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

� ��������

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

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

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

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

���
� �� �������	��� � �� �� ���	���

�$�
��� ��� �� �%��
��� &����' (�
����
�� �� )��%����*�� �+,-.� �. &����'� �/����

�$�
��� ��� �� �%��
��� �	��
�� ��
���� 0���
����� 
1������
���� �������% 0���
����� (�
����
��

�� 2��
����
�� ����� 3��!���� 2��
����
� -���#� (���4�

�$�
��� ��� �� �%��
�� ��� 4������ �� (�
����
�� �� &����� &���� &�� -�)� (�5�

��&�!�����
�� �67��8���*��
%
� 3
���*
9�� :&73;� (	� 21�� ���� � (�
����
��8 3������< ��

����
�� 	��
�� �64����%��� � ��� �� ���������� ������� =,����� 4����%��� =�����

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

/+$.*%&&� *+*�!*.%*�+�!�*� 1��
���� 
���
�������

����	��


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

&�$0"�0$%. &!,!"+& +$% !*"$%+&!*1,( )%!*1 !*2%&�!1+�%.� 3%

/+2% %4',�$%. �/% 0&% �# + &�+*.+$. �+*�&"�'% ��� �0,�!5

 �.% +�� !" #�$"%  !"$�&"�'% 6���7 �� &�0.( �/% &!,!"+

&/%,, �# .!+�� &� 
/% .%,!"+�% &�$0"�0$%& �# �/% &/%,, &0$#+"%

�# �/% .!+�� 1��
���� 
���
������ 6�$%8)�7 �!,&% 9%$% ! +1%.

+*. �/% &/%,,:&  !"$� %"/+*!"+, '$�'%$�!%& 9%$%  %+&0$%.

&% !5;0+*�!�+�!2%,( 9!�/ + $%&�,0�!�* .�9* �� +''$�4!5

 +�%,( <= * � 
/% �%"/*!;0% ��  %+&0$% %,+&�!"!�( +*.

/+$.*%&& 9!�/ �/% ��� 9+& .% �*&�$+�%. �� )% 0&%+),%

%2%* �* �/%&% /+$. 1,+&&5,!>% &0$#+"%&� �!##%$%*� %4'%$!5

 %*�+, "�*#!10$+�!�*& +*. %2+,0+�!�*  %�/�.& 9%$% �%&�%.�


/%( 1+2% + "�*&!&�%*� $%&0,� �# �/% &/%,,  !"$� %"/+*!"+,

'$�'%$�!%&� 
/% #!$&� $%&0,�& &/�9%. �/+� �/% .!+�� &/%,,:&

�2%$+,, /+$.*%&& +*. %,+&�!"!�( 9+& &! !,+$ �� �/+� �# >*�9*

&!,!"+&� ��9%2%$� $%1!�*& 9!�/ .!##%$%*�  %"/+*!"+, '$�'%$5

�!%& 9%$% .!&�!*10!&/%.� 
/% %,+&�!"  �.0,0& 2+$!%. #$� ?

�� @= A�+� #$� @= �� <== A�+ +*. #$� B= �� /0*.$%.& �#

A�+ .%'%*.!*1 �* �/% ,�"+�!�*� �* 1%*%$+,� �/% /+$.*%&&

 %+&0$% %*�& &/�9%. &! !,+$ &'+�!+, .!##%$%*"%&� 
/%

/+$.*%&& 2+,0%& $+*1%. #$� < �� <@ A�+ )0� �*% &'%"!#!"

'+$� �# �/% &/%,, 9+& %2%* /+$.%$� �%*"%� "%$�+!* ,�"+,!-%.

$%1!�*& �# �/% &/%,, 9%$% &!1*!#!"+*�,( /+$.%$ �$  �$% %,+&�!"�


/%&% $%1!�*& "�!*"!.% 9!�/ >*�9* "/+$+"�%$!&�!" #%+�0$%&

+*.  %"/+*!& & +''%+$!*1 +� �/% .!##%$%*� &�+1%& �# �/%

&/%,,:& 1$�9�/� 
/%&% $%&0,�& &/�9 �/+� �/!&  %�/�. &%$2%&

+& + "� ',% %*�+$( ���, !* �/% &�0.( �# &!,!"+ )!� !*%$+,5

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

�
���������


�!� ! %�!"& !& + *%9 &"!%*"% �# &(*�/%&!-!*1 *%9 +*. )%��%$

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

)!� !*%$+,!-+�!�*� �*% %4+ ',% !& �/% +)+,�*% *+"$%� 9/!"/

"�*&!&�& �# &!*1,% "$(&�+, �+),%�& �# +$+1�*!�%� "% %*�%.

��1%�/%$ )( �/!* ,+(%$& �# �$1+*!"  +�%$!+,� �� $%;0!$%& B===

�! %&  �$% 9�$> �� #$+"�0$% +)+,�*% *+"$% �/+* 1%�,�1!"+,

+$+1�*!�%� 
/%$%#�$%�  �.%,& /+2% )%%* '$�'�&%. #�$ �/%

*+"$% 1$�9�/ 6	"/+##%$ �� ���� <CC?7 +*. �/% %,+&�!"

'$�'%$�!%& �# �/% *+"$% �$1+*!"  +�%$!+, /+2% )%%*

 %+&0$%. 6	 !�/ �� ���� <CCC7� ��$%�2%$� +��% '�& /+2%

)%%*  +.% �� "�*&�$0"� &(*�/%�!"  +�%$!+,& 9!�/ &�$0"�0$%&

&! !,+$ �� �/+� �# �/% *+"$% 6�, ;2!&� �� ���� <CCC7�

� $%,+�%. 1$�0' �#  +�%$!+,& !& &(*�/%�!"+,,( .%$!2%. &!,!"+5

)+&%.  +�%$!+,&� �+�0$+, &!,!"+& "+* )% #�0*. !* 0*!"%,,0,+$

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

/+& &�+$�%. �� $%2%+, �/%  %"/+*!& & #�$ �/%!$ &(*�/%&!&

6��$&%� <CCC7� �!+�� & 6�+"!,,+$!�'/("%+%7 +$% &0!�+),% #�$

&�0.!%& �# )!� !*%$+,!-+�!�* +*. �/%( "+* !*&'!$% *%9

+''$�+"/%& �� &!,!"+ '$�.0"�!�* 6�$!%,!*1 �� ���� <CCC7� 
/%$%

!& + 1$�9!*1 .% +*. #�$  %&�'�$�0& &!,!"+& #�$ 0&% +&� #�$

%4+ ',%� #!,�%$ +1%*�&� !�*5%4"/+*1%  +�%$!+,& +*. +)$+5

&!2%&� �%*"%� &�$0"�0$+, +*.  !"$� %"/+*!"+, !*#�$ +�!�*

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

*+*�#+)$!"+�%. &�$0"�0$%& �� '/(&!"+, '$�'%$�!%& +*. �/%5

�$!%& �# 1$�9�/  %"/+*!& &� �$%2!�0&,(� !� /+& )%%*

.% �*&�$+�%. �/+� "�*�+"�5 �.% +�� !" #�$"%  !"$�&"�'(

6���7 "+* )% 0&%. #�$ &�$0"�0$+, &�0.!%& �# .!+�� & !* +!$

6�!*.%$ �� ���� <CC@7� 
/% +.2+*�+1%& �# ��� "� '+$%. ��

�$+.!�!�*+, &"+**!*1 %,%"�$�*  !"$�&"�'( 6	��7 ! +1!*1 +$%

�/% /!1/ $%&�,0�!�*� �/$%%5.! %*&!�*+, ! +1!*1 +*. �/%

+)!,!�( �� &�0.( �/% .%,!"+�% 2+,2%  +$1!* 9!�/ +  !*! 0 D�$$%&'�*.%*"%E �� �, ;2!&�� 
%,�E � FG C@=?@@C<H #+4E � FG C@= C<=?FH

%5 +!,E �!,&��, ;2!&�I ��,0�/�&%

J<K � @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(



�# &+ ',% '$%'+$+�!�*� ��� !" #�$"%  !"$�&"�'(  +>%& !�

'�&&!),% ��  %+&0$% &�$0"�0$+, +*. '/(&!"+, '$�'%$�!%& 9!�/

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

$%&0,�& #$� ��� *+*�!*.%*�+�!�* �$ %,+&�!"  %+&0$% %*�&

/+& )%%* �/% &0)L%"� �# .!&"0&&!�*� )0� %2%* $%,+�!2%

 !"$� %"/+*!"+, .+�+ +$% �# 1$%+� ! '�$�+*"%�

�!+�� & +$% 0*!"%,,0,+$� %0>+$(��!" '$��!&�& 6��0*. �� ����

<CC=7� 
/%( +$% '!1 %*�%.� '/���&(*�/%�!" +*. ,!2% !* )��/

 +$!*% +*. #$%&/9+�%$� 
/% "/+$+"�%$!&�!" �# .!+�� & !& �/%!$

+)!,!�( �� '$�.0"% + &!,!"%�0& "%,, 9+,, �$ &/%,,� 9/!"/

'$%&%*�& /!1/,( .%�+!,%. &'%"!%&5&'%"!#!" %,+)�$+�%,( '+�5

�%$*%.  !"$�&�$0"�0$%&� �%&!.%& &!,!"+� �/% .!+�� 9+,, !&

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

+ �0*� �#  %�+,&� 
/% "%,, 9+,, !& #�$ %. �# �9� �2%$,+''!*1

/+,2%& 62+,2%&7� 9/!"/ +$% ,!*>%. ��1%�/%$ )( �/!* "!$"0,+$

&!,!"+ 1!$.,% %,% %*�&� 
/% 9+,, "� '�*%*�& +$% "�,,%"�!2%,(

�%$ %. �/% #$0&�0,%� 
/% ,�9%$ '+$� �# �/% #$0&�0,%� �%$ %.

�/% /('�2+,2%� !& & +,,%$ �/+* �/% 0''%$ +*. �0�%$ '+$� �#

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

+*. /('��/%"+  �2% +'+$� +& *%9 2+,2%& +$% &(*�/%&!-%.�

��,,�9!*1 .+01/�%$ "%,, &%'+$+�!�* *%9 1!$.,% )+*.& +$%

.%'�&!�%. �� "� ',%�% �/% #$0&�0,% �# �/% �9� *%9 .+01/�%$

"%,,&� 
/% #$0&�0,%  +( /+2% + "� ',%4 &�$0"�0$% +*.

0&0+,,( /+& #!*% �'%*!*1& !* �/% "%,, 9+,, 6'�$%&7 �$ �'%*!*1&

"�2%$%. 9!�/ + �/!*  % )$+*% 6'�$�!.&7� �� '$%&%*��

)%�9%%* <@ === 63%$*%$� <C??7 +*. G= === 6A�$.�* �

�$0 � <CCF7 .!+�� &'%"!%& /+2% )%%* !.%*�!#!%. +$�0*.

�/% 9�$,.� %+"/ �# �/% /+2!*1 !�& �9* &'%"!#!" !*�$!"+�%

 �$'/�,�1(� 
/%$% +$% �9�  +L�$ 1$�0'& �# .!+�� &� .!2!.%.

�* �/% )+&!& �# �/%!$ &(  %�$(E "%*�$!" .!+�� & /+2% +

$+.!+, &(  %�$(� +*. '%**+�% .!+�� & /+2% + )!,+�%$+,

&(  %�$(� �!+�� & &%"$%�% ,+$1% + �0*�& �# %4�$+"%,,0,+$

'�,( %$!" &0)&�+*"%& 6%&&%*�!+,,( '�,(&+""/+$!.%&� &%%

��+1,+*. �� ���� <CCB7� ��&� '%**+�% .!+�� & '�&&%&& +

,�*1!�0.!*+, &,!� !* �/% 2+,2% "+,,%. + $+'/%� 9/!"/ !& $%,+�%.

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


/% &�$0"�0$% 6	"/�% +* �� ���� <C?G7 +*. &/%,, #�$ +�!�*

6D/!+''!*� � ��,"+*!� <C??7 �# �/% #$%&/9+�%$ '%**+�%

.!+�� 1��
���� 
���
������ 6�$%8)�7 �!,&%� 0&%. !* �/% '$%&%*�

9�$>� /+& )%%* %4�%*&!2%,( &�0.!%.� �� /+& )%%* '$�'�&%.

�/+� �$1+*!"  +"$� �,%"0,%& '+$�!"!'+�% !* �/% '$%"!'!�+�!�*

�# &!,!"+ +*. !*#,0%*"% �/%  �$'/�1%*%&!& �# �/% "%,, 9+,,

6��)!*&�* � 	0,,!2+*� <CK?H �!">%��5�%+'&� <CC=7� 
/%

'$! +$( &�$0"�0$% #�$ &� % �# �/% 1� 
���
������ "%,,59+,,

'$��%!*& /+& +,&� )%%* .%�%$ !*%. 6�+* .% ��,, �� ���� <CCC7�

��9%2%$� ,!��,% !& >*�9* +)�0� �/% .%�+!,%. '+�/9+(& �# "%,,

9+,, #�$ +�!�*� �*"$%+&%. >*�9,%.1% �# �/% #$0&�0,%

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

0*.%$&�+*. �/% �$1+*!" +*. !*�$1+*!" '$�"%&&%& !*2�,2%. !*

&!,!"+ )!� !*%$+,!-+�!�*�


/% +! �# �/% '$%&%*� 9�$> 9+& �� %4',�$% �/%

'�&&!)!,!�!%& �# �/% +�� !" #�$"%  !"$�&"�'% +& + "� ',%5

 %*�+$( �%"/*!;0% !* �/% &�0.( �# .!+�� & +*. )!� !*%$5

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

�/% & +,, )0� %4�%*&!2%,( &�0.!%.  �.%, .!+�� 1�


���
�������

��������
�	� �	����	�
 	
� ������



/% .!+�� &'%"!%& 1� 
���
������ 9+& �)�+!*%. #$� 	"$!''&

�%&%+$"/ �*&�!�0�%� 	+* �!%1�� �/$�01/ �/% "�0$�%&( �# �$ ��

�!,.%)$+*.� 
/% "0,�0$% 9+&  +!*�+!*%. +� <? �D 0*.%$ +

"�*�!*0�0& '/���* #,0%*"% $+�% �# +''$�4! +�%,(

<== ��  �@ &�<� !* ,!;0!. #$%&/9+�%$ �$('��*% 6�3
7

 %.!0 6�%! +** �� ���� <CGG7� ��$ �/% '0$'�&% �# �/%

%4'%$! %*�&� �/% .!+�� & 9%$% ',+�%. �* + �3
  %.!0 

&�,!.!#!%. 9!�/ <�JM +1+$ +*. #0$�/%$ 1$�9* 0*.%$ �/%

+)�2% .%&"$!)%. "�*.!�!�*&� �#�%$ +)�0� <= .+(&� &� % "%,,&

9%$% �$+*&#%$$%. !*�� .!##%$%*� &0)&�$+�%5"�2%$%. &�%%,5',+�%&

)( +'',(!*1 �/% ',+�%& +1+!*&� �/% 2!&!),% "�,�*!%&� 
/%

',+�%& 9%$% �/%* %!�/%$ .!$%"�,( ! +1%. �* �/% +�� !" #�$"%

 !"$�&"�'% �$ �$+*&#%$$%. !*�� ,!;0!. �3
  %.!0 #�$

#0$�/%$ .!+�� 1$�9�/� 
/% .!+�� & #$� �/% �3
  %.!0 

9%$% '$%'+$%. )( &%2%$+, .!##%$%*�  %�/�.& #�$ ���

 %+&0$% %*�&� ��$ ',+!* ! +1!*1� �/%( 9%$% +,,�9%. ��

1$�9 �* + &0)&�$+�% &0$#+"%� $!*&%.� %2%*�0+,,( .$!%. +*.

�$+*&#%$$%. �� �/%  !"$�&"�'% #�$ ! +1!*1 !* ,!;0!. �$ 0*.%$

+ )!%*� "�*.!�!�*&� 
/%  !"$� %"/+*!"+, '$�'%$�!%& 9%$%

 %+&0$%. �* .$!%. &+ ',%&� 
/%&% &+ ',%& 9%$% $!*&%. !*

%�/+*�,� �� '$%2%*� 1$�9�/ �#  !"$��$1+*!& &� +*. .$!%.� �*

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

 +�%$!+,�

�+"$�&"�'!" �!">%$& /+$.*%&& �* $%#%$%*"% &0$#+"%& 9+&

 %+&0$%. 9!�/ + "�  %$"!+,  !"$�/+$.*%&& �%&�%$ 6�+�&05

-+9+ �N
5DN� ��+5>0� 
�>(�7� 
/%  !"$�&"�'%& 0&%. 9%$%

�/$%% "�  %$"!+, �+*�&"�'% ��� �0,�! �.% 6�!1!�+, �*&�$05

 %*�&� 	+*�+ �+$)+$+� O�	���7  !"$�&"�'%&� 	%2%$+, .!##%$%*�

�('%& �# "+*�!,%2%$ 9%$% 0&%. #�$ �/% &�0.!%&� 	�+*.+$.

&!,!"�* �+''!*15 �.% �!'& 6�!1!�+, �*&�$0 %*�&7 +*. &!,!"�*

�$ &!,!"�* *!�$!.% "�*�+"�5 �.% �!'& 6
/%$ ��!"$�&"�'%&H

	0**(2+,%� D�H �!1!�+, �*&�$0 %*�&7 9%$% 0&%. #�$ ',+!*

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

3% +&&0 %. �/% &!,!"�* �!' �� /+2% + ��0*1:&  �.0,0& �#

<J= A�+ +*. + ��!&&�* $+�!� �# =�<?� 
� #!*%5�0*% +*.

&�!##%* �/% &�+*.+$. &!,!"�* .!2!*1 )�+$. "+*�!,%2%$&� "�,.

&�%%, 9%,. $%&!* 6P5� 3%,.� 	0,'/0$ 	'$!*1&� 
%4+&� O�	���7

9+& +��+"/%. �� �/% )+"> &!.%� ��9+$.& �/% )+&%� �# �/%

),+.%5,!>% �!''%. &!,!"�* "+*�!,%2%$&� 3% 0&%. �/% "�  %$5

"!+,,( +2+!,+),% .!+ �*. �!''%. &�+!*,%&& &�%%, "+*�!,%2%$&

#$� �!1!�+, �*&�$0 %*�& #�$ *+*�!*.%*�+�!�*� 
/% �!' 9+&

+&&0 %. �� /+2% +* �0�%$ �&� $+.!0& �# @J * � +& &'%"!#!%.

)( �/%  +*0#+"�0$%$� 
/!& +&&0 '�!�* 9+& 2%$!#!%. )(

&"+**!*1 �/% �!' �2%$ &/+$' &0$#+"% &�%'& +*. !*&'%"�!*1 �/%

! +1%&� 3% "�*",0.%. �/+� !� 9+& & +,,%$ �/+* F= * � 
�

"+,!)$+�% �/% &�!##%$ "+*�!,%2%$&� 9% "�*&�$0"�%. + "+,!)$+�!�*

&'$!*1� �*% %*. �# + �0*1&�%* 9!$% 9+& 1,0%.� +�

+''$�4! +�%,( FJ�� �*�� + &�%%, ',+�%� �* �/% ��/%$ %*.

9% 1,0%. + & +,,� +''$�4! +�%,( <   @�  !"+ Q,+*.!*1

��� �� �����
� ���
��	 J<C

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@



',+�%:� 
/% &'$!*1 "�*&�+*� �# �/% �0*1&�%* &'$!*1 9+&

.%�%$ !*%. )( '$%&&!*1 !� +1+!*&� +  !"$�)+,+*"% 9!�/ +

 !"$�'�&!�!�*%$ +*.  �*!��$!*1 �/% #�$"% +& + #0*"�!�* �#

�/% '�&!�!�*� 
/% $%#%$%*"% &'$!*1 "�*&�+*�� 5���� 9+&

.%�%$ !*%. +& <FB � @ �  �< 6 %+* � 	�7� 
� .%�%$ !*%

�/% &'$!*1 "�*&�+*� #�$ �/% +"�0+, "+*�!,%2%$� 9% $%"�$.%.

#�$"% "0$2%& �* + Q/+$.: &0$#+"% +*. �* �/% $%#%$%*"% &'$!*1�


/% &'$!*1 "�*&�+*�� 5� !& %4�$+"�%. #$� �/% &(&�% �# �9�

,!*%+$ &'$!*1& !* &%$!%& &! ',( +&E

5 � 5��� �%��� � ����
����

� �
� �<�

9/%$% �%��� +*. � ��� +$% �/% &,�'%& �# �/% #�$"% "0$2% �* �/%
/+$. &0$#+"% +*. �/% $%#%$%*"% &'$!*1� $%&'%"�!2%,(� �0$

&�+!*,%&& &�%%, "+*�!,%2%$ 9+& &/�9* �� /+2%

5 � <@J �  �<�

���������	
��	� ��	
�����
�


>������ ����
�����
��� ��� ����/���

�* + �('!"+, %,+&�!"!�( �$ !*.%*�+�!�* %4'%$! %*�� �/% &+ ',%

!& $+!&%. !*�� "�*�+"� 9!�/ �/% '$�)% �!'� �/%* #0$�/%$ $+!&%.

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

,�9%$%. �� 9!�/.$+9 �/% �!' #$� �/% &0$#+"%� 
/% -5

'!%-�%,%"�$!" &"+**%$ "�*�$�,& �/% 2%$�!"+,  ��!�* &! 0,�+5

*%�0&,( +& ,�+.5.!&',+"% %*� .+�+� �/% &�5"+,,%. #�$"% "0$2%�

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

 %+&0$% %*� !& +)�0� �/% -5'!%-�5&"+**%$� �!%-�5&"+**%$&

+$% >*�9* �� '�&&%&& *�*,!*%+$!�(� "$%%' +*. /(&�%$%&!&�

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


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

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

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

�/% *�*5*�$ +, ,�+.!*1 �# �/% �!' +1+!*&� �/% &0$#+"%

6#0$�/%$ .!&"0&&%. )%,�97� 
/% 0&% �# 2%$( &/+$' �!'& #�$

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

+..!�!�*+, ,�&& �# %*%$1( .0% �� "$+">!*1 +*. "0��!*1 �# �/%

&+ ',%� 
� +"/!%2% /!1/ '$%"!&!�* ;0+*�!�+�!2% .+�+ �*% /+&�

+� ,%+&�� �� "+,!)$+�% �/% &(&�% �* + &+ ',% 9!�/ >*�9*

 !"$� %"/+*!"+, '$�'%$�!%&�

D+,!)$+�!�* �# �/% ��� .%#,%"�!�* .%�%"�!�* &(&�% !&

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

"+*�!,%2%$ .%#,%"�!�*� !�%� �/% ��� '/���.%�%"��$ &!1*+,� !&

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


/% #�$"%� =� %4%$�%. )( �/% "+*�!,%2%$ !& &! ',( �/% '$�.0"�

�# �/% "+*�!,%2%$ &'$!*1 "�*&�+*� +*. �/% "+*�!,%2%$

.%#,%"�!�*� �* �/!& 9�$> 9% "+,!)$+�%. �/% "+*�!,%2%$

.%#,%"�!�* +� ,�9 ,�+.& �* 	!6<<<7 )0� 2%$( /+$.  +�%$!+,

&0"/ +& &+''/!$% !& &� %�! %& '$%#%$+),%� �0$ %4'%$!%*"% !&

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

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

#�$"%& �# +&  0"/ +& JR<=M� 
/%$%#�$%� 9% $%"+,!)$+�%. �/%

.%#,%"�!�* �##5,!*% )( +2%$+1!*1 �� #�$"% "0$2%& +� .!##%$%*�

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

<=== #�$"% "0$2%&�


/% �+*�&"�'% &�#�9+$% 2%$&!�* F�@B 9+& 0&%. #�$

1%*%$+, ! +1% +*+,(&!&� 
/% ��� #�$"% "0$2%& 9%$%

! '�$�%. +*. +*+,(&%. 9!�/ ���,& .%2%,�'%. 9!�/!* �/%

�A�� �$� 63+2% %�$!"&� �+>% �&9%1�� ��7 .+�+ +*+,(&!&

&�#�9+$%� 
/% &%� �# ���,& +$% �$!1!*+,,( )+&%. �* �/% �A��

�$� 	�� ���,& .%2%,�'%. &%'+$+�%,( )( P� A0(%$ !* <CCC

6/��'ESS999�/!&�"� S�L10(%$S�A��S7 +*. �� �+*%( 6�+*%(
�� ���� <CC?7� )0� �/%  +L�$ '+$� /+& )%%* .%2%,�'%. +*.

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

'$�"%.0$% 9% +$% +),% �� %2+,0+�% 9/�,% #�$"%R2�,0 %

! +1%&� !�%� + $+&�%$ &"+**%. +$$+( �# #�$"% "0$2%&� +*.

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

'$�"%.0$% +0�� +�!"+,,( #!*.& �/% "�*�+"� '�!*�� 9/%$% �/%

�!'  +>%& "�*�+"� 9!�/ �/% &0$#+"%� !* %+"/ #�$"% "0$2% )(

+*+,(&!& �# �/% &%"�*. .%$!2+�!2% !* "� )!*+�!�* 9!�/

&%2%$+, %$$�$5"/%">!*1 #0*"�!�*&�


/% %,+&�!"  �.0,0& 9+& 1%*%$+,,( %2+,0+�%. �* #�$"%

"0$2%& 9!�/ ,�9  +4! 0 ,�+.� 9!�/�0� +*( 2!&!),% ',+&�!"

.%#�$ +�!�*& �# �/% &0$#+"%� 3% +,&� 2%$!#!%. �/+� )��/

%,+&�!"!�( +*. &0$#+"% /+$.*%&& "�0,. )% %4�$+"�%. #$� #�$"%

"0$2%& $%"�$.%. +� /!1/%$  +4! 0 ,�+.&� 
/%*� �/% �!'5

&,!.!*1 +*. ��/%$ %##%"�& !* ���  %+&0$% %*�&� &0"/ +&

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

9% $%"�$.%. �/% $%#%$%*"% #�$"% "0$2%& +� ,�9 ,�+.& 9!�/

�*,( �/% %,+&�!" $%&'�*&% �# �/% &0$#+"%� 3/%* �/% &0$#+"%

$%&'�*&% !& '0$%,( %,+&�!"� �/% ,�+. +*. 0*,�+. "0$2%& &/�0,.

#�,,�9 %+"/ ��/%$� 
/!& #%+�0$% 9+& 0&%. �� "�$$%"� �/%

0*,�+. "0$2% �* �/% .!+�� &+ ',% )(  0,�!',(!*1 9!�/ �/%

,�+.5&'%"!#!" "�$$%"�!�* #+"��$&� 
/% "�$$%"�!�* #+"��$& 9%$%

%4�$+"�%. 9!�/ !.%*�!"+, !*&�$0 %*�+, &%�50' +*. +� �/%

&+ %  +4! 0 ,�+. +& 9+& 0&%. �* �/%  %+&0$%. &+ ',%�

?�������� ����
�������
��

�+*�!*.%*�+�!�* 9!�/ ��� !& &! !,+$ �� "�*2%*�!�*+,

/+$.*%&& �%&�!*1 )0� �* + 2%$( & +,, &"+,% +*. 9!�/ + /!1/

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

�� �/% (!%,. &�$%&& �# �/%  +�%$!+,� �* �/% &! ',%&� #�$ � �/%

/+$.*%&& !&  %+&0$%. )(  +>!*1 !*.%*�+�!�*  +$>& !*

;0+&!5&�+�!"  �.%� 
+''!*15 �.% ! +1!*1 9!�/ �/% &+ %

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

! '$%&&!�*&� 
/% .%'�/ �$ +$%+ �# �/% !*.%*�+�!�*& !& 0&%. ��

"+,"0,+�% �/% /+$.*%&&� ��9%2%$� !*.%*�+�!�* !& + "� ',%4

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

/+$.*%&&� 	%2%$+, .!##%$%*� 2+,0%& +$% #$%;0%*�,( 0&%.� ��$%

�$ ,%&& "�*2%*�!�*+, +�� !" #�$"%  !"$�&"�'%& /+2% )%%*

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

 +�%$!+,& 6�0$*/+ � D�,��*� <CKCH �/0&/+* � ��!*>+$�

<CCFH �+>+L! + �� ���� <CCGH �+*.+,, �� ���� <CCGH

�+*,+*.!*1/+ �� ���� <CC?+� )H A$+"!+& � 	� �$L+!�

<CCK7 !* ;0+&!5&�+�!"  �.%� �..5�* ! '$�2% %*�& �� �/%

&�+*.+$.  !"$�&"�'% 6�/0&/+* �� ���� <CCG7 /+2% )%%* 0&%.

J@= �� ������	
 +) 4& �

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@



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

 +�%$!+,&� #�$ %4+ ',% '�,( %$& 6�!% �� ���� <CCJ7� )�*%&�

+,,�(& 6A�T>%* � �% '#� <CCK7� '�,("$(&�+,,!*%  +�%$!+,&

6�/0&/+* � ��!*>+$� <CCG7 +*.  %�+,& 6�% '# �� ���� <CCK7�

�*% �# �/% '$�),% & 9/%* 0&!*1 �/% &�+*.+$.  !"$�&"�'%

#�$ *+*�!*.%*�+�!�* !& �/% "+*�!,%2%$5 �0*�!*1 +*1,%�

+''$�4! +�%,( <@� �� �/% &0$#+"%� 
/!& "+0&%& + & +,,

,+�%$+, &,!.% �# �/% "+*�!,%2%$� +*. +* +..!�!�*+, )%*.!*1� +&

!� +''$�+"/%& �/% &0$#+"%� �* �/!& 9�$>� 9% &,�9,( &"+* �/%

�!' ,+�%$+,,( !* + $+&�%$ '+��%$* &! 0,�+*%�0& �� �/% 2%$�!"+,

,�+.!*1� !* 9/+� !& >*�9* +& #�$"%R2�,0 % ! +1!*1� �(

"/��&!*1 �/% +''$�'$!+�% &"+* '+$+ %�%$&� �('!"+,,( ,+�%$+,

&"+* �# +)�0� G== * &�<� �/% �!'5&,!.!*1 9+& +''$�4!5

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

&"+*5,!*%&� !�%� %2%$( &%"�*. $�9 �# !*.%*�&� 
/% /+$.*%&& !&

"� '0�%. +& �/%  %+* '$%&&0$% +�  +4! 0 ,�+.E

? � =

4
� �

=

% 
@

�@�

�%$% = !& �/%  +4! 0 +'',!%. #�$"%� % !& �/% !*.%*�+�!�*

.%'�/ +*. � !& + "�*&�+*�� ��$ �/% !.%+, �%$>�2!"/ �$ �!">%$&

!*.%*�%$ �� <S@F�J� 
/% 1%� %�$( �# �/% .!+ �*. �!' !&�
/�9%2%$� &,!1/�,(  �$% "� ',!"+�%. )%"+0&% !� !& &'%"!#!%. ��

/+2% + �!' �'%*!*1 +*1,% �# G=��

��$ &%2%$+, "�  �*,( 0&%. !*.%*�%$ 1%� %�$!%&� �/%

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

!*.%*�%$:& 1%� %�$(� ��9%2%$� �/!& !& *�� �/% "+&% #�$ +

&'/%$!"+, !*.%*�%$ 9/%$% �/% "�*�+"� $+.!0& !& +,&� +*

! '�$�+*� '+$+ %�%$� 
� ;0+*�!�+�!2%,( +*+,(&% �/% /+$.5

*%&&� 9% "+,!)$+�%. �/% /+$.*%&& 2+,0%&  %+&0$%. 9!�/ �/%

�/$%%5&!.%. �%$>�2!"/5�('% !*.%*�%$ +1+!*&� �/%  +"$�5

&"�'!" �!">%$& /+$.*%&& 6�?7 #$� �/%  !"$�!*.%*�%$�


/% �? /+$.*%&& !* �/%  !"$�!*.%*�%$ !& ;0��%. +& �/%

$+�!� )%�9%%* �/% +'',!%. #�$"% +*. �/% #+"!+, "�*�+"� +$%+

�# �/% #�0$5&!.%. �!">%$& !*.%*�%$� �%*"%� �/% �!">%$&

/+$.*%&& !&E

�? � =

�@S@&!*
�

@

� � �B�

�%$% � !& �/% .!+1�*+, �# �/% $%&!.0+, !*.%*� +*. � !& �/%

+*1,% )%�9%%* �9� #+"%& �# �/% !*.%*�%$ 6!�%� <BG�7� ��$

�%$>�2!"/ !*.%*�%$& !� !& "�  �* �� 0&% �/% '$�L%"�%.

+$%+� �%*"%� �/% $%,+�!�* )%�9%%* �/% �%$>�2!"/� �?�� +*.

�!">%$& /+$.*%&& #�$ �/!& !*.%*�%$ !&E

�?� � <

&!*
�

@

� � �? �F�

�,�/�01/ �/% !*.%*�%$ 1%� %�$!%& +$% &,!1/�,( .!##%$%*��

9% 0&%. �?� �� "+,!)$+�% �/% /+$.*%&&  %+&0$%. 9!�/ �/%

 !"$�&"�'%� �4=	� )( !*�$�.0"!*1 + "+,!)$+�!�* #+"��$

� � �?�S�4=	� 
� #0$�/%$ $%.0"% �/% %##%"� �# .!##%$%*�

1%� %�$!%&� %2%* &'/%$!"+,� 9% !*.%*�%. )��/ �/% "+,!)$+�!�*

&0$#+"% 6!�%�  !"+ �$ &!,!"�*7 +*. �/% &+ ',% +� &+ % +'',!%.

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

#�$ %+"/ ,�+.� 
/% &+ ',% *+*�/+$.*%&& !& �@�4=	�

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

.0$!*1 !*.%*�!*1� '$�2!.%& #0$�/%$ !*#�$ +�!�* �� %2+,0+�%

+..!�!�*+,  %"/+*!"+, '$�'%$�!%&� 
/% ���+, 9�$>� !�%� �/% &0 

�# �/% ',+&�!" +*. %,+&�!" 9�$>� #$� �/% ��� �!' �* �/% &+ ',%

!& �/% +$%+ 0*.%$ �/% ,�+.!*1 "0$2% !* �/% #�$"%R.!&�+*"%

.!+1$+ � 
�1%�/%$ 9!�/ �;� 6@7 �/!& 1!2%& #�$ �/% ���+, 9�$>E

A �
�% 
%�=
=.% � ?% 

B

B�
�J�

�# 9% +&&0 % �/+� �/% /+$.*%&& .%'%*.& �*,( �* �/%

',+&�!" 9�$>�A�� 9% "+* 0&% �;& 6@7 +*. 6J7 �� "+,"0,+�% �/%

/+$.*%&& +&E

? � �=B

CA�
@

�G�


/!& %4'$%&&!�* 9+& 0&%. �* �/% 9/�,% +$$+( �#

!*.%*�+�!�* #�$"% "0$2%& �� '$�.0"% + /+$.*%&& ! +1% �#

�/% &+ ',%� �1+!*� +,, 2+,0%& 9%$% +.L0&�%. �� $%'$�.0"% �/%

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

6!* �/!& "+&%  !"+7� 	� % 9�$> /+& )%%* "+$$!%. �0� 9!�/

"�*&!.%$+�!�*& �# %2%*�0+, &/�0,.%$&� '!,%50' +*. &!*>5!*�

+$�0*. �/% !*.%*�& 6�$%"/&,%$ �� ���� <CCK7� 
/% +�� !"

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

!*2�,2%. 2�,0 %& �� ! '$�2% �/% /+$.*%&& "+,"0,+�!�*&� 
/!&

!&� /�9%2%$� �0�&!.% �/% &"�'% �# �/!& '+'%$�

+����
�
��

3% 0&%. 	*%..�*  %"/+*!"&� 9/!"/ .%&"$!)% �/% !*.%*�+�!�*

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

6	*%..�*� <CGJH �+*,+*.!*1/+ �� ���� <CC?+7 �� $%,+�% �/%

!*.%*�+�!�* .%'�/ � �# �/% &+ ',% �� �/% +'',!%. #�$"% =E

= � �+

6<� � @7
��� �?�

9/%$% � .%'%*.& �* �/% '0*"/ 1%� %�$(� + !& �/% %,+&�!"
 �.0,0&� �/% %4'�*%*� � !& $%,+�%. �� �/% !*.%*�+�!�*

1%� %�$( +*. � !& �/% ��!&&�* $+�!�� 3% +&&0 %. �� =�<?
#�$ �/% .!+�� &� �� & +,, !*.%*�+�!�* .%'�/&� +& !* �/!&

9�$>� 9% +''$�4! +�%. �/% ��� �!' +& + &'/%$!"+, '0*"/

9!�/ �!' $+.!0& �� 9/!"/ !& .%&"$!)%. )( � � BS@� 
/%* �;�
6?7 )%"� %&E

= � F+

B6<� �@7

����
�

�
�BS@ �K�


/% %,+&�!"  �.0,0& 9+& "+,"0,+�%. #$� �/% ��� #�$"%

"0$2%& 9!�/ �9� .!##%$%*�  %�/�.&E

6+7 �* �/% !*.%*�+�!�*  %�/�. �/% '%*%�$+�!�*& 9%$%

"+,"0,+�%. #�$ %+"/ '�!*� �# �/% &+ ',%& #�$"%R.!&�+*"%

"0$2% +& �/% .!##%$%*"% )%�9%%* �/!& "0$2% +*. �/% /+$.

��� �� �����
� ���
��	 J@<

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@



$%#%$%*"% "0$2% 6&%% #�$ %4+ ',% �+. +"/%$ �� ���� <CCFH

�+. +"/%$ �� ���� <CCJH �>+!� <CCGH 3%(* �� ���� <CCK7�

�!*%+$ $%1$%&&!�* 9!�/ �/%  �.%, !* �;� 6K7 9+& 0&%. ��

%4�$+"� +�

6)7 �* �/% .%#,%"�!�*  %�/�. 6�+. +"/%$ �� ���� <CCG7 9%

.!$%"�,( 0&% �/% #+"� �/+� �;� 6K7 "+* )% $%#�$ +��%. �� 1!2%E

B� B= � � � �= � BC6<� �@7

F+

� �@
B

��
<
B6� � �=7

@
B �C�

�%$% B= +*. �= +$% �/% "�*�+"� '�!*� +*. �/% #$%% .%#,%"�!�*

2+,0%� $%&'%"�!2%,(� �0 %$!"+, *�*,!*%+$ $%1$%&&!�* 9+&

0&%. �� %4�$+"� �/% �9� '+$+ %�%$& + +*. B= #$� �/%  �.%,�

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

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

+''$�4! +�%. )( �/%  %+&0$%.  �.0,0& +� ��/%$9!&%� !� !&

"�$$%"�%. +""�$.!*1 �� �/% #$%;0%*�,( 0&%. $%,+�!�*E

<

+
� <� ��



+�


�
<� ��
+�

� �<=�

9/%$% +�

 !& �/% %,+&�!"  �.0,0& �# �/% �!'� � �

 +*. � � +$%
�/% ��!&&�* $+�!� �# �/% �!' +*. &+ ',%� $%&'%"�!2%,(�

��
���


0 �*
�*


/% &+ ',% '$%'+$+�!�* #�$ ! +1!*1 !* #,0!. 9+&  �$%

�$�0),%&� % �/+* �/% '$%'+$+�!�* #�$ ! +1!*1 !* +!$� ��&� �#

�/% $%&0,�& &/�9* !* �/!& '+'%$ +$% �/%$%#�$% �* .!+�� &

�/+� /+2% )%%* 1$�9* �* +  !"+ &0$#+"% !* �/% �3


 %.!0 +*. +$% ! +1%. 0*.%$ + )!%*� "�*.!�!�*&� �,+!*

Q.$!%.: .!+�� & &�+( +,!2% �* �/% &0$#+"% #�$ + #%9 /�0$&�

�!10$% <6+7 &/�9&� 9!�/ + &"/% +�!" .$+9!*1� �/% .!##%$%*�

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

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

6�0&)( � �%9!*� <CG?H 	"/�% +* �� ���� <C?GH D/!+''!*� �

��,"+*!� <C??7� 
/% $% +!*!*1 ! +1%& !* �!1� < &/�9 �/%

.!+�� &�$0"�0$% +& �)&%$2%. 9!�/ �+''!*15 �.% ���

0*.%$ + )!%*� "�*.!�!�*&� �!10$%& <6)7R6.7 &/�9 &0$#+"%

',��& �# �/% 9/�,% 2+,2% �# .!+�� & '$%'+$%. 9!�/ �9�

.!##%$%*�  %�/�.&� 
/% &+ ',% !* �!1� <6)7 9+& '$%'+$%. )(

 %"/+*!"+, �$+*&#%$ �# .!+�� & �� + &!,+*!-%. 6B5+ !*�5

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

'�&&!),% !* +!$� �* �!1& <6"7 +*. 6.7� �/% .!+�� & 9%$% .!$%"�,(

1$�9* +*. ! +1%. �* �/% &+ % &0$#+"%� +#�%$ %�/+*�,

$!*&!*1� 
/% "� ',%4 &�$0"�0$% 9!�/ '�$%& �$ '�$�!.& !&

%+&!,( $%&�,2%. 9!�/ ���� 
/% .!+�� 2+,2% !& %,,!'�!"+,� �$

,!*%+$5%,,!'�!"+,� 9!�/ $�0*.%. %*.&� �+"/ 2+,2% !& &',!� +,�*1

!�& ,�*1!�0.!*+,� "+,,%. +'!"+,� +4!& )( �/% $+'/% #!&&0$% 6��7�

9!�/ + "/+$+"�%$!&�!" )%*� &/+'% +� !�& %*.&� 
/% "%*�$+, $!)&

6D�7 %*",�&% �/% $+'/%� 
/% $%"�+*10,+$ &!%2% ',+�%& �$

'0*"�+ 6'�$%& +*. '�$�!.&7 ��1%�/%$ #�$ )+*.& �# &�$!+%

)%�9%%* �/% "%*�$+, $!)& 6D�7 +*. �/% 2+,2% %.1%� ��$%�2%$�

+& &%%* !* �/% #!10$%� �/% '0*"�+ "�+,%&"% !*�� %,�*1+�%. &,!�&

��9+$.& �/% %.1% �# �/% 2+,2%� �� !& 9%,, >*�9* �/+� &0"/

&�$0"�0$%& �* &/+$' %.1%& "+* )% .!##!"0,� �� !*�%$'$%� 9!�/

��� .0% �� '$�)% �!' %##%"�&� ��9%2%$� 9% &"+**%. .!+�� &

&�+*.!*1 �* �/%!$ %.1% 6*�� &/�9*7 +*. 2%$!#!%. �/%

%4!&�%*"% �# �/% %,�*1+�%. &,!�&�


/% /!1/5$%&�,0�!�* ��� ! +1!*1 !& ,! !�%. �� ! +1%

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

"�+�!*1� 
/%  !"$�&�$0"�0$% !& #+!$,( & ���/ 9!�/ &/+,,�9

/!,,�">&� <=R@= * !* .!+ %�%$ +*. <R@ * /!1/�

0*!#�$ ,( .!&�$!)0�%. �2%$ �/% #$0&�0,%� �*  �&� #$0&�0,%&

�/%( +$% &,!1/�,( ,+$1%$ ��9+$.& �/% "%*�$% �# �/% &/%,, +*.

&/�9 0' 9!�/ /!1/%$ "�*�$+&� !* ��� '/+&% ! +1!*1 6*��

&/�9*7� 
/%&% &�$0"�0$%&  +( )% �/% $% +!*& �# �/% >*�,,&

2!&!),% !* �/% %+$,( 1$�9�/ &�+1%& �# �/% &/%,, 6D/!+''!*� �

��,"+*!� <C??7�


$+.!�!�*+,,(� .!+��  �$'/�,�1( +*. �+4�*� ( +$%

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

�%"/*!;0%&  +( $%;0!$% �/% �4!.+�!�* �# �/% �$1+*!"

 +�%$!+, �# .!+�� "%,,& �$ �/%  �0*�!*1 +*. "�+�!*1 �#

�/% "%,,& )%#�$% �)&%$2+�!�*� �# *�� ",%+*%.� �/% �0�%$

�$1+*!" "�+�!*1 9!,, �)&"0$%  �&� .%�+!,&� �!1/�,( &!,!"!#!%.

.!+�� &  +( �#�%* "�,,+'&% 9!�/ �/�&% �$%+� %*�&� �,&� �0$

'$%'+$+�!�*  %�/�.& &� %�! %&  +.% �/% .!+�� & "�,,+'&%

�$ &%'+$+�% !*�� �/%!$ "�*&�!�0%*� '+$�&� ��$ %4+ ',%� �/%

! +1% !* �!1& <6)7 +*. 6"7 &/�9& �*,( �*% �# �/% 2+,2%&� 
/%

! +1%  �&� ,!>%,( &/�9& �/% %'!�/%"+ !* +* !*&!.% 2!%9 9!�/

+ $% +!*!*1 1!$.,% )+*.� 
/% ��� ! +1%& ",%+$,( $%&�,2%

�/% 1!$.,% )+*.&� +,&� &/�9* !* �!1� <� �!10$% @6+7 &/�9&

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

%*.& �# �/% �9� "%,,& +$% )%*� !* $%2%$&%. .!$%"�!�*& !* �/!&

2+,2% 2!%9� 
/% #!10$% +,&� &/�9& *+*�!*.%*�+�!�*� �* �/%

&+ % #$0&�0,%� 9/!"/ !& .!&"0&&%. !* �/% *%4� &%"�!�*�

� +1!*1 !* ,!;0!. $%;0!$%& �!1/� +*"/�$!*1 �# �/% .!+�� &

�� �/% &0)&�$+�%� �* 1%*%$+,� '%**+�% .!+�� & +./%$% ��

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

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

+��+"/ ,��&%,( �� �0$ &0)&�$+�%&� %2%* 9/%* 9% 1$�9 �/% 

!* �!&&0% "0,�0$% �%�$! .!&/%&� 
/% .!+�� & /+2% �� )%

!  �)!,!-%. �* �/% &0)&�$+�%� 	�!,,� �/% $%&�,0�!�* !* ���

 ��� !� 6+7 	"/% +�!" .$+9!*1 �# + .!+�� #$0&�0,%H D� � "%*�$+, $!)H D� � "%*�$+, *�.0,%H 
� � �$+*&+'!"+, $!)H �� � $+'/% #!&&0$%H D�� �
"0$2%. %*. &!.% �# �/% $+'/% #!&&0$%� 6)R%7 ��� �+''!*15 �.% &0$#+"% ',��& �# .!+�� &/%,,&� 
/% ',��& /+2% +  !4�0$% �# 2!$�0+, !,,0 !*+�!�*

+*. "�,�0$5"�.!*1� 6)7 
/% &+ ',% 9+& '$%'+$%. )(  %"/+*!"+,,( �$+*&#%$$!*1 .!+�� & �� + &!,+*!-%. &0$#+"% +*. �/%* ! +1!*1 +& &��* +&

'�&&!),% 0*.%$ + )!%*� "�*.!�!�*&� 
/% ���+, 2%$�!"+, -5&"+,% !& @ � � 6"R.7 �!##%$%*� .!+�� & #$� �/% &+ % &+ ',% '$%'+$%. )( 1$�9!*1

.!+�� & �* +  !"+ &0$#+"% +*. $!*&!*1 !* %�/+*�, +*. .$(!*1� 
/% ���+, 2%$�!"+, &"+,%& +$% <�@ � +*. F � !* 6"7 +*. 6.7� $%&'%"�!2%,(� 6%7

�!*% &�$0"�0$% +*. �*% �# �/% '0*"�+ �# �/% .!+�� !* 6.7�

J@@ �� ������	
 +) 4& �

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@



TR

CN CR

CRF

TR

Girdle
bands

RF

Sieve
plates

b

Girdle
bands

a

c d

e

��� �� �����
� ���
��	 J@B

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@



,!;0!. ! +1!*1 9+& $%.0"%. .0% �� .!&�0$)+*"%& #$� �/%

&�!">(  0"!,+1!*�0& �$1+*!" "�+�!*1� %&'%"!+,,( !* �/% 2%$(

&%*&!�!2% �+''!*15 �.% !* ,!;0!.� 	� % �# �/% 1%� %�$(

 %+&0$% %*�& +*. '$�#!,%& �# .!+�� & !* )0##%$ 9%$% .�*%

�* �/%  %"/+*!"+,,( �$+*&#%$$%. .!+�� & 9!�/ &0)&%;0%*�

!  %$&!�* !*�� )0##%$�

��� "$�&&5&%"�!�*+, '$�#!,%&� %+"/ #$� + .!##%$%*�

.!+�� � +$% &/�9* !* �!1� B6+7� 
/% '$�#!,%& $%2%+, �/%

"/+$+"�%$!&�!" &/+'% 9!�/ 1!$.,% )+*.& +� �/% %.1%& �# �/%

2+,2%& +*. &� %�! %& �/% �$+*&+'!"+, $!) 6
�7 $%1!�*

"�,,+'&!*1 #$� .$(!*1� ��,0 % +*. 1%� %�$!"  %+&0$%5

 %*�& �* <=  �.%$+�%,( &!-%. *�*5"�,,+'&%. !&�,+�%.

.!+�� & +$% &/�9* !* �/% 1$+'/ !* �!1� B6)7� 
/% .!+�� 

2�,0 %� �� /+& +''$�4! +�%,( + ,!*%+$ $%,+�!�*&/!' �� �U!U%�

9/%$% �� ! +*. % +$% �/% &% !5+4!& �# �/% .!+�� 6!�%� /+,# !�&

,%*1�/� 9!.�/ +*. /%!1/�7� �!*%+$ $%1$%&&!�* $%2%+,& �/+�

� � B�BU�U!U%� &0$%,( + #+!$,( %,,!'&�!.+, &/+'%�
�/+&%5+*1,% "/+*1%&� .0% �� �!'R&+ ',% !*�%$+"�!�*&� !*

�+''!*15 �.% +$% &� %�! %& >*�9* �� '$�.0"% /!1/%$

$%&�,0�!�* ! +1%& �/+* �/% &�+*.+$. /%!1/� �$ + ',!�0.%

! +1%&� �!10$% F &/�9& ,+$1%5&"+,% '/+&% ! +1%& �# �/$%%

.!##%$%*� .!+�� "%,,&� 
/% ! +1%& !*.!"+�% + .!##%$%*� '/+&%

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

%*.&� �+$�& �# �/% "%*�$+, $!)& +,&� &/�9 +* !*"$%+&%. '/+&%

$%&'�*&%�

$
���  
��� ��%��
��� 
��
���
��


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

�# 9+(& +*. %2%*  +>% *+*�&�$0"�0$%. ! '$!*�&� �!10$% J

&/�9& &%2%$+, /�,%&  +.% !* 1� 
���
������ 9!�/ + &�+*.+$.

�+''!*15 �.% &!,!"�* �!'� 
/% #!$&� ! +1% !,,0&�$+�%& Q/+ 5

 %$!*1: �# + .!+�� � 
/% �!' 9+& ,�9%$%. +1+!*&� �/% &0$#+"%

9/!,% �&"!,,+�!*1� Q/+  %$!*1: /�,%& !* �/% &/%,,� 
/%

&%"�*. ! +1% &/�9& �/% ,+$1% .% �,!�!�* "+0&%. )( '$%&&!*1

�/% *�*5�&"!,,+�!*1 �!' 9!�/ + /!1/ #�$"% +1+!*&� �/% #$0&�0,%�

���% �/+� �/% #$0&�0,% .�%& *�� "�,,+'&% 9/%* �/% �!' !&

'$%&&%. +1+!*&� �/% 6"%*�$+, *�.0,%7 D� 9!�/ + /!1/ #�$"%H

!*&�%+. �/%  +�%$!+, !& .%#�$ %. +*. + ,+$1% /�,% !& "$%+�%.�


/% #$0&�0,% !& )$!��,% +*. !� 9+& %+&( �� "� ',%�%,( .%&�$�(

�/% &/%,, 9!�/ &! 0,�+*%�0& ,+�%$+, &"+**!*1� 	�!,,� �/%

&�$0"�0$% !& &�!## +*. $!1!.� 
/%$%#�$%� &�!## "+*�!,%2%$& 9%$%

*%%.%. #�$ "�*�$�,,%.  +*!'0,+�!�* +*. #�$  !"$� %"/+*!5

"+,  %+&0$% %*�&� �!10$% G &/�9 %,+&�!"!�( ! +1%& �# �/%

.!+�� :& "%*�$+, $%1!�* "+,"0,+�%. #$� #�$"%R2�,0 % .+�+

"�,,%"�%. 9!�/ +  +4! 0 �!'5��5&0$#+"% #�$"% �# <�F ���

�/% &�5"+,,%. $%,+�!2% �$!11%$ ,%2%,� 
/% &�+*.+$. �+''!*15

 �.% "+*�!,%2%$� 9!�/ +  %+&0$%. &'$!*1 "�*&�+*� �# +)�0�

@F�F �  �< +*. + 2%$( &/+$' &!,!"�* �!'� 9+& 0&%.� 
/%

 +4! 0 '%*%�$+�!�* �# �/% ��� �!' !*�� �/% &+ ',%

&0$#+"% 9+& �('!"+,,( <�JRF * +� �/% D� $%1!�*� @�JR

J * +,�*1 �/% D� +*. FRK * �* �/% 
�� �� ',+&�!"

! '$%&&!�*& 9%$% �)&%$2%. 9!�/ &0)&%;0%*� �+''!*15 �.%

! +1!*1� ��9%2%$� + '+$� �# �/% )$!��,% .!+�� 9+& )$�>%*

6.+$> +$%+ !* �/% %,+&�!"!�( ! +1%&7 %2%* 9!�/ �/!& 1%*�,%

#�$"%R2�,0 % ! +1!*1� �!10$% G &/�9& $%,+�!2% %,+&�!"!�(

"+,"0,+�%. 9!�/ +  �.!#!%. 2%$&!�* �# �/% #�$"% !*�%1$+�!�* ��

%;0+, ,! !�& 6����7  +' 6�5�+&&+* �� ���� <CCK7� 
/% #�$"%

"0$2%& +$% !*�%1$+�%. �� �/% &+ % .%#,%"�!�* 2+,0%� �+"/

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

�/% &'%"!#!" '�&!�!�*� �$!1/�%$ '!4%,&  %+* /!1/%$ %,+&�!"

 �.0,0&� ��9%2%$� �/% 1$%( &"+,% !& +$)!�$+$( +*. �/% 2+,0%&

+$% &"+,%. +""�$.!*1 �� !*.%*�+�!�* 9!�/ &'/%$!"+, 1%� %�$(�


/% ��/%$ ! +1%& &/�9 +)&�,0�% 2+,0%& �# �/% %,+&�!"

 �.0,0& "+,"0,+�%. 9!�/ �/% .%&"$!)%.  %�/�.&� 
/%

"+,"0,+�!�*& 9%$% )+&%. �* + &'/%$!"+, !*.%*�%$ 9!�/ +*

�0�%$ �&� $+.!0& �# <= * � �& %4'%"�%.� �/% !*.%*�+�!�*

+*. .%#,%"�!�*  %�/�.& &/�9 + &! !,+$ �2%$+,, %,+&�!"

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

+2%$+1%� �/% .%#,%"�!�*  %�/�. '$�.0"%& B=M /!1/%$ 2+,0%&

a b

1 µm

3.9

2.4

4.4

 ��� �� ��� �+''!*15 �.% + ',!�0.% ! +1% �# .!+�� 2+,2%&� 6+7 
/% &%'+$+�%. 2+,2%&� 6)7 �+*�!*.%*�+�!�* �# �/% &+ % 2+,2%� +� .!##%$%*�

#�$"%& @JRG@ ��� 9!�/ �/% &!,!"�* �!'� 
/% +''$�4! +�% /+$.*%&& 2+,0%& +� �/$%% ,�"+�!�*& 6+$$�9&7 +$% 1!2%* !* A�+�

J@F �� ������	
 +) 4& �

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@



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

 +!*,( �* �/% /+$. D� $%1!�*� 	�!,,� �/% $%&0,� !& #+!$,( ",%+$�


/% �0�%$ 
� $%1!�*& /+2% ,�9%$ %,+&�!"!�(� 2+,0%& ?R

<J A�+ +*. KR@= A�+ #�$ �/% !*.%*�+�!�* +*. .%#,%"�!�*

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

+""�$.!*1 �� �;� 6<=7� 
/% "�$$%&'�*.!*1 2+,0%& #�$ �/% D�

$%1!�*& +$% <JRB= A�+ +*. F=R<<= A�+� +*. �* �/% D�

$%1!�* #$� B= �� /0*.$%.& �# A�+� �* '+$�!"0,+$� �/% $%1!�*

�0�&!.% �/% "0$2%. %*.& �# �/% $+'/% #!&&0$% +''$�+"/%&

!*#!*!�%,( &�!## 2+,0%& 6<==RB== A�+7�

5

4

3

2

1

0

H
ei

gh
t (

µ m
)

543210
Distance (µm)

a

16

14

12

10

8

6

4

2

0

V
ol

um
e 

( 
x

10
-1

8  m
3

)

420

l b h (  x10
-18

 m
3)

b

 ��� "� A%� %�$( �# 1� 
���
������� 6+7 ��� "$�&&5&%"�!�* '$�#!,%&

�/$�01/ �/% "%*�$+, *�.0,%� +,�*1 �/% 9!.�/ �# &%2%$+, .!+�� &�


/% .+&/%. '$�#!,% !& +* %4+ ',% �# $%&0,�& �)�+!*%. !* ,!;0!.� 6)7

��,0 % �# 1� 
���
������ +& #0*"�!�* �# �U!U%� 9/%$% �� ! +*. % +$% �/%

.!+�� &% !5+4%&�

 ��� #� �+$1%5&"+,% ��� '/+&% ! +1%& �# �/$%% .!##%$%*� .!+�� 

"%,,&� 
/% ! +1%& &/�9 .!##%$%*� '/+&% $%&'�*&% +� .!##%$%*� ,+�%$+,

'�&!�!�*& �* �/% .!+�� &/%,,�

a

b

 ��� $� �4+ ',% �# ��� .!+��  +*!'0,+�!�* 9!�/ �/% &�+*.+$.

�+''!*15 �.% &!,!"�* �!'� 6+7 
/% 2!)$+�!*1 ��� �!' /+& )%%*

Q/+  %$%.: �/$�01/ �/% #$0&�0,% +� �/$%% .!##%$%*� &'��&� 6)7 �+$1%

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

9!�/ + 2%$( /!1/ ,�+.� ���% +,&� �/% �9� &"$+�"/%& �/+� /+2% )%%*

 +.% 9!�/ �/% �!' 6+$$�97�

��� �� �����
� ���
��	 J@J

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@




/% %,+&�!"!�( .+�+ #$� + $%'$%&%*�+�!2%� ,�95$%&�,0�!�*

#�$"%R2�,0 % %4'%$! %*� �* +*��/%$ .!+�� "%,,� 9!�/ +

&�!##%$ "+*�!,%2%$ +*. + /+$.%$ �!' !& &/�9* !* �!1� ?� 
/%

.!+ �*. �!' 9+& 0&%. +� + /!1/%$  +4! 0 ,�+. �# @�B ���


/% #!10$% &/�9& �/% .!+�� )%#�$% �/% �%&�!*1 +*. �/%

%,+&�!"!�(� "+,"0,+�%. 9!�/ �/% .%#,%"�!�*  %�/�. �* �/%

0*,�+. #�$"% "0$2%&� 
/% #�$"% 0&%. !& ",�&% ��� )0� )%,�9�

�/% "$!�!"+, ,�+. #�$ ',+&�!" .%#�$ +�!�*&� 
/!& .!+�� 

+,$%+.( /+. &� % & +,, "$+">&� 2!&!),% !* �!1� ?6+7� 
/%&%

"$+">& '$�'+1+�%. .0$!*1 �/% %4'%$! %*�� +*. &/�9 +& ,%&&

&�!## $%1!�*& !* �/% %,+&�!"!�(  +'� � *%9 "$+"> +,&�

.%2%,�'%.� &%%* +& + .+$> &'�� !* �!1� ?6)7� 	�!,,� �/% &+ %

 +!* #%+�0$%& "+* )% .!&�!*10!&/%.H 1� 
���
������ /+& &�!##

D� +*. D� $%1!�*& +,�/�01/ �/% +)&�,0�% 2+,0%& +$% ,�9%$

�* �/!& .!+�� &+ ',%� �� /!1/ #�$"%&� �/% 
� $%1!�*&

&� %�! %& "�,,+'&%� 9/!,% �/% D� $% +!*& !*�+"��

�� !& *�� ",%+$ 9/%�/%$ 9%  %+&0$%. �/% '0$% &/%,,

 +�%$!+, %,+&�!" '$�'%$�( �$ !# �/% �2%$+,, 1%� %�$(

"�*�$!)0�%.� �%*"%� 9% +,&� &�0.!%. �/% &/%,, &0$#+"%

/+$.*%&& )(  +>!*1 ',+&�!" ! '$!*�& 9!�/�0� +,,�9!*1 �/%

&/%,, �� "$+">� �* �!1� @6)7 9% &/�9%. !*.%*�+�!�*& �* +

.!+�� � +��+"/%. �*  !"+� +� &%,%"�%. ,�"+�!�*& 6+$$�9& !*

�/% #!10$%7 9!�/ �/% &�+*.+$. &!,!"�*� )0� &'$!*15"�*&�+*�5

�0*%.� �+''!*15 �.% "+*�!,%2%$� 
/% �%"/*!;0% !& �� ! +1%

�/% .!+�� & !* �/% 1%*�,% �+''!*15 �.%� &9!�"/ �## +,,

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

"0$2%& �� "$%+�% !*.%*�+�!�*&� �* �/!& %4'%$! %*� 9% +$%

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

!*.%'%*.%*� �# %2%*�0+, �2%$+,, #$0&�0,% .%#�$ +�!�*&� +&

,�*1 +& 9% .� *�� '%*%�$+�% �/% ��� �!' �/$�01/ �/%

�/!">*%&& �# �/% #$0&�0,%� 
/% &'$!*1 "�*&�+*� 0&%. 9+&

@CF �  �< +*. +  +4! 0 ,�+. �# @JRG@ �� 9+&

+'',!%.� 
/% $+�!� �# �/%  +4! 0 +'',!%. #�$"% �� �/%

'$�L%"�%. $%&!.0+, +$%+ 9+& "+,"0,+�%.� 
/% 2+,0%& 9%$%

"�$$%"�%. 9!�/ $%&'%"� �� �/%  %+&0$%.  +"$�&"�'!" �!">%$&

 !"+ /+$.*%&& 6/%$% � � =�B@7� �� (!%,. �/% /+$.*%&& 2+,0%&
!* �/% #!10$%� 
+''!*15 �.% ! +1%& �# !*.%*�& 9!�/ �/%

.!+ �*. �!' +$% &/�9* !* �!1� K� �& &/�9* !* �/% #!10$%� 9%

 +.% !*.%*�+�!�* �* �/% .!+�� +*. &0)&�$+�%& +� &%2%$+,

 +4! 0 +'',!%. #�$"%&� 
/% ,%#� "�,0 * 6+R.7 &/�9&

!*.%*�+�!�*& �* $%#%$%*"% &0)&�$+�%& 6 !"+� &!,!"�*7� 9/!,%

�/% &%"�*. "�,0 * 6%R/7 &/�9& !*.%*�+�!�*& �* .!+�� & +�

�/% &+ %  +4! 0 ,�+.� 
/% &�5"+,,%. #�$"%R2�,0 %  �.%

9+& 0&%. ��  +>% �/% !*.%*�+�!�*&� !�%� �/% �!' 9+& ,+�%$+,,(

 ��� %� �,+&�!"!�(  %+&0$% %*�& !* #�$"%R2�,0 %  �.% 9!�/ + *%+$5&�+*.+$. ��� ! +1!*1 &%�50' +& .%&"$!)%. !* �/% �%4�� 6+7 �%!1/� ! +1%�

6)7 ����  +'� 6"7 �)&�,0�% %,+&�!"!�(  +' "+,"0,+�%. 9!�/ �/% !*.%*�+�!�*  %�/�.� 6.7 �)&�,0�% %,+&�!"!�(  +' "+,"0,+�%. 9!�/ �/% .%#,%"�!�*

 %�/�.�

J@G �� ������	
 +) 4& �

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@



$+&�%$5&"+**%. )+"> �2%$ �/% &0$#+"% &! 0,�+*%�0&,( �� �/%

+";0!&!�!�* �# �/% #�$"% "0$2%&� �%*"%� 9% "$%+�%. +* %;0+,,(

&'+"%. $+&�%$ '+��%$* �# �!'5! '$!*�& �* �/% &0$#+"%� 
/% �!'5

&,!.!*1 9+& +''$�4! +�%,( %,! !*+�%. .0$!*1 �!'R&0$#+"%

+''$�+"/ !* �*% �# �/% #+&�5&"+* .!$%"�!�*& +& .%&"$!)%. !*

�/% ?�������� ����
�������
�� &%"�!�*� ��$ %4+ ',%� �# �/% &!4

!*.%*�& �*  !"+ &/�9* !* 6+7� �/%  !..,% �9� !*.%*�& +$%

9!�/ *%1,!1!),% �!'5&,!.!*1� �& !& �)2!�0& !* ! +1% 6.7� �/%

0''%$ �&� !*.%*� !& 9!�/�0�� +*. �/% ,�9%$ 9!�/� �!'5&,!.!*1�


/% /+$.*%&& 2+,0%& "+,"0,+�%. #$� !*.%*�&  +.% 9!�/

&!1*!#!"+*� �!'5&,!.!*1 /+2% + � &!1* !* �/% #!10$% �� !*.!"+�%

�/+� !� !& + ,�9%$ ,! !� �� �/% �$0% 2+,0%� �* 1%*%$+,� 2!&0+,

!*&'%"�!�* �# �/% !*.%*�& $%2%+,%. �/+� �/%( +$% & +,,%$ �*

�/% D� $%1!�* �/+* �*  !"+� !�%� �/% /+$.*%&& !& /!1/%$ �*

�/% D� �# 1� 
���
������� 
/% /+$.*%&& +,&� 2+$!%& 9!�/ ,+�%$+,

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

"%*�$+, $!) $%1!�*& /+2% *%1,!1!),% !*.%*�+�!�*& +� �/% ,�9%$

,�+.&� 
/% /+$.*%&& �# �/% &0$#+"% #�,,�9& )$!%#,( �/% &+ %

'+��%$* +& �/% %,+&�!"!�(� 
/% /+$.*%&& !& /!1/ +� �/% D� +*.

D� $%1!�*& +*. 1$%+�%&� +� + & +,, +$%+ *%+$ �/% "0$2%.

%*.& �# �/% $+'/% #!&&0$%� 9/%$% !� !& /!1/%$ �/+*  %+&0$+),%

!* &� % �# �0$ %4'%$! %*�& 6,+$1% !*.%*�& !* ! +1% 6%77�

���%� /�9%2%$� �/+� +� �/% ,+$1%&� !*.%*�+�!�* .%'�/& �/%

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

'+&&%& �/$�01/ �/% &/%,, 61 +*. /7� �* 1%*%$+,� �/% /+$.*%&&

�* �/% 
� !& #+!$,(  �.%$+�%�

�!10$% C &/�9& �/% /+$.*%&& +*. %,+&�!"  �.0,0& %2+,05

+�%. #$� #�$"% "0$2%&� 
/%  +4! 0 ,�+. 9+& /!1/ %*�01/

�� '$�.0"% ',+&�!" ! '$%&&!�*&� 
/% #�$"% "0$2%& 9%$%

"�$$%"�%. +& .%&"$!)%. !* �/% &%"�!�* >������ ����
�����
���

��� ����/���� 
/% ,�95$%&�,0�!�* /+$.*%&&  +' 9+& "+,"05

,+�%. +""�$.!*1 �� �;� 6?7 +*. "�$$%"�%. +""�$.!*1 �� �/%

>*�9*  +"$�&"�'!" /+$.*%&& �*  !"+ +*. �/%  %+&0$%.

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

9+& "+,"0,+�%. �* �/% 0*,�+. "0$2% +& '$%2!�0&,( .%&"$!)%.�


/% /+$.*%&& !& /!1/ !* �/% D� $%1!�*� %&'%"!+,,( !* )%�9%%*

�/% "0$2%. %*.& �# �/% ��� +*. �* &'��& �* �/% D��9!�/ 2+,0%&

0' �� F�J A�+ +*. <@ A�+� $%&'%"�!2%,(� �!1/ %,+&�!"  �.0,0&

.�%& *�� "� ',%�%,( "�$$%,+�% 9!�/ /!1/ /+$.*%&& 2+,0%&� )0�

�/%  �.0,0& !& +,&� /!1/%$ �* �/% D� $%1!�* +*. �* ��/%$

'+$�& �# �/% D�� 
/% /+$.*%&&  +' +1$%%& 9%,, 9!�/ �/%

"�$$%"�%. &+ ',% /+$.*%&& )+&%. �* �;& 6B7 +*. 6F7 +*.

&/�9* !* �!1� K� ��$%�2%$� �/% +)&�,0�% 2+,0%& +$% #+!$,(

"�*&!&�%*� 9!�/ �/�&% '$%2!�0&,( "+,"0,+�%.�

&�
��

��


�* �/!& &�0.(� ��� 9+& 0&%. �� !*2%&�!1+�% �/% &�$0"�0$% +*.

 ��� '� �,+&�!"!�(  +' #$� #�$"%52�,0 %  %+&0$% %*�& 9!�/ + .!+ �*. �!' +*. +  +4! 0 ,�+. �# @�B ��� 6+7 
+''!*15 �.% + ',!�0.%

! +1% �# �/% &�$0"�0$% )%#�$% �/%  %+&0$% %*�� 6)7 
/% %,+&�!"!�(  +' 6.%#,%"�!�*  %�/�.7�

��� �� �����
� ���
��	 J@?

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@



0.41

>1.5

3.4 1.6 1.9

>0.96

5.5

3.5

2.3

>2.8

1.3

3.5

>1.7>7.2

2.3

∞

1.7

2.7

1.8

>2.3

1.5

1.5

>0.71

>1.1

0.9 1.9

2.7

>3.2

2.5
6.3

9.7

Substrate Diatom

11 µN

16 µN

33 µN

54 µN
0.41

J@K �� ������	
 +) 4& �

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@



 !"$� %"/+*!"+, '$�'%$�!%& �# + &%,%"�%. .!+�� &'%"!%&�

	'%"!+, % '/+&!& 9+& '+!. �� �/% ���  !"$� %"/+*!"+,

 %+&0$% %*��

��$ ',+!* ��� ! +1!*1 �# �/% #$0&�0,%&� )��/ "�*�+"�5

 �.% +*. �+''!*15 �.% 9%$% 0&%. +& ! +1!*1  �.%&�

�!&',+(!*1 �/% '/+&%5+*1,% "/+*1%& !* �+''!*15 �.% &� %5

�! %& '$�.0"%& /!1/%$ $%&�,0�!�* ! +1%& �/+* �/% &�+*.+$.

! +1!*1� �*% &! ',% %4',+*+�!�* #�$ �/% !*"$%+&%. $%&�,05

�!�*� + �*1 &%2%$+, +,�%$*+�!2%&� !& #$� 1%� %�$!"

"�*&!.%$+�!�*&� 
/% �!'R&+ ',% #�$"% !*�%$+"�!�* 2+$!%&

#$� &'�� �� &'�� �* �/% &0$#+"% 9/%* �/% �!' %*. $+.!0&

!& �# �/% &+ %  +1*!�0.% +& �/% ,�"+, &0$#+"% $�01/*%&&�

�/+&% ! +1!*1 !& +,&� >*�9* �� .!&�!*10!&/ +$%+& �#

.!##%$%*� &0$#+"% &�!##*%&&� ��9%2%$� ;0+*�!�+�!2% !*�%$'$%5

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

9�$>%$& /+2% �$!%. �� .%&"$!)% �/% $%&'�*&% �# �/% �+''!*1

�!' 6�0$*/+ �� ���� <CC?7 +*. �/% !*�%$'$%�+�!�* �#

'/+&% .+�+ 6�+1�*�2 �� ���� <CC?H D,%2%,+*. �� ���� <CCKH

A+$"!+ �� ���� <CCK7� �%'%*.!*1 �* �/% +'',!%. �+''!*1

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

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

&+ ',%� 
/%$%#�$%� �/% �)&%$2%. '/+&%5+*1,% "/+*1%& !*

�!1� F  +( $%#,%"� ,+�%$+, .!##%$%*"%& !* #$0&�0,%  +�%$!+,

%,+&�!"!�(� �$%&0 +),(� �/% #$0&�0,% !& &�!##%$ +� �/% D�

$%1!�* +*. +� �/% #$0&�0,% %*.&�


/%  !"$� %"/+*!"+, '$�'%$�!%&� %,+&�!"!�( +*. /+$.*%&&�

9%$%  %+&0$%. 0*.%$ + )!%*� "�*.!�!�*& �* .$!%. &+ ',%&�

�� !& *�� ",%+$ �� 9/+� %4�%*� �/%&%  %+&0$% %*�& +'',( ��

,!2!*1 .!+�� & 0*.%$ '/(&!�,�1!"+, "�*.!�!�*&� 
9�  %�/�.&

9%$% 0&%. �� %4�$+"� ! +1%& �# %,+&�!"  �.0,0& #$� �/%

#�$"%R2�,0 % .+�+� 
/%  %�/�.& $%2%+,%. �/% &+ % �2%$+,,

%,+&�!" '+��%$* )0� �/%$% 9%$% .!##%$%*"%& !* +)&�,0�% %,+&�!"

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

%4',+*+�!�* #�$ &0"/ .!##%$%*"%& !& �/% ,+$1% .%#,%"�!�* �# �/%

��� "+*�!,%2%$� �� ,+$1% .%#,%"�!�*&� �/% '/���.%�%"��$

$%&'�*.& '+$�,( *�*,!*%+$,(� +*. �/!& !& �)&%$2%. +& +

&,!1/�,( )%*� #�$"% "0$2%� ��9%2%$� 9% %,! !*+�%. &� % �#

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

#�$"% "0$2% 9!�/ ,!*%+$ '/���.%�%"��$ $%&'�*&%� 
/%$%#�$%� +

 �$% ,!>%,( %4',+*+�!�* #�$ �/% .!##%$%*"%& !* %,+&�!"

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

"+,!)$+�!�* �# �/% ��� "+*�!,%2%$� 
/% "+*�!,%2%$ 9+&

"+,!)$+�%. �* + $%#%$%*"% &0$#+"%� 9/!"/ 9+& .%#!*%. �� )%

!*#!*!�%,( /+$.� ��9%2%$� 9/%* �/% &�!##*%&& �# �/% &+ ',%

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

*�� +''$�'$!+�% #�$ +""0$+�% "+,"0,+�!�*& �# %,+&�!"  �.0,0&�

�%*"%� +)�2% + "%$�+!* 2+,0%� �/% "+,"0,+�%.  �.0,0&

+''$�+"/%& �/+� �# +* !*#!*!�%,( &�!## &0$#+"%� !�%� 9% "+* �*,(

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

&!,!"�*� �*��/%$ "�*"%$* !& �/+� �/%  !"$�5 %"/+*!"

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

�� .%#�$ +�!�* �# �/% &/%,,  +�%$!+,� 
/!& +&&0 '�!�* !&

'$�)+),( 2+,!. +� �/% D� +*. D�� 9/%$% �/% %,+&�!"  �.0,0&

!& /!1/� )0� *�� �* �/% 
�� 9/%$% �/% &/%,, !& %,+&�!"+,,(

.%#�$ %. .0$!*1 �/% %4'%$! %*�� 
/%  %+&0$%. /+$.*%&&�

10

8

6

4

2

0
10 µm86420

1.0 GPa

0.8

0.6

0.4

0.2

0.0

a Hardness

10

8

6

4

2

0
10 µm86420

30 GPa

20

10

0

Elastic modulusb

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

"0$2%&� +& .%&"$!)%. !* �/% �%4��

 ��� )� �+*�!*.%*�+�!�* %4'%$! %*�& �* &0)&�$+�%& +*. �* .!+�� #$0&�0,%&� ���% �/% .!##%$%*� &"+,%& �* �/% ! +1%&� 
/% ,%#� "�,0 * 6+R.7

&/�9& '+$�& �# �/% $+&�%$5'+��%$*%. !*.%*�+�!�*& "$%+�%. �* $%#%$%*"%  +�%$!+,& +� .!##%$%*�  +4! 0 ,�+.& 6<<RJF ��7� 
/% !*.%*�& "$%+�%.

9!�/ *%1,!1!),% �!'5&,!.!*1 6&%% �%4�7 +$%  +$>%. 9!�/ +* +$$�9� ���% +,&� �/+� 6)7 &/�9& !*.%*�&  +.% +� �9� .!##%$%*� ,�+.& 6<G +*. JF ��7�


/% ! +1%& �� �/% $!1/� 6%R/7 &/�9 !*.%*�& "$%+�%. �* .!+�� #$0&�0,%& 0*.%$ �/% &+ % "�*.!�!�*&� D+,"0,+�%. /+$.*%&& 2+,0%& +$% 1!2%* !*

A�+ +*. �/% ,�"+�!�*& +$% !*.!"+�%. 9!�/ +* +$$�9� � � !*.!"+�%& �/+� �/% !*.%*� 9+& "$%+�%. 9!�/ *�*5*%1,!1!),% �!'5&,!.!*1� 
/% .+&/%.

+$$�9 !* 617 !*.!"+�%& + �('!"+, !*.%*� �* �/% &0)&�$+�%  !"+ &0$#+"% +� �/% &+ % ,�+.�

��� �� �����
� ���
��	 J@C

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@



�* �/% ��/%$ &!.%� !& !*.%'%*.%*� �# +*( &/%,, .%#�$ +�!�*

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


� !*�%$'$%� �/% $%&0,�&� �*% &/�0,. )%+$ !*  !*. �/%

"0$$%*� >*�9,%.1% �# &!,!"+ &/%,, 9+,, 1$�9�/ 6D/!+''!*� �

��,"+*!� <C??7� 
/% &%;0%*�!+, .%2%,�' %*� )%1!*& 9!�/ �/%

'$! +$( )+*. +*. �/% .!##%$%*�!+�!�* �# �/% D�� 
/% !*!�!+,

,�"+�!�* �# �/% D� "�$$%&'�*.& �� �/%  %+&0$%. +$%+ �#

 +4! 0 %,+&�!"!�( +*. /+$.*%&&� 
/% ,�"+�!�* �# �0$

/!1/%&� 2+,0%& "�!*"!.%& 9!�/ #$0&�0,% %,%"�$�*5.%*&% +$%+&

 %+&0$%. +� %+$,( .%2%,�' %*� &�+1%& )( 	�� 6D/!+''!*� �

��,"+*!� <C??7� 
/%  !"$�&�$0"�0$% �# & +,, /!,,�">& �* �/%

D�  +( �$!1!*+�% #$� !*!�!+,,( ,+$1%$ >*�,,& !* 9/!"/

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


/%&% &�$0"�0$%& /+2% /!1/%$ "�*�$+&� !* '/+&% ! +1!*1�

��9%2%$� �/% /!,,�">& +$% 2%$( & +,, +*.  +( +,&� $%#,%"� �/%

*+�0$+, $�01/*%&& �# �/% "�+�%. &!,!"+�


/% 2+,2%& �# .!+�� & +$%  +.% �# +  +�$!4 �# + �$'/�0&

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

0*!;0%  �,%"0,+$ &�$0"�0$%&� 9/!"/ *�� +$% !.%*�!"+,

+ �*1 &'%"!%&� ��$%�2%$� "+$)�/(.$+�%& +*. '$��%!*& +$%

'$%&%*� !*� �$ +� ,%+&� +&&�"!+�%. 9!�/� �/% &!,!"+  +�$!4

6�$!%,!*1 �� ���� <CCC7� ��9.%$ .!##$+"�!�*  %�/�.& /+2%

$%2%+,%. &� % �# �/% )�*.& !* �2%$+,, 1� 
���
������ #$0&�0,%

&!,!"+ 6�%$$(� <CKC7� +,�/�01/ �/% #�$ �# �/% &!,!"+ !&

0*>*�9*� �0$ $%&0,�& $%2%+, #$0&�0,% $%1!�*& 9!�/ '�&&!),(

.!##%$%*� &�$0"�0$%& �# &!,!"+ +*. .%1$%% �# &!,!"!#!"+�!�*� 
/%

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

&'%"0,+�!2% 6�!">%��5�%+'& �� ���� <CC=7 +*. �0$  %+&0$%5

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

D�� 9/!"/ 9%  %+&0$%. �� /+2% + /+$.*%&& +''$�+"/!*1

�/+� �# >*�9* "$(&�+,,!*% '/+&%&�

*�
���
��


3% /+2% &�0.!%. �/% &�$0"�0$% +*.  !"$� %"/+*!"+,

'$�'%$�!%& �# .!+�� #$0&�0,%&� O*,!>% ��/%$ %4'%$! %*�+,

�%"/*!;0%&� �/% ��� "�0,. )% 0&%. ��  %+&0$% /+$.*%&&

+*. %,+&�!"!�( 2+$!+�!�*& 9!�/ + 2%$( /!1/ &'+�!+, $%&�,0�!�*

�* & +,, .%,!"+�% &�$0"�0$%& &0"/ +& .!+�� #$0&�0,%&�

��$%�2%$� �/%  %+&0$% %*�& +$% +""� '+*!%. )( &! 0,�+5

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


/% &'%"!#!" $%&0,�& #�$ �/%  �.%, .!+�� 1� 
���
������

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

�/% ,�"+,  !"$� %"/+*!"+, '$�'%$�!%&� �+&!" &�$0"�0$+,

!*#�$ +�!�* !& $%2%+,%. 9!�/ +  !*! 0 �# &+ ',%

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

#$� �/%!$ �$1+*!" "�+�!*1� 0,�$+5#!*% ��� &�$0"�0$+,

&�0.!%& "�0,. '$�2!.% + &! ',%  %�/�. #�$ .%�+!,%.

�+4�*� !" ",+&&!#!"+�!�*� 3% /+2% &/�9* �/+� ��� ! +1!*1

+,,�9& 2!&0+,!-+�!�* �# �/% &�$!+% +*. �/%!$ "�+,%&"%*"% +�

�/% 2+,2%  +$1!*&�

�� 9+& '�&&!),% ��  %+&0$%  !"$� %"/+*!"+, '$�'%$�!%&

9!�/ �/% .%&!$%. &'+�!+, $%&�,0�!�*� )0� !� $%;0!$%. + "+$%#0,

&%,%"�!�* �# &0!�+),% ��� "+*�!,%2%$&� 
/% .!##%$%*� ���

!*&�$0 %*�+, "�*#!10$+�!�*& +*. %2+,0+�!�*  %�/�.& 1+2%

�/% &+ % $%&0,�& �# &% !5;0+*�!�+�!2% /+$.*%&& +*.� +� ,%+&�

'+$�,(� %,+&�!"!�(  +'& �# �/% #$0&�0,%� 
/% ,+�%$+, 2+$!+�!�*&

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

.%&"$!)%.� ��$%�2%$� �/% $%&0,�& "�$$%&'�*. �� "/+$+"�%$!&�!"

#%+�0$%& +''%+$!*1 !* �/% .!##%$%*� &�+1%& �# �/% &/%,,:&

1$�9�/� �* 1%*%$+,� �/%  %+&0$%. %,+&�!"  �.0,0& !& /!1/%$

+,�*1 &� % '+$� �# �/% D� +*. +� �/% D�� 9/%$% !� !& /!1/%$

+� �/% "0$2%.5%*. &!.% �# �/% ��� �/%  +4! 0 2+,0%&

+''$�+"/!*1 �/+� �# '0$% &!,!"�*� 
/% /+$.*%&&� 9/!"/ !&

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

�/% D� +*. %&'%"!+,,( +� �/% "0$2%.5%*. &!.% �# �/% ��� 
/%

/+$.*%&& �# �/% D� !& #+!$,( 0*!#�$ ,( .!&�$!)0�%.� )0� 9!�/

&!1*!#!"+*�,( ,�9%$ 2+,0%&� �� !& ",%+$ �/+� �/% D� +*. D�

��1%�/%$ +"� +& + "%*�$+, ,�+.5)%+$!*1 )%+ � �# /+$.%$ +*.

&�!##%$  +�%$!+,� +,�*1 �/% ,%*1�/ �# �/% .!+�� �

3% /+2% &/�9* �/+� ��� "+* )% 0&%. #�$ "� ',% %*�+$(

&�$0"�0$+, +*.  !"$� %"/+*!"+, &�0.!%& �# .!+�� )!� !5

*%$+,!-+�!�*� �� !& %*"�0$+1!*1 �/+� �/% &�+*.+$. +�� !"

#�$"%  !"$�&"�'%� +� ,%+&� &% !5;0+*�!�+�!2%,(� "+*  %+&0$%

�/%  !"$� %"/+*!"+, '$�'%$�!%& %2%* �* /+$. 1,+&&5,!>%

 +�%$!+,&� 3% )%,!%2% �/+� �/% *%"%&&+$( &�%'& �� 1+!*

#0$�/%$ 0*.%$&�+*.!*1 !* )!� !*%$+,!-+�!�* +$%E 6!7 ��

! '$�2% �/% !*&�$0 %*�+�!�* +*. 0&% *%9,( .%2%,�'%.

 !"$�&"�'%& #�$  !"$� %"/+*!"+,  %+&0$% %*�&� 
/%

 �&� ! '�$�+*� ! '$�2% %*�& +$% /+$.9+$% %,! !*+�!�*

�# %##%"�& #$� .$!#� +*. /(&�%$%&!& �# �/% -5'!%-� �0)%� )0�

+,&� #$� $% �2+, �# �/% 0*9+*�%. �!'5&,!.!*1H 6!!7 ��

"� '+$% �/% '$�'%$�!%& �# &%2%$+, &'%"!%&� +,&� 0*.%$

'/(&!�,�1!"+, "�*.!�!�*&H +*. 6!!!7 �� #0$�/%$ &�0.( �/%

�$1+*!" "�+�!*1�

+�,
���������
�



/!& 9�$> 9+& '%$#�$ %. 0*.%$ �/% 	9%.!&/ �%&%+$"/

D�0*"!, #�$ �*1!*%%$!*1 	"!%*"%& 6
��7 0*.%$ "�*�$+"� CK5

@<JH �+�!�*+, 	"!%*"% ��0*.+�!�*� �+�%$!+,& �%&%+$"/

�+)�$+��$( 0*.%$ +9+$. �	�5���5CG5B@?<G� �	�5���5

CG5@@<GC� �/% �$ ( �%&%+$"/ �##!"%� �O�� �$�1$+ �

����=F5CG5<5=FFB� 3% �/+*> �!1!�+, �*&�$0 %*�& #�$

&0''�$��

������
��


�5�+&&+*� ��� �%!*-� 3���� �*��*!>� ����� �:D�&�+� ����� �+1%&5

9+$+*� 	�� 	"/�%*%*)%$1%$� D��� � ��/� P��� 6<CCK7 �%,+�!2%

 !"$�%,+&�!"  +''!*1 �# ,!2!*1 "%,,& )( +�� !" #�$"%  !"$�&"�'(�

3
�
%��� �� '#� <JGFR<J?K�

�, ;2!&�� ��� 
/� &�*� ����� 	 !�/� ����� 	�0">(� A���� ��$&%� ����

� �+*& +� ���� 6<CCC7 �%�/�.& #�$ #+)$!"+�!*1 +*. "/+$+"�%$!-5

!*1 + *%9 1%*%$+�!�* �# )!� ! %�!"  +�%$!+,&� 	����� ��
� +�*�

*'� B?RFB�

�/0&/+*� �� � ��!*>+$� ���� 6<CCF7 �+*�!*.%*�+�!�* /+$.*%&&

JB= �� ������	
 +) 4& �

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@



 %+&0$% %*�& 0&!*1 +�� !" #�$"%  !"$�&"�'(� 4

�� �%��� &����

%#� <GJBR<GJJ�

�/0&/+*� �� � ��!*>+$� ���� 6<CCG7 �!"$��$!)�,�1!"+, &�0.!%& �#

.�'%. &!*1,%5"$(&�+, &!,!"�* +*. '�,(&!,!"�* #!, & #�$ ���	

.%2!"%&� 1
��% 0�������
���� A��C�%�
 �� 	
��� +������ ��%��
���

����� �� ��� $
�*�� 24� (�4� ''� C<R<=@�

�/0&/+*� ��� �0,>+$*!� ����� ��*!*� 3� � 3($�)%>� P�
� 6<CCG7

�+*�!*.%*�+�!�* +*. '!"�!*.%*�+�!�*  %+&0$% %*�& 0&!*1 +

"+'+"!�!2% �$+*&.0"%$ &(&�% !* +�� !" #�$"%  !"$�&"�'(� �%
��

	�*� 4� '#� <<<?R<<@K�

�0$*/+ � ����� �%/$%*.� ����� �0,%2%(� ��� A$% +0.!� A�� A+,,��

��P�� A�0$.�*� ��� �0'+&� ��� �0,!>� ��P�� ��,,�">� ���� �

�$!11&� A����� 6<CC?7 ��9 .�%& + �!' �+'V 1������%����*�� )�

G?R?J�

�0$*/+ � ���� � D�,��*� ��P� 6<CKC7 �%+&0$!*1 �/%

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

0&!*1 +* +�� !" #�$"%  !"$�&"�'%� �� ���� ��
� )��%���� 4�

'� @C=GR@C<B�

�0&)(� 3��� � �%9!*� P�D� 6<CG?7 	!,!"+�% 0'�+>% +*. &!,!"+ &/%,,

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


���
������ 6�$%)�7 �!,&%� �� �%����� "� <@?R<B<�

D/!+''!*�� ���� � ��,"+*!� ���� 6<C??7 	�0.!%& �* �/% )!�"/% !&�$(

+*. #!*% &�$0"�0$% �# &!,!"+ &/%,, #�$ +�!�* !* .!+�� &� ����

	%;0%*�!+, "%,, 9+,, .%2%,�' %*� !* �/% '%**+�% 1��
����


���
������� �����
��� �� ("� @=JR@@<�

D,%2%,+*.� P���� �*"-(>�9&>!� ��� 	"/ !.� ���� � �,!*1&� ���� 6<CCK7

�*%$1( .!&&!'+�!�* !* �+''!*15 �.% +�� !" #�$"%  !"$�&"�'(�

4

�� �%��� &���� '�� @G<BR@G<J�

�$%"/&,%$� ��� �+$)+"/� �� � �0"/&� �� 6<CCK7 �+*�!*.%*�+�!�* �*

'�,("+$)�*+�%S'�,( %�/(,  %�/+"$(,+�% ),%*.&� 4

�� �%��� 4�

%%� K@JRK@C�

A+$"!+� ��� 
+ +(�� ��� D+,,%L+� �� � A+$"!+� �� 6<CCK7 �/+&%

"�*�$+&� !* �+''!*15 �.% &"+**!*1 #�$"%  !"$�&"�'(� 4

�� �%���

4� %%� 	B=CR	B<@�

A�T>%*� �� � �% '#� �� 6<CCK7 �!"$�&�$0"�0$+, '$�'%$�!%& �#

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

 !"$�&"�'%� 4��� 	����� #'� <=FBR<=J@�

A�$.�*� �� � �$0 � ��3� 6<CCF7 
/% "/% !"+, )+&!& �#

 �$'/�1%*%&!&� 0��� ���� 2����� !$�� @FBRB?@�

A$+"!+&� ���� � 	� �$L+!� A��� 6<CCK7 D�*�!*00 #�$"%  !"$�5

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

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

<@GCR<@?G�

��+1,+*.� ����� ��&�9&>!� P���� A$%�-� ���� � ��% %$� 	�D�

6<CCB7 �!+�� %4�$+"%,,0,+$ '�,( %$!" &0)&�+*"%& R #0*"5

�!�*� #!*%5&�$0"�0$%� "/% !&�$(� +*. '/(&!�,�1(� �� �%����� �(�

JB?RJGG�

�>+!� �� 6<CCG7 	
� +*. ��� �# )!�S�$1+*!"  �,%"0,%& +*.

&�$0"�0$%&� ����� ��
� ��
����� �%� @=JR@JC�

�% '#� ��� A�T>%*� �� � �%/�##� �� 6<CCK7 �+*�/+$.*%&&

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

 %�+,&� 4

�� �%��� 4� %%� 	KFBR	KFG�

�+*%(� ����� A+$"!+� ����� �+$&�*&� 	��� � �+*& +� ��A� 6<CC?7

D/+*1%& !* �/% %,+&�!" '$�'%$�!%& �# "/�,!*%$1!" &(*+'�!" 2%&!",%& +&

 %+&0$%. )( +�� !" #�$"%  !"$�&"�'(� 3
�
%��� �� '�� K=GRK<B�

�!*.%$� ��� D�,"/%$�� P�� �'%,,� ��P�� �+$�!� �� � �,(*%>� P� 6<CC@7

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

B@CRBB@�

�+1�*�2� 	���� �,!*1&� �� � 3/+*1)�� ���� 6<CC?7 �/+&% ! +1!*1

+*. &�!##*%&& !* �+''!*15 �.% +�� !" #�$"%  !"$�&"�'(� ����� ��
�

"'$� �BKJR�BC<�

��$&%� ���� 6<CCC7 	!,!"�* )!��%"/*�,�1(E /+$*%&&!*1 )!�,�1!"+,

&!,!"+ '$�.0"�!�* �� "�*&�$0"� *%9  +�%$!+,&� )����� 3
����%����

!'� @B=R@B@�

�+>+L! +� ��� �+ +10"/!� ��� P%�*15D/+*1� ��� �+1%&/! +� ���

�>%/+$+� 
� � �!&/!� 
� 6<CCG7 �+*�$/%�,�1( �# '�,( %$ ),%*.&

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

2����9�
� �� �����
�* )�����
�* 	
������
�� 5���B�/�� ��
���

''� BKJ=RBKJF�

�!%� ����� ���� +�&0� ��� �!-0�+*!� 3� � 
�>0 ���� �� 6<CCJ7

��"+, %,+&�!"!�(  %+&0$% %*� �* '�,( %$& 0&!*1 +�� !" #�$"%

 !"$�&"�'(� 0�������
���� �� 
��
� �� (���� 	����
��� ���

�
����������� 2%
!�� ��
��� ''� <FBR<FK�

�%$$(� D�D� 6<CKC7 D/% !"+, &�0.!%& �# )!�1%*!" &!,!"+�

3
� 
�����
B��
��E 2%� 
��� ��� 3
��%� 
��� ����
���
��� 6%.�

)( 	� �+**� P� 3%)) +*. �� P� �� 3!,,!+ &7� ''� @@BR@JG�

�D�� �%9 ��$>�

�!">%��5�%+'&� P�� %.� 6<CC=7 ���*���� 
� �%�����*
��� �������%�

�!�'$%&& ��.� �$!&��,�

�!">%��5�%+'&� P�� 	"/ !.� ���� � �.1+$� ���� 6<CC=7 
/% "%,,

)!�,�1( �# .!+�� 2+,2% #�$ +�!�*� ���*�� �%����� ���� '� <R<GK�

�+. +"/%$� ��� �$!�-� ��� D,%2%,+*.� P���� 3+,�%$&� ���� � �+*& +�

���� 6<CCF7 � +1!*1 +./%&!�* #�$"%& +*. %,+&�!"!�( �# ,(&�-( %

+.&�$)%. �*  !"+ 9!�/ �/% +�� !"5#�$"%  !"$�&"�'%� &��* �
��

!�� BK=CRBK<F�

�+. +"/%$� ��� �$!�-� �� � �+*& +� ���� 6<CCJ7 � +1!*1 &�#�

&+ ',%& 9!�/ �/% +�� !" #�$"%  !"$�&"�'%E 1%,+�!* !* 9+�%$ +*.

'$�'+*�,� 3
�
%��� �� %(� @GFR@?=�

�+. +"/%$� ��� �$!�-� ��� �+"/%$� D���� D,%2%,+*.� P��� �

�+*& +� ���� 6<CCG7 �%+&0$!*1 �/% 2!&"�%,+&�!" '$�'%$�!%& �#

/0 +* ',+�%,%�& 9!�/ �/% +�� !" #�$"%  !"$�&"�'%� 3
�
%��� ��

'�� JJGRJG?�

�+*.+,,� ��N�� D/$!&��'/� ��� �$�-� 	� � P0,!+5	"/ 0�-� D� 6<CCG7

��"+,!&%.  !"$�5/+$.*%&&  %+&0$% %*�& 9!�/ + "� )!*%.

&"+**!*1 #�$"%  !"$�&"�'%S*+*�!*.%*�+�!�* &(&�% � )%
� ���
�

=
� �� �(!� BFKRBJF�

�%! +**� ������� �%9!*� P�D� � ��,"+*!� ���� 6<CGG7 	�0.!%& �* �/%

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

.!+�� &� ��� 
/% &�$0"�0$% �# �/% "%,, 9+,, �# 1��
���� 
���
������

6�$%)�7 �!,&%� �� �%����� �� ?FRKF�

��)!*&�*� ���� � 	0,,!2+*� D�3� 6<CK?7 ��9 .� .!+�� &  +>%

)!� !*%$+,&V )����� 3
��%� � ��
� !�� <J<R<JF�

��0*.� ����� D$+9#�$.� ���� � �+**� ��A� 6<CC=7 $
��� ��

D+ )$!.1% O*!2%$&!�( �$%&&� D+ )$!.1%�

	"/+##%$� 
���� ��*%&"05�+*%��!� D�� �$�>&"/� ��� �$!�-� ��� 3+,�%$&�

����� �, ;2!&�� ��� �+$% )+� D���� �%,"/%$� ����� 	 !�/� �����

	�0">(� A���� ��$&%� ���� � �+*& +� ���� 6<CC?7 ��%& +)+,�*%

*+"$% #�$ )( /%�%$�%'!�+4!+, *0",%+�!�* �$ )( 1$�9�/ �/$�01/

 !*%$+, )$!.1%&V 2%� � 	����� (� <?B<R<?F=�

	"/�% +*� ����� �$"/!)+,.� ������ � �+$,�9� ��P� 6<C?G7 	�$0"�0$+,

�)&%$2+�!�*& +*. *��%& �* �/% #$%&/9+�%$ .!+�� 1��
����


���
������� 3�� �%����� �� !!� @J<R@GB�

	 !�/� ����� 	"/+T##%$� 
���� �!+*!� ��� 
/� '&�*� P���� �$%.%$!">�

����� �!*.�� P�� �%,"/%$� ��� 	�0">(� A���� ��$&%� ���� �

�+*& +� ���� 6<CCC7 ��,%"0,+$  %"/+*!&�!" �$!1!* �# �/%

��� �� �����
� ���
��	 JB<

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@



��01/*%&& �# *+�0$+, +./%&!2%&� #!)$%& +*. "� '�&!�%&� 1������

"((� ?G<R?GB�

	*%..�*� ���� 6<CGJ7 
/% $%,+�!�* )%�9%%* ,�+. +*. '%*%�$+�!�* !*

�/% +4!&(  %�$!" ��0&&!*%&; '$�),% #�$ + '0*"/ �# +$)!�$+$(

'$�#!,%� 0��� �� +�*�* ��
� "� F?RJ?�

�+* .% ��,,� 3���� �$!%,!*1� ��A� � A!%&>%&� 3�3�D� 6<CCC7 ��"+�!�*

+*. %4'$%&&!�* �# #$0&�0,!*& !* �/% '%**+�% .!+�� & 2��
�����%��

������� 
�� 1��
���� 
���
������ +*. 1��
���� ���
���� � �� �%�����

"$� <=FFR<=JB�

�+*,+*.!*1/+ � ����� �"�*!1/�� 	���� �+, %&%� A���� �.0,L%%� �����

A!,,%&'!%� P�3� � �"D0,�01/� ���� P$ 6<CC?+7 �%,+�!*1 %,+&�!"

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

�� 	����� ��
� &���� !%� <<?R<<C�

�+*,+*.!*1/+ � ����� �"�*!1/�� 	���� �+, %&%� A���� �,!*1&� P����

�0+*1� N�� ��1%��!� 
���� �.0,L%%� ���� � A!,,%&'!%� P�3� 6<CC?)7

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

 !"$�&"�'%� �� 4�%��
��� %#� B<RJC�

�$!%,!*1� ��A�� �%%,%*� 
������ 2+* 	+*�%*� ���� � A!%&>%&� 3�3�D�

6<CCC7 �!+�� &!,!"�* )!� !*%$+,!-+�!�* +& +* !*&'!$+�!�*+,

&�0$"% �# *%9 +''$�+"/%& �� &!,!"+ '$�.0"�!�*� �� 3
����%���� '��

BCRJ<�

3%$*%$� ��� %.� 6<C??7 )%� 3
���*� �� $
��� �� �,+">9%,,� �4#�$.�

3%(*� ��� �+,,%� 3�� �0 +$5	!*1/� 	�� �+*�+$">� ��� 
+*>%� �� �

P+"�)� 3� 6<CCK7 ��� !" #�$"%  !"$�&"�'(E !*#,0%*"% �# +!$

.$(!*1 +*. #!4+�!�* �* �/%  �$'/�,�1( +*. 2!&"�%,+&�!"!�( �#

"0,�0$%. "%,,&� �� 	
������ !)(� <?@R<K=�

JB@ �� ������	
 +) 4& �

� @==< 
/% ��(+, �!"$�&"�'!"+, 	�"!%�(� ������� �� 	
������
�� ���� J<KRJB@


