

26
0.

76
8

3.
49

58
.6

5
24

6.
76

26
69

.9
4

2.
67

E
-0

6
1.

74
E

-0
5

2.
84

E
-0

4
67

93
1.

11
E

-0
7

8.
28

E
-0

8
1.

55
E

+
00

1.
15

E
+

00
5.

58
E

-0
3

4.
16

E
-0

3

dc
43

02
10

 m
n 

0 
s 

30
8.

15
20

.7
3

89
.6

2
0.

26
0.

66
1

3.
48

65
.5

1
37

5.
76

20
16

9.
54

2.
84

E
-0

6
3.

23
E

-0
5

1.
83

E
-0

3
53

97
1.

20
E

-0
6

9.
00

E
-0

7
1.

37
E

+
01

1.
03

E
+

01
3.

99
E

-0
2

3.
02

E
-0

2
dc

43
02

10
 m

n 
0 

s 
40

8.
15

20
.2

8
53

.5
2

0.
24

0.
63

9
3.

15
58

.5
8

31
6.

07
42

86
.5

3
3.

09
E

-0
6

2.
70

E
-0

5
2.

95
E

-0
4

53
97

1.
20

E
-0

6
9.

00
E

-0
7

1.
37

E
+

01
1.

03
E

+
01

3.
99

E
-0

2
3.

02
E

-0
2

dc
43

02
10

 m
n 

0 
s 

50
8.

15
21

.8
4

69
.6

4
0.

21
0.

59
8

4.
1

43
.9

9
34

5.
98

36
70

.5
7

2.
83

E
-0

6
3.

16
E

-0
5

5.
45

E
-0

4
53

97
1.

20
E

-0
6

9.
00

E
-0

7
1.

37
E

+
01

1.
03

E
+

01
3.

99
E

-0
2

3.
02

E
-0

2

dc
43

04
5 

m
n 

0 
s 

40
8.

15
30

.5
3

23
5.

6
0.

26
0.

73
1

3.
94

61
.6

1
26

34
.5

8
24

07
52

.1
3.

01
E

-0
6

3.
19

E
-0

4
2.

72
E

-0
2

21
87

1.
74

E
-0

5
1.

50
E

-0
5

1.
35

E
+

02
1.

16
E

+
02

3.
23

E
-0

2
2.

72
E

-0
2

dc
43

04
5 

m
n 

0 
s 

50
8.

15
36

.2
8

27
6.

06
0.

26
0.

84
1

8.
51

76
.4

2
46

75
.6

9
18

65
77

.8
3.

87
E

-0
6

5.
69

E
-0

4
2.

53
E

-0
2

21
87

1.
74

E
-0

5
1.

50
E

-0
5

1.
35

E
+

02
1.

16
E

+
02

3.
23

E
-0

2
2.

72
E

-0
2

dc
43

04
5 

m
n 

0 
s 

60
8.

15
34

.5
4

39
9.

9
0.

24
0.

75
2

8.
44

61
.4

5
57

45
.2

1
48

60
97

3.
73

E
-0

6
7.

04
E

-0
4

8.
69

E
-0

2
21

87
1.

74
E

-0
5

1.
50

E
-0

5
1.

35
E

+
02

1.
16

E
+

02
3.

23
E

-0
2

2.
72

E
-0

2
dc

43
04

5 
m

n 
0 

s 
70

8.
15

34
.0

3
35

2.
5

0.
25

0.
68

7
6.

98
81

.5
2

39
50

.7
9

21
36

00
.2

3.
71

E
-0

6
5.

67
E

-0
4

4.
41

E
-0

2
21

87
1.

74
E

-0
5

1.
50

E
-0

5
1.

35
E

+
02

1.
16

E
+

02
3.

23
E

-0
2

2.
72

E
-0

2
dc

43
04

5 
m

n 
0 

s 
80

8.
15

32
.4

2
20

4.
57

0.
25

0.
62

3
4.

44
87

.3
5

31
49

.7
59

74
2.

35
4.

10
E

-0
6

4.
50

E
-0

4
9.

92
E

-0
3

21
87

1.
74

E
-0

5
1.

50
E

-0
5

1.
35

E
+

02
1.

16
E

+
02

3.
23

E
-0

2
2.

72
E

-0
2

dc
43

04
b

1 
m

n 
15

 s
40

8.
15

18
.0

9
45

.4
9

0.
24

0.
63

4
2.

53
54

.3
2

24
6.

75
31

54
.0

8
2.

57
E

-0
6

1.
96

E
-0

5
2.

58
E

-0
4

83
18

1.
21

E
-0

5
1.

03
E

-0
5

1.
46

E
+

02
1.

23
E

+
02

4.
92

E
-0

1
4.

10
E

-0
1

dc
43

04
b

1 
m

n 
15

 s
50

8.
15

18
.7

8
64

.1
8

0.
26

0.
67

8
2.

93
55

.1
2

28
8.

28
73

42
.3

2
2.

56
E

-0
6

2.
27

E
-0

5
5.

50
E

-0
4

83
18

1.
21

E
-0

5
1.

03
E

-0
5

1.
46

E
+

02
1.

23
E

+
02

4.
92

E
-0

1
4.

10
E

-0
1

dc
43

04
b

1 
m

n 
15

 s
60

8.
15

18
.6

43
.3

5
0.

27
0.

64
4

2.
92

57
.1

2
26

3.
04

19
17

.3
7

2.
67

E
-0

6
2.

13
E

-0
5

1.
87

E
-0

4
83

18
1.

21
E

-0
5

1.
03

E
-0

5
1.

46
E

+
02

1.
23

E
+

02
4.

92
E

-0
1

4.
10

E
-0

1
dc

43
04

b
1 

m
n 

15
 s

70
8.

15
19

.9
6

17
5

0.
24

0.
69

2.
81

53
.1

3
36

3.
49

38
63

5.
05

2.
59

E
-0

6
3.

24
E

-0
5

7.
10

E
-0

3
83

18
1.

21
E

-0
5

1.
03

E
-0

5
1.

46
E

+
02

1.
23

E
+

02
4.

92
E

-0
1

4.
10

E
-0

1
dc

43
04

b
1 

m
n 

15
 s

80
8.

15
18

.6
7

44
.3

9
0.

25
0.

63
7

2.
88

67
.1

1
26

0.
06

20
83

.5
4

3.
02

E
-0

6
2.

11
E

-0
5

2.
06

E
-0

4
83

18
1.

21
E

-0
5

1.
03

E
-0

5
1.

46
E

+
02

1.
23

E
+

02
4.

92
E

-0
1

4.
10

E
-0

1

dc
62

02
1 

m
n 

15
 s

 
20

8.
61

21
.3

8
51

.6
2

0.
24

0.
48

6
4.

16
58

.7
2

28
7.

99
29

76
.7

2
2.

87
E

-0
6

2.
91

E
-0

5
3.

09
E

-0
4

25
6

6.
02

E
-0

7
4.

61
E

-0
7

6.
11

E
+

00
4.

67
E

+
00

1.
51

E
-0

2
1.

10
E

-0
2

dc
62

02
1 

m
n 

15
 s

 
30

11
.3

4
21

.0
1

41
.2

0.
27

0.
62

1
2.

88
10

7.
85

34
4.

37
14

51
.2

1
6.

66
E

-0
6

3.
05

E
-0

5
1.

42
E

-0
4

25
6

6.
02

E
-0

7
4.

61
E

-0
7

6.
11

E
+

00
4.

67
E

+
00

1.
51

E
-0

2
1.

10
E

-0
2

dc
62

02
1 

m
n 

15
 s

 
40

13
.6

5
30

.2
4

84
.3

6
0.

34
0.

56
9

1.
42

11
4.

21
18

60
.3

8
12

14
1.

35
8.

12
E

-0
6

2.
01

E
-0

4
1.

31
E

-0
3

25
6

6.
02

E
-0

7
4.

61
E

-0
7

6.
11

E
+

00
4.

67
E

+
00

1.
51

E
-0

2
1.

10
E

-0
2

dc
62

02
1 

m
n 

15
 s

 
50

10
.1

2
19

60
.3

8
0.

3
0.

65
5

2.
06

69
.4

7
45

8.
35

52
12

.4
7

4.
51

E
-0

6
3.

78
E

-0
5

5.
16

E
-0

4
25

6
6.

02
E

-0
7

4.
61

E
-0

7
6.

11
E

+
00

4.
67

E
+

00
1.

51
E

-0
2

1.
10

E
-0

2

dc
62

04
1 

m
n 

0 
s 

30
8.

15
21

.3
5

18
1.

45
0.

26
0.

56
3

2.
78

93
.4

7
56

7.
96

45
09

4.
24

3.
81

E
-0

6
7.

23
E

-0
5

8.
09

E
-0

3
69

2
2.

02
E

-0
5

1.
79

E
-0

5
1.

22
E

+
02

1.
08

E
+

02
5.

12
E

-0
2

4.
23

E
-0

2
dc

62
04

1 
m

n 
0 

s 
40

8.
15

24
.6

1
14

9.
31

0.
27

0.
64

7
2.

52
65

.5
1

12
82

.8
2

42
58

7.
29

3.
96

E
-0

6
1.

61
E

-0
4

5.
81

E
-0

3
69

2
2.

02
E

-0
5

1.
79

E
-0

5
1.

22
E

+
02

1.
08

E
+

02
5.

12
E

-0
2

4.
23

E
-0

2
dc

62
04

1 
m

n 
0 

s 
50

8.
15

36
.0

8
33

9.
96

0.
27

0.
82

1
4.

84
62

.9
9

66
10

.7
8

18
60

70
.5

4.
04

E
-0

6
1.

02
E

-0
3

4.
25

E
-0

2
69

2
2.

02
E

-0
5

1.
79

E
-0

5
1.

22
E

+
02

1.
08

E
+

02
5.

12
E

-0
2

4.
23

E
-0

2
dc

62
04

1 
m

n 
0 

s 
60

8.
15

33
.2

3
22

3.
65

0.
23

0.
73

8
5.

36
37

.0
1

28
73

.9
6

72
11

3.
71

3.
65

E
-0

6
4.

61
E

-0
4

1.
40

E
-0

2
69

2
2.

02
E

-0
5

1.
79

E
-0

5
1.

22
E

+
02

1.
08

E
+

02
5.

12
E

-0
2

4.
23

E
-0

2
dc

62
04

1 
m

n 
0 

s 
70

8.
15

31
.2

7
35

1.
5

0.
24

0.
51

9
2.

39
75

.8
2

31
67

.2
2

17
36

74
4.

00
E

-0
6

6.
37

E
-0

4
4.

33
E

-0
2

69
2

2.
02

E
-0

5
1.

79
E

-0
5

1.
22

E
+

02
1.

08
E

+
02

5.
12

E
-0

2
4.

23
E

-0
2

dc
62

04
1 

m
n 

0 
s 

80
18

.0
9

23
.3

1
28

.2
3

0.
41

0.
46

1
0.

58
16

5.
14

31
1.

21
44

8.
59

1.
50

E
-0

5
3.

12
E

-0
5

4.
71

E
-0

5
69

2
2.

02
E

-0
5

1.
79

E
-0

5
1.

22
E

+
02

1.
08

E
+

02
5.

12
E

-0
2

4.
23

E
-0

2

T
im

e
C

op
pe

r

D
iv

. t
es

t s
ec

tio
n

F
ul

l s
ca

le

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



(  �	�	�
����
��� �� 
�� ��$	�
� %./

A
ci

er
 In

ox
 

ve
in

e 
di

v 
E

ch
el

le
 1

Te
m

ps
X

 
[%

]
R

10
%

 m
in

 

[m
ic

ro
n]

R
10

%
 m

oy
 

[m
ic

ro
n]

R
10

%
 m

ax
 

[m
ic

ro
n]

H
m

in
 

[m
ic

ro
n]

H
m

oy
 

[m
ic

ro
n]

H
m

ax
 

[m
ic

ro
n]

V
d 

m
in

 

[m
m

3 ]

V
d 

m
oy

 

[m
m

3 ]

V
d 

m
ax

  

[m
m

3 ]

E
d 

m
in
 [J

]
E

d 
m

oy
 [J

]
E

d 
m

ax
 [J

]
N

t e
(0

) 

[J
/m

m
2 /s

]

t e
(1

) 

[J
/m

m
2 /s

]

t v(0
) 

[m
m

3 /m
m

2 /s
]

t v(1
) 

[m
m

3 /m
m

2 /s
]

t n
(0

) 

[/m
m

2 /s
]

t n
(1

) 

[/m
m

2 /s
]

di
62

52
5 

m
n 

0 
s 

20
10

.1
19

.3
3

33
.7

9
0.

56
0.

97
4

2.
41

12
7.

42
65

9.
01

32
99

.0
7

1.
82

E
-0

5
1.

42
E

-0
4

5.
76

E
-0

4
48

2.
06

E
-0

6
1.

44
E

-0
6

2.
18

E
+

00
1.

56
E

+
00

7.
10

E
-0

4
5.

72
E

-0
4

di
62

52
5 

m
n 

0 
s 

30
11

.2
3

28
.7

1
86

.5
6

0.
26

0.
73

1.
97

87
.9

7
78

1.
83

46
41

.9
9

2.
19

E
-0

5
3.

82
E

-0
4

2.
73

E
-0

3
48

2.
06

E
-0

6
1.

44
E

-0
6

2.
18

E
+

00
1.

56
E

+
00

7.
10

E
-0

4
5.

72
E

-0
4

di
62

52
5 

m
n 

0 
s 

40
0

0
0

0
0

0
0

0
0

0.
00

E
+

00
0.

00
E

+
00

0.
00

E
+

00
48

2.
06

E
-0

6
1.

44
E

-0
6

2.
18

E
+

00
1.

56
E

+
00

7.
10

E
-0

4
5.

72
E

-0
4

di
62

52
5 

m
n 

0 
s 

50
23

.1
7

51
.6

7
93

.8
0.

34
0.

47
8

0.
58

35
4.

83
20

18
.4

8
61

30
.7

8
1.

14
E

-0
4

1.
29

E
-0

3
4.

15
E

-0
3

48
2.

06
E

-0
6

1.
44

E
-0

6
2.

18
E

+
00

1.
56

E
+

00
7.

10
E

-0
4

5.
72

E
-0

4
di

62
52

5 
m

n 
0 

s 
60

8.
15

71
.2

6
28

1.
33

0.
3

0.
93

1
1.

82
87

.4
8

95
58

.1
5

50
05

8.
84

1.
17

E
-0

5
1.

03
E

-0
2

6.
17

E
-0

2
48

2.
06

E
-0

6
1.

44
E

-0
6

2.
18

E
+

00
1.

56
E

+
00

7.
10

E
-0

4
5.

72
E

-0
4

di
62

54
9 

m
n 

0 
s 

30
15

.7
5

33
.4

74
.9

5
0.

31
0.

62
1

1.
31

14
1.

72
96

6.
98

33
52

.7
2

4.
20

E
-0

5
4.

58
E

-0
4

2.
17

E
-0

3
22

1
4.

28
E

-0
6

3.
81

E
-0

6
7.

27
E

+
00

6.
46

E
+

00
1.

82
E

-0
3

1.
58

E
-0

3
di

62
54

9 
m

n 
0 

s 
40

8.
15

43
.2

2
21

0.
06

0.
29

0.
76

2.
29

81
.9

31
75

.4
4

33
40

0.
61

1.
32

E
-0

5
2.

01
E

-0
3

3.
37

E
-0

2
22

1
4.

28
E

-0
6

3.
81

E
-0

6
7.

27
E

+
00

6.
46

E
+

00
1.

82
E

-0
3

1.
58

E
-0

3
di

62
54

9 
m

n 
0 

s 
50

8.
15

50
.3

5
26

5.
03

0.
24

0.
82

8
3.

25
86

.7
1

49
37

.8
5

94
51

4.
27

1.
26

E
-0

5
2.

93
E

-0
3

7.
89

E
-0

2
22

1
4.

28
E

-0
6

3.
81

E
-0

6
7.

27
E

+
00

6.
46

E
+

00
1.

82
E

-0
3

1.
58

E
-0

3
di

62
54

9 
m

n 
0 

s 
60

8.
93

50
.9

1
19

5.
23

0.
26

0.
75

7
2.

72
85

.8
46

98
50

59
2.

32
1.

44
E

-0
5

2.
77

E
-0

3
3.

16
E

-0
2

22
1

4.
28

E
-0

6
3.

81
E

-0
6

7.
27

E
+

00
6.

46
E

+
00

1.
82

E
-0

3
1.

58
E

-0
3

di
62

54
9 

m
n 

0 
s 

70
16

.4
5

49
.0

8
12

9.
96

0.
29

0.
67

4
1.

52
10

0.
79

26
38

.8
9

14
20

4.
42

3.
68

E
-0

5
1.

58
E

-0
3

1.
04

E
-0

2
22

1
4.

28
E

-0
6

3.
81

E
-0

6
7.

27
E

+
00

6.
46

E
+

00
1.

82
E

-0
3

1.
58

E
-0

3
di

62
54

9 
m

n 
0 

s 
80

28
.1

2
53

.5
7

92
.0

6
0.

77
1.

21
2

73
1.

39
54

23
.3

5
12

72
7.

71
2.

17
E

-0
4

2.
00

E
-0

3
5.

57
E

-0
3

22
1

4.
28

E
-0

6
3.

81
E

-0
6

7.
27

E
+

00
6.

46
E

+
00

1.
82

E
-0

3
1.

58
E

-0
3

T
im

e
S

ta
in

le
ss

 s
te

el

D
iv

. t
es

t s
ec

tio
n

Fu
ll 

sc
al

e

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



%0&  �	�	�
����
��� �� 
�� ��$	�
�

A
lu

m
in

iu
m

E
ch

el
le

 0
.6

Te
m

ps
X

 
[%

]
R

10
%

 m
in

 

[m
ic

ro
n]

R
10

%
 m

oy
 

[m
ic

ro
n]

R
10

%
 m

ax
 

[m
ic

ro
n]

H
m

in
 

[m
ic

ro
n]

H
m

oy
 

[m
ic

ro
n]

H
m

ax
 

[m
ic

ro
n]

V
d 

m
in

 

[m
m

3 ]

V
d 

m
oy

 

[m
m

3 ]

V
d 

m
ax

  

[m
m

3 ]

E
d 

m
in
 [J

]
E

d 
m

oy
 [J

]
E

d 
m

ax
 [J

]
N

t e
(0

) 

[J
/m

m
2 /s

]

t e
(1

) 

[J
/m

m
2 /s

]

t v(0
) 

[m
m

3 /m
m

2 /s
]

t v(1
) 

[m
m

3 /m
m

2 /s
]

t n
(0

) 

[/m
m

2 /s
]

t n
(1

) 

[/m
m

2 /s
]

pa
42

04
40

 m
n

40
5.

58
10

.3
20

.3
4

0.
25

0.
76

3
3.

16
39

.3
4

89
.0

8
34

6.
68

8.
85

E
-0

8
3.

68
E

-0
7

1.
48

E
-0

6
97

4.
56

E
-1

0
3.

08
E

-1
0

1.
13

E
-0

1
7.

61
E

-0
2

1.
33

E
-0

3
8.

97
E

-0
4

pa
42

04
40

 m
n

50
4.

9
9.

5
17

.2
0.

31
0.

80
5

1.
93

30
.1

1
78

.8
6

25
5.

91
6.

67
E

-0
8

3.
09

E
-0

7
1.

28
E

-0
6

97
4.

56
E

-1
0

3.
08

E
-1

0
1.

13
E

-0
1

7.
61

E
-0

2
1.

33
E

-0
3

8.
97

E
-0

4
pa

42
52

7 
m

n 
30

 s
20

5.
63

12
.2

1
21

.4
6

0.
25

0.
51

2
1.

66
36

.3
2

85
.3

7
22

4.
06

1.
05

E
-0

7
4.

62
E

-0
7

1.
49

E
-0

6
97

1.
18

E
-0

9
7.

95
E

-1
0

2.
15

E
-0

1
1.

45
E

-0
1

2.
66

E
-0

3
1.

79
E

-0
3

pa
42

52
7 

m
n 

30
 s

30
8.

03
11

.7
8

17
.4

4
0.

25
0.

41
7

0.
62

25
.0

7
69

.1
1

12
4.

66
1.

57
E

-0
7

3.
91

E
-0

7
8.

78
E

-0
7

97
1.

18
E

-0
9

7.
95

E
-1

0
2.

15
E

-0
1

1.
45

E
-0

1
2.

66
E

-0
3

1.
79

E
-0

3
pa

42
54

5 
m

n
40

4.
9

12
.8

7
42

.8
2

0.
23

0.
60

6
10

.2
8

18
.6

9
13

1.
09

22
90

.6
1

6.
77

E
-0

8
6.

90
E

-0
7

1.
12

E
-0

5
10

12
2.

64
E

-0
8

1.
78

E
-0

8
4.

92
E

+
00

3.
32

E
+

00
4.

16
E

-0
2

2.
81

E
-0

2
pa

42
54

5 
m

n
50

5.
32

12
.6

5
31

.4
3

0.
23

0.
46

8
2.

41
24

.6
8

97
.3

4
28

24
.7

5
7.

04
E

-0
8

5.
45

E
-0

7
1.

03
E

-0
5

10
12

2.
64

E
-0

8
1.

78
E

-0
8

4.
92

E
+

00
3.

32
E

+
00

4.
16

E
-0

2
2.

81
E

-0
2

pa
43

02
1 

m
n 

30
s

20
5.

96
13

.1
8

31
.2

6
0.

27
0.

57
7

3.
73

28
.8

1
13

1.
44

18
61

.5
1

1.
09

E
-0

7
6.

96
E

-0
7

7.
01

E
-0

6
19

8
1.

76
E

-0
8

1.
19

E
-0

8
3.

24
E

+
00

2.
19

E
+

00
2.

71
E

-0
2

1.
83

E
-0

2
pa

43
02

1 
m

n 
30

 s
30

7.
05

12
.7

2
25

.7
5

0.
27

0.
41

4
0.

77
35

.2
6

83
.4

5
42

2.
36

1.
22

E
-0

7
5.

12
E

-0
7

3.
08

E
-0

6
19

8
1.

76
E

-0
8

1.
19

E
-0

8
3.

24
E

+
00

2.
19

E
+

00
2.

71
E

-0
2

1.
83

E
-0

2
pa

43
04

1 
m

n
40

4.
9

17
.1

7
10

5.
6

0.
22

0.
63

9
4.

13
20

.3
4

36
2.

46
93

77
.9

1
5.

65
E

-0
8

2.
55

E
-0

6
1.

25
E

-0
4

78
0

8.
05

E
-0

7
5.

44
E

-0
7

1.
06

E
+

02
7.

12
E

+
01

1.
60

E
-0

1
1.

08
E

-0
1

pa
43

04
1 

m
n

50
5.

73
21

.4
8

12
7.

29
0.

24
0.

71
8

5.
05

29
.2

3
11

40
.6

8
43

13
6.

26
8.

57
E

-0
8

9.
05

E
-0

6
3.

13
E

-0
4

78
0

8.
05

E
-0

7
5.

44
E

-0
7

1.
06

E
+

02
7.

12
E

+
01

1.
60

E
-0

1
1.

08
E

-0
1

pa
61

52
2 

m
n 

45
 s

20
5.

58
13

.7
1

57
.0

2
0.

25
0.

55
4

3.
03

33
.8

6
18

7.
15

49
20

.9
9

9.
80

E
-0

8
1.

11
E

-0
6

3.
45

E
-0

5
20

2
2.

16
E

-0
8

1.
46

E
-0

8
3.

39
E

+
00

2.
29

E
+

00
1.

51
E

-0
2

1.
02

E
-0

2
pa

61
52

2 
m

n 
45

 s
30

6.
68

15
.5

4
59

.9
7

0.
27

0.
64

4
3.

35
37

.8
7

33
4.

13
44

28
.4

6
1.

61
E

-0
7

2.
34

E
-0

6
3.

52
E

-0
5

20
2

2.
16

E
-0

8
1.

46
E

-0
8

3.
39

E
+

00
2.

29
E

+
00

1.
51

E
-0

2
1.

02
E

-0
2

pa
61

54
3 

m
n 

30
 s

40
6.

6
17

.7
3

62
.2

1
0.

25
0.

54
3

2.
2

22
.0

5
33

4.
45

45
57

.4
4

1.
22

E
-0

7
2.

49
E

-0
6

3.
83

E
-0

5
16

1
2.

49
E

-0
8

1.
68

E
-0

8
3.

44
E

+
00

2.
32

E
+

00
9.

45
E

-0
3

6.
38

E
-0

3
pa

61
54

3 
m

n 
30

 s
50

9.
1

18
.9

6
59

.2
7

0.
23

0.
55

4
2.

6
26

.7
40

8.
29

32
28

.7
8

1.
75

E
-0

7
2.

86
E

-0
6

2.
67

E
-0

5
16

1
2.

49
E

-0
8

1.
68

E
-0

8
3.

44
E

+
00

2.
32

E
+

00
9.

45
E

-0
3

6.
38

E
-0

3
pa

62
02

1 
m

n
20

5.
86

19
.5

2
95

.1
3

0.
26

0.
7

3.
65

28
.5

6
65

8.
84

15
21

0.
12

8.
97

E
-0

8
4.

84
E

-0
6

1.
22

E
-0

4
36

7
3.

58
E

-0
7

2.
41

E
-0

7
5.

12
E

+
01

3.
46

E
+

01
7.

54
E

-0
2

5.
09

E
-0

2
pa

62
02

1 
m

n
30

4.
9

19
.8

8
70

.3
0.

25
0.

71
3

3.
82

33
.0

8
72

2.
98

94
05

.9
4

8.
18

E
-0

8
4.

54
E

-0
6

6.
36

E
-0

5
36

7
3.

58
E

-0
7

2.
41

E
-0

7
5.

12
E

+
01

3.
46

E
+

01
7.

54
E

-0
2

5.
09

E
-0

2
pa

62
04

3 
m

n 
0 

s
40

5.
75

12
.7

3
32

.2
9

0.
28

0.
83

2
3.

82
32

.9
6

16
0.

53
69

6.
39

9.
28

E
-0

8
7.

74
E

-0
7

4.
94

E
-0

6
12

8
1.

34
E

-0
8

9.
07

E
-0

9
2.

48
E

+
00

1.
67

E
+

00
8.

87
E

-0
3

5.
99

E
-0

3
pa

62
04

3 
m

n 
0 

s
50

4.
9

12
.8

5
73

.1
8

0.
24

0.
96

5.
06

29
.9

7
36

9.
13

11
00

1.
74

6.
32

E
-0

8
2.

07
E

-0
6

7.
49

E
-0

5
12

8
1.

34
E

-0
8

9.
07

E
-0

9
2.

48
E

+
00

1.
67

E
+

00
8.

87
E

-0
3

5.
99

E
-0

3
pa

62
52

0 
m

n 
30

 s
20

5.
69

20
.5

8
12

1.
49

0.
25

0.
75

3
4.

45
30

.0
6

99
3.

43
67

03
5.

45
9.

37
E

-0
8

6.
20

E
-0

6
3.

92
E

-0
4

66
6

2.
08

E
-0

6
1.

41
E

-0
6

2.
91

E
+

02
1.

97
E

+
02

2.
74

E
-0

1
1.

85
E

-0
1

pa
62

52
0 

m
n 

30
 s

30
4.

9
22

.4
3

16
1.

47
0.

23
0.

67
5.

79
26

.7
11

99
.8

3
40

40
7.

04
8.

11
E

-0
8

1.
03

E
-0

5
4.

86
E

-0
4

66
6

2.
08

E
-0

6
1.

41
E

-0
6

2.
91

E
+

02
1.

97
E

+
02

2.
74

E
-0

1
1.

85
E

-0
1

pa
62

54
0 

m
n 

45
 s

40
5.

93
22

.2
6

17
6.

03
0.

25
0.

76
7

4.
76

28
.9

3
13

64
.3

8
63

92
4.

2
9.

59
E

-0
8

1.
05

E
-0

5
6.

52
E

-0
4

10
39

2.
76

E
-0

6
2.

09
E

-0
6

3.
77

E
+

02
2.

87
E

+
02

2.
84

E
-0

1
2.

20
E

-0
1

pa
62

54
0 

m
n 

45
 s

50
5.

24
19

.3
9

17
0.

96
0.

23
0.

76
6

8.
19

22
.4

8
11

96
.8

8
75

99
9.

29
6.

16
E

-0
8

8.
42

E
-0

6
6.

64
E

-0
4

10
39

2.
76

E
-0

6
2.

09
E

-0
6

3.
77

E
+

02
2.

87
E

+
02

2.
84

E
-0

1
2.

20
E

-0
1

pa
62

54
0 

m
n 

45
 s

60
4.

9
20

.8
6

11
7.

75
0.

25
0.

85
1

5.
2

29
.6

15
18

.0
5

45
98

7.
11

8.
71

E
-0

8
1.

09
E

-0
5

2.
83

E
-0

4
10

39
2.

76
E

-0
6

2.
09

E
-0

6
3.

77
E

+
02

2.
87

E
+

02
2.

84
E

-0
1

2.
20

E
-0

1
pa

bi
s6

25
4

2 
m

n 
30

 s
40

4.
9

23
.1

9
20

9.
98

0.
26

1.
11

16
.1

3
31

.9
3

24
26

.7
5

16
31

65
.7

7.
71

E
-0

8
1.

45
E

-0
5

1.
42

E
-0

3
12

96
1.

90
E

-0
6

1.
46

E
-0

6
3.

11
E

+
02

2.
38

E
+

02
1.

06
E

-0
1

7.
91

E
-0

2
pa

bi
s6

25
4

2 
m

n 
30

 s
50

5.
41

26
.9

3
20

6.
3

0.
24

1.
07

12
29

.2
5

39
64

.2
1

33
06

04
.3

8.
13

E
-0

8
2.

37
E

-0
5

1.
38

E
-0

3
12

96
1.

90
E

-0
6

1.
46

E
-0

6
3.

11
E

+
02

2.
38

E
+

02
1.

06
E

-0
1

7.
91

E
-0

2
pa

bi
s6

25
4

2 
m

n 
30

 s
60

4.
9

26
.1

5
15

9.
88

0.
24

0.
86

3
7.

07
29

.5
5

25
62

.3
1

16
07

43
.8

8.
32

E
-0

8
1.

72
E

-0
5

7.
20

E
-0

4
12

96
1.

90
E

-0
6

1.
46

E
-0

6
3.

11
E

+
02

2.
38

E
+

02
1.

06
E

-0
1

7.
91

E
-0

2

T
im

e

S
m

a
ll 

sc
a

le

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



�  ����� �

6��!&	 ��� $�	����	�����	

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





 ������$��� ����	���	
���� %0!

1.
87

0123456 Rs [mm]

C
s 

=
 1

47
2 

m
/s

t c =
 1

.8
72

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

1 
m

m

V
c 

=
 2

70
 m

/s

T
im

e 
[µ

s]

d 
R

c/d
 t 

=
 

16
 m

/s
15

9 
m

/s
14

9 
m

/s
17

2 
m

/s
d 

R
s/d

 t 
=

 
92

5 
m

/s
13

62
 m

/s
15

62
 m

/s

1.
49

2.
06

2.
65

3.
18

3.
8

4.
43

5.
07

01 Sparks []

2�7+!� �1A> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@16I ���� "PA1G

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



%0+ ������$��� ����	���	
����

2.
1

0123456 Rs [mm]

C
s 

=
 1

32
5 

m
/s

t c =
 2

.1
08

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

2 
m

m

V
c 

=
 3

79
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

53
 m

/s
−

20
 m

/s
89

 m
/s

33
 m

/s
δ 

R
s/δ

 t 
=

 
74

9 
m

/s
14

21
 m

/s
12

45
 m

/s

1.
6

2.
08

2.
69

3.
22

3.
83

4.
41

5.
01

01 Sparks [−]

2�7+!� �1<> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@16I ���� "PA1G

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



 ������$��� ����	���	
���� %0#

0.
29

0123456 Rs [mm]

C
s 

=
 1

34
6 

m
/s

t c =
 0

.2
92

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

6 
m

m

V
c 

=
 2

20
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

10
2 

m
/s

63
 m

/s
46

 m
/s

8 
m

/s
δ 

R
s/δ

 t 
=

 
13

81
 m

/s
12

44
 m

/s
13

46
 m

/s
14

32
 m

/s

1.
49

2.
06

2.
62

3.
25

3.
89

4.
44

5.
1

01 Sparks [−]

2�7+!� �1=> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@16I ���� "PA1G

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



%0- ������$��� ����	���	
����

2.
04

0123456 Rs [mm]

C
s 

=
 1

41
9 

m
/s

t c =
 2

.0
45

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.1

1 
m

m

V
c 

=
 1

91
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

−
31

 m
/s

−
17

6 
m

/s
18

7 
m

/s
δ 

R
s/δ

 t 
=

 
58

2 
m

/s
14

19
 m

/s

1.
52

2.
03

2.
62

3.
16

3.
75

4.
39

5.
05

01 Sparks [−]

2�7+!� �1K> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@16I ���� "PA1G

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



 ������$��� ����	���	
���� %0.

0.
07

0123456 Rs [mm]

C
s 

=
 1

42
8 

m
/s

t c =
 0

.0
77

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

4 
m

m

V
c 

=
 2

09
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

88
 m

/s
16

6 
m

/s
−

31
 m

/s
16

4 
m

/s
−

52
 m

/s
13

8 
m

/s
δ 

R
s/δ

 t 
=

 
12

59
 m

/s
13

85
 m

/s
14

70
 m

/s
15

01
 m

/s
12

90
 m

/s

1.
24

1.
86

2.
46

3.
01

3.
63

4.
19

4.
87

01 Sparks [−]

2�7+!� �16> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@16I ���� "PA1G

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



%00 ������$��� ����	���	
����

0.
55

0123456 Rs [mm]

C
s 

=
 1

33
6 

m
/s

t c =
 0

.5
56

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.3

1 
m

m

V
c 

=
 4

25
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

34
 m

/s
11

2 
m

/s
15

8 
m

/s
12

1 
m

/s
2 

m
/s

22
8 

m
/s

δ 
R

s/δ
 t 

=
 

15
12

 m
/s

13
52

 m
/s

13
14

 m
/s

14
36

 m
/s

12
16

 m
/s

1.
3

1.
88

2.
42

3.
02

3.
64

4.
3

4.
84

01 Sparks [−]

2�7+!� �1G> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@16I ���� "PA1G

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



 ������$��� ����	���	
���� %0/

0123456 Rs [mm]

C
s 

=
 1

37
2 

m
/s

t c =
 −

0.
13

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.3

6 
m

m

V
c 

=
 2

48
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

11
7 

m
/s

−
5 

m
/s

14
2 

m
/s

62
 m

/s
40

 m
/s

14
0 

m
/s

δ 
R

s/δ
 t 

=
 

14
73

 m
/s

13
96

 m
/s

14
42

 m
/s

13
98

 m
/s

12
44

 m
/s

1.
32

1.
9

2.
5

3.
02

3.
62

4.
3

4.
88

01 Sparks [−]

2�7+!� �1H> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@16I ���� "PA1G

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



%/& ������$��� ����	���	
����

1.
73

0123456 Rs [mm]

C
s 

=
 1

32
5 

m
/s

t c =
 1

.7
32

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

1 
m

m

V
c 

=
 8

73
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

−
62

 m
/s

66
 m

/s
12

2 
m

/s
81

 m
/s

38
 m

/s
14

 m
/s

δ 
R

s/δ
 t 

=
 

10
67

 m
/s

13
52

 m
/s

13
81

 m
/s

12
25

 m
/s

1.
48

1.
98

2.
59

3.
13

3.
74

4.
33

5.
03

01 Sparks [−]

2�7+!� �1I> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@16I ���� "PA1G

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



 ������$��� ����	���	
���� %/%

4
0123456 Rs [mm]

C
s 

=
 1

25
6 

m
/s

t c =
 4

.0
03

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.1

3 
m

m

V
c 

=
 2

70
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

−
13

5 
m

/s
−

64
 m

/s
N

aN
 m

/s
N

aN
 m

/s
−

50
 m

/s
12

2 
m

/s
δ 

R
s/δ

 t 
=

 
36

2 
m

/s
12

56
 m

/s

1.
6

2.
06

2.
7

3.
24

3.
87

4.
52

5.
13

01 Sparks [−]

2�7+!� �1J> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@16I ���� "PA1G

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



%/* ������$��� ����	���	
����

3.
36

0123456 Rs [mm]

C
s 

=
 1

76
2 

m
/s

t c =
 3

.3
65

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

8 
m

m

V
c 

=
 5

11
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

−
10

6 
m

/s
−

64
 m

/s
N

aN
 m

/s
N

aN
 m

/s
38

 m
/s

81
 m

/s
δ 

R
s/δ

 t 
=

 
54

4 
m

/s
17

62
 m

/s

1.
63

2.
25

2.
8

3.
33

3.
92

4.
57

5.
21

01 Sparks [−]

2�7+!� �1A@> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@16I ���� "PA1G

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



 ������$��� ����	���	
���� %/!

1.
32

0123456 Rs [mm]

C
s 

=
 1

31
4 

m
/s

t c =
 1

.3
23

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

2 
m

m

V
c 

=
 1

43
7 

m
/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

4 
m

/s
62

 m
/s

15
2 

m
/s

δ 
R

s/δ
 t 

=
 

72
2 

m
/s

12
90

 m
/s

13
44

 m
/s

1.
48

1.
97

2.
61

3.
16

3.
74

4.
38

5.
04

01 Sparks [−]

2�7+!� �1AA> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@16I ���� "PA1G

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



%/+ ������$��� ����	���	
����

0123456 Rs [mm]

0
1

2
3

4
5

6
7

8
0

0.
2

0.
4

0.
6

0.
81

1.
2

Rc [mm]

T
im

e 
[µ

s]

d 
R

c/d
 t 

=
 

99
 m

/s
39

 m
/s

63
 m

/s
18

7 
m

/s
d 

R
s/d

 t 
=

 
35

5 
m

/s

1.
21

4.
17

4.
73

5.
35

5.
92

6.
53

7.
11

01 Sparks [ ]

2�7+!� �1A<> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@1GG ���� "PA1<

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



 ������$��� ����	���	
���� %/#

2.
33

0123456 Rs [mm]

C
s 

=
 1

45
8 

m
/s

t c =
 2

.3
39

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.3

5 
m

m

V
c 

=
 1

18
3 

m
/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

−
36

 m
/s

−
29

 m
/s

4 
m

/s
22

 m
/s

28
 m

/s
δ 

R
s/δ

 t 
=

 
10

88
 m

/s
15

48
 m

/s
13

85
 m

/s

1.
5

2.
14

2.
64

3.
26

3.
86

4.
56

5.
08

01 Sparks [−]

2�7+!� �1A=> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@1GG ���� "PA1<

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



%/- ������$��� ����	���	
����

1.
13

0123456 Rs [mm]

C
s 

=
 1

46
9 

m
/s

t c =
 1

.1
36

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

6 
m

m

V
c 

=
 1

84
3 

m
/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

41
 m

/s
21

 m
/s

28
6 

m
/s

66
 m

/s
−

28
 m

/s
69

 m
/s

δ 
R

s/δ
 t 

=
 

13
22

 m
/s

16
87

 m
/s

13
45

 m
/s

12
89

 m
/s

17
53

 m
/s

1.
28

1.
9

2.
5

3
3.

7
4.

26
4.

88
01 Sparks [−]

2�7+!� �1AK> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@1GG ���� "PA1<

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



 ������$��� ����	���	
���� %/.

0.
81

0123456 Rs [mm]

C
s 

=
 1

35
0 

m
/s

t c =
 0

.8
13

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.3

9 
m

m

V
c 

=
 4

20
 m

/s

T
im

e 
[µ

s]

d 
R

c/d
 t 

=
 

17
3 

m
/s

40
 m

/s
16

5 
m

/s
46

 m
/s

12
 m

/s
4 

m
/s

d 
R

s/d
 t 

=
 

75
9 

m
/s

10
25

 m
/s

16
57

 m
/s

12
53

 m
/s

14
13

 m
/s

14
13

 m
/s

1.
14

1.
74

2.
36

2.
82

3.
54

4.
08

4.
82

01 Sparks []

2�7+!� �1A6> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@1GG ���� "PA1<

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



%/0 ������$��� ����	���	
����

0.
99

0123456 Rs [mm]

C
s 

=
 1

42
4 

m
/s

t c =
 0

.9
95

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

4 
m

m

V
c 

=
 3

15
 m

/s

T
im

e 
[µ

s]

d 
R

c/d
 t 

=
 

21
8 

m
/s

39
3 

m
/s

82
 m

/s
82

 m
/s

d 
R

s/d
 t 

=
 

16
79

 m
/s

14
48

 m
/s

14
03

 m
/s

1.
13

1.
76

2.
31

2.
87

3.
48

4.
08

5.
08

01 Sparks []

2�7+!� �1AG> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@1HG ���� "P@1J

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



 ������$��� ����	���	
���� %//

0123456 Rs [mm]

C
s 

=
 1

40
0 

m
/s

t c =
 −

0.
19

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

6 
m

m

V
c 

=
 1

84
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

21
9 

m
/s

70
 m

/s
55

 m
/s

49
 m

/s
77

 m
/s

0 
m

/s
δ 

R
s/δ

 t 
=

 
13

19
 m

/s
13

88
 m

/s
13

74
 m

/s
14

15
 m

/s
14

29
 m

/s

1.
24

1.
88

2.
48

3.
04

3.
74

4.
22

4.
86

01 Sparks [−]

2�7+!� �1AH> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@1HG ���� "P@1J

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



*&& ������$��� ����	���	
����

0.
81

0123456 Rs [mm]

C
s 

=
 1

40
8 

m
/s

t c =
 0

.8
13

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.3

0 
m

m

V
c 

=
 8

68
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

72
 m

/s
78

 m
/s

95
 m

/s
48

 m
/s

δ 
R

s/δ
 t 

=
 

93
4 

m
/s

14
09

 m
/s

13
82

 m
/s

14
40

 m
/s

1.
16

1.
68

2.
36

2.
88

3.
46

4.
12

4.
74

01 Sparks [−]

2�7+!� �1AI> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@1HG ���� "P@1J

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



 ������$��� ����	���	
���� *&%

0.
7

0123456 Rs [mm]

C
s 

=
 1

38
4 

m
/s

t c =
 0

.7
09

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

5 
m

m

V
c 

=
 4

53
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

80
 m

/s
17

1 
m

/s
12

1 
m

/s
89

 m
/s

−
42

 m
/s

97
 m

/s
δ 

R
s/δ

 t 
=

 
14

15
 m

/s
13

86
 m

/s
16

50
 m

/s
10

64
 m

/s
12

97
 m

/s
18

45
 m

/s

1.
28

1.
84

2.
44

2.
94

3.
66

4.
22

4.
84

01 Sparks [−]

2�7+!� �1AJ> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@1HG ���� "P@1J

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



*&* ������$��� ����	���	
����

0.
83

0123456 Rs [mm]

C
s 

=
 1

39
9 

m
/s

t c =
 0

.8
30

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

2 
m

m

V
c 

=
 6

21
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

32
 m

/s
96

 m
/s

59
 m

/s
96

 m
/s

87
 m

/s
10

1 
m

/s
δ 

R
s/δ

 t 
=

 
10

39
 m

/s
13

11
 m

/s
12

49
 m

/s
14

20
 m

/s
13

43
 m

/s
17

66
 m

/s

1.
2

1.
7

2.
32

2.
88

3.
46

4.
08

4.
68

01 Sparks [−]

2�7+!� �1<@> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@1HG ���� "P@1J

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



 ������$��� ����	���	
���� *&!

0.
21

0123456 Rs [mm]

C
s 

=
 1

36
9 

m
/s

t c =
 0

.2
14

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.2

0 
m

m

V
c 

=
 2

35
 m

/s

T
im

e 
[µ

s]

δ 
R

c/δ
 t 

=
 

24
9 

m
/s

47
 m

/s
17

5 
m

/s
−

10
 m

/s
78

 m
/s

21
 m

/s
δ 

R
s/δ

 t 
=

 
13

46
 m

/s
13

30
 m

/s
17

23
 m

/s
10

09
 m

/s

1.
08

1.
74

2.
32

2.
84

3.
44

4.
08

4.
74

01 Sparks [−]

2�7+!� �1<A> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@1HG ���� "P@1J

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



*&+ ������$��� ����	���	
����

0.
78

0123456 Rs [mm]

C
s 

=
 1

41
2 

m
/s

t c =
 0

.7
86

 µ
s

0
1

2
3

4
5

6
0

0.
2

0.
4

0.
6

0.
8

Rc [mm]

R
c 1 =

 0
.3

1 
m

m

V
c 

=
 2

84
 m

/s

T
im

e 
[µ

s]

d 
R

c/d
 t 

=
 

13
1 

m
/s

90
 m

/s
25

2 
m

/s
28

 m
/s

d 
R

s/d
 t 

=
 

12
49

 m
/s

13
51

 m
/s

13
31

 m
/s

15
92

 m
/s

1.
24

1.
86

2.
46

3.
04

3.
6

4.
26

5.
22

01 Sparks []

2�7+!� �1<<> �����(%� $�)� "�$�!)� �$�� � " ��*�$�$�� *�!$�' ���!��$�!�%$��%
�P<@@ �
�� �P@1HG ���� "P@1J

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



�  ����� �

,����������	 $�	����	�����	

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





3 "����
	����� ����	���	
���� *&.

0.7 1.2 1.48 2 2.64 3.17 3.83 4.36 4.96

0

1

S
pa

rk
s&

G
at

e 
[ ]

0.87
0
1
2
3
4
5
6
7

R
s [m

m
]

Cs = 1308 m/s
t
c
 = 0.87 µs

0 1 2 3 4 5 6
0

0.1
0.2
0.3
0.4
0.5
0.6

R
c [m

m
]

Vc = 525 m/s

Time [µs]

d R
c
/δ t = 39 m/s 154 m/s 129 m/s 34 m/s  21 m/s 62 m/s

d R
s
/δ t = 1077 m/s 1197 m/s 1452 m/s 1304 m/s 1498 m/s

2�7+!� 
1A> ��)+�$� ��+% ��($+!�% �0 �+)� �%�� �� � " %���E B�*�
< ��� 	
�� �P<@@ �
�� �P@16I ���� "PA1G

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



*&0 "����
	����� ����	���	
����

0.7 1.2 1.52 2.04 2.66 3.25 3.81 4.46 5.02

0

1

S
pa

rk
s&

G
at

e 
[]

0.67
0
1
2
3
4
5
6
7

R
s [m

m
]

Cs = 1296 m/s
t
c
 = 0.67 µs

0 1 2 3 4 5 6
0

0.1
0.2
0.3
0.4
0.5
0.6

R
c [m

m
]

Vc = 248 m/s

Time [ µs]

d
 
Rc/δ t = 157 m/s 17 m/s 40 m/s

d R
s
/δ t = 1384 m/s 1130 m/s 1456 m/s

2�7+!� 
1<> ��)+�$� ��+% ��($+!�% �0 �+)� �%�� �� � " %���E B�*�
< ��� 	
�� �P<@@ �
�� �P@16I ���� "PA1G

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



3 "����
	����� ����	���	
���� *&/

0.7 1.2 1.45 2.03 2.63 3.17 3.79 4.33 5.06

0

1

S
pa

rk
s&

G
at

e 
[]

0.74
0
1
2
3
4
5
6
7

R
s [m

m
]

Cs = 1309 m/s
t
c
 = 0.74 µs

0 1 2 3 4 5 6
0

0.1
0.2
0.3
0.4
0.5
0.6

R
c [m

m
]

Vc = 354 m/s

Time [µs]

d R
c
/δ t = 159 m/s 25 m/s 49 m/s 88 m/s 23 m/s 58 m/s

d R
s
/δ t = 1333 m/s 1079 m/s 1602 m/s 1239 m/s

2�7+!� 
1=> ��)+�$� ��+% ��($+!�% �0 �+)� �%�� �� � " %���E B�*�
< ��� 	
�� �P<@@ �
�� �P@16I ���� "PA1G

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



*%& "����
	����� ����	���	
����

0.7 1.2 1.48 2.07 2.63 3.2 3.79 4.36 5.08

0

1

S
pa

rk
s&

G
at

e 
[]

0.83
0
1
2
3
4
5
6
7

R
s [m

m
]

Cs = 1326 m/s
t
c
 = 0.83 µs

0 1 2 3 4 5 6
0

0.1
0.2
0.3
0.4
0.5
0.6

R
c [m

m
]

Vc = 418 m/s

Time [µs]

d Rc/δ t = 144 m/s 49 m/s 9 m/s 125 m/s
d R

s
/δ t = 1199 m/s 1374 m/s 1463 m/s 1185 m/s

2�7+!� 
1K> ��)+�$� ��+% ��($+!�% �0 �+)� �%�� �� � " %���E B�*�
< ��� 	
�� �P<@@ �
�� �P@16I ���� "PA1G

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



5�
������ !-

�������� �	� 
��
��� ��	� ������� �	 AJJA ���*�$�$�� �!�%�� ��B�!�1 (	���

�	���
 ./ 0����� /�� ,0-1��0-1 2����� 1
�� (�
�� ��!$�� " 9	��:1

�������� �	� 
��
��� ��	 AJII ���*�$�$�� �!�%�� �0 �."!�+��� ����� �% > �� -
�!�$�� � " 
. �)��% �0 �!�%�*� ��*�$��%�1 /3�� !�,�4�5 0���� �
 �
��
��� 6����


	
� �	
�� �����$� �
�
�� �
���� �!� "���) 9��!B�.:1

�������� �	� 
��
��� ��	� �������� �	 �	 AJII ��� �!�$�� ����� �%) � "

. �)��% �0 ��*�$�$�� L�!$���% 
�B %$!��) �0 � 2�'�" ���"� 7 �"7� ��*�$.�1
/7�� "�8�5� 0���� �
 
	�	� ���
���
	����� ��� ��7+� 9��� ��"�!�� "%:1

�������� �	� ������� �	 AJIJ �����E �!�%%+!� �� �!�$�" ,. ��*�$�$�� L�!$�' ���-
��(%��1 �
���
��� 	� 9��
� !
��
� 0���� �
 (	���	���
 	
� 1
����
 �
 2���� 0������
AAJRA<6� �� 2!� ��%�� 9	��:1

�������� �	� ������ �	� �������� �	 �	 AJII �� ��B ��7� �(��" ��*�$�$�� 
�+  �� 0�! ��*�$�$�� �$+"��% � �."!�+��� ����� �!.�1 �
��� �� !
�� 0���� �


(	���	���
 5���	
�� 2	�������� 	
� ����
������ 2�
 6H� KJRG@� ��%$� 9	��:1 ����
N� $�! �  +�� ���$� 71

�������� �	� ������� �	 AJIG ���)(�!�%� �0 �!�%�� ����� �%)% � 
�8�!� $
�.(�% �0 ��*�$�$�� �1 :�	
� AA=� =@6R=<<1

������� �	 �	 � ��������� ��	  	 AJJA `�,%�!*�$�� �0 �. ��!� �+% ����%��� "
�� ��+)� �%�� ���1 8	��
�� �� "� � =6<>=AI-=<@1

������� �	 �	 � ��������� ��	  	 AJJ< `��7�$ ���$$�!� 7 ���%+!�)� $% �0 �
��(�$�$�*� �+(�!%� �� 
)(��%�� �0 �� ��+)� �%�� 7 �+,,���1 ����� 
��� ������ GJ�
=I=J1

������� �	� !�� "	 "	� �#$%��&�� �	� �
����%� �	 �	� ���������� �	  	 AJJK
��� %�$�*�$. �0 �� ��+)� �%�� �� $� �'(�!�)� $�� ��!�)�$�!%�1 ����� 
��� ������ HI�
J1

���'� (	� �����'
�� !	 �	 AJHI ��'(�!�)� $�� 
 *�%$�7�$�� % �0 ��*�$�$�� 
.-
 �)��% � " ��*�$�$�� ���%��1 �
��� �� /;�� "85 0���� �
 8	�	� 4��
���
	����
KH@RKJ=� N�%�� 7$� � 
� 9	��:1

���)���
�� (	 �	 AJGH �� 
 $!�"+�$�� $� 2�+�" 
. �)��%�1 ��),!�"7� 	 �*�!%�$.
�!�%%1

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



*%* (�(��)4,'��>

�
����� *	 �	 � ����&�  	 +	 AJJ< �����E-� "+��" �����(%� �0 �� 7�� ��*�$��% � 
��/+�"%�1 �� 2����� -����� *��1 <KK� <<6R<K@1

�������� "	 +	 AJJ6 ���*�$�$�� � " �+,,�� 
. �)��%�1 "���
� 1
��
��
�
� ����
��

��
��� 331

������� (	 AJJ< ��($�/+��1 ��+!% "� (�.%�/+� 7� �!���� �"�$�� ��%%� 1

���,��� +	 �	� *����� �	� �)���&�� �	 � -
���� �	./ <@@A �
. �)��% �0 ��%�!-
� "+��" ��*�$�$�� ,+,,��%  ��! ���%$�� ,�+ "�!��%> � F+� �� �0 $�� ���%$�� )�"+�+%�1
#1 2�+�" ����1� *��1 K==� (�!$ =� <I=R=AK1

�����
�  	 �	 AJGH ��!�%�� ,. ��/+�" %���E�1 
 !
�� (�
�� 5	�
 1
����
 9�"1 �1
�1 2.��� Q �1 �1 Y� 7:� I<ARI<=� ���� 	Y1

"���&���� �	 �	 � ����&�  	 +	 AJHK ���� !��� �0 !�(�"�. ��)(!�%%�" 7�% (��E�$%
� $�� � �$��$�� �0 �� "� %�" �'(��%�*�%�1 
 �
��� 5�0�����
��� '!+&� AA=RA<I1

"
���� (	 
	 � ����&�  	 +	 AJH= ���� !��� �0 ��*�$��% � $�� � �$��$�� � " 7!�B$�
�0 �'(��%�� � ��/+�"%�1 
 �
��� 5�0�����
��� '!!#� GHRIG1

"���)�
���� �	 �	 AJII ��$+". �0 $�� 
 %$� $� ��+% �!�%�� �0 ��*�$�$�� *�!%+%
2��B� �!�%%+!� � " ��)(�!�$+!��1 �� �� 4��
	���� 5���	
��� *��1 <G� GHRI<1

"
��� �	 �	 AJKI �	 "�!B�$�! �'(��%�� %�1 �
�
����
 '
���
���� �
���� �!� ��$� �
��B #�!%�.1

"
���� ��	� 
��
��� ��	� �������� �	 AJJI �
�*���((�)� $ "�+ � ��)�!� �!� D-
����!"� (�+! �� *�%+���%�$�� "+ �����(%� "�+ *�!$�' ��*�$� $�1 <=!!�%�� (�������


	���
	� �� �	 ���������
 ����	��
�� 
	���� �� �����
����� �$!�%,�+!7 92!� ��:�
����1

"
���� ��	� ������� �	� �������� �	 AJJJ `L�%+���%�$�� "+ �����(%� "� ��*�$�%
�$ %� ��+)� �%�� ���1 2�'=!0'..� ��+��+%� 92!� ��:1

"
���� ��	 <@@@ ��!�"��$�� "� ���!�%�� "� ��*�$�$�� %+! + (!�5� <
� !
��

	�

5���
� �-4�1�2�� ��1 ���-<@@@-@@<1

"
���� ��	� ������� �	� �������� �	 <@@A ���.%���� 
 *�%$�7�$�� �0 � ��*�$�$�� 
L�!$�' �����(%��1 (,=�;**/� 
 $1 �.)(1 � ��*�$�$�� � ��%�"� � 9	��:1


����  	 �	 � ����&�  	 +	 AJII �� �$+". �0 $�� �����(%� �0 �!!�.% �0 ��*�$��%�1 ��

2����� -����� *��1 AJ@� K@JRK<61


����  	 �	� ����&�  	 +	 � !���
�� �	  	 AJII ���% ��)(!�%%�� � " #�$
2�!)�$�� � ��*�$��% �����(%�" ,. � ����E N�*��1 8	��
�� L��1 ==<� ��1 GAGK�
6@6R6@I1


��
��� ��	 AJJ= >1���� �� �	 ��
	����� ���
� ����� �� �	���	���
 �	
������ �
 ���

�� �	 �
�������
 �� ���
����
 �	
� ��� ��
���	���
�� ���
	�������>1 ��4%� "� "��$�!�$
/!%� ����� ���.$��� �/+� 2�"�!��� "� ��+%�  �� 
 %$�$+$ "� ����� �% �."!�+��/+�%
�$ "� ���� �/+� "�% 2�+�"�% 9
���2-���:1

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



(�(��)4,'��> *%!

+���%� �	 �	 AJJG �
 %$�,���$. �0 �� *�!7� 7 %���E B�*�% � " %� ��+)� �%�� ���1
������	� 
��� 1�� L��1 6K� ��1 61

������� �	 AJJK >(�
�
������
 ? ������� �� ���
����
 �� �	���	���
 @ ���	
����� ���

�
���
	������ �� �
�������
>1 ��4%� "� "��$�!�$ %*.!� ����� ���.$��� �/+� 2�"�!���
"� ��+%�  �� 
 %$�$+$ "� ����� �% �."!�+��/+�% �$ "� ���� �/+� "�% 2�+�"�%
9
���2-���:1

������� �	� �������� �	� �������� �	 AJJ< `�!�%%�� % � %$�$��  ��!�% 7� �!��% (�!
+ � (���� "� ��*�$�$�� (�!$������1 
� % �
��� ��� A����%��� ���

��� (	���	���


042� �"�$� (�! `�� ��+���� ��� ����� $�)� H� 6HJR6I6� ��!�%1 �����$� �."!�$��� �/+�
"� 2!� ��1

������� �	� �������� �	� �������� �	 AJJA ���*�$�$�� �!�%�� ��B�! �% � ����� 7
2��$�! 0�! �!�%�� �0 �."!�+��� ����� �%�1 (	���	���
 ./ 0����� A%$ ����-#���
2�+�"% � 71 �� 0� ��!$�� " 9	��:1

����&�  	 +	 AJJK ��'(�!�)� $�� %$+"��% �0 ,+,,�� �����(%��1 �
 ��5� B�	C� �$ ��1
D���� ��+,,�� ". �)��% � " � $�!0��� (�� �)� ��� Y�+B�! ���"�)�� �+,�1� ���
��$��!�� "%� AHR=AA1

����&�  	 +	� �
����� *	 �	� ������� �	  	 �	� !������ �	 �	 AJJ< ���$-%(�$

7 �$�� ����� �%)% 0�! �'(��%�*�% � " �!�(���� $%�1 ����� 9
	
�� 5� 0��� ��
�� ,��
!!/� <GJR<I=1

�
���%0�������� �	 AJJK �� ��.%� "� ���!�%�� "� ��*�$�$�� (�! %�)+��$�� %
 +)�!�/+�% "��)(��$%�1 9�%�� �� A����
	�� 
 %$�$+$ ��$�� �� ���.$��� �/+� "�
�!� �,��� �����.�� �!� �,�� 92!� ��:1

�
���%0�������� �	� ���
�&�  	 �	 AJJI ��  �B �((!���� $� �*��+�$� $�� ��*�-
$�$�� �!�%�� ��B�!�1 �� 2����� 1
��
��
�
�� L��1 A<@� ==6R=KK1

��,�'�1�� �	� �'����%�� 2	 AJI@ ��8��$% �0 $�� �� -�/+���,!�+) �� "� %�$�� �0
L�(�+! � $�� �!�%%+!� N�*� �!�"+��" ,. $�� �����(%� �0 � �+,,�� � � ��/+�"�1 #1
2�+�" ����1� *��1 JH� (�!$ =� KIAR6A<1

(���
��� �	 �	 AJ6< ���� �����(%� � " �!�B$� �0 � �(��!���� �+,,�� � � L�%��+%
��)(!�%%�,�� 2�+�"�1 ���1 
 %$1 �0 ����1 �."!�". �)�� ��,1� ��(1 ��1 <G-K1

�������� �	 (	 AJG= ��,%�!*�$�� % � ��*�$�$�� 
�)�7� � � 2��B� 7 �.%$�)�1
9
	
�� ,0-1� �� �� B	��� 1
��
��
�
�� =KHR=GH1

���&�

' 
$ "����%���� ��& ���%�)% AJI< G< " �"�$�� � ��� �!�%%1

�������� "	 AJKA �����!. �0 $�� �+�%�$�� % �0 $�� ��% �!�"+��" ,. � 	 "�!B�$�!
�'(��%�� �1 ��($1 ��1 <=G� �C�� �0 ���� $�5� ��%��!�� � " 
�*���(()� $1

��)'����� �	� ���%%��� �	 AJGK `�����(%� � " ��,�+ " �0 �(��!���� �+,,�� � 
N�$�!�1 ����� �� 2���� H� A1

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



*%+ (�(��)4,'��>

������$��&�� �	� �������� �	 �	� (�
%%����� �	� �
�%�� 
	 AJJI �� ��.%�% �0
��.���7�-���%%�$ 
. �)��% 0�! �� ��+)� �%�� 7 ,+,,��%�1 �� 2���� -����� *��1 =G6�
AHAR<@K1

�
�3$�%%�  	� ���������� �	� ����
 �	 AJJI `����E N�*� �)�%%�� % �0 � �� �-
�+)� �%�� 7 �+,,���1 ����� 
��� ����� 0%� <=1

���
� �	� ���&�� 2	� ������
� �	 AJHI `����� �%) � " ����� 7 �0 ��*�$�$�� 
�!�%�� �1 �
��� �� ��� <=!! "85 0��������� K6<RKGJ� N�%�� 7$� � 
1�1 9	��:1
���1

���'1

&�  	 (	� ������ �	 �	 AJK< ���� �!�%%+!� N�*� �!�"+��" ,. � 	 "�!-
B�$�! �'(��%�� �1 ��($1 ��1 66I� �C�� �0 ���� $�5� ��%��!�� � " 
�*���(()� $1

�
��$��&� �	� ���
�
�� �	 AJKK �� $�� 
�%$!+�$�*� ��$�� �0 ��*�$�$�� �1 ��

,���� ������ %#� KJ6R6@G1

������ �	� 
�����  	 !	� �������� �	 (	 AJH@ ���*�$�$�� �1 8��E� -�F
	6�4���1
6HI (�7�%1

����3� !	  	� ��)����� �	 �	� (������ 
	 �	 AJJ6 ���� ���$$�!� 7 0!�) �
�� ��+)� �%�� 7 �+,,�� � N�$�!�1 ,������ "������ L��1 =K�  +) A6� <GKIR<G6K1

�
�%�� 
	� ������$��&�� �	 AJJH �
 �!$ ��% ���+)+��$�� � �� ��+)� �%�� 7
�+,,��%�1 �� (���� �������� L��1 A@H� GHIGRGHJH1

����
���� �	 AJIJ ��� $!�,+$�� & ���$+"� "� ���!�%�� (�! ��*�$�$�� "� % ����+�1
��4%� "� "��$�!�$� ����� ���.$��� �/+� 2�"�!��� "� ��+%�  �� ��1 I<A1

*��&4� "	 �	� +���%� �	 2	 AJGA �� $�� ����� �%) �0 ��*�$�$�� 
�)�7� ,.
�� ��)�%(��!���� ��*�$��% � �� $��$ B�$� � ����" ��+ "�!.�1 9
	
�� ,00-1 A�

�� B	��� 1
��� 0!� GKIRG6G1

*
�&����� "	� 5%�������  	 AJIH ���.%��% �� ",��E�1 �$+"� $��$$�!�$+!1

�������� �	 AJJH >�
�������
 �� ���
����
 �� �	���	���
@ 	��
���� �
�
�������>1 ��4%�
"� "��$�!�$ %#/*� ����� ���.$��� �/+� 2�"�!��� "� ��+%�  �� 
 %$�$+$ "� ����� �%
�."!�+��/+�% �$ "� ���� �/+� "�% 2�+�"�% 9
���2-���:1

�������� �	� �������� �	� 
��
��� ��	 AJJI ��!�"��$�� �0 ��*�$�$�� �!�%�� >
� � �!7. �((!�����1 �� 2����� 1
��
��
�
�� L��1 A<@� HAJRH<H1

�������� �	� �������� �	� 

����  	 �	 AJJ6 ���*�$�$�� �!�%�� > �$�$�%$����
� ��.%�% �0 �!� %�� $ ��*�$��%�1 !
�� 0���� �
 (	���	���
� ��*�J6� 
��+*����1

�������� �	� ������� �	� �������� �	 AJJK �
. �)�� ����,!�$�� �0 �!� %�� $
�� %�!% ,. �(�!E �� �!�$�" ��*�$. #1 �1 ���E� �� 	�� 9�"%:� B����� 	
� !
��
�	��

���
���
	� <<HR<K@1

���%%��� �	 AJKJ ���� 
. �)��% �0 ��*�$�$�� �+,,��%�1 �� ,���� -���� %-� <HH1

���������� �	  	� !�������� �	 �	 <@@@ ������	�
�������� > ��B �+,-
,��% �+! ��+ " � $� ��7�$�1 ,

�� 5��� 2����� -����� *��1 =<� KK6RKHG1

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



(�(��)4,'��> *%#

�������� �	 AJAH �� $�� �!�%%+!� 
�*���((�" � � ��/+�" "+!� 7 $�� �����(%� �0 �
�(��!���� L��"�1 �����������	� -	�	G�
� 	
� ���

	� �� 0���
��� !+9G:� JKRJI1

���
�&�  	 �	� �
���%0�������� �	� ��)���� �� AJJJ �� ��.%�% �0 
�)�7�"
�+!0���% > ��!$ 
 > ��*�$�$�� ��!E ���%+!�)� $% ,. =
 ��%�! �!�5��)�$!.�1 �
���

H
� ,0-1I�0-1 ���
� 2����� 1
�� (�
��� �� 2!� ��%�� 9	��:1

��&��� �	 AJIH ���/+�" M�$ 
)(��$ - ����E N�*�% � N�$�! - � ��.$���� ���+$�� %�1
!
��

	� 
���
�� A��� �� -����� �	�� ��
 4��
	���� -	���
��1

��&��� �	 AJII �����E N�*�% � N�$�!�1 �� ,���� ������ -+ 9A:� A6<RA6I1

��$$���� �	 (	 AJJ< �L�!$�' 
. �)��%�1 (	��
���� ��
��
	��� �
 -���	
��� 	
�

,������ -	����	����1

%����� �	 �	 �	 AJI6 �� ����!�$���� �$+". � ��*�$�$�� �!�%�� !�$��1 (	���	���


�
 4��
	���� 0�
����
�� 	
� 9�
���	���
	
�� ��,+/+�!/+�� ��B ��'��� 9	��:1
����Z���� ����� ��% �� 0�!� ��1

���
����� �	� �������� �	� ���� &� "��3����� 6	 AJIJ `� �� � ���%+!�)� $
�0 ��*�$�$�� �!�%�� ��$� � � <
 ���� �!�5���1 �
��� �� !
��

	���
	� 0��������

�
 (	���	���
 8���� 	
� 1
����
 �
 2���� 0������� $�)� 2�
 II� J6RA@<� �� 
2!� ��%�� 9	��:� ���� N� $�! �  +�� ���$� 71

2���������&��� �	 AJHA ������ 7 ��B% 0�! ��*�$�$�� �!�%�� �1 �
��� �� !'9,-

0���� �
 J�6 �� 6	��
 	� ���� ������� K@6RK<6� ��  � 7!�"1

�����	� �	� 2�'������ �	� 2
����� 6	 � 5�%�1�� *	 AJI= `����� �%) �0 
)(��$
�!�%%+!� �� �!�$�� 0!�) �(�!E-�� �!�$�" �+,,�� �����(%�  ��! � N����1 ,,,,�
*%� 66R6J1

2
����� 6	 � �����	� �	� 2�'���%��� �	 AJI= `��� �����(%� �0 � 7�% ,+,,��
�$$����" $� � %���" B��� ,. � %���E B�*��1 �� 2���� 1
�
��� %&#� =KAR=KJ1

2
����� 6	� �����	� �	 � 5��
� 2	 AJIK `�����(%� �0 )+�$�(�� 7�% ,+,,��% ,. �
%���E B�*� � " � "+��" �)(+�%�*� (!�%%+!��1 �� ,���� ������ #-� A<61*

2
����� 6	� �����	� �	 AJIG `����� �%)% �0 
)(+�%�*� �!�%%+!� �� �!�$�� � "

�)�7� ��$ 2�!)�$�� ,. �+,,�� �����(%��1 �� 2���� -����� %-/� 6=6R6GK1

-
���� �	� �������
��� !	� 2���� �	 AJIJ `�($���� � " ���+%$�� 
 *�%$�7�$�� %
�0 $�� 
. �)��% �0 ��%�!-(!�"+��" �+,,��% ���! � ����" ��+ "�!.�1 �� 2����� -�����
*&-� <JJR==I1

!���
�� �	  	 � ����
�&%� (	 2	 AJIK ��� ��+)� �%�� ���1 ,�� �
 ������ L��1
==� 6J6RGG@1

!���� 6	 "	� �������� "	 AJJG �����E B�*�% � ���+" ��*�$�$�� �1 %+,)�$$�" $�
�� 2����� -����1

!��&� �	� +��
��� 
	 "	 AJJ@ ���� � �!7��% � " �!�%%+!�% �0 ���+%$�� �!� %�� $%
�%%����$�" B�$� �($���� ��*�$�$�� � N�$�!�1 ���

	� �� -���

 "������ L��1 =H�
�� K� I@=RIAA1

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



*%- (�(��)4,'��>

!� � �
����% AJJK �����E-N�*� �!�(�7�$�� � � �� ��+)� �%�� 7 ��% �+,,���1
����� �� 2������ L��1 G� ��1 J1

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



2�
�

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

-�
�� ? 0����	
�� �� 0���
� ���
 ���
� �
���
	����
��

�� ���
 �	���
���

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




