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� � � � B�� � � �Ĥ �� � � ��� �� � � � �� � �� � ��� � �� � � �( � ��  � �� � +�4 � ��� ' ' � ��� � ��� � �� �� � � � ( � �� �� � � � ��� � � � � �� � �

�� � � � ' � � ��� � � �� ��' �� ����� � �� � � � �� � �� � �� �� � � +�

=�� � � �� � � � � � � � ��F� � �( � ��  � �� �� � �d( � �� � � ��� � � � � � >�( � ��B� ( � � �� � � � � �� �� � � � � � � ( �� � � � � � � � � � � � l -, �

� �� � � � � � � � � � � �� � � � � � � �� � � � �( � � � 7� � �F� � � � �� � � � �� ( � � �� � � � ��7� ( �� ��� � )� �� � � ' � �� �� ( � � �/+�

=��� �� � � ��� � � �' ' � � � � � � � � ( � � �� � � � �  � � � � �� � ( � � �� � B�  � �� � � �� � � � � � � � � � � � � � � � � �  � � �� � � � �� � � � � �� �

' � �� � � � � � � �� � � � G� � � � ( � � �� �� �� �� � �� �� � � � G� � � � ( � � �� � � �� � �� � +� � � �� � � � F� � � � � � � � �� � �  � � � �� � �

�� � � � � � � � � � � � � � � � ), � * � � ( � � � � � �  � ��� � � �� � � /5� �� � �� �� � � � l -, � � � � � �� � �� � � � � � � �� � +� � � � � ' �  �� � � � �

 � � � �  ��' � � � � � �� �� �� � � � ��� � � � � � � �� � �� �  � ( � �� � � � � �� �B� � �� ��� � � � � �  �� � �� � � � � �� �� � � � � � � � � � ' � �  ��� � �

� � � � ( � ��  � �� � � � �� � �� � �� � �  � �� � � � � �  �� � ( � � �� �� � � � � � � � � �  � � � � �  �� � �� � � � � d( � �� Q� � � � � � � � � � �


 � � B�� 5�� � P, R+�

�

4#! #4�
 '22+� � � $ �$� 3�  �%� �� +2)� 7' � � �

�

. +� +. +� �=� �� � ' �� >�� � �� � �  � �� �� � +�

�

������4 �� � ���� ��G� � �� � �� � ' �� >�� � �F� ��� ���� � �� � � ��� � �( �� � �� � �)� � � 
 ! �! � /�� � �� � � �� � � �� � � ' �  � � ���� � � � +�

=� �� � ��� � �� � �� � � ' �  � ���� � � �� � �� � � � � � � � �� � ��� � � �� � ��� � �� � �� ��B� �� ��� � � � � � �� � ��  �� � �� ( � � ��� � ��� �

�� � � � � � � �� � � � � � � � � � �� � � � � +�� � � �� >� ( � �� 5�� � � �� � � ' �  � �� � � ��� � � � ( � � � �� � � � ( ( � �� � � �� � � ' �  � �

� � � � � � � � � � � � � � �� � � � ( � �� � � � � � � � �  �� � � B�� �� �� � � �� ��� � � � � � � � �  � �� �� � � � � ( � � � -� � � � � � )�� � � � � � � �

� � � � � � � � � � F� � �F� � � �  � � ��( C�� � � /+� =� � � F� � � �� � �� ���� � � � � � � �� ( � � �� � � � ' ��  �� � � � �  � ( � � � � � �� � � � �

� � � ' �  � �� � ��� � ��� ( � � ��� �� � �� � � � � � �F� � ��� ��� � � � � � � �� � � � � � �� � �� � G� � � � ( � � ����  �� � � �5��� ��� ( �C�� �

� � ��� � ' ��  7�� �� � �( � � �C�� �� � �  � �� �� � �� ���� � � � �� �� � �� � ' �� >�� � �� � ��� � � ��� ��� � � � �� �� � ��  �� � �  � +��

�

������� � ��� � � � � � � � ' �  � � � �� � � 5� � � � � � � � �� � � � >� ( ���� � >� � � �� � � � � � � � � � � ' � �  ��� � � � �' ' � � � � �� �	� � � � � �C� �

�� � � �� �� � � � � � � �  � � �� � 5� � � � � � � � ��� � � � � � � G� � � � ( � � �� ��  �� � � �� � � �� � � ' ��  7�� � � G( � �� �F� � ( � � �� � � � �

� � � � � � ��� ��� �� � �( � �� �� � ��� �� � � ' �  � 5�� ���� � � �� � �� � � ��� �� � ��� � ' � �  �� � �) ' +�' �� � � � �99-� /+���

�



�

� , .

�

L'. &� � �� � 9! �	�6 � ' �� >�� � �� � �  � �� �� � �� ��� � ' � �  ��� � �� � �� � G� � ���  �� � � ���� � � �� � � �� � � ' �  � ���� � � +�

�

� O� �� � � � � � �� � � q�5� q�� � �� q�� � � � �� � � � � �  ��B� ( � � �� �� � � � � � �� � � � � ��  �� � �  � 5� � � � � � ' �� >�� � � � �� � � �

� � ' � �  ��� � �� ���� � �� � � � ( C�� � � �� � �� ��� . � � � � � � � � � � � � ��� � >��� � � � � �� � �� � ' � �  ��� � �� � � �� � � >�( ���� � >+�

�

������=�� � � � � � � ' ��  7�� � � � �� � � �� � �� � � � � �� � � � �� K�� � �  � � �  �� � �� � � � � � �� � �� � � � � � � �� �� � � � � ! � � � � � �5� F� ��

' � � � � �� � � � �5�� � �� � �� � �� � 5��� �� � � � � � ��� � � �� ( � ���� � � � �� � � � 7� ( � � �� ��  �� �F� � � �� � ��� � � � � �� � ' ��  7�� �

� �� � � � �� � � � � � ��  �� � � �� +� � � � � � � ��F� � 5� �� � B�  �� � � �  7� ( � � � ��  �� �F� � � � � �� � �  � ( � � � � � � � � � � � >�

 � ( � � � � � �� � � � �� � �� � �5� �� � � �  ��B� ( � � �� � � � � ��C�� � � �� � � � � � � � � � �� �� � � � � � � �� � � � � ��  �� � �  � +� =� � �

� F� � ��� � � � � � � 2 � >: � ��� � �� �� � �  � � � ���� � � � � � �  � � ��� � ��� � � � � ��F� � � � � � � >� B�  �� � � � �  7� ( � �

� ��  �� �F� � � � ��  7� ( � � ( � � � � ��F� � � � � �( � ��� � �� � �� � � � � � � � � �� �( �� � � � �� � �  � � ' ' � �� � �� � � � � � � ' �� >�� � �

� � � � ��C�� � � �� � � � � � � � � � �� �� � 5� � � �� � � � � � � �  ��B� ( � � �� � �� � �� � �+� � � � � � �� �  � � � � � � �� �� �� � ' �  � �

� �( � � � 7C�� -�� � � � 5��� �� � � � �� � ��� � �� �B� �� � ��� � � � � >�( � ��B� ( � � ��� �)� � e� /�� ���� �� � � � �� � ��� �� � � ' �  � �

� �� � ��� � �� �� �)� . e� /5� � � �F� � � ���� � �� � � ��� � ' �� �� � � � ( ( � �� � ���	�

�

�	

�	
� �

�
�

mm
mm

+

-
= ������������������������������������������������������)99-� P/�

	�

	�
� �

�
�

mm
mm

+
-

= �������������������������������������������������������)99-� � /�

�

� O�m��� ��m�� � � � � � � � � � � � ��� � >� � � �� � � �� � � �� � � �� � �� � � � �  ��B� ( � � ��� � ��  �� � �  � �� ��� � �� � ' � �  ��� � +��

�

������=� �  � � ' ' � �� � �� � � � ! � � � � � �� � � �� � �� � � ! � � � � � � � � � � �� � �� � � � � � � � �� � � � � F� � � ���� � � � � � �� ( �C�� �

� � �� � �� � � � � � ' ��  7�� � � �� ��  �� � � �� +� 4 � � � � � � ( C�� � � � � �� ' � � � � ( � � �� �� � � � � � � �  � �� � � �� � � � ' �� >�� � �

q��q��

� � �

� . �

�
�

�

q��



�

� , 


� � �  � �� �� � �� � � ��� � �� � � ' �  � � �� ��� � ��� ����� � �� � � � �� � �� � ( � � � � >�( � � C�� � �� � �� � �� � �� � ��� � �� � � �� � �� +�! � �

� � � >� ��( � �� �� � � ��� �� � � �� F� � ��� � � �)99-� � /�� ��)99-. * /��� ��F� � �	��

���

( ) ( )..

.
�

��	� ��" -=q ������������������������������������������������)99-� � /�

�

@� �� � ' �� ���� � � �� ( � � ���� �� � � � ( C�� � �� � �! � � � � � ��� � � �� � �� � �� � �! � � ( ( � �� � ���	��

�

( ) ( )..

.
�

��	 ��" +=q ������������������������������������������������)99-. * /�

�

4 � �  � � ' ' � �� � ��  � � � � � � � � � � � � � � � � � � � �� � � � �� � � � � � �� � �� ( �� � � � � � � � �� � � � � � �� � � � �� � � ��� � ��  �� � � �� �

=� � �  � � ' ' � �� � �� � ! � � � �� ! � � � � � � � � � � � � �� F� � � � � � �� � � � �� � � � ��  �� � �  � 5� q�� � �� � � � �� �� � � � � � � �

� � ' � �  ��� � � � � � �� � � � � ' �  � +�=� � ' �� � � � �99-. � � � � � � � �� � �� �B� � �� ��� � � � � � �  � � ' ' � �� � �� � � � � ! � � � � � �� � B�  �

�� � � � �� � � � ��  �� � �  � +� � � � � �� � ' �� � � � �99-. -� 5� � � � � � � � � � � � �� � � � �� �B� � �� ��� � � � � � ! � � � B�  � �� �� � � � � � � �

� � ' � �  ��� � �� � � �� � � ' �  � � +��

�

0.00

0.20

0.40

0.60

0.80

1.00

C
oe

ffi
ci

en
t d

e 
Fr

es
ne

l.

0 10 20 30 40 50 60 70 80 90
 Angle d'incidence (en degrés) 

FP

F

0.00

0.04

0.08

0.12

0.16

0.20

C
oe

ffi
ci

en
t p

ol
ar

is
é 

de
 F

re
sn

el

0 10 20 30 40 50 60 70 80 90
Angle d'incidence (en degrés)

n=1.4-0.2i

1.3

1.4

1.5

1.6

1.7

1.8

(a) (b) �

�

L'. &� � �� � 94�	��)� /�A� � �� ��� � �� � � � � � ' ' � �� � �� �� � �! � � � � � ��� B�  ��� � � � �� �� � ��  �� � �  � 5�)� /�B� � �� ��� � �
� � � � � ' ' � �� � ��� � �� � �� � �� � �! � � � � � ��� B�  ��� �� � � � �� � �� � ' � �  ��� � +��
�

������� � � ��� �' �� � � � �99-. -� 5�� � � � � � � � �� �� � � �F� � ��� � � � ' ' � �� � ��� � �� � �� � �� � �! � � � � � ��� � � ( � � �� �� B�  �

�� �� � � � �� � �� � ' � �  ��� � +�=� �� � � ��� �� � � ��� �� � ��� �� � � � �� � �� � ' � �  ��� � �� � �� � � ' �  � � �� � �� � � ��� � �� � ��G� � �

� � ��� � �)� � � � � �� 5�� �  7� � �U /�� � �� � ( � � �� � �� � �� � �� +, �� ��� � �� +H5�� � � ��� �� � ( � �� � �� � �  �� � ��� � �B�� �� �� �



�

� , ,

� � � ( � G� � -�� ' � � � � � � � � Q� � ���  <� � �� � �+5� � � P
 R+� � � � � � � � � � � � � ' �  � � � B� � � �� �� � 5�  � � � � � � ( C�� � � � � ��

� � ��( � � � � � +15� � � � ( � G� � � � 5� � � � � �� � � � ( � �� � � � � �  �� � �� � � � � B�� �� �� � � � � � � �  7� -�� ' � � � � � � � �

QA� � � � � � ���� � �� � �+5� � � � 1R+� =� � � � � ��� � �( � � �� � �� � � � � � �� �� � � � � � � � � � ' � �  ��� � � � � � � � � � ' �  � � � � � ��

� � � � � � �� ( � � �� ' � �� �� � � �� ( � ��  � � �  �� � �� � � +� � � � � � � B� � � � � ' ' �  �� � � � � �  � � � �� � � � � �� ( � � �� �� � � � � � � �

� � ��� � � � �� � �� � ' � �  ��� � � � ( � �� >� �� � � ��� �� +, -*+. ��) ' +�' �� � � � �99-. -� /+�� � � � � � � � �� �� � � �F� � ��� � ' ' � ��

� � � �� � � � � ��� � �( � � �� � �� � � � � � �� �� � � � � � � � � � ' � �  ��� � � � � � � � � � ' �  � � � � � �� ' � �� �� � � � � � ! � +� =� � � � � ��� �

�( � � �� � �� � � � � � �� �� � � � � � � � � � ' � �  ��� � � � � � � � �� � � � �� � � � � � � �� ( � � �� � � � ��� � � � � � � � � �� � � ( � � C�� � � � � �

� � �� � �� � ��� � �� � � �� � �� +�

�

. +� +. +. �=� �� � ' �� >�� � �� �' ' � � � +�

�

������� ��� �� ���� � ��� � � F� � ��� � � � � �� ��  �� � ( � � � � ��F� � �� � � C��� �� � � � ��� �� � ��� ���� �� � � � ���� B�  ��� �( ���� � �

) ' +� ' �� � � � � 99-
 /+� =�� � � � � ��  �� � � �� � � � � C��� � � � � � � � ' � �  ��� � � � � � � � �� �  � � � � � � �� � � �� � � ' ��  7�� � � � � �

� �� � �� � � � � � � � � - � �  7� � +� =�� � � � � � ( � � � � � �� � � � � �� K��� � � � � � � � � � �� � �  � ( ( � � �� � � � � � ��� �� � � � �� �

 � ( � �� � �� � � � � � � ( � ���� �� � � � � ' �� >�� � � � � � � � � � ' �  � +� =� � � �� �  ��� � � � � � � � G� � � � ( � � �� � ( � � � � � �� � � ��

� �� � �� �� � � � ��  � � � � G� � � � ( � � �� � � � � �� � � � � � � � � � � � � � �� � �� � +�4 � � � 7� � � ( C� � � � � �� � � � �� ( � � �� � � � � �� �

� � ' �� >�� � �� � �B� �� ( � +�

�

��

L'. &� � �� � 9: �	�6 � ' �� >�� � �� �' ' � � � +��

�

������=� �� � ' �� >�� � �� �' ' � � � �� � � ��� � � �� ( � � ��� � �� � � � � �� � �� � � �� � � �� � � ' �  � �� � � � � � � � �� ��� �  7� ��� �� � ��� �

�� � � � � � � � � � � � � � � � ����� � � +� � ��� � � � ��  � � � ���� � � � � � � � �� � � � � ( � �� � � � � � � � ' �� >�� � � � � � �  � �� �� � � � � � � � �� �

( � ����� � � �� � � �� � � ' �  � � �� �� � � � �� �� ( � � �� �� � � 5�� � �� � �� � � �� �� � �� �� � ( � � ��� �� � � � ���� � � ��� � � �� � � ' �  � �

� � � � � � � � +� =��( � � � �� �  � � � � �� ��B� � � � � � 7� � � ( C� � � � � � � � ' �� >�� � � � � �  � �� �� � � � � � � � � � � � � �� � � �

� 7� � � ( C� � � � � � � � ' �� >�� � � � �' ' � � � � � � � � � � � � � � �� � �� � � � � � � � � � � � � � � � � � � � G� � � � ( � � ��  � � � �� � � � �

Q! � � � 5� � � � 
 �̀ 8 � � � �5� � � � PR+� =� � � F� � � �� � �� ���� � � � � � � �� ( � � �� � � � ' ��  �� � � � � � � �� � � ��� ( � � �� � �� � �

�( � � � �� � �� � F� � � �� � �� � � � � � � � � � � � � � � � � � � � G� � � � ( � � �� ��  �� � � �5� �� � �� ( �C�� � � � �� � � ' ��  7�� � � � �

( � � �C�� � � � �  � �� �� � +� =� � � F� � � ��� � � � �� � � � �� � � � � � � � � � � � � � � � � � � � � � �� � �� � � � � � � � � � � � � � 5� �� �



�

� , 1

�� G� � � � ( � � ��� � ��� �� � � �� � ' ��  7��� � �( � � �C�� �� �' ' � � � +�=� � �� �� ( � � �� �� � ��� ���� ���C� �� � ���� �� � B� � ���� �

�� � � � � � � �� � � � � � �� �' ' � � � � ���� �� � G� � � � ( � � ����  �� � � ��� � �� � ��� �� �' ' � � �� � �� � �6 � G�� �� 7+��

�

������=�� � � � � �� � �� �� �� � � � ' ��  7�� � � � � � � � �  � � � � � � � �� � � � � ' �  � � � � � �� � �� � � � � � � �� � � �  � �� � � � ( ( � � � � � �

� � � � � �� � � � � ' ��  7�� � � � � � ( � � �C�� � � �' ' � � � � � �� � � �  � �� �� � +� � � � � � B� � � � � � � � � � � � �� � � � ��� � F� � � �� �

 � � �� �� � ��� � �� � �� � �� � � �� � � �� � � ' �  � � 5�� � � � ��� �� � ( � �� � �� � �  �� � ��� � � �� � � � � ��� � �B�� �� �� �� � �( � G� � -

�� ' � � � � � � � 5��� � � ��� �� � � � � ��� ��� ( � � ��� � �( �  � � �� ( � �� � ��� �� � ' �� >�� � �� � �  � �� �� � +��

�

4#4��� � * � %� &�  �� *%'*$'1�  �%� �0*  � #�

�

4#4#! �� * � * � ; $� �  �%� �	 $� >�  #�

�

������=� ��� ( �C�� �� � � ��K��� �� �  � ��� � � ( ( � �� � � �� � � � � � � � ���� � �� � � � � � � �� ��  �� � ( � � � � ��F� � � �� �� � � � �

� �� ( � � �  7�� ( � ��F� � � � )� � � � � � � � ���� � � � � � �� � �� � � � � � � � � /+� %� � � � � � � � � �� � � � � ��  �� � ( � � � � ��F� � �

 � � � � � � � � � � � � � � � � � � � � � �� � � � B� � � � 5�  � � �  �� � �� � � � � � � � � � � � B�  �� � � � �  7� ( � � � � ��  �� �F� � � #
�

� � ��

( � � � � ��F� � � $
�

+�� � � � �C� ��� � �� � �� ��� � � �� � �2 � >: � ��5��� �� � �� �( �� � ��� � �� � � 7� ( � �� ��  �� �F� � �� � ' ' ���

� � � � � � � �  �� � �� � � ��� � �� � � � � �� �� � �� � �� � ��� �� � � � +�� � � � �� � �� � � C�� �) �
�

5�
�

5%
�

/5�� O� �
�

� �� �
�

�� � ' �� �� � � � ��

� � � >� � �� �  ��� � � � � � � � �� � � � � � � � � � � � � � � � � � � �� �� � � � � � �� � � �� �  ��� � � � � � � � � � � � � ��� � � %
�

5� �� �  7� ( � �

� ��  �� �F� � � #
�

�� � � ��K�� � �� �  � ( � � � � �� � ��� �' � J� � �� � �B� � �� �	�

�

( ) ( )��#��## �	
��

�	
��

���
yvv ++= ��������������������������������������������)99-. � /�

�

� O�k �  � � �  �� � �� � � �� � � �' ' � � � �  � � � � � � 7� � � � � � �� � � �� � � � � � >�  � ( � � � � � �� � � � � �7� � � � � �� � � � � �  7� ( � �

� ��  �� �F� � �� ��v �� � ���� �� � �� � ��� � �� � ��� � � � � �� ��  �� � ( � � � � ��F� � +���

�

������� � � � � �� �  � � � � � � � � � �5� �� � >�� � ( ��� � � � � B�  �� � � �  7� ( � � � ��  �� �F� � � � �  � ��5� � � � � � �� � � �� � �

�� � � � B� � � � 5�� � � �� ���� � � �) ' +�' �� � � � �99-, /+��



�

� , H

��

L'. &� � �� � 9=�	�6 � � � � � � � �� ��� � �� � � � � �� � �� � �� � ��� � �� ���� ��F� � �� � � � ��� �� � � � �) �
�

5� �
�

/+�

�

������=�� ���� � � �� � �� � � �  �� � �� � � �� � � ��� � � � �� �l 5��� � �F� � � ���� �� �� �  ��� � �� � �� � � �� � � � � �� >� �� � � � ��� �� � � � �

) �
�

5� �
�

/�� ��� � � ��� �� � � � ( C�� � �m� � � �  �� � �� � � ���� � ���� �� ��� �� � ��� � � � � +�� � � � � � � �� �� � � � � �� � � �� � ��� � � 5�

�� � ���� � � � � � � � � � � ��� � � � � �  � �  �� � � � � � � � � � � � � � ��� 5� �� � � � �� �� � � � � � � �� � �� � ��� � �  � � � � � � � � � � � �� � � � � ��

� �� � � � � ��� � � � � � �  ��B� ( � � ��  ��  � �� �� � � � �� ��� � � �� � +� %� � � � � �� � � ' � J� � � � � � � � � � � � � � �� � � �� � �

 � � �  �� � �� ��F� � � � � � � �� � � � � � � � �� � � � � � � � � � � � �� � ' � �( � ��� ( � � � � � � �� <� � �Q47� � � � � � � <7� �5� � � 1*R+�9��

� � �( � �� � � �  � � �  �� � �� � � � � � � ( � � �C�� �  � ( � �C�� � �� �  7� ( � � � � � � � G� � � � ( � � �� � � �� � �� � � � � � F� � �� � �

� � � � ( C�� � � +�4 � � �� � � � ( C�� � � �� � � >� � �( � � ��� � � � ��� �� � � � �) �
�

5� �
�

/� � ( ( � �� � ���	�

�

..
���� ##& += ����������������������������������������������������������)99-. . /�

..
���� ##� -= ���������������������������������������������������������)99-. 
 /�

( )y ��. ���� ##' = ���������������������������������������������������)99-. , /�

( )y���. ���� ##( = ����������������������������������������������������)99-. 1/�

�

4 � � � � � � � � � � � � � � � � �� � � �� � � � � � �B� �� � � �( � G� � � � � � � � � �� � �� ( � � +�=� � �F� � �� � � � � � � ( C�� � � � � � � � �� <� � �

� � ���� �� �( � � � �� � �� � � � � �� � � � � �� �� ��� � � ��� � �  �� � � ���' � 5�� � � � � ���� � �� �K�� � �� � ' �� �� �� � � � ��� �( K( � �

� � � � +� =� � � � � � ( C�� � � 9� � � �� � � � �  �� � � � �� � � � � � �� � �� �� �� � �� � � � � � � �� � � � � � � �� � � � � �̀ $ 5� %� � �� A�

� � � � � �� � � � ��� � � ��� � �� ��� � �� � �� � �� � ��� � +�=� � �� � � � ( C�� � � �� � �� �� <� � �� � � ��� � ��� � �� � >�� � � � ( C�� � � �� � �

�� � ���� � � �� ��� � �� � �� � � �� F� � ��� � �� � �B� � �� � �	�

�
.... ('�& ++= ����������������������������������������������������)99-. H/�

( )
�
'

=c.��� ��������������������������������������������������������)99-. P/�

�
�

�
�

l �

#
�

m�



�

� , P

( )
..

.���
'�

(

+
=b �������������������������������������������������)99-. � /�

�

������� � � � � � � � � � G� � � � ( � � �� � � �� � � �5� � �  � � � � � � �� � �� ��� � � � � � � �� � � �B��� � �� � � )� � ��e� � � �/5� � �� ��� � �G� � �

� � � �� � �� � �� ��� � �� � �� 7� � � �� � �� � ��� � �� �' ' � � � � �� ��� � �� � �� � � � � � �F� ��� � �� �   C� � � ��	�� � �( � G� � � � �� � � ��� �

�� ( � � 5� ( )c��� � � �� ( )c �� � � � � �� � � �� +� 4 � � � � G� � � � ( � � �� � � � � � � �� � �� � � � � �� � �� � � �  � � �  �� � �� � �

� � �F� � ( � � �� � � � � �� � � � � � ( C�� � � 9+�4 �� � �� �� �  � � � � � � � � G� � � � ( � � �� � � �� �� � � � � � �B� � �� � � � � � ( ( � �� � � �

�� � �( � � � 7C�� +� � � � � � � ��� � � � �� �� � �  ��� � � � � B�  � �� � �( � � � 7C�� � � �� �� � � � � ' �  � � )� 7� � � ( C� � � � � � �

� �' ' � � �� � � � �� � � ' �� >�� � /5�  � � � � G� � � � ( � � �� � � � � � �� � �� � � � � � ��� ��� ( � � �� � �� � � � �� K��� � � � � � � � � � �� �

 � ( ( � ��� �� � ( ( � �� � � � � ��� ( �C�� �� � �� � � ��� �� ��� � � � � ��� ( �C�� ��� �� �� ( � � ��� � �� � �� � � +�=� � ��� � B� � >�

� � �T � : � �� 5�� � P� 5�� � ��( � � �� � �F� � ��� � ���� �� ��� �� � ��� ��� ( �C�� �� � � � � � � �� � � � � � ��� �� � �  ��� � � �� � ����C� �

' � �� �� +� � � � � � � � �� � � � �� � � 5�  � � � � G� � � � ( � � �� � � � �� � � �  � K�� � �  � � � �� � � � �  � ( ( � � � � �� � �� � �

��� � � �� � ( � � ��� ���� � �� � � � ( C�� � � �95�%5�$ �� � ' ' �� � � ��� �� � � � � �  �� � �� � ��� � +��

=� � � � F� � ��� � � � � � �B� � �� � � � � � � ( � � �� �� � � F� � � ���� � �  � � �  �� � �� � � �� �� � � � � ( � �� � � � �  7� ( � � � � �

� � G� � � � ( � � ��	�

�

������ &&& += �����������������������������������������������)99-. � /�

&

'�

&

&
� ���

.. +
== �����������������������������������������������)99-
 * /�

( )
�
'

=c.��� �������������������������������������������������������)99-
 � /�

�

� O� ���& � � �� ���& � � � � �� �� � �  � ( � � � � � �� � � � � �� � � ��� � � �� � � �� � �� � � � � � � � � G� � � � ( � � �5� � � � � �� �� � �� � >� � � �

� � �� � �� � ��� � �� ��l �� � ���� � � � �� ��� � �F� � � ���� �� �� �  ��� � �� � �� �� � �� � �� � �� � �� � ��� � �� � � �� � � � � � ��� �� � �� >� �

� � � � � +��

�

. +. +. �=� ( �� � �  � � �� � �( � ��� � � � �� ��� � ' ��  �� �  � � +�

�

������=� � � �� � �� � ( � � �� � � � � �� �� � � ��  ��� � � � � � � �B� � ( � � � � � � �� �� � � � G� � � � ( � � �� � �' ' � � � � � �S� � � � � ' ��  7��

� � � � �� � � G� �C( � � �� � � � -� �( � � � 7C�� +� 4 � � � �� � �� � ( � � �� � � � � �� � F� �� � � � � � �  � � �� � � � � � �� ( � � � � � � �� �� �

� � �� � � �  � � � � � � � G� � � � ( � � �� � ( �� � � � � � � � � �  �� �� +� 4 � ��� � � � �� � � �  � � � � �� ( � � � � � � � � � � � � � � � � � � �� �

� � ��� � 5� � � �  �� � �� � � � � � � �� � � � � ( � �� �� � � � � �� �� � �� � ( � � �+�4 � ��� �F� � � ���� 5��� ( � � � � � � � �� � � � � ' �  � �B� � �

� � � � � ��  �� � �5� � � � � � � � � � � � �� � �� ( �� � �  � � � � � " +( -. +� � -� � �̀ � �� �� �� � �� � ( � � �� � � �� � F� �� � � � � � ' ���� � � 5�



�

� , �

� � � � �( � � � � � � � �� � � ��� ( �� � �  � �� � �  �� � �� �� � �" +( -. +� � -� +m( -� +�=� �� � � � � � � � �� ���� �� � ��� �� � � ��  ��� � �

� � ���� ��� ( �� � �  � �� � �( � ��� � � �=�F� ��� � �  � ���	��

�

( )
( )

�

)�)�
)�)� #

�
�

jjqqp
jjqq

555
555

n×
= ���������������������������������)99-
 . /�

�

� O� =n� � � �� �� � �� ( �� � �  � � � � �  �� � �� 5� � � � � � �� �� �  �� �� � ( � � �� � � �� �� � � 7� � � � � �( � � � 7C�� � � >� � �( � � � � �

" +( -. +m( -� 5�q� �� ��qB�� � � ���� � �� � � �� � �E� � ��7� � >�� � �� �� � � �� ��� � �B�� � � 5�� ��j � �� ��j B�� � � ���� � �� E�( � �� +��

�

=� �F� � � ���� 5�=5�� � � ��K�� � �� � �� � � B� � �� ��� � �� � �� � �� � � ( �� � �� � � � ( C�� � �� � �� �� <� � �9�� �� � � �  �� � �� � ��� �

�� ( �� � �  � � �� �� �� � ( � � � � � � � � � � � �� �� � �� � ( � � �� )=e=� � �Y=� � �/+� =�� >� � � � � �� � � � � � �� � �� ( �� � �  � �

� � �� � �� � � �� � �( � ��� � � �=� �� � �� � � � ���� � � �� � � � ( C�� � � �� � �� �� <� � �$ �� ��%�� ��� � � >� � �( � � � ( ( � �� � ���	��

�

�
� #

'�
�

.n.n +×
=

p
���������������������������������������������)99-
 
 /�

�

=� � � � � � � ( C�� � � � � � � � �� �� � � � � � � � � � �� � � � � � � � � � �� � � � �+�� � � � � �� � � � ��� � � � � �� � �� � � 5�� � � � � � ����� � � � � � �

� � � � �� ( �� � �  � � � � �� � �� � � � � �� � � � 5� � � � ���B� � �� � � F� � � �� �  7� ( � � � ��  �� �F� � � � � � �� � � � � � � � �� � �� � � � � � ��

� � � � � � � � � �� �� � �� � �� �� � �� � �� �' ' � � �� � �)� � ' �� ��� � � ��� � �� �� �  ��� � � ���  �� � � �� �� ��� � �B�� � � /�� ��� � � � ��B� �

F� � � � � ��� �� �� � � �� � � � � ��C�� +� � � � � � �� � � � ��� � � � � �� � �� � � 5� �� � � �� �( � � � �� ( �� � �  � � �� �� �� � � �� �� ( �� � �  � �

� � �� � �� � � �' � � � � ��� � ' � � � �  � �� � >�F� � � ���� � �=�� ��=� �� �� � � � +�

�

������# � �  � � � � � � � � � � �� � � � �� � � 5� � � � � � � ����� � � � � � � � � � �� ( � � �� �� � � � ��� � � � � � � � ' ��  �� �  � �

� �� �� �  ��� � � � ��� +�4 � ��� � � � � � � � � � � � 7G� �F� � � � � �� � � � � � � �� ( � � �� � � ' �� �� � � � � � � �� �  � � � � � � � � � � � � ' �  � �

�� � � � � �� � 5� � ' �� � � � �  � � �  �� � �� � � � � � �  � � �  ��� � � � � � ' ��  7�� � �� � � � � � �� � �� ( �� � � � � � F� � � ��� � � � J� ��+�%� � �

� � � ' �  � � � � � � � ' ��  �� �  � � � �� �� �  ��� � � � ��� �  � � � �� � �� � � � �� � ��� � �� ( � � � ��� � � � �	� �� � � � G� � � � ( � � ��

F� � � ��� �� � ' ��  7���� � ���� � �� � � � +�

�

# � � � � ( ( � �� � � � �� � �( � � � 7C�� 5� �� � >� � � � � �� � � � � � �� � � � ' ��  �� �  � � � �� �� �  ��� � � � ��� � � � � � � �  �� �� 5� r 5�

� � B�� � ��	�

�

( )
( )

( )�

)�)�
)�)�

�

q

jjqq
jjqqr

 ��

555
555 = ���������������������������������)99-
 , /�



�

� , �

�

� � � � �� � �� � � � � �� � � �� >� � � � � �� � �� �( ��� �� � �� � � � ��� �� � ' ��  �� �  � �� �� �� �  ��� � � � ��� �� � �� � �� � � �r � 5��� ��� �

F� � �	���

�

( )
( )

( )�

)�)��
)�)��

�

q

jjqq
jjqqr

 ��

555
555 = ���������������������������������)99-
 1/�

�

4 � � �F� � � ���� � �� � � ��� � �� � � � � �� �� � � ��� �� � � ��� ( �� � �  � � �� � �( � ��� � � � �� ��� � � ��� � �  �� � � � �� �( � � � �� � +�

� � � � ��� �� � ��� �� � ��� � �� � � 5��� ��� �( � �� �� �� �  ��� � � � ��� � �� � � � �� �� � �� >� �� ��� +�

�

4#: ��	 ' � &)*$' � � �%&�� * � � � � � � � � $�� � ?&�3* � �&� �� *3$� &� #��

�

����=� � �� ( �� � �  � � � � � � � � � � � � � � �� � � G� �C( � � o�� � � � -�  � � � -� �( � � � 7C�� p� �� � � ��� � � � � � �� �� � �  ��� � � �

( � ���� �� � �� � �� � ��� � �� � � ' �  � � �� ���� � �( � � � 7C�� +�� � � � �� � � ���� � � ��� � �� � � � � �� �� � �� � � �� � � � � � �� �� �� � � ��� �

� � � � � G� � � � ( � � �� F� � ��� � � �' ' � � � � �� � �S� � � � � � � � � � � �5� ��� � � �� � � �  � � �  � � � � �� � � � � � ( � � � ��� � � �

� � �  �� � ( � � ���� � �� �' ' � � � � �� � � � � �� �� � ��� � � �( �� � � �� � �I� � �� ���� � � � ��� �� � �  ��� � � +�� � � � � � ��� �� �  ��� � 5�

� � � � � � �  � �B� � � � �� � � � � � � � >�( � ��� � � � � ����� � � � � � � � � � ( � � � ��� � � � �� � �  � � �� �� � ��� � � � � � � � � � � � � � �� � � ��

� � � � ( � ��  � �� � +� � � � � � �� �� � � � �� � � � � � � � � ��� � � �' ' � � � � �� � � � � � � � � � � � � � 7G� �F� � � � � �� ( � � C�� � �

� � �( � ��� � �� � � � � �  � �� � � �� � �  � � �� �� � ��� � � � � � � � � � � ' �  � � � �  � � � �F� � � � � �� �� � � � � �� � � +� � � ' �� 5� � � � � �

� � � � � � �� � � � � ��� � � � � � � �� � ��� � � � ' � � ��� � � �� ��' �� ����� � � �� � � � � � ��� �� �� � � +�

�

�

4#: #! � � � � $� �  3- ; � � #�

�

������@� �� � ' �� ����� � F� � ��� � �� � ��� � � � ' � � ��� � � �� ��' � � ( ( � �� � ���	�

�

( ) ( ) ( )

( ) ( )� �
-

-

-

-=

p

m
d

jmjmjmjmd
p

w

jmjm
p

w
jmd

d
jmd

m

.

*

�

�

*

*

XX55X5XX5X5
,

++555+
,

55
55

����

�#��
�

��

))

�))��))
))

)
�

�������������)99-
 H/�

�

m�5� m� � � �� mB� )� � � � �  ��B� ( � � �� j �5� j � � � �� j B� /� � � � �� �� � �  � � �� � � � � � � � � � � �� � � E� � ��7� � >�

)� � � � �  ��B� ( � � �� � E�( � �� � >/�  � � �  �� � �� � � �� �� � � � �� �  ��� � � � ��  �� � � �� 5� � � �� �� � � � �� � � � B�� � � +� =� �



�

� 1*

�� � �� �C( � ��� �( � �� � ��� � F� � ��� � ���� � �� � ( � �� �� � � �� �' ' � � �� � � �( � ���� �� � �� ���� � � � ����� �� �' ' � � �� � �� � � � �

� � G� � � � ( � � �� � �' ' � � � � � � � �� �  ��� � �)m�5j � /�B� � � � �� � � �� �  ��� � � � � �B�� � � �)mB5j B/+�� � � � � �� �  � � � � � � � � �

� � � �� � � �' ' � � �� � 5� �� �� �� � � � ��� � � � � �  � ��� � � F� � ��� � � ' � � � � ��� �� � >� � � � � �� � � � � � �� � �� ( �� � �  � �

� �( � � � 7� � �F� � �� � �( � �� � �� ( � � � � � �� �� � �� � ( ( � ��� � ��� � �( � � � 7C�� � ( )d5Q­� 5�� � ' �� �� � � ( ( � �� � ��5�

�

( ) ( )
)�

�� )����
mm

mw
d mm

d

+�
�

�

�

�
�

�

�
-Q=Q

��
�

�
��
�

�
+-

­

��

�
,

5 ��������������������������������������)99-
 P/�

�

Q�� � ���� � � � �� �� � �� �' ' � � �� � �� � �� � ��� � �� �� �  ��� � � �� � �� �� � �� ��� � �B�� � � +�� )Q/�� � ���� �' � �  ��� � �� � �� 7� � � �

� � �( � �� � � � �o� � � � � � �� -( � ��  � �� � p�� ��d�� � ���� � � � �� � � � � �� � ��F� � ��� �� �� 5��� ��� �F� � 5�ded� � �Yd( � �+�

�

� � � � � � � � � � � � �� � � � � � � � � ��F� � � � � �� � � � � ( � � � � � � � � � �� �
)�

�
mm
��

+= � ' � �� �� � 5�  � � � �� � � � �� � � �� � ��F� � �

�� � � � � ( � � ��� � ��� � >� � � � � ��� ��� �� � � �� �� � ���5��� � F� � ��� � �)99-
 P/�� � �� � B� �� � � � �� � �	�

�

( ) ( )
)

�
�

m
dw
,

* Q××
=Q �����������������������������������������������������)99-
 � /�

�

� O�=�� � ���� ��� ( �� � �  � ��� �� �� �( � � �� � �� �� �( � � � 7� ��F� � �� � ' �� �� �� � � � ��� � � � � � �� � ��� � � � � � >�( � ��� � �

� � ��� �� �' ' � � �� � �� � �( � �� � +�=�� � �  � ���� �� � � � � ( ( � ��� �� � ( ( � �� � � � � � �� �� � ��� � � �� � � �� � � � � � �� 5�=� � �5�

� ��� � � �( � ��  � �� � 5�=( � �5�� � ' �� �� � � � ( ( � �� � ���	�

�

( ) ( )

( ) ( )
�
�
�

��
�

�

Q×
=Q

Q××
=Q

)

������
���

)

������
���

�
�

�
�

m
d

m
dw

,

,
*

�����������������������������������������������)99-
 � /�

�

@� �� � ��� � ��� � � � ' � �( � �� � � � F� �B� �� � �� � � � � � � � �� � �� ( �� � �  � �� � �� � �� � � 5�� � �� � ( � �� J� � ���� � ' � �  ��� � �

� � �� 7� � � ��� �� �� �� )Q/�� � � ��� �' � �  ��� � �� � �� 7� � � �� � �� � �� � � �F)Q/+��

�

������� � � � �  � ��� � ' � �( � 5� �� � �� ( �� � �  � � � � �� ��� � � �� � � � � � � � � �� � � � � � � � ��F� � �  � � F� �� � �( � ��' �� � �� � �

( � �7� � � � �� � �� B� � � �� � �� � � �� � � � � � �� +�=� � ��� �( � � �� � �� �� � �  ��� � � �� � �� � �( � ��  � �� � �� ��� � � � � � �� �� � � ��

� �� �� � �� ' � �� � � � � ��� � � +� � � � � � �� � � � ��� � � � � � � �� � � � �� � � 5� � � � � � � ����� � � � � � � � � � � � ��� ��� ( � � ��  � ��� �



�

� 1�

� � � � � >�( � ��� � �� � � � ��� � � � � � �� � ��� �( � � � ��� � ��� � �� � � ��� ( �� � �  � � �� � �� � �� � � � �( � � � � � � � �� � � �� � �� � �

�� � �� � ( � � �+� � � � � � B� � � � � � � � � � � � �� � � � ��� � F� � �  � ��� � � � � � � >�( � ��� � � � � �� � �� � � I� � ��' �� � � � � �

� � �� � �� � ��� � � � �� � � � � � �� � � � �� � � � � � � � � � � �� � � � � � � � � � � � � � � 5� � O�  � � � �� � � � � � ��� ��� ( � � �� �� � � � � ( �� � �

� � � � � �� � �� �' ' � � �� � �F� ���� �� �B�� � �+��

�

4#: #4�� � %+)' *$' � � �%�  �	 &� 2* � �  #�

�

. +
 +. +� �� � � ' �  � � ��  � � � �F� � � +�

�

������=� �� � ' �� >�� � �� � �� � G� � � � ( � � ��� � �� �� � �� � � ��� �� � � ' �  � �� � � ��  � � � � �� � � � � � � � �� � �� �� � � ���� �� � � � �

� �� � � �� � �� � 5�  � � � �� �� � � 7� � � ( C� � � � � � &�� ����� � �0+� =� � � � ��  �� � �� ( �  � � �� ( � � ( �� � � � � I� � � � � �� �� �

� � ' �� >�� � � � � �  � �� �� � � � � � ! � � � � � �+� � � � � � � ( � � �C�� � � �( � ��' �� � 5� � � � ( � � C�� � � � � � � � ' �  � � � � � �� K��� �

� �  � ��� � � � � � � � � I� >�� � � � ���� � � � � � ' �  � ��� � � � � ' ��  7�� � � � �� � � )� � � � � � ' �  � � � � �� ( � � �� �� � � /� � � �� � �� � � �

� � �� � �� � � ��� �� �� �� ��� ��F� � � +�=� �' � �  ��� � �� � �� �� �� �� � ��� � �� � � �� � � �� � �� � � �B� � � � � �� ���� �� � ' ��  �� �  � �

� � �� ����� � �� � ��� �� �( � � � ��� � � � �� � � �4 � >�� ��2 � � <5�� � 1, +�� � � � �� � � �( � � C�� ��� � �� � � � �)�  � � � �� � ��� �

� � � �� � � �� � � ��� �� �� �L��F� � �� � � ( �� �� ��� �7� � �� /5��� ��� ��� � �� �� �� �� � ��� � �� � ��� � � �' � �  ��� � �� � � � � �� � � � �

F� ��� � � � � � �� � �F� � ( � � ��� � ��� � � � �� �� � ��  ��� � �� � � �� � ��� �B� � � � �� � � �� � � � � � ��� ���7� ��E� � �� �� �� ��� � ��� �

B��� � � � � � � � B� � �+� =�� ( � ���� � � � � � � � � � ' ��  �� �  � � � �� �� �� � � �� � � �� � �� � � � � � � � ����� � � � � � � � � 5� )�/� � � � �

 � � ' ' � �� � �� �� � �! � � � � � ��! �� ��! � 5�)��/�� � ��� �� � � ( � �� �� �� � � � � � �B� ��� � �)q�5�qB�� ��j �-j B/�� ��)���/�� � ��� �

�� �� � � � � �� �� �� � ��� � +� =� � B��� � � � � � � � B� � �� � � �� � � � � � � � ( C�� � � �( � � � �� � �� � � � ( � � C�� +� =� � � F� � � �� �

B��� � � � �� � �B� � ��� � ��' � �� �� 5��� �� � � ' �  � �� � ��� �  � � � �� � ����� � � �� ���� �� � G� � � � ( � � ��� � ' ��  7��� � ���� �� � � � �

� � � � � �� � � �� �  ��� � � � � �  � �� �� � +� =� � � F� � �  � � � � � � ( C�� � � � � � ( � � �� � )( � � � � �� � � � � ��� � /5� �� ��

� � G� � � � ( � � ��� � ' ��  7��� � ��� �� � � ' � �� �� �( � �� �� � � �� �� � � � �� � � � � � � � ��� � � �� �  ��� � � � �� � � �� ( �� � �� � �  �

� � � � �� � � � � � � � � � � ( � � � � � � � � � � ( � �� �� � � � � � � � � �B� ��� � � +� =� � � ( � � � � � � � �  F� �� � � � � � � � � � � � �

� � � ( � �� �� � � � � � � � � �B� ��� � � � � �  7� � � � � � � ����� � � � � � � � �� � � I� �� � � � � � � � � � � �� � � � �� � � � � � � � � � � � � � �� � � � -

� � � � � � �� � � �( � � � +�

�

������=� � � � �� �� � ��� � �� � � �� � � ' �  � � ��  � � � �F� � � �� � �� � �� � � � ( � �� � � �� ��� � � � �� �� � ��� � �� � �  � �� �� � �	����

� � ��� � � �� ( � � ��� �  � � � � �� � �� � ��� � �� � � ( � �� �� � ��� �� � ' ��  �� �  � �� � � � � � �� � ��� � � � +�4 � ��� - ��� � � � ��� �� � �

�� � � �' ' � � �� � � � � � �� � � � � � �� � � � �� � � � � � � �  � � � � � �� ( � � �� � � �' ' � � � � �� � � �� � � � � � � � � �� � )� 7G�� � �� �  �� � 5�

 7�� � � � 7G��� 5� � � � �( � � �� � � � � � � � � � � � �� � � U /+� 4 � ��� � � � ' ��  �� �  � � � �' ' � � � � � � �� � � � � � � �� ( � � ��

 � � � �� � � � � �  � ( ( � � �� ( � � � ��� � � � � � �� � � � � � � �� � �� � � +� � ��� � � � �� � � � �� � ��C�� ( � � �� �( � � � �� � �� � � � � � �

�� � � � � � � >�� � � � � � �� � ��� � � � � � � � �� � � � � � � �̀�� � �( � � � � � � �� � ��� ( �� � �  � ��� �� �� 5�� ' ' �  �� � � � �� � � �� � �� � �

�� � �� � ( � � �� � � , � * � � ( 5� � � � � � � � � �� � � �  � � � � � � ����� � � � � � � � � � �� � �� � � � � � � � � � � � � � �� � � � -� � � � � � � � � � �



�

� 1.

( � � � +�4 � ��� ' ' � �� � � � � � � � � ��� � � � � � � � �� � � � � �� � � � � � � � � � � � � �  �� � �� � �)HP*-. . * * �� ( /5�� � � � � � �� � � � � ��

� � �F� � ( � � ��� � � ��� B� �� �� � � �� � � ��� � � � �� � � � �� � � �� � � >��  � � � �F� � � �� � � � L��C�� � +�=� �� � ' ��  �� �  � ��� � �

�� �  � ( � �� � ��� � � �� ( � � ��� � �� � �� � � � ( � �� �� ��� � �� � �� � �( � � C�� �� � �T � � � <� 5�� � � , +�4 � ��� �� � ' ��  �� �  � �

� � ��� � � � � � � � ��� ( � � � ��� � � � �� ��� � � � � � �� � �F� � ( � � ��� � ��� �B��� � � � �� � �B� � �+�� � �� � � �F� � � � �( � � C�� �

� � ��� � � �� � �  �� �� ��� � �� � � � � �F� � � � �� � � � � �� � �� � � � � � � � �� � ��� �� � ' ��  �� �  � �� � ��� �  � ( � +�

�

. +
 +. +. �� � � ' �  � � ��� � � � � �� � � +�

�

. +
 +. +. -� �=��� � � � �� � A9+�

�

�����4 � ( ( � � � � � � � �� � B� � � � � � � ��� � � � � � � � � �� �  7� � ��� � � � 5� �� � � � ' ��  �� �  � � � � � � � � � ' �  � � � �� � � � � �� � � �

� � � � � � �� �� � � �' � � �� �B� � �� � ����� �� � � � ��G� � �� � �� � ��� �� � �� � �� � �� ��� � � �� ( � � ��� � �' � �  ��� � �� � ��� �� � �� � � �

 � � � �� � � � � +�4 � ��� �B� � �� � ����� �� � � � ���C� �� �' ' � ��� �� � � �( � � � ��� � ��� � �� � �  �� � �� � ��� � � � �� �� � ��� � �� � � �

� � � ' �  � � ��� � � � � �� � � �� ��� �  7� ��� �� �� � � �� +�� � � � �� �� ��� � � � � ��� � �� �' ' � � � � �� ��G� � � �� � �� � �5�� � ��� �� � � � ���

� � � � � � �� ( � � ���� �� � � � �� � �B� � � �� ��� � �� � �� � A95�� � ' �� �� � ( ( � �� � ���	�

�

HP*�H1

HP*�H1

��

��
�*(&

+

-
= �������������������������������������������������������)99-, * /�

�

4 � ���� � � � �� � ��� � � � �� � � ��� �� �' ' � � � �  � �� � � � ( � � � �� ( � � ��� � �  �� � ��� � ��� �B� � � �� ��� � �� ��� � � �� � �� �� � � 5�

� � � � ��� �� � ( � �� � �B�� �� �� �)HP* �� ( /�� ���� �� � �  7� -�� ' � � � � � � � �)� H1�� ( /+�� � � � ��� � � � �� � � � � �� � � ' �  � �

B� � � �� �� 5� � ���� � � � �' � � � � ���� � � ��� � � � ��� � �� � � ��� � �� ��� � � � � B� ���)� � � � ��� 5�� �B� � � �� � �  ��B��� �� � ��� �

� � � ' �  � /+� =� � � ' � � �� � � B� �� � � � � � � � � � A9� )f *+
 /� �� � �F� � � �� � G� �� ( � ��F� � ( � � �� � � � � � � � ' �  � �

B� � � �� �� � �̀� �� � � � � �B� �� � � � �� � � ��' � � �� � �� ��� �� � ��� � � � B� � ��� � ��� � � � � �)� >�	�' � �K�/+�=� � �B� �� � � � ��� � �

� �� � � ' � �� �� � � )g*+� /�  � � �  �� � �� � � �� � � � � �G� � � � � � �  � � B� � �� � �� � �  �� �� � � ( � � � � � � � � � � � �� � � � � � )� >�	�

� � B� � � 5�� � � � � �5�� � �� � /+�� � � � �� � � � � � �� � � �� � � ��� �' �� � � � �99-15��� �� �� � � �� � � �� � �  �� � �� � � � �  �� � �� ��F� � �

� � �� �' ' � � � � �� � �� � � ' �  � � �� � �� � � ��� � +�

��

�



�

� 1


0.00

0.10

0.20

0.30

0.40

0.50

0.60

 R
ef

le
ct

an
ce

 d
e 

su
rfa

ce

400 600 800 1000 1200 1400 1600 1800 2000 2200
 Longueur d'onde (nm)

Surface v�g�tale
Sol nu

�

�

L'. &� � �� � 9" �	�� �� � � �� � � �� � �  �� � �� �� � �� � � ' �  � � �B� � � �� �� � �� ��� � �� � �� �� � � +��

�

=� � � � � � ' ��� � � � �  �� � � >� � � � � � � �� � �  �-� � � � � � � � � � B�� � � � � �� � � � �� � � � � � � � � � � � � � � � � � � � �  � � � � � � �

�� � � � ' � � �� � � � �� ��' � H� � QA� �( � �� � � �� � �+5� � � � PR� � ��  � � � � � � � � � � � �� � � � � � � � � � ' �  � � � B� � � �� �� � � ��

� � � � � ��F� � +�

�

������4 � � �G� � � � � � � �� � � � ( ( � � � � � � ��� � �� � � � � � � �� ( � � �� � � � � � ��� � � � � ( � � � � � � � � � � ' �� >� � � � � � �

� � ' ��  �� �  � � � � �� �� �  ��� � � � ��� � � �� �� � � � � � � � �� ( � G� � � � � � � � � � � � � � � � ( � � � � � � � � � � � ( � �� �� � �

� � � � � � �B� ��� � +�4 � ��� � � � � � �  7� � � � �( � �� � � � ��( ��� � � �� � � � ' ' � �� � � �� �  ��� � � � �� � � �� � � �  � � �  �� � �� � � � �� � �

� � � � � �� �� � � �� �� �� �CF� � � � � � � � � � � ' �  � � � )( � � � � � � � � � � � G� � � � ( � � �� � �' ' � � � � � � � � ��� ��� ( � � �/+� =� �

� � � � � � � � �� � � � � � �� � �� � �� � � � � � � � � � � � � � � � � � �� � �  �� ��� � �� � � � �� � ��� �� � � ' �  � +��

�

������=� � ' � � �� � B� ��� ��� � � � � � � �B� � � � � � � � �� � � � � � ' �  � � � B� � � �� �� � 5� � � �� � � HP*� � �� � H1� � ( 5� � � � � ��� �

� � � � � ��� ��� ( � � ��� � ��� �B� ��� ��� � �� � � �� � � � � �� �� � �� � � � � � � � ��� � �� � ��� � 7�� � � � 7G��� +�=� � �' ��  �� � ��� � � �

 � � �� � � � �� � � �� +, �� ��. +* �m( � � � � � � � � � � � � ��� �� � � �� � � � � � �� � � � � � � � ��� � �� � ��� � � � +�� � � � ��� � �� � �� �� � � 5�

�� � �B� � �� ��� � � � � � �  �� � �� � � � � � � �B� � � � � � � �� � � � � � � �� ( � � �� � �� � � ' � �� �� � +�=� � � � � � ' ��� � � � �  �� � � >� � � � �

� � �� �� � � B� � ��� � � �� ( � � ��K�� � �� ' ' �  �� � �� � � ��� � � � � � �� � � �� � �� � � ��Q8 � G� ��� ��� �+5�� � � � R+�

�

������=� � � � ' ' � �� � � � � �� � �( � � � 7C�� � �� � � � � �� � � � � � � �� � � �� � � B� �� � � � � � � � � � A9� � � -� � � � � � � � � � � �� � � � � �

� � �� F� � � �� � � �' ' � � �� � � � � � �� � �( � � � 7C�� � � � �� � �� � � �( � � � �� � �� � � �HP* � � ( �F� � � � � H1� � ( +�# � -� � � � � � �

� � � �� � � � � � �� ��� � � ��  � � � � 5� � �� � � � ( C�� � �� � ����C� �� � ���+�� ���� �� � A9�� � � � ��� � � � � � � �� � �� � � �� ' ' � �� �� � �

�� � �( � � � 7C�� 5� ��� � � � � � � � �� � � � � � � � B� �� � � � � ��C� � � � ��� ( � � �� � � � � ��B� � � � � -� � � � � � � � � � � �  � � � � +� =� �

� � ' ��  �� �  � �� � ��� � � � �� �� � ����C� �' � �� �� �� �HP* �� ��� H1�� ( 5��� �� � � � � � � �  � �� � �  �� � �� �� � � � �B� � �� � � � ��� �



�

� 1,

� � � �� � � �' ' � � �� � � � �( � � � 7� � �F� � +�=� � � � A9�� � �� � � �  7� � � � �E� �� � � � � � � �� �  � � � � � �  �� �� � � � � � � � � � � � �

)� � � �� � ���� � � � �  �� � �� � � � � � � � � � � � /+� � � � � � �� � � � ��� 5� � � � � � � ����� � � � � � � �� �� � � � � � � A95� � ' �� �

� � � ' ' �  �� � � �� � � � �� � � �' � � ��� � �F� � ���� ��B� �� � � �� � � ' �  � � �� � �  � � �� � � � +��

�

. +
 +. +. -� �2 � � � ��� � ��� � �� � ��� �� � � ' �  � +�

�

·  6� ' ��  �� �  � ��� �� �� +�

�

������� �' ' � � � � �� � � � �� � � � � � � �� ( � � �� � � F� � � �� �  � � �� �� � ��� � � � � � � � � � ' �  � � 5� � � � �� ( �� � �  � � �� �� �� � � ��

� � �� � �� � � 5� � � � �� K��� � � �  � ��� �  � ( ( � � �� � � � � � ��� �� � � � �� �  � ( � �� � �� � � � � � � � � �  � � � � � � � 7G� �F� � � �

� �� ���  �� � Q" � �' 5� � � P1 �̀ A� � � � � � ���� � �� A� � �  �� 5� � � � � �̀ � ��� � � � �� � �+5� . **1R+� =�� F� � ��� � � 99-, � �

� � � � � � �� �� � � �( � � � ��� � ��� � �� �( � �� �� � ��� �� � ' ��  �� �  � �� � �� � � ' �  � ��� �� �� 5�r 5�� � � � � � � � �� � � ��� � �� �� � � � �

� � �  � � � ( ( � � �� ��� � � �	�

�

� ��)��� rrrrrr ++++= > /.)/.)/�) �����������������������������������)99-, � /�

�

� O� /�)r �  � � � � � � � � � � � � �( �  � � �� ( � � � � � �� � � � ' �� >�� � � � � �  � �� �� � 5� � � ��L�� � � � � � �� � � �� �� � � � � ! � � � � � ��

) ' +� � �  ��� � � . +� +. +� /5� /.)r � � � �� � � � �  �� � � � � � 7� � � ( C� � � � � � &�� � � � �� � � � ' �� >�� � �� � �  � �� �� � 05�

 � � � � � � � � � � � �� � � � � � � � � � >�C( � � � � ' �� >�� � � � � � � � ��� � � � � � �� � � � � ' �  � � � � � � � � �  � � � � � � ' ��  �� � � �

� �� ( � � �� �� � 5� /.) >�r �� �  � ����� �� 7� � � ( C� � �� � �� � ' �� >�� � � �( � ���� �� � 5 )��r � � � � � � � � � � �� ��� �� � ' �� >�� � �

� �' ' � � � � � � � B� �� ( � � ) ' +� � �  ��� � � . +� +. +. /� � � ��r  � � � � � � � � � � � � �� �  � ( � � � � � �� � � � � � � G� � � � ( � � ��

� �' ' � � � �F� ��� � ���� � � � ( �� � �� � ��� � B� � � �� � � � �� � I� ��� �� ( � � �� �� � � � � � ���� � � ���� �� � � ' �  � +��

�

����� � � � ��� �� � ��� 5�� � � � �� ( � �� �� � � � � ��� ��� �( � �� � �� � ' ��  �� �  � �� �' ' � � � �� � � � �� �  � �� � ��� � � � � ( � �� �� � � �

 � � �� �� � ��� � � � � � � � ��� � �� � � � � �� � � � � � � � � �� �� � �  ��� � � � � �� � � �� � � � G� � � � ( � � �� � � �� �� � � ��  �� � � �� � �� �� �

� � � ' �  � � )� � ��� �� � � � � ( � �� � � � � �  � � �� �� � ��� � � � � �  � ��� � �  �-� � � � � � � � � �� � > � � ��� � � � � � �� � � � ' �� >�� � �

� � �  � �� �� � /+� � � � � � � �  � �� � � � � � �� � � � � �( � �� ( � � �� �� � � � ' ��  �� �  � � �� �� �� � � � � � � � � ' �  � � �  � ( ( � � �� �

� � ( ( � �� � � � � � �� �� � ��� � � �� � �  � �� �� � �� ��� �' ' � � � +�

�

������=� � ' � � ( � �� � � � �  � � � � �� � ( � � �� � � F� � � �� � ( � � � ��� � ��� � � � � � �� � � � ' ��  �� �  � � � � � � � � � ' �  � � � � � ��

� � � �� � ��C�� ( � � �� � ( � �� >� +�� �' ' � � � � �� �( � � C�� � �� �� �  ��� � � � �� 5�� � � �� � �  �� � � >5�� � ���� � �� ' � �� �� �� �

� � B� �� � � � � � QA� �� �� � �� � � �� � �+5� � � � * �̀ 6 � � I� � � � � �� � �+5� � � � . �̀ 6 � 7( � � � � �� � �+5� � � � 
 R+� � �� � �

� �  � ( ( � � �5� �� � � ( � � C�� � � � � �6 � � I� � � � � ��6 � 7( � � � � � �� � �� � � � �  � ��� � � �� � ( � ��� � � � �Q2 � ��� �  7�<� � ��



�

� 11

� �+5� � � � P̀ �47� � � � ��47��� �5� � � � PR+�9�� � >�� �� � � � � � � � � �� � � � � � � �B� ��� � ��� � � � � �  � � � ( � � C�� � 5�  ��� � � �

 � � � � � � � �� � � � >� � �� � � � �  � ( � � � � ��B� � �  � � ' � � � �� � �� �� � � � � � ��� � � � � �  � � � ( � � C�� � � � �� �� � � ( � � � � � � �

� �� �  ��� � � � ��� � � � � � � @=� � 6 � Q=� � � � �� � �+5� . ** 
 � �̀ 2 � �� � � � � � �� � �+5� . ** , R+� � � � � �C� � =� � � � �� � �+5�

. ** 
 5��� �( � � C�� �� � �47� � �� ��47��� � �� � ��� � � � �� �� ( � � ��� �� � �� � � ' � � ( � � ��F� � ��� � �� � �� � � �� ��� � �( � ��

� � � � ��( � � � �� � � � �B� � � >� � � � � � ' ��  �� �  � � � � � � � � � ' �  � � � � B�  � � � � � � � � � � � � �� ' � � �� � � � � � � � *^ � )� � � � �� �

� � ( � �� � �� � �  �� � ��� � �B�� �� �� �� � �� � �  7� -�� ' � � � � � � � /+�� � � � � � ��� � B� ��5�� � � � �� � � � � � � � � � � � �� � � ��� � �

( � �7� � � � �� � �� � ��  ��� � �� � � �� � � � � � �� 5�� � � � � � �� � � ��� � ����� � ��� � �� � ��� �� ' � �( � ��� � �� �� �  ��� � � � ��� �� � �

�� ( �� � �  � � �� �� �� +� � � � � � � � � � �  � �� � � � � � � �  � � � � � � �� � � � � � � � �� ��� �� � �  � � �  �� � �� ��F� � � � � � �  � � �

( � � C�� � +��

�

·  6� ' ��  �� �  � �� � �� � �� � � +�

�

������� � � � � ( � � � � �� � � �� ��� �� � ' ��  �� �  � ��� �� �� 5�� � �� �  � ���� � � � � � �� ( � � ���� �� � ' ��  �� �  � �� � �� � �� � � �� � � �

� � �� �  � ( ( � � � � � � 7� � � ( C� � � � � � � � � ' �  � 5� �� � � � G� � � � ( � � �� � �' ' � � � )� � � � �� � � �� � � � � � �� � � � �5� �� � �

' � � ���� � U /�� � �� � �� � �� � � ��� � � +�=� �� �� �  ��� � �� � �� �� � �� � �� � �� � �� � ��� � �� � �� � � � � � � �B� � ��� � � �� � �C� �

� �� � �� � � � � � � ' �� >�� � � 5� � � � � �  � � � �� � � � � � � F� � � �� � � � � ' �� >�� � � � � � � � � � � � � � � � � � �� � � � � � � . � � � �

 � � �� �� � � � �� � � � � � � �� � � � �� � �� � ��� � +� %� � � ( � � � ��� � ��� � � � �( � �� � � � � �� � � � ' ��  �� �  � � � � �� � �� � � � � � � �

� � � ' �  � � �r � �� � ��� � �  �	�

�
��
���� rrrr ++= /.)/�) ���������������������������������������������������)99-, . /�

�

=� � � ( � � � � � �� �� � �  � �� �� � /�)
�r �� � ����� �( �  � � �� ( � �� � � � � � � � � � � ��� � ��� �� � ' ��  �� �  � �� � �� � �� � � �� � � �

� � �� � � �� � � �� � �� � � � � � � � ���B� ( � � �� )B�  �� � � � #
�

� � � � � � � � � � �� �� � � � � � � �� � � � � � � �' ' � � �� � /+� %� � �

 � � �  �� � �� ��F� � � � � ( � �F� � � �� � � � � � � � � � � �� �� � � � � � � � � � ' �  � � � � � �� �� � >�� �� �  � � � � � � � � � � �� � �� � ��� � �

� � � � ��B� � )� � � � �B� � � � � � � � � � � � � � � ' �  � � � � � �� � � � ( �F� � � � � � � � =G� �5� � � . � /+� � � � � � �� � � �' ' � � �� � � )Q�

� � �  7� � � � � � � *Z/5� �� � � � ' ��  �� �  � � � � �� � �� � � � � � � � � � � ' �  � � � � � � � � � �� � � � � ( �� �( � ( � ' � �� �� ( � � ��

� � � � ��' +� 4 � � � 7� � � ( C� � � � � � �� � � � � � �B� � � � � � � �� � � � � ( � �� � � � � � � � � ' �  � � � � � �� � � ��� � � )B� � � �� �� � 5�

� � � � � ��F� � � 5� � � � ' �  � � � ( � � ��� � � � � � �� �� � � �� � � U /+� =� � � F� � � ���� � � /.)
�r � � �� ��

�r � � � � ��  � � � �� � � � � � �

 � ( ( � �� � ��  �� � �� � �� � � � � � � � � �� � �� � � � �� 7� � � ( C� � +�=� �� �� � � �� � ��� � � ( � � � � � �� �� � �� � �� � � ��� � � � �

� � � � � � � � � � �� � � � ' �� >�� � � � � �  � �� �� � 5 /.)
�r 5� � � � � � � � � � � �  � � �  �� � �� ��F� � � � � � � ( � �� �F� � � � � � � �� �

� � � ' �  � � � � � �� � � � � �� ��� � ��� �� � � ( � �� �� �� � � � � � �B� ��� � �Q" � �' ' 5�� � P1R+�" � � � � � � � �� ��� � � <� +5�� � � P�



�

� 1H

� � �� �� �� � � � ��� �� �  � ( � � � � � �� ��
�r � � ' �� � � � � >� ��F� � � � �� � � � � �  7� � � � � � ��B� � � � � �� � � � �� � �� � ��� � � � � � � �

� � � � � � B� ��� �' � � ���� � +��

�

������=� � � � ��  �� � �� �  � �  �� � �� � � � � �  � � � � �� � � � � � � �� F� � � �� � � � ' ��  �� �  � � � � �� � �� � � � � � � � � � �� � � � � � ��� �

� � � � � ��� ��� ( � � �� � � � �� � � � ' �� >�� � � � � �  � �� �� � � � � � � � G� � � � ( � � �� � � �� �� � � � � � � �� � � � � ' ��  �� � � � �

� �� ( � � �� �� � � � � ( � � � � � ���� �� � � ' �  � �)' � � ���� � �� � � � ��� � �B� � � �� � >5�� � � � � ��� � �� � � � ��� � �� � �� �� � � �U /5�

� � �� > �� � � ���� � �B�� � � � �� � �  7� � �� � ��� �� � �� � � �' ' � � �� � +�=�7G� � �7C� � �� � �� � � � �� � � �( � � C�� � �� � ��� � �  �

� � �  � � � �� � � � � �F� � � �� � � � ' ��  �� �  � � � � �� � �� � � � � � � � � � �� � � � � � ��� � � � �F� � ( � � �� � � �  � � ( �  � � �� ( � +�=� �

� � ' ��  �� �  � � � � �� � �� � � � � � � � � � ' �  � � � � � � � � � � �� � � 5� )�/� � � � � � � � � � �� �� � � � � � � � �� � �� � ��� � � � � �  7� F� � �

� � ' ��  �� � � �� �� ( � � �� �� � �)� �  � ��� � �� � � ��� � ��� �� �� � �! � � � � � �/5�)��/�� � � � � � �  �� � �� ��F� � � �� � � ( � �� �F� � � �

� � � �� � � � � ' �  � � )' � �  ��� � � � � � � �� � �� ��� � � � � � � � � ' ��  �� � � � � � �� ( � � �� �� � � 5� � � � ' � � � � � � � � � �  � � B� � �5�

� �  7���  �� � � �U /� � �� )���/� � � � �� � � � � ( � �� �� � � � � � � � �B� ��� � � )� �� �  ��� � � � � �  �� �� � ( � � �� � �� � � � B�� � � /+�

� � � � � �� � �  � � B� � �� � B� � � �� � >5�  ��� � � � � � �� ( ( � � �� �� � � ( � � C�� � � � � B� �� � � � � � � � � � QA� � � � � � ���� � ��

8 �� � �5�� � � 1R�� ��Q6� � � � � � >�� ��� � �( � � 5�� � � � R+�4 � � �( � � C�� � �� � � � � � � ��� � � � ( � �� ��� � ��� � � � ��� � �

� � � �� � G� � � ���  �� � � ��� ��� � ' ��  7��� � � ��� � � � ( �� � �� � �� � � � ��� � � � B� � �5�� �� � ��F� � ��� � �� ' ' � �� �� � � ( � � � � +�

� � � � � � � � � � � �� � � � � � � �� � �� ��� � � � � �' � �( � � � � � � ' � � ���� � 5� � � � � � >� � � � � �� � � � �( � ��' �� � � � � � �� �

� � ' ��  �� �  � �� � �� � �� � � �� � �� � � ' �  � �6 � �� � �  � ���Q3�� � � �� ��� �+5�� � � 1R5�	�

�

( )
( ))�

��!��
�

"



mm

g

+
=

,
��������������������������������������������������)99-, 
 /�

�

� O�g�� � ���� � � � �� �� � �� 7� � � �)gep-Q/+�

�

%� � ( � � C�� � � � � � � �� � � � � � � �� � � � � � � � � � � � � � Q3�� � � � � �� � �+5� � � � 1R+� %� � � � �� � � � � � �� � � � �( ��� � � � � � � �

� � � ' �  � � � � � � � � � � 5�  � � � ���� � � � � � � ( � ���� �� � � � � ' ��  �� � � � � � �� ( � � �� �� � � 5� � � �� � �� � � � � � ( � � �C�� �

�� � �� � � � +�=� � �� ' ' � �� �� � � ( � � � �� � � ��� � � ��� � � �� ������ �G�� �� � � �� � ��� �( � �� � � ��� � � � ��� � � � ( ( � �� � � � �

�� � ( � � C�� � � � � � � � ' �  � �B� � � �� �� +�=�� >� � � � � �� � � � � � �� � � � ' ��  �� �  � � � � �� � �� � � � � � � � � � ' �  � �6 � � � � �  � ���

� �� � � 5�	�

�

( )
)�

��!��
�

"



mm

g

+,
= �����������������������������������������������������)99-, , /�

�



�

� 1P

%� � ( � � C�� � � � � � � � ' �  � � � � ( �-� ( � �� �F� � � � � � � � �� ( � � �� � �� � � � B� �� � � � � � � � � � ��� � � � � � � � � � �B� ��� � � �

� �� �  ��� � � � ��� � � � � � �� �� � �� � ( � � �� � @=� � 6-9� Q� � � � �� � �� 3 �� � � +5� � � � � R+� 9�� � � � � � � �  � ��� � � � � � �� ���

� � � � ��� �� � � ( �C�� �� � � ��� �� � � 7� � ��� � �1�)� �  ��� � �1+� +. /+�

�

������=� � �( � � C�� � �� � � � � � �� � � �-� � � � � � �� � � ��� � � � � � � � ��� � � � � � � � � ��� � ��� ��� � � � � � �5�� � � ��� �� � ( � �� � �

� � �  �� � �� � � � B�� �� �� � � � � � � �  7� -�� ' � � � � � � � � )HP*-� H1� � ( /+� � � � � � � � � � � � � ( � �� �� � � � � � � � �B� ��� � �

� � � � � � 5��� � � � ' ' � �� � ��� � �� � �� � �� � �! � � � � � ��! � �� � � � � � �� � �F� � ( � � ��� � ��� �� � � � �� � �� � ' � �  ��� � �� � � �

� � �� �) ' +�' �� � � � �99-. -� /�F� ��� � � � �� � � �� � � ' �  � � �� � �� � � ��� � �� � � � � � �� �� � � �' � �� �� �B� � �� � ����� �� � �  �� � �� �

QA� � � � � � ���� � �� � �+5� � � � 1R5� � �F� �� � � � �� �  � � ' ��( � � � � � � �� � � ( � � � � � � � � � � � @=� � 6-9�Q� � � � �� � �� � �+5�

� � � � R+���

�

4#: #: �� � %�  �%� �$� * �  2� � $�� *%'*$'2#�

�

������ �' ' � � � � �� � � ( � �7� � � � � � � �� � �� � � � B� �� � � � � � � � � � � � � � � � � � � �� � F� � ��� � � � � � �� � � � ' � � �� � � � �� ��' � ) ' +�

� F� � ��� � �99-
 H/+�� � � � �� ����� � � � � � ��� � � � � �� � � �� � � � � � �� �   � � � �' � �� � �� �' ' � � �� � �)@� /�� � B� �� � � � �� � �

�� � � � � �� �� � � Q� � � E� � � �� � �+5� � � � � R+� 4 � �  � � � � � � �( � �� � � �  � � � �� � � �� � � � � � � ( C�� � � � � � � � �� <� � � � � �

� � G� � � � ( � � �� � �' ' � � � � � � � � �� � � G� �C( � � � � � ' �  � -� �( � � � 7C�� � � � � � � � � � � � � � � �� � � E� � >+� 9�� � � �( � ��

� � �� ( ( � � ��� � �� � � � � � � �� � � � ( � �� ��� � �� ' ' � �� �� �� �  ��� � � � �� �� ��� � �� � �� � � �� � � �� � � ' �  � � ��  � � � �F� � � �

)8 ����� � /5�� �� � ��F� � ��� �� � ' �� >�� � �� �' ' � � � �� � � �� � � ' �  � � ��� � � � � �� � � �� � ��� � �� � � � � � � � ���� ( � � � ��� � � � � +�

� � � � �� ����� � � � � � � � � � � � �� � � � �� �( � �� � ��� � ��� ( �� � �  � � ��� �� �� � �� ��� � �� � �� � � � �( � � � � � � � �� � � �� � �� � �

�� � �� � ( � � �5� � ' �� � � � �� B� �� � � � �� � � � � � � � �� �� � � � � � � � � � � � � �� 5� � � -� � � � � � � � � � � �� � � � � � � �� � � � �( � � � +�# � -

� � � � � � � � � � � � � � ' �  � � � �� � � � � �� � � 5� � � �� � � � � � � �  7� � � � � � � �� � �� � ��� � � � � � � �  � � � ��� � � � � � � � �� � ����� � ��� � �

� � � � @� 5� �� � �� ( �� � �  � � � � �� � �� � � � ( � � � � � � � � � � � � ( � � � ��� � � � � � �� � �� � � � � � �� � � � � � >�( � ��� � � � � � �� �

� �' ' � � �� � �� � �( � �� � +�� � � � �� ����� � � � � � �� � � �� ( � � �5�� � � � �� � � �( � �� � � � �( � � � � � 5��� � � � � �� � ��� � � � ' � � ��

� � � �� ��' � H� � QA� �( � �� � � �� � �+�� � � HR5� � � � � � �� �  � � � �  ��� � � � � � � � ' ' � �� � � � � � � � � � � ��� � � � � � � � � E�

� �( � � � 7� � �F� � � �� � � ��� � �( � � � � � � �� � �� � �� � ��� � �� � ( � � �+��

=� �  � � �  �� � �� � ��� � � � � � � � �� � � �� � �� � ( � � �� � �� � � � � � � ( � � � � � 5� � �� � �� F� � � �� � � � � � � � �� ��� � � � � � �

 � ( � � � � � � �� � �( � � � � � � �� � ��� � �� ( ( � � ���� � � I� ��� � � 7� � ��� � �� � �B� � �+�



�

� 1�

�



�

� 1�

�

�

�

�

�

� - *3'$� � �: �

�


 �  � � '3$'� � � ' �  $� &� � � $*)� � 9� � * � 3* . � �  � %� � � �  &� �  � @� A*  � � %� �

%� � � +�  �

�

�

��������

�������4 � � �� � �� �C( � �  7� � ��� � � � � ��  � � � �  � � � � � �� � � � �  �� � >� � � �( � � �� �� � � � � � �� � � � �� � � +� � � � � � G�

� �  � �B� � � � �� � �  � � �  �� � �� ��F� � � � ��  7� �F� � � � � � � �� �� � �� � ( � � ��2 946@� @=5��� � � � �' ' � � � � �� � � � �� � � � �

� � � � � �  �� � �� � ��� � �� � � �( � � � � � � �� ���� � � � � ( � �� �� � � � � ( � � � � � � �� � �( � � � � � � � � � � ���� � � ���� �� � � � �� � �

� � � � � � � +��

=� � ' � �  ��� � � � � � � � � � � �� ( C�� � �  � ( ( � � �� �� � �� � ( � � �� 2 946@� @=� � � �� � � �  � � �  �� � �� � � � �� �

� � G� � � � ( � � �� � �' ' � � � � � � � � �� � � G� �C( � � �� � � � -� �( � � � 7C�� � )�� � �� ( �� � �  � � � �' ' � � � � � � � � � � �� � � � �  �� � �

� � �� �� � /+�# � � � ��� � �-��� � �  �� ��� � �F� � � ��' �� � �� � � �� ( C�� �F� � ( � � ��� ��� � � ( � �� �F� � ( � � ���� �� � �� � ( � � �+�

� � � � � �� � � � � � � �� � � � � � �� � �� � � 5� 2 946@� @=� � � � � � �� �� � � � � � �' ' � � � � �� � �  � ( � � � � � � � � � � � � � � �� � � 5�

� � � � � �� �� � F� � ��� � � ��� � � � �� � � � � �  �� � � � � � � � �� � � � �� � �� � ( � � �� � � � � �� �� � � ��  ��� � � � � � � �B� � � �� �  ��B� �

� ' ' �  �� � � ��� � � �( � � � � � � �� � �� � �5�� � � ��� �� � �� ��� � � � � � � �� � � +�� � � � ��� � � � � � �� � �� � �� �� � � 5�� � � � �� ��� � � �

K�� � �� ( � � � � �� �� ����� � � ��� � � � � ( � �� �� � � � � �� � � � �B� ��� � � � � ( � �� ( � � �� �� � � +��

�

������� � � � � �� � � � � ( �C�� � � � � ��� � � � �  � �  7� � ��� � 5� � � � � � � � � � � � �� � � � �� � � � � �  �' � ��� � � ��  7� �F� � � � � � �

2 946@� @=�� ���� � �� � ��  �� � � �� � � ��� � F� � �� �� � � � � � ��� �( � � � � � �� � � ��� ( �� � �  � � ��� �� �� �� ��� � �� � �� � � +�

� � � � � � � ' �� �� � � � � � � � � � ��� � �� � �� �� � � � � � � � � � �� �� � �� � ( � � �5�  � � �  �� � �� � � � � � �' ' � � � � �� � � � � � ( C�� � � �

�� � �� � ( � � �� � >� � �� � � �  �� � � � � �� � � �� � ��� ( � � �� � � � � ��F� � � � � � >� ( � � � � � � +�=� � ( � �7� � � � � ����� � � � � � � � �

 � � �  �� � �� � � ��� �� � � ( � �� �� �� � � � � � �B� ��� � �� � ��� �� � �� � ( � � ���� � � �� � � �B� �� �� � ��� � � �� ( � � ��� � � � � � �� � +�

� � � � � � �  � �B� � � � � � � � ��� � �� � �  � ( � � � � � � � � � � ( � � � � � � 5� ��  �� � � �� �� � � � � ��  �� � � >� � � I�  ��' � � � ��

� �� � �� � �� � � � � � � B� �� 5� �� � �  � � � ���� � � � � �( � � � 7� � �F� � � � � � �  � � �� � � � � � �� �� � � � �' ' � � � � �� � �G� � � � � � �



�

� H*

( � � � � � � �� �� � � � �� �� � +�� � � � �� �  � �B� � � �� � � �� ( � � ��� � �CB� ( � � ���� � �� �' ' � � � � �� ��� � �� � ( � � �� �� ����� � � �

� � �  � � � � � � � � �  � ( � � � � � � +�� � � � � � � � � � � �� � � � � � ' �� �F� � �F� � � � � >� ( � �� � � � � �( � � � � � � � �  F� �� � � � � � � �

2 946@� @=�� � -� � � � � � �� � � ��� � � � � �� ��� � � �( � � � +�

�

�

�

: #! �� � ' �  $� &� � � $�� � � � � � � � #�

�

: #! #! �
 �  � � '3$' � � �. +� +� * )� #�

�

������ � � � � � � �  � � ' �� � � � ��� � � �� ���� �� 5�2 946@� @=� � �� � � � � � � � �  �� F�  � � � � >� � � �� � �� � � �  � � �� � � � � � � �

�� � � �� � � � � � � � � � � � � � � � , � *5� HP*5� � H15� � H** � � �� . . * * � � ( +� � =� �  � � �  �� � �� � ��� � �  � ( � �C�� � � � �

� � G� � � � ( � � �� � �  � � � ��� � �� � ����� � ��� � � � � � �� � �� � � � �� � �� � � � � �)� � 5�� . 5�� 
 /� � �  � �� � � � � � � �� �� � ( � � �� �� � �

� � � �� � � �� � � � � � ��� � >�� � �� � � �� � �H*Z�)�� �� � � ���� � �� � � �� � �� � �� � � � � �� �� �� � � � ��L�� � �� ��( � � � � � � �� B�  �

� � � �� � �  �� �� � �� � �*+. Z�� � � � /+�� � � � � 7� F� � ��� � � � � � � �� � � � � � 5����G�� �� � �  ��� � �� �� G� �C( � � �� � ��F� � � �

�� � � � � � � � � �� �  � ( � � � � � � � � � � �  � ���( � �� � �5� � � � � � � �� � ����� 5� � � � � � ' ���� � � �� �� � ' � � � � ��� �5� � � � � �

� � �� � �� � � � � � �� � � � � � � � ��  �� � �+� =��� � �� � ( � � �� � � �� � � �  �  � � � ���� � � � � � � 1�  � B��� � � � � ��F� � � � )B� �� �

' �� � � � �999-� /��F� ��� � � �� � � �  �� � �� � � � �� � �( � � �C�� ��� � � � � � � � � �� +��

�

�

�

L'. &� � �� � � 9! �	�A� � �� � ��� �� � �� � ( � � ��2 946@� @=�� ��� � �� � � �� 1� � B��� � �� � ��F� � � +�

�

=� � � ' � �  ��� � � � � � � �� � � � ( �� � �� � � � � � � ' ���� � � � � � � �  �� � � � � �� � � � �G� � � � �  � � �� � �� )� . /� � � �  7� F� � �

�� � � � � � � �� � � � � � �� � � ��� � � � � � �� � � �� � � ��� �' �� � � � �999-. +��

�



�

� H�

�

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Tr
an

sm
is

si
on

500 750 1000 1250 1500 1750 2000 2250 2500
Longueur d'onde (nm)

490 nm

670 nm 2200 nm
1600 nm

865 nm

�

�

L'. &� � �� � � 94�	�=� � � �� F�� � � � � � �� � �  �� � �� � �� � ��� �� � �� � ( � � ��2 946@� @=+�

�

=�� � � � ( � �� �� � � �' ���� � � ��� �� � ' � � � � ��� �� �) ' +�� � � � >� �999-� /�� �� �� � � � �  �� � �� � �� � �� � � � ��� ��� � �' �� �� � �

�7C� � � � � �� � �� � � � � � � � �  �� � ( C�� � � � � � �� � � � � �� �� � +�4 � �  � � ��L�� � � � � � � � � � ( � � �� � � � � �B� � �� ��� � � � � � �� �

�� � � � � � � �� � � � � � � � � �� � �� �� � � �' ���� � � 5�� ��� � ��� � � ��� � � � � � �� �( �-7� � �� � �+��

�

=� � �� � ��  �� � � � �� ����� � � �� � � � ��� � � � � � � >�, � *5�HP*�� ��� H1�� ( �� � � �� � ( � � � � � �� � �� 7� �� � �� � � � �� � �

� ��� �� ( +� � � � � � 7� �� � �� � � � � 9� 8 � # � � � � ' � � �� �� � � � � d� Z4� � � � �� � ����� � � � � � � � � � �� � �  � � � � >� � H** � � ��

. . * * �� ( +�=� � �� � ��  �� � � � �� � ��� �� � �� � ( � � ��� � � ��� � � �� � ( �- � � � �  �� � � � �� � � ���� �� � � � � � � �� � ����� � �� �

�� � �� ( � � � � �� � � +� =� � � � 7� �� � �� � � � 5�  � ( � � � � � � � � � � ( � �� � �� � >� 9� 8 � # � 5� � � � �� �� � � � � � � � � � � �

��  7� � �� � �� � � �� � � � �  � � �� � F� � � �� � � � 7� �� � �� � � � � � � � � ��� �� ( � ( � �� � � � � � �C� � �� � � � � � � � � � � � � �

' � � � � � ��� � 5� �� � � � � � � � �� ����� � � � �� � �� ( � � � � �� � � � � � �� � �� � � �( � � � �� � �� � F� � �  � ��� � � � � � � � ��  �� � � � �

� � � � �� +�=�� ' ' � ��� � ��� ��� ( � � � � �� � � �� � � ��� � �� �� � � � � � �� � ��� �� � �� � ( � � ��� ���� �� � � ���� � � �� ( C�� �F� � �� � ��

� �� � � � �  �� � �� � � �� ��� � �� � ��� � ��� � � � � � � � �� � � � � � �� � ��� �� � �� � ( � � ��)� � � ��� �
 +. +� �� ��� � � ��� �
 +. +
 /+��

�

=� � � � � �� � �� � � � � � � ����� � � � � � � � � �� � � � � � � >�� �, � *5�HP*�� �� � H1�� ( �� � � �� � � � �G� � � � � �� � � �� � �)� � 
 . �

� � � � �, � * �� ��HP* �� ( �� ��� � P�� � � � �� H1�� ( /+�%� �� � �� � �� � � � �� � ��G� � �� �' ' � � � � ��)� 6 /5�� � � � �� �� � >�

( � � � � � � �� � � � ��� �( � G� � ��� ' � � � � � � � 5�� � ��� ����� � �� � � � ��� � � � � � � >�� �� H** �� ��. . * * �� ( +�=� �( � � � � � �

� � � �� � >� � � � � � �� � �� � ��� � � � � � �� �  � � ��L�� � � � � � �� � � � � �� �� � �5� � �� �� � � � � � � ��� �� � � � � �� � � � � � � �� � � � � � � � �� �

� � � ��� �)
 +. +. /+�

�

=� � 7� ( � �� � �B� � �� � ��� �� � �� � ( � � ��)9! @A/�� � �� � ( � � �� 5�� � � � � � � �� �  ��� � 5�� � �� � �� +1�� ��. Z5� � �F� ���

 � � � � � � � � � �� �� � � ��� �  � �� � �� � ��� � �
 * ( �� � �� �� ( C�� � �� � � � �� � � � �� �� �� ��� � � �� �� <( �� � ��� �� � �� � ( � � �+�



�

� H.

=�� ��� � � ( � � �� � � � � � >� � � � � � � � �' ' � � � � �� � �  � B��� � � � � ��F� � � � � � � �� �� � �� � ( � � �� � � ' � ��� �� � � I� �� � � � � �

 � � ��L�� � � � � �� � � � � �� �� � +� 4 � ��� � � �� � � � � � � � �� ( ( � � �� � � �( �� � � � � B� � �' �� � � �� �  7� ( � � � � � B� � � � � �

�� �� � �� � ( � � ��)� � � ��� �
 +. +, /+��

�

=� �� � � � � �� � �  F� �� ���� � �� � � �� 1�( � � � � � � �)��  �� � � �� ��� ��  <� � � /�� � ��� � �� * �( � 5�� � ���*51�( � �� � � �B� �� +�

=� � � �  F� �� ���� � � � � � � � �� � �� �B� �� � � � � �� � �� � � � � � X� � � � ( K( � � �� � � � � � � � � X� � � � � � � � �� � �   � � � �B� � 5� � � �

' � J� � �� �( �� �( �� � � ��� � �� � � � � � � �� � �� � � � � � � � ���� � �� � � ��� � �� �B� �� � +�%� �I� � � � ( � �� ��� � �( � � � � � � �� � ��

� � � � � �� �� � ��� � �� � ��� � �� 
 * �( � 5� � �F� �� � � � � ���� �� � B�� � � �H�� �P�� � F� � �  � � �� � � �� �  � � � � +��

�

: #! #4�� � ' � � '3� �%� �)* �� �  &� � #�

�

������� � � � �� � �� � �� � �� � � � �&��� � � ��05��� ��� ��� � �2 � �� � �� � � � � ��� � >� � � � � �� � �� � ��� ��� ( �� � �  � �( � � � � � � 5�

�

����������������������������������������������������� ( )a. ��
. ���
���

��� �
�

� += ����������������������������������������������)999-� /�

�

� O� =� � �� � �� =� � �� � � � �� �� � � �� ( �� � �  � � � � � � �  � ( � � � � � �� � � � � � � �  ��B� ( � � �� � � �� � � ��� � � �� � � �� � �� � � �

��� � � �� � ( � � �� � � � � � G� � � � ( � � ��� ��a� � � �� �� � � � �� � � � �� � � �� � � � �� �  ��� � � � � � �  7� ( � � � ��  �� �F� � � � �� � � �

�� � � � �G� � � �+� � � � � � �� �  � � � � � � � � � � � � �  � � � � � &��� ( �C�� �0� � � � � � � �� � �� � � � )=� � �e*/5� �� � B� �� � � � � � �

�� ( �� � �  � �( � � � � � � �� � �� � � ��� �� � ��� � � � �G� � � � � � � � � � � � � � �� ��� �( � ���� �� � �� � �B� �� � � �� � �� � �� � � +�

=� � � � �  �� � �� � ��� � � � ( � �C�� �� � � 7� ( � �� ��  �� �F� � �� X� � � �� � � � �� ��  �� � ( � � � � ��F� � �� �  � � � ��� ��� � �� �

� � � �G� � � � � +�� � � � ��� �� � �� � ( � � ��2 946@� @=5�� � � � �� � � � � � � � � ��� �( � �7� � � �� ����� � � �� B�  �� @=� � 6 �

)' �� � � � �999-
 /�F� ��  � � � �� �� � � � � �  � �� � � �� � � � � � �G� � � � � � � � �H* � � � � � � � �Q8 � �� � � � � �� � �+5� � � � . R+�4 � ��� �

 � � ' �� � � � ��� � � � � ��  � � � �� � � � � �  � ( ( � � �� �  � � ' �� � � � ��� � � � � ��( � �� 5� � � � �� �( � � � � � � � � ��5� � � � � �

 � � �  �� � �� � � ��� ��� ( �� � �  � �� � �� � �� � � �� ���� � � � �� �� � �� � �� � �� � ��� � �Q6� � � �5�� � � � R+�

�

�



�

� H


L'. &� �  � � � � 9: ��* �� 0�� � �	� � � ��  �� � � �  7� ( � ��F� � � � � � �� � ( � � � � � � � � � �� � � � �� � �� � ��� � +�=� �B�  �� � � #
�

�
� � � � � � � � �� � �� �  7� ( � � � ��  �� �F� � � ��  �� � � �� � �� c� �� � � � �� � � � � � � �� � �� � ��� � � � � � � � � � � � � �� � � �� � >� � � � �
� � �� � �� � � � �� . +�
�

=� � �� �� � � �2 � �� � � � � �( � �� � � � ( � � � ��� � � � �� � � �� ( �� � �  � � � ( � � � � � � � �=�� � � � �  7� F� � �B� �� � � � �� � �� � � �

� � �� � �� �� � ( ( � �� � ���	�

�

( ) ( ) 

�

�


�

�
�
�

�
�
�

� +´+= c
p

l
l

l



 ��
.

/) .
� ���

��� �
�

� �����������������������������������)999-. /�

( ) ( ) ( )
�
�


�

�
´+= cl

l
l .

.  ��
.

/)
���

��� �
�

� ��������������������������������������������)999-
 /�

( ) ( ) 

�

�


�

�
�
�

�
�
�

� -´+= c
p

l
l

l



 ��
.

/) .

 ���

��� �
�

� �����������������������������������)999-, /�

�

=� � � G� �C( � � � � � F� � ��� � � � � � �  � � � � �� � � �( � �� � � � � � �� �( �� � � � �� � � � � � � � � � � � � � � � � � � ��F� � � �

� �  7� �  7� � � � � �� �� � �� �� � � � � � �� � �� � ��� � � )�� � �� � >� � � � � � �� � �� � ��� � � � � � �� �� � � � �� � � � � � � �� � �� � ��� � � c/+�

� � � � � � �� � � � � �  �� � �� 5� �� � � � � � � � � �  � � � � �  �� � �� � � � � � � � � � ( C��� � � � � � � �� � �� � � � � � � � �� � � � � � � � �� � �

� F� � ��� � � �� � �B� � �� � �	�

�




/). 
.� ���
� ���

++
= �����������������������������������������������������)999-1/�

( ) ( ) ( ).

�

.

.

.
.�


..
������� ��� -+-+-= ��������������������������)999-H/�

( )

�.

.


.

.���

���

��

--

-
=c ��������������������������������������������)999-P/�

�**´=
����
����

� �)� � �^ /���������������������������������������������������)999-� /�

�

�

#
�

c�
H*-c�#

� c�#
� c�

H*Yc�

)� /�

� � � � . � � 
 �
)� /� ) /�



�

� H,

: #! #: �� � %+)' *$' � � �3- �  ' / &� �%&� ' . � * )�� �  &� +#�

�

������=� � � � � ��  �� � � � � � ����� � � � � � � �� � � � �G� � � � 7� �� � ��  �� �F� � +�9�� � �� � � � ' � �( � � �� � � � ' �� >� � � � � 7� �� � � �

��  �� � � �� � � � � � � � � � �' ' � � � �  � � � � � � � �� � ��� �� � � �� � � � � � � � � � � ( � � �� F� � � ��F� � +� 4 � ��� � � �' ' � � � �  � � � � �

� � �� � ��� ��� � ��� � � � ��� � � � B� � ��� �� � � � ( � �� �� � ( � � �F� � �4 � +�=� � � ( � �� �� � ( � � �F� � � � � � � � � � � � �� �

�� � ( � � � � � � �� � �� � ( � � �� �� � � � � �� � F� � � �� � � �  � � B� � ���� �� � � � � � � �� � �� �� � � � � � � � � � � � � � �� ( �� � �  � �

� � �( � ��� � � �=+�=� � � � � �� � � � � � �� �� � �� � ( � � �� � � � �� ' �>� � � � � � � �F� � � � � � �� ( �� � �  � � � � �( � ��� � � � � � ��� �

 � � � � � � � � � � �� �� � � � ( � �� �� � ( � � �F� � �� � �
 +1�( ����� � � 5��� �� G� � ( �F� � �� � � � � � � � �� � ��� �� � �� � ( � � ��

� � �  7� �� � � � � ��� � �� � �E� � � �� ��, �( ����� � � +��

������4 � ��G� � �� � �� � ��  �� � � � �� � � � � � �� �� � �� �� � � ��� � � � �  � � ��� 5� � �F� ��� �� � �' �� �F� � � � � �� �' ' � � � �  � �� � �

� � �� � ��� ��� � � �� � ��� �� � ��� � � � �B� � ��� � � F� � ��� �� � ��  �� � � �� � �� � J� ���� �  � � � ��� ( �C�� +�4 � �� 7� � � ( C� � �

� � � >� ��F� � � � � � � �� �  ��B� ��� � � � � � � �� � � � � � � � ��  �� � � � � � � � � � � �� � � ��� ��� � � �7� �( �F� � +� %� � B� �� ��

( �  � � �F� � � � � �( � �� � � � ( � � � � � � � � G� �� ( � ��F� � ( � � ��  � � � �� � � �� � � � � �  � � ��� +� 4 � ��� � ( � � � � � 5� � ��� �

� � � �� ( � � ��� � �( � � � � � �� � �E� � � �� � ��F� � �4 � *5�� � ��� ' ' �  �� � � ��� � �� � ��� � �� � � >�( �� � �� � +�� � � � ��� � � ��� � �

�� � ��� ( � � �� � � � � ��F� � � � � � >� � � � � � � � 5� � � � � � � B� � � � �� �� � � � �� 5� � � � ( � � � � � � �  F� �� ���� � �  � � ��� � 5� �� �

B� �� � � �� � �E� � � �� � ��F� � �� ��X�� � �� � ����� � �� � �� � � >�E� �� � �� �   � � � �' � +�

��

=� �( � � � � � �� � �E� � � �� � ��F� � �� ���� � � � �  �� � �� � ��� � �� � � � � ' ' � �� � ��� � � �� �� � � � � � �� � � � �� �� � �( � ��� � ��

�� �� �� � � � � �� ��� � � � 7G� �F� � � � � � � � �� � � � >� ( � � � � � � +� 4 � ( � �� � �� � � � � � � � � � � � � �� �� � � � � � � � � ��  �� � � � �

� ����� � � 5� ��7G� � �7C� � � � � � ��� � � � ��� � � � �� � �� I� � ��' �� � � � �� �� � � � �� � � � >� ( � � � � � � � � � � �  7� F� � � B� �� �

� � �� � �� � � �� ��� � � ��� � �� �( �� � � � � ( ( � �� � ���	�

�

( )
( ) ( )

( )l

ll
l

�

��
� +

����
� 5*


5.5�

-
== ���������������������������������������)999-� /�

�

� O� 4 � � e� 5. 5
 )l /� � �� 4 � *5� e� 5. 5
 )l /� �� �  � ( � �� � � � ( � � �F� � � � �� �� � E� � � � � � ��F� � � ( � � � � � � � � � � �

�� �� � �� � ( � � �� � � � � �  7� F� � � � �� ( � � �� � � � �� �� �� �� � � � �� # � e� 5. 5
 )l /� � � �� �� �  � � ' ' � �� � �� � � � �� �� � � � � � �

� � � � �� 5�� � �  �� � � �-� � � � � � � +�

�

: #! #=�� * � * � $+� '  *$' � � �%� �)�+$*)� � � * . � �*0 � )&#�

�

�����=�� �� �� � � � � � �  � � � �� �� � � � � � �� �( �� � � � �� � �  � � ' ' � �� � �� � � � �( � ��� � �� � � �  � � B� � ��� � �� � ( � � � � � �

�� � �� � ( � � �� �� � � �� �  �� ( � � �� � � � �� ( �� � �  � � � � �( � ��� � � �) ' �  7� � ��� � �99/+��=��� � �� � ( � � ��( � � � � � � �� �



�

� H1

�� G� � � � ( � � �� � ( �� � � � � � � � � � � � 7C�� � � � � �� �� � � � � � � � � � � � �  �� �� � � )� � � �  � � �� ( � � � ��� � � � /+� � � � � �

 7� F� � ��� � � � � � � �� � � � � � 5��� � � � � �� �  �� � � �' � � � � ����� ��� ( �� � �  � �� � �  �� � �� �)" S( . Sc( S� �/�� � ��B�� � �

� � � � �� � � � 7C�� � � �� � � � � ��  � � ���� � � +�� � � >�( � � C�� � � � � � � � 7C�� � � � � �� � �� � � ����� � � � � � � � � �� � � �� � � � �� � � �

)=# 3� � � � 6 � �=� � -* , 1-� �� ��=� � -. * * -� /+�� � � � ��� � ��� � � � � � � � �� � � � � � �� � �, � * � ( �� �� H** � ( 5��� �

 � � � �� �  �� � � � � � � � �  � � � � � � ��  � � ���� � � � � � �� ��B� � � � � . � � � 
 � ^ � 5� � �� � � � F� � � � � � � � . . * * � ( 5�

�� ��  � � ���� � � �� � � �CB� �� �P̂ +�=� � �� �� � � � >�( � � � � � � �� � � ��� �� � �� � ( � � ��)( � G� � � � �� � � �1* �� � F� � �  � � /�

� � �( � ��� � ��� � �� � �� �( �� � � ��� � � � � ' ' � �� � �� �� � � �� �� � � � � � �# )l /��� �� �F� � �	�

�

( ) ( )
( )

( ) ( )[ ]ll
lp

l
l ��������

���,��
� ����

�

#
+ *-

´
= ��������������������������������)999-� * /�

�

� O� 4 � � �� �)l /� � �� 4 � *
� �� �)l /� � � � �� �� � �  � ( � �� � � � � ( � � �F� � � � ( � � � � � � � � � � � �� �� � �� � ( � � �� �� � � � � � �

�� � �� �� � � � � � �� ��=� � 7C�� )l /�� � ���� ��� ( �� � �  � �� � �  �� � �� �� � ��B�� � �� � � ��� �� � 7C�� �)" S( . Sc( S� �/+��

�

=� �� � G� � � � ( � � ��� � ��B�� �� � � ��� �� � 7C�� �� � ��� � � �� � �� � �� � � �)=� � �e*/+�� � � � �C� ��� ��� ��� � �2 � �� � �)999-

� /5��� � �� ( �� � �  � �( � � � � � � � � � � � �� �� � �� � ( � � �� �� � � � � � � �� � �� �� � � � � � �B� � ��=� � 7C�� )l /S. +�� � � � � � ��F� � 5�

�� � � � >� � � � � �� � � � �7� � � �F� � � � � � � � �� ( �� � �  � � � �� �� �� � � )999-1/� � �� � � �� � �� � � � � )999-H/� � � � �� � � �  �

� �B�� � � � �� � � �. �) ' +�� � � � >� �999-� /+�

�

=� � �' ���� � � �� � � �� � ��� � � �� � � ' � ��� ( � � ��( � � �  7�� ( � ��F� � � 5��� �  �� �� � ( � � ��� � �� �� � �� � �  �� � ��� �)l /�� � ��

� �� � � �  � � � �� � � � � � �� �� �� �B� ��� � � � �  �� � �� Dl 5�  � � � � � � � � � � � �� � � �� � �� � � � � � � � � � � ' ���� � � 5� � � � �� � � � ��

 � ( � �� �� � ��� �' � �  ��� � �' ���� � ��)l /�� � �� � �)999-� � /+��

�

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

( ) ( )

( )�

�

D

D

D
=

l

l

l

l

ll

lll

�#

�#�

#
�

�

� ������������������������������������������������)999-� � /�

�

=� � �� � � � ( �� � �� � � � � � � ' ���� � � � � �� � �� � �' ' � � � � �� � � � � � �  7� F� � � B� �� � � � �� � �� � � 5� ��� � � �� � �  � � � � �� � � � � �

 � � �  �� � �� � � �� � � � � ' ' � �� � ��� � � �� �� � � � � � �� � � � � 7� F� � ��� �� �� ��� � � 7� F� � ��� � � � � � � �� � � � � � +�� � � � �

� ' ' �  �� � � � �  � � � � � � � �� � � � � � �F� � � � �� �� � � � � � � � � � � �� � � � � � � � � � � � � � � � �� � ����� � � � � �� � �� �� � � � � � �

�� �� �-B� �� +�2 946@� @=�� � �� � ��  � � � � � � � � � B� ��� � ' � �� � � � B� � �� �� � � � 7C�� � � � � �� �� � � � � � +�=� � � �� � � ��

( � G� � � � � �� � � � � � � � � �� � � � �� � �� � � � �  � � �� � �� � � ��  � � � �� � � � �  � ( ( � � �� � � �� � � �� � � � � � ' � � � �  � +� =� �

 � � ' ' � �� � ��� � �� �� �-� �� �� � � � � � �� � ��� � ' �� ��� � ��� �' � J� � �� � �B� � �� �	�



�

� HH

�

����������������������������������������������� ( )
( ) ( )
( ) ( )ll

ll
l

.5*.

5*
.5 ����

����
- ��

� -

-
= ��������������������������������������������)999-� . /�

�

� O��� �� � � � �� � � � � � � � � � � �� � �� � ( � � � �� � �� � �� � �� � � � � � � � �� � � � � �̀�� � � � ' ' � �� � ��� � �� �� �-� �� �� � � � � � �

� � �� � � �  � � � � �� � � �� � � ��� � � � � � � �� � B� �� � � � �� � �� � � �  � � �� � �� +� =�� >� �� � � �� � � � � �  � � ' ' � �� � ��

� � � �� �� � � � � � �� � B�� � ��� �� � � �	�

�

��������������������������������������������������� ( ) ( ) ( )lll .5. �� -++ ´= �������������������������������������������������)999-� 
 /�

�

=� � � � ' ' � �� � �� � � � �� �� � � � � � � � � �� ' �� � �� ( � � ��( � ���� ��� � � � � � � � ��� �( � � � � � �  ��' �4 
 � � � � � � � � � � �� � � �

�� �� �� �� �  � ��� � � � -� � �� ���F� ��� � �( � ��� � ��� � �� � � ( � �� �� � ��� �B� ��� ��� � �� � �� � � � �C�� �� � ��� �  �� �� � ( � � ��

� � �� �� � �� � �  �� � ��� �)l /�Q9F� � �5�� � � 
 R+��

�

: #! #" �� � � � � $'$&%� � &� �)* �� �  &� � �)'+� �C�)�+$*)� � � * . � #�

�

������=� � � � �  �� �� � � � � � �� � ( � � � � � � ' � � � � �� � � � � � �� �� � �� � ( � � �� � � �� � �� �  �� ( � � �� ��� � � � � �� ��  � � ���� � � �

� � � �  �� � � � � �  � � ' ' � �� � �� � � � �� �� � � � � � +� � �� � � �  � � � �� C�� � �� � � � �� �� � � � � � � � � �   � � � �' � � � � � ��� � � �

� � � � �� � . * * � � ) ' +� � � � � >� � 999-H/5� � � � � � � � ��( � � � � �� ��  � � ���� � � � � �� � � �� � � � � � �� �  � � ' ' � �� � ��

� � � �� �� � � � � � � � � � *^ � � � � � � �� �  � � � �� � � . . * * � � ( � � �� � �� ' � � �� � � � � � � Ĥ � � � � � � �� � � � � �� � � � �� � � � � � � � �
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